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periencias, pues.los cursos que ofrece el Centro estén planeados para que
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Con objeto de mejorar los servicios que el Centro de Educacién Continua
ofrece, es Importante que todos los asistentes llenen y entreguen su hoja

de inscripcién con los datos que se les solicitan al Iniclarse el curso.
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ING,JOSE ELISEO OCAMPO SAMANO
Teds. COORDINADOR DE CURSOS
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CHAPTER

Introduction:
The Systems
Approach

11 DECISION MAKING

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

Generally, these problems consist of a very large number of interacting
variables many of which defy quantification. Therefore, it is recessary first to
classify the variables appearing in real life problems into tangitle or quanti-
-fiable and intangible or unquantifiable. The purpose of the sysiez1s approach
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, tssting, devel-
opment of measuring techniques; and to provide a clear understanding of
the situation at hand as an aid to the decision maker for sub;z:tiv2ly evaluat-
ing the intangibles which are present in most real problems.

Physically, a system is composed of a large number of int.racting com-
ponents, each of which may or may not serve a different furction, but all
of which contribute to a common purpose. Because the componants usually
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imohe many arcas of hnowledge, the only way to implement the syf.lcms
approach to decision making 1s through team action, teams im{O!vmg ]
spectrum of specialists in scemingly unrelated ficlds. Systems theory is intend-
ed to provide a common basis of understanding between disciplines and, as
a result, the systems approach is permeating most fields of hnowledge. The
physical sciences and engincering have already developed a strong vehicle
for interdisciplinary teamwork through the systems approach and, recently,
the life sciences as well as the humanities and the social sciences are beginning
to apply to their problems the vast methodology that exists in systems analy-
sis and design. . .

A complex problem can be handled with success when the systems approach
is effectively applied. Cost effectiveness, which is a usual gauging device for
measuring success, strives to produce a system with the lowest possible cost
for a set level of effectiveness or, vice versa, the highest level of effectiveness
for a set cost. Combinations of these goals are usual and trade-offs occur
when such an approach is taken. )

An example of the application of the systems approach to decision making,
where no mathematics is needed but where the approach to problem solving
recognizes the fundamental behavior of pcople in developing a realistic policy
that can be successfully implemented, is_the case of a congested urban 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 of relieving traffic congestion and reducing the frequency

and duration of traffic snarls. On the other hand, the second governmental

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 conflict immediately develops because, 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 toll
charges. A behavioral solution to this'sticky situation was proposed by R. L
Ackoff, Operations Researcher Professor at the University of Pennsylvania:
Implement a graduated scale of toll charges as a function of the number of
empty seats in a private automobile.
The policy could be developed as follows: Assume a six-passenger caf
arrives at the toll booth:

1. lf.all six places are oc.cupied. the car passes free ofch?rg&
2. If one seat is empty—that is, only five passengers are in the car—the
charge’ 1y, $0.25. .
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If two scats are empty, the charge is $0.50.

If three seats are unoccupied, the cost now climbs to $1.00, and so on
antil, say, )
5. The driver is the only passenger in the car, in which case the toll
is $2.25.

W

The figures quoted may or may not be realistic but the point is well made,
The day after this type of policy was implemented, a marked reduction in the
number of cars visiting the Central Business District would most surely be
observed. People would probably drive to the outskirts of the downtown 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, of
course, represents at least 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_be-developed without-the-use of mathematical--

techniques. However, in some of the most important applications of the sys-
tems approach, a great many complex technological questions are raised

- -which require specialized solution techniques: This book concentrates oa the-

development of some of the most important and useful of those techniques.

1.2 THE STRUCTURE OF SYSTEMS ANALYSIS AND DESIGMN

Systems analysis is the process of separating or breaking up a whole system
into its fundamental elements or component parts. It involves a detailed
examination of the 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 the elements, steps, and proce-
dures for producing a system that will optimally satisfy the stated goals. In

‘the context of this book, systems design is used as a basis for anticipating

problems and for solving them at their planning, engineering, architectural,
and construction stages. Systems synthesis is akin to design because it is the

‘process of putting together, composing, or combining parts or elements to-

form a whole system, completely blended to achieve its finest level of per-
formance. Through systems synthesis, often, varied and diverse ideas, forces,
or factors are combined into one coherent, consistent structure. In examining
complex problems, one must recognize the following classification of elements
occurring repeatedly in their solution through the systems approach:

1. A set of decision and state variables. The decision variables are those
over which the analyst has complete control and which he can manipulate at
will. The state variables are those which are dependent or - decision

:
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\arisbles and which, consequently, cannot be directly controlled by the
decision mzker. Often, the classification of variables into decisions and states
1s an arbitrany one. However, once they have been so stratificd, their behavior
follows the stated pattern. This clement is basically in the analysis phase of
the problem sclution and the significance of each variable—that is, .how
.ensitive =2 problem is to its settings—as well as whether or not the variable
1s quantifizble must be ascertained in this stage.’

2. An optimization model. This solution element is necessary for 1-1ndcr-
standing the problem at hand. It involves both analysis and synthesis and
consists of the development of a conceptual model which is sufficiently
analogous to the real problem but which, on the other hand, is simple enough
to be amenable to quantitative analysis.

3. A measure of effectiveness. Called the objective function, this measure
is formulated as a means for evaluating the degree of success or failure
2ttained in fulfilling the problem goals. It relates various decision and state
variables for the expressed purpose of ranking the outcome of the different
decision sets. . G

4. Generation. of alternatives and optimal solution. After the problen*_n has
been formulated quantitatively, the sets of decisions arrived at following a
-ational; systematic plan are evaluated by means of the objective function,
and the one producing the most desirable results is selected. The different sets
of decisions are the alternative plans of action and the selection of the most
desirable outcome constitutes the optimization phase of the 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 eatremely valuable, especially when the objective function is not too
sensitive 1o changes in the values of the decision and state variables near the
optimum. This phase of problem solution is primarily a design phase.

5. Policy implementation. This step involves the carrying out of the opti~
mal policy into the real physical situation. It constitutes, in fact, the real'iza-
tion of the objective and the only reason for having gone through the previous
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 learning processes where newly acquired data permit the system to refine
jtself and to a2dapt to a changing environment.

3 CLASSIFICATION OF DECISION SYSTEMS™

engineering, architecture, construction, and planning, decision systems
" 1 be classified according to size and according to predictability of behavior
’

follows.
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1. According to size:

1. Simple systems are those which involve only a relatively small
number of quantifiable decision and state variables.

2. Complex systems involve a large number of decision and state
variables. However, the variables are, by and large, of the quanti-
fiable ‘ype.

3. Exceedingly complex systems. These consist .of a large number
of decision and state variables, most of which are of a2 non-quan-
tifiable nature.

I1. 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. Srochastic systems involve randomly determined sequences of
observations, 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 to a specified input is not reproducible
at ‘will—that is, one cannot expect exactly the same behavior
when the system is subjected to identical inputs.

Table 1-1 gives examples of different types of systems classified according to
the rules“previously formulated. Note that the set of exceedingly complex
deterministic systems is assumed to be empty; there are no physical 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 Systems.

Systems Deterministic Stochastic
Simple B Beam Deflection_ Toss of Coin
Complex Planetary System Inventory System
. Exceedingly Complex Empty The City

r

1.4 FIELDS OF SPECIALTY IN SYSTEMS ANALYSIS AND DESIGN

The systems approach to complex problem solving encompasses a broad field
of work and, as such, takes on different meanings for the people involved in
it, depending upon the area or areas of their 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 interdiscipiinary, team approach.
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.

\. Determimstic and stochastic optinuzation. In a few words, optimization
deals with the methods and procedures required 1o obtain the most benefit at
the lcast possible cost. This book concentrates on the mathematical and
heuristic optimization techniques applicable to deterministic and stochastic
systems. In scction 1.5 the general concept of optimization will be discussed
furlher.

Contro! 1hcory Certain physical processes changc so rapidly that to
maintain an optimal level 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 needed to allow a system to adapt itself to 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
techniques of control theory because many of the problems encountered in
_their fields are of the process type where continuous monitoring is essential
to efficiency of operation.

* 3. Information systems. This systems area Concerns itself with the structure,
analysis, organization, storage, searching, and retrieval of information. The
entire subject has received an increasing amount of attention in recent years,
not only because simpler information handling systems aré urgently 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 linguistics, mathematics, ‘and computer programming.

4, Numerical analysis and methods. The computer, with its enormous speed
and ability to manipulate large blocks of information, is the most useful tool
available to the systems analyst and designer. Computers are of either of two
basic types: (1) digital computers which are basically extremely rapid, electron-
ic adding machines, or (2) analog computers which permit the solution of

a complex problem by establishing a2 mathematical analogy between the

problem functions and variables and a flow of electric current or a fluid.
Certain problems require the coupling of digital and analog computers; this
combination-has come to be known as a hybrid computer. In any case, the
analyst must’ BE capable of transforming the physical problem into a mathe-
matical one ‘@nd of directing its programming for computer solution. The
inclusion of the field of numerical analysis in the systems area grows out of
this need. This book will present to the reader a large number of examples
showing how to implement the process of going from the physical problem to
its mathematical analog. This process, called modeling in the language of
systems analysis, is perhaps the most difficult as well as the most important
phase of problem solving.
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S. Digital, analog, and hybrid computer simdation. This arca involves the
manipulation and obscrvation of a synthetic model representing a real phys
sical system which, for technical, economic, or other reasons, may not be
suitable for ecxperimentation. The synthetic model, usually mathematical in
nature, ideally represents the essential characteristics of the physical system.

In contrast with analytical models which are solved exactly or approximately,

simulation models are run. The simulator observes the behavior of the model,
gathers pertinent data, and draws appropriate conclusions. Digital, analog,
and hybrid computers are normally used to run simulation models.

1.5 OQPTIMIZATION METHODS AND 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 infinitude of possible worlds, amA‘ng which God must needs have
chosen the best, since-He does nothing without acting-in-accordance wiily-
supreme wisdom. Now this supreme wisdom; united to a goodness that is
no less infinite, cannot but have chosen the best. . . . As in mathematics, when

. _..__thereis no maximum orminimum, everything isdoneequallyor . . . nothingat

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 came to be known as optimists
when in reality they turned out to be fatalists by reasoning that if God in all
of His wisdom and goodness could not make the world any better, what
could a powerless human being do to change it? Optimization, with many
other branches of human knowledge, had a strictly philosophical begmmng.
Today, however, although its philosophical implications continue to be of
interest, its emphasis is on the solution of complex proble'ns from the real
world.

From the standpoint of methodology, optimization techmques can be
divided into indirect and direct. Indirect techniques permit the selection of an
optimal point without requiring an examination of nonoptimal points. These

‘primarily on their study. Direct methods start at an arbitrary point and pro-
ceed stepwise toward the peak by successive improvements. Chapter 10 ig
dedicated to the study of direct methods.

From the standpoint of the type of systems to which they are applied,
optimization procedures yield various kinds of decision-making strategies:

1. Decision making under certainty applies to deterministic systems
where the probability of occurrence of each event is one.

- methods are very effective when they can be applied. This book concentrates
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Docision making under risk applies to stochastic systems where the
probability of occurrence of each event is known but lics somewhere
between zero (nonoccurrence) and one (occurrence).

3. Dccision making under uncertainty applies to stochastic systems with
unknown probability distributions.

4, Adaptive decision mahing results when the analyst is able to conduct a
sequence of eaperiments in order to acquire knowledge about the
probability distributions-involved. This category is intermediate be-
tween risk and uncertainty and in many respects can be classified as
a simulation type. Chapters 12 and 13 discuss stochastic systems in
some detail.

5. Finally, decisions can be formulated individually or by groups. In

group decision making, the process may be carried out under col-

laboration 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

Economic
Considerations

2.1 INTRODUCTION

Projects of any kind become a reality only if they are technologically and
financially feasible. Technological feasibility lies in the realm of professional
know-how and ability. Financial feasibility depends upon the project’s ability
to show a profit to the investor through time.-

This chapter will concentrate on the development of procedures, 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 estimates 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, and a 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, technological limitations, and so on, which make arriving

i1
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at the optimal solution a very difficult task. The obvious complexity of the

problem tempts onc to formulate intuitive decisions. Unfortunately, these

types of decisions are unreliable and dangerous and must be discarded when-
ever possible. Although complete optimization of a project is frequently
impractical, near optimal solutions involving imperfect alternatives are often
cood cnough";l_’b provide extremely satisfactory answers: Economic.stuaies
serve to identify clearly all of the alternative methods of solving a particular
problem and of quantifying those alternatives by reducing them to a mone-
tary basis.

2.2 THE CONCEPT OF INTEREST

Because of the existence of interest, money is worth more today than some-
time in the future. Interest is the direct result of two behavioral phenomena:

-1. Manhas-a-finite life span-and for this reason-people-are-not-willing:
to postpone enjoyment of material goods because of the inherent
uncertainties of life.

2:-There-is-a-fundamental trade-off rule that-appears to_apply to most.
people: The more one has of something, the more one is willing to
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,

If one asked somebody whether he would rather have, say, $1,000 today or
$1,000 one year from today, any sane person would most assuredly respond:
“Today!™ Suppose that one upped the reward $100 for a delay of one year
and that the question were rephrased: *$1,000 today or $1,100 one year from
today?” The individual might still prefer $1,000 today. Continuing in this
fashion, one would state at some point: “How about $1,000 today or $1,400
a year from today?” If; after some thought; the person responds, “I prefer
to wait a year to get the $1,400,” his so-called aitractive annual rate of return
would be 40% under this set of circumstances. That is, he is willing to wait
a whole year%i_'ﬁ'prder to'realize a 409 increase in financial return.

On this basis, inferest 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 10 lend S1,000 to a borrower in the expectation of a 409 return,
The borrower would be paying 409/ 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 advertise~

R
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ments would reveal that annual interest rates in the 25% to 459 bracket are
not uncommon. :

A more operational dcfinition of interest is the return derived from capital
productively invested. Inferest rate is the ratio between the amount of interest
chargeable or payable at the end of a specific time period, usually one year, and
the money borrowed at the beginning of the period. In general, the interest
rate is “per annum” (per year), unless stated otherwise. For example, a 6%
interest 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 difference between the payment of interest annually and its payment
at more frequent 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 of the previous year—the total amount that includes the original
principal sum borrowed plus the interest that was not paid when due and
that, consequently, has accumulated—the interest is said to be compound,
Simple interest is that payable as a charge on the original principal sum only.
This type of interest will not be discussed Turther because it is not gefierally
encountered in practice and its computation is direct.

_ To illustrate the difference between simple and compound interest, con-
sider the repayment of $10,000 at the end of 5 years for an 8 % loan undes
"TABLE 2.1. Simple and Compound Interest.

8% SIMPLE INTEREST

Interest
Amount Owed at "{ Owed at End Amount Owed at
Year Beginning of Year of Year End of Yeesr
] 1 $10,000 $800 $10,800
4 $10,800 $800 $11,600
3 $11,600 $800 612,400
4 $12,400 $800 $13.200
5 .. $13,200 1 $800 A__. . 614,000
8% COMPOUND INTEREST
S . . Interest . .
Amount Owed at Owed at End Amount Owed at
Year Beginning of Yesr of Year End of Yeer
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
5 ' $13.605 $1,088 $14,693
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cach plan, as given in Table 2.1. Under the 89, simple intercst plan, the
interest owed at the end of cach year is computed on the $10,000 principal
only and is a constant $800. For the 89/ compound interest case, the interest
is computed on the total amount (principal plus interest) owed at the end of
the previous year. The amount increases from $800 at the end of the first year
to $1,088 at the end of the fifth. Rounding off to the nearest dollar, the differ-
ence in cost to the borrower is $693 at the end of 5 ycars. This quantity is
the amount the borrower pays for the use of the accumulated interest money
throughout the duration of the plan,

2.3 CASH FLOW DIAGRAMS

Because of interest, money has different value through time. This results in
the concept that money has “time-value.” Since most investment situations
involve disbursements and receipts of money through time, it is convenient
to develop a_semigraphical method of analysis. Cash_flow diagrams provide
a rational, simple way of showing how money flows through time. Figure 2.1

FlGUREi 2.1. Cash Flow Diagram.

{+) Receipts

o:i:44:+¢>1’m

{~-) Disbursements

depicts a typical cash flow diagram. Plotted along a time axis are both receipts
(positive cash flow) and disbursements (negative cash flow). It is irrelevant on
which side of the time axis they are plotted, however; in this book receipts will
be plotted above-the-time axis and disbursements below 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 lender’s-disbursement and vice-versa.

2.4 BASIC ASSUMPTION IN INTEREST COMPUTATIONS

For the purpose of alternative comparisons, it is well to assume that cash
disbursements and receipts occur only at the end of each time period (nor-
—ally one year). More frequent cash movement introduces a slight error in
r.e computations which is of little significance in performing the types of
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analyscs of intcrest to planners. For example, although repayment of princi-
pal and interest (debt service) on improved real estate property is normally
done at the end of each month, with a very small error and with much sime
plification in the computations, the total for twelve months can be assumed
to be repaid at the end of each year instcad. Normally, this practice provides
more than sufficient accuracy.

2.5 DECIDING BETWEEN ALTERNATIVES

It is always differences in cost or profit which are significant in selecting be-
tween alternatives. The concept of cost, or profit, must be related to specific
alternatives in order to serve as a useful guide in business decision making.
It must be pointed out that, although many data are irreducible to money
terms, any final intelligent decision must give proper weight to the quantifi-
able factors as well as to the unquantifiable ones and, of course, the more one
is able to quantify the elements of a problem the more reliable the decisions

"become. After all, the objective 6f an économy study is {o establish a rational

base for selecting between alternatives, and any information which tends to
clarify the choices is of paramount importance to the goal of such a study.

2.6 THE QUESTION OF INCOME TAXES

The study of taxation is a field all to itself and no attempt will be made here
to become involved in such a complex subject. Before-tax computations will
be the general method used for the purposes of this book. However, the ana-
lyst must be totally aware of the tax implications of each alternative under
consideration; he should seek expert advice on these and other matters which
could be of vital importance to his projects.

2.7 METHODS OF ANALYSIS
- '

- Four methods of analysis of cash flow situations will be discusséd in detail:

1. Present worth conputations.

2. Equivalent uniform annual cash flow.
3. True rate of return computations.

4. Benefit-cost ratio.

Al of these methods serve to reduce money figures through tim.: to acommon
base for comparison purposes. However, before they can be studied, the
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rcader must be totally familiar with the basic interest formulas and their use
in specific situations.

2.8 INTEhEST' SYMBOLS AND FORMULAS

2.8.1 Symbols

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

1. i — the interest rate per period.

2. n — the number of interest periods.

3. P — a present sum of money.

4. F — a future sum of money.

5. A — an annual payment (or a payment per period).

These symbols are mnemonic—that is, they serve as memory aids—and for
" this reason have been adoptéd for interest computations. ’

As will be seen later, in interest problems four of the five parameters
i,n, P, F, and 4 are always present and t/iree of the four must be known

" (given as data); theé object of 1he problem is to compute thé missing fourth -

parameter.

An important comment must be made here; interest tables are conven-
tionally based upon payments made at the end of each payment period and
not 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:
{l. Compound Amount Factor.. _

2. Present Worth Factor.
3. Sinking Fund Factor.

T 1.7Single Payment Formulas

_ . I1._Uniform Series of Payments }4. Compound Amount Factor. _

Formulas 5. Capital Recovery Factor.

6. Present Worth Factor.
2821 Single Payment Formulas (f)

As the name implies, a single disbursement and receipt, through time, is
involved in each of these formulas.
The cash flow diagram for the two formulas is given in Figure 2.2,

1. Cr ‘oundamm;ntfaclor. What future sum of money F can be obtained
from inv._.ing P dollars today (at the end of year zero), at i 9} annual interest,
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FIGURE 2.2. Cash Flow Diagram for Single Payment Formulas.

o 1 2
l L] ¢ Ll ”
P SN

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— P,i%,n)P. Q1)
Equation (2.1) is meant to be read: F equals the compound amount factos
(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
—P, i%, and n_are.known. Numerical values of the_compound amount_
factor are supplied in the tables of Appendix A. These values are tabulated
under column one, headed (F — P)for interests %, varying from 1 %, to 509,

-and-for-number of interest periods, n, varying from -1-10.50 in most cases..

The algebraic formula for the compound amount factor is computed as fol-
lows: If P dollars are invested at interest 7, the interest for the first year is i
and the total amount at the end of the first year is

P+ iP=PQ1+i0) 2
The second year the interest on this amount P(1 + ¢) is iP(1 4+ i) and the

. total amount accumulated at the end of the second year is

P1+D+iPA+H=P01+0Q1+D
, ? | =P+ 3
Similarly, at the end of the third year the amount is P(1 + x')’ at the end of

- n years it is P(I ¥ i)". Consequently, e e e e

(F—>P,i%n) = (1 + " Y

Example 22 i SR )

Mr. Jones deposits $3,000 in a savings account which pays 47 annual
interest. How much money would he have accumulated at the end of §
years?

Solutions
P=283000;i%=4%;n=5F=1
X F=(F—> P, 4%, 5)3,000.
From Table A-9,

(F—> P, 4%, 5) = 1.2161. :
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Therefore,

F=1.2167 x 3,000 = $3,650.

Note: For most computations, slide rule approximation provides suffi-

cient accuracy in comparing alternative planning investments.

2. Present worth factor. The present worth factor is the reciprocal 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
sum 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), : h
) F=(Q+ :’{P. 2.6)
Therefore, e e W
P=lrrmlr @D

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

Example 22

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 10 years?

Solution: ¢ : °
F=1%4,000;i%=5%;n=10; P=1
= (P— F, 5%, 10)4 000. - -
From Table A-11,
(P—> F;5%,10) = 0.6139,
Therefore,

P = 0.6139 x 4,000 = $2,456.
2.8.2.2 Uniform Series of Payments Formulas (If)

These formulas involve series of equal payments,

3. Sinking fund factor. How much money A should be invested at the end
of each year, at 9 for n years, to accumulate a stipulated future sum of
money F? The cash flow diagram for this situation is given in Figure 2.3.

f
|
|
|
|
|

CHAP. 2 / ECONOMIC CONSIP"‘\TIE)NS 1®

FIGURE 2.3. Cash Flow for a Sinking Fund.

T

The functional relationship is
= (4> F, i% nF. . @8’

The numerical values of the sinking fund factor (4 — F, i%, n) are given
in column three of the tables in Appendix A. The algebraic formula for the
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 theend of n years will obviously equal the sum of the com-
pound amounts of the individual investments. The amount A invested at the
end .of the first year will earn interest for n — 1 years; therefore, its com-

pound amount will be A(1 + i{)*~*. The second year s investment will amount
to A(1 + 1)*~? at the end of the n — 2 years left. The third year’s investment

- will be-A(I + i)""*.and so on, until the last year (the end of year n) in which

the investment earns no interest and, consequently, amounts to only A.
The total amount F is, therefore,

F= A(l+l)"‘+A(l+z)""+A(l+l')" + -4 Q9

This can be rewritten, -~

F=Al+Q+d+Q0+i2+ +(1+i)'"+(l+0"']- (2.10)
Multiplying both sides by (1 + i), obtain
F(l+')—A[(1+0+(l+i)’+(l+i)’ +--+AQ+0
+ 14 ] . @n)
Subtract equation (2.10) from equation (2.11). thus
iF = A1+ iy — 1} )
Consequently, .
_ [ P
A= TFy=1 F. . ) .12
Therefore, -
A—>F, iy, n)= (T-‘F.‘S-Tt 213
Example 3:

Suppose that Mr. Smith in Examp]e 2 cannot afford to deposit $2,4%
today at 59 to accumulate $4,000 at the end of 10 years. Instead, he wisheg
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to determine how much money he should deposit at the end of each year
for 10 years to generate the same $4,000 savings.

Solutions
F=1%84000;i%=5%n=10;4=1
A = (A — F, 5%, 10)4,000.

From Table A-11,

- ?:‘ R

(A — F, 5%, 10) = 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. (2.19

The algebraic value of the compound amount factor for a uniform series of

"~ payments is obtained -directly from equation(2.12)c - - S e s

Since

then

p=[(___1___‘ +'i"“ 1y,
and, therefore, ’
(F—> A, i%.n) = (_':_F_?'_-_'_ 2.15)

‘ The compound amount factor for a uniform series of payments is the recip-
rocal of the sinking fund factor. Its numerical values are tabulated in column
five of the tables in Appendix A.

Example 43 : .

What sum of money will be generated by $1,000 invested at the end of
each year for 8 years in an investment yielding 6 7{ return?

So!u_tfgn:

: A = $1,000;i% = 6%:n=8; F=1
F = (F—> A4, 6%, 8)1,000.
From Table A-8,

¢

. (F—> A4, 6%, 8) =9.897.
Therefore,
F =9.897 x 1,000 = $9.897.
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S. Capital recovery factor. If P dollars are invested today at i%, how
many dollars, A4, can be sccured at the end of each year for n years such that
the initial investment, P, is depleted ? 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

I

P

Note that capital recovery, as its name implie€, refers to the number of
future equal end-of-the-year payments, A4, needed 10 recover an initial invest-
ment, P, in n years at i%,. The functional relationship is,

T T T v A=A = PrAY P

The algebraic formula for the capital recovery factor (4 — P, i%, n) can be

__ . computed from the sinking fund relationship, equation (2.8), as follows:

A = (A —>F, i%, n)F. 2.16)

To reduce F to P, use the compound amount relation, equation (2.1), and
g‘sgbstituteit in the expression given above to obtain
o -

" A= (A—> F, i%, n)(F—> P, i%, n)P.
Consequently, from equations (2.16) and (2.17), )
) (A—> P, i%,n) = (A —>F,i% n)(F— P,i% n). (18)
The algebraic equivalence is derived from equations (2.4) and (2.13)

U— Pi%n = [ ey |0 + 00

or ;

) ,__,(A%*P-i%,n)?ﬁf;,—"é-lo '_ .19)

This equation can also be expressed as

ko

@17)

L pi® _i4+id+ir—t
(4—> Pi%m = S s

i+ a+ir—-1
ad+ir—-1

' . .
arr-1tt @)

(A— P,i%,n)=
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Expression (2.20) shows that the capital recovery factor equals the sinking

fund factor, equation (2.13) plus the interest rate, Thus,
A—Pi%n=A~—Fi%n+iL (2.21)

Numerical values of the capital recovery factor are given in column four of

the tables in Appendix-A, - _ - -
Example 52
What should be the annual return from an investment of $10,000 at 4.5%,
for 15 years?
Solution:
P=810000; i, =45%:n=154=1
A = (4 — P, 4.5%, 15)10,000. \
From Table A-10,
(A—> P, 4.5%, 15) = 0.09311.
Therefore;~ - —~—-— ——~ —= - . - -
A = 0.09311 x 10,000 = $931 per year.
6. Present worth factor. How much.money P. should be invested today at
i%, to recover A dollars at the end of each year for n years?
: P=(P—A,i% nA. 2.22)
The present worth factor (P — A4, i%, n) is the recjrggocal of the }:apital
recovery factor. Therefore, its algebraic formula is

o
RPN (Y
(P A"A’n)—T-%—__i)'—"

(2.23)

Equation (2.23) is the reciprocal of equation (2.19). Numerical values of
(P — A, iY, n) are given in column six of the tables in Appendix A.

Example 62
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 years?

Solutions o R
A=$1,000;i%=8%:n=125P=1 T
P = (P— A,8Y%, 12)1,000.
:l:'rom Table A-15, -
(P— A,8% 12) = 1.536.
Therefore,

P = 7.536 x 1,000 = $7,536

- ————
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2.8.3 Summary of Interest Factorg
1. Single Payment Compound Amount Factog
(F—P,i%, n)=(1 +ip. (2.29)
2. Single Payment Present Worth_Factor
P—>Fi%n =1
( - ‘/o, n) (l F ir (2'25)
_ 3. Series of Payments Sinking Fund Factor
y %)= 14 ;
(A— F,i%,n) m' (2.26)
4. Series of Payments Compound Amount Factor
]
, (4ir-1 y
(F_" As ’%’ ") - (—'L;r_—' (2'27,
5.”Series of Payments-Capital-Recovery-Factor B
\ . Py
A—rPiYmy s LD i |
B N BT e AU o
6. Series of Payments Present Worth Factor
P Girm_ (+ir—1
o —+A,zﬁ,n) T%)’“ (229
2.8.4 Relationship Between Interest Factors :
1 (F 1%, n) = |
E— P i%n) P=Fign . 230)
A y, = 1. )
3. 1%, n) = I @
(A -_— P, I/o, n) mi (2.32)
4 (A—P;i% n) = (A —>Fi%.n)+L (2.33)

2.8.5 Other Interest Formulas - ;

f\lthough other interest formulas can be just as easily derived, they are not as
important as the six basic formulas already given. Formulas for gradient
series, continuous compounding, and so on, as well as numerical tables fog
many of them, can be found in the references.
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2.3 NOMINAL AND EFFECTIVE RATES OF INTEREST

Suppose that interest is compounded more frequently than once per year.
Many banks, for instance, compound interest quarterly or even more fre-
quently on their savings accounts. The more frequent the compounding, the
higher the yield of a specificd interest rate. )
Let interest be compounded m times per year at a rate ifim per compound-

ing period.
The nominal rate per year is
)
mil—
m
The effective rate per year is

(1 + 7‘;—)' -1 (2.35)

Formula (2.35) simply states that the effective interest per unit (dollar) is the

=i (239

compound amount-at the end of m periods per year, minus-the-initial- invests — .

ment of one unit (doliar).
For example, anominal rate i == 0.12 (129 annual interest) has the follow-

ing effective ratess —--—— -

1. Compounded annually,
Effective Rate = 0.]12

2. Compounded semiannually,

Effective Rate = (1 + "-_2‘?)’ —1=01236

3. Compounded monthly,

Effective Rate =

(1 + O_i‘z_z)" —1=01268

210 PROCEDURE FOR FINDING AN UNKNOWN RATE OF INTEREST
Because interest formulas are nonlinear, the most efficient method for finding
an unknown rate of interest 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
£10,000 investment ?

——y
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Solution:
P = 310,000; F= $22,000; n = 15;i% =2
By interpolation: .

e —

—— — o

F=(F— P, iy, 15,

or,
| 22,000 = (F— P, i%, 15)10,000,
. Consequently, i
:
: o 22,000 .
; . (F—> P, i%, 15) = {550 = 2.2000,
) Looking through the tables one finds:
- (F— P, 5%, 15) = 2.0789, from Table A.11.
o (F—> P, 5.5%, 15) = 2.2325, from Table A.12.
~ Consequently, by interpolation, g ’ i
1 T T 0 2000 — 2. -
. . — 2.0789
‘L - . o . 0,
i%=5%+ (2‘.232"5"—'2".0789)0'5 Ze

S Y% = 5% 40:395%-= 5399 return.-
Exact Solution:
. (F—>P,i%, 15)=(1 + '3 = 2.2000.
Therefore,

1+ i="¥23,
i='%/27 -1
Using logarithms, find .
: i%=5397T%

g The error is; in fact, negligible. -
’ 211 ADDITIONAL-EXAMPLES OF APPLICATION

It 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 paye
ments made at the end of each payment period.

3. Slide rule accuracy is sufficient here for most applications - “interest.

%
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Example 8:

If $4,000 is invested now, $5,000 two years hence, and $10,000 four years
hence, all at 59 interest, what will be the total accumulated amount 12
years from today?

Solutiens

The cash flow diagram for this problem is

3

$4,000 l

$5,000

F
1)
0 ' 2 3 4 5 6 7 8 9 W u |

$10,000

<

"To compute F, note that the compound amount facwrmnstte applied te
the different deposits for different numbers of years. Thus,

e F (F — P, 5%, 124,000 + (F —> 2, 5%, 10)5,000

+ (F — P, 5%, 8)10,000.
From Table A-11.
= 1.7959 x 4,000 { 1.6289 x 5,000 + l{&?}?é X 10000,
" F = $30,100,
Example 9:

What is the compound amount of $6,000 for 7 years with interest at 8%
compounded quarterly? .

4r...

T+N
dw

) 4 5 & 17

$6,000

Solutions

Because the interest is compounded quarterly (four times per year), the
effective interest for a nominal 8 ¢/ per year is equivalent to 29, per period

L
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(quarter) for 28 periods (7 years). Therefore,
P =%6000;i%=2% n=28;F=1"
= (F —» P, 2%, 28)6,000 = 1.7410 X 6,000 = $10,446.

* Example 10:

Compute the present worth of $2,000 at the end of each 6- -year period for
the next 18 years if interest is at 6 %.

Solutions ,
$2,000 $2,000 $2,000

1 n T .
— $ 4 : 3
Ll t T =t

2,000(P—> F,6% 8 + (P —> F, 6%, 12 + (P—> F, 6%, 19)
—2000[0 7050} 0.4970 -+ 0.3503] = $3,100. ~ [ -

Y- O
o0
8
3

-.-.Example 112 o
How long w:ll it take for money to double itself with interest at 6%17
Solutions )
) O - r
0‘4‘ 4 3 4 - 'l . 3 - T
1 LI L) Ll L L2 k) ) Al L h
P . )

" From the 6%, interest-table, find that for n = 11,.

(F— P, 6%, 11) = 1.8983,
Forn=12, -- B R

(F—P,6%,12) = 20127.
Therefore, it takes, approximately,

2.0000 — 1.8983
2.0122 — 1.8983

for money to double itself at 6% intc.est.

=11+ ( )1—1189ycars
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Example 12:

How much must be paid each year during 10 years to repay a loan of
$15,000 if interest is 8 %7

Solutién:
P =8$15000;i% =8%;n=10; A =?
A= (4—> P, 8%, 10) 15,000
== 0.14903 x 15,000 = $2,240 per year.
Example 13:
How much would still be owed after the sixth payment has been made on
the loan of Example 12?

15,000

L-r_ 2 - © -8.-9._10 . _

Vi
IRERERE

- $2,240

$2,240° -

Solution:

Immediately after the sixth payment has been made, there are still four
more payments to make. The question could be.rephrased: What is the
present worth (at the end of year 6), P, of four annual payments of $2,240
at 8% interest?

PG = (P"—’ As 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 investment of $100,000 produces a return of $14,000 per year for 16

years: What is this investment's approximate rate of return? =~ - —

Solution:
P = $100,000; A = $14,000; n = 16; i% =17
100,000 = (P — A, i%, 16)14,000.
Therefore, -
° 100,000
(P—> 4,i%, 16) = Ty = 114

- ‘compared
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Scan the tables in Appendix A for a series of payments present worth
factor of 7.14 in 16 years.

Fori=10% (P— A, 109, 16) = 7.824.

Fori=12% (P— A, 129, 16) = 6.974.

By interpolation,

o) 0o, (182 =T8N 00, 11 co
z/,,_104,+(m___m)24..11.6/,

2.12 PRESENT WORTH COMPUTATIONS °

Proposed investments are feasible 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 ciccumstances. In what follows this

interest will be called the attractive rate of return.

- ~-~The first method-to.-be-discussed for comparing_ alternative investment

situations consists of reducing series of estimated money receipts and dis-
bursements to thelr present worth as of the zero date of the series being
Because first costs are already at zero datc, no mtercst 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 computations also-serve to place a value on prospective net money
receipts and, as will be shown later, are used to compute true rates of return.
In accounting circles, reduction to present worth is called discounting.

Example 15:

(8]
An architect is faced with the following alternatives for providing on-site
power generation to a hospital:

Alternative A - .

1. Purchase equnpment to supply an expanded 500-bed hospital facihty
at a cost of $250,000.

2.-The expected life of the equipment is 25 years with zero salvage value.

3. Maintenance and operating costs are estimated at $30,000 per year.

Alternative B
1. Purchase equipment package No. 1 today at a cost of $150,000 to
© supply the needs of a 250-bed facility.
2, Ten years hence, buy equipment package No. 2 at an 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 operating costs are estimated at $18,000 per year

-for cach equipment package.

The architect wishes to select the least costly alternative assuming a mini-

mum attractive rate of return of 8% per annum.
Solution:

The cash flow diagrams for each alternative are given below:

012 25

$50,000

012

B =

$36,000 per yeor
$150,000 $200,000

ALTERNATIVE B

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

Alternative A .
Initial Investment N = 250,000
P.W. of Annuasl Disb., years 1 to 25
= 30,000(P — A, 8%. 25) = 30.000(10.675) = $320,000
Total P.W. = $570,000

Alternative B
Initial Investment = $150,000
P.W. of Annual Disb. of $18,000, years 1 to 10 -
= 18,000(P — A. 8%, 10) = 18,000(6.710) = $121.000
P.W. of $200,000, 10 years hence
= 200,000(P — F, 8%. 10) = 200,000(0.4632) = $ 92,600
P.W. of Annual Disb. of $36,000, years 11 to 28
= 36,000(P —» A, 8%. 15)(P — 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) =8 7,300
P.W. of Net Disbursements = $499,300
Consequently, Alternative B is more economical.

' [N
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Comment on Example 15:

1. 1t was previously stated that in computing present worth it is neces-
sary to establish the attractive rate of return. This is the rate at which
money could be profitably invested in an alternate venture. Natu-
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 annual
disbursement from years 11 to 25 was accomplished as follows:

a. First, the series was reduced to P.W., at year 10

= 36,000(P —> A, 8%, 15) = P,,.

b. Then this sum of money at year 10 was reduced to pre:sent
worth at year zero

= P, (P — F, 8%, 10) = $143,000.
c. The calculation was performed in one operation, thus
36,000(P— A, 8%, 15)(P — F, 8%, 10)
T = 36,000(8:559)(0.4632) = $143,000. R e

2 12 1 Alternatuves with Perpetual Lives

There are cases when a present worth study must be done for an alternative
with a long service life (50 years or more) or for one with a perpetual period
of service. Economy studies are, in general, not sensitive to cash flow in the
distant future, unless the interest rate is very low. For example, the present
worth of one dollar 50 years hence at 4% interest is only fourteen cents. At
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, |f the
" attractive rate of return is 8%, ?

Solution:

The question can be rephrased as-follows: How much money-P should be
invested at 8 9 to yield annual receipts of $450 without ever touching the
principal (that is, forever)?

The solution is obvious.

0.03 P = 450.
That is, 8% of P must equal $450 each year. Thus,
450 _
P = 0.08 $5,620.

If $5,620 is deposited in a savings account paving 89 annuai interest,
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$450 can be withdrawn every year, forever, without depleting the original
amount. Consequently, the present worth of 3450 annually, in perpetuity,
is $5,620 at 8%. T

Example 17:
Determine the-difference in present worth of the following two plans.

Plan C
Initial Cost = $50,000
Annual Cost =$ 2,000
Service Life = 25 years
Interest Rate = 0.08
Plan D

Assume that Plan C will continue in perpetuity—that is, every 26
years there will be an investment of $50,000 and the annual costs
will remain at $2,000, forever.

Solution:” N
Plan C “
o T Tinitial Cost =¢50000
P.W. of Annual Disb., years 1 to 25
= 2,000(P — A. 8%. 25) = 2,000(10.675) = $21,400
Total P.W. = $71,400
= Plan D
Initial Cost = $50,000
P.W. of Annual Disb., forever
= 2,000 + 0.08 = $25,000
P.W. of 50,000 every 25 years, forever : -
= 50,000(A — £, 8%, 25) + 0.08 .
= 50,000(0.01368) + 0.08 = ¢ 8.550
Total P.W. $83,550
[

Comment on Example 17:

1. The present worth of $50,000 every 25 years, fore,venj‘,, is computed
as follows
a,

0 25 50 75

$50,000 $50.000 $50,000

F t, reduce the $50,000 to an equivalent annual cost by multiplying
Y i N '

R 2‘1:22 ‘AIEtern-at}\»/_e;'witl';_Differer;;Liv_as
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it by the sinking fund factor far each 25-year period,
A = 350,000 (4 —» F, 8%, 25).
b.

T g

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

P.W. $50,000 (4 —> F, 8%, 25) — 0.08 = $8,550

2. Plan D s, in fact, a perpetually cycling Plan C. The difference in pres-
ent worth between the two plans is $12,150—an increase of only
179 between 25 years of life and perpetual service.

_In order to_provide an unbiased comparison between alternatives with differ- _
ent lives, it is necessary to transform them, somehow, into alternative plans
supplying the needed service for the same number of years.

Because distant disbursements and receipts have little effect upon present
worth computations at normal interest charges (49 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 69/ interest.

N Plan E -
Initial Equipment Cost = $50.000
Annual Cost of Oper. & Maint. = § 3,000
Service Life = 25 years
Salvage Valus = $10,000
Plan F

Initial Equipment Cost = $75,000
Annual Cost of Oper. & Maint. = § 2,500
Service Life = 50 yoars
Salvage Value - =0

Solution:

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;  sle. Thus the
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cash flow diagram for Plan E becomes

$10,000 $10,000
4 o
0 25 50 -
PIid B4y _y1y
$3,000 per yeor $3.000 per yeor
$50,000 $50,000
Plan E
Initial Cost = $50,000
P.W. of Annual Disb. years 1 to 650
= 3,000(P — A, 6%, 50) = 3,000(15.762) = $47,300
P.W. of Net Cost 25 years hence
= (50,000 - 10,000)(P — F, 6%, 25) B
= 40,000(0.233) =% 9,300
Total P.W, = $106,600

oo - o=~ ess PAW. of Salvage Value 50 ym S o e

= 10,000(P — F, 6%, 50) = 10,000(0.0543) = 8§ 540

P.W. of Net Disbursements = $106,060
T ‘Plan F -
Initial Cost ¢ 75.000
P.W. of Annual Disb., years 1 to 60
= 2,500(P — A, 6%, 50) = 2,500(15.762) = § 39,400
Total P.W, = $114,400

On the surface, Plan E is more economical; however, 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 equipment less desirable or obsolete and, consequently, the
shorter Jife of Plan E may turn out to be a blessing 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, demanding 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 years (long-lived struc-
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tures), a common error in present worth computations is that of assuming
a perpetual life when the situation is otherwise. Also, interest rates used in
present worth computations are frequently too low and do not reflect the
true cost of money.

2.12.4 Establishing Bond Valuationg "

Suppose that a 49, $15,000 government bond is due after 20 years. The bond
calls for a semiannual payment of $300 and of $15,000 at the end of the 20-
year period. If the bond is to be valued to yield 2 nominal 6 % compounded
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 today, at 39 interest per six-
month period (6 9% annual interest).

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

\ = 300(P — A, 3%, 40) = 300(23.115) = $ 6,934.50

~ P.W. of principal payment -
= 15,000(P — F, 3%, 40) = 15 000(0 3066) = 6 4,599.00
Value of bond to yield a nominal = §11,633.50

! - e 6% compounded semiannually -

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

213 EQUIVALENT UNIFORM ANNUAL CASH FLOW

M

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

Once the present worth of an investment plan has been computed, its
equnva]ent annual cash flow 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 1o 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 flows of the plans given in
Example 187
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Solution:

The equivalent uniform annual costs can be computed from the present

worths.

- 4
g
et

Plan E

W i=0.06, n = 50 years
PW. of Plan E
Equivalent Uniform Annual Cost
= 106,060(A — P, 6%, 50)
= 106,060(0.06344)

= $106,060.

= $6,720 per year.

Plan F s

i= 006, n = 50 years ~

PW.of Plan F $114,400. N

Equivalent Uniform Annual Cost '
= 114,400(A — P, 6%, 50)
= 114,400(0.06344)

$7,250 per year.

The equivalent ‘uniform annual costs can also be computed directly from
the data. The different service lives of Plan E (25 years) and Plan F (50
years) no longer have to be made the same when using the equivalent
annual cash flow method. However, the assumption is implied that the
annual cost of service for the shorter lived alternative will continue the
same for the additional number of years of service provided by the longer
lived alternative.

Plon E

Equsvalent Annual Cost of Initial Cost
= 50,000(4 — P, 6%, 25) = 50,000(0.07823) = 63,900
Annual Disbursements, years 1 to 25 = 63,000
Less Equivalent Annual Cost of Salvage Value, 25 years henco
= 10,000(A — F, 6%, 25) = 10,000(001823) = $-180 -

Equivalent Uniform Annual Cost = $6,720
Plan F
Equivalent Annual Cost of Initial Cost N
= 75,000(A — P, 6%,-50) = 75.000(0.6344) = $4,760 -
Annual Disbursements, years 1 to 50 = $2,500
Equivalent Uniform Annual Cost $7,250

Comment on Example 19:

1. The equivalent uniform annual costs computed both ways are the
same, as should be cxpecled

Only capital costs require conversion to uniform series by the appro-
priate compound interest factors.

. Ir  ansforming the salvage value to equivalent uniform annual

2.

- making the fraction vanish in the limit. .. ____ __ __.
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receipts for Plan E, the sinking fund factor was used because the
salvage value occurs in the future. Several formulas for reducing
salvage values can be derived; however, the method used in Example
19 is adequate and is the one adopted for future computations.

2,13.1_ Difference in Annual Cost Between Long Life and Perpetual Life
As the number of years, n, increases, the capital recovery factor (4 — P,
i%, n) approaches the interest rate i.
From Equation (2.20),
A—>Pi% )= —d i
( * /o ) (I + ‘). . l +
Therefore,

Hm(4d —> P, i%, n) =i (2.36)

because the denominator of the fraction increases without bound, thus

For example,
(A —> P69, 100) = 0.06018 = 0.06 = {.

" This concludes the discussion of the second method ‘presented for comparmg

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 of the ner 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-
est.
Cash flow analyses of the type being discussed in this book make man- -

agement aware of the economic value of time; money today is more valuable
than money in the dl;tant future. It also makes management cognizant of the

“fact that in business situations cash flow is what mattérs and that income -

taxes, their amount and timing, play an important role in business decisions _
for they have a very marked effect upon cash flow.

Example 20:

A parcel of Jand 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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Solution:
The cash flow diagram is
) $55.,000
0 1 2 3 19 Iao
T $600 per year
$20,000

The true rate of return is determined by trial and error, as follows:

Fori = 0.03 (3% interest)

Initis! Investment = §-20,000
P.W, of $600 Annual Disb., years 1 tq 20
‘= 600(P~—-A,3%,20y = 600(14.877) — =6 =8,930 — -
P.W. of Disbursements = $-28,930
P.W. of $55,000 receipt 20 years hence .
= 55,000(P — . 3%, 20) = 55,000(0.5537) = $+30,400
P.W. of Receipts T = $+30,400
P.W. of Net Cash Flow = +30,400 — 28,930 =6 +1,470

Because the P.W. of the net cash flow turned out to be positive the interest
rate must be higher.

.

Tryi = 0.035 (3.5% interest)

Initie! Investment = $-20,000

P.W. of $600 Annua! Disb., years 1 to 20
= 600(P — A, 3.5%, 20) = 600(14.212) = § -8,540
P.W. of Disbursements = §-28,540

P.W. of $55,000 receipt 20 years hence
= 55,000(P — £.3.5%, 20) = 55,000(0. 5026) = $+27,600
P.W. of Receipts = §4+27,600

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

=8 [ -940

The P.W. of the net cash flow is now negative. This indicates that the true
rate of return is between 3% and 3.5%. From a lmear interpolation (See

Figure 2.

5), find
47
i%= 3%+ (16 7 920)05% = 33%

Thus, the true rate of return from this land investment is a modest 3.3%.
The linear interpolation is usually valid 1o the nearest tenth of a percent.

, /True rate of return
) 35%

-
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FIGURE 2.5 Linear Interpolation to Determine True Rate of Return.

PW A . :

$+1,470

i%

° 3% '\l
$-940

2.14.1 Equivalent Uniform Annual Cash Flow Method .

Equivalent uniform annual cash flow can be used to compute the true rate of
return. The definition which applies to this method is: True rate of return is
the interest rate at which the equivalent uniform annual ner cash flow is zero.
Whichever method is used, the results will be identical (except for round-off
_error). . e )
The rate of return computauon is ngen n different names by dlﬁ'erent ana-
lysts: dxscoumed cash flow method, investors method, interest rate or return,

However, the reader is warned to look out for many mcorrect—somellmes

deceivingly so—methods of computing so-called rates of return.
2.14.2 Alternatives with Different Lives

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

Example 212 _
Table 2-2 shows receipts and disbursements on income property from the

- TABLE 2.2. Cash Flow of Income Property: - .-

Yesr Disbursements Receipts Net Cash Flovw

- 0 $-19,000 T o 1~ s-15.000
1 ~-2,000 $ +2,500 +500

2 -1.500 +2,500 +1,000

3 -1,200 +2,800 +1,600

s 4 -1.800 +2,800 +1,000
S -800 +3,000 +2,200

6 -1.200 +3,000 +1,800

7 ~1,700 +3,200 +1,500

8 ~2,000 +27,000 +25,000
T — . _ $+15,600
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time it was bought to its sale 8 ycars later. Compute the rate of return on
the investment.

Solution:

Noteﬂg:h‘a{ the sum of column four in Table 2.2 is $15,600. This is the pres-
ent worth of the net cash flow at 0% interest. Only.if this column-yields
a positive value has the investment been profitable. In fact, if the 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,8%.n) | P.W. at8% | (P— F, 10%.n) | P.W. at 10%
0 $-19,000 1.0000 $-19,000 1.0000 $-19,000
1 +500 0.9259 +460 0.9081 +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-- — |-—- - +740-1— -—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 4770}
) +25,000 0.5403 " ¥13500 | 0.4685 " +11,700
$+15,600 $ +1,340 $ -980

1,340

— RO o/ —919
. Therefore, the rate of return = 89/ + (1’340 T 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 that “benefits to- whom-soever they may accrue™
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 uniform annual cash flow, or rate of return’

computations.
2.15.1 Calculation of Benefit Costs

Let B = Benefits,
D = Disbenefits,
and C = Costs. .

.
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Then the stipulation that B — (C.4 D) > 0 is also expressible 8 — D/C
> 1. However, in the ratio computation it makes a great deal of difference
whethéran item is classified as a disbenefit or as a cost. In the first case, the
item is subtracted from the benefit figure on the numerator; in the second, iit
is added to the cost figure in the denominator. This same consideration does
tions yield the same results whether they are obtained from present worth
or from equivalent uniform annual values.

Example 22:

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

B — (C + D) = 1,600,000 — (650,000 + 200,000)
= $750,000

~ whether or not the adverse item is considered a cost or a disbenefit. On the

other hand, for the ratio computation:
[

1._Assume that the $200,000 is a cost, then o R

B 1,600,000 _
C — 850,000

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

B — D _ 1,600,000 — 200,000 __ 215
c. 650,000 ‘

1.88.

The project appears to have different 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 business
situations. . ) - -

Example 23:

A municipality is studying the worthiness of constructing a large airport
facility. The estimated cost of all improvements is $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 of the 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 -

; 3
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. . 5 years hence; $10,000, 8 years from today; and $9,000, 10 ycarg
on present worth computations at 5% interest, to evaluate the proposed ﬁ_gm today and complclclyydcplelc the invg’stment? y
plan. e 2-10. Use present worth computations at 69 annual interest to determine

P.W. of Benefits, in perpetuity the most economical of the plans given below.

= 4,000,000 + 0.0 = $80,000,000
P.W. of Costs 0.0 = $35.000.000 B . hem ) Plan A Plan B Plan €
: . _ 80,000,000
Benefit-Cost Ratio = =50 500 ~ 228 First Cost $25,000 §50,000 $35,000
. Annual Oper. & Maint. $ 3,000 $ 2,000 $ 2,500
This ratio is excellent provided that the municipal government does not Salvage Value at End of Life $ 5,000 $ 7,000 $ 6,000
Life 10 years 30 years ‘I§ years

overextend itself to the detriment of other programs such as education,
transportation, law enforcement, sanitation, and other vital services.

. . -11. Mr. Jones wishes to determine the approximate value of income
the chapter are excellent sources of ad- 2-1 pproxir a A
The references cited at the end of prer property based on a present worth computation at 8 % interest (his

di.tional information to the reader interested in pursuing further the topics minimum attractive rate of return). Annual receipts (including the
discussed. - ) effect of depreciation on income taxes) are, on the average, $20,000.
Disbursements amount to $5,000 per year. Jones wishes to hold the

| property seven years, at which time he expects to sell it for a net

"EXERCISES ™~ i TTCT T s T TR ’ T \T]SO 000 after the payment of long-term capital gairis. What is the -
B + maximum purchase price Mr. Jones can afford to pay to meet his
2-1. What is the effective rate of a nominal 87 . annual interest pald investment objectives?
“"a. semiannually? . U B " 2-12. Determine-the better of the following two plans using present-worth ™
b. quarterly? ) e ‘ computations at 5% interest,
¢. monthly? : ’ ° ) )
2-2. If $2,500 is deposited in a savings account on December 31, 1971, Year(s) Receipts  Disbursements Receipts  Disbursements
how much money would have accumulated by December 31, 1985,
if interest is 5%, compounded semiannually? o ., O §-150.000 o $-300,000
2-3. How much would have to be invested at 8% today to recover 12"2° $ :::gg: ’:3-832 $ +25,000 -4,000
$20,000 six years hence? ) 22 +15.000 5000 3:33: ::-ggg
2-4. What should the quarterly notes be on a loan of $8,000 to be repaid 2 +15.000 5,000 +25.000 4000
in § years at a nominal 8 %, annual lqterest1 ) 28 +15.000 ~6.000 +25.000 4,000
2-5. Mr. Smith wants to subscribe to a savings plan returning 6 %, annual - 75 +15,000 -186,000_ +25.000 -54,000
interest. He wishes to prepare to meet the expenses of his son’s . 26-49 +20,000 -2,000 +30,000 ~5.000
coliege education for which he anticipates the need of $15,000 ten .. : 80 . __  +40.000 -2,000 +60,000 -5,000 -
years from today. How much should Mr. Smith deposit every year in : | §+895,000  $-466,000 $+1,405,000 $-575,000 -
the savings account? -
2-6. How much money should a.wealthy industrialist donate tosetupin _ ) . . oy =
perpetuity a2 $30,000 per year university chair if the money can be a 2-13. gise”;:&:;al;_nlhumfmm annuat-cost method at 77{ interest-to -
° * . . :
2-7. ;31;;){ il:‘tl;??:)’aitir:u/‘r'n amount of money that can be withdrawn in } 2-14. Use the equivalent uniform annual cash flow method at 49/ interest
equal amounts at the end of 1985, ‘86, ‘87, and ‘88 from a savings - 215 gosolietg):}c:bl;m:—ltz f ret fPlanDi blem 21
account paying 6% interest if deposits of $1,500 each were made at 516 € mp ¢ true rate of return of Plan D in problem 2-12,
the end of 1971, ‘72, and ‘732 s —16. Compute the true rate of return of Plan E in probl;m 2-12.
2-17. Assume a $100,000 purchase price for the property in problem 2-11,

2-8. What is the present worth in 1971 of a uniform series of $2,000
receipts from 1990 through ‘99 (10 years) if interest is 3.5%?
2-9. How much should be invested today at 109 to withdraw $5,000,

What is Mr. Jones’s true rate of return on this sev=n-year mvcst-

ment venture? =

- n
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2-18. The Dcpartment of Public Works is considering a project with a
cost of $2,000,000; resulting benefits 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:.Compute the benefit-cost ratio with the adverse item taken as a
- disbenefit. - ’ :
2-19. Compare plans D and E in problem 2-12 using the benefit-cost ratio

computed on present worth at 3.5% interest,
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CHAPTER
. U

The Differential Approach .
to Optimization

31 PRELIMINARY CONCEPTS

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

. n independent variables

WXy X3y v n XD 3.
that is to be maximized or minimized—in general, optimized—subject to a
set of constraints written in the form of equations and inequalities, - -
Jxpoox)=0 fori=1,...,m;
S(xy...,x)<0 fori=m+ | Y
S(xyooyx)>0 fori=r+1,...,p.

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 bg
formulated with closed regions whenever possible.

| - @32



CHAPTER

‘Linear Programming
Applications
to Planning ™

Two examples.of the aPplication of linear programming models to architec-

tu'rc'and planmpg are given in this chapter. These examples come from.papers

}oingxgalb:j }';:bhlshed by the author in collaboration with Messrs. James E.
anc and Raul S. Gonzalez. The complete ref;

e ehomar P erences appear at the end of

6.1 A GENERALIZED LINEAR MODEL FOR
E ! OPTIMI
OF ARCHITECTURAL PLANNING ) zAnqn

14
]

6.1.1 Introduction
' . €

;n t.hc realm of architectural planning, there exists a type of problem which

esigners frequently confront when financial return is the most appropriate

measure of the sys.tem‘s effectiveness. In this category can be included all

renal and speculative housing (single and multiple family dwellings), office

buildings, warehouses, stores, many industrial facilities, and so on, and build- ~

128
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ing complexes which combine some or all of these 10 provide comprehensive
services to the tenant. .

Traditionally, the problem of planning for capital investment has been
handled in a semiempirical way, in which the data serving as-basis for deci-
sion making may be more or less reliable and up 10 date, but with the
processing of these data (to arrive at the optimum allocation of space for
maximum expectation of financial return) entirely intuitive and consequently
unreliable. Once the pertinent data are collected, the most profitable design
configuration can be ascertained through the optimization of a linear model
which incorporates the most salient features of the real life, planning situa-
tion. ° ) .
The model developed in the following section takes into account multiuse
facilities and considers realistic design constraints such as zoning regulations,
parking requirements, and so on. An example problem is also presented to
illustrate application of the theory. )

6.1.2 The Model

————— e -

6.1.2.1 Definition of Terms

* The -design-of -buildings- and -other architectural facilities for financial
return is constrained by many internal and external factors such as 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 consider as many as
possible of the quantifiable factors in optimizing architectural planning
within the framework of economics: return on invested capital.

With the information extracted from the model (a type of simulation
model, in many respects), rational decisions can be formulated based upoa
knowledge of the most recent tax depreciation structure, maintenance costs,
alternative investment opportunities, and so on.

Let x}, be the floor area of facility type i, at level j, of architectural quality
k. ’ '

The “type i facility” refers to the use made of the space considered; offices,
apartments, stores, warehouses, laboratories, industrial facilities, classrooms,
and so on.

The “j level” denotes the location of the facility; first, second, ..., nth
floor level.

The “k quality™ refers to the degree of architectural refinement of the
space: types of finishes, environmental control, and many other considera.



.. Similarly, let

-parameters defined above.
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tions, the effects of which are reflected in the cost of construction and in the
rentability of the facility. '

ck = cost per unit of area of facility i, at level j, of architectural
quality k. ..

r{; = rent per unit of area, per unit of time, from facility i, at level j,
and architectural quality k.

piy = probability of renting or selling facility i, at level j, and architec-
tural quality k.

and

gy = probability of not renting or selling facility i, at level j, and archi-
tectural quality k. Hence, pl, + g4 = 1.

It will be assumed that the market is large, and that for the time period
1{nder consideration it is in a steady state condition, such that the introduc-
tion of additional facilities for rent or sale will nor significantly affect the

6.1.2.2 Mathematical Formulation

The total expected rent per unit of time can be exp;essed ;s .foil;;vs:
"L m m ¢
. ER=E R St 3

This is the objective function to be maximized, subject to constraints of the
types described below. .

l-. Market

a. A survey may reveal that, within a specified geographic region, there
exist vacancy rates for some or all of the proposed facilities. These
vacancy rates are, in fact, the g& = 1 — p*.which were already con-
sidered in the formulation of the objective function. Nevertheless,
the g} should be compared with the upper limits set on them by

_ banks z.md other funding institutions. If these Jimits are exceeded, -
;he project may be very difficult if not impossible to finance. There-

ore,

9y < (gr) max, (6.2)
for all / and k.

b. Market preferences data may indicate that the area of each facility
type and quality must not exceed a certain fraction of the total build-

ing area. Let f* be upper bounds to the area ratios; then the con-

PTa
v, A

-t

[E0(E L)< a-TT b
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straints can be written,

TGS R rd =L m
x=12...,L— (6.3)*

In general,

- - L m . 1 - _ 6 4)
E E Ji> (6.
because 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 1o avert degeneracy.
2. Zoning regulations such as:

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

S -~-§;’z‘;xf,§*z,.—/—jr=r1.-2, e - o (65)

where 4, = maximum allowable building area of floor level j.

- b:- Height-restrictions which- could-be -overall building. restrictions such .
that j < n or restrictions on each individual facility; merchandising
space, for example, should be located on lowest floors, and so on. -

. Off-street parking regulations, usually given as the number, n, of
parking stalls per building area, a,, of facility type 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 restriction
expressed as,

(6.6)

where A, = total buildable lot area (total lot area minus area re-
quired for landscaping, street rights of way, utility, easerpents, set .
back restrictions, topographically unsuitable land, etc.).” ~ -
Note that (4, — 3., 3°, x}) is the site area available for parking
(A, minus first floor area of building). .
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 of the system can be measured by comparing

® The range of the sum on the left-hand side of inequality (6.3) varies for each facifity
type and quality and for this reason it is not given explicitly. This convention will be used .
for the rest of this chapter.
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all optimal solutions from models with different sets of design constraints to

one having no design constraint. The model without design constraints yields

the global optimal solution. The massing associatcd with the global optimal _

solution may not be acsthetically and/or structurally acceptable and it is at
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), -
" is the global optimal rent and E(R), is the expected rent when the problem

is constrained by design considerations,
E(R), = E(R), — C., (6.7)

where C, is the cost of the design decisions. It should be realized that aesthetic
values may affect the four parameters cf, rf, pk, and g¥, 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-

“"“sents an attemptto quantify some of the intangiblés of architecture and

urban planning. Design constraints may take different mathematical forms,
depending upon the massing restrictions. If, for example, the planner decides

base, b times or more larger than each of the tower’s floors, the constraints
would be written thus:

| ST < E T tan 63)
& { k {
;$x5=22‘xﬁ+q, J=23...,8 6.9)
;;Xf/=Z“:E‘Xﬁun'l'epj=3+2,-'—+3.---.”- (6.10)

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

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

Construction-costs for each-facility type and quality-are,-in general, func-
tions of the total number of floors. Specifically, as the number of floors 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 floors, n. Let 8}, (n)
= 0 be such step function. Graphically, it could be typically mapped as in
Figure 6.1,

The figure shows that BX(n) decreases for (af), < n < (af),. It further
decreases for (af)); < n < (al),. Then it increases in the interval (af), < n

" that the building should take the form of 4 tower with a spread-out, 5 story

t

.NING
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FIGURE 6.1. Total Number of Floors,

< (afy)s, and the increase is even greater for (af); < n < (af))s. These latter
increases would reflect the higher costs of foundation and vertical transporta-
tion, for-example: When n >-(a}),, -the cost_multiplier. becomes_-infinite,
denoting that (aX)s is the upper bound to the number of floors due to 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 7 X m X L construction cost- multipliers with a
proportionate number of (af;), nodes where changes in the costs occur. Let
the nodes be ordered sequentially for all f¥(n) and renumbered y,, ¢ =
1,2,3,...,r. Then a typical cost multiplier, step function of a, would
appear as given in Figure 6.2. This relabeling is necessary to show, for each
B%(n) multiplier, all points at which construction costs change for any type,
level, and quality of facility, thus affording complete control upon the opti-
mization process. o ;

The cost multiplier functions, however, introduce a further complication
in_the model because the number of floors may not be known a priori. This
is, in fact, a nonlinear characteristic of the system that, in this context,
exhibits recycle loops. 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 contingencies, also expressed as a percentage of total con-
_ struction costs. Let ¢, be the decimal equivalent of that percentage.

d. Cost ofﬁféxib‘lefurmture “expressed as a percehfage of construction— —
cost for each facility type 7 and quality k. Let c¥ be the decimal equi-
valents of those percentages.

e. Supervision of construction costs, generally computed as a lump sum,

b,, which is the total salary or salaries of one or more supervisors
for the anticipated duration of the construction phase of the build-
ing; b, is assumed constant for a given project.

f. Cost of parking facilities per unit of area, c,,. Support space—such as
halls, elevators, toilets, and so on— is assumed t¢ be included in the
x% and, for this reason, its cost must be apportioned among tenants
and/or buyers. } .

- - - - . - . A - i
"~ From' these considerations, the following constraint inequality-can be
formulated:

-

(e, + NP a+ (S pet)]
o rea (L Lat)]+b+b<B @)

184 \k=)

The constraint given above presupposes that the total number of floors, s,
is known in advance. On this basis, the Bf, multipliers are obtained without
difficulty. In performing an optimization study, however, design constraints
would be relaxed at some point, and the total number of floors would become
oneof tt 'mknown parameters. This, in turn, makes the 8} be undetermined
and a n.  iear, recycle Joop could be gencrated. The following algorithm is .

o
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proposed to avoid this complication:.

Step 1:

Assume that the maximum number of floors y, will be built (see Figure
6.2). Therefore, n = y, and the corresponding ff, multipliers are used ia
mequahly (6.11) and in the formulation of the mathematical model. A solu-
tion is then obtained using a linear programiming algorithm,

Step 2:

Suppose that the solution generated under these conditions yieldsn = T
and that 9, > y,, = ¥,-,. Then the 8}, used were the correct ones and thls is
an optimal solution for the constraints imposed.

If, on the other hand, y,, < y,-,, the £} used are incorrect and the solu—
tion is nof consistent with its associated construction costs. Proceed to step 3.

SteP 3: . | .
Now, assume that the total number of ﬂoors ism=19,_, — 1, that is, the
maximum value on the next lower mterva] Use this value of n to select the

B, formulate the model, and-solve, using Iinear -programming. Two possible

results follow: '
i
“a. The solution yields = 9,,-and 9,, <-3,_,. In this case, repeat step
3 for the next lower interval,
b. The solution yields n = y,; where y,_;, > 7,, = ¥,-2- Then the
optimal solution for the model has been obtained and n = p,,.

EEE S S

5. Many other constraints can be imposed upon the objective function te
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
1o be obtained with a linear programming algorithm, and one must be careful
not to write linearly dependent and/or redundant constraints, for they can-be
a source of error and inefficiency in carrying out the solution.

6.1.3 Optimization Procedure

The model developed in the previous section is linear: a linear objective fune-

tion is subjected to linear constraint inequalities and equations. It fits within
the framework of problems which can be optimized with “linear program-
ming” methods.

After the introduction of slack and artificial slack vanab‘les the matrix
of the structural coefficients must have the same rank as the matrix formed
by augmenting the previous matrix with the column vector of stipulations
for the system to have basic solutions. This is a good check on the cone
straint equations and should be performed before embarking upon the task .

of solving the problem. 5
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6.1.4 Conclusions

The architectural planning model presented in this chapter allows the-
designer to_make rational decisions based on the information provided by
the optimal'solutions generated. It must be emphasized that this approach
reinforces -the importance of the role played by the architect-planner-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” level, 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 Examplo
- -6:1.5.1 --Statement of-the-Problem - e - - I

An individual wishes to develop a 250 ft. x 400 ft. commercial piece of

6.1.5.1.1. Market studies indicate 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 209 vacancy rate, stores a 5%,
\vacancy rate, and apartment units a 107 vacancy rate (occupancies must not
be less than 709 to obtain financial support from a funding agency).

6.1.5.1.3. Data on market rental preferences reveal that facility areas of

individual types and qualities should not exceed the following percentages of
total building area: -

TABLE 6-1. Rentability.

[y

. Type Quality % of Total Building Area
1. Offices 1 10
2 40
3 25
2. Stores 1 30
3. Apartments 1 40
2 30
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6.1.5.1.4. Zoning regulations for off-street parking are:

a. Offices—1 parking space/ea. 200 sq. ft. of bldg. area.

b. Stores—I parking space/ea. 1,000 sq. ft. of bldg. area.

c. Apartments—I parking spacefea. 800 sq. ft. of bldg. area.
Further—building coverage shall not exceed 309 of total lot area. Allow
400 sq. ft./car for parking space, drives, and so on, and a total of 5,000 sq. fr.

for Jandscaping.

6.1.5.1.5.

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

Quality .

Type Level ; P 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.-Apartments 1 1. Groundfleor 1300 | 250 | e

2. Second floor 3.00 2.50 -

. 3. Third floor 2.50 2.00 —

6.1.5.1.6. The (Bich) coefficients are given below in tabuldr form:

TABLE 6-3. Construction Costs, Including Support Space.

7;;;::}4 Number_of Floors in Building
7 2 3
Level Level Level
Type 13 - 13
- - 5
8 g g 8 2 8
= _ = _ _ H
IR IR IR IR
3 8 § 2 o 1 =
© G S a G a e
1 2000 | — | — | 20.00 - 19.00 | — 19.00 | 1800 —
— | 17.00 | 15.00
i 2 1800 — | — | 17.00 | 16.00
" 0‘{"305 -1 3 1500 | — | — | 1400} 14.00 | — 13.00 | 13.00 -—
2. Stores 1 1300 | — | — | 1200 - — | 11.00 — —_—
— 17.00 | 17.00
1..12000 ] — | — 19.00 | 18.00 18.00
- Aperiments 2\ 1700 | — | — | 17.00 | 1600 | — 16.00 | 15.00 | 14.09

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

6.1.5.1.7. Miscellaneous costs are:

a. Architectural-engineering fees—67% of l_otal construction cost.
b. Contingencies—1.5% of total construction cost.
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c. Movable furniture— CONSTRAINTS?
(1) Offices—29%; of total construction cost. i 1. The lowest construction cost’is, from 6.1.5.1.6, $11.00 per sq. ft.
(2) Stores—I1 9; of total construction cost. —~ - . Therefare, an upper bound 1o the total building area is 860,000/11.00
(3) Apartments—4 %, of total construction cost. 24 == 74,000 sq. ft. Therefore,
d. Soil report—$3,000, 23
-c.«-Sui:e:\gsi;n of construction—$2,000. . —- . fl_' +xh+x o+ xd o+ xh ol xi" + X )
. : 2 1 2 1 2 cooaE
6.1.5.1.8. Budget: Shall not exceed $800,000, excluding cost of land. + X + *is + x,, x5+ X S 74000.
Question: What types of units and how many square feet of each shall the . When slack variable x, is introduced, obtain
investor develop to maximize the rent under present market conditions? xho+xh +xh+ xl + xb + xiy +xd g+ xd
S 2 1 2 _
61.52 The Model . . " + x}a + X35 + x35 + x, = 74,000. 6.13)
' Notice that the total building area is 74,000 — x,.
Let - ' 2. Market preferences. From 6.1.5.1.3, and introducing slack variables
1 — Offices . - x, through x,, obtain
I= {2 — Stores ‘ x!, + x!; + .10x, 4 x, = 7,400, (6.14)
L 3 _’%P?_“T‘E‘_‘_" o _ o o R xh+A0x +x, = 29,600, 6.15)
_ [;: s;‘:‘::ldﬂi‘::;‘ B X4+ 2+ 25x, Fx. = 18500, (618
R . .. — Third floor ) x}, + 30x, + x5 = 22,200, 6.17)
1 — Quality 1 . - CUTX F X ey + 40x, + xg = 29,600, (6018
k= [2 — Quality2 . . xt, + x3, + xi, + .30x, + x, = 22,200 (6.19)
3 — Quality 3 3. Site building area. From 6.1.5.1.4, in equation (6.5), and with slack
Then, from 6.1.5.1.1 and 6.1.5.1.5, . : variable x,, >
x"=0, k=l,2.3; , . x||+X||+X||+x:|+x3|+x,|+x.—30000 (6.20)
x5, =0, k=23; - 3 4. Parking. From 6.1.5.1.4, in equation (6.6), and introducing slack
xt, =0, j=23, k=1,2,3; - . variable x,, form .
x3;=0, j=1,23. o . 3.00(x}, + x}, + x},) + 2.00(x}; + x}; + x32)
From 6.1.5.1.2, - ‘ . ’ + 1.40xj; + 1.50(x},- + x3,) + 50(x,3 + x3; + xi, + x33)
b =20< 30, j=1,23, k—12.3 oK ‘ © o 4x;=095000., - - - T (6:21)--
qt, = )= .50 < .30, j— 1,2,3, k= 1 2,3. O.K. ' . S. Design decisions (massing study). (All floors must be approximately
: . . the same size.) Flrst floor area approximately equal lo second ﬂoot
qt, = .10 < .30, j-123 k—123 OK ' ~ area:
From 6.1.5.1.2, 6.1.5.1.5, and equftxon (6.1), : o i xh+axh+xh +HxHxh i =xh+xh +x,
OBJECTIVE FUNCTION: + xl: + xh +e,
Max E(R) = .80(4.50x}, + 4.00x}, + 3.50x}, , First floor area approximately equal to third floor area:
+400x,3+350x iz }—BOOX z)+ 95(300x") I‘ X:l +X}| +x:| +x;|+x;|+x}l =X;,+X§’+fz-
+.90(3.00x3, + 2.50x], + 3. 00x3, -+ 2.50x3, ,\ + Lete, = e, = 1,000 to avert degeneracy. This mea.is the second and

+ 2.50x}, + 2. 0022, )~ 6.12) third floor areas will be within 1,000 sq. ft. of the first floor area,
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L
One can write:
1 2
Xi + xi, +x}, + x}, + x} + x3,

= (xia + xt; + x, + x, + x32) = 1,000, (6.22)
ad . ' .
Xl x x4+ x, + x4 a3
~ (b + xi) = 1,000. (6,23

Artificial slack variables must be intr i i
oduced ¥
and (6.23) before proceeding to optimize.Ce o equation’s (6.22)

6. Budget. Under the assumpti
dge ' ption that the total number of fi i
gulxl;hlné will be !hfee, tge budget constraint, from 6.] 5.1 60?7 15".:}'!7‘=
-1.3.1.8, in equation (6.1} i i variable x, .. can
be e follows:( ) and mtroducing slack variable X0, €30

1.075[1.02(19x!, + 17x3, + 13x3, + 18x], + 15x2, + 13x1,)
+ LO](I}_x},_) + 1.04(18x!}, + 16x3, + 17x}; + 15x33 + 17x},

+ 1453, +.75[2.00, ¥ 2, + X+ xh + x3 + x2)
+ -fO(xi.) + .50(x}, + x3, + x!, + X+ xlh +x3)] + x
R : * 10

g e 795000, (624

;;\,ﬂ:nz?:f,l(,as ;g)mpl;ge an: a linear programming maximization of objec-
-1<) subjected 1o constraint equations (6.13) th

~ can now be performed. Because the it e (620

- : . re are only 12 constraint i

basic feasible solution, includi i contam more thy
» Including the optimal one: ¢ i

12 nonzero variables. This limitag noved by introdury mrn

_ . mitation could be re i i i

tional constraint conditions. moved by introdueing addi-

g I-n. accordance. with the budget algorithm given in the example, if design

cision constraints are removed and the optimal solution shows that

(6.25)

itr}]n:”l’otal number of floors could not exceed two. T};érefore. setxjy =x}, =0
e mode"lqand formulate the budget constraint equation as follows"’

ROTS[1,0220x}, + 17x3, + 14x3, + 19x1, + 16x3, + 14x1y) .
+ LOI(2x},) + 1.0419x3, + 17x3, + 18}, + 16x3,)]
+ .75[2.00(1'{, + x31, + x}, + xi; + xi + x};) + .40(x§,)

X33 = xi, =0,

F 300 + X3y + x + x3)] + x,, = 795,000, " (6.26)
In a similar manner, if the new optimal solution shows
x:z=x}z=xfz=2‘};=x§z==0, (6.27)
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the building can have only one floor. Hence, set x}, = x};, = x}; = xj;
= x}; = 0 in the model and the budget constraint becomes

- 1.075[1.02(20x}, + 18x}, + 15x},) + 1.01(13x},)

+ 1.04(20x}, + 17x3,)} -

+ .75[2.00(x}, + x}, + x},) + .40(x},)

+ .50 (x}; + x3))} + x,0 = 795,000. (6.28)
The budget algorithm describes the procedure to follow in handling cost

coefficient multipliers. :
When design constraints are relaxed, the global optimal solution is

sbtained.

6.1.56.3 Solution

The first run, with no design constraints, yielded the following data:
At a gross expected profit of $140,570 per annum, build

12,536 sq. ft. of quality-3;ground.floor offices -+ ~ - + .-
16,700 sq. ft. of quality 2, second floor offices =~~~ -
- —.___15,043 sq. ft. of quality 1, ground floor stores
5,865 sq. ft. of quality 1, second floor apartments

o T

This two-level solution was obtained using construction costs for a three-
:evel complex. Therefore, it is necessary to change the cost coefficients in the
budget constraint. The third-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 following data:
At a gross expected profit of $132,640 psr annum, build

4,348 sq. ft. of quality 2, ground floor offices
11,660 sq. ft. of quality 3, ground floor offices
=12,711 sq. ft. of quality 2, second floor offices °
13,992 sq. ft. of quality"1, ground floor stores **-
3,929 sq. ft. of quality 1, second floor apartments -

BRI ¥ L1 Y

This two-level configuration constitutes the global optimal solution with
which all other optima (subject to all design constraints) 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. on the
second floor.

