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La Facultad de lngenlerra, por conducto del Centro de Educaci6n Continua~ 

otorga constancia de asistencia a quienes cumplan con los requisitos esl~ 

blecidos para cada curso. las personas que deseen que aparezca su tftulo 

profesional precediendo a su nombre en el diploma, deberán entregar copla 

del mismo o de su cédula profesional a más tardar el Segundo Dfa de Clases, 

en las oficinas de~ Centro, con ~a Se"ora Sánchez, de lo contrario n2 se1·0 

posible~ 

El control de asistencia se efectuará a través de ~a persona encargada de 

entregar notas, en la mesa de ent·rega de material, mediante listas especi~ 

les. Las ausencias serán computadas por las autoridades del Centro. 

Se recomienda a los asistentes participar activamente-con sus Ideas y ex­

periencias, pues_ los cursos que ofrece e1 Centro están planeados para que 

los profesores expongan una tésls, pero sobre todo para que coordinen las 

opiniones de tQdos los Interesados constituyendo verdaderos semfnariosg 

Al finalizar el curso se hará una eva1uacl6n del mismo a través de un cue~ 

tlonarlo diseñado para emitir juicios an6nlmos por parte de los asistentes 

Las personas comisionadas por alguna lnstltuc16n deberán pasar a lnscrfbiL 

se en las oficinas del Centro en la misma forma que los demás asistentes. 

Con objeto de mejorar los servicios que el Centro de Educac16n Continua 

ofrece, es Importante que todos los asfstentes llenen y en-treguen su hoja 

de fnscrlpc16n con los datos que se les solicitan al Iniciarse el curso. 

1 eds. 

ATENTAMENTE 

ING.JOSE ELISEO OCAMPO SAMANO 
COORDINADOR DE CURSOS 
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FECHA 

28 de Oct. 

30 11 

4 de Nov. 

6 

8 

1 1 

1 3 

15 

18 

11 

11 

11 

11 

'11 

11 

DURACION 

2 Hs. 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

21 y 22 de Nov. 2 Hs. 
c/dia 

' 1 
ANALISIS ECONOMICO Y PLANEACION DE EDIFICIOS 

TEMA 

SISTEMAS 

Concepto de sistema 
Tipos de sistemas 

Metodología para el análisis y 
diseño de sistemas 

Optimización de sistemas 

EL EDIFICIO COMO SISTEMA 

Sistema interno 

El medio ambiente urbano· 

El medio ambiente natural 

PROFESOR 

Dr. Melchor Rodríguez Caballero 

Dr. Melchor Rodríguez Caballero 

lng. Osear Alvarez de la Cuadra 

Arq. Octavio Pinedo Navarro 

lng. Jorge Navarro Islas 

El medio ambiente jurídico cultural ~~ lng. Osear Alvarez de la Cuadra 

Restricciones tecnológicas 

Restricciones funcionales 

Res t r. ice iones económico-financie ras_"; 

Restricciones estéticas 

EL PROCESO VITAL DE UN EDIFICIO 

Fases del proceso vital 

La dirección de las fases del proceso 
vital 

Fases del proceso de proyecto 
L • 

Síntesis de la forma 
Modelos de optimización de la forma 
Modelos de origen-destino 

lng. S~rgio Aguilar López 

lng. Sergio Aguilar López 

l~g. Sergio Aguilar López 

l~g. Sergio Aguilar López 

Dr. Melchor Rodríguez Caballero 

Dr. Melchor Rodríguez Caballero 

lng. Jorge Navarro Islas 

lng. Sergio Aguilar López 



Fecha 

25 de Nov. 

27 11 

29 11 

2 de Dic. 

4 

6 

9 

11 

11 

11 

Duración 

2 Hs. 

2 11 

2 11 

2 11 

2 11 

2 11 

2 11 

1 1 y 1 3 de D i e • 2 H s • 

l 

-1 '1 

·' 

ANALISIS ECONOMICO Y PLANEACION DE EDIFICIOS 
Tema Profesor 

CONCEPTOS BASICOS DE ANALISIS ECONOMICO 

Fórmulas de composición y actualización Oro Melchor Rodríguez Caballero 
de capital 

Flujo de efectivo 

Criterios de evaluación económica 

Análisis de costos durante la vida.del 
edificio. 

Análisis de ingresos durante la vida 
del edificio 

11 

11 

11 

11 

11 11 11 

11 11 11 

11 11 11 

11 11 11 

MODELOS DE OPTIMIZACION ECONOMICA, APLICABLE 
A EDIFICIOS 

Modelo de pro~ramación lineal 

Modelo del valor residual máximo 
Modelo BOP 

Modelos del valor máximo de un eva­
luador económico 

MODELOS DE PROGRAMACION Y CONTROL 

Ruta critica 

Sistemas de presupuestación 
Sistemas de control presupuestal 

EVALUACION DE PROYECTOS 

Evaluación de proyectos por realizar 
Evaluación de edificios ya realizados 

1 

lng. Enrique Tercero Barragán 

Dr. Melchor Rodríguez Caballero 
lng. Alejandro García González 

lngo Enrique Tercero Barragán 

lng. Alejandro -Garcia González 

lng. Alejandro García González 

Dr. Melchor Rodríguez C~ballero 

1 
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CHAPTER 

1.1 DECISION MAKINQ 

1 
lntroduction: 
The Systems 
Approach 

Many contemporary problems of design and operation in engineering, archi­
tecture, construction, and urban a m:' regional planning are of st.:ch magnitude 
and complexity as to require the most systematic and rational approach 
possible. 

Generally, these problems consist of a very large number or interacting 
variables many of which defy quantification. Therefore, it is r.~essary first to 
classify the variables appearing in real Jife problems into tangic!e or quanti­
·fiable and intangible or unquantifiable. The purpose of the S) s~:::1s apprO!lCh 
is to develop methods, mathematical or otherwise, to deal systematically 
and rationally with the quantifiable parameters of a problem; to increase the 
set of quantifiable parameters through statistical observation, t:sting, dcvel­
opment or mea~uring techniques; and to provide a clear uncerstanding of 
the situation at hand asan a id to the decision maker for subje:t.i' :ly evaluat­
ing the intangibles which are present in most real problems. 

Physically, a system is composed of a large number of in~~:-acting com­
ponents, each of which may or may not serve a different ft.:=-:.:t:vn, but al1 
of which contribute to a common purpose. Beca use the cos?-':-!:.~s usu:>Hy 

.. 
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inh)hc m.1ny arcas of 1-nowlcdge, thc: only way to implcmcnt the systems 
.lpprl1.Kh to dccision ma!-ing ÍS through team action, tcams in~oJ.ving 11 

sp¡:.-trum of spccialists in secmingly unrclatcd ficlds. Systcms thcory IS mtend­
ed to pro' id e a com mon basis of undcrstanding bctwccn disciplines and, as 
a rcsult. thc systcms approach is pcrmcating most ficlds of 1-nowledge. The 
physical scicnccs and cnginccring have already devclopcd a strong vehicle 
for intcrdisciplinary teamwork through the systems approach and, recently. 
the life scienccs as well as the humanities and the social scicnces are beginning 
to apply to their problems the vas! methodology that exists in systems analy-

sis and design. • . 
A comple>. problcm can be handled with success when the systems approacb 

is effectively applied. Cost effectiveness, which is a usual gauging device for 
measuring success, strives to produce a system with the 1owest possible cost 
for a set leve! of effectiveness or, vice versa, the highest leve! of effectiveness 
for a set cost. Combinations of these goals are usual and trade-offs occur 

when such an approach is taken. · 
An example_o(jhe __ application ofthe_syst_em_s_approach t~ d~~L~iort!na_~ng, 

where no mathematics is needed but where the approach to problem solving 
recognizes the fundamental behavior of people in developing a realistic policy 
that can be successfyJJy Im_plemented, _is_the case of a conge_sted '-:1!12an _area 
where two local authorities conflict in their plans for city operation and 
management. One of the authorities, the Planning Commissicn, attempts to 
dissuade suburbanites from bringing their personal automobiles into the 
Central Business District by promoting the use of the Mass Transit System. 
with the expectation oTrelieving traffic congestion and reducing the frequency 
and duration of traffic snarls. On the other hand, the second governmenta1 
group, the Port Authority, is charged with the planning, financing, construc­
tion, operation, and maintenance of all toll bridges and tunnels leading to the 
Central Business District. The Port Authority promotes the use of these 
facilities by offering to the public books of bridge and tunnel toll coupons 
which can be purchased by the frequent or routine driver at a savings of 
several dollars per month. A confiict immediately- develops -oecause, while 
one authority tries to discourage the use of personal automobiles in the Cen­
tral Business District, the other encourages it by offering savings in toJI 
charges. A oeha\·iora:l solution to this stié:Ky situation was proposed by R. L 
Ackoff, Operations Researcher Professor at the University of Pennsylvania: 
Jmplement a graduated scale of toiJ charges as a function of the number or 
empty seats in a prívate automobile. 

The policy could be developed as follows: Assume a six-passenger car 
arri,es at the toll bootb: 

J. lf all six places are occupied, the car passes free of charge. 
2. Jf one seat is empty-that is, only five passengers are in the car-the 

charge · ay, $0.2S. 
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3. Jf two seats are empty, the charge is $0.50. 
4. Jf three seats are unoccupied, the cost now climbs to $1.00, and so on 

until, say, 
5. The driver is the only passenger in the car, in which case the toll 

is $2.25. 

The figures quoted may or may not be realistic but the point is \\:en made. 
The da y after this type of policy was implemented, a marked reduction in the 
number of cars visiting the Central Business District would most surely be 
obsened. People would probably drive to the outskirts ofthe downto\\n area 
and then form car pools, or they would use the Mass Transit System. A sus­
pected side effect might be an increase in sales of sports cars; with only two 
seats they would make an inexpensive mode of transportation. This, or 
course, represents at Jeast a reduction in automobile size and can therefore 
be considered a desirable side effect. On the other hand, in the interest of' 
fair play, a special tariff could be developed for nonstandard vehicles. and so 
on. These types of applications are primarily based on common sense, and 

_many such decision rules-can-he-developed without-the use of mathematical--­
techniques. However, in sorne of the most importan! applications ofthe sys­
tems approach, a great many complex technological questions are raised 
whkh require spccialized solution techniques. This book concentra tes on-the · 
development of sorne of the most importan! and useful of those techniques. 

1.2 THE STRUCTURE OF SYSTEMS ANALYSIS ANO DESIGM 

Systems analysis is the process of separating or breaking up a whoJe system 
into its fundamental elements or component parts. It involves a detaiJed 
examination ofthe system in order to understand its nature and to determine 
its essential features. Systems design, on the other hand, is the procesS of . 
selecting the components and of contriving !he elements, steps, and proce­
dures for producing a system that will optimally satisfy the stated goals. la 
the context of this book, systems design is used as a basis for anticipafing 
problems and for solving them at their planning, engineering, architectural, 
and construction stages. Systems synthesis is a k in ·to design beca use it is the 
process of putling togél"ner;-composing, cir-co-mbinfng parts or elemeritS te 
form a whole system, completely blended to achieve its finest Je\'el of per­
formance. Through systems synthesis, often, varied and diverse ideas. (orces, 
or factors are combined into one coherent, consistent structure. In examining 
complex problems, one must recognize the following classification ofelement:J 
occurring repeatedly in their solution through the systems approacb: 

1. A ser of dedsion and state ¡·ariables. The decision variables are those · 
over which the analyst has complete control and "hich he can manipuJate at 
wiiJ. The state variables are those which are dependen! or : decisioa 

_j 
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\:triJt-ks :mJ "hkh, consequently, <"annot be directly controllcd by the 
Jc.:i$iL~n r.~.ü.cr. Oftcn, the cbssification of variables into dccisions and states 
1s an arbitr.:.~ onc. Ho\\C\cr, once they have bccn so stratificd, thcir behavior 
follo" s t'h~ ~Útcd pattcrn. This clemcnt is basically in the analysis phase o( 

the prol-le:-:1 SL~Iution and the significance of each variable-that is, how 
,cnsiti\e t~.~ rrL~bkm is to its scttings-as well as whether or notthe variable 
JS quantiñ.:.l-lc must be ascertained in this stage. · 

2. An t,,~rimi:ation model. This solution element is nccessary for under­
standing the problem at hand. Jt involves both analysis and synthesis and 
consists of the deYclopment of a conceptual model which i!i sufficiently 
analogous t(\ the real problem but which, on the other hand, is simple enough 
to be amenable to quantitative analysis. 

3. A mccsure of effectireness. Ca1led the objective function, this measure 
is formulated as a means for evaluating the degree of success or failure 
attained in fulfilling the problem goals. Jt relates various decision and state 
variables for the e:\pressed purpose of ranking the outcome of the ditrerent 
decision sets. \ _ -- - - - - --- -- - - - -

4. Generar ion. of a/rernatires and oprima/ solution. After the problem has 
bcen formulated quantitatively, the sets of decis10ns arrived at folJowing a 
-ational; systematic plan are evaluated by means of the oojecTive function, 
and the one producing the most desirable results is selected. The ditrerent sets 
of decisions are the alternative plans of action and the selection of the most 
desirable outcome constitutes the optimization phase ofthe problem solution; 
The decision policy producing the best results is the optimal policy. Fre­
quently, a system cannot be completely optimized. Near optimal results are 
often e>..tremely valuable, especially when the objective function is not too 
sensitive to changes in the val u es of the decision and state variables near the 
optimum. This phase of problem solution is primarily a design phase. 

S. Policy implementar ion. This step involves the carrying out of the opti­
mal poli~· into the real physical situation. It constitutes, in fact, the realiza­
tion ofthe objective and the only reason for having gone through the prev:ious 
four steps. Usually, because of additional knowledge gained or because 
conditions change, the analyst finds it necessary to recycle the process by 
returning to one of the previous steps. This recycling is required in adaptive -
or Jeaming processes where newly acquired data permit the system to refine 
itself and to adapt to a changing environmenL 

.3 CLASSIFICATION OF DECISION SYSTEMS' 

engiñeering, architecture, construction, and planning, decision systems 
, be cla~sif.ed according to size and according to predictability of behavior 

follows. 

1 
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J. According to size: 
l. Sm:pl.· systems are those which involve only a rclativcly small 

numb::r of quantifiable dccision and state variables. 
~· Complex systems involve a large number of dccision and state 

\'ariablcs. However, the variables are, by and Jarge, ofthe quanti­
fiable ~ype. 

3. Exceedingly complex systems. These consist of a large number 
of decision and state variables, most ofwhich are ofa non-quaa­
tifiable nature. 

JI. According to behavioral predictability: 
1. Deterministic systems are those for which every input produces 

a predictable response. Furthermore, the system's responses to 
identical inputs are themselves identical. 

2. Stod:astic systems involve randomly determined sequences o( 
obsen ations. each of which is considered as a sample from a 
probability distribution. Stochastic variation implies system ran­
domness in passing from one state to an adjacent state. A sto­
chastic system's response toa specified input is not reproducible 
at wilt~rhat is, ·one cannot expecrexactly the same -behávior 
when the system is subjected to identical inputs. 

Table 1-1 ,gives examples of ditrerent types of systems classified accordiñg io 
the rules ..~previously formulated. Note that the set of exceedingly complex 
deterministic systems is assumed to be empty; there are no physicaJ systems 
which can be classified in this category because all exceedingly complex sys-
tems possess a multitude of random parameters. ._.. - · 

TABLE 1-1. Examples of Different Types of Systema. 

Systefll6 Deterministic Stochutic 

-Simple Beam Deflection Toss of Coin 

Complu Planetary Syste_m lnventory System 

Exceedingly Complex Emptr The City 

, 

1.4 FIELDS OF SPECIALTY IN SYSTEMS ANALYSIS ANO DESIGN 

The systems approach to complex problem solving encompasses a bread field 
of work and, as such, takes on ditrerent meanings for the people involved in 
it, depending upon the area or areas oftheir specific interc-~ ar .1 experience. 
Five fields of specialty can be recognized although, in most instanceS. they 
tend to overlap and run into each other as the nature of the work in systems 
analysis and design demands an interdisci_pliPary, te3m approach. 
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l. Dctamimstic ami stoclwstic optin11;:ation. In a fcw words, optimization 
J~Jls \\ ith thc mcthods ~md proccdurcs rcquircd to obtain the most benefit at 
the lcast possible cost. This book conccntratcs on the mathcmaticaJ and 
hcuristic optimization tcchniques applicable to dctcrministic and stochastic 
S) stcms. In scction 1.5 the general concept of optimization will be discussed 
further. 

2. Control tl¡eory. Certain physicaJ processes change so rapidly that to 
maintain an optimal leve! of performance it is necessary to adjust continu­
ously the setting of the decision and state variables. Control theory deals with 
the methods and procedures nceded to allow a system to adapt itselfto chang­
ing conditions without upsetting it dynamically, and to keep its performance 
characteristics at an optimum. 

Chemical and electrical engineers, for example, utilize extensively the 
techniqucs of control theory beca use many of the problems encountered in 
their fields are of the process type where continuous monitoring is essential 
to efficiency of operation. 

3.- Jnformatioll systems. This systems-atea concerns itselfwith the-structure, 
analysis, organization, storage, searching, and retrieval of information. The 
entire subject has received an increasing amount of attention in recent years, 
nóConly-oécáuse-simpler informatioñ" nañdling systertis aré úigéntly needed, 
but also because planning and design, in whatever field, must rely on an 
extensive data base of high quality to be a useful tool in solving the complex 
problems of today and of the future. The information systems fields include 
elements of linguistic~, mathematics, =e.nd computer programming. 

4. N':'merical analysis and methods. The computer, with its enormous speed 
and ability to manipula te large blocks of information, is the most useful tool 
available to the systems analyst and designer. Computers are of either oftwo 
basic types: (1) digital computers which are basically extreme! y rapid, electron­
ic adding machines, or (2) analog computers which permít the solution of 
a complex problem by establishing a mathematical analogy between th-e 
problem functions and variables and a flow of electric current or a fluid. 
Certain proble_~s require the coupling of digital and analog computers; this 
combination -~~~ come to be known as_a hybrid computer. In any case, the 
analyst must :tfe·capable of transforming the physical problem into a mathe­
matical one·-¡ftíd of directing its programming for computer solution. The 
inclusion of the field of numerical analysis in the systems area grows out of 
tnis need. This book will ·presént'to the reader a large number of examples 
shbwing how to ímplement the process of going from the physical problem to 
iis mathematical analog. Thís process, called modeling in the language of 
systems analysis, ís perhaps the most difficult as well as the most important 
phase of problem solving. 
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5. Digital, analog. and hJ b1 id computer simulation. This are a in vol ves the 
m.anipulat10n and observation of a synthctic modcl rcprcscnting a real phy .. 
sical system \\ hich, for tcchnical, economic, or other rcasons, may not be 
suitable for cxpcnmcntation. The synthetrc modcl, usually mathematícal ift 
nature, idcally rcprcscnts thc csscntial characteristics of thc physical system. 
!n contra_st '' ith analytical modcls which are solvcd exactly or approximately. 
simulation modcls are run. The simulator observes the bchavior of the model, 
gathers pertincnt data, and draws appropriate conclusions. Digital, analog, 
and hybrid computers are normally used to run simulation models. 

1.5 OPTIMIZATION METHODS ANO APPLICATIONS 

Leibniz coined the word "optimum" in 1710 as a result of his speculations 
about the nature of the universe and of its creation. He wrote: 

There is an infinitudc of possible worlds, amd,ng which God must needs llave 
chosen the bcst,- sincc- He docs nothing without acting-i-n-accordance with-­
supreme wisdom. Now this supreme wisdom~ united to a goodness that is 
no Jess infinite, cannot but ha ve chosen the best .... As in mathematics, when 

-- ___ there is no maximum or-minimum, everything isdoneequallyor ... nothing-a: 
all is done: so it may be said ... that if there were not the best (optimum) 
among all possible worlds, God would not have produced any. 

Those adhering to this philosophy of Leibniz carne to be known as optimistD 
when in reality they turncd out to be fatalists by reasoníng that if God in all 
of His wisdom and goodncss could not make the wor1d any better, what 
could a powerless human being do to change it? Optímization, with many 
other branches of human knowledge, had a strictly philosophical beginning. 
Today, however, although its philosophical implications continue to be or 
interest, íts emphasis is on the solution of cQmplex problems from the real 
world.. 

From the standpoint of methodology, optimizatio~ technlques can- bg 
dhided into índirect and dircct. Indirect techniques permit the selection ofan 
optimal point without requiring an examínation of nonoptimal poínts. These 
methods are very effectivc when they can be applied. Thís-book concentrates 
primarily on their study. Direct methods start atan arbitrary point andpro­
ceed stepwise toward the peak by successive improvements. Chapter JO in 
dedicated to the study of direct mcthod.s. 

From the standpoint of the type of systems to which they are applied, 
optimization procedurcs yicld various kinds of decisi~n-making strategies: 

J. Decision making under certainty applies to deterministic systems 
"he re the probability of occurrence of each event is one. 



10 CH.6' · 1 INTAOOUCTION. THE SYSTEMS APPROACH 

., Dcdsio11 maki11g u11der risk applies to stochastic systems where the 
prl)b,lbility of occurrcnce of each cvcnt is known but lies somewhere 
bct\\ccn zcro (nonoccurrcnce) and one (occurrence). 

3. D,·cisioi1maki11g wuler u11certainty applies to stochastic systems with 
unl..nown probability distributions. 

4. Adaprin•-decisionmak ing results when the analyst is able to conducta 
scqucncc of e>.pcriments in order to acquire knowledge about the 
probabilit)' distributions involved. This category is intermediate be· 
twecn risk and uncertainty and in many respects can be classified as 
a simulation type. Chapters 12 and 13 discuss stochastic systems in 
sorne detail. 

S. Finally, decisions can be formulated indMdually or by groups. In 
group decision making, the proccss may be carried out under col­
Iaboration or under competition. Chapter 14 introduces the reader 
to decision making under competition with risk; the subject is called 
"Game Theory." 
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CHAPTER 

2.1 INTRODUCTION 

Economic 
Con~Jderation.s_ 

Projects of any kind become a rea1ity only if they are technologically and 
financially feasible. Technological feasibility Jies in the realm of professional 
know-how and ability. Financia! feasibility depends upon the project's ability 
to show a profit to the investor through time.· 

This chapter will concentrate on the development ofprocedures, not only 
for assessing correctly the feasibility or infeasibility of a particular project, 
but also for comparing alternative investment opportunities. The methods 
that will be developed in this chapter will show what data are needed to 
translate estim.ates into business decisions. -· · 

An overwhelming majority of physical projects have an "investment for 
return" orientation and, ·for the investor, the most important question to 
be answered is: Will the venture pay? Training, experience, anda great deal 
of imagination are required to find the most economical or the most profit· 
able solution to any given problem. In general, the solution must be formu­
lated under sets of constraints; typical are a fixed budget, -:nvironmental 
needs, aesthetic requirements, zoning regulations, safety standards, socio­
economic trends, technologicallimitations. and so on, which make arriving 
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' 
at thc l1ptimal· solution a \cry difficult task. The obvious complexity of the 
prübkm tcmpts onc to formulate intuitive dccisions. Unfortunately, these, 
t) pes of dc..:1sions are unrcliable and dangcrous and must be dascardcd when· 
C\Cf poss1ble. Although complete optimization of a project is frequently 
impra..:tical, ne_;!r optimal solutions involving imperfect alternatives are often 
good cnou~h tó' provide cxtrcmely satisfactory answers; Eroonomic stuaies 
~en e to idc~ntif)• clearly all of the alternative methods of solving a particular 
problcm and of quantifying those alternatives by reducing them to a mone­
tary basis. 

2.2 THE CONCEPT OF INTERES1!' 

Beca use of the existence of interest, money is worth more today than sorne­
time in the future. lnterest is the direct result of two behavioral phenomena: 

- · L M a-n--has-a ·finite·Jife-span-and for this reason-peopte are-not wilting 
to postpone enjoyment of material goods because of the inherent 
uncertainties of Ji fe. 

2. --The-re-is-a-fundamental trade-off rule that-appearS-to..appty_to_most 
people: The more one has of something, the more one is willing lO 
trade it for something else one does not have enough of. The second 
rule gives rise to the so-called indifference curves frequently used by 
economists. 

·::. 

Jf one asked somebody whether he would rather have, say, $1,000 today or 
SI ,000 one year from toda y, any sane person would most assuredly respond: 
"Today!" Suppose that one upped the reward $100 for a delay of one yeaK 
and that the question were rephrased: "$1 ,000 today or $1,100 one yearfrom 
today?"' The individual might still prefer $1,000 today. Continuing in this 
fashion, one would state at so me point: "How a bout $1,000 toda y or $1,400 
ayear from today?" lf, after sorne thought; the person responds, .. 1 prefer­
to wait ayear to get the $1,400," his so-called attractive annual rate ofretum 
would be 40%_under this set of circumstances. That is, he is willing to wait 
a whole yeaúii:order to realite a 40% in crease in financia] return. 

On this bam, interest can be defined as the money that must be paid for 
the use of borrowed money. That is, the person in the example above would . 
be willing to Iend SJ,OOO toa borrower in the expectation ofa 40% return. 
The borrower would be paying 40% interest on his loan; a scandalously high 
rate but, nevertheless, a rate paid by many unsuspecting customers. The 
"truth in lending" law now requires that the true rate of interest be clearly 
and unequivocally stated by lenders. A review of finance company advertí~ 

------
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mcnts woul
1
d rcvcal that annual intcrcst ratcs in the 25% to 45% bracket are 

not uncommon. · 
A more bpcrational dcfinition of interest is the rcturn derivcd from capital 

productivcl~· invested. /11terest rote is the ratio bctwecn the amount of interest 
chargcable ?r payable at the end of a specific time period, usually one ycar, and 
the money borrowed at the bcginning of the pcriod. In general, the interest 
rate is "per\ annum" (per year), unless statcd otherwise. For example, a 6% 
intercst payable annually represents a 0.06 interest rate per year. This is 
equivalent to 0.015 payable quarterly, or 0.005 payable monthly. There is a 
slight differbnce between the payment of interest annually and its payment 
at more fre~uent intervals. This difference will be discussed in detail in later 
sections. \ 

If the interest payable each year is computed on the total amount owed 
at the end dr the previous year-the total amount that includes the original 
principal su

1
m borrowed plus the interest that was not paid when due and 

that, consequently, has accumulated-the interest is said to be compound. 
Simple inter~st is that payable as a charge on the original principal sum only. 
this type-o~ iñterest wilrñof6é. discússecnu-rUier oc:ca-usé-it is ·ñot -generany 
encounteredl in practice and its computation is direct. 
_ To illust~te the difference between simple and compound interest, con­

sider the rep\'aymenfoC$fO~OUO-at th-e en<fof-5--year·s for an 8 %-Toan-uñaer 

1
TABLE 2.1. Simple and Compound lnterest. 

1 8% SIMPLE INTEREST 

1 

lnterellt 
Amount Owed ar Owed ar End Amount Owed st 

~ear Beginning of Year of Year Endo!Year 

1, 
1 

$10.000 saoo $10.800 
"2 
1 

$10,800 s8oo $11,600 
3 $11,600 $800 612.400 
14 $12.400 $800 $13,200 
1 

5 - ~~ --- $13,200 $800 ~14.000 
1 ·- - -- --

8% COMPOUND INTEREST 

. \- .. ' 
_ lnterpllt_ _ __ 

Amount Owed ar Owed arEnd Amount O._;ed at 
Year Beginning of Year o!Yesr Endo!Yeor 

1 . 
l. 
1 $10.000 $800 $10.800 
2 $10.800 $864 $11.664 
3 $11.664 $933 $12.597 
4 $12.597 $1,008 $13.605 

1 

5 $13,605 
1 

$1,088 $14.693 

•' 

--l 
1 
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ca eh plan, as si\'cn in Table 2.1. Under thc 8% simple intercst plan, the 
intcrcst O\\cd at thc cnd of cach ycar is computed on thc $10,000 principal 
only a nd is a constan! SSOO. For th~ 8% compound intcrcst case, the interest 
is computcd on thc total amount (principal plus intercst) owcd at the end of 
thc pre' ious ycar. The amount increascs from $800 at the end ofthe first year 
to S I,OSS a t thc cnd of the fifth. Rounding off to the nearest dollar, the differ­
ence in cost to the borrower is $693 at the end of S ycars. This quantity is 
the amount the borrower pays for the use ofthe accumulated interest money 
throushout the duration of tbe piaD. 

2.3 CASH FLOW DIAGRAMS 

Because of interest, money has different value through time. This resu)ts in 
the concept that money has "time-value." Since most investment situations 
invol\'e disbursements and receipts of money through time, it is convenient 
to del·.clop_a_s.e_migra_pl:ti.~-ªl_meth_~ ªnal~is. _cashJlowJliagrams Pf-ºVide 
a rational, simple way ofshowing how money fiows through time. Figure 2.1 

FIGURE 2.1. Cash Flow Diagram. 

/ 

( +) Receipts 

!.:o:---+--+--t--+--+---+--+---11--__.., TIIT'I8 

(-) Oisbursements 

depicts a typicaJ cash flow diagram. PJotted along a time axis are both receipts 
(positive cash flow) and disbursements (negative cash flow). It is irreJevant on 
which side ofthe time axis they are plotted, however; in this book receipts wiU 
be plotted above -the-tirne axis and disbursements beJow it. 

It must be pointed out that the terms receipts and disbursements are 
relative as to who is receiving and paying out the money. The borrower•s 
receipt -is the Jender-·s disbursement and vice-versa. 

2.4 BASIC ASSUMPTION- IN INTEREST COMPUTAnONS-

For the purpose of alternative comparisons, it is weJJ to assume that cash 
disbursements and receipts occur only al the end of each time period (nor­
..,ally one year). More frequent cash movement introduces a slight error in 
:.e computations which is of little significance in performing the types or 

CHAP. 2 1 ECONOMIC CON' 'ATIONS 11 

analyscs of intcrest to planners. For example, alihough rcpaymcnt of princi­
pal and intcrcst (dcbt scrvicc) on improvcd rc3l cstate propcrty is normally 
done al thc cnd of each month, with a vcry small error and with much sim­
plification in the computations, the total for twelve months can be assumed 
to be repaid at the cnd of each year instcad. Normally, this practice pro\ides 
more than sufficicnt accuracy. 

2.5 DECIDJNG BETWEEN ALTERNATIVES 

Jt is aJways differences in cost or profit which are significant in seJecting be­
tween aJternatives. The concept of cost, or profit, must be related to specific 
alternatives in order to serve as a useful guide in business decision making. 
lt must be pointed out that, aJthough many data are irreducible to money 
terms, any final intelligent decision must give proper weight to the quantifi­
able factors as well asto the unquantifiable ones and, of course, the more one 
is abJc; to quantify the elements of a problem the more reliable the decisions 
-become.-Afieril~-ffie-objecfivéof ai1econom)i study is to estabfisha raiiOiiaJ 
base for selecting between alternatives, and any information which tends to 
~ari~~_!he c~~ices _Í!_~f _E~_r_l!_~ount i_l!lf'~rtance to the goal of such a s_tu_~y. . ------- - -

2.6 THE OUESTION OF JNCOME TAXES 

The studY. of taxation is a field all to ii'sdfllnd no attempt wiiJ be made here 
to become invoJved in such a complex subjcct. Before-tax computations wiO 
be the general method u sed for the purposes of this book. However, the ana­
Jyst must be totaJJy aware of the tax implications of each alternative under 
consideration; he should seek expert advice on these and other matters '\\hich 
couJd be ofvital importance to bis projects. 

2.7 METHODS_ OF ANALYSIS 

· Fout rnethods of ánafysis óf cash ftow-siruations wiJI be-discussed-ió dctail: 

t.- Present worth computationL 
2. Equivalent uniform annuaJ cash ftow. 
3. True rate of retum computationL 
4. Benefit-cost ratio. 

A11 ofthese methods serve to reduce money figures through tim..: toa common 
base for comparison purposes. However, before they can be sturu~ the 
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rcadcr must be totally familiar with the basic interest formulas and their use 
in spccific situations. 

-
2.8 INTER'EST-SYMBOLS ANO FORMULAS 

2.8.1 Symbola 

Five parameters appear in interest formulas and computations. They are: · 

l. i- the interest rate per period. 
2. n - the number of interest periods. 
3. P - a present su m of money. 
4. F- afurure sum of money. 
S. A - an annual payment (or a payment per period). 

These symbols are mnemonic-that is, they serve as memory aids-and for 
fl"iis- {easoñnavebe-enadoptedTór interestcomptitation~-

As will be seen later, in interest problems four of the .fi¡•e parameters 
__ i,_n,P, F, andA are always present and three of thefour must be known 
(given as datá);ine-obJecronne·probleiñ. is -~¡;·-compute thé missingTourtn -
para meter. 

An importan! comment must be made here; interest tables are conven­
tionally based u pon payments made at the end of each payment period and 
no/ at the beginning or anywhere in between. This characteristic of the for­
mulas will be clearly understood when they are derived. 

2.8.2 Formulas 

There are six basic interest formulas belonging to two separate categories: 
.· 

· - 1:--Siñgle Payment Formulas {
l. Compound Amount Factor. __ 
2. P¡:esent Worth Factor. · 

11. VnÍf9_!m_Series of Payments _··.:tomiiiJá.S ___ ~-- -
{

3. Sinking Fund Factor. 
.4._ C.ompg_ul19 Amount Factor. 
S. Capital Recovery Faétor:· 
6. Present Worth Factor •. 

2.8.2.1 Single Payment Formulas (1) 

As the name implies, a single disbursement and receipt, through time. is 
involved in each of these formulas. 

The cash flow diag~am (or the two formulas is given in Figure 2.2. 

J. C ·ound amount factor. What future su m of money F can be obtained 
from im-.J.mg P dollars toda y (al the end ofyear zero), at i% annual interest, 
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FIGURE 2.2. Cash Flow Diagram for Single Payment Formulas. 

F 

o 2 
n 

p -. 
for n years? Note that the four elements involved are: P, i, n, and f. Three 
are known: P, i, and n. The unknown F is computed thus, 

F = (F---+- P, i%, n)P. (2.1) 

Equation (2.1) is meant lo be read: F equals the compound amount factOII' 
(F--+ P, i%, n), multiplied by P. Note that the symbol for the compound 
amount factor is functional in that it shows F is to be computed given that 
---+-~ i-%,- and. n_are known..NumericaLvalues .of-the_compQ!l_n_q ªmQ~nj. 
factor are supplied in the tables of Appendix A. These values are tabulated 
under column one, headed (F- P) for interests i% varying from 1% to 50%, 

-and-for-number of interest. periods,_n,_vacyjng from. -1- to-50 in most cases.. 
The algebraic formula for the compound amount factor is computed as fol­
lows: If P dollars are invested at interest i, the interest for the first year is iP 
and the total amount at the end of the first year is , 

P + iP = P(l + t). (2.2} 

The second year the interest on this amount P(l + i) is iP(l + i) and the 
total amount accumulated at the end of the second year is 

P(l + z") + iP(l + l) = P(l + i)(l + i) 
= P(l + i)'. (2.3) 

Similarly, at the end of the third year the amount is P(l + i)'; at the end cfl 
- n years it is ~r·-t- i)". Consequeotly. - - --- - -- - .. 

(F---+- P, i% n) :- (1 + i)'. (2.4) 
.Example 1: L ... 

Mr. Jones deposits $3,000 in a savings account which pays 4% annual 
interest. How much money would he have accumu1ated at the end ofS 
years? 

Solotion: 

P.:_ $3,000; i% = 4%; n =S; F= 'l 

·>:- F = (F---+- P, 4 %. 5)3,000. 

From Table A-!J, 
(F-¿- P, 4%, S) = 1.2167. 



18 CHAP. ,ECONOMIC CONSIOtrUIONS 

Thereforc. 

F = 1.2167 X 3.000 = $31650. 

NoTE: For most computations. slide rule approximation p~ovides sufli· 
cient accuracy in comparing alternative planning investments. 

2. Prese11t worth factor.· The present worth factor is the reciproca! of the 
· compound amount factor. How much money. P. should be invested today (at 
the end of year zero), at i% annual interest. for n years to accumulate a future 
su m of money F? 

The functional relationship for present worth is 

P= (P-F, i%, n)F. (2.5) 

The algebraic equivalence of the functional formula for present worth is 
easily computed from the compound amount relationship. _, 

From equations (2.1) and (2.4). : : 

Therefor.. F (l r ~p: (2.6) 

p = [(1 ! i)"]F. (2.7) 

Numerical values for single payment present worth factors are given in 
column two of each table in Appendix A. 

Example 2: 

Mr. Smith determines that he will need $4.000, 10 years from today, to 
- help defray the cost of his eldest son's college education. How much 

money should he deposit now in a savings account paying 5% annual 
interest to accumulate the needed funds in JO years? 

SoJutJon: ·- ... 

F = $4,000; i% = S%; n = 10; Pes 7 

P = (P-'-+ F, 5%; 10)4000.. 

From Table A-JI. 

(P- F; S %,-10) = 0.6139. 

Therefore, 

P = 0.6139 X 4,000 = $2,456. 

2.8.2.2 Uniform Series of Payments Formulas (11) 

These formulas involve series of equal payments. 

3. Sinkingfundfactor. How much money A should be invested at the encl 
of each year, at i% for n years, to accumulate a stipulated future sum of 
money F? The cash tlow diagram for this situation is given in Figure 2.3. 

1 

f 

• 
1 
1 

1 

J 
• 
' 
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FIGURE 2.3. Cash Flow for a Sinking Fundl~ 

F 

0

1---+--l 1--t-i +-+-¡ 1---+---1 -+----11 I· 
A A A A A A A 

The functional relationship is 

A = (A~ F, i%, n)F. • (2.8} . 

The numerical values of the sinking fund factor (A - F, i%, n)' are giveD 
in column three of the tables in Appendix A. The algebraic formula for tbe 
sinking fund factor is obtained as follows: 

If A is invested at the end of each year for n years, the total amount F 
accumulated at the end of n years will obviously equal the sum of the com­
pound amounts of the individual investments. The amount A invested at tbe 
end-afthe first year_wiJLearn ioterest focn--:- l years; therefore, its com­
pound amount will be A(l + i)•- 1• The second year's investm-eñt w)Jl am-ount­
to A(l + 1)•-l al the end ofthe n- 2 years left. The third year•s investment 
will be- A(l + i)'!_, __ ands_o_o_n, JlntU the last year (the end _oj year n) in which 
the investment earns no interest and, consequently, amounts to onty A~- - ---
The total amount F is, therefore, · · 

F = A(1 + z')•- 1 + A(1 + i)-- 2 + A(l + •J:¿) + ··~ .. +A. (2.9) 
This can be rewritten, ~ "-· • 

F = A(l + (1 + 1') + (1 + 1')1 + .. · + (1 + i)'•-1 + (1 + 1')•-1). (2.10) 

Multiplying both sides by (1 + z'), obtain 
') 

F(1 + i) = A((l + 1') + (1 ~ z')1 + (1 + 1}' + . . . + (1 + i)--1 
+ (1 + 1)1. 

_Su_~tra~t equation (2_: 1_0) from equation (2.11), thua 

iF = A[(1 + i)• - 1). 

Consequently, 

Therefore, 

Examp1e3: 

' 

(2.11) 

(2.12) 

(2.1)) 

--Suppose that Mr. Sinith in ~Example 2 cannot afford to deposit $2.4~ 
toda y at 5% to accumulate $4,000 at the end of JO years. Instead, he wiste~ 
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to determine how much money he should deposit at the cnd of each year 
fvr 10 ycars to gcnerate the same $4,000 savings. 

Solutioo: 

F = $4,000; i% = S%, n = 10; A = 7 

A = (A - F, 5 %. 1 0)4,000. 

From Tab1e A-11, 

(A - F, 5 %. 1 O) = 0.07950. 

Therefore, 

A = 0.07950 x 4,000 = $318 per year. 

4. Compound amount factor. If A dollars are invested at i% for n years, 
how much money F will be accumulated during that period? 

F = (F-A, i%, n)A. (2.14) 

The algebraic value of the compound amount factor for a uniform series ot 
- pa)·ments is obtained -directJy-from equation-(2.12).- -- ------- --- ---

Sin ce 

thea 

and, therefore, 

(F- A, i%. n) = (1 + 'T - 1• 

.-. .. 

(2.15) 

The compound amount factor for a uniform series of payments is the recip­
roca] ofthe sinking fund factor. Jts numerical values are tabulated in column 
fhe ofthe tables in Appendix A. 

Example4: 

What sum of money will be generated by $1,000 invested at the end of 
each y~ar for 8 years in an investment yielding 6% return '1 

.~~ -

Solutioa: - ~ ·~ 

A= $1,000; i% = 6%; n = 8; F=? 

F = (F- A, 6%, 8)1,000. 

From TabJe A-So 
(F-A, 6%. 8) = 9.897. 

Therefore, 

F = 9.897 X 1,000 = $9.897. 
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5. Capital N!COI"er)' factor. lf P dollars are invcsted today at i%. lt~W 
many dollars, A, can be sccurcd at the end of each year for n ycars such that 
thc initial investmcnt, P, is dcpleted? The cash flow diagram for this plan is 
given in Figure 2.4. 

FIGURE 2.4. Cash flow for-Capital Recovery. 

A A A A A A A 

t t t t ·t t t !o 1 2 n 

p 
. . 

Note that capital recovery, as its name impli~. refers to the number of_ 
future equal end-of-the-year payments, A, needed to recover an initial in\'~­
ment, P, in n years at i%. The functional relationship is, 

----- ----.. --- A-=-tA~P,-;%;7r)P.--...- ·--

The algebraic formula for the capital recovery fáctor (A - P, i%, n) can be 
____ CQf11pl,lt~d_frorn _th_e__.§in_ki_ng fund r~Iati~n~!!_!_Il,_~~~ti~n (2.8), _as follows: 

A = (A - F, i%, n)F. (216) 

To reduce F to P, use the compound amount relation, equation (2.1), and 
~:·j~stitut~. it in the expression given above to obtain 

~ .• A = (A - F, i%, n)(F- P, i%, n)P. (2.17) 

Cons.equently, from equations (2.16) and (2.17). 

(A - P, i%, n) = (A --:-+ F, i%, n)(F- P, i%, n). . (2.18) 

The algebraic equivalenc~ is derived from equations (2.4) and (2.13) 

(A- P, i%, n) = [(1 + ·:)" _ 1](1 + i)", 
- - - -

or 

(A P "% ) i(l + •1' 
- - _--+ ,1 Ot n = (1 + ;r -1" {2:-19) 

This equation can also be ~xpressed as 

(A_ p i% n) = i + i(l + tr -1 
' o• (1 + if - 1 11 

- ,,. + (1 + i)'" - 1] 
- (1 + if -1 • 

(A - P, i%, n) = (l + :)" _ l + L (2.20). 
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E:-.prcssion (2.20) shows that the capital rccovery factor equals the sinking 
fund factor, equation (2.13) plus the interest rate. Thus, 

(A ----+ P, i%, n) = (A ----+ F, i%. n) + L (2.21) 

Numerical values of the capital recovery factor are given in column four oC 
the taóles in Appendix-A. 

Example 5: 

What shopld be the annual return from an investment of $10,000 at 4.5% 
for 15 years? 

Solution: 

P = $10,000; i% = 4.5%; n = 15; A== 7 

A= (A ----+P, 4.5%, 15)10,000. 

From Table A-10, 

(A ----+ P, 4.5 %, 1 S} = 0.09311. 
Therefore;-- -------------:---- --------- --------- ---------

A = 0.09311 x 10,000 = $931 per year. 

6. Present worrh factoL._JJQvv JllJ!ClLmoru:y E_shouldJ~~ invested today at 
i% to recover A dollars at the end of each year for n years7 -- ------------ -

P = (P----+ .A, i%. n)..t. (2.22) 

The present worth factor (P- A, i%, n) is the recJ}.ocal o( the capital 
recovery factor. Therefore, its algebraic formula is ¡¡: ,. -· 

(p A "% } (1 + i)-- 1 - 2.23) 
----+ , 1 o• n = i(l + iY' • · ( 

Equation (2.23) is the reciproca) of equation (2.19). Numerical yalues of 
(P- A, i%, n) are given in column six of the tables in Appendix A. 

Example 6: 

What amount P should be invested at 8-% to generate-a return of $1,000 
at the end of each year for the next 12 ycard 

Solution: ' -- - ----- - -- -· -

A = $1 ,000; i% = 8 %; n = 12; P = 7 

P = (P----+ A, 8%. 12)1,000. 

From Tab1c A-1 S, 

(P ----+ A, 8%. 12) = 7.536. 

Thererore, 

P = 7.536 X 1,000 = $7,536. 

r 
1 . 
t 
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2.8.3 Summary, of Jnterest F.actorg 

1. Single Payment Compound AmO!JJ1l Factor 

(F----+ P, i%, n) = (J + íf. 
2. Single Paymcnt Present Worth.Factor 

(P----+ F, 1%, n) = (1 ! íJ'" 

3. Series of Payments Sinking Fund Factor 

(A----+ F, i%, n) = (1 + 1~ _ l" 

4. Series of Payments Compound Amount Factor 
• 

(F----+ A i% n) - (l + ,-y-- 1 •o•- 1 • 

s-. ·Series -of Payments-tapital-R-ecovery-Factor 

CA ----+ P, i%, n) ~ i(1 ¿- '~ = ~ + 1. 
·- - - - - - - _(l __ ±_Q'_-::__! -- ~1 + t)"_ :-: • . -

6. Series of Payments Present Worth Factor 

2.8.4 Relationship Between lnterest Factora 

1 ,) ' 
l. (F-+P, i%, n} = (P .• 

-+ F, '%. n} _. _ 

2. (A -+ F, 1%, n) = (F 1 .• 
_ . _ _ _ ____ _ ----+A, •%. n)--

3. (A -+ P, i%, n) = (P 1 .• 
-+A, 1%,n) 

4. (A -+ P, i%, n) = (A-+ F, i%;-n) + L 

-2.8.5 Other lnterest Formulas 

(2.24) 

(2.25) 

• 
(226) 

{227) 

{2.28) 

{2.29) 

(2.30) 

(2.31) 

,(2.32) 

(2.33). 

~lthough other int~rest f~rmu]as can be just as easily derived, they are not u 
1m~ortant ~s the s1x bas1c f~rmulas already giveo. Formulas for gradient 
senes, contmuous compoundmg, and so on, as well as numerical tables for 
many of them, can be found in the referenc:es. 
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2.9 NOMINAL ANO EFFECTIVE RATES OF JNTEREST 

Suppose that interest is compounded more frequently than on-ce per";)'ear. 
Many banks, for instance, coínpound interest quarterly or even more fre­
qucntly _91} their savings accounts. The more frequent the compounding_, the 
higher tfie yield of a specificd interest rate. . _ -

Let interest be compounded m times per year at a rate i/m per compound· 
ing period. 

The nominal rate per year is 
' 

m(~)= l. (2.34) 

r 
f 

i 
1 
! . 

The etrective rate per year ia . 

(1 + ~r -1. (2.35) 1 
Formula (2.35) simply states that the etrective interest per unit (dallar) is the 
compound amount-at the end of m periods per year, minus the-initial-invest• -' t. 
ment of one unit (dallar). 

·jng~c~~~v:~~~;_o~~~-~~-ra~e i = 0.12 (12% annual interest) has the followa _ 

J. Compounded annually, 

Effective Rate = 0.12 

2. Compounded semiannually, 

Etrective Rate = (1 + 0i 2Y- 1 '0.1~6 
3. Compounded monthly, 

Effective Rate = (t + 0¡~2r1

- 1 = 0.1268 

2.10 PROCEDURE FOR FINDING AN UNKNOWN RATE OF INTEREST 

Beca use interest formulas are nonlinear, the most efficient method foifinding 
an unkno-wn rate ofinterest is by trial and error, using the tables of Appendix 
A and linearly interpolating between values. The interpolation produces an 
error which is negligible for most applications. 

Example 7: 

A company invested $10,000 in a piece of property 15 years ago. Today 
the company sold the property for $22,000. What is the return on the 
SJO,OOO investment? 

J 

1 
1 
1 
t 

' 
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Solution: 

P = $10,000; F= $22,000; n = 15; i% = 'l 
By interpolation: 

F = (F--+ P, i%, JS)P, 

or, 

22,000 = (F--+ P, i%, 15)10,000. 

Consequently, 

(F--+ P, i%, 1 5) = ~~:: = 2.2000. 

Looking through the tables one finds: 

(F-P, S%, 15) = 2.0789, from Table A.ll. 

(F- P, S. S%. 1 5) ~ 2.2325, from Table A.l2. 
-; 

Col!s~gu_e_n!l!'• ~-y i_~t_er~~!at!IJ~-- _ ~ 

.% _:_ 5% + (2.2ooo- 2.o1s9)o S% 1 
o o 2.2325 - 2.0789 . Ot 

i% ~-S%-+ ();-395-%-= -5:39% return.· 

Exact Solution: 

Therefoie, 

(F- P, i%, 15) =-(1 + 1)15 = 2.2000. 
~ , . 

J +i= 1W2. 
i= 1-Vfl -l. 

Using Jogarithms, fine! 

i% = 5.397%­

The error is.- in fact, negtigible. - -

2.11 ADOITIONAL -EX-AMPLES -OF APPLICATION 

• 

Jt is well to repeat here three important observations made previously: 

1. In each problem four of the five elements P, F, A, i, and n appear. 
Three of the four must be known (must be given as data). 

2. Interest formulas and their associated tables are based upon pay­
ments made at the end of each payment period. 

3. Slide rule accuracy is sufficient he re for most applications r interest. 
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E:\.:unple 8: 

lf S-t,OOO is imcstcd now, $5,000 two years hence, and $10,000 four years 
hence, all at 5% intcrcst, what will be the total accumulated amount 12 
years from today'l 

Solution: 

The cash flow dia&ram for this prob1em is 

F 

o 2 3 4 5 6 7 8 9 10 11 12 
r--+--~~---r--+-~--~--r--+--4-~r-~ 

$4,000 
$5,000 

$10,000 

- --------------
To compute F, note that -the compi:ninaamount factor musti1e applied lo 
the different deposits for different numbers ofyears. Thus, 

-
-------------F= lf-+ P, 5%,-12)4;000+ (F -+.E.-5-Y--l9)~,Q<l0 _ 

+ (F-- P, S%. 8) 10,000. 

From Table A-11. J, 

F = 1.7959 X 4,000 + 1.6289 X 5,000 + r~ZJ~. X 10.000, 

F= $30,100. 

Example 9: 

What is the compound amount of $6.000 for 7 years with interest at 8% 
compounded quarterly? • 

F 

o , 2 3 4 5 6 "7 

$6,000 

Solutlon: 

Because the interest is compounded quarterly (four times per year), the 
effective interest for a nominal 8% per year is equiva~nt to 2% per period 
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(quartcr) for 28 pcriods (7 years). Thcrefore, 

p = $6,000; {% = 2%; n = 28;·F== '1 
F= (F; P. 2-Vo, 28)6,000 = 1.7410 x 6,000 = $10,446. 

Example 10: 

Compute the present WCft-h of $2,000 at the cnd of each 6-year period for 
the next 18 years if interest is at 6%-

Solution: 

$2,000 $2,000 $2.00()-

t t t 
• 

o 
1 1 1 1 1 1 1 

! 
1 1 1 

6 12 18 

' p 11 

p ::, -~.()_QO[(P--+ F, 6%, 6) + (P --+ F, 6 %, 12) + (P--+ F, 6 %. 18)] 
- -- - --- --~- --- -- - - --------

= 2,000[0.7050 ;-t- 0.4970 + 0.3503) = $3,100. 

_ __ Example 11: 

How long will-i~ ~k~J~;-~o--;,-ey to doul:ie-itself-~ith interest at 6%? 

Solution: 
F=2P 

o 
n .. 

p 

-Froin the 6% interest-table, find that for n = 11, 

(F ~ P, 6%, 11) = 1.8983. 

For 1t = 12. 
(F~P. 6%, 12) == 2.0122. 

Therefore, it takes, approximately. 

(
2.0000 - 1.8983) 

n::: 11 + 2.0122- 1.8983 1 = 11.89 yean 

for money to double itself at 6% intc..est. 
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Example 12: 

How much must be paid each year during 10 years to repay a loan of 
S 15,000 if intcrest is 8%? 

Solulión: -

Examp1e 13: 

P = $15,000; i% = 8%; n = 10; A= ? 

A= (A---+ P, 8%, JO) 15,000 

= 0.14903 x 15,000 ~ $2,240 per year. 

How much would still be owed after the sixth payment has bcen made on 
the loan of Example 12? 

$2,2"40 - - -- - $2,2-4Q_ 

Solution: 

Immediately after the sixth payment has been made, there are still four 
~ more 'payments to make. The question could be:Jephrased: What is the 

present worth (at the end of year 6), P 6 , of four annual payments of $2,240 
a t 8% interest? 

P6 = (P---+ A, 8%. 4)2,240 

= 3.312 X 2240 = $7,400. 

This shows that during the first six years only $7,600 was amortized. The 
rest of the.money went to pay the interest. _ 

Example 14: 

An in~estment of $100,000 produces a return of $14,000 per year for 1-6 
years .. What is this investment's approximate rate of retum? 

Solution: 

P = $100,000; A = $14,000; n = 16; i% = ? 

100,000 = (P---+ A, i%, 16)14,000. 

Therefore, 

(P---+ A, i%, 16) = \~~ = 7.14. 
• 
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Sean the tables in Appendix A for a series of paymcnts prcsent worth 
factor of 7.14 in 16 years. 

For i = 10% (P---+ A, 10%, 16) = 7.824. 

For i = 12% (P---+ A, 12%, 16) = 6.974. 

By interpolation, 

i% ~ 10~ + (~::~ = ¿:~j)2% = 11.6% 

2.12 PRESENT WORTH COMPUTATIONS 

Proposed investments are feasiblc only if they can be recovered with interest. 
The interest rate should be at least as large as that which is attractive to the 
investor under the particular set of circumstances. In what follows this 
interest will be ealled the attractive rate of retum. 

-----T-he first methgd--t<>- be discussed for comparing __ ªjt_er_natiye _i_l!Y.~tment _ 
situations consists of r_educing series of estimated money receipts and dis­
bursements to their present worth as of the zero date of the series being 

-compared: - - _ _ __ _ __ _ 

Because first costs are already at zero date, no interest factors need be 
applied to them. In a cost situation, present worth of salvage values must be 
subtracted to obtain the present worth of the net disbursements. Present 
worth computa-tions also serve to place a value on prospective net money 
receipts and, as will be shown later, are used to compute true rates ofretum. 

In accounting circles, reduction to present worth is called discounting. 

Example 15: 

An architect is faced with the following altematives for providing on-site 
power generation to a hospital: 

Alternative A -
l. Purchase equipment to supply an expanded 500-bed hospital facility 

ata cost of $250,000. 
-2.- The expected Iife ofthe equ_ipment is 25 years with zero salvage value. 
3. Maintenance and operating costs are estimated at $30,000 per year. 

Alternatil•e B 
l. Purchase equipment package No. 1 today ata cost of $150,000 to 

supply the needs of a 250-bed facility. 
2. Ten years hence, buy equipment package No. 2 atan estimated cost 

of $200,000 to supply the hospital facility expanded to 500 beds. 
3. The expected life of each equipment package is 25 years. However, 

equipment 15 years old can be sold at an estimated price of $50,000 . 
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4. Maintenance and opcrating costs are estimated at $18,000 per year 
for cach cquipment package. 

The architect wishcs to select the least costly alternative assuming a mini­
mum attractive rate of return of 8% per annum. 

Solutioo: 

The cash flow diagrams for each alternative are given below: 

o 1 2 25 

l
(ill _______________ f[} 
. $30,000 per year 

$250,000 ' 

$150,000 

ALTERNATIVE A 

$36,000 per year 
$200,000 

ALTERNATIVE B 

$50,000 

The computations of present worth (P.W.) are carried out as follows: 

Alternativa A 
lnitiallnvestrnent = $250,000 
P.W. of Annual Disb., years 1 to 25 

e 30,000(P -o A, 8%, 25) = 30,000(10.675) "' $320,000 
Total P.W. = $570,000 

Alternativa B 
lmtiallnvestment "' 8150,000 
P.W. -of Annual Drsb. of $18,000, years 1 to 10 

= 18.000(P -o A, 8%. 10) = 18,000(6.710) • 6121.000 
P.W. of S200,000, 10 years hence 

e 200,000(P - F. 8%. 1 O) = 200,000(0.4632) ,. $ 92,600 
P.W. of Annual Disb. of $36,000, years 11 to 25 

= 36.000(P -o A, 8%, 15)(P -o F. 8~. 10) 
= 36,000(8.559)(0.4632) .. $143,000 

Total P.W. ,. $506,600 

Less P.W.of salvage value .' 
= 50,000(P-+ F, 8%, 25) = 50,000(0.1460) ,. $ 7,300 

P.W. of Net Disbursements .. $499,300 
Consequently, Alternauve B is more economical. 
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Commcnt on Example 15: 

1. 1t was previously stated that in computing prcsent worth it is neces­
sary to establish the attractivc ratc of return. This is the rate at which 
money could be profitably invcsted in an alternate vcnture. Nato­
rally, this rate should not be less than the cost of borrowed money 
and, in general, should be higher. 

2. Under Plan B, the reduction to present worth of the $36,000 annuat 
disbursement from years JI to 25 was accomplishcd as follows: 
a. First, the series was reduced to P.W. at year 10 

= 36,000(P-- A, 8%, 15) = PIO" . 
b. Then this sum of money at year JO was reduced to present 

worth at year zero 

= P10(P-- F, 8%, 10) = $143,000. 

c. Th~t calculation was performed in one operation, thus 

36,000(P ___ A, 8 %, 1 S)(P-- F, 8%. 10) 

= 36;000(8.559)(0.4632:) -= $+43,000. 

2.12.1 Alternatives with ~erpetualllves 

There are cases wheñ a present worth study must be done for an alternative 
with a long service life (50 years or more) or for one with a perpetua] period 
of service. Economy studies are, in general, not sensitive to cash flow in the 
distant future, unless the interest rate is very Iow. For example, the present 
worth of one dollar 50 years hence at 4% interest is only fourteen cents. Al 
8% interest, it is only two cents. Present worth computed for a perpetual. 
period is called capitalized costs. Capitalized costs are simply annual costs 
divided by the interest rate. 

Example 16: 

What is the present worth of an annual receipt of $450, forever, if the 
attractive-rate ofreturn is 8%? -

Solutioo: 

Th·e-question can-be rephrased as.follows: How much money P should be 
invested at 8% to yield annual receipts of $450 without ever touching the 
principal (that is, forever)? 
The solution is obvious. 

0.08P = 450. 

That is, 8% of P must equal $450 each year. Thus, 

450 
p = 0.08 = $5,620. 

Jf $5,620 is deposited :n a savin&s a eco u m p3ying 3% annuai inten!st, 
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$~50 c;:m be withdrawn every year. forever, without deplcting the original 
amount. Consequcntly, the present worth of $450 annually, in perpetuity, 
is $5,620 at 8 %-
Example 17: 

Det~'r~ine the-difference in present worth of the following two plans. 

- -- ---- -- -Solutioo: 

lnitial Cost 
Annual Cost 
Service Ufe 
lnterest Rata 

Plan e 

Plan D 

e $50,000 
= $ 2.000 
= 25 years 
= 0.08 

Assume that Plan C will contonue in perpetuity-that is, every 25 
years there will be an onvestment of S50.000 and the annual costa 
will remaon at $2,000, forever. 

Plan e 
1 nitial Cost 
P.W. of Annual Disb., years 1 to 25 

= 2.000(P --+ A. 8%, 25) = 2.000(1 0.675) 
Total P.W. 

Plan D 

lnitial Cost 
P.W. of Annual Disb., forevar 

= 2,000 + 0.08 
P.W. of 50,000 every 25 years, forever 

= 50.000(A --+ F, 8%. 25) + 0.08 
= 50,000(0.01368) + 0.08 

Total P.W. 

-, 
------ -'"'"------- ----
= $50.000 

=~ 
= $71.400 

e $50,000 

e $25,000 

e$ 8,550 
$83,550 

Comment on Example 17: 

L _T~e present wo~th of $50,000 _every_ 25 years, for~ver,_js CQJ!IP~Je4 
as_follows 
a. 

o 
1 

75 
1> 

25 50 

r 1 r 
$50,000 $50.000 $50,000 

r· ·t, reduce the $50,000 toan equivalent annual cost by multiplying 

., 
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it by the sinking fund factor for each 25-year period, 

A = $50,000 (A -~>- F, 8 %. 25). . -- - -

b. 
o 25 50 75 Ir 

. l __ fll_lfl_IIIIIJ 
A 

Now that the equivalent annual cost to a $50,000 disbursement 
every 25 years has been computed, di' id e that annual cost by the 
interest rate, as in Example 16, to obtain 

P.W. $50,000 (A -+ F, 8%. 25) -:- 0.08 = $8,550 

2. Plan D is, in fact, a perpetually cycling Plan C. The difference in pres­
ent worth between the two plans is $12,15~an increase of only 
17% between 25 years of life and perpetua) service. 

2.12.2 Alternativas with Different Lives 

__ Jn order_to_providc; ~!1 unJ:>~~~d __ ~oml'_arison bet~een _alternatives with differ- _ 
ent Iives, it is necessary to transform them, somehow, into altemative plans 
supplying the needed service for the same number of years. 

Because distant disbursements and receipts have little effect upon present 
worth computationli at normal interest charges (4% or higher): a convenient 
simple assumption to make is that replacement assets will repeat the costs 
forecasted for the initial assets. 

Example 18: 

Compare the following plans at 6% interest. 

Solutioa: 

Plan E· 

lnitial Equipmen_t_Cost 
Annual Cost of Oper. So. Meint. 
Seniice Ufa 
Salvage Velue 

PlanF 

lnitial Equi~ment Cost 
Annual Cost of Oper. So. Maint. 
Service Ufe 
Salvage Velua 

"' $50.000 
.. $ 3.000 
"'25 yeans 
= $10.000 

.. $75,000 

"' $ 2.500 
"' 50 yeara 
•O 

The first step is to make the service life of Plan E 50 years by assuming 
that the costs will be repeated during the second 25-yea ~le. Thus thc 
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cash ftow diagram for Plan E becomes 

$10,000 $10,000 

$3,000 per yeor $3,000 per year 

$50,000 $50,000 

Plan E 
lnitial Cost 
P.W. of Annual Disb. years 1 to 60 

= 3.000(P--+ A. 6%, 50) e 3,000(15.762) 
P.W. of Net Cost 25 years hence 

= (5Q,OOO- 10,000)(P--+ F. 6%, 25) 
= 40,000(0.233) 

Total P.W. 
-- ---- -~ -- ---- -- ---Leu P-!N: ot-salvage Value 50 vears hence 

= $50.000 

"'$47,300 

"'. 9.300 
.. $106,600 

= 10,000(P--+ F, 6%, 50) e 10,000(0.0543) = 8 540 
P.W. of Net Disbursements = $106,060 

Plan F 
lnitial Cost 
P.W. of Annual Disb., years 1 to 50 

= 2,500(P --+A. 6%, 50) = 2,500(15.762) 
Total P.W. 

• 75,000 

.. $ 39,400 
= $114,400 

On the surface, Plan E is more economical; howe\'er, there are additional 
considerations: 

1. The cost of the equipment 25 years hence for Plan E may be much 
higher than the $50,000 assumed. 

2. On the other hand, technological breakthroughs may make the 
__ present equipm~_nt less desirable or obsolete and, consequently, the 

shorter Jife of Plan E may turn out to be a bl~sing in disguise. 

Considerations such as these fall in the realm of unquantifiable factors. 
The function of management is to make the right decision after having­
looked into the hard figures as well as the imponderables. Long-range 
planning results in economical decisions when the forecasts for company 
growth and other factors are essentially correct. Being a good manager 
(decision maker) is a very difficult, demandiog task. 

2.12.3 A Warning About Present Worth Computations 

Although municipal engineers and other professionals involved in public 
works projects have used capitalized costs for many )e•us (long-lived struc-
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' 
turcs), a common error in prescnt worth computations is that of assuming 
a perpetua! life whcn the situation is 'otherwise. Also, intcrcst rates used in 
prcsent worth computations are frequently too low and do not reftect the 
true cost of money. 

2.12.4 Éstablishing Bond Valuation1r-

Suppose that a 4%. $15,000 government bond is due after 20 years. The bond 
ca lis for a semiannual payment of $300 and of $1 5,000 at the end of the 2~ 
year period. If the bond is to be valued to yield a nominal 6% comP.ounded 
semiannually, what should its purchase price be? The value of the bond is 
the present worth of the interest payments of $300 every six months plus the 
principal payment of $15,000, 20 years from toda y, at 3% interest per six­
month period (6% annual interest). 

! -

: P.W. of semiannual payments, periods 1 to 40 

\ 

= 300(P--+ A. 3%, 40) = 300(23.115) 
~-- -- - P.W. of prinL1pal payméñt -- - -- -~? 

= 15,000(P ---o F. 3%, 40) = 15,000(0.3066) 
Value of bond to v•eld a nominal 
6% compou~_(le~ !~!'li~ni!Y_ally 

.. • 6,934.50 

e$ 4,599.00 
= $11,533.50 

The effect of bond ownership on the payment of income laxes should be 
carefully studied. Publjshed tables of bond values give the relationship 
between price and yield for bonds with severa) coupon rates and years to 
maturity. 

2.13 EOUIVALENT UNIFORM ANNUAL CASH FLOW 

The second procedure to be discussed for comparing cash fiow through time 
is the so-called ~q!!ivalent uniform annual cash fiow method. Nonuniform 
series of money receipts and disbursements are transformed into equivalent 
uniform series by applying the proper compound interest factors. . 

Once the present -.yorth of an investment plan has bc;en .;:omputed, i1s 
equivalent annual cash ftow value can be obtained immediately by multiply­
ing the present worth by the capital recovery factor. By the same token. 
equivalent uniform annual cash flow can be converted to present worth by 
multiplying the present worth by the capital recovery factor. Whichever alter­
native is favored by one of the methods must also be favored by the other, 
and in the same proportion. 

Example 19: ----
What are the equivalent uniform annual cash ftows of the plans given in 
Example 18? 



36 CHAP. 2 1 ECONOMIC CONSIDERATIONS 

Solution: 

The equivalent uniform ann.l.!ªl costs can be computed from the present 
worths. · 

i = 0.06, n :: 50 years 
P.W. of Plan E 

Plan E 

Equivalent Uniform Annual Cost 
= 106.060(A-+ P. 6%, 50) 
= 1 06,060(0.06344) 

i = 0.06, n = 50 yeara 
P.W. of Plan F 

Plan F 

Equivalent Uniform Annual Cost 
= 114,400(A -+ P. 6%. 50) 
= 114.400(0.06344) 

= $106.060. 

= $6,720 per year. 

= $114,400. \ 

= $7,250 per year. 

The equivalent-unif~r-m -a-~-;;-~~costs ~an also ·¡,e -co-mputed directly from 
the data. The different service lives of Plan E (25 years) and Plan F (SO 
years) no Ionger have_t_o_Q_~_m_ªde th~ s_am~_wh_en using the equival~_I!_t_ 
annual cash flow method. However, the assumption is implied that the 
annual cost of service for the shorter Iived alternative will continue the 
same for the additional number of years of service provided by the Jonger 
Jived alternative. 

Plan E 

EqUivalent Annual Cost of lnitial Cost 
= 50.000(A -+ P. 6%, 25) = 50,000(0.07823) = &3.900 

Annual D1sbursements. years 1 to 25 = 63,000 
Less EqUivalent Annual Cost of Salvage Value, 25 years hence 

= 10,000(A-+ F. 6%. 25) = 10,000(0.01823) = $-180 • 
Equivalent Uniform Annual Cost e $6,720 

Plan F 

EqUivalent Annual Cost of lnitial Cost 
= 75,000(A -+P. 6%,-50) = 75,000(0.6344) 

Annual D1sbursements. years 1 to 50 
Equivalent Uniform Annusl Cost 

Commeot oo Example 19: 

e $4,750 
= &2.500 

&7.250 

l. The equivalent uniform annual costs computed both ways are tbe 
same, as should be expected. · 

2. Only capital costs rcquire conversion to uniform series by the appra¡ 
priate compound interest factors. • 

3. I• ansforming the salvage value to equivalent uniform annual 
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receipts for Plan E, the sinking fund factor was used because the 
salvage value occurs in the furure. Severa) formulas for reducing 
salvage values can be derived; howeve~._!~e_ method used in ExaJtJple 
19 is a~equate and is the one adopted for future computations. 

2_.13.1_ Difference in Annual Cost B_!!~ween 1~~~ life and Perpetuallife 

As the number of years, n, increases, the capital recovery factor (A -- P, 
i%, n) approaches the interest rate i. 

From Equation (2.20), 

(A - P, i%, n) = (l + :). _ l + i. 
Therefore, 

lim(A - P, i%, n) = i (2.36) 

because the denominator of the fraction increases without bound, tbus 
- making the-f-raction .. vanish in the limiL ______ -- --- - -- -- -~- -- _____ _ 

For example, 

(A- P,.6%, 100) = 0.06018:::::0.06 =l. 

-- 'ftíis-conc!udes th~ discussion of the second meTh-od p-resénted-for~~mp~~ing 
alternative cash flows. 

2.14 TRUE RATE OF RETURN COMPUTATIONS 

The true rate of return of an investment is the interest rate at which the 
present worth ofthe net cash flow is zero. It is determined by using trial-and­
error computations. Straight line interpolation between tabulated rates of 
interest is considered to give enough accuracy for most applications of inter­
esL 

Cash flow analyse-s ofthe type being discussed in this book make miu:i- -
agement aware of the economic value of time; money toda y is more valuable 
than money in the distant future. It also makes management cognizant ofthe 

-fact that in business shl:iations cash- flow is--what rñattérs aiui thaÍ incomé 
taxes, their amount and timing, play an important role in business decisions 
for they have a very marked effect upon cash flow. 

Example lO: 

A paree! of land was bought 20 years ago for $20,000 and sold today for 
$55,000. Through the years the average property tax paid annually 
amounts to $600. What is the true rate of return yielded by this invest­
ment? 
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Solutioa: 

The cash flow diagram is 

$55,000 

o 

$600 per year 

$20,000 

The true rate of return is determined by tria) and error, as foJiows: 

For i = 0.03 (3% interest) · 

lnitial lnvestment 
P.W. of $600 Annual Disb •• years 1 tq 20 
--= 600(P-- .A;--3%;-20-)- = 600(1"4.8-n) 

P. W. of Disbursemenn \ 
P.W. of S55.000 receipt 20 years hence 

_ __ = 55,000(P - F. 3~. 2º) = ~5.000(0.5537) 
P.W of Receipt• ----- -· ---

P.W. of Net Cash Flow = +30,400- 28.930 

= $-20.000 

.. '•8,93o-­

.. $-28,930 

= $+3.0.400 
.. $+30.400 
.. $ +1,470 

Beca use the P.W. ofthe net cash ftow turned out to be positive the interest 
rate must be higher. 

Try i = 0.035 (3.5% interest) 

lnitial lnvestment 
P.W. of S600 Annual Disb., years 1 to 20 

= 600(P- A, 3.5%, 20) = 600(14.212) 
P. W. of Disbursemenl8 

P.W. of S55.000 receipt 20 years hence 
e 55,000(P -o F. 3.5%. 20) = 55,000(0.5026) 

P. W. of Receipu 
P.W. of Net Cash Flow .. +27,600- 28,540 

'"S-20,000 

•• -8.540 
= $-28,540 

- $+27,600 
- $+27,600 
•• ¡ -940 

The P.W. ofthe net cash flow is now negative. This indicates that the true 
rate of return is between 3% and 3.5%. From a linear interpolation (Sec 
Figure 2.5), find · 

i% = 3% + C.4ia4:o940)o.5% = 3.3%-

Thus, the true rate or return from thís land investment is a modest 3.3%. 
The linear ínterpolatíon is usually val id to the nearest tenth of a percenL 
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FIGURE 2.5 Linear lnterpolation to Determine Tr¡¡e Rata of Return. 

P.W. 

/ True rote of return 

or-------~--~~r--~3,s~·~~------~i% 

2.14.1 Equivalent Uniform Annual Cash Flow Methocl 
• 

Equivalent uniform annual cash ftow can be used to compute the true ratc of 
return. The definition which applies to this method is: True rate ofreturn is 
the interest rate at which the equivalent uniform annual net cash ftow is zero. 
Whiche\ er method is used, the results will be identical (except for round-off 

error1 .. --·- - ------ ---------------e----- ----- -·- - -

The rate of return computation is given different na mes by different ana-
Jysts: discounted cash ftow method, investors method, interest rate or retum, 
P!Qfi~bi_Uty index, and SQ on. _A JI of them fo!lo'Y J_h~ ~ª-~-e basic procedure. 
However, the reader is warned to look out for many incorrect-sometimes 
deceivingly so-methods of computing so-called rates of retum. 

2.14.2 Alternativas with Different Uves 

As in the case of present worth computations, the lives of the competing 
alternatives must be equalized, as expJained previously, before computing 
their true rates ofretum. . 

Example 21: 

Table 2-2 shows receipts and disbursements on income property from the 

TABf.E 2.2. Cash Flow of lncome Propertr- · 

Yesr Disbursemenu Receipts Ner Cssh Flow 

o .s-19.ooa-- -- o- - -- $-19.000 , -2.000 • +2,500 +500 
2 -1,500 +2.500 +1.000 
3 -1,200 +2,800 +1.600 
4 -1.800 +2.800 +1.000 
5 -800 +3.000 +2.200 
6 -1.200 +3,000 +1.000 
7 -1,700 +3,200 +1,500 
8 -2.000 +27.000 +25.000 -1-- $+15.600 --. --
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time it was bough t to its sale 8 ycárs la ter. Compute the rate of return on 
the investment. 

Solution: 

Note .that the su m of column four in Table 2.2 is $15,600. This is the pres­
ent -,~.~d~th of the net cash flow at O% interestr Only -if this column yields 
a positi~e value has the investment been profitable. In fact, ifthe net cash 
flow column summed to zero the investment would have yielded a zero 
rate of return. To determine the true rate of return, set up the following 
table for the trial-and-error computations: 

Year Net Cash Flow (P -F.B'Jb.n) P.W. atB% (P-F.10%,n) P.W. at 10% 

o S-19.000 1.0000 $-19,000 1.0000 $-19,000 
t +500 0.9259 +460 0.9091 +450 
2 +1.000 0.8573 +860 0.8264 +830 
3 +1.600 0.7938 +1.270 0.7513 +1,200 

-- -4- +1;000-- 0.7350-- ----- +749-1- ---0.6830 -- -- - ---+680 ---

5 +2.200 0.6808 +1,500 0.6209 +1,370 
6 +1.800 0.6302 +1,130 0.5645 +1,020 
7 +1.500 0.5835 +880 0.5132 - ___ +]}_O ___ 

-á-- --- ------- -----0.4665. +11.700 +25.000 0.5403 +13,500 
$+15,600 S +1,340 $ -980 

_ Therefore, the rate ofreturn = 8% + {¡,
3
1¿3..:.0

980
)2% = 9.1% 

2.15 BENEFIT-COST RATIO 

The fourth and final method of alternative evaluation discussed in this book 
is the benefit-cost ratio. This approach was born out of the. Flood Control 
Act of 1936 which stipulates lhat "oenefits to whom-soever they may accnie" 
should exceed "estimated costs." Identical conclusions concerning the worthi- . 
ness of alternative investment plans are reached with the benefit-cost ratio as 
with present worth, equivalent unifo-rm-ánnual cash flow, or rate ofreiiirri- · 
computations. 

2.15.1 Calculation of Benefit Costa 

Let B = Benefits, 
D = Disbenefits, 

and e = Costs. 
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Then the stipulation that B- (C.+ D) >O is also expressible B- D/C 
> 1. However, in the ratio computation it makes a great deal of differencc 
whetherati item is classificd as a disbenefit oras a cost. In the first case, the 
item is subtracted from the benefit figure on the numerator; in the second, ii1 
is added to the cost figure in the denominator. This same consideration docs 
not aífecTthe difference approach to benefit cost. The benefiC:tost computa­
tions yield the same results whether they are obtained from present wortb 
or from equivalent uniform annual values. 

Example 2l: 

Considera public works project with estimated benefits of $1,600,000 and 
costs of $650,000. In addition, assume that there exists an adverse ítem 
valued at $200,000. Then, 

B- (e+ D) = 1,600,000 - (650,000 + 200,000) 

= $750,000 

V{l")~ther or:_f!O! _t~e adv~rs_~ it~!!!_ ts ~o_nsi_dered a C?St or ~ d_!sben~fi_t. _<;_>n tbe 
other hand, for the ratio computation: 

• 
J , _ _A~_l!_ll_!_e_that the $200,QOO_is_ a cost, then 

.!!.. - 1 ,600,000 = J 88 e - s5o,ooo · · 

- ------

2. If the $200,000 is assumed .to be a disbenefit, obtain 

B- D _ 1,600,000- 200,000 = 2.15 
e - 650,000 • 

'- -

The project appears to have oiifferent merits according to which decision 
is made. The benefit-cost ratio can also lead to incorrect, even catastro­
phic, conclusions when used improperly or in situations where it is nat 
relevant, such as in warfare, countless social problems, and many ousiness 
situations. 

Example 23: 

A municipality is studying the V!_ortbtness of constructing a large airport 
- facility. fhe estimated cost of all improvements k $35~000,000, to be 

financed with sales taxes and through landing fees and other income 
generated by the airport. The municipality plans to float a $35,000,000. 
5% bond issue payable, with interest, during the life ofthe facility. Benefits 
to the community are in the form of increased tourism, industrial expan­
sion, business upturn, and other intangibles which have been estimated to 
generate an increase in income of approximately $4,000,000 per year, in 
perpetuity. The decision makers decide to use the benefit-cost ratio, based 
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on present worth computations al S% interest, to evaluate the proposed 
plan. 

P.W. ol Benefils, in perpetulty 
.. 4,000,000 + 0.05 

P.W. of Costa 

Benelit-Cost Rat10 ., 80·000·000 • 2.28 
35,000,000 

.. $80,000,000 

.. $35,000,000 

This ratio is excellent provided that the municipal government does not 
overextend itself to the detriment of other programs such as education, 
transportation, law enforcement, sanitation, and other vital services. 

The referentes cited at the end of the chapter are excellent sources of ad­
ditional information to the reader interested in pursuing further the topics 
discussed. 

-EXERCISES--- ---- ---- ~ --~---- ___ .__-. . 

2-J._\\'hat is the eff(:~¿t_iv_~_J"_a_te ºf_ a __ nominal 8% annual interest paid 
a. --semiannually? · . ---- -- - -------:-

b. quarterly? '·· 
c. monthly? 

2-2. If $2,500 is deposited in a savings account on December 31, 1971, 
how much money would have accumulated by December 31, 198S, 
if interest is 5% compounded semiannually? _ 

2-3. How much would ha ve to be invested at 8% today to recover 
$20,000 six years hence? 

2-4. What should the quarterly notes be on a loan of $8,000 to be repaid 
in S years ata nominal 8% annual interest? 

2-S. Mr. Smith wants to subscribe toa savings plan returning 6% annual 
interest. He wishes to prepare to meet the expenses of his son's 
college education for which he anticipates the.need of'$15,000 teo 
years from today. How much should Mr. Smith deposit every year in 
the savings account? _; • 

2-6. How much money should a.wealthy industrialist d~!late to set upjn_ 
perpetuity a $30,000 per year university chair if the money can be 
safely invested al 4 %? 

2-7. What is the maximum amount of money that can be withdrawn in 
equal amounts at the end of 1985, '86, '87, and '88 from a savings 
account paying 6% interest if deposits of $1,500 each were made at 
the end of 1971, '72, and '73? 

2-8. What is the present worth in 1971 of a uniform series of $2,000 
receipts from 1990 through '99 (1 O years) if interest is 3.5%1 

2-9. How much should be invested today at JO% to withdraw SS,OOO, 

" 
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S years hence; $10,000, 8 years from today; and $9,000. 10 yea11 
from today and completcly dcplete the investment? 

2-10. Use prewnt worth computations at 6% annual interest to determine 
the most economicaJ of the plans given betow. 

/tem PlanA Pl1mB Plan C: 

first Cost $25,000 $50,000 $35.000 
Annual Oper. & Maint. $ 3,000 8 2,000 S 2.500 
Salvage Value at End of Ufe $ 5,000 S 7,000 $ 6,000 
Uf• JO years 30 years 15 years . 

2-1 t. Mr. Jones wishes to determine the approximate value of income 
pr.oJ?erty based o? a present worth computation at 8% interest (his 
mm1mum attract1ve rate of return). Annual receipts (including the 
en:-ect of depreciation on income taxes) are, on the avérage, S20,000. 
D1sbursements amount to $5,000 per year. Jones wishes to hold the 

-· ---\ prop~~ty se~e~]~rs, at ~hich !_i_~_e he expects to sell it for a net 
\ -sl50,000 after tfie payment oT Jong-tei'm tapital·gains. Wllans tbe 
· maximum purchase price Mr. Jones can afford to pay to meet bis 
investment objectives? 

2-12: Determim:·the better of the following two plans using present-woit¡;· -
computations at 5% interest. 

Year(6) Recelpts Disbursement6 Receipts Disbursementt 

o o $-150,000 o $-300.000 
1-20 i +15.000 -'-3.000 • +25,000 -4,000 
21 +15,000 -4.000 +25,000 -4.000 
22 +15,000 -5.000 +25,000 -4.000 
23 +15.000 -5.000 +25,000 -4,000 
24 +15.000 -6,000 +25,000 -4,000 
25 +15,000 -186,000 +25.000 -54.000 

26-49 +20,000 -2.000 +30,000 -5.000 
50 +40.000 -2,000 +60.000 - -5.000-

8+895,000 $-466,000 $+1.405.000 $-575.000 • 

2-13. Use the equivalent uniform -annual-cost metbod -at 7% inten:st to 
solve problem 2-JO. 

2-14. Use the equivalent uniform annual cash fiow method at 4% intereSt 
to solve problem 2-12. 

2-J 5. Compute the true rate of return of Plan D in problem 2-12. 
2-16. Compute the true rate of return of Plan E in problem 2-12. · 
2-17. Assum_e a $JOO,OOOpurchase price for the property in problem 2-11. 

What JS Mr. Jones s true rate of return on this sev"n-year invest-
ment venture? - "=--
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2-18. The Dcpartment of Public WorJ..s is considering a project with a 
cost of $2,000,000; rcsuhing bcnefits valued at $5,500,000; and a 
$75,000 adverse item. 
a. Compute the benefit-cost ratio for the project with the adverse 

item considered as a cost. 
b~-~-G.9mpute the benefit-cost ratio with the adverse item taken as ~ 

"disbenefit. -- · 
2-19. Compare plans D andE in problem 2-12 using the benefit-cost ratio 

computed on present worth at 3.5% interest. 
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CHAPTER 

The Differential Approach 
to Optimization 

3.1 PRELIMINARY CONCEPTS 

The typical problem in optimization is expressed by an objective function of 
n independent variables 

y(x1; x3, •••• xJ (3.1) 
that is to be maximized or minimized-in general, optimized-subject to a 
set of constraints written in the form of equations and inequalities_ . 

f.(x1, ••• , xJ =O for 1 = 1 •••• , m; 
/,(~1 , ••• , xJ :::;;: O for i = m+ 1, •••• '; 

/,(x 1, • •• , xJ ~ O for i = r + 1, ••• ,p. 
(3.2) 

Points satisfying the constraints collectively form the problem·s feasible 
region F. 

If equalities are possible for all constraints, F is said to be closed; other· 
wise, F is open. 

For reasons that will become apparent in Chapter 5, problems must be 
formulated with closed regions whenever possibJe. 



CHAPTER 

Linear Programming 

tAppPrric_~~~~rs -~ __ -_ 
o anntng 

1 r ----·--- ---

Two examples_ of the application of linear programming models to ar~hit~ 
tu~e.and planm_ng are given in this chapter. These examples come from. pa rs 
ongmally pubhshed by the author in collaboration with Messrs Jame~ E. 
Hhand and Rau] S. Gonzalez. The complete references appear at ~he end of 
t e chapter. 

6.1 A GENERA_LIZED LINEAR MODEL FOR OPTIMJ~nON 
OF ARCHITECTURAL PLANNING - . -

6.1.1 lntroductlon 
(" 

• • 

~n ~he rea~m of architectura] plannin~. there exists a type of problem which 
esJgners requently confront when financia] return is the most appropriatc 

measure of the sys~em's e~ectiveness. In this category can be included all 
re~ta~ and speculatJve housmg (single and multiple family dwellings) offic:e 
buJldmgs, warehouses, stores, many industrial facilities, and so on, and' build-

1311 

:1 
1 

- J 
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ing complcxcs which combine sorne or all of these to provide comprehensive 
scrvices to the tenant. 

Traditionally, the pro_blem of planning for capital invcstment has beell 
handled fil-a semiempirical way, in which the data serving as-basis for deci­
sion making may be more or less reliable and up to date, but with the 
proccssin_g_of these data (to arrive at the optim11m allocation of space for 
maximum expectation offinancial return) entirely intuitive and tonsequently 
unreliable. Once the pertinent data are collected, the most profitable design 
configuration can be ascertained through the optimization of a linear model 
which incorpora tes the most salient features of the reallife, planning situa• 
tion. ,.. 

The model developed in the following section takes into account muitiuse 
facilities and considers realistic design constraints such as zoning regulations, 
parking requirements, and so on. An example problem is also presented to 
iiJustrate application of the theory. 

-·\ 6.1.2 The Model 
- ---- - ---- -- -

!', 

"' : 

--· -------- - ------~--

6.1.2.1 Oefinition of Terma 

-- The --design-of-buildings and -other-arcl:ütectural fac.iliti~Lfor financia! 
retum is constrained by many interna) and externa) factors such-~s budget, 
market restrictions (construction costs, rentability, individual preferences). 
parking regulations, lot coverage, and so on, in addition to environmental 
factors, many of which defy quantification. 

The procedure described in this section attempts to consideras many as 
possible of the quant1fiable factors in optimizing architectural planning 
within the framework of economics: retum on invested capital. 

With the information extracted from the model (a type of simulatioll 
model, in many respects), rational decisions can be formulated based upoD 
knowledge of the most recent tax depreciation structure, maintenance costs. 
al_terna_tive investment opportunities, and so OIL · 

Let ~be theftoor area-of facilhy type-i, at levelj, of arcnitectural ·quality 
k. . . 

'Jñe "ty~ i facility" refe.rs tQJhe ~se_I_TI~de _of the space cCinsidered; officet_ 
apartments, stores, warehouses, laboratories, industriar facilities, -classrooms, 
and so OIL 

The "j leve)" denotes the location of the facility; first, seconeS, ••. , nth 
ftoor Jevel. 

The .. k quality .. refers to the degree of architectural refinement of the 
space: types of finishes, environmental control, and many other considera• 
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tions, the effects of which are reflectcd in the cost of construction and in thc 
rcntability of the facility. 

Similarly, Jet 

e~ = cost per unit of area of facility i, at level j, of architectural 
_ quaJity k. 

r~ = rt?lll pcr unit of arca, per unit of time, from facility ;, at leve) j, 
and architectural quality k. 

p,•1 = probability of renting or selling facility i, at leve) j, and architec­
tural quality k. 

and 
q.~ = probability ofnot renting or sel/ing facility i, at level j, and archi· 

lectura! quality k. Hence, p~ + q!¡ = J. 

It will be assumed that the market is large, and that for the time period 
under consideration it is in a steady state condition, such that the introduc­
tion of additional facilities for rent or sale will not significantly affect the 

-- -parameters defined-above. ------- ------ -- -- -------

6.1.2.2 Mathematical Formulation 

The total expected rent per unit of time can be expressed as follows: 
L M D • 

, . E(R) =M 1~ M p~r~fl" (6&· 
This is the objectiv~ function to be maximized, subject to constraints of tfe,.. -· 
types described below. 

J. Market 

a. A ~urvey may reveal that, within a specified geographi~ region, there 
extst vacancy rates for sorne or all of the proposed facilities. These 
v~cancy_rates are, in fact, the q1~ = 1 - p,~-which were already con­
s•dered m the formulation of the objective function. NevertheJess. 
the q~ should be compared with the upper limits set on them by 
bank~ ~nd other funding institutions. lf theseJimits are exceeded,. 
the PJOJect may be very difficult if not impossible to finance. Ther~ 
fore. . 

q~ ::::;: (qf) max, (6.2) 
for all i aod k. 

b. Market prefe~~nces data may indica te that the arca of each facility 
type and quahty must not exceed a certain fraction ofthe total build. 
ing area. Let ¡: be upper bounds to the arca ratios; then the con-

,, 
~ 

i 
\ 

·' 
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straints can be writtcn, 

L • • 
:Ex~< JK'E :E 'S: x~) + e:, 1 = 1,2, ... ,m; 
4- ••• 1•1 ¡'!;1 

X = J, 2, •••• L~--- (6.3)• 

In general, 

L • 
'S: 'S: ¡: > J. 
~.".:1 

(6.4) 

beca use of the requirement that the f~ be upper bounds to the area 
ratios. 

The e~ are small positive constants introduced into the constrajnt 
equations and inequalities to avert degeneracy. 

2. Zoning regulations such as: 

a. Maximum building coverage of total lot area which can be mathe. 
matically expressed as follows, 

• -·--- -----~- --1;-~ xt ~--¡4;---j =-1..-1,- .-.-;,-n, .. - (6.5) 

where A1 = maximu~ allowable building ar:a ?ffloor ~ev~lj. 
-- b:- Height-resiFictiom whtch- rould-beoverall bu1ldmg restnctioos __ wch . 

thatj < n or restrictions on each individual facility; merchandising ! 
space, for example, should be located on lowest floors, and so on. 

c. Off-street parking regulations, usually given as the number, nP of 
parking stalls per building area, a,, of facilit~ype i. In addition, the 
area, a, required for each car for parking, drives, and so on, can be 
easily computed and the off-street, surface parking restrictioll 
expressed as. 

ar :E !!i(f t x~1)] =:;;;A,- L ~ .xfat (6.6) U· a a, t::'a J•l 1r ~ 

where A, = total buildable lot area (tótal lot area minus area rc­
quire<J for landscaping, street rigbts of way, utility. ~ªse~euts, set. 
back restrictions, topographícally unsüitable Jand. etc.).- -· .. 

Note that (A, - :E~r I;, x~) is the si te area available for parking 
(A, minus first floor ar~ ~f -~uil~~n~. 

--

3. Design decisions (massing studies). These decisions are made by design­
ers for aesthetic and other reasons and are often arbitrary. Nevertheless, their 
effect upon the economic health ofthe system can be measured by comparina 

• The range ,or the su m on the left-hand side or inequality (6.3) varíes for each facifir, 
type and qualny and for this reason it is nol given explicnly. This convention will be use4 
for the rest or this chapter. 
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all optimal solutions from modcls with diffcrcnt sets of dcsign constraints to 
onc having no dcsign constraint. The model without design constraints yields 
thc global oprima/ solution._ The massing associatcd with the global optimal_ 
solution may not be acsthetically and/or structurally acceptable and it is al 
this point that design constraints must be introduced. The constrained model 
will, in general, yield a lower- value _of the objective function: Thus, if E(R)0 __ 

is the global optimal rent and E(R). is the expected rent when the problem 
is constrained by design considerations, 

(6.7) 

where c. is the cost ofthe design decisions. It should be realized that aesthetic 
values may affect the four parameters ct1, rt1, pt1, and q~. as well as others. 
If their effect is known, the parameters should be modified accordingly and 
a new E(R). computed. 

The ability to ascertain the effect of design decisions upon the system's 
economic health is a most valuable characteristic of the model, for it mea­
sures indirectly the "cost" of beauty and of other aesthetic factors; it repre-

____ ---- seilts arf attempt-n> q-u-anlily- some-of-the intangiDles of architecture and 
urban planning. Design constraints may take different mathematical forms, 
depending u pon the massing restrictions. lf, for example, the planner decides 

----that the building snoüTafaketñeform of á- tówer wíih- a spread-out, s story ---
base, b times or more larger than each of the tower's ftoors, the constraints 
would be written thus: 

:E :E x~u ., < bt <:E :E xt1) + e •• 1, 
" 1 Ir 1 

:E :E xt = :E :E x~~ + e 1' 
Ir 1 " 1 

j = 2, 3, .•. , S, 

:E :E xt = :E :E x~u 11 + e 1, j = s + 2, :. + 3, ... , n. 
" 1 " 1 

(6.8) 

(6.9) 

(6.10) 

The e1,j = 2, ... , n, are, again, small positive constants introduced to avert 
degeneracy. Many other types of design decisions can be similarly formu1ated. 

4. Budget, generally expressed as a fixed amount of money, B, which must 
not be ex~eeded by all fees and construction costs, excluding the cost ofland. 

Construction-costs for each-facility type and quality-are,--in general, func­
tions ofthe total number offtoors. Specifically, as the number offtoors in the 
building increases, the costs per units of area could decrease or increase. This 
variability is not usually too sensitive and can be conveniently expressed as 
a cost multiplier, step function of the total number of ftoors, n. Let Pt (n) 
> O be such step function. Graphically, it could be typically mapped as in 
Figure 6.1. 

The figure shows that p~(n) decrease.s for («t1) 1 < n < («~h· lt further 
decreases for («~), < n < (at1) 4 • Then it increases in the interval («M. ::;; n 
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FIGURE 6.1. Total Nuinber of Floons. 
- ---------- --------- --- ----~ _____ .:;- --- ----------------

< («~)5 , and the increase is even greater for («~)5 < n < (o:~1)6 • These latter 
increases would reftect the higher costs offoundation and vertical transporta-

- tion, for--example.- When n >-(«~h-, -the __ co.sL multiplier- becomes-infinite, 
denoting that («~)6 is the upper bound to the number offtoors dueto zoning 
restrictions or other considerations. The variation shown in Figure 6.1 is, of 
course, only one of an infinite number of possibilities, but all of them will 
exhibit the same general shape. _ 

In general, there will be n X m X L construction cost · multipliers with a 
proportionate number of («t)9 nodes where changes in the costs occur. Let 
the nodes be ordered sequentially for all ftt(n) and renumbered y_. q = 
1, 2, 3, .•. , r. Then a typical cost multiplier, step function of n, would 
appear as given in Figure 6.2. This relabeling is necessary to show, for each 
ftt1(n) multiplier, all points at which construction costs change for any type. 
~~~c:l, and_quality of Jacility, thus affordíng comple!~. control upon the opti­
mization process. 

The cost multiplier functions, however, introduce a further complication 
in the model beca~s~ the nuJllber of ftoors may not be known a priori. This 
is, in ract, a nonlinear charactéristic or the system that, In this cón-text. 
exhibits recycle Joops. A method will be given later on for handling the non­
linearity in a satisfactory, linear manner. Additional items of cost and cost 
coefficients must be defined; for example: 

a. Cost of subsurface exploration, soil investigation, foundation recom­
mendations, and report. Usually given as a lump sum, b •• 

b. Architectural-engineering fees, usually expressed as a percentage of 
total construction costs by a decimal coefficient, c •. 
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c. Fund for collfingencies, also expressed as a percentage of total con­
struction costs. Let c. be the decimal equivalent of that percentage. 

d. Cosi.oJmoi·{Tlile.furñiture;-eX.pri!ssea as a percentage of cónstruction·-- · 
cost for each facility type i and quaiity k. Let c;k be the decimal equi­
valents of those percentages. 

e. Superrision of construction costs, generally computed as a lump sum. 
be, which is the total salary or salaries of one or more supervisors 
for the anticipated duration of the construction phase of the build­
ing; be is assumed constant for a given project. 

f. Cost of parking facilities per unit of orea, e p· Support space-sucb as 
halls, elevators, toilets, and so on- is assumed te be included in the · 
x~ and, for this reason, its cost must be apportioned among tenants 
andfor buyers. 

... 
. · ,From these considerations, the fo11owing constraint inequality-can be 

formulated: 

(6.11) 

The constraint given above presupposes that the total number of ftoors, n. 
is known in advance. On this basis, the p~ multipliers are obtained without 
difficulty. Jn performing an optimization study, however, design constraints 
would be relaxed at sorne point, and the total number offloors would become 
one oftr- ·•nknown parameters. This, in turn, makes the Pt be undetermined 
and a OL near, recycle loop could be generated. The following algorithm is 

.. 
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proposcd to avoid this complication:. 

STEP 1: 
Assume tl"1at the maximuri1number of floors ¡, will be built (see Figuro 

6.2). Therefore, n = '"/, and the corresponding Pt multipliers are used iD 
inequality (6.11) and.i_n the formulation of the mathematical model. A so1o­
tion is then obtained using a-lmear prograrriming algorithm. 

STEP 2: 
Suppose that the solution generated under these conditions yields n = 7.a• 

and that '"/, ~ '"/, 1 > '"/,_ 1• Then the Pf1 used were the correct ones and this is 
an optimal solution for the constraints imposed. 

If, on the other hand, '"/, 1 < ,,_ 1, the Pt used ~re incorrect and the so1o­
tion is not consistent with its associated construction costs. Proceed to step3.. 

STEP 3: 1 

Now, assume that the total number or'floors is n = ¡,_ 1 - 1, that is, the 
maximum value on the next lower intervá1. Use this value of n to select tbe 

--7Jf;; forrriulatnhe model, and-solve,-using linear-programming. Two possible 
results foltow: L 

--· ---., 
a. The solution yields n·= -r.:-and -7.r<-1,-l . .In this case. repeat step 

3 for the next lower interval. 
b. The solution yields n = )', 2 where ¡,_ 1 > 1.2. ~ 1r-2.· Tben the 

optimal solution for the model has been obtained and n = 7a-

S. Many other constraints can be imposed upon the oojective function to 
make the problem conform to reality. In writing the constraints, however. 
one must keep in mind that they must be linear, if the problem solution is 
to be obtained with a linear programming algorithm, and one must be careful 
not to write linearly dependent andfor redundant constraints, for they can be 
a source of error and inefficiency in carrying out the solution. 

6.1.3 0-ptimization Procedura 

The model developed in the previous section is linear: a linear objective funo­
tio-ñ is- sul:íjected'tó linear constraint inequalities and equations. lt fits withill 
the framework of problems which can be optimized with "linear prograiD­
ming" methods. 

After the introduction of slack and artificial slack v·ariables,· tbe matrix 
of the struct ural coefficients must ha ve the same rank as the matrix forme4 
by augmenting the previous matrix with the column vector of stipulationm 
for the system to bave basic solutions. This is a good check on the coa­
straint equations and should be performed before embarking upon the task 
of solving the problem. 
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6.1.4 Conclusions 

The architcctural planning model prcsented in this chapter allows the­
dcsigncr to make rational decisions based on the information provided by 
thc optimarsolutions generated. It must be emphasized that this approach 
rcinforccs 'the import;rnce of the role played by the architect-ptanner-·in-­
shaping the urban environment. Even with a systematic method such as the 
one described, he must at all times be deeply involved in the formulation of 
the model, especially at the "design constraint" leve), for the linear model 
presented is a full-fledged "simulation machine," sensitive to the settings the 
designer gives it and responsive to the reactions of the system's economic 
health. A simple but descriptive numerical example problem is given in the 
next section. 

6.1.5 Numerical Exampla 

---- - --- - ·6;1.5.1 Statement of-the-Problem- - -

An individual wishes to develop a 250ft. x 400ft. commercial piece of­
property located- at the inter.section of .two major traffic arteries. _ 

6. 1.5.1.1. Market studies indica te that, for a development to be rentable, 
available office space must not exceed 2 floors, stores must not exceed 1 floor, 
and living units 3 floors for a "walkup" facility. 

6.1.5.1.2. The studies further indicate that, within the sector of the city 
where the property is located, offices have a 20% vacancy rate, stores a 5% 
vacancy rate, and apartment units a JO% vacancy rate (occupancies must not 
be less than 70% to obtain financia] support from a funding agency). 

6.1.5.1.3. Data on market renta] preferences reveal that facility areas of 
individual types and qualities should not exceed the following percentages of 
total building area: - ' · 

--' ... .,.. TABLE 6-1. Rentebillty. 
-- -- - -- -- . -· - . ...--~ 

Type Ouality % of Total Building Ares 

1. Offic:ea 1 10 
2 40 
3 25 

2. Stores 1 30 

3. Apartmenta 1 40 
2 30 
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6.1.5.1.4. Zoning regulations for off-street parking are: 
a. Offices-1 parking spacefea. 200·sq. ft. of bldg. area. 
b. Stores-1 parking space/ea. 1,000 sq. ft. of bldg. area. 
c. Apartments-1 parking space/ea. 800 sq. ft. of bldg. area. 

further-building coverage shall not exceed 30% of total lot area. Allow 
400 sq. ft.fcar for parking space, dri_v~_s, and so on, and a tola~ of 5,000 ~q. ft. 
for landscaping. 

6.1.5.1.5. 
TABLE 6-2. Rent ($/sq. ft./yr.} 

Ouality . 
Typs Leve/ 

1 2 3 

1. Offices 1. Ground floor 4.50 4.00 3.50 

2. Second floor 4.00 3.50 3.00 

2. Stores 1. Ground floor 3.00 - -
- ·-3;-ApaFtments--- ___ _j~ _ _Grou[ld_ tl~tOL ___ 3.00 2.50 --2.50 ____ - -- --- ---

2. Second floor 3.00 -
3. Third floor 2.50 2.00 -

TABLE 6-3. Construc:tion Costs. lncluding Support Spec:e. 

~.:':i.L Numbe; of F/oors in Building 
~~ -

1 2 3 

Leve/ Leve/ Leve/ 

Type o o o o o 
~ ~ ~ ~ ~ i; 

:... "O - - "O "O - "O "O ~ 
~ e: e: e: 

e: e: 
~ o 1! .. ~ ~ o 

:::0 2 u o u :e 
o 2 CD c3 CD 

~ ~ 11) 11) ... 
1 20.00 - - 20.00 19.00 - 19.00 18.00 -

1. Offices 2 18.00 - - 17.00 16.00 - 17.00 15.00 -
3 15.00 - - 14.00 14.00 - 13.00 13.00 -

---- --- -

~. Stores 1 13.00 - - 12.00 - - 11.00 

p. Apartments 1\_ 20.00 - - 19.00 18.00 - 18.00 17.00 17.()(1 

2 17.00 - - 17.00 16.00 - 16.00 15.00 14.()(1 

Cost of parkmg area = $0.75 per sq. ft. 

6.1.5.1. 7. M iscellaneous costs are: . 
a. Architectural-engineering fecs--6% of t.otal construct1on cost. 
b. Contingencies-1.5% ~f total construct1on cost. 
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c. Movable furniturc-
( 1) Offices-2% of total construction cost. 
(2) Stores-1 % of total construction cost. 
(3) Apartments-4% of total construction cost. 

d. Soil report-$3,000. 
-e.- -Supervision of construction-$2,000. 

6.1.5.1.8. Budget: Shall not exceed $800,000, excluding cost ofland. 

Question: \Vhat types of units and how many square feet of each shall the 
investor develop to maximize the rent under present market conditions? 

6.1.5.2 The Model 

Let 

{

1 - Offices -
i = 2---+ Stores 

3---+ Apartments 

- -{l ~-Groúnd-fiooi- -­

i = 2 --:--+ Second ftoor _ 
___ , ___ _____ 3_=-:+ Third_fto-ºr 

{ 

1 - Quality 1 
k = 2 ---+ Quality 2 

3- Quality 3 
Then, from 6.1.5.1.1 and 6.1.5.1.5. 

From 6.1.5.1.2. 

.x1", = o, k = •• 2. 3; 

~. = o. k = 2. 3; 
X~¡= 0, j = 2, 30 k= 1, 2_ 3¡ • 

xJ1 = O, j = 1, 2. 3. " 

q~1 = .20 < .30, j = 1, 2. 3, k= 1, 2. 3. O.K. 

q~1 = .SO < .30, j = 1, 2, 3, k = 1, 2, 3. O.K. 
' -d, = .io <-:Jo. /- i. 2. 3.- k --~. 2,-3. -o~K. 

From 6.1.5.1.2, 6.1.5.1.5, and equation (6.1). 

ÜBJECTIVE FUNCllON: 

Max E(R) = .~0(4.50x:a + 4.00x~, + 3.50xf1 

+ 4.00xh + 3.so-:¡ a + 3.00xh) + .95(3.00xl1) 

+ .90(3.00x~, + 2.50x~ 1 + 3.00xh + 2.SOxJs ---
+ 2.50x~, + 2.00xJ,).- (6.12) 

_, 

:' ~ ' 

' '• 
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CONSTRAINTS: 

1. The lowest consrruction cosr · is, from 6.1.5.1.6, $1 1.00 per sq. n. 
Therefore, an upper bound to the total building arca is 800,QOOJI 1.00 
::: 74,000 sq. ft. Therefore.-

xl 1 + x~, + x~ 1 + xla + x~ 1 + xh + xl 1 + x} 1 

--+- x~ 1 + xh + xJ¡ + xj, -+ x~, < 74,000.­

When slack variable x, is introduced, obtain 

xl, + x~ 1 + x~, + xla + xfa + xh + xl, + xj, + x~, + xJa 

+ x~1 + xj, + x~, + x, = 74,000. (§.13) 

Notice that the total building area is 74,000- x1• 

2. Marker preferences. From 6.1.5.1.3, and introducing slack variables 
x1 through x1 , obtain 

xl 1 + xJ¡ + .J0x1 + x1 = 7,400, (6.14) 

x~ 1 + xh + .40x1 + x, = 29,600, (6.15) 
-------- --- ----- ------ -- ----- ------1 ---- ---

x~. + xh + .25x, + x. _:_ 18,500, -- -=--(6.16) -·-
xl 1 + .30x, + Xs = 22,200, (6.17) 

- -- -x-r.-~ xr~·+x:r,--.:vAoi.-=Fx.-= 29,<>oo~-----------16.-ts)-- --

x~. + xj1 + x~, + .30x, + x 1 = 22,200. {6.19) 

3. Sir~ building area. From 6.1.5.1.4, in equaÚo~(6.5), a~d with slact 
vanable x1• if,. __ . 

xl 1 + x~, + x~. + xl 1 + x1 1 + x~, + x 1 = 30,000. (6.20) 

4. Parking. From 6. J .5.1.4, in equation (6.6), and introducing slack 
variable x,, form 

3.00(xl, + x~, + x~,) + 2.00(xl1 + xh + T.J 
+ 1.40xl1 + 1.50(xl 1-+ xJ,) + :50(xh + xJ1 + x!, + ,xJ,) 

+ x, = 95,000. ' - --- ~. . (6.-21}- -

S. Design decisions (massing study). (AII floors must be approximately 
t~e_ same size.) First floo~ are~ approximately equal to second floor 
area:- . 

xl 1 + x~, + x~, + xl, + xl 1 + xJ, = xla + x~~ + .xfs 

+ xh + xJ2 + ~ •. 
First floor area approximately equal to third floor arca: 

xl, + x~ 1 + x~, + xl, + xl, + x~, = xl, + xJ, + ~r 
let e, = e1 = 1,000 to avert degeneracy. This mea .• s the second and 
third floor areas will be within 1,000 sq. ft. of the first, floor area. 



o 
CHAP. 6 1 LINEAR PROGRAMMING: APPLICATIONS TO PLANNINQ 

' 
Onc can write: 

.\"J, + xi, + xf, + x1, + x} 1 + xJ
1 

and 
, . - (xh + x~2 + xh + x}a + x2 ) = 1 000 

' Jl • • (6.22} 

' 1 2 
x .. + x .. + xf, + xl, + xl 1 + xJI-

. . . - (xj, + x}J) = 1,000. (6.23} 
Arufic¡aJ slack vanables must be introduced i t . • 
and (6.23) before proceeding to optimize. n o equatron s (6.22} 

6. Budget. Under the assumptio th 1 h 
building will be three, the bud~et :o~st~~~:lfnumber of floors in tbe 

·6.1.5.1.8, in equation (6.11) and introducin' r~mk6.1.5:1.6,6.1.S.1.7, 
be written as follows: g s ac vanable x,o. can 

l.075fl.02(19xl, + 17x~, + 13x:. + 18xh + JSx~z + J3xfa) 

+ I.O~(I~!xL)i"_~-~~~~~xj, ~~!~x~. ~~!xl2 + 15xf¡ + 11xJ.. 
+ 14xu)] + .75f2.00(xl, \t x~, + x' + x,-- + 2 + , ) 

11 u Xu Xu 

---,.- -~ ¿- ~~~~:~_•>_::-_-_so~x~, :xf~ + xlz + xjl + xl 1 + xf,)J + x
10 

-- ~--~- -------- = 795,000. (6.24) ~ 

The model is complete and a linear program . . . . 
tive- function (6 12) sub· t d . mmg maxrm1zatJon ofobjec-

, .•. b · ~ec e to constramt equations (6.13) through (6 24) 
can now e performed. Because there are onl 12 e . , . . 
basic feasible solution, including the optimal :ne· e onstra>mt e~uatrons, any 
12 nonzero variables. This limitation couJd be re • annot c?ntam ~ore than 
tional constraint conditions. moved by mtroducrng addi-

Jn accordance with the budget algorithm . . 
decision constraints are removed and the opgt_rvenl mlth~ exampJe, if design 

rma so utron shows that 

xl, = x},-- O. (6.25) 
~he total number offloors could not exceed two ~ Th~refi ' 2 
10 

the mod~}-:_~nd formulate the budget constr~int equ~~¿~e!:r~l~:;; = 0 

I.0/5{1.Q~(20x:,·=r 17x:. + J4x¡, + J9xl:z+ J6x~:z + J4x~~ 
+ J.OJ(12xl.) + J.04(19xl. + 17xf, + 18x]z + 16xf2)] 

+ .75{2.00(x:, + x~. + x:. + xb + xz + x') + 40( ') 
J_Z u . Xu 

+ .50(xJ, + xf. + x]2 + -xf:z), + x = 795 000 
J 10 • • (6.26) 

In a similar manner, if the new optimal solution showa 

(6.27) 
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the building can have only one floor. Hence, set xh = xh = xh = .:t;1 

= xh = O in the model and the budget constrain~ becomes 

~-1.075[1.02(20xl 1 + J8x~ 1 + 15xf 1) + J.OJ(I3x! 1) 
/ 

+ J.04(20x} 1 + 17xJ,)] 

+ .75(2.00(xl 1 + xf, + -r:a) + .40(x!a) 

+ .50(x11. + x~ 1)) + x 10 = 795,000. 
-~-

(6.28) 

The budget algorithm describes the procedure to follow in ha~dling cost 
coefficient multipliers. 

When design constraints are relaxed, the global optima/ solution is 
:lbtained. 

6.1.5.3 Solution 

The first run, witlz no desi'gn constraints, yielded the following data: 
Ata gross expected profit of $140,570 per annum, build 

12,536 sq. ft. ·c;rq:uatity-3;~:ground fl.QQr _ _offi_ces • • • • 
16,700 sq. ft. of quality 2, second floor offices -~~. --~---: 

~~--- ~-. __ ]_~,043 sq. ft. of quality 1, ground floor storu 
5,865 sq.' ft. of quality 1, second fl~OF_ apartment.r 

This two--level solution was obtained using construction costs for a threc­
:evel complex. Therefore, it is "necessary to change the cost coefficients in the 
budget constraint. The ihird-level variables were assigned large, positive cost 
coefficients in order to drive them out of solution. 

The second run. with no design constraints, yielded the fol!owing data: ' e 
At a gross expected profit of $132,640 p:r annum, build 

4,348 sq. ft. of quality 2, ground fioor officu 
11,660 sq. ft. of quality 3, ground fioor officu 

~ 11,71 Uq. ft. of quality 2, second floor officn · 
:3,992 sq. ft. of"quality·J, ground ftoor storu 1 

'.'.' • l• ••• 

3,929 sq. ft. of quality 1, second floor apartment.r -

-~ 

This two--level configuration ·constitutes the glob.al optimal solution with ... 
which all other opÜma (subject to all design constraiots) must be compared. 

It is important to note that the global optimal solution established a 
building area of 30,000 sq. ft. on the ground floor and 16,640 sq. ft. oa tho 
second floor. 

The third run, for which a design constraint was introduced into the modd 
(that the ground fioor area must be approximately equal to that ofthe second 

----- - •)> 

1 
¡ 1 
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floor}, yicldcd the following space allocation: 
For a gross cxpcctcd profit of $132,126 per annum, build 

9,856 sq. ft. of quality 3, ground floor officu 
2,506 sq. ft. of quality 1, second floor officu 

18,712 sq. ft. o(__guality 2, second floor ojficu 
1,671 sq. ft. of quality 3, second floor officel 

14,035 sq. ft. of quality 1, ground floor storu 

Due to one decision, the designer is forced to relinquish approximately 
$600 per annum in profit and to reallocate spaces so that a local optimum 
may be arhieved subject to the constraint imposed upon the building con­
figuration. Notice that the solution is not sensitive to the design constraint 
imposed, for the annual profit decreases only $514 in $132,640; however, the 
allocation of space (type and quality as well as floor level) is extremely sen­
sitive, as can be verified by analyzing the last two solutions. Various other 
design decisions can be incorporated with equal ease. 

6.2 OPTIMALITY IN INDUSTRIAL PARK DEVELOPMENT 

--- ---- ------- ~--- ---
6.2.1 lntroductlon 

This ¡:xample shows an application of the systems approach to decision 
making at the highest leve] of performance: the planning level. It concentrates 
on the use of linear programming in the planning of an industrial facility; 
and, although the problem is specific, it is hoped that the thinking and metbo­
dology employed in arriving at the formulation of the mathematical model, 
leading to the establishment of the optimum strategy, will be sufficiently 
clear to permit the reader to extend his own thinking into other problema 
where a Jinearization of the parameters is equally valid. 

lnstitutional factors have-purposely been left out for clarity's sake and no 
attempt has been made to show the economic venture analysis that must 
accompany such a study for, once the optimum allocation policy is known, a 
rate of return or other-similarly- weJl-known engineering economy analysis 
must be performed to ascertain the economic feasibility of the project. This 
evaluation has to be carried out for the before and after tax situations, 
where such factors as depreciation and retirement and replacement policics 
are given careful consideration. 

Once the project has been declared profitable, the optimallocation ofthe 
facility within the site must be inve:;tigated. Pattern search is the procedure 
recommended for this final step in wbat may be te •• ned the ''Optimal Site 
Develor ,t." -

. ' 
/ 

.. 
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The list of refcrenccs al the end of ihe chapter r.ivcs a publication by ll\Q 
aulhor that describes the application of patlern scarch for thc optimum 
Jocation ~f plant facilities (see also chapter JO). 

6.2.2 Statement of the Problem 

The government of a small city proposes t,_C?_jncrease its revenue by developo 
ing a 300-!icre tract of land for an industrial par k. Tentative agreements ba.ve 
been signed with five industries and the city has made commitments to 
finance, build, and lease on a long-term basis the plant buildings and facilities 
required by the industries contacted. 

The city government now owns all utilities and recently completed an 
expansion of these facilities to allow for lim~ted increase in demand. The 
maximum amount of financing available is $6,000,000. 

A study of the manpower situation in the area reveals that the availab1e 
• local transient and out-of-town labor force will not exceed the figures gh-en 

in Table 6-4 •. 

- - -· --- · -- TABLE-~. · -Labor-Force.-

Annualized 
-~' ' -- - - - -- - -- - -- ----Type Max. Number Average lncom~ 

--. ··--·----- - -- . ··-

1. Common labor 400 $ 5.000 
2. Semiskilled Labor 180 $ 7.000 
3. Sk~~ Labor • 100 $12.000 
4. Cl~éai.Worke ... 150 $ 5,000 
5. Technlcal Personnel 120 $14.000 
6. Manage ... 33 $30,000 

l 

Tbe study also revealed the pattern of local spending of net disposable ~ 
income, after state and federal taxes. These data are condensed in Table 6-S ; 

TABLE 6-5. Labor Force Spending Pattern. 
--

Average State Average 5ol 
and Federal Net/ncome 

- .. ---- .Taxes. ~ of Annuafized Spent in City 
--

Type Gross lncome Net lni:ome Are.-
1. Common labor 10S $ 4.500 905 
2. Semiskilled Labor 12S $ 6,160 85S 
3. Skillad Labor 16S $10.100 70S 
4. Clerical Worke ... 10S $ 4.500 855 
5 Teehnieal Personnel 18S $11.500 65S 
6. Manage ... 24S $22.800 55 S 

··-

Cash Flow lnto 
CityAree 

$ 4,050 
$ 5.240 
$ 7.070 
$ 3.830 
S7.41l0 
$12.520 ; 

' ' 
i 
¡ 
! 
¡, 
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and their computation was bascd on the average family size for each income 
leve l. 

1t has also becn estimated that city revenue from taxes on sales and prop­
erty and from utilitics, fuel, sanitation, and so on will average abo-ut 2.5% 
of the ftow of disposable personal income spent in the city arca. The revenue 
that the city _w_ill accrue from the employment of each type of -~vorker is 
summarized in Table 6-6. 

TABLE 6~. City Revenue from Labor Force. 

Annua/ized Average City 
Type Revenue per Worker 

1 • Common Labor $101 
2. Semiskilled Labor $131 
3. Skilled Lebor 

' 
$177 

4. Clerical Worke111 : • 98 
5. Technical Personnel 

--\--
$187 

_ ~._Ma_nage'! $313 
---- -~ ---

'-
The city-owned utilities, sewerage, and waste disposal systems can satis-

- JactoriJy-hand-Je-the--fellowing additionat-loal:ls: - ------ -----~----- -- -

J. Electricity, 14.5 x 106 kw. hrs./yr. 
2. Water, 75.0 ~.pHon gats./yr. 
3. Gas, 40.0 x ~),.cu. ft.{yr. 
4. Sewerage, 40.0 million gats./yr. 
5. Waste Disposal, 20.0 x 10' tons/yr. 

The city's unit profits from the sale of utilities and other services to indus-
trial customers are: 

l. Electricity, $0.0007 per kw. hr. 
2. Water, $7.00 per million gals. 
3. Gas, $0.064 per cu. n. 
4. Sewerage, $1.00 per million ga1s. 
5. Waste, $0.15 per ton. l 

The five potential customer industries with which the city government has 
signed tentative agreements will use most of the area's raw materials. Even 
though this and many other industry-derived benefits will upgrade lhe com­
munity's income leve), they cannot be quantified accurately and for lhis 
reason wil1 be disregarded in the optimization strategy. Nevertheless, lhey 
must be recognizcd as a plus factor in the decision to implemenl lhe plan. 

Table 6-7 gives information on thP. maximum and mínimum plant build· 
ing area requirements for each industry. 

! 
.,. 

' '' 

¡ . . 
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Tables 6-8 through 6-10 summarize resource requirements and prodll~ 
tion levcls for ea eh 1,000 square fcet of plant building area, for each ofthc lh·o 
industries considered. 

Th~ city governmcnt williinpose a 1.5% tax on the gross annualproduo. 
tion value of each industry. 

The si te _costs to the city in the location !>dected for the industrial p:1rk 
will be $2,000 per acre, and the average building construction costs for lhe 
various plants are summarized betow: 

Industry 1 (Electronics)-$15/sq. n. 
Industry 2 (Pressure Vessels)-$17/sq. n. 
lndustry 3 (Metal Castings)-$19/sq. ft. 
Industry 4 (Piastic l.aminates)-$22/sq. ft. 
Industry 5 (Recapped Tires)-$16/sq. ft. · 

• 

The city has agreed lo lease the building facilities (inc1uding grounds) 
al an annual cost to the industries of $1.75/sq. fL of building area. Maio­
tenance costs have been estimated al $0.05/sq. fL of building area per year. 

--1ñe--city--government desire-s to establish the optimum-allocation-of spacc- --
to each industry-lhat is, the allocation that, consistent with the constrainl!¡, 

will p~d~_~e the ~i~~e~~-~nnual revenue to the lo~t_g~v~~ent. _ ~ .. 

6.2.3 Mathematic:al Model 

6.2.3.1 The Objective Function 

Let :x~> ; = 1, ... , S, be the plant building arcas, in 1,000 sq. ft, to be 
leased to industries 1 through S, respectivety. 

The total annual income lhe city government can expect to receive as a 
resull of its investment in the industrial par k t:an be broken down as follows: 

l. Revenue from labor force spending habits: Table 6-6. 
2. Income from utility and other service charges. 
3. Re-venue from tax on jndustrial production: Table 6:-:._Ul. _ 
4. Income from plant building !cases minus maintenance costs. 

TABLE 6-7. Plant Building Area Requirementa. 
--· --

Msx. Bldg. Area Min. Bldg. Are~ 
lndustry Principal Product sq. ft. sq.h. 

1 Electronica 120.000 40.000 
2 Pressure Vessols 80.000 20.000 
3 Metal Castinga 70,000 - 26.000 
4 Plastic Laminates 100.000 28.000 
5 Recapped Tires 150,000 1 35.000 

-
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TABLE 6-8. labor Force Requirements in Men/Dav (8-hour shrrta) 
por 1.000 sq. ft. of Plant Building Area. 

-t-- Semi- --
lndustry Ptincipal Ptoduct Common skilled Skilled Cletical Technical 

1 -~ _ Electronic:s 0.75 0.23 -- 0.38 0.30_ 0.15_ 
2 Pressure Vessels 0.90 1.35 0.30 0.60 0.30 
3 Metal Casungs 1.30 0.46 0.46 0.58 0.23 
4 Plast•c laminates 0.43 0.64 0.32 0.75 0.32 
5 Recapped Tires 1.37 0.34 0.17 0.17 0.69 

Msn-
sgetis/ 

0.05 
0.15 
0.15 
0.07 
o. u 

Let j = 1, ... , 6 be índices representing commoJt;.-..semislitfed, skil1ed, 
clerical, technical, and managerial personnel; 'J• j = 1, ... , 6 be the city 
revenue from the labor force local spending habits (Table 6-6); L

1
J, i = 1, 

••• , S, j = 1, ... , 6 be the number of workmen employed by industry i o( 

typejper 1,000 sq. ft. ofplant building area (Table 6-7); andp,, i = 1, ••• , S 
be the annual production for industry i in dollars per 1,000 sq. ft. of plant 
-buikiing-a!'ea (Table 6-10).---

Also Jet k= 1, ..• , 5 be índices representing electric, water, gas, sewer­
age, and waste disposal services; c., k = 1, ... , 5 be the unit profits from 
electric, wat-u,gas,.sewerage, and waste disposal seFvices~and-u1.,-i = 1,. ~ -. ,--
5, k = 1, ... , 5 be the requirements of industry i for electric, water, gas, 
sewerage, and waste disposal services (Table 6-9). 

Adhering to these definitions, the objective function can now be written: 

Max 1 =:E :E L1/J +:E c.u,. + 0.015p1 + 1,700 Xr , L' , J 
1•1 -· i•l . 

(6.29) 

6.2.3.2 The Constraints 

The region of feasibility is defined by the following set of constraints. 

l. lnitial capital investment on Jand and buildings cannot exceed 
$6,000,000. - -- - --- -- -- --- '·-

2. Maximum available labor force cannot be exceeded: Table 6-4. 
3. Maximum utility and service levels cannot be exceeded. / 
4. Maximum amount of land available is 300 acres: area of industrial 

_:jiarlc. -- - -- -- - - - - -

5.- Maximum and mínimum plant building areas must be maintained: 
Table 6-7. 

Let EJ,j = l, ... , 6 be the maximum available number oftypej workers 
(Table 6-4); A, and o,, i = J, ... , 5 be, respectively, the maximum and 
mínimum plant area requirements in 1,000 sq. ft. (Table 6-7); btt i = 1, •••• 
S be the unit building costs in dollars per sq. ft. for plant type i; ~~ 
• . be the amount ofland required for industry i, in acres per 1,0 · r·-

• 

CHAP. 6 / LINEAR PROGRAMMING: APPLICATIONS TO PLANNING 

-

ai 
ID .. 
~ 
CD 
e 
~ 
"5 
10 .. 
e 
Cll 
¡¡: ... 
o 
i 
c7 • g 
C! .. 
,;-
ID 
Q. 

"' .. ·;: 
~ 

-e 
• .. 
e 
ID 

E 
CD .. 
"5 
a 
CD 
a: 
• ID 
u 

"E 
ID 

en 

"' e • o .. 
e¡ 

1 

_ .... ... 
!!~~ .... o 
~gg - .-........ 

-.... • .!! .. 
-l:>t- ro-~-
.. oo 
~e g 
~~..: 

Cl) ·- -!.~ 

.:., ~~ 
~~~ -o 

l.:)""':g 
!..: 

---·.!! ~ 
,.,. ca~ 
.. oo 
';;co 
~_gq 

=::::. E ..:: 
--~ 

- -- - - -

-..; ..... :..>. 
~ .......... 
~rñ~ 
~.cg 
... o 
~!,-.: 

..... _ .. _ 

~Cft~ 

Zi~8 
.!.o ..: 

... 
" ~ 
a 
.t - -.. .S. 
" .S 
.t 

~ .. 
~ 
.S 

-- - '· 

...... - _--

~ ~ ~ . 

