How is design possible?

BILL HILLIER AND ADRIAN LEAMAN

This paper approaches the question "how is design
possible ?' by suggesting that design is a relatively
simple set of operations carried out on highly com-
plex structures, which are themselves simplified by
'theories' and modes of representation. The analysis
strongly suggests that if design method is to be im-
proved then it is more important to study the environ-
ment itself than how designers design.

INTRODUCTION

It has been observed that the art of mathematical
proof lies in finding a framework in which what one
wants to say becomes nearly obvious. Improbable as
it sounds, the search for theories in science is often
similar. What has to be 'said' is the observable evi-
dence and its manifest relationships. A theory is an
abstract model which predicts that such observables
and such relations will occur. A 'good' theory ren-
ders data 'obvious' which a 'bad' theory renders con-
tradictory or disconnected.

The theories of design developed over the past decade
in connection with 'systematic design', 'design method'
and subsequently 'computer-aided design' do not in
general have the merit of rendering the evidence
about design 'nearly obvious’. On the contrary, they
make it appear mysterious. For example, the syn-
cretic generation of outline solutions in the earliest
stages of design is made to appear illegitimate and
undesirable on the grounds that any 'rational’ ap-
proach to design must seek to generate the solution
as far as possible from an analysis and synthesis of
problem information and constraints. The penalty of
not following this 'rational' procedure is that bad old
imagistic methods of design will be perpetuated.
'Rationality’ in design was virtually equated with
purging the mind of preconceptions, to make way for
a problem-solving method which linked a procedure
to a field of information.

The sources of this conception of rational design
were analysed in a previous paper, in which it was
also argued that the designer’s 'prestructures’ were
not at all an undesirable epiphenomenon, but the very
basis of design. Without prestructures of a fairly
comprehensive order, it is not possible to identify
the existence of a problem let alone solve it. The
task now is to find a scientific framework in which
such a formulation would become 'nearly obvious',
and this will be equivalent to a theory of how design
is possible. In general, it will be argued that design
is possible for roughly the same reasons as speech
is possible. Methodologists have not been able to
characterize speech because they have tried to look
at it independently of a much larger structure analo-
gous to language. Too small a system has been con-
sidered.
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GENOTYPES AND PHENOTYPES

Consider an example. An army marches all day. .
nightfall a halt is called and unpacking begins. Wit
a short time a structured environment appears. T
of various kinds and sizes are placed in certain de
finite relations; kitchens, sentry posts, flags, fences
and other paraphernalia are erected. A complete
environment is, as it were, 'unfolded’.

The army experiences this as a simple, repetitive
procedure. But looked at scientifically in terms of
the structures which must exist for such a simple
'unfolding’ to be possible, it is both complex and
illuminating. First, the observable environment
which is unfolded is based on a set of instructions
in the army manual or in standing orders. Secondl
these abstract instructions and relations are 'em-
bedded' in the items the army carries about with it
to manufacture this environment, which may be cal
its 'instrumental set'. Third, and most important, i
will be noted that any series of camps unfolded by
army will exhibit both similarities and differences
In this simplified and artificially deterministic ex-
ample, the source of similarity is the set of instruc
tions as embedded in the instrumental set, and the
source of differences is the local constraints and
contingency, which will include personal and envirc
mental factors, strategic considerations and so on.

This example has the curious attribute of resembli
a theory in reverse. Just as scientists try to make
abstract invariant models which 'generate' and the
by explain a variety of observable phenomena, so i
this case the abstract model is the starting point a
the observable phenomena are generated. One can
speculate on a Martian anthropologist's theories a:
to how the similarities and differences of series o:
such camps are to be explained. One can imagine,
for example, the difficulties that a purely 'environ-
mentalist' theory would encounter in explaining the
observable phenomena.