The third run, for which a design constraint was introduced into the model
(that the ground floor area must be approximately equal to that of the second

\\
—_

\

<



152 CHAP. 6 / LINEAR PROGRAMMING: APPLICATIONS TO PLANNING

floor), yiclded the following space allocation:
For a gross expected profit of $132,126 per annum, build
9,856 sq. ft. of quality 3, ground floor offices
2,506 sq. ft. of quality 1, second floor offices
18,712 sq. ft. of quality 2, second floor offices
1,671 sq. ft. of quality 3, second floor offices
14,035 sq. ft. of quality 1, ground floor stores
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 achieved 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 decnsnons can be mcorporated with equal ease.

6.2 OPTIMALITY IN INDUSTRIAL PARK DEVELOPMENT

6.2.1 Introduction

This example shows an application of the systems approach to decision
making at the highest level 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 metho-
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 problems
where a linearization of the parameters is equally valid.

Institutional 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-well-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 policies
are given careful consideration.

Once the project has been declared profitable, the optimal location of the
facility within the site must be invcstigated Pattern search is the procedure
recommended for this final step in what may be tei.ned the *Optimal Site
Develop, at.”" )

-
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The list of references at the end of the chapter gives a publication by the
author that describes the application of patiern scarch for the optimum
Jocation of plant facilities (sce alsc chapter 10).

6.2.2 Statement of the Problem

The government of a small city proposes 1o increase its revenue by develop-
ing a 300-acre tract of land for an industrial park. Tentative agreements have
been sngned 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 recenﬂy completed an
expansion of these facilities to allow for limited 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 available
local transient and out-of-town labor force will not exceed the figures given

in Table 6-4. .

e = - . TABLE-6-4. LaborForce.. .

. Annuaﬁzere]
— - e -- o e - Type T ] Max Number_l Average Incomel = — *
1. Common Labor 400 $ 5,000
2. Semiskilled Laboy ~ 180 $ 7,000
3. Skilyd Labor - 100 $12,000
4. CI¥ichl.Workers 150 § 5.000
8. Technical Personnse! 120 $14,000
6. Managers 33 $30,000

v e o et e ot

The study also revealed the pattern of local spending of net disposable :
income, after state and federal taxes. These data are condensed in Table 6-5 ;

TABLE 6-5. Llabor Force Spending Pa_ttem. ‘

Average State Average % of
and Federal Net Income
.- - ---—). Texes,%of | Annvalized Spent in City } CashFlowinto}-
Type Gross Incame | Net Income Ares City Arcs
1. Common Labor 10% $ 4,500 90% $ 4,050
2. Semiskilled Labor 12% § 6,160 85% ¢ 5,240
3. Skilled Labor 16% $10,100 70% $ 7,070
4, Clerical Workers 10% $ 4,500 85% $ 3.830
5 Technical Personnel 18% $11,500 65% ¢ 74060
6. Managers 24% $22,800 55% $12,520
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and their computation was based on the average family size for each income
level.

1t has also been estimated that city revenue {rom taxes on sales and prop-
erty and from utilities, fuel, sanitation, and so on will average about 2.5%
of the flow of disposable personal income spent in the city area. The revenue
that the city will accrue from the employment of each type of worker is
summarized in Table 6-6.

TABLE 6-6. City Revenue from Labor Force.

Annualized Average City
Type Revenue per Worker

1. Common Labor $101

2. Semiskilled Labor i $131

3. Skilled Labot . $177 -

4. Clerical Workers : $ 96

5. Technical Personnel $187
L __6._Managers _\ N $313

i

The city-owned utilities, sewerage, and waste disposal systems can satis-
factorily handle-the-following additional loads: - T e
Electricity, 14. 5 X 10° kw. hrs.[yr.
Water, 75.0 mijlion gals./yr.

Gas, 40.0 x g¥.cu. ft.fyr. : _
Sewerage, 40.0 million gals./yr. .o
Waste Disposal, 20.0 x 10? tonsfyr.

NhWN=

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

1. Electricity, $0.0007 per kw. hr.

2. Water, §7.00 per million gals.

3. Gas, $0.004 per cu. ft. )
4. Sewerage, $1.00 per million gals. -
5. Waste, $0.15 per ton. o

The five potential customer mdustnes with Wthh the cny govcmment has
signed tentative agreements will use most of the area’s raw materials. Even
though this and many other industry-derived benefits will upgrade the com-
munity’s income level, they cannot be quantified accurately and for this
reason will be disregarded in the optimization strategy. Nevertheless, they
must be recognized as a plus factor in the decision to implement the plan.

Table 6-7 gives information on the maximum and minimum plant build-
ing area requirements for each industry.

[
~
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Tables 6-8 through 6-10 summarize rescuice requirements and produd:
tion levels for each 1,000 square feet of plant building arca, for cach ofthc five
industries considered.

The city government will'impose a 1.5% tax on the gross annual produc-
tion value of each industry.

The site costs 1o the city in the Jocation selected for the industrial park
will.be $2,000 per acre, and the average building construction costs for the
various plants are summarized below:

Industry 1 (Electronics)—$15/sq. ft.

Industry 2 (Pressure Vessels)—$17/sq. ft. o
Industry 3 (Metal Castings)—$19/sq. ft. .
Industry 4 (Plastic Laminates)—3$22/sq. ft.

Induslry 5 (Recapped Tires)—$16/sq. ft. -

The city has agreed to lease the building facilities (i ncludmg grounds)
at an annual cost to the industries of $1.75/sq. ft. of building area. Maio-
tenance costs have been estimated at $0.05/sq. ft. of building area per yeaf.

" Thé city government desires to establish the optimum-allocation.-of space. -

to each industry—that is, the allocation that, consistent with the constraints,
~will produce the hlghest annual revenue to the local govemmcnt.

6.2.3 Mathematical Model
6.2.3.1 The Objective Function

Let x, i=1,...,5, be the plant building areas, in 1,000sq. f., to be
leased to industries 1 through 5, respectively.

The total annual income the city government can expect to receive as a
result of its investment in the industrial park can be broken down as follows:

1. Revenue from labor force spending habits: Table 6-8

2. Income from utility and other service charges.

3. Revenue from tax on industrial production: Table 6-1Q. _
4. Income from plant building leases minus maintenance costs.

TABI.E_ 6-7. Plant Building Area Requirements,

Msx. Bldg. Area | Min. BIdg. AreJ
Industry Principal Product sq. it sq.ft
1 Electronics 120,000 40,000
2 Pressure Vessels 80,000 20,000
3 Metal Castings 70,000 26,000
4 Plastic Laminates 100,000 28,000
5 Recapped Tires 150,000 [ 35.000
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TABLE 6-8. Labor Force Requirements in Men/Day (8-hour shifts)
per 1,000 sq. ft. of Plant Building Area.

- Semi- ) Man-
Industry | Principal Product | Common | skilled | Skilled | Clerical | Technical agerial
1°2%L] . Electronics 0.75 0.23 -1 0.38 0301 0.5 0.05
2 Pressure Vessels 0.90 1.35 0.30 0.60 0.30 0.15
3 Metal Castings 1.30 0.46 0.46 0.58 0.23 0.15
4 Plastic Laminates 0.43 0.64 0.32 0.75 0.32 0.07
3 Recapped Twes 1.37 0.34 0.17 0.17 0.69 0.1
Let j=1,..., 6 be indices representing commen;.semislidiled, skilled,

clerical, technical, and managerial personnel; rp,Jj=1,...,6 be the city
revenue from the labor force local spending habits (Table 6-6); L pi=1,
.-+»5,J=1,..., 6 be the number of workmen employed by industry 7 of
type j per 1,000 sq ft. of plant building area (Table 6-7);and p,, i = 1,...,5
be the annual production for industry i in dollars per 1,000 sq. ft. of plant
building area (Table 6-10). --- —- - . _ romeme

Also let k = 1,..., 5 be indices representing electric, water, gas, sewer-
age, and waste disposal services; C,, k = 1,..., 5 be the unit profits from

electric, water,-gas; sewerage, and waste disposal servicesjandu = 1,...7; "

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 I = .i. LZ. L, +.§::. Cutlye + 0.015p, + |,700]x,. (6.29)

6.2.3.2 The Constraints

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

1. Initial capital investment on land 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 ofmdustnal
park. -

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

Let E,,j=1,..., 6 be the maximum available number of type j workers
(Table 6-4); A, and a,i=1...,5 be, respectively, the maximum and
minimum plant area requirements in 1,000 sq. f1. (Table 6-7); b,i= l. cees

5 be the unit building costs in dollars per sq. ft. for plant type i;
... 'betheamount of land required for industry i, in acres perl O&sqf

o

CHAP. 6 / LINEAR PROGRAMMING: APPUCATIONS 10 PLANNING

TABLE 6-9,

Sita and Services Requirementa inUnits per;1,000 sq. ft. of Plant Building Area.

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

Annualized Value Added
Industry " Principal Product ($/1,000 ft.2)
1 Electronics 5,000
2 ~ —Pressure Vessels 7.000
3 Metal Castings 12,000
4 Plastic Laminates 15,000
5 Recapped Tires 10,000

of plant building area (Table 6-9); and let U,, k = 1, .. ., 5 be the maximum
available levels of electric, water, gas, sewerage, and waste disposal services.
Then the constraints can be written:

1. Capital Investment

1,000 3 byx, < 5,400,000, (6.30)
i=1 - o )
2. Labor Force o
2 L,,x, < E;j=1,...,6 (6.31)

3. Utility and Serwce Levels

2:| vx, <Us k=1,...,5 (6.32)
4. Available Acreagé . i
HEES 6.3
5. Plant Building Areas
a,g;,gA,;i=l,...,5 (6.39)

This completes the mathematical description of the model.
The substitution of numerical values into the model and the introduction
of slack variables yield the following system.

OBJECTIVE FUNCTION:

Max 7 = 2,292.03x, + 2 634.16x, + 2, 831 82x, + 2,604.56x,
+ 2,887.89x, (6.35)
CONSTRAINTS:
1. Investment
15,000x, + 17,000x, 4+ 19,000x, + 22,000x, + 16,000x, + x;
= 5,400,000 (6.36)

{
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o

2. Labor Force
a. Common

0.75x, + 0.90x, + 1.30x, + 043x. + 1.36x; + x, = 400
b. Semiskilled
0.23x, + 1.35x, + 0.46x, + 0.64x, + 0.34x; + x,

= 180
c. Skilled
0.38x, + 0.30x, + 0.46x, + 0.32x, + 0.17x, + x,
. = 100
d. Clerical
0.30x, + 0.60x, + 0.58x; + 0.75x, + 0.17x5 + X,
= 150
e. Technical
0.15x, + 0.30x;+ 0:23x, +.0.32x, + 0.69x; +-x,,
= 120
f. Managerial - o

0.05x, + 0. 15xz + 0. le, + 007x‘ +0.11x, +x,,
=33

3. Utility and Service Levels
a. Electricity

40,000x, + 32,000x, + 62,000x, + 48,000, + 58,000x,
+ x,, = 14.5x10¢

b. Water
0.050x, + 0.100x, + 0.300x, -+ 0.200x, -+ 0.100x,
. + x,, =750
c. Gas

60,000x, + 80,000x, + 120,000x, + 75,000x, + )
150,000x, + x,5 = 40.0x10°

d. Sewerage
0.040x, + 0.058x, + 0.200x, + 0.150x, + 0.60x,
+ x,6 = 40.0
e. Waste

20x, + 30x; + 50x, + 45x, + 25x; + X,; = 20.0x103

i
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(6.37)
6.38)
(6.39)
(6.40)

(6 41)

(6.42)

(6.43)

(6.44)

(6.45)

(6.46)

(6.47)
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4. Acreage

0.50x, + 1.00x, + 1.1Sx, + 1.43x, + 1.43x, + x,, =300  (6.48)

5. Plant Building Areas
a. Maximum Areas

x, + x,5 = 120 (6.49)
X, + x5 = 80 (6.50)
xy;+x, =170 (6.51)
x, + x,, = 100 (6.52)
x5 + x,, =150 (6.53)
b. Minimum Areas
X, — X3 = 40 ' (6.54)
- X, —x,,=20 (6.55)
Xy~ Xy =26 So- .. £6.56) ---
X, — X, = 28 (6.57)

Xy — Xy =35 (6.58)

6.2.4 Solution

The solution, obtained with a standard linear programming package, yielded
the following results:

1. Maximum Annual Income = $810,046
2. Initial Investment = $5,238,314
3. Optimum Plant Building Areas
Industry 1 (Electronics)—120,000 sq. ft.
Industry 2 (Pressure Vessels)—73,228 sq. ft.
Industry 3 (Metal Castings)—26,000 sq. ft.
Industry 4 (Plastic Laminates)—28,000 sq. ft.
Industry 5 (Recapped Tires)—67,714 sq. ft.
. Optimum Land Area = 300 acres
. Labor Utilization N
Common—294
Semiskilled—179
Skilled—100
Clerical—127
Technical—102
Managerial—30
6. Utility and Service Levels
Electricity—14,026,743 kw. hr./yr.

W oS

~ complexity.
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Water—33.49 million gals./ve. -
Gas—28,435,428 cu. fi./yr.
Sewerage—22.51 million gals./yr.
Waste—8,850 tons/yr.

All-solution values are feasible; they do not violate any of the limitations
imposed upon the resources.

N

6.2.5 Conclusions and Observations

In building mathematical models for real life problems, one must be careful
to verify that the available number of resources is sufficient to fulfill their
minimum levels of utilization, for otherwise there will nor exist any feasible
alternatives to implement the plan.

It must also be pointed out that the industries used in the example as well
as the data presented, although realistic, are_ strictly hypothetical. The

principal concern here has been to guide the reader through a modeling
situation and to stress the need to use the systems approach to planning in

EXERCISES

6-1. The southern California area is faced with the problem of ultimately
supplying water to a future population of 40 million people. Assum-
ing that the future water demand will be 190 gal./day/capita, 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 follows:

1. An aqueduct system to the Colorado River and to the Feather
River located at a distance of some 200 miles, with a total capa- -
city of 4,000 m.g.d. )

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

3. Desalinized water from the ocean, which can. be supplied in
unlimited 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 dissolv.d solids; no more than 2720 p.p.m sul-
fates; and no more than 110 p.p.m chlorides.
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6-2.

6-3.
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Data on the possible sources are given below:

Colorado Feather Reclaimed Desalinized Local
River River Waste Water Source
Cost ($/1,000 gal.) 0.21 0.70 0.50 0.80 0.15
TD.S. (pp-m.) 805. 720. 634. 500. 650.
Suifates (p.p.m.) 335. 132. 366. 30. 150.
Chlorides (p p.m.) 118. 137. 20. 30. 60.

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

Davelop planning problems utilizing the models described in this
chapter. Introduce variations and try to expand the model formula-
tions to fit other physical situations.

A lamp manufacturer is investigating the possibility of expanding his
plant. For expansion to be feasible, the additional facility must (1)

have-a minimum-capacity to produce 300 1amps per month; and

(2) produce a minimum profit of $1,500 per month from a maximum
budget of $5,000 per month,

- The lamp manufacturer-preduces-four-types of lamps: (1) ceramic
lamps, (2) pine lamps, (3) oak lamps, and (4) mahogany lamps. The
unit cost to produce the 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 to no more
than 130 ceramic lamps, 400 pine lamps, 240 oak lamps, and 130
mahogany 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°, oak, 25 % pine, and 159, mahogany lamps, respectively. Deter-
mine whether or not it is feasible 10 expand the plant.

— ‘. h -

Ann Arbor, April 1, 1966.
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CONCEPTOS Y TECNICAS MODERNAS DE ANALISIS,
DISENO Y DIRECCION DE SISTEMAS DE OPERACION
DECISIONAL Y NECESIDAD DE SU UTILIZACION

EN INGENIERIA CIVIL

Melchor RODRIGUEZ CABALLERO*

1. INTRODUCCION

En este trabajo se presentan muy someramenfe
algunos conceptos y técnicas para el analisis, di-
sciio y direccion de sistemas de operacion deci-
sional, que se han precisado y desarrollado en
los ultimos 15 afios. Estas técnicas han producido
en los Estados Unidos una verdadera revolucion
en la direccion de empresas industriales, y han
permitido realizar eficientemente proyectos gigan-
tescos, por su magnitud y complejidad.

El propésito del presente trabajo es hacer notar
la necesidad de utilizar en Ingenieria Civil las téc-
nicas presentadas. El aptor estima que la aplica-
cién de dichas técnicas gn la Ingenieria Civil me-
xicana es indispensable para responder a las
demandas que a ella le impone el creciente des-
arrollo econémico de México.

2, CONCEPTOS BASICOS S

2.1. Sistema

Un sistema es un conjunto cuyos elementos es-
tan relacionados entre ellos de manera que la
operacién de uno de sus elementos afecta la ope-
racion de fodos los demas. Los sistemas pueden
ser de dos tipos: a) Sistemas de operacion fija y
b) Sistemas de.operacién decisional. En los siste-
mas de operacién fija la operacién debe hacerse
siguiendo reglas predeterminadas por el diseiia-
dor, por ejemplo, un teléfono, un automévil, etc.
En los sistemas de operacién decisional la opera-
cién, y consecuentemente el resuitado de la ope-
racion del sistema, puede ser decidida por el
personal que opera el sistema, por ejemplo, un
sistema hidroeléctrico, un sistema de transportes
(aéreos, maritimos, terrestres, eléctricos), etc.

2.2. Sistema organizado de operacion decisional

La motivacion basica, consciente o subconscien-
te, de la crecacion o la existencia de una empresa,
es la consecuciéon de ciertos objetivos de manera
que alguna medida de la eficiencia (utilidades,
costo, volumen de produccién, etc.) resulte optima.
Los empresarios, preocupados fundamentalmente
por alcanzar los objetivos en cuestién, con fre-

* Doctor en Clenclas (M.I.T.);: profesor en la Facultad
de Ingenieria, U.N.A.M.; profesor de lavestigacion de Ope-
raciones, Centro de Calculo Electrdnico, LLN.A.M.; Inge-
plero Consultor.
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cuencia han descuidado factores de organizacién - ~
que les han provocado pérdidas cuantiosas, tanto
econdmicas como de tiempo. La necesidad de
ireducir o eliminar estas pérdidas ha impulsado
la investigacion de métodos cientificos de analisis,
idisefio, operacién y direccién de empresas. Ei
'punto de estos métodos es que una empresa sélo
puede alcanzar sus objetivos con maxima eficien-
cia si se la considera como un sistema de operacién
decisional que tiene las siguientes caracteristicas:

a) Objetivos coordinados: es decir, objetivos
de las componentes del sistema compatibles
con los objetivos del sistema y con los re-
cursos disponibles en éste.

b) Organizacion acorde con los objetivos: es
decir, que la departamentalizacion funcional,
la delegacién de autoridad y la asignacién
de responsabilidad deben ser acordes con
los objetivos del sistema.

¢) Contenido acorde con los objetivos; o sea.
el personal, los materiales, el equipo. el di-
nero y la informacién contenida en cada eie-
mento del sistema sea acorde con los ob-
jetivos de éste.

d) ‘Opcracion del sistema de manera que hag.

' posible la consccusién de los. objctivos; es
decir, que los flujos de personal, materiales.
equipo, dinero e informacién que implica la
operacidon del sistema, deben hacer posible
la consecucion de los objetivos.

e) Controles para determinar si ocurren desvia- -
ciones en el contenido, en la orgamzacion
o en la operacién del sistema, que provoquen
trastornos en la consecucién de los objetivos,
¥y en caso de que ocurran dichas desvia-
ciones, poder tomar decisiones correctivas
adecuadas.

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

3.1. Analisis de las [unciones e¢n un sistcma

Todo elemento de un sistema de operacion de-
cisional produtce bicnes o scivicios. La naturaleza
de éstos depende de la especialidad y los objeti-
vos del sistema. Sin embargo, cualquicea quc scan
éstos; es decir, cualquiera que sca ¢l campo de
especialidad del sistema y sus objetivos, las fun-
ciones que realiza cualquier elemento del sistema

INGENIERIA



pucden clasificarse en alguno de lon grupos prin-
cipales siguicntesd

a) Investigacién y desacrollo.

b) DPioduccion.

¢) Ventas, :

d) Financiamiento y ¢ontraloria,
¢) Funciones relativag al personal.
f% Rclaciones publicas.

g Funciones juridica? o legales.

En una empresa indu;tn‘al moderna los grupos
anteriores pucden subdividirse como se muestra
en los cuadros de las paginas 16-21 de la ref. 1.

3.2. Analisis dp la estructura del sistema

En un sistema establecido de operacién decisio-
nal las funciones descritas en el inciso antcrior se
encuentran asignadas a departamentos. Con fre-
cuencia, un grupo o un subgrupo de funciones
esta asignado a uno o varios departamentos del

, sistema, dependiendo del grado de desarrollo y

de las condiciones de operacion del sistema. Tam-
bién, la direccion de las actividades de uno o de
varios departamentos se encomienda a un jefe.
Como se sabe, el diagrania que muestra la depar-
tamentalizacion de las funciones del sistema, y
la dependencia de cada departamento en cuanto
a direccion, se denomina organigrama.

La informacion principal que puede extraer el
analista de sistemas de) operacién decisional al
estudiar un organigrama es:

8) 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 direccién de los.

diferentes grupos de actividades.

¢) Ante quien es responsable cada elemento
directivo del sistema.

d) Existencia de multiplicidad de mando.

e) Existencia de actividades cuya ejecucién no
se ha asignado a nadie especificamente.

[) Necesidad de formar nuevos departamentos.

3.3. Analisis del contenido del sistema

El contenido de un sistema de operacién ‘deci-
sional lo constituyen:

a) El personal.

6) El equipo y las instalaciones.
c) Los materiales.

d) El dinero.

e} La informacién.

La informacién principal qué proporciona el ané-
lisis de cada uno de cstos clementos es:

Respecto al personal: cantidad disponible, pre-
paracién y capacidad, relaciones laborales, inte-
reses creados, servicios que se prestan al perso-
nal, etc. ’

Respecto al equipo y las instalaciones: cantidad
y capacidad, condiciones de operacién y manteni-
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micnto. adecuacidad respecto a los objetivos, dis-
tobucion en planta, ete. ‘

. Respecto o materinles: capacidad y calidad de
Jos almacenamicatos disponibles, medio de mancjo
‘de materiales, etc.

Resplecto al dinero: activo fijo, activo circulan-
te. pasivo exigible a corto plazo, pasivo exigible
a largo plazo, etc. )

Respecto a la informacidn:capacidad y caracte-
risticas: de los archivos o almacenamientos de in-
' formacion, etc.

| 3.4. Analisis de la operacion del sistema

. La operacién de un sistema de operaciéon deci-
‘'sioral implica movimiento o [lujo de personal,
‘materiales, equipo, dinero e informaciéon entre
los difcrentes elementos componentes del sistema.
Es posible construir un modelo grafico de la
operacion de un sistema introduciendo simbolos
que representen:

a) Los elementos del sistema.

b) El proceso que se realiza en cada elemento.

¢) Cada uno de los flujos {de personal, ma-
teriales, equipo, dinero e informacién) 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? tiene todo el aspecto
de una red de distribucion de corriente eléctrica
o de agua potable. Geométricamente dicho modelo
constituye una grdfica. En ocasiones, para facilitar
el analisis, se representa separadamente el flujo
de personal, materiales, equipo y dinero y el flujo
de informacion asociado correspondiente. .

El proceso que se realiza en cada elemento del
sistema puede representarse mediante un diagra-
ma o grafica de flechas y analizarse utilizando el
método CPM o PERT 3,

La informacién principal que se obtiene de los
analisis precedentes es:

a) Eficiencia de la operacién del sistema.

b) Localizacion de elementos cuya operacién
es defectuosa ("cuellos de botella™).

¢) Localizacién de fallas en la organizacion.

3.5. Anaélisis de los controles en un sistema

La operacién de un sistema de operacién deci-
sional establecido depende de las dccisiones que
" tome el personal directivo de todos'los elementos
' del mismo. Estas decisiones afectan ¢l contenido
'y los flujos de contenido en ¢l sistema, y conse-
‘cuentemente, los procesos que deben redlizarse
en cada uno de sus clementos. El grado de con-

. trol en un iantervalo de ticmpo se mide por la di-

ferencia que hay cntre los objetivos plancados
para el intervalo y los rcsult.u}os obtenidos du-
rante ¢l Si esa difercncia disminuye con ¢l tiem-
po, el grado de control aumenta, y viceversa.

De acuerdo con la discusién del parrafo ante-
rior el anélisis de los controles ea el sistema,
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debera enfocarse a determunar para cada periodo
convenicnte de tiempo durante la vida del sistema:

a) Qué objctivos existion en los diferentes pe-
riodos de ticmpo para cada elemento del
sistema,

Qué grado de compatibilidad existia entre
los objctivos de los diferentes elementos del
sistcma,

Qué¢ diferencias se presentaron en cada pe-
riodo cntre los objetivos planeados y los
resultados obtenidos: durante el periodo co-
rrespondicnte.

Qué causas provoearon en cada periodo las
desviaciones observadas entre objetivos pla-
ncados y resultades obtenidos.

b)

c)

d)

Merece cspeciallatenaﬁn el estudio de las cau-
sas de las desviaciones dsservadas entre resultados
y objetivos plancados. Estas desviaciones pueden
clasiticarse en dos tipos:

a) Desviaciones provocadas por defectos del
sistema mismo.

b) Desviaciones provocadas por causas ajenas
al sistema y atribuibles al medio que lo
* rodea. ;

Si el disefio del sistemh fuese tal que las des-
viaciones del tipo a) téndiesen a desaparecer,
el sistema de operacién decisional tenderia a un
sistema de opera¢ién fija, y las decisiones que
tendria que tomar el pdrsonal directivo de los
diferentes elementos del distema scrian necesarias
solamente “por excepcion'’; es decir, solamente
cuando ocurrieran circunstancias realmente im-
previstas, dentro y fuera del sistema. :

La informacién principal que se obtiene del ana-
lisis de los controles en el sistema es:

a) Grado de control en la operacién.
b) Fallas en la planeacién o ausencia total de
Plancacién. _’
¢) Informacién para control insuficiente en al-
unos aspectos e innccesaria en otros.

d) Pallas en el disefio del sistema.

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

4.1. Ll problema de disefio de un sistema de

operacion-decisional

Los objetivos de un sistema de operacién deci-
sional cambian con el tiempo. Este hecho obliga
al investigador de sistemas a analizar con alguna
frecuencia al sistema en cuestiébn con el fin de
determinar si éste permite alcanzar los objetivos
con la maxima eficiencia o si hay necesidad de
redisefiar el sistéma en alguna o algunas de sus
componentes. . !

El problema de diseiio de un sistema de opera-
cién decisional presenta las siguientes caracte-
risticas: ‘
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a) Una persona o un grupo de personas que
tiecne que tomar las decsiones durante 1
fas:c de disciio del sistema hasta seleccidnar
un diseiio para operacion. i

Una persona o un grupo de personas (usual.
mente distinto del grupo en a)) que tiene
q:t tomar las decisiones durante la opera-
cidn del sistema.

Posibilidad de cstablecer y coordinar: los
objetivos del sistema en varias formas al.
ternativas. ,
" d) Necesidad de establecer una medida de la. .
" «—"eficiencia del sistema o de la parte del' sis-
tema que se disciia,

Posibilidad de varias alternativas no igual-
mente eficientes para alcanzar los objetivos
descados.

Duda respecto a la eleccién del diseiio "6p-
timo"'.

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

b)

c)

e)

f)
g)

.. Puede observarse que excepto por el factor b)
antcrior, los otros factores intervienen en mayor
o en menor grado en el disefio de sistemas de
operacién fija. Esto ha permitido utilizar la meto-
dologia cientifica para el diseiio de este tipo de
sistemas en el disefio de sistemas de operacion
decisional, y viceversa. Muy recientemente esta
metodologia ha sido desarrollada notablemente *°,

4.2.- Insumo, producto. cficiencia. Objctivos y
evaluacion de objetivos

La scleccién de uno de los disefios alternativos
posibles de procesos a realizar en un sistema de
operacién decisional o en una parte de ¢l. se hace
en funciéon de lo que se denomina eficicncia. En
la fig. 1 se muestran los cuatro casos posibles de
relaciones entre producto e insumo, y la medida
de eficiencia correspondiente. ; |
- Los objetivos de un sistema de operaciéon deci-
sional ¢ de una parte de él. pueden referirse al
insumo 'o al producto y pueden ser cualitativos o
cuantitativos. Lin general, para lograr el mejor
disefio del sistema o de la parte en cuestiéon no ¢s

. suficiente con renunciar los objetivos que se pre-

tenden, sino que hay que evaluarlos. Muy recien-
temente se han desarrollado técnicas de evalua-
cién ¢, de aplicabilidad general y de gran utilidad
para evaluar los objetivos. '

4.3, Modelo de un sistema. Ventajas que ticn
su utilizacion S

Como se sabe, un modelo de un sistema es una

representacion del sistema. Un modelo pue,de ser
fisico o abstracto. , !
Entre los modclos fisicos los mis impostantes

son los analégicos, cs decir, aquellos cuyas mag-

nitudes fisicas representan a las magnitudes ca-

racterifh’cas del sistema, de manera que a cada

magnitud del modelo corresponde una y sélo una

magnitud del sistema. A esta clase de modelos
' '

|
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P uno de los procesos o cursos de accion posibles en el
sistema o )
E. eficiencia
FIGURA 1

corresponden los modelos graficos y los modelos
gig*;tricos.

#:los modelos abstractos son los modelos mate-
‘maticos. En éstos, las variables que aparecen
representan a magnitudes caracteristicas del sis-
tema, y el conjunto de relaciones matemaéticas que
deben satisfacer dichas variables para representar
al sistema constituye propiamente el modelo del
sistema,

Si las magnitudes caracteristicas de un modelo
no cambian con el tiempo, el modelo se llama
estatico. Si dichas magnitudes cambian con el
tiempo, el modelo se llama dinamico. Un sistema
cuyas magnitudes caracteristicas cambian con el
tiempo puede ser representado por un modelo
estatico en un cierto periodo de tiempo, si la va-
riacion de las magnitudes en cuestién es pequeiia;
en caso contrario, el sistema tiene que represen-
tarse por un modelo dinamico.

Es posible representar mediante un modelo a
una parte del sistema o al sistema en conjunto.
Por lo que se refiere a sistemas de operacién fija,
las técnicas de representacién, analisis, disedio y
optimizaciéon del disefio? se encuentran muy
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desarrolladas. Algunas de estas técnicas han sido
utilizadas en sistemas de operacion decisional,
basandose en la similitud anotada al final del
inciso 4.1 entre este tipo de sistemas y los sistemas
de operacién fija. Asi, se ha utilizado la teoria de
los servomecanismos para representar y simular
la operacién de sistemas de produccion o distri-
bucién organizados?. También se han desarro-
llado modelos especificos para sistemas de opcra-
cion decisional ™% En la actualidad este campo
se encuentra en proceso de desarrollo verdadera-
mente explosivo.

Las ventajas principales que tiene la utilizacién
ide modclos para representar a sistcmas. tanto de
loperacion fija como de operacion decisional son:

a) Es menos dificil medir las variables carac-
teristicas en ¢l modelo que en el sistcma
real.

b) Permiten encontrar rclaciones entre las mag-
riitudes caracteristicas del sistema que seria

- imposible o muy dificil descubric mediante
analisis directos del sistema.
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¢) Pcrmiten determinar el disciio optimo (res-
pecto a algin criterio) del sistema para
condiciones de opcracion dadas.

d) Permiten. la experimentacién  (simulacién)
en condiciones controladas, menos dificiles

menos costosas que en el sistema.

e) %roporcionnn la! Gnica base posible para el
desarrollo de lal rama del conocimiento co-
rrespondiente.

[) Permiten la engeiianza.

La desventaja pri;
temas es que constituyen -idealizaciones mas o
menos refinadas de dichos sistemas. Sin embargo,
no deben olvidarse las dificultades que tiene la
experimentacifn con\el unico modelo fiel de un
sistema, o sea con el sistema mismo.

|
44. La investigacién de operaciones. Algunas
clases de problemas estudiados. Uso de
’ computadoras electrénicas

Recientemente se ha hablado mucho de las
ventajas que tiene la utilizacién de los métodos
y modclos de la Investigacion de Operaciones en
problemas desarrollo |econémico, de direccién de
empresas,.etc. Sin enjbargo, con frecuencia no se
tiene un concepto claro de lo que es. La Investiga-
cién de Operacioneges una rama de las Matema-
ticas que se caractegjza por:

8)

<)

Desarrollar modelos matematicos o anal6-~
icos dp los sistemas que estudia.

ciencia /de los sistemas que estudia.

La metodologia que emplea la Investigacién de
Operaciones es la metodologia cientifica*??,

El proceso que se sigue en Investigacién de
Operaciones para atacar un problema especifico:
puede representarse gréaficamente como se indica
en la fig. 2.

La forma basica de los modelos de investiga-
cién de operaciones es

* E= I(C‘. U,) ’
ea donde- .

E = Eficiencia del sistema.
C, = Variables sujetas a control por de-
cision (i=1,2,...n).
U = Variables o constantes que no estén
sujetas a control por decisién y que
. alectan la eficiencia (j=1,2,...n).
f(Ci, U;) = Simbolo que indica funcion [ de
G U,
El problema es: fijados los valores de U, de-

terminar - los valorfes correspondientes de C; (si
existen) que hacen 6ptima (maxima o minima)

la eficiencia E, sabiendo que las variables estan °

sujetas a ciertas restricclones, impuestas usual-
mente por limitaciones en los recursos disponibles
© por deseos de retener algunos factores.
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Los problemas ‘que se han atacado en Investi-
gacién de operaciones pueden clasificarse ? en pio-
blemas de: ;

e) Rutas |
[) Reemplazo,
g) Conipetencia
h) Buasqueda

a) Inventarios
b) Asignacién

¢) Espera

gl) Secuenciacion®

Algunas de las técnicas de la Investlligacién de
Operaciones han sido aplicadas en: mvestigacion
y desarrollo, produccién, ventas, financiamiento.
direccion de personal, compras, plangacion ge-
neral, etc. En todas estas aplicaciones la utiliza-
cién dc computadoras digitales electronicas ha .
sido de gran utilidad. Con frecuencia. ha sido
la computadora electrénica la que ha permitido la
utilizacion de los métodos de Investigacion de
Operaciones en problemas de gran magnitud y
complejidad. ,

' 5. PRINCIPIOS DE DIRECCION MODER-
.~ NA DE SISTEMAS DE OPERACION
. DECISIONAL

(

* A pesar de que desde 1916 Fayol" presenté
con toda claridad los principios basicos de la
direccion de empresas, y de' que demostro que
usando esos principios es posible ensediar a dingir

. * Los métodos CPM y PERT que han adquirido tanta

popularidad recientemente, son métodos para problemas de
eata clase, .
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as cmpresa, dichos’prinaipios permanecicron i1g-
Torados por la gran mayoria de los dirigentes
J¢ cmpresas cn todo el mundo, hasta ?uc hace
J;-m\mnclnmcptc 15 afos se¢ inicid su difusion en
sean cscala. Este hecho unpulsé. la investigacion
serea de la dirccaidn de empresas, y, en general,
serca de la direccion de sistemas de operacién
Jeawwonal. Como resultado] de dichas investiga-
aones. s¢ dispone ahora def un conjunto de prin-
apios sohdamente fundamentados para la direc-
aon de sistemas de operacién decisional - 12,

Actualmente se reconoge, que todas las activi-
Jades relacionadas con la direccion de cualquier
parte de un sistema'de operacién decisional o del
gstema en conjuntd, pueden clasificarse en los
cuatro grupos que se muestran en la fig. 3, y
que esos grupos de actividades_ directivas se rea-
hzan ciclicamente como se indica en la figura,
durante todo el tiempo que estd en operacién el
sistema. .

N

PLANEACION

l

ORGANIZACION

CONTROL

|
MOTIVACION

h.4

Fic. 3. Ciclo dindmleco de la direccidn

Con el fin de precisar{;ﬂs significado de los tér-
minos quc aparecen en ld fig. 3, se definen a
continuacion: -

Dlancacion: conjunto de decisiones tendientes
a lograr en el futuro los objetivos establecidos,
gn la forma-mas eficiente posible.

Organizacidén: conjunto formado por los ele-
mentos del sistema a los que se asignan las activi~
dades que’ decben realizarse para alcanzar los ob-
jetivos establecidos, y por el personal en quien se
delega la autoridad y la responsabilidad para
dirigir la operacion de dichos elementos. )

Motivacion: conjunto de técnicas utilizadas por
el director de un elemento del sistema para en-
cauzar las actividades encomendadas al personal
que dirige, de manera que puedan alcanzarse los
objetivos establecidos en.la forma mas, 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 operacion del sistema.

Recientemente se han desarrollado las técnicas
conocidas con los nombres CPM y PERT?3, que
permiten realizar la planeacion y el control con
el grado de eficiencia y de detalle que se desee, y
que son también de gran utilidad para disefiar la
organizacién y las técnicas de motivacién. Algu-

'
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nas, de las téenicas descritas en el articulo 3 pre-
cedente, son también muy utiles para disedar la
organizacion del sistema o del elemento en cues-
tion. % S a
: ! ' . ;
' ' 1
6. ALGUNOS SISTEMAS DE OPERA-
" CION DECISIONAL EN INGENIERIA
+ CIVIL
| i
Los conceptos y técnicas descritas precedente-
mente son' aplicables para el analisis, disefio'y
optimizacién de la operacion de algunos sistemas
de'operaciéon decisional de interés en Ingenieria
Civil. Entre dichos sistemas pueden mencionarse:

a) Sistemas hidro-eléctricos P 14, !
b) Sistemas de irrigacion ' M, ) !
c) Sistemas de transportes: carreteras, transjto
. en ciudades, ferrocarmnles, transportes mari-
timos y aéreos.

d) Sistemas de vivienda popular.
e) Sist’gmas de desarrollo urbano. ;
[) Empresas constructoras. '
g) Empresas de estudios y proyectos. !
ih) Empresas productoras de materiales de
' construccién.

| También son aplicables algunas de las técnicas
descritas, para la direccién de la construccién' de
proyectos especiales o de produccién masiva 5,

i

'7 NECESIDAD DE UTILIZAR EN MEXI-
CO LAS TECNICAS PRESENTADAS

El desarrollo econdémico de México en los,‘lﬁl-
timos afios ha traido consigo un aumento notable
en el monto de las inversiones gubernamentalgs y
privadas en sistemas de operacién decisional de

interés en Ingenieria Civil. Esto ha provocado.

la necesidad de analizar, disefiar, realizar y operar
sistemas cada vez de mayor magnitud y comple-
jidad en un tiempo reducido. Este hecho y la no
utilizacién de técnicas como las descritas prece-
dentemente ha sido la causa de numerosos fraca-
sos presupuestarios, y del freciente empleo:ine-
ficiente de los recursos disponibles.

En el| futuro es probable que tengamos nece-
sidad de realizar sistemas aGn mayores que los
realizados hasta ahora, y que tengamos también
que aprovechar mejor los sistemas existentes; Las
técnicas; descritas nos permiten, en upo o en, otro
caso, lograr una mayor eficiencia en Ja utilizacion
de nuestros recursos y consecuentemente, la posi-
bilidad de lograr un desarrollo econémico mayor
y mas acelerado. [

La investigacién, desarrollo y experimentpcion
de las técnicas descritas ha rcquerido un  gran
esfuerzé econdémico e intelectual en otros paises.
Tenemos ya gente preparada en ellas y tenemos
también los medios para aplicarlas, utilicémoslas
en beneficio de Meéxico. -

i
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3. URBAN SPACES AND STRUCTURES
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2. Speculations

LESLIE MARTIN, LIONEL MARCH & OTHERS

In the 1920s an important shift of architectural intemion' and process -
a shift of social attitude — became clear. However complicated the his-
torical situation may have been, three powerful lines of thought appeared.
The first came from the passionately held belief that there had to be some
complete and systematic re-examination of human needs and t-hat, as a
result of this, not only the form of buildings, but the tptal environment
would be changed. The second line of thought, imcr}ockmg with this, \:las
simply that change in the form of buildings, or environment, would only
be achieved completely through the full use of modern t'echnology. 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 principles was ever com-
pletely demonstrated. They remained lines of action sometimes f?llo:er:
up separately, sometimes together. The rational examu}atlon of n
went some 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 is
around these anticipations that they built up their form.al systems. In this
sense their buildings were symbols of what a new ar.chxt?cture might be.
And for their day they had an immensely powerful meaning.
All this is something very different from an attempt to prc'bduoe new

forms as a primary objective: i.e. as a kind of rootless formalism. What

t This essay is a compilation from many sources. The imroduclory'pags z:re frox:n ::
article by Sir Leshe Martin entitled, *Architect’s Approach to Architecture’, publish
in the R.I.B.A. Journal, May 1967. 1: introduces paraphrased' excerpts fro.m ot!:a
papers and articles which are here presented as ‘Speculations’. The word is fitting
as the attempt was to raise questions which could only be answered by subsequent

formulations, 4

28

Speculations ) 9

seems 10 be important about it are the intentions that caused these forms,
The difference between a chair produced by the arts and crafts movement
and a chair designed by Rietveld is not just a difference of form. The form
comes from a different emphasis on who makes it, on how it is made and
how many people can have it. Now 10 stress this distinction is to make a
declaration of attitude. The design of an object becomes a statement of
conviction about what a society may need, the way it might consider its
surroundings, the kind of products that it might have and how it might
manufacture and use them. It is indeed an intellectual commitment; and
this attitude of mind will apply equally 10 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 1965).

The change from art and eraft 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 purpose’ and thought out, rather than drawn. It is this
matter-of-factness in which the act of design cannot be separated out as a
form-making process that remains central. It is re-echoed in the various
catch-phrases around which theory (and particularly German theory) wag
discussed. ’

But history is never clear cut. Against this attempt to reintroduce
rationalism as a basis for architecture, there is, all along the line, the
opposition of a powerful wing of ‘individualist’ creators. The situation is
confused. Rational thought about needs and processes by one school was
in some way considered by another to be dangerous and inhibiting.
Practical 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 as
the products of practical reason were being demonstrated on an impressive
scale in the housing projects of Holland and Germany, the developing
theory became dogma. The principle that rational thought about use and

~ construction must produce (as an integral part of this process) its own

formal systems required a continuous reassessment of every aspect of a
problem. Knowledge would be established by analysis, advanced by
experiment and confirmed or corrected by test."A ruthless reassessment
of each achievement was_an essential part of this process. But, in that
important and major housing achievement of the 1930s, the process
stopped. The speculative thought that could have extended the range of
built forms into totally new environments dried up. In Germany and
elsewhere the set housing solution solidified into parallel rows of slab
blocks. -

The fact that this happened was of enormous consequence. The rational
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approach was at once suspect. The end result of practical reason appeared
1o be sterility: and it was assumed that this could be countered only by
_ intuitive processes - by feehng. Thus the old mineteenth-century opposi-
tions were continued.

What was wrong with parallel slab layout was not the rational thought
that it contained, but the failure 10 extend this by further speculative,
formal invention. As A. N. Whitehead (1929) once pointed out, it is
speculation that makes rauonal thought live: and it is rational thought
that gives speculative invention its basis and its roots. To analyse, to
measure and to rationalise the problem 1s an essential part of the process
of scientific thought. And, in the scientific process, intuition (or what
Alfred Noith Whitehead (1929) prefers to call copjecture or speculative
reason) is itself entirely arbitrary unless it is guided by thought or system.
Practical reason is the means by which methods are developed for dealing
with different kinds of facts. Speculative reason is an extension of this into
theoretical activity. Progress depends on a lively interest in speculative
reason. Through the interaction of these two forms of thought, factual
assessment can take its place within an overall scheme of things: speculative
reason is ‘robbed of its anarchic character without destroyingits function of
reaching out beyond set bounds’. (Whitehead 1929, p. 66). Whitehead goes
on to add that the massive advance of modern technology is due to the
fact that these two forms of thought (rational and speculative) have again
made contact. That, translated into architectural terms, is equivalent to
saying that the rational understanding of a problem and the extension of
this into speculative (intuitive) thought is one single process: that is, that
thought and intuition are not opposed but complementary. We may
recognise at once an older (pre-nineteenth century) concept of architecture
in which the design process cannot be isolated from the thought processes
by which the problem is analysed and solved.

The decisions that are taken about the planning of buildings, their form
and the grouping in relation to the Jand avaijlable may be based on as-
sumptions which appear to be eminently sensible and rational. However,
rigorous reassessment — despite the initial form of refutation that it might
assume —will always prove productive. The argument presented here is
that thing§ are not always what they seem to be. Refutation can begin as an
intuition of imposture; but to prove that, speculation and rational formula-
tions must be able to demonstrate first the fallacy and then alternative and
more useful deployment. The fallacy may exist at any scale: of site re-
sources assumed to be needed, of the relationship of rooms within the
building to the corridor space connecting them, of grouped buildings to
cach other and to each other’s uses, of buildings within the city and the
streets by which they are connected.

Speculations 3t

Il. xs'particularly .fortunate when out of speculation, research has itd
beginnings. The points here raised were formulated out of a series of
separate studies as they arose from practical problems. Since they were not

contained within a formulated body of theory th i
speculations, Y ry they can best be described as

- .« .

Speculation 1 (Martin & March 1965)

How can we stud.y the efficiency of the planning of buildings? There is 8
common assumption that the most economic building is that in which the
cnrculann' space is reduced to a minimum when set against the total flooz
area: 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 standards,
Possxbly conflicting, may be introduced, for example room sizes based on
mcrerlne‘nts, or constructional sizes resulting in modular dimensions. These
:1;; ;el é?;;;t:la;ed fac@glfs and the interaction can be st_udifad in a few
In }he _example selected, 12 rooms have to be accommodated. These
vary in size and their areas 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. 2.1a), the rooms are arranged along each side of a minj-
mum 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 form the most con-
venient fit between the incremental sizes and the planning unit. There is &
clear over-allocation of floor space per room: the area increment bein
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 depth of the room being controlled by the 4-ft module,
:l'he room .over-allocation is reduced. The corridor is increased in space
in wl?at might appear to be a wasteful manner, but the total floor ares
remains the same as in the first example. T oL T
If the mod.ule for room depth is now reduced to 2 ft (Fig. 2.1cj then
room allocation has a tighter fit. The corridor width is 8 ft over 809/ of its
length and may be more pleasant and at the same time more usc}ul b
ac;on;]modating waiting areas or filing space. ¢
. Inthe previous examples the building block is 29 units in le
in W{dth. The eflect of an increase in the width of the blockngl:a E::vlge}
considered. In the next diagram (Fig. 2.1d), with the block now only 21
modules lonfg an.d 143 modules deep, a 6-{t corridor is again introduced. The
]over-allocauon is now the highest in the series. The circulation area is the
east and the external face is 16 modules less than in the previous examples,
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Fig. 2.). A comparative study of office Jayout with varying planning modules, room
depths, and perimeter lengtbs,
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If the rooms are now given freedom in depth and the depth is controlled
by the 4-ft module (Fig. 2.1e), the room entitlement has a closer fitand the
corridor is nowhere less than 8 ft wide. With a further reduction of module
depth 10 2 ft (Fig. 2.1f), there is no over entitlement and nowhere is the
corridor less than 10 ft. When the block is widened again to 16 modules
(Fig. 2.1g) the increased depth allows a conference room 1o be inserted in
the central area. The external perimeter face 1s reduced from 42 modules 10
38. By some criteria this layout is the best, though it has the Jeast favours
able circulation to gross area ratio (26.6%) in the series. It gives a perfect
fit of entitlement to allocated space, has the least external wall surface
(perimeter length) and the least gross area. The ratio of circulationto gross
area as a measure of efficiency can certainly be questioned.

Speculation 2-(Martin & March 1965)

Many measures of the ‘efficiency’ of buildings may be developed but these
can only be of use when they can be seen in relationship and when values
can be defined in measurable terms. It may be asked, for example, what
building forms make the best use of land ? The qQuestion necessarily in-

volves a value judgement of what is meant b ‘best use’ and this can only"
8 Yy y

be answered objectively insofar as the values can be defined in measurable
terms. It might be assumed that current planning controls, where they use
measures, will supply an answer and that the question is asked wherever g
development is proposed for a given site.

Current planning techniques, in fact, offer two measures which have
dominated planning and architectural action for many years. The firstis g
measure of floor space index (or its alternative plot ratio) and the second is
concerned with daylight considerations.t These two measures are assumed
1o provide a rational relationship of fioor space to site and an assurance
that buildings will be adequately lit. The use of the first measure has some-
times been extended to give an indication of the population accommodated
in the buildings. IR

Martin, March and Taylor (1965) examined this last point by producing
a set of graphs to show the relationship of three of the factors which
may be considered in determining the population capacity of a given
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 4:1. This generates
floor areas of 200,000, 300,000 and 400,000 sq ft (Fig. 2.2a). The gross
t Floor space index is the gross floor area measurement of the building including the

thickness of the external walls; this total is divided by the site area including half

the width of the surrounding roads. Plot ratio is the same gross measurement of

floor area divided by the net site area. These measures are expressed as 2:1, 5:1 ete,
Daylight considerations are measured by special protractors and r \mograms,

.
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Fig. 2.2. Range of population density as function of plot ratio.

floor area may then be used with varying degrees of efficiency, for .example
25%, 50% or 75%. The clerical areas generated from these (Flog. 2.2b)
yield nine possible results ranging from 50-100,000 sq ft at .25 Y%s 1.50-
200,000 sq ft at 50% to 150-300,000 sq ft at 75%. If these poss:ble.clenml
areas are-now related to an allocation of square feet per person (Fig. 2.2t':)
this too may fall within allowances of 80, 100 or 120 sq ft per person. In this
example seventeen different populations ranging frqm 409 to 3700 cox.}ld
arise from the same site area as a result of these relationships of plot ratio,
general plan efficiency and floor space allocation per person.t

t Other factors will clearly limit this range, for instance, building codes. Similarly,

land and development costs, parlicularly in central business districts, w‘ill tend to
secure intensive use. But coordinated relationships between bulk and density and use

and density are not usually even formulated.
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It is clear that plot ratio in itself is no satisfactory measure of population,
though it is useful as an assessment of the total floor space provided by
buildings on any given 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 way that the site area will be effectively used. In order to
demonstrate this we might place on any given site parallel rows of 4-storey
buildings spaced apart by a conventional light angle of 45°: in this case the
plot ratio will be 2:1. If however the building remains at 4 storeys but is
arranged as a solid block lit by courts, in which the prescribed light angle is
still used, the plot ratio will increase 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 internal planning, it becomes clear that the building form can
have a pronounced effect on the total fioor 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 know which forms of building appear
to make the most effective use of ground area.

In approaching this question we are at once confronted with some deeply .
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 differ
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, the amount of floor space with outlook, the amount
without and so on, it is possible to demonstrate that a development might
assume 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) - N

How can such a problem be studied in a systematic manner? The site
utilisation of various layouts can be studied by classifying the built forms
under three headings: the pavilion or tower, the street and the court.
These can be considered within a rectilinear universe. The pavilion is finite
in its plan form. The street extends, potentially, infinitely along one axis.
The court extends infinitely along two. From these built forms rectangular
lattices can be derived. In fact the pavilion, the street and the court consti-

-
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Fig 2.3. Schematic diagram 1o show three different disposition: ~f built form:‘P::::x
or tower, street or slab, and the generating cruciform in a continuous pattern o
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tute points of recognition_in what 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 site area, the same block depth, the same width of -
interspace, the same floor height, etc. Two factors reveal certain aspects of
the problem: one is the site utilisation factor, that is the ratio of the site
covered to the area not covered. The other 1s the built potential, that is the
ratio of the floor area of the built form to the site area.

built potential

street

pavilion

number of storeys
Fig. 2.4. Built potential 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, will

give the same degree of built potential. (Fig. 2.4) This could be one reason
~ that the *City of Towers’, free standing towers in a park-like setting, has

never been built. It is inherently inefficient in terms of land use. In com-
parison to the pavilion or tower form atits maximum, the built potential of
the street form has twice its value, and the built potential of the court form
is no less 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 building ~1velope obtained
by using daylight protractors, Day lighting controls have determined to a
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Jarge extent the massing of building seen in the central city of tc_):iiay
(Watts, 1963). The type of study described can be developed by con.slnd.er-
ing py ramidal forms which approximate more closely to the actual bui mﬁ
form (Fig. 2.5). This generalised pavilion form may again be compared wit
1ts antiform, the court. When this is done. the court forrp 1s seen to place
the same amount of floor space on the same sie area v\.xth the same con-
diion of building depth and in approximately one-third the height re-
quired by the pavilion form.

Fig. 2 5. Generalised pavilion form and its antiform ; modified antiform 91' the gencrallst:
pavilion form at the same scale and containing the same amount of buiit volume on
same site; the heights are approximately in the ratio of 3:1.

T

a b - v
Fig. 2.6. The iltustration shows (a) a pavilion de\'elopm?m and (b) and (<.:) court dl;
velopments, 1n which several proportions of site utilisation: coverage, built potent
(bulk) and percentage of floor area without outlook, are the same. For the same numl?er
of storeys, the built potential will be the same for all three buildings. The different SI.E
<1le area needed 10 equalise these proportions suggests that each formhasan optx.mur.n site
size (Fig. 2.6¢ takes nto account the internal angle condition required to mamtam.thc
proporuion of floor space with outlook, while building the court form on a smaller sn.e.)
Black areas represent floorspace without outlook ; white areas represent floorspace with
outlook, inted area represents that part of site uncoy ered by development.
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Speculation § (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 with no outlook is again constant, then the size of
the site for these two developments will differ (Fig. 2.6). This seems to sug-
gest that each form of development probably has its own optimum size. If
the highest densities 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 general loosgning up
of the texture of building on ground space. In that case a new relationship

3 -
“Salfl]

“Fig. 2.7a. A 50-acre site developed with typical bye-law streets at a density of 100 persons

per acre.

of building to road must be sought. The development of larger areas of
land and the possibility of buildings occupying less ground space offers the
possibility of a new scale 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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Speculation 6 (Martin & March 1968)

This question of the relatedness of things is central to the consideration :f
any single issue like the provision of housing, schools, open space or the
roads by which they are served. All these things are as_pect_s of the main
problem of relationships: and by looking at a question In this way the old
barriers created by zoning are immediately removed.

Professor Vaizey (1968) once stated that the older areas of towns may
continue to have the oldest schools. The problem, he sa:d,.was th'at even
if the housing priorities did not eliminate them, the larger sites which they
tend to demand displaces the stock of housing.

Fig. 2.7b. The land-use requirement of the 5000 people housed on the 50-acre‘ site. The
area allocated 10 schools includes 7 acres for buildings and 14 acres for playing fields.
When an allowance is also made for open space, only 9 acres remain for housing. The
housing floor area is 3 times that of the land available,

It 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 buildings. When the 1ssue 1s considered in this light the results are
someumes surprising. Consider an area of land in a nineteenth-ccnn.xry
industrial city: suppose that there are 50 acres of by-law street housing
inside a frame of busy commercial and shopping streets. (Fig. 2.7a). The
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residential density is 100 persons per acre. Assume that there is one obso- )
lete primary school embedded in the housing: most of the children attend
schools elsewhere. Now consider the rebuilding of this area. Can houses be
provided for the present population at the same time that schools are made
available for its children? There appear to be competing land uses, and in
any rebuilding there may be the added requirement of public open space.

Let us look at this from the point of view of schools. Fifty acres generate
5000 people, and these in turn might demand an infants’ school for some
300, a junior school for something over 400, and for the sake of argument

Fig. 2.7c. If the schools are accommodated, and this open space omitted, there remain
29 acres of land for housing. 3600 people could be accommodated in 2-storey housing
arranged in the simplest possible way. 5000 people would require most of the site.

we may assume also a secondary school of around 600. The school build-
ings alone would occupy 7 acres of land. Playing fields will require an
extra 14 acres. Altogether 21 acres, or 429 of the land, would be required
for educational purposes. If another 4 acres per thousand were-to be
claimed within the area for recreational needs, then 41 of the 50 acres or
82 9% of the land would have been pre-empted, and the housing would have
to take place on the remaining 18 %, on which again there would be some
demand from access roads. In terms of sheer space w.ae housing would
occupy a solid block of building three storeys high (Fig. 2.7b).
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It certainly looks as though Professor Vaizey is right. It appears to be a
matter of either housing or schools, but not both. But the quantification
immediately draws attention to an important issue. Why is so much land
needed? What is it that demands an area 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
wider range of activities - in farming terms, a double or triple cropping of
the land ? And if the schoo! land were available to the locality or, as recom-

Fig. 2.7d. Three-storey housing would require 25 acres of land including roads and smafl
‘outdoor’ room space. This housing is only possible if the 21 acres ol: school land and the
open space allocation are used to form ‘urban rooms’ of varying size.

mended by the U.S. Sub-Committee for Environmental Standards (Ameri-

can Public Health Association), if the schools used the recreational facili-
ties provided for the neighbourhood, what saving of land woul'd then be
possible ? It is.clear that we have a choice: if we were to consider these
relationships, Professor Vaizey's problem might still be soluble.

But this can be looked at too from another angle, that of housing. A 50-

acre site redeveloped at 100 persons per acre could be completely covered

with houses and their attendant roads (Fig. 2.7c). In this case there would
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now be no sites for schools. But we now know that this type of layout is
only one point of recognition 1n a spectrum of dispositions of built form
on the land. This primitive layout shows housing for 3600 people in two-
storey houses and 21 acres for school sites. But if some sharing of the
school land and open space were acceptable, this combined-use land (Fig.
2.7d), could provide ‘urban rooms’ within the layout and the new distribu-
tion of built form could accommodate the total population of 5000 in
three-storey houses. This corresponds approximately to the layout of some
of the squares in Bloomsbury. (Fig. 2.7¢). :

Fig. 2.7e. The ‘urban rooms’ compared with open’ spaces in the Bloomsbury area of
::o.:::n. Note that most of the buildings around the London squares exceed 3 storeys in
€],

Accept another point in the spectrum and place the housing round 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 180 ft 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 solution of this kind in ordt",r' to
find land for the schools? Is 1t really unacccptable to have a condition
rather like that of overloohing Parker’s Piece in Cambridge from some four
or five-storey terraces around it 7t (Fig. 2,7h) -

The proposition set by Professor Vaizey is clearly not msolu})le. Both
the housing and the schools can be sited, but not without adjustments
within a total framework.

Fig. 2.7f. The housing area is now placed around the perimeter. If all other land uses are
satisfied there remain just 9 acrés of housing land.

Speculation 7 (Bullock, Dickens & Steadman 1968) - .

The lattices that can be built up around the ‘pavilion’, the ‘street’ and the
‘court’ forms (Bullock, Dickens and Steadman 1968, p. 104) are not
arbitrarily chosen, but within the context of rectangular geometry, a.md
treating prismatic forms only, they constitute the entire range of possible

t The results appear 10 be very simple But it is curious that the forms of the layout
deseribed do not seem 1o have ocen built: at least not recently. Architects tend to
think of housing in terms of building types: point blocks, slabs, maisonettes rather
than land use built form relationshps which may generate new types.
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regular space-filling arrays. Despite their absiract geometry they indicate
universal characteristics of the ways in which butldings use land and the
forms are ones to which many actual buildings in the real world ap-
proximate.

In the development of this work March and Trace (1968) have formu-
lated a mathematical description of built forms making it possible to give a
standard notation to the geometry and other significant 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 people
at a density of 500 persons per acre. But they would all look out onto a vast open space:
the perimeter open space is 180 ft wide and at the centre is the 21 acres of school land.

Nevertheless, evaluation of these basic forms is possible only in the
simplest terms. The performance of forms may be compﬁrcd, for example,
in terms of the amount of land that they require to provide the same floor
area: or the ratio of perimeter space to core space may be measured for
different forms. Very general cost comparisons can be made by treating the
cost of each building as a simple factor of the total floor area or by at-
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tempung to weight the costs to take account of the ratio of ﬂoor area to
roof area, and of floor area to perimeter walling 1n order to give a limited
understanding of the changes in cost with the change in form. '

Such measures of performance are crude, however, and may proyxd.e the
designer with information too coarse to use in modifying his pr_ehn.u.nary
hypothesis or even to allow him to detect the effect of many dec3510ns.
What is needed is a library of factors considered in such a relationship that
a change in any one of the parts is immediately seen in its effect on all the
others. This is something that the designer is usually unable to do and

Fig. 2.7h. The central open space in Fig. 2.7g compared with Parker’s Piece in Cam-
bridge.

adjustments to design are made on the assumption that the char{ge is
largely independent of all but the most obviously related fact_ors. The lntFr-
dependence of the parts of the design problem and the validity of breaking
the problem down into manageable but relatively independent parts has
been studied by Christopher Alexander (1964). His work on the *pattern of
the content’ seems essential as a firsi step to a consideration of the pattern
of the form which is the problem that we are dealing with here. The total
work of architecture is essentially concerned with the ‘fit" between these

Speculations 47

two considerations in themselves and the technical methods through which
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 different 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 of the pattern of the form is relevant to the building, ~
to the group of buildings and to the city or the urban region. And it is
equally revealing in each case.

Figure 2.8 is a version of Howard's cluster of towns forming a city -~~~

federation of 250,000 persons. By the year 2000 we would need 250 of these
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 live in easy reach of one another and all
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 minimum plot size is 20 ft by 100 ft. The roads
would easily accommodate the motor 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 60 ft
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 functions. 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 be 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 bezn accommodated on the
same land as was urbanised in 1898. Since then the urban land stock has
doubled, and it is expected to have trebled by the year 2000. Howard
cannot be charged with any waste of land.

A simple question that can be asked is this: i every 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 they not have a house, a garden and a car on three
umes as much? A more equitable distribution of land would ensure a
house and a garden for all who want one. Yet, even if land were not dis-
tributed evenly, this simple desire could be answered to some extent by
more rational land use planning in refation to the built forms required for
the house and garden,

First let us look at how 10% of a land area might be covered by urban
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Fig. 2.9. Range of nucleated and linear distributions from 104 to 99 coverage.

uses. This 107/ 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
agricultural land within urban administrative boundaries. Fi~ 2.9¢ shows
the 109 coverage distributed in a concentrated nuclear form (one single
blob) and Fig. 2.9¢ in a dispersed nuclear pattern (in this case 256 blobs).
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Fig. 2.10. Linear antiform of Howard's city federation.

Figs. 2.9f-h, however, show the same amount of urban land distributed ina
linear manner: The pattern illustrated in Fig. 2.9f may be described as con-
centrated linear (a coarse mesh) and Fig. 2.9h as dispersed linear (a fine
mesh). Fig. 2.9a shows 90% coverage, while Figs. 2.9i and 2.9j show the
inverted scheme of linear coverage.

There are three properties of the distribution. The topological property
of being nuclear or linear corresponds to thinking blobs, or thinking of the
spaces between. The second property is concerned with scale. The property
of being concentrated or dispersed is dependent on the scale chosen to ob-
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serve the pattern. If, for instance, 1/256 of the dispersed blob pattern (9e)
were to be scen at close range, it would Jook exactly like the concentrated
blob pattern (9¢). The only diffcrence is one of scale. The third property is
the amount of coverage. This can be high (90%) or low (10%). 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 population, that if the land
coverage is high (90%) the gross residential density will be relatively low
and proportional to 100/90 = 1.1. If, on the other hand, the ]and coverage
is low (10 %) the gross residential density will be high and proportional to
100/10 = 10. This low coverage is associated with high density. But the
important point is that the notions of concentrated or dispersed develop-
ments have no relationship to population density. It is as possible to have a
high-density dispersed pattern as a low-density concentrated pattern.

Next, if the pattern 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 of the next 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 Jand is open space. It is not solidly
built-up. .

It can be shown mathematically that the 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
significant 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 briefly 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.

Speculation 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 implications. With favourable
land use planning, semi-detached houses can be built at 200 persons to the
acre. Threc-storey terraces under more normal circumstances 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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This tendency may be represented by considering a city marked out
from its centre 1n equal width bands (Fig. 2.11a). Each of these bands
accommodates an equal amount of built space. Close to the centre, the
built space will have to be achieved in the sky whilst on the perimeter this
same quantity of space will be found on the ground. In conventional
terms, if the plot ratio is 4:1 in the centre it will be, at the 9th and outer-
most ring, 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 disposed at an average plot ratio of

Fig. 2.11. Housing density in relation to its distribution.

0.11:1 (Fig. 2.11b), or just twice that of the 9th ring. This plot ratio of
0.11:1 is only marginally higher than the mean of the four outermost
rings, but a great deal lower than the mean of the five inner rings. Fig. 2.11¢c
shows the same built space distributed in a linear form. Closeness and
accessibility of similar functions are likely to be improved in a linear route
development and since skyscrapers do not use central land very efficiently,
the only sense that high buildings 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 extravagant and irrational gestures. To return to housing
densities, there is not much point in thinking of densities as great as 200
persons per acre (when the mean density is likely 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 principles 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, or a space 900 ft square (Fig. 2.12a). These
persons could be housedinaribbon of 3-storey housing with a small garden
at 200 persons to the acre around their own public 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 this Kind of density has become, it is timely to ask whether
more might be achieved by a return to relaxed simplicity. A further
modification is shown in Fig. 2.12b where all the houses might have a view
of the countryside. =~

Fig. 2.12.-Simple high density housing forms.

In all this the rural districts have 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? There
are many excellent geometrical reasons, especially of a probabilistic
nature, to suppose that a free, loose development alons a network of
routes has advantages of capacity, accessibility, density and use distribu-
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tion not possible in nuclear development and that, with a positive policy
towards open spaces, 1t 1s likely to prove the most reasonable form for the
emergent city.

But planners will never know until the capacity has been developed to
understand and measure the forces that are at work and to compare
alternatives.

Speculation 11 (Martin 1968)

In order to find the full implications in the measurement and invention of
built forms it will be necessary to use the techniques that have been
developed in other disciplines and which 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
different 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 becomes possible 10 represent aspects of the
world around us in highly complex models within which the relationships
of all the measurable elements can be seen.

Econometrics, the ‘mathematical movement' in economics, is only one of
a number of developments in many spheres of thought in which an effort is
being made to find a structuring theory of organization around which
growth and change can develop, and to make this precise by mathematical
expression. It has happened within the last half century and mainly since
the war. The change has been profound. The description of this change by
Stope (1966) with its emerging possibility of integration between studies
which are now specialised and separate, has its parallel in urban geography
(Robson 1969) and its various extensions.

The use of a mathematical formulation in the attempt to describe the
ordering structure that lies 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. Elementary models of built

forms

LIONEL MARCH

Much of our kncwledge 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 on_theoretical demonstration. Yet, as Edward Kasner and
James Newman emphasise throughout their classic Mathematics and the
Imagination, ‘our intuitive notions about space almost invariably lead us

. astray’. e

One problem which graphically reveals this point is quoted By Kasner
and Newman (1949):

Inaroom 30 feet Jong, 12 feet wide, and 12 feet high, there is a spider in the centre of one
of the smaller walls, 1 foot from the ceiling; and there is a fly in the middle of the oppo-
site wall, 1 foot from the floor. The spider has designs on the fly. What is the shortest
possible route along which the spider may craw! to reach his prey ? If he crawls straight
down the wall, then in a straight line along the floor, and thep straight up the other wall,
or fol_lows a similar route along the ceiling, the distance is 42 feet, Surely it is impossible to
imagine a. shorter route! However, by cutting a sheet of paper, which when properly
folded, will make a model of the room [see Fig. 3.1], and then by joining the points
representing the spider and the fly by a straight line, a geodesic is obtained. The length
of the geodesic is only 40 feet, in other words, 2 feet shorter than the ‘obvious’ route
of following straight lines. -

’nfere are several ways of cutting the sheet of paper, and accordingly, there are several
possible routes, but that of 40 feet is the shortest; and remarkably enough, as may be
seen fram_cut.d {in Fig. 3.1], this route requires the spider to pass over five of the six
sides of the room. N ST

This illustration is an adaptation of one of Sam Lloyd's famous 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
is 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 of the structural facts (in this
case a material analogue model (see below Chapter 7), which, thirdly, is

55 )
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suf'ﬁciemly representative yet manipula.blc to allow the problem to l;e
simplified in order to proceed 1o a solution (our paper box may be easn:
thought of as a room, but unlike a real room it can bF unfolded anc
spread out flat in such a way that the original three-dimensional problem 15
reduced to a somewhat trivial two-dimensional one). o
Buildings are complex artifacts. Most are unique. C-icncrahsauor.m about
buildings are not easy to make. It may help 1o look 1'nstead at bufll Jorms
which are not buildings. Built forms are mathematical or qua1.51-‘mathe-
matical models (Chapter 7) which are used to represent buildings to
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any required degree of complexity in theoretical studies. Built forms, then,
are designed and defined specifically for each study. Usually a study starts
with somewhat hazy notions. To proceed, it is necessary to make some
assumptions both to simplify the problem and to make it amenable to
mathematical treatment. Appropriate variables must be selected and re-

Jationships established between them. And after some fact or other has |

been demonstrated, it is necessary to reconsider the original e.lssumptlons
with a view to developing the model further to give a truer picture.-
Many problems in theoretical architectural studies will find suitable

lementary models of built forms A

expression in terms of the ‘new’ mathematics. Some indications of the
relevance of group theory, set theory, graph theory, of transformation
geometries and so on are 10 be found in a recent book, The Geometry of
Environment (March and Steadman 1971). Here, however, in this skirmish
into mathematical modelling of the built form the mathematics are con=
fined to more traditional methods. In this way it is hoped that older
readers who have little background in the new mathematics will be able to
follow the mathematical arguments and abstractions in the examples.
Basically, the kind of advanced level mathematics covered in The School
Mathematics Project: Calculus and Elementary Functions (Montgomery
and Jones 1970) will be used. .

In this latter book, the authors specify a general drill to be used whe
faced with a problem rather vaguely stated:

(i) Make initial assumptions to simplify the problem, and make it mathematically
manageable.

(ii) Choose a dependent variable which will give an answer to the problem. (Often this
is clearly implied in the problem itself.)

(iif) Make a list of the variables on which it depends. o ...

(iv) Investigate the connections between these variables. (Often - almost always at this
stage - we will find that having chosen one of them, we can express all others'in
terms of it. If this is not so, it may be because our original assumptions were not
sweeping enough; or because we have failed to make use of some of the conditions
of the problem. Such a condition might state, for instance, that the volume of 2
variable solid is constant. In this case, give a name to the constant, and express the
condition as a mathematical formula.)

(v) Choose an independent variable, express all other variables in terms of it, so thag
the original dependent variable (see (ii)) can be expressed as a function of it.
(Make sure that the expression defining this function contains none but the indo-
pendent variable and constants.) ’

(vi) Note the domain of the function, from the conditions of the problem.

(vi) Analyse the function, sketching its graph, and noting conclusions.
(viii) Return to the original assumptions and see whether they can be improved to give
2 more realistic picture of the problem.

ATl this may be described as giving a problem only vaguely stated a decent mathematical
clothing. It has become common to describe it all - or the outcome of the initial stages =
as a ‘mathematical model’,

This procedure is best illustrated by a number of examples. -

Example one

What shape should a building be to reduce heat losses?

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: witha



58 MARCH

number of facile ‘it depends-ons’: ‘It depends on the use of the building;
on the method of construction used; on orientation or the local climatic
conditions.” And there will always be someone who will insist that this is
the wrong question to ask anyway: shouldn't we be finding 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 world without having achieved even one small but sure step forward
in our understanding. The essential nature of the problem is clear enough
and so is the context. It could be argued that since the sphere is a volume
with a minimal surface area, spherical buildings would be a good idea, or
if that is not practical why not a hemispherical building, or a cylindrical
one? But most buildings, for many practical 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 if the floor to ceiling height is constant within the range of buildings
considered, then all will have the same floor area), and that those propos-

tions of length, width and height are being sought which minimise heat -

losses. —

" These assumptions define the nature of the problem. Buildings, however,
even simple rectangular ones, have complicated fenestration patterns, up-
stands and tank 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 of this exercise
2 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. It 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 have-the merit that the mathematics they give rise to are
manageable. Thus, '

(i) The buildingis assumed to be a simple rectangular parallelepiped with
homogeneous surfaces and constant volume,

(i) The dependent variable chosen is some measure of heat loss which
may be called g 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 dimensions x, y, z of the block and the thermal
transmittance of each face {which for the moment can be assumed to
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be equal) for the walls and roof, but zero (no heat loss) for the
ground floor. Let the transm:ttance be U units (Fig. 3.2).
(iv) An equation connecting these variables can now be written:

g = {2(x+y)z+xy}U (n

sin_ce there are two faces of area xz, two of area ¥z, 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 ¥ 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

Fig. 3.2

can be done than to eliminate oné of them. Let z be expressed in
terms of x and y. Then

1- 1 -
g= {z(; +;)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 large, y will be correspondingly
small for any given value of z and so on. ’

(vii) In the usual way, to-find the minimum values of g the previous

equation is differentiated in (v) with respect to both x and y, setting
the results equal to zero. Thus,

0q yid
5;=(-—;-i+y)U=0 (4a)

o (-2, U=0, 4b
ay_' —y_z X =4, ( )

’
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whence x = y at the staticnary value. If the curve is plotted (Fig. 3.3)

g= (4—‘—'+ x’)U. ' ®

.\ x
by substituting x for y in Equation 3 above, the stationary \:aluc.is
_indeed 2 minimum value. And so a minimum has been obt‘amcd l'll

which .
3 = ys == zv * (6)
as well as- where the constraint ¥ = xyz holds. Hence, for minimum
beat Josses
l x=y=2z=0V)A ” ()
From this it is seen that, to reduce heat losses, in a building whose
exposed surfaces have equal thermal transmittance and whose .ﬂoor 4
conducts no heat, the best shape is square in pl'an (x = Ji) with a
height just balf (z = x/2 = y/2) the length of its snd;s: that is to say,
T " ahalfcube 7o - e N .

q -

Fig 33 L

(viii) Returning to our original assumptions. One assumption seems par-
ticularly arbitrary. It concerns the transmittance values. For one
thing, ground floors do lose heat. For another, different walls will
have different average transmittance values, not only because they
may be constructed differently with varying proportions of fcncs_tra-
tion, but also because of their exposure and orientation which gives
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rise to particular external surface transputtance values (Fairweathc®
and Sliwa 1969). The roof, of course, can be expected 1o be differcit
from the walls, A .

The model can be generalised and the notation can be modified for mors
concise expression. Call x, x,, and y, x,, and 2, x;. In this way a typical
dimension may be referred to as x;, where i may be either 1, or 2, or 3. Now °
let (i, j, k) be a permutation of (1, 2, 3), so that when specific mention of the
jth and kth dimensions is made, it is clear that the ith is omitted: fog
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 U, and Uj; resped=
tively, and let U, be the mean value of these two transmittance values 5o -
that .
) U,=3U,+U,) . ®

The relationship expressed by Equation 1 above may now be generalised
to read . .

g =U +U x5+ x,(Usy + Upa)xs +x,x2(U5, + Us;) . -
= 2(U,;x3x3+x, U,x3+x,x;,U3)

u, U, U -
= ZV(—-f +2 +—3), since V=x,;x;%3. . ~ - -
Xy X3 X3 JERTEI
This may be written more compactly
- : ) U, . )
% q= ZVE,;‘-, fori=1,23. ®

The most obvious thing to notice about this equation is that, unlike its
predecessor (Equation 1), it is symmetrical with respect to all the x;5 (that
is, x, y and z in the former notation). - )

For the mathematician this is always a satisfying state of affairs: a kind -
of democracy of variables. Previously (Equation 3) z was picked out as the
variable to be expressed in terms of x and y, and this could be done again, _
but for the sake of symmetry use will be made instead of an elegant way
of finding the minimum value of g first proposed by Lagrange.t To find

- - 1 Count Joseph Louis Lagrange (1736-1813)-the eminent French mathematician, was,

in Napoleon's words, ‘la haute pyramide des sciences mathématiques®. According to
Miss A. M. Clerke his *treatises are not only storchouses of ingenious methods, but
models of symmetrical form. The clearness, clegance, and originality of his mode of
presentation give lucidity to what is obscure, novelty to what is familiar, and simplicity
to what is abstruse. His genius was one of generalisation and abstraction; and the
aspirations of the time towards unity and perfection received, by his serene labourg,
an embodiment denied 1o them in the troubled world of politics’. Encyclopaedla
Brirannica, 9th ed. (1889) Edinburgh.
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. the stationary values of a function like g(x,, x,, X3), subject to a constraint
of the form p(x,, X;, x3) = 0, a new function is constructed

‘ ®=q+ip, (10)

where 1 is‘called a Lagrangian multiplier. The necessary condition for a
maximum or minimum is then that

or again more compactly the three equations (one for each value of i)
o ' (11)
ax,

In the case of our example .
U
4lx1x2,%3) = 2V

subject to the volume constraint given by the function
- - P(XpsX3,%3) =V =x,%%3 =0, _
or to preserve generality,
p=V-xxx, (,j,k)=(01,23) (12

Following Lagrange’s method a new function is constructed
O =2V }".,t:—' + AV = xX %) (13)
]

The necessary condition for a maximum or minimum is then given by the
three equations

U
A § A BT ]
ox, 2Vx,3 >

~Y v ix), since xx V.
o= —— — y S|n =—'_.
x‘;( i [ > Faal X

=0. (14)

From this the general statement is derived that the minimum heat loss

occurs when the dimensions of the block are proportional to the mean
transmittance values:

X 1x3:x3::U,:U5 Uy (15)

In this form, the condition is seen to be analogous to Lamy's Theorem,
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first stated in the seventeenth century, concerning the equilibrium of three
forces acting at a point:

If three forces acting at a point are in equilibrium, each force is proportional
to the sine of the angle contained between the directions of the other two.
That is to say (Fig. 3.4)
X,:X32:X3::sin 0,:5in 8,:sin 05
This means that three forces in equilibrium may be represented by the
sides of a triangle (or that the diagonal of a parallelogram represents the
resolution of two forces proportional to its sides). Such a simple theorem

continues to guide engineering practice despite the fact that the ‘model’
point may be a rivetted joint, the forces may act not in two ‘model’ lines

X2

¢ : Xy .
Fig. 3.4

but through two rolled steel joists, 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 the overrid-
ing merit of being memorable and providing a conceptual context within
which 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 equilateral triangle. Yet in
building studies authoritative statements are continually found to the effect
that a cube is the best form of building to reduce heat losses! If the forces
are equal, yes an equilateral triangle: if the transmittance values of all 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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Tueorem 1. A simple rectangular block of given volume loses the least
amount of heat if the dimension of each edge is proportional to the mean
thermal transmitiance value of the faces defined 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 architectural form (arti-
ficial morphology ).

