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STRANA 6

Predmluva
a podekovani

Jaroslav NeSetril a Tomas Vicek
V Liberci a Praze, 1. ¥ijna 2022

Uvedené knihy (sborniky interdisciplinarnich studii topologie a poe-
tiky uméni, krajiny a architektury) uzaviraji étyflety vyzkumny pro-
jekt Topologie a poetika prostoru, TL0O2000573, spolufinancovany se
statni podporou Technologické agentury CR v ramci Programu Eta.

Hlavnim feSitelem tohoto vyzkumu byl navrzen a pfijat prof. dr.
Tomas Vic¢ek z Fakulty uméni a architektury Technické univerzity
v Liberci. Grant byl udélen tymu soustfedénému v Interdisciplinar-
nim seminari topologickych studii poetiky uméni, krajiny a archi-
tektury, seminafti zalozenym Fakultou uméni a architektury TUL
a Matematicko-fyzikalni fakultou UK v Praze roku 2015 profesorem
Jaroslavem Nesettilem a profesorem Tomasem VIckem.

Tématem uskuteénéného vyzkumu se stalo feseni otazek soudobého
poznani prekonavajicich izolovanost segmentt soucasné kultury, této
jedné z hlavnich pticin krize kulturniho zZivota spole¢nosti moderni
a postmoderni doby. Metodologické zaméreni na topologii vyplyva
z komplexnosti topologie, ktera se dnes uplatiiuje v fadé inspirativ-
nich interakci separovanych obort tviréi prace ve védé, ve filozofii
a v neposledni fadé v uméni. Rozsah a obsah téchto interakci se od
posledni tretiny 20. stoleti stava tak vyrazny, Ze mizeme ve shodé
s francouzskymi filozofy konce 20. stoleti mluvit o jednom z nejvy-
znamnéj$ich obratti v moderni a pozdné moderni civilizaci. V uvede-
nych souvislostech se ukazuje omezena platnost teoretickych klastri
danych presvédcenim o dostate¢nosti kauzalné pri¢inné interpretaci
jevi, o interpretaci limitované jejich vinimanim a hodnocenim, jako
uzavienych, statickych entit skutec¢nosti. S topologii se otevira kom-
plexnéjsi pohled na skuteénost jako na propojenou rozmanitost kva-
lit véci a udalosti, vnimanych jako mnohostranné propojené déni.



Foreword and
Acknowledgements

Jaroslav NeSetril and Tomas Vicek
Liberec and Prague, 1° October, 2022

These books (collections of interdisciplinary studies of topology
and poetics of art, landscape and architecture) conclude a four-year
research project Topology and Poetics of Space, TL02000573, co-
funded with the state support of the Technology Agency of the Czech
Republic within its Eta programme.

Professor Doctor Tomas Vléek from the Faculty of Arts and Archi-
tecture of the Technical University in Liberec was nominated and ap-
proved as the principal investigator of this research. The grant was
awarded to the team around the Interdisciplinary Seminar of Topolog-
ical Studies of Poetics of Art, Landscape and Architecture, a seminar
founded by the Faculty of Arts and Architecture of TUL and the Fac-
ulty of Mathematics and Physics of Charles University in Prague in
2015 by Professor Jaroslav NeSettil and Professor Tomas Vicek.

The theme of the research was to address the issues of contemporary
knowledge, overcoming the isolation of segments of contemporary
culture, one of the main causes of the crisis of cultural life in modern
and postmodern society. The methodological focus of topology stems
from the complexity of topology which is today applied in a number
of inspiring interactions of separate disciplines of creative work in
science, philosophy and, last but not least, in art. The scope and con-
tent of these interactions have since the last third of the 20th century
become so substantial that we could speak of — in agreement with
the French philosophers of the late 20th century — one of the most
significant turns in modern and late modern civilization. In these
contexts, the limited validity becomes apparent of theoretical clus-
ters given by the belief in the sufficiency of a causal interpretation
of phenomena, of an interpretation limited by their perception and
evaluation, as closed, static entities of reality. With topology, a more
complex view of reality opens up as an interconnected multiplicity
of qualities of things and events, perceived as multifaceted and con-
nected action.

PAGE 7
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I. svazek uvedenych studii prezentuje tradici a nové podoby snah
o komplexni pristup ke skuteénosti dosahovany v oblasti architek-
tury. Svazek je vénovan pamatce profesora Cambridgeské univerzity
Dalibora Veselého.

II. svazek rozebira a hodnoti nékteré motivy topologického mysleni
uplatnéného v fadé kliovych disciplin poznani, v matematice, v déji-
nach a teorii uméni, v architekture, neurologii, psychologii a ve filo-
zofii samotné.

Editori uvedenych knih si na zavér avodu dovoluji vyjadtit vdéd-
nost a diky za mimoradnou ochotu jak Ceskych, tak zahrani¢nich
osobnosti podilet se na feseni uvedenych ukolg, které jsou prikop-
nické, a pro které se dosud hledaji obecné pouzitelné metody a prin-
cipy poznani. Dik patti samoziejmé Technologické agentute Ceské
republiky, aadministrativné manazerskému vedeni Interdisciplinar-
niho seminare topologickych studit, a to predevsim Kateriné Tandle-
rové z Fakulty uméni a architektury Technické univerzity v Liberci
a Petfe Mil$tajnové z Matematicko-fyzikalni fakulty UK v Praze.
Zvlastni ocenéni a podékovani za moznost zalozeni a podporu piso-
beni Interdisciplinarniho seminafe topologickych studii patfi déka-
ntm spolupracujicich fakult, prof. Zdenku Frankovi, prof. Janu Kra-
tochvilovi, architektu Osamu Okamurovia docentu Mirko Rokytovi.

Barevna verze knihy je dostupna v elektronické podobé na adrese
webove knihovny Technické univerzity v Liberci https://etul.publi.cz/



Volume I. of the mentioned studies presents the tradition and new
forms of endeavours for a complex approach to reality achieved in ar-
chitecture. The volume is dedicated to the memory of Dalibor Vesely,
Cambridge University professor.

Volume 1I. discusses and evaluates some motives of topological
thinking as applied in a number of key disciplines of knowledge — in
mathematics, history and art theory, in architecture, neurology, psy-
chology and in philosophy itself.

At the end of the introduction, the editors of these books would like
to express their gratitude and thanks for the extraordinary willing-
ness of both Czech and foreign personalities to participate in the
solution of these tasks, which are pioneering and for which gene-
rally applicable methods and principles of knowledge are still being
sought. We naturally have to thank the Technology Agency of the
Czech Republic and the administrative and managerial management
of the Interdisciplinary Seminar of Topological Studies, especially to
Katerina Tandlerova from the Faculty of Arts and Architecture of the
Technical University of Liberec and Petra Mil$tajnova from the Fac-
ulty of Mathematics and Physics of Charles University in Prague. Spe-
cial acknowledgments and thanks for the opportunity to establish
and support the Interdisciplinary Seminar of Topological Studies go
to the deans of the cooperating faculties, Professor Zdenék Franek,
Professor Jan Kratochvil, architect Osamu Okamura and Associate
Professor Mirko Rokyta.

The colour version of the book is available in electronic form in the web
library of the Technical University of Liberec at https://etul.publi.cz/
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Prolegomena

Prostor k seberealizaci, dany prostor nebo prostor vytvareny, prostor privadéjici
nas v uzas, prostor zakazany, nebo prostor k dispozici potom treba topologie byti.
Ctenat sim si zajisté vzpomene na mnoho dal$ich pouziti slova prostor a topolo-
gie. Uvedli jsme jen nékolik prikladii, vlastné jen nékolik prikladt namatkou. Umy-
slné jsme vsak napsali ,slova“ nebot jako pojem ma prostor tolik vyznamt, kolik
je kontexti v kterych se pojem vyskytuje. Prostor, se Casto vyskytuje ve smyslu
ramce nebo ve smyslu prostredi, v kterém se dana véc diskutuje. VSechno muze
byt tak oznadeno jako prostor. Oznacujeme tak prostredi, vzdaleny a ne prilis ur-
¢ity kontext, ktery tvofi ramec nebo horizont nasich uvah. A je tolik ramct, jako je
druht vypravéni.

Tento zptisob pouziti slova prostor je snad nejbéznéjsi a vyskytuje se velmi casto
v ’ v 7 ’ . . . , ,

v kazdodenni mluvé. Ramec sam, je zpravidla nespecifikovany, nestrukturovany. Je
vnéj$im omezenim a vymezenim, které se uvadi, ale casto nevysvétluje. S timto vag-
nim vymezenim se ovSem nemuzeme spokojit abohaty kontext pojmu prostor vyza-
duje uvedeni a uptesnéni. Chceme tedy v prvni ¢asti uvést problematiku pouzivani
pojmu prostor do $irsiho historického a filozofického ramce predtim, nez v druhé
4 . 77 . 7 ’ . YV _ _er 7 . . 5 v
¢astinastinime matematickou stranku a vyvoj sméfujici k pojmu topologie. Re¢eno
struéné, rozliSujeme tfi druhy pouziti pojmu topologie: Pouziti ve smyslu toposu,
mistopisu nebo prostoru v tradi¢nim smyslu. Sem také nalezi pouziti pojmu topo-
logie v tom smyslu, Ze prostor, ktery mame na mysli je blize neurceny nebo vagni
atopologie vyjadiuje pravé tento aspekt.

Pouziti topologického kalkulu v néjakém konkrétnim ramci, (emuz je nejblizsi Po-
incarého pojem pojem Analysis Situs. Tento aspekt mtze ale nemusi byt vice mate-
maticky. MizZeme tak napriklad mluvit o topologickych vlastnostech objektt v eu-
klidovské roviné (napriklad graft nebo siti; v dne$ni dobé ma v podstaté kazda
matematicka disciplina topologickou variantu) a rovnéz tak o topologickych vlast-
nostech krajiny nebo architektury. Toto pouziti zahrnuje véts$inu pouziti v nejriz-
néjsich oblastech matematiky samotné.

A konecné pouziti topologie v matematickém smyslu, topologicky kalkul samotny,
sam o sobé. To je matematicky obor zvany obecna (nebo mnozinova) topologie,
ktera vytvari vhodné prostiedi jak pro vétSinu soucasné matematiky tak pro uva-
v 4 4 . Vv VeVv/ v 7 . v/’ 4 v 4
zovani v nejrozliénéjsich oblastech uméni, filozofie, ekonomie o prirodnich védach
nemluvé. V druhé ¢asti ¢lanku toto déleni vysvétlime podrobnéji. Vyvoj je samo-
Vo . v v VeV LN 7 v v . /4 4 4

ziejmé vyznaden rozs$irujici se abstrakci a ve tfeti ¢asti prace to davaime do kontextu
malifstvi a architektury.



Prolegomena

Space for self-realisation, given space or space created, space that makes us wonder,
forbidden space or available space, then perhaps the topology of being. The reader
can certainly think of many other uses of the word space and topology. We have
given only a few examples, just a few examples at random actually. However, we de-
liberately wrote ‘words’ because as a concept space has as many meanings as there
are contexts in which the concept occurs. Space, often occurs in the sense of a frame-
work or in the sense of the setting in which the matter is discussed. Everything can
thus be described as space. We refer to the environment, the distant and not very
definite context that forms the framework or horizon of our deliberations. And
there are as many frames as there are kinds of narratives.

This way of using the word space is perhaps the most common and occurs very often
in everyday speech. The frame itself, as a rule, is unspecified, unstructured. It is an
external limitation and definition that is stated but often not explained. However,
we cannot be satisfied with this vague definition, and the rich context of the concept
of space needs to be stated and clarified. Thus, we want to set the issue of the use
of the concept of space in a broader historical and philosophical framework in the
first part, before outlining the mathematics and development towards the concept
of topology in the second part. To put it briefly, we distinguish three uses of the no-
tion of topology: Uses in the sense of topos, locale, or space in the traditional sense.
This also includes the use of the term topology in the sense that the space we have
in mind is unspecified or vague, and topology expresses this aspect.

The use of the topological calculus in some specific framework, which is closest to
Poincaré’s notion of Analysis Situs. This aspect may or may not be more mathemat-
ical. For example, we can talk about the topological properties of objects in the Eu-
clidean plane (for example, graphs or networks; nowadays, virtually every mathe-
matical discipline has a topological variant), as well as the topological properties of
landscapes or architecture. These uses include most applications in various areas
of mathematics itself.

And finally, the use of topology in the mathematical sense, topological calculus it-
self... This is a mathematical field called general (or set) topology, which provides
a suitable setting for much of contemporary mathematics as well as for thinking in
various areas of art, philosophy, economics not to mention the natural sciences. In
the second part of this article we will explain this division in more detail. The devel-
opment is, of course, marked by the expansion of abstraction, and in the third part
of the paper we put this in the context of painting and architecture.

PAGE 13
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A. Prostor (a topologie) v mnoha podobach

Topologie a obecnéji prostor jsou mozna naduzivana slova, ale co vlastné oznacuji,

7 4 v v 4 4 7 v v
co myslime nového, kdyz slova pouzivame? Na tuto otazku se pokusime odpovédét.
Nas ptistup vSak neni vyéet moznosti ani historicky pfehled, na to bychom kazdo-
padné pottebovali vice mista. Uved'me vSak dva priklady myslenek, které snad vy-
stihuji o co se snazime a ¢im hodlame usmérnit nase zkoumani.

Je nam blizky Roland Barthes a jeho kniha Svét/d ko-
mora. Barthes stoji vlastné pred podobnym problé-
mem. Chce vystihnout néco co je bézné a v jazyce na-
duzivané. V avodu knihy uvadi hlavni motivaci knihy
ajeji ¢astje mozno v nasem kontextu formulovat nasle-
dovné: Nds pristup je motivovdn ontologickou touhou,
¢im je topologie ,,v sobé”, jaky podstatny rys ji odlisuje
od ostatnich prostori.y Ano, prostor sdm bez piikras,
sdm o sobé.

1 — Tuto vétu jsme parafrazovali
podle knihy R. Barthes: Svétla
komora (pteklad M. Petficek)

Fra 2005, str. 12 (kdy Barthes hovofi
samoziejmé o fotografii). Toto
vydani obsahuje zasvécenou studii
prekladatele ,Citim tedy vidim*.

Je nam rovnéz blizky nazor Huberta
Damische, kdyz v predmluvé své slavné

2 — Hubert Damisch: The origins of perspective,
MIT Press 1994, xiii. Tato kniha podéava tradi¢ni
problematiku perspektivy jak v kontextu historickém

knihy o vzniku perspektivy? pise: , zato
kniha se zrodila z nespokojenosti....jak
tak myslenkové spekulativni oblast
jako perspektiva je predmétem knib,
které jsou sice zevrubné, ale nezahrnuji
hlubsi filosofické aspekty.“ Domnivame
se, ze naduzivané slovo prostor zaslu-
huje hlubsi porozuméni, nebo lépe fe-

tak v kontextu soudobé filosofie a uméni. Kniha koné&i
analyzou Picassovych variaci na téma Velazquezova
obrazu “Les Meninas”. Moznéa nejucelenéjsi prezentace
filozofického pfistupu Huberta Damische k vytvarnému
uméni byla vystava Moves - Playing chess and cards with
the museum (Museum Boijmans Van Beuningen Rotterdam
1997) a rovnéz vystava Traité du trait, Louvre 1995.

(Obé vystavy s dostupnymi katalogy. Katalog z Louvru navic
s podékovanim Vére Linhartové.) Viz rovnéz: J. Nesetfil:
Poznamky o Uméni a Matematice (o0 porozuméni ,Taha“
Huberta Damische, v katalogu vystavy Antropogeometrie,

v 7 7 Rabasova galerie, Rakovnik 1998
¢eno zastaveni se snahou o pochopenl.

Pokusime se uvést par spole¢nych rysti pojmu prostor hlavné v oblastech souvise-
jicich s tématem této prace. Téma prostoru z hlediska percepce a reprezentace lid-
ského mysleni zahrnuje sit protikladnych stranek lidského osvojovani svéta od sa-
mych pocatkiti geneze lidstva. Geometrie se utvarela hluboko v ontogenezilidského
mysleni. Clovék v ndvaznosti na schopnosti uplatnéné ve vyvoji Zivodicht, schop-
nosti zahrnujici vzory prostorové orientace a navigace jako podstatné soucasti ge-
neze mysleni je spjat s geometrii v mnoha, mozna ze ve vSech, oblastech lidské ¢in-
nosti (dva ptiklady za vSechny: kognitivni psychologie a topologie v neurovédach).
Je potom zajimavé, ze topologie jako samostatna disciplina matematiky se stala
predmétem védy az v 19. a béhem 20. stoleti. Jak jesté podrobnéji uvedeme, bylo to
hlavné (ale nikoliv vylu¢né) v kontextu teorie mnozin, ale z $irsiho hlediska také
v dobé kdy protiklady lidské civilizace ve vztazich lidské inteligence a pfirody do-
spély do stavu tézko fesitelné separace disciplin védeckého a humanitniho poznani.



A. Space (and Topology) in its Many Forms

Topology, and more generally space, are perhaps overused words, but what do they
actually mean, what do we mean by using these words? We will try to answer this
question. However, our approach is not a list of possibilities or a historical survey;
we would need more space for that anyway. Let us, however, give two examples of
ideas that perhaps describe what we are trying to present and how we intend to
guide our research.

Roland Barthes and his book Camera Lucida are close
to our heart. Barthes actually faces a similar problem.
He wants to capture something that is common and
overused in the language. In the introduction to his
book, he gives the main motivation behind the book
and part of it can be formulated as follows in our con-
text: Our approach is motivated by an ontological de-
sire to know what topology is ‘in itself’, what essential
Sfeature distinguishes it from other spaces.! Yes, the
space itself without embellishments, in itself.

1 — We paraphrased this sentence
from R. Barthes: Camera Lucida
(translated by M. Petfi¢ek) Fra 2005,
p. 12 (Barthes is of course talking
about photography). This edition
contains an insightful study by the
translator ‘| feel therefore | see’.

We also resonate with the opinion of
Hubert Damisch who in the preface
of his famous book on the origin of

2 — Hubert Damisch: The Origins of Perspective,

MIT Press 1994, xiii. This book presents the traditional
topic of perspective in both historical and contemporary
contexts of philosophy and art. The book concludes with an

perspective writes2: ‘..this book was
born out of dissatisfaction.... how such
a speculative area of thought as per-
spective is the subject-matter of books

analysis of Picasso’s variations on the theme of Velasquez's
painting ‘Les Meninas'. Perhaps the most comprehensive
presentation of Hubert Damisch'’s philosophical approach
to visual arts was the exhibition titled Moves - Playing
Chess and Cards with the Museum (Museum Boijmans
Van Beuningen Rotterdam 1997) and also the exhibition

titled Traité du trait, Louvre 1995. (Both exhibitions with
catalogues available. The Louvre catalogue also with
acknowledgments to Véra Linhartova.) See also: J. Nesetril:
Poznédmky o uméni a matematice [Some Remarks

on Art and Mathematics] (on understanding Hubert
Damisch’s ‘Moves’, in the catalogue of the exhibition titled
Antropogeometrie, Rabas Gallery, Rakovnik 1998.

which, though elaborate, do not in-
clude deeper philosophical aspects.’
We believe that the overused word
‘space’ deserves a deeper understand-
ing, or better said, considerations at-
tempting to understand it.

We will try to list some common features of the concept of space, mainly in areas
related to the topic of this paper. The theme of space in terms of perception and rep-
resentation of human thought has included a network of opposing aspects of human
mastery of the world since the very beginning of the genesis of mankind. Geome-
try was formed deep in the ontogeny of human thought. Building on the abilities
applied in animal evolution, abilities involving patterns of spatial orientation and
navigation as an essential part of the genesis of thought, man is linked to geometry
in many, perhaps all, areas of human activity (two examples for all: cognitive psy-
chology and topology in neurosciences). It is therefore interesting that topology as
aseparate mathematical discipline became an object of science as late as in the 19th
and during the 20th centuries. As we will show in more detail, it was mainly (but not

PAGE 17



STRANA 18

Rozved'me tuto myslenku podrobnéji. Matematika se ve vyvoji lidstva stala na-
strojem progresivniho zuzitkovani lidskych schopnosti abstrahovat a kombinovat
osvojené modely poznani tvari v tvar prirodé a prirodni danosti lidské existence.
Matematika se stavala ve vyvoji lidstva klicovou disciplinou emancipace svéta lidi
zlimitd danych pfirodou a s emancipaci cest poznaniurcovanych abstrakei. Reflexe
matematiky jako cesty k porozuméni déni, ¢i tajemstvi svéta patfi ke klicovym té-
matam lidské civilizace. Byli to Pythagorejci, ktefi v esencialnim rozvrhu pro na-
sledny vyvoj evropské civilizace spatrovali v matematice (a geometrii zvlasté) jadro
veskerého lidského mysleni. Jednim z vrcholti chapani matematiky jako kli¢ové dis-
cipliny poznani ptedstavila, jak znamo filosofie René Descarta. Diky Descartovi si
clovék mohl uvédomit sam sebe jako myslici bytost, aby na druhé strané ponechal
poznani rozprostranéného svéta obklopujiciho ¢lovéka v rukou bozich za modely
métitelnosti véci a udalosti, které podle Descarta jesté spadaly do schopnosti ¢lo-
véka. Priciny vzniku topologie souvisi s protiklady matematiky jako kli¢ového pa-
radigmatu abstrakce, jak jej prikladné definoval Descartes s tim, co toto paradigma
nezahrnuje. Odkaz antiky nalézajici v propojeni svéta abstrakce a prirodniho uni-
verza motiv a dikaz harmonie skuteénosti prestaval platit tim vice, ¢im vétsi naroky
byly kladeny na matematiku samotnou.

Jak se priblizit vyznamu pojmu prostor a problému tak Siroce rozprostranénému?
Vyétem prikladd to samoztejmé nejde. Nejenom z divodit mnohosti, ale také vzhle-
dem k unavé z opakovani. Volime tedy cestu uvedeni spoleénych ryst, klicovych
aspektt a mys$lenkovych obrati. Tento zajisté vice nepresny a mlhavy umysl nas ale
ptirozené ptivede k topologii. Umysl miize byt mlhavy , ale prvni nas rys je piesnost.

1. Uréitost a pfesnost

Neni to jen tak. Kdyz oznadime néjakou skuteénost jako prostor tak vyvolame jisty
dojem urditosti. Prazsky prostor, individualni prostor, inspirujici prostor, divadelni
prostor, prostor k rozliSenti, ... Jako bychom odkazovali na spoleénou urcitou véc,
nebo na spole¢ny rys. Odkud se ona uréitost v tak neurcitych pojmech bere? Jak vy-
jadrit snovou urcitost zamyslenou nebo tusenou pomoci neurcitého pojmu prostor
o topologii nemluvé? Co je zdrojem oné urcitosti? Pomozme si prikladem.

V kapitole Pfesnost své knihy Americké predndsky® 3 — italo Caivino: Americké
Italo Calvino uvadi egyptskou bohyni Maat:,, Presnost 2:.es?.”f.:.kcy.éie(f,trgfzﬁaﬁeﬁEL‘;)
byla pro staré Egyptany symbolizovina pirkem, které  proswortose. ’
slouzilo jako zdvazi na misce vah pro vizeni dusi. Ono

lebké pirko se jmenovalo Maat, bohyné vah. Hieroglyf

Jména Maat oznacoval také jednotku délky, 55 cen-

timetril jednotné cibly, a také zdkladni tén fléiny.“

Poznamenejme k tomu, Ze ,maat” je centralni pojem

egyptské kultury a je to slovo mnoha vyznami: fad,

. /4 4 v U .o 4 /4 4 4
spravedliva mira véci, pravda a jiné zakladni vyznamy.



exclusively) in the context of set theory, but more broadly also at a time when the
oppositions of human civilisation in the relations of human intelligence and nature
had reached a state of difficult-to-resolve separation of the disciplines of scientific
and humanistic knowledge.

Let us elaborate on this idea. During the evolution of humanity, mathematics has
become a tool for progressive capitalisation on human abilities to abstract and com-
bine acquired models of cognition in the face of nature and the natural givens of
human existence. In the development of humanity, mathematics gradually became
a key discipline in the emancipation of the human world from the limits imposed
by nature and with the emancipation of the paths of knowledge determined by ab-
straction. The reflection of mathematics as a way of understanding the events or
mysteries of the world belongs to the key themes of human civilisation. It was the
Pythagoreans who, in the essential framework for the subsequent development of
European civilisation, saw mathematics (and geometry in particular) as the core
of all human thought. One of the highlights of the understanding of mathematics
as the key discipline of knowledge was, as is well known, the philosophy of René
Descartes. Thanks to Descartes, man could become aware of himself as a thinking
being, in order to leave, on the other hand, the knowledge of the extended world
surrounding man in the hands of God for models of the measurability of things and
events, which, according to Descartes, still fell within the faculties of man.

The reasons behind the emergence of topology are related to contradictions in math-
ematics as the key paradigm of abstraction, as exemplarily defined by Descartes, in-
cluding what this paradigm does not include. The legacy of antiquity, finding in the
connection between the world of abstraction and the natural universe a motive and
proof of the harmony of reality, ceased to be valid the more demands were placed
on mathematics itself.

How to approach the meaning of the concept of space and a problem so widely ex-
tended? By listing examples, of course, it cannot be done. Not only for reasons of
numerosity, but also because of the fatigue of repetition. We have therefore decided
to present common features, key aspects and turns of thought. But this admittedly
more imprecise and vague intention naturally leads us to topology. The intention
may be vague but our first feature is precision.

1. Specificity and Precision

Itis not that easy. If we designate a certain reality as space, we give a certain impres-
sion of specificity. Prague space, individual space, inspiring space, theatrical space,
space for differentiation ... As if referring to a certain common specific thing or to a
common feature. Where does this specificity come from in such vague terms? How
to express dreamlike specificity, intended or anticipated, using the vague concept
of space, not to mention topology? What is the source of that specificity? Let us help
ourselves with an example.
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OoBR.1 Marcel Duchamp, ilustrace k basni Pierra Andrea
,Premiéfe Lumiere®, lept 1959

FIG.1 Marcel Duchamp, Illustration of the Pierre Andre’s poem
‘Premiere Lumiere’, etching, 1959



oBR. 2 Jifi Naceradsky aJaroslav Nesetfil, Modulor III.
(Spojité a diskrétni), 1996, akryl na papite

FIG. 2 Jifi Naderadsky and Jaroslav Nesettil, Modulor III.
(Continuous and discrete), 1996, acrylic on paper
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Co je potom onim perickem, které uréuje (a symbolizuje) miru 4 — A Einstein: Smysl
ptesnosti pouziti slova prostor? Domnivame se, Ze ono peticko ::a;"”ty' VySehrad 2016,
v . . 7. ’ . 7 ’ VvV Vv °
predstavuje anticky ideal geometrie, ktery tak uspésné vyho-
vuje nasi kazdodenni skute¢nosti a je ve spolec¢nosti (a $kolach)
. /4 v v v
zaveden. Tento ideal vydrzel az do novovéku (nebo do Newto-
novy matematiky a fyziky). A ma platnost i dnes. Jak pékné
piSe fyzik Brian Greene v uvodu Einsteinovy knihy Smysl rela-
tivity®:,, Ale prestoZe je relativita matematicky systemizovand,
drtivd vétsina by stdle priznala, Ze jim ,nepresia do krve®. I jd
st uvédomuyji, jak snadné je upadnout do navyklého newtonov-
ského mysleni, v némz jsou prostor a cas nespravné nazyvdny
Jako vzdjemné oddélené, nezdavislé a neménné.”

Pevny bod fadu, ideal krasy a neménnosti, peri¢ko naseho uvazovani. Mnoho po-
. 4 ! 4 o7 4 v . v 4 VeVv/
jednani se také uspokoji tim, Ze se problematika vnofti do prostoru (nebo mddnéjsi
topologie) aniz by se onen prostor porté blize studoval nebo i definoval. Je tak samo
slovo prostor vyjadfenim zamyslené uréitosti ¢i presnosti.

Nas dalsi priklad je literarni: Vy$e jsme zminili proszor 5 — Viz napfikiad: Veronika
k rozlisenti... Citovat Véru Linhartovou je v nasem kon- _'Egrss”ta,‘fg;’gf &"’I:fsﬁgv";e’;'r‘fsgt‘ m,
textu prirozené. Pro jeji presnost a roli prostoru. Pro-  vicehlasé rozptylent,
storovy aspekt je pro jeji psani typicky a je také Siroce I Kontext-preklad-hranice.
. LBy s , , . , 1 Studie z komparabilistiky. FF UK,
diskutovan.®Jiz diplomova prace V. Linhartové se tyka  praha 1996, 7-17.
baroka a prostoru. Je okouzlena baroknimi klenbami & — v. Linhartova: Mezipriizkum
(jako predtim jeji ucitel Vaclav Richter). Stejné jako  neibliz uplynulého. Prestored,
Vee v v , v V6 Mladé fronta 1993. (Citovano dle
pozdéji pise o klenbé kostela sv. Markéty v Bfevnoveé®: v kosnarova: Variace na hlasku m,
wmalované prihledy do pomysinych nebes jsou tady — st-27)
pouze v téch castech celé klenby, kde se promitd vzd-
. / o . /7 / / 4 o . v
Jjemny prinik ovdlnych prostorovych utvari, v nichz
Jje sefazen prostor lodi — tedy viastné v mistech kde je
hodnota hmoty zdpornd a neproniknutelnost téles po-
pFena. Lze predpoklddat, Ze by stacilo, aby bocni zdi
poodstoupily od sebe tak, Ze by se vzddlenost mezi nimi
zvétsila. A proniky zmizi, prithledy nebes se uzaviou
v bezvyhledné k sobé priléhajicich primkdch. — Lze to
ostatné dokdzat jesté jinak.”

Shriime tuto tvahu: To vse jsou priklady, kde slovo prostor vymezuje a uprestiuje
4 v r /4 7 I1V7 . 4 v s . ’ v 4 . . 4 4
vypovéd, uvadi diléi jevy zminéné i nezminéné do souvislosti celku. Nemysli se tim
ziejmé pouze geometrické (nebo topografické) vymezeni. Jde spise o vymezeni ur-
¢itého typu otazek a vypovédi. Prostor jako urcujici a zpresnujici fakt. Nebo jako

ramec na$ich tvah a rovnéz uvedeni do toho co bude.

Jako bychom predkladali na védomi, ze vime o prostoru vSe nebo mnohé, ze prostor
jenam znam anebo jesté 1épe, Ze vime, o Cem mluvime. Prostor neni misto, ale mista



In the chapter titled Exactitude of his book American Lec-
tures,® Italo Calvino mentions the Egyptian goddess Maat:
Forthe ancient Egyptians, exactitude was symbolised by a
Sfeather that served as a weight on scales used for the weigh-
ing of souls. This light feather was called Maat, goddess of
the scales. The hieroglyph for Maat also stood for a unit of
length — the 33 centimetres of the standard brick — and the
Sfundamental note of the flute.” Note that ‘maat’ is a central
conceptin Egyptian culture and a word of many meanings:
order, a just measure of things, truth, and other essential
meanings.

What is then the feather that determines (and symbolises)
the degree of precision in the use of the word ‘space’ We
believe that this feather represents the ancient ideal of ge-
ometry, which so successfully fits our everyday reality and
is established in society (and schools). This ideal lasted un-
til the modern era (or until Newtonian mathematics and
physics). And it is relevant even today. As physicist Brian
Greene writes nicely in the introduction to Einstein’s book
The Meaning of Relativity®: ‘Nevertheless, even though rel-
ativity has been systemized mathematically, the vast ma-
Jjority of physicists would say that they still don’t “feel rel-
ativity in their bones.” I, for one, know how easy it is to slip
into familiar Newtonian thinking in which space and time
are incorrectly envisioned as separate, independent, and
unchanging.’

3 — Italo Calvino: Americké
prednasky - Sest poznamek
pro pristi tisicileti [American
Lectures - Six Memos for the
Next Millenium], (translated by
M. M. Jilsky), Prostor 1999.

4 — A. Einstein: Smysl
relativity [The Meaning of
Relativity], Vy$ehrad 2016, p. 7.

A fixed point in the order, the ideal of beauty and immutability, a feather of our
thinking. Many treatises are just fine with immersing the topic in space (or in amore
fashionable topology) without further studying or even defining such space. The
very word ‘space’ expresses the intended specificity or precision.

Our next example is a literary one: above we men-
tioned space for differentiation... To quote Véra Lin-
hartova is natural in our context. For her precision

5 — See for example: Veronika
Ko$narova: Variace na hlasku

m [Variations on the Phone m],
Torst 2019. Miroslav Petficek:

and the role of space. The spatial aspect is typical of
her writing and is also widely discussed.® Already V.
Linhartova’s diploma thesis deals with baroque and
space. She is enchanted by baroque vaults (just like
her teacher Vaclav Richter was before). She writes
about the vault of St. Margaret’s Church in Bfevnov®:
‘.. painted vistas into the imaginary heavens are here
only in those parts of the entire vault where the inter-
section of oval spatial formations is reflected, in which

Vicehlasé rozptyleni [Dispersion
Polyphonique], In: Kontext-pfeklad-
hranice. Studie z komparabilistiky.
FF UK, Praha 1996, pp. 7-17.

6 — V. Linhartova: Meziprizkum
nejbliz uplynulého [Intersurvey of
the Nearest Past]. Pfestore¢, Mlada
fronta 1993. (Quoted according to
V. Ko&narové: Variace na hlasku m
[Variations on the Phone m], p. 27.).
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vytvareji prostor, prostor véak neni jen souhrn mist. Lze vSak také fici, ze prostor
je pojmenovani spole¢ného rysu mist, abstrakce jednotlivosti. Misto i prostor nas
muze utvaret a my spolu vytvarime prostor, svoji pritomnosti, svym jednanim. Ale
pouzitim slova vyvolavame a odkazujeme na ramec, ktery nase tvahy vymezuje,
ale také urcuje a zasazuje do systém? jinych tvah, moznosti mist a jinych prostor.

2. RAamec a Model

To neni variace na mali¥ a model. Mame na mysli spise situaci, kterd tvofiramec na-
Sich uvah. Nemuzeme-li postihnout skuteénost v uplné celistvosti, vytvarime jisty
model jako ramec naseho uvazovani. Nemusime vlastné model mnohdy vytvaret,
model a ramec jsou nam prosté dany situaci ve které se nachazime. Model také sou-
visi s prostorem pro néjz je ramcem. Model umoziiuje prostor a pomaha mu tim, ze
vyjadtuje jeho konzistenci. Prostor se zda byt prvotni a neodvoditelny. Prostor ne-
musi mit uréity model a model také nemusi byt jediny. Ale zpravidla pfi pouziti slova
4 . Ve 4 /4 4 4 ! 4
prostor mame na mysli néjaky zakladni model. Zakladni model ve smyslu ramce
.. . Y i 1y f ;
ajistoty. Model zpravidla nevytvafime, je ndim dam nasi zkusenosti nebo rdmcem
naseho uvazovani.

Slovo model zde pouzivame v intuitivnim smyslu jako misto a vychodisko nasich
uvah, misto které predpokladiame a které je nasi jistotou. Po dlouha staleti od an-
tiky byl prostor jediny a ontologicky, mél jediny Euklidovsky model. Navic doko-
nala skladba Eukleidovych zaklada, presnéji jejich podoba vytvorena historii, se
stala predobrazem a vzorem celé matematiky a védy vibec. Nebylo o ¢em pochybo-
vat. Vlastné bylo, ale to pfislo az mnohem pozdéji na konci 18tého stoleti Euklidav
paty postulat zacal byt zkouman podrobnéji, nebot svoji ,slozitosti“ se odlisoval od
ostatnich a tak vznikla otazka zda (v oné krasné antické stavbé) je viibec potteba,
zda ho vlastné neni mozno odvodit jako dusledek ostatnich axiomi. Tato Cisté te-
oreticka otdzka méla zavazné dusledky a nabourala jednoznadnost a jedineénost
Eukleidovské geometrie, kterd méla az posvatny charakter. Bolyai, Lobacevsky,
Gauss nasli nové modely geometrickych situaci. Tyto modely splnovaly vSechny
Eukleidovy axiomy kromé patého, ktery zde ale neplatil. Byly tak vytvoreny nové
prostory — nové modely prostort. Toto znejisténi mélo za disledek snahu vyjadtit
adefinovat prostor sim. Bernhard Riemann ve své inaugurac¢ni predndasce predeslal
snahu o obecnou definici prostoru. Tato snaha se ukazala jako obtizny ofisek. Pro¢?
Pravé proto, ze prostor uvazujeme intuitivné vzdy s néjakym modelem, ktery ma
mnoho dalsich vlastnosti, a, fe¢eno s Poincarém, je plny ,bohaté barevné zaticich
povrchi“. Tato snaha a naplnéni hledani univerzalni modelu musela jesté pockat
av ¢lanku se k tomu jesté vratime. To je ta prava chvile obecné topologie.

S prostorem mimo matematiku je to vak jesté jinak. Pf¥ibéh vypravéni a sila narace

vlastné prostor vytvari a vymezuje a jaksi uréuje v mite nezbytné pro pribéh, jako

v dobrém romanu. Prostor je tak mnohdy definovan zevnitf, dil¢imi projevy. Jako
Vv . Ve oV 4 . 4 4 v v 7

néco co vyhovuje nasim rozlisenim, jako vhodny ramec naseho déni. Prostor se tak



the space of the nave is arranged — in fact, in places where the value of mass is neg-
ative and the impenetrability of bodies is denied. It may be assumed that it would
be enough for the side walls to move apart so that the distance between them would
increase. And the penetrations will disappear, the vistas of the heavens will close in
sightlessly contiguous straight lines. — After all, there is another way to prove this.’

Let us summarise this reflection: These are all examples where the word ‘space’ de-
fines a statement and makes it more specific, bringing the partial phenomena both
mentioned and not mentioned into the context of the whole. Apparently, this does
not mean only geometrical (or topographical) definition. It is more about defining
a certain type of questions and statements. Space as a determining and specifying
fact. Or as a framework for our considerations and also an introduction to what will
happen.

Itisasif we were making it known that we know everything or alot about space, that
space is known to us, or even better, that we know what we are talking about. Space
is not a place, but places create space — but space is not just a collection of places.
However, it can also be said that space means naming the common feature of places,
an abstraction of particularities. Place and space can shape us, and we co-create
space, by our presence and our actions. But by using the word we evoke and refer
to a framework that defines our considerations, but also determines and embeds
them in the systems of other considerations, possibilities of places and other spaces.

2. Framework and Model

This is not a variation on the painter and model. Rather, we have in mind a situation
that forms the framework of our considerations. If we cannot grasp reality in its
entirety, we create a certain model as a framework for our thinking. We do not ac-
tually have to create a model very often; a model and a framework are simply given
to us by the situation in which we find ourselves. A model is also related to the space
for which it serves as a framework. A model makes a space possible and helps it by
expressing its consistency. Space appears to be primal and not inferable. Space does
not have to have a particular model, and a model does not have to be the only one
either. But usually, when we use the word space, we mean some basic model. A basic
model in terms of a framework and certainty. As a rule, we do not create a model, it
is given to us by our experience or by the framework of our thinking.

We use the word ‘model’ here in an intuitive sense as a place and the starting point
of our considerations, a place we assume and which is our certainty. For many cen-
turies since antiquity, space was the only one and ontological, had one Euclidean
model. Moreover, the perfect composition of Euclidean foundations, or more pre-
cisely, their form created by history, has become a prototype and model for entire
mathematics and science in general. There was nothing to doubt. Actually, it was,
but that did not come until much later in the late 18th century. Euclid’s fifth postu-
late began to be examined in more detail, as its ‘complexity’ made it different from
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0BR.3 Marcel Duchamp, Umélec s kolejnicovym kluzakem, 1913-1915,
publikovano v La Boite verte 1934 (foto Man Ray)

FIG. 3 Marcel Duchamp, Artist with a track glider, 1913-1915, published
in La Boite verte, 1934 (photo Man Ray)



OBR. 4 Jifi Naderadsky a Jaroslav Nesetfil, Modul X,
1993, tus a xerox na papire

FIG. 4 Jifi Naceradsky and Jaroslav NeSetfil, Modul X,
1993, Indian inc and xerox on paper
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I/ Ie/ v v’ v 4 /4 . ’ IS4 v Vv
vyviji, odviji v ¢ase s pfibéhem samotnym. Basnicky prostor se vytvari a zpétné ur-
Cuje pribéh sam, Ctenaf je vtahovan do magického prostoru autorova.

Mistrovsky to samozrejmé dokazal Franz Kafka naptiklad nasledujici ukazkou ze
Zamku (str. 259, vydani z roku 1964): ,, ..kde je tedy ona zminénd, vzdcnd, témé¥
nikdy se nenaskytajici moZnost? Tajemstvi vézi v predpisech o prislusnosti. Véc
7/ .V yA . /7 Ve /7 . . . 4 o Vv v v
nent totiz takovd, a ve veliké Zivouci organizaci ani byt nemiize, Ze by pro kaz-
dou zdleZitost byl prislusny jen jeden urcity tajemnik. Je to pouze tak, Ze jeden ma
hlavni pFislusnost, avsak rada dalsich ma téz jistou, i kdyz mensi prislusnost. Kdo-
/ . / /7 4 7 7/ v Ve
pak by dokdzal, i kdyby pracoval sebevic, sdm udrzet na svém psacim stole veskeré
souvztaznosti i toho nejmensiho pripadii? UZ to, co jsem Fekl o hlavni prislusnosti,
. 4 Ve v 7/ v Ve 3 |74 v/ Vv . 4 v A v/ v
Jje prebnané. CoZ neni uz v té nejmensi prislusnosti obsazena veskerd prislusnost?
CoZ tu nerozhoduje vdsnivost, s niz se kdo véci chopi? A neni zde ta vdasnivost vZdy
a v plné sile? Ve vsem se mohou mezi sebou tajemnici lisit, a rozdilii je nespocet, ve
7V . . v v 7 / . /7 . 4 . . v
vdsnivosti vsak ne; Zddny z nich nedd najevo zdrZenlivost, vznese-1i se na ného po-
v / v/ VeV o Ve v v/ v / .
Zadavek, aby se zabyval pripadem, pro néjz je sebeméné prislusny. Navenek je ov-
Sem treba néjak uspordidat jednaci moznosti, a tak pro strany stoji v popredi vidycky
Ve / . / . v s/ 7’ v /7 v v v 7 / o
urcity tajemnik, jehoz se maji v urednich vécech drZet. Avsak nemusi to byt viibec
tajemnik, ktery md pro ten pripad hlavni prislusnost, to zdlezi na organizaci a na
Jejich zvldstnich okamZitych potiebdch. Tak véci vypadaji. A ted uvazte, pane ze-
mémérici, moZnost, Ze néjakd strana diky nékterym okolnostem pres vsechny jiz
popsané, celkem viplné dostacujici prekdazky prece je prekvapi uprostied noci nékte-
rého tajemnika, ktery md pro dotyciny pripad jistou prislusnost. Na takovou moz-
nost jste asi jesté nepomyslel? To vam rad vérim. Také na ni neni teba myslet, pro-
toZe skoro nikdy nenastane.”

Klap, klap, klap, nekonecna byrokracie tekuté modernity vytvarejici nas svét. Di-
vak, kazdy z nas, si vytvari z pisobivych naznakt autora, Franze Kafky nebo Stani-
slava Kolibala, sviij svét. Svoji interpretaci prostoru.

Tento rozvijejici pristup se véak zda byt v pfimém roz- 7 — Krasné o této historii

poru s obvyklym chdpianim prostoru v ptirodovédé  Pristupnou formou piSe Petr Vopénka
v i . , ve svém opus magnum Uhelny

a hlavné v matematice. Zde je prostor definovan, ur-  kamen evropské vzdslanosti a moci,

¢en z vnéjsku. Je popsan alespon zdanlivé vycerpavaji- ~ Prah 201 Vopénka se bohuzel

, o M v v ov. . M v v nevénuje topologii. Jeho pozdni

cim zptisobem presné a vétSinou i elegantné a strucné.  prace: P. Vopanka, M. Vatrovcova:

Prostor jako pozadinasich uvah musi byt pfece popsan  Uvedeni doobecné topologie a jejich
. v Ve . ; . dé&jin do roku 1960, (Pavel Mervart

srozumiteln¢, aby mohl poslouzit jako vychodisko ab-  2015)je zamatena jina.

straktnich uvah. Priklady tohoto postupu zna kazdy

v . 7 . 7 v 7 .

ze skoly. Euklidovska geometrie svym presnym a jas-

nym vykladem a samotnou vystavbou se stala vzorem

pro védecké uvazovani a metodu od antiky do dneska.

Ale anticky prostor se vyvijel, prohluboval a rozvijel. 7

Ale zdani klame. Véda prostor také stale hleda, hleda vhodny ramec pro své uvahy.
V mnoha oblastech se hleda prostor, ktery bude vyhovovat, ale také spoluvytvaret.



the others, and so the question arose whether (in that beautiful ancient construc-
tion) it was needed at all, whether it could not in fact be inferred as a consequence
of the other axioms. This purely theoretical question had serious implications and
undermined the clarity and uniqueness of Euclidean geometry, which had an almost
sacred character. Bolyai, Lobachevsky and Gauss found new models of geometric
situations. These models complied with all Euclid’s axioms except the fifth one,
which, however, did not apply here. Thus, new spaces were created — new models of
spaces. This uncertainty resulted in an attempt to express and define space as such.
In hisinaugural address, Bernhard Riemann mentioned an attempt to find a general
definition of space. This endeavour proved to be a difficult task. Why? Precisely be-
cause we always think of space intuitively with a model that has many other prop-
erties and, in Poincaré’s words, is full of ‘richly coloured shiny surfaces.” This effort
to find a universal model had yet to wait and we will return to it later in this article.
This is the true moment of general topology.

However, space outside mathematics is yet another thing. The story of telling and
the power of narration actually creates and defines a space and somehow determines
it to the extent necessary for the story, like in a good novel. Space is thus often de-
fined from within, by partial expressions. As something that suits our differentia-
tion, as a suitable framework for our action. Space thus evolves, unfolds in time with
the story itself. The poetic space is being created, retroactively determining the
story itself; the reader is drawn into the magical space of the author.

Of course, Franz Kafka did this masterfully, for example in the following excerpt
from The Castle (Zamek, p. 259,1964 edition): ‘... where now is that previously men-
tioned, rare possibility that never occurs? The secret lies in the regulations regard-
ing competence. The fact is things are not so constituted, and so such a large living
organization cannot be so constituted, that there is only one definite secretary com-
petent to deal with each case. It is rather that one is competent above all others, but
partly others are in certain respects, even though to a smaller degree — also compe-
tent. Who, even if he were the hardest of workers, could keep together on his desk,
single-handed, all the aspects of even the most minor incident? Even what I have
been saying about the competence above all others is saying too much. For is not the
whole competence contained even in the smallest? Is not what is decisive here the pas-
sion with which the case is tackled? And is this not always the same, always present
in full intensity? In all things there may be distinctions among the secretaries, and
there are countless such distinctions, but not in the passion. None of them will be
able to restrain himself if it is demanded of him that he shall concern himself with a
case in regard to which he is competent if only in the smallest degree. Outwardly, in-
deed, an orderly mode of negotiation must be established, and so it comes about that
a particular secretary comes into the foreground for each applicant, one they have,
officially, to keep to. This, however, does not even need to be the one who is in the
highest degree competent in regard to the case, what is decisive here is the organiza-
tion and its particular needs of the moment. That is the general situation. And now,
Land Surveyor, consider the possibility that through some circumstances or other, in
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OBR.5 Stanislav Kolibal, Geometrické cviceni, dfevo, $tuk,
olej, kresba, 1998, soukroma sbirka

FIG. 5 Stanislav Kolibal, Geometrical exercises, wood, stucco,
oil, drawing, 1998, private collection

OBR. 6 Stanislav Kolibal, Prinik dvojiho pohledu, 1988, lanovka, $tuk, zelezo,

Galerie hlavniho mésta Prahy, z katalogu Aktualni nekone¢no, GHMP s. 64

FIG. 6 Stanislav Kolibal, Penetration of two kinds of view, 1988, scoreboard, stucco, iron,
City Gallery Prague, published from the catalogue Actual infinity, GHMP p. 64



spite of the obstacles already described to you, which are in general quite sufficient,
an applicant does nevertheless, in the middle of the night, surprise a secretary who
has a certain degree of competence with regard to the given case. I dare say you have
never thought of such a possibility? I am quite prepared to believe it. Nor is it at all
necessary to think of that for it does, after all, practically never occur.’

Clack, clack, clack, the endless bureaucracy of liquid modernity creating our world.
The viewer, each of us, creates their own world out of the impressive hints of the au-
thor — Franz Kafka or Stanislav Kolibal. Their own interpretation of space.

This developing approach, however, seems 7 — Petr Vopénka writes beautifully, and in
to be in direct contradiction with the usual 20 8asy-to-understand manner, about this
. . . history in his opus magnum Uhelny kdmen
understandlng of space 1n natural science evropské vzdélanosti a moci, [The Cornerstone
and especially in mathematics. Here space of European Learning and Power] Prah 2011.
. . . Unfortunately, Vopé&nka does not engage
is defined, determined from the outside. It  intopology. His later works: P. Vopénka,
is described, at least in a seemingly exhaus- M. Vétrovcova: Uvedeni do obecné topologie a
. isel d i 1 1 d jejich déjin do roku 1960 [Introduction to General
tive way, precisely and usually elegantly an Topology and its History to 1960] (Pavel Mervart
concisely. After all, space as a background  2015) has a different focus.
of our considerations must be described in a
comprehensible manner in order to serve as a
starting point for abstract reasoning. Every-
one knows examples of this procedure from
school. Euclidean geometry, with its precise
and clear interpretation and its very con-
struction, has become a model for scientific
reasoning and method from antiquity to the
present day. But ancient space has evolved,

deepened and developed.”

But appearances are deceiving. The science is also still searching for space, looking
for a suitable framework for its reasoning. A space that will be suitable as well as
co-creating, is being sought in many fields. The question of finding a suitable space
and how to comprehensibly describe it has been essential. In today’s terminology,
we are looking for a suitable model. A model that is usually given by experience and
our history or a model that we draw on.

Let us recall again that the model is understood here not only in a mathematical
sense, but more broadly as a set of experiences and properties that are the basis of
our reasoning. A mathematician can explore very abstract notions related to nat-
ural numbers, but in doing so s/he (also) has in mind the initial underlying model.
As a certainty for his exploration. One would like to say as a natural and existen-
tial certainty, as the basis and certainty of actions (in an abstract jungle of complex
concepts). But the basic model is not enough. It is often essential to ask a question
of how to comprehensively describe the space or, in today’s terminology, to create
an adequate model. If we are lucky and our model is indeed adequate, then we can
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Podstatna bylaaje otdzka nalezeni vhodného prostoru a jak prostor ucelené popsat.
V dnesni terminologii hledame vhodny model. Model, ktery je zpravidla dan ze zku-
$enosti a nasi historie nebo model z kterého vychazime.

Ptipomenme opét, ze zde chipeme model nejenom v matematickém smyslu, ale $i-
teji jako souhrn zkusenosti a vlastnosti, které jsou vychodiskem nasich uvah. Ma-
tematik muze zkoumat velice abstraktni pojmy tykajici se pfirozenych Cisel, ale
ma pritom na mysli (rovnéz) vychozi zakladni model. Jako jistotu svého zkoumani.
Chtélo by se tici jako ptfirodni a existencialni jistotu, jako zaklad a jistotu pocinani
(v abstraktni dzungli slozitych pojmt). Ale zakladni model nestaéi. Podstatnd je
Casto otazka jak prostor ucelené popsat nebo, v dnes$ni terminologii, vytvorit ade-
kvatni model. Mame-li $tésti a nas model je vskutku adekvatni, potom mtzeme pro-
stor a model ztotoznit (tak jak tomu bylo u geometrie po dlouhou dobu). Jak dnes
vime, tim se vzdavame volby na obou stranach. Jako celek je to otazka stale aktu-
alni: mame co Cinit s prostorem, kterému v uplnosti nerozumime a chtéli bychom
se v ném naucit pohybovat a ,pocitat”. Hledame zpusob jak si ho vhodné predstavit.
Je to otazka, kterou se zaobiraji jak teoretiéti fyzikové (a kosmologové), tak neu-
rologové (napt. v pfipadé modelti mozku) a informatikové (napt. v pfipadé teorie
siti). Ve vSech téchto pripadech hledame model, ktery vede k lep$imu porozuméni
prostoru, jehoz jen nékteré vlastnosti zname, prostoru ktery je vsude a vlastné ni-
kde. Prostoru, kterého se nékdy obavame stejné jako kdysi byl ,horror vacui“adnes
mdame strach z nedozirnych implikaci informacnich siti.

A potom, v néjaké Stastné chvili jako v renesanci, pfijde R. Descartes a rekne
(ve volné poetické parafrazi): ,Déti, nebojte se, vzdyt prostor to jsou jenom tro-
jice.“ A ukaze, jak model funguje, jak se s nim zachazi a jak pékné se v ném pocita.

Tak to je sen, sen o tspésném modelu, ktery vytvari nova paradigma. Je to ale sen,
ktery se neptihodi pfili$ ¢asto. Podobna situace zatim je$té nenastala napf. pro in-
formatické sité a ani v neurologii, kde stale hledame.

3. Dualita v mnoha podobach

Slovo dualita je velmi oblibené v rtiznych teoretickych disciplinach, nejen v mate-
matice a fyzice. V matematice ma ¢asto formu zahrnujici extrémy min amax a v da-
sledku toho se takové véty nékdy oznacuji jako minimaxové véty (podobnost se
stejnojmennym hasicim pristrojem je ¢isté ndhodna). Dva pély jedné véci, které jsou
soucasti bézné feli: bily a Cerny, kratky a dlouhy. A v dualité jde o vice. Obé strany
jsou tak fikajic myslenkové propojeny a extrémy mohou prechazet na sebe. Pfrimka
po vhodné (projektivni) transformaci mize prejit na bod (a vice versa), pti inten-
zivnim prohlizeni bilé mize dojit k temnoté, dlouhy a kratky jsou samy o sobé rela-
tivni pojmy. Ale vztah blizkého a vzdaleného vykazuje mnohé dualni rysy. Rovnéz
tak uvazovani globalni (nebo celostni) a zkoumani vlastnosti lokalnich tvofi dvojici,
ktera se rovnéz oznacuje jako dualita. Posledni priklad nas bude zajimat podrob-
néji, protoze se vztahuje k jednomu pojmu, ktery zde uvazujeme: prdce v ramci.



identify the space with the model (as was the case with geometry for a long time).
As we know today, this gives up choices on both sides.

As awhole, this question is still relevant: we are dealing with a space that we do not
fully understand and would like to learn how to move in it and ‘count.” We are look-
ing for ways to imagine it properly. It is a question addressed by both theoretical
physicists (and cosmologists), neuroscientists (e.g., brain models) and computer
scientists (e.g., network theory). In all these cases, we look for a model that leads to
a better understanding of a space of which we know only some properties, a space
that is everywhere and, in fact, nowhere. A space that we sometimes fear, just we
once feared ‘horror vacui’, and today we fear the immeasurable implications of in-
formation networks.

And then, in some happy moment like the Renaissance, R. Descartes comes along
and says (loosely poetically paraphrased), ‘Children, don’t be afraid, for space is
only triads.” And he shows how the model works, how to use it, and how good it is
for counting.

So, thisisadream, a dream of a successful model that creates new paradigms. But it
isadream that does not happen very often. A similar situation has not yet occurred,
for example, in I'T networks or in neuroscience, where we are still in the process of
searching.

3. Duality in Many Forms

The word ‘duality’ is very popular in various theoretical disciplines, not only in
mathematics and physics. In mathematics it often takes the form involving the ex-
tremes min and max, and as aresult such theorems are sometimes referred to as min-
imax theorems (the resemblance to the eponymous fire extinguisher is purely coin-
cidental). Two poles of the same thing that are part of common speech: white and
black, short and long. And there is more to duality. The two sides are, so to speak,
mentally related, and the extremes can overlap. A straight line after an appropriate
(projective) transformation can turn into a point (and vice versa); intensely looking
at white may lead to darkness; long and short are themselves relative terms. But the
relationship of near and far shows many dual features. Likewise, global (or holistic)
thinking and examining local properties form a pair that is also referred to as du-
ality. The latter example will be covered in more detail as it relates to one concept
that is considered here: working in a framework. Let us therefore take the general
position that space is a framework for our thinking. What does it mean? A space
that we use as a framework and that has ‘got into our blood’ in the way that we use
its properties to our advantage all the time. Working in a framework is therefore
freedom within limitations and is often given to us without our knowing it.
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OBR.7 Jifi Naderadsky, Akty, (1970-1975), kombinovana technika
na kartonu, Katalog aukéni siné Narodni

FIG. 7 Jifi Naderadsky, Nudes, (1970-1975), mixed technique on
cardboard, Catalgue of the Auction House Narodni



OBR.4 Ales Vesely, Zaktiveny viiz, 1987, Zelezo, z aredlu studia umélce
ve Stredoklukachm, fotografie Tomas VIéek, reprodukovano v katalogu
Aktualni nekoneé¢no, GHMP, 2000

FIG. 4 Ales Vesely, Distorted Vehicle, 1987 iron, fro m the studio areal
of the artist, photoTomas Vléek, published in the catalogue,

Actual infinity, City Gallery Prague, 2000
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Prijméme tedy obecné stanovisko, Ze prostor je nam ramcem pro nase uvazovani.
Co to znamena? Prostor, ktery je nam rdmcem, ktery mame a ,,presel nam do krve®
. v A4 7 4 ’ . . ’ /4 ..

jak, ze pouzivame s vyhodou neustale jeho vlastnosti. Prace v ramci je tedy svoboda
v omezeni a je nam mnohdy dana aniz bychom o ni védéli.

Praci v ramci oznacuje Thomas Kuhn jako normdini 8 — Thomas Samuel Kuhn:
véda®. Revoluéni obrat vyzaduje zménu ramce, zménu gﬁ;‘;';‘n:;an‘;éggzcgyc" revoluci,
paradigmatu. Pro tuto zménu vsak véda vytvari pod- '

minky rozvojem poznatki prace v ramci, rozvinutim

kalkulu existujicich prostort, které se dotykaji a tes-

tuji jejich hranice.

Emancipace matematiky se od pocatkt déjin novovéku stala jednou z pfic¢in dra-
matického vyhrocovani napéti mezi védou a virou, mezi védou a disciplinami hu-
manitni vzdélanostia potazmo celé novovéké kultury. Jednim z kli¢ovych vyusténi
téchto napétilze nalézt v projevech kultury doby manyrismu a baroka. Uved'me po-
drobnéji tento priklad. Jak mame chapat rozeklany fronton jako symbolicky motiv
po-renesanéni architektury? Kdy prostfednictvim masového uplatnéni tohoto ar-
chitektonického prvku zejména v architekture baroka, se dostaly do roviny nazor-
nosti podstatné motivy védeckého a humanitniho poznani. Jako zobrazeni proti-
kladti a poukazaninavychodisko z uzavieného konceptu skuteénosti, kdy novovéka
kultura objevovala témata plurality a singularity, variability, okamziku a vé¢nosti.
Pod témito motivy se odehravala kritika Descarta v takovych modelech, jaké pred-
stavuji La Scienza Nuova Giambattisty Vica a k ta pokusim zahrnout rozmanitost
ptirody a poznani skuteénosti patfily snahy Athanasia Kirchera demonstrovat na
zakladech védy a zejménalingvistiky, fyziky a matematiky nové paradigma poznani
integrujiciho odlisného jeho discipliny.

NaKircheranavazovala celd fada snah otevfit nové moznosti porozuméni protikla-
diam ¢lovéka a svéta za pomoci matematickych postupti. Takovym pokusem bylo
také zalozeni Muzea matematiky prazskymi jezuity v klastere Klementina, které
ve svém chapani aktualniho nekonecna hledalo moznosti spojeni védy a viry, ma-
tematiky a uméni. Barokni kultura v celé fadé svych projevii dokonlovala snahy
o spojeni smyslovosti, emoci a abstrakce, kdyz zuzitkovavala vzory a prvky pocha-
zejici z odkazu celého vyvoje evropské kultury a navazovala kontakty s mimoevrop-
skymi kulturami. Podstatné se stalo uplatnéni téchto vzort a motivii pro proménu
smétujici od stabilnich, racionalitou ovladnutych zpisoba kulturni reprezentace
k dynamickym formam vyuzivajicim racionalitu, véetné, nebo hlavné matematicky
rozvinutého poznani pro imaginativni diskurz. Takové vyuziti a pretvareni tvaro-
sloviarchitektury as nispojenych modelt geometrie a matematiky predstavuje dilo
Ceského architekta italského ptivodu, Santiniho Aichela z let 1700-1723. Dnes jej
vidime jako inspirativni paralelu snah zahrnout do diskurzu zalozeném na matema-
tice otazky presahujici funkce omezené algoritmy uzavienych modelq, tvardi usili
otevrené porozuméni strukture poznani sahajiciho od védy k uméni.



8 8 — Thomas

Thomas Kuhn refers to work in a framework as normal science.

A revolutionary turn requires a change of framework, a shift of ?ﬁemgfr'u'(c‘:z:‘e o
paradigm. However, science creates conditions for this change  scientific Revolutions,
by developing the knowledge of work in a framework, by devel- ~ Oikoymenh 2022.
oping the calculus of existing spaces that touch each other and

test their boundaries.

The emancipation of mathematics has been one of the causes of the dramatic esca-
lation of tensions between science and faith, between science and the disciplines
of humanistic education and thus the entire modern culture since the beginning
of modern history. One of the key outcomes of these tensions can be found in the
cultural manifestations of Mannerism and Baroque. Let us examine this example
in more detail. How should we understand a broken pediment as a symbolic motif
of post-Renaissance architecture? The massive use of this architectural element,
especially in Baroque architecture, made the essential motifs of scientific and hu-
manistic knowledge illustrative. As a depiction of oppositions and as a way out of the
closed concept of reality, where modern culture discovered the themes of plurality
and singularity, variability, amoment and eternity. The criticism of Descartes took
place under these motives, in such models as represented by La Scienza Nuova by
Giambattista Vico; and the attempts to include the diversity of nature and know-
ledge of reality included the attempts of Athanasius Kircher to demonstrate, on the
basis of science and especially linguistics, physics and mathematics, a new paradigm
of knowledge integrating the distinctness of his discipline.

Kircher was followed by a number of efforts to open up new possibilities of under-
standing the oppositions between man and the world with the help of mathemati-
cal procedures. One such attempt was the founding of the Museum of Mathematics
by the Prague Jesuits in the Klementinum Monastery, which in its understanding
of the then infinity sought to combine science and faith, mathematics and art. Ba-
roque culture, in its many manifestations, completed attempts to combine sensual-
ity, emotions and abstraction by making use of patterns and elements originating
from the legacy of the entire development of European culture and by establishing
contacts with non-European cultures. The application of these patterns and motifs
became essential to the transformation moving from stable, rationality-dominated
modes of cultural representation to dynamic forms using rationality, including (or
mainly) mathematically developed knowledge for imaginative discourse. Such use
and reshaping of the morphology of architecture and associated models of geometry
and mathematics is represented by the work of the Czech architect of Ttalian origin,
Santini Aichel from the years 17700-1723. Today we see him as an inspiring paral-
lel to attempts to incorporate matters into mathematics-based discourse that go
beyond the functions limited by algorithms of closed models, a creative endeavour
open to understanding the structure of knowledge extending from science to art.

Openness, plurality, variability, aspects of Baroque culture became attractive
by maintaining relations of the knowable, paradigmatic with the unknown, and
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Otevrenost, pluralita, variabilita, aspekty barokni kultury se staly pfitazlivé tim,
ze udrzovaly vztahy poznatelného, paradigmatického s nepoznanym, a nepoznatel-
nym. Takovy stfet zkusenosti a kreativni predstavivosti definoval heroicky Leon-
hard Euler ovliviiujici vyvoj matematiky jako celku. Nejen zaklada teorii grafu, ale
i kalkulus iracionalniho ¢isla, teorie derivaci, nekoneénych fad a integrald. To vSe
jsou jen priklady na cesté, jim zalozenych matematickych témat, které kromé dal-
$iho anticipovaly topologii. Euler uvedl do prostfedi rozvinutého poznani baroka
motivy novych moznosti a dimenzi racionality. To, co se jevilo jako ptirozené za-
¢lenitelné do filosofické interpretace skutenosti v pristupech klasiki novovéku
jakymi byli Descartes, Spinoza, Leibnitz, bylo Eulerovymi a dal$imi objevy nové
matematiky narusovano a dynamizovano. Protiklad védy a viry, ktery byl zakla-
dem metafyziky pred-modernich pfistupt se stal soucasti reflexe Zivota, reflexe
zalozené predevsim na védé jako hlavnidiscipliné poznania kulturni reprezentace.
Nepoznatelnost, iracionalita jako atributy duchovniho ptesahu v projevech dtive
spojujicich kulturu a viru se staly soucasti témat protikladt a vztaha predevsim vé-
deckého diskurzu moderni doby. Absolutno, nekoneéno prestalo byt referenci viry
astalo se referenci intelektu, experimentu a abstrakce. To, co dfive bylo v poznani
ponechano v rukou bozich, se prioritné stalo tématem védeckého poznani véetné
pocitt, prozitkd, predstav jedince i davu.

Je jenom prirozené, Ze teorie zahybu jako e — Teorie katastrof, ktera vznikia v 60tych

matematicky definované formy’ kterou na- letech b)v/laj’edno_u {monvam M_lros’lava Katétova
., , . . M v , pro zaloZeni seminafe Matematickych metod

lézame v dile Leibnitzové nasla své uplat- v psychologii. Tento seminaf se zapsal do

néni a deﬁnitivni pOpiS v rémci topologie _Praiskéhg ijvota nejen matematlického al_e obfec’né

, .. . , intelektualniho a kulturniho. O zahybu pojednava
a POSICZC teorii katastrof (VIZ~ René Thom podrobné Miroslav Petfigek: Mysleni obrazem,
opirajici se o katalog zahybt, ktery vytvoril =~ Hermanna synové 2009.

Hassler Whitney).?
4. Nekonecno a Nic

Extrémy jako ,nekonecno“ nebo ,nic“ se ¢asto vy- 10 — Prelozil Kamil Bednat. Citovéno
svétluji v souvislosti s vnuknutim, se silou oka-  dleAnna Hrdlickové: Giacomo Leopardi,

v. - o v v v wv basnik Romantismu?, Diplomova préace
mziku, ktera premize a vymkne ¢lovéka z béznych  Fruk, Praha 2008.
starosti a zvyklosti. At chceme nebo ne, jsou to ka-

. X} v /4 . v o/ 1. . v /4 Ve
tegorie vyjimelné vyjadrujici jedine¢né okamziky.
Tak jako znamy Petrarkiv zazitek na hore Ventoux
. A v . 4 4

u Avignonu, kdy byl pfemozen dojmem nedozirné
krajiny, kterou vidél svrchu a ve které nahle pocitil
svoji roli. Tak jako Giacomo Leopardi ve své basni
L'infinito popisuje horu Tabor nad domovskym
méstem Recanati. 10

Basen je plna dualnich pojmu a prirovnani, ktera tvofi pestrou paletu lesklych
povrchu a doplnkovych barev.



the unknowable. Such a clash of experience and creative imagination was defined by
the heroic Leonhard Euler, influencing the development of mathematics as a whole.
He not only came up with graph theory, but also the calculus of irrational numbers,
the theory of derivatives, infinite series and integrals. All these are just examples
along the way of mathematical topics developed by him, which anticipated topology,
among others. Euler introduced motives of new possibilities and dimensions of ra-
tionality into the milieu of the developed knowledge of the Baroque. What appeared
to be naturally incorporated into the philosophical interpretation of reality in the
approaches of the classical authors of modern age such as Descartes, Spinoza, and
Leibnitz, was disrupted and dynamised by Eulerian and other discoveries of new
mathematics. The antithesis of science and faith, which was the basis of the meta-
physics of pre-modern approaches, became part of the reflections on life, reflec-
tions based primarily on science as the main discipline of knowledge and cultural
representation. The unknowable, irrationality as attributes of spiritual overlap in
the manifestations formerly linking culture and faith, became part of the themes
of oppositions and relations especially in the scientific discourse of modern times.
The absolute, the infinite, ceased to be a reference to faith and became a reference
to intellect, experiment and abstraction. What was previously left in the hands of
God in terms of knowledge became a priority topic of scientific knowledge, includ-
ing feelings, experiences, ideas of both an individual and the crowd.

It is only natural that the theory of the fold e — The theory of catastrophes, which
as a mathematically deﬁned form) Wthh we originated in the 1960s, was one of Miroslav

. . | Katétov's motivations for founding the Seminar
find in the work of Leibnitz, founditsuse and  of Mathematical Methods in Psychology. This
deﬁnitive description il‘l the framework Of seminar made its mark on Prague’s mathematical,

. intellectual and cultural life in general. Miroslav

topology and later in the theory of catastro-  peticek discusses the fold in detail: Miroslav
phes (see René Thorm relying on Hassler Petti¢ek: Mysleni obrazem [Thinking through

Whitney’s catalogue of folds).2 magel fermann 2 synove 2009)
4. The Infinite and Nothing

Extremes such as ‘infinity’ or ‘nothing’ are often explained 10 — Translated into Czech
in connection with inspiration, with the power of amoment Py kamil Bednér. Quoted
. . from Anna Hrdli¢kové:

that overwhelms us and breaks us out of ordinary worries  Giacomo Leopardi, basnik
and habits. Whether we like it or not, these are exceptional E‘sg:)e;’:gis“;g:t[fgawm°
categories expressing unique moments. Like Petrarch’s  Rromanticism?], Diplomova
well-known experience on Mount Ventoux near Avignon,  Préce [Diploma thesis] FFUK,

. . Praha 2008.
where he was overwhelmed by the impression of an un-
fathomable landscape that he saw from above and in which
he suddenly understood what his role was. Like Giacomo
Leopardi in his poem L'infinito describes Mount Tabor

above his home town of Recanati.1©

The poem is full of dual concepts and similes that create a colourful palette of shiny
surfaces and complementary colours.
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OBR.9 Vojtéch Preissig, Zakiivena plo$na struktura v prostoru, (1932-1934),
kresba ¢ernou a ¢ervenou tusi na papite, Pamatnik ndrodniho pisemnictvi Praha,

z katalogu vystavy Aktualni nekone¢no, GHMP 2000

FIG.9 Vojtéch Preissig, Distorted plat struktura in space, (1932-1934), drawing,
black and red Indian ink on paper, National museum of Literature, Prague,

from the Actual Infinity catalogue, City Gallery, Prague, 2000
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0BR.10 Vaclav Bostik, Zaktiveny prostor, 1970, olej na platné,
Galerie moderniho uméni v Roudnici nad Labem, z katalogu

Aktualni nekoneéno, GHMP 2000, s. 67

FIG.10 Viclav Bostik, Distorted space, 1970, oil on canvas

Gallery of moderen art, Roudnice nad Labem, From the Actual Infinity
catalogue, City Gallery Prague, 2000, p. 67
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Nekoneéno

VZdy rdd jsem mél vrch tento opustény
1 tento Zivy plot, jenz z valné Cdsti
Vyhledu na vzdileny obzor brdni.
Vsak usednuv zde, prostor nekonecny
Tam za plotem i nadpozemské ticho
A prebluboky mir si predstavuji
AZ bezmdla se tlukouci mé srdce
Tim polekd. A kdyz pak slysim vitr,
Jak v téchto kefich selestt, tu ono
Nezmérné ticho s timto selesténim
Srovndvdm, na vécnost vzpominaje,
Na zasld udobi i na souéasnost
Zivoucich casi se vsim jejich hlukem,
V té nesmirnosti myslenka md tone
A v tomto mo#i ztroskotat je sladké.

Pro jiny pusobivy priklad nemusime chodit daleko ani
v . 4 v 4 4 4 Vo . v 4
v ¢ase ani v misté. Ve svém kratkém a neobydejné kras-
ném eseji O sestinthelné snéhové viocce — poutavé cteni
1% 172 kA 7 v ’
o0 ,nicem“1 tesi Johannes Kepler otazku o ¢em psat,
aby to bylo o ni¢em. Kepler v knize filosofuje velmiroz-
matrile (jak se asi na podobnou pfilezitost slusi) a svoji
volbu psani o ni¢em zdavodnuje takto: , Velmi dobre
vim, jak nesmirné milujes nic — nikoliv pro jeho za-
nedbatelnou cenu, ale pro piivabnou lehkost a veselou
hravost, jeg toto slovo nabizi. Soudim proto, ge dar Ti
bude tim milejsi, éim bliZsi bude nicemu.“ A Kepler
poté probira neméné nez 9 moznosti o (em psat, kdyz
/4 v v 4 /4 v
zabran do myslenek a rozhnévan sam na sebe, ze mu to
nejde...presel (zfejmé Karlav) most a nékolik nicotnych
snéhovych vlocek mu pristalo na kabat. Tim nagel Ke-
pler téma a krystalografie svoji prvni ucebnici! Nicota,
nic jako kontrast nekoneéné bohatosti svéta a uvazo-
4 7 Vv o/ 7/ . /4 4 4 !
vani v Keplerové strhujicim literarnim podani.

11 — Johannes Kepler:

O Sestithelné snéhové vloéce -
poutavé povidani o ni¢em,
MatfyzPress, 2017. Tato kniha se
sestava ze 34 stran forméatu A6 (!)
a jedna se vlastné o novoroéenku
(pravdépodobné roku 1611) pro
Keplerova pfitele a blahodarce
Jana M. Wackera z Wackenfelsu.
Pres tento prilezitostny charakter
se jedna o védecky dllezitou praci.
Kniha se povazuje za pionyrskou
praci v oblasti krystalografie

a rovnéz obsahuje formulaci
problému optimalniho pakovani
kouli v prostoru. Tento problém,
znamy jako Keplertv problém, byl
vyresen v Uuplnosti zcela nedavno
(Thomas Hales, 1998-2006). Pfitom
se jednalo o problém znamy, ke
kterému podstatné prispél jiz

K. F. Gauss.

Podobné postupuje Paul Klee ve svém zndmém obraze Rovno nekonecnu (Equal in-
finity) z roku 1932 dnes v MOMA v New Yorku. Tento zdanlivé monotdnni obraz,
malovan ve zlutych a okrovych odstinech je ve skuteénosti slozitou smésici ruzné
odstinénych tedek. Je to v podstaté abstraktni pointilisticky obraz, kde symbol neko-
neéna (lemniskata) je znazornén jako otvor v houslich. Jsou mozné mnohé vyklady:
naznadené spojeni matematiky uméni a hudby, nebo prosté vizualni forma premiry
teek a odstint naznacujici nekonec¢nou, stale vzristajici mnohost. Hudba vsak byla
Kleeovi velmi blizka. Nejen, Ze pochazel z hudebni rodiny, ale sam byl vynikajicim



The Infinite

This lonely hill to me was ever dear,

This hedge, which shuts from view so large a part
Of the remote horizon. As I sit

And gaze, absorbed, Iin my thought conceive
The boundless spaces that beyond it range,

The silence supernatural, and rest

Profound; and for a moment I am calm.

And as I listen to the wind, that through

These trees is murmuring, its plaintive voice
Twith that infinite compare;

And things eternal I recall, and all

The seasons dead, and this, that round me lives,
And utters its complaint. Thus wandering

My thought in this immensity is drowned;

And sweet to me is shipwreck on this sea.

We do not have to go far in time or place for another im-
pressive example. In his short and extraordinarily beauti-
ful treatise O Sestitthelné snéhové viocce — poutavé povidini
o nicem [The Six-Cornered Snowflake/M, Johannes Kepler
addresses the question of what to write about in order to
write about nothing. In the book, Kepler philosophises very
whimsically (as is perhaps fitting for such occasion) and jus-
tifies his choice to write about nothing as follows: 7am well
aware how fond you are of Nothing, not so much for low price
as for the sport, as delightful as it is witty, that it affords your
pert sparrow; and so I can really guess that the closer a gift
comes to Nothing the more welcome and acceptable it will be
toyou.” And Kepler then discusses no less than nine possibil-
ities of what to write about, when lost in thought and angry
with himself for not being able to do it...he crossed the (pre-
sumably Charles) bridge and a few insignificant snowflakes
landed on his coat. With that, Kepler found the subject and
crystallography its first textbook! Nothingness, the nothing
asacontrast to the infinite richness of the world and reason-
ing in Kepler’s captivating literary rendering.

11 — Johannes Kepler:

O Sestithelné snéhové
vloéce - poutavé povidani

o ni¢em [The Six-Cornered
Snowflake], MatfyzPress,
2017. This book consists

of 34 pages of A6 format

(!) and is actually a New
Year's card (probably from
1611) for Kepler's friend and
benefactor Jan M. Wacker
von Wackenfels. Despite this
occasional character, itis a
scientifically important work.
The book is considered a
pioneering work in the field
of crystallography and also
contains a formulation of the
problem of optimal packing
of spheres in space. This
problem, known as Kepler's
problem, has only recently
been solved in its entirety
(Thomas Hales, 1998-2006).
Yet it was a well-known
problem to which K. F. Gauss
had already made a
substantial contribution.

Paul Klee follows a similar approach in his famous painting Equals Infinity from
1932, today at MOMA in New York. This seemingly monotonous picture, painted
in shades of yellow and ochre, is actually a complex mixture of differently shaded
dots. It is essentially an abstract pointillist painting where the symbol of infinity
(the lemniscate) is represented as a hole in the violin. Many interpretations are
possible: the implied combination of mathematics, art and music, or simply a visual
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houslistou a uvazoval o kariéfe hudebnika. O jeho her- 12 — p. kiee: Tagesbiicher 1898 -
nich kvalitach hovofi za véechny komentate fakt, ze 1918 DuMont Verlag1957. AZv dubnu
, ., L1 v , v , v roce 1914 (denikovy zaznam 926 o)
ve svych denicich uvadi, ze hral s Ceskym kvartetem  premozen barvami a svoji tvorbou
a ze to bylo dobré. Vlastné o tom, Ze bude malifem, se ~ Klee piSe ich bin Maler". Objevnou
v v , 1 v 12 vystavou byla Tunisreise (Katalog
rozhodl az pfi slavné Tuniské cesté v roce 1912.12 Tak  \ystavy Minster 1986).

moznad je tento obrazek jako oxymoron.

Vyzvy, které prinasely postupné kroky rozvoje civilizace byly plné jak zuzitkovani
poznatkl matematiky a geometrie z klasického odkazu, tak i otazek, které predzna-
menavaly vznik a uplatnéni novych smért véetné topologie v moderni dobé. Jeden
znejradikalnéjsich krokt vedoucich od starsich vrstev abstrakce k novym dynamic-
kym formam tvurciho mysleni predstavuje vyvoj kultury od renesance k baroku,
ktery mtizeme charakterizovat posuny poznani od Descarta k Eulerovi, Leibnit-
zovia Newtonovi od Platonsko-Aristotelské tradice k Nové védé Giambattisty Vica.
Mezi formami zahrnujicimi radikalni posun od komplexné vyvazenych modelt ro-
zumu a smysli uplatnénych v klasické evropské civilizaci se v rétorice uméni daleko
radikalnéji zadaly prosazovat symbolické formy reprezentace tézici z nové aktuali-
zovanych vztahi emoci a dramaticky se rozvijejici abstrakce. Nazornost ziskavala
od doby konce renesance nové vyznamy v souvislostech prozitkt a predstav spiritu-
ality a abstrakce, v souvislostech emancipace subjektu a jeho predstavivosti. V ma-
sové komunikaci to doklada vznik a rozmach emblematiky nové spojujici nazor-
nost s hromadnymi socialnimi funkcemi, s virou, moralkou, ideologii, politikou. Ve
snahach o nové vyuziti védeckého poznani pro otazky vyznamu socialnich funkei,
predevsim viry se prosadily koncepce nové vzniklého fadu jezuiti s takovymi pro-
jekty jaké predstavovalo zaloZeni fimského muzea Athanasia Kirchera, nebo Mu-
zea matematiky v prazském Klementinu. llustrativnim prikladem uplatnéni réto-
riky, ktera smétovala od reprezentace duchovnich hodnot v architektufe renesance
k hodnotam imaginace v rétorice baroka, predstavuje uplatnéni a rozsifeni motivu
rozeklaného kladi, které nahradilo pevné formy klasické tradice, zde tektonicky
jasny architrav, a na néj navazujici tympanon, ptipadné oblouk, nebo jeho segment.
Oltar fimského kostela Sant’ Andrea al Quirinale navrzeného Gianem Lorenzem
Berninim je soucasti dramatického scény, v niz se zjevuje Svaty Ondrej v okamziku
ptechodu od pozemského utrpenik vééné spase na nebesich. Svaty Mikulas na Malé
Strané nezaostava v ni¢em pozadu!

Rozeklané kladiarchitektonického reseni oltare kostela sv. Ondreje, jednoho z prv-
nich tfech jezuitskych kostel&i v Rimé se stalo prvkem rétoriky baroka spojené s vy-
znamy prulomu smétujiciho z roviny zjevné prehlednosti a jistoty do roviny nové
nadéje a novych moznosti v pohledu ¢lovéka na svét, v jeho novych védeckych za-
jmech a tvaréich predstavach a prozitcich. Prilom do jesté jiného ptistupu ke svétu
nez byly jistoty harmonické usporadanost zjevného se stal tématem novovékého
poznani. Zjevné, racionalné limitované se stalo souéasti imaginace pronikajici do
novych rovin vytvorenych abstrakci. Poznani doby baroka, ve védé, vuménia v ar-
chitekture uplatnilo své nové moznosti zaélenénim novych dimenzi diskurzu spoju-
jiciho kone¢nost dostupné skute¢nosti s nekonecnosti bozské inteligence. Aktualni



form of an excessive number of dots and shades suggesting an 12 — P.Kiee:
infinite, ever-increasing multiplicity. Music, however, was very gaug,\iia‘t"\’/zz;??:;;918'
close to Klee’s heart. Not only did he come from a musical fam-  onlyin April 1914

ily, but he himself was an excellent violinist and considered a  (diarventry9260),

.. . . .. overwhelmed by colours
career of a musician. It speaks volumes for his playing qualities  and his work, kiee
that he is quoted in his diaries as saying that he played with the  writes ‘ich bin Maler"

. . . The revelatory exhibition
Czech Quartet and that it was good. In fact, he did not decide  as Tunisreise
to be a painter until his legendary journey to Tunisia in 1912.12  (Exhibition Catalogue

. . . Minster 1986).
So perhaps this picture 1s an oXymoron.

The challenges posed by the successive steps in the development of civilisation were
fraught with both the utilisation of the knowledge of mathematics and geometry from
the classical legacy and the questions that foreshadowed the emergence and appli-
cation of new directions, including topology, in modern times. One of the most rad-
ical steps leading from older layers of abstraction to new dynamic forms of creative
thought is the development of culture from the Renaissance to the Baroque, which
can be characterised by shifts in knowledge from Descartes to Euler, Leibnitz and
Newton from the Platonic-Aristotelian tradition to Giambattista Vico’s New Science.
Among the forms involving a radical shift away from the complexly balanced models
of reason and senses employed in classical European civilisation, symbolic forms of
representation, benefiting from newly updated relations of emotions and dramati-
cally developing abstraction, began to gain ground far more radically in the rhetoric of
art. From the end of the Renaissance onwards, graphicalness acquired new meanings
in the context of experiences and ideas of spirituality and abstraction, in the context
of the emancipation of the subject and its imagination. In mass communication, this is
evidenced by the emergence and growth of emblematics, newly linking graphicalness
with mass social functions, with faith, morality, ideology, politics. In the efforts to
make new use of scientific knowledge for questions of the meaning of social functions,
especially faith, the concepts of the newly established Jesuit order gained ground with
such projects as the founding of the Roman Museum of Athanasius Kircher or the
Museum of Mathematics in Prague’s Klementinum. An illustrative example of the
application of rhetoric, which shifted from the representation of spiritual values in
the architecture of the Renaissance to the values of imagination in the rhetoric of the
Baroque, is the use and expansion of the motif of split architrave, which replaced the
established forms of the classical tradition, specifically the tectonically clear archi-
trave, and the related tympanum, and/or an arch, or its segment. The altarpiece of
the Roman church of Sant’ Andrea al Quirinale, designed by Gian Lorenzo Bernini,
is part of a dramatic scene in which Saint Andrew appears at the moment of deliver-
ance from earthly suffering to eternal salvation in heaven. Saint Nicholas in the Lesser
Town does not leg behind in any respects!

The split architrave of the architectural design of the altar of St. Andrew’s Church,
one of the first three Jesuit churches in Rome, became an element of the Baroque
rhetoric associated with the meanings of a breakthrough shifting from the plane
of apparent clarity and certainty to the plane of new hope and new possibilities in
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nekoneéno zadalo byt aktualni téma. Zajimavy detail je, Ze zpocatku (vlastné az do
19. stoleti) vice zajimalo scholastiky a filozofy. Matematici (az do Bolzana) se zatim
spokojili s kalkulem potencialniho nekone¢na.

5. Paradox

Katalyzatorem témat zmén poznani, zmén odehravajicich se na vzestupu zajmu
ojinde nedostatecné reflektované protiklady se stala filozofie Friedricha Nietzsche.
Nietzsche objevil a uplatnil paradox jako kli¢ovy motiv identifikujici stav a povahu
mysleni moderni doby. V pojmu paradox Nietzsche aktualizoval vice nez strop su-
gestivniho zptsobu svého psani, paradoxem aktivoval roli hlubokych protiklada
v mysleni moderni doby a posunul je jako klicové v souvislostech slozité socialni
reality. Po Nietzschem prestalo byt mozné spoléhat na holistické modely myslen,
kategorie pravda a omyl, dobro a zlo, potfebovaly byt uchopeny jako polarity té-
hoz, jako hodnoty presahujici filosoficky osvojené a odlisené kategorie, jako téma
interakci — funkci mezi protiklady, (protiklady nicoty a nadéje, chaosu a vzdoru
subjektu odkazaného na vili k moci). Paradox se v Nietzsche mysleni uplatnil jako
nastroj destrukee ilusivnich jistot, jako prostfedek nového dialogu filosofie a védy,
racionality s jejimi limity jak to uplatnil v dilech posledniho obdobi své tvorby, pti-
kladné ve Veselé védé. Nietzsche ve svém dile uchopil pfiznaéné motivy promény
mysleni moderni doby: stupnujici se roli abstrakce sou¢asné s ménicimi se funkcemi
reference poznani ve védé spolu s ménicim se pojmem subjektu.

Nietzscheho nové zahrnuti subjektu a jeho vztahu k chaosu do tématu raciona-
lity, jako jeden z nejztetelnéjsich obratti moderniho mysleni, se stalo inspiraci celé
kultute moderni doby. Inspiraci nejenom literatute, moderni hudbé a modernimu
vytvarnému uméni, ale také védé a nové se rozvijejicim disciplinam poznani ode-
hravajiciho se v prostoru interakei ¢isté védeckych disciplin s disciplinami huma-
nitniho poznani, jaké pfedstavuji fyziologie, neurologie, psychiatrie, psychiatrie,
¢i filozofie nové zahrnujici do stfedu svych priorit déni mezi subjektem a skutec-
nosti osvojovanou védou. Do kontextu stfedoevropského tvirciho mysleni véetné
uvedenych obort vyrazné zasahl matematik, fyzik a fyziolog Ernst Mach. V Ma-
chové védeckém dile se aktualizovaly jak naroky na védu, tak i potfeby revize stavu
vymezeného Newtonovymi kategoriemi Casu a prostoru, jako absolutnich hodnot
smérem k dynamickému pojeti fyziky jako teorie funkci. Mach prispél k radikalni
proméné fyziky, jeho objevy ocenil prede vsemi autor teorie relativity Albert Ein-
stein, Machovo usili o uchopeni funkéni zavislosti lidského mysleni na poéitcich se
stalo velkou inspiraci poznani v oblasti humanitnich disciplin, zejména fyziologie
smyslového vnimani, ale také v teoriich a kritice uméni samotného, a to zejména
v malifstvialiterature doby kolem roku 1900. Vyznam Machova empiriokriticismu
byl hlubsi nez byl médni obdiv, ktery vyvolal v éeském, ale zejména ve videnském
prostiedi. Usili o spojeni separovanych pristupii ve védé a v uméni oslovilo revoluéni
myslenky v nazorech na kulturu, ke kterym sméfovala véda i uméni v Evropé, ale
také v predrevolu¢nim Rusku. Rezonance Machova empiriokriticismu, ktery po-
vazovali ruti intelektudlové za teorii prekraéujici limity historicko-dialektického



man’s view of the world, in its new scientific interests and creative ideas and expe-
riences. The breakthrough to an even different approach to the world than the cer-
tainties of the harmonious orderliness of the apparent became the theme of mod-
ern knowledge. The obvious, rationally limited, became part of the imagination
penetrating into new planes created by abstraction. The knowledge of the Baroque
period, in science, in art and in architecture, exercised its new possibilities by in-
corporating new dimensions of the discourse connecting the finitude of available
reality with the infinity of divine intelligence. Actual infinity began to be a topical
issue. It is interesting to note that initially (actually, until the 19th century) it was
more of interest to scholastics and philosophers. Mathematicians (until Bolzano)
were happy with the calculus of potential infinity.

5. Paradox

The philosophy of Friedrich Nietzsche became a catalyst of the themes of changes in
knowledge, with changes taking place on the rise of interest in otherwise under-re-
flected oppositions. Nietzsche discovered and applied paradox as a key motif iden-
tifying the state and nature of modern thought. In the notion of paradox, Nietzsche
brought to update more than the threshold of suggestive way of his writing; with
paradox he activated the role of deep oppositions in modern thought and advanced
them as crucial in the context of a complex social reality. After Nietzsche, it was no
longer possible to rely on holistic models of thought; the categories of truth and error,
good and evil, needed to be grasped as polarities of the same, as values transcending
philosophically acquired and differentiated categories, as a theme of interactions —
functions between oppositions (the oppositions of nothingness and hope, of chaos
and defiance of an object dependent on the will to power). The paradox was used
in Nietzsche’s thinking as a tool for destroying illusory certainties, as a means of a
new dialogue between philosophy and science, rationality with its limits, as applied
in the works of the last period of his work, for example in the Merry Science. In his
work, Nietzsche grasped the characteristic motives of the transformation of modern
thought: the increasing role of abstraction along with the changing functions of the
reference of knowledge in science, as well as the changing concept of the object.

Nietzsche’s new incorporation of the object and its relation to chaos into the theme
of rationality, as one of the most obvious turns in modern thought, became an inspi-
ration for the entire culture of the modern era. An inspiration not only to literature,
modern music, and modern visual arts, but also to science and the newly developing
disciplines of knowledge taking place in the space of interaction between purely sci-
entific disciplines and the disciplines of humanistic knowledge, such as physiology,
neurology, psychiatry, and philosophy, newly incorporating at the centre of their
priorities the interactions between the object and the reality embraced by science.
The context of Central European creative thinking, including the above-mentioned
fields, was significantly influenced by the mathematician, physicist and physiolo-
gist Ernst Mach. Mach’s scientific work brought to the fore the demands for science
and the need to revise the status defined by Newton’s categories of time and space
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oBR. 11 Kilidn Ignac Dienzehofer, Portal kostela Neposkvrnéného poceti P. Marie
a sv. Ignace v Klatovech, kolem 1720, uvedeno v knize Jaromira Neumanna,

éesk;’l barok, Praha 1969, s. 111, obr. 96

FIG. 11 Kilidn Ignac Dienzenhofer, Portal of the Church of the Immaculate Mother
and St. Ignatius in Klatovy, about 1720, from the book by Jaromir Neumann,

Cesky barok, Prague 1969, p. 111, ill. 96

OBR. 12 Lucio Fontana, demonstrace tématu otevreni plosného a koneéného prostoru
z cyklu dél “Concetti Spaziael” z let 1947-1967 vzniklych v ndvaznosti

na program Manifesto spaziale, Milano 1947

FIG. 12 Lucio Fontana, demonstration Opening flat and finite space. From “Concetti
Spaziale”, 1947-1967, program Manifesto spaziale, Milano, 1947



0BR.13 Lorenzo Bernini, Kostel Svatého Ondfeje v Krivinalu, Rim, 1657-1678
FIG.13 Lorenzo Bernini, Chiesa San Andrea al Quirinale, Rome, 1657-1678
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materialismu, vyprovokovala V. I. Lenina k pokusu o kritiku Macha, ,machismu®
a fady poloh tviré¢iho mysleni sahajiciho od Kanta az k Machovi a Avenariovi jako
k projeviim oznacenym za projevy idealismu a antagonismu. Leninova polemika
s machismem, kterou Lenin zacal psat jiz po roce 1908, pfredznamenala protiklad
boje o politickou moc s protikladné zalozenymi motivy tvirdi revoluce v ruské li-
teratufe a uméni, a bezdééné poukazala na vyznam transcendence uprostied pro-
tikladt poznani. Jakkoliv byly Machovy teorie neo-positivistické a anti-metafy-
zické, projejich otevienost, jejich spojeni se zajmy smétujicimi od udalosti-objektu
k funkci, oteviraly prostor tviréich snti a vizi. Vizi a paradigmat ve kterych ke slovu
ptrichazely znaky, zviditelnujici procesy predstavivosti a abstrakce, percepce aima-
ginace, rozumu a tvuréiho vzruseni (z oblasti ,zaumnosti”, tedy za modely osvoje-
nymi konven¢nimi zptisoby racionalniho poznani). Mezi nimi lze sledovat fascinu-
jici projevy prostiednictvim vyuziti pismen-znakt a védou inspirovanych metafor
v poezii Velemira Chlebnikova, nebo prostfednictvim geometrickych obrazci za-
umné inteligence v dile Kazimira Malevice.

Na rozdil od prvki a presaht Cisté racionality, v avantgardé evropského vychodu
Casto ztotoznujici védu a kreativitu, presaht z védy do oblasti imaginace, specific-
kych pro ruské a sovétské avantgardni uméni a literaturu, inspirace védou v uméni
zapadni a stfedni Evropy se odehravaly s vétsimi naroky na spojeni s tradi¢nimi mo-
tivy komplexnosti a zprostfedkovanosti poznani. I zde se propracované cesty doty-
kaly v ptekvapivych setkanich motivii a objevii pochazejicich jak z oblasti védy, tak
z oblasti filosofie a dalsich disciplin humanitniho poznani, nebo z oblasti uméni. Re-
flexe protikladu se (zjevné od obratu predstavovaného dilem Friedricha Nietzsche)
stavala soudasti diferenciaci a interakei odli$nych disciplin poznani a jednim z cilt
kultury spojeného s hledanim nového, dostate¢né otevieného paradigmatu. Hledani
takového modelu novych moznosti tviréi predstavivosti ve védé, konkrétné v mate-
matice predstavuje kromé jiného dulezity impuls pro rozvoj a uplatnéni topologie.



as absolute values towards a dynamic conception of physics as the theory of func-
tions. Mach contributed to the radical transformation of physics, his discoveries
were appreciated above all by the author of the theory of relativity Albert Einstein.
Mach’s endeavour to grasp the functional dependence of human thought on senses
became a greatinspiration for knowledge in the field of humanities, especially in the
physiology of sensory perception, but also in the theories and criticism of art itself,
especially in painting and literature of the period around 1900. The importance of
Mach’s empiriocriticism went further than a fashionable admiration it aroused in
the Czech, but especially in the Viennese milieu. The effort to unite separate ap-
proaches in science and art appealed to revolutionary ideas in the views of culture
towards which science and art were shifting in Europe, but also in pre-revolution-
ary Russia. The resonance of Mach’s empiriocriticism, which was considered by
Russian intellectuals a theory that transcended the limits of historical-dialectical
materialism, provoked V. 1. Lenin to attempt to write a critique of Mach, ‘Machism,’
and a number of creative thought positions ranging from Kant to Mach and Ave-
narius as manifestations of what he identified as idealism and antagonism. Lenin’s
polemic with Machism, which he began to write already after 1908, foreshadowed
the contrast of the struggle for political power with the antithetical motives of the
creative revolution in Russian literature and art, and inadvertently pointed to the
importance of transcendence amidst the oppositions of knowledge. As neo-positiv-
ist and anti-metaphysical as Mach’s theories were, because of their openness, their
connection with interests directed from event-object to function, they opened up a
space for creative dreams and visions. Visions and paradigms in which signs came
to the fore, making visible the processes of imagination and abstraction, percep-
tion and imagination, reason and creative excitement (from the area of ‘Zaum’, i.e.,
beyond the models adopted by conventional modes of rational knowledge). Among
them, one can observe fascinating manifestations through the use of letter-signs
and science-inspired metaphors in the poetry of Velemir Khlebnikov, or through
the geometric patterns of ‘zaumnaya’ intelligence in the work of Kazimir Malevich.

In contrast to the elements and overlaps of pure rationality, which often identified
science with creativity in the avant-garde of the European East, the overlaps from
science into the realms of imagination specific to Russian and Soviet avant-garde art
and literature, the inspirations by science in the art of Western and Central Europe
took place with greater demands on connections with traditional motifs of com-
plexity and mediated knowledge. Here, too, elaborate paths touched in surprising
encounters upon motifs and discoveries coming from the realm of science, philos-
ophy and other disciplines of humanistic knowledge, or from the arts. The reflec-
tion of oppositions (apparently from the turn represented by the work of Friedrich
Nietzsche) became part of differentiations and interactions of different disciplines
of knowledge and one of the goals of the culture associated with the search for a new,
sufficiently open paradigm. The search for such a model of new possibilities of crea-
tive imagination in science, namely in mathematics, represents, among other things,
an important impetus for the development and application of topology.
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OBR.14 Marcel Duchamp, Hodinovy ¢iselnik z profilu a kontrolor prostoru,
z knihy La Boite verte, 1934

FIG. 14 Marcel Duchamp, La Pendule de profil et 'inspecteur d’espace,
from the book La Boite verte, 1934



oBR.15 Karel Malich, Model mraku, 1971, drét, lepenka, fotografie
Tomase Vi¢ka z roku 1971

FIG.15 Karel Malich, Model of a Cloud, 1971, wire, cardboard,
photo by Tomas Vl¢ek 1971
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B. Topologie

Jak popsat jev, ktery v uplnosti vlastné popsat ne- 13 — M. Mendés France a J. Neseti:
lze. Shluky mrakl‘jl, vireni tekutiny, turbulence Er,?%?fsnég,ffegig%?euﬁfﬂ:gﬁéﬁzsﬁf
vzduchu za rychle jedoucim autem nebo letadlem.

Z matematického (a fyzikalniho) hlediska se jedna

o obtizné a mnohdy dosud nefesené problémy. Do-

tykame se v podobnych pripadech samotné pod-

staty byti, chaosu a vlastni nedostateénosti. To je

také role ndhody v uméni. O tom jsme pojednali

s Michelem Mendés Francem v kontextu fraktala,

mnohosti Umberta Ecaanahody v dile Francise Ba-

conaientropie.'®

Topologie, topi, topos — navodna slova pouzivana 14 — H. Damisch: Theory of clouds,
od nepaméti. V kontextu matematiky a ve vyznamu {‘/’”;:goflémef”(‘t';‘;’naqlﬁzti‘:ggc\;'t‘g;')
blizkém dnes$nimu uziti se vSak slovo vyskytuje  Googlem)ie to asi nejpopularngjsi
relativné nedavno (v matematice poprvé v praci  Pamischovakniha.

Johanna Benedicta Listinga: Vorstudien zur To-

pologie, Gottingen 1848, ktera se tyka napriklad

Mobiovy pasky a jejich zobecnéni). V plné sile je

pak termin pouzivan az ve 20tém stoleti a to jak

v matematice (o ¢emz pojedname nize), tak v roz-

licnych souvislostech ve filosofii, fyzice, sociologii,

uménovédé, architekture. Co je spoleénym rysem

téchto souvislosti? Je to mozno vyjadrit snad takto:

Jestlize hovotime o umisténi (bez toho, ze bychom

zadali presnou polohu, soufadnice, ¢ijinak popsali

co mame konkrétniho na mysli), jestlize hovofime

o souvislosti dvou véci, které mizeme povazovat

za stejné po provedeni jednoduchych uprav a nebo,

jesté obecnéji, jestlize chceme vyjadrit myslenko-

vou podobnost (kterd se samozfejmé v detailech

lis), tak v takovych ptipadech topologie je vhodny

ramec nadich uvah. Z nematematického hlediska je

topologie axiomatizovana, nebo dokonce jen po-

jmenovana, podobnost. Je to véda o shlucich niko-

liv o vzdalenosti nebo o kresleni. Krasné o shlucich

amracich filozoficky pojednava Hubert Damisch.14

YV . o1 Ve 4 /4 4 YV . eV .
Tato mlhavost a rovnéz flexibilita prispiva k uspésnosti a popularité pojmu. Samo-
v . v v . 4 . /4 /4 4 J4 . /4 /4 o/ 7
ztejmé kromé silného matematického zazemi o kterém pojedname v nasledujicich
7 v v v Vv . ’ v/ . /4 v
oddilech. Za¢néme v$ak ne nutné matematickym pristupem. Topologické uvazo-
4 I’ . -V 4 v /4 v v
vani je totiz vlastni sou¢asnému clovéku.



B. Topology

How to describe a phenomenon that cannot actually be
describedinits entirety. Cloud clusters, swirling liquid,
air turbulence behind a fast-moving car or plane. From
a mathematical (and physical) point of view, these are
difficult and often unsolved problems. In such cases,
we touch on the very nature of being, chaos and our
own inadequacy. This is also the role of chance in art.
We have discussed this with Michel Mendés France in
the context of fractals, the multiplicity of Umberto Eco
and chance in the work of Francis Bacon and entropy.1®

Topology, topi, topos — instructional words used since
time immemorial. However, in the context of mathe-
matics and within the meaning close to its present
usage, the word has appeared relatively recently (in
mathematics, for the first time in the work of Johann
Benedict Listing: Vorstudien zur Topologie, Gottin-
gen 1848, which refers, for example, to the Mébius
strip and its generalisations). It is only in the 20th
century that the term was used in full force, both in
mathematics (which will be discussed below) and in
various contexts in philosophy, physics, sociology, art
history, and architecture. What is the common feature
of these contexts? It can perhaps be expressed as fol-
lows: When we talk about location (without specifying
the exact position, coordinates, or otherwise describ-
ing what we specifically mean), when we talk about the
connection between two things, which can be consid-
ered to be the same after simple adjustments or, even
more generally, when we want to express a similarity
of thought (which of course differs in detail), then in
such cases topology is an appropriate framework for
our considerations. In non-mathematical terms, topol-
ogy is axiomatised, or even just named, similarity. It
is a science of clusters not of distance or drawing. Hu-
bert Damisch has a beautiful philosophical discussion
of clusters and clouds.1

13 — M. Mendés France and

J. Nesettil: Fragment of a Dia
KAM Series MFF UK 95-308,
translation. Atelier 1997.

14 — H. Damisch: Theory of
Clouds, MIT 2005 (Foreword
Anthony Vidler). In the age of

logue
Czech

by

‘clouds’ (a term coined by Google);
this is probably Damisch’s most

popular book.

This vagueness as well as flexibility contributes to the success and popularity of
the concept. Of course, in addition to the strong mathematical background, which
will be discussed in the following sections. However, let us start with a not nec-
essarily mathematical approach. Indeed, topological thinking is characteristic of

contemporary man.
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1. Topologické uvazovani

Jak k tomuto obratu doslo? Postupnym vyvojem béhem 15 — 1. Negetil: Teorie graféi, SNTL
dlouhé doby. Jak je v matematice vzdy obvyklé, topo- ~ Prahatorsst.1z
logické uvazovani se vyvinulo pfi studiu konkrétnich

modelt a problémt vznikajicich v jejich kontextu. Té-

mér vzdy se v této souvislosti uvadi dvé prace R. Eulera.

Jednu zminime na tomto misté a tyka se vlastné hricky

o0 sedmi mostech mésta Kralovce, Euler zde zdanlivé ob-

tizné fesitelnou otazku o prochazkach ve spleti uli¢ek

a mostd v tomto neprehledném mésté, zredukoval na

problém schématu — v soucasné terminologii grafu —

0 4 vrcholech a 7 hranéch! Jen si to predstavte: chcete

projit vsechny mosty ve starobylém mésté Kralovci a ne-

chcete po zadném mosté projit dvakrat. Toto je ¢asto

pouzivany obrazek dobové rytiny mésta. Na nasleduji-

cim obrazku je schematicky (a veselejsi) obrazek, ktery

jsme prevzali z prvni autorovy knihy. 18

Uloha o 7 mostech je velmi nazorn4. MtiZete ji zadit fesit sami naptiklad tak, Ze za-
¢nete bloumat a bloudit po starém mésté a jeho ulickach. Cest je v§ak velmi mnoho
a tak tento postup nikam nevede (kromé vzrustajiciho pocitu, ze problém je ob-
tizny). Protoze (jak za chvili ukazeme) ma uloha zaporné feseni, tak se Vam ani
nahodou nemize podatit mosty predepsanym zptisobem projit. Ale je rovnéz jiny
(Euleriv) postup. Kdyz odstranite mosty, tak se mésto rozdéli na souvislé oblasti
azjedné oblasti do jiné se mtizete dostat pouze po néjakém mosté. Na druhé strané
v kazdé oblasti jsou vSechny dvojice mist dosazitelné po vhodné cesté uvnitf ob-
lasti. Z hlediska tlohy, je tedy jedno, ve kterém misté oblasti se nachazite nebo jakou
cestu uvnitt jedné oblasti zvolite; vSechny jsou stejné dobré.

Kolik je téchto oblasti? To je pravé jadro celé avahy: oblasti jsou pouze 4 (Ctyri)! To
je nazorné, v daném pripadé jsou to oblasti Sever, Jih, Vychod a Ostrov. Jaka fantas-
ticka redukce problému: misto zapeklitého neptehledného problému jen 4 moz-
nosti. Ty oblasti dnes nazyvame komponenty souvislosti. Kazdou komponentu mu-
Zeme povazovat za jeden vrchol. Jsou tedy celkem 4 vrcholy a mosty tvoti hrany
mezi vrcholy. Vznikne obrazek, jak naznaéim nize.

Staci tedy ulohu vyfesit pro tento obrazek — graf. Je snadné nahlédnou, Ze tento
obrazek nelze nakreslit ,jednim tahem®. Takze odpovéd' na nasi otazku je zaporna:
nejde projit vséechny mosty a kazdy jenom jednou. To celé vypada jako hticka a pro
dnesniho poucdeného ¢tenate to také tak je. Ale v 18. stoleti to bylo novum. Uvaha
zahrnujici ,,souvislost®, ,komponenty“, byla neobvykla a uplné nova. Je to kolébka
topologie: slozity obrazek pretvorime pomoci dosazitelnosti a stahovani kompo-
nent na mnohem jednodussi obrazek, ktery vsak je, z hlediska naseho problému,
ekvivalentni.



OBR. 16 Kralovec poprvé na dobové rytiné
FIG.16 Konigsberg for the first time in standard old engraving

OBR. 17 Kralovec veselejsi z knihy Jaroslava NeSetfila Teorie grafii, SNTL, Praha, 1979
FIG. 17 KOnigsberg more joyful from Jaroslav Nesettil, Graph Theory (in Czech), SNTL, Praha, 1979
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OBR.18 Eulerova redukce
FIG. 18 Euler reduction

OBR.19 Vojtéch Preissig, Vicethelniky z trojihelnikd, (1920-1930),
kresba tusi, Archiv Narodni galerie v Praze

FIG. 19 Vojtéch Preissig, Polygons from trianglem, (1920-1930),
drawing, Indian ink, Archive of National Gallery in Prague



1. Topological Considerations

How did this turnabout happen? By gradual development 15 — J. Nesetiil: Teorie
over along period of time. As is always usual in mathematics, 32 [fr;ahpahg;‘;"’;_’q'z
topological reasoning evolved in the study of specific models

and problems arising in their context. Two works by L. Euler

are almost always cited in this context. The one we mention

here actually concerns a puzzle of the seven bridges of the city

of Konigsberg; here Euler reduced the apparently intractable

problem of walking through the tangle of streets and bridges

in this chaotic city to the problem of a diagram — in contem-

porary graph terminology — with 4 vertices and 7 edges! Just

imagine: you want to walk across all the bridges in the an-

cient city of Kénigsberg and you do not want to walk across

any bridge twice. This is a frequently used picture of a period

engraving of the city. The following is a schematic (and more

cheerful) picture we took from the author’s first book.1®

The problem of seven bridges is very illustrative. You can start solving it yourself,
for example, by wandering around the old town and its streets. However, there are
very many paths and so this approach leads nowhere (except to an increasing feel-
ing that the problem is difficult). Since (as we will show in a moment) the problem
has a negative solution, you cannot possibly manage to cross the bridges in the pre-
scribed way. But there is also another (Euler’s) approach. If you remove the bridges,
the city will be divided into continuous areas, and you can only get from one area
to another via a bridge. On the other hand, in each area, all pairs of locations are
reachable by a suitable path within the area. So, in terms of the assignment, it does
not matter where you are in the given area or what path you choose within that area;
they are all equally good.

How many areas are there? This is the crux of the whole argument: there are only 4
(four) areas! Thisis clear; in this case, these are North, South, East, and Island areas.
What a fantastic reduction of the problem: instead of a convoluted confusing prob-
lem, only four options. We now call those areas components of a context. We can
think of each component as one vertex. So, there are four vertices in total, and the
bridges form the edges between the vertices. The resulting picture is outlined below.

It is therefore enough to solve the problem for this image — graph. It is easy to see
that this picture cannot be drawn ‘in one stroke’. So, the answer to our question is
negative: you cannot cross all the bridges and each one only once. This all looks
like a puzzle, and for today’s informed reader it is. But it was a novelty in the 18th
century. The reasoning involving ‘context’, ‘components’, was unusual and entirely
new. It is the cradle of topology: we transform a complex image using reachability
and contraction of components into a much simpler image, but one that is, in terms
of our problem, equivalent.
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Timto ¢inem Euler nejenom ukazal nanovou (auZi- 16 — Zmifime zde alespon mezinarodni
)
te¢nou) matematickou strukturu, ale predlozil  ucebnici . Matousek, J. NeSetril: Kapitoly
, Ly, . , ) vy . z diskrétni matematiky, Karolinum
krasny priklad aplikaci matematiky a uzite¢nosti  (n&kolik vydani od roku 1995). Kniha je
topologického uvazovani. Teorie grafii se posléze  dostupnav pekladu do 5 jazyki.

. , , N , . , Uloha o 7 mostech je pé&kny priklad:
rozrostla do velmi rozsahlé a aktivni oblasti celé  pokud vynechame jeden most nebo kdyz
matematiky a informatiky. Nebyvaly rozvoj infor- ~ dovolime piejit po jednom mostu dvakrat,

k V. Vl k , .. d k v potom je jiz odpovéd kladna. To plyne
mati Y prispe tomuto VYyVOJ1. IC oKonce mozno rovnéz snadno. Elegantné&jsi zpiisob
V7 . Vv . . . Ve . . . . w . ~ , 7 i
rici, Ze je-li teorie mnozin jazykem matematiky  je siuvédomit, Ze Gloha ma kladné
. k b k . f-o . k fedeni pravé kdyz graf je souvisly (tedy
je pOtom ombinatorika a teorie graru jazykem z jednoho kusu) a bud nema zadny nebo
informatiky_16 pravé dva vrcholy lichého stupné.

Tato jednoducha uloha predstavuje intuitivni jadro topologie: dva objekty, které
se zdaji byt naprosto odli$né, jeden je velky a druhy maly, jeden rozlehly a nepte-
hledny, druhy jednoduchy, a pfesto mohou byt povazovany za stejné. To neni zadna
zahada. Vzpomente si, jak zamotand muze byt hadice na zahradce, nebo pradelni
$nara, a kolik prace ji da rozplést! A pritom je to, z hlediska topologie, stale stejna
véc — trochu zamotana $idra. Kdyz $niru nahradime obecnéj$imi objekty a trans-
formace ,rozpleteni“ vhodnymi zobrazenimi, dostaneme se velmi blizko k mate-
matickému pojeti topologie.

Ale to v$e vlastné neni tfeba k topologickému uvazovani. 17 — viz napfikiad: Martin
Pro intuici posta¢i Povazovat privlastek ,topologicky“za  §ische g;‘i’;gg;‘::‘é'vgy“ -
ohebnéjsi a volnéji chapany pojem stejnosti a podobnosti.  topologi, vita intellectiva
Nékdy ani neni tieba pojem stejnosti a podobnosti vysvét- \zx?gg{emu:ﬁzv%?g?::ii?;ty:
lovat. Hovorime-li naptiklad o topologii byti u Heideg- . petticek) OIKOYMENH
gera s pojmy jako topologické prostranstvi, potom je tieba ~ 2004.Jaku Heideggeratak
tvt . ‘akkoli ti ;. . , t . u Merlegu—Pontyho pfedstavuje

yto pojmy , jakkoliv motivované a inspirované matema-  topologicky aspekt pozdni
tikou, chapat volné jako matematickou vyzvu promyslet  etapujejich dila.

filozofické problémy jinak.1?
2. Topologické uvazovani v matematice

Samoziejmé matematika za dlouhou dobu své existence vytvotila mnozstvi modelt
pro prostorové a specialni geometrické situace. Tyto modely vychazely z konkrét-
nich potfeb rozvoje matematiky tak, aby poskytly vhodné prosttedi (ano, prostor)
pro kalkuly v té dobé rozvijené a pouzivané. Je tak vyvoj matematického pojmu
prostor do zna¢né miry vyvojem matematiky. Co minime slovem £alkuly? To jsou
samoztejmé vypocetni postupy, ale zde tim rozumime vice abstraktné myslenkoveé
obraty pouzivajici dobovou sit pojmt a znalosti. Pfikladem je topologicky kalkul -
topologické uvazovani. Jak ¢tenar uz zajisté tusi, nebo vi z predchoziho textu, pri
tomto zptisobu nezavisi na konkrétnim tvaru, ale spiSe zavisi jen na struktute dosa-
zitelnosti. Jsou dovoleny deformace. Popularné se nékdy rika, ze topolog je élovek,
ktery nerozliSuje mezi $alkem kavy a donatem: oboji je souvislé ama jedinou ,diru®.



0BR. 20 Karel Malich, Krajina v vé¢nem, (1980-1985), draty a barvy, Muzeum Kampa, Praha,
fotografie Tomése VI¢ka z Malichova atelieru roku 1985

FIG. 20 Karel Malich, Landscape with eternity, (1980-1985), wire and paint, Kampa Museum,
Prague, Photo by Tomas Vléek from Malich’s studio, 1985
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VS.

0BR. 21 Topologicka shoda
FIG. 21 Topological equivalence

0BR.22 Karel Malich, Stérbina v prostoru, detail, 1974, draty a sololit,
z knihy, Karel Srp, Karel Malich, Praha 2006, s. 282

FIG. 22 Karel Malich, Gap in Space, detail, 1974, wires and solicit,
from the book Karel Srp, Karel Malich, Praha 2006, p. 282



In doing so, Euler not only pointed to a new (and 16 — Let us mention here at least the
useful) mathematical structure, but presented a J“m:i‘r‘;”z;ﬁ’t‘;?;;zIZ’L:emf;:’:tii‘atlky
beautiful example of the applications of mathe-  [Chapters from Discrete Mathematics],
matics and the usefulness of topological reasoning. _'Fﬁfggg;(“i;s:\;’ae}[:Lfedi':?i'\‘; T;Zi;ii?
Graph theory eventually grew into avery large and  The problem of seven bridges is a nice
active area of entire mathematics and computer  example: If we leave out one bridge or if we
. h d d d 1 f allow one bridge to be crossed twice, then
science. The unpreceaente evelopment or com- the answer is already positive. It also flows
puter science contributed to this development. It e;?sily- /;lmorﬁ elegant way is:o (eal;?e tzat
. . . the problem has a pOSlthe solution if an
caneven be said that if set theory is the language of /it the graph is continuous (i.e., from
mathematics, then combinatorics and graph theory  one piece) and either has no vertices or

. just two vertices of odd degree.
are the language of computer science1® Justiwoveriices otodd degree

This simple task represents the intuitive core of topology: two objects that appear
to be completely different, one big and the other small, one large and cluttered, the
other simple, and yet can be considered the same. This is no mystery. Think of how
tangled a garden hose or a washing line can be, and how much work it takes to un-
tangle it! And yet, in terms of topology, it is still the same thing — a slightly tangled
line. If we replace the line with more general objects and the ‘untangling’ transfor-
mations with appropriate representations, we get very close to the mathematical
concept of topology.

