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ABSTRACT 

"A COMPUTER-AIDED MARKOVIAN MODEL OP THE DESIGN 

PROCESS1*, by Augusto de Leon Fajardo, 

Tiie thesis is based on the hypothesis that design pro¬ 

blems are conflicting situations of social systems 

which, as open systems, exist at a steady-state. The 

process by which these systems reach steady-states is 

described by Markov chains. 

Two basic characteristics of this process can be 

identified: the openness of social systems allows for 

the cancellation of design problems, and also the need 

for these systems to exist at a steady-state produces 

ever changing situations, hence ever changing design 

problems. 

The structure of design problems at that state consists 

of an arrangement of its components in such a way that 

some of them are more or less important than others. 

This can be ana-lysed by the proposed model in order to 

generate a description of the structure and a strate¬ 

gical decision sequence to solve the problem. 

The first part of this thesis discusses the above con¬ 

cepts as well as formulates the model and develops an 

algorithm for the associated computer program RESTOP, 
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whereas the second part demonstrates the validity of 

the model with two case studies. 

This validation has some consequences in the field of 

environmental design, such as in teaching models, 

studies of the processes of upsurgence and cancellation 

of design problems, studies of particular problems in 

both their aspects of change and solution, and studies 

of management of design activity. 

Finally, some current developments in Diagraph Theory 

will soon permit further improvement of this model. 
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2. INTRODUCTION, 

The existence of automata have made it possible 

to perform some mental operations outside man's 

mind. For this, these operations should be.descri¬ 

bed and formulated as an algorithm in order to 

use automata as extensions of the human brain. 

Design process -the human way to solve problems- 

is potentially capable of being described in such 

a form. This thesis will examine the possibility 

of formulating an implementing a model of the 

design process, using a markovian approach. 

The research presented here is composed of two 

parts. Part I will discuss the theoretical frame¬ 

work for such formulation. In section 3, some 

characteristics of existing models will be dis¬ 

cussed to make the case for a different approach. 

Design process also will be considered as a dimen¬ 

sion of design activity. Further, some concepts 

of General Systems Theory will be related to this 

research: the notion of a steady-state of open 

systems as a process of persistance which explains 

how social systems produce design problems. These 

problems will be treated as open systems and, in 

section 4, a Markov chain will be proposed as a 

model of the design pz-ocess. Various of the pro¬ 

perties of the chain will also be presented to 



03 
demonstrate the appropriateness of such a proposiL 

tion. In. section 5, the associated computer pro¬ 

gram RE3S0P will he described in detail. 

Part II will address itself to a demonstration of 

the effectiveness of the proposed model. Section 

6 will analyse two case studies related to pro¬ 

blems of planning and urban design, the results of 

which are relevant to the whole field of environ¬ 

mental design. Pinall3>-, section 7 will summarize 

the study and will draw some lines for future 

work. It will conclude with a discussion of the 

research done and of the implications of the pro¬ 

posed model. 



PART 
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3.1 THE CASS POR A DIFFERENT APPROACH. 

After the upsurgence of design methodology in the 

past decade, several rational automated techniques 

have been proposed to model the environmental 

design process. 

These techniques represent design problems as a 

network or linear graph, consisting of nodes and 

noridirected links connecting specific pairs of 

T 
nodes. Moreoften, they are mathematical models 

operating from inputs in the form of associate ma 

trices of the graph. They use different algorithms 

to modify that matrix and produce an associate 

graph, usually a hierarchical dendogram, by means 

of a decomposition-recomposition operation derived 

from set theory. This dendogram represents the di¬ 

fferent subproblems at different hierarchical le¬ 

vels (see figure 3.1.A). This general class of 

2 
approach is called “hierarchical methods”. 

The hierarchical structure resulting from the re¬ 

composition procedure in these methods has some 

major disadvantages when used to understand and 

solve design problems. As real problems often have 

not a elearljr defined hierarchical structure, 
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FIGURE 3.1.A LOSS OF ITTFORMATION IN DEFINING A COMPLEX 
WEB OF ASSOCIATIONS IN THE FORM OF A HIERAR¬ 
CHY: RELATION 3-4 IS NOT EXPLICIT. 
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there is a loss of information by defining a com¬ 

plex web of associations by a sinvple diagram such 

as a hierarchy. Also, although the hierarchical 

graph relates all the parts of the problem at the 

higher level of the hierarchy, it does not carry 

explicitly information about their relative impor 

tance.Moreover, the level of generality of the 

parts of the problem to be analysed should be the 

same, which is something difficult to accomplish 

at the present state of the art in environmental 

design.^ 

The possibility of using other mathematical ap¬ 

proaches to model the structure of different sec¬ 

tors of reality has long ago been achieved by 

scientists in many fields.^ However, the theory of 

directed graphs -the branch of mathematics used 

for this purpose- was not fully developed until 

the middle of the last decade. In fact, some im- 
t— 

portant developments are still taking place.9 

In environmental design, the task is to model the 

design process embodied in design activity. 

3.2 THE DESIGN ACTIVITY 

Although somewhat obscured by different terminolo 

gies, all descriptions of the design activity or- 
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embody two conceptual dimensions. One such dimen- 

.sion refers to management of design and, called 

“design morphology'', it is better described as 

.the states of information and boundaries of the 

problem's space in a chronological sequence advan 

cing from the abstract and general to the concrete 

and particular (see figure 3.2.A). However,' the 

other dimension, the "design process", is iterati 

ve and cyclic in character and comprises four 

steps: analysis, synthesis, evaluation and deci¬ 

sion, defined as follows:& 

Analysis: ordenation of data, exploration 

of relations and nexuses, identification 

of problems and nature of difficulties, 

clarification of goals; 

Synthesis: creation of partial solutions, 

combination of partial solutions; 

Evaluation: appraisal, test, development 

of criteria to devise a final solution; 

• and 

Decision: selection of the "best" solution 

from a set, advancement to the next mor- 

7 
phqlogical stage,..; 

The total framework of design activity, then,' com 

prises one dimension of design morphology and other 

dimension of design process linked operationally as 
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DESIGN PROCESS 

1 DATA ORGANIZATION 

>- 
cs 

Gm 

CS 

C/3 
ai 
ea 

2 PROBLEM DEFINITION 

5 DETAIL DESIGN 

FIGURE 3.2.A DESIGN ACTIVITY AS A FRAMEWORK IN WHICH 
DESIGN PROCESS AND DESIGN MORPHOLOGY ARE LIN¬ 
KED OPERATIONALLY, 
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shown in figure 3.2.A. 

The question now arises as to why is design activi 

ty neccesary?, and, why are design problems diffe¬ 

rent ones from the others? 

3.3 DESIGN PROBLEMS AND THE CONCEPT OP THE 
STEADY-STATE. 

In General Systems Theory, the concept of "a state 

of equilibrium" explains the process by which sys¬ 

tems tend toward equilibrium with their environ¬ 

ment, in order to minimize the amount of energy 

required to control their functioning, maximizing 

their capacity to exist. 

In recent years, a great interest in studyng so¬ 

cial systems from the point of view of this con¬ 

cept has developed. The emphasis has been, however, 

on the notion of entropy at the state of equili- 
g 

brium, as it occurs in closed systems. Design pro 

blems are dealt with under this approach although 

closed systems, by definition, do not interchange 

with their environment as do design problems. Por 

the purpose of this study, it seems enough to de¬ 

fine open systems as those organizations which are 

capable of interaction with their environment, and 

closed systems as those which are not.^ 
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(Phis discussion is basically concerned with pro¬ 

blems of relationships and of interdependence ra¬ 

ther than with partial attributes of design pro¬ 

blems. The entropic approach, derived from the ph£ 

sical sciences, deals with social systems as if 

they were relatively self-contained structures and 

could be treated as if they were independent of 

external forces. But design problems as social or¬ 

ganizations are acutely dependent upon their envi¬ 

ronment and so must be treated as open systems. 