Plans with outlets

X X It

N

Room dimensions
4 ] ) _ 8-

Thermal images of rooms )
2 : 4

Fig 3.5
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Returning once again to our example, the original assumptions need to
be re-examined to see whether they can be improved to give a more realistic
picture of the problem. But there is something else that can be done which
may increase an appreciation of the intrinsic 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-calculus.
~ The rectangular parallelepiped with the minimum 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 Josses through all
three pairs of opposite faces are equal. In our notation above this.requires
that

U,xy,x3 = x,Uyxy = x,x,U,s, (16)
whence the rule (Equation 15):
X;:Xy:x3::U,:U,:Us,

A ‘two-dimensional’ example will make this argument clear (Fig. 3.5).
Consider a rectangular room with a floor and a ceiling which transmit no
heat, and walls which transmit heat only through specific outlets, the num-
ber of outlets per unit length of wall is thus proportional to the thermal
transmittance value of the wall. One room is square, 4 x4, and has the
minimum 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 length as the square room
along its corresponding walls. Thus the long walls have 8 x (2/4) = 4 out-
lets each, the short walls 2 x(8/4) = 4 outlets each. Altogether the heat
loss is 16 which is less than that of the square room. Now if the thermal
images are drawn of these rooms, using the number of outlets per wall as
the measure (the total flow of heat through each surface) and not the length
of the-wall (not the surface-area of each -face), the pictures are exactly.
reversed. The 4 x4 room has an 8 x 2 thermal image, and the 8 x 2 room
has a 4 x 4 square, thermal image.t In three dimensions, the thermal 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, have any particular merits in terms of

t This, of course, is an example of mapping. See March and Stead .an (1971), ch. 1.
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heat losses and hence running costs,} or that mcasures of compactness
which compare ratios of surface areas to volumes have any significant
relation to thermal performance.} If they have, it is pure chance and
probably the fortuitous outcome of a combination of factors including the
somewhat conflicting tendencies of construction costs and maintenance.

A. C. Hardy and P. E. O'Sullivan (1967) have argued for.deeper.office
buildings which rely on artificial lighting and air-conditioning. As F. D.
Holister (1967) has pointed out there are many good reasons to support
this view. But what shape of block, according to our model, and on ther-
mal considerations alone, might deep-planning lead to ? It can be shown, if
one of the dimensions in the general example above is fixed, x; = X, say,
that

} ’
X2 _x ¥ an
U, U; X U,U,
for minimum heat loss. Hardy (1966) gives the following values of X,:
for daylighting, a building width of 14 m; for permanent supplementary
artificial lighting of interiors (PSALI), a width of 22.5 m; and for per-

manent artificial lighting (PAL), a width of 27 m. For simplicity the first
can be called, 4 units wide; the second, 6; and the third, 8. Consider nowa

building whose volume is 288 cubic units, with U, =2and U; = linthe

appropriate units. Especially note that the mean thermal transmittance of
the faces of the building at right-angles to the depth X, 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:
288 \* X,
X1 '—4,xz—2(m) —12,.!3——5-6.
(b) With PSALI: -
288 x
Xl-6 x1_2(6 1. 2) 710;§x3=—2—2=5.
(c) With PAL: - -

28
X, =8; x,_z( 8) =8i§x, =2 =4,

8.1.2 2
Fig. 3.6 shows the shapes that the built forms take to minimise heat

t See, for example Hardy (1966).
3 For such a measure see T. A, Markus ef al. (1970).
§ To nearest whole number for the purposes of illustration.
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losses. The clear trend - as can be seen algebraically from Equation 17
above - is for both length (x,) and height (x;) to decrease with increasing
width (X,). This is_true whatever constant values of U,, U, and V are
chosen for the comparative exercise. However, while particular values of
these independent variables might lead to buildings which use artificial
lighting being ‘more cube like’ (Hardy 1966), in general there is no justifi-
cation for this statement. Thus, within the imitations 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 losses were to be minimised.

12
. 10
8
]
- V5 - - 4
x]‘ 4 X, - 6 X, '%
Daylit PSAU PAL
Fig. 3.6
Example two ‘

What shape should a building be to reduce its cost?

Once again some crude simplifications must initially be made with only
rectangular, block-like forms considered. And, to start with, the discussion
will be limited merely to the cost of the external envelope, including the
groundworks, of the form. Suppose that consideration includes a range of
shapes to accommodate the same floor area, which for a given floor-to-
ceiling height will produce a constant volume. The discussion will con-
tinue, as above, to treat 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,, x, and x; as before. Let
C, be the mean cost, 4(C,, + C,,), of the two faces with dimensions x; and

t Excepting the principal walls whose manner of construction does not affect shape,
but does modify thermal performance. ’
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x, respectively, and let C; and C;t be similarly defined. Then the least cogt
solution is given by

X,:x3:%3::C,:Cy:Cy (18)
with each x, given by

14 1/3
“=Clegg) - “”
Thus another theorem may be stated:

THEOREM 2. The envelope of a simple rectangular block of given volume has g
minimum cost when the dimension of each edge is proportional to the mean
cost of the faces defined by the other two.,

The form of this theorem is the same as Theorem 1 above. 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 when the cost image is a cube that costs are least. An

example will make this clear. Consider the four cost situations given (Table

A) for a block with a volume of 216 units.

TABLE A
Ratio of costs
Situation Ci: G G Note
(a) 1:3 :9 Extremely expensive foundations,
or high land costs
®) 1:1.5 :2.28
(©) 1:1 21
(d) 1:0.5 :0.25 Low cost roofing and ground slab,
or low land costs
TABLE B
= — ]
Dimensions of block Surface area less
Sitvation x, X3 x» Total surface area ground slab area
(a) 2 6 18 32 300
) 4 6 9 228 204
(¢) 6 6 6 216 180
(d) 12 6 3 252 186

t G, includes C,;, the cost of the foundations and slab Jess the cost of the groundfioor

at the same rate as the suspended floors, and C, 3, the cost of the roof Jess the cost of
the ceiling.
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Using formula 19 the _dimgnsnorz: Table B are der . 1 o0 the least
cost solution in each situation (F: 53.7):
2
4
18 8 2
9
7 -
6 C &

e .
e e - — .37 \ P

There are a number of points w1 might be made s=ow., ¢ 1hic example.
Firstly; the possibility has been zoduced that the == _- 5¢ 1he bujlding
may be influenced by land cosis”he discussion amr ... 0 later to the
study of the way in which differ built forms "use ..oy gecondly, it
should be noted that, although ir.= context of this pu-=2..p.0 example the
cubic form (c) does have the leasiarface area, there < _ ... formc which
have the least exposed surface arei One of these is tire- = ~.v: form but-the
other is the squatter, spread-out xm (d). If maintemars .o octs were, for
example, directly proportional x.the exposed sunie= _-.10) then as in
Example 1 it would be clear thai = half-cubeis the s a0y 0 poienice
these costs. Thirdly, it is imporzz: to remember that == 1. {pe ‘envelope’
costs have been considered and 7..costs Which anse. ™=__ ... of the form,
for example, the provision of lificnd staircases im tl * +.itdings and air-
conditioning in deep buildings. Furthly, the ‘envelor= %o are part of
the capital cost of a building writ in itself may be & =2 0 e e total
cost of the building in use (Stoni967). In fact, the =1 of the envelope °
may not account for much mors1an about 109 of =2 <<apital cost.

To investigate the relationshi;vetween cost amd 3= . qre deeply it
will be necessary to construct race complex modeis = - -nggested by Bul-
lock, Dickens and Steadman (198} .

If. .. we could cost the range of buildis:.~>ttained by a systermuns =0 ro o ainn of the
overall form. . ., it wouid be possible, z1iwory, to plot the C .7 - - different possible
variations of the factors that have bar volated. If camed ow ., sufficiently large
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number of examples, our understanding of which elements are most significant from
the cost pomnt of view would be considerably enlarged. In the first place changes in the
faciors controlling the cost of individual elements and of the whole building could be
systematically explored. And n the second place this would make possible more accurate
Jorecasts of the results of design decision, without requiring the architect 10 produce
detailed designs for every vanation. (See also Harper 1968.)

These authors illustrate this approach for two building types, a science
teaching block and a residential building. Our simple model illustrates what
these authors call ‘a systematic transformation of the overall form’.
Essentially, they propose a volume-preserving, three-way stretch trans-
formation, or mapping, of the form

M: X | . Q32 . X3 {. (20)
xa - . 033 x3

where, to preserve volume, a,,a,,a;5 = 1. The scalar matrix [a;;6; ], where

* 6;;is'the Kronecker delta so that §;; = 0; i #7, and §;; =1, i"=7, 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-
periencing orthogonal strain under orthogorial stress represented 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 k the simple expression results:

V = Ah, 1)

where 4 is the total floor area of the form. However, ¥ = x;x;x, and the
cost of each opposite pair of faces of the block is given by Cix;x,, so that
if K, is the cost of these faces per unit area of floorspace the followmg may
be expressed:

(o]
K, =.¥S o -
C,x_,x,h
XX Xy
_Ch
-

)

t This mechanistic analogy is related, as Philip Steadman has reminded me, to the work
of the biologist D'Arcy Thompson (1917) which in its turn made use of H. de Parsons
(1888) and Selig Hecht (1912). This early work was mainly descriptive with little
explanatory power, but recently Robert Rosen has indicated a more functional
approach (1967).
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From this our previous condition (Equation 18) for the optimum (least)
cost of envelope reduces to the sithple rule:

K,=K,=K; (23)
and '

THEOREM 3. The envelope of a simple rectangular block of given volume and
floor area has least cost when the costs per unit area 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 being equal,
the form of the building - even allowing for the necessary variations in gross area ~ does
not as such have an important effect on capital cost: although it might considerably
afect the running costs. The cost of heating a tall thin building, or the costs of ventila-
tion and lighting in a deep section building might be very significant. The variation in the
cost of the particular elements that we have studied ~ the structure and the lifts - has
more effect in some cases on the total capital cost than changes in the building form.¢

" On that note our naive study of built form and cost must be left and our
attention turned to another problem.

" Example three ’ e )

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 Congrés Internationaux D’Architecture Moderne
in Brussels, Walter Gropius addressed himself to this problem as it related
to housing in a paper entitled ‘Flach-, mittel- oder hochbau?.} In this
paper, among other things, Gropius attempted to demonstrate certain
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 that the
most significant factor -is a variation in floor area and, as this is determined by the
way in which the building is used, that a study of “activity patterns' would seem worth-
while in order to develop a more comprehensivc model Such a model, of course,

““datomatic computation.

1 Walter Gropius (1931), also translated as ‘Houses, walk-ups or apartment blocks’ in
Gropius (1956). This paper should be compared with George B. Ford’s contemporary
-Harvard City Planning Study (1931).

§ This rule (according to Kenneth Frampton, ‘Notes on Soviet urbanism, 1917-32', in
Lewis 1968) was ‘categorically applied in all finally approved town plans during the
period 1930-32" in the Soviet Union. For recent Soviet work on this problem see the
review by V. G. Davidovich, ‘Interdependence between height of buildings, density
of population and size of towns and settlements’ in Davidovich .968.
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tance between parallel blocks must be one-and-a-half times the building
height in the case of blocks orientated north-south and two-and-a-half
times in the case of blocks orientated east-west - a rule which favoured the
north-south orientation in regard to efficiency of fand use. On this kind of
principle Gropius proposed the following rules for parallel blocks with
north-south orientation having from two to ten storeys on a given site:
1. Assuming a site of given size and a given angle of sunhghting incidence (30°), i.e. 8
given illumination condition, the number of beds increases with the number of stories.
2. Assuming a given angle of sunlight incidence and distributing a given number of beds
(15 sq. m or 161 sq. ft of area of bed) into parallel apartment blocks with varying num-
bers of stories, the size of the required site decreases with increasing number of stories.
3. Assuming a building site of given size and a given number of beds and varying the
number of stories, the angle of sunlight incidence decreases with increasing number floors,
i.e., the conditions of illumination improve with increased height. (Gropius 1956.)

3 - storey 10 - storey
Fig. 3.8

These rules were used to counter the contemporary legislation which im-
posed ‘limits on building height instead of dwelling area of building
volume® thus depriving ‘the public of these obvious economic and hygienic
advantages®. 7 o » h

The diagrams which Gropius used to illustrate his assertions (Fig. 3.8)
became powerful images of a future and better environment.t In the late

t However, Le Corbusier was not convinced: ‘When in the period before Hitler, the
Germans wanted to build according to the laws of the sun...they set up an order
which was systematically sterile: corridors, tedious, monotonous parallelism, and
silhouettes against the sky that were poverty stricken and unbalanced’ (Le Corbusier
1939).
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thirties progressive planning schemes were being built on these principles,
while, following the Second World War, many official reconstruction
schemes throughout Europe were designed this way in accordance with
new legislation framed around Gropius® rules, or variations of these. In
England, a paper by H. E. Beckett (1942), an illuminating engineer, de-
veloped Gropius® work and was finally published in 1942 at a time when
fundamental rethinking was going on in relation to post-war planning
policies.t

As a first step it is necessary to formalise Gropius' model. The dependent
variables are, in turn, the number of beds, the size of the site and the angle
of sunlight. We specify the following:

¥1 = number of beds, ,
y2 = area of site,
y3 = tangent of the angle of sunlight.

Zy

h arctan Ys
f n

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):
= Noseborr 'f'/i.”l/ . e e s

2, = length of block,

2, = space between blocks,

/= width of block (assumed to be given), . - )
h = storey height (assumed to be given),

g = parapet height (assumed to be given),
B = number of beds per unit floor area (assumed to be a given ratio),

t This paper is referred 10 in W. Allen and D. Crompton (1947), which set out the
general principles upon which post-war legislation and planning practice in England
and Wales was based,
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and the principal independent vasiable is
x = number of storeys, '

which can be assumed to be continuous, although only integral values have
any architectural meaning in practice. Each of GrOpxus rules may then be
derived from the behaviour of a function:

Yi= &%y, ) = $(x), (29)

where the variable y, is found in terms of a function of x, the number of
storeys, and given values of the other two variables y; and y,. The rules
simply state whether y, increases or decreases with increasing values of x.
The first derivative dy;/dx or ¢'(x) can be inspected to ﬁnd out which
relationship holds, if any at all,

Our task now in ‘building’ tkis Heiligenthal-Gropius model is to estab-
lish the functions ¢,. By definition, and from the geometry of the forms,
three equations relating the variables may be written down:

the number of beds is givenby ~ - -y, =Bfz,x,-- - (25)
the site area is given by ys=2z,(f+2y), (26)
and the tangént ‘of the ;ﬁglc of sunh:g—ht by ;v; ="hx+g. 7 en

Z;
Using these three equations, and by ehmmatmg 2, and z, from them, the
required functions ¢; are obtained. For example,
h= ﬁlexn
hx+g

but from (27) z; = .
) Ys

and from (26) Z, = 2

x N .
Hence, -~ - - - ;Vr=ﬁf}’z}’s,-,x—_'-_7—*—"- S B

or by mullipl)‘!ing up,
(hys = Bfy2y:)x+1p,y3+8y, = 0. (28)

From this equation the three required functions are derived, namely,

= ¢i(x) = m’y"'Tﬂ-f?y;_-fg’ as above, (29)
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P hx+fys+g
——r3 2 (30)
= ¢y(x) = s .
and . ) _
Y. hx+g
= X)=-— —m—, (31
The first derivatives are obtained in the usual way,t )
d}’x Jys+g
— .50, 32
d}‘z -y, fy:tg
- = <0, (33
= ¢3(x) = Bfys. x*
d.Vs -y hy,+Bgy,
Ys ) <0. 39
B = By
"
Bfy, Y
B B e U
R
Fig. 3.10

Equations 32, 33 and 34 are true for all the positive values of the variables
that are our concern. The first confirms that bed spaces increase with the ™
number of storeys, the second that the site area required decreases with
incréasing storeys, and the last that-the-angle of obstruction lessens as the
blocks increase in height (always assuming that in each case the other
‘variables’ are held constant). X

Each function may be plotted graphically (Figs. 3.10, 3.11, 3.12). In fact

- each function may be represented by a hyperbola.} (Only that part of the

t See any standard work on differentia) calculus, or Montgomery and Jones (1970),
p. 132,
3 Scec any standard work on analytical geometry.
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Y2

——————————————————————— ( YZ= nyg ’
E "
(x=0)
) Fig. 3.11
Y3 ] i
]
h
S S -
]
X
(x= Byz,
Fig. 3.12 — -

curve which lies within the positive quadrant, of course, is of interest.)
The horizontal asymptotes set limits on extreme values of the y,; as x be-
comes very large. They are then related by the equation

= ffyays =0, for x —+ o0, (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 density no matter how high the
project is built. To take a specific example: if the bed space ratio is one
bed to 15 sq. m of the gross floor area then f§ = 7, if the block width
is 9 m then f = 9, if the storey height is 3 m then /1 = 3, and if the angle of
obstruction has a tangent value of § then y, = 4 (Heiligenthal's rule of
thumb for north-south orientation). The density of bed spaces per

hectaret is then given by. ____

Yo @2 .10,000 (36)
Y2 h

9.2
T 15.3.3°

= 1333,

Thus with these values (close to Gropius' recommendations for ‘hygienic’
dwellings) the maximum possible density that could be achieved rno matter
how high we built is 1333 bed spaces per hectare, or about 533 persons per
acre. Higher densities than these, using parallel blocks, could be achieved
only if less 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 dlmlmshmg the amount of light reaching
the facade of the building, or by reducing ceiling heights. Each of these
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 rafe at which it does so
decreases quite rapidly. This is to be seen from the second derivative

=Bfhy ys(fys+g)
(hx+fys +g)°
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

10,000

$i(x) = <0, Gn

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 10 acres.

$ These tenements were approximately 22.5 m deep with eight out of twelve of the rooms
on each floor with no windows. In 1894, New York's worst ward had a density of
986.4 persons per acre. See Gray (1947).

§ Note that with the angle of obstruction employed in British planning controls for this
kind of development (daylight indicator D1), the value of y; is approximately §. This
means that the maximum density of bed spaces per hectare with these values of 5,
S and h is reduced to 1000, or 400 [ *rsons per acre.
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c\amplc using the values of B, 1, i1, 5 above, and sctting the parapet height
to zero for sumplicity so that g = 0, from Equation 29 the following can be
derived:

R 4 x
L . -
Y2 Y hx+fys+8

9.2 x
_.'—__.10 0 h t
15.3 3x 49,23 | 0:000 (beds per hectare)

x
= ——-,1333,
x+2 33

The ratio x/(x+2) is thus the proportion of the limiting density (1333 beds

(38)

per hectare) achieved at x storeys. The table below shows values for various

storey heights:
No. of storeys
(4 —A. v .
1 2 3 4 6
Proportion of . .
- = - limiting density - -33% .50% ~60/. 61%. 5% ... ..

Density per hectare 444 ° 667 ‘\ 888 1000
Density per acre 178 267 320 355 400

Note the-extremely high-densities achieved with even 1- and 2-storey
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 areas which become critical with low-rise high-
density housing, nor are any constraints, other than the obstruction angle,
placed on how close 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 of the¢lationships within the limits of the assumptions. Gropius
used his model polemically to demonstrate the advantages of hochbau,

106- to 12-storey apartments, but a more discerning appreciation of its,

‘structure’ might have convinced him that the greatest gains were to be
found in flachbau, low-rise housing.t Before discussing Beckett’s modifica-

t For forty years, modern planning and architectural practice has been influenced by
the Gropius doctrine. Only recently have designers returned to a serious consideration
of low-rise high-density housing: not on the whole, however, for intrinsic geometrical
reasons, but out of sociological concern. Nevertheless, two critics in England have
persisiently pointed at the geometrical weaknesses in the high-rise doctrine: see A, T.
Edwards (1968) and W. Segal (1964). Sce also Davidovich (1968), pp. 68-9, who on the
basis of a more comprehensive model states: ‘it can be concluded that there is no
economic justification for planning buildings over five stories high...There is no
justification for skyscrapers in a sociahst society The high cost of land, the concentra-
tion of capita) and commercial hife and the hunger for publicity - these factors have
caused the erection of skyscrapers inthe citics of the USAL
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tions of this model it is perhaps worth staung formally three theorems -

concerning the land use performance of simple rectangular blocks, of
built forms, arranged in parallel rows as defined zbove. Note that thes?
theorems are a little more general than Gropius® original rules: they ar®
not dependent on particular values of the angle of obstruction, or particulag
values of the bed density f (in fact since the number of bed spaces i8
directly proportional, 1n the model, to the total floor area we shall use the
latter instead). We also add corollaries.

The Heiligenthal-Gropius theorems
THEOREM 4. Assuming a rectangular site of given size and given a fixed angle
of obstruction between parallel and equal built forms, the total floor area
increases hyperbolically with the number of storeys.

Corollary. The order of the rate of change of this increase varies inversely

1o the square of the number of storeys, the floor area asymptotically approach-

ing an upper limit given by the products of the ratio of building width to
storey height, the site area and the tangent of the angle of obstruction.

THEOREM 5. Asswming a given angle of obstruction between parallel and equal

built forms and a constant floor area to be distributed within these forms, the

size of the required site diminishes hyperbolically with the number of storeys.

Corollary. The order of. the rate-of change of this decrease varies inversely
to the square of the number of storeys, the site area asympiotically approach-
ing a lower limit given by the product of the ratio of storey height to building
widih, floor area and cotangent of the angle of obstruction. .

THEOREM 6. Assuming a rectangular site of given size and constant floor
area distributed within equal and parallel built forms, the angle of obstruction
decreases hyperbolically with increasing number of storeys.

Corollary. The order of the rate of change of this decrease varies mverse!y
1o the square of the number of storeys, the tangent of the angle asymptoticallp
approaching a lower limir given by the product of storey height to building
width, and the ratio of the floor area to site area (floorspace index).

Beckett’s paper ‘Population Density and the Heights of, Buildings®
(1942) was the first attempt, to the author’s knowledge, to apply the formal
apparatus of mathematical modelling to land use and built form problems,
The paper’s summary reads:

Although it is nowadays generally accepted that, for a given populauon density, re-
housing in higher and more widely spaced buildings 1§ likely to result in improved
natural lighting conditions, ideas have hitherto remained somewhat vague.

In the present paper the truth of the above statement for the special case of tenement
blocks arranged in parallel rows, is established by a simple mathematical analysis. It is
shown that, except in very open developments such as are rarely encountered in towng,
an increase in the height of the buildings will, for a given population density, always
improve the lighting conditions, or, less desirably, that more people _an by this means be
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.
housed on a given site without making 'he lighting worse. In the latter case it can fre-
quently happen that the increase in population density 1s accompanicd by an increase
1n the amount of opcn space per persoa.

The analysis rests on the assumption that, for a given oricntation of the blocks, the
hghung condinons are defined by the angle of obstruction (determined by its tangent
D s, 1n the above notation] at the ground-floor windows). The laticr part of the note is
concerned with an examination of the amounts of daylight and sunshine which can be
received with various values of ps.
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Beckett's model coasiders equal rectangular blocks arranged in parallel
rows with interseczg streets (Fig. 3.13). The intersection of streets is a
refinement oo the Heiligenthal-Gropius model. Beckett’s own section
through the blocks differs in one small, but significant, way from the
previous model (Fig. 3.9). Instead of a parapet at roof level, there is, as it
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were, a ‘negative parapet’ at ground level: the angle of obstruction is rcad
from a point above the ground on the fagade of the first floor. The Hali
genthal-Gropius section can be used with the parapet, but the equations
to measure the angle of obstruction should be modified in the way pro=
posed by Beckett (Fig. 3.14). In plan, let z; be the length of the ‘unit® site
and define the length of the block as a prorortion, 4, of lhls.

The variables may be listed e = o

= length of site,
2, = distance between blocks,
J = width of block,
h = storey height, .
g = parapet height,
i = height at which the angle of obstruction intersects the facade
O<i <h),
B = number of beds (persons, etc.)t per unit floor area,
A = proportion of site length to given block length;
. thus 4 z; = length of block, _
(1—2)z, = longitudinal space between b!ocks'
and  x = pumber of storeys,
i = number of beds (persons, etc.),$
y; = site area,
»y; = tangent of the angle of obstruction,
Yo = area of open space.

The principal dependent variables studied by Beckett are

u, = y,/y, = bed space (population, etc.)} density in relation to, site
area,

u, = y,ly, = open space index,

uy = uyfu, = bed space (population, etc.)t density in relation to open

space.
As before the relationships between these variables are established by
definition and from the geometry of the layout. -t Ll
For the number of bed spaces (persons etc.), ﬂlfz,x. (39)

t The d:mensxon of f determines the meaning ofy,, u, and uy. Thus, 1fxt isa m&sureof
bedspaces per unit floor area, then y, is the number of bedspaces (as studied by
Gropius); if it is a measure of population per unit floor area, then y; is the number of
people, u, is the site density and u, is the number of persons 10 a unit area of open
space (as studied by Beckett); if, however, it is set equal to 1 simply as a number, then
¥ is the area of floor space and u, is the floorspace index (Bechett’s measure). Leaving
the meaning of B open like this allows us to interpret the model in a varicty of ways,

$ Sec preceding footnote,

'
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for the site arca, ya=z(f+z,), (40)
for the tangent of the angle of obstruction, Yy = hx+g—~l’ (41)

’ Z
and for the area of open space, Ye=Y1— g;: . 42)

The equa{ion which relates y,, y; and y, is found by eliminating z; and
z; as before. This gives
(hyy—=BAfy.y3)x+(fys +g—i)y, =0 43
which may be compared with Equation 28. The Heiligenthal-Gropius
model is seen to be a special case of this Beckett model for the values
A =1 (the blocks are continuous) and i = 0 (the obstruction angle i
measured at the point where the building and ground meet). Beckett’s
equations follow:}

i = Yi(0)= Bifys h—xaj—;;;__-‘, 7'
M.
_ ‘llz=¢2(x)=l~z;_%:f;;}, w:th.yarymg Uy, - _(45} .

u . D
=1~ E: with varying ys,

uy = P3(x) = PAfys - T -,i;jy,+g-i't with varying u;, (46)

Pusx

Fx—uy with varying y;

and y; = ¢3(x) = ? . ;%fu::'.. “7

The behaviour of ;(x) and ,(x) may be investigated in terms of either
u; or y,. Again the functions may be plotted graphically as hyperbolae
(Figs. 3.15, 3.16,3.17, 3.18 show original graphs-worked out by Beckett for
specific values of the independent variables: g = 0, f= 3h, i = 0.6h,
A = 0.75). In some cases the behaviour of the functions is not so predict-
able: forexample, under some conditions ¥, (x) increases with the number of
storeys, but under other conditions the function decreases.

t Our own notation differs from Beckeit's,
$ Beckett, in fact, studied the behaviour of w3 ~', the amount of open space per person.
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u2=0pen space index

u=floorspace index
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This difference from the Heiligenthal-Gropius model is entirely due to
the decision to measure the angle of obstruction at a point above the
ground level. This is why the change from one model to the other ‘is small,
but significant’.

Once again the functions tend to finite limits as the number of storeys
increase, but whether the function approaches this limit from above or
below depends on the value of the derivative. Thus

d -
for (0 Gt = i) = figns - A ED ey

- e ——
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and J(x) is greater than, equal to, or less thza {>, =, or <) according

to whether fy, +g—i>, =, or <0; that is, whether y, >, =, or <(I~ ~)- o

The behaviour of the funclxon depends then on the rclauonshlp betweenfs .
gand i. Note that with i = 0, the unequivocal Gropius rule is reconstructed -

that the floor space increascs with the number of storeys. In any cuse
¥1(x) approaches a limit as the number of storeys becomes very large:

xlil: ¢1(

With B set to 1 this means that the limiting floorspace index is Afys/hs

or approximately 1.12 when A = 0.75, f = 3h and y, = 0.5, that is when -

4 -

i

¥3=angle of obstruction
'

Uy
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_ 05
o-l—= 0.25
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Fig. 3.18

the angle of obstructlon is about 26° which is reasonable i in resxdennal
dcvelopments. - WU

Afhy,
(hx+fys+g—~

For 4’2(")- i = Hl’z( )=

e with varyir;g uy, (50)
= ;—;, with varying y,,
and ¥3(x)>0 unequivocally in both cases, so that the open space index

increases, as might be expected, with increasing number of storeys. !n
both cases the open space index approaches a limit
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L Yax) =1 (51)
This is a nice mathematical limit: it means that when t.he !auill forms ‘are’
infinitely high they occupy no land so that the whole site is open space.
{1 -2y, +g—i}
{hx+(1=2)fys+g~i}?

. S 52
= Gt 2)

For ¥5(x), 52 = V403 = Bifys

and when the angle of obstruction is held constant w',(x)>.. =, or <0
according to whether (1-2)fy,+g—i>, =, or <05 t.hat is, whether
3>, =, or <(i—g)/(1—2)f. The function tends to a limit

gyt = 2, 53

This is the same as am ¥, (x) because
T AR = R )

and as was seen from Equation 51 '@ ¢, (x) = 1.

- - Note that if i = 0, Y3(x)>0. That is to say, in the_Heiligenthal-Gropius .

model the density of persons to open space always increases with t.he num-
ber of storeys when the angle of obstruction is held constant. 'I"h:s means
that the amount of open space per person diminishes with building h‘elg.ht.
Beckett's model contradicts this statement, and yet this contradlctfon
arises solely because of a refinement to measure the angle of obst.ruct.lon
above the ground level rather than at it! Beckett, as has b?en noted, ignored
the parapet height, g, and with the values of the variables h? usc:,d he
obtained the condition y;>,=, or <0.8. In most planned urb.an situationst
the condition y; <0.8 will hold - the angle of obstruction will be less than
38°40". But if it is assumed with Gropius that the built form has a parapet,
let us say g = 0.3h, then the condition becomes y,>, =, or <0.4, and t.he
critical angle of obstruction becomes 21°48’, an angle les§ th?n that which
might be expected in most urban situations where a choice is to be made
between low-rise or high-rise building. In this case, the open space pef
person definitely decreases with higher development. lt.may seém curious
that policies about high or low building may hinge in thf: 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. When
the floorspace index is held constant then the amount of open space per

t This may not be true in tropical citics where Jarger angles of obstruction are acceptable
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person uncquivocally increases with height: 1his is demonstrated by the
second expression
: ~Bui
X) =
Vi) = ol
(Remember that ;(x) is the density of population to open space,_as this
decreases so the amount of open space per person increases.)

<0,- "~

For 800, 2 = ) = . Bt ) (5

and ¢3(x)>, =, or <Oifhuy + BA(g—i)<, =, 0r >0; that is,if u; <, =, or
>PMi-g)/h. With B =1, 1 =075, i = 0.6h, g = 0.3 as before, this
condition says that the angle of obstruction increases, Is statiopary, ot
decreases with height depending on whether the constant floorspace index
is less than, equal to, or greater than 0.225. Thus except in low-density
situations the lighting conditions can be expected to improve with increas-
ing number of storeys. Setting_i = O confirms the earlier Heiligenthal-
Gropius theorem (6),

-

" The Beckett theorems - .

THEOREM 7. Assuming a constant angle of obstruction between parallel and
equal built forms, the population densityt increases hyperbolically, is
Stationary, or decreases hyperbolically with increasing number of storeys
according to whether the angle of obstruction is greater than, equal to, or
less than arc 1an (i-g)/f.3

Corollary. The order of the rate of change in the population density varies

inversely with the square of the number of storeys, this density asymptotically
approaching a limiting value for a very large number of storeys given by
Ayslh. .
THEOREM 8. Assuming either a constant angle of obstruction between parallel
and equal built forms, or.a constant population density for sutha development,
the open space index increases” Ryperbolically with increasing number of
sloreys. . ’

- Corollary. The order of the-rate of increase in the open space index varies
inversely with the square of the number of storeys, the index asyr:piotically
approaching an upper limit of 1 for a very large number of store;s.

t See definition above, p. 81. When B = 1, the population densitv ~ - “sorspace
index, otherwise it is bed spaces, persons, rooms, etc., per unit z .1:g to the
precise definition of p.

% For this and following theorems the variables are as defir~d e f.
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T=TOREM 9. Assuming a constant population density for a development of
pz-clel and equal built forms, the density of persons to open space decreases
wii% increasing number of sioreys. (The amount of open space per person
incvcases.)

Corollary. The order of the rate of increase of the density of persons to

or<= space varies imersely with the square of the number of storeys, the
cewsty asymptotically approaching a lower limit equal to the population
dersity.
Tx:=0ReM 10. Assuming a constant angle of obstruction between parallel and
esuz! built forms the density of persons to open space increases hyperbolically,
is s:ationary, or decreases hyperbolically with increasing number of storeys
according to whether the angle of obstruction is greater than,equal to, or less
tkzw are tan (i—g)[(1 - A)f. .

Corollary. The order of the rate of change of the density of persons to open
spcze varies inversely with the square of the number of storeys, this density

" as.mprotically approaching a limiting value for a very large number of

sicreys equal 10 the limiting value of the population density, Afy,/h.

“THEOREM 11. Assuming a constant population-density for a.development of

pc'.:.’lel\,and equal built forms, the angle of obstruction increases hyper-
bocally, is stationary, or decreases hyperbolically according to whether the

- porulation density is less than, equal to, or greater than BA(i—g)/h. -

Corollary. The order of this change in the angle of obstruction varies

imiersely with the square of the number of storeys, approaching a limiting -

value for a very large number of storeys, arc tan huy[BAf.

The Heiligenthal-Gropius model showed that the relationships were not
lizzar but hyperbolic, and in terms of the specification of that model the
fuzztions behaved consistently. The Beckett model demonstrates that a
s—zll refinement introduced into the model can significantly change the
bzZ2viour of the representative functions, and that detailed design factors,
su:1 as the height of the parapet, may be critical. As our models become
mr¢ and more refined to take into account this and that factor the
beZaviour of these functions is likely to become more ‘erratic’, being
Gezendent on a variety of critical relationships. The number of possible
si'Lations (Cefined by giving values to the independent variables) becomes
very large :nd computing will usually-have to be resorted-to:f - -

But eack refinement should be carefully considered. The reason Beckett
chose a higher reference point for the angle of obstruction was in order
better to eximate the level of daylight illumination in the ground floor

t Sce, for example, the environmental model described by Hawkes and Stibbs (1969)
which ca= simulate highly complex architectural situations for the purposes of
investigaz=¢ Lighung, heating and cooling, and acoustic performance.
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rooms. Yet is this improvement in accuracy, if it be so, worth the con-
siderable complications that 1t leads 107 Recent work by Hawkes and
Stibbst on the efects of urban obstructions, such as motorways, on day-
light suggests that the choice of reference point makes very little difference
to the value of the external daylight factor (shy component and external
reflected component) as measured on the vertical face of the ground storey.
Thus, for practical purposes, the Heiligenthal-Gropius model 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 of the problem is exposed.

Example four

Do other building forms use land differently from the layout of

parallel blocks? ~ = 7 ST

-

Fig. 3.19a. Ground coverage of 4-storey apartment buildings with interior courts.

Fig. 3.19b. Ground coverage of 32-storey Sunlight Towers of same apartment capacity
but with surrounding open areas,

t Private communication.

°
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In *Flach-, mittel- oder hochbau? Walter Gropius demonstrates his main
thesis by means of a diagram (Fig. 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 purpose$ of this demonstration the details of parapets and heights of
reference points can be ignored, although, as has just been 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):

xh

f z .
v Fi&3.2l, L L. . -

J = width of built form,
= height of a storey,
2 = distance between blocks,
x = number of storeys,
¥y = site area,
y2 = total floor area,
¥3 = tangent of angle of obstruction,

e
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The principal dependent variable is
4 = y,/y, = the floorspace index.

The other dependent variables for the two developments can be identified
by the superscripts 1 and *} for the tower and court respectively.t
Thus p'P? represents the floor area of the tower; y'3) the site area of the
court. In this exercise y; is treated as an independent variable. By the
geometry of the arrangements, the following relations hold;

Towerl? Court!?
For the site area yi% =(f+2)?, Y = 4(f+2)3 (55)
for the floor area y{ = f2x, Y= 4f(f+2)x, ' (56)
for the tangent of the obstruction angle y, =h—:-. (57)

From Equation 57, z = hx/y, so that, eliminating z from equations 55

- and 56; the expressions for thefloorspace indices, u!®! and 442, are derived|

fys '\ \
to1 ) ©
Iys T :
2y f_J¥s . sat
’ (f}'s'*'hx) x . (58"

The form of equation 58!} is familiar. As in the previous example the
function may be plotted as a hyperbola being a particular kind of quadratic
expression in ') and x, in which the term of highest order is «!*)x. This
is not so in the case of equation 58!°), Here the term of highest order is
u!®)x? which is ‘cubic’. The behaviour of this function for the tower block
is distinctly different from that of our earlier examples. Let us take a close
look at 4% = ¢[°)(x). Note that ¢!°(0) = 0 and that lim¢ [°)(x) =0.
Also, differentiating, r=o

dul® . _(f.V3)2U}’3"hx) 0
» dx ¢m (x)= (fys+hxp® °* 9%

so that ¢'°%(x)>, =, or <0 according to whether y;>, =, or <hx|f. For
any given finite value of y, the function is stationary at x = fy;/h and
this is in fact a maximum value. Thus, with a tower building an increase in
the number of storeys at first increases the floorspace :3ex, and then,
passing a maximum value, decreases the index. The ma»> ... value of the

t This notation derives from March and Trace (1968).
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floorspace index for any given value of y; is then given by substituting
fy3/h for x in equation 58!%3;

w IV ' o
T (60'°7)

“The behaviour of the court is, as has been said; more familiar. ¢'2Y(0) = 0,
and lim ¢!?}(x) = fy,/h. Also, differentiating, it develops into

du[z] o ’ B f}’s 2 02
5 == (,—————ys - hx) >0, (59

so that the function monotonically increases to a maximum value at
infinity. That is to say, the court form tends to a limiting index of fy; /h which
is four times greater than the maximum achievable 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 = fy,/h.

ul,éb " (6012
- W= (60t3))
which is just swice the value of ¥}, Thus when the tower form’s index is
at its maximum, a court of similar height will achieve two times as much
floorspace. :
This can be put yet another way round. What height does a court have to
be to achieve the same floorspace index as the maximum achievable in
tower development ? This requires that

i = 410

or
Iys Jys -
273 J.x=Z13 6
Vathx) 4k’ : 1
whence we find ) e
_f}’s .
*=m. s

Thus the number of storeys ;t;c‘;;:i}edmi»s‘p;ccise]y one-third of those needed”

to maximise the index for the tower (x,,,, = fys/h, see above).

How do these forms compare with the land use performance of parallel
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 ® is used for this form):

Tor the site area ¥ =(f+12)3, (554)
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YO =f(f+2) x, (56®Y)

and the tangent of the obstruction angle is as before (Equation 57). Thus
eliminating z, the following is obtained: N

for the floor area

For lhc floorspace index u'® = (——‘fls-—) - x, (58"').

Sys+hx)

which is exactly the same as for the court form’s index, u!?! (see Equation-

58'%3). The freestanding court and the street form behave in identical ways.

AT A7 A7

xh

f 2z . e
Fig. 3.23

“The important point to fecognise here is that any-extrapolation from the
performance of parailel blocks of the Heiligenthal-Gropius model to the
behaviour of isolated towers with four incident faces is totally unwarranted.
Yet such 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 forms?
Looking at the cruciform shown in Fig. 3.23, it is clear that many of these,
by connecting, constitute a continuous series of courts. how does such g
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highly reticulated system behave in comparison with the more nucleated
court and tower? Using a similar notation and defining the variables by
Fig. 3.23 the following is obtained (a superscript ) is employed for the
cruciform):

MARCH

For the site area y{ =(f+2)}, (551
e W =fU+22) x, (567
and once again y; = hx[z. Eliminating z, the result ig
2h
for the floorspace index u'® = j}(‘if%%—")—zﬁ x. (584

This is a third order expression in u™ and x. But unlike equation 58191 the
function ¥’ = ¢*X(x) tends 10 a non-zero limit, in fact a maximum value
given by '™ ¢“(x) = 2fy,/h which is rwice the limiting index of the iso-
lated court or the parallel block (for example, see equation 602)). When
the tower reaches its maxxmum value, the crucxform obtains an index

value . : R T

3 fys
W@ =200 “
4 h (60 ))

for the same number of storeys x = fy,/h. This xs a-ﬂoorspac; index Vt;ree o

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.f The example above makes somewhat different
assumptions, but the same general pattern emerges. This pattern can best
be seen by re-writing equations 5813, 58/ and 58‘4) in such a way that it is
possible to generalise (braces are used to stand for either square or round
brackets):

u® = fy 3(_‘“——3;-{.: hxh;) (61)

the street form 2y M .
o ] ] o u f 3 (fy +hx)3 x' E
Y (fy;+2- hx)

*Uys+hx)?

The pavilion form

the court-form ul4) =

The general equation

u‘“’:fy (fy;+a- hx)

e * X,
‘Uys+hx) 2 7
t See also paralle] work by Eckhard Schuize-Fielitz (1968}

fora=012 (62
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describes all the situations we have discussed above. From this it is easy (3
see that

: 3
@ _ 12y _ gty _ _JAYXT 6
S i vve~ = R
so that for all x> 0 the following may be written:
u'él > 3> yio SN (2]

a statement which says that the land use performance of arrays of built
forms in this Martin-March model are ranked unequivocally: for a given
pumber of storeys the floorspace index for the continuous court form is
greater than that for an array of streets (parallel blocks) which, in turn, is
greater than that for an array of pavilions (towers). And, in particular, fof
the number of storeys giving the maximum value of the index for an array
of pavilions, the floorspace index of a street array is fwice that of the
pavilion array and that of the continuous court array three times that of
the pavilion array. Two simple theorems may now be stated relating to the
‘Martin-March model: .

THEOREM 12. Comparing infinite arrays of rectangular built forms controlled
by a given angle of obstruction, the floorspace index of an array of con-
tinuous-courts- is always greater than-that of an array of streets, which, ia
turn, is always greater than that of an array of pavilions for any given
number of storeys.

THEOREM 13. There is a maximum floorspace index for an array of pavilions
Jor some finite number of storeys, and for this same number of storeys the
indices for street and continuous court arrays are two and Ihree times the
maximum achievable by the pavilion array, respectively.

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 some of these criticisms. March and
Trace (1968),1 for example, investigate a finer range of elemental built
forms which can-be combined to produce more complex,arrangements;
they look at systematic transformations of these forms, and they discuss
the relation of their work to previous studies in this field including the
‘problem—of sidelighting to~tower -forms (the argument_that the open
development of high-rise towers gains far more in daylighting terms from
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.

1 For a more casily available digest of this work see Hutchinson (1970}

[T R —

< of



96 MARCH

.

To bring more realism into such models is to lose gencrality (see Chap-
ter 7). Nevertheless more sophisticated computer representations such as
those by Hawkes and Stibbs (1969) allow a much more sensitive study of the
environmental effects of buildings upon one another. Hawkes (1970) in a
serics of controlled experiments cautions against the indiscriminate use of
generalisation in actual building design. As he points out there are many
detailed points of design such 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 areas 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
practice -they. may help clear away some _of_the_misleading_‘rules-of-
thumb® which frequently lurk behind design decisions, and they may help
to replace 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. The use of models in planning
and the architectural design
process' e

NICHOLAS BULLOCK, PETER DICKENS &
PHILIP STEADMAN

Three classes of model have 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-
tive model has the limited objective of persuading the computer to replicate
the relevant features of an existing urban environment or of an already’
observed process of urban change. Roughly speaking, the measures of his
accomplishment are: one, the ratio of input data required by the model to
output data generated by the model; two, the accuracy and cost of the
latter as compared to direct observation™of the vatiables 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 some cases the
predictions may take a conditional form; that is to say the model is de-
signed to operate sothat “if X occurs, then Y will follow’, but takes no

t This essay was written as an introduction to a report documenting work in progress in

__the Universities Study, in-1968. The main theme of the report was the necessity of
finding some general framework whereby separate planning studies could be brought
together and seen in a general relationship. The means for doing this was seen to be
through the construction of mathematical models of university activity patterns, and
the subsequent progress of this line of work is described in successive papers repro-
duced later in this volume. At the stage represented by this essay, however, it was felt
necessary to try to make a general case for the use of models at all scales and in all
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 narrower interests of university planning.

97
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account of the actual likelihood of the occurrence of X. In this way the
frame of reference of the model can be somewhat limited. It is nevertheless
impossible to treat all external (exogenous) variables conditionally, since
not all will operate independently of each other. We cannot assume both
that “if A occurs, then B will follow, and if X occurs then Y will follow®
since the occurrence of A may nreclude or affect the occurrence of X,

Plﬂnmng models, the third type, form a class whose technology is not
far de\'eloped In planning models a measure of optimisation is intro-
duced in terms of chosen criteria, in order to determine means of achieving
stated planning goals. ‘The essential steps are as follows: one, specification
of alternative programs or actions that might be chosen by the planner;
two, prediction of the consequences of choosing each alternative; three,
scoring these consequences according to a metric of goal-achievement;
and four, choosing the alternative which yields the highest score.’ (Lowry,
1965). Since a wide choice of planning alternatives exists at each stage in the
‘decision-tree’ the number of overall possibilities rapidly becomes astrono-
mic, but the use of computer programs to carry out steps three and four
allows the examination of a fairly large number of alternative decision
sequences.

The urban planning problems to which the American model-builders

have applied their techniques have tended naturally to arise in the control
and direction of powerful forces of change and growth in existing large
cities. The future movements of a complex system are anticipated, and the
effects of intervention from outside the system are measured - intervention
in the form of public or private development programmes, or through
planning controls and incentives of various kinds. What is important is that
the model-building process takes up at a point in the history of the city’s
development when its ‘design’ or physical and organisational form is
already well established. The model recognises the dynamic nature of a
system in the process of change. The initial structure of the model is
constituted by a current land use inventory by example, together with an
analysis of the patterns of economic and social activityof the city’s inhabi-
tants at the present moment in time: trends are extrapolated forward as
changes in this initial structure.

Such anapproach has no application to the initial de51gn 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 would not pro-
vide an invaluable means for their comprehensive evaluation 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. It is in the crea-
tion of new forms that even models of the American planning type oficf
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no direct help - for their role is in evaluation only, and alternative plans
must be specified complete in advance of the model's operation. The uuly .
inventive phase of the design process is that in which a form is synthesised
in response to a programme. This will be discussed first in relation to the
single building, since it is on the building scale that most of our work has so
far concentrated, and the problems, though severe, are patently less so than
those on the scale of the large development. The same principles will,
however, apply in the larger problem, as in the smaller. Successful model-
ling of the single building is a necessary first siep 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 of functionalism. But it is
important for our purposes to distinguish two very different functionalist
standpoints, the one determinist, the other we might call ‘moral’.

Extreme apologists of rationalism in architecture have claimed that the
form of a building proceeds directly and logically from the technique of its
construction_and the purpose to which it is put. They have suggested
particularly of the engineering structure that its design follows an inevit-
able process, through a kind of ‘constructional fatalism’. Representative
of this determinist attitude in architecture was Auguste Choisy, who in his
‘Histoire de I'Architecture’ (1899) saw building form as a logical conse-
quence of a rechnique and methode, signifying not simply the tools and
methods of the building trade but ‘aspects of society as a whole’. Thus |
‘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 of treatment, since the lack of historical documentation
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’imposa.’

This is something rather different from simply applauding the design
of buildings which are contrived, either consciously or unconsciously, to

[

- exemplify the principles of their construction  and .to, characterise 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 of the natural organism as a perfect paradigmof the
relation of form to function. ‘Living organisms and works of art are definite
after their kinds, which Nature and Man respectively form 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 orgzanic analogy. are themes which recur throughout functionalist
theory 1n its many phases and guises.

The development of nineteenth-century biology provoked a deeper
examination of the parallels between natural and artistic organisms,
especially in terms of structure and process as well as just outward ap-
pearance. ‘In art as in nature an organism is an assemblage of interdeper-
dent parts of which the structure is determined by the function and of
which the form is an expression of the structure’ wrote the American
critic Montgomery Schuyler (1894). Just as the palaeontologist could
reconstruct the whole organism from a few bones, so with the architectural
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 such a building. . .is an imitation not of the forms of nature but
of the processes of nature.” (Schuyler 1894.) It was for the theory of biologi-
cal evolution to show how the ‘design’ of living organisms occurs through
an-immensely protracted process of -trial and error—Genetic mutations
occur accidentally, at random. Some are unfavourable, some neutral, some
favourable. In the struggle for existence, natural selection eliminates the

unfavourable mutations;-the favourable ones;-on the-contrary, are pre- -

served, and the organisms possessing them will more likely reproduce
themselves. Later nineteenth-century theorists of architectural rationalism
like Schuyler held that the creation of new architectural forms was also a
process of gradual evolution.

The distinction between approval of the manifestly functional qualities of
a finished design and insistence on the inevitable logic of the process of
design is important for the would-be user of theoretical model-building
methods. It is only if he were able to accept the latter position that he could
go on to conclude that architectural problems might be solved algorith-
mically, ‘i.e. by the employment of a mathematical or logical construction
hat acts as a program or an instruction manual’. This is a problem dis-
:ussed by Maldonado and Bonsieppi in an article entitled ‘Science and
Design’ (1964). Once all the variables entering into the solution of a prob-
em are summarised, is a mathematical formulation sufficient, they ask, to
srovide all detailed determinative data? They are inclined to conclude
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
4mply determined system, because, after all, the process here discussed -
is 1n every creative and inventive human behaviour - can, if at all, only be
imulated with models on the level of complex probabilistic systems.’

Its not difficult to find many reasons for the indeterminacy of the archi-
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tectural design process It arises because even an explicit and apparently
rigorous statement of the aims of the design 1s necessanly still vague on
some points. Even performance standards of a technical, quantifiable
nature can be vanable within wide ranges and the results still quite accept-
able. Minimum daylight levels can be fixed for the performance of visual
tasks: or maximum levels to avoid discomfort from glare. Choice in the
area between the two extremes is a matter of taste, or even indifference.
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 waiking: but in practice it
will be immaterial to people within quite wide limits 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 each aspect of the design will
be equally acceptable. As Alexander says ‘for most requirements it is
important to satisfy them at a level which suffices to prevent misfit between

. the form and_the context, and to do.this in the_least arbitrary manner

possible’. (1964, p. 99.)1 For this reason Alexander proposes treating both
specific requirements, and requirements of less definable but nevertheless
crucially important character — ‘comfort’, ‘security’ or ‘variety’, in 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 lying 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 minimum 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 minimum standards does not
mean to imply that these are reckoned to be desirable or even, in the light
of other considerations, acceptable. The same is true of the measurement of
average conditions as found in present practice. The intention is simply to
demonstrate the cost or savings involved in lavish or parsimonious allow-
ances, or the implications of a raising or lowering of present standards.

As has been emphasised before, 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 judgement. Where the benefits

t Cf. his note 6 0., Herbert Simon and the concept of ‘satisficing’.
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and the costs are purely economic or can be expressed as such, a means of
comparison exists; as Ira Lowry says ‘the most comprehensive metric

available in our society, whether we like it or not, is money’. (Lowry 1965, .

p- 161.) But where he must weigh comfort or convenience against monetary

costs, exery man's scale of values will be different. -
It is easy to.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 of the design
is judged are unequivocal. A mechanism works or it does not, a structure
either stays up or falls down. But Le Corbusier, for example, while ad-
miring the integrity and economy of means of engineering works, recog-
nised that although the engineer was guided by ‘natural law’ 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 some of the terms of his equation; and it is here that
-taste intervenes. Now, in handling a-mathematical.problem, a_man is
regarding it from a purely abstract point of view, and in such a state, his
taste must follow a sure and certain path.’ (1927, p. 19.)

unselfconscious selfconscious

context form context form context form
actual world | C (-] F, < Fy o Fy
mental picture (> Fz‘ C Fy
formal picture of
» mental picture G Fy

- Fig. 4.1

__ Christopher Alexander attributes the very successful architecture of
primitive cultures, as have critics before him, to the slow process by which
its forms are evolved. He demands, however, a more explicit theory of
adaptation than the ‘vague hand-waving' of architectural Darwinism
(1964, p. 37). Alexander draws a distinction 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 form evolves
through the correction of individual technical failures as they occur; and
the ‘self-conscious’ situation which obitains in our own culture, where
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design is the province of professionals, and is communicated through
abstract principles 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 evolving design steady. In the ‘self-conscious’
situation, instead of the form being shaped directly as a process of adapta-
tion to the environment, this ‘complex interaction between form and
context’ is modelled as a mental picture in the mind of the designer
(Alexander 1964, ch. 6).t See Fig. 4.1,

Alexander argues that the unselfconscious process achieves success by
virtue of the property of homeostasis, that is to say through being self-
organising. The structure of the form-making system consists in a series of
variabies, or conditions which must be met to ensure ‘good fit’ between
form and context; and the interaction between variables - causal linkages
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 principle,
operate fairly independently.’ (Ibid.) These sub-systems, although inter-
linked, are yet ‘sufficiently free of one another to adjust independently in
a feasible amount of time’. The unselfconscious process works, ‘because
the cycles-of correction and recorrection which occur during adaptation, are_
restricted to one sub-system at a time'. These kinds of dynamic systems

t See also diagram p. 76 reproduced here as Fig. 4.1. The designer imagines such inter-
action: the interaction takes place between a conceptual picture of the context and a
conceptual picture of the form (diagrams and pictures which stand for the form).
The success of the method 1s plainly dependent 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 advantages in relation to this
context. As Alexander says ‘in the unselfconscious process there 1s no possibility of
misconstruing the situation: nobody makes a picture of the context, so the picture
cannot be wrong'. But in the self-conscious process the context 1s only pictured, and
the designer’s difficulty is in making this picture as complete a.1d accurate as possible.

r
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aterise the biological world. Each system consists of many sub-
wosely coupled; and the sub-systems themselves tend to consist
maller systems, again more closcly coupled internally yet less
soupled between one another.
nsclfconscious process any failure in the design, any ‘misfit” will
_icct strongly only those variables encompassed in the particular
.em, and the failure will be resolved by an appropriate re-organisa-
" that sub-system. The sclf-conscious designer, in order to reduce
to manageable proportions, attempts to pick out these sub-systems
=¢h a nomenclature, and then manipulate areas of the design in
indcpendence of each other in a similar way.t The trouble as
Zer sees it is that in practice the traditional categories, into which
¢n problem is intuitively analysed, tend not to correspond to its
Jcture.,
=medy for the failings of generalised concepts and categories, and
Sitrariness, is to reduce the listed variables making up a desiga
ame to the level of specific detail.-They ‘must_be chosen (1) to be
=1 scope, (2) to be as independent of one another as is reasonably
"2, and (3) to be as small in scope and hence as specific and detailed
craus as pessible’. (Alexander 1964,-p. 115.) The design process is
-ne of error reduction and the variables have to do with anticipated
of stress or misfit between the context for a design and the ‘domain
s* which 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
he given context to complete the ensemble’. (Ibid., p. 103.) The
“es are to be equal in scope so that some requirements are not sub-
partly or entirely within the broader frame of reference of others:
following from this that they are independent of each other. Small
,e also because in this way the prejudice of ready-made semantic
ries - ‘acoustics’, ‘economics’ and so on - is avoided.
discussion so far concerns Alexander’s account of the analytical
only of the design programme. When it comes to the synthetic phase,
realisation of the programme, Alexander seems to imply a degree of

znder 1964, ch. 5. Alexander’s analogy is that of a children's puzzle - one of
= shallow glass-topped boxes, where balls must be rolled into sockets. An im-
=t child might well give the box a great shake and put it down, hoping for all the
o fzll in at once. His chances of success would be small, even if he repeated the
hundreds of times. More sensibly he would tap gently, moving one ball at 8
_iing care not to disturb those alrcady in place. The designer must adopt
1aenics, solving each independent area of the design in turn, so that decisions
1 & Jater stage do not invalidate th~ solutions 1o other ‘sub-problems’ already
4, ’

a
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fenctional determinisim, in introducing the notion of 2 = . =_ = ‘umfied descriptioma’”
oi form and context. For some very simple objects, he s -2 .. =z says ‘there Is virtualnily
no rift between formal and fum,hon.nl dcscnpuons Ts . — Izheasozp bubb!e fz. :or
instance... T B

“The behaviour of soap films is s0 thoroughly una: == 22rstood that we knoow
what shapes and sizes of bubbles diffcient eaternal c2:2== conditiorns lead to. i: In
this case, the formal descriptions and the functionat o.z==z -cscnpuons are jusest
different ways of saying the same things; we cansay, 1t ~ == il welike, that we havave
a unified description of a soap bubble.’ (Ibid., p. 90.) : -.i Another example & he
takes is that of a road junction, where a diagramma:iiz=—:zuc repressntation c:of
traffic flows as lines of different widths indicates. c..=z2zz directly ke form tithe !
junction should take. The diagram is both a requires=——="rzment dizgram and 1 2

form diagram. .
As he points out, however, there are few instance=.=—=zzs one czn point 1o ir1n

the realm of man-made objects where the form has .=z =zc bzen uniquely deteter- -

might perhaps be called ‘happy fit’ as distinct from~z=—=== "z00d fit’: that is to sxray

mined by its requirements - the crane hook bemg thez—=2-cught to be one examma-
_ple (Archer 1956). The ‘form dlagram can, in most==.—:z:: design problems, t b2
regarded as an exploratory tool, a tentative hypothes:—===z:g about the matchining .
of form to context, and like all hypothcses, derived thr=—=—:=rough abstraction anmd
_invention, The process is that of the scientific mez:::'_—‘_‘:nod, where the hypgo-
thesis stands until shown to be false. Tt is measuraz=—=--=3 against the requirze-
ments, by experiment, until a discrepancy betweerz = ===:= form acd context i:is
found. The hypothesis/diagram is then revised, ana =——=z 1ested again.

It is important here, however, to emphasise the ¢ = role in design of whnat :

the possibility of finding a formal solution whose str——=_zzructure is particulaririy -

appropriate to the problem in hand but only throug=——====1 happy accident 2z2=d
not any kind of cause and effect. Such a possnbllnv c——==- only arises through trhe

relative ‘slackness’ of the programme requirements—-——:c. whereby many altarr-
native solutions are feasible. In this light, the soap-nz====-5Subble example is mms-
leading since no external purpose is recognised whicz——=z:2z the bubble fulfills;:

exists as 3 natural phenomenon in its-own right..I-2- - - :: is a tensipn s;ruct.x:mc
whose form is described completcly by mathematicz==-==::zi laws associated wnith
the pressures exerted by the air. In the world of livi-—— =":ng organisms, simi’iar
tension structures are used for definite-purposes 10 v~==z which theyare adm=ir-
ably suited. But their forms cannot be ascribed sim———"=:=ply to the mouldinng

pressures arising from their functions: they are gor———=zverned both by thaese |

and by independent structural Jaws of a general nar———==zure.

To take D’Arcy Thompson’s classic example wh:=:= ~=x:ch approaches closwest
perhaps in the natural world to the problems of zc=——_zrchitecture: the honzey-
comb (Thompson 1942, pp. 499T). The ‘requiremern==-:xs" can be examineé ¢ for
an assembly of roughly cylindrica) cells, stacked 1c = == :: 3ll space, strong zand
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economical of material. The process of the comb’s construction can be
observed: how cylinders. stacked, will tend to get moved into a hexagonal
array and six'sides be flatiened out as the bees work, pressing against each
other from opposite sides. But it can also be seen, at the same time, how
the symmetrical forces of surface tension, working on the warm wax, will
pull the comb’s wallinto the same configuration. The final formrepresents a
resolution of structural forces as well as a consequence of the purpose for
which 1t is made, but one does not necessarily follow from the other.

A vivid example of the same thing in architecture is in the uses made of
the Buckminster Fuller hemispherical 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 1s particularly appropriate, as for example in housing rotating radar
scanners, or a use to which it is put in Cambridge - as an ‘artificial sky’ for
architectural lighting experiments,

It is not only for ‘engineering’ structures that this fortuitous match

between-form-and-function is found. A similar match exists in the problems

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

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
some other educational considerations). Although these criteria can be
stated with mathematical 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 ig
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 example which i Tam#@rtoaichitects is the problem of plan- -

ning a set of rooms of required sizes in a tight or limited configuration.
Successful solutions may depend on purely fortuitous coincidence of
dimensions or groups of dimensions - the rooms happen to fit together
just so. There is no way of going about the problem that does not involve a
certain amount of trial and error.

Although the characteristics of the architectural design process so far
described can be summed up, it is necessary first to have an understanding
of the detailed structure of the requirements, or context, of the problem,
without the distortions arising out of ready-made semantic categories.
Some of these requirements may be .difficuls.t@> measure and therefore
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indistinctly stated. The process of matching form to context is guided to a
large degree by a correct interpretation of the structural nature of the prob-
lem; feasible alternative solutions are devised which are internally consis-
tent and coherent in their own terms. These alternatives are then matched
up to the context and their performance measured. Some solutions will be
judged more successful than others, sometimes by virtue simply of a
coincidental ‘happy fit’ of form and context. Where the scale of values by
which performance is measured is essentially subjective and scientifically
hard to define, or where performance on two disparate scales of value must
be compared one against another, then opportunities must be presented to
the designer or his client for the making of explicit judgement or choice in
the matter.

The design process would therefore be considered to be largely a
repetitive, cyclical one, in which the devising of preliminary solutions pro-
vokes a more explicit statement of the original requirements, and allows
a progressively greater understanding of the structural nature of the prob-
lems in hand. Some of the choices and judgements which the designer or
client must make only arise'and only have meaning in relation to an-inter-
mediate solution, another reason why a measure of trial and error is
inevitable. The fact that some requirements are mutually exclusive or work
against each other in some way may similarly émerge only through  the-
testing of alternative designs.

Now it is Alexander’s contention that in architecture there is no means of
generating ranges of alternative solutions symbolically (1964, p. 74), nor of
expressing criteria for success in terms of a symbolic description of the
form.

He instances certain kinds of problems which are capable of reduction to
a matter of simple selection - ‘like some of those that occur in economics,
checkers, logic or administration, which can bte clarified and solved
mechanically’. It is impossible with architectural problems to generate a
range of feasible, complete and finished solutions by a similar, single, un-
interrupted, predetermined. procedure of a mechanical nature. This, how-
ever, is no objection to a step-wise process, by which alternative pre-
liminary forms or partial solutions are produced as a ‘first hypothesis’,

‘evaluated, the terms-of the problem somewhat revised, and.a second series

of appropriately modified forms tested again.

Now it is certainly true of a2 set of architectural drawings as a symbolic
description that they present an inadequate means for a rigorous testing of
the design against the programme requirements: building performance can
only be assessed indirectly from them, by powerful exercise of the imagina-
tion or a great deal of prolonged and laborious calculation, depending on
the characteristics of the design under consideration. As sor the possibili-

r
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ties of full-scale experiment with real buildings, these are plainly limited

since mistakes will be costly, and, i1n any case, idenuical circumstances are -

rarcly repeated. But, as we have suggested before, the technique of simu-
lating a design, either partial or complete, in the form of a computable
model whose structure is mathematical, is exactly the way to evaluate its
predicted performance with a high degree of realism. Calculations which
were tedious and, in effect, impracticable for reasons of time become sud-
denly possible. Not only can external 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 static and fixed, but as a
dynamic process in time, over both the course of the day and the course of
the years.

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
conducted in a perfectly logical, if not initially predetermined manner. The

process allows the intervention of tasté, judgement 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 ’ e
ACTIVITIES, SPACE AND LOCATION

]m‘rodu’ctz’on
|

From the more general work which has been indicated in the previous sec~
tion, it seemed possxb]e that studies might be developed at three different
scales. The first is the scale of the individual building, at which level it
might be possible to examine the internal and external relationships which
affect the built form. The second is the scale of the urban sub-system, or,

~for-example; the grouping of activities and buildings™ that are built- up

around the deve]opmg universities. The third scale is the major one of the
urban system 1ts¢lf. All three of these programmes of work were in fact
established by 1967. The first study to elaborate a-method of work in
Report form was the universities study, by Bullock, Dickens and Stead-
man, who produced their Theoretical Basis for University 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 some 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). Some of the earlier studies of the effect of
different building forms on the use of land were given a more specific
application, in .which circulation and costs were taken into account. Some
preliminary work was done on university residential accommodation and
the effects of its location on the provision of other facilities on the campus
itself. - - B}

But throughout all this work the main eﬂ'ort was to es!abhsh some means
of examining the problem as 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 one aspect of university planning, for instance numbers of students,
to be seen in relation to the many other factors involved, for instance space.
The proposal that a mathematical model should be useu for this purpose
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1 / INTRODUCTION:
THE NEED FOR RATIONALITY

These notes are about the process of design; the process of
inventing physical things which display new phy=ical order,
organization, form, in response to function.

Today functional problems are becoming less simple all the
time. But designers rarely confess their inability to solve them.
Instead, when a designer does not understand a problem clearly
cnough to find the order it really calls for, he falls back on
of its complenity, remains unsolved.

Consider a simple example of a design problem, the choice
of the materials to be used in the mass production of any simple
houschold object like a vacuum cleaner. Time and motion
studics show that the fewer different kinds of materials there
are, the more cfficient factory assembly is — and thercfere
demand a certain simplicity in the variety of matcrials used.
This nced for simplicity conflicts with the fact that the form

~will function better if we choose the bestmaterial for cach

separate purpose separately. But then, on the other hand,
functional diversity of materials makes for expensive and
complicated joints between coinponents, which is lable to- -
make maintenance less easy. Further still, all three issues,
simplicity, peformance, and jointing, arc at odds with our



desite 19 minimice the cost of the materials, Vor if we choose
the eleapest material for cach sepawate task, we shall not
aceessaily have simplicity, nor epiimum peorformance, nor
materials which can he cleanly jointed. Writing a minus sign
beside a line for contlict, and a plus beside a line for positive
agreement, we see that even this simple problem has the five-
way conilict pictured below.

performance

simplicity

jointing

\

This is a typical design problem; it has feduircmcnts which
have to be met; and there are interactions between the re-
quirements, which makes the requirements hard to meet. This
problem is simple to solve. It falls easily within the compass
of a single man’s intuition. But what about a more compli-
cated problem?

Consider the task of designing a complete environment for
a million people. The ecological balance of human and animal
and plant life must be correctly adjusted both internally and
to the-given exterior physical conditions. People must be able
to lead the individual lives they wish for. The social conditions
induced must not lead to gross ill-health or to gross personal

cconomy

miscry, and must not cause criminat delinquency. The ¢y clical -

intake of food and goods must not interfere with the regular
movements of the inhabitants. The cconomic forces which

develop must not lead to real-cotate speculation which de-
stroys the functional relation between residential -arcas and
arcas supporting heavy goods. The transportation system must
not be.organized so that it creates a demand that aggravates
its own congestion. People must somchow be able to live in
closc cooperation and yet pursue the most cnormous varicty
of interests. The physical layout must be compatible ~ith
foresccable future regional developments. The conflict be-
tween population growth and diminishing water resources,
cnergy resources, parklands, must somchow be taken care of.
The environment must be organized so that its own rcgener-
ation and reconstruction does not constantly disrupt its
performance.

As in the simpler example, each. of -these issues-interacts
with several of the others. But in this case each issuc is itself
a vast problem; and the pattern of interactions is vastly com-
plicated. The diiference betiveen these two cases is really like
the difference between the problem of adding two and two,
and the problem of calculating the seventh root of a fifty digit
number. In the first case we can quite casily do it in our
heads. In the second case, the complexity of the problem will
defeat us unless we find a simple way of writing it down,
which lets us break it into smaller problems. .

Today more and more design problems are rcaching in-
soluble levels of complexity. This is true not only of moon
bases, factorics, and radio rcceivers, whose complexity is
internal, but even of villages and. teakettles. In spite of their
superficial simplicity, even these problems have a background
of-nceds and activities which is-becoming- too-complex to
grasp intuitively.

To match the growing complexity of problems, there is a

3



atowing body of information and specialist experience. ‘This
infoomation is hard to handle; it is widespread, diffuse, un-
otganized.! Morcover, not oaly is the quantity of information

itself bynow beyond the reach of <ingle designers, but the..

various specialists who retail it are Tarrow and unfamiliar
with the form-makers’ peculiar problems, so that it is never
clear quite how the designer should best consult them.? As
a result, although ideally a forin should reflect all the known
facts relevant to its design, in-fact the average designer scans
whatever information he happens on, consults a consultant
now and then when faced by extra-special difficulties, and
introduces this randomly sclected information into forms
otherwise dreamt up in the artist’s studio of his mind. The

" Ttechnical difficulties of grasping all the informationneeded-for -

the construction of such a foim are out of hand — and well
beyond the fingers of a single individual.?

At the same time that the problems increase in quantity,
complexity, and difficulty, they also change faster than before.
New materials are developed all the time, social patterns alter
quickly, the culture itself is changing faster than it has ever
changed before. In the past —even after the intellectual
upheaval of the Renaissance — the individual designer would
stand to some extent upon the shoulders of his predecessors.
And although he was expected to make more and more of his
own dccisions as traditions gradually dissolved, there was

always still some body of tradition which made his decisions

casier. Now the last shreds of tradition are being torn from
him. Since cultural pressures change so fast, any slow de-

“velopment of form becomes impossible. Bewildered, the-form- -

maker stands alone. He has to make clearly conceived forms
without the possibility of trial and error over time. He has

4

. individual designer’s capacity.

to be encouraged now to think his task thiough from the
beginning, and to “create” the form he is concerned with, for
what once took many generations of gradual developinent is
now attempted by a single jindividual.* But the burden of a
thousand ycars falls heavily on one man’s shoulders, and this
burden has not yet materially been lightened. The intuitive
resolution of contemporary design problems simply lies be-
yond a single individual’s integrative grasp.

Of course there are no definite limits to this grasp (especially
in view of the rarc cases where an exceptional talent breaks
all bounds). But if we look at the lack of organization and lack
of clarity of the forms around us, it is plain that thcir design
has often taxed their designer’s cognitive capacity well beyond
the-limit—The -idea that-the capacity of man’s invention.is
limited is not so surprising, after all. In other arcas it has been
shown, and we admit readily enough, that there are bounds
to man’s cognitive and creative capacity. There are limits to
the difficulty of a laboratory problem which he can solve; 3 to
the number of issues he can consider simultaneously; ® to the
complexity of a decision he can handle wisely.? There are no
absolute limits in any of these cases (or usually even any scale
on which such limits could be specified); yet in practice it is
clear that there are limits of some sort. Similarly, the very
frequent failure of individual designers to produce well or-
ganized forms suggests strongly that there are limits to the

— .

We know that there are similar limits to an individual’s ca-

" pacity for mentat-arithmetic. To solve a sticky arithmetical

problem, we need a way of setting out the problem which
makes it perspicuous. Ordinary arithmetic convention gives

5
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us such 4 way. Two minutes with a pencil on the Lack of an
m\«.lopc lets us solve problems which we could not doin our
~ heads’if we tried for a_hundred years. But at present we
have no coiresponding way of simplifying design problems
for ourselves. These notes describe a way of representing
design problems which does make them easier to solve. It is
a way of reducing the gap between the designer’s small ca-
pacity and the great size of his task.

Part One contains a general account of the nature of design
problems. It describes the way such problems have been
solved in the past: first, in cultures where new problems are

so rare that there are no actual designers; and then, by con-

trast,-in cultures.where-new problems_occur_all the time, so
that they.have to be solved consciously by designers. From
the contrast between the two, we shall learn how to represent

a design problém s6 that it can be solved. Part Two describes -

the representation itself, and the kind of analysis the repre-
sentation allows. Appendix 1 shows by eaample how the
method works in practice.

The analysis of design problems is by no means obviously
possible. There is a good deal of superstition among designers
as to the dcathly effect of analysis on their intuitions — with
the unfortunate result that very few designers have tried to
understand the process of design analytically. So that we get

~ off to a fair start, let us try first to lay the ghosts which beset

designers and make them belicve that analysis is somehow at =~

odds with the real problem of design.

It is not-hard to-sce why the introduction of mathematlcs }

into design is likely to make designers nervous. Mathematics,
in the popular view, deals with magnitude. Designers recog-
nize, correctly, that calculations of magnitude only have

6

-strictly limited -uscfulness-in the invention of form, and are

therefore naturally rather skeptical about the possibility of
basing design on mathematical methods.® Wkhat :.h/l,'y do not
realize, however, is that modern ‘mathematics deals at least
as much with questions of order and relation as with questions
of magnitude. And though cven this kind of methematics may
be a poor tool if used to prescribe the ph::sical nature of
forms, it can become a very powerful tool inc:ed if it is used
to explore the conceptual order and pattern which a problem
presents to its designer.

Logic, like mathematics, is regarded by many designers
with suspicion. Much of it is based on varicus superstitions

_about the kind of force logic has in telling us_what to do ] )

First of all, the word “logic”
designers as a reference to a particularly unpleasing and func-
tionally unprofitable kind of formalism.? The zo0-called logic
of Jacques Irangois Blondel or Vignola, for irztance, referred
to rules according to which the elements of architectural style
could be combined.!”® As rules they may be legical. But this
gives them no special force unless there is also a legitimate
rclation between the system of logic and the needs and forces
we accept in the real world. Again, the cold visual “logic” of
the stecl-skeleton office building seems horritly constrained,
and if we take it seriously as an intimatjon of what logic is
likely to do, it is certain to frighten us awé_v from analytical
methods.” But no one shape cafi any more be 2 consequence of
the use of logic than any other, and it is nonsense to hlame

has some currency among

rigid physical form on the rigidity of logic. It is-not possible .

to sct up premisces, trace through a series of deductions, and
arrive at a form which is logically determined by the premiscs,
unless the premises already have the seeds of a particular

7
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plastic emphasis built into them. There is no legitimate -- -

sense in which deductive logic can preseribe physical form
for us. : o )
But, in speaking of logic, we do not need to be concerned
with processes of inference at all. While it is true that a great
deal of what is gencerally understood to be logic is concerned
with deduction, logic, in the widest sense, refers to something
far more general. Tt is concerned with the form of abstract
structures, and is involved the moment we make pictures of
reality and then seek to manipulate these pictures so that we
may look further into ‘the reality itself. It is the business of
logic to invent purely artificial structurces of elements and
relations.-Sometimes one of .these structurecs is close enough to
a real situation to be allowed to represent it. And then, be-
cause the logic is so tightly drawn, we gain insight into the
reality which was previously withheld froni ws2-— - -

The use of logical structures to represent design problems
has an important consequence. Tt brings with it the loss of
innocence. A logical picture is casier to criticize than a vague
picture since the assumptions it is bascd on are brought out
into the open. Its increased precision gives us the chance to
sharpen our conception of what the design process involves.
But once what we do intuitively can be described and com-
pared with nonintuitive ways of doing the same things, we
cannot go on accepting the intuitive method innocently.
Whether we decide 'to stand for or against pure intuition as a

‘method, we must doso for-reasons which can _be_discussed. .

I wish to state my belief in this loss of innocence very
clearly, because there are many designers who are apparently
not willing to accept the loss. They insist that design must be

8

~. a purcly intuitive process: that it is hopcless to try and under-

stand it sensibly because its problems are too deep.

There has already been one loss of innocence in the recent
history of design; the discovery of machine tonls to replace
hand craftsmen. A century ago William Morris, the first man
to see that the machines were being misused, also retreated
from the loss of innocence. Instead of accepting the machine
and trying to understand its implications for design, he went
back to making exquisite handmade goods.?® It was not until
Gropius started his Baubaus that designers came to terms
with the machine and the loss of innocence which it entailed.!*

Now we are at a sccond watershed. This time the loss of
innocence is intellectual rather than mechanical. But again

there are people who are trying to pretend thatithus ot taken—-

place. Enormous resistance to the idea of systematic processes
of - design-is coming from pcople who recognize correctly the
importance of intuition, but then make a fctish of it which
excludes the possibility of asking reasonable questions.