But all this is not really necessary for topological reasoning. 17 — See for example:
For the purpose of intuition, it is sufficient to consider the at- ~ Martin Nitsche: =

. . . 5 . Prostranstvi byti - Studie
tribute ‘topological’ as a more flexible and loosely understood  k Heideggerové topologii
notion of sameness and similarity. Sometimes the notion of  [Locality of Being. A Study

L. . . to Heidegger's Topology],
sameness and similarity does not even need to be explained. it intellectiva 2011.
For example, if we talk about Heidegger’s topology of being \"/’!g_ti’il"? Mef'e%Ht'PIO“,t-‘/:

. . . Iditeine a neviditelne
with concepts such as topological locality, then these con-  [the visible and the
cepts, no matter how motivated and inspired by mathemat-  Invisible] (translated by
. . M. Petriek), OIKOYMENH
ics, should be understood loosely as a mathematical challenge 5504

to think about philosophical problems differently.?
2. Topological Considerations in Mathematics

Of course, mathematics has produced many models for spatial and special geometric
situations over its long existence. These models were based on the specific needs of
the development of mathematics to provide a suitable environment (yes, space) for
the calculi that were developed and used at the time. Thus, the development of the
mathematical concept of space is to alarge extent the development of mathematics.
What do we mean by the word calculi? These are, of course, computational proce-
dures, but here we have in mind more abstract turns of thought using the network
of concepts and knowledge of that time. An example is topological calculus - topo-
logical reasoning. As the reader may already have guessed, or knows from the pre-
vious text, in this method it is not a particular shape that is important, but rather
the structure of reachability. Deformations are allowed. It is sometimes popularly
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Kalkuly jsou samoziejmé dobové podminéné rozvojem intelektualniho prostredi.
Matematické kalkuly v antice byly velmi odli$né od renesance, zvlasté pak po objevu
infinitezimalniho poctu. Sila toho objevu zastinila jiné kalkuly dokonce i termino-
logicky (jeden z obort matematiky, matematicka analyza, je anglicky dosud nazy-
vana calculus). Je mnoho kalkulti. V podstaté kazda (rozvinuta matematicka oblast
ma vlastni kalkul a existuji rovnéz discipliny, které se vénuji kalkulu téchto kalkuli.
Napt- teorie kategorii, teorie modelt a matematicka logika. Maji totiz tyto riznorodé
kalkuly mnohdy mnoho spoleéného a zvlasté pak maji spoleény zaklad. Timto zakla-
dem je logika a teorie mnozin, nebo jim pfibuzna zminéna teorie kategorit.

To neni samozfejmé a je to vlastné no- 18 — Na pog&atku 20tého stoleti pfedstavoval obor logika

vum ke kterému matematika dospéla novum. To si Ize nejlépe uvédomit na pfikladu Ludwiga

’v , Wittgensteina, Franka P. Ramseye a posléze Kurta Godela.
na prelomu 19. a 20. stoleti. TCpI‘Ve David Hilbert, ktery svym vyzkumem ovlivnil podstatnou ¢ast
tehdy bYlY tytO zéklady pojmenovény moderni matematiky také vénoval zakladim matematiky

.. V. v . K podstatnou ¢ast svého dila. Tato slavné historie je predmétem

arozvieny samy o sobé ¢ deZ lmpll- mnoha publikaci. (NapFiklad: Pavel Pudlék Logical foundations
citné bYlY soucasti mnohy’rch kalkula of Mathematics and Computational Complexity — A gentle
eV 1V . : . e . introduction, Springer 2013.) Existuje dokonce p&kny
NZ dI‘IVC). LOglka ]ako dlSCIPhna: ]ako historicky komiks: Apostolos Doxiadis, Christos
samostatn;’r pf’edmét zkoumanise ob-  H.Papadimitriu: Logicomix - an epic search for truth,
. . v . ’ Bloomsbury 2009.
jevuje az na konci 19. stoleti (George

Boole ale hlavné Bertrand Russel).18

A obdobi intelektudlniho kvasu druhé polo- 19 — Teorie mnozin pochazi od
viny 19. stoleti bylo rovnéz dobou vzniku teorie & Cantora kiery navazal na prace
v. ., A v ver . B. Bolzana. O Bolzanovi zevrubné
mnozin. Jeji vznik a zvlasté pak prijeti nebyly jed-  pojednava kniha Jana Sebestika: Logique et
noduché. Je naptiklad pozoruhodné, Ze zatimco ~ mathematique chez B. Bolzano, Vrin 1992
, v , . a také prace J. Sebestik: Zamysleni Petra
Cantorovy prace vysly vroce 1964 tak prvniuni-  vopenky nad Bolzanem).
. 4 Vv 18% v v r
verzitni prednasky se konaly az podatkem 20 sto-
leti (1902, 1914).1° Touha po zékladech a vycho-
7 . . v v . 4 /4 4
zich principech, feknéme ontologické zkoumant,
je matematice vlastni od nepaméti. Ale zhmot-
v . . v /4 v .
néna a zintenzivnéna byla pravé na konci 19. sto-
leti. V tomto pozoruhodném okamziku doslo
YV o . . . .
rovnéz k prilomu a k definici topologie jako ma-
tematického prostoru. ProtoZe pojem topolo-
. . 8% . /4 V17 v .
gie hraje kli¢ovou roli v celém ¢lanku, vénujeme
vzniku topologie pozornost.

Matematika neni hledanilogickych souvislosti a vytvareni suchych kalkula. Mate-
matika hleda systémy a rovnéz prostory, které umoznuji praci a které ji povzbuzuji
pti hledani a formulovani, otazek, problémi a jejich feSeni. Vyvoj pojmu prostor je
tak také odrazem vyvoje matematiky samotné. Vyvoje, ktery sméfuje k rozprostra-
nénosti, k metodam umoznujicim uvazovat a formulovat otazky a problémy dosud
spiSe jen tusené. Presto v tomto smyslu predstavuje topologie vyvojovy skok tim,
jak je spojena se vznikem a uznanim teorie mnozin. Neni nahodou, ze zakladni
kniha, ktera kodifikovala topologii, se jmenuje Zaklady teorie mnozin. A neni také



said that a topologist is a person who does not distinguish between a cup of coffee
and a donut: Both are continuous and have a single ‘cavity’. Calculi, of course, de-
pend on the period and are conditioned by the development of the intellectual en-
vironment. Mathematical calculi in antiquity were very different from those of the
Renaissance, especially after the discovery of infinitesimal calculus. The power of
that discovery overshadowed other calculi even in terms of terminology (one branch
of mathematics, mathematical analysis, is still called calculus in English). There are
many calculi. In fact, every (developed) mathematical field has its own calculus, and
there are also disciplines that deal with the calculus of these calculi. For example,
category theory, model theory, and mathematical logic. Indeed, these various cal-
culi often have much in common, and in particular have a common basis. This basis
is logic and set theory, or the related category theory mentioned above.

Thisis not self~evident and itisin factanov- 18 — Atthe beginning of the 20th century, the field
elty that mathematics arrived at at the late of logic was a novelty. This can best be seen in the
. | examples of Ludwig Wittgenstein, Frank P. Ramsay
19th and the beginning of the 20th centu-  and later kurt Godel. David Hilbert, whose research
ries. It was only then that these foundations  influenced much of modern mathematics, also
. R devoted a substantial part of his work to the
were named and deVClOPCd in their own  foundations of mathematics. This illustrious
I‘ight (although they were 1mp11c1tly part of history has been the subject of many publications.
. . SN, (For example: Pavel Pudlak: Logical Foundations of
many calcuh bCfOI‘C). LOgIC asa dlSCIPhHe’ Mathematics and Computational Complexity —
as an independent subject of inquiry, only A Gentle Introduction, Springer 2013.) There is even
. a nice historical comic book: Apostolos Doxiadis,
appeared n the Iate 19th Century (George Christos H. Papadimitriu: Logicomix — An Epic

Boole but mainly Bertrand Russel).'® Search for Truth, Bloomsbury 2009.

And the period of intellectual boom in the second half 19 — set theory originates from
of the 19th century was also the time of the emergence & Cantor who continued the work
) . N of B. Bolzano. Bolzano is discussed
of set theory. Its emergence and especially its adoption  in detail in Jan Sebestik's book:
were not easy. For example, it is noteworthy that while ~ Logiaue et Mathematique chez
5 ) R . B. Bolzano, Vrin 1992, as well as
Cantor’s works were published in 1964, the first uni-  in . Zebestik’s work: Zamysleni
versity lectures did not take place until the early 20th ~ Petra Vopénky nad Bolzanem [Petr

century (1902, 1914)‘19 Vopénka's Reflections on Bolzano].

The desire for foundations and initial principles, say ontological research, has been
intrinsic to mathematics since time immemorial. But it was materialised and inten-
sified at the end of the 19th century. It was also at this remarkable moment that a
breakthrough was made and topology was defined as a mathematical space. Since
the concept of topology plays a key role throughout this paper, we will pay attention
to the emergence of topology.

Mathematics is not about searching for logical connections and making tedious
calculations. Mathematics seeks systems as well as spaces that make work possi-
ble, encouraging it in searching for and formulating questions, problems and their
solutions. The development of the concept of space is thus also a reflection of the
development of mathematics itself. A development that is moving towards spatiality
(res extensa), towards methods that allow us to think and formulate questions and
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ndhodou, Ze topologie je vlastné prvni
Ve v 4 7 .

Cisté abstraktni prostorovy pojem,
ktery se neopira o zadny konkrétni mo-

20 — | kdyz pocatky teorie mnozin v dile Cantoroveé jsou
z let 1880 prvni prednéasky vénované tomuto oboru jsou
az prednasky Zermela v Gottingen a Hausdorffa v Bonnu
v pocatku 20. stoleti. Povazujeme Cantora za tvirce

teorie mnozin. Cantor byl v§ak velmi opatrny. Coz bylo
zajisté zplsobeno opozici k nové teorii. V tomto smyslu je
mozno potom fici, ze kalkulus teorie mnozin byl rozvinut
pIné az Felixem Hausdorffem.

del (nebo feknéme nazor). Opira se jen
o teorii mnozin, se kterou v podstaté
vznika soudasné. 20

Existence modelu byla pfitom vzdy zasadniho vyznamu. Pfipomenme si to prikla-
dem Euklidova patého postuldtu: Po mnoho stoleti byla zakladni otdzka, zda Eukli-
dav axiom o rovnobézkach lze dokazat z ostatnich axiomti. A problém byl vyfesen
az v 19. stoleti (Bolyai, Lobadevskij a Gauss) tim, ze byly vynalezeny modely, které
splnuji Eukleidovy axiomy a nesplnuji axiom o rovnobézkach. Véechny prostory
uvazované v 19. stoleti odpovidaly (nékdy velmi slozitym) modelim. Modely nale-
zené Riemannem, Frechetem a mnohymi dal$imi matematiky a zalozily celd odvétvi
matematiky (naptiklad funkcionalni analyzu a diferencialni topologii).

Ale teorie mnozin ptivedla kopernikansky obrat: de-
finice topologického prostoru nema model, nebo lépe
receno, ma jediny model odvozeny z teorie mnozin.
Topologicky prostor neodkazuje na nazor najiné pro- endlichen | er 19

, v v V. Zda se, Ze privlastek absolutni mél
story. Je to prostor sim o sobé, chtélo by se fici abso-  pocatku 20tého stoleti jing a hlubsi
lutni prostor. 21 vyznam.

21 — Absolutni ve smyslu absence
dalSich omezeni. Podobné jako
absolutni teorie grafi Denese
Kéniga: Theorie der endlichen und
unendlichen Graphen, Teubner 1936.

Topologicky prostor je prosté mnozinaa vybrané podmnoziny spliujici par axiomd.
Ta mnozina nema zadnou dalsi strukturu. Navic mnozina je zpravidla nekoneéna
a aby topologie byla zajimava nekonecno je potteba. Topologicky prostor je zpra-
vidla nekoneény. V tomto tvrzeni je vice, nez se zda na prvni pohled. Je sice mozné,
Ze mnozina prostoru je konec¢na, ale to je poté velmi jednoducha situace a vznikaji
tak jednoduché ptipady. Koneéné topologie odpovidaji v podstaté jen relacim (uspo-
tadani). Jenom pro nekone¢né mnoziny dostavame teorii v plné sile a zajimavosti.

Tato situace méla ama podstatny vliv na pouzivani pojmu prostor. Tak rikajic uvol-
nily se tim ruce a mysl matematiki. Poprvé v historii matematici vytvotili a zacali
studovat pojem, ktery nemél jiny nez model stvoreny rovnéz matematiky bez jaké-
hokoliv odkazu na realny svét. Neni divu, ze teorie mnozin nebyla hned uznana za
plnohodnotnou matematickou teorii. Z dne$niho hlediska je situace s pfijmutim
axiomu nekoneéna vyjasnéna. Ale presto, nebo pravé proto, se jeho pouziti mnohdy
zminuje a prace bezjeho pouziti, t.j. prace pouzitim pouze teorie koneénych mnozin,
ma velky vyznam zvlasté v kontextu informatiky a teorie algoritma. Vznik teorie
mnozin, jeji pfijeti a uz jenom pouzivani ,mnozinového jazyka“ vedlo k nebyvalé
bohatosti pojmt a poznatki, které vyznacuje soucasnou matematiku. Na pocatku
byl vsak ,osudovy krok“ (Kalista, Vopénka), ktery Ize vysledovat az k Bolzanovi,
krok pfijmuti a znepochybnéni hypotézy o (aktualnim) nekoneénu. V tomto smyslu
je (mnozinova) topologie ztélesnénim absolutni geometrie a vlastné jednim z prin-
cipidlnich potvrzeni vhodnosti a sily (nové vzniklé) teorie mnozin.



problems that have hitherto been more or lessjust sus- 20 — Aithough the beginnings
: : _ of set theory in Cantor’s work date
pected. Yetin this sense, topology represents a quan- P "' 13500 tha fret lootures
tum leap in the way it is connected to the emergence  devoted to the subject were given by
and recognition of set theory. It is no coincidence that ~ 2ermel in Géttingen and Hausdorff
. . R in Bonn in the early 20th century.
the seminal book that codified topology is called Foun- e consider Cantor the founder of
dations of Set Theory. And itis also no coincidence that  settheory. Cantor was, however,

. . very cautious, which was certainly
topology is actually the first purely abstract spatial ;e to the opposition to the new
concept that does not rely on any particular model (or,  theory.In this sense, it can then be

.. I li 1 h ith which i said that the calculus of set theory
say, opinion). It relies only on set theory, with which it ¢ ony fully developed by Felix
was essentially created at the same time.20 Hausdorff.

The existence of amodel has always been of fundamental importance. Let us recall the
example of Euclid’s fifth postulate: for many centuries the fundamental question was
whether Euclid’s parallel postulate could be proved from other axioms. And the prob-
lem was only solved in the 19th century (Bolyai, Lobachevsky and Gauss) by inventing
models that satisfy Euclid’s axioms and do not satisfy the parallel postulate. All spaces
considered in the 19th century conformed to (sometimes very complex) models — the
models found by Riemann, Frechet and many other mathematicians, which founded

whole branches of mathematics (such as functional analysis and differential topology).

But set theory brought a Copernican turn: the defi- 21 — Absolute in the sense of the
nition of a topological space does not have a model, ~ aPsence of further restrictions. Similar
i . . to Dénes Konig's absolute graph theory:
or rather, it has a single model derived from set  Theorie der endlichen und unendlichen
theory. A topological space does not refer to an  Graphen, Teubner1936. The attribute
L. R L. ‘absolute’ seems to have had a different
opinion of other spaces. It is a space in itself, one  and more profound meaning in the early

would like to say an absolute space.?1 20th century.

The topological space is simply a set and selected subsets satisfying a couple of ax-
ioms. The set has no other structure. Moreover, the set is usually infinite and in or-
der to make topology interesting infinity is needed. The topological space is usually
infinite. There is more to this statement than meets the eye. It is indeed possible
that the set of space is finite, but this is then a very simple situation and simple cases
arise. Finite topologies correspond essentially only to relations (arrangements).
Only for infinite sets do we have the theory in full force and interest.

This situation has had, and still has, a substantial influence on the use of the concept
of space. It freed the hands and minds of mathematicians, so to speak. For the first
time in history, mathematicians created and began to study a concept that had no
reference to the real world other than a model also created by mathematicians. Not
surprisingly, set theory was not immediately recognised as a full-fledged mathe-
matical theory. From today’s point of view, the situation with the acceptance of the
axiom of infinity is clarified. But despite this, or precisely because of this, its use is
often mentioned and work without using it, i.e., work using only finite set theory,
is of great importance especially in the context of computer science and algorithm
theory. The emergence of set theory, its adoption, and the mere use of ‘set language’

PAGE 67



STRANA 68

Vratme se vSak jesté jednou k Eulerovi. Eulertv cit pro
otazky, které bychom dnes oznadili jako topologicke,
se projevil rovnéz v jeho druhé neméné slavné praci,
kdy nalezl ¢iselny invariant, ktery plati pro libovolny
mnohostén. Jeho slavny vzorec V - E + F = 2 se radi
mezi perly matematiky. Vzorec Ize interpretovat v te-
orii graft, ale jeho vyznam je obecné geometricky a byl
zkouman z mnoha hledisek.22

22 — Uvedme klasickou préaci

Imre Lakatos: Proofs and refutation.
The logic of mathematical discovery.
Cambridge Univ. Press 1976.

Jina popularnéji zamérenéa prace

je D. S. Richeson: Euler's gem

(The polyhedron formula and the
birth of topology), Princeton Univ.
Press 2008.

Z obecného hlediska, nam vzorec poskytuje moznost studovat (a charakterizo-
vat) obrazky (a geometrické utvary, zde mnohostény) pomoci ¢isel (a algebraic-
kych objekti). Podivna véc: obrazy a schémata pomoci ¢isel a invarianti. Tento
smér vyzkumu vedl na konci 19. stoleti nékolik matematikt (Frechet, Betti, Poin-
caré) ke studiu obecnéjsich modelt (metrické prostory a variety) a ke vzniku to-
pologie samotné. Henri Poincaré objevil moznosti klasifikace takovych modelt
pomoci lokalni analyzy (lokalni podobnosti Euklidovskych prostorim) a pomoci
kombinatorické aproximace promoci simplexii a komplex (coz jsou opét zobec-
nélé grafy — grafje 1-dimenzionalni komplex). Tento pfistup (ktery vmnohém svou
nazornosti pfipomina metodu kubismu a Ize jen spekulovat zda se jedna o pouhou
nahodu) se ukazal jako mimoradné plodny a vedl ke vzniku algebraické topologie
(ptivodné nazyvané kombinatoricka) topologie.

Je zajimavé, ze kubismus se v déjinach

v 4 . . . Vv 4
uméni spojuje s problematikou ¢tvrté
dimenze a dokonce s vlivem Einsteino-

23 — O problematice ¢tvrté dimenze v uméni

viz rozsahlou praci Linda Dalrympe Henderson:

The Fourth Dimension and Non-Euclidean Geometry
in Modern Art, Princeton University Press 1983.
Problematika Einsteina a uméni je zevrubné pojednana

vym. Vliv Henriho Poincarého je nezpo-
chybnitelny (zatimco Einsteintv vliv je
legenda, viz 23) ale tento vliv se omezuje
vesmés na problematiku ¢tvrté dimenze
a neeukleidovskych geometrii. Vliv
nové vznikajici kombinatorické (poz-
déji algebraické) topologie se opomiji.
A to i pfes ndzornou podobnost a akti-
vitu stejnych osob.

(a vyvracena) v L. H. Henderson: Four dimensional
Space or Space-Time? The emergence of the Cubism-
-Relativity Myth in New York in the 1940 s. In: Visual
Mind (Michele Emmer ed.) MIT Press 2005, 349-397.
Tato prace detailné popisuje rané zdroje mimo jiné
Moholyho fotografii (Berlinsk& Radio véz) je obsazen

v praci Miroslav Petfi¢ek, Jaroslav Nesetril: Outside

in inside out. In: (Mathematics on a single snapshot).

In: Art in the life of mathematicians (Anna Kepes
Szemerédi, ed.), Amer. Math. Soc 2015, 232-247. Kniha
Visual Mind Il (ed. M. Emmer), MIT Press 2005 obsahuje
nékolik ptispévku tykajicich se problematiky prostoru
ve vytvarném uméni (a také filmu). Napfiklad ¢lanek
Capi Corrales Rodriganez: Local/Global in Mathematics
and Painting, Visual Mind I, 273-307. Tento pfispévek je
avsSak jediny z celé knihy, ktery odkazuje na praci Felixe
Haudorffa. Topologie je samozfejmé zminéna nebot
kniha obsahuje ¢lanek Giuseppa Di Cristina: Poetry in
Curves: The Guggenheim Museum in Bilbao. In: Visual
Mind (Michele Emmer ed.) MIT Press 2005, 159-186.
Topologie je dokonce zde zminéna pouze okrajové jako
‘topological image of the original functional model"



hasled to an unprecedented richness of concepts and knowledge that characterises
contemporary mathematics. At the beginning, however, there was a ‘crucial step’
(Kalista, Vopénka), which can be traced back to Bolzano, the step of accepting and
not questioning the hypothesis of (actual) infinity. In this sense, (point-set) topol-
ogy is the embodiment of absolute geometry and, in fact, one of the principal con-
firmations of the suitability and power of (the newly emerging) set theory.

But let us return once more to Euler. Euler’s sensitivity for
questions that would nowadays be described as topologi-
cal questions was also evident in his second equally famous
work, where he found a numerical invariant that applies to
any polyhedron. His famous formula V — E + F = 2 ranks
among the pearls of mathematics. The formula can be inter-
preted in graph theory, but its importance is generally ge-
ometric and has been studied from many points of view.22

22 — Let us cite the classic
work of Imre Lakatos: Proofs
and Refutation. The Logic

of Mathematical Discovery.
Cambridge Univ. Press 1976.
Another more popular work is
D. S. Richeson: Euler’'s Gem
(The Polyhedron Formula
and the Birth of Topology),
Princeton Univ. Press 2008.

In general terms, the formula gives us the opportunity to study (and describe) ima-
ges (and geometric figures, here polyhedra) using numbers (and algebraic objects).
A strange thing: pictures and diagrams using numbers and invariants. In the late
19th century, this line of research led several mathematicians (Frechet, Betti, Poin-
caré) to study more general models (metric spaces and varieties) and to the emer-
gence of topology itself. Henri Poincaré discovered the possibilities of classifying
such models by local analysis (local similarity to Euclidean spaces) and with the help
of combinatorial approximation using simplexes and complexes (which are again
generalised graphs - a graph is a 1-dimensional complex). This approach (which in
many ways resembles the method of Cubism due to its illustrative nature, and one
can only speculate whether it is mere coincidence) proved to be extremely fruitful
and led to the emergence of algebraic (originally called combinatorial) topology.

It is interesting that cubism is
associated in art history with
the fourth dimension and even
with Einsten’s influence. Henri
Poincaré’s influence is indis-
putable (while Einstein’s in-
fluence is a legend, see?3) but
this influence is mostly lim-
ited to the fourth dimension
and non-Euclidean geometries.
The influence of the emerging
combinatorial (later algebraic)
topology is neglected. This is
despite the illustrative simi-
larity and activity of the same
persons.

23 — On the fourth dimension in art, see the extensive work by Linda
Dalrympe Henderson: The Fourth Dimension and Non-Euclidean
Geometry in Modern Art, Princeton University Press 1983. The topic

of Einstein and art is thoroughly discussed (and refuted) in L. H.
Henderson: Four-Dimensional Space or Space-Time? The Emergence
of the Cubism-Relativity Myth in New York in the 1940s. In: Visual Mind
(Michele Emmer ed.) MIT Press 2005, pp. 349-397. This work describes
in detail the early sources, among other works of Moholy-Nagy. A more
philosophical approach to one of Moholy's photographs (Berlin Radio
Tower) is contained in Miroslav Petfi¢ek, Jaroslav Nesettil: Outside In
Inside Out. In: (Mathematics on a Single Snapshot). In: Art in the Life of
Mathematicians (Anna Kepes Szemerédi, ed.), Amer. Math. Soc 2015,
pp. 232-247. The book Visual Mind Il (ed. M. Emmer), MIT Press 2005,
contains several papers dealing with the topic of space in visual arts
(and also film). For example, the article by Capi Corrales Rodrigénez:
Local/Global in Mathematics and Painting, Visual Mind Il, pp. 273-307.
This paper, however, is the only one in the entire book that refers to

the work of Felix Haudorff. Topology is of course mentioned as the
book includes an article by Giuseppe Di Cristino: Poetry in Curves:

The Guggenheim Museum in Bilbao. In: Visual Mind Il (Michele Emmer
ed.) MIT Press 2005, pp. 159-186. Topology is only marginally mentioned
here as a ‘topological image of the original functional model’
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OBR. 23 Bohumil Kubista, Polibek smrti, 1912, olej na platné, Oblastni galerie Liberec, from the
catologue, Aktudlni nekone¢no, GHMP, 2000, s. 15

FIG. 23 Bohumil Kubista, Kiss of Death, 1912, oil on canvas, Regional Gallery Liberec, from the
catalogue, Actual infinity, City Gallery Prague, 2000, p. 15



With all these beautiful contexts (and realisations), it is still about an exploration of
specific (however general) models (for example, spaces of functions or spaces (called
varieties) that are locally similar to Euclidean spaces). Thus, in our classification, it
is about working in a framework, without attempts to grasp the universal absolute
space. The development of early algebraic geometry was largely disjunct from ef-
forts to find a universal space.

Poincaré himself was also not a great supporter of set theory. Here is his (pessimis-
tic) comment on the possibility of introducing an absolute space: 7¢ is impossible to
picture empty space. All our efforts to imagine pure space from which the changing
images of material objects are excluded can only result in a representation in which
highly-coloured surfaces, for instance, are replaced by lines of slight colouration,
and if we continued in this direction to the end, everything would disappear and end
in nothing. Hence arises the irreducible relativity of space.” H. Poincaré Science et
methode, Flamarion 1908, p. 95.

Yes, the space for Poincaré must be
filled with the qualities that make it a

24 — The basic work is H. Poincaré: Analysis Situs,
J. de I'Ecole Polytech, Ser.(2)1(1895), 1-123. This work has
five sequels, the last of which was published only in 1904.

full-fledged space that is worth study-
ing and also has real contexts. Perhaps
this commentary also discouraged
contemporary artists from topology,
which they found less comprehensi-
ble than the idea of the fourth dimen-

The conjecture of the exceptional uniqueness of the sphere
is also formulated here. This Poincaré's conjecture (and its
analogy in larger dimensions) became one of the driving
forces of mathematics throughout the 20th century. It was
not fully resolved until 2006. For the history of algebraic
topology and ‘low-dimensional topology’, see Mahine

R. Adhikari: Basic Algebraic Topology and its Applications,
Springer 2016, pp. 547-568. An introduction is also provided

in the book A. Hatcher: Algebraic Topology, Cambridge
University Press, Cambridge 2002. The topic also includes
the study of meanders and nodes (which we mentioned

in the introduction of this chapter and which have many
applications in physics and theoretical computer science,
see e.g., Sergei K. Lando, Alexander K. Zvonkin: Graphs on
Surfaces and their Applications, Springer 2004.

sion (which was actually based on tra-
ditional geometry). Yet the boldness
and generality of the structures set the
stage for the emergence of topology as
we know it today.24

3. Absolute (Point-Set) Topology

Let us go back to sets again. From today’s point of view, there are many topologies
in mathematics and elsewhere. In fact, every mathematical discipline has a separate
part that is denoted by the adjective topological: topological group theory, topo-
logical graph theory (this is actually nonsense, since a graph itself is a topological
concept. However, it is understood that graphs are studied with added topology,
i.e., for example, drawing graphs on surfaces.) And another example is topological
dynamics or network topology and various types of topological analyses. But these
are mostly topology-type areas plus something. And that something usually comes
with a model. So that was discussed in the previous section.

But what is topology itself? We have already touched upon this problem: topology

itself can be called absolute topology, and today the most common name is point-set
topology, or general topology. As we already know, this is what topology is: nothing
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Pti vSech téchto krasnych souvislostech (a realizacich) to stale je zkoumani kon-
krétnich (jakkoliv obecnych) modelt (naptiklad prostorti funkci nebo prostort
(zvanych variety), které jsou lokalné podobné euklidovskym prostorim). Tedy
v nasi klasifikaci se jedna o praci v ramci, bez snahy o uchopeni univerzalniho abso-
lutniho prostoru. Vyvoj rané algebraické geometrie byl do znaéné miry disjunktni
od snah po nalezeni univerzalniho prostoru.

Poincaré sam také nebyl velkym priznivcem teorie mnozin. Zde je jeho (pesimis-
ticky) komentaf o moznosti zavedeni absolutniho prostoru:,, Je zcela nemogné zob-
razit prazdny prostor. Veskeré nase usili, pFedstavit si (isty prostor, ze kterého jsou

v Vv . /7 7 / . o o Vv 4 . 7
vyloucena proménlivi zobrazeni hmotnych objektii, miiZe pouze vyustit v zobrazeni
ve kterém napriklad bobhaté barevné zarici povrchy jsou nabrazeny lehce zbarve-
nymi liniemi. KdyZ budeme timto zpiisobem pokracovat vsechno se rozplyne do ne-
konecné nicoty. Z toho vyplyvi neredukovatelnd relativita prostoru.“H. Poincare

Science et methode, Flamarion 1908, s. 95.

Ano, prostor pro Poincarého musi byt
naplnén vlastnostmi, které ho tvofi pl-
nohodnotnym prostorem, ktery ma
cenu studovat a ktery ma také realné
souvislosti. Mozna i tento komentaf od-
razoval soudobé umélce od topologie,
ktera jim pripadala méné srozumitelna
nez problematika ¢tvrté dimenze (ktera
vlastné vychazela z tradi¢ni geometrie).
Presto smélost a obecnost konstrukei
pripravovala ptidu pro vznik topologie,
jak ji zndme dnes.24

24 — Zakladni prace je H. Poincaré: Analysis situs,

J. de I'E'cole Polytech, Ser.(2)1(1895), 1-123. Tato prace ma

5 pokra¢ovani z nichz posledni vyslo az v roce 1904. Zde je
také formulovana domnénka o vyjimeéné jednoznaénosti
sféry. Tato Poincarého domnénka (a jeji analogie ve vétsich
dimenzich) se stala jednim z hnacich motort matematiky
celého 20ého stoleti. V Gplnosti byla vyfeSena az v roce
2006. Pro historii algebraické topologie a ‘low-dimensional
topology’ viz Mahine R. Adhikari: Basic Algebraic Topology
and its Applications, Springer 2016, pp 547 - 568. Uvod
poskytuje rovnéz kniha A. Hatcher: Algebraic Topology,
Cambridge University Press, Cambridge 2002. Problematika
zahrnuje rovnéz studium meandr( a uzll (které jsme zminili
v Uvodu této kapitoly, které maji mnohé pouziti ve fyzice

i teoretické informatice viz napt. Sergej K. Lando, Alexander
K. Zvonkin: Graphs on surfaces and their Applications,
Springer 2004.

3. Absolutni (mnozinova) topologie

Vratme se opét k mnozinam. Z dne$niho hlediska je mnoho topologii v matema-
ticeijinde. V podstaté kazda matematicka disciplina ma osamocenou ¢ast, ktera se
oznacuje ptivlastkem topologicky (-4): topologicka teorie grup, topologicka teorie
graft (to je vlastné nesmysl, protoze graf saim o sobé je topologicky pojem. Mysli se
to véak tak, ze se studuji grafy s pridanou topologii, tedy napriklad kresleni grafa
na plochach.) A jinym ptikladem je naptiklad topologicka dynamika nebo topologie
siti a rizné druhy topologickych analyz. Ale to jsou vesmés oblasti typu topologie
plus néco. A to néco zpravidla prichazi spolu s modelem. O to jsme tedy pojednali
v predchozi ¢asti.

Coje vak topologie sama o sobé? Tohoto problému jsme se jiz také dotkli: topologie
sama o sob¢ se da oznacit jako absolutni topologie a dnes se nejcastéji pouziva na-
zev mnozinova topologie, nebo téz obecna topologie. Jak jiz vime to také topologie
je: nic jiného nez mnozina a systém podmnozin spliujicich par pravidel (axiomi).



but a set and a system of subsets satisfying a few rules (axioms). So, no model with
shining surfaces, just an empty set (without properties), in fact nothing (see Poin-
caré’s quote above).

This was a radical act in the history of mathematics. Space 25 — itisarare
itself without a ‘meaningful’ model. The road to this step ~ Phenomenon across the
i ; sciences. Another example
was long, but today the emergence of point-set topology is  of the same is Gregor Mendel
associated with Felix Hausdorff and his book ‘Grundziige  and genetics.
der Mengenlebre’ from 1914. It is rare that the emergence
of an entire mathematical discipline can be pinpointed by
asingle work with a single author.2%

Notice the title first of all - Fundamentals of Set Theory. Hausdorff primarily de-
velops the calculus of set theory. And he develops it in the context of mathematical
models that do not require many other conditions. These are relations, orderings,
set systems and topologies. Topology here acts as an abstract geometry, as an ab-
solute space, not as a model of ‘something’.How did Hausdorff arrive at this very
abstract notion? The situation is never simple. Hausdorff himself was a highly cul-
tured man with extraordinarily broad interests, including philosophy and litera-
ture, where he published under the name Paul Mongré. It also seems that it was
through his experience with philosophy, and especially the philosophy of Frie-
drich Nietzsche (in his time very influential) that Hausdorff became interested in
set theory. In 1898, Paul Mongré publishes his book ‘Chaos der Kosmische Auslese’
[Chaos in Cosmic Selection/, where he comes to terms with the influence of Nietzsche
and at the same time draws from him (and the situation of the time) the courage to
make a change, to take a new turn.

For Hausdorff, the cosmos is the totality of experiences of 26 — Quoted from

each individual, while chaos is the world itself, the domain Eéﬁicgzzgzggf“(’::?;jgfz)

of metaphysics. Our world of experience, which is ordered  in the aimanac Vorlesungen

by the laws of nature, is a product of our consciousness. ~ 2um Gedenken an Felix
Hausdorf, Heldermann Vertag

It thus selects our cosmos from the transcendental chaos.  geriin 1994.

Metaphysical relations cannot be empirically compared.

Mongré himself formulates the conclusion of his book as

follows: ‘So let us cast aside the cosmocentric superstition

Just like we cast aside the geocentric and anthropocentric

superstition before; let us realize that there are myriads of

cosmic worlds spun into the chaos — each of them appearing

to its inhabitants as the sole and only real world and mis-

leading them to assign its qualitative and particular char-

acteristics to the transcendental core of the world.” A page

later, Hausdorff concludes his reasoning: As a result, the

bridges between chaos and cosmos are destroyed and the end

of metaphysics is declared.’?®
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Tedy zadny model se zaticimi plochami, jen vyprazdnéna mnozina (bez vlastnosti),
vlastné nic (viz. vy$e uvedeny citat Poincarého).

To byl v historii matematiky radikalni ¢in. Prostor sim 25 — Je to fidky jev napfic védami.
o sobé bez ,smysluplného modelu. Cesta k tomuto ~ !akelinypriklad téhoz se nabizi
, . . v. , Gregor Mendel a genetika.
kroku byla dlouha, ale dnes je vznik mnozinové topo-
logie spojovan s Felixem Hausdorffem a jeho knihou
»Grundziige der Mengenlehre®z roku 1914. Jen malo-
kdy se stane, ze vznik celé matematické discipliny je
mozno presné urdit jednou praci s jednim autorem.25

Vsimnéte si hned nazvu — Zaklady teorie mnozin. Hausdorff primarné rozviji kal-
kulus teorie mnozin. A rozviji ho v kontextu matematickych modelti nevyzadujicich
mnoho dalsich podminek. Jsou to relace, uspofadani, systémy mnozin a topologie.
Topologie zde vystupuje jako abstraktni geometrie, jako absolutni prostor, niko-
liv jako model ,,néceho”. Jak k tomuto velmi abstraktnimu pojmu Hausdorff dosel?
Situace neni nikdy jednoducha. Hausdorff sam byl velmi kultivovany ¢lovék mimo-
tadné Sirokych zajmi vietné filozofie a literatury, kde publikoval pod jménem Pau/
Mongré. Zda se také, ze k zajmu o teorii mnozin se Hausdorff dostal pravé pres zku-
$enost s filozofii a zvlasté pak pres (ve své dobé velmi vlivnou) filozofii Friedricha
Nietzscheho. V roce 1898 vydava Paul Mongré knihu,, Chaos der Kosmische Auslese
(Chaos v kosmickém vybéru), kde se vyrovnava s vlivem Nietzscheho a soudasné
z néj (a dobové situace) ¢erpa odvahu ke zméné, k novému obratu.

Kosmos pro Hausdorffa znamena celek zkuSenostiaza- 26 — Citovano podie E. Eichhorn:
zitkt kazdého jedince, zatimco chaos je svét sdm do- ~ !n memoriam Felix Hausdorff
, . o v v , , . (1868-1942) ve sborniku Vorlesungen
ména metafyziky. Nas svét zkusenosti, ktery je uspo-  zum Gedenken an Felix Hausdorf,
tadany ptirodnimi zakony je produkt naseho védomi.  Heldermann Vertag Berlin 1994.
Vybira tak na$ kosmos z transcendentdlniho chaosu.
Metafyzické vztahy se nedaji empiricky porovnat. Mon-
4 /4 . . /4 . .V /
gré sam formuluje facit své knihy takto: , Jestlize dame
stejnou moznost kosmocentrickému uvazovini jako
4 7 v /7 / . 7/ .
predtim uvaZovani geocentrickému a antropocentric-
kému, potom zjistime, Ze v (transcendentdlnim) chaosu
jevetknutanespoletnd mnoZina kosmickych svétu. Tyto
v . . o . e . . / . . Vv / v /
svéty se jedincum jevi jako jediny a jedinecny skutecny
svét a tak se ddle snaZime, kvalitativni znaky a zvldst-
nosti (tohoto naseho kosmu) pripisovat transcenddl-
nimu jadru svéta®. O stranku dal Hausdorff uzavira
’ 7/ . 4 v v 4
svou uvahu: ,, 7imto jsou preruseny vsechny mosty pre-
ruseny chaosem a kosmem. Je to konec metafyziky“.2®

Nenijasné jak Hausdorff mysli ,unzihlbare mozna obrazné nespoditatelné, mozna
i nespocetné (coz jsou v matematice rozdilné véci). Nekone¢nou mnozinu v kaz-
dém pripadé. Je ale nepochybné, ze jeho radikdlni prispévek k teorii poznani je



It is not clear what Hausdorff means by ‘unzihlbare’, perhaps figuratively uncount-
able or even countless (which are different things in mathematics). An infinite setin
any case. But there is no doubt that his radical contribution to the theory of know-
ledge is formulated in the context of set theory.

Reflections on the totality of knowledge and sets led Hausdorffto become interested
in Cantor’s set theory, which was very new at the time and was not widely accepted.

With a little exaggeration, it can be said
that Hausdorff came close to one of the
possible definitions of actual infinity
(i.e., the set of truths in the mind of God),
in the context of the atheistic Nietzsche.
On the actual infinity (i.e., a concept dis-
cussed at that time as much as today),
Hausdorff subsequently built a compre-
hensive theory of (point-set) topology.2”

One would almost like to say that the
calculus of point-set topology is Haus-
dorff’s reaction to the loss of metaphys-
ics, to the attempts to win another part
of chaos into our cosmos after all. We
know from history how difficult the pro-
cess of creation of the idea of actual in-
finity was and how it has been (and still
is) received with reservations. Neverthe-
less, Hausdorff’s path to set theory is re-
markable, resembling B. Bolzano’s path
in its sincerity and depth of thought.28

In his seminal publication, Hausdorff went even
further. Set theory is not only a convenient lan-
guage for him, but here he fully develops the cal-
culus of set theory and uses set theory as the basis
for the entire mathematics, as a possible underlying
model for mathematical structures and for geomet-

27 — At that time, Mongré-Hausdorff's philosophical
book did not attract attention. Interestingly, one of the
few reviews came from George Steiner. Later, Max Bense
referred to the book. But even today the book is difficult
to find. It was republished by Max Bense in 1976 under
the title Zwischen Chaos und Kosmos oder Vom Ende der
Metaphysik Das Chaos in kosmischer Auslese. The book
is available in the collected writings of Hausdorff,
published by the University of Bonn.

28 — Many publications are devoted to the life and
work of F. Hausdorff. In the Czech literature, there is

a very nice recent work by L. Koudela, J. Vesely: Felix
Hausdorff (1868-1942) on the 150th anniversary of his
birth, Pokroky matematiky, fyziky a astronomie [Advances
of Mathematics, Physics and Astronomy] vol. 63 (2018),
108-124. In 2000-2018, the Springer publishing house
published a comprehensive work of Hausdorff (with a
number of additional comments). The Hausdorff Center
for Mathematics was founded at the University of Bonn,
which provides facilities for many conferences and offers
study stays. It also publishes works related to Hausdorff’s
legacy, e.g., W. Purkert: Felix Hausdorff - Paul Mongré,
Mathematician-Philosopher-Man of Letters, Bonn 2013.

29 — The book ‘Grundziige der
Mengenlehre’ and later with the revised
title ‘Mengenlehre’ was published three
times already during Hausdorff's lifetime
(by the Veit publishing house and then
twice by de Gruyter). The book has been
repeatedly published up to the present
day (in German and in translations).

ric structures in particular. He reserved the name
topology for this absolute geometry. Hausdorff
probably could not have foreseen the influence his

work would have.2®

Of course, the problem of the perception of the world has been the subject of hu-
man thought since time immemorial, and the words ‘chaos’ and ‘cosmos’ originated
and were used in antiquity. In a more modern context, it is also the basis of the
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formulovan v kontextu teorie mnozin. Uvahy o totalité
poznani a celku Hausdorffa ptivedly k zajmu o Canto-
rovu teorii mnozin, ktera ve své dobé byla velmi nova
a nebyla $iroce prijata. S trochou nadsazky je mozno
tici, jakoby se Hausdorff priblizil jedné z moznych de-
finic aktualniho nekoneéna (tj. mnozina pravd v mysli
bozi) a to v kontextu ateistického Nietzscheho. Na ak-
tualnim nekoneénu (tj. na pojmu diskutovaném tehdy
stejné jako dnes) vybudoval Hausdorff posléze ucele-
nou teorii (mnozinové) topologie. 27

27 — Ve své dobé filozoficka kniha
Mongrého-Hausdorffa nevzbudila
pozornost. Je zajimavé, ze jedna

z méla recenzi pochéazi od George
Steinera. Pozdéji na knihu odkazuje
Max Bense. Ale i dnes je kniha
obtizné dostupna. Knihu znovu vydal
Max Bense v roce 1976 pod ndzvem
Zwischen Chaos und Kosmos oder
Vom Ende der Metaphysik Das
Chaos in kosmischer Auslese. Kniha
je dostupna v sebranych spisech
Hausdorffa, kterou vydala universita
v Bonnu.

Chtélo by se skoro fici, Ze kalkulus mnozi-
nové topologie je Hausdorffova odpovéd'
za ztratu metafyziky, za snahu si pfece
jen vydobyt dalsi ¢ast chaosu do naseho
kosmu. Vime z historie, jak obtizné se
rodila myslenka aktualniho nekonecna
ajak byla (a dosud je) pfijimana s vyhra-
dami. Presto je pozoruhodna Hausdor-
ffova cesta k teorii mnozin, ktera svou

28 — Zivotu i dilu F. Hausdorffa jsou v&novany mnohé
publikace. V Eeské literature je velmi pékna nedavna
prace L. Koudela, J. Vesely: Felix Hausdorff (1868-1942)
ke 150. vyro¢i narozeni, Pokroky matematiky, fyziky

a astronomie vol. 63(2018), 108-124. Nakladatelstvi
Springer v letech 2000-2018 vydalo souhrnné
Hausdorffovo dilo (s fadou dopliiujicich komentafa).
PFi univerzité v Bonnu bylo zalozeno Hausdorffovo
Matematické Centrum, které poskytuje zazemi pro
mnoho konferenci a nabizi studijni pobyty. Vydava rovnéz
prace souvisejici s odkazem F. Hausdorffa, napft.

W. Purkert: Felix Hausdorff - Paul Mongré,
mathematician-philosopher-man of letters, Bonn 2013.

opravdovosti a mys$lenkovou hloubkou
Ve 7 4 28
pfipomind cestu B. Bolzana.

Ve své klicové publikaci Hausdorff pokrodil jesté dale.
Teorie mnozin mu neni pouze vhodnym jazykem, ale
rozviji zde plné kalkulus teorie mnozin a pouziva te-
orii mnozin jako zaklad celé matematiky, jako mozny
zakladni model pro matematické struktury a pro geo-
metrické struktury zvlasté. Pro tuto absolutni geo-
metrii vyhradil nazev topologie. Hausdorff asi nemohl
tusit jaky vliv jeho prace bude mit. 2°

Samoztejmé problematika vnimani svéta byla pfed-
v . 4 \ /4 ’ V., .

métem lidského uvazovani od nepameéti a slova chaos

a kosmos pochazeji a byla pouzivana v antice. V mo-

dernéjsim kontextu je rovnéz zakladem pristupu au-

torl Gilles Deleuze a Felix Guattari ve zndmé a pod-

nétné knize Co je filozofie. 3°

29 — Kniha ,Grundziige

der Mengenlehre" a posléze

s upravenym titulem ,Mengenlehre”
byla vydana 3x jiz za Hausdorffova
Zivota (nakladatelstvim Veit

a posléze dvakrat de Gruyter). Kniha
se opakované vydavéa az do dnesnich
dnd (némecky i v prekladech).

30 — G. Deleuze, F. Guattari:

Co je filosofie, Oikoymenh 2001,
Prelozil M. Petficek. Analyza
vzniku topologie (ktera v knize neni
diskutovana) je relevantni a snad

i podnétné v této souvislosti.

Autori opakované hovori o zapase s chaosem. Z mimoradné podnétného a pro nasi

4 . 4 Ve 4 4 v 7/ Ve /7 v 7/ v 7
pracirelevantniho textu, pfipominame:,, Myslent, t#i velké formy mysleni — uméni,
védu a filosofii —, tedy vZdy definuje to, Ze Celi chaosu, rozvrhuji rovinu, Ze chaos

7 +/ . . v 7 v / . Vv 7 4 YA /7

protinaji rovinou. Filosofie vsak dokdze zachranit nekonecno tim, Ze mu ddvd kon-
zistenci: rysuje rovinu imanence, kterd pisobenim pojmovych osob otevird konzi-
stentni uddlosti & pojmy pro nekonecno. Véda se naopak nekonecna vzddivd, aby



approach of the authors Gilles Deleuze
and Felix Guattari in their well-known
and thought-provoking book What is
Philosophy?3°

30 — G. Deleuze, F. Guattari: Co je filosofie [What is
Philosophy?], Oikoymenh 2001, Translated by M. Pet¥iek.
The analysis of the emergence of topology (which is

not discussed in the book) is relevant and perhaps
stimulating in this context.

The authors repeatedly speak about a struggle with chaos. From an extremely stim-

ulating and relevant text for our work, we recall: ‘What defines thought in its three

great forms — art, science, and philosophy — is always confronting chaos, laying out

a plane, throwing a plane over chaos. But philosophy wants to save the infinite by

giving it consistency: it lays out a plane of immanence that, through the action of
conceptual personae, takes events or consistent concepts to infinity. Science, on the

other hand, relinquishes the infinite in order to gain reference: it lays out a plane of
simply undefined coordinates that each time, through the action of partial observers,

defines states of affairs, functions, or referential propositions. Art wants to create

the finite that restores the infinite: it lays out a plane of composition that, in turn,

through the action of aesthetic figures, bears monuments or composite sensations.

Damisch has analyzed accurately Klee’s picture “Equals Infinity.”

The analysis of the origin of topology (which is not discussed in
the book) is relevant and stimulating in that context. Without ex-
aggeration, topology became one of the most influential direc-
tions in 20th century mathematics. This concept underlies many

31 — For architecture
and urbanism see

e.g., Topology

(Ch. Girot, A. Freytag,
A. Kirchendienst,

D. Richter, eds.) Jovis

areas of contemporary mathematics: virtually every mathemat-
ical discipline has a topological aspect. For example, topological
group theory studies groups of continuous transformations of
some topological space. And with all this usage, mathematicians
do not feel that the term is overused. As arule, its use goes to the
heart of the matter. But mathematics does not have a monopoly
on topology. We also use it to refer to various aspects of our think-
ingin ordinary speech and in various fields. In fields ranging from

Verlag 2013. The Nobel
Prize in Physics was
awarded in 2016 to a
trio of physicists David
Thouless, Duncan
Haldane and Michael
Kosterlitz for the exotic
properties of solids
that only change
step-wise, which the
authors explained
using topology.

physics and neuroscience to architecture and philosophy.31
4. Existence of a Model, a Model without a Framework?

Let us reflect once again on the above-mentioned quote by H. Poincaré: 7¢ is im-
possible to picture empty space. All our efforts to imagine pure space from which the
changing images of material objects are excluded can only result in a representation
inwhich highly-coloured surfaces, for instance, are replaced by lines of slight colour-
ation, and if we continued in this direction to the end, everything would disappear
and end in nothing. Hence arises the irreducible relativity of space.’

An empty space, or rather a framework in our conception... Not an empty set, but the
emptiness of a relationship and the absence of ‘changing representations of material
objects’. The emptiness dissolves into an uncontrolled infinite nothingness. On the
other hand, if we try to find a universal space, or a space that would encompass all
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ziskala referenci: rozvrbuje rovinu alesporn neurcitych soutadnic, kterd piisobe-
7/ 4 v / o v . v 7 Ve Vv / /
nim cdstecnych pozorovateln vZdy definuje stavy véci, funkce & referencni vyroky.
Uméni chce tvofit konecnost, kterd vraci nekonecno: vytyluje rovinu kompozice,
JjeZ puisobenim estetickych figur nese monumenty (i slogené pocitky. Damisch velmi
presné analyzoval Kleeiiv obraz ,,Vyrovnej se nekonecnu”.

31 — Pro architekturu
a urbanismus viz napt. Topology

Bez nadsazky se topologie stala jednou z nejvlivnéjsich

smért matematiky 20. stoleti. Tento pojem je v pozadi
mnoha oblasti souc¢asné matematiky: v podstaté kazda
matematicka disciplina ma topologickou stranku. Tak
napt. topologicka teorie grup zkouma grupy spojitych

(Ch. Girot, A. Freytag,

A. Kirchendienst, D. Richter, eds.)
Jovis Verlag 2013. Nobelova cena

za fyziku byla udélena v roce 2016
trojici fyzik( David Thouless, Duncan

Haldane a Michael Kosterlitz za
exotické a skokové se ménici
vlastnosti pevnych latek, které autofi
vysvétlili pomoci topologie.

transformaci néjakého topologického prostoru. A pri
vSem tomto pouzivani nemaji matematikové pocit, ze
je pojem naduzivany. Zpravidla jeho pouziti jde k ja-
dru véci. Ale matematika nema monopol na topologii.
Oznacujeme tak vbézné mluvé iv rozliénych oblastech
také rtizné aspekty naseho uvazovani. V nejriiznéjsich
oblastech od fyziky a neurologii, pfes architekturu
po filozofii.31

4. Existence modelu, model bez ramce?

Zastavme se jesSté jednou u vySe zminéného citatu H. Poincarého:, Je zcela nemozné
zobrazit prazdny prostor. Veskeré nase usili, predstavit si ¢isty prostor, ze kterého
; v v 1. s , / oy e ey /o

Jsou vyloucena proménlivd zobrazeni hmotnych objekti, miize pouze vyistit v zob-

7/ e v/ v v sV’ 7 .

razeni ve kterém napriklad bohaté barevné zdrici povrchy jsou nabrazeny lehce
gbarvenymi liniemi. KdyZ budeme timto zpiisobem pokracovat vsechno se rozplyne
do nekonecné nicoty. Z toho vyplyvi neredukovatelnd relativita prostoru.”

Prazdny prostor nebo spi$e ramec v nasem pojeti.. Nikoliv prazdna mnozina, ale
prazdnota vztahu a absence ,proménlivych zobrazeni hmotnych objektt“. Prazd-
nota se rozplyne do nekontrolované nekoneéné nicoty. Na druhé strangé, jestlize
se pokousime najit univerzalni prostor, nebo prostor, ktery by zahrnoval vSechny
mozné prostory, potom vidime, ze vlastnosti takového prostoru musi byt nutné
malo specifické a vyprazdnéné od jakychkoliv zvlastnosti a specifickych jeva. Vy-
prazdnéni, bez vlastnosti, jen mnozina (jako abstrakce ,nééeho®). Jak takovy pro-
stor muze vypadat? Pred takovou otazkou asi Hausdorff stal. Nespoditatelné kos-
most v chaosu bez vlastnosti. Pojem mnoziny a rozvinuti Cantorovy prace prislo
jako na zavolanou. Topologicky prostor, definovany pouze pomoci nestrukturova-
nych mnozin ,bez vlastnosti“ Poskytlo ramec, ktery dfivéjsim generacim unikal.
Mnozinova topologie je onim stfechovym pojmem pro abstraktni prostor, ktery se
hledal po dlouhou dobu (zajisté jiz od B. Riemanna).

Ale kazda véc ma svou cenu: vnitfni struktura prostori zaloZenych jenom na te-
orii mnozin je prazdna, stejné jako vlastnosti mnozin samotnych. Navic, protoze



possible spaces, then we see that the properties of such a space must necessarily be
less specific and emptied of any peculiarities and specific phenomena. An empty-
ing, without properties, just a set (as an abstraction of ‘something’).What can such
a space look like? This is the question Hausdorff was probably facing. Countless
cosmoses in chaos without properties. The concept of a set and the development of
Cantor’s work came just in the nick of time.A topological space defined only by un-
structured sets ‘without properties’ provided a framework that earlier generations
failed to notice. Point-set topology is that umbrella term for an abstract space that
has been sought for a long time (certainly since B. Riemann’s time).

But each thing hasits value: the internal structure of spaces based only on set theory
is empty, as are the properties of sets themselves. Moreover, because topological
spaces refer per se only to sets, and because one must require that these sets be
infinite (because otherwise we do not get a full-fledged theory), in other words we
need actual infinite sets. But this brings us back to the beginning, to the question of
whether we should allow this step.

From this scepticism, Structure Theory (as a set with added information) developed
in the 1950s and became an influential and intensively researched mathematical di-
rection. So let us turn our attention to philosophy and art. How topology manifests
itself there.

C. The Inside and Outside of Abstraction

Whenin 1975 Michel Foucaultin an interview 32 — ‘The forces appear in “every relation
for Nouvelles littéraires said: 7am a cartogra- o™ one pointto another: a diagram is a map,

R L, . or rather several superimposed maps”. And from
pher’ (Nouvelles littéraires, 17 March 1975),  one diagram to the next, new maps are drawn.
he named the complex process of layering the ~ Thus: there is no diagram that does not also

. . include, besides the points which it connects
planes in which we see the world. When we up, certain relatively free or unbound points,
have been trying to understand him in a new points of creativity, change and resistance,

. h d l d and it is perhaps with these that we ought to
way since the mid-1960s until to ay, we can begin in order to understand the whole picture.’
say that it appears to us as a set of surfaces.  (Deleuze G., Od Archivu k diagramu [From

. Archive to Diagram], in Gilles Deleuze, Foucault,
In these planes of surfaces, events and things

Hermann a synové, Praha, 1996, pp. 67-68)
appear in the form of a diagram of forces.32

To understand an image, according to Deleuze, is to think of zhe line 33 — Ibid.
of the outside, which is without beginning and end, a line that passes
through all the points of resistance, that rumbles with the collisions
of diagrams, one against the other. This is how the theme of an image
appears in general today. In a study dedicated to Foucault, Deleuze
focused on 1968. And what a strange twist of the line was 1968, the
line with a thousand aberrations! From this we can get the triple defi-
nition of writing: to write is to struggle and resist: to write is to become;
to write is to draw a map.” 3% We can broadly compare the poetics of
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topologické prostory se per se odkazuji pouze na mnoziny a protoze se musi poza-
dovat, aby tyto mnoziny byly nekoneéné (protoze jinak nedostaneme plnohodnot-
nou teorii), jinak fec¢eno potrebujeme aktualni nekoneéné mnoziny. Ale tim se zase
dostavame na zacatek k otazce zda tento krok mame pfipustit.

Z této skepse se v 50tych letech vyvinula Teorie Struktur (jako mnozin s pfidanou
informaci), ktera se stala vlivnym a intenzivné zkoumanym matematickym smérem.
Obratme tedy pozornost k filozofii a uméni. Jak se topologie projevuje zde.

C. VnéjsSek a vnitirek abstrakce.
1. udalosti roku 1968 a téma: myslet jinak.

Kdyz roku 1975 Michel Foucault fekl v rozho- 32 — sily se objevuji v ,kazdém vztahu

Ttt Ayl < jednoho bodu k druhému: diagram je mapa,
voru pro Nogve’lle§ littéraires, ,,Jsem /ea'rtogmj’ Tab5 Sb mEkolik i sebe polasengeh man,
(Nouvelles littéraires, 17. 3. 1975) pojmenoval A od jednoho k druhému se kresli mapy nové.
slozity proces vrstveni rovin, ve kterych se ndm ~ Neexistuje diagram, ktery by sam vedle bodd,

v LY v . v . které spojuje nezahrnoval urgité relativné
svét jevi. Kdyz se mu od poloviny $edesatych let  yoine, nespoutané body, body tvoFivosti,
dodnes pokousime nové porozumét, miizeme  zményaodporu; asnad pravé témi bychom
v/ v ’ kvth iak V. hi méli zagit chceme-li porozumét celému
rict, ze se nam nas Yta Jako mnozina povrcnu. obrazu“. (Deleuze G., Od Archivu k diagramu,
. 14 o 14 . v .. 7 . .

V téchto rovinach povrcht se udalostia vécijevi  inGilles Deleuze, Foucault, Hermann

. . a synové, Praha, 1996, s. 67-68
v podobé diagramu sil .32 y )

Porozuméni obrazu podle Deleuze znamena premyslet o /inii 33 — (tamtéz)
vnéjsku, ktera je bez zalatku a konce, o linii, ktera prochazi vsemi
body odporu, ktera buraci srazkami diagram, jednohoho proti
druhému. Tak se dnes téma obrazu jevi obecné. Deleuze se v stu-
dii vénované Foucaultovi sousttedil na rok 1968. ,,Jak podivnym
zdkrutem této linie byl rok 1968, linie s tisici odchylek! Muzeme
od ni odvodit troji definici psani: psdt znamend bojovat a kldst
odpor:, psdt znamend stdvat se:, psdat znamend kreslit mapu.”33
Poetiku vytvarného uméni mtizeme ramcové srovnat s literarnim
psanim, pokud bereme v iivahu neprevoditelnost textu a obrazu.
Mapy, kterymi se udalosti vytvarného tvotfeni podobaji literatute
jsou vyobrazenimi trajektorii vedoucich od nékde, nékudy, nékam
v podobach a hranicich vééného navratu. Umélecka dila mapuji
svét, do kterého jsme se narodili, aniz bychom méli moznost zis-
kat predstavu o jeho skute¢nych hranicich, mame jen modely na-
$eho vnimani dil¢ich pozici a udalosti. V roce 1968, jsme se setkali
s rozsahlou destrukei dfive platnych modeli (obdobné jak to pred-
znamenaly udalosti v desatych letech dvacatého stoleti) ve pro-
spéch zjeveni ,tisicit odchylek”. To, co se odehralo roku 1968 byl
soubéh udalosti ve verfejném zivoté, v politice, v mysleni obecné,
ve filosofii a v uméni, v objevovani novych moznosti pfistupovat



visual arts with literary writing if we take into account the non-transferability of text
and image. The maps that make the events of visual art creation resemble literature
are depictions of trajectories leading from somewhere, through somewhere, to some-
where in the forms and boundaries of eternal return. Works of art map the world into
which we are born, without us being able to know its real limits; we only have models
of our perception of partial positions and events. In 1968, we witnessed a large-scale
destruction of previously valid models (similarly to that foreshadowed by the events
of the 1910s) in favour of the emergence of @ thousand aberrations’. In 1968 there
was a confluence of events in public life, politics, thought in general, philosophy and
art, in discovering new possibilities to approach complex topics of thought differ-
ent from those represented by the dominant discourse. The nature of the situation
was depicted by the concurrence of the contradictory meanings of public life at that
time. While in politics, attitudes and opinions were heated in relation to the Prague
Spring, culminating in the occupation of Czechoslovakia in August, while students in
Paris were taking revolutionary stances, causing a revolutionary storm of opinions,
and students in Yugoslavia were demonstrating their interest in extricating Yugo-
slavia from Soviet influence, and events such as the anti-Semitic campaign in Poland
and the assassinations of Robert Kennedy and Martin Luther King intervened in the
seemingly stable relations of the world’s divided society, while the decisive battles
were being fought in the Vietnam War and the struggle for regional independence of
French-speaking society was being unleashed in Quebec, Canada, in art and philos-
ophy, a process of fundamental change had been underway since the 1950s. Among
the mostimportant were apparently the spread of conceptual principlesin visual arts,
including (or along with) happenings, semiotics, primary structures, land and body
art. The poetics of art in the 1960s saw the emergence of tendencies with a different
focus than the external practice based on the legacy of the dominant trends of mod-
ernism and avant-garde. Instead of the style preferences of the fading functionalism
and surrealism, experimentation came into play, reaching into the realms of mental-
ity, the object, social reality, and systems of communication. A new role was played
by the happening environment of the city and landscape. Such works and attitudes as
represented by Jack Kerouac’s prose On the Road, or Robert Smithson’s exploration
of the meaning of a bird’s eye view of an airport, which he saw as a diagram, a pas-
sage, or an escape into another culture, became indicators of the new art. Through
the efforts to interact with the landscape, more profound themes of perception and
imagination of the happening world than its aesthetic conventions came to the fore.
Reflections on the world ceased to be a matter of proven models of representation and
aesthetic contemplation, and became much more a part of an epistemological exper-
iment, part of an action.

Today, we understand this shift in attention and motivations better, as the entire
horizon of our lives has shifted from an elaborate system of relations of sensuality
and abstraction in classical manifestations of art to the virtual landscape of comput-
er-generated data mediating the interaction of sensory and abstract data of thought
with the demands for a far more complex mode. In 1968 it was different, to make the
invisible visible, to draw extra-artistic reality into art in a new way, to find the inside
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ke komplexnim témattim jiného mysleni, nez pfedstavoval prevladajici diskurz.. Po-
vahu situace ukazoval soubéh protikladnych vyznamu tehdejsiho vetejného zivota.
Zatimco v politice se hrotily postoje a nazory ve vztahu k prazskému jaru astici s srp-
novou okupaci Ceskoslovenska, zatim co studenti v Pafizi zaujali revolu¢ni postoje
a zpusobili revoluéni nazorovou boufi a studenti v Jugoslavii demonstrovali své za-
jmy vymanit Jugoslavii ze Sovétského vlivu, a do zdanlivé stabilnich vztahti rozdé-
lené spolec¢nosti svéta zasahly udalosti, jakymi byla antisemitska kampan v Polsku,
vrazdy Roberta Kennedyho a Martina Luthera Kinga, zatim co probihaly rozhodujici
boje ve Vietnamské valce a v kanadském Quebecu se rozpoutal boj o regionalni samo-
statnost francouzsky mluvici spole¢nost, v uméni a ve filosofii jiz od padesatych let
probihal proces fundamentalnich zmén. Mezi ty nejdulezitéjsi zjevné pattilo rozsireni
konceptualnich principti ve vytvarném uméni, véetné a nebo spolu s happeningy, sé-
miotikou, primarnimi strukturami, s land artem a body artem. V obratech poetiky
uméni Sedesatych let prichazely ke slovu tendence jinak zaméfeného uméni, nez byla
vnéjsi praxe vychazejici z dédictvi dominantnich smértt moderny a avantgardy. Misto
stylovych preferenci doznivajiciho funkcionalismu a surrealismu ke slovu prichazel
experiment, zasahujici do oblasti mentality, do oblasti subjektu, do oblasti socidlni
skutec¢nosti, do systémi komunikace. Novou roli zde sehralo déjici se prostfedi mésta
akrajiny. Ukazatelem nového uméni se staly takova dila a postoje jaké predstavovala
préza Jacka Kerouaca On the Road, ¢i objevovani vyznamu pohledu Roberta Smith-
sona na leti$té, které z ptadi perspektivy vnimal jako diagram, prechodu, ¢i utéku do
jiné kultury. Povrchem usili o interakci s krajinou ptichazely ke slovu hlubsi motivy
vnimani a predstav déjiciho se svéta nez byly jeho estetické konvence. Reflexe svéta
prestala byt zalezitosti ovérenych modelt reprezentace a estetické kontemplace, ale
stala se daleko vice souéasti epistemologického experimentu, soucasti akce.

Dnes tomuto piesunu pozornosti a motivaci [épe rozumime, nebot cely horizont na-
$eho Zivota se posunul od vypracované soustavy vztahi smyslovosti a abstrakce v kla-
sickych projevech uméni do virtudlni krajiny poditaéové generovanych dat zpro-
stredkovavajicich interakce smyslovych a abstraktnich dat mysleni s naroky daleko
komplexnéjsi modus. V roce 1968 tomu bylo jinak, ¢init neviditelné viditelnym, nové
vtahnout mimoumeéleckou skuteénost do uméni, nalézt ve vnéjsku vnitrek se zdalo
byt, médlo srozumitelnym pouze jen odvaznym apelem. A to i navzdory tomu, ze mys-
leni nové oteviené do nekoneéna, ¢i pfi nejmensim do ,tisice plosin“ hledalo své nové
zpusoby orientace, nové mapy a nové kartografy. Souhrnné tento stav za celou generaci
oznadil Deleuze nazvy kapitol o Foucaultovi, Topologie: ,, Myslet jinak®. Velmibychom
celou situaci obratu v myslenti, ktery se odehral v $edesatych letech zkreslili, kdyby-
chom fekli, Ze cestou k jinému mysleni se v pripadé topologie stala abstrakce v kon-
venénim slova smyslu. V topologii nejde o redukci dat, ajejich sjednocovani a transfor-
maci v ramci uzaviené cesty od vjemu k rozumu, ale o mnohem komplexnéjsi proces
mapovani, ovéfovani, experimentu spoéivajiciho v udalostech a akcich utvareni dia-
gramil a modelt a jejich vrhani zpét do nekoneéné ¢lenitého déni zivota. Toto kon-
statovani neméni nic na skuteénosti, ze zakladni roli topologie je ovéfovani moznosti
abstrakce, moznosti narokovanych v komplexnim vyznamu, ve vztahu viditelného
k neviditelnému, rozliitelného k nerozlisitelnému, kone¢ného k nekoneé¢nému.



in the outside seemed to be little comprehensible, only a bold ap-
peal. And this despite the fact that thinking, newly open to infin-
ity, or at least to a ‘thousand plateaus’, was looking for new ways
of orientation, new maps and new cartographers. Deleuze sum-
marised this state of affairs for the entire generation in the names
of his chapters on Foucault: Topology, ‘Thinking Otherwise.”34

34 — Deleuze, G.,
Topology: Thinking
Otherwise, ibid.

We would greatly misrepresent the whole situation of the turn in thinking that took
place in the 1960s if we said that the path to a different way of thinking in topology
was abstraction in the conventional sense. Topology is not about data reduction
and their unification and transformation within a closed path from perception to
reason, but about a much more complex process of mapping, verification, experi-
mentation consisting of events and actions of forming diagrams and models and
their throwing back into the infinitely varied events of life. This statement cannot
change the fact that the fundamental role of topology is to verify the possibilities
of abstraction, the possibilities claimed in a complex meaning, in the relationship
between the visible and the invisible, the distinguishable and the indistinguishable,
the finite and the infinite.

The events of 1968 took many seemingly disconnected forms, and their relevance
was affected by processes that until then had remained outside the mainstream
preferences. They came into play in different places and in different activations of
creative thought, but they can be summarised under Deleuze’s notion of ‘stratum
or historical formation.’ In this stratum of historical formation, a new mapping and
discovering of previously insufficiently recognised motifs of creative thinking took
place, some of which can now be seen as topological.

These events that come to the fore in the discus-
sions of the Interdisciplinary Seminar of Topolog-
ical Studies of Art, Landscape and Architecture,

35 — The exhibition was prepared
by Tomas Viéek at the Spala Gallery
(and the New Hall), a gallery run by
Jindfich Chalupecky. The exhibition

especially in close collaboration between the math-
ematician Jaroslav Nesetfil and the art historian
Tomas Vléek, includes the actions and reflections
carried out by Tomas Vl¢ek in 1968 and in 1969. In
1968, a retrospective exhibition of Vojtéch Preiss-
sig’s work was held at the Spala Gallery curated by
Jindfich Chalupecky?%, and in 1968 Vid¢ek’s land art
actions took place, updating the themes of interac-
tions between distinguishability and indistinguish-
ability, polymorphism and symmetry.

catalogue was published by Pamatnik
narodniho pisemnictvi [Museum of
National Literature], Praha 1968. Vi¢ek's
actions are partially documented in the
exhibition catalogue Tomas Vicek, Akce
a fotografie [Action and Photography],
1967-1971, D4m uméni [House of Art]
Ceské Budéjovice, 13. 8.-14. 9. 2008,
exhibition curator Michal Skoda, the
introductory study of the exhibition
catalogue Jifi Valoch.
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Udalosti roku 1968 mély mnoho zdanlivé nesou-
vislych podob a do jejich vyznamu se promitly pro-
cesy, které do té doby zistavaly stranou vétSinové
platnych preferenci. Prichazely ke slovu na riznych
mistech a v rtiznych aktivacich tviréiho mysleni,
nicméné muzeme je shrnout pod Deleuziv pojem
,,Strata neboli historick4 formace“34 V této vrstveé
historické formace doslo k novému mapovani a ob-
jevovani do té doby nedostateéné rozpoznanych
motivt tviréiho myslent, z nichz nékteré podstatné
muzeme dnes chapat jako topologické.

Jednémi z takovych uddlosti, které prichazeji ke
slovu v diskusich Interdisciplindrniho seminare
topologickych studii uméni, krajiny a architektury,
zejména v uz$i spolupraci matematikaJaroslava Ne-
$ettila a historika uméni Tomasge VI¢ka, jsou akce
areflexe uskuteénéné Tomasem Vickem roku 1968,
aroku 1969.V roce 1968 se uskuteénila retrospek-
tivni vystava dila Vojtécha Preisssiga, ve Spalové
galerii kuratorované Jindfichem Chalupeckym,
roku 1968 se uskutecnily VIckovy land artové akce
aktualizujici motivy interakei rozlisitelnosti a ne-
rozliditelnosti, polymorfismu a symetrie.3%

2. Zapomenuta vykrod&eni k topologii.

Preissigova retrospektivni vystava roku 1968 méla
siroky ohlas a umoznila zahrnout do diskurzu dilo
zdanlivé nesouvislych motivi, zanrd, forem pri-
tomnych v Preissigové dile. Preissig byl najednou
pochopen jako nékdo, kdo otevrel cestu k jinému
uméni, k jinému mysleni. (To bylo také diivodem
pro¢ sochaft Stanislav Kolibal, ktery se podilel na
podobé a koncepci ¢asopisu Vytvarné uméni, dal
Vojtécha Preissiga na prvni misto v prezentaci dvou
vyznamnych osobnosti ¢eského uméni, Frantiska
Kupky a Vojtécha Preissiga.3®

Vystava prispélak obratu vuménikonce sedesatych
let, aniz by byl jasny vztah Preissiga k matematice
nebo dokonce k topologii. Jedna z nejvystiznéjsich
recenzi vystavy napsand Miroslavem Lamadem do
Literarnich novin byla nazvana, vzhledem k osudu
Preissigova dila, jako privatissimum.37

34 — (Deleuze, G., Topologie: ,Myslet
jinak*“ tamtéz).

35 — Vystavu pfipravil Tomas Vicek,

ve Salivé galerii (a Nové sini), v galerii
fizené Jindfichem Chalupeckym. Katalog
k vystavé vydal Paméatnik narodniho
pisemnictvi, Praha 1968. VI¢kovy akce
¢asteé¢né dokumentovany v katalogu
vystavy ,Tomas Vicek, Akce a fotografie,
1967-1971, Diim uméni Ceské Budéjovice,
13. 8. -14.9. 2008, kurator vystavy Michal
Skoda, Gvodni studie katalogu vystavy
JiFi Valoch

36 — Vytvarné uméni 1969, ¢. 7).

37 — Lamag, M., Preissigovo
privatissimum, Vytvarna prace, 1968)



2. Forgotten Start towards Topology

Preissig’s retrospective exhibition in 1968 had a wide re- 36 — Vytvarné uméni 1969,
sponse and made it possible to include in the discourse the ~ No-*

work of seemingly unrelated motifs, genres and forms pres-

ent in Preissig’s work. Preissig was suddenly seen as some-

one who opened the way to a different art, to a different

way of thinking. (This was also the reason why the sculp-

tor Stanislav Kolibal, who was involved in the shaping and

conceiving the Vytvarné uméni [Fine Arts] magazine, put

Vojtéch Preissig first when presenting important figures of

Czech art, Franti$ek Kupka and Vojtéch Preissig.)3€

The exhibition contributed to the turn in the art of the 37 — Lamag, M., Preissig’s
late 1960s, without making clear Preissig’s relationship to gg’;‘i“im“m' Vytvarng prace
mathematics or even topology. One of the most succinct '

reviews of the exhibition, written by Miroslav Lamac¢ for

Literarninoviny [The Literary Newspaper], was described,

due to the fate of Preissig’s work, as privatissimum.37

The first recognition of a more general importance of Preissig’s work in the con-
text of science came from the legendary director of London’s Tate Gallery, Michael
Compton. When he saw Preissig’s works in the 1970s, thanks to Jifi Kotalik and
Tomas$ VIéek, he said: “This is topology’. Preissig belonged to the generation born in
the 1870s, a generation that played its part between the Impressionists and Cubists.
The artists and theoreticians of this generation were newly trying to understand art
in the context of science, whether they were Pointillists, Nabists, or others looking
for relationships between thought, art and nature. Preissig was involved in visual
art culture in Bohemia, France and the United States in the decades from the 1890s
until his death in the Dachau concentration camp in 194 4. Preissig, who was well-fa-
miliar with contemporary themes not only in art but also in science, had engaged in
graphic design in the context of contemporary motifs of non-Euclidean geometry
since his student days.

Based on his studies of natural structures, he considered graphic design to be a topic
of interactions between what is geometric, what is in planar space and what differ-
entiates or transcends geometry in multidimensional space. Already before 1900,
he saw the surface and its elements as opportunities for transitions from nature to
culture through the torsion of what occurs as a surface and what is expanded in the
so-called three-dimensional space. In the circle of artists of the Stieglitz Gallery
291 on the 5th Avenue in New York City and in collaboration with Arthur W. Dow,
the Dean of the Columbia University Teachers College, he developed his work as a
reflection on the fourth dimension and in the context of Dow’s search for a univer-
sal language of visual art. One piece of art from Preissig’s rich production, which
included photography along with graphic design and free graphics, is the project of
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OBR. 24 Vojtéch Preissig, Zlomy a zahyby plo$né struktury, (1932), kresba tusi

na ¢tvereckovaném papite, soukroma sbirka

FIG. 24 Vojtéch Preissig, Fractures and Folds of Plane Structure, (1932), ink drawing on
square paper, private collection

OBR. 25 Triangulace povrchu
FIG. 25 Surface triangulation (Wikipedia common)



the book titled The House, for which he designed his own typeface in 1914, nota-
ble for its use of a triangular form as the basis of a ‘cubist’ typeface, analogously to
Poincaré’s transfer of the representation of the terrain surface by means of an ele-
mentary triangular form. The triangle remained one of the elements of Preissig’s

use of structure as a subject for his drawings and graphics.

The relationship between element and system, calculus
and chance, surface and space remained at the centre
of Preissig’s interest and resulted in the elaboration of
topological motifs in works created both in the United
States and in Prague, where he returned in 1931. It was a
wide variety of alternatives ranging from the representa-
tion of a figure through the application of products of
nature in collages and photographs, to a new conceptual
evaluation of the elements of graphic expression, eval-
uation of the role of a point in the space of an almost
immeasurable number of points and lines, used both in
abstract graphic prints and in the theme of emotions
and sets used in the illustrations of Verlaine’s women in
the years before 1935. At that time Preissig, as an active
member of the Czechoslovak Academy of Sciences, was
probably at least roughly acquainted with the new ten-
dencies in mathematics spearheaded by Eduard Cech.
Preissig always used all stimuli in his own way, regard-
less of convention and the resulting possibilities of un-
derstanding his efforts in the artistic discourse of the
time, in which he described himself as a fanatic of inde-
pendence. Of course, this also applied to the events of
the time, even before his anti-fascist resistance, in terms
of reflected trends in visual arts and art theory, which
were in the spotlight in Prague at the time. It was Sur-
realism, with its dominant interest in the sexually moti-
vated unconscious; it was approaches to a new concept of
mass, flow, structures and vectors of creative movement,
as presented by the tendencies towards the informal, and
as suggested by theoretical interests in qualifying the
role of the style of painting and sculpture in art history
of Vojtéch Volavka. Efforts to understand and apply the
plurality of phenomena in artistic creation, which took
place in Prague in a manner similar to that of the then
centre of artistic culture in Paris, were supported by the
publication of Henri Focillon’s book, The Life of Forms,
which revived attention to Bergsonian duration, to the
flow of forms without the convention of traditional con-
straints by the separate categories of time and space.38

38 — Focillon, H., La vie de

la forme, Paris 1934, in Czech
Zivot tvar( [Life of Forms], S.V.U.
Ménes, Praha 1935. The changes
in science and worldview that
took place in the second half

of the nineteenth century in
response to the critique of
Newtonian solid-state physics
contributed to the understanding
of the theme of shape flow. In
1868 and 1871, Ernst Mach gave
two lectures in Prague, published
under the title Die Gestalten

der Flussigkeit: Die Symmetrie,
published in book form in
Prague in 1872. Ernst Mach then
developed his knowledge of the
relationship between physics
and perception, emphasising
the role of events, functions.

See Marie Bayerova and Tomas
Vicek, Kubismus, véda, filosofie:
Korelace a inspirace, [Cubism,
Science and Philosophy -
Relations and Inspirations] Cesky
kubismus [Czech Cubism], Hatje,
1991, ed. J. Svestka and T. Vigek.
The inspiration for creative
thinking in Bohemia was the
publication of Henri Bergson's
works and the inclusion of
Bergson's philosophy in the
sources of Cubism, see Rudolf
Prochéazka, O podstatné proméné
povahy nasi doby [On the
Substantial Change in the Spirit
of Our Time], Umélecky mésic¢nik
[Artistic Monthly], I. and 11. 1911
and 1912, pp. 80-83, 131135,
212-218, 241-247. Prochéazka
placed Bergson'’s philosophy
among the three fundamental
sources of the transformation of
philosophical thought in modern
times, alongside Nietzsche's
negation of metaphysics and
James's pragmatism.
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Prvnirozpoznani obecnéjsiho vyznamu Preissigova dila v souvislostech s védou uéi-
nil legendarni kurator londynské Tate Gallery Michael Compton, kdyz v sedmde-
satych letech vidél diky Jifimu Kotalikovi a Tomasi VIckovi Preissigova dila, pro-
hlasil ,,to je topologie”. Preissig patfil do generace narozené v sedmdesatych letech
19. stoleti, generace ktera sehrala svou roli mezi generaci impresionisti a generaci
kubistd. Umélci a teoretici této generace nové hledali porozuméni uméni v souvis-
lostech védy, at” uz to byli pointilisté, nabisté, nebo dalsi hledajici vztahy mezi my-
$lenim, uménim a prirodou. Preissig se zapojil do vytvarné kultury v Cechach, ve
Franciia ve Spojenych statech americkych v desetiletich sahajicich od devadesatych
let 19. stoleti az do své smrti v koncentraénim tabote v Dachau roku 194 4. Preissig,
ktery byl dostateéné obeznamen s dobovymi tématy nejen uméni, ale také védy, jiz
od doby svych studii se zabyval grafickym designem v souvislostech s dobovymi
motivy neeukleidovské geometrie.

Na zakladé studii prirodnich struktur vnimal graficky design jako téma interakci
toho, co je geometrické, co je v plosném prostoru a co geometrii odlisuje, ¢i presa-
huje ve vice dimenziondlnim prostoru. Jiz pfed rokem 1900 vnimal plochu a s ni
jeji prvky jako ptilezitosti prechodii od prirody ke kultute prostfednictvim torze
toho, co se vyskytuje jako plocha s tim co je rozprostranéno v takzvaném tfidimen-
zionalnim prostoru. V okruhu umélca Stieglitzovy galerie 291 na 5. Avenue v New
Yorku ave spolupraci s dékanem U¢itelské koleje Kolumbijské univerzity Arthurem
W. Dowem pak rozvinul své dilo v duchu reflexi ¢tvrté dimenze a v souvislostech
Dowova hledani univerzalniho jazyka vytvarného uméni. Jednim z dél bohaté pro-
dukce Preissigovy tvorby zahrnujici vedla grafického designu také fotografii, vol-
nou grafiku je projekt knihy The House, pro kterou v roce 1914 navrhl vlastni pismo
pozoruhodné vyuzitim trojuhelnikové formy jako zakladu ,kubistického” feSeni
pisma analogicky Poincarové prevodu zobrazeni povrchu terénu prostiednictvim
elementarni trojuhelnikové formy. Trojihelnik ztstal jednim z prvka Preissigova
uplatnéni struktury jako tématu jeho kreseb a grafik.

Vztah prvku a systému, kalkulu a nahody, plochy a prostoru ztstal ve stfedu Preissi-
gova zajmu a vyustil v rozpracovani topologickych motivi jak v dilech vzniklych ve
Spojenych statech tak v Praze, kam se vratil roku 1931. Byla to Siroka varieta alterna-
tiv sahajici od zobrazeni figury az k uplatnéni prirodnin v kolazich, ve fotografiich,
a dale az k novému konceptualnimu hodnocovani prvku grafického projevu, zhod-
nocovani role bodu v prostoru témér nezmérného mnozstvi boda a linii, vyuzitych
jak v abstraktnich grafikach tak v tématu emoci a mnozin uplatnénych v ilustracich
Verlainovych zen v letech pied rokem 1935. V té dobé Preissig jako aktivni ¢len Cesko-
slovenska akademie véd byl pravdépodobné alesporn orienta¢né seznamen s novymi
tendencemi v matematice, v jejichZ éele stal Eduard Cech. Preissig vzdy véechny pod-
néty uplatnil po svém, bez ohledu na konvence a z toho vyplyvajici mozZnosti pocho-
peni jeho usili v dobovém uméleckém diskurzu, ve kterém sdm sebe oznacoval za
fanatika neodvislosti. To se samoziejmé tykalo i toho, co bylo tehdy, jesté pred jeho
protifasistickym odbojem z hlediska reflektovanych trendi vytvarného uméni a te-
orie uméni, které se tehdy dostaly v Praze do stfedu pozornosti. Byl to surrealismus



OBR. 26 Vojtéch Preissig, Spirdlové zavijeni trojuhelnikd, (1914 -1924), kresba tusi na papite,
soukromy archiv fotodokumentace Preissigova dila

FIG. 26 Vojtéch Preissig, Spiral Coiling Triangles, (1914-1924), ink drawing on paper, private
archive photo documentation of Preissig’s work
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s dominantnim z4jmem o sexudlné mo-
tivované podvédomi, byly to pristupy
k novému pojeti hromadnosti, k plynuti,
strukturam a vektorim tvofivého po-
hybu, jak to prezentovaly tendence smé-
tfujici k informelu a jak to naznacovaly
teoretické zajmy o kvalifikovani role ru-
kopisu malby a sochy v uménovédném
dile Vojtéch Volavka. Snahy o pochopenti
a uplatnéni plurality jevl ve vytvarném
tvoreni, ke kterym dochazelo v Praze ob-
dobné jako v tehdejsim centru vytvarné
kultury v Patizi, byly podpotfeny vyda-
nim knihy Henri Focillona, Zivot tvard,
ktera aktualizovala pozornost k berso-
novskému trvani, k plynuti forem bez
konvenci tradi¢niho omezeni oddéle-
nymi kategoriemi ¢asu a prostoru.38

38 — Focillon, H., La vie de la forme, Paris 1934, ¢esky
Zivot tvar(, S.V.U. Manes, Praha 1935 K chapani tématu
tvarového plynuti pfispély zmény ve védé a svétonazoru,
které se v druhé poloviné 19. stoleti odehravaly na téma
kritiky newtonovské fyziky pevnych téles. Roku 1868

a roku 1871 Ernst Mach prednesl v Praze dvé prednasky
publikované pod titulem Die Gestalten der Flissigkeit:
Die Symmetrie, knizné vydané v Praze roku 1872. Ernst
Mach pak rozvinul své poznani vztaht fyziky a vnimani
se zdlraznénim role déni, funkci. Viz Marie Bayerova,

a Tomas VIcek, Kubismus, véda, filosofie: Korelace
ainspirace, Cesky kubismus, Hatje, 1991, ed. J.Svestka
a T.VI&ek, Inspiraci pro tviiréi mysleni v Cechach
znamenalo vydavani dél Henri Bergsona a zarazeni
Bergsonovy filosofie do prament kubismu, viz Rudolf
Prochéazka, O podstatné proméné povahy nasi doby,
Umeélecky mésicnik, I. a Il. 1911 a 1912, s.80-83, 131-135,
212-218, 241-247. Prochéazka zaradil Bergsonovu filosofii
mezi tfi zakladni zdroje promény filosofického mysleni
moderni doby vedle Nietzscheovy negace metafyziky

a Jamesova pragmatismu.

Navzdory témto predznamenanim novych tendenci tviréiho
mysleni politické udalosti tvrdé zasahly do vyvoje kultury
v mezivaleéném Ceskoslovensku a Preissig se stal jejich obéti,
nejen sam o sobé, ale s nim také jeho dilo. Po fadu desetileti
chybélo k jeho dostateénému pochopeni a uchovani uplatnéni
topologickych motivi, které ve své tvorbé objevoval. Prvnim
krok k novému pochopeni Preissiga jako predstavitele jiného
mysleni znamenala retrospektiva Preissigova dila pfipravena
kuratorem Pamatniku narodniho pisemnictvi v Praze roku
1968. Preissig pattil do $irokého spolecenstvi umélct a teore-
tikd, kteri usilovali o nové vyuzitia spojeni védeckého poznani
suméleckou praxia to zejména prostiednictvim stupnujiciho
se podiluabstrakce nautvareniforem avyznamu abstraktniho
uméni. V této tendenci sehralo vyznamnou roli uméni a teorie
umeéni stiedni Evropy. V této souvislosti je tfeba pripomenout
dilo rakouského historika uméni Aloise Riegla, uménovéd,
ktery analyzoval proces abstrakce ve vytvarném uméni.3®

Roku 1899 rok po Preissigové presid-
leni do Parize Alois Riegl publikoval

39 — Vojtéch Preissig,
néavrh ilustraci ke sbirce
basni Paul Verlaina,
ZENY, (1932)
Fotodokumentace
Preissigova dila,
soukromy archiv

40 — Riegl, A.Stimmung als Inhalt der modernen Kunst,
Graphische Kiinste XXII, 1899, s. 47 a déle. Podle Riegla
vztahy uméni a védy se v moderni dobé neodehravaji

slavny ¢lanek o ladéni jako novém ob-
sahu moderniho uméni, ve kterém de-
finoval zmény ve vztazich mezi umé-
nim a védou v moderni dobé.#? Riegl
prispél k pfevratnému rozpoznani role
abstrakce ve vyvoji tviiréiho, specificky

jen na bazi kontemplace, ale jsou zalezitosti kombinaci
uméni, védeckého poznéni spolu s psychicky zalozenymi
afekty. Svym pojetim uméni jako procesu vyrovnavani
zdanlivé nespojitelné inspiroval nejen své soucasniky,

ale anticipoval promény a zpUsoby tviréiho mysleni daleko
do budoucnosti. Nebot jak k Rieglové spisu Spatromische
Kunstindustrie poznamenal Walter Benjamin, ,....kazdy
velky védecky objev znamen4 revoluci v metodé"



Despite these harbingers of new tendencies in creative think-
ing, the political events hit hard at the development of culture
ininterwar Czechoslovakia, and Preissig became their victim —
not only himselfbut also his work. It took many decades before
he was rightly understood, and the topological motifs he ex-
plored in his work were applied and maintained. The first step
towards a new understanding of Preissig as a representative of
a different mindset was the retrospective exhibition of Preis-
sig’s work prepared by the curator of the Museum of National
Literature in Prague in 1968. Preissig belonged to a broad com-
munity of artists and theoreticians who sought to make new
use of and connect scientific knowledge with artistic practice,
especially through the increasing proportion of abstraction in
the shaping of the forms and meanings of abstract art. Central
European art and art theory played a significant role in this
tendency. In this context, the work of the Austrian art histo-
rian and art scholar Alois Riegl, who analysed the process of
abstraction in visual arts, should be mentioned. 32

39 — Vojtéch Preissig,
illustrations proposed for
Paul Verlain's collection
of poems, WOMEN, (1932)
Photo documentation of
Preissig's work, private

archive.

In 1899, a year after Preissig moved to Paris, Alois
Riegl published his famous article on attunement
as anew content of modern art, in which he defined
changesin the relationship between art and science
in modern times.#° Riegl contributed to the revolu-
tionary recognition of the role of abstraction in the
development of creative, specifically artistic think-
ing. He defined principles within which changes in
style in visual arts took place, contributing to the
emancipation of the phenomenon of surface (opti-
cal — abstractly higher versus haptic — abstractly
lower), to overcoming fragmentation through the
concept of attunement and the perception of the
multiplicity of phenomena. According to Riegl, in
groups, individual phenomena come to the level of
opinion, ‘they become uncluttered.” Riegl’s Das hol-
lindische Grupenportrit# represents one of the
outcomes of Riegl’s concept of a group as a theo-
retically justified approach to society as a set of
its members. Riegl’s concept is so thorough that it
consequently opens up the theme of an image, as a
theme of transcendence defined by the individual
depicted persons, and opens up the perception of
animage as a perception of asocial reality that tran-
scends the given representation within the defined
frame of the image.

40 — Riegl, A. Stimmung als Inhalt der
modernen Kunst, Graphische Kinste
XXI1, 1899, p. 47 and onwards. According
to Riegl, the relations between art and
science in modern times do not take
place only on the basis of contemplation,
but are more about combining art,
scientific knowledge together with
psychologically-based emotions. With
his conception of art as a process of
balancing the seemingly incompatible,
he not only inspired his contemporaries
but anticipated transformations and
modes of creative thought far into the
future. As Walter Benjamin commented
on Riegl's Spatrémische Kunstindustrie:
‘...every great scholarly discovery
portends a revolution in method.

41 — Riegl, A., Das hollandische
Gruppenportrat, Jahrbuch der
allerh6chsten Keisserhauses 22, (1902),
pp. 71-278.
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OBR. 27 Marcel Duchamp, Cimentiere des uniformes et Livres, 1913,
publikovano v knize La Boite verte, 1934

FIG. 27 Marcel Duchamp, Cimentiere des Uniformes et Livres, 1913,
published in the book La Boite verte, 1934



OBR. 28 Vojtéch Preissig, Rozklad a sklad trojuhelnikové a pétithelnikové struktury
(1922-1932), kresba tusi, snimek ze soukromého archivu dila Vojtécha Preissiga

FIG. 28 Vojtéch Preissig, Analysis and synthesis of triangular and pentagonal structure
(1922-1932), Indian ink, print from private archive of Vojtéch Preissig’s work
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uméleckého mysleni. Definoval principy, mezikterymi 41 — Riegl, A, Das hollandische
Yoo X 14 4 Yol X Gruppenportrat, Jahrbuch der
se usvkuvt.ecnvﬂy promény sFylu vevytvarnémuméni, pfi - JEERERRATE DS,
¢emz prispél k emancipaci fenoménu plochy (optické —  (1902), 5. 71-278
abstraktné vyssi versus haptické abstraktné nizsi),
k prekonani fragmentanosti pojetim ladéni a vnima-
nim hromadnosti jevi, Podle Riegla, v grupach se jed-
notlivé jevy dostavaji do roviny nazoru, ,stavaji se
prehlednymi“ Riegltv spis Das hollindische Gruppen-
portrit? predstavuje jedno z vyusténi Rieglova pojeti
. . o v /4 V7

grupy jako teoreticky zdivodnéného pfistupu ke spo-
le¢nosti jako k mnoziné jejich ¢lenti. Rieglovo pojeti je
tak dikladné, Ze konsekventné otevrelo téma obrazu,
jako téma prekrodeni vymezené jednotlivymizobraze-
nymi osobami a otevira vanimani obrazu jako vnimani

s/ ! v . 4 v v . 4 ’
socialni skutecnosti, ktera prekracuje dané zobrazeni
ve vymezeném ramu obrazu.

Riegl uplatnil neobycéejny cit pro aktualni otazky uménijako kli¢ové discipliny kul-
tury a poznani. Jestlize formalisticka estetika stfedni Evropy stoleti soustredila
pozornost na roli abstraktniho tvaru, Riegl definoval proces abstrakce ve vztahu
k tématu prekonavani fragmentd na cesté k uplatnéni harmonického ladéni. Po-
¢itky, na které se sousttedila pozornost fyziologie by nemohly nové otevirat téma
uméni, kdy nebyly promitany do roviny udalosti definovanych novym poznanim
ajeho teoreticky, abstraktné definovanou strukturou. Alois Riegl jako priklad za-
¢lenéni fragmentu do struktury uméleckého vyjadieni uvedl dobové malby Maxe
Liebermanna uplatnujici barevnou skvrnu jako prostfedek vyrazu ve vztahu k vy-
znamové nazornému ,ladéni“ celého obrazového pole a potazmo k souvislostem
psychické interakce s celou skuteénosti. Instrument ladéni, ktery Riegl uvedl do
teorie uméni kolem roku 1900 byl analogii vyrazného uplatnéni fenoménu ,ladéni“
presahujiciho vytvarnou tvorbu samotnou a to predevsim v hudbé a s hudbou sou-
visejici poezie symbolismu.

Strukturalni analyza takového magického dila sym- 42 — (Jan Mukafovsky... citovano
bolistni poezie jaké predstavuje basnicka tvorba des- ~ Podle Vicek T, Velkd lyra eského
, . , L. v Ly symbolistniho basnika, proletare
kého literata a kritika uméni Karla Hlavacka pak vy-  Karla Hiavacka, Uméni, ro&. XXill

zdvihla, jak tomu bylo v studii Jana Mukafovského 1975531
o Karlu Hlava¢ovi#? roli fonémt spojenych s hlaskami
1, jako zakladniho prvku struktury vyrazu a geneze
vyznamu jeho jedine¢né poezie. Role interakei frag-
mentu a celku sice patfi k zakladim poetiky kazdého
v 4 L4 v 4 . ./ J4 .
uméleckého vyjadrenti, ale jeji novd aktualizace v mo-
dernim uméni otevira problematiku nového pohledu
na skutec¢nost, zahrnujici do vidéni a vnimani bezpro-
sttedné nazorného zejména to, co se zjevuje a pusobi
. v /4 4 . v 4
v roviné abstrakce. Definovani teorie pole a uplatnéni



Riegl showed an extraordinary sensitivity to the then issues of art as akey discipline
of culture and knowledge. If the formalist aesthetics of Central Europe focused its
attention on the role of abstract form, Riegl defined the process of abstractionin re-
lation to the theme of overcoming fragments on the way to the application of harmo-
nious attunement. The sensations on which physiology focused its attention could
not newly open the subject of art as they were not projected onto the plane of events
defined by the new knowledge and its theoretically, abstractly defined structure. As
an example of the incorporation of a fragment into the structure of artistic expres-
sion, Alois Riegl cited the period paintings of Max Liebermann, using a colour stain
as a means of expression in relation to the meaningfully illustrative ‘attunement’
of the entire image field and thus to the context of psychological interaction with
the entire reality. The instrument of attunement, which Riegl introduced into art
theory around 1900, was analogous to the distinctive application of the phenom-
enon of ‘attunement’ that goes beyond visual arts, especially in music and the mu-
sic-related poetry of symbolism.

The structural analysis of such a magical work of symbol- 42 — Jan Mukarovsky,
ist poetry as represented by the poetic work of the Czech ggzgez‘g\gt’;iomgi:hi'yra
writer and art critic Karel Hlavadek then highlighted, as  basnika, proletate Karla
in Jan Mukatovsky’s study of Karel Hlavadek,*2 the role of Tavacke, Ument, vol XXl
phonemes associated with | sounds as a basic element of the A
structure of expression and the genesis of the importance of

his unique poetry. Although the role of interaction between

the fragment and the whole belongs to the foundations of

the poetics of any artistic expression, its new revival in mod-

ernart opens up the problem of a new perspective of reality,

including in the vision and perception of the immediately

visible especially that which appears and acts in the plane

of abstraction. Defining field theory and applying the ele-

ments and principles of topology in postmodern discourse

allows for a deeper understanding of the newly manifested

and applied contexts in the fields and disciplines of creative

cognition usually appearing as isolated to the theory of art.

The motifs behind such efforts to update the contexts man-

ifested by combinations of art, science and emotions, as de-

fined by Riegl in connection with the theme of attunement,

are among the fundamental motifs of modern and post-mod-

ern art. Reduced elements in the works of poetry, where

phonemes become graphemes in figurative attunement, are

represented, for example, by the German writer Christian

Morgenstern’s poem ‘Fish’s Night Song’ and many other

manifestations in which, based on the formation of an ab-

stract plane, a plane of attunement, the visual, linguistic or

acoustic elements are applied, creating interactions of new

possibilities of artistic message in the plane of abstraction.
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prvki a principd topologie v postmodernim diskurzu umoziuje prohloubit poro-
zuméni nové se projevujicim a uplatiiujicim souvislostem v oblastech a disciplinach
tvuréiho poznani vétsinou se teorii uméni naskytajicich jako izolované. Motivy ta-
kovych snah o aktualizaci souvislosti projevujicich se kombinacemi uméni, védy
a afektt, jak je definoval Riegl v souvislostech s tématem ladéni, patti k zakladnim
motivim moderniho a postmoderniho uméni. Redukované prvky v dilech poesie,
kdy se v obrazném ladéni z fonému stavaji grafémy napriklad predstavuje basen né-
meckého literata Christiana Morgensterna No¢ni rybi zpév a rada dalSich projevi,
ve kterych na zakladé utvareni abstraktni roviny, roviny ladéni dochazi k uplatnéni
vizualnich, jazykovych nebo akustickych prvki vytvarejicich v roviné abstrakce
interakce novych moznosti uméleckého sdéleni.

3. Abstraktni kartografie a dal$i podnéty land-artu.

Vratime-li se zpét k roku 1968 pak by
neméla byt prehlédnuta programova
studie napsana Robertem Smithsonem
publikovand v Artforu roku 1968.43
Smithson v roce 1968 charakterizoval

43 — Smithson, R., ‘A Sedimentation of the Mind. Earth
Project, Artforum, September 1968, na dnesni aktualnost
Smithsonova dila a textu se soustredila vystava
uskute¢néna v Newyorské Mariaan Goodman Gallery,
oteviena ve dnech 24. 6.-20. 8. 2021 pod nazvem Robert
Smithson, Abstract Cartography.

proménu poetiky uméni, ktera pred-
stavovala otevreni diskurzu do novych
dimenzi, ve kterych tviréi mysleni se
obratilo k fadé oblasti poznani v $ifi,
v mnohém podobné cestam abstrakce
aktualizované topologii.

V uvodu své studie Smithson napsal: The earth’s surface and the figments of the
mind have a way of disintegrating into discrete regions of art. Various agents, both
Jfictional and real, somebow trade places with each other — one cannot avoid mu-
ddy thinking when it comes to earth projects, or what I will call ‘abstract geology.’
One’s mind and the earth are in a constant state of erosion, mental rivers wear away
abstract banks, brain waves undermine cliffs of thought, ideas decompose into stones
of unknowing, and conceptual crystallizations break apart into deposits of gritty
reason. Vast moving faculties occur in this geological miasma, and they move in the
most physical way. This movement seems motionless, yet it crushes the landscape of
logic under glacial reveries. This slow flowage makes one conscious of the turbidity
of thinking. Slump, debris slides, avalanches all take place within the cracking limits
of the brain. The entire body is pulled into the cerebral sediment, where particles and
[fragments make themselves known as solid consciousness. A bleached and fractured
world surrounds the artist. To organize this mess of corrosion into patterns, grids,
and subdivisions is an esthetic process that has scarcely been touched.



3. Abstract Cartography and Other Landart Initiatives

Going back to 1968, the programmatic study written 43 — Smithson, R,

by Robert Smithson and published in Artforumin1968 4 Sedimentation ofthe Mind. Earth
43 | roject, Artforum, September

should not be overlooked.#3 In 1968, Smithson char-  1968. The contemporary relevance

acterised the transformation of the poetics of art,and ~ ©f Smithson's work and text is

. . . . . . the focus of an exhibition at New

it opened the discourse to new dimensions in which  york Marian Goodman Gallery,

creative thinking addressed a whole range of areas of ~ 9Pened 24 June - 20 August 2021

knowledge in such a breadth that was in many ways  cartography. '

similar to the paths of abstraction revived by topology.

In the introduction to his study, Smithson wrote: The earth’s surface and the
figments of the mind have a way of disintegrating into discrete regions of art. Var-
ious agents, both fictional and real, somehow trade places with each other — one
cannot avoid muddy thinking when it comes to earth projects, or what I will call
‘abstract geology.” One’s mind and the earth are in a constant state of erosion, men-
tal rivers wear away abstract banks, brain waves undermine cliffs of thought, ideas
decompose into stones of unknowing, and conceptual crystallizations break apart
into deposits of gritty reason. Vast moving faculties occur in this geological mi-
asma, and they move in the most physical way. This movement seems motionless,
yet it crushes the landscape of logic under glacial reveries. This slow flowage makes
one conscious of the turbidity of thinking. Slump, debris slides, avalanches all take
place within the cracking limits of the brain. The entire body is pulled into the cer-
ebral sediment, where particles and fragments make themselves known as solid
consciousness. A bleached and fractured world surrounds the artist. To organize
this mess of corrosion into patterns, grids, and subdivisions is an esthetic process
that has scarcely been touched.

Smithson introduced motifs of such art that aimed at newly applying free interac-
tions of themes, methods and modes of expression, going beyond the categories
created in the history of art and their art-historical reflection. In his text, Smithson
not only included the tendencies and works of other land-artists, especially Michael
Heizer, Walter de Maria, Dennis Oppenheim and others, but attempted to include
in the totality of art such disparate elements and systems as the confrontation of
geometry and biological decomposition, linguistic analysis, and the meaning of the
finitude of individual human existence. He argued for a parallactic perspective com-
bining views from different perspectives in which natural materials and substances
become maps and diagrams with anti-illusive landscape objects.

Smithson’s programmatic text made his principles of ‘abstract cartography’ rele-
vant against the background of both, on the basis of criticism of existing concepts
of modern art and the motifs coming into the creative discourse from other disci-
plines, especially psychology. A Sedimentation of the Mind picked up on the motifs
of projections depicting and analysing brain functions as topological maps. The
United States, where land art originated, was and remains an environment where
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OBR. 29 Karel Miler, Koncert C. Santany Welcome, Praha 31. 5. 1979, fotografie z archivu umélce,
doplnéna pripisem: ,V malé mistnosti, oddélené od publika roli hladkého papiru visiciho na
dveftich jako zavés, jsem prehral z magnetofonového zaznamu tfikrat za sebou nahranou skladbu
C. Santany Welcome. Béhem celé prehravky jsem strihal bankovky na tenké prouzky

a vyhazoval je ven $térbinou v zavésu®, Karel Miler

FIG. 29 Karel Miler, Carlos Santana concert ‘Welcome’, Prague 31. 5. 1979, photo from authors
archive ecompanied by commentary: ‘In a small room, separated from public by a paper roll
hanging on door as a courtain, I played Carlos Santana tape “Welcome”, while cutting banknotes
on narrow strips and pushing them throw narrow hole in the courtain’, (Karel Miler)



NN 7

OBR. 30 Tomas Vléek, Akce vyznacovani osy nerozlisitelného vlnéni na povrchu fi¢niho toku.
Srpen, 1969. Pruh osvétleného filmového svitku unaseny proudem vody. Jez na fece Malsi pfed
korytem nahonu Kozakova mlyna

FIG. 30 Tomas Vléek, The action of marking the axis of indistinguishable waves on the surface
of ariver flow. August, 1969. A strip of an illuminated film roll carried by the water current.
Weir on the river Malsa in front of the riverbed of the Kozak’s Mill
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Smithson uvedl motivy uméni, které smérovalo k novému uplatnéni svobodnych
interakci namét, metod a zptisobt vyjadfovani presahujicich kategorie vytvorené
v déjinach uméni a jejich umélecko-historickou reflexi. Smithson nejen zahrnul do
svého textu tendence a dila dal$ich land-artistti prede véemi Michaela Heizera, Wal-
tera de Maria, Dennise Oppenheima a dalsich, ale pokusil se zahrnout do celistvosti
umeéni tak odli$né prvky a systémy jaké predstavuji konfrontace geometrie a biolo-
gického rozkladu, jazykové analyzy a vyznam konecnosti individualni lidské exi-
stence. Argumentoval paralaktickou perspektivou kombinujici pohledy z riznych
hledisek, ve kterych se ptirodni hmoty a materialy stavaji mapami a diagramy se
stavaji antiiluzivnimi krajinnymi objekty.

Smithsontiv programovy text ¢inil jeho principy ,abstraktni kartografie“ aktual-
nimina pozadi obojiho, na zakladé kritiky existujicich koncept moderniho uméni
a na zakladé motivt ptichazejicich do tviréiho diskurzu z jinych disciplin, ze-
jména ze strany psychologie. Sedimentace mysli navazala na motivy projekci zna-
zornujicich a analyzujicich mozkové funkce jako topologické mapy. Spojené staty,
ve kterych land art vznikl, byly a zistaly prostredim, kde akademicko terapeu-
tické iniciativy evropského piivodu se staly pragmaticky rozvinutou kulturni praxi.
Hromadnost a vztahy individualni lidské existence k prostfedi masové spole¢nosti
uvedly do zivota prvni pokusy o interpretace jejich socialnich vazeb a tendenci na
zakladé topologie.

4. Topologicka psychologie Kurta Lewina.

S rozvojem pSYChOlOgiC pl\‘IChéZCIY 44 — Tento proces mél za¢atky pokud se humanitnich studii

14 Loy tykalo v experimentalni psychologii ve vyzkumech fyzika Ernsta
ke SlOVll VySledky’ ktere uz nebyly Heinricha Webera, psychologa Gustava Fechnera a Wilhema

srozumitelné v ramci svétonazoru  wundta. Méfitelné prvky fyziologickych viemd a rozhodovani
Zahrnujiciho dO jednoho celku znamenaly posileni v&dy jako cesty k poznéni vyznama

o . jednotlivych stavu a udalosti, ale zahy byly doprovazeny
exaktni VedY S metafYZIkou: alena  spahamio podstatn&jsi zakotveni experimentalné ziskanych

zakladé experimentu otevirajiciho dat v struktufe nového poznani psychiky jako autoregulativnjho
procesu. Takovym krokem, ktery zdtiraznil neznamy potencial

o . . o v

cestu k Pkaum a prinCipum NovVe  npoug ziskavanych dat v novych souvislostech se stala tvarova

se rozvijejiciho myéleni v rovinéin-  psychologie, jejiz moznosti predznamenaly vyzkumy pogitkové
; . 1N 7 i fyziologie Ernsta Macha.

terakei experimentalné ziskanych

poznatk(.44

Vztahy védeckého poznani z oblasti matematiky a teoretické fyziky 45 — Lewin

: 1 A d’l X A hologii pr d % HE S ko- K., Principles
rozvinul ve svém dile vénovaném psychologii pfede vSemi némecko-  Zrmneeee
-americky psycholog, gestaltista, Kurt Lewin. Lewin charakterizo-  psychology,
val chovani a mysleni ¢lovéka jako vektorové aktivity vdynamickém — New York,1936.
poli interak¢nich napéti a spoji. Lewin spojoval témata psychologie
s terminologii pochazejicich z novych objevii védy, z teorie relativity,
teorie mnozin a topologie.#®



academic and therapeutic initiatives of European origin became a pragmatically
developed cultural practice. The mass scale and relations of an individual human
existence to the mass society environment brought to life the first attempts to in-
terpret its social ties and tendencies on the basis of topology.

4. Kurt Lewin’s Topological Psychology

With the development OfpSYChOIOgY, 44 — As far as the humanities were concerned, this process

results came to the fore that were had its beginnings in experimental psychology in the research
of the physicist Ernst Heinrich Weber, the psychologist Gustav

no longer comprehenslble within Fechner and Wilhem Wundt. The measurable elements

the WOI‘ldVieW that Combined exact of physiological perceptions and decision-making meant
R R the reinforcement of science as a way of learning about

sciences and metathSICS, but based the meanings of particular states and events, but were

on experimentation that opened the soon accompanied by efforts to embed more substantially
experimentally obtained data in the structure of new

way to the elements and PrlﬂCIPICS of knowledge of the psyche as a self-regulatory process. Such
newly developing thinking in terms  a step, which emphasised the unknown potential of newly

f h . . f . ll acquired data in new contexts, was shape psychology, the
o the interaction o experlmenta Yy possibilities of which foreshadowed Ernst Mach's research

acquired knowledge .44 into sensory physiology.

The relations of scientific knowledge from the fields of math- 45 — Lewin k., Principles
ematics and theoretical physics were developed primarily by Klfez‘l";g'riﬁg;éfsy‘:h""’gyv
the German-American psychologist, gestaltist, Kurt Lewin

in his work devoted to psychology. Lewin described human

behaviour and thought as vector activities in the dynamic

field of interacting tensions and connections. Lewin com-

bined the themes of psychology with terminology derived

from new scientific discoveries, from theory of relativity, set

theory and topology.#®

Topology and some of the motives of quan- 46 — The relations of the phenomenon and
tum thSiCS allowed Lewin to see and eval— the envnronmer\t,the shape and the balckground,
X | i brought attention to the theme of the field,
uate human behaviour as actions in the field 1o the notions of psychological environment,
Of interacting particles as shown in Lewin’s psychological regions, their internal dynamics
. R . ’ . . . and boundaries in the topological sense, i.e., with
dlagram from his Field Theory in Social Sci- the definition of the changing nature of situations
ence: Selected Theoretical Papers) Harpers in this environment. In Topological Psychology,
. Lewin described the states of the changing
1951. The PSYChOIOgY Of Shapes’ SPCCIﬁcaHY environment with concepts such as fluidity,
reflected in Lewin’s topological psychology’ elasticity, plasticity. See. Chapter XIV. Structural
h 1 h h d f Changes and Chapter XV. The Life Space as
was not the on Yy t cory that penetrate rom Finally Structured Space.
astaticunderstanding of the meanings of phe-
nomena and their motivations to their recog-
nition and evaluation in dynamic processes of
perception and thought, but it fundamentally
contributed to a new understanding of indi-
vidual actions and thinking in the environ-

ment of mass society. 4€
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OBR. 31 Topologie a nékteré motivy kvantové fyziky umoznily Lewinovi vnimat a hodnotit jednani
¢lovéka jako déni v poli interakei Castic, jak to charakterizuje Lewintv diagram z jeho prace Field
theory in social science:selected theoretical papers, Harpers 1951.

FIG. 31 Topology and some of the motives of quantum physics enabled Lewin to perceive and
evaluate human action as occurring in a field of interacting particles, as characterized by Lewin’s
diagram from his Field theory in social science:selected theoretical papers, Harpers 1951.

OBR. 32 Karel Malich: detail draténé plastiky Krajina s vé¢nem, 1980-1985 (fotografie T. Vl¢ek)
FIG. 32 Karel Malich: wire sculpture Landscape with Eternity, 1980-1985 (photo T. Vi¢ek)



5. Between the Inside and Outside of Abstraction

The changes in science or in the poetics of art, which foreshad- 47 — 1bid, p.173.
owed the topological turn to a different way of thinking described
here as references to the situation around 1968 and to the preced-
ingand following years or decades, should also be seen in the con-
text of the emergence and impact of structuralism, especially in
the already mentioned work of Jan Mukarovsky. It is primarily his
concept of structure as an interaction of functions which, accord-
ing to the nature of expression in which they are mutually applied,
suppress and reinforce each other in the creation and develop-
ment of the possibilities of artistic message. The legacy of struc-
turalism was particularly impressive where culture was situated
inan environment where knowledge and thought came in conflict
with power, and structuralism became one of the theoretical pil-
lars of resistance to political power and power narratives. This
was, for example, the case of Czechoslovakia after 1968. However,
the role of structuralism, especially the role of post-structural-
ism, the role of perception, mapping and evaluation of functions,
was used in other forms of resistance against the forces limiting
the freedom of thought. When Deleuze analysed Foucault’s path
to the topological turn, he introduced descriptions of the world
made of overlapping surfaces, archives, strata and ruptures: “‘We
are going from one stratum to another, from one zone to another,
passing through surfaces, images, curves; following rupture and
trying to get to the centre of the world...but at the same time we
are trying to leave the strata to come to the atmospheric element,
anon-stratified substance.#?

In this figurative description of the topological thinking of space, a certain empti-
ness emerges, which is not an emptiness, but a fold of the outside into the inside, a
zone of a free object. The depths of the psyche, in which the purely rational concept
of geometry is applied as much as in science itself, were recalled by Blaise Pascal in
his Pensées [Thoughts]; and the void between a fleeting moment and eternity was
discussed by Charles Baudelaire in his poems and essays. Emptiness was not attrac-
tive only because of the absence of material substance, but because of something
that was yet inexplicable, that was between its elements. An opportunity, an event,
Mallarme’s A Throw of the Dice, the possibilities unfettered by experience, and im-
agination unlimited by experience and knowledge. The year 1968 mentioned as cru-
cial here, was part of the time of change, at least in terms of introducing new motifs
of topological abstraction that went beyond the limiting ‘stratified substance’, mo-
tifs that manifested themselves by a new interest in the emptiness of surfaces, cracks
and ruptures. From the long series of expressions preoccupied with the hope of
emptiness connected with silence, white colour, silence between tones, one can men-
tion, among other works, the Writing Degree Zero by Roland Barthes, the ZERO
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Tvarova psychologie se specifickym vy- 46 — Vztahy fenoménu a prostredi, tvaru a pozad vedly

tsténi v Lewinové topologické psycho- ~ Pozormost k tématu pole, k pojmim psychologického
.. . . 2, , prostredi, psychologickych regiond, jeho vnitfni dynamiky

IOgll ﬂebYIa ]edlﬂou teoril, ktera pro- a hranic v topologickém slova smyslu, tedy s definovanim

nikala ze statického chépéni ngznamﬁ proménlivé povahy situaci v tomto prostiedi. Lewin

. o . .. . P ;o v knize Topologicka psychologie charakterizoval stavy

jevu a ]e]1Ch motivaci k ]eJICh rozpoznani promé&fiujiciho se prostredi prostfedi pojmy, jako

1 hodnoceni v dynamick;'fch procesech je tekutost, elasti¢nost, plasticita. Viz Kapitola XIV.

s v ’ ’ v Ve v Structural Changes a kapitola XV. The Life Space as

vnimani a mysleni, ale zasadné prispéla  ginaiy structured Space.

k novému porozuménijednani a mysleni

jedince v prostfedi masové spoleénos-

: 46

ti.4

5. Mezi vnéjSkem a vnitrkem abstrakce
47 — Tamtéz, s. 173

Zmény ve védé, i v poetice uméni, které predznamenaly topo-
logicky obrat k jinému myslenti, jenz zde sledujeme v naznaku si-
tuace z doby kolem roku 1968 a predchazejicich a nasledujicich
letech, ¢i desetiletich, je rovnéz tfeba brat v souvislostech vzniku
a pusobeni strukturalismu, zejména jiz zminéného dila Jana Mu-
katovského. Jde predevsim o jeho pojeti struktury jako interakei
funkci, které se podle povahy projevu, ve kterém se vzajemné
uplatnuji, potladuji a posiluji pfi vytvareni a rozvijeni moznosti
vzniku uméleckého sdéleni. Dédictvi strukturalismu bylo ze-
jména tam pusobivé, kde se kultura nalézala v prostredi, v némz
poznani a mysleni se dostavalo do konfliktd s moci a strukturali-
smus se stal jednou z teoretickych opor rezistence vidi politické
moci a mocenskym narativiim. Tak tomu bylo naptiklad po roce
1968 v Ceskoslovensku. Nicméné role strukturalismu, zejména
role post-strukturalismu, role vnimani, mapovani a vyhodnoco-
vani funkei se uplatnila v jinych a dalsich podobach rezistence
proti silim omezujicim svobodu mysleni. Kdyz Deleuze analyzo-
val Foucaultovu cestu k topologickému obratu uvedl deskripce
svéta slozeného z prevrstvenych povrcha, archivi, strat a trhlin:
»HrouZime se z jednoho strata do jiného, z pdsma do pdsma, pro-
chdzime skrz povrchy, obrazy krivky,: sledujeme trhlinu a pokou-
Sime se proniknout dovnity svéta....ale soucasné se také pokousime
vystoupit nad strata, abychom vystoupili vné k atmosférickému
Zivlu, k néjaké ,nestratifikované substanci” 47

V této obrazné deskripcitopologického mysleni prostoru se vynotuje jakési prazdno,
které neni prazdnem, ale zahybem vnéjsku ve vnitrek, zéonou svobodného subjektu.
Hloubky psychiky, ve kterych se ¢isté racionalni koncept geometrie uplatnuje stejné
jako ve védé samotné pripomenul ve svych Myslenkach Blaise Pascal, do prazdna
mezi prchavym okamzikem a vé¢nosti se obracel ve svych versich a esejich Charles
Baudelaire. Prazdno se nestavalo pritazlivym jen absenci hmotné substance, ale
¢imsi zatim nevysvétlitelnym, co je mezi jejimi prvky. Prilezitost, pro udalost, pro



OBR. 33 Milan Grygar, Hmatova kresba, zdznam akce z roku 1969 (Akce spodivala v Grygarové
prostoupeni roviny utvatené kresby a v postupném nanaseni barvy prsty obou ruk. Vytvofena
kresba se stala tématem uplného vytrzeni kresby z plochy papiru.)