Although an extreme example, this structure does

illuminate certain pervasive properties of cultural
forms. In many situations, sets of basic instructio:
which are variably unfolded are not written down o
genetically programmed, but embedded in the artifi
cial systems which we call 'cultures'. Deep cultur
structures may be transmitted unchangea through

several generations, yet produce great variety at ti
observable level. Such underlying stable structure
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corresponds to what biologists call 'genotypes’,

as compared to a 'phenotype' which is a variably
developed observable form. In the army example,

the genotype is the information carried in the instruc-
tions and embedded in the instrumental set; the pheno-
type is the observed layout and activity of the camp.
1;, most cultural areas the structured sets of instruc-
tions, the genotypes, change and evolve much faster
than biological genotypes, and may even be able to
alter themselves by self-reference, but the overall'
logical form is the same. In order to avoid confusion
with the more closed and stable genotypes of biology,
these looser cultural genotypes and phenotypes may
be referred to as g-models and p-models.

An important property of g-models is that they be-
come unconscious or autonomic. Moreover they
operate not only as a basis for creative action, but
also as a basis for understanding and interpretation.
They act, literally, as theories of the artificial sys-
tems they interpret. In all human societies such
.- theory-like structures are evolved to mediate the
-~ “artificial, natural and social universes. Language, for
example, uses an unconscious, autonomic, syntactic
_and semantic g-model as the basis for speech. It is
this that makes Chomsky's 'rule governed creativity'
‘possible. In general the richness and variety of intel-
ligible cultural existence is founded on the existence
- of such models. But it is only as scientists (or art-
ists like Marcel Duchamp) that we attempt to bring
them into the light of day.

Such theory-like models are no less necessary in
esign. But the fact that they are autonomic may
lead the designer into a curious illusion when he
tries to explain the nature of his own activity. It
“might appear to him that the phenotypical choices he
‘makes in relation to his analysis of the constraints
f a particular design problem could or should ac-
fcount for the entire solution, that is for its similari-
“Hes to the g-model as well as its p-model differ-
*f."ﬂ;‘nces and variability. This is exactly the illusion
/,_,:;anured up by 'scientific' approaches to design. As
“iwould be predicted, it is the source of the solution
‘tself which cannot be described in terms of the
%ﬁﬁiethodologies, and it therefore appears extra-ration-
p2 . Because the g-model is both the structure by
wiwhich the designer analyses and identifies as well
%’i%as solves his problem, it has become invisible to
3%z him. Nevertheless, in any analysis of how design is
o ormally possible such structures are of the utmost
%ei_n'lporta.nce. To ignore them in representing design
; a decision procedure is like assuming that a
gufBpeaker re-invents semantic and syntactic struc-
%@res which he depends on knowing in advance in
sas.0rder to use and understand the language. Most of
the fallacies of behaviourism, as well as design
ethodology, can be derived from this extension of
«E}}E domain of scientific interest.

L",’},A simple general theoretical framework may there-
vzifore be suggested within which the everyday evidence
,.about design becomes 'nearly obvious': design is the
~593?Ch for the appropriate transformation or un-
[folding of prestructures (however rapidly these may
be evolving) in relation to the constraints imposed
.by the environment of the problem. Design is there-
0re both the transmission (g-models) and transfor-
mation (p-models) of prestructures,a process of
elaboration and discovery, within which every solu-
On may be unique. Referring obliquely to H.A. Simon,
jt_ may be argued that design is simple, only its en-
< ¥ironment is complex. 2
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The prestructures on which design depends are syn-
chronous—they are not arranged in a time sequence.
But design obviously occupies time, and contains
certain sequences of events. The decision procedure
approach to design method ignored the importance of
the synchronous plane in structuring the design pro-
cess. On the other hand, a prestructure that is not
subject to operations, cannot be transformed into a
unique p-model. The problematic of design method
studies is therefore twofold: to characterize the
autonomic prestructures by which the designer inter-
prets his problem and which also act as a 'solution
field';and to characterize the operations which may
be performed with and upon such structures in a
more or less complex problem environment to pro-
duce unique and effective solutions. The first is a
problem of synchronic analysis, the second, dia-
chronic.