It is perhaps worth remembering that the loss of intellectual
innocence was put off once before. In the eighteenth century
already, certain men, Carlo Lodoli and Francesco Algarotti
in Italy and the Abbé Laugier in France, no longer content
to accept the formalism of the academies, began to have
serious doubts about what they were doing, and raised ques-
tions of just the sort that have led, a hunidred and fifty years
later, to the modern revolutionary ideas on form.® Qddly
cnough, however, though these scrious doubts were clearly
expressed and widely read, architecture did not develop from
them in the direction indicated. The doubts and qucstions-
were forgotten. Instead, in late cightcenth century Europe,
we find evidence of quite another atmosphere developing, in

9
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which architects based their formal invention on the rules
provided by a varicty of mannersand “ styles” like neo-Tudor,
neoclassicism, chinoisetie, and nco-Gothic.'® o

It is possible to see in this course of cvents a desperate at-
tempt to ward off the insccurity of sclfconsciousness, and to
maintain the security of innocence.

Lodoli and Laugier wanted to know what they were doing
as makers of form. But the scarch for this knowledge only made
the dificulty of their questions clear. Rather than face the
responsibility of these difficult questions, designers turned
instead to the authority of resurrected “styles.” The archi-
tectural decisions made within a style are safe from the nag-
oing difficulty of doubt, for the same rcason that dccisions are
casier to make under tradition and taboo than on one’s own
responsibility. Tt is no coincidence, in my opinion,_that while
the Renaissance had allowed {ree recombinations of classical
clements, the neoclassicism which replaced it stuck as closely
as it could to the precise detail of Greece and Rome. By lean-
ing on correctness, it was possible to alleviate the burden of
decision. To make the secession from responsibility effective,
the copy had to be exact.” ' »

Now it looks as though a second secession from responsibil-
ity is taking place. It is not possible today to escape the
rceponsibility of considered action ;by working within academic
styles. But the designer who is-uiicqual to his. task, and un-
willing to face the difficulty, preserves his innocence in other
ways. The modern designer relies more and more on his
position”as an “artist,” on catchwords, personal idiom, and
intuition --for all these relicve him of some of the burden
of decision, and make his cognitive problems manageable.
Driven on his own resources, unable to cope with the compli-
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cated information he is supposed to organize, he hides his
incompetence in a {renzy of artistic individuality. As his
capacity to invent clearly conceived, well-fitting forms is-ex-
hausted further, the emphasis on intuition and individuality
only grows wilder.!8

In this atinosphere the designer’s greatest gift, his intuitive
ability to organize physical form, is being reduced to nothing
by the size of the tasks in {ront of him, and mocked by the
cfforts of the ““artists.” What is worse, in an cra that bhadly
nceds designers with a synthetic grasp of the organization of
the physical world, the real work has to be done by less gifted
engineers, because the designérs hide their gift in irresponsible
pretension to genius. ) ’

We must face the fact that we are on the brink of times
when man_may be able to magnify his intellectual and inven-
tive capability, just as in the nincteenth century he used ma-
chines to magnify his physical capacity.!® Again, as then, our
innocence is lost. .And again, of course, the innocence, once
lost, cannot be regained. The loss demands attention, not
denial. -

Iz
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2/ GOODNESS OF FIT

The ultimate object of design is form.

The reason that iron filings placed in a magnetic ficld exhibit
4 pattern —-or have form, as we say — is that the field they
are in is not homogencous. If the world were totally regular
and homogencous, there would be no forces, and no forms.
Lverything would be amorphous. But an irrcgular world tries
to compensate for its own irregularitics by fitting itsclf to
them, and thereby takes on form.! D’ Arcy Thompson has even
called form the “diagram of forces” for the irrcgularitics.?
More usually we speak of these irregularitics as the functional
origins of the form.

The following argument is based on the assumption that
physical clarity cannot be achieved in a form until there is
first some programmatic clarity in the designer’s mind and
actions; and that for this to be possible, in turn, the designer
must first trace his design problem to its carliest functional
origins and be able to find some sort of pattern in them.® I
shall try to outline a general way of stating design problems
which draws attention to these functional origins, and makes
their pattern reasonably easy to see.

It is based on the idea that every design problem begins
with an cffort to achieve fitness between two entities: the form
in question and its context. The form is the solution to the
preblem; the context defines the problem. In other words,

IS



when we speak of design, the real object of discussion is not
the form alone, but the ensemble comprising the form and its
content. Good fit is a desired property of this ensemble which
relates to some particular division of the ensemble into form
and context.?

There is a wide varicty” of ensembles which we can talk
about like this. ‘The biological ensemble made up of a natural
organism and its physical environment is the most familiar:
in this case we are used to describing the fit between the two

- as well-adaptedness.® But the same kind of objective aptness

is to be found in many other situations. The cnsemble consist-
ing of a suit and tic is a familiar case in point; one tie goes well
with a certain suit, another goes less well.” Again, the ensemble
may be a game of chess, where at a certain stage of the game
some moves are more appropriate than others because they
fit the context of the picvious moves more aptly.® The en-

semble may be a musical composition — musical phrases have °

to fit their contexts too: think of the perfect rightness when
Mozart puts just this phrase at a certain point in a sonata.?
If the ensemble is a truckdriver plus a traffic sign, the graphic
design of the sign must fit the demands made on it by the
diiver’s eye. An object like a kettle has to fit the context of
its use, and thet technical context of its production cycle.!®
In the pursuit of urbanism, the cnsemble which confronts us
is the city and ifs habits. Here the human background which
defines the nced for new buildings, and the physical environ-
ment provided by the available sites, make a context for the
form of the city’s growth. Tn an extreme case of this kind,
we may cven speak of a cufiure itself as an ensemble in which
the various fashions and witifacts which develop are slowly
fitted to the rest.®

16

‘The rightness of the form depends, in cach onc of these
cases, on the degree to which it fits the rest of the ensemble.’?

We must also recognize that no one division of the cnsemble
into form and context is unique. Iitness across any once such
division is just one instance of the cnsemble’s internal coher-
cnce. Many other divisions of the ensemble will be cqually
significant. Indeed, in the great majority of actual cases, it
is nceessary for the designer to consider scveral diflerent
divisions of an cnsemble, superimposed,.at the same time.

Tet us consider an ensemble consisting of the ketile plus
everything about the world outside the kettle whichis relevant
to the use and manufacture of household utensils. Here again
there scems to be a clear boundary between the teakettle
and the rest of the ensemble, if we want one, because the kettle
itself is a clearly defined kind of object. But 1 can easily make
c\hangcs in the boundary. If I say that the kettle is the wrong
way to heat domestic drinking water anyway, I can quickly
be involved in the redesign of the entire house, and thercby
push the context back to those things outside the house
which influence the house’s form. Alternatively I may claim
that it is not the kettle which nceds to be redesigned, but the
method of heating kettles. In this case the kettle becomes
part of the context, while the stove perhaps is form.

There are two sides to this tendency designers have to
change the definition of the problem. On the one hand, the
impractical idealism of designers who want to redesign entire
citics and whole processes of manufacture when they are asked
to design simple objects is often only an attempt to loosen
difficult constraints by stretching the form-context boundary.

On the other hand, this way in which the good dcsigner
keeps an eye on the possible changes at every point of the
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<semble is part of his job. e is bound, if he knows what he
s doing, 1o he sensitive to the fit at several boundaries within
tue enzemble at once. Indeed, this ability to deal with several
‘ayers of form-context boundaries in concert is an important
part of what we often refer to as the designer’s sense of or-
ganization. The internal cohetence of an cnsemble depends
21 a whole net of such adaptations. In a perfectly coherent
¢asemble we should expect the two halves of every possible
division of the ensemble to fit one another.

It is true, then, that since we are ultimately interested in
the ensemble as a whole, there is no good reason to divide it up
just once. We ought always really to design with a number of
iested, overlapped form-context boundaries in mind. Indeed,
the form itself relies on its own inner organization and on the
internal fitness between the picces it is made of to control its
iit'as a whole to the context outside.

However, since we cannot hope to understand this highly
interlaced and complex phenomenon until we understand how
to achieve fit at a single arbitrarily chosen boundary, we must
agree for the present to deal only with the simplest problem.
Let 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
division is probably choscn arbitrarily. And let us remember,
as 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 simplest premise and aspect of that organization:
namely, that fitness which is the residue of adaptation across
the single form-context boundary we choose to examine.!®

The form is a part of the world over which we have control,
and which we decide to shape while leaving the rest of the

18

ot

world as it is. The conteat is that part of the sold which
puts demands on this form; anything in the world that makes
demands of the form is conteat. Fitness is a reltion of mutual
acceptability between these two. In a problum of design we
want to satisly the mutual demands which the tvo make on
one another. We want to put the context and the form into
effortless contact or frictionless coexistence.

We now come to the task of characterizing the fit between
form and context. Let us consider a simple specific case.

It is common practice in enyincering, if we wish to make a
metal face perfectly smooth and level, to fit it against the
surface of a standard steel block, which is level within finer
limits than those we are aiming at, by inking the surface of
this standard block and rubbing our metal face against the
inked surface. If our metal face is not quite level, ink marks
appear on it at those points which are higher than the rest.
We grind away these high spots, and try to fit it against the
block again. The face is level when it fits the block perfectly,
so that thcre are no high spots which starnd out any more.

‘This ensemble of two metal faces is so simple that we shall
not be distracted by the possibility of multiple form-context
boundaries within it. There is only one such boundary worth
discussion at a macroscopic level, that between the standard
face (the context), and the face which we are trying to smooth
(the form.) Morcover, since the context is fixed, and only the
form variable, the task of smoothing a metal face serves well
as a paradigm design problem. In this case we may distinguish
good fit from bad experimentally, by inking the standard
block, putting the mectal face against it, and checking the
marking that gets transferred. If we wish to judge the form
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without L ctually putting it in contact with its content, in this
case we may alo do soo I we detine levelness in nuathematical
teums, as a limitation on the variance which is penmitted over
the surface, we can test the form itself, without testing it
against the context. We can do this because the ciiterion for
levelness is, simultancously, a description of the required
form, and also a desciiption of the context.

Consider a sccond, slightly niore complex example. Suppose
we are to invent an arrangement of iron filings which is stable
when placed in a certain position in a given magnetic field.
Clearly we may treat this as a design problem. The iron filings
constitute a form, the magnetic field a context. Again we may
easily judge the fit of a form by placing it in the magnetic
field, and watching to sce whether any of the filings move
under its influence. If they do not, the form fits well. And
again, if we wish to judge the fit of the form without recourse
to this experiment, we may describe the lines of force of the
magnetic field in mathematical terms, and calculate the fit
or lack of fit. As before, the opportunity to evaluate the form
when it is away from its context depends on the fact that we
can give a precise mathematical description of the context
(in this case the cquations of the magnctic ficld).

In general, unfortunately, we cannot give an adequate
description of the context we are dealing with. The fields of
the contexts we encounter in the real world cannot be described
in the unitary fashion we have found f{or levelness and mag-
netic fields. There is as yet no theory of ensembles capable of
eapressing a unitary description of the varied phenomena we
cncounter in the urban context of a dwelling, for example,
or in a sonata, or a production cycle.

Yet we certainly need a way of cvaluating the fit of a form
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which dees not rely on the expaiment of actuzlly trying the
form out in the real world context. “Urial-and-crror design is
an admirable method. But it is just real world tiial and crror
which we are trying to replace by a symbolic mcthod, Lecause
rcal trial and error is too eapensive and too slow.

The experiment of putting a prototype form in the context
itself is the real criterion of fit. A complete unitary description
of the demands made by the context is the only fully adequate
nonexperimental criterion. The first is too expensive, the
second is impossible: so what shall we do?

Let us observe, first of all, that we should not really expect
to be able to give a unitary description of the context for
complex cases: if we could do so, there would be no problems
of design. The context and the foim are complementary. This
is what lies behind D’Arcy Thompson’s remark that the form
is a diagram of forces.™ Once we have the diagram of forces
in the literal sense (that is, the field description of the con-
text), this will in essence also describe the form as a comple-
mentary diagram of forces. Once we have decscribed the
levelness 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 them, because the unitary de-
scription of the context is in both cases also a description of
the required form. L

In such cases there is no design problem. What does make
design a problem in real world cases is that we are trying lo
make a diagram for forces whose field we do not understand.'?
Understanding the field of the context and inventing a form
to fit it are really two aspects of the same process. It is because
the context is” obscure that we cannot give a direct, fully
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coherent criterion for the fit we are trying to achieve; and it
is alwo its obscurity which makes the task of shaping a well-
fitting form at all problematic. What do we do about this
difficulty in everyday cases? Good fit means something, after
all — even in cases
factory ficldlike criterion for it. ITow is it, cognitively, that
we experience the sensation of fit?

where we cannot give a completely satis-

If we go back to the procedure of leveling metal faces against
a standard block, and think about the way in which good fit
and bad fit present themselves to us, we find a rather curious
feature. Oddly enough, the procedure suggests no direct prac-
tical way of identifying good fit. We recognize bad fit when-
cver we sce a high spot marked by ink. But in practice we see
good fit only from a negative point of view, as the limiting
case where there are no high spots.

Our own lives, where the distinction between good and bad
fit is a normal part of everyday social bchavior, show the
same feature. If a man wears cighteenth-century dress today,
or wears his hair down to his shoulders, or builds Gothic
mansions, we very likely call his behavior odd: it does not fit
our time. These are abnormalities. Yet it is such departures
from the norm which stand out in our minds, rather than the
norm itself. Their wrongness is somchow more immediate
than the rightness of less peculiar behavior, and therefore
more compelling. Thus even in evcry(]ay life the concept of
good fit, though positive in mcaning, seems very largely to
fced on negative instances; it is the aspects of our lives which
are _qbsolcte, incongruous, or out of tune that catch our
attention.

The same happens in house design. We should find it almost
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imposible to charactarize a house which fits its contest, Yet
it is the casiest thing in the woild to name the <pecific kinds
of misfit which prevent good fit. .\ kitchen which is hard to
clean, no place to park my car, the child playing where it
can be run down by someone else’s car, rainwater coming in,
overcrowding and lack of privacy, the eye-level grill which
spits hot fat right into my cye, the gold plastic doorknob
which deccives my expectations, and the front door I cannot
find, are all misfits between the house and the lives and habits
it is mcant to fit. These misfits are the forces which must
shape it, and there is no mistaking them. Because they are
expressed in negative form they are specific, and tangible
cnough to talk about.

The same thing happens in perception. Suppose we are
given a button to match, from among a box of assorted but-
tons. ITow do we procced? We examine the buttons in the box,
onc at a time; but we do not look directly for a button which
fits the first. What we do, actually, is to scan the buttons,
rejecting cach one in which we notice some discrepancy (this.
one is larger, this one darker, this one has too many. holes,
and so on), until we come to onc where we can sce no differ-
ences. Then we say that we have found a matching one.
Notice that here again it is much easier to explain the misfit
ofa wrong button than to justify the congruity of oy which
fits. )

When we speak of bad fit we refer to a single identifiable
property of an ensemble, which is immediate in experience,

and describable. Wherever an instance of misfit occurs in ans

ensemble, we'are able to point specifically at what fails and
to describe it. It scems as though in practice the concept of
good fit, describing only the absence of such failures and hence
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leav ing us nothing conerete to refer to inexplanation, van only
be eaplained inditectly; it is, in practice, as it were, the dis-
junction of all possible misiits,'®

With this in mind, I should like to wwmmeml that we
should always expect to sce the process of achieving good fit
between two entities as a negative process of neutralizing the
incongruities, or irritants, or forces, which cause misfit."”

It will be objected that to call good fit the absence of cer-
tain negative qualities is no more illwminating than to gay
that it is the presence of certain positive qualities)® ow-
ever, though the two are equivalent from a logical point of
view, from a phenomenological and practical point of view
they are very different.! In practice, it will never be as
natural to speak of good fit as the simultancous satisfaction
of a number of requirements, as it will be to call it the simul-
tancous nonoccurrence of the same number of corresponding
misfits.

Let us suppose that we did try to write down a list of all
possible relations between a form and its context which were
.required by good fit. (Such a list would in fact be just the fist
of requirements which designess often do try to write down.)
In theory, we could then use each requirement on the Hst
as an independent critesion, and accept a form as well fitting

only if it satisfied all these criteria simultanesuslfh
" However, thought of in this way, such a Bst of reguire-
ments is potentially endless, 20d still seally needs 2 “feid”
desaiption to tie it together. Think, for instence, of trying
to specify all the properties 2 button had to bave in erdes to
match ancther. Apart from the kinds of thing we have &l
ready mentioned, size, color, number of holes, and so on,
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e Dl ot e o speclly s speeifie giavity, its ohote:
slatle Qg s vty Tts rigldity, the fact thit it hould
be tound, that It should not be made of paper, et ete: fa
other words, we should not only have te spucifly the qualities
which distingulsh It from all other huttons, hut we shuuld alse
huve to specily all the eharacteristies whieh actually made it
& huiten at all,

Unfortunutely, the list of disthiguishabile ehuracteristies we
can wrlte down for the butten is infinite. It remuins infinite
for all practieal purpeses until we diseover a field descriptien
of the butten, Witheut the field deseriptien of the lutton,
there is ne way of reduelng the Tist of required attrilutes to
finite terms. We are therefore foreed to eeoneinize when we
try to speeily the nature of & matehing butten, hecause we
ean only geasp o finite list (and rather 8 short one at that):
Naturally, we ehoose to speeify those ehareteristics which
are most likely to cause trouble in the business of matehing,
and which are thercfore most useful in eur eflort to distinguish
ameny the ebjects we are likely to eome acress in ouf scareh
for buttons, But te de this, we must rely on the fact that a
great many objects will not even eome up for eonsideration.
There are, after all, concelvable ebjects which are buttens in
every fespeet exeept that they eariy an elestrie charge of one
thousand eoulombs, say. Yet in practice it would be utterly
superflaous, as well as rather unwiddy, to spesify the e
trostatic eherge s well-matched button needed to have: No
button we are likely ¢o find casries such & ehargs, 50 we ignore
the possibility. The only resson we ars sble to maih ons
thing with anether at afl is that we rdy on 2 good deal &f
unexpressed information contained in the statement of the
task, and take & great deal for granted
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In ihe case of a design problem which is truly problematical,
we eicounter the same situation. We do not have a ficld de-
scription of the content, and therefore have no intrinsic way
of reducing the potentially infinite set of requircments to
finite teums. Yet for practical reasons we do need some way of
picking a finite set from the infinite set of possible ones. In
the case of requirements, no sensible way of picking this finite

set presents itself. From a purcly descriptive standpoint we-

have no way of knowing which of the infinitely many relations
between form and context to include, and which ones to leave
out. '

But if we think of the requirements from a negative point
of view, as potential misfits, there is a simple way of picking
a finite set. This is because it is through misfit that the
problem originally brings itself to our attention. We take just
those relations between form and context which obtrude most
strongly, which demand attention most clearly, which seem
most likely to go wrong. We cannot do better than this.2 If
there were some intrinsic way of reducing the list of require-
ments to a few, this would mean in essence that we were in
possession of a field description of the context: if this were so,
the problem of creating fit would become trivial, and no longer
a problem of design. We 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 achicved is curiously
flimsy and insubstantial. We are searching for some kind of
-hdrmony between two intangibles: a form which we have not
yet designed, and a context which we cannot properly describe.
The only reason we have for thinking that there must be some
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kind of fit to be achicved between them is that we can detect
incongruitics, or negative instances of it. The incongruities in
an ensemble are the primary data of experience. 1f we agree
to treat fit as the absence of misfits, and to use a list of those
potential misfits which are most likely to occur as our critetion
for fit, our theory will at least have the same nature as-our
intuitive conviction that there is a problem to be solved.

The results of this chapter, expressed in formal terms, are
these. If we divide an ensemble into form and context, the
fit between them may be regarded as an orderly cundition of
the cnsemble, subject to disturbance in various ways, ‘cach
one a poténtial misfit. Examples are the misfits between a
house and its users, mentioncd on page 23. We may summarize
the state of cach potential misfit by means of a binary variable.
If the misfit occurs, we say the variable takes the value 1.
If the misfit docs not occur, we say the variable ‘takes the
value 0. Each binary variable stands for one possible kind
of misfit between form and context.? The value this variable
takes, 0 or 1, describes a state of affairs that is not cither in the
form alone or in the context alone, but a relation between the
two. The state of this relation, fit or misfit, describes one aspect
of the whole ensemble. It is a condition of harmony and good
fit in the cnsemble that none of the possible misfits should
actually occur. We represent this fact by dcmanduw that all
the variables take the value 0. B

The task of design is not to create form which meets cer-
tain conditions, but to create_such an order in the ensemble
that all the variables take the value 0. The form is simply that
part of the ensemble over which we have control. It'is only
through the form that we can create order in the ensemble.
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3/ TUE SOURCE OF GOOD FIT

We must now try to find out fiow we should go about getting
zood fit. Where do we find it? What is the characteristic of
processes which cieate fit successfully?

It has often been claimed in architectural circles that the
houses of simpler civilizations than our own are in some scnse
better than our own houses.! While these claims have perhaps
been exaggerated, the observation is still sometimes correct.
I shall iy to show that the {acts behind it, if correctly inter-
preted, are of great practical consequence for an intelligently
conceived process of design.

Let us consider a few famous modern houses for a moment,
from the point of view of their good fit. Mies Van der Rohe’s
Farnsworth house, though marvclously clear, and organized
under the impulse of ceitain tight formal rules, is certainly
not a triumph ecconomically or from the point of view of the
HMlinois floods.> Buckminster Fuller’s geodesic domes have
solved the weight problem of spanning space, but you can
hardly put doors in them. Again, his dymaxion house, though

. efhicient as a rapid-distribution mass-produced package, takes
no account whatever of the incongruity of single free-standing
houses sct in the acoustic turmoil and service complexity of a
modern city.® Even Le Corbusier in the Villa Savoie, for ex-
ample, or in the Marscilles apartments, achicves his clarity
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of form at the expense of certain clementary corrforts and
convenienees.t

Laymen Jite to charge somctimes that the o de igners have
sacrificed function for the sake of clarity, because they are
out of touch with the practical details of the houscwife’s
world, and preoccupied with their own interests. ‘This is a mis-
leading charge. What is true is that designers do oficn develop
onc part of a functional program at the expense of another.
But they do it because the only way they scein able to or-
ganize form clearly is to design under the driving force of some
comparatively simple concept.

On the other hand, if designers do not aim principally at
clear organization, but do try to consider all the requirements
equally, we find a kind of anomaly at the other extreine. Take
the average developer-built house; it is built with an eye for
the market, and in a scnse, therefore, fits its context well,
even if superficially. But in -this case the various demands
made on the form are met piccemcal, without any sense of
the overall organization the form needs in order to contribute
as a whole to the working order of the ensemble.

Since everything in the human environment can nowadays
be modified 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 organization without
concern for orientation, and light, heat, and ventilation are
taken care of by fans, lamps, and other kinds of peripheral
devices. Bedrooms are not scparated from living rooms in’
plan, but are placed next to one another and the walls bLl\\CCl’l
them then stutfed with acoustic insulation.

The complaint that macroscopic clarity is missing in these
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“wases is noaesthetic whinme While it is true that an individual
preblem can often be solved adequately without regard for
the fundamental physical ordet it implies, we cannot solve a
whole net of such problems so casually, and get away with it.
[t is inconceivable that we should succeed in organizing an
ensemble as complex as the modern city until we have a clear
cnough view of simpler design problems and their implications
to produce houses which are physically clear as total organi-
zations.

Yet at present, in our own civilization, house forms which
are clearly organized and also satisfactory in all the respects
demanded by the context are almost unknown.

If we look at a peasant farmhouse by comparison, or at an
igloo, or at an Airican’s mud hut, this combination of good fit
and clarity is not quite so hard to find. Take the Mousgoum
hut, for instance, built by African tribesmen in the northern
section of the I'rench Cameroun.® Apart from the variation
caused by slight changes in site and occupancy, the huts vary
very little. Even superficial examination shows that they are
all versions of the same single form type, and convey a power-
ful sense of their own adequacy and nonarbitrariness.

Whether by coincidence or not, the hemispherical shape of
the hut provides the most efficient surface for minimum heat
transfer, and keeps the inside reasonably well protected from
the heat of the equatorial sun. Its shape is maintained by a
scries of vertical reinforcing ribs. Besides helping to support
the main fabric. these ribs also act as guides for rainwater,
and are at the same time used by the builder of the hut as
foothalds which give him access to the upper part of the out-
side-during its construction.’ Instead of using disposable
scafiolding {wood is very scarce), he builds the scaffolding
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in as part of the structure. What is more, months later this
“scalfolding” is still there when the owner needs to Jiinb up
on it to repair the hut. The Mousgoum cannot afiord, as we
do, to regard maintenance as a nuisance which is best for-
gotten until it is time to call the local plumber. Tt is in the
same hands as the building operation itsclf, and its c:\igc:ncies
are as likely to shape the form as those of the initial con-
struction.

Again, each hut nestles beautifully in the dips and hollows
of the terrain. It must, because its fabric is as weak struc-
turally as the carth it sits on, and any foreignness or discon-
tinuity caused by careless siting would not have survived the
stresses of crosion. The weather-defying concrete foundations
which we rely on, and which permit the arbitrary siting of our
own houses, are unknown to the Mousgoum.

The grouping of the huts reflects the social order of their
inhabitants. Each man’s hut is surrounded by the huts of his
wives and his subservients, as social customs require — and
in such a way, morcover, that these subsidiary huts also form
a wall round the chicf’s hut and thercby protect it and them-
selves from wild beasts and invaders.?

This example shows how the pattern of the building oper-
ation, the pattern of the building’s maintenance, the con-
straints of the surrounding conditions, and also the pattern
of daily life, are fused in the form. The form has a dual co-
herence. Tt is coherently related to its context. And 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
simpler forms for overall clarity of conception are those we
have already mentioned, designed under the impulse of very
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Specid precccupitions, And these forms, just becanee they
daiive then clarity from simplification of the problem, fail
to meet all the context’s demands.$ Ttis true that our func-
tional standards are higher than those in the simple situation.
Tt is true, and important to remember, that the simple cul-
tuies never face the problems of complenity which we face in
design. And it is true that if they did face them, they would
probably not make any better a showing than we do.® When
we admire the simple situation for its good qualitics, this
docsn’t mean that we wish we were back in the same situation,
The dream of innocence s of little comfort to us; our problem,
the problem of organizing form under complex constraints,
is new and all our own. But i their own way the simple cul-
tutes do their simple job better than we do ours. I believe that™
only careful examination of their success can give us the in-
sight we need to solve the problem of complexity. Let us ask,
therefore, where this success comes from,

To answer this question we shall first have to draw a sharp
and arbitrary line between those cultures we want to call
simple, for the purposes of argument, and those we wish to
classify with ours. I propose calling certain cultures unself-
conscious, to contrast them with others, including our own,
which I propose to call sclfconscious.

Of course, the contrast in quality hetween the forms pro-
duced in the two different kinds of culture is by no means as
marked as T shall suggest. Nor are the two form-making
processes sharply distinguished, as my text pretends. But I
have deliberately cxaggerated the contrast, simply to draw
attention to certain matters, important and illuminating in
their own right, which we must understand before we can
Map out a new approach to design. Tt is far more important
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that we should understand the paticular contmf,t'T am lll)t'::]r;c;
to bring out, than that the lect.s :d;uut any gl“.(n\:,]l(l)',i(n\l
should be accurate or tddling. This is not 4 ‘m“fml'” g ..f
ticatise, and it is thercfore best to think of %lizc hr;ttlj.:)l td(;-
the following discussion simply as a compari:on ol thc s
sctiptive constructs, the unsclfconscious cultuie anc

5l ulture.r® .

Coz‘l‘blz:ozfﬂctures I choose to call “unsclfconscious” lmvc', in
the past, been called by many other names -—~’cac]h‘tn.::::l
chosen to illuminate whatever aspect of thc. contrast bets t

kinds of culture the writer was most an:\lou:a t.o bl.n‘\guotfr;
Thus they have been called “primiti\:c,” to dlstmgu:.:\ 1?1
from those where kinship plays a less important part in sou;:z
structure;™ “folk,” to set them apart from' 1.1r.ban. cu:tur.cs(ii-
“closed,” to draw attention to the l’CSpOnSl‘l‘)lhly of the ::1 t

vidual in today’s more open situatiOfl;” anonyimous, ] 3
distinguish them from cultures in which a profession calle

“architecture” exists.

l;‘ﬂ::l ;articular distinction I wish to ma.ke touches O{ﬂi{ t]:e
last of these: the method of making things and build l,nb;
Broadly, we may distinguish betwc,:en our own culturc,a\.\ 1\1;
is very sclfconscious about its archltcct\‘lre, art, an;l cnoln:;f-
ing, and certain specimen cultures which arc' rat 1?1' .unv. :
conscious about theirs.’® The features which dxstmgl'ns
architecturally unselfconsciods cultures from s?lfconsmous
ones are casy to describe loosely. In the unse]fcons?lous cultu}rle
there is little thought about architecture or design as such.
There is a right way to make buildings and a \\:rong way; b?t
while there may be generally accepted remedies for spcu.l,c
failures, there are no general principles cox.n.pamblc to .\1-bcr't1 s
treatises or e Corbusier’s. Since the division of labor is very
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limited. specialization of any soit is rare, there are no archi-
tects, and cach man builds his own house.16

The technology of comnumication is underdeveloped. There
are no wittten records or architectural drawings, and little
intereultural exchange. This lack of written records and Tack
of information about other cultures and situations means that
the same cvparience has to be won over and over again gen-
eration after generation — without opportunity for devclop-
ment or change. With no varicty of experience, people have no
chance to sce their own actions as alternatives to other possi-
bilities, and instead of becoming sclfconscious, they simply
repeat the patterns of tradition, because these are the only
ones they can imagine. In a word, actions are governed by
habit.”” Design decisions are made more according to custom
than according to any individual’s new ideas. T ndeed, there is
little value attached to the individual’s ideas as such. There
is no special market for his inventiveness. Ritual and taboo
discourage innovation and sclf-criticism. Besides, since there
is no such thing as “architecture” or “design,” and no ab-
stractly formulated problems of design, the kinds of concept
needed for architectural self-criticism are too poorly developed
'to make such self-criticism possible; indeed the architecture
itsclf is hardly tangibly enough conceived as such to criticize.

To be sure that such a distinction between unselfconscious
and sclfconscious cultures is permissible, we need a definition
which will tell us whether to call a culture unselfconscious or
sclfconscious on the basis of visible and reportable facts alone.
We find a clearly visible distinction when we look at the way
the crafts of form-building arc taught and learned, the insti-
tutions under which skills pass from one generation to the next.
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For there are essentially two ways in which such cduication can
operate, and they may be distinguished without difiiculty.

At one eatreme we have a kind of teaching that relics on
the noviee’s very gradual exposure to the craft in queztion, on
his ability to imitate by practice, on his response to sanctions,
penalties, and rcinforcing smiles and frowns. The great ex-
ample of this kind of learning is the child’s learning of cle-
mentary skills, like bicycle riding. e topples almost randomly
at first, but cach time he docs something wrong, it fails; when
he happens to do it right, its success and the fact that his
success is recognized make him more likely to repeat it right.t®
Extended learning of this kind gives him a “total” fccling for
the thing learned — whether it is how to ride a bicycle, or a
skill like swimming, or the cralt of houscbuilding or weaving.
The most important feature of this kind of learning is that the
rules are not made explicit, but are, as it were, revealed
through the correction of mistakes.!®

The second kind of teaching trics, in some degree, to make
the rules explicit. Here the novice learns much more rapidly,
on the basis of general “principles.” The education becomes a
formal one; it relies on instruction and on teachers who train
- their pupils, not just by pointing out mistakes, but by incul-
cating positive eaplicit rules. A good example is:lifesaving,
where people rarely have the chance to learn by-trial and
error. In the jnformal situation there are no “teachers,” for
the novice’s mistakes will be corrected by anybody who

knows more than he. But in the formal situation; where

learning is a specialized activity and no longer happens auto-

matically, there are distinct “teachers” from whom the craft
is learned.?®
These teachers, or instructors, have to condense the knowl-
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edge which was once laboriously acquired in experience, for
without such condensation the teaching problem would be
unwicldy and unmanageable. The teacher cannot refer ex-
plicitly to each single mistake which can be made, for even
if there were time to do so, such a list could not be‘learned.
A list needs a stiucture for mnemonic purposes.™ So the
teacher invents teachable rules within which he accommo-
dates as much of his unconscious training as he can —a set
of shoirthand principles.

In the unselfconscious culture the same form is made over
and over again; in order to learn form-making, people need
only learn to repeat a single familiar physical pattern. In the
sclfconscious culture new purposes are occurring all the time;
the people who .make forms are constantly required to deal
with problems that are cither entirely new or at best modifi-
cations of old problems. Under these circumstances it is not
enough to copy old physical patteins. So that people will be
able to make innovations and modifications as required, ideas
about how and why things get their shape must be introduced.
Teaching must be based on explicit general principles of fune-
tion, rather than unmentioned and specific principles of shape.

I shall call a culture unsclfconscious if its forin-making is
learned informally, through imitation and correction. And
I shall call a culture selfconscious if its form-making is taught
academically, according to explicit rules.?

Now why are forms made in the sclfconscious culture not
so well fitting or so clearly made as those in the unsclfconscious
culture? In one case the form-making process is a good one,

in the other bad. What is it that makes a form-making process
good or hadp
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In explaining why the unsclfconscious process is a good one,
hardly anyone bothers, nowadays, to argue the myth of the
primitive genius, the unsophisticated craftsman supposcdly
more gifted than his sophisticated counterpart.® The myth of
architectural Darwinism has taken its place.?* Yet though this
new myth is more acceptable, in its usual form it is not really
any more informative than the other.

It says, roughly, that primitive forms are good as a result
of a process of gradual adaptation — that over many cen-
turies such forms have gradually been fitted to their cultures
Ly an intermittent though persistent series of coircctions. But
this explanation is vague hand-waving.® It docsn’t tell us
what it is that prevents such adaptation from taking place
successfully in the sclfconscious culture, which is what we
want to know most urgently. And even as an cxplanation of
good fit in the unselfconscious culture, the raw concept of
adaptation is something less than satisfactory. If forms in an
unsclfconscious culture fit now, the chances are that they
always did. We know of no outstanding diffcrences between
the present states and past states of unselfconscious cultures;
and this assumption, that the fit of forms in such cultures is
the result of gradual adjustment (that is, improvement) over
time, does not illuminate what must actually be a dynamic
process in which both form and context change continuously,
and yet stay mutually well adjusted all the time.?®

To understand the nature of the form-making process, it is
not enough to give a quick one-word account of unsclfconscious
form-making: adaptation. We 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 fails. Roughly speaking, 1 shall argue

317



W

that the uaseliconscious process has a structure that makes
it homeestatic gself-organizing), and that it therefore consist-
entiy praduces well-fitting foums, even in the face of change.
And 1 shall argue that in a selfconscious culture the homceo-
static structure of the process is broken down, so that the pro-
duction of forms which fail to fit their contexts is not only
possible, but likely.*

We decided in the last chapter that to describe fit and misfit
between form and context, we must make a list of binary
variables, cach naming some one potential misfit which may
occur. '

Whether a form-making process is sclfconscious or unself-
conscious. these misfit variables are always present, lingering
in the background of the process, as thoughts in a designer’s
mind, or as actions, criticisms, failures, doubts. Only the
thought or the eaperience of possible failure provides the
impetus to make new form.

At any moment in a form-making process, whether the
form is in use, a prototype, as yet only a sketch, or obsolete,

-each of the variables is in a state of either fit or misfit. We

may describe the state of all the variables at once by a row
of 1's and 0’s, one for cach variable: for instance, for twenty
variables, 00100110101110110000 would be one state.
ach possible row of 1’s and 0’s is a possible state of the
ensemble.

As form-making proceeds, so the system of variables changes
state. One misfit is eradicated, another misfit occurs, and these
changes in their turn sct off reactions within the system that
affect the states of other variables. As form and culture change,
state follows state. The sequence of states which the system
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passes through is a record or history of the aduptation be-
tween forn and conteat. The history of the systum displays
the form-making process at work. To compure unsclfconscious
and sclfconscious form-making processes, we have only to
cxamine the kinds of history which the system of variables
can have in these two processes. As we shall sce, the kinds of
history which the system can have in the unselfconscious and
sclfconscious processes are very different.

We shall perhaps understand the idea of a system’s history
hest if we make a simple picture of it.?

Imagine a system of a hundred lights. Each light can be
in one of two possible states. In one state the light is on. The
lights are so constructed that any light which is on always
has a 50-50 chance of going off in the next second. In the other
state the light is off. Connections between lights are con-
structed so that any light which is off has a 50-50 chance of
going on again in the next sccond, provided at lcast one of the
lights it is connected to is on. If the lights it is directly con-
nccted to are off, for the time being it has no chance of going
on again, and stays off. If the lights are cver all off simultane-
ously, then they will all stay off for good, since when no light
is on, none of the lights has any chance of being reactivated.
This is a state of equilibrium. Sooner or later the system of
lights will reach it.

This system of lights will help us understand the history of
a form-making process. Each light is a binary variable, and
so may be thought of as a misfit variable. The off state cor-
responds to fit; the on state corresponds to misfit. The fact |
that a light which is on has a 50-50 chance of going off
cvery second, corresponds to the fact that whenever a mis-
fit occurs efforts are made to correct it. The fact that lights
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which are off can be turned on again by connected lights,
cotresponds 1o the fact that even well-fitting aspects of
a form can be unhinged Ly changes initiated to correct
some other misfit because of connections between variables.
The state of equilibrium, when all the lights are off, corre-
sponds to peifect fit or adaptation. Tt is the equilibrium in
which all the misfit variables take the value 0. Sooner or later
the system of lights will always reach this equilibrium. The
only question that remains is, how long will it take for this
to happen? Tt is not hard to sec that apart from chance this
depends only on the pattern of interconnections between the
lights. -

Let us consider two extreme circumstances.??

1. On the one hand, suppose there are no intcrco\mlcctions
between lights at all. In this case there is nothing to prevent
cach light’s staying off for good, as soon as it goes off. The

average time it takes for all the lights to go off is therefore’

only a little greater than the average time it takes for a single
hnht to go off, namely 2' scconds or 2 scconds.

- On the other hand, imagine such rich interconnections
bt.t\\cen lights that any one light still on quickly rouses all
others from the off state and puts them on ag gain. The only
way in which this system can reach adaptation is by the pure
chance that all 100 happen to go off at the same moment.
" The average time which must clapse before this happens will
be of the order of 210 scconds, or 10*years.

The sccond case is uscless. The age of the universe itself is
only about 10" years. For all intents and purposes the system
will never adapt. But the first case is no use cither. In any
real system there are interconnections between variables
which make it impossible for each variable to adapt in com-
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plete izolation. Let us therefore construct a third poscibility.

3. In this case suppose there are again interconnedtions
among the 100 lights, bhut that we discern in the pattern of
interconnections some 10 principal subsystems, each contain-
ing 10 lights.® The lights within each subsystem are so strongly
connected to one another that again all 10 must go off simul-
tancously before they will stay off; yet at the same time the
subsystems themselves are independent of one another as
wholes, so that the lights in one subsystem can he switched
off without being reactivated by others flashing in other sub-
systems. The average time it will take for all 160 lights to go
off is ahout the same as the time it takes for one subsystem to
go off, namely 2'° seconds, or about a quartcr of an hour.

Of course, real systems do not behave so simply. But fifteen
minutes is not much greater than the two seconds it takes an
isolated variable to adapt, and the enormous gap between
these magnitudes and 10% years does teach us a vital lesson.
No complex adaptive system will succeed in adapting in a
recasonable amount of time unless the adaptation can proceed
subsystem by subsystem, each subsystem rclatively inde-
pendent of the others®

This is a familiar fact. It finds a close analog)" in the chil-
dren’s scaled glass-fronted puzzles which are such fun and so
infuriating. The problem, in these puzzles, is to achieve cer-
tain configurations within the box: rings on sticks, balls in
sockets, pieces of various shapes in odd-shaped frames — but .
all to be done by gentle tapping on the outside of the box.
Think of the simplest of these puzzles, where half a dozen
colored beads, say, are each to be put in a hole of corres-
ponding color.

One way to go about this problem would be to pick the
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puccde up, give it a single energetic shake, and lay it down
asdin. in the hiope that the correct configuration would appear
l)_\";wcidcnt. This all-or-nothing method might be repeated
many thousand times, but it is clear that its chances of success
are negligible. Tt is the technique of a ¢hild who does not under-
stand how best to play. Much the casiest way — and the way
we do in fact adopt under such circumstances — is to juggle
one bead at a time. Once a bead is in, provided we tap gently,
it is in for good, and we are free to manipulate the next one
that presents itself, and we achieve the full configuration step
by step. When we treat cach bead as an isolable subsystem,
and take the subsystems independently, we can solve the
puzzle. -

If we now consider the process of form-making, in the light
of these examples, we sce an casy way to make explicit the
distinction between processes which work and those which
don’t. ’

Lct us remind ourselves 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 met by good fit between form and context. Its interactions
are the causal linkages which connect the variables to one
another. If there is not enough light in a house, for instance,
and more windows are added to correct this failure, the change
may improve the light but allow too little privacy; another
change for morc light makes the windows bigger, perhaps,
but thereby makes the house more likely to collapse. These

are examples of inter-variable linkage. If we represent this’

system by drawing a point for cach misfit variable, and a link
between two points for cach such causal linkage, we get a
structure which looks something like this:
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Now, let us go back to the question of adaptuiion. Clearly
these misfit variables, being interconnected, cannot adjust
independently, one by one. On the other hand, since not all
the variables are cqually strongly connected (in other words
there are not only dependences among the varizhles, but also -
independences), there will always be subsystems like those
circled below, which can, in principle, operate fairly inde-
pendently.??

We may therefore picture the process of form-making as
the action of a series of subsystems, all interlinked, yet suf- .
ficiently frec of one another to adjust indcpendently in“a
feasible amount of time. It works, because the cycles of cor-
rection and recorrection, which occur during adaptation, are
restricted to one subsystem at a time. '
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We zhall not be able to sce, directly, whether or not the
unselfconscious and selfconscious form-making processes op-
crate by subsystems. Instead we shall infer their modes of
operation indirectly.

The greatest clue to the inner structure of any dynamic
process lies in its reaction to change. A culture docs not move
from one change to the next in discrete :.tups, of course. New
threads are being woven all the time, making changes continu-
ous and smooth. But from the point of view of its effect on a

form, change only Lecomes significant at that moment when -

a failure or misfit reaches critical importance —at that
moment when it is recognized, and people fcel the form has
something wrong with it. It is ‘lhercforc' legitimate, for our
purpose, to consider a culture as changing in discrete steps.®
We wish to know, now, how the form-making process re-
acts to one such change. Whether a new, previously unknown
misfit occurs or a known one recurs, in both cases, {rom our
point of vicw, some one variable changes value from 0 to 1.
What, precisely, happens when a misfit variable takes the
value 1? How does the process behave under this stimulus?
Let us go back for a moment to our system of 100 lights.
Suppose the system is in a state of fit — that is, all the lights
are switched off. Now imagine that every once in a while one
light gets switthed on by an outside agent, even though no
others are on to activate it. By wai&iﬁg to- see.wlfat happens
neat, we can very easily deduce the inner nature of the system,
even though we cannot sce it directly. If the light always
' flushes just once, and then goes off again and stays off, we
deduce that the lights are able to adapt independently, and
henee that there are no intcrconnections between lights. If
the light activates a few other lights, and they flash together
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for a while, and then switch themselves off, we deduce that
there are subsystums of interconnected lights active. If the

- light flashes and then activates other lights until all of them

are flashing, and they never settle down again, we deduce that
the system is unable to adapt subsystem by subsystem: be- -
cause the interconnections are too rich. K
The solitary light switched on by an external agent is the'-
occasional misfit which occurs. ‘The reaction’of the system to
the disturbance is the reaction of the form-making process to
the misfit. If we detect the active presence of subsystems infa’ «
process, we may-then argue (by induction, as it were) that'this
is fully responsible for the good fit of the forms being produced -
by the process. For if good forms can always be adjusted cor--

rectly the moment any slight misfit occurs, then no sequenice™ 7~

of changes will destroy the good fit ever (at lcast while’ the -
process maintains this character); and-provided .there -was:
good fit at some stage in the past, no matter how remote:
(the first term of the induction), it will have persisted, ‘be-
cause there is an active stability at work.3 If, on the other.
hand, a form-making process is such that a minor culture
change can upset the good fit of the forms it produces, then -
any well-fitting forms we may observe at one time or another-
fit only by accident; and the next cultural deflection may -
once more lead to the production of badly fitting forms.

Tt is the naeeaature of the process which counts. The vital :
point that underlics the following discussion is that the form--
builders in unselfconscious cultures respond to small changes
in a way that allows the subsystems of the misfit system to.
work independently — but that because the selfconscious re-
sponse to change cannot take place subsystcm by subsystem,
its forms are arbitrary.
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3 / THE UNSELFCONSCIOUS PROCESS

Let us turn our attention, first of all, to the unselfconscious
cultures. It will be necessary first to outline the conditions
under which forms in unselfconscious ‘cultures are produced.
We know by definition that building skills are learned in-
formally, without the help of formulated rules.! However,
although there are no formulated rules (or perhaps indeed, as
we shall sce later, just because there are none), the unspoken
rules are of great complexity, and are rigidly maintained.
There is a way to do things, a way not to do them. There is a
fiumly set tradition, accepted beyond question by all builders
of form, and this tradition strongly resists change.

The eaistence of such powerful traditions, and evidence of
their rigidity, alrcady are shown to some extent in those
aspects of unselfconscious cultures which have been discussed.
It is clear, for instance, that forms do not remain the same
for centurics without traditions springing up about them. If
the gy ptian houses of the Nile have the same plan now as
the houses whose plans were pictured in the hieroglyphs,? we
can be fairly certain that their makers are in the grip of a
tradition. Anywheie where forms are virtually the same now
as they were thousands of years ago, the bonds must be ex-
tremdly strong. In southern Ialy, neither the trulli of Apulia
nor the coalburners’ capanne of Anzio near Rome have

. 46

changed since prehistoric times? The same is known to be
true of the black houses of the Outer Hebrides, and of the
hogans of the Navaho.!

The most visible feature of architectural tradition in such
unsclfconscious cultures is the wealth of myth and legend
attached to building habits. While the stories rarcly deal
exclusively with dwellings, nevertheless descriptions of the
house, its form, its origins, are woven into many of the global
myths which lie at the-very root of culture; and wherever this
occurs, not only is the architectural tradition made unassail-
able, but its constant rcpetition is assured. The black tents,
for example, common among nomads from Tunisia to Af-
ghanistan, figure more than once in the Old Testament.® In -
a similar way the folk tales of old Ircland and the Outer
Hebrides are full of oblique references to the shape of houses.®
The age of these examples gives us an inkling of the age and
strength of the traditions which maintain the shape of un-
sclfconscious dwelling forms. Wherever the house is mentioned
in a myth or lore, it at once becomes part of the higher order,
incflable, immutable, not to be changed. When certain In-
dians of the Amazon believe that after death the soul retires
to a house at the source of a mysterious river,” the mere.as-

. sociation of the house with a story of this kind discourages all

thoughtful criticism of the standard form, and sets its “right-
ness’ well beyond the buunds of question.

More forceful still, of course, are rituals and taboos con-
nected with the dwelling. Throughout Polynesia the resist-
ance to change makes itsclf felt quite unequivocally in the
fact that the building of a house is a ceremonial occasion.®
The performance of the priests, and of the workers, though
different from one island to the next, is always clearly speci-
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ficd; and the rigidity of these behavior patterns, by preseiving
techniques, preserves the forms themselves and makes change
extremely diflicult. ‘The Navaho: Indians, too, make their
hogans the center of the most claborate performance.® Again
the granvity of the rituals, and their rigidity, make it impos-
sible that the form of the hogan should be lightly changed.

The rigidity of tradition is at its clcarest, though, in the
case where builders of form are forced to work within definitely
given limitations. The Samoan, if he is to make a good house,
must use wood from the breadfiuit tree.’® The Italian peasant
making his frullo at Alberobello is allowed latitude for individ-
ual expression only in the lump of plaster which crowns the
cone of the roof. The Wanoe-has a.chant which tells him
preciscly the sequence of operations he is to follow while build-
ing his house.” The Welshman must make the crucks which
support his roof precisely accordiﬁg to the pattern of tradi-
tion.”® The Sumatran gives his roofs their special shape, not
because this is structurally essential, but because this is the
way to make roofs in Sumatra.® -

Every one of these examples points in the same direction.
Unselfconscious cultures contain, as a feature of their form-
producing systems, a certain built-in fixity — patterns of
myth, tradition, and taboo which resist willful change. Form-
builders will only introduce changes under strong compulsion
where there are powerful (and obvious) irritations in the

existing forms which demand correction. J—

Now when there are such irritations, how fast does the fail-
ure lead to action, how quickly does it lead to a change of
form? Think first, perhaps, of man’s closeness to the ground in
the unsclfconscious culture, and of the materials he uses when
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he makes his house. The Ilchridean crofter uses stone and
clay and sods and grass and straw, all froin the near surround-
ings.!* The Indian’s tent used to be made of hide from the
buffalo he ate.' The Apulian uses as building stoncs the very
rocks which he has taken from the ground to make his agri-
culture possible.’” These men have a highly developed cye for

_ the trees and stones and animals which contain the means of

their livelihood, their food, their medicine, their furniture,
their tools. To an African tribesman the materials available
arc not simply objects, but are full of life.?® He knows them
through and through; and they are always close to hand.
Closely associated with this immediacy is the fact that the
owner is his own builder, that the form-maker not only makes .
the forin but lives in it. Indeed, not only is the man who lives
in the form the one who made it, but there is a special close-
ncss of contact between man and form which leads to constant
rcarrangement of unsatisfactory detail, constant improvement.
The man, already responsible for the original shaping of the
form, is also alive to its demands while he inhabits it.!* And
anything which needs to be changed is changed at once. .
The Abipon, whose dwelling was the simplest tent made of
two poles and a mat, dug a trench to carry off the rain if it
bothered him.?® The Eskimo reacts constantly to every change
in temperature inside the igloo by opening holes or closing
them with lumps of snow.® The very special directness of

- these actions may be made clearer, possibly, as follows. Think

of the moment when the melting snow dripping from the roof
is no longer bearable, and the man goes to do something
about it. IIe makes a hole which lets some cold air in, per-
haps. The man realizes that he has to do something about
it — but he does not do so by remembering the general rule
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and then applying it (“When the snow starts to melt it is too
hot inside the igloo and therefore time to . . .”"). Ile simply
does it. And though words may accompany his action, they
play no essential pait in it. This is the important point. The
failure or inadequacy of the form leads dircetly to the action.
"This directness is the second crucial feature of the unself-
conscious system’s form-preduction. Failure and correction
go side by side. There is no deliberation in between the
recognition of a failure and the reaction to it.2 The directness
is enhanced, too, by the fact that.building and repair are so
much an everyday affair. The Eskimo, on winter hunts, makes
a new igloo every night.® The Indian’s tepee cover rarcly
lasts more than a single scason.® The mud walls of the Tal-
lensi hut need frequent daubs.® Even the claborate communal
dwellings of the Amazon tribes are abandoned every two or
three years, and new ones built.? Impermanent materials and
unzettled ways of life demand constant reconstruction and
repair, with the result that the shaping of form is a task
perpetually before the dweller’s eyes and hands. If a form is
made the same way scveral times over, or even simply left
unchanged, we can be fairly sure that its inhabitant finds
little wrong with it. Since its materials are close to hand, and
their use his own responsibility, he will not hesitate to act
if there are any minor changes which scem worth making.
Let us return now to the question of adaptation. The basic
principle of adaptation depends on the simple fact that the
process toward equilibrium is irreversible. Misfit provides an
incentive to change; good fit provides none.-In theory the
process is eventually bound to reach the equilibrium of well-
*ﬁltmﬂ forms. :

" However, for the fit to occur in practice, one vital condi-

so

tion must be satisficd. It must have time to happen. The
process must be able to achicve its cquilibrium before the:
next culture change upsets it again. It must actually have
time to reach its equilibrium cvery time it is disturbed — or,
if we sce the process as continuous rather than intermittent,
the adjustment of forms must procced more quickly than the
drift of the culture context. Unless this condition is fulfilled
the system can never produce well-fitting forms, for the”
cquilibrium of the adaptation will not be sustained.

As we saw in Chapter 3, the speed of adaptation depends
cssentially on whether the adaptation can take place in in-
dependent and restricted subsystems, or not. Although’ we
cannot actu'llly see these subsystems in’ the unselfconscious
process, we can infer ‘their activity from the very two char-
acteristics of the process which we h'we been discusting:
ditectness and tradition. ‘

The direct response is the feedback of the process.® If the
process is to maintain the good fit of dwelling forms while
the culture drifts, it nceds a fcedback sensitive enough to
take action the moment that onc of the potential failures
actually occurs. The vital featurc of the feedback is its im-
mediacy. For only through prompt action can it prevent the
build-up of multiple failures which would then demand simul-
tancous correction — a task which might, as we have seen,
take too long to be feasible in practice.

However, the scnsitivity of feedback is not$h ltsclhennucvh
to lead to equilibrium. The feedback must be controlled, or
damped, somchow.?® Such control is provided by the resistance
to change the unsclfconscious culture has built into its tradi-
tions. We might say of these traditions, possibly, that they
make the system viscous. This viscosity damps the changes
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made, and prevents their extension to other aspects of the
form. \s a result only urgent changes are allowed. Once a
form fits well, changes are not made. again until it fails to
fit again. Without this action of tradition, the repercussions
and ripples started by the slightest failure could grow wider
and wider until they were spreading too fast to be corrected.

On the one hand the directness of the respsmae to mishit. - .

ensures that cach failure is corrected as soon as it occurs,
and thercby restriets the change to one subsystem at a time.
And on the other hand the force of tradition, by resisting
ncedless change, holds steady all the variables not in the
relevant subsystem, and prevents these minor disturbances
outside the subsystem from taking hold. Rigid tradition and .
immediate action may scem contradictory. But it is the véry
contrast between these two which makes the process self-
adjusting. It is just the fast reaction to single failures, com-
plemented by resistance to all other .change, which allows
the process to make series of minor adjustments instead of
spasmodic global ones: it is able to adjust subsystem by
subsystem, so that the process of adjustment is faster than
the rate at which the culture changes; equilibrium is certain
to be re-established whenever slight disturbances occur; and
the forms are not simply well-fitted to their cultures, but in
active equilibrium with them.® ’ :

‘The operation of such a process hardly-taxes the individuak<.
craftsman’s ability at all. The man who makes the form is an
agent simply, and very little-is required of him during the
form’s development. Even the most aimless changes will
eventually lead to well-fitting forms, because of the tendency
to cquilibrium inhcrent in the organization of the- process.
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All the agent nced do is to recognize failures when they occur,
and to react to them. And this even the simplest man can do..
For although only few men have sufficient integrative ability.
to invent form of any clarity, we are all able to criticize
existing forms.® It is especially important to understand that
the agent in such a process needs no creative strength. e
does not need to be able to improve the form, only to make
some sort of change when he notices a failure. The changes. .
may not be always for the better; but it is not nccessary
that they should be, since the operation of the process allows
only the improvements to persist.

To make the foregoing analysis quite clear, I shall use it to
illuminate a rather curious phenomenon.® The Slovakian )
peasants used to be famous for the shawls they made. These
shawls were wonderfully colored and patterned, woven of
yarns which had been dipped in homemade dyes. Early in
the twentieth century aniline dyes were made available to
them. And at once the glory of the shawls was spoiled; they
were now no longer delicate and subtle, but crude. This

_ change cannot have come about because the new dyes were

somehow inferior. They were as brilliant, and the vanety
of colors was much greater than before. Yet somchow the
new shawls turned out vulgar and uninteresting.

Now if, as it is so pleasant to suppose, the shawlmakers

"had had some innate artistry, had been so gifted that they

were simply “able” to make beautiful shawls, it would.ba
almost impossible to explain their later clumsiness. Buit if we
look at the situation differently, it is very easy to explain.
The shawlmakers were simply able, as many of us are, to
recognize bad shawls, and their own mistakes.

Over the generations the shawls had doubtless often been
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made extremely badly. But whenever a bad one was made,
it \'\';ggé?{gcngni/.ml as such, and therefore not repeated. And
though nothing is to say that the change made would be
for the better, it would still be a change. When the results of
such changes were still bad, further changes would be made.
The changes would go on until the shawls were good. And
only at this point would the incentive to go on changing the
patterns disappear.

So we do not need to pretend that these craftsmen had
special ability. They made beautiful shawls by standing in'a
long tradition, and by making minor changes \,\-hc{ncver“ some-
thing scemed to need improvement. Bu‘t once presented with

more complicated choices, their apparcnt mastery and judg-’

ment disappeared. Faced with the complex unfamiliar task of
actually inventing forms from scratch, they were unsuccessful.

v
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5/ THE SELFCONSCIOUS PROCESS

In the unscliconscious culture a clear pattern has emerged.
Being sclf-adjusting, its action allows the production of well-
fitting forims to persist in active cquilibiium with the system.

The way forms are made in' the sclfconscious culture is
very different. I shall try to show how, just asitis a property
of the unsclfconscious system’s organization that it produces
well-fitting forms, so it is a property of the emergent self-
conscious system that its forms fit badly. . !

In onc way it is casy-cnough to see what gocs wrong with
the arrival of sclconsciousness. The very features which we
have found responsible for stability in the unselfconscious
process begin to disappear. . ~

The reaction to failure, once so direct, now becomes less
and less direct. Materials are no longer close to hand. Build-
ings are more permanent, {requent repair and readjustment
less common, than they used to be. Construction is no longer
in the hands of the inhabitants; failures, when they occur,
have to be several times reported and described before the
specialist will recognize them and make some permanent
adjustment. Each of these changes blunts the hair-fine sensi-
tivity of the unsclfconscious process’ response to failure; so
that failures now need to be quite considerable hefore they

. will induce correction. oo
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The fiumness of tradition too, dissolves. The resistance to
williul change weakens, and change for its own sake bccomg*s
acceptable. Tnstead of forms being held constant in all'rc-
spects but one, so that correction can be immediately cifective,
the interplay of simultancous changes is now qncontrollcd.
To put it playfully, the viscosity which brought the unse]f-
conscious process to.gest.when there wegg no failures left, is

thinned by the high temperatere-efiséleonsciousness. And as .

a result the system’s drive to equilibrium is no longer irreversi-
ble; any equilibtium the system finds will not now be sus-
tained; those aspects of the process whu.h Lould sustain it
have dropped away. ;

In any case, the culture that once was slow- moving, and
allowed ample time for adaptation, now changes so rapidly
that adaptation cannot keep up with it. No sooner is adjust-
ment of one kind begun than the culture takes a further
turn and forces the adjustment in a new direction. No adjust-
ment is cver finished. And the essential condition on the
process — that it should in fact have time to reach its-equi-
librium — is violated.

'This has all :;étu:\lly happened. In our own civilization,
the process of adaptation and sclection which we have seen
at work in unsclfconscious cultures has plainly disappeared.
But that is not ih itself enough to account for the fact that the
sclfconscious cilture does. nof, manage to produce clearly
organized, well-fitting forms inft&own way Though we may
easily be right in putting our present unsuccess down to our
sclfconsciousness, we must find out just what it is about
sclfconscious form-production that causes trouble. The pa-
thology of the scliconscious culture is puzzling in its own
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right, and is not to be explained simply by the passing of
the unsclfconscious process.

T do not wish to imply here that there is any unique process
of development that makes selfconscious culiures out of un-
sclfconscious ones. Let us remember anyway that the dis-
tinction between the two is artificial. And, besides, the facts
of history suggest that the development from one to the other
can happen in rather different ways.! From the point of view
of my present argument it is immaterial how the development
occurs. All that matters, actually, is that sooncr or later the
phenomenon of the master craftsman takes control of the
form-making activities. o

One example, of an carly kind, of developing selfcon-
sciousness is found in Samoa. Although _ordinary Samoan
houses are built by their inhabitants-to-be, custom demands
that guest houses be built cwcluswely by carpenters.? Since
these carpenters need to find clients, they are in business as
artists; and they begin to make personal innovations and
changes for no reason except that prospective clients will
judge their work for its inventiveness.?

The form-maker’s assertion of his individuality is an im-
portant feature of sclfconsciousness. Think of the willful
forms of our own iimelight-bound architects. The individuai,
since his livelihood depends on the reputation he achieves,
Is anxious to distinguish himself from his fellow architects,
to make innovations, and to be a star.t

The development of architectural individualism is the clear-
est manifestation of the moment when architecture first turns
into a selfconscious discipline. And the selfconscious archi-
tect’s individualism is not entirely willful either. It is a natural
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consequence of a man’s decision to devote his life exclusively
to the one activity called “architecture.”® Clearly it is at
this stage too that the activity first becomes ripe for scrious
thought and theory. Then, with architecture once established
as a discipline, and the individual architect established, entire
institutions are soon devoted exclusively to the study and
devclopment of design. The academies arc formed. As the
academies develop, the unformulated precepts of tradition
give way to clearly formulated concepts whose very formula-
tion invites criticism and debate.$ Question leads to unrest,
architectural freedom to further sclfconscibusncss, until it
turns out that (for the moment anyway) the form-maker’s
frcedom has been dearly bought. For the discovery of archi-
tecture as an independent discipline costs the form-making
process many fundamental changes. Indeed, in the sense I
shall now try to describe, architecture did actually f'\'l from
the very moment of its inception. With the invention of a
teachable discipline called “architecture,” the old process of
making form was adulterated and its chances of success de-
stroyed.

The source of this trouble lies with the individial. In the
unsclfconscious system the individual is no more than an
agent.” He does what he knows how to do as best he can.
Very little demand is made of him. He nced not himself be
able to invent forms at all. All that is requiredsis that he
should recognize misfits and-respand._ to.dism by making
minor changes. It is not evén necessary that thcse chanocs
be for the better. As we have scen, the system, being self-

adjusting, finds its own cthbnum——provxdcd only that

misfit incites some reaction in the craftsman. The forms pro-
duced in such a system are not the work of individuals, and

s8

their success does not depend on any one man’s artistry, but
only on the artist’s place within the process.®

The sclfconscious process is different. The artist’s self-
conscious recognition of his individuality has deep cffect on
the process of form-making. Each form is now secn as the
work of a single man, and its success is his achicvement only.

Selfconsciousness brings with it the desire to Lreak loose, the

~taste for-individual expression, the escape from tradition and

taboo, the will to scl-deotermination. But the wildness of the
desire is tempered by man’s limited invention. To achicveina
few hours at the drawing board what once took ceaturics of
adaptation and development, to invent a form suddenly which
clearly fits its context — the extent of the invention neces- -
sary is beyond the average designer. - :

A man who sets out to achieve-this adaptation in a single
leap is not unlike the child who shakes his glass-topped puzzle
fretfully, expecting at one shake to arrange the bits inside
correctly.? The designer’s attempt is hardly random as the
child’s is; but the difficultics arc the same. Ilis chances of
success are small because the number of factors which must fall
simultaneously inlo place is so enormous.

Now, in a scnse, the limited capacity of the individual
designer makes further treatment of the failure of sclfcon-
sciousness superfluous. If the selfconscious culture relies on
the individual to produce its forms, and the individual isn’t
up to 1tr=thcre scems nothing more to, say But it is not so
simple.’ “Plte tndividual is not mercly W eak. The moment he
becomes aware of his own weakness in the face of the enormous

e

challenge of a niew design problem, he takes steps to overcome

his weakness; and strangely cnough these steps themselves
exert a very positive bad influence on the way he develops
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forms. In fact, we shall see that the scliconscious system’s
lack of suceess really doesn’t e so much in the mdnulu:\l s
lack of capacity as in the kind of ¢7orts he makes, when he is
sclfeonscious, to overcome this incapacity.

Let us look again at just what kind of difiiculty the de-
signer faces. Take, for examplezahe design of a simple kettle.

He has to invent a kett¥e weHich fits the context of its use. It
" must not be too small. It must zot be hard to pick up when
it is hot. [t must not be easy to let go of by mistake. It must
not be hard to store in the kitchen. It must not be hard to
get the water out of. It must pour cleanly. It must not let
the water in it cool too quickly. The material it is made of
must not cost too much. It must be able to withstand the
temperature of boiling water. It must not be too hard to
clean on the outside. It must not be a \hape which is too hard
to machine. Tt must not be a shape which is unsuitable for
whatever reasonably priced metal it is made of. It must not
be too hard to assemble, since, this costs man-hours of labor.
It must not corrode in steamy thchens. Its inside must not
be too difficult to keep free of scale. It must not be hard to
fill with water. [t must not be uncconomical to heat small
quantities of water in, when it is not full. It must not appeal
to such a minority that it cannot be manufactured in an
appropriate way because of its small demand. It must not
be so tricky to hold that accidents occur when children or
invalids try to use it. It must not be able to boil dry and
burn out without warning. It must not be unstable on the
stove while it is boiling.

I have deliberately filled a page with the list of these
twenty-one detailed requirements or misfit variables so as to

6o

bring home the amorphous nature of design problams as they
present themselves to the designer. Naturally the deeign of a
complex object like a motor car is much more difficult and
requires a much longer list. It is hardly nccessary to speculate
as to the length and apparent disorder of a list which could
adequatcly define the problem of designing a comnplete urban
cnvironment.

How is a designer to deal with this highly amorphous and- )
diffuse condition of the problem as it confronts him? What
would any of us do?

Since we cannot refer to the list-in full cach time we think
about the problem, we invent a shorthand notation. We
classify the items, and then think about the names of the
classes: since there are fewer of these, we can think about
them much more casily. To put it in the language of psy-
chology, there are limits on the number of distinct concepts
which we can manipulate cognitively at any une time, and
we are therefore forced, if we wish to get a view of the whole
problem, to re-cncode these items.!® Thus, in the case of the
kettle, we might think about the class of requirements gen-
erated by the process of the kettle’s manufacture, its capacity,
its safety requirements, the economics of heating water, and
its good looks. Each of these concepts is a gencral name for
a number of the specific requirements. If we_were in a very
great hurry (or for some reason wanted to simplify the

7 groblem even further), we might even classify these concepts

in turn, and deal with the problem simply in terms of (1) its
function and (2) its cconomics. In this case we would have
erected a four-level hierarchy like that in the diagram on the
next page.

By erecting such a hierarchy of concepts for himself, the
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designer is, after all; able to face the problem all at once.
He achieves a lpowcr[ul cconomy of thought, and can by this
means thread his way through far more difficult problems
than he could cope with otherwise. If hierarchies seem less
common in practice than I scem to suggest, we have only to
look at the contents of any engincering manual or architects’
catalogue; the hicrarchy of chapter headings and subheadings
is organized the way it is, precisely for cognitive convenience.!t
To help himself overcome the difficultics of complexity,
the designer tries to organize his problem. He classifies jts
various aspects, thereby gives it shape, and makes it easier to
" handle. What, bothers him is not only the difficulty of the
problem cither. The constant burden of decision which he
“comes across, once freed from tradition, is a tiring one. So
he avoids it where he can by using rules (or general principles),
which he formulates in terms of his invented concepts. These
principles are at the root of all so-called “theories” of archi-
tectural design.'? They are prescriptions which relieve the
burden of sclfconsciousness and of too much responsibility.
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It is rash, perhaps, to call the invention of cither concepts
or prescriptions a conscious attempt to simplify problems. In
practice they unfold as the natural cutcome of critical dis-
cussion about design. In other words, the gencration of verbal
concepts and rules need not only be scen abstractly as the
supposed result of the individual’s predicament, but may be
observed wherever the kind of formal education we have

,called selfconscious occurs.

A novice in the unscliconscious situation learns by bcmg
put right whencver he goes wrong. “No, not that way, this
way.” No attempt is made to formulate abstractly just what
the right way involves. The right way is the residue when all
the wrong ways are cradicated. But in an intellectual atmos- -
phere {rce from the inhibition of tradition, the picture changes.
The moment the student is free to question what he is told,

.and value is put on explanation, it becomes important to

decide why “this” is the right way rather than “that,” and
to look for gencral rcasons. Attempts are made to aggicgate

. the specific failures and successes which occur, into principles.

And cach such general principle now takes the place of many
scparate and specific admonitions. It tells us to avoid this
kind of form, perhaps, or praises that' kind. With failure and
success defined, the training of the architect develops rapidly.
The huge list of specific misfits which can occur, too complex
for the student to absorb abstractly and for that reason usu-
ally to be grasped only through direct experience, as it is
in the unselfconscious culture, can now be learned — because
it has been given form. The misfit variables are patterned
into catcgories like “cconomics” or “acoustics.” And con-
densed, like this, they can be taught, discussed, and criticized.
It is this point, where these concept-determined principles
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itself.

L shall now try to diaw atteantion to the peculiar and dain-
aging wihitnainess of the conccpts which are imvented. Let

u

s remtember that the system of interdependent equirements
or misfit varlables adtive in the unszelfeoisdious ensemble is
still present undeinesth the surface.

Suppose, as befoe, we,pictwie the <ystem cudely by
drawing a link between every pair of interdependent require-
ments: we et something that looks like this.

As we have seen bodore, the vaiiables of such a system can
be adjusted to weet the specified conditions in a reasonable
time only if its subs: <tams are adjusted independently of one
another. .\ subsy -tom, roughly speaking, is one of the obvious
components of *he system, like the parts shown with a circle
round them. I we try to adjust a set of variables which does
not constitute a sul-system,. the repercussions of the adjust-
ment affect others outside the sct, because the set is not suf-
ficiently independent. What we saw in Chapter 4, cffectively,
was that the procedure of the unsclfconscious system is so
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organized that adjustment can take place in cach one of these
subsystems independently. This is the reson for its success.

Tn the sellconscious situation, on the other hand, the de-
signer is faced with all the vaiiables simultancously. Yet we
know from the simple computation on page 19 that if he tries
to manipulate them all at once he will not manage to find a
well-fitting form in any reasonable time. When he himself
scnses this difficulty, he tries to break the problem down, and
so invents concepts to help himself decide which subscts of
requirements to deal with independently. Now what ave these
concepts, in terms of the system of variables? Each concept
identifies a certain collection of the variables. ““Economics”
identifics one part of the system, “safety” another, “acous-
tics”’ another, and so on. ) .

My contention is this. These concepts will not help the
designer in finding a well-adapted solution unless they happen
to correspond to the system’s subsystems. But since the con-
cepts are on the whole the result of arbitrary historical acci-
dents, there is no reason to expect that they will in fact
correspond to these subsystems. They are just as likely to
identify any other parts of the system, like this:
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Of cour<e this demonstiates only that concepts can casily
be arbitrary. It dees not show that the concepts used in
practice actually are <o. Tndeed, clearly, their arbitrariness
can only be established for individual and specific cases. De-
tailed analysis of the problem of designing urban family
!’musc's, for instance, has shown that the usually accepted
functional categories like acoustics, circulation, and accom-
nodation are inappropriate for this problem.”® Similarly, the
principle of the “neighborhood,” one of the old chestnuts of
city-planning theory, has been shown to be an inadequate
juuelwtnl component of the residential planning problem.™* But
since such demonstrations can only be made for special cases,
k¢t us examine a more general, rather plausible reason for
believing that such verbal concepts always will be of this
. arbitrary kind.

» Every concept can be defined and understood in two com-
plementary ways. We may think of it as the name of a class
of objects or subsidiary concepts; or we may think of what it
means. We define a concept in extension when we specify all
the clements of the class it refers to. And we define a concept
.z'n infension when we try to explain its meaning analytically
In terms of other concepts at the same level .18

66

cer—

For the «alie of voiwenent T have jret Veoa ticating terms
like “acoustics” a~ class names, as 4 collective way of talking
about a number of meae spedfic requirements, ‘the “neigh-
borhood,” too, though less abstract and more physical, is still
a concept which summarizes mentally all those specific re-
guircments, like piimary schooling, pedestrian safety, and
community, which a physical neighborhood is -upposed to
meet. In other words, cach of the concepts “acoustics” and
“neighborhood” 1s a vaiiable whose value exten<ion is the
same as that given by the conjunction of all the value ex-
tensions of the specific acoustic variables, or the specific com-
munity-living variables, respectively.!® This eatensional view
of the concept is convenient for the sake of mathemnatical
clarity. But in piactice, as a rule, concepts are not gencrated
or defined in extension; they are generated in intension. That
is, we fit new concepts into the pattern of everyday language
by relating their meanings to those of other words at present
available in English.

Yet this part played by language in the invention of new
concepts, though very important from the point of view of
communication and understanding, is almost cntirely irrele-
vant {rom the point of view of a problem’s structure.’” The
demand that a new concept be definable and comprehensible
is important from the point of view of teaching and sclf-
conscious design. Take the concept “safety,” for example. Its
existence as a common word is convenient and helps hammer
home the very general importance of keeping designs danger-
free. But it is used in the statement of such dissimilar problems
as the design of a tea kettle and the design of a highway
interchange. As far as its meaning is concerned it is relevant
to Loth. But as far as the individual structure of the two
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problems gees. it <cems unlitely that

sueces{ully ddentify a prindipal comy

the one word should
1

il .
onent subsystem in

cach of these two very dissimilar pmblcm\ Unfortunately,

Hthouch every problem has its own str
neny

ucturc. and there are

different problems, the words \\c have available to

describe the componants of these prol)]cms are generated by

forcesin the language. not by the probler
rather limited in number and cannot «
few cases correctly.18

s, and are therefore
cscribe more than a

Take the simple problem of the l\cttle I have listed 21 re-

cquirements which must take values wi

in an acceptably designed kettle. Giv

}
thin specified limits

en a sct of 1 things,
there are 2* different subsets of thesel

things. This mecans

that there are 2% distinct subsets of variables any one of

which may possibly be an important componcnt subsystem

of the kettle problem. To name cach of these components

alone we should already need more tha
words —— more than there are in the Eng

A designer may object that his thinki
as [ have implied, and that, instead of u
he prepares himsclf for a complicated
diagrams of its various

|'n a million diffcrent

ish language.

g is never as verbal
sing verbal concepts,
broblem by making

aspects. This is true. Let us remember,

however, just what things a designer tries to diagram. Physi-

cal concepts like “neighborhood?” or

circulation pattern”

have no more universal validity than verbal concepts. They

are still bound by the conceptual habits

of the draftsman. A

ty pical sequence of diagrams which prcccdc an architectural

|
problem will include a circulation (hagram a diagram of

acoustics, a diagram of the load-bearing
of sun and wind perhaps, a diagram of

structurc a diagram
,the social neighbor-
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hoods. T maintain that these diagrams ar‘lc used only because
|
i
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the pninciples which define then =ctics, drenlidion,

weather, neighboithood  happon to Ve part of eneont archi-
tectural usage, not because they Lear a wdlbnndastood
fundamental relation to any particular problem being in-
vestigated.t?

As it stands, the selfconscious design procedure provides
no structural correspondence between the problaa and the
means devised for solving it. The compleaity of the problem
is> never fully disentangled, and the foims produccd not only
fail to meet their spedifications as fully as they shonld, but
also lack the formal clarity which they would have if the
organization of the problem they are fitted to were hcltcr
understood.

Tt is perhaps worth adding, as a footnote, a slightly different
angle on the same difficulty. The arbitrariness of the c\isting
veibal concepts is not their only disadvantage, for once they
are invented, verbal concepts have a further ill-ciTect on us.
We lose the ability to modify them. In the unsclfconscious
situation the action of culture on forin is a very subtle busi-
ness, made up of many minute concrete influences. But once
these concrete influences are represented symbolically in
verbal terms, and these symbolic representations or names
subsumed under larger and still more abstract categories to
make them amenable to thought, they begin sciiously to im-
pair our ability to sce beyond them.?

Where a number of issues are being taken into account
in a design decision, inevitably the ones which can be most
clearly expressed carry the greatest weight, and are best re-
flected in the form. Other factors, important too but less well
expressed, are not so well reflected. Caught in a net of lan-
guage of our own invention, we overestimate the language’s
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nupattiabity, Pach coneept, at the time of its inyention no more
than a vondive way of rasping many issues, quickly hecomes
a precept e take the step from deseription to eiitaion too
castly, <o that what is at fist a useful tool becomes a bigoted
prevceupation,

the Roman bias toward functionalism and engineering did
net reach it peak until after Vittuvius had formulated the
fusctionalist doctiine® The Parthenon could only have been
créiated during a time of preoccupation with acsthétic problems,
aiter the calier Greek invention of the concept “beauty.”
Lngland’s nineteenth century low-cost slums were conceived
only after monctary values had eaplicitly been given great
importance through the concept “cconomics,” invented not
long before.® \

In this fashion the selfconscious individual’s grasp of prob-
lems 13 constantly misled. ITis concepts and categorics, be-
sides being arbitiary and unsuitable, are self-perpetuating.
Under the influence of concepts, he not only doces things from
a biased point of view, but secs them biasedly as well. The
corcepts control his pereeption of fit and misfit — until in

the ¢nd he sees nothing but deviations from his conceptual |

dogmas, and loses not only the urge but cven the mental
opportunity to frame his problems more appropriately.

i
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6 / THE PROGRAM

IHere is the problem. We wish to design clearly conceived
forms which aie well adapted to some given context. We
have scen that for this to be feasible, the adaptation must
take place independently within independent subsystems of
variables. In the unsclfconscious situation this occurs auto-
matically, because the individual craftsiman has too little
control over the process to upset the pattern of adaptation
implicit in the cnsemble. Unfortunately this situation no
longer cxists; the -number of variables has increased, the
information confronting us is profuse and confusing. and our
attempts to duplicate the natural organization of the unself-
conscious process sclfconsciously are thwarted. bccause the
very thoughts we have, as we try to help ourselves, distort
the problem and make it too unclear to solve.