- --
OCQOOO 
~In O lOO 
~~~~C! 
00000 

• 
00008 0000 
0000 ooo.Do 
U) CQNr-LO - -
o 0000-
lt) 0000 
~ ..-M N.-
o oóóo 

:\ 
. 

---------R-- -

' 

00008 0000 

~~~~cO 
~MCD'G'LO 

gg~~~ 
ów-:V:..:.: 

- . 
• • .s. a; .. taiD! 

:E.5¡: 
~>~~-a 
C!O_.& 
2~-.2a. 
ü:!!.:3 
~¿~~~ 

-N M~ ID 



158 riAP. 6 1 LINEAR PROGRAMMING: APPLICATIONS TO PLANNING 

TABLE 6-10. Annualized Industrial Production in $/yr. 
per 1 ,000 sq. ft. of Plant Building Area. 

Annualized Vslue Added 
-

lndustry Ptincipal Ptoduct ($/1.000 /t.1) 

1 Electronics 5,000 
2 - -Pressure Vessels 7,000 
3 Metal Castrngs 12,000 
4 Plastic Laminates 15,000 
5 Recapped Trres 10,000 

of plant building area (Table 6-9); and Jet U", k = 1, ... , S be the maximum 
ávailable levels of electric, water, gas, sewerage, and waste disposal services. 

Then the constraints can be written: 

l. Capital Investment 
S 

1,000 L: b,xl < 5,400,000. (6.30) 
laJ 

2. Labor Force 
S 

~ L1,X1 :::; E1;j = 1, ... , 6 
---- I~J- ______ e -- - - -

(6.31) 

3. Utility and Service Levels 

(6.32) 

4. A vailable Acreage 

S. Plant Building Areas 

a,< x1 <A,; i = 1, ••• , S (6.34) 

This completes the mathematical description ofthe model. 
The substitution of numerical values into the model and the introduction 

of slaék variables yield the following system. 

ÜBJECTIVE FUJo.;CTION: 

Ma~ 1 = 2,292.03x1 + 2,634.16x1 + 2,831.82x, + 2,604.56x4 

+ 2,887.89x5 (6.35) 

CoNSTRAINTS! 

l. lnvestment 

15,000x1 + 17,000x:~. + 19,000x, + 22,000x, + 16,000x, + x, 
= 5,400,000 (6.36) 
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2. Labor Force 
a. Common 

0.1Sx1 + 0.90x1 + 1.30x, + 0.43-!_4 + 1.36x, + x, = 400 (6.37) 

b. Semiskilled 

0.23x1_ + l.3S.x1 + 0.46x, + 0.64x4 + 0.34x, + Xa 

= 180 (6.38) 

c. Skilled 

0.38x 1 + 0.30x1 + 0.46x3 + 0.32x4 + O.l1x, + x, 

• = 100 (6.39) 

d. Clerical 
l-

0.30x. + 0.60x1 + 0.58x, + 0.75x4 + 0.17x5 + X 10 

=ISO (6.40) 

e. Technical 

O.I5x1 + 0.30x:-+0.-23x3 -;t-.0.32x6 + 0.69x, +-x11 - ----- --

= 120 (6.41) 

f. Managerial-- ______________ . 

0.0Sx1 + 0.1Sx1 + O.l5x, + 0.01x, + O.tlx, + Xu 

= 33 

3. Utility and Service Levels 
• • "8' 

a. Electnc1ty 

40,000x 1 + 32,000x1 + 62,000x3 + 48,000x, + 58,000x, 

+ Xu = l4.Sxl0' 

b. Water 

O.OSOx 1 + 0.100x1 + 0.300x, + 0.200x4 + O.JOOx, 

-+x14 =75.0 

c. Gas 

60,000x1 + 80,000x¡ + 120,000x3 + 75,000x, + 

(6.42) 

(6.43) 

lSO,OOOx, + Xu = 40.0x10' · (6.45) 

d. Sewerage 

0.040x 1 + 0.058x1 + 0.200x3 + 0.150x4 + 0.60x, 

+ x., = 40.0 (6.46) 

e. Waste 

20x1 + 30x1 + SOx3 + 45x4 + 2Sx, + X 11 = 20.0x103 (6.47) 
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4. Acreage 

0.50x1_ + 1.00x1 + 1.15xJ + 1.43x4 + 1.43x, + x 18 =-300 (6.48) 

5. Plant Building Areas 
a. 1\faximum Areas. 

b. Mínimum Areas 

6.2.4 Solution 

x. + x., = 120 

X 1 + X10 = 80 

XJ,+ X11 = 70 

X 4 + Xu = 100 

x, + xll = 150 

X 1 - Xu = 40 

X 1 - X 14 = 20 

---~J- X¡s ::;= _26 

X 4 - X 16 = 28 

X~- XH __ }S_ 

(6.49) 

(6.50) 

(6.51) 

(6.52) 

(6.53) 

(6.54) 

(6.55) 

. -- -· - --(6.56)- ... 

(6.57) 

--·- ------- (~.5_8) 

The solution, o~tained with a standard linear programming package, yielded 
the following results: 

J. Maximum Annua/Jncome = $810,046 
2. lnitia/Jm·estment = $5,238,314 
3. Optimum Plant Building Areas 

Jndustry 1 (Eiectronics)-120,000 sq. ft. 
Jndustry 2 (Pressure Vessels)-73,228 sq. ft. 
Industry 3 (Metal Castings)-26,000 sq. ft. 
Industry 4 (Plastic Laminates)-28,000 sq. ft. 
lndustry S (Recapped Tires)-67,714 sq. ft. 

4. Optimum Land Area = 300 acres 
S. Labor Utilization 

Common-294 
Semiskilled-179 
Skilled-100 
Clerical-127 
Technical-102 
Manageria1-30 

6. Utility and Sen·ice Lel•els 
Electricity-14,026,743 kw. hr./yr. 
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Water-33.49 million gals./yr. · . 
Gas-28,435,428 cu. ft./yr. 
Scwerage-22.5 ímillion gals.fyr. 
Waste-8,850 tons/yr. 

All-solution values a-re feasible; they do not violate any of the limitatÍons 
imposed upon the resources. 

6.2.5 Conclusions and Observations 

In building mathematical models for reallife problems, one must be carefu1 
to verify that the available number of resources is sufficient to fulfill their 
mínimum levels of utilization, for otherwise there will not exist any feasible 
alternatives to implement the plan. 

Jt must also be pointed out that the industries used in the example as well 
as the data presente:~_! __ alt_~~_!!gh __ _¡:e~!i~!i~.._ ar~_ ~t_ric_tly hyp_otn~!ical. The 

--pfincfpaf coricé"rn here has been to guide the reader through a mode1ing 
situation and to stress the need tp use the systems approach to planning in 
9...P_tiJ1lizing reª! pro)?~ms eyen_ _ _'~vh_e11 th_ey _exhibit onJy a moderateJe\leLoL __ _ 
complexity. 

EXERCISES 

6-1. The southern California area is faced with the problem of ultimately 
supplying wa_ter to a future population of 40 million people. Assum­
ing that the future water de'mand will be 190 gal./dayfcapita, the 
water required by the area will be 7,600 m.g.d. Local surface water 
and ground water can supply only 990 m.g.d. Other possible sources 
of water are as foJiows: 

l. An aqueduct system to the Colorado River and to the Feather 
River located at a distance of sorne 200 '!lile~, with a total capa­
city of 4,000 m.g.d. 

2. Reclaimed waste water from domestic sewerage treatment witb 
a maximum of 3,200 m.g.d. 

3. Desalinized water from the ocean, which can be supplied in 
U!Jlimited quantities by the electrolytic ion-exchange method. 

The quality of the water to be supplied must contain no more 
than 700 p.p.m total dissoh~:l solids; no more than :~0 p.p.m sul­
fates; and no more than 110 p.p.m chlorides. 
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Data on the possible sources are given below: 

Col(!rsdo Feather Reclaimed Desalinized Local 
Rtver River Waste Water Source 

Cost ( S/1.000 gal.) 0.21 0.70 0.50 0.80 0.15 
T.D S. (p p.m.) 805. 720~-- 634. 500. 650. 
sc:fates (p.p.m.) 335. 132. 366. 30. 150. 
Ch!orides (p p.m.) 118. 137. 20. 30. 60. 

The problem is to adequately supply the water required ata minimum 
cost. 

6-2. Oe\elop planning problems utilizing the models described in this 
chapter. Introduce variations and try to expand the model formula­
ti0ns to fit other physical situations. 

6-3. A lamp manufacturer is investigating the possibility of expanding his 
pbnt. For expansion to be feasible, the additional facility must (1) 
ha,e·a minimum capacity 10 pro-dúce·Joo·Já"ñíps"per· montb·;-and·· . -
(~) produce a mínimum profit of $1,500 per month from a maximum 
budget of $5,000 per month . 
. -The lamp manufacturer-preduees--four- types-of lamps:·{l}éeramic 

lamps. (2) pine lamps, (3) oak lamps, and (4) mahogany lamps. The 
unit cost to produce th'e lamps is $3, $5, $10, and $15, respectively. 
The manufacturer's unit profit is $1, $2, $3, and $5, respectively •. 
The resources available constrain the monthly production tono more 
than 130 ceramic lamps, 400 pine lamps, 240 oak lamps, and 130 
rnahogany lamps. The availability of skilled lathe operators limits 
the production of wooden lamps to 630 per month. 

Based on a market survey, the maximum demand for additional 
lamps is 750 per month with the following breakdown: 20% ceramic, 
40 ~o oak, 25% pine, and 15% mahogany lamps, respectively. Deter­
mine whether or not it is feasible to expand the plant. 
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CONCEPTOS Y TECNICAS M.ODEH.NAS DE ANALISIS, 
DISEÑO Y DIRECCION DE SlSTEMAS DE OPERACION 

DECISIONAL Y NECESIDAD DE SU UTILIZACION 
EN INGENIERIA CIVIL 

Melchor RODRIGUE~ CABALLERO• 

1. INTRODUCCION 

En este trabajo se presentan muy someramente 
algunos conceptos y técnicas para el análisis, di· 
scño y dirección de sistemas de operación deci· 
sional. que se han precisado y desarrollado en 
los ídtimos 15 años. Estas técnicas han producido 
en los Estados Unidos una verd;~dera revolución 
~n la dirección de empresas industriales, y_ han 
permitido realizar eficientemente proyectos gigan· 
tescos. por su magnitud y complejidad. 

El propósito del presente trabajo es hacer notar 
la necesidad de utilizar en Ingeniería Civil las téc· 
nacas presentadas. El a~tpr estima que la aplica­
ción de dichas técnicas 1fll la Ingeniería Civil me­
xicana es indispensab,l~ para responder a las 
demandas que a ella le impone el creciente des­
arrollo económico de México. 

2. CONCEPTOS BASICOS 

2.1. Sistema 

Un sistema es un conjunto cuyos elementos es• 
tán relacionados entre ellos de manera que la 
operación de uno de sus elementos afecta la ope· 
ración de todos Jos demás. Los sistemas pueden 
ser de dos tipos: a) Sistemas de operación fija y 
b) Sistemas de operación decisional. En Jos siste· 
mas de operación fija la operación debe hacerse 
siguiendo reglas predeterminadas por el diseña­
dor, por ejemplo, un teléfono, un automóvil, etc. 
En los sistemas de operación decisional la opera· 
ción, y consecuentemente el resultado de la ope· 
ración del sistema, puede ser decidida por el 
personal que opera el sistema, por ejemplo, un 
sistema hidroeléctrico, un sistema de transportes 
(aéreos, marítimos, terrestres, eléctricos), etc. 

2.2. Sistema organizq.do de operación decisional 

La motivación básica, consciente o subconscien· 
te, de la creación o la existencia de un;~ empresa, 
es la consecución de ciertos objetivos de manera 
que alguna medida de la eficiencia (utilidades, 
costo, volumen de producción, etc.) resulte óptima. 
Los cmprcsnrlos, preocupados Eundnmcntalmentc 
por alcanznr los objetivos en cuestión, con fre-

• Doctor en Ciencias (M.I.T.): profesor en la Facultad 
de Jngenlerla, U.N.A.M.: profesor de lnvesUgaclón de Ope• 
raciones, Centro de CAlculo Electrónico. U.N.AM.¡ Ioge• 
lliero Cooaultor. 
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cuencia han descuidéldO factores de Orf¡aniZélCión 
que les han provocado pérdidas cuantiosas. tanto 
económicas como de tiempo. La necesidad de 
¡reducir o el1minar estns pérdidas ha impulsado 
la investigación de métodos científicos de analisis. 
1diseño, operación y dirección de empresas. El 
1punto de estos métodos es que una empresa sólo 
puede alcanzar sus objetivos con má.x1m;¡ eficien­
cia si se la considera como un sistema de operac1ón 
decisional que tiene las siguientes características: 

a) Objetivos coordinados: es decir, objetivos 
de las componentes del sistema compatibles 
con los ob¡etivos del sistema y con los re­
cursos dispon1bles en éste. 

b) Organización acorde con los objetivos: es 
decir, que la departamentalización func1ona!. 
la delegación de autoridad y la as1!')nac1ón 
de responsabihdad deben ser ac-ordes con 
los objetivos del sistema. 

e) Contenido acorde con los objctil'os; o se;,, 
el personal. los materiales, el equipo. el di­
nero y la información contenida en cada eic­
mento del sistema sea acorde con los ob­
jetivos de éste. 

d) ·Operación del sistema de manera q11<' hag.1 
posible la consecusión de los. objctiL·os; es 
decir, que los Elujos de personal. matcnales. 
equipo. dinero e información que implica la 
operación del sistema, deben hacer pos1ble 
la consecución de los objetivos. 

e) Controles para determinar si ocurren desvia­
~iones en el contenido, en la organ1zación 
ó en la operación del sistema, que provoquen 
trastornos en la consecución de los objet1vos. 
y en caso de que ocurran dichas desvía· 
ciones, poder tomar decisiones correctivas 
adecuadas. 

3. ELEMENTOS BASICOS DEL ANA~ 
LISIS DE UN SISTEMA DE OPERA­
CION DECISIONAL 

-3.1. Análisis de l.1s {lmciones en un sistct11.1 

Todo elemento de un si.c;temn de opernCJón Ol'­
cisional produce bienes o .•CII'ii.'Íos. Ln n;1tur.1k:.1 
de éstos depende de In especinlid,,d y los ob¡~t•­
vos d,el sistema. Sin embnrgo. cunlqu1cra que sc.1n 
éstos; es decir, cualquiera que sea el campo ¿e 
especialidad del sistema y sus objetivos, lns iun­
ciones que reali;¡a cualquier elemento del sistema 

INGENIERÍA 



pu~,lcn cJ,,.;if.c;us~ en olguno de lo11 grupos prin· 
cip.•lcl' :;auuicntc:t~ 

11) t n\'l'~l 1n'1!dón y ,1c11nrrollo. 
b) 1'1 mlucción. 
e) Venlóls. , 
<ll Finólnci;tmiento y tontraloria. 
e) Funciones reló1t1va~ al personal. 
f) Relaciones públicaf. 
!1} Funciones juridicaf o legales. 

En una empresa induirial moderna los grupos 
anteriores pueden subpi idirse como se muestra 
en los cuadros de las p · ginas 16-21 de la ref. l. 

3.2. Análisis de la estructura del sistemél 
1 

En un sistema tfstablcddo de operación decisio­
nnl lóls funciones Clescritas en el inciso anterior se 
encuentran asignadas a depólrtamcntos. Con fre­
cuencia, un grupo o un subgrupo de funciones 
está asignóldo a uno o varios departamentos del 
sistema, depend1endo del grado de desarrollo y 
de las condtciones de operación del sistema. Tam- · 
bién, la dirección de las actividades de uno o de 
varios dep<~rtamentos se encomienda a un jefe. 
Como se sabe, el di<~grarña que muestra la depar· 
tament<~lización de l<~s funciones del sistema, y 
la dependencia de cada departamento en cuanto 
a dirección, se denomina :organigrama. 

La información principal que puede extraer el 
analista de sistemas de: operación decisional al 
estudiar un organigrama es: 

a) Qué grado de desarrollo tiene el sistema (el 
desarrollo del sistema es mayor a medida 
que aumenta la necesidad de crear nuevos 
departamentos). 

b) Quien es responsable de la dirección de los. 
dtferentes grupos de actividades. 

e} Ante quien es responsable cada elemento 
directivo del sistema. 

d) Existencia de multiplicidad de mando. 
e) Existencia de actividades cuya ejecución no 

se ha asignado a nadie específicamente. 
/) Necesidad de formar nuevos departamentos. 

3.3. Análisis del contenido del sistema 

El contenido de un sistema de operad6n "ded­
eional lo constituyen: 

1 

a) El personal. , 
b) El equipo y las in~taladones. 
e) Los materiales. 
d) El dinero. 
e) La información. 

La información principal que proporciona el aná­
lisi~ de cólda uno de estos elementos es: 

RC$f1CCto nl pcr.~Onc1l: cantidad disponible, pre .. 
paraclón y copncjdad, relaciones laborales, intc­
resef creados, servicios que se prc:ston al pc:rso~ 
nal, etc. . 

Respecto al equipo y las Instalaciones: cantidad 
y capacidad, condiciones de operación y manteni-
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miento .• lCh:cuaé•dad respecto a los objetivos, du,-
1trillllnc"!n en pl.mtól, etc. 
1 Rt·.~¡wclo 11 m;~tailll~.~= c:1pacidad y calid;ul de 
,los .al111i1cen;w¡ientos dispon1bles, med10 de miiiiCJO 
de miltenólles, etc. 

Rcs¡ic.:tó al dinero: activo fijo, activo circulan­
te. p<~sivo exigible a corto plazo, pasi:vo ex1g1ble 
a largo' plazo, etc. . 

, Resp'ccto a la información :capacidad y caracte­
, rísticas· de los archivos o almacenamientos de in­
i formación, etc. 
' ' 

.3.4. Análisis de la operación del sistema 

: La operación de un sistema de operación deci­
'sional 11nplica movimiento o flujo de personal, 
,materiilles, equipo. dmero e información entre 
los diferentes elementos componente~ del sistema. 
Es pos•ble construir un modelo gráfico de la 
operación de un sistema introduciendo símbolos 
que representen: 

a) Los elementos del sistema. 
b) El proceso que se realiza en cada elemento. 
e) Cada uno de los flujos (de personal, ma­

teriales, equipo, dinero e información) in· 
dicando: contenido del flujo, sentido en 
que ocurre y medio que lo conduce. 

d) ' La unidad de control de cada flujo. 

El modelo que resulta 2 tiene todo el aspecto 
de una red de distribución de corriente eléctrica 
o de agua potab"le. Geométricamente dicho modelo 
constituye una gráfica. En oc<~siones, para facilitar 
el análisis, se representa separadamente el flujo 
de personal, materiales, equipo y dmero y el flujo 
de información asociado correspondiente. . 

El proceso que se realiza en cada elemento del 
sistema puede representarse mediante un diagra­
ma o gráfica de flechas y analizarse utilizando el 
método CPM o PERT l, 

La infor.mación principal que se obtiene de los 
análisi& precedentes es: 

a) Eficiencia de la operación del sisten•a. 
b) Localización de elementos cuya operación 

es defectuosa ("cuellos de botella"). 
e) Localización de fallas en la organización. 

3.5. Análisis de los controles en un sistema 

La operación de un sistema de operación deci-
sional establecido depende de las decisiones que 

· tome el personal directivo de todosi los elementos 
1 del mismo. Estas decisiones afectan el contenido 
: y los flujos de contenido en el sistema, y. con se­
. cucntemente, los procesos que deben rcillizarsc 
,en cada uno de sus elementos. El grado de con· 
trol en' un intcrvillo de tiempo :::e mide por, lil di· 
ferenció\ que h<ty entre lo~ ob¡ctivos pl.wc.1dos 
p<tra el intervóllo y los rc.~ult.1<ios obtcnidl'S du· 
mnte ~1. Si esa diferencia di.sminuye con el tiem­
po. el grado de control aumenta, y viceversa. 

De acuerdo con la discusión del párrafo ante­
J rior el análisis de los controles e.n el sistema, 
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deber A en foc;¡rse a determinar para cadd período 
conveniente de tiempo durante la vida del sistema: 

a) Qué objetivos existinn en los diferentes pe­
riodos de tiempo pnra cada elemento del 
Si5tCI1\il, 

b) Qué g rildo de compatíbilidild existía entre 
los objetivos de los diferentes elementos del 
sistemil. 

e) Que difcrenciils se presentaron en cada pe­
ríodo entre los objetivos plnnendos y los 
resultildos obtenidos' durante el periodo co-
rrespondiente. : 

d) Qué causé\s provCK¡¡ron en cada periodo las 
desviaciones observ"«tdas entre objetivos pla­
neados y resultados obtenidos. 

Merece especiatl atenc!AAn el estudio de las cau­
sas de las desviilciones citeervadas entre resultados 
y objetivos planca:dos. l~tas desviaciones pueden 
clasificarse en dos tipos: 

a) Desviaciones provocadas por defectos del 
sistema mismo. 

b) Desviaciones provocadns por cnusas ajen<~s 
al sistema y atribuibles al medio que lo 

· rodea. , 

Si el diseño de.t" sistem~ fuese tal que las des­
viaciones del tipq a) t~ndiesen a desaparecer, 
el sistemn de operación decisional tendería a un 
sistema de opera~ión fija, y las decisiones que 
tendrín que toma1r el pdrsonal directivo de los 
diferentes elementos del liistem<1 serím1 necesarias 
solnmente "por e'xcepciólt"; es decir, solamente 
cuando ocurrie1·an circunstancias realmente im­
previstas, dentro y fuera del sistema. · 

La información principal que se obtiene del aná­
lisis de los controles en el sistema es: 

a) Grndo de control ~n la operación. 
b) Fallas en la planeación o ausencin total de 

planeación. · 
e) Información', para cpntrol insuficiente en al­

g~mos ~5pectos e innecesaria en otros. 
el) Pallas en el diseño del sistema. 

4. DISEÑO DE UN SISTEMA DE OPE­
RACION DECISIONAL: APLICA­
CION DE LA METODOLOGIA 
CIENTIFICA 

-1.1. El problema de diseño de un sistema de 
operación-decisional 

Los objetivos de un sistema de operación deci­
sional cambian con el ti~mpo. Este hecho obliga 
al investigador de sistemas a analizar con alguna 
frecuencia al sistema en cuestión con el fin de 
determinar si éste permite alcanzar los objetivos 
con In máxima eficiencia o si hay necesidad de 
rediseñar el sistema en ·alguna o algunas de sus 
componentes. . ~ 

El problema de diseño de un sistema de opera­
ción decisional presen~ las siguientes caracte-
rlstic:aa: : 
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u) Ulia persona o Ull urupo de per~OiliJ!> que 
t1cnc que tomar las dccisionclt' dunmte lél 
fas~ de diseño del ltilttcma hnltta: selecCJ<inar 
un¡ diseño pnrn operación. t 

b) U •¡a persona o un grupo de per!>onas (mm al. 
mc¡nte distinto del grupo en a) ) que tiene 
que tomnr las decisiones durante la opera­
ci~n del sistema. 

e) Posibilidad de establecer y coordinar los 
ohJetivos del sistema en varias formas· al­
ternativas. 

' d) Necesidad de est<~blecer una med1da de la. • 
' ---eficiencia del sistema o de la parte del 1 :.is­

tema que se diseña. 
e) Posibilidnd de varias alternativas no igual­

mente eficientes para alcanzar los objetivo& 
dese<~ dos. 

f) Duda respecto a la elección del diseño "óp­
timo". 

g) Un medio ambiente que produce un efecto 
riesgoso o incierto sobre el sistema. 

. Puede observarse que excepto por el factor b) 
·~ntcrio¡:, los otros factores intervienen en mlayor 
o en menor grado en el diseño de s1stemas de 
operación fija. Esto ha permitido utilizar la meto­
dología científica para el diseño de este tipo de 
sistemas en el diseño de sistemas de operación 
decisional. y viceversa. Muy recientemente esta 
metodología ha sido desarrollada notablemente 4• s. 

4.2. · Insumo, proclucto. eficiencia. Objcti11os y 
ec,aluación de objetic,os . 

La selección de uno de los diseños alternativos 
posibles de procesos a realizar en un sisten;'a de 

.operación decisional o en una parte de él. se hace 
en función de lo que se denomina cficicnci.l. En 
la fig. 1 se muestran los cuatro casos pos1bles de 
relaciones entre producto e insumo. y la medida 
de efici~ncia correspondiente. , 

1 
, Los objetivos de un sistema de operación deci· 
!sional ~ de una pnrte de él. pueden referirse al 
insumo 'o al producto y pueden ser cu;¡htiiUvos o 
'cuantitativos. En general. pélra lograr el mejor 
diseño del sistemn o de la parte en cuestión no es 

:, suficiente con renunciar los objetivos que se pre­
tenden, sino que hay que evaluarlos. Muy recien­
temente se han desarrollado técnicas de evalua­
ción 4, de aplicabilidad general y de gran utilidad 
para evaluar los objetivos. 

4.3. Modelo de un sistema. Ventajas que tiene 
su utilización 

Como se sabe, un modelo de un sistema es una 
representación del sistema. Un modelo puede ser 
físico o abstracto. ' 

, Entre los modelos físicos los más impo~tantes 
' son los analógicos. es decir. <lquellos cuy.1s mil~l-
nitudc5 físicas rcpresentnn a las magnitudes ca­

; racteri~ticas del sistema, de maner~ que a cnda 
' magnitud del modelo corresponde una y só1o una 
; magnitud del sistema. A esta clase de modelos 
1 ' ~ 
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cc,nresponden los modelos gráficos y los modelos 
~14tricos. 
~~s modelos abstractos son los modelos mate­
'máticos. En éstos, las variables que aparecen 
representan a magnitudes características del sis­
tema. y el conjunto de relaciones matemáticas que 
deben satisfacer dichas variables para representar 
al sistema constituye propiamente el modelo del 
sistema. 

Si las magnitudes características de un modeló 
no cambian con el tiempo, el modelo se llama 
estático. Si dichas magnitudes cambian con el 
tiempo. el modelo se llama dinámico. Un sistema 
cuyas magnitudes características cambian con el 
tiempo puede ser representado por un modelo 
estát1co en un cierto periodo de tiempo. si la va­
riación de las magnitudes en ci.1esti6n es pequeila: 
en c<tso contrario, el sistema tiene que represen­
tarse por un modelo dinámico. 

Es pos1ble representar mediante un modelo a 
una parte del sistema o al sistema en conjunto. 
Por lo que se refiere a sil'ltemas de operación fija. 
las técnicas de representación, análisis, diseño y 
optimización del diseño •, se encueqtran muy 

' 
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desarrolladas. Algunas de estas técnicas han sido 
utilizadas en sistemas de operación dec1sional. 
basándose en la similitud anotada al final del 
inciso 4.1 entre este tipo de sistemas y los SIStemas 
de operación fija. Así. se ha utilizado la teoríil de 
los servomecanismos para representar y simular 
la operación de sistemas de producción o distri­
bución organizildos 7• También se han desilfro-

C\ liado modelos específicos para sistemas de oper<t­
ción decisional 7• 8• En la actualidad este campo 
se encuentra en proceso de desarrollo verdadera­
mente explosivo. 

Las ventajas principales que tiene la utili;:ación 
r de modelos para representilr a sistemils. tilnto de 
¡operación f1ja como de operación decisional son: 
1 ' 

a) Es menos dificil medir las variables cilrilc­
t~rístlcas en el modelo que en el sistema 
renl. 

b) Permiten encontrar relaciones entre le1s ntélg­
ditudes caracteristicns del sistema que seriél 
imposible o muy difícil descubrir med1ante 
an~l~& directos del sistema. 
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e) Pé11natcn. dctcrmin<~r el dascño óptimo (res­
pecto a <alg lm criterio) ·del sistema para 
condiciones de opcr;~ción dadas. 

el) Permiten la experimentación (simulación) 
en condiciones controladas, menos difíciles 
y menos costosas que en el sistema. 

e) Proporcion;~n la¡ única base posible para el 
desarrollo de la: rama del conocimiento co­
rrespondiente. ¡ 

/) Permiten la en,eñanza. 

L., desventaja pri,njc:ipal de los modelos de sis-
. temas es que consta¡tuyen ·idealiznciones más o 
menos rcfinaqas de dichos sistemas. Sin embargo, 
no deben o1'1idarse ~as dificultades que tiene la 
experimentacion con \el único modelo fiel de un 
sistema, o seat con el,sistema mismo. 

1 

4.4. La investigación de operacione,s. Algunas 
clases de problemas estudiados. Uso de 
computadoras electrónicas 

Recientemente se ha hablado mucho de las 
ventajas que ~iene la utilización de los métodos 
y modelos de la Inve~tigación de Operaciones en 
problemas desarrollo 1 económico, de dirección de 
empresas, etc. Sin e~bargo, con frecuencia no se 
tiene un concepto cla~o de lo que es. La Investiga• 
ción de Operacione!t~s una rama de las Matemá• 
ticall que se caractetr!Za por: 

a) Estudiar sist~as de operación decisional. . 
b) Desarrollar módelos matemáticos o analó· 

gicos d~ los sistemas que estudia. 1 

e) Desarr llar té¿nicas para optimizar la efi .. : 
ciencia 

1 
de los sistemas que estudia. 

La metodología que emplea la Investigación de 
Operaciones :es ~a metodologla científica 4 '1 2, ' 

El procesó que se sigue en Investigación de· 
Operaciones para atacar un problema especifico· 
puede representarsP. gráficamente como se indica· 
en la fig. 2. 

La forma básica de los modelos ele investiga• 
cl6n ele operaciones es 

ea clonde 
B.= /(e,, U1) 

B ::::; Eficiencia del sistema. 
e, = Variables sujetas a control por de· 

cisión ( i = 1, 2, ••• n) • 
U~ Variables o constantes que no están 

sujetas a control por neclsión y que 
. afectan la eficiencia ( j = 1, 2, ••• n) • 

/(e,, U1) : Simbqlo que indica función / de · e,. U1• 
1 

El problema es:· fijados los valores de U.1: de· 
tcrhlinar lqs valo~es correspondientes de G1 (,si 
exlliten) que hocen óptima (máxima o mínima) 
la eficiencia E. sabiendo que las variobles están 
sujetas a ciertas restticclones, impuestas usual· 
mente por limitaciones en los recursos disponibles 
o por cleaeos ele ~tener algWloa fact~res. 

' 
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PlGURA 2 

Los problemas 'que se han atacado eh Investí• 
gac,ión de operaciones pueden clasificars~' en pro-
blemas de: · 

4) Inventarios .e) Rutas 1 

b) Asignación /) Reemplazo 
e) Espera u) Competehcia 
d) Secuenciación • h) ~úsquedn 

Algunas de las técnicas de 1~ lnvest1i~Jilción de 
Operaciones han sido aplicadas en: inye~tig~ción 
y desarrollo, producción. ventas. fanéla~Clillnlento. 
dirección de personal, compras, pléln~é\Ción ge­
neral, etc. En todas estas aplicaciones; lél utiliza­
ción de computadoras digitales elect~ónicas ha 
sido de gran utilidad. Con frecuencia, ha sido 
la computadora electrónica la que ha permitido la 
utilización de los métodos de Investigación de 
Operaciones en problemas de' gran ¡¡nagnitud y 
cOmplejidad. 

PRINCIPIOS DE DIREk:CION MODE-R­
NA DE SISTEMAS lDE ORERACION 
DECISIONAL 

A pesar de q'ue desde 1_91'6 Fayol 10 presemó 
con todn clnridild los principios b<hico!. de la 
direccióll de empresas, y de que dtmostró que 
usando esos principios es posiple enscñ.u a ditigar 

\ ' 

, • Los mitodos CPM y PBRT ~ue han odc¡ulrido tanla 
popularidad rcci~Dtemcnt~. aoa &Ktocioa para problemas lk 
ata c1aGe. 
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.:~.1 t:III¡Ht:S.1, d1chos · pnnl:lplos pcrm.medcron l\J· 
• ·r.ulos por lil gr¡¡ú mayoríil de los dirigentes 
·;~ cmprcsns en tod~ el mundo, hast<t que h<tce 
; ... r0 ,un.1dilmente 15' ilños se inició su difusión en 
.¡~.1 n cscilln. Este hecho impulsó. la investigilción 
,;,a.:il de ),, d1recC1ón de empresils, y, en gener¡¡), 
,1,w:.1 de ),, dirección de sistem<~s de oper<~ción 
J~''''onill. Como resultndo: de dichns investiga­
~1onc~. se d1spone ahoril de) un conjunto de prin­
.-1p1os sóhd.1mente fundam~ntados para la direc­
~1ón de sistcmils de opemci!C)n decisiona)ll. 12. 

Actuóllmente se recono~e. que todas las activi­
d.1Jcs relilcionndas con lá dirección de cualquier 
p.1rrc de un sistema 1 de operación dccisionül o del 
s1stcma en conjuntq. pueden clasificarse en los 
cuatro grupos que t>e muestran en la fig. 3, y 
que esos grupos de ~ctividades directivas se rea .. 
h:an cíclicamente como se' indica en la fi(Jura, 
durante todo el tiempo que está en operación el 
sistema. 

. 1 PLANEACION 

~ 
[ ORGANIZACION CONTROL 

L,..---+-----, 
F1G. 3. Cicfo dimlri!fco de 111 direcció11 

Con el fin de precisar ;,.t! significado de los tér­
minos que aparecen en ''1a fig. 3, se definen a 
-=ontinuación: 1 • 

P/.,ncación: conjunto de decisiones tendientes 
~ lograr en el futuro los objetivos establecidos, 

. 'n la forma· más eficiente posible. 
Organización: conjunto formado por los ele­

mentos del sistema a los que se asignan las activi­
dades que deben realizarse para alcanzar los ob­
jetivos establecidos, y por el personal en quien se 
delega la autoridad y la responsabilidad para 
dirigir la operación de dichos elementos. 

Motivación: conjunto de técnicas utilizadas por· 
el director de un elemento del sistema para en­
cauzar las actividades en~:omendadas al personal 
que dirige, de manera que puedan alcanzarse los 
objetivos establecidos en. la forma más, eficiente 
posible. 

Control: conjunto de técnicas para comparar y 
evaluar las desviaciones probables entre los obje­
tivos planeados y los resultados que se obtengan 
durante la operación del sistema. 

Recientemente se han desarrollado las técnicas 
conocidas con los nombres CPM y PERT 3, que 
permiten realizar la planeación y el control con 
el grado de ef1ciencia y de detalle que se desee, y 
que son también de gran utilidad para diseñar la 
organización y las t~cnicas de motivación. Algu-
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1 1 

nas, de la1. técmcas de1.cntas en el artículo 3 pre­
cedente, son también muy útiles para diseñar la 
organización del sistema o del elemento .. en cue~-
tió~. 1 .. :i:. ; 

1 . ¡ 

6. ALGtYNOS SISTEMAS DE OPERA­
CIOt" DECISIONAL EN INGENIERIA 
CIVlL 

1 

1 ' 

~os conceptos y técnicas descritas precedent:e-
mclnte son: aplicables p<~ra el análisis, diseño 1 y 
op~imizacil'?n de la operación de algunos sistemas 
de; operacion decisional de interés en Ingeniería 
Ci~il. Entr

1

e dichos sistemas pueden mencionarse: 

~) Sistemas hidro-eléctricos 13• 
14

• 

b) Sist~mas de irrigación u. 14
• , 

e) Sistemas de transportes: carreteras. trAnsjto 

d) 
e) 
f) 
g) 

/h) 
1 

1 

en ciudades, ferrocarriles, transportes marí­
timos y aéreos. 
Sistemas de vivienda popular. 
SistFmas de desarrollo urbano. 
Empresas constructoras. 
Empresas de estudios y proyectos. 
Empresas productoras de materiales · de 
con~trucción. 

; También son aplicables al11unas de las técnicas 
d~scritas, para la dirección de la construcción de 
proyectos esp,eciales o de producción masiva 1\ 

·7 NECESIDAD DE UTILIZAR EN MEXI­
CO LAS TECNICAS PRESENTA~AS 

El desarrollo económico de México en los i úl­
timos <tños ha traído cons1go un aumento notable 
en el monto de las inversiones gubernamental¡¡s y 
privadas en sistemas de oper«ción dec1sionul' de 
interés en Ingeniería Civil. Esto ha provooado 
la necesidad de analizar, diseñur, re<~liz'ar y operar 
sistemas cada vez de mayor magnitud y com!ple­
jidad en un tiempo reducido. Este hecho y la no 
utilización de técnicas como las desc.ritas prece­
dentemente ha sido la causa de numerosos fraca­
fiOS pres~-Jpuestarios, y del frecuente ~mpleo · ine­
ficiente de los recursos disponibles. 
' En el¡ futuro es prob<tble que tengamos nece­

sidad de realizar sistemas aún mayores que los 
J;ealizad<;>s hasta ahora. y que tenga~1os también 
que aprovechar mejor los Sistemas existentes¡ Las 
técnicas/ descritas nos permiten, en u11o o en: otro 
caso, lograr una mayor eficiencia en la utilizpCIÓI\ 
de nuestros recursos y consecuentem¡:;nte, la 'posi­
bilidad de lograr un desarrollo económico mayor 
y más acelerado. i 

La investigación, desurrollo y experimentpción 
de las .técn1cas descritas ha requerido un gran 
esfuerzo económico e intelectual en otros ppises. 
Tenemos ya gente preparada en ellas y tenemos 
también los medios para aplicarlas, utilicémoslas 
eu beneficio de México. 
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2. S peculationst 

LESLIE MAR TI N, LIONEL MARCH & ÓTHERS 

In the 1920s an important shift of architectural intention and procesa­
a shift of social attitude- became clear. However complicated the his-­
torical situation may ha ve been, three powerfullines of thought appeared. 
The first carne from the passionately held belief that there had to be sorne 
complete and systematic re-examination of human needs and t~at, as a 
result of this, not only the form of buildings, but the total envuonment 
would be changed. The second line of thought, interlocking witb this, was 
simply that change in the form ofbuildings, or environment, would only 
be achieved completely through the full use of modern technology. These 
two ideas produced a third, which was that each architectural problem 
should be constantly re-assessed and thought out afresh {Wurster 1965). 

Now it is clear that no single one of these principies was ever ~m­
pletely demonstrated. They remained lines of action so~eti~es fo11owed 
up separately, some'times together. The rational exammat1on of needs 
went sorne way, certainly, towards a fundamental change in the plan form 
of buildings. But of technical innovation, there was not a great deal. There 
was a lot of talk about the machine but its end products were not very 
evident in buildings. What the designers saw, often in a confused way, 
were the possibilities that arose from their beliefs and attitudes, and it ~ 
around these anticipations that they built up their formal systems. In th11 
sense their buildings were symbols of what a new architecture might be. 
And for their day they had an immensely powerful rrieaning. 

All this is something very different from an attempt to produce new 
forms as a primary objective: i.e. as a kind of rootless formalism. What 

t This essay is a compilalion from many sources. The inlroduclory pages are from 811 

article by Sir Leshc Manan entilled, 'Archnect's Approach lo Arch•tecture', publishe4 
in lhe R.I.B.A. JournQ{, May 1967. lt mtroduccs paraphrased excerpls from other 
papcrs and articles which are hcre prcsented as 'Speculallons'. The word is fittina 
as lhc attcmpl was 10 ra•se que!.IIOns which could only be answered by subsequenl 
formulations. •· 

Spcculatioru :t 
seems to be important about it are the intcntions that caused thcse forms. 
The diffcrcnce between a chair produccd by the ans and crafts movemenl 
and a chair dcsigned by Rietveld is not just a difference of form. The fonn 
comes from a diffcrent emphasis on who makes it, on how it is made and 
how many people can have it. Now to stress this distinction is to make a 
declaration of attitude. The design of an object becomes a statement ol 
conviction about what a society may need, the way it might consider ita 
surroundings, the kind of products that it might have and how it might 
manufacture and use them. It is indeed an intellectual c;ommitment; and 
this attitude of mind will apply equally to any aspect of design. The work 
resulting from the 1920s and 1930s is of interest and value today because 
of the ideas that it embodies (Wilson and Rowe 196S). 

The change from art and craft intuition towards rational analysis_ 
measurement, technical innovations and speculative thought about these 
things, is one manifestation of this. The change is there at an early date 
in the opposition to the intuitive craft approach, and in buildings that 
are 'built to a RUrpose' and thought out, rather than drawn. It is this 
matter-of-factness in which the act of design can~ot be separated ou.t as a 
form-making process that remains central. 1t is re-echoed in the various 
catch-phrases around which theory {and paniculª'rly German theory) _was 
discussed. · · 

But history is never clear cut. Against this attempt to reintroduce 
ration~ism as a basis for architecture, there is, all a]ong the fine, the 
oppos1t1on of a powerful wing of 'individualist' creators. The situation is 
confused. Rational thought about needs and processes by one school was 
in sorne way considered by another to be dangerous and inhibiting. 
Practica] reason and intuition were seen as opposites. And it is also true. 
as C. B. Wurster (1965) and J. M. Fitch {1965) have noted, that just u 
the products ofpractical reason were being demonstrated on an impressive 
scale in the housing projects of Ho1Jand and Germany, the developing 
theory be_came dogma. The principie that rational thought about use and 
construct1on must produce (as an integral part of this process) its OWD 

formal systems required a continuous reassessment of every aspec;t or a 
probl~m. Knowledge would be established by analysis. advanced by 
expenment and confirmed or corrected by test: A ruthless reassessment 
?f each achievement was an essential pan of this process. But, in that 
1mportant and major housing achievement of the 1 930s, the process 
stopped. The speculative thought that could have extended the range ol 
built forms into totally new environments dried up. Jn Germany and 
elsewhere the set housing solution solidified into parallel rows of sJab 
blocb. 

The fact that this happened was of enormous consequence. The rational 
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approach was at once suspect. The end result of practica! reason appeared 

10 
be sterihty: and it was assumed that th1s could be countered only b~ 

intuiuve processes- by feeling. Thus the old nmetcenth-ccntury oppoSl• 

tions were continued. . 
What was wrong with parallel slab layout was not the ral!onal thou~t 

that it conta.ined, but the failure to extend this by furt~er s.vecula~v~ 
formal invention. As A. N. Whitehead (1929) on~. pom~ed out, 1t lB 

speculation that makes ratio~al t~ough~ live: a.nd 11 JS rat10nal tbought 
that gJVCS speculative invenuon tts bas1s and 1ts ~oots. To analyse, to 
meas u re and to rationalise the problem 1s an essent1al ~art. ~f the procesa 
of scientiffc;'- thougbt. And, in the scientific proces_s, mtultlOD (or w~at 
Alfred North Whitebead (1929). prefers to call conJecture or speculative 
reason) ¡5 itself entirely arbitrary unless it is guided by thought or syst~m. 
Practical reason is tbe means by which methods are develo~ed for d~a!mg 
with different k.inds of facts. Speculative reason is an extens1~n of this 1~to 
theoretical activity. Progress depends on a Iively interest ID specu)ative 
reason. Througb the interaction of these two forms of ~01Jght, fact~al 
assessment can take its place within an overall scheme oft~m~: spec~ative 
reason is 'robbed of its anarchic character without destroymg1t~ function of 
reaching out beyond set bounds' (Whitehead 1929, p. 66). W?itehead goes 
on to add that the massive advance of modero technology IS due to ~e 
fact tbat these two forros of thougbt (rational and specula~ve) h~ve agatn 
made contact. Tbat, translated into architectural terms, 1s equ¡val~nt to 
saying that the rational understanding of a pro~lem and the exten~IOD of 
this into speculative (intuitive) thought is one smgle process: that JS, that 
thought and intuition are not opposed but complementary. "W_e may 
reco"gnise at once an older (pre-nineteenth century) concept of architecture 
in which tbe design process cannot be isolated from the thought processes 

by whicb the problem is analysed and solved. . . . . 
The decisions tbat are taken about tbe planmng ofbwldmgs, the1r form 

and the grouping in relation to t)le land available may ~e based on u­
sumptions wbicb appear to be eminently sensible and ra~10nal. H~we~er, 
rigorous reassessment- despite the initial forro of refutat1on that 1t Dll~t 
assume -·win always prove productive. The argument. presented _here Ul 

that thing?:_are not always what they seem to be. RefutatJon c.~m begm asaD 
intuition ofirnposture; but to prove that, speculation and ratJonal f~rmula­
tions must be able to demonstrate first tbe fallacy and then alternatrve and 
more useful deployment. The .fallacy may exist ~t any scale: o~ s~tc re­
sources assumed to be needed of the relationsh1p of rooms WJthm t~ 
building to the corridor space 'connecting them, of _gr~uped b.uildings to 
eacb other and to each otber's uses, of buildings w1thm the c1ty and the 

streets by which they are connected. 

Speculall"onz ji 

It is particularly fortunate when out of speculation, research has itJ 
begmnings. The points hcre raised were formulated out of a series of 
separa te studies as they arose from practica! problems. Since they were not 
contained within a formulated body oftheory they can best be described lll 
speculations. 

Speculation 1 (Martín & March 196S) 

How can we study the efficiency of the planning of buildings? There is a 
common assumption that the most economic building is that in whicb the 
circulation space is reduced to a mínimum when set against the toi'al fioor 
arca: that is to say that maximum efficiency of planning is measured by the 
relationship of circulation to gross area. This measure is frequently used in 
assessing costs and awarding grants. At the same time other standar~ -
possibly conflicting, may be introduced, for example room sizes based om 
increments, or constructional sizes resulting in modular dimensions. These 
are all interrelated factors and the interaction can be studied in a few 
simple diagrams. · -

In tbe example selected, 12 rooms have to be accommodated. These 
va.ry in size and their arcas are based on graded increments of 25-50 
sq ft. The planning and structural module is based on a 4-ft grid. ·In the 
first layout (Fig. 2.1 a), the rooms are arranged along each si de of a mini­
m u m 6-ft corridor, in what may be considered to be an efficient plan. The 
rooms are made 18 ft deep and arranged in length to forro tbe most con­
venient fit between the incremental sizes and the planning uniL There is a 
clear over-allocation of floor space per room: the area increment being 
72 sq ft instead of the required increment of 25-50 ft. 

In the second diagram (Fig. 2.1b), the variation in room size has a two­
way freedom, the deptb of the room being controlled by the 4-ft module. 
The room over-allocation is reduced. Tbe corridor is increased in space 
in what might appear to be a wasteful manner, but the total ftoor area 
remains the same as in the first example. _ 

If the module for room depth is now reduced to 2 ft (Fig. 2.1c) thea 
room allocation has a tighter fit. The corridor width is 8ft over 80% ofita 
length and may be more pleasant and at the same time more usefuJ by 
accommodating waiting areas or filing space. 
_ In.the previous examples the building block is 29 units in lengtb and 101 
ID w1dtb. The effect of an increase in the width of tbe block can now be 
considered. In the next diagram (Fig. 2.1 d), with the block now only 21 
modules longand 14! modules deep, a 6-ft corridor is again introduced. The 
over-allocation is now the highest in the series. The circulation area is tho 
least and the externa) face is 16 modules less than in the previous cxamples. 

! 
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fig. 2.1. A comparative study or office layout with varying plannin¡ modules, room 
depths, and perimetcr lengthl. 

Speculation~ 

• If the rooms are now givch free do m in dcpth a'nd the depth is cóntrollé4 
by the 4-ft module (Fig. 2.1 e), the room entitlement has a closer fit and tht 
corridor is nowhere less than 8ft wide. With a further reduction of modulo 
depth to 2ft (Fig. 2.1f), there is no over entitlement and nowhere is tho 
corridor less than 10ft. When the block is widened again to 16 modules 
(F1g. 2. lg) the increased depth allows a conference room to be inserted iQ 
the central area. The externa! perimeter face is reduced from 42 modules lO 

38. By sorne criteria this layout is the best, though it has the Jeast favour­
able circulation to gross area ratio (26.6 %) in the series. lt gives a perfec& 
fit of entitlement to allocated space, has the least externa] waJI s,urface 
(perimeter length) and the least gross area. The ratio of circulation 1o gross 
area as a measure of efficiency can certainly be questioned. 

Speculation 2 {Martin & March 1965) 

Many meas u res of the 'efficiency' of buildings m ay be developed but these 
can only be of use when they can be seen in relationship and when válues' 
can be defined in measurable terms. lt may- be asked, for example, what 
building forms -inake the best ·use· of land? The question necessarily io­
volves a value judgement of what is meant by 'best use' and this can only· 
be answered objectively insofar as the values can be defined in measurable 
terms. It mightbe assumed that current planning controls, where they use 
measures, will supply an answer and that the question is asked wherever a 
development is proposed for a given site. 

Current planning techniques, in fact, ofl"er two measures which have 
dominated planning and architectural action for many years. The first is a 
measure offtoor space index (or its alternative plot ratio) and thé second is 
concerned with daylight considerations. t These two measures are as'sumed 
to provide a rational relationship of ftoor space to si te and a~_assurance 
that buildings will be adequately lit. The use of the first measure has som~ 
times been extended to give an indication o_fthe population accornmodated 
in the buildings. · 

Martin, March and Taylor (1965) examlñed this last point by producing 
a set of graphs to show the relationship of three of the factors which 

• may be considered ·in 'deterrniiling · the· population-· cápaéity' 'of a: 'giveo 
site. (These graphs are illustrated in Fig. 2.2.) In relation to a typical site 
area of 100,000 sq ft the plot ratio may be 2: 1, 3: 1 or 4: I. This genera tes 
floor areas of 200,000, 300,000 and 400,000 sq ft (Fig. 2.2a). The grosa 

t F1oor space index is the gross floor area measurement or the building includin¡ the 
thickness or the externa! walls; this total is divided b·J the site area including hall 
the width or the surrounding roads. Plot ratio is the same gross measuremeot ol 
floor area divided by the nel site area. These measures are expressed as 2:1, S:1 e-tc. 
Daylight considerations are measureel by special protractors and ,. 'lmograms. 
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Fig. 2.2. Range of population density as fuoction of plot ratio. 

fioor area may then be u sed with varying degrees of efficiency, for ~xample 
25%. 50% or 75%. The clerical areas generated from these (Fl!. 2.2b) 
yield nine possible results ranging from 50-100,000 sq ft at _25 %. 1~ 
200,000 sq ft at 50% to 150-300,000 sq ft at 75%- If these p_ossJble.clencal 
areas are·now related to an allocation of sq~are feet .per person (F1g. 2.~) 

· tbis too m ay fall within allowances of 80, 100 or 120 sq ft per person.ln this 
example seventeen dlfferent populations ranging from 400 to 3700 co~ld 
arise from the same s1te area as a result of these relationsbips of plot rabo, 
general plan effic1ency and floor 'space allocation per person. t 
t Other factors w111 clearly limit th1s ra'lge, for instance,_ building ~des .. Similarly, 

land and development co5t5, partJcularl~ in central busmess d1stncts,_ ~JI! tend to 
s.ecure 101en51 ve use. But coordm.!ted relátJOn5hlpS between bulk and dens1ty and use 
and dens1ty are not w.ually even forrnulated. -- .. · · ----- · --
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It is clear thát plot ratio in itselfis no S3ti~!"actory mcasure ofpopu!ation, 
though it is uscful as an assessmcnt of the tot::l ftoor space providcd by 
buildings on any givcn site in any area of a town. · 

Speculation 3 (Martin & .March 1966) 

But continued scrutiny can go on to reveal whether this plot ratio measure 
will insure in any WC!Y tha~ the si te ar!'!a will be effectively u~ed. In order to 

'demonstrate.this ;e might ·plac~ on any g1\~n sne par~Jlel rows of 4-storey 
buildings spaced apart by a conventional light angle of 45°: in th[s case the 
plot ratio wiJI be 2: l. If however the buildmg remains at 4 storeys but is 
arranged as a solid block lit by courts, in which the prescribed Jight angle is 
still u sed, the plot ratio will in crease from 2: 1 to 3: 1, that is by a factor of 
50%. Assuming for a moment that both forms of building lend themselves 
equally to interna! planning, it becomes clear that the building form can 
have a pronounced cffect on the total floor space possible on any given site. 
If urban land is to be developed economically and if reliable measures of 
this are necessary, it is desirable to k~ow which forms of building appear 
to make the most effective use of ground area.. 

In approaching this question we are at once confronted with sorne deep1y 
embedded ideas. One of these, for example, is the prevalent notion that 
high tower buildings are necessary in order to use land efficiently. Tower 
buildings have been used indiscriminately in London on sites which diffcr 
considerably in both size and surroundings. Any form of building is per­
missible within the measure of floor space index. If certain limits are set, 
such as size of site, the amount of floor space required, the acceptable 
depth of building, tbe amount of floor space with outlook, the amount 
without and so on, it is possible to demonstrate that a development might 
asSUJ!lJ: many building forms including tall towers and that a very con­
siderable number of variables exist and a ,wide range of choice requires 
examination. In one case studied with six co-ordinates, this reached a total 
of 60,000 possible solutions. · ' . 

Speculation 4 (Martin ~ March 1966) · 

How cañ such a problem be studied in a s~·stematic ma.':lner.? Th~ site 
utilisation of various layouts can· be stud1ed by classifymg the built forms 
under three headings: the pavilion or tov.er. the street and the court. 
These can be considered within a rectilmear um\·erse. The pavilion is finite 
in 1ts plan form. The street extends, potentially. infi nit~ly along_ one axis. 
The court extends infinitely along two. From these builr rorms rectangular 

.. latt1ces can be derived. In fact the pavilion, the street and the court consti- •• 
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p~vilion 

·.J 

. . r b 'lt forms. pavilion 
F•g 2.3. Schematic d1ag.ram to show three d1fícrent dJspos•t•on: " u• · courts 
or tower, strcct or slab, and the generatmg cruc•form m a conunuous pattem_or · 
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tute points of rccognition in wlli:d may more properly be seen as a con­
tinuous transformation from one extreme to the other (Fig. 2.3); from an 
array of isolated blocks elongated into continuous parallel rows, and these 
joined in the perpendicular direction to form a net of courts. 

This can now be examined. The co-ordinates used must be constant for 
each case: the same si te area, the same block depth, the same widtb of 
interspace, the same floor he1ght, etc. Two factors reveal certain aspects of 
the problem: one is the si te utilisation factor, that is the ratio of the site 
covered to the area not covered. The other is the built potential, that is the 
ratio of the floor area of the built form to the- si te area. 

1 

-----~------------------------: court 
111 1 

~~ -~ 
:!:! 1 
- 1 .s -----r-

~ ' -------------------.-... 
number of storeys 

Fig. 2.4. Built poten tia! in relation to number of storeys. 

When the built potential is plotted against the number of storeys for 
each one of the three built forms described, assuming all other factors are 
constant, then it is seen that after a certain height the tower form ceases to 
use land with increasing efficiency and lower towers more closely packed 
together, but with no change in the angle between contiguous towers, wiU 
give the same degree ofbuilt potential. (Fig. 2.4) This could be one reason 

- that the 'City of Towets', free~standing towers in a park-like ·setting, has 
never been built. lt is inherently inefficient in terms of land use. In com· 
parison to the pavilion or tower form at its maximum, the buih potential of 
the street form has twice its value, and the built potential ofthe court form 
is no Jess than three times as great. 

The form of a typical high density development, a low podium sur­
mounted by a tower, corresponds closely to the buildmg -0\·elope obtained 
by using daylight protractors. Day Jightmg controls have determined toa 
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Jarge e>..tent the massing of building seen in the central city of t~day 
(Watls, 1963). The type of study described can be dcveloped by con~Jd.er­
mg p) ram1dal forros which appro>..imate more closely to the actual bUJid1.ng 
form (f1g. 2.5). This generahsed pavilion forro may agam be compared w1th 
its anllíorm, the court. When this is done. the court form 1s seen to place 
the same amount of floor space on the same sne area v. 1th the same con­
dJtJOn of bUJidmg depth and m approx1matel) one-third the height re-

qUJred by the pavilion form. 

1 

\ 
-, 

S 7 's 2 2 
Ftg. 2 S. Generalised pavilion form and its antiform; modlfied antiform ofthe generalised 
pavihon form at the same scale and contammg the same amount of built volume on the 
same site; the hetghts are approxtmately in the ratio of 3:1. 

1 

• b e 

Ftg. 2.6. Th~:¡llustration shows (a) a pavihon de,clopment and (b) and (~) court ~ 
vclopments, in wh1ch severa! proporuons of s1te uuhsation: coverage, bmlt potential 
(bulk) and percentage of floor area w1thout outlook, are the same. For the same number 
of storcys. the bmlt potenual will be the same for all three bmldmgs. The difieren! sizc 
sne area needed 10 equahse these proporuons suggests that each form has an opumum si te 
s1z.e (Ftg. 2 6c takes mio account the mternal angle cond1t10n required to maintain the 
propon1on of !loor space w1th outlook, while bUildmg the court form on a smaller site.) 
Black arcas rcpr~nt floorspace wnhout outlook; "'hite areas represen! floorspace with 
oullook; unted area reprc!>Cnls that part of si te uncovered by development. 

Speculations 39 

Spcculation 5 (.Martin & March 1966) 

What is to be observed, however, is that if the built potential is held con­
stant for the pavilion and the court, and if the proportion of the built form 
having outlook and that w1th no outlook is again constant, then the size of 
the si te for these two developments will ddfer (Fig. 2.6). This seems to sug­
gest that each form of development probably has its own opt1mum size. lf 
the highest dens1ties were to be allowed only on the larger sites, then it 
appears to be the case that high and deep buildings would be unnecessary 
in terms of land use, though they may be required on other functional 

. grounds. This kind of consideration could lead to the generalloos~ning up 
of tbe texture of building on ground space. In that case a new relationship 

of building to road must be sought. The development of larger areas of 
land and the possibility ofbuildings occupying less ground space offers the 
possibility of a new sea le of road network in which the interrelationship of 
land, building content and the traffic which it generates is made more 
balanced. 
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Spccubtion 6 (Martin &: March 1968) 

Th1s qucst10n of the relatedness of things is central to the consideration of 
any single issue hke the proviswn of housing, schools, open space or t~e 
roads by "hich they are served. All these things are aspects of the matn 
problem of relauonships: and by looking at a question in this way the old 

barriers created by zonmg are immed1ately removed. 
Professor Vaizey (1968) once stated that the older areas of towns may 

continue to have the oldest schools. The problem, he said, was that even 
if the housmg priori u es did not ehminate them, the larger sites which they 

tend to demand dtsplaces the stock of housing. 

Fig. 2.7b. The land-use requirement of the 5000 people housed on the SO-acre site. 1be 
area allocated to schools includes 7 acres for buildmgs and 14 acres for playing fields. 
When an allowance is also made for open space, only 9 acres remain for housing. 1bc 
housmg floor area is 3 umes that of the land available. 

1t could be argued that educational need and housing need cannot be 
separated: both are part of the larger theoretical problem of how we use 
land by buildmgs. When the 1ssue is considered m this light the results are 
someumes surprising. Consider an arca of land in a nineteenth-century 
mdustnal cny: suppose that there are 50 acres of by-law street housing 
ins1de a frame of busy commercial and shoppmg streets. (Fig. 2.7a). The 
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residential densl!y is 100 pcrsons per acre A ~sume that the1 e is one obso­
lete pnmary school embcdded in the housmg: most of the chiidren attend 
schools elsewhere. Now consider the rebuiid1ng of th1s arca. Can houses be _ 
provided for the present populauon at the same u me that schools are made 
available for its children? There appear to be competmg land uses, and in 
any rebuilding there may be the added requlrCment of public open space. 

Let us loo k at this from the point of view of schools. Fifty acres genera te 
5000 people, and these m turn might demand an infants' school for sorne 
300, a junior school for something over 400, and for the sake of argument 

Fig. 2.7c. H the schools are accommodated, and this open space omiued. there remaio 
29 acres of land for housing. 3600 people could be accommodated in 2-storey housing 
arranged m the simplest possible way. 5000 people would require most of the site. 

we may assume al so a secondary school of around 600. The school build­
ings alone would occupy 7 acres of land .. PI a) ing fields v.ill require an 
extra 14 acres. Altogether 21 acres, or 42% of the land, would be required 
for educational purposes. If another 4 acres per thousand v.ere· to be 
claimed within the area for recreational needs, then 41 of the 50 acres or 
82% ofthe land would have been pre-empted, and the housing v.ould have 
to take place on the remaining 18%, on which agam there v.ould be sorne 
demand from access roads. In terms of sheer space ,,¡e housing would 
occupy a solid block of building three store)s high (Fig. 2.7b). 
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It certainly Jooks as though Professor Vaizey is right. It appear~ to t>: a 
matter of c11hcr housing or schools, but not both. But thc quanuficauon 
immed1atelv draws attention to an important issue. Why is so much land 
needed? What is it that demands an arca large enough to allow the simul­
taneous use by over 100 pupils playing five different soccer matches at the 
same time? What about overlapping uses of recreational land by a far 
Wlder range of actiVJties- in farming termS, a doub)e or triple cropping Of 
the land? And ifthe schoolland were available to the locality or, as recom-

Fig. 2. 7d. Three-storey housing would require 25 acres of land including roads and smaD 
'outdoor' room space. This housing is only possible if the 21 acres of schoolland and the 
open space allocauon are used to form 'urban rooms' of varying 5ize. 

mended by the U.S. Sub-Committee for Environmental Standa~cl~ {Am~­
can Pubhc Health Association), if the schools used the recreatJOnaJ facJli­
t1es provided for the neighbourhood, what saving of land woul~ then be 
possible? It is clear that we ha ve a choice: if we were to cons1der these 
relationships, Professor Vaizey's problem might still be soluble .. 

But this can be Jooked at too from another angle, that ofhousmg. A SO­
acre slte redeveloped at 100 persons per acre could be completely covered 
with houses and the1r attendant roads (Fig. 2.7c). In this case there would 
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now be no si tes for schools. But we now know that th1s type of layout is 
only one point of recognition m a spcctrum of d1~positions of budt form 
on the land. This primitive layout shows housing for 3600 people in two­
storey houses and 21 acres for school s1tcs. But if sorne shanng of the 
schoolland and open space were acceptable, this combincd-use land (fig. 
2. 7d), could provide 'urban rooms' Wlthin the layout and the new distribu­
tion of built form could accommodate the total population of 5000 in 
three-storey houses. Tbis corresponds approximately to the layout of sorne 
of the squares in Bloomsbury. (Fig. 2.7e). 

Fig. 2.7e. The 'urban rooms' compared with open- spaces in the Bloomsbwy area of 
London. Note that most of the buildings around the London squares exceed 3 storeys m 
heigbt. · 

Accept another point in the spectrum and place the housing rouod the 
edge of the site (Fig. 2.7f and g): the total population of 5000 could be 
housed in narrow-fronted houses or flats, four or five storeys high around 
the perimeter of the site. They could all overlook and have available for 
use, a band of open space 180ft wide and at the centre of this the 21 acres 
of land required by the schools. In this case both the housing and the 
schools could be provided. 
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Is 1t now preferable to accept a housing solutJon of this kind in order to 
find land for the schools? Is 1t really unacccptable to ha ve a condition 
rather hh.e that of O\erlooh.mg Parh.er's P1cce in Cambridge from sorne four 
or fi\c-storey terraces around it ?t (Fig. 2.7h.) 

The proposition set by Professor Va1zey is clearly not insoluble. Botb 
the housmg and the schools can be sned, but not w1thout adjustments 
within a total framework.. 

Fig. 2.7f. The bousing area is now placed around the perimeter.lf al! other land uses are 
s.atisfied tbere remain jusi 9 acies or bousing land. 

Speculation 7 (Bullock, Dickens & Steadman 1968) ,' 
' 

The Jattices that can be built up around the 'pavilion', the 'street' and ihe 
'court' forms (Bullock, Dickens and Steadman 1968, p. 104) are not 
arbJtranly chosen, but wJthm the context of rectangular geometry, and 
treating pnsmatic forms only, they constitute the enure range of possible 

t The results appear lO be very Simple. But it is cunous tbat the rorms or the layout 
described do not seem to ha ve bcen bUJit: at least not recently. Architect.s tend to 
thmk of housmg m tenm of bulldmg types: pomt blocks, slabs, maisonettes ratbcr 
than land use bu1lt form reiauonsh1ps wh1ch may generate new types. 
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regular space-filling arrays. Despite their abstr2ct ~eomctry they indicate 
universal characteri5t1cs of the ways m '~ hiCh buJid1ngs use land and the 
forms are ones to which many actual bulidmgs in the real world ap­
proximate. 

In the development of this work March and Trace (1968) ha ve formu­
lated a mathematical description of built forms making it possible to give a 
standard notation to the geometry and other significan! factors of these 
rectangular prismatic forms. This work has also been extended by the 
differentiation between perimeter space, that is unobstructed space around 
the building's edge, and core space which has refined the basic study. 

Fig. 2.7g. A 4!-storey narrow-fronted housing band could accommodate 5000 peoplc 
ata density or 500 persons per acre. But they would alllook out onto a vast open space: 
the perimeter open space is 180ft wide añd at the centre is the 21 acres of schooJ-Iand. 

Nevertheless, evaluation of these basic forms is possible only in the 
~implest terms. The performance of forms may be compared, for example, 
m terms of the amount of Iand that they require to provide the same floor 
area: or the ratio of perimeter space to core space may be measured for 
different forros. Very general cost comparisoru can be made by treating the 
cost of each building as a simple factor of the total floor area or by at-



M .. R TI N, MARCH & OTHERS 

tempting to \\eight the costs to take account of the ratio of floor area to 
roof area, and of f!oor are a to penmeter walhng m order to gi\e a limited 
understanding of the changes in cost with the change in form. 

Such measures of performance are crude, however, and may provide the 
designer with information too coarse to use m modifying his preliminary 
h,·pothesis OT- even tO allow him to detect the effect of many-·decisions. 
\\7hat is needed is a library offactors considered in such a relationship that 
a change in any one of the parts is immed1ately seen in its effect on all the 
others. This is something that the des1gner is usually unable to do and 

Fig 2.7h. The central open space in Fig. 2.7g compared with Parker's Piece in Cam­

bridac. 
' 

~djustments to design are made on the assumption that thé--éhange is 
largely independent of all but the most obviously related factors. The inter­
dependence of the pam of the design problem and the validity of breaking 
the problem down into- manageable but relatively independent parts has 
been studied by Chnstopher Alexander (1964). H1s work on the 'pattern of 
the content' seems essential a~ a first step to a consideration of the pattern 
of the form wh1ch is the problem that we are dealing with here. The total 
work of architecture is essentially concerned with the 'fit' between these 
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two considerations in themselves and the technical methods through whicb 
their requirements are met. 

In order to monitor back to the designer information of sufficiently 'fine 
grain' to illustrate the real effect of the design decisions on the building, or 
to compare the 'fit' between activities and alternative building solutions, it 
must be possible to make a systematic transformation, not only of the 
overall form of the building, but also of the different elements of the 
building. It must be possible to compare not only d1fferent building forms 
but alternative room layouts, alternative structural and servicing systems 
and alternative circulation systems in sufficient detail to trace the conse­
quences· of these choices on the performance of the building in relation to 
the activities which it serves. That is the problem that needs systematic 
formulation if we are to increase our understanding. 

Speculation 8 (March 1967) 

- The systematic study ofthe-pattern ofthe form'ls relevant to the building. -
to the group of buildings and to the city or tbe urban region. And it is 
equally revealing in each case. 

Figure 2.8 is a version of Howard's cluster ·or -towns forming a cicy 
federation of 250,000 persons. By the year 2000 we would need 250 ofthese 
clusters to accommodate the whole expected population of England and 
Wales. Suppose for a moment we built these clusters and demolished every­
thing else. 250,000 people would Ji ve in easy reach of one another and aU 
social facilities. Schools would be within walking distance of all homes. 
Shopping would take place indoors. Everyone who wanted to would have 
a house and garden. The mínimum plot size is 20ft by 100ft. The roads 
would easily accommodate the m:>tor car. The towns have hollow centres 
and the road system is more like a simple grid wrapped round upon itself 
than a radial and circumferential system. The minimum road width is 60ft 
whilst the six principal boulevards are 120 ft as are the two principal 
avenues. The nation would then be living in towns, which could accom­
modate the motor car yet be small enough to permit easy pedestrian 

_access to many different fu_!lctions. Everyone would be able to own a 
house and garden. Yet the really remarkable thing about the proposition is 
this: 4,000,000 acres of land that is expected to b: built on by the year 2000 
would not be required. In fact, although the population would be twice the 
size of that of Howard's day it would have bttn accommodated on the 
same land as was urbanised in 1898. Since then the urban Jand stock has 
doubled, and it is expected to have trebled b)· the year 2000. Howard 
cannot be charged with any waste of land. 

A simple question that can be asked is this: i.f e\'ery household in the 
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Fig. 2 8. Ebenezer Howard's cluster of garden cities forming a city federation of 250,000 
persons. 

year 2000 could have a house, a garden and a car on 2,000,000 acres of 
urban land, why will lhey nol have a house, a garden and a car on three 
limes as much? A more equitable dist'ributJOn of land would ensure a 
house and a garden for all who wanl one. Yet, even if land were not dis­
lnbuted evenly, lhis simple desire co~ld be answered lo sorne extent by 
more rat10nalland use plannmg in relat10n to the built forms required for 
the house and garden. 

F1rst Jet us loo k at how 1 O% of a land are a might be covered by urban 
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Fig. 2.9. Range of nucleated and linear distributions from JO% to 9% coverage. 
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uses. This 1 O% is the present proportion of urban land to all land in Eng­
land and Wales and it includes urban open spaces like parks, but not 
agricultura! land wilhin urban administratJve boundaries. Fl" 2.9c shows 
the 10% coverage distributed in a concenlrated nuclear for~ (one single 
blob) and F1g. 2.9e in a dispersed nuclear pattern (in th1s case 256 blobs). 
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Fig. 2.10. Linear antüorm of Howard's city federatiOD. 

Figs. 2.9f-b, bowever, show the same amount ofurban land distributed in a 
linear manner; The pattern illustrated in Fig. 2.9fmay be described as con­
centrated linear (a coarse mesh} and Fig. 2.9h as dispersed linear (a fine 
mesh). F1g. 2.9a shows 90% coverage, while Figs. 2.9i and 2.9j show the 
inverted scheme of linear coverage.-

Tbere are three properties of the distribution. The topological property 
of being nuclear or linear corrcsponds to thinking blobs, or thinking of the 
spaces between. The sewnd property 1s concerned with scale. The property 
of being concentrated or dispersed Is dependen! on the sea le chosen to ob-

Speculations 51 

serve the pattern. Jf, for instance, 1 ¡256 of thc dispcrsed blob pattern (9e) 
wcre to be sccn at close range, n would look exactly !Jke the concentrated 
blob pattern (9c). The only d1fference is one of scale. The third property is 
the amount of coverage. This can be h1gh (90 %) or low (JO%). So far no 
set population has been given. Assume that it is fixed and is independent of 
land coverage. It will be clear, with a fixed populat10n, that if the land 
coverage is high (90 %) the gross residential density w¡IJ be relatively low 
and proportional to 100/90 = l. l. If, on the other hand, the land coverage 
is low (1 O%) the gross residen tia! density wlll be high and proportional to 
100/10 = 10. This low coverage is associated with high density. But the 
importan! point is that the notions of concentrated or dispersed develop­
ments ha ve no relationship to population density. It is as possible to ha ve a 
high-density d1spersed pattern as a low-dens1ty concentrated pattern. 

Next, if the rattern is assumed to be continuous and isotropic there are 
just three geometric arrangements- triangular, rectangular or rhombic, 
and hexagonal. For the sake of simplicity the rectangular pattern is used 
here with the sole exception ofthe ne__xt example._This shows (Fig. 2.10) the 
think-line version of Howard's city federation. Exactly the same propor­
tion of land is urban here as in the think-blob arrangement, and approxi­
mately one-quarter of this urban land is open space. It is not solidly 
built-up. 

It can be shown mathematically that tbe schools are likely to be more 
accessible in the linear form. The same is true of any other social function 
that is distributed evenly with the populatiOn. But perhaps the most 
significan! difference between the two arrangements is that in the nuclear 
pattern driving across country requires movement across the town (or 
alternatively the construction of a special ring road}, whilst the linear pat­
tern is interrupted only briefiy by urban development and, if the urban 
parks are placed at these points, cross-country routes need not pass 
through built-up areas at all. 

Specula tion 9 (March 1968) 

Next consider the correlation of residential building forms and density. 
The present housing yardstick, for example, implicitly assumes that as 
densities increase houses decrease in favour of flats, and low buildings give 
way to high. This is only true because of the professional separation of 
land use planning from its architectural imphcations. With favourable 
land use planning, semi-detached houses can be built at 200 persons to the 
acre. Threc-storey terraces under more normal ctrcumstances can be built 

- up to 265 persons per acre. These are facts. Thus, instead of permitting the 
highest densities in the countryside where they can make the .""eatest sense, 
we insist on putting the highest density towards the centres of our cities. 
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Th1s tendency may be represented by cons1dcring a city marked out 
from ns centre m equal w1dth bands (f1g. 2.11 a). Each of these bands 
accommodates an equal amount of built space. Close to the centre, the 
bu1lt space "ill ha ve to be achieved in the sky whilst on the perimeter this 
same quanuty of space will be found on the ground. In coQventional 
terms, if the plot ratio is 4: 1 in the centre it will be, at the 9th and outer· 
most nng, only 0.055: 1' or if a building on the outskirts is one storey high, 
at the centre 72 storeys will be required. Abandoning the density cone con· 
cept, the whole built form could be d1sposed at an average plot ratio of 

, 

Fig. 2.11. Housing density in relation to its distn'bu~ 

0.1 1: 1 (Fig. 2.1 1 b), or just twice that of the 9th ring. This plot ratio of 
O. 1 1 : 1 is only marginally higher than the mean of the four outermost 
nngs, but a great deallower than the mean ofthe five inner rings. Fig. 2.11c 
shows the same built space distributed in a linear form. Closeness and 
access1bility of similar funct1ons are l1kely to be improved in a linear route 

) 

development and since skyscrapcrs do not use centralland'very efficiently, 
the only sense that high build1ngs make in nucleated centres is in terms of 
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real estate speculation. In terms of accommodating built space on urban 
land they are extra,agant and irrational gestures. To rcturn to housing 
dcnsities, there is not much point in thinking of dcnsities as great as 200 
persons per acre (when the mean density is hkely to be not more than 25 
persons per acre in the year 2000), if it were not that by taking extreme 
situations it is often possible to see principies more clearly. 

Speculation 10 (March 1967) 

In the study of Hook New Town, 16 acres of open space (including recrea­
tional areas) were allowed for every 1000 persons. At this rate 1280 persons 
would require about 20 acres, ora space 900ft square (Fig. 2.12a). These 
persons could be housed in a ribbon of 3-storey housing with a small garden 
at 200 persons to the acre around their own pubhc open space. The spatial 
effect would be like Parker's Piece in Cambridge. The access road would be 
like any simple terrace development. When one considers just how com­
plex housing at tbis Jc,in<i__2(~-~!lsity !l~s become, it is timely to ask whether 
more migbt be achieved ,by a return to re-laXed simplícity. A further 
modification is sbown in Fig. 2.12b where all the bouses might have a view 
of the countrysid_e. _ 

• b 

Fig. 2.12. Simple higb density housing forms. 

In all this the rural districts ha ve a tremendous part to play. Already they 
are developing more rapidly than the urban areas, excepting the new towns. 
It is there that the new city is emerging. What pattern will it take? Therc 
are many excellent geometrical reasons, especially of a probabilistic 
nature, to suppose that a free, loose development alon~~: a network of 
routes has advantages of capacity, accessibility, density and use distribu-
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uon not possible in nuclear dcvelopment and that, with a positi\e policy 
to\\ ards open spaces, 11 is Jikely to pro' e the most reasonable form for the 

emergent city. 
But planners \\ill never know until the capacity has been developed to 

underst:md and measure the forces that are at work and to compare 

alternaúves. __ 

Spcculation 11 (.Martin 1968) 

In order to find the full implications in the measurement and invention of 
built fonus it will be necessary to use the techmques that have been 
de\eloped in other d1sciplines and wh1ch are capable of describing highly 
complicated situations with greater certainty and clarity. Beyond this it is 
necessary for such techniques to demonstrate the relationships between 
dlfferent factors and the way that they affect each other. And finally it is 
necessary to be able to assess more accurately the effect of change. By 
means of such techniques it become·s possible to represent aspects of the 
world around us in highly complex models within which the relationships 
of a11 the measurable elements can be seen. 

E~nometrics, the 'mathematical movement' in ecotromics, is only one of 
a number of developments in many spheres ofthought in which an effort is 
bemg made to find a structuring theory of organization around which 
growth and change can develop, and to make this precise by mathematicaJ 
expression. It has happened within the last half century and mainly since 
the war. The change has been profound. The description of this cbange by 
Stone (1966) with its emerging possibility of integration between studies 
wbich are now specialised and separa te, has its paraJJel in urban geography 
(Robson 1969) and its various extensions. 

The use of a mathematical formulation in the attempt to describe the 
ordering structure that Iies behind a building or a city can be seen as 
another aspect of that texture of relationships through which we try to 
understand the complexity of an urban area. In developing such a study, 
the specialised division between architecture and planning has no parti­
cular significance and the developing language would take a form which 
others, notably the geographers and economists, are already using. 

3· Elenzenta1J' nzodels of built 
forms 

LIONEL MARCH 

Much of our knowledge in architectural design is vaguely and qualitatively 
stated. Statements prevail such as 'high tower blocks make good use of 
land', or 'cube-like buildings are cheaper to build and run'. Design lore 
abounds in rules of this kind. Their authority rests more on intuitive con­
viction than Qn _theoretical demonstration. Yet, as Edward Kasner and 
James Newman emphasise throughout their ~lassic Mathemarfcs -tind the 
Imagination, 'our intuitil'e notions about space almost invariably lead us 
astray'. _ _ __ . _ _ _ 

One problem which graphica11y reveals this point is quoted by Kasner 
and Newman (1949): 

In a room 30 feet long, 12 feet v.ide, and 12 feet higb, there is a spider in the centre of one 
of the smaller walls, 1 foot from tbe ceiling; and there is a fly in the middle of the oppo­
site wall, 1 foot from the floor. Tbe spider has designs on tbe fly. What is the shortest 
possible route along which the spider may crawl to reacb his prey? If he crawls straigbt 
down the wall, then in a straigbt line along the floor, and then straight up the other wall. 
or follows a similar route along tbe ceiling, the distance 15 42 feet. Surely it is impossible to 
imagine a shorter route! However, by cutting a sheet of paper, whicb wben properly 
folded, will make a model of tbe room [see Fig. 3.1], and theo by joiniog the points 
representing the spider and the fly by a straight Jine, a geodesic is obtained. The lengtb 
of the geodesic is only 40 feet, in other words, 2 feet shorter than the 'obvious' route 
of following straigbt lines. 

There are severa! ways of cutting the sheet of paper, and accordingly, there are several 
possible routes, but that of 40 feet is the shortest; and remarkably enougb, as may be 
s~n from_cuLIL[io Fig. 3.1], this route requires the spider to pass over five_ of the sia 
s1des of the room. -- - -

This illustration is an adaptation of one of Sam Lloyd's farnous teasers. 
It is solved by firstly sifting out the elements and relationships essential to 
~he problem (there is no need to be concerned, for example, that the spider 
15 hungry, or that the thing on the far wall is a fly, or that the wall is in fact 
wall) and then by secondly setting up a model ofthe structural facts (in this 
case a material analogue model (see below Chapter 7), which, thirdly, is 

SS 
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sufficiently representa ti ve yet ,;1anipula ble lO allow the problem to ~ 
51 mplified in arder to procced to a soluuon (our paper box may be eas1ly 
thoughl of as a room, but unlike a real room 11 ~an b~ unfolded an~ 
spread out fiat in such a way that the original thrce-dJmensJonal problem IS 

reduced to a somewhat trivial two-dimensional one). o o 
Buildings are complex artifac•.so Most are umqueo ~enerahsat10~s about 

buildings are not easy to makeo It may help lo loo k Jonstead at bu~lt forms 
which are not buildingso Built forms are mathemaucal or qu~sJ-_mathc­
matical models (Chapter 7) which are used to represent bu1ldmgs to 
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any required degree ofcomplexity in th~_oretical studieso B~i_lj_(orms, then, 
are designed and defined specifically for each study. Usually a study starts 
with somewhat hazy notions. To proceed, it is necessary to make sorne 
assurnptions both to sirnplify the problern and to make it arnenable to 
rnathernatical treatrnento Appropriate variables must be selected and re­
lationships established between therno And af1er sorne. f~ct or other .has 
been dernonstrated, it is necessary to reconsider the ongmal assurnpt1ons 
with a view to -developing the model further to give a truer picture. 

Many problems in theoretical architeclural studies will find suitable 

1cmemar)' models of built fornu 

e>.pression in terrns of the 'new' mathcmaticso Sorne indications of the 
relevance of group theory, set theory, graph theory, of transformatioa 
geornetries and so on are to be found in a rccent book, n1e Geometry o/ 
Enl'lfonment (March and Steadman 1971)0 Here, however, in this skirmisb 
into mathernatical modelling of the built forrn the rnathernatics are con­
fined to more traditional methodso In this way it is hoped that older 
readers who have Iittle background in the new mathernatics will be able to 
follow the mathematical arguments and abstractions in the examples. . 
Basically, the kind of advanced leve! mathematics covered in The School 
Mathematics Project: Calculus and Elementary Functions (Montgomecy 
and Jones 1970) will be used. 

lo this latter book, the authors specify a general drill to be used wbea 
faced with a problem rather vaguely stated: 

(i) Make initial assumptions to simplify the problem, and make it mathemati~ 
manageable. 

(ii) Choose a dependent variable which will give an answer to the problem. (Often this 
is clearly implied in the problem itsclf.) 

(iii) Make a list of_the varyables _9n which it de~nds. o 
-(iv) fñvcsti¡;atc the connections bctwecn these variables. (Often- almost always at thia 

stage - we will find that having chosen one of them, we can express ,aiJ othen ia 
terms of it. If this is not so, it may be beca use our original assumptions were not 
swecping enough; or becausewe ha ve failed to make use ofsome ofthe conditions 
of the problemo Such a condition might state, for instance, that the volurne ora 
variable solid is con~tanlo In this case, give a name to the constan!, and express the 
condition as a mathematical formula.) 

(v) Choose an independent variable, express all other variables in terms of it, so tbat 
the original dependen! variable (sec (ii)} can be expressed as a function or it. 
(Make sure that the expression defining this function contains none but the ind~ 
pendent variable and constants.) o 

(vi) Note the domain of the function, from the conditions of the problem. 
(vii) Analyse the function, sketching its graph, and noting conclusions. 
(viii) Retum to the original assumptions and see whether they can be improved to sive 

a more realistic picture of the problem. 

AD this may be descn"bed as giving a problem only vaguely stated a decent mathematical 
clothingo It has become common to ~escribe it all - or the outcome of the ini1ial sta¡es­
as a 'mathematical model". 

This procedure is best iiJu~~rated by a number of examples. o 

Examp]e one 

Wbat shape should a building be to reduce beat Josses? 

Like many problems coming from outside into the mathematician"s pro­
vince, it is not all that obvious what is being asked for. As Montgomery 
and Jones (1970) point out, our immediate instinct will be to repl; witb a 
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number of facile 'it depends-ons': 'lt dcpcnds on the use of the building; 
on the method of construct10n used, on onentauon or the local climatic 
conditions.' And there wlll always be someone who \\ill insist that this is 
the wrong quesuon toas k anyway: shouldn't \\e be findmg out what kinds 
of buildings people think they feel comfortable in. 

But these'instincts should not immediately be succumbed to if the more 
modest goal of formulating a theory about a vaguely stated problem is 
adhered to- otherwise it becomes progressively necessary to take on the 
whole wor!d•without having achieved even one small but sure step forward 
in our understandmg. The essential nature of the problem is clear enougb 
and so is the context. It could be argued that since the sphere is a volume 
with a mínima! surface area, sphencal buildings would be a good idea, or 
if that is not practica! why not a hemispherical building, or a cylindrical 
one? But most buildings, for many practica! reasons, are rectangular in 
shape and therefore it can be assumed that the building chosen will be a 
simple rectangular block, that its volume will be constant (which is to say 
that i(the floor to ceiling height is constant within the range of buildings 
considered, ~then all will have Íhe same floór -area), and tñat thosépropor­
tions of length, width and height are being sought which minimise heat 
Josses. ~~ _ _ ___ -~- __ 

These assumptions define the nature-of tlie~problem. Buildings~ however, 
even simple rectangular ones, have complicated fenestration patterns, up­
stands and tan k houses on the roof, and all kinds of unique design features. 
Agreed it is these particular features that make each building interesting 
and which call our attention as we pass by in the street, but these curious 
irregularities must not confuse the search. For the purposes ofthis exercise 
a model is constructed of a building- a built form - which is a perfect 
rectangular parallelepiped each surface of which is considered to be made 
of a homogeneous material with a given thermal transmittance value. lt is 
assumed for the time being that all other factors are negligible compared 
to the-heat losses through these idealised surfaces. These initial assump­
tions at least ha ve the merit that the mathematics they give -rise to are 
manageabJe. Thus, 

(i) The bl!-ilding is assumed to be a simple rectangular parallelepi-ped with 
homogeneous surfaces and constant volume. 

(ii) The dependent variable chosen is sorne measure of heat loss which 
may be called q units. 

(iii) Heat loss is dependent on the surface area and thermal transmittance 
of each face of the built form. The surface areas of the faces are 
dependent on the ~imensions x, y, z of the block and the thermaJ 
transmlttance of each face (which for the moment can be assumed to 
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be cqual) for the walls and roof, but zero (no heat loss) for the 
ground floor. Let the transmittance be U un1ts (F1g. 3.2). 

(iv) An equation connecting thcse variables can now be written: 
1 

q = {2(x+ y)z+xy}U (1) 

since there are two faces of area xz, two of area yz, and just the roof 
area xy all with thermal conductance of U. Further, however, it is 
known that xyz, the volume of the built form, is constant. Let V be 
the volume, and then 

V= xyz. (2) 

(v) In this example the choice cannot be limited to just one independent 
variable .. There are two equations with three unknowns and no more 

• 

\ 
z 

Fig. 3.2 

can be done than to eliminate oné of them. Let z be expressed in 
terms of x and y. Then 

q = {{~ +~)V+xy}u. (3) 

This is as much as can be done. 
(vi) It is clear that x and-y are positive quantities; but there are no other_ 

restrictions on their size. If x is very Iarge, y will be correspondingly 
small for any given value of z and so on. 

(vii) In the usual way, to- find the minimum val u es of q the previous 
equation is differentiated in (v) with respect to both x and y, setting 
the results equal to zero. Thus, 

aq = (-2v + y)u = 0 (4a) ox x 2 

oq = (-
2v +x)u =o (4b) ay ,z . 



MARCJI 

whence .x = ;· at the stati~!!ll)' value. lf the curve is plotted (Fig. 3.3) 

q = (~ +x2)u. (~ 
by substitutiog .x for J' in Equation 3 above, the stationary ~alue !• 

__ iodeed a minimum val u e. Aod so a minimum has been ob~ned ~11 
whic'la 

x' =y' =2Y (6) 

as well as. where the constraiot V = .xy: holds. Hence, for mínimum 

heat losses 

x = J' = 2z = (2Y)111• , (1) 

From this it is seen that, to reduce heat losses, in a building wboso 
exposed surfaces have equal therm~l transmi_uance and whose ~oor 
conducts no heat, the best shape 1s square 1n plan (x = )') Wltb a 
height just balf (z = xf2 = )'/2) the length of its si_d~s: that is to say, 

- · · - a hal1'-cube. · 

q --~v- ''q"oU~ 
\ 1 . \ 1 
\ 1 
\ 1 ;. 
\ ' \1 1 

\. 
" ... ... 

\ 1 
1\ 1 
1 ', 1 
1 ,<.... 
1 1 ' . tL. 4VfJ 1 .... ,=--

,/ ........ . ........ _ 
~---.. 

• 
l 

Fi¡.; 3.J ' .. --- . 
(viii) Returning to our original assumptions. On~ assumption seems par­

ticularly arbitrary. It concerns the transmJttance va1ues. For one 
thing, ground fioors do lose heat. For another, different walls wiD 
have different average transmittance values, not only because the)' 
may be constructed diñt:rently with varying pr~porti~ns of :enes~­
tioo, but also beca use of their exposure and oneotauon wh1ch g¡ves 
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rise to particular externa] surface transmittance values (Fairweathcf 
and Shwa 1969). The roof, of course, can be cxpccted to be differca\ 
from the wafls. 

The model can be generaliscd and the notation can be modified fór mora 
concise cxpression. Call .x, x1, and J', xl, and z, x3. In this way a l)'pirul 
dimcnsion may be_rcferred toas x1, where i m ay be either 1, or 2, or 3. Now · 
Jet (i,j, k) be a permutation of(l, 2, 3), so that wbeo specific meotion -oftho 
jth and kth dimensioos is m a de, it is clear that the ith is omitted: for 
example, 2 and 3, not 1; or 1 and 3, not 2. Let the transmittances of the -
two walls defined by the jth and kth dimensions be U11 and U,2 respeo­
tively, and Jet Q1 be the mean value of these two transmittance values .sct 
tbat 

U, = !(U11 + U,J. (S) 

The relationship expressed by Equation l above may now be generalised 
to reacl 

This may be written more compactlJ 

u, 
q = 2Vl:1-, for f = 1,2,3. (9) 

... ( "• 
The most obvious thing to notice about this equation is that, unb1ce itJ 
predecessor (Equation ·1), it is sy:nmetrical with respect to all tbe x¡s (tbat 
is, X, y and Z in the former notation)."'. 

For the mathematician this is always a satisfying state of atrairs: a kin4 · 
of democracy ofvariables. Previously (Equation 3) z was picked out as the 
variable to be expressed in terms of x and )', and this could'be do_o_e.~,g~l\ __ 
but for the sake of symmétry úse will be made instead of an elegant WaJ 
of finding the mínimum value of q first proposed by Lagraoge. t To fin4 

· -- t Count Joseph Louis Lagrange (173~1 81-3-}the ~minent Frcnch_ mathematician. was. 
in Napoleon·s words, 'la haute pyramidc des scicnces mathématiqucs•. Accofdln¡ tct 
Miss A. M. Clerkc his 'treatiscs are not only storehouses of ingcnious mcthods. but 
models or symmetrical form. Thc clcarncss, elegancc, and originality or his mode r:l 
presentation give lucidity to what is obscurc, novclty to what is familiar, and simplicir, 
to what is abstruse. His genius was one or generalisation and abstraction; and tbo 
aspirations or thc time towards unity and peñection receivcd, by his serene Jabourt, 
an cmbodiment denied to them in the troubled world or politic:s·. E;nqclopa~dl• 
Brirannica, 9th ed. (1889) Edinbur¡JI. 
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t he stationary \al u es of a funct ion Ji he q(x 1, x 2 , x 3}, su bjcct to a constraint 
of the form p(x1, x 2, x 3) = O, a new function is constructed 

(lO) 

where .i. is 'called a Lagrangian multiplier. The necessary condition for a 
ma>.imum or mínimum is then that 

ocl> ac2> a~ 
-=-=-=0, 
c3x 1 o:x2 o:x, 

or again more compactly the three equations (one for each value of i) 

In tbe case of our examplc 

o<f) 
-=0. 
o:x, 

u, 
q{x1,X.z,X3) = 2V:t,-

- "• 
subject to the volume constraint given by the function 

p{X¡-,-X.z,-X3) = V -Xt:X.z:XJ =o, -­
or to preserve generality, 

, (11) 

p= V-x1xJ:x1 , (i,j,k)=(1,2,3). (12) 

Following Lagrange's method a new function is constructed 

u, . \ 
~ = 2V:t1- +l(V-:x1xru· 

"• 
(13) 

The necessary condÍtion for a maximum or mínimum is then given by the 
three equations 

a~ u, 
- = -2V 3 -h,r, 
a:x, "• 

-V 
=--¡- (2U1-h;), 

"• 
=0. 

. V. 
smce xJx" = -,.­
- -Xt' 

(14) 

From th1s the general statement is derived that the minimum heat Joss 
occurs when the dJmensJons of the block are proportional to the mean 
transmittance values: 

X 1 : X l : X 3 : : u 1 : u 2: u 3 ( 1 S) 
In this form, the condition is seen lO be analogous to Lamy's Theorem, 
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first stated in the seventecnth ccntury, concerning the equill brium of three 
forces acting at a point: 

lf three /orces acting ata point are in equilibrium, eachforce is proportiona/ 
to the sine of the angle contained between the d~rections of the other two. 

That is to say (Fig. 3.4) 

X 1 :X2 :X3 ::sin 91 :sin 92 :sin 8~. 

This means that three forces in equilibrium may be represented by thc 
sides of a triangle (or that the diagonal of a parallelogram represents the 
resolution of two forces proportional to its sides). Such a simple tbeorem 
continues to guide engineering practice despite the fact that tbe 'model' 
point may be a rivetted joint, the forces may act not in two 'model' lines 

x3 

Fig. 3.4 

but through two rolled steeljoists, and the resultant force may act through 
a concrete abutment. Furthermore, whatever complicated allowances have 
to be made to adjust theory to practice, Lamy's Theorem has tbe C?verrid­
ing merit of being memorable and providing a conceptual context within 
whicb forces in-engineering structures can be thought about sensibly. No 
one goes about thinking that three forces at a point will be in equilibrium 
if they can be represented by the sides of an equilareral triangle. Yet in 
building studies authoritative statements are continually found to the effect 
that a cube is the best form of buildmg to reduce heat losses! lf the forces 
are equal, yes an equilateral triangle: ifthe transmittance values of aU six 
faces are equal, yes a cube. But how often is that the case? 

A general and simple theorem may now be stated: 
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THEOREM 1. A simple rectangular block of giren volume loses the lea.st 
amount of heat if the dtmension of each edge is proportional to the mean 
thermal transnuttance ralue of the faces dejined by the other two edges. 

The fact that no general quantitative statements of this kind about built 
forms exist suggests how far away is a science of architcctural form (arti­
ficial morphology ?). 

P1ans with outlets 

1 : : : : 1 

Room dimensiona -- -

4 8 -

4 

Thermal images of roorñs 

2 4 

4 

8 

Fig,'U 
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Returning once again to our example, the orig1nal assumptions need to 
be re-exammed to see whether they can be 1mpro\ed to g1ve a more realistic 
picture of the problem. But there is somethmg e he that can be done which 
may mcrease an appreciat10n of the mtrins1c structure of the problem lost 
in the analytical approach adopted in solving it. The solution is simple and 
-as often happens- once its form is seen a very direct way of arriving at it 
becomes apparent without all the paraphernalia of analytical-cálculus. 

The rectangular parallelepiped with the mínimum surface area is a cube. 
However, if opposite pairs of faces have different mean transmittance 
values the form which will minimise heat losses- not surface area- is the 
built form whose thermal image is a cube such that heat losses through aiJ 
three pairs of opposite faces are equal. In our notation above this requires 
that 

U1x2x~ = x1 U2x3 = x1x2U3, 

whence the rule (Equation 15): 

x1 :x2 :x3 :: U 1 : U2 : u,. 

(16) 

A 'two~dlmensionld' example will make this argument clear (Fig. 3:5). 
Consider a rectangular room with a fioor and a ceiling which transmit no 
heat, and walls which transmit heat only through specific outlets, the num­
ber of outlets -per unit fength-of-wálf is thus proportlonat to the tbermal 
transmittance value of the wall. One room is square, 4 x 4, and has t.be 
mínimum overall wall length, 16, for its area, 16. The other room is four 
times as long as it is wide, 8 x 2, and has a wall length of 20 for the same 
area, 16. However, the square room has 20 outlets, 4 placed on one pair of 
opposite walls (low thermal transmission), and 16 on the adjacent pair of 
opposite walls (high thermal transmission). The heat loss from this room­
proportional to the number of outlets- is 20 units. The long rectangular 
room has the same number of outlets per unit lengtb as the square room 
along its corresponding walls. Thus the l.ong walls ha ve 8 x (2/4) = 4 out­
lets each, the short walls 2 x (8/4) = 4 outlets each. Altogetber tbe heat 
loss is 16 which is less than that_of the square room. Now if th_e tbermal 
images are drawn of these rooms, using the number of outlets per wall as 
the measure (the total flow ofheat through eacb surface) and not tbe Jength 
of the-watl (not the surface--area of each -face), the -pictures__are exactly 
reversed. The 4 x 4 room has an 8 x 2 therrnal image, and the 8 x 2 room 
has a 4 x 4 square, thermal image.t In three dimensions, the therrnal image 
is cubic if heat losses are minimised. 

It is thus misleading to suggest that cubic forms, because they minimise 
surface area with respect to. volume, ha ve any particular merits in terrns of 

t This, of course, is an example of mapping. See March and SJead .an (1971), ch. l. 
\ __ _ 
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heat losses and hence running costs,t or that mcasures of compactness 
'' hich compare rattos of surface areas to 'olumcs ha\'e any significant 
relation to thermal performance.t lf thcy have, 11 is pure _chance and 
probably the fortuitous outcome of a combination offactors including the 
somewhat conflicting tendencies of construct1on costs and maintenance. 

A. C. Hardy and P. E. O'Sullivan (1967) have argued for-deeper office 
buildmgs which rely on artificial lighting and air-conditioning. As F. D. 
Holister (1967) has pointed out there are many good reasons to support 
th1s view. But what shape of block, according to our model, and on ther­
mal considerations alone, might deep-plannmg lead to? lt can be shown, if 
one ofthe dimensions in the general example above is fixed, x1 = X1 say, 
that , 

x2 x3 ( V )t 
U2 = U3 = X1U2 U3 

{17) 

for mínimum heat loss. Hardy (1966) gives the followiog values of X1 : 

for daylighting, a building width of 14m; for permanent supplementary 
artificial lighting Óf interiors {PSALD, -a width of 22.5 m; -áñd for pér­
manent artificial lighting (PAL), a width of 27 m. For simplicity the first 
can be called, 4 units wic;le; th~_g~~O):!d, 6; and the third, 8. Consider now a. 
buildi~g-whos-e volum~ is 288 cubic units, with U2 =- 2 añd-Uj = 1 in the 
appropriate units. Especially note that the mean thermal transmittance of 
the faces of the building at right-angles to the depth X1, that is to say the 
principal window walls in an office block, has no effect on the optimum -
shape of the built form. 

(a) With daylighting: 

X1 =4;x2 =2(
288 )t =12;x3 ="2 =6. 

4.1.2 2 

(b) With PSALI: 

-- - ( 288 )t - .x2 
X 1 =6;x2 =2 6.1.

2 
*lO;§.x3 =2=S. 

(e) With ~AL: 

( 
288 )t .x2 

X1 =8;x2 =2 8.1. 2 ::¡:8;§x3 =2~4. 

Fig. 3.6 shows the shapes that the built forms take to minimise heat 

t Sec, for example Hardy (1966). 
: For such a measure see T. A. Markus et al. (1970). 
§ To near~t whole number for the purposes of illustratioD. 
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losses. The clear trend- as can be sccn algebr aically from Equation 17 
above- is for both length (x 2 ) and hcight (x3 ) to decrease with increasing 
Wldth (Xl). This is_true whatevcr constant values of u2, u3 and V are 
choscn for the comparative exercise. Ho.ve,er, while particular values of 
these independent variables might lead to buildings which use artificial 
lighting being 'more cub~_like' (Hardy 1966), in general there is no justili­
cation for this statement. Tnus, wlthin the hm1tations of our model, the 
only general remark that can be made is that blocks of similar construc­
tiont would need, as planning became deeper, to be both lower and shorter 
if heat Josses were to be minimised. 

X,-4 
Daylit 

Example two 

Fig. 3.6 

What shape should a building be lo reduce its cost? 
Once again sorne crude simplifications must initially be made with only 
rectangular, block-like forms considered. ·And, to start with, the discussioa 
will be limited merely to the cost of the externa) envelope, including the 
groundworks, of the form. Suppose that-co~sideration includes a range of 
shapes to accommodate the same floor area, which for a given floor-to­
ceiling height will produce a const_ant YQiume. The discussion wiiJ con­
tinue, as above:-iotrea-t height as a continuous variable although in prac> 
tice it will be step-like depending on the number of floors. 

The argument for costs follows the same lines' as that for thermal per­
formance. Let the dimensions of the block be x 1, x2 and x 3 as before. Let 
C1 be the mean cost, !(C11 + C12), ofthe two faces with dimensions .x2 and 

t Exc:epting the principal walls whose manner of construction docs riot affect shape, 
but does modify thermal peñormancc. 
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x3 rcspectively, and Jet C2 and C3 t be similarly dcfined Then the least cost 
solution is given by 

{18) 
\\ ith ea eh x ¡ given by 

x, = c{cl;,_c,)'',. (19) 

Thus another theorem may be stated: 

THEOREM 2. The enrelope of a simple rectangular block of git·en t•olume has a 
mimmum cost when the dimension of each edge is proportional to the mean 
cost of rhe faces de.fined by the other two. 

The form of this theorem is the same as Theorem 1 abové. Within the 
limiting simplifications of our assumptions it implies that buildings which 
are cube-like or which minimise surface area are not in general less costly 
to build. It is the cosr image which matters, not the physical form of the 
building; and it is wheo the cost image is a cube that costs are Jeast. An 
éxample will make this- clear. Consider the four cosúiiuations giveo (Table -
A) for a block with a volume of 216 units. 

TABLEA 

Situation 

TABLE B 

(a) 

(b) 
(e) 
{á) 

Situation 

(a) 
(b) 
(e) 
(d) 

Ratio of c:osts 
Ca: C2: C, 

1:3 :9 

1 :I.S :2.25 
1:1 :1 
I:O.S :0.25 

Dimensions of block 
X¡ X a x, 

2 6 18 
4 6 9 
6 6 6 

12 6 3 

Note 

Extremely expensive foundations. 
or high land costa 

Low cost roofing and ground slab, 
or low land costa 

Surface area less 
Total suñace area ground slab area 

312 300 
228 204 
216 180 
252 189 

t C, includes Cu. the cost of the foundations and slab less the cost of the groundfioor 
at the same rate as the suspended floors, and C12, the cost of the roof /ess the cost of 
tbe ceiling. 
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Using formula 19 the dimens10n~ 1 Table B are J~! · 
cost soluuon in each situation (f;_3.7): 

~ 

18 

6 

a 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ V 

e d:. 

-· .1 • C' 

- --- "7;!.3.7 \-

for the least 

_There are a n~~~er ofpoi~ts_~l might be made. ..;. .. _.: __ :,t this example. 
F1rstly; ~he possibJlity·has been 1:_oduc~d th~t the .l":-7.- of the ~uilding 
may be mfluenced by Jand cost~. he dJscussJOD c::1a -::---:;;rn Jater to the 
study of the way in which diff~u built forms _"tL~ -- .- "7'd. Secondly, it 
sho~ld be noted that, although Ir."".!! context ofth1s ~ ·:·.:.. -·:l:!r example the 
cubic form (e) does ha ve the leasiJrface area, there. .:.l"::- ~·:. 0 forms whicb 
have the least exposed surface are<. One ofthese is tht::-..:.._:.'-;c form but-the 
other is the squatter, spread-out .Y;"JD (d). If mainte.'r~-~::: costs ~ere, for 
example, directly proportional _, .the exposed sun":!~ - ~.:-rca then as in 
Example 1 it wou1d be clear that :-! half-cube is the. ~- :·,·.-;,rm to minimise 
these costs. Thirdly, !t is impor..¡_: to re~e~ber thal .---.,:y the 'envelope• 
costs have been cons1dered and :-.,costs which anse .. ~---\,~e of the form. 
for example,_ the provision of Jif¡¡:qd staircases irt t:!l: :- .1.. ·;ldings and air­
conditi~ning in deep b~il~ings .. ~.;~th_ly, the 'envei~ : ;:asts- are part of 
the capital cost of a bu1ldmg wr.1: m 1tself may 1]e. .t. -i:..:.: ~:ion of the total 
cost of tbe __ building in use-(Sto::.i 967). In fact. the :.--..:;. • 0_r the envelope 
may n~t ac~ount for mue~ more>JD about 10~.{ oi :-:::. -·--:-:Ípital cost. _ 

_To mvest1gate the relatJonsb;1·etween cost amt ·r.r:::. .. :nore deeply it 
wJII be necessary to construct r."\et: complex modC!s-~ : -"!e"Csted by Bul-
lock, Dickens and Steadman (1~: -:o 

Jf ... we could cost the range of buddm.·J"r::tained by a Systemll..ln.: :-:.:: ,,rormation of the 
overall form ... , it wou1d be possibl:: .• 1heory, to plot t~ C'-~ •' - -'! d•fferent possible 
variations of the factor.; that have ~ t>olated. lf c:arneó.. ow .- - , .. ! sufficiently Jarge 
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numt-er of e,.amples, our understanding of v. hich elemcnts are most significan! from 
the cost pomt of '1cw would be cons1dcrably enlar¡;cd. In the fir.il place changes in the 
factors controlhng the cost of md1v1dual elements and of the whole building could be 
s~ stemaucally C\plored. And m thc sccond place th1s would make possible more accurate 
f(lraasrs of the results of dcs1gn dcciSIOn, wuhout rcquirmg the archJtect to produce 
deta1led designs for every \anauon. (See also Harper 1968.) 

These authors illustrate this approach for twÓ building types, a science 
teachmg block anda residential building. Our simple model illustrates what 
these authors call 'a systematic transformation of the overall form'. 
Essentially, they propase a volume-preserving, three-way stretch trans­
formation, or mapping, of the form 

(20) M:[::] -+[
0

:

1 

a~ 2 : ] [::]. 

x3 a33 x, 

, 

where, to preserve volume, a11 a22a33 = l. The scalar matrix [a1JJ11], where 
á;¡ is the Kronecker delta so that á11 =O,-¡ '1:- j, and- á11 = 1, ;-:: j, may 
be compared to the symmetric tensor of rank two in a principal axis 
transformation. With this in mind we may think of the built form ex­
perieilclng orthogonal strain under orthogonal stress reptesented by such a 
tensor. t They then compare relative costs of the elements, in each trans­
formation, per unit area of floor space. Now, if in our model the storey 
height is h the simple expression results: 

V=Ah, (21) 

where A is the total floor area of the form. However, V = x 1x1x,. and the 
cost of each opposite pair of faces of the block is given by C¡x1x,., so that 
if K, is the cost ofthese faces per unit area offloorspace the following may 
be expressed: 

K,= C,x¡xt; 
A 

X¡X¡Xt ---­

C,Ja =-. 
"• 

(22) 

t This mechanist•c analogy is related, as Philip Steadman has reminded me, to the work 
of the biolog1st D'Arcy Thompson (1917) which in 1ts turn made use of H. de Parsons 
(1888) and Se!Jg Hecht (1912). This early work was mainly descriptive with little 
explanatory power, but recently Robert Rosen has indicated a more functional 
ap.-roacb (1967). 
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From this our previous condition (Equation 18) for the optimum (Jeast) 
cost of envelope reduces to the simple rule: 

(23) 

and 

THEOREM 3. The envelope of a simple rectangular block of giren rolume and 
floor area has least cost when the costs per unir are a of floorspace of the pairs 
of opposite faces are equal. 

In the case of the study by Bullock, Dickens and Steadman of a univer­
sity teaching block, they found 

rather surprisingly perhaps, from this limited examination that other factors t-eing equal, 
theform of the buildmg- even allowing for the necessary variauons m gross arca- does 
not as such ha ve an importan! effect on cap/la/ cost: although it might considerably 
affect the running costs. The cost of heatmg a tall thin building, or the costs of ventila­
tion and lightmg in a deep section buildmg might be very significan!. The variation in tbe 
cost of the parucular elements that we ha ve studied - the structure and the lifts- has 
more effect in sorne cases on the total capital cost than changes in the building fonn.t 

-- óñ thái note- Óur n-alve stúdy of builfform and cóSf must be left and our 
attention turned to another problem. 

l:xampie tlÜCe -
How should buildings be laid out in order to make good use of land? 

Again the question is vague and raises many other questions. In 1930, at 
the third meeting of Les Congres Internationaux D'Architecture Modeme 
in Brussels, Walter Gropius addressed himself to this problem as it related 
to housing in a paper entitled 'Flach-, mittel- oder hochbau ?'.l In this 
paper, among other things, Gropius attempted to demonstrate ~rtain 
relationships existing between building height, open space, sunlighting, 
and orientation. He developed Heiligenthal's rule-of-thumb§ that the dis-

t Bullock, Dickens & Steadman (1968), p. 169. They go on to demonstrate tbat the 
most significan! -factor -is a variation in floor area and, as this is detennined_ by the 
way in which the building is used, that a study of'activity pattems' would seem worth­
while in order to develop a more comprehensive model. Such a model, of course. 
can no Jonger be mar¡ipu)ated by ordinary mathematical methods and requirea 

-- ---aiitomatic computation. 
: Walter Gropius (1931), also translated as 'Houses, walk-ups or apartment blocks' in 

Groptus (1956). This paper should be compared v.1th George B. Ford's contcmporary 
Harvard City Planning Study (1931). 

$ This rule (according to Kenneth Frampton, 'Notes on Soviet urbanism, 1917-32', in 
Lewis 1968) was 'categoncally apphed in al! finally approved town plans during lhe 
period 1930-32' in the Soviet Umon. For recen! Sov1et work on this problem see the 
review by V. G. Davidovich, 'lnterdependence bet~een he1ght of bu1ldings, density 
of population and size of towns and settlements' in Davidovich .968. 
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tan ce bet\\ e en parallel blocks must be one-and-a-half 111ncs the building 
hcight in the case of blocks orientalcd north-soulh and two-and-a-half 
times in the case of blod.s orienlated east-west- a rule which favoured the 
north-south orientation in regard lo efficiency of land use. On this kind of 
principie Gropius proposed the follO\\ mg rules for parallel blocks with 
north-south orientalion having from two to ten sloreys on a given site: 

l. A!>Surnmg a sne of gtven stze and a gtven angle of sunltghung mcidcnce (30•), i.e. a 
given illummauon condtuon, the number of beds mcreases wtth the number of stories. 
2. A!>Surnm¡; a gi' en angle of sunhght incidence and distributing a given number of beds 
(1 S sq. m or 161 sq. ft of area of bed) into parallel apartment blocks v. ith varying num­
bers of stories, the stze of the reqUtred stte decreases wtth mcreasing number of stories. 
3. A!>Suming a buildmg site of gtven size and a given number of beds and varying tbe 
number ofstones, the angle ofsunhght mctdence decreases wtth increasing nurnber floors. 
i.e., the rondiuons of illummauon tmpróve wnh mcreased height. (Gropius 1956.) 

3- storey 10- storey 

Fi¡. 3.8 

These rules were used to counter the contemporary legislation whicb im­
posed 'limits on building height inste'id of dwelling area of building 
v_olume' thus deprivmg 'the public of these obvious economic and hygienic 
advantages'. -- --- - -

The diagrams which Gropius used to illustrate his assertions (Fig. 3.8) 
became pov.erfultmages of a future and better environment.t In the late 

t Howe,er, Le Corbuster was not •. ronvinced: 'When in the penod before Hitler, thc 
Gcrmans v.anted to bUtld aCC()rding to the laws of the sun ... they set up an order 
wh1ch v.as systematically stenle· corridors, ted1ous, monotonous parallelism, and 
silhoucues agamst the sky that were poverty stncken and unbalanced' (Le Corbusier 
1939). 

'· 
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thirtics progressive plannmg scr.::mcs wcre bemg built on thcsc principies, 
whilc, follov.mg the Sccond World War, many official recomtruction 
schemes lhroughoul Europe wcre dcsigncd th1s v.ay in accordance with 
new lcgis_laiJOn framed around Grop1us' rules, or variallons of lhese. In 
England, a paper by H. E. Bcckett ( 1942). an illummatmg engineer, de­
veloped Gropius' work and was finally published in 1942 al a time when 
fundamental rethinkmg was going on tn relation to post-war planning 
policies.t 

As a first step it is necessary to formalise Gropius' model. The dependem 
variables are, in turn, the number of beds, thc size of the si te and the angle 
of sunlight. We specify the following: 

y 1 = number of beds, 
Y2 = area of site, 
y3 = tangent of the angle of sunlight. 

Zz 

Fig. 3.9 

In each rule one of these variables is the dependent variable, while the 
others are given. 

The remaining variables are (Fig. 3.9): 
:r-= ,_,_~,,,.. --rft~ .. ,./ - --. 
z1 = length of block, 
z 2 = space between bloc les, 
I = wfdth of block (assumed to be given). 
h = storey height (assumed to be given), 
g = parapet height (assumed to be given), 
P = number of beds per unit floor area (assumed to be a given ratio), 

t This paper is referred to in W. Allen and D Crompton (1947), wh1ch set out the 
general pnnciples upon wh1ch post-war Jegislauon and plannmg pracuce in England 
and Wales w:os bascd. 
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and the principal indcpcndent va.iable is 

x = number of storeys. ' 

"hich can be assumcd to be ccintinuous, although only integral values have 
any architectural meaning in practice. Each of Gropius' rules may then be 
derh cd from, the behaviour of a function: 

y,= <J¡,(x,y¡,yJ = q,~x), (24) 

where the variable)'¡ is found in terms of a function of x, the number or 
storeys, and given values of the other two variables)'¡ and Y•· The rules 
simply state -whether )'; increases or decreases with increasing values of x. 
The first derivative dy,/dx or <P',(x) can be inspected to find out which 
relationship holds, if any at all. ' 

Our task now in 'building' tl:is Heiligenthal-Gropius model is to esta~ 
lish the functions </1 1• By definition, and from the geometry of the forma. 
three equations relating the variables may be written down: 

the number of beds is -given by - y 1 = Pfz1x, 

the site area is given by 

and the tangent of tbe angle of sunlight by 

Ya= Z¡(f+zl)• 

-hx+g y,=--. 
%2 

(2S)· 

(26) 

(27) 

Using these three equations, and by elimiiÍating z1 and Zz from them, the 
required functions </1; are obtained. For example. · 

but from (27) 

and from (26) 

Heoce, 

Y1 = Pfz¡x, 

hx+g 
Zz=-, 

y, 

YJ 
z, =f+za 

Y2Y1 
~ h"X+Jy,+i 

or by multiplying up. 

(hy,- Pfyzy,)x+ fYtYJ +gy, =O. 

From this equation the three required functions are derived, nameJy, 

X 
Y1 = </l¡(x) = PfY2Y3 • h f , as above, 

x+ y,+g 

(28) 

(29) 

Elemcntary models of built fornu 

_-J. ( )- Yt hx+fy3 +g 
Yz- 'f'2 x --. • 

pjy, X 
.(30) 

and 
Y1 hx+g 

y, = <J¡,(x) = - • 
f PYz_X-Ys 

(31) 

The first derivatives are obtained in the usual way, t 
dy, , fy,+g 
dx = tPJ(x) = P!Y2Y3·(hx+Jy,+g)2 >O, (32) 

dyl =-J.'( ) =-y, fy,+g o 
dx 't'2 x pfy,. xl < • (33) 

dy, ~ q,;(x) = - Y1. hy¡ +P1Y2
2 

<O. 
dx ! (py2x-yJ 

(34) 

,, 
_. 

---------------------- h': = B_fyz.Y3 a 
--- - 1 h 

Fi¡. 3.10 

Equations 32, 33 and 34 are true for all the positive values Qf.tbe variables 
that are our concern. The firsl ccinfirms that bed spaces in crease· w1ih the­
number of storeys, the second that the site area required decreases with 
increasing storeys, and the last thaHhe-angle -of obstruction lessens as the 
blocks increase in height (always assumiiígtliat in each case the other 
'variables• are held constant). 

Ea eh function m ay be plotted graphically (Figs. 3.1 O, 3.11, 3:12). In fact 
ea eh function m ay be represented by a hyperbola.: (Only that part of the 

t See any standard work on ditrerential calculus, or Montgomery and Jones (1970). 
p. 132. 

t See any standard work on analyticaJ geometr)'. 



76 

.1!!1.. 
------------------- ( y2= Bfy3) 

, 

(x=O) 

Fig. 3.11 

.!!:tJ_ 
---;--------------- trs= Bfrz) 

1 
1 
1 

1 
1 

1 
11 

MARCH 

curve which líes within the positive quadrant, of course, is of interest.) 
The horizontal asymptotes set limits on extreme values of the y 1 as x be­
comes very large. They are then rclated by the equation 

hy,- flfY2Y 3 = 0, for X-+ c:o. (35) 

This may surprise the unwary. It means for example that, with this form 
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of development, there is an upper limit on dcnsity no matter how high thc 
project is built. To take a spccific example: 1f the bed space ratio is onc 
bed to J 5 sq. m of the gross floor area thcn P = 1

1
6 , 1f the block width 

is 9 m thenf = 9, if the storey height is 3 m then h = 3, and if the angle of 
obstruction has a tangent value of 1 then y 3 = $ (Heiligenthal's rule of 
thumb for north-south orientation). The density of bed spaces per 
hectaret is then given by______ . . .- .. 

y, = PfY3 .10,000 
Y2 h 

9.2 
= 15.3.3'

10
•
000 

= 1333. 

(36) 

Thus with these values (close to Gropius'recommendationsfor'hygienic' 
dwellings) the maximum possible density that could be achieved no matter 
how high we built is 1333 bed spaces per hectare, or about 533 persons per 
acre. Highei &énsities- than these~ ·using parallel blocks, could be achieved 
only if Jess space were allocated to every bed, or if the building depth were 
increased (perhaps windowless rooms as the old railroad tenements in 
New York used to havet). or by dhñinishing the amount of light reaching 
the facade of the building, or by reducing ceiling heights. Each of the'sc 
measured would be detrimental to housing quality and below acceptable 
standards. § -

Another point to notice is that although the number of bed spaces does 
increase with building height (Fig. 3.10), the rate at' which it does so 
decreases quite rapidly. This is to be seen from the second derivative 

. t/>"(x) = - PfhY2Y3(jy3 + g) < 0 1 (hx+fY3+8)3 
• 

(37) 

which demonstrates that the order of the rate of increase of density with 
height changes (decreases) inversely with the cube of x. By far the greatest 
gains in density are to be made with the lower number of storeys, from one 
to six, say. The returns beyond this diminish very rapidly indeed. For 

t 1 hectare equals 10,000 sq. m or 2.47 acres: roughly, 4 hectares equal JO acres. 
t These tenements were approximately 22.S m deep with e1ght oul of twelve of the rooms 

on each floor with no windows. In ]894, New York's wor5t ward hada density or 
986.4 persons per acre. See Gray (1947). 