This analysis will suggest that design is a relatively
simple set of operations carried out on highly com-
plex structures which are themselves simplified by
‘theories' and modes of representation. It suggests
strongly that if design method is to be improved,
then it is more important to study the environment
itself than how designers design, since in the last
analysis the designer's understanding and how the
total g-model constructs his understanding is the
most important factor influencing design. Insofar as
design should be studied, it should be in terms of
how the designers' internal models transform en-
vironmental reality, and what conventional simplifi-
cations and distortions are introduced by the use of
methods of representation and selection of problem
variables.

THE STRUCTURE OF A SOLUTION FIELD

Understanding the structure of solution fields, or at
least their organizing principles, is therefore a
major problem in design theory. If no models yet
exist, comfort may be taken from the great generality
of this type of problem. Most man-made systems on
which our daily lives depend combine the paradoxical
properties of being 'known' in the sense that we are
able to use them without mistakes to convey inter-
subjective 'meaning’, but being at the same time
inaccessible to scientific explanation. Languages,
cities, fashions, economies, societies and even theo-
ries all fall into this category. We have 'sciences of
the artificial' to enable us to 'understand' what we
already 'know'. In all such cases, it is likely that
intelligibility at the everyday level is due to autono-
mic underlying models;lack of intelligibility at the
scientific level is due to our not having adequate
scientific models for such models. Recent research
in linguistics, artificial intelligence and mathematics
suggests lines which research might follow.3 It may
at least be shown that certain types of structure
must be inherent in such fields in order for them to
work in the way they do.

It is useful to make an initial subdivision of the pro-
blem into three. First, understanding how the solu-
tion field is organized formally; secondly, under-
standing how it is organized semantically, that is,
understanding the 'theory' or 'bundles' of theories
and g-models on which it is based; thirdly, under-
standing how it is represented, and how these repre-
sentations may be acted on so as to produce effective
transformations. In certain senses it will be seen
that all three are the same problem.




Most artificial systems exhibit a duality between a
morphology based on entities which are manipulated—
words, walls, coins, mathematical symbols—with a
formal or logical structure which relates such enti-
ties to other entities of the same type, and also to
other dissimilar entities like "'meanings' or 'values',
by which social signification is achieved. In general,
formal structures, like grammars, for example, are
autonomic while morphologies make up a consciously
manipulable set.

The key to understanding how such structures com-
bine into effective artificial systems must tell us
about the nature of the morphological 'units’', the
building rules of the overall logic, and how the two
combine together in a 'natural' way. The thesis here
is that the elementary units of the morphology are
not 'units' at all in the usual sense, but are already
structures. Moreover, their structure,as opposed
to their phenomenal form, is as autonomic as the
overall formalism. The understanding of all such
systems lies in discovering how the internal autono-
mic structure of the 'simplest structures' of the
morphology already contains the rules which govern
aggregation into higher logical forms. The failure
of general system theory to progress beyond an ele-
mentary level in characterizing how such systems
work is because this elementary principle of the
dynamics of artificial systems cannot be formulated
within a definition of a system as 'elements and
their relations'. There simply are no elements.

This abstract argument may be made intuitively
accessible by considering a simple example, that of
a coin. Consider what it is that makes a coin more
than a piece of metal. A coin depends on entities
and formal structures which are both absent physi-
cally, and which may be entirely abstract. The 'mean-
ing' of a coin depends on the existence of logically
similar entities with which the coin may be com-
pared (coins of other values);a set of dissimilar
entities to which it may be systematically related
(loaves of bread, a day's work);and a set of rules
for making transitions between and within these two
domains. The coin 'carries' with it at least so much
structure which gives this 'simplest structure' the
form of an H, with the left vertical representing the
similar domain, the right vertical the dissimilar
domain, and the bar the mapping structure (Figure
1).4 The H shape is given for reasons of intuitive
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Figure 1 Tlustraton of 'simplest structure’.

accessibility, but from a formal point of view, the
simplest structure should be represented as a com-
mutative square (Figure 2) since transformations in
one domain carry with them transformations in the
other if 'meaning’ is to be retained. Such commuta-
tive squares, which appear to be general simpiest
structures in artificial systems, are fundamental to
modern algebra and category theory, and offer a

6

simple formal representation of the concept of
'meaning’ (i.e.a transformation in both domains
such that the mappings are commutative).
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Figure 2 Simplest structure: algebraic form.