The dilemma is simple. As time goes on the designer gets
more and more control over the process of design. But as he
doces so, his cfforts to deal with the increasing cognitive burden
actually make it harder and harder for the real causal struc-
ture of the problem to express itself in this process.

What can we do to overcome this difficulty? On the face
of it, it is hard to sce how any systematic theory can case it
much. There are'certain kinds of problems, like some of those
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that occur in cconomics, checkers, logic, or administration,
which can be clarified and solved mechanically.! They can be
solved mechanically, because they are well cnough under-
stood for us to turn them into selection problems.?

Uo solve a problem by sclection, two things are nccessary.

LIt must be possible to generate a wide cnough range of
possible alternative solutions symbolically.

2. Tt must be possible to xpress all the criteria for solu-
tion in terms of the same symbolism.

Whenever these two conditions are’ met, we may compare
symbolically generated alteinatives with one another by test-
ing them against the criteria, until we find one which is
satisfactory, or the one which is the best. It is at once obvious
that wherever this kind of process is possible, we do not
need to “design” a solution. Tndced, we might almost claim
that a problem only calls for design (in the widest sense of
that word) when sclection cannot be used to solve it. Whether
we accept this or not, the converse anyway is true. Those
problums of creating form that are traditionally called “design
problems”™ all demand invention.

Let us see why this is so. First of all, for physical forms,
we know no gencral symbolic way of gencrating new alterna-
tives — or rather, those alternatives which we can gencrate by

varying the existing types do not exhibit the radically new

organication that solutions to new design problems demand.
[hese can only be created by invention. Sccond, what is per-
haps more important, we do not know how to express the
criteria for success in terms of any symbolic description of a
form. Tn other words, given a new design, there is often no
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mechanical way of telling, purdly from the diawings which
describe it, whether or not it meets its requirements, Lither
we must put the real thing in the actuad woild, and sce
whether it works or not, or we must use our imagination and
experience of the world to predict from the drawings whether
it will work or not. But there is no general sy mbaolic connec-
tion between the requirements and the form’s desciiption
which provide criteria; and so there is no way of testing the
form symbolically.? Third, even if these first two objections
could be overcome somechow, there is a much more conclusive
difficulty. This is the same difficulty, prediscly, that we come
across in trying to construct scicntific hypotheses from a
given body of data. The data alone are not ennugh to define
a hypothesis; the construction of hypotheses demands the
further introduction of principles like simplicity (Occam’s
razor), non-arbitrariness, and clear organization.* The con-
struction of form, too, requires these principles. There is at
present no prospect of introducing these principles mechani-
cally, cither into science or into design. Again, they require
invention. )

Tt is therefore not possible to replace the actions of a trained
designer by mechanically computed decisions. Yet at the
same time the individual designer’s inventive capacity is too
limited for him to solve design problems successfully entirely
by himself. If theory &innot be expected to invent form, how
is it likely to be useful to a designer?

Let us begin by stating rather more explicitly just ‘what

part the designer does play in the process of design. I shall
contrast three possible kinds of design process, schematically.
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context
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form

form
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actual world

actual world
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actual world

mental picture

formal picture of
mental picture

The first scheme repre-ents the unselfcon=cions ituation
described in Chapter 1. Here the process which ~hipes the
form is a complen two-directional interaction Leiween the
context C1 and the form 1, in the world itscif. 11 e human
being is only present as an agent in this process. He reacts to
misfits by changing them; but is unlikely to iinpose any
“designed”’ conception on the form.

‘The second scheme represents the selfconscious situation
described in Chapter 3. Tlere the design process is remote
from the ensemble itself; form is shaped not by intcraction
hetween the actual context’s demands and the actual inade-
quacies of the form, but by a conceptual interaction between
the conceptual picture of the context which the dcsigner has
lcarned and invented, on the one hand, and ideas and dia-
grams and drawings which stand for forms, on the other. This
interaction contains both the probing in which the devigner
scarches the problem for its major “issues,” and the develop-
ment of forms which satis{ly them; but its exact nature is
unclear.® In present design practice, this critical step, during
which the problem is prepared and translated into design,
always depends on some kind of intuition. Though design is
by nature imaginative and intuitive, and we could casily
trust it if the designer’s intuition were reliable, as it is it
inspires very little confidence. )

In the unselfconscio@s process there is no possibility of mis-
construing the situation: nobody makes a picture of the con-
text, so the picture cannot be wrong. But the seliconscious
designer works cntirely from the picture in his mind, and this
picture is almost always wrong.

" The way to improve this is to make a further abstract
picture of our first picture of the problem, which eradicates
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its bias and retains only its abstract structural featues; this
sccondd picture may then be examined according to precisely
defined oparations, in a way not <ubject to the bias of language
and experience.® The third schome in the diagram represents a
third precess, based on the use of such a pictute. The vague
aad unsatisfactory picture of the conteat’s demands, C2,
which first develops in the designer’s mind, is followed by
this mathematical picture, €3 Similarly, but in reverse, the
design 172 is preceded by an orderly complex of diagrams
I3. The deiivation of these diagrams T3 from C3, though
still intuitive, may be clearly understood. The form is actu-
ally shaped now by a process at the third level, remote from
C2 or I2. It is out in the open, and therefore under control.

This third picture, C3, is built out of mathematical entities
called “*sets.” A set, just as its name suggests, is any collection
of things whatever, without regard to common propertics, and
has no internal structure until it is given one.” A collection of
riddles in a book forms a set, a lemon and an orange and an
apple form a set of three fr‘uits, a collection of relationships like
fathcerhood, motherhood, brotherhood, sisterhood, forms a set
(in this case a set of four clements). ‘The clements of a set can
be as abstract or as concrete as you like. It must only be
possible to identify them uniquely, and to distinguish them
from one another.8

The principal ideas of set theory are these:

L An clement x of a set S, is said to belong to that set.
This is written z€S. A sct is uniquely defined by

~identifying its clements.

2. One sct 8y is said to be a subset of another set Sy, if
and only if every clement of S, belongs to Sa. This
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is written Sy < Sa. 1.5, also contains (demarts which
are not clunents of Sy, so that Se is “larser™ than Sy,
then Sy is called a proper subsct of S, and we write
5 C 8.

3. The union of two sets S and S, is the =t of those
clements which Lelong to cither Sy or S, (or Loth, in
the case where Sy and S, have clements in common).
We write it as S} U S..

4. The intersection of two sets. Sy and S- is the set of those
clements which belong to both S and Sa. We wiite it
SiMNS.. 1f S, and S, have no clements in common,
this intersection is empty, and we call the scts dlisjoint.

Let us be specific about the use of set theory to picture
design problems. We already know, from Chapter 2, what the
designer’s conception of a problem looks like. The pioblem
presents itself as a task of avoiding a number of ~pecific po-
tential misfits between the form and some given conteat. Let
us suppose that there are m such misfit variables: 1 -« - .
These misfit variables form a set. We call the sct of these
m misfits M, so that we may write x, € M (for all ¢, ¢ =
1---m).° R

The great power and beauty of the set, as an analytical tool
for design problems, is that its elements can be as various as
they need be, and do not have to be restricted. only to require-
ments which can be expressed in quattifiable form. Thus in
the design of a house, the set M may contain the need for
individual <olitude, the nced for rapid construction, the nced
for family comfort, the need for easy maintenance, as well as
such casily quantifiable requirements as the need for low
capital cost and cfliciency of operation. Indeed, M m'ay con-
tain any requircment at all,
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These 1equitements aie the individual conditions which
must be met at the form context boundary, in order to prevent
misit. The feld stiucture of this form-context bounday, in
so faras the designer is aware of it, is also not hard to desaiibe.
He knows that some of the misfits interfere with one another,
as he tiies to solve them, or conflict; that others have common
physical implications, or concur; and that still others do not
interact at all. It is the presence and absence of these inter-
actions which give the set 3/ the system chaiacter already
referred to in Chapters 3, t, and 3.1 We represent the inter-
actions by associating with 3f a second set L, of non-directed,
igned, one-dimensional clements called links, where cach link
oins two clements of 31, and contains no other clements of M.
As we shall see in Chapter 8, the links bear a negative sign
if they indicate conflict, and a positive sign if they indicate
concurrence, and may also be weighted to indicate strength
of interaction.

j

The two sets A and I together define a structure known

as a linear graph or topolegical 1-complex, which we shall refes

to as G(L,12), or simply G for short.”" A typical graph is shown
below. Such a graph scives as a picture of a designer’s view of

8o

some specific problem. Tt is a fairly good pictire, in the o<e
that its constituents, the sets M oand L, are nvialable to Lon
introspectively without too much trouble: al-o bLecause it
keeps our attention, ncatly and abstractly. on the fact that the
set of misfits has a structure, or, as we called it in Chapter 2,

a ficld.1?

We must now eaplore the structure of thiz ficld. The most
important and most obvious structural chericteri-tic of any
complex entity is its articulation — that is. the relative density
or grouping and clusteiing of its component clerrcnts, We will
be able to make this precise by means of the concept of a
decomposition.

Informally, a decomposition of a set 1f into its subsidiary
or s\ilbsystcm sets is a hierarchical nesting of sets within sets,
as is shown in the first of the two diagrams that {ollow. A more
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usual diagram, which brings out the treclike character of the
decomposition, is shown below. Tt refers to precisely the same
stiwcture as the other. Fach element of the decomposition is

a sabset of those sets above it in the hicrarchy.

&
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Formally I define a decomposition of a set of misfits Af as
a tree (or partly ordered set) of sets in which a relation of
immediate subordination is defined as follows, and in which
the following further conditions hold: !

A set Sy is immediately subordinate to another set S; if and
only if S, properly includes Sy (S; C S2), and the tree contains
no further set S; such that §,C S;C S.. TFurther, the tree
must satisfy the following four conditions:

1. If S, and §, are two immediate subordinates of a set
S, then S;N S, = 0.
2. Every set which has immediate subordinate sets is the
union of all these sets.
3. There is just one set which is the immediate sub-
~ordinate of no other set. This is the sct M.
1. There are just m scts which have no immediate sub-
ordinates. These are the one-clement sets, each of
which contains one element of M.
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As it stands, such a decomposition decals only with the
sct A, L, the sct of links, plays no part in it. But it is casy to
sce that the existence of these links makes sume of the possible
decompositions very much more sensible than others. Any
graph of the type G(3,I) tends to pull the cluments of M
together in natural clusters. Our task in the next chapters is
to make this precise, and to decide which decomposition of
M makes the most sense, once we have a given set I associated
with it. Each subset of the sct 3 which appears in the tree
will then define a subproblem of the problem /. Tach sub-
problem will have its own integrity, and be indipendent of

the other subproblems, so that it can be solved independently.

Tt is very possible, and even likely, that the way the designer
initially sces the problem already hinges on a conc'%"ptual
hictarchy not too much unlike a decomposition in general
outline.” In trying to show that the links of L favor a par-
ticular decomposition, T shall really be trying to show that
for cvery problem there is one decomposition which is espe-
cially proper to it, and that this is usually different from the
onc in the designer’s head. For this rcason we shall refer to
this special decomposition ‘as the program for the problem
represented by G(M,L). We call it a program because it pro-
vides directions or instructions to the designer, as to which
subsets of M are its significant “pieces,” and so which major
aspects of the problem he should apply himself to. This
program is a rcorganization of the way the designer thinks
about the problem.!s
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7/ 'HE REALIZATION OF TIHE PROGRAM

Uindiag the right design program for a given problem is the
first phase of the design process. Tt is, if we like, the analytical
phase of the process. This first phase of the process must of
course be followcd by the synthetic phase. in which a form is
detived from the program. We shall call this synthetic phase
the realization of the program. Although these notes are given
principally to the analytical phase of the process, and to the
invention of programs which can make the synthesis of form
a reasonable task, we must now spend a little time thinking
about the way this synthesis or realization will work. Until
we do so, we cannot know how to develop the details of the
program.

The starting point of analysis is the requirement. The end
product of analysis is a program, which is a trce of sets of
rcquirements. The starting point of synthesis is the diagram.
The end product of synthesis is the realization of the problem,
which is a tree of diagrams. The program is made by de-
compn-ing a set of requircments into successively smaller
subzets. The realization is made by making small diagrams
and pulting them together as the program directs, to get
more and more complex diagrams. To achieve this we must
learn to match each set of requirements in the program with
a curresponding diagram,
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The invention of diagrams is familiar to cvery designer.
Any pattern which, by being abetracted from a rcal <ituation,
conveys the physical influence of certain demands ar forces
is a diagram.

The famous stroboscopic photograph of the splash of a milk
drop is, for certain purposes, a diagram of the way the forces
go at the moment of impact. Tf you wunt to <tudy these
forces, this photograph, by abstracting their Jiniicdiate physi-
cal consequences from the confusion of what you u-ually sce
when a milk drop falls, tells you a great deal about them.?

Le Corbusier’s ville radicuse is a diagram, which cipresses
the physical consequences of two very simple basic reruire-
ments: that people should be housed at high overell density,
and that they should yet all have equal and maximum access
to sunlight and air.?

The sphere is a diagram. Tt expresses, among other things,
the physical implications of the nced to enclose as large a
volume as possible within as small a surface as possible. It also
eapresses the implication of the requirement that a number of
things be cquidistant from a single point.*

The texture of bathers on a crowded bathing beach is a

diagram. The evenness of the texture tells you that there are
forces tending to place family groups as far as possible (and
hence at equal distances) from one another, instead of allowing
+ _ them to place themselves randomly.
" Anarrow is a diagram, of course, which conveys direction.
Many flow problems contain requirements which can he sum-
marized by means of arrows.® Very occasionally the form
called for turns out to be physically arrow-shaped itself; like
-the case where the acrodynamic needs of a fast acroplane are
cmbodied in a swept-wing design. .
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Kekulé's representation of the benzene molecule (as atoms,
with Hnear bonds between them) is again a diagram. Given
the valeney forces represented by the bonds, the diagram
capresses the physical wirangement of the atoms, relative to
one another, which is thought to result from the inter action
of these valencies.®

Van Doesburg’s “de Stijl”” drawings, though made for other
rca'_s;ns, could be interpreted as diagrams which present the
rectilinear consequences of the nced for machine tools and
rapid prefabricated assembly.?

‘The engineer’s preliminary sketch for a bridge structure is a
diagram. After making the initial calculations, the engincer
diaws some pencil lines to show himself roughly how the
bridge's major members might go under the influence of grav-
ity, the given required span, the maximum tensile strength of
available steel, and so on.8

We notice that these diagrams may have either or both
of two distinct qualities, not always equally emphasized. On
the one hand they may summarize aspects of a physical struc-
ture, by presenting one of the constituent patteins of its
oré.mization (as the photograph of the milk splash does, or
the drawings for the wville radicuse). Although we can often
infer a great deal about the demands responsible for the
pdrtlcuhr pattern such a diagram exhibits, it remains prin-
c11mll) a description of formal characteristics. We shall call
such a diagram a form diagram. On the other hand, the
diagram may be intended to summarize a set of functional
properties or constiaints, like the arrow, or the population
density map. This kind of diagram is principally a notation
for the problem, rather than for the form. We shall call such
a diagram a requirement diagram,
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T.et us consider extreme examples of a requirement dingram
and a form diagram for a simple object. The mathamatical
statement /7 = ko? expresses the fact that under cortain condi-
tions the encergy lost by a moving objcct because of friction
depends on the square of its velocity. Jn the design of a
racing car, it is obviously important to icduce this cffect
as far as possible; and in this sense the mathematical statement
is a requirement diagram. At the other extreme, a water-
color perspective view of a racing car is also a diagram. Tt
summarizes certain physical aspects of the car’s organization,
and is therefore a legitimate form diagram. Yet clearly neither
the cquation nor the water color is very useful as such, in the
search for form. To be uscful, the equation nceds to be in-~
terpreted, so that one can understand its physical conse-
quences. Similarly the drawing nceds to be drawn in such a
way that the functional consequences of the car’s shape are
clearly comprehensible. Let us put this another way. .\ itequire-
ment diagram bcecomes useful only if it contains physical
implications, that is, if it has the clements of a form diagram
in it. A form diagram becomes useful only if its functional
consecqquences are foresceable, that is, if it has the claments of
a requirement diagram in it. A diagram which expresses re-
quirements alone or form alone is no help in effecting the
translation of requirements into form, and will not play any
constructive pait in the scarch for form. We shall call a
diagram constructive if and only if it is both at once — if and
only if it is a requircment diagram and a form diagram at
the same time. Let us consider an example. ?

Suppose that two strects of an existing town center are to
be widened at and around their point of intersection, to
lessen congestion. Suppose further that the only requirement
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is that today™s traflic can flow without congestion. The re-
quirement diagram, therefore, consists basically of information
about how much traliic flows in various ditections at different

times of day. [t is possible to present this information in a

nonconstiuctive diagram by simply tabulating the flow nu-.

merically for cach of the twelve possible paths, for different
times of day. Tt is also possible, however, to present this

same information in the condensed graphic foum shown below.
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Iere we have a street map with ariows of various widths
on it, representing the number of vehicles per hour flowing in
various directions at peak hours. In this form the diagram
indicates directly what form the new intersection must take.
Clearly a thick arrow requires a wide street, so that the overall
pattern called for emerges directly from the diagram.® It is
Loth a requirement diagram and a form diagram. This diagram
is a constructive one.

The constructive diagram is the bridge between require-
ments and form. But its great beauty is that it goes deeper
still. The same duality between requirement and form which
the constructive diagram is able to capress and unify also

88

appears at a second level: the duality is it<df charicteristic of
our knowledge of form,.

Every form can be desaribed in two ways: frain the point
of view of what it is, and from the point of vicw of what it
does. What it is is somctimes called the formal le-cription,
What it does, when it is put in contact with other things, is
somctimes called the functional description.

Ifere are some formal descriptions. A raincoat is three feet
long, made of polythene 3 mm thick, its slecves cut in such
and such a way, and so on. A salt crystal is a culyical arrange-
ment of alternating sodium and chloride ions. .\ human Lody
contains a heart, of such and such a size, in this position in
the chest, a pair of kidneys rather lower and further back;
and so on again. These descriptions specify size, position,
pattern, material.

The corresponding functional descriptions tell vou what
happens when these objects are put in various contoats in the
woild. The raincoat is impervious to rain, and melts when
heated. The salt crystal is transparent, conducts clectricity
slightly, dissolves in water but not in oil, shattcrs when hit
hard with a hammer, and so on. The heart beats faster at
high altitudes, the kidneys work when the body is fed.

In many of these cases we should find it hard to relate the
two descriptions to one another, because we do not under-
stand the objects thoroughly enough, and do not know, say,
how the arrangement of atoms in a crystal relates to the
solubility of the crystal in different solutes. However, for
some very simple objects, there is virtually no rift between
formal and functional descriptions. Take a scap hubble for
instance, or a soap film on a wire frame. The behavior of
soap films is so thoroughly understood that we know the
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functional propeities of any given physical arrangement, and
we Lnow what shapes and sizes of bubbles diffeient external
conditions lead 0.1 In this case, the formal desaiptions and
the functional desciiptions are just different ways of saying
the same things; we can say, if we like, that we have a un'iﬁcd
deseription of a soap bubble. This unificd description is the
abstract equivalent of a constructive diagram.

It is the aim of science to give such a unified description
for every object and phenomenon we know. The task of
chemistiy (and it has been remarkably successfil in this) is
to relate functional and formal descriptions of chemical com-
pounds to onc another, so that we can go backwards and
forwards between the two, without loss in understanding. The
task of physiology has been to relate the functional behavior
of the body to the organs we observe in anatomy. Again, it
has been reasonably successful, B

The solution of a design problem is really only another
effort to find a unified description. The search for realization
through constiuctive diagrams is an effort to understand the
required form so fully that there is no longer a rift between its
functional specification and the shape it takes.!

In other words, a constructive diagram, if it is a good one,
actually cortiibutes to our understanding of the functional
specification which calls it into heing.

We have already scen, in Chapter 2, that the designer never
really understands the context fully. He may know, piece-
mcal, what the context demands of the form. But he does
not sce the context as a single pattern — a unitary field of
forces. If he is a good designer the form he invents will pene-

.1rulc the problem so dceply that it not only solves it but
lluminates it.
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A well-designed house not only fits its content wcll but also
illuminates the problem of just what the conteat is, and
thereby dlarifies the life which it accommodites. Thus Le
Corbusicr's invention of new house forms in the 1920 really
represented part of the modern attempt to undcerstand the
twenticth century’s new way of life.!?

The airfoil wing scction which allows airplancs to fly was
invented at a time when it had just been “proved” that no
machine heayvicr than air could fly. Its acrodynamic propertics
were not understood until some time after it had been in use.
Indeed the invention and use of the airfoil made a substantial
contribution to the development of acrodynamic theory, 1ather
than vice versa.® :

At the time of its invention the geodesic dome could not be
calculated on the basis of the structural calculations then in
use. Its invention not only solved a specific problum, but
drew attention to a different way of thinking about load-
bearing structures.™

In all these cases, the invention is based on a hunch which
actually makes it casier to understand the problem. Like
such a hunch, a constructive diagram will often precede the
precise knowledge which could prescribe its shape on rational
grounds,

Tt is therefore quite reasonable to think of the realization
as a way of probing the context’s nature, beyond the program
but parallel to it. This is borne out, perhaps, by the recent
tendency among designers to think of their designs as hy-
potheses.!? Each constructive diagram is a tentative assump-
tion about the nature of the context. Like a hypothesis, it
relates an unclear set of forces to one another conceptually;
like a hypothesis, it is usually improved by clarity and
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functional properties of any given phys<ical arrangement, and
we hnow what shapes and sizes of bubbles ditferent external
conditions lead to.!® In this case, the formal descriptions and
the functional deseriptions are just different ways of é'lying
the same things; we can say, if we like, that we have a unified
description of a soap hubblc. This unified description is the
abstract equivalent of a constructive diagram.

It is the aim of science to give such a unified description
for every object and phenomenon we know. The task of
chemistiy (and it has been remarkably successful in this) is
to relate functional and formal descriptions of chemical com-
pounds to one another, so that we can go backwards and
forv.ards between the two, without loss in understanding. The
task of physiology has been to relate the functional behavior
of the body to the organs we obscrve in anatomy. Again, it
has been reasonably successful, -

"l‘hc solution of a design problem is really only another
cffort to find a unified description. The search for realization
threugh constructive diagrams is an effort to understand the
required form so fully that there is no longer a rift between its
functional specification and the shape it takes.?

In other words, a constructive diagram, if it is a good one,
actually contributes to our -understanding of the functional
specification which calls it into being.

We have already scen, in Chapter 2, that the designer never
really understands the context fully. He may know, piece-
mea), what the context demands of the form. But he does
not sce the context as a single pattern — a unitary field of
forces. 1f he is a good designer the form he invents will pene-

.U':ll(: the problem so deeply that it not only solves it but
illuminates it,
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A well-designed house not only fits its contend v At but also
iluminates the problem of just what the conteat is, and
thereby clarifies the life which it accominodates. Thus Le
Corbusicr’s invention of new house forms in the 1920%s really
represented part of the modern attempt to understand the
twentieth century’s new way of life.'? -

The airfoil wing scction which allows (urpldncamg fly was
invented at a time when it had just been “prov «®’ that no
machine heavier than air could fly. [ts acrodynamic propertics
were not understood until some time after it had Leen in use.
Indeed the invention and use of the airfoil made a sub-tantial
contribution to the development of acrodynamic theory, tather
than vice versa.®

At the time of its invention the geodesic dome could not be
calculated on the basis of the structural calculations then in
use. Its invention not only solved a spccific problem, but
drew attention to a different way of thinking about load-
bearing structures.™

In all these cases, the invention is based on a hunch which
actually makes it easier to understand the problem. Like
such a hunch, a constractive diagram will often precede the
precise knowledge which could prescribe its shape on rational
grounds.

It is therefore quite reasonable to think of the realization
as a way of probing tlf context’s nature, beyond the program
but parallel to it. This is borne out, perhaps, by the recent
tendency among designers to think of their designs as hy-
potheses.' Each constructive diagram is a tentative assump-
tion about the nature of the context, Like a hypothesis, it
relates an unclear set of forces to one another c.onccplually;
like a hypothesis, it is usually improved by clarity and
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cconomy of notation.'® Tike a hypothesis, it cannot be ob-
tained by deductive methods, but only by abstraction and
invention. Like a hy pothesis, it is rejected when'a discicpancy
tuns up and shows that it fails to account for some new force
in the context.

The constivctive diagram can describe the context, and
it can desciibe the form. Tt offers us a way of probing the
context, and a way of searching for form. Because it manages
to do both simultancously, it offers us a bridge between
requirements and form, and therefore is a most important
tool in the process of design.

In all design tasks the designer has to translate sets of
requirements into diagrams which capture their physical im-
plications. In a literal sense these diagrams are no more
than stages on the way to the specification of a form, like
the circulation diagram of a building, or the expected popula-
tion density map for some region under dev clopment. They
specify only gross pattern aspects of the foim. But the path
from these diagrams to the final design is a matter of local
detail. The form’s basic organization is born precisely in the
constructive diagrams which precede its design.

What we must now sce is that the constructive diagram
is not only uscful in probing the more obvious, known aspects
of a problum like circulation, but that it can also be used to
create the newly discovered implications of a new problem.
We have scen that the exfension of any problem may be cap-
tured by a sct of requirements; and that by the same token
any new set of requirements may be regarded as the definition
of a_new problem. Going one step further, the infension (or
phy <ical meaning) of a known problem may be capturced by a
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diagram: and by the same tolien the intensien of any new,
hithcito unconneeted, set of requitements mnay Lo captured
by a new diagram.”

The problem is defined by a set of requircinents calied A7,
The solution to this problem will be a form which success-
fully satisfics all of these requirements. This form could be
developed, in all its important details, as a sir:'¢ constructive
diagram for the set A7, if it were not for the compleity of 1's
internal intetactions (represented by L), which r-ikes it im-
possible to find such a diagram directly. Can we find it
indirectly? Are there some simpler diagrams which the de-
signer can construct, and which will contribute substantially
to his ability to find a diagram for M? Thcre are; and the
program tells us how to find them.

The program is a hierarchy of the most significant subsets
of M. Lach subset is a subproblem with its ouwn intcgrity.
In the program the smallest sets fall together in larger sets;
and these in turn again in larger sets. Fach subsct can be
translated into a constructive diagram. And cach of these
subscts of M, because it contains fewer requirements than M
itself, and less interaction between them, is simp'ur to diagram
than 3. It is therefore natural to begin by constructing dia-
grams for the smallest sets prescribed by the program. If
we build up compound diagrams from these simplest diagrams
according to the program’s structure, and build up further
compound diagrams from these in turn, we get a tree of
diagrams. This trce of diagrams contains just one diagram
for cach sct of requirements in the program’s tree. We call
it the realization of the program.

It is casy to bring out the contrast between the analytical
nature of the program and the synthetic nature of its realiza-
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Program, consisting of sets Realization, consisting of diagrams

tion. As we see on the left, the tree of sets is obtained by
successive division and partition. The tree of diagrams, on
the right, is made by successive composition and fusion. At
its apex is the last diagram, which captures the full implica-
tions of the whole problem, and is therefore the complete

diagram for the form required. Examples of these two trees
are given in Appendix 1.
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8 / DEFINITIONS

We have scen roughly now how we shall try to represent a
design problem by means of a graph, G(A1,L); that we shall
then decompose the sct AL to give us a program; and how this
progtam will be used as a basis for the construction of dia-
giams from which we can develop a form. We now come to
the precise details of the analysis that defines the program,
We begin, in this chapter, by establishing the exact character
of the sets Af and L which together provide us with the
graph G(M,L).

The problem presents itself, originally, when the ensemble
is given, and when the proposed boundary between context
and form, within that ensemble, is chosen. At this stage the
problem is only defined within rather broad limits. Typical
examples are these. We are to design a highway system for
New York City; a kettle for use in the technical and cultural
environment provided by metropolitan U.S.\. of 1963; a new
town, for 30,000 people, forty miles from London. The con-
text, in these cascs, is fixed, and will remain constant for the
duration of the problem; it may therefore be described in as
much detail as possible. On the other hand, the nature of the
required form is uncertain. It may be given a name, perhaps,
like “kettle” or “town,” to make the problem specific; but
one of the designer’s first tasks will be to strip the problem of |
the preconceptions which such names introduce. '
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Now, as we know alicady, the set M consists of all those
pe-sitle Kinds of misfit which might occur between the form
and the content in the case of the Lettle-mctropolitan U.S.A
enzemble. this set includes specific economic limitations, tech-
nical requitements of production, functional performance
staadards, matters of safety and appearance, and so on.! To
be eaact, each element of Jf is a vaiiable which ean be in one
of two states. fit and misfit.? It is important to remember that
the state of this variable depends on the entire ensemble. We
cannot decide whether a misfit has occurred either by looking
at the form alone, or by looking at the context alone. Misfit
is a condition of the ensemble as a w hole, which comes from
the unsatisfactory interaction of the form and context.

Take capital cost. The variable’s two states are “too ex-
pensive,” which represents misfit, and “OK,” which repre-
~unts fit. If a kettle is too expensive, this describes a property
of the kettle plus its context — that is, of the ensemble. Out
of content, the kettle’s price cither exceeds or does not exceed
various figuies we can name: nothing more. Only its relation
to the rest of the ensemble makes it “too expensive” or “all
right.” In other words, it depends on how much we can afford.
Again, take the kettle’s capacity. Tf we look at the kettle by
itself, all we can say is that it holds such and such a quantity
of water. We cannot say whether this is enough, until we sce
what the context demands. Again, the fact that the kettle
docs not hold enough water, or that it docs, is a property of
the form plus conteat taken as a whole. This fact, that the
varialle describes the ensemble as a whole, and never the
form dlunc leads to the following important _principle. In
principle, to decide whether or not a form meets a given re-
quirament, we must construct it, put it in contact with the
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context in question, and test the ensemble so founed to cce
whether misfit occurs in it or not. You can only tell whether
a kettle is comforte’'e cnough to hold by picking it up. In
principle, you can only dedide whether a road is wide crough
to drive down by constructing it, and trying to drive a car
down it under the conditions it is supposed to mect.

Of course we <o not stick to this principle in practice; it
would be impossibly inconvenient if we had to. If we know
the maximum width of cars to be used on the highway, and
also know that {or co nfortable driving and adequate room
for braking at a certiin speed you need an extra 2'6” on cither
side, we can tell in advance whether or not a given roadway
is going to cause this kind of misfit or not. We can do so be-
cause the measurable character of the property “width”
allows us to establish a connection between the width of the
roadway and the likelihood of malfunction in the ensemble.
What we do in such a case, to simplify the design task, is to
establish a performance standard —in this case spccifying
that all roadways must have a minimum lane width of 11°0”
perhaps, because large cars are 6° wide. We can then say,
with a reasonable amount of confidence, that every road
which meets this standard will not cause this misfit in the
ensemble. '

We can set up such a performance standard for every mis-
fit variable that exhibits continuous variation-along a well-
defined scale. Other typical examples are acoustic separation
of rooms (noise reduction can be eapressed in decibels),
illumination for comfurtable reading (eapressed in lumens
per sq. {t.), load-bearing capacity required to prevent danger
of structural failure (safety factor times maximum expected
load), reasonable maintenance costs (expressed in dollars per
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year). Once a scale like this has been found for a requirement,
it is then almost alway s possible to find a connection between
this scale and some intiinsic property of the form;? thus,
given a house design on the drawing board, it is possible to
calculate probable maintenance costs, the noise reduction
between rooms, and so on; it is then, of course, no longer
necessary Lo find out Ly trial and error whether the form fails
to fit its context in these respects. A performance standard
determined by the .context can be decided for each of them
in advance, and used as a criterion of fit. For this reason
there is a growing tendency to look for suitable scales, and to
set up peiformance standards, for as many requircinents as
possible.*

ITowever, the existence of a performance standard, and
the association of a numerical scale with a misfit variable, docs
not mean that the misfit is any more keenly felt in the en-
semble when it occurs. There are of course many, many misfits
for which we do not have such a scale. Some typical exam-
ples are “boredom in an exhibition,” “comfort for a kettle
handle,” “secuiity for a fastener or a lock,” ‘“human warmth
in a living room,” “lack of variety in a paik.” No one has yet
invented a scale for unhappiness or discomfort or uncasiness,
and it is therefure not possible to set up performance stand-
ards for them. Yet these misfits are among the most critical
which occur in design problems.

The importance of these nonquantifiable variables is some-
times lost in the cffort to be “scientific.” A variable which
exhibits continuous variation is casier to manipulate mathe-
matically, and therefore scems more suitable for a scientific
trcatment. But although it is certainly true that the use of
performunce standards makes it less necessary for a designer
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to 1ely on personal experience, it also happens that the kind
of mathematical optimization which quantifiable variables
make possible is largely irrelevant to the design prob]cm.'

A design problem is not an optimization prublcm.’.ln
other words, it is not a problem of mceting any onc require-
ment or any function of a number of requirements in the best
possible way (though we may somelimes speak louscly as
though it were, and may actually try to optimize onc or two
things like cost or construction time). For most requirements
it is impottant only to satisfy them at a level which suffices
to prevent misfit between the form and the context, anf.l to
do this in the least arbitrary manner possible.® This is a
strictly binary situation. The task is to bring each binary
variable to the value 0 (for continuous variables the value 0
cottesponds to the whole range of values on the “good” side
of the required performance standard). It is thercfore only
important that cach variable be specific enough and clc.arly
cnough defined, so that any actual design can be classified
unambiguously as a fit or misfit.

For quantifiable variables this is casy. An obvious cxnn\?lc,
in the case of the kettle, is the need for adequate capacity.
Since the capacity of a kettle can be described quantitatively,

H v which
we can therefore very easily set up a standard capacity winea

we require of satisfactory kettles, and call smaller capacity a
mishit for kettles. Then we say that this variable takes the
value 0 for kettles with a capacity greater than or cqual to
the critical capacity, and the value 1 for kettles with smaller
capacity. The natural scale of capacity measurement pro-..
vides an objective basis for dividing kettles into thosc which
fit the context in this respect, and those which don’t.

For nonquantifiable variables, it is not quite so casy. Take
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the property “comfottable to hold” for kettles. There is no
objectively measutable property that is known to cortelate
well enough with comfort to serve as a scale of “comfortable-
ness.” However, such a misfit variable can still be well enough
defined. We can set up communicable limits which a
group of eaperts can understand well enough to agree about
classifving designs. We can certainly explain what we mean
by comfmt clearly enough, in commonsense language, for a
group of people to learn to agree about which kettles are com-
fortable to hold, and which aie not. This makes comlottable-
ness an aceeptable variable, for the purpose of the present
analysis.

We shall treat a property of the enscmble (quantifiable or not),
as an acceplable misfit variuble, provided e can associale with
it air wnambiguous way of dividing all possible forms into tivo
classes: those for whick we agree that they fit or meet the re-
quirement, which we describe by suying that the variable tukes
the value 0, and those for which we do not agree, whicl therefore
Jail to weet the requirement, and for which the variable is assigned
the value 1.

‘This brings us to three questions, which may seem hard to
answer.

1. How can we get an exhaustive set of variables A for a
given problem; in other words, how can we be sure
we haven't left out some important issue?

2. How do we know that all the variables we include in
the list M are relevant to the problem?

3. Tor any specific variable, how do we decide at what
point misfit occurs; or if it is a continuous variable,
how do we know what value to sct as a performance

Ioo

standard? Tn other words, how do we recognize the
condition so far descaibed as misfit?

These questions have already been answered, substantially,
in Chapter 2. Let us remind ourschves of the fundamantal
principle. .tny state of affairs iit the ensemble which derices from
the interaction betiveen form aind conlext, and causes slress in
the ensemble, is a misfit. ’

This concept of stress or misfit is a primitive one. We shall
procced without defining it. We may find precedents for this
in the practice of common law, psychiatry, medicine, engineer-
ing, anthropology, where it also serves as a primitive undcfined
concept.” In all these cases, stress is said to occur wherever it
can be shown, in a common-scnse way, that some state of
affairs is somehow detrimental to the unity and well-being of
the whole ensemble. In design too, though it may seem hard to
define the concept of stress in theory, it is casy in practice.
In architecture, for example, when the context is defined by a
client, this client will tell you in no uncertain tenns what he
won't put up with. Again, it is obvious that a kettle which is
uncomfortable to hold causes stress, since the context de-
mands that it should be comfortable to hold. The fact that

_the kettle is for use by human hands makes this no more than

common sense. .\t the opposite extreme, if somebody suggests
that the cnsemble is stressed if the kettle will not reflect
ultraviolet radiation, common sense tells us to reject this —
unless some special reason can be given, which shows what
damage the absorption of ultraviolet does to the ensemble.

This principle that stress or misfit is a primitive concept’

has the following consequences. First of all, it is clearly not
possible to list all the types of stress which might occur in an
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isemule enhaustively; and therefore impossible to hope that
14

o
A0 could provide an exhaustive desaiption of a problem. A
mamwent’s thought will convinee us that we are never capable
ol stating a design problem exeept in taims of the rrors we
have observed in past solutions to past problems. Even if we
try to Jesign something for an entirely new puipose that has
never been conceived before, the best we can do in stating
the problem is to anticipate how it might possibly go wrong
by scanning mentally all the ways in which other things have
gorne wrong in the past. .

The best we can do therefore is to include in M all those
Xinds of stress which we can imagine. The set M can never be
properly called complete. The process of design, even when it
has become selfconscious, remains a process of error-reduction,
and th‘q set M remains a temporary catalogue of those errors
which seem to need correction. ‘

The fact that the design process must be viewed as an
error-correcting process has a further consequence. The crrors
that scem most critical to one person will not be the same as
those which scem most critical to another. Any list of errors
or mizfits, which are to be removed, therefore necessarily has
something of a perseial flavor.

For a problem like an urban dwelling, if we ask different
designers to state the problem, we may find it hard even to get
agrcement about what the relevant issues are. Probably each
designer has his private set of hunches about “ where the issue
rcally lies.” The designer is free to look at a problem in any
way he chooses; all we can hope to do is to put a {ruitful
structure on his view of it. It is for this reason that 3 cannot
be. thought of as objectively complete, and has been pre-
sented, instead, in Chapter 6, as a picture of a designer’s view
of a problem.
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However, it should be pointed out that in spite of the na-
tural bias which any one designer’s statement of a problem is
sure to carry, at the same time the use of the sct M as a
means of representation does havein it one great claim to neu-
trality. What designers disagree about is the rdative impor-
tance of different requirements. In the present theory this
would have to be expressed, if it were expressed at all, by as-
signing some sorts of weights or values to different variables.
However, few designers will actually disagree about the vari-
ables themselves. While the relative importance of diffcrent
requircments usually is a matter of personal opinion, the
decision that a requirement cither is a requireinent or jsn’t,
is less personal. The stress a misfit causes, whether slight or
not, has simple tangible consequences which can be objec-
tively determined. By leaving the designer to work out the
relative importance of different requirements at his own dis-
cretion during the diagram phase of the design process, it is
thercfore possible for designers to agree about the contents
of the set M, whether or not they agree about their relative
importance, because mere inclusion of a requircment in M,
as such, attaches no weight to it.

Before we say any more about the precise logical properties
the misfit variables must have, we shall now define the inter-
action between variables. In order to do this, we must intro-
duce a new concept: the domain of forms for which these
variables are defined. Let us call it D. This domain D may be
thought of roughly as the set of all those discriminable forms
(good and bad) which might possibly be placed in contact with”
the given context to complete the ensemble. The contents of
this domain cannot be specified precisely (if they could, the
design problem would become a selection problem); the do-
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maiil 18 inadindty, Bil séines to aiichior i ided of - iites-
vatable conpections. We should think of it as the totality of
possible foims within the counitive reachi of the desisner. T
other words, it s a shorthand way of talking about ali thosé
discriminable forms which a designer can imagine and design.8
Now, we know by postulate, that we can in pinciple
decide, for cach one of the forms in D, which requirements it
meets, ahd which it fails to imeet. ‘This means that each misfit
variable v, cuts the domain D in two: into a sct of those forms

which fit, and a sct of those which don’t. Sciwnmti’cally we
show this:

P enraswve,

I'rom two variables we get four scts, in which the forms take
values ds shown below.
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H e stiperimpose all m vatiables; we get a division of the
domain D into 27 mitually exclusive classes, each labeled by
a different pattern of values for oy« -+« x We chall call the
propottion of forms in D which do not satisfy requitcient x,
the probability of the misfit x, occurring. We write this.
plx = 1). (Naturally 0 € p(x; = 1) < 1.) In the same way
we define the probability of avoiding the misfit x, as p(x, = 0);
and the probability of avoiding both x, dnd %, siinultancously
as p(x, =0, x; == 0), and so forth.

If the vauidbles % -« - %, afe all pair\vi=c independent
then it is an axiom of prolmblhty theory that we may write
Pl =0, x; = 0) = pla; = 0) - plx, = 0) for all 7 and j. And
similarly if the variables are also three-way, four-way and
s-way mdcpcndcnt, then these independence relations hold
for the conditional probabilitics, ahd we write, fur c.ample,
plei= 05 %5 = 0]z =1) = p(#i = 0| m = 1) - plx, = 0 v = 1)
conditional on % = 1 and so on.?

Wherever the variables are not independent, the above rela-
tions break down. [Fssentially, then, we speak of a dependence
among two variables wherever p(x; = 0, x; = 0) is markedly
unequal to p(x, = 0) - p(x; = 0), and similarly for more than
two variables. Formally, we describe these depcnricnccs by
means of the corrclation cocfficients.’® The simplest corre-
lation cocflicient js that for two variables: ! -

B505=0) - plrm= 1)l =0,z=1) -l 1y=0)
[:p(*c, O)P(ﬂq 0)17(1.—1)?(55)—-1)]} - o

ij =

For any pair of variables x; and w;, then, we may distinguish .

the following three possibilities.
.1t éq, is markedly less thad 0, x; 4fid £ conflict; like
“The kettle’s being too small” and “The kettle’s oc-
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cupying too much space.” When we look for a form
which avoids x; we weaken our chances of avoiding
the other, xa.

[f ¢, is markedly greater than 0, a; and x, concur; like
“the kettle’s not being able to withstand the tem-
perature of Dboiling water” and “the kettle’s being
liable to corrode in steamy kitchens.” When we look
for materials which avoid one of these difficulties, we
improve our chances of avoiding the other.

3. If ¢, is not far from 0, x, and x, exhibit no noticeable

interaction of cither type.

&)

In the first case we should write a negative link between
the variables, in the second case we should write a positive
link between them, and in the third case we should write no
link at all between them. Roughly speaking, two requirements
interact (and are therefore linked); if what you do about one
of them in a desiyn necessarily makes it more difficult or

easier to do anything about the other.!?

This at once suggests a simple way of estimating links,
based on direct inspection of the known existing forms. Sup-
pose we pick a sample of all the recently produced kettles we
can find and evamine it from the point of view of misfits x;
and x;. Since we have defined each mishit variable in such a
way that we can always decide which value it takes (0 or1)
in a given design, the proportions of kettles in our sample
where x; only has occurred (x; = 1,2 = 0), where %; only
has occurred (%, =0,%, = 1), where both have occurred
(z;=1 )%y = 1), and where neither has occurred (x; = 0, ;= 0),
are casy to obtain. Provided the samples are carclully chosen,
these sample proportions give us good ecstimates of the
probability of 2, of x;, of both, of ncither, occurring in a
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randomly sclected contemporary kettle. From these jomme
two-variable probability estimates, we could compute the
correlation ¢,;, and write a link between any pair of variables
whose correlation was statistically significant. We could use
the same procedure to decide on the many-variable corre-
lations.

However, such a methed, being based on a sample of exist-
ing kettles, is not what we want at all. If we think carcfully,
we sce that empirically found corrclations have very dificrent
degrees of validity. Some are almost logically necessay —
like the conflict between the need for sufficient capacity in
the kettle and the nced for cconomical storage space. The
first calls for large volume, the sccond for small volume. This
conflict exists almost by definition, at least until one is think-
ing of ways of hcating water that are very much unlike
kettles.

Other corrclations depend on physical laws — like the con-
flict between the need for a material which kecps the heat in
after the kettle has boiled and the nced for a material which
allows the kettle water to be heated cheaply. It is hard to
imagine a material whose thermal conductivity is different in
opposite directions; so again, although there are ways round
it, the conflict exists for most of the kettles one can imagine.

But other corrclations will depend only on accidents of
present taste and habit. If you look at kettles imr the shops
today, you might natice that the cheap ongs have tin handles,
and you might conclude that the need for safety when you
pick up a hot kettle (that is, for a handle which doesn’t burn
you) conilicts with the cconomics of production and the nced”
to keep down capital cost. However, this c/onclusion, buing
based on a sample of presently available kettles, will change
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a8 soon s we begin to think of other materials and designs.
Thizs condict certainly does not eaist for all imaginable kettles.
T e . . . .
Clearly we want to avoid muddling this last kind of case

Iy

with the other two. If we were to accept the linkage it sug-

1

g

rests. then together with the essential logic of the ensemble
we should also be freezing in its most temporary incidentals.
We zre interested in those links betw cen variables which hold

i . } ) . . . Lt
for 21! forms we can conceive (that 1s, for the whole of D). ™

Any sample based on those possible solutions which happen
to have been constructed is heavily biased toward the past.
To avoid the bias we should need either to examine all the
members of D exhaustively or to find a theory which offers
us 2 way of sampling D unbiasedly. Neither of these is prac-
ticable today. i ‘
Ho:‘.‘c‘\'cr, we may overcome the bias by another mcans.
Instead ‘of just looking for statistical connections between
varizhles, we may try to find causal relations between them.
Blind belief based only on observed regularity is not very
strong, because it is not the result of a seen causal connection.
But if we can invent an explanation for inter-variable corre-
lation in terms of some conceptual model, we shall be much
better inclined to believe in the regularity, because we shall
“then know which kinds of extrancous circumstances are likely
to upsct the regularity and which are not. We call a correla-
tion “causal” in this second case, when we have some kind
of understanding or model whose rules account for it. |
For example, the molecular and crystalline structure of
matcrizls gives us good reason to believe that the thermal
conductivity of a material is the same in any two opposite
directions, and hence that the need to heat a kettle quickly
conflicts with the need to keep the water hot once it has
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boiled. In this case, because we “undeistand” the conpection
between the two variables, we call it causal, and yive it inuch
greater weight — because we-are convinced that it holds for
almost all conceivable possibilities.

The search for causal relations of this sort cannot be mechan-
ically experimental or statistical; it requires interpictation: to
practice it we must adopt the same kind of common scnse
that we have to make use of all the time in the inductive part
of science. The data of scientific method never go further than
to display regularitics. We put structure into thum only by
inference and interpictation.” In just the same way, the
structural facts about a system of variables in an ensemble will
come only from the thoughtful interpretation of obscrvations.

We shall say that two variables inferact if and only if the
designer can find some reason (or conceptual model) . hich sakes
sense lo him and lells him why they should do so.}®

Again, as with the definition of the variables, this intro-
duces a personal bias, and reminds us that L, like A, is a
picture of the way the designer secs the problem, not an
objective description of the problem itself. If the designer sces
a conflict betwecen the need to have sufficient capacity in a
kettle and the nced to conscrve storage space, he does so
hecause he has certain preconceptions in mind about the kinds
of kettle which are possible. Tt is true that there are conceiva-
ble devices, not yet invented, for boiling water as it comes
out of the faucet, and that these might take very little storage
space. But until the designer understands this possibility, there
is no point in telling him that the conflict is spurious; as far
as he is concerned, there really is a conflict, which nceds to
be resolved, and therefore needs to be included in L and taken .
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into account in the analysis of M. Tt is only after first includ-
ing this link in L, and in the very act of asking himself whether
thvo variables really do interact, and why they do, that the
designer sees the possibility of aveiding the conflict and so
sees fucther into the problem.

The reader may well ask how such a process, in which
both the requivements and the links between requirements are
defined by the designer from things already present in his
mind, can possibly have any outcome which is not also alrcady
present in the designer’s mind. In other words, how can all
this process really be helpful? The answer is that, because it
concentrates on structure, the process is able to make a co-
herent and therefore new whole out of incoherent pieces.

It is true that the designer must already have some physical
ideas about the problem in his mind when he starts. In order
to define requirements, he must be aware of the specific
physical implications.of each. In order to define links between
requirements, he must be aware of the many specific ways in
which these physical implications are likely to conflict and to
concur. But the many piccemeal implications which the de-
signer is aware of do not themsclves amount to form. He is
only able to define form at that moment when these physical
hnplications coalesce in his mind, and take on organized
shape. The process T am describing, as we shall sce, helps
preciscly here, Ly forcing organization onto the specific but
hitherto unorganized details in the designer’s mind.

Undoubtedly the pattern of interactions in any real-world
problem will have a great varicty of diffcrent strengths. In
one case two variables may conflict so strongly that they
virtually exclude one another and can never take the same
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values at the same time. In another case, there may be no
more than a barcly disceinible tendency for tham to concur.
But while an eaplicitly statistical test would give the inter-
actions a continuous range of values, the ad foc racthods of
practical common sense will hardly allow us to as<'gn them a
consistently scaled continuous range — paiticularly in view
of the fact that differerit consultants may have incominensura-
ble personal scales of evaluation, and that interactions which
spring from diffcient kinds of sources can be hard to compare.
In practice we shall, at best, be able to distinguish two or
three strengths of interaction.

In practice, then, we shall give cach pair of variables (x,,7,)
some small integral index, v,;, cqual to 0 if there is no inter-
action, positive if there is concurrence, negative for contlict.
It will usu‘:}lly be convenicnt to keep the absclute value of
v, less than or equal to some fixed integer v. For the sake of
consistent interpretation, assume that the link index vy, indi-
cates a correlation of 8v;), where § is some arbitiary constant,
such that é» € 1. We may display the valucs of the »,; in
matrix form. The cell in the ith row and the jth column
contains the value »,,.. Thus the cell in the 1st row and the
2nd column (4 = 1, j = 2) contains »;. The matrix i< sym-
metrical. ‘Thus

X1 X2 X3
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From thiz matiix we define the set L as a sct of links asso-
ciated with the variables of A1, as follows.!® For cvery pair
of varizbles x, and x,, there are | »,, | distinet clements of L
which join &, to v,. These elements bear the sume sign as the
index »,,. pegative for contlict, and positive for concurrence.”
The sets M and L togcther, completely define the graph
G(M,L).33

The deiinitions we have given so far still leave certain
practical questions about the sets Al and L unanswered. Does
it matter. for instance, if two variables are very close in
meaning. though slightly different? low specific or how gen-
eral must they be? What do we do about three-variable
interaction? The answers to these questions depend on three
important formal piroperties of the system G(,L), which we
shall now explore.

First of all, if the graph G(A,L) is to give us an accurate
picture of the variables’ behavior, it is necessary that the set
I describe all the interaction between variables which there is.
Since the clements of L are links which represent two-variable
correlation, this means that the variables must be chosen to
be free from three-vaiiable and higher-order correlations. The
mathematics of Appendix 2 is also based on the assumption
that the higher-order correlations vanish.!® If this is not so,
any analysis based on M and L alone is sure to give mislcading
results.

Second, even the two-variable corrclation dv;; must be
small, for cach pair of variables. Specifically, as far as the
mathematics of Appendix 2 is concerned, we must have
16 2 1, where I is the total number of links in L2 ¢

Third, the analysis in Appendix 2 Is also based on the
assumption of a certain simple symmetry among the variables
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of M. It demands that p(x, = 0) should be the same for all i.2
Again, if this is not so, the analysis will be invalid.

Let us now consider the practical implications of these three
formal properties which the system G(M,L) must have. We
take the last one first. Tt demands that p(x, = 0) should be
the same for all 7, or that the proportion of all thinkable forms
which satisfy a requirement should be about the same for ecach
requirement. What this amounts to,in common-sense linguage,
is that all the variables should be roughly compaiable in
their scope and significance.

We cannot admit “cconomically satisfactory” as one re-
quirement, and “maintenance costs low enough” as another.
Plainly these have different degrees of significance, because
the second is part of the first, while the first is not part of the
sccond. Every design which is economically satisfactory must
a fortiori have acceptable maintenance costs. But the reverse
is not true. There are far more possible designs which mect
the second than the first, because the first is much wider in
scope and significance; their probabilities of occurrence are
very uncqual. In this case the inequality is especially clear
because the sccond requirement is, as it were, contained in
the first. But the difference would be just as great if we
replaced the first by “functionally satisfactory.” This is again
wider in scope and significance than “maintemance costs low
enough” even though it does not contain it. If we want to use
‘“maintcnance costs low enough” as one requirement, then
we must break down ““functionally satisfactory” into smaller,
more specific requirements, comparable to it. The first step in
constructing the sct f is to make all its variables approxi-
mately cqual in “size” or scope.”

Let us take the sccond of the three formal propertics next.
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In practice, of course, the preciseness of this mathcmatical
eapression is meaningless, since we judge the couclations
“by eye,” and do not obtain them numerically. What it doces
mean, in practice, though, is that we must be satisfied that-all
the vadables are as independent as we can get them to be.
An example should make this clear: Suppose the following two
variables appear on our list, for the kettle problem.

L. “The kettle must heat water fast cnough.”
2. “The kettle must keep water hot once it is heated.”

These two are cleaily not at all independent. ITowever, there
are two fairly independent issues lurking behind them, if we
can only find them. One way to bring this out would he by
the following reartangement, which covers more or less the
same ground as the first pair, but consists of two more in-
dependent variables.

3. “The kettle must permit one-way heat transmission
only.”
4. “The kettle must have low thermal capacity.”

-\ considerable amount of energy must be spent in the pre-
liminary stages shuffling and reshuffling the variables in this
fashion, until they are as independent as they can be made.?

The first formal property, that the three-variable or higher-
order corrclations among the clements of 3 should be neg-
ligible, is the hardest of all to achieve. It means that the
two-variable corrclation for any pair of variables must be
independent of the states of all other variables. Since the
state of one variable is most likely to affect the correlation
between other variables, if that one variable is wide in scope
the best we can do in satisfying this is to make all theindi-
vidual variables as specific and minute as possible.
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This policy of making all the varniables highly spedific is
important for another reason. However much we may try to
steer clear of eaisting categories, in practice we shall always
have to generate the specific variables of A7 through interme-
diate stages. The brain is not inade to think of such detailed
lists amorphously. Whether we like it or not, if we think of one
variable which has to do with acoustics, we shall incvitably
then think of others which scem, to us, to fall under the
same heading or to be in the same conceptual arca. [t is
therefore a matter of practical psychology that we cannot
avoid using supcrordinate concepts like “cconomics™ and
‘““acoustics” altogether, as intermediate steps in the task of
listing misfit variables. At best we may treat these conceptual
intermediates as key words, as loosely concciycd lalicls for the
principal issues in the problem, which we shall then break
down further into finer picces to get our set of variables M.
The closer our variables are to these abstract and geneial key
words, the more susceptible the problem remains to the kind
of distortions discussed in Chapter 3. The more -pedific and
detailed we make the variables, the less constrained G(M,L)
will be by previous conceptions, and the more open to detailed
and unbiased examination of its causal structure. '

Let us therefore sum up the properties the elements of Af
must have. They must be chosen (1) to be of cqual scope,
(2) to be as independent of one another as is reasonably
possible, and (3) to be as small in scope and hence as specific
and dctailed and numerous as possible.® An example of a set
M is given in Appendix 1, together with its associated set L.
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0/ SOLUTION

We now have a graph G(Af,L) which represents the design
problem. As we have seen in Chapter 6, to solve the problem,
we shall try to decompose the set 37 in such a way that it gives
us a helpful progeam for design. We shall now consider what
criterion to use as a basis for decomposition.

As we observed in Chapter 6, a program really gives us a
series of simpler subproblems, and tells us in what order to
solve them. Before we tiy to define a élccomposition criterion
we may want to question the assumption that such a decom-
position can be of any use at all to a designer. The designer
as a form-maker is looking for integrity (in the sense of single-
ness); he wishes to form a unit, to synthesize, to bring clements
together. A design program’s origin, on the other hand, is
analytical, and its effect is to fragment the problem. The
opposition between these two aims, analysis and synthesis, has
sometimes led people to maintain that in design intellect and
art arc incompatible, and that no analytical process can help
a designer form unified well-organized designs.

Let us look at this objection to analysis more closely. It is
a common experience that attempts to solve one picce of a

prublem first, then others, and so on, lead to cndless involu-

tions. You no sooner solve one aspect of a thing than another
is put out of joint. And when you go back to correct that one,
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something else goes wrong. You go round and round in circles,
unable ever to produce a forin which is thoroughly right,
because there is no way of integrating the picces you have
tackled independently. This is the great argument against
attempts to solve design problems piccemeal. And it is argued
further that, since no amount of analyzable juggling can ¢ver
solve this difficulty, the designer has to rely on a subemiecious
creative force to juggle the picces more successfully. His hund
and cye must be secure enough, in other words, to tuke him
to his answer morc immediately than his intelligence can. |
If design problems were homogencous, this recommendation
would be important. For then any analytical subdivision
would, so to speak, put cracks in them, which would destroy
their unity. As it happens though, in practice problemns are not
homogeneous. They are full of knots and crevices which ex-
hibit a well-defined structure. An analytical process fails only
if it docs not take this structure into account. If we can learn .
to draw the gross structural components of the problem out
of the graph G(Af,L) which rcprc<cnts it, the dlﬂ'u.ully will
disappear. . ¢

The question is, how are these separable structural com-
ponents of a problem to be rccognized? We face this kind
of task every day, constantly, even when we sce nothing more
complicated than a pair of oranges on a table side by side.
In sceing two oranges lying side by side, and not one and a
half oranges lying next to half an orange, we have recugnized
the structural components correctly. (Correctly, of course, be-
cause while we can pick cither orange up and leave the other
where it is, we cannot pick up 1} oranges, and leave § an
orange lying there.) Kéhler and Wertheimer drew attention
to the fact that cven an apparently simple cognitive act like
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this, in fact demands a very complex perceptual operation.?
It is not swiprising to find, in the similar but more abstract

task of recognizing the proper stiuctural components of the

system 3/, that our native paiception and intuition {ail us.
The task of replacing this intuition by some preciscly de-

fined mathematical operation has been tackled in a number of
ways.? Many of them are woith examining, i for no better
redson than that theywill illustrate and deepen our conceplion
of-the task. One, which perhaps comes closest to.what we..
“want, shimply divides A/ into those bLl])‘*LtS which are connected -
by-as few links of L as possible, thus leaving as many of the
links as possible within the subsystems.® ITowever, ncither
this nor any other of the existing methods jis exactly suited

to the conditions which confront us in this case, I shall now
try to show that we can develop a well-defined criterion for
decomposition, simply by thinking carcfully about; the rela-
tion between a.design program and its realization.

iLet us think just what the successful realization of the
program demands. Fundamentally, it demands that the sets
ini the 'program have two kinds of property, which we may
lustrate by, taking the typical picce of a program shown, -
below.'S; and S; are two different sets of requircments. S;
contains all the requirements in S; and S, together..

Ss

TR fLEeS
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First we must be able to find constinctive diagrams for Sy
and S individually. This mecans that the misfits which Sy
contains must, cohere somchow, and suggest a physical aspect
or componcnt ‘of the form under consideration] and the same
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Sccondly, if the' dccomposltmn is to' serve any uccful pur-

po<e it must not be ncéessaty to construct the:diagram for.Ss
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from sgmtch “Inktedd, it must ‘Le ' Posible: to-derive: arcon-
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struntwc dixgiam for Syin some simplé wiy from the: d1 1grams
qlrc‘ldy (,Oﬂbtltl(,lul for'S; and Syih isoldtions oo 1o 7 e

; ‘ To put it slmply, the first of thcse condltxons de andSr on

de'\ls wnth the ulatlons“bct\\ cen these twe sets.“ ; L v
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Tt s také thetwo conditions in order. AR ST
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What is it about the internal structure of any problcm
Ith"tt ‘miKes lt_lﬂlr’d to solve? In mne cases out of ten; we- can-
not solvé 1t because we cannot 'grasp’it; we; cahnotisce, w hat
the mtcrml structure’is “driving at.”” The :subproblums.ave
are conslduuw heté; because they are’ madesup; of scts’of

‘, rcqmrcmcnts that 'have been isolatéd from the rest-of .the
dcsrgﬂ problcm they belong to,:show' this acutely.. Take two
mxsﬁts at random. “The kettle mist be comfortable for the
h'md to hold”’ and ““The kettle must-be'cconomical, to heat,”
whlch we should -probably considér as;noninteracting:. These
two dcﬁnc a'two cleient subset of A for the kettle problem.
"It 5 Hard to sée, however, what ‘these two clements-have in

g

comfﬁon or mdccd whether this 'set, takcn by itself, means
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’If the'Set:af contdiris m misfits, ﬂfcrc)ar"c 2"‘,p‘d<'siblc subsets
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practical interest and complenity will probably contain at
least as many as 100 variables, and will therefore have 2'% or
roughly 10% (1,000,000,000,000,000,000,000,000,060,000) dif-
erent subsets of variables. \lmost each one of these subsets
will be hard to grasp, because, as in the example of the two-
clement subset just given, it will not be clear what its rather
disparate member-variables “have in common.”

Our natural reaction to this is to look for those very rare
sets of variables with integrity in which the variables do “have
something in common,” so that they do make sense.

The use of verbal concepts is an efficient artificial way of
finding scts which have something in common. Certain issues
which appear in our analysis as subsets of M, happen to be
tied together by familiar words; as a result everyone comes to
be able to manipulate these sets, can understand what he is
dealing with, and can therefore get to grips with the issucs
the set represents.

Unfortunately, the sets of misfits identified by verbal con-
cepts do not have any special functional significance, and do
not usually lend themselves particularly well to interpretation
through constructive diagrams. A constructive diagram re-
quires that the requircments it represents have some physical
implications in common. From this point of view, it is easy to
sce that not all thc possible subsets of M will be equally easy
to diagram constructnely We may put this another way,
perhaps, by saying that some subsets open up physical possi-
bilitics more readily than others. Some sets of misfits, in view
of their interactions, scem naturally to belong together, and,
taken as units, suggest physical form.very strongly. Others
will scem to have no special reason for being sets, and are not
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cspﬁciully casy to diagiam, and do not really “Lelong” to
the problem,

If we are to make anything scusible of the subsets in this
program, we must now ask just which scts of points to con-
sider as being the most “diagrammable.” This depends on the
pattern of interactions between the misfits. Where, after all,
does the interaction among the requirements spring from? Tt
springs from the intractable nature of the availulic matcrials
and the conditions under which the form has to be mude. Two
misfits are scen to interact only because, in some sense at
least, they deal with the same kind of physical conzidcration.
If they dealt with utterly different aspects, there could be no
basis cither for conflict or for concurrence.

In building, the nced for acoustic insulation conflicts with
the need to build with casily transportable prefabiicated ma-
terials. These two needs conflict because the first calls for
massive inert walls, while the sccond calls for light walls. "The
physical feature of the world their interaction deponds on is
mass. Again, in a highway, the nced for safety on curves con-
flicts with the nced to kecp land costs down, because the
wider the curves have to be for safcty’s sake, the larger the
area caten up by the transition curves at interchanges. In
this case the intcraction between the two requircments de-
pends on the radius of the curve.

It is such a physical center of unpllc1t10n if I may call it
that, which the designer finds it easy to grasp. Because it
refers to a distinguishable physical property or entity, it can
be eapressed diagrammatiéally, and provides a possible non-
verbal point of entry into the problem. If we can find sets of
variables in which there are specially dense interactions, we
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may assume, in these cases, that the density of the interaction
resides in @ particularly stiong identifiable phy sical aspect of
the problem. These sets will be the casiest of all to grasp
constiuctively. Thus:

w,

If, therefore, we break the problem apart in such a way
that its clusters of variables are as richly connccted, inter-
nally, as possible, we shall have clues to those physical aspects
of the problem which play the most important functional
part in the problem and are therefore most likely to fuinish
handles for the designer’s compichension. These are the scts
which will be the casiest to diagram.

If we are to solve the problem A by working our way
through the program, solving various subproblems separately,
it must obviously be possible to put the resulting diagrams
together somehow when we have them. This is the second
condition a successful program must satisfy. But it will only
be possible to fuse two diagrams under very special circum-
stunces. Why, for instance, can we not simply make a diagram
for cach scparate variable, so that we get m diagrams, and
superimpose these m diagrams somchow? The reason is ob-
vious. The physical characteristics demanded Ly one require-
ment conflict with the physical characteristics demanded by
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another. This is, in fact, exactly whal we mean by saying
that two misfit variables conflict. ‘The same is tiue of more
complex diagrams. We have already drawn attention to the
fact that a subset which contained all the economie variables
and no others, for example, would be comparatively uscless,
because its cconomic implications conflict too strongly with
the other implications of the problem. Naturally if the dia-
gram for the cconomic requirements is not going to he com-
patible with that for the comfort requirements, say, there is
no point in constiucting the two diagrams independently.

How shall we mcct this difficulty? At all events, we cannot
avoid encountering the conflicts somewhere in the program.
No matter in what order we consider the requirements, if we
are to find a form which satisfies them all, we must at some
stage resolve each one of the conflicts. But if we think about
it, we sce that the difficulty of resolving them is different at
different stages of the process of realization. At the beginning
of the process, the sets of requirements we apply our:clves
to are btill small enough for their implications to be carried
in the mind’s eye; and these implications are therefore not
yet frozen in any eaplicit diagrammatic form; they are still
flexible enough to be successfully integrated with one another
in spite of conflicts. The further along in the process we are,
the more our thoughts about these implications have been
forced by their complexity to become concrete, whether dia-
grammatically or conceptually, and the more their rigidity
resists further modification. As a result, the later in the
process conflicting diagrams have to be integrated, the more
difficult the integration is.

Naturally, then, since the conflicts have to be resolved
sooner or later, we should like to meet them as carly in the
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process of tealization as we can, while our ideas are still
flexible. From this point of view, the fewer links there are
between the major subsets of the decomposition, the better.
[deally, we should like to find a first partition of A7 like this,
for instance, where no links ate cut by the partition, though

this will not in practice usually be possible.!

The need for subsets we can grasp diagrammatically calls
for sets of vauiables whose fnfernal interactions are very iich.
The need to resolve the conilicts between the diagrams we

get from them calls for as little interaction befween subsets as

possible. Clearly these two are compatible; indeed, they can
be expressed jointly as follows.

Consider just one level of the deccomposition, where some set
S is to be pactitioned into disjoint subsets ($;, Sz« + -Sq - - S.).
We wich to choose these Sg in such a way that we can invent
a constructive diagram for S; whose implications will not
later turn out to be hopelessly contradicted by an independ-
ently conceived diagram for one of the other S,; and the same
for Ss, s, cteetera. Why is this difficult to do in terms of the
variiables’ hehavior? )

It is difficult Lecause any variables which are linked exer-
cise mutual constraint over one another's states. If we fix the
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vahies of the varables of S the values which the variables
of the other S, can take are alicady constrained to some
extent by the probahilistic links which bind them to this ).
T other words, thc values which the vaiiables of Sy take, tcll
us something about the values which the variables in the
other S, can take; they give us information. The <parscr the
links between the S,, the less the values of the vuriables in
Sy can tell us ahout the valucs in S:, ctc.; the less infor-
mation the links carry across the partition, the frcer we are
to construct a diagram for S, once we have fixed the solution
of S} in our minds.

If we wish to construct a diagram for S, first, say, and then
wish to construct a compatible diagram for S, ind&%cmlcntl}
we want to be free to manipulate the valucs of the \'nriuhlcs,
in 8, without this manipulation being constrained by the fact
that the variables of .S are now held constant in «)lxr minds
by the diagrammatic cxpression invented for them. To,
achieve this, we must choose the S, in such a wav that the
variables in different subsets of the partition cxcrci-sc as little
informational constraint on one another as possible.

As shown in Appendix 2, the conditions specified in Chap-
ter 8 define a unique probability distribution p(\) over the
states A of any set of variables S.5 Appendix 2 then shows
that, given any partition 7 of a sct Sinto subsets, 7 {S; - - - §,)
we x.nay establish a measure of information transfer or inf;r-’
mational dependence among these subscts, called R(x).t
Since this R(7) is defined for all possible partitions of any.S"
wc.: fnay obtain the desired decomposition of’the set Af b):
minimizing R(w) for successive paftitions of M and its’ de-

scendants, ’ h

Thus, we first find that partition of M, #()), for which
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R{(z) is munimum. This establishes the first level of the de- of synthesizing its parts in a unificdd way. Fach

composition, thus, say: subsidiary problem it defines has its o oo intoyrity,
and is as independent as it can be of the re~t of the
problem.

t. We must remember that the hierarchy of scts which
the tree defines will not always be easy (o understand.
Fven in some of the smaller sets which contain only

//K N # P S - - half a dozen variables, these variables +ill ¢ften scem

S S, Ss Sy ) disparate, and their juxtaposition may be startling.

We then apply the same method to the sets S,: we look for The 1clevance of cach variable is only to be properly
that partition 7(51) of 1, for which R(x) is minimum, and understood after careful examination of its {urctional
similarly for S;- -+, thus obtaining the second level of the relation to the other variables in the sct. Since the

potential coherence of such a set of varizbles comnes
from its physical implications, it can only bLe gracped
graphically, by means of a constructive dingraim that
biings out these implications. Each diagiam for a
set § must do two things:

decomposition. We continue with this procedure iteratively,
until we reach a level of decomposition at which all the scts

contain one variable only. (Condition 4 of Chapter 6, page ‘
82.)

As a requircment diagiam:
a. It must biing out just those features of the prob-
lem which are relevant to this set of requirements.
b. Tt must include no information which is not ex-
plicitly called for by these requirements.

‘The tree of scts this decomposition gives is, within the
terms of this book, a complete structural description of the
design problem defined by M; and it thercfore serves as a
program for the synthesis of a form which solves this problem.

Let us remember the propetties of the program. As a form diagram:

1. The tree is, in its hicrarchical foim, the same as any a. It must be so specific that it has all the physical
other hicrarchy of concepts — except that the con- characteristics called for by the requirements
cepts are here defined eatensionally as sets of vari- of §. . ’
ables, rather than intensionally by meaning. - b Yet it must be so geieral that it contains no

2. The particular tree arrived at by the method out- arbitrary characteristics, and so summarizes, ab-
lined gives an explicit description of the structure stractly, the nature of every form which might
implicitly responsible for the success and stability of - satisfy S. AN

*  the unsclfconscious form-making process. Above all, the designer must resist the temptation to

T3, The tree gives the strongest possible decomposition summarize the contents of the tice in terms of well-

of the problem that docs not interfere with the task known verbal concepts. He must not expect to be able
126 . . 127
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to see for every S some verbal paradigm like “"This one
deals with the acoustic aspects of the form.” If he tries
to do that, he denies the whole purpose of the analysis,
by allowing verbal preconceptions to inteifeie with the
pattern which the program shows him. The effect of the
destgn progiam is that each set of requirements draws
Nhis attention to just one major physical and {unctional
issue, rather than to some verbal or preconceived issue.
It thereby forces him to consolidate the physical ideas
present in his mind as seedlings, and to make physical

order out of them.

To finish this section T give an example of the way a sct of
rcquir&ﬁénts, when taken together, create a new idea about
what one main feature of a physical form ought to be. Con-
sider the design of the now familiar one-hole ketile. The single
wide short spout embiaces a number of requirements: all
those which center round the problems of getting water in and
out of the kettle, the problem of doing it safely without the
lid’s falling off, the problem of making mahufacture as simple
as possible, the problem of providing warning when the kettle
hoils, the nced for inteinal maintenance. In the old kettles
these requirements were met sepatately by three components:
a spout for pouring, a hole in the top for filling and cleaning,
and a top which kept the steam_in and rattled when the
kcttle boiled. Suddemsbyy when it became possible to put non-
corrosive metals on the market, and cheap, available descaler
made it unnccessary to get into the kettle for descaling, it
became apparent that all these requirements really had a
single center of physical implication, not three. The wide
spout can be used for filling and pouring, and as a whistle,
and there is no top to fall open and let écalding water out
128

ot e Tl s .
er t.he poutes’s hands. The set of tequitements, once its
unity is recognized, leads i i \
3 ghzed, leads to a single physical
gic physical component ¢
the kettle. | !

The program, which represents a functional decompocitinn
of thf: problem, is a way of identifying the problem’s major
.[unchonal aspects. But what kind of physical form .cv"xujl
s the designer likely to realize with the help of su(,‘h '1 r:),-’
grain? Let us look at the form problem from the bc"innri)ng

.'11'1e orgnn.lz:llion of any complex physical objcctois l)icr:
alChIC.ll.. [t is true that, if we wish, we may dismiss this
observation as an hallucination caused by the way the human

rain i i i
bra , bcmg dlSpOSCd to sce in terms of urticulations and '
¢ Il

hieraichies, perceives the world, On the whole, thouch, there
are good reasons to believe in the hiciarchical subr!i:n':ion of
th.e w.orld a5 an ohjective feature of reality. Tndeed 'm'm

scientists, trying to understand the pliysical world ﬁl,'lfl t(h'l)t.’
they havg first to identify its physical components ’much 'IS‘I
have argued in these notes for isolating the abs’tmrt c;)m-
ponents of a problem. To understand the human bo;ly you
need to know what to consider as its principal functional and
stru.ctur:ll divisions. You cannot understand it unti you ;*c

ogmze the nervous system, the hormonal system, the \'1;0:
motor system, the heart, the arms, legs, trunk h'e,ad "m(; S0
on as. entities.” You cannot understand chcm,istry ,\\‘ithout
kn?\\'lng the picces of which molecules are made. You cann t
claim to have much understanding of the uni\'e;'sc unti‘l yoou

recognize i i i i
gnize 1ts galaxies as mmportant picces. You cannot under-

<t . .
tand the modern aty until you know that although roads

are physically intertwined with the distribution of services
the two remain functionally distinct. ,
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Scientists tiy to identify the components of existing strue-

ture. Designers tiy to shape the components of new struc-

tures. The scarch for the 1ight components, and the right .

way to build the form up from these components, is the
greatest physical challenge faced by the designer. T believe
that if the hicrarchical program is intelligently used, it offers

the key to this very basic problem -—and will actually point .
to the major physical components of which the form shéuld

consist.

When we consider the kinds of constructive diagram which
are likely to be suguested by sets of requirements, at fust it
seems that the natuwie of these diagrams is veiry various. Some
diagrams scem to define overall pattern propetitics of the form,
like being circular, being low rather than high, being homo-
geneous. Other diagrams scem to be piccelike rather than
patternlike. They define pieces of which the whole form-is
made, like 4 diagram defining the street as a picce of the city,
or the handle as a piece of the kettle, and so on.

Actually the distinction between patternlike and piccelike
diagrams is more apparent than real. Take a simple example,
a diagram which specifies a circular plan. Being circular is
usnally thought of as an overall property of a plan. But the
plan’s being circular may also be guaranteed by a surrounding
vall or boundary of some sort. In other words, we can invest
what is apparently a pattern property in a compongnt which
is much more of a picce: namely the boundary.

This is the general rule. Every aspect of a form, whether
piceelike or patternlike, can be understood as a structure of
components. Every object is a hicrarchy of components, the
large ones specifying the pattern of distribution of the smaller
ones, the small ones themselves, though at first sight more

130

—— e avr ¥

clearly piceelike, in fact again patteins specifying the arrange-
ment and distribution of still smalter components.

Every component has this twofold nature: it is first a unit,
and sccond a pattern, both a pattern and a unit. Its nature
as 4 unit makes it an entity distinct from its surroundings.
Its nature as a pattern specifies the arrangernent of its own
component units. Tt is the culmination of the designer’s task
to make every diagram both a pattern and a unit. As s unit it
will fit into the hicrarchy of larger components that full above
it; as a paltern it will specify the hicrarchy of smaller com-
ponents which it itself is made of.