Then, it is possible to examine their organization 

-their structure- as well as their boundaries 
1 A 

v?their forms of interchange with the environment-.x 

The concept of a state of equilibrium is analo¬ 

gous for open and closed systems, although with a 

different meaning. The state of equilibrium of an 

open system is a steady-state, in which the system 

is at its most efficient form of organization and 

therefore its capacity to exist is at maximum. The 

steady-state can not be identified with the state 

of equilibrium of closed systems, which is an end- 

state. This end-state represents a minimum level 

of capacity to exist,, while the steady-state is. a 

form of interdependence with the environment that 

enables open systems to maximize their capacity to 

work. The former is static and the latter is dyna- 

11 mic 
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As a complexingly interdependent component of rea¬ 

lity, a social system is, if in a steady-state, a 

persisting structure; if not, either it is able to 

reach such a state or disappears (see figure 3.3.A) 

Thus, open systems that persist are characterized 

by this steady-state, which is not motionless or 

static. There is a continuous interchange with the 

environment, but the character of the system, the 

ratio of exchanges and relation between components 

remain the same. This is called a "permanent Struc 

ture" in the context of this study. 

This process of persistence, in which the system 

keeps in a steady-state depending upon the interact 

tion of environmental forces and the structure of 

the system, is causal; that is, it forms a network 

of causal nexuses. A.A. Markov defined this network 

as a finite system of nodes, each of which could 

be in a finite number of situations. The situation 

of some nodes produces (obligingly or with more or 

less probability) certain situation in other nodes, 

in a causal relation. This probabilistic process is 

described mathematically in the so called Markov 

chains, which will be explained in the next section. 



'OPEN SYSTEMS INTERCHANGE 
WITH THEIR ENVIRONMENT, 
THUS 

CLOSED SYSTEMS DO NOT 
IN TER Cl IAN GE WITH THEIR 
ENVIRONMENT, THUS 

TEND TO A DYNAMIC EQUILI- TEND TO A STATIC EQUI- 
BRIUM: A STEADY-STATE... LIBRIUM: AN END-STATE. 

PIGURE 3.3.A THE STATE OP EQUILIBRIUM OP OPEN AND CLOSED 
SYSTEMS. SOCIAL SYSTEMS ARE OPEN SYSTEMS. 
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3.4 DESIST PROBLEMS AS OPEN SYSTEMS. 

In this context, design problems can be defined as 

those situations of social system that have rea¬ 

ched a steady-state of organization and have com¬ 

ponents in conflict, e.g. elementary education, 

at the actual state of existence, has the tenden¬ 

cy to gather children for learning activities in 

controlled environmental conditions which conflict 

v/ith those of the natural environment, thus need** 

ing an envelope as a container of the learning 

situation.^ 

On the contrary, when components do not conflict 

in a given situation or when a contradictory situa 

tion is cancelled by external changes in its envi¬ 

ronment, there is no need for design. In fact, 

there is no design problem. 

Thus, in order to design, the conflicts must be 

solved and the solution to a problem is to devise 

a framework for its components to interact with¬ 

out conflict. This is to be done in accordance 

with the most efficient form of interdependence 

between the problem and its environment. 

This presents the following questions: how can such 

a situation be described?; how can its persisten- 
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ce be knov.il?; and, how can its "permanent struc¬ 

ture" be examined? 
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NOTES. 

(1) Most of the rational automated techniques are 

derived, in one way or another, from the work 

of Ch. Alexander and collaborators in the 

sense that they proceed from the particular 

-the solution of separate subproblems- to the 

general -the integration of a total solution 

by combining the partial solutions-* 

(2) Serie HIDECS (Alexander and Manheim), EPS 

(Davis and Kennedy), HIDECS-RECOMP (Bierstone 

and Beraholtz), CLUSTR (Milne), DCOIaPS (Owen). 

(3) Kowal (1970), Batty (1971). 

(4) Applications of Markov chains have been made 

in Learning Theory, Information Theory, Chan¬ 

ges in Attitudes, Labor and Social Mobility, 

Epidemiology of Mental Diseases and Market 

Research. The use of Markov chains in plan¬ 

ning has recently been suggested by Professor 

M. Batty of Reading University, England. His 

suggestion, however, is based on an entropic 

approach. 

(5) In the final stage of the present work the 

article on nonstationary chains by Harary, 

Lipstein end Styan (see bibliographical entry 

no. 8.3.5) was brought to the author’s atten¬ 

tion. With the mathematical treatment of non 

stationary chains possible, new applications 
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for a model of the type presented In this stu 

dy can be foreseen. Among them, the explora¬ 

tion of situations in which probabilities 

change with time, thus creating for the de¬ 

signer the ability to know in detail how the 

structure of design problems is affected in 

the long range by changes in their environ¬ 

ment. 

(6) Maver (1970). Kesarovic also describes what 

is called here design activity as a concen¬ 

tric helicoid in which a process of analysis, 

synthesis, evaluation and decision repeats 

and produces a more elaborated solution each 

time, fhe activity takes place in a given 

environment which modifies the process by 

affecting it. 

(7) That this description is correct tends to be 

confirmed by the concept of behaviour of the 

animals as a continuous problem solving acti 

vity. According to Jramoi (1970), who refers 

to Ashby (Introduction in Cybernetics) and 

Guelfand and Isetlin (On some procedures to 

direct complex systems), the animals, when 

they have not the neccesary coded information 

to proceed in a determinate way in order to 

solve a conflict in their relations with the 

environment, always structure their activity 

to do so by: 
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a) defining the problem, that is, determining 

the objective -usually an organic need- and 

the way to solve it; 

b) solving the problem, applying the action 

methods already coded by past experience and 

searching for others in either one of three 

ways (one determined by external influences 

and the internal state of the organism, inclu 

ding the past experience; another which is 

casual -"blind"-; and, last, a combination of 

both); and 

c) transforming the experience into a code 

which determines future behaviour. These 

codes consolidate when they lead to repeated 

ly successful action and are traasmited from 

generation to generation. 

Societal living -learning by education and 

specialization of work- have made man unable 

to solve environmental problems individually 

thus needing extensions of himself -artifacts- 

and professional design. 

(8) Y/ilson (1970). Entropy is the measure of dis¬ 

organization, which is at maximum in an end- 

state. 

(9) In order to exist as an open system, an orga 

nization must develop such characteristics 

as: a)input of energy from its environment; 

b)trough-put processes; c)output of products 
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to its environment; d)existing as a cycle of 

events; e)negative entropy; f)information 

input, negative feedback and a coding pro¬ 

cess; g)a steady-state; ii)differentiation; 

and i)equifinality (Katz and Kahn, 1970). 

(10) Berishmeey (1969). 

(11) It is interesting how this concept completes 

the theory of Ch. Alexander and B. Poyner 

(The Atoms of Environmental Structure), 

which produced the "pattern language". 

(12) Let it be supposed that although today the 

type of building known as school is needed 

because the conflict between the natural 

environmental conditions and those which are 

neccesary for formal learning ac-civilmy; in 

the future, instruction by telemedia and the 

development of memory banks and electronic 

transmission media, will probably alter the 

educational system so completely that per¬ 

haps no buildings such as a school will be 

needed at all. The openness of the system .is 

what has allowed for changes in the past and 

will allow for them in the future. 
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4.1 NETWORKS MD THE STRUCTURE OP DESIST 
PR031ELIS. 