FIG. 33 Milan Grygar, Tactile Drawing, a record of an action from 1969 (The action consisted
in Grygar’s penetrating the plane of the formed drawing and gradually applying paint with the
fingers of both hands. The created drawing became the subject of a complete removal of the
drawing from the surface of the paper.)
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OBR. 34 Milan Grygar: Hmatova kresba — zavéreéna fize 1969-1980
FIG. 34 Milan Grygar: Tactile drawing — final possibility 1969-1980



movement, the tensions discovered between the systems and planes of movements,
shapes, sounds and signs, especially in the music of John Cage, or in the acoustic
motifs of Milan Grygar’s artwork. Grygar’s 1969 performance

was one of the examples of the need to use an abstract surface for the genesis of
shapes as a medium for sign-functions of painting, sculpture, musical composition
or environment represented by the artistic and literary work of the Czech sculp-
tor and painter Karel Malich. In Malich’s work, the theme of the field as a field of
events of artistic expression appeared at the beginning of the crystallisation of his
work, graphically as the theme of geometric and proto-geometric patterns in the
cycle of drawings titled Tracks and Traces. The sculptor, who studied graphics at
the Academy, perceived very intensely the relations between surface and incision
in graphic techniques and used surface throughout his life’s work as a fundamen-
tal carrier of artistic (and above all dynamically harmonious) powers of his work.
Tracks and Traces shows the transformation of perceptions of movements in the
landscape, in motion, in flight and in the tracks of animals and plants in the con-
text of the reflection of reality based on the findings of modern science, especially
on interactions, relationships and events discovered and presented in field theory,
probability theory and quantum physics. The transitions between the surface and
other dimensions had their genesis in Malich’s work, which included depressions,
protrusions, perforations and shapes extending into space in its corridors from 1966
and beyond. Karel Malich expressed the crack in space thematically in his texts and
awire sculpture from 1974.

The crack between the strata of the surfaces of reality became one of the distinctive
motifs of that Czech art of the second half of the 20th century, which was close to the
motifs of topology. The new meanings of the role of emptiness showed expressions
of longing for freedom, for liberation from dependence on the political and power
discourse of the time, in knowledge and in emotions, in science and in aesthetics, in
all areas conforming to power.
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Mallarmetv Vrh kostek, pro moznosti nespoutané zkusenosti, a také predstavou
nelimitovanou zku$enosti a poznanim. Rok 1968, ktery jsme pripomnéli jako zlo-
movy, byl souéasti doby obratu, pti nejmensim pokud se tyée uvedeni novych mo-
tiva topologické abstrakce presahujicich limitujici ,, stratifikované substance”, mo-
tivl, které se projevily novym zajmem o prazdno ploch, §térbin a trhlin. Z té dlouhé
tady projevi zaujatych nadéji prazdna spojeného s mléenim, s bilou barvou, tichem
mezi tony, je mozné pripomenout, kromé dalsich dél Nulovy stupen rukopisu Ro-
landa Barthese, hnuti Zero, napéti, které objevovali mezi systémy a rovinami po-
hybd, tvart, zvuki, znakt prede véemi hubé John Cage, nebo v akustickych moti-
vech vytvarného dila Milana Grygara. Grygarova akce z roku 1969.

Jednim z prikladt potteby uplatnit abstraktni plochu pro genezi tvari jako media
znakovych funkci obrazu, sochy, hudebni skladby, ¢i enviromentu predstavuje vy-
tvarné a literarni tvorba ¢eského sochate a malife Karla Malicha. V Malichové dile
se téma pole jako pole udalosti uméleckého vyjadreni objevilo na zalatku krysta-
lizace jeho tvorby, nazorné jako téma geometrickych a protogeometrickych vzora
v cyklu kreseb Stopy a drahy. Sochaf, ktery vystudoval na Akademii grafiku vnimal
velmi intenzivné vztahy plochy a vrypu v grafickych technikach, aby pak v celém
svém zivotnim dile se plocha uplatnila jako zakladni nositel uméleckych a to pte-
dev$im dynamicky harmonickych potenci jeho dila. Stopy a drahy ukazuji trans-
formaci vjema pohybt v krajiné, v pohybu, v letu a ve stopach zivoéicht a rostlin do
souvislosti reflexe skute¢nosti optené o poznatky moderni védy, predevsim o inte-
rakce, vztahy a udalosti objevované a prezentované v teorii pole, v teorii pravdépo-
dobnosti a kvantové fyzice. Prechody mezi plochou a dal$imi rozméry mély u Ma-
lich svou genezi, do které se zapsaly prohlubné, vystupky, perforace a do prostoru
vybihajici formy v jeho koridorech z let 1966 a dalsich. Stérbinu v prostoru Karel
Malich namétové vyjadril v textech a v draténé plastice z roku z roku 1974.

Stérbina mezi stratami povrchii skute¢nosti se stala jednim z vyraznych motivi
toho ¢eského uméni druhé poloviny 20. stoleti, které bylo blizko motiviim topolo-
gie. V aktualizacich role prazdna se projevily touhy po svobodé, po osvobozeni ze
zavislosti na dobovém politickém a mocenském diskurzu, v poznani i v emocich,
ve védé iv estetice, ve vech oblastech prizpiasobujicich se moci.
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Intuitivni chapani prostoru

Slovo ,,prostor” je jisté kazdému bézné a kazdy o ném ma néjakou predstavu. Ale
i kdyz takova predstava obvykle dava jakysi dobry intuitivni smysl, a i kdyz raz-
nost téchto intuitivnich pfedstav sotva vede v bézném rozhovoru k neptijemnym
nedorozuménim, jisté vidite, ze za rtiznych okolnosti to i pro jednu osobu muze
o 4 Vv . A v . v 4 /4 Vv Ve .
znamenat rizné véci. Treba néco jako prostredi, ve kterém se néco déje nebo je
v v v v 4 4 Ve A 4 4 .
néco umoznéno. Nebo néco, co nam chybi pro néjaky ucel (nemam v mistnosti dost
4 VIV v Ve v 4 /4 v Ve 4
mista pro novou skfiil). Nebo néco, co néjak prebyva (co kdyz o néjaké nedokona-
losti fekneme, ze ,ponechava prostor k prani“?). Nebo se ndm v nécem ,otevrel novy
prostor (minime: ,nové moznosti“).

To, o ¢em si budeme povidat, je nejblizsi predstavé prostredi, v némz se néco déje
nebo ma (nebo muze) dit — pti dobré vili ostatné jisté uvidime, Ze mnohé z téch ji-
nych predstav se do takto vymezeného pojmu vejdou (mimochodem, vS§imnéte si,
jak je nase mysleni ovlivnéno prostorovymi predstavami: aniz bych chtél davat dalsi
ptiklad, automaticky jsem o predstavdch mluvil, jako by to byly véci, které se vejdou
¢inevejdou do néjaké krabice). Takové prostiedi mtize byt prosté obecné ,prostor
kolem nas®, nebo jeho presné nebo méné presné vymezena cast (tady si véimnéte
toho, ze nam hodné zalezi na tom, jestli je néco blizko nebo daleko). Jiny priklad
je néjaka soustava Cisel uzivand k popisu néjaké skuteénosti (tfeba teploty — opét
tu mame otazku blizkosti: je o hodné tepleji nebo jen o trochu, nebo je rozdil zane-
dbatelny?). Hodné odlisny je pfiklad systému barev: tfeba duhy viditelného spek-
tra, nebo systému smisenych barev, nebo jen barev z néjakého vzorniku (a zas nas
hodné zajima blizkost, podobnost, ktera nemusi byt a obvykle neni, nijak ¢iselné vy-
jadtend; u tohoto prikladu si vSimnéte jesté dalsich napadné prostorovych aspektit:
prvni, duha ¢istych barev je néco jako primka, druhy, smisené barvy jak je vidime,
tvorijakysi trojuhelnik s kfivymi stranami). Podobné prostor tonti, kde nas zajima
blizkost a odli$nost ve vysce, ale také v tzv. barvé.

Euklidovska geometrie

Jak je to s prostorem kolem nis, jak to
zname ze Skoly? Tam jsme se udili eu-
klidovskou geometrii. Co vlastné? Byli
jsme seznameni s jistym axiomatickym

1— Mozna jste byli také informovani o tzv. neeuklidovské
geometrii (Bolyai, Gauss, Lobacevskij, v abecednim
poradi), kterd trochu méni axiomatiku (z dobrého
dlvodu). Jeji studium je velmi dulezita a zajimavé kapitola
v historii geometrie a v otazkach axiomatiky obecné.
Kdyz se ale nékdy rika, ze jeji vyznam je v tom, ze nase

systémem tykajicim se konstrukei s ja-
kymisi prvky, kterym se tikalo body
a primky (a pozdéji, ve stereometrii,
ptibyly roviny) a kruznice, z ¢ehoz pak
vyplyvaly slozitéjsi vlastnosti tykajici
se mnohem slozitéjsich (a zajimavéjsich)
utvartd. A mozna byl brzy uzivan i po-
jem ,euklidovsky prostor a snad bylo

prostredi je spi$ takto neeuklidovské nez euklidovské,

je to zavadéjici (mlze za to trochu nestastné z historie
prejaty termin ,neeuklidovska“ pro geometrii, které je
prosté o trochu jina nez euklidovska, ale stejné specialni;
prosim nesmésovat s ,nikoli euklidovska"): fyzikalni
prostiedi kolem nés ve velkych vzdalenostech neni
Uplné euklidovské, ale neni zadny divod povazovat ho

za globalné ,neeuklidovské” ve zminéném pozménéném
axiomatickém smyslu. Gravitace ho pokfivuje mnohem



The idea of space

The common usage of the word ‘space’ hardly ever creates confusion in everyday
talk. The intuition behind it is usually (sometimes helped by context) well un-
derstood. Nevertheless, the ideas expressed can certainly vary, even for the same
speaker, with context and changing circumstances. We can have in mind something
like surroundings in which something happens. Or something missing for some goal
(‘T have no space for a new piece of furniture’) — or, contrarywise, unexpectedly
open possibilities and remaining time (“We have still some space for discussing this
or that’). Or ‘outer space’ as opposed to the inside of a cosmic laboratory.

What we will discuss here is closest to the idea of surroundings enabling something
to happen; in fact, after all, we will see that other ‘space ideas’ can fit into thus spe-
cified one (note how our thinking is influenced by the spatial intuition: without in-
tending to give another example I have automatically spoken of ideas as of objects
that can or cannot fit into a box). Such a space can be simply the environment we
live in, or some of its more or less precisely delimited parts (note that we are often
concerned with the question whether something is close or far). Another exam-
ple is a system of numbers used as values characterizing a state (say, temperature;
again, we have here the idea of close vs. far: is something much colder than some-
thingelse, or just alittle colder, or is the difference negligible?). A different example
is the space of colors, say those of the rainbow spectrum, or a system of all mixed
colors as perceived, or those of a sampler (also here we are interested in closeness,
similarity, which need not be — and usually it is not — expressed as a distance using a
number). In this example also note other strikingly spacelike qualities: the space of
pure colors is something like a segment, that of perceived mixed colors something
like a triangle with curved sides). Also think of the space of tones where we are inter-
ested in the differences in pitch, quality (timbre) and volume — and their closeness.

Euclidean geometry

How about the space we know from ele-
mentary school? There we went through
the Euclidean geometry. What, actu-
ally, was discussed? We were presented

1 — Maybe you have been also informed about the
so-called non-Euclidean geometry (Bolyai, Gauss,
Lobacevskij, in the alphabetic order) with slightly changed
axiomatics. Its study has good historical reasons, and is
an important and interesting chapter in the development
of geometry, and generally in understanding axiomatic

a certain axiomatic system concerning
constructions with some objects called
points and lines (later there were also
planes), and circles, from which there
were derived more complicated facts
concerning much more complicated
(and more interesting) figures. Perhaps
the teacher also spoke of the ‘Euclidean
space’ as of the surroundings in which

systems. You may sometimes hear that its importance is
in the fact that our actual surroundings are non-Euclidean
in this sense rather than Euclidean. This is misleading; it
is caused by a not very lucky terminology: for historical
reasons one has adopted the term ‘non-Euclidean’ for a
geometry which only just a bit differs from the Euclidean
one, but which is equally special. One should not

mistake ‘non-Euclidean’ for ‘not Euclidean’: our physical
surroundings are not in large distances quite Euclidean,
but there is no reason for taking them for non-Euclidean in
the sense mentioned above: it is influenced by gravitation
in a much more complicated way.
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ivysvétleno, Ze jde o prosttedi, ve kterém maji pojmy euklidovské geometrie dobry
smysl a ve kterém jsou konstrukce ze zavedenych axiomii opravdu mozné; a taky
jsme se dozvédéli, ze prosttedi kolem nas je snad (a rozhodné v dobrém ptiblizeni,
pokud se nejedna o kosmické vzdalenosti) takové.

Vsimnéte si také toho, ze predstava primky jako nééeho rovného, tj. nezaktiveného,
nebo podobné predstava, Ze rovina je dokonale rovna (placata), neni ptimo v eukli-
dovské axiomatice. Poucka ,usecka je nejkratsi spojnice dvou bodu“ (a tedy rovna,
protoze zaktiveni by zvy$ovalo délku) uz predpoklada, ze ty body jsou nékde a ze
mezinimi jsou néjaké spojnice (co to vlastné jsou? ajak to, Ze je jich hodné, a co jsou

jejich délky?).

Prekracovani euklidovského ramce

Do jisté miry je mozno Fici, ze az do novovéku se ve védach s predstavou prostoru
jako euklidovského prostiedi vétsinou docela dobte vystadilo. Ale jen do jisté miry.
Jiz. ve starém Recku byli prakti¢ti geometti (filozofiéti &isti geometti se o nich po-
smésné vyjadrovalijako o ,napinadich provazti®), kteti znali hodné uziteé¢nych pfti-
bliznych konstrukei a postupt, které se do axiomatické teorie tak uplné nevesly,
akteré ovéem implicite fikaly mnoho nového o podstaté prostredi kolem nich. Ale
téz ve vznesenéjsi geometrii se objevily postupy zalozené na aproximacich (,vycer-
pavajici metoda“ obsahu rovinnych obrazcti: Eudoxos a dalsi). Za zvlastni zminku
stoji genialni Archimedovo odvozeni vzorce pro obsah jehlanu pomoci aproximaci;
teprve ve 20. stoleti bylo dokazano, ze to jinak (tj. pomoci konecnych rozkladi
krychle na télesa se srozumitelnymi vztahy mezi objemy) nejde! A samoziejmé mu-
zeme také jen tézko pochybovat o tom, Ze také mimo uzkou oblast geometrie lidé
aspon implicitné mysleli v prostorovych predstavach (podobnost jako blizkost).

Zména pohledu: analyticka geometrie

Podstatny myslenkovy zlom prisel s tim, ¢emu dnes rikame analyticka geometrie.
Zavedeni soutadnicovych systému dava chapani prostredi do nové perspektivy. Tak
tfeba zakladni dvojrozmérna euklidovska geometrie (body, pfimky, kruznice) vy-
pada nyni takto (pouzivam dnes$ni vyrazy, poprvé také slovo mnozina — nebojte se,
nic z teorie mnozin nebude, jen jde o $ikovné slovo pro ,skupina, systém, soubor
prvkd, a priori chapana jako amorfni, dokud se tam néjaka struktura nevnuti“):
vezmeme mnozinu dvojic realnych Cisel, fekneme, které podmnoziny jsou primky ¢i
kruznice (za body vezmeme primo prvky nasi mnoziny), a dokazeme, ze tyto utvary
spliuji euklidovy axiomy. Potom uz miizeme pracovat s témito utvary.

Mame tady zase euklidovskou geometrii (nebo, chcete-li, jeji model). VSimnéte si
vsak dvou novych, velmi podstatnych, aspekti: Prostredi pro nasi geometrii, to-
tiz tu mnozinu dvojic, zde mame od zadatku, a jasné vymezené: uz to neni néjaké



the concepts of Euclidean geometry made good sense and in which the construc-
tions introduced by the axioms were really feasible; and we were also informed that
the actual surroundings in which we live are (probably, and certainly if we do not
think in terms of cosmic distances) such.

Also note that the idea of a /ine (segment) as of something straight, that is, not
curved, or similarly the idea of a p/ane as of something perfectly flat, is not explicitly
included in the Euclidean axioms. The statement that the segment is the shortest
path connecting two points (and hence a straight one, because bending would in-
crease the length) is intuitively sound, but assumes that the points are somewhere,
and that there are paths connecting them (what, precisely, are they? and what are
their lengths to be compared?).

Transcending the Euclidean scope

One can say that until the late Middle Ages people (and sciences) got along quite
well with the intuition of space as a sort of Euclidean environment. But only to some
extent. Already in the ancient Greece there were practical geometers (mockingly
called ‘stretchers of ropes’) who knew a lot of useful approximative constructions
and procedures which would not quite fit into the axiomatic theory, and which im-
plicitly said a lot of new facts of the nature of their surroundings. But also, in the
more philosophically minded society there appeared procedures based on approx-
imations (‘exhaustion method’ for planar areas: Eudoxos and others). In particular
we have to mention the brilliant Archimedes’ proof of the formula for the volume of
the pyramid deduced by approximations; it took more than two millennia to prove
that it is impossible to do it by finite methods (finite decompositions of bricks with
transparent relations between the volumes)! And of course, we can hardly doubt
that people thought also outside the narrow realm of geometry, at least implicitly,
in spatial terms (and thought of similarity as of a sort of closeness).

A change of perspective: analytic geometry

A substantial turn of thinking of space came with what we now call analytical geo-
metry. The introduction of a system of coordinates introduces a new perspective for
understanding surroundings. Thus for instance the basic two-dimensional Euclid-
ean geometry (points, lines, circles) now comes as follows (I will use contemporary
terms, first time also the word ‘set’ — fear not, there will be no set theorys; it is just
an expedient expression for ‘a system of some elements, a priory understood amor-
phous as long as we do not impose a structure according to our liking’): We take the
set of (ordered) pairs of real numbers, tell which of the subsets will be taken for lines
resp. circles (for points we take the elements of the set) and prove that these figures
satisfy the Euclid’s axioms; then we can work with these figures.
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mlhavé néco, v némz se ta geometrie néjak déje. Za druhé, mtizeme zde pouzivat pi-
vodnistruktury realnych ¢isel také k jinym uleltim nez k dtikazu, ze model funguje:
tak tfeba mizeme definovat pomoci operaci itvary mnohem obecnéjsi nez kruznice
a primky, teba algebraické krivky libovolnych fadu (tady bych chtél poznamenat,
ze tvrzeni, ze Descartes je otec analytické geometrie bez dalsich dodatkd, je vlastné
trochu ktivda; Descartes vybudoval, kromé spousty jinych véci, bohatou teorii al-
gebraickych kfivek, a je tedy otcem mnohem bohatsi algebraické geometrie, [3]).

7

Struktura jako dodateéna
informace na mnoziné

Ptistup, ktery jsme pravé popsali, se stal v matematice 2 — Zapamatujte si symbol

béznym. Objekty, které se v té které teorii studuji, jsou
reprezentovany jako néjaké mnoziny, které by samy
o sobé byly amorfni, a které jsou opatteny strukturou
pro danou teorii zajimavou. V algebte dodavame infor-
mace o operacich s prvky a o tom, jaké vysledky dosta-
neme, kdyz do operaci dosadime predepsané prvky;
jde-li o usporadani, dodame informaci, ktery prvek je
pred kterym jinym (o prostorech si z tohoto hlediska
budeme povidat podrobnéji dale). Tak tfeba prirozena
¢isla N jen tak jako mnozina zadnou strukturu nemaji.
BéZnou aritmetiku dostaneme, kdyz k tomuto zakladu
doddame informaci v podobé dvou zobrazeni?

+NXN->N a

fX=Y,

ktery budeme ¢asto uzivat.

Znacka pred dvojteckou, zde f,

je jméno, které jsme zobrazeni -
jednozna&nému pfitazeni prvka

z Y prvkGm z X - dali, X pfed Sipkou
je objekt (mnozina, strukturovana
mnozina), ze kterého zobrazujeme,
Y za Sipkou je objekt, do kterého
zobrazujeme; je-li pak x € X,
oznadujeme f(x) ten prvek z Y,
ktery je mu pfifazen.

“NXN->N

v/’ 14 4 14 4 vV V7 Ve Ve /. v/
(s¢itani a ndsobeni). Béznou usporddanou mnozinu prirozenych ¢isel dostaneme

dodanim informace ve formé (binarni) relace

< podmnozina N xN

(prominte uzivani symbolu X X ¥; neni-li zcela bézny, jednd se o mnozinu véech dvo-

jic (x,y) kdexjevXayjevY).



Thus, we obtain (again) the Euclidean geometry (or, if you wish, a model of such geo-
metry). But note the following two new, important aspects. From the very beginning
we have here well-defined surroundings (namely the set of pairs): itis not any more a
nebulous something in which geometry is somehow possible. Secondly, we can recall
the original structure of the real numbers and use it also for other aims than just the
proofthat the model works: thus for instance we can use the operations for defining
figures much more general than the original lines and circles, for instance the alge-
braic curves of arbitrary degrees (here it should be noted that the usual statement
that Descartes is the father of analytic geometry, without further explanation, is in
fact an iniquity: he developed— besides a lot of other things — a complete theory of
algebraic curves, and hence is the father of the much richer algebraic geometry, [3]).

Structure as a supplementary
information on a set

The approach we have just described has become stand- 2 — Remember the expression
ard in contemporary mathematics. The objects studied /X
in that or other theory are viewed as sets that would be  symbol before the colon, here
on their own amorphous, and that are endowed with an ~ isthe name gluen @ mapping - an
. . X asignment of elements of Y to the
extrastructure of interest for the given theory. Eg.,inal-  gjements of -, the X in front of
gebra we add the information about specific operations theta’“t’"" iz a“g?ie“ (a;e:; or
. . a structured se rom wnich we
and about the results obtained when we fill in elements 1,25 the v behind the arrow is the
into the operations. Studying order we endow a set with  objectinto whi(Ch we rr;ap; ig in such
. . . situation x € X (x is in X) we denote
the information which element precedes another one. % e assigned slement of 1.
Spaces will be discussed from this point of view in detail
below. Thus, natural numbers N just as a set do not have
any structure. The standard arithmetic is obtained add-

ing an information consisting of two operations?
+:NXN->N and “NxXxN->N

(addition and multiplication). The ordered set of natural numbers is obtained by
adding the information in the form of a binary relation
< subsetof NXxN

(excuse the symbol X x Yifitis not quite standard; itis the set of all pairs (x,y) where
xisinXandyisinY).
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Metrické prostory

Vratme se k prostorim. Analyticka geometrie v dvojicich resp. trojicich realnych
¢isel (v dimenzi dvé a tfi) na néjakou dobu vystadila a nebyl zadny problém ani
s roz$ifenim na vy$s$i dimenze, coz umoznilo rozvoj diferencialniho poétu v obec-
nych dimenzich. Ale brzy se ukazalo, ze by pfece jen bylo potteba vétsi obecnosti.
Ptipomeneme-li si priklady z prvnich odstavct, vidime, Ze prostorové predstavy
Casto souvisi s rozdilem mezi blizkym, ne tak blizkym a vzdalenym (podobnym,
méné podobnym a nepodobnym, podobnym v riizné mire). To, spolu samoziejmé
s riznymi méfenimi, velikostmi, obsahy a objemy, tikoly, které zde byly odedavna,
vedlo k soustfedéni na vzddlenost jako strukturu vyhodné obohacujici mnozinu,
atedy k pojmu metrického prostoru. To je mnozina X opatfena informaci o vzdale-
nosti mezi jejimi prvky

dXXX—->R

(tojest, ke kazdym dvéma prvkim (bodiim prostoru) x,y € X je ptitazeno realné ¢islo
d (x, ), jejich vzdalenost; vzdalenosti d se obvykle rika metrika, odtud nazev tako-
vych prostorit). Od vzdalenosti se obvykle pozaduje splnéni nasledujicich pravidel:

e d(x,x)=0ad (x,y) >0prox#y,

c dxy)=d(yx),a
e d(x,2)<dXxy)+d((y 2

Uvédomte si, jak pfirozend a ndzornd ta pravidla 3 — Namitnete asi, 7e toto neni Gpiné
jsou: chceme, aby rtiznd mista méla kladnou vzd4- ~ realistické (cesta do kopce a z kopce,

, , .y vzalenosti ve mésté s Jednosmernyml
lenost, aby cesta z mista x do mista y byla stejné  ulicemi), ale to, o co v teorii metrickych
dlouhd jako cestazy do x;3 zejména si v§imnéte po- ~ Prostordjde, natom moc nezélezi,

, R >, , , . a Upravy typu Ze neomezené pfiblizovani
sledniho pravidla, tzv. trojuhelnikové nerovnosti,  ustane neomezenym priblizovanim, kdyz
ktera vyjadtuje fakt, ze cesta z mista x do mista  ho poéitame vopatném pofadi bodu, je

o v v v , v jen technické nepfrijemnost, ktera nic¢emu
z se muze pozadavkem, abychom béhem ni navsti-  10c nepomaze.

vili misto y, pouze prodlouzit, rozhodné ne zkratit.

V bouflivém rozvoji matematické analyzy sehraly metrické prostory skvélou roli.
Kdejaka soustava matematickych objekti ma v sobé prirozenou vzdalenost (¢asto
i vice podstatné ruznych a presto prirozenych). Dovolte mi priklad. Vezméme
mnozinu realnych funkei fna néjakém intervalu J. Udélejme to nazornéji: ten inter-
val bude tfeba cerven tohoto roku, a funkce f,(t) bude teplota v misté A v okamziku
t (predstavte si to jako graf, takové grafyjisté znate). Ke srovnani klimatické situace
mezi misty A a B muze poslouzit vzdalenost d(f,, fg) = max|f,(t) — fz(t)| (nama-
lujte si obrazek se dvéma grafy, uvidite to jako nejmenéi $itku stuzky, do které se
oba grafy vejdou). Ale také mize mnoho vypovidat jina vzalenost f [fu(t) — fB @3]
(neleknéte se toho 1ntegralu je to obsah plochy vymezené nasimi grafy) zatimco
prvni bude vyjadiovat spis rozdily v kratkodobych vykyvech teplot, druha porovna
teplotni situace v A a B celkové.



Metric spaces

Back to spaces. Analytic geometry based on pairs or triples of real numbers was
quite satisfactory for some time, and there was also no problem in extending it to
higher dimensions and using it to develop differential calculus. But, nonetheless,
after some time the need for more generality was becoming increasingly apparent.

Recalling the example from the first paragraph we see that the space intuition is
often connected with the difference between close, not so close, or distant (simi-
lar, less similar, or not similar at all; various degrees of similarity). This, of course
together with measuring lengths, sizes, areas and volumes, tasks people met since
ever, led to focusing to the distance as a structure suitably enriching a set to obtain
a basis for such aims. Thus, one naturally arrived at the concept of metric space.
This is a set X endowed with the information on the distance between its elements

d:XxXX->R

Thus, any two points x, y are assigned a number d (, y) telling how far apart they
are; this distance function d is usually called metric, hence the name of the resulting
spaces. One usually assumes that

e d(x,x)=0andd (x,y) >0forx+#y,
e d(x,y) =d (yx),and
e d(x,2)<dxy)+d((y2)

Realize how natural these rules are: we wish that dis- 3 — You may remonstrate that
tinct places have non-zero distance, that the distance  thisis notquite realistic (uphil

3 . and downhill, distance in a town
from x to y be the same as that from y to x.3 In particu-  with one-way streets), but it si not
lar note the last rule, the so-called triangular inequal-  auite so important. For standard
. . purposes, mostly involving
ity, expressing the fact that a travel from x to z can be  ynlimitedly close approaching,
made by requiring visiting y on the way only longer,  itdoes quite well

certainly not shorter.

In the flourishing development of mathematical analysis, metric spaces played an
excellent role. Many mathematical objects involve a sort of distance (often more
than one, and all of them natural). Take for instance the set of real functions fon
an interval J. We will be more concrete: the interval will be, say, this June, and f,(t)
will be the temperature in the town 4 in the time ¢t (imagine a graph of temperature
changes; you certainly know such pictures). Comparing the climatic situation in A
and B can be done using the distance d(fy, f) = max|f,(t) — fz(t)| (draw a picture
with two graphs; the distance will be the width of the thinnest band containing both
graphs). But much can be expressed by another distance, the f [fa(t) — f(®)]dt. (do
not get scared by the integral: itis the area of the figure delimited by the two graphs);
while the first expresses the differences in short time variation of temperature, the
latter compares the overall temperature situation in A and B.
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Prostory takto vzniklé jsou velmi dulezité a uzite¢né (v teorii i praxi) a nedaji se
vzdy vyjadrit jako do té doby bézné euklidovské prostory ani jejich ¢asti. Treba
prostor(y) v prikladé o srovnavani teplot by mély néco jako nekoneénou dimenzi,
aproto se do zadného euklidovského prostoru nevejdou; ale to bylo jen tak to prvni,
co ¢lovéka napadne: metrickych prostori, které pod klasické euklidovské situace
(z nejriuznéjsich divodit) nespadaji, je spousta, a spousta z nich nachazi uplatnéni.

Spojitost

Ted budu ¢tenafe prosit, i kdyz ho obecné matematika moc nezajima, o ochotu se-
znamit se s jednim pojmem (mozna nejdtlezitéj$im pro chapanitoho, o co v prosto-
rovych predstavach jde), totiz s pojmem spojitosti. Napred trochu formalné. Mame
dva metrické prostory (X, d), (Y, d’) a zobrazeni f: X - Y (zopakujme si, co je to to
zobrazeni: ke kazdému bodu x € X mame jednoznac¢né uréen bod f(x) € Y, tfeba
aritmetickou formuli, jako kdyZ k redlnému ¢islu x ptifadime jeho kvadrit x2 Ale
také tfeba ani zadnou hezkou formuli nemame, jen je nutné, aby ke kterémukoli
prvku z X bylo néco z Y jednoznacné urceno). Zobrazeni f je spojité, jestlize libo-
volné predepsané omezeni chyby ve vysledku f(x) (tfeba: ,,f(x) musi byt presné na tfi
desetinna mista“) mizeme zarucit omezenim mozné chyby x (tfeba: ,x bude uréeno
na pét desetinnych mist“). Jesté trochu formalnéji (a presnéji):

Ke kazdému bodu x z X a k libovolné malému € > 0 existuje dostateéné malé § > 0

takové, ze pokud d (x,y) < §bude d'(f(x), f(¥)) < e.

Pravdépodobné to stejné znate, a v tom pripadé se omlouvam za opakovani, ale po-
kud ne, parkrat si to radsi pretikejte.

Iustrujme si dtilezitost pojmu spojitosti na velmi specidlnim pripadé feseni rovnic.
Vezméme tfeba hledani druhé odmocniny ze dvou, tj. feseni rovnice

x?=2.

Tvrdime-li, Ze vysledek je x = 1.4, neni to pravda, stejné jako kdybychom tvrdili, ze je
x = 25. Presto je prvni prijatelnéjsi nez druhé. Druhou odmocninu ze dvou, oznaéme
ji a, sice jako desetinny vyraz napsat nemtiZeme, ale protoze zobrazeni f(x) = x?je
spojité, mizeme si byt jisti, ze dohodneme-li se na néjaké prijatelné toleranci, po-
tom desetinné vyrazy x dost blizké k a (néco z vyrazt 1.4, 1.41, 1.414, 1.4142... s do-
state¢né mnoha desetinnymi misty) bude ptijatelné fesent, tj, x?je v rdmci nasi to-
lerance jakoby 2 (tj., skuteéné dobra nahrada pozadovaného vysledku 2). Kdyby ale
byla funkce fv rovnici

f) =4



The spaces obtained this way are important and useful (both in theory and applica-
tions) and often cannot be represented as standard Euclidean spaces or any of their
parts. E.g., the temperature spaces above are such: they do not fit into any Euclid-
ean space because of the dimension (which is here infinite). But it is just a simple
case, the first reason that may cross one’s mind. Metric spaces that do not fit into
the classical Euclidean situations are plenty, for plenty of reasons, and a lot of them
are particularly useful.

Continuity, continuous maps

I assume that the reader may not be particularly interested in mathematics. Still,
I will venture to ask for willingness to get acquainted with a special concept (per-
haps the most important one for understanding what spaces are about), namely that
of continuity. First, not quite formally: Take two metric spaces (X, d), (¥, d") and a
mapping f: X - Y (recall that it means that for each point x € X we have a uniquely
determined f(x) € Y, say, by an arithmetic formula, for instance assigning to x its
square x°. But we may have no nice formula; it is only necessary to have for each ele-
ment from X something uniquely determined in Y). The mapping f is continuous if
an arbitrary required bound of error in the result f(x) (say: f(x) has to be precise
at least in three digits’) can be guaranteed by keeping the possible error in the ar-
gument x in some bounds (say: ‘x will be correct in the first five digits”). Now, more
formally (and precisely):

For every x from X and for any € > 0 there exists a sufficiently small § > 0 such that
ifd (x,y) < s we will have d'(f(x), f()) < e.

You probably know it well anyway, and in that case, Tapologize for the pedantry, but
if not, please repeat it for yourself a few times to digest it.

Let us illustrate the importance of the concept on the very special case of solving
equations. Take for instance the search for the square root of two, that is, solving
the equation

x?=2.

Stating that x = 1.4 is not true, same as starting that x = 25. Yet, the former is more
acceptable than the latter. The square root a of two cannot be expressed as a finite
decadic expression, but since the mapping f(x) = x?is continuous, we can be sure that
if we agree on a tolerance of error then decadic expressions x sufficiently close to a
(a sufficiently long expression x from the sequence 1.4, 1.41, 1.414, 1.4142,...) will be an
acceptable solution, that is, the x? will be, within our limits of tolerance, practically 2
(a good substitute of the required result 2). If, however, the function fin the equation

f=4
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nespojita v bodé a, ktery ji opravdu resi, ale nejde napsat v dané ¢iselné symbolice,
nebylo by nam zadné ptiblizné feseni nic platné: od jisté pozadované presnosti + €
se f(x) nemutze povazovat za vhodnou nahradu pozadovaného vysledku 4, at uz je x
ke skute¢nému reseni a jakkoli blizko.

Nékolik davodu, pro¢ bylo potieba
strukturu prostoru rozSifit

Jak jsme vidéli, struktura metrického prostoru umoziiuje spojitost velmi snadno
popsat a velmi dobfe s ni pracovat a metrické prostory stale hraji zasadni roli v geo-
metrii, analyze i jinde v matematice. To, o ¢em ted budeme mluvit, neznamena, ze
bychom jimi méli pohrdnout a tplné se jich vzdat. Pfesto ale metricka struktura
nemusi byt z rtiznych divodii a pro rizné ucely uspokojiva. Tak tieba

. snadno vidime, ze nam, i kdyz pracujeme v metrickém prostoru, ¢asto na
konkrétnivzdalenosti viibec nezalezi (naptiklad ani v tom tak zakladnim
pojmu spojitosti, i kdyz v definici nahote jsme vzdalenosti uzivali; mozna
budete prekvapeni, jak snadno se to da — ekvivalentné — popsat jinak), do-
konce by povinnost se ji pevné drzet byla pritézi;

. nékdy mame dost jasno (viz ptiklady s barvami) co to znamenad ,,blizko“ nebo
»daleko®, nebo o dobré aproximaci, nebo o tom, Ze se néco k nécemu neome-
zené blizi, aniz bychom to néjak Ciselné vyjadrovali;

. a trebaze v nékterych takovych pripadech je mozno (a tfeba i s jistymi vy-
hodami) ¢iselnou vzdalenost zavést, nékdy to z principialnich divoda vi-
bec nejde;

. a nékdy metricka struktura nedovoluje nékteré potiebné konstrukce

(soudiny objektt, jako ¢tverec soudin dvou uselek, krychle soudin tfi use-

¢ek atd., jsou velmi potfebné konstrukce, a nékdy je potfeba uzit soucin
v v / o . 7 . v Vv .

nekone¢né mnoha utvart; to s metrickymi prostory obecné udélat nejde).

To nutné vedlo ke snaze pojem prostoru néjak rozsitit (a vlastné také zjednodusit).



is not continuous in a point a which is a correct solution, but which cannot be ex-
pressed in the given number system, an approximation x of the a is of no use: if a
precision requirement is demanding (if + € is small), no f(x) can be taken for a sat-
isfactory substitution for A, however close the x to the a is.

Several reasons why the concept of space
needs to be extended

We have seen that the metric structure provides a simple description of continuity,
and it is also easy to work with. Metric spaces do play a fundamental role in geom-
etry, analysis, and in other areas of mathematics. What we will discuss now does
not mean that we should disdain them, or stop using the concept. Nevertheless, the
metric structure may be for some uses, for various reasons, unsatisfactory. Thus
for instance

 often, even if we work in a metric space, the concrete distance is not quite that
important (for instance not even in the fundamental notion of continuity — al-
though we did use the distance in the definition above; the reader will perhaps
be surprised how we can characterize continuity otherwise, see below); in fact,
keeping it fixed might be an encumbrance;

« sometimes we have a clear intuition (see the examples with colors) about what is
‘close’ or ‘far’, or on a good approximation, or that some procedure well approa-
ches a result, without expressing it using numerical values;

« although in some of such cases we can (also to advantage) introduce a numeri-
cal distance function, in many other cases it is impossible, for principal reasons;

« sometimes the metric structure does not allow a construction one might need
(recall how expedient it is to see the square as a product of two segments, or the
cube as a product of three ones; sometimes one needs an infinite product, and it
cannot be metrically done).

This led to tendencies to extend (and even perhaps simplify) the concept of space.
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Koneéné topologie: Hausdorff a okoli bodu

Pokusy, jak to udélat, byly rtizné, ale skuteény zlom ptisel v Hausdorffové genialnim
knize ,Grundziige der Mengenlehre® [5] z roku 1914. Za zaklad prostorového my-
$leni zde byl zvolen pojem, ktery je jasny kazdému malému ditéti, totiz pochopeni
rozdilu mezi tim, jsem-li néjakou Casti prostoru obklopen, nebo jsem jen na jejim
kraji, rozdil situace lod'ky, ktera odrazila od brehu a je obklopena vodou ze véech
stran, a lod'ky, ktera pfistala, je sice ve vodé¢, ale obklopena neni, nebo, prozaiétéji,
rozdil mezi tim, kdyz dtkladné slapnu do louze, a kdyz s mnohem méné dramatic-
kymi nasledky projdu po okraji.

Struktura na mnoziné X, ktera z ni déla prostor, jak ji Hausdorff zavedl, a které dnes
(v riznych modifikacich, zejména v jedné, o které bude te za chvili) fikame zopo-
logie (a mluvime o topologickém prostoru), spociva v rozliseni, zda bod x € X, ktery
lezi v podmnoziné U € X, je touto podmnozinou obklopen, nebo ne; v prvnim pfi-
padé fikame, Ze U je okoli bodu x.

Dovolim si zase trochu formalnéjsi popis. Oznaéme P(X) mnozinu vsech podm-
nozin mnoziny X. Topologii na mnoziné X rozumime pfirazeni neprazdnych sys-
tému U(x) € P(X) k bodiim x (systémi okoli téch bodu) splnujicich nasledujici jed-
noduché pozadavky:

o prokazdé U € U(x) je x € U (mnozina nemiize obklopit bod, ktery v ni nelezi),

e je-liUEUX)aUCV,je Ve UX) (obklopuje-li podmnozina néjaky bod, pak ka-
zda vétséi ho obklopuje téz),

o jsou-liUaVvU(x),jeiU N VvUX) (obklopuji-li bod dvé mnoziny, pak jejich pru-
nik ho obklopi také),

e pro kazdou U € U(x) existuje V € U(x) takova, ze U € U(y) pro véechnay € V
(okoli bodu obklopuje téz vSechny body k nému dostateéné blizké).

(Hausdorff pozadoval jesté jeden axiom. Prostory, 4 — Jde o pozadavek, aby
které jsou jim vymezeny, jsou dnes zkoumany jako spe-  kterékoli dva body mély disjunkini
AP v/ ., , . okoli (v takovém pfipadé mluvime
cialni ptipad. Je to pripad velmi vyznamny a ve studiu o Hausdorffovy; prostoru). Uvédomte
prostori stejné bézny, jako kdy byl4, ale pro potfeby  Si e tFeba vSechny metrické
v 7 . v v . prostory jsou Hausdorfovy; ale to
dnesni matematiky ¢asto potfebujeme prostory vuve- e jen velmi mal &ast tfidy téchto

dené vétsi obecnosti.) prostord.

Kazdy metricky prostor nese prirozenou topologii, totiz tu, kterou dostaneme,
kdyz prohlasime U obsahujici bod x za jeho okoli, pokud pro néjaké kladné Cislo €
obsahuje téz vSechny body y, pro které d(x, y) < €, jinak feceno, spolu s x obsahuje téz
vSechny body k nému dostateéné blizké. Jeden z motivl pro rozsifeni pojmu pro-
storu, o kterém jsme se na jednom misté dfive zminili, bylo to, ze i kdyz pracujeme
v metrickém prostoru, ¢asto nam na konkrétnich vzdalenostech nezalezi. Ted' to
mohu vyjadtit trochu lépe: velmi mnoho uvah je mozno provést v feci okoli a jejich
vztahu, bez d a epsilont.



Topology at last:
Hausdorff and neighborhoods of points

There were several suggestions how to do it, but the real break came with the bril-
liant Hausdorff’s book ‘Grundziige der Mengenlehre’ (1914, [5]). The author chose
to base the space intuition on the idea of the natural distinction of a set surrounding
a point as opposed to one just including it: think of a ship in the middle of the lake
as opposed to one landed on the pier (but still in water), or, less poetically, stepping
into the middle of a puddle compared with a less dramatic careful walking on the

brink.

The structure on a set X that makes it to a space as introduced by Hausdorff, and
called today (in various modifications one of which will be discussed shortly) a
topology, consists of distinguishing, for any x € X and any subset U € X containing
x, whether the point is surrounded by the subset or not.

Allow me to be slightly more technical. Denote by P(X) the set of all subsets of X.
A topology on X consists of associating with the elements (points) x of X non-empty
systems U(x) € P(X) (the systems of neighborhood) satisfying the following sim-
ple requirements:

e x € Uforevery U € U(x) (a set cannot surround a point it does not contain);

o ifUEUX)and UC V,then V€ U(X) (if a set surrounds a point, then every larger
one does as well);

o if Uand Varein U(x) then also U N Vis in U(x) (if two sets surround a point then
so does their intersection);

o for each U € U(x) there is a V € U(x) such that U € U(y) for all y € V (a neighbor-
hood of x surrounds also all points sufficiently close to x).

(Hausdorffassumed one more axiom. The spaces 4 — Itis assumed that any two distinct
characterized by that requirement are today  Points have disjoint neighborhoods (in

. . R i . such case we speak of a Hausdorff space).
considered as a special case. Itis still very impor-  Forinstance, all the metric spaces are
tant? but contemporary applications often need ~ Hausdorff; but they constitute only a very

. A . small part of the class of such spaces.
the space in the generality as introduced above.)

Every metric space carries a natural topology obtained by declaring a U a neighbor-
hood of x whenever there is a positive € such that all the y with d(x, y) < e are in U.
We have said above that even if we work in a metric space, the concrete distances
often do not matter. Now we can state this better: much reasoning can be done in
the language of neighborhoods, without the d and epsilons.
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Modifikace: oteviené mnoziny

Nechceme zde zavadét prilis mnoho terminologie, ale néco ptfece jen potiebujeme.
Rekneme, Ze

podmnozina U € X je oteviend, je-li okolim kazdého svého bodu.

Tento pojem je velmi nazorny, zejména mluvime-li 5 — ztrata nazomosti, kterou
o podmnoZinach prvki charakterizovanych néjakou by moh! nékdo namitat - jisté
, . , nepopiram, ze mysleni v okolich

vlastnosti (,prvek velmi podobny prvku se zkouma-  je velminazore, - je jen zdanliva.
nou vlastnosti tu vlastnost také jesté ma“): treba v jiz ~ 28!6Z na uhlu pohledu: vyideme-|i

v . , v, , v z bezbodovych predstav, o nichz
nékolikrat pouzivaném prostoru barev, barva hodné  pude rec dale, jsou oteviené
podobna barvé nepochybné zelené je také jeSté zelena. ~ mnoziny velmi pfirozené.
A také je technicky velmi vyhodny, pfinejmensim for-
malni postupy jsou snadnéj$i.5

Tak tedy, mame-li na mnoziné X topologii definovanou v re¢i okoli, mame na ni téz
danu soustavu otevienych mnozin, ozna¢me ji tfeba 7. Tato podmnozina T S B(X)
(z diavoda, které budou patrny za chvili, se také této soustavé, a ostatné dnes pre-
devsim této soustavé, rika topologie na X) ma nasledujici vlastnosti:

e PaXjsouvr,
e jsou-lliU,Vvr,jeUNVvra
e jsou-liU,i€Jvrt,jeUUivt

(to snadno ovéfite, a asije uzite¢né cviceni to opravdu udélat). Takto popsand topo-
logie na X je struktura s velmi snadno zapamatovatelnymi vlastnostmi: je to prosté
podmnozina mnoziny véech podmnozin (X), ktera je uzaviena na vSechna sjedno-
ceni a koneéné priniky (a se sjednocenimi a priniky mnozin byl snad kazdy v né-
. I v v 4 4 v /4 4 11
jaké formé nékdy seznamen). Nazornost pohledu na prostor se mozna nynina chvili
trochu ztraci, ale to pozdéji napravime.

Musime ale vysvétlit, jak je mozné, Ze jsme si 6 — Natomto misté je asi dobfe upozomnit,
najednou mohli dovolit pouzivat slovo ,topolo- ¢ slovo.topologie’ se ostatné tak jako tak

. @ v e v 1vs Ly , uziva ve vice smyslech. Zatimco zde mluvime
gie ~ pro neco ]IHChO nez drive. Pravé popsane o specifické struktufe, ktera z beztvaré
struktury jsou totiz ekvivalentni v nasledujicim ~ mnoziny d&la prostor, asi jste ho slySeli

v. i Ly v, , pouzivat ve vyznamu ,ta &ast matematiky,

smyslu: Podobné jako jsme mohli v fe¢i okolide-  itera se zabyva topologickymi a pfipadné
finovat otevienou mnozinu, mame-li pro zacatek  ijinymi prostory”. Tak to budeme dale uzivat

, v ’ V. v e s také; ¢tenar se jisté vzdy snadno zorientuje
danu soustavu otevienych mnozin (spliujici po-  , bude vadat, o co zrovna jde.

zadavky (ot1), (ot2) a (ot3)), mtizeme definovat

okoli bodu x jako takovou mnozinu U € X, ktera obsahuje néjakou otevienou
Vtakovou,zexeVC U



A modification: open sets
We do not wish to introduce too much new terminology, but we do need some more:
A subset U € X is said to be open if it is a neighborhood of each of its points.

This conceptis fairly lucid, in particular when we speak 5 — 0ne may complain of a certain
: ¢ loss of transparency — undoubtedly

o.f 51.1bsets characterlzec_l by a property ( an elerne'nt LY e g in meiahborhoods oan be
similar to an element with the property in question still  more intuitive - but this will change
has the property’), for instance in the several times  Vithanother perspective. If we

. .. accept a point-free view (to be
mentioned space of colors, a color similar to markedly  introduced later), open sets will be
green is still green. And it is technically of great advan- ~ mostnatural.

tage and some formal reasonings are simpler.®

Hence, if we have on a set a topology defined in the language of neighborhoods, we
have also specified the system of associated open sets; denote it by 7. This subset 7
of P(X) (for reasons which will be apparent shortly, this system is also called a zopo-
logy — in fact, nowadays this usage prevails) has the following properties

e Pand XareinT,
e ifU Vareintthen UnN Visint,and
o if U,i€Jareintthen U, U;isint

(itis easy to check, and it is a useful exercise to really do it). Note that topology thus
described is a structure with properties very easy to remember: it is simply a subset
of the set of all subsets B(X) which is closed under all unions and finite intersections
(and it may be assumed that everyone has got acquainted with unions and intersec-
tions in some form or other). The space intuition, on the other hand, may be for a
moment blurred; this will be later mended.

But we must explain why we could dare to use 6 — Hereis perhaps in order to mention
the word ‘topology’ for something else than be-  that theword ‘topology’ has several uses
6 A . anyway. While we speak here of specific

fore®. The two structures described are equiva-  structures making a space from an
lent in the following sense: When we start with ~ @morphous set, you may have heard it used

. in the sense of ‘the area of mathematics
nelghborhoods we can define open sets as we concerning topological and sometimes also
have done above. Similarly, if we start with asys- ~ other spaces’ Such usage hardly creates

f . f . d confusion: the reader certainly easily

tem of open set (satisfying (01), (02) and (03)) We  |nderstands what is being meant.

can define a neighborhood of a point x as

any U € X containing an open Vsuch thatxe Ve U

(again, itis auseful exercise to check that thus we get a system satisfying (n1)-(n4)).
But this is, of course, not all. The important fact is that, if you start with a system

of neighborhoods and define open sets by the rule (1), and when taking them you
define new neighborhoods following the rule (2), you will learn that you are back at
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(zase je uziteéné cviceni ovérit, ze tak dostaneme systém spliiujici (ok1)—(ok4)). A to
samoziejmé nenivéechno. Podstatné je, ze pokud zadnete s néjakym systémem okoli
a definujete oteviené mnoziny pravidlem (1) a kdyz tento mate a definujete nova
okoli pravidlem (2), zjistite, ze jste ziskali stejnou soustavu okoli, jako byla ta, se
kterou jste zacali, a stejné tak pokud za¢nete se systémem otevienych mnozin a defi-
nujete okoli pravidlem (2) a kdyz tato mate a definujete nové oteviené mnoziny pra-
vidlem (1), zjistite, Ze jsou to presné ty, se kterymi jste zacali. Takze je uplné jedno,
vezmete-li okoli za zakladni pojem a otevienost dodefinujete, nebo zacnete-li otevre-
nymi mnozinami a dodefinujete okoli: struktura prostoru bude stejnd.

Velmi jednoducha formule pro spojitost
a k éemu vede

Slibili jsme velmi jednoduchy popis spojitosti. K tomu budeme pottfebovat tro-
chu dalsich terming, které snad ani nebudou tak nové. Na zobrazeni f: X - Yjedné
mnoziny do druhé jste si uz zvykli a jisté prijmete jako ndzorny pojem obrazu pod-
mnoziny A C X pti takovém zobrazenti, totiz

f[A] € Y, mnoziny vsech f(x), kdex € A

— je to prosté otisk té podmoziny provedeny danym zobrazenim. Pfidejme k tomu
pojem vzoru podmnoginy B € Yv X, totiz

f1[B] € A, mnoziny vSech x € A, pro které f(x) je v B.

Spojitost, jak je definovana pro metrické prostory, je v feci okoli (v metrickém
prostoru ve smyslu okoli popsanych pri vysvétleni prirozené metrické topologie)
snadno prelozena takto

fje spojité, pravé kdyz pro kazdé x € X a pro kazdé okoli V bodu f(x) v prostoru Y
existuje okoli Ubodu x takové, ze f[U] S V.

Nazornost je stale stejna, ale také to neni to, co jsem sliboval, je to stejné slozité jako
driv. V fedi otevienych mnozin, kdyz opatfime X topologii T a Y topologii 6 vsak do-
staneme tuto charakteristiku:

fje spojité, pravé kdyz pro kazdou Ve Gje f1[V] et
tj., pravé kdyz vzory otevienych mnozin jsou oteviené. Jisté uznate, ze je to pod-

minka velmijednoducha. A s predchozije opravdu (mozna trochu piekvapivé) ekvi-
valentni. Samoztejmé, neni to zrovna nazorné, ale skvéle se s tim pracuje.



the system you had started with; if you start with a system of open sets and define
neighborhoods following the rule (2) and when, using them, you define new open
sets by (1), you will learn they are precisely those you had started with. Thus, it does
not matter whether you take neighborhoods as the basic concept and define open
sets, or when open sets are given first and neighborhoods are defined.

A very simple formula for continuity,

and what follows

A while ago we promised a very simple characterization of continuity. We will need
some more terminology (in fact it will hopefully not be all that new). You have got

used to mappings f: X - Y from a set into another one, and certainly will accept the
concept of the image of a subset under such a mapping, namely

f[A] €Y, the set of all the f(x) withx € A

—itis simply the imprint of A into Y by the mapping. Let us add the — almost equally
transparent — notion of the preimage

fY[B] € A, the set of all the x € A for which f(x) is in B.

Continuity as defined for the metric spaces (recall the natural neighborhoods asso-
ciated with the metric structure mentioned above) is easily translated to:

fis continuous if and only if for every x € X and every neighborhood V of f(x) in Y
there exists a neighborhood U of x such that f[U] € V.

The intuition is the same as before, but it is not what I promised: it is as complicated
as before. However, in the language of open sets, when X is endowed with a topology
T and Y with a topology 6 we obtain another characterization:

fis continuous if and only if for every V € 6 we have f~1[V] € 1,

that is, if and only if the preimages of open sets are open. You will acknowledge it
is a very simple condition; it is (perhaps surprisingly) in fact equivalent to the pre-
vious one. Admittedly, it is not quite so intuitive and transparent, but it is very ex-
pedient to work with.

And it has more advantages. The images of (general) subsets create for a mapping f:

X - Yanother one, f ' [=]: B(Y) = B(X). This has a nice property which will be ap-
preciated by those who had to do with homomorphisms of algebras. Namely, one has

fual=ural and s [na] = Al
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NN

A prinasi to jesté dalsi vyhody. Vzory podmnozin vytvati pti zobrazenif: X —» Y zob-
razeni f7H—]: P(Y) - P(X), které ma hezkou vlastnost, kterou jisté oceni ti, kteti
méli co délat s homomorfismy algeber. Plati totiz, ze

Fual=ural a7t na = Al

tj., zobrazeni f~1[—] zachovavd sjednoceni a priniky. Z definice je topologii (da-
nou) otevienymi mnozinami mozno chapat jako algebru s dvéma operacemi, ope-
racilibovolnych sjednoceni a operaci koneénych prinikd, anasledkem toho, co jsme
pravé vypozorovali, mame s kazdym spojitym zobrazenim f: (X, ) = (Y, 0) spojeny
jakysi homomorfismus

h=(Uwm f1U)):0 >

To sehraje vyznamnou roli.

Svazy

Nevim, jak Gspésné byly pokusy s mnozinami ve skolské matematice. Bojim se,
v v r v . v /4 Vv v 4 v Vo, . .V v

ze to zaky spis$ nudilo. Néco vam vSak mozna utkvélo v paméti, totiz to, Ze s pod-
mnozinami néjaké mnoziny se operuje trochu jako s ¢isly. Bylo zde sjednoceni

AUB,

které vypadalo trochu jako séitani (a prazdnd mnozina, ktera byla néco jako nula,
AU @ =A),abylzde prinik A n B, ktery byl, pti dobré vili, néco jako nasobent, pti-
nejmensim v tom, zZe se k nasemu novému scitani choval distributivné:

AN(BUC)=(ANB)U(ANC), srovnejtes a-(b+c)=a-b+a-c
(abyla zde také nekonecna sjednoceni a nekonecné pruniky, to uz podobnost pred-
stav s ¢isly tolik nevyvolavalo).

Jisté jste si také vsimli, Ze v matematice vu-
bec mame kromé aritmetiky fadu uzitec-

7 — Piiklady svazl se to kolem nés jen hemzi, a potiz
¢lovéku pro zadatek déla spis to, ze je jich hodné,
a odli§nych. Kdyz jsme se ve $kole seznamovali

nych kalkuld a ze aritmetické operace ne-
jsouty jediné operace se kterymise danéco
délat. Sjednocenia priniky jsou takovy pri-
pad. Obecnéji, strukturu usporadani nékdy
obohacujeme (pokud to jde, nakazdé uspo-
tadané mnoziné to nejde) na strukturu tzv.’
svazu, v némz k dvéma prvkam a, b ptira-
zujeme spojeni a V b, nejmensi prvek, ktery
je stale jesté vétsi nez oba a i b (to bylo to

s novymi a novymi ¢iselnymi soustavami (pfirozenymi,
celymi, racionalnimi, redlnymi, komplexnimi &isly),
s¢itani bylo stale néjak to samé, rozhodné se to
veslo do jedné intuice. Zde mame priklady, které
budi intuice zna¢né odlisné. Vezméme napf. bézné
usporadana reélna &isla, v nichz je a V b prosté

vé&tsi z téch dvou &isel a a A b to mensi z nich; nebo
pfirozena &isla usporadana délitelnosti, kde a V b je
nejmensi spoleény nadsobek a a A b nejvétsi spolecny
délitel. Pro nase Ucely se predstava néceho jako
sjednoceni a prlniky mnozin bude hodit velmi dobfe,
ale méjte na paméti, ze to tak vzdycky nevypada.



that is, the mapping f~![—] preserves unions and intersections. A topology defined
as a system of open sets can be viewed as an algebraic system with two operations,
that of arbitrary unions, and that of finite intersections. Hence, we have just ob-
served that with each continuous mapping f: (X, 7) = (Y, 8) we have associated a sort
of homomorphism

h=(Uwm f)):0 > 1.

This will play a key role.

Lattices

I do not know how successful introducing sets into secondary school mathematics
was. I fear the students were not much captured by the subject. But it may have stuck
in the memory that one operated with subsets of a set in a way that recalled operat-
ing with numbers. There were the union

AUB

that resembled addition (and the void set resembling zero, A U @ = A), and there was
the intersection A N B, something resembling the multiplication at least in the dis-
tributive behavior with the ‘addition’

ANBUC)=ANB)U@ANC), comparewith a-(b+c)=a-b+a-c

(and there were of course the infinite unions and infinite intersection, not so much
resembling the operations with numbers).

You have certainly noticed that in mathema-
tics there are, besides arithmetic, also other
useful calculi and that arithmetic operations

7 — Examples of lattices are galore; the problem
to build a good intuition is, rather, that they can
substantially differ. When getting acquainted
with new systems of numbers (natural, rational,

are not the only operations with which one
can obtain results. The unions and intersec-
tions are such cases. More generally, some
structures of order (not all, but many) can be
completed to algebraic structures called /az-
tices.” In alattice we associate with any pair a,
b the join a Vv b, the least element that is still
larger than both a and b (such was the union
A U B, the smallest set containing A and B),
and the meet aAb, the largest element that is
still smaller than both a and b (such was the
intersection 4 N B, the largest set contained in
both A and B). If we have such joins and meets

real, complex ones), the addition was somehow
always the same. Here the examples can look
rather dissimilar. Take the standard ordered
numbers (integers, rationals, reals): the join a

V b is simply the larger of a, b (and a A b is the
smaller one). If we take natural numbers ordered
by divisibility, a V b is the smallest common
multiple and a A b is the largest common divisor.
For our purposes, the ideas of unions and
intersection will do well, but remember it does
not always look like that.
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sjednocenti, nejmensi podmnozina, kterd A i B obsahovala), a prisek, nejvétsi prvek,
ktery je stale jesté mensi nez oba a i b (to byl v pfipadé podmnozin néjaké mnoziny
ten prunik). V pripadé, Ze takova spojeni a pruseky mame k libovolnym soustavam
prvk, je obvykle oznacujeme

Va;, resp. Aaq;
i€J ieJ

(anebo jinak, podle potreby) a mluvime o #plném svazu.

Body klasické geometrie
a ostatné také klasické topologie

Jste asi zvykli na pfedstavu o bodu jako o jakési velmi malé tecce. Tak malé, ze ma
nulovy prumér. Nic tak malého sice kolem sebe nevidite, a kdyz kreslite geomet-
rické obrazky, jisté vase body néjaky nenulovy prumér maji. Ale to nevadi, kdyby
bylo potfeba, pokusime se je vyznadit teckami jesté mensimi, a kdyby ani to nesta-
¢ilo abylo to v nasich moznostech, zmengovali bychom je dale. Tedy vlastné bychom
si mohli predstavit, ze bod jakoby lokalizujeme zmensujicimi se misty

B,2B,2--2B

n =

s pruméry stale kladnymi, ale zmensujicimi se pod kazdou kladnou hodnotu (vzpo-
mente si na priklad s odmocninou ze dvou, o kterém jsme mluvili v souvislosti se
spojitosti; vidite analogii?). Pro tcely poditani se samoziejme vratime k predstavé
bezrozmérné te¢ky. Kdybychom trvali na pedanticky realistickém popisu bodu
(a¢iselnych hodnot), bylo by to jako kdybychom na kazdém kroku stale odhadovali
a korigovali pribliznost.

Ale my ted nechceme nic pocitat, chceme se priblizit k realistickému popisu struk-
tury prostoru, a zde bychom se tajemnych bezrozmérnych tecek, se kterymi se ni-
kdo nikdy nesetkal, docela radi zbavili.

Obecna geometrie bez bodu

Ted musim predeslat, ze to, co budu popisovat, neodpovida skute¢nému vyvoji bez-
bodové topologie. Nezacalo to prosté hledanim realistického popisu prostoru; his-
torie je slozitéjsi. Spise se seslo vice konkrétnich motivaci spojenych s vyvojem to-
pologie i jinych obort: nékteré ptisly z logiky, nékteré z podivuhodnych souvislosi
mezi zajimavymi topologickymi a algebraickymi ttvary (Stoneova dualita, [14]),
bylo zde téz vyuziti kalkulu teorie svazii pro klasickou topologii (Wallman, [15]),
adalsi (napf. [10, 11]). Snad je jen potteba fici, ze zacatky vyvoje bezbodové topolo-
gie se datuji do tricatych let 20. stoleti a vlastné implicite jesté dale.



for all systems of elements (the set of subsets of a set was such a case) we speak of
a complete lattice; the usual notation is

Va; resp. Aag;
€] €]

(but it can vary).

Points of classical geometry,
and of classical topology as well

You are probably used to think of a point as of a sort of very small dot, so small that
its diameter is zero. You see nothing quite so small in the space around you, and if
you draw a geometric diagram, your points certainly have a non-zero diameter. But
never mind, if the diagram is too rough, we can try to draw the picture with smaller
dots, and ifit is still not satisfactory, and if it is possible, we may make them smaller
still. Hence, we can think of a point as something localized by a diminishing se-
quence of spots

B,2B,2--2B

n =

with diameters positive, but eventually diminishing under any positive value (recall
the example with the square root of two introduced in relation to continuity; do you
see the similarity?). For numerical purposes we will, of course, stay with the idea of
the infinitely small dot: if we tried to compute pedantically with realistic spots (or
numerical values) we would have to estimate and correct errors in approximations
in every step.

But now we do not wish to compute anything. Rather, we would like to attempt a
realistic description of space, and here we would like to get rid of the mysterious
dots with zero width.

General geometry without points

Now I have to say, first, that I am not going to report on the actual history of point-
free topology. It is much more complicated: in fact, there met distinct motivations
related to the development of topology but also other areas. There were motivations
from logic, then some remarkable relations between topological and algebraic ob-
jects (Stone duality, [14]), or an application of the lattice calculus in classical topol-
ogy (Wallman, [15]), and others (e.g. [10,11]). Let me just state that the roots of
point-free topology date to the thirties of the 20th century, and implicitly perhaps
even farther back.
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Predstavme siale, Ze bychom chtéli popsat realisticky prostor kolem nas. (Ale tfeba
ivjinych situaci, které si pfredstavujeme zadany realistickymi udaji, které to, emu
chceme porozumét, néjak aproximuji.) Za zakladni pojem zvolime pojem mista
(s tim slovem nejsem zrovna moc spokojen, lepéi, ale zfejmé nespisovné, by bylo
slovo flek — dobra nahrada za anglické slovo spoz, které znamena ,misto” i, skvrnu®).
Jaké vlastnosti by soustava X takovych mist méla mit? Tak predevsim je to (¢asteéné)
usporadana mnozina:

Néktera mista x, y se daji srovnat, x < y; to si pfedstavme tak, ze prvni je ¢asti dru-
hého, ale nejde o inkluzi mnozin, ta mista nejsou mnoziny bodt, jako vime, ze kus
dortu je ¢asti toho dortu, aniz bychom si museli predstavovat néco jako body dortu.

Dale:

skupiny mist se mohou slepit a vytvo- 8 — (Castedné usporadana mnozina, ve které maji
fit nové misto To bude nejmenéi misto v8echny podmnoziny spojeni, maji také vSechny

IR . , podmnoziny priseky. To je zndma a velmi jednoducha
obsahujici véechna ta mista dohromady  vsta o usporadani. Mame-li tedy viechna spojent, je nage
sestavovand (slepovana). Takze nage  mnozinalpinysvazjiz kvili tomu.
uspotrddana mnozina je tplny svaz.®

v

Konedéné:

Obecné pruseky nas nemusi prilis zajimat (i kdyz v uplném svazu tak jako tak jsou).
Ale zajimaji nas pruseky dvou mist, totiz hlavné to, jestli se dvé mista dotknou, nebo
ne, to jest, jestlije jejich prusek nenulovy nebo nulovy. A zde je ptirozené pozadovat,
aby misto, které se dotklo mista slepeného z néjaké skupiny mist, se muselo dotk-
nout nékterého jednotlivého mista z této skupiny. Tedy formalné

pokud je <.V]ai) Ab # 0jea; Ab # 0pro nékteré jednotlivé a;.
LE

Tento pozadavek je jen o malo slabsi nez technicky mnohem pohodlnéjsi distribu-
tivni pravidlo

(Vai) Ab = V(ai A b) (frm),

kterého se pridrzime, nejen proto, Ze se s nim dobfe po’ita, ale predevsim proto,
ze je to charakteristicka vlastnost svazu otevienych mnozin.

Tak jsme nakonec skoncili u toho, Ze prirozeny prostor by se dal popsat jako #p/ny
svaz spliujici distributivni zakon (frm). Pro takovy svaz byl zaveden anglicky ter-
min frame a ¢esky termin nemame, fikame taky ,frame®, a tak to budu tady délat
také (je to predevsim kratké slovo). RAm znamena néco jiného a ramec je slovo pfti-
li$ obecné. VSimnéte si, ze jsme se s takovymi utvary jiz setkali: svaz otevienych
mnozin topologického prostoru je typicky frame. A uvédomte si, ze v béznych kla-
sickych prostorech bez izolovanych bodt jsou oteviené mnoziny takova nazorna



However, imagine we would like to describe a realistic space that we observe around
ourselves (or perhaps also other situations we imagine approximated by realistic
data). As a basic concept we will choose a realistic spoz. What properties do we ex-
pect a system of such spots should have? First of all it is a (partially) ordered set:

Some pairs x, y of spots can be compared, x <y, x is seen contained in y. The idea
is that the former is a part of the latter, but we do not have in mind an inclusion of
sets. Spots are not sets of points; similarly like we speak of a piece of cake without
thinking of the cake as a set of points.

Next:

A system OfSpOtS can coagulate (glue to- 8 — |Ifin a partially ordered set all the subsets have

ether) to form anew spot. It WIH be the joins then each of the subsets also has a meet. This is a
2 L. pot. well-known (and easy) theorem on partial order. Hence,
smallest spot containing all the spots to if we have all joins we also have all meets, and our set of
be glued together. Thus, our partially or- spots is a complete lattice already because of the joins.

dered set will be a complete lattice.®
And finally:

We are not so much interested in general meets (although we have them in the com-
plete lattice anyway). But a basic geometrical question is whether two spots touch
or not, that is, whether the meet is zero or not. And here it is natural to assume that
aspot touching a result of coagulation of a system of spots touches some individual
spot from . Hence formally:

if(Vjai) Ab # 0thena; Ab # 0for some individual a;.
LE

This assumption is only a little bit weaker than the technically more comfortable
distributivity rule

(Vai) Ab = V(ai A b) (frm)

which we will keep, not only because it is easier to work with, but first of all because
itis a characteristic property of the lattice of open sets of a topological space.

Thus, we have finished with the suggestion to describe a natural space as a complete
lattice satisfying the rule (frm). Such lattices are called frames. Note that the lat-
tice of open sets of a topological space is a frame and realize that in classical spaces
(you can think of metric ones) without isolated points, open sets are the ‘realistic
spots’ that can be very small, but always with a non-trivial extent. Maybe you have
already begun to see in which sense the description of topology by open sets is not
only much simpler, but also intuitively more satisfactory than it appeared at a first
glance: it emphasizes the geometry of the space as the relations between its easily
imaginable parts.
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mista, ktera v typickych ptipadech prostortt mohou byt libovolné mala, ale vzdy
snéjakym nenulovym rozsahem. Mozna vam uz ted' zacina pripadat popis topologie
pomoci otevienych mnozin nejen jednodussi, ale také nazornéjsi nez se mohlo zdat
na prvni pohled: zdiraziuje z prostoru jeho geometrii tvorenou prirozenou struk-
turou realisticky prestavitelnych mist. Ale za¢ne v nas také hlodat pochybnost:
Zda se, ze chceme redukovat topologicky prostor jen na vztahy mezi otevienymi
mnozinami. Nezjednodusujeme si to prilis? Nezbude nam z informace o prostoru
prilis malo? Vzdyt v prostoru je kromé otevienych mnozin spousta jinych zajima-
vych podmnozin (typicky o hodné slozitéjsich) rizné prokombinovanych s body
a pomoci bodt, a ty prece v prostorovych zalezitostech hraji velkou ulohu.

K znaénému prekvapeni zjistime, Ze u béznych prostori (asi vsech takovych, se kte-

4 .. . v r . . 4 4 . 4
rymi jste se kdy setkali) Zadnou informaci neztracime. A nejen to, spoustu nového
ziskame, ale to predbiham.

Popis spojitych zobrazeni

Na namitku o mozné ztraté informace odpovime tuplnou rekonstrukei topologic-
kého prostoru z jeho svazu otevienych mnozin. Pijdeme trochu oklikou, béhem
které odpovime také na otazku, jak je to se spojitymi zobrazenimi. Pozorny ¢tenaf
m4d asi uz néjaké pochybnosti také v tomto sméru: spojitost jsme na jednom misté
oznacili za mozna nejdulezitéjsi pojem pro chapani co je to prostor, a ted' se tomu
néjak vyhybame. To musime napravit.

Trochu si zjednodusime znaceni. Pro topologicky prostor budeme pouzivat jen
jedno pismeno, X misto dfivéjsiho (X, 7), a misto toho T budeme psat 2(X) (,svaz
otevienych (pod)mnozin prostoru X“). Vzpominate si na ten homomorfismus h,
nyniz Q(Y) do Q(X), posilajici Udo f~*[U]? Mluvili jsme o ném v oddilu ,Velmi jed-
noducha formule pro spojitost a k éemu vede“. Kdyz nyni zavedeme pojem

[framovy homomorfismus h: L - M

jako zobrazeni framu L do framu M zachovavajici véechna spojeni a koneéné pra-
seky, vidime, zZe ke kazdému spojitému zobrazeni f: X - Y je prifazen framovy ho-
momorfismus Q(f): Q(Y) = Q(X), totiz to h. To by samo o sobé treba nebylo tak
zajimavé, ale toto urdité je:

Pro tzv. stfizlivé prostory® je kaZdy framovy homo- e — Velkatida prostor zahrnujici
. ; Vo, N napf. véechny Hausdorffovy (a tedy
ﬁ
mozﬁsfnus h.(/)(Y) .Q(){) roven 'Q(f) pro]ednoznacne specialné véechny metrické) prostory.
uréené spojité zobrazeni f: X - Y.

Tedy: jiné framové homomorfismy nez ty, které jsou prifazeny ke spojitym zobra-
zenim prostort, zde nejsou!



Surprisingly, we will learn that in typical spaces (probably all the spaces you have
ever got acquainted with: for instance, all the Hausdorff ones mentioned above) no
information is lost. And not only that, in fact we gain a lot. But here I am jumping
ahead, just wait.

Describing continuous mappings

We will answer the concern with possible loss of information by a complete recon-
struction of a topological space from the associated lattice of open sets. On the way
we will deal, first, with a representation of continuous maps. An observant reader
has probably already got some doubts in this direction: a while ago we claimed that
continuity is perhaps the most important aspect of understanding spaces; but so far
it may seem that we have somehow tried to avoid it. That must be set right.

We will adjust our notation. For a topological space we will use just one letter,
Xinstead of (X, 7), and instead of the T we will write 2(X) (‘the lattice of open sets
of a space X’). Do you remember the homomorphism h, now mapping Q(Y) to 2(X),
sending U to f~1[U]? It was discussed in the section ‘A very simple formula for con-
tinuity, and what follows’. If we now introduce the notion of a

frame homomorphism h: L > M

as a mapping from a frame L into a frame M preserving all joins and all finite meets,
we see that with each continuous mapping f: X — Y there is associated a frame ho-
momorphism Q(f): Q(Y) - Q(X), namely the h above. This, just by itself, would not
be quite so interesting, but the following certainly is:

For so called sober spaces® each frame homomor- 8 — Alarge class of spaces including
; . ; ; for instance all the Hausdorff (and hence
5 _
éb”:;}hxg(};) -Q(X) 1san .Q(j)for a uﬂlguely de in particular all the metric) ones.
nedf:X-Y.

Hence: there are no frame homomorphism but those uniquely associated with con-
tinuous mappings!

Hence: frame homomorphisms between lattices of open sets per- 10 — Maybe
fectly represent open mappings between the sober spaces in question. xh“efr';‘: f::

It happensin the reversed direction, and what precisely [ have in mind  representation
by the representation might yet need some discussion, but this will 2 be ":E.’aced
be at the moment unnecessarily technical 1 However, you certainly  mongin
realize that if I can represent continuous maps f: X - Y, [ can also  theoriginal,
represent points that are in a trivial one-to one correspondence with :g::‘,’::j,tt,\,e
(trivially) continuous mappings P — X, where P is a space constituted  direction.

by a single point. And having had reconstructed the points, we need %" >

just one more (easy) step to reconstruct the space with everything.
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Framové homomorfismy mezi svazy otevienych mnozin tedy do- 10 — Mozné by vas
konale reprezentuji spojita zobrazeni mezi pfislusnymi stfizli- tbe;/krée;?je”z]:::gg:sm
vymi prostory. Déje se to sice v obracenych smérech, a jak presné  nemonia byt
to s toureprezentaci myslim by mozna také jesté potiebovalo tro- ~ nahrazenanééim

. . . R v puvodnim, a tedy
chu diskuze, ale ta by asi byla v dané chvili zbyte¢né technickd® | 40mejsim smeru:
Jisté ale vidite, ze mohu-li dobfe reprezentovat spojita zobrazeni  ideto.
f: Y = X, mohu reprezentovat i body prostoru X, které jsou v tri-
vialnim vzajemné jednoznaéném vztahu s (trivialnimi) spojitymi
zobrazenimi P — X, kde P je prostor sestavajici z jediného bodu.
A kdyz tako rekonstrujeme body, je jiz jen krok k tomu, abychom

prostor rekonstruovali se v§im véudy.

Ale prece jen: k éemu je bezbodovy prFistup dobry?

Kdyz jsme zjistili, Ze bezbodovym pristupem toho asi moc neztracime, méli bychom
se vénovat opravnéné otazce, jestli viibec néco ziskdme. Prvni, co vas asi napadne,
je toto:

e bud takto dostaneme jen reprezentaci klasickych topologickych prostort, a po-
tom to nabizi jen novou techniku a kdo vi, jestli nedostaneme jen jinak (a mozna
slozitéji) dokazovana znamad fakta, nebo fakta sice nova, ale takova, ze bychom
na né klasickymi postupy prisli také,

« nebo se tim pojem prostoru rozsifuje a zobectiuje, a potom je otazka, zda o néjaké
nové prostory vibec stojime.

Na to odpovim hned. Jde o rozsiteni, a to velmi podstatné. Takze se budeme ptat
spi$ takto:

» Prfinasiobecnéjsi prostory (vétsi tiida) prostorti nové vysledky, v néjakém smyslu
lepsi?

e A dostavame pripadné také néco nového o klasickych prostorech, néco, na co
bychom jinak nepftisli?

Odpovédi na obé otazky jsou velmi uspokojivé.

K prvni z nich: Roz$ifeni zde neni ten typ zobecnéni, pfi némz ubirdme vlastnosti.
Spis to pfipomina pfechod od realnych ¢isel k ¢islim komplexnim, v tom smyslu, ze
dovoluje konstrukce, které predtim nefungovaly. Tak tfeba v otazce parakompakt-
4 o . o V. 7 v 4 . 4 . . 4 A4 .
nich prostort, velmi dulezitych v nékterych aplikacich: tam jsou klasické moznosti
velmi omezené, jiz se soudiny jsou nepiekonatelné potize. Bezbodové prostory dovo-
luji nejen véechny soudiny, ale vSechny kategorialni limity a kolimity: prosté nékteré
konstrukce vyjdou mimo klasicky ramec, jako kdyz rovnice zadané v realnych Cislech
A4 4 4 . 4 v/ 4 7 v o/ 4 4 4 4
reseni v ramci komplexnich ¢isel feseni obecné maji, ale ne vzdy realna. Také, trochu
.. /4 4 Ve v /4 . .o /4 v . J4 /4 . . 4 v/’
jina zalezitost, néktera fakta jsou jind nez v klasickém ramci, a v jistém smyslu hezéi.



But still: is the point-free approach really of some use?

Having observed that the point-free approach probably does not lead to losing much
information, we should now attend to the legitimate question whether we, on the
other hand, do gain something. The misgivings that may probably come to mind
are that

o ecither we will just have a new representation of classical spaces (and some new
techniques); then, who knows, we may obtain nothing but newly (and perhaps
clumsily) proven known facts, or facts new, but such that we could have obtained
them classically as well; or

o the concept of space is extended and generalised; then we should ask whether we
care for such a generalization at all.

This can be answered right away. It is an extension of the concept, and a fairly sub-
stantial one. Hence, we will, rather, ask otherwise:

e Do the more general spaces yield new results, and are some of them, in some
sense, better?

« And do we perhaps also learn something new about classical spaces, something
which would otherwise remain hidden?

The answers to both questions are satisfactory.

To the first one: The extension is not the type of generalization in which one re-
moves some of the properties. It reminds, rather, of the transit from real numbers
to the complex ones, in the sense that it allows constructions that have not worked
before. Thus, for instance, there is the case of paracompact spaces, importantin ap-
plications, where classically some constructions are rather restricted: already pro-
ducts cause insurmountable troubles. Point-free spaces allow not only all products,
butalso all categorical limits and colimits: results of some of such constructions are
simply beyond the classical boundaries, similarly like solutions of equations with
real coefficients that always exist in the complex realm, but are not always real. —
Also, some facts, differing from their classical counterparts, are somehow prettier.

Concerning the second question let me first mention that the structure of subob-
jects is here richer than in the classical theory, and that a classical space can have,
besides classical subspaces, also non-classical subobjects (typically so, the absence
of such subobjects is an exception) playing a significant role (sometimes even fairly
intuitive, so that one easily perceives their lack in the classical theory).

But I would like to emphasize some results (probably unexpected; I am not aware of
related impulses in the early motivations for the point-free reasoning). I must ex-
plain something (who knows will excuse me). There is a proof tool called the Axiom
of Choice (with variants; one speaks of choice principles) often used in mathematics.
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U druhé otazky bych se nejprve zminil o tom, ze struktura podobjektti je zde bo-
hatsi nez v klasické teorii, a ze i klasicky prostor ma kromé béznych podprostort
téz neklasické podobjekty (a to typicky, opaéna situace je spis vyjimka), které
hraji velmi uzite¢nou roli (a nékdy jsou i velmi nazorné a v klasické teorii viditelné
schazi). Ale zvlast se chei zminit o celé fadé vysledkd, které asi sotva kdo olekaval
(ani nevim, zda se v motivacich pro bezbodovy ptfistup na takové cile pomyslelo).
Musim ale nejdfive néco vysvétlit, kdo to zna, at mi promine. V matematice se uziva
jako jeden z diukazovych prostfedki tak zvany Axiom vybéru (nebo jeho varianty,
mluvime o vybérovych principech). Je to prostiedek velmi uziteény, ale ma hadek.
Dokazeme-li takto existenci feseni néjakého problému, neni vidét, jak bychom ho
konkrétné mohli najit (spoditat), a bylo-li pouziti vybérového principu nutné, je to
opravdu beznadéjné: teoreticky néco mame a prakticky to nejde. Ukazalo se, ze
mnoha fakta, ktera klasicky nutné potiebuji vybérovy princip, jsou bezbodové zcela
konstruktivni; asi tedy neprekvapi, ze v teoretické informace (zejména v matema-
tické logice spojené s informatikou) se bezbodovym prostorim a pojmim z nich
vychazejicim nyni ¢asto dava prednost.

A na tomto misté budu koncit. Sice jsme se nedostali moc daleko (jako by tfeba uvod
do euklidovské geometrie skondil zavedenim Euklidovych axiomt a o praci s nimi,
konstrukcich a faktech by uz nic dale nepokracovalo), ale snad jste si udélali pred-
stavu, ¢eho se topologie jako teorie prostoru a obecna geometrie tykd. Jen musim
jesté upozornit, ze vse se tocilo kolem toho oboru, kterému se fika (mozna, ze ne
moc trefné) mnozinova topologie. O prekrasnych otazkach globalnich vlastnosti
tvara studovanych v kombinatorické a algebraické topologii zminka viibec nebyla.

Pokud byste se prece jen chtéli sezndmit s tim, jak od zaklada teorie pokracuje, mu-
zZete se podivat do Johnstonova ¢lanku [7] (od jeho publikace sice uplynula dlouha
doba, vyvoj mezitim velmi pokrodil a obor se rozrostl, ale ¢etba je to dosud podnétna;
viz téz [8]), nebo do tvodnich partii monografii [6] nebo (podstatné novéjsi) [12].
Zcela nedavna monografie [13] je sice velmi specidlni, ale ivod v ni je uréen véem.
Pro klasickou topologii je mozno doporudit nestarnouci [9], nebo knihu [2] a zejména
velmi obsaznou [4]. O metrickych prostorech se ¢tenar miuze hodné dozvédét tieba
v [1]. Ve zminénych publikacich je samoztejmé uvedena bohata dalsi literatura.



Itis a useful trick, but there is a catch. If we use it to prove the existence of solution
of a problem there is no hint how to concretely find (or compute) it. And if the use of
a choice principle is necessary, the situation is rather hopeless: we have something
in theory, but practically it is not feasible. It has turned out that a number of facts
requiring in the classical theory necessarily a choice principle are in the point-free
variant fully constructive. Thus, it is hardly surprising that in the theoretical com-
puter science (particularly in the formallogic connected with computer science) the
point-free approach is often preferred.

And here I will finish. We have not got very far (admittedly, itis asifan introduction
to Euclidean geometry would finish with introducing the axioms, without show-
ing how they are used, and without discussing some interesting constructions and
facts), but hopefully you now have some idea what topology and general theory of
spaces about is. However, I must point out that everything we spoke about con-
cerned what one calls (perhaps not quite aptly) the set topology. We have not spoken
at all about the most beautiful questions of the global properties of shapes studied
in combinatorial and algebraic topology.

If you would still like to get acquainted with how the theory proceeds, you can open
the excellent Johnstone’s paper [7] (although it was published quite a while ago,
and the development was very considerable since, it is still a useful reading; see also
[8]), or the introductory parts of thr monographs [6] or (much more recent) [12].
A quite recent monograph [13] concerns very special topics, but the introduction
is addressed to general readership. For the classical topology one can recommend
the ageless [9], or [2], and in particular the very comprehensive [4]. About metric
spaces one can learn a lot for instance in [1]. In all the mentioned texts one can, of
course, find rich further references.
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Topologie barvy

Michal Vik, Martina Vikova

Pro fyzika je barva kvalitou svétla, slogeného z riuznych
vinovych délek zdarivé energie, pro fyziologa existuje
barva jako fotochemicky ucinek na sitnici oka, odkud je
prendsen nervovym systémem do mozku clovéka, pricemz
vetah mezi podnétem a barevnym pocitkem neni jesté
dostatecné osvétlen, pro psychologa je barva kvalitou

a charakterem zrakového viemu, ktery je subjektivnim
odrazem objektivni reality, v pojeti barvy filosofem se
obrazi zakladni nazirani svéta — barva je chdpana bud’
jako objektivni nebo subjektivni kvalita atd.

Josef Hejzlar
Barvy v bytovém interiéru



Color topology

Michal Vik, Martina Vikova

For the physicist, color is the quality of light, composed
of different wavelengths of radiant energy; for the
physiologist, color exists as a photochemical effect

on the retina of the eye, from where it is transmitted
by the nervous system to the human brain, while the
relationship between stimulus and color sensation is
not yet sufficiently illuminated; for the psychologist,
color is the quality and character of visual perception,
which is a subjective reflection of objective reality;

the philosopher’s conception of color reflects the basic
world view — color is understood as either an objective
or subjective quality etc.

Josef Hejzlar
Colors in the home interior
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Uvod

Zrakové vnimani je slozity déj, na jehoz realizaci se podili primarné opticka sou-
stava oka, sitnice, zrakova draha, podkorova nervova centra a mozkovakira. Po do-
v A /4 o/ 7 VeVv/ v 4 ./ Ve /4 . . /4
padu svétla zprostfedkovavajiciho vnéjsi obraz svéta nastavaji slozité biochemické
a elektrofyziologické pochody, které spole¢né s nasi zkusenosti vytvareji vinimany
v 4 4 . . /4 v v I . 4 4
obraz svéta. Zda se tedy, ze viditelné svétlo, tedy ta cast elektromagnetického za-
reni, kterou miizeme nasim zrakem vnimat, hraje jedine¢nou roli v procesu naseho
vnimani, nicméné tento proces nelze chapat mechanisticky a predstavovat si jej
obdobné jako v pripadé snimani obrazii pomoci maticovych snimact — digitalni
fotoaparaty a podobné. Nas zrakovy systém se musi vyrovnat jak s vysokym roz-
sahem jasti, tak proménlivymi spektralnimi vlastnostmi objekt. Vnimani barev
nelze izolovat pouze na vjem chromati¢nosti, ale poskytuje nim rovnéz informace
o struktufe a vlastnostech objektt, jejich kontextu v daném prostredi atd. Pres-
toze muze dochdzet k nespravné interpretaci vnimanych barev, resp. celkového
viemu dané scény, umoznuje nam vnimani barev rozliSovani podstatnych informaci
o vnéj$im svété. V praxi vnimame nejen svétlo z prvotnich zafict — zdroju svétla
jak pfirodnich, tak umélych, ale rovnéz svétlo z druhotnych zarica, které nejéas-
téji vznika jako odraz svétla od objektti. MiZeme tak mluvit o tzv. strukturovaném
v 4 v . v o 4 * 0 . 4 4 4 7
svétle, které v sobé zahrnuje svétlo z raznych zdroji, jez navic mohou byt umis-
tény libovolné v zorném poli pozorovatele. Strukturované svétlo v trojrozmérnych
scénach je obvykle nerovnomérné kvuli stintim, které vrha jeden objekt na druhy,
v . v’ . . 7 v .. NI . v
nebo proto, ze jedna cast objektu je obracena ke svétlu a jina cast je od svétla od-
4 v 4 4 4 4 4 4 .
vracena. Pres tyto problémy musi byt zrakovy systém schopen vnimat jak barvy,
tak svétlost jako do zna¢né miry konstantni. Abychom byli schopni vnimat kon-
stantni svétlost objektu, musi byt zrakovy systém schopen zohlednit nerovnomérné
v 4 4 eV Vv v 4 o /4 4 . ’ !
osvétleni. Musi rozlisit, zda zména v osvétleni zptisobena stinem je dana rozhranim
ovlivnénym osvétlenim, a ne rozhranim ovlivnénym odrazem svétla. Pokud bychom
v * Ve v . /4 4 4 v . . v 4 .
uvazovali Cisté na fyzikalnim zakladé, mohli bychom aplikovat pomérové pravidlo.
Tedy ze svétlost urcitého objektu je dina pomérem jasnosti jeho plochy ve vztahu
k podobné osvétlené plose, ktera se jevi jako idealné bila, nebo idealné prihledna.
Prikladem, ktery platnost tohoto pravidla do zna¢né miry doklada, je vnimani sa-
chovnice. Pfedstavme si, Ze se divime na $achovnici na pfimém slune¢nim svétle,
osvétlenost Sachovnice bude v tomto pripadé priblizné 100 klx, jak to miizeme vidét
v nakresu na oer. 1. Pak prejdeme do mistnosti, kde je napriklad zarovka, zarivka
¢i LED svételny zdroj a osvétlenost v tomto pripadé bude soo Ix. Prestoze Cerné
v I Vv ./ Ve .V v 4 v v 1, VY Y1/ v
¢tverce venku odrazeji priblizné 9x vice svétla nez bilé étverce pod umélym osvét-
lenim, tak éerné Ctverce stale vypadaji ¢erné. Vase vnimani je tedy v tomto pripadé
v /4 . .. A4 ’ Vv 7 Vv /4 .
urcovano odrazem a nikoli jasem odrazeného svétla. Potom plati pomérové pravidlo
a dokud bude pomér odrazu mezi bilou a ¢ernou plochou zachovan, bude vnimana
svétlost stale stejnd.!

1 — Goldstein, B. E. and Cacciamani, L. (2022) Sensation and Perception, Cengage Boston



Introduction

Visual perception is a complex process involving primarily the optical system of the
eye, the retina, the visual pathway, the subcortical nerve centers, and the cerebral
cortex. After the impact of light mediating the external image of the world, com-
plex biochemical and electrophysiological processes occur that, together with our
experience, create the perceived image of the world. Thus, it seems that visible light,
i.e., the part of electromagnetic radiation that we can perceive with our eyes, plays
aunique role in our perception process, but this process cannot be understood me-
chanistically and imagined in a similar way as in the case of image capture by matrix
sensors — digital cameras and the like. Our visual system must cope with both the
high range of brightness’s and the changing spectral properties of objects. Color
perception cannot be isolated to the perception of chromaticity, but also provides
us with information about the structure and properties of objects, their context in
each environment, etc. Although there may be misinterpretation of the perceived
colors or the overall perception of a given scene, color perception allows us to dis-
criminate essential information about the external world. In practice, we perceive
not only light from primary emitters — light sources both natural and artificial, but
also light from secondary emitters, which most often arises as a reflection of light
from objects. We can thus speak of so-called structured light, which includes light
from different sources, which, moreover, can be placed arbitrarily in the field of view
of the observer. Structured light in three-dimensional scenes is usually uneven be-
cause of the shadows cast by one object on another, or because one part of the object
is facing the light and another part is facing away from the light. Despite these prob-
lems, the visual system must be able to perceive both color and lightness as largely
constant. To be able to perceive a constant luminance of an object, the visual system
must be able to account for uneven illumination. It must distinguish whether the
change inillumination caused by shadow is due to an interface affected by illumina-
tion rather than an interface affected by light reflection. If we were thinking purely
on a physical basis, we could apply the ratio rule. That s, the brightness of an object
is given by the ratio of the brightness of its surface in relation to a similarly illumi-
nated surface that appears ideally white, or ideally transparent. An example which
largely illustrates the validity of this rule is the perception of a chessboard. Suppose
we are looking at a chessboard in direct sunlight, the illuminance of the chessboard
in this case will be approximately 100 klx, as can be seen in the drawing in Fia. 1. We
then move to a room where there is, for example, an incandescent, fluorescent, or
LED light source and the illuminance in this case will be 500 Ix. Even though the
black squares outside reflect approximately 9 times lighter than the white squares
under artificial lighting, the black squares still look black. So, your perception in
this case is determined by the reflection and not the brightness of the reflected light.
Then the ratio rule applies, and if the ratio of reflection between the white and black
areas is maintained, the perceived lightness will remain the same.

1 — Goldstein, B. E. and Cacciamani, L. (2022) Sensation and Perception, Cengage Boston
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Vratime-li se k problému nerovnomérného osvétleni, je zfejmé, Ze zrakovy systém
jej musi brat vuvahu. V praxi to znamena, ze musime byt schopni rozlisit urdité pra-
hové zmény dané napriklad uréitymi typy rozhrani. Zrakovy systém obvykle roz-
dil mezi rozhranim ovlivnénym svétlem a rozhranim zptisobenym odrazem rozlisi,
v v L v v . 4 7 Vv 4 . 7
protoze ackoli je osvétlenost snizena vlivem stinu, obvykle pfislusné oblasti nevni-
4 . v /4 v 4 V7 o Vv 4 4 v 4
mame jako Sedé nebo Cerné. Prikladem muze byt fotografie na ogr. 2, kdy zastinéna
v I v I e v /4 v 4 v 4 .
¢ast stény domu vypada jinak nez oblast, kam dopada pfimy slunecni svit, ale vy
! v . 4 7 4 . A Vv 7 v /4 .. . /4
vite, Ze se jedna o stin, takZe usuzujete, ze barva stény v zastinéné oblasti je stejna
. . v 4 . 4 . ’ v v
jako v oblasti osvétlené sluncem. Jinymi slovy berete v ivahu skute¢nost, ze na za-
stinénou ¢ast stény dopada mensi mnozstvi svétla nez na nezastinénou ¢ast. Jak zra-
kovy systém pozna, ze zména intenzity zpisobena stinem je rozhranim osvétleni,
ane rozhranim odrazu? Jakou roli v tomto procesu hraje vnimani barev a svétlosti?

Dalsi z véci, kterou miize nas zrakovy systém vzit v uvahu, je smysluplny tvar stinu.
V tomto konkrétnim pripadé vime, Ze stin byl vrzen stromem, takzZe usuzujeme, ze
se zménilo osvétleni stény, nikoliv jeji barva. Dalsi voditko, které usnadnuje rozli-
v 4 . /4 4 . /4 . 4 . oV . v
$eni, o jaké rozhrani se jedna, je charakter obrysu stinu, jak miizeme vidét na oer. 3.
Na bily papir na stole polozte néjaky predmét, napriklad kostku, hrnek ¢i midek,
apotéjej pod uhlem osvétlete stolni lampou a nastavte polohu lampy tak, aby vznikl
stin s mirné rozmazanym okrajem, jako je vidét na oer. s vlevo. (Obecné plati, ze pti-
blizenim lampy ke kostce se okraj stinu rozostfi.) Rozostreny okraj na okraji stinu
se nazyva polostin. Nyni vezméte fixu a nakreslete tlustou ¢aru, jak je znazornéno
na obrazku oer. s vpravo, takze polostin jiz nebude vidét. Co se stane s vasim vnima-
7 ! v J4 . s, .V V /I VI U 4 o 7 A4 V Vs . 4
nim zastinéné oblasti uvnitt Cerné ¢ary? Zakryti polostinu zpusobi, ze vétsina lidi
vnima zménu vzhledu zastinéné oblasti a je obtizné rozlidit, zda zména svétlosti je
zpusobena snizenou intenzitou svétla, ¢i zménou odrazu. Polostin zfejmé poskytuje
zrakovému systému informaci, ze tmava oblast vedle kostky je stin, takze okraj mezi
stinem a papirem je rozhrani ovlivnéné osvétlenim. Zamaskovani polostinu vsak
tuto informaci eliminuje, takzZe oblast pokryta stinem je vinimana jako oblast s roz-
dilnou odraznosti, v nasem pripadé vznika iluze $edé zabarveného povrchu vedle
kostky. V této ukazce dochazi k tomu, ze vjem konstantni svétlosti nastava, kdyz je
7 v’ 4 ’ v Vo 4
polostin pritomen, ale nedochazi k nému, kdyz je maskovan.

Bylo navrzeno nékolik vysvétleni, jak zrakovy = 2 — Adelson, E. H. (1999). Light perception

4 ) . L S 4 N and lightness illusions. In Gazzaniga, M. Editor
SySte,n; rO%IISUJC I,neZIVtemltO dvvema typy rO_Z The new cognitive neurosciences (s. 339-351).
hrani.?2 Zakladni myslenka téchto teoretic-  cambridge, MAIMIT Press; Gilchrist, A. L. (1994).
k ,Ch konce td s OéiVé v tom ie erce éni Lightness, brightness, and transparency.

Y ’ 13/ ’ \P .o ] p , p Hillsdale, NJ: Erlbaum; Gilchrist, A., Kossyfidis,
system vyuziva fadu Zdro]u 1nforrna01, aby C., Bonato, F., Agostini, T., Cataliotti, J., Li, X.
zohlednil charakter osvétleni. Z predchazeji- - Economou, E. (1999). An anchoring theory

’ s 1 v ’ L. of lightness perception. Psychological review,
ciho textu vyplyva, Ze rozhrani odraznostije  10g4), 795-834.
rozhrani, kde se méni odraznost dvou povr-
chi, kdezto rozhrani osvétleni je mistem, kde

dochazi ke zméné jasu.
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0BR.1 Cést $achovnice osvétlend primym slune¢nim svitem (vlevo) a zarovkou (vpravo)
FIG.1 Part of the chessboard illuminated by direct sunlight (left) and a light bulb (right)

OBR.2 Na této fotografii miizeme vidét zastinénou a nezastinénou ¢ast stény domu. Pfi pohledu
na tuto scénu automaticky predpokladame, Ze ¢ast stény osvétlend sluneénim svitem md stejnou
svétlost i chromati¢nost. Zména vzhledu je zpiisobena snizenym mnozstvim svétla diky stinu,
ktery vrha stromek. Zaroverl mizeme vidét ostré rozhrani na zastinéné strané stény.

FIG. 2 In this photo we can see the shaded and unshaded part of the house wall. Looking at this
scene, we automatically assume that the part of the wall illuminated by sunlight has the same
luminosity and chromaticity. The change in appearance is caused by the reduced amount of light
due to the shadow cast by the tree. At the same time, we can see a sharp interface on the shaded
side of the wall.

PAGE 149



STRANA 150

oBR. 3 Kostka a jeji stin véetné polostinu (vlevo). Kostka a jeji stin, kdy polostin je prekryt
¢ernym ohranicenim (vpravo)

FIG. 3 The cube and its shadow including the half-shadow (left). The cube and its shadow,
with the half-shadow covered by a black border (right)

OBR.4 Socha Panny Marie v noci osvétlena zespodu (4 a — vlevo) a béhem dne (4 b — vpravo);
prevzato z Goldstein, E. B. a Brockmole J. R. Sensation and Perception, 10. vydani, Cengage
Learning, Boston 2017

FIG. 4 The statue of the Virgin Mary at night lit from below (4 a — left) and during the day

(4 b - right). Adapted from Goldstein, E. B. and Brockmole J. R. Sensation and Perception,
10th edition, Cengage Learning, Boston 2017



Returning to the problem of uneven lighting, the visual system must take this
into account. In practice, this means that we need to be able to distinguish certain
threshold changes due to, for example, certain types of interfaces. The visual system
can usually distinguish between interfaces affected by light and interfaces caused
by reflection, because although the illuminance is reduced due to shadow, we do not
usually perceive the relevant areas as grey or black. As an example, in the photo-
graphin ria. 2, the shaded part of the wall of the house looks different from the area
receiving direct sunlight, but you know that it is shadow, so you infer that the color
of the wall in the shaded area is the same as in the sunlit area. In other words, you
consider the fact that less light falls on the shaded part of the wall than on the un-
shaded part. How does the visual system know that the change in intensity caused
by the shadow is an illumination interface and not a reflection interface? What role
does color and lightness perception play in this process?

Another thing our visual system can consider is the meaningful shape of the shadow.
In this case, we know that the shadow was cast by the tree, so we infer that the illu-
mination of the wall has changed, not its color. Another clue that makes it easier to
distinguish which interface is involved is the nature of the shadow outline, as we can
see in Fi@ 3. Place an object, such as a cube, cup, or ball, on a white piece of paper on
atable and then illuminate it at an angle with a table lamp, adjusting the position of
the lamp to produce a shadow with a slightly blurred edge, as seen in Fie. 3, left. (In
general, bringing the lamp closer to the cube will blur the edge of the shadow.) The
blurred edge at the edge of the shadow is called a penumbra. Now take a marker and
draw a thick line as shown in rie. 3 right, so that the penumbra is no longer visible.
What happens to your perception of the shaded area inside the black line? Obscur-
ing the half-shadow will cause most people to perceive a change in the appearance
of the shaded area, and it is difficult to distinguish whether the change in lightness
is due to reduced light intensity or a change in reflection. The half-shadow seems
to provide information to the visual system that the dark area next to the cube is a
shadow, so the edge between the shadow and the paper is the interface affected by
the illumination. However, the masking of the penumbra eliminates this informa-
tion, so that the area covered by the shadow is perceived as having a different reflec-
tance, in our case creating the illusion of a gray-colored surface next to the cube.
In this example, the perception of constant lightness occurs when the penumbra is
present but does not occur when it is masked.

Several explanations have been proposed 2 — Adelson, E. H. (1999). Light perception and

fOI‘ hOW the ViSllal system distin uishes be_ lightness illusions. In Gazzaniga, M. Editor The new
Y ) cognitive neurosciences (pp. 339-351). Cambridge,

tween these two types of interfaces.?2 The  MAMIT Press; Gilchrist, A. L. (1994). Lightness,
basic idea behlnd these theoretical COHCCPES brightness, and transparency. Hillsdale, NJ: Erlbaum;
. R Gilchrist, A., Kossyfidis, C., Bonato, F., Agostini,

is that the perceptual system uses a variety T, cataliotti, J., Li, X. ... Economou, E. (1999).

of information sources to account for the  Ananchoring theory of lightness perception.

. . . . Psychological review, 106(4), 795-834.
nature of illumination. From the preceding
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Dal$im prikladem situace, kdy zrakovy systém mutize mit problém jak s rozliSenim
konstantni svétlosti ¢i barvy, resp. se zZiménou oblasti obrazu jako ,ve stinu“ a vni-
ror P ’ ./ « . ’ .
manim oblasti jako z ,,tmavého materialu je snimek sochy Panny Marie na oer. 4
A. Tato fotografie byla porizena v noci v Grotté Panny Marie Lurdské na Univerzité
Notre Dame. Pfi pozorovani sochy v noci neni jasné, zda je tmava plocha nad Ma-
riinyma sepjatyma rukama zbarvena modrfe, stejné jako Serpa, nebo zda je prosté
4 v ’ Vo . v v . 4 /4 vV 4 /4 .
ve stinu. Osvétleni zfejmé naznaduje stin, ale témér dokonala barevna shoda mezi
touto oblasti a Serpou naznaduje modry material. Vzhledem k tomu, ze socha je
posazena na zvy$ené rimse, neni snadné uréit ,realny“ vzhled sochy. Ale oer. 4 B,
V7 4 4 v . \ 4 Vv . 7
porizeny za denniho svétla, odhaluje, Ze tmava oblast byla ve skute¢nosti stinem.

Protoze je stin, ktery mizeme vidét béhem noci, tvoren 3 — von Goethe, J. W. (2014)
diky spodnimu osvétleni svétf:ln}?rn zdrojem o ndhradni gg?ﬂﬁﬁg?ﬁﬁ.'vye?;?fﬁii
teploté chromatiénosti 7;, ptiblizné 3 0ooo K, tedy svét-

lem obsahujicim teplou (zlutou) bilou barvu, tak stin ve

smyslu Goethovy teorie barev 2 vykazuje nadech v pro-

tilehlé barvé, tedy modré. Tim se dostavame k hlavnimu

tématu tohoto prispévku, a sice aktualnim teoriim vni-

mani barev a jak jsou tyto teorie v souladu se soucas-

nymi znalostmi o zrakovém systému.



text, a reflectance interface is an interface where the reflectance of two surfaces
changes, whereas an illumination interface is where the brightness changes.

Another example of a situation where the visual system may have difficulty distin-
guishing constant lightness or color, or confusing areas of an image as being ‘in
shadow’ and perceiving an area as being made of ‘dark material’ is the image of the
statue of the Virgin Mary in ria. 4 a. This photograph was taken at night in the Grotto
of Our Lady of Lourdes at the University of Notre Dame. Observing the statue at
night (image a), it is not clear whether the dark area above Mary’s clasped hands is
colored blue, like the sash, or whether it is simply in shadow. The lighting seems to
suggest a shadow, but the near-perfect color match between this area and the sash
suggests blue material. Since the statue is perched on a raised ledge, it is not easy to
determine the ‘real’ appearance of the statue. But Fia. 4 8, taken in daylight, reveals
that the dark area was in fact a shadow.

Since the shadow that we can see during the night is 3 — von Goethe, J. W. (2014)
formed due to the bottom illumination by alight source gss:gﬁjgzhjg:e’e‘:;f;g:;
with a corelated color temperature CCT of approx-

imately 3,000 K, i.e., by light containing warm (yel-

low) white color, the shadow in the sense of Goethe’s

color theory 2 shows a tinge of the opposite color, i.e.,

blue. This brings us to the main topic of this paper,

namely current theories of color perception and how

these theories are consistent with current knowledge

of the visual system.
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Vnimani barev

Vétsina kurzt pro zacateéniky v oblasti kolorimetrie za¢ina tim,
zZe popisuje tzv. trichromatickou teorii vinimani barev, ¢asto ozna-
¢ovanou jako Youngova-Helmholtzova teorie barev. Zakladni
princip vychaziz toho, Ze v sitnici mame ¢ipky citlivé na ¢ervenou,
zelenou a modrou barvu, tedy RGB. Pokud na signaly z RGB ¢ipkt
uplatnime aditivni smisSeni, tak se pfedpoklada vytvoreni vSech
barev, které ¢lovék muze vnimat. Jak nicméné ukazal Guildav-

4 — Vik, M.,
Periyasamy, A. P.,
Vikova M. (2018).
Chromic Materials,
Fundamentals,
Measurements
and Applications.
Waretown, NJ USA:
Apple Academic
Press Inc.

-Wrighttuv experiment, ktery poslouzil pro definovani funkei CIE
standardniho pozorovatele (2°), tedy funkci vyrovnani barvy,
zadnou kombinaci primarnich svétel RGB nebylo mozné dosih-
nout vyrovnani barevného vzhledu bilé plochy osvétlené na srov-
navaci ¢asti testovacim monochromatickym svétlem o urdité vl-

7

nové délce (v rozsahu mezi cca 440 az §40 nm) a na vztazné Casti
osvétlené RGB svételnymi zdroji. K vyrovnani barevného vzhledu
doslo teprve tehdy, kdyz svétlo R bylo pfemisténo na stranu mo-
nochromatického testovaciho zdroje. Coz ve svém dusledku zna-
mena, ze Cervené svétlo bylo odecitano od monochromatického
podnétu ve vyse uvedeném spektralnim rozsahu a vznikl tak pa-
radox ,zaporné“ barvy, viz oer. 5. Aby tento problém byl vyfesen,
tak Mezinarodni komise pro osvétlovani CIE ptijala v roce 1931
kolorimetrickou soustavu XYZ, kde irealna svétla XYZ nahradila
realnd svétla RGB.# Funkce standardniho pozorovatele diky tomu
maji pouze pozitivni hodnoty pomérné udinnosti, jak dokumen-

tuje graf na ogr. 6.
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Perception of color

Most beginner’s courses in colorimetry start by describing the 4 — vik,m,
so-called trichromatic theory of color perception, often referred \F;Iek'(';'gsfﬂm{zgs? '
to as the Young-Helmholtz theory of color. The basic principle is  chromic Materials,
because we have cones in the retina that are sensitive tored, green, ~ Fundamentals,
ioe P . Measurements
and blue, or RGB. If we apply additive mixing to the signals from  and applications.
the RGB cones, we are expected to produce all the colors thata ~ Waretown, NJ USA:
. . . Apple Academic
human can perceive. However, as shown by the Guild-Wright ex-  pregs inc.
periment, which was used to define the CIE standard observer (2°)

functions, i.e., the color matching functions, no combination of

RGB primary lights could achieve color matching of the appear-

ance of the white area illuminated on the reference part by test
monochromatic light of a certain wavelength (between about 440

and 540 nm) and on the reference part illuminated by RGB light

sources. The color matching only occurred when the R light was

moved to the side of the monochromatic test source. Which in ef-

fect means that the red light was subtracted from the monochro-

matic stimulus in the above spectral range, creating the paradox

of the ‘negative’ color, see ria. 5. To solve this problem, the Inter-

national Commission on Illumination of the CIE adopted the XYZ

colorimetric system in 1931, where the irreal XYZ lights replaced

the real RGB lights. 4 As aresult, the functions of the standard ob-

server have only positive relative efficiency values, as documented

by the graph in rie. 6.
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Prestoze trichromaticka teorie vnimani barev dokaze
vysvétlitfadujevi, které jsous vnimanim barev spojeny,
jeradajevu, které tato teorie vysvétlit nedokaze. Prikla-
dem muize byt tzv. nasledny obraz (negativni paobraz),
ktery vznikne tak, ze se chvili soustfedéné divame na
urcity objekt a nasledné pti zavienych vickach vidime
jeho obraz v doplitkovych barvach. To vedlo k formulo-
vani teorie vnimani protilehlych barev (oer. 7), kterou
jako prvni prosazoval Johan Wolfgang von Goethe ve
své Nauce o barvichS. Je ur¢itym paradoxem, ze Go-
ethovy vyzkumy zistaly stranou zajmu prirodovédct
19. stoleti a prvni poloviny 20. stoleti. V dob¢, kdy se
trichromatickou teorii nedatilo vysvétlit mnohé z vni-
mani barev, pokusil se Ewald Hering® vysvétlit vnimani
barev tak, ze vychazel z vjemi barev. Jeho kruh barev
obsahuje ¢tyri zakladni barvy, z nichz vzdy dvé a dvé
se chovaji jako protilehlé. Misi-li se aditivné, rusi se. Pfi
simultannim nebo sukcesivnim kontrastu se podporuji
(Goethe). Jsou to ¢ervena-zelena, zluta-modra. U He-
ringa k nim pristupuje jesté dvojice achromatickych ba-
rev bila-Cernd, diky tomu vznikne prostor barev, ktery
lze pouzit pro popis vnimanych barev. Hering patral
po fyziologickych procesech, které se chovaji obdobné
adomnival se, Ze tomu odpovida asimilace a disimilace.
Pocit svétlych barev, v jeho podani ¢ervena a zluta, je
pry vyvolavan disimilaci, pocit tmavych barev, modra
a zelena, asimilaci. Vjem tak prisuzuje barvam speci-
ficky jas.

5 — von Goethe, J. W. (2014)
Goethe's Theory of Colours,
Cambridge University Press.

6 — Hering, Ewald (1878). Zur Lehre
vom Lichtsinne. Carl Gerolds’ sohn.,
Wien.

oBR.7 Priklad naslednych obrazt vzniklych lokalni adaptaci sitnice. Fixujte svij zrak
doprostred levého obrazku s riznobarevnymi ¢tverci po dobu asi 30 sekund a poté presurte
pohled na jednolitou bilou plochu. V$imnéte si barev naslednych obrazi vzhledem k ptivodnim

barvam obrazce.



Although the trichromatic theory of color perception
can explain many of the phenomena associated with
color perception, there are many phenomena that this
theory cannot explain. An example of this is the so-
called afterimage, which is produced by looking in-
tently at an object for a while and then seeing its image
in complementary colors when the eyelids are closed.
This led to the formulation of the theory of the per-
ception of opposite colors (rie. 7), which was first advo-
cated by Johann Wolfgang von Goethe in his Theory
of ColorsS®. It is something of a paradox that Goethe’s
investigations remained aside from the interest of nat-
ural scientists of the 19th century and the first half of
the 20th century. At a time when trichromatic theory
failed to explain much of color perception, Ewald Her-
ing © attempted to explain color perception by starting
from color sensations. His color circle contains four ba-
sic colors, of which two and two always behave as oppo-
sites. If they mix additively, they cancel each other. In
simultaneous or successive contrast, they support each
other (Goethe). They are red-green, yellow-blue. In Her-
ing’s work, they are joined by the achromatic color pair
white-black, resulting in a color space that can be used to
describe perceived colors. Hering searched for physio-
logical processes that behave similarly and thought that
assimilation and dissimilation corresponded to this. The
sensation of light colors, in hisaccount red and yellow, is
said to be induced by dissimilation, the sensation of dark
colors, blue and green, by assimilation. The perception
thus attributes a specific brightness to the colors.

5 — von Goethe, J. W. (2014)

Goethe's Theory of Colours,
Cambridge University Press.

6 — Hering, Ewald (1878). Z

ur Lehre

vom Lichtsinne. Carl Gerolds’ sohn.,

Wien.

FIG.7 Example of afterimages produced by local retinal adaptation. Fix your eyes in the middle of
the left image with the multicolored squares for about 30 seconds and then shift your sight to the
uniform white area. Note the colors of the afterimages relative to the original colors of the image.
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Kromé toho je vzdy soudasné ¢aste¢né podrazdéna bila
substance. Problém tohoto vysvétleni spoc¢iva v tom, ze
bylo ukazano, ze vnimany jas u zakladni ¢ervené a ze-
lené je prakticky identicky. Jinak feceno, Heringovo vy-
svétleni by tak bylo mozné ptijmout pouze pro dvojici
protilehlych barev zluta-modra. Nicméné problémem
zustava predstava, ze asimilace barvocivé substance by
méla ptsobit jako podnét, coz neni jinde v organismu
zndmo. Heringova teorie velmi dobfe vysvétlovala prin-
cipy kontrastt, ale nedovedla vysvétlit znamé typy vad
barvocitu. Az ve tficatych letech 20. stoleti se zacaly ob-
jevovat teorie, které sjednocovaly trichromatickou teo-
rii a teorii protilehlych barev.” Vysledkem jsou funkce
protilehlych barev tak, jak je miizeme vidét na oer. s, na
jejichz zakladé vznikly kolorimetrické soustavy CIE-
LUV a CIELAB. Odpovid4 nicméné tato predstava sou-
¢asnym znalostem, které o vnimani barev dnes mame?
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Inaddition, the white substance is always partially irri-
tated at the same time. The problem with this explana-
tion is that it has been shown that the perceived bright-
ness of the fundamental red and green is virtually
identical. In other words, Hering’s explanation could
thus be accepted only for the pair of opposite colors
yellow-blue. However, the problem remains with the
idea that the assimilation of a color-causing substance
should act as a stimulus, which is not known elsewhere
in the organism. Hering’s theory explained the princi-
ples of contrasts very well but failed to account for the
known types of color defects. It was not until the 1930s
that theories began to emerge that unified the trichro-
matic theory and the theory of opposite colors.” As a
result, the opposing color functions as seen in Fia. 8
gave rise to the CIELUV and CIELAB colorimetric sys-
tems. However, does this idea correspond to the cur-
rent knowledge we have about color perception today?

100

@
3
~
el

Relative response (-)
3

Relative response (-)
o

o
&

400

Wavelength (nm)

7 — Wyszecki, G. and Stiles,

W. S. (1982, 2000) Color Science:
Concepts and Methods, Quantitative
Data and Formulae, 2nd ed. Wiley.

500 550 600
Wavelength (nm)

FIG. 8 Opponent colors functions based on FIG.9 L, M, S cone relative sensitivities
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Sitnice

Sitnice je tvorena priblizné 100 riznymi typy neural- 8 — Trenholm S, Awatramani
nich bunék, které se nachazeji ve specifickych vrstvach & 5. (2019) Myriad roles for gap
.. L. v 7, v. N junctions in retinal circuits. In: Kolb
sitnice a vzajemné se propojuji do slozitych mikroob-  H, Fernandez E, Nelson R, editors.
vodi.® Tyto obvody slouZi k extrakci principidlnich ~ Webvision: The Organization of the
.. S % , M . , N Retina and Visual System [Internet].
ryst vizualniho svéta, které se prostfednictvim rliz-  salt Lake City (UT): University of
nych typt gangliovych bunék sitnice rozdéluji do odlis- ~ Utah Health Sciences Center.
nych vizudlnich kanalé — drah. Diferencované zpraco- 2 — Azeredo daSilveira R, Roska
, .. , A .. v Y B. Cell types, circuits, computation.
vané zrakové signaly jsou pak ze sitnice prenaseny do  current Opinion in Neurobiology.
velkého po¢tu vyssich zrakovych oblasti Vsitnici exi- 20210 s. 664-671. PubMed
stuji tfi typy neurond, které jsou propojeny sériové: fo-
. /4 4 . 4 v V7
toreceptory, bipolarnia gangliové buriky. Dal$i dva typy
bunék zabezpecluji propojeni vedouci paralelné s povr-
7 . . /4 4 . 4 Vv ’o. 7
chem sitnice: horizontalni a amakrinni bunky. Sériova
spojeni sitnice zabezpecuji prenos zrakovych informaci
ve formé akénich potencialt do thalamu a dalsich sub-
kortikalnich struktur, zatimco horizontalni a amak-

. 7 Vv . .
rinni bunky jsou interneurony.