This example provides an illustration of the gener:
dependence of 'parts’' on the 'whole' in such systermr
In a sense, the internal structure of the 'simplest
structure' is the same as the structure of the whol.
system. In architecture the 'simplest structures’
are even more complex, but have the same general
form. Consider, for example, a wall. A wall appear
a simple object, but considered logically it turns ou
to be complex, even more complex, in fact, than the
coin. In the first place,a wall, by reason of its pur-
poseful existence, distinguishes at least two types
of space. The reason for building the wall is to dra
such a distinction. The same applies to the invisibi
'walls' which are pervasive in artifactual forms.
Moreover, if the wall is perforated or not, then it
also defines a relation between the two types of
space. This is the simplest phenomenal form equiv
lent to the coin. To this must be added the relation ¢
a similar domain of such structures, and dissimilar
domains of usage and semantics to give the 'simple.
structure'’ of architectural form. This may also be
called a 'minimum meaning unit' (Figures 3 and 4).

The pattern of dissimilar domains of entities, with
mapping structures between them, one domain of
which constitutes the normal 'manipulable set',are
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Figure 3 Architecture: simplest phenomenal form
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Figure 4 Architecture: simplest structure.
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very general indeed in human cultures. It might not
pe fanciful to define man as a structure who knows
how to effect a large number of mappings between
dissimilar domains which may be expressed as com-
mutative squares. Languages have this form, w'ith
mappings between an abstract domain of 'meaning'’
and a concrete domain of phonetic sounds. The
architecture of architecture is equally based on
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E& guch structures which include, for example, the
i mapping between human behaviour and its spatial
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containment, or between psycho-physiology and the
environmental filter. In design the mapping struc-
tures are used as autonomic devices to solve pro-
blems.- In research these mapping devices are
studied in order to understand and improve them.

These arguments show in principle why it is possible
“{or action on simple 'manipulable sets' to carry with
it a high degree of morphological and logical com-
plexdty, often without our being aware of it. The en-
:2 - capsulation of the complex in the simple seeming
. “object provides an initial tool for understanding the
¥ -, structure of a solution field. But this is already insuf-
icient for design, since design is not carried out on
- objects but on representations of objects, whether on
aper or in the head. It is necessary to understand
how, formally speaking, this complicates matters,
“but again the complexity provides a key to how the
ystem works.

sign

. .
conceptual ‘real’
celerent referent

re 5 Sign: simplest structure.

-pgoduce illuminating results. For example', 'signs’
-;11'1_ the normal sensé constitute a manipulable set.
z=xInsofar as they form a system in themselves, they
.a?m_'so by virtue of being based on some semantic
Zrammodel, or bundle of theories, about reality. There is
,90urse no universal language in which every pro-
o perty of the world as it is can be equally and 'objec-
sHvely' represented. Language is more like a theory
;:%q_{ reality than a copy of it, as philosophers have
iargued. Languages act selectively on the world and
“‘j.at the same time systemically, and this is as true of
Lmathematics as of natural language. In order to
s gurate the modern era in mathematical physics,
Gallileo purified the world of all properties that
.could not be represented in the evolving mathemati-
258 guage, calling them 'secondary' because they
: %ﬁﬁ?re concerned with the perception of the subject
8 «mt_he.r than the measurable properties of the thing.
" ;Einh S 1s still generally true of science. In classical
y Aysics, for example, the operations which may be
2 V};ﬂormed on the calculus serve as models within
Z =i 8D Systems for external realities, and thereby
Gaconstitute the means by which phenomena may be
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said to be 'understood' scientifically. The recent
advent of new mathematical formalisms like catas-
trophe theory> demonstrates how closely related the
understanding of the universe is with the forms
implied in mathematical systems. Modern theore-
tical physics accepts a basic duality in its research:
on the one hand it investigates formalisms; on the
other, it investigates the physical universe itself,
making models in the former which satisfy the
appearances of the latter. The movement known as
structuralism proposes an exactly similar strategy
in the 'sciences of the artificial'.6