The structure of design, problems can be defined 

in terms of a set of variables along with a set 

of links associated with the variables. These two 

sets can be represented by a diagraph and, more 

precisely, by a network."** To operate on the net¬ 

work is equivalent to operating on those sets; 

thus operating on the problem. 

This study attempts to focus on the structure of 

problems. The kind of operations on the network 

which are to be proposed also deal with the struc 

tural -systemic- qualities of the network and, 

hence, of the problem. Such operations are those 

of a Harkov chain -already mentioned in section 3~ 

which allow the analysis of the structure of a 

system regardless of the qualities of the parts 

and are capable of describing that structure at 

its steady-state. 

4.2 HARKOV CHAINS.. 

A Harkov- chain is a network representing a 

causal process. The value matrix of a chain, called 

a transition matrix, is by definition a probabi 
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lity matrix. She powers of this matrix are usua¬ 

lly called states. The value of a line X in that 

matrix is regarded as the conditional probability: 

if a state of a process represented by the chain 

is f(X), then the next state will be s(X).^ 

The following example illustrates the above con¬ 

ditions. The structure of an hypothetical abstract 

problem is represented in the form of a network 

(N)» its links valued according to a binary (0-1) 

scale (see figure 4.2.A): 

Associate 
Value Matrix 
(M)= 110 0 1 

1110 0 

10 110 

0 0 0 1 1 

0 0 0 1 1 

The row sums of the associate value matrix give 

an operational value of each variable at the 

beginning of the process, namely the first state: 

3 

3 

2 

2 
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M = 110 0 1 

1110 0 

10 110 

0 0 0 1 1 

0 0 0 1 1 

FPV = .ooo 

.000 

.000 

.500 

.500 

FIGURE 4.2.A A MARKOV CHAIN. THE ASSOCIATE VALUE MATRIX M 
AND THE FIXED PROBABILITIES VECTOR WHICH DE¬ 
FINES THE STEADY-STATE OF THE PROBLEM. 
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Using this vector to normalize data of matrix (M) 

a new value matrix (P) is formed, in which the 

(i,j) entry gives the proportion of variable 

which causes variable V. to change into another 
J 

state. As each row of this new matrix sums 1 and 

has no negative entries, it is i also a probability 

matrix • • 

P1 = .333 .333 .000 .000 .333 

.333 .333 .333 .000 .000 

.333 .000 .333 .333 .000 

.000 .000 .000 .500 .500 

.000 .000 .000 .500 .500 

Also, every power P11, for any positive integer n, 

is a probability matrix; the high powers of this 

matrix tend to approach a limit matrix in which 

all rows are alike. Since each power of this 

matrix is a certain state of the process, the last 

one is a steady-state: one in which no signifi¬ 

cant variations occur. 

£his exponentiation process is described in figu¬ 

res 4.2.B to 4.2. F. 

pq 
How, the typical row of matrix P v is also a 

fixed probabilities vector in which each value is 

the probability of the corresponding variable to 
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PROBABILITY MATRIX AT STATE. 2 IS 

0.222 0,2 ? 2 0.111 O.I67 0,278 
0.333 0.222 0.222 0.1 1 1 0.111 
0.2 22 0. 1 11 0.111 0,263 0,278 
0.000 0,000 0.000 0.50n 0.500 
0.000 0.000 C . ooo 0.500 0,500 

PRLi3A9l =1 TY MATRIX A1 STATE 3 IS 

0.135 0.146 0.111 0.259 0.296 
0 « 2 b 9 0.185 0.148 0.188 0.222 
0.148 0.111 0.074 0.315 0,352 
0.000 0.0O0 0.000 0.500 0,500 
0.000 0.000 0,000 0,50o 0.500 

PRU3A3ILITY MATRIX AT STATE 4 IS 

0.148 0.111 0.086 0.315 0,340 
0.198 0.14b 0,111 0.25? 0.290 
0.111 0.036 0.06 2 0.35s 0.383 
0.000 0.000 0.000 0.500 0,500 
0.000 C. 000 0.000 0.50o 0.500 

PRD3ABILIT Y MATRIX AT STATE 5 IS 

0.115 0.086 0.066 0.356 0.377 
0.152 0.135 0,086 0.309 0,33 7 
0 • 0 8 6 0.0 6 6 0.049 0.3 9 i 0,407 
0.000 0,000 0.000 0,5 0 0 0.500 
0.000 0.000 0,0 00 0.50Q 0.500 

PROBABILITY I MATRIX AT STATE 6 IS 

0.089 0.06/ 0.051 0,388 0,405 
0.118 0.039 0.0 ('7 0,35? 0,374 
0.06/' 0,0 5 1 0.058 0,41 f, 0.428 
0.0 0 0 0.0 0 0 0.000 0,5 0 0 0,500 
0.000 0.000 0 . ooo 0,5 0 o 0.500 

PRUSA3]_ITY I MATRIX AT STATE 7 IS 

0.069 0.052 0.039 0.413 0.426 .... 

0.091 0.069 0.052 0.383 0.402 
0.052 0.039 0,030 0,433 0,444 
0.0 0 0 0, ooo 0.000 0.5 0 o 0,500 
0.0 0 0 0,000 0,000 0.500 0.500 

FIGURE 4.2.B EXPOITSHTIATIQU OF MATRIX (P): STATES 2 
7. 

TO 
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PROBABILITY MATRIX AT STATE 8 IS 

0.053 0,040 0.030 0,433 0,443 

0 . C 7 1 0.053 0,040 0,411 0.424 
0 . C 4 0 0.0 30 0.023 0,4 4 o 0.457 

- - 0,000 0.000 0.000 0,500 0,500 
0.000 0,000 0,000 0,500 0,500 

PROBABILITY MATRIX AT STATE 9 IS 

U . 0 4 1 0.031 0.024 0,4 4 p 0,456 

0.055 0.041 0,031 0.431 0.441 

0.031 0.024 0.018 0.481 0.467 

0.000 0.000 0.000 0.500 0,500 
0.000 o#ooo 0,000 0,50o 0,300 

PROBABILITY MATRIX AT STATE 10 IS 

0.032 0.024 0,018 0,460 0,466 
0.0 4 3 0.032 0.024 0,447 0,454 

0.024 C . 01 t 0,014 0,4 7 o 0,474 

  0.000 0,000 0,000 0,50e 0,500 - 

0.000 0,000 0.000 0.50o 0,300 

P R 0 A A 3 1 ! U T Y MATRIX AT STATE i l TS 

  0.025 0,019 0.014 0.469 0,473 
0.033 0.023 0,019 0,439 0,463 

0.019 0,014 0.011 0.4 If. 0,480 

0.000 0,000 0.0 00 0,50c 0.500 

0.000 0,000 0.000 0,5 On 0.500 

PROBABILITY , MA1RIX A I STATE 12 IS 

0.019 0.013 0.011 0.47* 0.479 
0.026 0.019 0,015 0.4 6 a 0.4 7 3 
0.0 1 5 0.011 0.008 0.48? 0.484 

0.000 0.000 0, OUO 0,500 0,500 • . 
0.000 U , 0 0 0 0.000 0,? 0 o 0,300 

PROBABILITY MATRIX AT STATE 13 IS 

0.015 0,011 0.009 0,4 81 0,484 

0,020 0,013 0. Cl 1 0.475 0,479 
0,011 0.0 0 V 0 » 0 0 8 0,48* 0.488 

o.ooo 0,000 0.000 0,30n 0,300 

0.0 0 o 0.000 0,000 0.5 0 r 0,300 

FIGURE 4.2.C EXPOESNTIAIIQK OF MATRIX (P): SPATES 8 TO 13. 