Zajimavé je, ze mikroobvody v sitnici jsou propojeny jak chemickymi synapsemi,
tak obousmérnymi elektrickymi synapsemi tvofenymi oblastmi, které oznacujeme
jako gap junction. Velké mnozstviinterakci mezi elektrickymia chemickymi synap-
semi umoznuji obvodim fungovat velmi flexibilné a dynamicky. Protoze miru pte-
nosu signalu gap junction Ize navic ménit v rtiznych ¢asovych intervalech, mohou se
mikroobvody sitnice rekonfigurovat jak v milisekundovém méfitku, tak i v prabéhu
denniho/noéniho cyklu. Kromé toho gap junctions pisobi v rtiznych prostorovych
méritkach a synchronizuji aktivitu na subcelularni urovniiv rozsahlych oblastech
sitnice. V soucasné dobé vime, Ze v sitnici se nachazi § spektralné odlisnych foto-
receptorq, pricemz vedle tylinek a ¢ipkt, které jsou primarné aktivni v pfipadé
vizualnich uéinka svétla, mame jesté vnitiné svétlocitlivé gangliové bunky sitnice
(ipRGC), které primarné ovliviuji nevizualni odezvy na svétlo. Oproti dfivéjsim
pfedstavim dnes vime, ze pribéhy pomérné svételné odezvy ¢ipkt se od funkei
vyrovnani barvy vyznamné ligi, jak dokumentuje graf na oer. s. Cipky proto tra-
di¢né oznadujeme jako L, M a S, tedy ¢ipky citlivé na dlouho, stfedné a kratkovln-
nou oblast spektra.



Retina

The retina is made up of approximately 100 different 8 — Trenholm S, Awatramani
types of neural cells that are in specific layers of the & B (2019) Myriad roles for gap
R A X . junctions in retinal circuits. In: Kolb
retina and interconnect to form complex microcir-  H, Fernandez E, Nelson R, editors.
cuits.® These circuits are used to extract the principal ~ Webvision: The Organization of the
. . . . . Retina and Visual System [Internet].
features of the visual world, which are distributed into  sait Lake City (UT): University of
distinct visual channels — pathways — through differ-  Utah Health Sciences Center
. . . . 9 — Azeredo da Silveira R., Roska
ent types of re'tlnal ganglion cells. Plfferentlally PrO- 0 Cultyes, eiroutts, somputation.
cessed visual signals are then transmitted from the ret-  Current Opinion in Neurobiology.
ina to many higher visual areas.? There are three types =~ 201219) bp. 664-671. PubMed
of neurons in the retina that are connected serially:
photoreceptors, bipolar and ganglion cells. Two other
cell types provide connections running parallel to the
retinal surface: horizontal and amacrine cells. Serial
retinal connections provide transmission of visual in-
formation in the form of action potentials to the thal-
amus and other subcortical structures, whereas hori-

zontal and amacrine cells are interneurons.

Interestingly, the microcircuits in the retina are connected by both chemical syn-
apses and bidirectional electrical synapses formed by regions we refer to as gap junc-
tions. The large number of interactions between electrical and chemical synapses
allow the circuits to function in a very flexible and dynamic manner. In addition,
because the rate of gap junction signal transmission can be varied at different time
intervals, retinal microcircuits can be reconfigured both on a millisecond scale and
over a day/night cycle. In addition, gap junctions operate at different spatial scales
and synchronize activity at the subcellular level and over large regions of the retina.
We now know that there are 5 spectrally distinct photoreceptors in the retina, and
in addition to rods and cones, which are primarily active in the case of visual effects
of light, we have intrinsically photosensitive retinal ganglion cells (ipRGCs), which
primarily influence nonvisual responses to light. Contrary to earlier ideas, we now
know that the waveforms of the relative light responses of cones differ significantly
from the color-matching functions, as documented in the graph in Fie. o. Cones are
therefore traditionally referred to as L, M, and S, i.e., cones sensitive to the long-,
medium-, and short-wavelength regions of the spectrum.
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Cipky a ty¢inky jsou propojeny s dalsimi bunikami sit- 10 — Benson NC, Manning JR,
nice na rtiznych drovnich, pti¢emz bylo zji$téno, ze  Brainard DH: Unsupenvised learning
P A Lt v/ . of cone spectral classes from

ve fovealni oblasti se nachazeji pouze L a M Cipky, jak  natural images. PLoS Comput Biol
muzeme vidét ve schématu sitnice na oer. 10. Obrazek  2014.10:€1003652.
znazornuje usporadani éipkti v mozaice sitnice typické

. /4 o Vv . Ve 4 A v .
pro lidské oko. Mzeme si v§imnout za prvé, ze ackoli
je mozaika jako celek trichromaticka, v kazdém misté
sitnice se nachazi pouze jeden ¢ipek. To znamena, ze
v zakladnim prostorovém métitku je sitnice lokalné
spiSe monochromaticka nez trichromaticka: trichro-

Sy - v ey Y o
mati¢nost, kterou vnimame u rozmérnéjsich podnéti,
musi vznikat naslednym zpracovanim informaci, které
funguje nejen mezi ¢ipky riznych tfid, ale také mezi
V7 o 7 4 4 . /4 Vv o.
¢ipky na rtiznych mistech sitnice. Zaroven je zde do-
kumentovano vyznamné vyssi zastoupeni L ¢ipkd,
oproti M ¢ipktim a S ¢ipkim. Obecné se udava, ze na
10 L ¢ipkt pripada § M ¢ipkt a 1 S Cipek. Maly podil
S ¢ipkti pravdépodobné souvisi s chromatickou aberaci

v 4 . /4 Vev/

o¢éni optiky, ktera vede k mnohem rozmazanéjsimu
obrazu vnéjsi scény na kratkych vinovych délkach ve
srovnani s obrazem na del$ich vinovych délkach.1®

Za tieti, usporadani ¢ipki L a M je pomérné nepravidelné, témér nahodné. To vede
k charakteristické mozaikovitosti sitnice, kdy v nékterych lokalnich oblastech pre-
vladaji L a v jinych M ¢ipky. Tato nejednotnost se v nasi kazdodenni zkusSenosti
s barvami ptilis neprojevuje. To, stejné jako rozdily v poméru ¢ipka L:M u jednotli-
vych osob, naznacuje, Ze zpracovani informaci z fotoreceptori musi byt prizpuso-
beno lokalnimu usporadani mozaiky ¢ipkt v sitnici.

Plocha sitnice je funkéné rozdélena na receptivni pole kruhového tvaru, ktera maji
uvnitf tzv. receptivni centrum (R-C) a vnéjsi okruzi (R-periferni pole) reagujici na
stejny podnét antagonisticky nez receptivni centrum. Podle reakce na svételny pod-
nét lze proto v sitnici véeobecné rozlisit ON-centrum neurony, ve kterych vznika
prirtstek impulzt pfistimulaci v R-C a ubytek impulzt pti svételném podnétu v R-
-perifernim poli. Systém neuront, ktery reaguje obracené, to znamena, ze u nich
nastava ubytek impulzi pti svételném podnétu v R-C a prirastek impulzi pfi sti-
mulaci v R-perifernim poli, je oznacovan jako OFF-centrum neurony. Podobné v sit-
nici existuji tfi typy bipolarnich bunék, jeden typ pro tyéinky a dva typy pro ¢ipky.
Bipolarni buniky ¢ipki jsou funkéné rozdéleny na ,zapinaci® nebo zkracené ‘ON’
bipolarni bunky a ,vypinaci®, které jsou oznac¢ovany také ‘OFF’ bipolarni bunky.

Posledni vrstva sitnice z hlediska vertikalniho propojeni je tvofena gangliovymi
bunikami, ty jsou svymidendrity napojeny bud' na ON- nebo OFF-synapticka centra.
Gangliové bunky funk¢niho typu ‘ON’ (GBON) jsou excitovany paprskem svétla,
ktery dopada na R-C, a jsou inhibovany svétlem, které dopada na R-periferni pole.



0BR.10 Ukazka rozmisténi jednotlivych druhi ¢ipki v oblasti Macula Lutea a Fovea Centralis
(Upraveno podle Mark Fairchild: Color Appearance Models, 3rd. Ed, Wiley 2013)

FIG. 10 Example of the distribution of individual cones in Macula Lutea and Fovea Centralis
(Adapted from Mark Fairchild: Color Appearance Models, 3rd. Ed, Wiley 2013)

PAGE 163



STRANA 164

Tato inhibice je zprostfedkovana ptfes horizontalni buriky. Obracenym zptsobem
reaguji gangliové buriky funk¢éniho typu ‘OFF’ (GBOFF). Kromé toho rozlisujeme
jesté gangliové bunky podle morfologickych a funkénich kritériina ,Malé gangliové
bunky — GBP“ (parvoceluluarni midget gangliové bunky), ,Velké gangliové bunky -
GBM*“ (magnocelularni) a ,W-gangliové bunky“ (koniocelularni), viz. ogr. 1.

V pripadé¢ vnimani kontrastu jasu ¢i svétlosti dochazi
ke zpracovani signalt od L a M ¢ipki s tim, Ze se v sou-
¢asné dobé predpokladaji dva chromatické mecha-
nismy, z nichzjeden je aktivovan rozdilovym signalem
od L a M ¢ipkt, kdezto druhy je rozdilovym signalem
mezi S ¢ipky a sumarnim signalem L a M ¢ipku. Tato
predstava by byla v souladu s teorii protilehlych barev,
tak jak je naznadena v grafu na oer. 7 stejné jako s mé-
fenimi signalt natrovni LGN (Lateral Geniculate Nuc-
leus) a v oblasti vizualniho kortexu. Ve schématech na
oBR. 10 je ukazano, ze parasolové bunky tvoti zdklad
magnocelularni drahy (MC) a tato draha pravdépo-
dobné slouzi k interpretaci jasnosti tak, zZe scita sig-
naly od L a M ¢ipkt. Parvocelularni draha (PC) zadina
v malych gangliovych bunikach vstup typu [M-L|. Malé
bistratifikované buriky s excitaénim vstupem S ¢ipkt
(a inhibi¢nim vstupem L + M) tvori soucast konioce-
lularni drahy (KC). Pokud je rozmér vnimaného ob-
jektu dostate¢né velky, aby byla stimulovana maku-
larni oblast sitnice, tak mize byt v plné mife uplatnéno
trichromatické vnimani barev. V opaéném pripadé,
kdy je excitovana pouze fovealni oblast s L a M ¢ipky,
pak by mélo byt nase vnimani pouze dichromatické.
Je to tak vzdy? Jak bychom vysvétlili skuteénost, Ze
funkce standardniho kolorimetrického pozorovatele
CIE 1931 jsou zaloZeny na trichromatickém vnimani
barev, prestoze byly zméfeny pfi 2° zorném poli, tedy
ptiaktivaci pouze fovedlni oblasti sitnice lidského oka.
V roce 2021 Aldhahir™ nabidl mozné vysvétleni. Jeho
koncept vychdzi z jiz zmitiované Nauky o barvich.1?
Jiz bylo zminéno, Ze Goethova Nauka byla pfijimana
pfinejmens$im s urditymi rozpaky. Divodem byly né-
které jeho omyly ptivysvétlovani fyzikalnich princip
vzniku barev a polemika s Newtonovymi nazory.

11 — Aldhahir, S. (2021) Differential
color perception theory, Book of
proceedings International Colour
Association (AIC) Conference 2021,
Milan (ltaly), s. 173-178.

12 — von Goethe, J. W. (2014)
Goethe's Theory of Colours,
Cambridge University Press.



Cones and rods are connected to other retinal cells 10 — Benson NC, Manning JR,
at different levels, and it has been found that only L E;iig:;ds's:;tga"li‘:gf;;??i:sa'”i“g
and M cones are found in the foveal region, as can be  natural images. PLos Comput Biol
seen in the retinal diagram in ria. 10. The figure shows  2014,10:1003652.

the arrangement of cones in the retinal mosaic typi-

cal of the human eye. We can notice first that although

the mosaic is trichromatic, there is only one cone at

each retinal location. This means that on a basic spa-

tial scale the retina is locally monochromatic rather

than trichromatic: the trichromaticity we perceive in

larger stimuli must arise from the subsequent informa-

tion processing that operates not only between cones

of different classes, but also between cones at differ-

ent locations on the retina. At the same time, a signif-

icantly higher proportion of L cones is documented

here, compared to M cones and S cones. In general, it is

reported that for every 10 L cones, there are 5 M cones

and 1S cone. The small proportion of S cones is prob-

ably related to the chromatic aberration of the optics

of the eye, which leads to a much blurrier image of the

external scene at short wavelengths compared to the

image at longer wavelengths.1®

Third, the arrangement of the L and M cones is quite irregular, almost random. This
leads to a characteristic mosaicism of the retina, with L cones predominating in some
local areasand M cones in others. This inconsistency is not very apparent in our every-
day experience of color. This, as well as the differences in the ratio of L:M cones in dif-
ferent individuals, suggests that the processing of information from photoreceptors
must be adapted to the local arrangement of the cone mosaic in the retina.

The retinal surface is functionally divided into circular receptive fields, which have
aso-called receptive center (R-C) inside and an outer circle (R-peripheral field) re-
sponding to the same stimulus antagonistically than the receptive center. Accord-
ing to the response to a light stimulus, therefore, ON-center neurons can generally
be distinguished in the retina, in which an increase of impulses occurs during stim-
ulation in the R-Cand a decrease of impulses during alight stimulus in the R-periph-
eral field. A system of neurons that respond in the reverse way, that is, they experi-
ence a decrease of impulses on light stimulus in the R-C and an increase of impulses
on stimulation in the R-peripheral field, is referred to as OFF-center neurons. Sim-
ilarly, there are three types of bipolar cells in the retina, one type for rods and two
types for cones. Cone bipolar cells are functionally divided into ‘on’ or ‘ON’ bipolar
cells for short and ‘off” bipolar cells, which are also referred to as ‘OFF’ bipolar cells.

The last layer of the retina in terms of vertical connectivity is formed by ganglion
cells, which are connected by their dendrites to either ON- or OFF-synaptic centers.
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a) Draha tycmek b) Draha &ipk
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OBR.11 Schéma propojeni ty¢inek a ¢ipku v sitnici oka makaka. a) Draha ty¢inek: V draze
tyéinek se prenasejici signaly tylinek pres bipolarni butiky tyc¢inek (RBC) do amakrinnich

bunék AIL, do ON (depolarizujicich — DCB) bipolarnich bunék ¢ipki pres gap junction a do OFF
(hyperpolarizujicich — HCB) bipolarnich bunék ¢ipkti pres chemickou synapsi. Bipolarni buriky
prenaseji signaly tyc¢inek do ON- a OFF-centralnich gangliovych bunék sitnice. (b) Drahy ¢ipki.
o: V parvocelularni draze se prenaseji signaly L- a M- ¢ipka prostfednictvim malych (midget)
bipolarnich bunék do malych (midget) gangliovych bunék. f: V draze S-¢ipki se pienasi signily
od S-¢ipka pres modré bipolarni buniky k malym bistratifikovanym gangliovym burikam a signaly
M- a L- ¢ipku pres difuzni bipolarni bunky. y: Difuzni (polysynaptické) bipolarni bunky prenaseji
signaly L a M-¢ipka do parasolovych bipolarnich bunék. (Upraveno podle Martin, P. R. (1998).
Colour processing in the primate retina: Recent progress. Journal of Physiology, 513, 631-638.)



Ganglion cells of the ‘ON’ functional type (GCON) are excited by a beam of light
incident on the R-C and are inhibited by light incident on the R-periphery. This
inhibition is mediated through the horizontal cells. The ganglion cells of the func-
tional type ‘OFF’ (GCOFF) respond in the reverse manner. In addition, we further
distinguish ganglion cells according to morphological and functional criteria into
‘Small ganglion cells - GCP’ (parvocellular midget ganglion cells), ‘Large ganglion
cells - GCM’ (magnocellular) and “W-ganglion cells’ (coniocellular), see Fig. 11.

In the case of brightness or lightness contrast percep-
tion, processing of signals from L and M cones occurs,
with two chromatic mechanisms currently assumed,
one of which is activated by the differential signal from
L and M cones, whereas the other is the differential
signal between S cones and the sum signal of L and M
cones. This idea would be consistent with the theory of
opposing colors as outlined in the graph in ria. 7 as well
as with measurements of signals at the level of the LGN
(Lateral Geniculate Nucleus) and in the visual cortex.
The diagrams in rie. 10 show that the parasol cells form
the basis of the magnocellular (MC) pathway, and this
pathway presumably serves to interpret luminance by
summing signals from the L and M cones. The parvocel-
lular pathway (PC) begins in small ganglion cell input of
the |[M-L| type. Small bistratified cells with excitatory S
coneinput (and inhibitory L + M input) form part of the
coniocellular pathway (CC). If the size of the perceived
object is large enough to stimulate the macular region
of the retina, trichromatic color perception can be fully
applied. Otherwise, when only the foveal area with the
L and M cones is excited, then our perception should be
only dichromatic. Is this always the case? How would
we explain the fact that the functions of the standard
CIE 1931 colorimetric observer are based on trichro-
matic color perception, even though they were meas-
ured at 2° field of view, i.e., when only the foveal region
of the retina of the human eye is activated. In 2021, Al-
dhahir™ offered a possible explanation. His concept is
based on the already mentioned Theory of Colors.12 It
has already been mentioned that Goethe’s Theory was
received with at least some embarrassment. This was
due to some of his mistakes in explaining the physical
principles of color and his controversy with Newton’s
views.

11 — Aldhahir, S. (2021) Diff;

erential

color perception theory, Book of
proceedings International Colour

Association (AIC) Conferenc
Milan (Italy), pp. 173-178.

12 — von Goethe, J. W. (201
Goethe's Theory of Colours,
Cambridge University Press.

e 2021,

4)
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Goethe byl prvni, kdo popsal paobraz a indukci barev; roz¢lenil barvy na teplé a stu-
dené, na pasivni a aktivni a pfipsal barvam moc pusobit na nasi dusi. Objevil také
,barvy vyzadané“ neboli fyziologickou komplementarnost barev. Tak jako Newton
pfi svém znamém pokusu, kdy nejprve bilé svétlo rozlozil pomoci hranolu na spek-
trum a toto spektrum nasledné dal$im hranolem sloZil zpét na svétlo bilé, i Goethe
tak jako mnozi jini s optickymi hranoly experimentoval. Pfitom zjistil, ze kdyz se
misto Stérbiny do centralni oblasti hranolu umisti clona, typicky cerny obdélnik, tak
vzniklé spektrum je komplementarni, jak to mizeme vidét na schématu na ogr. 12.

OBR.12 Princip Goethova experimentu s optickymi hranoly a jeho diikaz komplementarnich barev
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OBR. 13 Oponentni funkece citlivosti L a M ¢ipkt demonstrujici moznost aditivniho smisent
signald pro pozitivni ¢4st odezvy (R + G) kombinace, jejimz vysledkem je zlutd, tak pro negativni
¢ast kombinace -(R + G), jejimz vysledkem je modra (Upraveno podle Aldhahir, S. (2021)
Differential color perception theory, Book of proceedings International Colour Association (AIC)
Conference 2021, Milan (Italy), August 30th — September 3rd 2021, 173-178).



(a) Rod pathways (b) Cone pathways
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FIG. 11 Schematic of the connection of rods and cones in the retina of the macaque eye. a)
Rod trajectory: In the rod pathway, rod signals are transmitted via rod bipolar cells (RBCs)

to amacrine Al cells, to ON (depolarizing — DCB) bipolar cone cells via gap junction, and to
OFF (hyperpolarizing — HCB) bipolar cone cells via chemical synapse. Bipolar cells transmit
rod signals to ON- and OFF-central ganglion cells of the retina. (b) Cone pathways. o: In the
parvocellular pathway, L- and M- cone signals are transmitted via small (midget) bipolar cells
to small (midget) ganglion cells. B: In the S-cone pathway, S-cone signals are transmitted from
S-cone via blue bipolar cells to small bistratified ganglion cells, and M- and L-cones signals are
transmitted via diffuse bipolar cells. y: Diffuse (polysynaptic) bipolar cells transmit L- and M-cell
signals to parasol bipolar cells. (Modified from Martin, P. R. (1998). Colour processing in the
primate retina: Recent progress. Journal of Physiology, 513, 631-638.)
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Pokud ptijmeme Goethovu predstavu komplementarnich barev, pak je Aldhahir do-
kazuje na spektralnim pribéhu oponentnich funkci vychazejicich ze spektralnich
prubéha relativnich odezev L a M ¢ipka. V takovém pripadé by pak bylo mozné vy-
svétlit ,trichromaticky“ vjem barev pro pripad stimulace pouze fovealni ¢asti sit-
nice. Na druhé strané je Aldhahirova teorie v rozporu s nasimi znalostmi ohledné
jedincti s geneticky podminénymi vadami barvocitu. Pokud by Aldhahirovy zavéry
byly platné, pak by jedinci, v jejichz sitnici chybi S ¢ipky (nejéastéji zeny), byli schopni
vnimat véechny barvy a nedochazelo by k tzv. zaménam barev, které jsou typické pro
dichromatické vady. V tomto ptipadé se jedna o vadu oznacovanou jako tritanopie
ajedinci s touto vadou nejsou schopni od sebe rozlisit nazloutlé a namodralé odstiny.

Vadou barvocitu se rozumi neschopnost rozeznat barvy. Tyto vady jsou zpravidla
dédi¢né, neprogresivni. Nejéastéji se jedna o poruchu ve vnimani uréitych barev,
velmi zfidka se muze jednat o neschopnost vidéni barev v celém spektru; uplna
barvoslepost. Ptiuplné barvosleposti, ktera se oznacuje jako achromatopsie (achro-
mazie), postizeny neni schopen vidét barvy a vnima okolni svét podobné jako Cer-
nobilou fotografii s odstupriovanim jasovych arovni. Soucasné se zpravidla zjistuje
znaény pokles zrakové ostrosti, ktery je podminény hypoplazii zluté skvrny, mtze
se také vyskytovat nystagmus a svétloplachost. Mezi pti¢iny patti ziskany defekt,
tj. zrakova agnozie = mozkova achromatopsie (defekt je ve zrakové kufe), anebo
vrozeny defekt, tj. ¢ipkova nebo tyéinkova monochromazie.

Castecna barvoslepost je ¢astéjsi a muzeme ji rozliSovat na zakladé toho, ktery z po-
Ve o v’ 4 ! . v 4 eV _V v =V Ve 4 4 v !
c¢itku tfi zakladnich barev je snizeny. Bylo zjisténo, Ze nejcastéji byva poruseno vni-
oy . ; , NS T T, ;
mani Cervené a zelené barvy, které se v tomto pripadé jevi jako odstiny zluté, modré
a $edé, viz simulace na oer. 15 a 08r. 16. Lidem s poruchou vnimani odvozenou od
S Cipku sejevityto barvy jako odstiny Cervené, zelené a Sedé, viz oer.17. Nauvedenych
simulacich jsou uvedeny pripady vad, kdy v sitnici iplné chybijeden z t¥i druhu ¢ipku.
Tyto vady oznacujeme jako protanopie, deuteranopie a tritanopie. V praxi se mnohem
Castéji nez s dichromatickymi vadami setkavame s vadami trichromatickymi, kdy je
4 L V7 4 . v/ o Ve o v / Ve Vv . ’ .
v sitnici mensi vyskyt jednoho z ¢ipkd, ¢i je snizena uéinnost prenosu signalu z jed-
noho typu ¢ipka. Tyto vady se oznacduji jako anomalie a patfi mezi né protanomalie,
deuteranomalie a tritanomalie. Poruchy barevného vidéni se ale také mohou objevit
ve stari, u neuropatii, sitnicovych zanéti, glaukomu a po podani nékterych 1ékd, tyto
poruchy fadime mezi poruchy ziskané.

Jak tedy vysvétlit, ze vysledkem méfeni funkci je vyrovnani barev v ptipadé zornych
uhli, které aktivuji pouze fovealni ¢ast sitnice? Na rozdil od sluchového systému,
ktery jiz na receptorové urovni funguje v souladu s principem spektralni analyzy, 1ze
rici, ze u zraku tfi vzajemné se prekryvajici spektralni uéinnosti ¢ipkt tuto funkei
podle nasich dosavadnich znalosti neplni. Proto neni nas zrakovy systém schopen
rozlisit monochromatickou barvu od barvy vzniklé smichdnim vhodné kombinace
odlisnych barev. Prikladem muze byt vjem zluté, ktera mtize byt pfipravena jak jako
monochromaticky podnét, tak vhodnou kombinaci éervené a zelené barvy. Obdobné
mize byt vjem bilé barvy vyvolan rovnomérnou stimulaci vSech tfi druht ¢ipkt
(ekvienergeticka bild barva), stejné jako aditivnim smisenim komplementarnich



Goethe was the first to describe the afterimage and the induction of colors; he di-
vided colors into warm and cold, passive, and active, and attributed to colors the
power to affect our souls. He also discovered the ‘colors demanded’ or physiological
complementarity of colors. Like Newton in his famous experiment of first decom-
posing white light into a spectrum with a prism and then folding this spectrum back
into white light with another prism, von Goethe, like many others, experimented
with optical prisms. In doing so, he found that when an aperture, typically a black
rectangle, is placed in the central region of the prism instead of a slit, the resulting
spectrum is complementary, as can be seen in the diagram in rig. 12.

FIG.12 The principle of Goethe’s experiment with optical prisms and his proof
of complementary colors
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FIG.13 Opponent sensitivity functions of L and M cones demonstrating the
possibility of additive mixing of signals for the positive part of the response (R+G)
of the combination resulting in yellow, and for the negative part of the combination
-(R+G) resulting in blue (Modified from Aldhahir, S. (2021) Differential color
perception theory, Book of proceedings International Colour Association (AIC)
Conference 2021, Milan (Italy), August 30th — September 3rd 2021, 173-178.)
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OBR. 14 Bezdefektni vnimdani barev OBR.15 Protanopie
FIG.14 Color normal vision FIG.15 Protanopia

OBR.16 Deuteranopie OBR.17 Tritanopia
FIG.16 Deuteranopia FIG.17 Tritanopie



If we accept Goethe’s notion of complementary colors, then Aldhahir proves them
on the spectral waveform of the opponent functions based on the spectral waveforms
of the relative responses of the L and M cones. In such a case, it would then be possi-
ble to explain the ‘trichromatic’ color perception for the case of stimulation of only
the foveal part of the retina. On the other hand, Aldhahir’s theory conflicts with our
knowledge regarding individuals with genetically determined color defects. If Aldha-
hir’s conclusions were valid, then individuals whose retinas lack S cones (most often
females) would be able to perceive all colors and would not experience the so-called
color confusions that are typical of dichromatic defects. In this case, it is a defect re-
ferred to as tritanopia and individuals with this defect are unable to distinguish yel-
lowish and bluish hues from each other.

Color deficiency is the inability to distinguish colors. These defects are usually hered-
itary, non-progressive. Most often it is a disorder in the perception of certain colors,
very rarely it may be an inability to see colors across the spectrum, complete color
blindness. In complete color blindness, which is referred to as achromatopsia (achro-
masia), the sufferer is unable to see colors and perceives the surrounding world much
like a black and white photograph with gradations of brightness levels. At the same
time, a significant decrease in visual acuity is usually found, which is conditioned by
hypoplasia of the macula, and nystagmus and photophobia may also occur. Causes in-
clude an acquired defect, i.e., visual agnosia = cerebral achromatopsia (the defectisin
the visual cortex), or a congenital defect, i.e., cone or rod monochromasia.

Partial color blindness is more common and can be differentiated based on which
of the three basic color counts is reduced. It has been found that red and green per-
ception is most often impaired, and in this case the colors appear as shades of yel-
low, blue, and gray, see simulations in Fia. 15 and 16. People with a perceptual impair-
ment derived from the S cone appear these colors as shades of red, green, and gray,
see Fia. 17. The simulations above show cases of defects where one of the three cone
typesis completely missing from the retina. We refer to these defects as protanopia,
deuteranopia and tritanopia. In practice, we encounter trichromatic defects much
more frequently than dichromatic defects, when one of the cones is less abundant in
the retina or the efficiency of signal transmission from one type of cone is reduced.
These defects are referred to as anomalies and include protanomaly, deuteranomaly
and tritanomaly. However, color vision disorders can also occur in old age, in neu-
ropathies, retinal inflammation, glaucoma, and after the administration of certain
medications; these disorders are classified as acquired disorders.

How then to explain the result of measuring color alignment functions in the case
of visual angles that activate only the foveal part of the retina? In contrast to the
auditory system, which already functions at the receptor level according to the prin-
ciple of spectral analysis, it can be said that in vision the three overlapping spectral
efficiencies of the cones do not perform this function to our current knowledge.
Therefore, our visual system is unable to distinguish a monochromatic color from
a color produced by mixing a suitable combination of different colors. An example
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barev. Na tomto principu jsou zalozeny dnes nejroz-
$itenéjsi LED svételné zdroje, kdy polovodicovy Cip,
ktery emituje v modré oblasti spektra okolo 450 nm,
je prekryt luminoforem, ktery diky fluorescenci re-
emituje ¢ast modrého svétla ve zluto-oranzové ob-
lasti spektra. Vysledkem je priblizné bila barva, jejiz
tonalitu lze upravovat vzajemnym pomérem svétla
emitovaného z obou ¢asti spektra a upravovat vy-
slednou nahradni teplotu chromati¢nosti 7;,. To
znamena, ze pri pouziti tenéi vrstvy luminoforu je
absorbovana mensi ¢ast modrého svétla a vysledna
bila ma modry nadech - vysledkem je ,,studena bila“
o 7i, vyssinez § 300 K. Vdomacnostech bychom pak
meéli pouzivat ,teplou bilou“ o 7;,mensinez 3300 K,
ktera je vytvorena silnou vrstvou luminoforu a v je-
jim spektru tak prevladaji zlutooranzové tony, ne-
bot velka ¢ast emitovaného modrého svétla je po-
hlcena pouzitym luminoforem. Tim se dostavame
k tomu, Ze minimalné na drovni receptorti muzeme
uvazovat s¢itani, zesilovani, ¢i zeslabovani uc¢inka.
Uvazujeme-li, ze zdkladnim aspektem kolorimet-
rie (teorie a méfeni barev) je zkoumani uéinku ba-
revnych podnéti na lidského pozorovatele, pak pro
vhodny popis potfebujeme i teoreticky model, ktery
bude odpovidajicim zpiisobem odrazet fyzikalni
jevy spojené s viemem barvy, fyziologické a psycho-
logické aspekty vnimani. Tady narazime na problém,
coje fundamentalnivlastnosti skutecnostia co je za-
vislé na pozorovateli. Na zakladni popis téchto pro-
cest pouzivame nej¢astéji tzv. Grassmannovu struk-
turu.'®Jedna se o obecnou matematickou strukturu,
ktera muze popisovat radu fyzikalnich situaci, a ne
pouze specifické problémy kolorimetrie.

13 — Krantz, D. H. (1975). Color
measurement and color theory: |.
Representation theorem for Grassmann
structures. Journal of Mathematical
Psychology, 12(3), 283-303.



is the perception of yellow, which can be prepared
either as a monochromatic stimulus or by a suit-
able combination of red and green. Similarly, the
perception of white may be elicited by equal stim-
ulation of all three cone types (equi-energy white),
as well as by additive mixing of complementary
colors. The most common LED light sources are
based on this principle, where a semiconductor
chip that emits in the blue region of the spectrum
around 450 nm is overlaid with a phosphor that,
due to fluorescence, re-emits part of the blue light
in the yellow-orange region of the spectrum. The
result is an approximately white color, the tonal-
ity of which can be adjusted by the relative ratio of
light emitted from the two parts of the spectrum
and by adjusting the resulting CCT correlated color
temperature. This means that by using a thinner
phosphor layer, less of the blue light is absorbed
and the resulting white has a blue tint — resulting
in a ‘cool white’ with a CCT greater than 5,300 K.
In households, we should then use a ‘warm white’
with a CCT of less than 3,300 K, which is produced
by a thick layer of phosphor and thus has a pre-
dominantly yellow-orange spectrum, as much of
the emitted blue light is absorbed by the phosphor
used. This brings us to the fact that, at least at the
receptor level, we can consider addition, amplifi-
cation, or attenuation effects. If we consider that
a fundamental aspect of Colorimetry (Color The-
ory and Measurement) is the study of the effects of
color stimuli on the human observer, then for a suit-
able description we also need a theoretical model
that adequately reflects the physical phenomena
associated with color perception, the physiologi-
cal and psychological aspects of perception. Here
we run into the problem of what is a fundamental
property of reality and what is observer depend-
ent. For a basic description of these processes, we
mostoftenuse the so-called Grassmann structure.3
This is a general mathematical structure that can
describe a variety of physical situations, and not
only specific problems of colorimetry.

13 — Krantz, D. H. (1975). Color
measurement and color theory: |

Representation theorem for Grassmann
structures. Journal of Mathematical

Psychology, 12(3), 283-303
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Popis barvy

Podivame se na realnou situaci, ktera vznika pti pozorovani vizualnich podnétd,

o Vv R 4 4 4 v 4 4 4 7
muzeme se vratit k problému, ktery byl zminén v oddile 2, tedy problému ,zaporné
barvy.Jiz bylo uvedeno, ze v ramci Guildova-Wrightova experimentu vznikla takova
situace, kdy zadnou kombinaci tfi primarnich svétel nebylo mozné dosahnout vy-
rovnani barev, viz ogr.18. Teprve v okamziku, kdy primarni cervené svétlo o urcité
intenzité bylo presunuto na stranu monochromatického podnétu (svétla v pribliz-
ném rozmezi vlnovych délek 440 az §40 nm) doslo k vyrovnani barev.

Modra + Zelena Modra + Zelena

480nm+Cervena

OBR.18 Kombinace primarniho modrého 0BR.19 Pridavek primarniho ¢erveného svétla
a zeleného svétla neposkytuje pti zachovani zpusobi snizeni ¢istoty monochromatického
shodného barevného ténu dostateénou Cistotu  svétla 480 nm a dojde k vyrovnani barev

Pro popis této situace muzeme vyuzit jiz zminénou 14 — Barevna svéta, ktera za jinak
Grassmannovu strukturu: Mame mnoZinu barevnych  steinyeh podminek vyvolavaji stejny
v Vo1, v v , . vjem barvy, a tedy maji stejnou
svétel A. Pro kazda dvé svétla a, b € A mame operaci  chromaticnost, prestoze maji riizna
smiSeni a @ b, tedy soucet podle vinovych délek své-  spektralnislozeni, se nazjvaji
. , , , , metamerni a cely tento jev pak
tel. A operaci nasobeni kladnym skalarem t * a (vyna-  metamerie.
sobeni ¢islem ¢ pres kazdou vinovou délku). Struktura
(4, @, *) zachycuje fyzikalni vlastnosti situace a ope-
race jsou zalozeny na empirickém pozorovani skladani
v Vv . . 4 v 4
svétel a zmén intenzity. Dale nase struktura musi za-
chycovat vnimani podnétu pozorovatelem, protoze
nasi strukturou chceme popsat kolorimetrickou situ-
aci, a to konkrétné metamerii 14, tedy stav, kdy se dvé
svétla jevi pozorovateli jako stejna z pohledu barvy.
Matematicky chceme zachytit tuto vlastnost tak, ze
se z uritého pohledu svétla rovnaji, tedy zavedeme na
mnoziné relaci ekvivalence ~. Ekvivalence zobecnuje
prirozenou predstavu rovnosti a je definovana nasle-
dujicimi tfemi vlastnostmi.



Description of color

If we look at the real situation that arises when observing visual stimuli, we can re-
turn to the problem mentioned in Section 2, the problem of ‘negative’ color. It has
already been shown that in the Guild-Wright experiment a situation arose in which
no combination of the three primary lights could achieve color equalization, see
FiG. 18. Only when the primary red light of a certain intensity was shifted to the side
of the monochromatic stimulus (light in the approximate wavelength range of 450
to 550 nm) did the colors align.

Blue + Green

Blue + Green

480 nm + Red

FIG.18 The combination of primary blue and FIG. 19 The addition of primary red light
green light does not provide sufficient purity causes a reduction in the purity of the 480 nm
while maintaining the same color tone monochromatic light and color matching occurs

To describe this situation, we can use the already men- 14 — colored lights which,
tioned Grassmann structure: we have a set of colored  underotherwise identical
i B} L. conditions, give rise to the
lights A. For every two lights a, b € A we have a mixing  same perception of color,
operation a @ b, i.e., a summation over the wavelengths  and therefore have the same
. g B . . chromaticity, although they have
of the lights. And the multiplication operation by a posi- gjfferent spectral compositions,
tive scalar ¢ * a (multiplying by t over each wavelength). are called metameric, and ihe
. . whole phenomenon Is calle
The structure (4, @, *) captures the physical properties  metamerism.
of the situation and the operations are based on empirical
observations of light stacking and intensity changes. Fur-
thermore, our structure must capture the observer’s per-
ception of the stimulus, since our structure is intended to
describe a colorimetric situation, namely metamerism'4,
a condition where two lights appear the same in terms of
color to the observer. Mathematically, we want to capture
this property by making the lights equal from a certain
point of view, i.e., we introduce an equivalence relation ~
on the set. Equivalence generalizes the natural notion of

equality and is defined by the following three properties.
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(i) ProvSechnaa€Aplatia~ a,

(ii) Provsechnaa, b € Aplatia ~ b, potom b ~ b,

(iii) ProvSechnaa, b, c€ Aplatia~b, b~ cpotoma ~ c.

Vlastnost (i) oznacujeme jako reflexivitu, vlastnost (ii) jako symetrii a vlastnost (iii)
jako tranzitivitu. Pro prehlednéjsi psani budeme v dal$im textu pouzivat logické
kvantifikatory. Symbol V znamena ,Pro vS§echny“a 3 znamena ,existuje“. Tedy de-

finici ekvivalence prepiseme.

Relace ~ definovana na mnoziné A je ekvivalence, pokud je reflexivni, symetricka
a tranzitivni:

YVaeA:a~a,

V,beEA:a~b=>b~b,

Ya,bceAd:a~b,b~c=>a~c.

Celkové dostavame strukturu (4, @, *, ~). Abychom mohli Iépe pracovat s touto
strukturou, musime zavést jeji axiomy, tedy jeji zakladni definujici pravidla. Pro-
toze od operace @ chceme, aby si udrzela zakladni vlastnosti séitani, budeme vy-
zadovat nasledujici:

Va,beA:a @D beA,

Va,bEA:a@®b=bDq,

Va,b,c€EA:a® (bDc)=(@Db) P,

Va,b,c€EA:a@c=bPc>a=bh.

Navic po nasem nasobeni chceme, aby se popis choval podle empiricky zjisténych
dat, tedy nebudeme pripoustét zaporné hodnoty skalari a zaroven chceme tyto dvé
operace provazat v nasi strukture. Toho docilime takto:

YVa€eA t>0:txa€A,

VaeEA:1*a=aqa,

VaeA t,tu>o0:t*(ux*a)=(tu) xa,



(i) foralla € A apply a ~ a,

(ii) for all a, b € A apply a ~ b, then b ~ b,

(iii) for all a, b, c € Aapply a ~ b, b ~ cthena ~ c.

We refer to property (i) as reflexivity, property (ii) as symmetry, and property (iii)
as transitivity. For ease of writing, we will use logical quantifiers in the rest of the
paper. The symbol V¥ means ‘For all’ and 3 means ‘exists’. Thus, we rewrite the defi-

nition of equivalence.

A relation ~ defined on a set A is an equivalence if it is reflexive, symmetric, and
transitive:

YVa€eA:a~a,

V,beEA:a~b=Db~b,

Va,b,c€EA:a~b,b~c=>a~c.

Overall, we get the structure (4, @, *, ~). To work better with this structure, we need
to introduce its axioms, i.e., its basic defining rules. Since we want the @ operation
to retain the basic properties of addition we will require the following:

Va,beA:a @ b €A,

Va,bEA:a@®b=bDaq,

Va,b,ceEA:a@ (bDc)=@Db) Dc,

Va,b,c€EA:a@®c=bBc=>a=h.

Moreover, after our multiplication, we want the description to behave according to
empirically observed data, i.e., we will not allow negative values of scalars, and we
also want to link these two operations in our structure. We do this as follows:
VaeA t>0:txa€A,

VaeA:1xa=a,

VaeA t,tu>0:txuxa)=(u)*aq,

Va,beEA t>0:t*x (@@ b)=(t+a) D (t+b),

Va€A t,tu>0:(t+uw)*a=(tx*a) @D (u=*a).
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Va,beA, t>0:t*x(a@b)=(t+a) D (t*b),
VaeA ttu>o:(t+u)xa=(txa) @ (u*a).

Prvni tfi axiomy ndm ukazuji, jak se nasobeni chova samo o sob¢, kdezto zbylé dva

vyjadiuji, jak se nasobeni chova viic¢i jinym operacim. Z formalniho hlediska je dile-

Zité sivsimnout, zZe v nasich axiomech nevystupuji pouze nami zavedené operace @,

/4 . /4 VI 4 4 7 v v v . 4

*, ale také operace klasického scitani a nasobeni v pripadé, ze pracujeme se skalary

t, u.Tkdyz se nase dvé operace chovaji podobné jako séitdni a nasobeninad redlnymi

Cisly (nad skalary), musime mit na paméti, ze v nasi struktufe nepracujeme s real-

nymi ¢isly, ale s formalnimi symboly, které reprezentuji nase barevna svétla a na-
v’ 4 o/ /7 v/’ v 4 /4 v

priklad nasledujici vztah t 4+ a v nasi struktute nedava smysl, protoze bychom po-
Velse . . 4 VI 7 4 4 Ve Ve 4 4

uzili operaci klasického s¢itani, kterd pro nasi nosnou mnozinu A neni definovanad.

Z formalniho hlediska nam zbyva zadefinovat vlast- 15 — Brill, M. H. (1990). Mesopic
nostirelace ekvivalence. Témto axiomtiim se vodborné  golor matching: some theoretical
. e : 15 e issues. JOSA A, 7(10), 2048-2051.
literature fika Grassmannovy zakony.'® Prvni zakon

NI1. 1 ¥ ’ . ’ . . , ’

tika, ze nami zavedena relace je ekvivalenci. Tedy musi

byt reflexivni, symetricka a tranzitivni, jak bylo uve-

deno dfive. Druhy zakon je tzv. zakon aditivity:

Va,b,ceAd:a~besa®c~bDe.
Treti zakon je zakon skalarniho nasobeni:
Va,beEA:a~b>t*xa~tx*h.

Pokud struktura (4, @, *, ~) spliuje tyto axiomy, pak fekneme, ze se jedna o Grass-
mannovu strukturu. Druhy a tfeti zdkon poji ekvivalenci s jiz zavedenymi opera-
cemi. U zakona aditivity si mizeme pov§imnout podobnosti s axiomem:

Va,b,c€EA:a@c=bPc>a=bhb.

Je zde jeden velky rozdil, zakon aditivity ma silnéjsi podstatu, protoze obsahuje
ekvivalenci. To nam dovoluje s relaci provadét ekvivalentni upravy. Z empirického
hlediska nam fika, ze metamerie je udrzovana i pres smiseni barev. Tedy dv¢ ba-
4 v . ! 4 v v 4 v . . 4
revna svétla jsou metamerni pravé tehdy, kdyz prvni svétlo v kombinaci s novym
tfetim barevnym svétlem je metamerni kombinaci druhého svétla s tymz tietim ba-
7 v . . [} Ve /4 v /4 . ./ Vv v
revnym svétlem. Ekvivalence je zde dulezita, protoze ndim dovoluje jit obéma sméry.
Nejen ze primichani nového svétla do obou metamernich svétel neporusi metamerii,
ale také, ze pokud jsou dvé svétla metamerni a soucasné jsou obé smési dvou barev-
’ v . vV oe v . .. v 4 v v 4
nych svétel, z nichz jedno svétlo v kombinaci je spoleéné pro ob¢, pak toto spolecné
svétlo mizeme ,vyjmout”a vznikly par bude porad metamerni. Jinymi slovy zakon
aditivity nam dava zpusob, jak popsat kombinace barev pomoci metamerie.



The first three axioms show us how multiplication behaves by itself, while the other
two express how multiplication behaves with respect to other operations. From a
formal point of view, it is important to notice that our axioms do not only feature
the operations @, * introduced by us, but also the operations of classical addition
and multiplication when we work with scalars t, u. Even though our two operations
behave similarly to addition and multiplication over real numbers (over scalars) we
must keep in mind that in our structure we are not working with real numbers but
with formal symbols that represent our colored lights, and for example the follow-
ing relation t + a does not make sense in our structure because we would use a clas-
sical addition operation that is not defined for our support set A.

From a formal point of view, we are left to define the properties of the 15 — Brill, M. H.
equivalence relation. These axioms are called Grassmann’s laws in the ~ (1990): Mesopic
. 15 . . . color matching:
literature® The first law says that the relation we have introducedisan  some theoretical
equivalence relation. Thus, it must be reflexive, symmetric, and transi- ~ issues. JOSAA,

tive as stated earlier. The second law is the so-called law of additivity: 110 204872051
Va,b,cEA:a~bsa®Pc~bDec.

The third law is the law of scalar multiplication:

Va,beEA:a~b=>t*xa~txbh.

If a structure (4, @, *, ~) satisfies these axioms, then we say that it is a Grassmann
structure. The second and third laws relate the equivalence to already established
operations. For the law of additivity, we can note the similarity with the axiom:

Va,b,ceEA:a@c=bPc=>a=b.

There is one big difference, the law of additivity has a stronger essence because it
contains equivalence. This allows us to make equivalence adjustments to the ses-
sion. Empirically, it tells us that metamerism is maintained despite the mixing of
colors. That is, two colored lights are metameric just when the first light combined
with a new third colored light is a metameric combination of the second light with
the same third colored light. Equivalence is important here because it allows us to go
both ways. Not only does the addition of the new light to the two metameric lights
not break metamerism, but also that if two lights are metameric and at the same
time both are a mixture of two-colored lights of which one light in the combination
is common to both, then we can ‘take out’ this common light and the resulting pair
will still be metameric. In other words, the law of additivity gives us a way to de-
scribe color combinations using metamerism.

The third law, on the other hand, tells us that if two lights are metameric, then if

we change their intensity by the same constant, then the metamerism is preserved.
The law only works in one direction and therefore does not allow us to go from the
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Treti zdkon nam naopak rika, ze jsou-li dvé svétla metamerni, pak zménime-li je-
jich intenzitu o stejnou konstantu, pak se metamerie zachova. Mohlo by se zdat, ze
zakon funguje jen jednim smérem a tedy neumoznuje jit od zménéné intenzity zpét
k ptivodnim svétlim, to je vsak pouze zdani a ve skuteénosti plati implikace obéma
sméry. Nicméné divodem k platnosti opa¢né implikace pfispiva, ze skalar, kterym
nasobime, je soudasti realnych ¢isel (jejich kladné poloosy), a tedy mtizeme nasobit
¢islem prevracenym nasledujicim zpisobem: Méjme dvé svétlaa, b € A: a ~ b pak
pro libovolné t > o plati t * a ~ t * b. Protoze zakon plati pro véechna svétla a zaro-
ven z vlastnosti redlnych ¢éisel plati Ve > 03 t-1: tt-1 = 1, potom plati:

txa~txb=>t1*(t*xa)~t1x*(t*b)
apravastranaje s vyuzitim vlastnosti naseho nasobeni skaldrem stejnd jako a ~ b.

Nyni mizeme zavézt vztah trichromati¢nosti, kde pro libovolné ao, a1, az, az € A
existuji pozitivni skalary t; u; 7= 0, 1, 2, 3, takové, ze ti# u;, pro nejméné jedno i a ta-
kové, ze:

(v tomto pripadé symbol sumy zahrnuje @.)

Mame také rovnost, kdy existujiai, az, as € Atakové, ze pro libovolny kladny skalar
tyuy i=1,2,3,jestlize

3
Zti*ai~2ui*ai

3
i=1 i=1

kdyzti=uiproi=1,2,3.

Zde je nutné pripomenout, Grassmann sam osobné axiom ekvivalence neuvadél,
nicméné jej uzival implicitné. Dulezité je, Ze reprezentujici vektorovy prostor je
m-rozmérny tehdy a jen tehdy, je-li Grassmannova struktura m-chromaticka. Dalsi
vyhodou je, Ze reprezentujici vektorovy prostor ahomomorfismus nejsou vazany na
zadny konkrétni souradnicovy systém; jsou konstruovany kanonicky.

Vratime-li se k problematice metamernich svétel, pak mtizeme pfipomenout, ze
Youngova-Helmholtzova teorie je zalozena na nékterych jednoduchych experimen-
talnich zjisténich za urcitych podminek pozorovani: pokud je v jinak tmavém zor-
ném poli zobrazen maly svételny bod (obvykle apertura o velikosti asi 2° zorného
uhlu), zjisti se, ze psychologicky vztah metamerie, oznacovany ~, neni ovlivnén fy-
zikalnimi operacemi prekryvani svétel (coz odpovida s¢itani spektralnich hustot



changed intensity back to the original lights, but this is only an appearance and in
fact the implication goes both ways. However, a contributing reason for the validity
of the converse implication is that the scalar we are multiplying by is part of the real
numbers (their positive semi-axes) and hence we can multiply by the inverse num-
ber in the following way: if we have two lightsa,b € A:a ~ b thenforany t >0, t*a
~ t * b. Since the law holds for all lights, and at the same time, from the properties
of the real numbers, Ve > 03 ¢t-1: tt-1 = 1 then:

txa~txb=>t1*(txa)~t1x(t*b)

and the right side is the same as a ~ b using the properties of our scalar multipli-
cation.

We can now introduce a trichromaticity relation where for any ao, ai, az, as € Athere
exist positive scalarst; u; 1= 0, 1, 2, 3,such that t; # u;, for at least one i and such that:

3 3
Zti*ai~2ui*ai

i=0 i=0
(In this case, the sum symbol includes @.)

We also have the equality where there exist a1, az, as € A such that for any positive
scalart, u;, i=1, 2, 3if

ifti=uifori=1,2,3.

It should be noted here that Grassmann himself did not personally state the axiom of
equivalence but used it implicitly. The important point is that the representing vec-
tor space is m-dimensional if and only if the Grassmann structure is 7-chromatic.
Another advantage is that the representing vector space and the homomorphism are
not bound to any coordinate system; they are constructed canonically.

Returning to the problem of metameric lights then we may recall that the
Young-Helmholtz theory is based on some simple experimental findings under cer-
tain observational conditions: if a small point of light (usually an aperture of about
2° of visual angle) is shown in an otherwise dark field of view, it is found that the
psychological relation of metamerism, denoted by ~, is not affected by the physical
operations of overlapping lights (corresponding to the addition of spectral energy
densities), denoted by @, and the change in intensity of lights, denoted by * That
is, if a and b are perceptually indistinguishable lights (metameric lights), i.e., a ~
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energie), oznacovanymi @@, azménou intenzity svétel, ozna¢ovanymi *. To znamend,
ze pokud jsou a a b percepcné nerozlisitelna svétla (metamerni svétla), tj. a ~ b, se
spektralnimi rozdélenimi energie Ea(1) a Ep(4) a jestlize se ke kazdému z téchto své-
tel bodove prida stejné svétlo ¢ s rozdélenim energie EL(A) (,aditivni smés barev®),
tj. Eads(A) =Ea(A) + Es(A), pak plati nasledujici vyse uvedené vztahy:

a®c~bPc
txa~tx*bhb

Metamerie je tedy (do zna¢né miry) zachovana pfi séitani a skalarnim nasobeni
svétel. Spole¢né s trichromatickou shodou barev a jedinec¢nosti trichromatickych
shod to dava vzniknout trojici linearnich kodu, které predstavuji metamerii v na-
sledujicim smyslu. Necht je (L, @, *) kvalitativni fyzikalni struktura svétel (kde L je
mnozina svétel identifikovana s jejich spektralnimi slozenimi zarivé energie). Pak
existuje zobrazeni ¢ = (g1, @2, ¢3), které mapuje kvalitativni fyzikalni strukturu
homomorfné (tj. linearné) do trojrozmérného realného vektorového prostoru tak,
zea~b e ¢la) = p(b).

Tedy fyzikalni struktura (L, @, *) a psychologicka struktura (L, ~) se vzajemné
ovliviiuji a vytvateji psychofyzikalni strukturu (L, @, *, ~). Empiricka platnost
Grassmannovych zakoni ¢ini z psychologického vztahu (vztah kongruence vzhle-
dem k fyzikalnim operacim @ a *).

Zobrazeni ¢ se bude nazyvat Grassmanntv kéd. To neni jedineéné, ale existuje cela
rodina takovych kéda, které jsou linearné pribuzné. Patii mezi né zobrazeni, ktera
predstavuji kody fyziologickych receptori, a zobrazeni (X, Y, Z), které vede k barev-
nému prostoru CIE. Vizualni systém tak vytvari tfidy ekvivalence na mnoziné fy-
zickych svétel, coz se z fyzikalniho hlediska rovna zesileni fyzikalniho popisu. Zpa-
sob, jakym se z nekoneéné rozmérného fyzikalniho popisu vyclenuji tfidy perceplni
ekvivalence, tak popisuji vy$e uvedené Grassmannovy zakony. Tyto zakony umoz-
nuji numericky reprezentovat barvy v konvexnim kuzeli v trojrozmérném realném
vektorovém prostoru, coz vede k pojmu trojrozmérného barevného prostoru, je-
hoz prvky jsou v tomto vektorovém prostoru popsany kédem barev ¢ = (@1, @2, @3).
Tridy metamernich svétel pak lze identifikovat pomoci barevného vzhledu. Jak jiz
bylo uvedeno, pojem Grassmannova kodu pro metamerii se nevztahuje na konkrétni
atributy barvy (na rozdil od barevnych kédt uvadénych v teorii protilehlych barev)
aje nutné brat v uvahu, Ze primarné byl odvozen pro primarni zatice — svétla. Vznika
tak otazka, zda v pfipadé namitek napriklad proti aditivité u nékterych vizualnich
situaci neni problémem skuteénost, Ze se jedna o situace, v nichz figuruji primarné
sekundarni zatice, typicky barevné povrchy. Tyto otdzky vSak pro tentokrat ne-
chame stranou a uptfeme pozornost zpét k Youngové-Helmholtzové teorii a zpu-
sobu, jakym byl odvozen tzv. CIE standardni pozorovatel. V dnesni dobé jiz disponu-
jeme takovymi experimentalnimi metodami, abychom byli schopni uréit spektralni
udinnosti jednotlivych druht ¢ipkd, jak dokumentuji znazornéni uvedena na oer. o.



b, with spectral energy distributions Ea(1) and Ex(2) , and if the same light ¢ with
energy distribution E{1) (‘additive color mixture’) is added pointwise to each of
these lights, i.e., Es@s(4) =Ea(A) + Ep(A), then the following relations above hold:

a®c~bbHc
txa~t=*b

Metamerism is thus (largely) preserved in the addition and scalar multiplication of
lights. Together with trichromatic color matching and the uniqueness of trichro-
matic matches, this gives rise to a trio of linear codes that represent metamerism in
the following sense. Let (L, @, *) be the qualitative physical structure of the lights
(where L is the set of lights identified with their spectral compositions of radiant
energy). Then there exists amapping @ = (@1, ¢, @3) that maps the qualitative phys-
ical structure homomorphically (i.e., linearly) into a three-dimensional real vector
space such thata ~ b © @(a) = ¢(b).

Thus, the physical structure (L, @, ) and the psychological structure (L, ~) interact
to form the psychophysical structure (L, @, *, ~). The empirical validity of Grass-
mann’s laws makes the psychological relation (the congruence relation with respect
to the physical operations @ and *).

The representation of ¢ will be called the Grassmann code. This is not unique, but
there is a whole family of such codes that are linearly related. These include the rep-
resentations that represent physiological receptor codes, and the representation (X,
Y, Z) that leads to the CIE color space. The visual system thus generates equivalence
classes on the set of physical lights, which in physical terms amounts to an amplifica-
tion of the physical description. Thus, the way in which perceptual equivalence classes
areextracted fromaninfinite-dimensional physical descriptionis described by Grass-
mann’s laws above. These laws allow one to numerically represent colors in a convex
cone in a three-dimensional real vector space, leading to the notion of a three-di-
mensional color space whose elements are described by a color code ¢ = (g1, 2, ¢3)
in this vector space. The classes of metameric lights can then be identified by their
color appearance. As already mentioned, the notion of Grassmann code for meta-
merism does not refer to specific attributes of color (unlike the color codes given in
the theory of opposite colors), and it must be considered that it was primarily de-
rived for primary emitters — lights. This raises the question of whether, in the case
of objections to additivity for some visual situations, for example, the fact that these
are situations involving primarily secondary emitters, typically colored surfaces, is
not a problem. However, we leave these issues aside for the moment and turn our at-
tention back to the Young-Helmholtz theory and the way in which the so-called CIE
standard observer was derived. We now have the experimental methods to be able to
determine the spectral efficiencies of different types of cones, as documented by the
illustrations in Fie. 9. 100 years ago, however, the situation was different, and this is
one of the reasons why the maximum chromaticity method was chosen to measure
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Pted 100 lety véak byla situace odli$na, a i proto byla zvolena cesta méteni funkei vy-
rovnani barev metodou maximalni chromati¢nosti. Jak jiz bylo uvedeno, v Guildové-
-Wrightové experimentu byla zvolena tfi pfiblizné monochromaticka svétla tak, aby
zadné nebylo mozné pripravit kombinaci zbyvajicich dvou, pricemz ve Wrightové ex-
perimentu Cervené mérné svétlo (R) odpovidalo monochromatickému svétlu s vino-
vou délkou 650 nm, zelené mérné svétlo (G) odpovidalo vinové délce §30 nm a modré
mérné svétlo (B) odpovidalo vinové délce 460 nm. Guild vytvofil primarni svétla po-
moci tii filert (Cerveného, zeleného a modrého) a svétla zarovky. Protoze byla v obou
experimentech pouzita rozdilna primarnisvétla, byly vysledné funkce vyrovnani ba-
rev rozdilné a bylo nutné zmétena data prepocitat pomoci jednoduchych linearnich
transformaci:

7 = k7 + koG + ksb (1)
7_" = k4_7_' + ksg + k6E (2)
7' = k,7 + kgg + kob, (3)

na referencni primarni svétla, kterymi byly spektralni ¢ary rtutové vybojky —
modra o vinové délce 435,8 nm a zelena o vinové délce §46,1 nm. Jako ¢ervené pri-
marni svétlo bylo zvoleno svétlo o vinové délce 700 nm (blizsi popis je uveden v pu-
blikaci Fairman, H. S., Brill, M. H., & Hemmendinger, H. (1997). How the CIE 1931
color-matching functions were derived from Wright-Guild data. Color Research
& Application 22(1), 11-23). Vyhodou bylo, Ze v obou experimentech bylo pouzito
shodné vztazné bilé svétlo (tehdejsi standard NPL ve Velké Britanii). Tim se dosta-
vame k velmi dilezitému aspektu CIE kolorimetrie, a sice metrologické navaznosti.
Aby bylo mozné vyuzivat kolorimetrickou soustavu pro méfeni barev, je nutné ji
navazat na fotometrii jako nauku o méfeni svétla, respektive ucinku svétla na zra-
kovy organ. V roce 1924 byl Mezinarodni komisi pro osvétlovani CIE pfijat stan-
dard popisujici pomérnou spektralniuéinnost lidského oka oznacovanou jako V(Q).
Tato funkce je vyuzivana k prevodu mezi radiometrickymi a fotometrickymi jed-
notkami. Aplikujeme-li pomérnou spektralni u¢innost lidského oka na percep¢né
nerozli$itelna svétla, dostavame:

a~be [EVQ)dA= [EV(A)da,
kde E, a Ej, jsou spektralni slozeni svétel a a b. Grassmanntv kdd ¢. mtize byt iden-

tifikovan s [ E, V(1) dA a prislusnym psychofyzikdlnim prostorem barev, ktery je
trojrozmérny. Pfislu$né rovnice vyrovnani barev pak miizeme prepsat do tvaru:

f E,(D)F(A)dA = f E,(D7(2) dA @)
| Eg@ar= [ B,mgw aa )
f E,(M)gA)da = f E,(M)b(A) dA (6)



the color equalization functions. As already noted in the Guild-Wright experiment,
three approximately monochromatic lights were chosen so that none could be pre-
pared by combining the other two, and in the Wright experiment the red specific
light (R) corresponded to a monochromatic light with a wavelength of 650 nm, the
green specific light (G) corresponded to a wavelength of 530 nm, and the blue spe-
cific light (B) corresponded to a wavelength of 460 nm. Guild created the primary
lights using three filters (red, green, and blue) and the light of an incandescent bulb.
Because different primary lights were used in the two experiments, the resulting
color alignment functions were different, and it was necessary to recalculate the
measured data using simple linear transformations:

7 = k7 + koG + k3b ()
f’ = k4_7_' + ksg + ksE (2)
7' = k,T + kgg + kob, 3

to the reference primary lights, which were the spectral lines of the mercury lamp —
blue with a wavelength of 435.8 nm and green with a wavelength of 546.1 nm.
The red primary light was chosen to be the 700 nm wavelength light (see refer-
ence Fairman, H. S., Brill, M. H., & Hemmendinger, H. (1997). How the CIE 1931
color-matching functions were derived from Wright-Guild data. Color Research
& Application 22(1), 11-23). The advantage was that the same reference white light
(the then standard NPL in the UK) was used in both experiments. This brings us to
averyimportant aspect of CIE colorimetry, namely metrological continuity. To use
the colorimetric system for color measurement it is necessary to relate it to pho-
tometry as the science of measuringlight, or the effect of light on the human eye. In
1924, the International Commission on Illumination of the CIE adopted a standard
describing the relative spectral efficiency of the human eye, referred to as V(A) —
spectral luminous efficiency function. This function is used to convert between ra-
diometric and photometric units. If we apply the relative spectral efficiency of the
human eye to perceptually indistinguishable light, we get:

a~be [EVQ)dA=[EV(A)da,
where E, and E, are the spectral compositions of lights a and b. The Grassmann code
@ can be identified with [ E, V(1) dA and the corresponding psychophysical color

space, which is three-dimensional. We can then rewrite the corresponding color
matching equations in the form:

f E,()F(A)dA = J E,()F(A) dA (4)
[ Eaar= [ g az s)
[ Ea@rar= [ b ax ©)
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OBR. 20 Znazornéni realnych barev

(zluta oblast) projekei na plochu tvofenou
souradnicemi 7, g a volba irealnych barev
XYZ na vrcholech trojihelniku obsahujiciho
vSechny realné barvy

FIG. 20 Representation of real colors (yellow
area) by projection on the area formed by the
coordinates 7, g and selection of irreal colors
XYZ on the vertices of the triangle containing
all real colors

100

80
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40

20

OBR. 21

Projekce funkce pomérné svételné
udinnosti do kolorimetrické soustavy Yxy

FIG. 21 Projection of the luminous efficiency
function into the colorimetric system Yxy



As already mentioned in the case of the standard observer functions 7(2), g(4) and
b(2), we encounter the problem that the function 7(4) is negative on the interval
<440 nm; 540 nm>. To solve this problem, we can use projection:

where

R = J E(A)F(A) dA .
6= [Ewgar “
B = J E()b(A) dA. o

The result is the chromaticity diagram of all real colors shown in ria. 20.

If we want to introduce a colorimetric system where all the functions of the stand-
ard observer are positive and at the same time the continuity with photometry is
preserved, then a normalization of all functions in the sense of:

V(DdA = | F(A)dA = | gda = | B(A)da =1 (10)
Jvwa=[rava= [ awa- |

and the system of new specific lights XYZ such that y(1) =V (1), thanks to which
the trichromatic component Y gives information about the brightness or lumi-
nance (ria. 21) and the junction of the vertices X, Z forms an alychna (a line that
does not carry information about the perceived brightness). A new triangle is cre-
ated that contains both a diagram of all real colors and the irreal (unreal) colors.
The linear combination of x(4), ¥(1) and Z(1) is then used to convert to 7(1),
g(A), b(), such that:

x_}{=380 f/1=780

}_})L=380 }_’/1=7sol

Zj=380 - Z1=780
0.49000 0.31000 0.200007 [Ta=sso - Ta=7s0| [Mi=3s0

=[0.17690 0.81240 0.01063|-|Ja=3s0 - Ga=7s0]- 12)
0.00000 0.01000 0.99000) [bj_s50 - biyso Naz780

Since equations (7, 8, 9) are assumed to be valid for both primary and secondary
emitters, they can be extended to include the transmission of light through objects
(T()) or the reflection of light from objects (R(X)) and the resulting colorimetric
system XYZ can be written in the form:
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Jak jiz bylo uvedeno, v ptipadé funkci standardniho pozorovatele 7(1), g(1) ab(4) se
setkavame s problémem, ze funkce 7(1) je naintervalu <440 nm; 40 nm> zaporna.
Pro teseni tohoto problému mizeme vyuzit projekci:

r=irers, 9 e, DS mam A TTITE=L,
kde

R= f E(A)F(A) dA o
6= [Emgwa o
B = f E(M)b(A) dA. .

Vysledkem je diagram chromati¢nosti vsech realnych barev uvedeny na oer. 20.

Pokud chceme zavést kolorimetrickou soustavu, kde véechny funkce standardniho
pozorovatele budou kladné a zaroven zde bude zachovana navaznost na fotometrii,
pak se obvykle zavadi normalizace vsech funkci ve smyslu:

fV(A)dA = ff(/l) dA = fg‘(l)dl = fE(A)dA =1 (10)

a soustava novych mérnych svétel XYZ takova, ze plati y(1) =V (1), diky tomu
trichromaticka slozka Y dava informaci o jasu ¢i jasnosti (oer. 21) a spojnice vrchola
X, Z tvori alychnu (linie, ktera nenese informaci o vnimaném jasu). Vznikne novy
trojuhelnik, ktery obsahuje jak diagram véech redlnych barev, tak barvy iredlné (ne-
skuteéné). Pro prevod na x(1), y(1), Z(A) se pak pouziva linearni kombinace 7(2),
g(A)ab(), takova, kdy plati, Ze:

fl=380 Jzl=780

)_/A=380 yl=780]

Z_ﬂ.=380 Z_ﬂ.=780
049000 0.31000 0.200007 [7a=3sso - Ta=7s0| [Ma=3s0

=IO.17690 0.81240 0.01063]- Ga=380 -~ a=780]" (12)
0.00000 0.01000 0.99000) |Bj_sg0 - DBic7so =780

Protoze se predpoklada platnost rovnic (7, 8, 9) jak pro primarni, tak sekundarni
zatice, pak je mizeme rozsirit o prichod svétla objektem (T(1)) ¢i odraz svétla od
objektd (R(1)) a vyslednou kolorimetrickou soustavu XYZ lze zapsat ve tvaru:



t=TER

where
X
t=1|Y
VA
[X3=380 - Xi=780
T = |Vi=380 - Ya=780
1Z)=380 -+ Z1=780
[Ra=3s0 - Ra=7s0]
R =|Rj=380 - Ri=7s0
[Rj—380 - Ra=7s0.
Ej—380
E=
| Ej3=780 ]

The advantage of this colorimetric measurement system is
its general acceptance as a worldwide standard. The disad-
vantages include its visually uneven scaling and its inabil-
ity to describe color appearance phenomena. ria. 7 shows
an example of afterimages produced by local adaptation
of vision, where the positions of complementary colors are
interchanged for red-green, yellow-blue and black-white
pairs. The implementation of the theory of opposite colors
occurred at the level of CIE colorimetric measurement
systems in 1976, when the CIELUV and CIELAB systems
were adopted.’® The first system was designed for primary
emitters and the second for secondary emitters. Although
these colorimetric arrays represented a significant advance
and are still in use today. Their disadvantage is their valid-
ity limited to a relatively narrow range of observing and
illumination conditions. In practice, this means that, for
example, when assessing the color of an object, the condi-
tion of an achromatic neutral grey background and, for ex-
ample, an illuminance of about 1000 1x must be observed.
Therefore, there is currently a high emphasis on the de-
velopment of color appearance models that will encompass
a wide range of illumination and observation conditions,
including several color appearance phenomena. Examples
include simultaneous contrast, achromatic and chromatic
induction shown in Fie. 22 to FiG. 24.

(10)

11

(12)

(13)

(14)

16 — Vik, M (2017).
Colorimetry in Textile
Industry. VUTS Liberec,
ISBN 978-80-87184-65-3.
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t=TER

kde
X
t=1|Y
Z
[X3=380 - Xi=780
T = |Yi=380 - Ya=780
LZ)=380 -+ Z1=780
[Ra=3s0 - Ri=7s0]
R=|Rj=380 - Ri=7s0
[Rj—3g0 - Ra=7s0.
Ej—380
E=
| Ej3=780 ]

Vyhodou této mérné kolorimetrické soustavy je jeji obecné
ptijeti jako celosvétového standardu. Mezi nevyhody ma-
zeme naopak zaradit jeji vizualné nerovnomérné odstup-
fovani a neschopnost popsat jevy barevného vzhledu. Na
ogR. 7 je ukazan priklad naslednych obrazt vzniklych lo-
kalni adaptaci zraku, kdy dochazi k vzajemnym zamé-
nam poloh komplementarnich barev u dvojic ¢ervena-
-zelend, zlutd-modra a ¢erna-bild. K implementaci teorie
protilehlych barev doslo na tirovni mérnych kolorimetric-
kych soustav CIE v roce 1976, kdy byly pfijaty soustavy
CIELUV a CIELAB'S. Prvni soustava byla uréena pro pri-
marni zatri¢e a druha pro sekundarni zarice. I kdyz tyto
kolorimetrické soustavy predstavovaly znaény pokrok
a dodnes jsou pouzivany v praxi, jejich nevyhodou je plat-
nost omezena na pomérné uzky interval podminek pozo-
rovani a osvétlovani. V praxi to znamena, ze napriklad pri
hodnoceni barvy uréitého objektu je nutné dodrzet pod-
minku achromatického neutralné sedého pozadi a napfti-
klad osvétlenost okolo 1 000 Ix. Proto je v souc¢asné dobé
kladen vysoky diiraz na vyvoj modeld barevného vzhledu,
které budou zahrnovat $irokou $kalu podminek osvétlo-
vani a pozorovani, véetné rady jeva barevného vzhledu.
Prikladem mohou byt simultanni kontrast, achromaticka
a chromaticka indukce uvedené na ogr. 22 az oer. 24.

16 — Vik, M (2017).

(10)

(11)

(12)

(13)

(14)

Colorimetry in Textile Industry.

VUTS Liberec,
ISBN 978-80-87184-65-3.



OBR. 22 Stabilita odstinu (Color Constancy) — vizualné vnimana zména
barevného ténu predmétu v zavislosti na pouzitém osvétleni.

FIG. 22 Color Constancy — the visually perceived change in the color tone
of an object depending on the lighting used

0BR. 23 Achromatickd indukce — blizka plocha ovliviiuje vnimani svétlosti barevnych
vzorktli. Na tmavé blizké plose se ptislusné barvy jevi jako svétlejsi.

FIG. 23 Achromatic induction — the near surface affects the perception of the lightness
of color samples. On a dark near surface, the corresponding colors appear lighter

0BR. 24 Chromatickd indukce — chromati¢nost blizké plochy ovliviiuje
vnimani barevného ténu vzorki.

FIG. 24 Chromatic induction — the chromaticity of the near surface affects
the perception of the color tone of the samples
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blizké
pole

podnét

Receptory N(;ugny
OBR. 25 Hunttiv model vzniku jednotlivych OBR. 26 Specifikace slozek zorného pole
dvojic protilehlych barev a achromatického u komplexnich modeld barevného vzhledu
signalu reprezentujiciho dvojici ¢ernd-bila dle CIE

CIE postupné prijala tfi rlizné vari- 17 — CIE 248:2022 The CIE 2016 Colour Appearance
anty komplexnich modelii barevného  yod® for Colout Management Systems: GIECAVIS,
vzhledu pod oznacenim CIECAM97,

CIECAMoz2 a v roce 2022 model s ozna-

¢enim CIECAM16'. Lze fici, ze jed-

notlivé modely jsou ukazkou postupné

optimalizace a zjednodusovani, kdy mo-

del CIECAMI16 do zna¢né miry vyftesil

problémy inverzniho vypoctu v ptipadé

modelu CIECAMoz2.

Komplexni modely barevného vzhledu CIE vychazeji primarné z Huntova modelu
vnimani barev, viz oer. 2s. Jiz bylo uvedeno, Ze ve fovealni oblasti sitnice se vysky-
tuji pouze L a M ¢ipky, v Huntové modelu je proto achromaticka odezva tvofena
signalem pouze z téchto fotoreceptort na rozdil od Adamsova modelu (ten byl za-
kladem pro soustavy CIELAB a CIELUV), kde se na ni podileji vSechny tfi fotore-
ceptory — L M S. Zaroven tento model bere v uvahu, ze zastoupeni jednotlivych
druht ¢ipkt neni v sitnici rovnomérné a pouzity vysledny pomér je nasledujici 40L
: 20M : 3S. Skutecnost, zZe horizontalni a amakrinni bunky propojuji nejen L-M
a M-S fotoreceptory se odrazila na vzniku dalsich dvou funkci — signali C3 a C2,
jejichz vliv v Huntové, resp. CIECAM16 modelu ovliviiuji odchylky podminek po-
zorovani od standardni CIE konfigurace vizualniho hodnoceni. Samotny zapis mo-
delu CIECAM16 je pomérné dlouhy, a proto autofi pripadnym zajemcim doporu-
¢uji naptiklad literaturu CIE 248:2022 The CIE 2016 Colour Appearance Model for
Colour Management Systems: CIECAM16, DOI: 10.25039/TR.248.2022; Li, C., Li,
Z.,Wang, Z., Xu, Y., Luo, M. R., Cui, G. et al. (2017). Comprehensive color solutions:
CAMTr16, CAT16, and CAM16-UCS. Color Research and Application, 42(6), 703-718.
Obecné Ize konstatovat, ze modely CIECAM zahrnuji tfi kroky: V prvnim kroku
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Receptors N(e:gns
FIG. 25 Hunt’s model of color vision — FIG. 26 Specification of field of view

formation of individual pairs of opposite colors ~ components in CIE color appearance models
and an achromatic signal representing
a black-white pair

The CIE has successively adopted three 17 — CIE 248:2022 The CIE 2016 Colour Appearance
different variants of color appearance '\D"gld?'ofg;g%‘/’%“gzgaz%z’;e”‘ Systems: CIECAM16,
models under the CIECAM97, CIE-

CAMO2 and, in 2022, a model called

CIECAM167. It can be said that each

model is an example of gradual optimi-

zation and simplification, with the CIE-

CAM16 model having largely solved the

inverse calculation problems in the case

of the CIECAMO2 model.

The color appearance models of the CIE (CIECAMs) are primarily based on Hunt’s
model of color perception, see rie. 25. It has already been mentioned that only L and
M cones are present in the foveal region of the retina; therefore, in Hunt’s model,
the achromatic response is made up of signals from these photoreceptors only, in
contrast to the Adams model (which was the basis for the CIELAB and CIELUV
systems), where all three photoreceptors — L M'S — are involved. At the same time,
this model takes into account that the representation of the different cone types is
not uniform in the retina and the resulting ratio used is as follows 40L : 20M : 3S.
The fact that horizontal and amacrine cells connect not only L-M and M-S photore-
ceptorsisreflected in the emergence of two other features — C3 and C2 signals, whose
influence in the Hunt and CIECAM16 models, respectively, is affected by deviations
of the observation conditions from the standard CIE configuration of visual assess-
ment. The notation of the CIECAM16 model itself is quite lengthy, and therefore
the authors refer potential interested readers to, for examples CIE 248:2022 The
CIE 2016 Colour Appearance Model for Colour Management Systems: CIECAM16,
DOI: 10.25039/TR.248.2022; Li, C., Li, Z., Wang, Z., Xu, Y., Luo, M. R, Cui, G.
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OBR. 27 Demonstrace lokalni chromatické adaptace. Fixujte svij zrak na ¢ernou skvrnu
mezi jednolitymi modrymi a zlutymi plochami po dobu asi 30 sekund a poté presuiite
pohled na bilou skvrnu ve stifedu obrazu chlapce se psem. V§imnéte si, Ze obraz chlapce
se psem se po této adaptaci jevi pfiblizné jednotny.

FIG. 27 Demonstration of local chromatic adaptation. Fix your eyes on the black spot
between the solid blue and yellow areas for about 30 seconds and then shift your gaze

to the white spot in the center of the image of the boy with the dog. Notice that the image
of the boy with the dog appears approximately uniform after this adaptation.



et al. (2017). Comprehensive color solutions: CAMIG6,
CAT16, and CAMI16-UCS). In general, CIECAM mo-
delsinvolve three steps: in the first step, the chromatic
adaptation (rie. 27) is modeled using a transformation
based on the so-called von Kries law of adaptation co-
efficients.’® This rule assumes three (and only three)
independent spectral responses for color vision, the
amount of which varies in inverse linear proportion to
the stimulus intensity evoked by a given light source.
Consequently, metameric color alignment must persist
under changes in chromatic adaptation and under ad-
ditive and proportional changes in metameric stimula-
tion. This means that Grassmann’s laws of invariance,
additivity, and proportionality of color matching also
hold for changes in adaptation.

The second step involves nonlinear compressions
of the resulting spectral responses. This step is per-
formed at the level of individual cone responses and in-
volves the behavior of the photoreceptors. In the third
step, the values of the opposite colors and the derived
measures of lightness, subjective chromaticity, and
color tone are calculated. There are some objections
to this procedure®, where the function computed by
nonlinear response compression appears to be a prob-
lem. This function is very close to the response com-
pression known to occur in photoreceptors. It thus
forms the first part in the processing chain in human
vision, but in the CIECAM model it is the second step
of the model. In contrast, Kunkel and Reinhard2® pro-
pose a color appearance model with combined chro-
matic adaptation and nonlinear compression that is
more in line with current knowledge of neurophysio-
logy. At the same time, the computation of the corre-
lates of color appearance involves color coding that
occurs at the LGN level and where no prior computa-
tion of the color tone angle is required to compute the
axes of opposite colors as in the case of CIECAM mo-
dels. Despite these advantages, the model proposed by
Kunkel and Reinhard has not been sufficiently tested
and, despite its advantages, it still stands aside from
the mainstream research in colorimetry.

18 — Fairchild, M. D. (2013) Color
Appearance Models, 3rd ed.,

IS&T Series in Imaging Science and
Technology, Wiley.

19 — Kunkel, T. & Reinhard,
E. (2009). A neurophysiology-
inspired steady-state color
appearance model. JOSA A, 26.
20 — Kunkel, T. & Reinhard,
E. (2009). A neurophysiology-
inspired steady-state color
appearance model. JOSA A, 26.
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je chromaticka adaptace (oBr. 27) modelovdna pomoci
transformace vychdzejici z tzv. von Kriesova pravidla
adaptaénich koeficientd.’® Toto pravidlo predpoklada
tfi (a pouze tfi) nezavislé spektralni odezvy pro ba-
revné vidéni, jejichz mnozstvi se méni v obraceném
linearnim poméru k intenzité podnétu vyvolaného
danym svételnym zdrojem. V dsledku toho musi me-
tamernivyrovnanibarev pretrvavat pri zménach chro-
matické adaptace a pfi aditivnich i proporcionalnich
zménach metamernistimulace. To znamena, Ze Grass-
mannovy zakony neménnosti, aditivity a proporciona-
lity shody barev plati i pfi zménach adaptace.

Druhy krok zahrnuje nelinearni kompresy vyslednych
spektralnich odezev. Tento krok se provadi na urovni
odezev jednotlivych ¢ipkt a zahrnuje chovani fotore-
ceptori. Ve tfetim kroku jsou vypocitavany hodnoty
protilehlych barev a z nich odvozenych mér svétlosti,
subjektivni chromati¢nostia barevného tonu. Proti to-
muto postupu existuji urcité namitky'®, kdy se jako
problém jevi funkce vypoctena nelinedrni kompresi
odezvy. Tato funkce je velmi blizka kompresi odezvy,
o niz je znamo, ze se vyskytuje ve fotoreceptorech.
Tvori tedy prvni ¢ast v retézci zpracovani v lidském
vidéni, v CIECAM modelu je vSak druhym krokem mo-
delu. Kunkel a Reinhard?®proti tomu navrhuji mo-
del barevného vzhledu s kombinovanou chromatickou
adaptaci a nelinearni kompresi, ktera vice odpovida
souc¢asnym poznatkim neurofyziologie. Zaroven vy-
podet korelatt barevného vzhledu zahrnuje kodovani
barev, ke kterému dochazi na urovni LGN a kde pro
vypocet os protilehlych barev neni nutny predchaze-
jici vypocet thlu barevného ténu jako v pripadé mo-
deltt CIECAM. Pres tyto vyhody nebyl model navrzeny
Kunkelem a Reinhardem dostate¢né testovan a pres
své vyhody zatim stoji stranou hlavniho vyzkumného
proudu v oblasti kolorimetrie.

18 — Fairchild, M. D. (2013) Color
Appearance Models, 3rd ed.,

IS&T Series in Imaging Science and
Technology, Wiley.

19 — Kunkel, T. & Reinhard,

E. (2009). A neurophysiology-
inspired steady-state color
appearance model. JOSA A, 26.

20 — Kunkel, T. & Reinhard,
E. (2009). A neurophysiology-
inspired steady-state color
appearance model. JOSA A, 26.



Conclusion

As the above incomplete overview of the effects of light and color on humans il-
lustrates, the subject is very broad and dynamically evolving. At the same time, it
brings together a wide range of scientific disciplines, which makes it very difficult
to synthesize the current state of knowledge in the field of colorimetry. Color per-
ception is a complex physiological process that has not yet been fully understood
and is therefore the subject of numerous investigations. As it has been shown, theo-
ries of color perception largely simplify the complex interrelationships between the
various cells of the visual system and must therefore be understood to be valid only
under certain boundary conditions. An undeniable challenge for future develop-
ments in the field of complex color appearance models are issues related to different
stimulus sizes, since the basic CIECAM models are defined strictly for stimuli cor-
responding to a 2° visual angle. How to include a complex color scene with a range
of chromatic stimuli in the model when most experiments work with achromatic
backgrounds? In real situations, how does the aging of the visual system affect the
resulting spectral response profile of the observer? Although the CIE has defined
observers with fundamental responses that allow for correction of color-matching
functions depending on the age of the observer and the size of the stimulus, we do
not have enough information at this time on how effective the incorporation of this
observer into CIECAM is. It appears that the semi-incremental approach to devel-
oping color appearance models has largely run its course, and it will be necessary
to reconsider the weighting of the various parameters currently rigidly input into
the final solution.
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Zaver

Jak dokumentuje vyse uvedeny netuplny prehled vlivu svétla a barvy na ¢lovéka, je
tato problematika velmi $iroka a dynamicky se vyvijejici. Zaroven v sobé sdruzuje
celou fadu védnich disciplin, coz do zna¢né miry komplikuje syntézu aktualniho
stavu védéni v oblasti kolorimetrie. Vnimani barev je slozity fyziologicky proces,
ktery dosud nebyl plné poznan, a je proto predmétem cetnych vyzkumu. Jak bylo
ukazano, teorie vnimani barev do zna¢né miry zjednodusuji komplikované vazby
mezi jednotlivymi butikami zrakového systému, a je proto nutné chépat, Ze jsou
platné pouze za urcitych okrajovych podminek. Nespornou vyzvou pro budouci vy-
voj v oblasti komplexnich modeld barevného vzhledu jsou otazky spojené s rozdil-
nymi velikostmi podnétt, nebot zakladni modely CIECAM jsou definovany striktné
pro podnéty odpovidajici zornému tthlu 2°. Jak do modelu zahrnout komplexni ba-
revnou scénu s fadou chromatickych podnéti, kdyz vétSina experimentd pracuje
s achromatickym pozadim? Jakym zptsobem se v realnych situacich projevuje vliv
starnuti zrakového systému na vysledny profil spektralnich odezev pozorovatele?
Prestoze CIE definovala pozorovatele s fundamentdlnimi odezvami, které umoznuji
korekei funkei vyrovnani barev v zavislosti na stati pozorovatele a velikosti pod-
nétu, nemame v tuto chvili dostatek informaci o tom, jak aéinné je zaclenéni tohoto
pozorovatele do systému CIECAM. Zda se, ze inkrementalni pristup k rozvoji mo-
delti barevného vzhledu se do znaéné miry vylerpal a bude nutné prehodnotit vahu
jednotlivych parametrti v soucasné dobé rigidné vstupujicich do vysledného teseni.
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Topologie jako matematicka disciplina i jeji $ir$i projekce do dal$ich oblasti je efek-
tivnim konceptem studia vztahti a vlastnosti projevi svéta okolo néds. Klade diraz
na identifikaci a upfednostnéni tthelnych pohledt v feseni vznasenych otazek na
ukor pro danou situaci méné podstatnych charakteristik. V ¢innosti centralniho
nervstva lze identifikovat mnozstvi déji, v jejichz zdkladu jsou rozpoznatelné ele-
menty topologického ptistupu. Jsou to napt. schopnost hierarchizovat prichazejici
informace dle jejich relevance, schopnost abstrahovat podstatné vztahy z celku,
mapovat prostor ¢i tvorit a aktivovat mentalni schémata. Je samoziejmé, ze pro to-
pologii jako lidsky produkt musi lidsky mozek mit téz adekvatni neurobiologicky
zaklad. Nicméné znaéné mnozstvi experimentalnich pozorovani naznacuje, zZe to-
pologické principy transformace stimulti, prichazejicich do centralniho nervstva,
nejsou vyluéné konstruktem lidského abstraktniho mysleni, nybrz jsou pritomny
na mnohem zakladnéjsich etazich neuralni informacni kaskady v rizném rozsahu
naprié zivodisnymi druhy. V této kapitole se pokusim nékteré z téchto procest neu-
robiologicky definovat.

Relevance vztahti ¢i ptsobicich sil z prostfedi na organizmus je velmi riznoroda.
Zpravidla je dana biologickou vyznamnosti, jez se odviji od aspektt ptezitijedince
adruhu. U primitivnich organizmi jsou tyto relevantni vztahy predevs$im dostfe-
divého charakteru, tedy primo se vztahuji k ose okoli — subjekt. U druht se slozi-
téj$imi vzorci chovani kromé vztahu objekt — subjekt nabyva dulezitosti mapovani
vztahti mezijednotlivymi objekty zevniho svéta. Vznika osa typu ,objekt x objekt —
subjekt“. Uvazovany subjekt zde k vzorcim chovani ilustrovanych prvoplanovymi
rolemi lovce, potencialniho sexualniho partnera ¢i prchajici kotisti pridava polohu
pozorovatele, ktery poznava svét v bohatsich rovinach. Zjevnym ptikladem potteby
takového mapovani vzajemnych vztahit mezi objekty zevniho svéta je socialni cho-
vanijedinct ¢i mapovani prostorovych vztahti. Suma informaci dostupnych danému
jedinci prirozené definuje jeho poznavany svét. Rostouci mnozstvi informaci a ro-
vin, v nichz je svét poznavan, je podminéno tirovni poznavacich mechanizmt. Z nich
je to pak pfedevsim aspekt zpracovani prijaté informace nervovym systémem. Kom-
plexita mozku tak urcuje miru komplexnosti, s jakou je svét poznavan. Reciproéné,
dostupné informace z okolniho svéta jsou reprezentovany nervovym systémem ve
formé funkénich otiski analyzovanych pocitkd.



Topology as a mathematical discipline is — and so are wider projections thereofinto
other fields — an effective concept for studying relationships and features of how the
world around us manifests itself. It focuses on identification and prioritization of
key perspectives in resolving issues that are being raised rather than dealing with
characteristics that are less significant for the given situation. There are multiple
processes identifiable in the central nervous system activity in whose core there are
recognizable elements of topological approach, such as the ability to hierarchize in-
coming information according to its relevance, to abstract significant relationships
from the entirety, to map space, or to create and activate mental schemes. Natu-
rally, given that topology as a concept is a human mental product, human brain logi-
cally operates with an adequate neurobiological mechanism to build it. Nonetheless,
alarge number of experimental observations suggest that topological principles of
transformation of stimuli entering the central nervous system are not exclusively
a construct of human abstract thinking but are present at much more elementary
levels of the neural information processing cascade, the scope of which varies across
animal species. In this chapter I will try to define some of these processes from the
neurobiological perspective.

The relevance of relationships or forces impacting an organism from the external
environment is very diverse. It is generally determined by the biological signifi-
cance that derives from aspects of survival of an individual and species. In primi-
tive organisms, relevant relationships are by nature primarily ego-centric, i.e., they
directly relate to the environment-to-subject axis. In species with more complex
patterns of behavior, though, what gains significance, in addition to the object-sub-
ject relationship, is mapping of relationships among individual objects of the out-
side world. Accordingly, what emerges is an ‘object x object — subject’ type of an
axis. To behavioral patterns illustrated by elementary roles of a hunter, a potential
sexual partner or a fleeing prey, the subject adds a role of an observer who discov-
ers the world at more varied levels. Obvious examples of why such mapping of mu-
tual relationships among subjects of the outside world is necessary include social
behavior of individuals or mapping of spatial relationships. Total sum of informa-
tion available to a given individual naturally defines the world exposed to his or her
cognition. The increasing amount of information and of levels at which the world is
being recognized are dependent on the level of cognitive mechanisms, primarily the
aspect of incoming information processing by the nervous system. Thus, the brain
complexity determines to what degree of complexity the world can be discovered.
Reciprocally, information received from the surrounding world is represented by
the nervous system in the form of functional imprints of analyzed perceptions.
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Hierarchizace informaci

Jednou ze zakladnich rovin pohledu na okolni svét a tim i zpracovani informace
mozkem je schopnost hierarchizovat informace primarné dle jejich biologické rele-
vance. To ptinasi obratem i redukci téch dat, ktera do systému vstupuji, ale biolo-
gicky vyznamné nejsou. Tato strategie vyzaduje selekci a prioritni zpracovaniaulo-
zenirelevantnich informaci z celku, jehoz kompletni obsah neni vétsinou nezbytné
pokryvatv celéjeho bohatosti. Takovyto pfistup je v biologické roviné vyhodny, ne-
bot redukce komplexnosti okolniho svétana biologicky vyznamné vztahy je vysoce
adaptivni. Kromé kapacitni a energetické uspornosti umoznuje rychlou orientaci
v dané situaci a naslednou efektivni behavioralni odpovéd. Tuto uhelnou neuroin-
formacdni strategii lze zaroven povazovat za jakési predpoli pohledu na mozek jako
natopologicky fungujici procesor. Schopnost identifikace relevantniho vztahu mezi
jedincem a okolim je inherentnijiz u Zivoéichii s primitivnimi formami centralniho
nervového systému a je typicky zprostfedkovana efektem stresové reakce, ktera je
zpravidla spusténa dusledkem biologicky vyznamnych signala. Ilustraci mohou byt
jednoduché formy paméti jako habituace ¢i senzitizace, charakterizované zménou
chovani na zakladé identifikace hodnoty biologické irelevance ¢i relevance u priji-
maného podnétu. S rostouci komplexnosti neuralnich procest u pokroéilejsich fo-
rem vyvoje mozku je tento aspekt stale podstatnéjsi, nebot potieba hierarchizace
informaci s jejich mnozstvim pochopitelné roste. Za obzorem konkrétnich pocitkt
paklzenaléztiperspektivu schopnosti vnimané vztahy abstrahovat nad ramec kon-
krétnosti. Abstrakce tak umoznuje vytvoreni obecnéjsiho mentalniho modelu ¢i
ramce, jez je snaze prenositelny mezi analogickymi situacemiu stejného subjektu, ¢i
sdélitelny mezi subjekty navzdjem. Pfipravenost subjektu provadét toto spektrum
procesti od elementarnich po slozité je predeterminovand transgeneracné geneticky
¢i epigeneticky nebo je formovana primou zkus$enosti a souvisi pak s mechanizmy
nervové plasticity at vyvojového ¢i pamétového charakteru.



Hierarchizing the Information

One of the basic concepts of cognition, and thereby also of information processing
performed by the brain, is the ability to hierarchize information primarily by its bio-
logical relevance. This in turn reduces the amount of data that enters the system but
is not biologically significant. This strategy requires selection, prioritized process-
ing and storing of relevant information received from the entirety whose complete
contents usually does not need to be covered in all its opulence. Such an approach
at the biological level is advantageous since the reduction of external world’s com-
plexity down to biologically significant relationships is highly adaptive. Apart from
savings in capacity and energy, it enables fast orientation in any given situation and
subsequent effective behavioral response. This fundamental neuro-information
concept can at the same time bring us closer to viewing the brain as a topologically
functioning processor. The ability to identify relevant relationship between an in-
dividual and the environment is inherent even in animals with very primitive forms
of central nervous system and, typically, is mediated by the stress response effect
that is usually triggered off as a consequence of biologically significant signals. To
illustrate this, we may refer to simple forms of memory such as habituation or sensi-
tization marked by changes in behavior based on identifying the value of biological
relevancy orirrelevancy of the received impulse. With growing complexity of neural
processes in more advanced forms of brain development, this aspect is increasingly
important since the need to hierarchize information logically increases with the
growing amount thereof. Beyond the horizon of specific sensations, it is possible to
identify prospective ability to abstract the perceived relationship beyond specific
frameworks. Thus, abstraction makes it possible to create a more general mental
model or framework that is more easily transferrable among analogical situations,
as far asanindividual is concerned, or mutually communicable among multiple sub-
jects. Readiness of a subject to perform this range of processes from elementary to
complex ones is predetermined on a transgenerational basis, genetically or epige-
netically or is formed by direct experience, in which case it relates to mechanisms
of neural plasticity, whether developmental or memory-related.
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Neuralni reprezentace okolniho svéta

Senzoricka ¢ast mozku svoji ¢innosti tedy reprezentuje vnimané vlastnosti zevniho
Vv Ve o . . 1.V Veo . e /. 4 Y Vv
svétaa skrze né jej rekonstruuje. Vzhledem k variabilité déjti ajejich vzajemné zpraze-
nosti je takto rekonstruovany obraz svéta u kazdého jedince nezbytné unikatni. Bio-
logicka vyznamnost a s ni souvisejici vztahova redukce je pak uhelnym prvkem, jenz

mozaiku téchto rozdilnych konstruktt naptic jedinci sjednocuje.

Neuralni reprezentace zpravidla chapeme jako funkéni
korelaty nervové aktivity v odpovédi na informadni
vstupy prichazejici do mozku ¢i ve vztahu s produkty
jeho ¢innosti. Tento velmi Siroky ramec tedy zahrnuje
veskerou télesnou interni signalizaci reflektujici déje
probihajici ve vnitfnim prostfedi organizmu (chemo-
senzory, baroreceptory, propriocepce atd.) i ty vinimané
z jeho okoli prostfednictvim smysla. Zahrnuje téz pa-
métové procesy, kdy vzpominky jsou reprezentaci pro-
zitych udélosti. Dale, mimo nas dosavadnithel pohledu,
zahrnuje i vystupni, nejcastéji motorické prikazy. Nej-
méné prozkoumanou kapitolou jsou produkty mental-
nich operaci abstraktniho typu jako symbolické funkce
¢ipojmové kategorie typu qualii. Vzhledem k nastinéné
$ifi je tedy vhodnéjsi na neuralni reprezentace spise
nezli jako na konkrétni jev nahlizet jako na pojmovy
koncept!.Ijen v ziZeném rdmci neurobiologie je s timto
terminem v literatute spojovano vice fenomént — jed-
notkova aktivita skupiny ¢i skupin neuronti, vzorce sy-
naptickych zmén mezi neurony, ¢i vzorce exprese genti
s neuronalni aktivitou spojovanych. Zasadni je korelu-
jicivztah mezi sledovanym zevnim déjem a jeho mozko-
vou reflexi, tedy reprezentaci.

Kotreny myslenky neuralnich reprezentaci lze histo-
ricky vystopovat jiz v obdobi pfed vznikem neuralni
doktriny?. V ptipadé senzorického systému, kterému
je tato kapitola predevsim vénovanad, je informace pri-
chazejici ve formé prvotniho signalu z ¢idel, zpracova-
vana kaskadovitym pribéhem napti¢ zfetézenymi ob-
lastmi neuralniho analyzatoru. Béhem tohoto procesu
v kazdé z téchto oblasti — synapse za synapsi — nabyva
stale komplexnéjsi podoby, jez ve vysledku zprostied-
kuje subjektivni obraz okolniho svéta. Teoreticky je
mozno tvrdit, Ze rizné formy neuralnich reprezentaci
lze nalézat ve vSech téchto trovnich zpracovani smy-
slové informace. Od prvotnich spise topografickych

1 — R. Christopher deCharms

a Anthony Zador, Neural
Representation and the Cortical
Code, Annual Review of
Neuroscience 23, ¢. 1 (bfezen 2000):
613-47, https://doi.org/10.1146/
annurev.neuro.23.1.613.

2 — Eric Thomson a Gualtiero
Piccinini, Neural Representations
Observed, Minds and Machines 28,
¢.1(bfezen 2018): 191-235, https://
doi.org/10.1007/s11023-018-9459-4.



Neural Representation of External World

Itis well established that brain sensory areas represent the perceived features of the
outside world and in a cascade-like way it constructs its more complex representa-
tions. We might consider it asa ‘re-construction’ of subject’s world picture. Consid-
ering the diversity of actions and their interconnection, the image of the world so
reconstructed is inevitably unique for each individual. Biological significance and
relating relationship reduction then represents a key element that unifies the mo-

saic of such different constructs across individuals.

We generally comprehend neural representations as functional cor-
relates of neural activity in response to information inputs coming
to the brain or relating to outcomes of brain activity. Thus, this ex-
tra-wide framework comprises all corporal internal signaling, re-
flecting the ongoing processes in the organism’s internal environ-
ment (chemosensors, baroreceptors, proprioception, etc.) as well
as those perceived from the environment through senses. It also
comprises memory processes in which memories constitute rep-
resentations of past experience. Furthermore, beyond the hitherto
covered perspective, it comprises output commands, mostly mo-
toric ones. The least examined chapter concerns products of ab-
stract-type mental operations such as symbolic functions or con-
cept categories of the qualia type. Therefore, regarding the outlined
scope, it is more appropriate to view neural representations as a no-
tional concept rather than a specific phenomenon.!Even in the nar-
rowed-down framework of neurobiology, relevant publications use
this term to refer to multiple phenomena — unit activity of a neu-
ron group or neuron groups, patterns of synaptic changes between
neurons, or expression patterns in genes associated with neural ac-
tivity. The key is the correlating relationship between the observed
external action and its brain reflection, i.e. representation.

Historically, roots of the neural representation concept can be
traced back to the period before the genesis of the neural doc-
trine.?2 As concerns the sensory system — the topic which this
chapter deals with in the first place — the information coming in
in the form of a primary signal from sensors is processed in a cas-
cade manner across the chain of interconnected brain areas. In
the course of this process, in each of the areas — synapsis after
synapsis — it becomes more and more complex and in its final form
provides a subjective image of the outside world. In theory we may
argue that various forms of neural representations can be identi-
fied at all levels of sensory information processing, from primary,
largely topographic relationships between the sensory organ and
the primary projection area in the brain, through to the ‘final’

1 — R. Christopher
deCharms

a Anthony

Zador, Neural
Representation and
the Cortical Code,
Annual Review of
Neuroscience 23,
No. 1 (March 2000):
613-47, https://doi.
org/10.1146/annurev.
neuro.23.1.613.

2 — Eric Thomson
a Gualtiero
Piccinini, Neural
Representations
Observed, Minds
and Machines 28,
No. 1 (March 2018):
191-235, https://doi.
0rg/10.1007/s11023-
018-9459-4.
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vztahti mezi senzorickym organem a primarni mozko- 3 — Edvard Moser et al,
vou projekéni oblasti, az po ,finalni“ kategorizovany Zr")‘r’ecs‘::ft:t?:ncm'tii view,
produkt celé masinerie provazany i s jinymi kvalitami.  Neuroscience 15 (11. Gerven 2014),
Teprve tato troven, dle sou¢asného pohledu, vstupuje ~ https://doi.org/101038/nrn3766.
u ¢lovéka do védomi a je tedy subjektivné pocitovana.

Kazda z nich pak reflektuje dany krok celého procesu.

To implikuje vysokou miru jejich hierarchizovanosti,

spojenou s narustajici komplexitou obsazené neuralni

informace. Identifikovat ¢i navrhnout systém, ktery by

zobecnil a algoritmizoval cely proces napfi¢ riznymi

smyslovymi modalitami je, vzhledem k rtiznorodosti

celku, patrné nemozné. Nicméné lze se alespon pokusit

o abstrahovani konstrukéniho procesu reprezentaci do

nékolikaklicovych arovni, které vystihuji rostouci kom-

plexitu kédované informace3.

Neuralni reprezentace maji dle souasného diskurzu podobu funkéné a anatomicky
propojenych ansamblti neuront v ptislusnych neuronovych sitich, ty komplexni pak
podobu globalnich populaci, tvoficich soustavy vice siti napti¢ rozsahlymi mozkovymi
oblastmi. Nékteré reprezentace jsou spise preformovane, nesené geneticky, bez nutné
vazby na souvisejici prozitek. Zprosttedkuji naptiklad zdkladnikroky zpracovani sen-
zorické informace, jiné jsou naopak produkty uéeni a vznikaji na zakladé pfedchozi
zku$enosti. Znacna cast lezi mezi témito dvéma extrémy a souvisi s vyvojem mozku,
ktery optimalné probéhne pouze v soudinnosti s vnéjsi stimulaci, navic ¢asto nutné
spadajici do definovaného ¢asového okna béhem vyvoje organizmu. Flexibilné ¢i in-
stantné formované reprezentace, napt. pamétové stopy, jsou ukladany ve formé posi-
lenych spojeni mezi jednotlivymi neurony dané neuralni sité.

Nad rdmcem této kategorizace znamych i predpokladanych neuralnich reprezen-
taci senzorickych informaci bychom méli navic uvazovat abstraktni mentalni pro-
dukty, jejichz formovani sice na smyslovych podnétech zpodatku zpravidla zavisi,
ale po jejich vytvoreni se mohou chovat zcela nezavisle. Produkty mozkové ¢innosti
typu pojmovych ¢i nepojmovych konceptli, mentalnich imaginaci, jsou kognitivné-
-psychologickymi pfistupy uchopovany skrze ideu ,,mentalnich reprezentaci. Témi
psychologie rozumi soustavu myslenkovych symboli reprezentujicich uvedené kva-
lity: naptiklad ze vSech Cervenych objektu Ize abstrahovat kategorii ¢ervenosti, ktera
nadéle nebude vazana na kterykoli z vanimanych ¢i pamatovanych éervenych objektd,
a tvori tak samostatnou qualii, mentalni reprezentaci. Podobné lze uvazovat o kvali-
tach jako pevnost, tekutost, zidlovitost, lidskost, ¢i vjem vlastni identity, tedy jastvi.
A byt se zde zcela zfejmé dostavame do kruhovych vztahti (mentalni reprezentace je
mentalnim konstruktem psychologie pro popis mentalnich stavi subjektt psycho-
logického zkoumani; zdamérné slova opakuji), kde prestava byt vymezen vztah mezi
objektem a subjektem zkoumani, tak Ize stale predpokladat, Ze i tyto abstraktni kva-
lity budou mit korelat ve formé neuralnich reprezentaci v neurobiologickém smyslu,
zaloZenych na vzorcich neuralni aktivity v neokortikalnich mozkovych oblastech.



categorized product of the entire machinery, linked to other qual- s — Edvard

ities, too. In current perspective, the latter is the level that finally zfaisse;nec} i'ort(f;dl

enters the human consciousness and, as such, is subjectively per-  representation,

ceived. Eachlevel then reflects the given step of the entire process. ~ Nature reviews.
.. . . . . . . . Neuroscience 15

This implies a high degree of hierarchization, associated with the (11, june 2012),

growing complexity of the embraced neural information. Regard-  https/doi.

N . . . .. . . N 0rg/10.1038/nrn376.

ing the diversity of the entirety, it is probably impossible to iden-

tify or design a system that would generalize and algorithmize the

whole process across various sensory modalities. Nevertheless, we

may at least attempt to abstract the representation construction

process into several key levels that do justice to the growing com-

plexity of coded information.®

Neural representations, according to the current discourse, take the form of func-
tionally and anatomically interconnected neuron ensembles in relevant neuronal
networks; the complex ones, then, take the form of global populations constituting
sets of multiple networks across extensive brain areas. Some representations are
more of the pre-formed types, carried over genetically without necessarily having
alink to any encounter with the environment. They for instance mediate the basic
steps in sensory information processing, whereas others are products of learning
and constitute on the basis of previous experience. A great many of them find them-
selves between these two extremes and have to do with brain development that can
only proceed in an optimum way in correlation with external stimulation, which,
moreover, needs to appear within a defined time window in the course of organism
development. Representations formed flexibly or instantly, such as memory traces,
are stored in the form of strengthened connections among individual neurons of
the given neuron network.

Beyond this categorization of known as well as assumed neural representations of
sensory information, we should also consider abstract mental products whose forma-
tion initially indeed depends on sensory stimuli but once they have been created they
may behave in an entirely independent way. Products of brain activity of the concep-
tual and non-conceptual types, mental imaginations, are — by way of cognitive-psy-
chological approaches — grasped through the concept of mental representations. In
psychology, it means a set of mental symbols representing the abovementioned qual-
ities: it is possible, for instance, to abstract the category of redness from all red ob-
jects whilst that category will no longer be bound to any perceived or remembered
red objects, and thereby constitutes a separate quale, mental representation. We can
similarly contemplate such qualities as firmness, liquidness, chairness, humaneness,
or perception of one’s identity, i.e. the self. Even though we quite obviously enter
circular relationships here (mental representation is a mental concept of psychology
used to describe mental concepts of subjects of psychological investigation; repeti-
tion of words intended) whereby the relationship between the subject and the object
of observation ceases to be determined, we can nonetheless assume that even these
abstract qualities will have a correlate in the form of neural representations in the
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Jak pro primarni smyslové reprezentace, tak i pro ty s vysokou mirou komplexnosti
¢i abstrakce tedy plati, Ze jsou zaloZeny na aktivité velmi podobnych bunéénych ele-
mentd, a propastny rozdil mezi nimi je dan mirou zpracovanosti nesené informace.
Komplexita mozku vychazi z jeho modularni struktury — jde o soustavu neurono-
, yiir L - .y Yot o (aonst . YY1 N2 de (ol
vych siti, které jsou vzajemné propojené ve funkénich liniich a sitich vyssich rada (sité
1.7 4 4 /4 VIV Ve VeV 4 . . . rT. Y o .
siti). Zakladni element — neuron — ma napfié zivoc¢isnymi druhy i mezi sitémi jednoho
mozku velmi omezenou typologii o uniformnich vlastnostech. Presto, vysledky celé
neuralni masinerie se v riznych typech architektur zapojeni mohou zasadné lisit.

Formovani reprezentaci v neuralnich sitich mozku

Jednou ze zakladnich topologickych operaci je tedy povys$eni relevantnich vztaht
nad uroven nedtlezitych konkrétnosti. Klasicky problém sedmi mostti Kralovce
ajeho Eulerova pojeti je prikladem abstrahovani vztahové situace nad ramec geo-
grafickych realii. Abstrakce ¢i tvorba pojmovych kategorii je kognitivni proces, je-
hoz mechanizmy nejsou experimentalné solidné prozkoumany. Pfesto, mame rela-
tivné jednoduchy model, kterym mozek ¢i neuronova sit s vhodnou architekturou
dokaze abstraktni kategorie tvofit pouze za vyuziti elementarnich zakont synap-
tické plasticity. V dalsim oddilu proto zminim zakladni principy tvorby paméto-
vych stop, predevsim prostiednictvim Hebbovské synaptické plasticity, které bu-
dou dale rozvedeny v kombinaci s autoasociativni architekturou neuralnich siti.

Predstava podoby pamétové stopy se béhem historie =~ 4 — D.0. Hebb, The Organization
neurovéd spojené s neurdlni doktrinou, kterou inici- ~ 9f Behavior: A Neuropsychological
, ) , ,. Theory (New York: Psychology
oval Ramén Y. Cajal na sklonku 19. stoleti, vyvijela dle  press, 1949), https://doi org/
dobovych schémat, Siroce rozkrolenych mezi extrémy  10-4324/9781410612403.
reprezentované teorii tzv. neuronu stédrovecerni ve-
Y Vv ./ v . . /4 Yo 4
Cefe a teorii plné distribuované pamétové stopy (Carl
Lashley). Zasadnikoncep¢ni prilom ptipravil v poloviné
20. stoleti svymi ivahami Donald O. Hebb#. Postuloval
princip funkéniho posileni mezi neurony zalozeného na
i fmord wboricrin X SR
jejich soudasné aktivité. Konkrétné, jestlize postsynap-
ticky neuron je opakované excitovan v disledku aktivity
prichazejici na danou synapsi, je efektivita prenosu sig-
nalu touto synapsi posilena. Podoba ani mechanizmus
zminéného posileni, dnes nazyvaného Hebbovym zako-
nem, nebyly predmétem této teoretické uvahy. Princip
. Y v .
reflektuje skuteénost, ze vznik vzruchu na postsynap-
tické bunice je obecné malo pravdépodobny, a predikuje,
ze tato pravdépodobnost se mize na zdkladé aktivity
plasticky ménit, ¢imz efektivita pfenosu roste ¢i klesa.
»Synapticka zkusenost“ opakované excitace se tedy
o Vv 4 v Ve Ve VIV _ I /4 4 . .
muze strukturalné ulozit a pti pristim setkani s identic-
kym stimulem je postsynapticky neuron excitovan i pti



neurobiological sense, based on patterns of neural activity in neo-cortical brain areas.
What applies to both the primary sensory representations and to those with a high
degree of complexity or abstraction is that they are based on activity of very similar
cellular elements whilst the huge difference between them is determined by the ex-
tent to which the carried information is processed. Brain complexity is a result of its
modular structure — itis a set of neural networks that are mutually interconnected in
functional lines and networks of higher order (network of networks). Across animal
species as well as between networks of a single brain, the basic element — neuron —
has a very limited topology with uniform features. In spite of that, though, outcomes
of the entire neural enginery in various types of connection architectures may differ
substantially.

Forming of Representations in Brain Neural Networks

Thus, one of the elementary topological operations is prioritizing the relevant re-
lationships above the level of insignificant specifics. The classical problem of Seven
Bridges of Kénigsberg and Euler’s way of resolving it serves as an example of abstract-
ing a relationship type of a situation beyond geographic particulars. Abstraction or
creation of concept categories is a cognitive process whose mechanisms have yet to
be firmly investigated in experimental way. All the same, we still have a relatively sim-
ple model based on which the brain or a neural network of appropriate architecture
can create abstract categories, using no more than elementary laws of synaptic plas-
ticity. Accordingly, in the next part I will mention the basic principles of memory trace
formation, primarily through Hebbian synaptic plasticity, and will further deal with
them in relation to neural networks with auto-associative architecture.

Throughout the history of neuroscience thatis associated with 4 — D.0. Hebb, The
the neural doctrine originally‘f proposed close to the end of the 2rﬁi:i*‘g;‘)’/’;;;g::‘ca;’li""
19 century by Ramén Y. Cajal, the concept of memory trace  Theory (New York:
was developing according to contemporary schemgs, spannipg :tstﬁh;:foﬁyo':g';sos;fz“f}
extremes as distant as the theory of so-called Christmas din-  g7s1410612403.

ner neuron and the theory of fully distributed memory trace

(Carl Lashley). The groundwork for a crucial breakthrough

was laid out in mid-20*" century by the ideas of Donald O.

Hebb.? He posited the principle of functional reinforcement

between neurons based on their concurrent activity. Specifi-

cally, if a post-synaptic neuron is repeatedly excited due to an

activity arriving to the given synapsis, the synapsis boosts the

effectiveness of signal transmission. This theoretical consid-

eration, today known as the Hebb's rule, was originally not

concerned with form or mechanism of such reinforcement.

The principle reflects the fact that emergence of excitation

on a post-synaptic cell is generally not very likely and pre-

dicts that its probability may plastically change depending on
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sVV/I . . /4 . . v 4
nizsi urovni presynaptické aktivity. Podoba pfedpovi- 5 — Terje Lomo, Frequency
daného synaptického posileni byla objevena az Terje  Potentiation of excitatory synaptic
5 - Ly ., L0, . activity in the dentate area of the
Lgmem?®, nicméné souvisejici molekularni mechanizmy  hippocampal formation.,
jsou predmétem stalého vyzkumu. V Hebbovych dal-  Acta physiclogica scandinavica,
v/ , , e Sy . o, suppl. 277,1966, ¢. 68 (1966): 128;
$ich tvahach, rozvijejicich neuralni principy uceni, pak 7.V, Bliss a T. Lomo, Long-Lasting
vlastni pamétova stopa méla podobu subpopulace ana-  Potentiation of Synaptic Transmission
ick . ‘ch 4. ieiich e ’ b in the Dentate Area of the

tomicky propojenych neuronu, jejichz vzajemne vazby  anaesthetized Rabbit Following
. v 7 7 . . . 7 . . .
jsou predpovidanym principem synaptické potenciace ?Emjulatlonl OfftF':: P?flff’faf;tsza{hvz

Vo v ; , v Ja . e Journal of Physiology , 6.
ﬁ%nkcne pos11€ne.,T/ento pohled pretrvava dodnes aje  (servenec1973): 331-56, hitpsy/doi.
zakladem uvazovani i o podobé mozkovych reprezen-  org/101113/jphysiol1973.5p010273.
taci vyssich radu, tedy mnohem obecnéjsiho fenoménu,

v v v v o . . v
u n¢hoz pamét predstavuje jednu z jeho podob. Pamé-
tové stopy Ci reprezentace jsou tvoreny systémem posi-
lenych synapsi mezi skupinou neuronti, excitovanych na
4 v ’ /4 4 ’ . .

zakladé prvotniho setkanis danym vjemem. Jejich para-
lelni aktivita vede v souladu s Hebbovym zakonem k po-
sileni vzajemnych synaptickych spojeni. V této podobé —
soustavé posilenych synapsi — je dany vjem ,otisknut,
zapsan, ulozen“ v neuralni siti a nazyvame jej (v soudo-
bém konsenzu) pamétovou stopou.

Dnesni pojeti fenoménu pamétové stopy je ponékud odlisné od ideji uréujicich me-
chanisticky narativ paméti druhé poloviny dvacatého stoleti. Pfedevsim u komplex-
U o V., . . 4 .. V7 J4 . 4 v V7 . . 4
nich typu paméti, jakymi jsou napriklad sémanticka a predevsim pak epizodicka
U A 4 /4 ’ . . . .. . v !
pamét, predpokladame vyraznou multimodalitu jejich informac¢niho obsahu, a tedy
nelze hovotit o skupiné posilenych synapsi v jedné neuronové siti. Spise uvazujeme
o systému navzajem propojenych diléich reprezentaci rozprostfenych napri¢ neu-
4 7 . I, v . . v 4 o/ o I’ . v 4 . 4 7
ralnimi sitémi, jez pokryvaji rizné informac¢ni modality, které danou vzpominku
tvori. Propojeni mezi jednotlivymi komponentami komplexni pamétové stopy neni
patrné reciproéni, tak jako v uvazovaném neuralnim ansamblu uvnitf vice ¢i méné
homogennikolateralni neuronové sité, ale spise jednosmérné. Takovato organizace,
v niz podstatnou roli muze navic hrat hierarchi¢nost jednotlivych komponent, pak
oy L ¥ , , s ;
muze vést k pestré $kile poruch vybaveni vzpominek, kdy nékteré komponenty
komplexni paméti aktivovany jsou, zatimco jiné nikoli. Tato fragmentace ve vyba-
/4 4 o v ’ . /4 v 7 J4 . 4 7 ’ . ./
vovani muze byt ilustrovana na slozenych sémantickych vzpominkach kombinuji-
4 /4 IV . o7 e 4 V7 v rvr 4 4
cich pamatovana fakta, tvafe a souvisejici jména, kdy v pripad¢ obtizi ve vybavovani
sijednotlivych komponent narazime ¢astéji na problém vybavenijména nez rozpo-
menuti se na podobu ¢i fakta, ktera se s danou osobou poji.



a particular activity due to which the transfer effectiveness 5 — Terje Lomo, Frequency
increases or decreases. Thus, ‘synaptic experience’ of re- ~ Potentiation of excitatory
. . synaptic activity in the dentate
peated excitation may be structurally stored, and uponthe  area of the hippocampal
next encounter with an identical stimulus, the post-synap- ~ formation. Acta physiologica
R . . i scandinavica, suppl. 277,1966,
tic neuron can be excited even if the level of pre-synaptic  no. 68 (1966): 128; T. V. Bliss
activity is lower. The form of the predicted synaptic bolster g”f T.t!_czmo, ';"Sng"-a:?ting
o1 . . otentiation or synaptic
had not been known until it was discovered by Terje L6mo®  fiansmission in the Dentate
whilst related molecular mechanisms continue to be under  Areaof the Anaesthetized
investigation. In Hebb's subsequent considerations that Ly opomng Sumuiation
g . q of the Perforant Path, The
helped develop the neural principles of learning, the actual  Journal of Physiology 232, No. 2
. . (June1973): 331-56, https://
memory trace had the form ofa subpopulathn of anatomi-  io n01113/iphysiol 1973,
cally interconnected neurons whose mutual links are func-  spo10273.
tionally strengthened by the predicted principle of synap-
tic potentiation. This concept has prevailed until today
and constitutes the basis for considerations concerning the
form of even higher-order brain representations, i.e. a phe-
nomenon a lot more general where memory represents just
one of its forms. Memory traces or representations are con-
stituted by a system of reinforced synapses among a group
of neurons excited upon the primary encounter with the
given sensation. In compliance with the Hebb's rule, their
simultaneous activity leads to strengthening of mutual
synaptic connections. In this form of a reinforced synapses
system, the given sensation is ‘imprinted, recorded, stored’
in the neural network and is called (according to current

COHSCHSHS) amemory trace.