All sign systems have this duality. At the same time
as constructing a permissible universe out of the
maze of undifferentiated phenomena, they also syste-
matically interpret it. This pervasive form of con-
nectivity in the artificial universe is often overlooked.
A term is needed and the notion of manifold may
serve the purpose (Figure 6). Manifold structures

manigulabie
set

Q experience
tests ‘constructed’
yniverse

interoreted
universe

that 1s, the manilold structure

Figure 6 Sign system: simplest structure.

are very general indeed. Consider a machine, for
example. A machine constructs a permissible uni-
verse from which it can accept certain types of input.
It then carries out a structured conversion on the
input, and outputs an interpretation, which we call a
product. An algorithm is similar. The algorithm
constructs its permissible universe, performs a
structured conversian on what is 'selected' within
the domain so constructed, and outputs an 'interpre-
tation'. Like the previous examples discussed, the
manifold form of connectivity (manifoldness) is one
of the structures which makes everyday life possible.
The form of connectivity of the manifold is such that
when part of the manifold is activated, the whole
necessarily also is.

The manifold is also one of the structures which
makes design possible. Because the systems of
representations on which the designer operates both
construct and interpret their universe, and because
they integrate the type of connectivity discussed
previously, it is hardly surprising that design is
largely a syncretic and hypothetico-deductive activity.
The idea of the manifold in particular suggests that
current approaches to computer-aided design may be
involved in a kind of paradox. Even to name an
architectural problem—say, 'design a school'—implies
a whole range of solutions which will be more or less
immediately activated in some sense through the
designer's manifold. The same applies to the defini-
tion of space at all levels. To try to relate abstract
space to abstract activity overlooks the fact that

each has already become an expression of the other.
Concepts of space are already social to us, not pure
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perceptions waiting to be socialized. The designer,
whether he is using the language of the brief, the
language of concepts, or the language of drawings,

is already embedded in a richly connected universe
whose connections are those dissimilar domains that
must be related in his design—these include activity
and space, physiology and climate and so on. More-
over these structures are embedded in all the lan-
guage the designer uses, and in the instrumental set—
the technologies in terms of kits of parts and typical
design solutions—to which his systems of representa-
tions refer.

Manifolds show why prestructures must dominate
design. But there is a further question. What is the
relation of the manifold to 'reality' ? With a manifold
base, design takes an existing technological and en-
vironmental situation (kits of parts, solution types)
as a necessary starting point. But this does not mean
that design somehow works on the environment 'as
it really is'. On the contrary, the distance between
the 'real' socio-spatial situation and the designer's
prestructure which represents it will be subject to
at least two types of transformation. The first will
be concerned with the designer's 'code’'—the struc-
ture which he abstracts from and interprets the
given situation—personal history, professional edu-
cation, the office, will all play a part in constructing
this code. Secondly, a further transformation will
occur through the influence of the method of repre-
sentation itself which will construct and interpret

as any manifold will. This means that the study of
design codes and the effects of all methods of repre-
sentation used in design are essential dimensions of
the science of design.