PRU3A3] LI TY M A 1 R 1 X 4 j 1 STATL 14 1 S 

0.012 0.009 P.0U7 0,485 0.488 
0.015 0.032 0,009 0 » 4 8 1 0.484 
0.009 0.007 0.0 05 0,489 0,491 
0.000 0 • 0 0 ^ 0,000 0.5 0 p 0.500 

 0.000 0.0 0 0 0,000 0.50f) 0,500 ...... . - -- 

PR03A3ILITY MATRIX AT STATL 15 IS 

0.009 0,007 0,005 0.48<j 0,490 
0.012 0.009 0.007 0,48c 0.467 - — • ■ ■ 
0.007 0.00!? 0,004 0.49i 0.493 
0.000 0.000 0,000 0.500 0,500 
0.000 0.000 0,000 0 , b 0 n 0,500 

— 
PROS A3 I I T Y MATRIX AT STATL 16 IS 

0.007 0,00b 0,004 0,49l 0,493 
0.009 0.007 0.005 0,4 8P 0.490 
0.005 0.004 0.003 0.493 0,494 
0.000 0. COO 0,000 0. bO-' 0.500 
0.000 0.000 0,000 0.500 0.500 

PROBABILITY MATRIX AT STATL 17 IS 

0.005 0.004 0.003 0.49-5 0,494 
  0.007 0.00b 0,004 0.49l 0.492 . 

0.004 0.003 0.002 0.49s 0.496 
0.000 0.000 3. COO 0,500 0,500 
0.000 0.000 0.000 0.50o 0,500 

PRQBA31 '.1 TY 1 MATRIX A 1 STATE 18 IS 

0.0 04 0.003 0.002 0.495 0,496 
0.006 0,004 3.003 C . 4 9 3 0.494 
0.003 0.002 0,002 0,49* 0,497 
0.000 0,000 0,000 0, bOo 0,500 

0.000 0,000 0 . OOO 0,50n 0.50C 

PROBABILITY | MATRIX AT STATE 19 IS 

0.003 0.002 0.00? 0,49*, 0,497 
0.004 C . 0 0 3 0.002 0.495 0.495 
0.0 02 0,002 o.ooi 0 . 9 7 0.497 
0.000 0.000 0,000 0.500 0.500 

C.
 

o
 

o
 

0.000 O
 

o
 

r2
 

O
 

0,5 0 0 0,500 

FIGURE 4.2 ,D EXP Orl EH TI AT I OH OF LIATHIX (P) : STATES 14 TO 
19. 
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F R u 3 A 3 I LI I Y MAlRiX AI SlATL 2 0 IS 

0.00 3 0.002 0,001 0.497 0,497 

0.0 u 3 0,003 0.00? 0.49A 0.496 
0.0 0 2 0.001 o.oot 0.49B 0.498 

0.000 0.000 0.0 00 G.bOn 0.500 

0.000 0.000 0,000 0.500 0,500 
  

PROBABILITY MATRIX AT STATE 21 IS 

0,002 0.001 0.001 0.4 9 r, 0,498 

0.003 0,002 0.001 0.497 0,497 

c.oci C. 001 0.001 0,49B 0,498 
0.000 0.000 0 . ouo O.SOo 0,500 

0.000 0,000 o.ooo 0.50o 0,500 

PROBABILITY MATRIX AT STATE 22 IS 

0.002 0.001 0.001 0.4 9 P 0,496 

0.002 0.002 0.001 0.497 0,498 
0.001 0.0 0 1 0.001 0,4 9 q 0,499 

o
 

o
 • 0.000 0.000 O.bOo 0,500 

0.000 0.000 0.000 0,500 0,500 

PR0BASI L1TY MATRIX AT STATE 23 IS 

0.001 0,001 0.001 0.499 0.499 

0.002 0.001 0.001 0.49p 0.496 

0.001 0.001 0,001 01499 0.499 

0.000 0.0 0 0 0.000 O.bOo 0,500 

0.000 0.000 o.ouo 0,500 0.500 

PROBABILITY MATRIX AT STMTE 24 IS 

0.001 0.001 0.001 0.49o 0.499 

u.001 0.001 0.001 0.49o 0.499 

V . 0 01 0,001 0.000 0,499 0.499 

u . 000 0,000 o.ouo 0.500 0.500 

0.000 0,000 0 . ooo 0.500 0,500 

PRUBA3J L1TY MATRIX AT STATE 25 IS 

0.001 0.001 0,000 0,499 0,499 

0.001 0.001 0,001 0.499 0.499 

o.oot 0,000 o.ooo 0,4 9Q 0,499 • 

0.0 0 0 0,000 0,000 O.bOo 0.500 

0.0 0 0 0.0 0 o 0,000 O.bOo 0,500 

FIGURE 4.2.E EXP Or! Eli TI AT X OK OP MATRIX (P): STASES 20 TO 
25. 
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CHANGES OCCUR AFTER IS. 
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be the steady-state; that is, its relative value 

in this state. 

The composition of this vector is important in 

terms of its numerical values, because they per¬ 

mit to know if the problem is susceptible to be 

defined as a "permanent structure" as well as to 

know about the importance of each variable in 

such a structure. Further, it allows the diffe¬ 

rentiation of the problem in terms of context and 

problem variables.^ In addition, the composition 

indicates the proportion and the sequence in 

which each variable must be considered to inte¬ 

grate a solution to the problem. This is signi¬ 

ficant for it permits the generation of an effi¬ 

cient decision process, as shall be discussed in 

another section. 

In the present example, the results Indicate that 

the problem, although part of a situation in 

which five variables interact, should be princi¬ 

pally defined in terms of two of them, these two 

being equally important. The others are components 

of the environment -its context- and, therfore, 

can be analysed and solved as a separate problem. 

These results are a consequence of the degree of 

connectedness of the web of associations of the 
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problem, and it can be explained by looking at 

tbe properties of* different kinds of networks 

representing different kinds of problems. 

4.3 DEGRESS OP CONNECTEDNESS OP DESIO? PROBLEMS. 

Let it be supposed there is a series of problems 

defined by the same set of variables -thus a type 

of problem- and different sets of links associa¬ 

ted with the variables. The differences between 

such problems will depend upon the ways the varia 

bles relate one to the others, namely the connec¬ 

tedness of the web. 

Networks are classified by the degree of connec¬ 

tedness in the following categories; 

1) Strongly connected or Strong, if every two 

points are mutually reachable; 

2) Unilaterally connected or Unilateral, if for 

any two points at least one is reachable from 

the other; 

3) Weakly connected or Weak, if every two points 

are connected by means of another .point; and 

4) Disconnected, if they are not one of the above. 

The figure 4.3.A illvistrates these networks. 
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FIGURE 4.3.A STRONG, UI\TILATERAL, WEAK AI'TI) DISCONNECTED 
NETWORKS. 
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The smallest and the greatest possible number of 

links, loops not included, in a network of E 

nodes for each category are given in this chart: 

Category Minimum Maximum 

Strong E E(E-l) 

Unilateral E-l (E-l)2 

Weak E-l (E-l)(E—2) 

Disconnected 0 (E-l)(E-2) 

It is possible, then, to know if a network is 
O 

strong when its links are more than (E-l) or if 

it is disconnected when they are less than (E-l). 

xliccu OJL C olic O.LuI^y -L-UUJ. LS JU \J is* uubaiuit; Lo ijb L 

to define the connectedness of a network by the 

number of its links but these are significant. 