§ Note that with the angle of obstruction employed in British planning controls for this 
kind ofdcvelopment (dayhght ind1cator DI), the value of y 3 is approximately i. Thil 
means that the maximum density of bed spaces per hectare with these values of /J, 
1 and h is reduced to JOOO, or 400 r •r5ons per acre. 
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e\ample, using t~e. values of p,f, h, y 3 a hove, and sctting the parapet hei ht 
to zcro for sunphclly so that g = O, from Equation 29 the following cangbe 
derived: 

Ys % 
. - = pJy¡.~-:::--
·-· Ya 11x+fy3 +r 

(38) 

.,. 9.2 X 

= lS.J.Jx+9.
213

.lO,OOO (beds per bectare) 

X = -2.1333. 
x+ 

The ratio x/(x+2) is thus theproportion ofthe limiting density (1333 beds 
per hectare) achieved at x storeys. The table below shows values for various 
storey heights: ' 

No. of storcya 

1 2 3 4 6 
Proportion of , 

-· iimiting density --- · 33% SO% . -60% 67.%-- _ JS% __ _ 
Density per hectare 444 ' 667 ' 800 888 1000 
Density per acre 178 267 \ 320 3S5 400 

Note -the -extremely high -densities achieved with eve9 _ t:_ ª'11~ ~-~t~r~y 
blocks: this is because of oversimplifications in the model. The Heili­
genthal-Gropius model does not allow for other residential land uses 
such as roads and parking arcas which become critica] with low-rise bigh­
density housing, nor are any constraints, other than the obstruction anglc, 
placed on how el ose the blocks can be to one anotber to ensure, for exam­
ple, fire protection and adequate privacy (Croghan and · Hawkes 1970). 
Nevertheless the simplicity of the model does demonstrate the 'structural' 
properties ofthe 1 dationships within the limits ofthe assumptions. Gropius 
used his model polemically to demonstrate the advantages of hochbau. 
Jú- to 12-storey apartments, but a more discerning appreciation or ita 
'structure' might have convinced him that the greatest gains were to be. 
found iófiachbau .. low-rise housiñg. t Before discussing Beckett's modifica· 

t For forty years, modem planning and architectural practice has been influenced by 
the GrºJ:l!US doctrine. Only recently ha ve designers returned toa serious consideratioo 
of low-rise high-density housing: not on the whole, fiowévet;for intrinsic geometrical 
reasons, but out of sociological concern. Nevertheless, two critics in England bave 
persistently pomted at the geometrical weaknesses in the high-rise doctrine: see A. T. 
Edwards (1968) and W. Sega) (1964). Sce al so Davidovich (1968), pp. 68-9, who on the 
basis of a more romprehcnsive model states: 'it can be concluded that there is ao 
economic justificat1on for planning buildings over five stories high •.• There is no 
justification for skyscrapers in a soc•al•st socicty. The hi¡:h cost ofland, the conc:entra­
tion of capital and commcrcial hfe and the hunger for publicity- thesc factors bave 
cau.sed thecrection of skyscrapcrs m rhecitu:-softhe USA." 

Elementary models of built/orms 

tions of this model it is perhaps worth stat1ng formally thrce theoremi 
concerning the Jand use pcrfor:nance of s.mple rectángular blocks. or 
built forros, arranged in parallel rows as dcfined ~bove. Note that th~ 
theorems are a Jittle more general than Gropius' original rules: they arO 
not dependent on particular values of the angle of obstruction, or particul:ll' 
values of the bed density p (in fact since the number of bed spaces i1 
directly proportional, in the model, to the total floor area we shall use thc 
latter instead). We also add corollaries. 

The Heiligenthal-Gropius theorems 

THEOREM 4. Assuming a rectangular sir e of given size and gil-en afi.xed angTe 
of obstruction between para/le/ and equal builr forms, the toral floor arem 
increases hyperbo/ically with the number of storey1. 

Corollary. 'flte arder ofthe rote of cha.nge of this increase \'aries inrersely 
ro the square of the number of storeys, thefioor are a asymptotically approaclta 
ing an upper limit given by tlze producrs of the ratio of building width ID 
storey height, the sir e area and the rangent of the angle of obstruction. 
THEOREM S. Assuming a gi¡•en angle of obstrucrion berween parallel_and_equgl __ 
builtforms anda constantfioor area ro be distributed wi{hin theseformi", tHe 
_size ofthe required site diminishes hyperbolically wirh rhe number ofstoreyl. 

Corollary. The order- ofthe rare-o/ change ofthis decrease varies inrerseTy 
ro the square ofthe number of storeys, the sir e orea asymptorically opproac!z.. 
ing a /ower limir given by rhe product of the ratio of srorey height ro buildinll 
width,jfoor orea and cotangent of the angle of obstruction., 
THEoREM 6. Assuming a rectangular si te of given size and con.stant jloor 
orea distributed within equa1 and para/le/ built forms, the angle of obstructioll 
decreases hyperbolically with increasing number of storeyl. , r 

Corollary. Tñe order ofthe rote of change ofthis decrease ¡•aries im·erseTy 
to the square ofthe number ofstoreys, the tangent ofthe angle asymptoticaii;¡ 
approaching a lower_limit given by the product of storey height to building 
width, and the ratio of the fioor area to si te area (fioorspace index). 

Beckett's paper 'Population Density and the Heights of: Building¡• 
(1942) was the first attempt, to the author's knowledge, to apply the formal­
apparatus of matbematical modelling to land use and built form probleiDL 
The paper's summacy reads: . - _ . 

--

Although it is nowadays generally accepted that, for a given population density .. · 
housing in higher and more widely spaced buildinss ~ likely to result in impr¿vell 
naturallighting conditions, ideas have hitherto remaioed somewhat vague. 

In the present paper the truth of the above statement for the special case or tenement 
blocks arranged in parallel rows, is estabhshed by a simple mathemat•cal anai,)"SÍS. Jt il 
shown that, except in very open developments such as are rarely enrounte~ in towns_ 
an increase in the height of the buildings will, for a g~ven population density, alwa)'l 
improve tbe lighting ronditions; or,less desirably, that more people _.an by this mearu le 
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h0uscd on a ¡;1\cn sitc v.¡thout mal.in¡. .he li¡;htin¡; wo~e. In the latter case it can fro­
qucntl) happcn that the m.:rcasc m ropulatton dcnsity 1s accompanied by an increase 
in thc amCiunt of oren space pcr person. 

The anJ.lym rcsts on the assumpt10n that, for a ¡;iven oriental ion of the blocks, the 
h~hun¡; cond1110ns are dcfined by the an¡;le or obstructton (dctcrmined by its tangent 
[.¡,,m the abO\C nOIJ.IJon) al the ¡;round-fioor windows). The )alter part of the note ia 
concerncd v. ith an cxamination of the amounts or dayh¡;ht and sunshine which can be 
re.:ei~ ed with various \ alues or J'a. 

_j L 

~- ~ 
- r-

~ ~ ~ ~ -- "--

n~ 
t-- r-

-~-·~••H . -

___ ..._;-

r 
Fig. 3.13 

.ra 
Fig. 3.14 

Beckett's model ccnsiders equal rectangular block.s arranged in paraJid 
rows with interse..-.:.=g streets (Fig. 3.13). The intersection of streets is a 
refinement on tt: Heiligenthai-Gropius model. Beckett's own sectioD 
through the blocb differs in one small, but significant, way from tbe 
previous model (Fi$- 3.9). lnstead of a parapet at roof leve], there is, as it 

• 

' '• 
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were, a 'negative parapet' at ground leve): the angle of obstruction is rcaíl .. 
from a pomt above the ground on the fa~ade of thc first floor. The Hati­
genthal-Gropius scction can be used with the parapet, but the equatici\1 
to measure the angle of obstruction should be modified in the way pr~ 
posed by Beckett (Fig. 3.14). In plan, Jet z1 be the Jength ofthe 'unit' ~te 
and define the length of the block as a pronortion, )., of this. 

The variables m ay be listed ·· --· -- · 

z1 = length of site. 
Zz = distance between blocks, 
f = width of block, 
h = storey heigbt, 
g = parapet heigbt, 
i = height al which the angle of obstruction intersects the fa~de 

(O<i<h).. 
P = number of beds (persons, etc.)t per unit fJoor ares. 
). = proportion of si te length to given block length¡ 

thus A z1 _=:_length.oLblock,._~ ~ .. . _. 
(1- .i)z1 = longitudinal space between blocks¡; 

and x = number of storeys, 
y1_ = IJ.Yrnber of beds (persons, etc.).l · _ 
y2 = site area, 
y3 = tangent of the angle of obstruction. 
)'4 = area of open space. 

The principaJ,dependent variables studied by Beckett are 

u1 = y 1fyz = bed space (population, etc.)t density in relation to, site 
area, 

"2 = Y41Yi = open space indM. 
u3 = u1fuz = bed space (population, etc.)! density in relation to 0pe11 

space. 
As before the relationships between these variables are establisbed by 

definition and from the geometry of the layout. ~ ---

For the number of bed spaces (persons, etc.), y 1 = PA.fz1x, (39) 

t The 'dimension' or p determines the meaning or y,. u, and u,. Thus, ifit is a measurc ol 
bedspaces per unit fioor area, then y 1 is the number or bedspaces (as studied bJ 
Gropius); if it is a measure of population per unit floor area. then y 1 is the numbeT ol 
peop)e, u 1 ÍS the site density and U3 ÍS the number Of pe~OnS lO a unit area of Open 

space (as studied by Bedett); if, however: it is set equal to l simply as a number, theJI 
y 1 is the area offioor space and u1 is the fioorspace index (Beckett's measure}. leavin¡ 
the meaning of popen like this allows us to interpret the model m a variety or w..ys. 

t Sec preccding footnote. 



for tbe site arca, 

for the tansent of the ansle of obstruction, 

and for tbe)rea of open space, 

MARCH 

Yl = ::.¡U'+zl)• (40) 

hx+g-1 
y,= • (41) 

Zz 

Yt 
y,= Yl--· px (42) 

The equation wbicb relates Y ~o Yl and y, is found by eliminating z1 and · 
: 2 as before. This gives 

(43) 

whicb rnay be compared witb Equation 28. The Heiligenthal-Gropius 
model is seen to be a special case of this Beckett model for the vaJues 
..l = 1 (tbe blocks are continuous) and i = O (tbe obstruetion angle is 
measured at tbe point where the building and ground meet). Beckett'1 
equations follow:t 

X 
- üi = !J!¡(x) = PJ.fy, • - ~ · - ---

hx+fy3 +g-• 
(44) 

·'· ( 11 I J./y, . b • - -tlz = Y'l ~,= -h r. • w1t .Yary¡ng u1,. 
x+JY:s+g-i 

(45). 

1 Ut • b • = - Px' w1t varymg y3, 

u, = 1/J:s(x) = PJ.fY:s • h ( .~1 .. t with varying u1, (46) 
x+ 1-A y,+g-a 

Pu1x . b ·• =p--. w1t varyms y1 x-u1 

· u1 hx+g-1 
and y,= cf>3(x) =:'" f · PJ..x-u, •. (41) 

The behaviour of 1/12(x) and 1/J:s(x) may be investigated in terms of either 
u1 or y 3• Again the functions may be plotted graphically as hyperboJae 
(Figs. 3.1 S, 3.16, 3:17, 3.18 show original graphs worked out by Beckett for 
specific values of the independent variables: g = O, f = 3h, i = 0.611, 
..l = O. 75). In sorne cases the behaviour of the functions is not so predict­
able: forexarnple, under sorne conditions !J! 1 (x) increases with the numbero( 
storeys, but under other conditions the function decreases. 

t Our own notation d1fl'"ers from Beckt.1t's. 
: Beckett, in fact, SIUdied the bc:haviour of U¡ -l, the amounl Of Opc:n Sp3CC per per'SOIL. 

Elcmcntary modcls of bui/t forms, 

líC 
Gl , 
.5 
3 

4 

3 

~ 2 
ID ... o 
! 
1 

--------------0.25 
---------------0.125 

0+-------.-------T-~~----~-----
4 ____ _ JI \ 1.2 

-- ---1-.0 ... 

líC 
CD , 

.5 0.6 
Gl 
u 
cg 
Q. 
111 
e 
&0.4 
o 
1 
~ 

0.2 

x=no. of ~toreys • 
Fi¡. 3,15 

x = no. of sto..-;ys 

Fig. 3.J6 

16 --' 20-- . 

o 
i. 



3.5 

3.0 

2.5 

c-. 2.0 
::a 
' f 

C't 
::a 1.5 

MARCH 
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This ditrerence from the Heiligenthal-Gropius model is entirelp dueto 
the decision to measure the angle of obstruction at a point abovo the 
ground leve). This is why the change from one model to tbe other •¡s small, 
but significant'. 

Once again the functions tend to finite Jimits as tbe number of storeya 
increase, but wbether the function approaches this limit from above or 
below depends on the val u e of the derivative. ThUJ 

du1 , (fy,+g-í) 
for l/t 1(x), -d = l/t 1(x)-= {J).jy3 • (h J. .)z• (48) x x+ y,+g-a -----

Eicmcnrary mode!s of built for11".9 

and ¡J¡;(x) is grcater than, equal1o, or less th:-:.;. (>, =, or <) accorJlog 
towhctherfh+g-i>, =,or <0;thatis,whethcry3 >, =,or <(i-s)lf. 
The behaviour of the function dcpends then on the relationship betwccJl/. 
g and i. Note that with i = O, the uneqUJvocal Gropius rule JS rcconstrudtd 
that the floor space increascs with the number of storeys. In any cnso 
!J¡1(x) approaches a limitas the number of storeys becomes very larse: 

• • ..• - lim ,,, (x) p).jy,-· - (49\ 
.¡( ... 00 Y' 1 = h • 1 

With p set to 1 this means that the limiting floorspace index is ).Jj•;s/lt. 
or approximately 1.12 when). = 0.75,/ = 3h and y, = O.S, that is wben 
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:S 

·-i·-
.D 
o 2 

·- -~-- .: 
a. e 
111 
8 
~ 1 

u . 
' 

---------- 2.0 

-------------- 1.0 

1_;;;;;;~==:=;:==:=;===:;==~ 0.5 0-1 0.25 
4 8 12 

x =no. of storeya 
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18 20 

the angle of obstruction is about 26° wbich is reasonable in residential 
developments; -- · , · 

,,, ) du2 ,,,, ( ) ).j1Jy, • h • · · (SO'\ 
For Y' 2(x ,_ dx ~-Y' 2 x = .. (hx+fY:s+g:-_i)a'_~lt varymg u1_,__ '1 

u, . h • = 2 , Wlt varymg y3, 
~ 

and 1/!i(x)>O unequivocally in both cases, so that the open space index 
increases, as might be expected, with increasing number of storeys. lll · 
both cases the open space index approaches a limit 

1 
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lim '"'' (x) == 1 ~--= T 1 • (51) 

This is a nice mathematicallirnit: it means that when the built forms 'are' 
infinitely hi¡;h they occupy no land so that the whole site is open space. 

du3 , {(1-l)fy,+g-i} 
For ti3(x), dx = 1/!J(x) = p;¡y, · {hx +(l-).)/J•, + g- i}r 

-Puf 
= (px-u1)1 

(52) 

and \\hcn the angle of obstruction is held constant .p;(x)>, =, or <0 
acrording to whether (1-).)fy3 +g-i>, =, or <0; that is, whether 
y3 >, =, or < (i-g)/(1-l)f. The function tends to a limit, 

lim ·'· ( ) - p;.¡y, (53) ¡¡¡~«> '1'3 X ----¡-

This is the same as ¡¡¡~":., .¡, 1 (x) beca use 

. \ -. . ¡¡¡~"!, 1/13(x) = ¡¡¡~"!. _.P 1(x)U!.rr:;. t/lz(x) · 

and as wás seen from Equation 51 ¡¡¡~~ t/12 (x) = 1. 
---Note that ih = O, 1/f)(x)>Q-. That is to say, in the_HeiJigeQt_hal-::Qropi_UJ 
model the density of persons to open space always in creases with the num­
ber of storeys when the angle of obstruction is held constant. This means 
that the amount of open space per person diminishes with building heighL 
Beckett's model contradicts this statement, and yet this contradiction 
arises solely beca use of a refinement to measure the angle of obstructioa 
abo\ e tbe ground leve) ráther than at it! Beckett, as has been noted, ignored 
the parapet height, g, and with the values of the variables he used he 
obtained ~be conditiony3 >, =, or<0.8. In most planned urban situationst 
the condition y 3 <0.8 will hold- the angle of obstruction wiii be Iess thaD 
38.40'. But ifit is assumed with Gropius that the built form has a parapet, 
let us say g = 0.3h, then the condition beco mes y 3 >, =, or <0.4, and the 
critica] angle of obstruction becomes 21 °48'~ an angle less than 1hat·which 
might be expected in most urban situations where a choice is to be made 
between Jow-rise or high-rise building. In this case, the open spacc per 
person definitely decreases with higher dévélóprru:ñT.-It may seém curious· 
that policies about high or Iow building may hinge in the end on the 
detailed design of the roof fascia, but such is the case. Yet this exaggerates 
the real situation in practice. The point is that the increases or decreases 
are likely to be slight anyway, especially beyond four or so storeys. Whea 
the floorspace index is held constant then the amount of open spacc per 

1 This may not be true in tropical cities where larger angles of obstruction are acx:cptab1e 
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person unequivocally increases with height; tllÍs is demonsliated by tllt 
second e>.pression . 

, -Puf _ 
1/!J(x) = (ft )a < 0.: . ... -. --· ._ 

x-u1 

(Rememl-er that 1/1 3(x) is the density of population to open space,_as thil 
decreases so the amount of open space per person increases.) 

For 4> (x) dy, = "''(x) ==~.hu, +Pl(g-t) 
3 .• dx '1'3 f (fthc-ua)a • (54) 

and 1/>;(x)>, =, or <0 if hu1 + p;.(g-i)<, =, or >0; that is, if u
1 
<, =, or 

>PA.(i-g)fh. With P = 1,). = 0.75, i = 0.6h, g = 0.3h as before. this 
conditicn says that the angle of obstruction increasés· Ts station""' or 

1 • l.6AJt 

~ecreases with height depending on whether the constant floorspace inda 
~~les~ than, e~ual. to, or g_r~ater than 0.225. Thus except in low-density 
~ItuatJons the hghtmg condJtJons can be expected to improve with increas­
Ing number _of storeys. Setting_i ;= O confirms the earli.er R~iiigent.hai-
Gropius theorem (61 _ 

The Beckett -theorems -· 

THEOREM 7. Assuming a constant angle of obstruction between parallel an4 
equ~/ built forms, the population densityt increases hyperbolically, u 
stat1onary, or decreases hyperbolically with increasing number of storey1 
according to whether the ang/e of obstruction is greater than, equal to, or 
less than are tan (i-g)lf.: 

Corollary. The oraer ofthe rate of change in the popular ion density varlu 
inversely with the square ofthe number ofstoreys, this density asymptotiaúlF 
approaching a limiting value for a very large number of storeys gil•en bF 
)/y,/h. . 
THEOREM 8. Assuming either a constant angie of obstruction between parallel 
and equal builtforms, or.a constaRl population density for sucñ(J derelopmenr, 
the open space index increases-liyperbolically with increasing number of 
storey1. · 

- CoroJJary..The order ofthe rote ofincrease in the open space i11dex l'ariu 
inversely with the square of the number of storeys, the index asJn:ptotically 
approaching an upper limit of 1 for a l'ery large number of store;!J. 

t Sec definition above, p. 81. Wheo p = l, the population densit;· 
index, olherwise it is bed spaces, persons, rooms, etc., per unit 2; 

precise definition or,. 
t For this and following theorems the variables are as defir-d t.--

- !bors pace 
:.'lg to the 

l. 
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T~vRE.\1 9. Assuming d constant population density for a derelopmenr of 
r.:·.:::,¡ and equal built forms, the density of persons ro open space decreases 
)\ :·: ~ increasing number of storeys. (The amormt of open space per person 
in.: ... ,·ases.) 

C.:>rollary. Tire order of tire rare of increase of rhe density of persons to 
o¡-e: space l'aries inrersely with rhe square of the number of storeys, the 
ü~..I.':y asymptotically approaching a lower limit equal ro the population 
dc~.sity. 

T!-~uREM 10. Assuming a constant angle of obstruction between paralle/ and 
c;-~1 builtforms the densiry ofpersons ro open space increases hyperboliea/ly, 
is s:.Jtionary, or deereases hyperbolieally with increasing number of storeys 
a.::,1rding ro 11 hether the angle of obsrruetion is greater than, equal to, or less 
th.=.r: are tan (i-g)/(1-).)f. • ·-

Ccrollary. The order of the rate of ehange of the density of persons to open 
sp=:e l'aries it11·erse/y with rhe square of the number of storeys, this density 
as.~ rr.ptotically approaehing a /imiting l'alue for a very large number of 
src.!'r:ys ,equal ro rhe /imiting \'olue of the population density, ).fyJfh. 

- --- -Th!OREM 11. Assuming a eonstant population.density for a.dewlopment of 
pt::!'cl/el\and equa/ built forms, the angle of obstruction increases hyper­
bo::cal/y, is stationary, or decreases hyperbolieally aeeording ro whether the 
po,-.J!ation density is less than, equalto, or greater than p;.(;-g)f~. · . 

Corollar)·. The order of this ehange in the angle of obstruellon var~u 
imusely wirh rhe square of the number of storeys, approaehing a limiting 
rc..':;;e for a •wy Jorge number of storeys, are tan hu1 /PJf. 

The Heiligentha1-Gropius model showed that the relationships were not 
li:::zr but h~ perbolic, imd in terms of the specification of that model the 
fc:tions ~ha\ed consistently. The Beckett model demonstrates that a 
sdl refinement introduced into the model can significantly change the 
b::-..aviour "fthe representative functions, and that detailed design factors, 
su::1 as the height of the parapet, may be critical. As our models become 
m:.-:e and mere refined to take into account this and that. factor the 
k:..aviour .. -.f these functions is likely to become. .more 'erratic', being 
G~~ndent ..... n a variety of critica/ relationships. The number of possible 
sí~:;;stions t.=e:ined by giving values to the independent variables) becomes 
\tr¡ larg~ ..;.:-,j computing wiH -usually.-have to be resorted-to.t- ·-

But ead: :-d1nement should be carefully considered. The reason Beckett 
cho!.e a h!.f.":>er reference point for the angle of obstruction was in order 
better to C':i-:lmate the leve! of daylight illumination in the ground ftoor 

t Sec, for e.u.::1¡1le, the environmental model described by Hawkes and Stibbs (1969) 
WhÍCb C"-1::. ~I:":""U]ate high]y CO!llp]CX ar..:hitecturaJ SÍIUBIÍODS for the purpoSCS Of 
inv~llg-.l::::<f hshung, heaung and cooling, and acoustic peñonnanc.e. 
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rooms. Yet is this improvcment in accuracy, if it be so, worth the con­
siderable complications that it leads to? Rcccnt work by Hawkcs and 
Stibbst on the effects of urban obstructions, such as motorways, on day­
light suggests that the choice of 1 eference point m a k es ver y little difference 
to the value of the externa! daylight factor (sky component and external 
reflected component) as meas u red on the vertical fa ce of the ground storey. 
Thus, for practica! purposes, the Heiligenthal-Gropius modcl is probably 
as good as Beckett's, and it is, of course, a good deal simpler to use and to 
understand. Nevertheless the Beckett model serves as an excellent illustra­
tion of the complex behaviour of a few variables describing a simple 
architectural system. There is no doubt that models can always be made 
more and more complicated, but the real challenge is to make them simple, 
stripped down until the quintessential structure ofthe problem is ~xposed. 

Example four 

Do other building forms use land differently from the layout of 
pai:atlel blocká? · - ·- ··- - - · - -· ·- - - · 

·' 

D D 
Fig. 3.19a. Ground coverage of 4-storey apartment buildings with interior eourts. 

o o 
Fig. 3.19b. Ground coverage of 32-storey Sunlight Towers of same aparw.tnt capacity 
but with surrounding open arcas. 

t Private communicatioD. 
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In 'Fiach-, mittel- oder hochbau ?' Walter Gropius dcmonstrates his main 
thcSIS by means of a diagram (Ftg. 3.19) showing a 4-storey court develop­
ment and a 32-storey tower scheme each of which contains the same 
number of apartments. This diagram can be taken as a starting point, 
simplifying-the form of the 'Sunlight Tower' to a simple square plan. For 
the purpo_sis of this demonstration the details of parapets and heights of 
reference ·póints can be ignored, although, as has just bcen demonstrated, 
the models may be quite sensitive to these. Refinements, as always, can 
come later. Here the variables are defined as (Figs 3.20, 3.21): 

f z 

. f z 

f = width of built form. 
h = height of a storey, 
z = distance between blocks, 
x = number of storeys, 

y 1 = site area, 
Yz = total floor area, 

Fig. 3.20 

F¡g. 3.21 __ 

y 3 = tangent of angle of obstructkn. 

Elementary mode/s of built forms 91 

The principal dependen! variabl~ is 

u = Y2IY 1 = the floorspace index. 
--

The other dependent variables for the two developments can be identified 
by the superscripts lOJ and l:!l for the tower and court respectively. f 
Thus yl~l represents the floor area of the tower; yfil the site area of the 
court. In this exercise y3 is treated as an independent variable. By the 
geometry of the arrangements, the following relations hold: 

Towerl0 l 

For the site area y{0l =(f+z)2, 

for the fioor area y~0l = Px. 

Courtl2l 

y~Zl = 4{/+ z)z, 

y~21 = 4/U + z)x, 

for the tangent of the obstruction angle y3 = hx. 
z 

(55) 

(56) 

(57) 

From Equation 57, z = hxfy3 so that, eliminating z from equations SS 
- - and 56; the expressions forthe-floorspace índices, ul01 and ul~J, .. are derived\ 

~ ----- --- ~[-~)~ (fy:~hxr. X - --- - - - (58[0)) \ 

ulZJ=( fY3 )·x. 
IY3+hx 

The form of equation sgrzJ is familiar. As in the previous example the 
function may be plotted as a hyperbola being a particular kind of quadratic 
expression in ul21 and x, in which the ierm of highest arder is ul2lx. This 
is not so in the case of equation 5Sl0 l. Here the term of highest order is 
ul01x2 which is 'cubic'. The behaviour of this funct;on for the tower block 
is distinctly different from that of our earlier examples. Let us take a clase 
look at ulOJ = <Pl01(x). Note that <Pl0l(O) = O and that lim<P [Ol(x) =0. 
Al so, differen~at4Jg, _ _ _ _ __ .a-... CD 

so that tJ>l01'(x)>, =, or <0 according to whether y3 >, =, or <hx/f. For 
any given finite value of y 3 the function is stationary at x = fy3 /h and 
this is in fact a maximum value. Thus, with a tower building 3D increase in 
the number of storeys_ at first increases the floorspace •:- ·Jex, and then, 
passing a maximum value, decreases the index. The m a>:-:'-' ,¡1 value of the 

t This notation derives from March and Trace (1968). 
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floorspace indcx for any givtn value of y3 is thcn givcn by substituting 
fJ'lfh for X in equation 5Sl0l: 

[O] _fYJ 
Umu- 4h" 

The behaviour ofthe court is, as has bcen said, more familiar. cJ>l 21(0) =O, 
and lim cJ>l 21(x) = fJ'lfh. Also, differentiating, it develops into 

- = cJ>l2l(x) = , >0, 
dul2l · , &. fy )2 
dx )'¡+hx 

so that the function monotonically increases to a maximum value at 
infinity. That is to say, the courtform teods toa limiting index ofjy3 {h which 
is four times greater than the maximum a,chievable by the tower form. 
Perhaps a more realistic comparison is to see what the floorspace index of 
the court form is for the same number of storeys required to maximise the 

- -tower solution, namely x = fy1J/I.. ···-· ______ ~- _____ _ 

,pl =Jy., {6Q[2l) 
2h 

. . 

whicb is just twice the value of ~~~~!. Thus when the tower form's index is 
at its maximum, a court of similar height wil! achieve two times as much 
floorspace. 

This can be put yet another way round. What height does a court ha veto 
be to achieve the same floorspace index as the maximum achievable in 
tower development? This requires that 

or 

whence we fincl 

"

[2] _ .. (OJ 
- .. mu 

(- fYs ) • X = fYJ 
\Jy3 +hx 4h• 

x=~ 
3h 

(61) 

. - -- -- -

Thus the number ofstoreys required is precisely ~ne-thir;¡ofthose needCd 
to maximise the index for the tower (Xmn = jy3fh, see a hove). 

How do these forms compare with the land use performance of para11el 
rows? Similar notation is used to define the variables shown in Fig. 3.22 
for parallel blocks. The following equations are then derived (the super• 
script Cl> is used for this form): 

;:'or the site area y~21 = U+z'to (55C2») 

Elementary models oj builtfornu 

for the floor area 

and the tangent of the obstructwn angie is as bcfore (Equation 51). Thul 
eliminating z, the following is obtained: 

For the ftoors~ac_e_ ~~d.ex_u(2 > = (jy:~ h~1·-~ . (58(
1

)} 

which is exactly the same as for the court form's index, ul2l (see EquatioD 
ssu~. The freestanding court and the street form behave in identical ways. 

z 

Fi¡. 3.22 

L[7 L[7 /1 7 

/17 

' .. 
Fi¡. 3..23 

··'fhe important point tcffecognise·here is that any extrapolation from the 
performance of parallel blocks of the Heiligentha1-Gropius model to the 
behaviour ofiso!ated towers with four iocident faces is totaJiy unwarranted. 
Yet sucb an extrapolation has been an essential part of the conventional 
wisdom on these matters. 

Is there a form which can improve on the street and isolated court fonns 1 
Look.ing at the cruciform shown in Fig. 3.23, it is clear that many ofthese, 
by connecting, constitute a continuous series of courts. how does such 1 
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highly reticulated systcm bcha·,e in comparison with the more nucleated 
court and to\\'cr? Using a similar notation and dcfining the variables by 

1 Fig. 3.:!3 the following is obtained (a superscript <41 is employed for the 
cruciform): 

For the si te area yi41 =U+ z)2, 

-_ -- yi41 =f(f+2z):x, 

and once again ;y3 = hxfz. Eliminating z, the result ia 

for the fioorspace index 11<4 > =fy3(fy3 + 2~x}. x. 
. (j;y3 +hx) • 

This is a thir_d order expression in u<4 > and x. But unlike equation ssrol tbe 
function u<4

> = q,<41(x) tends to a non-zero limit, in fact a maximum value 
given by ..,.~mao q,r41(x) = 2f;y3 fh which is twice the limiting index ofthe iso­
lated court or the parallel block (for example, see equation 6cl2l). Wbeo 
the tower reaches its rnax.imum value, the cruciform obtains an index --vatue --- ---

for the same number of storeys x = fy3 /h. This is a fioorspace index three 
times as great as the maximum achievable in the tower form. 

It is the tower (pavilion), parallel block (street) and continuous court 
forms that Martin and March compared in their article 'Land use and 
built forms' in 1966.t The example above makes somewhat different 
assumptions, but the same general pattem emerges. Tbis pattem can best 
be seen by re-writing equations 58[01, 58<2> and 58<4 > in sucb a way that it is 
possible to generalise (braces are used to stand for either square or round 
brackets): 

The pavilion form (61} 

the street form 
-· 

-··.-· 
the court form 

n,e general equation 

1112"'-f (fyl+a·hx). / 
- y3 (jY;¡ +hx) a x, for a= 0,1,2 (62) 

t See also parallel wo~k by Eckhard Schulz.e-Fielitz (1968). 
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describes all the situations we have d1scussed above. F1om tnis it is ~y\~ 
see that 

- 2 

11 t41_ 11 t21 = 11 121_ 11 to1 = fhYJX 
2 -- - (jy3 +hx) -

so that for all x >O the following m ay be written: 

11 t41 > 11 121.> .,toJ (6-\) 

a statement which says that the land use performance of arrays of built 
forms in this Martin-March modelare ranked unequivocally: for a givea 
number of storeys the floorspace index for the continuous court form is 
greater than that for an array of streets (parallel blocks) which, in turn, i$ 
greater than that for an arra y of pavilions (towers). And, in particular, fol!' 
the number of storeys giving the maximum value of the index for an array 
of pavilions, the floorspace index of a street array is twice that of the 
pavilion array and that of the continuous court array rhree times that or 
the pavilion array. Two simple theorems may now l:Íe stated relating to the 
Martin-Marcb model: 

THEOREM 12. Comparing infinite arra;ys ofrectangular bui!tjorms controlled 
b;y a gi1•en angle of obstruction, rhe floorspace index of an array of con-­
tinuous courts- is alwa;ys greafer than~ th_qt of an arra y_ of streers, which, in 
turn, is always greater than that of an array of pal•ilions for any givéfl 1 

number of store;yl. 
THEOREM 13. There is a maximumfloorspace indexfor an array ofpa,•ilions 
for sorne finite number of sroreys, and for this same number of storeys the 
indices for street and continuous court arrays are two and three times the 
maximum achie~·able by the pal'l"!ion array, respecti1•ely. 

Of course, this model is a gross oversimplification in practical terms, and 
many objections can be raised. More and more elaborate models can be 
designed in an attempt to overcome sorne of these criticisms. March and 
Trace (1968}, t for example, investigat~ a finer range of elemental built 
forms which can -be combined- to produce more comp,lex . .ar_ra!J&.ements; 
they look at systematic transformations of these forms, and they dlscÜss 
the relation of their work to previous studies in this field including the 

-- ·probleiliOf sidelighting· to·- tower_ ·fQrms (the argument _!llat the o_peo 
development of high-rise towers gains far more in daylighting terms frona 
light coming around obstructing blocks than is lost by increased vertical 
obstruction). Such elaborations lead to a more tedious mathematical 
discussion which would be out of place here, but it is not necessarily a more 
advanced one. 

t For a more easily available digest of this work see Hutchinson (1970). 
l. 
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To bring more realism into such models is to lose gencrality (see Chap­
ter 7). N e' crthelcss more sophisticated computer rcprescntations such as 
those by Hawkes and St1bbs (1969) allow a much more scnsitive study ofthe 
en,ironmental effccts of buildmgs upon one another. Hawkes (1970) in a 
series of controlled experiments cautions against the ind•scriminate use of 
gencralisauon in actual building design. As he points out there are many 

. detailed points of dcsign su eh as depth of window reveals, size and shape of 
openings, the specific physical properties of materials which affect signifi­
cantly the environmental performance of groups of buildings. Neverthe­
less, simple models such as those described above do allow our more 
empirical experiments to be organised, do prompt important and serious 
questions, do act critically on our prejudices and the conventional wisdom, 
and do lead to speculations over far wider arcas of study. 

Elementary mathematical models are an excellent source of enquiry and 
are frequently suggestive of a systematic approach to computer-based 
experiment and investigation (Hawkes 1970, Tabor 1970). Finally, in 

. - -prar,tice .. they. m ay help clear away so me _Qf. th_e_ misl_eadi_ng _ _'r:_ules-of­
thumb' which frequently lurk behind design decisions, and they may help 
to re place these by more cautious generalisations, but, be warned - these 
may be equally misleading if results and. conclusions are_ extrapolated_be­
yond the simplifying assumptions of the original model. 

4· Tlze use of nioclels in planning 
and tlze architectural design 
processt 

NICHOLAS BULLOCK, PETER DICKENS & 
PHILIP STEADMAN 

Three classes of model ha ve been distinguished in American city planning 
research; descriptive models, predictive models, and planning models, in 
ascending order of difficulty. Ira Lowry has enumerated the features of 
the descriptive model in urban studies as follows: 'The builder of a descrip­
~iv~ Jl'!Od~~-h~~- ~he_limit~c! objective ofpersuading the computer to replica te 
the relevant features of 3D existing urban CD\lTOnment Or Óf' a o~ a·Jready 
observed process of urban change. Roughly speaking, the measures of bis 
accom~lishm~~ are:_ o_~. th~ _ratio of input data required by the model to 
output data generated by the model; two, -the -accuracy ánd cost of the 
latter as compared to direct observation-of ·tht variables in question; 
and three, the applicability of his model to other times and places than 
that for which it was originally constructed.' (1965). 

The descriptive model provides the planner with an insight into the 
. workings of city structure but it does not directly allow him to predict 
future trends or to determine the effects of particular planning policies. 
This is done by means of the predictive model, for which it is necessary to 
specify mechanisms of cause and effect governing the variables whose 
values are simply observed in the descriptive model. In sorne cases the 
predictions may take a conditional form; that is to say the model is de­
signed to opera te so· thar 'if X occurs, then Y will follow', bu-t takes no 

t This essay was written as an introduction toa repon documenting work in progress in 
_. _!h_e Universities Study, in 1-968. The main theme o( the rePQ.r:t_was the n~ity of. 

finding sorne general framework whereby separa te planning studies could be brought 
together and seen in a general relationship. The means for doing this was seen to be 
through the const'1Jction of mathematical models of university activity patterns, and 
the subsequent progress of this line of work is described in success1ve papcrs repro­
duced later in this volume. Al the stage represented b) this essay, however, it was felt 
necessary to try to make a general case for the use of models at all scalcs and in aU 
areas of architectural and planning work, and for an experimental approach in en­
vironmental research as a whole. Hence the rather broad scone of the arguments, 
whose application goes beyond the narro.,er interests of university planning. 
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account of the actual lil-clihoo.1 of thc occurrcnce of X. In this way the 
frame of refercnce of the m o del can be somcwhat limitcd. Jt is nevertheless 
impossible to treat all e>.ternal (exogenous) variables conditionally, sioce 
not all will operate independently of each other. We cannot assume both 
that 'if A occurs, then B will follow, and if X occurs thcn Y will follow' 
since the occurrence of A may _:")reclude or -affect the occurrence of X. 

Planning models, the third type, form a class whose technology is not 
far developed. In planning models a measure of optimisation is intro-

- duced in terms of chosen criteria, in arder to determine means of achieviog 
stated planning goals. 'The essential steps are as follows: one, specificatioo­
of alternative programs or actions that might be chosen by the planner; 
two, prediction of the consequences of choosing each alternative; three. 
scoring these fOI}sequences according to a metric of goal-~c~ievement; 
and four, choosing the alternative which yields the highest score.' (Lowry. 
1965). Since a wide choice ofplanning alternatives exists at each stage in tbe 
'decision-tree' the number of overall possibilities rapidly becomes astrono­
mic, but the use of computerprogr~uns !9 carry out ste,E~ !bree_ and fo~ 
allow~ the examination of a fairly large number of alternative decisioD 
sequences. 

The urban _planning.probJe!llS t_9 _w_}lic!t the A_meric_a~ _modeJ-:builden __ 
have applied their techniques have tended naturally to arise in the control 
and direction of powerful forces of change and growth in existiog Jarge 
cities. The future movements of a complex system are anticipated, aod tbe 
effects of intervention from outside the system are meas u red - interventioo 
in tbe form of public or prívate development programmes, or tbrough 
planning controls and incentives ofvarious kinds. What is important is tbat 
the model-building process takes up at a point in the bistory of the city's 
development when its 'design' or physical and organisational form is 
already well established. The model recognises the dynamic naturc ora 
system in the process of change. The initial structure of the model i1 
constituted by a current land use inventory by example, together witb aD 
analysis ofthe pattetns of economic and social-activity-ofthe city's inhabi· 
tants at the present moment in time: trends are extrapolated forward as 
changes in this initial structure. _ -· 

Su eh an approach has no -applicañon to the -initial deslgn of an accom· 
modation for a new activity of whatever complexity on a virgin site. Not 
that the simulation of the performance of finished designs wouJd not pro­
vide an invaluable means for their comprehensive evaJuation and analysis. 
Nor can it be said that the study of urban models would not serve to 
illuminate the characteristic structure of the design problems of cities and 
acquaint the designer with the context for new solutions. lt is in the crea• 
tion of new forms that even models of the American planning type oC'.;r 

Use of modcls in planning 

no direct help- for their role is in evaluation only, and altcrnative plans 
must be specificd complete 111 advance of the modcl's operation. The ti \lly 
inventive phase of the dcs1gn process is that in which a form is syn_thcsiH·.d 
in response to a programme. Tliis will be discussed first in relation to the 
single building. since it is on the building sea le that most of our work has so 
far concentrated, and the problems, though severe, are patently less so than 
those on the scaJe of the large development. The same principies will, 
however, apply in the larger problem, as in the smaller. Successful model­
ling of the single building is a necessary first step towards the goal of a 
complete model of an institution as a whole. 

The debate on the process of derivation of architectural forms is an old 
one. This is not the place for a historical account offunctionalism. But it is 
import~nt for our purposes to distinguish two very d_i_fferent functionalist 
standpoints, the one determinist, the other we might can 'morar. 

Extreme apologists of rationaJism in architecture ha ve claimed that tbe 
form of a building proceeds directly and logically from the technique of its 
con~_trl,Jcti_qn_-ª._n9 the purp_ose to w~ic}! i! js_ put. "Dtey pave ~~~~ested 
particularly of the engineering structure that its design foHows an ine\it· 
able process, through a kind of 'constructional fatalism'. Representative 
of this_determinist attitude in archite~ture was Auguste Cl!oisy, w]lQ_in his 
'Histoire de I'Architecture' (1899) saw building form as a logical consc­
quence of a rechnique and merhode, signifying not simply the tools and 
methods of the building trade but 'aspects of society as a whole'. Thus 1 

'buildings classify themselves as witnesses fixing the way of life and the ; 
moral condition of humanity, age by age.' The Gothic cathedrals were · 
ideal for this form oftreatment, since the lack ofhistorical docume~tation 
of individual architects and particular technical inventions allowed Choisy 
to assume 'a kind of abstract necessity' as instrumental in their design. 
'L'arc-boutant (the flying buttress) ... ne fut point inventé, il s'impoSL• 

This is something rather ditrerent from simply applauding the desigo 
of buildings which are contrived, either consciously or unconsciously, to 
exemplify the ·principies of their construction- and ,.~. "<:haract~ise the 
function they are to perform. That is a moral attitude, a kind of aesthetic 
puritanism which is as old as Aristotle. Classical functionalist theory : 
seized on-the analogy ofthe natural organism-as a perfect paradigm-ofthe 
relation ofform to function. 'Living organisms and works ofart are definite. 
afler their kinds, which. Nature and Man respectively fórm by qualifying 
matter. The quantity of matter used in any case is determined by the form 
subserved; the size of a particular organ, or part. is determined by its 
form, which again is determined by the form of the whole organism or 
work. • Emphasis on fitness for purpose, inner consistency in relating the ' 
parts of the whole and forming the whole from the parts, and above all : 
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the orpnic anak•gy. are themes which recur throughout functionalist 
theor~ m its many phases and guises. 

The de,elopment of ninetcenth-century biology· provoked a deeper 
e\amination of the parallels between natural and artistic organisms, 
especiall) in terms of structure and process as well as just outward ap­
pearan.:-e. 'In art as in nature an organism is an assemblage of interdeper­
dent parts of '' hich the · structure is determined by the function and of 
which the form is an expression of the structure' wrote the American 
criuc Montgomery Schuyler {1894). Just as the palaeontologist could 
reconstruct the '' hole organism from a few bones, so with the architecturaJ 
organism 'a person sufficiently skilled in the laws of organic structure can 
reconstruct, from the cross-section of the pier of a Gothic cathedral, the 
whole structural system of which it is the nucleus and prefigurement. The 
design of su eh a building ... is an imitation not of the forms of nature but 
ofthe processes ofnature.' (Schuyler 1894.) It was for the theory ofbiologi­
cal evolution to show how the 'design' of living organisms occurs through 
m-immensely protracted process of -tria! and error.-Genetic mutations 
occur accidentally, at random. Sorne are unfavourable, sorne neutral, sorne 
favourable. In the struggle for existence, natural selection eliminates the 
unfavourable mutations; the favourable ones,-on the -contrary, are pr~ 
served, and the organisms possessing them will more Jikely reproduce 
themseh·es. La ter nineteenth-century theorists of architectural rationalism 
like Schu)ler held that the creation of new architectural forms was also a 
process of gradual evolution. . 

The distinction between approval ofthe manifestly functional qualities of 
a finished design and insistence on the inevitable logic of the process of 
jesign is important for the would-be user of theoretical model-building 
methods. It is only ifhe were able to accept the latter position that he could 
go on to conclude that architectural problems might be solved algorith­
:nically, 'i.e. by the employment of a mathematical or logical construction 
:~at acf!! as a program or an instruction manual'. This is a problem dis­
:ussed by Maldonado and Bonsieppi in añ article entitled 'Science and 
')esign' (1964). Once all the variables entering mto the solution of a prob­
~;m are s~mmarised, is a_ mathematical formulation_ sufficjent, they ask. to 
lrovide all detailed determinative--data? They are inclined to coñclude 
hat mathematical techniques of problem-structuring are of instrumental 
·ather than panacea value. 'For it is wrong to attempt to simulate the 
elationship of the designer to the problems facing him in the form of a 
imply determined system, because, after all, the process here discussed-
1s m e\ery crea ti ve and inventive human behaviour- can, if at al!, only be 
.1mulated v.ith models on the leve) of complex probabilistic systems.• 

1t is not difficult to find many reasons for the indeterminacy ofthe archi-
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lectura! dcsign proccss. It arisc~ because evcn an cxplicit and apparently 
rigorous statement of the aims of the dcs1gn 1s ncccssanly still vague on 
sorne points. Even performance standards of a technical, quantifiable 
nature can be variable within wide ranges and the results still quite accept­
able. Mínimum daylight levels can be fixcd for the performance of visual 
tasks: or maximum levels to avoid d1scomfort from glare. Choice in the 
area between the two extremes is a matter of taste, or even indiíference. 
Again one might imagine in theory that one particular configuration of 
rooms in a building would suit the pattern of intercommunication of the 
occupants best, and minimise their time spent walking: but in practice it 
will be immaterial to people within quite wide hm1ts what distance they 
travel, so long as it is not too far and the journeys are not too frequent. 
In short, there is so much 'slack' in the system that even on the most 
clearly defined criteria a variety of solutions to ea eh aspect ofthe design will 
be equally acceptable. As Alexander says 'for most requirements it is 
important to satisfy them ata leve! which suffices to prevent misfit between 
the form and.the conte:\t._and to do.this in theJeast ar_bltr-ªry _manner 
possible'. (1964, p. 99.)t For this reason Alexander propases treating both 
specific requirements, and requirements of Jess definable but nevertheless 
crucially importan! character- 'comfort', 'security' or '.variety.',jn different 
contexts, for instance - as binary variables, that is to say taking one of two 
possible values only. Either the requirement is satisfied ('fit') or it is not 
('misfit'}. A continuous variable taking a range of values would be treated 
as a 'fit' for all values Jying above the required standard, and for all values 
below as a 'misfit'. 

A great part of the systematic and detailed study of design problems is 
devoted to the establishing of mínimum or maximum standards and there­
by the ranges within which variables operate. It is, in the nature of the 
problem, only the extremes which are susceptible to accurate determination. 
The fact that discussion may often dwell on mínimum standards does not 
mean to imply that these are reckoned to be desirable or even, in the light 
of óther considerations, acceptable. The same is true ofthe measurement of 
average conditions as found in present practice. The intention is simply to 
demonstrate the cost or savings involved in Iavish or parsimonious allow­
ances, or the implicatlons of a raising orlowering of pres-ent staridards. 

As has been emphasised befare, it is by no means necessary that in 
taking the optimum solution (indeed if one can be defined) to each sub­
sidiary problem, a satisfactory result will be achieved in the total design. 
Advantage must be weighed in one area against consequent penalties in 
another: and this may be a matter of fine judgernent. Where the benefits 

t Cf. his note 6 o .. Herbert Simon and the concept of 'satisficing'. 
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and the costs :ne purely economic or can be exprcssed as such, a means of 
comparison exists; as Ira Lowry says 'the most comprehensive metric 
available in our socicty, whether we like it or not, is money'. (Lowry 1965, 
p. 161.) But where he must weigh comfort or convenience against monetary 
costs, e\ery man's scale of values will be different. 

-h ts easY tÓ,see why by contrast it was precisely in the area of engineering 
structures that the idea of the inevitability of the process of design arose. 
For it is here that performance requirements are most fully and accurately . 
stated in advance, and where the criteria by which the success ofthe design 
is judged are unequivocal. A mechanism works or it does not, a structure 
etther stays up or falls down. But Le Corbusier, for example, while ad­
minng the integrity and economy of means of engineering works, recog­
nised that although the engineer was guided by 'naturallaw' and mathe­
matical calculation, he nevertheless did exercise an intuitive skill in 
design. 'The engineer ... has his own aesthetic, for he must, in making his 
calculations, qualify sorne of the terms of his equation; and it is here that 
-taste intervenes. Now, in handling a-mathematlcaLproblem, .. a_ ma_nj~ __ 
regarding it from a purely abstract point of view, and in such a state, his 
taste must follow a su re and certain path.' ( 1927, p. 19.) 
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--~hristopher Alexander attributes the very successful architecture of 
primitive cu.hures, as have critics before him, to the-slów process by which 
its forros are evolved. He demands, however, a more explicit theory of 
adaptation than the 'vague hand-waving' of archttectural Darwinism 
(1964, p. 37). Alexander draws a disttnctton between the 'unselfconscious' 
culture of primitive society, where the activity of'design' is not recognised, 
where the user of a building is his own architect and the forro evolves 
through the correction of individual technical failures as they occur; and 
the 'self-conscious' situation which obtains in our own culture, where 
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design is the province of professionals, and is communicated through 
abstract principies and schemata: The 'unsclfconscious' process relies on 
design being evolutionary rather than anticipatory, and on the existence of 
substantial forces of traditional taboo, as well as the slow movement of 
technical progress, to hold the evolvmg design steady. In the 'self-conscious' 
situation, instead of the form being shaped dtrectly as a process of adapta­
tion to the environment, this 'complex interacúon betwe-e~ forro and 
context' is modelled as a mental picture in the mind of the designer 
(Aiexander 1964, ch. 6).t See Fig. 4.1. 

Alexander argues that the unselfconscious process achieves success by 
virtue of the property of homeosrasis, that is to say through being self­
organising. The structure ofthe form-making system consists in a series of 
variabies, or conditions which must be met to ensure 'good fit' between 
forro and context; and the interaction between variables- causallinkages 
between one and another. See Fig. 4.2. (Alexander 1964, p. 43.) 

Fig. 4.2 

'Since not all the variables are equally strongly connected (in other words 
there are not only dependences among the variables, but also indepen­
dences), there will always be sub-systems ... which can, in principie, 
operate fairly independently.' (lbid.) These sub-systems, although inter­
linked, are yet 'sufficiently free of one ~nother to adjust independently iD 
a feasible amount of time'. The unselfconscious process work.s, 'beca use 
the cycles of correction and r-ecorrection whicb occur during adaptation, ~ _ 
restricted to one sub-system at a time'. These kinds of dynamic syste~m 

_ t See ai~QAiagram p. 76 rej)rodu~_ctl!ere. as Fig. 4.1. The designer imagines such inter­
action: the mteraction takes place between a cOnceptual ptcture of the context anda 
conceptual picture of the form (diagrams and ptctures which stand for the fonn). 
The success of the method ts plainly dependen! on the ability of the designer to com­
prehend the total problem context, and to model the proposed form effectively in 
order that he may examine properly its inadequacies or advantagcs in relation to this 
context. As Alexander says 'in the unselfconscious process there is no possibility of 
misconstrumg the situallon: nobody makes a picture of the context, so the picture 
cannot be wrong'. But in the self-conscious process the context ts only pictured, and 
the designer's dtfficulty is in making this picture as complete ;..td accurate as posstble. , 
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"' taisc the b10logical world. Ea eh S) :;te m consists of many sub­
;,"hdy coupkd; and the sub-systcms thcmsclvcs tcnd to consist 
:1J.dlcr S) stcms, again more closcly coupled internally yet less 

_.,,uplcd, bct\\CCn one another. 
:J~clfconscious proccss any failurf in the design, any 'misfit' wiU 

__ -;-cct strongly only those variables encompassed in the particular 
.cm, and the failure will be resolved by an appropriate re-organisa· 

- that sub-system. The sclf-conscious dcsigner, in order to reduce 
to manageable proportions, attempts to pick out these sub-systems 

::eh a nomenclature, and then manipulate arcas of the design in 
mdcpcndcnce of each other in a similar way.t The trouble as 

-· ::r sccs it is that in practice the traditional categories, into which 
fO problem is intuitively analyscd, tend not to correspond to its 
Jcture. 
:=medy for the failings of generalised concepts and categories, and 
~itrariness, is to reduce the listed variables making up a design 
nme to the leve! of.specific detail.-They 'must_be cho?en_(l)_to ~ . 

.:1 scope, (2) to be as indcpendent of one another as is reasonably 
· ~. and (3) to be as small in scope and hence as specific and detailed 

~rous as possible'. (Alexander-1964;-p. J 1 5.}-The design process is _ 
.•11e of error reduction and the variables ha veto do with anticipated 
of stress or misfit between the context for a desigo and the 'domain 
s' wbicb could conceivably be placed in this context. 
~omain 'may be thought of roughly as the set of all those dis­
ole forms (good and bad) which might possibly be placed in contact 

::e given context to complete the ensemble'. (Ibid., p. 103.) The 
: ::s are to be equal in scope so that sorne requirements are not sub­
;:artly or entirely within the broader frame of reference of others: 
following from this that they are independent of each other. SmaU 

r"'e also because in this way the prejudice of ready-made semantic 
:-ies- 'acoustics', 'economics' and so on- is avoided. 

· discussion so far concerns Alexaoder's accoun( of the analytical 
~nly of the design programme. When it comes to the synthetic pbase,' 
realisation of the programme, Alexander see~s_to imply a degree o( 

::.nder 1964, ch., S. Alexander's analogy is that of a children's puzzle- onc ot 
: shallow glass-topped boxes, whcre balls must be rolled into sockets. An iJDo 
-.t ch1ld m1ght well give the box a great shake and pul it down, boping for all the 

:1 fall in al once. His chances of success would be small, even ifhe repeated the 
hundrcds of times. More scnsibly he would 1ap gently, moving one ball at a 

: ¡·mg ca re not to disturb !hose already in place. The designer must adopt 
t:.u.n, solving each indcpcndcnl area of the design in tum, so that decisions 
t 11 la ter stage do nol invalidate tr~ solutions 10 olher 'sub-problems' airead)' 

,(L • 
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function2l dctcrminism, in introdudn¡! lhc notion of ~ ·_ . :::. 'unif.cd ¿~criptioB~p· 
ofform and context. For sorne vcry c,i1nplc objccl!-, he~·_ .. :.::: s;:.ys 'th:~e is. virtuai:Jly 
no rift bctween formal and functiou.1l ,)c~cripti_?ns_ T;, ---- .: ..:i.e a s~ap bubble f::.~.Jr ' 

instance~ •• 
'The bchaviour of soap films is !.l' thoroughly unlL:~.::.:::;::rstood t:.at we kno1ow 

what shapcs and sizes of bubblcs JiiTct cnt c>.tcrnal e-.:=--=-~ :onditior.s lead to. i: lo 
this cáse, the foimal dcscriptions :wJ thc functional : . .:..==~ dcscriptions are j~s1::>t 
different ways of saying the same thin&'; we can say, 1! . :_.:. • :: we Ji k e, tl:at we haY!'.': 
a unified description of a soap bubulc.' (lbid., p. 90.) : _. i Another example i:.:be 
takes is that of a road junction, whcrc a diagramm;:::;-==.:::::lc repr~:ntation c:of 
traffic flows as lines of different widths indica tes. c. :::.:.:..:: étrectly t:te form t1 me 
junction should take. The diagram is both a requtre:::::::=:-:ment diagram and :í a 
form diagram. 

As he points out, however, therc are few instance~::s one can point to ~dn 
the realm of man-made objects whcre the form has..:-.~ !:'een un;<;uely deterer­
mined by its requirements- the crane hook being thc~.::::;ught to b: one exam:n­

__ ple (Archer 1956). The 'form diagram' can, in mol>r.:.-=:.::: áesign problems, Lb= 
regard·~-~fas an exploratoiy tool, a teñúitivd1ypotJle":¿!~~~is about tl:.e matchlning 
ofform to context, and like all hypothcses, derived th:.::::-::::.:.::rough abstraction a:11nd 
_i!tventiop,_Jb~ process is that of the scientific met~:.:....:-=.:::10d, wbere the b~<~-
thesis stands until shown to -bé false .. Ifis ineasui¿;r:.. __ ----::f against the requir!!e­
ments, by experiment, until a discrepancy betwee:r-:=-=::: form ar.d context ds ! 

i 
found. 'The bypothesis/diagram is then revised, aná :.::=::=.: rested again. ~ 

It is important here, however, to emphasise the :-===:-_:: roie in d~ign of wh-ilat 
might perhaps be called 'happy fit' as distinct from:.--;==--= ·;ood fit': tbat

4

iS to s:r.ay 
the possibility of finding a formal solution whose su_ ::..-ucture is particularipy 
appropriate to the problem in hand but only throu~ _ _:::::i bappy acci4ent a~ad 
not any kind of cause and effect. Such a possibility cr::=.....--:-: a ni y arises through t:rl:u: 
relative 'slackness' of the programme requiremenrs:=-==:.:::. wbereby many alt~­
native solutions are feasible. In this light, the soao-~:c:==-~ubble example is l:i"6is­
leading since no externa) purpose is recognised whlc:. •. _' -·::. tbe bub:>le fulfills;-; it 
exists as·¡· natural pl_!_~_?omenon in its own right. 1:.. -- · -. ,.: : i~ a ten_siP!l.stru~:ru-e 
whose form is described completely by mathematirz-· --- :::.i iaws associated v.:ililh 
the pressures exerted by the air. In tbe world of Ji vi:::::= ::--:ng organisms. simfiitr 
tension-·stfuctures are used for dcfinite-purposes to ..,--=-::: \\·hlch tbey.are a~II::lir­
ably suited. But their forros cannot be ascribed s·· :.:::::ply to tb~ moulditmg 
pressures arising from their functions: they are g~J:--:-=-=::·:erned both by th~ese 
and by independent structurallaws of a general nar:---:ure. 

To take D'Arcy Thompson's cla~sic example wm-:::= -.-:-.:-.::h approacbes clo!!r..est 
perhaps in the natural world to thc problems of a====-..:.:-:hitecture: tbe bon:-.ey­
comb (Thompson 1942, pp. 499fT). Thc 'requireme!!=:..-:::::-.:;· can be examined! for 
an assembly of roughly cylindriral cclls, stacked t:.: =-:. :: ~11 sp3..:e, strong t::md 
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cconomical of material. The process of the comb's construction can be 
obsen ed: how cylinders. stacked, will tend to get moved into a hexagonal 
arra y and six· si des be flattened out as the bees work, prcssing against eacb 
other from opposite sides. But it can also be scen, at the sarne time, how 
the symmetrical forces of surface tension, working on the warrn wax, will 
pull the comb's. wall into the same configuration. The final forrn represents a 
resohÍtion of structural forces as well as a consequence of the purpose for 
'' h1ch it is rnade, but one does not necessarily follow frorn the other. 

A \¡,id exarnple of the same thing in archltecture is in the uses made of 
the Buckminster Fuller hernispherical dome which is patently unsuitable as 
a house, despite Fuller's own personal example. It has a rigorous structural 
logic and virtually no flexibility of form: yet it has applications to which 
it is particularly appropriate, as for exarnple in housing rotating radar 
scanners, ora use to which it is put in Cambridge- asan 'artificial sky' for 
architectural lighting experiments. 

It is not only for 'engineering' structures that this fortuitous match 
between-formand-function is found. Asimilar match exjsts i_l}_ !h~P!<.>!:>I~~-­
of the university teaching timetable: in how, given a structure of courses 
and thus a division of the student body into groups which must attend 
separa te series o f. teaGhing 'eve-nts', --these 'events' _are then_ª~sign~d t(!~ 
rooms so as to fulfil a number of limiting criteria, the most important of 
which will generally be economy in space (though not at the expense of 
sorne other educational consiqerations). Although these criteria can be 
stated with mathernatical precision, timetabling problems do not allow of 
unique solutions. Instead a sensible strategy must be devised for searching 
through feasible alternatives, and a basis established for selecting better 
solutions. These better solutions will rely, in particular when a timetable 
is designed to suit an existing set of rooms, but also when a set of rooms is 
designed to suit a given structure of courses, on the particular combinations 

• of class size and the fact that these happen to correspond, fortuitously, with 
room size. 

Another exarnple which isla:ftiifiér--f~il:~i_tects is the problern of plan· 
ning a set of roorns of required sizes in a tight or lirnited configuration. 
Success.ful solutions may depend on purely fortuitous coincidence of 
dimensions or groups of dimensions- therocims-happen to fit together 
just so. There is no way of going about the problern that does not involve a 
certain amount of tria! and error. 

Although the characteristics of the architectural design process so far 
de~cribed can be summed up, it is necessary first to have an understanding 
of the detailed structure of the requirements, or context, of the problem, 
v.•thout the distortions arising out of ready-rnade semantic categories. 
Sorne of these requirements may be -diftieübr:-t•rneasure and therefore 
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indistinctly stated. The proccss of matchmg form to context is guided toa 
large degree by a correct intcrpretation ofthe structural nature ofthe prob­
lern; feasible alternative solutions are devised which are internally consis­
ten! and coherent in- iheir ow.n terms. Thcse alternatives are then rnatched 
up to the context and thcir performance measured. Sorne solutions will be 
judged more successfu! than othcrs, sometimes by virtue simply of a 
coinciden tal 'happy fit' of form and context. Where the sea le of values by 
which performance is measured is essentially subjective and scientifically 
hard to define, or where performance on two disparate scales ofvalue must 
be cornpared one against another, then opportunities must be presented to 
the designer or his client for the rnaking of explicit judgement or choice in 
the matter. 

The design process would therefore be considered to be largely a 
repetiuve, cyclical one, in which the devising of preliminary solutions pro­
vokes a more explicit staternent of the original requirements, and allows 
a progressively greater understanding of the structural nature of the prob­
lems in hand. Sorne of the choices and judgements which the designer or 
cliénf mus-fmai<é "Oñlyarlsé ancrónly·have·rneaning in relation to an-inter­
mediate solution, another reason why a measure of trial and error is 
inevitable. The fact that sorne requirements are mutually exclusive or work 
again~teach--other ffisome·waymay similarly emerge only through· the­
testing of alternative designs. 

Now it is Alexander's contention that in architecture there is no means of 
generating ranges of alterna ti ve solutions symbolically (1964, p. 74), nor of 
expressing criteria for success in terms of a symbolic description of the 
form. 

He instantes certain kinds of problems which are capable of reduc~ion to 
a matter of simple selection - 'like sorne of those that occur in econornics, 
checkers, logic or adrninistration, which can be clarified and solved 
mechanically'. Jt is irnpossible with archjtectural problems to generate a 
range of feasible, complete and finished solutions by a similar, single, un­
interrupted, predetermined procedure of a mechanicªI_ nature. This, how­
ever, is no objection to a step-wise process, by which alternative pre­
lirninary forros or partial solutions are produced as a 'first hypothesis', 
evaluated1 the terrns-of the problem sornewh-at-r-evised, and.a.secon~_seri~ 
of appropriately rnodified forrns tested again. 

Now it is certainly true of a set of architectural drawings as a symbolic 
description that they presentan inadequate rneans for a rigorous testing of 
the design against the programme requirements: building performance can 
only be assessed indirectly frorn thern, by powerful exercise ofthe imagina­
tion ora great deal of prolonged and laborious calculation, depending on 
the characteristics of the design under consideration. As 1'or· the possibili-
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t1cs of full-scale cxreriment with real buildings. thcse are plainly limited 
smce nllStakes \\¡JI be costly, and, m any case, idcnt1cal circumstances are 
rarcly rcpcated. But, as \\e have suggestcd before, the technique of simu­
laung a dcsign, cither partial or complete, in the,form of a computable 
nwdel whose structure is mathematical, is exactly the way to evaluate its 
predicted performance with a high degree of realism. Calculations which 
\\ere ted10us and, in effect, impracticable for reasons of time become sud­
denly possible. Not only can externa! environmental conditions be simu­
lated, but also the anticipated pattern of use of the building. Most impor­
tant the pattern of use is not seen as something stat1c and fixed, but as a 
d~ namic process in time, O\ er both the course of the da y and the course of 
the yeatS. 

The unavoidably indeterminate way in which architectural problems are 
formulated, and the fact that as a consequence they may not be solved 
algorithmically, do not nevertheless imply that a strategy involving many 
successive alternate steps of design formulation and evaluation cannot·be 
con_ducted in a perfectly logical, if not imtially predetermined manner. The 
process allows -the intervention of taste; juagemeni and- invention at a­
series of intermediate stages; but with the cardinal advantage that these are 
exercised in_relation to a clear statement of the structure of the problem 
and the issues at stake at each -stage. - - -

PART 2 

ACTIVITIES, SPACE AND LOCATION 

· !ntroduction 

From the more general work which has been indicated in the previous sec-­
tion, it seemcd possible that studies might be developed at three different 
scales. The f.rst is the scale of the individual building, at which Ievel it 
might be possible to examine the interna) and externa) relationships which 
affect the built form. The second is the scale of the urban sub-system, or, 

-rorexample;· the grouping··of- activities and- buildings- that ·are· built- up 
around the developing universities. The third scale is the major one ofthe 
urban system itself. All three of these programmes of work were in fact 
established by 1967. The first study to elabora te a- method of·work in 
Report form was the universities study, by Bullock, Dickens and Stead­
man, who produced their Theoretical Basisfor Unirersity Planning in 1968. 

The papers that follow were written at different points in that develop­
ing research programme. The first paper marked the end of the initial 
period of research. During this period, work on various parts of the pro­
gramme was built up in sorne detail. An advance was made by the 
development of a method of studying timetabling and the relationship 
between numbers, intensity of use and space requirements of a given pat­
tern of teaching (Toye 1968). Sorne of the earlier studies of the effect of 
different building forms on the use of land were given a more specific 
application, in .which cir-eulation and costs were taken into a~~QUJ1!. Sqme 
preliminary work was done on university residential accommodation and 
the effects of its location on the provision of other facilities on the campus 

.itself. 
But throughout all this work the main effort was to establish sorne means 

of examining the problemas a whole. What was required was the develop­
ment of the kind of framework which would integrate hitherto isolated 
pieces of research and which, at the same time, would allow decisions 
made in o:-~e aspect ofuniversity planning, for instance numbers ofstudents, 
to be seen in relation to the many other factors imohed, for instance space. 
The proposal that a mathematical model should be use(. for this purpose 
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I / INTRODUCTION: 

T HE X E E D :F O R R A T 1 O ::\'A J. 1 T Y 

These notes are abouf thc process of desión; the pr0ccss of 
invcnting physical things whkh display ncw phy::ic.tl onlcr, 

organization, f01 m, in response to function. 
To1lay functional problcms are bccoming kss simple all the 

time. n'-;lt dc::.ignu:5 ruely-confcss thcir inability to..sr)l\"c them. 

Instcad, .whcn a designcr docs nol under:;tancl a problcm cl.:-arly 
enough to find thc order ·¡t rcally- calls for, he f.tlls lnck on 
somc arl.íitrarily éli.oscn form::~l arder. The problcm, -Lcc:1:u-se -­

of its complcxity, remains unsolvcd. 

Conc;idcr a simple examplc of a design prohlcm, the choice 

of thc matcrials to be u sed in the mass p1 oduction of any simple 

huusehold object like .a vacuum clcancr. Time an1l motion 
studics show that the fewcr di1Te1ent kinds -·óf matcri::~ls thl re 

are, thc more cfficicnt factory asscmbly is - and thc:r<:fore 

dcm·md a ccrtain simplicity in the variety of m.1tcrials U:-t•,J. 

Thic; nccd for simplicity conílicts with thc. f;u.t that thc form 

will fundion bcttcr if wc choosc thc bcsPmatcrial for <'.tch 
-- -- - -- -- -- - -

scparatc purposc ~cp:uatcly. But thcn, on thc otlwr hand, 

functional diYcrsity of materials makcs for cxpcmh·c and 
complicatcd joints bct wec·ñ · coin¡Yoncnls, which is li.t~Jic- to-, 
makc m.tintenance lrss casy. Further still, all tlm·c issues, 

simplicity, pcr!oJJilancc, and jointing, are at o,J,Js with our 
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.~L·:>irc : J :ni.1imi:.: th~ \.'v~t l1f thc matl't i.tls. Fvr if "~ choose 
thc .-l·,'.IPl'St .n.ttlti.ll for l'.Hh ·;cpat.lk t.t::k, ~'e -~h.~JC not 

,~L'CC'-'".nily haY~ -.impli.-ity, nut l'plimum plrfvtnuncc, nor 
,\1\tNi.lls ,,]li.-h on !1~ ck.L11ly jnintcrl. \\'1 iting .t minus sign 

bcsillc .1 lin~ fur conllict, antl a plus bcsillc a !in~ for positive 
.1gr.:cnwnt, w~ scc that C\'en this simple probkm has the ftve· 

w.1y con1lict pkturcd bclow. 

pcdonn.mce ~\' '"'-...;:. _ 

Z=~-\~~~¿/ 
jointing ' /-. 

- --~~-~~ _,- -
'\J 

simplicity 

cconomy 

This is a t) pi cal design problem ;- it ¡;;~ ~~q~irements which 

ha,·c to be mct; aml thcrc are inter~ctions bctwccn the re­
quircmcnts, which makcs thc rcquircments hard to meet. This 
problem is ~implc to solvc. It falls easily within thc compass 
of a ~ingle man's intuition. But what about a more compli­

catetl problem? 
Considcr the lask of dcsigning a complete cnvi.ronmcnt for 

a million pcople. The ccological balance of human and animal 

and plant life must be correctly adjusted both intcrnally and 

to the giYcn exterior physical contlitions. People must be a?le 

to lcad the individuallivcs thcy wish for. Thc social conditions 

intluccd must not lead to gross ill-hcalth or to gross personal 

mi~cry, and must not cause crlmiJYah1elinquency. The cyclical­

int.\kc of foocl antl goolls must not intcrfcre with the regular 

monments of the inhabit.mts. Thc cconomic forces which 
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rkYclop must not lea u to real-c~t.t te c;pccula tion ·,d • ;,_h de­

slroys thc functional H:htion bctwc:cn rc~!rlc:ntial an_.ts and 

arcas supporl i ng he a vy goodc;. Thc tran::,porta tion '"Y' ter n lllUSt 
not be otganizcrl so that it creatcs a dt:m.mrl that a:.;.~r;~vatcs 

its own congcstion. Pcoplc must somchow be alJle to Jive in 

closc coopcr.ttion .mtl yct pursuc thc most cnormous ,·aricty 
o{ intcrcsts. Thc physical layout must be compatilJic: ·:. ith 

fore~ceable future regional dcvelopmcnts. 111e conllict be­

twccn population growth and dimini~hing water rcsources, 

energy rcsourccs, parklands, must somc:how be taken care of. 
The cnvironment must be organizcd so that its own rcgc.ncr­

ation and rc~onstruction ?oes not constantly disrupt its 

performance. 
As -in the simpler exoamplc-, each- of thesc is-~11cs .intcracts 

with severa! of the others. Dut in this case each issue is it:;clf 
a vast problem; and the pattern of interactions is va~tly com­
pliéatcd.--The diifercnce betwccn these two cases is -rcally like 

thc diiTcrence between the problcm of adding two and two, 
and the problem of calculating thc seventh root of a fifty digit 
number. In the first case we can quite easily do it in our 
heads. In the second case, thc complexity of thc problem will 
~efeat us unless we find a simple way of writing it down, 

which lcts us break it into smaller problems. 

Today more and more dcsign problems are rcaching in­

~olublc lcvels of complexity. This is true not only of moon 

_ bases, factories, and ra~UC? receivers, whose complexity is 
intc~nal, but-even of vilbgcs and tcakcÚles. i~ s-pite of thcir 

superficial simplicity, C\;cn thesc problems havc a background 

of-nceds and activities- which is bccoming too--romplex to 

grasp intuitiwly. 

To match thc growing complcxily of problems, there is a 
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• 
:;tú\\ !ng IH)~\y of infnttll_.l! ion .tnll ~pcci.llist t:'\pl'tlcncc. This 

in¡, ,rnut i~'n is h:ml to h.tndk; it is '' idc~pre.til, di ITu:;e, un­

<1tg.t•lÍü'!l.1 ~forcon'r, nut Otll)" is thc qu.tntity of infmm.ttion 

it~cli by-now bcyu1Hl thc rcach of ..:in:;lc dc::-igncrs, but thc 

'.trious spccialisls \\ ho rctail it .ue narrow .md unf,uniliar 

"i t h t he fot m-m.1kers' pcculia r problcms, so tha t it is nevcr 

c1c.u quite how thc tlcsigncr should bl'st cunsult thcm.2 As 

:t tcsult, althou:;h idc.dly a form shoulo rcJlcct .111 the l..nown 
facts r.._·lc\-,tnt to its dcsign, in- fact thc ,1\·cragc dcsigncr scans 

\\h,t!cn·r information he h:1ppcns on, consults a consultant 
11UW ano thcn \\-hcn faccd by C\.tra-spcci.ll difficu\tics, and 

intro1luccs this randomly sclcctcd infonnation into forms 
othcrwi::c drc.unt up in thc artist's studio of his mind. 'The 

- ---tcdínicaF!lflicurtics of gr:.Ysping a\1 thc-infonnatiorrnccded-for - -­

the construction of such a fo1 m are out of hand -- and well 

bcy9n_d_ th~ ftngcrs of a single inclividual.3 
.\t the samc time th.1t the problcms increase in- qu-anÜty,­

complcxity, and t!ifticulty, they a\so changc fastcr tban before. 

Xcw matcrials are dcYelupcd all the time, social patterns alter 

quickly, the culture itself is changing faster than it has ever 

changcd bcfore. In the past --- cYcn after the intcllectual 

uphcaya\ of the Rcnaissancc- the indiYiclual dcsigner would 

stand to somc c\.tent upon the shoulclcrs of his predecessors. 

.\nd although he was cxpccted to make more ano more of bis 

0\\"11 dccisions as traclitions gradually dissolved, there was 

al ways _sti\1 so me boJ y of tradition which_ m acle his_ deci~io~s 

easier. ?\ow thc last shrcds of tradition are bcing torn from · 

him. Sincc cultural prcssurcs change so fast, any slow de­
\;clopmcnt -of furm bccomcs hñpossiblc. Bewildered,-the-form-­

makcr stands alone. He has to m.tke clcarly conceived forms 

\\ ithout thc possibility of tria! and error ovcr time. He has 
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to he cncouragnl now to think h.is Ltsk thtrJugh from the 

bcginning, and" to "crc.ttc" thc form he is u_~nccrnul ''· !th, for 

what once tuok many gcncrations uf graclu:ll rlc\·c-loplr.cnt is 

nuw attcmptcd by a -~i11gle jndividua\.4 But thc IJUrclcn of a 

thousand ycars falls hcaYily on one man's ~hr;ulcl<:rs, and this 

bmdl:n has nut yct matcrially bccn lightencd. Thc intuitive 

rc::,olution of conlcmporary dcsign problcms ~irnply lics be­

yond a single inJiviJual's intcgr:ltive grasp. 

Of course thcre are no clclinitc limits to this grasp (c<;pccially 

in view of thc rarc cases whcre an cxccption:tl talcnt breaks 

a\1 bounds). 13ut if we look at the lack of organization anrllack 

of cbrity of thc forms around us, it is plain that their r~e::.ign 

has oftcn taxc(l their rlesigncr's cognitive capacity ,•.cll be) ond 
the-lim-it-;-.:rhe-idea- t-hat--thc capacity of--man's invcntion.is _ 

limitcd is not so surprising, after al!. In other arcas it has bcen 

shown, and we aclmit rcadily enough, that there are bounds 
- -

to man's cognitivc m1d éi-ciúive capacity. Thcre are limits to 

the diíTiculty of a laboratory problem which he can solve; 5 to 

the numbcr of issucs he can consider simultancously; 6 to the 

complexity of a decision he can handle wisely.' There are no 

absolute limits in any of these cases (or usually enn any scale 

on which such limits could be specified); yet in practicc it is 

clear that there are limits of sorne sort. Similarly, thc very 

frequcnt failurc of individual designcrs to produce well or­

-ganized forms suggests strongly that there are limits to the 

individual designe(s cap¿tci~y. 

\Ve know that thcre are similar limits toan individual's ca­

. pa:city for mentararithmeth:. To solve a sticky arithmctical 

problem, we need a. way of setting out the problcm which 

makcs it pcrspicuous. Ordinary arithmetic convcntion gives 
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t<5 st!Lh a w.1y. Twti minutes with a pcncil un thc b.tck-of-an 

l'll' l'1~)¡1c- kt s us :'ol ,-e problcms which "e could not do in our 
hc.1ds if \\C trj_~,J for a_ hundrcll yc.trs. Bu_t .tt_ prcscnt we 
lu ,·e no coJLc::oponding 1\".t)' of simplifying dcsign problcms 
for our::.dYcs. Thcsc notes describe a way of rc-prcscnting 

dc:;ign probkms "hich docs make thc-m casicr to sol ve. It is 
a w.1y l)f rcducing the gap bctwccn the dcsigncr's small ca­

pJ.city :1.1111 thc greJ.t sizc of his task. 
P.ut Oac contains a general account of the naturc of dcsign 

problcms. It describes the way such problcms have bcen 
soh·cd in thc past: first, in cultures where ncw problcms are 

so rare that there are no actual dcsigners; and thcn, by con-
trast,--in--e-uhuL"Cs wher-e-new- problcms_o_cq¡_r__;.l]lJhe tim_~,_so ________ _ 

th.lt they hase to be solYcd consciously by dcsigncrs. From 
the contrast bctwccn thc two, wc shalllcarn how to rcpresent 
a dcsign prob!Cri1-só that it can be sol ved. Part T\ro describes- -
the n::prc:;cntation itself, and thc kind of analysis the repre­
~<.:ntation allows. Appendix r shows by cxample how the 
method works in practice. 

The analysis of Jcsign problems is by 11? mcans obviously 
possible. Thcre is a good dcal of supcrstition among designers 

as to the dcathly efTect of analysis on their intuitions- with 

the unfortunate result that vcry few designcrs havc tried to 

understand the process of dcsign analytically. So that we get 

ofi to a fair start, let us try first to la y thc ghosts which beset 
Jesigncrs and ñ1aie thcin belicve th-atañalysis is soiñeho\v at - -­

odds \\-ith the real problcm of dcsign. 

- It ~s not-hard t0-see why the int-roJuction of mathemª-ti~L __ 
into design is likely to makc dcsigncrs ncrvous. ~Iathcmatics, 

in the popular view, deals with magnitucle. Dcsigncrs recog­

nizc, correctly, that calculalions of magnitude only have 
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:,lriclly limilccl-uscfuln{'ss-in thc -invcntion oi fc,rm, anrl- are 

thercforc naturally rather ::.kcptical about t::-:e po:,:;ibility of 

ba"ing <lcsign un mathcm.ttical mcthods. 8 \\":·.:!t tht.y do not 
rcalizc, ho~\·cnr,- is that mo(l~-rn ··maih~~:~tics 1!c:!ls at lc:;st 

as much with qucstions of ordcr and rclation 2s ·.dth qucstions 
uf magnitu(lc. :\ntl though c:vcn this kind cA ¡~;d!-iunatics may 

be a poor tool if uscd to prescribe the ph:. skal naturc of 

forms, it can bccome a vcry powcrful tool ifl.r2:.ul if it is uscd 
to explore the conceptual ordcr and pattcrn ·.·:1-.ich a problcm 

prcscnts to ils dcsigner. 

Logic, like mathem~tics, is rcgarded by many dcsigncrs 
with suspicion. :Much of it is based on yarico,:s superstitions 

_ _ --- ______ <!l~9-~ __ 1)1_e_k!!!.cl_Qfjg_r_cc_lo_gic _h_as in_t_clling_~_s __ ~~:b_a! __ t9 ~~--­
First of all, the word "logic" has sorne currency among 
designcrs as a reference to a particularly unplc:::t~ing and func­
tionally unprofitablc kimt -cr{- forma-Iism. 9 1l1e ~o~callcd logic 

of Jacques Fran!;ois Blondcl or Vignola, for in5:G.nce, rdcrrcd 
to rules accorJing to which thc elcments of architectural stylc 
could be combined.10 As rules they may be l06ir:al. But this 

givcs thcm no special force unless there is ~15o a lcgitimate 
relation betwccn the systerri of logic and the nce:ds and forces 

we accept in the real world. Again, the cold \-isual "logic" of 

the stecl-skclcton office building_ seems ~orribly constrained, 

and if we takc it seriously as an intimation oí what logic is 

likcly todo, it is certain to frighten us away from analytical 

mcthods.U But no 01ie.shapc caifany more he a·conscrtiicñce of 

the use of logic than any other, and it is non::cnse to hlame 

rigi-d-physicaUorm on..the. rigidit)l._Of logic. It is- not- possibfe _ 

to sct up premiscs, trace through a series oí lleJuctions, and 

arrivc ata form which is logically detcrmincd by thc prcmiscs, 

unlcss thc premiscs alreaJy have thc sccds of a particular 
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pl.bliL cmplusis l.milt into thcm. 111cre is no 1cgitimate 

::cnsc in \\ hich ~kJ ud iYc logic c. m p1 c:-,cribe ph) ~ica l form 

for us. 
Dut, in :opc.lking of 1ogic, \\e llo not necJ lo be conccrned 

with proccsscs of infcrence at al!. \\'hile it is true that a great 

llc.tl of \\'hat is gcncr.dly unllcrstood to be logic is conccrncd 

wit h dcLlud ion, logic, in the _\\Ídest sen se, rcfcrs to something 

f.u more general. It is concerned with the fonn of abstract 
slructurcs, and is invoh·ed the momcnt we make pictures of 
rcality .md thcn scck to manipulate thcse pictures so that we 

may look furthcr into the reality itself. It is the business of 

logic to inn:nt purcly artificial structurcs of elements and 
rebtions.-Somclimes one of these...stmctures___is do_s~_e__n__gt1g'b_t_o 

a real situ.llion to be allowed to repr(.sent it. And then, be­

cause the logic is so tightly drawn, \\'e gain insight into the 
re:;Ht)· which was previously withhcld froúi tfS:12 - ------

The use of 1ogical structures to rcprcscnt design problems 

has an important consequence. It brings with it the loss of 

innoccnce. A logical picture is c.:asier to criticiL:c than a vague 

picturc since the assumptions it is bascd on are brought out 

into thc open. lts increa~ed prcdsion gives us the chance to 

<;h:upen our conception of what the dcsign process involves. 

But once wh.tt we do intuitivdy can be -Jcscribed and com­

p_arcd with nonintui~ive ways of doing the same things, we 

cannot go on accepting the inluiti\;c--method inribcently. 

Whcihcr we dcciJc to stand for or against pure intuition as a 

-mcthod, \\e must do--so for--reasons .which..can_be_!.ljscussed. 

I wish to state my bclid in this loss of innocence very 

cle.trly, bccause thcre are many designcrs who are apparently 

nut willing lo accept thc loss. They insist that design must be 
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a purcly intuí l in: p_roce~s: tha t i t ic; hopclcss _to 1 ry ancl unclcr­

stand it sen~ibly bccause its problcms are too 1\e<:p. 

Thcre has alrcady bee:1 onc loss of innoccncc in the rcccnt 

histo1y of clcsign; the discowry of machine [(Jr,Js lo rcplace 

hanJ craftsmen. :\ ccnlury ago William ).lorris, the first man 

to see that the machines were being mic;usc:d, aho relrc:atccl 

from the loss of innocencc. Instead of acccpting thc machine 

and trying lo undcrstanJ its implicaliuns for clc.:'-Í6n, he wcnt 

back lo making exquisite hamlmade goocls. 13 It 'sas not until 

Gropius started his Bauhaus that designers came to terms 

with the machine and the loss of innoccnce which il cntailcd.14 

Now we are at a secónd watershed. This time the loss of 

innoccncc is intellectual rather than mechanical. But again 
thcre are peopk \\-110..'1rc ·tr);¡·¡.¡g-to pretend tha t·it-ha'5'rrot takcn--­

place. Enormotts rcsistance to the idea of systematic proccsses 

of de1:>ign-i~ coming from people who recognize corrcctly the 

importance of intuition, but then make a feti~h of it which 

excludes the possibility of asking reasonablc qu{'stions. 

It is perhaps worth remembering that the loss of intcllcclual 

innocencc was put ofi once befare. In the' eighteenth ccntury 

already, certain men, Carlo Lodoli and Franccsco :\lgarotti 

in Italy and the :\bbé Laugier in France, no longer content 

to accept thc formalism of the acadcmies, began to ha ve 

serious doubts about what they were doing, and raised ques­

tions of just the sort that ·ha ve led, a huridreJ anJ fifty ycars 

later,- to the modcrn revolutionary.-idcas on form. 1 ~ Qddly 

enough, however, though these scrious douLts were clearly 

cxpressed and widely read, architecture did not dcYelop from 
thcm m thc direction j¡{Jic,ttc-J.- 'Ihe douots' and qü~·stions· 
were forgotten. Instc.td, in late cighteenth ct:ntury Eurupe, 

we find cvidcncc of quite anothcr atmosphcre dcYeloping, in 
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:2 ¡' GOODXESS OF FIT 

Thc ultimatc objcct of dcsign is fonn. 

Thc rca:;on th.tt iron Jilings placcd in a. magndic ficld cxhibit 

:i¡•.ttlcrn--or havc form, as we say-is that thc ficld they 

.trc in i;; not homogcncous. If thc world wc:re tot:llly regular 

aud humo;;cncous, thcre would be no forces, and no forms. 

1:n·1ything would be amorphous. llut an irregular world tries 

t<> compcnsate for its own irrcgularitics by fitting itsclf to 

thun, .tnd thcrcby takcs on form.1 D' A rey Th(Jmp-son has cvcn 

r.tlk<l form the "diagram of forces" for t he irrc;;ul.uitics. 2 

_\[urc usually we spcak of thcsc irregularitics as thc functional 
rorigins of the form. 

Thc following argument is based on the assumption that 

phy~ical clarity cannot be achicvcd in a fonn until thcrc is 

lir~t c:.omc programmatic clarity in the dcsigncr's mind and 

.1ctions; and that for this to be possible, in turn, thc dcsigncr 

mu~t fir~t trace his dcsign problcm to its carlicst functional 

"ri;;ins and be ablc to find some sort of pattcrn in them.3 1 
'hall try to outlinc a general way of stating dc,ign problcms 

;\]¡ich <lraws attcntion to thcse functional origins, and makcs 

tlll'ir pattcrn rcasonably easy to see. 

It is based on the idea that cvery dcsign problcm bcgins 

with an clTort to achieve fitncss bctwccn two cntitics: the form 

in r¡uc:<tion and its contcxt.~ TI1e form is the solution to the 

P~"l •le m; the contcxt llcfincs the problcm. In othcr words, 
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\\ hen wc spc.1k ,,f tlc~:i¡_;n, thc 1e.d nbjcct of di,cu~sinn is not 

thL' fl'rlll .ll,,lll', but the cnscmhlc compti-.ing the fottn and its 

clmk:-.t. Ctll)<llit is .1 dc,ircd propctty of this en::cmble \lhich 

rcl.ltcs to .;omc p.u ticul.u diYi:::ion of the ensemble into form 

,\\1 d con t c-.,: t.~ 

Therc is a ''id e '.uiety of cnscmblcs '' hich we can tal k 
.ll)L'Ut likc this. Thc biological ensemble made up of a natural 

org.mi::--m .uHl its physical cnvironmcnt is thc mosl familiar: 

in this case wc are uscd to dcscribing thc ftt bet\\Ccn the two 

as well-adapteclncss. 6 But the samc kind of objcctive aplness __ _ 

is to be found. in many othcr situations. The ensemble consist­

ing of a suit and tic is a familiar case in point, one tic goes well 

with a cc1 tain suit, anothcr gocs lcss wc11. 7 1\gain, the ensemble 

may be a game of chess, where at a ccrtain stagc of the garue 

some movcs are more appropriate than othcrs bccause thcy 

fit thc contcxt of the prcvious movcs more aptly. 8 The en­

semble may be a musical composition- musical phrascs have 

to f1t their contexts too: think of thc pcrfcct rightness when 

~Ioz:ut puts just tliis phrasc at a ccrtain point in a sonata. 9 

If thc ensemble Í§ a truckdrivcr plus a traffic sign, thc graphic 

design of thc sign must fit thc demands made on it by the 

dtivc~'s cyc. An objcct likc a kcltle has to fit the context of 

its use, and thc technical contcxt of its production cycle.10 

In thc pursuit 9J urbanism, thc ensemble which confronts us 

is the city and ifs habits. Herc thc human baékground which 

dcíincs thc nc~d for ncw buildings, and the physical environ­

mcnt providcd by the availablc sites, make a contcxt for the 

fonn of thc city's gro:wth. In an cürcme case of this kind, 

we may CH:n ~peak of a o,:;urc itsclf asan ensemble in which 

thc various fashions and L\J tifacls \\hich dcvelop are slowly 

ft tt<:d to the rcst.11 
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The rightnc~s of the form <lcpcnrls, in cach onc (Jf these 

ctscs, on thc tkgrcc to '' hich it fits thc rc~t of thc en~-lmblc.12 

\Yc must abo rcw¡_;ni1.c th.tt no onc clivision of thc ln"cmble 

into furm an<l contcxt is unic¡ue. l'itncss across any <Jnc such 

divbion is just onc in~tance o~ thc cm:emblc's intcrnal cohcr­

cnce. I-.hny othcr oivisions of thc ensemble v;ill be v¡ua\1~ 
~ignificant. Indcco, in the grcat majorily of actual ca<:cs, tt 

¡ s nccc~sary for thc dcsigncr to considcr sc' c.ral Jiffcrcnt 

divisions of an ensemble, supcrimposcd, at thc ~ame time. 

Lct us consider an ensemble consisting of the h.dtle plus 

enrything about the world outside thc kcttle \';hich is rdcvant 

to the use and manufacture of household utensils. Hcie again 

thcrc sccms to be a clcar boundary bctv.-ecn th~ te:akcttle 

and thc rest of the ensemble, if we w_ar~t one, beca use thc kettle 

itsclf is a clc.uly oefined kind of object. But I can Cd~ily mnke 

~hanues in thc boundary. If I say that the kettlc is thc wrong 

way ~o heat domcstic drinking water anyway, I can quickiy 

be involved in the rcdcsign of the entire house, and thercby 

push the contcxt back to thosc things outside thc house 

,,]lich influencc thc housc's fonn·. Altcrnatinly 1 may claim 

that it is not thc kcttle which nceds to be rcde~igned, but the 

mcthod of hcating kcttles. In this case the kettlc bccomes 

part of thc context, whilc thc stove perhaps is form. 

TI1crc are t wo si des to this tendency designers ha ve lo 

chan<re thc dcfmition of the problern. On the onc hand, the 
o • • 

impra<..tical idealism of designers who want to rcdcs1gn entlre 

cities and whole proccsscs of manuf¡1cture wben thcy are asked 

to design simple objects is often only an attcmpt to loos~n 
difficult constraints by stretching the form-conte:-.t boundary. 

On thc othcr hand, this way in which the good dcsigncr 

kccps an cyc on the possible changes at every point of the 
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~ ;s..:m~1k i:; p.Ht l1i his job. Ifc is houtHl, if he l.;nows what he 

:~ ,¡,1:ng, tu be :;L'n:::iti\c lLl thc ftt .tt :::cYcr.tl boundaries \\Íthin 

t::c Cll::'L'mbk .1t once. In(kcd, this ,ll)ility to dc,tl \\Íth scvcral 

~.:y..:rs oi iut m-contcxt boundarics in conccrt is an important 

p.:.rt of '' h,ll wc oftcn rcfcr to as thc llc::,igncr's scnse of or­

yniz.ttion. The inlcrnal cohcrcnce of an ensemble dcpcnds 

011 a wholc n..:t of such adaptations. In a perfcclly cohcrcnt 

<:<1:::cmble wc :;hould cxpect the two hah·cs of every possible 

.2iYi:oiori of the ensemble to fi.t one another. 

It is truc, thcn, that since ,,.e are ultimatcly intercsted in 

t~c en:::cmble as a whole, there is no good rcason to divide it up 

j'Jst once. \\"e ought ah\·ays really to design with a number of 

nc5tcd, OHrhpped form-context boundaries in mind. Indeed, 

the fonn itself relics on its own inncr orcranization and on the o 

internal titncss between the pieccs it is made of to control its 
út as .t whole to the context outside. 

Howcwr, since we cannot hope to understand this highly 

interlaccd ::md complex phcnomcnon until we undcrstand how 

to achicvc lit ata single arbitrarily chosen boundary, we must 

~~grce for the present to deal only with the simplest problem. 

L<::t us decide that, for the duration of any one discussion, we 

shall maintain the same single division of a given ensemble 

into form and context, even though we acknowledge that the 

rli\·ision is probably choscn arbitrarily. And let us remember, 

<'-S a corollary, that for the present we shall be giving no deep 

thought to the internal organization of the form as such, but 

only to the simple~t prcmise and aspcct of that organization: 

r.amely, that fitness which is the residue of adaptation across 

t~,e si.,~lc form-contcxt boundary we choose to examine.u 

'Thc form is a part of the world ovcr which we have control, 

<>..nd "hich wc uccide to ~hape while leaving the rcst of the 

t8 

\\Orld as it is. Thc contc~t Í-> that part of tJ,e '''1 Id ·.·.l¡ich 

puts clcm.mds un lhis form; .tnything in thc \';<Jr!d thal m,tkcs 

<lcn1.1tH!s of thc form i:> contnt. Fitncss is a rd.:t:oq of IIHltllal 

acc<.:ptability bctwccn thesc two. In a problun ,,¡ dc:'oi~n we 

want to sati::,(y the mutual clcmands which the l\'.o make on 

one anothc:r. \Ve want to put the contcxt and the form into 

etTortless contact or frictionlcss coexistcnce. 

\Ve now come to the task of ch:uacterizing the llt bctwcen 

form ami context. Lct us consider a simple svccific case. 

It is common practice in enbineering, if we \':Hl to make a 

m<.:tal face perfcctly smooth and levcl, to fit it aóainst the 

surface of a st.tndard stcel block, which is lc:Ycl 'sithin finer 

limits than those we are aiming at, by inking thc surfacc of 

this standard block and rubbing our metal fa(e against the 

inkcd surface. ff our metal face is no! quite kYd, ink marks 

appear on it at those points which are highc:r th.m thc rest. 

We grind ,n\ay these high spots, and try to íit it a:;ain~t the 

block again. The face is level when it fits the block pcrfcctly, 

so that thcre are no high spots which staed out any more. 

This ensemble of two metal fa~es is so simple that ''"e shall 

not be dislracted by the possibility of multiple form-context 

boundaries within it. There is only one such boundary worth 

discussion at a macroscopic levcl, that between the standard 

face (the context), and the face which we are trying to smooth 

(the form.) ~IoreoYer, since the context is fixcd, and only the 

form variable, the task of smoothing a metal face serves well 

as a paradigm dcsign problem. In this case we m.1y distinguish 

good fit from bad experimentally, by inking the stamh{rd 

block, putting the metal face against it, and chccking the 

marking that gets tran::,fcrrcd. If we wish to juJge the forro 
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·,, :¡J1,lt:l., tu.dly pultin:; it in C••lll.td with it,; <..Y'll!<'-..:t, in this 
c.:~ ... ,\\<..: 11'.!\ ,¡J,,, d,l ::.o. lf \\C dt·li,Jc ll'\cln~..·:::-; in IP.Itllcmatical 

kt m.-.. 1:'- .1 li !11Íl.t t itH1 on l he '.1 1 i.1ncc which i:; pc1 mittcd o ver 

thc surf.tt'C, \\"C c.1n test the fo1m itsclf, \\Ílhout lc:;ting it 

. lg.1in::t the contcxt. \\"e c.m ~..lo this bccausc the oitcrion for 

k' elncss is, simult:mcously, a dcscription of the rcquircd 

fo¡m, and also a ~..lcsniplion of thc context. 
Cmsidcr a :::ccond, :::lightly more complcx examplc. Suppose 

we are to inn·¡lt an arrangcmcnt of iron lilin:js \\hich is stable 
,., hcn pbccu in a cc1 tain position in a given magnctic field. 
Clcarly \Ye may trcat this as a dc:::ign problem. Thc iron filings 
constitute a form, thc magnetic fielu a context. :\gain we may 
ca::'ily judge the fit of a fonn by phcing it in thc magnetic 
ficld, and watching to sce whether any oí the Jilings move 

undcr its inllucnce. Jf they do not, thc form fits well. And 

.t;;ain, if we \Yish to judge thc lit of the form without recourse 

to this cxpcriment, wc may describe the lincs oí force of the 

n'1gndic ficld in mathcmatical terms, and calculate the fit 
or lack of fit. As bcfore, the opportunity to evaluate the form 
,•.-hcn it is away from its contcxt clepends on the fact that we 

can give a precise mathematical dcscription of the context 

(in this case the equations of the magnctic ficld}. 

In general, unfortunatcly, we cannot give an adequate 
dc~cription of the context we are dcaling with. The fields of 

ihc contexts wc cncounter in the real world cannot be described 

in the unit.ny fashion we have found for levelness and mag­

netic ficlcls. There is as yct no thcory of ensembles capable of 

üprcssing a unitary description of the varied phcnomena we 

encountcr in the urban contcxt of a clwelling, for example, 
or in a sonata, ora production cycle. 

Yct we cutainly need a way uf evaluating the lit of a fonn 

20 

;•. hich lloes nol rdy on lhe e:,pclimcnt of adu.dly lr) ing thc 

fo1 m out in thc real worl1l context. Trial-ancl-errcJr dc~i:~n is 

.m atlmir :1ble metho1l. But it is ju:ot real world tria! a1Hl crrtJr 

which we are trying to tcplacc by a symbolic mlthod, bl'causc 

rl.ll trial and error is too cxpcnsive antl too slow . 

The e.\perimcnt of putting a prototype form in the cont<:xt 

itsclf is thc real critcrion of fit. A complete unitary cle!ocription 
/ 

of the ckmands m;ule by the context is the only fully ader.¡uate 
11o11c.\perimental criterion. The first is too c::-.pcnsive, the 

sccond is impossible: so what shall we do? 

Lct us observe, first of all, that we should not rcally expect 
lo l)e able to give a unitary dcscription of thc contcxt for 
complex cases: if \ve could do so, there would be no prohlems 

of design. The context and the foun are complcmcntary. This 

is what líes bchinu D',\rcy Tho1~1pson's rcmark that the fonn 

is a cliagram of forces.H Once we hnse the diagram of {orces 

in the literal sense (that is, the ficld description of the con­

text), this will in esscnce also describe the íorm as a compl~­

ment_ary diagram of {orces. Onc.e we have dcscribed the 

levelncss of the metal block, or the lines of force of the mag­

netic field, there is no conceptual difficulty, only a technical 

one, in getting the form to fit thcm, because the unitary de­

sáirtion of the context is in both cases also a dcscription of 
the required form. 

In such cases there is no design problem. H'lzat aoes make 
aesig1t a problem in real ~•:orld cases ü tlrat o¡.:•e are lrying lo 
make a diagram for forccs ~•·hose jield ~•·e do 110/ zmdcrstaud.1 ~ 

Cntlerstanding the field of the contcxt and inYenting a form 

to fit it are really two aspccts of the same proce~s. It is bccause 
the context is" obscu~e that we cannot givc a dircct, fully 
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l'l'h0ll'í\t nill'lim1 fur Lhc íit ,,.e are llying lo achi~Yc; and it 

i:: .ll'n it:> \lb:;~·u¡ity ,,J¡jd¡ nukcs thc ta::;k of :;h.tping a wdl­

titting iMm .lt .111 pruhlcm.ltic. \\'h.1t t!o we 1lo about this 

Lli(;iculty in cw¡yd.ly cases? Gontlfit mcans somclhing, aftcr 

;1.1l- cwn in oses \\ herc we c.mnot gh·c a complctcly satis­

L!Ltory til'lLHikc critcrion for it. IIow is it, cognitivcly, that 

\\'C cxpclicncc thc scnsation ·of fit? 

If ,,-ego back to thc procedure of lcvcling metal faces against 

a stantl.ml block, ami think about the way in which good fit 

and b.1Ll lit prcscnt thcmsch·es to us, we find a r.tther curious 

fealurc. 0Lltlly cnough, the proccdure suggesls no tlirect prac­

tica! w.1y of i<kntifying good fit. We rccognizc bad fit when­

c:n:r wc ::;ce a high spot marked by ink. But in practice wc see 

good lit only from a negative point of view, as thc limiting 
ca::c whcre thcrc are no high spots. 

Our own li\ es, wherc the dislinction bctwccn good and bad 
'Jit is a normal part of everyday social bchavior, show the 

samc küure. If a man \Ycars cightccnth-century drcss today, 

or wcars his hair clown to his shoulders, oc builds Gothic 

mansions, wc Yery likcly call his bchavior odd: it ducs not fit 

our time. Thc::c are abnormalitics. Yct it is such departures 

from thc norm which stand out in our minds, rather than the 

norm itsdf. 1l1eir wrongncss is somchow more immediate 

than the rightness of lcss peculiar b~havior, and thercfore 

more compclling. Thus CYen in cvcryday life the conccpt of 

good lit, though positi\'e in mcaning, seems very largely to 

f<:ed on nc:g.ltiYe instanccs; it is the aspccts of our livcs which 

are .. ob3olete, incongruous, or out oí tune that catch our 

attention. 

The ::::-.me happcns in housc dc~ign. \Ve should find it almost 
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illl!Jil""ihle lo' har:tdciÍ1.e ,L howc ''hiLh fits ih U•lllht. Yet 

il is thc c.t'i'·"t thing in thc \\'OJ!d to JJ.llllC the '-P'' ií.c kincls 

nf mi:,fit \\ hich prc\'l'nt goo1l lit. .\ kitchcn '' l1ich i.;; harcl to 

dc.111, no place to park my car, the child playin~ whcre it 

r.tn he run 1luwn by somconc clse's car, raim,·atcr coming in, 

O\'crcrowrling and lack of privacy, the cye-lcvcl grill \\hich 

spits hot fat right into my cyc, the gold plastic UOfJrl-..nob 

'' hich dcceivcs m y npcctations, and the front door I cannot 

find, are allmbfits bctwccn thc house and thc liYcs and habits 

it is mcant to fit. 1l1ese misfits are the forccs which muo;t 

shape it, and there is no mistaking thcm. Bccausc they are 

e:-.prcsscd in ncgative form . they are spccific, and tangible 
enough to talk about. 

The same thing happens in perccption. Supposc \\'e are 

givcn a button to match,Jrom among a box of assortcd but­
tons. IIow do wc procccd? \Ve examine thc buttons in the box, 

one ata time; but we do not look clirectly for a button which 

lits the first. \Vhat we do, actually, is to sean the buttons, 
rcjecting cach one in which we notice somc discrcpancy (this 

one is larger, this one darkcr, this onc has too many. holes, 

and so on), until we come to onc whcre we can sce no differ­

ences. Thcn we say that we have found a matching one. 

N'otice that herc again it is much easier to e::\plain the misfit 

of a wrong button than to justify the congr~ity of o~~ which 
fits. 

\Vhen we speak of bad fit we refer to a single identifiable 

property ~f an .ensemble, which is immcdiate in expcrience, 

and dcscnbable. \Vherevcr an instance of misfit occurs in an.· 

ensemble, we are able to point spccifically at what fails and 

to describe it .• It seems as though in practice the conccpt of 

good lit, describing only the abscnce of such failures and hence 



k.\\ ing n:; lh)thing l'llll(rdl.' lo rckr ll) in l'\l)l.uut!•·ll,l,lll Plll)' 

lw c-...pbin~.:J j¡¡¡\Í¡cctly; il Í:', in p1adkc, ,\:; it w~r~,;, \hQ tli§= 
junction u{ a n pll~::-ibli.! mist\ts.16 

\\'ith this in mi11ll, I :,houlLl likc to rccQJlllll~IH\ t)ll\t WQ 

slhmlJ a huy:; cspccl lo scc tlw pruc~s;; o{ .u;hi~' ing ¡~IJ9Y lit 
bctwccn lwo cnlitics •\S a nc;;ativc pro~;:c:;:; of n~,-ulralit.inl5 th!i 
incongruitics, or irritants, or (orces, whkh cau~c mi~üt,17 

It will be objected that to call good fit the ab~m~;t_:: gf {:(_!.f= 

tain negative qualitics is no more illumínating th.an to ~ay 
that it is the prcsence of ccrtain positivc qu:11itícs.18 IJgw,. 
eYCr, thot1gh the two are cquivalcnt frorn a 19gk.:J.l poínt 9f 
,-iew, from a phenomcnologkal and vra~ti~al point QÍ yj~w 
they are vcry diffcrent.l9 In practice, it '~ ill n~v~.r b~ a~ 
natural to speak of good fit as tbc simultancous s_atisfª~tjgn 
of a numbcr of rcquiremcnts, as ít wíll be to ~all it th~ _s_ÍlJml~ 
tancous nonoccurrence of the ·samc numbcr pf ~9H~S_p9_ll.diiJ_g 

misfits. 
Let us supposc that wc .did try t<> wríte do~m .a li~t pJ .~U 

possiblc rclations bctwccn a form and its ~onte~t '')'bkh ~'J!J!! 
. r·cquired by good ñt. ,(Su eh a list ~v.o.ul<l :in fact bt )u.st th~ ~lj~t 
oi ~.equiremcnts which dcsi,gner.s -often ,do !ry to ')~·_r:it~ $19:\VJJ..) 
In thcory, -:we ,cou1d then use ,each ·r,cq.uir~_m~nt ,()IJ :t:h~ 1i~t 

a'S :an independent -t:r·itcr~on, and ;accept J!. form ,a~ ~\·tll :fi.ttjJJ.$ 
,0nly if 'it 'Satísf1ed .a111 thcse ,criteria .s'imultanl!9tJS1:9i 

:Ho:\\-c:~.·er, ·,thou,ght -.o1 ·in ~his ~va,y, .s:u~b :a. }li_st .Q{ ._r.c~WJ~­
mcnts ~s 1p0tential~ 'endless, .and ~st:ill ,r.e~lJy :n~w.s :a. ·":;(i.eJd''' 
u'lescription \to fíe !lt 1t~ge~her~ Thil)k, i{or !ios~1)9!!, 1.91 ~-o/in.g 
\to :s_pecify :a:n tbe JPH~pcntiics ;a fu_u,tJton 1had rt.9 !h~Y~ in ~qrd~J' '.t9 
match .anothei. Apar,t _f.~0m ·,t\he ik:inds <.O.f rt:'hiqg -.we !b_ll.Y~ ~~­
;r.eai:ly m.c11tú0ned;, -ilze., lco10r,, Jllu:olher <9.11bQle._s_, :and ~9 \9J), 
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·.·.~ ,h.¡lll,l ··' • h·~H; \o .. p!-'dfy it~ :oH!;~ilir ghni~Y1 i!'1t-J,.nm: 
;,\.•.ti¡; 'lt.q;{, il~ 1f· 1!-i!·~,, it~ ri13i!IÍ~y 1 l!H~--f1HJ i!m~ it ~!HH!It! 
h!; !!H!IHI, !h;~~ it s!HJP!'J !l(}t !Jg !1EH!!:: f~f p~pH, !:~€·¡ !:;~!€: f!l 
g~h!;f NH!l§, ''º §!WU!tl !Wb mJ}y }mY!: !9 ~pg~jfy !h¡; IJH~~Ji~Ít:§ 
"hil h Lli:,J ill9Pi~h it fwm ;~!lg~!J~r Jn!Uf-l!l§1 !mt ws ~h'dl-!!11 ¡~J§g 
}1:~ vg ~Q :;p~gify i!H tlJ~ fhMi!€tHi~tÍ~§ whi€h i!~~Yi!!!gt Hlffl~ it 
(!. I?P! tgn f!t f!H: 

l}nfgrt~m;~tg!y, ~}w H.;;! gf ~Jdin~Yh}m!}}g fJmnH:~Hi?~Íf§ ~Y!: 
!;f~•J wfi~g ggwn fgr !hg t>~t!gn )§ in»nit~, H mn~in,;; inflni!s 
fgr ªH pm~H~ª! _p~rp9?~.? ~mm w~ ~H?w~~r ·ª ñfJrJ .r~f:=~r}p!i9n 
gJ th~ QMUQD, WWwYt !hg f.JSJ-9 9-s.;;srip~}gn gf !hs !m!t9n, 
thgrg ;1> m> w!!y gf ¡ggyfjn~ !~ H,;;t gf rs~YiwJ .!!HrPn~!f? w 
finH.g ~fffi?, W~ Mg !J~gr~f9fS fgr~ !9 &s-9D9m}.?S ~y})gn Wt; 

try t9 ~p~~Hy thg m~t11f~ gf í! mª!fhiP..~ J?Y!!9n1 JJ.~f.'Hl?S W!: 
fJJ.n. gpJy ~m_sp ª fi~)~~ H.?! ~~m~ ri!t}}gf ·ª ?h9r! 9J~.~ ~! Sh~!): 
)Xt~!!JPJJy, i')yg g)}ggg !9 ~JW&Hy tfl.9.?S &J~.~m~!S}t~!k? ·~Yhifh 
_aJ& m-~f~t JH;f!Jy 1-9 &-ªH.?~ !n>g)?~s Jn !}}-~ ))~,;;in~?.? 9! nwtf)~}n.~, 
.:J.mJ -:.rJJ1~4 ~n~ !1:t~Jf!Jg¡~ m9:?! Y.?SJ~J .Í.Q ~mr s.fJw! ~9 .Q.ig.in&M5~P.. 
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T:1 ih~ (,¡:;~ 0f a tk::-ign probkm ''hich is truly problcmatical, 
,.,-c·\~n(unnter thc ~ame situ.llion. \\"ello not h.wc a lielJ dc­

s.:r:pti,,a üÍ thc conte:ü, .uHl therdorc h,l\"C no intrinsic \\".lY 

oi rc,Ju.:in,; thc potcntially infinite :::ct of rcc1uiremcnts to 
tinitc tl'uns. Yct for praclical reasons w~ llo nccd somc way of 

p!cking a tinitc sct from the infinitc sct oí possible ones. In 

the ose of r~quircmcnts, no sensible way oí picking_this finite 

set prc,;cnts itsclf. From a purcly tlescriptiYe :::tantlpoint we-­
han~ no w.1y of knowing which oí the infinitcly many rclations 

bctwccn íonn and context to inclutle, and whicl1 ones to leave 

out. 
But if \Ye think oí the requirements írom a negative point 

of '-iew, as potential mislits, there is a simple way of picking 

a linite set. This is becaw;e it is through misfit that the 

problem originally brings itsclf to our attention. \Ve take just 
tho5e rebtions bctwcen form and context which obtrude most 
strongly, which tlemand attention most clearly, which seem 
most likely to go wrong. \Ve cannot do better than this.21 If 
there wcrc somc inlrinsic way oí rcducing the list of require­
ments to a few, this would mean in cssence that we were in 
po.;se:;,;ion of a licld dcscription of the context: if this werc so, 
the problem oí creating fit would become tri,-ial, and no longer 

a problem of design. \Ve cannot have a unitary or field de­

scription of a context and still have a design problem worth 
attention. 

In the case of a real design problem, even our conviction 

that there is such a thing as fit to be achieved is curiously 

flimsy antl insubstantial. \Ve are searching for some kind of 

h.\rmony between two intangibles: a form which we have not 

) <:t de.;i6netl, anda context which we cannot properly describe. 

The only reason we have for thinking that there must be sorne 
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kind uf Ítt to be achievcd 1Jclwccn thcm is lhat \'.l: c.m rktcct 

inwngruitics, or negative instanccs of it. Thc inc"n~n:itic'> in 

an ensemble are thc ptimary tlata of c:-.pcricncc. Ji \\<; ~~grce 

to lrcat lit as thc ab::,cnce of misfits, antl to u~c a li-.toi those 

potcntialmi~fils \\hich are most likcly lo occur as 'Jur uitr:rion 

for itt, our thcory \\ill at lc.1st have the samc naturc as our 

intuitive conviction that thcre is a problcm to be ~olYcd. 

The re~ults of this chapter, expressed in fonni!l te:í-ms, ar~ 
these. If we divide an ensemble into fonn an<l contc:.ü, the 

lit between tl~em ma.y be rcgarded asan ordcrly condition of 

the ensemble, subject to disturbance in various ways, cach 

one a poténtial misitt. Examplcs are the misitts bctween a 

housc aml its,users, mentioncd on page 23. \Ve may ::,ummari7.-e 

thc state of each potential misitt by means oí a binary variable. 

If the mislit occurs, we say the v,uiable lakes th~ Yalue l. 
If thc misÍlt docs not occur, we say the variahl~ takcs the 

value O. Each binary variable stamls for one possible kind 
of mbfit between f~rm and context.22 The value this \·ariable 
takes, O or 1, describes a state of atlairs that is not cither in lhe 
form alonc or in the context alone, but a rclation bctwcen the 
two. The sta.te of this relation, fit or misÍlt, describ~s one'aspect 

of the _whole ensemble. It is a condition of harmo1~y and good 

fit in the ensemble tha.t none of the possible misfits should 

actually occur. \Ve represcnt this fact by demandiÍ1g that all 

the variables take thc.._value O. 
The task of dcsign is not to crcate íorm which n\cets cer­

tain conditions, but to crea te_ 5_!,1~h an order in the cnsem~le 
that all the variables take the value ó. The form ls slt-l1ply that 

part of the ensemble over which we have control. It is only 

through the form that we can create onler in the énsemble. ,, 



3 j TitE SOURCE OF GOOD }'IT 

\Ve must no,,· tty to finll out .how we should go about gctting 

good lit. Whcre do we ÍltHl it? \Vh.lt is the char.1cteristic of 

ptoccsscs which crcatc lit successfully? 

Tt h.ts oftcn hcen cl.timed in architectural circlcs that the 

homcs of simpler eh iliz,ttions than our own are in sorne sense 

bctler than our 0\\11 houses. 1 \\'hile thcse claims have perhaps 

been e-.;aggcr.ttccl, thc obscrvation is still somctimes correct. 

I shall tty to -;how th,tt thc facts behind it, if correctly inter­

preted, are of grcat practica! conscquence for an intclligently 

concei\·c<l process of design. 

Let us consider a fcw famous modern houses for a moment, 

from the point of view of thcir good fit. ~Iies Van der Rohe's 

farnsworth house, though man·clously clear, and organizcd 

under the impulse of certain tight formal rules, is certainly 

not a triumph economically or from the point of view of the 

Illinois J1oods.~ Buckminster Fullcr's gcodesic domes have 

sol ved the \'. cight problem of spanning space, but you can 

haruly put uuors in them. ,\gain, his dymaxion house, though 

. cfTicient as a rapid-di~t1 ibution mass-procluccd package, takes 

no account whatc.:\·cr of the incongruity of single free-standing 

houscs set in thc acou~tic tuniwil and servicc complexity of a 

modc.:rn city.3 Evcn Le Corlmsicr in thc Villa Savoie, for ex­

ample, or in the ::\IarsLÍllcs apa1 tments, achieves his clarity 
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of fcJim :tt t1:c C\pCilSC of cctl.lin elcmcnt:ny con'fc,r1·; and 

cnnh~nienres.4 

LtytllCll li 1:c lo ch.ugc ':>Omclimcs that thc ·,_ele. +;nr r-, ha ve 

:,aetiliced funllion for 'the sake of clarity, bc.:~.au<oc thcy are 

out of touch "ith the practica! dctails of thc hc1usewife's 

world, and preoccupied with thcir own intcrcst::;. This is a mis­

lcading chargc. What is truc is th<lt dcsigncrs do oftcn dcvo:lop 

onc part of a functional program at thc cxpcn->c of ancJLher. 

llut thcy do it becausc thc only way they sccm able to or­

ganiL:c form ck.uly is to design under thc drivin3 force of sr1me 

comparatively simple conccpt. 

On the othcr h:md, if dcsigners do not aim printip::dly at 

clear organization, but do try to consider all the requirements 

equally, wc linda kincl of anomaly at the othcr cxtrc;ne. Take 

the average dcn~loper-built housc; it is bhilt with an eye for 

the market, and in a sense, thcrefore, lits its conle.ü wcll, 

even if supcrficially. But in this case the various dcmands 

made on thc form are mct piecemeal, "·ithout any scnse of 

thc ovcrall org:mization thc form needs in ordcr to con tribute 

as a whole to the working arder of the ensemble. . 

Since everything in the human emrironment can now.tdays 

be mouilied by suitable purchases at the five and ten, very 

little actually has to be taken care of in_ the house's basic 

organization. Instead of orienting the house carcfully for sun 

and wind, the builder conceives its organiz::ttion without 

concern for orientation, and light, heat, and nntilation are 

taken care of by fans, lamps, and other kincls of pcriphcral 

tlevices. lledrooms are not separated from li\;ng rooms in· 

plan, hut are placcd next to one another and thc w.llls bdween 

them then stuiTcd with acoustic insulation. 

The compl.lint that macroscopic clarity is missing in thcse 
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..:.l~l':> i::: 11.1 ,;,·,¡1,cti..: ''him. \\hile it i-, tru~ that an individual 

l'¡,·bkm <.la ''Íh'n h1.' ~Lll\"~(1 ad~qu,ttdy withuut rcg.tnl for 

t lw iun,l.!n!L'l\LJ l'h} :::.ic.1l or,kr it implie.-. we cannot sol ve a 

'' lwk nl't ,,¡ :::u.-h p10bkms so c.hually, and gd .1way with it. 
lt i::. in.-,,n.-eh·,¡bJe that wc should succced in org.mizing an 

~n:::cmblc .1s l'l'mpkx as thc_modcrn city until wc havc a clcar 

cn~.,ugh Yk'\\" l'i ::.impkr Llcsign problcms ami their implications 

to ptl'ducc hc1u:;cs which are physically clcar as tot.tl organi­
z.ttions. 

Yet :lt prc:;cnt, in our 0\m civilization, housc forms which 

are clc.uly Oig,lllizcd and also satisfactory in all thc rcspccts 
dem:\Jllkd by the context are almost unknown. 

Ii "·e look .ll .1 pcasant farmhouse by comparison, or at an 

igloo, or .lt :m .\irican's mud hut, this combination of good fit 

and cLirity is 1wt quite so hard to find. T?.kc the ~Iousgoum 

hut, ft,r in:::.t.mcc, built by African tribcsmcn in thc northern 
scction oi the F1cnch Cameroun. 5 Apart from thc vatiation 
cause,! by slif::lt ch.lllgcs in sitc and occupancy, th~ huts vary 

\"Cry littlc. r.Y..:n .;:upcrficial examination shows that thcy are 

all Ycrsion:; oi thc ::ame single form typc, and convey a power­
ful sensc oi their O\Yil adcquacy and nonarbitrariness. 

\\"hl.?thcr by coincidencc or not, thc hemispherical shape of 

the hut proYit!c.;: the most efficient surface for mínimum h¿at 

tran.;:icr, an.d kec-ps the inside reasonably well protected from 

the hcat oi thc equatorial sun. Its shape is maintained by a 

suic:; of YL'rtic','!l reinforcing rihs. llcsides helping to support 

the 111:1in íabñc. thcse ribs also act as auides for rainwater 
b ' 

and :uc at thc :;ame time used by the builder of thc hut as 

f(Jotl;oHs ,,-:¡;eh gh·e him accc<;s to the upper part of the out­

~ide dming :ts construction. 6 Jn:,tead of using disposable 

~catTolding (wootl is vcry scarce), he builds the sca!Tolding 
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in as part of the st1ncture. '\"l1at is more, nHJnths latt.r this 

":oc,tfiolding" is ~till thcrc whcn the owncr ncc•ls t() dimb np 

on it to Icpair thc hut. The ::\lmt<;goum cannot aff(ml, as wc 

do, to tcgarcl maintcnance as a nubance which is bc~t for­

gottcn until it is time to call the local plumbcr. It i-; in the 

same hands as the building opcration itsclf, an1! its c:,igcncies 

are as likcly to :,hapc thc form as those of thc initial con­

struction . 
• \gain, each hut ncstlcs bcautifully in thc dips anrl hr;llows 

of the tcrrain. It must, hecausc its fabric is as \';cak struc­

turally as the earth it sits on, and any foreignness (Jf discon­

tinuity caused by carelcss siting would not have sur\"ivul thc 

stresses of crosion. The weather-dcfying concrete foun<lations 

which we rcly on, and which pcrmit the arbitraty ~i~ing of our 

O\\"ll houses, are unknown to thc Mousgoum. 

The grouping of thc huts reflects ~he social orckr of thcir 
inhabitants. Each man's hut is sunounded by the huts of his 

wivcs and his subservicnts, as social customs rcquire- and 

in such a way, morcover, that these subsidiary huts aho form 

a wall round the chicf's hut and thereby protcct it and thcm­

selves from wild beasts and invaders. 7 

This examplc shows how the pattern of the building oper­

ation, the pattcrn of the building's maintenance, the con­

straints of the surrounding conditions, and also the pattern 

of daily life, are fused in thc form. The form has a dual co­

herencc. It is coherently related to its context. .\nd it is 

physically coherent. 

This kind of dual coherence is common in simple cultures.. 

Yet in our own culture the only forms which match these 

sin~pler forms for overall clarity of conception are thosc we 

have already mentioncd, designed under the impulse of vcry 
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'l'···,·i.]¡,,,.,,,-.u¡1 tliun,: .. \nd th,'"L' f,ltlll'. ju~t lJcr.ttl~e thcy 

dL·ti,·c tlh'Ír .:l.nity from ~i111plifir.ttion nf the ¡Hohbn, fail 

to 111•'l'l .di thc conlc:-.t's dcmands.~ Tt i-; l1ue that our func­

ti,ln.d ::,L\1\d.trd.,; .tte highn th.tn tho'c in thc simple situation. 

Tt is t lllL' •• t.hl impot t.111 t to rcmcmbcr, t ha t t he simple cul­

tutL'S 11L'Wr hcc the problcms of complexity which \\'e face in 

1k"ign .. \n,! it is tnre th:lt if they di1l face them, they would 

prob.lhly not m;~ke ;~ny better a shO\\Íng than we do.9 \Vhen 

\\·e admire the simple situation for its good qualities, this 

cloe~n 't mean th.lt we wish we were back in the s;~me situation. 

Thc drcam of innocence is of littlc comfort to us; our problem, 

.the problcm of org.1nizing form under complcx constraints, 

Is ne\\· and all our own. But in their own way the simple cul­

tmes do thcir simple job better than we do ours. I beJieve that­

only C:ltcful cxamination of their succcss can give us the in­

sight wc ncecl to soh-e the problem of complexity. Let us ask, 
thcrcíore, whcre this succcss comes from. 

To ans\\er this question we shnll fi\st have to drnw a sharp 

anJ arbitrary line bet'.yeen those cultures we want to call 

~imple, for the purposes of argument, :111d those we wish to 

cbssify with ours. I propose calling .ccrtain cultures unself­

co~scious, to contra<st thcrn \'.'ith others, including our own, 
wh1ch I propose to call selfconscious. 