These types of structure tell us in general how de-
sign is possible and what should be studied. On the
whole, they are properties of all similar manifold
systems of the artificial. But at least one other
formal structure must be taken into account, which
begins to distinguish the properties of architectural
design from the general properties of manifolds. In
all manifolds the question of how function turns into
structure is of central importance. In architectural
design this problem may be approached through the
four-function model which, although presented else-
where otherwise, turns out to be a structure in
itself.? ,

The four-function model may be interpreted in the
following way. Buildings mediate two different kinds
of relationship between man and nature and between
man and man. In mediating relations between him-
self and nature, man builds a climate modifier. In
mediating relations between himself and other men,
man builds a behaviour modifier. These two functions
constitute the observable object-level realization of
the man-nature/man-man distinction. Each of these
is mapped into a higher-order signifying system or,
in other words, a general social language and account-
ing framework for such modifications. On the one
hand, the object-level functions are mapped into a
general analysis of resources whose language is
economics, giving the resource function; this is a
generalization of the man-nature relationship. On
the other hand, they are mapped into a general lan-
guage of social signification giving the symbolic
function; this is a generalization of the man-man
relationship. Both higher-order languages comprise
both lower-order systems. This structure is shown
in Figure 7.
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Figure 7 The four-function model as a structure
(two versions).

LOCAL AND EVOLUTIONARY TIME

Attention has so far been confined to the synchronous
organization of the solufion field as a searchable
structure and as a formal structure of relationships
based on a general theory of environmental reality,
through which problems may be both defined and
solved, the same structure governing both definition
and solution. As was previously argued, design may
be seen as both the transmission of the abstract
'genotype' structure as a whole, and its transforma-
tion to realize a particular 'phenotype’. To under-
stand how transformation occurs, the operations
which are performable on the genotype structure
must be understood. This in effect is equivalent to
asking what time structures are relevant to an under-i
standing of how design is possible.

Time is vital to an understanding of design at two
levels. The first may be called the level of evolu-
tionary time, where the cultural genotypes of archi- :
tectural and urban form mutate gradually or are
suddenly altered. This normally appears in the his- |
tory book under the heading of the history of style,
but it is clear that, from the point of view of the built
environment as a whole, much more profound muta-
tions in the relations of changes in society to changes
in its spatial form occur. Evolutionary time is con-
cerned with the gradual unfolding of a socio-spatial
morphology, which includes the development and
stabilization of technologies, social processes of
environmental control and all constructions of the i
mapping from social into spatial form. The second |
level is that of local time, in which the genotype is
elaborated into a phenotype appropriate for a particu-f
lar set of local conditions, through the activity of :
designers, users and others.
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Design has usually been represented as a decision
rocess in local time. The concepts of prestructure,
solution field and so on, suggest that this is too small
a part of the story to render the whole process intel-
ligible. But since design does involve sequences of
operations, in which time order is critical, then these
must be elaborated. First,a general consideration.

Time structures in design must be considered in
relation to a ubiquitous property of manifolds—when
part of the manifold is activated the whole also is.
Consider, for example, in carrying out a conversa-
tion, the whole language structure is in action both
in order to interpret what others say, as well as to
plan one's own.® The demonstrable dependence of
the part on the whole requires this formulation. No
part of the manifold may be used without having the
whole at the ready. The manipulable set cannot be
used without holding the rules as an autonomic gen-
erative structure.

: Four types of local time structure may be distin-
guished in design. The first three have been dealt

i with at length elsewhere?, so the fourth—arguably the
< most important—will be the subject of attention here.

. First, a process of increasing specification, in, for
-example, 2 sequence of more precise drawings, con-

“tinuously increases the range of excluded solutions

process of conjecture-test provides a basic unit of
“design activity by which activated parts of the mani-
fold are simulated as solutions and tested against the
roblem constraints which will influence the form of
the phenotype. Thirdly, a time structure which is the
product of the complex of social relations in which

.= of consultation, and so on, all of which have to be dis-
“tinguished from the underlying cognitive processes
-in the designer's mind, however much they may

Sinfluence the result.