Eirst, they define the possibility of the network 

to reach a steady-state. Second, they permit, by 

means of a simple Inspection, to classify design 

problems as: 

Strong networks which correspond to problems in 

which all variables are related one to the other 

and little insight can be gained in examining its 

structure for it is always possible to solve them 

completely. Accordingly, such problems would be 

always at a steady-state. This is seldom a real 
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type of problem. 

Unilateral or Weak networks, on the contrary, 

correspond to problems which are not trivial, 

thus difficult to solve. The possible solution to 

this kind of problems is often of a complicated 

composition. 

Disconnected networks, finally, correspond to a 

web of associations which define separate pro¬ 

blems or include environmental variables. When 

analysed separately, as per the indications of 

the proposed method, they tend to situate in one 

of the other categories; that is, they could be 

solved separately. The example in the previous 

subsection is this case. 

Thus, the degree of connectednes of the network 

being analysed is basic for the proposed techni¬ 

que to determine: 

1) If it is possible for the problem to reach a 

steady-state and, if so, 

2) 'Which variables integrate such structure at 

that state and, 

3) Which proportion of that structure corresponds 

to each variable. 

This corresponds to the primary task of design as 

activity: the definition of the boundaries of the 
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problem. Those boundaries, in the context of this 

discussion, are the levels of interchange with 

the problem environment which allow the problem 

to persist. The boundaries also separate the con¬ 

text and the problem variables. 

This task is accomplished in the chain by check¬ 

ing whether the model of the problem behaves as 

an open system capable of internal modifications 

to arrive at a steady-state; and simplification of 

the model by exposing clearly the extra elements 

that it contains. 

Thus, this property of the chain is also a control 

which makes the user reexamine his assumptions on 

the problem, until its boundaries can be defined. 

In this respect it has some advantages over the 

previous decomposition-recomposition methods for 

its results are more clear and definitive. 

4.4 THE SELECTION OP A STRATEGY TO SOLVE DESIGN 
PROBLEMS. 

The formulation of a solution is the final task 

of design process, after evaluating the alterna¬ 

tives that its synthesis stage has produced. The 

term "design strategy" is used here to mean a 

sequence of decisions taken by a designer, or by 
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a team, in order to deal with complicated pro¬ 

blems and to transform them into simple ones by- 

breaking them and following the most economic 

order. For a major objective in design methodolo¬ 

gy is to make this decision sequence involve less 

backtracking and hence to be more direct. 

Backtracking implies that critical subproblems are 

not discovered until late in the process and may 

ell for revision of the major decisions. Direct- 

edness means that all the critical subproblems can 

be spotted at the start with little or no risk of 

having to write off large quantities of design 

effort at a later stage. The point is that the 

difficulty lies in the unpredictability of rela¬ 

tionships between one part of the aolution and 

another. The pattern of interdependences is not 

fixed but is variable. It depends upon the choice 

of subsolutions to each subproblem. The solution 

structure is, in this sense, unstable until the 

critical design decisions have been taken; this 

makes it impossible to solve design problems by a 

"single run" through a linear sequence. However, 

5 
it is possible to minimize backtracking, in 

search of information or to making corrections th 

thus maximizing the completeness of a solution 

after a "single ran". 
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The proposed technique provides a way to generate 

such a strategy: 

Y/hen examining the composition of the fixed pro¬ 

babilities vector, it is clear that those varia¬ 

bles with the smaller numerical values are those 

with such a position in the network that give 

away the most information and, correspondingly, 

the variables with such a position that receive 

the most information are those with greater nume¬ 

rical values in the vector. This means that 

although the first ones are not an important part 

of the steady-state of the problem, they are critl 

cal in the sense that, in order to solve the pro¬ 

blem, a decision taken concerning them will affect 

the solution to the others. 

As it can be seen in figures 4.4.A to 4.4.C, to 

follow a rank order from small to large values in 

the fixed probabilities vector is to minimize 

backtracking when deciding sequentially. The co¬ 

rresponding sequence 3—4—2—5—1» involves•three 

backtracks, while others involve as much as five 

-37$ and 62$, respectively, of all possible links 

in the problem-. 

This is not only a consequence of the positional 

properties of each component of the problem, but 
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FIGURE 4.4.A A MARKOV CHAIN AND ITS FIXED PROBABILITIES 
VECTOR WHICH LEADS TO THE AUTOMATIC GENERA¬ 
TION OF A STRATEGY FOR DECISION-MAKING. 
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FIGURE 4.4.B THE PROBLEM'S DECISION TREE: 120 POSSIBLE 
SEQUENCES OF DECISIONS, ONE OF WHICH HAS MI¬ 
NIMUM BACKTRACKING. 
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INFORMATION 
NEEDED TO MA¬ 
KE A DECISION: 

INFORMATION 
GENERATED BY 
A DECISION: 

FIGURE 4.4.C TIIE AUTOMATICALLY GENERATED DECISION SEQUEN¬ 
CE STRATEGY: THE MOST EFFICIENT AMONG THE 
120 POSSIBILITIES. 
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also of the pattern of paths; that is, of the 

systemic qualities of the structure of the pro¬ 

blem. 

It is possible to generate automatically such a 

sequence in a verbal format to enable the desig¬ 

ner to be aware of the implications and conse¬ 

quences. of his decisions. 

In this way, the task of combining partial sub¬ 

solutions into a complete solution is converted 

to another in which the designer deals with large 

numbers of variables sequentially, thereby redu¬ 

cing at a given time the amount of information to 

be organized and nanaied. 

4.5 THE MODEL. 

A model can be formulated, then, in a mathemati¬ 

cal form such as to correspond to the previously 

described activities of design process: analysis, 

synthesis, evaluation and decision..The correspon 

ding operations in the model are: search for the 

steady-state of the'system, integration of a fi¬ 

xed probabilities vector, rank order of the nume¬ 

rical values of the possibility of each variable 

to be the steady-state, and generation of a stra¬ 

tegy to solve the problem (see figure 4.5.A). 
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I 

FIND Tin 
STEADY- 

STATE 

GENERATE 
THE FPV. 

VALUA** 
TION 

GENERATE 
STRATEGY Rs&ST-a 

/> 

^ <n 

y> *4 . J 
DECISION 

FIGURE 4.5.A A MARKOVIAN MODEL OF THE DESIGN PROCESS 
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4.6 NOTES. 

(1) A diagraph, or directed graphs, is that par- 

ticualr kind of graph in which a distinction 

of sense is made in the links between verti¬ 

ces. This allows for a more precise represen 

tation of the structure of design problems f 

for moreoften one variable is affected by 

another variable which in turn is not affec¬ 

ted by the first one. Also, as design pro¬ 

blems exist in time, each variable is rela¬ 

ted to itself. Networks are diagraphs in 

which loops -links going from one point and 

returning to it- are considered. The vertices 

are called nodes in the networks. 

(2) The theory was initiated by A.A. Harkov at 

the end of the last century. As a disciple of 

P.L. Chelbyshev, Harkov produced his basic 

study of sequences of events with a given 

distribution of initial probabilities. 

(3) It is not the intention here to describe Mar 

kov chains in a rigorous mathematical form, 

but rather explain those properties pertinent 

to the purpose of modeling the design pro¬ 

cess, 

(4) Context, or environment variables are those 

which cannot be directly integrated into the 

solution to a given problem. They certainly 



44 
affect the problem, although they are not 

part of it. 

(5) One such approach is to convert the problem 

to one of assembly design by first designing 

interchangeable standarised components, one 

for each major function. In this way the de¬ 

pendencies and incompatibilities between as¬ 

sembly layout and component details are limi 

ted to a fev/ predictable and stable rules g£, 

veming the attachment of one standarized 

component to another -in a design sense-. 