Of c~ur,oe, the contlast in quality between the forms pro­

cluced m the two ditTercnt kinds of culture is by no means as 
mMkcd as I .;hall sugacst :(\Tor are 4 he t\ 

0 
f k' 

. - o · L v orm-ma mg 
proces5es 'iharply clistinguished, as my text pretcnds. But I 

haye ~lcliberately exaggerated the contr~st, simply to draw 

att:nt1on to. cert:-~in matter<;, important and illuminating in 

thc1r O\\ n nght, which ''e must unrlet st:md bcfore we can 

m:-~p out a new approach to design. It is far more important 

32 

Lh.tt we should UIHICt:--1arlrl thc p:uticuLu UJiltl:lst T :1;11 l1ying 

to bri1w out Lktn tlut thc f.1cts al;r¡ut any gi\1 n r_ulturc 
o ' . l 

-,huuld be accur.1lc or tcllin¡;. This is not .!n .u.tLI•J¡,qlo;~IC: 1 

trcati-,c, anr\ it i<s thc1dure bc-,l to think fJÍ thc (¡r,t p.ut of 

thc fullowing discussion ~imply as a compari :on of l\'.O de­

:,c1 iptive conslructs, the unsclfconscious cultlue anr.l the ~clf­

conscious culture.10 

The cu lturcs I choose to call "unselfconscious" ha ve, in 

the past, been called by many othcr namcs ---· c;cch name 

chosen to illuminate whatevcr ;;.spcct of the contra-,t 1Jclween 

kinds of culture the writer was most amiou.> to t)l ing out. 

Thus they ha ve been callcd "primitive," to distin;~ubh thcm 

from those where kinship phys a lcss important part in social 

structure · 11 "folk," to set them apart from urban cultures; 12 

' . . 
"closed," to draw attention to the responsibility of thc indt-

• • 13 " · " to vidual in today's more open sttuatwn; anon) mous, 

di:,tinguish them from _cultures in which a profcs:;ion called 

".trchitecture" exists.14 

The particular distinction I wish to make touchcs only thc 

la~t of these: the method of making things and buildings. 

Broadly, we may distinguish betwcen our own culture, which 

is very selfconscious about its architecture, art, and tnginccr­

ing, and certain specimen cultures which are rather unsclf­

conscious about thcirs.15 The features which distinguish 

architecturally unselfconscious cultures from sclfconscious 

ones are casy to describe loosely. In the unselfconscious culture 

there is little thought about architecture or dC~ign as such. 

There is a right way to make buildings anda wrong \\ay; b~t 

while thcre m ay be genc1 ally accepted remcuics for specific 

failurcs, there are no gcncr:-~1 principlcs comp,ll.tble to .\lbcrti's 

trcatises orLe Corbusicr's. Sincc the Ji,·ision of L1bor is very 
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li.nih: .. t. :'¡'~·(i.di;.ttil'll of any ::ort i-; r.trc, thcrc are no aHhi­
hYt~, .md ~-.tdt m.m build:; hi-; O\\ n hou:;c.1& 

Th~· tc .. ·lllhllogy of nmmntnic.ttiun is untknkn·lopcd. Thcrc 

are no wtitkn rcconls or .m:-hitcctur.tl l!r.twin:;:;, and littlc 
intcrcultur.tl cxch.mgc. This l.trk of writtcn tcconls and lack 
oí information .tbout othcr cultures and situations mcans that 
thc ::.une C'\p .. :t icncc has to be won o\'er anJ o\'cr again gcn­
cration after gcncration- \\ ithout opportunity for dcvc1op­
mcnt or ch.mge. \\'ith no Yaricty o[ cxpcrience, peoí)le have no 
chance to :::ce thcir own actions as alternatives to other possi­
bilitics, and instcJ.J of becoming selfconscious, they simply 
rcpcat the p.lttcrns of tradition, bccause these are the only 
oncs thcy can imagine. In a word, actions are govcrncd by 
habitY Design decisions are made more according to custom 

than according to any individual's ncw ideas. Intleed, thcre is 
littlc value a ttached to the individual's ideas as such. 111erc 
is no special markct for his invcntivcncss~ Ritual and taboo 
discourage innov,ltion and sclf-criticism. Besides, since there 
is no such thing as "architecture" or "design," and no ab­
stractly fonnubted problems o[ dcsign, the kinds of concept 
nceded for architectural self-criticism are too poorly developed 
to make su eh self-criticism possiblc; indccd the architecture 
itsclf is h,trJiy tangibly enough conccivcd as such to criticize. 

To be sure that such a distinction bctwcen unselfconscious 
and sclfconscious cultures is permissible, we need a dcfinition 

which '' ill tcll us whcthcr to call a culture unselfconscious or 
sclfcrmscious on the basis of visible and rcportable facts alone. 

\\'e find a clcarly visible di~tinction whcn we look at the way 
thc crafts uf íorm-building are l.tught and learned, the insti­

tutions undcr \\ hich skills pa<><; from one gcneration to the next. 
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Fm· thcrc .u e e~·-cnti.t!ly two ways in w1)ich sudlc•l'lt_.ll¡,,n ,-,111 

t•p..:ratc, antlthcy may he di5tingui:ohctl \\Ílho,¡l diiii.:ulty. 
.\l onc extreme we have a kino of tcaching th.tt rc:liLs on 

tlH: nuvicc's ,-ery gr.ulual cxposurc to the craft in r¡uc~lion, on 
his ability lo imitalc by pr.tctice, on his respvnst: l•J ~anctions, 

pcnaltics, antl rcinforcing smilcs and frowns. Thc gn:at cx­
ample of this kind uf learning is the child's lcarning of cle­

mcntary skills, like bicycle riding. He topples almost ran•lomly 
at íirst, but cach time he does something wrong, it fails; \\hcn 
he happens lo tlo it right, its success and the fact thal his 
success is recognizetl makc him more likely lo r<.pcat it 1 ight.18 

E:-.t~ntled lcarning of this kind gives him a "total" í<.cling for 
thc thing le.uncd -- whcthcr it is how to ride a bicyclc, or a 
skilllikc ~wimming, or the craft oí houscbuil<linó or wcaving. 
The most important feature of this kind of learning is that the 
rules are not madc explicit, but are, as it ,~-ere, rcvealed 
through the corrcction oí mistakes.19 

Thc second kind of teaching tries, in some dcgrcc, to make 
the rules c>..plicit. Here the novice learns much more rapidly, 
on the basis of general" principies." The education bccomcs a 
formal one; it rclics on instruction and on tcachcrs who tmin 
thcir .pupils, not just by pointing out mistakcs, but by incul­
cating po~itive c::-.plicit rules. A good examplc is lifcsaving, 
where people rarely have the chance to lcarn by trial and 
error. In the jnformal situation there a~e no "tcachers," for 

the novice's mistakcs will be correctcd by anybody who 
knows more than he. But in the formal situation, where 

learning is a spccialized activity and no longer happcns auto­
matically, thcre are distinct "tcachers" from whom the cr.aft 
is learncd.20 

Thcse tcachcrs, or instructors, ha ve to condense the k.nowl-
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e,l;;c '' hid1 '' .1s l'lll'l' lal.H)l iou-;ly ,lcquirL'<l in C':pcriL·ncc, for 

\\ it:ll)\ll :--uch cuntkn:o.tlion thc leaching p10bkm \\ould be 

tll1\\ il·hly ,IJ1ll tmnLmageaule. Thc tcachcr c,mnot rcfcr cx­

pl:l'itly lo c.1ch :,ingle mislakc \\hich c.m be maJe, for even 

if thcte \\ere time todo so, such a list could not be lc.uned. 

.\ list nccds a sil uclurc for mncmonic purposcs.~1 So the 

tL'.lChL·r i1wcnts tcachablc rules within which he accommo­

lLltcs as much of his unconscious training as he can-- a set 

of shot thand pt inciples. 

In thc unsclfconscious culture the same form is made over 

,md o,·a again ¡ in arder to learn form-making, pcople necd ¡ 
only lcarn to repeat a single familiar physical pattcrn. In the 

sc!fconscious culture new purposcs are occurring all the time; 

the pcople who make forms are constantly rcquired to dcal 

"·ith problcms that are either entircly new or at bcst modifi­

cations of old problcms. Undcr these circumstances it is not 

cnough to copy olJ physical patte1ns. So that pcople will be 

,tblc to makc innovations and modifications as rcquired, ideas 

about how and why things get lheir shape must be introduced. 

Tcaching must be bascd on explicit general principies of func­

tion, r.tthcr than unmentioned and spccific principies of shape. 

1 ~hall call a culture unsclfconscious if its form-making is 

\Carnee\ informally, through imitation and correction. And 

I sh.lll call a culture selfconscious if its form-making is taught 

aca<kmically, according to explicit rules.22 

X ow why are forms m acle in the selfconscious culture not 

so wcll fitting or so clearly maJe-as thosc in the unsclfconscious 

culture? In one case the form-making process is a good one, 

in the olha b.1d. \Vhat is it lhat makcs a form-making process 

good or bad? 

Tn C'\plaining why the unsdfconscious procc:ss is a ;;cAHl nnc, 

harclly anyune bothers, nuwatbys, lo arguc thc 1nyth of the 

primitivc genius, the unsophi~ticatcd crafbman supposully 

more gifted than his sophi~ticatcd cotu1te1part.21 Thc myth of 
architectural Darwinism has takcn its place.2

: Y el thuugh this 

m:w myth is more acceptablc, in its usual form it is not rcally 

any more infonn.tth·e than the othcr. 

It says, roughly, that primitive forms are good as a result 

of a proccss of gradual adaptation- that ovcr many cen­

turies such forms have gradually bccn fittcd to thcir cultures 

by an intcrmittcnt though persistent series of co1 n .. ctions. But 

this nplan,ltion is vague hand-waving.25 It docsn't tcll us 

what it is that prevents such ai.lapt:.ltion from taJ...inti place 

succcssíully in the sclfconscious culture, \\hich is what we 
want to know most urgently. And evcn as a'n üplanation of 

good fit in the unselfconscious culture, thc ra w conccpt of 

adaptation is something less than satisf.1ctory. 1f forms in an 

unselfconscious culture fit now, the chanccs are tlut they 

always did. \\'e know of no outstanding differcnccs bc.:lwccn 

the prcscnt states and past states of unselfconscious cultures¡ 

and this assumption, that the fJt of fonns in such cultures is 

the result of gradual adjustment (that is, improvement) over 

time, does not illuminate what must actually be a Jynamic 

process in which both form and context change continuously, 

and yet stay mutually well adjusteJ all'the time.26 

To understand the nature of the form-making proccss, it is 

not en~ugh to give a quick one-word account of unsclfconscious 

form-making: adaptation.-\Ve shall have to compare the de­

tailed inner working of the unselfconscious form-making proc­

ess with that of the sclfconscious process, asking why one 

works and the other f,1ils. Roughly speaking, l shall argue 
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tlut tl:~· <::~~elft.lll:'(i<Jll .... prLKl':'S has .t ::,lrudmc thal makcs 
i t 1:~,:-:s~u t ¡,- ~:::~·li-tlrg.t ni;.ing). and t hat it t hcrdorc consist­

l'i~th· 't':·,,,\ucl'S wcll-littin!! iu1m:'- eYen in thc f.tcc of ch:m"C . ..... ' . o . 

.\nd l ~h.lll .tr¡;uc that in a scliconscious culture thc homco-
slatiL ::.tructulc of thc procc:;:; is broken Llown, ::o that thc pro­
duct:t~a l'i iorm:; \\ hich fail to lit thcir conlcxls is not only 
po:':::iblc. but likdy.~• 

\\"e C<:LilkL\ Íll thc l.tSt chaptcr that tO describe f¡l and JllÍSfit 

bet wcc-a iorm .mJ conlc:-..t, we must makc a list of binary 

v.tri:.b~c;:. c.ll:h n.uning somc one potcntial misfit which may 

occur. 
\Yhethcr a form-making process is sclfconscious or unself­

con:ocious. thcsc mi~Ílt variables are always prcscnt, lingcring 
in the b::tckground of thc proccss, as thoughts in a dcsigncr's 
.mind, or as .1ctiuns, criticisms, failures, duubts. Only the 
thought or the cxpcricnce of possible failure provides the 
impctt:s to make new form. 

.-\t any moment in a f~rm-making process, whethcr the 
fonn is in u~e, a prototype, as yct only a sketch, or obsolete, 

· cach oi thc ,-.triablcs is in a state of either fit or misfit. \Ve 
may dc~cribe the statc of all the variables at once by a row 

of I's and O's, one for each variable: for instance, for twenty 

variables, O O 1 O O 11 O 1 O 111 O 110000 would be one state. 

E:! eh possiblc row of 1 's and O's is a possible state of the 
ensemble. 

As form-making procecds, so the systcm of variables changcs 

statc. Onc mbfit is eradicatcd, anothcr misfit occurs, and thcse 

chángcs in their turn sct o!T reactions within the system that 
__ aíicct thc :>tates of olhcr variables. As form and culture change, 

5tate follows 5late. Thc scqucnce of states \\hich the system 
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passcs through is a rccorcl or history of thc a< bplation bc­
lwcen foun an<l context. The hislory of thc ~y:::tun displays 

thc form-makin~ process at work. To compare un ,clfcon~cious 
and sclkonscious form-making proccsses, wc h,t\"C only to 
examine thc kimls of hi,tol y which thc ~y:;t<:m oí \ ari.tblcs 

c:i.n havc in thcsc l\\'O proccsscs. As wc shall ~(~e, thc kin,ls of 
history which the sy:::tcm can have in the un:::(;lfcun::cious and 

sclfconscious proccsscs are Ycry tli!Tcrent. 
We ~hall pcrh::tps undcrstand thc idea of a systcm's history 

best if we make a simple picture of it.2s 

Imagine a system of a hundred lights. J:ach light can be 

in one of two possible states. In one state the light is on. Thc 
lights are so constructcd that any light \\hich is on always _ 
has a 50-50 chance of going ol1 in the ncxt sccund. In the other 

state the light is off. Conncctions between lights are con­

structed so that any light which is off has a 50-.)0 <..hancc of 
going on again in the next sccond, provided al kast onc of the 
lights it i.s connccted to is on. If the lights it is dircctly con­
nected to are off, for the time being it has no chancc of going 

on again, and stays o11. If the lights are evcr aH o!T !;Ímultane­
ously, thcn thcy will all stay oiT for good, sincc when no light 
is on, none of the lights has any chance of bcing rcactiYated. 

This is a state of cquilibrium. Sooner or latcr the system of 

~ights will reach it. 
This-system of lights will help us undcrstand the history of 

a form-making process. Each light is a binary variable, and 

so may be 'thought of as a misfit variable. The oiT state cor­

responds to fit¡ the on state corrcsponds to misfit. Thc fact 

that a light which is on has a 50-50 chance of going'. off 

cvcry sccond, corrcsponus to the fact that whcncYer a mis­

lit occurs cfforts are maJe to corrcct it. The fact that lights 
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whi.-h .1rc oiT .-.111 b~ turncd on a:;.lin by cunncctcd lights, 

C•1Ir~'~¡wnds to thc f.1d tl1.1t enn \\cll-titting a:;pects of 

a f,,¡m C.\11 he unhingetl by ch.1ngcs initi.1tcd lo cuJICct 

:e:l'l11c 11i hcr mblit bcc.msc of conncctions bct wccn y;u ia bies. 

The ~Lite of cquilibrium, \\hcn all thc_ Iights are oll, corrc­

~ponds lo pc1fect fit or acl.lpt.llion. It is thc cquilibrium in 

which .111 thc misfit Yariabks take the valuc O. Sooncr or later 

thc systcm of lights \\ ill always rcach this cquilibrium. The 
only quc~tion that rcmains is, how long will it takc for tlús 

to happen? Tt is not hard to sec that apart from chancc this 

clcpcmls only on thc pattern of interconnections bctwccn the 
lights. 

Lct us considcr two extreme circumstanccs.29 

l. On the onc hand, supposc thcre are no intercoimcctions 

betwcen lights at all. In this case thcre is nothing td prcvcnt 

cach light's staying o!T for good, as soon as it gocs off. The 

a \"Cr:tgc time it takes for all the lights to go o!T is therdore 

only a littlc greatcr than the average time it takes for a single 
light to go oll, namcly 21 scconds or 2 scconds. 

2. On thc othcr hand, imagine such rich intcrconncctions 
"bctwcen lights that any onc light still on quickly rouses all 

othcrs from the oll state and puts them on again. The only 

way in which this system can rcach adaptation is by the pure 

chancc that all 100 happen to go off at the same moment. 

· Thc average time which must clapse hefore this happens will 
be of the ordcr of 2100 scconds, or lO"'""years. 

The sccond case is uscless. The agc of the universc itsclf is 

only about 1010 years. For all intcnts and purposcs the system 

will ncn:r ad,ipt. But thc fir;;t case is no use eithcr. In any 

real sy::;tcm thcre are interconncctions bctwecn variables 

which m;~kc it impossible for cach variable to adapt in com-
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pldc i oolatinn. T.t:t us thcrcfure con!>truct a thirrl po'>o ihility. 

3. f 11 t his ClSC supposc thcre ;~re again Íntcrcunnections 

anwn~ thc 100 lights, hul that wc disccrn in thc p:,ltcrn of 

intcrcunncctions sume 10 principal subsystems, cach contain­

ing 10 lights.:o The lights within cach suhsystcm are so ::,lron;4ly 

connected to one anuther that again all 10 mu:;t go off simul­

tancously befo re thcy \\Íll stay oll; yct at thc ~ame time the 

subsystcms themseh·es are indcpcndent of one ,l!1<Jthcr as 

wholcs, so that the lights in onc subsystcm cJn he ~·.-. itc.hed 

off \\ithout being rcactin.tctl by others Jlashing in other sub­

systems. The average time it will take for all 100 lights to go 
ofi is about the same as the time it takes for one :::uhsy:::tem to 

go ofT, namcly 210 seconcls, or about a quartcr of an hcJUr. 
Of course, n::al systcms do.not behave so simply. But fiftccn 

minutes is not much greatcr than the two scconrls it takes an 

isolattd variable to adapt, and tl,e enormous g.tp bet\H~en 

thcsc magnitudes and 102~ years does tcach us a vit.tl lcsson. 

Xo complex adaptive system will succeed in adapting in a 

rcasonable amount of time unless the adaptation can procccd 

subsystem by subsystem, each suhsystem rclath·cly indc­

pcndent of the others.31 

This i~ a familiar fact. It finds a close analoÚ in the chil­

dren's sealed glass-frontcd puzzles which are such fun and so 

infuriating. The problcm, in these puzzles, is to achieve cer­

tain configurations within the box: rings on sticks, balls in 

socketc;, picces oí various shapes in odd-shaped framcs- but 

all to be done by gentle tapping, on the outside of the box. 

Think of the si1~plest of these puzzles, where half a dozcn 

colored beads, say, are each to be put in a hole of corres­

ponding color. 

One way to go about this problcm would be to pick the 
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pu;,:~\.' up. 1~ÍH' it .1 :-ingle cncrgdic ~luke, a1Hl by it clown 

.1~~:\i1i, in thc h•)pc th.tt thc corred conti;;ur.ttion woultl appcar 
by' :tú'itknt. Tbis all-or-:~uthing mdho•l mighl be rcpt•.tted 
m.my thous.t111l times, but it is clear that ib dtanccs of success 
.nc ncgligiblc. 1t is thc tcchnit¡uc o( a dlild who docs not undcr­
st.md lww bcst to play. ~[uch the easiest way ·-- and the way 
wc do in f.td atlopt undcr such circumstanccs- is to juggle 
onc bl·.t,l .lt a time. Once a bead is in, providcd we tap gcntly, 
it is in for good, and we are free to manipulate thc ncxt one 
lhat prc~cnts itsclf, and we achieve the full configuration stcp 

by skp. \\lten wc treat cach bead as an isolablc subsystcm, 
and takc thc subsystcms independcntly, wc can solve the 

puzzle. 
1í wc now consider the process of form-making, in the light 

of thc::e cxamples, we see an casy way to makc explicit the 
distinction belwccn proccsscs which work and thosc which 
don't. 

Lct us remind oursclves of the precise sense in which there 
is a system active in a form-making process. It is a purely 
fictitious system. Its variables are the conditions which must 
be mct by good fit bctwccn form and contcxt. Its intcractions 
are thc causal 1inkagcs which conncct the variables to one 

anothcr. If therc is not enough light in a house, for instance, 

and more wincl.ows are addcd to correct this failure, the change 

may improYc thc light but allow too little privacy; another 

ch.mge for more light makcs the windows biggcr, perhaps, 
but thcrcby makcs the house more likcly to collapse. These 

are ex..tmplcs of inter-variable linkage. If we reprcscnt this · 
systcm by drawing a point for each mjsfit v~tJable, anda link 
b<:twetn two points for each such causal linkage, we gct a 
st.ructurc \\ hich looks somcthing like this: 

• 1 

1 

~ 
1 

! 
1 ·¡ 

1 

l 
i 

·1 

Now, lct us go back to the quc~tion o(ad3pt~~t_ion. Ckarly 
thcsc mi:,fit variables, being interconncctcJ, cannot adjust 
inclcpcnclcntly, one by one. On the other hand, :;incc not all 
the variables are cqually strongly connectcd (in othcr wurds 
thcre are not only depcndenccs among the nriaUcs, but a1so 
illllcpenJcnces), there wiU always be subsystc::1;1s likc those 
circlcd bclow, which can, in principie, opcratc fairly inde­
pendently.32 

_,....,...._::;:::.-rz~~ r:;-..,•:---:..._, __ 
. / -. ~,-, ·,_" 

~ /'/ . . - " 

(¡··~· j~,t~~~?(\::\ f ~ ~· ~'7'(, .. 7)i 
/ ~~ _} ~e/' \1~ J -~./'~ =-- '\ ~ "'\, \·. J 

~ / --=-~'(·¡_f 

~~ ~~ 
\Ve may thereforc picture the process of form-making as 

the action of a series of subsystems, all intcrlinked, yet suf­

ficicntly free of one another to adjust indcpcndently in; a 
feasible amount of time. It ;yorks, becausc the cycles of cor­

rection and rccorrection, which occur during adaptation, are 

rcstrictcd to one subsystem at a time. 
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\\\:- :::lull not be aulc to scc, dircctly, ''hcthcr or not thc 

uns~.-lfnm::óous ,\IH 1 ~dfconscious fotnHtl.t J..ing proccsscs op­

l'r,ltc uy suusystcms. Instc,\d WC sh,lll infcr thcir modes of 

opcr.tlion Íl1llircctly. 

The grc:1tcst clue to thc inncr structurc of J.ny dynamic 

proccs:; líes in its rc:1ction to ch:mge . .-\culture docs not move 

from onc ch,1ngc to thc ncxt in discrctc sfcps, of course. New 

threads are bl'in:.; wovcn all the time, making changcs continu­

ous and smooth. nut from thc point of vicw oí its c;llcct on a 

form, ch,tngc only bccomcs significant at that momcnt when 

a failure or misfi.t rcachcs ct itical importance- at that 

momcnt \\ hcn it is rccogni.r.cd, and people fccl the fonn has 
somcthing \Hong with it. It is thercforc lcgitim,\le, for our 

purposc, to consi(ler a culture as changing in discrete steps.23 

\Yc wish to kn
1
.)w, now, how thc form-making process re­

acts to onc such change. \Vhcthcr a ncw, prcviously unknown 

misfit occurs or a known one rccurs, in both cases, from our 

point of vicw, some one variable changcs value from O to l. 

\\'hat, prcciscly, happcns whcn a misfit variable takcs the 

valuc 1? Huw ilocs the proccss bchave undcr this stimulus? 

Lct us go back for a momcnt to our system of 100 lights. 

Suppose the systcm is in a state of fit- that is, all thc lights 

are S\\itchcd off. Now imagine that evcry once in a whilc one 

light gcts swikhcd on by an outsidc agent, evcn though no 

others are on to activa te it. By wai-tiJig. to; St!lhwtt.tt happens 

ne:-..t, wc can vcry casily deduce the inncr nature of thc system, 

cvcn though we cannot scc it dircctly. If the light always 

flashcs just once, and thcn gocs off again and stays off, we 

(kcluce that the lights are able to aJapt indcpendently, and 

hcncc that thcre are no interconncctions between lights. If 
thc light activatcs a few othcr lights, and they flash together 
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for a while, anrt thcn switch themsclvcs off, wc rlulucc that 

thcrc are suhsystuns of interconncctcd light:. acti,·e. Jf the 

light fla:.hcs aml thcn acti\·atcs othcr lights until :di of thcm 

are Jlashing, and thcy ncvcr settlc down ag.tin, wc dulucc that 

thc systcm is unable to adapt sub:.ystcm by :.ubsystcm bc­

c.LUse the intcrconncctions are too rich. 

The solitary light switchcd on by an ~tcr.nal at.:r:nt is the 

occasional mi~fit which occurs. Thc rcaction· of thc sy'itcm to 

thc disturbance is the rcaction of the form-making process to 

the misfi.t. If we dctect the active prcsence of :.ub-.y~tcms in a 

proccss, wc may then argue (by induction, as it wcrc) that this 

is fully responsible for the good fit of the forms being pro1luccd 

by the proccss. For if goocl forms can always be adjustc1l cor-· 

rcctly thc momcnt any slight misfit occurs, thcn no sCfjUCnce · 

of changcs will destroy the good fit ever (at lcast whilc thc 

process maint,1 ins this charactcr); a1~J. ptv...¡•k:.L there was 

good fit at some stage in the past, no mattcr how. ~-~n~-t~, 
(thc first term of the induction), it will have pcr~istcd·, be­

cause thcre is an active stability at work.34 If, on thc other 

hand, a form-making proccss is such that a minor culture _ 

change can upset the good fit of the forms it produces, thcn 

any wcll-fitting forms we may observe at one time or another 

fit only by accident; and the next cultural dcllcction may . 

once more lead to the production of badly. fitting forms. 

lt is..t~.H~illature of the proccss which counts. Thc vital 

point that UIHlcrlics the following discussion is that the form- . 

builders in unselfconscious cultures respond to small changes 

in a way that allows the subsystcms of .the misfit systcm to 

work independcntly- but that bccause the selfconscious re­

sponse to change cannot take place subsystem by subsystem, 

its forms are arbitrary. 
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·l j T ll E U N S E L -¡.· e O X S e I O 1: S P R O CE S S 

Let us tmn our attention, first of all, to the unselfconscious 

cultures. It will be nccessary first to outline the conditions 

undcr which forms in unselfconscious cultures are produccd. 

\\·e know by dcfinition that building skills are learned in­

formally, without the hclp of formulated rules} However, 

.1lthough thcre are no formulated rules (.or perhaps indccd, as 

\\C shall sce later, just becausc therc are nonc), the unspoken 

rules are of great complexity, and are rigidly maintaincd. 
Thcrc is .1 w.ly todo things, a way not todo them. Therc is a 

lirmly sct tr adition, accepted beyond question by all builders 
of form, and this tratlition strongly resists change. 

Thc ('xisterice of such powerful traditions, and evitlcnce of 

thcir rigillity, alrcady are shown to some extent in those 

:1~pects l'Í unsclfconscious cultures which have been tliscussed. 

It is ck:u, for instance, that forms do not rcmain the same 

iur c~nturics without traditions springing up about them. If 
thc Egyptian houscs of the 1\'ile have the same plan now as 

the hou~cs whose plans were picturc<l in thc hi.croglyphs,2 we 

can Le L1irly cc.rtain that thcir makcrs are in the grip of a 

tr:ldition .. \ny'' hcrc where forms are virtually the same now 

as thcy wcrc thousands of ycars ago, thc bonds must be ex­

tn:mdy str•Jng. In southcrn Jtaly, ncithcr the tmlli of Apulia 

nor thc coalburncrs' capamte of Anzio ncar Rome have 

! 
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ch.mgctl sincc prchi<:.toric tirncs.3 Thc samc is k no\\ n to be 

truc of thc hlack hou:,cs of thc Outcr IJciJrirlc-;, and rJÍ thc 

ho:;ans oí the ~avah.o! 
Thc most vi~iblc fe.tturc of .trchitcctur.tl trarliti(Jn in :,uch 

un::clfconscious cultures is the wcalth oí m) th and lcgcnd 

attached to building habits. Whilc lhc storic<> rarcly deal 

cxclusivcly with dwcllings, nevcrthclcss flc:;criptions of the 

house, its form, ils origins, are w~vcn into many of the global 

myths which lic at the~·cry ruot of culture; and '' hcrc\·cr this 

occurs, not only is thc architcctural tradition marlc unassail­

able, but its constant rcpctition is assured. Thc black tents, 

for example, common among nomads from Tuni:::ia. to :\.f­

ghanistan, figure more than once in the Old Tc.::otamcnt. 5 In 

a similar way the folk tales of old Ircland and thc Outcr 

Hebridcs are full of obliquc refcrcnccs to thc shapc of homes. 6 

The age of thcsc cxamplcs givcs us an inkling oí the age and 
strcngth of the traditions which maintain thc shape of un­

selfconscious dwclling forms. \Vhcrever the housc is mc.:ntioncd 

in a myth or lore, it at once becomcs part of the highcr ordcr, 

incffable, immutable, not to be changcd. Whcn ccrtain In­

dians of the Amazon bclil!ve thai: after death q1c soul retires 

to a house at thc source of a mystcrious rÍ\·er/ the mcre·as­

sociation of thc house with a story of this kind discouragcs all 

thoughtful criticism of the standard form, and s~ts its "right­

ncss" wcll bcyond thc btlunds of question. 

::\Iore forccful still, of course, are rituals and taboos con­

nccted with thc dwclling. Throughout Polyncsia the rcsist­

ance to change makes itsclf íclt quite unequi\·ocally in the 

fact that the building of a house is a ceremonial occasion. 5 

T)le performance oí the priests, and of thc workcrs, though 

diffcrcnt from one isl.md to thc ncü, is always clcarly spcci-
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lic,l; .m.l tb· 1igidity of thc:;c bch.tvior p.ttlcrns, by prcscrving 

tcchniquc=-, prc:;l'rws thc forms thcmsclvc::; and makcs changc 
cxtrcmdy dit"licult. The Xav::tho Inuians, too, makc thcir 
hogans thc ccntcr of the most clabor.ltc pcrform.mcc. 9 Again 

thc gr.n ity Llf thc rituals, ::tnu thcir rigitlity, makc it impos­
siblc tlut thc fonn of the hagan should be lighlly changed. 

Thc rigidity of tradition is at its clearest, lhough, in the 
c.1se whcrc buildcrs of formare forccd to work within dcfinitely 
given limit.1tions. The Samoan, if he is to make a good house, 
mu::;t use wood from thc breadfluit trec.10 The Italian peasant 
nuking his tr:t!lo at .-\lberobello is allowed latitudc for individ­
ual cxprcssion only in the lump of plaster which crowns the 
conc of thc roof.11 Thc \Vanoe- ha~ a.chant which t.dls him 
p1ccisc:ly thc sequcncc of opcrations he is to fol,low whilc build­
ing his houseY The Welshman _must makc th.e crucks which 
support his roof prcciscly according to the pattcrn of tradi­
tionY The Sumatran givcs his roofs their special shape, not 
because this is structurally csscntial, but because this is the 
way to make roofs in Sumatra.14 

EYery onc of these examples points in the same direction. 
Unselfconscious cultures contain, as a feature of their fonl}.­

producing systems, a certain built-in fixily--:- patterns of 
myth, tradition, and taboo which resist willful change. Form­
builders will only introduce changes under strong compulsion 
whcre there are powerful (and obvious) irritations in the 
existing forms which demand corrcction. 

Now when there are such irritations, how fast docs the fail­
urc lcad to action, how quickly does it lead to a changc of 
form? Think lirst, perhaps, of man's closeness to thc ground in 
the unselfconscious culture, and oí the matcrials he uses when 

.f8 1 
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he m.1kcs his hou::.e. The Ir~:bdclcan crofkr u~cs stonc and 

clay and sods an•l grass aJHl ~traw, all frorn the ncar ~urround­
ings.15 The Indian's tcnt uscd to be madc (Jf hiele from thc 

buffalo he ate.16 The .\pulían uses as building stonLs the n:ry 
rocks which he has taken from the grountl to makc his agri­
culturc possibleP Thcse mcn have a highly dcnlopccl cye for 
the trces antl stones antl animals which contain the mcans of 

their livelihoou, lheir food, their medicine, thcir furniture, 
their tools. To an Afric::tn tribesman the mat<:rials available 
are not simply objccts, but are full of life.18 He knows thcm 
through and through; and they are always close to hand. 

Closely associated with this immcdiacy is the fact that the 
owner is his own builder, that the fonn-maker not only makes 
the form but lives in it. Indced, not only is the man v.-ho livcs 
in the form the one who made it, but therc is a !:pedal close­
ncss of cóntact between man and form which leads to constant 
rcarrangcment of unsatisf::tctory detail, constant impron.:mcnt. 
The man, already rcsponsible for the original shaping of the 
form, is also alive to its demands while he inhabits it.19 And 
anything which necds to be changed is changcd at once. 

Thc Abipon, whose dwelling was the simplcst tcnt made of 
two poles and a mat, dug a trcnch to carry off the rain if it 
bothcred him.20 Thc Eskimo reacts constantly to every change 
in temperature inside the igloo by opening boles or closing 
thcm with lumps of snow.21 Thc very spccial· directness of 

-· thcsc a-ctions may be made clcarer, possibly, as follows. Think 

of thc moment when the melting snow dripping from the roof 
is no longer bearable, and the man goes to do somethi.ng 
about it. He makes a hole which lets sorne cold air in, per­
haps. The man realizes that he has to do somcthing about 
it- but he docs not do so by remembering the general rule 
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.m,\ thl·n applying it (" \\"hcn the snow starts to nwlt it is too 
h~it insid\! thc igloo and thercfore time to ... "). Tle ~imply 
llú':::. it .. \n1l though wonls may accompany his artion, they 
pl.ty no c:::.Sl'ntial p:ut in it. This is the importanl point. The 
f.!ilurc or in.t~kquacy of thc form kalls ¡Jircctly to the action. 

This directncss is the second crucial fcature of tl1e unself­
con::dous systcm's form-prouuction. Failurc and corrcction 
go si,tc by sidc. Thcre is no dcliberation in bchvccn the 
rccognition of a f.1ilurc and thc rcadion to it. ~~ Thc dircctness 
is en ha nccd, too, by the fact tll.lt huilcling and re:pair are so 
much an cn:ryday aifair. The Eskimo, on wintcr hunts, makes 
a ncw igloo every night.~3 The Jn¡lian's tcpee covcr rarcly 
bsts more than a single scason.~~ Thc mud walls of the Tal­
lcn:::.i hut nccd frequcnt daubs.~• Even the elabora te communal 
dwcllings of the .\mazon tribes are ab.1ndoncd every two or 
thr.:c years, .m<l ncw oncs built.~6 Jmpcrmancnt matcrials and 

un;;dtkd w.lys oí life dcmand con:;tant reconstruction and 
rcp:~ir, with the result that the shaping of form is a task 
pcrpl:tu.llly bcforc the uwellcr's eycs and hands. If a form is 
m:~dc the s:une way scvcral times over, or even simply left 
unch.111gcd, we can be fairly s1,1re that its inhabitant finds 
little wrong with it. Since its materials are close to hand, and 
their use his own rcsponsibility, he will not hesitate to act 

if thcre are any minor changes which seem worth making. 
Let us rcturn now to the 4uestion of adaptation. The basic 

principie of adaptation depends on the simple fad that the 
process toward equilibrium is irreversible. Misfit provides an 
incenti,·e to changc; goo1l fit providcs none. In thcory the 

process is enntually bound to reach the equilibrium of well-
~·fiuing forms. 

Howevcr, for the lit to occur in practice, one vital condi-

so 

tion must he satislicd. Jt mu~t havc time to happt·n. The 
process must he ahlc lo achic\'e its cr¡uilil,rium l,cfc¡rc t he· 
111'xt culture changc upsl'ls it again. Jt must actualh· ha,·e 
time to reach its cquilibrium c\·cry time it is ,Jisturl¡ccl- or. 
if wc sce thc proccss as continuuus rathcr than intc1 mittcnt, 
the :uljustmcnt of forms must procccd more (¡uickly than the 
drift of the culture contcxt. Vnlcss this con,Jition is fullilkd 
the systcm ~an nevcr procluce wcll-fitting forms, for the _,. 
e,¡uilibrium of the atlaptation will not be sustaincd. 

:\s we saw in Chaptcr 3, thc spceu of adaptation rlcpends 
esscntially on whcthcr thc adaptation can takc place in in­
depcndent a11d restricted suhsystcms, or not. ,\lth(Jugh we 
cannot actually see thcse subsystems in· thc unselfconscious 
proccss, we c~n infer their activity from the vcry two ~har­
actcristics of the proccss which we have bccn discus~ing: 
llircctnco;s ami tradition. 

The dircct response is the feedback of thc process.2 ' If the 
process is to maintain the good fit of dwclling for;1~s while 
thc culture drifts, it neclls a feedback scnsitiYe enough to 
take action the moment that one of the potential failures 
adually occurs. The vital fcature of thc feedback is its im­
mcdiacy. For only through prompt aclion. can it pn:vcnt the 
huild-up of multiple failurcs which would thcn dcmand simul­
taneous correction- a task which might, as wc have secn, 
takc too long to be fcasible in pr~ctice. 

Howevcr, the scnsitivity of feedback is not4ft-itsel~ugh 
to lcacl to cquilibrium. The feedback must be controllcd, or 
dampcd, somehow.~8 Such control is providcd by the resistanci! 
to change the unselfconscious culture has built into its tradi­
tions. \Ve might say of thcse traditions, po~sibly, that they 
make the systcm viscous. This visco:::.ity dan'ij)S the changcs 
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m.hle, an1l prcn'nt:; thl'ir cxh'n~inn to uthcr a:-pccts of &he 
flHlll .• \s a rl'::u1t only urgcnt dungt:s are allowcd. Once a 
fotm lits wdl, cJ¡:mgl~s are not malle again until it faiJs to 
lit again. \\"ithout this action of tradition, thc rcpcrcussions 
and rippll'S startcd by thc slightcst failure could grow widcr 
and widcr until thcy werc sprcading too fast to be corrccted~ 

On thc one l1and thc dircctncss of thc res~ to misfil 
cnsun.'s that cach fai1ure is corrcctcd as s~on as it occurs, 
ami thcrcby rcstrids the changc to onc subsystcm at a time. 
.\nd on thc othcr h:md thc force of tradition, by resisting 
ncctt1css change, holds stcady all th~ variables not in the 
rdcvant subsystem, m1d prevcnts those minor llisturbances 
outsidc the subsystcm from taking ho1d. U.igid tradition and _ 
immc11iatc action may sccm contratlictory. But it is tl1c v~,ry 
contrast bctwccn thcse two whkh rnakes the proccss ~Jf­
:llljusting. lt is just the fast rcaction to single failures, com-: 
plcmcntcd by resistance to all othcr changc, which allows 
the process to makc series of minor adjustments instcad of 
spasmodic global ones: it is ablc to adjust subsystcm by 
subsystcm, so that the proccss of adjustment is raster than 
thc ratc at which thc culture changes; cquilibrium is certain 
to be re-established whencver slight disturbances occur; and 
thc forms are not simply well-fittcd to thcir cultures, but in 
active equilibrium with thcm.21 

The opcration of SJ.~.t..h a process hardly taxes the individuai:C· 
craftsman's ability at a11. The man who rnakcs the form is an 
agcnt simply, and vcry littJc-~is requircd of him during the 
fonn's dcvclopment. Evcn thc most áimless changes will 
enntually 1cad to wdl-fitting forms, becausc of the tendcncy 
to equilibrium inhcrent in the organization. of thc process. 

' --
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¡\JI thc agcnt ncc•f do is to recognizc (ailurcs whcn tlu;y occur, 
and to rcact to them .. \nd this cven thc simplcst m;nt can do. 
For although on1y fcw men ha ve suflicicnl intcgrative abi1ity 
lo invcnt form of any darity, we are all ab1c to criÍich~e 
existing forms.30 It is espccia11y important to undcrstand tl1at 
thc agcnt in such a proccss nceds no creativc strcngth. He 
docs not nccd to be ablc lo improve the form, only to make 
sorne sort of change when he notiees..a failure. Thc dtanó~-­
may not be always for the bettcr; but it is not ncccssary 
that they should be, siñce the operation of ~he proccss a1!ows 
only the improvemcnts to pcrsist. 

To make the foregoing analysis quite clear, 1 shall use it to 
illu1!1inate a r..tthcr cu~ous phenomcnon.31 Tlte Slovakian 
pcasants used to be famous for tl1e shawls thcy m:lde. Thcse 

shawls were wonderfu!ly colored and pattcrncd, wovcn of 
yarns which had beco dipped in homernade dyes. E.uly in 

¡ the twentieth ccntury aniline dycs were made available to 
l thcm. And at once thc glory of the shawls was spoilcd; they 

wcre now no longer dclicate and subtle, but crudc. This ¡ . change cannot have come about because the ncw dyes were 
somchow inferior. They were as brilliant, and the varicty 

i, of colors was much grcater than before. Yet somcbow the 
new shawls turned out vulgar and uninteresting. 

J Now if, as it is so plcasant to suppose, the 'slmwlmakers 
j · had had sorne innatc artistry, had been so gifted that tbey 

1 
wcrc -simply "able" to make beautiful shawls, it wot.t\4,-tio 

. almost impossible to explain thcir later dumsiness. Dtit if we 
f , l~ok at thc situation differcntly, it is very casy to explain. 

The shawlmakcrs were 5Ímply able, as many ol us are, to 
recognize bad shawls, and thcir own mistakes. 

Over thc gcnerations the shawls had doubtless often been 
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m.hl\! t•:...tr~mdv hallh·. But whenevcr a h.td onc was madc . . , 
it w.~~-r,.r.ecogni;l'd as :::.uch, and thcrcfore not rcpeatc,t. And 

tlhnt¡;l~_ nothing is to ~.ty th.lt thc changc m;u\c would be 

ior thc bl'ttcr, it \\ould :,till be a rhange. \Yh~n thc rcsults of 
such changcs wcrc still b.td, further changcs would be made. 

Thc chang.:-s would go on until the shawls were good. And 

only at this point would the incentive to go on changing the 
patkrns lli~appcar. 

So wc do not nccd to prctend that these craftsmen had 
~pccial ability. They made bcautiful shawls by standing in a 

long tr:Hlition, and by making minor changcs whcnevcr some­
thing ~ccmed -to- nccd improvcmcnt. llut once presented with 

more complicatcd choiccs, their apparent mastcry and judg­

ment di~appcarcd. Faced with the complcx unfan1iliar task of 

actually invcnting forms from scratch, they were unsuccessful. 
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5 / THE SELF,CONSCIOUS PROCESS 

In the unsclfconscious culture a clcar pattcrn has ~mcrgcd. 
llcing sclf-adjusting; its action allows the pro,luction uf \\eH­
fitting forms to pcr:,ist in active cquiliblium with the sy::otem. 

Thc way forms· are madc in the selfconscious culture is 

vcry Jiffcrcnt. 1 shall try to show how, justas it is a propcrty 

of the unsclfconscious systcm's organization that it produces 

''eH-fitting forms,' so it is a propcrty of the cmcrgcnt sclf-
conscious systcm that its forms fit badly. \ 

In onc \\'.\)' it is casy cnough to scc what gocs v.-rong with 
thc arrival of sclfconsciousncss. The very fcatures ,;-hich we 
have found responsible for stability in the unselfconscious 
proccss bcgin to disappear. 

Thc rcaction to failurc_, once so direct, now bccomes less 
and lcss direct. l\latcrials are no longcr close to hand. lluild­
ings are more permancnt, frcqucnt rcpair and rcadjustmcnt 

lcss common, than they used to be. Construction is no longer 

in the hands ·of the inbahitants; failures, when thcy occur, .. 
have to be severa} times rcportcd and described bcfore the 

specialist will rccognize thcm and makc some pcrmanent 

adjustment. Each of thesc changcs blunts the hair-fine scnsi­

tivity of thc unsclfconscious proccss' response lo failure;' so 

that failurcs now nccd to be quite considerable hcforc thcy 
will induce correction. 
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Thc íu llllll'SS of tr:Hiition too, dis~olycs. Thc rc~i:otance to 

willful changc \H·akcns, ami ch.mgc for its O\\ n ::akc bccomcs 

acccpt.1bk. Jn:-,lcall of forms bcing hchl const.mt in all re- -

::;pccts but onc, :-,o that corrcction can be immcdiatdy ctTcctive, 

the inh.·rplay of ~imultancous changcs is now uncontrollcd. 

To put it playfully, the Yiscosity \\ hich brought the unsclf­

conscious procc::.s to~~t,.)-.;hcn there wc~ no failurcs lcft, is 
thinncd by thc high tempera ttrre.>CSi'.stilrbnsciousncss. And as 
a rcsult thc systcm's drive to cquilibrium is no longer irreversi­

ble; any cquilib• ium the system finds will not now be sus­
tained; tho~e .1::-.pects of the proccss which could sustain it 

have droppcd away. 
In an)~ case, thc culture that once was slow-moving, and 

allowcd amplc time for adaptalion, now changcs so rapidly 

that adapl.ttion cannot kecp up with it. No sooner is adjust­

ment of onc killll bcgun than the culture takes a further 
turn and {orces the adjustment in a new direction. No adjust­

ment is eYcr finishcd. And the esscntial condition on the 

proccss- that it should in fact ha ve time to reach its equi­

librium- is violi1ted. 
This has all :~ctually happened. In our own civilization, 

the procc,ss of .1d.1ptation and sclection which we have secn 

at work in un:;dfconscious cultures has plainly disappeared. 

But that is not ¡;1 itsclf cnough to account for the fact that the 

sclfcon::cious cJJture docs noL.,__manage to produce clcarly 
organized, wcll-litting forms in~wn way. Though we may 

ca:c-ily be right in putting our prcscnt unsucccss. down to our 

sclfconsciou:::ncss, we must find out just what it is about 

sclfconscious form-production that cause~ trouble. The pa­
thology oí thc sdfconscious culture is puzzling in its own 

s6 
,,_ 

1 
~ 
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right, ancl
1
is not to b~ cxplainecl simply by the passing of 

the unsclfconscious process. 

Ido not ivish to imply hcrc that thcrc is any unir¡uc proccss 

of devcl~pTent that makes sclfconscious cultures out of un­
sclfconscwus ones. Let us remcmber anyway that the dis­

tinction betwcen thc two is artificial. And, besicJcs, thc facts 

of history suggest that the dcvelopment from onc to the othcr 

can happe1~ in rathcr di!Terent ways.1 From the point of view 
of my prescnt argumcnt it is immaterial how the denlopmcnt 
occurs. All that matters, actually, is that sooncr or latcr the 
phenomenon of the master craftsman takcs control o{ thc 
form-maki~g activities. 

One examplc, of an carly kind, of devcl0ping selfcon­
sciousncss is found in Samoa. 1\lthough .ordinary Samoan 
houses are built by thcir inhabitants-to-be, cu~tom clcmands 

that guc~t houses be built exclusively by carpcntcrs.2 Since 
these carp~nters need to. find clients, -thcy are in business as 

artists; and they bcgin to make personal innovations and 

changes for no rcason except that prospective clicnts will 
judge their work for its inventivenesS:3 

1 

The form-makcr's assertion of his individuality is an im-

portant fcature of sclfconsciousness. Think of the willful 

forms of qur own iimclight-bound architccts. The individual, 

since his livelihood depends on the reputation. he achieves, 

is anxious to distinguish himself from his fellow architccts , 
to make innovations, and to be a star.4 

The devclopment of architcctural individualism is the clear­
est manifcstation of the moment when architecture first turns 

into a selfconscious discipline. And the selfconscious archi­

tcct's individualism is not entirely willful either. It is a natural 
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c,,n~cql:l'nr~ ,,( a m.m'::; lkd::;ion to 1lcvotc his life cxclusivcly 
l1l tlw onc acti,·ity' ctlbl "architccture." 5 Ck.11·ly it is at 
thi::; :-l.1~;c too th.tt thc acli~·ity first bccomcs ripc for scrious 
tlwught :tn1l thcory. Thcn, \\ ith architccturc once cslahlished 
as a di~cipline, and thc indi,·itlual architcct estahlished, cntire 
in::;titutions are soon de,·oted exclusivcly to the study and 
tlenlopmcnt of lle::.ign. The acadcmics are formed. As the 
.lc:Hlcmics dcvclop, the unformulated prcccpts of tradition 
gh·e way to clcarly formulated conccpts whose vcry formula­
tion im·itcs criticism and debate. 6 Question lcads to unrest, 
architcctural freellom to further selfconsciousncss until it • 
turns out that (for thc moment anyway) thc. form-maker's 
frccdom has becn dearly bought. For thc diS<:overy pf archi­
tcct ure as an independent discipline cosls the form-making 
proccss many funclamcntal changes. Indced, in the 'sense 1 
shall now try to describe, architecttire did actually faTI from 
thc nry momcnt of its inccption. \Vith the invention of a 
tcachable discipline called "architccture," the old process of 
making form was adultcrated and its chances of success de­
stroyed. 

The_ source of this trouble líes with the individúal. In the 
unsclfconscious systcm the individual is no· more than an 
agent.; He does what he knows how to do as b~st he can. 
Vcry littlc demand is made of him. He need not himself be 
ablc to invent forms at all. All that is required~is that he 
shoulcl rccognize misfits aud-~\OW:Ltcb.~ by making 
minor changcs. It is not evcn. ncccssary that thcse changes 

he for thc bcttcr. As we have sccn, the system, being self­

aclju~ting, finrls its own cc¡t1ilibrium- providcd only that 
mi_~~t incites somc rcaction in thc craftsman. The forms pro­
clucéü in such a syc;tcm are not the work of individuals and , 

ss 

thcir succcss does not ckpcnd on any one man's artistry,. hut 
only on thc artist's place within thc proccss. 8 

Thc sclfconscious proccss is different. Thc artist's sclf­
conscious recognition of his individuality has cl<:(:p cffcct on 
the proccss of form-making. Each form is now sccn as the 
work of a single man, and its success is his achicnmcnt only. 
Sclfconsciousness brings with it thc dcsire lo lJr<:ak loosc, the 

·--taste fm;·individual cxprcssion, thc escape from trarlition and 
taboo, the will to sclf-dotcrmination. But the wilrln('ss of the 
dcsirc is tcmpcred by man's limited im·entio'n. To achicvc in a 
fcw hours at the drawing board what once took ccnturies of 
adaptation and dcvclopment, to invcnt a form swldcnly which 
clearly fits its contcxt- the extcnt of thc im·cntion ncces- -
sary is bcyond the average dcsigner. · .-J ----

A man who scts 011t to achieve-this adaptation in :t single 
lcap is not unlike the child_~·ho shakcs 1~~~ glass·t,oppcd pua.le 
frctfully, expccting at onc shakc to arrange thc bits inside 
corrcctly.9 The dcsigncr's attcmpt is hardly random as the 
child's is; but the difficulÜcs are the same. llis clrances of 

success are small because 'tlzc number of factors 'ii.'lziclt must Jall 

simultaueously into place is so enormous. , 
Now, in a sense, the limited capacity of the indi\.;dual 

dcsigner makes furthcr trcatment of the failurc of sclfcon­
sciousncss supcrfluous. If the sclfconscious cul~ure relics on 
the individual to produce its forms, and the individual isn't 
up to it..r,"'thcre sccms nothing more to .~ay. But it is not so 
simple. "'·l't'te "tndividual is n9t mercly \~k. The moment he 
bccomes aware of his own weakncss in the Iace of the cnormous 
challcngc of a ne\v design problem, he takes stcps to ovcrc<?me 
his wéakncss¡ and strangcly enough th~se stcps thcmsclves 
cxcrt a very positive bad infiu~ncc on the way he dcvclops 
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i0rms. 1 n i.ll"t, we ::.h.1 \1 i..::e t 1:., t t ::e sd :c.~nscious systcm 's 
l.tck of ::-IICL\':'-=' 1\:.1\ly tltW:OJÚ Ee 'o mt:ch in the ÍJHli' i1lual's 

l.tck oi c.tp.ll·ity .ts in thc !...!nd e{ e:-:u;-ts he m:tke:;., when he is 

:;dkonsciou:;, to tlYcrcomc this i:·.c.<p::tcity. 

Lct us look .1g.1in at just w!1::tt 1-..ind of difticulty the de­

signcr faces. T.tke. for ~~-amgl<;:;-r)!:e dc::ign of a simple kcttle. 
He has to inn·11t a kettTe;trlñcT1 ~ts the contc:-..t oí its use. 1t 
must not be too small. It must r:r;t be hard to pick up when 

it is hot. [t must not be easy to le:t go of by mistake. It must 

not be h.ud to store in the kitc'ne:n. It must not be hard to 

gct the water out of. It must po'.!r cleanly. It must not let 

the water in it cool too quickly. Tl~e material it is made of 
must not co::.t too much. It mu~t be able to withstand the 

tempcr.lture of boiling water. It must not be too hard to 

ckan on the outside. It must not be a ::hape whic_h is too hard 

to machine. It must not be a ::hape '' hich is unsuitable for 

,, hatcYcr rcasonably priccd m<:tal it is made of. It must not 
be too hanl to asscmblc, since th¡s costs man-hours of labor. 

It must not Cllrrode in stcamy kitchens. Its inside must not 

be too ditiicult to kecp free of scale. It must not be hard to 

fill with water. It must not be uneconomical to heat small 

qua~ltities of w.1ter in, when it is not íull. It must not appeal 

to sucli a minority that it C<'.nnot be manufactured in an 

appropriate ''·'Y bccause of its small demand. It must not 
be so tricky to hold that acc;r~ents occur whcn children or 

im·alids try to use it. It must not be able _to boil dry and 

burn out without warning. It must not be unstable on the 

stoYc ''hile it h~ boiling. 
I ha ve dt:·li'!J.:ra tcly fillcd a page with the list of these -

t wcnty-onc tkt.lilcd rcquircmcnts or misfit variables so as to 

6o 

b1 ing homc thc amorphous naturc of dcsi~n ptol,luns as thcy 

pn.:st.:nt thcm..,eln:s Lo thc (ksigncr. N'aturally thc ciL~ign of a 

complcx objcct like ,l motor car is much mr1rc cliffic.ult :md 

rcr¡uircs a. much long~:r list. lt is hardly ncccc;c;ny tn -.peculate 

as to the lcngth and apparcnt disordcr of a li:--t \', hic:h could 

adcquatcly define the problcm oí dcsigning a coll1pktc urban 

cnvironmcnt. 
1 --~"' 
1 

. 
How is a designer to dcal with this higl)ly a-morplwus a.arY ¡ 

diffuse condilion of thc problem as it confront:; him? What 

would any oí us do? 

1 

Since we cannot refer to the list-in full cach time wc íhink 

about the problem, we invent a shorthand n0tation. \Ve 

classify the items, and then think about thc names of the 

classcs: since thcre are fewer of these, we can lhink about ¡ 
· thcm much more easily. To put it in thc language of psy-

1 chology, there are limits on the-number of distiPt:"t c;~nccpts 
: which wc can manipulatc cognitively at any eme time, and. 
1 wc are thercfore forccd, if we wish to get a view of the whole 

l problem, to re-encocle these items.10 Thus, in thc_.casc of the 

kettle, we might think about the class of requiremcnts gen-

1 erated by the proccss of the kcttlc's manufacture, its Glpac1ty, 

~ its safety requircmcnts, the economics of heating water, and 

j its good looks. Each of these concepts is a general name for 

i a number of the spccific requircments. If we. wcre in a very 

~ great hurry (or for some reason wanted to simplify the 
_,. '¡¡roblem even further), wé might evcn classify these concepts 

in turn, and d~al \Yith the-p~0biem simply in terms of (1) its 

function and (2) its economics. In this case we would have 

crccted a íour-Ic,·cl hicrarchy like that in the diagram on the 

next page. 
By erecting such a hicrarchy of concepts for himsclf, the 
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dc:::igncr is, af~er all, ~ble to face. the problem all at once. 
He achiews a po>\-crful '!!conomy of thought, and can by this 
mcans thread his way through far more di01cult problems 
th:m he could cope with otherwise. If hierarchies seem less 
common in practice than 1 seem to suggest, we have only to 
look at the contents of any engineering manual or architects' 
catalogue; the hic:rarchy of chapter headings and subheadings 
is 9rganized the way it is, precisely for cognitive convenicnce.11 