>The fourth type of time structure is a generalization
:‘bf the conjecture-test molecule of cognitive activity
:to the overall level of the process in local time. It
_13 here that the language analogy may be made most
<precise, and the language-speech distinction used to
=Zclarify what happens in design. What a speaker can
8ay at any point in time depends initially on his com-
petence which is described by his grasp of the syn-
&_tactic, semantic and functional structural abstrac-
:Eipns which make up the language as a whole. He
Arequires a systematic structure for mapping between
:meaning and verbal production. The limitations on
this intervening structure will limit both what can
cur in the domain of meaning and in the domain of
cw:5ounds. The speaker, like the designer, starts from
<=2 prestructure in which the most important entity is
the abstract structure by which mapping between
‘dissimilar domains may be effected. In all such

guage, the manipulable set is words and phrases;
A0 the case of the designer, it is the representations
Of the instrumental set. Without the mapping struc-
tures these are virtually useless and only meaning-
Lt?._SS Sounds or arbitrary artifacts could be generated.

O stages, not one. First, a set of semantic units,
known in principle to be sayable,is conjectured in
1€ Speaker's mind. This may be thought of as a
tra-ns%tion from the domain of structured, combinable
Meanings, through the semantic structure, into a

and converges on a unique solution which will be built.
‘This is the process of variety reduction. Secondly, the

f’design is embedded. This leads to the sequential pro-
ﬁ;duction of communications of various kinds, sequences

general set of proposals for speech which are as yet
unspoken. These units are realized in the form of
speech by passing them through a second mapping
structure which constructs word orders, phrase
forms, sentence forms and so on, out of conjectured,
but unrealized assemblages of units. This is illus-
trated in Figure 8. The first of these mappings
operates between dissimilar domains (conjectural
meaning units in verbal form), the second within one
domain (general verbal structure, precise verbal
structure).

semantic Peal maoging
units ~N Structure - meaning
transtormation
‘fules
verdal
Production
general _/l\‘ proclem
solution conjecture statement
!
e
s
t
specific
solution
elaborates
discovers
DESIGNER takes . unique
prestructure e transforms solution
cognitively & actively
elaborates
USER takes discovers N elaborated

prestructure =" solution

ie. transforms
cognitively & actively

Figure 8 The L-shaped theory of language.

In design, two similar stages are detectable (Figure
9). As in language each is representable as a map-
ping, in the one case between dissimilar domains, in
the other within a single domain. The first mapping,
made possible by the abstract prestructures, goes
from a statement of the problem into a general solu-
tion. The second maps from a general solution to a
particular solution. The language analogy confirms
that the distinction suggested by Alex Gordon be-
tween strategic and tactical design is not simply a
useful approximation, but a basic attribute of all .
processes which involve the use of some prestruc-
tured code in an open-ended situation.

A further useful point may be derived by examining
this simple basic structure more closely. First,in



language as well as design, the mapping from the

general solution (semantic units) to the specific solu- .

tion (speech production) constitutes a test of the
realizability or sayability of the conjectured set.
Thus this two stage process is formally equivalent
to the conjecture-test sequence previously hypothe-
sized. Since it is now widely agreed that such a se-
quence also underlies science, it appears that this
simple idea can unify speech, design and science as

being transforms of the same basic cognitive activity.

In design, the normal way of testing a conjectured
solution is to try to specify it more precisely (thus
fitting the conjecture-test sequence into the overall
programme of variety reduction) and ultimately by
building it.

Within this structure two different strategies exist,
although both are variants on the conjecture-test
form. The analogy of a detective who has a crime,

a set of clues, and a set of possible villains may be
used. The crime and the villain may be imagined as
the end point of a chain, the links of which are the
clues in a deductive sequence. The detective may
either conjecture a villain and attempt to construct
the clues in such a way that they lead to him. Or he
may try to build the chain of clues from the crime
'outwards’', in the hope that they will lead to a unique
villain. Both are conjecture-test, or trial-and-error
strategies, and both construct particular actions in
terms of the overall logical structure. The same
alternative exists for a primitive man who has sticks,
flints, slings, spears and twine but who does not yet
have a bow and arrow. Whichever way the designer
operates, his dependence on the given overall struc-
ture and the undiscovered potential of the situation
is apparent.