‘The hicrarchical composition of these diagrams will then
lead to a physical object whose structural hicrarchy is the
exact counterpart of the functional hictarchy establi -hed dur-
ing the analysis of the problem; as the program darifies the
component sources of the form’s structure, so its realization,
in parallel, will actually begin to define the fonn’s physical

components and their hierarchical organization.’
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EPILOGUE

My main task has been to show that there is a deep and important
underlying structural correspondence betiveen the pallern of a
problem and the process of designing a physical form which
answers that problem. I belicve that the great architect has in the
past alicays been aicare of the patterned similurity of problem and
process, and that it is only the scuse of this similarily of structure
that ever led him to the design of great forms.

The same patiern is tmplicit in the action of the unself-
conscions form-producing system, and responsible for its success.
But before we can ourselves turn a problem into form, because we
are selfconscious, we nced lo make explicit maps of the problem’s
structure, and therefore need first lo invent a conceplual framework
Jor such maps. This is all that I have tried to do.

Since my cffort may well meel with resistance, I like to see the
Jew steps taken here reflected in a parable of an imaginary past
sociely.

Suppose there was once a people who had no formalized arith-
melic. When they wanted what we think of as arithimnetical resulls,
they got them by guessing. So if they wished to know the area of 8
corn patch they paced ils two sides (six paces by ten paces, say),
and then mulled the two numbers over. Eventually one of them
came up with an answer — he would say some number, tha
is, which estimated the bags of corn needed to sow that patch.
e might say 60, 61, 58, whatever occurred to him. (If we
were in such a situalion we should form what we call the prod-
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uct of the two numbers, 60, and detcrmine the-umouil of corn
necded in terms of this arca) z

It is casy to see that the people of this imaginary socicly might
not have found formal crithmetic acceplable. Their own method
was usually not too far off the mark (sowing corn is such a loose
test, anyway, that what we call inaccuracy wounld not lave been
noticeable) — and besides, there was something rather noble about
the seers (magicians?) who performed the tasks of “‘calculation.”
Some men were betler al it than others, certainly; sonie had the
power to produce appropriale answers, some produced ansicers
rather wider of the mark. But that didn’t seem to maticr. Tistead
the power was regarded as a greal human gift, the people who
possesscd it were honored for their capability. And both these scers
themselves and their admirers opposed the inlrod:uction of a
SJormalized arithmetic most rtgzdly, did not see the possible develop-
menls, were inlerested only in preserving their own liited
capacities for calculation.

Such resistance was not altogether foolish either. There were
wise men, too, among those who op posed arithmetic. They foresaw,
correctly, the malerialism which it would induce. Its very first
achievement, once introduced, would be lo make calculalion nore
precise and easier, and thereby to save corn. And soon nimber and
economy and size would dominale the human being. The immedi-
ale good done by the formulation of arithmetic would be small, and
not worlth taking risks for on its own account.

What neither the wise men nor the seers foresaw, however, was
the miraculous developments that this formulation later led to.
By first understanding the shape of the technique which produced
the form of the result, man found further insight. He found that
it is not only the result which is important, but the process too.
Not only the form of the results, but the form of the path which
led to them. It was only by questioning the foundations of
geomelry and the processes of geometrical proof that Riemann
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becnne maer gave tought Lo U secifigly obiions processes which
codalay avithmetic tlat he < as able to 1 fine mathematics, and
whleto proceed to forins of stiil liigher order, mathematical shapes
of greater degance and fuller wedo standing.

The shapes of mathen:atics ure abstract, of course, and the
siapes of wichitectire coiicrete and human. But that difference
is incssential. The crucial quality of shape, no maller of what
kind, lies in its organization, eund when we think of it this way we
call it form. Man's feeling for mathematical form was able to
decelop only from hiis feeling for the processes of proof. I believe
that our fecling for architectural form can never reach a compa-
rable ordcr of development, until we too have firstlearned a com-
purable fecling for the process of design.
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Todas los restricciones impartantes respacto a las utilizaciones factibles do
& forreno podemos condensarlas en dos grupos: unas eodificodes en reglementos de eons-
proccidn, otras derivedas diractamente dal inversor.

Aqul solo veremos oquellas procedentes del Reglamento de construcciones

" aora o] Distrito Federd! . -
poro o1 T S

De los derivedos del inversar & cliente potencial, la mas importants serfa
lo scondmica. De noda servirfa, llegar a la conclusin de que para un determinado terre
80, lo mejor utilizacidn seris un cierto tipo da construccidn para la cud! el inveror no
seuniero o} suficiente copital.

. Los primeras disposiclones del Reglamento de Construcciones pera ef Dis—

frito Fadzral es su olconce a "todas les obras o instalaciones pdblices & privedcs que 52 =

ejecuten en terrenos de propiedad priveda & plblica & en les vies plblices, i como el -

o da predios, construcciones, estructuras, instalaciones y servicios pdblicos®,

‘Lo ogencia gubernomenta! encargada de hacer cumplir les disposicionas de!

- — -~ Raglamento €5 o Direccidn-General do Obres Plblicas y entre los focultedes do esta depen

dancia estd el controlar el uso de los terrenos da acverdo con el interds piblico y desde
luego inspeccionar para conocer el uso que se hoga de un predio, estructura, instalesila
sdificio § construccidn y en consecuencia autorizar § negor, de acuerda eon el Reglemea
%, la ocupecidn & el uso de una construccidn, estructura § instalacidn,

En los artieulos 4o, S0, &0, 70, Fo y 1o se reglements lo vio piblica -
¥ todos los demas bienas de uso comdn & destinados @ un servicio plhlico. En estos erticu-
los 3 define lo que 3o entiende por via pdblica encontréndonos o primera restriccidng el

w0 da lo vio piblica paro lo cual se requiers un permiso especiol.



44

La generalidad da los ensos limita los predios & el uso de la tierra por "la
suparficie engendrada por la generatriz vertical que sigue el alineamiento oficiol § el =
lindaro da la via plblica®. Las vios piblicas son incliencbles e imprescriptibles y no so-
lamante esto sino que existe la "presuncidn de via piblica® que es “todo inmueble que -
oparezca como via pblica en algln planc o registro oficial existente en cuclquiera de los
dep;r;d;zncics-&i Béﬁgﬂmehh del Distrito Federal » de la Tesoreria &-en el- A.rchivo-G_e_
neral de la Nacidn®; estos, "se presumird que es via plblica y que pertenece ol Departa.
mento del Distrito Federal, salvo prueba plena en contrario®.

Nodie podrd construir en la via piblica, ni siquiera ejecutar obras que de
clguna menera modifiquen los existentes sin obtener la licencia respectiva de la Direc--
eién General de Obros Plblicas. .

Los articulos 19 y 20restringen los cartes en las aceras y 1os ruptura de pé
vimentos reservindose lo Direccidn el ordenar bajo que condiciones se deban hacer este
tipo da trchajos cuando se necesiten.

€l orticulo 21 da los limitaciones de voladizos y salientes o sea de cual--
quier elemanto estructural que in7adala via piblica sobresaliendo del alineamiento. Las
pilastras, sardineles, marcos de puertas y ventanas, repisones, cornisas y ca.ios, esion re-
tringidos por una cierta medida.

Los balcones y 1as hojos de las ventanas que s2 cbren hocia afuera esten en

funcidn de su distoncia o los lineas de transmisidn eléctrica, Las marquesinas no se po—

drén user como piso cuando se construyen sobre la via piblica. Tarmina este articulo restrin
p vy P n

giendo aun mos el uso de estas piezas: "las licencias que se expidan para lo« elementos saia

iodos en este crticulo, tendran siempre el caracter de revoecble®.

Todos los voladizos y salientes deber8n dranarse convenientemente de tol -

. o - - . . .-
concretos y las hard constar en los pérmisos, licencias & alineamientos que expido qued:

N

modo qua la caida del agua o sea sobre 14 geerc.

No se puede usar la via plblica para qumentar el area util de un predio -
ni en forma asrea ni subterranea y el que invada la via piblica con este tipo de construe
eiones estd obligado a retirarlas,

El copitulo IV del Reglamento define como alinecmiento oficial "la trezo
scbre el terreno’ci(:é’limha‘el predio respectivo con la vig plblica en uso 6-con la futura
vfa piblica detarminada en los proyectos oprobadas por los érgancs o autoridades Compe.
tentes”, La Direccidn fijo restricciones de cada predio ol solicitarsele el olinsamiento =
oficicl . Pora esta peticidn hay que precisar el uso que se prete;\do dor al predia. Sin esto

~ .

documento no se otorga la licencia para constryir.
[4

* - 3 )
El articulo 34 reglamenta que la Direccidn "esteblecera las restricciones
que juzgue necesarias para la construccidn o pora el uso de los bienes inmuebles yo sea

en forma general, en determinadas zonas, en fraccionamientos, en lugares o en cesos —

b=
-

do obligados los propietarios o poseedores da los inmuebles a respetardes®,

£l capitulo V}r_estrin—ge y> da las especiﬁ.cocic;nes o que deba atenerse los -
constructores de instalaciones cereas como son los postes § instalaciones subterrane =s pcra
los servicios pOblicos de teléfonos, olumbrado, serr;éforos, etc.

Hasta chora, hemos visto el titulo | del Reglamento que e;rmblece restric-
ciones de tipo general. El titulo Il restringe el proyecto arquitectdnico, para este eferto,
la Direccidn "determinard los coracterfsticas de los edificios y los lugares en que estos -
Pueden autorizarse, sagin sus diferentes closes y usos® por lo tanto "aprotard & rechozard

0 L)
los proyactos arquitectdnicos de acuerdo con sus coracterfiticss gererales y particuleres,®
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Las construcciones que sa ubiquan ;n zoncs Hpicas y en colles § plazas 8
priximas o construcciones declaredas rnc.'mumenfos a juicio del Instituto de Antropologia @
Historia, deberdn armonizar con el ambiente general de que forman porte.

' l',bs matericles especificados en el prayecto deben ser de la espacie y ca-

S e 1o, gt 4

{1dod mecesarics &l uso que sé destine coda parte del mismo.

— -

El M-c;o deberd incluir los mbximas seguridades contra incendio. -
Todo edificio que tenga piezas habitcbles y que estén a una altura mayor
da trece metros sobre el nivel de la acera, deberd tener por lo menos, en sarvicio un as-

consor pora personas. . -
4 .

.. En el copitulo VII se restringen las elturas de los edificios y los espacios
que deban quedar sin construir.

Ningdn punto del edificio puede esicr. a mayor oltura que 1.75 veces su -
distancio ol paramento vertical correspondiente ol alineamiento opu.esfo de la calle, En
plazos y jordines el alineamiento opuesto se localizard a cinco metros de la guamicidn o
en el Ifmite intérior de 1o acera si esta tiene mos de cinco matros de enchura. Cuendo el
odificio se. J&)Tc a construir en ésquina de un cruce de\calles de_anchuras d?'ferenres, la =
oltura de 1a fochcda en el dlineamiento da la calle ongosta, podré ser la de lo fachada
en el clineamiento da la calle ancha, hasta une distancia equivalente a vez y mediala
enchura de la calle angosta, medida a partir de lo esquina.

Todos los edificios debardn tener los espacios sin construir necesarios pora
lograr unao buena “urn-inocfc'm y ventilacidn, Estas areas sin construir so dan en el Reglo-
monto como mfnimas. Porc hoteles, oficinas y escuelas se den en un por clento de los =

arecs construidas. En sclcs de espactdeulos y centros de reunidn en general s¢ den en fun

¢ién da una cierto arza fijo por concurrente . En los edificios industriales la Direccién -

1
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qisma fija los limitaciones en cocjo caso espacilica., En aquellos edificios qua sa dastinen
o uso mixto, sardn por lo menos igucles 6 la suma do las que se requisran para coda fin sl
vo quo sa demuastren qua no existe superposicidn de horarios en su funcioncmiento.

A partir del nivel en que se desplanten los pisos de un edificio destinodo a
hebitacidn; deberdn quedar Iibres las superficies dedicodas a patios que sirven para dar =
Hluminacldn y venﬁla‘c‘ién‘c—fas diferentes dependencias, sin que dicha superficias puaden
sar cubiertas con volados, corredores, pasillos o escoleras. So entiende por pieza hebita-
ble "los lc;coles que sa destinen a salas, despachos, comedares y dormitorios® y por no ha
bitcblas oquellas 'désti‘hados a cocinas y ciortos ds bafo® ., El destino de coda local serd ol
que resulte de su ublcacidn y dimensiones y no el que se lequiero fijor arbitrariamente, =
El articulo 61 d4 les dimensiones minimas tanto en enchuara como en altura pera poder ==
eonsiderof un local como pieza habitable. El reglamento en su articulo 82, solo autoriza
la construccidn de viviendas con un minimo de una pieza habitcble con sus servicios com=
pletos de cocina y boﬂo_.A

Todas los piezas habitebles en todos los pisos deberén tencr iluminacidn Y

-ventilacidn por medio.de vanos que dardn directamente o patios § a la via pblica. Las

suparficies libres de toda obstruccidn para ventilacién e iluminacidn estan en relocidn de
Yo superficie de la pieza, osi, el articulo 43 do unos minimos iacro estas orecs de un octa
vo y da un venticuatravo da la  superficie da la pieza para iluminacidn y ventilacidn res
pectivamente . El articulo 64 d& los dimensiones minimes de los patios que sirven para =
dar iluminacidn y ventilocion a pi.ezcs hebitables, Estos dimensiones miimas esten en —

funcidn de los olturas de los muros que limten estos patios. Cuando la oltura d2 Yos muros

limitrofes sobrepasa los 12.-- m. lo dimensidn minima dz1 patio serd el tercio de la alty

ro total de dichos muros. En este mismo articulo s2 ddn tambien las dimensiones minimes



48

o los potios que sirven para dar iluminacida y ventilocidn a piezas no habitcbles, Asi =
alsmo cuandos la altura do los muros limitrofes sobre pasa los 12.00 m. la dimensidn mi-
alma d=l pcﬁo sar§ al quinto da la altura total de dichos muros. Ademas de la iluminacidn
nduro! se debe proveer a los edificlos pora hobitacidn, de iluminacidn artificial que o
ﬁ[can el ecp'ru‘o XXI del Reglamento.

Todas Ics viviendas do un edificto deberén tener salide a pasiilos & corre-
dares quo cenduzc;m directamente a las puertos do solida § o lcs escaleras. B! encho de
esto1 pasillos st como la oltura da barandales, cuando las necesiten, se especifican en el
atleulo 65,

Los edificios tendrdn stempre escaleras que comuniquan todes los niveles,
ounque tengen elevadores. Las escnlercs se deberdn construir con materiales incombusti-
blos y protegarse con bcrondoles.

El capitulo 1X reglamenta los edificios para comarcio y oﬂclnas; los cuo-

s son oo‘ns?de‘r”o&os ‘eomo piezes habitcbles y por lo tanto tHenen las mismes_restricciones

sque los edificios para hobitaciones vistos anteriormente. Lo especificacian particular de
(°os;clems'>es un ;;oeo-n;cs rigida en estos. T ST e
-El copitulo X trata sebre edificies destinodos o la educacldn., Pora poder

otorgar licenclo de construccidn, ampliacidn, odopatacidn & modificacidn para este tipo
<o edificios se requisito indispenscble que previamente se cpruebe su ubicocidn. La su-
parficie totcl dal terrens deslincdo'o la construccidn de edificios para la educccién sard
por lo merot d2 cinco metros cuadradas por alumne. Bl nimero de clumnas so caleulerd
da ccuerdo con la ecpacided total da los autas. La cepacidad de las aulos deb;ara caleu=

tarse a rezdn de un metro cuadrodo por alumno, eon una cepocidad mixima da cincuenta

dumnos, Les aules debarda estor iluminodes y ventiledes por medio do ventanas o la via

» r— v ee-we =
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plblica o a patios y estas ventenas debc.rén cho2ar s « sares tda la longitud de uno
ds lo: muros mas lorgos. Los patiat q)a sirvon poro d= Turierecitn y ventilocidn a les -
aulos deberqn tenar por lo menos una d'm«*nnon Sz un nede 2o la ddtura del parcmento y

como minimo tres matros, Lc ﬂummacnon artificid 2= @ nlo =rd directa y uniforms.

Estos edificlos de!;eran tener un espo.cio para el espa<mienta Fsico do lot clumnos con

una wperf'c!a mfnima equivalente a vez y media ol an& ==nsiruida con fines diferentes
del esporclm\‘ento. Se exceptuande esta obligocidn s eszalss c:pecnchzodm. Toda e3-
evela tendr§ un local odec‘;ado para enformerfa, dotad = equipo dd emergencia.

El copliulo Xill del Reglamentqy sa T hespitales. Las dimensio-
nes mfaimas para los ;uoﬂos de enfermos, de los coredaes y de los patios son les mismas
resteicclones que las vistos para ediﬁc.ios de hebitoziSn. U= dimensiones de las salas ~ -

gonercles para enformos se deben caleular en la mis—s Brma que en los edificios para la

| educacidn. La instalacién eldctrica general debe chostaseese, odamas da las del servicio '

; publico, con.una planta particular con la copacidad mez2scria.

Bl captulo XIV referente o industrics en su erticulo 11l obliga, entes de

. dar autorizaci8n paro constryir iin edificio de este tipa, 0 que “previamente se apruebe -

su vbicacién conforme o las disposiciones legales oph:ebles . Lo industrio que por su =—
Importancia y por la naturalezu de sus actividades y dasechas, impliquen riesgos se ubica
r&n fuero de o zono urbang; los que causen molesties, en zonas industricles y si los moles
tias son tolerchles, en cualquier zona siempre que no existon prohibiciones o restriccio-

nas que lo Impidan. El articulo 112 oun reserva la expedicida d2 la licencia de construz
€ién paro este tipo de edificios @ que "lo Direceidn Ganarol da Obros Piblicas deberd -

cuidar que las construccionas satisfagan lo previsto en los reglamentos da medidas prevea

tives de eccidentu y de higiana dal tecbajo”.
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El copitulo XV se refiere o salos de espectdculos dando como primer requi
sito pora otorgar la licencio *lo aprobacidn previa de su ubicacidn y demos requisitos —
conforme a los dispasiciones legales aplicables™. Todas las safas destinadas @ espectdcu-
los deberén tener accesos y salidas directas a la via piblica 8 comunicarse con ella por

pasillos con onchuros minimas dedas en funcidn de las anchuras de todas las circulaciones

que desalojen lc.; ;;!os por esos pasi-llos. Estos accesos y solidas se deben localizor de pre
ferencia en_colles diferentes. Toda sala de espectdceulos debe t;ner por lo menos tres so-
fidas. Deberdn tener osi mismo vestibulos que comuniquen la sala c;n la via plblica & con
fos pasitlos que den acceso a esta. Ademas cada close de localidad deberd tener un espo
cio para el descanso de los espectadores en los intermedios. Sobre los puertas a la via -
piblica se deberdn poner marquesinas. Las tequillas paro la venta de i::oletos no deben —
abstruir la circulacidn por los cecesos ademas de localizorse en forma visible. La altura -

fibre do 16 sola no serd en ningln punto de menos de tres metros. Bl volumen de la sala

52 coleulord a razdn de'dos y medio metros clbicos por espectador. El articulo 119 solo

-

\?emﬁte la instalocidn de butacas y prohibe lo de grades en les solos de espectéeulos. Ade

mas sa reservo el derecho de revisidny "se ordenara el retiro de butacas de-los zonas de .

visibilidad defectuosas™. Los butaces se deberdn fijar ol suelo y ser de asientos plegadi-
zos. En los muros de los pasillos no se permile-n salientes o una eltura menor de tres ma—
tros. Lo anchura de los puertas que comuniquen 1o salida con el vestibylo, debera per—
mitir lo evacuacidn de lo sala en tres minutos, Ceda piso o tipo de localidad con cupo su
perior o cien personos, debe tener por lo menos, odemas de Yas puertas antes vistas unc -
solido de emergencia que comunique a la calle directemerte 8 por medio de pasajes inda-
pendientes. Les hojas dz las puertas deben cbrirse ol exterior. El articulo 123 prohibe ter

minantemante "qua en los lugeres destinados o la permonencia § of transito del plblico,

A
hayo puertas simuladas § espejos que hogan ap.arecer ol local con mayor amplinud que 1o
que realmente ténga®. Las escaleras tendrdn una anchura minima igual o lo suma de ls
onchuros da laos puertas o pasillos o los que den servicio y comtruirse de materiales incom
pustibles. Cada piso debe tener por lo menos dos escaleras. Los escanarios, vestidorss, bo
dagas, talleres, cuartos de mEquinas y casetas de proyeccidn deben estar aislodos entre -

slyde lo sala, asi mismo tendrén salidas independientes de 1o sala. Todas los sales da es-

pactdculos deben tener ventilacidn artificial . El aire deberd ser tratado para chterer yna

cierta temparatura, himedad y concentracidn de biaxidoe de corbono. Deben tener sarvi-
cios sanitarlos para cada localidad y precedidos de un veostibulo. Les sales da especticy~
fos deben tener una instalacidn hidelico/independ?ente para cosos de incendio con una

presidn necesaria en toda la instalocidn para que el chorro de ogua alcancs el punto mes
olto del edificio. Solo se outon:izora el funcionamiento de las salcs de espectdculos cuan
do los resultados de las pruebos de carga y de sus instoiociones sean satisfactorios. Esto ~
outorizacidn deberd reccbarse onualmente .

El copfiulo XVI referente a centros de reunidn como casinos, echarels, -
restauranites, solos de-baile-o cudlquier-otro.con uso semejonte tiene disposiciones simila-
res ol capftulo XV pora soles de espectéeulos. Tambien el Copftulo XVII destinads o edi-
ficios para espectbculos deportivos y el capitulo XVIil o templos siguen poco mas § meno:
las mismas disposiciones del XV.

El copitulo XIX se refiere a estacionamientos definiendolos como lugeres
“de propiedad plblica privoda destinodo o guardar vehieulos®. Para otorger licencia da
eonstryccidn, ampliacidn § modificacidn de lugares que sa destinen total & percialmente

8 estacionomientos, sa nacesita la aprobacidn de su ubicacidn. Los estazioncmientas de-

ben tener carriles separados pora 1a entroda y solida da los vehfeulos con una enchura -
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minima de dos me..0s y medio. Deben tener areas para el ascenso y descenso de persancs,
, lcos o los cuales debaedn sujetarse fos dizafos astructurales.
of nive! da las aceras, o coda lado de las carriles. La oltura libre de cualquisr punto no
- €l capitulo XXIV sobre cargas vivas, también da una tebla da estzs y 1=
puads ser menor de dos metros con diez centimetros. Les rampes tendrdn una pendiente m§
o - da cdleulo no serdn menores que las especificadas en dicha tcbla, El propisrcrio dal ez.
xIma da quince por ciento y curves con radio minimo de siete y medio metras, Estas rom- . -
: ficio serfa al responsable de los perjuicios que podria ocasionar un cambio de destirg Ze
- d fa construccidn cuando produzca cargas mayores que los del disedio. -
Queto de proteccidn. Si los areas de estacionamienta no estuvieran a nivel, los cajones ss "o
: . - - . . Copitulo XXI.- Cimentaciones. Este copitulo principia dividiendo el t=
dispondrén en forma tal que en caso de que folle el sistema de frenos el vehiculo quede - -
. eritorio del Distrito Federal en zonas de alta compresibilidad y de baja compresibilidad
detenido en topés. Cuondo no 32 construyan edificios pora estacionamiento de vehiculos .
. ) dando en su artfeulo 191 la obligecidn de cimentar toda construceidn o estructura, En —
sino solcmente se utilicz el tereno, este deberd pavimentarse y drenarse edecucdamente,
. . ningd caso se podrdn construir cimientos sobre tierra vegetal, rellenos sueltas o deshecke
eontar con entradas y salidas independientes, tendrdn delimitadas areas de eirculacidn, ) .
. " los cuales tendrdn que ser removidos en su totalidad. Lo profundiad minima de desplonte
contarSn con topes paro Vs ruedas, bardas propias en todos los finderos, casetas de con- .
requerlda es de 50 cm. bajo la superficie del terreno, exceptudndose les construccione:
to! y servicios saniterios. Este copftulo en su artfculo 177 da una excepcidn "los estacio
- ' - eimentadas directamente sobre roca. .
--namientos privados no estan obligados a tener carriles seperados, areas para aseenso y des
. . T - - -~ ... El factor de seguridad minima odmisible contra falla del suelo por esfua-
censo da personas, servicios scnitarios y casetas de control™. i ) -
20 cortante ser de 3. El tipo de cimentacidn elegido, asi como su disedo y ejecucid-

Bl copitulo XXI; Gitime-del titulo segundo refarente ol proyecto arquitec- )
. . - T deberéin asggurar que los movimientos verticales que ocurran durante 1o construecidn da!l
¥nico; da una serie de niveles minimos de iluminacidn en luxes, pora los diferentes ¥ipos !
] . . edificio y la vida da! mismo no ofecten su estabilidad ni lo de construcciones vecines +
" do edificios. ' :
. - edemas no interfieran el bien funcionamienta de los instclaciones en la via pdblica.
. El titulo tercero del Reglamento dispone les restricciones ol disefo estruc- .

. Los copftulos XXV ol XXX interesan a elementos de mamposter{s, esi.
tural. Todos les estructuras deben ser analizadas por los procedimiantos reconocidos de — .
) turcs de madera, de concreto, de metol y compuestas, En ellos se donlos esfuerzos pe
anblisis eldstico § ineldstico, siempre que sa sujeten a los requisitos que seala el Reglenen
- misibles para los distintos elementos estructurales disedados en estos diferentes materic’
to. Pueden emplearse m&todos de cllculo diferentes, pero el disedo deberd sor aprobado =
: Para estructuras de madera lo calidad de 1o misma no podrd ser inferior o 1a de tercers

por la direccidn General de Obras Plblicas. El disedto de estructuras especiales por sus ca —
- Tambidn en estos mismos copfulos se dan las especificaciones paro elamentos de unid
ractorfsitices & materiales requerird aprobacidn especial de lo misma Direceidn,

los diferentes estructuras: elavos mos, soldadura, remaches ete.
] ’

1 ccpitulo XX trota do cargas muertes y 435 uno tobla de pesos volum$- .
’ Yermina esta tulo tercero con los disaftos por sismo y vients, Para sit
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. K . rs . - .o o . . .
sa clasificon los e "ificios por su dastino en tres grupos y p~r su estructuracidn en tres ti 2. Las demos que estoblecen el C3digo Sonitario y los Reglamentos respectivos.

2 - «
Sy N, Trree

cuerdo con la clasificiacidn del edificio y de la zona de compresibilidad en la
pos. De o Y o P Concluye el Reglomenl‘o de a3 Cimtruciisnes eon'su-titulo sextorcon dis
1

strui ede chtenerse el i fsmi isefio.
que vaya q ser con ruido pu coeficiente sfsmico para el disefto. No es poncuones diversas toles como los derechos y obligaciones da los dirsctores responscblas

v

Vbt s

. © . Y SN o . -4 LTI e, - =
i nsiderar la accidn simultanea del viento y del sismo. En estructuras cuya =
pecesario ¢€o oy mo Y da obras, propledades de los llcencucs, mxp-cc-ones ¥ 'un Gltims ccpitulo en el cual e
o s .

2.
erea cubierta exceda de 10,000 m” & cuya alturc exceda de 45 m. deberon instalarse ~ d:cton los medias y ,onc,gnes pcra hacer cump':r el Reglomento T

- C o - BRI T
N TN - u tut . )
deformimetros y oscildgrafos ccpoces de registrar con precmon movimientos intensos. Pa S - - -
LR I ST o :""i AN 'I.‘:r, - . N T TR
~ - e . I L W o .
ra el disefo por vieato, los esfrucruras s8 ‘anatizardn. wpomendo que puede actuor por lo oo e LT e .
‘}’\"' T 3 "' ol - ) — ) B ‘
menos segin dos direcciones perpendiculares entre si. Asi como en el sismo, cuando una ’ T TR LS pwn U enl e
g - U, ne o,
i) . . N SRR
estructuro exceda en altura los 45 m. s» deberdn instalar anemdmetros capoces de regis- I L PRI )
. ‘ Vo ' [N
T S P o] -
trar con precisidn velocidades altas de viento, . ) TR .
- . . . LT s T ey, ST .
El titulo cuorto se refiere a lo ejecucidn de.los obros. Da en sus artieulos, . : R T
WAL G LT ey L . )
te d \ . dimi d .2 P o . 1 ! - L N
una serie de tolerancias y procedimientos de construccidn que serian minimos para la bue R T VR T AV S SIS
_ ‘ - R R N T ER T,
no ejecucidn de la obra. ’ POUTT TR T s G el .
s - ‘ BN I BN SN 4 oate .
En el 1hulo quinto se don disposiciones para la conservacidn de predissy- - - L e T T
_:U .g * :,,' Y 4 [ ;‘ T - -
edificios, asi mismo se | limitan con un Perrmso espacial los usos peligrosos, molestos o == A ] L T ST AT
S L TELYGRESI gy el n, L ,
malsanos, considerdndose como estos: Ty T R T RUCEI R
. ’ T N g, - - o
V.- Produccidn, almacenamiento, depdsito, venta 8 manejo de substancias & de obijetos R T R e
! T I N - e ) :
o o . - . o o Y e T A RIS Y NTv st sl e Y, '
téxicos, explosivos, inflamobles & de facil combustian. . e R A O T T DI
P T I N
. . . . 3 D P N e .
2.- Excavacidn de terrencs, depdsito de escombros & basuras, exceso § mala aplicacién : P O O T
. S ,{11, % ayre LN w oA -
. E L Y T
de corgas a las construcciones, ST s B
LIS 1 A R A N T
3.~ Los que produzcan humedcd, salinidad, corrosidn, goses, humo, polvo, emanacio~ . Y A A TP G
Froepesncon L U
mas, ruidos, trepidaciones, combios sensibles de temperatura, malas olores v otros A L A T P A
- .r,u,.gus o ST = et . )
. ge_e P - e T R A Doy e
efectos perjudiciales § malestos para los persanos § que puedan causar dadto a las pro R TR R L N
~ EEIRE A BA L ¢ s 5o,
piedades, T DR R T I LT .
’ Tl -
- . : [ .
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Vemos a ver primeramento una serie de ganeralidades y de dafiniciones =
pora entendar con mas claridad algunos cenzaptes qua vsaremos para entrar ol tema da —
les eriterios econdmicos usueles para daterniner la utilided de un terrenc,

Los blones rafeas so odquiaren pensando primordialmente on ia rento qua-
. _ : ._ 3 - : vona producle, En of trato de dichas propladades, el valor tiende a ser praserito por la =
) | ' o '. ‘ N .- T _échﬁdca, calidad y durcbltided de lo-rantz aeta.imputchble o la propiedad.

| e :le!uodor empleza s bz onolizando la rents brta econdmico, Es-
o ' - " taronta enla cantided el valor de renta razaeable que la propledad o3 ecpaz do produs
elr, mas diversos y sorviclos, st los hoy. B slquiler acondmico osta besedo en lo compa

4. ‘ vaclén da nlveles da rento y puede sar mes 3 menos que el alquiler ectudl,

l » €n la préctica, no pueda swmrarse qua muchos edificios soan ocupodos =
eompleto y continuomente, tampoco puada suserore quo les pogos seon Inmediates y exce
tos, por lo tanto, so debe hacer una deducz™@n por vacentes y/o ccbros pordides. Otra =

- ! T T L doduccién importanto o lo renta son los gastm: varios do oparaclén, toles como Impuestos,

saguros, admlinistraci8n, serviclos, persanctns: reperaclones, elmocdn paro répucstos.y eus!

| \ e e iy e e -----‘---—-- R R v —u—--__.q“]gr‘o’foagosto:cpwptﬁdo 1mpm~ﬂﬂ°\-
. .l )

siesn amia oW

Ertondemos por "depraciociSr neta® a la difsroncla entre la ronto deduci

4 TR R ZACIO! DET'E““NAR : da por vacontes y los gastos do eparacidn, v conoce tamblén como "recuperacidn neta®
LA EHCENA.y U UTILIZACION DE UN TERRE

NO © como "flujo de caja". Es el verdedere punvz de partida pora el proceso de copitaliza-

. etén,
‘ T e . La copltalizacidn es ¢l pmeses oe convertir 1o deproclacidn neta en im—
porte, blen dividiendo la ronta en proporatanne: edacuadas o multiplicéndola por un foc-
" tor,

Excepto para propledcdas rantaesies @ lorgs plazo, la practica astuel es di
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i
| widir la renta proporc?gnc?man?e . ) |
mente los Ingresos del terreno y despues copitalizands el ingresn residual a wna tezg que

|
] La relacidn entre la renta neta antes do la recuperacidn y ¢! valor tatal -

‘ & Lo propiedad, se conoce como “contribucidn total®. Es la relacidn ingresa—alor. Incluye ef interds da la construccidn y su recuparacidn y obt=nemos lo que se llema *va

' i3 H idual de ! ién®
La contribucidn tota! incluye y mezcla una tasa de interds por la tierra, lor residua o construccion,

" ena tasa de Interds por la construceidn y una pensidn por la recuperacin da-la construc- Pora obtener el *valor residual de la propiedad® se siguen dos caminos:

. o - . s
. eén. ? - o . - o 1.~ El ingreso neto se]?rafa con una sola tasa, la cual mezcla un por ciento por el terrs

- ) s T, I - - e
Por ejemplo, si una propledad tiene una renta neta antes de la recupera- no, otro por fa construccidn y.otro por la recuparacin, En otras palebres, lo recu- -

€i8n do $ 10,800.00 por affo y se cotiza en el mercado en § 120,000.00, la contribucian perpci'fm_nekf anterior, es ccpitalizada con una tasa que cubre todo.

total sarfa de $% ya que 10,800.00 entre  120,000.00 es igual ¢ 0.09. latosa de in 2.-El ingreso neto es capitalizedo por aplicacién de un factor ;propfcdo de cnualided,

fards es un por ciento, que no Incluye una pensidn por recuperacidn. Se oplica a los in- <! cual se le afiode el valor actual del valor estimads de aquella parte <= la progis-
dod, la cuol reverterd ol concluir la anualided.

gresos del terreno.

Lo tasa de copitalizacidn si incluye una pensidn por recuperacibn. Se opli En el m¥todo de copitalizacidn llamado™linza recta®, el tatanieato suc
@3 con Ja ¥éenfca del valor residua! de la construecidn,

€a o los ingresos de la construccién,

Tasa do Intereses + tasa de recuperacidn ® tasa de ccpitalizacidn, La copitalizacidn directa y los métodas "Ellwood™ emplecn el valor resi-

LLamemos *factor” ol reciproco de uno tasa. Hay publicadas teblas de —

- e e e e ow

dual de lo propiedad.

“factores, éada una de los-cuales, tiena su propio esfera de vtilidad y eplicocidn. Leas ta- Veamos un ejemplo dal proceso de capitalizacidn:

blos de factores mes frecuentemente usodas, son la "tchbla lnwood™ y lo “tcbla reve;sﬂ:!e'. ~ Consideremos unia propiedad con un Ingreso de $ 20,000.00 por co y ur

Les procedimientos conacidos como "técnicas residucles® atacan el proce *flujo de caja” que sz espera sea de § 10,800.00 por oo, Consideremos un valor inde-

& o ccpitalizacidn, con el uso do tasas 8 factores. pendiente del terreno de $ 20,000.00 y una vida econdmica de 33 eftos. Vemos o trater

El ingreso neto Imputchle a la propiedad, s trata deduciendo los intere - ol problema por varios métodos.

tos de To construccidn y las-ccrgas por recuperacidn y despues se ecpitoliza la renta re- ©).- Conel ""5'°d° de copitalizacién directo, usando 9% como la tasa cpticeble o co!

sldua! pera obtener una Indicacidn dal valor de la tiarra conocido como ®valor residudl venlente que wb_re todo:

dal terrenc®. Flujo de coja & depreciocidn neta onterior.eeeneesnenss.a$ 10,800.00/ o

Do lo misma forma el Ingreso § renta neta sa trata deduciendo primara=— Copitalizands 0 % cevvvereenienienniiiinnnnnnnninis # 0.07

VO'OI' fnd?codo............-...-................-.u- ‘ IN,&‘O.N



b).- Con el métc.'o de *lfnec recta™:

La tasa de recuperacidn se ofiode a la tasa de interés, debido a que los ~

fnstclaciones de recuperacion, son recibides cada aflo en importes iguales:

|ngresobmfo.................-...........-.3..- ’

Gcsl‘os.....-..-.............:....-.......u... s

Racuparaciét‘\ neta anteriofeecccsscssscnscscsnsses S
tmputcble ol terreno 8% de § 20,000.00 ..c0eeees $
Neto, gonancia del cepital- (para restituirse ol copital)$
Copitalizando o 93% (63% interés + 3% recuperccién
correspondiente o 33 chlos de vida econdmica) valor de
Yo cOnSrUCCIdNeeassasescasscccaseasaccsssascss $

. NS TEMMeNO.ceccscsssccsanscsccnn ercccssasn veee $

od
]
-
o
.
o

¢).- Por el método de hipoteca legal:
Flujo de cajo (depreciacidn neta oterior ) ceeeees $

Hipoteca de § 80,000.00, 20 ofos, 6%, 8.604 deuda

constante o cubrir (de tablas de hipotecas, 12 x pego =

mensuc‘)..................-........‘..--.-..... s

Neto por equidodeccicriccccreccnassaaadecances $

20,900.00 / o

9,200.00 / oo
10,800.00 / afo
1,300.00 / &Y
9,500.00 / afo
100,000.00
20,000.00
120,000.00
10,800.00 / oho.
6,880.00 / olo.
3,920.00 / co.

Copitalizando 10% pera retomo equitativo, consideredo como

suficiente pora atroerel riesgo del copitalieccaneces $

Afodiendo hipotecaiiecesccasocccscceansccnsancse 3

Totol severaeennns $

39,200.00
80,000.00

119,200.00

61

Por el método de anuclidades:

v

Supongarmmos permanace 17 cflos en aorriendo a § 10,800.00 por o y un
arriendo al final da § 20,000.00 y § 50,000.00 por la construccidn, total = - - -
$ 70,000.00.

Valqr presente de § 10,800.00(&10 a 61%, foctor de 17 cos

}
10,110, 0uieiecucncnsocecoreccsacsncscancsscsaneansa$109,183.00
Yalor presente de $70,000.00 devolucidn en 17 ados @ &}

%‘ factor 0.3428-.‘----oooonoooo--o-.....'-osono-o.- S 23,996.&

Totol........ $133,184.00

¢).- Por el concepto Ellwood:

\

Lo Renta neta es valuada por aplicacidn de una tosa de capitalizecidn que cubre
todo., Esto tasa es sacoda de un libro de tablas o bien calculada por una f&rmulo
on oquellos casos en que no se encuentra directamente en toblas de tascs.

En el ejemplo expuests se podria pensar que los datos son un proyecto ra
zoncble en los 8 ados prsximo;. Se venderia por 15% menos ol finol de este perio
do, posi‘!;le;nen?e aln 20% menos. El finenciamiento de hipoteca es obtenible o
65% del volor, @ 8% de interds, con una amortizacidn de 20 eflos, -

Tasa Ellwood con 15% da depreciocidn '.'/ 8.89 %

10,800.00/cr0 ¢ 0,0389 , =§% 121,500.00
Yasa Ellwood con 2075 de depreciocidn - 9.32%
10,800.00/c0  0.0932 ’ = 115,900.00

Como vemos, no hoy un solo "canino recto” para capitalizar la renta, =

Los métodos oceptchles comunmente tienan A s, cierta suposiciones voricbles. Por -

ejemplo, 1o capitalizacidn dirccta con /0 tasa que cubre tods, no estipula una vida ez
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T pdmica, ni diferencia que parte es tierra y que parte o3 construccida, Es simple y con-
yInconts cuando hay wficientes trensacciones do mercodo cbierto para prober que la tasa
s cormecto. El método de ITnec recta con la técnica del valor residud! de construccidn,
postula vna vido econdmica, diferencia la tierray la construccidn en suma proporciona
una renta neta gradual. Puede perecer tedrico, pero en la prictice, provee unes pautas

"~y satisfactorics. .‘ €l método hipoteca-equided, es gl__fxas tipico usado por los inversio
pistes y la contided y tipo de hipoteca que pueden obtener, frecuentemente determinard

ol Pm”c}o’q‘lﬁ pogarén. Los réditos de equidod son asuntede-observocidn y juiclo, corrien
femente entre 8y 12% & m&s. Lo mejor de! método es la observacidn de las reacciones -
entre comprador y vendedor. El procedimiento de onualidades presume qu.e hay una renta
nata asegureda por un periodo cleremente lorgo, lo cual, .ofecta favorablemente la cali-
dod y durcbilidad de lo renta . Por lo tanto, la propiedad vale més que de otra manera.
€l concepto Ellwood, refleja los mismos foctores que el método hipoteca-equided, Surge
un juicio edicional que es, si la prapiedad se depreciard en el futuro mas repidemente que
la cmori.izo‘cién de |c:h?poire:o, lo cual significo, que la'equidad puede & no increman-

teseenvalor, L - \

Podemos ver el proceso do copitalizacidn mc;s obietiv;mn—m e-r:;lnsihgufe'g-

te diogromex

, [Rento Total Posibl:.J

manos.

chc:nre y/o pérdides da rento.J

l e

‘ . - Ig\.id °
! [Rento total ofﬂcﬁch.J
I

' msnos

|
: [Gasroirde Cpe rociér]

' fgudl o
. - .
[Depreciocién neto anterior | o o I Renta "°'°-|
} tratada por
r— 1 T T 1
Tosa que I Linea recta l Hipoteca l Ellwood l I Nive! 22 renta |
cubre todo equided.

l ’ !

igual o

Valor estimeo

! Tenemos dos formos de determinar la eficiencia de utilizocidn de un te-

meno. Porhrnedio del pr&c-e&_irt;i—e.;t;_ilﬂcxr;lcdomf;ggicfo?mbl y por el proceso del velor residual -
i del terreno.

El procadimiento tradicional consiste en seleccionor una wtilizacidn de -
entre todas las que se crean factiblas. Eloborar un proyecto para esto utitizocidn, Esti-
mor la inversidn necesario que se requerird pare construir el proyecto y suméndole o es
ta contidad estimada, el valor del terreno, obtener la inversidn total en el inmueble, —
Despuds hay que estimar lo renta mensuol que se espera obtener del inmueble. Con esto,
38 comporan las dos cantidades obtenidas : la renta mansual y to inversidn total, Por Tl -

timo, se aprueba el proyecto si la renta mensual espercda represanta una froccidn satis-
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o . > 4 -
1o (p) rospecto a lo inversidn total, & bien, so modifica dicho proyecto, o0 32 elo
foctoria (p) rospe

nuevo, s la ranta mensual esperoda no representa una fraccidn satisfactoria (p)
bora vno '

& la Inversidn totdl,
‘ $i la renta mensudl esparada representa una fraccidn satisfactorio (p) ds -

{o Inversion totc;! y 3 tiene un proyecto de utilizacidn homogenea podemos expresar esto

on la siguiente formule: - _ -
xAr® plyAc+ VA== cc=m=oc-=< )
en lo eual: x * rento mensual por M2 de 1o utilizacion U —

y = volor de fo.construceidn por M2 para la utilizocidn U
V = valor de terreno por M2
Ar ® Area rentcble

Ac ® crea construide

A = area del terreno disponible para 1a utilizacidn U.

Observando la fdmula (1) podemos ver que la eficiencia del proyecto, estd

mayor serfa lo eficiencio

madida por p y podriomos concluir, que mientras mayor 320 P,

del proyecto, lo cudl es falso: Si lo férmulo (1) se despeja a V.
.7

T xAr .yAc
v - - e D)

At

En esta frmula podemos ver que si (xAr), (yAc) y At son fijos, o medido

qua p o3 mayor, V resulta menor, 0 580, que si queremas un valor mayor de p, Yo cbrene

mos o costa de reducir el valor del terreno. o

Cuendo el proyecto sa trata de varics utitizaciones Uy, Upr U, e farmy

la (2) s escribird de lo siguiente manera

XiArg _ , X2An 4 XA = ylAcl +y2Ac + v, Acn
P P

§ bisn cbrevicdamante:

v, w A .
B -Ea - .
= Ag \ e -

B

! .

En el proceso del valor residual deo! terreno, la medida de la eficiencia &
un proyecto de utilizacidn de un terreno, esfG dada por.el llamedo “valor residual del te
mena® que representamos con la letra V y definimos de la siguiente forma:

{Volor presente de la renta cepitalizada
durante la vida econdmica de lo utiliza  (Valor de la construecidn ).
V » cién) _ " -
Area del  terreno.

Poniendo esta definicién en férmules:
Por o la utilizacién homogenea:
xAr - YAc

v= —_— .- = dc 4 ja === =-(4
A‘ @ P m—-_&—;& :

Pora una utilizacidn miltiple:

i sibei

: & 3l AL
ys BB - £ %k
: M

eeee®) BRgTey ot n

En los cudles x, y, Ar, Ac, y At tieacn el mismo significado visto onteriorments,
fc = tosa de inters sobre el copital proveniente de la renta
fo  *teso de omortizacidn da 1o inversidn en 1o utilizacidn
flc + Jo = tosa de capitalizacion,

& = factor de deducciones o la renta total, dafinido por



&

daducciones = OX por renta total

Yamos a ver fas relaciones que hay eatre el método tradicional y of del «

ssiduo! dal terreno.

Comparando la foraulo (Z) con las Brmulas (3) y (4) vemos que son da = =

__steucture y que don el mismo resultado si y solamente 3i P en (2) se hacs igucl a

‘apor(4). p esuna medida de 16 tasa de capitalizacidn de la renta neta men=

Comparando la Fémaula (27) con la fSrmulas(3) y (4') vemos que son ds =

iura similar  y que dan el mismo resultado st se elige P en(2') de monera que:
()50

“Ttenter - - .é (’3 A'J) - : T -‘ -
p= '% % A5 : ?
T N

ccumplesl p % pp "pF-=c--- " P, Qve en genera! son diferentes -
st ,
: La mejor utilizocidn d2 un determinado terrenc es un problema da decisidn

= le presenta ol inversionista. El debe decidir que clase da utilizaciones deseo ha=

s que calidad deben ser, qué crea destiner a cado uno de las utilizaciones, si el

7

4ue quiera dorle ol terreno es miltiple y que rento fijor a cada una de los utilizacio=

- pora lograr quo el valor residuc! del terreno sea el méximo. Como yo hemos visto,

1ilizaciones tienen sus limites, ya que se tenan restricciones.,

Pcra resolver el prcblema do 1o determinacidn de 1a mejor utitizecidn da

a .

o terrenc hay dos métodos dentro del método general del valor residual del terrano: por
jonteos y po; programacidn matemdtica. El primero, sa emplea con buenas resultodos =
por voluodores expertos. Lo oplicacidn de la programecidn matemético ol problema, a3

auava, presentada por primera vez onte lo 1l Convencidn Nacional ds Valuacidn, reunida

' en o civdad de Guodalajora, Jal. on-Se‘ptF—e-rr:bTe de 1984, por ol Doctor en ciencics,

tMts!c!war Rodrn'gn;ez Caballero.

€l m&todo iterativo consiste, en la elcboracién de varios proyectes de uti
Bzacidn foctible, teniendo en cuenta las restricciores existentas. Se selecciona uno do
fos proye.ctos pore ondlizarlo. Se fijon rentes o los utilizaciones de este proyecto ¥ se da_
termino 1o rento neto mensual esperada. Se estima la vida econdmica del proyecto. Se
salecciona un criterio para omortizar la faversidn en el proyecto. Se fijo una tasa d2 in-
terds pora el copital proveniente de los rentos. Se determinag el valor presente total do 1a

fenta neta capitalizada durante la vida econdmica del proyecto. Se estima el valor total

de 1o construccidn. Con estos datos se oplica 1o fdrmula, para obtener el valor residudl

del terreno. Si este valor resulta satisfactorio, % acepta el proyecto-como posible . Se
repiten todos los pasos pora cada uno de los proyectos elc!:orados.

- Con todos los doros.obrenidos, se comparon los valores y se seleccions »
como proyecto Sptimo, oquel que de lugar ol mayor velor residual del terreno & bien se
selacciono como proyecto Sptimo a cuclquiera de los pro)recfos.fo:ﬁbles, 8i todos ellos =

conducen o mismo volor residucl del terreno.

Podemos ver objetivamente el método iterativo en el siguients ezquema



cién de varios proyectos, lo cual es costewo, v lo sequnda, darivada de 1o primara, os -

qua no parmite consideror todes les combinaciones posibles da utilizociones factibles, -

Ipor lo cuol, s puede llegar a un resultado que puede no ;er el Sptimo de utilizecidn de!

- farrend._

Para una mejor comprensidn de la oplicacidn de fa progremaocidn matsmd -

tico a fa determinacidn de la.mejor utilizacidn da un terreno, vamos a dividir su estudio

en dos cosos:

Coso I.- Utilizaciones exleuyentes.= Cuondo olo se quiere una utilizacidn factible del

terreno, se cplican les formulas (3) y (4) . Substituyendo &sta en oquella:

v= 12 (1-) A 4 -Ac B )}

T +ie A Fold
Llamondo "2® alarelacidn de Ac
o ) At
y "B ° olarelacidn de Ar
) Ac.
Considerondo el product; ;F z2 A -
~ At

y substituyendo estos valores en lo fémula (5), obtenemos la férm;!u b&sica del velor ra-

sidual del rerreno por matro cucdrado: )

Vot lkx-y e R
enfocvdd K = 12(1- & )P
' ic + io
ComsTRUIA ) Este p_orﬁmetro K" es edimensional; es un factor de copitalizacida do Ya

Bl mftodo da tanteos es relctivamente fécil da oplicer - e . .
* pero rento mensual por metro cucdrado de utilizacidny es una caracteristica intrinseca de fo

Bano doi limitacionst impotontes, la primera es que se requiera la elobora-
. otilizocidn consideroda. Elpardmetro ® Z®  (tambifn odimensional), es un foctor de

whlizacidn del terreno, siempre menor que lo unidod & cuendo mucho iguat o ella, Paro
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cvalguier valor de este pardmetro ® T *, ol factor (Kx -y ) representa la contribuc’3a

|
&s coda metro cuadrado construide o valor residual de! terrenc por metro cuadrado.

* Quadando definida la calse de utilizacidn, queda definido el pardmetro

N

*K* y solo falto estimar los valores de x, y, 2 . Estos volores deben cumplir ciertas

rastricciones .- > T

El valor de la renta mensucl por metro cuadrado “x®, no debe exceder de

un elerto valor (ol qus llomaremas *b") y que se fijo o través de un estudio de! mercado de
rentas de bienes raices y o portir de 1o close, calidad y localizacidn de lo utilizacidn.

x &b

El valor de la construccidn por metro cuadrado ®y®, no debe sar menar =

Representando motemSticamente este concepto:

de un cierto valor (ol que Homaremos "c®) y que se fijo a través de un estudio dal merco-
do de Yo construecidn y o portir, asimismo, de la clase, calidad y localizacién de la uti

lizacitn. Expreséndalo matenilticamentes—- . |

>

y [

Por Gltimo, el valor dal factor de utilizocidn del terreno ® = ©
’ B

’

no debe

ser mayor de un cierto valor (al que Hamaremos *d") fijedo por requisitos funcionoles y -
reglamentorios para la close , calidod y localizacidn de 1o utilizacidn. En ¥rminos mo-

tématicos:

z £ d

Estos tres restricciones vistos anteriormente, se los Hama restriceiones ba
sicas.

Haobiends solamente una utilizacidn factible para un cierto terreno y ya.
determinods "K®, el problema de encantror 1o mejor utilizacidn del terrenc es un pro-~

. »
blema de moximizacidn en el cuct hoy que determinar los volores x, y,2 que hacen ma

: 71
5 |
ximo 0 V de manera que s cumplen los resteicciones b&icas. O s
Max, \'4 * (Kx-y)z
" ds modo que: X £ b
Yy = ¢
. 2 £ Jd

E:te . -
'probelmo puede PBSO'VETSC uxondo 'O ’Q‘CD:CO denom?noda progrema
2

- -
ocion cuodrdtica®, Kent i i
a”, Kenico que ho sido estudiada extensamante en los Sltiras 15 ea
osy

¢ ha sido oplicoda a cantidad ds problemas de direccidn cientifico de emprescs

*2"® de mane
fa que 32 cumplo la restriceidn z £ d 1q funcisn

Ve (Ke-y)z resultalineol y en est
Y ¢ €as0, se puede usar lo tecnico Nemeda *progra-

3 . |
macion lineal™ a la resolucidn del problema
Lx

si o .
iends de gron interds este problema, vomos o verlo en detalle:

- v} . n . . Y "
sl 'OS VOIOIES K r z on COHOCIdoS, lu pcrela de VQ,OfeS X,y PUEde mpn.’scn?c 15

run ¢ i 0go!
po punto de un plano cortesiono ortogsnals—A todas equellos parejos de volores {x
N ,

¥) que hacen qua V iq ,
RS 2cen q sea igual ¢ cero, los Nomamos “puntos de equilibrio®, As?

{
V'(Kx--)'r)z"ol i

dedondey = Kx

‘

qw es '0 ecuation de uno recta < ’Q que "Ollloleﬁlcs en COI\SECUCHCIQ,

i
¢
§ br;o'.
i

; Representonds todo esto gréficamente:

*linea de equili
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|
—_— |
e P 73
y e \ |
.4 ! edqui 1
| ! viere algin cierto volor determinad '
O, despeiomos Sy®
y" de lo ecuacign (%)
| | | Yy Kx-v
B z

Siendo "y
- un vo ini
! lor definido Y °K* es la misma, est ié
> ¢ 510 ecuacidn s ¢y,

. ple
B j Ple para los puntos de uno recto porolelq

o lalfhea de

equilibrio y que pcso por qum

De la gréfica pademos observar, que para todos fos puntos de fo Ifnea ~ l ‘
da equilibrio, el valor d2 construceidn es igual of valor copitalizodo de la renta. Que

para los puntos siguados chajo de o ITnea de equilibrio, el valor de construccidn es menor

que el volor capitalizeda de Ya renta y por lo tonto el valor residuct del terrens es positi

__vo. Contrariamente, en lot puntas situados arriba de la lineo, el valor de construccidn es o

mayor que el volor eopitalizado de la reAtay en consecuencia el valor residuat del terre

no es negativo,

Es facil ver también que ® x = b” es una recta perpendicular of efe *x* -

, : . ¢ Tos fo} terda do esto rectaserion los — {a fegidn permisible, so 1 =
e 7 %0n los unicos pora los r=
cuales x b
’

. e o, m :I es ynag reclo pa__rpendlcu ar a. l ,
' eije y q P ‘ ( 7 Y)
' ¢

to (o, ¢). Todos los puntos orriba dx esta recta serfan los ®y & &7, del problema. Précticom

Y e, Oseo, todasles |

I segmento A5 son soluciones

. .
nle, esto parmite determinar la colidad d2

'Q CO“S“UCCIO” F'—l
mi <
Slb’e PO'O VO'O'CS CO“OCldOS dQ ,0 renta b 4 d'

Por lo tanto, todos los puntso (x, y) pora tos cuales el valor residual del

I terreno, y determinar la rento permisibl

o VS O ds menoroque & £ b Y ¥ D ¢ ~deben encontronse en la Para volores eonocidos del terre da !
€ no y c L X d
- Y a o’ Y a ' ' consrrUCCIon‘
regién oscirodo en la figure, que flamomos "regidn permisible® y qua incluye los fronte- De 10do 1o vist
gidn pormis © visto anteriormante
s podz

mos {legar a 1o conclysidn ¢

- C . <lusion de que el

Volor maximo de "V 5o tiene para el punro(x'b,y"c)s,cop\,ae[ nto of ae ! |
: punto ol que le

12

. , ‘ s p intos ()( y) Porc ‘Os q
ey COHeSPOndb '0 "'070' renta Pcl”"‘lb'c <on c, pisda A Y, VG,Ot d‘«

construccidn pemisitle
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Dentro del Caso | de utilizocTames exduyentes que estocs viene, xde
mos dividir su exposicidn en dos .ubcesos: cuane s2 Fere una ola utilizocGs faxtle
y cuando se tienen "N utilizacicnes factitles mt.anente excluyentes.

Vomos a ver el primer sibecss, en e! cudd teremos solame-re ume ubiliza
cidn foctibla y no se conoce ®2°.  En este prokle~a, como en todes !:-_.s Q2 vereTs,
o tror;: de'n;'ax?miz;r el volor residual del “terero.

Partimos de corocer los valores K, &, ¢, d. Como ya be—~cs vIxe anbes,
so requiere 1a oplicacidn de tdenicas de progranecidn no liredl.

Se usord el tecremo de Kuhn-Tucker.

Lo funcidn de Lagronge que se esocia of problema es:

L(xIYIz)lI/LIv Y2 (Kx -y # A0 -x) +,Ll(y—c) +VYd=1)==-e==-==0

en !a cuc’ ,l ,/u ,9 son pardmetros no negativos, denominados multiplicadores & Lo

grange y que se henen que determinar, Para €] punto Sptimo-- - - - . -y
- - x=X,y=Y,2 ‘f’ 2!_1_‘_1._,/“ =M, Y =N) sa cumplen las siguientes relociones
PLKZ L£0O sivdle £, X = O-<-==ee~({)

[L] ==Z + MLO

51&_?!0( Y-NZ<£O

)
(o]
L}

[}

1
’
¢
'
'
'
J
.,

sivaleZ , Y

"
o)

sivole 4 , 2
%Y];b")(éO sivale> , L * O-ec-==e==(3)

[Q‘L"=Y-c = o)

[3%, =0

En este problemo, solamente tiene interes la ngmcnto clote do solucio-

sivale>, M = o----.--(is)
sivoled , N = 0"“"‘"(74)

X>0,Y>»0, z > 0
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Por fo tanto, los simbalas de dasigualded en les ecuacionss ) drtan g~
primirss y obtenemos:
KZ-L =0
2+ M=0
KX-Y-N=Q
) b“"X .= 0 .
" -¥Y=¢ £ O
d=zZ = 0O
relaciondndoles enzontramos:
L =Kd x=b )
‘M =d Y=c¢ Vopt.® (Kb =¢c)d = -=-- L----.-(g)

‘N =Xb-¢c 2=d

"De esto podemas conclulr que en-el punto dptimo (X, Y, 2)

Estas igucldades tienen lo siguiente interpretacin:
e).= Aunincremento Ab en la renta Hmite, corresponde un incre—r-t5 v/ ep. =
5(Kd) A b positivo en el valor residual del terrenc.,
b).~ A unincremento Ac en el costo limite, corresponde un decremanss ¥ zp. =~/
en el volor residucl del terreno.
€).= Aunincremento Ad en el foctor de vhilizocidn del terreno, momrazards un ine
mento V op. = (Kb - ¢ )JAd en el volor residuct del terreno.,

- (X4 -
Lo conclusidn obvia, &3 que paro logror ef velor res 2 TStimo del &
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weno, (x,y,2) deben tomor sus valores fimites respectivos.

. Veamos chora, el segundo subcaso en el cwal tenemos ®N° utilizociones

foctibles mutuemente excluyentes.,
VYomos o designar estos utilizaciones con los sfmbolos Ui Ups oo Un -

y los volores correspandientes con el fndice respective. Teniendo los siguientes datos:

Utilizocidn U UFilizacién Upeeeeelenensensnnsennes Utilizocién U

Ky K2 K,

X & by x4h, eesecaccanctoccacacenee Xnénbn
¥y = € y2§c2 ececceccressescnssscsnes Yo ¢,
71 £ 9 2744, 0sesssncsetescsctoncnces . 6d

[

Empleando estos valores y el resultedo obtenido en lo ecuacidn (8) caleu

fomos los velores residucles miximos-del-terreno, con ;gdc una de los utilizocionas foctibles:
Vit by
V, op. . (Raby - Cy)d, -

Vnop. = (Khbn-cn)dn

Comparands estos valores s2 determing el volor méximo de V™, Pueden
ecurrir des casos:
§).~ Hoy un solo valor V, moyor que todos los demes. €n este caso 1a mejor utilizacién
as Jo Vo y tos condiciores bdjo los cudles se lograson x, b, ,ys ®eg, 7o =4,
2).- Hoy dos o mas velores iguales ®V® mayores que todos los demas. En este coso los -
wtilizaciones ptime: éat terrenc son estos.

Lo .- Utitizeciones no exciuyentes. = Asi como en el Caso {, vomos =

e T

@ dividir este coso 11, en dos tubcasos, uno para dos vtilizacignes factibles no axcluyen

[ =

i y ofro para *N" utilizociones factibles no excluyentes,

En el coso de dos utilizac] i en
vtilizaciones factibles no excluyentes la expresisa da!

i valor residual del terrenc toma la forme:

Vf(Kl xy - YI)ZI + (Kz Xy ~ yZ) z,

y los restricciones bésicas serfan:
x‘ é b' Xz .4_ bg
y‘ é C| y‘ = €

en cuanto ¢ “z" puede tomor cualquiera de las sfg;?enres formas:

LY smmcaa
o+ 2, 2% -~eegq

‘Bt LY

v z.é d, P d._!-_.Y -— -=}
L+ 2227
12-4- da ¥ dz-é.v .- - [

8.+ Zzé_r ) '!

4Ly ‘ |
---d

d4Y

&4,
nR&d,
Representando o T ¥ Zzcomo coordenodos de un punto en un ploro

tesia . .
fano ortogoanal, los restriceiones anterioces quedan representades por les siguientes

giones:
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L (K.:"t:Y.lYuluzzl)u)Zyul/ z,\)n :vz D)= Kix =y, ) z,+

. By "&t '
LY .
: \ *(Ke xz ~y2 ) za+
‘°’41) . Tk ‘ + 1.( b, =, )+
2
/ B +Afba =, ) +
Dy o = - .- e - - -
P z, .; ) +}1,(y, <, ) +
* . “')uz( Y2 ¢z ) +
4, =3, - [
J . "'».(dl Z, ) +
@'3“ Za=d2 V . )
7 (OJZ) k o 'a.-& +W(dz 22 ) +
Suy
% oy ™5, . WY 2y 2
40 e 4,0} ) @no *
(4- @( l.lcmondoa(X. Xa e Yo o2y 25,0 L, M, My, N, JNZ NG )
punto 8ptimo, las condiciones necesarios paro la existencia de este son:
Para este caso, el problema general de la determinacién de la mejor uti- SL
] Ki Z, -L,£0 stvale £ , X,= O -
lizactén del terreno se puede plantear.la forma de encontrar los valores (x, Yis ‘) de - % op
tal modo que : ) T . )LJ T et e
e T—{=K; Z2 L, 40 =
Max}_V_é(K, x‘-y,') z|+(szz-y,_ Yza A p:1 4 o 2~z b2 ﬂvole( ’ xl o
eon los restricciones: \ ’)L s T T e )
x £ b, . : e ‘: HEMEO sivale , Y,=0
Xaé bg
) r.__.‘:. = 7, ¢ M. L .
V=G . > = -=Z;+ M. £0 sivaele , Yp=0
. \ Y2 P .
b > ca
2, & d 4, £Y 'M"-KX—Y -N, -N, £ i
. ¢ V& 32; N TN 1 "Ny £0 siwle, 2,= 0
224y , 8 %Y \
- x4 2 2% aL =K, X2 =Y; =N, -N, £ 0 i
’5“;?: 2 “Y2 2 2 & sivale , Z2,=0

Aplicando’el teorema de Kuhn-Tucker y formando la funcién de Logrange

[%%an -X.-}O sivoled , L,= 0O
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3L >
c)= X120
B
{).):l;_l: :Y. -c.éo

BLY. g 2,30
b»i,

ALl.y.7 z.>
L»*"Z- 2,20

~

siwle> , 1,20

stwled , M= O

st vale > , Mg =0

stvale , N =0
sivale > , Nz =0

stvaled , N3y =0

Para este problema hay tres clases de soluciones:

‘," Z|= O
- 2.~ Z| } o — __Z_i =_=0_
3.- Z| > o zﬁ > o

Z,>0

Solucibn 1.~ Faciendo las substituciones necesarias:

L,=0

KaZ, “1.,=0

M=0

«Za4M; =0

K X, =Y, -N,; -N;LO
b, <X, > O

by =X;= O

Y, <, »0

siones:

) welaciondndolas tenemes:
y ) SR
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Y:"Fo
4> 0

dz “Z;= O
¥ -Z,20

1,20 X, b,
L= K; 2, Xg= ba
M= O Y, e,
Mgz Z, Yz = c2
N, =0 z,= 0
Ne= K; X, -Y, Zg= dy
Ny = O

y podemos concluir:
K, b, =, <O T
Xe=b,
Ya = ¢ca
Za=dz
Vopt = (Kb, = ¢, ) d,

de donde:

Wep_

§=Kads

S‘&‘z= by = ¢,

solucidn 2.~ Por un proceso similar o la solucidn 1 llegamas o les co



3 el e &= T

&by - O
X, = b
Y. € €,

Z, = d,

Vept'= (Kb, =) dy~ - --

de donoe;

9

') ==

Wrakp, -,

Solucién 3.~ En este caso las ecuaciones derivadas parciales don lugar a-

las slguientes relaciones:

K.Z. 'L"o

. KgZz L2= O

-z.-. M' e o

.zz-f Mz = o -
K. X. - Y|"N' 'N5='O
KaXa Yi-Nz:-N3=0

- %X=0
b= X3=0
Y- ¢,=0
Y- ¢2=0
d- Z,= 0
dz- 2320

¥-7Z,-2;=0
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L al, nat ke Saed DA T

&3
relacionéndolas tenemos: T
L= K2, X, = b,
’ Le=KeZs Xz= b,
M= 2, Y=,
. . “ Mgw2, = R AXN o
N = K, X.-Y, Z,«d,
B ) Na=Kp X% - Y2 - Zawdy
Ny=0

y podemos concluir que el valor residual méximo del terreno es:
Vopt=(Kb, =¢,) d, + (Kb, ~c;) dy

Derivando parcialmente @ Vopt, respecto o d, y da

\2
)s-afr-l(,b. -c,

.

De lo anterlor podemos concluir. que se pueden presentar tres casos con una sofucisn dife

rente cada uno:

L=St Kb, .-, > Kb, -c,
Hagaose Z'= d, y determinese Z 3 de manera que se satisfegan o

festricclones impuestasa Z, y Z,
2,-51 Kb, =c,= Kb; -¢,
Hbgase Z./'= d; & Z,=d; y determinese 23 & Z respéctives
te, de monzra que se satisfogan las restriccionss impuestasa Z, y
.51 Kb,.-¢, Kb, - <, ‘

Hégase 23 = d;y determinese Z, de manera que se satisfogan e

sestriccionss Impuestas a 2, Yy Zg
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Veamos g Gltimo, el caso de "N" ytilizaciones factibles no excluyen-
- .. . .. . . 11~ Permite considerar tantas utilizaciones como se deses.
.2 visto con anteforidad, sugiere el siguiente procedimiento para determinar 1a
IV .~ Permite oblener las caracteristicas segdn las cuales P

“zacibdn de un temreno: ° ishi egun vales debe dwrroﬂc_t

ilizacién 8ptima,
- -- .a).-Estoblecer las restricciones propias de cada utilizacién, se ol proyecto de utilizacién Eptima

77 b).- Establecer fes restricciones pertinentes para la utilizacién combina=- - S 2 -

.eno. Estos relociones, son del ¥ipo Z, + Z 3 £ Y vistas onteriormente.,

c).= Caleulor las poréme.rrm. R I T " T e e S -
N,z Kb -¢, .
Nzo Kby -ca . . . J

N.Kq.h.-cu -

d).- Ordenar los valores anteriores en orden decreciente,

-

e).-Hacer Zy= d y determinar Zg de monera que  Zg = &8 que -

_an {os restricciones de utilizacién combinada establecidas en b). -
§).-Detemminados Zy y Z;, obtener Zpy de menerc que Zg=dn § ' , .
~-isfagon-fes restricciones de utilizacién combinada-establecida en b).=

g).-Continuar con el procedimiento hasta ocupar el area de utilizacién-

Hobiendo visto todos los cases que podrian presentarse en la splicocién-
> de programocidn mateméliza @ la determinacién de la mejor utilizacién de un
o nos queda m&s que hacer resaltar las ventojos de la oplicacidn de dicho pro - -
> -
.-Es focil de oplicar. ' : - } .

)t.-No requiere o elaboracidn de proyectos de utilizocién antes del end

=ndo el costo consecuente.

[0
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Supangamos un terrena de 10 m. por 30 m., por lo tento con un area

Ar = 300 m2

Vamos a suponer que se encuantra ubicado en la zona centro da la Ciudod, -

. . digomos en la calle de Gante entre los calles de Mcdero y 16 de Septiembre.

) ‘ ' ) _-) P roceso general .~ Primaramente sa horia un estudio comparativo del medio

que rodea ¢l terreno paro ver que proyectos serian posibles de utilizecidn del terreno, o

seo seghn su ubicacidn, Serfa cbsurdo pensar en un compo deportivo o en un cinemctd-
. grafo por el tamafio y lo localizacidn del terreno. E ntonces se debe pensar en utiliza~—
efones factibles. Para esto tencmos dos fuentes principales: el inversionista y el mercedo

de Bienes Roices, ) \

Como segundo paso serfa 1o obtencidn de los datos necesarios:
V.= Valor de la construccidn "y"

— 2.- - A=A . . [
- £ £
3.- Z°Ac
Al
Tt T T o T T mm '\4.'-'D'e3u'€ao'ﬁescl'o're'nio" «< * oo T

5.- Renta measual bruto "x"

é.- Vido ccondmica.

S.~EJEMPLOS DE APLICACION PARA UN TERIE NO

SITUADO EN LA ZONA CENTRAL DE LA CIUDAD
DE MEXICO.

" 7.- Taso de intereses sobre el capital "ic®
. 8.~ Tasa de amortizacidn "ic".

Todos estos datos los obtendriomos par el estudio del mercedo de la construc
¢idn y de! mercado de Bienes Roices, por sugestiones del inversionista y por consulta con
los diferentes reglcm;cntos constructivos.

El siguiente paso serfa la oplicocidn de las diferentes Brmules poro coda ”’.;.

lizocidn foctible,
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-

¢ por Gltimo, s& compararion los datos escogiendo el mejor de todos.

Resolucidn:
Utilizocianes factibles. - UTILIZACION
.= Departcmentos
P CONCEPTO U' Uy Ui , U
_ W= Oficincs
et — - A . =2 A 2,160. . .G £
1= Hotel s L Ae] : (160.0012,160.00 |2,160.¢3 | 2,545.00
IV.=Edacionomiento ) f Ar=3 Ac 1,944.002,167.00 | 1,723.00 | 2,308.50
V.- Estacionemiento y anuncios comerciales “ - -
Vl.- Comercio, departamentos y oficinas. ﬂ . K=12(1 -x) I 84.11] 108.00 64.00 155.74
ic+ o
Vamos o egrupor las utilizociones factibles excluyentes {1, 11, 1il, IV) y con
sideror el méximo d2 oltura parmisible por la ubicacidn del tesreno, segGr;'—el regalmento KX ' 2,523.30{3,240.00 | 2,560.0 2,336.10
de las construcciones del D. D. F.
KX-Y 1,023.30{ 2,140.00 { 1,340.00 1,£36.10
Dctos; 9 Plentas de construccidn; At=9 x 300 = 2,700 m2.
UTILIZACION_. R - ... _ | V=(KX-Y? z B 818._6_4 _117_102_._00— .'1,033.03 1,554.30
CONCEPTO. U Yu Vit Uiv '
Lo utilizacidn V seria cprovechar el terreno ol nivel d2! 375 camo estocio-
lor de lo consfrugeidn “Y" " §1,500.00 ;] 11,200,000 " V720000 - T ! o e sbroeetin da <br tos. L
Velor de la construceidn 7Y }500.00 1,100.00 11,200.00 700.00 namiento y usar todo el frente, con la construccidn da una estructurz, pere anuncios. Lo
= Ar . 5 :
6 v 0.90 0.0 0.80 0.95 inversidn serio muy paquedia, osi como la construccidn. El valor resid.cl del terreno, s2-
= A . 5
.A‘:_ 0.80 0.80 0.80 0.95 i efa lo sumo d2l valor residual da cado una de les utilizaciones exsluye-tes.
Deduccioncs o larenta "X * 0.30 0.20 0.40 0.05 Datos: -
. UV Estocioncmiento.
Renta mensua! *X* 30.00 30.00 40.00 15.00 Uv ————— @
Uvb Anuncios comercioles.
Teso d2 intereses “ic® . 0.05 0.0 0.0 0.06 .. .. UTILIZACION ]
CONCEPTO Uvo Uvb
d’& . ;4 Qs »
Yosa camo?lzcc on e 0.0? 0.02 0.3 0.01 Valor de lo construccidn®Y'] 50.00 100.00
Tasa de eopitclizazidn "ic + ia"} *0.09 0.03 0.09 0.07
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F K % Uy : Oficines : 1,080.00 m?
Ac
Ar =9 x 300 = 2,700.00 m2
Z" Ac 0.9 0.95
o ' Dotos y restricciones propias de cada utilizacidn
—— ‘Deductiones a]g_re_r?!o_ "<*  10.10 | 0.40 UTILIZACION
: o CONCEPTO = -1 - Un Uw, Uy,
Rente mensual *X" 0.00 .00.
. : ) 29 00_ Valor de la construccidn “Y" 900.00 1,500.00 1,10.0
.- Sl ee o
Tosa de intereses %ic® 0.0 0.0 ﬁ " Ar 0.80 0.50 0.90
! A ' '
Tasa de cmortizacidn " fa” 0. .
n*is 3 | 0.06 Zop 540.00 .0.20| 810  .0.3cl1220 =0.49
At=d 2,700.00 2,700.60 Zis6
Tasa de ccpitalizacidn “ic+ia" [0.09 0.12 Deduccionas o la renta ® o 0.40 0.30 0.20
Resolucidn:; Renta mensual *X = b* 40.00 30.00 30.00
: Joso dz interesas “ie” 0.05 0.0% 0.04
o UTILIZACION - - - -~ - . T
CONCEPTC Yo qu Toso de amortizacidn “ia® 0.03 T o003 - - 0.3
—eeef e AeRZar N} 275,00 256,50 | _ ____‘_\(* . Tasa de copitolizecidn fe +io” 0.09 0.09 | 0.0?
Ar=f3Ac 275.00 256.50 Uﬁliz.cc?c’m corbinada el terreno:
) 0.20 + 0.30 + 0.40 =0.50
: K= 1201 - )3 120,00 | 0,00 LAl 0403040
Ic + ia é dmatros
KX 1,200.00 |1,200.00 Célevlo de porbmerox
e UTILIZACION
1,150.00 [ T1,100.C0 CONCEPTO Ui Uvi, Yve
V= (KX-Y)Z 1,092.50 ]1,0645.C0 K= 12(1- < ¥3 64.00 8+.2 §6.00
ic + io
Por lo tanto Vi = 1,092.50 + 1,045,00 = 2, 137.50 Kb 2,560.00 | 2,520.00 23809
. Dtilizacidn U-VI = Uy, Comercio : 540.00 m2 Kb-c=N 1,6¢0.00 11,6200 1,758.00
UV\bz Deportementos ; 810,00 m2 Ve Nd 332,00 3%.00 2.0
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Céleulo del valor residual del terreno:

Vi = Yne* Vo, + V= 332,00 + 306.00 + 712,00 = 1,230.20

En este tipo de construccién de ndmero de plantas, un problems Tnraresan
fe que_se presenta, es saber que cantided de planhsvnos d§ el &ptimo valor resiacl éei re
treno. En nuestro caso de 9 plantas, vames o eshudiar este ccw"omcr;:; U; , EL‘.:.... W
segin-tengamos l.,z, .e.9 plontas, De las utilizaciones excluyentes vistes e~ o wrinei~
pio, observamos que el valor residual méximo se obtiene para aquella utilizais~ 1n la -

cvol dedicomos 1odo el edifizio o oficinas. Paro el caso, lamEmoslo’de plaar=s®, que vo

mos o anolizar, vamos a pensar que todes estardn dedicados a oficinas.