To hclp himself overcome. the difficulties of complexity, 
the dc,i;;ner tries to organize his problem. He classifies its 
variou:; aspccts, thcrcby givcs it shapc, and makcs it casier to 
har.dle. \\"hat bothcrs him is ·not only the difficulty of the 
problc:m cither. The constant burdc:n of dccision which he 
comes across, once freed from tradition, is a tiring one. So 
he avoids it where he can by using rules (or general principies), 
which he formulates in terms of his im·ented conccpts. These 
p"rinciplcs are at the root of all so-caBed "thcories" of archi­
~~~tural <ksign_l2 They are prcscriptions which relieve the 
burd<:n of sclfconsciousness and of too much rcsponsibility. 
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lt is ra:::h, pcrhaps, to call the im·cntion of cithc r crmcq>ls 
or prcscriptions a conscious altcmpt to simplify prcJlJkms. In 
practice Lhcy unfohl as the natural outcomc o[ uitical dis­
cussion about ~lcsign. In olhcr wonls, the gcneratirJll o[ verbal 
conccpts and rules neeJ not only be secn ab~tr;tctly as lhe 
supposed rcsult of Lhc inJividual's predicamcnt, l;ut 111ay be 
observed whcrevcr the kind o[ formal c•lucalion we have 

called sc,lfconscious occurs. 
r\ novicc in the unselfconsci_ous situation learns by heing 

put right whcncver he goes wrong. "No, not that way, this 
way." ~o attempt is mauc to formulate ahstr.Lctly ju:,l what 
thc right way involves. The right way is thc rc:o:<luc w!1en all 
thc wrong ways are erauicated. But in an intdk-ctual atmos-. 
phcrc free from the inhibition of, tradition, thc picture changcs. 
The momcnt the student is free to question what he is told, 
and value is put on cxplanation, it becomcs imrJortant to 
decide why "this" is thc right wa.y rather than "tl1at," and 
lo look for general rcasons. Atlempts are madc to aggtcgate 
the spccific failures and successes which occur, into principies. 
And cach such general principie now takes thc place of many 
separate anJ spccific admonitions. It tells us to ·;:1soid this 
kind of form, perhaps, or praises that' kinJ. \\"ith failurc and 
succcss defined, the training of the architect dcvclops rapidly. 
The huge list of specific misfits which can occur, too complex 
for the stuucnt to absorb abstractly and for tl;at rcason usu­
ally to be graspcd only through direct cxperience, as it is 
in the unsclfconscious culture, can now be learncd - because 
it has been given form. The misfit variables are paltc~ned 
,into catcgories like "cconomics" or "acoustics." ~\nd con­
den sed, like lhis, thcy can be taught, discussc:rl, a1hl criticizcd. 
It is this point, where these concept-dctcrmincJ principies 
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k:=·¡ .. , : ,, •,¡ 11.L 11.1: ·i11:-:; ,!!ld 1•' , ::, ,; of 111<.' •n hitcct. 

~~- t th~~ :'~ ~..·~¡·..._-,t ,q· ·-\. 1!t_,H1 'h'll"':~"-"~ un fl,IIJllH~in·., to -..h••\V 
i t ~e !f. 

l :,h.llt ll\1\\' tty to d1.l\\' .tltl'niÍ•lll tu thc ['L·u,li.lr and chm­

.1ging .!rh:ti.!IÍI1t''S l)f the CUi\Ctpts \\J¡j.-J¡ .tiC Íll\t:11lCd. J.ct 

e:; rc·•nc1nh·r th.1l ~~~~~ :;y..:.tem of intenlrpendent ¡cquircmcnts 

or mi::-C1t , . .tiÍ.1hlLs ,tdÍ\c in tla: un:o~lfco••olious ensemble is 

:otill prC'L'iillliHlt·Int.•lh the surface. 

Suppo:;c, ,1-: l:d.,tc, '.'.e picturc thc "Y'Icm t:tudcly by 

clr.H\ ing .1 link hLlm:<.:n C\'Ct)' pair of intcnlcpemlcnt require­

mcnb: \\'e :.;ct s01nclhing that looks like this. 

.-\s we ha ve sccn bdorc, the 'at iablcs of such a system can 

be arlju-:tccl to ll'lcl thc ~pccificd conditions in a rcasonable 

time only if its ~uh,:·-tLPl'> are adjustcd indcpcnclcntly of one 

anothcr .. \ "ttbs:. -t: m, roughly spc.tl..ing, is one of thc obvious 

co111poncnls uf 11,,:: .,~, ... lun, li1~e the p.trts sho\\ n with a circle 

routHI thcm. lf wc lry to adju5t a sct of variables which <.loes 

nut cunstitute a ~ul •-,y:-,tcm, the rcpcrcussions of the adjust­

mcnt .tlTcct uthcrs t>Ul:iidc the ~ct, bccause thc sd is not suf­

f!Cicntly inch:pcndent. \\"hat we saw in Chaptcr 4, ctTectivcly, 

was that thc proccclurc of thc unsclfconscious sy~tcm is so 

64 

organizccl that .vlju:,tmcnt Ctlll takc place in ca~.h onc of these 

sub5ystcms inclcpcndently. This is the rc:tson for its ~ucccss. 

Tn thc sdfconscious ~itu,llion, on the othe;r hanrl, the de­

::.igncr ¡., facccl '' ith .tll the vatiablcs simultanccJu<oly. Yct we 
know fro1n the simple computation on pagc l0 th.lt if he ttics 

to manipulate thcm all :1.l u1Ke he will nut lnan:~;;c to lind a 

\':ell-fi.tting form in ~ny rc.tson.tblc time. \\"hcn he hi:nsclf 

scnscs this diiTtculty, he tries to break thc prohkm down, and 

so invents concepls to hclp himself decide '' hich suh~cts of 

rcquircmcnts to dcal with inclcpcndcntly. X ow \\ hat are thcse 

concepts, in terms of the systcm of varial)lcs? Each conccpt 

itlcntifies a ccrtain collcction of the variables. "Economics" 

iclcntifi.cs one part of the systcm, "safcty" an()thcr, "acous-

. ti es" anothcr, and so on. 

:\{y contention is this. Thcse concepts will not help the 

dc:-,igner in finding a wcll-adaptccl solution unlcss thcy h.1ppen 

to correspond to thc systcm's subsystems. But since the con­

ccpts are on the wholc the rrsult of arbitrary hi:-,loric.ll· acci­

dcnts, there is no reason to expcct that thcy '' i1l in fact 

corrcspond to these subsystcms. They are just as likcly to 

idcntify any other parts of the system, like this: 
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Of cour~l' t his t!,~lllOibti ;1 tes only that conccpts can casily 
be arbitr.Hy. [t d0.cs not :::how that thc conccpts uscd in 
pr.~cticc actu:tlly .trc so. Tndccd, clcarly, thcir arbitmrincss 
cm only be c:otabli!:>hccl for indivirhul and spccitic cnscs. Dc­
t.~ill'd a na ly~is of t he proh~cm of dcsignin3 urban fa mil y 
hou::cs, for instancc, h:ts :;hown thnt the usually acccptcu 
iunctiunal c.th:gnrks likc acoustic<>, circulation, and accom­
l:i'Jl1.1tion are in,tppropriatc for this problcm.13 Simil:uly, the 
principie of thc "ncighborhood," onc of thc olfl chcstnuts of 
city-planning thcory, has bcen shown to be an in,tdcc1uate 
mental componcnt of the rc:;idcntial planning problcm.14 But 
~i:1cc such rlcmonstrations can only be macle for spccial cases, 
1 t ,J • 

•'- us C\amme a more geflcial, rathcr pla11sible rc.w;on for 
be:licYing that such verbal conccpts always will be of this 
ubitrary kind. 

·-, l:n:ry conccpt can be rlctincu ancl Unflcrstood in two com­

ple:ment.uy \':ays. \Ve may think ofitas the n:1me of a class 
r,f objcc.t<> or suhsirliary conccpts; or wc may think of what it 
mc:;~ns. Wc rlcline a concept i11 c.rlcnsion whcn wc spccify all 
thc: clcmcnts of thc class it rdcrs to. :\nrl \\'e define a concept 

~11 intwsi01~ whr:n ''e try to c.\pl:tin its lllL':1ning analytically 
111 terms of othcr cr:Jnccpts at thc samc lcvcl.lll 
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For th•! ~.Il.:c ,¡¡. ::_,,.,1,'111 r h.,,·e j¡¡·,t 1", :, :,, .t~i,q; t1·rm..: 

likc "a• ou:-.tk:." ,t,, J.¡~-; nanit!', as a collc' ti\'~:\' .. \)' r,f t:dking 

abuut a nuinbl·r •li '""'l' .pclÍfic rl'r¡uirl'IlH nl'i. ·¡he "nl:i~h­
burhood," tilo, thou;;h ll'~s ah-,tract a111l more phy~j, al, i·, ~till 
a c.:onccpt which ~umnurit.cs nH.:ntally all tho:,C '>¡•ccific rc­
quircmcnls, likc p1 im.uy srhooling, pcflc~trian ~<tfdy, and 
community, "hich ,t physical nPi¡~hhurhrHJrl i-; ,,Ilpp••'ccl to 
mcct. rn othcr wonl:;, c.tch of thc c.:onccpls "a• (¡\l:otics" and 
rr ncighborhOOll" i:; :\ \'ariabJe whosc valuc C.\lcli·irJll is thc 
samc as that giwn by thc c.:onjunction uf :dl thc Yal11e cx­
tcnsions of thc spcci tic acoust ic v.uiablcs, or 1 he -.pcc.:ilic com­
munity-living variabki'-, Jcspcctivcly} 6 This C.\tcn~ional vicw 
of thc conccpt is con\·cnicnt fur the sakc of mathcmatical 
clarity. llut in practicc, as a rule, conccpt~ are not gcnt:ratcd 
or dctine1l in cxtcn~ion; thcy are gcncratcd in inte;n:-,ion. That 
is, wc lit nc\\' conCl'pts into the pattcrn of enryrlay langLwge 
by rclating thcir llil'.tnings to those of othcr wonls at prescnt 
available in English. 

Yct this p.trt pl.lycd by languagc in thc invcntion of ncw 
conccpts, though wry important from the point of vicw of 
communication antl understanding, is almost cntircl): irrcle­
vant from thc point of vicw of a problcm's strullurcP The 
demand that a ncw conccpt be dcfinable and comprehensiblc 
is important from thc point of vicw of t('ac-hing an1i sclf­
conscious rlcsign. T.tkc the conccpt "safcty," for cxample. Its 
existcncc as a common word is convcnicnt and hclps hammer 
home the vcry gcncr.1l importance of kccping fic~igns danger­
frcc. llut it is uscll in the statcmcnt of such clissimilar probkms 
as thc dcsi~n of a tea kcttlc and the flcsign of a highway 
intcrc.:hangc .. \s far as its mcaning is conccrncrl it is rclenmt 
to both. Tiut as· f.1r .lS thc individua) stnH.:lurc of the l\\'0 
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pr,)l-kms g•'<'~. it ~. ,'lll" unlil_cly th.tt !he onc mml -.houlcl 
'<l<'L<'·.:;,,]!y !d,·11tiiy .1 p1int ip.tl cnmponl'nt ..,ub-.) ... fcm in 

t'.:ch tlÍ th,·--c l\'"l 'cty tli.--.imibr problcm.;. l"nfnrlunatcly, 
.'llh,1u,;h ,.,·,'ry p11)1>ltm h.ts its m\n ~tructurc: and thcrc are 

n.'ny ,li!Tt:rent pr•lhlcms, the \\'onls \\'e h:\\'c :n·.tilahlc to 

•\·'<'! ;he thc Ct1il1ptlncnt5 of thc~c problcms·are gcncratcd by 
¡,)¡,·e,; in thc Lll1gu.l<_;c. not by the prohlcms, anclare thcrefore 

r.ithcr limited in numbcr and cannot describe more than a 
it ,,. c.1se;; col-rcctly.1s 

Takc thc simple prublcm of thc kcttlc. J have listcd 21 rc­

c¡uilt'mcnts \\ hich must takc Yalucs within specified limits 
in an accept.1bly rlcsignccl kcltle. GiYen a set of n things, 
thcrc .trc :?" diiTcrcnt subsct"> of thesc things. This mcans 
th:tt thcre are :2~ 1 distinct subc;cts of variables any one of 
"· hich may possibly be an important componcnt subsystcm 
of thc kL:ttle problcm. To namc cach of thcse components 

. done ''e should .drc.uly necd more than a mil! ion dirTerent 
worrls ---more than thcrc are in the English language. 

.\ dcsigner may object th<\t his thinking is never as verbal 
as f ha,·e impliccl, antl that, instcad of using verbal concepts, 

he prepares him~clf for a complicated problem by making 
di.1grams of its va1 ious a~pects. This is truc. Lct us remember, 

hm\en:r, just what things a designcr tries to diagram. Physi­

c.il conccpts like "ncighborhood" or "circula tion pattern" 

ha ve no more u ni' crsal validity than verbal conccpts. They 

are ::-till bouncl by the conceptual hahits of thc draftsman. A 

typiral ~cr¡uence of diagrams which precede an architectural 
prnblc:m will include a circulation diagram a dia(J'ram of , o 

acou~ticc;, a diagram (Jf the load-bc:aring structure, a diagram 

t)f ~un and \'.ind puhap">, a diagram of the social neighbor­

hovt!s. I maintain that these di:1grams are uscd only hccause 
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the p1i111 iplcs ,,hich ddine tlt• ,,¡ ··· "'1 ti' e;, t;ru¡lttion, 

, 1 c.:llwr, IJ,·igh1Jill11nnd ho~ppt 11 l•J l" ¡•.li l uf Llll ', nt :11 chi­

lultli:tl u.,age, nut J,,:c.tU'-JC lht.y L· .1r a \\C 11 t!l!du-.lotJCl 

fun.J.uncntal rclatiun tu any p.trtiudar prohkm !Jcing in­

ve:>! ig.t tcd.19 

.\s it ::,tands, the sclfconscious dc"ign ¡;rot::cclurc p1 o vides 

no :,lructural correspondcnce bd\\'ccn lht.: probJu,1 aPrl thc 

nlc.IIIS tlcvised for soh ing it. Thc COI11pk.,ity of thr: jJP)hlcm 
ÍS JIC\'CC fully di~-:'oltangletl, ano thc ÍOIJ11S !JfUt\UCt:rl n(Jt only 
fail to rncct thcir spt't:iCications a"> fully as thcy ~honl<l, but 
also lack the fotm,¡J clarity which thcy \';ouJ,J h,t\ e if the 

01 ganization of the problem they are f!ttul ~u \';ere hclter 

un<lcrstood. 
Tt is perhaps \\orth adding, as a footnotc, a slightly rli!Tcrcnt 

angle on the s.une dilliculty. Thc ,ubitwrine-s~ of thc c-..Íó:ling 
\'CIbal conccpts is not their only tlisarlvant,tge, for once they 

are invcnted, verb.tl concepts have a furthcr ill-l!Tcct on us . 

\Ve lose the ability to moclify them. Tn the unsclfcomcious 
:,itua.tion the action of culture on fow1 is a vcry sulJtlc busi­

ness, macle up of many minute concrete influenccs. llut once 
thcsc concrete influenccs are rcp1 ,;:::c·ntcd symbolic,dly in 

vet hal te1 ms, and these ~ymbolic rcpre~entations or na mes 
subsumcd undcr larger antl ::.till more ahstract categürics to 

makc them amenable to thought, thcy begin scriously to im­

pair our ability to see bcyond them.20 

\Vhcrc a number of issues are heing takcn into account 

in a design decision, inevitahly thc ones which can be most 

dcarly expressed carry the grcatcst wcight, and are best rc­
flcctcd in thc form. Other factors, important too but lcss wcll 

cxpresscd, are not :::o \\Cil rcflectecl. Caught in a nd oí lan­
guagc of our own inYcntion, \\'C ovtrestimatc the la1~;;uage's 
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i 1111'.11 t i.di ty. F .\l h ,., 'll<'<'pt. .t t t hl' 1 i 1111: ni i 1' i ll\, ·:1 t ion no 1 110rc 

lh.!ll ,\ ul!H'Í•<' \\,,)" llf :;I.I•¡•Íng 111:\IIY j;.,lll'", f!IIÍckJy beC<IIIll'S 

.1 pll'ú'I'L '.\"c Lt\..;; thl' :-:cp fll)Jll dc~L·1:p1iun ln,¡;[(¡Íon too 

l'.' -ily, '" : 
1
1-tl '' h.1t is .tt li1 ::-t .1 t~:odul tuul1JeuHI1L'S .t bigotcd 

l'll'''''<'lli'·' t ion. 

1 he J~,lltl.lt\ hi.1.; hl\\.:Id function.Ili,;m anrl cn;;inec1ing Jid 

nut n:.\\ h it" ¡w.1k until aftcr Vitrm·ius h.td fonnulatc<l the 

i tl'>ytin:u list (loLl rinc.~ 1 Thc P.trt hcnon could on !y ha ve bcen 

ere: l'tL'• 1 d u1 i ng a time of prcoccupa tion "i Lh ac::-lhct ic problems, 

,\ÍlL~·r thc L".ttlicr Grcek Íl1\ ention of the conccpt "bcauty." 

Engl.lnd·'s ninctcl'nth century low-cost slums werc conceivcd 

only .tflcr monct:uy values had t.:;\plicitly bccn given great 

importancc through the conccpt "economics," invcntcd not 

Ion¡; bdore.22 
\ 

In t his f.t:::hion 1 he sel fconscious i ncli vi dual 's grasp of prob­

lcms is wn-,tantly mislctl. flis concl'pts and categorics, be­

::itlcs bcing arbit1ary and u!1suitable, are self-perpe:tuating. 

Cnder thc inlluencc of concepts, he not only does things from 

a bia~cll point of ,·iew, hut ::.ces thun bi.1sedly as well. The 

cr,¡:(l pts control his pcrception of lit .md misftt- until in 

th.: cnd he ~;ces nothing hut rlcviations from his conceptual . 

¡J,,gm:1s, and lose<; not only thc 111ge but cvcn the mental 

opportunity lo frame his probltms more appropriatcly. 

_ .... ~_;...., 
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6 j THE PROGRAM 

IIcre is the problcm. \Ve wish to dcsign clcarly cr:>nu.:ivcd 

forms which are \':cll adaptcd to sorne givcn crJntext. \Ve 
have secn that for this to be feasible, thc adapt.ttirm mu!>t 
takc place indcpcndc..ntly within indepcndcnt sub:,y~tcms of 
variables. In thc unsclfconscious situation this occurs auto­
matically, bccausc the individual craftsman hao; too little 

control ovcr thc proccss to upsct the paltcrn of adaptation 
implicit in thc ensemble. Unfortunately this situation no 
longer cxists; thc numbcr of variables has i ncr(·a cc:d, the 

informati<fn confronting us is profusc and confu"ing. and our 
attcmpts to duplicatc thc natural organization of the unsclf­

conscious proccss sclfconsciously are thwartcd. bt:ciusc the 
vcry thoughts wc have, a~ we try to hclp our:;ch·cs, 1listort 
thc problcm and makc it too unclear to solve. 

Thc dilcmma is simple. As time gocs on thc designcr gets 

more and more control ovcr thc proccss of dc:~ign. I3ut as ht 

docs so, his cfforts to dcal with the incrcasing cugnitiYc burden 
actually make it hardcr and hardcr for thc real causal struc­

ture of the problcm to cxpress itself in this proccss. 
What can wc do to ovcrcome this difliculty? On the face 

of i't, it is hard to sce how any systematic thcory can c:lse it 

much. Thcre are ccrtain kinds of problcms, likc somc of those 
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tlut ll(Cttr in cconomics, chcd,ers, logic, or adminbttation, 

"hich c.tn he clarificll antl ~oln~d mcch.mic::llly.1 Thcy c.m he 

S•'ln,,l 11\L'L·klllic.tlly, hcc1use thcy are wcll enough undcr­

Shlütl for u:; to turn them into sclcction prohlems.2 

To soln: a problcm by sclcction, two things are ncccssary. 

l. It must be possible to genera te a wide cnough range of 
po:::siblc :1ltetna th·e solutions symbolically. 

2. It must be possible to cxprcss all the oitcria for s~lu­
tion in tcrms of the same symbolism. 

\\"hcncwr these two conclitions are met, we may compare 

symbolically gcncr:1ted altcrnativcs with one another by test­

ing thcm against the criteria, until we find one which is 

s:1tisfactory, or the one which is the best. It is at once obvious 

that whcrever this kind of proccss is possible, we do not 

need to "design" a solution. Indccd, we might almost claim 

th:1t a problem only calls for dcsign (in the widcst sense of 
th;tt \\"Otd) whcn sclcction cannot be used to solYe it. \Vhether 

wc acccpt this or not, the converse anywa.y is true. Those 
proiJluns of crc.1ting form that are traditionally callcd "design 
problcms" a 11 demand invention. 

J.et us sce why this is so. First of all; for physical forms, 
we know no general symholic way of gencrating new alterna­

ti\·cs- or rather, thosc :1ltcrnatives which we can genera te by 

v.uying the cxisting types do not exhibit the radically new 

organi.wtion lhat solutions to new design problcms demand. 

Thesc can only be crcatcd by invcntion. Sccond, what is per­

haps more imporlant, we do not know how to express the 

criteria for success in terms of any symbolic dcscription of a 

frJJJn. Jn othcr words, given a ncw design, thcre is oftcn no 
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mech,l!lical w.ly of tclling, purdy from the dk'.',;r,cs \', hich 

cksctibc it, \\hcthcr or not it mcets its tec¡uiJtnH:;lh. l·:ith<::r 

wc must put thc real thing in the actual •sr;J~•l, and s<::c 

whcthcr it works or not, or wc mu~t use our im.,::;ination ancl 

expcricnce of the ,\·orld to prcdict from lhc dra\', !n¡~s \\ hcther 

it will work or not. But therc is no gcner.tl ~ylliiJrJlic connec­

tion bctwccn the requirements and thc ÍIJrm's <kc:o iption 

which provide crilexia; and so thcre is no way of tc~ting the 

fonn symbolically.3 Third, evcn if thcse lir~t two objcctions 

could be overcomc somchow, thcre is a mud1 ll1fJre co•1clu5ive 

diff1culty. This is the same difliculty, precio.e\y, that wc come 

across in trying to construct scicntific hypothcsc.s from a 

given bouy of data. The data alone are not cnr¡ugh to define 

a hypothesis; the construction of hypothcs<::s u<::m.tnds the 

furthcr introduction of principies like ~implicity (Occ.un's 
• • 4 '["] ra.wr), non-arbitrarincss, and clcar organ1zat10n. •e con-

struction of form, too, requircs thcse principies. Thcre is at 
prcscnt no prospect of introducing these prinLiplcs mechani­

cally, eithcr into science or into Jcsign .. \g.tin, thcy rer¡uire 

invention. 
It is thcrefore not po·~·sible to replace the actions of a trained 

dcsigncr by mcchanically computcd decisions. Yet at the 

same time the indi\"idual dcsigner's invcntive capacity is too 

limitcd for him to solve dcsign problems sucGes:;fully cntirely 

by himself. lf thcory eannot be expected to invcnt for_~· how 

is it likcly to be useful to a designer? 

Lct us bcgin by stating rather more c:-..plicitly just \\hat 

part the dcsigncr does play in the proccss of dcsign. I ::-hall 

contrast thrce possible kinds of dcsign process, schematically. 
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form 

contc:\.1 form 

contcxt form 

actual world 

actual ,~·orld 

mental picture 

actual world 

mental picture 

formal picture of 

rnf;ntal picture 

Thc lir~t schcmc rq>Jc•,cnls thc unsdfcon-rir¡llS -,ituation 

clc~cribc<l in Chaplcr l. ITere tbc pr.ucc~s \\Lich -,\:cq,(-. thc 

form is a comple-.. l 1\"1)-di redional i ntcr.ttlir•n Lct ;, c:tn t he 

contcxt Cl an1.l thc furm Fl, in thc wurlrl it~clf. 'll r; lwman 

bcing is only prcscnt as an agent in this prfJCC='S. 1 fe rc.tcts to 

mislits by changing thcm; but is unlikcly lo Í!P[J0C:C any 

"dcsignccl" conccplion on thc foun. 

Thc sccond schc111e rcprcscnts the sclfcon~cir,u:; :,Ílu,ttion 

dcscribcd in Chaptcr .l. IIcrc thc dcsign procc'-5 is remole 

from thc cnsclllblc itself; form is shaped not by inlcraction 
bctwccn thc actual contcxt's demamls ancl tlic actu:tl inadc­

quacics of the form, but by a conceptual intcr;:ction bctwccn 
thc conceptual picturc of thc contcxt which thc clc~i.~;ner has 

lcarncd and invenlcd, on thc onc hand, and irleas a!HI dia­
grams ancl dr<min;;:, \\ hich ~t,tnd for forms, on th<.: oth<.:r. This 

intcraction cont.tins both thc probing in which thc rle·-igncr 

scarchcs thc problcm for its majur "issucs," and thc dc\dop­

mcnt of forms which satisfy thcm; but its e~ .. ·ct n:tture is 

unclcar. 5 In prc~ent dcsign practicc, this critica\ ~tcp, rluring 

which thc problem is prcparcd aríd tran~latcrl into dc::-ign, 

always dcpcnds on sonie kind of intuition. Though tlcsign is 

by nature imaginativc and intuitive, and wc coulrl easily 

trust it if the clc:;igncr's intuition were reliable, as it is it 

inspires vcry littlc confidcnce. 

In thc unselfconscio~s proccss thcre is no possibility oí mis~ 

construing the situation: nobody makcs a picturc of thc con­

tcxt, so thc picture cannot be \vrong. But thc ~clfcon~cious 

dcsigncr works cntircly from thc picture in his mind, and this 

picturc is almost always wrong. 

Thc way to improvc this is to make a further ab~tract 

pidure of our fm,t pkturc of thc problcm, '' hich ..:rallicates 
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it:; hi.1~ .111.! ll'lains only it.; .th~tr.td ,(ructur:ll fL·.tturcs; this 
:::L·cond pilllllL' m.ty thcn he l'\,llliÍnL·•l according to ptcá;dy 
<ktinl·,¡,,l'• :.tli,,n-;, in .t \\,t)' not -'uhjcd \l) !he bi.ts of l.l!lgu::1.ge 

. uHIL''-lll'l icncl'. 6 Tite t hi ni :::eh, 1 te in t he di.tgt.un rcprc!'cnts a 
thirLI prP.-L':-". ba!:'ctl on thl! u=-c of .!'uch a picturc. The vague 
.t.JLl llll".tli:-i.tdory picturc of the conlc:\t's clcm.tnrls, C2, 
which ti r:::t dc\·dops in the clcsigner's mind, is fo!lowed by 
this m.tthcm.ttical picturc, C3. Similarly, but in re\·erse, the 
lk"ign F~ is preceded hy an orJcrly cnmplex of diagrams 
FJ. -The Lkt ivation of these cli.tgrams F3 from C3, though 
still intuitiw, may be clcarly unclerstood. Thc form is actu­
ally sh.tpL'll no\\· by a procc<>'> at thL' thinlleYcl, remate from 

C2 or F:!. It is out in thc opcn, and thcreforc unclcr control. 

This thirt! picturc, C3, is built out of mathematical e1_1tities 
c:tlletl "::-l't:>." .\ set, ju~t as its namc suggests, is any collcction 
oi thint;s \\ hatever, without regard to common propcrties, and 
h.ts no intL'l n.ll structure until it is given one.; A collcction of 
riddlcs in .1 book forms a set, a lemon and an orange and an 
applc ft•tm a sd of thrce fruits, a collcction of rebtionships like 
fa t lll·rTwtld, motherhood,, brothcrhood, sisterhood, founs a set 
(in this r.tsc a set of four elcments). The elcments of a set can 
be as .th,;t r.tct or as concrete as you like. It must only be 
po:::::-il_,lc lo iLkntify them uniqucly, and to di:>tinguish them 
from <•ne .muthcr. a 

Thc principal iclcas of sct thcory are thcse: 

l. .\n dcment x of a' set S, is said to bclong to that set. 
This is writtcn x E S. A sct is uniquely dcfined by 
iJvntifying its clemcnts. 

') One s<:t S1 is said to l;e a '>llbset of ~nothcr set S2, if 
:1nd unly if cvcry ckmcnt of S 1 ltelongs to S2• This 
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Í<; \HÍltCil 5"¡ (:".: s~. (f S2 a]so Ullll:tÍilS lk:nu:t:; -:.hich 
are not clulH.:nls of S¡, ~o thatS~ is "br;~Lr" tlJ.tll S¡, 
thcn S 1 is callf.rl a propcr ~uh~.et ,,f S 2, o~nd '.•,r: \\ rite 
S1CS2 . 

3. The union of two sets S1 and S2 is the ;ct •A those 
clcmcnts \\hich bclong to cilhcr S 1 or S 2 (úr Loth, in 
the case whcre .S'¡ and S2 ha ve clunutlS Ín C0itlll10n). 
\Ve write itas S¡ V S2. 

·1. Thc intcrscction of two sets S 1 ancl S: is the ~r:t úÍ tho!ie 
clcmcnts \\'hich bclong to both S1 ~lllrl S 2• \\'e \\ rite it 
S¡ n s2· If S¡ anrl s2 ha\'e no clcmcnts in C'JI1lll1011, 

this intcrsection is empty, and we call the stls disjoint. 

Lct us be spccific about thc use of set thcory to pictute 
clc:,ign prohlems. We alrcacly know, from Chapter 2, what the 
designer's conccption of a problcm looks like. Thc p1ohlem 
prescnts itself as a task of avoiding a numhcr d =>plcilic po­
tcntial misfits bctwcen the f01m ancl some gi\·cn cont~.·:\t. Let 
us suppose that thcrc are m such misf1t \·ariahlc:>: X¡ • • • x .•. 
Thcse misfit variables form a sct. \Ve call the sc.t of thcse 
m misfits M, so that we may write :· E J[ (for al1 i, i = 

1 · · · m).9 -

The gre<~.t powcr and beauty of the set, asan analytical tool 
for dcsign problems, is that its clcments can be as \·arious as 

they nced be, and do not have to be rcstricted.only to rcquire­
mcnts which can be expresscd in quatttifiable Íorm. Thus in 

the dcsign of a house, the set JI may contain the nec:d for 
individual c;olitude, thc nccd for rapid con-;truction, the need 

for family comfort, the need for casy maintcnance, as wcll as 

such easily quantifiable rcquircmcnts as the necd for low 
capital cost ancl cflicicncy of operation. liHiced, Jf may con­
tain any rcquircmcnt at all. 
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Tlll·~~ ITt¡liÍH'IllL'Ills .uc thc indhitlu:tl conditi<111S \\hich 
mu~t lh' nwt .1! th~ fu1 111 contl'\t houthl.try, in onkr to prc\"cnt 
'lli .. tit. Tlll' t:L·ld :-llll\ t llfL' of thi-; f.,mH'PnlL'\l IJ¡-,und:uy, in 

~·) f.1r .1:; thc dc~igncr is :t\\.1rc of it, is :1lso nnt h.1nl to d\~::-tlibc. 

!fe kllLl\\5 th.tt somc of thc mislits interfrrc \\Íth onc anothl'r, 

.1 => he t lics lo snl w t lwm, or con J1ict; tha t ot hcrs h;n-e common 

pltysic.1l implic.ttions, or concur; .md that slill othcrs do not 

intcr.td .ll .1!!. It is thc p1rs<.:ncc an•r .1hscnce of thc~c intcr­
,Jdions \\ hich gi\"c thc sct .lf thc sy::tL:m ch.u actcr alrcacly 
rcfcrrcd to in Chaptcrs 3, ·1, antl 3.10 Wc rcprc~ent the inter­

aLtions by associ:1ting '' ith .lf a sccond sct L, of non-dircrtcd, 
signcd, ene-dimensional clcmcnts callcll links, whcre cach link 
joins two elcments of .lf, ancl contains no othc-r clcmcnts of Jl{. 

.\s wc shall sce in Chaplcr 8, thc links bcar a ncgalivc sign 
if thcy imlicatc conllict, and a positivc sign if thcy inclicatc 

cnncl!ITLI1CC, ancl m:~.y also be wcightcd to indicate strcngth 
of in tc1 ,1dion. 

Thc t\\'o ~cts JI and T. togcthcr define a structurc known 

as a linear g1aph or topolo:;icall-complex, which we !'hall rcfe~ 
lo :!S (;(.ll,f.), or simply e for short. 11 A typical graph is shown 

bdow. Such a graph ~Cr\"CS as a pidure of a rlesigner's view of 

So 

.• 

~o1ne s¡wdlic probkm. rt is a fairly ;~ood p!• t·.~<.:, in tLe · r ·:.:.:: 

1h.1t ilc; con:-.lilul'nts, thc ~ds .lf .111d ! .. a~r: :1\·,,j] tiJl1: to L>:~ 

intrn ... pccti\·cly \\'Íthout too much lrou1)1•:: :>.1-rJ L1.:1:t11-r: it 

kceps our altention, neall): ami abstJ.tt!ly. r¡') t::r. facl th .. t thc 

sct of misfits has a ~tructurc, or, as wc cal\rl it in Cha¡,tt:r 2, 

a ficld.12 

'Ve must now c:--plorc the structmc of tl:!s iir:ld. The n:o~t 

imporlant an¡\ most oln·ious structural el!,, ;;.ct•:ri-tic IJÍ ?.ny 
compkx cntily is its articulation -- that Í'>. tf1 l n.bth·c tkn~ity 
or grouping ancl du~ll'ling of its compono:nt .-.!.:n'c.ntc;. \\"r; will 
be ahlc lo make lhis precise by mcans oí thr; conc.:<.:pt r¡f a 

dccomposition: 
Ipformally, a dccomposition of a set Jl i:1tr) it:; -;uh;!diary 

or suhsystcm :,ds is a hicrarchical nestin~ vi ••.ts '' i thin ~ets, 
as is shown in thc lirst of thc two diagrarm th:tt ir;llr)\\". A mor,.. 
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u~u.l! di.tgr.un, \\ hich brings out the trcclikc character of thc 

lk(l)l1lp<l"itillll, is sho\\ n bclow. Tt rcfcrs to prcci-dy the ~:une 

s!it~cture .1s the other. Each clenwnt of thc dccompo~ition is 
.1 suhsct of thosc scts aboye it in thc hicrarchy. 

Formally I define a clccomposition of a sct of misfits Jf as 

a trcc (or partly onlcrcd sct) of scts in which a rclation of 

immcdi.1tc subonlination is dcfincd as follows, and in which 
thc follo\\'ing furthcr conditions hold: 13 

.\ set S1 is immcdiatcly subordinate to anothcr sct S2 if and 

only if S! propcrly includcs S1 (51 e S2), and thc trce contains 

no further sct S3 su eh that 51 e 53 e S2• Furthcr, the tree 
mus_t s.ttisfy thc following four conditions: 

l. lf S; and SJ are two immcdiatc subordinates of a set 
S, thcn S; r\ SJ = O. 

2. EYcry sct \\'hich has immcdiate subonlinate scts is the 
union of all thcse scts. 

3. Thcre is just one sct which is the immcdiate sub­
ordinatc of no othcr sct. This is the sct .M. 

4. Thcre are just m scts which havc no immcdiatc sub-
-=- ... ~ 

ordinatcs. Thcsc áre thc onc-clcrncnt scts, cach of 
''hich contains one clement of M. 

As it ~tands, such a dccompu:--ition 1kah only \', ilh thc 

set ,\[. f., the sct of links, pl.tys no pa1t in it. But it is ea'>y to 

:-:ce that thc cxistcncc o( thcsc linb nukeo; o:ume ¡¡f tiK po~sil>le 

dccompositions \·cry much more scn~ible th.tn (Jlhcrs. :\ny 

graph of thc typc G(Jf,f.) tcnds lo pull the elc:mc:nts of .lf 
together in natural clustcrs. Our task in thc next cl!aptc:rs is 

to make this precise, aml to decirle which rkcomp(l'-iti0n of 

M makcs the most scnsc, once we hav~ a gin-n ~d /. a~s0ciatcd 

with it. l~ach subsct of lhc sct Jf whic.h appear5 in thc trce 

will thcn define a suhproblcm of thc problc:m .1{. F;,ch sub­

problcm will have its own intcgrity, and be ind• ¡xndcnt of 

the othcr subproblcms, so that it can be soh·crl inckpenclently .. 

Tt is very possible, and cven likely, that thc \\ay the dcsigncr 

initially sees the problem alrcady hinges on a conceptual 
1 

hict.lrchy not too much unlikc a decompo:oition in g<-ncral 
oulline.n In trying to show that thc links of /, fayor a par­

ticular dccomposition, 1 sh.dl rcally be tryir.g to ~how that 
for cvery problcm thcre is one dccomposition which is cspe­

ci.llly propcr to it, and that this is usu.11ly ditTercnt from the 

onc in thc designcr's hcad. For this rcason we shall rdcr to 

this f'pccial clecompo~ition as the program fnr thc problem 
rcpre::.cntecl by G(Jf,L). \Ve call it a program bccause it pro­

vides dircctions or instructions to the designcr, as to which 

subscts of M are its signiftcant "picccs," and so which major 

aspects of thc problem he should apply himsclf to. This 

program is a reorganization of the way the dcsigner thinks 

about the problcm.15 
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r:'1•!i.1g thc right (le~ign prograrn for a gin:n probkm is the 
tií:'t pha"c uf thc dc-;ign proccss. Tt i~, if \\l' lil...c, thc ,¡n.tlytical 
ph:1~~ of the proccss. This lirst phase of thc protc:;s must of 
cnursc be follo,,c~l hy thc S) nthctic pha~c. in which a fonn is 
d~,.¡jycJ from thc p1ogram. \Ve !:>hall cal! this !:>ynthelic phase 
!l:t: rca!i:a!io11 of !he program.1 :\lthough Lhcsc notes .ue gi\'en 
p1 incip.llly to the analytical pha~e of lhe proccs'i, ami to the 
ill\ t.:ntiun of programs which can makc the S) nthcsis of form 
.1 rc.l~onahle task, we must now ~pe1Hl a little time thinking 
.:bout thc w.1y this S) nthcsis or n:alization will work. Until 
we do ,so, wc cannot know how to dcvclop thc dctails of the 
pr•_.gram. 

Tl,c ~t.uting point of analysis is thc requircmcnt. Thc end 
pr'-'rluct of analysis is a program, which is a trce of scts of 
re:c1uin:•nents. Thc !:>tar-ting point of synthc:;is is thc diagram. 
Thc t.:nd product of synthcsis is thc rcalization of thc problcm, 

'' h:·ch is a trcc of diagrams. Thc program is madc by_ de.,. 
C'•'11pq;,ing a sct of requircmcnts into succcssivcly -s;naller 
sulJ~cts. The rc.diLation is made by making small cliagrams 

:u,rl putting thcm togethcr as the program dirccts, to get 
mrJ[(: an<i mure complcx <liagrams. To achieve this we must 
!t.1rn trJ match c:tch sct of rcc¡uirl'rncnts in the program with 
a C•Jrr<:"ponrling cliagram. 

-1 
Thc innntion of diagrams io; familiar to <:Hry rk-i;~ncr . 

. \ny p.tllt.:rn whi<h, by lxing ab"tractcd from a n:al ~itu.tlion, 

i:onny~ thc php.iLal inOucnce of ccrtain dcmanrl'> 'IJr fm·ccs 

is a diagram. 
Thc famous .,trohoscopic photograph of the splash (Jf a milk 

drop is, for ccrtain purposes, a cliagram of thc \\ay thc forces 

go at the mon~cnt of impact. Tf you want to -,lt!rly thesc 
forccs, this phntograph, by ah!:>tracting tht.:ir it~zn;C'iiilfc phy:;i­
cal conc;cr¡ucnccs frum the confu-;ion of '' hJt yr,u t.-ua!ly sce 
whcn a milk drop falls, tclls you a grcat <lc:d about thcrn.2 

Le Corbusicr's ~-illc radicusc is a cliagram, ,., hich t.\prc~;;cs 

thc phy'iical conscqucnccs of two very simple basic rcr¡uire­
mcnt'i: that people should be houscd at high o\·cr:•ll clcn.,ity·, 
anJ ,that they should yet al! have cr¡ual a1Hl maximurn .tcccss 
to stlnlight and air.3 

Thc ~pherc is a diagram. ft cxprcsscs, among olhu things, 
the phy~ical implications of the nccd to cnclo~c as l.trgc a 
volume as possihle within as small a surfacc as poc:~ilJie. It also 
e.\prc~scs the implication of thc rcquircmcnt that a numbcr of 
things he cquidistant from a single .point.4 

Thc tcxture of bathcrs on a crowded bathing hcach is a 
diagrarn. Thc eycnncss of the texture tclls you that thcrc are 

Corees lending to place family groups as far as possiblc (and 
hcnce at equal clistances) from one another, in~tcad of allowing 

1 hem to place thcmsclvcs randomly. 
An arrow is a diagram, of coursc, which conn:ys clircction. 

::\Iany flow prohlcms contain rcquirements which can be sum­
mari?.ed by means of arrows. 5 Very occasionally the form 

callcd for turns out to be physically arrow-shapcd itsclf; like 
thc rase whcre the acrodyn.unic nceds of a fa::>t acropl.mc are 
cmhoflied in a swcpt-wing dcsign. 
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Kckulé's rcprcscnl.lli•'ll t'f thc hcnt.cnc molcc11lc (:-~s atoms, 

\\ith linc.1r botHls hd\\t'l'll tlk·m) is :-~g.1in a diagr.un. Givcn 

thc \",llcncy forccs rcptc~Cillcd by the bon.J,, the di:1gram 

c:.prcsscs t he physic.1 1 .11 r.mgcmcnt o( t he .ll ums, rcl.1 ti ve to 

onc anothcr, which is thou:;ht to result from the,inll'raction 

of thcsc Y.lkncics. 6 

Van Docsburg's "de Stijl" llr.nvings, though maJe for othcr 

rc::ts9ns, could be inlcrprctcd as cli::tgrams \\ hich present the 

rcclijfncar conscqucnccs of thc nccd for machinc tools and 

1 apÍcl prdabric,ltcd a~~cmbly.7 

Thc cnginccr's prclimin.uy ~ketch for a brillge structurc is a 

cli:lgram .. \ftcr m,1king the initial c.1lculations, thc cnginccr 

chaws somc pcncil lincs to show himsclf roughly how the 

brid•rc's m.IJ·ur mcmbcrs P1i"ht go undcr thc influcnce of grav-o o 

ity, the giYcn rcquircd ~pan, thc maximum tcnsilc strcngth of 

a\·,¡jJablc stcel, and so on.8 

\Yc notice that thcsc Jiagtams may have either or both 

of two di-,tinct qualities, not always ec¡ually emphasit.ed. On 

thc onc hand thcy may summaril.c aspects of a physical struc­

ture, by prescnting onc of the constituent pattcrns of its 

organization (as the photograph of the milk splash does, or 

the drawings for the ¡·ille radicuse). Although we can often 

infer a great dcal about thc dcmands rcsponsible for the 

p.nticular paltcrn such a C"1i<1gram cxhibits, it remains prin­

dpally a dcscription of formal characteristics. \Ve shall call 

such a diagram a form diagram. On the olher hand, the 

di.1gram may be intcndcd to summarize a set of functional 

propcrties or consttaints, likc thc arrow, or the population 

d<:n~ity map. This kind of diagram is principally a notation 

for thc problcm, rathu than for the form. \\'e shall call such 

a diagram a requircmcnt cliagram. 
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Lct us con!>irkr <::-.trl'mC c:-.ampl<:s of a ru¡uirem{ nt di;,gr:un 

an<l a fonn cliag1:un for a simple olJjcct. The ¡p;,tl'cln:ltical 

statcmcnt F = kí.•2 C\jW~:;o.;cs lhc fact that undtr n:rtain CCindi-

- tions thc cncrgy lo~t by a moving objcct bccau~c of fric:tion 

dcpcnds on thc squarc of its velocity. In !he rks¡gn of a 

racing car, it is ol)\·iou.,ly important to Jt:tlucc thi"S dTect 

as far as possiblc; anrl in this scnse thc maÜ1\..rn.l!icalstatc'l;cnt 

is a requircmcnt diagram. At thc other <:\tr<:mc, a ',\,\ter­

color pcrspcclivc vicw of a racing car is al<;o a rli<:;~r,11n. Tt 
summarizes ccrtain physica l aspccts of lhe car's or;;;~ni1a 1 ion, 

and is thcrcfore a lcgitim,1tc form diagram. Yct clculy ncithcr 

the cc¡uation nor the water color is very uscful as <;uch, in the 

scarch for form. To be uscful, the cquation ncccls lo be in­

terpreted, so that one can undcrstand its physical conse­

qucnccs. Similarly thc drawing nccds to he dr.n\ n in such a 

way that the functional conscquences of thc car's shape are 

clc.1rly comprchen~ible. Lct us put this anothcr way .. \ rcr¡uirc­
ment diagram hccomcs u~cful only if it coni.IÍns phy~ical 

irl1plications, that is, if it has the clcmcnts of a form diagram 

in it. A form diagram be~omes uscéul only if its functional 

conseC"¡uenccs are forcsccable, that is, if it has thc ekmcnts of 

a requircment diagram in it. A diagram which c:-.prcsscs re­

quirements alone or form alone is no hclp in cffccting the 

translation of rcc¡uiremcnts into form, and win not play any 

constructive part in the search for form. \\"e ~h;J.ll call a 

diagram con~tructive if and only if it is both at once-- if and 

only if it is a rcquircmcnt diagram and a form di:l~ram at 

thc samc thnc. Lct us considcr an cxatnple. ~· 

Supposc that two strcets of an existing town ccntcr are to 

be widcncd at and around thcir point of intcr,:.:ction, to 

lcsscn congcstion. Supposc further that the only rc.-¡uiremcnt 
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1:' tlut [,,,l.ty':; !Ltlru: can tlow \\ithout cnngc"tion. Thc rc­
quirl'llll'lll ,\i,lgi.ttn, lhl'rcforc, con:;i:,t:; hasil.11ly of inf•JIIllation 
.dJt1\ll lll'\\ murh II.lliic llcms in \'arious dircLiions at diiTcrcnt 
times t1hl.!y. lt i-; po::,siblc lo p1csent this infoim.ttion in a 
noncon:;lilll tÍ\ e diagi.1lll by simply t_abulating thc llow nu-
111l'ric.llly for cach of the twelve possiblc paths, for JitTcrent 
times of d.ty. lt is .tlso possiblc, howcycr, to prcscnt this 
samc inf01mation in thc conclcnsctl graphic form shown hclow. 

Hcre wc ha\'e a strcet map with arrows of various widths 
on it, rcprt'5Cnting the numbcr of vchiclcs per hour flowing in 
,·ariotis <lircctions at peak hours. In this f01m the diagram 
indicatcs din:ctly what form thc ncw interscction must take. 
Clcarly a thick arrow rcc¡uires a wi<le street, so that thc ovcrall 
p.lltcrn calkJ for emerges dircctly from thc diagram. 9 It is 
both a rcc¡uircmcnt cliagram anda form <liagram. This diagram 
is a const ructiYe one. 

Thc cnnslructiH: diagram is thc bridge bt:tween rcquire­
m<:nts :111ll furm. 13ut its gn.:at hcauty is that it goes Jceper 
~till. Th~: ::-.:me dt•.tlity bctwecn n.:yuir<:mcnt and form which 
tllc con~tructi\'c •liagram is ablc to cxprcss and unify also 
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appcars ata ~ccond le\ el: thc clu.tlity Í'i ihdf rh;•r;,rtr.:ri·,tic of 
our knm\ kdgc of form. 

E\·CI)' f01m can be rlc"crilJ<:tl in lwo \\ays: frt1'll tl11.: point 
of \'Ícw of what it Í<;, anrl from thc poii.ll of ·\'Íci: rJi \', hat it 
docs. What it is is ~omctimcs callee! thc fui nul ;!r_-.cription. 
\Vhat it cloes, whcn it is put in conlact with uthcr tliings, is 
somctimes callee! the functionnl dcscription. 

IIcre are somc formal dcscriptions. A raincoat is thrcc feet 
long, mnclc of polythcnc i mm thick, it~ skc.:n:s r:c!t in such 
anJ such a way, ancl ~o on. A salt CJystal is a culJÍC.!l arrange­
ment of altcrnaling sodium and chloride ions. :\ J:uman body 
contains a hcart, of such and s~tCh a sizc, in thi:; prJ::ition in 
the chcst, a pair of kidncys rathcr lowcr and ftirtllcr back; 
and so on ngain. Thcse clesciiptions spccify sizc, po:.ition, 
pattcrn, material. 

The corre~ponding functional descriptiuns tcll you what 
happcns whcn thcse objccts are put in various contí.xts in thc 
wodd. The raincoat is impcr\'Íous to rain, antl mdts whcn 
heated. The salt crystal is transparent, contlur:ts clcctricity 
slightly, clissolves in water but not in oil, shattt:rs \\ hcn hit 
hard \\Íth a hammer, and so on. The hcart bcats fa!:.ter at 
high allitu<les, the ki1lneys work whcn thc body is fcd. 

T n many of thesc cases we should lind it hard to rclJ.te the 
two clcscriptions to one anothcr, bccause wc do not under­
stand thc objccts thoroughly cnough, and do not know, say, 
how the arrangcmcnt of atoms in a crystal relates to the 
solubility of the crystal in di!Tcrcnt solutcs. liü\\CYcr, for 
sorne vcry simple objccts, thcre is yirtually no riít bctwccn 
formal and functional dcscriptions. Takc a ~o;!p bubble for 
inslance, or a soap lilm on a wirc framc. Thc bch.l\'ior of 
soap films is so thoroughly undcr~tood that wc J...now the 



iul~llÍ•'!l.!l j)l\l[k'l tks uf ,\ll\" rriw·n ¡)ll\·~jc.¡J ;"lll,lll"Cil1Cilt ,llltl 
• Q • •.J ' 

' 'e J...n,,,, '' h.1t ~h.tpcs .tntl sit.cs of buhhlcs ditTctL·nt C\tclnal 

_ nmditi,,ns lc.HI lo. 10 In this case, the fn1mal dcsct iptions and 

t l'L' iu,h·í i.nul dc!:>cl iplions are ju:,t ditTcrent w.tys of S:l) ing 

thc :-.une things; \\C can ~ay, if wc likc, th.tt \\C ha ve a unilied 

dc:3rripti,lll of a soap bubblc. This unifictl clc:3cription is the 

:th:-tr.ll t ··quiv.1knt of a constructive diagram. 

J-t is thc aim of scicncc to givc such a unilicd dcscription 

for-, evcry ohjcct and phcnomcnon wc know. Thc task of 

chcmislty (.md it has bccn rcmarkably succcssfül in this) is 

to rcLtte funclion:tl and f01mal dcscriptions of chcmical com­

potmds to one another, so that 'Y e can go back wards and 

fon. ;mis bl'l wccn the two, without loss in undcrstanding. The 

task t1f physiology has bcen to relate the functional behavior 

of the body to the organs we oyserve in anatomy. Again, it 
has bccn rc.tsnnably succcssful. · 

Thc solution of a dcsign problcm is rcally only anothcr 
ctTort to find a unificd dcscription. The scarch for rcalization 

through constructivc diagtams is an clTort to undcrstand the 

rcquirccl form so fully that thcre is no longcr a rift betwcen its 

function:-~1 spccification and the shape it take~.n 

In. othe:r "·nrcls, a constructivc diagram, if it is a good one, 

actu.t!ly CC1Pí 1 ibutcs to our understantlihg of the functional 
o;pccific,ttion •.·. hich calls it into bcing. 

\\"e h,l\'C already secn, in Chaptcr 2, that the designer never 

re:ally unrkr:otands the contcxt fully. He may know, piece­

meal, wh.tt the context dcmands of the form. But he does 

not se.: the contcxt as a single pattcrn -a unitary ficld of 

fo~c<:s. 1 f he is a good designcr the form he invcnts will pcne­

tr.tte thc problcm so dccply that it not only solvcs it but 
illuí-ninatcs it. 

.\ \\cll-ck~ignccl hrJuse not only fib its C<11ltl:Yl ,•;r lllJut abo 

illuminatcs thc problun of just \\ hat tbe con te ·.t i'i, ancl 

therr:IJy dariftcs the lifc which it aLconJmocl.~tc·<>. Thu<> Le 

Corlnhicr·~ invLntion of ncw hou~e fonn~ in the I'J~O's re.dly 

rc·prcse:ntccl part of t he modcrn ,tltcmpt to unr!Lht.~nrl the 

twcntieth century's ncw way of life.12 

The airfoil wing scclion which allows airpl.uH., t0 fly was 

invcntcd at a time whcn it had just bccn "ptv:c<l" th.Lt no 

machine hc<L\ icr than a ir coulcl fly. Its <tcrorlynan·.ic pr(Jp<:rties 

wcrc not undcr;,toorl until some time aftcr it harl bccn in use. 

fnrlccrl thc invcnlion and use of the airfoil m;~clc a sub::.tantial 

contribution to thc clc:vclopmcnt of acrodynamic thcory, 1 ath~r 

than vice vcrsa.U 
At thc time of its invcntion the gcodesic dome c.:ould not be 

calculatcd o'n thc basis of the structural calcubtions then in 

use. Its invcntion not only solvcd a spccif1c prol¡Je:m, but 

clrcw attcntion to a dilTercnt way of thinh.ing ahout load­

bcai ing structures.14 

In al! thcse cases, thc invcntion is bascd on a hunch "hich 

actually makes it easicr to unclcr~tand the problcm. Like 

such a hunch, a constructi've diagram will oftcn prccdc the 

precise knowlcdge which could pr:cscribe its sh.tpc on rational 

grounds. 
It is thcrcforc quite rcasonable to think of the rc.1lization 

as a way of probing the contcxt's nature, bcyond the program 

but parallcl to it. This is borne out, perhaps, by the rcccnt 

tendency among designcrs to think of thcir (lcsigns as hy­

pothescs.1~ Each constructivc tliagram is a tcntatiYc assump­

tion ahout thc nature of the context. Like a hypothcsis, it 

relates an undcar sct of forccs to onc anothcr conccptually; 

likc a hypothcsis, it is usually improvcd hy cLtrity and 
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iw~.·t ¡,,n.ll pr,lpt.:rt k5 uf .m y gi n·n phy:-:kal arra ngcment, and 
we kn''"' '' h.1t :>h:qws .111,¡ :'ii.L'S of hubhlcs ditrn~·nt externa) 
l'l'ndit ¡, 'il:' kad to. 10 In t his ca~C', 1 he funnal dc:-:uipt ions and 
t hl' fnnct i•lll.ll tlrscriptiuns iHC just dii'i~·rL·nl ways of s:t.ying 
th~· :-::\ll1l' things; wc can ::ay, if \\'C likc, that wc havc a unificd 
,ll'~nipth'n of a soap huhble. This unified tlé~cription is thc 
a h~t r.1ct "lJuh·aknt of a L'onstructh·e diagram. 

It is thc aim of ~ciencc to givc such a uniticd dcscription 
for cwry objcct and phcnomcnon wc know. The task o{ 

chcmi:-try (.md it has bccn rcmarkably succcssfül in this) is 
to rclatL' functional and formal ckscriptions of chcmical com­
poui~,Js to onc anothcr, so that we can go backwards and 
for\\':H,Js hd wccn thc two, without loss in untlcrstanding. Thc 
task nf physiology has bccn to 'relate thc functional bchavior 
of thc body to thc organs WC observe in anatomy. A:~ain, it 
has bt:.:n rca5unahly succcssful. · 

Thc s,1lution of a clc~ign problcm is rcally only another 
ctT•)It to fint! a unilicd clcs~ription. The search for rcalization 
lhrough constructive dingrams is an ciTort to understand the 
re• ¡u.irL·cl form c;o fully that therc is no longcr a rift bctwccn its 
functinnal ~pccification ,and the shape it take!,\.u 

In othcr words, a construt:tivc diagram, if it is a good one, 
attually contributcs to our llllclcrstanding of thc functional 
-:pcdfication which calls it into hcing. 

\\'e ha,·e nlrc:uly sccn, in Chaptcr 2, that thc dcsigner nevcr 
rcally untlcr~tands the conte,-.t fully. He may know, piece­
mcal, wh.1t the contc~:t t)cmancJs of the form. Dut he does 
not st·e the contcxt as a !>ingle pattcrn -a unitary field of 
fc¡rccs. Jf he is a goocl clc:,igncr the form he invcnts will penc­
trat<: the problcm so clc.:cply that it not only solvcs it but 
ilhuninatcs it. 

l-

.\ well-dc~ignccllwusc nol only fits ils cc,¡¡lt.:~.t .·::_ll l¡lll ah) 

illuminates thc prolJil'm of just what thc U11ilt.:\l is, ancl 
thcrcby ch11 ifiCs thc Ji fe whic.:h it accum,noclatc:c;. Thuo; T.c 
Corhu:.icr's invcntion of IH!W housc forms in thc I!1::W's n:ally 
rc:prcscntecl part of t he moclcrn atlcmpt lo untlc.:r~tantl thc 
twcnticth ccntury's ncw way of life.12 

Thc airfoil wing scction which allows airplun.s~,.J,9. íly was 
invcnlcll at a time when it hacl just becn 11 ))1'0\·cc~' that no 
machinc hc,tvicr lhan air coult!l1y. Its acrorlynamic prr¡pc:rtics 
wcrc not unrlcrslood unlil somc Lime aftcr it harl Lc:ul in use. 
fndccrl thc invcntion all(\usc of thc airfoil maclc a :-:~1\/-lantial 
contribution to thc Llcvclopmen t of aero<lynamic tbcrJry, 1 a thcr 

than vice vcrsa.13 

At thc time of its invcntion the gcoclc~ic tlomc cou\1l1wt be 
calcu!ated on the basis of thc slructural cak111:ltior.s thcn in 
use. lts invcntion not only solvcd a spccific problcm, but 
clrcw attcntion to a tliiTcrcnt way of thinl-.ing ahout load­

bcaring structurcs.14 

rn all thcsc cases, the invcntion is hascd oi1 a hunch which 
actually makes it easier to untlcrstand the probkm. Likc 
su eh a hunch, a constr'acti ve diagram will oftl'n prcccrlc the 
precise knowlcdge which coulrl prescribe its shapc on rational 

grounds. 
Tt is thcreforc quite rcasonable to think of the rcalh:ation 

as a way of probing tll'e contcxt's nature, bcyond thc progmm 
but parallcl to it. This is bome out, pcrhaps, by thc recent 
tcndcncy arnong designers to think of thcir dcsigns as hy­
pothcses.1" Each construdivc diagram is a tentati,·e a::.sump­
tion about the naturc oí the contcxt. Like a hypothcsis, it 
relates an undcar set of forccs to one anuthcr·con.:cptually; 
like a hypothcsis, it is usually improvcd by cl.trity and 
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Cú1lh)ll1Y ,1( nul.t t Íllll. 16 T.ikc .1 hypot hc~is, it c.uttwt be ob­

L\Íncd by dcdudi,·c nwthods, but only Ly .th~traction and 

inYcnti,ln. T.ikc ah~ pot hc:>i~, it is rcjecll'tl '' hcn a di:scrcpancy 

tlltns up .ulll :'how::> lh.tt it fails to account for :'ome Jll!W force 
in lhc Cl.lntcü. 

Thc cnn~t rt!d iYc diagram can describe the contcxt, and 

it can dc:;n ibc t he fonn. It oiTcrs us a "ay of probing the 

contc:-..t, .md a \Ya y of scarching for fonn. Bcc.ntse it manages 

to do büth :c:imultancously, it ofTcrs us a bridge bctween 

rcquircnwnts :tnll form, and thcrcforc is a most important 
tool in thc pwccss of dcsign. 

In all tk"-ign tasks the dcsigncr has to translate sets of 

rcquirnncnt::> into diagrams which capture thcir physical im- \ 

plications. ~n a literal sensc thcsc cliagrams are no more 

than :::t.1gcs on thc way to the spccilication of a form, like 

the cir.:ttl.ttion diagram of a building, or the expected popula-

tion dcnsity map for somc rcgion under tle\"clopment. They 

spccify only gross pattern aspccts of the form. llut the path 

from thc:>c di:1.grams to the final dcsign is a matter of local 

dctail. The form's basic organization is born prccisely in the 

cunstructh·e diagrams which precede its design. 

\\"h.1t we must now see is that the constructivc diaaram 
b 

is not only U:'dul in prohing the more obviouc;, known aspccts 

of a probkm likc circulation, but that it can also be used to 

cn:atc thc lll'wly di!:conred implications of a new problcm. 

\\"e han· :"ecn that the c:rlcusion of any problem may be cap­

tured by a !"rt of rcquiremcnts; and ~hat by the same token 

any n<:\\" !"ct of rcquircments may be rcgardcd as the dcfinition 

of a 11("\\" probkm. GcJing onc stcp furthc~, thc .inlcnsioJJ {or 

phy,ical mcaning) of a known prohlcm may be captured by a 
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.li.t:;ram: and hy thc same toLcn the intcrF:rJ:: d ~ny ncw, 

hithuto untonncctcd, sd of rcquircmcnts trL::: Le Gtpturcd 

by a m·w diagramY 

Thc probkm is ddined by a ~ct of rcquiJuJ:<..';ts callee\ M. 
The solution to this problcm will be a forrn ·.·.!:!eh :-:.uccc~s­

fully salbf1cs all of thcse requin.:rncnts. Thi~ frJi;n CC>llld be 

dcvclopcd, in all its important details, as a si"6lc crJn::tructive 

diagram {or thc sct Jf, if it were not for the UJr,:p~': · ity of .lf's 

interna! intcractions (rcprcsentcd by L), ''hich r·.~,l.cs it im­

possiblc lo fmd such a diagram dircctly. C;>.'l \'.e Jincl it 

indircctly? ,\re thcrc some ~implcr diagrarns ·.•::1ich thc dc­

signcr can construct, and which will contrihdc "''-:bt.mtially 

to his ahility to find a diagram for Jf? Thuc are; ancl the 

program tclls us how to Jind them. 

The progr.lm is a hierarchy of thc most si:;niiicant :-:ubsets 

oi U. Each subset is a subproblem with its o·.•. n intcgrity. 

In the program the smallcst sets fall togctl1e:r in brgcr sets; 

aml thcsc in turn again in largt:r sets. Each 5ub~ct can be 

translatcd into a constructive diagram .. \nrl c,:ch of thcse 

suhsets of JI, becattse it contains fcwer rcquiícmcnts than .lf 

it?clf, and lcss interaction betwcen thcm, is simp!t:r to cliagram 

than Jf. lt is thcreforc natural to begin by con,truding dia­

grams for the smallest sets prescribed by thc program. If 
wc build up compound diagrams from thesc ::;jmpk5t diagrams 

acconling to thc program's structure, and build up further 

compound diagrams from these in turn, we gd a trce of 

diagrams. This trec of diagrams contains ju5t one diagram 

for each set of rcquiremcnts in the program·5 trce. \\'e call 

it thc realization of thc program. 

It is easy to bring out thc contrast bctween t he analytical 

nature of thc program and the synthctic nature of its realiza-
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Progr.1m, cuns.i5ting of scts Rc::~Ji¿ation, consi~ting of lli::~grams 

tion .. \s \\e scc on thc lcft, !he tree of sets is obtained by 
:óucccssh·e diYision antl ¡)artition. The trce of di.l"rams on 

b ' 

thc right, is malle by successiYe composition and fusion. At 
its apcx is thc L1st lli:lgram, which captures the full implica­

tiüns of t he '' hole problem, and is thercforc the complete 
diagram for the form rcquired. Examplcs of thcsc two trees 
are giwn in .-\ppcndix l. 
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8 j DEFINITIONS 

\Ve have secn roughly now how we shall try to n:pn:~cnt a 

design problcm by mc.ms of a graph, G(U,J.); that \\C ~hall 

thcn dccompo~e the :;et JI to giYe usa progr,lm; .lllcl how this. 

program will be uscd as a basis for the con::.truclion of· dia­

glams from which wc can deYelop a form. "~e now come to 

the precise dctails uf the analysis that dcfmes thc program, 
We hcgin, in this chaptcr, by establishing lhc cxact charactcr 

of thc scts JI and L which tog-cthcr proviuc us '' ith the 

graph G(M,l.) . 
The problem prescnts itseli, originally, whcn thc ensemble 

is givcn, and whcn the proposed boundary bcl\\ ccn context 

and form, within that ensemble, is chosen .. \t this -;tage the 

problem is only dclincd within rathcr broad limit<>. Typical 

e\:amples are thcse. \Ve are to design a highway ~y:,tcm for 

New York City; a kcttlc for use in the technical and cultural 

cnvironmcnt providcd by mctropolitan U.S.A. of HJG.3; a new 

town, for :30,000 pcople, forty miles from L~nrlon. The con­

text, in these cases, is fixed, and will remain co1~stant for the 

Juration of the problcm; it may thcrcfore be l.tc~cribed in as 

much dctail as possible. On thc other hand, the nature of the 

rcrtuired form is unccrtain. It may be givcn a name, pcrJ1aps, 

like "kcttle" or "town," to make the problcm ~pccific; but 

one of the dcsigncr's f1rst tasks will be to strip thc problem of 

the prcconccptions which such names introduce. 
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X,,w, .1::; \\l' know .dtcady, the sl'l .lf ~onsi:-;ts of all tho~e 
' ' jl ,l' t.; .. 1. f . • 1 • 1 . 1 1 •·" '"' :-..""'" ,, llll:-ltl "nc 1 m!g 1t occur hl'lwccn thc f01m 

·'"'1 tlw L'•_•nll'\t; in tl:c ca:-'c oi the l,dtlc tnL!n)politan U.S .\. 

cll~l'lllbk. lhi$ scl indude$ spcdlic economic limil.ttions tech-. ' 
ili(.ll requitemcnts of protluction, functiun.1l pet furmance 

st.,.Jdar<ls, m.llll't$ of safcty atHl appcar.1n~c, and so on.l To 
bl' c:-..1ct, c.1ch elcmcnt of Jf is a v.niablc \\ hich can be in one 

oi two siatcs: lit and mistit. 2 It is impurt.1nt tu remember that 

thc st.1te uf thi-, hlrÍ.1blc llcpends on the cntire ensemble. 'Ve 

C.lllnot decide \\ hether a misítt has occurretl either by looking 

at the form alonc, or by looking at the context alone. ~Iislit 
is a condition of the cmcmble as a \\ hole, which comes from 

thc uns.tlisf.H:tory intcr.tction of the form and context. 

T.1kc capital cost. Thc vatiablc's two statcs are "too cx­

pensi ,·:," which reprcscnts mislit, and "OK," which rcpre­

'-~nts ht. If a kcttlc is too cxpensive, this <lcsCiibes a property 
ul thc kdtlc plus its contcxt- that is, of thc ensemble. Out 
,-,f CIJntext, the kettlc's price eithcr cxcceds or does not exceed 

'.triuus fi:-;urcs we can name: nothing more. Only its rclation 

lo t he rc5t of the ensemble makes it "too expensivc" or "all 

ri~ht." [n othcr worcl-,, it depends on how much we can alTord. 

:\~ain, takc the kettlc's capacity. If wc look at the kcttlc by 

tl:oclf, all wc can 5ay is that it holds such and such a quantity 

uf water. \\re cannot say whcther this is cnough, until we see 

\', l1.: t the contc:-.t Jemands. Again, the fact that thc kcttle 

drJl~'- nut hold enuugh water, or that it docs, is a property of 

the fr,JtH plu:; c•;ntc:\l taken as a whole. This fact, that the 

Yari,¡!,k •k..,tril;es thc ensemble as a whole, and never the 

fr,~m _al"nc, lcads lo thc following important principie. In 

¡:.n.nuplc, tu decirle \\ hcthcr or not a form mcets a given re­

CJUirunuJt, \\'C mu~t construct it, put it in contact with the 

1 

contcxt in qm·-,tion, .~!:rl lc:,l thc ensemble ~o ÍOIJ,;ul tr> :-ce 

whcther mi~lit ucu.r~ in it or not. You can only tdl \', ht:thcr 

,t kcltle is comfurtc:l)r; uwugh to hold by pickin.!j it up. rn 
principie, ~·ou can r1nly dccitlc whether a road is \',Írlc u:ough 

to drive U0\\'11 by UJ:1~truding it, anll trying lo rlrÍ\'C a car 

down it undcr thc u,r,r!itions it is supposed to mcct. 

Of course wc rlo nr;t stick to this principie in prac:ticc; it 

would be impossibly inconvcnient if we had to. If we know 

the maximum \\ irlth oí cars to be used on thc hi;;h\\·ay, and 

also know that fr;; r:r,,,1fortablc driving and adcquatc room 

for braking ata c<:rt<.;n spccd you nced an extra 2'G" on cithcr 

side, we can tell in arh·ancc whethcr or not a ginn ro,ulw,ty 

is going to cause th!~ kind of misftt or not. \Ve can rlo so be­

cause the measurahle charactcr of the property "\\idth" 

allows us to estal;lish a connection bctween the wicJth of thc 

roadway and the lihlihood of malfunction in thc cns..:mble. 

\Vhat we do in such a case, to simplify the design task, is to 
cstablish a performance ~landard- in this case 5pccifying 

that all roadways must have a mínimum lanc width of ll'O" 

perhaps, because ~arge cars are 6' wide. \Ve can thcn say, 

with a reasonable amount of confidence, that c\'ery road 

which mects this stanclard will not cause this misfit in the 

ensemble. 

\Ve can ~el up ~uch a performance standard for C\'l:ry mis­

ftt variable that t\hibits continuous variation ·a long a wcll~ 

defined scale. Othf:r typical examples are acoustic separation 

of rooms (noise ruluction can be expressed in dccibels), 

illumination for comfurtable rcading (expressed in lumens 

pcr sq. ft.), load-be:aring capacity rcquircd to prewnt dangcr ,. 

of structural failurc (safcty factor times maximum expected 

load), reasonable: maintcn.tnce costs (cxpressed in uollars pcr 
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)'L'.tr). Onc~ ,\ ~c.dc lil,c this has lx'L'Il fnun'l fnr a rcquitcmcnt, 
it is then .llll1Ll:,l .tb a):; possiblc to linda conncctiun bctwccn 

t his se. de .md ~o me int 1 in sic prt>pct ty of t he fnnn; 3 thuc;, 

giYcn a hou:::c tlc~ign on the llra\\ing boanl, it is poc;sible to 

c.tkubte probable maititenance costs, the noise re<luction 

bl'lwccn rol)ms, and :so on; it is then, of course, no longer 

tll:cc~sary tn 1itHI out by tria! and error \\hcther the form fails 

to ftt its cuntc:-..t in thc5e respccts. A performance standard 
Llctcrmincd by the contcxt can be tlccide'l for each of them 
in ach·ann.', ancl used as a critcrion of lit. For this reason 
thcre is a grO\\ ing tcntlcncy to look for suitable scalcs, and to 

se:t up performance stanrlarcls, for as many requirements as 
pos~iblc.' -

IIoweYer, the cxistencc of a performance standard, and 
the association of a numerical scale with a mislit valiable, docs 
not mean that the misítt is any more keenly fclt in thG en­

semble when it occurs. Thcrc are of coursc many, many misfits 

for which we do not have such a scalc. Some typical exam­
plcs are "borellom in an exhibition," "comfort for a kettle 

handlc," "sectu ity for a .fastener ora lock," "~nunan warmth 
in a li\"ing room," "lack of varicty in a park." No one has yet 

inn:ntcd a scale for unhappiness or discomfort or uneasiness, 
and it is thercfure not possible to sct up performance stand­

aros for them .. Yct thcse misfits are among the most critical 
which occur in 1lcsign problcms. 

Thc importance of these nom¡uantifiable variables is some­
tiriu.:s lost in t he eiTort to be "scicntific." A variable which 

c>.hibits continuous variation is casicr to manipulate mathe­
m.ttic.tlly, and thercfore secms more suitable for a scicntific 

trcatmcnt. But although it is cg_¡:tainly true that the use of 
performance stamlards makcs it lcc;s nccesc;ary for a designer 
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to rcly on personal c:o.pc..ricnce, it .tl~o happcns that thc kiml 
of mathcmatical oplimit.ation which quanlilialJle variaiJics 

makc po~siblc is largcly irrclcvant to the 1lc~ign problctn. 
,\ Jc~ign problcm is nut an optimit.ation prublem."• J n 

uthcr wonls, it is not a problcm of meeting any cJne require­
mcnt or any function of a number of rcc¡uiremcnts in the bcst 

possible way (though wc may somdimcs spcak loo~cly as 

though it wcre, and may actually try to optimL~e onc or two 
thinus Jikc cost or con~truction time). For most ru¡uir<.:mcnls 

o 
it is impmtant only to satbfy thcm ata level ''hich ~urírccs 
to prcvcnt mislit bc:lw<.:cn thc fonn and the conte:o.t, atHl to 
Jo this in the least arbitrary manner possible. 6 This is a 

strictly binary situation. The task is to bring each binary 
variable to the valuc O (for continuous variables thc value O 
col rcspohds to the wholc range of values on the "good" ~iclc 
of the required performance stanJard). It is thLrdorc only 

important that each variable be specific cnough and clcarly 

cnough dclincd, so that any actual dcsign can he clas~ificd 
unambiguously a~ a fit or misfit. 

For quantifiablc variables this is casy. An obvious cxamplc, 
in the case of the kcttle, is the need for adequate c,1pacity. 

Sincc the capacity of a kcttle can be dcscribed qu.:ntitath el y, 

we can thercfore very easily sct up a standard capacity whi~h 
we require of satisfactory kcttlcs, and call sr~allcr capacity a 

misfit for kettles. Then we say that this yariablc takes the 

valuc O for kettles "ith a capacity grcater than or ce¡ u al to 

the critica! capacity, and thc val u e 1 for kettles with smaller 

capacity. Thc natural scale of capacity measurcment pro-_. 

vides an ohjcctive basis for dividing kcttlcs into those which 

fit thc contcxt in this respect, and thosc which don't. 
. For nolH¡uantifiable variables, it is not quite so casy. Take 
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y~..·.tr). OtKl! .1 "-r.tk lil,l! this has bc~..·n foun•l fnr a rcquitcmcnt, 

it i:; thcn .tlnw··l .th\ ·'):; p.>ssibk to fintl a conncclit•n betwccn 
th;:; sc.tk and somc intrinsic propcrty o( thc (,ltll\; 3 thus, 

gi,·~..·n .1 hllli~c tb-ign on lhc drawing boanl, i.t is pos~ible to 

c.tkulatl! pwh.1blc m,tintcnance costs, the noise rc<ludion 

bl'l wccn ro11111 s, a 11ll so on; it is thcn, of coursc, no longer 

nccc:::;~uy to (¡n,l out by trial and ctror whcthcr thc fo¡¡n fails 

to Jit its conte\t in thcse rcspccts. A pcrfonnance standard 

dctcllnincd by the contcxt can ·be dccidcd for cach of them 

in ath·ance, anJ uscd as a critcrion of lit. For this rcason 

there is a gro\\ ing tcntlcncy to look for suitable scalcs, and to 

sct up performance standards, for as many rcquircmcnts as 

pos~ible.• 

IIowc,·cr, thc existcncc of a performance staml:nd, and 

the as~ociation of a numerical scale with a misfit v.uiable, docs 

not mean that thc mislit is any more kecnly fclt in thc cn­

s~.:mblc '' hcn it occurs. There are of course many, many misftts 
for which we do not have such a scale. Some typical exam­

pks are "borc• Iom in an cxhibilion," 11 comfort for a kcttle 

handle," 11 scctuity for a fastener ora lock," 11 l_luman warmth 
in a li,·ing room," "lack of variety in a park." No one has yet 

inn:nted a scalc for unh:1ppincss or discomfort or uncasincss, 

and it is thcrcfurc not possihle to sct up performance stand­

anh for thcm. Yct these misfits are among thc most critica\ 

which occur in clcsign problems. 

Thc importan1.e uf thesc nonquantiíi"i'ifllc variables is some­

ti mes lo~t in t he cliurt to be "scicntific." A variable which 

cxhibits cuntinuuus variation is casicr to manipulate mathe­

_m.t~ically, aml thcrcfore sccms more suitable for a scicntific 

trcatm<:nt. But although it is ccrt:_tinly true that the use of 

performance ~tanJanls makes it lcss ncccssary for a designcr 
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to 1cly on pcrsonal~.::-.pcricncc, il .tl~o h.tppcns thal Lhc kitHl 

of mathcmalical optimi;.,ttion which quantilialJlC \'.triaiJlcS 

make po~siblc is largdy irrclc\·ant to Lhc <lc~ign probletn. 
A llcsign problem is not an uptimi;.ation ptuiJkrn!• fn 

othcr wonls, it is nota problcm of meeting :my cJnC tr.r¡uirc­
mcnt or any funclion of a number o( rcc¡uircmcnts in the bc.1t 
possible way (though wc may somdimcs spcak l(J():icly as 

though it werc, and may aclually try to optimizc onc or two 

things like cost or con~lruction time). For most rc:c¡uitcmculs 

it is important only to salisfy thcm at a lcvel \\ hil.l1 ~uffu:cs 
to prcvent misfit bclwccn thc form and the contl':-.t, ancl to 

do this in thc lcast arbitrary manner possible. 6 This is a 

str-ictly binary situation. The task is to bring cach _binary 

variable to thc value O (for continuous variables thc value O 
r l ti " l " . l co1 responds to the wholc range o va u es on 1e grJO< ~H e 

of the rcquircd. pctformancc st.mdard). It is thudore only 

important that cach variable be spccific cnough an•l ch:arly 
enough dcfined, so that any actual dcsign can be cla%ifl~.:d 
unambiguously a~ a fit or misfit. 

For quantiliable variables this is easy. An obvious cxample, 

in Lhe case oí thc kcttlc, is the nccd for adcquatc capacity. 

Sincc the capacity of a kcttle can be tlcscribed quantitativc)y, 

we can thercfore vcry easily selup a standard capacity which 

wc requirc of satisfactory kettlcs, and call smallcr capacity a 

misfit for kettles. Then we sa.y that this ,;ariablc takes the 

value O for kettles with a capacity grcatcr than or equal to 

the critical capacity, ami the value 1 for kcttles with smaller 

capacity. The natural scalc of capacity mcasurcmcnt pro-.· 

vides an objcctive basis for dividing kettlcs into thosc which 

ftt thc contcxt in this rcspcct, and those which don't. 
For nom¡uantiftablc variables, it is not quite so casy. Take 
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thc ptt1pcrty "com fot t.t bk to h<)hl" for izctt les. Thcre ls nó 

,,hjccti\ l'ly llH'.tsur.tblc prnpct ty th.tt is known to C<lltclate 

wcllL'lh'tt:;h '' ith comf,H·t l<) !-L'I \C .to; a scalc of "comfort,tble­

ncss ... Hl)\\l'\·cr; :;udt ,t mislil ,-.u i.tblc can still be wcllL'IHHigh 

<klinctl. \\"e c.\11 sct up communicable limits which a 

group t)f c:-..pcrts c.m tllllkr:,latHl wcll cnough to agrce about 

c\,¡:;::;iiying ,k::;igns. \\"e c.tn ccrtainly explain what \\"e mean 

by comfot t clcarly cnough, in commonscnse language, for a 

group of p•'•)plc to lc.trn to agrcc aboul '' hich kcttlcs are com­
fot t.thlc to hol•l, .md "hi\2h ate not. This makes comf01 table­

m:ss an .~ceo.::pt.tblc Y.triablc, for the purpose of the present 
an<1lysis. 

Jrc sfi,J!ltrcat a prvpcrly of !he c11scmble (qualllijiable vr not), 
as c111 tltú'Piablc misjil •·ariable, pro<·idcd í~'C caa associale -witlt 
it a;¡ llll<IJJ/biguous ~.-ay of di'i•idi11g al! possible Jorms i11to l<t•o 
cf,;sscs: !l!ose for 7,•/Jich <.•e dgrce tlwl ll1cy jit or mcet t!Je re­
t¡uircmwl, <.:hfcl; •··e dcsu·ibe by sayiug tlwt the 'i!ariable takes 
!he -.:af;¡c O, aud !/;ose for ¡.-/¡jc/¡ <c'C dó 110t agrce, <c·!Jich thcrcfore 
f•Ji{ lo Il'cc!tl;c rcquircmcut, andfor 'iv.¡ziclt the 'i'Griablc is assig11ed 
lile ~·alue 1. 

This hrings us to thrce qucstions, which may secm hatd to 

answcr. 

l. Huw can we gct an cxliaustive set of variables 1'! fur a 
gi,·cn problcm; in other wurds, ho\v can we be sure 
\\e ha ,·en 't ldt out so me important issue? 

2. IIuw do wc know that all the variables we indude in 
thc list .lf are rclc.:vant to the probÍcm? 

a, t:IJr any :opu~:ifiG Yariahle, hoW do \\e tlccide at what 
point mislit occurs; ur ií it is a contihúoús variabÍé, 
how do wc know what valuc to sct as a i)crformance 

ióo 

t .. 
t 
1 

standard? In utlwr \\"otol-;, how <lo we rt:CIJ~lltzc the 
conclition s•J f.tr ch::,uil.H;d .1s mblit? 

Thc:--e qucstiuns h.t\c alrc;uly hccn an~wcrccl, :--ulhtanti.tlly, 

in Ch.tptcr 2. I.d us rcmincl out:;dvcs of the fundamt ntal 

pt inóp\e .. t 11)' sial e oj ajfairs i11 thc cus.:mble <c•lzfcli de1 i'i:cs from 

tllc iulcrat!ion bct<."t"Cil form aud cuulcxt, a11d causes ~lrcss iu 
t/;c eusemblc, is a misfit. 

This conccpt of stress or mi~lit is a primitivc one. Wc shall 

procced without tlcfining it. \Ve may lind precctlc:nts for thls 

in the practicc of common law, psychiatry, medicine, tnglnccr­

ing, anthropology, whcre it also serves as a primitiYr: uncldinccl 

concept. 7 In all thcse cases, stress is said to occi.tr \\ hcrc\·cr it 

can be shown, in a common-scnse way, that so111e state of 

affairs is somchow detrimcntal to the unity and '.\"Cll-bcing uf 

the whole ensemble. Ín dc~ign too, lhough it n1ay ~een'l hard to 

define the concept of stress in theory, it is casy in prallic~. 
In architecture, for cxample, whcn the context is clc:fthcrl by a 

el len t, this client will tell yo u in no uncertaln tctms \\ h:ll he 

won't put up with. Again, it is obvious that a kettle which is 

uhcomfortable lo hold causes stress, ~ince the contcxt de­

mands that 1t should be comfortable to hold. 'fhe fact that 

thc kcttie is for use by human h~~nds rhakes this no more than 

cothmon sense .. \t the opposite extreme, if somcbody si.tggcsts 

that the ensemble is stressed if the kettle will ñot rcflcct 

ultraviolct radiation, common sense teÜs u's to rcjcct this­

unlcss sume spccial reason cah be given, which shows \\"hat 

damage thc absorption uf ultraviolct does to the ensemble. 

This principie that stress or niisfit is a priinitive conccpt · 

has t.hc futh.diig coiisétiüriiccs. í:itst bf all, it is dcurly hot 

pos~iblc to list alÍ the types of stress \\"hlch might occur iii ari 
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c-~~,-,,b~~ c:-;h.ni::tin·ly, :md tlwrdorc impn::-:::ih],~ to holpc that 

.V .:,•:; !,1 1'1 ,l\ !d~ .111 n h.t u::-! i' ~ ck:::u iption 0f .1 pll)bl.:m. :\ 

~~!·-' '!L.~t·::: tlwu:;ht w!ll (llll\'Íncc us that wc ar..: nc \'Lf t..tp.lblc 

,,f ::.uting .1 ,Jt-::.i:;n pl,,hkm t:\.ccpt in te1ms of th~ L.-rors \\C 

~:.:,·e ob:::crw·d in p.1:::t ::L'lutions to p.bt probh:m:::. EY~n if wc 

try to ~~~sign ~omdhing for an cntirdy ncw pUip•)S~ that has 

;:c,·cr hc~n cL':lcciw,l bcf01c, thc best wc can do in stating 

tl:c ,probkm i::: to :mticip.ltc how it might po::sibly go wrong 

by scanning mcnt.llly al! thc w.1ys in '' hich otht:r things ha. ve 
go::~ \Hong in thc p.1st. 

Thc bcst wc c.m do th~rdorc is to includc in Jf all those 

ki::(\5 of st1css which wc c.1n imagine. Thc set Jf can ne\'cr be 

p~•Jpc-rly c;-¡\lc,l complete. The process of design, C:\'Cll whcn it 

lv.s bccome selfcon~cious, rcmains a proccss of error-reJ.uction, 

2-r:d th~ sct Jf rcm.1ins a temporary catalogue of thosc errors 
·,, ~1i :h se~.: m to nccd correction. 

The fact th:1t the llcsign process must be Yiewed as an 
trror-correcting procc:::s lús a further conscquencc. Thc crrors 
that scem most critic.1l to one pcrson will not be the same as 
those which sccm most critica! to another. Any list of crrors 

or mi::-fits, which are to be removed, therefore neccssarily has 
something of a p.:r~u¡;,!l J1avor. 

For a pwblem lih :m urb<1n dwelling, if we ask diffcrent 

dr.::;igners to ::late the problcm, we may find it hard eyen to get 

a6rc.r.:mcnt .tbout '' h.tt thc rcle,·at~t issucs are. Probably each 

rk~ióner has his pri,·.tte set of hunches about "where the issue 

rr;~lly lics." The c!.::;igncr is free to look at a problem in any 

·,•;ay he chooses; ;!ll we ~an hope to do is to put a fruitful 

~trur.ture un his Yicw of it. It is for this rcasun that Jf cannot 

Le)hought of a~ objcctiYcly complete, and has bccn pre­

,,_nll:rl, instt:ad, in Chaptt:r G, as a picturc of a dr.:signcr's view 

rA a problcm. 

I02 

' ¡ 
·' 

!Iowc,·er, it shnul1ll)c pointc1l our that in ~pite o[ t!Ic na­

lur,1l bias which any une de-,igncr's ~Lttemr.:nl of a ¡Jwbkm ¡., 
sure to carry, at thc samc time thc u~e of thc ~et .\1 as a 

mc.ms of rcpicsent.ttion docs h.lVe in it une grcat daim to nen­

trality. What ~~csigncrs di'iagrce abuut is the rd.1tivc irnpor­

tance of fliffcrcut rc(¡uircmcnts. In thc prcscnt th<:ory this 

would have to be üprcssccl, if it wcre e\.prec;scd at all, by as­

signing somc sorts of weights or valucs to diffcr..:nt variables. 

However, fcw dcsigners \\'ill actually disagree about the vari· 

ables thcmsclvcs. \Vhile the relative importance of difftrcnt 

requircments usually is a matter of personal opinion, the 

decision that a requiremcnt eithcr is a requiremt.nt or bn't, 

is lcss personal. The stress a misfit causes, whcthcr :;\ight or 

not, has simple tangible consequences which can be objec· 

tivcly dctcrmincd. By lcaving the dcsigner to work out thc 

rclative importancc of diffcrent requirements at his U\\ n dis­

cretion during thc diagram phase of the dcsign pro..:csc;,· it is 
thcrcfore possiblc for dc5igners to agrcc about thc contcnts 

of the set Af, whcthcr or not thcy agrce about th<.:ir rcl.lli-vc 

importance, becausc mere inclusion of a rcquircmcnt in Jlf, 

as such, attachcs no wcight to it. 

Before we say any more about thc precise logical propcrtics 

the misfit variables must havc, we shall now define the inter­

action between variables. In arder to do this, we must intro­

duce a new concept: the domain of forms for which thcse 

variables are defined. Let us call it D. This domain D may be 

thought of roughly as thc sct of all thosc discriminable forms 

{good and bad) which might possibly be placed in contact with · 

the given cont<>xt to complete the ensemble. The contcnts of 

this domain cannot be spccified precisely (if they could, the 

design problem would becomc a sclection problcm); thc do-

IOJ 
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m.1in is inugin.try, but sc1 'es to .mdwr thc i1\ra of intcr­
Y.\ti.lbk Cl''llh'diun~. \\"e :::-h•lllltl think uf it a5 thc totality of 

1'•1~~iblc f(l¡ ms "it hin l he co:.;nil ¡,-e rc:1ch of l he dc:--i:;ncr. Tn 

Ui
1<n W•J~t~s, it is ,\ :--lwrth:llld \\,ty of t.tlking .tbuut .ti\ those 

di~crimin.1blc fo11ns \\ hich a dc~i~!ncr can i111a·rinc ,md dc:::-i•rn.s 
~ v O 

Xow, wc J...nuw by postul.ttc, th.tt wc c.1n in p1inciple 
clcc!dc, for c.1ch une of thc forms in D, \\ hich ru¡uircmcnts it 

mccts, and which it fails to mcct. This mc:ms ~hat cach misfit 
Y<"lriablc .r, cut:;; lhc Jomain D in two: into a sct of thosc forms 

which fit, and a sct of thosc which don't. Schcnutic.llly we 
show this: 

From l\';o variables wc g<:t four scts, in which the forms take 
v.1lucs ac; shO\'.n bclow. 
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lf wc su¡wrimpo::,c all m variables, wc gct a di, i<r¡n nf the 

domain D into 2'" mutually cxclu-sin~ cl.ts~cs, cach bbclul by 

a ditTcrcnt paltcrn of valucs for :r1 : • • X,n. Wc ~hall c:dl thc 

ptopmtiun of forms in f) wltich do nut satisfy ru¡uitliJJUJt .r, 

thc probability of thc misfit x, occu1 ring. \Ve \\ ritc this 

p(x,:: 1). (~.1turally O :<: p(x,""" 1) :<: 1.) In thc !::ame w.ty 

wc llcfinc thc prob.tbility of avoiding thc misfit x, as p(x, ~O); 
and thc probauility of avoiding both x, and x1 simultancrJusly 

as p(x, = O, x1 = 0), and so forth. 
Ir thc va1 ialJics x1 • • • Xm are all pairwisc inrl<:pcnrl<:nt 

then it is an axiom of probability thcory that \\C mar write 
p(x, = O, x1 "" O) = p(x; = O) · p(x1 = O) for all i and j . . \nd 
similarly if thc variables are also thrce-way, four-\·.ay and 
n-way indcpcndcnt, thcn thcsc indcpendence rclations hold 
for thc conditional ¡)robabilitics, and we wtite, fur c:-.;:mplc, 

p(x; = 0, X1 = 0 1 X~o; = 1) = p(x, = Ü 1 X¡; = l) • p(x1 = 0 l Xk = 1) 
con di tional on xk = 1 ami so on. 9 

\Vhcrcvcr thc variables are not inJcpcndent, thc abo\·c rcla­

tions break down. _Esscn tially, thcn, we spcak of a depcnrlcnce 

among two variables whcrever p(x; =O, Xj =O) is markc•lly 

uncqual to p(x, = O) · p(:xi = 0), and similarly for more than 
two variables. Formally, we describe thcse depcnrknces by 

mcans of the corrclation coeflicients.10 The simplcst corrc­

lation cocOicicnt i~ that for two variables: 11 

p(x,=O,x,=O) · p(x,=1,x¡=l)-p(x,=O,x¡=l)· p(x,=l,x1=0) 
''i = [p(x,=O)p(x

1
=0)p(x,=1)p(x1=1)]l. ~-

For any pair of variables x, ami x¡, thcn, we may distinguish 

the following thrcc possibilities. 

1. lf c;1 is markcJly lcss than O, x; and x1 conl1ict; like 
"The kcttlc's bcing too small" and "Thc kcttlc's oc-

xos 



cupying too much ~pace." \Vhcn wc look for a form 
which ;n-oills X¡ wc wcakcn our chanccs of :tYoiding 
thc olher, .r2• 

2. Tf e,J is m.ukcdly grc.1tcr lhan O, x, ,md :t'J concur; like 
"the kcttlc's not bcing .1ble to \\ithstand thc tcm­
pcraturc oí boiling water" and "thc kcttlc's bcing 
liablc to cotrodc in stcamy kitchcns." Whcn we look 
for nMtcrials "hich a void onc of thesc diflicultics we 

> 1 

iJ->1pww our chanccs of aYoiding the othcr. 
3. · If e,J is not far from O, x; and :rJ exhibit no noticeable 

interaction of cithcr type. 

In the first c.1sc we should write a ncgative link between 
thc variables, in thc sccond case we should \Hite a positive 
link bctween them, and in the third ca<>e wc should \Hite no 
link at aH bclwccn them. Roughly spcaking, lwo requircments 
interact (and are thcrcfore linked), if what you do about one 
of them in a dcsi:;n necessarily makes it more dinicult or 
casicr todo anything about the other.12 

This at once suggests a simple way of estimating links, 
bascd on direct inspection of the known e:o..isting forms. Sup­
pose \\'C pick a sample of all the reccntly produced kcttles wc 
can find and examine it from the point of view of mislits X¡ 

and Xj. Since we have dcfined cach misfit v,triable in such a 
way that wc can always decide which value it takes (O or 1) 
in a givcn dcsign, the proportions of kcttles in our sample 
whcre :t¡ only has occurred (x; = 1, x¡ = O), where x¡ only 

has occurrcd (x; = O, xi = 1), whcre both have occurred 
(x; = 1, xJ = 1), and where ncither has occurrcd(x; =O, X¡= O), 
are cas~~ ~o obtain. Provitled thc samplcs are carcfully chosen, 
thcse s';\mplc proportions give us good estimates of the 
probability of x,, of XiJ of both, of ncithei, occurring in a 

xo6 

t.lmlomly sclcclc<l contcmporary hale. Fuw\ thLse- joínt 
two-variable prob.tbility e~timatcc;, wc could compute thc 
correlation e,J, ami \Hile a link bctwccn any pair uf vatiahlcs 
whosc corrclation was !:.lali-;tically signiítc,mt. \\'e CülJM use 
thc same proccdure to tlccidc on the many-variablc corre­
btions. 

However, such a mcthod, bcing based on a samplc of cxist­
ing kettlcs, is not what wc want at all. If we think c;udully, 
we sce that cmpirically found corrclations have n:ry dif[u·cnt 
dcgrces of validity. Somc are almost logically nccc~~;lly­
like the conllict bctwccn the need for sufficient r.t¡:adty in 
the kettle and the nccd for economical storage spacc. The 
Ítrst calls for large volume, the second for small \·olume. This 
conílict exists almost by delinition, at least until one i:; think­
ing of ways of heating water that are very much unlikc 
kettles.13 

Other corrc!J.tions c\cpend on physicallaws --like the con­
ilict bctwecn the necd for a material which kccps the hc.tt in 
after the kettle has boilcd and the nccd for a m.ücrial ':;hich 
allows the kettle water to be hcated cheaply. It is hard to 
imagine a material whose thermal conductivity is diiTerent in 
opposite dircctions; so again, although there are ways round 
it, thc conflict exists for most of the kettles one can ima;;ine. 

But other corrdations will depend only on acciclcnts of 

prcscnt taste and habit. If you look at kettk?_iu thc shops 
toda y, you might rw,~ that the chcap JL~ ha ve tin handlcs, 
and you might conduele that the necd f~;~afeiY\\·hen you 
pick up a hot kettle (that is, for a handle which doesn't burn 

yo u) cont1icts with thc economics of production and the nccd ·. 
to keep down capital cost. IIowcvcr, this conclu5ion, bdng 

bascd on a samplc of prescntly available kcttlcs, will change 
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.15 5·c'''l1 .:s \\'C ~~gin to think of othcr m:1tcri.tls and t\~:;¡gq~. 

Tlú (L'l~!1iLt Cl'l t.tinly 1locs not C'i:Íst for all im.t"inabl~ kcttlcs. 
~ o 1 ' 

CL·:dy wc \\ ;mt to :1 \·oid muddling this last k!ncl of case 

\\ ith t::c othcr two. If wc \\·ere to .tcccpt thc linl...ag~ it sug­

;e;;t:;.. i.hcn togcthcr with thc cs:::cnti.tl logic of thc ensemble 

wc 5:10uld also be freczing in its most temporary incid~ntals. 
\Ye :;,~e intcrc::;tcd in thosc links bctween \"alÍablcs which hold 

fur ::1! fot ms wc c.m concl·i Yt; (that is,. fo~ thc )\·hole of D): ~.~­
_\ny samplc based on thosc possible solutions which happen 

to k~ \·e becn constructcd is he a Yily biased toward the past. 

To 2soid lhe bias we shuuld qeed cither to cxamin~ al! the 

mcm'Gcrs of D exhaustiwly or to find a tl1eory which oiTers 

us c. '':ay of sampling D unbia:::edly. Neither of these is prac­
ticab~e today. 

1 -

Ho·.·.-cyer, wc may ovcrcome the bias by another mears. 

In;;tc::!d 'of just looking for statistical co¡mectjons between 

vari~b 1 cs, wc 111.1)' try to Jind causal relations betwecn them. 

B!L1d. bclief based only on observed regularity is not v~ry 
strong, bccausc it is nqt the result of aseen causal connection. 

But ii ,,-e can inYcnt an ~xplanation for ínter-variable corre­

btion in tcrms of some conceptual pwdcl, we shall be much 

bctt<:r inclincd to beli~ve in the regularity, b~cause we shall 

. the:n know which kinds of extrancous cirHm~stances are li~ely 
to up;:c:t thc rcgularity and which are not. \Ve c~ll a corrcla­

tion "c:au:;al" in this seco!1d ~ase, \yhe~ we f¡ave so,ne kind 
of u:-~d~r.;:tanding or modcl whose rules account for it. 

Fr1r c~:ample, the molecular and crystalline structure of 

mat<:ri~tls gives us good rc¡tson to b~lieve that ~he thcrmal 

cc;n<l!.:di,·jty of a nut~rial is ~h~ Sflf!'l~ in any t'r!l 9pposit~ 
dir<:ct:rJns, imd hcnp~ t]1a~ ~h~ nccd lf.> ~cat ~ ~~ttle quickly 

corJi'l:Ct:; ,~·it)l th~ need ~9 ~ecp ~h~ \'(~ter hot once 'it has 
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boilcd. In thi~ case, beca~IS\! \\C '~ un!ln;>~aw!" ~)!q ~-'J!~r!~ct¡!~~ 
bct,yccn th~ l)\'O v:uiahlcs, wc call it u~¡;,d, ~u1<l gi\c i~ 111uch 

greater wcight --))ecausc wc are convincul lhal it hcJicb for 

,\lmost all conceiva!Jlc pos~ibili~ics. 

The sean:h for L.msalrcl,ltions of this sort cannot be m<:chan-. ' . 
ically experimental or statisticaL it rcquircs inte1p1c:tation: lo 

practice it wc must adopt q1e sam~ kind of coJnlnrJn sen:-.e 

that we have lo make usé of all the time in thc ind'Jcli,·c part 
' ¡ ' ' ' 

of science. Thc d.Lta of ~cicntific mclhod ncver go furth<:r than 

to display r¿~ul,arit~cs. \\'e pu~ str~ct~re into q-h:m fll1ly by 
inferet~ce a!1d i11tcmretatio~.u_ If!, just q1e same ''ay,. th!! 

structural facts ~tl~ot;t ~ systcm of v~ri:}blcs in an etEclnl~lc wi!l 
come only from tj1e tl¡oughtful interpretation of ol;:;crvatiOf!S. 

H' e slu¡fl ~q.y tlwt t"U.•o 'iJariables intcract if aud ouly 1j the 
desig¡lq ca1~ fiJ?d so me reasoa (or col/ccptual moJel) :.-hiclz iil<l~es 
se1?SC lp hfm and te!ls him 'Why thcy ~houl~ do so. 1& 

.-\gain, a~ with the defirition of the variables, this intro­

duc~s a personal bias, and reminds us that L, lik!! Jf, is a. 
picturc of the way the designer sces the problcm, not ~n 

objcctive clescription of the prohlcm itself. If the dcsigncr sccs 

a !=onllict betwcen thc r¡ccd to have sufficier¡t capacity in ~ 

kcttle and tll!! nccd to conserve storage space, he d9cs so 

bccause he h¡¡s ccrtain preconceptions jr¡ mind about t)1e kin<ls 

of kcttle which are possible. It is truc that the're are ~onceiva­

ble oevices, not yet invented, fqr boiling \~·ater as it con~es 

opt of the faucet, ano that these mi~ht tak!! very little storage 

sp¡¡ce. Byt ~ntilthc dcsigner understands this possiLility, tl~ere 

is no pqint in ~elling him th:~~- tl1c confiict is spurious; as far 

as he 'is cqncerncd, thcre rea!Jy is a cor¡fiict, whic~ peeds ~Q 
be resolved, ano tllcrcforc J1C!!cl~ to pe ipc!uded iq L af)cl takc!l 
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intll .tccount in th..: .uulysis of .lf. Tt is only :t(lcr lirst includ­
ing this link in t, :ttHI in th..: wry act of a~\,ing him:-:df whdlll'r 
l\\1) Y.ui.thle:; tc.lll\' thl int<:r.tt"t and \\h\' thcv <lo lhat the .. , .. . , 
tksign..:r 5L'l'S tlw po:~~iiJility of a\'Oilling the conllict anJ so 
:'ce:; flut hcr in to the problcm. 

Thc re.tdcr m.ty wdl ask how ~uch a proccss, in whicb 
both, thc rcquitl·mcnts and thc links bdwccn rcquiremt.:nts are 
lklit)Cd. by the tlc:-igner from things alrca<ly prcscnt in his. 
mind, can possibly haYe any outcome '' ltich is not also alrcady 
prc::cnt in the dcsigncr's mind. In othcr words, how can all 
this proccss rcally be hdpful? Thc answcr is that, bccausc it 
conccnt ratcs on ~ltucture, thc proccss is ablc to make a co­
hcrcnt and thcrdore ncw wholc out of incohcrcnt picccs. 

Il is truc th.lt thc tk.:;igncr lt1Ust alrcady ha ve somc physical 
ilkas .tbout thc ptüblcm in his mind whcn he starts. [n order 
to dcf111c requircmcnts, he must be aware of the specific 
phy!::ilal illiplications uf cach. In ortlcr to define links bctwecn 
rcr¡uircmcnts, he must be aware of the many specific ways in 
which thcse physical implications are likcly to conllict and to 
concur. But the many picccmcal implications which the de­
signcr is awarc of <lo not thcmsclves amount to form. He is 
only able to define fUI m at that moment when thcse physical 
ilnplications co<tlcscc in his mind, and takc on organized 
shapc. The proccss I am dcscribing, as wc shall scc, helps 
prcci:>dy hcre, by fordng organiza/ion onto the spccific but 
hithcrto unorganizcd dclails in the designcr's mind. 

t;'ndoubteuly thc pattcrn of intcractions in any rcal-world 
pr~l~l.cm will ha,·e a grcat varicty of diiTcrent strcngths. In 
eme ca~c two variables may conf1ict so strongly that they 
,·irtually cxcludc onc another and can ncver take the same 
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valucs at thc samc time. In anuthcr case, thcn: ¡,1ay be no 
more than a barely <lbccJnihlc ten<l<.:nly for them to coJH.ur. 
But \\hile an e.,plilitly :otati.,tical tc~l woul<l gi\e tbe inter­
action~ a coHtinuous rangc of \ aluc<;, thc ad hvc ¡,,ellHJcl':i of 
(H actical common sen se will hardly alluw us to a:e~:6n thcm a 
con~btently scalcd continuous rangc - particul.1rly in vicw 
of thc fact that diffcrcJit consultants may ha ve inLúlnmen-.ura­
blc pc1 sonal scales of cvaluation, antl that intera<.Lions \\ hich 
spring from diiTc!Cl1t kinds of sourccs can be han\ to compare. 
In practicc wc shall, at bcst, be able to distingu¡sh two or 
thrce strcngths of interaction. 

In practice, thcn, wc shall givc cach pair of vari:~blcs (x.-,1J 
somc small integral index, v,h cqual to O if thcrc is no inter­
action, pos.itive if thcre is concurrcncc, ncgativc for conllict. 
It will usu~lly be convenicnt to kccp the absolute \·alnc of 
V¡J lc:os than'· or equal to some ft\cd intcgcr v. For thc ::akc oí 
con~istcnt intcrprctation, assume tha.t the link inclcx v;J incli­
catcs a corrclation of ~v.h whcrc ó is some arbitmry con:>tant, 
such that óv ~ l. We may display the valucs oí the v,¡ in 
malrix form. The ccll in the ith row and thc jth column 
contains the value V¡¡ • . Thus thc ccll in the 1st row <lllcl the 
2nd column (i = 1, j = 2) contains v, 2• The matrix Í<: sym­
metrical. Thus 
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From t~•is nuttix wc tidinc !he sd f. as a sct of links asso­

ci.ltcll ,., ith thc Y:ll i.1bks of M, as folluws. 16 For en:ry pair 

of ,·.ui::-,b~c:;: .r, .llhl r,, t hcre .u e !11,1 1 distinrt elemcnts of L 
whkh join .r, to r1 • Thcsc dcnwnts bcar thc same ~ign as the 

intkx l';;· Pcg.ltiYc for contlict, .uHI positiYe for conuurcncc.U 

Thc seis J[ and J. togdhcr, comph:tcly ucline thc graph· 

G(Jf,L).15 

Thc ¿:iinitions wc haYc gi,·en so far ~till lcave ccrlain 

practica! (iUC::otions about the scts ,\[ and L unanswercd. Does 

it matter. for instance, if two variables are very closc in 

mcaning. though slightly tlitTcrcnt? [[ow spccilic or how gen­

eral must tl:e\· be? \\"11at do we do about three-va1 iable 

intcractio!l? TÍ1c .lllswcrs to thcse qucstions depencl on three 

important iormal propcrtics of the sy~tcm G(Jf,L), which we 

shall no·s nplorc. 

First oi al\, if the graph G(Jl,L) is to give usan accurate 

picture of thc '.~ri.1blcs' beha'. ior, it is neccssaty that thc sct 

J. describe ul! thc intcraction bctwccn variables which thcre is. 

Since thc c-kmcnts of L are links which rcprcscnt two-variable 

corrclation, this mcans that the variables must be choscn to 

be free from thrcc-Yatiable ancl highcr-order córrclations. The 

mathematics of .\ppcndix 2 is also bascd on the assumption 

th.tt the highcr-ordt:r corrclations vanish.19 If this is not so, 

any analy~is bJscd on JI and L alone is sure to givc mislcading 

results. 

Scconrl, cn:n the two-variable corrclation óv,i must be 

~mall, for each pair of vari,tblcs. Specilically, as far as the 

mathcmatics of .\ppcndix 2 is conccrnecl, wc must. have 

/ó ~ 1, \\-htrc 1 is thc total nurhbcr of links in L.20 

'i'hirr.Í, the anaiysis in .\ppcndix 2 ls aÍso bascd on the 

a~<,umptirm of a cutain simple symmetry ahlong the variables 
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of Jf. ft demancl-; that p(x, ·-- O) ~huuld be thc same fur all i.21 

.\g.1in, if this is nol so, thc analysis \\ ill be invalicl. 

Lct us now consiclcr the pr.tclic,t! implic.tlions of thc~e thrcc 

formal propcrties whic.h thc systcm G(:lf,f.) must havc. \\'e 

take thc last one first. ft dema!llÍs that p(x, = O) ~hould he 

the same for all i, or that the proportion of alllhinhhle f0rms 

which salisfy a rcc¡uircmcnt should be about the same for cach 

rcquircmcnt. What this amounts to, in common-scn~e l.tnguage, 

is that all thc v.u iablcs should be roughly comp.uablc in 

t hei r seo pe and sign i licancc. 

\Ve cannot admit "cconomically satisfactory" as one rc­

quircment, and "maintenance costs low cnough" as anothcr. 

Plainly thcse have diiTerent dcgrces of significancc, becausc 

thc second is part of thc lirst, whilc thc first is not p.ut of the 

sccond. Every design which is economically satisfactory must 

a forliori ha ve acccptable maintcnancc costs. But thc revcrse 

is not true. Thcre are far more possiblc designs whkh mcd 

thc sccond than the first, beca use the first is i11uch \\ idcr in 

scope and significance; their probabilitics of occurrcncc are 

vcry uncqual. In this case the incquality is cspccially clcar 

bccausc the second rcquirement is, as it were, cont:1ined in 

the ftrst. But the diiTercncc would be just as grcat if we 

rcplaced thc lirst by" functionally satisfactory." This is again 

wider in scope :me! signilicance than "mainten-ancc costs low 

enough" evcn though it does not contain it. If wc want to use 

"maintenance coc;ts l~nv enough '_' as one rcquircmcnt, thcn 

we must break down "f unctionally satisfactory" into smallcr, 

more specific rcq~1ircmcnts, comparable to it. Thc lirst stcp in 

constructing the set M is Lo make all its Yariables approxi­

matcfy cqual in "size" or scope.22 

Lct us take thc sccond of thc tluce formal propertics next. 
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f ll pr.\CtÍCC, l1f UHI rSC 1 l he preciSCilCSS of this lll.\ t}u:matical 

c:-.prcssion i:> ll1L'.tninglc:;s, sincc wc judgc thc cottcbtions 

''by C)"L'," ,ltllll\<) nnt oul.tÍil t}wm llllll\CIÍC.llly. \Vhat it 1!0eS 

nw.tn, in pr.tdicL', though, is that we mu~t he satisfic1l that all 

thc v.ll i.1hks .tre .ts indcp~.:ntlent as wc can gct thcm lo he. 

.\n C\,1lllpk sh,lul,lm.tke this de.tr: Suppo~c thc following two 

Y.uiablcs .1ppcar on our list, for the kettlc problcm. 

r. "Thc kettle must heat water fast cnough." 
2. "Thc kcttlc must kecp water hot once it is hcatcd." 

Thc::c two are clcarly not at all independent. IIowcver, thcre 

are two f:lirly illllepcndcnt issucs lurking behind them, if we 

can only timl thcm. Onc way to bring this out would be by 

the following re.ut.lllgcment, which covers more or less the 

samc grotintl .ts the ftrst pair, hut consists of lwo more in­

llcpenJ~.:n t variables. 

3. "Thc kt:ttle must pcnnit onc-way hcat tran~mission 
only." 

4. "Thc kettlc must ha ve low thermal capacity." 

:\ considerable amount of encrgy must be spent in the pre­

liminary stages shunling and reshuflling thc variables in this 

fac;hion, until they are as inclependcnt as they can be made.23 

Thc first formal propcrty, that the thrce-variable or higher­

onlcr corrdations among the clcments of M should be neg­

ligiblc, is the harcle~t of all to achieve. It mcans that the 

two-v.triablc corrdation for any pair of variables must be , 

inrk¡x:ntlent of the slatcs of all other variables. Since the 

statc of onc variable is most likcly to afTcct the corrclation 

betwccn othcr variables, if that onc variable is wide in scope 

thc-l.i<:st wc can do in satbfying this is to make all thC"indi­

virlual variables as spccific and minute as possible. 
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This polky of m,,l,ing all the v,,1iablcs highly !opLcilic is 

important for anothcr rL',\:oon. ] fo\\t:vcr much \\C m;,y try lo 

~tccr dcar of t :-.i-.,ting catcgo1 icos, in practicc wc ~hall ah•.ays 

ha \·e to genera le lhc :-pccif"tc v.tri.tiJlcs of U l hrou;;h inlc1 me­

dia te stagcs. Thc bt.tin is not madc to think of such .Ittailnl 

Jists amorphously. \\'hcther we like it or not, if ,,.e think of une 

variable which has to do with acou~tics, we shall incvitably 

then think of othcrs '' hich scem, to us, to fall Ullrler the 
same hcading or to be in the s:tmc conceptual arca. [t is 

thctcfore a mattcr of pr:tctical psychology that we (annot 

avoid using supctordinate conccpts likc "economics '' an<l 

"acou~tics" altogether, as intcrmediatc ~teps in thc taosk of 

listing misfit variables. At best wc may treat thesc conCl:ptual 

intermediatcs as key words, as looscly conceivcd 1.\l_.ds for the 

principal is~ucs in thc problcm, which we \hall thc-n break 

clown further into fincr pieces to get our sct of 'ariablcs JI. 
The closcr our vari.1blcs are to thesc abstract and ~enct al J..cy 

words, thc more susceptible thc problcm rcmains to thc kind 

of distortions tliscusscd in Chapter 3. The more 'PeLÍftc and 

detailed we make the variables, the lcss constraincd G(Jf,L) 
will be by previous conceptions, and the more open to dctailcd 

and unbiased examination of its causal structure. 

Lct us thcrcforc sum up the propcrtics the elemcnts of M 
must have. Thcy must be choscn (1) to be of cqual scope, 

(2) to be as indcpendent of one another as is rcasonably 

possiblc, and (:3) to be as small in scope and hence as spccific 

and dctailcd and numcrous as possiblc.2~ An example of a sct 

Mis givcn in Appcndix 1, togcthcr with its associatcd sct L. 
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9 / SOLUTION 

We now lwxe a graph G(M,L) which reprcscnts the dcsign 
problem .. \s we have sccn in Chapter G, to soh-e the problem, 
we shall try to dec01~1pose the set JI in such a way that it gives 
us a hclpful progr.1m for dcsign. \Ve slMll now consider what 
crilct ion to use as a basis for decomposition. 

.\s we obsct wd in Chapter 6, a program rcally gives us a 
series of simpler subproblems, and tells us in what order to 

soh·e thcm. Ddore we try to define a decomposition criterion 

we may want to que~tion the assumption that such a decom­
po~ition can "be of any use at all to a dcsigner. The dcsigner 
ac; a form-makcr is looking for integrity (in the sense of single­

ncss); he wishes to forma unit, to synthcsizc, to bring clements 
togethcr. A clcsign program's origin, on the other hand, is 

analytical, and its eiTect is to fr:1gment the prcblem. The 

opposition between thcse two aims, analysis and synthesis, has 
sonH.:li1ncs lcd pcople to maintain that in dcsign intellect and 

art are incompatible, and that no analytical process can he~p 
a (le!-:igner form unilicd well-organized dcsigns. 

Let us look at this objcction to analysis more closely. It·is 

a common e:xpcricnce that attempts to soh·e one piece of a 

probl<:m lir~t, then othcrs, and so on, lead to cndless involu­
ti(ms. You no sooner salve one aspect of a thing than another 

is put out of joint. And whcn you go back to correct that one, 
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somcthing clsc gocs wrong. \'uu go wun1l a1Hl rountl in cirdcs, 

unable evcr to produce a furm '' hich is thoroughly ri;~ht, 

because thcre is no \\'ay of intcg1.1ling lhc picccs you lMve 

tacklcll intlcpcndcntly. This is the grcat argumtnt ag.~in~t 

attcmpts to solvc c:.lcsign problcms picccmcal. Aml it is argucd 

[urthcr that, since no amount o[ analyzablc juggling can cvcr 

solve this c:.lifticulty, the dcsigncr has to rcly un a subconscious 

crcative force to juggle thc picccs more successfully. Iris hand 
and eyc must be sccure enough, in othcr words, to lake him 
to his an~wer more immcdiatcly than his intclligcnce can.·-­
If dcsign problcms werc homogcncous, this rccommcndation 
would be important. For then any analytical St!bclivision 
would, so to speak, put cracks in them, which woultl dcs_troy 
their unity. As it happcns though, in practice problc11Ís are not· 
homogeneous. They are full of knots <llld creviccs whic.:h cx­

hibit a wcll-c:.lefmed structurc. An analytical proccss fails only. 
if it c:.loes not take this structure into account. lf we can learn­

to draw the gross slructural componenls of the problcm out 

of the graph G(M~L) \vhich reprcsents it, the dillicully will 
disappear. ~: 

The quesiion is, how are thcse separable structural com­
ponents of a problem to be rccognized? We face this kind 

of task cvcry day, constantly, even when we sce nothing more 

complicatec:.l than a pair of oranges on a table side by sirle. 

In sceing two orangcs lying side by side, and not onc and a 
half orangcs lying ncxt to half an orange, we have rccognizcd 

the structural componcnts correctly. (Corrcctly, of course, be­

cause while we can pick cither orangc up and leave thc other 

whcre it is, we cannot pick up li oranges, and k·ave -~ an 

orange lying thcrc.) Kohler and \Vertheimcr drcw atte_ntion 

lo the fact that cvcn an apparcntly simple cogniti\"C act like 
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this, in L1ct dcm,11Hls a ycry compk"- pcn:l'ptual opct.tlion.1 

It is not sutpa·i:-in~ to litHI, in thc "imil.u but more ab::.lt::~ct 

t:t'lz of rcrtl~ni.~in~; lhc ptupcr ~ltutlut.ll cnmponcnts of thc 

systcm Jf, th.ü our n.lti,·e puceptitln .tllll inluition failus. 

Thc t::~sk of rcpbcii1g this intuition by :o.omc pnx isdy de­

lincd m.tthcm.Jtic.tl opct.üion h:1.s bccn tackkd in a number of 

\\:l.)'S. 2 ~Lmy of thcm are \\'Orth cxam4ung, if for no bcttcr 

1 (\1S"l1 than tlu t thcy \\'ill illust 1 a te and ~lccpen our conccption 

oi thc task. Onc, \\'hich perh.tps comes closcst to what we 

\\'ant, simply divides J[ into thnsc ::,uLsets \\'hich are connected 

by as few links of L as possible, thus lc.wing as m.tny of the 

links as po::sible \\ i lhin thc subsystcms.3 IImvever, neithcr 

this nor any other of thc existing mcthoJs is exactly suitc.d 

to the conditions which confront us in this case. I shall now 

try lo sho~\' lhat ''e can devclop a well-tlelincd CI itcrion for 
ckcomposition, simply by thinking carcfully about the rcla­

tion bel \\e en a design progt.un aml its realization. 

I.ct us think- just what the succcssful rcalization of the 
program dcmands. Fundamcntally, it clcmands that the scts 

in the program ha\'e two kinds of propcrty, which we may 

illu-,trate by taking ~he typical piece of a program shown 

bclow. S1 and 5 2 are two ditTercnt scts of requirements. 5 3 

contains all the rec¡uircments in 5 1 and 5 2 togcther. 

__ .... -__ 
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First we mu~t be ablc to lind consl111di,,c diagra111S for 5 1 

and 5 2 indiviclually. This means lhat the mbf1ts ·.·.-hich 5 1 

contains mu!>t cohcre somchow, and <,uggcst a phy!>ical a!:>pcct 

or componcnt of thc foLin utHler con~iLlct.ttion; and thc ~ame 

fur~. · 

Secondly, if the decomposition is to serve any usc:ful pur~ 

pose, it must not be necessary to constntct the diagr<im for S3 

from scratch. Instcad, it must b~ possiblc lo clcri\c a con­

structive di.lgt :1m for 5 3 in somc simple way from thc diagrams 

alrcady conslructc<l for 5 1 and 5 2 in isolation. 

To put it simply, the f¡rst of these conditions dcpcnds on 

the interna} structure of the scts sl and 52, while the second 

cleals with thc rclations between thesc two sets. 

Lct us takc the two C011Llitions in order. 

• \Vhat is it about the internal structure of any prohlcm 

that makes it harrl to solve? In nine cases out of ten, we can­
not solvc it, because we cannot grasp it; we cannot sce what 

the intcrnal structure is "driving at." The subprobluns 1ve 

are considcring hcre, bccause they are made up uf scts of 

rcquirements that have been isolatcd from the rcst of the 

dcsign problem they bclong to, show this acutely. Take lwo 

misfits at random. "The kettle must be comfortable for the 

hand to hold," and "The kettle must be economical to heat," 

which we should probably consider as noni1iteracting. Thcse 

-two dcíine a two-clemcnt subset of M for the kettlc problcm. 

It is hard to sce, however, what these two elemcnts havc in 

common, or indeed whethcr this set, taken by itself, mcans 

anything. 

If the sct .lf contains m misfits, therc are 2m possible subsets 

of M, and so 2m subsirliary problcms. Any design problcm of 
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_puct ka l in tct cst aml compkxily will probably conta in at 

k.1st :15 nuny a:; lOO v:u iablcs, and \\ i1l thcrcforc h.tvc 2100 or 

r ou~hly lO '0 ( l ,OOO,OúO,OOO,OOO,OOO,OOO,OOO,OOO,OGO,OOO) clif­

cr~·nt subsct:; of \"ati:~blcs .. \lmo::,t each one of thcse subsct~ 

will be h:ud to gr.tsp, bcc.1usc, as in thc cx:-~mplc of thc two­

clcmcnt sub:OL't just givcn, it willnot be ck:1r what its rathcr 

disp:-~r.1tc mcmbcr-v:-~riablcs "havc in common." 

Our natur:~l rc.1dion to this is to look for thosc very rare 

sets of v:-~riablcs \\ ilh intcgrity in which thc vari:-~blcs do "ha ve 

something in common," so th,tt thcy do m:-~kc scnse. 

Thc u~e of verbal conccpts is :111 cfficicnt artiftcial way of 

linding sds whid1 havc somcthing in common. Ccrtain issucs 

\\'hich appc:-~r in our analysis ~s subsets of Jl[, happcn to be 

ticd togcthcr by familiar words; ,1s a rc~ult evcryonc comes to 

be ablc to manipulate these sets, can unclerstand what he is 

tlcJling with, and can thercforc get to grips with the issues 

thc set reprcsents. 

Cnfortun,ltcly, thc sds of misfits identilied by verbal con­

ccpts do not havc any spccial functional significance, and do 

nut usu3.1ly lcnd themsch·es p<~rlicularly well to intcrprctation 

through constructivc di:-~grams. A constructive diagram re­

quirc::; that the rcquiremcnts it rcpresents havc somc physical 

implications in common. From this point of vicw, it is casy to 

scc that not allJ.hc possiblc subscts of M will be cqually casy . ~ 

to d1,1gram constructivcly. \Ve may put this another way, 

pcrh<!ps, by saying that somc subscts opcn up physical possi­

biliti<.:s more readily than othcrs. Somc scts of misfits, in vicw 

of thcir intr:ractions, sccm naturally to bclong togcthcr, and, 

takcn as units, suggcst physical form vcry strongly. Othcrs 

will st<.:m tu ha,·c no spccial rcason for bcing scts, and are not 

120 

• 
espccially ea~y to cliagr:un, ancl tlo not re,dly "lJdc.ng" lo 

tlw problem. 
If wc are to makc anytliing sensible of thc suh'Scts in this 

program, wc mu~t now a-;k ju'>l \\ hich sets 0f points to cr•n­

sider as bcing thc most "diagrammablc." This depcncb on thc 

pattcrn of intcractions bctween thc misfits. \Vhcre, after all, 

docs the intcraction among thc requi1emenls spri;;ó frrJm? It 
springs from the intt:-~ctablc n.lture of the availal .. 1c nnte;Jials 

and the conditions UIHler which thc form has to be n:::.clc. Tv.-o 

mislits are sccn lo inter,tct only bccause, in somc ~ensc at 

lcast, thcy dcal with the samc kind of physical con.::duatif,n. 

If thcy dcall with uttcrly dilTcrent aspects, thcrc cvuld be no 

basis eithcr for conllict or for concurrcnce. 

In building, thc nccd for acouslic insub.tion co:1flicts with 
the necd to build with casily transportable prcfabt icatccl ma-

• terials. Thesc two needs collflict bccause thc first calls for 

massive inert walls, whilc the sccond c,11ls fur light w:-~lk The 

physical fcaturc of thc world thcir intcraclion depdl!Js c;n is 

mass. Again, in a highway, thc need for safety on cun·es <.on­

flicts with thc necd to keep land costs down, becausc the 

widcr thc curves have to be for safcty's sake, thc larger the 

arca caten up by thc transition curves at interchanges. In 

this case thc interaction belwcen the two rcquircmcnts de­

pcnds on thc radius of the curve. 

It is such a physical ccnter of implication, if I may call it 

that, which thc dcsigncr finds it casy to grasp. Because it 

rcfers to a distinguishable physical propcrty or cntity, it can 

be cxprcssed diagrammatically, and provides a possible non- .· 

verbal point of cntry into thc problcm. If we can find sets of 

variables in which thcrc are spccially dense interactions, wc 
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m.\y :1:.'-:'\llnl'. in thl'sc c.t::'l':', th.lt thc llcn~ily nf thé interadion 

t.:::.ilks in ,\ p.trlicul.trly ::c.lrung hkntiliablc ph) :'ir.tl :t~¡)l'ct of 
thc prl'bkm. Thcsc sds \\ill be thc casiest of all to gr.tsp 
con:'l ruct h·dy. Thus: 

If, thcrcfore, we break the problcm apart in such a way 
that its clu~ters of variables are as richly connccted, inter­
nally, as possiblc, wc shall havc clues to those physical aspccts 
of the probkm which play the most imporlant funclional 
part in t he ¡wJblcm and are thcrcfore most likely to fulllish 
h.uH.llcs for the clcsigncr's comprchcnsion. Thcse are the sets 
which \\ ill be the casicst to tliagram. 

If we are to solvc thc prohlcm M by working ~mr way 
through the program, solving various suhproblems separatcly, 
it must obdously be possible to put thc resulting diagrams 
t(Jgcthcr !:omchow \vhcn wc have thcm. This is the second 
conclition a succes:Oful program must salisfy. llut í~ will only 
be possible to fuse two tliagrams under vcry special circum­
slanccs. \\'hy, for instance, can we not simply make a diagram 
for cach sc.:parate \'atiable, so that \\e gct m cliagrams, and 
~upérimpo~e thcse 111 tliagrams somchow? Thc rcason is ob­
vious. Thc physical charactl:ri~tics <lcmandcd by one rcquire­
mcnt C(Jnt1ict with the physical charactcrbtics dcmanded by 

1 2 2 

. 1 ' 

1 
.... '~.1 

anolhér. Thio.; Í">, in faLl, c:-.adly whal wc lllcan l)y ~aying 
lhat l\\O mi-;ftt \,triahles conflict. Thc !:ame is llliC .,f !11(Jl'C 

complcx tliagrams. \\\.: ha\'c alrcady tlt;l\\1\ atlcntiun lrJ thc 
fact that a ~tthsct which conlaincd allthc ccunumic \arLtblcs 
and no othcrs, for l'.\amplc, would he cumpatativcly u::cko.;s, 
bccausc its cconomic implications conllict too ~trongly with 
thc othcr implicatiuns of the prohlcm. Naturally if Lhc dia­
gram for the cconomic rcquircmcnts is not going to he r:om­

patiblc \\Ílh th.tt for thc comfort rcc¡uircmcnts, say, lhcrc is 
no point in conslntding thc two cliagrams indcpcn<lcntly. 

How shall we mc...:t this di!Ttculty? At all cvcnt~, v;e cannot 
avoiJ cncountcring thc conflicts somcwhere in thc pmgram. 
No matlcr in what onlcr we considcr Lhe rcquircmcnts, if we 
a-re to lind a form which satisfies thcm all, wc musl at :;ome 
stage rcsoh-c cach onc uf the conflicts. Eut if we think about 
it, we sce that the llil1iculty of resolving thcm is diffcrcnt at 
diffcrcnt stagcs of thc proccss of rcalization. At thc bcginninf~ 
of thc proccss, thc scts of requiremcnts we apply our::cl ves 
to are ·~till small enough for their implications to be c:u ried 
in the mind's cyc; and thcse implication~ are thcrcfore not 
yet frozen in any c:-..plicit diagrammatic form; thcy are ~till 

fle:-..ible cnough to be succcssfully intcgratcd with one anothcr 
in spitc of conflicts. The furthcr along in the proccss we are, 
thc more our thoughts about thcse implications have becn 
forced by thcir complcxity to bccome concrete, whdhcr dia­
grammatically or conccptually, and thc more thcir rigidity 
rcsists furthcr modification. As a rcsult, thc latcr in the 
proccss conflicting <liagrams have to be intcgrated, the more 

diflicult the intcgration is. 
~aturally, thcn, sincc the conflicts have to be resolved 

sooncr or later, we shoulJ Jikc to mcet thcm as carly in the 
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procc:;s of rc.\li;.tlilm as wc can, \\hile our i<k.ts are slill 
lk\iblc. l"rom this point of vicw, the fcwrr links thcrc are 
betwl'l'll th.! majL'r suh~ds of thc llccomposition, thc hctter. 
Id.:.llly, wc ::lwullllikc to linda lirst partition oí M likc this, 
ior imt:mcc, \\he te no links ate cut by thc partition, though 
this will not in pr.tdicc u~ually be possiblc.4 

The nccrl for ~ubscts wc can grasp d:agr,mHnatically calls 
for sd:. of ,·ati.tblc:. whose iutcmti! intc1 adions are very rich. 
Thc nccd to rcsolvc the conllicts betwcen the diagrams wc 
gLt from thcm calls íor as littlc intcrac.tion bet""u.'CC1t subsets as 
possiblc. Clc.trly thcsc l\\O are compatible¡ indced, they can 
be e:xprc:;~crl jointly as follows. 

C0nsidcr just one leve! of the dcc:ompo-;ition, whcrc sorne sct 
Si-; to be partitionecl into disjoint sub~ets (S¡, S2 · · ·Sa · · • SI'). 
\\"e wish to choose these Sa in such a way that wc can invcnt 
a cnnstructive diagt am for S1 whose implications will not 
la ter turn out to he hopclcssly contradictcd by an indcpend­
e:ntly conci:Í\"cd diagr.un for onc oí thc othcr Sai and the samc 
for S 2, S 3, dcctcra. Wh.r is this di!Ttcult to <lo in tenns of the 
variahlr;s' be ha vior? 

It is diflicult bccause any variables whkh are linked exer­
ci!>c mutual con~traint ovcr one anothcr's statcs. If we fix the 
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\·alues of lhe variables nf S 1, thc v.tlucs whilh the variai,Jcs 
of thc othrr Sa can takc are alre.tdy con<;trained to sonJc 
c-..:tcnt by thc piObabili·,tic links \'.hirh IJind tlwPJ t0 this S

1
• 

Tn othcr worcls, t.1·c valucs which thc va1iablcs of S
1 

take, tt;JI 
us something about the values which the variable;; in thc 
othcr Sacan takc; thcy give us information. Thc "-parser thc 
links betwecn the Sa, thc lcss thc valuc-; of thc y;~rial;lcs in 
S¡ can tcll liS about th.! valucs in S:, cte.; the Jc~s infor­
mation thc links carry across thc partition, the frc:cr we are 
to consl ruct a di.1gr:tm for S! once wc ha ve fixed the :oolution 
of S1 in our mincls. 

If we wish to construct a diagmm for S 1 Jirst, say, ancl thcn 
wish to construct a compatible diagram for s2 ind(:pc:nrlcntly, 
we want to be free to manipulatc the valucs of tl1e \"ariablcs 
in S2 without this manipulation heing constraincd b" thc fact 
that the variables of S1 are now held const:mt in o~r minds: 
by the rliagrammatic cxpression inventcd for thcm. To 
achicve Jhis, we must choose thc Sa in such a wa,· that thc 
variables in different suhscts of the partition cxcrci.sc as little 
informational constraint on one another as possible. , 

As shown in Appenclix 2, the conditions spccified in Chnp­
tcr 8 define a unique probability distribution p('A) o\"cr the 
statcs X of any set of variables S. 5 Appendix 2 thcn shows 
that, givcn any partition 1r of a sctS into subsets,·1r{S

1 
••• S~< J. 

we may cstnblic;h a measure of information transfcr or infor­
mational depenclcnce among thcse subsets, called R( 1r). a 
Since this R(1r) is defined for all possible partitions of any S 
w~ ~'~Y. obtain the dcsired decomposition of the set JI, b; 
mmtllll)(tn~ R(1r) fqr ~ucccssive partitions of M and its de-
sccnclants. · 

Thus, we first liml that partition of J/, 11"(.1/), for which 
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/\(;-;) Js minimum. This .::-:tablbhcs thl! first kvcl o( ~he dc­

compo:-itilm, lhus, say: 

Wc then apply lhe s:11nc mcthotl to thc sets Sa: wc look for 

that partition 1r(S1) of S¡, for which R(-;r) is mínimum, and 

si mib.rly for s'l ... ' thus obtaining lhe seconcl lcvel of the 

<lccomposilion. Wc conlinuc with this proccdme ilcrativcly, 

until wc rcach a lcvcl of dccomposition at which all thc scts 

contain onc variable only. (Condition 1 of Chapter G, page 

82.) 

The trce of sets this dccomposition givcs is, within the 

tcrms of this book, a complete structmal dcscription of the 
clc..,ign problem dcfincd by M; and it thereforc serves as a 
prográm for the synthcsis of a form which solves this problcm. 

Lct us n .. mcmbcr thc propcrtics o( the program. 

l. The trec is, in ils hierarchical (orm, the same as any. 
other hicrarchy of -concepts-:-- exccpt that the con­
ccpts are hcre defined extensionally as sets of vari­
ables, rathc.:r than intcnsionalty_ by meaning. 

2. Thc p;u ticular trec arri ved at by thc method out­
lincd givcs an cxplicit dcs<.ription of thc structure 
implicitly rcsponsiblc for the sücécss and stability of 
thc unselfconscious form-making process. 

·:t Thc trce gi ves the .:;trongc:st p(J::.:-:ible decomposition 
of the prol;lun that does not intcrfere with the task 
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of synlhc<;i/.inv; its parts in a uni1iLtl v:ay. Each 
sub::.icli.uy problc1n it define:; ha-; its <J'.';:¡ ir-ti.6rity, 
an1l is as indcpuHlcnt as it can be oí the rc~t oí thc 
prul;lcm. , 

·1. \Ve must rcmembcr that the hierarchy uf !:c;ls which 
thc trcc defines willnot always be casy tr> unr!tr<tanrl. 
Even in some of the !>mallcr sets \\hiLh UJilt<~in only 
half a do1.c:n v,triables, thesc variables .•. ill oftcn !:C.tm 

<lbparate, ancl thcir juxtaposilion m.ty Le :-tartling. 
Thc rdcvance oí cach variable is only trJ L•.: ¡,rqp~:rly 
untlerstoo<l aíter carcful examination c•f its fundior.al 
rclation to the otltcr varia blcs in tl1c 3d. Sin ce thc 
potent~al cohercncc oí such a st:t of \'~trdilc:s umh:s 
from its physical implications, it can only l;c gra~p(·d 
graphic:tlly, by means of a constructiYc db3ram th:1t 
blings out thcse implic::tlions. Each diagJ,un for a 
sct S must do two things: 

As a rcquircment diagtam: 
a. It must bting out just those featun.:> ,;[ thc prob­

lem which are rclevant to this set of rcquircmcnts. 
b. lt must indude no infonnation ',\ hich is not cx­

plicitly called for by thcs~ requirtmcnts. 

As a form diag'ram: 
a. It must be so speciftc that it has :dl thc physical 

. chamctcristics called for by thc rcquircmcnts 
of S. 

9. Y:et it must be so gefteral that it contains no 
' ar6itrar/cl1aracteristics, and so-HJmmarilcs, ab­

stractly, thc nature of cvery form which might 
satisfy S. ... 

Above all, tlle designer must resist thc tcmptation to 
summarizc the conlents of thc l1CC in tnms of wcll­
known ~·erhal cnncepts.'Hc must not expcct to be al;le 
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to ~,' for cn'L)' S some n-Jbal paracli~m like "Thiso_nc 
~l~ f '' rfl tnrs l.· >ls \\ i l h l he acou:,l iL a~pcds of t he orm. te . 

~~-~lo th.lt, he dcnics thc \\holc purpo~c of thc:n~.ll):'IS, 
by .lllowiw• \"Cl b.11 prcconccptions to mtcrfcrc mth the 
p.lltcJn wl~ch thc program shows him. Thc dTcct of the 

d~"-icrn pl"O''t,un is th.Lt eadt set of rcquiLcmcnts d_rawsl 
- " <> • 1 d f ·tiOna his attention to just onc majl_)r pllJ-sir.l .m . lllll. , 

-i .. .::.ue rathcr than to some \"ct bal or prcconcct:·cd l.ssue. 
-- ' • J" J· t th' ¡)h)'SIC"lltdeas It thercby forccs lmn to conso Lt ,le e , . 
prcscnt in his mind as sccdlings, and to make phystcal 
ordcr out of thcm. 

To linish this scction I give an example of the \\~lY a sct of 
-- -- k Ll -reate a ncw le lea about rcquircmcnts, when ta ·en toge 1cr, e ' 

"hat onc main fcaturc of a phy~.ical form ought to _be. ~o~-
. J~r thc dc,ian of thc now familiar one-hole kettlc. 1 he smg e 

SH t: a b f , irc:mcnts: all wide short ~pout cmbr.tces a num er o r~qu . 

tl10"" which ccnter round thc problcms of getlmg water m and 
-~ · · 1 · h t thc out of thc kettk, thc problcm of domg lt safc y wtt o~ 

lid's falling ofT, the problem of making ma~1Ufacturc as st_mple 

• . "1 le the problcm of providing warmng whcn the kcttle 
.Ls posst ) ' . . Id kcttles 
b r '1 the nccd for intcll1al mamtcnancc. In the o 

JI s, h nts· 
these rcc¡uircments were mct scparately by t. ree compone. . 

f .· a hole in thc top for filhng and clcanmg, a spout or pounng, ' 

1 and a top which kept the steam~n and r~l tlcd when t le 

k 1 l ·¡ ·' Sucldel.k. w.hen it became posstble to put non-c:tt e )01 cu. -n:rr- 1 
corro~ivc me:tals on the markct, and chcap, availahle d:sca :r 

madc it unncccssary to gct into the kettle for descalmg, Lt 

bccamc apparcnt that all tliese rcquircments rcally ha~ a 
. l · ¡· , t' ot three The w1de single cc:ntcr of physLca unp Ic,l JOn, n . . 

spout can be used for filling and pouring, and. as a wh!stle, 

an1 t Krc 1s no u • 1 1 . t p to f all o¡Jcn and lct scaldmg water out 
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O\'Cr the pmue. 's hanck The set of rcr¡uircmcnfc;, once its 

unity is recognizcd, lcads to a single phy<;ical cnmprmuJt of 
thc kettle. 

The program, which rcprcscnts a functional dccompo'_itinn 

of the prohlcm, is a way of irlcntifying the problcm's majur 

functional aspccts. Rut what kind of physical form, cxaLtly, 

is the dcsigner lihly to rcalize with t he help of s11ch a pro­

gram? Lct us look at the form problcm from the bc6inning. 

Thc organization of any complcx physical objcct is hicr­

archical. ft is true that, if we wish, Y>e may di<omi<;s this 

observation asan hallucination caused by thc way the human 

brain, bcing disposcd to scc in terms of articul,1tions aJHl 
1 

hicrarchics, pcrceivcs the world. On thc whole, thou,.;h, thcre \ 

are goor! rc:-~<>ons to bclieve in the hicrarchical sulxlivhion of 

the world as an objective featurc of rcality. Indccd, many 

scicntists, trying to undcrstand thc physical world, Jinrl that 

they han~ lirst to identify its physical components, muchas I 
ha ve-argucd in thcsc notes for isolating the abstract com­

ponents of a problem. To unrlcrstand the human bolly you 

nccd to know what to consider as its principal functional and 

structur:-~1 clivisions. You cannot undc1stand it until you rcc­

ognize thc ncrvous system, the hormonal systcm, the vaso­

motor systcm, the hcart, the arms, lcgs, trunk, liead, and so 

on as cntities.
7 

You cannot understand chemistry \dthout 

knowing the pieccs of which moleculcs are madc. You cannot 

claim to have much understanding of the universe until you 

rccognize its galaxies as important picccs. You cannot_ under­

stand the modern city until you know that although roads 

are physical!y intertwined with thc distribution of sen·ices, 
the two rcmain functionally distinct. 



Scicnti~ts t1y tu ilklltify thc compunents of l'xi~ling sfruc..: 
turc. l)~·,i~ncr.;; ll)" lo ~h.lpC thc cumponcnts of 11CW Sll"UC­

l\llt'S. Th~ ::l.'.trl'h for lhc IÍ1•ht com¡)oncnts and thc ri.rht 
o ' b . 

w.ly to builll lhc fnrm up from thcsc componcnts, is thc 
grl.'.l test phy:-ic,ll ch.dkngc facctl by thc ck~igncr. 1 bdicvc 
lh:lt if thc hkrard1ic:tl p10gram is int~lligcntly usctl, it olTcrs 

thc kcy lo lhis n:ty b:1sic problcm --- and will aduall~ P.QÍ!lL 

to lhc. major physical componcnts of which the ÍOilll sflí)i.Jld _ 
con~ist. 

\rhl.'n we consider thc kinds of constructh·e dingram which 
are likely to be suggcstcd by scts of rcc¡uircmcntc;, at first it 
sccms that the natu1c of thcse clbgrams is \·cry various. Somc 
dbgrams scc:m to lleline o\·crall pattcrn propc1tics of the form, 
likc bcing circular, bcing low rather than high, bcing ilOI,;_O­
óCilcous. Othcr diagrams sccm to be r)~ecclikc rathcr than 
pattcrnlikc. Thcy def1nc picccs of which the whole ·fonn ·is 
madc, likc a cli.lg1 am dclining thc strcct as a piccc o{ thc city, 
or thc handlc as a piccc of thc kcttlc, and so on. 

:\ctually thc dbtinction bclwccn pattcrn!ikc and piccclike 
diagrams is more apparcnt than real. Takc a simple example, 
a diagram \\ hich spccifies a circular plan. Bcing circular is 
us11,dly thought of asan ovc1all propcrty of a plan. But the 
plan's bcing circular may also be guarantccd by a surrounding 

wall or bounllary of somc sort. In othcr words, we can invest 
what is apparcntly a pattern properly in a compon~nt which 
is much more of a piecc: namcly the boundary. 

This is thc gcn~.:ral rule. Evcry aspcct of a form, whcther 

pi<:celike or p.ttternlike, can be unrle1~tood as a structure of 
compúlH:nls. Evcry ohjcct is a hicrarchy of compon,ents, the 
laróc ~mes ~pccifying thc p.tttcJ n of distrihution of the smaller 
cm<:s, thc small oncs themsclves, though at first sight more 
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clcady p.iccclikc, in fact a~ain pattc:1 ns ~pecifyin~ the arrangc­
mcnt and 1li~trilmtion uf slill :,mallcr componcnts. 

Every componc11t has this twofold nature: it is fir:,t a unit, 
;uúl scconrl a pattun, huth a pattcrn anda unit. Its nature 
as a unit makes it an cntity 1listinct from its .,urrm1nrlings. 

Its nature as a pattcrn spcciflcs the arrangem~:nt of its own 
componcnt units. Tt is thc culmination of the dc~i;;ner's task 
to makc cvcry rli,1gram both a pattcrn anda unit. .\s :t unit it 
willlit into thl: hktarchy of largcr componcnts that Ldl.tbove 
it; as a paW.:rn it will spccify t he hicrarchy of :-mallc:r com­
poncnts which it itsclf is made of. 

The hicrarchical composilion of these diagrams will thcn 
lead to a physical object whose slructu¡al hit·rarchy is the 
cxact countcrpart of the functional hicrarchy c.:tabli -hcrl clur­
ing thc analysis of lhe problcm; as thc program c.l.tri!ics thc 
c01nponcnt sourccs o{ ths:_ form's structure, so ils rc,llization, 
in parallel, will actually begin to· define the fiJII!l's physical 
componcnts and thcir hierarchkal organization.8 

1Jl 



• 
EPILOGUE 

Jty mcrin lask Itas bcm lo sltow tltatlltcre is a Jeep and importa"' 
1111dcrlying struc;tur<ll corrcspomlcnce bet~•·een tite pallem of a 
problcm and lite proccss of dr.siguing a pltysr'cal form tvltich 
al:s-.-·crs tltat problcm. 1 bclict•e tltat tire grcat arcltitect lta.s i~J t!le 
past nl-.;.•ays been a~~·are of tite pattcmccl similarity of problcm an4 
proccss, aud llrat it is ouly tite se~:se oj llds similarity oj slruclttre 
lhat ct:cr lcd. Id m lo lite dcsign of great forms. 

Tite same pallcm is implicit in tite uclion of tite rmself· 
cvnsciou.s form-pr(ldllciug syslem, aud rcsponsible for ils success. 
JJut befare u·c ca11 oursclvcs tum a problcm inloform, becattse we 
are sclfconscious, .,,.e nccd lo make expHcU maps of lite probkm's · 
struclure, and tltacforc nccdjirst lo im1cnt a conceptualframework 
for suela maps. Tltis is alltltat 1 lwue trled lo do. 

Since my c.f!orlmay tvcllmcet witl1 resislance, 1 lifre to see ll~e 
fe-u.• slcps takeu lzere rejlectcd in a parable of a1J imaginary pa$1 
sociely. 

Su.ppose /Itere u•as o11ce a peoplc -.1Jito Izad 110 formaliscd arith­
mrfl'c. Wlzcu tltcj' waulcd tL•Itat tuc llli11k of as aritlmu:tical resrelts, 
tltcy got llzcm by gucssiug. So if tltcy wisltcd lo k11ow tlze aret~ o/ tJ 

com patclz tltcy paced its two sidcs (six paces by tCIJ paces, st~y), 
a11d thc11 mu/lcd tite lu•o mmzbcrs ot•er. Et·clltttally o11e of tlzem 
come ttp tL•illz 011 anr..L·cr - lie wortld say some mmrber; · tht~' 
is, u.Jticlr cstimuletl lite bugs of com ncctlcd to sow tlzal pt~tch. 
!le migltl say ao, GJ, as, wlwlct·er occurrcd lo llim. (1/ we 
u·cre in suela a sUuation ~ve sltould form wlzat we call llze protl· 
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uct of the tH;o mt.nzl,as, ao, and dctc:rmine tltfJrr.IIIIOUitl of corn 
1tcctletl ila tcm/S of litis arca.) ' 

/t is ca.sy lo sce tita! tite pcople of 1/d.s imaginary soci<"ly migltt 
1101 ltflve formd formal c.ritlmrctic acceptable. Tlteir O'i~'IJ metltotl 
,..,as wually 1101 loo far o.f! tire mark (sowi11g com is suclz a loose 
test, aiJ)"U.'ay, tltat wlzat tue call ittaccuracy wortld 1101 ha,~·c bcen 
11oticeable) - a11d bcsides, tltere 1vas something rathcr noble abord 
tite scers (magiciatu?) who pcrformed lite tasks of "calcuf,Jtion." 
Some meJJ wcre bcttcr at it llum otlters, certu.inly; some lznd lite 
powcr to produce appropriatc aus1vcrs, some produced aum·cr1 
ralltcr u•ider oj tlze mark. But tltat did~:'t scem to rna./h:r. luslcad 
tite pott•er was regarded as a great lmmma gift, tite pcople who 
possessed it were ltouored Jor tltcir capability. A 11d botlt tltcse scefl 
tlrcmselvcs a.ud thcir admircrs opposed tlze i1tlrollucliC1n 'of a 
formalizad aritlunelic most ri~idly, did not sce tire possible dt•;:clop­
ments, ~vere interested ouly' iJJ preservbtg tlzeir OWIJ limile4 
capacitics for calcrtlation~ 

Suela resistance was not altogellzer foolislt eillrcr. Tltere wcre 
wise mc~J, too, among lltose wlto opposed aritlmrelic. Tltcy fores~w, 
corrcctly, tite malerialism wlticlt it wou./d l1rdttce. Its vcry firs' 
a.clrievcment, 011ee inlroduced, woreld be lo make calculation mor1 
precise a11d easier, and tlzereby to save com. And soo~t uumbcr a11d 
cconomy atJd size u•ould domiuate tite lzumaJJ beiug. Tite immcdl· 
ale good done by tlreformulu.tiou'o/ arillzmetic u•ortld be small, a11tl 
uot tL'ortla takiJJg risks for 011 its ow11 accorm,, · 

Wltalueitlter, tite wise mett nor lite scers foresaw, lrou•tr.•er, wM 
tlze miraculores developmc11ts llzat tlzis formulallo~J lotér lcd ID. 
By first wzdcrstandiug tlze sita pe of 1/ze lec/migue wlticlJ producetl 
tite form of tlzc remlt, mau fotmd frtrllter iusiglzl. 11 e fozmd tlzal .• 
it is uot o11ly tite result wlticlz is importan!., but tire process loo. 
Not o11ly tlze Joma of lite rcsults, but tite form of tite patlz u:ltich 
led lo tlrem. TI wt~s only by gueslioning tlze fotmdalious of 
geomr.try and tite processes of gcomctrica~ proof tlrat RicmamJ 
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·.·.o.:,d tl:t· .t;<'•'l':,·:, y ;.-l·it T; /.;:, r !•<• ,¡,·,e thc [l,¡sisf,Jr l~illsftin's 

. ·.•¡y ·~f "'·',:::.::y. o:: .. r .~···.:: :: .. '11!·.'.1 <111' po.,~ibh· toduy be-
1 'J '1 !.J.= ~ . . ' . J:. ~ '· \ '' '! ¡: •/1 ~' ,!, i:J.~.l.f¡ '"'tl~ 1 ;¡/y 

l·"·!:t•c n:.¡.¡ .~,;;ct!.,,ugi:t lo ti .• ~<tn;i,¡g/yokious proccsscs-..·hiclt 
.•. .-,1,,/,¡y ,ni/Jn¡;,·tic 1/;,¡f lit' ~-<~S ,¡!•le lo ;,Ji~Ic III<IIli<'III•IIics, aud 
,,.',le lo pro(ad tof•'liiiS of st:'!l !t:g/;cr arder, lii<Jihcmalical sl1apcs 
,fgi<•IIcr !l<'¡;<Jiiit <11'-l j:i/!,·r :t•:d!lst.mdiag. 

Tl!c shapcs of mall!cmatics are abst1acl, of coursc, aud tlze 
sl!,¡pcs oj ,ut"l!ilcctlllc 'c,;oc.'t· ,wd llii/IIV/1. Bul t/,al diifcrcllce 
is incssculial. Thc cruciu! q;1ality of slz,¡pc, 110 matlcr of <.•hat 
~·iud, lies iu ils orgu,,biiiou, und ,,hoz -..-e lhinll of iii!Jis 'ii.'ay t.•e 
cal! il form. J[au's jaling for mulhcmalical form t.•as able lo 
Jc;clop ouly from liis jcdiug for lhc proccsses of prooj. 1 belieí..'e 
IJ¡,¡f our fccliug for arclrilcctural fomr can ncvcr rcaclz a compa­
,.,¡bfc Oldcr oj J¡<:clopmwl, unlil t. e loo ha••e jirst lcanrcd a com­
p,¡rable fccling for tire process of design. 
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G } 1D 
Todas las restricciones importantss respec:to a fas utifizoc:ionoe1 roc:tibles &t 

_, taneno ~emos condensarlos en dos grvpot: unos codificadcs en regfor.-.entos de c:.otU• 

trveci~, otras derivadas directamente del inversor. 

Aqul solo veremos o:¡uellas procedentes c!elleglomento de corutrvcc:iol"'es 

-f«o el Distrito Federal. 
• 1 • 

De r~ derivadas del inversor ó cliente potencial 1 la mas importcnte serr'a 

loeconSmtca. De nada servirTe, llegar o lo conclusión &e que para un c!etermincx!o ter~ 

.-,
1 

la mejor utilización seri"o un cierto tipo c!e constNcción p~ro lo cuof ef inver-..or no 

11unlsro el suficiente capital. 

Les primeras disposiciones del Reglamento c!e Construcciones pera el Ois-

frito Fackrol es su olconca a •todos les obras o instalaciones pv1llices ó privodcs q~ se o 

e¡ecuten en terre~os d'l propiedad privado ó p~blica ó en les vías p~licc:s, c:si Cot:"' el -

__ uso ele predios, ~nstrucc:i_~nes, estructur~, instofo_c:io~s y servicios peblicos•. 

La ogencta gubernamental encargada ¿e hacer cumplir les disposicior-'S c!.el 

· · ·-- ·- ·-te¡lcmento est~ Oirec:ción·Ge-nerol de Obres P~J.«:os y entre les rac:uhe<!es &e esta ~¡;·J;; 

dencio estó el c:cntrolar ef uso de los terrenos do acuer<!o c:cn el interés p~lico y ¿es,¿e 

luego inspeccionar poro conocer el uso que se hos¡o ~ un predio, estrvcturo, irut.:lc:.:i5n 

edificio ó construcción y en consecuencia autorizar ó negar, de ac:ucrc!:~ con el Regl::::·~;; 

~.la ocupación ó el uso de uno c:cnstrucc:ión, estrvc:tvro ó instolc.:ión. 

En los crtTculos 4o, So, 6o, 7o, 9o y 10;, se re¡lc.-n.!nto lo vi"o p~lic~ -

J todos los demos bienes de \M com~n Ó destinados a un servicio pehlic:c. En estas ettt.:u-

los se defino lo qvc se entiende por vTo pv1llic:a enconh'~~s 1o prirn=ro restricc:ién: c:l 

~d., la vía p~bl ka poro lo c:ua1 se re'luiero un permis.;, esrcc:io1. 



Lo generalidocl ele los t""1SQS limita los predios ó el uso ele lo tierra por "lo 

superficie e~ndroda por la generatriz vertical que sigue el alineamiento oficial ó el -

lindero do la vi"a pública". Las vi"as públicas son inaliencbles e imprescriptibles y no so-

IQI'I'lo!lnte esto sino que existe la "presunción de vt'a pu1:llica• que es •todo inmueble que -

ClpOteZco como vt'a público en algún plano o registro oficial existente en cualquiera efe las 

cfependen~i~ -~¡ O~p~-rt~ento del Oi~tritÓ Fede-ral, de lo-Tesoreri"oó-en e-1- Atchivo-G;_ 

narol de la Noción•; estos, "se presumirá que es vio público y que pertenece al Deporto 
-- - -

mento del Distrito Federal 1 salvo prueba plena en contrario". 

Noclie podrá construir en la vi"a pública, ni siquiera ejecutor obras que de 

alguna manera modifiquen las existentes sin obtener la licencia respectiva efe la Direc-­

ción General ele Obras Públicas. 

los arti"culas 19 y 20restringen los cortes en las aceras y los ruptura efe P.2, 

vimentos reservándose la Dirección el ordenar bajo que condiciones se deban hacer este 

tipo c!a trcbo¡os cuando_se necesiten. _ 

El arti"culo 21 da los limitaciones de voladizos y salientes o sea de cual-­

quier eleme-ntQ-esfructurol que -¡n'íac!o-fa vi"a pública sobresaliendo del- alineamiento. las_ 

pilastras, sardineles, marcos de puertas y ventanas, re pisones, cornisas y cejas, esl.;¡n re-

tringidos por una cierta medida. 

Los balcones y los hojas de las ventanos que se cbren hacia afuera estan en 

función de su distcncia a los lineas de transmisión eléctrica. los marquesinas no se po-

drón usar como piso cuando se construyen sobre la vi"a p~blica. Termina este arti"culo restri!! 

gienc!o aun mas el uso de estas piezas: "las licencias que so expidan para la• elementos sell~ 

lacios en este orti'culo, tendron siempre el corocter de revocable". 

Todos los voladizos y ~olientes deherón drsnorse convenientemente de tal -

-.. 

..,do que la coido del agua no sea sobre 1., acero. 

No se puede usaa la vi" e público poro CNmentor el orea util cle un pr~dio-

11i en formo cerea ni subterranea .y el que invada la vt'a pública con este tipo de canstrU! 

ciones está obligado a retirarlas. 

El capi'tulo IV del Reglamento define como alineamiento oficial •1a trc::za 

tob~ er terreno.qüé-limita-el predio respectivo con la vi" a pública en uso o-con la futura 

vra pública dotorminoda en los proyectos aprobados por los Órganos o autoridodes Com'!. 

lentes•. la Dirección fijo restricciones de coda predio al solicitarse le el oliroecmiento _ 

oficial. Para esta petición hay que precisar el uso que se pre te~da dar al predio. Sin esh2 

documento no se otorga la licencia poro construir. 

El arti"culo 34 reglamento que la Dirección "estcblecero los restricciones 

que juzgue necesori~ poro lo construcción o .. para el uso de los bienes inmuebles yo seo 

en formo general, en determinadas 2'onas, ~n fraccionamientos, en lugares 0 en cesos -

concretos y las haró constar en los permisos, licencia$ ó olinecmientos que expido qve.!::.~ 

do obligado~ lo_s propietarios o poseedores cf2 los inmuebles a respetorfos•. 

El capi'tulo V restringe y da las especificaciones a que debo atenerse los -
- 1 

constructores de instalaciones cereos como son los postes ó instalaciones subterrare:s p-;:ro 

los servicios p~blicos de teléfonos, alumbrado, semáforos, etc. 

Hasta ahora, hemos visto el ti'tulo 1 del Reglamento que estc!Jiece res~ic­

ciones de tipo general, El título 11 restringe el proyecto arquitectónico, p~o este efe,.to, 

1 o· ... •d t • • 1 • • d o •recc•on e erm1noro as caractenshcos e los edificios y los lugares en q1.-e es~os -

pueden autorizarse, según sus diferentes clases y usos• por lo tonto •aprQ!:.,;¡r& ó re.:!,.::::t'S 

los proyectos orqvitectóni cos de acuerdo con sus coroc~e ri"sti c,;¡s ~<!e-eral es y porti cul c:-es. • 



Las constNec:iones que ss ubiquen en zonas trpieas y en calles Ó plazas Ó 

pn).ximos 0 construcciones dedorodas monumentos o juicio del Instituto de Antropolo9ro e 

Historio, deberán armonizar con el ambiente general de que formen parte. . 
Los materiales especificados en el proyecto deben ser do la especie y ce-

lldod neC-'sorias al uso que se destine coda porte del mismo. 

~ ii ~-etc deberá fneluir le$ nf~imas seguridades contraineendio-. 

Todo edificio que tenga piezas habitables y que es~n a una alhlra mayor 

de troce metros sobre el nivel de la acera, dl:lberá tener por lo menas, en servicio un as-

censor para personas. 

En ot copi\ulo vn se restringen las alturas de los edificios y los espacios 

que debon quedor sin construir. 

Ning~n punto del edificio puede estar a mayor clhlra que 1.75 veces su -

distancio al paramento vertical correspondiente ol alineamiento op~sto de lo calle. En 

-plazos y jardines el alineamiento op~J~Jsto _se localizará o cinco metros~ la guomiei~n o 

en elli'mite interior de la acero si esta tiene mas de cinco metros de anchura. Cuando el 

odlfi-e¡;;-Se -yaya a constNir en -esquina de -un CTUee- de ~!les de~anchuros diferentes, la_ • 

altura de la fochedo en el alineamiento do la calle angosta, podrtJ ser la de la fachada 

on el alineamiento d,-, la calle ancha, hasta una .distancia equivalente a vez Y media la 

cnehuro de la eolio angosta, medida a partir de la esquina, 

Todos los edificios deberán tener los espacios sin construir necesarios para 

lograr una buena iluminaei~n y ventilaei~n. Estos are os sin construir se dan en el Reglo­

menta como mtnimos. Para hoteles, oficin01 y escuelas se dan en un por ciento de les -

creas constNidas. En soles c!e es¡;JctÓculos y centros de reuni~n en general se den en fv!!_ 

cióo 00 uno cierto oreo fi ¡o por e.oncunente. En los edificios industriales lo Dirección -

"hma fija les limitaciones en codo caso espoci'fie.o. En oq~llos edificios que se destin!ln 

0 uso mbto, ser6n por lo menas igual u a la sumo de les que se requiera~ pata codo fin ~ 

YO que se demuestren que na existe superposición do horarios en su funcioncmiento • 

A partir del nivel en que se desplanten los pi~ de un edificio destinado a 

hclbttoci~n, deber~n quedar libres las superficies dedicadas a patios qve sirven para dar -

lliitninactón y ventilaei~n-a-hn diferentes dependencias, sin que dichas superficie~_~vedcn 

ser cubiertos con volados, corredores, pasillos o escaleras, Se entiendo por pieza hcbito-

ble •tos lacales que se destinen a sales, despachos, comedores y dormitorios• y por no h.2_ 

bitobles aquellas 8 destfnodos a cocines y c~rtos de bol'lo8
• El destina de codo local será el 

que resulte de su ubtcoei~n y ~imensiones y no el que se lequiera fijar arbitrariamente. -

El articulo 61 dó les dimensiones mínimos tonto en anehuoro como en altura pct'O poder --

considerar un local coma pieza habitable. El reglamento en su artrculo 62, solo autorizo 

lo constNcción de viviendas con un mínimo de una pieza habitable con sus servicios e.om-

pletos de ~cinc y boi'lo. 

Todos los piezos habitables en todos los pisos deberán tener iluminoei~n y 

--ventilación por medio_de_ ... cinos que dqrér~ directamente~ p~atios ~a la vro_p~l~:_~· las 

superficies libres de todo obstrucción para ventilación e iluminación es tan en relación de 

la superficie de lo pieza, osr, el articulo 63 do unos mínimas poro estos orees de un oct,2. 

voy de un ventieuotravo ele la superficie de la pieza poro iluminación y ventilación re.!. 

peetivamente. El ortrculo 64 dó las dimensiones mrnimcs de los patios qve sirven poro -

dar iluminación y vontilaci~n o piezas hcbitoble_s. Estos dimensiones mínimas estcn en -

fvnei~n de los alturas de los muros que limten estos p:¡ tios. Cuand.o lo altura&! los muros 

limítroFes sobrepaso los 12.-- m. la dimensión mrnimo &1 patio sertJ el tercio c!e lo alt~ 

ro total de dichas muros. En este mismo artrculo ~ d&-1 tcmbicn los di~Nnsiones mrnimcs 
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cb los potios que sirvan poro dar iluminación y ventilación a piezas no hc:bitc::bles. Asi -

atlsmo cvondo lo altur:J de los muros limi"trofes sobre paso los 12.00 m. lo dimensión mr­

nlmo c:M ~io .sert, el quinto de lo altura total de dich:ls muros • .A&!mas de lo iluminación 

natural 
1 

se c!e!:>e proveer o los edificios poro habitación, de iluminación ortific:ial que se 

fi¡aen el copl"tulo XXI del Reglamento. 
- - ---

Te;das las viviendas de un edificio deber&1tener salido o pasil!as·6- c:orre-- ---

dores que conduzcan directamente a las puertas de solido ó a les escaleras. El ancho de 

estos pasillos asi c:omo la altura de ba~andoles, cuando las nec:esiten, se especifican en el 

arti"c:ulo 66. 

Los edificios tendrán siempre escaleras que comuniquen todos los niveles, 

ounque tengcn elevadores. las escaleras se deberán c:onstruir c:on materiales incombusti-

bies y proleserse c:on borandoles. 

El copi"tulo IX reglamenta los edific:ios poro comercio y oficinas, los cua­

les son c:onsi&rc&-os como piezas hobitobles y por lo tont9 tienen lCIS !!li~!!lcs_~mLc~i~nes 

que los edificios para hc!>itaciones vistos anteriormente. la e~cificoc:ión particular c!e 

.. osc:oleras• es un poc:o mas rrgido e~ estos. 

El c:apl'tulo X trata sobre edificios destinados a lo educoc:ión. Poro ooc!er 

otorgar lic:enc:ia de c:onstrucc:ión, omplioción, odop-::~toción Ó rrodiFic:odÓn poro este tipo 

c.l.a edificios se requisito indispenscble que previamente se c::r>rvebe su ubicación. la su­

perficie totcl del terreno c!'!stincdo a lo construcción de edificios pc~ro lo educación será 

por lo merQS c!e cinco metr~ cuadrados por alumno. El número c!e alumnos se calculoró 

ckl ac:uerc!o c:on lo cc::poc:idod total de las aulas. la ccpocic!cd de les aulas de~ró ea! e:~,-

1~ a rezón c!e un metro cuodrcdo pc~r alumno, c:on una ccrx:::icb:l máximo & cincuenta 

alurr.nos. las aulas ¿~ber.:\n estor iluminadas y ventilcdcs por medio c!e ventanos a la vra 
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pGblico o o patios y estos ventanas debe·~n c:b~= =- et ~ tQ¿a la lorogitud c!e uno 

do lo: muros mas largos. los pati..,s q.¡e siNO"' ¡r--o :i:: 1~rt=ícn y ventilación a las -

aulas deberán tenor por lo menos una dimensión ele un ne:.=c: 6!t t~ dtura c!el porcmento y 

como mrnimo tres motros. la iluminación ortifici::d ~ l::l mies se~ directa y uniforme. 

Estos edificios deberán tener un espacio para el ~im-em: flsic:o de los clumnos eon 

una superfl~Te-·~r~in;a eq~ivolente o v~i y -mé-dia oJ :n-:: ~ida-con fines diferentes 

del esparcimiento. Se exceptuancfe esto obligación ~::s ~eTc:s especializadas. Todo es­

cuela tendr& un local adecuado para enFermerto, ch .. ~ :::n f~Guipo &l emergencia. 

El co?i"tulo XIII del Reglamenta se ~~"'2 : Yc:s hospitales. los dimensio­

nes mrnimcs poro los cuartos de enFerm~, de los ~"'H y c!e los potios son les mismas 

restricciones que los vistos poro edificios de hcbito.:;~,. l:s c!imensiones de los sales­

;enerales poro enFermos se deben calcular en la mis.-=--:~ que en los edificios poro !o 

, educación. la instalación el~ctrica general debe ~~rse, o&mas 0a las del servicio 
1 

· p~blico, c:on una planta particular .con_ la c:opc~ci~~ r>e:>!SCt'ia. 

El c:opi"tulo XIV reFerente a industries en,_, crtfculo 111 obligo, antes de 

dar aut~~izaclóñ poro construirliñ ecfificio de este· tij:\3, a q1.-e "p~vicmen~. ~-OP!.YC~--·· 

su ubicación conForme a las disposiciones legales o?li.:c:bles•. la industria que por su -

Importancia y por lo naturolezu de sus actividades y des-e~, impliquen riessos se u'.:!ic~ 

rán fuero de lo zona urbana; las que c:a~n molestic::s, en :on:s industriales y si les mol~ 

ttcs san tolerobles, en cualquier zona siempre que no existen prohibiciones o restriccio­

nes que lo impidan. El ortrcvlo 112 aun reserva la expedición c!e la lic:enci a c!e constru; 

ción poro este tipo de edificios a que •to Dirección Gonarol de Obres Públicc:s deberá -

cuidar que les construcciones satisfagan lo previsto en lol re;¡IC<N!ntol & mr:did-::1 p~ .. e:_ 

tivos de occidenhl y de higiene del traba¡o•. 
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El copl'tulo '1:-1 se refiere o solas de espectáculos dando como primor requ_! 

siro paro ororgor lo licencia •lo aprobación previo de su lbicoción y demos requisitos­

conforme a las disposiciones legales oplicoh!es•. Todas las sofas destinadas o ospectócu-
' ' 

los deberán tener 9ccesos y solidas directas o lo vt'o público ó comunicarse con olla por 

~illas con onchuras mt'nimas dadas en función ele las anchuras ele todas las circulaciones 
~-- ' 

que des~lojen los solas por esos pasillos. Estos accesos y solidas se·-ae~:;en localizar de pr:_ 

ferencio en_colles dif~rentes. Todo solo de espectáculos debe tener por lo menos tres so­

lidas. Deberán tener asl' mismo vesti'b':'los que comuniquen la solo con lo vl'o público ó con 

~pasillos que den acceso o esta. Ac!emas codo clase de locolidocf deberá tener un espo 

cio poro el descanso de los espectadores en los intermecfios. Sobre las puertas o lo vl'o -

~lica se deberán poner marquesinas. las taquillas paro lo vento de boletos no deben -

obstruir la circulación por los accesos odemos de localizarse en formo visible. lo olturo -

libre de 1 o salo no seró en ningÚn punto de menos de tres metros. El volumen de la sala 

ll8 calculará o rozón ele-dos y medio- metros cúbicos por esyectocfor. _El ortl'cu~~ 119 ~lo_ 

\.ermite la instalación de butacas y prohibe lo de grados en les solas de espectáculos. Ade 
1 -
! -~--- -- ----· ---------

mas sa reservo el derecho de revisión y •se o~denaro el retiro ·c~e·-botacos- cle-les-zgn~-e!e 

visibilidad defectuosas•. las butacas se deberán fijar al suelo y ser de asientos plegadi­

zos. En los muros de los pasillos no se permiten salientes a uno alruro menor de tres me­

tros. lo anchura de las puertas que comuniquen la solido con el vestíbulo, deberá per­

mitir lo evacuación de la solo en tres minutos. Codo piso o tipo de loc:olidod con cupo s~ 

perior o cien pen.onas, debe tener por lo menos, oc!emas de los puertos antes vistas uno -

solido de emergencia que comunique o lo calle directamerte ó por ~dio de pasajes in&­

pondientes. les hojas de les puertos &!ben ohrirse al exterior. El orti"culo 123 prohibe te_: 

minc;nteO'TlQntf,! "q~A en lo.s lugares destinados o lo permanencia Ó al transito &1 p~blic:o, 
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hoyo puertos simulados Ó espejos que hogon cporecer el local con mayor amplitud que lo 

q\IS realmente téngo•. las escaleras tendrán uno andturo mi"nimo igual o lo sumo de los 

.,churcs && las puertas o pasillos o los que don servicio y constru:rse ele materiales incc':. 

a,ustibles. Cado piso debe tener por lo menos dos escaleras. l01 es_cenorios, vestidoMJs, ~ 

dagas, talleres, cuort01 de méquinos y casetas de proyección deben estor aislados entn¡ -

ti y de lo Íolo, c:isi ~m(dendr6n solidos indepernJie-ntes ele lo solo. Todas los solos de es­

pectáculos deben tener ventilación artificial. El aire deberá ser tratado paro obter.er una 

cierto tempsraturo, Mmedod y concentrocign de bioxido de carbono. Deben tener servi­

cios sanitarios poro coda localidad y precedidos de un vosti'bulo. las solos ele espectácu-

los deben tener uno instalación hidro~lico independiente para co.sos ele Incendio con Ut"'a 

presión necesaria en toda lo tnstalaci~n para que el chorro de eguo alcance el punto mes 

alto del edificio. Solo se autorizará el funcionamiento de los solos efe espectáculos cuo!!. 

clo los resultados efe las pruebas de cargo y de sus irutalocioncs sean satisfactorios. Esta -

autorización deberá rccobarse anualmente. 

El copi"tulo '1:-11 referente o centros c!e reunión como casinos, ccboreh, -

restourántes, solas-de-bei1e-o.cuolquier-otro.con uso semejante tiene disposiciones similo-

res el capi"tulo X:V paro solas de espectáculos. Tambien el Copi'tulo XVII d~stinod~ o edi· 

ficios poro espectáculos deportivos y el copl'tulo XVIII o templos siguen poco mas ó meno• 

les mismas disposiciones del X:V. 

El cop!tulo XIX se refiera o estocionomientos definiendolos como lugares 

•efe propiedad pública privado d~stinodo e guardar vehículos•. Poro otorgcr licencio e!~ 

construcclón, ampliación Ó modificación de lugares qve se destinen to!ol ó pcrc:iolmcnt'e 

o estocionomiento.s, se necesita la aprobación de su ubicación. los est~:ia:'lc.-nicn~s e!-.!-

ben tener carriles separados poro lo entrada y solido de los vehículos con uno cnchuro -
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mt'ni~ -de dos ~ .. ~s y tnE:cfio. Deben tener oreas poro el csc:enso y c!escenso de per10ncs, 

oJ nivel d6 las aceras~ -a codalc:cfo de los carriles. lo olt\Jro libre de cualquier punto 1'10 

_._ • r de dos metros con diez centt'metros. los ra:npcs tendrán uno pendiente m~ p~= ser meno _ 

afmo de q~in~e ~r ·~rento y curvas con radio ml"nimo c!e siete y medio metrGS. Estos rom­

~ estarán ~Íi~~tadcis jxlr uria guamici&n.LGS columnas y muros deberán tener-una ban­

queta ,k· pro~cé;&n: Si los oreas de estacionamiento no .ertuvieron o nivel, fas coiones se 

dispondré~ en Fo~o .• tof que en ~ & ~ue folle ef sistema de frenos el vehfculo quede -

detenid¡, ~n topés. C~ando no se c~nstruyon edificios poro estacionamiento ¿e veM'culos 

tlno soÍame~te ·~ urrliu el teroeno, este deberé pavimentarle y drenol'le odecuodomente, 

contar co~ ~~~da~ y solidos independientes, tendrán c!elimitocfos oreas ele circulación, 

contar~n co;, topes poro los ruedos, bordas propios en todos los linderos, cosetGS de con­

trol '1 servicios sanitarias. Este c:ap~ulo en su artrc:ulo 177 cla una excepci9n •Jos estaci~ 

_ -t~omientos privados ~ eston obliga_dos o tener carriles ~Pc:"~c:!os, ore~ para ascenso Y de.! 

censo de ~~ncís; ~rvicios sanitarios y cosetGS de control•. 

---- ·_ --.- -· - - El ~~pl"tulo XXI; Gkimo-del trtulo se.guzu!o_ reFe.rent.e_ol proyecto orc¡uit~~-:' ____ _ 

~ni~; d~ u~o ~~ie c!e niveles ml"nimos efe. il~minodón en luxes, paro los diFerentes tipos 

da edificios. 

El tnulo tercero del Reglamento dispone les restricciones o1 dise1'1o estruc­

fvrol. -Tocf~s 1~ e~truc:turas deben ser cnolizodas por los proc:edimientos reconocidos de -

onélisi~ e-l~tico S inelástico, siempre que se sujeten o los requisitos que se1'1olo el Reglc:..ne!! 

to. Pue-~n empleo~ m~todos de c~lculo diferentes, pero el disello deber~ ssr aprobado -

por lo dirección General efe ObrGS Públicos. El di sello -c!e estructurGS especioJes por svs e! 

ractert'sitic:cs ó rr.aterioles requerir5 o¡:>roboción especial ~ lo misma Dirección • 

fl~;c!'li'tvlo XXIII trota da cargas muertes y d~ uno tc:blo da p.!SOS volu~-' . 

lrfC:OS 0 fas cuales de~rén sujetarse los di~llos estructurales. 

El cop~ulo XXIV sobre cargGS vivGS, tcmbién da una tela¿., e1~~ y le: 

c5a cólculo no ser~ menores que los espec:ificcdos en dic:ha tc:blo. El pr~pier::ria del e~· 

licio serl"o al responsable de los perjuicios que podrl'a ocasionar un CCIIT.bib c!e de ;tir.o ¿e 

lo construcdón. i:u~do produzco corgGS mayores que los del di sello. 

Caprtulo XXI.- Cimentaciones. Este copi'tulo principio dividiendo el t~ 

rrltorto cfel Distrito Federal en zanGS e!e alto- compresibilidad y ele bo¡a co~presibilidod '1 

dando en su ortrculo 191 la obligación e!e dmentor todo construcción o estructuro· En -

nTngO caso se pocfran construir cimientos sobre tierra vegetal, rellenos sueltos o desJ,ecl-.c 

los cuales tendr~n que ser removidos en su totolidacl. lo proFundiocl ml'nimo de des¡:~lonte 

requerido es de SO cm. bajo lo su~rficie del terreno, ex.c:eptuandose les construccione: 

ctmentoclos directamente sobre roca. 

___ _ El .fact'?r_ ~e seguridad ml"nimo admisible contra follo ~el suelo por esfv~· 

ao cortante seró el~ 3. El tipo efe cimentación elegido, asi como su dise.'lo y ejecudó-

1 o# ¿¿ 1 deberán 0-segurar que los movimientos verticales que ocurran ~u_r~_nt_e o construc:c•on • 
1 

edificio y lo vida del mismo no afecten su estobilidod ni lo de construcciones vec:incs ·• 

' 
oclemGS no Interfieran el bien Funcionamiento de los instalaciones en lo vi"o p~lico. 

Los copi'tulos XXVI al XXX interesan o elementos de mc.~posl'eri"o, es~a. 

turos de modera, el~ concreto, ele metal y compuestas. En ellos se dofi,los esf~.o-er.:Oi pe 

d"f • • ' mlsibles poro los distintos elementos estruc:turales disei'loclos en estos • erentes mo,enc 

Poro estrueturGS ele modero lo calidad de la misma no podré ser inferior o lo de tercer:: 

¿ •• También en estos mismos copl"tulos se dan las especificaciones poro ele:n.:nt~s e un•o--

los e!iferentes estruc:hlras: clavos: pernos, solclocluro, remoc:hes etc. 

Termina est-e ti'tulo tercero con los di~llos por sismo y vienl'..). P.:~ra si• 
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111 dosifican los e·':ficios por su destino en tres grupos y f'"'r su estructuración en tres ti-

pos. De acuerdo c:on lo elcsificioción del edificio y de lo zona de compresibilidad en lo 

que vaya ~ ser construido puede obtenerse el coeficiente srsmico poro el diseno. No es 

necesolfo· éci·nsiderar la acción simultaneo del viento y del sismo. En estructuras cuya-
" ,.. ~ ... 

oreo cubierto excedo de 10,000 m
2 

Ó cuy_a altura excedo de 45 m. deberán instolone -
'1,..-;:..,...,í 
~ ~ ~ ... 

deformrmetros y'oseilógraFor~opoces d~ regist.ror con precisión movimientos intensos. Po 
_ ·~~~. ;.;: .... :_.:..~ ~ :·.~ ~ ~\ '""::·:~: .. ~,:.IJ :_~. t; .._:J(1>" \~:.r: , ~-' ~~ .. , -

ro el di sello por viento, les estructuras 5e "ónolrzor'SrViúpoñi!!=n~ q-~_puede actuar por lo 

menos seg~n dos direcciones perpeñdiculores entre si. Asi como en el sismo, cuando una 
! 

estructura excedo en altura los 45 m. S3 deberán instalar anemómetros capaces de regis-
1 ' 

trar eon precisión velocidades altos de viento, 

El t~ulo cuarto se refiere a lo ejecuc:lón de les obras. Da en sus artrculos, 

uno serie de tolerancias y procedimientos de construcción que serran mrnimos para la bu;_ 

no ejecuc:ió.n de lo obra. 

En el ti'hllo quinto se don disposiciones poro lo conservaclón de predtos y· 

edific:.io.~---~i .mis~-~ _!i_ltl!!~n -~_un p~rmiso especial los usos peligrosos, molestos o --

malsanos, c:onsideróndose como estos: 

1.- Producción, almacenamiento, depósito, venta ó manejo de substancies Ó de ot.¡etos 

tóxico,s, explosivos, inflamables Ó de fácil comb~stión. 

2.- Excavación de terrenos, depÓsito de escombros ó basuras, excesoó molo aplicación 

de cargos o les construcciones. 

3.- tos que produzcan humedad, salinidad, corrosión, gases, humo, polvo, emonccio-

nos, ruidos, trepidaciones, cambios sensibles de temperatura, molos olores u otros 

efectos perjudiciales ó molestos poro les per;onos ó que puedan causar da.'lo a les pr~ 

piedodes. 
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~.-Los demos que establecen el Código Sanitario y los ReglCI'I"P.ntos res¡:¡ectivos. 
r~..:r.-~ ..... ~ i1~;'?_ :. ~~· _. __ .- • J~ • ,... _ ... ~ 
Concluye el Reglamento de lai Conit~c-éioiíéi:·c:On'su-título·.~xto con di! 

~.t::l" 

P:O~!clo.nes diversas toles como los derechos y obligaciones de los dir~ctores reS?OMchl'!s 
V~' 0' ? 0 { .; ·~ 'l ' ' ~ ~ t ¡ ... : - > ; ', 

de obres, propiedade's de los lice~di~; fnsp~~~·io~i· y' ~n tHirr~e)'ecpítúló en el: cu-:~1, ~· 
:.--~-~-~.,_ .. ~i(~'-•1 i?'-: -.,) ,J? <= 

dicton fos medios y soncÍones siora hocer·c~mpiÍréf Reglo!reníó·;; .. ~;-:-;:, .. ·,.) , .. ,, 
~~~~~ ... ~ 1- > -
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Vemos a ver prlmeromento uno terTo &o gqMral!dodos y de doFiniciones -

para entender con II)O.S claridad algunos c;.:.ov...epl01 que usorernos poro entror aJ tema c!ol.t -

los criterios ec~mic.os usuales ~~a doter:':'ínor lo utilidad de un ten'flno. 

Los ti Iones raleas so odquro~ pcnSGndo primordialmente on lo rGnlo q~-

'WCI'I o producir. En ol troto de dtc:ha.s prc.pi..V~s, ol valor tiendo a sor proscrito por la -

éon'tldoéf, calidad •i Clurcbllldad de lcnonr-:o qcteJ--Imputcblo o la propiedad. . 

,. 
-~ ~ 1 ! ' r 1 ' 0 ' ~· , j ! : _ ~ 

11 valuador emploza w trd:,.oo..(p OI'ICIItzcndo la renta brvto OC.Qn&mica, Es­

ta renta en la cantidad el valor do renta rcz.~le que la propiec!od os e ¡;paz do podu· 

cfr1 ma.s diversos y sorvlclaÍ1 silos hoy • el' sa:~:.~i1or OC.Qt\Ómlco esta bcsoda en la ccmp,2_ 

roctSn de nlvolos de ro~ta y puedo sor m~ s meros qvo el alqutlor actual. 

-. 

.c.- OJrE~:co; :~.:..,;~MICOS PARA t'E~'-\\l~~~c: 
. LA EF!CE:-J,-;' • .., ~ UTILIZACION ~UN T.~~ 
NO. 

. '' ~~:;,• ..... r \_ 1 ¡ • - •• r ., '1 .. ~·· • .¡. .. - • 

1 /1 

1 ' 

. ' 
:¡ .. 

ln)a próctlco, no pue&s ~~~ que muchos edificios soon ocupoc!os -

comploto y continuamente, tampoco pUl'¿, ~u~rcno quo les pagos socn Inmediatos y cxc~ 

toa, por lo tonto, so debe hacer uno &:c!.,;.-::;Qn p:ar vacantes y/o cobros perdic!os. Otro -

cfoducctSn lm~rt~_n~o a la rento son' los ¡c.tti'$J; v:T."ios de operación, tolos corno Impuestos, 

· 111;uros, adrnlnhtraclón, servlcl'~s, per-..on~~ re¡>oroclonc;,. clmocSn p~;o .ro puestos y cuol 
\ \ ' -

.. _ - -·---·qutor-otro gasto. apropiado lmprcY.hto. , _ 
, 1 1 ~ ~- - ~ -- ----

Er.tendemos por ·~precio.:!.:;"' neto• a lo diforenclo entro lo renta deduc.!, 

do por vocontel y los gastos do oporcción. ~ ~= tombl!n como •recuperación neto• 

. c16n. 

La. copltalh:oclón es el pm.:r;~,.:. 0e convertir lo deproc:ToCtón neto en lm-

porto, bien dividiendo lo ronto en proport::.,I'M:;. cdccucxfos o multipltcéndolo por un fac• 
,' ·:, 
tor. 

Excepto poro propicc!cc!a' .'.,"'"!lr.ld o largo plo=:o, la proctlc:o a:luol es d.!, 
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• --~ wrd:r la rento propordonofmente. --
Lo relación entre fa renta neta cn~s de lo recuperación y ef vafor totaf -

b la propTe:fo:!, sa conoce c.orno •contribución totof•. Es fa relaci~n ingreso~alor. 

•Lo contribud~n total inc:luye y mezcla una tersa de interés por la tierra, 

11110 tasa & Tnteres _por la c:onstNcciSn y uno penst~n por la recuperccicSn de la construc-

• d~. 1 

1'~ e¡empf~, si uno propiedad tiene uno rento neta antes c!e lo recupera-· 

o&n &1 S to,soo.oo por olla y se cotiza en el mercado en S 120,000.00, la contribución 

IQtoJ serra ée 9% yo c¡ve 10,800.00 entre 120,000.00 es iguaf o 0.09. lo taso de in 

ter&s es un por ciento, que no incluye una pensicSn por recuperación. Se aplico a los in-

1r11sos del terreno. 

lo tersa de copitalización si incluye una pensi~n por recuperación. Se op!!_ 

ca a los ingresos efe fa c:onstNcción. 

Tcsa.de interese_s + tCSQ de recuperaciSn • tesa de ccpitolización. 
- -- - ----

llcimomos •factor• al reci"proco de uno tasa. Hay publicoc!as tablas de .:.._ 

·roetóris~ ·cc:idcfúi'lo ke las cuale1, tiene -su propia.es!eJ"_qJfE: utilidad y cplicocion.'t~ ~-· 
------ --------- ----~-

lilas de factores mas frecuenterr.ente usados, son la •tabla lnwoocf• y lo •teMo revenihfe•. 

Los procedimientos conocicbs como •t«!cnicas residuo! es• alocan el pro~ 

ID & ccyita!izoción, con el uso de tasas ó factores. 

El ingreso neto imputable a fa propieclod, se treta deduciendo los intere-

~~de la constNcc:ión y las cc:rgo:s por recuperoción y cfespues se ccpitolizo la renta re-

atduof pero obtaoar uno lndic:oción cfel valor de la tierra conocido c:omo •valor residual 

dol terreno•. 

Do le ·mismo fonno el Ingreso ó rento neta sa trota &duc:ient!o primera-

.. 
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-
¡nente los ingresos del terreno y de~pue~ copltofizonc!o el ingre~ residual o vno t~ c¡~A 

Incluye ef inte~s de lo c:onstrucciSn y su rec:up!roción y obt<=nemos lo c¡ue se llcmo •vo 

lor residual eSe la construcción•. 

Para obtener el •valor residual c!.e lo propiedod• se sigven d:-,s c:omii'IOs: 

• 
1.- El ingreso neto se trata con uno solo tosa, fa c:uol mezcla un por ciento por el tei'T'!l 

------ ? _] - -
no, otro por la c:oiutNcción y otro pÓda rec:uper'odón. En otros pofchrcs, fa rec:u--

per~c:ión _net~ cn_terior ,·es copitolizodo con uno taso c¡ue c:vbre t~o. 

2.• El Ingreso neto es copitofizcx!o por apficoc:ión de un factor apropiodo de cnuofic!cd, 

d cual se le cllode el valor oc:tuol c!ef valor estrmodo de oc¡uella porte de fa proFÍ~­

dod, la cual reverter& al concluir lo cnuofidoc!, 

fn el m!toc!o &! C:opitafizaCÍÓn llomado•J rn~a rec:ta• 1 ef trato:nie:\tO USU< 

•s con la t'cnic:a del valor residual de la construcción. 

Lo capitalización directo y los m~todos "EIIwoocf• em¡:¡lecn el valor re~i­

duol de la propiedad. 

Veom::~s un ejempfo del proceso de c:apitofizocicSn: \ 

(Oriside're!f10suno propiedad con un Ingreso de S 20,000.00 por a11o y vr 

•flu¡o de co¡o• que se espera sea c!e S 10,800.00 por ~o. Consic!eremos un votar inc!e-

pendiente del terreno l!e S 20,000.00 y uno vida económico c:k 33 c:i'los. Vemos a trotar 

el problema por varios mStodos. 

o).- Con el mttodo c!e c:opitolizoc:ión directo, usando 9% como lo taso cplic:cble o c:.o~ 

venlente que cubre todo: 

flu¡o ~cojo Ó &precioción neta anterior ••••••••••••••• S 10,800.00/ ello 

Ccpitolizcndo a ~ ••••••••••••••••••••••••••••••••• f O.~ 

Vo1or tncfic:o::!o •••••••••••••••••••••••••••••••••••••• $ 120,<\..'0.00 

.. 
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b).- (Dn el métc-· 'o de •línea recto•: 

La taso de re~uperodón se oilode o la taso ele interés, debido a que las -

Instalaciones de recuperación, son recibidas coda oilo en importes iguales: . 
Ingreso bruto ••••••••.•••••••••••••••••••••••••• S 

,.. -tos ••••••••••••••••••••••••••••••• S 
~~ ........ . 