Today’s concept of the memory trace phenomenon somewhat differs from the con-
cept that determines the memory mechanistic narrative as known from the second
half of the twentieth century. Particularly in the case of complex memory types such
as semantic memory, and, most notably, episodic memory, we presume a significant
multimodality of their information content, for which reason we cannot speak of
a group of reinforced synapses within one neuron network. Instead, we think of the
system as one consisting of mutually connected partial representations stretched
across neural networks covering various information modalities that constitute the
given memory. Presumably, the connection between individual components of the
complex memory trace is not reciprocal — as it is in the aforementioned ensemble
within a more or less homogenous collateral neuronal network — but rather uni-
directional. Such organization in which, moreover, a major role may be played by
a hierarchic nature of components can then result in a diverse range of memory
recollection disorders whereby some components of complex memory are acti-
vated whereas others are not. This recollection fragmentation can be illustrated by
compound, semantic recollections combining remembered facts, faces and related
names, where —if a difficulty arises that affects recollection of their individual com-
ponents — we encounter problems with name recollection more often than problems
with recollection of the looks of the person or associated facts.
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Topologicky charakter autoasociativnich
neuralnich siti

Charakter zpracovani informace je napfi¢ riznymi ¢astmi mozku diametralné od-
lisny. Vzhledem k jeho principidlné stejné zakladni funkénijednotce — neuronu, ktery
nabunkach, na néz synapticky projikuje, mtize vykazovat pouze excita¢ni ¢iinhibi¢ni
efekt, je rozmanitost informacnich algoritmti nesena do znaéné miry architekturou
vzajemnych neuronalnich zapojeni. Logicky tedy ve stavbé mozku nalézame rizné
typy prositovani mezi neurony, nesouci charakter ptislusnych procest. Sitovani lze
nalézt na riiznych urovnich - at jiz nastinéné neuronalni, tak na trovni globalni, kde
jde o vzajemné propojeni mezi jednotlivymi sitémi — tedy o sité siti.

Autoasociativni (rekurentni) neuronalnisité jsou charakterizovany systémem vza-
jemnych synaptickych propojeni mezi jejich jednotlivymi neurony. Konkrétné se
jedna o rekurentni kolateraly, které odstupuji z axont pyramidovych bunék a sy-
napticky se poji na jejich dendrity. Vystupni signal, zpracovany neurony sité, tedy
sméruje nejen do dal$i mozkové oblasti kmenem axonu, ale téz vstupuje ,zpét“ do
téchto bunék skrze jejich dendriticky systém osgr. 1.

Mira a charakter zpétnovazebnosti jsou rizné v rozdilnych 6 — valentino Braitenberg
¢astech mozku, kde rekurentni sité nalézame — tedy prede- 23:12”(;:::2?;} ;/;\:satt.grsny
v$im v hipokampalnim poli CA3 a v neokortexu. Predné, tyto  and Geometry. (Berlin,
dva systémy se lisi v prostorové organizaci kolateral, jez vy- :Z:g::g::g: gggge’ Berlin /
razné ovliviiyje jejich chovani a tloznou kapacitu. Neokortex  hips://public.ebooksentral.
operuje s kolateralami spise malého dosahu — jde o rozsahly  proquestcom/choice/
, dularniho ch k lo3 , néh v publicfullrecord.
systém modularniho charakteru sloZeny ze zna¢ného mnoz-  agpx2p-5595288;
stvi do jisté miry nezavislych jednotek s relativné vysokou M. Abeles, Corticonics:
; . ik i d icky klesi d4l / Neural Circuits of the
mirou propojenosti, ktera dramaticky klesa se vzdalenosti.  cereprar cortex, 1. vyd.
. 4 . V7 4 . /4 v 4 v/’ . . .
Jinymi slovy, ¢im dale jsme od sledované bunky, tim men$i  (Cambridge University
v / o . / sy . 1t v Press, 1991),
mnozstvi neuront je s ni vs_po‘]ffnélch ajde tedy o lglfal'm ZDEL tiner/doiorg/101017/
novazebnost v rozsahu priblizné 1 mm2 To umoznuje vyko-  CB09780511574566.
4 v v 4 v 4 4 4
navat soucasné velké mnozstvi paralelnich operaci, kdy ka-
zda mize probihat v (do znaéné miry) nezavislém modulu
a od tohoto konstrukéniho schématu se odviji multimodal-
nost kortikalni aktivity. Naproti tomu CA3 hipokampu, ana-
tomicky téz velmi rozsahla, ma konektomicky spise globalni
charakter — denzita propojeni s rostouci vzdalenosti prilis ne-
klesa, tedy komunikuji spoluibunky od sebe znaéné vzdalené
astruktura se v dusledku chova jako jeden celek. Dokonce to
platiipro bilateralniuhel pohledu vzhledem k silnym vazbam
mezi CA3 v obou hemisférach mozku. Zatimco v neokortexu
je faktor propojenosti (¢i ,naredénosti“ vzajemnych spojenti)
ve zminovaném 1 mm? povrchu kiry zhruba 0,1 (tedy dana
burka je propojena s kazdou desatou dalsi), v hipokampalni

CA3je faktor asi 0,04, tedy ¢tyfti ze sta®.



Topologic Nature of Auto-associative Neural Networks

The nature of information processing substantially differs across various brain ar-
eas. Given the fact that its basic functional units — neurons — are rather uniform in
their output as it it manifests only as an excitation effect or an inhibition effect on
cells to which they synaptically project, the rich variety of information algorithms
is determined to a significant extent by the architecture of mutual neural wirings.
Logically, then, we find diverse types of networks among neurons in the brain and
these types reflect the of nature of corresponding processes. Networking can oc-
cur at various levels, be it the aforementioned neuron level or a global level where
individual networks are mutually connected, thus forming networks of networks.

Auto-associative (recurrent) neural networks are characterized by a system of mu-
tual synaptic interconnections among individual network members — specifically,
recurrent collaterals that retreat from pyramidal cell axons and synaptically con-
nect to their dendrites. Therefore, the output signal processed by network neurons
is directed through the axon stem not only to another brain area, but it also targets
‘back’ into these cells through their dendritic system rie. 1.

The extent and nature of feedback architecture are different in
different brain parts containing recurrent networks — primarily
in the hippocampal CA3 field and in neocortex. First of all, the
two systems differ in spatial organization of collaterals which
has a distinctive effect upon their processing and storage capa-
city. Neocortex mostly operates with short range collaterals — it
is an extensive modular system consisting of a large number of
units that are to some extent independent and have a large degree
of interconnection that dramatically decreases with distance. In
other words, the farther we are from the observed cell, the lesser
number of neurons is connected to it; thus, we are talking about
alocal feedback feature within the range of approximately 1 mm?2
Thanks to this, it is possible to perform simultaneously a large
number of parallel operations each of which can proceed ina mod-
ule that is (to a large degree) independent, and it is exactly this
construction concept from which the multimodality of cortical ac-
tivity unwinds. On the other hand, the hippocampal CA3 region,
also anatomically extensive, is connectomically rather global in
its character — the interconnection density does not decrease too
much with a growing distance — which means that even distant
neurons communicate with one another and, consequently, the
structure is closer to act as one whole unit. It even applies to a bi-
lateral perspective due to strong bonds between CA3 in both hem-
ispheres. In neocortex, the interconnection factor (‘dilutedness’ of
mutual connections) in the aforementioned 1 mm? of the cortex
surface is approximately 0.1 (i.e. a given cell is connected with one
of ten others) whereas in the hippocampus CA3 the factor is about
0.04, i.e. four out of a hundred.®

6 — Valentino
Braitenberg and Almut
Schutz, Anatomy of
the Cortex: Statistics
and Geometry. (Berlin,
Heidelberg: Springer
Berlin/Heidelberg,
2013), https://public.
ebookcentral.
proguest.com/choice/
publicfullrecord.
aspx?p=5595288;

M. Abeles,
Corticonics: Neural
Circuits of the
Cerebral Cortex,

1. issue (Cambridge
University Press, 1991),
https://doi.org/10.1017/
CB09780511574566.
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OBR.1 Schéma zapojeni kolateralni neuronové sité. Z axont bunék se oddéluji kolateraly,
které vystupni informaci neuronu vedou zpét na jeho vstupni vybézky.

FIG.1 Collateral neuronal network wiring. Collaterals separate from cell axons and direc
the neuronal output information back to its dendrites.



The recurrent type of wiring has an essential impact upon the 7 — Henry Markram
dynamics of the collateral network activity. The effect of re- g;iléb':iigsflf?éfgyOf
verberating activity between inputs and outputs of the cellsin- by Coincidence of
volved is reflected in natural prolpngatlpn qf activity ina group Egsstznggt;é:; 7";"
of cells that was activated by the incoming information. In this  No. 5267 (10. January
way, a specific activity pattern may persist even after the input 21997): 213-15, https:/
stimulation has faded away. This feature constitutes the basis of S;’i';’nféff;i,‘;/g7_213_
the physiological concept of ultra-short-term memory in whose

mechanism we recognize this type of reverberation combined

with synaptic plasticity”? (or, from a minimalist perspective,

even without it). Another consequence of reverberation by col-

laterals is reprocessing of the actual signal. With respect to the

limited interconnection (4% in the hippocamus CA3), each it-

eration potentially causes evolution of the momentarily active

cell pattern. Due to the nature of the wiring, the signal may

propagate even to those neuron dendrites that were not acti-

vated by the primary external information input which excited

the primary cell group. In this way, the population pattern of

the activity may shift and stabilize regarding the already estab-

lished connections and the strength of neural network synaptic

bonds. Thus, at this level of considerations we encounter the

interface between the specificity of the incoming information

and specificity of neuron connection patterns already stored

which we regard as physiological substrate of memory trace.

Dynamics of the interface neural activity is absolutely crucial

for memory trace recollection and, consequently, for function-

ality of the entire memory system.

As described above, formation of new memory traces in the brain’s recurrent neu-
ronal networks consist in mutual synaptic bonding of the cell sub-group activated by
the incoming information. Synaptic changes consist in modification of existing links
(strengthening, weakening) or creation of new ones. Short-term synaptic changes are
then consolidated into a long-term form, probably contributed to by repeated reac-
tivation of the given neuron group in the course of sleep or immobility. The stored
content therefore corresponds (at least when considering models) with the informa-
tion perceived upon the first encounter with the given object, situation, person etc.

The question is how to implicate the form and creation of more abstract informa-
tion not representing discreet stimuli but e.g. cross-points of their meanings? Top-
ological mapping implies information abstraction from particular situation(s) and
grasping thereof through creation of a scheme. In such a simple system — at the level
of a single neural network — how can we understand the abstracting principle? Can
we, in terms of a model, think of a representation that behaves as a category, i.e.
does not correspond with any stimulus coded so far, due to the fact that it stands
above their specific representations and relates to more general qualities? How can
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Rekurentni typ zapojeni ma zdsadnivliv na dynamiku aktivity 7 — Henry Markram et
v kolateralni siti. Efekt reverberujici aktivity mezi vystupy @l Regulation of Synaptic
A v v v, v. , Efficacy by Coincidence
avstupy zudastnénych bunék se odraziv prirozeném prodlou-  of postsynaptic APs and
zeni trvani vzruchové aktivity ve skupiné bunék, ktera byla Egslzz'eic;gg%‘? 2T o029l
vstupni informaci aktivovana. Timto zptisobem v siti miZe  nhitps://doi.org/101126/
pretrvavat specificky vzorec aktivity i po odeznénivstupnisti- ~ science.275.5297.213.
mulace. Tato vlastnost vstupuje i do mechanizmt ultrakratko-
dobé paméti, u niz uvazujeme pravé reverberaci tohoto typu
v kombinaci se synaptickou plasticitou 7 ¢i v minimalistickém
pojeti i bez ni. Dal$im dusledkem, jenz reverberace kolatera-
lami pfinasi, je opakované zpracovavani (reprocesing) vlast-
niho signalu. Vzhledem k omezené propojenosti (4 % v hipo-
kampalni CA3) s kazdou iteraci potencialné dochazi k evoluci
v danou chvili aktivniho vzorce bunék. Signal z povahy zapo-
jeni muze propagovat i na dendrity neurond, které nebyly ak-
tivovany prvotnim externim informacnim vstupem, jenz exci-
S . L . v
toval primarni skupinu bunék. Timto zpisobem se populaéni
vzorec aktivity mize posunout a stabilizovat s ohledem na jiz
preformovana spojeni a silu synaptickych vazeb v neuralni
I, . /4 . Vv v /4 ! N4 4 .
siti. V této roviné uvazovani narazime tedy na rozhrani mezi
o v/ ;s o oty
specificitou ptichozi informace a specifi¢nosti jiz ulozenych
vzorct neurondlnich spojeni, které povazujeme za fyziolo-
gicky substrat pamétovych stop. Dynamika neuralni aktivity
tohoto rozhrani je zcela klicova pro vybavnost pamétovych
stop a tedy i pro funkénost celého pamétového systému.

Jak bylo popsano vyse, formovani novych pamétovych stop ve zpétnovazebnych
neuronovych sitich mozku spociva ve vzajemném synaptickém provazani podsku-
piny bunék aktivovanych ptichozi informaci. Synaptické zmény spocivaji v modifi-
kaci stavajicich vazeb (posileni, oslabeni), ev. ve vytvoreni vazeb novych. Kratko-
dobé synaptické zmény jsou posléze konzolidovany do dlouhodobé formy, patrné
s prispénim opakované reaktivace zminéné skupiny neurontt béhem spanku ¢iimo-
bility. Ulozeny obsah tedy (alesponi modelové) odpovida informaci vnimané pfi pr-
votnim setkani s danym objektem (¢i situaci, osobou etc.).

Jak ale implikovat podobu a tvorbu abstraktnéjsich informaci, které reprezentuji
nikoli diskrétni stimuly, ale napt. jejich vyznamové priseciky? Topologické mapo-
vani implikuje abstrakci informace z konkrétni situace ¢i situaci, jeji uchopenti skrze
tvorbu schématu. Jak v tomto jednoduchém systému — na trovni jediné neuralni sité,
uvazovat o principu abstrakce? Lze modelové uvazovat o reprezentaci, jez se chova
jako kategorie — tedy neodpovida zadnému dosud kédovanému stimulu, nebot stoji
nad jejich konkrétnimi reprezentacemi a vztahuje se k obecnéjsim kvalitam? Jak
muze byt v neuralni siti reprezentovana zidlovitost zidle, dzbanovitost dzbanu ¢&i
mrakovitost mraka? Uvazujme soubor riznych objektt stejného typu, napt. kvétiny,
o nichz ptislu$nd neuralni informace béhem jednotlivych setkani s nimi vstupuje do



e.g. ‘chairness’ of a chair, juggness’ of a jug, or ‘cloudness’ of a cloud be represented
ina neural network? Let’s conceive of a set of various objects of the same type, such
as flowers, and corresponding sensory information that enters the auto-associative
network during individual encounters with them. Representations of a rose, a car-
nation, a tulip etc. will gradually be encoded in the network. Each of them will be
represented by a unique group of neurons whose mutual interconnections will be
synaptically strengthened. Given the joint attributes of individual flowers deter-
mined e.g. by their basic anatomy, it is likely that their individual representations
will not be entirely dissimilar and will share the same sub-group of neurons. Of its
own, the sub-group does not code any of the specific flowers already known. None-
theless, given the features shared across all flowers, it will be part of all codes rep-
resenting individual flowers. The degree of synaptic interlinkage will be very high
for this ‘representative core’ as it is activated every time the network encounters
the flower. That increases the probability that the specific pattern will be activated
upon border stimuli that can merely evoke the category due to certain similarity.
Within the considered model, such activation then facilitates the moment when the
observer will realize that the object he islooking at is a flower. In this way the subject
of this chapter proceeds to the phase of recollecting the stored information. This
mechanism is common to specific recollections and more general stimuli categories.

Inorder to recall something from memory, it respective neural representation must
be reactivated. According to a formalized, ‘laboratory’ type of thinking, in order
to activate the stored activity pattern, it would be necessary to encounter anew
the identical memory subject and thereby bring the identical information into the
model neuron network as upon the first recording of the related memory trace. One
might argue, though, that in the real world it is the other way around: it is very un-
likely that the incoming information will be identical. Firstly, individual dimensions
of our relationships to the environment are constantly changing, and so is, conse-
quently, the specific form of sensory inputs, whether due to a change in spatial rela-
tionships between the observer and the object or changes in physical parameters of
the environment (luminosity, temperature etc.) that inevitably bring a changed sen-
sory information. Secondly, the environment itselfis undergoing constant evolution
that changes the nature of its features and, therefore, every new encounter brings
about stimulation whose character is somewhat changed. We also need to account
for transformations of the observer’s internal environment that interfere, in a mod-
ulatory way, with the cascade of sensory sensation processing, and therefore shapes
the information that arrives at memory module inputs. For instance, we can assume
that the resulting perception will be slightly different depending on various states
of emotion (joy or sadness), even though it may have originated from the identical
activity pattern in the primary sensory cortex. The above account of fluctuations
in the entire observer-environment system is hopefully sufficient to illustrate the
volatile nature of neural information upon repeated encounters with the subject of
previously formed recollection. Moreover, considering the human memory, recol-
lection of e.g. a face or a specific experience does not even require physical encoun-
ter with the inscribed perception and can be initiated in completely internal ways.
In that case, the information entering the neuron network where the recollection
should be activated is presumably even more different.
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autoasociativni sité. Takto v siti bude postupné zakddovana reprezentace pro rizi,
karafiat, tulipan atd. Kazda z nich bude reprezentovana unikatni skupinou neuront,
jejichz vzajemna propojeni budou vlivem stimulace synapticky posilena. Vzhledem
ke spole¢nym atributiim jednotlivych kvétin, danym napt- jejich zakladni anatomii,
je pravdépodobné, Ze jejich jednotlivé reprezentace nebudou zcela nepodobné, ale
budou sdilet stejnou podskupinu neuronii. Sama o sobé tato podskupina nekdduje
zadnou z do té doby jiz poznanych konkrétnich kvétin. Nicméné bude, vzhledem
k vlastnostem sdilenym napri¢ vSemi kvétinami, soucasti vsech kodu reprezentujicich
jednotlivé kvétiny. Mira synaptické provazanosti bude u tohoto , reprezentaéniho ja-
dra“velmivysoka, nebot se aktivuje kdykoli se s kvétinou uvazovanasit setka. To zvy-
$uje udaného vzorceipravdépodobnost, ze bude aktivovan pti hrani¢nich stimulech,
jez danou kategorii mohou pro jistou podobnost byt jen evokovat. Jeho aktivaci pak
v uvazovaném modelu je zprostfedkovan okamzik, kdy si pozorovatel uvédomi, zZe
objekt, ktery si v dané chvili prohlizi, je kvétinou. Tim se téma této kapitoly posouva
k fazi vybaveni ulozené reprezentace. Tento mechanizmus je spoleény jak pro kon-
krétni vzpominky, tak pro obecnéjsi kategorie stimulii.

Pro vybaveni vzpominky musi byt navozena opétovna aktivace kodu, ktery ji repre-
zentuje. Ve formalizovaném (¢i ,laboratornim“) typu uvazovani by pro aktivaci ulo-
zeného vzorce aktivity bylo nezbytné opétovné setkani s identickym predmétem
vzpominky, které privadi do modelové neuronové sité stejnou informaci, jako tomu
bylo pfi prvotnim zapisu souvisejici pamétové stopy. Lze ovSem namitat, ze v real-
ném svété naopak prichozi informace identicka s velkou pravdépodobnosti nebude.
Jednak se neustale méni jednotlivé dimenze nasich vzajemnych vztaht k okolnimu
prostiedi a tim i konkrétni podoba senzorickych vstupt, at jiz zménou v prostoro-
vych vztazich mezi pozorovatelem a objektem ¢i zménou ve fyzikalnich parametrech
okoli (svételnost, teplota atd.), které zakonité prinaseji zménénou smyslovou infor-
maci. Dale samo okolni prostfedi podléha neustalé evoluci, ktera méni charakter jeho
vlastnosti, a kazdé opétovné setkani tedy prinasi do jisté miry zménény charakter
stimulace. Nutno téz uvazovat proménu vaiténiho prostfedi pozorovatele, kterd mo-
dulaéné zasahuje do kaskady zpracovani smyslovych vjemd, a tedy téz ovliviuje po-
dobu informace, ktera doputuje na vstupy pamétového modulu. Naptiklad lze pred-
pokladat, ze ponékud jiny bude vysledny vjem za riznych emoénich stavti (radost ¢i
smutek), prestoze bude ptivodné vychazet z identického vzorce aktivity v primarni
senzorické kite. Uvedeny vycet fluktuaci v celém systému pozorovatel — prostredi
snad dostate¢né ilustruje volatilni charakter neuralni informace pti opakovaném se-
tkanis pfedmétem dfive zformované vzpominky. Dokonce, pokud bychom uvazovali
lidskou pamét, tak vybaveni vzpominky napt. na podobu tvare ¢i konkrétni prozitek
ani nevyzaduje fyzické setkani se zapsanym vjemem, a lze ji iniciovat zcela internimi
cestami. V takovém pripadé je vstupniinformace do neuronové sité, vniz ma byt dana
vzpominka aktivovana, patrné odlisna jesté ve vétsi mife.

Jak je tedy mozné, zZe i pti stimulaci, jez ne zcela odpovida pivodné zapsané neuralni
informaci, pamétovy systém je schopen rozeznat vyznamnou podobnost mezi uloze-
nym ,origindlem“ a aktualnim vjemem, a tedy vybavit pfislusnou vzpominku? Nebo



How isit possible, then, that even upon stimulation that not
entirely corresponds with the initially recorded neural in-
formation, the memory system is able to discern significant
similarity between the stored ‘original’ and the current
perception, thereby recalling the relevant recollection?
Or how is it possible to apply a stored, abstracted scheme
to an analogous situation that, however, was not previously
experienced? The suggested mechanism is based exactly
on dynamics of neuronal networks with feedback connec-
tions. The input information that corresponds with a stim-
ulus similar to e.g., an object which the organism has en-
countered before and whose representation is stored in the
network in the form of synaptic connections, is — for the
above reasons — somewhat different from the past original.
Therefore, it activates a group of neurons whose pattern
largely overlaps with the pattern originally stored. Asa re-
sult of recurrent neuron connections, the current activity
is directed back to the dendrites of interconnected cells
that also include the neurons that are not activated by the
current stimulus but are part of the stored memory trace.
Thanks to the fact that their synapses with currently ac-
tive cells are reinforced, there is a high probability — com-
pared to those thatare not reinforced — that the activity in
the network will lead to their activation as well. This may
activate the entire cell population representing the stored
memory trace, which means that the originally stored pat-
tern is re-activated even though the current stimulation
is incomplete or slightly different. What happens is a de-
facto ‘completion’ of the pre-existing pattern, which is why
the phenomenon s called ‘pattern completion’ (rie. 2). The
pattern completion mechanism was proposed by David
Marr® and later elaborated on in respect of auto-associa-
tive nature of hippocampus CA3 and neocortex primarily
by Edmund Rolls and Allessandro Treves.® Just like LTP
that was initially studied theoretically but not until much
later was it experimentally confirmed, pattern completion,
too, was not experimentally proved until many years after
the introduction thereof.1®

8 — D. Marr, Simple Memory:
A Theory for Archicortex,
Philosophical Transactions of
the Royal Society of London.
Series B, Biological Sciences
262, No. 841 (1. July 1971):
23-81, https://doi.org/10.1098/
rstb.1971.0078.

9 — Alessandro Treves

and Edmund T. Rolls,
Computational Constraints
Suggest the Need for Two
Distinct Input Systems to the
Hippocampal CA3 Network,
Hippocampus 2, No. 2 (2. April
1992): 189-99, https://doi.
0rg/10.1002/hip0.450020209.

10 — Tom J. Wills et al.,
Attractor Dynamics in the
Hippocampal Representation
of the Local Environment,
Science 308, No. 5723 (6. May
2005): 87376, https://doi.
org/10.1126/science.1108905;
Laura L. Colgin et al., Attractor-
Map Versus Autoassociation
Based Attractor Dynamics in
the Hippocampal Network,
Journal of Neurophysiology
104, No. 1 (July 2010):

35-50, https://doi.org/10.1152/
jn.00202.2010; R. P. Kesner,
Behavioral Functions of

the CA3 Subregion of the
Hippocampus, Learning

& Memory 14, No. 11 (14.
November 2007): 771-81,
https://doi.org/10.1101/
Im.688207; Karel Jezek et

al., Theta-Paced Flickering
between Place-Cell Maps in
the Hippocampus, Nature 478,
No. 7368 (October 2011):
246-49, https://doi.
org/10.1038/nature10439;
Edmund T. Rolls, The
mechanisms for pattern
completion and pattern
separation in the
hippocampus, Frontiers in
Systems Neuroscience 7
(2013), https://doi.org/10.3389/
fnsys.2013.00074.

The above suggests that there is a certain inevitable overlap — a degree of similarity
between the momentarily active pattern and the stored neural pattern, as a result of
which the stored pattern is activated. The minimum necessary extent of the over-
lap depends on parameters of mutual connectivity in the neural network, the level
of synaptic potentiation among the elements of the pattern, intensity of incoming
excitation etc. If the degree of difference between the stored pattern and the newly
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aplikovat ulozené abstrahované schéma na analogickou,
ale predtim nepoznanou situaci? Mozny mechanizmus
vychazi pravé z dynamiky neuronalnich siti se zpétnova-
zebnymi spoji. Vstupni informace odpovidajici stimulu,
jenz je podobny napft. objektu, se kterym se organizmus
jiz.setkal ajehoz reprezentace je v neuronové siti ulozena
formou posilenych synaptickych spojenti, je z vyse uve-
denych duvodi ponékud odlisna od nékdejsiho origi-
nélu. Proto aktivuje skupinu neuront, jejichz vzorec ma
znacny prekryv se vzorcem pivodné ulozenym. Vlivem
rekurentniho zapojeni neuront je aktualni aktivita smé-
rovana zpét na dendrity propojenych bunék, mezi nimiz
jsou i neurony, které aktualnim stimulem aktivovany
nejsou, ale jsou soucasti ulozené pamétové stopy. Vzhle-
dem k tomu, ze jejich synapse s nyni aktivnimi bunkami
jsou posilené, pravdépodobnost, ze dana aktivita v siti
povede i k jejich aktivaci, je oproti neposilenym synap-
sim vysoka. Timto zpisobem mize dojit k evokovani ak-
tivity v celé populaci bunék, reprezentujici ulozenou pa-
métovou stopu, a tedy k reaktivaci pivodné ulozeného
vzorce, ackoli momentalni stimulace je netplna ¢i mirné
odlisna. Protoze jde de facto o ,kompletaci® preexistu-
jiciho vzorce, fenomén se nazyva ,pattern completion”
(oBR. 2). Mechanizmus pattern completion byl navrzen
Davidem Marrem® a pozdéji rozpracovan v souvislosti
s autoasociativnim charakterem hipokampové CA3
a neokortextem predevsim Edmundem Rollsem a Alle-
sandrem Trevesem®. Podobné jako LTP, jez byla téZ nej-
prve postulovana teoreticky a teprve posléze potvrzena
experimentalné, pattern completion byl pokusné proka-
z4n o mnoho let pozdéji po svém uvedeni'®.

8 — D. Marr, Simple Memory:

A Theory for Archicortex,
Philosophical Transactions of the
Royal Society of London. Series

B, Biological Sciences 262, ¢. 841

(1. ervenec 1971): 23-81, https://doi.
0rg/10.1098/rstb.1971.0078.

9 — Alessandro Treves a Edmund
T. Rolls, Computational Constraints
Suggest the Need for Two Distinct
Input Systems to the Hippocampal
CA3 Network, Hippocampus 2, ¢. 2
(2. duben 1992): 189-99, https://doi.
org/10.1002/hipo.450020209.

10 — Tom J. Wills et al., Attractor
Dynamics in the Hippocampal
Representation of the Local
Environment, Science 308, ¢. 5723
(6. kvéten 2005): 87376, https://
doi.org/10.1126/science.1108905;
Laura L. Colgin et al., Attractor-
Map Versus Autoassociation

Based Attractor Dynamics in the
Hippocampal Network, Journal of
Neurophysiology 104, ¢. 1 (Cervenec
2010): 35-50, https://doi.org/10.1152/
jn.00202.2010; R. P. Kesner,
Behavioral Functions of the CA3
Subregion of the Hippocampus,
Learning & Memory 14, &. 11 (14.
listopad 2007): 771-81, https://
doi.org/10.1101/Im.688207; Karel
Jezek et al., Theta-Paced Flickering
between Place-Cell Maps in the
Hippocampus, Nature 478, ¢. 7368
(Fijen 2011): 246-49, https://doi.
org/10.1038/nature10439; Edmund
T. Rolls, The mechanisms for
pattern completion and pattern
separation in the hippocampus,
Frontiers in Systems Neuroscience
7 (2013), https://doi.org/10.3389/
fnsys.2013.00074.

Z vy$e uvedeného vyplyva, ze existuje jisty nezbytny piekryv — mira podobnosti mezi
aktualné aktivnim a uloZenym neuralnim vzorcem, ktery zajisti aktivaci ulozeného.
Jeho minimalninezbytna mira zavisi na parametrech vzajemné propojenosti v neuralni
siti, urovni potenciace mezi elementy vzorce, intenzité prichazejicich vzrucht atd. Po-
kud mira odlisnosti mezi ulozenym vzorcem a nové ptichozi informaci presahne reci-
prodni kritickou mez, ke kompletaci zakonité nedojde. U takto dekorelovaného pti-
choziho stimulu Ize predpokladat, Ze na jeho zakladé se zformuje nova reprezentace.

Princip kompletace ulozenych vzorct tedy umoziiuje vybavit ulozeny vzorec aktivity —
pamétovou stopu, mentalni schéma ¢ijiny druh reprezentace — na zakladé vstupni in-
formace do urcité miry odlisné. Odlisnost muze mit podobu pfitomnosti neuralniho
$umu, jehoZ pritomnost je prirozena a mize aditivné rust napric celou procesni kas-
kadou, jiz informace propaguje. Déle je to popsana proménliva povaha okolniho svéta.
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OBR.2 Pattern completion v kolateralni neuronové siti. A. Vstupni informace (teckovana

linie) aktivuje nékolik neuronii autoasociativni sité, jejichz vzajemna spojeni (tenka plna

¢ara) se soucasnou aktivitou posili (silna ¢ara). B. Po odeznéni stimulu v siti ziistava ulozena
soustava posilenych spoji — pamétova stopa. C. Pfi setkdni s fragmentem originalniho stimulu

je aktivovana pouze ¢ast neuront z pivodni skupiny. D. Diky posilenym synapsim se aktivita celé
skupiny zkompletuje a vystupni informace (¢arkovana linie) odpovida prvotni zkusenosti.

FIG. 2 Pattern completion in collateral neuronal network. A. The input information (dotted line)
activates several neurons of the auto-associative network whose mutual connections (thin solid
line) are boosted by the current activity (thick line). B. When the stimulus fades away, what
remains stored in the network is a set of reinforced synapses — a memory trace. C. An encounter
with a fragment of the original stimulus activates only part of neurons from the original group.
D. Thanks to reinforced synapses, activity of the whole group gets completed and the output
information (dashed line) corresponds with the primary experience.
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Pattern completion ale pokryvaieventualitu, kdy je vstupni informace nekompletni —
vSechny tyto varianty nejprve aktivuji pouze fragment ulozeného vzorce. Je zfejmé,
v . v ’ v 4 . YU /4 /4 Ve

Ze tato vlastnost je zcela kli¢ova pro funkénost vybavnosti pamétového systému v pri-

/4 v 4 VIV Ve VeV VIV, 4 V . v J4
rozeném prostredi napric zivocisnou fisi. Vedle modelového typu pameéti, zalozeného
nasolitdrni reprezentaci v jedné neuronové siti, fenomén pattern completion také za-
roven nabizi mechanizmus vybaveni komplexnich vzpominek, které mohou byt roz-
prostieny mezi riznymi pamétovymi moduly mozku, na podkladé redukované stimu-
lace. Napfiklad u epizodické paméti, ktera ¢ita rozmér ¢asu, prostoru, fakta a emoce,
aunizlze predpokladat, ze tyto jeji ¢asti jsou distribuovany v odli$nych ¢astech sité &i
mozku, 1ze prakticky vybavit celek vzpominky otazkou smétujici pouze k jeji jediné
komponenté. Stimulus ve formé otazky ,,co se stalo v dany ¢as?*, ¢i ,na daném misté?“
4 10 4 Vv [} 14 . . 4 .

vede obvykle k vybaveni detaili ze zbylych rozmért celé epizody. Stejny mechanizmus
tedy poslouziipro zatazeni vjemii do obecnéjsich kategorii, prestoze se uvazovany or-

ganizmus s danymi vjemy dosud nesetkal.

Pralomovy vhled do projevi pattern comple-
tion ptinesly nejprve experimenty behavioralni
(napf. Fenton, Arolfo a Bures 1994; Eichen-
baum, Stewart a Morris 1990), poukazujici na
flexibilitu ve vybaveni paméti pti pozménéné™
¢i neuplné'? stimulaci. Zaklad dalsich stu-
dii spodival v tzv. morfovacim pfistupu (mor-
phing), kdy po ustanoveni dvou rozdilnych re-
prezentacinazakladé dvouruznychsad stimult
je v sérii pozvolnych krokt jeden set stimult
ménén v jiny'3. Jejich postupnou prezentaci je
mozno pozorovat efekt pattern completion az
do stadia prekroceni miry dekorelace a kom-
pletace vzorce druhého. Tento pfistup uka-
zal existenci tohoto fenoménu jak u studii na
lidskych subjektech®, tak i na detailni irovni
neuralnich populaci u laboratornich modeld,
predevsim potkanti'®, ale i u vyssich savci'e.
Tyto experimenty zaroven poskytujijedineény
vhled do zakladni topologické operace spodi-
vajicl v postupné transformaci jedné verze to-
pologického objektu v druhou na zakladé ele-
mentarni shody v jejich morfologii, jako tomu
je u prikladu eufemického morfovani mezi
,hrnkem a vdolkem® (vice nize).

11 — H. Eichenbaum, C. Stewart, a Rg. Morris,
Hippocampal Representation in Place Learning,
The Journal of Neuroscience 10, ¢. 11 (1. listopad
1990): 3531-42, https://doi.org/10.1523/
JNEUROSCI.10-11-03531.1990.

12 — Andre A. Fenton, Maria Pia Arolfo, a Jan
Bures, Place Navigation in the Morris Water Maze
under Minimum and Redundant Extra-Maze Cue
Conditions, Behavioral and Neural Biology 62,

¢. 3 (listopad 1994): 178-89,
https://doi.org/10.1016/S0163-1047(05)80016-0.

13 — Pia Rotshtein et al., Morphing Marilyn

into Maggie Dissociates Physical and Identity
Face Representations in the Brain, Nature
Neuroscience 8, ¢. 1 (leden 2005): 107-13, https://
doi.org/10.1038/nn1370; Wills et al., Attractor
Dynamics in the Hippocampal Representation of
the Local Environment; Colgin et al., Attractor-
Map Versus Autoassociation Based Attractor
Dynamics in the Hippocampal Network.

14 — Rotshtein et al., Morphing Marilyn into
Maggie Dissociates Physical and Identity Face
Representations in the Brain.

15 — Wills et al., Attractor Dynamics in the
Hippocampal Representation of the Local
Environment; Colgin et al., Attractor-Map Versus
Autoassociation Based Attractor Dynamics in the
Hippocampal Network.

16 — Athena Akrami et al., Converging Neuronal
Activity in Inferior Temporal Cortex during the
Classification of Morphed Stimuli, Cerebral
Cortex 19, ¢. 4 (duben 2009): 760-76, https://doi.
org/10.1093/cercor/bhn125.

Mechanizmus pattern completion hraje tedy vyzamnou roli nejen v procesech vyba-
vovani pamétovych stop, ale je téZ nezastupitelny pro poznavaci funkce organizmu
v mnohem obecnéjsim pohledu. Kognice je samoztejmé tésné spjata s paméti, presto,
nékteré jeji aspekty nejsou nezbytné navazané na reaktivaci konkrétnich vzpominek,



arriving information exceeds a reciprocal critical limit, the completion will, natu-
rally, not occur. We can assume that a de-correlated stimulus of this kind will lead
to formation of a new representation.

Thus, the principle of stored pattern completion makes it possible to recall the
stored pattern of an activity — memory trace, mental scheme or another type of
representation — based on an input information that is to some extent different
from the original. The difference can be manifested as neural noise whose presence
is natural and can additively grow across the entire process cascade through which
the information propagates. Alternatively, the difference can be the changing na-
ture of the external world as described earlier. Furthermore, pattern completion
also covers cases in which the input information is incomplete — all these alterna-
tives initially activate only a fragment of the stored pattern. Clearly, this feature is
absolutely crucial for the recall functionality of the memory system in natural envi-
ronment across the Animalia kingdom. Besides the model-type of a memory that is
based upon solitary representation in one neuron network, the pattern completion
conceptalso offers a mechanism to recall complex memories that can be distributed
across various memory modules in the brain based on reduced stimulation. For in-
stance, as for episodic memory that comprises dimensions of time, space, facts and
emotions which, presumably, are distributed in different networks of the brain, it is
basically possible to recall the whole complex memory by a question aimed at just
one of its components: a stimulus in the form of a question such as “What happened
at the given time?’ or ‘at the given place’ typically initiates a recall of details of all
other dimensions of the whole episode. Likewise, the same mechanism will serve
to sort individual perceptions into more general categories even though the given
organism has not yet encountered the given perception before.

A breakthrough insight into manifestations 11 — H.Eichenbaum, C. Stewart, and

: CICI] B Rg. Morris, Hippocampal Representation in
Ofpattern Completlon was lnltlally made pos Place Learning, The Journal of Neuroscience 10,

sible by behavioral experiments pointing to  No.1 (1. November 1990): 3531-42, https://doi.
flexibility in memory recollection upon mo-  ©r9/101523/JNEUROSCI10-11-03531:1990.

H 11 H 12 : . 12 — Andre A. Fenton, Maria Pia Arolfo,
dified™ or 1ncomplete Stlmu!atlon (eg and Jan Bures, Place Navigation in the Morris
Fenton, Arolfo and Bures 1994; Eichenbaum,  wWater Maze under Minimum and Redundant

: H Extra-Maze Cue Conditions, Behavioral and
Stewart and Morris 1990). Further studies Mol Blotogy 62 £ 3 (Iotapad 1664y 17886,

were based on ‘morphing’ where two differ-  nttps://doi.org/101016/S0163-1047(05)80016-0.
ent representations based on two different 13 — Ppia Rotshtein et al., Morphing Marilyn

sets Of stirnuli are established and then in into Maggie Dissociates Physical and Identity
’ Face Representations in the Brain, Nature

a series of slow gradual steps, one set of stim-  Neuroscience 8, Nod (leden 2005): 10713,
uli is transformed into a different one.13 BY https://doi.org/10.1038/nn1370; Wills et al.,
R . .. Attractor Dynamics in the Hippocampal

way of their gradual presentations, it 1S pos- Representation of the Local Environment;

sible to observe the pattern completion effect ~ Colgin etal, Attractor-Map Versus
11 h h f d h . Autoassociation Based Attractor Dynamics

all the way to the stage of exceeding the crit- i, the Hippocampal Network.

ical de-correlation level and completing the

second pattern. This approach revealed the

existence of the phenomenon in studies of
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ale spise odkazuji na vyssi funkce spojené se
schopnosti abstrahovat riizné kvality z pre-
zentovanych podnétt, a jejich jednotlivosti
¢i celky kategorizovat dle rozli¢nych kritérii.
Predpokladame, jak bylo nastinéno vyse, ze re-
prezentace obecnych kategorii, at se jiz jedna
o konkrétnéjsi pohled (v ¢em spociva ,,dzbano-
vitost“ dzbanu, ,,stromovitost“ stromu), ¢ijesté
abstraktnéjsikvality napt. ontologické povahy,
jsou v korovych sitich mozku reprezentovany

17 — Eleonora Catricala et al., State-Dependent
TMS Reveals the Differential Contribution of
ATL and IPS to the Representation of Abstract
Concepts Related to Social and Quantity
Knowledge, Cortex 123 (Unor 2020): 30-41,
https://doi.org/10.1016/j.cortex.2019.09.018;
Gabriella Vigliocco et al., The Neural
Representation of Abstract Words: The Role of
Emotion, Cerebral Cortex 24, ¢. 7 (Cervenec 2014):
1767-77, https://doi.org/10.1093/cercor/bht025;
Rutvik H. Desai, Megan Reilly, a Wessel van Dam,
The Multifaceted Abstract Brain, Philosophical
Transactions of the Royal Society B: Biological
Sciences 373, ¢. 1752 (5. srpen 2018): 20170122,
https://doi.org/10.1098/rstb.2017.0122.

analogickou formou, ev. se nebudou principi-
alné lisit od reprezentaci konkrétnich vzpomi-
nek. Dfivéjsiinedavné prace odkazuji na umis-
téni rtznych tfid kategorii napti¢ rozsahlymi
oblastmi neokortexu, ¢asto seskupenych dle
jejich spoleénych charakteristik'?. Naptiklad
abstraktni pfedstavy socialniho charakteru
byly nalezeny v oblasti horniho ptfedniho tem-
poréalniho laloku lidského mozku'®, naproti
tomu kvantitativné orientované kategorie se
nachdzeji v regionu intraparietdlniho sulku'®.
Vzhledem k pfitomnosti zpétnovazebnych siti
$iroce napri¢ neokortexem se lze domnivat,
zZe procesy zarazovani do téchto abstraktnich
kategorii rovnéz stoji na pritomnosti korelace
mezistimulem auloZenymi reprezentacemi ka-
tegorii. Klasifikace stimulu k dané kategorii by
tedy sdilela analogicky mechanizmus jako vyse
popsana aktivace ulozené vzpominky.

18 — R.Zahn et al., Social Concepts Are
Represented in the Superior Anterior Temporal
Cortex, Proceedings of the National Academy of
Sciences 104, ¢. 15 (10. duben 2007): 6430-35,
https://doi.org/10.1073/pnas.0607061104.

19 — Marie Amalric a Stanislas Dehaene,
Cortical Circuits for Mathematical Knowledge:
Evidence for a Major Subdivision within the
Brain's Semantic Networks, Philosophical
Transactions of the Royal Society of London.
Series B, Biological Sciences 373, &. 1740

(19. tnor 2017): 20160515,
https://doi.org/10.1098/rstb.2016.0515.

Dynamiku pattern completion lze tedy povazovat za tthelny mechanizmus aktivace
4 /4 4 4 ! /4 T,V . Vo . Vv . . ’
vzpominek vazanych na kolateralni neuronové sité, jakoz i obecné kognitivnich pro-
cesti spojenych s klasifikaci vjemd, nezbytnych pro navazujici motivaéni a rozhodo-
vaci mechanizmy, vedouci k adaptivnimu chovani. Pro smysluplny celkovy obraz

’ v 4 ’ . /4 « V_V v /4 o7 7 . . ./ 4 ’ .
zminéné kaskady je nutné se ale jesté vyporadat s nasledujici principialni namitkou:
Pokud pattern completion sméfuje k zarazeni stimulu do existujicich kategorit, hrozi

4 4 v/ Vv . ] Vv 4 17 /4
redlné nebezpedi, ze stimuly, které jsou odlisné povahy, ale sdili podobné prvky, bu-
dou identicky klasifikovany. Tato systémova tendence, paklize neni korigovana, pti-
v o Vv 4 4 /4 . 4 [} v Yo J4 4
rozené muze mit dalekosahlé negativni dusledky pro funkénost pamétového systému
i pro chovani organizmu v realném svété, kdy adaptivnost Casto zavisi na pozorném
posuzovani detaill. Na strané zapisu neuralniinformace hrozi nebezpedi, ze stavajici
pamétova stopa bude prekrytanovou, podobnou a nastane vzajemna interference, na
strané vybaveni pameéti hrozi riziko prilisné generalizace. Je zde tedy zapottebi me-
chanizmu, ktery dokaze pivodné subtilni rozdily v neuralniinformaci zesilit, a touto
cestou docilit toho, aby vjemy, lisici se v detailech, zcela nesplynuly. Rovnéz z hlediska



human subjects'® as well as at the detail level
of neural populations in laboratory models,
primarilyrats,"®butalsoinhigher mammals.1®
These experiments at the same time provide
aunique insight into a basic topological op-
eration consisting in gradual transformation
of one version of a topological object into an-
other based on elementary accord in their
morphology such as in the case of euphemis-
tic morphing between ‘mug and donut’ (more

of this below).

Therefore, the pattern completion mechanism plays
a significant role not only in processes of memory trace
recollection but is also crucial for cognitive functions
of an organism in a much more general perspective.
Cognition is, naturally, closely associated with mem-
ory, but in spite of that some of its aspects are not nec-
essarily linked to reactivation of specific recollections
but rather refer to higher functions having to do with
the ability to abstract various qualities from presented
stimuli and to categorize their details or entireties by
a variety of criteria. As outlined before, we assume that
representations of general categories — whether fo-
cused on specific aspects thereof (what does juggness’
ofajug, or ‘treeness’ of a tree consist in?) or even more
abstract qualities of e.g. ontological nature —are repre-
sented in cortex networks of the brain in an analogous
way, or will not fundamentally differ from representa-
tions of specific recollections. Earlier studies as well as
more recent ones point to distribution of various cate-
gory classes across extensive areas of neocortex, often
grouped together according to their joint characteris-
tics.1 For instance, abstract concepts of social nature
have been found in the area of upper frontal temporal
lobe of human brain'® whereas quantity-oriented ca-
tegories are located in the region of intraparietal sul-
cus.'® Taking into account the wide-spread incidence
of feedback-providing networks across the neocortex,
we can assume that processes of allocations to abstract
categories are also behind the correlation between the
stimulus and the stored category representations. Ac-
cordingly, classification of stimuli by categories would
share an analogical mechanism as the above described
activation of stored recollections.

14 — Rotshtein et al., Morphing Marilyn into
Maggie Dissociates Physical and Identity Face
Representations in the Brain.

15 — Wills et al., Attractor Dynamics in the
Hippocampal Representation of the Local
Environment; Colgin et al., Attractor-Map Versus
Autoassociation Based Attractor Dynamics in the
Hippocampal Network.

16 — Athena Akrami et al.,, Converging Neuronal
Activity in Inferior Temporal Cortex during the
Classification of Morphed Stimuli, Cerebral
Cortex 19, No.4 (2009): 760-76, https://doi.
org/10.1093/cercor/bhn125.

17 — Eleonora Catricala et al.,
State-Dependent TMS Reveals the
Differential Contribution of ATL

and IPS to the Representation of
Abstract Concepts Related to Social
and Quantity Knowledge, Cortex
123 (February 2020): 30-41, https://
doi.org/10.1016/j.cortex.2019.09.018;
Gabriella Vigliocco et al., The
Neural Representation of Abstract
Words: The Role of Emotion,
Cerebral Cortex 24, No. 7 (July 2014):
1767-77, https://doi.org/10.1093/
cercor/bht025; Rutvik H. Desai,
Megan Reilly, and Wessel van Dam,
The Multifaceted Abstract Brain,
Philosophical Transactions of the
Royal Society B: Biological Sciences
373, No. 1752 (5. August 2018):
20170122, https://doi.org/10.1098/
rstb.2017.0122.

18 — R.Zahn et al., Social
Concepts Are Represented in

the Superior Anterior Temporal
Cortex, Proceedings of the National
Academy of Sciences 104, No. 15
(10. April 2007): 6430-35, https://doi.
org/10.1073/pnas.0607061104.

19 — Marie Amalric and Stanislas
Dehaene, Cortical Circuits for
Mathematical Knowledge: Evidence
for a Major Subdivision within

the Brain’s Semantic Networks,
Philosophical Transactions of

the Royal Society of London.
Series B, Biological Sciences

373, No. 1740 (19. February 2017):
20160515, https://doi.org/10.1098/
rstb.2016.0515.
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strategie zapisu vjemi sice vzdalené, ale stale souviseji-
cich do neuronové sité (napft. podoby predatora a part-
nera, kteti mohou sdilet podobnou fyziognomii) se jevi
vyhodné vstupni podobnosti dekorelovat — snizit sou-
visejici prekryv mezi kddy (pattern separation), a ulozit
je ve zpétnovazebném systému jako ortogonalizované
vzorce. Opét jde o mechanizmus, jenz byl stejné jako
pattern completion nejprve postulovan teoretickymi
ptistupy Davidem Marrem?°,

Neuralni reprezentace prostoru

Prostor je jedna za zakladnich entit okolniho svéta. Spo-
le¢né s casem tvorizakladni fyzikalniiintuitivni rozmér
svéta, v némz nachazime sami sebe. Prostor v jeho za-
kladnich tfech dimenzich tvoti tak Siroce intuitivné sro-
zumitelny koncept, ze dostal i vyznamny metaforicky
rozmér. Metafora prostoru tak slouzi i pro uchopeni
jev, které s prostorem samy o sobé maji jen velmi malo
¢inic spoleéného. Fundamentdlni zptsob, jakym je pro-
storova informace v mozku zpracovavana a uchovana,
byl prokazan az v poloviné 20. stoleti, kdy Edward C.
Tolman experimentalné potvrdil hypotézu kognitivni
mapy?1. Teprve mnohem pozdéji byl objeven jeji korelat
v ¢asti mozku oznadované jako hipokampus?2. Jeho ana-
tomie a fyziologie poskytuje nedocenitelny vhled do or-
ganizace prostorové reprezentace a paméti, z nichz usu-
zujeme i na obecnéjsi mechanizmy fungovani mozku.

Anatomie hipokampu

20 — David Marr, A Theory of
Cerebellar Cortex, The Journal of
Physiology 202, ¢. 2 (1. ¢erven 1969):
437-70, https://doi.org/10.1113/
jphysiol.1969.sp008820.

21 — Edward C. Tolman, Cognitive
maps in rats and men, Psychological
Review 55, &. 4 (1948): 189-208,
https://doi.org/10.1037/h0061626.

22 — J. O'Keefe a J. Dostrovsky,
The hippocampus as a spatial
map: Preliminary evidence from
unit activity in the freely-moving
rat, Brain Research 34 (1971):
171-75, https://doi.org/10.1016/0006-
8993(71)90358-1; John O'Keefe

a Lynn Nadel, The hippocampus as
a cognitive map (Oxford: New York:
Clarendon Press; Oxford University
Press, 1978).

Hipokampus je makroskopicky rozsahla struktura medialniho temporalniho la-
loku v lidském mozku. U laboratornich hlodavct, ktefi jsou obvyklym experimen-
talnim subjektem jeho studia, je umistén pod parietalni kiirou a propaguje kaudalné
smérem laterdlnim a ventralnim. Hipokampus u ¢lovéka je asi stokrat vétsinez u la-
boratorniho potkana. Napfi¢ druhy je tvar struktury ptfipodobtiovan k morskému
koniku ¢ike ,cornu Ammonis, rohu berana, atributického zvifete staroegyptského
boha Ammona. Vyvojové jde o starou verzi mozkové kiry (archikortex), identifi-
kovanou jiz u plazt a ptakd, ktera, oproti savéimu typu mozkové kiiry (neokortex),

ma redukovany pocet vrstev.



Consequently, we may regard the pattern completion dy-
namics as the key mechanism that activates recollections
bound to collateral neuronal networks as well as generally
cognitive processes associated with classification of percep-
tions that are indispensable for follow-up motivational and
decision-making mechanisms enabling adaptive behavior.
To obtain a meaningful picture of the said cascade, though,
we need to deal with the following principal objection: If
pattern completion results in allocating stimuli to exist-
ing categories, then a real danger arises that stimuli of a dif-
ferent nature which, however, share similar elements, will
be categorized identically. This systemic tendency, unless
corrected, may certainly have far-reaching negative conse-
quences for functionality of the memory system as well as
for the behavior of the organism in real world where adap-
tability often depends on watchful observation of details.
The danger looming on the side of neural information stor-
ing is that the existing memory trace will be overwritten by
anew, similar one, and the two will interfere with one an-
other, whilst on the side of the memory recall there is a risk
of excessive generalization. Some mechanism is required,
then, that would be able to boost the differences in neural in-
formation — originally only subtle ones — and thereby make
sure that perceptions differing in small details will not com-
pletely merge. Also, in terms of strategy for recording of per-
ceptions that are only remotely associated, but still are, into
the neuron network (e.g. images of a predator and a part-
ner who may share similar physiognomy), it seems advan-
tageous to de-correlate the input similarities, i.e. decrease
the relating overlap between codes (pattern separation) and
store them in the feedback system as orthogonalized pat-
terns. Once again, pattern separation is a mechanism that
was first posited by theoretical approaches of David Marr,2°
just like the concept of pattern completion.

20 — David Marr, A Theory
of Cerebellar Cortex, The
Journal of Physiology 202,
No. 2 (1. July 1969): 437-70,
https://doi.org/10.1113/
jphysiol.1969.sp008820.
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Prestoze ma velmi kompaktniaimakroskopicky dobfe
definovatelnou strukturu, funkéné je vyhodné jej nahli-
zet spoleéné s oblastmi entorhinalni ktry. Ty plni roli
informacni brany, pres kterou do hipokampu vstupuji
signaly zpracované velkou ¢asti senzorického neokor-
texu, a zaroven se do ni informace po zprocesovani hi-
pokampem vraci. Struktura hipokampu je v porovnani
s jinymi mozkovymi systémy, pres jeho velikost, mimo-
tadné jednoducha (oer. 3). V zakladnim usporadani jde
o trisynapticky system, jehoz jednotlivé moduly maji
zcela jinou strukturu, a tedy i funkci. Tti hlavni neu-
ralni sité hipokampalniho obvodu — gyrus dentatus,
CA3 a CA1 - jsou zapojené do série a informace skrze
né kaskadovité propaguje. Vstupni informace prichazi

23 — Per Andersen, ed.,

The hippocampus book (Oxford;
New York: Oxford University Press,
2007).

24 — T.W. Blackstad, Commissural
Connections of the Hippocampal
Region in the Rat, with Special
Reference to Their Mode of
Termination, The Journal of
Comparative Neurology 105, ¢. 3
(Fijen 1956): 417-537, https://doi.
org/10.1002/cne.901050305;

D. G. Amaral, A Golgi Study of
Cell Types in the Hilar Region of
the Hippocampus in the Rat, The
Journal of Comparative Neurology
182, €. 4 Pt 2 (15. prosinec 1978):
851-914, https://doi.org/10.1002/
cne.901820508; Andersen,

The hippocampus book.

z druhé vrstvy entorhinalni kiry, vystupni signal jde
primo ¢i pres subikulum zpét do hlubokych vrstev en-
torhindlni kary. Jak je patrno, ve spojeni s entorhinalni
ktirou, ktera je hlavni branou informaéniho vstupuivy-
stupu, predstavuje hipokampus tfisynaptickou smycku,
jejiz. existenci popsal jiz nestor neuronalni doktriny
Ramon Y Cajal?23. V anatomické nomenklatufe jako
yvlastni hipokampus®je oznacovan celek ,,CA“ poli, tra-
di¢né CA4, CA3, CA2 a CA1, kdy CA4 je povazovan za
pretrvavajici anatomicky omyl24 a povazujeme jej za hi-
larni region, nalezici ke gyrus dentatus. Jako hipokam-
palni formaci popisujeme vlastni hipokampus soucasné
s gyrus dentatus a subikulem a jako parahipokampalni
oblast pak predesly celek v sou¢innosti s okolnimi ko-
rovymi okrsky u vyssich savct. Pro potteby této prace
bude termin hipokampus pouzivin ve vyznamovém
smyslu hipokampalni formace.

Prestoze Cajaliv tiisynapticky model pfedstavuje zakladni anatomické hipokam-
pové zapojeni, vzdjemna komunikace jednotlivych oblasti je pestfejsi. Hlavni infor-
macnivstup tzv. perforujici drahou z povrchovych vrstev entorhinalni kiiry kon¢i pre-
devs$im na dendritech granularnich bunék gyrus dentatus, ale zaroven dalsi vlakna
stejné drahy propojuji neokortex i se véemi poli Amonova rohu. Tato vstupni infor-
macni brdna je stratifikovana do dvou svazki: prvni vychazi ze druhé vrstvy entorhi-
nalnikiryaterminuje v gyrus dentatus a CA3, druha ¢ast opousti treti vrstvu entorhi-
nalnikiry akonéiv CAlasubikulu. Mezi gyrus dentatus a CA3 informaci vede systém
mechovych vlaken. Hilarni oblast na pomezi gyrus dentatus a CA3 (nevhodné nazy-
vana CA4) je zapojena naopak recipro¢né avysila vlakna zpét ke granuldrnim bunikim
s inhibi¢nim vlivem. Anatomicky korektné jde o polymorfni vrstvu gyrus dentatus.
Z CA3 hlavni informacni tok sméfuje do CA1 formou Schafferovych kolateral a z CA1
vysledek hipokampovych operaci pak zpét do hlubokych vrstev entorhinalni kiiry bud’



Neural Representations of Space

Space is one of the fundamental entities of the external
world. Besides time it constitutes a fundamental phys-
ical as well as intuitive dimension of the world in which
we are present. In its three basic dimensions, space is
a concept that is so widely intuitively comprehensible
that it has, in addition, acquired a substantial meta-
phorical dimension. In this way, space metaphors make
it possible to grasp phenomena that in themselves have
little or nothing in common with space. The funda-
mental way in which spatial information is processed
and stored in the brain was not known until the middle

21 — Edward C. Tolman, Cognitive
maps in rats and men, Psychological
Review 55, No.4 (1948): 189-208,
https://doi.org/10.1037/h0061626.

22 — J. O'Keefe and J. Dostrovsky,
The hippocampus as a spatial
map: Preliminary evidence from
unit activity in the freely-moving
rat, Brain Research 34 (1971):
171-75, https://doi.org/10.1016/0006-
8993(71)90358-1; John O'Keefe

and Lynn Nadel, The hippocampus
as a cognitive map (Oxford: New
York: Clarendon Press; Oxford
University Press, 1978).

of the 20th century when Edward C. Tolman experi-
mentally proved the cognitive map hypothesis,?! and
it took even longer to discover its correlate in the part
of the brain that is referred to as hippocampus.?? Its
anatomy and physiology provides an ivaluable insight
into the organization of spatial representation and
memory from which we can understand more general
mechanisms of brain functioning,.

Hippocampus Anatomy

Hippocampus is a macroscopically extensive structure of the medial temporal lobe
of the human brain. In laboratory rodents that are typically used as experimental
subjects of hippocampus studies, it is located under the parietal cortex and prop-
agates caudally in both lateral and ventral directions. Hippocampus in humans is
about 100 times larger than inlab rats. Across species, its structural shape is likened
to a sea-horse or ‘cornu Ammonis’ — horn ofa ram, the attribute-animal of Ammon,
the early Egyptian god. Developmentally, it is an old version of brain cortex (ar-
chikortex) identified already in reptiles and birds. Compared to the mammal-type
cortex (neokortex), it has a reduced number of layers. Despite having a very com-
pactand macroscopically well-defined structure, in terms of functionality it is con-
venient to view it in association with neighboring areas of entorhinal cortex which
fulfill the role of an information gateway through which the signals processed by
alarge part of sensory neocortex enter the hippocampus and to which the infor-
mation returns having been processed by the hippocampus. Compared to other
brain systems, the structure of hippocampus is — despite its size — exceptionally
simple (k6. 3). In its basic arrangement, it is a three-synapsis system whose indi-
vidual modules have completely different structures and, consequently, different
functions. The main three neural networks of the hippocampal circuit — gyrus den-
tatus, CA3 and CA1 - are serially connected and information propagates through
them in a cascade manner. The input information arrives from the 2nd layer of the
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OBR. 3 Anatomie hipokampu. A. Koronalni fez dorzalnim hipokampem laboratorniho potkana
(barveni dle Nissla). Barevné jsou vyznadeny granularni (DG) a pyramidalni (CA) vrstva
obsahujici téla hlavnich neuroni. B. Zjednoduseny diagram vnitiniho propojeni hippokampovych
poli odvozeny z anatomického usporadani v A. Zakladni trisynapticka smycka je znazornéna
postupné ¢ervenou (perforujici draha), zelenou (mechova vlakna), modrou (Schafferovy
kolaterdly) a zlutou barvou (vystupni draha). Fialové je oznacena temporoammonickd dréha C.
Konektomické schéma zapojeni z B.

FIG. 3 Hippocampus anatomy. A. Coronary section across the dorsal hippocampus of

a laboratory rat (staineded according to Nissl). The colors mark the granular (DG) and pyramidal
(CA) layers containing bodies of principal neurons. B. Simplified diagram of internal connectivity
of hippocampal subfields as derived from the anatomical arrangement in A. The basic tri-synaptic
loop is shown, in turn, in red (performant path), green (mossy fibers), blue (Schaffer collaterals)
and yellow colors (output pathway). The violet connection represents the temporo-ammonic
path. C. Connectome of the wiring under B.



entorhinal cortex and the output signal returns either
directly or via the subiculum back to the deep layers
of the entorhinal cortex. As we can see, the hippocam-
pus — in conjunction with the entorhinal cortex, the
main gateway for information input and output - rep-
resents a three-synapsis loop whose existence was al-
ready described by the doyen of the neuronal doctrine
Ramon Y Cajal.?2® Anatomical nomenclature uses the
term ‘hippocampus proper’ referring to the entirety
of ‘CA’ fields — traditionally CA4, CA3, CA2 and CA1 -
where CA4 is considered a persisting anatomical er-
ror.24 It is regarded as a hilar region belonging to
gyrus dentatus. The term hippocampus formation re-

23 — Per Andersen, ed., The
hippocampus book (Oxford; New
York: Oxford University Press, 2007).

24 — T.W. Blackstad, Commissural
Connections of the Hippocampal
Region in the Rat, with Special
Reference to Their Mode of
Termination, The Journal of
Comparative Neurology 105, No.3
(October 1956): 417-537, https://
doi.org/10.1002/cne.901050305;

D. G. Amaral, A Golgi Study of

Cell Types in the Hilar Region of
the Hippocampus in the Rat, The
Journal of Comparative Neurology
182, No.4 Pt 2 (15. December 1978):
851-914, https://doi.org/10.1002/
cne.901820508; Andersen, The

hippocampus book.

fers to the hippocampus proper, the gyrus dentatus
and the subiculum, whilst the para-hippocampus area
refers to the aforementioned entirety cooperating with
surrounding cortex districts in higher mammals. For
the purpose of this paper, the term hippocampus will
be used in the sense of the hippocampus formation.

Although the Cajal’s three-synapsis model represents the basic anatomical hip-
pocampus wiring, mutual communication among individual areas is more diverse.
The main information input via so-called perforant path originating in the entorhi-
nal cortex surface layers terminates mostly at dendrites of the gyrus dentatus gran-
ular cells, but other fibers of the same path simultaneously connect the neocortex
with all cornu Ammonis fields. This information input gateway is stratified into two
bundles: the first originates in the 2nd layer of the entorhinal cortex and terminates
inthe gyrus dentatus and CA3, the second partleaves the 3rd layer of the entorhinal
cortex and terminates in CA1 and the subiculum. Between the gyrus dentatus and
CA3, information is transferred by a system of mossy fibers. On the other hand, the
hilar area at the boundary between the gyrus dentatus and CA3 (inappropriately
called CA4) is wired in a reciprocal manner and sends the fibers back to granular
cells with inhibiting effect. To use an anatomically correct terminology, we should
speak of gyrus dentatus polymorphic layer. From CA3, the main information flow
proceeds to CAlin the form of Schaffer collaterals, and the outcome of hippocampus
operations then returns from CA1 back to the entorhinal cortex deep layers, either
directly or via the subiculum. Each of the said areas is composed of three layers, one
of which contains so-called main cells of the given area. As a matter of definition, the
type of cells whose axons abandon the relevant part of hippocampus and engage in
external communication is referred to as the main cell (granular cells in the gyrus
dentatus and pyramidal cells in CA areas).
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primo, ¢i pres subikulum. Kazda z uvedenych oblasti je komponovana ze tfi vrstev,
znichz jedna obsahuje tzv. hlavni buniky dané ¢asti. Jako hlavni butika (granularnibb.
v gyrus dentatus a pyramidové bb. v CA oblastech) je definovan ten typ, jehoz axony
prislusnou ¢ast hipokampu opoustéji a komunikuji tak navenek.

Neuralni reprezentace prostoru v hipokampu

Neuronalni zaklad hipokampové reprezentace prostoru 25 — O'Keefe a Nadel,
byl popsan]. O’KeefemaJ. Dostrovskim vr.1971. Vdnes ~ Thehippocampus asacognitive map.
jiz klasickém experimentu byly do hipokampu labora-
torniho potkana implantovany mikroelektrody regis-
trujici extracelularné aktivitu nékolika principialnich
neuront v podoblasti CA1. Zprvu viceméné nahodou
byla zaznamenana souvislost mezi aktivitou téchto bu-
nék a pozici subjektu v experimentalni aréné. Objev byl
zprvu ptijiman velmi rezervované, nebot takto pfimo-
¢ary vztah mezi aktivitou jednotlivé bunky a chovanim
zvitete v prostoru byl ve zna¢ném kontrastu s tehdejsim
diskurzem nahliZejicim na jednotlivy neuron sice jako
na zadkladni element CNS, ale se zna¢nou skepsi ohledné
moznosti z jeho individualni aktivity extrahovat nese-
nou informacio tak pokrocilém mentalnim konstruktu,
jako je prostor. Nicméné toto kontroverzni pozorovani
se podatilo publikovat, fenomén place cells (neuront
mista) se brzy etabloval a O’Keefova domovska labora-
tot na University College v Londyné se stala epicentrem
pro studium vztahti mezi aktivitou v hipokampu a jeho
prilehlych strukturach a prostorovym chovanim. Brzy
po objevu zacala vznikat podoba $irsi predstavy, ktera
place cells dala teoreticky zaklad s presahem nad ramec
hipokampového koédovani prostoru. Predevsim zacalo
byt jasné, Ze prostor jako entita je jednou z mnoha kva-
lit, které by v mozku mohly byt kédovany analogickym
zpusobem, a Ze fenomén patrné ilustruje principidlni
zpusob, jakym mozek vykonava podstatnou ¢ast své
kognitivni kapacity?®.

Zakladni funkéni charakteristikou hlavnich bunék hipokampu je prostorova modu-
lace jejich aktivity, nazyvana téz ‘spatial tuning’ (oBr. 4 a). Typicky pozi¢ni neuron
je aktivni pouze v urdité ¢asti prostredi, v niz se frekvence jeho akénich potencialii
gradualné méni od nuly az po lokalni maximum, jez miize nabyvat hodnot od néko-
lika po nizsi desitky Hz. Tato receptivni zdna je nazyvana ‘firing field’ a jeji rozsah
a umisténi v prostoru je vysoce individualni pro kazdy neuron kédujici dané pro-
stfedi. Vzhledem ke znaénému poctu a variabilité v prostorové modulaci aktivity



Neural Representation of Space in Hippocampus

The neuronal basis of hippocampal spatial representation was de- 25 — o'keefe
scribed by J. O’Keefe and J. Dostrovski in 1971. In what is now con- Ef‘d Nadel, The
sidered a classical experiment, microelectrodes were implanted a'spfiizm'fﬁz
into a laboratory rat’s hippocampus in order to register extracel-  map.

lular activity of principal neurons in CA1 sub-area. More or less as

a coincidence, a relationship was recorded between activity of these

cells and position of the subject in the experimental arena. The dis-

covery was initially received with a great deal of reservations since

such a straightforward relationship between individual cell activity

and behavior of the animal in space was in sharp contradiction with

the then discourse that, despite regarding an individual neuron as

a fundamental element of the CNS, was largely skeptical about the

possibility of extracting from its individual activity a relayed infor-

mation of such an advanced mental construct as space. Neverthe-

less, the authors managed to have their observation published, the

‘place cells phenomenon’ soon became a well-established one and

O’Keefe’s home lab at the University College in London became an

epicenter for studies of relationships between the hippocampus and

adjacent structures on the one hand and spatial behavior on the other.

Soon after the discovery, a concept started taking shape which gave

the place cells a theoretical basis exceeding the framework of the
hippocampus space coding. Above all, it became clear that space as

an entity is one of many qualities that could be coded analogically

and that the phenomenon presumably illustrates the principal way in

which the brain performs a substantial part ofits cognitive capacity.25

The basic functional characteristics of principal hippocampal cells is a spatial modula-
tion of their activity, also known as ‘spatial tuning’ (rie. 4 a). A typical place neuron is
active only ina certain part of the environment in which the frequency of its action-po-
tentials gradually changes from zero up to the local maximum that can acquire values
from several Hz to lower tens of Hz. This receptive zone is called ‘firing field’ and its
scope and location is highly individual for each neuron that codes the given environ-
ment. Regarding the large number and variability in spatial modulation of the hip-
pocampus neurons activity, each physically accessible place of a typical environment
is mapped by a whole set of cells. Such is the emergence of a population-code that pro-
vides — thanks to mutual overlaps of individual receptive zones — precise information
on the subject’s position in space. Reciprocally, the subject’s location can be recon-
structed in a relatively simple manner by decoding the activity of the relevant neuron
group, insofar as the information on their individual spatial modulation is available.

Accordingly, the sum of all place-neurons with their space-coding features con-

stitutes a physiological substrate of neural representation of space. Actual rep-
resentation of a specific space, or a space-cognitive map thereof, is then constituted
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hipokampovych neuront je kazdé fyzicky dosazitelné misto typického prostiedi
mapovano celym souborem bunék. Vznika tak populadni kéd, ktery vzhledem
k vzajemnym prekryvim individualnich receptivnich z6n poskytuje presnou in-
formaci o poloze subjektu v prostoru. Recipro¢né, polohu subjektu lze pomérné
jednoduse zrekonstruovat dekédovanim aktivity prislusné skupiny neurond, je-li

k dispozici informace o jejich individualni prostorové modulaci.

Suma vSech pozi¢nich neuront s jejich prostor-
-kodujicimi vlastnostmi tedy tvofi fyziologicky sub-
strat neuralni reprezentace prostoru. Vlastni repre-
zentace konkrétniho prostredi ¢i jeho prostorové
kognitivni mapa je pak tvorena podskupinou téchto
neurond, které individudlné mapuji jeho jednotlivé
¢asti. Mira zapojeni populace do konkrétnich repre-
zentaci se lisi dle riznych hledisek, reflektujicich
jak charakter daného prostredi (jeho velikost, den-
zita stimulf, emod¢ni kontext), tak i anatomicky. Ho-
vorime o tzv. sparsité, jiz 1ze vyjadfit jako proporci
aktivnich bunék v daném prostfedi z celku celé do-
stupné populace. Sparzita je rozdilna napfic¢ jed-
notlivymi ¢astmi trisynaptického hipokampového
okruhu. V oblasti gyrus dentatus je v dusledku vy-
razné inhibice tato hodnota extrémni, tedy naprosté
minimum bunék vykazuje pozi¢ni selektivitu?® a na-
opak, znac¢né procento neuront je velmi malo ak-
tivnich. Tato charakteristika je dale kontrastovana
faktem, ze gyrus dentatus je jednim ze dvou mist sav-
¢itho mozku (vedle subventrikularni zény lateralni
mozkové komory), kde probiha neurogeneze i v do-
spélém véku. Diky tomuto dosud nepochopenému
paradoxu je v ohledu popula¢niho kédovani prostoru
neuralni obvod gyrus dentatus nejvice enigmaticky
z celého hipokampového okruhu. V autoasociativni
oblasti CA3, ktera prijima signal predevsim z GD, je
sparzita stale vysoka, nicméné zde jsou nase znalosti
o neuronalnim kédovani a anatomické architekture
mnohem rozsahlejsi, a 1ze tedy postavit komplet-
néjs$i mechanisticky obraz vztahu mezi strukturou
a funkci. Vlivem znac¢né inhibice, charakteristické
ostatné pro celou oblast hipokampu, je pravdépo-
dobnost aktivity CA3 neuronu kdekoli v daném pro-
stfedi okolo 5-10 %27. Tento pomér v kombinaci
s faktem, Ze aktivita daného neuronu neni omezena
na jediné prostredi, ale mize reprezentovat i mista
v jinych prostorovych kontextech, zna¢né umociuje

26 — M. W.Jung

a B. L. McNaughton, Spatial Selectivity
of Unit Activity in the Hippocampal
Granular Layer, Hippocampus 3, ¢. 2
(1993): 165-82,
https://doi.org/10.1002/hipo.450030209;
Jill K. Leutgeb et al., Pattern Separation
in the Dentate Gyrus and CA3 of the
Hippocampus, Science (New York, N.Y.)
315, ¢. 5814 (16. Ginor 2007): 961-66,
https://doi.org/10.1126/science.1135801;
Verodnica Piatti, Laura Ewell,

a Jill Leutgeb, Piatti VC, Ewell LA,
Leutgeb JK. Neurogenesis in the dentate
gyrus: carrying the message or dictating
the tone. Front Neurosci 7: 50, Frontiers
in neuroscience 7 (4. duben 2013): 50,
https://doi.org/10.3389/fnins.2013.00050.

27 — Erika Cerasti a Alessandro
Treves, How Informative Are Spatial
CAS3 Representations Established by the
Dentate Gyrus?, PLoS computational
biology 6 (29. duben 2010): 1000759,
https://doi.org/10.1371/journal.
pcbil000759; Charlotte B. Aime et al.,
Place Cells in the Hippocampus: Eleven
Maps for Eleven Rooms, Proceedings of
the National Academy of Sciences of the
United States of America 111, ¢. 52

(30. prosinec 2014): 18428-35,
https://doi.org/10.1073/pnas.1421056111.



by a sub-group of these neurons that individually map
itsindividual cordinates. The extent to which the pop-
ulation is involved in specific representations differs
by various aspects reflecting both the character of the
given environment (size, stimulus density, emotional
context) and the anatomy. We use the term ‘sparsity’
which can be expressed as a proportion of active cells
in the given environment as against the entire avail-
able population. Sparsity differs across individual
parts of the tri-synaptic hippocampus circuit. In the
gyrus dentatus area, the value is extreme due to sig-
nificant inhibition, i.e. a bare minimum of cells man-
ifests place selectiveness;2® on the contrary, substan-
tial percentage of neurons manifest low activity. This
characteristics further contrasts with the fact that
the gyrus dentatus is one of 2 places in the mammal
brain (besides the sub-ventricular zone of the lateral
brain chamber) where neurogenesis proceeds even in
an adult age. Thanks to this paradox that has yet to
be comprehended, the gyrus dentatus (GD) neural cir-
cuitry, in terms of population-coding in space, is the
most enigmatic circuit of the entire hippocampus area.
In the auto-associative area of CA3 which receives sig-
nals primarily from GD, sparsity is still high, but here
our knowledge of neural coding and anatomical archi-
tecture is much more extensive, thanks to which we
can build a more complete mechanistic image of the
structure-function relationship. Due to substantial in-
hibition that is, by the way, typical for the entire hip-
pocampus area, the probability of CA3 neuron activity
anywhere in the given environment is approximately
5-10%.27 This ratio, along with the fact that activity of
a given neuron is not limited to a single environment
but can also represent places in other spatial contexts,
hugely multiplies the CA3 area storage capacity. With-
out having to recycle population activity patterns
across environments, it can be estimated that the CA3
area can hold space maps for many thousands of con-
texts, providing that we only consider coding in spa-
tial domains.

26 — M.W.JungandB. L.
McNaughton, Spatial Selectivity of
Unit Activity in the Hippocampal
Granular Layer, Hippocampus 3,
No.2 (1993): 165-82, https://doi.
org/10.1002/hipo.450030209; Jill

K. Leutgeb et al., Pattern Separation
in the Dentate Gyrus and CA3

of the Hippocampus, Science

(New York, N.Y.) 315, No. 5814

(16. February 2007): 961-66, https:/
doi.org/10.1126/science.1135801;
Veronica Piatti, Laura Ewell, and Jill
Leutgeb, Piatti VC, Ewell LA,
Leutgeb JK. Neurogenesis in the
dentate gyrus: carrying the message
or dictating the tone. Front Neurosci
7: 50, Frontiers in neuroscience 7
(2013): 50, https://doi.org/10.3389/
fnins.2013.00050.

27 — Erika Cerasti and Alessandro
Treves, How Informative Are Spatial
CAS3 Representations Established
by the Dentate Gyrus?, PLoS
computational biology 6 (2010):
1000759, https://doi.org/10.1371/
journal.pcbil000759; Charlotte

B. Alme et al., Place Cells in the
Hippocampus: Eleven Maps for
Eleven Rooms, Proceedings of the
National Academy of Sciences of
the United States of America 111,
No. 52 (30. December 2014):
18428-35, https://doi.org/10.1073/
pnas.1421056111.

Sizes of receptive zones are not uniform and depend on multiple factors. On average,
the largest firing fields are formed in CA1 whilst zones that are smaller by approx.
20% as well as zones roughly the same size are detected in DG and CA3. Besides
the anatomical aspect, what also significantly impacts the size of receptive zones is
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uloznou kapacitu CA3 oblasti. Aniz by bylo tfeba vzorce populac¢ni aktivity recyklovat
VIV v 4 . A\ . 4

naptié¢ prostredimi, 1ze odhadovat, Ze CA3 oblast pojme prostorové mapy pro mnoho

tisic kontextt, uvazovali-li bychom pouze kédovani v prostorové doméné.

Velikost receptivnich zén neni jednotna a podili se
na ni vice faktort. V priméru nejvétsi firing fields
se formuji v CA1, o cca 20 % mensi a zhruba stejné
velké zony jsou pozorovany v DG a CA3. Kromé ana-
tomického hlediska se vyrazné do velikosti receptiv-
nich z6n propisuje velikost prostredi, s niz pozitivné
koreluje?®. Zatimco v nejcastéji uzivanych arénach
o plose cca 40-50 dm? zabira prumérné velka zéna
neuront v oblasti CA1 plochu cca 2-3 dm?, ve vét-
$ich prostiedich (250 dm?) je to ptiblizné 10 dm?2°,
Paklize by doslo k zvétseni jiz znamého prostredi,
pak je efekt nartistu plochy firing field jesté vétsi3O.
Dalsi podstatnou proménou je anatomicka lokali-
zace neuronu na dorso-ventralni ose hipokampu.
Zatimco vy$e uvedené hodnoty plati pro neuronalni
odpovédi z dorzalni ¢asti hipokampu, smérem ven-
tralnim se velikost firing fields vyrazné zvétsuje.
V experimentu s extrémné rozsahlym prostfedim ve
fromé linearni drahy o délce 18 m (obvykla délka je
okolo 2 m) byla registrovana aktivita CA3 neuront
napti¢ dorzalnim i ventralnim poélem hipokampu,
ktera ukazala na variabilitu ve velikosti zon mezi cca
1 m (dorzalni CA3) az 10 m (ventralni CA3)3'. V ne-
posledniradé se navelikosti, byt mens$i mérou, podili
faktor novostia familiarity prosttedi. V novém, do té
doby nenavstiveném prostredi maji nové ustavené re-
ceptivni zony vétsi velikost o cca10 % v porovnani se
zonami stejnych neuronti poté, co se experimentalni
subjekt s prostfedim opakované sezndmil®2. Tran-
sientni rozsiteni firing fields lze pozorovat v fadu
zlomku sekund az sekund v okamziku reaktivace jiz
uloZené pamétové stopy=3.

Aktivita hipokampovych place cells je tedy vyrazné
modulovana jak prostorem, tak kontextem a tvofi uni-
katni reprezentaci (kognitivni mapu) pro dané pro-
stfedi. V kontextualné rozdilnych prostfedich pak

28 — R. U. Muller aJ. L. Kubie, The
Effects of Changes in the Environment
on the Spatial Firing of Hippocampal
Complex-Spike Cells, Journal of
Neuroscience 7, ¢. 7 (1. Cervenec
1987): 1951-68, https://doi.org/10.1523/
JNEUROSCI.07-07-01951.1987.1987

29 — EunHye Park, Dino Dvorak,

a André A. Fenton, Ensemble Place
Codes in Hippocampus: CA1, CA3, and
Dentate Gyrus Place Cells Have Multiple
Place Fields in Large Environments,
PLOS ONE 6, ¢.7 (7 2011): €22349, https://
doi.org/10.1371/journal.pone.0022349.

30 — Muller a Kubie, The Effects of
Changes in the Environment on the
Spatial Firing of Hippocampal Complex-
Spike Cells. 1987

31 — Kirsten Brun Kjelstrup et al.,
Finite Scale of Spatial Representation in
the Hippocampus, Science 321, &. 5885
(4. Gervenec 2008): 140-43,
https://doi.org/10.1126/science.1157086.

32 — Caswell Barry et al., Grid cell firing
patterns signal environmental novelty by
expansion, Proceedings of the National
Academy of Sciences of the United
States of America 109, ¢. 43 (23. fijen
2012): 17687-92, https://doi.org/10.1073/
pnas.1209918109.

33 — Frantisek Zitricky a Karel Jezek,
Retrieval of Spatial Representation on
Network Level in Hippocampal CA3
Accompanied by Overexpression and
Mixture of Stored Network Patterns,
Scientific Reports 9, &. 1 (prosinec 2019):
11512, https://doi.org/10.1038/s41598-019-
47842-w.

34 — Stefan Leutgeb et al.,
Independent Codes for Spatial and
Episodic Memory in Hippocampal
Neuronal Ensembles, Science
309, ¢&. 5734 (22. Eervenec 2005):
619-23, https://doi.org/10.1126/

zpravidla nalezneme i rozdilnou prostorovou repre-
zentaci (oer. 4 B), tiebaze tato prostredi mohou byt do
jisté miry vzdjemné vizualné podobnd34. Tento typ
zmény v kédovani napri¢ kontexty nazyvame ,globalni

science1114037; Alme et al., Place
Cells in the Hippocampus.
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OBR. 4 Prostorova modulace aktivity tfi reprezentativnich hipokampovych pozié¢nich neuront
(»place cells). Vlevo — tenka plna ¢ara reprezentuje trajektorii pohybu experimentalniho potkana
v aréné po dobu 10 minut. Cervené body kumulativné znazornuji akéni potencialy sledovaného
neuronu mista dle pozice, v niz se potkan nachazel v okamziku jejich emise. Vpravo — frekvenéni
mapa daného neuronu. B. Kontextové prostorova aktivita tfi pozi¢nich neuronti ve dvou rozilnych
prostredich (¢tverec a kruh). C. Stabilita hipokampové mapy v ¢ase. Zaznam aktivity jednoho
neuronu béhem tfi seanci v identické aréné, odélenych prestavkami. Velikost strany arény — 60 cm.
Doba stravena v aréné — 10 minut. Jednotka barevné skaly — Herz.

FIG. 4 Spatial modulation of activity in three representative hippocampus ‘place-cells’. Left:

the thin solid line represents a movement trajectory of an experimental rat in an arena for a period
of 10 minutes. The red points cumulatively visualize action-potentials of the observed place-
neuron according to the position of the rat at the time of the emission thereof. Right: Frequency-
map of the given neuron. B. Context-spatial activity of three place-neurons in two different
environments (square and circle). C. Hippocampus map stability over time. Recorded activity

of a neuron in three seances in an identical arena, separated by breaks. Size of the arena side —

60 cm. Time spent in the arena — 10 minutes. Color scale unit — Herz.

N
&

&

3

PAGE 245



STRANA 246

remapovani®, odkazujic k zdsadni zméné celého kédu. Na-
opak, pokud je zména v prostfedi jen dil¢i a pfitom zlstane
zachovan jeho $irsi kontext (napf. na sténé mistnosti se ob-
. S e 4 4 4 . LN 4 7 L3 .
jevi jiny obraz), prostorovy kdd souvisejici neuralni aktivity
. < 0 y y ) R
se zpravidla zméni jen nepatrné. Zména kédu v takovém pri-
padé nastane obvykle nikoli ve zméné pozic receptivnich zén
. 7 7 /4 4 7 V. ’ . . . v
jako u globalniho remapovani, nybrz jen v rovni aktivity né-
kterych neuronti v mistech piivodnich zén. Vlastni kostra celé
mapy zustava stabilni. Tyto frekvenéni zmény oznacujeme
. v 7 /1«35 ’ N 1 v .
jako ,frekvenéni remapovani“3®. Zminéné dva typy zmén hi-
pokampovych reprezentaci predstavuji viceuroviiovou po-
dobu reakci hipokampového kdédovani na pozménéné okolni
podminky. Frekvencni remapovani umoziuje flexibilni im-
plementaci diléich zmén ve znamém prostiedi do stavajici
mapy, aniz by byla nutna jeji sir$i reorganizace. V tomto smy-
sludand populaéni mapa sama o sobé predstavuje prvek sché-
matu odkazujici na topologicky ptistup k prostoru. Byt obsa-
huje detailniinformace o konstelaci kédovaného prostredi, je
velmi tvarnaave svém zakladu robustni vii¢i zménam v okoli,
dokud nepresahnou kritickou mez, pti niz je pak ustavena
: St % 1y A ,
mapanova cestou globalni zmény kddu. Globalni remapovani
tak nastane prirozené mezi zjevné rozdilnymi kontexty, ev.
i v pripadé, kdy okolni zmény jsou takového rozsahu, ze ak-
tualni vjemy dostatecné nekoreluji s uloZenou reprezentaci.

Klicovou vlastnosti hipokampového kédu pro prostor, jez jej
kvalifikuje jako fyziologicky substrat prostorové pameéti, je
jeho Casova stabilita (oer. 4c) — prostorova bunééna odpoved'
je stabilni napti¢ dny, tydny az mésici®€. Zaroven ale tato ne-
zbytna stati¢nost je vyvazovana dynamikou pomalych zmén
v populaci kddujicich bunék. Tento prvek je podstatny pro tr-
valou udrzitelnost funkcnosti daného engramu — napfic del-
$im ¢asovym obdobim se prostorova modulace jednotlivych
element mize postupné oslabovat, zatimco u jinych, do té
doby neaktivnich bunék, mohou vznikat nova pole aktivity,
a tyto neurony pak vstupuji do souboru tvoriciho popula¢ni
kéd. Teprve prace z poslednich let diky dostupnosti technik
umoznujicich dostateéné stabilni nahravky ze stejnych neu-
ronti napri¢ mnoha dny charakterizuji miru konstantni remo-
delace prostorové mapy37. Ukazuje se, Ze remodelace je kom-
plexnijev, ktery neni staticky, ale zavisi na vice faktorech, jak
pokud jde o charakter stimulii v mapovaném prosttedi, tak ve
smyslu druhovém, kdy napt. naptic laboratornimi hlodavci je
remodelaéni drift popula¢niho kédu vyrazné vyssi u mysich
modeld nezli u laboratornich potkani. Kombinace efektu

35 — Leutgebetal,
Independent Codes for
Spatial and Episodic
Memory in Hippocampal
Neuronal Ensembles.

36 — L.T.ThompsonaP.J.
Best, Place Cells and Silent
Cells in the Hippocampus of
Freely-Behaving Rats, The
Journal of Neuroscience:
The Official Journal of the
Society for Neuroscience

9, 6.7 (Cervenec 1989):
2382-90.

37 — YanivZivetal,
Long-Term Dynamics of CA1
Hippocampal Place Codes,
Nature Neuroscience 16,

¢. 3 (bfezen 2013): 264-66,
https://doi.org/10.1038/
nn.3329.



the size of the environment which it positively corre-
lates with.28 In most frequently used areas of approx.
40-50sqdm, an average-size neuron zone in the CA1
area occupies approx. 2 sq dm whereas in larger envi-
ronments (250 sq dm) it would be about 10 sq dm.2°
Should the already known environment grow larger,
the effect of firing field area increase is even larger.30
Another important variable is the anatomical loca-
tion of the neuron on the dorso-ventral axis of the
hippocampus. Whilst the above values apply to neu-
ronal responses from the hippocampus dorsal part,
the size of firing fields in the ventral direction grows
substantially. In an experiment using an extremely
extensive environment in the form of linear route
18 m long (commonly used length is around 2 m),
CA3 neuron activity was registered across both the
dorsal and the ventral hippocampus poles, pointing
to variability of zone sizes between approx. 1 m (dor-
sal CA3) and 10 m (ventral CA3).31 Last but not least,
another factor co-impacting the size, albeit to a lesser
degree, is the factor of environment newness and fa-
miliarity. In a new environment, not visited yet, the
newly established receptive zones are bigger in size
by approx. 10% compared to zones of the same neu-
rons after the experimental subject has repeatedly
get familiarized with the environment.32 Transient
expansion of firing fields can be observed in the order
or fractions of a second to seconds upon reactivating
the memory traces already stored.33

28 — R. U. Muller and J. L. Kubie, The
Effects of Changes in the Environment
on the Spatial Firing of Hippocampal
Complex-Spike Cells, Journal of
Neuroscience 7, No. 7 (1. July 1987):
1951-68, https://doi.org/10.1523/
JNEUROSCI.07-07-01951.1987.

29 — EunHye Park, Dino Dvorak,
and André A. Fenton, Ensemble
Place Codes in Hippocampus: CA1,
CAB, and Dentate Gyrus Place Cells
Have Multiple Place Fields in Large
Environments, PLOS ONE 6, ¢.7

(7 2011): e22349, https://doi.org/
10.1371/journal.pone.0022349.

30 — Muller and Kubie, The Effects
of Changes in the Environment on
the Spatial Firing of Hippocampal
Complex-Spike Cells.

31 — Muller and Kubie, The Effects
of Changes in the Environment on
the Spatial Firing of Hippocampal
Complex-Spike Cells.

32 — Caswell Barry et al., Grid cell
firing patterns signal environmental
novelty by expansion, Proceedings
of the National Academy of Sciences
of the United States of America

109, No. 43 (23. October 2012):
17687-92, https://doi.org/10.1073/
pnas.1209918109.

33 — Frantisek Zitricky and

Karel Jezek, Retrieval of Spatial
Representation on Network Level in
Hippocampal CA3 Accompanied by
Overexpression and Mixture of Stored
Network Patterns, Scientific Reports 9,
No. 1 (December 2019): 11512, https://
doi.org/10.1038/s41598-019-47842-w.

34 — Stefan Leutgeb et

Aswe have seen, activity of hippocampus place cells is mark-
edly modulated by both space and context, forminga unique
representation (cognitive map) for the given environment.
In contextually diverse environments we usually find differ-
ent spatial maps (rie. 4 B), although the environments may
be to some extent visually similar.34 This type of coding
changes in a wide range of contexts is known as ‘global re-
mapping’ referring to the fundamental change of the entire
code. If; on the contrary, the change in the environment is
but a partial one whilst the wider context is preserved (e.g.
a different painting appears on the wall in a familiar room),
the space code of the corresponding neural activity tends to
change negligibly. In caseslike that, code changes occur not
in the receptive zone position change, as they do in global
remapping, but only in some neuron activity levels in places

al., Independent Codes

for Spatial and Episodic
Memory in Hippocampal
Neuronal Ensembles, Science
309, No. 5734 (22. July

2005): 619-23, https://doi.
org/10.1126/science.1114037;
Alme et al., Place Cells in the
Hippocampus.
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neustale nové rekrutovanych bunék a ndsledné ¢asové stability
v jejich prostorové odpovédi napfic tydny tak zajistuje teore-
ticky ¢asové neomezené trvani neuralni reprezentace daného
prostoru, paklize systém nezkolabuje z jinych, patologickych
pti¢in. Druhy podstatny aspekt proménlivosti prostorového
kédu v ase je oblasna nezbytnost jej prizptsobit zménénym
podminkam v prostredi. Ty mohou byt jak nahlé, kdy do kon-
stelace vnimanych stimuld skokovité vstoupi ¢i ubude novy
prvek, ¢i dojde ke zméné ve vzajemnych vztazich ztcastné-
nych elementd, aniz by se ménil jejich pocet. Dle rozsahu zmi-
nénych zmén se proméni i podoba prostorového kddu, kdy pri
malych zménach mohou byt zmény nepozorovatelné, zatimco

38 — James J. Knierim,
Dynamic Interactions
between Local Surface
Cues, Distal Landmarks,
and Intrinsic Circuitry

in Hippocampal Place
Cells, The Journal of
Neuroscience: The Official
Journal of the Society for
Neuroscience 22, €. 14 (15.
cervenec 2002): 6254-64,
https://doi.org/20026608;
James J. Knierim a Geeta
Rao, Distal Landmarks
and Hippocampal Place
Cells: Effects of Relative
Translation versus Rotation,

Hippocampus 13, ¢. 5 (2003):
604-17, https://doi.org/
10.1002/hipo.10092.

pti rozsahlejsich mohou nabyvat dramatické podoby global-
niho remapovani. Experimenty s rota¢nimi ¢i transla¢nimi

v . . . v 4 4 v . . 4
zménami v konstelaci orientaénich stop ukazaly, Ze jednotlivé
elementy kognitivni mapy mohou byt riznou mérou vazany
na vzdalené ¢i lokalni objekty ¢i atributy daného prostredi.
Ve vysledku tak muze byt cela mapa prearanzovana, pticemz
neurony tésné vazané k prislusnym orientaénim stopam za-

4 ./ 4 . se . 4 4
chovavaji tento prostorovy vztah a jejich receptivni zony (fi-
ring fields) se posouvaji v souladu se zménami v rozmisténi
stop®8. V kontextu vyse uvedeného je ale nezbytné zdiraznit,
zZe popsany rozpad neuralni reprezentace nastava az pri sku-
te¢né rozsahlych zménach v okoli, ¢i alespon pti zménach vy-
, A TSV T

raznych orienta¢nich stop, nebot pri zménach dil¢iho razu se
uplatiuje proces ‘pattern completion’, ktery naopak zmény to-
leruje, prispiva ke stabilité reprezentace a okolni zmény se do
stavajici mapy zakomponuji formou frekvenéniho remapovani
¢i funkénim zapojenim dal$ich neuront do aktivni populace.

Topologické aspekty funkce hipokampu

Je zfejmé, Ze realny svét, tedy svét vné laboratornich podminek, je komplexni, daleko
presahujici purismus uméle vytvorenych experimentalnich aparatur. Kdyz uvazujeme
o prostoru, ¢inime tak Casto jako o abstraktni, formalizované entité, nejéastéji v eu-
kleidovském smyslu, bezjeho ,,0sidleni“ objekty, vyznamy, jinymi bytostmi. Je ztfejmé,
ze pro adaptivni chovani se bez ,zabydleného“ prostoru neobejdeme a zZe takovyto
prostor nebude prostiedim jen s izolovanymi objekty, ale bude zaroven s nimi vypl-
nén i jejich vyznamy a vzajemnymi vztahy. Navic prostor coby jedna z dimenzi epi-
zodické paméti je v preneseném smyslu nositelem v ném prozitych vzpominek, a ty
by tedy mély v prostorové reprezentaci téz byt zahrnuty ¢i s ni asociovany. A i kdyby-
chom z komplexniho neuralniho kddu chtéli extrahovat pouze prostorové vztahy, do-
jdeme k poznani, Ze i minimalné strukturovany prostor neni vyznamové uniformni,
ale nervovy systém jej a priori vyznamové strukturuje. To je presvédéivé ilustrovano



of the original zones. The actual skeleton of the whole map remains
stable. These frequency changesarereferred toas ‘rate remapping’.35
The two types of hippocampal representation changes constitute
a multi-level concept of hippocampus coding responses to modified
external conditions. Rate remapping enables flexible implemen-
tation of partial changes in a familiar environment into the exist-
ing map without any need for wider reorganization thereof. In this
sense, the given population map in itself represents a scheme-ele-
ment referring to topological approach to space. Although it con-
tains detailed information on coded environment constellation, it
is highly formative and fundamentally robust with respect to ex-
ternal changes up to a critical threshold beyond which a new map is
established by way of a global code change. Thus, global remapping
occurs naturally between conspicuously different contexts, or in in-
stances when the external changes are so extensive that current per-
ceptions do not sufficiently correlate with the stored representation.

35 — Leutgeb et
al., Independent

Codes for S

patial

and Episodic

Memory in

Hippocampal

Neuronal
Ensembles.

The key feature of a hippocampus code for a space that 36 — L. T. Thompson and P. J. Best,

qualifies it as a physiological substrate of spatial mem-

Place Cells and Silent Cells in the
Hippocampus of Freely-Behaving

ory, is its stability over time (ria. ac) — the spatial cell  Rats, The Journal of Neuroscience:

response is stable over days, weeks or months.38 Atthe ~ The Official Journal of the Society
for Neuroscience 9, No. 7 (July 1989):

same time, however, the required static stability isbal-  23g2-90.

anced by the dynamics of slow changes in the coding 37 — vanivzivetal, Long-Term

cell population. This element is essential for perma-

Dynamics of CA1 Hippocampal Place
. . . . Codes, Nature Neuroscience 16,
nent sustainability of the given engram’s functional-  No. 3 (March 2013): 26466,

ity — over longer periods of time, spatial modulation  https:/doi.org/10.1038/nn.3329.

of individual elements may gradually weaken whereas
new fields of activity may emerge in other cells, up
until then inactive, and these neurons then enter the
suite constituting the population code. Studies from
the last few years — thanks to techniques that make it
possible to make sufficiently stable recordings of the
same neurons over periods of many days — are finally
able to characterize the degree of spatial map ongoing
re-modelling.37 It turns out that re-modelling is a com-
plex phenomenon that is not static but depends on
multiple factors, both in terms of the character of stim-
uliin the mapped environment and in terms of species.
Thus, for instance, population code re-modelling drift
in laboratory rodents is significantly higher in mouse
models than in rats. The effect of ongoing recruitment
of new cells combined with subsequent stability of
their spatial response over whole weeks ensures what
in theory can be limitless duration of the space neural
representation unless the system collapses for other,
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ivsamotné hipokampové reprezentaci prostoru, kterd se v distribuci jejiho informad-
niho pokryti nejevi jako jednolitd, ale akcentuje predem dané kvality prostoruivjeho
ocisténé laboratorniverzi. Vymluvny dtikaz je patrny jiz z distribuce receptivnich zon
v obdélnikovém ¢i étvercovém prostiedi. Podél stén a zejména v rozich je akumulace
firing fields mnohem vy$sinezli ve stfedu arény. Tyto ¢asti prostredi, které jsou labora-
tornimi hlodavci (alze predpokladat, Ze totéz muzeme vztahnout i na ¢lovéka) vyhod-
nocovany jako bezpec¢néjsi v porovnani se stredovymi partiemi ¢i obecné otevienym
prostorem, jsou tedy ,prereprezentovany®. Neuralni masinerie do jejich mapovani tedy
vklada vétsi kapacitu jak procesni, tak uloznou. Tento fakt vnasi do neuralnireprezen-
tace prostoru dalsi znamky tolopogické organizace, kdy uniformnikédovani prostoru
ustupuje v ném obsazenym vyznamtim. Analogické znamky inkoherenci v hustoté ko-
dovanijsou dale vyjadreny v souvislosti s objekty ¢i kvalitami, které jsou do prostorové
konfigurace umistény jako soucast experimentu. Typicky lze pozorovat, Ze v blizkosti
objektt spojenych s odménou ¢i jinym apetitivnim poditkem je prostorové kédovani
zahusténéjsi. Poskytuje tedy vyrazné detailnéjsi mapu a s ni spojenou presnéjsi infor-
macio poloze subjektu ajeho vztahu k relevantnim elementim. Naurovni hipokampu
tento typ informace mtize reprezentovat jak fyzické misto, vnémz se preferovana kva-
lita naléz4, a po jejim odstranéni mapa po néjakou dobu ztistava nezménéna, tak se
muze jednat o informaci vazanou na biologicky vyznamny objekt, a po jeho eliminaci
se tento prvek z celkové mapy vytrati téZ. V poslednim pripadé je presun objektu na
jiné misto v mapovaném prostoru nasledovan presunem souvisejici receptivni zony.

Jednim ze zakladnich pristupti testovani topologického 39 — 1. 0'keefe a N. Burgess,
charakteru prostorové reprezentace je manipulace se ze- ~ Geometric Determinants of the
.. , .y . 3 v 1, Place Fields of Hippocampal
vnimi podminkami, jezzasahuje do geometrie prostfedi.  Neurons, Nature 381, &. 6581
Timto zpisobem lze testovat, do jaké miry se hipokam- (30 kvéten 1996): 425-28,
, ee g , . ’ https://doi.org/10.1038/381425a0.
pova kognitivni mapa chova topograficky a do jaké to-
pologicky. Klasickym experimentem je zména proporce
délky stén arény, v niz se subjekt pohybuje. V takovych
V7 v Vv 4 v . .
ptipadech se vazba bunééné odpovédi na atributy pro-
stiedi projikuje do proporc¢ni zmény velikosti receptivni
zony. Zvétseni prostredi ze ctvercového na obdélnikové
protazenim pouze dvou protilehlych stén zpisobi pro-
v 4 Y _V ’ . v o 4 4
por¢nizvétdeni firing field téch neurong, které ve své ak-
tivité reflektuji sténu, jejiz fyzicka délka byla zménéna®®
(oBR. 5). Celkova mapa se tedy neméni, jen se plasticky
ptizpisobuje vnéjsim tpravam. Toto chovani neuralni
reprezentace odkazuje k topologickému charakteru
mapy spise nez k topografickému.

Naproti tomu gradualni zména (morfing) mezi dvéma vzdalenéj$imi variantami
geometrie prostredi dava komplexnéjsi vysledky. Pokud je subjekt vystaven neza-
visle kruhovému a ¢tvercovému prostiedi podobné velikosti a vytvori si pro né dvé
nezavislé mapy (globalni remapovani), potom béhem morfovaci sekvence s mezik-
roky, pti kterych je prostredi postupné deformovano (napt. z kruhu na étverec) se



pathological reasons. The second crucial aspect of spatial code
mutability over time is that from time to time it is necessary to
adjust the code to altered environmental conditions. They can
either be abrupt, if a new element jumps in or jumps out of the
perceived stimuli constellation, or some change occurs in mu-
tual relations among participating elements whilst their num-
ber is unchanged. Depending on the extent of such changes,
the shape of the spatial code changes as well: if the changes are
small, the code changes may be unobservable whereas more
extensive changes may have a dramatic effect of global remap-
ping. Experiments with rotation or translation changes in con-
stellations of orientation traces have shown that individual

38 — James J. Knierim,
Dynamic Interactions
between Local Surface
Cues, Distal Landmarks,
and Intrinsic Circuitry

in Hippocampal Place
Cells, The Journal of
Neuroscience: The
Official Journal of the
Society for Neuroscience
22, No. 14 (15. July 2002):
6254-64, https://doi.
org/20026608; James

J. Knierim and Geeta
Rao, Distal Landmarks
and Hippocampal Place
Cells: Effects of Relative

Translation versus
Rotation, Hippocampus
13, No. 5 (2003): 604-17,
https://doi.org/10.1002/
hipo10092.

cognitive map elements can be to various degrees bound to
distant or local objects or attributes of the given environment.
As aresult, the whole map can be re-arranged while neurons
closely bound to relevant orientation traces retain the spatial
relationship whilst their receptive zones (firing fields) shift
according to changes in trace arrangements.3® In the above
context, however, it should be noted that the disintegration
of neural representation will only occur upon really extensive
environmental changes, or at least upon significant changes
in orientation cues, because if the changes are just partial, the
‘pattern completion’ process which tolerates changes and con-
tributes to stability of the representation will come into effect
and the environmental changes will be integrated into the ex-
isting map in the form of rate remapping or functional recruit-
ment of other neurons into the active population.

Topological Aspects of Hippocampus Functionality

Clearly, the real world — the world outside of laboratory conditions — is a complex
one and far exceeds the purism of artificially created experimental devices. We often
conceive of space as an abstract, formalized entity, most commonly in the Euclidian
sense, as if it was not ‘populated’ by objects, meanings, other creatures. Obviously,
for the purpose of adaptive behavior considerations, we cannot do without taking
also the ‘populated space’ into account, i.e. a space that is not just an environment
with isolated objects but besides them it will also include their meanings and mu-
tual relationships. Furthermore, space being one of episodic memory dimensions,
itis, in the figurative sense, a carrier of recollections experienced therein and those
should also be included in or associated with the spatial representation. Even if we
wanted to extract merely the spatial relationships from the complex neural code, we
would find out that a space that is structured even to a minimum extent is not uni-
formin terms of impact on the observer but on the contrary, the nervous system will
a-priori impose a structure of meanings into it. This is persuasively illustrated in
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reprezentace zhrubav poloviné deformacni fady
skokovité prostiidaji#®. Reprezentace pro kruh
je nahrazena mapou pro ¢tverec. Pokud ovSem
subjekt obé prostredi kdduje v ramci jedné glo-
balni mapy arozdily se projikuji do frekvenénich
zmén pri zachovanych recepénich zénach (frek-
venéniremapovani), morfovaci sekvence se pro-
jeviv postupné transformaci frekvenénich zmén
mezi verzemi mapy pro kruh a ¢tverec?! (ogr. 6).
Tyto experimenty maji zfejmou paralelu v mor-
fovani ,mezi hrnkem a vdolkem® ilustrujici
kontrast mezi topologickym pristupem (jedna
mapa s frekvenénimi rozdily) a objektovym po-
hledem, kdy hrnek a vdolek maji zcela odlisné
praktické vyznamy, mozek je tedy kdduje ne-
zavisle, a jejich morfovani je provazeno predpo-
klddanym nahlym skokem mezi souvisejicimi
reprezentacemi. Je tedy zfejmé, ze topologicky
charakter flexibilniho kédovani prostoru v pti-
padech, kdy je relevantni rozlisovat mezi jeho
riznymi kontexty, ustupuje predstavam vice de-
dikovanych reprezentaci. Analogicka tolerance
prostorového kddu byla prokazanaiu koridoro-
vych arén?2. Tyto experimenty ukdazaly, Ze jed-
nou ustavena reprezentace je flexibilni a tole-
rantni i vici rozsahlym geometrickym zménam
angularniho ¢i metrického charakteru, potvrzu-
jic jeji topologicky charakter.

Dalsimi poznatky odkazujicimi na topologic-
kou redukci prostorového kdédu plynou z dat
z experimentd s prostiedimi, jejichz konfigu-
race vykazuje repetitivni podobné prvky. Kla-
sickou praci je experiment porovnavajici hipo-
kampové prostorové kédy populaci bunék ve
dvou propojenych vizualné identickych prostre-
dich#3. Podstatna ¢ast receptivnich zén aktiv-
nich place cells byla identicka v obou prostre-
dich, coz svéd¢i o tendenci k redukei komplexity
v kédovani propojenych prostredi oproti tvorbé
zcela nezavislych kéda pro obé ¢asti. Dalsi ex-
periment s podobnym zavérem porovnaval pro-
storovy kdd klasické prazdné arény (s kontinu-
alni dvoudimenzionalni prostupnosti) s pozi¢né
identickym prostorem poté, co byl segmentovan

40 — Wills et al., Attractor Dynamics in the
Hippocampal Representation of the Local
Environment; Colgin et al., Attractor-Map
Versus Autoassociation Based Attractor
Dynamics in the Hippocampal Network.

41 — Jill K. Leutgeb et al., Progressive
Transformation of Hippocampal Neuronal
Representations in ‘Morphed’ Environments,
Neuron 48, ¢. 2 (20. fijen 2005): 345-58,
https://doi.org/10.1016/j.neuron.2005.09.007;
Colgin et al., Attractor-Map Versus
Autoassociation Based Attractor Dynamics in
the Hippocampal Network.

42 — Katalin M. Gothard, William E. Skaggs,
a Bruce L. McNaughton, Dynamics of
Mismatch Correction in the Hippocampal
Ensemble Code for Space: Interaction
between Path Integration and Environmental
Cues, Journal of Neuroscience 16, ¢.

24 (15. prosinec 1996): 8027-40, https://doi.
org/101523/JNEUROSCI.16-24-08027.1996;
Yuri Dabaghian, Vicky L Brandt, a Loren

M Frank, Reconceiving the hippocampal
map as a topological template, ed. Howard
Eichenbaum, eLife 3 (20. srpen 2014): e03476,
https://doi.org/10.7554/eLife.03476.,

43 — W. E. Skaggs a B. L. McNaughton,
Spatial Firing Properties of Hippocampal CA1
Populations in an Environment Containing
Two Visually Identical Regions, The Journal
of Neuroscience: The Official Journal of the
Society for Neuroscience 18, ¢. 20

(15. Fijen 1998): 8455-66.



the actual hippocampal spatial representation which does not appear to be uniform
in distribution of its information coverage but it accentuates pre-determined space
qualities even in its purified laboratory version. An articulate proofis provided by
the receptive zone distribution in rectangular or square environments. Along walls,
and in corners in particular, firing fields accumulation is much higher than in the
center of the arena. These parts of the environment which the laboratory rodents
evaluate as safer than the central parts or any open space in general (and we can as-
sume that the same applies to humans) are accordingly ‘over-represented’. Thus, the
neural machinery dedicates a larger processing and storage capacity to the mapping
thereof. This fact enriches the spatial representation by further signs of topologi-
cal organization whereby uniform space coding gives space to meanings contained
therein. Analogical signs of code density incoherencies are also manifested with
respect to objects or qualities that are placed into spatial configuration as part of
an experiment. Typical observation is that spatial coding is denser in the proxim-
ity of objects associated with reward or another biologically important value. In
this way we are provided with a much more detailed map and, consequently, with
more precise information on location of the subject and its relationship to relevant
elements. At the hippocampus level, this type of information may represent either
a physical place at which the preferred quality is located (in which case the map re-
mains unchanged for some time after the quality has been removed), or it can be
a piece of information bound to a biologically significant object (in which case this
element disappears from the overall map once the object has disappeared). In the
latter case, a shift of the object to another place in the mapped space is followed by
a shift of the relating receptive zone.

One of the basic approaches in testing out the topological na- 39 — 1. O'Keefe

ture of spatial representation is manipulation with external con- g9 N Burgess,

ditions interfering with the environment geometry. In this way  Determinants of

we can test to what extent the hippocampal cognitive map be- g;eHFi’;Z‘(’)ec;is:)dasl

haves topographically and to what extent topologically. A clas-  Neurons, Nature

sic experiment consists in changing the mutual proportion of 381 No.6581(1996):
. el K . . 425-28, https://doi.

wall lengths in the arena within which the subject is tested. In  54/101038/38142540.

such cases the link between cell response and changes in envi-

ronmental attributes is projected into a proportional change in

the receptive zone size. Enlargement of the space from square to

oblong by prolonging only two opposite walls will cause propor-

tional firing field enlargement in those neurons whose activity

reflect the wall whose physical length has been changed3® (rie. 5).

Thus, the overall map does not change but it plastically adjusts to

external modifications. This neural representation behavior re-

fers to a topological nature of the map rather than topographical.
On the other hand, a gradual change (morphing) between two more distant space

geometry alternatives produces more complex results. If the subjectisindependently
exposed to circular and square-shaped environments of similar sizes and creates two
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0BR.5 Flexibilita hipokampové reprezentace prostoru. A. Schéma experimentélni aparatury,
umoznujici zménu proporce délky jejich stén. B. Frekvenéni mapy dvou pozi¢nich neurontt

v odpovédi na manipulaci s délkou stran arény. Pivodni podoba vlevo nahote (SS, standard
square). HR — horizontal rectangle, VR- vertical rectangle, LS — large square. Upraveno dle
O’Keefe, J. & Burgess, N. Geometric determinants of the place fields of hippocampal neurons.
Nature 381, 425-428 (1996).

FIG.5 Flexibility of hippocampus space representation. A. Scheme of experimental device that
enables changes in wall length proportion. B. Frequency maps of two place-neurons in response
to manipulation with arena wall lengths. Original shape top left (SS, standard square). HR —
horizontal rectangle, VR — vertical rectangle, LS — large square. Adjusted according to O’Keefe,
J. & Burgess, N. Geometric determinants of the place fields of hippocampal neurons. Nazure 381,
425-428(1996).



008 0eEBE
.00QSEY So8SAN

008a4dA 9553
c.2 c.2

. PPBBAN . O0RENR
DOSSEN O8B3NA

OBR. 6 Dva typy hipokampového remapovani a jejich rozdilna odpovéd' na gradualni zménu
zevniho prostredi. A. Globalni remapovani, charakterizované dvéma nezavislymi reprezentacemi
pro kruhovou a ¢tvrercovou variantu arény, které se béhem morfovaci sekvence (zde uprostred)
skokovité navzajem prostfidaji. B. Frekvenéni remapovani predstavuje jedinou mapu, jez ma
variantu pro kazdé prostredi. Tyto varianty se lisi frekvenénimi maximy v aktivité jednotlivych
neuront. Odpovéd' na morfovaci sekvenci je gradualni. Zaznam z A. a B. pochazi od dvou rtiznych
subjektii a kazdy ukazuje aktivitu étyt pozicnich neuront napfi¢ morfovaci sekvenci. Upraveno
dle Colgin, L. L. et al. Attractor-Map Versus Autoassociation Based Attractor Dynamics in the
Hippocampal Network. J. Neurophysiol. 104, 35-50 (2010).

FIG. 6 Two types of hippocampus re-mapping and their different responses to a gradual
change in the external environment. A. Global re-mapping distinguished by two independent
representations for a circle-shaped and square-shaped version of the arena which interchange
in a single bounce in the course of the morphing sequence (middle). B. Frequency re-mapping
represents a single map that has a different version for each environment. These versions differ
by frequency peaks in individual neuron activities. Response to morphing sequence is gradual.
A. and B. records come from two different subjects and each shows the activity of four
place-neurons throughout the morphing sequence. Adjusted according to Colgin, L. L. et al.
Attractor-Map Versus Autoassociation Based Attractor Dynamics in the Hippocampal Network.
J. Neurophysiol. 104, 35-50 (2010).
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do kvasi-unidimenzionalni verze vlozkou ve tvaru dvou
do sebe zaklesnutych hiebenovitych prepazek?4. V ta-
kovém pripadé se experimentalni subjekt nemtize ve
¢tvercovém prostoru pohybovat libovolng, ale je jim nu-
cen prochazet jedinou ptedem danou traverzujici tra-
jektorii mezi protilehlymi stranami. Tato transformace
prostoru ma za nasledek i zménu v jeho reprezentaci,
kdy z klasické dvoudimenzionalni mapy vznika repre-
zentace vytvoreného koridoru (v tomto experimentu
pozorovana v medialni entorhinalni kite). V mapé do-
chazi opakované k resetovani ¢asti prostorového kddu
ak jakési recyklaci useku, ktery se zdanlivé pti pricho-
dem prostfedim nékolikrat opakuje. Opakovanou apli-
kaci jednoho fragmentu mapy v rtiznych ¢astech arény
lze uvazovat jako prvek vyuziti mentalniho schématu
v analogickych situacich.

44 — Dori Derdikman et al.,
Fragmentation of Grid Cell Maps in
a Multicompartment Environment,
Nature Neuroscience 12,

¢€.10 (Fijen 2009): 1325-32,
https://doi.org/10.1038/nn.2396.



independent maps for it (global remapping), then, in the
course of the morphing sequence with mid-steps in which
the environment is gradually deformed e.g. from a circle
to a square, both representations will — roughly in the
middle of the deformation series — interchange in a step-
like manner.4© Circle representation will be replaced with
a map for square. Should, however, the subject be coding
both environments within a single global map where the
changes get projected into rate changes while the recep-
tion zones are preserved (rate remapping), the morphing
sequence will be manifested in gradual transformation
of rate changes between square and circle map versions#!
(ri6. 6). There is an obvious parallel between these exper-
iments and the morphing between ‘mug and donut’ that
illustrates the contrast between the topological approach
(a single map with frequency differences) and the object
perspective when the mug and the donut have entirely dif-
ferent practical meanings and, therefore, are coded by
the brain independently whilst their morphing is accom-
panied by a predicted, abrupt jump’ between relating rep-
resentations. It is, therefore, obvious that topological na-
ture of flexible space coding in cases where it is relevant
to distinguish among its various contexts gives way to the
concept of multiple dedicated representations. An anal-
ogous spatial code tolerance has been demonstrated also
in corridor arenas.#2 These experiments have shown that
once established, representations are flexible and tolerant
of angular or metric geometrical changes, even extensive
ones, thereby confirming their topological character.