Dotos:
UTILZACION
CONCEPTO Y Us Uy U Us Ug Uy U
Volor de la construccién "Y" 80 800 825 850 $00 0 160 1050
$-_Ar . 0.9 05 0.9 0.9 0.9 0.5 50 0.9
Ac - e
2= Ac 0.95 0.0 0.99 0.85 0.8 0.85 2.0 0.8
Ry YRR L o
Deducciones a la renta ® & ® 0.20 0.15 0.20 0.20 0.20 0.20 .20 0.20 7
Renta mensual *X" 30.00 30.00 30.00 30.00 30.00 30.00 X.00 X.00
Tosa de intereses ®ic™ 0.05 0.06 0.06 0.06 0.05 0.06 €06 0.06
Tasa de omortizociédn “ic® 0.0 0.01 0.015 0.015 0.015 0.02 0.02 0.02
Tosa de copitalizacién “ic+10"0.07 0.07 -0.075 0.075 0.075 0.08 0.03 0.08
Rezolucisn:
UTILEZACION
CONCEPTO ) Uz Uy Ua U U Uy U
AcsZzAr 285.00 523.00 810.00 1020.00 1275.00 1530.00 1650.00 1520.00

" Valor de const, "Y™ "
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Ar=QAc 256.50 485.00 729.00 918.00 1147.50 1377.00 1512.00 1722.00

l K 120-<)§  123.43 131,14 115.20 115,20 115,20 108.00 108.00 103.00
i fce ia

! KX 3702.90 3724.20 3456,00 3456.00 3240.00 3240.00 3240.C0 32£0.00
i | .

i KX-Y  2502.90 3134.20 2631.00 2606.00 2556.00 2340,00" 2240.00 210,00

LV (KX-Y) Z 2757.76 2820.78 2367.50 2215,10 2172.60 1939.00 1792.00 1752.60

:l ’ To'l‘davn’a, podemos seguir analizando el caso "de plantas™: 7 .

l Segin el Reglomento de las Construcciones del D.D.F., el terreno ds — .
' nuestro ejemplo, tiene un limite permisible de nueve plantas. Sin emborgo, por medio de

' hocer lo construccién escalonada podemos seguir eumentando plantas sin salimos de la ~

restriccibén. Yaomos a ver este caso:

|
| Sea una reduccidn en la planta, o lo alturo nueve, de 10 m. por 20 m. -
'

El reglomento nos parmite cumentar nueve plontas mos.
]

Dotos:

UTILIZACION -
Uo Uy Uz U,s U, U.

-1150--1200 1225 -1250- 1300 1430

CONCEPTO Mo Uy Us

1500 1700 15C0
0.90

Py Ar 0.50 0.90 0.90 0.50 0.90 0.50 0.50 0.50
Ac

25 Ac 0.80 0.80 0.75 0.75 0.75 0.70 0.70 0.70 0.70
5 .

Deduc. o lo reats "™  0.20 0.22 0.22 0.25 0.30 0.35 0.35

0.25 0.30

Rento mensual "X” 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.€0 30.C0

Yosa de intereses "ic” 0.0 0.06 0.06 0.0%

0.06 0.06 0.05 0.05 0.08

Tosa de omortiz. "ia® v.02 0.0250.0250,03 0.03 0.04 0.04 0.05 0.05

Tosa de capit,®ic+io”  0.08 0.085 0.085 0,09

0.09 0.10 0.10 0.11 0.12




Resoluctsn:
) UTILIZACION
* UID Uu Ulz Uu Uu Uu Uu Un U.o
CONCEPTO
Ac = ZAb 2320.00 2480,00 2475.00 2425.00 2775.00 2730.09 2870.00 3010.00 31}50.00 )
Ars GAc - 2088.00 2232,00 2227,50 2362.50 2497,50 2457.00 2533.00 2709.00 2835.00
oo Kal2l-x R 108.00  99.11  99.11_ $0.00 _ 90.00.. 7580 7580 4382 53.50.
+ io .
KX . 3240.00 2973.30 2973.30 2700.00 2700.00 2268.00 2248.00 191460 1755.00
KX -Y 2090.00 1773.30 1748.30 1450.00 1400.00 858.00 758.00 21460 -145.00
1672.00 141864 1315.23 1087.50 1050.00 607.60 537.640 150.22 ~101.50

V (KX-Y) 2
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Podemos decir, de la observacisn de todes los valores residyales del terre

o obtenldos, que la mejor utilizacién del terreno de nuestro ejemplo, es oquella en la-

que construyamoes un edificio de dos plontes y lo dediquemos o oficinas.

6.CONCLUSIONES



)]

Como hemos visto en el copltulo precedente, la aplicacién ds ta progra=
macién matembtica o 1o obtencién de la mejor utilizacidn de un terrenc es fAzil y por ==
esta r::zén permite una gran combinacién de utilizociones, con una inversidn de tempo =
relativamente baja. La obtencidn de los datos necesarios es tambien fcil y répida.
TUTTTTTT Vimos tombien, en el ejemplo "de plantes®, que llega un momer;tof- con

forme vamcs cumentando plontas; en que el valor de la construccién, los deducciones o=
lo rer_\ro_;lc; fusa de omortizocién i€ Facen muy altas y no podemos incrementar la rentq,
nl el factor de utilizaciSn del terreno, por estar en sus Hmites respectivos, de esta forma
obtenemos valores residuales del terreno negatives,

O seq, que desde el punr.o de vista de Inversidn, no conviene construlr kal
. ndmero de plantes,

Desde el mismo punto de vista y como uno consecuencia de o anterior, st
fos vclc:_rvs_rc.siduc!es del terreno obtenidos en las diferentes vtilizaciones anslizadas nos
dicron volores ‘lnf;:riores a lo que ese mlsmo terreno stn construlr vele en el mercado de~
Biencs Raices, no nos convendria ninguna construccibn, sino mas blen vender el terreno
o su valer ectual segdn el mercodo, “ o

En resumen, lo oplicaciba del método propuesto para determinar la mejor

vtilizoci6n de un terreno, nos permite un dominio fcil, répido y completo del probleme

y una gran Intimidad con los deseos del Inversionista,

T
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BOP—An approach to building optimization

by G. NEIL HARPER

Skidmore, Owings & Merrill
Chicago, Iihnos

INTRODUCTION |

The problem of finding an appropriate building
configuration to satisfy a client’s building program is
by no means rudimentary. When onc imposes additional
requirements that the building shall be an *“efficient”’,
*‘econoinical”’, or *‘optimum cost’’ building, the mathe-
matical difficultics encountered in operating on a large
data base to achieve some kind of optimum result are
almost insurmountable.

In the past, these formidable problems of scarching
out the best—or even an acceplable—solution have been
solved largely on the basis of intuition and random
investigation of a small number of possible solutions.
The numerous successful buildings in our cities today

are a testimony to man's remarkable and innate ability

to intuit, cvaluate, and synthesize. It is conceivable,
however, 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.

STATEMENT OF THE PROBLEM

By and large, most approaches to computer imple-
mentation in building design in the past have been
very fragmented and narrowly limited in scope. Al-
though there have been forceful historical reasons for
these limitations, this mode of computer usage is never-
theless remarkable when one considers that the basic
nature of building design is the exact opposite of frag-
mentary and limited in scope. As Tcague and others
have pointed out, the true nature of architecture and
engincering encompasses the synthesized whole of the
projcct, and not simply isolated disciplines.!
cently, however, have there been developments in come-
puter tec’ nology~notably problem-oricnted languages
and ccrtain internal data structuring techniques—that

offcr promise of allowing the designer to grasp the

systemalic whole of the problem.

The gencral mathematical problem of optimization is -
' 515

Only re- .

simply stated as the problem of finding an extreme
value (minimum or maximum) of some objcctive func-
tion (such.as cost), subject to some sct of constraints.
The techniques for solving the problem have often
been quite clegant, and are well documented through-
out the litcrature. Sce, for example, Reference 2 for a
bibliography of works in the general arca of linear
programming.)

The practical problem of building design can be
formulated, in a general way, as an oplimization
problem. The objective could be minimum initial cost,
life-time cost, opcrating cost, maximum return on in-
vestment, etc. This objective is, of course, subject to a
variety of constraints due to client program, site limita-
tions, space allocation, design considerations, code
constraints, environmental factors, enginecring requirc-
ments, financing, etc. Hence the practical problem of
finding an '‘optimum™ building is in somc ways quite
similar to the classical problem of mathematical op-
timization.

Historically, however, mathematical optimization tech-
niques within the design professions have been applied
to only a very limited scope of the design problem.
Witness, for example, typical optimization applications
in minimum Cost for the three-bar truss problem.?
minimum structural stccl wcighl,‘ minimum time or
travel distance in transportation planning, maximum
space utilization, ctc. When the scope of the project
is broadencd from finding the minimum weight of
structural steel in a building frame to finding that
combination of ‘paramcters which give the minimum
cost for the total building, including window wall,
clevators, structural, mechanical, clectrical, cte., onc
sces immediately the implication that such a scopc has
on the solution lcchmqucs

AN APPROACIHI TO OPTIMIZATION

Inasmuch as real buildings are composcd of more
than a single isolated discipline, it is absolutcly imperae
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tive that any mcaningful approach to optimization
must (reat the total problem, however crudcly, rather
than spend claborate mcthods on some isolated part of
the problem. That this total approach is a sinc qua non
is obvious from the observation that the optimization
of an isolated discipline can and frequently docs result
in considerable distortion of the total optimization
objective,

This philosophy, viz., that building optimization
* must trcat the total building complex if it is to be
meaningful, forms the basis of the approach discussed
heran,  As mentioned carlier, the scope of such a
problem nccessarily dictates that the initial solution
techniques be rather crude. As a matter of fact, the
BOP programs described bclow are only in a very
general sense ‘‘oplimization®' routines. No direct use
is made of lincar or non-lincar programming or of
any of the morc sophisticated techniques in game
theory, etc. Perhaps as experience is gained concern-
ing the way a total building project behaves under
permutation of some of the critical parameters, the
classicial techniques of mathcmatical optimization can
lead to a more refined treatment of the coatrolling
parameters for the complete problem.

BOP-A BUILDING OPTIMIZATION PROGRAM

A serics of modular programs for optimizing the
configuration of high-risc office buildings has been
developed recently to test the total systems approach
described above. These Building Optimization Pro-
grams (BOP) have been developed using the Problem
Language Analyzcr (PLAN), which was devcloped by
Sams, et. al. The BOP system is operational on a stan-
dard 8K IBM 1130, with disk, card reader, and line
printer.

In order to organize the large amount of informa.
tion inhcrent in a total building design, four major
subsystems are identified as the dominant cost influ~
encing clements of the building:

1. Window Wall

2. Elcvatoring

3. Heating, Ventilating, and Air Conditioning

(HVAQC) '

4, Structural
Obviously, cach ¢f these four subsystems dcpends
upon a common data base of gecometry, environnmcntal
data, and dcsign limits. A f{ifth subsystem, which in-
cludes all remaining cost items in the building, can
al o be included for completencss, although it is the
four subsystems listed above that arc given most inten-
sive trcatment as the dominant cost factors. .

A basic concept in BOP is that the designer can
_specify to the computer as little or as much as he likes

" gave the least total cost,

about his project. BOP will then supply reasonabic
valucs for missing data by default, and proceed. to
formulatc complcte, albeit crude, internal modcls of

the building: project. (The importance of this concept

of a complete internal modcl of the project is well
documented in the publication by Krauss and Mycr.c')
These models are then tested against site limitations,
clicnt spccifications, architcctural design constraints,
and codec requircments. (All of thesc limits are, of
coursc, variable at the problem-oriented language level

- by the designer.) If the internal geometrical modecl

of the total building passes all these tests, computations
of varying complexily are done for the window wall,
clevatoring,, mechanical, and structural subsystems, all
of which arc based on a common internal data base.
The costs of these subsystems are then evaluated, along
with costs for the agglomcrate fifth subsystem, and the
total solution stored on disk. If the various constraints
are loose enough, additional gcometrical solutions are
generated, tested, and evaluated. In addition to kecping
all valid solutions for possible devclopment in the fu-
ture, a set of pointers is kept for those solutions which
least square-foot cost, and
maximum return on investment.

Strictly speaking, the procedure outlined above is
not optimization in the classical mathematical sensc
of ‘thc ward. In a morc general sense, however, tie
procedure is of an optimizational nature, insofar as it
delincates the permissible solution space, generates and
cvaluates solutions within that spacc. Inasmuch as all
possible solutions in the solution space are evaluated,
the actual *‘optimization procedure™ is basically a
“brute force’ method. This is not as inefficient as it
may appcar at first glance, since restrictions on the
design space frequently limit the solution space to only

~a few individual solutions. Also, the output from all

admissible solutions which the procedurcs generatc is
ﬁequemlx' of dircct use in the design process, regard-
less of ity position in the scarch path for the optimum
solution.

To- illustrate bricfly the nature of the programs
and available commands,* suppose that carly discus-
sion w:lh a clicnt has indicated a nced for a gross
arca of about 300,000 square feet, with about 14.000
to 16000 square fcet per floor. The site is in the
center of the city, and has dimensions of 125 feet by
150 fcet. The following BOP commands might be used
to describe this information.

JOB NAME, 'CLIENT X*;
BUILDING OPTIMIZATION PROGRAM;
TARGET GROSS AREA, 300000;
FLOOR AREA LIMITS,

°A compleic list of Bor Vo.cabulary is given in Appendin A.

P
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MINIMUM (4000 MAXIMUM 16000;
BUILDING LENGTH LIMITS, MAXIMUM 150,
BUILDING WIDTH LIMIIS, MAXIMUM 125;

It is important to note that in these carly stages
of the building project, only the barest information
is available. It is, thercfore, necessary to have a power-
ful dcfault feature which assumcs rcasonable, consistent
values for all data not éxplicitly given. The second
statement, *‘BUILDING OPTIMIZATION PRO-*
GRAM," actually links to a serics of programs which
does a complcte initialization of various geometry,
cost, and subsystem f{ilcs internally. Thus complete
and ‘sufficicnt information is available immediately
after exccution of this sccond command to gencrate
a wide range of possible solutions. Any additional
descriptive information such as that given above re-

JOR TITLE CLIENT X .
ALL SOLUTIONS AT ] FLOOR INCREMENTS
~

ODESIGN LIMITS MINIMUM MAX I MUM
GROSS FLOOR AREA 270000, 330VVU,
GROSS AREA PER FLOOR 14000, 16U0U.
BUILDING WIDTH . 5%0.000 12%eC0u
BUILDING LENGTH 504000 150e 00
CORF WIDTH 254000 250400V
COME LENGTH ' 2%.000 250400V
CORE TO EXTERIOR SPAN 394000 o5eudi?
NUMRER OF STORIES 1 1w |
LERSTH dlotH RATIO ; 14000 3000
SHAPE IANCREMENT | 00200

NUMRER OF SOLUTIONS ! F1)

GLASS LINE OFFSET
BLOG LINE OFFSET

MODULE, CHOICES S5« 0

BOP=An Approach to Buitding Optimizaiion

t
f

places the originally assumed data, and therefore begins

to shape the internal solutions moie closely to the

specitic project at hand. If, as is frequently the case,

the information—given above is all that is known

initially, the designer can issuc the command
BLOCK OUT GEOMETRY;

This command links successively to a serics of pro-
grams for gencrating geometry to fit within the assumed |
or prescribed limits, test that geometry for acceptability,

" and perform various computations and cost calculations
for the four subsystems mentioned previously. The
" last program in the link prints a summary report of
the: internal design limits as they currently exist, and
the solution geomctries which were found to fit within
these limits (Figure 1). The overall cost of cach solu-
tion is also printed.
t i

TARGET
-IVUVVVe

OeOV
049000 ;

10 FL/ MODL LEASE =FLOOR DIMENSIONS= =CORE DIMENSIONS== GROSS , TOTAL  TOTAL TOTAL BLDG UNIT RETURN
NO NO SPAN L W LENGTH WIDTH L o LENGTH WIDTH PER FL  GRUSS RENT  PCT  COST CUST N
FT IN FT N FT IN FT IN FT IN FT N SU FT SO FT SO FT  RENT 31000 $/SF INVLST
118 5= 0 3%=0 25 25 125= 0 125~ 0 8 11 0= 0 5% 0 15625%s 4812500 ¢%0862¢ 85¢6 T7385%¢ 26425 9485
218 5= 0 35= 0 29 21 1645~ 0 105= 033 7 65= 0 35~ 0 15225¢ £76U500 2341i%4e 85e% T273e 26e56 9e39
319 5= 0 35= 0 25 2% 129=- 0 12%~ 0 8 11 '6C' 0 5%5-0 19625¢' 2Y6875s 2556490 08641 T1730s 26406 10.34
6 19 % 0 35 0 26.22 130= 0 110= 031 8 5%= 0 4U= 0 1630V« 271700 2322360 B9e¢ 72500 264068 9.21
919 5= 0 350 29 21 165= 0 105= 013 T 65= 0 35= O 15225¢ £89¢75¢ 248561e 859 Tol2e 26s31 989
620 50 350 25 25 125= ¢ 125= 0 B 11 40= 0 9= 9 15625s 312500¢ 269488¢ B86e2 B806B8s 25¢B81 10.70
729 5= G 35= 0 26 24 120~ 0 120=0 9 U 45= 0 S0= O J4&UUs 2880000 26661Te 8546 T605¢ 26460 9obé
B2y 5= G 35= 0 26 22 130= % J10= 011 U 55 0 &0= Q3 16300, 286000s 204750, 8545 150630 26044 9.57
9 ¢ 5= 0 35= 0 29 21 leB= o 1ud= 013 T 6%= 0 35= 0 15225 306500e 262020s 8640 T944o 26408 10424
I v
A
10 2] 5= 0 35 C 26 24 120= 3 120= U 9 v &%= 0 SU= ¢ 14&0Us 302000s 258933¢ 856 B8012s 20469 9,52
11 21 5= 0 235« 9 zg 22 13C= ¢ 13C= 012 8 60= 0 40=- 0 14300, 3C0300s 256966¢ 85s5 7T961a 26457 9,39
1221 5= 0 350 29 21 165= U J0S= 033 T 65 0 35~ 0 152250 "319725¢ 275161e 8640 8368e 26417 10416
1322 520 3%« 26 26 120 9 120= 0 9 39 5= 0 50- 0 14400 316800¢ 272390e B85¢9 8356c 26037 9eBé .
10 d2 520 2%= ¢ 26 22 130= J 110 032 8 60 O «40= 0 16300s 3164600¢ 270323s 85¢9 02320¢ 26066 90T
. OPYINUN SOLUTIONS . *
LEAST COST SOLUTION & ’
LLAST $/5F SOLUTION &
MAXIMUM RETURN ON INVESTMENT SOLUTION &

Figure 1=Overall Summary of Computer-Generated Solutions .
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Upon inspection of these solutions, the designer
may choose several of them for further development,
He would normally request additional details for a
solution by commands such as

PRINT ARCHITECTURAL SUMMARY,
SOLUTION 3; _
PRINT ENGINEERING SUMMARY,
SOLUTION 3; .
PRINT COST SUMMARY, SOLUTION 3;
These commands link to BOP programs that produce
the output shown in Figures 2, 3, and 4. Note that
complete summarics of the architectural, engincering,
cost and financial analyses arc given for the requestcd
solution number. Included in thesesummaries, of course,
arc dctails of the window wall, elevatoring, HVAC,
and structural subsystents.

Each of the cost categories shown in Figure 4 has
actually been aggregated as a sum of several smaller,
component item costs. [These items furnish a prelim-
inary cost budget by trades, and can be retrieved di-
rectly by means of the command

PRINT COST BUDGET, SOLUTION 3;
Partial output from such a command is shown in
Figure 5. A morc complete description of the assump-
tions bchind these cost items is contained in Appen-
dix B. - .

Having obtained a sct of solutions for the design
parameters currently under investigation, the user can
save the results for later usc by issuing the command

SAVE BOP JOB, FILE i21;
This saves all problem data and solutions in a perm-
ancnt -users arca file. Upon returning to the computer
at a later date, the vser can restore primary memory
and certain working storage files to the identical state
which existed when he left the machine by means of
the command
RESTORE BOP JOB;FILE 121;

A limited number of files in the user arca of disk
have been reserved so that several jobs can be main-

- taincd at onc time.

After reviewing the information produced at the

. first session with the computer, the designer might

wish to restore several sclected solutions, and to begin
refining the elevator computations, cost assumptions,
structural and mechanical systems, etc. Commands

. such;as the following are typical of those available

to him for this purpose.

RESTORE BOP JOB, FILE 121;
ELEVATOR ZONE DATA,
. ZONE 1 ZPOP 1000;
_ SELECT ELEVATORS, ZONE ;
L ] ._/‘—' - . .

SOLUTION .3 ARCH]TECTURAL SUMMARY

’ CLICNT X
PLAN DIMENSIONS
mcsarcecopoecscna®e
MODULE 5 FT 0 IN
FLOOR LENGTH 125 FT 0 IN

FLOOR wiDin 125 FT .0 IN  CORE wiDTM 55 FT 0 in .

TRAVEL DESPANCE 76 F1

ELEVAT[ON DIMENSIONS f ‘

FIRST FLOOR ‘AT 20400 FT & 20400 TYPICAL STRUCTURAL DEPTH 210 IN MECHe RUOM LOCATIOAS

SECOND FLOOR AT 12450 FY ® 12450 TYPICAL MECHANICAL CLEARANCE 1840 IN FIRST AT 19 FL

16 TYPICAL FLOORS AT 12450 FT = 200000 TYPICAL LIGHTING CLEAKANCE 6¢0 IN SLCOND ATeee Fi
} MECHANICAL FLOORS AT 20400 FT ® 20400 TYPICAL FLUOR TO CEILING 8 FT 9 IN THIRD  ATese Fy

TUTALS 19 STORIES PARTIAL AT®oe Fi

TYPICAL FLOOP AREAS (SQs Fl4)
GR3SS PER FLOOR 15625,
TOTAL RLOG GRUSS 296875,
TOTAL BLDG RENTAHLE 255609,
OVERALL SFFICIENCY 861

ELEVATOR LONING AND PEQFCRMANCE

205E LI4  HIGH IONE ZONE  LUCAL TOTAL  CaAB CAB

FLONR FLUOR POP ODENSITY CAKS CABS SIZE BPLLD SECUNDS PCT
1 2 10 909 125 'S 9e¢ 3IVV0e H00.
2 11 18 80As . 12% S Se¢ 3000¢ 700¢

Ve FREIGHT ELEVATOHS

292050 FEET TYPICAL FLUUK TO FLUUKR 12 FT 6 iIN

Figure 2=Architectural Summary

LEASE SPAN - 35 FT 0 IN
CORE LENGTH « 40 FT 0O IN

MECHANICAL 315+ FIRE TOWER Ue NOe TOILET FIXTURES H]
STAIRS 280« TELEPHONE “3e STAIR WiUTH REQUe
JANITORS CL 154 TOILET
ELLCTRIC CL  680e PART MECH Ue

8de INe
357

INTERVAL CAPACITY CAPACITY SMHAFT LOBHY TOTAL FLUUR
PLUPLE AKLA AKLA CURL  LF¢

299 1746 1600 7200 450¢ d20ls Yi1od
2506 dded 187 o0V 4% e ATe)e 900



SR i BPRORCH AW anieuan o iiiZation Y

STRUCTURAL

FLOUR SPAN 3%.0 1
UADERFLOOH DUCT
PLRIMETER AR

LxPOSLD STRUCTURE

MVAC

( (I3

SOLUTION 3 ENGINEEKING SUMMARY "

CLIENT X
BASE COST 3450 SPAN PREMIUM 0+30 FOR SPANS 20, TO &Ue FEET
UNDERFLUON DUCT PHEMIUM 0«50 MEJLMT PREMIUM 1000 FOR MEILMTS 20 TO 60e STORIES
PERIMETER AIR PREMIUM  Oeld
EXPOSURL PRLMJUM 0e30

STRUCTURAL CUST 11503904 & 3,87 /7 SQFT '

1

WINDOW wALL CHARACTERISTICS ENVIRONMENTAL DATA ILLUMINATION 3450 WATTS

COST MULTIPLIER 100 PCT GLASS 60400 TEMP. INSIDE 75000 CONVENIENCE OUTLETS 0,50 WATTS
€OST PER TON 1200400 BLINDS FACTUR Ue56 TEMPs QUTSIOE 95000 BLDUL PUPULATION 2250400 PEUPLL
PERIM ZONE OLPTH 15400 UGLASS 112 SULAR GAIN 126400 GROSS SPACE REQ 0005V GROSS
UWALL | Ve25 OUTSIDE AlR 0e20
BTU/CFM 47400
PERIMETER ZONE 118800, SCFT * BTV 6107355, © Cust 810735,
INTERJOR 20NE 133073, SOFT 8TV 3566281, cusT 3566280
TOTALS 2518780 SOFT 14" 11653636 TOTAL COST 1165363¢ & 3092 / SUFT
. .
) ; s
i ) . ! '
‘ Figure 3—Engincering Summary
{ .
. : i
. oA, SULUTION 3 CUST ANU FINANCTIAL SUMMANY .
' CLICAT & . \ . ‘
" AMR COST INDER  TODe ' ;
i
. ' .
BUILDING cIAL ©/0 SISF , o )
SITE vORK ) Os . GeOU 3 veOU .
FUUNCAT IO 3 265151¢  6e¥3 % V.96 o .
SUPERSTRLC TUAL $ 1150390¢ 19489 $ .87 ' '
CXTERICR wALL S 977691 16490 % 3029 . . . . -
ARCHITECTURAL FINISMES.S 611833¢ J0¢58 5 2406
CLEVATCOS "8 931163¢ 9el8 3 o784 .
PLUFDENG: "% 2968T8s %413 3 099 ) ;
(TY4 | % 1163363 20415 3 3492 ‘ ‘
i ool i
ELECTRICAL $ 2)1279¢ 400 § 0477
. , e
GFMERAL CONDITIONS $ JETI06. 6470 3 130 ) : .
Go Co FLE ) $ 164569 2469 3 Oabb i ) - .
. L -—— e ane
BASE AUILDING COST weemean 3 37€1995%¢ 100:00 3 19:47 . .
CONTINGERCY $ STe1¥9e  SeYV 8 leve
TELANT $ 120396l 22020 3 &edZ . , . )
EOUIPMENTs FURNITURE 3 86729  1.49 3 0029 o ,
OTHER ’ O Le0 3 Ue00
Peseassann adeDPene
OVLRALL RUILDING CO5T ==s=s=y 77308585 13)e¥V0 8 2606
, saasstadsas osssEOan .
OVERALL DININSTIONS 19 STCRILS © . LLHGTH 125600 wiDIn 1250 Melent  d%ded  LSVAN 3dev WWOULL Doud
TuTAL MUILCING AREA GHUSS 296875, HENTAL  29Y%609. .
AMEA PLY ULNTARLL FLUON GHUSS 1%02%, HENTAL 162024 ¢
° .
RENTAL MATE 1%/750UFT) 6.0 LAND CuST T13ubb,. .
OVERATING EXPLRSLS iMCT) aU,u0 TUTAL PROJLCT CUST 9Quiblib,
VACANCY PATC ety 5400 PONTGAGE AMOUNT Tubditle
PUHT: AGE avAalLAMLE (PCT) THeww Lttty 23%40%4%,
DLRT SLPVICE 731 8450 ° OHUSS FTiCuME 1533897,
LLOALY FINAKCIHI o PrUM 5400 nLT BeCuMe L2338
A=f F(E Wwery Gedv

NETUAN ON LHVESTHENT 1vede
, Figure 4=Cost and Financial Summary

'
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DOLLARS
PCre——
ENTER COST DATA, ITEM  } $Q FT
UNIT PRICE——

ENVIRONMENTAL DATA, TEMPERATURE
INSIDE OUTSIDE :
STRUCTURAL SPAN,
MINIMUM MAXIMUM ;

COMPUTE COSTS, SOLUTION 3; '
'COMPUTE RETURN ON INVESTMENT
SOLUTION

SOLUTION 3 COST BUDGET

CLILNT &
EAR COST INOEy 700

1em 1341 ] AVDLET ) (14] L YY)
~ NAME
1 OFrOLITION ~, Oe Va0 Vel
2 STRUC FOUND MEMAS 231279, .00 l Ve 77
3 ERCAVATION ! 30%17¢ 0652 Qelt
& SHEETING 220000 0439 0ol 7
5 MEMRRANE -Attpvnbcr f . Qe _ Usou Vevy
6  WASUNRY AND CAULKING 1109¢20 . 1%l , 0031
T FINST FLOOY CORE nA;' 83393, [ PR} Vale
® O FIEST FLOUR FINISH 64779, 1.08 0e2i
Y ROUFLSHEET METeN l‘ Tenle 0+13 Qeb2
10 %S¢ (Nus 99375 1002 Qely
1l WINIO aALLe IST FL 37857, a0V - Qed9
12 STCREFRUNTe AST FL 369680 0eb63 Qeld

Figure 5—Portion of Cost Budget

APPENDIX A. VOCABULARY FOR

BUILDING OPTIMIZATION

JOB NAME, ' N
BUILDING OPTIMZATION PROGRAM
TARGET GROSS AREA,

GROSS AREA LIMITS MINIMUM-———-—.
MAXIMUM

FLOOR AREA LIMITS MINIMUM-—-————.
MAXIMUM

. NUMBER OF STORIES MINIMUM

. MAXIMUM

* BUILDING LENGTH LIMITS MINIMUM

—_— MAXIMUM

BJILDING WIDTH LIMITS MINIMUM . ____,
MAXIMUM ’

LENGTH WIDTH RATIO, MINIMUM
MAXIMUM + INCREMENT

By this time, the desipner is well into his design,

v — and the problem is one of further rehinement of a et

of sclected solutions, The impoitant pomt to remember,
howcvcr. is (hat these sclected solutions have come
from systemalic investigation of ajl gcomeltrics which
fell within given limitations, and that the solution costs
of the valid solutions were gencrated on the basis of
the total project, not just a single component of the
project. Although the so-callcd *optimum'* solutions
so found may not be chosen for further development,
the designer, at least knows what premium is involved

- in making this decision.

SUMMARY AND CONCLUSION

An approach to building optimization has been
prescented which ecmphasizes the totality of the building
project in the optimization effort. Some discussion of
the nature of the nccessary information base and the
language for manipulating it has becen preseated. A
few commands from the BOP language and some typical
output are given to illustrate the nature of the man/
machine communication and the scope and depth of
treatment of the currently existing capabilities.
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CORE LENGTH LIMITS, MINIMUM ———_______|
MAXIMUM ______ _ ;
CORE WIDTH LIMITS, MINIMUM___________,
. MAXIMUM_______; :
LEASE SPAN LIMITS, MINIMUM —________,
L O MAXIMUM ) :
MAXIMUM NUMBER OF SOLUTIONS,_______;
STORY HEIGHTS, FIRST , SECOND
TYPICAL , MECHANICAL
INVESTMENT DATA, RENT——____,OPERATING
EXPENSES _______, ?CT, VACANCY——___,
MORTGAGE______., DEBTSERVICE
LAND COST_____, AE FEE.—___,
MOTION
ADD MODULE,

PRO-

FEET, _ INCHES:

'
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COMPUTE RETURN ON INVESTMENT,

SOLUTION TO ;
ALL
DELETE MODULE, FEET INCHES;
NUMBER OF FREIGHT ELEVATORS. :
BLOCK OUT GEOMETRY, EVERY—___ FLOORS;
CODE CONSTANTS, BPOP , PFIN ,
PNET______,HFIRE , TRAVL 3
ELEVATOR ZONE DIVISIONS, BANK
FROM TO STORIES DIVIDE
* MECHANICAL SPACE REQUIREMENTS, OVER- - *
ALL PER FLOOR ,
ELEVATOR ZONE DATA, ZONE—____, LOW
, HIGH_____, EXPRESS ;
ZDENS.——__, ZPOP—____ ,FLOOR AREA
CAB DATA, ZONE , SIZE , SPEED
, DTIME , DWID ,
KEY___;
ELEVATOR CRITERIA, ZONE , INTER-
VAL_____, CAPACITY: : )

SELECT ELEVATORS, ZONE

WINDOW WALL CHARACTERISTICS,PCT GLASS -

. UGLASS
BLINDS FACTOR ee____;
ENVIRONMENTAL DATA, AIR INTAKE BTU
, TEMPERATURE INSIDE
TEMPERATURE OUTSIDE
GAIN _______;

» UWALL

.soLAR

ELECTRICAL DATA, ILLUMINATION _______ .
e WATTS;

CONVENIENCE OUTLETS
PERIMETER ZONE, MINIMUM
FT,MAXIMUM ____FT;
MECHANICAL SYSTEM TYPE, INDUCTION,

COST FACTOR , CLEARANCE
ENR COST INDEX, :
STRUCTURAL SPAN, MINIMUM

MAXIMUM ______;

PRINT COST ASSUMPTIONS;

ENTER COST DATA, ITEM
DOLLARS

PCT

SQ FT

UNIT PRICE _

PRINT ARCHITECTURAL SUMMARY,

SOLUTIONS ) aoe TO e
ALL

PRINT ENGINEERING SUMMARY,

‘ .
SOLUTIONS \ __TO____
ALL

PRINT COST SUMMARY,

SOLUTIONS ). TO
: ALL

PRINT COST BUDGET,

SOLUTIONS | TO ——
' ALL

SAVE BOP JOB, FILE — ;
RESTORE BOP JOB, FILE —;
SAVE DATA, FILE _______;

" RESTORE DATA, FILE _______:

PRINT BOP JOB LIST;

APPENDIX B. BASIS FOR
BOP COST COMPUTATIONS

Although the building costs are by wio mecans the
only useful result from BOP, they are sufficicntly
important to warrant a somcwhat 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 completc listing of unit costs and- as-
sumed quantitics:

;'PRINT COST ASSUMPTIONS;

Upon recognition of this command, the BOP routines
produce output of the naturc shown in Figure 6.

A few \y'l'ords of explanation should be sufficient to
enable the; reader to grasp the essence of the cost ap-
proach implicd by Figurc 6. In general, the cost of
each of 50 componcnt items is given in one of four
ways:

1. As.an absolute dollar amount, column 1.

2. As a prcecentage of the basc building cost, col-
umn 2.

.3. As.a dollars per squarc foot of gross building,

. column 3.

‘4. In:some “‘other™ rational way-—gcnerally as a
‘unit pncc times a quantity whxch is a function of the
buxldmg geometry. ;o
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. LIST OF CuST ASSVAPTUNS

= by [TEMS

iTen iTemM OULLANS #CT /50 F1 LTLY CUMPUNENTS ACTION  IF
8O NAME ' .- ABSUMELD VALVE * O
|
1 0EMOLITION Os vecece oeesces’ ' esovasere
| .
2 STRUCT FOUMND MEMBS - sseveses 6eUQ ecceses eraovese !
D EXCAVATION 0000000 Q80ORO e00R®ee EXCAVATIUN $/CY * . JoSy
EXCAVAT iUn DEPTH 15400
EXCAVAT JUN AREA 0«00 @ AREA UF TYPICAL FLOUR ,
& SHEETING oo000ece ;.oooo sesesee SHEETING $/5F ! 3.00
SHELTING DEPTH 315400

SHEEVING PERIMETER

veUU = PERIMETER OF BLOG

9 MEMARANE WATERPROOF 00000000 SR0089, 9089008 $/SF wWALL Je50
WALL AREA ! * JeUO ® Qo
$/5F SLAB \ Ve20
SLAB AREA Velu 8 Qo

[

. | ,
® MASONRY AND CAULKING ©Ovecrsee veacee

T FIAST FLOOR CORE WALL osnseces eeesee

8 FIRST FLOOR FINISH ' Ssecseses oseoses

9 ROOFASHEET METINO INS oeeddiee eoseee

10 MISC IROM ’"ooooo;oo sseeee 002V

1} WINDOW wALL® 15T FL ooboo;og essese

MU
12 STOREFRONTe 35T FL. ° ©e00eese eeseso

‘

_90semee MASONHY AND CAULK $/SF
LINEAR FT CURE WAL/FL

ooo;'oo 1ST FL CORE 'WALLS %/5F
LINEAR FT CURE wALLS

eeevese 15T FL FINISH 3/SF
AREA 50 FlNHSNio

1)
easesed $/5F OF ROLF

easenes $/5F .
OF LINEAR FEET

sovonee STORL PHONT 18T FL 6/5F .
hOe OF LINEAR FEET

le25
VUL @ PERIM UF CUHE®Ss CHUSS wALLS

8400
0s00 = PERIM UF CURE ¢ 2 CHUSS wWALL

4400
VeUO ® AREA UF FInST FLUUR

050
) socecses
i

+ 8000 .
Vov0 @ PENIM 173 WAY BET CURE U FAC

8400
VeUU o PERIMN AT CURE * 2 mLVLL WUT

L}

- Figure 6~Typical Cost Assumpiions

. | .
The actual basis on which the calculation for a par-
ticular item is madc is implied by the location of
asterisks—i.c., the one column of the four that has no
asterisks is the current basis for cost computation for
that item. For example, demolition is normally assumed
at zero dollars, since that item cost is most often part
of a separate contract. Structural foundation members

are assumed at 4% of the cost of the basc building. '

Excavation, on the other hand, is computed on the
basis of $3.50 per cubic yard times the volume of ex-
cavation (=15 {cet X arca of typical floor). Figurc 7
indicates how the cost items are aggregated to form
the cost categories shown in Figure 4.

i

The user can casily switch the basis and numerical
values -for computation of any cost ilem by the com-
mand

, DOLLARS
i PCT e
ENTER COST DATA, ITEM SQ FT ;

. . . UNITPRICE

v

By' giving the commands
i

. ENTER COST DATA, ITEM 2 SQ FT. 1.20;
: 'ENTER COST DATA, ITEM 3
' UNIT PRICE 4.00, 20, 18000;

|
the user/ilcould change the basis of the structural
foundation members from 4% of the base building
cost to $1.20 per gross square foot of building, and
change the values in the excavation computation to
$4.00 per cubic yard times a 20 foot basement over
an 18,000 square foot area,

. Two additional commands are available to control
the cost computation. One is of a dircct multiplier
nature, and is given as the Engincering News Record
index

)
N ’

ENR COST INDEX, H

. j
i

The internal costs have been assumed on (he basis

of an ENR = 700.- An externally supplicd value of
o *

i
!

.
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SUNNAIKY

CUST
CATEGORY
1 S1TE wInK
2  FOUNDLAT O ’ .
.3 SUPERSTRUCTURL

& EXTERIVIR WALL

5 ARCHITECTURAL FINISHES

6 ELthIORs

1 PLUMA I NG :

8 HVAC |

9  ELECTRICAL

10 GEAERAL CUNDITIONS

11 6C FEE
\ 12 CONTINGENCY - |
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Figure 7-Cosy,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 user to specify the ordinates (costs) of a
normalized cost vs. hcight curve at the abscissae (num-
ber of storics) of 1, 20, 40, 80. The curve is generally
concave upwards, with a valley of 1.0 around 20
storics. Multiplicative effccts of this curve are included

along with the ENR COST INDEX,

i
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CONSTRUCCION.

TECNICAS DE ANALISIS FINANCIERO APLICADAS A LA
EVALUAGION INTEGRAL DE UN PROYECTO OE

ing. Enrique Tercero Barragan *

OBJETIVOS

La finalidad de este trabajo es la
de presentar, con fines de divulga-
cion, una metodologia que hasta
ahora se ha venido aplicando tan
solo para evaiuar proyectos de de-
sarrollo industrial, agropecuario y
de infraestructura fisica, con la
pretension de explorar las posibi-
iidades de su aplicacion a proyec-
tos de desarrolio economico, cuya
rentabilidad no ha sido estudiada
hasta ahora con la necesaria pro-
fundidad. Concretamente me re-
fiero a los proyectos de desarrollo
educativo. Existe a la fecha muy
poca experiencia al respecto, no
solamente en paises en vias de de-
sarrollo, los que naturalmente re-
quieren con mas urgencia la aplica-
cion de estas técnicas, sino tam-
bién en paises en franco desarro-
ilo. No obstarite, existen estudios
especificos sobre este terreno, casi
virger:; que ya van arrojando resul-
tados muy satisiactorios.

El contenido de este trabajo se en-
cuentra dividido en dos partes fun-
damenitaies. La primera es un plan-
teamiento teodrico de la naturaleza
de la metocdologia propuesta, con
sus alcances y sus limitaciones; la
segunda parte es la presentacion
de un caso de aplicacion en la que
se discuten fos pormenores opera-
tivos de ia metodologia propuesta.

* Vecmico del CONESCAL
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PRIMERA PARTE. PLANTEA-
MIENTO DE LA METODOLO-
GIA

1. La metodologia del anélisis de
sistemas.

Para los fines de esta exposicion y
buscando proporcionar a la técni-
ca expuesta una adecuada estruc-
tura conceptual, se pueden identi-
ficar cinco pasos basicos en un
proceso de analisis de sistemas.

A) Definicién de objetivos

B) Formulacion de medidas de
efectividad

C) Generacién de alternativas

D) Evaluaciéon de las aiternativas
E) Seleccion de la alternativa pre-
ferida

A continuaciéon se describen, de
una manera mas especifica, la na-
turaleza de cada uno de esos pa-
SOS. ,

A} Definiciéon de objetivos. Este
paso tan obvio no tendria tanto
valor, si no fuera ignorado tan fre-
cuentemente. Por ejemplo, en los
cursos de disefo de sistemas, los
estudiantes reaccionan tipicamen-
te yéndose inmediatamente a los
detalles de elementos de un siste-
ma propuesto. "’ {Objetivos? * di-
cen ellos,’” équién los necesita?,
comencemos a trabajar y disefie-
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 similares,

De hecho, una gran parte del tra-
bajo del disenador consiste en ue-
safiar objetivos, vagamente defini-
dos por clientes o proiesionales de
otras areas, y asi igentificar 10s
propositos fundamentales de un
sisterna.

En general, para los fines de esta
exposicion, se puede distinguir en-
tre las siguientes clases principales
de objetivos:

i) Eficiencia econdémica pura.
La maximizacion de las ga-
nancias obtenidas sobre deter-
minadas inversiones, prescinden-
do de quien las pueda acumuiar 0
a costo de quien.

ii) Redistribucion de ingresos.
La promocion de beneficios de
cierto tipo especifico a expensas
de otros de tipo diferente, tales
como inversiones gubernamenta-
les en obras publicas para el desa-
rrollo de una determinada region
de un pais.

iii} La satisfaccion de necesida-
des urbanas o rurales urgentes, que
no siempre pueden ser justificadas
a través de beneficios economiccs
directos pero cuya atencidon es de
gran valor para la comunidad, tales
como pueden ser algunos proyec-
tos de salud publica o la creacion
de areas de recreo.

Cada una de estas clases de objeti-
vOs tienen sus mgritos propios, sin
embargo, la persona u organismo



responsable de un proyecto dcbe
ser sicmpie cspectalimente suspicaz
con respecto a los objetivos econd-
micamente injustificables: ya que
mientras que los recursos se consa-
gran vélidamente a ellos cada dia,
debe también indicarse que exis-
ten promotores de proyectos espe-
cificos que no pueden ser defendi-
dns en terrenos convencionales,
pero que tratan de encubrirlos con
el interés publico. Es extrema-
damente dificil distinguir entre re-
cursos meritorios y falsos para el
interés publico, de ahi la insisten-
cra en que un responsable de pro-
vecto deba ser muy cuidadoso en
estos terrenos.

Bl Formulacion de medidas de
efectividad. El fin Gltimo del pro-
ceso de analisis consiste en desa-
rrollar una apreciacion de la efecti-
vidad relativa, con la cual las alter-
nativas seleccionadas cumplen con
un conjunto determinado de obje-
tvos.

Esto no se puede lograr sin tener
aigun medio para especificar en
qué grado deben lograrse los obje-
tivos; por lo tanto deberan defi-
nirse indices de funcionamiento,
que estén comprendidos dentro de
una escala cuantitativa,"que permi-
ta precisamente establecer, en for-
ma obietiva, ese grado en que los
proyectos alternativos analizados
satisfacen las metas propuestas.

La seleccion de las medidas de
efectividad es esencial, porque en
grann parte aetermina el diserio o
coniiguracion finai de un sistema.
Esto puede ilustrarse mediante un
simple ejemplo:

Supongamos que se requiere dise-
fiar un sistema de transporte ma-
sivo de bajo costo., ¢Como po-
drian expresarse los costos de tal
manera que lo barato pueda ser
identificado?

En pesos por pasajero — kilé-
metro?

En pesos por viaje?
En pesos por vehiculo — kilo-
metro?

Cada una de estas cantidades
podria ser utilizada para medir la
eficiencia del sistema de transpor-
te.

El costo de pasajero — kilome-
tro podria favorecer viajes largos y
de gran densidad de pasajeros.

La utilizacion del costo por via-
je como un indice, nos llevaria a la
definicion de una red densa, con
poco espaciam,cnto entre estacio-
nes.

Finalmente, la consideracion
del costo por vehiculo—kilometro
tiende a promover el uso de ve-
hiculos pequerios en la red,

La seleccion de la medida de
efectividad, en este caso represen-¢
taria una decision de diseiio. Esto
permite dar una idea clara de la
importancia considerabie y del es-
tudio que hay que dedicar a esta
seleccion.

Para mostrar en cambio, como
la seleccion de una inadecuada me-
dida de efectividad puede excluir
la consideracion de buenas solu-
ciones, consideremos la situa-
cion en donde la comunicacion en-
tre dos comunidades es dificil,
porque los canales de circulacion
estan sobre-cargados. Si la medida
de efectividad para juzgar el com-
portamiento del sistema es la capa-
cidad de un canal de circulacion,
ia soiucion obvia seria aumentar el
nimero de canales. Sin embargo,
se estarian excluyendo otras solu-
ciones posiblemente mejores, tales
como la regulacion del trafico para
disminuir los picos o la compacta-
cion (animando a la gente a utili-
zar transporte colectivo en lugar
de automoviles, por ejemplo). Es-
to podria verse como factor rele-

vante si los indices de comporta-

miento fueran redefinidos.

Por uitimo, cabe mencionar que
en ciertos casos se introducen en
la seleccion de las medidas de efec-

tividad alqgunas complejidarles ach-
cionales a causa de la relacion fre-
cuentemente no-lineal entre estas
medidas 'y “los valores que intentan
representar, como veremos mas
adelante, por lo que en la practica
deberédn aplicarse limites y rangos
a las medidas de efectividad.

C) Generacion de alternativas. Da-
do que el proposito del andlisis es
el descubrimiento y especificacion
de soluciones preferidas, es necesa-
rio hacer hincapié en la necesidad
de dedicar un considerable esfuer-
zo a la exploracion de un amplio
rango, de posibles soluciones. Los
interrogantes principales en este
€aso son:

{Como deberan ser identificadas
estas soluciones?

En qué orden?

¢Cuantas y cuales deberan ser ob-
servadas?

¢En qué grado?

Con excepcion de problemas
muy especificos, para ios cuales
existe inclusc una formulacion
matematica estricta, no parece ra-
zonable ni factible considerar to-
das las posibilidades, y aun cuando
fuese posible pensar en todas las
combinaciones, el sentido comin
sugiere que la investigacion de to-
das las alternativas no es recomen-
dable; aigunas no son lo suficiente-
mente diferentes para garantizar
un tratamiento separado y algunas
estan claramente dominadas por
otras. En este sentido es importan-
te ser selectivo en la busqueda de
las alternativas, ya que los recursos
son limitados.

Sin embargo, es importante de-
terminar, como se vera mas ade-
lante, la sensibilidad de una solu-
cion a los cambios en sus para-
metros principales, para identificar -
las alternativas fundamentales a
considerar.

Sea como fuere, lo cierto es que
no obstante la naturaleza parcial-
mente intuitiva de este aspecto de
generar alternativas, es convenien-
te seiialar lo deseable que es consi-
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derat muchas alternativas en lugar
de pocas El desarrollo de las com-
putadoras electronicas ha aumen-
tado enormemente la habilidad del
diseiador y del analista para hacer
esto, y ha hecho posible el desa-
rrollo de estudios comprensivos de
una manera eficiente y ordenada.
Resumiendo, la generacion delibe-
rada de un amplio rango de alter-
nativas es esencial para el anélisis
de sistemas.

D) Evaluacion de alternativas. Es
conveniente en este punto distin-
guir cuidadosamente entre la eva-
luacidon de los efectos de cada una
de las alternativas y la seleccion de
una solucion particular.

En esencia, la evaluacion de al-
ternativas consiste en asociar cada
alternativa con sus efectos, benefi-
cios, costos, impactos sobre la co-
munidad, efectividad funcional,
etc. Estos efectos, se estiman ge-
neralmente mediante la utilizacion
de modelos matematicos de varias
clases, los cuales son esenciales en
los analisis a gran escala.

La seleccion es diferente. Con-
siste en un examen de los efectos
(tomados de la evaluacion) de
cada alternativa, una comparacion
de sus valores relativos y una deci-
si0r acerca de cudl conjunto es
preterible. Mientras que la evalua-
ciOon, como ha sido definida aqui,
€S un proceso mecanico, ‘la selec-
cion es principalmente un proble-
m.. de juicio y de valor. Esto im-
plica que las decisiones importan-
tes, no deben ser delegadas a una
iormuia matematica sin razona-
mento.

£) Seleccion de la alternativa pre-
ferida. Finalmente, ta seieccion es
2l arte de balancear todas las can
secuencias. implica juicios valo-
rados de las medidas de efective
dad deducidos objetivamente y
obtenidos como resuitado del pro-
ceso de evaiuacion.
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La seleccion no es un problema
solamente técnico, sino de indole,
en muchos casos, politico. Ei pa-
pel del analista es entonces el de
ayudar al proceso de decision, eli-
minando tantas incertidumbres
técnicas como sea posible.

De esta manera, el analisis de
sistema es fundamentalmente un
esfuerzo por definir objetivos y al-
ternativas para el que toma deci-
siones y luego proveerlo con la in-
formacién relevante segin prefe-
rencias,

2. EL ANALISIS FINANCIERO
DE PROYECTOS

2.1 Su naturaleza y alcances.

Es conveniente aclarar aqui,
que el significado preciso que se
dard al término ‘'Proyecto’’ en es-
ta exposicidon, posee un contenido
diferente , al del sentido usual de
‘’Disefio”, tanto arquitectonico
como estructural y de instalacio-
nes, con el que suele emplearse.

Esto es importante, ya que es
frecuente que al hablar de “"evalua-
cion de proyectos'” en el medio de
construcciones escolares, se estd

" hablando en realidad de evalua-
'cion de disefios. Indudablemente,
al evaluar disefios se estan aplican-
do los principios del analisis de sis-
temas que se acaban de eskozar.
Concretamente, el criterio de cos
tos-limite que suele emplearse es
una medida de efectividad que
permite evaluar diferentes disefios
y hacer inclusive una posterior se-
leccion del mejor. Sin embargo, el
significado concreto que aqui se
da al término ‘‘proyecto” es mas
bien el de "proyecto de inver-
sion’’, es decir, al hablar de pro-
ye.to no solamente hablamos del
o lus diseiios que se requieren para
la realizacion de un conjunto de
instalaciones educativas y de su
construccion misma, sino que ha-
blamos también de todos los otros
conceptos de costo que involucra

normalmente una inversion en yy
complejo educativo, tales como |y
operacion del sistema, su manten,
miento, el mobiliario y el equipo,
la adquisicion de terrenos, el per.
sonal administrativo y docente ne.
cesario, l0s programas y cursos de
capacitacion necesarios y las aseso.
rias técnicas utilizadas para la im.
plementacion de las diversas fases
del proyecto.

Evidentemente, lo anterior imph-
ca que el andlisis motivo de este
trabajo abarque gran parte del ho-
rizonte de planeacion del proyec-
to. Es decir, el pardmetro tiempo
tiene una importancia capital den-
tro del analisis financiero.

2.2 Sus objetivos.

Siguiendo los pasos fundamen.
tales de un proceso de analisis de
sistemas, los objetivos buscados al
implementar un determinado pro-
yecto, desde el punto de vista fi-
nanciero, pueden ser de tres clases
basicas:

A) Que la inversion sea rentable,
es decir, que los beneficios que se
obtengan como producto de la im-
plementacion del proyecto anali

zado excedan en un atractivo mar-
gen a los costos que involucra di

cha implementacion.

B) Que la inversion sea simplemen-
te autosoportable o autofinancia

ble, es decir, que si bien los benef)

cios obtenidos como producto de
la implementacion del proyecto
analizado no exceden en un mar

gen atractivo, desde el punto de
vista privado, a los costos gque in-
volucra dicha implementacion, si
los exceden con un margen sufi-
ciente para lograr un equilibrio en
el flujo de fondos durante el pe
riodo de analisis del proyectc

C) Que aun cuando el proyecto
analizado no produzca beneficios
directos, los beneficios indirectos
que se obtienen, cuantificados en
términos monetarios, exceden en



un margen razonable a los costos
involucrados en su implemen-
tacion.

Al tipo de beneficios indirectos
que se obtienen en esta ultima cla-
se de proyectos, se les suele deno-
minar beneficios sociales. Sin em-
bargo, es necesario tener mucho
cuidado con esta clase de proyec-
tos, que generalmente son de tipo
publico, ya que existe la tendencia
a menospreciar los resultados de
su evaluacion, aunque en muchos
casos se trate de inversiones de
gran cuantia para el erario nacio-
nal.

En este sentido la tendencia ob-
servada en algunos paises de la re-
gion latinoamericana, es la de pro-
curar evitar esta ultima clase de
proyectos, buscando en alguna
forma el convertirlos en autofinan-
ciables mediante medidas que per-
mitan que el proyecto produzca
aigiin beneficio directo que lo con-
vierta en tal, medidas tales como

Al cabo del primer afio, el nuevo valor de esa

suma es ahora:

KI = KO (1 + l’)

cuotas de aportacién de los usua-
ros del sistema.

La conciencia de esta necesidad
ha surgido precisamente a conse-
cuencia del empleo de las técnicas
de evaluacion que se estan expo-
niendo en este trabhajo.

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) Relacion beneficio/Costo

B) Valor presente de los beneficios
netos

Q Tasa interna de retorno

D) Costo especifico de capital.

E) Periodo de recuperacion

En todos y cada uno de los cri-
terios mencionados, la materia de
andlisis es el flujo o corriente de
fondos durante un horizonte eco-
ndmico de estudio, cuya extension

se asigna de una manera mas bien
arbitrana, en funcion de experien-
cias previas en proyectos similares,

Dado que los fines de este tra-
bajo no son diddicticos sino pura-
mente ilustrativos, a continuacién
se pretenderd describir, en térmi-
nos muy generales y aun a riesgo
de ser demasiado simplistas, en
qué consiste cada uno de {os cinco
criterios enunciados. Sin embargo,
previamente a esta descripcién, es
conveniente explicar y aclarar un
concepto que resulta de vital im-
portancia para la adecuada com-
prensién de los criterios menciona-
dos, vy es el del “valor presente” o
“valor actualizado’’, o “valor des-
contado’’ de una corriente o flujo
de dinero.

Supdngase 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 Ko

En ese caso bastara con despejar de la expresion

(1), la incognita buscada:

En donde r estd expresado como fraccién decimal. Ko = K —-{2).
Al cabo del segundo afio, el valor de la suma o +nn
sera: -
Ki = Ky (1+7r) = K, (1+r)(1+7) A este valor "K' se fe denomina “‘valor presen-
) te’" o '‘valor actualizado’’, de una suma de dinero
= K, {1+ erogada o ingresada en el aifo "‘n"" de un horizonte
Al cabo del tercer afio: econdmico de analisis.
Para el caso de la expresion (1) se nablaba de
Ky = Ky (1+71) = Ko (1+0)2 (1+7) una tasa de incremento anual *‘r"’, es decir el valor
“Kn" es un valor incrementado; de manera analo-
Por induccion matematica, al cabo de “’n’’ afos: ga, en el caso de la expresion (2} se habla usuai-

Ko = K, (141"

Supbngase ahora el problema inverso, es decir,
dada una suma de dinero cuyo valor incrementado
al cabo de ''n’’ aflos es ‘K", se quiere saber su valor
inicial en el aflo cero, suponiendo que el porcentaje

mente de una tasa de descuento
razon al hablar del valor 'Ky se le llama también
“valor descontado’’.

I'rll

A la tasa

llrI'

. Y por esta

se le llama entonces ‘'tasa de des-

cuento’ o también ‘“tasa de actualizacion”.
Explicados estos conceptos se puede ya pasar &
_ la descripcién de los criterios de efectividad men-

o tasa de incremento anual haya sido 'r". cionados al comienzo de este capitulo.

(I e
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A) Relacién benceficio/costo. En sintesis, este crite-
rio se expresa como un cociente de Ventajas/Des-
ventajas. Las ventajas son los beneficios de la inver-
sion realizada, bien sea como un resultado de la
repercusion que dicho proyecto tiene sobre la eco-
nomia regional o nacional del pais en que se va a
realizar, bien sea como resultado directo de la co-

mercializacion de la produccion misma del proyec-

to en cuestion. Las desventajas son los insumos re-
queridos por el proyecto, es decir, los costos, no
solamente durante la etapa de operacion, sino even-
tualmente durante las fases de ampliacion que pue-
da tener el proyecto en el horizonte econémico de
andlisis que se esté considerando.

Concretando, supongase que se tiene la siguiente
corriente de costos y beneficios en un determinado
proyecto, cuyo horizonte econémico es de '‘n”
anos.

Beneficios 8, B, B, B, Bn -, Bn

Costos c, C, C G, Cn_, Cn
é Jl i % see v e _"—i-

Afos 0 1 2 3 n-1 n

La relacion beneficio/ costo de este proyecto es
el cociente formado por la suma de ia 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-
dria lo siguiente: o

VPB0 = B,
VPBI B, ‘
= Tr
veg, = B
(1+ )i
VPg, _ Bu
(1+ )"

Por tanto ia suma ‘de estos valores ser(a:
n n B,
oz VPBi = £ —
i=o0 i=o (1471

En forma anéioga, para los.costos se tendria:

G
o (1+r)

n n
z VPC; = X

i
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Y por consecuencia:

n B,
z T
i=o (1+7r)
Relacién B/C =
n C;
E ——————
i=o (1+7)

Fijada una tasa de actualizacion, 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 relacion depende
sustancialmente de ia tasa de descuento que se es-
coja, sin embargo, la seleccion de la misma resulta
un tanto arbitraria ya que su valor esta en funcion
de diversos factores, tales’como el indice de creci-
miento en los costos de los materiales, el indice de
crecimiento en el costo de la mano de obra, la tasa
inflacionaria promedio prevaleciente en el pais, e
inclusive de posibles devaluaciones monetarias du-
rante el horizonte econémico de analisis; la forma
en que cada uno de estos factores influye en el
valor de la tasa de actualizacion no es una funcion
conocida a priori, razon por la cual lo usual es
asignarle un valor basado.en experiencias previas en
proyectos similares.

Esta relativa arbitrariedad en la eleccion de la
tasa de descuento es justamente uno de los princi-
pales defectos que tradicionalmente se le han atri-
buido a la relacion B/C. Sin embargo, si se efectia
un' andlisis 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 informacion 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 como el que tiene lugar en proyectos de
formacion 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 practica, la fijacion de las tasas de descuento
por utilizar para determinado tipo de proyectos se
hace en forma convencional, por acuerdo entre di-
versos organismos, notese la repercusion economica
que podria tener para la industria de |la construc
cién de un pals, una medida tendiente a elevar esas
tasas en forma arbitraria.



8) Valor presente de los beneficios netos. Este cri-
terio dificre del anterior en que, en vez de estar
expresado como un cociente cuyo valor estd 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 periodo del horizonte eco-
ndmico de un proyecto; expresado algebraicamen-
te:

(B; - C;)

n
VPBN = I
=0 (1+7r)

Si bien este criterio adolece del mismo defecto
que el anterior, de depender de una tasa de actuali-
zacion fijada en forma relativamente arbitraria, de-
fecto que como ya se indicd, se puede subsanar
mediante un adecuado analisis de sensibilidad, po-
sze en cambio Ia ventaja de permitir el uso de mo-
delos matematicos para la seleccion Optima de un
conjunto de proyectos de inversion 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
ios valores presentes, a un horizonte econdmico de
analisis dado, de las corrientes de costos y benefi-
cios asociados a la iniciativa.

Algebraicamente, "'L" es la tasa interna de retor-
no propia de una iniciativa si y sélo si:
n n .
I G i+ T OB 1+ L7

0 i=o0

Este criterio implica la busqueda de la raiz real
de la ecuacion anterior. Cuando *’L" no es la Unica,
resulta inadecuado emplearla como indice de eva-
luacidn, ya que por definicién este debe ser univo-
co; sin embargo, este caso no es frecuente y s6lo
ocurre cuando existen gastos de consideracion pre-
vistos hacia los Gltimos afios del horizonte econé-
mico de analisis. Dentro del orden practico, su cal-
culo manual es laborioso, pero esto en la actualidad
Ya no representa ningun obstaculo significativo, ya
que aun con una pequefia computadora digital de
escritorio (y aun mas de bolsillo) se le determina de
manera sencilla y muy rapida.

Como ya se dijo este criterio tiene la ventaja de
revelar explicitamente la productividad real del
proyecto, ademés de representar una base muy
consistente para juzgar tanto su viabilidad econd-

mica como su prioridad relativa, respecto de un
conjunio dado,de proyectos de inversion.

De hecho, ain cuando también los dos criterios
anteriores se utilizan para jerarquizar un conjunto
de proyectos de inversion, el criterio mas usual
para juzgar de la prioridad relativa de un conjunto
de proyectos es justamente su tasa interna de retor-
no. ‘

D) Costo especifico de capital. Por definicion el
costo de capital es el precio que el organismo res-
ponsable de un proyecto debe pagar por el uso de
los fondos de inversion que se requieren destinar a
un proyecto determinado.

En términos algebraicos, la tasa “j’’ es el costo
especifico de capital de una inversion, si y solo si:

n . n
T K@+t = oz op (+j)7]

1 =0 { =0

En donde “K;" es el desembolso de una inver-
sion en el periodo i v “Pi’” es la suma del pago del
principal mas el pago de los intereses de la misma
inversion correspondientes al periodo i de amorti-
zacion,

En realidad, este criterio es complementacion

del anterior, ya que para poder considerar que un
proyecto es rentable, econdmicamente hablando, el
requisito minimo indispensable a la luz de estos
criterios, es que su tasa interna de retorno sea siem-
pre mayor que su costo especifico de capital.
E) Periodo de recuperacién. Se denomina periodo
de recuperacion a aquel periodo para el cual la
suma de los beneficios netos acumulados a valor
presente, iguala al monto total delos desembolsos
de la inversion efectuada en este proyecto.

Expresado algebraicamente esto significa que e:
periodo de recuperacion es aquel valor de “m’ que
satisface la siguiente igualdad:

m m

r K(+n' = 3
1 =0 i = o

Al igual que la relacion beneficio/costo tiene el
defecto de depender de una tasa de actualizacion
arbitrariamente elegida; pero ademads tiene el defec-
to de ignorar parcialmente la informacion de los
flujos de beneficios y costos, es decir de toda aque-
lla porcion de esos flujos que quedan mas alla, jus-

tamente, del perlodo en cuestion.

En general, se le considera el mas inconsistente
de todos los criterios mencionados. Usado como un
criterio de jerarquizacion de proyectos, tiende a
dar mayor preferencia a aquellos proyectos que
ofrecen una recuperacion de la inversidon inicial a
corto plazo sobre aquéllos cuya recuperacion de
esa misma inversion se realiza a mas largo plazo. Es
decir que este criterio resulta totaimente inadecua-
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do para juzgar proyectos de formacion de infraes-
tructura, en los que, como ya se senald antertor-
mente, el monto de la inversion inicial es muy gran-
de en comparacion con los beneficios. netos que se
obtienen en el proyecto a corto plazo.

Lo mas usual aunque no lo mas correcto, es cal-
cular este indice sin actualizar valores. De esta for-
ma resulta un criterio muy sencillo de calcular y
por lo tanto, si se desea obtener en forma rapida un
INDICE que proporciéne una idea, aunque sea
muy burda de la situacion del proyecto, este crite-
rio puede ser muy Gtil en una primera aproxima-
cion,

2.4 Observaciones generales sobre su uso. Si bien es
cierto que cada uno de los criterios estudiados pre-
senta individualmente un conjunto de ventajas y
desventajas que, al comparar conceptualmente di-
chos criterios entre sl, hacen que se revelen como

maés consistentes los de tasa interna de retorno, cos-
to especifico de capital 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
si solo, refleja adecuadarnente la situacion econo-
mico financiera de un proyecto, por lo que es alta-
mente recomendable el cdlculo y uso simultidneo de
todos ellos para obtener una mejor imagen de un
determinado proyecto. Si se tiene en cuenta que la
existencia de equipos de procesamiento electrénico
de datos, no solamente de mediano o gran tamaio,
sino aun los llamados minicomputadores, ya sean
estos de salén, de escritorio o aun de bolsilio, es
cada vez mas frecuente en la region latinoameri-
cana y también en la del Caribe, este calculo simul-
taneo es perfectamente factible obtenerlo, con un
"consumo de tiempo realmente minimo, mediante
el uso de uno cualquiera de esos equipos.

SEGUNDA PARTE: APLICACION DE LA METODOLOGIA

A) Descripcion del proyecto

Aun cuando no pertenece al campo especifico
de las construcciones escolares, el ejemplo que se
presenta a continuacibn posee un conjunto de ca-
racteristicas que permiten visualizar, en forma bas-
tante sencilia, los principales alcances de la meto-
dologia anteriormente explicada.

"7 El proyecto en cuestion es un proyecto pablico
de remodelacion del Centro de la ciudad de Toluca,
en el Estado de México, actualmente en proceso de
construccion.*

La obra por ejecutar incluye los siguientes con-
ceptos:

1. REMODELACIONES,

v 1.1 Portales:

a)

Pavimento y techo

b) Fachadas exteriores '
c) Fachadas interiores
Suma parcial: $ 3,500,000.00
1.2 Fachadas de: -
a) lglesia Santa Veu;acruz
b) Palacio Municipal
X ¢} Clpula Camara de Diputados
] d), Fachada Belisario Dominguez

/
al Presidente Muni-
asi como al Dr,
ermitir la repro-

* Ei autor desea testimoniar su sgradecimient

cipat de Toluca, Lic. Arturo Martinez Legorret
Meichor Rodriguez Caballero, por su gentileza el
duccidn de este interesante proyecto.
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Suma Parcial:
(1.2) .

Suma parcial:
(1)

$ 1,100,000.00

$ 4,600,000.00



2. OBRAS NUEVAS.

2.1
2.2

3

Edificio de Portales Nuevos

Estacionamientos.
Suma Parcial: ‘ $ 24,000,000.00

(2)

3. OBRAS EXTERIORES.

CALLE CaustiTUCion

3.1 Plaza
3.2 Calle Constitucion
3.3 Pasaje Belisario Dominguez
3.4  Jardineria
Suma Parcial: ' $ 5,600,000.00
(3) '
Suma Total: $34,200,000.00
| L J L | L
AV, MiGue MiIDALGo
) V7,
._&—' F
{ PLAZA
©) ® . Z cuPULA
| : ju] ; " 3 PALACIO MUACIPAL
= 4 AREN, AMARDINADAG
B L—— G (GLESIASTA VERALRUZ
| 6 CAULLE CoNsTITUCION
LLZ 7 FORTALLS EXISTENTE
@ P 5 O 8 PROPIEDAD PARTICUAR
1 ‘&' g ediFicio A*
5 io EDIFicio "B
; & Ebwicio C”
§ (2 PASAJE B.DOMAUED
3 CATCPRAL
2 | £ '
@ ® @ 4
— q 5
B
L

CALLE INDEPENOENCIA

1

2R h
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Al iniciar el estudio de evaluacibn, el probiema
fundamental que se planteaba a las autoridades mu-
nicipales responsables .del proyecto, era la consecu-
cion de los fondos necesarios para financiar la in-
version. La solucion que se le dio al problema fue
ia siguiente:

Los portales, las fachadas vy las obras exteriores
serian amortizadas por la comunidad, mediante
una derrama realizada en proporcion a los valores
catastrales de los terrenos propiedad de los mora-
dores de la zona de influencia de las obras, previa
formacion de un consejo de cooperadores integra-
do por representantes de esa comunidad y estable-
ciendo el respectivo convenio de cooperacion entre

N \ A
el municipio y dicho consejo. Este convenio, esta-
blecido después de haber realizado el necesario es-
tudio de derrama, sirvido de base para negociar el

financiamiento de las correspondientes obras.

En cuanto a las obras nuevas, puesto que el edifi-
cio estaba disefiado para ubicacion de oficinas y
locales comerciales y el estacionamiento seria ad-
ministrado comercialmente también, se podia ha-
cer la necesaria evaluacion economico-financiera de
esa parte del proyecto para determinar su rentabili-
dad y si era o no auto-financiable. Los resultados
de este estudio serian el documento que serviria de
base para |la negociacion 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 $/m? $ PARCIALES
§ :
Terreno: 2,682.45 x 2,000.00 5°'364.900 5'364,900
Edificio:
—Construccion (sin incluir
cimentacion) 19'866,397
—Cimentacion 1'000,000
—Estudios v Proyectos 5% . 1'043,320
—Supervision y administracion 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
i ' , ‘
Edificio: !
—Construccion 2'933,940
—Estudios y proyectos 5% 146,697
—Supervisibn y administracion 5% 146,697 . 3227334
8'911,334
3.COSTO DE OBRAS EXTERIORES
Terreno: . 5,240.00 x 1,000.00 5'240,000 5'240,000
Edificacion:
—Construccion remodelaciones 4'575,950
—Construccion obras exteriores 5'688,401 10'164,351
—Estudios y proyectos 5% , 508,218
—Supervisibn Y administracion 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
SOTANQO 2.682.45 5 10 15 13,412.25 26.824.50 40,236.75
PLANTA BAJA 2,682.45 60 65 70 160,947.00 174,359.25 187,771.50
MEZZANINE 1,831.94 60 65 70 109,916.40 119,076.10 128,235.80
DESPACHO 7,24438 20 725 30 144.887.60 181,100.50  217,331.40
TOTAL 429.163.26 50349535  573,575.45

VALOR PESIMISTA RENTA ANUAL:
VALOR MEDIO RENTA ANUAL:
VALOR OPTIMISTA RENTA ANUAL:

$429,163.25 x 12 = $5'149,959
$503,495.35 x 12 =$6'039,818
$573,575.45x 12 =% 6'882,905

B) Metodologia empleada

Después de efectuar la necesaria evaluacién téc-
nica del proyecto que incluy6 la revision de &reas,
cantidades de obra, materiales a utilizar, cantidad
de mano de obra requerida, precios unitarios apli-
cados, y presupuestos, se pasd a la evaluacion fi-
nanciera propiamente dicha, procediendo en la si-
guiente forma:

1. Determinacién de ingresos.

1.1 Estudio de rentas: Se realiz6 una investiga-
cion 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 publico, cuyos resultados
aparecen descritos en la tabla 4 .

2. Egresos o deducciones.

2.7 Desocupaciéon. Aunque por una investigacion
de mercado se obtuvo que la desocupacion en los
edificios, podria estimarse en un 2% del importe
de las rentas, se est{mo conveniente considerar has-
ta un 5%, ya que a mediano plazo seguramente ha-
b-a un incremento e construccion de edificios co-
merciaies (Ver tabla

2.2, Manten/m/ento y administracion del edificio.
Se consndero que para garantuzar un excelente man-
tenimiento y conservacion del edificio es necesario
estimar su costo en un 3% anual sobre el valor de la
construccion (ver tabla 3).

2.3 Agua y luz. El porcentaje para este concepto
se determind por investigacion 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 Edo. de México se aplico el
0.525% sobre el valor catastral de los edificios (ver
tabla 3).

2.6 Seguros. Se considerd un 8 a1 millar sobre el
costo de construccidon del edificio sin incluir la ci-
mentacion (ver tablas 1y 3)

2.7 Depreciacion de los edificios. Se considerd
una vida econdmica util de 25 afios y una depre-
ciacion de tipo lineal (ver tabla 3.)

2.8 Costos de operacion para el estacionamiento.
(Ver tabla 5 del anexo).

2.9 Mantenimiento y conservacion del estaciona-
miento. Para este caso se considerd el 1% dei valor
de la construccidn, ya que la calidad entre ios aca-
bados del estacionamiento y los edificios amerita
tal diferencia (ver tabla 6).

2.10 Agua y luz para el estacronam/ento (Ver
tabla 6).
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2.11 Impuestos para el estacionamiento.
a) Ingresos mercantiles: 4% sobre el valor de las
rentas. {Ver tabla 6).
" b) Impuesto predial: Idem. que para los edificios
c) Depreciacion: ldem que en edificios.

3. Hipotesis de la evaluacion

Para lievar a cabo el analisis se hicieron las si-
guientes hipdtesis o consideraciones:

3.1 Los ingresos por concepto de renta, para el
edificio, se incrementan un 10% bianual a partir de

1976 y este incremento se mantiene durante 10
afios, después de los cuales, el ingreso mencionado
no sufre ya,ningin incremento.

3:2 Las deducciones anuales, exceptuando la co-
rrespondiente al impuesto predial, experimentan
también un incremento bianual del 10% durante 10
afios, después de los cuales s6lo 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 afio del siguiente
sexenio y luego se incrementan un 10% cada seis
anos hasta el final del periodo de analisis.

TABLA 3: REMODELACION DEL CENTRO DE TOLUCA '

DEDUCCIONES ANUALES

EDIFICIO

v
1. Desocupacion:

5%rentas: Pesimista
" Mddio
Optimista
2 Mantenimiento y administracion:
3%valor edificio:
3. Aguay Luz:
2%rentas: Pesimista
' Medio
Op.timista
4, Timbres:
3.5%rentas: Pesimista
Medio
Optimista
5. Predial:

.525% valor catastral:

6. Seguros:

8 al millar: Costo de construccion del edificio

sin cimentacion.

7. Depreciacion: ;

4%valor edificacion, °
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0.05 x 5'149,959 257,348

0.05 x 6:039,818 301,991

0.05 x 6'882,905 344,145

0.03 x 22'953.037 688.591

70.02 x 5149959 102,999
10.02 x 6039.818 120,796
'0.02 x 6'882,905 137,658
0.035 x 5'149,959 180,248

0.035 x 6'039,818 211,394

0.035 x 6'882,905 240,902

0.00525 x 28'317,937 148,669

* 0.008 x 19'866,397 158,931
918,121

0.04 x 22'953,037



aew gt st ety que fa diferencia entre
sy los tondes, resulte nvgmiva se considera
1o s necesano ncurnir en un r2financiamiento.
Mentias 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 financiamiento para la inversion inicial.
3.5 La tasa de interés considerada como mas
probable para el financiamiento de la inversion ini-
cial, es de 15Y% sobre saldos insolutos semestrales.
3.6 El periodo de Amortizacion de la Inversion
Inicial, se supuso igual a 10 afios.

TABLA 4:
ESTACIONAMIENTO
INGRESOS

-

3.7 La tasa de interés considerada como mas
probable para los refinanciamientos es del 18% so-
bre saldos insolutos semestrales.