--- --

Recuperación neta anterior....................... S 

lmputd>le al terreno 61% de S 20,000.00 ••• ! • • •• •_ S 

Neto, ganancia del ccpitol- {para restituirse al capital) S 

U!pitoliz:ondo o 9!% (61% interés + 3% recuperación 

correspondiente o 33 ellos de vida económico) ~olor de 

la c.onstrucción ••• •••• • • •• • • • • • • • • • • • • • • • • • • • • • S 

. fl,os terreno •• ; • • ••• • • • • • • • • • • • • • • • • • • • • • • • • • • • S 

Total. S 

e).- Por el m~t~do da hipoteco legal: 

flujo c!e co¡a (depreciación neto anterior ) • • • • • • • S 
-- -- - - -- - ~ 

Hipoteca da S 80,000.00, 20 oi'los, 6%, 8.604 deudo 

consta1te 0 cubrir (de tablas de hipotecas, 12 x pogo -

mensual} •••••.•••••••••••••••••••••• _. •••••••••• S 

~toporequidod •••• : ••••••••••••••••. : ••••.•• S 

20,000.00 1 Cll'lo 

9,200.00 1 Cll'lo 

10,800.00 1 Cll'lo 

1,300.00 1 c:i'lo 

9,500.00 1 oilo 

100,000.00 

20,000.00 

120,000.00 

10,800.00 / o"o. 

6,880.00 / or'lo. 

3,920.~ 1 gi'lo. 

Copitoli:r.ondo 10'Y:. pera retomo equitativo, considerado como 

1 • del "t 1 S 39,200.00 / er'\o. suficiente poro otroer e r•esgo , cop• o • • • • •• • • • • 

Modiendo hipot-eca ••• ~ ••••• • • • • •• • • • • • • • • • • • • • • S 

Totol ••••.••..•.. s 

80,000.00 1 o"<>. 

119,200.00 
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el).- Por el m&todo c!e anualidades: 

Supongamos perm0t1eee 17 oi'los en arriendo a S 10,800.00 por cr.o y un 

arriendo al final de S 20,000.00 y S 50,000.00 por la construcción, total ----

S 10,000.00. 

Valor pesente de S 10,800.00/oi'lo o 61%, Factor de 17 ci'los 

' 10.110 •••••••••••••••••••••••••••••••••••••••••••••• $109,18a.OO 

Valor presente ele S 70,000.00 devolución en 17 Cll'los a 6} 

%, factor 0.3428 ..•..•.••••..•••••••••••••••• ••••••• S 23,996.00 

Total •••••••• $133,184.00 

•).- Por el concepto Ellwoocf: 

\ 

Lo Rento neto es valuado por cplicoción de una tesa de copitalizcción que cubre 

todo. Esta tc:1Sa es sacado de un libro de toblc:1S o bien calculada por una Fórmula 

en aquellos Cc:1SOS en que no se encuentro directamente en to~los c!c toses. 

En el ejemplo expue-sto se podrro pensar que los datos son un proyector~ 

zonoble en los 8 ai'los próximos. Se venderte por 15% menos ol final c!e esle pcri2_ 

do, posiblemente ~rin 20% menos. El Fincnciomiento de hipoteco es o~tenible-o 

65% dal valor 1 a 6o/o de interés, con uno amortización da 20 oi'los._ 

' 
Taso Ellwood con 15o/o de depreciación • 8.89% 

·-~ 

10,800.00/oi'lo t 0.0339 _'?·$ 121,500.00 

Taso Ellwood con 207á de c!eprecioeión • 9.32% 

10,800.00/oi'lo T 0.0932 • 115,roJ.OO 

Como vemos, no hay un solo •corr:no recto• paro copito!hor lo rento. -

Los métodos cceptcbles comunmentCI tienen dÍ sr, cierto suposiciones vcrichles. Por -

ejemplo,' la capitalización directo con :o teso que cubre tod.:~, no estipul.-:~ uno vi.:!:~ e.:~ 



- ~iea, ni diferencra que por:-e es tierra y q~ porte es constrvceión. Es simple y con­

wlneente cuando hay 'ufieientes trct\saceiones d&·merc:odo cbierto poro probar que lo tasa 

es CC)(T11do. El ~todo d& li"neo recta con lo tEcnico del valor residual de constrvc:dón, 

postvlo un~ •ido económica, diFl!renei"o la tierr"l y la const~cción en sumo proporciono 

uno rentCI ,neta gradual. Puede perecer teórico, pera en lo práctica, provee unc:s pautas 

··r.llf Seltisfactorias. 'El rretcx!o hipo~ca-1:quidod, e~ el __ m~ típico usado pot los in~_ersi2, 

nistc:s y la cantidad y tipo óe hipo~co que pueden obtener, Frecuentemente dP.terminaró 

el pre~o·q~ pogarón. las rUitos de equidad son osunPo-de-observoeión y' juicio, corrie!! 

temente entre 8 y 12% Ó md. l:> me'¡or del método es lo observación ele las reaecianes -

entre comprador y vendedor.. El procedimiento de anualidades presume que hay una renta 

neta asegurado por un peri~ clcrcmente lorgo, lo c:ual, .afecto fovorcblemente l_a cali­

dad y durcbilidod c!e lo rento • Par lo tanto, lo propiedad vale mós que de otro manero. 

El concepto Ellwood, rene¡a los mÍS.":llS factores que el método hipoteeo-equidcd. Surge 

un juicio adicional que es, si lo propiedad se depredará en el futuro mas rcpidcmente que 

~ ""::::,:'~" ~ 1: hi~ t<oo,lo «ol •lgoiRoo, que la <quldad p~d• \ .0-tft,~m<o- .. 

Podemos ver el proceso ele copitolizoc:ión mas ob¡etivomente en el siguie!! 

te diogromo; 

manos. 

V ce~.,~ y/o pérdidas ¿e 'rento. 

1 
fguoJ a 

menos 

Nivel ~ renta 

Igual a 

Tenemos dos formas de determinar lo eficiencia ele utilizoc:i~n de un te-

. --- ---------
rreno. Por med~o del procedimiento llamad~ t~odicio~~l y por el proceso del· volar residual 

del terreno. 

El procedimiento tradicional consiste en seleccionor uno utilización c!c -

entre todos los que se crean Foctiblas. Elaborar un proyecto poro esto utilización. Esti• 

mor lo inversión necesario que se requerir6 poro construir el proyecto y suméndole o e.! 

ta cantidad estimada, el valor del terreno, obtener la inversión total en el inmueble. -

Despu~s hoy que estimar lo rento mensual que se espero obtener del inmueble. Con esto, 

10 comparan los dos cantidades obtenidos: la rento mensual y la inversión totol. Por úl-

timo, se opruebo el proyecto si lo rento mensual esperodo represento. uno fr,oc:ión s;~tis-



t (p
' - pecto 

0 
lo inversión total, g bien, se modifica dic~o proyecto, & se ela­

foc:tor o '1 ou\ 

s· lo rento mensual esperodo no represento uno fracción satisFactorio (p) 
boro uno nuevo, • 

c1a la Inversión total, 

• Si lo rento mensual esperado representa uno fracción satisfactorio (p) de -

lo tnversi~n total y se tiene un proyedo de utili:z:oc:ión homogeneo podemos ell.preS01 esto_ 

en lo siguiente fOrmule: 

Gnla cual: 

ah • p (yAc + V At) - - - -- ------- (t) 

Jt 11 rento mensual por M2 ele lo utiti:z:oción U 

y • valor de lo.constl}lcc:ión por M2 para la utiti:z:ac:ión U 

V 11 valor ele terreno por M2 

h 11 Ana rentable 

Ac • orea construtdC' 

~.oreo del terreno disponible poro lo utitizoc:ign u. 

Observando la fórmu'a (l) podemos ver c¡ue la efic:ienc:io del-proyecto, estó 

- - \ ~ ' fi • • 
d
'd r p y po-élrromos conduir1 que-mientras l)'ayor seo p, mayor ser•a o e •c•enc•a tneiapo __ -----

del proyecto, lo cual es falso: Si lo Fórmula (l) se despeja a V. 

V • 
xh .yAc -,-
At ·-----

--------(2) 

En esta fórmula podemos ver c¡ue si (xAr), (y.&.e) y At son fijos, a medido 

que pos ma-¡or, V resulto menor, o seo, c¡ue si c¡ueremos un valor mayor de p, lo cbte"!_ 

mos o c:osto ele reducir el valor del terreno. 

CUOtldo el proyect~ se trota de varios utili:z:oc:ioncs u,, U2, Un lo fórm~ 

la (2) se ucribirS ¿e la 'siguiente manero: 

l 
~ ~.!l_ + X2 A!.2_ 
~v· _ __! ___ P 

+ 

6 bien abreviodCJJMnte: 

• ,.~w: ~· ~ ~- YjAc¡ 
V= l!r. P ~· 

' 1 

h. - - - - - - - - - (1)--

En el proces,o c!el valor residual del terreno, lo medido de lo eficiencia¿. 

un proyecto ele utili:z:oeión de un terreno, e\fÓ dado por el llamcc!o •valor residual del re 

rre"!o• que represer.~omos con la letra V y definimos de lo siguiente formo: 

(Vo.or presente de lo renta copitoli:z:oc!o 
durante lo vida económica de la utiliza (Valor de la constn:cción ). 

V • etón) 
--------Áféadelterreno. 

Poniendo esto definic:i~n en rórmulas: 

Por o lo utilizoci~n homogeneo: 

--.Ar _yAc 
V.. P 
-----'A~-----

(3) 

Poro uno utilización m~ltiple: 

~~- ~ k.· 
Ya $:T PJ fiÍ 'IJ J 

At - - - - - (3') 

p 11 te + io 
12(1 - C(.) 

- - - - (4) 

- - - (4' 

En los cuoles x, y 1 Ar 1 Ac, y At tienen el mismo significado visto onterio:-r-en•e. 

le • toso de intenh sobre el copita! proveniente ele la re.,ta 

la • toso de omorti:z:oción de lo inversión en lo utilización 

le+ la • tosa & copitoli:z:oc:ión, 

OC: • factor de deducciones a la rento total, c!t~Finic:lo por. 
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c!odvcciones • OC por renta total 

Vom;¡s a vor las relaciones que hay entre el método tradicional y el del -

~srdvol <!el terreno. 

Comparando la fórmula (2) eon los fórmulas (3} y (4} vemos que 50n de -­

- _structura 'f q~ don el mismo re_s_~lto~_si ~ 501~nle si r ~n. (2) se hace igual a 

:o por (4). r es una medida de lo tosa de capitalización de lo renta neta men-

CompCifonda la Fórmula (2') con la fónnulas(3) y (4') vemos que son do • 

~uro ~ 'f que don el misrrQ resultado si se elige r en(2') de manero que: 

~~)=~(~) 

-} tanto: _ ~ (s.i Arj) 
r- ~ :lljÁ!J , 

¡s¡ fj 

~ cumple si p • Pl • p {- - - • - - • Pn c¡ue en general son diferentes -

• SI. 

La IT.ejor utilización de un determinado terreno es un problema de decisi~n 

'! le preSP.nto ~~ inversionista. El c!ebe decidir c¡ue clase de utilizo.ciones c!eseo ho­

¿., que calidad deban ser 1 c¡vé oreo destinar a codo uno ¿e las utilizaciones, si el 

.¡1.1'3 quiero darle ol te~oo es m~lti?le y c¡ue rento fijar o c:ada una c!e los utilizacio­

poro lograr q!Jj) ol velar rcsic!uc! ¿el terreno sea el m &timo. Corro yo hemos vi:.to1 

rilizociones tienen sus trmites, yo que se tien<!n restricciones. 

r~a resolver el pr~lcma c-a lo ~eterminación de lo mejor utilización de 
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"'terreno hay dos ~todos dentro del ~todo 9eneral del valor residual c!el terror« por 

tonteas y po; progromadón matemático. El primero, so em?leo con buenos re~ultodos -

P" voluodores expertos. lo aplicación de lo prog;amodón matemático el problema, es 

l"uevo, presentoda ~r primero vez ante_ lo n_Co:venció~ Nacional ele Valuación, reunida 

·en lo ciudad de Guodala¡ora, Jol. en Septierr.bre c!e 1964, por el Doctor -en ciené:ios, 

1 ! 

Malchor Rodrl"guez _Cebollero.-

El ~todo iterativo consiste, en la elaboración de varios proyectos ele uti 
- -

llzación Factible, teniendo en cuenta las restricciones existenl~s. Se selecciono uno® 

los proyectos poro onoYizarlo~ Se fi¡on rentas o los utilizaciones de este proyecto y 5o!!&! 

termi,no la rento neto mensual esperado. Se estimo la vida económico del proyecto. Se 

sel>!cciono un criterio poro amortizar lo inversión en el proyecto. Se fi¡o uno toso de in-

te rEs poro el capital proveniente de los rentos. Se determina el valor presente total c!e la 

rentó neto copitolizoda durante lo vida económico del proyecto. Se e_st!mo el vo1or total 

de 'la construcción. Con estos dotas se aplico lo fórmula, paro obtener el valor residual 

del terreno. Si este voior resulta satfsfadorio-; se -a-cepto el proyecto-como posible. Se 

repiten todos los pasos P?ra cado uno c!e los proyectos elcborados • 

Con todos los dótos obtenidos, se comparen los volares y se selecciono • 

como proyecto ~ptimo, aquel que de lugar el mcyor valor residual c!el tef!"l:M9 Ó bien se 

sel'5c:ciono como proyecto ~ptimo a cualquiera ¿e los proyectos Fa.:tibles, si tod;>S ellos -

conducen oJ mismo valor 111siduol del torreoo • 

Podemos ver objetivamente el ~todo iterativo en el siguiente eo;qvema: 

' 



El ft'>!todo ele ton~os e• relativcmen~ fócil di! cplkot pero --

---
ci~ de varios proyectos, lo cual es costo~, y lo J.Cgundo, c!P.rivodo de lo prirooro, es -

:que no permite considdror todas las eomhinocior.es posible~ de utilizoc:iones foc:tible,, -

'por lo cuof, se puede llegar o un resultado que pvec!e no ser el Óptirro de __ vtilizoción del 

- torreno.~ 

,~ u~o mejor comprensión de lo cpii~~c:ión de lo progrc:noción mat'!m~ 

ttco a· la cfete-rminoción de fa.mejor utilización c!e un terreno, vamos o dividir su estdio 

en dos cosos: 

Coso 1.- Utilizaciones exlcurentes.- Cuonc!o solo~ quiere uno utilización Factible c!el 

terreno, Je oplican les fórmulas (3) y {4) • Substituyendo Ssto en oquello: 

V• 12 (1-cc) 
le + ia 

Llamando •:z.• o lo relación c!e Ac 
.. At 

y • fJ • a la relación c!e 

Considerando el producto •f 'Z :!~ 
: Al 

y --------(S) 

y substituyendo estos valores en lo fórmula (5), obtenemos lo fórm.,la bdieo c!el vc!or re-

sidual del terreno por rr.etro eucdrado: 

V • (Kx - y )'z. (6) 

en la cual K • 12 ( 1 - d: ) ~ --¡c---. --¡o----

Este _por~tro "t" es cdimensional; es un Factor de copitali::~ció" de lo 

rento mensual por metro cucdrado c!e utilizacióny es uno earacter1stiea intrrr.secc ¿~ lo 

utilización eonsiderodo. El-porómetro " :z. • (totr.bién cdimension>~l), u un factor ele 

utilización c!el terreno, siempre mcnvr que lo unidod ó cucnclo mucho igual o ello. Pero 
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cvolquier valor de este p<JrSmetro • % • , el factor (Kx - y ) representa la contribuc. '?n 

cb coda metro cuadrado construí Jo al valor residual del terreno por metro cuacfrado. 

1 
: •imo Cl V de manera que se cumplan las restricciones básicas. 

O seo; 

• Quedando definida lo cal~ de utilización, queda definido el por~mefro 
M:Dt.. - V • (:Gt- y)% 

•K• y solo folto_es_ti_~ar lo~ valores de x, y, z • Estas valores de~n cumplir ciertas 
do modo que: X :L:: b 

restricciónes • · 
., ~ e 

El-valor &do rento mensu~Lpor metro cuadrado •x• 1 no debe exceder de 

un cierto valor (ol que llamaremos 11b") y que se Fija a travls de un estudio -del mercado de 

rentos efe bienes roices y o partir de la clase, cali~ad y loeoHzoeión de la utilización. 

Representando mo:emátieamente este c:oneepto: 

El valor de lo eonstrueción p::¡r metro c:uadroc!o •y•, no debe ser menor -

de un cierto valor (al que llamaremos •e•) y que se fijo a trav~s de un estudio del merca-

do de lo eonstruec:ión y a partir, asimismo, de la dese, calidad y foealizac:ión de la u~ 

lización. Expresóñdolo matemáticamente:--- ___ _ 

'1 e ·-----

z ~ 4 

}j Este_prohefma puede resolverse uso~~ lo licnico denom' od • 
~ .... '" o pro-;rcma 
~ ocron cuodrátic:a•, técnico que ha sid d' -

• • . o es tu, ra9<;~_ extensamente en los últimos 1 S ellos y 

ha srcfo cpf1coda a cantidad ele problemas d d' ., • . 
e •reec•on c:•entíf,co de emp•-escs, 

Sise eli~ •z• de manero 
que se cumplo fa restricción z .¿ d 1 F ·• 

- 0 vriC::IOn 

V • CKx • Y ) z resuho lineal y en e~te c:aso _. 
1 se pueae usar fa técnico llemcc:!o " ,. • . progra-

i moc:ion lineal" a lo resolución del bl f pro ema. 
r' 

Siendo de gran interés est bl 
e pro ema, vemos o verlo en detalle: 

Si los valores •K• y "z" 
son conocidos, lo parejo de valores •x,y• puede representarse 

Por último, ;1 ~~k;; del ·ractor de utilización del ter~~o • z •, no debe -- --
ser mayor de un ~ierto valor (al que llamaremos •da) fijado por requisitos funcionales y -

re9lamcntorios poro lo e:! ose, calidad y localización de lo utilización. En tt!rminos mo-

ttmaticos: 

por un punto ele un plano cartesiano ortogonot:--A t d 11 
• o os oque os parejos de velares {x, 

1 y) que hacen c¡ve V seo igual 0 c:e•o los 11 • 
! - - \ . ~ ~---- --o~cmos puntos de equilibrio". Asl": 
f V•(Kx-y)z'"o\ -----

1 

1 . . 
ele donde y • Kx · 

que es lo ec:voeión de uno recto o 1 f 
1 o qve lomaremos en eonsecuenc:io, •lineo de eq ·r· 
1 Ul 1 

! brío•. 
Estos tres restricciones vistos anteriormente, se los llama restricciones b~ 

sic as. 
ltepresent~ todo esto gráficamente: 

Habiendo solamente uno utilización Factible poro un cierto terreno y yo 

determinado "K" 1 el problema de enC:a!ltror IC! mejor utilización del terreno es un pro-

blemo de mcximizoción <en ei cuol hoy que determinar los volores :~t, y 1 % que hocen m~ 
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---

X 

De lo gr~fica podemos observar, que poro todos los puntos de la lfnea­

da equilibrio, el valor clil consfrvcción es igual ol valor copif9flzoc!o de lo rento. Que 

poro los puntos slguac!os c:bo¡o c!e la ITneo de equilibrio, el valor de construeeión es menor 

que ef valor capitoltzoc!o de lo rento y por 1~ tonto el vofor resic!ud c!el terreno es positi 
- -

-vo. Contrariamente, e11 lo! punr~ situados arribo de lo trneo, el valor de co11str~eción es 
~---------~----~ -

rnoy:¡r qve el valor capitalizado de la reñfCf)' en conse.cuenclo __ f!l_ valor residual cfel terre 
- - -- -- -

f\0 es negativo. 

Es Fóc:il ver to.mbi~n que • x "b0 es uno recto perpendicular ol eje •x• -

y c¡ue peso por el punto (b,o). Tocios los puntos o lo izquierdo do esto rectoserfon los-

•x = b" • Asimismo •y'" e• es uno recto perpendicular a! e¡e •y• y que poso por el pun-

to (o, e}. Todos los pu~tos arribo d.: esto recto serTon los •y ~ e•. 

Por lo tonto, todos los puntso (x, y) poro los cuales e1 valor residual c!el 

terreno V ~ O c!e rncncro que x ~ b y y ~ e deben encontrarse en lo 

regl~~-csc:Lrodo en lo figuro, qve llamamos aresión permisible" y qurJ Incluye les fronte-

res • 

Si o.l,oro c!c1oeomol determinar cuoles SOl'l los puntos (x,y) poro los que"V" 

oclquiere ofgún cierto valor determ' J el ' 
•noc;o, espe. " " 

¡omos y de lo ecuoc:ión (6). 
y•Kx-V -z 

Siendo -v• 1 un va or definido ...... 
z-- Y " es lo misma, esta e •• 

plo poro los puntos de uno recta pcrofcf -, ... - euoc•on se cu~ 
' o .o o 1 rneo de e e¡ vil ibrio --

--fo-. -Co, • V). y qve peso por ef pvn-

·-z 

X 

Los puntos de esta recto qve 
la re ... • • se enc~.~entron en el seg~nto A6 dentro ce 

g•on pcrmruble' son los Únicos p 1 
oro os cueles x ¿ b ~ 

pare· d r - , y- c. o seo, todos les 
¡os ~ vo ores (x, y) qve c:orrcspond~n o los t d 1 

- pvn os e --d f b segmento AS Jon solvcior.es 
e pro lemo. Próctic:omente esto ,.., 't e:! • 

' .--rm• e eterminor lo c:olidod ¿,. 1 ... 
• "bl ~ o construcc•on ¡:.•r 

m•s• e poro valores c:onoc:idos do la rent d 1 --
0 Y ~ terreno y _J_t • l l ' ce erm1nor o rento permisibf 1 

poro vo ores conocidos del terreno y óe 1 
- o COnstrucción. 

De todo lo visto anteriormente ¿~ 
' po -mos llegar 0 lo -1 •• J y 1 ,. • con-.. us•on ~;e c;•.-e el 

o or moxrmo ck "V' t' - se •ene} poro el punto ( x .. b ,. .. 
1 Y e ) 0 seo poro el punto al "LC le 

eorrespond• 1 , 
" o mayor rento ""rm"s'bl 1 -r- 1 1 e con e mn 1 d 

-~r va or " construcc:i.5n ¡:-crmisi!::-le. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Dentro del Coso 1 de utilizo.:~~ e.-..::f~tes que ~ .,.:-~. ~ 

mos dividir su exposición en dos .ubcc:>os: cv::rd: 52: ~er-e 1..1'10 solo ufl1i:=-..;• "-~~· 

'/ cuando se tienen •N• utilizocio~s factibles :n-_r-_cr:-en~ exduyen!-e$. 

-Vemos o ver .el pñ~r s...bec::s.:>, e."' e! cud ter.e.-no.s sob·-.e:-o""a ~ :.¡1'11i=:_ 

c:J6n factible y no se conoce •z"'. En este p--;:C!e::-:o, CQt:10 en todcs !.:os .:-...e "~• 

se troto de maximizar el valor residual del·te~:-o. 

Partimos de ear-.ocer lo~ valores 11:, b, e:, d. Como yo 1->e;--oc.S .. ~ ~~s. 

se requiere lo oplieoeión de t~eniea.s de pros:-.:::,. .• ··eión no li"~ol. 

Se ~orÓ el teorema de Kuhn-T~o.-ó.er. 

Lo función de logran;e que se ~do al problema es: 

L{x 1ylz,~ 1~ 1 )) ) • (Kx- y)z +).('o- x) +.)l {y~) +~ (d -z)------- (7) 

_ ~~ ~~-e~,_:\ 1./!' 1_'\) son par~:r.etros no r.e~.Jtivos, &nominados multipli.:~'-'""' & ~ 

gronge y que se tienen qve c!eterminar. Poro él punto óptimo-- - -- . _ -, _ 

--- - _(x_!'_X1 _y_ ":'_Y1 z "'z,).= l,~ .. M, )l "' N} se cumplen las siguientes rcJ~;..~s: 

nes: 

[;~~KZ- ~-¡O 
[~; -z + M~O 
(m; KX -Y - N ~ 0 

0~-};b -x ~ o 

g;.); y - e ~ 'o 

(l!J~ 

si vale L, X·;; -·o-- ~·- - -- - -- {1¡) 

si vale ¿_ , Y • O - - - - - - - -{12) 

si vale <. 1 2 • O - - - ~ - • • • fTy 

Si Vale > 1 l D O• - - - 0 
• - - (7 4) 

si vale>, M • O - - • - • - - {ls) 

si vale > , N * 0- - - - - • - (7 t) ";1\i):/- z ~o 
f11 este prcblemc, solomente tiene: interes lo siguient~ dol<t & solveio• 

x>o,v>o, z > o 
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,0(" lo tCitltol los srmbolos de &e~ig~fcfod en le> ecuocior-...,s en d.:!:,.o¡n Sy-

primi"" y cbtenemos: 

KZ -l • O 

1 
-z +M"' o 

1 

KX-Y-N•O 

a.-x _. o 

Y -e -ro O 

c1-z • o 
reloeionóndolas encontramos: 

L • Kd Jt'"'b 
1 
1 

¡M ·d Y•c: V opt. "' (Kh - e ) d - - - - - _, - - - - - (B} 

·N •J::h-c Z•d 

De esto pódemof·ea-nclu7r c¡uc en-ef -punto ~ptimo (X, Y 
1 

2) 

~ n .. Kd - - - - - - - - - - - (o) 
--~---- --rc"'-d----:_-_____ (b) 

~ .. J::h - e - - - - - - - - - (e) 

Estos iguoldcdes tienen lo siguiente interpretación: 

o).- A un Incremento 6 b en lo rento llr<1ite, corresponde un inc..-e~~~ V op. • 

sa{Kd)A b positivo en el valor residual del terreno. 

b).- A un incremento ~e en el costo lrmite, corresponde un &ere :'"le-~ •¡ ::p. • (-d)é 

en el valor residual del terreno. 

e).- A un incremento ~d en el fcetor de utilización del terreno, ~zr.rO! ~,., in.:t 

mento V op. ~(~o- e )~den el valor residucl del terrel";). 

Lo conclusión obvio, es que pero logrcr el vcl,:¡r res~:..d -rb:mo c!el t'( 



76 

{x z) deben tomar sus vofores li"mites respectivos. rreoo, ,y, 

• Veomos ahora, el segun~ scl>ccso en el c1.0 1 tenetrÓs •N' utilizodones 

fadibles mutvemente exc:luyentes • 

.Vcmói-a designar estas utilizociQ[)eS con los si"m~fos U¡, U2, ••• un­

"1 los vofores c~tTespondientes con el i"ndiee respectivo. Teniendo los siguienl'es datos: 

Utilización Ut 

K2 

~~b2 

y2";;;ac2 

z2l':d2 

•·············•········ 
•.•••••..•.....•...•..• 

•.......•............... 

····················~··· 

. Empleando estos valores y el resuhcdo obtenido en lo e-cuaei~n (B) cale!!. 

1 1 1 ·~ les-m~wfmos·cfef-terreno con codo una de las utilizaciones factibles: amos os va ores restcuo ~ _ . 

• (KI bl • C¡ ) cf)/ 

--.;, . ·--- (Kt~-- ~ )·cf2 .. -
• 

•••••••••••••••••••ooooooooooooooojoo 

V op. 
n 

.. 

----------T--

Comparendo estos valores se determina el valor m&dmo de "'Va • Pueden 

oeurrir dos cosos: 

1).- Hoy un solo valor V0 mayor que todos los clemas. En este coso la mejor utilización 

es lo y0 y los eoncficio~s bo¡o las cuales se l09ra son~ • bg 'Yo • Co• 2"o • do 

- _._ 1 ck os En este coso los -2).- Hoy dos o mas valores iguofes "V" mayores c¡uc tooos os m • 

vtilizoeiones Óptimc~ c!::l terreno son estas. 

Coso 11.- Utili:z:ocioncs,..; exduyenros.- fui como en el Coso 1, vamos-

1 
1 
~ 

i 
--1 

a dividir este caso 11, en dos subcosos, uno poro dos utilixociónes factibles ro exeiV'¡en 

y otro para •N• utilizaciones ractibles no ~lvyentes. 

En ef caso de dos utilizocion-:s factibles no e.xdvyent'!!s lo ex¡:~r-e 1 ión ~~ 
valor residual del terreno toma la formo: 

y las restricciones básicas serian: 

1 

'le ~ e, . Ya ~ e, 

en cuanto o •:z" puede tomar cualquiera de fas sig~ientes fo-mos: 

Za + Zz ~ '1 • - - - - - - - - - a 

1· 
':1 + z:z. LY 

--- d 

Representando a Z1 y Za como coordenado; de un punt-o en un pi ero 

tesiaoo ortos¡onal, les restricciones anteriores quedan representados por lc.s siguientes 

e Tones: 
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-z, 

'Z, 

1 
(o,d,)~'· 

o €> s, 

Poro este caso, el problema general de la determinoci6n de la me¡or uti-

lizaci6n del· terreno se·puede-plantearJa Forma de encontrar los valores ( x_, y, 1 z 1) de-

tal modo que : 

con las restricc:ionei: 

)'z ~ C2. 

z, ~ d, 1 d, L::. y 

z2 &d1 , dr~ Y 

- & 1 + z 2 ~t 

Aplico~o el teorema de Kuhn-iud:er y formando lo funci6n de logronge: 
' - ---

19 

J 

+ ( Ka x t -y z ) z: 2 + 

+ l,(b, -x, ) + 

~)J b, -xz) + 

~,(y, -e, ) + 

YzfYz -t: 2 ) + 

... ~D(d, ""% 1 ) -+ 

-t)\C dz ...Zz) + 

+~<Y --z, --z a> 
llom~ndoo (X11X2 ,Y1 1 Y2 ,Z11Z 2 ,l

1 
,L 2 ,M11M

2
, N, ,N

2
,N

3
) 

punto 6ptimo1 las condiciones necesarias para lo existencia de este son: 

f~J::..) ,._ K, Z, -l, ~O st vale< 
1 

X
1 

• O 
~xJol' 

st vale ( 1 X2 = (') 

si vale ( Y1 =O 

si vale ( 1 Y & = O 

si vale ( 1 Z1 = O 

si vale < 1 Z z :: O 

st vale> 1 l 1 = O 



so 

t'")L 1= ba -x'l ~O 
')l.~., 1 

11 wle) 1 la .. O 

si wle) , M1 = O 

- - . ·---
st wle) , M& ,; -0 -

st wle ) , N, = O 

st wte) , Na a •O 

si vale ) , N~ ""' O 

Poro este problema hoy tres clases de soluciones: 

1.- z, = o 
2.- z, > __ o 

3.- z. > o 

z2 > o 

___ z~ ~---<?. __ -·\· 
Z 2 ">0 

Soluci6n 1.- Raciendo las substitvcioncs necesarios: 

Lt=O 

Ma =o 

.. z2 +M~,-= o 

~~ X, -Ya -N1 -N"&< O 

b1 -x,> o 

, 

siones: 

Ya -<=e= O 

d, >o 
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- ,. n1acionóndolas tenemos: l - - -
.... =o 

M, .. O 

Maor Za 

N,= O 

'1 podemos concluir: 

"• b, -e:.< o 

-~¡t_= ba 

Z2 ::: da 

Vopt = ( Ka b,¡ - e & ) d2 

de donde: 

~'lo R= K¡da 

)..'!:l- -d 
~cz- a 

')\'.,_K'- -e: 
;)~- .1~ & 

x. <. b, 

Xa=- b& 

Y,) e, 

Y2 e Ct 

Z,= o 

Za = d& 

soluciéo 2.- Por un proceso similar o lo soh.:ción llles;,m~ o les co. 
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'-a.ba - ca <O 
x •• b, 

V. e c 1 

z •• d, 

Vopf: ( K,b, -e:,) d,- ·-

de.'donoe: 

. ~= K.d, 

~=-d, 
~ 

~= K.h. .. e, 

---------- ... ------ . 

Solución 3.- En este coso los ecuaciones derivados parciales don lugar a-

\ 

las siguientes relodones: 

Ka Z, ·L1 • O 

K~Zz ·lz • O 

~z. +M, e: o 
- -· - - - •Za + Ma -= O 

'K1 X1 • V. ·N, -N~=- O 

KaXa· V¡•N¡-N3·= O 

b,- x, = o 
ba• Xa =O 

V.- e,= O 

~- ca= O 

de- z. = o 
d2 • 2 2 ., O 

Y- z, .. Zz"' O 

1 
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relacionándolos tenemos: 

l, a K, 2 1 

La= KcZa. 

M, .. z, 
M:za _ _Z_a 

' N, ::: K, x,..,- Y, 

X.. b, 

x •• b. 

.V.:oc:, 

''fa.: ca 
~- --. 

z • d, . . 
• Na.·= Ka Xa -·Ya. -- Za • da 

N,= o 

y podemos concluir que el valor residual móximo del terreno es: 

Vopt = ( K,b, ,--c1 ) d, + ( K~,ba -ca) d
2 

Derivando parcialmente a Vopt, respecto a d1 y dz 

")~ b 
) d, ::: K, • - e • 

~=k" L .. e 
~da '"i'-"J a-

De lo anterior podt:mos ~oncluir que '~ pueden presentar tres cosos coñ ~;~Ci-sofuci:5n dHt 

rente cado uno: 

1.- SI K,b, :,- c1 ) KJ:la - ez 

H6gose Z1': d1 y determínese Zade manero que se sotisfc¡¡::m lo; 

restriccion~s impuestos a Z 
1 

y Z a 

2.- SI K1b1 • - e,= Kab2 - ea. 

Hógose 2 1 • = d1 6 Z2 ,. cl 2 y ele tennrnese Za 6 Z, respe;: th-c., 

te, de manera que se sotisfogon los restricciones impuestos o Z 
1 

y 

3.- SI K1b1 . - e1 ( K2ba, - e2 

H6gose Zi =- d;z y cl~tcrmrncsc Z 1 de manero que se sotis~~-:m 1.:: 

restriccion~s Impuestos o 2, y Z t 
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Veamos r-r último, el coso de "N" utilizaciones factibles no exc:luyen• 

~visto con onteioridod, sugiere el siguiente procedimiento par::a determinar lo 

·::aci6n de un terreno: 

. o).-Estobtecer lc.s restricciones propios de cado utilizoci6n. 

--- -b):- ~tabfecer fes restriccionés pertinentes para fe utilizoci6n combino·--

. eno. Estas relaciones, son del tipo Z1 + Z¡-!:: Y vistos anteriormenta. 

e).- C?lcular los parámetros. 

·····------
d).- Ordenar los vt:~lores anteriores en orden decreciente. 

e).- Hacer Z¡ = d¡ y determinar Z¡, de manera que Z:¡ • c:!-¿6 que -

. on las rest~ic_~ion~s de ~_,~tilizoci6n combinado establecidos en b).-

_ f).- Determinados Z;¡ y Z~, obtener Zlt de manero que Z;¡¡ = d;:¡ 6 

--:ísfogon-lcs-restricdones de utilización combinodo-estoblec::ido en b).-

g).-continuor con el procedimiento hasta ocupar el oreo de utilizoci6n• 

~. 

Habiendo visto todos los casos que podrían presentarse en lo cplicoci6n-

-:>de programoci6n moteméli.::o o lo determinación de la me¡or utilizadón de un 

-.o nos quedo mós que hacer resaltar las vento¡as de lo aplicación de dicho pro -

::.: 

l. -Es foeil de aplicar. 

11.-No requiere lo eloboroci6n de proyectos de utili:::.c::ión antes del e~ 

'.r.do el CCY>Io consecuente. 

111.- Permite considerar toratas utilizociond como se deseo. 

IV o- Permite obtener los característicos según los cuales debe de;orrollc.:!: 

se el proyecto de utilizoci6n 6ptima • 

1 

• 
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) 

5.-E.JE.a.\PLOS DE APLICACION PARA UN TER~ NO 
SITUADO EN LA ZONA CENTRAL DE LA CIUDAD 
DE ME.XICO. 

Supongamos un terreno de 10m. por 30m., por lo tcnto con un Ot"llo 

At .. 300m2 

Vemos a suponer que so encuentro ubicado en lo zona centro do lo Ci~ -
1 

digamos en lo c:olle ele Gante entre los calles de Mcdero y 16 &! Septiembre • 

. J Proceso general.- P rimoromente se haría un estudio comparativo del rredio 

que rodeo al te_rre~~ poro v~r_q':'_e proyectos serian ~s~les c!e ~tilizoci_ón del terreno, o 

sea según su ubicación. Seria absurdo pensar en un campo deportivo o en un c:ina:natci-

grafo por el tomoi'lo y lo localización del terreno. E ntonc~s se debe pen~r en utiliza-

e iones ractibles. Poro esto tenemos dos Fuentes principales: el inversionista y el mere~ 

de Bienes Raic:es. 

Corno segunda poso serio lo obtención de los datos nec:esorios: 

1.,.. Valor de la construcción •y• 

2.- - P.--· t!.... 
A e 

3.- z·~=-

--\4.•-0eifucCi~s a lo re"nto-• 0::: • 

5.· Rento mensual bruta •x• 

6.-Vido econÓmica. 

7.- Taso de intereses sobre el capital • ic:• 

8.· Teso de amortización •¡a•. 

Todos estos dotas los a!:ltendríc~lOS p.Jr el estudio del merc:c-:!.:1 ~ la cons:ru;_ 

ción y del 'mercoc!o de Bienes Roices, par susestiones del inversionista y por consulto con 

los dif!.!rentes reglamentos corutruc:tivos. 

El siguiente po-..o seria lo oplic:oc:ión d<! las diferenl"es fórmulcs p.:-ro codo u!!, 

llzoc:ión foctibl e. 
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1 por último, se comporarran los datos CSOJ9iendo el mejor de todos. 