40 — Wills et al., Attractor
Dynamics in the Hippocampal
Representation of the Local
Environment; Colgin et

al., Attractor-Map Versus
Autoassociation Based
Attractor Dynamics in the
Hippocampal Network.

41 — Jill K. Leutgeb et al,,
Progressive Transformation
of Hippocampal Neuronal
Representations in ‘Morphed’
Environments, Neuron 48, No.
2 (20. October 2005): 345-58,
https://doi.org/10.1016/].
neuron.2005.09.007; Colgin
et al., Attractor-Map Versus
Autoassociation Based
Attractor Dynamics in the
Hippocampal Network.

42 — Katalin M. Gothard,
William E. Skaggs, and Bruce
L. McNaughton, Dynamics

of Mismatch Correction in

the Hippocampal Ensemble
Code for Space: Interaction
between Path Integration and
Environmental Cues, Journal
of Neuroscience 16, No. 24

(15. December 1996): 8027-40,
https://doi.org/10.1523/
JNEUROSCI.16-24-08027.1996;
Yuri Dabaghian, Vicky L
Brandt, and Loren M Frank,
Reconceiving the hippocampal
map as a topological template,
ed. Howard Eichenbaum,

eLife 3 (20. August 2014):
€03476, https://doi.org/10.7554/
elife.03476.

43 — W. E. Skaggs

Further findings pointing to spatial code topological reduc-
tion have been provided by data from experiments with en-
vironments whose configurations manifest similar repeti-
tive elements. In a classical experiment, hippocampus spatial
codes of cell populations were compared between two inter-
connected, visually identical environments.43 Substantial
part of active place-cell receptive zones was in both environ-
ments identical, which reflects the tendency toward reduction
of complexity in the coding of interconnected environments
as opposed to creation of utterly independent codes for each
part. In another experiment which led to a similar conclusion,
spatial code of a empty arena (with continual two-dimensional
permeability) was compared with anidentical space after it has
been segmented into quasi-unidimensional version by an inlay
in the shape of two hairpin-shaped partitions locked into one

and B. L. McNaughton,
Spatial Firing Properties
of Hippocampal CA1
Populations in an
Environment Containing
Two Visually Identical
Regions, The Journal

of Neuroscience:

The Official Journal

of the Society for
Neuroscience 18, No. 20
(15. October 1998):
8455-66.
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Zavér

Z vyse uvedenych poznatki plyne, ze hipokampovy systém poskytuje prirozenou
kostru — skafold pro kédovani prostoru a prostorovych vztaht. Charakter hipo-
kampové reprezentace prostoru vykazuje zcela ztfetelné topologické prvky zabu-
dované do jejich riznych urovni, véetné samotného zakladu. Na tento fyziologicky
ramec jsou pak funk¢éné navazany dalsi informace o kvalitach, objektech ¢i o dalsim
obsahu mapovaného prostfedi. Zajistuje tak fundament pro reprezentaci vzajemné
provazanych vztaht, které jsou strukturovany v rozmanitych dimenzich, a tyto di-
menze pak dale provazané a seskupené do hierarchicky vyssich entit. U lidi pro-
storova reprezentace svoji intuitivnosti poskytuje obecné srozumitelné schéma,
$iroce pouzivané v organizaci a zpracovani i ne-prostorovych informaci. Idea pro-
storu diky svym topologickym atributiim tak pfedstavuje efektivni metaforu, jez
usnadiuje provadénijinak obtizné uchopitelnych abstraktnich mentalnich operaci
a propisuje se touto cestou do naseho obecného chapani okolniho i vnitfniho svéta.
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another.44 In that situation, the experimental subject can- 44 — Dori Derdikman
R . . . et al., Fragmentation

not move within the square-space arbitrarily butis forced to g g/iq el Maps in

follow a single, predetermined traversing trajectory between  aMulticompartment

opposite walls. This space transformation causes a change 52\3:222::;9'\1]2““310

in its representation: the classical two-dimensional map will ~ (October 2009): 1325-32,

change to arepresentation of the newly created corridor ::_‘;S;gg_"i'orgho'm%/

(which, in this specific experiment, was observed in the me-

dial entorhinal cortex). In this map, part of the spatial code

gets repeatedly reset and the section which is seemingly re-

peated several times over as it passes through the environ-

ment is, in a way, recycled. Repeated application of one map

fragment to different parts of the arena can be regarded as an

element of mental scheme utilization in analogous situations.

Conclusion

The aforesaid findings imply that the hippocampal system provides a natural scaf-
fold for coding of space and spatial relationships. The nature of hippocampal space
representation manifests very distinctive topological elements built into its various
levels including the base. This physiological framework has further information
functionally linked to it concerning qualities, objects or other types of content of
the mapped environment. Thus, it constitutes a basis for representation of mutually
interconnected relationships that are structured in diverse dimensions, and these
are further interlinked and grouped into hierarchically higher entities. In humans,
spatial representation — thanks to its intuitive nature — provides a generally com-
prehensible scheme widely utilized in organizing and processing of non-spatial in-
formation. Given its topological attributes, the idea of space represents an effective
metaphor that makes it easier to perform abstract mental operations that would
otherwise be difficult to grasp, and thereby projects into our general understanding
of external and internal worlds.
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Abstrakt

Clanek vychazi z koncepti kognitivnich véd a v mensi mife i neurovédy, které pii-
spivaji k pochopeni architektonického navrhu a architektonického zazitku. Mezi
tyto koncepty patfiafordance, atmosféra a topologicka predstava grafu svéta, ktery
zachycuje prvky kognitivni mapy prostiednictvim uzlt vyjadfujicich vyznamna
mista a hran ztélestiujicich pfimé cesty mezi nimi. Uvahy o vztahu mezi hleddnim
cesty v prostoru a v ¢ase se opiraji o studium funkce hipokampu. Clanek nékteré
myslenky zpochybriiuje a zaroven obohacuje konfrontaci architektury s uménim
Magdaleny Jetelové, pri¢emz poetiku prostoru a ¢asu vnima z hlediska rizného
pojeti éasu: ¢as sdilené historie, ¢as autobiografickych vzpominek, ¢as tvorby umé-
leckého dila ¢i stavby umélcem nebo architektem a ¢as prozivani a chovani kazdého
jednotlivce ve vztahu k tomuto konstruktu — a v ptipadé performacéniho uméni také
Cas, jak jej v kazdém predstaveni prozivaji uc¢inkujici. Téma doplnuje osm pripado-
vych studii, z nichz pét se zaméfuje na tvorbu Magdaleny Jetelové, dvé na architek-
turu Liny Bo Bardi a Jerna Utzona a jedna na choreografii Anny Smith, ktera klade
dtraz na souhru prostoru a ¢asu, véetné akce a interakce taneéniki.



Abstract

The article recalls concepts from cognitive science, and to a lesser extent neuro-
science, that contribute to understanding the experience and design of architec-
ture. These concepts include affordances, atmosphere, and the topological notion
of a world graph that captures elements of a cognitive map through nodes for signi-
ficant places and edges for direct paths between them. A study of hippocampus sup-
ports reflection on the relation between wayfinding in space and in time. The pre-
sent paper challenges and enriches these ideas by confronting the architecture with
the art of Magdalena Jetelova, while beginning to develop one approach to a poetics
of space and time where the notions of time are diverse: the time of shared history,
the time of autobiographical memory, the time of the artist or architect’s creation
of an artwork or building, and the time of the experience and behavior of each in-
dividual in relation to that construct — and in performance art we have also time
as experienced in each performance by the performers. The discussion is enriched
by eight case studies, five focused on Magdalena Jetelova’s work, two on the archi-
tecture of Lina Bo Bardi and Jgrn Utzon, and one on the choreography developed
by Anna Smith that emphasizes the interplay of space and time that includes the
actions and interactions of her dancers.
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Predmluva a podékovani

Pro uvedeni do souvislosti uvadim, zZe v listopadu 2021 jsem mél to potéseni stra-
vit dva tydny v Ceské republice na pozvani Tomage VI¢ka jako hostujici odbornik
v ramci Fulbrightova programu. 4. listopadu jsme spole¢né s Tomasem a Jarosla-
vem Ne$ettilem navstivili Liberec, kde mél Tomas moznost setkat se s Magdalenou
Jetelovou a projednat s ni plany pfipravované vystavy jejiho dila, jejimz byl kura-
torem a ktera se méla konat v sale byvalych lazni Oblastni galerie v Liberci. Béhem
navstévy jsme poobédvali s Magdalenou Jetelovou na pozvani Osamu Okamury, dé-
kana Fakulty uméni a architektury Technické univerzity v Liberci; zde jsem mél
kratkou prilezitost vyménit si s ni své nazory.

Nasledné mé Tomas s Jarikem pozadali o pfednasku pod titulem ‘Atmosphere and
Affordances: Mental Situatedness and Creativity’ / Atmosféra a afordance: Men-
talnisituovanost akreativita / na mezioborové védecké konferenci 7opologie a poe-
tika prostoru, ktera se konala v kvétnu 2022 v Liberci a v Praze v souvislosti s libe-
reckou vystavou Promény mista a prostoru. Nazev prednasky zvolili tak, abych se
mohl vratit k témat@im, o kterych jsme v Cesku diskutovali v roce 2021; ji sdm jsem
se ale rozhodl pfijmout novou vyzvu a konfrontovat tato témata s pokusem o lepsi
pochopeni zZivotniho dila M. Jetelové. Tento ¢lanek prinasi aktualizovany obsah
dané prednasky. Zahrnuje rozsifené pojednani na téma , Atmosféra a afordance®,
vynechava vSak kratky rozbor tykajici se mentalni situovanosti a vyvoje lidské tvo-
fivosti, protoze jsem dospél k zavéru, ze jejich podrobné pojednani by zabralo pfilis
mnoho stran.

V tomto ¢lanku podrobnéji popisuji dilo Magdaleny Jetelové a pokusim se prozkou-
mat, jakym zpisobem mizZe souviset s mym vlastnim dilem. V pfedchozim navrhu
tohoto ¢lanku jsem napsal, Ze jsem ,na vlastni o¢i vidél pouze maly vzorek dila
Magdaleny Jetelové, a to v Muzeu hlavniho mésta Prahy®; poté jsem si v8ak precetl
informaci Ellen King (2000), Ze ,,0 dile Jetelové se poprvé dozvédéla na vystavé Do-
cumenta 8 v némeckém Kasselu v roce 1987, kde Jetelova predstavila masivni kon-
strukcislozenou z dfevénych sloupti a prekladi pod nazvem Determination’s Other
Side / Drubd strana determinace /.“ Tehdy jsem si uvédomil, Ze jsem dilo Jetelové
vidél uz dfive — na exkurzi béhem sympozia na téma ‘Visuomotor Coordination:
Amphibians, Comparisons, Models, and Robots’ / Vizuomotoricka koordinace:
Obojzivelnici, srovnani, modely a roboti /, které jsme usporadali spolu s mym kole-
gou z Kasselu Peterem Ewertem (Ewert & Arbib, 1989); nezapamatoval jsem si vSak
jméno socharky, a tudiz jsem si do té doby nespojil starou vzpominku s novymi za-
zitky — coz je pozoruhodny priklad toho, jak mize rekonstrukce starych vzpomi-
nek v novych souvislostech pretvaret nase chapani minulosti.

Prostudoval jsem katalog liberecké vystavy i pojednani o dile Jetelové na internetu
a postupné jsem zacal chapat, jakym zpisobem by konverzace s jejim dilem a ar-
chitekturou mohla navazat na myslenky popsané v mé knize When Brains Meet
Buildings: A Conversation Between Neuroscience and Architecture / KdyZz se mozek



Preamble and Acknowledgements

By way of background: I had the pleasure of spending two weeks in the Czech Re-
public in November of 2021 as a Fulbright Visiting Expert at the of invitation of
Tomas VI¢ek. On November 4th, Tomas, Jaroslav NeSettil and I visited Liberec so
that Tomas could meet with Magdalena Jetelova to discuss plans for a forthcoming
exhibition of her work he would curate, to be held in the Hall of the Former Swim-
ming Pool in the Regional Gallery in Liberec, Czech Republic. During the visit we
had lunch as guests of Osamu Okamura, Dean of Arts and Architecture at the Tech-
nical University of Liberec, and there I had the opportunity to share ideas, briefly,
with Magdalena Jetelova.

Subsequently, Tomas$ and Jarik invited me to give a talk entitled ‘Atmosphere and
Affordances: Mental Situatedness and Creativity’ at the Interdisciplinary Research
Conference on 7Topology and Poetics of Space held in Liberec and Prague in May 2022
in conjunction with the Liberec exhibition 7ransformations of place and space. They
chose the title of the talk to allow me to revisit themes I had discussed in Czechia in
2021, but I decided to take on a new challenge by confronting those themes with an
attempt to get a feeling for Jetelova’s oeuvre. This paper provides an updated account
of that talk. It includes an extended discussion of ‘Atmosphere and Affordances’, but
omits the talk’s brief discussion of mental situatedness and the evolution of human
creativity since I decided that it would take too many pages to discuss them properly.

The present paper extends my understanding of MagdalenaJetelova’s work and seeks
to explore ways in which it may relate to my own. In the previous draft of this paper,
I wrote that ‘Thave only seen first hand a small sample of MagdalenaJetelova’s work,
at the City Museum of Prague’, but have since read Ellen King’s (2000) statement
that ‘[she] first became aware of Jetelova’s work at the 1987 Documenta 8, in Kassel,
Germany, at which she presented Determination’s Other Side, a massive construc-
tion composed of post and lintel wooden components’. I recognized then that I had
seen Jetelova’s work before — on an excursion during a Symposium on ‘Visuomotor
Coordination: Amphibians, Comparisons, Models, and Robots’ co-organized with
my Kassel colleague Peter Ewert (Ewert & Arbib, 1989) but had not memorized the
name of the sculptor, and thus had not hitherto connected the old memory and the
new experiences — a striking example of the way in which reconstructing old memo-
ries in new contexts can reshape one’s understanding of the past.

Istudied both the catalogue of the Liberec exhibition and the discussion of
Jetelova’s work on the Internet to begin to understand how the conversation with
her work and architecture might build on ideas in my book When Brains Meet Build-
ings: A Conversation Between Neuroscience and Architecture (Arbib, 2021). More
importantly, since the previous draft was written, Jetelova has sent me further ma-
terials concerning her work, commented on that draft, and engaged in an extended
Skype discussion. Some of that personal communication is paraphrased below, with
the notation ‘Jetelova (pc)’.
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OBR.1 Sal byvalého bazénu Oblastni galerie v Liberci upraveny pro vystavu Magdaleny Jetelové
Promény mista a prostoru, jejimz kurdtorem byl Tomas Viéek.

FIG.1 The Hall of the Former Swimming Pool in the Regional Gallery in Liberec configured

for Magdalena Jetelova’s exhibition 7ransformations of place and space, curated by Tomas Videk.
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setkavd s budovami: Konverzace mezi neurovédou a architekturou / (Arbib, 2021).
Dalsi dulezitou skuteénosti je, Ze od napsani predchoziho navrhu élanku mi M. Je-
telova zaslala dalsi materialy tykajici se jeji prace, vyjadtila se k mému navrhu, a do-
konce jsme vedli dlouhy rozhovor pies Skype. Cast této osobni komunikace parafra-

zuji nize s odkazem na osobni rozhovor ,Jetelova (pc)“.

Chceme-li rozsifit dialog mezi neurovédou a archi-
tekturou (ktera je zde vnimana ve vztahu k budovam
z hlediska jejich navrhu a nasledného zazitku) a lépe
pochopit dilo Magdaleny Jetelové, musime se zamys-
let nad tim, jakym zpisobem se lisi navrh budovy od
navrhu sochy. Po budové se pohybujeme a vyuzivame
jiraznymizptisoby. Architekt musi navrhnout budovu
tak, aby obsahovala mista, ktera budou spliovat prak-
tické i estetické potteby potencialnich budoucich uzi-
vateld — prostredi, které bude podporovat dokonce
i zkoumadni a smysl pro hru. Architekt neustéle putuje
mezi fyzickym mistem stavby a programovymi po-
trebami, které budou budovu utvaret — situovanosti
v geografickém prostoruav prostoru praktického vni-
mani zaméreného na akci, stejné jako pociti. Magda-
lenaJetelova je sochatka a konceptualni umélkyné; za-
byva se ale také landartem, takze velka cast jeji tvorby
se potkava se situaci architekta, ktery se zajima o fy-
zické misto stavby. Jetelova (pc) chce smazat rozdil
mezi architekturou a svym dilem?!, protoZe mnohé
jeji instalace jsou navrzeny tak, aby se v nich ¢lovék
v ramci svého zazitku pohyboval. Klicovym rozdilem
je tedy, zda se, skuteénost, ze budovy maji podporovat
praktické ¢innosti tim, ze naptiklad loznice, kuchyné
a koupelny v domé nebo byté uspokojuji zakladni lid-
ské potreby, zatimco sochy nikoli.

1 — Podrobné feceno, Jetelova (pc)
chce smazat rozdil mezi

tzv. ,dobrou” architekturou a jeji
praci, a zaroven odmita srovnani

s vétSinou staveb, které bézné
pusobi jako ,katastrofa“ a které
,zaneradily“ nase mésta. Ja vSak

do svého pojednani o zastavéném
prostfedi zahrnuji i tzv. ,$patnou*
architekturu, ¢aste¢né proto,
abychom mohli (na jiném misté)
diskutovat o tom, jak mizeme
budovy zlepsit, aby Iépe podporovaly
blaho lidstva a ekosféry.

Zasadni otazkou tohoto ¢lanku neni vytyleni hranic, ale spise zamysleni nad tim,
co lze vyvodit z rozhovoru mezi myslenkami knihy When Brains Meet Buildings

adilem Jetelové.



To extend my conversation between neuroscience
and architecture (considered here as related to build-
ings as they are designed and experienced) to a rap-
prochement with the work of Magdalena Jetelova, we
must consider some of the ways in which the design of
a building differs from the design of a sculpture. We
move around a building and use it in diverse ways. The
architect must design a building with places that could
meet the needs, both practical and aesthetic, of poten-
tial future users of that building — an environment that
even supports exploration and a sense of play. The ar-
chitect goes back and forth between the physical site
and programmatic needs that will shape a building —
a situatedness in geographical space and in the space
of practical action-oriented perception, as well as feel-
ings. Magdalena Jetelovais a sculptor and a conceptual
artist — but sheis also a land artist, so much of her work
meets the architect in its concern with a physical site.
Indeed, Jetelova (pc) wants to blur the distinction be-
tween architecture and her work? since many of her
installations are designed to be moved through as they
are experienced. The key distinction, then, seems to be
that buildings are to be used to support practical ac-
tions in the way that, for example, basic human needs
are met by the bedrooms, kitchens and bathrooms of
a house or apartment, whereas sculptures are not.

1 — More fully, Jetelova (pc) wants
to blur the distinction between
‘good’ architecture and her work
while rejecting comparison with the
‘common disaster’ of most buildings
that clutter our cities. However,
linclude ‘bad’ architecture in my
discussion of the built environment,
in part so that one can (elsewhere)
discuss how buildings can be
improved to better support the well-
being of humans and the ecosphere.

The crucial issue for this paper is not to draw boundaries, but rather to see what can
be learned from the conversation between the ideas of When Brains Meet Buildings

and the works of Jetelova.
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Uvod

Nazev konference 7opologie a poetika prostoru a nazev vystavy Promény mista
a prostoru kladou diraz na prostor, ale v tomto ¢lanku se budeme postupné za-
byvat riiznymi zpisoby vnimani a pojimani ¢asu. Nejprve se véak zamysleme nad
tim, co pise Gaston Bachelard ve své knize Poetika prostoru / The poetics of space /-
..vztah nového basnického obrazu k archetypu dfimajicimu v hlubinach nevédomi...
neni... vztahem kauzalnim... Basnicky obraz nepodléha vnitfnimu tahu. Neni ozvé-
nou minulosti. Naopak: skrze brilantnost obrazu se rozezniva ozvénou vzdalena
minulost... (Bachelard, 1958, s. xvi).

Bohuzel se s timto ndzorem neztotoznuji, mMoZna proto, 2 — Askoli odmitam jungovské
Ze se snazim porozumét spiSe kognitivnim procestim nez  Poleti archetypu zakotvenych

, . , v, . « . v. , v lidském védomi, pfipoustim
basnickému vyjadreni a pojem ,archetyp” mi nepfipadd  jeno pousitiv pripadové
uzite¢ny.2 Na jiném misté (Arbib, 2019) stru¢né uvadim,  studiié 1vevztahu k obrazu

. , o v v v . v. (pyramidé), ktery je v urgitych
v jakém smyslu muzeme zasvécené metaforicky hovorit  uiturach mezi lidmi znagng
o ,poetice architektonické formy*, kdyz rozehrajeme  rozifen -jedna se o historicky
k k . , k b / v f k ’ spiSe nez biologicky koncept.

ontrapunkt mezi vyznamem a zvukem basné s funkci  gachelardova trajektorie vedia
a formou budovy. Basnik se nam snazi sdélit, ,0 Cem ba-  od filozofie védy k poetice, takze

vV o. o« 1 dvll . v, v h ’ ,bv l . e hv mou trajektorii Ize povazovat
sef je“ — ale déla jesté mnohem vic vybérem slov, jejichz ., yraichcabovskou (pozpatku

sV_V /4 4 o/ /4 4 v
zvuk a forma vyti$téna na strance obohacuji ,zakladni“  Bachelard, pozn. prekl..
vyznam o emociondlni presah, ktery by jiné kombinace
jinych slov na stejné téma postradaly. Stejné tak archi-
Ve /4 4 v Vv . 4 .

tekt pri navrhovani budovy prekracuje ramec uspokojo-

4 4 . 4 v Vv v o Vv 4
vani praktickych potfeb; pro umélce vSak miize takova
zakladni funkénost hrat jen malou roli, pokud vibec

Ve . . v 4 ’ v Ve I4 ’
néjakou roli hraje. Umélec nabizi spise uréité poselstvi,
stejné jako basnik, a také otevienost, diky niz pozorova-

o Vv . . 4 4 . v v 4 v

tel mize objevit nové vyznamy, z nichz nékteré umélec
zamyslel, jiné ne — jedna se o odhalovani poselstvi a jeho

variaciv ¢ase.

Ackoli pojem ,archetyp” neshledavam uziteénym, ani se nedomnivam, zZe ,skrze
brilantnost obrazu se rozezniva ozvénou vzdalena minulost®, zajimaji mne obrazy,
které napadaji umélce nebo architekta, a jejich vliv, védomy, ¢i ¢asto nevédomy, na
predstavivost (Zumthor, 2012) a souvisejici mechanismy fungovani mozku (Arbib,
2021, kapitola 10). Obrazy, které nas napadaji, mohou byt ozvénou minulych zku-
$enosti a zazitkd, ale predstavivost umélce nebo architekta vytvari syntézu, ktera

v Vv . 4 s/ v 4 . v o Vv ’ . 4 o S e v v
umoznuje nové vyjadfeni, jez muze byt zdrojem budoucich obrazt. Jen vyjimecné
tyto nové obrazy pretvareji nebo ozivuji nase obrazy ze vzdalené minulosti — ale
ano, poeticky to mizeme vyjadrit tak, Ze minulost zni ozvénou v tomto novém ob-
razu. Zde se skute¢né zabyvame jak minulosti v celé jeji aktualnosti, kterou nikdy

o v A Vv Ves . 4 e e e \ 4 4
nemuzeme poznat, tak pribéhy, déjinamia vzpominkami, jejichz hybna silaa pohyb
vpred neustale pretvareji to, co o této minulosti vime.



Introduction

The conference title 7opology and Poetics of Space and that of the exhibition 7rans-

formations of place and space place the emphasis on space, but as the paper pro-
gresses, we will bring in the consideration of multiple perspectives on time. But
first, consider what Gaston Bachelard writes in his book 7he poetics of space: ... the
relation of a new poetic image to an archetype lying dormant in the depths of the
unconscious, ... is not ...a causal one. ... The poetic image is not subject to an inner
thrust. It is not an echo of the past. On the contrary: through the brilliance of an
image, the distant past resounds with echoes ... (Bachelard, 1958, p. xvi).

Alas, this perspective does not resound with me, perhaps 2 — while I reject the Jungian
because I seek an understanding of cognitive processes ~ notion of archetypes embedded in
. . ) human consciousness, | accept its

rather than poetic expression and do not find the notion  use in Case Study 1 for an image

of ‘archetype’ helpful.2 Elsewhere (Arbib, 2019),1 briefly  (the pyramid} widely held by humans
. . L. in certain cultures - a historical

suggest a sense in which one may insightfully speak met-  rather than a biological concept.

aphorically of ‘the poetry of architectural form’ by play- ~ Bachelards trajectory was from

. . . philosophy of science to the poetic,

ing off the counterpoint between the meaning and the g, my trajectory may be seen as

sound of a poem with the function and form of a build-  Dralehcabian.

ing. The poet seeks to convey ‘what the poem is about’ —

but does much more by choosing words whose sound and

whose form on the printed page enrich the ‘basic’ mean-

ing with an emotional overlay that other combinations

of other words about the same theme would lack. In the

same way, the architect goes beyond satisfying practical

needs in designing a building, but for the artist such ba-

sic functionality may play little if any role. Rather, the

artist may offer a message, as may the poet, and also an

openness to the observer’s discovery of new meanings,

some intended by the artist, some not — an unfolding of

the message and its variations in time.

Though I do not find the notion of ‘archetype’ useful, nor consider that ‘through
the brilliance of an image, the distant past resounds with echoes’, I have been con-
cerned with the images that come to mind for the artist or architect, and how they
may inform the imagination (Zumthor, 2012), sometimes consciously, often non-
consciously, and studied the brain mechanisms involved (Arbib, 2021, Chapter 10).
The images that come to mind may each be an echo of past experience, but the im-
agination of the artist or architect forms a synthesis that provides a new expression
that may be the source of future images. Only rarely will these new images reshape
or revitalize our images of the distant past — but yes, then it is poetic to say that the
past resounds with echoes of this new image. Here we are indeed concerned with
both the past in all its actuality that we can never know, and the stories and histo-
ries and memories whose forward momentum keeps reshaping what it is that we
understand of that past.

PAGE 281



STRANA 282

Kli¢ovym tématem mé prace je vnimani a ptedstavi- 3 — Podrobnosti této analyzy
vost jako vysledky mentdlni konstrukce, které pro ~ nésdovedou ktzv.teorii schémat,
. , v , . M M jejimz cilem je propojit jednani,
architekta vrcholi uréenim toho, co je potfeba udé-  vnimania predstavivost zpasobem,
lat v procesu fyzické vystavby budovy. Vnimdni, at uz, ~ Kkeryzezkoumat na kognitivni
. , 7 , oy v v arovni, a pfesto maze byt, alespon
praktické nebo kontemplativni, mtize urdovat nase nakterych pripadech, spojen
hovani ké uklad ink dal ik 4 s analyzou nervovych mechanisma
chovani a také ukladat vzpominky na udalosti, které _ N _

IV el IV Ve v ’ sy . v lidském i jiném mozku (Arbib, 2021,
utvareji nas zivot. Protoze vnimani lze interpretovat  yapitoly 2 a 3). V tomto clanku se
jako akt mentalni konstrukece, lze vzpominky chapat  vsakzaméfuiji jinym smérem.
jako rekonstrukce (s riznou presnosti) téchto kon-
strukci —jsou to vjistém smyslu také konstrukty. Kdyz
se nam tedy vybavi rizné vzpominky, nase predstavi-
vost muze tyto konstrukty rozebrat, pretvofit aznovu
slozit novym zptsobem, coz vede k novym napadiim,

které mohou ovlivnit rodici se navrh.3

Pripadova studie ¢. 1.
Magdalena Jetelova a jeji Domestikace pyramid

Cyril Foiret (2015) pfi popisu vystavy Magdaleny Jetelové ,Domestikace pyramid® /
Domestication of Pyramids / pise: ,Propojeni vychodniho archetypalniho monu-
mentu — pyramidy — a jeji absolutni geometrie s ,humanizovanou‘ zapadniarchitek-
turou... vyvolava otazky tykajici se povahy nasi kultury, kdy se nase stabilni sourad-
nice, které nas ukotvuji ve svété, stavaji relativnimi.”

Jetelové ,pyramida“ je véak pouhd iluze — je ndm ukazano néco, co by mohlo byt
protnutim pyramidy s interiérem muzea. To, co vidime, je fragment pomysiného
celku, ktery pokraluje za hranice muzea a ktery mizeme mentalné rekonstruo-
vat jako pyramidu. To zapada do naseho obecného tématu vnimani jako mentalni
konstrukce. Jde tedy o to, jaké asociace mize umélec predpokladat pfi vytvafeni
situace, kterd ma poskytnout urdité zamyslené zazitky. Kontrapunktem, ktery dilo
obohacuje, jsou vlastni nec¢ekané vzpominky divaka, které zazitek rozsiti, nebo do-
konce zméni. Tento kontrapunkt odpovida rozdilu mezi budovou nebo méstskym
prostiedim, které nabizi jasné voditko k nalezeni cesty, a prostfedim (jako jsou
Benatky), které umoznuje nalézt potéseni ve zkoumani nebo zamérném ,ztraceni
cesty“ (Arbib, 2021, kapitola 6; Mollerup, 2013).



A crucial theme in my work has been that perception 3 — The details of this analysis
and imagination are acts of mental construction that  @keusintoaversion of what

K . i L. ) is called schema theory that is
for the architect culminate in specifying what is to be  designed to link action, perception
done in the process of physical construction of abuild- ~ andimagination in a way that can
. . R . be explored at a cognitive level and
ing. Perception, whether practical or contemplative, can  yet can, in some cases at least,
guide behavior and also lay down memories of the epi-  be Ii:\ke(‘j to ”}e:”a'ySiS Ogneura'

. . . . mechanisms in human and non-
sodes that shape our lives. Since perception canbeinter-  hyman brains (Arbib, 2021, Chapters
preted as an act of mental construction, memories can 2 andbs). E:ut inhthis paper, my focus

. . must be elsewhere.
be understood as reconstructions (of varying accuracy)
of constructions — they are in some sense constructs
too. Thus, when diverse memories come to mind, our
imagination can disassemble various constructs and
transform and reassemble them in new ways to yield

new ideas that may influence the emerging design.3

Case Study 1.
Magdalena Jetelova's Domestication of Pyramids

Describing Magdalena Jetelova’s ‘Domestication of Pyramids’, Cyril Foiret (2015)
writes: “The intersection of the eastern archetypal monument — the pyramid — and
its absolute geometry with “humanized” western architecture, ... raises questions
concerning the nature of our culture, whereby our stable coordinates which anchor
us in the world become relative.’

However, Jetelovd’s ‘pyramid’ is an illusion — we are shown what cou/d be the inter-
section of a pyramid with the interior of the museum. What we see is a fragment of
an imagined whole which continues beyond the borders of the Museum and which
we can mentally reconstruct as a pyramid. This fits in with the general theme of per-
ception as mental construction. The issue then is what associations the artist can
assume in creating a situation that will afford certain intended experiences. The
counterpoint is that the work is enriched if the audience can bring unanticipated
memories that expand or even change the experience. This counterpoint corre-
sponds to the tradeoff between a building or urban environment that offers clear
guides to wayfinding and one (like Venice) that allows one to find delight in explo-
ration or intentional ‘waylosing’ (Arbib, 2021, Chapter 6; Mollerup, 2013).
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oBR. 2 Ttipohledy na ¢ervenou pyramidu protinajici interiér muzea
FIG. 2 Three views of the red pyramid intersecting the interior of the museum
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Pripadova studie €. 2.
Magdalena Jetelova - Projekt Island 1992

Stredoatlanticky hibet tvofi geologickou hranici mezi Severni a Jizni Amerikou
aEvropou. Je tvoren pohotim, které se tahne v délce 15000 km, pficemz vétsina se
nachazi pod hladinou ocednu. Asi 350 kilometru je viditelnych jako pasmo, které
v poloviné protina Island. Projeks Island Magdaleny Jetelové je zaznamem neboli
inscenovanou svételnou performanci/fotografii. Autorka v tomto dile vyuzila la-
sery (specialni paprsky soustfedéného svétla), aby zmapovala tzv. podmotsky me-
zikontinentalni pfedél naIslandu. Zemépisné se jedna o hranici tektonickych desek.
(https://publicdelivery.org/magdalena-Jetelova-iceland/).

Jetelova zvyraznila hieben protinajici povrch islandské krajiny laserovym svét-
lem, aby ukazala cosi, co je skryté hluboko na dné oceanu. Uméni ndm predstavuje
uzasny geologicky objev — kontinentalni drift. A¢koli néktefi autofi spatiuji kon-
flikt mezi uménim a védou, v tomto dile véda evokuje uméni, které zase vyvolava
nasi reakci na védu. Z jednoduché predstavy ptimky vyplyva komplexni pocho-
penidynamickych sil, které formovaly kontinenty definujici nas svét. Osvétleni pro-
storu zde vyvolava uvahy o geologickych procesech, které v hloubi casu pretvarely
nasi planetu.

Rozhovor mezi uménim a védou se zde zaméruje nikoli na slozitosti védeckého vy-

8% v 4 /4 v v /4 4 /4 v ’ v
zkumu, ale spi$e na myslenky, které nam véda zprostifedkovava a které méni nase
védomi svéta. Dalsi priklad této prospésné interakce uvadi Juhani Pallasmaa (2018),
ktery tika, Ze: James Turrell vytvoril zazitky svétla a umoznil ndm vidét ,taktilni
svétlo a ,staré svétlo®, kosmické svétlo, které putovalo tisice svételnych let vesmi-
v Ve 4 . . I Ve ’ v Vv .
rem, nez dopadlo na nasi sitnici; tento zazitek naim dokonce umoznuje dotknout se
¢asu a vinimat nekonec¢no a vé¢nost.

M v o e 4 VI v . 1. v ’ &S s 71 Y
Presto véda zlistava tim, co nas udi zasnout nad tisici svételnych let. Siroky zabér
4 v ’ vV 4 v ! Vv Vv 4 o Vv .
nové védy nakonec vstoupi do bézného povédomi a bézné mluvy a muze tak ovliv-
. . o . 4 N7 4 O . 4 7 Ve 4 Vv 7 4
nit nejen zpusob, jakym prozivame svtj kazdodenni zivot, ale také mysleni, které
vy - . . R ) / o . ’ . Ve / v . «
umélci (a architekti!) vnaseji do své prace, a zpisob, jakym je ,Siroka verejnost
oy : )
miuze ocenit (Arbib, 2021, s. 61).



Case Study 2.
Magdalena Jetelové's Iceland Project 1992

The Mid-Atlantic Ridge is the geological boundary between the Americas and Eu-
rope. It forms a mountain range that stretches 15,000 kilometers, with most of the
ridge located at the ocean’s bed. It is visible to for about 350 kilometers as a range
that cuts Iceland midway. Iceland Project by Magdalena Jetelova is a recording or
staged light performance/photography. In this work, the artist leveraged lasers
(special beams of focused lights) to map out what’s known as the undersea intercon-
tinental divide in Iceland. In geography, this refers to the boundary of a divergent
tectonic plate. (https://publicdelivery.org/magdalena-Jetelova-iceland/).

Jetelova highlighted the ridge with laser light crossing the surface of the Icelandic
countryside to show something concealed deep in the ocean. Here, the art brings
an amazing discovery of geology — continental drift — into our view. Where some
writers see art and science as in conflict, in this work science evokes the art that in
turn evokes our response to the science. The simple idea of a straight line unfolds
intoa complex understanding of the dynamic forces that have shaped the continents
that define our world. The illumination of space here plunges us into reflections on
the geological processes that reshaped our planet in Deep Time.

The conversation between art and science here focuses not on the intricacies of the
scientific research, but rather on ideas that reflect back from the science to change
our consciousness of the world. Another example of this beneficial interaction oc-
curs in Juhani Pallasmaa’s (2018) comment that James Turrell has articulated ex-
periences of light, and enabled us to see ‘tactile light’ and ‘old light’, cosmic light
that has travelled thousands of light years through outer space before hitting our
retina; this experience even permits us to touch time and sense infinity and eternity.

Yet it was science that taught us the awe of thousands of light years. The broad
strokes of new science eventually enter into common parlance and thus may affect
not only the way we experience our everyday lives but also the mind-set that artists
(and architects!) bring to their work, and the way in which ‘the general public’ may
come to appreciate them (Arbib, 2021, p. 61).
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OBR. 3 Fotografie laserového svétla osvétlujiciho virtualni hranici tvofenou
Stfedoatlantickym hrbetem protinajicim Island

FIG. 3 Photographs of laser light illuminating the virtual boundary created
by the Mid-Atlantic Ridge as it crosses Iceland
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Od topografie k topologii

Topografie uzce souvisi s etymologii geometrie ve vyznamu zemskych rozmért.
Tyka se rozmisténi mist a utvara ve vztahu k jinym ttvarim v ramci pozemského
prostoru, které Ize definovat pomoci euklidovské geometrie nebo kartézského sys-
tému soufadnic. Zajem o topografii urditého regionu nas miize dovést ke studiu
jeho historie z hlediska prostoru. Toto pojeti ztetelné rezonuje s landartem, ktery
je tak dilezitou soulasti tvorby Magdaleny Jetelové. Topografie je navic dilezitym
aspektem pro architekty, kteti budovu situuji ve vztahu k mistu, kde bude posta-
vena, i k okolnimu prostredi.

Matematické definice topologie naopak neberou ohledy na zakladni topografické
prostorové usporadani. Topologie dala zrod mnoha studiim s riznou mirou ab-
strakce, ale zde se zaméfime pouze na jednu — na spojeni mezi vyznamnymi misty.
Tim odhlédneme od konkrétnich forem, které utvareji umélecké nebo architekto-
nické dilo, a budeme vénovat pozornost jejich neuvéritelné flexibilité.

Dal$im kli¢ovym matematickym pojmem je transformace. Rizna odvétvi matema-
tiky pracuji s konkrétnim souborem transformacia hledaji odpovéd na otazku, jaké
vlastnosti objektu ztstavaji zachovany bez ohledu na uplatnéni konkrétnich trans-
formaci z dané kategorie. Klasickym prikladem je euklidovska geometrie, ktera
umoznuje libovolnou translaci (ve smyslu premisténi jinak nezménéného objektu
na jiné misto), rotaci nebo odraz. Timto zptusobem se naptiklad z trojahelniku ne-
muze stat tverec a dva trojuhelniky jsou ekvivalentni pouze tehdy, kdyz maji stejné
uhly. Nas vsak ¢asto vice zajima, jaka transformace vede ke vzniku ,,objektu® s poza-
dovanymi vlastnostmi. Pokud se snazime usporadat kusy nabytku v existujici mist-
nosti, pak euklidovska geometrie nam poskytne transformace, z nichz vybereme
vhodné usporadani.

Topologicky ptfistup pouzity v tomto ¢lanku povazuje libovolné dva objekty za
stejné, pokud maji stejny ,,graf”. Zamétuje se na zpusob, jakym jsou jednotlivé ¢asti
objektu usporadany nebo propojeny. Nez to vysvétlim na prikladu, rad bych zda-
raznil, Ze tato topologie poskytuje pouze ¢asteény pohled na prostor, ktery zabira
konkrétni budova, a proto prislusné matematické vztahy (i kdyz je zde nebudu po-
pisovat) sahaji daleko za hranice topologie. Pfiklad z euklidovské geometrie jsme
si jiz uvedli. Na druhou stranu, pokud chceme navrhnout stfechu, ktera bude mit
urdity tvar, mizeme pouzit diferencialni geometrii a najit zptsob, jak zachovat
obecny tvar a zaroven jej pretvoftit tak, aby odpovidal rozmérim budovy a dal$im
omezenim. Pokud tedy proces tvorby navrhu vyuziva matematiku, zahrnuji poe-
tika i prakti¢nost prostoru vice nez topologii, pokud chapeme topologii jako uréity
ndstroj v ramci rozsahlého souboru nastroji matematiky.

Omlouvam se ¢tenartim, kterinejsou zbéhli v matematice a povazuji toto celé za zby-
te¢né odchyleni se od tématu, ale vzhledem k tomu, Ze jsem vystudoval matematiku,
je pro mé dilezité vyjadfovat se presné, pokud jde o matematickou terminologii.



From Topography to Topology

Topography is closely related to the etymology of geometry as meaning the meas-
urement of the earth. It concerns the disposition of places and forms in relation to
others in a terrestrial space that can be defined in Euclidean terms or Cartesian co-
ordinates. A concern with the topography of a region may lead us to study its his-
tory in spatial terms. This notion clearly resonates with the land art that has been
so important a part of Magdalena Jetelova’s work. Moreover, topography provides
a major concern for architects who situates a building in relation to the site on which
it is built as well as the surrounding environment.

By contrast, the mathematical definitions of topology ride roughshod over the cru-
cial spatial layout of topography. Topology has developed many studies of diverse
abstractions, but below I will focus on just one — the connections between signifi-
cant places. This abstracts away from the particular forms that shape a work of art
or architecture yet draws attention to their mind-bending flexibility.

Another crucial mathematical notion is that of transformation. Different branches
of mathematics will offer a particular set of transformations and ask what prop-
erties of an object are preserved no matter what transformations from that class
are applied. For the classic example, Euclidean geometry allows any translation (in
the sense of moving an otherwise unaltered object to another location), rotation,
or reflection. In this way, for example, a triangle cannot become a square, and two
triangles are equivalent if and only if their angles are the same. However, we are of-
ten more interested in finding which transformation yields an ‘object’ with desired
properties. If we are trying to arrange pieces of furniture in an existing room, then
Euclidean geometry provides the transformations from which we select the appro-
priate arrangement. The approach to topology in this paper views any two objects
as being the same if they have the same ‘graph’. It focuses on the way the parts of
something are organized or connected .

Before I use an example to explain this, let me stress that this topology gives only
a partial view of the spaces that a building occupies, and so the relevant mathemat-
ics (though I won’t describe them here) extends far beyond topology. We have al-
ready seen an example from Euclidean geometry. On the other hand, if we wish to
designa roof with a certain sort of shape, then we may turn to differential geometry
to find a way to preserve the general form while reshaping it to match the dimen-
sions of the building and other constraints. Thus, in those cases where mathematics
is engaged in the design process, both the poetics and practicality of space involve
more than topology when we understand topology as a particular tool within the
extensive toolkit of mathematics.

I apologize to the non-mathematical reader who finds all this an unnecessary digres-

sion, but — having been trained as a mathematician — it is important for me to make
the attempt to be precise when mathematical terminology is involved. Nonetheless,
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Nicméné uznavam, ze termin ,topologie” se pouziva neformalné a v obecném slova
smyslu znamena, ze navrh budovy nebo sochy Ize napadité ménit a opakované tak
pretvaret ptivodni navrh, nez je nalezena verze, ktera projektanta skutecné uspo-
koji.Jetelova (pc) rika, ze topologie neni konec procesu a presahuje pretvareni, k né-
muz dochdzi pfi navrhu jednoho dila, a zdiiraznuje, Ze Uméni neni hotové. Kazdé
dilo otevira dalsi kroky, jako ve $tafetovém béhu.

oBR. 4 znazornuje problém ,,Sedmi mostt v Kralovci, ktery je vychodiskem naseho
pojeti topologie a ktery bude hrat dilezitou roli v nasem pojednani o architektonic-
kém navrhu. Problém byl nasledujici: Vzhledem k tomu, ze mésto ma sedm mostd,
lze naplanovat prochazku méstem tak, aby navstévnik presel kazdy most jen jed-
nou? Muzete vyzkouset mnoho riznych tras — bez uspéchu; matematik Leonhard
Euler v8ak v roce 1736 vyftesil tento konkrétni problém tak, ze vytesil mnohem
obecnéjsi ulohu. Vynechal podrobnosti topografie zobrazené vlevo a vytvotil graf
(jako soubor uzla ¢ivrcholt, z nichz kazdy je spojen jednou nebo vice hranami) zob-
razeny vpravo — kazda ¢ast pevniny je vyjadrena uzlem zobrazenym jako Ctverec
oznadeny prislusnym pismenem, a kazdy most spojujici ptislusné pevniny je vyjad-
tfen hranou spojujici dva uzly. Vsimnéte si, Ze pokud se vam podafi najit cestu gra-
fem, kdy prejdete po kazdé hrané pouze jednou, bude existovat prochazka, ktera
prejde kazdy most pouze jednou.Euler nefesil primo problém mésta Kralovce; misto
toho zvazoval vsechny takové grafy! Polozil si otazku: Je-li dan graf; existuje ,cesta“
grafem, ktera projde kazdou hranou pouze jednou? Definoval stuper vrcholu jako
pocet hran, které se ho dotykaji, a dokazal, ze pozadovana prochazka existuje pouze
tehdy, je-li graf spojity (pfi zadani libovolnych dvou vrcholti musi existovat cesta
z jednoho do druhého) a obsahuje presné dva vrcholy lichého stupné nebo neobsa-
huje zadny vrchol lichého stupné. Tato obecna véta rychle vyfesi problém Kralovce:
Protoze vSechny ¢tyfi uzly mapy Kralovce jsou lichého stupné, neexistuje zadna
cesta, ktera by kazdou hranou prochazela jen jednou.

Problém Kralovce nepétral po rtiznych formach, které tvoti mésto, ale zkoumal vzo-
rec pohybu, ktery vyuziva prostor urcitym zptisobem. A presto genialita matema-
tika Eulera spocivala v tom, ze opustil tento fyzicky prostor a vytvoril abstraktni
graf, ktery kazdou ¢ast pevniny zmens$il najediny bod a kazdy most protahl tak, aby
ziskal primku spojujici dva z téchto bodu. Eulerova véta nam fika, ze bychom se mu-
seli (kdybychom se ocitli v Kralovci jeho doby) vzdat touhy pfejit pres kazdy most
pouze jednou — ale presto bychom se mohli svobodné prochazet méstem a kochat
se riznymi vyhledy, které se nam pti prechazeni kazdého mostu naskytnou, i kdyz
bychom museli alespon jeden most prejit vice nez jednou. Rad bych zdiraznil, Ze se
nemusite fidit matematikou prokazujici Eulerovu vétu — a presto ji miZete pouzit
v mnoha novych situacich, nejen pfi planovani prochazek.

J4 . o V7 ’ A . J4 .o
Krésa teorie grafli spociva v tom, ze abstrahuje od prostorové struktury, aby ji ob-
Ve . o/ v . /4 v . . . v 4
nazila na jeji podstatu a umoznila nam predstavit si, co je mozné, nebo rozpoznat,
4 v /4 v 4 /4 v v/ Vv . v 4
co neni mozné, a prenést to nasledné do nasi zkusenosti se skute¢nym prostorem,
oy - v oo oy ; o
jimz prochazime v ¢ase. Pozdéji si fekneme vice o grafech ve vztahu ke kognitivnim



Iaccept that the term ‘topology’ is used informally perhaps in the general sense that
the design of a building or a sculpture can be varied in imaginative ways to trans-
formaninitial design repeatedly before a version is found that truly satisfies the de-
signer. Jetelova (pc) comments that topology is not an end to the process and goes
beyond the reshaping that occurs in the design of a single work to stress that Art is
not too finished. Each work opens up further steps, as in a relay race.

rig. 4 illustrates the ‘Seven Bridges of Konigsberg’ problem which motivates the pre-
sent approach to topology, and which will play an important role in our discussion of
architectural design. The problem posed was this: Given the seven bridges, can one
plan a walk through the town that crosses each bridge once and only once? You can
try many different routes without success, but in 1736, the mathematician Leonhard
Euler solved this particular problem by solving a much more general problem. He
abstracted away the details of topography shown at left to formulate the graph (in
the sense of a collection of nodes each joined by one or more edges) shown at right —
with a nodes for each landmass, shown as a square labelled with the corresponding
letter,and an edge joining two nodes for each bridge joining the corresponding land
masses. Note that there is a walk that crosses each bridge once and only once if we
can find a path through the graph that crosses each edge once and only once.

Instead of looking directly at the Konigsberg problem, Euler considered a// such
graphs! He asked: given a graph, is there a ‘walk’ through the graph that traverses
each edge once and only once? He defined the degree of a node as the number of
edges touchingit and proved that a walk of the desired form exists only if the graph
is connected (given any two nodes, there must be a path from one to the other) and
has exactly zero or two nodes of odd degree. The general theorem quickly solves the
Konigsberg problem: Since all four nodes of the Kénigsberg map have odd degree,
no path exists that traverses each edge once and only once.

The Koénigsberg problem did not ask about the various forms that constitute the city,
but did ask about a pattern of movement that exploits the space in a particular way.
And yet the genius of the mathematician Euler was to abandon that physical space
and call forth an abstract graph that shrank each area of land to a single point and
stretched each bridge into a line connecting two of these points. Euler’s theorem tells
us that (had we been in the Kénigsberg of his time) we would have had to abandon the
desire to walk once and only once over each bridge — but still would have left us free
to take a walk in the city and enjoy the different views we encounter as we cross each
bridge, even though we would have to cross atleast one bridge more than once. Let me
stress that you don’t have to follow the mathematics that was required to prove Eu-
ler’s theorem — you can still use it in many new situations, not just for planning walks.

The beauty of graph theory is thatit abstracted from a spatial structure to strip it to
its essence and allowed us to imagine possibilities, or recognize impossibilities, that
we could then bring back to our experience of an actual space as we passed through
itin time. Later, I will say more about graphs in relation to cognitive maps, leading
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0BR. 4 DPokud se zaméfime na konektivitu, miizeme tyto dva obrazky v jistém smyslu povazovat
za topologicky ekvivalentni — staéi kazdy kus pevniny zmensit a vyjadfit pouhym uzlem a kazdy
most protahnout tak, aby tvotil hranu.

FIG.4 When we focus on connectivity, we may consider these two figures as in some sense
topologically equivalent — just shrink each land mass down to a node and stretch each bridge
into an edge.
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mapam, coz nas privede k otazkam architektonické kreativity, které mohou mit ur-
¢itou relevanci i k velmi odlisné tvorivosti Magdaleny Jetelové. Nyni se vSak podi-
vame na dalsi dva klicové pojmy: afordance a atmosféra.

Afordance a atmosféry
Afordance jako pozvanka k akci/indikace akce

Pojem afordance predstavil J. Gibson (1977) ve své knize The Senses as Perceptual
Systems / Smysly jako percepcni systém /- ,Afordance prostiedi predstavuji to, co
dané prostredi zivolichovi nabizi, co mu poskytuje nebo dodavd, at uz v dobrém,
nebo ve zlém. V anglickém slovniku se vyskytuje sloveso ,z0 afford‘ (poskytnout,
doprdt — pozn. prekl.), ale podstatné jméno ,affordance nikoli. Vymyslel jsem si
ho. Mam jim na mysli néco, co se vztahuje jak k prostredi, tak k zivocichovi zpuso-
bem, ktery nevyjadfuje zadny jiny existujici termin. Naznacuje komplementaritu
zivodicha a prostiedi.”

Efektivity ¢lovéka jsou akce, ¢innosti a jednani, kterych je schopen; afordance,
tj. moznosti jednani, kazdého ¢lovéka tedy zavisi na jeho souboru efektivit — proto
jsoukomplementarni. A naopak, objekt mize béhem rtiznych tkoli ,odhalit“ rizné
soubory afordanci.

Pro Gibsona je vnimani afordanci pfimé — neni zapottebi zadného kognitivniho zpro-
stredkovani. Zamysleme se v§ak nad tfemi schodisti na oer. 5. Kazdé z nich nabizi afor-
dance kazdému, kdo je schopen vystoupat po schodech nahoru a sestoupit dolt. Z hle-
diska Eulerova grafického pojeti lze kazdé schodisté redukovat na stejny graf slozeny
ze dvou uzli — uzel pro horni patro, uzel pro dolni patro a hranu nebo dvé pro prechody
mezinimi. Z obrazku je vSak zfejmé, ze tento redukovany detail ignoruje to, co tato tfi
schodisté odlisuje a ¢ini je charakteristickymi. Na rozdil od schodisté vlevo, zbyvajici
dvé schodisté vybizeji k akci, ale zaroven ke kontemplaci; a pravé tato kontemplativni
slozka je kli¢ova pro uméni a architekturu. V architekture je potreba spojit uzitecnost
amoznost kontemplace. Vratime-li se k pojmu poetiky, mizeme fici, Ze schody zobra-
zené vlevo jsou pouze funkéni — chybi jim poetické obrazy druhych dvou.

Pojem afordance presahuje Gibsonovu zakladni perspektivu, protoze lidé mohou
vnimat i ty afordance, k nimz sami postradaji efektivitu, tedy schopnost — ¢lovék
upoutany na invalidni vozik rozpozna afordance, tj. moznosti, které schodisté po-
skytuje ostatnim. Mozna se zde dotykame pocitu, ktery je predevsim lidsky — po-
citu touhy, rozpoznavani afordanci, jejichz pozvani nemtizeme nikdy prijmout, jako
kdyz vidime orla vznasejiciho se na obloze vysoko nad nami. Ptijetim Gibsonova
pojmu afordance tedy prijimame to, Ze lidé mohou vnimat afordance jinych lidi a ji-
nych tvort a mohou si predstavit neexistujici tvory, ktefi by mohli nalézt realizo-
vatelné afordance tam, kde si my mizeme jen stézi predstavit akce, které by s nimi
mohly byt spojené.



into some ideas on architectural creativity that may also have some relevance to
Magdalena Jetelova’s very different creativity. But for now I turn to two more key
ideas: affordances and atmospheres.

Affordances and atmospheres
Affordances as invitations to/indications for action

In his book 7he Senses as Perceptual Systems, Gibson (1977) introduced his notion
of affordances: “The affordances of the environment are what it offers the animal,
what it provides or furnishes, either for good or ill. The verb to afford is found in the
dictionary, but the noun affordance is not. I have made it up. I mean by it something
that refers to both the environment and the animal in a way that no existing term
does. It implies the complementarity of the animal and the environment.’

A person’s effectivities are the actions of which they are capable and so the affordances
for each person depend on their set of effectivities — thus the complementarity. Con-
versely, an object may ‘reveal’ different sets of affordances during different tasks.

For Gibson, the perception of affordances is direct — no cognitive mediation is re-
quired. However, consider the three staircases in ria. 5. Each offers affordances to
anyone with the effectivities of climbing and descending stairs. In terms of Eu-
ler’s graphical notion, each can be reduced to the same two-node graph — a node
for the upper floor, a node for the lower floor, and an edge or two for the transitions
between these nodes. However, the Figure makes clear that this reduced detail ig-
nores what makes these three stairways so distinctive. Unlike the stairs at left, the
other two invite contemplation as well as action, and surely it is that contemplative
component that provides a crucial component for art and architecture. In architec-
ture, utility and contemplatability must be combined. To return to the notion of
poetics, one might say that the stairs shown at left are only functional — they lack
the poetic images of the other two.

The notion of an affordance extends beyond Gibson’s core perspective because hu-
mans may perceive even those affordances for which they themselves lack the effec-
tivities — someone confined to a wheelchair recognizes the affordances a staircase
affords to others. Perhaps we touch here on a particularly human feeling — that of
yearning, of recognizing affordances whose invitation we can never accept, as when
we see the eagle soaring in the sky above us. Thus, in accepting Gibson’s notion of
affordance, we accept that humans can perceive the affordances of other people
and other creatures, and can imagine the nonexistent creatures that might find
actionable affordances where we can only, barely, imagine the actions that might
be involved.
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0BR.5 Schodi$té jsou uréena k vystupu nahoru nebo sestupu dolg,
oba tyto sméry maji poetickou funkeci

FIG. 5 Stairways are to go up or down, but two of these flights

of stairs have poetic appeal
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Afordance mohou byt védomé nebo nevédomé. Miizete védomé rozpoznat schody
jako zptsob, jak se dostat do dalsiho patra, ale ptizptisobeni pohybu chodidel a no-
hou pfi stoupani po jednotlivych schodech bude ve vétsiné pripadt probihat bez
védomého premysleni. V kazdém pripadé vS§ak mtzeme hovoftit o afordancich k jed-
nani pomoci vnimani, které moduluje moznosti pro konkrétni jednani/akee.

Pfipadova studie ¢. 3. B
Magdalena Jetelova a jeji Zidle definujici misto,
kterou odnesla povoden

Tato pripadova studie ukazuje sklon ¢lovéka vnimat afordance, na zakladé kterych
o V. . 184 4 v v 7 v/ . v 4 v/ 14 14 Vv

nemuze jednat. Je zvlastni, Ze ¢ast nasi fascinace uménim spociva pravé v tomto na-

péti mezi ztejmymi afordancemi, tj. moznostmi jednani, a jednanim, kterého jsme

schopni.

Magdalena Jetelova navrhla nékolik zidli, na kterych nelze sedét a které se znacné
odchyluji od nasich oéekavani — velikosti, materidlem, strukturou, symetrii —
a které upoutavaji nasi pozornost, kdyz vizualné zkoumame a odhalujeme neoce-
kavané. Pravé predchozi olekavani a védomi, ze se jim zkuseny umélec vzeptel,
znich ¢ini spisSe umélecké dilo nez odmitnuty truhlarsky vyrobek (ackoli Duchamp
se snazil takové rozdily stirat).

Zidle na oer. 6 byla az do roku 2002 umisténa na nibtezi pobliz sidla Musea Kampa
v Praze. Stfedni ¢ast obrazku ukazuje vyhroceny stret oéekavani — i kdyby méla
zidle konven¢ni tvar, nebyla by zde pfistupna; proud vody nabizi novy kontext,
v némz lze ocenit podivnost zidle. Nakonec véak samotny proud feky tuto kom-
pozici znicil — pti povodni v roce 2002 byla zidle odplavena asi étyticet kilometrt
po proudu.

Znamenal v tomto pfipadé Casovy prvek umisténi zidle uprostfed proudu feky
ironii osudu, kdyz byla zidle smetena povodni — nebo $lo o vyvrcholeni projektu?
Vroce2003, kdy bylo Museum Kampa znovu otevieno, byla zidle nahrazena skulp-
turou dvojnasobné velikosti s nazvem , Navrat zidle“, kterou vytvotili studenti ate-
liéru Kurta Gebauera na Vysoké $kole uméleckoprimysloveé z povodni poskozenych
stromt. Nyni zde mame novy ¢asovy aspekt — samotny material zidle odrazi historii
puvodni zidle, kterou nahrazuje. Navracena zidle je zkonstruovananovyma rukama
aumisténa na nové misto — a jen ten, kdo zna historii, ji mtize plné ocenit jako dalsi
tvar zidle, kterou ptivodné vytvorila sama Jetelovd. Miizeme skute¢né spolu s Ba-
chelardem fici, Ze ,,skrze brilantnost obrazu se rozezniva ozvénou vzdalena minu-
lost..“, nebo je to tak, ze diky pochopeni této malé ¢asti neptilis vzdalené minulosti
ziska nas zazitek toho, co by jinak mohlo byt pouhou replikou, zajimavost, ktera
urcitym zptisobem obohati ptivodni zidli?



Affordances may be conscious or nonconscious. You may consciously recognize the
stairs as a way to get up to the next floor, but adjusting the movement of feet and legs
as you ascend each step will on most occasions proceed without conscious thought.
In each case, though, we may talk about affordances for action using perception to
modulate opportunities for particular actions.

Case Study 3.
Magdalena Jetelova's Chair Defining a Place that was Swept Away

This Case Study brings into play the human propensity to perceive affordances they
cannot act upon. How strange that part of our attraction to art rests on that very
tension between apparent affordances and the actions of which we are capable.

MagdalenaJetelova has designed a number of unsittable chairs which offer the many
departures from our expectations — size, material, texture, symmetry — that cap-
ture our attention as we visually explore and reveal the unexpected. It is the prior
expectations and the knowledge that a skilled artist has contravened them that
make this a work of art rather than a rejected piece of carpentry (though Duchamp
sought to blur such distinctions).

Until 2002, the particular chair shown in rie. 6 was located on the embankment near
the seat of the Kampa Museum in Prague. The middle part of the figure shows the
heightened clash of expectations — even were the chair shaped conventionally, it
would here be inaccessible, and the flow of the water offers a new context in which
to appreciate the chair’s strangeness. But eventually the very flow of the river de-
stroyed this composition—the chair was swept about forty kilometers downstream
in the flood 0o 2002.

It is the temporal element of placing the chair amid the flow of the river that yields
the final irony as the chair is swept away in the flood - or is it the culmination of
the project? In 2003, when the Kampa Museum reopened, the chair was replaced
by a sculpture twice as large, “The Return of a Chair’, created by students of Kurt
Gebauer‘s studio at the Academy of Arts, Architecture and Design from flood-dam-
aged trees. Now there is a new temporality — the very material of the chair reflects
the history of the chair it replaces. The returned chair is constructed by new hands
and placed in a new place — and only those who know the history can fully appreci-
ateitasanother face of the chair that Jetelova herself constructed. Can we really say
with Bachelard that ‘through the brilliance of an image, the distant past resounds
with echoes’ or is it that through our understanding of this small part of the not-
so-distant past our experience of what might otherwise be a mere replica becomes
endowed with a luster that in some way enriches the original Chair?
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0BR.6 Zidle na fece a misto, odkud ji ptemistila povodeti.
FIG. 6 The chair on the river and from where the lood moved it to
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Vidime zde poetiku prostoru i ¢asu. To, co bylo jen dalsim mistem na nabfezi, se
umisténim originalni zidle stalo vyznamnym mistem v Praze — novymuzlem v grafu
mist, kam mohl ¢lovék dojit, daleko jemnéjsim nez graf, jehoz jediné uzly zmensuji
¢asti pevniny do jediného bodu a jehoz jedinymi hranami jsou mosty. K tomu se
je$té vratime, az budeme hovotit o kognitivnich mapach a grafech svéta. S povodni
vSak Cas tento uzel odplavil a nadale zistane jen v paméti.

Architektonické atmosféry

J. Gibson se zabyval spise podvédomymi afordancemi; architekt véak navrhuje bu-
dovu tak, aby nabizela predpokladanym uzivatelim rtizné afordance, tj. moznosti
jednani, které na né mohou pusobit jak na védomé, tak na nevédomé urovni. Zkou-
manim lze navic odhalit i takové afordance, které architekt ptivodné nezamyslel,
a presto mohou potésit obyvatele budovy, ktery je nahodou objevi (vzpomenme si
na predchozi poznamku o ,hledani a ztraceni cesty®). Vratime-li se ke tfem scho-
distim, vidéli jsme, Ze architekt mize prekrocit ramec pouhych praktickych afor-
dancia poskytnout esteticky a emocionalni zazitek — zde mize byt zkrasleni ,hran“
stejné dilezité jako navrh uzlg, které se z bodi v grafu méni na trojrozmérné struk-
tury, jez samy o sobé poskytuji afordance pro lidské ¢innosti rozsirené v Case.

Gernot Bohme (2014, s. 8,11) tvrdi, ze: ,,Stale vice [se prosazuje] myslenka, Ze hlav-
nim tkolem architektury neni vytvareni pohledd, ale prostoru. Tedy prostort
amist s uréitou naladou, atmosférou... [A]tmosféra je vagni, neurcita, je to totalita,
ktera celé misto naladi... je prostorova a emocionalni zaroven — jakysi prostorové
rozsifeny pocit“oBr. 7.

Pri ¢innostech vykonavanych v budovach jsou lidé motivovani k uspokojovani riz-
nych potreb, od zakladnich impulsi, jako je nalézt jidlo nebo misto na spani, az po
touhu prohlédnout si velkd umélecka dila nebo najit ndbozenskou inspiraci. Atmo-
sférou chapeme ty aspekty prostoru v budové a jejim okoli (nebo uvnitf ¢i v okoli
umeéleckého dila), které mohou navodit celkovou naladu, v jejimz ramci hraji za-
sadni roli motivace a emoce, jak z hlediska utilitarniho chovani, tak z hlediska es-
tetického zazitku.

Tonino Griffero (2014) proto navrhuje chipat atmosféru tak, ze nabizi jiny druh afor-
dance, ktera neni , gibsonovska“ a tyka se spise nalady nebo emoci nez zjevného prak-
tického jednani — ackoli v ramci naseho zazitku spojeného s budovou se oba druhy
prolinaji. Griffero zduraznuje prvni dojem z prostoru jako prototyp atmosféry, kterou
prostor nabizi. Podle Thibauda (2014) se atmosféra muze dynamicky ménit — pred-
stavte si, jak stejna ulice, ktera je pro vas prijemna za denniho svétla, kdy kolem vas
prochdazeji dalsi lidé, mize vyvolat strach, kdyz po ni jdete v noci, nikdo kolem vas
neni, a najednou za sebou uslysite kroky, které se blizi... Pro zazitek spojeny s architek-
turou, a tedy i pro proces navrhu dila, jsou dulezité jak praktické afordance, tak afor-
dance tykajici se atmosféry; pri navrhovani prostoru, byt istatického, vSak nelze igno-
rovat dynamiku, diky niZ se mtize ménit kontext, a tedy i zazitek spojeny s prostorem.



We see here a poetics of both space and time. What was just another location along
the embankment came, by the placement of the original Chair, a significant place in
Prague — a new node in a graph of places one could walk to, far finer than a graph
whose only nodes shrink land masses to a point and whose only edges are bridges.
I shall have more to say about this when I talk about cognitive maps and world graphs
below. But, with the flood, time washed that node away and it remains only in memory.

Architectural Atmospheres

Gibson was more concerned with subconscious affordances, but the architect de-
signs a building to offer diverse affordances for the expected users of the building
that may affect them at both conscious and nonconscious levels. Moreover (recall
the earlier aside on ‘waylosing’), exploration may reveal affordances that were un-
intended by the architect and yet may delight the inhabitant who discovers them.
Returning to the three staircases, we saw that the architect may go beyond the mere
provision of practical affordances to provide aesthetic and emotional experience —
and here the embellishment of the ‘edges’ may be as important as the design of the
nodes as they are transformed from points in a graph to three-dimensional struc-
tures that themselves provide affordances for human activities extended in time.

Gernot Bohme (2014, pp.8,11) asserted that: “The idea [is growing] that the main
task of architecture is not the production of sight but of space. That is to say spaces
and location with a certain mood, i.e. atmospheres. ... [A]Jtmosphere is vague, it is
indefinite, it is a totality which tunes the whole site ... it is spatial and emotional at
the same time — a kind of spatially extended feeling.’

As people act within buildings, they are motivated to meet various needs, from basic
driveslike finding food or a place to sleep all the way to a desire to view great works
of art or find religious inspiration. We talk of the atmosphere as those aspects of
a space in and around a building (or within or around a work of art) that can set the
overall mood within which motivation and emotion play their crucial roles in both
utilitarian behavior and aesthetic experience Fia.7.

Tonino Griffero (2014) thus suggested that we talk of atmospheres as offering an-
other kind of affordance, but these are ‘non-Gibsonian’, relating more to mood
or emotion than to overt practical action — though, indeed, in our experience of
a building, the two are intertwined. Griffero emphasizes the first impression of
a space as the prototypical atmosphere it provides. For Thibaud (2014), atmosphere
may change dynamically — consider how the same street which may delight you in
daylight with other people coming and going around you may induce fear when you
walk down it at night with no one around you, and then you hear footsteps coming
up behind you... Both practical and atmospheric affordances are relevant to the ex-
perience of architecture, and thus to the design process, but the designing of even
a static space cannot ignore the dynamics whereby the context and thus the expe-
rience of the space may change.
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0BR.7 Chramova zahrada ve mésté Kjoto prinasi moznost zazit atmosféru klidu a miru.
FIG.7 A temple garden in Kyoto affords an atmosphere of peace and serenity.
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Kreativita v prostoru a ¢ase

Pro predstavu o uméleckych dilech, jejichz design ma podstatnou ¢asovou slozku,
uvadime v této ¢asti dvé pripadové studie — jednu z vystavy, ktera byla podnétem
k tomuto ¢lanku, a druhou z oblasti choreografie.

Pripadova studie €. 4.
Magdalena Jetelova a jeji Promény mista a prostoru v Liberci

Vystiznéj$i nazev vystavy Promény mista a prostoru by mozna byl Promény pro-
storu v case. Zatimco na sténach byly umistény ukazky dfivéjsich praci Jetelové,
ustfednim dilem byla performance, ktera se konala v prostoru, kde dfive byval ba-
zén, a kterou divaci mohli sledovat z horni galerie (oer. 8).

Instalace na podlaze bazénu obklopuje Zenu hrajici na hudebni nastroj. Kdyz hraje,
desky nejen odrazeji galerii a publikum, ale zac¢inaji se chvét mihotajicim svétlem
OER. 9.

Desky se mihotavé tipyti a zkresluji odrazy, ménici se své-
telné vzory se odrazeji na sténach a stropé galerie (stejné
. ¥ ; . v y rvs

jako svétlo z rybiho bazénku na nasem dvore vytvari vzory

4 — Jetelova (pc) si vSimla
rané snahy o propojeni
zvukové a vizualni stranky

(i kdyz velmi odliSnym
zplsobem) ve Spektrofonech

na stropé pracovny mé zeny) a vyvolavaji audiovizualni
vzpominku na hru svétla na dnes jiz neexistujicim bazénu.
Jetelova (pc) zdtiraznila, ze aktualni prehravana hudba pro
ni neni dilezitd — kliova je transformace energie tont do
vizualni podoby, vizualizace tonti vyjadfena vztahem mezi
zvukovymi obrazci a vizualnimi efekty, které vyvolavaji.
Svétlo zviditelnuje zvuky hudby.? Zde méni pohyb z jed-
noho prostoru (definovaného zrakem) do jiného prostoru
(definovaného poslechem) prostfednictvim zkoumani
nové technologie. Jeden jev méni druhy — premisténi ener-
gie prostfednictvim digitalizace tént. Vibrace navic méni
vizualni stranku — se zménou zvuku se méni to, co vidite
v zrcadle. Jednim z projevi je, Ze jasné odrazy silu a pub-
lika, které jsou viditelné ve statickém zrcadle, prestanou
byt rozpoznatelné, jakmile zrcadlo za¢ne vibrovat; hesla
napsand na zrcadle — ,to podstatné prestava byt viditelné“
a ,podobné neni podobné“ — presto zlstavaji pro pozoro-
vatele jasné Citelna.

(1924-30) Zdeika Pesanka.
Pe§anek zkonstruoval
barevny klavir, ktery
promital vizualni kinetiku
na reliéfni objekt a propojil
jeho svételnou klavesnici
se ¢tyfoktadvovou hudebni
klavesnici. Predpokladal,
ovlivnén psychofyzikou
Gustava Fechnera, ze
bude mozné normalizovat
barevnou stupnici tak, aby
ji mohl propojit se stupnici
hudebnich ténq, a vytvofit
tak spole¢né rozhrani

pro ovladani vizualnich

i hudebnich prvku. Dalsi
podrobnosti viz https://
monoskop.org/Zdené&k_
Pesanek.

Matematika ma definice pro riizné typy ,prostoru®, které se stejné jako tyto dva pro-
story sluchové a vizualni formy neomezuji na trojrozmérny (nebo ¢tyfrozmérny?)
prostor, o kterém obvykle uvazujeme, kdyz v architekture pouzivaime pojem ,,pro-
stor®. Je vSak tfeba fici, ze matematika pouzivana k definovani téchto prostort
a transformaci mezi jejich dynamickymi formami lezi mimo oblast topologie.



Creativity in Space and Time

To provide a sense of art works whose design has an essential temporal component,
this section presents two case studies — one from the exhibition that motivated this
paper, and the other from choreography.

Case Study 4.
Magdalena Jetelova's Transformations of place and space in Liberec

The exhibition 7ransformations of place and space might have been better entitled
Transformations of Space in Time. While the walls held samples of Jetelova’s earlier
works, the center piece was the performance held in the space where the swimming
pool had been, for which the upper gallery held the audience (ra. 8).

The installation on the swimming pool floor surrounds a woman playing an instru-
ment. As she plays, the plates not only reflect the gallery and the audience but begin

to shimmer Fia. 9.

As the plates shimmer and the reflections distort, changing
light patterns reflect across the gallery walls and ceiling (just
like the light from the fish pool in our courtyard forms pat-
terns on the ceiling of my wife’s study), evoking an audio-visual
memory of the play of light on the now non-existent swimming
pool. Jetelova (pc) emphasized that the actual music played
was unimportant for her — the key issue was transforming the
energy from the tonality to visual form, visualizing tonality as
expressed in the relation between the sound patterns and the
visual effects they produced. The light makes visual the mu-
sic’s sounds.? Here she is changing movement from one space
(defined by vision) to another (defined through audition)
through the exploration of new technology. One phenomenon
changes another — a translocation of the energy through dig-
itizing the tonality. Moreover, the vibration changes visual-
ity — as the sound changes, the mirror changes what you see.
One manifestation of this is that the clear reflections of the
Hall and the audience that are visible in the static mirror be-
come unrecognizable when the mirror vibrates, and yet slo-
gans written on the mirror — ‘the essential is no longer visible’
and ‘the similar is not similar’ — remain clear to the observer.

4 — Jetelova (pc) noted
an early effort linking
sound and vision (though
in a very different way)

in the Spectrophones
(1924-30) of Zdenék
PeSanek. PeSanek
constructed a color piano
which projected visual
kinetics onto a relief
object and connected

its light keyboard to

a four-octave music
keyboard. Under the
influence of Gustav
Fechner’s psychophysics,
he assumed it would be
possible to normalize
the color scale so that

he could connect it to
the scale of musical
tones, thus developing

a common interface

to control both visuals
and music. See
https://monoskop.org/
Zdenék_Pe8anek for
further details.

Mathematics has definitions for diverse types of ‘space’ that, like these two spaces
of auditory and visual forms, are not confined to the three (or four?) dimensional
spaces that we normally consider when the term ‘space’ isused in architecture. How-
ever, it should be noted that the mathematics used to define these spaces and the
transformations between their dynamic forms lies outside the realm of topology.
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oBR.8 Publikum na horni galerii, performance v prostoru nad byvalym bazénem
FIG. 8 The audience in the upper gallery, the performance in the space above
the former swimming pool



OBR.9 Levy obrazek vznikl kombinaci nékolika zabért z videa dostupného na adrese
https://youtu.be/NSIPRVFHU Vc. Lep$i predstavu o vystavé a performanci viak zprostfedkuje
video ,,Magdalena Jetelova & Katta — Promény mista a prostoru,
https://www.youtube.com/watch?v=GY1eTCE;j_3Q.

FIG. 9 The figure at left was created by combining stills from the video at
https://youtu.be/NSIPRVFHUVc. The close-up at right gives a better view of the performer,
Katta. However, a better sense of the exhibition and the performance is given by the video
‘Magdalena Jetelova & Katta — Transformations of place and space’,
https://www.youtube.com/watch?v=GY1eTCEj_3Q.
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Hudbu k libereckému predstaveni slozil John Cage, coz mi pfipomina predstaveni
Merce Cunninghama a Cage, které jsem navstivil na Massachusettské univerzité
v Amherstu asi pred 40 lety — bylo to zfejmé mé prvni seznameni s modernim tan-
cem, kde hudba nehrala Zadnou zjevnou roli pfi nacasovani pohybu taneéniku. Cu-
nningham a Cage usilovali o abstraktni vztah mezi zvukem a vzorcem lidského po-
hybu, nikoli o pfimy prevod mezi hudebnim rytmem alidskym pohybem utvarenym
podle hudby. Pro nékteré divaky byla tato dekorelace pfilis a o prestavce opustili
sal, ale pro mé a mou Zenu smés pohybt tél na jevisti — nékdy ve vzajemné korelaci,
jindy ne — a Cageovych zvuki vytvorila moznost nové syntézy, kdy nase odlisna
zazemi vedla k vétsi rozmanitost zazitka, nez je mozné u pohybt fizenych, byt po-
myslné, rytmickou zvukovou stopou.

Pripadova studie €. 5.
Skupinova choreografie Anny Smith v taneéni tvorbé

Predchozi uvahy nas dovedly az k pojednani o tanci, jehoz vznik byl dobte zdoku-
mentovan, pficemz choreografie byla hotova jesté pred vybérem hudby — v tomto
pripadé od skladatele Tan Duna. Tento priklad navic ilustruje skupinovou kreati-
vitu v ¢ase vedouci k vytvoreni dila, které se samo odviji v ¢ase. Choreografka Anna
Smith spolupracovala s osmi zkusenymi tane¢nicemi 15 hodin tydné po dobu 9 mé-
sicti pti tvorbé tance Red Rain / Cerveny dést /, ktery mél premiéru v Gasworks
Theatre v Melbourne v listopadu 1999.

Kate Stevens (2005) zpracovala pripadovou studii o tvorbé Red Rain s vyuzitim ty-
dennich denikovych zaznamti jedné z taneénic a anotaci videozaznami potizenych
choreografkou, které dokumentuji, jakym zptisobem choreografka a taneénice spo-
lupracovaly na vyvoji dila. Pfiznaéné je, Ze jeji pfipadova studie se objevuje v knize
Thinking in four dimensions: Creativity and cognition in contemporary dance /
Mysleni ve étyfech dimenzich: Kreativita a kognice v soucasném tanci /. Tanec je
obzvlasté relevantni, protoze kombinuje ovladani pohybu, vnimani, emoce a kre-
ativitu. Je komunikativni, expresivni a soustfedi se na pohyb — jeho cilem je vSak
smyslovost: sugestivnost, afektivita a dynamika.

Jak zduraznuje K. Stevens, moderni scénicky tanec zahrnuje 5 — Tuto ptipadovou
nékolik kognitivnich procesti: kratkodobou a dlouhodobou ~ studiiisemiiz dfive pouzil

v, | S,y R v ., v pojednani o architekture
pamét, multimodalni predstavivost, uceni, vykon a expresivii  ve svém ¢lanku ‘(Why)
komunikaci. Nacvik a provadéni novych a slozitych pohybti  Shouic Architects Cere

) N . about Neuroscience?
rozviji pamét ve vztahu k materidlu, ktery je svou podstatou  ; mgliby se architekti
¢asovy — motoricky, stejné jako vizualni, prostorovy a kines- ~ zajimat o neurovédu

Y v o . s ¥ . (a prog)? / (Arbib, 2013).

teticky. Na tvorbé tance se podileji velmi rozdilné ¢asové ro-

viny, je to proces, ktery v tomto pfipadé trval mnoho mésicii.®

Na zacatku prace na choreografii pozadala Anna Smith taneclnice, aby se zamys-
lely nad predstavami a obrazy spojenymi s Cervenou barvou a reagovaly na né. To
vedlo k tvaham o krevnim obéhu v lidském téle a podnitilo taneénice ke zkoumani



The music for the Liberec performance was by John Cage, and that reminds me of
a performance of Merce Cunningham and Cage I attended at the University of Mas-
sachusetts at Amherst around 40 years ago — perhaps my first introduction to a mod-
ern dance where the music played no apparent role in shaping the timing of the danc-
ers’ movements. Cunningham and Cage sought abstract relationships between sound
and patterns of human movement rather than a direct translation between musical
rhythm and human movement shaped to the music. For some in the audience, this
decorrelation was too much and they left the hall at intermission, but for my wife and
myself the mixture of movement of the bodies on stage — themselves sometime cor-
related, sometimes not — and Cage’s sounds created the possibility of a new synthesis,
one in which our different backgrounds created a diversity of experience greater than
that possible for movements driven, even if imaginatively, by a rhythmic soundtrack.

Case Study 5.
Anna Smith’s Group choreography in the creation of a dance

Such reflections lead into the discussion of a dance whose creation has been well docu-
mented with the choreography completed before the music — in this case by Tan Dun —
was chosen. Moreover, this example illustrates group creativity across time to create
awork that itself unfolds in time. Choreographer Anna Smith worked with eight ex-
perienced female dancers for 15 hours per week over 9 months to create the dance Red
Rain, which premiered at Gasworks Theatre, Melbourne, in November 1999.

Kate Stevens (2005) provided a case study of the creation of Red Rain using the
weekly log entries made by one of the dancers and annotations of the video footage
made by the choreographer to document how choreographer and dancers worked
together to develop the work. Tellingly, her case study appears in the book 7hink-
ing in four dimensions: Creativity and cognition in contemporary dance. Dance is
especially relevant because it combines motor control, perception, emotion and cre-
ativity. It is communicative, expressive, and centered on movement — but the aim is
sensual: evocative, affective and dynamic.

As Stevens stresses, contemporary dance involves mul- 5 — I earlier introduced this
tiple cognitive processes: short-term and long-term Zf:ﬁlfetgi{:fr:';;:;i‘f’(‘v‘\’/;y)
memory, multi-modal imagination, learning, perfor-  should Architects Care about
mance, and expressive communication. Rehearsal and ~ Neuroscience?' (Arbib, 2013).
performance of new and complex movements develops

memory for material that is inherently temporal - mo-

toric as well as visual, spatial, and kinesthetic. Very dif-

ferent timescales are involved in creating the dance,

a process thatin this case extended over many months.®
To initiate the development of the choreography, Anna Smith asked the dan-

cers to think about, and respond to, ideas and images associated with the color
red. This led to consideration of blood flow in the human body, stimulating the
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pohybii odvozenych z pulzovani zil, dychani, tlaku a obéhu krve. V tanci je ustted-
nim prvkem akci kazdého tane¢nika a vzorcti vytvarenych souborem kineze. Rané
experimenty zkoumaly to, co choreograftka Anna Smith oznadila jako ,spojovaci
prvky*, dynamické cesty z panve a smérem ven skrze jinou ¢ast téla.

Jako doplnék k tomuto postupu objevila materialni vyjadfeni, které pohyby doplio-
valo a v nékterych pripadech po nich zanechavalo stopy — s pouzitim ¢ervenych fa-
zoli, které predstavuji tepennou krev. Cervené fazole byly obéas rozprostteny v ka-
luzich nebo tenkych praméncich kolem t¢inkujicich ogr. 10 — pozdéji, v zavéreénych
okamzicich dokonéeného dila, byly éervené fazole vylévany v proudu, jehoz zvuk
pripominal dést na plechové stfese, ¢imz naznacoval nazev dila Cerveny dést.

Stevens (2005) nabizi podrobny popis vyvoje tance tyden po tydnu; nemam v imy-
slu jej zde opakovat. Spise se budu zabyvat prikladem ze 4. tydne, ktery zdtiraznuje
zpusob, jakym se spolecné vyvijely pohyby taneénic a jevistni rekvizity. Anna Smith
povésila ,bodliny“ — obdélnikové prouzky papiru — a pozadala tanecnice, aby na
né reagovaly. Tanelnice reagovaly individualné na jeden prouzek papiru a pozdéji
predvedly svou improvizaci nebo pohybovou reakci ostatnim taneénicim. Taneé-
nice K. vytvorila uspésnou frazi ,tak, ze papir jemnym, krasnym zptisobem reago-
val na sebemensi pohyb jejiho téla“. To vedlo k hledani zptisobi, jak by vSechny ta-
neénice mohly zkusit variace na tuto frazi, tancit ve vztahu k jednomu pruhu a poté
zkoumat uéinky kombinace pohybt vice taneénic v ramci vice pruht. Napad, ktery
vznikl v prvnim tydnu, se v pribéhu tviréiho procesu ménil (a nékteré napady pro-
padly sitem a uz se nikdy nevratily). Z papirovych vlaken se stavaji dvete, chodby
abrany. V predstaveni Cerveny dést' byly nasviceny tak, aby naznacovaly tajemnou
oponu, ktera zaroven skryva i odhaluje. V sedmém tydnu jedna z taneénic prohla-
sila: ,,Mé télo uz se s materialem vice szilo... Koneéné se vytratilo napéti spojené se
zapamatovanim a ja jsem mohla kone¢né ovladnout onen pohyb.”

Diky tomu véemu mohla choreografka zadit sekvencovat fraze a ¢asové je struktu-
rovat. Hledala zptisoby, jak propojit pozice téla a konéetin do souvislého vypravéni
expresivniho pohybu a zaroven propojit individualné rozvijené sekvence. Kreati-
vita pti komponovani tohoto tance tak zahrnovala nejen sekvencovani, prolinadni
a propojovani ¢asti dila, ale ptredevsim tvorbu samotnych ¢asti.



dancers to explore movements suggested by veins pulsing, breathing, pressure,
and blood flow. In dance, kinesis is central within the actions of each dancer and
the patterns created by the ensemble. Early experimentation investigated what
choreographer Anna Smith labeled ‘through-lines’ as dynamic pathways from the
pelvis and out through another part of the body.

Complementing this progress, a material expression was discovered to both com-
plement the movements and, in some cases, to leave traces of them - the use of red
beans to representarterial blood. Red beans were at times pooled or trickled around
the performers rie. 10 — and, much later, in the closing moments of the completed
work, red beans were poured in a torrent whose sound recalls rain on an iron roof,
thus suggesting Red Rain as the title of the piece.

Stevens (2005) offers a richly detailed week-by-week account of the development
of the dance and it is not my aim to replicate it here. Rather, I will explore an exam-
ple from Week 4 that emphasizes the way in which the dancer’s movements and the
stage props developed together. Anna Smith hung up ‘spines’ — rectangular strips
of paper — and asked for responses. The dancers responded individually to a single
paper strand and later demonstrated their improvisation or movement response to
the other dancers. Dancer K. produced a successful phrase with a ‘subtle, beautiful
way the paper reacted to the slightest movement from her body’. This led to finding
ways thatall the dancers could employ variations on this phrase to dance in relation
to one strand and then explore the effects of combining the movements of multiple
dancers within and around multiple strands. An idea developed in one week became
transformed as the creative process continued (and some ideas dropped from sight
never to return). The paper spines become doorways, corridors and portals. In the
performance of Red Rain they were lit to suggest a mysterious curtain that both
conceals and reveals. In Week 7 one dancer found that “The material was starting
to sit in my body more comfortably ... Finally, the strain of remembering was fading
and I could begin to really inhabit the movement’.

Asaresult ofall this, the choreographer could begin to sequence phrases and struc-
ture them in time. She sought ways to link body and limb positions into a seam-
less narrative of expressive movement while also linking individually developed
sequences. Creativity in composing this dance thus involved not only the sequenc-
ing, melding and linking the parts of the work but, more importantly, the creation
of the parts themselves.
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oBR.10 Cervené fazole byly rozsypéany tak, aby vyznacovaly obrys téla taneénice, a kdy%

se tane¢nice pohnula, linie téla, kterou za sebou zanechala, naznacovala stopy psané krvi.

Foto: Anna Smith

FIG. 10 Red beans could be poured to mark the outline of a dancer’s body and when the dancer
moved, the line of the body left behind suggested traces written in blood. Photo: Anna Smith
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Body srovnani

S ohledem na dalsi ¢asti tohoto ¢lanku se miizeme zamyslet nad tim, jak pfipadova
studie Red Rain souvisi s dilem Jetelové a s architektonickym navrhem. Zatimco
podstatna ¢ast dila Jetelové i veskera architektura se odvijeji od uréitého mista,
vznikajici choreografie spise ,,objevovala®“ scénu, nez aby zadinala s konkrétnim mis-
tem. Oboji samoziejmé vyzaduje vytvoreni atmosféry (pokud mozno dynamické)
pro divaky taneéniho vystoupeni nebo vystavy, ale pouze architektura poskytuje
afordance pro obyvatele budovy, jejichz role je ponékud odli$na od role divak ta-
neéniho predstaveni, sochy ¢i performance. V pripadé tance poskytuje kazdy tanec-
nik a nékolik objektt na jevisti afordance, které jsou pro ostatni tane¢niky v neu-
stalém pohybu, zatimco jedina performerka v Liberci ma pevny soubor afordanci,
které nabizeji klavesnice a pedaly, ale divaci zazivaji nejen jeji pohyby a zvuky, které
vyluzuje, ale také rozmanité obrazce tipytivych ploch a odrazy, které jeji perfor-
mance vytvari.

V tanci i na vystavé v Liberci poskytuje vizualni a zvukovy pohyb zakladni afor-
dance pro kontemplaci divaka, ktefi ziistavaji témét nehybni, vsedé na zidlich nebo
vestoje na galerii. Naproti tomu v prostorach uvnitf budovy a kolem ni jsou afor-
dance navrzeny tak, aby nabizely nejen ptilezitosti ke kontemplaci nebo emocim,

v v/ . . /4 4 4 N4 ./ . / Ve .
ale predevsim i praktické afordance, které nabizeji potencial k rozmanité cinnosti,

. ! vV, V 4 4 V7’ 4 4 ’ 4 4

akci a pohybu navstévnika nebo obyvatele — herce, ktery se fidi planovanym scéna-
tem architekta, a zaroven svym vlastnim scénarem.

Hledani cesty v prostoru a ¢ase

Nez se dostaneme k zavére¢né pripadové studii prace Magdaleny Jetelové, rad bych
vénoval dvé nadchazejici ¢asti vybranym myslenkdm vychazejicim z neurovédy
a kognitivnich véd a jejich vztahu k architektonickému navrhu, které jsem popsal
ve své knize When Brains Meet Buildings. Zaéneme dvéma velmi odli$nymi pohledy
na ¢ast mozku zvanou hipokampus; jeden vychazi ze studii zamérenych na prosto-
rovou navigaci ukrys a druhy vychdzi z lidské epizodické paméti (Arbib, 2021, ¢asti
2.5,3.3a10.3).

Hipokampus v prostoru a ¢ase

John O’Keefe a Jonathan Dostrovsky (1971) pozorovali ¢innost neuront v hipo-
kampu u £rysy, ktera zkouma prostor (arénu). Zjistili, ze nékteré bunky, tzv. pozic¢ni
bunky, maji fascinujici vlastnost a ze to, co ztejmé korelovalo s jejich aktivaci, nebylo
to, co krysa déla nebo co vidi, ale to, kde se v aréné nachdzi. Kazda burika se aktivo-
vala, kdyz se krysa nachazela v malé oblasti, nazvané pozicni pole dané buriky. Moje
skupina (Arbib & Lieblich, 1977; Guazzelli, Corbacho, Bota, & Arbib, 1998) mezi-
tim prostrednictvim modelovani zkoumala, jaké oblasti mozku a neurony se museji
ptidat k hipokampu a poziénim bunikam, aby byla podporovana navigace. Aktivace



Points of comparison

Inlight of other sections of this paper, we may consider how the Red Rain case study
relates to the work of Jetelova and to architectural design. Much of Jetelova’s work
and all architecture starts from a site, whereas the developing choreography ‘dis-
covered’ a set rather than starting with a site. Clearly, each involves the creation of
a (possibly dynamic) atmosphere for viewers of the dance or the exhibition but only
the architecture has the provisions of affordances for the inhabitants of the building
whose role is rather different from that of the viewers of the dance or sculpture or
performance. For the dance, each dancer and the few objects on the stage provide
affordances that are in constant flux for the other dancers, whereas the sole per-
former in Liberec has the fixed set of affordances offered by keyboard and pedals,
but the audience experiences not only her movements and the sounds they pro-
duced but also the diverse patterns of shimmering plates and reflections her per-
formance sets up.

In the dance and in Liberec, visual and auditory movement provides the essential
affordances for the contemplation of the audience, each of whom remains almost
immobile as they sit in their chairs or stand in the gallery. By contrast, in the spaces
within and around a building, the affordances are designed not only to offer oppor-
tunities for contemplation or emotion but, distinctively, they must also offer prac-
tical affordances that offer the potential for diverse actions and movements by the
visitor or inhabitant —an actor who is both following scripts intended by the archi-
tect and following scripts of their own.

Wayfinding in Space and Time

Before we get to the final case study of the work of Magdalena Jetelova in this paper,
I devote two sections to ideas from neuroscience and cognitive science and their re-
lations to architectural design that were presented in my book When Brains Meet
Buildings. We start with two very different views of a region in the brain called the
hippocampus, one based on rat studies of navigation, and one based on episodic
memory in humans (Arbib, 2021, Sections 2.5, 3.3 and 10.3).

The Hippocampus in Space and Time

John O’Keefe and Jonathan Dostrovsky (1971) observed firing of neurons in the hip-
pocampus of a ra¢ exploring an arena. They found that certain cells, p/ace cells, had
the fascinating property that what seemed to correlate with their firing was not what
the rat was doing or what the rat saw, but where the rat was in the arena. Each cell
would fire when the rat was in a small region called the cell’s place field. Meanwhile,
my group’s modeling (Arbib & Lieblich, 1977; Guazzelli, Corbacho, Bota, & Arbib,
1998) explored what brain regions and neurons must be added to hippocampus and
place cells to support navigation. The firing of a group of place cells can provide

PAGE 319



STRANA 320

skupiny pozi¢nich neuronii mize poskytnout signal , ted’ jsi tady®, ale pro téely na-
vigace je treba védét nejen to, kde jste, ale také to, kde chcete byt — a mit prostredky,
jak zjistit, jak se tam dostat. Zde vidime dilezity poznatek z neurovédy (ktery byl
zakladem prace, za kterou ziskal O’Keefe Nobelovu cenu) a mizeme vyuzit mo-
delovani, abychom zjistili, jak by mohl byt uzite¢ny v $ir$im systému propojujicim
rizné oblasti mozku. Konkrétné jsme byli schopni modelovat rizné mechanismy
v hlavé, které nam umoznuji orientovat se v konkrétni oblasti (mame kognitivni
mapu), nebo se naopak spoléhat na aplikaci, ktera nam fekne, kam mame jit. Na ji-
ném misté této knihy v kapitole ,,Mozek jako topologicky procesor navazuje Karel
Jezek na experimenty s hipokampem provadéné na krysach a analyzuje interakce
topografickych a topologickych funkci mozku.

Nejznaméjsi studie lidského hipokampu (Scoville & Milner, 1957) se zamétila na
muze jménem HM, ktery mél silné epileptické zachvaty. Jeho neurochirurg se ve
snaze tyto nervové boure zastavit nechal unést a namisto malého rezu v mozku od-
stranil pacientovi velkou ¢ast po obou stranach mozku, ktera zahrnovala i hipo-
kampus. Zajimavé pro nas, ale nikoli pro pacienta, bylo, ze ztratil schopnost vy-
tvaret nové epizodické vzpominky — pamatoval si udalosti ze svého zivota pred
operaci, ale nedokazal vytvorit vzpominky na udalosti, které zazil po ni. Zbyvajici
¢asti mozku mu sice umoznovaly udit se novym dovednostem, ale neuchoval si Zadné
vzpominky na okamziky, kdy danou dovednost dfive uplatnil — mozek je komplexni
soubor systémi.

Mista versus lokace

Zajimavy problém vy$e uvedenych dat spociva v tom, ze zjisténi plynouci z pokust
. 4 4 . 4 4 4 . /4 .

s krysami se tykaji navigace, hledani cesty v prostoru, zatimco lidska studie se za-
YV 13 13 . you o Vv /4 . 4 4 v Ve

méruje na epizodickou pamét, kterou mtizeme chapat jako hledani cesty v ¢ase. Pri

prostorové navigaci miizeme vyuzivat kognitivni mapu mist v nasem svété a cest

mezi nimi; pti navigaci v ¢ase hledame cesty, které spojuji souvisejici epizody z au-

tobiografické paméti.

Pti chizi nebo jizdé autem nase chovani vétSinou nevychazi z presnych méftitel-
nych tdaji. Podobnym zpiisobem, kdyz si vybavujeme udéalosti z minulosti, jejich
indexace vétsinou neprobéhla na zakladé hodin, které nam tikaji v hlavé, ale spise na
4 v . 4 . /4 . v/ v v v 4 V. v B [

zakladé asociaci mezi udalostmi, napriklad ,tésné predtim, nez jsem se ozenil“. To
. vy ey ENT y Y
je samozifejmé komplikovano tim, Ze pro moderniho ¢lovéka mohou nékteré uda-
losti (i kdyz jich nebude mnoho) zahrnovat nesmazatelné souvislosti s kalendatem
(i kdyz napt. i v pfipadé padu Dvojéat na Manhattanu si vét$ina lidi vybavi mésic
aden — 11. zaf1, pro Ameri¢any 9/11, méné lidi si asi vybavi rok).

L e . Y , o
V ramci tvah o vztahu mezi subjektivnimi formami prostoru a ¢asu bych rad zdi-
. M 7 178 ’ ’ v 7 M . V, Ve ’ «
raznil, ze ,mista“ hipokampalnich pozi¢nich bunék nejsou (vétsinou) ,mista“ rele-

4 . . Yo . A v Vv . ’ .
vantni pro epizodickou pamét. Srovnejme napt. dvé odpovédi na otazku: ,Kde jste
4 o1 /4 . . 4 V. . 4 v v
se seznamili?“ Ta, kterou mate v epizodické paméti, by mohla znit: ,,V domé naseho



a ‘you are here’ signal, but for navigation you need to know not only where you but
also where you want to be — and have the means to figure out how to get there. Here
we see an important finding from neuroscience (it was the basis for work that led
to the award of a Nobel Prize to O’Keefe) and the challenge of modeling to see how
it might be useful in a larger system uniting diverse brain regions. In particular,
we were able to model the different mechanisms in our head for knowing our way
around a region (we have a cognitive map) which does require the hippocampus or
instead relying on an app to tell us where to go which does not. Elsewhere in this
book, Karel Jezek builds on experiments on rat hippocampus in his chapter, ‘Brain
as a topological processor’, where he analyses interactions of topographical and
topological functions of the brain.

The most famous study of the human hippocampus (Scoville & Milner, 1957) fo-
cused on a man named HM who had massive epileptic fits. His neurosurgeon got
carried away in his attempt to block these neural storms — instead of trying to make
a small cut out of HM’s brain, he carved out a huge area on both sides of the brain
that included the hippocampus. Intriguingly for us, but not for him, HM lost the
ability to create new episodic memories — he could remember episodes in his life
from before the operation, but he could not make memories of episodes he experi-
enced thereafter. However, remaining parts of his brain allowed him to learn new
skills even though he retained no memories of occasions when he had practiced that
skill before — a brain is a system of systems.

Places versus Locations

One interesting challenge posed by the above data is that the rat findings focus
on navigation, wayfinding in space, whereas the human study focuses on episodic
memory, which we may consider as wayfinding in time. In spatial navigation, we
can exploit a cognitive map of the places in our world and the paths between them;
in navigation through time, we seek paths that link related episodes from autobio-
graphical memory.

When we are out walking or driving, we rarely base our behavior on precise metrics.
Similarly, when we recall episodes from our past, they are not indexed by a clock
running in our heads but rather by associations between events such as ‘just before
I got married’. This, of course, is complicated by the fact that for a modern human,
some (but relatively few) of the events may involve indelible references to the calen-
dar (though even with the fall of the Twin Towers in Manhattan, while most will re-
call the month and day — 9/11 for Americans — fewer may be able to recall the year).

In pondering this relationship between subjective forms of space and time, I want to
stress that the ‘places’ of hippocampal place cells are not (in general) the ‘places’ rel-
evant to episodic memory. Contrast two answers to ‘Where did you meet’? The one
you hold in episodic memory might be ‘At the house of our mutual friend’, an epi-
sodic place. However, an implausible place-cell-like answer might be ‘T was 4 steps
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spoleéného ptitele,” cozje epizodické misto. Nepravdépodobna odpovéd vychazejici
z poziénich bunék v§ak mtize znit: , Byl jsem 4 kroky od stfedu vchodovych dvefi
domu naseho spoleéného pritele, kdyz jsem se otocil o 12 stupnt doprava od osy
kolmé k zarubni dveti,” coz je lokace/poloha nebo lokometrické misto v ramci lo-
kalni mapy pro epizodické misto.

Architekt navrhuje prostory obsahujici vyznamna 3D mista, jez umoznuji akce, jed-
nani a/nebo zazitky. K témto mistim patti vyhledy, prichozi body na trase a akini
body. Architekt mize utvaret exteriér budovy nejen za tic¢elem umisténi vnitfnich
prostor a pristupu k témto prostoram, ale také aby nabidl vlastni estetické uspo-
kojeni, pti¢emz vnit#ni prostory utvari tak, aby mély riiznou atmosféru a poskyto-
valy afordance pro ruzné praktické potteby. Mezi ,uzly“ definujici budovu tak mo-
hou pattit externi mista, kterd budovu situuji ve vztahu k jejimu okoli. Toto souvisi
s nasim hluboko ulozenym ancestralnim vnimanim a hodnocenim krajiny. Takové
vyhledy, tj. pohledy na budovu zvenku, mohou slouzit jak praktickym, tak estetic-
kym uceltim.

Kognitivni mapy jako ,Graf svéta“

A nyni se konecné vracime k topologii! V Eulerové ,mapé“ Kralovce odpovidaly
uzly velmi rozsahlym epizodickym mistim — riiznym ¢dstem pevniny a hrany od-
povidaly mostim, které je spojovaly. Arbib a Lieblich (1977; Lieblich & Arbib, 1982)
aplikovali tento ramec na krysy béhajici v bludisti a vytvortili model grafu svéta,
ktery predstavuje nejen kognitivni mapu, kterou mize mit krysa pro konkrétni blu-
disté, ale také nase rozmanité kognitivni mapy rtiznych , svéta® jako je interiér na-
$eho domova, zndma mista a cesty v nasem mésté, nebo mapa svéta spojujici rizna
letisté prostrednictvim letl z jednoho letisté na druhé. Kazdy Grafsvéta / ‘World
Graph’, WG [ mauzly, které reprezentuji vyznamna mista, a hrany jako pfimé cesty
mezi nimi.

o Uzel/vrchol odpovida rozpoznatelnému mistu nebo situaci v konkrétnim ,,svété®.
e Kazda hrana predstavuje pFimou cestu z jednoho rozpoznatelného ,mista/
situace” najiné.

Znamym vizualnim prikladem je mapa metra (napriklad klasicka mapa londyn-
ského metra), kde uzly odpovidaji stanicim a mezi dvéma uzly je vzZdy samostatna
hrana pro kazdou vlakovou trat, kterd nabizi nonstop spojeni mezi stanicemi. Na
rozdil od takové mapy vSak nas Graf'svéta jako model mozkovych mechanismt pod-
porujicich kognitivni mapu zahrnuje nejen reprezentaci téchto znalosti, ale také
mechanismy, diky nimz ¢lovék, ktery zna svou stavajici polohu, najde cestu na po-
zadované misto. Kromé toho, stejné jako mizeme znat pési okoli nékteré stanice
metra, musi nase celkova kognitivni mapa propojovat ,uzly“ a ,hrany“ s lokomet-
rickymi mapami, které lokalizuji urcité uzly ve vztahu k detailim relevantnim pro
pohyb po jejich okoli.



from the middle of the front door of the house of our mutual friend, having turned
12° to the right of a line perpendicular to the door frame’, a location or locometric
place within a local chart for the episodic place.

The architect designs spaces that contain significant 3D places that afford actions
and/or experiences. These places include viewpoints, via points, and action points.
The architect may shape the exterior of a building not only to accommodate the
spaces within and the means to access them, but to offer aesthetic satisfactions of
its own, while shaping the interior spaces to have a variety of atmospheres and pro-
vide affordances for a range of different practical needs. The ‘nodes’ that define
a building can thus include external places that situate the building in relation to
its environment. This relates to our deep ancestral assessment of landscapes. Such
viewpoints for seeing the building from the outside may both serve practical pur-
poses and have aesthetic benefits.

Cognitive maps as ‘World Graphs’

And now at last we come back to topology! In Euler’s ‘map’ of Kénigsberg, the nodes
corresponded to very large episodic places, the different land masses, and the edges
corresponded to bridges linking them. Applying this framework to rats running
mazes, Arbib and Lieblich (1977; Lieblich & Arbib, 1982) introduced the World
Graph Model, noting that it represents not only the cognitive map a rat may have
of a particular maze but also the diverse cognitive maps we have of our different
‘worlds’, such as the interior of our home, familiar places and roads in our town, or
a world map linking airports through the flights between them. Each World Graph
(WG) has nodes to represent significant places, and edges for the direct paths be-
tween them.

e A node corresponds to a recognizable place or situation in a particular ‘world’.
 Each edge represents a direct path from one recognizable ‘place/situation’ to another.

A familiar visual example is a Metro map (such as the classic map of the London
Underground) where the nodes correspond to stations, and there is a separate edge
between two nodes for each different train line that offers a nonstop connection be-
tween their stations. However, unlike such a map, our World Graph model of brain
mechanisms supporting a cognitive map includes not only a representation of such
knowledge but also mechanisms whereby, knowing one’s present location one fig-
ures out a path to a desired location. In addition, just as we may have knowledge of
walking around the neighborhood of some Metro station, so must our overall cog-
nitive map link the ‘nodes’ and ‘edges’ to locometric maps that locate certain nodes
in relation to the details relevant to moving around their neighborhood.
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Kreativita v architekture:
Navigace zamérena jinym smérem

Konkrétni vyznam scénare

Pro mgj popis architektonického navrhu je klicovy pojem scénd# pouzivany v kog-
nitivni védé — scénar jako obecnd specifikace uréité kategorie lidského chovani, ni-
koli scénaf divadelni hry, ktery uréuje, co kdo fika ve spravném poradi, nebo ktery
podrobné popisuje, jak bude konkrétni osoba vystupovat pti konkrétni prilezitosti
(Arbib, 2021, ¢ast 2.1; Schank & Abelson, 1977). Scénd# v tomto smyslu slova tvofi
obecny ramec prislusného chovani... ale toto chovani se mize znaéné lisit. Vezméme
sinapt. scénaf narozeninové oslavy. Ten se lisi podle toho, z jaké zemé ¢i tradice po-
chazite, ale ve vétsiné zdpadnich zemi musi zahrnovat narozeninovy dort se svic-
kami, oslavence, ktery ma narozeniny, hosty, darky a riizna povinna chovani. Na-
priklad svi¢ky se musi zapalit, a pak se sfouknou, ale poradi jednotlivych udalosti
muze byt pomérné flexibilni a rtizné narozeninové oslavy pridavaji rizné variace
a dalsi chovani, které nejsou ve scénafi.

Navrh budovy se lisi od navrhu sochy, protoze po budové se pohybujeme a pouzi-
vame ji riznymi zptisoby; pojdme si tudiz otdzku navigace preformulovat s ohledem
natuto skuteénost. UZivatel zkouma budovu, aby si vytvotil kognitivni mapy, které
podpofinavigaci mezi vyznamnymi misty v daném prostredi. Naproti tomu archi-
tekt navrhujici budovu musi navrhnout mista, ktera by mohla spliovat praktické
i estetické potieby potencidlnich budoucich uzivatelt dané budovy — prosttedi,
které bude podporovat dokonce i zkoumani a smysl pro hru. Jiz jsem naznadil, ze
ptinavrhovani budovy si musi architekt predstavit scénare, které ma budova pod-
porovat. Napft. v restauraci rychlého oblerstveni byva scénar omezeny, ale vétSinou
budova poskytuje mista, kde se lidé mohou chovat riznym zpisobem. Architekt
musi poskytnout jak praktické afordance, tj. moznosti podporujici ¢innosti, které je
potteba pro konkrétni scénar vykonavat, tak i estetické afordance nebo afordance
tykajici se atmosféry. Zasadni je, ze navrh vyzaduje prevedeni kazdého scénare na
soubor mist, ktera podporuji rizné afordance, jez dany scénaf nabizi.



Creativity in Architecture:
Taking Navigation in a Different Direction

Introducing a particular sense of scripts

The notion of script developed in cognitive science is crucial for my account of archi-
tectural design — a script as the general specification of one class of behaviors that
people might perform (Arbib, 2021, Section 2.1; Schank & Abelson, 1977) rather
than being like the script in a play that specifies what everybody says in the right
order, or that gives the details of how one person performs on a particular occa-
sion. A scriptin this sense provides a general framework for related behaviors ... but
these behaviors can vary greatly. Consider the script for a birthday party. This var-
ies depending on what country or tradition you are from, but in much of the West,
there must be a birthday cake with candles, somebody whose birthday it is, guests,
presents, and various obligatory behaviors. The candles must be lit before they are
blown out, for example, but the order of events may be fairly flexible, and different
birthday parties will add different variations and additional behaviors that are not
in the script.

Design of a building differs from design of a sculpture because we move around
a buildingand useitin diverse ways, so let’s reframe the problem of navigation with
this in mind. The user explores the building to build cognitive maps that support
navigating between significant places in the environment. By contrast, the architect
designing a building must design places that could meet the needs, both practical
and aesthetic, of potential future users of that building — an environment that even
supports exploration and a sense of play. I have thus suggested that in designing
a building, the architect must include imagining the scripts it must support. In a fast
food restaurant, the script may be restrictive, but in general a building provides
places where people can play out various behaviors. The architect must provide both
practical affordances to support the actions one needs to execute for that script as
well as aesthetic or atmospheric affordances. The crucial point is that further design
requires translating each script into a set of places that support the various affor-
dances that are on offer in the script.
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Pripadova studie €. 6.
Lina Bo Bardi prepisuje scénare

Lina Bo Bardi byla architektkaitalského ptivodu, ktera dlouha léta uspésné pusobila
v Brazilii. Jiz samotny exteriér budovy jejiho Muzea uméniv Sad Paulu je neobvykly,
ale to, co zde chci zdtiraznit, je, ze zménila scénate vystavovani a prohlizeni obrazi.
Misto toho, aby obrazy povésila na stény, nechala kazdy obraz namontovat na sklo
zasazené do betonovych blokd, které rozmistila po celém sale, ¢imz vytvorila novy
scéndrf pro zazitek uméni. Namisto toho, abychom se soustfedili na konkrétni ¢ast
zdi ptiprohlizenijednoho uméleckého dila, a pak se pfesunuli doleva nebo doprava,
nabidla Bo Bardi obohaceny soubor moznosti — afordanci: mizete se rozhlédnout
po sale a vidét nékolik raznych obrazi, nez se rozhodnete, ke kterému z nich se
pfesunete. Bo Bardi vzala standardni scénafe a prepsala je, a poté vytvotila archi-
tekturu, kterd tyto nové scénare realizuje. Obecnéji feceno, architekti tedy nemusi
prevzit pouze existujici scénare, ale mohou je také upravit nebo dokonce vymyslet
nové (oBRr. 11).

wv o

Integrace scénéru, kognitivnich map a navrhu

Architekt navrhuje prostory tak, Ze nejen vytvareji atmosféru a prinaseji esteticky
pozitek, ale také umoznuji rtiznorodé chovani v budové a jejim okoli. Vidéli jsme, ze
scénare tykajici se konkrétni budovy definuji mista potfebna k zajisténi moznosti
(afordanci) a kazdy scénar tak implikuje Graf svéta, ktery ukazuje, jak maji byt tato
mista propojena — neumistuje je ale do euklidovského prostoru definovaného fyzic-
kym mistem realizace (lokalitou), kde ma byt budova postavena. Dobry architekto-
nicky navrh musi propojit kazdy uzel s vyznamnym mistem, které upouta pozornost
uzivatele a nabidne mu odménu v podobé estetického zazitku a/nebo splnéni prak-
tické funkce. Uzly musi byt propojeny hranami, které identifikuji nezbytné prechody.
Vidéli jsme také, ze uzivatel budovy si vytvari kognitivni mapy, které se vztahuji
k relevantnim scénarim, zatimco architekt tento proces ,obraci“ a navrhuje mista
a prostory, které tyto mapy a scénare podpori. V§imnéte si posunu od grafti svéta /
kognitivnich map predstavujicich to, co je v hlavé Elovéka pohybujiciho se v urcitém
prostiedi, k predstavé, kterou mize explicitné vyjadrit architekt v predbézné speci-
fikaci vyznamnych mist a jejich vazeb, které budou obsahem navrhu.

Toto je véak pouze mala ¢ast procesu tvorby navrhu. Mista specifikovana prostred-
nictvim scéndfti a afordanci musi byt nakonec spojena s vlastnostmi lokality a musi
byt skute¢né umisténa spolu s rozvrzenim cest mezi nimi a vSe musi byt stanoveno
s trojrozmérnou presnosti. Jedna véc je fici, Ze prostor bude vytvaret urlitou atmo-
stéru, a zcela jina véc je navrhnout prostorové formy a vztahy, které tuto atmosféru
skuteéné zprostiedkuji. Dals$im tkolem architekta je zasadit misto do trojrozmér-
ného prostoru tak, aby skuteéné umoziovalo néjakou uzite¢nou ¢innost nebo akci,
nebo urdit, jak vytvorit konkrétni hranu, pisobici predevsim jako oblast prechodu,
tak, aby rovnéz spoluvytvarela urcitou atmosféru.



Case Study 6.
Lina Bo Bardi Rewrites the Scripts

Lina Bo Bardi was an Italian born architect who flourished in Brazil for many years.
The exterior of her Art Museum in Sad Paulo is distinctive, but what I want to em-
phasize here is that she changed the scripts for exhibiting and viewing the paintings.
Instead of arranging the paintings along the walls, she had each painting mounted
on glass set in concrete blocks, and scattered these all around the floor, providing
anew script for experiencing the art. Instead of having us focus on part of a wall to
look at one piece of art and then move left or right, Bo Bardi offered an enriched
set of affordances — you can look around the room and see various paintings before
you choose which one to move to next. Bo Bardi has taken the standard scripts and
rewritten them, and then created an architecture that exercises those scripts. More
generally, then, architects need not only employ existing scripts, but can also vary
the scripts or even come up with new ones (riG. 11).

The Integration of Scripts, Cognitive Maps, and Design

The architect designs spaces that not only create atmosphere and provide aes-
thetic pleasures but also provide affordances for diverse behaviors in and around
the building. We have seen that the scripts associated with a building define places
needed to provide affordances, and each script thus implies a World Graph showing
how these places are to be connected — but they do not locate them in the Euclidean
space defined by the site on which the building is to be constructed. Good architec-
tural design must link each node to a significant place that captures the user’s atten-
tion, with each offering aesthetic rewards and/or serving practical functions. Nodes
must be linked by the edges that identify the necessary transitions. We have also
seen that the user of the building forms cognitive maps that relate to the scripts that
arerelevant to them, whereas the architect ‘inverts’ the process to design places and
spaces that support those maps and scripts. Note the shift from world graphs/cogni-
tive maps as representing what is iz the head of a person navigating an environment
to a representation the architect can make explicit in a preliminary specification of
significant places, and their linkages, to be contained in the design.

However, this is only a small part of the design process. The places specified by
scripts and affordances must be linked eventually to features of the site, and the
places must indeed be placed with the layout of the paths between them specified
with three-dimensional exactitude. It is one thing to say that a space will afford
a certain atmosphere, quite another to design the spatial forms and relationships
that will indeed convey that atmosphere. Again, further challenges emerge for the
architect in embedding a place in three-dimensional space so that it does indeed
afford some useful action, or specifying how an edge, though still there primar-
ily acting as a zone of transition, may be sculpted so that it too conveys a certain
atmosphere.

PAGE 327



STRANA 328




OBR. 11 Pohled na exteriér a interiér Muzea uméni Liny Bo Bardi v Sad Paulu
FIG. 11 Exterior and interior views of Lina Bo Bardi’s Saé Paulo Art Museum
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A vznika jesté dalsi problém. Kazdy scénaf specifikuje Graf svéta pro ,svét”, ktery
muze dany scénaf podporit. Architekt muize zjistit, ze mista vysnéna v ramci dvou
ruznych scénari mohou byt realizovana stejnym mistem v budové. Navrh obsa-
hujici pro kazdy scénat samostatna mista mize byt neekonomicky a nepohodlny,
a proto je nutné posoudit i na této urovni abstrakce, kterd mista je vhodné slou-
¢it, a sjednotit tak Grafy svéta. Rozhodnuti o tom, které uzly sloudit, miize vycha-
zet z obecnych uvah o tom, jak budou scénare do sebe zapadat v prostoru a ¢ase
pti skute¢ném pouzivani budovy. Scénar pripravy jidla i scénar myti nadobi muze
specifikovat pouzivani dfezu s tekouci vodou. Méla by véak budova obsahovat dva
dfezy, nebo je vhodné ,tyto uzly slouéit“? V domacnosti ptiprava jidla pfedchazi
myti nadobi, a proto je praktické a isporné mit jeden drez. V kuchyni restaurace
probiha priprava i myti soucasné a uzly nelze sloucit. Svou roli maze hratikultura,
jako je tomu v pfipadé japonského pouzivani futoni, které eliminuje potfebu od-
délené loznice. Dalsim tikolem je pak umistit tato mista ve vyse definovaném eukli-
dovském prostoru a v ramci mista vystavby budovy do tfi rozméru (které definuji
rozsirenou lokometrickou mapu pro kazdy graf svéta) — coz je proces, ktery muze
sam o sob¢ zahrnovat pretvoreni téchto prostori. V ramci tohoto procesu je tieba
vénovat velkou pozornost vlastnim formam, které poskytuji rozmanité afordance,
a také tém aspektim vyznamnosti, které dodavaji podstatu, pripadné zajimavost
oblastem prechodu, které odpovidaji hranam. Da se fici, ze své Grafy svéta zalo-
zené na scéndfi sladime s topografii, v niz je budova situovana (a to se tyka velké
¢asti dila Jetelové).