Backtracking reappears, nevertheless, at a 

higher level (Jones, 1970). 
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5. RESTOP. THE COMPUTER PROGRAM, 

5.1 GENERAL DESCRIPTION. 

The mechanical manipulation and computation invol 

ved in the proposed technique is carried out in 

program RESTOP.^ This is a FORTRAN IV program for 

a G level compiler with a dimensional array capa¬ 

city enabling it to handle 52K bytes of informa¬ 

tion. The language is adapted specially for the 

Burroughs B5500 system of Rice University. It 

does not unilize special features of the system 

and can be used elsewhere with little or no modi¬ 

fication. 

5.2 THE ALGORITHM. 

The main program is an algorithm consisting of a 

stationary regular Markov chain and operates from 

the associate value matrix (M) of a network (N) 

representing the structure of a given problem as 

a set of variables (E) and a set of links associa 

ted with the variables. The chain is then carried 

out, to model the design process. For this: 

a) A. transition matrix (P) is formed from the 

associated value matrix (M) of the network (N) 

and the vector F , which contains the numeri- o7 
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cal values of the variables at state 0, such 

that: 

D=1 
F = SUm M(i,3) 
0 j=E 

and 

P(i,j) = M(i,j):F0(i) 

b) The values of the variables at the steady- 

state are first found for an economical check 

in terms of the number of operations involved, 

as checking matrix (P) to be at the steady- 

state would require in the order of 10K bytes 

instead of the 0.1K tyte required that way. 

Those values at the steadj^-state are found 

iteratively by forming the product: 

F = v 
n 

x P 
n-1 

until 

*s = P x s—1 

Where P = F„,, meaning that no more changes 
S S-T-L 

are possible. 

c) At this point the program checks the above 

mentioned equality, down to the third decimal 
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position -this representing 99.9$ of accuracy- 

ins te ad of continuing until the last change 

occurs in the thirty second decimal position, 

which is the internal value of the variables 

in the machine. 

d) By means of a counting operation, the program 

sets up the last power to which matrix (P) is 

to he exponentiated, and 

e) Forms (Ps), the probability of the system to 

be at a steady-state. 
g 

f) The typical row of matrix (P ), the fixed pro 

babilities vector, is sored as vector (F ). s 

The various subsequent operations required by the 

CLJLJL JL t?xdxi C cUjUjji-i-Ctt blLvjixb Ox ulit; "o6Ciiixu.CTU.b clITC Ct^XaTILC 

out by several subroutines. 

5.3 DATA FORMAT. INPUT/OUTPUT CHARACTERISTICS. 

The main algorithm permits the program to only 

read-in the number of variables (E) and the asso¬ 

ciated value matrix (M), in order to carry out 

the heccesary operations. The program is dimensio 

ned to handle up to 50 variables in its present 

version, ihe technique uses a directed graph to 

represent the design problem and therefore an 

asymmetrical matrix should be formed to distin¬ 

guish the direction of the causal relation 
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Two subroutines, EXPLAIN and HALIST, helps the user 

to take full advantage of the possibilities of 

the program. The former prints out an explanation 

about the operations of the system, the available 

options and the command language, to use them as 

an indication of how the data is to be entered. 

The latter allows the user to enter a list contain 

ing the names of the variables, up to twenty four 

characters each. This list is stored as vector 

(B) and used with subroutine RELIST when this is 

automatically called upon to generate a verbal 

output. 

Different output is generated depending on the 

application of the program that is made. Subrou¬ 

tines RELIST, STBATE, CAMAP and the main program 

generate such results. 

Subroutine RELIST prints a declaration about the 

composition of the fixed probabilities, vector (P ) 

and a list relating each variable name with its 

relative numerical value in (P ). Subroutine s 

STRATE performs some operations in order to produ 

ce a strategy for decision-making in the form of 

a flow diagram. Por this, it ranks the vector (P ) 

in ©,scending order and forms the corresponding 
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vector (C) with, the numerical values and the vec¬ 

tor (D) with the new order. Further, it registers 

links from and to every variable with a value 

greater than 0.001 in vector (F ) and prints the 

flov/ diagram in a verbal format containing the 

names of the variables. Vector (B), as produced 

in subroutine NA1IST, is used in combination with 

the value matrix (M) to carry out the manipula¬ 

tion of data. Subroutine CAMAP prepares the values 

of vector (F ) to be used in the associated pro- 

gram LUFSAT and prints them in the input format 

of that program. 

Although there exist two versions of program 

RESTOP -for time-sharing and batch modes-, only 

the latter was used throughout this research. 
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(1) RESTOP, an acronym for Regular Ergodic Markov 

Chain to the Steady-State of a Process. 

(2) Once the selection of the set of variables 

related to the problem has been made, it is 

neccesary to deliberate the set of links assjo 

ciiated with the variables. 

This is made usually in the form of a binary 

matrix (0-1 values), each cell recording the 

existence or inexistence of a casual relation 

betv/een a pair of variables. Reflecting real 

characteristics of design problems, this will 

be an asymmetrical matrix as the connection 

is from cause to effect and not the contrary. 

For example, soil conditions (i) causes foun 

dations (3) to vary; the (i,o) value is then 

1. However, foundations (j) cannot cause soil 

conditions (i) to vary; therefore the value 

(j,i) is 0. Connections from each variable 

to itself are always 1, reflecting causal 

continuity in time. The resulting matrix is 

then entered by rows in a one integer format 

for each cell. . 



PART II 
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6. CASE STUDIES. 

6.1 CASE STUDY 1. 

6.1.1 GENERAL DESCRIPTION. 

This case study is an application of the proposed 

technique in such conditions that the numerical va 

lues of the fixed probabilities vector can be used 

directly for the automatic generation of a geome¬ 

trical representation of a solution, i.e. a map, 

For this, the variables need to be defined numeri¬ 

cally, both in value and position, to be suscepti¬ 

ble of mathematical manipulation. The case study 

involves the interface of programs RESTOP and 

LUFSAT, the latter developed as an independent pro. 

• 4 1 Dect. 

The study relates to the analysis of the potential 

uses of a portion of land north of the Central 

Business District of Downtown Houston, which was 

accomplished by graduate students of the Urban 

Design Program at the School of Architecture of 

Rice University in Spring, 1972. (see figure 

6.1.1.A). 

In order to describe the problem in relation to 

the feasibility of the tract of land for commer- 

cial/se^ice use -one of the many studied- , the 
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following variables were identified and mapped: 

01 LAND VALUES 

02 DEGREE OP ENTRENCHMENT 

03 PERCEIVED ENVIRONMENTAL QUALITY 

04 TRAPPIC VOLUME 

05 ACCESS TO/PROM CENTRAL BUSINESS DISTRICT 

06 ACCESS TO/PROM FREEWAYS 

07 EXISTING LAND USE 

08 EASE OP DEMOLITION OP EXISTING BUILDINGS 

09 CONSERVATION OP EXISTING BUILDINGS/IMAGE 

10 ADAPTABILITY OP EXISTING BUILDINGS. 

Each, variable was divided in up to seven classes 

and so mapped. Each raw data map so produced was 

converted into a desirability -beta- map, according 

to a beta scale (1=—,...,9=++) to indicate the 

degree of fit with the proposed land use. An exam¬ 

ple of these maps is presented in figures 6.1.1.0 

and 6.1.1,D, in which five categories of land va¬ 

lues were mapped such as: 

RAW DATA MAP SCALE 

0-2 $/sq.ft. 1 

2- 3 2 

3- 6 3 

6-10 4 

BETA MAP SCALE 

9 (++ DESIRABLE) 

8 

6 

4 

10+ 5 1 (— DESIRABLE) 
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FIGURE 6.1.1.B AFFINITY KAP OF SHE SHE. EACH SQUARE CELL 
EQUALS 10 11,800 3Q. FT. 
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FIGURE 6.1.1. C RAW IAEA HAP OF LAUD VALUES OF THE SITE 
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FIGURE 6.1.1.D BEIA MAP OF LAUD VALUES OF THE SITE. 
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The program LUFSAT generated a single, final map 

of the site describing the suitability of each 

unit of land for the proposed use, in the same beta 

scale. The program is capable of generating both 

numerical and graphic maps as well as changing its 

scale. The maps presented here are printed at a re. 

duced scale. 