Utilizaciones factibles.-

1.- Oepartcmentos 

11.- Oficinas 

~~~~Hotel. 

rv .~ Estacioncmiento 

V.- Estacionamiento y anuncios c~merciales 

VI.- Comercio, departamentos y oficinas. 

Vamos o c.¡¡rupor fas utilizaciones factibles excluyentes O, 11, 111, IV) y CO!!_ 

sideror el máximo & altura ~rmisible por la ubicación del terreno, seg~n ~1 regol,.,ento 

de las construcciones ~1 O. O. F. 

Datos; 9 P lentas áe construcción; At= 9 x 300 • 21 700 m2. 

~ 
-- -- --

1 
-

U a u u u m U¡v . 
V olor de lo -cOñitrüccióri "Y"- 15oo:oo - - t;IOO.O(f -1 ~200.00- - -- --7oo.oo-

(3 "' Ar 0.90 0.90 0.80 0.95 -¡.,-e-
z = Ac 0.80 0.80 0.80 0.95 1 

-At- 1 

Deducciones a la rento • 0:: • 0.30 0.20 0.40 0.05 

Rento rr.ensual •xa 30.00 30.00 40.00 15.00 

Taso d'! intere!.-~S •¡e• 0.06 0.06 0.06 0.06 

Taso d'3 cmortizoción •¡e• 0.03 0.02 0.03 0.01 

---
Ta;a de ccpitclir-:::;iÓn •;e + io" -0.09 0.08 0.09 

1 
O.W 

- ---------

-
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Resolución; 

~ ~1 u, u u U m 1 uw 

--

--

-

Ac•ZAJ 2,160.00 2,160.00 2, 160.C•J 

' 
2,565._~-. 

Ar·~ Ac 1,944.00 2,187.00 1,728.00 
1 

2,303.50 

IC • 12(1 -oq f3 84.11 108.00 64.00 155.74 
Tc"+ro-

,.. 
10{ 2,523.30 3,240.00 2,560.C•J 2,336.10 

KX -Y 1,023.30 2,140.00 1,360.CoJ 
1 

1,636.10 

V=(KX-Y) Z 818.64 1,712.00 1,0S3.C•J 1,5~.30 
-- --- - -- -

la utilización V s.crío aprovechar el terreno al nivef ee! ¡::"s.J c.o:r.o es~ccio­
\ 

- - - - - - - - 1 
nomiento y usar todo el frente 1 c:on lo construcción de uno estrvctu~;, ¡:.:ro anuncios. lo 

.. • 1 ... El 1 • • 1 ' 1 te e Inversión seno muy pequel'lo, as1 corr.o o c:onstrucc:•on. va or res.;-_.:, c:e rr no, ~-

rfo lo sumo del valor residual de codo uno de les utilizaciones exd~ie~~s. 

Datos: 

Estcc:ioncmiento. 

Anuncios c:omerc:iales. 

Valor de lo c:onstrvcción•y• 50.00 100.00 
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(3 . At ·1.00 1.00 
Ae 

OFicinas : 1 ,oao .00 m2 

At •·9 x 300 • 2,700.00 m2 
Z • Ac 0.9: 0.95 

At 1 Datos y restricciones propics de coda utilizoció~ 

·Deduc~iones a la renta ·~ 0.10 0.40 ----- - . - .. --- -. 

e ·- -- -- Uvto uYl .. u ".~le 
Renta mensual •x• 0.00 20.00. 

--- - Valor ele lo c:orutrvc:c:ión •y" 900.00 1,500.00 1,100.00 
-- - •e .. --

Tesa de intereses"•ic:• 0.06 0.06 
p-~ 0.80 0.90 0.90 

k. 
Tesa de c::rortizoción • ia• 0.03 0.06 Z •Ac 540.00 .,0.20 810 .o.:d 1::o "(). 40 

Ar·d 2,700.00 2,700.00 ¡¡:.o-
Tesa ele c:cpitolizoción •¡e+ ia" 0.09 0.12 

Oeduc:c:iones a la rento • « • 0.40 0.30 0.20 
' 

Resolución:; Rento meruuol •x .. b• 40.00 30.00 _j 30.00 

~-~ - ---- --
e Uva Uyb 

- --· - -Ac"'-214- __ , .275.00 . 2Só_._SQ __ ,--- ----- --·-

At D (3 Ac: 275.00 256.50 

Toso d~ intereses •¡e:" 0.06 0.06 J 0.0-6 
-· -- - - -- 1 

1 Teso de amortización •¡¿,• 0.03 . -- . o-.03- - - 0.03 

Teso de c:opitoli:cción ~e + io" 0.09 0.09 
1 

O.C9 
. - --- ---- -· . -. - - ---------\------

Utilización corrhinodo del terreno: 

. - .. - \ 

K" 12(1 -« )/3 120.00 60.00 
') ~ z1+ z1 + z, • 0.20 + 0.30 + 0.40 • 0.90 

IC+ ia 
KX 1,200.00 1,200.00 

C61c:ulo de porémctros: 

KX -Y l,ISO.CO 1, 100.CO e U y¡ a U VI~ UVl.: 

V'" l~-Y)Z 1,092.50 1,045.00 K" 12(1- e< y3 64.00 ~.00 '16.00 
ic: + io 

Por lo tonto Vv• 1,092 .SO+ 1,045.00 • 2,137.50 Kb 2,560.00 2,5¡0,00 2,:.;J.Cv 

__ Utilización UVI .- U..¡t,: Comercio: 540.00 m2 Kb-c•N 1,660.00 1,020.00. 1, :'EJ .CIJ 

u'tl\b: Oeportcmcnto~: 810.00 m2 V • Nd 332.00 3ru.co il2.00 



. .J 

\ 
\ 

92 

C6lcvlo del valor reddual del terreno: 

En este tipo c!e cor.stn.1cc:i6n de !'Ñmero de plantaJ, un pr:lb'~ ·,~~ 

taque _se ~s_en:001 e' so~r que cant~a_d de plantos nos d6 el 6ptimo wlor re<.'t:l..c:l .:!el te - . -
rrano. En nuestro ceno de 9 planto1, wmos o estudiar este caso llamando U1 , ~-· .ll¡ 

legún-tengomos 1 ,2, •• •• 9 plantes. De_l~ utilizaciones excluyentes vist::s e.,,. ~in<:T-

pto, obserw:,-,os que el wlor residuo,! m6ximo se obtiene para aquello utili:::..:':..!l· tn lo -

cual dedicamos toc!o el edifi:io a oficinas. Para el coso, !lom~moslo'de pl:"'::s•. ~~~ ~ 

mos o onolizor, wmos o pensar que todos estarán dedicados o oficinas. 

Do tos: 

UTILCZ.ACION 
CONCEPTO 

"" 
u .. u, u4 Us u6 u... 

Valor de lo construcción •y• 600 800 825 850 900 90J l.:CO 

Ua 

10.50 

,,._A_!_ __ 0___.99 0.90 0.90 0.90 0.90 0.90 ;,.ro 0.90 
Ac - - - ----

z., Ac 0.95 0.90 0.90 0.85 0.85 0.85 ~.so o.so 
- -__ -¡¡;¡: 

-- --- ------

Deducciones a lo rento a ""• 0.20 0.15 0.20 0.20 0.20 0.20 ~.:!0 0.20 

Rento mensual "X" 30.00 30.00 30.00 30.00 30.00 30.00 X'.OO 30.00 

Tena de intereses "ic" 0.06 0.06 0.06 0.06 0.06 0.06 C.Ció 0.06 

Tesa de cmortización •¡o• 0.01 0.01 0.015 0.015 0.015 0.02 0.02 0.02 

Teso de copi~li:odón •¡c+ia"0.07 0.07 0.075 0.075 0.075 0.08 o.cs 0.08 

Resolución: 

UTILIZACION 
CONCEPTO U a Uz u. u. Us u, u. u. 

Ac •ZAt 285.00 540.00 810.00 1020.00 1275.00 1530.00 16S!J.OO 1~.00 

J 
1 

' 1 
1 

1 
,_ 
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Ar= f.Ac 256.50 486.00 n9.oo 91a.oo 1147.50 13n.oo 1512.00 1na.oo 

K 12(1-cC')~ 123.43 131.14 11s.2o 115.20 115.20 108.00 1o8.oo 1oa.co 
·le+ ia 

10C 3702.90 3924.20 3456.00 3456..00 3240.00 3240.00 3240.00 321.0.00 

10C -Y 2902.90 3134.20 2631.00 2606.00 2556.00 2340.'oo:-2,240.00 2190.00 

-V (KX-Y} Z 27~7_.]6 2820.782367.90_2215.102172..601939.00 1792.00 1752.CO 

? 
Todavía, podemos seguir analizando el c:oso "'de plantas": 

Ség.:iñ ei~Reg1omento de la.s Construcciones del O. O .F.,. el terreno de -

'WJestro ejemplo, tiene un limite pennisible de nyeve plantos. Sin embargo, por medio de 

1

' hacer lo construcci6n escalonado pode.mos seguir aumentando plantos sin solimos de lo -

restric:ci6n. Vamos a ver este c:oso: 

i ! Sea una reducci6n en lo planto, a lo oltvro nueve, de lO m. por 20m.-

1 
El res1omento nos p~nnite cumentor nueve plantos mos. 

Ootos: 

UTILIZACION 
CONCEPTO U~ U11 U,, U,1 U.., U... IJ_.. U rr ula 

---- ---v~íoré!e-~onst. ay..-- --nso---t2oo-H25 ~1250-1300 1~ 1.:;co 17oo ts::o_ 

Oeduc. o lo rento "'e< n 

Rento mensual "'X" 

Taso de in:erese5 •¡e• 

Taso de copit. "'ic+ io" 

0.90 0.90 0.90 0.90 o.90 o:90 0.90 0.90 o.90 

0.80 0.80 0.75 0.75 0.75 0.70 0.70 0.70 0.70 
.,, 

'L.,. 

0.20 0.22 0.22 0.25 0.25 0.30 0.36 0.35 0.35 

30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 

0.06 0.06 0.06 0.06 0.06 0.06 O.Oó 0.06 O.Oó 

\1.02 0.025 0.025 0.03 0.03 0.04 0.04 0.05 O.Oó 

O.OB 0.085 O.OS5 0.09 0.09 0.10 0.10 0.11 0.12 



-·-· - ---- .. --··- -·-·- ---- -___ .... ------

Resoluef6n: 

UTIUZACION. U. 

CONCEPTO 
u. UIZ u.. U,.. u .. u, u .. 

k •ZAt 232o.oo 2480.oo 2475.00 2625.oo 2n5.oo 27.30.00 2s7'l.oo 3010.oo J1so.oo 

Ara QAe : 2088.00 2232.00 2227.50 2362.50 2497 • .50 2457.00 25al.OO 2709.00 2835..00 

-___ :_Kal~_(l-:-c:o<:i! 108.Q9 __ ~.1_1_ 99.11 __ 90.00_ 90..00 __ 75.60 15.60 6:lS2 .. 5a..50 
IC + io 

.:x . 3240.00 2973.30 2973.30 27oo.oo 2700.00 226aoo 226aoo 191-'l60 1755.00 

10< -y 2090.00 1773.30 1748.30 14.so.oo 1400.oo &aoo 768.oo 21-'l60 -1..cs.oo 

v (KX·Y) z 1672.00 141a64 1311.23 10S7.so 1o5o.oo 607.60 537.60 1so.22 ·101.50 

Podemos decTr, de lo observaei6n de todos los valores residuales del terr! 

no obtenidos, que lo me¡or utilización del terreno de nuestro eiemplo, es o:¡uello en lo-

-- que constn.~yomos un edificio e! e c!os plantos y lo dediquemos o oFicinas. 

. ----
' 
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~ hett'OS vtsto en el caprtvlo precedente, la aplicoci6n ¿., Ja pc-ogn::~-

mact6n matern6tico a In obtenci6n de la me¡or utilizoci6n de un terreno es F~il '1 por -

esta roz6n permite uno gran comMnoci6n de utilizaciones, con una inversión de tiempo -

relativamente bo¡a. la ohtenci6n de los datos necesarios es tamhien Fácil '1 r6pido. 

·- · · -·- .•·· : V'unos tamhien, en cLeiemplo "de plantas• 1 qu!l llego un momento; ~on• 

fcnne .\'CinC'\ aumentando plantas¡ en que el valor de la corutr\lcci6n, las deducciones o• 

la re~to-;-,0- tase; de c:noitiZoc:i6n sé-llo"cen muy altos '1 no podemos incrementar la rent'\ 

ni el factor de utilizoci6n del t~rreno, por estor en sus lrmites re~pectivos, de esta Formo 

obtenemos valores residuales del terreno negativos. 

O SCQ1 que desde el punto de visto de tnversi6n,no conviene cansh\,tr tal 

. ~mero de plantos. 

Desde el mismo punto de visto.y como uno consecuenc:To de lo ontertor,st 

los valores residuales del terreno obtenidos en los diferentes utilizaciones analizados nos 

dieron valores inferiores o lo que ese mismo terreno sin c:orutnllr vele en el mercado efe .. 

_Bienes Roices, 1'!0 nos_c:onv~ndrro ninguno constNc:ci6n, sino mas bten vender el terreno 

a su valer actual ~ún el mercado. 

En ~men, -lo oplicac:i6n del método propuesto poro determtnor lo me¡or 

vtitizoci6n de un terreno, nos permite un dominio Fóc:il, rópido y completo del problema 

'1 uno gran lntimic!od con los .deseos del inversionista. 

... 
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BOP-An approach to bui_lding optim~ation 

by G. NEIL HARPER 
Skidnrort, Ourngs & Merrlll 
Ch•cago, lllmo•s 

INTRODUCTION 

Thc problcm of finding an appropriate building 
configuration to satisfy a client's building program is 
by no mcans rudimcntary. When one imposes additional 
rcquircmcnts that the building shall be an "efficieni'', 
"economical", or "optimum cost" building, the mathe­
matical difficultics encountered in operating on a large 
data base to achicve sorne kind of optimum result are 
almost insurmountablc. 

In the past, thcsc formidable problems of scarching 
out thc bcst-or cvcn an acccptablc-solution hl\vc bccn 
solvcd l:1rgcly on the basis of intUJtion and random 
invcstigation of a small number of possible solutions. 
The numcrous successful buildings in our cities today 
are a tcstimony to man's remarkable· and inn,ate ability 
to intuit, cv.aluatc, and synthesize. It is conceivable, 
howcver, that these as yet unexplained human abilities 
can be extended and magnified if proper use could be 
made of appropriate computer techniques dealing with 
information processing. 

STA TEMENT OF THE PROBLEM 

By and largc, most appr~aches to computer imple­
mentation in building design in the pasl have bccn 
vcry fragmcntcd and narrowly limited in scopc. Al­
though therc havc bccn forccful historical rcasons for 
thcsc limitations, this modc of computcr usagc is ncver­
thclcss rcmarkablc whcn onc considcrs that thc basic 
naturc of building dcsign is thc exact oppositc of frag­
mcntary and limitcd in scopc. As Tca~uc and othcrs 
havc pointcd out, thc true nature of architccturc and 
cngincering cncompasscs the synthcsizcd wholc of thc 
projcct, and not simply isolatcd disciplincs.1 Only rc­
ccntly, howcvcr, havc thcrc bccn ·dcvclopmcnts in com­
putcr lec' nology-nolably problcm-orientcd languagcs 
and ccrtain interna! dafa structuring tcchniqucs-thal 
offcr promi~c of allowins thc dcsigncr lo srasp thc 
IYStcmaqc ~holc or the problcm. 

The general mathema&ical problcm or optimiza&ion i~ 

simply statcd as the problcm of fmding an extreme 
value (mínimum or maximum) of sorne objcctivc func­
tion (such as cost), subjcct to sorne sct of constraints. 
The tcchniqucs for solving thc problcm have oftcn 
becn q uitc clcgant, and are wcll documcntcd through­
out the litcrature. See, for examplc, Refcrcncc 2 for a 
bibliography of works in the general arca of linear 
programming.) 

Thc practica! .problcm of building design can be 
formulatcd, in a general way, as an optimization 
problem. The objective could be mimmum init1al cost, 
lifc-'limc cost, opcrating cost, maximum return on in· 
veslment, etc. Th,is objcctive is, of co~rsc·, subjcct to a 
variety of, constra¡ints duc to client program, site limita­
lions, space aliQcation, design considerations, code 
constraints, cnvironmcnlal factors, cnginecring requirc· 
ments, financing, etc. Hencc thc practica! problem of 
finding an "optimum" buildmg is in sorne ways quite 
similar to the classical problem of mathematical op-

' timization. 
Historiéally, however, mathematical optimization tcch­

niqucs wlthin thc dcsign profcssions have bccn applicd 
to only a very limitcd scope of thc design problcm. 
Witncss, for cxample, typical optimization applications 
in mínimum ·-cOst for thc thrce-bar truss problcm, 3 

mínimum structural stccl weight," mínimum time or 
travcl distance in transportation planning, maximum 
spacc utilization, cte. Whcn the scopc of thc projcct 
is broad~ncd from finding thc mínimum- wcight of 
structural !oteel in a building framc to findmg that 
combination of ·paramctcrs which givc thc mínimum 
cost for thc total building, including window wall, 
elcvators; structural, mcchanical, elcctrical, cte., one 
sccs imm~diatcly thc implication lhat such a scopc has 
on · the solution techniq ucs. · 
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tivc thnt any mcanin¡;ful approach lo optimization 
mu~t trcnt thc total problem. howcver crudcly, rather 
than spcnd elabornte mcthods on sorne isolated part of 
the problcm. That this total approach is a sine qua non 
is obvious from the obscrvation that the optimization 
of an isolated discipline can and frequcntly does result 
in considerable distortion of the total optimization 
objcctive. 

This philosophy, viz., that building optimization 
musl treat the total building complex if it is to be 
mcaningful, forms the basis of the approach discussed 
hcrcm. As mentioned carlier, thc seopc of such a 
prob!cm nccessarily dicta les that the ini ti al solution 
techniqucs be rather crudc. As a matter of fact, thc 
DOP programs dcscribcd bclow are only in a vcry 
general sen se "optimi~ation" routines. No direct use 
is made of linear or non-linear programming or of 
any of the more sophisticated techniques in game 
thcory, ele. Perhaps ~s expericnce is gained ~onccrn­
ing the way a total 'building projcct behavcs under 
permulation of sorne of the critica! parameters, the 
classicial techniques of mathcmatical optimization can 
lead lo a more refined treatment of the controlling 
parameter~ for the complete problem. 

I.JOP.:...A UUILDING OI'Tll\liZATION rnOGRAM 

A series of modular programs for optimizing the 
conriguration of high-risc orficc buildings has bccn 
dcvclopcd reccntly to. test thc total systcms approach 
dcscribcd above. These Building Optimization Pro· 
grams (BOP) have been developcd using thc Problem 
Language Analyzcr5 (PLAN), which was devclopcd by 
Sams, et. al. The nOP system is opcrational" on a stan­
dard 8K IBM 1130, with disk, card reader, and linc 
printer. 

In ordcr lo orgariize thc large amount of informa· 
tion inherenl in a total building design, four major 
subsystcms are identified as the dominant cost infiu­
cncing elements of the building: 

l. Window Wall 
2. Elevatoring 
3. Heating, Ventilating, and Air Conditioning 

(HVAC) 
4. Struetural 

Obviously, each óf thcsc four subsystcms dcpcnds 
u pon a common data base of gcometry, cnvironmcntal 
data, and design lilnits. A fihh subsystem, which in· 
eludes nll rcmaining cost itcms in the building, can 
a! o be included f9r complctencss, allhough it is the 
four subsystcms listed abovc that are givcn most inten· 
sive treatinent as the dominant cost factors. . 

A basic concept in BOP is that thc designcr can 
. spccify to the computcr as littlc or as much as he likes 

about his projcct. DOP will then supply rcnsonablc 
' values for mi~sing data by default, and procccú to 

formulate complete, albcit crudc, interna! · modcl~ of 
.thc building; projecl. (Thc i mportancc of this conccpt 
of a complete interna! model of the projcct is wcll 
doc~mented in the publication by Krauss ami Myer. 6

) 

Thesc modcls are thcn testcd against sitc limitations, 
clicnt specifications, architectural dcsign constraints, 
and . code _requirements. (AII of thesc limits are, of 
course: v~riable al the problcm-oricnted languagc leve! 
by the designer .) lf the interna! geometrical model 
of tnc total buildmg passes all thesc tests, computallon~ 
o( varying complexity are done for the window wall, 
clcvatoring,, mechanical, and structural subsystems, all 
of which a'rc based on a common interna! data base. 
Thc costs of these subsystems are then cvaluatcd, along 
with costs for the agglomerate fifth subsystcm, and the 
total solution stored on disk. If the various constraints 
are loose enough, additional geometrical solutions are 
gencrated, testcd, and evaluated. In addition lo kecping 
all. va lid solutions for possible development in thc fu· 
ture, a set 'of pointers is kept for those solutions which 
gave the lcast total cost, lcast square-foot cost, and 
ma:ximum return on investment. 

Strictly ~peaking, the procedure outlined abovc is 
not optimizalion in the classical mathemnt•cal scnse 
of · the ward. In a more general :.en se, hoY< e ver, tnc 
procedure is of an optimizational nature, insofar as it 
dclincatcs thc pcrmissiblc solution space, generales and 
evaluntcs solutions within that spnce. lnasmuch as all 
possible solutions in the solution space are evaluated, 
the actual "optimization proccdure" is basically a 
"brute force" method. This is not as inefficient as it 
may appear at first glance, since restrictions on the 
design space frequcntly limit the solution space lo only 
a· fcw individual solutions. Also, the output from all 
admissible solutions which the procedures gen~rate is 
frequentiY, of direct use in the dcsign process, rcgard­
less of it~ position in the search path for the optimum 
solution. 

' 
To illustratc bricfly the nature o" the programs 

and available commands,• suppose that early discus­
sion with a clicnt has indicatcd a nced for a gross 
arca of ~bout 300,000 sc¡uare feel, with about 14.000 
to 16,oo0 square fect per noor. The site is in the 
center of the city, and has dimcnsions of 125 feet by 
150 fcet. The following DOP commands might be uS~:d 
Lo describe this information. 

JOD NAME, 'CUENT X'; 
BUILDING OPTIMIZATION PROGRAM; 

TARGET GROSS AREA, 300000; 
FLOOR. AREA. LIMITS, 

1 
•A complclc lili& ol UOr V~cabulary i• givcn in Apt?Cndi" A. 



MINIMUM 14000 MAXIMUM J(,OQO; 
nUILDIN(i l.ENGTU LIMITS, MAXIMUM ISO; 
BUILDING WlDn-1 LIMII S, MAXIMUM 125; 

lt is importnnl to nolG that in thcsc carly stagcs 
of lhc building projcct, only lhc barcst informntion 
is availablc. lt is, thcrcforc, ncccssary to have a powcr­
ful defaull fcnture which assumcs reasonable, consistcnt 
values for all data nol explicitly given. Thc: second 
statement, "DUILDING OPTIMIZATION PRO-· 
GRAM," actually links to a series of programs which 
do es a complete initialization of various gcometry, 
cost, and subsyslcm files intcr~ally. Thus complete 
and · sufficicnt informalion is availablc immedialc:ly 
aflcr exccution of this s~cond Command lO gcncrate . 
a wide rangc of possible solutions. Any additional 
descriplive information such as \lhat ¡iven above re· . 

JOA TilLE CLIENT X 
AL\. SOLUT ION~ A T 1 F~OOA IMCAEMENTS 

OESIGI'I \.IMITS MII'IIMUM MAXIMUM 
GROSS flOOR AREA 270000. 33Uv1.10o 
GROSS AREA PER FLOOA 11t000e 1fii.IUUe 
BUILDING WIDTH so.oou 12!JoCUv 
6UILDII'IG lENGTH !IOoCO'l nu.uu¡, 
CORf WIOTH 2!joUOO l~u.uuu 

CO~E \.ENC.TH 2!1o00'.) i!liOoUOU 
CORE TO fXTERIOA SPAN n.ooo .,:,,u()ü1 
NUMAfR OF STORIES 1 ii.IU 
l(hGih ~~~TH RATIO 1oUOO 2oOUU 
SHAPE IP.:CHE'-~ENT OoZOO 
NU~PER OF SOLUTIONS ilt 
GLASS LI~E OFfSET 
BLOú LINE OFfSET 
I'IUOULE CHOICES ~- o 

. 
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pinces lhc originally U!>'tumcd dala, and thcrcforc bc¡;ins 
lo !>ha pe thc: interna! ~olutions mo• e clo.,dy to thc 
spccilic projccl al hand. Ir, "~ il> frcqucntly thc caw, 
thc information--givcn above is all lhat is known 
initially, thc: dcsigncr can issue thc command 

DLOCK OUT GEOMETRY; 

This command links successively to a series of pro­
grams for gencrating gcometry to fit within thc assumcd 
or prcscribcd limits, test that gcomelry for acceptability, 
and pc'rform v~rious compulations and cost calculalions 
for lhe four subsystems mcntioned previously. Thc 
lal>l program in lhc link prints a summary rcport of 
lhe· inlernal dCsign limils as thcy currently exisl, and 
thc solulion geomctries which werc found lo fil within 
thcse limits (Figure 1). The overall cosl of each solu• 
tion is also p~inted. 

TAR<.i:.T 
·lUUihlllo 

UoUOU 
OoUOO 

ID FL 1 MOOL . LE ASE .,LOOR OIME~SIONS• -cORE OIMENSIUNS•• CoROS S TOTAl TOTAL TOTAL BlDCi UNIT RETURN 
MO ,.0 

l l8 
2 u 

. ) 19 .. l9 
S 19 

6 2V 
7 2J 
6 2u 
'i 1&0 

10 21 
11 21 
ll 21 

UH 
1• 4l 

SPAN ~ W LENGTH wiOTH "' 
., L(NGTH WIOTH PE~ Fl GRU~S RENT 

fT IN FT IN FT IN FT IN FT ,,.. Fl ,,. SU FT ~Q FT SQ FT 

s- n H•O 2!1 2!1 12!1- o us-o a u ltO• O !1!1- o . l!lfl.l!lo :¿&U!jOo .tlt08f1Zo 
s- o )!1•0 29 21 llo!l• o ¡os- o u 7 fl!l- o n- o 1!122!1• ¿71eU!IOe 231tl91to 

s- o )!I•(J 2!1 2!1 us- u 12!1- ;¡ 8 u ~oc- o !1!1- o l!l62!lo• 2'11&tl7!1o 2!i~ble9o 

s- o 3!1- o 26 .22 130- u uo- o u 8 !lll- o lo(l• u 1430Uo .l7110Uo .l3223flo 
s- ~ 3!1- o 29 21 llo!l• o 1CI!I• O U 7 u-o :t!l- o U22!1o 4!894!7h ~lt8!18lo 

~- 1) 3!1•0 2!1 2!1 12!1- ~ 1.!!1- o 11 l1 loO• U !j!l• :¡ 1!162!1o 312!100o 269486o 
s- o n-o 24 24 120- o 12'.J- o 9 ¡u lo!l- o so- o 141oUUo 288000o C!lofl&17o 

:;- " H•O 26 22 130- :; uu- o u " !1!1- o loO• ~ 14300o 28fl000o C!lt47S0o 
s- o 3!1• o 2~ 21 lit~- ,¡ 1u!l• o 13 7 u-o 35- o· 1!122!1. 3oeo•oo. 2C.4!020o 

!1- o 35- (¡ 24 24 uc- ., llC.- " 9 l"' Ct!.- () !IU• (i 14,.0\Jo 3021t00o 2!189)3o 
5- o )S•I) 26 22 13C:- li u e- o 12 6 60- o 40- (j 14)0Uo )C0300o 25b9fl6o 
5- o 3!1- J 29 21 11e5• u lU!I• u u 7 6!1• o 3!1- o 1 !IZZ!Io ")197 2!1o 27!11Cilo 

5- o 3!1- ~ z., llo 120- J 12C• O 9 1;) lt!l• o 50- o lle400:o 316600o 272)90. 

~- o )~- ,; 26 22 130- J 110• o u 11 60• o 40- o 11t)00" )llofiOO• 270)2). 

•-- OPti~U~¡ $0LUTIOr.$ 

LEAST CO$T 
LLA$T "~F 
MAA1MUM aETURN (IM INYE$TMEtiT 

SOLUT 1 ON lo 
SOlUTION 6 
$0LUHON 6 

Figure &-ovcrall Summary or Computcr-Gcncr111cd Solulion» 

PCT CUST CUST ON 
RENT uooo IISF INYEST 

B!lofl 7)8!1• 2flo2!1 9e6!1 
&Solo 72ll• 2flo!lle 9o)9 

86o1 7730o 2flo01e 10.3" 
ll!lolt 72!i0o 2floC.8 9o2l 
8!1o9 71112• 2C.o:U 9o89 

86o2 80fl8o 2!1o81 10o70 
65ofl 7fl0!1o 2bo40 9.b .. 
B!lo!l HCI3o 21> ... 4 9,!17 
86e0 791olto 2bo06 10•2" 

115ob 8012• 26ole9 9o52 
65o5 7961o 26o57 9,)9 
8flo0 lllbllo 2flol7 60ollt 

8!»o9 835• .. 2bo37 9.8 .. 
115o9 uzo. tlfl••• 9o 71. 
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Upon inspcction of thcsc solutions, thc dc~igncr 
1 

mi\y choosc sc\'cral of tl'lcm for furthcr dcvclopmcnt. 
He would normally rcqucst additional dctails for a 
solution by commands such as 

PRINT ARCHITECTURAL SUMMARY, 
SOLUTION 3; 

PRINT ENGINEERING SUMMARY, 
SOLUTION 3; 

PRINT COST SUMMARY, SOLUTION 3; 
Thcsc commands link to BOP programs that produce 
thc oulput shown in Figures 2, 3, and 4. Note that 
complete summarics of thc architcctural, cngincering, 
cost and f111ancial analyscs are' givcn for the rcquestcd 
solut1on numbcr. lncluded in thcsesummaries,ofcourse, 
are details of thc window wall, elcvatoring, HVAC, 
and structural subsystems. 

Each of the cost cat~gories shown in Figure 4 has 
actually bcen aggregated as a su m of severa! smaller, 
componen! itcm costs. IThese items furnish a prelim· 
inary cost budget by trades, and can be ret'rieved di· 
rectly by means of the command · 

PRINT COST BUDGET, SOLUTION 3; 
Partial output from such a command is shown in 
Figure S. A more complete description of the assump­
tions bchind thcse cost items is c:ontaincd in Appcn· 
dix B. 

Having obtaincd a sct of solutions for thc de!>ign 
p<~ram'ctcrs cuhcntly undcr investiga! ion, thc uo;cr can 
savc thc resul~s for latcr use by issuing thc command 

SAVE BOP JOD, FILE 121; 
This si\ves all problem data and solutions in a pcrm­
ancnt ·uscrs arca file. Upon rcturning lo the computcr 
al a latcr date, thc L'scr can restore primary mcmory 
and certain working storagc files to the idcntical state 
which existcd whcn he left the machine by means of 
the command 

RESTORE BOP JOB;-FILE 121; 
A limited numbcr of files in thc u~cr arca of dbk 
have been reservcd so that severa! jobs can be main-
tained at one time. · 

After reviewing the information p-roduced al the 
first session with the computer, the dcsigner might 
wish lo restore severa! selected solutions, and lo bcgin 
rcfming the elevator computations, cost assumptions, 
structural and mcchanical systems, etc. Commands 

. such: aa the following are typical of those ava¡lable 
· to him for t~is purpose. 

• 

RESTORE BOP JOD, FILE 121; 
ELEVATOR ZONE DATA, 

' ZONE 1 ZPOP 1000; 
SELECT ELEVA TORS, ZONE 1; 

-----
SOLUTION .3 ARCHITECTURA~ SUMMARY 

CI.IC~T A 
PLA~ OJMENSIONS 

-------------·-MODULE ~ FT O IN 
F'LOOR LENGTH 12~ FT O IN 
F'LOO~ WIOTH l2S FT 1 0 IN 
TRAVEL OIS~ANCE 77o FT 

LEASE SPAN l5 FT O IN 
CO~E LENGTH • ~U FT U IN 
CURE WIOTH ~5 FT O IN 

lLEVAliON OI~ENSIONS 

FIRST FLOOR AT 20o00 FT • 
SECO~D ~LOOR Al 12o50 FT • 
lb TYPICAl F'LOORS AT 12o~O FT • 

l ~ECHANICA~ F'LOOR$ Al 20o00 FT • 
TUTALS l~ STOHIES 

TYPICAL F'LOOP ARE AS ISOo F T ol 

-------------------

20o00 
12o50 

200o00 
.zo.oo 

252o~O FEET 

TVPICAL 
TVPICAL 
TVPICAL 
TVPICAL 
TYPICA~ 

ST~UCTVRAJ OEPTH 
ME;CHANICAL CLlARANCE 
LlúHTINú ~LlAHANCL 
F'LvOR to CEILINII 
F'~UUH TO FLUUN 

2lo0 
ldoO 

6o0 
11 FT 9 

12 FT 6 

(',R:)SS DEH fi.OOR 15b2~.~ ~ECHANlCA~ ll!lo F IRf TOWlR U o ~Oo TOIL~T fiXTUHE$ 
lOTA~ RLOG GROSS 29b8Ho STAIRS 280o TE. LE. PH(Jr-.f. •3· TAIK WHHH Rt.OUo 
TOTA~ I'LOú RENTAtiLE 255blt9o JAIII TORS CL u. TOILET ;n7. 
úVlAAL~ ~FFJCJE.r-.CY 86ol ELlCTNIC Cl. 80• PA'lT l'i.CH lh 

ELEVATU~ tU~I~G ANO P(qf'('~MANC!: 

----------------------------··-

IN MECHo RUUM I.OCÁTIO~S 
IN FIHST AT 19 FL 
IN St.CO~O Al••• FL 
1~ THINO AT••• F~ 
IN ~ANTIAL AT••• FL 

~ 

811• lNo 

zo:.c 1.')11 HIGH zu,.,E Z'J~E · .. U(AL TOTAL 
'LU"llt f~UOA POI' CIENSI TY CAKb CABfl 

1 2 10 YU9o la o ... 9o 
2 ll 111 8UIIo , us. •• h 

CAB CAB INTERVA~ 
SIZl .Plt.O fii;.CUNOfl 
l\IUOo :»o u o 29•Y 
:tUOOo 700• ~h6 

CAPACIJY 
I'CT 
l7o6 
ilhl 

CAPAC 1 TY 
~t.VI'Ll 

lt.Uo 
U?o 

6HAFT 
AH t. A 
720o 
11011• 

.. Oili:IV 
ANt.A 
•'>Oo 
~5th 

TUTAL fLUVN 
co,.t. t.H 
~2ólo Yloll 
lllllt v .... 

Uo fNtlr~T [L[VATOHS 

Fl¡ur11 2-An:hil~~turul Summi\r'y 

" 

.. 



!,H1U(TUAAL 

flOUR ~PAN l~oO fT 
UI\Oll(n .. oorc oucr 
~(:ll~Et(q AIR 
L•PO~LD ilRUCTuAE 

HVA( 

~OLUTIO~ 3 l~úiNtlkiNú ~VMMAhY 

--------------·----------------CLIEfiT 11 

8A~[ CO~T lo~O SPAN PREMIUM OolU 
U~OERFLUOH OUCT PHE~IUM Oo~O H~luHl PMEMIUM loOO 
PERIMlTlA AIR ~REMIUM Oe1~ 
Lk~O~UHl PNlMIU~ Oo30 

FUR ~PA~$ 2Uo TO 
fOR HEI~Hli 20o lO 

6lRuCTuRAL COSJ ~1:00390e • 3oij7 1 SOFT 

,.u, FEET 
•o• ~lOMh.i 

CO~T MULTIPLIEA loDO 
COST PER TO~ 1200~00 
PERIH lONE O[PTH 1~~00 

WINDOw WALL CHARACTERI~TJCi 
~CT 6LA~~ fiOoOO 
ALIND~ FACJUR Oo!J6 r . •. 
UGLA$5 1•13 

Eh~IRONMENlAL DATA 
lEMPo IN~IOI:. 
TEMPo OuTSIOt: 

7:0o00 
9~•00 

~ZfloUO 

0•20 
· .. 7.oo 

SOLAR úiiiN 
OUTSIOl AlA 
~TUICFM 

ILLVMINATior. Jo~O WATT$ 
CO~VI:.NilhCl OUT~~TS Oo~O WAlT$ 
BLOú PU~VLATI~N ¡z~OoOO PtOPLt. 
Gqoss $PAC~ REQ OeO~U•GROSS 

~WAL~ Oo2~ 

PERIMETER ZONE 118800o SCFT 
lhTEAIOA ZONE 13307~, 50FT 

TOTALS l,lilie iOFT 

&TU 
e Tu 
iTW 

UUH~h 
3:01ofl2111o 
UU363~• 

'CUST 
COST 

TOTAL CO$T 

' 1 

Fi¡11rc 3-En¡;inccrin¡: S11mma~ 

-----------------····· ... ---CLIC:"T a 

thN ro~T I":>U lOOe 

llllh.OII•G lC1AL 0/0 "Sf' o 

~Pt ~OIIot 
., o. lioO:I • U oliO 

J u~;..,~ll 1 ¡oro ' 2~!1Uio loo Y) • Uo9C> 

:OUPllf~ lR'-( IU.tt • 1U0)90o l9o89 • lo87 

(IHAICA VAL\, ' 91lC>91o lflo90 • )o29 

AAr.HI TECTUAAL ,lffi6HU· 5 611833o ¡o,u • Zo06 

tl[VATC:Ofl • !IJ116:1e 9ell • lo111 

PlU~'IIII't(o ' Z"fl& 7•• !lo U • Uo99 

~-e • 11t.UC>Jo ZOelll • )e92 

[L(CTAICAL • 2Hl79o •• oo • Oo77 

GF."EAAl CONriTION~ • )r7701oo ..711 • lo)O 

C.o C• Ft.€ • l1olo!llo9o Zolo9 • OoloB ------- ---· 
8A$E 1\UilOirt~ e o" • Uel~9!1o 100o00 ·• l9olo7 

COM 1 rtGENCY • Ulol'tYo 9oY't • ,,.,._, 
\ 

TEI•AI•T • UP39Uo UoZO • ••)2 

EOU IPMt.IIT t f'UIINITURt ' BC>ll9o .... , • Oo29 

or .. u ' O o lloUII ' UoOO ......... . ...... 
OVERALI. PIIILOING co::.T 

_____ , ll~\)lllt~. 

UhfV 1 2C>ol)fo .....••.. . ...... 
OY[WAll. Ol~l .. ~IO~~ 19 $TLNil~ WIOIH 
t...IAL lllJilrll'fCo AR[A GI'US~ Z91117!1o 

Lt.I•I.TH 
IIENTAI. 
llll'oiAI. 

IZ!>oUU 
Z!I~C>Io9o 

llolOlo AW[A Pt,q WlrtiAPlt. ri.UOW ~~~ú~~ l!l•z,, 

Al,TAL kATE 1~/~UFTI 

Ol'lAATIO,I, E•l'lh~'$ II'(TI 
VA(I~(Y IIAT[ II'((J 
"'vl<l• ,(,[ &~AILAI'\.t. 11>(11 
~lPT ~lPYICl 111(11 
I.LroAI. o , I'IA"C lfllo • POCUit ,., ,,, '"''' 

floC\1 
.. v.uo 
~oou 

.,~.~~~~ 

Bo~u · 
!11011 
foo:lll 

lA'-D cvsr 
TúlAL I'NUJlCI CII~T 
"'0W 1 C.AIJE A'IOUI't f 
lúUIIY 
l.lf\J~$ IUCU~i: 
hl 1 llo(U"l 
lttlll~l't or. II•Yt.$TMENT 

77lUIIb o 
'9•dC>ilbo 
Tlltt¿ lto 1 o 
l)~lol)~loo 

l!I.Ut1Y7o 
llo)J!tYol 

IUo)• 

81073~. 

):01o626o 
116~363• • Jo9l 1 ~FT 

""'""' 
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I'CT ;_ 
DOLLARS_l 

E.NTE.H. COST DATA, lTEM SQ FT ---
UNIT l'RICE­

ENVIRONMENTAL DATA, TEMPERATURE 
INSIDE OUTSIDE __ _ 

STRUCTURAL SPAN, 
MINIMUM MAXIMUM __ _ 

COMPUTE COSTS, SOLUTION 3; ' · 
COMPUTE RETURN ON INVESTMENT, .' .' 

SOLUTION--

SOLUTION ) (0$T HUO~Ef 

----------···· . . .... CLILNl 1 

I~A CO$Y INJCJ lOOe 

11\IDC.EY l'(f 

l DFI'OL IliON - O o lhUU 

l $TRUC FO\IND Ml~ll$ lUllh •• uo 
) [I(AVAT &Olio )O~llo Oo!l>l 

• $MEE T IN~ Ue.C!Oo 0o)9 

~ M[,.PIIANE wATlPPAOCF : U o . U•OII 
1 

• "'ASUNR'f IIN[I (AUL• lotG U09tlo ;~ lo'H 

' FIII!T FLIJOI (('A[ "IIL •J,O]o u. 7) 

.. WIIIST FLL'U~ fiNI$M &1119o lo08 

., ROOF,SM[[f ~[Toh~ lh lB• lo OoU 

10 "1 $C 11411'1 ,9l?~o loi)l 

u lllhl'\111 a AL l. t IU 'L 'liiUo &ouv 

u $TCIIEF'IU"tft 
UT '" )696•• o •• , 

Figure S-Porlion ot Cost Budgcl 

APPENDIX A. VOCÁBULARY FOR 
BUILDING OPTIMIZATION 

JOB NAME,' '; 
BUILDING OPTIM~ATION PROGRAM; 

"•"" 
Uoll 

OolU 

Oo(.l 

"•"" 
, Oo)l 

Uol• 

Oo21 

U oVil 

Ool'l 

·Chl'l 

O o U 

TARGET GROSS AREA, ___ _ 

GROSS AREA Lii-11TS, MINIMUM----
MAXIMUM ___ _ 

FLOOR AREA LIMITS, MINIMUM----
MAXIMUM ____ , . 

NUMDER OF STORIES, MINIMUM---­
MAXIMUM ----

•. BUILDING LENGTH LIM.ITS, MINIMUM 
-· MAXIMUM ___ _ 
BJILDING WIDTH LIMITS, MINIMUM __ _ 

MAXIMUM----
LENGTH WIDTH RATIO, MINIMUM ___ _ 

MAXIMUM , INCREME~T-----

By lhb lime, lhc dco;igncr ¡., wcll into lu., dco;i~n. 

lllld lhc rruhlclll ¡~ Clll~ ur fulthcr rdllll"llll'lll or a \l"l 

Of !>ciC_I;lCd !>lliUlÍOllS. 1Ju! Í IÍl¡lllllanl poinl lO fCIIH:IIIhcr • 
how.;cr, is lhat thc!>c sclcclctl solution~ ha ve come 
from systcmalic invcsligalion of a)l gcomclrics which 
fcll wilhin givcn limitalions, and lhal lhc solulion cosls 
or thc valid solulions wcrc gcncralcd on lhc bao;¡s of 
thc , ·lota! projcct, not jusl a single component of lhc 
project. Allpough the so-callcd ''oplimum" solutions 
50 (ound may not be choscn for furthcr devclopmcnt, 
the dcsigner al lcasl knows what prcmium is involved 
in making this dccision. 

SUMMARjl ANO CONCLUSION 

An apprbach to building oplimizalion has bccn 
prcscntcd which cmphasizcs lhc lolalily or lhc building 
projccl in thc oplirnizalion crrort. Sorne disCWiSIOll of 
lhc naturc. or lhc ncccssary inforrnalion base and lhc 
languagc f9r manipulating it has bccn prcscnlcd. A 
fcw cornmands from thc BOP languagc and sorne lypical 
oulput are given to illuslrate lhc nature of the rnan/ 
machinc cornmunicalion and lhe scopc and deplh of 
trealment of the currcntly exisling capabilities. . . . 

,The work prcsentcd here was iniliatcd al Skidrnorc, 
Owings & Mcrrill. The carly collaboration of C. David 
S id es, consultanl, is hereby acknowledgcd. The program 
is undcr continua! development al SOM, and is undcr 
the gcnerrl dircction of B. J. Graham, parlner. Sig· 
nificant c~ntributions have also been made by R. Oia· 
mant. R. ·l..enke. S. Sacbs, and F. Khan. 

•, 

CpRE LENGTH LIMITS, MINIMUM ----
MAXIMUM ___ _ 

CORE WIDTH LIMITS, MINIMUM ___ _ 
, MA~IMUM ___ _ 

LEASE SPAN LIMITS, MINIMUM ----
MAXIMUM ___ _ 

MAXIMUM NUMBER OF SOLUTIONS, __ _ 
STORY HEIGHTS, FIRST , SECOND--

TYPICAL , MECHANICAL--; 
INVESTMENT DATA, RENT ,OPERATING 

EX~ENS~ , ?CT, VACANCY ____ __ 
MORTGAGE , DEBTSERVICE __ _ 

LAND COST •. AE FEE • PRO-

MOTION---
ADD MODULE, FEET lNCHES: 



COMPUTE RETURN ON INVESTMENT, 

SOLUTION l TO l; 
ALL 

DELETE MODULE, FEET INCHES; 
NUI\lDER OF fREIGHT ELEVATORS. : 
BLOCK OUT GEOMETRY, EVERY __ FLOORS; 
CODE CONSTANTS, DPOP , PFIN __ _ 

PNET , HFIRE , TRAVL ; .. 
·ELEV 1\ TOR ZONE DIVISIONS, BANK 

FROM TO STORIES DIVIDE 

------· 
. MECH/\NICAL SPACE REQUIREMENTS, OVER-

ALL PER FLOOR --
ELEVA TOR ZONE DATA, ZONE , LOW 
----· HIGH · , EXPRESS __ _ 

ZDENS , ZPOP , FLOOR AREA 
.. 

CAD DATA, ZONE ___ , SIZE , SPEED 

-----· DTIME · , DWID'--..:.-
KEY __ _ 

ELEVATOR CRITERIA, ZO~E---• INTER-
V AL , CAPACITY-· --

SELECT ELEV 1\ TORS, ZONE ; 
WINDOW WALL CHAR/\CTERISTICS.PCTGLASS 
----• UGL/\S~ , UWALL __ _ 

BLINDS FACTOR--­
ENVIRONMENTAL DATA, AIR INTAKE BTU 
----, TEMPERATURE INSIDE . , 

TEMPERATURE OUTSIDE , SOLAR 
GAIN __ _ 

ELECTRICAL DATAj, ILLUMINATION ---
CONVENIENCE OUTLETS WATTS; 

• MECII/\NIC/\L PERIMETER ZONE, MINIMUM 
---- FT, MAXIMUM FT; 
MECHANIC/\L SYSTEM TYPE, INDUCfiON, 

COST FACTOR , CLEARANCE--
ENR COST INDEX, , 
STRUCTUR/\L SPAN, MINIMUM---

MAXIMUM __ _ 
• 

PRINT COST ASSUM,PTIONS; 

ENTER COST DATA,· ITEM --

J'CT __________ _ .. ! DOLLARS 

SQFT __ ·--------------
UNIT PRICE ------

PRla~ ARCHITECT~RAL SUMMARY, 

SOLUTIONS l-TO- ~ 
ALL ~ 

1 

UOP-An Ap:1roach to Buildin¡! Optimiutiun SXi 

PRINTENGINEERING SUMMARY, 

SOLUTIONS l_TO-l 
ALL ~ 

PRINT COST SUMMAR Y, 

SOLUTIONS l ~TO-¡ ALL 

PRINT COST BUDGET, 

SOLUTIONS l _TO-~ ALL ~ 

SA VE DOP J,OB, FILE - ; 
RESTORE BOP JOB, FILE--­
SAVE DATA, FILE----
RESTORE DATA, FILE __ _ 
PRINT BOP· JOB LIST; 

APPENDIX B. BASIS FOR 
BOP COST COMPUTATIONS 

Allhough the build1ng costs are by -no mcans thc 
only usefu~ rcsult from BOP, they are sufficicntly 
important to warrant a somewhat fuller explanation of 

. the assumptions bchind the cost summarics and bud· 
gets mentioned in the text. A single command is avail­
able to give a complete listing oC unit costs and as­
sumed quantitics: 

¡ 
1PRINT COST ASSUMPTIONS; 
1 

Upon recognition of this command, the BOP routines 
produce output of the naturc shown in Figure 6. 

' : 

A few 'Yords of explanation should be sufficicnt lo 
enablc the; readcr to grasp the essence of the cost ap· 
proach implicd by Figure 6. In general, thc cost of 
each of SO componcnt itcms is given in one of four 
ways: 

l. As .an absolute dollar amount, column l. 
2. As a prcccntagc of thc base building cost, col· 

umn 2. : 
. 3. As' a dollars pcr squarc fool of gross building, 

column 3. 
4. In 1 sorne "othcr" rational way-gcnerally as a 

·u'nil pricc' times a quantity which i& a function of thc 

b,uilding ~comctry. 
• 
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nu• IHH OUL.I.AM$ .. ,, .,,u , 1 1 ll!'l (uMPUI'I~IOI,io 

110 NA"4[ 

O("':lLiliON O o •••••• • •••••• 
l fo1~UC1 FOUN~ ~[Mü$· •••••••• •• uo ••••••• 
) [II(AYA1 ION •••••••• •••••• ••••••• [HAYA 1 IOr-. "CY 

[X(AVAI 11.111 I)[I'TH 
[X(AVA 1 IV•-. AM"A 

~ $H[EtiNG •••••••• •••••• ••••••• $H((TING "SF 
foHEl T 1 NG DEPTH 
$H[(IING PEKIHEIER 

" "[Hf'RANI: WAT[RPMUOF ' •••••••• -- •••••• .. •••••• 1./$F WALL 

' 1 

1 

WALL AREA 
"SF $LIIIi 
$LAB AR[A 

6 HASONAY ANO (AULKIHG •••••••• •••••• ooooooo HASON~T ANO (AUL( ~/fof 

I.INEAR FT CU,AE WAL/F~ 

1 FIRST fLOOA CORE WALL •••••••• • ••••• ••••••• 1ST fl., (ORE 'lfALLS "'' 
I.IN[AM fT CURE WALI.$:. 

8 FIA$T fi.OOR FINISH •••••••• ••••••• ••••••• l$1 FL FINiiH '/Sf 
AREA foO F li'41,SHEO 

1 
9 AOOF•SHEET METtHO 

¡,.¡ •••••••• 
oo•••• ••••••• ./SF Uf KUUF 

~ .. 1 
lO HISC IRON •••••••• •••••• Oo2U 

u WINOOII WAU.t .. , , .. ··~····~ •••••• • •••••• 1/lif 
' NUo OF LINEAR fEET 

u "OAliiAOIII t .. , '" •••••••• •••••• ••••••• $10M~ FHONT l$1 fl. .,., 
HOo U# I.I~E-A FEET 

Figure 6-Typical Coil ~!>iumplion~o 

• 1 

··"····· • ••••••• 
0 

le>l.l 
l!loUU 

ACTICJN IF 
A$$UMLO VAI.U[ • O 

OoOO • A~EA UF ITPICAI. FI.WN, 

loUU 
l!>. 01) 
~oUU • PERIHETEK Of bl.~ 

\le !lO 
.JoUO • Do 
Uo20 
v.uu • u. 

loH 
UoUU • PERIM Uf (UMt•• CNU$$ WAI.I.$ 

a.oo 
UoOO • PERIH Uf CUML • 2 CMU$$ -~1. 

...oo 
VoUO • AA~A Uf Fl~$t fi.UUR 

•••••••• 
· lloOO 

UovO • P~~IM 1/i WAT Mil CURE M fAC 

11~00 

v.uu • PiAIM AT CU~& • i MWUU~~ ~f 

The actual basis on Which the calculation for a par- By giving the commands 
¡ -

• ticular item is madc is implied by thc location of 
asterisks-i.e., the one column of the four that has no 
asterisks is the currcnt basis for cost computation for 
that ítem. For example, demolition is normally assumed 
al zero dollars, since that ítem cost is most often part 
of a separate contract. Structural foundation members 
are assumcd at 4% qf lhe cosl of the base building. 
Excavation, on lhe olher hand, is computed on the 
basis of $3.50 per cubic yard times thc volume of ex­
cavation ( = 15 feet X arca of typical floor). Figure 7 
indicates how the cost items are aggregated to form 
the cost categories shown in Figure 4. 

Thc uscr can casily switch the basis and numerical 
valucs for computatibn or any cost item by the com-, ' 

mand 

DOLLARS---

' PCT--------~-
ENTER COST DATA~ ITE.M SQ FT 

UNIT PRICE---

i 
ENTER COST DATA, ITEM 2 SQ FT. 1.20; 

i 
1 

'ENTER COST DATA, ITEM 3 
UNIT PRICE 4.0Ó, 20, 18000; 

the user lcould change the basis or the structural 
,.. foundati;;~ membcrs from 4% of the base building 

cosl lo $1.20 per gross square foot of building, and 
change the values in the excavation computation lo 
$4.00 pcr cubic yard times a 20 foot basement ovcr 
an 18,000, square foot arca . 

. Two a~ditional commands are availablc to control 
the cost ,c¿mputation. One is of a dircct multiplier 
~ature, and is givcn as the Engincering Ncws Record 
indcx 

ENR COST INDEX, __ _ 

Thc intcrnal costs have bccn assumed on thc basis 
of an ENR ~ 700.· An c:xt'crnally supplicd valuc oí 

.¡ 

-

.. 
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ilOP-A¡l Appro.a.cll ¡o Bui1din~ Oplimilalion .JOJ 

co:,t 

<.AT~ftORY 
. .. 1 1 EM:. . . 

. 1 . .!il it 1\;)t(~ 

2 t- OUNIIA T 1 01 .. 

1t EXTF.IHul~ ~AL.L 

5 AKCttl ltCTUNAL F lo'HSHt~ 

7 PLUMFUhlo · t/.7 2tt 

11 HVAC l~ 
1 

9 t.LI:.CTHI(.AL 3v .. 1 

10 ~~hEHAL. (.Q~DITIONS 
.. ü 36 4\1 41 42 

11 C'tC FEE 37 

1:l CO~ l 1 NC.•ENCY .... 
13 · TE~A."H 

14 tQIJIPMtNtt FURhlTUH~ 

15 OTriER 
SAVF ~O~ ~UKt FILE 121 

HUP ~OH SAVEU l•'t f l,L.i; ....... 
Figure 7-Cos~Summary Groupings 

ENR = X will cause multiplication of all unit price 
type costs by a factor of X/700. A second command, 

COST VS HEIGHT CURVE,_. ____ _ 
allows the uscr to specify the ordinates (costs) of a 
normalized cost vs. hcight curve a\ the abscissae {num­
bcr of storics) of 1, 20, 40, 80. Tne curve is generally 
concave upwards, with ~ vallcy· of 1.0 around 20 
storics. Mulliplicative effec~s of this curve are included 
along with the ENR COST lNDEX. 
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TECNICAS DE ANALISIS FINANCIERO APLICADAS .A LA 
EVALUAGION INTEGRAL DE UN PROYECTO DE 
CONSTRUCCION. 

lng. Enrique Tercero Barragán • 

OBJETIVOS 

La fmalidad de este trabajo es la 
de presentar, con fines de divulga­
CIÓn, una metodología que hasta 
ahora se ha venido aplicando tan 
sólo para evaluar proyectos de de­
sarrollo mdustrial, agropecuario y 
de infraestructura física, con la 
pretensión de explorar las posibi­
iidades de su aplicación a proyec­
tos de desarrollo económico, cuya 
rentabilidad no ha sido estudiada 
hasta ahora con la necesaria pro­
fundidad. Concretamente me re­
fiero a los nroycctos de desarrollo 
educativo. Existe a la fecha muy 
poca experiencia al respecto, no 
solamente en países en vías de de­
sarrollo, los que r:1aturalmente re­
quieren con más urgencia la aplica­
ción de estas técnicas, sino tam­
bié"n en países en franco desarro­
:lo. No obstante, existen estudios 
específicos sobre este terre'no, casi 
virger.; qu<: ya van arrojando resul­
tados muy satisfactorios. 
El contenido de este trabajo se en­
cuentra div1dido en dos partes fun­
damentales. La primera es un plan­
tearmento teórico de la naturaleza 
ae la metodología propuesta, con 
sus alcances y sus limitaciones; la 
segllnda parte es la presentación 
de un caso de aplicación en la qu~ 
se discuten los pormenores opera­
tivos de la metodolog(a propuesta. 

• iécnico del CONESCAL 
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PRIMERA PARTE. PLANTEA­
MIENTO DE LA METODOLO­
GIA 

1. La metodología del análisis de 
sistemas. 

Para los fines de esta exposición y 
buscando proporcionar a la técni­
ca expuesta una adecuada estruc­
tura conceptual, se pueden identi­
ficar cinco pasos básicos en un 
proceso de análisis de sistemas. 

A) Definición de objetivos 
B) Formulación de medidas de 
efectividad 
C) Generación de alternativas 
O) Evaluación de las alternativas 
E) Selección de la alternativa pre· 
ferida 

A continuación se describen, de 
una manera más específica, la na­
turaleza de cada uno de esos pa­
sos. 

A) De,finición de objetivos. Este 
paso tan obvio no tendría tanto 
valor, si no fuera ignorado tan fre­
cuentemente. Por ejemplo, en los 
cursos de diseño de sistemas, los 
estudiantes reaccionan típicamen­
te yéndose inmediatamente a los 
detalles de elementos de un siste­
ma propuesto. "lObjetivos?" di· 
cen ellos,"· lqu ién los necesita? , 
comencemos a trabajar y diseñe­
mos". Sin embargo, esta clase de 
respuestas no solamente se en-, 

cuentra entre principiantes, profe· 
sionales de todas clases se ven en­
vueltos en situaciones s1 mi lares. 
De hecho, una gran parte del tra­
bajo del diseñador cons1ste en !Je· 
saf1ar objetivos, vagamente defmi­
dos por cl1entes o proiesionales de 
otras áreas, y así iaentií1car 1os 
propósitos fundamentales de un 
sistema. 
En general, para los fines de esta 
exposición, se puede distinguir en­
tre las siguientes_clases principales 
de objetivos: 

i) Eficiencia económica pura. 
La max1m1zac1on de las ga­
nancias obtenidas sobre deter­
minadas· inversiones, prescind.en­
do de quien las pueda acumular o 
a costo de quien. 

ii) Redistribución de ingresos. 
La promoción oe beneiicios de 
cierto tipo específico a expensas 
de otros de tipo d1ferente, tales 
como inversiones gubernamenta· 
les en obras públicas para el desa­
rrollo de una determmada reg1ón 
de un país. 

iii) La satisfacción de necesida­
des urbanas o rurales urgentes, que 
no siempre pueden ser justlf;caclas 
a través de beneficios económicos 
directos pero cuya atención t~c; de 
gran valor para la comur.idad, tales 
como pueden ser algunos proyec· 
tos de salud pública o la creación 
de áreas de recreo. 
Cada una de estas clases de ob;eti· 
vos tienen sus rn,éritos propios, sir. 
embargo, la persona u organismo 



re~p0n~.lhlc dP un proyecto rlche 
ser Slt'lllpl e especialmente susp1caz 
con rc~pccto a los objetivos econó­
ll11CJmente in¡ustificables: ya que 
ll11Ciltl as que los recursos se consa­
gran válidamente a ellos cada día, 
oebe también indicarse que exis­
ten promotores de proyectos espe­
cíficos que no pueden ser defendi­
chs en terrenos convencionales, 
pe10 que tratan de encubrirlos con 
el 1nterés público. Es extrema­
damente d if í ci 1 distinguir entre re­
cursos meritorios y falsos para el 
1nterés público, de ahí la ·insisten­
Cia en que un responsable de pro­
yecto deba ser muy cuidadoso en 
estos terrenos. 

8) Formulación de medidas de 
efectividad. El fin último del pro­
ceso de análisis consiste en desa­
rrollar una apreciación de la efecti­
VIdad relativa, con la cual las alter­
nativas seleccionadas cumplen con 
un conjunto determinado de obje­
tivos. 

Esto no se puede lograr sin tener 
algún medio para especificar en 
qué grado deben lograrse los obje­
tivos; por lo tanto deberán defi­
mrse índices de funcionamiento, 
que estén comprendidos dentro de 
una escala cuantitativa,·que permi­
ta precisamente establecer, en for­
ma objetiva, ese grado en que los 
proyectos alternativos analizados 
satisfacen las metas propuestas. 

la selección de las medidas de 
efectividad es esencial, porque en 
gran parte aetermina el diseño o 
coniiguráción final de un sistema. 
Esto puede ilustrarse mediante un 
simple ejemplo: 

En pesos por viaje? 
En pesos por vehículo - kiló­

metro? 

Cada una de estas cantidades 
podría ser utilizada para medir la 
eficiencia del sistema de transpor­
te. 

El costo de pasajero - kilóme­
tro podría favorecer v1ajes largos y 
de gran densidad de pasajeros. 

La utilización del costo por via­
je como un índice, nos llevaría a la 
definición de una red densa, con 
poco espaciam;.:.,to entre estacio­
nes. 

Fin a lmente, la consideración 
del costo por vehículo-kilómetro 
tiende a promover el uso de ve­
hículos pequeños en la red. 

La selección de la medida de 
efectividad, en este caso represen-. 
taría una decisión de diseño. Esto 
permite dar una idea clara de la 
importancia considerable y del es­
tudio que hay que dedicar a esta 
selección. 

Para mostrar en cambio, cómo 
la selección de una inadecuada me­
dida de efectividad pl.Jede excluir 
la consideración de buenas solu­
ciones, consideremos la situa­
ción en donde la comunicación en­
tre dos comunidades es difícil, 
porque los canales de circulación 
están sobre-cargados. Si la medida 
de efectividad para juzgar el com­
portamiento del sistema es la capa­
cidad de un canal de circulación, 
la solución obvia sería aumentar el 
número de canales. Sin embargo, 
se estarían excluyendo otras solu­
ciones posiblemente mejores, tales 
como la regulación del tráfico para 
disminuir los picos o la compacta­
ción (animando a la gente a utili­
zar transporte colectivo en lugar 
de automóviles, por ejemplo). Es­
to podría verse como factor rele­

.vante si los índices de comporta­
miento fueran redefinidos. 

Supongamos que se requiere dise­
ñar un sistema de transporte ma­
sivo de bajo costo. lCómo po­
drfan expresarse los costos de tal 
manera que lo barato pueda ser 
identificado? 

Por último, cabe mencionar que 
En pesos por pasajero - kil6- en ciertos casos se introducen en 

r:1etro? la selección de las medidas de efec-

tividíld algunas complr.JidíldPc; adi­
cionales a causa de la relac1ón f re­
cuentemente no-lmeal entre estas 
med1das -y 'los valores que intentan 
reprec;cntar, como veremos más 
adelante, por lo que en la práctica 
deberán aplicarse 1 imites y rangos 
a las merl1das de efect1v1dcJd. 
Cl Generac1ón de alternativas Oa­
do que el propós1to del anál1s1s es 
el descubrimiento y especlf1cac1ón 
de soluciones pretendas, es necesa- · 
rio hacer hincapié en la neceSI<Jad 
de dedicar un considerable esfuer­
zo a la exploración de un ampl1o 
rango, de posibles soluciones. Los 
interrogantes principales en este 
caso son: 

lCómo deberán ser identificadas 
estas soluciones 7 
En qué orden? 
lCuántas y cuáles deberán ser ob­
servadas? 
lEn qué grado? 

Con excepción ele problemas 
rnuy específicos, para ios cuales 
existe incluso una formulac1ón 
matemát1ca estricta, no parece ra­
zonable ni factible considerar to­
das las posibilidades, y aun cuando 
fuese posible pensar en todas las 
combinaciones, el sentido común 
sugiere que la investigación de to­
das las alternativas no es recomen­
dable; algunas no son lo suficiente­
mente diferentes para garant1zar 
un tratamiento separado y algunas 
están claramente dominadas por 
otras. En este sentido es importan­
te ser selectivo en la búsqueda de 
las altemativás, ya que los recursos 
son limitados. 

Sin embargo, es importante de­
terminar, como se verá más ade­
lante, la sensibilidad de una solu­
ción a los cambios en sus pará­
metros principales, para identif1car 
las alternativas fundamentales a 
considerar. 

Sea como fuere, lo cierto es fJUe 
no obstante la naturaleza parcial­
mente intuitiva de' este aspecto de 
generar alternativas, es convenien­
te señalar lo deseable que es consi-

27 



dl'r .11 muchas ul terna ti vas en lugar 
de poc1s. El desélrrollo de las corn­
pu t<Hior .1s electrón ic.1s ha aumen­
tado enormemente la habilidad del 
d1seriador y del analista para hacer 
esto. y ha hecho posible el desa­
rrollo de estudios comprensivos de 
una manera eficiente y ordenada. 
Resumiendo, la generación delibe­
rada de un amplio rango de alter­
nativas es esencial para el análisis 
de sistemas. 

DJ Evaluación de alternativas. Es 
conven~ente en este punto distin­
guir cuidadosamente entre la eva­
luación de los efectos de cada una 
de las alternativas y la selección de 
una soluc1ón particular. 

En esencia, la evaluación de al­
ternativas consiste en asociar cada 
alternativa con sus efectos, benefi­
cios, costos, impactos sobre la co­
mu n1dud, efectividad funcional, 
etc. Estos efectos, se estiman ge­
neralmente mediante la utilización 
de modelos matemáticos de varias 
clases, los cuales son esenciales en 
los análisis a gran escala. 

La selección es diferente. Con­
siste en un examen de los efectos 
(tomados de la evaluación) de 
cada alternativa, una comparación 
de sus valores relativos y una deci­
s•ór, acerca de cuál conjunto es 
preferible. Mientras que la evalua­
Ción, como ha sido definida aqu i, 
es un proceso mecánico, ·1a selec­
CI•.ln es pnncipalmente un probl~· 
m .. de juic1o y de valor. Esto im-
1>i•ca que las decisiones importan­
tes, no deben ser delegadas a una 
rórmula matemática sin razona­
miPnto. 

E J Selm.r.iñn df' la al tt•mat1va fU P.· 

fcnda. Finalmente, la '>Piección f!S 

el arte de l>alar.cear todas las cun 
SCCUCilCidS. 1m pi icu Jll iCIOS va lo· 
(Jl.fos de las medidas <le efecUvl· 
dad deducidos ob¡etivamente y 
obtemdos como resultado del pro­
ceso de evaluación. 
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La selección no es un problema 
solamente técnico, sino de índole, 
en muchos casos, poi ítico. El pa­
pel del analista es entonces el de 
ayudar al proceso de decisión, eli­
minando tantas incertidumbres 
técnicas como sea posible. 

De esta manera, el análisis de 
sistema es fundamentalmente un 
esfuerzo por definir objetivos y al­
ternativas para el que toma deci­
siones y luego proveerlo con la in­
formación relevante según prefe­
rencias. 

2. EL ANALISIS FINANCIERO 
DE PROYECTOS 

2.1 Su naturaleza y alcances. 

· Es conveniente aclarar aquí, 
que el significado preciso que se 
dará al término "Proyecto" en es­
ta exposición, posee un contenido 
diferente , al del sentido usual de 
"Diseño", tanto arquitectónico 
como estructural y de insta'lacio­
nes, con el que suele emplearse. 

Esto es importante, ya que es 
frecuente que al hablar de "evalua­
ción de proyectos" en el medio de 
construcciones escolares, se está 
hablando en realidad de evalua-

, ción de diseños. Indudablemente, 
al evaluar diseños se están aplican­
do los principios del análic;is de SIS­
temas que se acaban de est.IJzar. 
Concretamente, el criterio de cos 
tos-1 imite que suele emplearse es 
una medida de efectividad que 
permite evaluar diferentes d1seños 
y hacer inclusive una posterior se­
lección del mejor. Sin embargo, el 
significado concreto que aquí se 
da al término "proyecto" es más 
bien el de "proyecto de inver­
sión", es decir, al hablar de pro­
yecto no solamente hablamos del 
o los ursei1os que se requieren para 
la realización de uri conjunto de 
instalaciones educativas y de su 
construcción misma, sino q'ue ha­
blamos también de todos los otros 
conceptos de costo que involucra 

norm(llmente una inversión en un 
complejo educativo, t(llc~ como la 
operac1ón del SIStema, su manten 1 

miento, el mobiliario y el equrpo, 
la adquisición de terrenos, el per. 
sonal administrativo y docente ne­
cesario, los programas y cursos de 
capacitación necesarios y las aseso. 
rías técnrcas utilizadas para la •m· 
plementación de las diversas fases 
del proyecto. 

Evidentemente, lo anterior impli­
ca que el análisis mot1vo de este 
trabajo abarque gran parte del ho­
rizonte de planeación del proyec­
to. Es decir, el parámetro tiempo 
tiene una importancia capital den­
tro del análisis financiero. 

2.2 Sus objetivos. 

Siguiendo los pasos fundamen­
tales de un proceso de análisis de 
sistemas, los objetivos buscados al 
implementar un determinado pro­
yecto, desde el punto de vista fi· 
nanciero, pueden ser de tres clases 
básicas: 

A) Que la inversión sea rentable, 
es decir, que los beneficios que se 
obtengan como producto de la im· 
plementación del proyecto anali 
zado excedan en un atractivo mar· 
gen a los costos que involucra dr 
cha implementación. 
8) Que la inversión sea s1mplemen 
te autosoportable o autof1nanc1a 
ble, es decir, que SI b1en los henP.f 1 
cios obtenidos corno producto cie 
la implementación del proyecto 
imalizado no exceden en un mar­
gen atractivo, desde el punto de 
vista privado, a los costos que rn· 
volucra dicha implementación. si 
los exceden con un margen suf¡. 
ciente parrt lograr un equilibrio Prl 

el flujo de fondos durante el pe 
riodo de anális1s del proyecto. 
C) Que aun cuando el proyecto 
anahzddo no produzca bcnelrc•os 
directos, los benelrc•os md•rectos 
que se obt1enen, cuantificados e.1 
térmmos monetarios, exceden en 



un margen razonable a los costos 
involucrados en su implemen­
tación. 

Al t1po de beneficios indirectos 
que se obtienen en esta última cla­
se de proyectos, se les suele deno­
minar benefic1os sociales. Sin em­
bargo, es necesario tener mucho 
cuidado con esta clase de proyec­
tos, que generalmente son de tipo 
público, ya que existe la tendencia 
a menospreciar los resultados de 
su evaluación, aunque en muchos 
casos se trate de inversiones de 
gran cuantía para el erario nacio­
nal. 

En este sentido la tendencia ob­
servada en algunos países de la re-

. gión latinoamericana, es la de pro­
curar evitar esta última clase de 
proyectos, buscando en alguna 
forma el convertirlos en autofinan· 
ciables mediante medidas que per· 
mitan que el proyecto produzca 
aigún beneficio directo que lo con· 
vierta en tal, medidas tales como 

cuotas de aportación de los usua­
rios del s1stema. 

La conciencia de esta necesidad 
ha surgido precisamente a canse· 
cuencia del empleo de las técnicas 
de evaluación que se están expo­
niendo en este trabajo. 

2.3 Sus medidas de efectividad. 
En términos generales la efecti­

vidad de un proyecto, desde 
el punto de vista financiero, se 
suele medir mediante cualquiera 
de los cinco siguientes criterios. 
A) Relación beneficio/Costo 
B) Valor presente de los beneficios 

netos 
O Tasa interna de retorno 
O) Costo específico de capital. 
E) Pedodo de recuperación 

En todos y cada uno de los cri­
terios mencionados, la materia óe 
análisis es el flujo o corriente de 
fondos durante un horizonte eco­
nómico de estudio, cuya extensión 

se asigna de un<~ manera m¡'¡s b1en 
arbitraria, en func1ón de expenen­
cias previas en proyectos s1mllares. 

Dado que los fmes de este tra­
bajo no son didácticos s1no pura­
mente ilustrativos. a continuación 
se pretenderá dP.scnbir. en térmi­
nos muy generales y aún a riesgo 
de ser demasiado s1mpl1stas, en 
qué consiste cada uno de los cinco 
criterios enunciados. Sin emuargo, 
previamente a esta descnpción, es 
conveniente explicar y aclarar un 
concepto que resulta de v1tal im­
portancia para la adecuada com­
prensión de los criterios menciona­
dos, y es el del "valor presente" o 
"valor actualizado", o "valor des­
contado" de una corriente o flujo 
de dinero. 

Supóngase que se tiene una 
suma de dinero cuyo valor se in· 
crementa anualmente en un cierto 
porcentaje fijo "r" a partir de un 
valor inicial K0 

Al cabo del primer año, el nuevo valor de esa 
suma es ahora: 

En ese caso bastará con despejar de la expresión 
(1 ), la incógnita buscada: 

K 1 = K0 ( 1 + r) 

En donde r está expresado como fracción decimal. 
Al cabo del segundo año, el valor de la suma 

será: 

K2 = K. (1 + r) = K0 (1 + r) (1 + r) 
= K0 (1 + r)2 . 

Al cabo del tercer año: 

Kl = K2 (1 + r) = K0 (1 + r)2 (1 + r) 

Por inducción matemática, al cabo de "n" años: 

Kn = K0 ( 1 + r)" ----~--- (1) 

Supóngase ahora el problema inverso, es decir, 
dada una suma de dinero cuyo valor incrementado 
al cabo de "n" años es" K", se quiere saber su valor 
inicial en el año cero, suponiendo que el porcentaje 
o tasa de incremento anual haya sido "r''. 

= -------- (2) 
(1 + r)" 

A este valor "K0 " se te denomina "valor presen­
te" o "valor actualizado", de una suma de dinero 
erogada o ingresada en el añq "n" de un horizonte 
económico de análisis. 

Para el caso de la expresión (1) se hablaba de 
una tasa de incremento anual "r", es dec1r el valor 
"Kn" es un valor incrementado; de manera análo­
ga, en el caso de la expresión (2) se habla usuai­
mente de una tasa de descuento "r", y por esta 
razón al ha~lar del valor "K0 " se le llama también 
"valqr desco,ntado". 

A la tasa "r" se le llama entonces "tasa de des­
cuento" o también "tasa de actualización". 

Explicados estos conceptos se puede ya pasar ó 

la descripción de los criterios de efectividad men­
cionados al comienzo de este capítulo. 
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A) Relación benef1ciolcosto. En síntesis. este crite­
rio se expresa como un cociente de Ventajas/Des­
ventajas. Las ventajas son los beneficios de la inver­
sión realizada, bien sea como un resultado de la 
repercusión que dicho proyecto tiene sobre la eco­
nomía regional o nacional del país en que se va a 
realizar. bien sea como resultado directo de la co­
mercialización de la producción misma del proyec­
to en cuestión .. Las desventajas son los insumos re­
queridos por el proyecto, es decir, los costos, no 
solamente durante la etapa de operación, sino even­
tualmente durante las fases de ampliación que pue­
da tener el proyecto en el honzonte económico de 
análls1s que se esté considerando. 

Concretando, supóngase que se tiene la siguiente 
corriente de costos y beneficios en un determinado 
proyecto, cuyo horizonte económico es de "n" 
años. 

Beneficios 

Costos C0 C1 Cl C3 Cn _ 1 Cn 
1 1 1 1 J 1 

Años O 1 2 3 n-1 n 
La relación beneficio/ costo de este proyecto es 

el cociente form~do por la suma de la corriente de 
beneficios, llevado cada uno de ellos a valor presen­
te (actualizado o descontado) dividida entre la 
suma de la corriente de costos, llevando también 
cada uno de ellos a valor presente. 

Para llevar a valor presente. los beneficios se ten­
dría lo siguiente: 
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VPso = Bo 

VPs
1 s. 

= 
1 + r 

VPsl .. Bz 
= 

' (1 + r)i 

1 

Por tanto ia suma de estos valores seda: 

n 
l: 
= o 

= 
n 
l: 
= o 

En forma análoga, para los-costos se tendría: 

n 
l: 
= o. 

n 
l: 
= o 

C¡ 

(1 + r)1 

Y por consecuencia: 

n B; 
r 

i = o ( 1 + r)' 
Relación B/C = 

n C; 
l: 
= o (1 + r)' 

Fijada una tasa de actualización, se dice que un 
proyecto es "rentable" o "viable", bajo este crite­
rio, si el valor del cociente calculado no es menor 
de la unidad. 

Obsérvese que el valor de esta relación depende 
sustancialmente de la tasa de descuento ·que se es­
coja, sin embargo, la selección de la misma resulta 
un tanto arbitraria ya que su valor está en función 
de diversos factores. tales como el índice de creci­
miento en los costos de los materiales, el índice de 
crecimiento en el costo de la mano de obra, la tasa 
inflacionaria promedio prevaleciente en el país, e 
inclusive de posibles devaluaciones monetarias du 
rante el horizonte económico de análisis; la forma 
en que cada uno de estos factores influye en el 
valor de la tasa de actualización no es una función 
conocida a priori, razón por la cual lo usual es 
asignarle un valor basado en experiencias previas en 
proyectos similares. 

Esta relativa arbitrariedad en la elección de la 
tasa de descuento es justamente uno de los princi­
pales defectos que tradicionalmente se le han atri­
buido a la relación B/C. Sin embargo, si se efect~a 
un· análisi-s de sensibilidad del cociente para diver­
sos valores de la tasa, puede subsanarse en gran 
parte ese defecto. 

Otros defectos importantes de los que adolece 
este-criterio son, primeramente, el de que su cono­
cimiento no aporta información sobre los costos de 
oportunidad de los recursos asignables al proyecto, 
cuando se pretende aplicarlos a otros usos; y segun­
do, el de que para tasas de descuento elevadas este 
criterio desalienta el uso intenso o concentrado de 
capital c<;>mo el que tiene lugar en proyectos de 
formación de infraestructura, porque las inversiO­
nes iniciales son generalmente altas, mucho mayo­
res que los beneficios anuales que al ser actualiza 
dos pierden significativamente su valor. Dado que 
en la práctica, la fijación de las tasas de descuento 
por utilizar para determinado tipo de proyectos se 
hace en forma convencional, por acuerdo entre di­
versos organismos, nótese la repercusión económ1ca 
que podría tener para la industria de la construc 
ción de un pa rs, una medida tendiente a elevar esas 
tasas en forma arbitraria. · 



8) V.1!or presente de los beneficios netos. Este cri­
terio d1f1ere del ~ntenor en que, en vez de estar 
expresado como un coc1ente cuyo valor está dado 
en unidades adimensionales, queda expresado en 
unidades monetarias. 

Dicho brevemente, el valor presente de los bene­
ficios netos de un proyecto es la suma de la co­
rriente de las diferencias entre los beneficios y los 
costos asignados a cada período del horizonte eco­
nómico de un proyecto; expresado algebraicamen­
te: 

n 
VP8N = I: 

(81 - C1) 

= o ( 1 + r) 1 

Si bien es1e criterio adolece del mismo defecto 
que el anterior, de depender de una tasa de actuali­
zación fijada en forma relativamente arbitraria, de­
fecto que como ya se indicó, se puede subsanar 
n:ediante un adecuado análisis de sensibilidad, po­
~.::e en cambio la ventaja de permitir el uso de mo­
delos matemáticos para la selección óptima de un 
conjunto de proyectos de inversión valuados indivi­
dualmente con ese criterio. 

C) Tasa interna de retorno. Para estimar la produc­
tividad que dentro de un proyecto tienen los recur­
sos empleados, se conviene en emplear el concepto 
de tasa interna de retorno, o tasa que hace iguales 
los valores presentes, a un horizonte económico de 
análisis dado, de las corrientes de costos y benefi­
::ios asociados a la iniciativa. 

Algebraicamente, "L" es la tasa interna de retor­
no propia de una iniciativa si y sólo si: 

n 
I: 
= o 

e, o+ L)- 1 = 
n 
I: 
= o 

8, (1 + L)- 1 

Este criterio implica la1 búsqueda de la raíz real 
de la ecuación anterior. Cuando "L" no es la única, 
resulta inadecuado emplearla como índice de eva­
luación, ya que por definición este debe ser unívo­
co; sin embargo, este caso no es frecuente y sólo 
ocurre cuando existen gastos de consideración pre­
vistos hacia los últimos años del horizonte econó­
mico de análisis. Dentro del orden práctico, su cál­
culo manual es laborioso, pero esto en la actualidad 
ya no representa ningún obstáculo significativo, ya 
que aún con una pequeña computadora digital de 
escntorio (y aun más de bolsillo) se le dete.rmina de 
manera sencilla y muy rápida. 

Como ya se dijo este criterio tiene la ventaja de 
revelar explícitamente la productividad real del 
proyecto, además de representar una base muy 
consistente para juzgar tanto su viabilidad econ6-

mic<~ como su pnoridad relativa. respecto de un 
conjunto dado. de proyectos de invers1ón. 

De hecho, aún cuando también los dos critenos 
anteriores se utilizan para jerarquizar un con¡unto 
de proyectos de inversiÓn, ei criterio más usual 
para juzgar de la pnoridad relativa de un con¡unto 
de proyectos es justamente su tasa interna de retor· 
no. 
O) Costo específico de capital. Por defin1ción el 
costo de cap1tal es el precio que el orgamsmo res· 
ponsable de un proyecto debe pagar por el uso de 
los fondos de inversión que se requieren destinar a · 
un proyecto determinado. 

En términos algebraicos, la tasa "j". es el costo 
específico de capital de una inversión, si y sólo si: 

n n 
I: K, ( 1 + j)- 1 = I: P1 ( 1 1- j) - 1 

i = o i = o 

En donde "K¡" es el desembolso de una inver· 
sión en el período i y "P¡" es la suma del pago del 
principal más el pago de los intereses de la misma 
inversión correspondientes al período i de amorti· 
zación. 

En realidad, este criterio es complementación 
del anterior, ya que para poder considerar que un 
proyecto es rentable, económicamente hablando, el 
requisito mínimo indispensable a la luz de estos 
criterios, es que su tasa interna de retorno sea siem­
pre mayor que su costo específico de capital. 
E) Periodo de recuperación. Se denomina período 
de recuperación a aquel período para el cual la 
suma de los beneficios netos acumulados a valor 
presente, iguala al monto total de los desembolsos 
de la inversión efectuada en este proyecto. 

Expresado algebraicamente esto significa que e: 
período de recuperación es aquel valor de "m" que 
satisface la siguiente igualdad: 

m _
1 

m 
I: K1 (1 + r) = 1: (8 1 + C,) (1 + r)-' 
= o i = o 

Al igual que la relac1ón beneficio/costo tiene el 
defecto de depender de una tasa de actualización 
arbitrariamente elegida; pero además tiene el defec~ 
to de ignorar parcialmente la información de los 
flujos de beneficios y costos, es decir de toda aque­
lla porción de esos flujos que quedan más allá, jus-

I ' o' 1 

tamente, del per1odo en cuest1on. . 
En general, se le considera el más inconsistente 

de todos los criterios mencionados. Usado como un 
criterio de jerarquización de proyectos, tiende a 
dar mayor preferencia a aquellos proyectos que 
ofrecen una recuperación de la inversión inicial a 
corto plazo sobre aquéllos cuya recuperación de 
esa misma inversión se realiza a más largo plazo. Es 
decir que este criterio resulta totalmente inadecua-
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do para juzgar proyectos de formación de infraes· 
tructura. en los r¡ue, como ya se señaló anterior· 
mente, el monto de la inversión inicial es muy gran· 
de en comparación con los beneficios netos que se 
obtienen en el proyecto a corto plazo. 

Lo más usual aunque no lo más correcto, es cal· 
cular este índice sin actualizar valores. De esta for· 
ma resulta un criterio muy sencillo de calcular y 
por lo tanto, si se desea obtener en forma rápida un 
INDICE que proporcióne una idea, aunque sea 
muy burda de la situación del proyecto, este crite­
rio puede ser muy útil en una primera aproxima· 
ción. 

2.4 Observaciones generales sobre su uso. Si bien es 
c1erto que cada uno de los criterios estudiados pre­
senta individualmente un conjunto de ventajas y 
desventajas que, al comparar conceptualmente di­
chos criterios entre si, hacen que se revelen como 

más consistentes los de tasa interna de retorno, cos­
to específico de cap1tal y valor presente de los he· 
neficios netos, la fuerza de la costumbre ha consa­
grado el uso de los dos restantes. Por otra parte, la 
verdad es que ninguno de esos cinco criterios, por 
sí solo, refleja adecuadamente la situación econó­
mico financiera de un proyecto, por lo que es alta­
mente recomendable el cálculo y uso simultáneo de 
todos ellos para obtener una mejor imagen de un 
determinado proyecto. Si se tiene en cuenta que la 
existencia de equipos de procesamiento electrómco 
de datos, no solamente de mediano o gran tamaño, 
sino aun los llamados minicomputadores, ya sean 
éstos de salón, de escritorio o aun de bolsillo, es 
cada vez más frecuente en la región latinoameri­
cana y también en la del Caribe, este cálculo simul­
tán~o es p~rfectamente factible obtenerlo, con un' 
con~umo de tiempo realmente mínimo, mediante 
el uso de uno cualquiera de esos equipos. 

SEGUNDA PARTE: APLICACION DE LA METODOLOGIA 

A) Descripción del proyecto 

Aun cuando no pertenece al campo específico 
de las construcciones escolares, el ejemplo que se 
presenta a continuaci6n posee un conjunto de ca­
racterístiG-ás que permiten visualizar, en forma bas­
tante sencilla, los principales alcances de .la meto· 
dología anteriormente explicada. 

----El proyecto en cuestión es un proyecto público 
de remodelación del Centro de la ciudad de Toluca. 
en el Estado de México, actualmente en proceso de 
cohstrucdón. • 

La obra por ejecutar incluye los siguientes con-
ceptos: 

1. AEMODELACIONES. 

- ,· 

1.1 Portales: 

a) Pavimento y techo 
b) Fachadas exteriores 
e) Fachadas interiores 

Suma parcial: 

1.2 Fachadas de: 

a) Iglesia Santa Veracruz 
b) Palacio Municipal 
e) · Cúpula Cámara de Diputados 
d) Fachada Belisario Domínguez 

Suma Parcial: 
(1.2) 

Suma parcial: 
(1) 

• El autor desea testimoniar su agradecim1ent al Presidente Muni-
cipal de Toluca, Lic. Arturo Martlnez Legorret asl como al Dr. 
Molchor Rodríguez Caballero, por su gentileza al ermltlr la repro­
ducc•6n de este interesante proyecto. 
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2. OBRAS NUEVAS. 

2.1 
2.2 

Edificio de Portales Nuevos 
Estacionamientos. 

Suma Parcial: 
(2) 

3. OBRAS EXTERIORES. 

3.1 
3.2 
3.3 
3.4 

Plaza 
Calle Constitución 
Pasaje Belisario Domfnguez 
Jardinería 

Suma Parcial: 
(3) 

Suma Total: 

@ 

7 B 
( 

~ 

~ 
u 
~ 

" 
~---

$ 24,000,000.00 

$ 5,600,000.00 

$34,200,000.00 

( PLACA 
Z CUPULA 
3 P.Al!>.C.tO ,<.¡l)IJICCPAL 

4 ¡..flEW. A1.A.R 01~¡\ 1).04 

e;; IC.Lf<;IA <;111. ur.~u eu~ 

e;; e .Atle: CQV'7"t 1 ruc.• o N. 
7 fbP.fA.Le'; e,.{l<;lCAJ~ 
8 PRol'lfOII-0 PAR11CdU>e 
9 el>lf"IC.IO "A• 
lO fDIFICIO ~lb• 
14 f;.blf'"ICIO '"C" 
f'Z PASA.lf & . .DOotHAl(.(]e? 
f3 CA~PRAL 
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Al irliCIJr el estudio de evaluación, el problema 
fu ndamrntal que se planteaba a las autoridades mu­
nicipales responsables .del proyecto, era la consecu­
Ción de los fondos necesarios para financiar la in­
versión. La solución que se le dio al problema fue 
la si gu ien te: 

Los portales. las fachadas y las obras exteriores 
serían amortizadas por la comunidad, mediante 
una derrama realizada en proporción a los valores 
catastrales de los terrenos propiedad de los mora­
dores de la zona de influencia de las obras, previa 
formación de un consejo de cooperadores integra­
do por representantes de esa comunidad y estable­
ciendo el respectivo convenio de cooperación entre 

el municipio y dicho consejo. Este convenio, esta· 
blecido después de haber realizado el necesarro es· 
tudio de derrama, sirvió de base para negociar el 
financiamiento de las correspondientes obras. 

En cuanto a las obras nuevas, puesto que el edifi­
cio estaba diseñado para ubicación de of1cinas y 
locales comerciales y el estacionamiento sería ad· 
ministrado comercialmente también, se podía ha· 
cer la necesaria evaluación económico·f1nanc1era de 
esa parte del proyecto para determmar su rentabili­
dad y si era o no auto-financiable. Los resultados 
de este estudio serían el documento que serviría de 
base para la negociación del financiamiento de esta 
parte del proyecto con la banca privada. 

TABLA 1: REMODELACION DEL CENTRO DE TOLUCA 
COSTOS CONSIDERADOS EN El ESTUDIO 

SUMAS 
1. COSTO EDIFICIO M2 $/Ml $ PARCIALES 

Terreno: 2,68245 X 2,000.00 5'364.900 5'364.900 

Edificio: 
-Construcción (sin incluir 

Cl mentac1ón) 19'866,397 
-Cimentación 1'000,000 
-Estud1os v Prpyectos 5% 1'043,320 

-Superv1s1ón y administración 5%- 1'043,320 22'953.037 
28'317,937 

2. COSTO DE ESTACIONAMIENTO 

Terreno: 5,684.00 X 1,000.00 5'684,000 5'684,000 

Edificio: 
-Construccrón 2'933,940 

-E~tudios y proyectos 5% 146,697 

-Superv1s16n y administración 5% 146,697 3'227.334 
8'911,334 

3. COSTO DE OBRAS EXTERiORES 

~erreno: 5,240.00 X 1,000.00 5'240,000 5'240,000 

Edificación: 

-Construcción remodelaciones 4'575,950 

-Construcción obras exteriores 5'588.401 10'164.351 

-Estud1os y{oroyectos 5% 508,218 

-Supervisión··~· administración 5% 508,218 
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TABLA 2: REMODELACION DEL CENTRO DE TOLUCA 
RENTAS CONSIDERADAS EN EL ESTUDIO 

EDIFICIO 

PARTE AREA VALOR UNITARIO DE RENTA RENTA MENSUAL TOTAL 
. PESIMISTA MEDIO OPTIMISTA PESIMISTA MEDIO OPTIMISTA 

SOTI\NO 

PLANTA BAJA 

MEZZANINE 

DESPACHO 

2,682.45 

2,682.45 

1,831.94 

7,244.38 

5 

60 

60 

20 

10 

TOTAL 

VALOR PESIMISTA RENTA ANUAL: 

VALOR MEDIO RENTA ANUAL: 

VALOR OPTIMISTA RENTA ANUAL: 

B) Metodología empleada 

Después de efectuar la necesaria evaluación téc­
nica del proyecto que incluyó la revisión de áreas, 
cantidades de obra, materiales a utilizar, cantidad 
de mano de obra requerida, precios unitarios apli­
cados, y presupuestos, se pasó a la evaluación fi­
nanciera propiamente dicha, procediendo en la si­
guiente forma: 

1. Determinación de ingresos. 

1.1 Estudio de rentas:. Se realizó una investiga­
ción de mercado para definir el valor factible a 
cobrar por concepto de rentas de locales comercia­
les y de despachos. De esta manera se obtuvieron 
tres valores, uno pesimista, uno medio y uno opti­
mista que aparecen en la tabla 2. · 

1.2 Estudio de posibles ingresos por concepto de 
cobro de derechos de estacionamiento de pensio­
nados y estacionamiento público, cuyos resultados 
aparecen descritos en la tabla 4 . 

2. Egresos o deducciones.· 

2. í Desocupación. Aunque por una investigación 
de mercado se obtuvo que la desocupación en los 
edificios, podría estimarse en un 2% del importe 
de las rentas, se es.t~ó conveniente considerar has­
ta un 5%, ya que a ediano plazo seguramente ha­
b-á un incremento e construcción de edificios co-
merciales (Ver tabla ' 

15 

70 

70 

30 

--
13,.¡112. 25 26,824.50 

160,947.00 174,359.25 

109,916.40 119,076.10 

144,887.60 181,109.50 

429,163.25 503,495.35 

40,236.75 

187,771.50 

128,235.80 

217,331.40 

573,575.45 

$429,163.25 X 12 = $5'149,959 

$503,495.35 X 12 =$6'039,818 

$573,575.45 X 12 =$ 6'882,905 

2.2.Mantenimiento v administración del edificio. 
' 1 

Se consideró que para garantizar un excelente man-
tenimiento y conservación del edificio es necesario 
estimar su costo en un 3% anual sobre el valor de la 
construcción (ver tabla 3). 

2.3 Agua v luz. El porcentaje para este concepto 
se determinó por investigación de mercado (Ver 
tabla 3). 

2.4 Impuestos. 3.5% de timbres sobre el valor 
global de las rentas (Ver tabla 3). 

2.5 Impuesto predial. De acuerdo con la ley ge­
neral· de catastro del E do. de México se aplicó el 
0.525% sobre el valor catastral de los edificios (ver 
tabla 3). 

2.6 Seguros. Se consideró un 8 a1 millar sobre el 
costo de construcción del edificio sin incluir la ci­
mentación (ver tablas 1 y 3) 

2.7 Depreciación ele los edificios. Se consideró 
una vida económica útil de 25 años y una depre­
ciación de tipo lineal (ver tabla 3.) 

2.8 Costos de operación para el estacionamiento. 
(Ver tabla 5 del anexo). 

2.9 Mantenimiento v conservación del estaciona­
miento. Para este caso se consideró el 1% del yalor 
de la construcción, ya que la calidad entre los aca­
bados del estacionamiento y los edificios amerita 
tal diferencia (ver tabla 6). ; 

2.1 O Agua y luz para el estacionamiento. (Ver 
tabla '6). 
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2.11 1 mpuestos para el estacionamiento. 
a) Ingresos mercantiles: 4% sobre el valor de las 

rentas. (Ver tabla 6). 
b) 1m puesto predi al: Id e m. que para los edificios 
e) Depreciación: ldem que en edificios. 

3. Htpótesis de la evaluación 

Para llevar a cabo el análisis se hicieron las si­
guientes hipótesis o consideraciones: 

3. ~ Los ingresos por concepto de renta, para el 
edificio, se incrementan un 10% bianual a partir de 

1976 v este incremento se mantiene durante 1 O 
años, después de los cuales, el ingreso mencionado 
no sufre va, ningún incremento. 

3:2 Las 9educciones anuales, exceptuando la co· 
rrespondiente al impuesto predial, experimentan 
también un ·incremento bianual del 10% durante 10 
años, después de los cuales sólo sufren un 1% anual 
de incremento. · 

3.3 Los ingresos por concepto de renta, para el 
caso del estacionamiento, experimentan un incre­
mento del 10% en el segundo año del siguiente 
sexenio v luego se incrementan un 10% cada Seis 
años hasta el final del período de análisis .. 

TABLA 3: REMODELACION DEL CENTRO DE TOLUCA 
DEDUCCIONES ANUALES 
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1. Desocupación: 

5% rentas: Pesimista 
· MJdio' 
Optimista 

EDIFICIO 

2. Mantenimiento y administración: 

3%valor edificio: 

3. Agua y luz: 

2% rentas: Pesimista 
-¡ Medio 

Optimista 

4. Timbres: 

3.5%rentas: Pesimista 
Medio 
Optimistá 

5. Predial: 

.525%valor catastral: 

6. Seguros: 

8 al mtllar: Costo de construcción del edificio 
sin cimentación. 

,, 

7. Depreciación: 

4%valor e~ificacibn~ ~ 

) - {• ~-' .,._ ' .,.r 

0.05 x 5H49,959 
b.05 X 6~039,818 
0.05 X 6:882,905 

0.03 X 22'953.037 

--
0.02 X 5'149,959 

:0.02 X 6'039,818 
'0.02 X 6'882,905 

0.035 X 5'149,959 
0.035 X 6'039,818 
10.035 X 6'882,905 

0.00525 X 28'317,937 

0.008 X 19'866,397 

0.04 X 22'953,037 

$ 

257,348 
301,991 
344,145 

688.591 

102,999 
120.796 
137,658 

180,248 
211,394 
240,902 

148,669 

158,931 

918,121 



...... , ..... ".'·• .• ,,., ,.,, tJIH' In diferencia entre 
.,., \ ll•::. tnndl'"· lt·~ulh• IH'!Jiltiva se considera 

.:. : 1'$ lh'CC$,1110 lllCUrrlr en Un r~financiamientO. 
,\l.t·ntl.lS esta diferencia no se anule o se convierta 
en positiva, ese refinanciamiento se supone puede 
ser proporcionado por cualquier fuente de crédito, 
que no necesariamente tiene que ser la misma que 
aporta el fmanciamiento para la inversión inicial. 

3.5 La tasa de interés considerada como más 
probable para el financiamiento de la inversión ini­
cial, es de 15% sobre saldos insolutos semestrales. 

3.6 El período de Amortización de la Inversión 
Inicial, se supuso igual a 10 años. 

3. 7 La tasa de interés considerada como más 
probable para los refinanciamientos es del 18% so­
bre saldos insolutos semestrales. 

3.8 El período de Amortización de los refinan­
ciamientos se supuso igual a 5 años. 

3.9 Por último, se consideró que durante el tiem­
po en que se ejerce el crédito inicial, éste no deven- , 
ga intereses. 

4. Resultados del análisis. 

En las tablas 6-A, 6-B y aparecen desarrolla. 
das las corrientes de beneficios y costos durante un 

TABLA 4: REMODELACION DEL CENTRO DE TOLUCA 
ESTACIONAMIENTO 

INGRESOS 
1. ESPACIOS DISPONIBLES 

2. RENTAS: 

60 espacios para pensionados 
150 espacios para público 

Pensión: 150 $/mes 
Tarifa al públito· $ 3/primera hora,$ 1/hora subsecuente 

3. OCUPACION CONSIDERADA: 

2 horas/automóvil, promedio 
3 automóviles/espacio x dla 300 días de serv!CJO-

4. INGRESOS: 
60x150x12= 
12x 150x300= 

' 

$/año 
108,000 
540,000 

j $648,000 

TABLA 5: REMODELACION DEL CENTRO DE TOLUCA. 
cSTACIONAM 1 ENTO 

PUESTO 

ENCARGADO 

2 CHECADORES 

2 MOZOS 

TOTAL 

OPERACION 

SALARIO/MES 
$ 

2,000 

1,500 

1,000 

TOTAL ANUAL: $15,0('0 x 1 t. = $180,000 

NUMERO DE 
TURNOS 

3 

2 

TOTAL/MES 
$ 

2.000 

9.000 

4 000 

15,000 
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TABLA 6: REMODELACION DEL CENTRO DE TOLUCA 
DEDUCCIONES ANUALES 

ESTACIONAMIENTO 

2. Manten1m1ento: 
1 %valor edificio: 

3. Agua y Luz 

4. lr¡gresos Mercantiles: 
4%renta: 

5. 1 mpuesto predial: 

6. Depreciación 

TABLA 6-A 

0.01 )( 3'227,334 

0.04 )( 648,000 

'.525 )( 8'911,334 

0.04 X 3'227,3~--

34 __ 4_.9_7_7 = 0.53 
648,000 

474,070 ---'---- = 0.53 
648,000 

PROYECTO REMODELACION DEL CENTRO DE TOLUCA Al T 15 
CUADRO DE FUENTES Y USOS DE FONDOS 

1973 1974 1975 1976 1977 

FUENTES 

INGRESOS POR CONCEPTO QE RENTA 0.0 1.86 7.53 8.22 8.29 
SUB-TOTAL VENTA o. o 1.88 7,53 8.22 8.29 
RECURSOS CREDITICIOS 
INVERSlON INICIAL 10.49 15.74 0.0 0.0 0.0 
REFINANCIAMIENTO . 1.63 3.64 0.58 0.0 0.0 
SUB- TOTAL CA EDITO 12.12 19.38 0.58 o. o o. o 

DEPRECIACION QEL AÑO ANTERIOR o. o o. o 0.53 1.05 1.05 
SALDO DEL AÑO ANTERIOR o. o o. o 0.0 0.0 0.91 
TOTAL DE FUENTES 12.12 21.26 8.64 9.27 10.25 

usos 

CONSTRUCCION 10.49 15.74 o. o 0.0 0.0 
DEDUCCIONES ANUALES o. o 0.28 1,71 1,85 1.88 
DEPRECIACION 0.0 0.53 1.05 1.05 1.05 
SUB- TOTAL INVERSION 10.49 16.55 2.76 2.90 2.93 

AMORTIZACION DE CREDITOS 
INVERSION INICIAL 1.63 4.08 3.90 3.45 2.99 
REFINANCIAMIENTO o. o 0.63 1.98 2.01 1,79 
SUB-TOTAL AMORTIZACION 1.63 4.71 5.88 5.46 4.78 

TOTAL USOS 2 21.26 8.64 6.36 7,71 

SALDO PARA EL AÑO SIGUIENTE 0.02 o. o o. o 0.91 2.'>4 
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180,000 

32,273 

60,000 

25,920 

46,784 

129,093 

1978 1979 1980 1981 1982 

9.04 9.04 9.88 9.88 10.79 
9.04 9.04 9.88 9.88 10.79 

0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
o. o 0.0 0.0 0.0 0.0 

1.05 ' 1.05 1.05 1.05 1.05 
2.54 5.43 9.32 15.22 21.71 

12.63 15.52 20.25 26.15 33.55 

0.0 0.0 0.0 0.0 0.0 
2.04 2.04 2.21 2.21 2.39 
1.05 1.05 1.05 1.05 1 05 
3.09 3.09 3.26 3.26 3.44 

2.54 2.09 1.63 1.18 0.73 
2.57 1.03 0.14 0.0 00 
4,11 3,11 •.77 1.18 0.73 

7.20 6.20 5.03 4.44 4.17 

5.43 9.32 15.22Q 21.71 29.38 



1982 

10 79 
10.79 

0.0 
0.0 
0.0 

1.0:. 
21.71 
33 55 

00 
2.JS 
1 05 
3.44 

0.73 
0.0 
o.n 

4.17 
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TABLA 6-B 

?RCYECTO REMODELACION DEL CENTRO DE TOLUCA ALT 15 
ANALISIS DE SENSIBILIDAD DE LOS 
INDICES DE EVALUACION ECONOMICA 

CORRIENTE DE BENEFICIOS # SUB-TOTAL VENTA 
CORRIENTE DE COSTOS # SUB-TOTAL INVERSION 

TASA RELACION B/C VALOR PRESENTE ANO DE 
BENEFICIOS NETOS RECUPERACION 

0.01 2.23 122. 7 
0.02 2.16 104. 7 
0.03 2.0a a9. a 
0.04 2.00 76. 6 
0.05 1.93 66. a 
0.06 1.85 56. 8 
0.07 1.78 48. 8 
0.08 1. 71 41. 9 
0.09 1.64 35. 9 
0.10 1.58 30. 9 
0.11 1.51 26. 9 
0.12 1.45 22. 10 
0.13 1.40 18. 10 
0.14 1.34 15. 10 
0.15 1.29 12. 11 

COSTO ESPECIFICO DE CAPITAL 1.61 
TASA INTERNA DE RETORNO 22.02 

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

10.86 11.87 11.87 11.87 11.87 11.87· 11.95 11.95 11.95 11.95 11.95 11.94 12.03 12.03 12.03 
10.86 11.87 11.87 !11.87 11.87 11.87 11.95 11.951 11.95 11.94 11.95 11.94 12.03 ·12.03 12.03 

0.0 o. o o. o o. o o. o 0.0 o. o 0.0 o. o o. o 0.0 0.0 0.0 0.0 00 
0.0 o. o 0.0 0.0 0.0 0.0 o. o o. o o. o 0.0 0.0 0.0 0.0 - 0.0 0.0 
o. o o. o o. o 0.0 o. o 0.0 o. o o. o o. o o. o 0.0 o. o o. o 0.0 0.0 

1.05 1,05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1 o~ 
29.38 37.54 46.77 56.00 65.21 74.39 83.55 92.73 101,87 110.98 120.07 1:.!9.13 138. 1fi 147.23 156.28 
41.29 50.46 59.69 68.92 78.13 87.31 96.55 105.73 114.a7 123.98 133.07 142. 12 151.24 160.31 169 36 

0.0 o. o o. o 0.0 0.0 0.0 0.0 0.0 o. o o. o 0.0 u. O 00 00 0.0 
2.43 2.64 2.64 2.66 2.69 2. 71 2.77 2.81 2.84 2.86 2.89 2.91 2 96 2.98 101 
1.05 1.05 1.05 1.05 1.05 10.5 i.05 1.05 1.05 1.J5 í.05 1.05 1.05 1.05 1.05 
3.48 3.69 3.69 3.71 3. 74 3.76 .3.82 3.86 3.89 3.91 3.94 3.96 4.01 4.03 4 06 

0.27 o. o 0.0 0.0 o. o· 0.0 o. o o. o o. o o. o o. o 0.0 o. o 0.0 00 
00 QO 0.0 o. o - o. o 0.0 0.0 o. o o. o 1 o. o 0.0 o. o 0.0 00 ()() 

0.27 o. o 0.0 0.0 o. o o. o 0.0 o. o o. o o. o 0.0 0.0 0.0 o. o ::o 

3.75 3.69 3.69 3.7 3.74 3.76 3.82 3.86 3.89 3.91 3,94 3.96 4.01 4.03 .j ('.s) 

. . . ~ \ -~' :,_:¡ , .. 
I,IJ :~';'~.,,r",,; 11 ,,'\. - 1 /,.'~t~_¡), ·~ J •• 

37.54 46.77 56.00 75.39 83.55 92.37 101.87 110,98 120.07 129.13. '138.16'' '147.23 . '156 . .28 'O 
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'•" 1:lmte económico de análisis de 25 años, en un 
,,,¡uema tabular que se conoce en este tipo de estu­
diOS como cuadro de fuentes y usos de fondos. Las 
cifras que ahí aparecen están expresadas en miles 
de pesos; en la tabla 6-B aparece el análisis de sensi­
bilidad para los 3 índices de evaluación que depen­
den de la tasa de actualización (relación B/C, valor 
presente de beneficios netos, y periodo de recupe­
ración l. así como los valores correspondientes de la 
tasa interna de retorno y costo específico de capi· 
tal (único para un horizonte económico de análisis 
dado). En la parte· inferior de esa tabla como se 
puede observar, la tasa de actualización se hizo va­
riar del 1 al 15%. 

Finalmente, en la tabla 7 se muestra la 
tabla de decisiones que esquematiza los resultados 
de las 15 alternativas estudiadas. En dicho cuadro 
se observa que los grupos 7, 8 y 9 y 14 y 15 son los 
'que presentan una mayor rentabilidad atendiendo 
fundamentalmente a su tasa interna de retorno 
como a su diferencia con respecto al costo especí­
fico de capital, por otra parte la relación benefi­
cio/costo y el valor presente de los beneficios ne­
tos, coinciden con esta apreciación, lo que implica, 
que ya sea que se deduzca o no el impuesto predial, 
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la mejor solución es no considerar el costo de ad­
quisición del terreno como parte del proyecto por 
financiar. 

5. Conclusiones. 

Sea como fuere, lo cierto es que la metodología 
que se acaba de presentar ha servido de base para 
evaluar alrededor de un 80% de los proyectos de 
infraestructura en los organismos internacionales 
de crédito, y existe una fuerte tendencia a intentar 
aplicar dicha metodología a la evaluación, con fines 
de otorgamiento de créditos, a los proyectos de 
beneficio social, tales como los proyectos educati­
vos. 

Es muy conveniente que las entidades responsa­
bles del desarrollo de proyectos educativos en la 
región, empiecen a capacitarse en el empleo de es­
tas técnicas que podrán permitir a mediano plazo 
negociaciones más justas tanto con los organismos 
internacionales.,de crédito, como con los consejos 
superi.ores de planificación que dirigen las econo­
mías de nuestros países y con un mayor conoci­
miento de causa por parte de los responsables del 
proyecto. 
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EL PROGRAMA ARQUITECTONICO 
Y LAS ESPECIFICACIONES DE PROYECTO 

La etapa de programación es de importancia decisiva dentro del ciclo 
existencial total del,todo edificio. El ciclo se inicia con la etapa de pro­
gramación y se con~inúa con la de diseño, que sirve de base a la produc­
ción de partes y a la construcción, para finalmente culminar en la 
ocupación y uso. Esta etapa final de uso, a su vez, es el antecedente de 
la programación de edificios subsecuentes, pues permite confrontar las 
hipótesis del proyecto anterior con la realidad operante, haciendo evo­
lucionar los nuevos programas. 

Tradicionalmente ,la etapa de programación arquitectónica se ha re­
ducido a obtener solamente la lista de los locales o espacios arquitec­
t6nicos por resolver, en base a las n€:cesidades de espacio de los futuros 
usuarios del inmueble. 

z S • S • 
PROYECTO 

PROOUCCION CONSTRUCCION OCUPACION 
EYALUACION 

~ 
DE PARTES 

1~ 
IN SITU 

t-> 
YUSO ~ 

L CICLO GENETICO DE LOS EDIFICIOS 

• 
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de la cual forma parte integral la llamada ingeniería de sistemas. Surgida 
en otros campos del diseño, esta disciplina empieza a tener aplica­
ciórr en el campo d~ la arquitectura al considerar que todo edificio es 

• ·!, ) un sistema compuesto de varios subsistemas. . ' 
La concepción de la arquitectura como un sistema tiene profu.ndas , 

repercusiones en todo el" proceso de gestación del producto arquitcc- ' 
-tónico, haciendo posible un acercamiento cada vez mayor entre las nc- · 1 

cesidades reales por satisfacer y el proyecto. j 
El objeto de aplicar las disciplinas antes citadas a los problemas ar­

quitectónicos es el siguiente: crear un sistema de información capaz de 
captar las necesidades reales de los usuarios y de todos los sectores afee-

! ¡ 

tados por el futuro edificio, y de traducirlas en determinantes, o reque-
rimientos de proyecto, es decir en especificaciones generales de proyec-
to por satisfacer en el mismo. Estas especificaciones de proyecto han de 
constituir asimismo el estándar de referencia para controlar y evaluar el 

. proyecto, permitiendo comprobar su validez como satisfactor de las 
necesidades que lo motivaron. · 

El planteo anterior requiere que se esclarezca en este punto el signi­
ficado de las citadas especificaciones de proyecto para diferenciarlas 
nítidamente de ~onceptos limítrofes tales como las especificaciones de 
construcción y las normas de diseño y producción. 

Una norma de un producto genérico es una regla de carácter general a , 
la que se han de someter todos los productos que pertenecen a ese géne­
ro. Por definición una norma no se refiere a un objeto individual con-· 

-- - --- ---- ----- ----~----------- ---·---

Los proyectistas han reconocido universalmente que una ~rograma­
ción así es absolutamente insuficiente para el logro de soluc10ncs que 
respondan a las diversas necesidades .reales d~ ~los usuarios, puc~ estos 
programas no tienden un puente de mformac10n entre las necesidades 
reales y la labor de proyecto. El divorcio entre e~ tos dos aspcct~s. se 
traduce en edificios que no guardan correspondencia con las condicio­
nes reales en que va a existir y ser usado el edificio. 

De ahí que en el campo de la arquitectura, así como en otros cam~~s 
de diseño, haya surgido la convicción de que la etapa de programac10n 
debe de fructificar en algo mucho más completo y operante que un 
mero enlistamiento de locales. El proyectista necesita conocer en forma 
sistemática todas las exigencias que se han de satisfacer en su proyecto, 
tales como las condiciones de clima, luz, sonido, conservación, aisla­
miento, etcétera, que deben prevalecer en los espacios arquitectóni~os 
que va a proyectar. Estas informaciones, entre otras, son tan necc~anas 
en el programa arquitectónico como las listas de locales y las dimen-

siones. 
De hecho el movimiento funcionalista moderno había ya planteado 

la necesi-dad de una programación que abarcara la totalidad de las nece­
sidades humanas de los usuarios. Sin embargo tal pretención no pasaba· 
de ser más que un mero enunciado teórico que estaba muy lejos todavía 

de tomar forma concreta. 
. Esta situación ha empezado a cambiar con el surgimiento de varias 
disciplinas nue~as, pero ~n especial gracias al de la ciencia de sistemas, , 

1 

. ------~-· --------------- ____ ! 



creto, sino que reglamenta géneros o conjuntos de objetos. Una norma 
es el antecedente en el que se basan los diferentes proyectistas y reali­
zadores de productos competidores que pertenecen al mismo género y a 
la cual todos deben satisfacer. 

En cambio las especificaciones generales son prescripciones referidas 
a un problema particular concreto, en cuya solución han de ser respe­
tadas. Representan la aplicación de la norma a un caso particular. Hay 
que hacer notar que el hecho esencial de que las especificaciones de pro­
yecto estén ligadas a un problema particular real, de ninguna manera 
significa que también 1'> estén a una solución particular de ese proble­
ma, sino que, por lo contrario, son comunes a la totalidad de soluciones 
posibles de ese problema. Tanto las especificaciones de pr~yecto como ' 
las normas en que se apoyan, son anteriores a la solución particular. En 
·un orden de generalidad descendente las normas son seguidas por las 
especificaciones de proyecto, éstos por el proyecto mismo, y éste por 
las especificaciones de producción y construcción que sirven de base a ' 
la realización material. Las especificaciones de producción y construc­
ción se han de distinguir de las especificaciones de proyecto, pues mien­
tras el objetivo de las primeras es el de ligar el proyecto con su realiza­
ción material, el de las últimas es el de ligar el programa con el 
proyecto. 

Para cada problema particular que se presenta hay que establecer un 
_ cuerpo de especificaciones de proyecto propias, como parte de su pro­

grama. 

Esta tarea--es p~~iblc ·;;~¡¡~~;¡~ ¿on la adecuada economÍa-de c~fue~~-0·--, 
cuando se han estaLlecido con anterioridad las normas de ese problema 
genérico. El establecimiento de normas escapa ciertamente las posibi­
lidades del proyectista particular, y corresponde a instituciones nacio­
nales e internacionales. 

El establecimiento de normas requiere que se clasifiquen genérica­
mente los problemas arquitectónicos, es decir, que la ilimitada cantidad 
de problemas particulares reales, con sus variantes individuales, sea re­
ducida a pocos tipos genéricos para referir sus normas. 

Además hay que clasificar estos géneros de edificios por ubicaciones 
climáticas genéricas. Esta clasificación se puede realizar lcon un número 
reducido de categorías y subcategorías, tales como edificios residen­
ciales, escolares, hospitaÍaiios, etcétera. La clasificación por ubicaciones 
climáticas tampoco es problemática, p!Jes en el caso particular de la 

República una división en un máximo de cinco regiones es suficiente 
para los fines propuestos. 

El establecimiento de la clasificación anterior por géneros de edificios 
y zonas climáticas, no va en exclusión de normas de mayor generalidad 
comunes a todos o a algunos de los géneros de edificios para todas o 
algunas de sus ubicaciones geográficas. 

Al afrontar un problema real concreto las normas son el antecedente 

para plante'!r muchas de las especificaciones géneralcs de proyecto del 
programa. La ubicación del problema y el género arquitectónico a que 

.. 
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pertenece son las uos coordenadas que pcrmitetl localizar las normas 
que le corre<;pondcrr, y que se han de traducir en las especificaciones de 
proyecto del problema. Estas a su vez, deben expresar la totalidad 
de exigencias que han de satisfacer las diferentes partes del edificio por 
proyectar. Caua especificación de proyecto debe estar referida a, ci_erta 
parte específica del edificio. El análisis del edificio como un gran SISte­
ma compuesto de varios sistemas y subsistemas, proporciona el, marco 
de referencia adecuado para dar a conocer cada especificación a aquella 
parte del edificio a que corresponde. 

A continuación se esboza un análisis de los sistemas que componen a 
los edificios, sistemas que sirven como marco de reterencia a las especi­
ficaciones de proyecto de cualquier problema particular que se pre­

sente. 
En la ingeniería de sistemas se reconocen dos tipos genéricos de sis-

remas: . 

l. Sistemas de flujo o corriente. 
2. Sistemas asociativos. 

Los sistemas de flujo o corriente son aquellos que procesan ·alguna 
corriente de carácter material (agua, gas, aire), energética (electricidad, 
calor) o informativa (radio, televisión, teléfono, etcétera). Los sistemas 
asociativos, én cambio. no procesan una corriente identificable, sino 

que realizan un serVICIO al ser usados, aunque pueden contener como 
subsistema algún sistema de flujo. Un edificio y un coche, considcr.ulos 
como objetos globales, son ejemplos típicos de sistemas asociativos. 

Al intentar identificar los géneros de sistemas que integran los ctlifi­
cios, se encuentra que éstos pertenecen a los dos tipos de sistemas cita­
dos, pues algunos conducen y procesan corrientes, como en el caso de 
las diversas instalaciones, mientras que otros cumplen una función de uso 
como sucede con el sistema de espacios arquitectónicos. 

La identificación de los sistemas componentes de los edificios puede 
realizarse bajo/dos puntos de vista diferentes, el funcional y el morfoló­
gico, que de ninguna manera deben de verse como mutuamente excl.u­
yentes, sino como complementarios. 

Desde el punto de vista. funcional todo edificio se compone de los 
cuatro géneros de sistemas siguientes: · 

l · · l. Infraestructura. 
2. Estructura. 
3. Superestructura. 
4. Instalaciones. 

De estos cuatro sistemas componentes, sólo las instalaciones son del 
tipo de los sistemas de flujo, mientras que los restantes son sistemas . . 

asociativos. 



INFRAESTRUC· 

TURA 

TURA 

EDIFICIO 

2. EL EDiFICIO Y SUS SISTEMAS COMPONENTES 
DESDE EL PUNTO DE V~STA FUNC!ONAL 

S 

El primer si¡,tcma, la infraestructura, tiene como mi:;ióa. tr.msmitir la~ 
cargas del edificio al subsuelo y se integra por los cimientos del edificio. 
La estructura es el sistema transmisor de cargas y la superestructura d 
sistema'que subdivide el espacio. Finalmente, las instalaciones son los sÍ::,· 
temas que conducen los flujos materiales, energéticos e informutivo~ 
que requieren los ocupantes del edificio. 

En cambio desde el punto de vista morfológico un edificio se dc¡,glu­
sa en sistemas de espacios arquitectónicos de diversas jerarquías. Se 
trata en este caso de sistemas asociativos que tienen como función el sc.r 
ocupados y usados. Los sistemas de espacios arquitectónicos varían 'Je. 
gún el tipo de edificio. Por ejemplo, en el caso de los hospitales hay tres 
sistemas jerárquicos de espacios arquitectónicos que los componen: 

l. Locales y circulaciones. 
2. Secciones (formadas por locales y circulaciones). 
3. Servicios (integrados por secciones). 

El edificio, que en sí es un conjunto de sistemas, a su vez forma parte 
de un sistema más amplio: el conjunto urbanístico, el cual asimismo 
pertenece a sistemas urbanos de rango superior de la ciudad. 

Los sistemas de espacio no son meras abstracciones formales, sino 
que representan partes anatómicas reales del edificio, integradas a su vez 
por elementos de la superestructura, la estructura y las instalaciones. 
Todos estos elementos se conjugan para crear el espacio arquitectónico. 
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-Se trata pues de un desglose de los sistemas del edificio real, desde do~ 
pun_tos de vista diferentes aunque no excluyentes. -

Las especificaciones generales de proyecto se han de establecer en 
forma paralela tanto para los sistemas morfológicos como para los fun­

-cionales, pues las especiflcaciones de ambos tipos de sistemas son indis­
pensables como antecedentes de cualquier solución o proyecto. 

ESPECIFICACIONES GENERALES DE PROYECTO 

DEL SISTEMA· DE ESPACIOS ARQUITECTONICOS 

especificacio. 
nes de proyecto 
de los sistemas 
infraestructura! 
'1 estructural 

especificaciones 
de proyecto del 
sistema superes 
tructural 

especificaciones 
de proyecto de 
las instalaciones 

especificac•ones 
de proyecto de 
los muebles 

5. LAS ESPECIFICACIONES DE PROYECTO COMPLETAS 
DE UN' EDIFICIO 

i 

Visto así, un programa completo de un problema arquitectónico no 
sólo debe contener la lista de elementos que integran su sistc~a espa­
cial, como sucede en los programas arquitectónicos tradicion~lcs, sino 
que además debe contener las especificaciones generales de proyecto de 
todos los sistemas restantes del edificio. Un programa completo permite 
que todos los diseñadores, arquitectos e ingenieros de las diversas espe­
cialidades que intervienen en el proyecto integral del edificio, tengan 
una auténtica base informativa en la cual puedan fundamenta~ las solu-
ciones de los sistemas que les corresponden. _' 

De todo lo anterior no debe sacarse la falsa conclusión de qu·e la eta-
~ t\ 

pa de programación es en su totalidad anterior a la de proyecto. De 
hecho, se prolonga y llega a su fin hasta la terminación del proyecto 
mismo, pues este último influye en el programa modificándolo en el 
transcurso de su desarrollo. La programación es un proceso de aproxi­
mación sucesiva que mantiene una relación dialéctica con ~1 proyecto. 

Algo similar sucede con el proyecto, ~1 cual no puede darse por ter­
minado totalmente con anterioridad a la construcción, pues van sur­
giendo hechos que obligan a modificar el proyecto en el transcurso de la 
obra, alcanzando éste su forma definitiva solamente al terminar la cons­
trucción. 

Las especificaciones generales de proyecto incluyen dos tipos: 

l. Restricciones. 
2. Criterios. 



Las especificaciones completas de un problema deben incluir ambos 
tipos de especificaciones, ya que las restricciones sirven para comprobar 
la validez de las soluciones, y los criterios para medir su grado de op· 

timidad. 
Una solución, para p"oseer legí_tima validez como tal, deLe primero 

satisfacer las restricciones del problema. Esto sin embargo no la convier­
te automátiramente en la solución óptima del problema, pues las res­
tricciones l;s pueden satisfacer varias soluciones alternativas. Sólo 
cuando está de acuerdo -además- con los criterios establecidos, se 
puede hablar de la solución óptima del problema que satisfac_e la tota­

lidad de las especificaciones de proyecto. 
En la elaboración de las especificaciones generales de proyecto de 

cualquier problema, hay que proceder a investigar y definir en primer 
término las restricciones y posteriormente los criterios. 

Las restricciones que hay que definir son de dos tipos: externas e 
internas. Las externas se refieren a las entidades exteriores al sistema 
por proyectar que hay que tomar en cuenta en la solución, mientras que 
las internas se refieren a las características propias del sistema que se 

deben satisfacer en la solución. 
Las restricciones internas de todo problema tienen su génesis en las 

externas, que representan el punto de arranque de la labor ·de especi-

ficación. 
Los factores externos por considerar son los siguientes: 

' ' 

l. Actividades de uso del sistema. 
2. Medio en que va a operar el sistema. . 
3. Recursos disponibles par'! realizar y operar el sistema. 

Tanto para los sistemas asociativos como para los de flujo, estos f.tc­
. tores proporcionan la fuente objetiva en que se genera el programa y sus 

especificaciones internas. Las especificaciones o restricciones internas 
de proyecto de un sistema Sün a su vez de tres tipos: 

l. Especificaciones de funcionamiento del sistema (performance 
specifications ). 

2. Especificaciones materiales (material specifications). 
3. Especificaciones de producción (production spccifications). 

A continuación se expondrá en forma particular para cada uno de los 
dos tipos de sistemas el significado de los factores externos y de las es­
pecificaciones. 

l. Los factores externos 
1.1. Las actividades. El análisis de las actividades para las que se 

crea un sistema asociativo, consiste en estudiar el uso a que este 
sistema estará sujeto. 
Las actividades de uso del sistema son estudiadas analizando el 
proceso espacio-temporal en que se desenvuelve ese uso del siste­
ma por los usuarios y sus diferentes objetos. 



LAS ACTIVIDADES EL MEDIO O SITIO 

LOS RECURSOS 

6. LOS FACTORES EXTERNOS QUE DETERMINAN 

LAS ESPECIFICACIONES DE PROYECTO 

En el caso de las industrias y los diversos sistemas de trabajo, 
este proceso es estudiado por la ingeniería industrial. 
La programación arquitectónica de todo edificio tiene su origen 
inicial en el análisisde las actividades de uso del edificio por pro­
yectar. Se han de investigar las personas y ohjctos que interven­
drán en el uso del futuro edificio, y el proceso de ese uso. 
Como condición esencial para realizar el análisis de actividades, 
hay que identificar previamente el sector humano para el que se 
va a proyectar el sistema. En problemas pequeños este paso pre­
vio es tan obvio que pasa desapercibido; sin embargo, en proble­
mas mayores constituye un paso explícito. 

1.2. El medio ambiente. Las características físicas, culturales y 
estéticas del sitio en que va a operar o ser usado un sistema, in­
fluyen decisivamente en sus requisitos o especificaciones de pro­
yecto. El análisis del sitio o medio ambiente tiene como fin 

, adecuar el futuro sistema a las características del sitio. 
En vía de ejemplo, la existencia de caminos rurales de naturaleza 
accidentada determina especificaciones de proyecto de un 
vehículo para transitar en ellos, diferentes a las que determi­
narían carreteras pavimentadas de alta velocidad. 
En los problemas arquitectónicos, el análisis del medio ambiente 
consiste en estudiar las características del sitio en que se estable­
cerá el edificio, definiendo las restricciones que éste impone al 
problema. 



Este análisis puede inici<!rse a un nivel de mayor generalidad 
c~ando ~~n. no se ha deterr_ninado el sitio exacto en que se ubica­
ra el edifiCio, contando solo con su macroubicación en una re­
gión o ciudad. Tal macroanálisis permite realizar una selección 
de los sitios disp-onibles, ~scogiendo el que mejor sátisface las 
especificaciones referentes alsitio. 
Una vez realizada esta selección se puede proceder a realizar el 
microanálisis del terreno escogido, par~ determinar las restric­
ciones que impone al futuro proyecto, ~s decir, las especificacio-

d 
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nes e proyecto que de el emanan. 
1.3. Los recursos. Los recursos disponibles en un momento dado 

para realizar un sistema, no sólo determinan la posibilidad misma 
de realizarlo, sino que ejercen una influencia restrictiva sobre sus 
diferentes características, lo cual se ha de expresar por medio de 
especificaciones de proyecto. 
Este factor no sólo abarca los medios financieros disponibles, 
sino que se refiere también a los diferentes medios de produc­
ción (humanos, materiales y tecnológicos) que entran en juego. 

La realización de los análisis de los tres factores, actividades, sitio y 
recurs~s, permite definir las especificaciones de proyecto del sistema. 

Las especificaciones ya expresan en forma directa e inmediata la 
información que se requiere para proyectar el sistema, pues traducen las 
restricciones que imponen las actividades, el sitio y los recursos en tér-

¡o 

o 

minos de características propias del sistema, que se han de satisfacer en 
su proyecto. 

Se presenta a continuación una explicación somera del significa1lo de 
los tres tipos de especificaciones, funcionamiento, materiales y produc­
ción, antes de proceder a analizar el proceso dialéctico que permite 
deducir las especificaciones de los factores externos. 

1.4 . .Las especificaciones de funcionamiento. Las especificaciones 
de funcionamiento (performance specificatiorr.~) expresan las 
diversas características de funcionamiento que ha de satisfacer el 
sistema por proyectar. 
Estas características expresadas como rcqucnm~entos indcpcn· 
dientes uno del otro, se constituyen en la guía y prueba de vali­
dez del proyecto, y se fusionan en un todo en el proyecto que 
las satisface. 
En los problemas arquitectónicos las especificaciones de funcio­
namiento abarcan no sólo el tradicional programa de p.rrtes y el 

· diagrama de funcionamiento, sino que definen además las cnruli­
ciones ambientales en ellos requeridos, tanto de índole visual 
com.o acústica, climática, mecánica, etcétera. 
Esta información se deriva básicamente del conocimiento de las 
actividades y del medio ambiente, que son los dos factores exter­
nos básicos que determinan, junto con los recursos disponibles, 
el contenido completo del programa. 
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1.~. Las especificaciones materiales. La gama de materiales admi­
~h_l~ para la. realización de un sistema está limitado por los re­
quiSitos que Imponen las especificaciones de funcionamiento y 
por las restricciones que. ~mpone9 las disponibilidades de re­
cursos. 

~a determinación de las especificaciones materiales le propor-

tna al proyectista un claro conocimiento de los materiales de 
e puede disponer, y entre los cuales ha de realizar su selección· 

nal en el momento de proyectar. . 
Existen casos extremos en que la especificación material llc(J'a a 
~prescripción ~ígida de un material particular, en aquellas situa­

c,ones en que solo un material determinado es capaz de satisfa-
cer las especificaciones de funcionamiento y los factores 
externos. 

En cambio hay situaciones en que sólo conviene definir las espe­
cificaciones de funcionamiento sin ocuparse de restringir los ma­
teriales, en aquellos casos en que es aconsejable conservar un alto 
grado de libertad creativa y económica. En tales casos casi no se 
establecen especificaciones materiales de proyecto. 

Conviene advertir contra el peligro de confundir las especifica­
ciones materiales de proyecto aquí citadas, las cuales son previas 
al proyecto, con las especificaciones materiales del proyecto ya 
resu~~to, Y que forman parte de la solución y no de la progra­
maclon. 

11 
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1.6. Las especificaciones de producción. Las especificaciones de 
producción restringen los procedimientos de ejecución material 
admisibles en la solución del sistema. 
Esta restricción puede tener su origen en los recursos, es decir en 

·las posibilidades industriales, técnicas o económicas del pro­
blema. 
En el caso de los problemas arquitectónicos las especificaciones 
de producción abarcan tanto el aspecto de los procedimientos 
productivos admisibles en la producción de partes fabricadasln­
dustrialmente, tales como ventanas, puertas, closcts, etcétera, así 
como los procedimientos constructivos que pueden utilizarse en 
la construcción del edificio in situ. 

Una vez que se ha expuesto el significado de los factores externos y 
de las diversas especificaciones de los sistemas de tipo asociativo, corres­
ponde aclarar la metodología a seguir en su definición. 

El punto de partida en la definición de las especificaciones de proyec­
to radica en el análisis de actividades. El sistema por proyectar se hace 
para realizar esas actividades de uso. En el caso de los edificios, es decir 
de los sistemas arqúitcclónicos, éstos se crean para albergar las activida­
des que en ellos se van a ejecutar. El analizar las actividades que el edi­
ficio ha de albergar, permite establecer los espacios necesarios· para tal 
fin y las diversas características ambientales y funcionales de esos espa­
cios. En otras palabras, el conocimiento de las actividades permite 
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definir el programa de espacios, así como· .. s especificaciones de funcio­
namiento de los mismos. 

Como ya se ha mencionado, el análisis de actividades no puede ser 
realizado en forma atemporal y aespacial, sino que requiere una ubica- ! 

eión de tipo macrogcográfico e hi~tórico, pero sin necesidad de conocer 
en esta etapa la microubicación del futuro edificio o sistema. 

El programa de necesidades deducido de las actividades no es sin 
embargo el definitivo, pues al no haber pasado por el tamiz de los recur­
sos disponibles, expresa solamente necesidades y no posibilidades. Asi­
mismo no incluye todavía el amplio sector de especificaciones que tie­
nen su origen en la naturaleza física y cultural del terreno o sitio en que 
va a estar el edificio .. De ahí que una vez que se ha llegado a definir el 
primer programa teórico, se proceda a evaluar los recursos disponibles 
para su realización, modificando el programa en función de las posibi­
lidades de capital, materiales, personal, etcétera. Se llega en esa forma a 
un programa realista que no expresa carencias abstractas, sino carencias 
cuya satisfacción está dentro de los límites de lo posible. 

Se procede entonces a realizar la selección del sitio, en base a los re-
. querimientos o especificaciones del programa, escogiendo aquel que 
mejor satisfaga las experiencias en él expresadas. No siempre, sin embar­
go, existe la posibilidad o necesidad de realizar una selección: en aque­
llas situaciones en que el sitio está ya predeterminado. En cualquiera de 
ambos casos se procede entonces al análisis del sitio, tanto desde el pim­
to de vista físico como cultural y estético. 

IZ 
El análisis del sitio implica tomar en consideración los factores si­

guientes: 

l. Camctcrísticas naturales del sitio 
1.1 Topografía. 
1.2 Hidrografía (lagos, ríos, drenado natural). 
1.3 Suelos. 
1.4 Subsuelo. 
1.5 Flora. 
1.6 Clima. 

2. Características culturales del sitio ' 
2.1 Ligas viales y tráfico. 
2.2 Uso del suelo. 
2.3 V al ores del suelo y propiedad. 
2.4 Redes. 
2.5 Edificios y monumentos. 
2.6 Ambiente (ruidos, olores, contaminación atmosférica, etcétera). 

3. Características estéticas del sitio 
3.1 Paisaje y vistas • 
3.2 Estilo y unidad con el medio urbanístico-arquitectónico. 

El análisis del sitio püede modificar e~ programa de partes y las cspc· 
cificaciones ya alcanzadas, además de adicionar toda una serie de especi­
ficaciones de proyecto que tienen su origen en la confrontación del sitio 
con el programa. · • 



. El análisis del sitio se realiza en función de, una hipótesis de progra­
ma," y consiste en confrontar las exigencias del programa tentativo con 
las posibilidades del sitio, sin llegar todavía a soluciones, investigando las 
restricciones que éste i~pone a la solución. En la misma forma se 

_ realiza la confrontación dialéctica entre los recursos y el programa, pues 
no tiene sentido alguno calcular recursos pcr se, sin referencia al objeto 
para el cual se requieren. 

Por lo que respecta a los sistemas de flujo, hay necesidad únicamente­
de resaltar las diferencias existentes en el análisis de los factores exter­
nos, pues por lo que_ respecta a los géneros de especificaciones por defi­
nir, ambos tipos de sistemas coinciden totalmente. 

En el caso de Jos sistemas o redes de flujo, el análisis de actividades y 
del sitio debe permitir llegar a definir las especificaciones de funcio­
namiento del sistema, las cuales se refieren a los dos aspectos siguientes: 

l. lnsumos o flujos alimentadores del sistema. 
2. Productos del sistema. 

El análisis de las actividades de los beneficiarios del sistema, en aquc-
. llos aspectos que tienen rclación con él, y el análisis del sitio en que s~ 

ubicará la red, permiten conocer las caracteríEticas cuantitativas y cuali­
tativas de los ingresos (insumos) materiales, energéticos o informativos 
de la red, y del producto que la red ha de entregar ya procesado en sus 
terminales de salida. 

El problema de una red de agua es un buen ejemplo para ilustrar ~i 
procedimiento de programación. El conocimiento del sitio ~s ncccs~no 
para conocer las características de la corricnt~ de agua que ah~c-ntara la 
red, es decir el insumo material de la red, m1cntras que el anáhsts de las 
actividades de los beneficiarios de la red permite determinar las dcma~­
das de agua que hay que satisfacer, es decir el producto que ha ~e en-

tregar la red. . 
Los análisis de actividades y del sitio permiten también dcfintr las 

condiciones de trabajo y desgaste que se originan en,el medio ambiente 
y en el uso humano, y que la red ha de ser capaz de resistir en dctcrmi­

. nada medida, lo cual se ha de expresar también en las especificaciones 
1 ; de funcionamiento de la red. Si en el ejemplo citado el análisis del sitio 

revela que la red se ubicará en un lugar con un al_to co~tenido de s~lini-_ 
dad ambiental, este hecho determina una cspec1ficac10n de funciOna­
miento relativa a las características anticorrosivas deseables de la futura 

red. 

·1 
r 

Las especificaciones de funcionamiento y el análisis d~ recursos ~on a 
su vez los dos antecedentes más importantes para defimr las especifica-
ciones d,e proyecto de materiales y producción. . .. 

El cohocimicnto de los recursos materiales y productivos del s1t10 
permite definir la gama de materiales y procedimientos con lo~ que _se 
puede contar en principio en la solución, para satisfacer las extgcnctas 
expresadas en las especificaciones de funcionamiento. . . 

En los problemas arquitectónicos hay que afrontar ambos t1pos de 
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sistemas, los asociativos y los de flujo. Mientras que el edificio gloh,tl, 
así como sus conjuntos de espacios, su estructura, infraestructura y . 
superestructura representan sistemas asociativos, las diferentes instala.- . 
cioncs o redes son todos sistemas de flujo. -~ 

La labor de program~ción debe abarcar todos y cada uno de Jos siste- ' 
mas del problema arquitectónico, para lo cual se hace aquí un examen ! 

individual de cada uno de estos sistemas y subsistemas, desde el punto 
1 

• 

de vista de sus especificaciones de proyecto. l : 
Hay que destacar que en lodo problema arquitectónico los diferentes -

• ·- 1 
SIStemas componentes no son a~:~tónomos, sino que forman parte de un . 
sistema que los engloba: el edificio. Dicho en otras palabras, relativa- : 
mente_ al edificio todos los demás sistemas son sólo subsistemas. Esto · 
significa que el objetivo de optimización vale para el edificio como un 1 

todo, mientras que por lo que respecta a los diferentes subsistemas a lo ~ 
sumo se puede tender a su suboptimizac_i~n. La programación o cspcci- ,. 
ficación de los subsistemas del edificio- está subordinada, por con~i- · 
guiente, a la del edificio. · ! ' 

Empezando por el sistema de espacios arquitectónicos, se expone a 
continuación, para cada uno de los sistemas que constituyen un cdifi- ' 
cio, cuáles son los aspectos qué se deben definir en sus correspondientes 

. especificaciones de proyecto, así como la relación que hay entre éstas y 
los factores externos que las generan. 

A. El sistema de espacios. Este sistema está constituido por los dife­
rentes espacios de un edificio, entre los que se incluyen también los 

. ---- ----~------ __ _. ---- -

espac.ios de~ti~ados a las circulaciones. Pro~amar es~~-~¡s·t~~a si nifica 
defimr las s•gu•entcs especificaciones de proyecto: g 

A.l Espacios requeridos. 
A.2 Dimensiones de estos espacios. 
A.3 R.estricciones de su forma geométrica. 
A.4 L1gas entre los espacios. 
A.5 Condiciones ambientales de los espacios: 

A.5.1 Climáticos. 
A.5.2 Lumínicos. 
A.5.3 Acústicos. 
A.5.4 Vistas. 

A.6 Condiciones de seguridad requeridas. 
A.7 Condiciones estéticas. 

A. 7.1 Colores. 

A. 7.2 Texturas, etcétera. 

Este enlistamiento no pretende ser exhaustivo, aunque abarca de he-

d
cho los ~specto~ m~ r~levantes por considerar al programar el sistema 

e espacws arqu•tccton1cos. 

·. El pro~eso. p~ra detcr"_Iinar las especificaciones del sistema de cspa· 
CIOS arqu•tcctonJcos, requ~ere la realización del análisis de los tres facto· 

res externos:_ -~c~i~dades, sitio y recu~~~s: __ --------· 

! 

l 
1 

.- ¡ 
í 



El análisis de actividades, generalmente el primero en realizarse por 
-~ ~arácter primario, se refiere a los aspectos siguientes:-

a) Número de ocupan~es de los espacios, clasificados por tipos. 
b) Número de objetos de moblaje, almacenamiento, uso y consumo 
que se albergarán en esos espacios, clasificados por tipos. . 
e) Procesos espacio-temporales de ocupación y uso de los espacioS 
por los ocupantes y sus objetos. 

El análisis de las actividades en los términos de personas, objetos y 
procesos ofrece la base para proponer tentativamente la primcra.hipó,te­
sis de programa y especificaciones de proyecto, la cual ~c. sujetara a 
modificaciones iterativas en los análisis subsecuentes del siho y de los 
recursos disponibles. 

Es importante hacer notar que para muchas de las especificaciones no 
hay necesidad de analizar individualmente cada actividad, sino que bas­
ta referirse a grupos enteros de actividades (por ejemplo: actividades 

-administrativas, médicas, etcétera) que determinan una misma espe­
cificación común. En esta forma hay un gran ahorro de esfuerzo en la 
labor de especificación. 

Al realizar el análisis de actividades en los términos anteriores, se tra· 
baja inclusive con el grupo que abarca la totalidad de las activi~ades, o 
una amplia fracción de las mismas. En vía de ejemplo se puede citar ~~e 
la mayoría de las especificaciones de higiene requeridas en la soluc10n 

15. 
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de un hospital, se pueden obtener refiriéndose a la totalidad de activi­
dades hospitalarias, sin necesidad de recurrir a su análisis individual. 
i¡- La hipótesis de programa que resulta del análisis de actividades, pcr· 
riüte proceder a realizar la selección del sitio más adecuado para ubicar 
el edificio al ofrecer un patrón de necesidades. Cuando el sitio ha sido 
ya predeterminado, este paso no es necesario, procediéndose al análisis 

!1 sitio dado. 
El análisis del sitio permite avanzar más en la definición del programa 

sus especificaciones, pues las características del terreno influyen en las 
mismas. Si el sitio por ejemplo padece molestias por ruidos aledaños, 
este hecho determina una especificación de proyecto en la que se expre­
sa la necesidad de protegerse contra esos ruidos. 

En rigor, la finalidad de analizar las características del sitio con rcla-
1; ción al programa, no es otra que la de llegar a definir todas las restric­

ciones que impone el terreno al problema, antes de proceder a pro­
yectar. 

Ya se indicó con anterioridad, al hablar de los sistemas arquitectó­
nicos en general, cuáles eran los diversos puntos que se han de investigar 
al realizar el análisis del sitio, por lo cual no h .. y necesidad de repetir la 

~ misma lista. 
Después del análisis del sitio se ha de proceder a realizar el análisis de 

recursos, que consjste en confrontar los recursos disponibles con los 
tentativamente neéesarios para realizar el programa hipotético. Esta 
confrontación permite ajustar el programa a la realidad, expresando no 



~Lamente lo que es de~•~hl~:~¡,:: ·~~·b;~~ 1~ qu~ es posibl.e. Este 
~nálisis se refiere no sólo a los recursos monctanos, smo tamlucn a los 

:·diferentes recursos de naturaleza no financiera rcq~criuos pa.ra rcal~zar 
'el programa. Un programa se ha de modificar no solo p~r la msuficac~­
cia de recursos monetarios, sino también por la carcncaa de determi-
nados materiales, técnicas o mano de ohra. . 

¡ El análisis de recursos es por consiguiente una etapa muy •~port.an te 
en el proceso de gestación del programa, pues los recurs~s. dasponaLlcs 
ideterminan el proa-rama en la misma forma que las actavadadcs Y las 
fcaracterísticas del ~itio. En términos generales los recursos que hay q~e 
·considerar son los siguientes: ""' 

1.2.1. Recursos monetarios. 
1.2.2. Recursos de producción. 

1.2.21 l\latcrialcs. 
1.2.22 1\lano de oLra. 
1.2.23 Técnicas. 

_ Una vez que el programa inicial ha pasado por el ccdaz~ de lo.s recur­
sos y se ha ajustado en función de éstos, se procede al aJUSte fmal del 

programa y de sus especificaciones de p~oyec.to." Este programa ya es el 
antece~entc inmediato del proyecto arquatcctoruco. . . . 

B. Las instalaciones. Las instalaciones o redes de los edaficaos son ~as­
temas de flujo que se han de especificar como corresponde a este tapo 
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de sistemas, en que el análisis de <~t.:lividadcs y del sitio c.Jehe est••r dirigí· 
do a definir en primer término los insumos y productos como parle fun­
damental de sus especificaciones de funcionamiento. 

Las instalaciones son lodos sistemas de flujo que poseen cnlrad.1s en 
que ingresa su insumo, y terminales en que emerge el producto proce­
sado. En las instalaciones de los edificios existen los tres tipos ,¡e l>istc­
mas de flujo, tanto de corriente material, como energética e informali· 
va. Se presenta una lista de los tipos más comunes de instalaciones: 

B.l Instalaciones de corriente material. 
8.11 Agua fría. 

8.12 Agua caliente. 
8.13 Oxígeno. 

B.l4 Aire acondicionado. 
B.lS Gas. 
B.I6 Petróleo. 
B.l7 Diesel. 

8.18 Desagíie y drenaje. 
B.l9 Desalojo de Lasuras. 
B.20 Aire comprimido. 

8.2 Instalaciones de corriente energética. 
B.2l Electricidad. 

D.22 Iluminación. 
B.23 Calor. 

- -----~----~·""'·- --- - ~- -- ' 
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H.24 Rayos X . 

. B.25 Refrigeración. 

8.3 Instalaciones de corriente informativa. 
8.31 Teléfono. 
8.32 Radio. 
8.33 Televisión. 
8.34 Sonido. 

Las especificaciones de proyecto de estas redes deben definir los as­
pectos siguientes: 

A.l Especificaciones de funcionamiento. 
A.ll Terminales de insumo y de producto requeridas. 
A.l2 Volúmenes del insumo y del producto. 
A.l3 Característic~ cualitativas del insumo y del producto. 
A.l4 Registrabilidad de la red. 
A.l5 Exigencias de seguridad. -
A.l6 Exigencias estéticas. 

A. 2 Especificaciones materiales. 
A.21 Materiales admisibles en la solución. 
A.22 Materiales inadmisibles en la solución. 

A.3 Especificaciones de producción. 
A.31 Procedimientos de producción admisibles en la solución. 
A.32 Procedimientos de producción inadmisibles en la solución. 

Para definir estas especificaciones hay necesidad de recurrir al análisis 
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dirigido de los fa~;~~;~ ~~;e~os, es dc~-ir de 1~ ~chvidades, el sitio y los . ' 
recursos. . 

Las diversas actividades por desempeñar en· el edificio generan una 
determinada demanda de corrientes materiales, c~crgéticas e inforrn;~li-

, vas, así como una oferta como en el caso de las diferentes corrientes de -¡1 

__ : · deshechos materiales. En el primer caso las demandas definen el produc-
to de las redes, y en el segundo caso esos deshechos se convierten en los 
insumos de las redes de desalojamiento de desperdicios. Las llamadas 
que tienen su origen en el interior del edificio, sÓn igualmente insumos 
de la red. 11 · 

Esto significa que las actividades permiten calcular el producto que 
debe ser capaz de proporcionar la red para su desempeño, y de definir 
sus características cualitativas. Asimismo permiten definir los insumos 
de aquellas otras redes que en el edificio tienen como misión básica re-
coger y desalojar insumos. -

Para especificar el \'olumen y características del agua de la red de ¡. 
! agua de un edificio, por ejemplo, se recurre a determinar las demandas 

de este líquido que generan las diferentes actividades. En cambio para 
una red de aguas negras, las actividades en el edificio permiten calcular 
los volúmenes de -aguas negras por desalojar, es decir, los insurnos de esa 
red. 

Es conveniente hacer notar que este método de especificación vale 
igualmente para las redes de flujo informativo, pues los volúmenes de 
información que la red debe entregar o recoger está en función directa 
de los ocupantes y sus actividades. Los volúmenes de información se 



miden actualmente con la misma precisión que los gastos materiales en 
unidades tales como bits, número de llamadas, etcétera. 

Por lo que respecta a las redes cuyos insumos se originan externamen­
te al edificio, hay que recurrir al análisis del sitio para su determinación. 
El insumo de la red de agua se conoce a través de las características del 
diámetro, gasto y presión de la toma domiciliaria, datos que propor­
ciona la investigación del sitio inmediato o de la zona. 

La definición adec1,1ada de los insumos y productos de una red, cuyo 
, · cálculo requier~ muchas veces de procedimientos estadísticos, permite 
- que la solución subsecuente de ésta resulte en una red sin congestiona­

mientos, capaz de responder a las demandas reales de servicio. 

Una vez que se han definido el insumo y el producto, se puede proce­
der a definir las especificaciones de funcionamiento restantes, tales 
como que la red sea registrable, subterránea, aparente, etcétera: ~n ~sta 
tárea hay que recurrir no sólo al análisis de actividades y del s1t10, smo 
también a los recursos disponibles para la red. 

Subsecuentemente, en base a las especificaciones de funcionamiento, 
así como a las actividades, el sitio y los recursos, se pueden establecer 
los materiales admisibles e inadmisibles para la solución de la red, y los 
procedimientos de producción y construcción, es decir, las especifica­
ciones de proyecto de los materiales y la producción. 

C. El sistema superestroctumL El sistema superestruct~ral abarca los 
diferentes acabados de un edificio, que se sobreponen al s1stema estruc-

---- --- ---- -~-- - -~-- _____ ,.....,_ .. 
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tural. Este sistema es un conjunto de subsistemas, entre los cuales se 
cuentan los siguientes: 

l. Ventanas. 
2. Plafones. 
3. Pisos. 
4. Muros y divisiones. 
S. Puertas. 

Cada sistema superestructura! es un compuesto de diferentes elemen­
tos que el diseñador integra en un sistema coherente. Esto significa que 
no se. trata meramente.~~ materiales aislados, sino de compuestos de 
matenales cuya compos1c1on es resuelta por el diseñador. , 

El diseñador de los sistemas de acabados requiere, como en el caso 
del djseño de cualquier otro sistema, de especificaciones de proyecto 
que le permitan responder a los requerimientos de los usuarios, en un 
medio ambiente determinado, con los recursos disponibles. 

Los sistemas de acabados son todos de tipo asociativo, Para realizar 
su especificación se aprovecha el marco de referencia que ofrece la hipó­
tesis de programa, debiéndose determinar los requerimientos que corres­
ponden a los acabados de cada uno de los espacios arquitectónicos. 

Las especificaciones de proyecto de los sistemas de acabados tienen 
su génesis en el análisis de las actividades que se realizaran en los dife-

- _¡ • ~ 
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rentes espacios del edificio, en las condiciones del sitio y en los recursos 
disponibles. 

Estos factores representan los hechos objetivos de los que emanan las 
especificaciones de proyecto de los acabados. 

En vía de ejemplo, las actividades de los usuarios relacionadas de 
alguna manera con ·la ventanería de un edificio, así como las condicio­
nes climáticas, acústicas y visuales del sitio determinan los requerimien­
tos que este sistema debe satisfacer. Si las actividades por desempeñar 
requieren silencio, y las condiciones del sitio son ruidosas, la ventanería 
deberá ser aislante de ruido en esa medida. Si estas mismas actividades 
requieren un ambiente de vistas exteriores y el sitio ofrece algunas muy 
agradables, el sistema de ventanería deberá especificarse de antemano 
para captar estas vistas'. En forma similar deberá procederse con las 
demás relaciones que se establecen entre las actividades, el sitio y el sis­
tema satisfactor. 

Este procedimiento debe realizarse sistemáticamente para cada uno 
de los sistemas superestructurales. Así por ejemplo, si se procede a defi­
nir las especificaciones de proyecto del sistema de acabados de los pisos, 
se necesita analizar las actividades de cada local. Si un -determinado 
espacio estará dedicado a las actividades dé aseo personal, estas activi­
dades determinan especificaciones de funcionamiento (performance 
speciflCations) del piso, tales como que éste sea antiderrapante y -térmi­
co para que no se resbalen o resfríen las personas, resistente al ataque 
de agua, detergentes y desechos, lavable e impermeable. 

l- --
Las espccificaciorics de funcionamiento sirven a su ve~ de Lasc al cs-

1 tablecimicnto de las especificaciones d~ ~~oyccto rnatcna!cs y de ~n:-

1 

ducción, admitiend? o vedando la pos1Luhda~ de ~clcrmmados mat~­
rialcs y sistemas de -producción . .En esta etapa mtemcnc fucrlcrncnlc el 

1 análisis de recursos, pues depende de la disponi~,ilidad de rc~ur.sos el 
¡ que se restrinja la gama de posibilidades de matcnales y procedimientos 
1 

de producción y construcción. 
Las especificaciohcs de proyecto de los diversos sistemas superestruc-

turales deben definí~ los aspectos siguientes: 
1 ~ 

C.l Especificaciones de funcionamiento. 
C.ll Restricciones geométricas. 

C.lll Dimensionales. 
C.ll2 Formales. 

C.l2 Restricciones físico-químicas. 
C.l21 1\lccánicas. 
C.l22 Acústicas. 
C.123 Térmicas. 
C.l24 Opticas. 
C.l25 Electromagnéticas. 
C.l26 Químicas. 

C.l3 Restricciones estéticas. 
C.l3l Colores.­
C.l32 Texturas. 
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C.2 Especificaciones materiales. 
C.2l Materiales admisiLics. 

. ' C.22 Materiales inadmisibles. 
C.3 Especificaciones de producciém. 

C.31 Procedimientos admisibles. 
C.32 Procedimientos inadmisiLlcs. 

Para ilustrar el significado de estos aspectos que se han de abarcar en 
la especificación dé· los sistemas superest~ucturalcs, se puede considerar 
el caso de las especificaciones de proyecto de las puertas de la sección 
quirúrgica de un hospital. 

Si las puertas han de servir para actividades tales como el paso apresu­
rado del personal y de camillas, y para aislar mecánica, óptica, ací1stica 
y biológicamente los locales en que se realizan las actividades quirúrgi­
cas,- se infieren de esos' hechos las restricciones dimensionales y geomé­
tricas de las pu'ertas, así como sus restricciones físicas, químicas, 
estéticas y de seguridad, definiendo suLsccuentemente la gama de mate­
riales y proc~dimicntos productivos admisibles en el disciio de ese sis­

tema de puertas. 
D. El sistema estructural e infraestmcturaL El sistema estructural 

tiene como función básica resistir las cargas del edificio y canalizarlas al 
sistema infraestructural, es decir a la cimentación, el cual a su vez los 

transmite al subsuelo. 
Estos dos sistemas íntimamente rclacioñados', son de tipo asociativo. 

' ' 

- :1 
Para ambos sistemas es sumamente ventajoso définir especificaciones 1lc 
proyecto antes de proceder a su solución . 

Conviene aclarar que estas especificaciones se pueden elaborar en 
gran parte tan -pronto como se han definido las cspceificacioncs de pro­
yecto del sistema de espacios, aunque hay que admitir que cierta frac­
ción de los mismos sólo puede definirse subsccuentemcntc al iniciarse la 
solución arquitJ!ctónica del sistema de espacios. 

Las espec;.fic:~cioncs de proyecto de la estructura e infraestructura, 
deben definir los aspectos siguientes: 

! 

D.Í Especificaciones de funcionamiento. 
D.~ 1 Restricciones geométricas. 

D.lll-Dimcnsionalcs. 
0.112 Formales. 

D.l2 Restricciones mccúnicas. 
D.l2l Cargas vi...:as permanentes. 
D.l22 Cargas vivas accidentales (viento, sismo). 
D.l23 Cargas muertas. 
D.l24 Características del suelo. 

D.l3 Restricciones estéticas. 
0.2 Especificaciones materiales. 

D.21 Materiales admisiLics en la solueiim de la estructura. 
D.22 Materiales inadmisibles en la solución de l.t estructura. 

D.3 Especificaciones de producción. 



D.31 Procedimientos de construcción y producción admi­

- sibles. 
D.32 Procedimientos de construcción y producción inad-

misibl~s. 

Correspon~e definir, en las especificaciones materiales, si es a~misiblc 
o no intentar una solución en concreto armado o madera, por ejemplo. 
Asimismo se define en las especificaciones de producción la admisibil_i­

. dad de buscar soluciones que impliquen procedimientos de prefabn­
cación o de realización in situ de la estructura. 

Para la definición de todas estas especificaciones de proyecto de la 
estructura y la cimentación, hay que remüntarse, como en el caso de los 
demás sistemas, al análisis de las actividades, el sitio y los recursos. Las 
cargas vivas permanentes, por e!e~plo, se. definen en f~nción d~ las acti­
vidades, mientras que las cargas VIvas acc&dentales de s1smo y VIento, así 
como la resistencia del terreno, -se determinan '-en función del sitio. 

Las actividades determinan también, en gran medida, las restricciones 
dimensionales de la estructura, ya que los claros y aituras de la estr~ctu­
ra no deben interferir con las actividades. También los recursos mter­
vienen en la definición de las restricciones dimensionales y materiales, 
una vez que se han determinado los claros mínimos aceptables para las 

actividades. . . r 
Tradicionalmente se ha definido la gran mayoría de las espcc.•.•ca-

ciones de proyecto de las estructuras en la etapa tardía de la soluc&O'!_ Y_ 

el diseño. No hay razón alguna para que la labor de especificación se 
" realice tan tardíamente y en una forma casi implícita, impidiendo tener 

una noción clara y coherente del problema estructural antes de procc· 
í . der a su solución particular, dentro del marco general del conjunto de 
1 • sistemas que integran el edificio. La especificación de los sistemas es­

tructural e infraestructura} puede iniciarse tempranamente en el proceso 
de programación del problema arquitectónico, y culminar en sus aspec­
tos fundamentales antes de proceder al proyecto y diseño de la estruc-

1! 
• 1 
1/ 

:' 

tura y cimentación . 

E. El sistema de los 111:uebles. En rigor los muebles no forman parte 
de los edificios. Su propio nombre denota que son objetos móviles, que 
no están fÍsicamente unidos a la cÓnstrucción. Sin embargo, si se toma 
en consideración que éstos permanecen constantemente en el edificio 
como si fueran parte del mismo, y que guardan una íntima relación fun­
cional con él, se comprende la necesidad d~ que la programación de to­
do problema arquitectónico abarque también el conjunto de muebles, 
que forma un sistema propio. 

El procedimiento de programación de los muebles no es diferente, en 
principio, al de los demás sistemas de un problema arquitectónico. Para 
definir las restricciones de los muebles hay que remontarse a las activi­
dades que se han de desempeñar con estos objetos. El análisis de acti­
vidades se ha de completar con la investigación de los factores del sitio, 
para integrar el conjunto total de l~ restricciones. El sistema de espa-



r --- - ------------------------~-- _ _;_ ___ _:. _____ -- -- -

!_ __ " _________ --~--~-~----=-4-------- -~ ... -·-------- ...... --------~ -~-- -----------~"' ----~ --

cios arquitectónicos proporciona un adecuado marco de referencia para 
realizar la investigación en forma sistemática. 

Como ejemplo se presentan a continuación las restricciones, que co­
rresponden a un problema hospitalario hipotético, a los mostradores 

para atender al público. . 
La investiaación de actividades por desempeñar en el mostrador Cita­

do, ha de pe~mitir conocer el número máximo de personas del púb~ico 
por-atender oahí simultáneamente, el número de empleados q~c realiza­
rán tal actividad, los diversos objetos instrumentales requendos, tales 

como teléfonos, interfonos, m_á~!f.i!l?~-~~ ~~~~~5r~ kárde~~-!o~ _v<?_l_úmencs _ 
y, tipos de documentación que se usarán, así como la forma en que se 
desenvuelve el proceso de atención al público. 

Este conjunto de datos relativos a)as actividades que se desempeña~ 
en el mueble sirve de base para elaborar subsecuentemente las especi­
ficaciones de ~royecto del funcionamiento, materiales y producció~. 

- 1 

LOS CRITERIOS 

El planteo de las restricciones de un problema arquitectónico no es sufí· 
ciente para su determinación completa. Se_ requiere que se definan, 
además, los criterios que han de regir la solución y que han de permitir 

, 
1 

optar por la mejor entre varias soluciones, pues mientras que las restric­
,' ciones permiten comprobar la validez de las soluciones, los criterios no 

impiden comparar su mérito relativo. 
Una solución de un sistema sólo puede estar en dos condiciones posi-

l! bies respecto a una restricción: la satisface o no. En cambio desde el 
punto de vista de los criterios, una solución se distingue de otra por 
el grado relativo en que posee las cualidades que se enuncian en esos cri· 
terios. Por consiguiente, para determinar plenamente un problema y po· 
der optar racionalmente por alguna de las soluciones posibles, hay nccc· 

~ -sidad de recurrir a los criterios que han de normar la solución. 
, Los criterios más importantes que norman la solución de los difcren· 

1 
¡ tes sistemas de un problema arquitectónico se enuncian a continuación 

en forma general, requiriéndose naturalmente mayor profundidad en la 
medición completa de los mismos. Los criterios normativos básicos son 
los siguientes: 

l. Funcionalidad (mérito funcional). 
2. Presentabilidad (mérito estético). 
3. Costeabilidad (mérito económico). 



4. Operabilidad (mérito operacional). 
5. Conservabilidad natural. 
6 • .Mantenibilidad (facilidad de reparación). 
7. Ascabilidad (facilidad de asco). 
8. Constructibilidad (mérito constructivo). 
9. Seguridad (contra meteoros, robos, etcétera). 

~ara cada problema particular hay que plantear los criterios evaluati· 
vos por utilizar, jerarquizando su importancia relativa en el problema en 
cuestión. Hay problemas en que la seguridad toma prioridad sobre to­
dos los demás criterios, mientras que en otros el mérito funcional o el 
estético pasan a primer término. 

El problema de la medición del mérito de soluciones competidoras ha 
sido abordado desde un punto de vista muy especial por la economía de 
la ingeniería, construyendo escalas monetarias de calificación. Estos 
mismos procedimientos de calificación pueden realizarse utilizando es­
calas diferentes a las monetarias para aquellos criterios que no se pue­
den medir con relaciones de costo/beneficio. 

Sin embargo, aspectos tales como la operabilidad, conservabilidad, 
constructibilidad y aun la segurid~d, son todos reducibles a r~laciones 
de costo/beneficio. a 

- , También-:es=f:actible-utilizar escalas de mérito basadas en indicadores 
indirectos que permitan calificar las soluciones con respecto a los crite­
rios. La operabilidad de una solución hospitalaria no sólo puede ser 

medida directamente en base al monto de los sueldos del personal y los 
gastos de operación del equipo, sino también a través de indicadores 
indirectos simples como el número m2 de circulación por cama. Estos 
indicadores indirectos sencillos pueden much~s veces substituir compli­
cados estudios económicos, difíciles de realizar en las etapas tempranas 
de un proyecto. 

Los criterios que han de normar la solución de un problema arquitec­
tónico son el complemento de sus restricciones externas e internas, inte­
grándose así el cu<!rpo completo de especificaciones generales del pro· 
blema particular. • 
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SIN TESIS 

~os métodos tradicionales de la programación arquitectónica son insufi­
Cientes para adecuar los proyectos a las necesidades de los usuarios 
. La ciencia de sistemas puede hacer una apreciable contrihución.cam­

baando el alcance y los métodos de la programación arquitectónica sub-
sanando esas deficiencias. 

1 
' 

.Uti!izando el pt~nto de vist~: de sistemas, se puede visualiz~r todo 
eda~cao com~ un sas~ema compuesto por otros sistemas y subsistemas, 
hacaendo posable aphcar la metodología de la ciencia de sistemas a estas 
unidades. ~ , 

. Los sistemas básicos de que consta un edificio desde un punto de 
vtst~ funci~nal, son la infra~structura .• la estructura, la superestru~tura y 

1 ~ m_stalacaones. En cambiO desde un punto de vista morfológico el 
_edafi.ca? se puede de~gl~sar en sistemas y subsistemas de ~paci~s arqui­
tectomcos (locales, secciOnes, servicios). 

El de~lose de todo problema arquitectónico en sus sistemas compo· 
nentes tiene, ante todo, el mérito de proporcionar un adecuado .,rado 
de au!onomía a cada sistema, delimitando adecuadamente el c~mpo 
profesaonal de los diversos especialistas y proporcionando su colabora· 
ción para la optimización del problema total. 

La labor de programación ha de consistir entonces en plantear para 
cada problema el cuerpo completo de sus especificaciones de proyecto, 
que son básicamente de tres tipos: 



l. Especificaciones de funcionamiento (performance speciflcations). 
2. Especificaciones materiales (material spcciflcations ). 
3. Especificaciones de producción (production spcciflcations). 
Estas especificaciones son anteriores al proyecto; y sirven de referen­

cia común a todos los proyectistas que presentan soluciones alternativas 
del problema, expresando todas las restricciones y requisitos que han de 
respetar y satisfacer en el proyecto. 

La determinación de las especificaciones de proyecto tiene que re­
mon~arse al análisis de tres factores objetivos, a los que se denomina 
factores externos, en los que reside la génesis de las especificaciones de 
proyecto. 

Los análisis de estos factores son tres: 
l. Análisis de las actividades de uso del edificio, de los futuros ocu­

pantes. 
2. Análisis del sitio o medio del edificio. 

. 3. Análisis de los recursos disponibles. 
El análisis de estos tres factores objetivos permite deducir las carac­

terísticas que debe reunir el edificio por proyectar, los cuales se expre­
san en las citadas especificaciones de proyecto. 

El desglose del edificio en sistemas tiene un alcance todavía más pro­
fundo. Es el enfoque que corresponde a la era industrial de la arquitec­
tura, en que los edificios, más que construirse artesanalmente, ya se 

·. _,_ o=:=::~empiezan a-producir como objetos auténticamente-indust-r-iales. 
La producción industrial es por naturaleza de carácter masivo, estan-

• --~-·--·-• •·~.......,.---- -~~-- < •-· '--- ----~- ---·-••-· ,-~- ---- o• •u•••• 
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darizado y repetitivo, realizando partes comunes para diferentes pro­
blemas. 

Para poder adecuar estos componentes parciales industrializ,ulos a los 
diferentes problemas arquitectónico¡;, hay necesidad de utilizar el enfo­
que de sistemas, que permite que el industrial pueda producir los siste­
mas que se demandan, y que se expresan en las especificaciones de 
proyecto. 

Una arquitectura industrializada sólo puede existir y evolucionar si 
está relacionada con las demandas a través de especificaciones que le 
permitan descubrir las demandas comunes de los diferentes problemas 
arquitectónicos, estandarizando y uniformando su producción en la me­
dida de lo posible, sin restringir innecesariamente las soluciones .arqui­
tectónicas. 
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CENTRO DE EDUCACION CONTINUA 

ING. MANUEL E. VEGA MEMIJE. 

EVALUADORES ECONOMICOS-

EJEMPLO: 

se requiere evaluar la posibilidad de construir un edifi-­
cio departamental de 5 niveles, donde la planta baja se dedicaría­
a locales Comerciales. 

Los datos considerados son los mas benéficos, los cuales -
se obtuvieron después de haber analizado las posibilidades optimi~ 
tas y pesimistas. 

.¡ 

~ se ha supuesto, que tanto los INGRESOS como los EGRESOS, -
sufren un incremento promedio cada S aiios~ 

La vida econ6mica del edificio se ·Iba considerado de 20 ---
aiios. 

Tasa de actualizaci6n del 5%. 1~~ y 15%. 

CONCEPTO 

Renta de--
partamen--
tos. 
Renta loca -les. 
Anuncios. 
Estaciona-
miento. 

TCfrAL 

RENTA 
MENSUAL 

($) 

40,000.00· 

6,000.00 
2,000.00 

" 1,250.00 

49,250~00 

I N G RE S O S·' 

1 a S 

480,000.00 

72,000.00 
24,ooo.oo 

15,000.00 
1 

591,000 .. 00 

AÑO S 
' 6 a 110 11 a 15 

1 

-: 

528,000.00 580,800.00 
·1 

79,200.00 87,120.00 
26,400.00 29,jQ40.00 

16,500.00 18,150.00 

650,100.00 715,110.00 

16 a 20 

638,880.00 

95,832.00 
31,944.00 

19,965.00 

7á6,62l.OO 

1 
. 1 
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.,¡¡GR~SOS 

GASTO AÑ O S 
CONCEPTO MENSUAL 1 a 5 6 a lO 11 a 15. 16 a 20 

($)' 

LUZ aoo,oo 9,600.00 12,000.00 14,400.00 18,000.00 
Agua 4,000.00 48,000.00 54,000.00 60,000.00 63,600.00 
Impuestos 2,000.00 24,000.00 3o,ooo.oo 33,600.00 36,000.00 
Conseva--
ci6n y --
manteni--
miento. 2,000.00 24,000.00 60,000.00 120,000.00 180,000.00 
Vigilan~~ 

cia J,ooo.oo 36,000.00 60,000.00 84,000.00 108,000.00 
Adminis--
traci6n. 2,000.00 24,000.00 36,000.00 45,600.00 54,000.00 

1 

TOTAL l;i, 8oo.oo . 165,600.00 252,000.00 357,600.00 459,600.00 

.. 1 

11 
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centro de educación continua 
facultad de ingeniería, unam 

ANALISIS ECONOMICO Y PLANEACiqN DE EDIFICIOS 
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Tacuba 5, primer piso. México f, D.F. 
Teléfonos: 521-30-95 y 513·27-95 



GESTIONES Y TRAMITES PARA LA OBTENCION DE 

LICENCIAS PARA LA CONSTRUCCION. 

l. - Solicitud de licencia construcción. 

2.- Solicitud de alineamiento y número oficial. 

3. - Solicitud de instalación de agua. 

4.- Solicitud de conexión al drenaje. 

5.- Solicitud para aprobación de la Secretaría de Salubridad. 

6.- Solicitud para instalación de gas ante la Dirección General de Gas. 

7.- ~olicitud antropología e historia. 

8. - Manifestación de terminación de obra. 

9. - Permiso S. I. C •• para instalación de enrgía eléctrica. · 

'mcpm. 
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DEPARTAMENTO DEL DISTRITO FEDERAL 
DIRECCION GENERAL OE OBRAS PUBLICAS 

OFICINA DE LICENQAS E INSPECCION 

DE CONSTRUCCIONES PRIVADAS 

e 11 FOLIO 

FECHA DE 

INGRESO 
AllO MIS OlA 

SOLICITUD DE LICENCIA PARA----------------~~~~~-::-:~:-:-::-=--::-:=:::-::-:-::-=:--------­
ca aRA NUEVA, AMPLIACION, MOOIFICACION, REPARACION, REOIBTAOI 

OEL---DE----------------------DE AL ____ DE _______________________ DE--~~--
orA M lE 11 AÑO OlA M E 6 AÑO 

___ DIASl 1 2 1 
TOTAL DE OIAB 

UBICACION ANTECEDENTES 

CALLE J Z. P.l No. DE LIC. ANTERIOR 1 
No. OFICIAL j COLONIA 1 - FECHA 1 

DATOS DEL PERITO O SOLICITANTE 

NOMBRE R. F.'C. 

DOMICILIO TEL. 

No. DE REG. 1 No. DE GRUPO 1 

VALOR DEl $ 
SUPERF. TERRENO MR SUPERFICIE POR CONSTRUIR 

TERRENO 
CONSTRUIDA P. BAJA O REGISTRAR 

VALOR DE LA 
CONSTRUCC. $ CUBIERTA POR AMPL. -3 MR 

VALOR 
ESTACION~MIENTO -2 

TOTAL $ 
NO CONSTRUIDA -1 

DESCRIPCION DE LA OBRA: P. B. 

1 ,') 

r- 2 
!-- 3 

4 
SE ANEXAN L05 DOCUMENTOS SIGUIENTES 

5 
DE TRAMITE TECNICOS 

6 

COMPROBANTE No. OFICIAL PLANOS AROUITECTONICOS 7 

COMPROBANTE ALINEAMIENTO PLANOS ESTRUCTURALES B 

COMPROBANTE CERT. AGUA MEMORIAS CALCULO 9 
MANIFESTACION TERMINAC. CONDOM. SALUBRIDAD 10 

AUTORIZACION UBICACION CONOOM.AGUAS 11 

12 

(_ 13 

14 

TOTAL 

PROPIETARIO 

NOMBRE R. F, C, 

DOMICILIO . 
COLONIA 1 Z. P. 1 TEL. 

OCUPACION 1 NACIONALIDAD 

. 

PROPIETARIO PERITO REVISO AUTORIZO 
-

1..... 1 Y 2 OEBERAN SER LLENADOS POR LA OFICINA 



NOiAS: ANTES DE ENTREGARLA FAVOR DE VERIFICAR QUE ESTEN LLENOS TODOS LOS 
RENGLONES QUE CORRESPONDAN. 

1. Esta forma se presentará por duplicado. 

2. Para el caso de licencia de obra nueva se anexarán los siguientes documentos: 

a) Certificación de agua en la misma solicitud (por el re~erso) o Boleta de Ague. 

b) Núm. oficial y alineamiento (por duplicado). 

e) Memoria de cílculo (por duplicado). 

d) Planos estructurales (por duplicado) 

e) Planos arquitectónicos (mínimo dos juegos). 

f) En el caso de que la construcción sea case habitación unifamiliar, anexar declaración especí~ca, 

del director responsable. 

3. Para el caso de registros de obra ejecutadas sin licencie; se anexarán los siguientes documentos: 

a) Solicitud por duplicado. 

b) N~m. oficial (por duplicado) 

e) Manifestación de terminación (por duplicado sellada' de recibida). 

d) Planos arquitectónicos (dos juegos mínim.o) ; ~ :- ; 1 
' ' ' " 1 
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AA.JeKiJ Z. 
SOLICITUD 'DE ALINEAMIENTO Y NUMERO OFICIAL 

C. DIRECTOR DE PLANIFICACION DEL DDF. 

OFICINA DE LICENCIAS DE CONSTRUCCION. 

El suscrito solicita le sea dado Alineamiento 

Número Oficial 

D 
D 

que corresponderá al predio que actualmente tiene el' número ____________ de la 

calle según los datos que se 
consignan en el croquis al reverso, en la inteligencia de que la entrada que se proyecta est• 
situada como se indic·a en el croquis. 

Boleta elle Contribuciones Núm.-·--------- Manzana ______ Lot:e _____ _ 

Calle --------------------Colonia 

Obra que se va a ejecut:ar ________________________________________________ __ 

México, D. F., a de ________________ de 19---

Nombre completo del Solicit:ant:é. 

F 1 R M A 

Nombre completo del propietario ---------------------------

El propietario del predio se hace responsable. de lot· dat:01 y croquis que se presentan. 

. ,•' 

Restricciones• 

FIRMA DEL PROPIETARIO 

PAPRLF.RIAR GRAFOS, 8, A, 
PORTAL DE STO. DOMINGO LOCALES E Y F Tn. 5Z1·1l.a8 
D R L A V 1 S T A, 1 4 1 , (FRENTE A LA TESORERIA) 
M E X 1 C O 7 , D , F • T E L S. sea.1W1 SII·Ol·ll 

'_,,-, . 

., 
'' 

-,: '1' 

•' ,, ; 

AUTORIZO 



\ '• 

LUGAR PARA EL CROQUIS 

IMPORTANTE: TODOS LOS CROQUIS DEBERAN SER A TINTA. ESTE DOCUMENTO NO 

DEBERA PRESENTAR TACHADURAS NI ENMENDADURAS.·· 

' . '~ti )'jO, 
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DATOS OUE DEBE CONTENER EL CROQUIS DE LA MANZANA Y EL PREDIO: 

NOMBRE DE LAS CALLES QUE LIMITAN LA MANZANA. DISTANCIA DE LAS DOS ESQUINAS A LOS LINDEROS DEL 

PREDIO, DISTANCIA DE UNA DE LAS ESQUINAS A LA MITAD DE LA ENTRADA DEL PREDIO, MEDIDA DEL FRENTE 

O FRENTES. FONDO DEL PREDIO Y DRIENTACION. 

O E P A. H T A M E N T O O E L O 1 S T 8 1 T ~ F E O E 8 A L 
DIRECCION GENERAL DE PLANIFICACION 

OFICINA DE LICENCIAS DE CONSTRUCCION 

Sección de Alineamientos y Números Oficiales, Comprobante Núm. __________ _ 

Esta Oficina asignó el Número Oficial Al predio ubicado en _____ _ 

Colonia 

México, D. F., a __ de ________ de 19--

EL JEFE DE LA SECCION DE 

ALINEAMIENTOS Y NUMEROS OFICIALES 
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REGI!.IRQ ___ _ EXPEDtENTE. -----

OEPARTAMENTO DEL DISTRITO fEDERAL. 
Onección Gr~l. de Aguts v S.nurnionto. 

.. i - -

Oficina de Cone•iona y Medidora. 
Pvesenle. 

SOLICITUD para---------------------· __ _ 
1lnataluo of.n, Ampliael6n o eamhin .... luprl 

. ___ de 

una toma de ogua ~Hre -----------------------de _______ mm. 
Predio, lndua&ria, f'omereio 

de diámetro _________ materiales, de acuerdo con las siguientes 
(Cnn n einl 

ESPECIFICACIONES 

UBICACION: Núm. _______ Calle------------------------

-.--Colonia 
··-- -... 

-----~-_....,.... ______ __,........, __ .-_, Delegación ------~.,...........-r------
- ,'~ • "a "-

Destino del predio ________________ Bta. Predial ------------

Nombre del Propietario 

Dom. Particular Núm. ______ Calle ____________ Col. --------

OBSERVACIONES: 

NOTA:· Estoy conforme con le cuot. que se 1plique • e1U lo1111, de ecuerdo con el diimatlo '1 1110 de l• mltme y tin derecho 1 

pclllerior reclerudótt. 

México, D. F. a __ de ______________ de 19 _ 

-...... -,;;;! .... 

--

CERTIFICADO DE LA OFICINA 
DE NUMEROS OFICIALES. 

El Núm. _____ .. oficiel. 

Firma 

Sello 

-
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INSTRUCCIONES: o 
1.· Las solicitucta se foraularán por TRIPLICADO. o 
t.- En el predio deberá fijarse el número oficial y señalarse el lugar para la toma. o 
l.· las lo~Ms se instaiQrÁn en le entrada principal del predio y sólo en casos especiales se concederán en locales' perte· 

necientes al mismo y siempre que tengan acceso directo de la Vía Pública al interior. il 
~_j 

4.- Los presupuestos y órdenes de pago ser¡n recogidos por los interesados ~n la ventanilla de ''Presupuestos de Tomas" 
·1' 

~ ', . ,::~~.;~ ,_, , "--.. t,, [, ~~~'"_. 
1 

, - _ ·~-. ,j,,'r, 
5.· Oueda a la elecciÓn del solicitante el proporCionar o p.i'gar los materiales necesár.iéSs para las instalaciones de 12m m._! · 

(%"), si'empre que no see dentro del primer cuadro, en donde invariablemente los interesados lo proporcionarán, 
e~i como para empli11ciona, cambios de lugar y reducciones, en cualquier parte que se solicite. '-, 

' ¡ 
~ 

6.- Se dibujará un croquis de la m1nzana en que se encuentre el predio, con los nombres de fas calles que la limiten, 
señalando la distancia de la esquina mis cercana al lugar donde se deba de Instalar la loma. 

,.;, ;_ .t'- .r:..• ~ •',¡, ·:;: • 1 ~ 

·i : .. 
; ' . ' ~ '" 

.... , :: 

LUGAR PARA EL CROQUIS: 

'• '1' 

p' ... _, - • ~ ' ' -· 
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SOLICITUD DE APROBACION 

RECIBASE CON 
AUTORIZADO POR-----

Sup. Total de Terreno 

M2. 

-Sup. construida en los 
distintos niveles. 

S6tano -------------- M2. 
P. B.·--------- M2. 
;-iezzan5.ne _______ M2. 

J.Ct. ·~ M2. 

Jo.-

4o.-

5o.-

--· 6o.-

7o.-
8o.-

9o.-

lOo.­

llo.-

12o.-

13o.-

14o.-

15o.-

-------------- M2. 

--------------- M2. 

------------- M2. 

------------ M2. 
______ __;__;~· ,M2_. 

--------- M2. 
-----------M2. 

M2. 

------------M2. 

------------- M2. 

--------------- M2. 

------------- M2. 

---------------- M2. 
M2. --------------

SUMA TOTAL ------- M2. 

Sup. Cubierta por la 

Ampliac16n ---------- M2. 
Sup. no construida 

M2. 
------------~- ,_ 

DERECHOS: $ ___________ _ 

PAPELERIAS "GRAFOS/ S.A.'" 
PORT.STO.DOMINGO LOC. E-F. 
DR. LAVISTA No. 143. 
TELS. 521-12-88 y 588-16-57 

,,He K" ~ 
SECRETARIA DE SALUBRIDAD Y ASISTENCIA. 
DIRECCION GRAI •• DE SALUBRIDAD EN EL D. F. 
DIRECCI_0N .DE INSPECCION SANITARIA •. -
INGENIERIA SANITARIA. ~ 

P r e s e n t e. 

El que suscribe . 
~R~e~s-p_o_n_s_a~b~lre-o_p_r_o~p~l-e~t-a_r_l~o-.------~ 

Con Céd. de la Direc. de Profs. No. -----------
y con domicilio Prof. 

Solicita la autorizaci6n, de acuerdo con el Reglamen­
to de Ing. Sanitaria, de los planos que se anexan con 
los siguientes datos: 

OBRA POR EJECUTAR 
Const. Nueva, Reconstruc., Ampl., 

Modific.Cllcldn,-.-~egularizaci6n. '.~:_-::-:: - __ -· 

AVANCE DE OBRA 

DESTINO DE LA OBRA =--~~--=-~~--~~T--~-----­
Casa Hab.,Deptos., Cond., etc. 

UBICACION DEú PREDIO: Calle 

No. _________ Col. ________________ _ Z.P. 

NOMBRE DEL PROPIETARIO 

DOMICILIO DEL PROPIETARIO: Calle 

No. _______ Col. _______________________ _ Z.P. 

México, D.F., a ___ de ______________ ~de 197 

FIRMA DEL PROPIETARIO FIRMA DEL RESPONSABLE. 

Constancias de que existen los servicios frente al 
predio. 

No. Of. __________ Agua ________ Albañal _____ __ 

Esta solicitud deberá presentarse llena a máquina por 
cuadruplicado si es REGULARIZACION o quintuplicado si 
se trata de OBRA NUEVA, dibujando en el reverso de -­
una COPIA el croquis de localizaci6n del predio debi­
damente acotado. Se debe anexar a esta solicitud, -­
INICIALMENTE UN JUEGO DE PLANOS QUE INCLUYAN: PLANT~S 
CORTES, FACHADAS Y CROQUIS DE LOCALIZACION, INSTALA~­
CIONES SANITARIAS, HIDRAULICAS E INST. ESPECIALES, Y 
demás ordenamientos que marca el REGLAMENTO DE ING. -
SANITARIA RELATIVO A EDIFICIOS, EN VIGOR. 
El responsable, deberá estar debidamente registrado -
en esta Dependencia. Todos los planos deberán estar 
numerados y firmados por el propietario y el respons~ 
ble. Los datos consignados en esta solicitud quedan 
bajo la responsabilidad de los solicitantes. 
sírvase, pasar· a la ofna. de ing·. sanitaria 10 días -­
DESPUES DE ENTREGADA SU DOCUMENTACION EN LA OFICIALIA 
DE PARTES. Si en 30 d!as no se recaba informaci6n so­
bre esta solicitud, será CANCELADA. 
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K~G. NUM. __ _ 

• 

BL 

MESA DE 

CONBX:JONES 

·' 

' " 

.,! ' 

' 1 

!\fRS.\ DB 

NUMRKOS OFICIALBS 

S B L LO 

---- BS NUMBBO 
OVJCI.\L 

AUTORIZACION 

PAVIMIINTOS 

S K L r. O 

./<r-, 

PTO. NUM __ _ ORDEN DE TRABAJO ---
·-~-~~México, D. F. 3_.:..-,--_________ _ 

C. DIRECTOR GRAL. DE AGUAS Y SANEAMIENTO. 
OFICINA DEL SERVICIO DE SANEAMIENTO. 
PRESENTE. 

----------------.Propietario de la casa N6m-----

-de la calle ----------Colonia~------------
--------con domicilio particular en la casa N6m. ------
de la calle ___________ Colonia. ___________ _ 

Solicita para la primera la --------------- manifest:mdo 
qne la banqueta es de y el pavimento. ____ _ 

FIR.MA I>RL INTBRBSADO 

MANO DE OBRA 

IOO% 

so% 

Mts. Tierra: a$ 
1 , Empedrado af, 
, 

' 
Te petate a$ 

. , Emparrillado a$ 

' 1 
Pavimentos a$ 

sobre $ por trabajo urgente 
sobre$ por trabajo de noche 

Por __ _ inspección(es) 

M·r··_ 

' ' 
' ' POR 011\ 
1 1 

' 1 

REPARACION CE PAVIMENTOS 

___ Mts. Empedrado a$ Ml ___ _ 
---- , , Cemento (banqueta) a $ , , ___ _ 
____ ,, Macadam a$ , •----

$ 

---- , , Asfalto a$ , , $ ------
IMPORTE TOTAL $ -----

Fecha del Presupuesto: México, D. F., a _____________ _ 

P.\VIMHNTO'-----c·) BQLETA DE PAGQ POR MANO DE OBRA·-NUM ______ _ 

RKKXPIIDIDA. CON VBCRA.: 

SKt.I.O DB RaG, BOL, 

BOLETA DE PAGOPQRREPARACION DE PAVIMENTONUM __ 

Fecha de la orden de trabajo: México, D. F., a ------------
Presupuesto _p • O. EL JEFE DEL SERVICIO 

DE SANEAMIENTO 

8[,1NSPBCTOR 

DATOS DEL PRESUPUESTO AL SERVICIO _______ _ 

C:OllllV01lMIDAD DEI, P1lOP~T4lliO 

FIRMA . :. ( 

INSTRUCCIONES 
A LA VUELTA 

V~ 

KOTA:- las anuloau u unparrilladt r CGDUdo deberb cobram seg6o el costo al coudalr la cllra. 
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I~STRUCCIONBS DB CONBXIONBS DB ALBAftAL 

Reqniattos que deberá llenar el interesado. 

1.-La.sohcitud se formulará por triplicado, conteniendo 
el c:roqu1s correspondiente eu el lugar que abajo ae indu.a. 

U.- Se rt:cabará el sello del N6 mero Oficial ea la oficina 
correspondiente. 

I 11.-Se pre~entará la solicitud en la Ventanilla de co­
ne:tdoneq de albañ.tl del Servtctode saneamiento (Cuarto Piso) 
dtl ex-Palacio Mun1c1pal. 

lV.-Las boletas que por concepto de Mano de Obra y 
reDuaci6D de Pavtmt:oto se le elltienoe al Interesado )14& de­
b~d lUbrir en la caja N6m. 19 del propio Departamento. 

V.-Deberán presentarse dichas boletas ea b Ventanilla 
'í'" co·•~ ll:!Ones para su registro, cuando el material de la hsta 
q•11• ': ,,..,porcioDe allnt<!resado se encuentre t:D el lugar pre .. 
.;:,&o de la ohra y a d1spoaición del :Servacio. 

V 1--:Si al hacer la rrvist6n no se encuentnn loa mate­
rialea en la obra. incurrm1n eu un recarl{o de mano de obra 
c¡ue deberá cubrirse para poder bacersl' la !=Onrx16n. 

VIL-Todo material uo rPglamPnterio ae1á rechuado. 

l.IM:PIAS Y RBCONSTRUCCIONBS D8l. ALBAÑAL 

1-BI interesado localizará la salida del albeiial y hobr4 
aiempre pPrsoua Q\le Informe a loa operarios. a6n cuando el 
trabajo deba verahco~rse de noche y proporcionar el cemento 
aecuario para los taladros. 

II.-Si al practicare~. la limpia·ee encuentra qne ea ae­
ceaario reconstruir el albaftal, se dejará una nota. 

111.-81 interesado eatt obligado a proporcionar loa ma­
teriale• de acuerdo coa la lista que ae le entregue aa la Ofi-
daa. ,.·'• 

NOTA GHN BR AL:-Los trAbajadores no están autoriza­
dos oara exigir ¡r .. t•ficac•ón ni sala no u:tr11 por laa obras que 
eJecuten, por cons•&uente la OirPcc•ón no Ae hace responsable 
de otros pagos hechos fuera de la CaJa Of1cial. 

PARA SBR LL8NAD0 BXCl.USIVAMHNTB 
PoR Hl. 58RV1CIO 

Ejecutadael---------------------------------------­

Bjecutadapor--------------~-----------------------

Obra pend lente-----------------------------------

Fa Ita de materia 1---------------------------------

Material incotn p 1 eto ----------------------------

Material no RPI!I __________________________ _ 
l:'or no haber q111en Inf ________________________ _ 
1 nserción por a tarjes ________________________ _ 
Hay preparación ____________________________ _ 

No hay preparaci6"----------------------V falta por 

conectar __________________________________ _ 

OBSHRVACIONBS _____________________ _ 

Devuelta a la oficina ei _______ ~------------
Revis6 el material _________________ _ 

Sobrestante 

LUGAR PARA EL CROQUIS 
' • ' ' 1 ~ 
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l 
Se d1bujará el croquis de la Manzana con los nombres de las calles que la limitan; localizando el pM 

dio e indJcando el lugar de la conex1ón, asl como la distancia entre el eje de ésta a la esquina más próxima. 
·En el pred1o deberá hjarse el No. Oficial y mediante una señal visible indicar el lugar exacto donde debe: :! 
quedar la conexión. 

,¡ 
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SIMBOLOGIA CONVENCIONAL EN CUMPLIMIENTO 

DEL ARTICULO '41 DEL REGLAMENTO DE IN­

GENIERIA SANITARIA RELATIVA A EDIFICIOS 

(Diodo Oflclot de 20 do Moyo de 1964) 

Tomo dolfticiliorlo 

rc.t-H-· 
-0-Q-M- 1 

Aouo frfa 

Aouo col iento 

"' -0-J 

-·-·-· 
-··-··-.. 

1 
1 
i: 
• J 1 

Rotorno dra oouo colien9e ___ ... 

1 ! 
1 ! 
! 

Tino coa 

Cisterna 

E quipo de bombeo 

E quipo llldro neumático 

VCÍivalo..fGtollo 
•tcompaer to 

,.LIO'III 

Alboflolts ocultos 

\. 

.____~+ 

---· 
lt . ' 

~:. Allloi\oln Yloilllet 

'" . ' -
Roolatrns COII cierre oluetado -·-@·-·-~ 

Revlatroa con cierre herlftético ~ 
. ·~ 

Coloderoo con retlllo , · ~ 
Tubo Yentllodor 

Cojo do groso 

Foso aéptlco 

Dnneo 

Bojodae ovuoa nevras 

Bojodoa og1101 phtvlalll 

Slfo1111 

• 1 
1 
1 
1 

-EJ-·- li6 
'fi!J·- -o-. 

-·t··~=~t =·-· §f~ . 

=~=~~. • ! ,,= . -·-

0 b.o.p. 

.--Jtr- ~-· n-Obturoelof hldr&utlco tipo bote --o-- '"tJ 

,' 

'' " - r· ._.. - 'J 

E acusado 

Mlnoltorlo 

Bldet 

lO 'IODO 

Tino 

Freoodero 

Rooodero 

Ver tedero 

LoYadoro 

Lovoderco 

Bolledero 

Refrigerador 

Colderoe 

Equipo de olrt acondlclonChloill!m=Q 

Alberca 

Chh .. neac 

Bote· de baturo 

: •' 

PuttiOI . 

11 uro ' 
.. --, . ,, 

ventano 

Patio 
W1 ..,. 

Trato hu . mm1 

Llnter11llla 

\' 

.l ., 

~-------------------------------~----------------------J 

41 
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C • COITSTRUCTORA VE'l'0 

CALLE :MJIO 
Nm"!ERO 335-403-
COI·ONIA BOMA . 
Z. P. 7 

11 SU N TO :· 
,, 

S~ Ae . 

Si~ APRTJEBAit PLANOS. 

' .. ..:..____ 

M~xico, D. F o t ea 0 JU;J. l~¿ 
-,'•l¡ 

•1 
1 ,, 

~·,' ~ 
.1' 

·: .. i 
<¡ 

. ~ .. 1 
' 1 

' --~~ 
En res_p1..1.csta a su solicitud, registr9 de entrada No. ;' ':_[ 

42166 clt;) 11 da ltw¡o/72 mani r .... :-,tamos a usted que se aprueban los planos ... :.i,; 
bajo la exclusiva responsabilidad del C. Ing. Julio Colon Vioit;me.~ C_Gdo · ·:·~·¡ 
Pro-K. No. 101657 , planos que present6 y segun loa > ·i 
cuales construirá una cesa Bab111noi6n en el Uo. 29 de la oalle Progreso en ·. ·'~i 
la Col. Oo1'C)aob de esta ciudad, propieciacl 4e Oonetn.o'torA Vet9 So Ao .: ·:¡ 

' ' ··~ 

.... (' 

·· · Antes de cubrir las instalaciones que van a quedar 
o_cul tas, deberá dar aviso oportüno _pa:ra su inspecci6n. 

De no cumplirse con las disposiciones del CÓdibo - - , ·¡ 
Sanitar~o y del Reglamen-t . .~ .:-e Ingeniería Sanitaria en vigor, quedará-< 
sin efecto est~ aprobacic•1 .,- .::;e procederá como corresponda sin per - ·~. 'i 

juiclio de que se le apliq·,tE"'l. las sanciones reapec.tivas por haber - .-'~ 
efectuado obras sin llena:- :!.os requisitos del caso. ' ' 

-i~ 
'• .r.o . 

No deberá sor habi tau o el inmueble de referencia sin--;..!;-;;. 
q_u_e_ e obt:~~_eL..p.e)is_o de ocupación de esta Secretaria~ _ .. /:·· ::·;.~ _ 

_ A t e n t a m e n t e o • ·-·· •. 

SUFRAGIO~ EFC IVO. NO REELECCION., ~' :·,: 
S~ARIA. EL DIRECTOR ~)JiSP~~.jN SANITABL\e _ · :1• ! 

L~~ª~~~~~~~~~~-a~~~ -_.·~:~1 
OliLAIIDO CALDliliiOll r!!EIIO• · , ~ , .. :. 1 

c.c.p. c. Gral. dP Obras Pública•• del Depto. del D.F., .:·:":~·:5¡ 
Plaza de la Consti~::::..6n.- Ciudad. ·._~:~ 

c.c.p. Of~c~n':' d~e~!j&!!:!J~a, M~aa de Inapecci6n 'de- - · .·1 
~d1.f1?~os lt!IOfJxylf o,QJ/8~- iJ)o ·.- ~~so. · · _ . :_'id 

EGR'CSG'nm. 

' ~- ; .,. ' > 1. . ~ 

EGRJl·fMl/gro• 

., . ' ;. t~fot~~. . 
.... ~ . ' . . 
- .. -- -- - ---- . .,. ....... -------~-

'.' . ' :r 1 
·~- '. 

. -~ ¡ 
·.". ;,.;-~ll 
:;. :>·~j 
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.. SOLICITUD DE AUTORIZACION DEL PROYECTO DE LA INSTALACION DE GAS \~·· 

---------~~--------------------------------------------~---------·- ~ . . ·: . 
f' 1 ·1 • 

Én cumplimiento a lo dispuesto por los Artíc_ulos' 21' 36 y demás·.~ ·;· 'l .. 
relativos del Reglamento de la Distribución de Gas, nos permitimos -·~··;·~ 

a~licitar a esa Secretaría de Industria y Comercio, la aprobación 

,Jol proyecto de la instalación de gas LoP. (]l gas .. natural D 
para lo cual proporcionamos loe siguientes datos: 

_.-,,. ·. 
\' 

,- .. 
"•, 

.. 
Nombre del Propietario: C0~·3':nuC'IOlu\ Vi'.l'e s~ "'m .. , .. 

--==;.:;:B!:.:.~JI=o;;.;.r..-.)::.:;•;.::3~3..:::~~~:..;'0~,~~-.,-c-o_to_n_o:_-m _________ ;:·o~.~ l 
Domicilio del Propietario: ~ ~ 

, Ubioaoión .. de la Obra: Calla y N~.--. P_l_W_,.....l_lzs_ .. _o_u .... ~o;;_:! ... 9 __________ - ': :;~ 
.'Entre las ~alles de=~-~~~~A~H_m_A_m_o~Y_s_~_n_r~n_G_E_·L~~~~~~~~~~~~:,~~ 

ti,.~ 
. ~ 

Población; ____ c_c:;_ro_n ... CII_n...__ ____ Entidad Federa ti va: --~~-·-I-co--.-2 .... ,~ .. !-_p,.,. __ --.r.:&r...e- ... ·:: J 
CLASE& ~ (!] @] · (ID 

~ I.- RECIPih'NTES. 
., ' 

Portátiles O 
2 tn:.; ... c-a d·fl 72 lt3.t a/u 

:Fijo O 
·II.- REGULADOR DE PRESION. 

' ' . ' 
' l 

' ~ ., l 
' ~1 

' •• tj 
-' .. ·.'; 

~ .r,)~' 
' ..... '1. ~~ ' . . .. ~1 

- 'lf'·l 
• 1 ~-~ 

n-
l 1. 
f<u,j' 

a .. Cantidad: 
1 

Capacidad: Preai6n da salida: _
1 

......... ¡¡¡: 
____ o;..:¡,¡;,¡¡;~-·--- ~:;u. 2?9 í'-> ex cm · e 

'' .. • •_,' tT 
'o 

íl~·' : 
61 :. o 

.-g 
e 

f1-.: ~ 
td -- ~ .· [:'. : 

D 
o .. 
"' '"< :111 

'· C( 

~ 
... o z 

______ M
3
/H. i!/cul' · ,rr 

l4 /H. g/cm2 
·· H 

.,. 

_________ -:_-_-_-_-_-_-_-:_-_-_-_-_-_-----------------.--ll·. ( -~~ 
.:· .III·.-· TUBERIAS. ·.fti 
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b).- De Servicio. 
1úaterial: 
CUI) R'E'tl'o 

IV a- tliEDIDORES. 

Cantidad: -------

Vo- APARATOS DE CONSUMO. 

Cantidad: 
1 

Tipo: 

Capacidad de c/u: 

Tipo: 
E:Jtofa 4QU 

Diámetro a: 
l.2.;7rna 

LJ;/H 
------- ~.! /H 

Con los datos asentados en esta solicitud ae rPali=ará 1a 1n~ 

·¡;,al ación, observando además las Disposiciones c·1ntenidas eQ a~ Re-- · · 

gl ~nto de la Distribuci6n de Gas, en el Instructivo corre~}Jndien 

te y aque:J.las otras que al respecto dicte la Secretaria de Indua---

tria y Comercio. 

Se acompaña a la presente los planos ~or triplicado, de ~~ 

----~-orno __ ndo __ F..;._Bl_,_IIDl:_oru_'a"O_n_G_,~_~ ----' .· T~~.~i c0 · 
·¡ 

~esponsable autorizado por esa Secretaria y registrado con el No.~ 

' ,' t 

1 
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lilA..~-------•' .. 

Firma del~tarj·~ •. 
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Para ser llenado. por la ·n. G. G<. · 
.Heci bió 
1 -----------------------
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~NSTITUTO 
t= ORMA \0 ' A/léJt'c 7 

NACIONAL DE ANTROPOLOGIA E fi'fSTO~IA 
DEPARTAMENTO DE REGISTRO. LICENCIAS E INSPECCION 

' N!! 4HI CE R T IF ICA.f..!.ON_ofi~'A~Y·.a·~ji~E SOR E R 1 A ORDEN DE COBRO N!l 

c./ ~~ .. --··~· . ~~; PA~U!.1 'N·r tf 280.00 
C. JEFE DEL O EPA R T A M E N T O O E 

u E so R E R 1 A. ·~y~-. A o M i N 1 s r R A e 1 o N ,_,/ 
·roA ;1' _ tt;.) Y tUw1JN. tiii'ORT[ 

~Jf~)' .... 

CONSTRUCTORA VET, S.A. l C~gtni\SJf.';• t"" · 
- .. '\ ' '. ...:-'l'd-.:J.l•J+."tA.e .; .... (!¿j 

SIRVASE. 'Rrt:'lfHR 'oE '•' 
. _-,_ ,:., 

! CON DOMICILIO EN PROGRESO No. 29 COYOACAN, D.P. 

1 
C A L L ! lONA IIO•u•l .. fAL 

1 .280.00 (DOSCIBRTOS OCHENTA PESOS 00/100 M.N.» 
J !..A CANTIDAP•OE $· ' NUM[AO L 1 t 11 a 

?OR CONCEPTO DE DERECHOS POR 

CiJ LICENCIA DE OBRA c=J LICENCIA DE.ANUNCIO CJ flF.GISTRO C::J PERMISO 

No. 188/72 Para Solicitante 
-

COOIFI C~CION Ll QUI DACIO N ... t'". . 

I II m Ii CUOTA FIJA 
~oo. on 

A-1. 
IMPORTE POR M t 

'1.00 .. 180 .. 00 
IMPORTE POR PIEZA 

TOTAL 
2ao nn 

Hecho por · &U Revisó : MGP México D. F. o ~ de m a~ de 19~ 
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SECRETARIA DE EDUCACION PUBLICA 

INSTITUTO NACIONAL DE ANTROPOLOGIA E HISTORIA 

DEPARTAMENTO DE MONUMENTOS COLONIALES 

MESA DE LICENCIAS LICENCIA PARA OBRA EXTERIOR 

Puede autorizarse al .. lNG. ARMANDO RODRIGUEZ SANCH~Z. .. .. ......... -- .......................................................................................... -................................................................................................. . 

para .... OB.RA .. N11.E.V.AA ........... -- ................................................................................................ -......... -- .. -............. ----................. ········-···· ............................... . 

en la casa Núm .......... '!' ••• 29 ... 1L ....... .la de calle de ....... P..RO~.R~SQ .......................... ________ .............. .. 

. ............................... -······················--------~----·····-···············gºIº . .t\9.A~ .•... -º~---I.! ..................................... .. 
sujetándose al siguiente dictamen: 

r Fueron presentados a este Departamento, 
' ~ solicitud y planos para ejecutar obra nueva, en la 1irecci6n arriba ind! 

n 
1 : .,.... 
., 
' '-, 
i l 
Lf 
' 1 1 • 

1 : 

i : 
1 ! u 

'1 

1 ¡ u 

n 
b.l 

A 
6l, 

D. 

cada. 

La H. Comisión de Monumentos, en su die 
tamen del d!a 27 de abril del presente año, 9Utorizó dicha obra, la que: 
deber& realizarse de acuerdo con los planos sellados u aprobados por ea­
te Departamento, debiendo continuar su trá·,ite ante el Departamento del­
Distrito Federal. 

MGP'mes 

Notifiquese la fecha en que se concluya 

EL SECCIBN 

México, D. F. a ... 9 ....... de ........... m.ay.Q ....... : •. · ..... \l4t... ....... 19 .'12. .. 

EL JEFE DEL DEPARTAMENTO 

ESTA liCENCIA CADUCA AL Af:JD 

llE SU EXPEDICION-
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NUMERO DE CUENTA DEL IMPUESTO PREDIAL .... 

NUM. DE CTA. DE DERECHOS POR SERV. DE AGUAS ..............•............ 

't'•¡-

' .. 
M A N 1 F E S T A C J O .N. D. E ..... L .. : .......... · .... :· ... ) ...... , ••••..•..•••• .: •...•.. 

(Conetrucci6n, ompllaci6n o r..:-atruccl6n) 

t; ',.; 

C. DIRECTOR GENERAL DE OBRAS PUBLICAS 
Presente . 

. ········-············· ....................... ·········---~-- ............. : ............................. de profesión u ocupación ...................•..•....•............ 

. . . . . . ............................. originario de ... : ........................................... ; ......................... de nacional! da d .....................•.......•.. 

con domicilio en ................ ··: .................................. : ... ·····.-·· · -··· ··: ···.···· · · · · ····· ·· ·· ·; · · ·· · ······· ·· ·· · · · ····· · · ·· ······ ··· · · · ···¡i~~-.;--;;¡;¡,-· ·· · 
Manifiesta a usted: que con fe'cha... . ........................................................................................................................ ·· 

.................................................... ····¡s;.··~¡~¡-·:·;;-.;· ~--.;;~;.:;;. ;¡~ ··~~¡~;;; ·:. i~-. ;;~: -~¡~¡~:. ~¡;~;................ . ............. -..... ········ .......... . 
Uoicación del predio: Lote .................... Manzana ............................. Calle .......... . . ............................... ·················· 

Número ................ Colonia ................................................ ·-··· ...................... _ ........................... Zona postal. ................. -· 

Des ti no del predio: .......................................................................................................................................................... . 
(Rentado u ocupodo - au propietario) iViviend:oa, Locoles, Aportamlentos paro rentar. Dlgase el Núm. de <\atoa) · 

Descripción de las pie-zas o locales: ................... ~ .. .......................................................................................................... · ·· ···· ···· ··· ······ · · 
(Dcaa-lbose con preci:i6n nómero y daS&) 

•••••••••••••••••••••••-•••••••••••••••••••••••••••••••••••••-••••••••••••••••••-•••••••••• ••• •••••••,. ••e••• e o o o e o o e•'"'e"'e .o e• • • o o • '"''"''"' • o ••• '"''"''""''"'"'"''"' •••• "'"' • • "'"''"' '"''" • • • e •• '"'"' 
0 

• • • • •••••• "'"' 
0 

'" 

Servicios urbanos con que cuenta la calle: ....................................................................................................................... . 
(Aguo • Atarjoas • Banquetas • Pavimento • Alumbrado) 

DESCRIPCION DE LAS CONSTRUCCIONES DEL INMUEBLE 

Cimentación: 
'""'"' •••• ••••Oo• • •• • ••••• o o • •••• • e o • 

0 
• • • •••• 

0 
""'"'"''" 

0 
"'" •••••••"' ••••• 0 "' • ••••• •• 0 0 •• ••••• •• o •• • 0 •• 0 •• •• • 0 • 0 0 0 • 0 0 0 0 ••••• •• e o • o o •• 0 o • "''"'•• • '"''"'"''"''"o • o e•e • o~"''"'"''"'"'"'"' e ......... •e e ••• '" 

(Mompoaterlo de piedra) (Cona-eto reforzado) 
Muros: ...•..................................................................... , .. , .............. _ ............... _ .............................•................................... 

(Adabe • Tepetote • Tabique sin refuerzo• • Tabique con .-.fueraoa de con~to) (E•tructuro de cona-oto co, muros de relleno) 
lechosa ------·································-···-'isos: . ..... ..... ........... ...... . . . . . . . ... Motivos decorativos: ............................. . 

---------·-···················································-'nstalación eléctrica ............................. Combustible ..... . . . . . . .. .. . . 

Instalaciones especlales1 •••.•••••••••••••••••••••••••••• 
(Elevo dores 

(VIsible ,. _Oculta • ele.) (Oos • Ptlrúleo • Leño! 
·········-- ....... .. . . .. . .: ........................................................................................ . 

(, lefuccibn Ctlntrol • Aore acondicionado • <~le.) 

Amparado con Licencia de Construcción número: 
"l ............. !·" ¡1 1 .. -

SUPERFICIES DEL INMUEBLE: 

,,. 
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Lo que comunico a esa Dirección, para los fines consiguien· 

te·. Declaro que los datos consignados en la presente son ve~rdicos y me hago responsable de las violaciones que pu­

dieran haberae cometido, conforme al Reglamento de las Construcciones, con motivo de esta obra. 
,• ..,. ' 1 • 

México, D. F., a 

'1 t -' ,\ ; (FIRMA DEL PROPIETARIO O PO!EEDOR) 

':f.' 

CROQUIS DE LOCALIZACION 

•'' •' ' , ... ' 

' .. ~ '1 ,'· 

., 

' 1',. 

' ¡ ' ~ 

• ~ ... 1 ••• '•"<¡ -~ ' .,, •' 

,.··,. ,. 11 

, '~. , • • - ' ' ,• ... , ¡ • 1 ' 

,. ' " ... •,1 

' ' 'l.l ~ 1 , 1 .. : 

CertJfic:.d6n de le Oficina de Números Oficiales: 

DATOS QUE DEBE CONTENER EL CROQUIS 

a).-Distancia de las dos e'Squinas a los linderos del predio. 

h).-Medida del frente o frentes y fondo del predio. 

;,•-

• - 1 

, .. 
\ ' ~ ' 

, t' 1 ~· 1 

c).:...Nombre de las calles que circundan la manzana en que se encuentra ubicado el predio. 

NOTA: Los datos anteriores deben corresponder a los del n\Ímero oficial. 

-PRESENTARSE POR OCTUPLICADO-
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''·1 

' ,' 

'' :•¡. 
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SECRETARIA DE INDUSTRIA Y COMERCIO. 

Aprobación del Departamento de Inspección e Instalaciones 
Eléctricas del Proyecto. 

Requisitos: 

1. .. Solicitud efectuada por Ingeniero registrado en S. l. C. 
conteniendo: 

l. 1 Nombre del Propietario. 
l. 2 Ubicación de la Obra. 
l. 3 Número de Lámparas. 
l. 4 Número de Contactos. 
l. 5 Número de Motores y sus especificaciones. 

2. O ·Plano de la Construcción en donde se indique el lugar 
,.,, -~-~ §.onde estarán cplg~_Qf.l,,_todas las inst~_~c;m~~t 

e ·- ), r 

• • -1- •• e ·~ ~" _,. "'.•-- ~~· 

3. O Demanda de Energía. 

4, O Inspecci6n para Verificaci6n. 

'mcpm. 

- ! .... ' . .... 

. -~ 



OBRAS E INSTALACIONES.-

Las obras e instalaciones eléctricas deberán llenar los 

requisitos que les sean aplicables del presente reclamento 

"Reglamento de obras e instalaciones eléctricas 11 ,salvo que 

en algttn caso la Secretaría de Economía las exima de algu­

no de dichos "requisitos, de acuerdo~ con los artícul~o s 33.<·y 

24 de la Ley de la Industria Eléctrica y demás disposicio­

nes correlativas. 

Al solicitar la ~utorizaci6n a que se refiere el parra­

fe antérior,se presentarán p~~nos y memorias técnicodes--~ 

criptivas ante la Secretaría de Economía,como sigue:. 

SISTEMAS DE DISTlliBUCION.-Se presentarán planos y memo­
rias técnicodescriptivas para las instalaciones iniciales, 
las ampliaciones solamente requerirán dichos planos y me:rl\Q 
rías cuondo sean de tipo de construcci6n distinto del que­
ya haya sido aprobado al interesado para la misma zona. 

INST.J\.LACION.F~S. OCULTAS. -Para l~s, inst_alaciones ocul.:tas, i:n,-­
cluyendo ,liis~' de _'tos usuarios 'de" energía eléctrica,"se 'pre-­
sentarán planos,antes de la ejecuci6n. 

La Secretaría de Economía podrá requerir .. de los intere­
sados las aclaraciones,cálculos,datos y modificaciones que 
estime pertinentes para la aprobaci6n de los planos y meJíiQ 
rias técnodescriptiva3. 

El hecho de que una instalaci6n eléctrica haya sido·~~ 
aprobada,no exime a su propietario ni a rtuién la utilice -
de la oblieaci6n de corregir 'defecto o deficiencia que sie 
nifique peligro a personas o a la propiedad,y que no hubi~ 
ra sido notado en el estudio de los planos y memorias téc­
nodescriptivas o en la inspecci6n que haya dado origen a -
la.aprobaci6n. 

REQUISITOS CON LOS QUE DEBEN CUPFLIR LOS PLANOS. 

RE·:~UISITOS GEN ERALES. -Para los cálculos y dato > numéri­
cos del proyecto se usélrÚ el Sistema Nacional de Unidades-
de '1ec1idas •. ·.-.· :-:·· 

Se presentará un caJ.ca en tela de cacla plano y una co-­
pia heliocráfica en tela,del rnismo,en hojas cuya s dimen-­
siones serán de 70 por 110;55 por 70;35 por 55;28 por 40 6 
21.5 por 28 cm.,debi'éndose dejar un margen de 5 cm.en el -
lado izquierdo de Cbda plano de las tres primeras medidas­
y no menor de 2 cm. en los planos de las dos ~ltimas medi­
das,se exceptúan dP. ésta disposici6n los planos de instal~ 
ciones ocultas. '·· 
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Fn cL:da plano habrá un espacio libre no menor de 10 por 
20 cm.,para poner las notas de aprobaci6n. 

Se deberá elegir una escala tal que el dibujo de sufi-­
ciente detalle. 

LINE~\S SllBT"ETIF:AITEAS. -:-Los planos de conjunto de línens -
subterr6neas tanto de transm~si6n como de distribuci6n,se­
pr~sentarán en hojas de 70 p~r 110 cm.,usan~o escalas de.-
1~100 hasta 1:2000,y se consignarán en ellos loa siguien~­
tes datos: 

-Lo:n;_;i tud de la línea, puntos terminales de é·;ta ,nombre -
de las calles por donde pasa,y nombre de las que cruce. 

-Dist;•ncia entre los pozos de visita ,de inspecci•)n ma--­
nual,y de transformadores. 

-Voltaje de la lín~a. 
-Ndmero,calibre y material de los conductores y corrien-
te máxima para la que esté~_destinados. 

-Aislamiento ·de los conductores,armadura del cable,cláse 
y diáwctro del mismo. 
J,de:nó.s de los datos anteriores,se deben presentar,ya -­
sea en hojas por separado o en los mismos planos,los d~ 
talles siguientes. 

-Corte seccionai'de los ductos,con las acotaciones nece­
" sarias que fijen su posici6n con relaci6n al lugar don­

de se vayan a colocar,indicando las dimensiones de su -
revestimiento. 

-Corte seccic'nal de los pozos de visita,de. inspecci6n ID.§. 

nual y para transformadores,indicando sus dimensiones y 
el mrterial ~ue se proyecta emplear,para éstos detalles 
se usarán escalas de 1:10 hasta 1:50. · 

INSTALACIONES OCULTAS.- Las instalaciones ocultas se mos-­
trarán en dos copias de plenos de la planta de cada uno de 
los pisos del edificio en que se vaya a hacer la instala-­
ci6n ocul ta,consignando los siguientes datos. 

~Diámetrocde -la tubería,dimensiones de otros ductoo ~su 
ti.po. , 

-Número de conductores en cada tubería o ducto.-
-Calibre y clase del aislamiento de los conductores. 

--Número y capacidad de los circuitos. 
-Localizaci6n de cajas de conexi6n,contactos,apagadores, 
salidas para alumbrado,etc. 

-Tabulaci6n de los signos convencionales que se usan en­
el plano • 

. 'CALIBRES DE LOS CONDUCTORES.-Cuando se dan números de -
calibre de conductores ,dichos nÚ;ueros corresponden al Sis­
tema Norteamericano de Calibres(A.W.®.),a menos que se ha­
ga referenciD expresa a otro sistema de numeración. 

CONDUCTORES.-Lo~ conductores a que normalmente se hace­
rererencia son de óobre.Cuando no lo sean,se indicará su -
material. 

INSTALACIONES EN LUGARES IMPROPIOS.-Los conductores ·o-­
equipos no ·aeberán localizarse en lugares húmedos o mojado 
o donde estén expuestos a gase~,humos,vapores,l!quidos u -
otros agentes que-tengan efectos deteriorantes,r.i donde e~ 



t~n expuestos a temperaturas cxcesivas,a menos que est~n­
construidos pare cada oondici6n especial de instalaci6n. 

RESISTENCIA DE AISLAMIENTOa-
Para circuitos que, operen a menos de 750 vol ts. entre con-­
ductorcs,con clambre del # 14-6 # 12,1,000,000 ohms.Para -
circuitos con alamb~e #10 6 de may~r secci6n,la resisten~­
cia de aislamiento se basa sobre la corriente permisible­
en les conductores.Como sigue: 

25 a 50 amperes 250,000 ohms. 
51 a lOO " 100,000 11 1 

101 a 200 " 50,000 " 
201 a 400 11 25,000 " 401 a 800 " 12,000 11 

más de 800 " 5,600 11 

MARCAS.-El nombre del fabricante,la marca de la fábrica 6-
aldm otro simbolo de identificaci6n de fabricante y el n.ll 
mero de autorizaci6n de la Secretaría de Economía,deberán­
aparecer en todo equipo eléctrico. 

MOLESTIAS O PERJUICIOS A TERCERC:S. -las inst<>laciones debe­
rán híJ.cerse. de manera que elf'funcionamient·o del equipo de­
un servicio no produzca molestias o perjuicios de importan 
cia a otros serviocios o instalaciones,como pueden ser va­
riaciones fuertes de voltaje. 
Se recomienda tomar la s precauciones necesarias para ins­
talar y conservar el equipo y las líneas el~ctricas de ma­
nera que no se produzcan descarGas u otros efectos que pu~ 
dan producir interferencias en la radiorrecepci6n. 

APAGADORES OCULT03.-Los apagadores instalados en caja ~ 
metálica no conectados a tierra y empotradas donde puedan­
ser alcanzados desde el piso o superficies metálicas,debe­
rán tener t2pas de material aislante e incombustible. 

APAGADORES VISIBLES.-Los apagadores que se usen en con,Sl. 
lizaciones visibles deberán colocar3e en z6calos de mate~­
rial aislante que separen a los conductores por lo menos-­
lO milímetros de la superficie sustentadora. 

PANTALLAS Y CUBIER~'AS COMfUSTIBLES.-Deberá dejarse ·un espQ 
cio adecuado entre las lámparas y las pantallas u otrns cy 
biertas de mat~rial combustible. 

El equipo que se use en sistemas de alumbrado de desca1: 
ga cl~ctrica y que esté construído para un voltaje a cir-­
cuito nñierto de 1,000 volts o menos,debr·rñ ser de un tipo 
npl·op:l.od o poro. 'l.nl ar:rvia i o. I~no terminales rlc una J :~mport1-
dc ele a carga 'cl6ctricn dcherón conatderaoo como v:ivao, ::i -­
cualqnieró de ellas eotán conectadas a más de 300 volts n­
tierra. 

EQUIPO.DE CORRIENTE DIRECTA.-Las unidades de alumbrado­
mencionadas deberán instalarse en circuitos de corriente -

........ ~"('".~,.. ............. -..------ .. ··---



alterna ~nicamente,a menos que est~n provistas de equipo -
auxiliar y resistencias especialmente construídas para fun 
cionnr con corriente directa 'j' que así se indique en las-­
mismRs unidades. 

VOLTAJES PERMITIDOS EN CASAS HABITACION.-Solamente se -
permite usar en casa habitación· equipo que ten~:a un vol ta­
je a circuito abierto menor de l,OOOvolts,y siempre que e­
cunndo se tenga un voltaje a circuito abierto d~ ~ás de---
300 volts,el equipo est~ construído de tal modo que no ten 
ga partes vivas descubiertas cuando las lámparas estén en-
su lugar,ni cuando se retiren. · · 

:.íONTAJE DE UNIDADES DE ALUI1:BRADO. -Las unidades de alum­
brado que tenGan reactores o t'ansformadores,deberán inst.Q. 
larse de tol modo que ningún material combustible quede ez 
puesto a una te~peratura mayor de go 0c. . 

APAGADORES.-Los apagadores deben cumplir con las reco-­
mendaciones antes citadas(Apagadores ocultos;Apagadores vi 
sibleS). · 

. ,. 
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RESTRICCIONES FUNCIONALES, TECNICAS Y ESTETICAS 
DEL REGLAMENTO DE CONSTRUCCIONES DEL D.F. 

A EDIFICIOS. 

RESTRICCIONES 

(FUNCIONAL) 
Ningún elemento situado a menos de 2m. de alt~ra 
podrá sobresalir del alineamiento. 

{f. s·~-~ T 1 co > 
lus construcciones ubicadas en zonas tipicas, ca­
lles ó plazas donde existen construcciones decla­
radas monumentos, deberán armonizar con el amblen 
te genera 1 • 

(FUNC tONAL) 
Toda. edificación con piezas habitables, excluyen­
do los servicios que esten a una altura mayor de-
13 m. sobre el nivel de la acera, deberán tener -
por lo meno~,un ascensor. 

( FUNC 1 ONAL) 
Ningún punto de edificio podrá estar a mayor altu 
raque 1.75 veces su distancia al paramento vertl 
cal del alineamiento opuesto de la calle. · 

(TECNICO) 
Las zonas de influencia de los aeródromos,serán­
fijadas por la Dirección de Aeronáutica Civil y -
en ellas regirán las limitaciones de altura que­
fije dicha Dirección. 

(FUNCIONAL) 
Los edificios deberán tener los espacios sin cons 
truir que sean necesarios para lograr una buena~ 
iluminación y ventilación. 

( FUNC 1 ONAL) 
La dimensión minima de una pieza habitable, seiá­
de 2.70 m. y su altura, será cuando menos de 2.30 
m. 

(FUNCIONAL) 

ART. 

( 21 ) 

(48) 

(53) 

(55) 

(57) 

(58) 

(61 ) 

La superficie total de ventanas libres, será por- (63) 
lo menos de un octavo de la superficie del piso -
de cada pieza y la superficie libre para la venti 
laclón de un· velntlcuatravo de la misma., · . -

.. • 

._ h. 
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RE STR 1 CC 1 ONE S 

( FUNC 1 ONA,~) 
Dimensiones mínimas de los patios para dar ilumi 
nación yiventilación a piezas habitables. 

f'l ;, 
{ FU N C 1 ot¡I'A L ) 
Referente a la iluminación artificial. Niveles­
mínimos de iluminación en luxes. 

(FUNCIONAL) 
Ancho mínimo de pasillos 1.20 m., altura minima­
de barandaJes 0.90 m. 

ART. 

(64) 

{65) ~81) 

{66) 

(FUNCIONAL) 
Los edificios tendrán siempre escaleras que comu (67) 

, niquen todos los niveles, aunque tengan elevado~ 
res. 

{FUNCIONAL) 
Anchura mínima de puertas a la calle 0.90 m. (68) 

(FUNCIONAL) 
Suministro de agua potable por habitante 150 lts. {70) 

{FUNCIONAL) 
Cada una de las viviendas de un edificio deberá-. {71) 
tener sus propios servicios de baño, lavabo, ex-
cusados y fregaderos. 

{FUNCIONAL) 
Las aguas pluviales que escurran por los techos~ 
y terrazas, deberán ser conducidas al dr~naje, 

(72) 

( FUNC 1 ONAL) 
Especificaciones para escaleras: {78) 
Ancho mínimo 1.20 m. 
Ancho máximo 2.40 m. 
Huella mínima 0.28 m. 
Peralte máximo 0.18 m. 
Servicio de áreas de planta por escalera segan -
su anchura: 
Hasta 700m2. 1.20 m. 
de 700 a 1,050 m2. 1.80 m. 
de 1,050 a 1,400 m2. 2.40 m. 

( FU N C 1 ONA L ) 
Sobre los servicios sanitarios: {80) 
Por cada 400 m2. 6 fracción, se instalará un ex• 
cusado y un minguitorfo para hombres. 
Por cada 300m2. 6 fracción un excusado para mu­
jeres. 

\ 
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ARTICULO 182.- NIVELES DE ILUMINACION. 

los niveles mínimos de iluminación en luxes serán los si 
gu i en tes: 

~.- Edificios para habitación. 

Circulaciones. 

11.-· Edificios para comercio y oficinas. 

Circulaciones. 
Vestíbulos 
Oficinas 
Comercios 
Sanitarios 
Elevadores 

111.- Edificios para la educación. 

Circulaciones 
Salones de clase 
Salon~s dé dibujo 
Salones de costura 
Sanitarios 

IV.- Instalaciones deportivas. 

Circulaciones 
Sanitarios 

V.- Baños. 

Circulaciones 
Baños y sanitarios-

VI.- Hospita.les. 

Circulaciones 
Sala de espera 
Sala de encamados 
Consultorios 
Sanl tarios 

,..,., 

100 

. 100 
300 
400 
300 
100 
100 

100 
400 
600 
900 
100 

100 
100 

100 
100 

100 
200 
60 

400 
100 

• . • • 2 



VIl.- Industrias 

Circulaciones 
San i ta ri os 
Cornedores 

2 

VI 11.- Salas de espectáculos. 

Circulaciones 
Vestíbulo 
Salas de descanso 
Sala durante la función 
Sala duran~e los intermedios 
Ernergencia en la sala 
Ernergencia en las circulaciones 
Sanitarios 

IX.- Centros-de reunión. 

Circulaciones 
Caba·rets 
Restaurantes 
Cocinas 
Sanitarios 
Emergencia en la sala 
Emergencia en las circulaciones 

X.- Edificios para espectáculos deportivos. 

Circulaciones 
Sanitarios 
Emergencia en circulaciones 

X 1 • - T emp 1 os . 

Altar y retablos 
Nave principal 
San ita ri os 

XI 1.- Estacionamientos. 

Entrada 
Espacio para circulación 
Espacio para estacionamiento 
Sanitarios 

100 
100 
200 

100 
200 

50 
1 

50 
5 

10 
100 

100 
30 

100 
200 
100 

5 
10 

100 
100 

10 

600 
100 
100 

300 
100 

50 
100 
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SECRETARIA DE·SALUBRIDAD Y ASISTENCIA 

RESTRICCIONES LEGALES. 

RESTRICCION ART. 

Muros macizos exteriores expuestos a la interperie. (21) 
Espesor mínimo 15 cms. 

Muros y techos expuestos a interperie, de madera ó- (21) 
material laminado, deben ser dobles separados 5 cms. 
cada uno. 

Juntas de muros y techos arreglados para impedir el (22) 
paso del aire y agua y protegido de Jos roedores. 

Los muros de las cocinas y baños deben tener un re- (25) 
cubrimiento hasta una altura de 1.50 de un material 
resistente, iimpermeable y fácilmente aseable. 

La pendiente mínima en la cubierta de las azoteas- (26) 
será de 1 . 5% 

Po,r cada 100m2 de azotea en proyección horizontal- (27) 
se necesita una bajada pluvial de 7.5 cm. de 0 ó --

,área equivalente. (por lo menos). 

Para' desaguar marquisinas diámetro mínimo de 5 cms. (27) 
ó área equivalente, para superficies hasta 25m2. -
( máx.) 

Los techos planos ó inclinados deberán llevar cana­
les colectores y bajadas pluviales cuando el agua -
pudiera descargar en vía pública ó predios colindan 
tes. 

Las superficies 1 ibres de construcción deberán ser­
pavimentadas ó tener jardín ó ambas. En las pavime~ 
tadas deben tener una p~ndiente mínima de 1%. 

Los pisos de baños, cocinas y pasillos se construi­
rán con material impermeble a prueba de roedores. 

Cuando en las construcciones se vaya a emplear un 
nuevo material ó preparaciones distintas a las cono 
cidas y aceptadas, deberán ser aprobados por las au 
toridades sanitarias. -

Los pisos de la planta baja de los edificios, debe­
rán construirse 10 cms. más altos que los patios y­
estos a su vez 10 cms. más altos que el nivel de la 
acera ó banqueta, salvo en casos especiales en que-
la topografia del terreno lo impida. -

• 

{29) 

( 31 ) 

(32) 

(34) 

(35) 

,, 
l 
; 
'¡ 
1 

¡ 
¡ 
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RESTRICCION ART. 

Los pisos bajos serán protegidos contra la humedad, (36) 
mediante procedimientos de impermeabi1 ización. 

Las piezas·destinadas a habitación, tendrán luz y- (37) 
ventilación directa al exterior por medio de puer-
tas 6 ventanas convenientemente distribu(das. 

la s~perficie de iluminación no será menor de 20%- (37) 
d~ la superficie de piso de la habitación. 

Las ventanas y puertas tendrán una sección movible (37) 
de cuando menos 1/3 de los claros de iluminación -
para renovación del aire. 

la iluminación y ventilación se satisfacerán: de - (37) 
la via pública, de los patios del edificio ó por­
diferencia de niveles. 

Para Jos locales que por circunstancias especiales (38) 
se les deba suministrar ventilación artificial, se 
proporcionará por medio de instalaciones mecánicas 
que garanticen la renovación eficiente del aire. -
El movimiento del aire no será superior a 0.25 m./ 
seg. (velocidad media medida a 0.9 m. sobre el pi-
so). la temperatura comprendida entre 17 y 23°C y-
la humedad relativa entre 30 y 60%. 

Viviendas mínimas.· 2 piezas, cocina, baño y patio- (39) 
de servicio. 

Dimensiones mínimas: 
Pieza habitación: 
Cocina: 

Cocina: 

Baño: 

Patio: 

7.50 m2. superficie. 
2.50 m. ancho. 
2.30-2.80 altura. 
6.00 m2. superficie. 
1.50 m. ancho. 
2.00 m2. superficie. 
1.00 m. ancho. 
4.00 m2. superficie. 
2.00 m. ancho. 

. (39) 

Instalaciones sanitarias mínimas: . (39) 
Excusado, lavabo, fregadero, regadera, lavadero. 

Recámaras 6 dormitorio~ mínimo~ según el número de (41) 
habitantes. . 
3 habitantes: 1 recámara. 
5 ~ ab i tan tes: 2 recámaras. 
7 habitantes: 3 recámaras. 

• • 3 
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RESTRICCION 

Para viviendas de más de 3 recamaras 2 habitantes 
más por recámara adicional. 

Dimensiones mtnimas de los patios que sirven para 
dar iluminación y ventilación con respecto a la­
altura de los muros que los limiten: 
Altura hasta. Dimen~ión mtnima. 

4.00 m. 2.50 m. 
8.00 m. 3.25 m. 

12.00 m. 4.00 m. 
Para alturas mayores la dimensión mínima será de-
1/3 de la altura. En el caso que sirvan para coci 
nas y baños se reduce_ a 1/5. 

ART. 

(42) 

Queda prohibido dar luz y ventilaclón a las habi-. (42) 
taciones abriendo ventanas o colocando dispositi-
vos con el mismo fin hacia predios colindantes. 

Los edificios de departamentos de más de 5 nive-- (43) 
les, deberán contar con ascensor para personas,-
además de escaleras. 

Todos los departamentos deberán desembocar:·-a pasi. (44) 
llos que conduscan a las escaleras, Ancho mínimo~ 
de 1 .20 m. 

No deberán estar 1 igadas las escaleras de los ni­
veles superiores con las de los sótanos. 

Ancho mínimo de las escaleras de 1.20 m. para edi 
ficios de habitación multifamiliares y de 0.90 m: 
para unifamiliares. 

La huella neta de los escalones no será menor de-
25 cm. y los peraltes no mayores de 18 cm. 

Toda ventana no podrá tener cristales sino a par­
tir de una altura de 90 cm. sobre el nivel del pj 
so. 
En casos especiales que se requiera poner crista­
les hasta el piso se proveerán de dispositivos de 
seguridad hasta dicha altura. 

Especificaciones par~ sótanos: 
Altura mínima de 2.30 m., superficie mínima de 
7.50 m2., lado menor de cuando menos 2.50 ml 

Que no exista humedad. 

Que dispongan de luz y ventilación. 

Materiales de construcción a prueba de roedores. 

Ningún punto de un edificio ~odrá estar a una al-
1 

--: -v-~·· ~-,,. ~~_.,1-,.,n •r ~ 

(45) 

(45) 

(45) 

(46) 

( 48) 

( 48) 

( 48) 

( 48) 

(49) 
4 

1 
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RESTRICCION 

tura mayorcde 1.75 la distancia horizontal entre dicho 
punto y el lindero más cercano de las manzanas vecinas. 
Se exceptúan los motivos arquitectónicos tales como -­
miradores, torrecillas y otros de escasa importancia y 
carácter ornamental. · 

ART. 

El apartamiento mínimo de agua potable a los edificios,, 
se calculará a razón de 150 litros por habitante, por-
dí a. (52) 

Queda estrictamente prohibido la servidumbre o servi--
cios de agua de un edificio a otro. (53) 

Para evitar contaminaciones en cisternas, no deberán -
existir tubos de albañal o conductos de aguas negras a 
menos de 3 m. (56) 

Los depósitos que trabajen por gravedad deberán debe-­
rán estar 2 m. más arriba de los muebles sanitarios --
del último nivel. (57) 

En todo edificio deberá haber cuando menos un excusado 
e irá aumentando a razón de un excusado por cada 10 --
personas. (62) 

En los baños donde existan regaderas, ésta deberá es-­
tar separada del resto por medio de un reborde de 10-
cm. (mi n imo). (63) 

Las instalaciones hidráulicas y sanitarias se harán 
con materiales autorizados por la S.S.A. 

Los albañales deberán estar debidamente protegidos con 
tra la oxidación y el intemperismo al igual que sus -~ 
juntas. 

Los albañales se harán con tubos de 15 cm. de diámetro 
interior como mínimo. 

Los albañales se construirán bajo el piso de Jos pa--­
tios o pasillos de Jos edificios. Se permitirán modifl 
cae iones. 

Los albañales se instalarán a cuando menos un metro de 
distancia de Jos muros. Cuando no se pueda llevar a-­
cabo ésto, la instalación se protegerá de asentamien-­
tos, previa autorización. 

Los tubos para conductos desaguadores tendrán un diá-­
metro no menor de 32 cm., ni inferior al de la boca de· 
desague de cada mueble sanitario. Se colocará con una-
pendiente mínima de 2% para diámetros hasta de 76 mm., 
para mayores la pendiente minima será de 1.5%. 

(74) 

(75) 

(76) 

(78) 

(79) 

• • • • 5 
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RESTRICCIONES ART. 

Los cambios de dirección de los albañales y las {81) 
conexiones de ramales, se harén con deflexión • 
máxima de 450. 

La piezas "T" para conexiones de ramales deba- {82) 
jadas con albañales, sólo se permitirán cuando-
el cambio de dirección sea vertical a horizon--
ta 1 • 

Los albañales tendrán una pendiente no menor de {83) 
1. 5% 

Los albañales estarán dotados de registros a -- {84) 
distancia no mayor de 10m. con objeto de lim--
pieza. 

En el lugar inmediato y anterior al cruzamiento {84) 
del albañal con el limite del predio y la vía-
pública habrá un registro. 

Los registros para albañales ocultos, tendrán- {85) 
las dimensiones mínimas siguientes: 

Profundidad hasta 1 m. 
Profundidad hasta 2 m. 
Profundidad más de 2 m. 

40 x 60 cm. 
50 x 70 cm. 
60 x 80 cm. 

En cada cambio de dirección se construirá un re 
gistro al igual que en cada conexión con rama-­
l es. 

Los albañales estarán provistos en su origen de 
un tubo ventilador .de 5 cm. de 0 como mínimo. 

Queda prohibido el sistema de gárgolas ó cana-­
les que descarguen a chorro desde las azoteas. 

Cuando el mismo tubo ventilador sirva para va-­
rios excusados, colocados a diferentes alturas, 
se 1 igarán los sifones ent_re si. por medio de un 
tubo de 38 mm. de 0. 

{86) 

{87) 

{ 91 ) 

{98) 

Sólo podrá autorizarse la instalación de fosas­
sépticas ó plantas de tratamiento en edificios­
ubicados en lugares fuera del perímetro de las­
redes de saneamiento. 

{ 106) 

Toda fosa séptica ó planta de tratamiento será­
de material y capacidades aprobadas por las au­
toridades santtarias. 

{ 106) 

6 
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Atcessary solut!on. But the re:~.son that LP can be u.sed is that the critcrion 
ol minimax has been built into the system. :\Imi.ma..'t does not require ex­
pected values acd it does not inc~ude any pro\·isions for considering proba­
bilities. On the other hand, the solution itself is a risk-type st:~.tement 
specifying the approp:iate statistical frequencies tfult shoulrl Le employed. 
for that reason, it might be suggested that such problt-ms should be in­
cluded with D:\I[R. Whate\·er our preference. \\"t> must couclude that 
d~.gn decision problems are amenable to formal attack. The classifications 
of risk, certainty, and uncertainty are hclpful but not crucial. For a. real 
decision problcm we must deal with a subtle blend. The major issue is to 
i!o!ate the rcle\·ant factors anu to avoid forcing them into a standard format 
ja.c:rt for the sake of using formal methods. The nt>xt two chapters will 
eonsider sorne of the difficultics associated with the u..~ of objecti\·e methods 
and will provide a number of practical methods for coping with such 
difficulties. 

·7~- e~ 
fL . ......: r. .J 

chapter 
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.: 

QUALITATIVE o::CJSION METHODS 

·. 

We have examined the formidable framework that exists for analytical 
dcsign decision-making. Stripped to essentia.ls we can summarize what 
hss been considered. 

(1) Enumeration of design strategies. 

(2) Enumeration of states of nature. 

(3) Spccification of the probnbilitics for the states of naturc. 

(4) Detennination of outcomes. 