Celkové bychom mohli fici, ze praktické afordance tvori prézu prostoru a naseho
pohybu timto prostorem a nasich akei trvajicich v ¢ase, zatimco afordance tykajici
se atmosféry tvofi poetiku prostoru. V topologickém prostoru vzkvéta nase pred-
stavivost a kognitivni mapy, ale nase budovy a sochy jsou zasazeny do geometric-
kého prostoru a jsou vytvorem ¢asu (jak osobniho, tak historického, pficemz oboji
je ovlivnéno kulturou, kterd je ndm vlastni).

Je potfeba nadale objevovat a zkoumat empiricka data z oblasti neurovédy a kogni-
tivnich véd a provadét dalsi modelovani. Tyto snahy budou vyzvou pro neurovédce
a architektiim pfinesou nové koncepty a nové zpiisoby mysleni, takze budou moci
ptristupovat k budoucim projektim s hlubsim pochopenim architektonického na-
vrhu a architektonického zazitku.



There is a further problem to be faced. Each script has specified a World Graph
for a ‘world’ that can support that script. The architect may discover that places
dreamed up as part of two different scripts may be realized by the same place
in the building. A design that specifies separate places for each script may be
both uneconomical and inconvenient and so, even at this level of abstraction, an
assessment is required of which places to merge, unifying World Graphs in the pro-
cess. This decision as to which nodes to merge may rest on broad considerations as-
sessing how the scripts will fit together in space and time in the actual use of a build-
ing. Both the food preparation script and the washing up script may specify the use
of a sink with running water. But should the building include two sinks, or ‘merge
the nodes’? Ina home, preparing a meal comes before cleaning up and so having one
sink is practical and economical. In a restaurant kitchen, both cooking and cleaning
up are ongoing, and the nodes cannot be merged. Culture can play a role, too, as in
the Japanese use of futons removing the need for a separate bedroom. The further
challenge is then to locate these places in the Euclidean space defined above, and
around the building site in three dimensions (registration to which defines the ex-
panded-sense locometric map for each world graph) — a process that may itselfin-
volve the reshaping of those spaces. In the process, much attention must be placed
on the actual forms that provide the varied affordances, as well as those aspects
of materiality that give substance and possible interest to those zones of transi-
tion corresponding to the edges. We may say that we are matching our script-based
World Graphs with the topography in which the building is situated (and this relates
to much of Jetelova’s work).

To offer an overall perspective, we might say that practical affordances provide the
prose of space and of our movements through space and our actions as extended in
time, while atmospheric affordances provide the poetics of space. Our imagination
and cognitive maps thrive in topological spaces, but our buildings and sculptures
are embedded in geometric space and are creatures of time (both personal and his-
torical, with both influenced by the culture in which we are immersed).

There are vast realms of empirical neuroscience and cognitive science data left to
be explored and discovered and much further modeling to be done. These efforts
will challenge the neuroscientist and offer the architect new concepts and new ways
of thinking to approach future projects with enriched understanding of the experi-
ence and design of architecture.
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Pripadova studie €. 7:
Jorn Utzon a navrh budovy opery v Sydney

Dilezitym rysem névrhu opery v Sydney® J. Utzona & — Tato pfipadova studie je malou
byla jeji vizualizace, kdy si ji predstavil jako budovu, ;f‘i';‘i’:ys(t/_‘\‘rd;ﬁ)“;’ggf)”it‘éf:;grpé
ktera bude viditelna ze vSech stran, pfi¢emz tvafe,  zraznych zdroji, zejména viak z dila
které budova ukazuje svétu, vytvéreji atmosféru, kterd g’gzr‘;‘;‘;ﬁ;’:’f:‘;‘ﬁfhgg:?;ﬁ?gkt
obohacuje prostfedi mista, kde se nachazi, a zairoven  pudovy opery v Sydney / (Fromonot,
je jim ovlivnéna. Utzon si byl velmi dobfe védom toho, ~ 1998).

ze kolem mista na Bennelong Point proplouvaji vyletni

lodé a trajekty. Zohlednil také vyhledy z ptilehlé Bo-

tanické zahrady a predevs$im z mostu Sydney Harbour

Bridge, ktery je dominantou pfistavu. Ostatni ucast-

nici soutéze o navrh opery v Sydney toto opomnéli.

Kromé toho navrhl budovu tak, aby respektovala

misto, kde se nachazi, tim, Ze umistil saly vedle sebe

a prizpusobil tak navrh obrysu Bennelong Point.

Poskytl také praktické afordance, které mohou (ale nemusi) atmosféru obohatit.
Ve svém soutéznim navrhu Utzon popsal pristup do sald nasledovné: , Architektura
zdiraznuje charakter mista Bennelong Point a maximalné vyuziva vyhledy. Pfistup
divaka je stejné snadny jako v feckém divadle a ztetelné vyjadfeny jednoduchou
konstrukci schodist. Divaci prijizdéjici automobily, vlaky a trajekty se shromazd'uji
a jako slavnostni pruvod jsou vedeni do prislusnych sala diky ¢istému a jednodu-
chému feseni schodisté.”

Lidé ve spoleénosti; lidé v historii

Dosud jsme se zamétovalina to, jak budou jednotlivilidé vnimat uméleckeé dilo nebo
architekturu. Na zavér nékolik slov, ktera nam pripomenou, ze lidé jsou spoleéenské
bytosti. Lidska pohoda zahrnuje pocit sounalezitosti s kulturou, ktera je podporuje.
Ptili$ ¢asto se kultura chova k pfilis mnoha lidem jako k pouhym kolecktim ve stroji.

Pfipadova studie . 8. B
Magdalena Jetelova a jeji Cerveny kout

Vsimnéte si let 1983-1985, kdy vznikal tento projekt, ve vztahu k sametové revo-
luci ve dnech 16. — 28. listopadu 1989. Projekt byl umistén pred tehdejsim ateliérem
Jetelové v prazské ¢asti Ticha Sarka. Réizné opusténé domy oznadovaly jeho mista
pomoci pomijivého prostfedku — neustale se Sificiho éerveného koufte.

Projekt Marking with Red Smoke / Oznaceno cervenym kourem / vyjadroval ne-
svobodu, prisnou kontrolu a silnou manipulaci, kterou zazivali lidé v komunistic-
kém Ceskoslovensku. Jetelova (pc) zdtiraznila, Ze éerveny kouf vypousti nouzova



Case Study 7:
Jorn Utzon Designing the Sydney Opera House

An important feature of Utzon’s design of the Sydney & — This Case Study is a small
Opera House © was that he visualizeditasa bui‘lding to Zj"zmo‘;'&‘:;tgya; gzrf)s’:’;‘tiz;"wsh‘?g:"“
be seen from all sides, with the faces the building pre-  draws on diverse sources, but
sents to the e>'(te':rnal world creating an atmosphgre that §f$:§g’;'§n°e';’g;’;r‘:ﬁ°ot Jrehitect
enrichesand isinformed by the environment ofits site.  (Fromonot, 1998).

Utzon was very much aware that pleasure boats and

ferries circumnavigate close to the site on Bennelong

Point. He also took into account the overlooking views

from the adjacent Botanical Gardens and, above all, the

Sydney Harbour Bridge, which dominates the Har-

bour. The other competitors in the competition to de-

sign the Sydney Opera House failed to recognize this.

Moreover, he designed a building that respected its

site by placing the auditoriums side by side, conform-

ing the design to the contour of Bennelong Point.

He also provided practical affordances that may (but need not) enrich the atmos-
phere. In his competition entry, Utzon spoke of access to the auditoriums as fol-
lows: ‘The architecture emphasises the character of Bennelong Point and takes the
greatest advantage of the view. The approach of the audience is easy and as distinctly
pronounced as in Grecian theatres by uncomplicated staircase constructions. The
audience is assembled from cars, trains and ferries and led like a festive procession
into the respective halls, thanks to the pure staircase solution.’

Humans in Society; Humans in History

So far, our focus has been on how individual people will experience an artwork or
architecture. To close, a few words to remind us that humans are social beings. Hu-
man well-being involves the sense of belonging to a culture that supports them. Too
often, the culture treats too many people as mere cogs in the machine.

Case Study 8.
Magdalena Jetelova's Marking by Red Smoke

Note the years for this project, 1983-19835, relative to the Velvet Revolution of 16—
28 November 1989. This project was located in front of Jetelovd’s then studio in
the Ticha Sarka district of Prague. Various abandoned houses marked its locations
through the transient means of constantly-dispersing red smoke.

Marking with Red Smoke expressed the lack of freedom, and the strict control and
strong manipulation experienced by the people of communist Czechoslovakia.
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OBR.12 Operav Sydney a most Sydney Harbour Bridge pti pohledu z pristavu
FIG.12 The Sydney Opera House and the Sydney Harbour Bridge as seen from the Harbour

OBR. 13 Bennelong Point pred vystavbou budovy opery v Sydney a po ni.
FIG.13 Bennelong Point before and after the construction of the Sydney Opera House



OBR.14 Magdalena Jetelov4 a jeji Cerveny kout
FIG.14 Jetelova’s Red Smoke
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svétlice vypusténa clovékem v nouzi — jasné viditelna obdoba S.0.S. Hlavnim pro-
blémem tehdejsiho Ceskoslovenska pro Jetelovou nebyl samotny komunismus, ale
despotickd vlada. Symbolické volani o pomoc v projektu Jetelové mélo také upozor-
nit na rust ,rudych” konglomerata na politické mapé v kazdé zemi podléhajici de-
spotické vladé, at uz se hlasila ke komunismu, ¢i nikoli. Video z akce ilustrované na
obrazku 14 ukazuje éerveny kout vychazejici z dér ve stfechach a z oken opusténych
domd, jejichz dynamicky se ménici atmosféra je prerusovana pohledy na détskou
ruku postupné barvici cely svét na ¢erveno (http://cead.space/Detail/people/24).
Vidime zde spojeni doslovného vyznamu slova ,atmosféra“ s jeho metaforickym
uzitim v architekture, kterému jsme se vénovali vyse.

Tato symbolika je zvlasté v dnesni dobé (prednaska byla prezentovana v kvétnu 2022
aclanek byl dokonéen v fijnu 2022) neptijemné palciva, nebot kazdy den nam televize
a internet prinaseji obrazy dymu, ktery se $iti na Ukrajiné v disledku valky vedené
Putinovym Ruskem; zde se nejednd o despotismus komunistického SSSR, ale o despo-
tismus Ruska, kde se prosadil revansisticky carsky sen o ruském impériu.

V projektu Marking with Red Smoke éerveny kout do¢asné oznacoval misto v nouzi.
Naproti tomu v projektu Is/and soustiedény paprsek svétla sleduje hranici, ktera
v jistém smyslu neexistuje, protoze toto ,misto” nepatfi ani Americe, ani Evrop¢,
dokonce ani Islandu, a pfesto ozivuje pamét, kterou si uchovava zemé, ale ktera
davno predchazela vzniku lidského druhu a saha do doby, kdy se rozestoupily kon-
tinentalni Selfy. Védecky objev kontinentalniho driftu rozsitil nasi pamét do hlubo-
kého davnovéku, kdy se vlivem proudéni magmatu od sebe oddélily kontinentalni
desky v ramci vyznamné geologické transformace.

V zavéru bych rad upozornil na to, Ze historie sice mtize byt zapomenuta, ale at uz
z hlediska uméni, ¢i z hlediska architektury, politice ani historii se nelze vyhnout.
Ignorujeme-li tuto skuteénost, ¢inime tak na vlastni nebezpeéi, a pritom hledame
zpusob, jak tvorit uméni a architekturu, které by prispély k lidskému zdravi a bla-
hobytu v dobé, kdy ve svété zuti nerovnosti, valky plodici hlad a uprchliky a katas-
trofické klimatické zmény (Arbib, Banasiak & Othon Villegas-Solis, 2022).



Jetelova (pc) stressed that red smoke is what is released by an emergency flare sent
up by someone in distress — a highly visible equivalent of an S.0.S. The key issue for
Jetelova about Czechoslovakia of that time was not that it was communist, but that
the government was despotic. Jetelovd’s symbolic call for help was also intended to
bring attention to the growth of ‘red’ conglomerations on the political map in any
country subject to despotic rule, whether or not it claimed to be communist. A video
from the eventillustrated in Figure 14 shows red smoke coming out of holes in roofs
and windows of abandoned houses whose dynamically changing atmospheric forms
are interrupted with views of a child’s hand gradually painting the whole world red
(http://cead.space/Detail/people/24). Here we see the merger of the literal meaning
of ‘atmosphere’ with its metaphorical use in architecture that has occupied us above.

This symbolism seems disturbingly poignant now (the talk was presented in May
2022 and the paper completed in October 2022) as each day television and the in-
ternet bring us images of the smoke spreading across Ukraine from the war waged
by Putin’s Russia, where the despotism is not that of the communism of the USSR
but that of a Russia where the revanchist Tsarist dream of a Russian Empire has

taken hold.

In Marking with Red Smoke, the red smoke temporarily designated a place in dis-
tress. By contrast, in the Jceland Project a concentrated beam of light traces a border
which in some sense does not exist, since itisa ‘place’ belonging neither to America,
nor Europe, nor even to Iceland, and yet which provides the reanimation of a mem-
ory that the earth holds but which long predated the emergence of the human spe-
cies, as continental shelves pulled apart. The scientific discovery of Continental
Drift has extended our memory into a Deep Time where distinct continental plates
are pushed apart by the continuing flow of magma in an ongoing geological trans-
formation of immense power.

We conclude with the understanding that, whether in art or architecture, history
may be forgotten but politics and history are nonetheless unavoidable. We ignore
such understanding at our peril as we face the challenges of providing art and ar-
chitecture that can enhance human well-being at a time of rampant inequality, wars
that breed hunger and refugees, and catastrophic climate change (Arbib, Banasiak,
& Othén Villegas-Solis, 2022).
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Zkoumadni mista, respektive toho, jak po- 1 — Neni proto nahodou, 7 jeden z nejvyraznéjsich
psat, kde a ]ak se nachézime na SVété, sena |n3elevktua!u, B#runo Latour, se témto otdzkam vénoval
. dvch ickveh i ktickvch v fadé projektd.
I;LIZIIOFO yc l,ICOI'CUC ych 1 pra l(f VYC 2 — Adil¢im zpusobem také procesim interiorizace
urovnich vraci do centra pozornosti rady a exteriorizace.
V?znamnych myslitelﬁ a tvircdt Nelze 3 — Podobami vztahu vnittku a vnéjsku se vénoval ve
Yitom 'ednoduée shrnout motivace a in- svém filozofickém rozpracovani pojmu mista E. S. Casey
P \]{ ; : i v knize Getting Back into Place, ov8em zabyva se otazkou
tence vsech pod jeden teoreticky rdmec,  spise na obecné urovni. Jakkoli to neni v tomto textu
nicméné pojem mista i praxe utvéfeni 9pr|C|tne ro%pracoyano,vrpotlv hrany, rozhrarv1| a qkraje
S ., , je prozkoumavan predevsim ve vztahu k sou¢asnym
mistje provazuji. V textu se budu zabyvat podobam situovanosti. Srov. Edward S. Casey, Getting
bliie pOdObOll Vztahu mista a prostoru Back into Place, Indianapolis 2009, s. 125-130.
a vnittku a vnéj$ku? na prikladech z ob-

lasti soucasné architektury a uméni.®

Misto se muze zprvu jevit jako trivialni a neproblematicky pojem, protoze jim v bézné
recirozumime cosi nam blizkého, znamého, srozumitelného v opozici viéi dalce a ne-
znamému ¢i jinakému. Dale bychom jej mohli popisovat jako cosi uzavieného, uspo-
VI 4 o/ 7 . . . v . v 4 v !
tadaného a poskytujiciho orientaci; oproti nekonecnosti oteviteného prostoru. Vzdyt
pokud se ptame, kde se nachazime, nejcastéji odpovime odkazem k urcitému mistu,
které v$ak je zpravidla komplexni udalosti. Pravé proto také ptisobi nemalé potize,
pokud usilujeme o teoretickou explikaci a reflexi mista a jeho vztaht.

Termin topologie je nejcastéji pouzivana jako ozna- 4 — srov. Jeff Malpas, Heidegger and
v ’ . . ¥ _ the Thinking of Place. Explorations
Ceni pro spec1ﬁck,0u oblast maten}at}ky, Ov8em Po- e oy of Being. Cambridae-
kud vyjdeme ze zakladu slova, sklada se ze slova to-  -London 2017, s. 11n.
pos, fecké slovo pro oznadeni mista,? a logie jako
oznaceni pro nauku. Lze proto opravnéné hovortit
o nauce o misté, coz se samo o sobé mize jevit mirné
v 7 . sV v . . v 4 v
paradoxné. Misto je totiz vzdy jedine¢né a nepfte-
nositelné, lze jej poznavat jen v jeho konkrétnosti.
Otazka proto zni, zda je mozné vytvaret systematic-
kou a univerzalni definici mista.

K teorii mista a prostoru

V architektonické a $irsim pohledem také v umélecké diskuzi se otazka mista stala
jednou z téch, které vyrazné prispély ke zpochybnovani autority modernismu a jeho
derivatt v povale¢ném obdobi. Klicovym textem se v tomto déni stala prednaska
Bauen Wohnen Denken némeckeého filozofa Martina Heideggera, kterou prednesl
k architektiim najejich pozvanivroce 1951. Zasadni teze, s niz Heidegger prisel, ob-
ratila obvyklou a o¢ekavatelnou ulohu architektury: aby bylo zfejmeé, jak stavét, nej-
prve je tieba bydlet. Mozna bychom, pravdépodobné jako némeétiarchitekti, oceka-
vali, ze se filozof vyjadfi k riznym podobam architektury a pokusi se zformulovat
teorii hodnot, ktera bude vychazet z toho, ze je tfeba zvolit spravnou podobu domu,
aby ¢lovek mohl dobte bydlet. Vztah bydleni a stavéni vSak chape Heidegger tak, ze
wbudujeme a postavili jsme néco, nakolik bydlime, to znamend, nakolik jsme jako



The exploration of a place or, more precisely,
the way of describing where and how we are
in the world, has been a recurring focus of
attention for a number of important think-
ers and creators on a variety of theoretical
and practical levels.! All the motivations and
intentions of all of them cannot be summa-
rized under a single theoretical framework,
yet they are intertwined by the notion of
place and the practice of place-making. In
this text, I will closely deal with the shape of

1 — It is therefore no coincidence that Bruno
Latour, one of the most prominent intellectuals,
has addressed these issues in a number of
projects.

2 — And partly also to the processes of
interiorization and exteriorization.

3 — E. S. Casey dealt with the shape of the
relationship between the inside and outside in a
philosophical work on the place concept in his
book Getting Back into Place, however, more on a
general level. Although it is not explicitly worked
out in this text, the edge, transition and interface
is being examined mostly in the relationship to
the current forms of situatedness. Cf. Edward S.
Casey, Getting Back into Place, Indianapolis 2009,

the relationship between place and spaceand ~ Pp-125-130.

the inside and outside,? using examples from
contemporary architecture and art.®

At first, a place may appear as a trivial and unproblematic concept, because in com-
mon parlance, we perceive it as something which is close to us, familiar, under-
standable in opposition to the distant and unknown or different. We could further
describe it as something closed, ordered and providing orientation; in opposition to
the infinity of open space. After all, when we ask where we are, we most frequently
answer with a reference to a particular place which is, however, usually a complex
event. This is the very reason why it also causes considerable difficulties when we
strive for theoretical explication and reflection of the place and its relations.

The term topology is most frequently used to denote a
specific area of mathematics, yet should we start from
the base of the word, it consists of the word zopos, the
Greek term for place? and /ogia, the word for science.
One can therefore legitimately speak of a science of a
place, which in itself may appear slightly paradoxical.
A place is always unique and non-transferable; it can
only be seen in its concreteness. The question there-
fore is whether it is possible to create a systematic and
universal definition of a place.

4 — Cf. Jeff Malpas, Heidegger and
the Thinking of Place. Explorations
in the Topology of Being,
Cambridge-London 2017, p. 11n.

On theory of place and space

In the architectural and, more broadly, artistic debate, the question of a place has
become one of those that have significantly contributed to challenging the authority
of modernism and its derivatives in the post-war era. In this development, a text of
key importance was the lecture Bauen Wohnen Denken by the German philosopher
Martin Heidegger, which he delivered to architects at their invitation in 1951. The
fundamental thesis that Heidegger came up with reversed the usual and expected
role of architecture: in order to understand how to build, one must first live. Like
the German architects, we might have expected the philosopher to comment on the
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bydlici.“® Smysluplné stavéni se nestard, abychom 5 — Martin Heidegger, Budovat, bydlet,

: H ¥ adre 4 (R myslet, in: Jifi Sevéik - Monika Mitaova,
bydleh’ szah ]CvOp‘aCI‘lY.. abychvorn dOkézalvl vibec Ceska a slovenska architektura 1971-2011,
smysluplné stavét, je nejprve tfeba spravné bydlet  praha2013,s.75.

ve svété, jinak fe¢eno mit spravny vztah ke svétu.b & — Ividem, s. 81.

Tato teze nedava odpovéd na nejistotu tvoreni forem, ota¢i 7 — Tak prostor chéapal
pozornost na vztah ¢lovéka ke svétu. Zatimco Heideg- — aké Heidegger: Pokud

, v . mluvi o prostoru, nikdy mu
ger hleda odpovéd, jak se chovat v budoucnu, jak budovat  nejde o prostor ,zkroceny*
spravny vztah ke svétu, zde je zdjem zaméfen na to, jak se ~ nebo »existenciaini®;

Ve IV e V 7 eeV . «r 7 v »ZNa jen inertni prostor
priblizit porozuméni jiz existujicich staveb. Ty v sobé ne-  geometrického univerza,
sou ulozeny vztah ke svétu, jez se projevuje uzpiisobovanim  znéhozje pro jeho

. o Ne v 1r V. Y nehostinnost tfeba
prostoru, artikulovanim zitého prostiedi. Do néj se promitaji  ,niknout” van Blecha,
predpoklady zaloZené na dobovém chdpani prostoruapozice  Technika, stavénia bydleni
vl vk Y d ’ l.v. k 1 . ’ h u Martina Heideggera
¢lovéka v ném: je zde proto nutné rozlidit kvalitativni ucho- joc¢ ortegyy Gasset

, . L G ey . . . .
peni tohoto pojmu. Na jedné strané totiz existuje popis pro-  in:Idem, Prostory zjevnosti,

. . . 7N A 4 v o . Zlin 2018, s. 93.
storu, jak jej utvari novovéka véda s dirazem na matemati-
. v 7144t i / ¥iklad ¥rodnich veéd 8 — Robert McCarter
zaci svéta. Zvlaste je to patrné na prikladu prirodnich véd,  ~jjnanipaiasmaa,
’ . .’ . . . v .

které prostor usiluji zachytit objektivné, bez vazby k pro-  Understanding
v/ ’ k v t. t 7 T kt h ’ t b s Architecture, London -
zivané zkuSenosti prostoru.” Takto uchopeny prostor byvé  ew vork 2012, 5. 15
popisovan jako homogenni, univerzalni a potencialné neko-
neény, ovSem v nasi zkusenosti se prostor takto nejevi. Je he-
terogenni, sklada se z mist, jez jsou soucasti proménlivé sité
s centry, uzly a periferii, a predevsim jsou jedine¢na a uza-
viena. Skrze mista roste vyznam a pomaha nam se oriento-
vat ve svété. Finsky architekt Juhani Pallasmaa proto vyuziva
v navaznosti na norského historika a teoretika architektury
Christiana Norberga-Schulze pro takovou zkus$enost ozna-

¢eni existencidlni prostor.®

Soucasné je tfeba pripomenout, ze Heideggerovo zdlraziio- 9 — Hodise dopinit,
Véni mist javko zé.sa,dnivc,h opor pro existenci‘ nebyvlf) pfijimano zilk,i";’r‘latz fg';g{jg;gerem_
vzdy s otevienou naruci. Razné je zpochybnil napfiklad filozof 5 o o avinas,
Emmanuel Lévinas, stejné jako Heidegger v uvodu své drahy  Heidegger, Gagarin
myslitele poslucha¢ Edmunda Husserla.? Rétoriky mist se to- @ nmeyk(')’:];g:;“;;'hz 2009
tiz obaval pro jeji zdtirazfiovani hranic a okrajii, které délilidi  s.122-124. '
na blizké a cizi, na ,my“ a ,oni“. V kratkém tderném textu

Heidegger, Gagarin a my vyjadfuje tyto obavy a predsta-

vuje vargumentu vici Heideggerovi pravé kosmonauta Jurije

Gagarina, ktery ukazal svym ¢inem moznost odpoutani se od

mista — v tomto pripadé dokonce od samotné Zemé, ackoli

jen kratkodobé. Pro Lévinase je to kladnd zkus$enost, protoze

wpripoutani k Mistu, bez néhoz by vesmir ztratil sviij smysl/

a stézi by vitbec existoval, to je ono rozpolcent lidstva na do-

morodce a cizince. A z tohoto hlediska je technika méné nebez-

pecnd neZ genii loci, biiZkové Mista.“1°



various forms of architecture and attempt to formulate a the-
ory of values based on the need to choose the right form of the
house in order to live well. Yet Heidegger understands the re-
lation between living and building to mean that ‘we build and
have built something, insofar as we live, that is, insofar we are
as dwellers’.® For meaningful building does not care for us to
live, the relationship is reverse: to be able to build meaning-
fully, we must first live in the world properly, in other words,
to have a proper relationship with the world.®

This thesis does not provide an answer to the uncertainty of
the creation of forms; it focuses on the relationship of man
to the world. While Heidegger seeks an answer to how to be-
have in the future, how to develop the right relationship to the
world, here the focus is on how to approach the understanding
of already existing constructions. These carry an embedded
relationship to the world manifested in the ordering of the
space and in the articulation of the lived environment. This
environment reflects the assumptions based on the under-
standing of the space and the position of man in it at given
time: it is therefore necessary to distinguish the qualitative
grasp of this concept. On one hand, there is the description
of space as formed by modern science which emphasizes the
mathematization of the world. This s particular evidentin the
example of natural sciences which seek to capture the space
objectively, free of any reference to the lived experience of
the space.” A space perceived in such way is often described
as homogenous, universal and potentially infinite, yet in our
experience, space does not appear this way. It is heterogene-
ous, consisting of places which form a shifting network with
centres, nodes and peripheries — and above all, it is unique and
closed. It is through places that meaning grows and helps us
navigate the world. The Finnish architect Juhani Pallasmaa
therefore uses — following the Norwegian architectural his-
torian and theorist Christian Norberg-Schulz — the term ex-
istential space for such experience.®

At the same time, it should be remembered that Heidegger’s
emphasis on places as essential supports for existence has not
always been received with open arms. It was vigorously chal-
lenged by, for example, the philosopher Emmanuel Lévinas,
who was, just like Heidegger, a student of Edmund Husserl
at the beginning of his thinker’s career.® Indeed, he feared
the rhetoric of places for its emphasis on the boundaries and
edges which divide people to the close and strange ones, to ‘us’

5 — Martin Heidegger,
Budovat, bydlet, myslet
(Building, Dwelling,
Thinking), in: Jifi Sevdik -
Monika Mitagova, Ceska
a slovenska architektura
1971-2011, Prague 2013,
p. 75.

6 — Ibidem, p. 81.

7 — Thisis how
Heidegger also
understood space: When
talking about space, it is
never a space which is
‘tamed’ or ‘existential’;
‘he only knows the inert
space of the geometric
universe from which it

is, due to its hostility,
necessary to escape’. lvan
Blecha, Technika, stavéni
a bydleni u Martina
Heideggera a José Ortegy
y Gasset (Technology,
Building and Dwelling in
Martin Heidegger and
José Ortega y Gasset) in:
Idem, Prostory zjevnosti,
Zlin 2018, p. 93.

8 — Robert McCarter -
Juhani Pallasmaa,
Understanding
Architecture, London -
New York 2012, p. 15.

9 — Itis worth adding
that Lévinas was also
strongly influenced by
Heidegger.
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Jak uzje patrné také z kratkého predstaveni
toho, co miize byt povazovano za novodoby
filozoficky' zaklad debaty o nalezitostech,
potiebé mista i jeho prekradovani'?, dile-
zitym bodem této debaty je obecny vztah
vnitrku a vnéjsku. Nejde vsak v tomto pri-
padé pouze o prostou opozici nachazeni se
mezi ¢tyfmi sténamiamimo né’® To je sice
nejbéznéjsi zkusenost vlastniho vynacha-
zeni se uvnitf, presto tasama muze byt dale
rozvadéna pomoci otazek, jakou roli hraje
vnéjsek v mé zkuSenosti vnitrku.'* Nelze
tak utvaret rigidni opozici dvou pojmd,

11 — Celkovy podrobny prehled filozofickych
koncepci mista a prostoru a jejich historické
proménlivosti viz Edward S. Casey, The Fate of Place.
A Philosophical History, Berkley and Los Angeles 1998.

12 — Vedle zminénych autor( vyrazné k tomuto
tématu prispél napt. Karsten Harries v knize Eticka
funkce architektury. Karsten Harries, Eticka funkce
architektury, Praha 2011, s. 176.

13 — Cyril Riha trefn& upozornil na to, ze uzavienost,
pokud by méla byt Gpln4, je zkusenosti vézeni. Cyril
Riha, Dérovana zed a vagni terén, in: Petr Prasek,
Alena Roreitnerové (edd.), Mysleni hranice / hranice
mysleni, Praha 2021, s. 188-189.

14 — Pro obraznost Ize uvést jednoduchy pfiklad:
kdyz sedim v pokoji, jsem sice doslova uvnitf,
soucasné vizualné a ¢asto i akusticky propojeny

s okolim diky okntim.

protoze tak vznika mylny dojem jejich tupl-
ného oddélent.

V pripadé fenomenologicky orientovanych teoretiki a his-
torikt architektury, ktefi do urcité miry z Heideggerova
mysleni vychazi, mizeme vysledovat argumentaci pro bu-
dovani vnittku vytvareného prostredi v navaznosti na po-
znani prirodniho prostfedi. Rozvinutou podobu této ar-
gumentace najdeme naptiklad v knize Genius loci'® od
Christiana Norberga-Schulze ¢i podobné v knize Vztahy'®
Tomase Valeny. Vychazi ze sdilené propozice, v niz moderni
existence je poznamenana ztratou mista. Oba se divaji na
vystavéné prostiedi a ve svych analyzach dochazi k zavéru,
ze je treba hledat takové zptusoby mysleni a utvareni archi-
tektury, v nichz pojem mista bude centralni. Nabadaji vra-
tit se zpét k takovému mysleni architektury, jez ma ambici
utvaret predev$im zazemi pro blizky vztah ke svétu. Chris-
tian Norberg-Schulz pro kategorizace téchto vztaht vnitrku
avnéjsku v ramci mysleni mista prichazi s vlastnimi pojmy,
v nichz rozliSuje romantickou, kosmickou a komplexni po-
doby zitého prostfedi. Chape misto jako vyjadfeni vztahu
clovéka ke krajiné, k obyvanému prostrfedi, ktery mize na-
byvat predevsim trech podob: vizualizuje pochopeni, dopl-
fiuje a symbolizuje.’” Metoda norského teoretika je zaloZena
na pristupu s ahistorickym ndhledem, protoze se ¢asto do-
tyka odhalovani esenci. Neznamena to v§ak uplné opomijeni
historie, nicméné v pripadé vysvétleni jednotlivych staveb
¢iurbannich celkt hledd autor nadhistorické momenty. Ty
vychaziz krajinného razu ajsou v jeho pojeti zakladem genia
loci, protoze s nim spojené vazby se projevuji v ruznych for-
malnich usporadanich, v pripadé Prahy na priklad od gotiky
ptes baroko po kubismus.1®

15 — Christian Norberg-
-Schulz, Genius loci. Krajina,
misto, architektura, Praha
1994 a 2010.

16 — Tomas Valena,
Vztahy. O vazbé k mistu
v architekture, Praha 2018.

17 — Norberg-Schulz
(pozn.15), s.17.

18 — Tomas Valena sice
sdili s Norbergem-Schulzem
vychodiska, pfesto se vici
norskému kolegovi kriticky
vymezuje. Vhled norského
historika a teoretika se

mu nezda dostatecny
predevsim pro nedostate¢né
reflektovani jedine¢nosti

a univerzality, pro které sam
vyuziva pojmy topu a typu.
Valena (pozn. 16), s. 18.



and ‘them’. In a short, punchy text titled Heidegger, Gagarin
and Us, he expresses these fears and presents in his argu-
ment against Heidegger, the very astronaut Yuri Gagarin who
demonstrated through his actions the possibility to detach
oneself from a place — in this case, from the Earth itself, even

10 — Emmanuel Lévinas,
Heidegger, Gagarin a

my (Heidegger, Gagarin
and Us) in: Idem, Etika

a nekonecéno, Prague 2009,
pp. 122-124.

if only briefly. This was a positive experience for Lévinas, as
‘attaching oneself to the Place, without which the universe
would lose its meaning and would hardly exist at all, is the
very division of humanity into natives and aliens. And from
this view point, technology is less dangerous than the genii

loci, the little gods of Place’1°

As can also be seen from the brief introduc-
tion of what could be considered the modern
philosophical' basis for the debate on the
requisites, the need for and transcendence of
the place'?, the general relationship between
the inside and outside is an important point
of this debate. However, this is not just about
asimple opposition of being inside or outside
the four walls.® It might be the most com-
mon experience of finding oneselfinside, yet
this experience could be elaborated further
by asking what role the outside plays in my
experience of the inside.' No rigid opposi-
tion of the two concepts can be thus formed,

11 — For a full overview of philosophical
concepts of place and space and their historical
variability, see Edward S. Casey, The Fate of Place.
A Philosophical History, Berkley and Los Angeles
1998.

12 — In addition to the abovementioned authors,
this theme was considerably contributed by, for
example, Karsten Harries in his book The Ethical
Function in Architecture. Karsten Harries, Eticka
funkce architektury, Prague 2011, p. 176.

13 — Fittingly, Cyril Riha pointed out that, should
closedness be complete, it is the experience of

a prison. Cyril Riha, Dérovana zed a vagni terén
(The Punched Wall and the Vague Terrain), in: Petr
Prasek, Alena Roreitnerové (edd.), Mysleni hranice
/ hranice mysleni (Borders of Thinking) Prague
2021, pp. 188-189.

14 — To give a simple example: when | am sitting
in a room, although | am literally inside, | am also

because it would give a false impression of
their complete separation.

In the case of phenomenologically oriented theorists
and historians of architecture, who to some extent
draw on Heidegger’s thought, we can trace an argu-
ment for the building of the inside of created envi-
ronment following the understanding of the natural
environment. We can find a developed form of this ar-
gumentation in the book Genius loci1® by Christian
Norberg-Schulz, for instance, or in the book Vzzahy
(Relations)'® by Tom4s Valena. It is based on a shared
proposition in which modern existence is tainted by
the loss of place. They both look at the built environ-
ment and conclude in their analyses that such ways of
thinking and shaping architecture have to be sought
to which the concept of a place is central. They call
for such ways of architectural thinking that have the
ambition to form, above all, a background for a close

visually and often acoustically connected to my
surroundings through the windows.

15 — Christian Norberg-Schulz,
Genius loci. Krajina, misto,
architektura, Prague 1994 and 2010.
16 — Tomas Valena, Vztahy.

O vazbé k mistu v architekture
(Relations. On the Bond to the Place
in Architecture), Prague 2018.
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Pokud je vsak cilem sledovani architektonického my- 19 — snazim se ukazat vymezovani
Sleni, nelze sledovat jen texty at uz filozofd, teoretik@y ~ sledovanyeh vztahli na kanonickych
e . , v , stavbach, nicméné jsem si védom
nebo praktiki v oblasti stavebniho uméni. Podstatny  iimita svého vybéru staveb pro
podil architektonického mysleni se déje skrze samotné ~ moZnost Upiného zpracovani tématu.
, . . .. o .. v Presto vérim, ze vybrané stavby
navrhy, skrze artikulaci formy a jejich vztahd, jinak fe- 4 dila predstavuji opodstatnanou
¢eno skrze mysleni formou a ji ustavovanych vztahti.  skupinu, ktera doklada vrstevnatost
J v . v Vev vztah( mista a prostoru, vnitfku
Pravé v prechodech mezi vnittkem a vnéjskem lze sle- 5 yngjsku. vztah vnitrku a vngjsku
dovat promény chapani a tvoreni konkrétni pozice ve  napf. tematizuje Tadao Ando,
v v ’ v v v/ , viz Riha (pozn. 13), s. 191-192.
svété, a proto se budu dale vénovat predevsim konkrét-

nim stavbam.1®
K praxi utvareni mista a prostoru

Opakovat, ze Ludwig Mies van der Rohe je vyjimeénym architek- 20 — srov. https://
tem, je noSenim drivi do lesa. Presto alespon struéné lze pripome- ‘(’)"r"g‘]’;"c';‘;::‘fa'r/
nout, ze patfi k nejvyznamnéjsim predstavitelim ideje The Inter-  exhibitions/2044,
national Style, jak ji pfedstavili Henry-Russell Hitchcock a Philip ghs')e‘;%’;‘;
Johnson na slavné vystavé Modern Architecture: International Ex- D
hibiton v MoMA v New Yorku v roce 1932.2% Sim v$ak nebyl dog-

matikem, ktery by sledoval za vsech okolnosti predem ustaveny

manifest. Pfiblizsim pohledu na barcelonsky pavilon nebo vilu Tu-

gendhat, slavné stavby druhé ptle 20. let 20. stoleti, Ize spatfit kom-

plexni uvazovani architektury. Obé stavby jsou spojené s pojmem

plynulého ¢i tekutého prostoru. Ten nelze uplatnit pouze na defi-

novani vnitfnich dispozic, protoze by tim opét vyvstala mylna to-

talni opozice vnittku a vnéjsku. Oztejmuje také vztah celku stavby

k mistu, stejné jak k pojmovym abstrakcim, jako je prostor.

Pokud vsak pozornost bude zaméfena na povaleénou Miesovu tvorbu, pak se k tiva-
ham nabizi dal$i kanonicka stavba, totiz Farnsworth House (1951). Ve srovnani
s mékkosti a flexibilitou hranice zminénych dvou staveb se Farnsworth House lisi.
Zatimco u vily Tugendhat je mozné hranici mezi interiérem vily a vnéjskem misty
rozvolnit stazenim velkych sklenénych oken, Farnsworth House ma hranice interi-
éru bytelné ustavené. Jsou sice také sklenéné, panoramatické, ovsem jejich hmota
nema kam mizet. Dum (204 m?), fakticky véak jde o vikendové utocisté, je posta-
veny v blizkosti reky Fox ve staté Illinois, primo v jeji zaplavové oblasti, a proto je
vyzdvizen nad droven terénu. OvSem ani tato uprava nezbranila opakovanému za-
topeni. Ve svém vyrazu je dim vyrazné uméreny, jednd se o jednoduchy kvadr s jed-
nim plynulym obytnym prostorem. Formu rytmicky urcuji ¢tyfi symetrické ocelové
podpéry patrné v celé vysce stavby.

Struktura usporadani mista je slozena z nékolika na sebe navazujicich ¢asti auzaviena
mistnost je pouze jednou z nich, byt nejrozlehlejsi. Pokud ptijdeme k domu, je tfeba
po schodech vystoupat na rozmérnou vyvysenou terasu, a pak dale pokracovat po
nékolika stupnich na krytou verandu, z niz je mozné vstoupit do interiéru. Interiér je



relationship with the world. Christian Norberg-Schulz comes
up with his own terms to categorise these relations of inside
and outside within the thinking of place, in which he distin-
guishes between romantic, cosmic and complex form of the
lived environment. He understands place as an expression
of the human relationship to the landscape, to the inhabited
environment which can take three forms in particular: it vis-
ualizes understanding, complements and symbolizes.” The
Norwegian theorist’s method is based on an approach with an
ahistorical view, as it often touches on revealing of essences.
However, this does not mean neglecting history entirely, but
when explaining individual buildings or urban units, the au-
thor seeks superhistorical moments. These are based on the
nature of the landscape and are, in his concept, the basis of
the genius loci, because the bonds connected to it are mani-
fested in various formal arrangements, in the case of Prague,
for instance, from Gothic to Baroque to Cubism.1®

If the aim, however, is to follow architectural thought,
we cannot follow texts of philosophers theoreticians

17 — Norberg-Schulz (note
15), p. 17.

18 — Although Tomas
Valena shares Norberg-
Schulz’s starting points,
he is critical of his
Norwegian colleague.
He finds the insight of
the Norwegian historian
and theorist insufficient,
especially because it
lacks sufficient reflection
of the uniqueness and
universality, for which he
himself uses the concept
of topos and type. Valena
(footnote 16), p. 18.

19 — | try to show the delineation
of the relationship observed on

or practitioners in the field of construction art only.
A considerable proportion of architectural thinking
is done through the designs themselves, through the
articulation of form and its relations, in other words,
through thinking through form and the relations it es-
tablishes. It is in the very transitions between inside
and outside that we can observe the changes in under-

canonical buildings, yet | am aware
of the limits of my selection of
buildings for the possibility to treat
the topic completely. |, however,
believe that the selected buildings
and works represent a valid group
which demonstrated the layered
relations between place and space,
inside and outside. The relationship
of inside and outside is, for example,
thematised by Tadao Ando, see Riha
(footnote 13), pp. 191-192.

standing and creation of a particular position in the

world; that is why I will especially focus on specific
buildings.1®

On the practice of shaping place and space

To repeat that Ludwig Mies van der Rohe is an exceptional
architect is like carrying coals to Newcastle. We can, never-
theless, recall that he was one of the most prominent expo-
nents of the International Style concept, as presented by
Henry-Russell Hitchcock and Philip Johnson at the famous
exhibition Modern Architecture: International Exhibition
in MoMA, New York, in 1932.2% He himself was, however,
not a dogmatist who would always strictly follow the estab-
lished manifesto. A closer look at the Barcelona Pavilion or
Tugendhat Villa, both famous structures of the late twen-
ties of 20th century, reveals a complex architectural think-
ing. Both buildings are linked to the notion of liquid or fluid

20 — Cf.
https://www.moma.org/
calendar/exhibitions/2044,
as searched on 27. 9. 2022.
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OBR.1 Ludwig Mies van der Rohe, Farnsworth House, Plano, Illinois, USA, 1951 —
foto: Victor Grigas

FIG.1 Ludwig Mies van der Rohe, Farnsworth House, Plano, Illinois, USA, 1951;
Photo: Victor Grigas



space. This notion cannot be applied to defining of the inner layouts only, as this
would again lead to the erroneous total opposition of the inside and outside. It also
clarifies the relationship of the entire building to the place, as well as to conceptual
abstractions, such as space.

If we should, however, focus on Mies’ post-war work, then another canonical build-
ing, namely Farnsworth House (1951), is offering itself for consideration. Compared
to the softness and flexibility of the two abovementioned buildings, Farnsworth
House is different. Whereas in Tugendhat Villa, the boundary between the inte-
rior of the villa and the exterior can be loosened at places by pulling the large glass
windows, the interior boundaries of Farnsworth House are established in a bullish
manner. They are also glass, panoramic, but their mass has nowhere to disappear.
The house (204 m?), though effectively a weekend retreat, is built close to the Fox
River in Illinois, right in the flood zone, and is therefore elevated above the ground
level. However, even this modification has not prevented repeated flooding. The
house is highly restrained; it is a simple block with a single continuous living space.
The form is rhythmically determined by four symmetrical steel supports which are
visible throughout the entire height of the building.

The structure of the place layout is composed of
several interconnected parts and a closed room is
just one of them, although the largest. When ap-
proaching the house, we have to climb up the stairs
to a large raised terrace, and then continue up sev-
eral steps to a covered veranda from which we can
enter the interior. The interior is surrounded by all-
glass walls, so the visual connection with the sur-
roundings is virtually uninterrupted. However, it
is the visual connection only. ‘Only’ might not be
quite the right word, yet it fully corresponds with
Mies’ intention. The architect was fully aware of the
location for which he designed the house??, and the
form is adapted to this. The glass wall gives the in-
habitant the opportunity to observe the natural
pace of the surrounding nature: it stands in opposi-
tion to it to some extent. The simple, precise, clean
and constant geometry is combined with the visual
permeability of glass in opposition to the material,
changing and living nature. Therefore, although
the natural scenery does not physically intervene
with the interior, it is still an integral part of it in
the form of a living image. The boundary between
the human and nature has become both transpar-
ent and impenetrable; the windows here cannot
be opened.

21 — Cf. Mies'statement: ‘If you
observe nature through the glass wall of
Farnsworth House, it acquires a deeper
meaning than if you were looking at it
from the outside’. See Michael Caldwell,
Zvlastni detail (Strange Details), Zlin
2012, p. 146. Or yet another statement

by Mies: ‘Nature should have a life of

its own; we should not destroy it with
the colours of our houses and interiors.
We should try to unite nature, houses
and man to a higher unity. When you
observe nature through the glass walls of
Farnsworth House, it acquires a deeper
meaning than outside. More is asked of
the nature because it becomes a part of
a greater whole... | myself have stayed

in the house from morning to night.

Until that moment | had no idea how
colourful nature could be. One has to

be careful and only use neutral colours
in the interior, because the exterior has
all kinds of colours. These colours are
constantly changing and | would like to
add that it is simply magnificent’. See
Franz Schulze - Edward Windhorst, Mies
van der Rohe, Chicago and London 2012,
p. 251.
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obklopen celoprosklenymi sténami, a tak je vizu-
alni propojeni s okolim prakticky bez preruseni.
Ov$em zistava pouze u vizualniho propojeni.
,Pouze“ neni zcela vhodny termin, presto odpo-
vida Miesovu zaméru. Architekt si jasné uvédo-
moval lokalitu, do které dim navrhuje?1, a forma
je tomu uzpusobena. Sklenéna sténa dava obyva-
teli prilezitost sledovat prirozené tempo promén-
livosti okolni pfirody: stoji do urité miry v opo-
zici viidi ni. Jednoducha, presnd, dista a neménna

21 — Srov. Miesuv vyrok: ,,Pokud
pozorujete pfirodu pres sklenénou zed
Farnsworth House, nabyvéa hlubsiho
vyznamu, nez kdyz se na ni divate zvenku.”
Viz Michael Caldwell, Zvlastni detaily,

Zlin 2012, s. 146. Anebo dal$i Miesovo
vyjadreni: ,Pfiroda by méla Zit sv(j vlastni
zivot; neméli bychom ho nic¢it barvami
nagich domu a interiért. M&li bychom se
snazit spojit prirodu, domy a ¢lovéka ve
vy$$i jednotu. Kdyz pozorujete pfirodu pres
sklenéné zdi domu Farnsworth, ziskava
hlubsi vyznam nez venku. Od pfirody je
zadano vice, protoze se stava soucasti
vétsiho celku... Sam jsem pobyval v domé

geometrie je spojena s vizualni prostupnosti skla
v protikladu vic¢i hmotné, proménlivé a zivé pri-
rodé. Prirodni scenérie proto sice do interiéru fy-
zicky nezasahuje, presto je jeho nedilnou soucasti
v podobé zivého obrazu. Hranice mezi ¢lovékem
7 v [} . v v
a prirodou zbytnéla do prihlednosti a soucasné
neprostupnosti, okna tu nejde otevfit.

od rana do vecera. Do této chvile jsem
netusil, jak barvita pfiroda muaze byt. Je
tfeba byt opatrny a pouzivat neutralni barvy
v interiéru, protoze exteriér méa vSechny
druhy barev. Tyto barvy se neustale méni
arad bych dodal, Ze je to prosté nadherné.”
Viz Franz Schulze - Edward Windhorst,
Mies van der Rohe, Chicago and London
2012, s. 251.

Ovséem tento sklem zbytnély vztah zalozZeny na primatu oka neni jedinou moznou
podobou obyvani domu. Komplexni architektura neni redukovatelna na jedno-
duché protipozice, a proto je tfeba ptiznat, ze pravé uvedeny popis je vici stavbé
nespravedlivy, protoze je ptilis zjednoduseny. Vztahy mezi vnitfkem a vnéjskem
je totiz treba dale zpresnovat s ohledem na celek stavby, respektive s ohledem na
strukturu utvareni mista. Ta, jak bylo feCeno, nabizi moznost pobytu na terase,
uvodni ¢asti, jez je prakticky vyzdvihnutou platformou a mezistupném piechodu
z exteriéru do interiéru: je postaven nize nez dim, pfesto nad zemi. P¥imo feceno:
zde obyvatel vstupuje do stavby, aniz se vSak uz nachazel v interiéru. Nasleduje za-
stfe$end veranda, kdy zkusenost uvnitt nabyva na intenzité, pfesto je obyvatel stale
v primém télesném propojeni s celym okolim. Az v posledni ¢asti uréuje dim cha-
rakter jednoznaéného interiéru.

Uz v dobé vystavy The International Style vznika prvni kri-
tika vypjaté podoby racionalismu v modernismu, predevsim
v dile Alvara Aalta a Franka Lloyda Wrighta, jak si nako-
nec dobfe pozdéji uvédomoval i jeden z kuratora vystavy
Henry Russell-Hitchcock.?2 Aaltovy stavby z 30. let, at uz
jeho vlastni dim v Helsinkach nebo vila Mairea, artikuluji
kritiku racionalismu z humanistické pozice. Aalto argu-
mentuje, zZe je tfeba v navrhovani zohlednit psychofyzickou
stranku ¢lovéka, jinak feCeno zohlednit v navrhu ¢lovéka
jako komplexni télesnou bytost.23

22 — Henry Russell
Hitchcock-Philip Johnson,
The International Style:
Architecture since 1922,
New York 1966, s. IX.

23 — Napf. v Aaltovych
textech The Humanizing of
Architecture rozviji tento
typ Gvah. Viz Goran Schildt
(ed.), Alvar Aalto. In His Own
Words, New York 1997,
s.102-106.

Lze opétjeho pristup dobre dolozit na stavbach také z povaleéného obdobi. Typolo-
gicky vhodnym prikladem je Experimentalni diim (1952—4) na ostrové Muuratsalo,
ktery navrhl spolu se svoji druhou zenou a blizkou spolupracovnici Ellisou Aalto.



Yet this relationship hypertrophied by the glass which is based on the primacy of the
eyes is not the only possible form of inhabiting the house. The complex architecture
cannot be reduced to simple counter positions and it must be therefore admitted
that the above description is unfair to the building, because it is too simplified. The
relationships between inside and outside must be further refined with regard to the
whole building, or rather with regard to the structure of the place formation. The
structure, as already mentioned, offers the possibility of being on the terrace, the
initial part of which isin fact araised platform and an intermediate stage of the tran-
sition from the exterior to the interior: it is built lower than the house, yet above the
ground. To put it simply: here the inhabitant enters the building without yet being
inside. This is followed by a covered veranda, where the interior experience grows
more intense, yet the inhabitant is still in direct physical connection with the entire
environment. It is only in the last section that the house is defined as pure interior.

Already at the time of The International Style exhibi- 22 — Henry Russell Hitchcock-
tion, the first critique emerges of the extreme form of ra- ~ Fhilip Johnson, The International
. . . . . . Style: Architecture since 1922,

tionalism in modernism, especially in the works of Alvar  New York 1966, p. IX.

Aalto and Frank Lloyd Wright, as one of the exhibition 23 — Aalto develops this type

curators, Henry Russell-Hitchcock, would later become 9} fefiection in his texts, such as
22 B o e Humanizing of Architecture.

very well aware of. 22 Aalto’s buildings from the 1930s,  see Géran Schildt (ed.), Alvar

whether his own house in Helsinki or the Villa Mairea, Aalto. In His Own Words, New

. L. R . . York 1997, pp. 102-106.

articulate the criticism of rationalism from a humanist

position. Aalto argues that the psycho-physical side of

the human must be taken into account when designing,

in other words, that the human being as a complex phys-

ical being must be taken into account in design.23

His approach can also be well documented in his buildings from 24 — A+ u, No.
the post-war era. A typologically suitable example is the Experi- 806 03/2021,p. 117
mental House (1952-4) on Muuratsalo Island which he designed

together with his second wife and close collaborator Ellisa Aalto.

It was built for their own pleasure, but Aalto also adds that he took

the opportunity to try out some seriously intended experiments

in the construction.24

The house considerably reflects the location, or rather, the location was chosen for
the panoramic view of the lake. Unlike Farnsworth House, though, it does not create
an observation station, nor does it seek to dematerialize the ideal object. The house
is not symmetrical, even though the main part has a square layout: it is arranged
into several parts. The point of the entire composition is not an interior in the strict
sense, but the point of transition between the inside and outside is the core of the
whole concept. The courtyard with a fireplace in the middle is unroofed, yet clearly
defined by a high wall. The main living area on an L-shaped plan is adjacent to the
inner courtyard on two sides. Another smaller part was added to it, which cannot
be seen from the courtyard, though.
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Vznikl pro vlastni potéseni, nicméné Aalto také dopl- 24 — A+ U, . 606, 03/2021,
nil, Ze vyuzil ptilezitost vyzkousSet si na stavbé vazné 7

myS$lené experimenty.24

Dum vyznamné zohlednuje lokaci, respektive ta byla zvolena pro panoramaticky
vyhled na jezero. Na rozdil od Farnsworth House v$ak nebuduje pozorovaci sta-
. . . . . . . . . 4 4 . o 4 . 4 v
nici, ani neusiluje o dematerializaci idealniho objektu. Dim neni symetricky, aé-
koli je hlavni ¢ast na ptidorysu ¢tverce: je usporadan do nékolika ¢asti. Pointou celé
kompozice neni interiér v uzsim slova smyslu, pravé misto prechodu mezi vnitikem
a vnéjskem je jadrem celého konceptu. Nezastreseny, ovéem vysokou zdi jasné vy-

4 o 7 /4 Vv sV_V LA 4 Ve 4
mezeny dviir ma ve svém stiedu ohnisté. K vnitfnimu dvoru ze dvou stran pfimyka
hlavni obytna ¢ast na puidorysu L. K ni byla jesté doplnéna dalsi mensi ¢ast, jiz vsak
ze dvora vidét nelze.

Kdyz k domu prichazime, nejprve vidime vysoké, bile namalované cihlové stény,
jednoznaéné uréujici hranici domu. Kdyz vstoupime do dvora, cihly uz jsou pone-
chany ve vlastnich barvach. Zvenku bila barva stény zceluje, ve dvofe naopak fada
pokust s ruznymi cihlami a jejich raznou skladbou vytvafi zivou, asymetrickou
mozaiku. Dim se tak jednoznaéné odlisuje od svého okoli, souc¢asné vsak nezdiraz-
nuje primarné vizualni propojeni s okolim, jakkoli je vstupni ¢ast domu opatfena
rozmérnym oknem. To vSak samo netvofi hranu mezi vnitfkem a vnéjskem, pro-
toze vyhled najezero je mozny skrze dvir. Podoba budovani sepjeti s prostfedim je
dana i materialy, jinak feceno vztah blizkosti je podpofen dominantné pouzitymi
materialy cihly a dfeva.

Rozvazovani vztahu interiéru a exteriéru jesté v odlisné pozici Ize ukazat na pti-
kladu Casa Ottolenghi v Bardolinu (1974-79), na bfehu Lago di Garda, od Carla
Scarpy. V tomto pfipadé nachazime lokaci s pomérné strmym svahem, padajicim
postupné az k jezeru. Dim sleduje topograficky raz: do domu je pfistup sestupem
z urovné ulice po schodisti. Soucasné je vsak mozné z tirovné ulice vstoupit na po-
chozi stfechu domu, ktera nabizi dlouhé vyhledy na rozlehlou vodni plochu. V in-
tencich predchoziho zdiraznéni prechodu vnitfku a vnéjsku zde opét nastava ne-
jednoznaénost: pti vynachazeni se na stfese domu nejsme pochopitelné uvnitt,
presto nejsme ani plné vné utvorené situace. Pohled do dalky na rozlehlou plochu
jezera patfik charakteristickym momentiam stavby.

Ve srovnani s Miesovou stavbou pro doktorku Farnsworth se zde usporadani mista
déje v kompozici vyrazné odli$nych vztaht. Italsky architekt zde vyuziva napéti
mezi dlouhymi vyhledy do Siroké oteviené jezerni krajiny a blizkym propojenim
interiéru stavby se zahradou. Mizeme v tomto pripadé sledovat vyvazovani mezi
sevienymi situacemi, uzkou ptichodovou cestou, kdy fyzicka blizkost domu je ne-
vyhnutelna, a otevienosti. Jiz byl zminén ptiklad s pochozi stfechou — vsimnéme si
vsak, ze stfecha neni navrzena s dirazem na jednoduchy geometricky tvar. Ve vy-
sledku ma nepravidelny tvar a neni rovna. Vedle ni je vsak treba blize popsat vztah
obytného prostoru a zahrady. V interiéru nalezneme fadu typicky scarpovskych



OBR.2 Alvar Aalto, Experimental House, Muuratsalo, Finsko, 1954 — foto: Ivan Himanen
FIG. 2 Alvar Aalto, Experimental House, Muuratsalo, Finland, 1954; Photo: Ivan Himanen
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dekorativnich detailt na masivnich sloupech ¢i v barevné skladbé. Geometrie ver-
tikalnich prvkt neni ortogonalni, je také asymetricka. Predevsim se véak vedle pfi-
mého vstupu do soukromi zahrady nachazi mala vodni nadrz, ktera fyzicky pro-
. . -V VeV . . /. Vv v v/ . o IV VY
pojuje vnitfek a vnéjsek. Scarpa, jak je patrné i na fadé dalsich projekt, zvlasté
v Benatkach, dokazal s vodnimi prvky zachazet pravé pro propojovani interiéru
a exteriéru. Vyuzival ¢asto i svételné odrazy, kdy zrcadleni a odrazeni svétla od
vodni plochy utvari efemérni a soucasné vyrazné propojeni interiéru a exteriéru.

V navaznosti na vySe uvedena srovnani lze konstatovat, Ze 25 — V navaznosti na
Scarpa vyuziva lokalitu vjejim vizudlnim potencidlu, ov§em  Cvrila Rihu lze hranici

Ly , g ., . ., . sledovat jako promé&nlivou
stejné tak, na rozdil od Miesova pojeti, v interiéru nebuduje  aemergentni, usilujici
odstup od mista. Hleda podoby kontinuity s $irsim i bliz- Etzf;ar:’::a‘gf;‘(')::anv'ﬁirku
kym prostfedim. Proto, jakkoli jsou zdi masivni, netvorine-  nebo pouze vnajsku, ale
prostupnou hranici mezi interiérem a exteriérem. Soucasti  jako stretévani wvazoani

. . . . . . a prolinani vnItrku a vnejsku.

takto artikulovaného vztahu vnitrku a vnéjsku jsou Cisté vi-  &iha (pozn. 13), s. 189.

4 4 v 4 v ’
zualni vztahy, tak ty zaloZené na bezprostfednim pohybu
ajeho sepétisintimni zahradou. Dim tedy utvatijasné hra-

nice, které vsak jsou cilené vrstveny a rozpijeny.28

Uzavrenost

Nezbytnou, ovsem jak uz je nyni patrné, ne zcela jednoznaénou soudasti vymezeni

Vv . LA VeV . A 4 . . 4 v LA
prechodu mezi vnitrkem a vnéjskem je uzavienost. Rozdil mezi pozici vné a uvnitr
charakterizuje moment, kdy je uzavienost uchopitelna a ztetelnd, jakkoli nikdy
totalni a jedinou vlastnosti situace. Uzavienost stavby jako polemické téma my-
$leni architektury lze identifikovat v fadé dulezitych soucasnych staveb. Vybiram
ty, které umozni bliz$i rozpracovani nejednoznacnosti uzavienosti v architekture.

Vhodnym ptikladem je Atelier Bardill (2007) ve $vycarské vesnici Scharans od Va-
leria Olgiatiho. Ani v tomto pripadé nejde o zvlasté rozsahlou stavbu, presto patti
k nejvyraznéjsim souc¢asnym stavbam. V Scharans ji doslova nelze prehlédnout, a¢-
koli kviili stavebnim regulim musi ateliér hudebnika Linarda Bardilla drzet formu
stodoly, jez na dané lokaci stala piivodné. Zamérem stavebnika bylo vytvorit mensi
ateliér, nicméné bylo nutné dodrzet predpisy. A tak architekt navrhl feseni, které
spliuje oba naroky: je jak uzavienym, intimnim prostorem pro tvorbu, tak definuje
v ramci vesnice obvyklou stavbu stodoly.

Uzavfteni stavby se z vnéjsiho pohledu ulice jevi pevné a koncentrované. Plast bu-
dovy je z do ¢ervena probarveného betonu. Plast ma po obvodu prakticky jen dva
otvory — rozmérné okno, jez lze zcela uzavrit plnou posouvaci sténou, a vstup. Do
dfevéného Salovani mistni truhlafi na pfani architekta vyfezali stovky ruzic, které
se propsaly do podoby vnitinich i vnéjsich zdi (celkem jich je asi 500). Autor stavby
pro ruzice neurdil pozice ani rad, podle néhoz by mély vzniknout. Ruazice tak vy-
chazi ze znalosti a dovednosti truhlara.



When approaching the house, we first see the high, white painted brick walls, which
clearly define the boundaries of the house. When we enter the courtyard, the bricks
here are left in their natural colours. From the outside, the white colour unifies
the walls, while in the courtyard, a series of experiments with different bricks and
their various compositions create a lively, asymmetrical mosaic. The house is, thus,
clearly distinguished from its surroundings, but at the same time does not primar-
ily emphasize the visual connection with the environment, although the entrance
part of the house is fitted with a large window. This window, however, does not form
an edge between the inside and outside, because the view of the lake is accessible
through the courtyard. The form of building the connection with the surroundings
isalso determined by materials, in other words, the relationship of proximity is sup-
ported by the dominantly used materials of bricks and wood.

The thinking about the relationship between interior and in yet another position
canbe shown in the example of Casa Ottolenghiin Bardolino (1974-79), on the shore
of Lago di Garda, by Carlo Scarpa. In this case, we are in a location on a relatively
steep slope, gradually falling down to the lake. The house follows the topographi-
cal pattern: the house is accessed by descending a staircase from the street level. At
the same time, however, you can also access the walkable roof from the street level,
which offers extensive views of the vast expanse of water. In keeping with the pre-
vious emphasis on the transition between inside and outside, there, again, we find
ambiguity: when being on the roof of the house, we are, obviously, not inside, yet we
aren’t fully outside the formed situation either. The view into the distance onto the
vast surface of the lake is one of the distinctive moments of the building.

Compared to Mies’ construction for Dr Farnsworth, the arrangement of the place
occurs in a composition of considerably different relationships. Here the Italian ar-
chitect exploits the tension between the long view into the open lake landscape and
aclose connection between the interior of the building with the garden. In this case,
we can observe a balancing act between confined situations, between openness and
anarrow entry path on which the physical proximity of the house is inevitable. We
already mentioned the example with the walkable roof — but let’s note that the roof
has not been designed with an emphasis on a simple geometric shape. Furthermore,
however, we have to take a closer look at the relationship between the living space
and the garden. We find a number of typical Scarpa decorative details on the mas-
sive columns or in the colour scheme. The geometry of the vertical elements isn’t
orthogonal, it is also asymmetrical. Above all, though, there is a small water basin
next to the direct entrance to the privacy of the garden which physically connects
the inside with the outside. Scarpa, as is evident in many of his other project, espe-
cially the ones in Venice, was able to use water elements precisely for this connec-
tion of interior and exterior. He often used light reflections when the mirroring and
bouncing of light off the water surface creates an ephemeral yet expressive connec-
tion between the interior and exterior.
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Plast stavby sice na sebe strhdva pozornost, pfresto 26 — Jediné vyhfivana gast domu mé
je to usporadani prostorovych vztaht, které je 85 m" Pokudbybyvalinvestor mél vice
v, v . . , v . financi, otevienéa ¢ast by byla méné
v tomto pripadé inovativni. Stavba podobné jako  rozienla. valerio Olgiati, Atelier Bardil, EI
Experimentdlni dim Aaltovych zahrnuje dvir  Croauis €156, 2015, s.100-114.
jako kli¢ovy motiv. V tomto ptipadé vak dviir 27 — AckoliV.Olgiati popisuje, ze oku
, v 1 v v v. . , , se geometrické vztahy jevi jinak: kruh
neni mozné jednoznacéné urcit jako vyznamové cen-  vepsany do ctverce. Ibidem.
trum. Olgiati byl nucen pracovat s danym tvarem
a objemem domu a soucasné neprekrodit finanéni
moznosti stavebnika. Interiér v uzsim slova smy-
slu tvofi proto méné nez tretinu stavby. (Architekt
o hovoti o vytapéné ¢asti.)28 V diisledku tak vétsi-
/NI 4 v v 4 4 4 .
nova ¢ast stavby neni zastrfe$ena. Otevira se elip-
tickym tvarem?7 $ir§imu okoli a vtahuje do stavby

vysokohorskou krajinu vertikalni osou.

Dum se z urovné ulice mize jevit uzavreny, snad az nepristupny. Betonova zed jasné
definuje hranice domu v trovni ulice, av§ak chybéjici pivodni stfecha zdtiraznuje
moment volného spojeni mista a prostoru. Pfi hledani jazyka pro popis prostoro-
4 V7 4 4 4 N ’ /4 4 oV ’ v 4 . ./
vého usporadani této stavby narazime na selhavani tradi¢niho déleni na interiér
a exteriér. Je proto treba hledat odlisny slovnik, ktery bude schopen zachytit déni
kontinuity pfechodu mista a prostoru. Vztah uzavienosti a otevienosti nevytvari
4 v/’ v .V 4 J4 7 Vv . . /4 7 v 4
v takovém pripadé opozi¢ni pdly, nybrz jeden kontinualni pohyb déni prostoro-
vého usporadani stavby. Kontinualni pohyb se déje v ambivalenci blizkého a vzda-
leného, uzavreného a otevieného. Uzavienost neni opozici otevienosti, utvari pa-
ralelné zkusenost této stavby.

Strukturalné odlisny vztah uzavienosti a otevienosti predstavuje Turbulence
House (2001-2005) v pousti u Abiquiu v Novém Mexiku od Stevena Holla. Bylo
by mozné se vracet ke stavbam Franka Lloyda Wrighta, zvlasté kdyz uz byl v textu
jednou zminén, a rozvijet uvahy o vztahu architektury a krajinného razu. Pravé
navaznost architektury na prirodni charakter krajiny pro amerického architekta
tvori zaklad tzv. organické architektury. Ta se neodviji od biomimeze ¢i organic-
kych tvart, jak ukazuji nejznamé;jsi priklady prériovych domi. Vyznaéuji se rozlo-
zitymi horizontalnimi hmotami s asymetrickymi ptidorysy a nizkymi previslymi
stfechami, aby odpovidaly adekvatné oteviené krajiné na stfedozapadé USA. Steven
Holl vsak prichazi s odlisnou podobou kontinuity otevieného poustniho prosttedi.
Nehostinné prirodni podminky se také pfimo vepsaly do podoby této architektury,
ackoli se stavbami F. L. Wrighta bychom sotva nasli néco spoleéného.

Turbulence House je asymetrickym objektem v krajiné s atypickym otvorem, ktery
umoznuje silnym vétrim prochazet stavbou. Kvili nehostinnému prosttedi neni
mozné budovat prostupnost mezi interiérem a exteriérem. Soudasné je véak patrné,
nakolik forma stavby vychazi z podminek, v nichz se nachazi. Na jednu stranu tak
dim umoznuje fyzickou kontinuitu pohybu v prostoru, na druhou stranu pred na-
roénymi podminkami zaji$tuje zazemi pravé otevienosti uz v koncep¢ni roviné.



Following the above comparisons, we can state that 25 — Following on Cyril Riha,
Scarpa uses the location in its visual potential but,  heboundarycanbe seen as
. ., R mutable and emergent, striving for

equally, unlike Mies’ approach, he does not create dis-  the correct determination of the
tance from the place in the interior. He seeks forms  Poundary which does not belong

R ) R . . to the inside or outside only, but
of continuity with the both close and distant environ- 45 confrontation, balancing and
ment. Thus, as massive as the walls are, they do not  intermingling of the inside and

. . . outside. Riha (footnote 13), p. 189.

form an impenetrable boundary between the interior
and exterior. A relationship of the inside and outside
articulated in such way include not only purely visual
relationships, but also those which are based on the im-
mediate movement and its connection to the intimate
garden. The house thus forms clear boundaries, which

are, nevertheless, purposefully layered and diffused.?®

Closure

Closure (enclosure, closedness) is an essential, yet, as is now already apparent, not
purely unambiguous part of demarcation of the transition between inside and outside.
The difference between the position of outside and inside is defined by a moment when
the closure is graspable and distinct, though never complete and the only feature of
the situation. The closedness of the building as a controversial theme of architectural
thought can be identified in a number of contemporary buildings. I select those that
allow for a closer elaboration of the ambiguity of closure in architecture.

A suitable example for this is Atelier Bardill (2007) in the Swiss village of Scharans
by Valerio Olgiati. Also in this case, it is not a particularly large building, yetitis one
of the most striking contemporary structures. It is literally impossible to overlook
in Scharans, although due to the building regulations, the musician Linard Bardill’s
studio has to adhere to the form of the barn that originally stood on the site. The
builder’s intention was to create a smaller studio, but the regulations had to be com-
plied with. And so the architect proposed a solution that fulfils both requirements: it
isboth an enclosed, intimate space for creation and it adheres to the barn structure
that is common in the village.

The closure of the building appears solid and concentrated from the exterior street
view. The building shell is made of red stained concrete. The shell has virtually only
two openings on the perimeter — a large window which can be completely enclosed
with a full sliding wall, and the entrance. At the request of the architect, the local
carpenters cut hundreds of rosettes into the wooden formwork which then moulded
into the surface of the inside and outside walls (it is about 500 of them in total). The
author of the building did not specify the positions for the rosettes or the order in
which they should be placed. Their position is, thus, based on the knowledge and
skills of the carpenters.
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Duam tak ve vysledku ma 28 — To odrazii skutegnost, ze vngjsi forma je sestavena z prefabrikétd,

, , v . . i PR . L L .
blleO k sochafske forme’ interiér byl d’o_delanvml,stnlrr_n femesliniky. Stal(_evjdfe o pr|matne obyvateln’y )
L, . . v prostor, ktery je mozné replikovat za zcela odliSnych podminek. To doklada
Vykale]lCl znaky ]CdIHCC— provedeni jedné verze prefabrikovaného domu ve Vicenze v roce 2002. Srov.
nosti ovéem ta zde neni Steven Holl, Seven Houses. Luminist Architecture, New York 2018, s. 109.
)

autonomni.28

Vnitfni prostor je plynuly, propojuje obé ¢asti bez definovani jednotlivych mist-
nosti. Prakticky jde o jeden prostor s naznaky raumplanu, ktery ovsem zahrnuje na

rozdil od Loosova pojeti i prostor pro spani.

Hrana

Sledovani ambivalentnich podob uzavienosti v architektute nas privadi k otazce,
zda je mozné pro architektonické dilo jednoznac¢né uréit hranu vnittku a vnéjsku.
Kritické mysleni architektury, ohledavajici vlastni defini¢ni podminky, lze dobte
sledovat na typologii pavilont. Architektonické ulohy pavilont byvaji vyuzivany
pro zdtraznéni koncepéni stranky architektury. Neni proto prekvapivé, ze se vyme-
zeni prechodu, rozhrani ¢i okraje stalo namétem mnoha takovych staveb. Vyrazné
je koncentrovana na priklad v Blur Building od Diller Scofidio (+Renfro), provedeny

u prileZitosti Swiss Expa 2002 ve Svycarsku.

Pavilon byl umistén najezete Neuchatel, jehoz vodu vyuzi-
val pro tvorbu mlhy. Architektura pavilonu sestava z pevné
konstrukce, kterd sama o sobé neni nijak zvlasté prekva-
piva. Je to oteviena konstrukce s vyhlidkovymi ploginami
nadvodou s dvémalavkamina pevninu. Sama o sobé by byla
projevem ,retro“ ve stylu masinismu, ovSem vyznam stavby
roste s jeji performativni slozkou: 35000 vysokotlakych
trysek halilo konstrukci do proménlivého oblaku. Nav$tév-
nik se tak priblizoval k pavilonu po lavce. Cestou postupné
ztraci prehled o okoli, az se zanofi do bilého prostoru. A¢-
kolije hranainteriéru pohybliva a proménliva, pfesto jasné
oddéluje zkusenost uvnitf vzniklé mlhy a vné.2® Koncen-
trovana myslenka predstavena pavilonem vede az k oslepo-
vani, respektive ztizenym podminkam vidéni. Zkusenost
pobyvani uvnitf je zimérné vyhrocena, akoli intenzivni
pocit uvnitf se spojoval se ztracenim obrysu, v idealizo-
vané roviné bychom mohli az hovoftit o rozruseni hranice
mista smérem k nekoneénu bilou mlhou. Z pohledu uvnitf
mlzného oparu nebylo mozné jednozna¢né uréit hranu.
Ta se déje jak pohybem mraku, tak pohybem navstévnika.
Tento motiv prechodu mezi nevidénim a vidénim akcento-
vala v pavilonu plosina nad mrakem, kde se zhutnéna zku-
Senost interiéru otevira otevienému poli.

29 — Diller Scofidio + Renfro,
Blur Building, https://dsrny.com/
project/blur-building, vyhledano
25.8.2022.



While the shell of the building attracts attention, it is the
arrangement of the spatial relationships which is in this
case innovative. The building — just like the Experimental
House by the Aaltos — incorporates the courtyard as a key
motif. In this case, though, the courtyard cannot be clearly
identified as a centre of meaning. Olgiati had to work with
the given shape and volume of the house and also not ex-
ceed the financial budget of the investor. Thus, the inte-
rior in the narrower sense makes up less than a third of the

26 — The only heated part

of the house is 65 m2. Had the
investor had greater budget, the
open part would have been less
extensive. Valerio Olgiati, Atelier
Bardill, El Croquis,

Nr. 156, 2015. pp. 100-114.

27 — Although V. Olgiati notes
that the geometrical relations
appear differently to the eye:

a circle inscribed in a square.
Ibidem.

building. (The architect speaks of the heated part.)?® As a
result, majority of the building is not roofed. Through an
elliptical form,27 it opens to its broader environment and
draws the high mountain landscape in with its vertical axis.

From the street level, the house might appear enclosed, perhaps even inaccessible.
The concrete wall clearly defines the boundaries of the house at the street level, yet
the absence of the original roof emphasizes the moment of a free connection be-
tween place and space. When searching for a language suitable for the description
of the spatial arrangement of this building, we encounter a failure in the traditional
division between interior and exterior. We must therefore search for a different vo-
cabulary, capable of capturing the continuity of the transition of place and space.
In this case, the relationship between enclosure and openness does not create con-
tradictory poles, but one continuous movement of the spatial arrangement of the
building. The continuous motion takes place in the ambivalence of the near and the
distant, the closed and the opened. Closedness is not the opposition of openness; it
forms the parallel experience of this building.

A structurally different relationship between closure and openness is represented
by Steven Hall’s Turbulence House (2001-2005) in the desert near Abiquiu, New
Mexico. We could return to the buildings of Frank Lloyd Wright, especially since
he has already been mentioned in this text once, and to develop reflections on the
relationship of architecture and the character of the landscape. It is precisely the
connection of architecture to the natural character of the landscape which forms the
basis of the so called organic architecture. This architecture does not stem from the
biomimesis or organic forms, as the most famous examples of prairie houses show.
They are characterized by sprawling horizontal masses with asymmetrical floor
plans and low overhanging roofs to correspond with the adequately open landscape
of the American Midwest. Steven Holl, though, comes up with a different form of
continuity for the open desert environment. The hostile natural conditions are also
directly inscribed in the form of this architecture, although we would hardly find
something in common with the buildings of F. L. Wright.

Turbulence House is an asymmetrical building in the landscape with an atypical

opening which enables strong winds to pass through the building. Due to the inhos-
pitable environment, it is not possible to build permeability between the interior
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Zbytnély moment hrany naopak prozkoumala v pripadé Casa Poli chilska dvo-
jice Mauricio Pezo a Sofia von Ellrichshausen. Nejde sice o efemérni architekturu,
presto ma dim vyrazné koncepéniraz diky nezvyklé uloze. Architekti museli ptijit
s resenim, které by umoznilo dim vyuzivat jako zazemi pro letni dim i jako mensi
vystavni instituci. Stavba se nachazi na rozhrani pevniny a more, na vysokych tte-
sech poloostrova Coliumo (na sever od mésta Concepcion) v Chile. Hrana domu
je artikulovana do masivni, zdvojené zdi, jez ma za cil umoznit oteviené a plynulé
prechody vnitfniho prostoru.

Prostorova koncepce domu vychazi z otevieného jadra 30 — Mauricio Pezo,
a zhusténého okraje. Do dvojité obvodové zdi jsou scho- ~ Sofiavon Ellrichshausen,
, v v v v v vy Poli House, ArchDaily,
vany vSechny obsluzné potieby domu, véetné schodisté.  https:/www.archdaily.com/
Zdvojend hrana domu je vSak vyrazné oteviena jak smérem  #76/poli-house-pezo-von-
v . v . . Vep. , .. -ellrichshausen, vyhledano
ven, tak smérem dovnitf. Architekti vyuzili velkd okna, ji- 249 2022.
.V 4 ./ v 4 o 4 . .
miz oteviraji pohled z vysky utest na dlouhy horizont Ti-
chého ocednu. Soucasné hovotio vnitfnich balkonech39, jez
vy o L o Y o
umoziuji prihledy meziurovnémiinteriéru. Ackolilze dim
charakterizovat jako dvoupodlazni, zakladem je upravena
varianta raumplanu. Na rozdil od loosovské podoby vsak
chilska dvojice vnitfni plynulost irovni prostoru provazuje

silné s okolim. Dim tak akcentuje vlastni pozici na pobfezi.

Srovnatelné aktivni roli ztvarnéni hrany mezi vnittkem a vnéjskem utvari v dile
Poustevna (Pribytek pro pobrezi I) sochaf Jiti Prihoda, jakkoli zamys$lené umisténi
zatim nenastalo. Fakticky byla Poustevna pritom vybudovanaavystavenav Praze ve
dvore Colloredo-Mansfeldského paldce (2014) a o rok pozdéji v Brné na hradé Spil-
berku. Presto uspotradani prostorovych objemt urcuje pravé mozné postaveni na
hranici mofe a pevniny. Narozdil od domu Poli se Pribytek pro pobrezi I nezabyva
okolnostmi a nalezitostmi dlouhodobého obyvani na rozhrani. Umélecky objekt se
tak soustfedi na situovani obyvatele do dvou opac¢nych pozic pohledu. Déla to po-
moci dvou shodnych pozorovatelen, jez jsou vnitiné propojené a pretoéené k sobé
navzajem o 180 stupni. K tomu je tieba pripocist skuteénost, Ze se navstévnik diva
na kazdou ze stran z odli$né vysky. Pokud vstupujeme do tohoto stroje na divani,
anivjednom z hlavnich smért pohledu se nelze divat zpét, respektive tam, kam se

diva druhy vyhled.

V idealnim ptipadé by se navstévnik dostal do pozice s jasné urcenym pohledem na
pevninu ¢i mofte s tim, ze Poustevna je rozpojenim téchto pohledt, ovsem stavbou se
stale drzi spolu. Pointu této situace lze doslova spatfit v tom, jak tato stavba buduje
v misté spojeni zbytnélou hranici, ktera protipozici pohledt zhmotnuje a prodlu-
zuje interval kontinuity spojent, presnéji pribytek vytvari pritomnost spojeni pre-
rusenim. Je tfeba vystoupat ¢i sejit schody Celici neprihledné sténé, a pak se teprve
vpravit do jednoho z pohledu. Pozice pribytku tak vychazi ze zdiraznéni pohybu
mezi dvéma jasné situovanymi pohledy.



OBR.3 Valerio Olgiati, Atelier Bardill, Scharans, Svycarsko, 2007 — foto: FS
FIGG. 3 Valerio Olgiati, Bardill Atelier, Scharans, Switzerland, 2007; Photo: FS

OBR. 4 Valerio Olgiati, Atelier Bardill, 0BR.5 Valerio Olgiati, Atelier Bardill,
Scharans, Svycarsko, 2007 — foto: FS Scharans, Svycarsko, 2007 — foto: FS
FIG. 4 Valerio Olgiati, Bardill Atelier, Scharans, FIG. 5 Valerio Olgiati, Bardill Atelier,
Switzerland, 2007; Photo: F$ Scharans, Switzerland, 2007; Photo: F$
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oBR. 6 Diller Scofidio + Renfro, Blur Building, jezero Neuchatel, 2002 - foto: Norbert Aepli
FIG. 6 Diller Scofidio + Renfro, Blur Building, Neuchétel Lake, 2002; Photo: Norbert Aepli

OBR.7 Pezo von Ellrichshausen, Casa Poli, Coliumo, Chile, 2005 — foto: Pezo von Ellrichshausen
FIG.7 Pezo von Ellrichshausen, Casa Poli, Coliumo, Chile, 2005; Photo: Pezo von Ellrichshausen



and exterior. It is, however, at the same time appar- 28 — This is also reflected in the fact
ent how much the form of the building is based on  thatthe exterior was assembled from
. | . L. prefabricated materials, while the interior
the conditions in which it is located. On one hand,  was finished by local craftsmen. Still,
the house allows for physical continuity of move-  itis primarily a habitable space that
. R . could be replicated under completely
ment in space, on the other hand, it provides shel- ifferent conditions. This is illustrated by
ter from the difficult conditions precisely with its  oneversion of the prefabricated house
. in Vicenza from 2002. Cf. Steven Holl,
conceptual openness. As aresult, the house is close  seven Houses. Luminist Architecture,
to a sculptural form, showing signs of uniqueness, ~ New York 2018, p.109.

which is, however, not autonomous here.28

The interior space is fluid; it connects both parts without defining the individual
rooms. It is practically a single space with hints of a Raumplan, which, unlike Loos’
concept, also includes a sleeping area.

Edge

Observing the ambivalent forms of closedness in architecture brings us to the ques-
tion of whether it is possible to clearly define the edge of the inside and outside inan
architectural work. The critical thinking in architecture, which examines its own
defining conditions, can be well observed in the typology of pavilions. The role of
architecture in pavilions tends to be used to emphasize the conceptual side of archi-
tecture. Itisn’t therefore surprising that the definition of the transition, interface or
edge has become the theme of so many buildings. It is prominently concentrated in
the example of the Blur Building by the Diller Scofidio (+Renfro) studio, executed
for Swiss Expo 2002 in Switzerland.

The pavilion was located on Lake Neuchatel. The designers 29 — biller Scofidio
used th.e water of the lake to create fog. Th'e ar_ch'itectl?re of ;t'f:;;;z;s?r']‘;_rcgﬂ'/d;zﬂ'em ,
the pavilion consists of a solid structure which initselfis not  biur-building, as searched
particularly surprising. It is an open structure with viewing ~ ©n25-8.2022.
platforms over the water, with two footbridges to the land.

Onits own, it would be a manifestation of retro in the style of

machinism, but the significance of the structure grows with

it performative component: 35,000 high-pressure jets en-

velop the construction in a shifting cloud. The visitor thus

approaches the pavilion on the footbridge. Along the way, the

visitor gradually starts losing view of his surroundings until

he isimmersed in white space. Although the edge of the inte-

rior is moving and changing, it clearly separates the experi-

ence inside and outside the resulting fog.2® The concentrated

thought manifested by the pavilion leads to even a blinding

or a hindered vision. The experience of being inside is delib-

erately escalated, although the intense feeling of being inside

was associated with a loss of contours; in an idealized sense,
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Takto utvoreny interiér se stava prostorovym vyjadfenim situace mezi, obyvanim
hrany: pobyvanije vzdy spojeno s presunem mezi dvéma situacemi, ai kdyzje divak
vpraven do jedné ze situaci, druha je vzdy soucasti interiéru jako vymezeni mezi
z opacné strany.

Narozvijeni motivu hrany domu navazuji ve své tvorbé architekti Petr Stolin a Alena
Micekova. V Zen Houses (2015), dvojdomé na okraji Liberce, se jednoduché symet-
rické objemy staly prostfedkem pro komplexni prostorové uvahy. Dva paralelni
bloky utvari dva jasné oddélené interiéry: bily interiér ateliéru a Cerny interiér pro
diam, kde bydli. Hrana obou ¢asti je mékka diky prihlednosti povrchu ze sklolami-
natu, za kterym se vyjevuje drevéna konstrukce. Dim svij obal ¢asteénou trans-
parenci ztenduje.

Samotné interiéry nejsou rozmérné, jsou uzké natolik, ze pokud ¢lovék stoji uvnitt,
lze pti rozpazeni rukou téméf dosahnout od jedné zdi ke druhé. Prostor kazdého
z blok vsak plynule prechazi mezi prizemim a podlazim a diky velkorysému ote-

v b . o o R . oy .
vreni velkymi okny dvou symetrickych blokt nenastava nikdy dojem stisnénosti
¢i prilisné uzavrenosti. Ackoli se Zen Houses skladaji ze dvou blokd, pridist je vSak
tfeba i prostor mezi nimi. Jsou zde rtizné urovné zkusenosti prostoru od uzavte-

7 . . 4 v’ 4 A . . 7. L4 o
nych, intimnich ¢asti pres velkoryse opticky propojené interiéry obou bloki po
soukromy exteriér mezi domy.

Z hlediska definice hrany domu je nutné vyzdvihnout optické propojeni obou blokt.
Tvori tékavou jednotu diky symetrii formy a predevsim oknim, ackoli fakticky
jde o dva uzaviené objemy. Paralelni postaveni se symetrickymi rozmérnymi vede
k tomu, ze pres fyzickou vzdalenost se domy neustale prolinaji. Hrana je sice vyme-
zena zdmi, soucasné vSak hrana zdi neustale prekracuje dénim provazovanijednoho
bloku s druhym.

Poslednim prikladem tviiréiho mysleni hrany domu je z vnéjs$iho pohledu jednodu-
chy, tradi¢né usporadany kamenny dim. Nalézt ho lze v sochatském parku Jupiter
Artland Foundation nedaleko Edinburghu ve Skotsku. Dum vznikl podle zaméru
umélce Andyho Goldsworthyho v roce 2009. Stavba z kamennych stén s jednodu-
chou sedlovou stfechou se nachazi v malém lese a neprozrazuje nic neobvyklého.
Az po otevieni dvefi navstévnik zjisti, ze dim sice definuje vnitini prostor ¢tyrmi
zdmi, pfesto o interiéru v plném slova smyslu mluvit nelze. Zdi a stecha totiz kryji
kus odhalené skaly, ktera byla pouze odi$téna a ponechanav pivodni podobé. Nelze
ji oznadit za podlahu: je to vnéjsek koncentrovany uvnitt domu. Skala budi dojem,
ze roste do vysky nad uroven terénu, i kdyz byla odhalena odebranim ptdy. Vztah
vnitfku a vnéjsku ani v tomto pripadé netvori jednoznacénou opozici, presnéjsi je
hovorit o déni ambivalenci.



we could even speak of a disruption of the boundary of the place towards infinite
with the white mist. From the view inside the misty haze, it was impossible to clearly
identify the edge. This is happening both through the movement of the cloud and
through the movement of the visitor. This motif of the transition between not seeing
and seeing was accentuated in the pavilion by a platform above the cloud, where the
concentrated experience of the interior opens up to the open field.

By contrast, the Chilean duo Mauricio Pezo and Sofia von Ellrichshausen explored
the hypertrophied moment of the edge in the case of Casa Poli. It isn’t an ephe-
meral piece of architecture, yet the house has a highly conceptual character due to
its unusual role. The architects had to come up with a solution which would allow
for the house to be used as both a summer house and a smaller exhibition premise.
The building is located on the interface between land and sea, on the high cliffs of
the Coliumo Peninsula (north of the city of Concepcion) in Chile. The edge of the
house is articulated in a massive, doubled wall designed to allow for open and fluid
transitions of the interior space.

The spatial concept of the house is based on an open core 30 — Mauricio Pezo,
and a condensed edge. All the service needs of the house are ~ Sfiavon Eilichshausen,

i House, ArchDaily,
concealed in the double perimeter wall, including the stair-  https:/www.archdaily.com/
case. The doubled edge of the house is, however, consider- ;‘?lfl/glfs“hzxigzzse‘;‘:c"hed
ably open both outwards and inwards. The architects used  on24. 9. 2022.
the large windows to open up the view from the cliffs to the
long horizon of the Pacific Ocean. At the same time, they
speak of the internal balconies®® which allow views between
interior levels. Although the house can be described as two—
storey, the base is a modified version of the Raumplan. Un-
like the Loos” approach, the Chilean duo strongly ties the
internal fluidity of the levels of space with the surroundings.

The house thus accentuates its own position on the coast.

The sculptor Jiti Pfihoda plays a similarly active role in depicting the edge between
inside and outside in his work Poustevna (Pribytek pro pobfezi I) (Hermitage,
Dwelling for the Shore I), even though the intended placement has yet not been
completed. Hermitage was actually built and exhibited in Prague, in the courtyard
of the Colloredo-Mansfeld Palace (2014) and a year later in Brno at Spilberk Castle.
However, the arrangement of the spatial volumes is dictated by the very positioning
on the border between sea and land. Unlike Casa Poli, Dwelling for the Shore I does
not deal with the circumstances and requisites of long-term living at the interface.
The art object therefore focuses on situating the inhabitant into two opposite po-
sitions of view. This is done by means of two identical observation posts which are
internally connected and rotated 180 degrees to teach other. We also have to add
the fact that the viewer sees each side from a different height. When we enter this
looking machine, we cannot look back in either of the main directions of view, or
rather to where the other view is looking.
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OBR.8 Pezo von Ellrichshausen, Casa Poli, Coliumo, Chile, 2005 — foto: Pezo von Ellrichshausen
FIG. 8 Pezo von Ellrichshausen, Casa Poli, Coliumo, Chile, 2005; Photo: Pezo von Ellrichshausen
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OBR.9 Pezo von Ellrichshausen, Casa Poli, Coliumo, Chile, 2005 — foto: Pezo von Ellrichshausen
FIG.9 Pezo von Ellrichshausen, Casa Poli, Coliumo, Chile, 2005; Photo: Pezo von Ellrichshausen




In ideal case, the visitor would find him/herself in a position with a clearly defined
view of land or sea, with the Hermitage being a disjunction of these two views, yet
still connected through the construction. The punchline of this situation can be seen
literally in how the Hermitage builds a hypertrophied boundary at the connection
point, which materializes the opposing views and extends the interval of the con-
nection continuity, or more precisely, the dwelling forms the presence of connection
by interrupting it. One has to ascend or descend the stairs facing a non-transparent
wall — and only then get into one of those views. The position of the dwelling then
results from the accentuation of the movement between two clearly situated views.

An interior formed in such way becomes a spatial expression of the situation in be-
tween, an inhabitation of the edge: inhabitation is always related to a transition be-
tween two situations, and although the view is present in one of the situations, the
other one is always part of the interior as a demarcation of the in between from the
opposite side.

Petr Stolin and Alena Micekova follow up the theme of the house edge in their work.
In their Zen Houses (2015), a semi-detached house on the outskirts of Liberec, sim-
ple and symmetrical volumes became a means for complex spatial considerations.
Two parallel blocks for two clearly separated interior: a white interior for the stu-
dio and black interior for the house where they live. The edge of both parts is soft,
thanks to the transparency of the fiberglass surface behind which wooden structure
emerges. The house lessens its envelope through its partial transparency.

The actual interiors aren’t large; they are so narrow that when you stand inside,
you can almost reach from one wall to the other by stretching out your arms. The
space of each of the blocks flows fluidly between the ground floor and first floor,
though, and thanks to the generous opening of the two symmetrical blocks through
the large windows, a feeling of crampedness or excessive closedness never occurs.
And even though Zen Houses are made of two blocks, the space between them also
counts. There are varying levels of spatial experience, from the enclosed, intimate
areas to the generously optically interconnected interiors of both blocks, to the pri-
vate exterior between the houses.

When defining the edge of the house, it is necessary to accentuate the optical con-
nection of the two blocks. They form a volatile unity thanks to the symmetry of form
and especially thanks to the windows, even though in fact they are two enclosed vol-
umes. The parallel position and the symmetrical dimensions lead to the fact that,
despite their physical distance, the houses constantly mingle. While the edge is de-
lineated by walls, the edge of the wall keeps constantly crossing with its action the
interlocking of one block with the other.

A final example of creative thinking on the theme of a house edge is — from the out-

side view — a simple, traditionally laid stone house. It can be found in the Jupiter
Artland Foundation’s sculpture park near Edinburgh, Scotland. The house was built
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Zaver

Text se zabyva architektonickym myslenim, avsak nesousttedi se na pojmové my-
$leni. Na nékolika prikladech sleduje tviréi zpracovani vztahu mista a prostoru.
Misto je z vlastni definice uzavienym jevem, av$ak nikdy nemize dosdhnout uplné
uzavrenosti. Proto se prechod mezi vnéjskem a vnitfkem stava klicovym dénim
stavby, jez definuje jeji identitu. Banalni opozice vnéjsku a vnitiku ve smyslu proti-
pola redukuje tento dulezity vztah na pouhé nachazeni se na jedné strané zdi. Tim
vsak stird vlastnost hrany ¢i spiSe okraje jako udalosti, jez je vlastni jak vnitrku,
tak vnéjsku. Kdyz vSak zaméfime pozornost na déni hrany, lze diky jejim analy-
zam a priblizenim ukazovat odli$né zaméry v situovani ¢lovéka architekturou. Ci-
lem textu bylo ukazat na praktickém architektonickém mysleni, nakolik pojmové
dvojice otevienosti a uzavtenosti, vnittku a vnéjsku nelze chapat jako esencialni
protipdly, ¢ijesté presnéji jako esence identity staveb a situovanosti jejich obyvatel.
Vztah mista a prostoru, stejné jako vztahy otevienosti a uzavienosti je nezbytné
popisovat jako neustalé déni s proménlivou koncentraci, jez utvari zkusenost am-
bivalence vnittku a vnéj$ku. Ukolem architektury neni nic mensiho nez artikulo-
vat mikrosvét, v némz mtize byt hledan vyznam a smysl v uchopovani svéta jako
kontinuity déni.



based on the design of the artist Andy Goldsworthy in 2009. The building made of
stone walls and with a simple saddle roof is located in a small wood and does not
show anything unusual. It is only after opening the door that the visitor discovers
that although the house defines the interior space with four walls, we cannot speak
of interior in the full sense of the word. The thing is that the walls and roof cover a
piece of exposed rock which has only been cleaned and left in its original form. It
cannot be described as a floor: it is the outside concentrated inside the house. The
rock gives an impression of growing high above the ground level, even though it had
been exposed by removal of layer of soil. In this case, the relationship between in-
side and outside does not form an unequivocal opposition either; it would be more
accurate to speak of action through ambivalence.

Conclusion

The text deals with architectural thinking, but does not focus on notional thinking.
Ituses several examples to trace the creative elaboration of the relationship between
place and space. By definition, place is a closed phenomenon, but it can never achieve
complete closure. That is why the transition between outside and inside becomes a
key action of a building, which defines its identity. The banal opposition of outside
and inside in the sense of opposites would only reduce this important relationship
to merely being on one side of the wall. This, however, erases the property of the
edge, or rather the margin as an event which is inherent in both the inside and out-
side. When we focus on the action of the edge, though, we can show — through analy-
ses and approximation — different situations in situating humans in architecture.
The aim of the text was to show, by means of practical architectural thinking, how
the terminological pairs of openness and closedness, inside and outside cannot be
understood as essential opposites, or more precisely as the essences of identity of
buildings and the situatedness of their inhabitants. The relationship of place and
space, just like the relationship of openness and closedness have to be described as
constant action with a changing concentration, which forms the experience of the
ambivalence of inside and outside. The task of architecture is nothing less than to
articulate the micro world in which meaning and purpose can be sought by grasping
the world as a continuity of action.
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0BR.10 Jiti P¥thoda, Poustevna (Ptibytek pro pobieziI), Praha, Ceska republika, 2014
foto: Jiri Pfithoda

FIG.10 Jiri Prihoda, (Hermitage, Dwelling for the Shore I), Prague, Czech Republic, 2014;
Photo: Jiti Pfihoda



i
A

OBR.11 Petr Stolin, Alena Mi¢ekova, Zen Houses, Liberec, Ceska republika, 2015
foto: archiv autori

FIG. 11 Petr Stolin, Alena Micekovd, Zen Houses, Liberec, Czech Republic, 2015;
Photo: Archive of the authors
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Pojem prostoru je v architektute znam od druhé po-
loviny 19. stoleti, pfedtim se tento termin nevysky-
tuje. Prostorovost, ackoliv je pro nas vsudypritomna,
je stale neuchopitelna, velmi tézce definovatelna a pro
architekty samozfejmé nesamoziejma. Jen zvédomné-
nim si vnitfnich problémt architektury, jejich interi-
orit a anteriorit se mize jeji diskurz vyvijet. Pojem
topologie a topologicky prostor je v matematice zkou-
man od dob Eulera (1736) a jeho problému s Mosty
mésta Kralovce'. V architektufe je tento termin téméf
neznamy a az na praci Grega Lynna? a Patrika Schuma-
chera® je teoretiky architektury nepovsimnut.

1 — 7 mostu v mésté Kralovci,
EULER.

2 — Greg LYNN, Folds, Bodies and
Blobs, La Lettre volee, Belgie, 2004,
ISBN 2-87317-068-9.

3 — Patrik SCHUMACHER,
Autopoiesis of Architecture, |,
Wiley Londyn 2009/2010,
ISBN 978-0470772980.

Topologické mysleni prineslo do architektury konce dvacatého stoleti zasadni po-
sun v mysleni o prostoru a pomohlo vytvofit a nastartovat architekturu 21. stoleti.
Kazda nova generace odmita predikce svych uéiteld a hrdint, tak aby se mohla vy-
mezit a najit si své vlastni misto. Stejné tak se vymezuje digitalni architektura. Diky
zlomim v my$leni miZeme v poslednim pulstoleti zazit prerod modernistické ele-
mentarni racionality, jeji dekonstrukci, prvni kontinualni projekty digitalniho po-
jeti designu, jeho nasledné odmitnuti a nahrazeni na jedné strané retro pristupem
ana druhé strané, diky vyvoji vypocetniho vykonu a Big Data / Carpo 2012 /, dis-
krétni architekturou. Vée vrcholi dne$nim tsvitem umélé inteligence (AI).

Architektura je plna obratu a turbulenci. A i kdyz se
dalo predpokladat rozvinuti tekuté modernity? a jeji
aspolutvorbu tekuté doby architekturou toku a emer-
gentnich principd, viditelnych v letech 1990-2015,
soucasna architektura se spise projevuje diskrétni
agendou® a Al Co ovSem spojuje tekutou (konti-
nudlni), nespojitou (diskrétni) architekturu a Al je
topologie. V tomto prispévku budeme hledat spoleéné
prvky hlavnich trendt poslednich let a jejich mozné
vektory a kapacity rozvoje discipliny.

4 — Zygmunt BAUMAN,
Tekutd modernita, portal, 2020,
ISBN 978-80-262-1602-5.

5 — Gilles RETSIN, Discrete
Architecture in the Age of
Automation, Wiley 2019.



The concept of space has been known in architecture
since the second half of the 19th century, before that
the term did not appear. Spatiality, although ubiqui-
tous for us, is still elusive, very difficult to define and, of
course, unintelligible for architects. Only by becoming
aware of architecture’s internal problems, its interiori-
ties and anteriorities, can its discourse evolve. The no-
tion of topology and topological space has been stud-
ied in mathematics since Euler (1736) and his problem
with the Bridges of the City of the King.! In architec-
ture, the term is almost unknown, and except for Greg
Lynn? and Patrick Schumacher,® unnoticed by archi-
tectural theorists.

1 — Seven Bridges of Kénigsberg
EULER.

2 — Greg LYNN, Folds, Bodies
and Blobs, La Lettre volee, Belgium,
2004, ISBN 2-87317-068-9.

3 — Patrik SCHUMACHER,
Autopoiesis of Architecture, |, Wiley
London 2009/2010,

ISBN 978-0470772980.

Topological thinking brought a fundamental shift in thinking about space to late
twentieth-century architecture and helped to create and launch the architecture of
the 21st century. Each new generation rejects the predictions of its teachers and he-
roes so that it can define itselfand find its own place. Digital architecture is defining
itselfin the same way. Thanks to the ruptures in thinking, we can experience in the
last half-century the transformation of modernist elementary rationality, its decon-
struction, the first continuous projects of digital design, its subsequent rejection
and replacement by aretro approach on the one hand, and on the other hand, thanks
to the development of computing power and Big Data / Carpo 2012 /, by Discrete
Architecture. All culminating in today’s dawn of Artificial Intelligence.

The architecture is full of twists and turns and turbu-
lence. And while one might have anticipated the un-
folding of fluid modernity# and its and the co-creation
of fluid time by the architecture of flow and emergent
principles visible between 1990 and 2015, contempo-
rary architecture is more likely to be manifested by
discrete agendas5 and AI. However, what connects
fluid (continuous), discontinuous (discrete) architec-
ture and Al is topology. In this paper, we will look
for common elements of the major trends of recent
years and their possible vectors and capacities for the
development of the discipline.

4 — Zygmunt BAUMAN,
Tekutd modernita, portal, 2020,
ISBN 978-80-262-1602-5.

5 — Gilles RETSIN, Discrete
Architecture in the Age of
Automation, Wiley 2019.
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oBR.1 Jifi Uran Vitek, Between Conflicts, pavilion v zahrad¢ Uméleckoprimyslového muzea
v Praze, 2022, tisténa architektura

FIG.1 Jifi Uran Vitek, Between Conflicts, pavilion in the garden of the Museum of Decorative
Arts in Prague, 2022, printed architecture
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Element a celek

Je nutné zapocit nase zkoumaniv archetypech architektury. Zatimco to, co definuje
architekturu, je v jeji historii dvojice architrav (tektonika) a rostla struktura (ste-
reotomie), topologicka odpovéd by byla klenbou. Pravé nahlizeni na architekturu
modelem topologie nAm umoznuje ptekonat zazité klisé a posunout se k esenci pro-
blému. Na jednu stranu je velky problém definovat, co vlastné esence architektury
je, ale v nasem prispévku ji mizeme postavit na tezi, ze architektura je systém ma-
nifestujici ve hmoté a prostoru tfi, inteligentné organizovanych, hlavnich témat:
program (jaké situace umoznuje), prostorovou strukturu (jak drzi a rozvrhuje
prostor a misto) a jazyk — vyznam (jak se projevuje vizualné a jeho narativ).

Architrav je mozno ¢ist i jako dolmen nebo moderni-
sticky skeletovy systém podobny principu Dom-ino®.
V mnohém se jedna o neoptimalni systém, ktery ne-
zobrazuje efektivni distribuci sil a adekvatni mate-
rialovou reakci. Ve je vice patrné pti zkoumdni ar-
chitektonického problému pravé ze zminénych tfech
kritérii (program, struktura a jazyk). Tato kritéria
velmi dobre definuji dobu vzniku, koncept mysleni
a technologické moznosti. V dobach pred prichodem
vypoletni techniky nebylo mozné poditat komplexni
systémy, a proto musely byt redukovany na jednotlivé
subsystémy — elementy nebo rostly (stereotomicky)
celek. Tedy Dom-ino rozkladame na desky a sloupy,
pro které zname jednotlivé vypoltové vzorce. Pfi
prevodu architravového systému na strukturalni ale
nutné musime dojit k topostrukturalni optimalizaci,
kteraje v ptirodnich systémech véudyptitomna. Mate-
rial distribuovan do mist s nejvét$im namahanim a re-
dukovan, kde je neefektivni. Pfikladem mutize byt kost,
ktera v misté kloubtt hmotové nartsta véetné vnitiné-
-kosternich objemt, svoji torzi definuje reakci materi-
alu na momenty My a Mz a redukuje se smérem Z-. Jiz
ustaveb A. Gaudiho Ize pozorovat ono taveni elementi
pusobenim vnittnich sil na topologicko prostorovou
sit (Casa Mila). Ovéem pro tuto operaci je nutné neli-
nearnich vypoctt, které do doby vypocetni techniky
nebyly mozné. I proto tedy dochazelo ke kompresi
informaci a kazdy systém byl redukovan do subsys-
tému nebo rostlych celk. Sloup, nosnik, klenba, zed,
pilit. Vypocet momentu na nosniku byl stanoven na
M = Y% gl2 a prufez prvku byl stanoven modulem pruz-
nosti. Tento bézné pouzivany zptsob vypodtu prirezu
prvky zdsadnim zptisobem redukuje na primitivni

6 — LE CORBUSIER, Za novou
architekturou. Petr Rezek, 2005,
ISBN 80-86027-23-6.



Element and whole

Itis necessary to include our explorations in the archetypes of architecture. While
what defines architecture inits history is a pair of architraves (tectonics) and a soar-
ing structure (stereotomy), the topological answer would be an arch. Itis by viewing
architecture through the model of topology that we can move beyond the clichés we
have experienced and move to the essence of the problem. On the one hand, it is a
big problem to define what the essence of architecture actually is, but in our paper,
we can build it around the thesis that architecture is a system manifesting in matter
and space intelligently organized around three main themes: program (purpose of
the space), spatial structure (how it holds and organise space and place), and lan-

guage-meaning (how it manifests visually and it’s narrative).

The architrave can also be read as a dolmen or modernist skel-
etal system similar to the Dom-ino principle®. In many ways, it
is a suboptimal system that does not display an efficient distri-
bution of forces and adequate material response. In examining
the three criteria just mentioned (Program, Structure, and Lan-
guage) they define their time, concept of thought, and techno-
logical possibilities very well. In the days before the advent of
computing, complex systems could not be computed and there-
fore had to be reduced to individual subsystems — elements or a
growing (stereotomic) whole. Thus, we decompose Dom-ino into
Slabs and Columns for which we know the individual computa-
tional formulas. However, in converting an architectural system
toastructural one, we must necessarily arrive at a topostructural
optimization, which is ubiquitous in natural systems. Material is
distributed to the locations of greatest stress and reduced where
it is inefficient. An example is bone, which grows in mass at the
joints, including intra-skeletal volumes, defines the material re-
sponse to My and Mz moments by its torsion, and reduces in the
Z-direction. Already in the buildings of A. Gaudi we can observe
the melting of the elements by the action of internal forces, on the
topological-spatial network (Casa Mild). However, this operation
requires non-linear calculations, which were not possible until
the computer age. Therefore, also, for this reason, information
compression was performed and each system was reduced into
sub-systems or growing units. Column, beam, vault, wall, pillar.
The calculation of the moment on the beam was set to M = % gl2
and the cross-section of the element was determined by the mod-
ulus of elasticity. This commonly used method of calculating the
cross-section of the elements fundamentally reduces the prob-
lem to a primitive geometry. The current method that allows us
to design digitally can iterate and calculate the cross section for
each section of geometry separately. Mass is reduced where it is

6 — LE CORBUSIER,
Za novou architekturou.
Petr Rezek, 2005,

ISBN 80-86027-23-6.
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geometrie. Soudasny zptisob, ktery nam umoznuje digitalni na-
vrhovani, dokaze iterovat a kalkulovat prifez pro kazdy usek
geometrie zvlast. Hmota je redukovana tam, kde neni efek-

7 — Topostructural
optimization / ZHAO,
ZHI,ZHANG, XIAOJIA
SHELLY, PY - 2021,

2021/08/01, Design
of graded porous
bone-like structures
via a multi-material
topology optimization
approach, Structural
and Multidisciplinary
Optimization.

tivni, a tedy je pritez optimalizovan tak, aby byl usporny a ma-
ximalné efektivni. To je mozné diky topostrukturalni analyze
a optimalizaci. Poetika tohoto systému je, Ze rozdéli celek na
velmi malé objekty, tzv. voxely (volumetric element: prosto-
rova ¢astice). Pro kazdy voxel stanovujeme jeho hodnoty, na-
ptiklad napéti, a opét vyhodnocujeme cely systém. Tedy voxely
jsou vzdjemné propojeny myslenou topologickou vazbou, ktera
je konfrontovana s meznim stavem dané rovnice, kterou po-
suzujeme. Nevyhovi-li dana podminka, topologicka vazba za-
nika a s ni i prostorova ¢astice — voxel. Tim dochazi k redukei
systému. V nasem projektu Integro se jednalo o mraéno bodt,
které mélo potencial propojovat nosnou konstrukei. Nasledné
byla prepocditana kazda variace a ty, které nebyly efektivni, byly
redukovany. Vysledkem byl stihly, optimalizovany prostoroveé —
strukturalni model.”

Podobny zpuisob lze aplikovat na dalsi struktury jako
skofepiny a dal$i. Form Finding / objevovani formy, je-
hoz zakladatelem je Otto Frei. Jeho pokusy definovat
optimalni struktury skotepiny vychazely prevazné z fy-
zickych modelu. Pro skofepiny s osvétlovacimi otvory
vychazel prevazné z modeld zalozenych na experimen-
taciselektrolyzouvody ajinymi kapalinamia pruznymi
latkami. Jeho pokusy a uvahy se staly zakladnim ram-
cem pro dal$i prici Patrika Schumachera?, ktery jeho
tyzické modely prevedl do digitalniho svéta a tvorijeho
vyznamnou ¢4st parametricismu — tektonismus.?

8 — Patrik SCHUMACHER,

From Typology to Topology: Social,
Spatial and Structural, https://www.
patrikschumacher.com/Texts/
From%20Typology%20t0%20
Topology.html.

9 — Patrik SCHUMACHER, From
Typology to Topology: Social, Spatial
and Structural.

Element a sit

Topologické zkoumani ma velmi vyznamny pfinos i v urbanistickych problémech.
Budeme-li povazovat mésto za systém skladajici se z prvkd, srostlic a jejich relaci,
velmijednoduse mizeme zapocit s presnou analyzou propojenosti a prostupnostici
soudrznosti méstské struktury. Pro zkoumani lze pouzit metodiku siti.

Pti analytickych urbanistickych metodach se nam podatilo vyzkoumat jasnou za-
vislost mezi strukturou mésta a siti, kterou tato struktura tvofi. Kazda koncepce
¢i doba, kdy vznika takovato struktura, se vyznaduje jistym zptisobem zachazeni
s parcelami (jejich velikost a proporce), technikou vystavby, koncepci verejnych
prostor. Zcela jina je struktura goticka, barokni, renesan¢ni, ale samoziejmé mo-
dernisticka, postmoderni i dekonstruktivisticka ¢i v posledni dobé parametricka.



OBR.2 Perspektivni pohled Dom-ino systému, 1914. image from Le Corbusier & Pierre Jeanneret,
OEuvre Compléte Volume 1,1910-1929, Les Editions d’Architecture Artemis, Ziirich, 1964

FIG. 2 Perspective view of the Dom-ino system, 1914. Image from Le Corbusier & Pierre Jeanneret,
OEuvre Compléte Volume 1, 1910-1929, Les Editions d’Architecture Artemis, Ziirich, 1964
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OBR.3 Integro, 2014. Obrazek z Studio Zaha Hadid, Nechme promluvit logiku architektury,
autori Jiri Vitek, Saba Nabavi a Junghwo Park, autor

FIG. 3 Integro, 2014. Image from Studio Zaha Hadid, make architectural logic speak, studio
project by Jiri Vitek, Saba Nabavi and Junghwo Park, author



not efficient and hence the cross-section is optimised to be eco-
nomical and maximally efficient. This is made possible by topos-
tructural analysis. The poetics of this system is that it divides the
whole into very small objects, called voxels (volumetric element:
spatial particle). For each voxel, we determine its values, for ex-
ample, the stresses, and again evaluate the whole system. Thus,
the voxels are interconnected by an imaginary topological link,
which is confronted with the limit state of the equation we are
evaluating. If the given condition is not satisfied, the topologi-
cal bond disappears and with it the spatial particle — voxel. This
leads to a reduction of the system. In our Integro project, it was
a point cloud that had the potential to connect a support struc-
ture. Subsequently, each variation was recalculated and those
that were not effective were reduced. The result was a lean, opti-
mised spatial-structural model.”

A similar method can be applied to other structures such
as shells and others. Form Finding / Form Discovery,
whose founder is Otto Frei his attempts to define optimal
shell structures were based mostly on physical models. For
shells with illuminating holes, he relied mainly on models
based on experiments with the electrolysis of water and
other liquids and elastic substances. His experiments and
considerations became the basic framework for the sub-
sequent work of Patrik Schumacher®, who translated his
physical models into the digital world and formed an im-
portant part of his parametricism-tectonism.®

Element and network

7 — Topostructural
optimization / ZHAO,
ZHI ,ZHANG, XIAOJIA
SHELLY, PY - 2021,
2021/08/01, Design
of graded porous
bone-like structures
via a multi-material
topology optimization
approach, Structural
and Multidisciplinary
Optimization.

8 — Patrik SCHUMACHER, From
Typology to Topology:

Social, Spatial and Structural,
https://www.patrikschumacher.
com/Texts/From%20Typolo-
gy%20to%20Topology.html.

9 — Patrik SCHUMACHER, From
Typology to Topology:

Social, Spatial and Structural,
https://www.patrikschumacher.
com/Texts/From%20Typolo-
9gy%20to%20Topology.html.

Topological exploration has a very significant contribution to urban planning prob-
lems. If we consider the city as a system consisting of elements, layers and their re-
lations, we can very easily start a precise analysis of the interconnectedness and
permeability or cohesion of the urban structure. The methodology of networks can

be used to investigate this.

Using analytical urban methods, we were able to test a clear dependence between
the structure of the city and the network it forms. Each concept or period when
suchastructure is created is characterised by a certain way of dealing with the plots
(their size and proportions), the technique of construction, and the concept of pub-
lic spaces. The Gothic, Baroque, Renaissance, but of course modernist, post-mod-
ern, deconstructivist or more recently parametric structure is completely different.
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Tvorba sité

Elementy (ohranicené objekty polyline), jejich tézisté uzly (nody), spojnice — hrany
(edge)

Prvni sit — graficky diagram:

closest points network: sit vznika hledanim nejblizsich sousednich uzla, kdy ke kaz-
dému tézisti elementu hledame X sousednich. Minimalni poéet soused pro tvorbu
sité jsou 3 a sit vytvarime propojenim sousedicich uzli pomoci hran. Vznikly dia-
gram vytvari Citelné struktury ¢i patterny, které Ize snadno charakterizovat jako
typy sité

» Sbérnicova (bus) topologie.

« Kruhova (ring) topologie.

e Hvézdicova (star) topologie.

« Stromova (tree) topologie.

« Paterni (backbone) topologie.

Z diagramu je patrné i v jakém casovém celku struktura vznika a jakou vazbu ¢&i
méstskou strukturu vytvafi. Odklon od modernistického, striktné rozdéleného
privatniho a vefejného prostoru pres poloverejny je ¢itelny ve zméné sité z blokové
kruhové topologie na stromovou ¢i sbérnicovou strukturu. Tyto modernistické sité
eV o7 4 Ve v v . v 4 v L4 7
jiz maji problém vytvorit dostatecné silné definované prostory a vyznacuji se nemis-
tem (nejasné definovana struktura).

Euklidovsky a topologicky prostor
Kieslerliv Endless House a Embryo House Gregga Lynna

Prvni pokus o topologicky prostor lze sledovat u Frede- 10 — Frederik KEISLER, Endless
rika Kieslera a jeho prvni verzi Endless House'® projektu ::’t‘;sse/ o '_\:')?g'\/"A'
z roku 1922. Jedna se o vyznamny projekt, protoze jeden  collection/works/82405.
z mala nerozpracovava automatizovanou, fordistickou

a modernistickou vizi architektury pocatku minulého

stoleti, ale navraci se k budovani lidského prostoru. Pro-

story obemykaji uzivatele a prolinaji se jeden pres druhy,

jako plynuly tok. Frederik Kiesler projekt stavél jako mo-

del, ze siti, na které aplikoval modelarskou hmotu. Zaji-

mavost projektu ajeho aktualnost pro dnesek tkvi hlavné

v tom, ze jsme ho schopni nejen virtualizovat, tedy pre-

vést do precizni digitalni formy, ale jsme ho schopni i kal-

kulovat a fabrikovat. Naptiklad pomoci 3D tisku.