These events in local time are in general of less
significance in the overall design of the artificial
environment than events that take place, less ob-
viously, in evolutionary time. These changes have
the effect of altering the general form of the pre-
structures which designers bring to bear on indivi-
dual problems of phenotype production, effectively
acting as a framework of autonomic assumptions
within which they operate. At all stages it is the
designer's assumptions, the unconscious givens, that
provide clues to changes in the morphology of social
space. The present time is as good an illustration
as any. Our societies are currently evolving new
spatial forms which, in ways which are not under-
stood, seem intimately connected to a parallel social
evolution. To designers these changes appear as
arbitrary acts of choice. But they will not appear
so to anthropologists in the future, any more than the
evolution of the structurally stable town form many
thousands of years ago appears to us now as the re-
sult of arbitrary choices. If design is to be under-
stood beyond the mistaken slight phenotype modifi-
cation for the continuous recreation of a genotype,
then observers must become something like 'arch-
aeologists of the present', attempting to uncover the
elementary forms by which our societies are being
mapped into new spatial structures. The question
'how does artifactual environment influence the be-
haviour of society ?' is a manager's question, not the
first scientific question. The first question for a
theoretical science of the environment is 'what
social behaviours determine the environment?'.
When research legitimizes the second question, and
not until then, will environmental science evolve in
a non-trivial way. This will not happen while, for
example, the application of mathematics to urban
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structures remains at its current level of aggre-
gating and relating observable collections of arbi
trarily selected objects for immediately instrume
aims. Only a model which aims at the generation
socio-spatial form can begin to give the understa.
ing of ourselves that must form the basis of an er
vironmental science.

Such a model is not as inaccessible as might appe
initially.19 For example, many inconsistencies dic
appear as soon as the local time of design and its
object functions are replaced by consideration of :
same relationship in its evolutionary time form o:
higher-order language constructed out of the socit
logic of such relations. For example, at the objec
level the relation of activity to space appears to r
quire some permutation of the concept of 'fit', 'mi
fit', "loose fit' and the like, whereas in the higher-
order language the relation requires another type
formulation based on concepts of discovery, elabor
tion and transformation. In fact, the design model
outlined above may be continued through the user
who, like the designer, takes a prestructure, elabor
ates it, discovers it, and cognitively and actively
transiorms it. This continuous process of transfo:
mation expressing the relation of behaviour to spa.
at all stages is given in Figure 10. Within this mor
'fit' may be assimilated as the efficient elaboratio:
of a particular pattern of activity in a particular
pattern of space. But the opposite end of the spec-
trum—at the Camden Roundhouse, for example whe:
a locomotive shed became a theatre—does not appe
as an anomaly, or the result of some quite differen
process. The theory based on discovery, the active
form of the relationship, contains both within a sing
theory.

The principle of elaboration may be used to outline
a theoretiecal approach to space where the fixity of
artificial space—the property which confounds the
orthodox models—becomes a primary factor. Such
a theory begins with the observation that the sim-
plest structures in environmental action are alreac
complex structures.

Such elementary structures, given that they are ide
tifiable, will contain within themselves rules for co
bination into the higher-order aggregations which
give the spatial structure characteristics of urban
and other higher-order spaces, as mappings of soci
processes. These will lead, by further elaboration,
to different forms of structural stability to which
both social and physical factors contribute. Of par-
ticular interest are those structurally stable forms
whose stability appears as a function of socio-spati
denseness. .Such a theoretical approach to urban
systemness is in many ways similar to that recentl
outlined by Rene Thom as a basis for applying the
mathematical theory of catastrophes to biological
and cultural systems. Difficult and scarcely scient:
fic as the theory may be at this stage, it is only by
such or similar approaches that the broad genotypi-
cal changes which construct the individual designer
autonomic framework can be identified, and, in the
long run,a genuine liberation from the spatial priso
we are currently building for ourselves be envisage
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