6.1.2 ANALYSIS. 

Program LUFSAT uses a set of alpha values to weigh 

each of the beta maps in order to produce the final 

map. To generate this set of values, two procedu¬ 

res were followed: 

In the first one, the students involved in the pro. 

ject deliberated the importance (weight) of the va 

riables with respect to the problem as a whole. On 

a purely intuitive basis, such values were determi 

ned in about three and a half hours. 

TV. the second procedure, the program RESTOP was 

used twice to generate aD.pha values from the fixed 

probabilities vector. For this, the same students 

first related the variables involvel using a scale 
2 

of (1=—,...,4=++) values. The resulting matrix 

was converted into a binary matrix (0-1 values) 

and both were processed by the program. Two 
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different sets of alpha values were produced. These 

results, as well as those of the intuitive delibera 

tion are presented in figure 6.1.2.A . 

6.1.3 RESULTS AND DISCUSSION. 

The special situation this case study deals with, 

in which- there is a high concentration of variables 

making the commercial/service use of the land desi¬ 

rable, seems to induce the various weighting proce¬ 

dures to produce much the same results. However, 

with the use of alpha values generated by program 

RESTOP, program LUP3AT was able to spot at least 

two areas suitable for the proposed use, which 

were not so otherwise. These areas, identified as 

11 An and "B" in the final maps (see figures 6.1.3«A 

to 6.1.3.5’)> correspond to locations not related to 

the existing network of streets. 

This is, perhaps, the major advantage of the use of 

the proposed technique in this case. It allowed 

recognition of such locations in a situation in 

which the streets will need to be retraced, due to 

the impact of the new freeway 610 at.the north side 

of the site. 

(After writing the above description of the results 

the schemes that the graduate students produced 
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ALPHA VALUES CLASS RESTOP RESTOP 

1 -4 0 -1 

SCALE SCALE 

A R A R A R 
B A B A B A 
S IT S IT S N 
0 E 0 E 0 E 
L L L 
U U U 

VARIABLES T T T 
E E E 

01 LAI'TD VALUES 15 4 14.2 2 16.8 1 

02 DEGREE OF ENTRENCHMENT 14 5 13.8 3 16.3 2 

03 PERCEIVED ENV. QLTY. 7 8 9.6 6 9.6 5 

04 TRAFFIC VOLUME 18 2 10.6 5 12.1 4 

r\r ft nrr^c*fy rn nr>Tk on 1 6.1 g 3.9 

06 ACCESS. ;I/F FREEWAYS 16 3 6.1 8 3.9 7 

07 EXISTING LAITD USE 1 9 15.2 1 16.8 1 

08 EASE OF DEMOLITION 1 9 4.9 9 2.6 8 

09 CONSERVAIION/BIAGE 10 7 11.7 4 12.9 3 

10 ADAPTABILITY 11 6 7.7 7 4.9 6 

FIGURE 6.1.2.A SETS OF ALPHA VALUES FROM CLASS DELIBERA¬ 
TION AITD TWO RUT'S OF PROGRAM RE3T0P WITH 
DIFFERENT SCALES H-T THE INPUT MATRICES. 
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FIGURE 6.1.3.A FINAL HAP (NUMERICAL PRINTOUT) OF THE SITE. 
Atiii 1 — CLASS DELIBERATED ALPHA VALUES. 
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//.v.vTj 

FIGURE 6.1.3. G TYPICAL SCHEME FOR THE SITE. AREAS V/ITIIIH 
HEAVY LINES ARE FOR COML1KRCIAL/SERVICE USE. 
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did certainly utilize locations "A" and "B" for 

commercial/service use, as can be seen in figure 

6.1.3.G, which represents a typical scheme). 

Also, in examining the final maps, especially tho 

se generated with alpha values from program RESTOP 

it is questionable the advantage to the designer 

of weighting links between variables of the pro¬ 

blem. At the present state of environmental design 

and related disciplines, it seems that is more a 

source for bias by the designer than a source for 

additional useful information about the problem. 

Related to the use of the proposed method, one 

question is apparent: if weignuing seems mo De 

difficult and probably inexact, what is the effect 

of using different .scales? 

The numerical results of the analysis made with 

program RESTOP (see figure 6.1.2.A) are consistent 

with those of several test runs; that is, although 

numerical variations occurred in the results, its 

rank order remain the same. In this case, in which 

these numerical results are more important, the 

variations ranged from 0 to 28/4 for the different 

variables involved. This seems quite high, but as 

can be seen in the final maps, the fact that the 

results are remarkably much the same is due to so- 
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me characteristics of the combination of programs 

REST0P/LUF3AT. Shis is because the variation repre 

sents a 2.8p of the total value of the whole vector 

of fixed probabilities -let it be remembered that 

this vector always summs 1-, and program LUFSAT, 

nevertheless, operates with a 5^ of error, due to 

a real to integer conversion process. 

This should be considered a proof of the capabili¬ 

ty of the combination of the two programs to analjr 

se problems without their result being altered by 

the values of the links (concept of conmponents 

versus parts). 

It can be said, however, than the use of a binary 

scale is more than adequate. 

6.2 CASE STUDY 2. 

6.2.1 GENERAL DESCRIPTION. 

This study refers to the analysis of a particular 

solving process and it is related to the previous 

case study as it deals with the sequence of deci¬ 

sions made by one of the students in order to deve¬ 

lop a scheme for the site. This sequence corres¬ 

pond to the design of a proposal and it was stu¬ 

died considering that it is at this morphological 

stage when the pattern of the decision sequence is 
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designed intuitivetely. 

6.2.2 AIT A1ISIS. 

The decision sequence follov/ed by the student was 

reconstructed from his sketches and drawings. It 

was then mapped and the variables involved in each 

decision identified and related to those of case 

study 1. The chart containing this information was 

converted into a time/activity diagram to examine 

backtracks. Another diagram was made, this time 

with the variables in ascending order according 

with its numerical value as generated by program 

RESTOP, to make a better comparison. 

A run of the program was also made, using the bin a 

ry matrix of the previous case study; the result of 

which is in the form of the strategical decision 

sequence. This, generated as a flow chart, was con¬ 

verted also to a time/activity diagram. 

6.2.3 RESULTS.AND.DISCUSSION. 

The results of the study are presented in figures 

6.2.3.A to 6.2.3. . These results show how the re¬ 

cognition of a pattern for the sequence of deci¬ 

sions Involved a substantial amount of backtracking. 

But the general direction was, however, to go from 
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ORDER OF THE EIXED PROBABILITIES VECTOR. 
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the less to the more important of the variables. 

This can he seen in the first diagram (6.2.3.A), in 

which the backtracks -going from a more to a less 

important variable- are indicated with arrows. In 

this diagram, what apparently are backtracks are 

in fact progresses: each time that the student made 

a decision about the use of the land, he had to 

go back to search for more information. It can be 

seen in the diagram -as it is clear in the sketches 

and drawings- that he produced four land use propo¬ 

sals before considering all the variables, thus 

producing the final proposal. 