OBR. 4 Analyza mista, Soutéz na rozvoj BVV, 2016. Soutézni projekt, autor: Jiri Vitek, autor
FIG. 4 Site Analysis, BVV Development Competition, 2016. Competition project,
author: Jiri Vitek, author
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Vyznamnym projektem v topologii a digitalizaci architektury 11 — GregLYnN,
byl Embryologicky dim Grega Lynna. Idea fluidniho prostoru Efgzz E:dl_i:ft;”d
je poprvé animovana a je proveden zdznam vyvoje objektu véetné  volee, Belgie, 2004,
jeho iterovani. Diky kiivkdm (SPLINE), které Ize pomoci ‘convex  'SBN 2-87317-068-9.
hull’ kontrolovat a tidit napéti objektu (fidicich kfivek) a pros-

tym pridavanim a ubiranim kontrolnich bodt zvysovat jeho kom-

plexitu, Ize dosahnout zcela novych kvalit objektu. Navic celaidea

je motivovana nekonecnosti moznosti iteraci a promény prostoru.

Zakladni ovoid definovany zminénymi fidicimi ,splinami“ (kon-

struovany ve velmi preciznim softwaru Microstation) je nasledné

animovan. Rozpohybovani a pohyb je digitalné zaznamenan (vse

v softwaru MAYA, ¢asto pouzivany pro filmovy priamysl). Iterace

nabizely architektovi, respektive jeho klientovi, vybér jeho pre-

ferovaného vysledku. Tedy nejde o to ziskat jeden konkrétni ob-

jekt, ale kazdy si muze objekt prizpisobit své preferenci. Projekt

je prinosny nejen z filozofického hlediska, kde misto konkrétnich

interpretaci myslené stavby prichazime k organickému, rostlému
parametricko-topologickému modelu, ale predikuje vyvoj jak

v navrhovani, tak ve fabrikaci. Tim, Ze byl projekt zobrazovan ne-

jenjako pocditacovaskica, ale byl preveden do fyzického prostoru,

pomoci CMC a laserového fezani, definuje na dal$ich dvacet let

metodiku architektonické prace.

Mobius strip a Kleinova Lahev

Mobiova paska se stala velmi popularnim tématem i v architektufe. Kolem roku
1993 dostava holandské UN studio zakazku na rodinny dim, ktery ma vyuzit novy
pohled na program uzivateli. Dim ma byt co nejvice otevieny, tak aby spolu ro-
dina mohla travit spole¢ny ¢as, ma zaroven umoziovat, aby kazdy ¢len rodiny mél
svoje soukromi a prostor. Vznika koncept diagramu vyuziti prostoru domu 24/7.
Dum Mobius byl navrzen s prolinajici se trajektorii, ktera spojuje pracovni prostory
a loZnice, pri¢emz spolecné prostory jsou umistény na ktizovatkach. Artikulace
Mobiovy pasky je nejen vyjadfena programem, ale i architektonickym jazykem. Jak
se smycka obraci, vnéjsi betonovy plast se méni v interiérovy nabytek a sklenéné
fasady se stavaji vnitfnimi prickami. Dals$im péknym pfikladem je autobusova za-
stavka od NIO Architects z roku 1995.

Topologie a Mesh

Polygonalni modelovani prichazi do architektury z prostoru CGI (tedy computer
grafic image), ktery je typickym pro filmovy priumysl. Davno se ukdzalo, Ze vy-
tvaret nové svéty filmu je daleko jednodussi v pocitaéich nez ve fyzickém svété.
Modelovani objektt v prostoru bylo mozné pomoci dvou zakladnich metod. Po-
lygonalni a nurbsové. V polygonalni, mame zakladni objekt, naptiklad krychli,
kde posunovanim jednotlivych kontrolnich vertexti (vrcholit) nebo edgi (hran) ¢i



Network formation

Elements (bounded polyline objects), their centres of gravity nodes (nodes), links —
edges (edge)

The first network — graphic diagram:

closest points network: the network is formed by finding the nearest neighbour nodes.
where for each element’s centre of gravity we search for X neighbours. The minimum
number of neighbours for network formation is 3 and we form the network by con-
necting neighbouring nodes using edges. The resulting diagram produces readable
structures or patterns that can be easily characterized as network types

« Bus topology.

« Ringtopology.
 Star topology.

+ Tree topology.

« Backbone topology.

The diagrams also show the time frame in which the structure is created and the link
orurban structure it creates. The departure from the modernist strictly divided pri-
vate and public space through the semi-publicis visible in the change of the network
from ablock-circular topology to a tree or bus structure. These modernist networks
already struggle to create sufficiently strongly defined spaces and are characterised
by non-locality (vaguely defined structure).

Euclidean and topological space
Kiesler's Endless House and Gregg Lynn’'s Embryo House

The first attempt at topological space can be traced back to 10 — Frederik KEISLER,
Frederik Kiesler and his first version of the Endless House'® Eﬂng,'\jif Eg::i;:fﬁaf;ggg;_
project from 1922. It is a significant project because it is one  org/collection/works/82405.
of the few that does not elaborate on the automated, Fordist

and modernist vision of architecture of the early last century,

but returns to the construction of human space. Spaces en-

circle the user and flow over each other, like a seamless flow.

Frederik Kiesler built the project as a model, from networks

to which he applied modelling matter. The project’s interest

and its relevance for today lie mainly in the fact that we are

notonly able to virtualize it, i.e. convertit into a precise dig-

ital form, but we are also able to calculate and fabricate it.

For example, using 3D printing methods.
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OBR.5 https://www.cca.qc.ca/en/articles/issues/4/origins-of-the-digital/5/embryological-house
FIG. 5 https://www.cca.qc.ca/en/articles/issues/4 /origins-of-the-digital/5/embryological-house



Animportant project in topology and digitization of architecture 11 — Greg LYNN,
was Greg Lynn’s Embryological House." The idea of fluid space zgldd;]f;:ies

is animated for the first time and a record of the evolution of the  La Lettre volee,
object is made, including its iteration. By using a convex hull, the Fseé?\:u:éfs??-%ss-e
spline can control the tension of the object and by simply adding '
and removing control points we increase its complexity. More-

over, the whole idea is motivated by the infinite possibilities of

iteration and transformation of space. The basic ovoid defined

by the aforementioned control ‘splines’ (constructed in the very

precise Microstation software) is then animated, directly moving

and the movement is digitally recorded (all in MAYA software,

often used for the film industry). The iterations offered the archi-

tect, or rather his client, the choice of his preferred result. That is

to say, it is not about getting one particular object, but everyone

can customise the object to their preference. The project is not

only beneficial from a philosophical point of view, where instead

of specific interpretations of the building in question, we arrive at

an organic, growing parametric-topological model, but it predicts

developments in both design and fabrication. By representing the

project not only as a computer sketch but by translating it into

physical space, using CNC and laser cutting, it defined the meth-

odology of architectural work for the next twenty years.

Mobius strip and Klein’s Bottle

The Mobius strip has become a very popular theme in architecture as well. Around
1993, a Dutch UN studio was commissioned to design a house that would take a new
look at the user program. The house was to be as open as possible so that the family
could spend time together while allowing each family member to have their own pri-
vacy and space. The concept of a 24/7 space use diagram of the house is emerging.
The Mobius house has been designed with an intersecting trajectory that connects
workspaces and bedrooms, with common spaces located at the intersections. The
articulation of the Mébius strip is not only expressed in the program but also in the
architectural language. As the loop turns, the outer concrete shell becomes interior
furniture and the glass facades become interior partitions. Another nice example is
the bus stop by NIO Architects from 1995.

Topology and Mesh

Polygonal modelling comes to architecture from the CGI (computer graphic image)
space, which is typical of the film industry. It has long been shown that creating new
worlds of the film is far easier in computers than in the physical world. Modelling
objects in space was possible using two basic methods. Polygonal and NURBS. In
Polygonal, we have a basic object, for example, a cube, whereby moving individual
control vertices (vertices) or edges (edges) or finally faces (faces) we achieve the
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nakonec face (plosek) dosahujeme ptiblizného pozadovaného tvaru. Detailu pak
dosahujeme bud'to pridanim drobnéjsiho rozliseni (tedy sit zahustime), nebo vyhla-
zovanim (catwalk, laplacian apod). Je nutné neporusit topologii, nebot se pretrhaji
vazby a navaznosti. Sit je definovana vrcholy (vertexy), které jsou spojeny hranami
(edge), ale narozdil od predchoziho problému sité (vertex a edge) formuje plochu
tzv. face. Model je pak tvoren pravé uzavienymi ploskami (faces), které videalnim
pripadé tvori neporusenou quadovou soustavu. Polygonalni modelovani stoji na
zacatku blobu, hladkych staveb Zahy Hadid, vzrusujicich struktur Erica Goldem-
berga, prace Hernana Diaze Alonsa a dal$ich. V zacatcich digitalni architektury,
kde hladkost a tekutost geometrie, preciznost a vyhlazovani, ale i stavba struktury,
dynamika, kontrola nad architekturou objektu je mistrovstvi. Je iluzi, ze digitalni
nastroje nebo zména myslenkového modelu ¢i konceptu automaticky vytvari lepsi
nebo dokonalou architekturu. Vzdy jsou to jen nastroje, které nam ale umoznuji
udélat onen potfebny krok dale.

Diagramatické mysleni a topologie

Tvuréi proces se osvobozuje ze schémat, ktera se prenasi jako body v siti z jedné

v o V7 . /4 . . vV 4
generace umélct na dalsi. Jak uniknout schématu, jak uniknout ovéfenému typu,
typologii, klisé. Jak byt neustale kreativni a evoluéni?

Fascinujici je jiz diagramatické mysleni u Jana Blazeje Santiniho. Jeho konstruovani
prostoru neni jen zalozené naboleovskych operacich, znamych geometrickych sché-
matech barokni doby, ale systém vytvari pomoci ¢iselnych kodu, které prevadi do
konstrukénich diagramt. Zakladni ¢iselna fada 1,3,5,7,8,10,12 a 21 vytvafi vazby —
vztahy. Systém kruznic konstruuje prostor, ktery neni primitivni extrudovani v Z-
-ové ose, rozvoj diagramu se prenasi v prostoru. Sklonéné trojuhelnikové pilastry
schodist vyzyvaji k dvouktivé plose, kterou je nesnadné rozvinout dostupnymi geo-
metrickymi metodamibaroka, jako naptiklad hojné vyuzivanou stereotomii. Proto
dochazi k definovani ptidorysné prostorové kiivky okapu a fezu / prutezu / profilu
stfechy. Zbytek geometrie je ,generovan® na misté testovanim a zkousenim. Vy-
sledek tak neni exaktné predikovany, ale emergentné vytvoreny interakci tesare
a hmoty pfi zachovani danych pravidel. Je v detailech vidét, ze tvar stfechy neni
uplné pod kontrolou, ale mtze se jednat i o disledek rekonstrukce po vyhoteni kos-
telu, kazdopadné tuto plochu Ize jiz nazyvat dvouktivou / nurbsovou plochou / to-
pologickou plochou, ktera spise nez klasickym baroknim zptisobem / definovani
profilu slozeného z ¢asti kruznic ptijednostupniové fidici ktivce / je formovana pu-
sobenim vnitfnich a vnéjsich sil.

Chceme-li vnimat kontinualni vyvoj kfivky, musime opét zminit 12 — Mario

; v 7 VPR I : Mg CARPO, The Second
Grega Lynna, ktery v poéatku 90. let pfichazi s topologickou kfiv Digital Turn. Dosigh

kou, splinou. Ktivka neni definovana pfimo kontrolnimibody, ale  Beyond Intelligence,

jeji uzly, které se nachazi mimo samotnou kfivku, definuji jeji na- ~ The MIT Press, 2017,
[ , C ey Ly , N s.240 an., ISBN

pétiaspadovost, jakjiz bylo zminéno. Samotna definice kfivky vy-  97s-0-26253-402-4.

chézi dle M.Carpa' z principu konstrukei lodi, kdy hlavni profil



approximate desired shape. The detail is then achieved either by adding finer reso-
lution (i.e., thickening the mesh) or by smoothing (catwalk, laplacian, etc.). It is nec-
essary not to break the topology, as links and continuities are broken. The network
is defined by vertices (vertex) thatare connected by edges (edge), but unlike the pre-
vious network problem (vertex and edge) it forms a surface called Face. The model
is then formed by just closed faces (faces), which ideally form an intact quad system.
Polygonal modelling is at the origin of the blob, the smooth structures of Zaha Ha-
did, the exciting structures of Eric Goldemberg, the work of Hernan Diaz Alonso
and others. In the early days of digital architecture, where the smoothness and flu-
idity of geometry, precision and smoothing, but also the building of the structure,
dynamics, and control over the architecture of the object is mastery. It is an illusion
that digital tools, or a change of thought model or concept, automatically create a
better or perfect architecture. They are always just tools that allow us to take the
necessary step further.

Diagrammatic thinking and topology

The creative process frees itself from the schemas that are passed on like points in
anet from one generation of artists to the next. How to escape the schema, how to
escape the tried and true type, the typology, the cliché. How to be constantly crea-
tive and evolutionary?

The diagrammatic thinking of Jan Blazej Santini is already fascinating. His con-
struction of space is not only based on Boolean operations, the well-known ge-
ometrical schemes of the Baroque era, but he creates a system using numerical
codes which he translates into construction diagrams. The basic numerical series
1,3,5,7,8,10,12 and 21 create links — relationships. The system of circles constructs a
space thatis not a primitive extrusion in the Z-axis, the development of the diagram
is transferred in space. The sloping triangular pilasters of the staircase invite a dou-
ble-curved surface that is not easily developed by the available geometric methods
of the Baroque, such as the much-used stereotomy. Hence the definition of the plan
space curve of the eaves and the section / section / profile of the roof. The rest of
the geometry is ‘generated’ on-site by testing and rehearsal. The result is thus not
exactly predicted, but emergently created by the interaction of the carpenter and
the mass while maintaining the given rules. It can be seen in the details that the
shape of the roofis not completely under control, but it may also be the result of the
reconstruction after the church burned down; in any case, this surface can already
be called a double-curved / NURBS surface / topological surface, which rather
than the classical baroque way / defining a profile composed of parts of circles at a
one-degree control curve / is shaped by the action of internal and external forces.

If we want to perceive the continuous evolution of the curve we have to mention
Greg Lynn, who in the early 1990s came up with a topological curve, Sp/ine. Con-
trol points do not directly define the curve, but their nodes, outside the curve itself,
define its tension and gradient. The very definition of the curve is based, according
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mél dobte odolavat vilnam, spline byl zptsob, jakym ohybaji femeslnici dfevéné
tramy. Pravé definovani uzlt a vnitfnich sil, které vytvari formu, je typické pro di-
gitalni kulturu v 90. letech. Nasledny vyvoj, ktery rozviji animované formy, dava
vzniknout morfovanym a parametrickym modeltim.

Mizeme sledovat dvé zakladni tendence, jedna bottom up, kdy jsou nastavena pra-
vidla a na jejich zakladé, simulaci, iterativnim procesem vznika geometrie; druhy
zpusob je pfimé modelovani, mizeme nazvat top down, kdy se jedna o low poly
nebo rizné skulptivni procesy vytvareni. Oba zptlisoby ve velké mife vyuzivaji dia-
gramu a topologie.

V prvnim pripadé, bottom up, je ovSem diagram preveden do relaci, vztahi, které
jsou popsany pomoci formuli, kddg, a nasledné program/proces vygeneruje vysle-
dek. Upravou parametrii, vztaht ¢i formuli miZzeme ménit vysledek ¢&i vytvaret
katalog feseni, nebo dokonce zapojit optimalizaéni procesy, kde s vyuzitim umélé
inteligence dokazeme bud’ hledat maxima, minima jednotlivych uloh, ¢i miazeme
dokonce sledovat rizné tendence a predikce feseni a tendovat k néjakému uréitému
vysledku, ktery nam vyhovuje. Oproti tomu top down systém vyzaduje neustalé
rozhodovaci procesy designéra, kdy na jednu stranu mate naprostou kontrolu nad
vysledkem, ale na stranu druhou se tézko dostanete k novym feSenim. U modelaci
tohoto typu je velmi dilezité udrzet spravnou topologii povrchi, quada, aby byla
geometrie presna a editovatelna, jak jiz bylo zminéno. Proto je tfeba aplikovani ani-
maénich metod, kdy morfujeme z jednoho stavu geometrie do stavu druhého, po-
zménéného. Dulezité je drzet stejnou topologii objektu. Jen tak je mozné proces
animovat, protoze zjednodus$ené fedeno se jedna o morfovani tvaru jednoduchou
aproximaci vzdalenosti véech vertexli geometrie. Viz jiz zminény ptiklad Embryo-
logic house od Grega Lynna. Program spocita jednotlivé vektory, jejich sméry, veli-
kosti a doplni pozadovany podet mezistavi — iteraci.

Velmi zajimavym ptikladem podobného prin-
cipu byl program H.U.R.B.A.N selector'3,
ktery vstupni geometrie prepocital na objekty
se stejnou topologii a nasledné umél aproximo-
vat mezi jejich mezni stavy. Program jsme po-
uzili se studenty, kdy iterovali objekty nacha-
zejici se na vybrané existujici trase. Existujici
objekty byly vymodelovany a nahrany do pro-
gramu. Nasledné probihalo morfovani mezi
jednotlivymi stavy, kdy vznikaly nové objekty,
které si ovsem nesly klicové vlastnosti svych ro-
di¢d. Premise byla, Ze lze generovat zcela nové
objekty ze znamych objektti pomoci iterovani
amorfovani.

13 — H.U.R.B.A.N byl projekt zabyvajici

se morfovanim objektd, jako vstup slouZily
dva objekty, které byly preformatovany na
stejnou topologickou strukturu. Nasledné

s nimi bylo mozné vytvéret iterace podobné
principim Embryological house Grega Lynna.
Projekt zpracovaval mimo jiné Jan Pernecky

a Jan Toth a byl podpofen, https://scd.sk/h-
-u-r-b-a-n-selector/?fbclid=IwARINGI_jgx-
tau66_p96ItIXBeeqt3nXUilms4pysZ9F1FQ8Et-
23sD_c2vi0.



oBR. 6 Endless House: Friedrich Kiesler
FIG. 6 Endless House: Friedrich Kiesler

0BR.7 Embryological house: Greg Lynn
FIG.7 Embryological house: Greg Lynn
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0BR. 8 Topologické morfovani pomoci programu HURBAN selector, ZAR 2020 v research
cluster Uran na Fakulté architektury. Studenti: Krcho, Vido, Sebora.

FIG. 8 Topological morphing using HURBAN selector, ZAR 2020 in the Uran research cluster
at the Faculty of Architecture. Students: Krcho, Vido, Sebora.



12 — Mario

CARPO, The Second
Digital Turn, Design
Beyond Intelligence,
The MIT Press, 2017,
240 pp., ISBN 978-0-
26253-402-4.

to M. Carpo'?, on the principle of ship design, where the main
profile was supposed to resist waves well, the spline being the way
craftsmen bend wooden beams. It is the definition of knots and the
internal forces that create a form that is typical of digital culture
in the 1990s. Subsequent developments that develop animated
forms give rise to morphed and parametric models.

We can observe two basic tendencies, one bottom up, where rules are set and based
on them, by simulation, iterative process, geometry is created, the other way is di-
rect modelling, we can call top down, where it is low poly or various sculpting pro-
cesses of creation. Both ways make extensive use of the diagram and topology. In
the first case, bottom-up, however, the diagram is converted into relations, relations
that are described by formulas, and codes and then the program/process generates
the result. By modifying the parameters, relations or formulas, we can change the
result, or create a catalogue of solutions, or even involve optimization processes,
where, using artificial intelligence, we can either look for maxima or minima of
individual tasks, or we can even observe different tendencies and predictions of
solutions and tend to some particular result that suits us. In contrast, a top-down
system requires constant decision-making by the designer, where on the one hand
you have total control over the outcome, but on the other hand, it is hard to get to
new solutions. In this type of modelling, it is very important to keep the correct
topology of the surfaces, and quads, so that the geometry is accurate and editable
as already mentioned. This is why we need to apply animation methods where we
morph from one state of the geometry to another, modified state. It is important to
keep the same object topology. This is the only way to animate the process because
in simple terms it is morphing the shape by simply approximating the distance of all
the vertices of the geometry. See the aforementioned example of Greg Lynn’s Em-
bryologic house. The program calculates the individual vectors, their directions,
sizes and adds the required number of intermediate states — iterations.

A very interesting example of a similar princi-
ple was the program H.U.R.B.A.N selector'3,
which recomputed the input geometries into
objects with the same topology and then was

13 — H.U.R.B.A.N was a project dealing with
object morphing, two objects were used as
input and reformatted to the same topological
structure. Subsequently, it was possible to
create iterations with them similar to Greg
Lynn’s Embryological House principles. The

able to approximate between their limit states.
We used the program with students iterating
over objects located on a selected existing path.
The existing objects were modelled and loaded
into the program. Subsequently, morphing
between states was performed, creating new
objects that carried their parents’ key prop-
erties. The premise was that entirely new ob-
jects could be generated from known objects
through iteration and morphing.

project was developed by Jan Pernecky and
Jan Toth, among others, and was supported by
https://scd.sk/h-u-r-b-a-n-selector/?fbclid=I-
WARINGI_jgxtau66_p96ItIXBeeqt3nXUilm-
s4pysZ9F1FQ8Et23sD_c2vi0.
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Véechny tyto nastinéné procesy patti spise do doby prvniho di-
gitdlniho obdobi.'* Zhruba kolem roku 2012 se dostavame k dal-
$imu pomyslnému zvratu v diskurzu digitalnich témat od konti-
nualnich ploch k diskrétnim architekturam. Vedou k tomu dva
zakladni momenty. Vzristajici vykonnost a dostupnost pocditact
aekonomicka krize 2008. Exponencialni narust vypocetniho vy-
konu vede k situaci, kdy poprvé v historii clovéka nemusime data
komprimovat. (Jiz abeceda je komprimace dat, myslenky a popis
svéta jsou prelozeny do systému 24 znak, ze kterych je mozné
skladat slova, véty. Stejné tak hudba, obraz byl vzdy kédovan do
notového zapisu, komprimovanych mp3, avi souborii apod.) Dnes
jiz pouzivame systém BIG DATA, kdy dokazeme ukladat, prena-
Set triliony dat, a tak neni vice tfeba pouzivat komprimované for-
mule. Na pfikladu statiky lze ukazat, ze mezni stav inosnosti se
podital pomocivzorce, ktery komprimoval zkusenost a observaci
problému. To v$ak vyzaduje uvazovat homogenné, ale takova sku-
te¢nost ¢i material neni. Dnes dokazeme analyzovat kazdy voxel
(Castici) materialu a pro jednotlivy prvek simulovat a predikovat
presné chovani. Tento posun doprovazi i zasadni zména v pro-
dukci objektt. Kfivka hromadné produkce, kdy jsou jednotlivé
stejné kopie levnéjsi alevnéj$i v momenté 3D tisku neplati. Kazda
kopie stoji stejné, tedy je mozné vytvaret individualni verze pri
stejnych nakladech na ¢as a material. Nekone¢na variabilita vede
k individualizaci a nezavislosti. Diskrétni pfistup k architekture
byl v poéatku kritickou reakei na kontinualni parametrické ar-
chitektury, kdy model vychazel z top down nahlizeni a nezo-
hlednoval chovani struktury a materialu. Kfivé povrchy tak byly
prevedeny na Casti, které vynasi klasické ramy, ¢i prihrady, nebo
dokonce ortogonalni skelety. Samotna esence povrchu je sma-
zana sekundarnim, inzenyrskym naziranim na véc. Cimz nejsme
daleko od Santiniovské stfechy. Mladi architekti tak kolem roku
2012 zadali premyslet, jakym zptisobem spojit generovanou formu
s jeji produkci, at jiz na bazi 3D tisku, ¢i CAM (computer aided
manufacturing). Metody, které se pouzivaly prevazné pro gene-
rovani objektt, byly bottom up agentové systémy, které neumoz-
nujijen simulaci, optimalizaci, ale i fabrikaci vysledného objektu.
V téchto systémech je zajimavy fakt, Ze jednotlivé iterace pred-
stavuji samotny voxel (¢astici) geometrie, tedy kontinualni po-
vrch je interpretovan do jednotlivych bunék. Fabrikovany vysle-
dek 3D tiskem je pak presnym otiskem digitalniho modelu. Tyto
tendence se pak rozdéluji do architektur, které se opiraji o object
oriented ontology (Mark Foster Gage, Michael Hansmeyer) a dis-
krétniarchitekturu reprezentovanou predevsim Gilles Retsinem,
ktery se vénuje predevsim prevedenim digitalni modelt do po-
stavitelnych architektur, které jsou poskladany z univerzalnich

14 — Mario
CARPO, The digital
turn in architecture
1992-2012,

John Wiley & Sons
Ltd, 2013.



However, all of these processes belong more to the first digital
period.’ Around 2012 we reached another imaginary turn in the
discourse of digital topics from continuous surfaces to discrete
architectures. Two fundamental moments lead to this. The expo-
nential increase in computing power leads to a situation where, for
the first time in human history, we do not need to compress data.
(Already the alphabet is a compression of data, thoughts and de-
scriptions of the world are translated into a system of 24 charac-
ters from which words and sentences can be composed. Likewise,
music and image have always been encoded into compressed mp3,
avifiles etc.) Today we already use the BIG DATA system where we
can store, transmit trillions of data and so there is no more need to
use compressed formulas. Using the example of statics, it can be
shown that the limit state of the carrying capacity was calculated
using a formula that compressed the experience and observation
of the problem. But this requires thinking homogeneously, and
there is no such fact or material. Today we can analyse each voxel
(particle) of material and simulate and predict the exact behav-
iour of each element. This shift is accompanied by a fundamental
change in the production of objects. The mass production curve
where individual identical copies are cheaper and cheaper at the
moment of 3D printing does not apply. Each copy costs the same,
so it is possible to create individual versions at the same cost in
time and materials. infinite variation leads to individualisation
and independence. The discrete approach to architecture was in
the beginning a critical reaction to continuous parametric archi-
tectures, where the model was based on a top-down view and did
not take into account the behaviour of the structure and mate-
rial. Thus, curved surfaces were converted into parts that exhibit
classical frames or trusses, or even orthogonal skeletons. The very
essence of the surface is obliterated by a secondary, engineering
viewpoint. Which is not far from the Santini’s roof. So around
2012, young architects began to think about how to connect the
generated form with its production, whether based on 3D printing
or CAM/computer-aided manufacturing /. The methods that were
mainly used for generating objects were bottom-up agent systems
that not only allow simulation, optimization, but also the fabri-
cation of the final object. What is interesting in these systems is
that the individual iterations represent the voxel (particle) geom-
etry itself, i.e. the continuous surface is interpreted into individ-
ual cells. The fabricated result by 3D printing is then an exact im-
pression of the digital model. These tendencies are then divided
into architectures that rely on an object-oriented ontology (Mark
Foster Gage, Michael Hansmeyer) and discrete architectures rep-
resented mainly by Gilles Retsin, who is mainly concerned with

14 — Mario
CARPO, The digital
turn in architecture

1992-2012,

John Wiley & Sons

Ltd, 2013.
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DIPLOMA  HYDROGEN ISLAND e aras vives

‘shadio Hand Rashid Vienna 2020

OoBR.9 Distribuce jednotlivych moduli dle danych topologickych pravidel, Hydrogen Island,
2020.Image from Studio Hani Rashid, relaxation of tological landscape, thesis project

by Jiri Vitek, autor

FIG. 9 Distribution of individual modules according to given topological rules, Hydrogen Island,
2020. Image from Studio Hani Rashid, relaxation of topological landscape, thesis project

by Jiri Vitek, author



0BR.10 Kontinualné diskrétni prostor, generovani topologické plochy na mrizce deviti ¢tverct,
testovani chovéani vektorového pole a preklad obou metodik do prostoru pomoci diskrétnich
moduld. Hydrogen Island, 2020. Image from Studio Hani Rashid, relaxation of tological
landscape, thesis project by Jiri Vitek, autor

FIG. 10 Continuously discrete space, generating a topological surface on a grid of nine squares,
tessellating the behaviour of the vector field, and translating both methodologies into space using
discrete modules. Image from Studio Hani Rashid, relaxation of topological landscape, thesis
project by Jiri Vitek, author
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modult — bunék. Systém, ktery je pouzivan pro distribuci moduld, je striktné za-
lozen na topologickych vazbach. Jsou definovany mozné spoje, orientace mo-
dulu. Systém generuje mozné variace reseni, které je mozné dale optimalizovat.
Cely problém osobné vnimam, zZe je zde stale absence strukturality a velky priklon
k zjednodusenti, tedy je odklon od kontinualnich ploch. V. mém vlastnim badani
mi prijde nejvétsi potencial v propojeni kontinualnich ploch a diskrétnich metod /
bunkovani /, kdy bychom byli schopni komplexni geometrie spravné fabrikovat
ainterpretovat.

Kdyz se presuneme z métitka objektu do métitka urbanismu, topologie a diagrama-
tické interpretace nam umozni zcela novy pristup k navrhovani. V prvé fadé mych
pokusti o diagramatické prepsani vztahi a porozuméni struktury mésta jsem misto
typologického uvazovani ptepsal objekty na uzly (vrcholy). Zajimala mé pozice
a blizké vztahy. Tak kazda budova byla interpretovana jen svym tézistém. Z kaz-
dého tézisté bylo hledano x blizkych uzlt a ty propojeny linii. Pfi spojovani 4 a vice
sousedu se jiz ukazuje struktura mésta v jejich esencialnich vztazich. Klasicistni
blokové mésto, modernistické mésto je zcela Citelné interpretovano a je evidentni,
kdeje struktura propojenaakde ne. Samoztejmé tento princip lze dale rozvinout do
hlubsich analyz, kde jsme analyzovali pozici vstupt, atraktort, vstupt infrastruk-
tury (mhd, cyklostezky apod). Tak tfeba bylo velmi zajimavé zjisténi pri soutézi
na novou ulici ve Zd'afe nad Sizavou, Ze sice mésto chce vytvorit méstskou ulici,
ale bohuzel do ni nevedou zZadné vstupy, takze neni mozné, aby zde vznikl parter.

Coje tedy soucasnym moznym urbanistickym modelem? Ve svych ivahach a pracich
se studenty jsme se rozhodli posunout uvazovani Frei Otto (Occupying and connec-
ting) od typologického do topologického. U Freie je zakladni myslenkou, Ze opti-
malizovana hladka sit slouzi jako atraktor pro umistovani objekti. My pouzivime
topologickou sit optimalizovanou na nejkratsi vzdalenosti, ale misto pritahovani, dis-
tribuovani objektl za¢iname morfovat samotnou tkaninu terénu. Vznikaji tak rizné
‘foldy a creasy’, které maji veliky architektonicky potencial. Nejen Ze je nasledné
hmotaintegrovana do okoli, ale i zohleduje toky v izemi a samotnou morfologii kra-
jiny. Dalsi prepis do architektury je nesnadny, velkym potencialem se jevi prave dis-
kretizace objemu a nasledna distribuce prvki v obalce. V projektu hydrogen island
jsem provedl diskretizaci zmorfovaného landscape na moduly, které byly diferenco-
vané. Vysledek byl zajimavy, ale stale byla patrna prilisna voxelizace ptivodné hladké
topologie. V soucasné dobé pracujeme na projektu sukcesivniho palimpsestu, ktery
agendu déle zpracovava, implementujeme strojové uc¢eni au moduli chceme dat véesi
diraz na propojeni pti zachovani maximalni diferenciace.



translating digital models into buildable architectures that are assembled from uni-
versal modules — cells. The system used to distribute the modules is strictly based
on topological constraints. Possible connections, modules orientations are de-
fined. The system generates possible variations of solutions that can be further op-
timised. The whole problem I personally perceive is that there is still an absence of
structurality and a strong inclination towards simplification, i.e. a move away from
continuous surfaces. In my own research, I find the greatest potential in combining
continuous surfaces and discrete methods/cellularization/, where we would be able
to fabricate and interpret complex geometries correctly.

When we move from the scale of the object to the scale of urbanism, topology and
diagrammatic interpretations allow for a whole new approach to design. In the first
series of my attempts to diagrammatically rewrite relationships and understand
the structure of the city, I rewrote objects as nodes (vertices) instead of thinking
typologically. I was interested in position and proximity relationships. Thus each
building was interpreted only by its centre of gravity. From each centre of gravity,
x nearby nodes were sought and these were connected by a line. By connecting 4 or
more neighbours, the structure of the city in their essential relationships is already
showing. The classical block city, the modernist city is quite clearly interpreted and
it is evident where the structure is connected and where it is not. Of course, this
principle can be further developed into deeper analyses, where we analyse the po-
sition of entrances, attractors, infrastructure inputs (public transport, cycle paths,
etc.) For example, it was very interesting to find out during the competition for a
new street in Zd'ar nad Sazavou that although the city wants to create an urban
street, but unfortunately there are no entrances leading to it, so it is not possible to
create a parterre there.

So what is the current possible urban model? In our reflections and work with stu-
dents, we decided to shift Frei Otto’s thinking (Occupying and connecting) from the
typological to the topological. For Frei, the basic idea is that an optimised smooth
network serves as an attractor for the placement of objects. We use a topological
network optimised for the shortest distance, but instead of attracting, distribut-
ing objects, we start morphing the very fabric of the terrain. This creates various
‘folds and creases’ that have great architectural potential. Not only is the mass sub-
sequently integrated into the surroundings, but it also takes into account the flows
of the territory and the morphology of the landscape itself. Further transcription
into architecture is not easy, the great potential seems to be the discretization of
the volume and the subsequent distribution of the elements in the envelope. In the
hydrogen island project, I performed a discretization of the morphed landscape
into modules that were differentiated. The result was interesting, but too much vox-
elization of the originally smooth topology was still evident. We are currently work-
ing on a successive palimpsest project to further process the agenda, implement
machine learning, and for modules we want to put more emphasis on connectivity
while maintaining maximum differentiation.
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0BR. 11 Hydrogen Island, 2020. Image from Studio Hani Rashid, relaxation of tological
landscape, thesis project by Jiri Vitek. autor

FIG. 11 Hydrogen Island, 2020. Image from Studio Hani Rashid, relaxation of tological landscape,
thesis project by Jiri Vitek. author



OBR.12 Generovany dataset pro neuronové sité CycleGAN a StyleGAN
FIG.12 Generated dataset for CycleGAN and StyleGAN neural networks
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Topologie a Al

Rok 2022 se pro architekturu stava prelomovym diky nastupu strojového uceni
a hlavné difuznich modela generovani obrazu postavenych na systému dall-E, neu-
ronovych siti jako Pix2Pix, CycleGAN a StyleGAN. Neni predmétem této kratké
eseje se dopodrobna zabyvat témito komplexnimi sitémi, ale co je pro architekturu
zasadni, je pochopit jejich kreativni princip. Nadhera kreativniho procesu gene-
rovani obrazu pomoci neuronové sité je, ze z pocate¢niho Sumu pixeld se v kazdé
iteraci zacaly organizovat nové paterny pomoci nauéenych vztaht, tedy opét topo-
logickych vazeb, a dokazaly vytvorit zcela novy obraz. Systém ma nauceno pro ka-
zdy shluk pixeld, aby poznal kde je hrana, nahote, dole, uvnitf apod. Porovnavani
generovaného obrazu (fake) s diskriminantem (real) vytvari model, ktery se sam
udi ze své uspésnosti ¢i neuspésnosti. Komplikované tlohy, na které jsou naptiklad
genetické algoritmy pomalé, tak mohou byt efektivné predikovany a mohou pomoci
k optimalnéj$im architekturam.

Vyvoj poslednich mésicti (8/2022) ovSem otevira jesté kreativnéjsi kapitolu genero-
vaniobrazu z textového fetézce. Al nam tak nabizi zcela novy pohled na témata, ktera
jsme jiz. méli za stabilizovana a ustalena. Diky Al a toologii dnes vidime, ze kreativita
a geometrie nim teprve oteviraji dvete do zcela novych a neéekanych prostort.



Topology and Al

The year 2022 becomes a turning point for architecture due to the advent of ma-
chinelearning and especially diffusion models of image generation based on dall-E,
neural networks such as Pix2Pix, CycleGAN and StyleGAN. It is beyond the scope
of this short essay to discuss these complex networks in detail. What is essential to
architecture is to understand its underlying creative principle. The beauty of the
creative process of generating an image using a neural network is that from the ini-
tial noise of pixels, in each iteration they began to organise themselves using learned
patterns, again topological links. The system has learned for each cluster of pixels
to know where the edge is, top, bottom, inside, etc. Comparing the generated image
(fake) with the discriminant (real) creates a model that learns from its own success
or failure. Thus, complicated tasks that genetic algorithms are slow to solve, for ex-
ample, can be efficiently predicted and can help lead to more optimal architectures.

However, developments in recent months (8/2022) open up an even more creative
chapter of generating an image from a text string. Al thus offers us a whole new
perspective on topics that we had already considered stabilised and established.
Thanks to Al and topology, we now see that creativity and geometry are only just
opening the door to entirely new and unexpected spaces.

PAGE 409



STRANA 410

OBR. 13 Generovany dataset pomoci neuronové sité StyleGAN, pfemapovani
modernistického ptdorysu na barokni. Ateliérovy projekt v research cluster Uran,
Fa VUT Brno 2021 pod vedenim Jitiho Vitka

FIG.13 Dataset generated using StyleGAN neural network, remapping modernist
floor plan to baroque. Studio project in Uran research cluster, Fa VUT Brno 2021
under the supervision of Jiti Vitek



OBR. 14 Al generovany obrazek, prompt: anatomie architektury
FIG. 14 Al generated image, prompt: anatomy of an architecture
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Abstrakt

Bezdééné a v zasadé neuvédomélé uzivani specifickych vizualnich preferenci se
stabilizuje v urditych, navzdjem vyraznéji diferencovanych epochach, a odpovida
tomu, co se vétsinou oznacuje jako svétovy nazor.

Jakkoliv jde o komplikovany a obsahly celek predstav, hodnot a vér sdilenych spo-
le¢nosti v myslich jednotlivced, je jednim z jeho rozpoznatelnych produkti pravé
osvojeni si urlitych strukturnich vizualnich kli¢a, které udrzuji pojeti ,ndzoru®
coby pravé urdité ztotoznujici a prehledné nazornosti.

Tak jako se renesanéni linearni perspektiva nebo rtizné druhy stfedovéké linearni
a byzantské dynamické perspektivy sdruzovaly s odpovidajicim sebepojetim ¢lo-
véka a jeho obecnou vizi svéta, tak se v soucasné zlomové dobé zd4, ze se vynotuje
novy vizualni pfistup pro tvorbu nazoru a nizornosti.

Je stale vice zalozeny na permanentni proménlivosti pozice prvki systému a spisSe
. 7 el , V o .. o v v 4 . .. v 4 . 4
na topologické stabilité jejich vztaht nez Ipéni na jejich proporéni trvalosti. Noveé
. ’ 4 ’ v/ 4 ’ v . 7 v 7 . 7
vizudlni vyznamy se tvofi z toku nahodnych a zaménitelnych ¢astic, roste uloha
y PR , S . .
paméti, ktera v predstavach komprimuje promény do vzorci. Cestu k tomuto po-
. 4 v v v/ v v 4 . /4 Vv .-/ 4 . 4
jeti otevrela predev$im poditadova technika a nasledné novomedidlni generativni
uméni, i kdyz ptiznaky této zmény uz obsahovala avantgarda (futurismus, dada,
konstruktivismus a abstraktni uméni) a posléze i konkrétni uméni a kinetismus.
Clanek se vénuje naznakim hledani nového vizualniho nazoru.



Abstract

In certain mutually differentiated eras, the unconscious and basically inadvertent
use of specific visual preferences stabilizes and corresponds to what is usually re-
ferred to as a world view.

However complex and comprehensive the set of ideas, values and beliefs shared by
the society in the minds of individuals, one of its recognizable products is the very
adoption of certain structural visual cues which sustain the notion of ‘an opinion’
as a kind of identifying and transparent illustrativeness.

Just as the Renaissance linear perspective and various kinds of medieval linear
and Byzantine dynamic perspectives went hand in hand with man’s corresponding
self-concept and his general vision of the world, the new visual approach for form-
ing of and opinion and illustrativeness seems to be emerging at present crucial time.

It is increasingly more based on the permanent variability of the position of the
system elements and more on the topological stability of their relations rather than
on clinging to their proportional permanence. New visual meanings are formed
from a flow or random and interchangeable particles, and the role of memory which
compresses the transformation into patterns in the imagination is growing. It was
especially the computer technology and, consecutively, the new media generative
art that opened the path to this perception, although the signs of this change were
already embodied in the avant-garde (Futurism, Dada, Constructivism and abstract
art) and later in concrete art and kineticism. This article explores the indications of
the search for a new visual insight.
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1. Pravda vidéni,
renesancni a byzantska perspektiva

Nage dtvéra ve zrakovou evidenci je trvala. Narista s nasi socializaci a odvolava
se na ony tradi¢ni dikazy ,prirozenosti®, které dokaze filozofie a zvlasté pak sé-
miotika odhalit jako falesné. Principialni problém spociva v interpretaci vizualnich
podnétt, kterad se tyka véech urovnijejich zpracovani — neurofyziologické, psycho-
logické a sociokulturni véetné. Je prakticky zbyteéné se ptat, ¢eho je nase vidéni
disledkem, protoze ovliviiovani podnétl a vizualniho védomi je obousmérné jak
v diachronnich, tak synchronnich sitich. Vybér, hierarchie a propojeni podnétt je
jiz disledkem naseho osobniho i spolecenského vyvoje a kazdy aktualni vysledek
zase ovliviiuje fada pragmatickych i zcela nahodnych psychologickych vlivi. Tazat
se, co je pravym pocatkem a predmétem procesu vidéni, je uz samo o sobé zma-
tené, protoze jeho podstatou je pravé trvala zacyklenost, snad lze fici ,,celostnost®.
Jednim z mala trvalych a v uréité mife empiricky hodnotitelnych vysledkt jsou vi-
zualni znaky v celé skale pozorovatelnych médii. A jako znaky sui generis vyzaduji
ptitomnost znakovych poli, ktera mohou byt sice neuvédomovana, nicméné musi
byt pfitomna.

Badatelska pozornost se jim cela staleti vénuje a doznala urditych vrcholt napfi-
klad v teoriich Panovského, Francastela (2003), Gombricha (1985). Analyza kdysi
vyhradnilinearni, tedy renesanéni perspektivy ji pfedstavila jako alternativni sys-
tém, ktery do geometrické zakonitosti uklada uréité zjednodusené a zobecnéné sta-
novisko vztahu ¢lovéka ke svétu. Tuto principialni nerozhodnutelnost vyjadiuje
naptiklad Jacques Aumont takto: ,Perspektiva je geometricka transformace, spo-
C¢ivajici v projekei trojrozmérného prostoru do prostoru dvojrozmérného (do rovné
plochy) podle urc¢itych pravidel zarucujicich, ze budou zachovany informace o pro-
mitnutém prostoru. Pravidla této transformace jsou nesmirné proménliva a z geo-
metrického pohledu tedy existuje velky polet perspektivnich systémi, alespon po-
tencialné.“ (Aumont 2005: 214) Uklidnujici pravda renesancnich perspektivnich
schémat je preparovani urcité umrtvené alternativy.

Studie Panofského, Francastela a Gombricha nds uz vlastné stoleti utvrzuji o exis-

tenci zvlastniho fadu, kterym se organizuje obrazovy prostor a jeho struktura se
4 v v 4 4 4 /4 7 4 . v

pak promita zpét do naseho chapani a vztahovani se k nesmirnosti svéta.

Do nazvu slavné Gombrichovy knihy analyzujici vidéni se dostal pojem ,,iluze®. Ten
obecné chapeme jako chybné interpretovany smyslovy vjem. Jak jsme jiz podotkli,
smyslové receptory reaguji na uréitou $kalu podnéti, které se v nasledné apercepci
za podpory ostatnich smyslt a pamétovych struktur propojuji s uréitymi presveéd-
¢enimi o stavu véci. Pokud jsou tato presvédcéeni ve shodé s nasimi pragmatickymi
cili a potvrzuje je nase nasledné ovérovani, napliuje se nade vize aktualniho stavu
skuteénosti, pokud nikoliv, registrujeme je jako chybna vyhodnoceni, jako omyl
naseho védomi. To, co rozhoduje, a pfitom nebyva predmétem pochybnosti, je sa-
motné nastaveni tohoto systému.



1. The Truth of Seeing;
Renaissance and Byzantine Perspective

Our confidence in visual evidence is permanent. It grows with our socialization and
appeals to those traditional proofs of ‘naturalness’ which philosophy, and especially
semiotics, can expose as false. The principle problem lies in the interpretation of
visual stimuli which involves all levels of processing — neurophysiological, psycho-
logical and sociocultural included. It is practically pointless to ask what our vision
is the result of because the influence of stimuli and visual consciousness is bidirec-
tional in both diachronic and synchronic networks. The choice, hierarchy and con-
nection of stimuli is already a consequence of our personal and social development
and every actual outcome is in turn affected by a number of pragmatic and quite
random psychological influences. To ask what is the true beginning and object of the
process of seeing, is initself confused because its essence lies in the very permanent
circularity, one could even say ‘holism’. Some of the few enduring and to some extent
empirically assessable results are visual signs in the full range of observable media.
And as sui generis signs, they require the presence of sign fields which — while they
may be unacknowledged — must nevertheless be present.

Research attention has tried to examine them for centuries and reached certain peaks,
for example, in the theories of Panofsky, Francastel (2003) and Gombrich (1985). The
analysis which of the once exclusively linear, that is, Renaissance perspective pre-
sented itas an alternative system thatimposes certain simplified and generalized view
of man’s relations to the world. Jacques Aumont, for instance, expresses this principal
indecisiveness as follows: ‘Perspective is a geometric transformation consisting in the
projection of three-dimensional space into two-dimensional space (into a flat surface)
according to certain rules guaranteeing that the information about projected space
will be preserved. The rules of this transformation are extremely variable and, thus,
from the geometric point of view, large number of perspective systems exists, at least
potentially’. (Aumont 2005: p. 214) The reassuring truth of Renaissance perspective
schemes is the prefiguration of a certain deadened perspective.

In fact, the studies of Panofsky, Francastel and Gombrich have for a century been
confirming the existence of a special order which organizes the pictorial space and
its structure is then reflected back into our understanding and relating to the im-
mensity of the world.

The term ‘illusion’ was incorporated into the title of the famous Gombrich’s book.
We understand an illusion to be a misinterpreted sensory perception. As we have
already pointed out, the sensory receptors respond to a certain range of stimuli
which in subsequent apperception and with the support of other senses and mem-
ory structures link to certain beliefs about the state of affairs. If these beliefs are
consistent with our pragmatic goals and are confirmed by our subsequent valida-
tion, our vision of the actual state of reality is fulfilled; if not, we register them as
misjudgements, as mistakes of our consciousness. What is decisive — and yet is not
the subject of doubt - is the very setting of this system.
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oBR.1 Albrecht Diirer: Kreslif loutny (1525)
FIG.1 Albrecht Diirer: The Draughtsman of the Lute (1525)
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Ustfednim problémem se ovSem stdvd jmeno- 1 — Lev Fjodorovié Zegin byl nejprve
vana ztrata dynamiky pohledu, se kterou koreluje ~ 2/antgardnim uméicem, malifem, ktery
. . R i v v . na poc¢atku stoleti zruéné reagoval
iprincipialni dynamika naseho svéta. Alternativou,  na postimpresionistické vyzvy (Hnojil
kterd pohltila vétsi miru povédomio dynamicénosti ~ 2021 Jisté itato zkuenost s postupnym
, . v RV vioooy osamostatriovanim malifskych znakd ho

aprocesualnosti naseho vidéni byla zfejmé byzant- e druné etaps zivota, tedy v kontextu
skd perspektiva. Zeginiv! pedlivy rozbor této dy-  stalinskeé, chrustouské a brezngvské

. k / b k ’ k . .. k . Y totality, pfivedla ke studiu a osvétleni
namicke, byzantske perspektivy ji ukazuje prave principtl ruského stfedovékého maliFstvi.
jako jistého souputnika a alternativu reSeni zapad-

niho uméni (Zegin 1980).

Geometrie, jako prirodovédna kompetence, podklada pravidelné a obecné nasi intui-
tivnivystavbu systému vidéni. Jeji nova pojeti, ¢asto jesté nedokonale pristupna v nasich
predstavach, se mohou stat nastrojem vybudovani nové nazornosti. Pravé v obousmér-
ném rozvoji praxe topologie 1ze o¢ekavat novou alternativu vizualniho systému.

2. Geometrie a matematika
jako umélecké ready-mades

,Cistd matematika je svym zpiisobem poezie logickych myslenek. Hledaji se nejobec-
néjsi zdsady operace, kterd spoji v jednoduchém, logickém a sjednoceném tvaru nej-
rozsahblejsi mozny okrub formdinich vztahu. V tomto usili smérem k logické krase
se objevuji duchovni vzorce, které jsou nezbytné pro hlubsi proniknuti do zakoni
pFirody.“ Albert Einstein, dopis vydavateli New York Times, kvéten 1935

Tento citat, prevzaty z knihy Lynn Gamwellové Mate- 2 — Mimochodem je kniha Lynn
matika + umént, s podtitulem Kulturni historie (Gam- ~ Gamwellové Mathematics +art,
P v v v . Ly A cultural history nékterymi
well 2016), vyjadiuje presvédéeni nezpochybnitelné vé-  recenzenty kiadena na roven
decké autority o i¢innosti matematiky jako ndstroje pro g:’d":r’”c*‘°"y knihy The Sens of
zkoncentrovania zpfehlednéni komplikované morfolo- '
. . o ! Ve v Vv o Vv 4
gie jevii. Matouci slozitost naseho svéta miize byt zre-
dukovana do ¢itelnych schémat, ktera budeme podobné
jako poezii vnimat s estetickym uspokojenim. Napéti,
vyvolavané spletitymi aktualnimi uéinky jevi, se pre-
kryje rastrem srozumitelnych divoda. Pravé kniha
Lynn Gamwellové? snési rozsahlou fadu priklady, kdy
v /4 4 4 o/ . Ve . /4
se umélecka dila opiraji o matematiku ¢i matematické
inspirace. Propojeni s uménim lze nalézt v aritmetice
i geometrii, ve vyuzivani proporc¢nich systému ¢i riz-
nych symetrii, v osvojeni méreni i zahrnovani predstavy
nekonednosti, ve formalismu a formalistické estetice,
v logice a rozhodovani, ve vypoétech (od stredovékych
4 v v 4 . v 7
staveb a katedral pres renesan¢ni perspektivu k dnesni
. 4 . v V7 v 4 v 4
geometrické abstrakei) az k poéita¢ovému uméni.



However, it is the aforementioned loss of the dy- 1 — Lev Fedorovich Zhegin was first
namics of perspective with which the fundamental ~ anavant-garde artist, a painter who at

. | . the beginning of the century skillfully
dynamics of our world also correlates which is the  responded to the post-impressionist
central problem. The alternative which absorbed  challenges (Hnojil 2021). It was surely

. also this experience with gradual

a greater degree of awareness of the dynamic and  independence of painting signs whic
processual nature of our vision was probably the  led h'Aml to S:CU;V'”Q and '!EJm"l‘at'(‘gche

. . . . principles o ussian meadieval painting
Byzantine perspective. Zhegin’s! thorough analysis i the second stage of his lfe, in the
of this dynamics shows the Byzantine perspective  contextof Stalinist, Khruschchevite and

. . . Brezhnevite totalitarianism.

precisely asakind of contemporary and alternative

solution to Western art (Zhegin 1980).

Geometry, as a scientific competence, underlies regularly and generally our intuitive
construction of systems of vision. Its new notions, often still imperfectly accessible
in our imagination, can become a tool for building a new visuality. It is in the bidi-
rectional development of the practice of topology that we can expect a new visual
system alternative.

2. Geometry and Mathematics
as Artistic Ready-Mades

In a way, pure mathematics is the poetry of logical ideas. The most general princi-
ples of operation are sought that will bring together in a simple, logical and unified
form the widest possible range of formal relations. In this striving towards logical
beauty, spiritual formulas emerge which are necessary for a deeper penetration into
the laws of nature’. Albert Einstein, letter to the New York Times editor, May 1935

This quote taken from Lynn Gamwell’s book Mathematics + 2 — Incidentally,

Art, A cultural history (Gamwell 2016), expresses the convic- kX;‘&S:}r:t‘;‘(’;”f:?k

tion of an unquestioned scientific authority on the efficacy of  Acuttural history is

mathematics as a tool for concentrating and clarifying the com- ~ oonsidered by some
i ) R reviewers to be on a par

plicated morphology of phenomena. The confusing complexity  with Gombrich's The

of our world can be reduced to legible schemes which, just like ~ Sense of Order.

poetry, we will perceive with aesthetic satisfaction. The tension

created by intricate actual effects of phenomena is overlaid with

agrid of intelligible reasons. Lynn Gamwell’s book? in particu-

lar brings together a vast array of examples of artworks being

inspired by mathematics or mathematical inspirations. Connec-

tions with art can be found both in arithmetic and geometry, in

the use of proportional systems or various symmetries, in the

mastery of measurement and the incorporation of the concept

of infinity, in formalism and formalist aesthetics, in logic and

decision-making, in computation (from medieval buildings and

cathedrals, through Renaissance perspective to today’s geo-

metric abstraction), and in computer art.
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OBR.2 Max Bill: Jednohranny povrch v prostoru, 1959
FIG. 2 Max Bill: Monoangulated Surface in Space, 1959



0BR. 3 Josef Albers: Par strukturnich konstelaci ,Duo H*, 1966
FIG. 3 Josef Albers: Pair of Structural Constellations ‘H Duo’, 1966

OBR. 4 Josef Albers: Pair of Structural Constellations ,,Duo B, 1966
FIG. 4 Josef Albers: Pair of Structural Constellations ‘B Duo’, 1966
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Co muze vést umélce k urditému ,zhliZeni se“ v matematic- 3 — Piipomefime
kych postupech a demonstracich? Je to v zasadé urcita podoba Efep:;'giz ;:Fiig?xké
(pattern), strukturni vzorec, ktery si lze osvojit a nasledné ho  prosazované villardem
vyuzivat v mnoha rtznych situacich. Princip geometrizace vni- 3:1'?;’1:;3”"
manych jevi, ktery se zda byt ptitomny v evropském kultur- ' '

nim prostiedi vlastné neustale®, vibi novou silou a pfitazlivosti

avantgardu 20. stoleti. Pisobiva principialni ¢istota ideje souzni

s jednoduchosti geometrického vyrazu, pripadné s prehlednosti

matematické formule. Uméni podle vizionati a prikopniki ne-

zobrazivého uméni podatku jmenovaného stoleti ma sméfovat

k ¢istoté a jasnosti. Neni snad prikladnéjsiho predstavitele této

myslenky nez Frantiska Kupky, u kterého nalezneme v knize 7vo-

Feni v uméni vytvarném toto konstatovani: ,Uméni jako kazdy

projev lidského ducha, spéje k olistovani. Budoucnost uméni je

v jasnosti; k ni sméruje nase veskeré usili.“ (Kupka 1923: 186)

Uméleckym hnutim, které nejvice pohlcuje zajem o prozkoumani elementarni mor-
fologie a jednoznac¢né vyjadienych vztaht pravé v duchu hledani ,jasnosti®, bylo
rozhodné konkrétni uméni. Prubézné vsak prokazuje, ze ona jasnost neni simplifi-
kaci, zjednodusovanim a ztratou smyslu. Max Bill, Svycarsky konkrétista, dokonce
snad muzeme fici ,vlajkonos“ konkrétniho uméni od 40. let 20. stoleti, adoptuje
v fadé svych dél princip Moébiovy pasky. Nazorny ptiklad neorientované plochy,
ktery je tu prevzat jako hotové téma uméleckého dila, situace ne nepodobna du-
champovskému ready-made. Plastika nazorné odkazuje k urditému paradoxnimu
jevu, kdy je nase vnimani konfrontovano s pohledem na plochu, ktera ma jen jednu
stranu. Ambivalence pohledové jednoduchosti a soud¢asné nejednoznaénostinasled-
ného hodnoceni je typickym pfipadem dynamizovani ,nazoru®.

Josef Albers a Moholy-Nagy, oba dédicové Bauhausu, 4 — Margit Weinberg Staber o tom
ptisobili v poslednim tiseku svého Zivota ve Spojenych ~ Svédei osobnivzpominkou: ,Alberse
, . , ani v nejmensim netésilo, kdyz

statech. Albers se v 60. letech 20. stoleti ¢asto vraci  najednou zjistil, 2 se 0 ném miuvi
ke kresbam prostorové obtizné identifikovatelnych  jako ooteiopartu. Jeho studium

. v , . . barevné situace a barevné aktivity
tvart zalozenych na principu Neckerovy krychle. Ne-  1ema nic spoleaného s povrchnimi
jistota prostorové interpretace schematizovaného ob-  mihotajicimi se efekty, stejné
. ’ v 7.0 . malo jako jeho linearni konstrukce
jektu vyvolavalau soucasnikii konotacis op artem. Al- yjadfuji pouze iluzivni optickou
bers byval dokonce oznacovan za jednoho z jeho otcii.  prostorovost” (Lauter 2002: 79)
Proti tomu se ovsem ohrazoval4, evidentné proto, Ze
mu nes$lo o vyvolani senzualni ptitazlivosti a o za-
bavnost, jako tomu je u op artu prednostné, ale o pre-
destfeni a zkoumani vizualni ambivalence, moznosti
dvojznaéné chipat reprezentovanou prostorovou situ-
aci. Ackoliv je graficka linearni struktura prehledna
a jasna, nuti k nestrnulému vnimani, ke snaze zahr-

nout $iréi interval interpretaci.



What canlead anartist to a certain ‘worship’ of mathematical proce-
dures and manifestations? Itis in principle a certain pattern, a struc-
tural formula which can be learned and subsequently used in many
different situations. The principle of geometrization of perceived
phenomena which seems to be present in the European cultural mi-
lieu virtually constantly® lures the 20th century avant-garde with
anew power and appeal. The impressive purity of principle of and
idea is in harmony with the simplicity and clarity of a mathemati-
cal formula. According to the visionaries and pioneers of non-rep-
resentational art of the early part of 20th century, art should aim at
purity and clarity. There is hardly a more representative example
of this thought than Franti$ek Kupka, who says the following in his
book Creating in Fine Art: ‘Art, like any other expression of human
spirit, tends towards purification. The future of art is in clarity; all
our efforts are aimed towards it”. (Kupka 1923: p. 186)

3 — Remember,
for instance,

the medieval
drawing principles
advocated by Villard
de Honnecourt in
the 13th century.

Concrete art was definitely the artistic movement that was most absorbed by inter-
est in exploring the elementary morphology and unambiguously expressed rela-
tionships in the very search of ‘clarity’. It has, however, continuously demonstrated
that such clarity is not a simplification, reduction or a loss of meaning. Max Bill, a
Swiss Concretist, we may perhaps even say the ‘flag bearer’ of concrete art since
1940s, adopts the principle of Mébius strip in a number of his works. Anillustrative
example of a non-orientable surface that is adopted here as the ready-made subject
of an artwork, a situation not unlike the Duchampian ready-made. The sculpture
illustratively refers to a certain paradoxical phenomenon where our perception is
confronted with the sight of a surface which only has one side. The ambivalence in
the visual simplicity and the simultaneous ambiguity of the subsequent evaluation
is a typical example of the dynamization of an ‘opinion’.

4 — Margit Weinberg
Staber testifies to this
with a personal memory:

Josef Albers and Moholy-Nagy, both heirs to the Bauhaus,
both worked in the last period of their lives in the United

States. In the 1960s, Albers often returned to drawings of
spatially hard to identify objects based on the principle of
the Necker cube. The uncertainty of the spatial interpreta-
tion of the schematized object evoked a connotation with
op art among his contemporaries. Albers was even referred
to as one op art fathers. He, however, objected to this?, ap-
parently because he was not concerned with evoking sen-
sual appeal and entertainment, as is the primary concern
of op art, but with presenting and exploring visual ambi-
valence, the possibility of ambiguously understanding the
spatial situation represented. Although the graphic linear
structure is clear and straightforward, it forces to non-rigid
perception, to the effort of encompassing a broader range of
interpretations.

‘Albers was not in the least
pleased when he suddenly
discovered that he was
being referred to as the
father of op art. His study
of the colour situation

and colour activity had
nothing in common with
the superficial flickering
effects, just as little as his
linear constructions would
express optical spatiality
only’. (Lauter 2002: 79)
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oBR.5 Hans Jorg Glattfelder: Protichidné urovné jasu z modré, 2012
FIG. 5 Hans Jorg Glattfelder: Opposing Levels of Brightness of Blue, 2012

OoBR. 6 Hans Jorg Glattfelder: 4 modré a 4 zluté prechody, 2014
FIG. 6 Hans Jorg Glattfelder: Four Blue and Four Yellow Transitions, 2014



OBR.7 Ddéra Maurer: Quod Libet 39,1999
FIG.7 Déra Maurer: Quod Libet 39,1999
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Albers i Moholy-Nagy tematizuji ve svych nezobrazivych konfiguracich také trans-
parentnost. Bud'to stupniovanim prekryvajicich se a sousedicich barevnych valéru,
nebo primo transparentnimi materialy. At uziluzivni nebo realna superpozice také
vede divaka k citlivosti pro nejednoznac¢nost a dynamiku prostorovych situaci. Po-
kud jsme ale zminovali mozné nastroje dynamizace standardnich znakovych vy-
jadfeni, je na misté pripomenout intuici mnohych konkretistd, ktefi rozehravaji
podobnou ambivalenci plochy a prostoru. Hans Jorg Glattfelder a Déra Maurer
stavi fadu svych dél na konfrontaci prirozené plo$nosti maleb s jejich schopnosti
vyvolavat prostorové iluze. Nejistota perspektivnich naznakd, riznych prekrou-
ceni a deformaci, které gestaltem odhaleny sklon interpretuje v nejsnadnéjsi a nej-
pravdépodobnéjsi podobé, ukazuje tato dila jako demonstrace uvolnéné a osvobo-
zujicivize, ktera zahrnuje i uréity aspektiracionality a absurdity, otevirajici je dalsi
kognitivni dynamice.

3. Mondrian v topologické interpretaci

Nezobraziva malba, resp. veskeré nezobrazivé vizualni s — vizslavna stat Clementa
uméni zahazuje tradiéni vyznamovy kli¢ — ndmétovou  Greenberga Modemisticks
d ifikaci. kterd byva be ¢ k ini iko- malba z roku 1960.
identifikaci, kterd byvd béznou cestou k rozpozndni iko- ' 500 pogten Nelsona
nografického poselstvi vytvarného dila a dfive byvala  Goodmanav knize Zpusoby
dominantnim zdrojem jeho vyznamu. JistéZe se tim jeho ~ Svétatvorby 1978.
obsah nikdy nevycerpaval, nicméné pravé postimpresioni-
sticky zlom presunul zasadni pozornost divaka na vlastni
hodnoty pouzivanych meédii. Formalisticky pristup Ro-
gera Frye a Cliva Bella dany do souvislosti s kantov-
4 . ’ vV /4 ’ . Vv !

skym analytickym sebeprovérovanim vyjadtovacich pro-
stiedki v reflexi Clementa Greenberga® oteviel nesmirné
rozlehlé pole pro zkouseni a zkoumani pisobivosti samot-

4 v /4 ’ V. Vo o 7 o/
ného uméleckého tvaroslovi. Samoziejmé i tak zustavaji
nadale dulezité pro chapani vyznamu dila jeho kontextové

. . . . /4 7 . v

vazby jednak na individualni styly, jednak na styly umé-
leckych sméra, at uz v souvislostech synchronnich nebo
diachronnich. Nové ovéem vyvstava vyznam vlastni kva-
lity tvaroslovi jeho ,exemplifikaci“® a hlavné — nabizi se
dosud vyznamové nezatizené ,signifiant” ke svému napl-
néninovym ,signifié®.

Mezi autory prukopnickych dob nezobrazivého uméni samoztejmé patti Piet Mon-
drian. Jeho postupné zdokonalovani osobniho stylu, kdy musel nejprve prekonat
spoledenskou konvenci holandské malby, postupné se ptipojit k fauvistickému ci-
téni a nasledné se ponoftit do jisté geometrické analyzy vidéného v jisté obdobé
s geometrickymi analyzami raného kubismu, dospélo nakonec destilaci vseho na-
hodilého k rovnovazné, oprosténé a elementarni stavebnosti obrazii vrcholného
obdobi (1919-1938).



Both Albers and Moholy-Nagy also thematise transparency in their non-representa-
tional configurations, either by gradation of overlapping and adjacent coloured
tonal values, or directly through transparent materials. Whether illusory or real,
the superposition also leads the viewer to sensitivity for the ambiguity and dynam-
ics of spatial situations. However, since we mentioned possible tools for the dynam-
ization of standard sign expressions, it is also worth recalling the intuition of many
Concretists who play with similar ambivalence of space and surface. Hans Jorg Glat-
tfelder and Déra Maurer base many of their works on the confrontation of the natu-
ral flatness of paintings with their ability to evoke spatial illusions. The uncertainty
of the perspectival cues, various distortions and deformations which interpret the
gestalt-revealed inclination in the easiest and most plausible form, show these works
as manifestations of a relaxed and liberating vision that includes certain aspect of
irrationality and absurdity, opening them to further cognitive dynamics.

3. Mondrian in Topological Interpretation

Non-representational painting, or rather all non-representa- 5 — see Clement
tiona! Visgal art thrqws away th'e traditional key to meaning - %ﬁggﬁ:gﬂig‘;‘r‘ﬁst
a subject identification which is a common way of recogniz-  painting.

ing the iconographic message of the art work and used to be & — Nelson Goodman's
the dominant source of its meaning. Certainly the content ﬁi"s‘“l’:;r;‘;'\;\’;:;g':fi"
of the art work was never emptied by this, but it was actually  woridmaking, 197s.
the post-impressionist turning point which shifted the view-

er’s fundamental attention to the inherent values of the me-

dia used. The formalist approach of Roger Fry and Clive Bell,

given in the context with the Kantian analytical self-reflection

of the means of expression in Clement Greenberg’s® reflection,

opened up an extremely vast field for testing and exploring of

the impactfulness of the actual artistic morphology. Even still,

of course, its contextual connections to both individual styles

and the styles of artistic movements, whether in synchronic or

diachronic contexts, remain important for understanding the

meaning of the work. However, the significance of the intrin-

sic quality of the morphology through its ‘exemplification’®

emerges and, above all, the ‘signifiant’ so far unburdened with

meaning offers itself to be fulfilled with the new ‘signifié’.

Piet Mondrian is of course on of the pioneer artists of the non-representational art.
The gradual refinement of his personal style which first had to overcome the social
conventions of Dutch painting, step by step joined the Fauvist sentiments and sub-
sequently plunged into a kind of geometrical analysis which was perceived as a cer-
tain analogy to the geometrical analyses of early Cubism, finally arrived — through
adistillation of all things haphazard — at a balanced, exempt and elementary struc-
turing of his paintings from his peak period (1919-1938).
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Vytvarnik Anthony Hill (1930-2020) své pivodni umélecké zalibeniv dadaasurre-
alismu na konci 40. let rozsitil o obdiv ke geometrii a konkrétnimu uméni. A zajem
odilo tehdejsiho protagonisty konkretismu Maxe Billa (pravé napriklad o jeho plas-
tiky vytvorené na zakladé Mobiovy pasky) ho privedl k topologii, kombinatorice
a iracionalnim ¢éislim. Hill se v roce 1951 stal spoluzakladatelem londynské Kon-
struktivistické skupiny (Constructivist Group), kterou dale tvorili Victor Pasmor
(1908-1998), Adrian Heath (1920-1992), John Ernest (1922-1994), Kenneth Martin
(1905-1984), Mary Martinova (1907-1969), Gillian Wiseova (1936-2020) a Stephen
Gilbert (1910-2007) aktera sejiz vtomto roce prezentovala prvnivystavou. Vlogice
vtomto oddile jiz naznacované se v roce 1954 stal tématem skupinové vystavy vztah
meziumélcem a technickymi prostredky. Nejen pro Hilla, ale i pro ostatni ¢leny sku-
pinysestavaustrednim cilemzaméreninacilevédoméovladanivolby metod, materiala
aprocest. Geometrie a propodty slouzily Hillovik duikladné sebereflexivlastniprace,
aniz by ji snad na matematiku zamyslel redukovat, coz prozrazuje i jeho formulace:
»-.matematické téma nebo matematicky proces mtize byt pouze slozkou: ¢lovék po-
¢ita nebo organizuje néco, co zjevné neni matematické® (,,..the mathematical the-
matic or mathematical process can only be a component: one is calculating or orga-
nising something which is clearly not mathematical.“)

Ve stejném duchu se Hill pustil i do analyzy vystavby typickych mondrianovskych
kompozic, cemuz vénoval ¢lanek publikovany v ¢asopise Leonardo (Hill 1968a:
188-196) a kapitolu ve sborniku DATA (Hill 1968 b: 251-269), jenz sam editoval
a ktery byl zaméfeny na vztah moderniho a povale¢ného uméni k védé.

Stat uvedena v tomto sborniku ma nazev ,Program. 7 — Tady Hill odkazuje na
Paragram. Struktura“ana pidorysu téchto pojmid bu- ~ sémiotiku Charlese W. Morrise
. , , , o , a JehO tri roviny semioze:
duje svou hypotézu o zasadnim ristu vyznamu struk-  syntaktika - sémantika - pragmatika.
tury v uméni, ktery se zda byt potvrzeny vyvojovou
linii ,moderni uméni — abstraktni uméni — konstruk-
tivistické uméni“. Ve smyslu konkretistického chapani
v 4 4 . ’ v LN v
uméleckého dilajako ,zaméru rovnajiciho se myslence
konkretizované prostrednictvim dila“ vidi Hill jako
prostfedek k naplnéni této konkretizace systematické
vytvareni programu rozvijejicich a ovétujicich uéin-
nost syntaktické stranky uméleckych dél”.

Dal$im ddlezitym Hillovym pojmem je ,paragram®, tedy vizualni pomticka vykladu,
jako je diagram, tabulka, grafatd., ktera dopliiuje myslenky vyjadifené obvyklou li-
nearni prézou. Vsima si aktualnich ptipadd, které Ize nalézt ve vytvarnych teoriich
(Alfred Barr: Diagram vyvoje moderniho uméni, 1936, The Museum of Modern
Art, New York), ale pfedevs$im v uméleckych dilech samotnych (Malevié, Picabia,
Charles Biederman, Max Bill, Georges Mathieu, Ianis Xenakis ad.). Pfipomenul,
ze puvod paragramu by bylo mozné sledovat od starovéku, pricemz bezprostredni
podatky modernich paragrami spadaji do konce 17. stoleti. Predev$im se objevuji
ve védé, logice a matematice jako prostfedky ,grafického argumentu®. Podle Hilla



The artist Anthony Hill (1930-2020) expanded his original artistic predilection for
Dada and Surrealism in the late 1940s to include his admiration for geometry and
concrete art. And his interest in the work of Max Bill, the protagonist of Concre-
tism at the time (for instance in his sculptures inspired by the Mébius strip) brought
him to topology, combinatorics and irrational numbers. In 1951, Hill co-founded the
Constructivist Group in London, together with Victor Pasmor (1908-1998), Adrian
Heath (1920-1992), John Ernest (1922-1994), Kenneth Martin (1905-1984), Mary
Martin (1907-1969), Gillian Wise (1936-2020) and Stephen Gilbert (1910-2007); in
the same year, the group presented their first exhibition. Following the logic already
indicated in this section, the relationship between the artist and technical means be-
came the subject of a group exhibition in 1954. For both Hill and other group mem-
bers, the fundamental goal is the purposeful control over the choice of methods, ma-
terials and processes. Geometry and calculus served Hill to thoroughly reflect on his
own work, without perhaps intending to reduce it to mathematics, as his formulation
gives away: ‘...a mathematical theme or a mathematical process can only be a compo-
nent: one is calculating or organising something which is clearly not mathematical’.

In the same spirit, Hill also embarked on an analysis of typical Mondrian compo-
sitions, to which he devoted an article published in the Leonardo magazine (Hill
1968a: pp 188-196) and a chapter in the anthology DATA (Hill 1968 b: pp251-269)
which he edited and in which focused on the relationship between modern and post-
war art and science.

Thearticle presented in thisanthology is titled 7he Programme. 7 — Here Hill refers to
The Paragram. The Structure and it builds its hypothesis on the we,\;im:t;izc:.:r:gees
basis of these concepts about the fundamental growth of the  ievels of semiosis:
importance of structure in art which seems to be confirmed by ~ syntactics - semantics -
the developmental line ‘modern art — abstract art — construc- pragmatics.
tivistart’. In the sense of the concretistic perception of the work

of art as ‘an intention equal to an idea concretized through a

work of art’, Hill sees the systematic creation of programmes

developing and verifying the effectiveness of the syntactic as-

pect of artworks as a means to fulfil this concretization.”

‘Paragram’ was another important concept of Hill’s, meaning a visual aid to inter-
pretation, such as a diagram, table, chart, etc. that complements the ideas expressed
the common linear prose. It notes actual instances which could be found in art the-
ories (Alfred Barr: Diagram of development of modern art, 1936, The Museum of
Modern Art, New York), but especially in the art works themselves (Malevich, Pica-
bia, Charles Biederman, Max Bill, Georges Mathieu, Ianis Xenakis and others). He
noted that the origins of paragrams could be traced back to antiquity, with the im-
mediate beginnings of modern paragrams dating back to the late 17th century. We
find them especially in science, logic and mathematics as means of ‘graphical argu-
ment’. According to Hill, Leibniz can be considered the father of paragrams; Lieb-
niz also gave rise to systematic topology, started to become aware of isomorphism
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OBR.7 Piet Mondrian: Kompozice s ¢ervenou a modrou, 1933
FIG.7 Piet Mondrian: Composition with Red and Blue, 1933
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lze za otce paragramt pokladat Leibnitze, ktery také podal podnét pro systematic-
kou topologii, zacal si uvédomovat isomorfismus mezi tvrzenimi uéinénymi logi-
kou a geometrii a konstruoval analogie pro logické vztahy. Nasledné inicioval Eu-
ler skuteéné pocatky topologie s prvnimi teorémy, s nimiz se zapocala teorie graft
(nalezeni ,struktur® skladajicich se z ¢ar a bodi pro predstaveni mnozin a logiky).
Pravé ,teorii grafi“ potvrzuje Hill jako specifické vychodisko pro paragramy. Grafy
se stavaji vyznamnym ndstrojem a ,,..mohou byt oznaceny jako novalingua franca.”

Anthony Hill pak dale uvazuje o moznosti zmétit obsah strukturnich siti a prové-
fuje dva pristupy: estetickou miru G. D. Birkhoffa a Rashevského navrh ,topologic-
kého informac¢niho obsahu graft“ pochazejici z molekularni biologie. Naléza zde
prostiedek hodnoceni symetrie. Vychodiskem se stava urcéeni grafu jako asymet-
rického, kdyz jeho automorfni skupina obsahuje jenom identitni automorfismus.
Protoze se obecné soudi, ze typickym rysem Mondrianova kompozi¢niho schématu
je zamérné vyhybani se konvenéni symetrii, studuje Hill na jeho obrazech ,vztahy
symtopie“ (topologické symetrie a asymetrie). ,Konvencni symetrii“ Ize ve shodé
s tim popsat jako ,vlastnost obrazcii a usporadani, podle niz objekt vypada stejné po
vzajemném vyménéni nékterych svych ¢asti“. V topologickych pojmech (pojmech
teorie grafu) se jevi Mondrian tak, ze nikdy nepouzil zcela pravidelné sité, nicméné
vyuzival ,identitni“ sité. Hill uvadi zptsob, jak mohou byt tfi z péti platonskych té-
les pfedvedeny ve tvarech sitového grafu, které pfi zachovani své strukturni pod-
staty mohou byt upraveny z ptivodni pravidelné mfizky do tvaru, kdy obvyklé kri-
térium symetrie nakonec mizi [ogRr. g].

Uplnéjsi studium ,,mé¥eni“ symetrie a asymetrie by mélo podle Hilla srovnavat
Rashevského myslenku se zcela odlisnou metodou pouzivanou v teorii grafii. Vzhle-
dem k tomu, Ze troven automorfismu grafu mize v urcitém smyslu byt povazovana
za miru jeho symetrie, mize byt problém pojat jako ziskani miry asymetrie v asy-
metrickém grafu. Pro srovnani je$té uvedeme dalsi dva priklady Mondrianovych
kompozic a jejich topologickych prepisi, které podava Hill [ogr. 9,10].

Hill ve svém prispévku predevsim predpoklada rtst vyznamu diskuze pro potreb-
nou obecnou fenomenologii struktur. Na prikladu abstraktné-nezobrazivych dél Pi-
eta Mondriana srovnal dvé rtizné strukturniurovné, jejich rozdilnosti a podobnosti
s ohledem na implicitni a explicitni symetrické vztahy a dospél ke zjisténi hlavniho
rozdilu: zatimco metricka symetrie jako vlastnost je v uréité mire vzdy relativni,
pri¢emz jeji soulasti jsou odchylky, ptibliznosti atd., je topologicka symetrie vzdy
absolutni a neménnou kvalitou.

Hillova prace se v kontextu naseho smérovanijevijako uzite¢na pravé navrhem vni-
mat statické sité topologickym pristupem, ktery uvolniuje ptivodni stati¢nost, ztuh-
lost a nepoddajnost smérem k dynamice, uvolnénosti a proménlivosti vnimani, jez
zaroven ponechava hodnotu setrvalosti.



between statements made by logic and geometry and constructed analogies for log-
ical relations. Subsequently, Euler initiated the true beginnings of topology and the
first theorems with which graph theory (finding of ‘structures’ made of lines and
points to represents sets and logic). It is the very ‘graph theory’ that Hill affirms as
the specific starting point for paragrams. Graphs become and important tool and
they “..can be described as the new lingua franca’.

Furthermore, Anthony Hill speculates about the possibility to measure the area of
structural networks and examines two approaches: the aesthetic measure of G. D.
Birkhoff and Rashevsky’s proposal of ‘topological information content of graphs’
coming from molecular biology. And he finds a way to assess symmetry. His solution
is defining the graph as asymmetrical when its automorphism group contains only
the identity automorphism. Since it is generally believed that the typical feature
of Mondrian’s compositional scheme is the deliberate avoidance of conventional
symmetry, Hill examines the ‘relations of symptomia’ (topological symmetry and
asymmetry) in his paintings. ‘Conventional symmetry’ can be, in harmony with this,
described as ‘the property of patterns and arrangements according to which the
object looks the same after some of its parts had been interchanged’. In topological
terms (graph theory terms) Mondrian seems to never have used quite regular net-
works, but he did use ‘identity’ networks. Hill shows an example of how three of the
five Platonic solids could be transformed into a form of network graph which, while
keeping their structural essence, can be modified from the original regular grid into
a shape in which the usual symmetry criterion eventually disappears [Fie. 8].

According to Hill, a more comprehensive study of the ‘measurement’ of symmetry
and asymmetry should compare Rashevsky’s idea with an entirely different method
used in graph theory. And since the automorphism level of a graph can in certain
sense be thought of as a measure of its symmetry, the problem can be approached
as obtaining a measure of asymmetry in an asymmetric graph. For the sake of com-
parison, we have another two examples of Mondrian’s compositions and their top-
ological transcriptions, as given by Hill [riG. 9,10].

In his paper, Hill first of all assumes the growing importance of the discussion for
the necessary general phenomenology of structures. Using the example of Piet Mon-
drian’s abstract-non-representational works, he compared two structural levels,
their differences and similarities with respect to implicit and explicit symmetric
relations, and arrived at the key difference: while metrical symmetry as a property
is always to certain degree relative, involving deviations, approximations, etc., top-
ological symmetry is always an absolute and immutable quality

In the context of our focus, Hill’s work seems useful precisely for proposing to per-
ceive static networks with a topological approach which releases the original static-
ity, stiffness and unyieldingness towards dynamics, relaxedness and mutability of
perception which at the same time remains the value of permanence.
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OBR. 8 Sitové diagramy tfi platonskych téles ve trech podobach. Nasledujici priklad
predstavuje identitni sit, ktera slouzi jako infra-struktura ve vys$e uvedené Mondrianové malbé
(Piet Mondrian: Kompozice s ervenou a modrou, 1933). Jde o identitni sit pravdépodobné
nejmensi svého druhu (tj. nejmensi, ktera mize byt vloZena do pravouhlé mfize). Schéma muze
byt nakresleno péti rozdilnymi, ackoliv topologicky shodnymi zptsoby.

FIG. 8 Network diagrams of the three Platonic solids in three forms. The following example
represents identity network which serves as infra-structure in the above Mondrian painting
(Piet Mondrian: Composition with Red and Blue, 1933). It is probably the smallest identity
network of its kind (i.e. the smallest that can be inserted into a rectangular grid). The diagram
can be drawn in five different, yet topologically identical ways.




OBR.9 Piet Mondrian: Kompozice ¢. I11, s ¢ervenou, modrou, zlutou a ¢ernou, 1929
FIG. 9 Piet Mondrian: Composition No. III, with Red, Blue, Yellow and Black, 1929

0BR.10 Piet Mondrian: Kompozice s modrou, zlutou, ¢ervenou a éernou, 1922
FIG. 10 Piet Mondrian: Composition with Blue, Red, Yellow and Black, 1922
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4. Potfeba dynamického paradigmatu

Pravdépodobné nevyvola spor tvrzeni, ze vyraznym fenoménem soudasnosti je
zména, proména. Neznamena to, ze by snad nebyla trvale pritomna v lidském vni-
mani a hodnoceni, pouze se jeji naléhavost i uplatnéni za posledni stoleti vyrazné
zvysily. Ve skuteénosti samotné narostla vaha dynamicky se proménujicich jevi,
zaroven vzrostl narok na pohotovost naseho vnimani provazeny jistou chronickou
rozptylenosti. Celé 20. stoleti prokazuje jak v teoretickych reflexich filozofu, his-
torikli a sociologi, tak v uméleckych projevech rostouci pozornost k proméné, po-
hybu a rychlosti.

Subverze dada vynesla mezi umélecké prostredky realny pohyb (Marcel Duchamp:
Kolo, 1913), ktery kone¢né prolomil druhové omezeni vytvarného uméniauvedl do
néj pohyblivost, dosud jen deklarovanou futurismem. Ze se u Duchampa nejednalo
jen o ndhodny vystrelek, potvrzuje jeho nasledny trvaly zajem o vyuzivani pohybu
vuméleckych artefaktech (Rotujici sklenéné desky, 1920, Rotative demisphere /Ro-
tary demisphere, 1925 a Rotoreliéfy, 1935). Z ptelomu let 1919-1920 také pochazi
Kineticka konstrukce (Stojici vlna) Nauma Gaba, kterou nasleduje roku 1920 Rea-
listicky manifest bratrii Gaba a Pevsnera, jenz explicitné hovofi o pottfebé nahra-
zeni ,statickych rytmt“ dosavadniho uméni ,rytmy kinetickymi® (Pevsner 2008:
78-79). Podobné jiz zminovany dédic Bauhausu Moholy-Nagy tvotina konci dvaca-
tych let objekt rozptylujici v prostoru efemérni svételné struktury (Laszl6 Moholy-
-Nagy, Modulator svétla a prostoru, 1929-30).

Problému zmény se uz na pocatku 20. stoleti vénoval s velkou pozornosti Henri
Bergson. Ve stati Vnimani zmény (Bergson 2003: 140-171) nas konfrontuje s roz-
porem pojmového pokryti jevi, které maji pocatek v nasich vjemech. Ovéem ani
peclivé budované pojmové systémy, ani aktualni schopnost jevy vnimat nejsou pro
nase pochopeni svéta nakonec pfi nutném omezeni dostate¢né. Bergson nas chce
vratit ,pfimému vnimani zmény a pohyblivosti®, k predstavé kaZdé zmény a kaz-
dého pohybu jako absolutnénedélitelnych (Bergson2003:154). To nas pak mize do-
veést k pochopenti, ze ,existuji zmény, ale pod zménou neexistuji véci, které se méni:
zménanepotrebuje oporu. Existuji pohyby, ale neexistuje netecny, invarianini pred-
mét, ktery se pohybuje: pohyb neimplikuje néco, co se pohybuje.“ (Bergson 2003:159)

Jistou obdobnou dynamizujici a dematerializovanou predstavu nam nabizi i teore-
ticky fyzik David Bohm. Stale obtiznéji predstavam pristupné poznani kvantové
povahy svéta a nejasnost jeho dtsledkt pro nas vztah k nému se snazi prekonat
svou teorii implikatniho radu. S prispénim metafory holografu buduje Bohm teorii
o zakladnim radu univerzalniho celopohybu, ktery je neustalym svinovanim a na-
slednym rozvinovanim. Bohm konstatuje, Ze ,...svinuti a rozvinuti jsou primarni
skuteénosti a objekty, entity, tvary atd., které se vtomto pohybu objevuji, jsou dru-
hotné.“ (Bohm 1992: 19) Ve svych dusledcich tato myslenka vede k predstavé, ze
»jak mysl, tak hmotajsou nakonecvimplikatnich fadech, a ze explikatnirady pred-
stavuji relativné samostatné, odli$né a nezavislé objekty, entity a formy, rozvijejici



4. The Need for a Dynamic Paradigm

No one is probably going to argue when we claim that change, transformation is a
distinctive phenomenon of our time. It does not mean to say it is not permanently
present in human perception and evaluation, only that both its urgency and its ap-
plication in the past century grew significantly. In an actual reality, the weight of
dynamically changing phenomena has increased while at the same time the demand
for the readiness of our perception has grown, which is accompanied by a certain
chronic distraction. The entire 20th century demonstrates, both in the theoretical
reflections of philosophers, historians and sociologists and in artistic expressions
the growing attention to change, movement and speed.

The subversion of Dadaism brought some real movement (Marcel Duchamp: The
Wheel, 1913) to the artistic devices which finally broke the generic limitations of
visual art and introduced to it fluidity that had been only declared by Futurism
before. And it was not just an accidental fad for Duchamp; this is confirmed by his
subsequent and sustained interest in the use of movement in artistic artefacts (Ro-
tating Glass Plates, 1920, Rotary Demisphere (Precision optics), 1925, and Rotore-
liefs, 1935). Naum Gabo’s Kinetic Construction (Standing Wave) also dates from
the turn of 1919-1920, which is followed in 1920 by the Realistic Manifesto of the
Pevsner brothers Gabo and Antoine which explicitly speaks of replacing the ‘static
rhythm’ of existing art with ‘kinetic rhythms’ (Pevsner 2008: p. 78-79). Similarly,
the aforementioned Bauhaus heir Moholy-Nagy creates an object in the late 1920s
that disperses ephemeral light structures in space (Laszl6 Moholy-Nagy, Light-
Space Modulator, 1929-30).

Henri Bergson paid great attention to the problem of change at the beginning of
20th century. In his essay The Perception of Change (Bergson 2003: pp 140-171) he
confronts us with the contradiction of the conceptual coverage of phenomena which
originate in our perceptions. However, neither the carefully constructed concep-
tual systems, nor the actual ability to perceive phenomena are ultimately sufficient
for our understanding of the world, considering the necessary limitations. Berg-
son wants to bring us back to the ‘direct perception of change and mobility’, to the
idea of every change and every movement as absolutely indivisible (Bergson 2003:
p. 154). This can then lead us to the understanding that ‘changes exist, yet under-
neath the changes there are no things that change: a change does not need support.
There are movements, but there is no inert, invariant object that moves: a movement
does not imply something that moves’. (Bergson 2003: p. 159)

The theoretical physicist David Bohm provided us with a similar dynamizing and
dematerialized idea. He tries to overcome the increasingly difficult to imagine
knowledge of the quantum nature of the world and the ambiguity of its implica-
tions for our relationships to the world with his theory of implicate order. Using the
metaphor of a holograph, Bohm builds a theory of the fundamental order of uni-
versal whole motion (holomovement) which is a constant enfolding and unfolding.
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se z implikatnich rada. [...]..nabizi se cesta pro takovy pohled na svét, v némz lze
mysl i hmotu spojit konsistentné bez pftijeti redukcionistického hlediska.“ (Bohm,
1992: 23) Mentalni a materialni jsou tak dvé stranky jedné skutecnosti. Bohmovo
pojeti také nabizi novy pohled na souvislost celku a ¢asti.

V uréitém smyslu je této predstaveé blizké i svinuti programtiv po- 8 — Koneckonci
¢itadich.®John D. Barrow, astronom a filozof védy, vyuziva vknize =~ sam Bohm uvadi.
R . .. ., v , . . jako dal$i analogii
Teorie vseho (1996) pti hledani smyslu védeckych teorii inspira-  pocitazove hry
tivni termin — ,algoritmicka stlacitelnost®. Véda sice sbira data i;eéi;gl‘é??gghm
ajeji vyznamna ¢ast se vénuje pozorovani, ale nemtize se zastavit  1992: s, 21).
4 /4 7 o . o v /4 ./ 4 v Vv .
u pouhého sestavovani atlasi jevii. O¢ekavaji se od ni predpovédi,
které bude mozné potvrdit. Prostredkem k tomu se stava odha-
lovani pravidelnosti, tedy rozpoznavani fadu, a to pak vede k ze-
v v 4 . . . Ve 7 . v ’
struénéni, kondenzaci dat. Algoritmicky stladitelny je pak kazdy
v v o 4 / Vev/ /4 4 v
retézec symbold, ktery lze zapsat v uspornéjsi, zkracené formeé.
A pravé na této vite v algoritmickou stlacitelnost vesmiru je podle
Barrowa zalozena véda. Lidsky duch je nastrojem, ktery to dokaze
provést, mozek je ,nejucinnéjsim algoritmickym kompresorem
informace® (Barrow 1996: 21).

Algoritmicka stladitelnost ale musi umoznovat své rozvinuti do explicitniho tvaru,
ktery se stava smyslové vnimatelnym a ve vizualnim uméni jde vlastné prede-
vs$im tohle.

5. Pocitadové generativni uméni jako nastroj
hledani nového paradigmatu nazornosti

Lev Manovich, novomedialni teoretik a umélec, pu- 9 — studii pozdsji jests
blikoval v roce 2004 v knize Abstraction Now, ktera  Prepracoval, jeji nova verze je
, . A , o, dostupna na Manovichovych
provéazela stejnojmennou vystavou konajici se od  internetovych strankach
29. srpna do 28. zat1 2003 v Kiinstlerhaus Wien, prvni  (http:/manovich.net/content/04-
.9 . . . St projects/044-abstraction-and-
verzi? studie Abstraction and Complexity. Zamysli  complexity/a1_article. 2004.pdf).
se zde nad specifiénosti nového fenoménu vizualniho
uméni — pocitaovym generativnim uménim, v textu
oznacovaném jako ,softwarova abstrakce®. Zbézny,
byt jen povrchni pohled odhaluje zdsadni proménu po-
jeti ,abstrakce®, tedy nezobrazivého vizualniho jazyka
ve 20. stoleti. Manovich srovnava abstraktni uméni
z pocatku 20. stoleti s tim, kterym se zabyvaji umélci
konce téhoz stoleti a poéatku stoleti 21. Rozdil se jevi
markantni — prikopnici abstrakce smétovali k ome-
4 . /4 4 Vv o . .
zeni vizualnich prostredkd, k redukci. Naproti tomu
dila soucasnik, ktera se opiraji o pocital jako umé-
lecky ndstroj, pracuji s bezbfehou mnohosti, kupenim



Bohm states that ‘..the enfolding and unfolding are the primary facts and objects,
entities, forms etc., which appear in this movement are secondary’ (Bohm 1992:
p-19). In its implications, the thought leads to an idea that ‘..both mind and mat-
ter are ultimately in implicate orders and that explicate orders represent relatively
separate, distinct and independent objects, entities and forms which develop from
implicate orders. [...] ..a way is offered for such view of the world in which mind and
matter can be combined consistently without adopting a reductionist point of view’
(Bohm, 1992: p. 23). Mental and material are thus two sides of one reality. Bohm’s
approach also offers a new perspective on the coherence of the whole and the parts.

In a sense, the contraction (compression) of computer programs

isalso close to this concept.® John D. Barrow, astronomer and phi-

losopher of science, uses an inspiring term in his book 7heories of
Everything (1996) in his search for the meaning of scientific theo-

ries — ‘the algorithmic compressibility’. Science does collect data

and its important part of it deals with observation, yet it cannot

stop at merely compiling atlases of various phenomena. It is ex-

pected to make predictions which can be confirmed. The way to

do this is the detection of regularities, that is, the recognition of
order, which then leads to the abbreviation, condensation of data.

Any chain of symbols which can be written in a more economical,

abbreviated form is then algorithmically compressible. And it is

this belief in the algorithmic compressibility of the universe that

Barrow believes science is based. The human spirit is an instru-

ment which can do this; the brain is ‘the most efficient algorithmic

compressor of information’ (Barrow 1996: p. 21).

8 — Afterall,
Bohm presents the
computer game
and its link to the
display as yet
another analogy
(Bohm 1992: p. 21).

The algorithmical compressibility must, nevertheless, allow for its unfolding into
the explicit shape which becomes sensually perceptible, and in fact this is what

visual art is all about.

5. Computer Generative Art as a Tool
for Finding a New Paradigm of Visualization

In 2004, Lev Manovich, a new media theorist and art- 9 — He has revised his study

ist, published in his book Abstraction Now, which ac- ~ 'atrandthe newversionis
available from Manovich's website:

companied the exhibition of the same name held from  (http:/manovich.net/content/04-
29th August to 28th September, 2003, at the Kiinstler- ~ Projects/044-abstraction-and-

haus Wien the first version® of his study Abstraction
and Complexity. He reflects here on the specificity of
the new phenomenon in visual art — the computer gen-
erated art, referred to in the text as ‘software abstrac-
tion’. A cursory, if only superficial, glance reveals a
fundamental transformation of the term ‘abstraction’,

complexity/41_article_2004.pdf).
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tvart, jejich prekryvanim, fetézenim a predev$im ustavié¢nou dynamikou vzniku,
zanikdnia opétovné obnovy. Manovich pro to nalézd i vysvétleni. Jakkoliv byla ab-
strakce Mondriana, Delaunay, Kandinského nebo italskych futurista formalné rtz-
noroda — vrcholny Mondrian pracuje s kfizenim horizontal a vertikal, Delaunay ro-
zesazuje po obrazové plose kruznice, Kandinskij sméfuje postupné k omezenému
repertoaru geometrickych figur a futuristé ke tkanivu proplétajicich se jasné vyzna-
cenych ktivek, spole¢né sméruji k vytvoreni prehledného stavebného fadu. A jak-
koliv jsou také ideové inspirace této abstrakce podobné riznorodé — od synestézie,
symbolismu, pfes theosofii az ke komunismu, vyslednd modernisticka abstrakce
sdili pravé onen ,redukcionismus®, ktery je mnohem obecnéjsim paradigmatem a je
charakteristicky i pro soubézné se rozvijejici moderni védu.

Také véda se totiz v oné dobé jiz dlouho pridrzuje metodické redukce jako pro-
stiedku pro zjednodu$eni popisu svéta a snadnéjsi predikei. Predevsim fyzika a che-
mie, ale i experimentalni psychologie a mnohé dalsi védy dekonstruuji slozité ob-
jekty svého zajmu na skladbu zjednodusenych stavebnich prvku, pro které je snadné
urdit jednoduché a obecné zakony, které je raimcové ovladaji. Pokud pro ptirodni
védy jsou témito prvky atomy, molekuly a buniky, pro psychologii je takovym ele-
mentem izolovany, primo ,preparovany“ smyslovy pocitek a cela vizualni zkuse-
nost je nazirana jako slucovani oddélenych aspektti vnimani.

Manovich tak dokonce miize hovotit o ,redukcivizuadlni 10 — Vv Ecové terminologii (Eco

zkuSenosti“ v nastupujicim modernim uméni. Od Ma- 2001 by to bylo prosazovéni kédd
. . sy . ) v rozpoznavani, ve kterych se stéle

neta a impresionisti pres symbolismus, fauvismus aZ  vice uplatiiuje ,princip ekonomie®.

ke kubismu Ize sledovat sklon k abstrahovani od diléich 11 — stimto wbérem a nazornou

a ndhodnych pripominek vidénych jevia'®. Odkazuje se g‘:}“;gg':tz'n‘;”;;g‘g)p"""”“e 60. let

zde naslavny priklad postupného zjednodusovani malby

stromuu Mondrianav letech 1908 az1914™". Jisty posun

k uspote a zefektivnéni slozitosti vizualnich znakt ov-

$em vede az k odstranéni véech rozpoznatelnych stop

odkazujicich k tradici nasi bézné vizualni zku$enosti.

Ztetelné tak vystupuje shodné paradigma prosazujici se

. ; s s 1y ,

jak v modernim uméni, tak v moderni véd¢ a které lze

postihnout pravé slovem ,,redukce®.

0Od 60. let minulého stoleti se vsak vynofuje nové paradigma. Redukcionismus do-
savadni védy stale vice selhava pri potrebé vysvétlit rozmanitost riznych fyzikal-
nich a biologickych fenoméni. V mnoha riznych disciplinach se spole¢né prosa-
zuji blizka témata: teorie chaosu, komplexni systémy, sebe-organizace, autopoiesis,
emergence, umély zivot, neuronové sité. Teorie se zaméruji na komplexni a ne-
-linearni dynamické systémy a na modelovani vyvoje ¢i chovani téchto systémd,
které muze byt velmi slozitym vysledkem interakce souboru jednoduchych prvka
vintencich limitovanych pravidel. Takové interakce vedou k emergentnim vlastnos-
tem, tedy vlastnostem, které nebylo mozné z byt determinovaného chovani predem
urdit a predstavuji nepredvidatelné globalni chovani. Rad v takovych systémech se



that is, of a non-representational visual language of the 20th century. Manovich
compares the abstract art of the early 20th century with that of the artists of the
late 20th and early 21st centuries. The difference appears to be striking — the pio-
neers of abstractions aimed at reducing the visual means, at reduction. In contrast,
the works of the contemporaries, which rely on the computer as an artistic instru-
ment, work with boundless multiplicity, accumulation of shapes, their overlapping,
chaining and, above all, the constant dynamics of emergence, vanishing and re-
newal. Manovich also finds an explanation for this. However formally varied the
abstract works of Mondrian, Delaunay, Kandinsky or the Italian Futurists were —
Mondrian at his prime works with the intersection of horizontals and verticals,
Delaunay plants circles on the surface of the painting, Kandinsky gradually moves
toalimited repertoire of geometric figures, and the Futurists towards a fabric of in-
tertwining and clearly marked curves, together they aim to create a clear structural
order. And as varied as the ideological inspirations for such abstraction are — from
synaesthesia, to symbolism, to theosophy, to communism — the resulting modernist
abstraction shares precisely that ‘reductionism’ which is a much more general para-
digm and is also characteristic for the simultaneously developing modern science.

Also science had at that time long adhered to methodological reduction as a means
of simplifying the description of the world and for making predictions easier. It is
especially physics and chemistry, but also experimental psychology and many other
sciences, which deconstruct complex objects of their interest into a composition of
simplified building blocks for which it is easy to identify the simple and general laws
that govern them. If these elements are atoms, molecules and cells for natural sciences,
for psychology this element is the isolated, directly ‘prepared’ sensory perception and
the entire visual experience is viewed as a merging of separate aspects of perception.

Thus, Manovich can even speak of ‘a reduction of visual ex- 10 — In Eco’s terminology,
perience’ in the emerging modern art. From Manet and the ~ thiswouldbethe
A . . ) . enforcement of codes of
Impressionists, through Symbolism, Fauvism and Cubism, we  recognition in which the
can trace the tendency to abstract from partial and random  Principle of economy”is
. 10 . increasingly applied.
reminders of observed phenomena.!® There is a reference to .

. . R K 11 — Copplestone came in
the famous example of the gradual simplification of the paint-  the mid-1960s (1965) with
ing of a tree by Mondrian between 1908 and 1914.1 However, 2’2;22'::8";':” and illustrative
certain shift towards economy and streamlining of the com-
plexity of visual signs leads to the removal of all recognizable
traces referring to the tradition of our ordinary visual expe-
rience. Thus, the same paradigm emerges clearly which is as-
serting itself in both modern art and modern science which
can be captured by the very word ‘reduction’.

However, a new paradigm has been emerging since 1960s. The reductionism of ex-
isting science is significantly failing when trying to explain he diversity of physical
and biological phenomena. In various disciplines, close themes are gaining ground:
chaos theory, complex systems, self-organization, autopoiesis, emergence, artificial
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spontanné vynoruje, nemuze byt jednoduse dedukovan z vlastnosti prvk, které
systém vytvareji. Nové paradigma komplexity rozsituje dfivéjsi chapani vesmiru
jako ,hodinového strojku” klasické fyziky, aby mohlo zahrnout jevy politické, spo-
lecenské, ekonomické a technické, jez se nyni jevi mnohem propojenéjsi, dynamié-
téjsi a slozitéjsi, nez jak se jevily kdykoliv dfive. Linearni modely koncipované shora
dolt a redukcionisticky pristup odkryva své hranice, paradigma komplexity se pfi-
blizuje zivotu, existenci a evoluci prirodnich, biologickych a socialnich systémii.

A pravé komplexitu identifikuje Manovich jako paradigma, které stoji za soucas-
nymi ,softwarovymi abstrakcemi®. Neni v§ak v zasadé autory explicitné zmino-
vana, nicméné dila estetiku komplexity sleduji a opiraji se o komplexni systémy
v prirozeném svété. Od priukopnickych dob pocitacového uméni hledali jeho umélci
vzdor principidlnimu determinismu standardnich algoritmi cesty k dosazeni svo-
bodného a nepredvidatelné konstituovaného uméleckého dila. Ptivodné zahrnuta
nahodnost, pohybujici se v mezich definovanych v parametrech, se ve stale kom-
plikovanéjsich algoritmech podala vymykat jednoduchym apriornim predstavam.

Manovichiv odkaz na ,softwarovou abstrakci® jde ztotoznit, jak uz jsme naznacili,
s tim druhem pocitaéového uméni, které byva definovano jako pocitacové genera-
tivni uméni. O jeho vymezeni se pokusil v roce 2003 Philip Galanter v ¢lanku What
Is Generative Art? Complexity Theory as a Context for Art Theory pro konferenci
generativniho uméni v Milané (Galanter 2003). Definici asem jesté doplnil a pre-
pracoval ve stati Generative Art Theory (Paul 2016: 146-180).

Jak tusime z ndzvi obou ¢lankd, je principem urleni poéitaéového generativniho
umeéni, tedy synonyma Manovichovy ,softwarové abstrakce®, vymezeni obecnéj-
$iho pojmu ,generativni uméni“. To podle pivodni definice ,...odkazuje ke kazdé
v 4 . 4 v V7 4 Ve 4 4 . A .
umeélecké praxi, ve které umélec pouziva néjaky systém, jako treba soubor pravidel
ptirozeného jazyka, poditalovy program, stroj nebo jinou vynalezenou proceduru,
ktera je uvedena do pohybu s uréitym stupném nezavislosti, aby prispéla k tvorbé
dila nebo do hotového uméleckého dila vyustila.“ (Galanter 2003) Generativni
v ! v v/ . Vo o. /4 4 v 7 o v/ . v
uméni predevsim deleguje podobné jako konceptualni uméni tvtrci praxi na pre-
dem vymezené postupy, které mohou fungovat nezavisle na aktualni vuli tvirece,
ovsem ve smyslu jeho ptivodnich intenci. Galanter svou definici jesté dale zdoko-
. v 7 /4 . . 4 v ’ . . /4 .
naluje ve smyslu ocekavané autonomie: ,Generativni uméni odkazuje k jakékoliv
v 4 . 4 Vv v’ 4 Ve /4 /4 v U
umeélecké praxi, ve které umélec postoupi fizeni néjakému systému s funkéni auto-
./ 4 Ve 4 /4 4 v 4 4 Ve 1/ 4 4
nomii, ktera prispiva k hotovému uméleckému dilu nebo do néj tsti. Systémy mohou
zahrnovat instrukce v pfirozeném jazyce, biologické nebo chemické procesy, poci-
taCové programy, stroje, samoorganizujici materidly, matematické operace a dalsi
proceduralni konstrukce (Galanter 2008). Co se pak tyle vlastniho ,pocditacového”
generativniho uméni, potvrzuje Galanter, ze ,...soucasni generativni umélci zpra-
vidla smétuji ke zkoumani a vyuziti komplexnich systém.“ (Paul 2016: 146-180)



life, neural networks. The theories focus on complex and non-linear dynamic sys-
tems and on modelling the evolution or behaviour of these systems which could be
a very complex result of an interaction between a set of simple elements within a
context of limited rules. Such interactions lead to emergent properties, i.e. prop-
erties which could not be determined in advance even if from a determined behav-
iour and they represent an unpredictable global behaviour. Order in such systems
emerges spontaneously; it cannot be simply deduced from the properties of the el-
ements that form the system. The new paradigm of complexity extends the previ-
ous understanding of the universe as ‘clockwork’ of classical physics to encompass
political, social, economic and technical phenomena which now appear much more
interconnected, dynamic and complex than they ever have before. As linear mod-
els conceived from top down and the reductionist approach reveals their limits, the
complexity paradigm is moving closer to life, existence and evolution of natural,
biological and social systems.

And it is the actual complexity that Manovich identifies as a paradigm behind all
the contemporary ‘software abstractions’. It is not explicitly mentioned by the au-
thors, though, yet the works deal with the aesthetics of complexity and rely on com-
plex systems in the natural world. From the pioneer days of computer art, its artists
have sought ways to achieve free and unpredictably constituted art work, despite
the principal determinism of the standard algorithms. The originally incorporated
randomness, moving within predefined parameters, began to defy the simple a pri-
orinotions in increasingly complicated algorithms.

Manovich’s reference to ‘software abstraction’ can be identified, as we have already
suggested, with the kind of computer art thatis usually defined as computer genera-
tive art. Its definition was attempted by Philip Galanter in 2003 in his article What Is
Generative Art? Complexity Theory as a Context for Art Theory for the conference
of generative art in Milan (Galanter 2003). He revised and expanded his definition
in his essay Generative Art Theory (Paul 2016: pp 146-180).

Aswe suspect from the titles of both articles, the principle of defining the computer
generative art, a synonym of Manovich’s ‘software abstraction’, is to define the more
general term ‘generative art’. Generative art, according to the original definition,
‘... refers to any artistic practice in which an artist uses a system, such as a set of
rules of natural language, a computer program, machine or another invented pro-
cedure put into motion with some degree of independence in order to contribute to
the creation of a work or to result in an accomplished work of art’ (Galanter 2003).
Generative art, like conceptual art, delegates creative practice to predefined pro-
cedure which can function regardless of the actual will of the creator, but in the
sense of his/her original intentions. Galanter refines his definition further in the
sense of expected autonomy: ‘Generative art refers to any art practice in which the
artist cedes the control to some system with functional autonomy which contrib-
utes to the finished work of art or results in it. The systems can include instruc-
tions in natural language, biological or chemical processes, computer programs,

PAGE 449



STRANA 450

Nepteberny polet ptikladi v tomto ptispévku zjednodusime na tfi. Volna tvorba
herniho designéra Franka Force predstavuje v roce 2022 $kalu vizudlnich procesi,
které autor nazval Chaospills. Chaoticky algoritmus se s nartistem zrozenych prvka

/4 Ve . . 4 Vv ! o/ 7 v
vymyka kontrole, nasi pozornost vtahuje generativni uméni pohybujici se pred hra-
nou chaosu. Jednotlivé obrazy, respektive animace, maji specifickou ,,tvar®, nesou
vlastni tvarovou charakteristiku, ktera rozsituje nase chapani okolnich jeva, zvy-
$uje nasi citlivost k nim a zanechava vyuzitelné stopy v nasi vizualni paméti.

Chaospills inscenuji nekoneéné, opakované a stale nové se diferencujici drama déni,
ozivlé a soupefici o nasi pozornost. Velmi pozoruhodnym ptikladem vizualniho
generativniho poditacového uméni je simulace vicerozmérné krychle Manfreda
Mohra. Tématu se Mohr vénoval del$i dobu a jeho vysledkem je jak dynamicka pro-
jekce, ,animace“ procesu, tak jednotlivé snimky v podobé velkoplosnych pocitaco-
vych tiskt. Slozitost konfiguraci jednotlivych linii, které reprezentuji hrany télesa,
a jejich obtizné identifikovatelna vzajemna propojenost pri neustalé zméné jejich
sklonu, velikosti a pozice, je pfi nasem pozorovani akceptovatelna jen s urcitym to-
pologickym nadhledem.

Reasovou Articulate z roku 2003 predstavuje vizualizaci chovani systému, které
neni ani linearni, ale ani ndhodné — méni své konfigurace stav od stavu, rozpozna-
vame tendenci k stabilité, kterou opét prekonava a rozptyluje hledani nové rovno-
vahy proménénych intenci. Struktura osciluje mezi fadem a chaosem — analogicky
ke komplexnim systémim prirozeného svéta.

Poditacové generativni uméni neomezuje vizudlni pocitky redukcionismem se za-
mérem vyvolat pfedstavu strukturnijednoduchosti, naopak pritomna funkénijed-
noduchost, i kdyz ¢asto jen intuitivné tusena, je zdrojem vtahujici a pohlcujici slo-
zitosti spojené s neodluditelnou dynamikou promény.



machines, self-organizing materials, mathematical operations and other procedural
constructs’ (Galanter 2008). As for the actual ‘computer’ generative art, Galanter
confirms that ‘..contemporary generative artists generally tend towards the explo-
ration and use of complex systems’ (Paul 2016: pp. 146-180).

We will reduce the myriad of possible examples for this to the following three: The
free work of game designer Frank Force in 2022 presents a range of visual processes
their author called Chaospills. As the chaotic algorithm grows out of control with
the growing number of emerging elements, our attention is drawn to the generative
art moving before the edge of chaos. Individual images, or animations, have a spe-
cific ‘face’, bearing their own shape characteristics which expand our understanding
of surrounding phenomena, increase our sensitivity to them and leave usable traces
in our visual memory.

Chaospills stage an endless, repetitive and ever-newly differentiating drama of ac-
tion, animating and competing for our attention. Manfred Mohr’s simulation of a
multidimensional cube is a very striking example of visual generative computer art.
Mohr has been working on the subject for some time and the resultis both adynamic
projection, an ‘animation’ of the process, and individual images in the form of large-
scale computer prints. The complexity of the configurations of the individual lines
which represent the edges of the solids and their interconnectedness which is hard
to define considering their constant change of inclinations, size and positions, is
only acceptable with certain topological insight in our observation.

Reas’ 2003 Articulate is a visualization of the behaviour of a system that is neither
linear nor random - it changes its configurations state by state, recognizing a ten-
dency toward stability that is again overcome and distracted by the search for a
new equilibrium of altered intentions. The structure oscillates between order and
chaos — in an analogy to the complex systems of the natural world.

Computer generative art does not limit visual counts by reductionism with the in-
tention of evoking the notion of structural simplicity, quite the opposite: the pres-
ent functional simplicity, even if often only intuitively perceived, is the source of
absorbing complexity associated with the inseparable dynamics of transformation.
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oBR.11 Frank Force: Chaospills, 2022
FIG. 11 Frank Force: Chaospills, 2022



OBR.12 Manfred Mohr, P-706/B, 2000
FIG.12 Manfred Mohr, P-706/B, 2000

OBR.13 Manfred Mohr, P-792-P,2000-2007
FIG.13 Manfred Mohr, P-792-P, 2000-2007

OBR.14 Casey Reas: Articulate, 2003
FIG. 14 Casey Reas: Articulate, 2003
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6. Zavér

Stiznosti na disparatnost, pfipadné nedosazitelnost a neuzite¢nost svétového na-

V7 v o 4 ./ v . 4 4 4
zoru nasi doby se ¢asto a z rtiznych stran opakuji. Presto se jeho sdileni a uvedeni
v platnost stava stabilizujici hodnotou kazdé kultury a v jesté ambicidznéjsi per-
spektivé i veskeré civilizace. Jeho produktem a oporou je onen obecny ,vizualni
nazor“. Soulasny svét potfebuje v pojeti nazornosti vyresit vzajemné si odporu-
o7 7 4 4 . Ve . Ve . v 4 Ve 4
jici naroky: nesmi zjednodusit, zredukovat pocit slozitosti svéta, ma pritom svym
duchem vést k presvédceni o jeho prijatelnosti, vstiebatelnosti a noetické dosazi-
telnosti, kterou oznacuji pojmy ,¢istoty“ a ,jasnosti“. Lze predpokladat, ze takova
nazornost musi nutné zistat dynamickou, otevienou a v uréité mite i nejednoznacé-
nou, tak aby udrzovala v plné aktivité celou $ifi nasich mnohdy rozporuplnych zku-
$enosti, nesystematicky ukladanych v paméti.



6. Conclusion

Complaints about the disparity or unattainability and uselessness of the worldview
of our time are often repeated from various sides. Yet sharing it and bringing it to
life becomes a stabilizing value of every culture and, in an even more ambitious per-
spective, of the entire civilization. The general ‘visual view’ is its product and sup-
port. The contemporary world needs to resolve conflicting claims in the perception
of representativeness: it must not simplify and reduce the sense of world’s complex-
ity, yet at the same time it has to lead in spirit to the conviction of its acceptability,
absorbability and noetic accessibility, which is marked by the concepts of ‘purity’
and ‘clarity’. We can assume that such illustrativeness has to necessarily stay dy-
namic, open and, to certain extent, also ambiguous, so to keep the full width of our
often contradictory experiences, unsystematically stored in memory, fully active.
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on theory and practice of location and space in architecture
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Jiri Uran Vitek

Architekt a stavebni inzenyr ptisobici jako architekt-designer ve vlastnim architek-
tonickém studiu a v dalsich ateliérech. Jako vyudujici ptsobil v letech 2017-2022
na Fakulté architektury Vysokého uceni technického v Brné. Studoval na Fakulté
architektury VUT v Brné, na Die Angewandte ve Vidni, ve studiu Zahah Hadid
(2012-2015) a ve studiu Rani Rashid (2019-2020). Zabyva se navrhovanim a vyzku-
mem digitalni/parametrické architektury a volnou vytvarnou tvorbou. Je spoluzakla-
datelem architektonické platformy SUPERLABOR a vede Experimentalni laboratof
ELA. V roce 2019 zalozil studio BiotectArchitects a v roce 2020 studio URAN.

AlesS Svoboda

Vytvarnik a multimedialnim umélec, kritik a teoretik uméni, vysokoskolsky pe-
dagog pusobici jako vedouci kreativniho modulu na Fakulté humanitnich studii
Univerzity Karlovy v Praze. Studoval na Pedagogické fakulté UK v Praze u docenta
Zdenka Sykory. Ale$ Svoboda se ve své vlastni umélecké tvorbé zabyva vétsinou
obrazovymia grafickyminavrhy a dily v souvislostech teoretického vyzkumu moz-
nosti vyuziti interdisciplinarnich vztahia védy a uméni.



Jifi Uran Vitek

Architect and civil engineer working as architect-designer in his own architectural
studio as well as other studios. In 2017-2022 he taught at the Faculty of Architec-
ture, Brno University of Technology. He studied at the Faculty of Architecture at
VUT in Brno, Die Angewandte in Vienna, the Zahah Hadid studio (2012-2015) and
the Rani Rashid studio (2019-2020). He is focused on design and research of di-
gital/parametric architecture and visual artistic creation. He is co-founder of the
SUPERLABOR architectural platform and leads the ELA experimental laboratory.
He founded the BiotectArchitects studio in 2019 and URAN studio in 2020.

AleS Svoboda

Visual and multimedia artist, art critic and theorist, university tutor and head of
the Creative Module at the Faculty of Humanities, Charles University in Prague.
He studied at the Faculty of Education at Charles University in Prague under Asso-
ciate Professor Zdenék Sykora. In his own artistic endeavors and projects, Svoboda
predominantly focuses on graphic designs in the context of theoretical research of
potential applications of interdisciplinary relationships between science and arts.
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The second volume of the book Topology and Poetics of
Space edited by Jaroslav Nesetril, the Professor of the
Faculty of Mathematics and Physics of Charles University

in Prague, and Tomas VIéek, the Professor at the Faculty

of Art and Architecture of Technical University of Liberec,
develops the theme of interactions of scientific and artistic
creative thinking inspired by topology. The book introduces
interdisciplinary themes of contemporary humanities and
scientific knowledge. The description of the origin and
action of topological themes provides the mentioned studies
with the option of verifying the real relations of many
disciplines where topology is successfully applied, but often
in metaphorical hints only. The second volume of the book
represents topological themes as essential for the tendencies
of the cultural turn beginning in the 1960s and continuing
in the creative cognition of the present. The book presents
new facts acquired when solving major issues from the fields
of neuroscience, psychology, philosophy and other fields of
humanities studies related to both science and art and its
poetics. The book is one of the results of the studies in the
environment of the Interdisciplinary Seminar of Topological
Studies in the Poetics of Art, Landscape and Architecture,
established in 2015 and operating at the Faculty of Art and
Architecture of the Technical University of Liberec and the
Faculty of Mathematics and Physics of Charles University

in Prague. This book was prepared on the basis of a project
co-funded with state support from the Technology Agency
of the Czech Republic within the Eta Programme.
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