~~~:::~: _: ~:J __ ·~ 
..,"';!..._: - ~~ "'-: ~ •• 
-~" ... \'_- __ ... ... ' - .. . .... - -
;...~-~:.- __ : ·---(7) Several approachcs for resolving decision p:::oblerru under con<f 
~:)~: .:-:_ ;~-- ~-,-of certainty wherc the expected values deri•·ed by ri.sk methoci. 
.;t .. ~_,::_ . ------ used as part o! the data input. -
~:; .. -·;:: ~- '" ~ ~ . ~ . - - - ... 
-:"f...:-~·~··:: · "(8) ·A number of critcria tha.t can be employed to ·resol ve dec: 
.;~::;-./.- _ -; __ problems whcn conditions of uncertainty apply. 
J 2'<.:----~ . -
, i:~- : :.(9) The fundamental character o! decisions that are affccted by e 
• -~¡-:_-.--:; ·. ' •• petitive factors. 

:J.f~~ ~: ·: I~ our discussio~ we h~ve side~stcp~ed a number of important quesr 
;t~'f.:·= -~t seemed more appropria~ for the prcscnt stage of development 
-=.:;,.~~-~-:are now obligated to raise and answer these qucstions. 
·~.:_;~ . 

-~~:r:~. - .. 
~ i~: _.... . 
~- _'30. PREFERENCE MEASURES 
:_~~~-- - - -

--:. .. -

~~~;: Several times we have employed the profit function. By so doing 
:.~t:_~avoided situations where fl single outcomc dimension was not ava.iln 
~~~; Costs, selling prices, sales vofume, and other factors could all be com.·e 
~f'~~into dollars-or so we assumed. Unfortunately, this is not always thc r 
~-~~.\-_Many times, confronted with a number of design a!tern.atives, thc best 
f:-j::~~<we can do is express our P.references (an intermedi.:lte variable) for e 
~~·~r- .Fo~¿ example, there are ca..c:bs wbere safety is a primary consideration 
!~i:<;:must be íncluded in the analysis. But how do wc evalll!!.te the combin:_ 
--~~ of safety and profit? How much safety is equivalent to onc unit of pr. 
!..~ ~"?-': Another exa.mple of this kind of conundrum occurs when weapon sy:: 
~~~~~ evaluated. Profit-at lcast in its usual sense-is an almost meanir: 
: M~ concept. Factors such as fire power nnd maneuvernbility must be we: _ 
:~~.: ~against cost and expccted obsolescence. Still another instance would b, 
5~{- evaluation of alternative designs for surgical instrumcnts, in_ whicl: 
'"..-:.~:; ·.cost would have to be weighed against the remedia! propcrties oi 
~ ~~:::~instruments. Preference embodies such multiple componcnts. It is "::· 
· .;-;.~ :=· how" a resolution of many factors and an attempt to estima te thcir e<: 
;~~>" butions to the achievement of the objectives. There is no reason w! 
:· ~f_. LP-design-mix formula.tion could not be used to m.aximize prcferer. 
~:r~~~~~stead of profit. Similarly, we should be nble to resolve a competitive de· 
i>~;~ -~ _aystem where the payoffs are statcd in terms of a preferencc mensure. 
~:¡:~·:.- problem that must be solved, however, is how to derive a mean: 
; ~::.-- measurc of preference. · 
S.-• "t.,:•· .;:-;__ ______ _ 

·- (5.se of tbe deci.sion matrÍ."< to obtain expected values. 

(6~esolution o! uecision problems whcn risk conditions apply. 

.~-;:-:~_ 
_.A . -~;-. • ·. 'Estima.tes of profit whcrc rclationships are unknown and guc!!S_Ais used are 

·;"'W" : ·_?.:.· _ llO more th:m preferencc mell:!ures, but the dallar dimens10r. lend.!'9r of aut!.e 
: -:: ·• that must be vie"l'l·cd with suspicton. · 

-¡, ·, •. 

.... 
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31. RAN.'(ING AND TRANSITMTY 
.. - -

The qU!Llitative, opern.tion of ranking designs is frequently used. Some­
&imes it works, but o(ten it does not. The major rea..~n for failure is the 
vioJa.tion of t~ansil.it·ity. Thus, if the designer prefers .\ to B, B to e and e 
to A the consistency of logical choice has been abused. Transitivity is 
obriously required if we are to believe in rnnk ordering. Too frequently, it ___ 
can be shown to have been violatcd. \Yhy is this so? 

One ba.sic reason is that multiple dimensions exi.st which share im­
portance because the objectives are also multiple and tend to oppose each 
other. The designer woutd like to use a superior material but he is obliged 
t.o vrork within a limited cost structure. As the seating capacity of a plane 
is increu.sed the amount of fuel it can cn.rry is decrea...~d. With improvement 
in the tone of a radio the size of thc unit increases. Examples are legion. 
lf all of the objectives cannot be mergcd into a single-dimensioned ob­
jective. such as profit, it is easy to see how compari.sons between pairs of 
·clesigns might accent different components of the objectives. The issue 
really comes to a head when we bring up the subject o( quality. This is a. 
term that is commonly used by all participant.s in the design decision 
procesa. But does e\·eryone mean the same thing when the word is used? 

32. QUAUTY 
-

No treatment of des:gn decisions would be satisfactory if it ignored the 
problem of defining the quality of a design and the way in 'vhich design 
quality enters into comparisons between alternative strategies. First, let 
us note that the subject of quality is not independent of such basic con­
aiderations as the optimal productor design-mi."C. Xeither is it independent 
of the competitor effect. As a matter of fact we are \iewing quality esti­
mates as the equivalent of preference. This seems to be totally consistent 
with the prevailing attitude of design decision makers. Therefore, if we 
can· develop relevant quality measures, we can employ these as the out­
comes for our decision processes. 

What is quality? lt is not easy to define. There are two interpretations 
whieh are frequently interchanged in both ordinary conversation and tech­
Dical diseussion. Sometimes it is bken to mean that a desired charncteristic 
or set of eharaeteristics is embodied in a given product. In this case it is 
used to impute value. Whcn the smtement is milde that z is a quality 
praduct, it is understood th3t .. high" quality is meant. -

On the other h:md, a quality is an attn"bute or property. When used in 
this latter scnse, it is free of ,·alue judgment. We \\"ill use qU3lity in this 
ticond wa.y. \\'ben thc first meanirig is intended, we will specific:llly state 
-"" degtee to whicb the property is eonsidered to be desirnble in terms of 
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aome standard. Our purpose in doing this is to avoid the uncor_==do 
priori judgmcnt of the acceptability of a particufu.r cha.racterk-:!c : 
specilic design. It may be true that. hand-cut glass is a ma.rk of hig.;, qua 
to sorne people, but not necessarily to all people. A real leather bricf( 
may be callcd high quality by a group whose tastes are predi.:;po~ :1ga 
the "ersatz"-thc synthetics and the pbstics-but this is neithcr a final 
an unequivocal judgment. A large cbss of attributes (such as color !: 

user's prestigc) are judged to be of high or low quality on the basi~ 
arbitrary standard.,. Arbitrn.ry standards have no permanent existenc·. 
time and thcy \\:ill differ among cultures, social gmups, and indh-idL 
The marketing dcpartment is usually entrusted with the problem of 
termining thesc &tandards. Thcre are many examples of arbitrar-y qu;. 
standards. High c¡uality is frequently attributed toa high-priced prod1 
even though thnt product is identical to a lower-priced product markt. 
with a different lahel. Scarcity is another condition which frequently CL 

the appellatiou of high quality. But thesc judgments are not uni•;ers. 
acceptcd and thc standard must be called arbitrary. 

Fundamental quality standards, on the othcr hand, are unchanging, b 
over time and among ctllture::;. They can be traced to physioiogical requ. 
ments of thc human b~dy, basic instincts which characterize human· 
and em·ironmental needs which logically compel agreement among 
individuals. Thus, if a rndio is so designed that all transmittcd sounds 
distorted, there will bq universal agreement that the quality of sot 
reproduction is poor. Irthe handle of a pot always burns thc hand of · 

. holder, there will be no dispute about thc quality level of tlús fea.tur 
the design. Fundamental quality standards require agrecment on thc; 
of those evaluating the quality leve! as to thc objectives of the design 
the needs to be fulfilled. Once this agrcement has been rcached, no fur 
disagreement should ensue. To illustrate this point, if a soap is intende 
clean etTecth·cly whcn uscd in a washing machine, once thcre is concurr. 
on the definition of "clean effectively," all individuals-with or wit~ 
washing machines-will agree in their quality judgments. lt is possib: 
achie,·e almost complete agreement on such dcfinitions-hence, the a¡ 
lation: fundamental quality standards. 

The distinction betwcen arbitrary and fundamental standards ca 
uscful when thc elcmcnts of dcsigns are being classified for emluation 
poses. lt is not always ob\·ious how to categorize an elemcnt. Sometirr. 
is o.pparent ·that both arbitrnry and fundamental standards apply. 
examplc, considcr t.he problem of defining acsthctic standards. Alth( 
&here is an importa.nt physiological componr.nt: there ca.n be Df) doubt f:\ 
appearanc:e design factors are bardly universal, nor are culture and · f 1 

iavariant. lleasurement of aestbetic qualitics a.nd thc dcterminatio V 
1 Tlle operation of the pm:cptors if notbing else. 

----- ·-- ------------



-~~e sta.c.Ca:¿; ;;.:.". :c.o:oo in the psychodyn:unie3 of a culture,-but they 
~-~'r:lbd J v ~.-~.~ .. ;:•n:cture -- - -

10;-~··L-em~~·':;.:~~;~~~i:.; l':m be. amplificd in many wars :md a great 
,::¡ d e.uc:.~~ • .•. -. te d::~.wn to support thc m:1jor point=> which we are 
- t' ..... ""'" ¡.¡; ... ~ • \-·r-1~· . 
~ ......... ~ ....... -..~~--·· ....... .,J. • 

: ~, Th~ q~!:;: ~! l. ·1('.~:gn is a function oC sorne Sl'> of ::-t~ml:trds. 
:!. II tbe ~·~·~~·-:~"a !ur.d:unental onc, then there is uuh·C'r:::al agree­
- ment. 8:!r.~ t\.A..· • .-:.~ds :ue usually timc-invnri:mt. 

~-, 'If the ~tz;.;.-:.;.:! :S :1:1 :ubitr:uy one, thcn quality C\"alua tions can 
, and mll d-.::.:..¡.>: ovcr time in sorne logical fnshion. Thc proccss of 

'dunge i: ~ .n::·.t.vm oce yet consistent within it.s own frnmework. 1 

A technt>!r.~·~ hr<>:lk-tlu-ough opcns up new design possibilitics aud 
ean alter p~:.:r .. t;s s~d:uds. 

;; Arbitrary !:"U.":-~;~rds aJe not only- different on•r timC', thcy nre also 
dilT€:rent h~ ~::y ;r.ven point in time amcng indi,·idu:tls, groups, and 
culturt:S. n.:-:.~ ~.here is :l necd to considcr d.:mogr.tphir :md psycho­
logical !:!ra!:!p~~\~on of consumers-a. marketing function. 

5/ .\ gt'1'.&t r.=i::.:~= of qldity judgmcnts must be rendcred for eacb 
design. \\"l.;!o: ::he judgments will not be independent or eacb other 
they rJlr.r~~ ~~nimo~ly infer high qu:Uity to a1l propcrties of one 
design. S<,r:;.r; 2.ttrib~tes mil ~ moro important than others. One 
bigh qualit¡ '*--:-. outweigh 3. score of low qualities in the same product 
d~- - - -

- must theref(.;(: !~.d a mexJ.S to accomplish the fofiomng: 

-1} We must hi! at!e to c:easure the quality leYel of each cbaracteristic 
· in a produet. "1"hls reqcires the determination of a sbndard for each 

clwactemtie. 
2) We m1Et Le ah!e to combine the separote judgments rendered for 

each chara.ctrd.ztic i:l order to produce a resultant measure of quality.. 

_3) The ~-ultC:t t!u:illts :c:e!l..~ should express our preference for each 
design alte~ti-.-e. lt iliould be immune to '\'iolations of transitivity. 

RESULTANT Qt;AUTY --

\\"e shal1 hegin in a simp!e -way by using a '-en' oommon method of 
~~tion that i.s thtclly wrong. Our intention is to compare designs A 

- -
1'lle piOCf'!!3 ia , tJ, .. ~la:-kc;• typ!, ~bere the state at. time 1 is a function of tbe 
-~a: time 1- J. Tho: rultS fe::- tr:msitipn lll3Y be quite comp!ex :md tbe nwnber of 
=::"'!Jle statf:s may ,,., Vt~- grt::l~ :..:deed. ÁU possible states will ~!dom be enumerable­
:..)" of them :an: Lidda:n w;til !!:-.--y are discoverro by creatire iasighL 

l -~ 

and B. By ngrecmcnt two ch::tra.ctP.ri:;tic:; ara isolated ns being tbe maj~t 
determin:mts of t¡uality and thcrcfon: prdercncc (und tberf'fore attainment 
of the objectiv<·s). w~ shall call thc~ dw.racteristics 1 and 2. The quality of 
each desit;n is ratcd with rcspcct to thc two char-J.ctcristics. Thus A 1 is tht! 
quality evuluation of dcsign A with r(!;,pcct to thc first charo.ctcristic; 
similarly B2 is thc quality cv:Uuation t¡{ dc.;;ign B with rc3pcct to the secon<l 
cb!lr.lcteristic. By switching frorn thc analysis of thc dc,ügn as a wholc to 
the analysi~ of ench tlcsign charactcristic, the dimt'nsion:J.l dúii~ltics thnt 
are inhcr<'ut iu ovcr-a.ll evaluation can br.: avoided. Consc-quentlyiviolations 
o{ tmnsit-ivity can be eliminatcd. 

Next u. sct of wcighting factors is ehCJsen. Individuals of the dcsigu team 
Ínay not ngrcc on the assignmcnt of wcights. For that matter, there will 
probably not be complete :tgrcemcnt on thc quality standards and mcasurcs 
t.hnt o.re to be employcd. At lcast all such disagrernents can be discusscd 
bceausc thcy are objcctivc (althougb qualitntive). We will return to this 
subjcct again. nut first lct us scc what is done with the weighting factors 
nnd wbat is wrong with thc mcthod that is commonly employcd. 

Let the weights be te¡ for the first characteristic and tez for the &econd 
cbaractcristic. Then the tquality of design A is given as, QA = w1A1 + · 
tozA2, and the qu:ility of 

1
dcsign B is, Qs = w1B1 + tc281. This is what is 

done in thosc circumstances whcre extra. cffort is being expended n.nd where 
formal qu:ilitative (quasi-qtlll.ntitath·e) methods are :illo·.\"ed. \Ve shall ún­
CO'\"er the fundamental ecror that is being made by taking a specific ex., 
ample. We will compare t'he qua.lities of two boxes, each of which contain 
one apple and one orange. 4 To begin, let us assume tbat a highly-skilled 
fruit groder determines the following: Box A contains :m apple of grude 2 
and :m orange or grnde 5, where 5 is the best possible grnde and l is the 
lowest grade. Box B cont::üns an applc of grade -t and an ornngc of grade 3. 
One of the designers of the box of fruit states tbat in bis opinion the 
contn'butions of the apple and the omnge to the o\·er-all quality of the 
combination nre equi'\':Uent. By this he menos tbat bis preference for either 
one of the boxes will be equally infiuenced by both types of fruít. The im­
plicit assumption is 1113.de that be is not speaking about bis O\\~ preference. 
Inste:ul he is attempting to mirror the consumers' attitude and make bis 
preference equivalent to the profit potential of each type of box. Then, at 
least for this decision-lll3.k.er, the qtlll.lity measures would indicate equal 
quality evaltlll.tions for both boxes. Thus: 

Q (Box A) = (1)(2) + (1)(5) = 7 and Q (Box B) = (1)(4) +: (1}(3) = 7 

We are not going to quarrel witb the choice of weights. ::\lar'Ket surveys 
eould be conducted to lend support or contmdict the contentióf\S:tbat they 

•The characteristics of the design (box of fruit) are, characteristic 1: apples; cb.r· 
acteristic 2: orans;es.. 
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:nt. Xei. .:hall wc disagree mth ~;.e qu:ility C\"aluations of the 
-. Pn"5~.;:nably, he is a scnsitive mea.."'\li .. lg iru;trume:nt. If one doubts 
• ~{'cvr.d gradcr can be obtaincd and the tcst proccdure replicated. 
the rcliabilit)' of our first gradcr has bcen authenticatcd we can relmt 
..s poi!lt. The rclation.ship oí the grades the~elvcs to the consumers' 
.1t!on o{ quality is anothcr traditioru.U. area for dispute, but here too 
··ogr:ize tha.t ma.rkct sun·eys can be employcd to lcnd credance to 
~radicg system. \\'e find somcthing el.se objcction:.&ble-namely, the 
_dure that has bcen uscd. 

IMENSIONAL ANA~ YSIS 

_•t us dc"termine the dimeusions of the quality mea5ure tha.t ~-as ob­
:el aho\·c. We ha.ve addcd a.pplcs a.nd 01-anges and our result is ex­
·Cd in thcse terms. llut what does the d!mension applcs plus oranges 
:1? Thc a.nswci- is: "nothing wc can und('rstand.'' Lct us undcrscorc this 
:usion by considcring another cxample .. -\ssume tha.t two d('signs are 
.~ evaluatcd in tcrms of their cost, sizc, and weight. Thc objcctive for 

1 of the5c. chara.cteristics is to obta.in thc mínimum value. (The objective 
t,_e fruit box was a. rnaximum value.) A&.\lme the follo\•áng dat3.: 

. . . Coat Size Weighl 

Designe S3 12'' lf 
Design D $2 24" 21 
importanre 5 2 3 

g the incorrect method we obta.in: 

Q (Dcsign C) = 5(3) + 2(12) -+ 3{1), = 42 (dollars +in. ~lb) 

Q (Design D) = 5(2) + 2(2-t) ~ 3(2~ .~ G.t (dollars +in. f lb) 

·gn C, having a smaller evaluation number, is the indicated choice. 
·:, let us tra.nsform inches to feet. If the method of evalua.tion were 
~ct, then Design e would continue to be preferred, since.there could 
o logical ba.sis for using an inch scale instead of a foot scale. \Ve have: 

Q (Design C) = 5(3) + 2(1) + 3(1) = 20 (~ollars + ft +lb) 

Q (Design D) = 5(2) + 2(2) + 3(2) = 20 {dollars + ft + lb) 

:e~igns are now rcportcd to be cr¡uh·alent. Apparently this method oC 
.1tion is not invariant to thc sc~lle of our measuring instruments . • \s 

1 

cr example let us changc dotrars to cent.s. Then: 

:2 

c.·._ 

·-·--.: -: . 
•.:; . .-
~~· 

f; -

. _ . ., 

.. ...... . 

Q (Dcsign C) = .>(:~00) + 2(1) + 3(1) = 1505 (ccnts + ft . tb) 

Q (Dt-sign D) = .i(200) + 2(2) + :3(2) = 1010 (cents + ft +_lb) 

The preíerence has now :;;witcheu to Dcsign D. Thc rcsults are intolcr::lt.~a. ' 
This systcm of c..-aluation has Leen dlScrcúitcd by example. GndPrl~ :. ~ 
thcse illustrations nre thc basic rcc¡uircmcnts of dimensional consk.tn•~·:-· . 
The method uscd abovc for compariug altcrnativc dcsigus product·:- J.i- · 
mcnsioual a.bominations. How thcr1 should we procccd? , 

\Ve must multiply thc c¡uality measures instead of adding them. 'Ole. 
wcightiug factors will he cxponcnts associatcd- with each charactcri.we., 

Thw: 1 
QA = .-tT'.1i"' and Qs = B'{'Bí' 

For the box of fruit this will give: · · ';· : 
i 

Q (Box .-l) ·= (2)1 (.'í)l = 10 and Q (Box B) = (4) 1 (3) 1 = 12 

Since the objcctive is to ohta.in thc highest numbcr-llox B is prcferred. 
With respect to our sccond cxample we obtain:5 ¡ 

Q (Design C) = ~)& (12)2 (1)3 = 34,9!)2 (dollars X in. X lb) 

Q (Design D) = {2) 6 (24) 2 (2) 3 = 147,436 (dollars X in. X lb) , 
. i 

Our objective was the smallest number and so Design C is prefcrred. X o·" 
let us go through the same set of scale tra.nsformations th!l.t we pre\-i.o;;sly-

used. Q (Design CJ ~ ¡a¡• (ll' {ll' - ~43 ~~~u.;. x rt x ·;~) . L _ 
Q (Design D) = (2) 5 (2)2 (2) 3 = 1,024 (dollars X ft X lb) _ ~ 

This time, Designe continues to remain the choice. Lastly, ·· ¡ 
1 

Q (Design C) = (300) 6 (1) 2 (1)1 ., - · l 
• ':-_. - == 2,430,000,000,000 (cents X ft X lb) -_. ¡ 
Q (Design D) = (200)5 (2)% (2)1 . . j 

= 10,240,000,000,000 (cents X ft X lb) ! 
which' is also a. Design e choice. _ - 1 

To understand the nature of what we ha ve done let us find the ratios oÍ 
each paired comparison. These are, for the method of addition: 

(1) 
42 

= 0.66 
.64 -

1505 . 
(3) 1010 = 1.49 

'20 
(2) 20 = 1.00 

1 For ease of computation this can also be written ns: 

log Qc ... W¡ log el + U'2 log c2 + U'J log Ca 

i3 

; 
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.1 {\¡;;: th~ meth.ld oi multiplication! - ~ -- -. _ ~- :. . ~-- - · ~ ,, . _:___ • :_i;~:-.: - - One 11.ddition:ú cb.aractcristic of the multiplication method should be 
- :<.:;.;t ~ <. -- :- · 9 -t:J- :-:: - - '---~-- ..,_r'(IO)lci :~-~ _' .. -not~. If a mix of objectivcs C'>ists, then it is nccessary to use ne:;ati\·c 

1) f.&i~ =:z 0.2-l (2) l-02-l = 0.2.! - (3) 1-Q;-l(lO)'o = 0.2~ ;-;_~- c.."ponents. For cxrunple, ii we wi:ili to b::wc n. minimum of cost and s. m!l.·d· 
•• • - - . a - • • • - - - - :.;:,: mwn of st.rength, we would select thc dcsign alt.cmativc with the sztullcst 

o dim~on:U tQltnS, the ratio l\ith 3ddition is oi the type: · _ ;~- -- quaiity e\"alu::~.tioo uumbcr from. thc sct of such mca.sures· 

~- • - -{tlolJa~) - · ·rm.l" ·. + tlli)· f'F·: . !L_ = (C¡)""(S¡)-.., _ (C,)'"(S.)"" • 

~-~~+in.+ lbJ + (tloUars +in..+ ~.Q!JJ¡tls? í.tlulb:-' + iu. +lb) ~-- • Q. (C.)tr•(.S.)-n - (C0 }'"(S
1
)'" 

' ' ' :%; 
1his ('3JU10t. be further N'dueed. The ro.tio5 derh·ed from multiplic::~.tion. ,_,._ \\"here C¡.is the cost of thejth de.sign, S1 is t.hc strcngth of thejth design, and 
·ield apure number, e.g., :; the astensk represcnts thc standard design. · ..... 

(dolhrs X iD. X lb) ·. L-- (~ - = p;¡re D.llmUON ·~ 

We now h:lvc de\'clopcd a practical mc:ms for assigning outcome values 
whcn othcr approachcs cnunot be used. A notcworthy bcncfit of using this 
P.rocedure is that it forres all partiripants of the dcsign team to specify the 
factors t.h:lt are playing au import.ant pnrt in thcir own individual thought.s 
about the problem. First. the critical chara.ct.crist.ics must he Iistcd. 
Usw:illy a mnstcr sheet would be drawn up that includcd evcry chamc­
teristic suggestcd. If thcre is disagrecment as to what should be included 

_ .· -- (~ X ~ ~ lb) . _ . ; ! {. _-
~t. is eonelus.i~-e that thc multiplic~tion method is the rorreet approach._' _-: 

'\S. A STANDARD FOR COMPARiSON 
~ ~ ~ ... ~ 

OD1y I:atios hare signiñeance den we apply this m~thod to obt:ün · 
Prefe:rence mmswes.. Our outecmes a..'"E: therefor_e only rebti\-e but. that is 
e.nough for the pu.rporres of ehoosing one ruategy orit·of a set. of possi_bilities.. 
'l"hils. for the hm: of fruit th.e outcome ratio is:. . · . _ . . . - •. · 
- ---· · - ~- .: --~-A io s <-. -~. 

.: -=-=s- 4 BoX B 12 · 6. - : --~- -:. --- -
-_ --~---

md ~\'re mmt as brge a ~as pos9l,te ~ eh.oose. B~ B. . . -
When \re are tcying to obtain outcome r.Uues for our decision m2.tri.~ th.~ 

LP produ.et-mCi anal¡sis. or the eom¡:etitiT,.-e psyoff m.:1tri"'t, it is useful to 
take ati.os mth respeet to a standard. In thls 0--=e. tlte beSt. possible design · . 
for t1r2 box of froit would be ·:m app!e of grade 5 and an ornnge of grade 5. 
Usmg the weighting system pretious!y specified, om Dtics "ith respeet 
to tite ~..:md:mi (best po.ssi"ble) desigm woufd_~: 

-
" 

--
It s a!so useful to ~ the ~ting system. This is e:isily ae­

compli:hed by making the ~ts smn. ro one, ten. or one handred.. We 
tmed ten fcr the tlb~barncteristie e:rnmp!e. In th'! C:lSe o:f the box of 

abuit ~._cou!d bave u.tillzed weighting fadllrs o! one·hhlf. Cba."IgeS of this 
f50rt m 2ffeet tite mtio values but the order of preference will remain the 
s:mie. ) 

- ~ • r'or furthel- di_q:usÜm af tlt.ese points :ee P. W. Bridgm;.n,. Dirr.e~ Analym 
(Sr;r ~~awn= Y are UIÚTaSty Pres. 19".!21. ~~'" ..... 21-22.. 

· on the list the dispute can be resolved when the wcights are assigned. A 
zero weight produces the lvalue of one, which in effect is equh·alent to 
dropping considerntion of r the disputcd characteristic. The operation or 

~~ . assigning weights is also of great utility since it communicntes the altitudes 
~-. _ and ideas of e:u:h member of the design team. There is no other effective 
~--. way of achievi.ng the vital t.mderstanding tbt is requircd if düTerences of 
=-~- opinion are to be resol\-ed ili the comp:my's favor. At the samc time there 
}t~--- ·: is nothing at :ill conclusive about these value judgments. They v.ill differ · 
~ ~-. from indh.idunl to individual s.nd frequently can differ for the same - :~ 
~~~: indiridual over a 15-minute period. . . . . ,_ _ _. ._ . 
~t.- · Outcome va.lues would be derived for each intersedtion ~{ the dcc!sion 
~-;;:· matrix. U, for e:mmple, the states of nature are by user cate!!Ories then a 
'X diff'ereot set. of weights would be assigned for each column-de~endfu.,. u pon 
~-F-_ the charocteristics that each type of consumer looks for in this p;duct. · _J. · Once a1l of the outcome ,·alues are supplied, the expected values C!ln be 
.. i. . deri~ and an procedures pre\iously described can be utilized. \\íth re­
• ~- · spect to the design-mi-< problem a quality-preference eqnation, rather than 
~!:._ · a profit function, would be maximized. For the com.petitive decision-making 
~... · _._system, the pay~ff measures should express the competitive ad\·antage· ·fi -: that a particular combination of strategies would produce. This is the most 
~; difficult a.rea with respect to applying the preference measures, but with a 
! é.:=.· degree of ingenuity some headway can be made. . . . 
t~: There is no question about it-the measurement problems ~n be severe, 
~·..¡. particularly mth respect to the arbitrary type of standards.._'\\ñen the fruit -
~~¿ - grader rated the orange in Box .-l as the best possible gr:1de we recognize 
~1: that he must h:lve his o'Wil criteria. \Ve may not be riling to agrec ,with 
i ¡. this fmit grnder until we know what rnting se heme he is using. He must 
1 r..-
!~~ 

... 
·~ ¡-~-r:. 
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.t o~t in d~W.il. He obviously employcd ,:vious '1.-:::!:.;.Es of w by deciding 
cerroin quulities of :m orangc werc moh impG~nt than othcrs. We 
:t th!l.~ his uasic measurcments of quality lc,;el.5 ~!"C: rep;oduciblc, but­
-.nnot fmd out until ~·e make him break do\\-n the d~cision-cvaluation 
m that he used. He might ha.ve had such cate:;Gf.es as: thc shape of 

--ruit, the color, the firmncss, thc size, the w<:ight, and so ~n. Notice 
thcsc catcgories begin to bccomc meo.:;urable :;..; thcy uecome more 

.lcd, anda sta.nd?-rd íor such mca.surement can l..e set. 

QUALITY CHARACTERISTICS 

~rore we conclude this ~h::q)ter let us considcr so me ~r thc characteristics 
might normatly be im·oh·cd in a quality C\·ahiation. To bcgin with, 
~ve n set of clulractcristics which might he c--.Jled "functional." \Ve 
1 dhidc the functional charactcristics into three classcs: (1) cfficiency 
urpose, (2) m:m-fitncss and (3) rcliab1lity. Wc sldl discuss thcm bricfly. 

second major class can be c::lllcd "nonfunctional" clulractcristics. 
::se are composed of such factors as appearanc:e, communication of 
.cepts, a.nd timeliness. Howcver, we shall merely mention them. Cer­
-aly, thcro are othcr ways of grouping factors. So claim can be made 
t these catcgorics include a.ll possible quality charncteristics, but they 
representa synthesis that may be helpful. Discussion at this point in 

:1ewhat more specific terms can also reduce the abstractness which is 
.erent in efficient presentation of method. -
,\íth respect to our first point, efficiency of purpose, we will find such 
:egories as: speed of action, ability to clean, heat generated, light pro­
~ed, ea.se of using, cleamess of type, and versatility. Ench product-type 
product class has its own p::uticular purposes. It is essentially through 
·mifica.tion of these basic purposes that one dcrh·es the concept of a 
lduct class. We cannot e:-.:-pect to find a set oí chamcteristics that will 
rk for all products bec::mse the purpose chara.cteristics are the major 
-uüng feature of the designs that are being invest!gated. A point must be 
.de, however: all possible purposes that can be conceived should be set 
~-n at the initial stages in the development of the product design. 
ually, the designer has these in mind, but seldom is he specifically com­

_s.:,--ioned to create a thing which accomplishes :r, y, and z. Purpose should 
p:llnstakingly detailed. Frequent!y, an unrecognized use appea.rs for a 

-.·en product design at a la ter time-long after a selccted design is accepted 
.d put into production. Such by-products frequently dclight the produet 
magers when in fa.ct they should be conscious of having misscd this point 
.ring the developmental stagcs. Fortuitous e\·ents are not to be scorned­
•r do we intend to give the ubpression that a creative event after a 
'lduct has been marketed should be subjected to scom and derision. 
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Somctimes thc by-product appcars as a. résult of a changc in th ~~:Acr. 
and in tbi.s case one might nsk: "W as this changc anticipated'?" X o G:!.:lt ter 
how operationn.I we gct in our approach to the <.lcsign probkm we c:1m11•l 
bope to answer all suc:h qucstions an<.l we cn.unot begiu to belicw ou.~h ,-~ 
infnlliblc. But thc fact rcmains that iu a logical systcm, mo:>t by-p:oJnrt 
possibilities sboultl h:.n·e bccn aHticipat~.:d, an<.l thc dynam-ics of the mJ.rl..d 
in this regard are at lcast in pn.rt prcdictable. The prediction may not !.><' ~ · 
good one. We refer only to thc (act that a prediction should ha;·e bc~n 
attcmpted. 

Thus, for a staplcr we want to list quality charactcristics which inclullt" 
tbe force requircd to drh·c thc staple into many differcnt matt'ri::Js.. In 
addition we want to know the force_ requircd to <.lrive thc staple th."''u&h 
various thickncsscs of paper. And we includc othcr quality characteri.::;tic3 
such ns the kin<.ls, Hizcs, nnd shn.pcs of surfaccs to which it can be applicd, 
the ea.se of filling, thc frcqucncy with which it must be filled, the Dei!cssity 
of kccping the mc('hanism rl<'nn, thc case of clcaning, and so forth. Thi.s 
work may sccm exhausting, but it has a vcry important bencfit. I t dili:;cntly 
details all of thc purpose factors which influence the consumers' judgmeut 
of quality. Assuming that the purpose factors are of importance in most 
consumers' minds, it pcrmits us to approach the problem oí cvaluating 
alternative designs in the manncr wc ha,·c describcd. · · · -. - . 

Man.:fitness was our second sub-catcgory within thc funétional quality 
charneteristics. II~re w~ are talking about thc correspondence of the human 
forro and human abiliti.es to the product charn.cteristics. This sublect has 
been treated at sorne length in the literature under various names, mcluding 
human engineering, bio-mechanics, ergonomics, human factors, ar=.d engi­
neering psychology. lleing dissa.tisfied with these names, we m\·e coined 
our own term for this publication hoping that this extravag~ce mil be 
excused in thc light of the prolifcrn.tion of descriptive names currently in 
use. Such charncteristics as weight, size, handgrip, foothold, seated com­
fort~ co~ort in general, readability of dials, clarity and. perception of 
sound, taste, smell, tactile sensations, all play their part in the formation 
of this catcgory of qualities. These are not prima11· purposes of the design, 
but they are accompanying rostrictions. · .--. · ... - . -~ . ..-:.:" ··- . 

- ....... 
37. THRESHOLDS - ... ·- : -. • "':' .. ~- r- - -- ·- -. .. - - ._ ...... - . --6 :'1 .. ~ • -

. - --- _,.: - .. : - : - ~ .. 

Most of .these nia~-fit qualities ha ve thre~hoids below ~hlch- e.,.·en- the 
highest quality of purpose fulfillment must be ignored. For e~mple, n 
pen which writes forever without requiring refilling will not be co:l.Si.dercd 
as lu,l'-ing a high resultant quality level if writing with it is painíul, or i! 
the hnnd is flooded with ink. The man-fit area is not the only one in whicb 
thresholds exist, e.g., soap that soils, a knife that docs not cut, a g!ass that 
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RG. 36 Evalualion cf Qualily for OifJerenl ~al Heights (for a 
particvfcr ccnsumer group). 

~. In all of tnese cases, the vulue- w ";u C'haugc when a th11'shold is 
:d. Let us consider the comfort of an automobile scat. Assume that for 
-ti~uJ:u- grou~ of consumers it ~ an importancc of 3 out of a possible 
}Omts. Thn.t JS, tcsrat = 0.03. Frgure 36 prcscnts a representa ti ve curve 
Jality evaluation as a function of the height of thc scat. \Yc p11'sume 
one of the bask similarities of ou-r chosen consumer group is simila~ 
:t an~ build. Within a normal rañgc of sea.t hc!ghts, tc:.cal = 0.03. 
ever, at the extremes the contribution of sea.t hcight to rcsulta.1.t 
!ty becomes distorted. In fact, the seat becomcs the most important 
'f in the consumers' evaluation of the ca.r. These are va!ue thrcsholds 
a possible value function is shown in Figure 37. \Ve must obviousl:;: 

ll 
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con.;ider ~u.ch thrcsho!Js whcu we attcrr.pt to mc~sure the rc:.altl.nt qu:1lit_\' 
oí a de!J"n. _- . e , - -, 

Thc contribution of \·aricty in tr.nns of man-Gtnc:::s can be callcd full("' 
tioll!ll \·aricty. It is of major importa;Jr:c>. Cir,dcrell:l. could not ha\"(; bccom" 
a priuccss if thc g;bss slippC'l' coulcJ ha:>c fit he:.r ~tcp-,i::.tcrs' fcet e<tna!h~ 
well. Sclf-fitting rnatcrial:S, :;uch ll.:5 ~lretch-<:ocks, are part of a revoluti(l~' 
_in technology. Childrl'n :-omC' fifty ycar:: hcncc may judgc thc Cindcr<'ll:\ 
story lo be unrcal-~o accustomcd will they be to sclf-fitti11g mat€?riais in 
gan:n(:nts and shoC's. ~ [t•:tll\\ hi!C', funttioual \·arieLy i~ an absolute necPssil ,. 
if ncw ¡,cgmcn-ts of a potC'utial markct are to be added to thr. compani~ 
over-nll potcutial. This factor can be indude:J in quality cvaluation. It i.i 
not thc srune tlúug as the \·ariety induccd by the capacity, product-mix 
a.n:llysis. · - -' -

?ur ~hird _runctionnlqun.lity class ('Onf"ems thc rcliabili~,r of thc design. 
Pnmarrly th1s rdcrs to thC' performance of thc Jc-,ign ovcr time. Onc of thc 
major aspects of rdiability is total failurc. Somc products are subject toa 
gradual dctcrioration. Othcrs will perform as intcndcd and then_sudu<'nh­
fail. l\Iost products c:xhibit a combination of thcsc charactcristics. A gre;t 
deal has becn writt.cn on thctsubject of failure rotes ami rcliability. :\l::mu· 
facturcrs' gunrnntccs are sigriificnnt indicators of the existencc of thrc:;holcis 
applicable to this category. Thus, if an automobilc fails within the first 
thirty days or sorne givcn number of miles, thc consumcrs' e\·ahution of 
thc ~roduct would weight thf import!l.nce of tbis low quality in an extreme 
fashion. Furthermore, wc scc! from this examplc that the wei,.htin"' system 

hif 
Q o 

mn.y s t over time. ::\Iuny automobile manufacturers are extcnding tbeir 
guarantec period as a rcsult of increasing importnnce bcing placcd on this 
cha.rncteristic by the consumer. This gh·cs us an cx::unple of the dynamic 
properties of the value systcm. How can wc cope with this aspect of quality? 
Briefly, we -~re forced to predict a trajectory for the \"alue or weighting 
system. Then quality ratios are obtained for different points in time. The 
means of achieving the forccast are circumscribed by the body of knowledge 
l\"hich presently exists in the subject area. : . · ' .. - - . - . _ 

Our present discussion applies to rcfrigernt~rs, ligh-t bulbs, t~levision 
sets, and also to bars of soap, tubes of tootbpaste, and caos of food. In each 
_case, the lile expectntion, the dcgree of \·ariability of the lifetime, and the 
~portance of the lifetime ·will differ. But in general, the quality e\"uluation 
of the lifetime property will increase as the lifetime itself increases. This is 
a monotonically increasing quality function unJike the inverted U--shape 
quality evalua.tion for the height of an automobile sea t. For chn.mcteristics 
of this kind the optimal quality is associated with the maximum number of 
the characteristic. On the other ha.nd, when we consider the degree of drift. 
from a fixed precision leYel, e.g. observable wear on silver-plated dinner· 
wear, reduced illumination from aging flourescent bulbs, wom heels and 
soles on a pair of shoes, and so on, the quality judgment will monotonicaUy 
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?:....-.e with rcasin¡;,drift. In this cas" the objectire ,,¡J¡ bC' a;:sociated 
~ :l:e rr.inimum numLer of thc charactcr. .tic, zero Jrift br·iu¡; thc highest 
:.:!y measure. 
-~-=:e is not very much tbat wc can say explicitly aLout the nonfunc­
~..:.i domain. The thrce functional sub-catcgorics ha.w reccivcd extPn::>IVC 
;.:;..(-(>ring and scicntific study. The rc1¡uircJ rnc:l.'">lll'<:lllt!Hts or cstimntcs 

~.;r;t ca;:,y to come by, Lut they can almost always l,r! appl'Oarhed. In the 
:f•.!::~ctional area, nry little work cxists. The ren....,"n for the dispro­
:-j,aatc emphasis is ca:iily uuJcrstood. The functioual catcgorics reflcct 
-:~rr.cntal l!>taudard,; f01 lhe most part. Thc uonfunetional region is 
~ with shadows aud clu;:,i,·e forms. 'fhc founJations are almost ex­

~~·.-ely in the realm of arbitrary ::.tandards. This has led most serious 
t-:="tigators to shun the noufuuctional quality area. Ho\\·c,·cr, the fact 
::llns that by l!>tickin¡; one's heaJ in the sand, oue does not :n·oid the 
·.:~~nt, the dangerous, anJ the thrcateuiug. Thc nonfunctional quality 
:. i~ too important to ignore. Thcre is ,·cry good evidencc that in thc 
<?rmination of rc~ultant quality nonfunctional eatcgorics can play a 
·r)r role. 7 Xe,·c¡ theless, it would Le iuappropriate todo more than stress 
• !mportance of the nonfunctional catcgories at this time-anJ to state 
~t no design analysis can be mcaningful that ignores thcse characteristics. 
_f? marketing departmcnt can usually enumerate those catcgories that 

rcle,·ant for any specific time and place. They can also supply the 
-mtial data and estimates. For any specific problcm the nonfunctional 
·:Jtlin must be included and examined in as objective a fashion as is 
·..sible. 

TI1is is particularly true v.·ith rcspcct lo thrcsholds that opcratc in th1s domain. 
'O! can be traccd to thc nonfunctional catcgoncs more frcqucotly thao to the func­
~.al catcgorics. Abo, there is probably no grcatcr condemnation than t~ label somc­
•..g, "out or style." 

·. 
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7 
Slf,.~ULATION METHODS 

We hn.ve devcloped a variety of analytic mcthods for resoh·ing produd 
dcsign decision problcml!>. They were prc~ented as muchas possihle in th" 
context of actual use. Accordingly, Chaptcr 6 was devotcd to practic::1l, 
qualitntive (or qu~si-quantitative) mcans for detcrmining outcomes th~t 
rould be used in analytic systems. There are times, however, when anaiytlc 
methods are applicable only in theory. This is frequently the ca...«e "hcn 
complcx outcomcs must he detcrmined. For example, considcr the fol!owing 
problem. A numbcr of altcrnati\'e dcsigns are on the drawing board for 
'liach 2 airliners. The flight charactcristics of each plane design can be 
partially detcrmined tby using mathematical equations . .:\Jodels ~ wind­
tunnels are used to fill in sorne of the missing information. In tbe last 
analysis, many critica! factors remain unresoh·ed until an actu::::!, full-scale 
prototype has bcen constructed and flown under a variety of conditions. 
Why aren't all of th.ese problems amenable to eurly ail!l.lytic solution'? 
The answer is tbat w~ do not know enougb about the iunctional relation­
ships between the controllable variables, the noncontro!la.ble variables, and 
the outcomes. · 

38. COMPRESSING TIME 

Wind-tuimel models and towing-tank models are both e:\':amples of 
concrete, physical representations that are purposefully constructed to 
interact with a controlled environment. All relevant states of n!!ture are 
anticipated anda dévice is built to simula te them. By simulatiou we me~n 
that a controlled representation of reality is utilized in order to obtrun 
information about the behavior of a system. We use simulation instead oí 
ann.lysis because the system is too complicated to permit inference to work. 
Instead obsen·ation must be used. Sometimes it is more economica.l to use 
simulation than analysis. At other times the mathematical cquations that 

• 1 - • describe the system cannot be solved. For these rcasons, sunwat10n lS 

particularly well suited to product design ptoblcms. The f.uigue cha_rn.~­
teristics of moving parts can usually be derived by laboratory tests. \ an­
ations of temperature, humidity, atmospheric conditions, and_ oth1:r 
relevant environmcntal variables are easily included in such e: .. :penments, 
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El objetivo de esta plática es llegar a establecer claramente cual es 
~ 

• la función de cada edificio y de sus interrelaciones dentro del medio 

urbano, a través del enfoque sistémico. 

Parece sencillo a primera vista, el hablar del enfoque sistémico; es 

algo tan obvio que nos preguntamos el por que se considera tan novedoso 

y porque no ha sido ya aplicado intensivamente en todos los campos. Es 

cierto, no es novedoso como posición, ya que en todas las épocas ha 

habido siempre quien intuya que formamos parte de un gran sistema y que 

todo acontecimiento o acción tiene un impacto mayor y más sofisticado 

del que hemos logrado preveer. El problema ha sido siempre el tratar 

de explicar este fenómeno y de obtener algo que nos sea de utilidad. 

En el hombre antiguo las interrelaciones que tenía con otros hombres, 

con el medio y con el proceso histórico eran más aisladas, ya que no 

contaba con los medios de comunicación actuales en cuanto a información 

y movimiento; y por lo tanto le ~ra difícil el analizar hechos y 

1 

situaciones si no eran como simple2 ~onsecuencia directa de un acontecimiento 

existente. r., 

El hombre clasificaba lo que le rodeaba y sucedía dentro de grupos y procesos 

sencillos que cubrían sus necesidades de información para manejo de su 

medio ambiente; lo que se salía de esas normas caía simplemente en el 

campo de lo mágico o 1~ extraterrenal. Era un proceso en el cual por 

falta de comunicación(
1

) el impacto qu~ tenía un hombre o una sociedad 

(1) Nota.- En este trabajo se considera que el conocimiento es parte de 
la comunicación, como interrelación de la verdad física y el 
hombr.e. 
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era siempre limitado; había mucho tiempo entre cada acontecimiento que 

permitía al hombre asimilar o controlar los cambios y grandes distancias 
i ., , 

que ayudaban a aislar su impacto. 

En la actualidad gracias a la comunicación la dimensión del tiempo y del 

espacio ha variado si lo medimos por la cantidad y procedencia de las 

interrelaciones que nos afectan, y nos empezamos a dar cuenta que estamos 

participando en un proceso que ya no logramos controlar. 

Cada día es más evidente el problema de las ciudades como un sistema del 

cual estamos perdiendo control, no solo en términos de contaminación y 

sobre población, sino también en términos de integración física, social 

y cultural. 

Esto ha obligado en los últimos años, a cuestionar las bases que heredamos 

de análisis y control y ha cobrado fuerza una antigua actividad, la 

actividad de la planeación. 
1 

Veamos cual es la situación actual de esta disciplina a nivel mundial. 

En el marco general es patente la preocupación de varios técnicos en 

analizar y explicar cual ha sido nuestro proceso de desarrollo soci2 

económico para intentar así, justificar ó atacar los factores que cada 

uno cree ha hecho inoperante al sistema (centralización, dependencia 

interna-externa, reforma agraria, industrialización, etc.). En el campo 

metodológico la idea de perfeccionar las técnicas de elaboración y 

análisis de proyectos-que había sido uno de los objetivos básicos de muchos 

años- ha sido insuficiente, pues ha conducido a que en la mayoría de los 

casos la mejor posibilidad de cuantificación y detección de variables 

económicas no reflejan todavía desde el punto de vista social, las mejores 

... 
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alternativas. Es muy notorio el hecho de que actualmente entre los 

planificadores hay do~generaciones con principios distintos; aquella 
' 1 

que vé los problemas que van surgiendo como factores más o menos 

independientes (vivienda, salud, educación, servicios etc. etc.) los 

cuales hay que ir solucionando para continuar operando eficientemente el 

si~tema establecido, y otro grupo el cual vé los problemas como una serie 

de manifestaciones de un sistema basado en una desigualdad económica, 

política y social. Es decir, hay un grupo que no vé solución o planeación 

posible sin1 · un cambio profundo en nuestros valores y en nuestros · 

principios económicos y otro que vé la planeación como el ir intentando 

resolver aisladamente problemas manifiestos. 

Por último hay otro punto que considero el más importante, la conciencia 

de la gran mayoría, de la necesidad de un nuevo enfoque que permita 

analizar los problemas como manifestaciones interrelacionadas, para 

permitir un-paso más fiel de~a-planeación a la ejecución. El análisis 

de toda la problemática del desarrollo y de sus intentos de solución 

desde el marco conceptual de la ciencia de los sistemas,como enfoque que 

permite a un grupo multidiciplinario el comprender un proceso dinámico 
1 • 

y participar con pleno conocimiento en la toma de decisiones. 

En esta primera parte vamos a ver someramente que son los si.:S:temas y como 

influyen en el proceso de planeación. Vamos a seguir en principio algunas 

ideas que, aunque del dominio público, George Cha···dwick en su libro "A 

Systems View of Planni'ng" nos proporciona en cierta secuencia que se 

acomoda a nuestra introducción, es quizá también el principio de todo 

tratado sobre sistemas. 

Después de millones de años de existir este planeta, surge de un pasado 

impreciso, una especie que empieza a diferenciarse de otras en sus 
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facultades de juicio y selección hasta llegar a establecerse y a hacer 

uso y modificaciones a los recursos a su alrededor. 

Analicemos su medio ambiente. Hay nueve planetas en el sistema solar 

que conocemos y aunque esto es sólo una pequeñísima parte del sistema 

galáctico que empezamos a descubrir, en él está la Tierra, uno de los 

más pequeños planetas de este sistema solar. Esta está envuelta de una 

delgada capa.cque pesa quizá __ una c_m~lmillonésima parte del peso total del 

planeta, un fenómeno quizá trivial en términos cósmicos, pero esta 

delgada capa de seres vivos es para nosotros la circunstancia principal 

de nuestra existencia. El hombre no es más que uno de los tantos 

integrantes de esa capa, uno de los más recientes. Y a pesar de tener 

más poder que cualquier otro ser sobre el planeta, sigue siendo tan solo 

una parte de la película que nos envuelve. Como los demás seres necesita 

aire para respirar y le es indispensable el agua. En su movilidad está 

estrechamente ~dherido a la tierra; a pesar de su inteligencia el hombre está 

perdido sin lo que produce la tierra como alimento y para manufactura~ no 

podría sobrevivir sin vegetación, sin los productos de distintas capas 

geológicas, sin lluvia, sin sol, viento, todo lo que forma su cambiante 

y en cierto sentido estático medio ambiente, El mismo de otras especies 

y plantas. El hombre es parte de la ecología del planeta, un sistema 

de interrelaciones entre la tierra, su atmósfera, su clima, su vegetación 

y sus habitantes de una admirable complejidad y que es aún una diaria 

experiencia humana. 

1 

Aunque complejas, ya estamos acostumbrados a agrupar estas interrelaciones 

cuando describimos alguna situación, por ejemplo, hablamos del sistema 

cósmico para describir aquellos fenómenos que están en el extremo de ·lo 

mayor que podem~s imaginar y de sistemas de átomos, cuando queremos 
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describir lo,más pequeño que podemos concebir. 

Asimismo, describimos relaciones entre grupos de animales localizados 

en su medio ambiente, con su vegetación y su clima como un sistema 

ecológico o ecosistema, con variaciones en tamaño y complejidad entre sus 

relaciones en los que podemos tener conjuntos y subconjuntos de acuerdo a 

patrones de comportamiento, alimentación, especie, sexo, etc. Estos 

conjuntos y s~bconjuntos son los sistemas y subsistemas de nuestro 

ecosistema o sistema ecológico total .. 

El hombre como ya mencionamos, es solo una especie animal en el mundo, 

pero es un animal diferente que compite en muchos campos con otras especies 

para invariablemente resultar el vencedor~ 

Como otros animales el hombre se encuentra ante la necesidad de ajustarse 

a las condiciones naturales, pero a diferencia de los demás es capaz también 

de modificar éstas hasta cierto grado. Tanto el hombre como los animales 
' 

necesitan comida. Esto era y es pr~orcionado aniquilando otras especies 

y consumiendo plantas, pero los animales a diferencia del hombre buscan 

aquello que está disponible naturalmente y el hombre modifica las 

circunstancias para poder cultivar ciertas plantas que le sirvan de alimento 

a él 6 a los animales que ha domesticado. Aquí el hombre agricultor ha 

modificado los sistemas naturales para satisfacer sus necesidades. 

Estudiando los sistemas naturales vemos que el hombre ha contribuido a 

producir sistemas modificados o subsistemas dentro del contexto de los 

ecosistemas naturales. El hombre se ha movido de buscar refugios naturales 

como árboles y cuevas a construír su propia vivienda, primero de materiales 

naturales que aparentemente le imponían limitaciones fijas (como el tamaño 
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de las rocas o el largo de los troncos) hasta llegar a lo de ahora, un 

refugio de materiales sintéticos con clima artificial. Hemos modificado 

las condiciones naturales con la idea de proporcionarnos un mejor 

alojamiento y por mayor tiempo del que lograría la naturaleza por sí 

misma. Aquí podemos ver que el hombre.aparece como una especie "optimizadora" 

(valga la expresión) en bases distintas a los demás. 

Ellos optimizan ajustándose con sus limitacionesalas condiciones naturales 

o evolucionando en seres mejor adaptados a esas condiciones. El hombre 

es un ser ya evolucionado que es capaz tanto de adaptarse a las condiciones 

naturales como a buscar concientemente cómo optimizar sus recursos y 

modificar a su gusto el sistsmanatural existente. 

En esta búsqueda de lo óptimo el hom~ estimará una situación futura 

como base con la cual ~amparar las posibles soluciones a un problema presente, 

es decir, él se decidirá por aquella alternativa que considera lo llevará 

a la situación deseada por la línea del menor esfuerzo. El hombre intenta 

minimizar sus recursos hacia un objetivo establecido o de maximizar sus 

resultados a cambio de un recurso dado. 

Estas consideraciones han sido un intento de mostrar al hombre en su relación 

con el mundo en que vive; se ha hecho quizá a expensas de otros aspectos que 

son por lo menos igual de importantes, pero un paso necesario ya que nos 

ha dado un concepto muy general de lo que son los sistemas y la planeación. 
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Esta gráfica intenta mostrarnos algo de básica importancia. El sistema 

de valores humanos es la habilidad de ra,cio.cinio que nos guía a valuar 

unas cosas más que otras, y el adjudicarle éstos valores a diferentes 

situaciones es lo que motiva al hombre a hacer todo lo que hace. El 

sopesar éstos valores conduce a formular ciertos ideales, a establecer 

las metas por alcanzar y los objetivos de su conducta diaria, por 

consecuencia a planear. 

El tener valores, de cualquier tipo, es lo que motiva al h~mbre a actuar 

ya sea escalando una montaña, casándose o yendo a Oaxaca a descansar. 

P A U S A 
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Todas estas actividades tienen una localización; algunas ocurren en áreas 

geográficamente determinadas que podríamos llamar "espacios de actividad" 

y otras ocurren cuando éstos espacios fluyen o se interrelacionan y surgen 

"conductos o canales de actividad". Tanto los espacios y sus flujos son 
/ 

considerados como parte de un mismo sistema de actividad y ambos ocupan 

un espacio físico y pueden ser representados o codificados en un si~úmero 

de formas de acuerdo a las necesidades de cada estudio en particular. 

Aunque tenemos conjuntos de relaciones complejas empezando por el hombre 

y su lugar en la naturaleza, por los valores que este hombre sustenta, por 

su conducta y finalmente por su intento de modificar la naturaleza. Podemos 

considerar que de este simple diagrama se desprenden todas las consideraciones 

que a mayor profundidad podamos realizar. 



EL " ECOSISTEMA 
La naturaleza incluyendo 
al hombre y su medio am­

biente ·natural. 

SISTEMA DE VALORES SISTEMA DE ESPACIOS 
ADAPTADOS 

Valores 

Metas 

Objetivos 

ESPACIOS DE ACTIVIDAD 

CANALES 

SISTEMA DE ACTIVIDAD 

Actividades 

Flujos , 

EL S!STDlA HO~ffiRE - NATURALEZA 



SISTEHAS. 

DEFIN-ICJ;O:;~s- DE SISTEMA-. 

Diccionarios. 

1) Conjunto de reglas o principios enlazados 

entre sí. 

2) Conjunto de cosas que ordenadamente relaci2 

nadas entre sí, contribuyen a determinado -

objeto. 

3) Biol. "Conjunto de órganos que intervienen 

en alguna de las principales funciones vege 

tativas". 



Johnson. 

Un sister.a es un todo organizado y complejo, implica un 

complejo interconectado de componentes o partes funda-­

mentalmente relacionadas, que forman un todo unitario. 

Chorofas. 

Combinación o disposici6n ordenada de diversas partes o 

elementos en un todo indivisible. 

Las partes o elementos que forman tal sistema deben con 

siderarse como integradas y no simplemente agregadas. 

Gibson. 

Un sisterra es un conjunto integrado de elementos ínter­

actuantes diseñado para llevar a cabo en forma coopera­

tiva una funci6n predeterminada. 

F'Jckley. 

Sistema es un complejo de elementos o componentes dire~ 

ta o indirectamente ~cionados en una red causal, de 

modo que cada componente está relacionado de modo más o 

menos est.::.::>l.e, en· un lapso dado. 

JO 



Moray. 

Un sistema es todo conjunto de atributos y la historia 
-

de los cambios que ocurren en ese conjunto. 

Von Bertanlanffy. 

Un sistema es un conjunto de elementos en interacci6n." 

Hay leyes_ ge_ne,r_él!~,s .. para los sistemas independientes a 

la naturalez~de los elementos componentes y de las re­

laciones entre ellos. 

Wilson & Wilson. 

Hall. 

Un sistema es un conjun~ de partes interdependientes o 

interactuantes, cuyas relaciones entre sí o entre sus 

atributos, determinan un todo unitario que realiza deter 

minado efecto, funci6n u objetivo. 

Un sistema es una serie de objetos con determinada rela­

ci6n entre ellos y sus propiedades. 

1/ 



S I S T E M A • 

Conjunto o combinaci6n de objetos o partes; 

Integradas e interdependientes 

Cuyas relaciones entre sí y con sus propied~ 

des las hacen formar un todo unitario y orga 

nizado; 

Que cumple determinado prop6sito o realiza 

determinada funci6n, 

Y que puede mantener cierto grado de estabi­

lidad, aunque la materia y la energía que lo 

compongan est~n sujetos a cambios·constantes. 

/~ 



TEORIA GENERAL DE LOS SISTEMAS. 

Boulding. 

Von Bertanlanffy 

Shoderbeck 

Hopkins. 

Es el esqueleto cien~ífico que provee el marco de re 

ferencia o la estructura por la cual las diversas dis 

ciplinas pueden ser orientadas, integradas y hacerse 

mutuamente provechosas. 

Su campo es el de la 16gica-metemática, entre las al­

tamente abstractas generalizaciones de las matemáticas 

y el nivel de generalizaci6n de las disciplinas especi 

ficas. 

'' 
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Para lograr esos objetivos una teoría general de los siste­

mas deberá partir de una serie de postulados que describan 

el comportamiento de cualquier sistema y permita predecir 

su comportamiento futuro. 

Por lo que Duhalt Krauss propone los siguientes: 

AXIOMAS O POSTULADOS BASICOS. 

1.- Integración.- Un sistema es un todo indisoluble que 

está integrado por partes interrelacionadas, interac-
.' 

tuantes e ~nterdependientes de tal manera que ninguna 
1 , 

parte puede ser afectada sin afectar a las otras par­

tes. 

2.- Subordinación.- El todo es primario y las partes se­

cundarias. El papel que juegan las partes depende del 

propósito para el cual existe el todo. 

3.- Dependencia.- La naturaleza de la parte y su función, 

se derivan de su posici6n dentro del todo y su conducta 

es regulada por la relaci6n del todo a la parte. 



4.- Unidad.- El todo se conduce como una unidad, no im­

portando su grado de complejidad. 

· · · '5.- Estabilidad.- La identidad del todo y su unidad se 

preservan au.1que las partes cambien. El todo se renue 

va a sí mismo constantemente a través de un proceso de 

transposici6n. 

6.- Organizaci6n.- El todo es más que la suma d~ las par­

tes. El todo tendrá características diferentes que la 

de los componentes en forma individual. 

7.- Jerarquía.- Los sistemas están relacionados en forma 

jerárquica. Las partes 'de un sistema pueden ellas mis 

mas ser sistemas (subsistemas de un sistema mayor) y 

las partes de éste, pueden ser a su vez, sistemas. 

EL ENFOQUE SISTEMICO. 

Enfoque sistémico es aquel que concibe cualquier fen6meno 

como un sistema; parte de un sistema o como un conjunto de 

sistemas. 

15 



CLASIFICACION DE LOS SISTEMAS. 

Se han elaborado varias clasificaciones de los sistemas den 

tro de diversos campos pero quizá una de las más sencillas 

y útiles sea la de Stafford Beer que se basa en los princi­

pios de probabilidad y determinismo. 

SISTEMAS DETERMINIS~COS SIMPLES 

SISTEMAS DETERMINISTICOS COMPLEJOS 

SISTEMAS PROBABILISTICOS SIMPLES 

SISTEMAS PROBABILISTICOS COMPLEJOS 

Una computadora electr6nica, por ejemplo, es compleja pero 

determinista, ya .que solo ejecuta aquellas operaciones para 

las cuales ha sido programada. 

Por otro lado, el lanzar una moneda al aire podrá parecer un 

sistema simple, y lo es ya que solo hay dos resultados posi­

bles; pero es probabilístico ya que es impredecible ese re­

sultado. 

16 



NIVEL DE RESOLUCION EN LOS SISTEMAS. 

Debido a la posibilidad de definir un sistema de un número 

ilimitado de formas, de acuerdo a·nuestro prop6sito e inte­

rés; debemos una vez establecido éste, en términos de ele­

mentos, atributos e interrelaciones, el hacer un análisis 

riguroso de cual va a ser nuestro nivel de apreciaci6n y de 

terrninaci6n del sistema. 

Klir y Valack han denominado a esto el "NIVEL DE RESOLUCION" 

de un sistema. 

"En un nivel de resoluci6n 'alto' una mesa es un sistema de 

moléculas, de muchos elementos con una serie de interrelacio 

nes complejas· entre ellos. 

A un nivel de resoluci6n 'medio' la mesa es un sistema estruc 

tural de varios elementos: patas, cubierta y cargas sobre-­

puestas. 

A un nivel de resoluci6n más bajo la mesa pierde su signific~ 

do individual, convirtiéndose en un incidente de un sistema 

pcrceptual o en una pequeña carga de una estructura mayor". 

Un nivel de resoluci6n de éstos, debe ser el importante pa­

ra nosotros, los.otros no los debemos considerar ya que no 

intervienen en nuestro objetivo final. 

Este es un principio que debemos tener siempre presente al 

aplicar el enfoque sistémico~a cualquier ca~po. 

17 
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ESCALA DE UN SISTEMA. 

' Medio ambiente 

Sistema 

Subsistemas 

Elementos o componentes 

~DIO AMBIENTE DEL SISTEMA.- El conjunto de todos los siste 

mas que ~ son el que estamos considerando. 

Nunca estamos interesados en los sistemas del medio ambiente, 

pues de estarlo·lds habríamos incluido en nuestro sistema defi­

nido. 

SISTEMA.- El conjunto total definido a cierto nivel de reso 

luci6n. 

SUBSISTEMAS DEL SISTEr~.- Partes-del sistema que tienen 

cierta intercornunicaci6n que los -diferencía de otras partes del 

todo, pero que siguen claramente perteneciendo a él. 

ELEHENTOS O COHPOl!ENTES DEL SISTEMA.- Las partes más peque­

ñas del sistema, el límite n~s bajo de análisis y detalle; nos 

interesa su comportawiento más no su estructura. Los elementos 

de un sistema son "cajas ciegas" de cuya estructura no sabemos 

nada excepto lo que podemos deducir de su comportamiento, de sus 

características de insumo y producto. 

Una caja--ciega se considera- .. como un pi·oceso contenido dentro de 

ciertos límites, del cual s6lo nos interesa lo que entra corno 

insumo y lo que sale como producto. 

Estas relaciones insumo-producto son las que manejaremos en el 

s~stema del cual forman parte esos elementos. 

El concepto de "caja ciega" es muy útil en la planeaci6n y mu­

chos sistemas y subsistemas se pueden tratar así al querer su­

bir el nivel de resoluci6n. 

EJEMPLO: Un partido de fútbol 
o un edificio e~ la 
planeaci6n urbana 

Medio ambiente 
Siscel7:a 
Subsistemas 
Elementos 

= el público 
= el juego 
= cada equipo 
= cada jugador 



REPRESENTACION DE UN SISTEMA. 

Gráficamente o 

Los círculos representan un conjunto de elementos que pueden 

considerarse "cajas ciegas". Algunos elementos fuera del lí­

mite del sistema son escogidos debido a la importancia de sus 

relaciones. Las flechas que cruzan el límite son insumos o 

productos del sistema. 

'CAJA CIEGA" 

Insumo Proceso 
(sistema) \~.--~Producto 

Flujo de informaci6n, energía o materia 

6ISTEHA SIHPLE. 

.... ~Producto 
7 r 

Insumo ~ ~ubsistema~ubsistema~SubsistemJ 
1 l! 2 ll 3 i 

1 

SISTEMA Cm! RETROALH~E!·1TACIOI'l 

A 
·~S 1 ~ 

_j 

~ ~ _.},. 

\ 1 di s2 "" 
53 r 

... \ 

~ ,, \ .• t:"\ 1 

B 

) ~ 

/'f 
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T~~~~O DE UN SISTEMA. 

Al ceterminar el nivel de resoluci6n de un sistema 

estenos estableciendo el tamaño de un sistema de 

acuerdo a nuestros objetivos. 

En los sistemas "tamaño" es más un concepto de CO!!! 

plejidad que de medida f!sica. El tamaño se deter 

mina por su "variedad". 

·r., r., 
Variedad es.-simplemente el número de estados que 

puede adoptar un sistema en relaci6n al número 

identificable de elementos del mismo y a sus rela 

ciones posibles. 



VARIEDAD 

Elementos disímbolos sin inter­
acci6n (no forman un conjunto) 

Grupo de elementos parcialmente 
~similares (dos conjuntos) 

dos estados = variedad 2. 

Elementos d1símbolos con inter­
acci6n sirr:ple. 
Sistema de 7 elementos con unio 
nes simples. 

Variedad = 21 

Elementos dis!~bolos con doble 
interacci6n. 
Sistema de 7 elementos con unio 
nes dobles. 

Variedad = 42 

Sistema Dinámico: 7 elementos 
con uniones dobles. 
Cada liga con interruptor on/off 

Variedad = 242 (Su-perior a 
1 000.000'000,000) 

¿¡ 



REPRESENTACIO~~ DE UN SISTEMA. 

Matemáticamente. 

TEORIA DE LOS CONJUNTOS. 

Sean a
1

, a 2 , a 3 , ••• , an; elementos contenidos en el sis 

tema S. 

Sea a
0

: el medio ambiente del sistema. 

Señalemos: el conjunto A = 

el conjunto B = 

(al, a2, a3, 

(ao, al, a2, 

• •., a ) n 

. . . ' a ) 
n 

por lo tanto B contiene todos los elementos de A ~s el 

elemento ao del medio ambiente. 

Dejemos que todo elemento de B se caracterice por un con­

junto de elementos de entrada y un conjunto de elementos 

de salida. 

Sea rdf el modo en que las entradas del elemenco af depen­

den de las salidas del elemento ad, o sea el resultado de 

la relación entre estos elementos. 

El conjunto de todos los _rdf ...,(d, f, =: _O,- 1, 2, ••• n) se 

representará por R. 

Entonces podemos.definir un sistema estableciendo que ca­

da conjunto S = (A, R) constituye un sistema. 

22 



EJEMPLOS SISTEMICOS. 

El grupo familiar. 

IN SUMOS 

Comida 
Informa 
Energía 

INSUHO 

Persona 
soltera 

ción 

S 

S 

_}.., 

~ 
"" 

GRUPO 
, 

FAMILIAR 

..... , 

' 

PRODUCTOS 

~Escolares 

~ Trabajadores 
~ Consumidores 
~ Viajeros 

J 
_J., 

NUEVAS • 
_hj _h. 
r FAMILIAS 

~ 

' T • 

COMPONENTES del sistema de familia.- Personas. Actividades 
3 

..::-:. 

de personas, espacios adaptados para las actividades de per 

sonas. 

INTERRELACIONES del sistema de familia.- Flujo de pers·onas. 

Flujo de materiales (comida, agua, combustible, desechos,etc.) 

Flujo de energía. Flujo de información. Flujo de espacios -

adaptados (vehículos). 

DESCRIPCION DEL SISTDIA.- Probabilístico complejo, se requi~ 

re de muchos modelos para·poderlo representar adecuadamente. 

(fertilidad, dinámica de población, demanda, empleo, movilidad) 

etc. 
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Manejo de los sistemas para su 

análisis y control. 

ANALISIS DE SISTEMAS. 

1!\GENIERIA DE SISTEMAS. 

I~VESTIGACION DE OPERACIONES. 

CONTROL Y CO~IDNICACION DE LOS SISTEMAS. 

INFORMATICA 
t.., 
' r 

- ROCREMATICA 
•, 



EL ANALISIS DE SISTEMAS. 

Según su influencia con el resto del universo los sistemas 

pueden clasificarse en: 

-
Sistemas abiertos.- Aquellos que reciben influencia 

a través de vías específicas llamadas entradas y que 

ejercen influencia a través de vías específicas llama 

das salidas. 
\ 

Sistemas cerrados.- .. Aquellos que no reciben ni ejer-
.) ~4 

cen influencia sobre el resto del universo. 

Aunque los sistemas cerrados no existen este concepto es 

útil en el proceso deanálisis de sistemas, ya que los siste-

mas abiertos son, por su naturaleza, generalmente demasiado 

complejos, aun para análisis simples. 

·'·.briendo un sistema cerrado a nuevas variables ambientales 

~xternas y después cerrándolo, se puede observar y evaluar 

l~ que pasa ante esas nuevas condiciones. 

'l 



ANALISIS DE SISTEMAS. 

INGENIERIA DE SISTEMAS. 

Actitud mental y preparaci6n cuantitativa del técnico que 

lo induce al análisis detallado de las componentes y rela-

i 

ciones del sistema en su medio ambiente. 

Establece las características que debe tener un sistema 

6ptimo. 

Selecciona la combinaci6n de subsistemas que formarán 

el sistema. 

Analiza las interacciones dentro del sistema. 

Establece las características de las partes para poder 

optimizar el todo. 

1-~etodología empleada. 
\ 1 ., 

Análisis Marginal. 

Análisis Beneficio-Costo 

Análisis Costo-Efectividad 

Análisis de Inversiones 

Análisis Operacional 

Arthur D. Hail 



A!lALISIS DE SISTEi"lAS. 

INVESTIGACION DE OPERACIONES. 

La irivestigaci6n de operaciones es una disciplina basada en 

técnicas y modelos matemáticos para la optimizaci6n de par-

tes específicas o subsistemas una vez ya establecidas las·li 

mitaciones y relaciones con las demás partes y el todo. 

Metodología. 

Formular el problema. 

Elaborar el modelo matemático que lo represente 

Obtener una soluci6n del modelo 

Probar modelo y solu~i6n 
.) -i• 

Retroalimentaci6n 

Implantar la soluci6n. 

C'hurchman 

Ackoff 

Enthoven 

Arnoff 



EL CONTROL· Y COYJUNICACION QE LOS SISTEMAS. 

LA CIBERNETICA. 

La Cibernética es el estudio analítico del isomorfismo de 

las comunicac~ones en los mecanismos (Ingeniería Cibernética) 

los organismos (Bio-cibernética y Psico-cibernética) y las -

sociedades (Socio-cibernética). ~ 

Los aspectos ~e estudia la Cibernética son los procesos de 

comunicaci6n ...- control. 

Control de los sistemas de máquinas, de los procesos de 

producción y en general, de los procesos que tienen lugar 

cuando el ~ombre actúa con un fin determinado en los ins­

trumentos de trabajo y en los procesos naturales. 

Control de la actividad organizada de las comunidades hu­

manas que toman las decisiones. 

Control c2 los procesos que tienen lugar en los organis­

mos vivos (fisiol6gicos, bioquímicos y biof!sicos) supe­

riores, relacionados con la actividad vital del organismo 

y encamir¿=os a la conservaci6n del mismo en las condicio 

nes varia=les de su existencia. 

J 



CIBERNETIC~. 

Esto ha he=ho que se desarrollen las ramas de la 

Cibernéticé: 

INFO&~TICA.- Se ocupa de los sistemas de infor­

maci6n, o sea, aquellos en los que el flujo es in-

forrnaci6n. 

ROCRE~~7ICA.- Se ocupa del flujo de material, abaE 

cando las funciones básicas de producci6n, transpor 

te, alrrccenamiento y distribuci6n de productos. 

' , 
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LA CIUDAD. 

Una ciudad nace como un centro de intercambio econ6mico, cultural, social, 

político, etc. etc. Es un gran "mercado" al cual concurren todos los 

elementos de una regi6n, es decir, en un principio la ciudad no es más que 

una consecuencia de la regi6n en su intento por organizarse. 

32 

En ella poco a poco empieza a surgir un nuevo hombre, el hombre urbano, el cual 

en un principio funciona solo como intermediario y en su desarrollo, pretende 

organizar y controlar a todo el medio ambiente productor. Este nuevo hombre, 

intenta-solamente optimizar y sacar provecho de los factores que concurren en 

cada ciudad. Así llega la industrializaci6n, en donde el hombre urbano 

empieza a sistematizar y capitalizar la producci6n de bienes de consumo y capital. 

Es aquí cuando el hombre urbano empieza a desarrollarse independientemente del 

medio regional del que dependía, empieza a crecer su influencia y a interrelacio-

narse con otras regiones y ciudades.· El campo pierde fuerza y empieza a 

convertirse solamente en un proveedor de materia prima a cambio de consumir 

unos cuantos productos urbanos. 

Como la ciudad maneja los patrones de consumo y es la que más fácilmente 

puede organizar y establecer precios, empieza a explotar al campo no pagándole 

en proporci6n a su aportaci6n de productos. El campesino al ver ésto cree 

que la ciudad ha hecho un milagro econ6micd y emigra a ella tratando de 

incorporarse a la clase dominante. 

El Gobierno como producto generalmente urbano se dedica a intentar optimL::é: · , 

el sistema también urbano olvidándose de sus ligas e interrelaciones con 1a 

regi6n. 

Esto es posible en países donde la mayor parte de la poblaci6n es urbana 

(USA, GB) y donde se ha integrado al campo dentro de un proceso de 

industrializaci6n, pero injusto y explosivo en países donde el 5~ de la 

poblaci6n es.rural. 
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El problema además no es querer optimizar el sistema urbano, sino el pretender 

hacerlo simplemente cubriendo aspectos aislados (vivienda popular, vialidad, 

educaci6n, contaminaci6n, etc. etc.) sin estar concientes de las relaciones 

que tienen todos los elementos entre sí, para así poder preveer y optimizar 

el impacto de cada inversi6n. 

La ciudad no es más que una serie de actividades representadas por los 

edificios y una serie de ligas e interrelaciones entre ellos, esto aunque 

fácil de decir es terriblemente complejo en su funcionamiento y en su 

organización .. 

El edificio como parte de este sistema urbano, no pretende más que optimizar 

su accesibilidad a toda esta serie de canales de interrelación; como consecuencia 

al planear un edificio debemos preveer y planear sus ligas con otras actividades 

y con el medio ambiente, ya que de esto dependerá su buen funcionamiento dentro 

de la comunidad. 

A continuación se presenta un estudio realizado en la Comisi6n del Desarrollo 

Urbano del País de ~a Secretar~a de Obras Públicas en un intento por estudiar 

y sistematizar el análisis de la influencia y repercusión de cualquier 

establecimiento en un medio urbano, dentro del marco general de desarrollo 

de un proyecto. 
-"-

Como primer paso en el desarrollo del proyecto, consideramos necesario el 

establecer un marco de referencia de todas las actividades por realizar, así 

como de las responsabilidades que cada uno de los integrantes del equipo 

tendrá ante·el problema. Con este propósito se elabora un MODELO CONCEPTUAL, 

como esquema te6rico de referencia de cada actividad. 

Dicho modelo consta básicamente de los siguientes elementos: 

DEFINICION DEL PROBLEMA En el cual se establece claramente el problema, 

basado en estudios sobre ese tema y en los puntos analizados en 

las juntas de coordinaci6n celebradas con los interesados en el proyecto y 

con el promotor. 



ESQUEMAS TEORICOS cuyo propósito es el de representar gráficamente 

todos los pasos y procesos metodológicos empleados en las distintas etapas 

del proyecto. 

TABLA DE TEMAS en la cual se establecen claramente cuales son las 

rnetas del proyecto, así como los objetivos que se habrán de cumplir para 

lograr dicnas metasi~objetivos Goncretos derivados del conocimiento del 

lugar y de las metas, que nos servirán como una medida de efectividad en 

el modelo de evaluación. 

INVESTIGACION; dividida en los siguientes sub-temas: 

INVESTIGACIDN FISICA, elaborada por medio de las encuestas hechas 

por los becarios. 

INVESTIGACION SOCIO ECONOMICA, recopilando por un lado, la 

información necesaria de la zona de influencia; población, actividades 

existentes, inversiones en infraestructura y estructura dentro de la 

zona y el marco jurídico institucional existente; por otro lado se 

deberá determinar que estudios a partir de esta información nos son 

de utilidad; las posibilidades físicas de cambio, las hipótesis de 

crecimiento demográfi~~el papel de nuestra instalación en el 

desarrollo de la zona, el papel de la zona en el desarrollo de la 

ciudad, la población y recursos disponibles y requeridos, la 

jerarquización de las actividades económicas, las alternativas de 

distribución de población y actividades, la evaluación y estimación 

de las inversiones requeridas, las alternativas de_ financiamiento 

y por último, el marco jurídico institucional necesario para poder 

implementar el proyecto. 

INVESTIGACION BIBLIOGAAFICA, analizando información existente 

sobre estudios similares. 



INVESTIGACION FINANCIERA, la cual estudia los recursos necesarios 

y disponibles, así como la factibilidad del proyecto. 

SUB-MODELO DE ACTIVIDADES E INTERRELACIONES el cual consiste en analizar 
~ 

cuales son las actividades que concurren en el medio urbano, sus interrelaciones, 

su importancia, su frecuencia de uso y en general, todos los datos necesarios 

para integrar un programa completo y los modelos de evaluación del funcionamiento 

de cada una de las alternativas que posteriormente se presenten. 

PLANES PILOTO, que van tratando problemas específicos y proponiendo 

soluciones que más adelante se podrán manejar en la elaboración de alternativas 

de proyecto. 

PLAN PRELIMINAR, etapa donde concurren y se integran los trabajos y 

estudios anteriores; clasificando y conciliando la información, así como 

evaluándola para poder desarrollar un programa detallado ~ue analice sus 

efectos hacia la zona y hacia la ciudad. 

PROGRAMA, que consiste en una relación pormenorizada de las actividades 

que se llevarán a cabo en la zona, las áreas necesarias para éstas y los 
1 

criterios generales de localización einterrelación, expresado por medio de 

coeficientes, normas, rangos y patrones de diseño. 

POBLACION Y ACTIVIDADES DESEADAS Y DISPONIBLES, producto directo del 

programa, donde se mencionan aqy~llas actividades y población necesarias 

al proyecto, así como aquellas actividades y población que habrá disponible 

para acomodar en otros programas. 

MODELO DE EVALUACION, este modelo analizará tres aspectos de cada 

alternativa que se genere: 

ASPECTO FORMAL, en el cual se evaluará de acuerdo a los objetivos 
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concretos derivados de la tabla de metas en cuanto a adecuación 

de la alternativa al problema, su integración al medio ambiente, 

sus posibilidades de ejecución, carácter, su flexibilidad, su 

posibilidad de adaptación a distintas etapas de realización, la 

optimización en el uso de las inversiones existentes de infraestructura 

y en su relación cori los demás objetivos. 

ASPECTO FUNCIONAL; a partir del programa se elaborará un modelo 

óptimo de funcionamiento y cada alternativa se1 evaluará comparando 

su funcionamiento con ese modelo óptimo, aplicando factores de 

restricción a cada interrelación que no cumpla con el.rango permitido. 

ASPECTO ECONOMICO; cuantificando todos los costos así como los 

beneficios esperados de cada alternativa, para poder hacer una 

evaluación de tipo costo-beneficio con una tasa de rentabilidad 

fijada previamente por el estudio financiero. 

ELABORACION DE ALTERNATIVAS; las cuales deberán contener un criterio 

formal completo, un modelo de funcionamiento, su ~asto, así como los 

beneficios esperados; para poderlas evaluar. 

SELECCION DE UNA ALTERNATIV~ Y DESARROLLO DEL PROYECTO. 
¡¡. 

PROGRAMACION E IMPLEMENTACION DEL PROYECTO. 
1 

OPN/shb 
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1. EL MEDIO AMBIENTE NATURAL. 

Las características físicas, culturales y estéticas del -

sitio en que va a operar o ser usado un sistema, influyen decisivamente 

en sus requisitos o especificaciones de proyecto. El análisis del sitio 

o medio ambiente tienen como objetivo adecuar el sistema a las caracte-­

rísticas naturales del sitio~ 

En general los problemas que plantea el medio ambiente -­

por estudiar son las caracterTsticas del sitio en que se establecerá el 

edificio o sistema, definiendo las restricciones que este impone al pro­

blema. 

Este análisis puede iniciarse a un nivel de mayor genera­

lidad cuando aún no se ha determinado el sitio exacto de ubicación del -

sistema, contando solo con su macroubicación en una región o ciudad. Tal 

macroanál isis permite realizar una selección de los sitios disponibles, 

escogiendo el que mejor satisface las especificaciones referentes al si­

tio. 

Una vez real izada esta selección se puede proceder a rea­

l izar el microanál isisdel terreno escogido; para determinar las restric­

ciones que impone el terreno escogido. 

Procede entonces a real izar la selección del sitio, en ba 

se a los requerimientos o especificaciones del programa, escogiendo -

aquel que mejor satisfaga las experiencias en el expresadas. No siempre 

existe la posibilidad o necesidad de real izar una selección: en aquellas 

situaciones en que el sitio está ya predeterminado. En cualquiera de am­

bos casos se procede entonces al análisis del sitio. 

Como ya se ha mencionado nuestro objetivo es adecuar el -

sistema a las restricciones naturales que nos impone el sitio. 

General izando las restricciones mayores que nos presentan 

el medio ambiente natural influyen directamente en el sistema morfológi­

co d·~l edificio. 

La reglamentación para dichas condiciones se agrupan en -

normas que llega de lo particular a lo general; pudiendo nosotros enun-­

ciar las normas generales en los partidos estructurales. 

2 PARTIDOS ESTRUCTURALES. 

' 

1 
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2.1 ESPACIAMIENTO Y LOCALIZACION DE COLUMNAS: 

En edificios mayores de cuatro pisos, se recomienda tener 

uniformidad en los claros adyadcentes para tener elementos tipo hasta -­

donde el sistema funcional lo permita. 

2.2 LOCALIZACION DE ELEMENTOS DE RIGIDEZ DEPENDIENDO DE LA 

FORMA DE LOS EDIFICIOS EN PLANTA. 

Procurar tener la mayor simetría de elementos rígidos. 

2.3 LA FACHADA COMO ELEMENTO ESTRUCTURAL. 

Aprovecharlas siempre y cuando no produscan excentricida­

des importantes en el edificio. 

2.4 RELACION DE ESBELTEZ. 

Es aconsejable que la relación de altura o ancho no sea -

mayor de 6. 

2.5 
2.5. 1 

SISTEMAS DE PISO. 
TRABES Y LOSAS COLADAS MONOLITICAMENTE INSITU. 

Es recomendable emplearlo hasta 8.00 M de claro con cargas vi­

vas hasta 500 Kg/M2 . De preferencia el peralte debe variar entre 1/10 y 

1/12 del claro 1 ibre entre apoyos. 

Para cargas mayores es aconsejable trabes con un peralte 

igual a 1/8 a 1/10 del claro. 

2.5.2 LOSAS PLANAS CON ELEMENTOS PARA ALIGERAR. 

De 8.00 a 12.00 es recomendable el uso de e~te sistema. -

Sobre todo cuando se tiene 1 imitaciones de altura. 

2.5.3 ELEMENTOS PRECOLADOS Y PRESFORZADOS DE CONCRETO. 

Se recomienda su empleo para claros mayores de 12 M. en -

estructuras hasta de tres niveles con uniformidad de claros en planta. 

2.5.4 ELEMENTOS DE CONCRETO POSTENSADOS COLADOS INSITU. 

Es recomendable emplerse cuando se tiene limitaciones en 

el peralte del sistema de piso y se desea dejar la estructura aparente,­

para claros mayores de 12M. y cargas vivas mayores de 250 Kg/M2 

2.5.5 TRABES METALICAS CON LOSA PRECOLADA O COLADA IN SITU. 

Es recomendable pura claros muyores de 10M. y para edifi 

cios altos localizados en zona de alta compresibilidad • 

2.6 JUNTAS CONSTRUCTIVAS. 
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ESPACIAMIENTO DE JUNTAS DE DILATACION DEPENDIENDO DE LA 

LONGITUD DEL EDIFICIO. 

Generalmente no es necesario tener juntas de dila~ación -

en edificios de 60 a 80 M. pero es recomendable tener una junta sobre to 

dos en terrenos de alta compresibilidad. 

2.6.2 JUNTAS DE DILATACION DEPENDIENDO DE LA FORMA EN PLANTA 

DE LOS EDIFICIOS. 

Es aconsejable buscar la simetría del edificio con juntas 

de dilatación. 

2.7 
2. 7. 1 

MUROS COMO ELEMENTOS ESTRUCTURALES. 

DE CONCRETO 

Es recomendable su empleo en edificios altos de 10,15 o-

20 pisos, buscando siempre que dichos muros tengan la mayor inercia. 

2.7.2 DE TABIQUE. 

Pueden ser de rigidez o de carga, se pueden emplear en e­

ü;ficios hasta de 8 pisos debiendo de preferncia estar localizados uni--

formemente en planta . Debiendo estar siempre confinados. 

4 Pisos carga.. viva normal e= 14 cm. 

4 a 8 Pisos Carga viva normal e= 28 cm. y e= 14cm. 

2,8 COLUMNAS. 

2. 8. 1 De conreto armado cuando es necesario limitar su sección 

transversal utilizando concretos de alta resistencia y utilizando paree~ 

tajes de 4 a 5 por ciento de acero de refuerzo. 

2.8.2 De acero donde se requiere 1 imitar demasiado la sección 

transversal y en conjunto con el sistema de piso. 

3 TIPOS DE SOLICITACIONES: 

Suelen clasificarse como sigue las solicitaciones que o-­

bran en las estructuras. 

3. 1 

3. 1 • 1 

3. i . 2 

FUERZAS IMPUESTAS AL SISTEMA; 

FUERZAS GRAVITACIONALES. 

a).- Cargas muertas Reg. Const. D. D. F. (CAP. XXII) 

b).- Peso y empuje de Líquidos y matriales granulares 

almacenados. 

e).- Cargas vivas Reg. Const. D. B.F. (CAP. XXIV) 

FUERZAS ACCIDENTALES. ' 

... , 
• 



3. 1. 3 

3 .1. 4 

) • 1 • 5 

3. ~. 6 

3.1. 7 

• 
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a).- Fuerzas de inercia debidas a sismo y fuerzas prove-­

nientes de deformaciones impuestas por sismo. 

b).- Presiones de viento y fuerzas de inercia provenien-­

tes de vibraciones causadas por la variación de estas 

previsiones. 

e).- Vibraciones debidas a maquinaria y otras solicitacio­

nes dinámicas debidas al funcionamiento de Equipo Me 

cánico. 

DEFORMACIONES IMPUESTAS. 

a).- Hundimientos Diferenciales. 

b).- Efectos térmicas de dilatación y de contracción. 

DESGASTE V ALTERACION QUIMICA V BIOLOGICA 

a).- Abrasión y Erosión. 

b).- Corrosión y otras formas de intemperismo. 

e).- Ataque de Insectos y vegetales. 

FUEGO. 

EXPLOSIONES. 

OTRAS. ( Efectos de rayos , pérdida de material por efectos -

electrosmótticos ~te) 

1 



4. CARACTERISTICAS FISICAS DEL TERRENO. 

La forma, el volumen y la altura del edificio, así como -

las previsiones respecto a su infraestructura (movimientos de tierras, -

cimentación, atarjeas) deben ir en concordancia con el tipo de terreno,­

sus pendientes, la calidad y espesor de las distintas capas del suelo y 

subsuelo, su capacidad de carga,etc. para ello es necesario atender a 

los resultados de los levantamientos topográficos detallados y los estu­

dios de mecánica de suelos y geotécnia, se requiere a la vez las caracte 

rísticas Hidrológicas del sitio para generar obras de protección o desvío 

donde se requiera. 

El uso específico del suelo local izando sus distintas ac-

tividades. 

Localización de la flora, características, dimensiones; -

para generar la arquitectura del paisaje o restricciones que se puedan 

presentar por la existencia f~sica de estos, justificando su retiro o -­

conservación. 

Edificaciones existentes; evaluando su remodelación, res­

tauración o simplemente remozadas. 

5.- FORMACION DE UN AMBIENTE CONFORTABLE. 

En el sistema deberá contemplar medidas para formar un m~ 

dio ambiente adecuado al destino del edificio en los siguientes aspectos 

5.1 Formación de microclimas sin uso de medios mecánicos. 

En la toma de desiciones y en su evaluación se toma en 

cuenta los factores que se muestran en la fig.l, a fin de permitir en lo 

posible la formación de un microcl ima adecuado al uso de los locales sin 

necesidad de recurrir a medios mecánicos, en el supuesto caso, que las -

variantes de la fig. 1 no garanticen satisfactoriamente un resultado a-­

propiado, se recurrirá a medios mecánicos para controlar el ambiente. 

• 

' • 
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F A S E S O E L P R O Y E C T O . 

1.- CARACTERISTICAS DE UN PROBLEMA. 

741025-1 

Una característica de la mayoría de Jos problemas a los que 

nos enfrentamos es el gran número de soluciones posibles que pueden tener 

dichos problemas; dentro de las faces de un proyecto, surge~ a menudo pro­

blemas, en síntesis, que caracteriza la situación denominada problema: --­

lCual es su significado? lQue es lo que tienen en común los problemas?. 

Probablemente, las respuestas que se les den a preguntas -

como las anteriores sean vagas e incompletas. Por lo que no pretenderé -

llegar a la interpretación específica y exacta del término sino a las ca­

racterísticas generales de un problema. 

UN PROBLEMA SURGE CUANDO EXISTE EL DESEO DE TRANS­

FORMAR UN ESTADO DE CONDICIONES, EN OTRO. 

Si observamos la fig. 1 veremos en el estado a una necesi­

dad a satisfacer que pasan por la caja negra que podemos interpretar como 
11 Las cosas que hay que hacer 11

• Para llegar a tener la necesidad satisfecha 

estado B. Surge el problema sí para pasar del estado A, al estado B exis­

ten varias soluciones, pués por otro lado cuando todas las soluciones,posl 

bles son cualitativa y cuantitativamente iguales, el problema deja de e-­

xistir. Por eliminación podemos concluir quse un problema incolucra algo 

más que hallar una solución cualquiera; requiere encontrar el mejor méto­

do para lograr la transformación deseada. A las bases que permiten selec 

cionar la mejor solución posible se les conoce como el CRITERIO. Bases -­

que reaccionan de muy diferente manera. 

Volvamos a la fig. 1, si los estados A y B no son identi-­

cos, DEBE verificarse una transformación ó DEBEN ocurrir ciertas cosas. 

En lo sucesivo, llamaremos Restricciones a ese conjunto de cosas que De­

ben ocurrir o verificarse en una solución aceptable de un problema dado, 

bien sea por razones físicas, o por decisiones previamente tomadas. 

2.- EL PROCESO SOLUCIONADOR DE PROBLEMAS: 

Formulación del Problema. 

2.1 Procedimiento general para resolver problemas una vez ge­

nerado el problema. ' 

' • 
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El primer paso lógico en la solución de cualquier pr~ble­

n~, es la definición del problema, entendiendo por definición del proble­

ma la definición del problema la identificación de sus características. 

Posteriormente tendremos la busqueda de las diversas soluciones posibles 

y por último la tercera etapa del proceso para resolver problemas que es 

el Proceso de Decisión. 

2.2 Proceso solucionador de Problemas: 

El procedimiento general, espec!al para la solución de -

los problemas tecnológicos usuales, consta de las siguientes fases: 

a).- La fase de la formulación del problema, en la que éste­

se define en una forma relativamente amplia, sin conside 

ración de detalles, y hace incapié respecto a la identi­

ficación de los estados A y B. Fig. 2-1 

b).- La fase del análisis del problema, durante ia cual el 

problema se define en una forma relativamente amplia. 

Esto involucra una sintetización , investigación, proce­

sado y descriminación de la información recabada, para -

así poder determinar las características específicas del 

problema. Fig. 2-2 

e).- La fase de busqueda en la cual se indaga acerca de las­

diversas soluciones propuestas a problemas similares • -

Fig. 2-3 

d).- La fase de decisión, durante la cual las diversas solu-­

ciones posibles ·logradas se evalúan, comparan y descrim.!_ 

nan, hasta que surge la mejor de ellas. Fig. 2-4 

e).- La fase de especificación, la cual consiste en una com-­

pleta descripción de las características físicas y de -­
funcionamiento de la solución elegida. Fig. 2-5 

Integrando los puntos del inciso 2.1 con los del 2.2 po-

dremos obtener la secuencia de actividades que involucra el proceso so­

lucionador de problemas y los eventos que unen dichas actividades. 

F;g. 3 

FASES DE PROYECTO: 
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Una vez integrado el proceso solucionador de problemas; -

formulación de problemas, encontraremos la similitud existente entre pro 

yecto y problema. 

a).- Existen un gran número de soluciones posibles a una nece­

sidad específica. 

b).- Existe un deseo de transformar un estado de condición, en 

otro. 

e).- Se requiere encontrar el mejor método para lograr la tr~ns 

formación deseada. 

Si ~a necesidad de proyecto responde afirmativamente a es 

tos puntos, podemos concluir que proyecto y problema son afines. 

=~g.~~~lgsp. 

• 
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