On the other hand, the sequence of decisions gene¬ 

rated Dy program H53I0P its direct, ix-uiu oLe icoo 

to the more important of the variables. It allows 

the consideration of all the needed information 

before producing a proposal for land use. 

]?rom those results, it can be concluded that this 

part of the model -the rank ordering and link count 

ing algorithms of the computer program- is analogous 

with that of the design process which produces a dje 

cision on how to integrate the solution to the pro. 

blem. It follows, then, that although iterative in 

esence -thus needing sometimes a redefinition of 

the problem at each stage of the morphological 

design- the model can be used at every such stage. 
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This study, therefore, is a typical demonstration 

of the power of the method to model the entire 

design activity hy iteration. 
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6.3 NOTES. 

(1) Rowe and de Leon Fajardo (1972), for a com¬ 

plete documentation of program LUFSAT. 

(2) The matrix was deliberated as explained in 

note 2) of section 5. RESTOP. THE COMPUTER 

PROGRAM. 
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CONCLUSIONS. 

7.1 SUMLTAHY. 

The present study investigated the appropriateness 

of the use of Markov chains to model the design 

process. For this, some concepts of General Sys¬ 

tems Theory were discussed as they explain the 

nature of design problems and how they relate to 

design activity. A model was formulated and an 

algorithm, in the form of a computer program, was 

developed. Summarizing: 

1) Social systems -the activities of man in so¬ 

cietal living- are open systems as they inter¬ 

change with its environment and are capable of 

changes in its organization in order to adapt 

to new conditions of existence; 

2) Design problems are situations of social sys 

terns which tend to be permanent; that is, they 

are capable of reaching a steady-state in its 

organization and, further, they have components 

in conflict; 

3) The property of openness of social systems a 

allows for a natural cancelation of the con¬ 

flicts without need for design. This occurs 

when a conflicting situation evolves into a 

new steady-state in which the original conflict 



no longer exists. On the other hand, the per¬ 

manent character of some social systems -mono¬ 

gamous family since long time ago- have produ¬ 

ced typical problems for which an archetypal 

solution have been developed: the single family 

house; 

These principles, which explain why design 

problems did not change so frequently in the 

past, also explain the nature of rapid change 

today. Consequently, allowing for examination 

of what is important in change: the systemic 

quality of the structure of design problems; 

A Markov chain, as a structural analysis of 

design problems, permits the examination of 

Doth design proDiems and of the oumuusilion wf 

the solution to them -which, needless to say,- 

is in numerical form and corresponds to a wide 

range of morphological possibilities-. That 

chain also permits the analysis of past and 

future conditions of design problems in order 

to study the process of change; 

A Markov chain is also a model of the design 

process for some operations with its results 

produce analogous results to those of the 

design process itself: a decision sequence to 

integrate the total solution to the problem. 

The chain integrates the solution in advance 

and then the program produces a description of 
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the process from which the solution emerged, 

such a process can he used to generate a solu¬ 

tion at different stages of morphological pro¬ 

gress in design activity; 

7) The power of the model to examine the struc¬ 

ture of design problems, with almost disregard 

of the quantitative aspects of the parts of the 

system, makes it very useful at this particular 

time because it does not need to weigh links 

between variables. This would be a difficult 

task at the present state of the art of design 

theory in environmental design and related dis¬ 

ciplines; 

8) The generality implicit in the model is also 

a powerful characteristic, as it deals with the 

sjrstemic quality of design problems. That is, 

the level of generality of the components should 

not be neccesarily the same. This permits the 

use of the model in a flexible manner. 

7.2 FUTURE WORK. 

This study was undertaken to develop the theore¬ 

tical framework to formalize the model and to so_l 

ve the practical problems of computer application. 

The case studies are indications of the validity 

and power of the model. How that the possibility 

of using a systemic approach to model the design 
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process in such, a way that it overcomes the dis¬ 

advantages of the now traditional hierarchical 

methods has been demonstrated, various other pro¬ 

blems need to be studied: 

1) More study on the applications of the method 

in environmental design is neccesary, as 

practicality should be the criterion to judge 

its effectiveness; 

2) The use of the model as a teaching device is 

more than appropriate. The time-sharing ver¬ 

sion of program RESTOP is currently being 

completed as such, in a conversational for¬ 

mat, to give verbal indications and results. 

The operations involved in the model are of 

a very simple nature and therefore they are 

capable of being executed by practically all 

kind of computer systems; 

3) Current developments in the mathematical 

theory of nonstationary chains provide the 

means to complete the proposed model and make 

it able to analyse the process of change of 

design problems. The general framework for 

this already exists as a result of this study; 

and 

4) Also, more investigation of design as a proba 

bilistic process will certainly lead to the 

possibility of complementary models. In parti. 



81 

cular, the relation between the theories of 

Harkov processes and Bayesian decisions 

seems to be significative and some future 

work in that direction should be made. 

7.3 CONCLUSIONS. 

Although future work will doubtlessly improve the 

proposed method, its implications in environmental 

design are now apparent: 

1) The use of the model to examine the condi¬ 

tions of social systems which produce design 

rrlll rn^l^’n PAT Vinrh ■frhp 

cial system has evolved to produce such a 

problem and how its future changes will 

stregthen or cancel the problem. An iterati¬ 

ve use of the model is neccesary now, but as 

it was said in the proposal 3) for future work, 

it will be possible soon to formalize a non¬ 

stationary version of the model which will 

ms.ke possible and practical the analysis of 

a process of that kind; 

2) When the model is applied to the study of 

design problems, it gives a numerical des¬ 

cription of the relative importance of each 

component of the problem. And therefore an 

abstract description of the solution to the 
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problem. Ibis description will, of course, 

correspond to several possible morphologies; 

but it is still a powerful guide for the 

designer. The inclusion of numerical values 

permits a clear notion of the relevance of 

each aspect of the problem and even permits 

to know the boundaries of the problem by 

excluding those components which are not 

part of the problem; 

3) In an application to the analysis of a parti 

cular problem, the model can be used to study 

the probable changes in the structure of the 

problem. This permits the determination of 

how different, or how similar, a solution to 

blit? p-L'U ^JJLUU^LvI UC & b UJ-JL ^ CJL'CJJL U UJUilOOj 

allowing to incorporate change, expansion, 

transformation or interchangeability to the 

solution in the required way; 

4) Related to the above conclusion, the results 

of the operations on the model provide a way 

to consider a problem in all its complexity 

without oversimplifications:-and loss of infor 

mation. This is demonstrated with the infor¬ 

mation provided in the flow diagram produced 

as the decision sequence to integrate a solu 

tion to the problem. Such information inclu¬ 

des: 

a) differentiation between the problem and 



its environment; b) relative numerical impor 

tance of each component of the problem; c) a 

complete indication of the information needed 

as well as of the indication produced at 

each step of the decision sequence. This com 

prises all the information entered into the 

program; and a) the sequence itself, which 

relates the importance of the components of 

the problem to the process to solve it. 

The automatic generation of a decision¬ 

making strategy (which is the most efficient 

way to solve the problem in terms of back¬ 

tracking) , makes the application of the mo¬ 

del very useful for the purpose of manage¬ 

ment of design. By following such a strategy 

the information gathering stage can be over- 

laped with the design of a proposal outline, 

for example; as the initial decisions requi¬ 

re the less of data. This data can be consi¬ 

dered critical and gathered first. So on 

with the rest of the design activity. 
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