3.8 El periodo de Amortizacion de los refinan-
ciamientos se supuso igual a 5 afos.

3.9 Por Gitimo, se considerd que durante el tiem-
po en que se ejerce el crédito inicial, éste no deven-
ga intereses.

4. Resultados del analisis.

En las tablas 6-A, 6-B y aparecen desarrolla:
das las corrientes de beneficios y costos durante un

REMODELACION DEL CENTRO DE TOLUCA

1. ESPACIOS DISPONIBLES
60 espacios para pensionados
150 espacios para publico

2. RENTAS:

Pension: 150 $/mes

Tarifa al publico $ 3/primera hora, $ 1/hora subsecuente

3. OCUPACION CONSIDERADA:

2 horas/automdvil, promedio
3 automoviles/espacio x dia

300 dias de servicio.--

4. INGRESOS: $/aiio
60x 150 x 12= 108,000
12x 150 x 300 = 540,000
" $648,000
TABLAS5: REMODELACION DEL CENTRO DE TOLUCA
ESTACIONAMIENTO l
OPERACION .
PUESTO SALARIO/MES NUMERO DE TOTAL/MES
$ TURNOS | $
ENCARGADOG 2,000 1 2,000
2 CHECADORES | 1,500 3 ' 9,000
2 MOZ0S 1,000 2 ' 4 000
TOTAL ‘ CT 15.000

TOTAL ANUAL: $15,060 X 171 =$180,000

¢
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TABLA &: REMODELACION DEL CENTRO DE TOLUCA
DeDUCCIONES ANUALES

ESTACIONAMIENTO
1. Administracion 180,000
2. Mantenimiento:
1% valor edificio: 0.01 x 3'227,334 32,273
3. Aguay Luz 60,000
4, Ingresos Mercantiles: )
4% renta: 0.04 x 648,000 25,920
8. impuesto predial:
'.5625 x 911,334 46,784
6. Depreciacidn
0.04 x 3227,334" 129,093
344977
— = 0.53
648,000
474 070
— =0.53
648,000 ' !
TABLA 6—A
PROYECTO REMODELACION DEL CENTRO DE TOLUCA ALT 15
CUADRO DE FUENTES Y USOS DE FONDOS
1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
FUENTES
INGRESOS POR CONCEPTO DE RENTA Q0 1.86 7.53 8.22 8.29 9.04 9.04 9.88 9.88 10.79
SUB-TOTAL VENTA 0.0 1.88 7.53 8.22 8.29 9,04 9.04 9.88 9.88 10.79
RECURSOS CREDITICIOS 3
INVERSION INICIAL ) 1049 15.74 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
REFINANCIAMIENTO 1.63 3.64 Q.58 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SUB-TOTAL CREDITO 1212 19.38 0.58 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DEPRECIACION DEL ANO ANTERIOR 0.0 0.0 0.53 1.05 1.05 1.05 1.05 1.05 . 1.05 1.05
SALDO DEL ANO ANTERIOR 0.0 0.0 Q.0 0.0 0.91 2.54 5.43 9.32 15.22 FARA
TOTAL DE FUENTES 1212 21.26 8.64 9.27 10.25 12.63 15.52 20.25 26.15 33.55
USsos ‘
CONSTRUCCION 10,49 15.74 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DEDUCCIONES ANUALES . 0.0 0.28 1.71 1.85 1.8 204 2.04 221 2.21 2.39
DEPRECIACION 0.0 0.53 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
SUB-TOTAL INVERSION 10.49 16.55 276 2.90 293 3.09 309 . 326 3.26 3.44
'
AMORTIZACION DE CREDITOS =
INVERSION INICIAL 1.63 4.08 3.90 3.45 2.99 2,54 2.09 1.63 1.18 0.73
REFINANCIAMIENTO 0.0 0.63 1.98 201 .79 257 1.03 0.14 0.0 00
SUB-TOTAL AMORTIZACION 1.63 4,71 5.88 5.46 4.78 4.11 3.1 77 1.18 Q.73
TOTAL USOS 1292 21.26 8.64 6.36 7.7 7.20 6.20 5.03 4.44 417
1
SALDO PARA EL ANO SIGUIENTE 0.02 0.0 0.0 Q.91 254 5.43 9.32 15.22q 21.7% 29.38
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1982

10.79
10.76

0.0
0.0
1.0%

PANA
3355

1

TABLAG6-B

PRCYECTO REMODELACION DEL CENTRO DE TOLUCA ALT 15
ANALISIS DE SENSIBILIDAD DE LOS

INDICES DE EVALUACION ECONOMICA

CORRIENTE DE BENEFICIOS
CORRIENTE DE COSTOS

# SUB-TOTAL VENTA

# 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 2.08 89, 8
0.04 2.00 76. 8
0.05 1.93 66. 8
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
- 0.14 134 15. 10
0.15 1.29 12, 1
COSTO ESPECIFICO DE CAPITAL 1.61
TASA INTERNA DE RETORNO 22.02
1983 1984 1985 1986 1087 1088 1989 1990 1991 1992 1993 1994 1995 1996 1997
10.86 11.87 11.87 11.87 11,87 1187 1195 1195 1195 1195 1195 1194 12,03 1203 1203
10.86 11.87 11.87 !11.87 11.87 11,87 1195 11,95, 1195 11.94 1195 1194 1203 .12.03 1203
0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 60
00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 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 1.05 105
2038 37.54 4677 56.00 65.21 74.39  83.55 92,73 101.87 110.98 120.07 129.13 13816 147,23 156.28
4129 50.46 69.69 68.92 78,13 87.31 9655 105.73 114.87 123.98 133.07 14212 151.28 160.31 169.36
0.6 o 0.6 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 00 0.0
2.43 264 2.64 2.66 2.65 2,71 2.77 2.81 2.84 2.86 2.85 2.9} 296 2.98 301
1.05 1.05 1.05 1.05 1.05 10.5 1.05 1.05 1,05 1.05 i.05 1.05 1.05 1.05 1.05
3.48 369 3.69 371 374 376  .3.82 3.86 3.89 3.91 3.94 3.96 4.0 4.03 406
0.27 Q0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00
00 00 0.0 0.0 ,~" 00 0.0 0.0 0.0 00 | 00 0.0 0.0 0.0 0.0 0o
027 QO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 GO
3.75 369 3.69 3,71 374 376 3.82 3.86 3.89 3.0 3.94 3.96 4.01 4.03 v
37.64 4677 56.00 65.21\'- 76.39  83.55 92.37 101.87 11098 120,07 129.13 138.16 "147.23  156.28 30
. 29
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TABLA7: RESUMEN DE RESULTADOS DE LA EVALUACION FINANCIERA

RIS
Con Con Con Valor Alterna- Relacion Valor pre- Afio de Costo espe- Tasa inter-
Estaciona- Deduccion Terreno  Medio tiva. de B/C sente bene- recupera- cffico de na de retor-
miento - Prediat Rentas NGmero ficios netos. cion. capital. no.
— . ’ 0.05 0.15 0.05 .0.15 0.09 0.15
[} ) .
PESIMISTA 1 1.37 0.83 25. -8, 13 - 13.57 11.18
St MEDIO 2 1.56 0.96 40. -2 1 - 13.85 -14.15
NO OPTIMISTA 3 1.51 0.98 37. -1, 10 - 12.87 14,45
PESIMISTA 4 1.32 0.82 25, 9. 14 - 13.24 10.71
S| MEDIO 5 1.49 0.93 40. -4, 12 . - 14.11 13.43
Si _OPTIMISTA 6 1.65 1.04 53. 2 10 y 20 13.13 15.87
PESIMISTA 7 1.42 0N 31. 4, 12 - 14,12 12.86
NO MEDIO 8 1.5 _ 1.04 45, 2 10 20 12.90 15.91
OPTIMISTA 9 1.76 1.15 59, 7. 9 14 1200 1868
Si
PESIMISTA 10 1.37 0.84 28. -8, 13 - 13.80 11.30
Si MEDIO 1 1.54 0.96 42, -2 11 - 1382 14,00
OPTIMISTA 12 1.70 1.06 56. 3. 10 18 12.88 16.42
NO PESIMISTA 13 1.47 0.94 33. -3. 12 - 13.77 13.55
NO MEDIQ 14 1.65 1.07 48 3. 10 18 12.61 16.57
OPTIMISTA 15 1.83 1.19 62. 9, 9 13 11.87 19.33




~~aizonte econdmico de andlisis de 25 aros, en un
~guema tabular que se conoce en este tipo de estu-
dios como cuadro de fuentes y usos de fondos. 1.as
cifras que ahi aparecen estan expresadas en miles
de pesos; en la tabla 6-B aparece el analisis de sensi-
bilidad para los 3 indices de evaluacion que depen-
den de la tasa de actualizaciéon {relacion B/C, valor.
presente de beneficios netos, y periodo de recupe-
racion), asi como los valores correspondientes de la
tasa interna de retorno y costo especifico de capi-
tal (Gnico para un horizonte econdmico de analisis
dado). En la parte inferior de esa tabla como se
puede observar, la tasa de actualizacion se hizo va-
riar del 1 al 159,

Finalmente, en la tabla 7 se muestrala
tabla de decisiones que esquematiza los resultados
de las 15 alternativas estudiadas. En dicho cuadro
se observa que los grupos 7,8y 9y 14 y 15 son los
‘que presentan una mayor rentabilidad atendiendo
fundamentalmente a su tasa interna de retorno
como 3 su diferencia con respecto al costo especi-
fico de capital, por otra parte la relacién benefi-
cio/costo y el valor presente de los beneficios ne-
tos, coinciden con esta apreciacion, 1o que implica,
que ya sea que se deduzca o no el impuesto predial,

la mejor solucidon es no considerar el costo de ad-
quisicion del terreno como parte del proyecto por
financiar.

B. Conclusiones.

Sea como fuere, lo cierto es que la metodologia
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 metodologia a la evaluacion, 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
region, empiecen a capacitarse en el empleo de es-
tas técnicas que podran permitir a mediano plazo
negociaciones mas justas tanto con los organismos
internacionales,de crédito, como con los consejos
superiores de planificacion que dirigen las econo-
mias de nuestros paises y con un mayor conoci-
miento de causa por parte de los responsables del
proyecto.
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EL ENFOOUE
DE SISTEMAS

ARQUITECTONICA

- DAVID CYRIET L.

EN LA PROGRAMAGION

EL PROGRAMA ARQUITECTONICO
Y LAS ESPECIFICACIONES DE PROYECTO

La etapa de programacién es de importancia decisiva dentro del ciclo
existencial total de!todo edificio. El ciclo se inicia con la ctapa de pro-
gramacion y se continiia con la de disefio, que sirve de base a la produc-
cibn de partes y a la construccién, para finalmente culminar en la
ocupacién y uso. Esta etapa final de uso, a su vez, es el antecedente de
la programacién de edificios subsecuentes, pues permite confrontar las
hipotesis del proyecto anterior con la realidad operante, haciendo evo-
lucionar los nuevos programas.

Tradicionalmente la etapa de programacién arquitecténica sc ha re-
ducido a obtener solamente la lista de los locales o espacios arquitec-
tbnicos por resolver, en base a las necesidades de esPacno de los futuros

usuanios del inmueble.
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de la cual forma parte integral la llamada ingenieria de sistemas. Surgida
en otros campos del disciio, esta disciplina empicza a tencr aplica-
ciorr en el campo de la arquitectura al considerar que todo edificio es
un sistema compuesto de varios subsistemas. .

La concepcién de la arquitectura como un sistema tienc profundas
repercusiones en todo el proceso dec gestacion del producto arquitce-

-t6nico, haciendo posible un acercamicnto cada vez mayor entrc las ne-

cesidades reales por satisfacer y el proyccto. .

El objeto de aplicar las disciplinas antes citadas a los problemas ar-
quitectonicos es el siguicnte: crear un sistema de informacion capaz dc
captar las necesidades rcales de los usuarios y de todos los scctores afec-
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 espccificaciones de proyccto han de
constituir asimismo el estindar de referencia para controlar y evaluar cl
- 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
nitidamente de conceptos lim{trofes tales como las especificaciones de
construccion y las normas de disefio y produccién. :

Una norma de un producto genérico es una regla de caricter general a
la que se han de someter todos los productos que pertenecen a ese géne-
ro. Por definicién una norma no se refiere a un objeto individual con-

|

Los proyectistas han reconocido universalmente que una programa-
cion asi es absolutamente insuficiente para el logro de soluciones que
respondan a las diversas necesidades reales de los usuarios, pues estos
programas no tienden un puente de informacién entre las necesidades
reales y la labor de proyecto. El divorcio entre estos dos aspcctos se
traduce en edificios que no guardan correspondencia con las condicio-
nes reales en que va a existir y ser usado el edificio.

De ahi que en el campo de la arquitectura, asf como en otros campos
de disefio, haya surgido la conviccién de que la etapa de programacion
debe de fructificar en algo mucho mds completo y operante que un
mero enlistamiento de locales. El proyectista necesita conocer en forma
sistemitica todas las exigencias que se han de satisfacer en su proyecto,
tales como las condiciones de clima, luz, sonido, conservacién, aisla-
miento, etcétera, ciue deben prevalecer en los espacios arquitect,(:)nic'os
que va a proyectar. Estas informaciones, entre otras, son tan ncccsanas
en el programa arquitectonico como las listas de locales y las dimen-
giones,

De hecho el movimiento funcionalista moderno habfa ya plantcado
la necesidad de una programacién que abarcara la totalidad de las nece-
sidades humanas de los usuarios. Sin embargo tal pretencién no pasaba
de ser mas que un mero enunciado tedrico que estaba muy lejos todavia
.de tomar forma concreta.

Esta situacién ha empezado a cambiar con el surgimiento de varias
disciplinas nuevas, pero en especial gracias al de la ciencia de sistemas,

R



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 pertcnecen al mismo género y a
1a cual todos deben satisfacer.

En cambio las especificaciones generales son prescripcioncs referidas
a un problema particular concreto, en cuya solucién han de ser respe-
tadas. Representan la aplicacién 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 lo estén a una solucion particular de esc proble-

ma, sino que, por lo contrario, son comunes a la totalidad de soluciones
posibles de ese problema. Tanto las especificaciones de proyecto como

las normas en que se apoyan, son anteriores a la soluci6n 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 produccién y construccién que sirven de basc a
la realizacion material. Las especificaciones de produccién y construc-

cion 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-
cion material, el de las dltimas 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. -

3

Esta tarea es posible realizarla con la adecuada economia de esfuerzo,
cuando se han establecido 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 establecimicnto de normas requiere que se clasifiquen genérica-
mente los problcmas arquitectonicos, es decir, que la ilimitada cantidad
de problemas particulares reales, con sus variantes individuales, sca re-
ducida a pocos tipos genéricos para referir sus normas.

Ademds hay que clasificar estos géneros de edificios por ubicaciones
climiticas genéricas. Esta clasificacion se puede realizar icon un niimero
reducido de catcgorias y subcategorias, tales como edificios residen-
ciales, escolares, h05pitaiaiios, etcétera. La clasificacion por ubicaciones
climiticas tampoco es problemitica, pues en el caso particular de la
Republica una division en un miximo de cinco regiones es suficiente
para los fines propuestos. .

El establecimiento de la clasificacion anterior por géneros de edificios
y zonas climiticas, no va en exclusion de normas de mayor generalidad
comunes a todos o a algunos de los géneros de edificios para todas o
algunas de sus ubicaciones geogrificas.

Al afrontar un problema real concreto las normas son el antecedente
para plantear muchas de las especificaciones generales de proyecto del
programa. La ubicacion del problema y el género arquitectonico a que



pertenece son las dos coordenadas que permiten localizar las normas
que le corresponden; y que se han de traducir en las especificacioncs 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. Cada especificacién de proyecto debe estar referida a cierta
parte especifica del edificio. El anilisis del edificio como un gran siste-
ma compuesto de varios sistemas y subsistemas, proporciona el: marco

. . i
de referencia adecuado para dar a conocer cada especificacion a aquella |

parte del edificio a que corrcsponde. .

A continuacidén se esboza un anilisis de los sistemas que componen a
los edificios, sistemas que sirven como marco de referencia a las espcci-
ficaciones de proyecto de cualquier problema particular que se pre-
sente. : ’

En la ingenieria de sistemas se reconocen dos tipos genéricos de sis-
temas: ‘ c .

1. Sistemas de flujo o corriente.
2. Sistemas asociativos.

Los sistemas de flujo o corriente son aquellos que procesan alguna
corriente de caricter material (agua, gas, aire), energética (electricidad,
calor) o informativa (radio, television, teléfono, etcétera). Los sistemas

asociativos, én cambio, no procesan una corriente identificable, sino

que realizan un servicio al ser usados, aunque pucden contener como
subsistema algin sistema de flujo. Un edificio y un coche, considerados
como objetos globales, son ejemplos tipicos de sistcmas asocialivos.

Al intentar identificar los géncros de sistemas que integran los cdifi-
cios, se encuentra que éstos pertenccen a los dos tipos de sistcmas cita-
dos, pues algunos conducen y procesan corrientes, como en el caso de
las diversas instalaciones, mientras que otros cumplen una funcién de uso
como sucede con el sistema de espacios arquilectdnicos.

La identificacion de los sistemas componentes de los edificios puede
realizarse bajo dos puntos de vista diferentes, el funcional y el morfol6-
gico, que de ninguna manera deben de verse como mutuamente exclu-
yentes, sino como complementarios. - ‘

Desde el punto de vista funcional todo edificio se compone de los
cuatro géneros de sistemas siguientes: '

" 1. Infraestructura, R
2. Estructura, ’
3. Superestructura.
4. Instalaciones.

De estos cuatro sistemas componentes, solo las instalaciones son del
tipo de los sistemas de flujo, mientras que los restantes son sistcmas
asociativos,
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- 2. EL EDIFICIO Y SUS SISTEMAS COMPONENTES
DESDE EL PUNTO DE VISTA FUNCIONAL

El primer sistcma, la infracstructura, ticne como misién transmitir las
cargas del edificio al subsuclo y sc integra por los cimicntos del cdificio.
La estructura es el sistema transmisor de cargas y la supcrestructura cl
sistema que subdivide el espacio. Finalmente, las instalaciones son los sis-
temas que conducen los flujos materiales, encrgéticos ¢ informativos

" que requieren los ocupantes del cdificio.

En cambio desde el punto de vista morfoldgico un edificio se desglo-
sa en sistemas de espacios arquitectdnicos de diversas jerarquias. Se
trata en este caso de sistemas asociativos que tienen como funcién el ser
ocupados y usados. Los sistcmas de espacios arquitecténicos varian se-
gan el tipo de edificio. Por ejemplo, en el caso dc los hospitales hay tres
sistemas jerirquicos de espacios arquitectonicos que los componen:

1. Locales y circulaciones.
2. Secciones (formadas por locales y circulaciones).
3. Servicios (integrados por secciones).

El edificio, que en si es un conjunto de sistemas, a su vez forma partc
de un sistema mds amplio: el conjunto urbanistico, 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 anatomicas 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 arquitecténico.
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-Se trata pues de un desglose de los sistemas del edificio real, desde dos
puntos de vista difercntes aunque no excluyentes. \

- Las especificaciones generales de proyecto se han de establecer en
forma paralela tanto para los sistemas morfoldgicos como para los fun-
-cionales, pues las especificaciones de ambos tipos de sistemas son indis-
pensables como antecedentes de cualquier solucidn o proyecto.

“ ESPECIFICACIONES GENERALES DE PROYECTO

" DEL SISTEMA. DE ESPACIOS ARQUITECTONICOS

especificacio.
nes de proyecto
de los sistemas
infraestructural
¥y estructuyral

especificaciones
de proyecto del

sistema superes
tructural

especificaciones
de proyecto de
las instalaciones

especificaciones
de proyecto de
los muebles

8. LAS ESPECIFICACIONES DE PROYECTO COMPLETAS
DE UN EDIFICIO

Visto asf, un programa complecto de un problcma arquitectonico no
sdlo debe contener la lista de elementos que integran su sistcma espa-
cial, como sucede en los programas arquitecténicos tradicionalcs, sino
que ademds debe contener las especificaciones gencrales de proyccto de
todos los sistemas restantes del edificio. Un programa complcto permite
que todos los disefiadores, arquitectos e ingcnicros de las diversas espe-
cialidades que intervienen en el proyecto integral del edificio, tengan
una auténtica base informativa en la cual puedan fundamentaq las solu-
ciones de los sistemas que les corresponden. '

De todo lo anterior no debe sacarse la falsa conclusion de que la eta-
pa de programacion es en su totalidad anterior a la de pm)"'ecto. De
hecho, se prolonga y llega a su fin hasta la terminacion del proyecto
mismo, pues este ultimo influye en el programa modificandolo en el
transcurso de su desarrollo. La programacién es un proceso de ‘aproxi-
macibén sucesiva que mantiene una relacién dialéctica con el proyecto.

Algo similar sucede con el proyecto, el cual no puede darse por ter-
minado totalmente con anterioridad a la construccién, 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-
truccion. T

Las especificaciones generales de proyecto incluyen dos tipos:

1. Restricciones.
2. Criterios.



Las especificaciones completas de un problema dcben 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 solucién, para poseer legitima validez como tal, debe primero
satisfacer las restricciones del problema. Esto sin embargo no la convier-
te automiticamente en la solucién éptima del problema, pucs las res-
tricciones las pueden satisfacer varias solucioncs alternativas. Solo
cuando esti de acuerdo —ademds— con los criterios establecidos, se
puede hablar de la solucién éptima del problema que satisface la tota-
lidad de las especificaciones de proyccto.

En la elaboracion 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: extcrnas e
internas. Las externas se reficren a las entidades exteriores al sistema
por proyectar que hay que tomar en cuenta en la solucién, mientras que
las internas se refieren a las caracteristicas propias del sistema que se
deben satisfacer cn la solucién.

Las restricciones internas de todo problema tienen su génesis en las
_ externas, que representan el punto de arranque de la labor de especi-
ficacion.

Los factores externos por considerar son los siguientes:

i

1. Actividades de uso del sistema.
2. Medio en quc va a operar el sistema.
3. Recursos disponibles para realizar y operar cl sistcma.

Tant_o para los sistemas asociativos como para los de flujo, estos fac-

' tores proporcionan la fuente objetiva ¢n que se gencra el programa y sus

especificacioncs internas. Las especificaciones o restricciones internas
de proyecto de un sistema son a su vez de tres tipos: \

1. Especificaciones de funcionamicnto del sistema (performance
specifications).

2. Especificaciones materiales (material specifications).

3. Especificaciones de produccion (production specifications).

A continuacion se expondra en forma particular para cada uno de los
dos tipos de sistemas el significado de los factores externos y de las cs-
pecificaciones.

1. Los factores externos
L.1. Las actividades. El anilisis de las actividades para las que sc
crea un sistema asociativo, consiste en estudiar el uso a que este
sistema estara sujeto.
Las actividades de uso del sistema son estudiadas analizando ¢l

' proceso espacio-temporal en que se desenvuelve ese uso dcl siste-
ma por los usuarios y sus diferentes objetos.



LAS ACTIVIDADES

LOS RECURSOS

6. LOS FACTORES EXTERNOS QUE DETERMINAN
LAS ESPECIFICACIONES DE PROYECTO

En el caso dc las industrias y los diversos sistcmas de trabajo,
este proceso cs estudiado por la ingenicria industrial.

La programacion arquitcctonica de todo edificio ticne su origen
inicial en el anilisis de las actividades dc uso del edificio por pro-
yectar. Se han dc investigar las personas y objctos que interven-
dréin en cl uso del futuro edificio, y cl proceso de esc uso.

Como condicién esencial para realizar ¢l anilisis de actividades,
hay que identificar previamente el sector humano para el que sc
va a proyectar el sistema. En problcmas pequciios este paso pre-
vio es tan obvio que pasa desapercibido; sin embargo, en proble-
mas mayores constituye un paso explicito.

1.2. El medio ambiente. Las caracteristicas fisicas, culturales y
estéticas del sitio en que va a operar o ser usado un sistema, in-
fluyen decisivamente en sus requisitos o espccificaciones de pro-
yecto. El anilisis del sitio o medio ambiente tiene como fin
adecuar el futuro sistema a las caracteristicas del sitio.

En via de ejemplo, la existencia de caminos rurales de naturaleza
accidentada determina especificacioncs de proyecto de un
vehiculo para transitar en ellos, diferentes a las que dctermi-
narfan carreteras pavimentadas dc alta velocidad.

En los problemas arquitecténicos, el andlisis del medio ambicnte
consiste en estudiar las caracteristicas del sitio en que sc estable-
cerd el edificio, definiendo las restricciones que éstec impone al
problema. '



Este anilisis puede iniciarse a un nivel de mayor gencralidad

cuando aiin no se ha determinado el sitio exacto en que se ubica-
, ra el edificio, contando sblo con su macroubicacién en una re-

gion o ciudad. Tal macroanilisis permite realizar una scleccion
de los sitios disponibles, éscogicndo el que mejor satisface las
especificaciones referentes al sitio.
l Una vez realizada esta seleccion se puede proceder a realizar el
microanilisis del terreno escogido, para determinar las restric-
ciones que impone al futuro proyecto, es decir, las especificacio-
; . nes de proyecto que de él emanan. |
) 1.3. Los recursos. Los recursos disponibles en un momento dado
: para realizar un sistema, no s6lo determinan la posibilidad misma
de realizarlo, sino que ejercen una influencia restrictiva sobre sus
_ diferentes caracteristicas, lo cual se ha de expresar por medio de
! especificaciones de proyecto.
Este factor no sélo abarca los medios financieros disponibles,
sino que se refiere también a los diferentes medios de produc-
cion (humanos, materiales y tecnoldgicos) que entran en jucgo.

La realizacion de los anilisis de los tres factores, actividadcs, sitio y
recursos, permite definir las especificaciones de proyecto del sistema.

Las especificaciones ya expresan en forma directa e inmediata la
informacidn que se requiere para proyectar el sistema, pues traducen las
restricciones que imponen las actividades, el sitio y los recurses en tér-

[0

minos de caracteristicas propias del sistema, que sc han de satisfacer en
su proyecto.

Se presenta a continuacién una explicacion somera del significado de

los tres tipos de especificaciones, funcionamicnto, materiales y produc-
cién, antes de proceder a analizar el proceso dialéctico que permite
. deducir las especificaciones de los factores cxternos.

1.4. Las especificaciones de funcionamiento. Las cspecificaciones

de funcionamiento (performance specifications) expresan las

" diversas caracteristicas de funcionamicnto que ha de satisfacer ¢l

sistema por proyectar.

Estas caracteristicas expresadas como requerimientos indepen-
dientes uno dcl otro, se constituyen en la guia y prucba dc vali-
dez del proyecto, y se fusionan en un todo en el proyecto que
las satisface. i

En los problemas arquitecténicos las cspecificaciones dc funcio-
namiento abarcan no sblo el tradicional programa de partes y ¢l

- diagrama de funcionamicento, sino que definen ademds las condi-

ciones ambientales en ellos rcqueridos, tanto de indole visual
como acustica, climitica, mecdnica, etcétera.

Esta informacion se deriva bisicamente del conocimicnto dc las
actividades y del medio ambiente, que son los dos factores exter-
nos bisicos que determinan, junto con los recursos disponiblcs,
el contenido completo del programa.
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LS. L.as especificaciones materiales. La gama de maleriales admi-
sibles para la realizacion de un sistema csti limitado por los re-
. Quisitos que imponen las espccificaciones de funcionamicnto y
por las restricciones que imponen las disponibilidades de re-
cursos. )
La determinacién de las espccificacioncs materiales lc propor-
ona al proyectista un claro conocimicnto de los materiales de
e puede disponer, y entre los cualcs ha de realizar su scleccion”
final en el momento de proyectar.
F%xisten casos exfrc.:mos en que la cspecificacion material llega a
l? prescripcion rigida de un material particular, en aqucllas situa-
clones en que s6lo un material determinado es capaz de satisfa-
cer las especificaciones de funcionamicnto y los factores
externos. .
En cambio hay situaciones en que solo convicne definir las espe-
cificaciones de funcionamiento sin ocuparse de restringir los ma-
teriales, en aquellos casos en que es aconscjable conscrvar un alto
grado de libertad creativa y econémica. En tales casos casi no se
establecen especificaciones materiales de proyccto.

(,"onviene advertir contra el peligro de confundir las especifica-
ciones maleriales de proyecto aqu( citadas, las cuales son previas
al proyecto, con las especificaciones materiales del proyeclo ya
resu?fto, Y que forman parte de la solucién ¥ no de la progra-
macion.

// B

1.6. Las especificaciones de produccion. Las especificaciones de
produccion restringen los procedimicntos de ejecucion material
admisibles en la solucion del sistema.

'Esta restriccion puede tener su origen en los recursos, es decir ¢n

las posibilidades industriales, técnicas o econdmicas del pro-
blema.
En el caso de los problemas arquitectonicos las especificacioucs
de produccion abarcan tanto el aspceto de los procedimientos
productivos admisibles en la produccion de partes fabricadas’in-
dustrialmente, tales como ventanas, puertas, closets, etcétera, asi
como los procedimicnlos constructivos que pueden utilizarse cn
la construccion 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 metodologia a scguir en su definicion.

El punto de partida en la definicion de las espccificaciones de proyce-
to radica en el anilisis de actividades. El sistema por proyectar s¢ hace
para realizar esas actividades de uso. En el caso de los cdificios, s decir
de los sistemas arquitectonicos, éstos se crean para albergar las activida-
des que en ellos se van a ejecutar. El analizar las actividades que ¢l cdi-
ficio ha de albergar, permite establecer los espacios necesarios para tal
fin y las diversas caracteristicas ambientales y funcionales dc esos cspa-
cios. En otras palabras, el conocimiento de las actividades permite
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definir el programa de eSpacms, asi como s espcclf' caciones de funcio-
namiento de los mismos. :

Como ya se ha mencionado, el anilisis de actividades no pucde scr
realizado en forma atcmporal y aespacial, sino que requicre una ubica-
cion de tipo macrogeogrifico ¢ historico, pero sin necesidad de conocer
en esta ctapa la microubicacién del futuro cdificio o sistcma.

El programa de necesidades deducido de las actividades no cs sin
embargo el definitivo, pues al no haber pasado por el tamiz de los recur-
sos disponibles, expresa solamentc necesidades y no posibilidades. Asi-
mismo no incluye todavia el amplio scctor de especificacioncs que lic-
. nen su origen en la naturaleza fisica y cultural del terreno o sitio en que
va a estar el edificio. De ahi que una vez que se ha llcgado a definir cl
primer programa teérico, se proceda a evaluar los recursos disponibles
para su realizacion, modificando el programa en funcion 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 satisfaccion estd dentro de los limites de lo posible.

Se procede entonces a realizar la seleccion del sitio, en base a los re-
querimientos o especificaciones del programa, escogicndo aquel que
mejor satisfaga las experiencias en ¢l expresadas. No sicmpre, sin embar-
go, existe la posibilidad o necesidad de realizar una seleccion: en aque-
llas situaciones en que el sitio estd ya predeterminado. En cualquicra de
ambos casos sc procede entonces al anilisis del sitio, tanto desde el pun-
to de vista fisico como cultural y estético.

El anilisis del sitio implica tomar en consideracion los factores si-
guientes: ‘

1. Caracteristicas naturales del sitio
1.1 Topografia.
* 1.2 Hidrografia (lagos, rios, drenado natural).
1.3 Suelos. ‘ e
1.4 Subsuelo. SO EER
1.5 Flora. R ' T
1.6 Clima. : - e
2. Caracteristicas culturales del sitio
2.1 Ligas viales y trafico.
2.2 Uso del suelo.
2.3 Valores del suelo y propiedad.
2.4 Redes.
2.5 Edificios y monumentos.
2.6 Ambiente (ruidos, olores, contaminacion atmosférica, etcétera).
3 Caracteristicas estéticas del sitio
3.1 Paisaje y vistas.
3.2 Estilo y unidad con el medio urbanistico- arquntectomco

El anilisis del sitio puede modificar el programa de partes y las espe-
cificaciones ya alcanzadas, ademas de adicionar toda una seric de espcci-
ficaciones de proyecto que tienen su origen en la confrontacion del sitio
con el programa., .



.El’anélisis del sitio se realiza cn funcién de una hipétesis de progra-
ma, y consiste en confrontar las exigencias del programa tentativo con
las posibilidades del sitio, sin llegar todavia a soluciones, investigando las
restricciones que éste impone a la soluciéon, En la misma forma se
realiza la confrontacion dialéetica entre los recursos y ¢l programa, pues
no tiene scntido alguno calcular recursos per se, sin refercncia al objeto
para el cual se requieren.

Por lo que respecta a los sistemas de flujo, hay necesidad Ginicamente
de resaltar las diferencias cxistentes en el andlisis de los factores exter-
nos, pues por lo que respecta a los géncros de especificaciones por defi-
nir, ambos tipos de sistemas coinciden totalmente.

En el caso de los sistemas o redes de flujo, el anilisis 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:

1. Insumos o flujos alimentadores del sistema.
2. Productos del sistema.

El anilisis de las actividades de los beneficiarios del sistema, en aque-

_llos aspectos que tienen relacion con él, y el anilisis del sitio cn que se

ubicara la red, permiten conocer las caracteristicas cuantitativas y cuali-
tativas de los ingrcsos (insumos) materiales; energéticos o informativos
de la red, y del producto que la red ha de entrcgar ya procesado en sus
terminales de salida. . '

1

/%
‘

El problema dc una red de agua es un buen ejemplo para ilustrar el
procedimiento de programacion. El conocimicnto del sitio es necesario
para conocer las caracteristicas de la corriente de agua quc alimentard la
red, es decir el insumo matcrial de la red, micntras que el anilisis de las
actividades de los beneficiarios de la red permite determinar las deman-
das de agua que hay que satisfacer, es decir el producto que ha de en-
tregar la red.

Los andlisis de actividades y del sitio pcrmiten también definir las
condiciones de trabajo y desgastc 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
de funcionamiento de la red. Si en el ejemplo citado el anilisis del sitio
revela que la red se ubicara en un lugar con un alto contenido de salini-
dad ambiental, este hecho determina una especificacién de funciona-
miento relativa a las caracteristicas anticorrosivas descables de la futura
red.

Las especificaciones de funcionamicnto y el anlisis de recursos son a
su vez los dos antecedentes mas importantes para definir las especifica-
ciones de proyecto de materiales y produccion. .

El conocimicnto de los recursos materiales y productivos del sitio
permite definir la gama de materiales y procedimicntos con los que sc
puede contar en principio en la solucion, para satisfacer las exigencias
expresadas en las especificaciones de funcionamiento.

En los problemas arquitectonicos hay que afrontar ambos tipos de
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' mas del problema arquitectonico, para lo cual se hace aqui un examen

’
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sistemas, los asociativos y los de flujo. Micntras que el cdificio global,
asf como sus conjuntos de espacios, su estructura, infracstructura y

supcrestructura representan sistemas asociativos, las diferentes instala.

cioncs o rcdes son todos sistcmas de flujo,
La labor de programacién dcbe abarcar todos y cada uno de los siste-

individual de cada uno de estos sistcmas y subsistemas, desde el punto
de vista de sus especificaciones de proyecto. _

Hay que destacar que en todo problema arquitectonico los diferentes
sistemas componentes no son auténomos, sino que forman parte de un |

sistema que los engloba: el edificio. Dicho en otras palabras, relativa-
mente al edificio todos los demis sistemas son sélo subsistemas. Esto

significa que el objetivo de optimizacién vale para el cdificio como un

todo, mientras que por lo que respecta a los diferentes subsistemas a lo
sumo se puede tender a su suboptimizacin. La programacién o especi-
ficacion de los subsistemas del edificio estd subordinada, por consi-
guiente, a la del edificio.

Empezando por el sistema de cspacios arquitectonicos, sc expone a
continuacién, para cada uno de los sistemas que constituyen un edifi-
cio, cuiles son los aspectos que se deben definir en sus correspondientes

, especificaciones de proyecto, asi como la relacion que hay entre éstas y
los factores externos que las gencran.

A. El sistema de espacios. Este sistema esta constituido por los dife-
rentes espacios de un edificio, entre los que se incluyen también llos
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espacios destinados a las circulaciones. Programar este sistema significa
definir las siguientcs especificaciones de proyecto:

A.1 Espacios requeridos,
A.2 Dimensiones de estos espacios.
A.3 Restriccioncs de su forma geométrica.
A.4 Ligas entre los espacios,
A.5 Condiciones ambientales de los espacios:
A.5.1 Climaiticos.
A.5.2 Luminicos. -
A.5.3 Acusticos.
A.5.4 Vistas,
A.6 Condiciones de seguridad requeridas.
A.7 Condiciones estéticas,
A.7.1 Colores.

A.7.2 Texturas, etcétera,

Este enlistamicnto no pretende ser exhaustivo, aunque abarca de he-

cho los aspectos mas rclevantes por considerar al programar el sistema
de espacios arquitccténicos. .

El proceso para determinar las especificaciones del sistema de cspa-

cios arquitcctonicos, requiere la realizacion del andlisis de los tres facto-
res externos: actividades, sitio y recursos,

f
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El anilisis de actividades, generalmente el primero en realizarse por
gu caricter primario, sc refiere a los aspectos siguicnles: -

a) Namero de ocupantes de los espacios, clasificados por tipos.

b) Namero de objetos de moblaje, almacenamicento, uso y consumo

que se albergaran en esos espacios, clasificados por tipos.

c) Procesos espacio-temporales de ocupacion y uso de los espacios

por los ocupantes y sus objetos.

El analisis de las actividades en los términos dc personas, objetos y
procesos ofrece la base para proponer tentativamente la primera hipote-
gis de programa y especificaciones de proyccto, la cuul se sujetard a
modificaciones iterativas en los anilisis subsecuentes del sitio y dc los
recursos disponibles.
~ Esimportante hacer notar que para muchas de las espccificacioncs no

hay necesidad de analizar individualmente cada actividad, sino que bas-

ta referirse a grupos enteros de actividades (por ejemplo: actividades
"administrativas, médicas, etcétcra) que determinan una misma espe-
cificacidn comin. En esta forma hay un gran ahorro de esfuerzo en la
labor de especificacion.

Al realizar el anilisis de actividades en los términos anteriores, sc tra-
baja inclusive con el grupo que abarca la totalidad de las actividades, o
una amplia fraccién de las mismas. En via de ejemplo se puede citar que
la mayoria de las especificaciones de higiene requeridas en la solucion

/%,
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de un hospital, se pueden obtener refiriéndose a la totalidad de activi-
dades hospitalarias, sin necesidad de recurrir a su anilisis individual.

4 La hipétesis de programa que resulta del andlisis de actividades, per-
mite proceder a realizar la seleccion del sitio mas adccuado para ubicar
el edificio al ofrecer un patron de necesidades. Cuando el sitio ha sido
ya predeterminado, este paso no es necesario, procediéndosc al anilisis
el sitio dado.

; El andlisis del sitio permite avanzar mis en la definicion del programa
1 sus especificaciones, pues las caracteristicas del terreno influyen en las
mismas. Si el sitio por ejemplo padece molestias por ruidos aledaiios,
este hecho determina una especificacién de proyecto en la que se expre-
sa la necesidad de protegerse contra esos ruidos.

En rigor, la finalidad de analizar las caracteristicas del sitio con rela-
cion 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 indic6 con anterioridad, al hablar de los sistemas arquitecto-
nicos en general, cuiles eran los diversos puntos que se han de investigar
al realizar el anlisis del sitio, por lo cual no huy necesidad de repetir la
misma lista.

Después del andlisis del sitio se ha de proceder a realizar el andlisis de
recursos, que consiste en confrontar los recursos disponibles con los
tentativamente necesarios para realizar el programa hipotético. Esta
confrontacién permite ajustar el programa a la realidad, expresando no
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:,ﬁnicamcntc lo que es descable, sino también lo quc. e pOSllTl.c' Este de sistemas, en que el andlisis de actividades y del sitio debe estar dirigi-

anlisis sc reficre no solo a los recursos monctarios, sino también a-los do a definir en primer Grmine los insuno 7 hroucton e e

'diferentes recursos de naturaleza no financicra requeridos para rcsllfzur damental de sus especificaciones de funchorap oty

‘el programa. Un programa s¢ ha de modificar no sélo por la msufuc:cr}-

cia de rccursos monetarios, sino también por la carencia de determi- que ingresa su insamo, y torminates on Quc emonge 1 oo o

nados materiales, técnicas o mano de obra. . ‘ + 8ado. En las instlalaciones de los edificios existen los tres lipos de siste-
El andlisis de rccursos es por consiguicnte una etapa muy importante mas de flujo, tanto de corricnte mateyial, somn. gy bl sistc

i6 . . l § M . . . -
en el proceso de gestacion del programa, pucs los reeursos disp omblc i va. Se presenta una lista de los tipos mds comunes de instalaciones:
determinan el programa en la misma forma que las actividades y las o —

Las instalacioncs son lodos sistemas de flujo quc poscen enlradas en

1.2.23 Técnicas. B.17 Dicsel.

B.18 Desugiic y drenaje.
B.19 Desalojo de basuras.

scaracteristicas del sitio. En términos generales los recursos que hay que B.1 Instalaciones de corrientc material,
considerar son los siguicntes: .~ - ' B.11 Agua fria.
' o ' B.12 Agua caliente.
" 1.2.1. Recursos monctarios. ; B.13 Oxigeno.
1.2.2. Recursos de producciédn. : B.14 Airc acondicionado.,
1.2.21 Materialcs. : j B.15 Gas.
1.2.22 Mano de obra. ' } . B.16 Petrolco. -

Una vez que el programa inicial ha pasado por el ccdaz? de los recur-
s0s y se ha ajustado cn funcion de éstos, se procede al ajuste final dell B.20 Aire comprimido.
programa y de sus especificacioncs de proyccto.. Este programayaesc B.2 fnstalacioncs de corrionte encrgitica.
antecedente inmediato del proyccto arquitectonico. N o B.21 Elcctricidad.

B. Las instalacioncs. Las instalaciones o redes de los edificios son sis- B.22 lluminacion.
temas de flujo que se han dec especificar como corresponde a este tipo B.23 Calor.
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8.24 Rayos X.
B.25 Refrigeracion.

B.3 Instalaciones de corriente informativa.
B.31 Teléfono.
B.32 Radio.
B.33 Television.
B.34 Sonido.

Las especificaciones de proyecto de estas redes deben definir los as-

pectos siguientes:

A.1 Especificaciones de funcionamiento.
A.11 Terminales de insumo y de producto requeridas.
A.12 Volimenes del insumo y del producto.
A.13 Caracteristicas cualitativas del insumo y del producto.
A.14 Registrabilidad de la red.
A.15 Exigencias de seguridad.
A.16 Exigencias estéticas.

A. 2 Especificaciones materiales,

A.2] Materiales admisibles en la solucién.
A.22 Materiales inadmisibles en la solucién.

A.3 Especificaciones de produccién.
A.31 Procedimientos de produccién admisibles en la solucion.
A.32 Procedimientos de produccién inadmisibles en la solucidn.

Para definir estas especificaciones hay necesidad de recurrir al anilisis
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dirigido de los factores externos, es dccxr dc las actmdadcs el sitio y los

recursos.
Las diversas actividades por desempeiiar en el cdificio generan una

determinada demanda de corricntes materialcs, energéticas ¢ informali-
vas, asi como una oferta como en el caso de las diferentes corricnles de
deshechos materiales. En el primer caso las demandas definen cl produc-
to de las redes, y en el segundo caso esos deshechos se convierten en los
insumos de las redes de desalojamicnto de desperdicios. Las llamadas
que tienen su origen en el interior del edificio, s I igualmentc insumos
de la red. (L '

Esto significa que las actividades permiten calcular el producto que
debe ser capaz de proporcionar la red para su desempeiio, y de definir
sus caracteristicas cualitativas. Asimismo permiten definir los insumos
de aquellas otras redes que en el edificio tienen como mision bisica re-

coger y desalojar insumos.
Para especificar el volumen y caracteristicas del agua de la red de

agua de un edificio, por ejemplo, se recurre a determinar las demandas
de este liquido que generan las diferentes actividades. En cambio para
una red de aguas negras, las actividades en el edificio permiten calcular
los volGimenes de aguas negras por desalojar, es decir, los insumos de esa
red.

Es conveniente hacer notar que este método de especificacion vale
igualmente para las redes de flujo informativo, pucs los volimencs de
informacién que la red dcbe entrcgar o recoger estd cn funcién dirccta
de los ocupantes y sus actividades. Los voliimenes de informacion sc

o
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miden actualmente con la misma precision que los gastos materialcs en
unidades tales como bits, nimero de llamadas, etcétera.

Por lo que respecta a las redes cuyos insumos se originan externamen-
te al edificio, hay que recurrir al andlisis del sitio para su dctcrmlflncmn.
. El insumo de la red de agua se conoce a través de las caracteristicas del
diametro, gasto y presion de la toma domiciliaria, datos que propor-
ciona la investigacién del sitio inmediato o de la zona.

. La definicion adecuada de los insumos y productos de una red, cuyo

" céleulo requiere muchas veces ue procedimientos estadf.sticos, pc::mlte
que la solucion subsecuente de ésta resulte en una red sin ‘congestlona-
mientos, capaz de responder a las demandas reales de servicio.

Una vez que se han definido el insumo y el prod.ucto, sc pucde proce-
der a definir las especificaciones de funcionamiento re?tantes, tales
como que la red sea registrable, subterrinea, ap:.lr?,nte, etcetera: !*]n e‘sta
tarea hay que recurrir no sélo al anslisis de actividades y del sitio, sino
también a los recursos disponibles para la red. '

Subsecuentemente, en base a las esPecificaciones de funcionamicnto,
asi como a las actividades, el sitio y los recursos, se pueden establecer
los materiales admisibles e inadmisibles para la solucié'n de la red, y los
p'rocedimientos de produccion y construccién, es decir, las especifica-
ciones de proyecto de los materiales y la produccion. ‘
superestmctural abarca los

. El sistema su erestructural. El sistema .
. ¢ breponen al sistema estruc-

diferentes acabados de un edificio, que se so
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tural. Este sistema es un conjunto de subsistemas, entre los cualcs se

cuentan los siguientes:

1. Ventanas.

2. Plafones.

3. Pisos.

4. Muros y divisiones.
5. Puertas.

Cada sistema superestructural es un compuesto de diferentes elemen-
tos que el disefiador integra en un sistema coherente. Esto significa que
no se trata meramente de materiales aislados, sino de compucstos de
materiales cuya composicion es resuelta por el disefiador.

El disefiador de los sistemas de acabados requiere, como en el caso
del djseiio de cualquier otro sistema, de especificaciones de proyccto
que le permitan responder a los requerimicntos de los usuarios, en un
medio ambiente determinado, con los recursos disponibles.

Los sistemas de acabados son todos de tipo asociativo, Para realizar
su especificacion se aprovecha el marco de referencia que ofrece la hipo-
tesis de programa, debiéndose determinar los requerimicntos que corres-
ponden a los acabados de cada uno de los espacios arquitectonicos.

Las especificaciones de proyecto de los sistemas de acabados ticncn
su génesis en el andlisis de las actividades que se realizaran en los dife-
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 las condiciones del sitio y en los recursos
disponibles. ' ‘ : '

Estos factores representan los hechos objctivos de los que emanan las
especificaciones de proyecto de los acabados. -

En via fif: ejemplo, lis actividades de’los usuarios relacionadas de
alguna manera con la ventaneria de un edificio, asi. como las-condicio-
nes c[iméﬁc?s,‘acﬁsgiéas y visuales del sitio determinan los:requerimien-
tos que este sistema debe satisfacer. Si'las actividades por descmpeiiar
requieren silencio, y las condiciones del sitio son ruidosas, la ventaneria
debera 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 ventaneria debera especificarse de antemano
para captar estas vistas. En forma similar deberd procederse con las
demis relaciones que se establecen entre las actividades, el sitio y el sis-
tema satisfactor, -~ : -, - ., . . .. T

" Este procedimiento debe realizarse~,s}istema‘5ticamzqh‘t_e para c_eigia'pgo
de los sistemas superestructurales. Asi por éjemplo, 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- estars dedicado a las actividades de :aseo personal, estas activi-
-dades- determinan especificaciones .de funcionamiento_ '(}iéifoqﬁzci:fiée
specifications) del piso, tales como_que éste sea antidertapante y térmi-
“co para que:no’se reshalen.o resfrien las pgrspgas,;resiste‘n‘té';i }ifa(iue
de agua, detergentes.y desechos, lavable e impprﬂqieabl_e.} e
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Las espcciﬁcacioﬁ’ s de funcionamicnto sirven a su vez de base al cs-
tablecimicnto de las especificacioncs de proyccto matcriales y dc pro-
duccion, admiticndo o vedando la posibilidad de dcterminados mate-
riales y sistemas de 'produccic’)n. En esta ctapa intervicne fuertemente el
analisis dc rccursos, pucs depende de la disponibilidad de recursos ¢l
que se restrinja la gama de posibilidades de matcriales y procedimicntos

de produccién y construccion.
Las especificaciohes de proyecto de los diversos sistemas superestruc-

turales deben dcfini[ los aspectos siguicntes:

C.1 Especificaciones de funcionamiento.

C.11 Restriccioncs geométricas.

- C.111 Dimensionales.
C.112 Formalcs.

C.12 Restricciones fisico-quimicas.
C.121 Mecdnicas.
C.122 Acusticas.
C.123 Térmicas.
C.124 Opticas.
C.125 Elcctromagnéticas.
-C.126 Quimicas.

C.13 Restriccioncs csicticas.
.C.131 Colores. . i
C.132 Texturas. ‘
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c2 Eépéciﬁcacioncs matcriales.

C.21 Materiales admisiblcs.
C.22 Materiales inadmisibles.

C. 3 Especnfucacnoncs de produccion.
C 31 Procedimientos admisiblcs.
C.’32 Procedimientos inadmisibles.

Para ilustrar el significado de estos aspcctos que se han de abarcar en
la especxficacmn de los sistcmas superestructurales, se puedc considerar
el caso de las especificaciones de proyecto de las pucrtas de la scccidn
quiriirgica 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 mecdnica, optica, aciistica
.y biolbgicamente los locales en que se realizan las actividades quirdrgi-
" cas, se infierén de esos hechos las restricciones dimensionales y geomé-
tricas de' las puertas, asi como sus restriccioncs fisicas, quimicas,
estéticas y de scguridad, definicndo subsccuentemente la gama de mate-
riales y procedimicntos productivos admisibles en el dlSCllO de esc sis-
tema de puertas.

D. El sistema estructural e infraestructural, El sistema estructural
tiene como funcidn bésica resistir las cargas del edificio y canalizarlas al
sistema infraestructural, es decir a la cimentacién, el cual a su vez los

transmite al subsuelo.
Estos dos sistemas, intimamente rclacioriados, son de tipo asociativo.

Para ambos sistemas es sumamentc ventajoso definir especificaciones de
proyecto antcs de proceder a su solucion.

Conviene aclarar que estas cspecificaciones se pucden claborar en
gran parte tan pronlo como sc han definido las especificaciones de pro-
yecto del sistema de espacios, aunque hay que admitir que cierta frac-
cion de los mismos solo puede definirse subsccuentemente al iniciarse la
solucion arqunl?ctomca dcl sistcma de espacios.

Las especﬁflcacnoncs de proyecto de la estructura e infraestructura,
deben definir los aspcctos siguicntes:

D.1 Especificucioncs de funcionamicnto.
D.11 Restricciones geomélricas.
' D.111 Dimensionales.
D.112 Formalcs.

D.12 Restricciones mecinicas.
D.121 Cargas vivas pcrmancntes.

D.122 Cargas vivas accidentalcs (viento, sismo).
D.123 Cargas mucrlas.
D.124 Caracteristicas del suelo.
D.13 Restricciones cstéticas.
D.2 Especificacioncs materiales.
_D.21 Materiales admisibles en la solucién de la estructura.
D.22 Materiales inadmisibles en la solucion de la estructura.
D.3 Especificaciones de produccion.
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. D.31 Procedimientos de construccion y produccion admi-
sibles.
- D.32 Procedimientos de construccion y produccién inad-
misibles. ‘

en las especificaciones materiales, si es admisible

Corresponde definir, ;
' ‘ por ejemplo.

o no intentar una solucién en concreto armado o madera, 10
Asimismo se definc en las especificaciones de produccién la admisibll}-
" dad de buscar soluciones que impliquen procedimientos de prefabri-
cacidn o de realizacidn in situ de la estructura.

Para la definicion de todas estas especificaciones de proyecto de la
estructura y la cimentacion, hay que rementarse, como en el caso de los
demas sistemas, al andlisis de las actividades, el sitio y los recursos. Las
cargas vivas permanentes, por ejemplo, se definen en funcion d(-’, las acti-
vidades, mientras que las cargas vivas accidentales de sismo y viento, asf
como la resistencia del terreno, se determinan’en funcion-del sitio.

Las actividades determinan también, en gran medida, las restricciones
dimensionales de la estructura, ya que los claros y alturas dela estr.uctu-
ra no deben interferir con las actividades. También los recursos l.nter-
vienen en la definicion de las restricciones dimensicuales y materiales,
una vez que se han determinado los claros minimos aceptables para las

actividades. - B
Tradicionalmente se ha definido la gran mayoria de las especifica-

ciones de proyecto de las estructuras en la etapa tardia de la solucion y.

2/

el disefio. No hay razén alguna para que la labor dc especificacion sc

_ realice tan tardiamente y en una forma casi implicita, impidicndo tencr

una noci6n clara y cohcrente del problema estructural antes de proce-
der a su solucion particular, dentro del marco gencral del conjunto de
sistemas que integran el edificio. La especificacion de los sistcmas cs-
tructural e infraestructural pucde iniciarse tempranamente en el proceso
de programacion del problema arquitectonico, y culminar en sus aspec-
tos fundamentales antes de proceder al proyecto y diseiio de la estruc-
tura y cimentacion.

E. El sistema de los muebles. En rigor los muebles no forman parte
de los edificios. Su propio nombre denota que son objetos méviles, que
no estin fisicamente unidos a la construccién. Sin embargo, si se toma
en consideracidn que éstos permanecen constantemente cn el edificio
como si fueran parte del mismo, y que guardan una intima relacién fun-
cional con él, se comprende la necesidad de que la programacion de to-
do problema arquitecténico abarque también el conjunto de mucbles,
que forma un sistema propio.

El procedimiento de programacion de los muebles no es diferente, en
principio, al de los demis sistemas de un problema arquitccténico. Para
definir las restricciones de los muebles hay que remontarse a las activi-
dades que se han de desempefiar con estos objetos, El anilisis de acti-
vidades se ha de completar con la investigacion de los factores dcl sitio,
para integrar el conjunto total de las restricciones. El sistema-de espa-
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cios arquitectonicos proporciona un adecuado marco de referencia para
realizar la investigacion en forma sistemética. ,

Como ejemplo se presentan a continuacion las restricciones, que co-
mresponden a un problema hospitalario hipotético, a los mostradores
para atender al pablico.

La investigacion de actividades por desempeiiar en el mostrador cita-
do, ha de permitir conocer el nimero mdximo de personas del pablico
por atender-ahi simultancamente, el nimero de empleados quc realiza-
ran tal actividad, los diversos objetos instrumentales requeridos, talcs

como teléfonos, interfonos, miquinas de escribir, kirdex, los volimenes

y tipos de documentacioén que se usarin, asf como la forma en que se
desenvuelve cl proceso de atencion al publico.

Este conjunto de datos relativos a las actividades que se desempenan
en el mueble, sirve de base para elaborar subsecuentemente las especi-
ficaciones de proyecto del funcionamiento, materiales y produccion.

LOS CRITERIOS

El planteo de las restricciones de un problema arquitectonico no cs sufi-
ciente para su determinacion completa, Se requiere que se definan,
ademds, los criterios que han de regir la solucién y que han de permitir
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 solucidén de un sistema sblo puede estar en dos condiciones posi-
bles respecto a una restriccion: la satisface o no. En cambio desde el
punto de vista de los criterios, una solucién 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 posiblcs, hay ncce-
sidad de recurrir a los criterios que han de normar la solucién.

Los criterios mas importantes que norman la solucién de los diferen-
tes sistemas de un problema arquitectdnico se enuncian a continuacién
en forma general, requiriéndose naturalmente mayor profundidad en la
medicion completa de los mismos. Los criterios normativos basicos son
los siguientes:

1. Funcionalidad (mérito funcional).
2. Presentabilidad (mérito estético).
3. Costeabilidad (mérito econémico).




4. Operabilidad (mérito opcracional).

S. Conservabilidad natural,

6. Mantenibilidad (facilidad dc reparacion).
7. Aseabilidad (facilidad dc asco).

8. Constructibilidad (mérito constructivo).
9. Seguridad (contra meteoros, robos, etcétera).

Para cada problema particular hay que plantear los criterios evaluati-
vos por utilizar, jerarquizando su importancia relativa en el problcma en
cuestién. Hay problemas en que la seguridad toma prioridad sobre to-
dos los demads criterios, mientras que en otros el mérito funcional o el
estético pasan a primer término.

El problema de la medicion del mérito de soluciones competidoras ha
sido abordado desde un punto de vista muy especial por la economia dé
la ingenieria, construyendo escalas monetarias de calificacion. Estos
mismos procedimientos de calificacién 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, conscrvabil.idad,
constructibilidad y aun la seguridad, son todos reducibles a relaciones
de costo/beneficio.

... Tembién -es-factible utilizar escalas de mérito basadas en indicadores
indirectos que permitan calificar las soluciones con respecto a los crite-
rios. La operabilidad de una solucién hospitalaria no sélo puede ser

medida directamente en base al monto de los sucldos del personal y los
gastos de operacion del equipo, sino también a través de indicadorcs
indirectos simples como el nimero m* de circulacion por cama. Esto.s
indicadores indirectos sencillos pucden muchas veces substituir compli-
cados estudios econdmicos, dificiles de realizar en las etapas tempranas
de un proyecto. .
Los criterios que han de normar la solucion de un problema arquitec-
tonico son ¢l complemento de sus restricciones externas ¢ internas, inte-
grindose asi el cuerpo completo de especificaciones gencrales.dcl pro-

blema particular.

v
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SINTESIS

Los métodos tradicionales de la programacidn arquitectonica son insufi-
cientes para adecuar los proyectos a las necesidades de los usuarios,

La ciencia de sistemas puede hacer una apreciable contribucion cam-
biando el alcance y los métodos de la programacion arquitecténica, sub-
sanando esas deficiencias. "

Utilizando el punto de vist::ii de sistemas, se puede visualizar todo
edificio como un sistema compuesto por otros sistemas y subsistemas,
haciendo posible aplicar la metodologia de la ciencia de sistemas a estas

. unidades.

Los sistemas bisicos de que consta un edificio desde un punto de
vista funcional, son la infraestructura, la estructura, la superestructura y
las instalaciones. En cambio desde un punto de vista morfologico el

edificio se puede desglosar en sistemas y subsistemas de espacios arqui-

tectonicos (locales, secciones, servicios).
El desglose de todo problema arquitecténico en sus sistemnas compo-

' nentes tiene, ante todo, el mérito de proporcionar un adecuado grado

de autonomia a cada sistema, delimitando adecuadamente el campo
profesional de los diversos especialistas y proporcionando su colabora-
cién para la optimizacion del problema total,

La labor de programaci6n ha de consistir entonces en plantear para
cada problema el cuerpo completo de sus especificaciones de proyecto,
que son bisicamente de tres tipos:

e em apm mp s ey e . D e T————
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1. Espccificaciones de funcionamicnto (performance specifications).

2. Especificaciones matcriales (material specifications).

3. Espccificaciones de produccion (production specifications).

Estas especificaciones son antcriores al proyccto: y sirven de referen-
cia comiin a todos los proyectistas que prescntan soluciones altcrnativas
del problema, expresando todas las restricciones y requisitos que han de
respetar y satisfacer en el proyecto. . ;

La determinacion de las especificaciones de proyecto ticne que re-
montarse al anilisis de tres factorcs objetwos, a los que se denomina
factores externos, en los que reside la génesis de las especificaciones de
proyecto.

Los anilisis de estos factores son tres:

1. Anilisis de las actividades de uso del edificio, de los futuros ocu-

pantes.

2. Anailisis del sitio 0 medio del edificio.

3. Andlisis de los recursos disponibles.

El anélisis de estos tres factores objetivos permite deducir las carac-
teristicas 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 todavia mds pro-
fundo. Es el enfoque que corresponde a la era industrial de la arquitec-
tura, en que los edificios, mds que construirse artesanalmente, ya se

:=-:empiezan a- producu' como objetos auténticamente mdustﬂales. R

‘danzado y repctltwo, reahzando partes comunes para dlfcrcntcs pro-
blemas.

Para poder adecuar estos componentes parciales industrializados a los
diferentes problemas arquitectonicos, hay necesidad de utilizar ¢l enfo-
que de sistemas, que permite que el industrial pucda producir los siste-
mas que se demandan, y que sc expresan en las especificacioncs de
proyecto.

Una arquitectura industrializada sélo puede cxistir y evolucionar si
estd relacionada con las demandas a través de especificaciones que le
permitan descubrir las demandas comunes de los difercntes problemas
arquitectonicos, estandarizando y uniformando su produccion cn la me-
dida de lo posible, sin restringir innecesariamente las solucioncs arqui-
tectonicas. '
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GESTIONES Y TRAMITES PARA LLA OBTENCION DE
LICENCIAS PARA LA CONSTRUCCION.
1.- Solicitud de licencia construccién,
2. - Solicitud de alineamiento y nimero oficial,
3.- Solicitud de instalacién de agua.
4, - Solicitud de conexién al drenaje.
5. - Solicitud para aprobacién de la Secretaria de Salubridad.
6.- Solicitud para instalacién de gas ante la Direccién General de Gas.

7.- Solicitud antropologia e historia,

8. - Manifestacién de terminacién de obra.

9.- Permiso S,1,C., para instalacién de enrgfa eléctrica,

'mcpm.



- DEPARTAMENTO DEL DISTRITO FEDERAL (1) FOLID
DIRECCION GENERAL DE OBRAS PUBLICAS
. OFICINA DE LICENCIAS E INSPECCION B FECHA OE
‘ DE CONSTRUCCIONES PRIVADAS INGRESD ARD wes o
SOLICITUD DE LICENECIA PARA
- {OBRA NUEVA, AMPLIACION, MDDIFICACION, REPARACION, REGISTRO)
- OEL DIA OE MES DE afio AL DIA DE MES DE ARO ('I’OVAL DE oa'sAs’ t2)
! UBICACION ANTECEDENTES
- | CALLE k P. l No. DE LIC. ANTERIOR ]
No. OFICIAL | coLona | -\ FECHA I
- DATOS DEL PERITO Q SOLICITANTE
NOMBRE R. F. C.
| bomiciuio TEL.
= ! No. DE REG.’ | No. DE GRUPD |
7 ¥EA’liDRgNDUEL s SUPERF, TERREND M2 SUPERFICIE POR CONSTRUIR
™ CONSTRUIDA P. BAJA O REGISTRAR
.| VALOR DE LA | o
.1 consTrUCC. CUBIERTA POR AMPL. = —
VALOR . ESTACIONAMIENTO -
=y | TOTAL NO CONSTRUIDA -
‘" | DESCRIPCION DE LA OBRA: P. B.
LI
—
2
o 3
4
- SE ANEXAN LOS DOCUMENTOS SIGUIENTES s
_-| bE TRAMITE TECNICOS -
COMPROBANTE No. OFICIAL PLANOS ARQUITECTONICOS -
.| COMPROBANTE ALINEAMIENTO PLANDS ESTRUCTURALES p
— | COMPROBANTE CERT AGUA MEMORIAS CALCULO s
MANIFESTACION TERMINAC. CONDOM, SALUBRIDAD o
AUTORIZACION UBICACION CONDOM, AGUAS o
) 12
13
14
. TOTAL
" PROPIETARIO :
- | nomBRE [ rore |
.| oomiciuio .
COLONIA z.p | “TEL.
“1 ocupAacioN ~ NACIONALIDAD
.
-
-
. PROPIETARIO PERITO REVISO AUTORIZD

1 Y2 DEBERAN SER LLENADOS POR LA OFICINA

m e re e

e e

nprenmma s w e me o



+HOTAS: ANTES DE ENTREGARLA FAVOR DE VERIFICAR QUE ESTEN LLENOS TODOS LOS

1.

2.

Ests foima se presentara por duplicado.

Para el caso de licencia de obra nueva se anexaran los siguientes documentos:

a)
b)
¢)
d)
e)
)

RENGLONES QUE CORRESPONDAN.

Certificacién de agua en la misma solicitud (por el reverso) o Boleta de Agua.
Nim. oficial y alineamiento (por duplicado).

Memoria de calculo (por duplicado).

Planos estructurales (por duplicado)

Planos arquitecténicos (minimo dos juegos).

En el caso de que la construccién sea casa habitacion unifamiliar, anexar declaracién especifics,
del director responsable.

Para el caso de registros 'de obra ejecutadas sin licencia, se anexaran los siguientes documentos:

2)
b)
<)
d)

Solicitud por duplicado.
Ngm. oficial (por duplicado)
Manifestacién de terminacién (por duplicado sellac_!o de tgcibido).

o

Planos arquite:cténicos (dos juegos minimq) ,,H: S o

Sl
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A EXo 2
SOLICITUD DE ALINEAMIENTO Y NUMERO OFICIAL

C. DIRECTOR DE PLANIFICACION DEL DDF. IR
OFICINA DE LICENCIAS DE CONSTRUCCION.

El suscrito solicita le sea dado Alineamiento

!

Namero Oficial

que correspondera al predio que actualmente tiene el nGmero de la

calle segin los datos que se
"consignan en el croquis al reverso, en la inteligencia de que la entrada que se proyecta ests
situada como se indica en el croquis.

Boleta de Contribuciones Nam. _ Manzana Lote

Calle Colonia

Obra que se va a ejecutar

Meéxico, D. F., 2 de de 19
Nombre completo del Solicitante. ‘

FIRMA

Nombre completo del propietario

Direccion del propietario

El propietario del predio se hace responsable de los datos y croquis que se presentan.

Restricciones:

FIRMA DEL PROPIETARIO o AUTORIZDO

PAPELFERIASB GRAFOS, s, A.

PORTAL OE STO. DOMINGO LOCALES E Y F TEL. 521-12-88

DR LAVISTA 143 (FRENTE A LA TESORERIA) I FUSN [ R N s -
MEXICO 7, D, F. TELS. $88-16-87 35080292 . b

s



LUGAR PARA EL CROQUIS

IMPORTANTE: TODOS LOS CROUUIS‘DEBERAN SER A TINTA. ESTE DOCUMENTO NO
DEBERA PRESENTAR TACHADURAS NI ENMENDADURAS.

Py o

DATOS QUE DEBE CONTENER EL CROOQU!IS 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
D FRENTES, FONDO DEL PREDIO Y ORIENTACION,

DEPARTAMENTO DEL DISTRITO FEDERAL

DIRECCION GENERAL DE PLANIFICACION
OFICINA DE LICENCIAS DE CONSTRUCCION

Seccion de Alineamientos y Numeros Oficiales, Comprobante Nam.

Esta Oficina asigné el Namero Oficial Al predio ubicado en

Colonia

México, D. F., a de : de 19 ___ _

EL JEFE DE LA SECCION DE
ALINEAMIENTOS Y NUMERQOS OFICIALES
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REGISIRO

DEPARTAMENTO DEL DISTRITO FEDERAL.
Dueccion Grol. de Aguss vy Sanesmiento.
Olicina de Conexiones y Maedidores.

Piesente.

« rColonia

SOLICITUD pare

una toma de agua para

de diametio

UBICACION: Nim.

JuveExo S
EXPEDIENTE. __

e de

Instalucitn, Ampliseién o

bio Je lugar) -

de mm.

Predio, 1nduetris, Comercio

materiales, de acuerdo con las siguientes
(Con o sin)

ESPECIFICACIONES
Calle

— Delegacién

Destino del predio
Nombre del Piopietario

Dom. Particular Nim.

OBSERV ACIONES:

Bta. Predial

Calle

Col.

-

NOTA.- Estoy conforme con le cuots que se aplique o esta Toms, de acuerdo con el diemetio v uso de le misme y uin derecho 2
posterior reclemacién,

1Y

Ménxico, D. F. o de

de 16 __

= - o

t

Firme

CERTIFICADO DE LA OFICINA
DE NUMEROS OFICIALES.

El Nim. es oficial.

Sello

Fierno

o e,



INSTRUCCIONES: ‘

Las solicitudes ss formuleran por TRIPLICADO.

En el predio debers fijersa el nimero oficial y seralarse el lugar para la toma.

Las tomas se instaleran en la entrade principal del predio y sélo en casos especiales se concederan en locales perte-

necientes ol mismo y siempre que tengan acceso directo de la Via Piblica &l interior.

Los presupuestos y érdenes de pago serén recogidos por los interesados en la ventanilla de *'Presupuestos de Tomes
N

- ¢, £

Queda 2 lo elecccon del solicitante el pvoporcuonar o pagar los materiales necesarios para las instalaciones de 12mm. _

-
:

—

- |

L

’ \\v 4

(%), siempre que no see dentio del primer cuadro, en donde invariablemente los interesados lo proporcionaran,

esi como para ampliaciones, cambios de lugar y reducciones, en cualquier parte que se solicite.

'

Se dibujarad un croquis de la manzana en que se encuentre el predio, con los nombres de les colles que le limiten,

senalendo la distancia de s esquina mas cercana al lugar donde se deba de Instalar la toma.

I
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LUGAR PARA EL CROQUIS:
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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,
Mezzanine M2,
oo M2,
o - M2.
3o.- M2,
4o0.- M2.
50.- M2.
- 60.- L , M2,
70,.- C M2,
8o.- ' M2.
90.- M2.
100.~ M2,
llo.- M2,
120.- M2.
130.- M2.
l4o.- M2,
150.- M2,
SUMA TOTAL M2,

Sup. Cubierta por la
Ampliacién 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

AYVEXo <

SECRETARIA DE SALUBRIDAD Y ASISTENCIA.
DIRECCION GRAI,. DE SALUBRIDAD EN EL D. F.
DIRECCION DE INSPECCION SANITARIA..
INGENIERIA SANITARIA. o

Presente.

El que suscribe .

Responsable o propietario.

Con Céd. de la Direc. de Profs. No,

y con domicilio Prof,

Solicita la autorizacién, de acuerdo con el Reglamen-
to de Ing. Sanitaria, de los planos gue se anexan con
los siguientes datos:

OBRA POR EJECUTAR

Const. Nueva, Reconstruc., Ampl.,

Modificacibn, Regularizacibn. .- -

AVANCE DE OBRA

DESTINO DE LA OBRA
Casa Hab.,Deptos., Cond., etc.

UBICACION DEI: PREDIO: Calle

No. Col. Z2.P.

NOMBRE DEL PROPIETARIO

DOMICILIO DEL PROPIETARIO: Calle

No. Col. Z2.P.
México, D.F., a de de 197
FIRMA DEL PROPIETARIO FIRMA DEL. RESPONSABLE.

e < e TR

5p A .
N <

Constancias de que existen los servicios frente al
predio.

No. Of. Agua Albanal

Esta solicitud deberd presentarse llena a m&guina por
cuadruplicado si es REGULARIZACION o quintuplicado si
se trata de OBRA NUEVA, dibujando en el reverso de --
una COPIA el croquis de localizacibén del predio debi-
damente acotado. Se debe anexar a esta sclicitud, --
INICIALMENTE UN JUEGO DE PLANOS QUE INCLUYAN: PLANTAS
CORTES, FACHADAS Y CROQUIS DE LOCALIZACION, INSTALA-~
CIONES SANITARIAS, HIDRAULICAS E INST. ESPECIALES, Yy
demds ordenamientos que marca el REGLAMENTO DE ING. -
SANITARIA RELATIVO A EDIFICIOS, EN VIGOR.

El responsable, deberi estar debidamente registrado -
en esta Dependencia. Todos los planos deber&n estar
numerados y firmados por el propietario y el responsa
ble. Los datos consignados en esta solicitud quedan
bajo la responsabilidad de los solicitantes.

sirvase  pasar  a la ofna. de irng. sanitaria 10 dfas --
DESPUES DE ENTREGADA SU DOCUMENTACION EN LA OFICIALIA
DE PARTES. Si en 30 dfas no se recaba informacién so-
bre esta solicitud, seri CANCELADA.



MHSA DE
CONEXIONES

MRSA DE
NUMEROS OFICIALES

SELLO

BL _______ ESNUMEBO

OFICIAL

AUTORIZACION
PAVIMERNTOS

SELTIO

PAVIMENTO

RERXPRDIDA CON PECHA:

SHLLO DE REG. BOL,

PTO. NUM___

' .México, D.F.a

ORDEN DE TRABAJO

C. DIRECTOR GRAL., DE AGUAS Y SANEAMIENTO.
OFICINA DEL SERVICIO DE SANEAMIENTO.

PRESENTE,

Propietario de 1a casa NGm

“de la calle

Colonia

de la calle

cou domicilio particular en la casa Nim.,

Colonia.

Solicita para la primera la

que la banqueta es de

y el pavimento.

manifestando

FIRMA DRL INTBRBSADQ
MANO DE OBRA

o Mts. Tierra ad Ml
—, , Empedrado a$ .
y , Tepetate ag y
. , Emparrillado ad , , POR DIA
y » Pavimentos a$ .

por trabajo urgente
por trabajode noche

100% sobre $
50% sobre $

Por —______inspeccién(es) $
REPARACION DE PAVIMENTOS
«——Mts, Empedrado ag Ml
y » Cemento (banqueta) a $ .
, , Macadam ap .
, » Asfalto —~ad $

IMPORTE TOTAL $

Fecha del Presupuesto: México,D. F., a
BOLETA DE PAGO POR MANO DE OBRA NUM:
BOLETA DE PAGOPOR REPARACION DE PAVIMENTONUM. __
Fecha de la orden de trabajo: México, D. F,, a

-P. 0. EL JEFE DEL SERVICIO
DE SANEAMIENTO

Presupuesto

EL INSPECTOR

DATOS DEL PRESUPUESTO AL SERVICIO

CONFORMIDAD DEL PROPIETARIO

INSTRUCCIONES

FIRMA CT L L A LA VUELTA

NOTA:- Lss conexlones ea emparrillado y concrel deberdn cobrarse segtin el costo &l conclulr la cbra,

- e rr—

JR—




INSTRUCCIONES DE CONEXIONRES DE ALBARAL NOTA GENBRAL:-Los trabajadores no estin autoriza— ™
dos para exigir gratificaci6n n1 salario extra por }as obres que P
ejecuten, por consiguente la Direccién no se hace responsable ’

Requisitos que deberd Ilenar el Intercsado. de otros pagos hechos fuera de la Caja Oficial. \

I.-La solicitud se formularg por triplicado, conteniendo

¢l croquis correspondiente en el lugar que abajo se indica. PARA SER LLENADO iXCLUSlVAMEN'TE P‘;
IL.-Se recabar4 el sello del NGmero Oficial en fa oficina POR KL SERVICIO wi
correspondiente. )

Ejecutada el

I11.-Se presentai la solicitud en la Ventanilla de co—

. X Ejecutada por =

nexiones de albafial del Servicio de saneamiento (Cuarto Piso) ! P ?"’?

del ex-Palacio Municipal, b
1V.-Las boletas que por concepto de Mano de Obra y

reperacifn de Pavimento se le extiende al interesado lus de— Obra pendiente ﬂ

Liera cubrir en la caja NGm. 19 del propio Departamento. L;j
*".~Deber4n presentarse dichas boletas en ls Ventanilla Falta de materal

{4~ von-xiones para su registro, cuando el materia! de In lista

aue 3¢ proporctone al interesado se encuentre en el lugar pre.. Material incompleto ﬁ
v.-0 de la obra y a disposicion del Servicio. . ;
VI.-Si al hacer la revisi6n no se encuentran Jos mate— Material no Regl -
riales en la obra. incurrirdn en un recargo de weno de obrg Por no heber quien Inf
que deberd cubrirase para poder bacerse la conexi6n. 9 .
Insercién por atarjea
VIL.-Todo material uo reglamentsrio se1d rechszado. Hay preparaci6n '
No bay preparacifn y talia por
LIMPIAS Y RECONSTRUCCIONES DKL ALBARAL
conectar
I—El interesado localizerd 1a salida del elbaBal y babré
slempre persona que informe a los operarios. siu cuando el
trabajo deba verificarse de noche y proporcionar el cemento OBSERVACIONES /
necesario para los taledros, . . — ’
II.-Si sl prncticarsé,la limpia se encuentra que es ne— - - e
cesario reconstruir el albafial, se dejard una nota.
. Devuelta a laoficins e}
I11.-Bl interesado estf obligado a proporcionar los ma- - Revisé el material
t:'rlulei de acuerdo con la lista que se le entregue en la Ofi— 'Sobrestapte )
na, AR vy )
. E , 54}
i
. LUGAR PARA EL CROQUIS * i
o
T ro
’ e
i N w
i M F"”
‘ s
¥ A e
"1
(A éé
! -
"

3

oy

_ Se dibujara el croquis de la Manzana con los nombres de las calles que la limitan; localizando el pri?
dio e indicando el lugar de la conexién, asf como la distancia entre el eje de ésta a la esquina mdas préxima.

En el predio deberd hjarse el No. Ohcial Y mediante una senal visible indicar el lugar exacto donde debe’ 1
quedar la conexién. ’
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S5IMBOLOGIA CONVENCIONAL EN CUMPLIMIENTO

DEL ARTICULO 4§ OEL REGLAMENTO DOE

GENIERIA SANITARIA RELATIVA A EDIFICIOS
{Dicrio Oflcic! de 20 de Mayo deo 1964)

Tome domueiiiovio

Aguo frio

Agua coliantd

Retorno de GQUO €OlONTE e ooo——car

Tinacoe

Cleterne

EqQuipo de bombeo

€quipe hidroneumdtico

v.'......{

obLioves
Albafiales ocultos

Atbafigles visidles

Globo

Compuerte

2
h

Registras con cisrro olusludo ~fr} - l !
Registros con :ume hermético _@_ .

Coladoras con uilllo

Tubo wveniilador

Cajo do grasa

‘Foso séptica

Drones .

Bojadas aguas negras .

Baojados agquas pluviales

IN- Exrcusade
Mingltorie
[—O-N—‘ Bidet
- ]
—Q—O_”—ﬁ ' * ' Lovabe
- |
—tn § ewwm— @ v— !
H Tina
O
-0 § wee § § amue 09 H !
, ! :| Fregodaro
! R
_@ @ : agodero
. Vertodero
. Lovodoro ‘ B
m-0 | R
. Lovadere
B-C_ C_D
% $ Bebedoro
o ‘
Refrigerador
-,
Coideron
T '/_J,.’ ' Equipo de oire acondicienado
T
Aldbarco
Chimeneos
—— Bote de basuro
A h
® r
it TR Paorias .
:' Ventone
Potilo
“ Tragoluz

Obturador hidrdutico tipo botle —O—

"o

Linternille

gLy [ T ] 9 ©
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. DIREGCION GENERAL DE SALUBRIDAD EN'EL D.F. .. -

FORMA 9
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. COUSTRUCTORA VET, S» A . ! o : ' L
CALLE BAJIO :
NUMERO 335-403. _ |
COLONIA EOMA ‘
Z. p. 1 ‘ S

En resguesta a su solicitud, registre de entrada No. . ™
42186 do 11 do Mayo/72 manil.stamos a usted que se aprueban los planos.
bajo la exclusiva responsabilidad del C. Inge Julio Colon Vieians, C8do <1 "
Prof. Noe 101657 , Planos que presentd y segln los
cuales construird una oesa Habitaoidn en ol No. 29 de lo oalle Progreso em . ..
la Cole Uoyoacén de esta oiudad, propleded de Construotora Ve, Bo Ao '

TS,

sl

Antes de cubrir las instalaciones que van a quedar -
ocultas, deberd dar aviso oportuno para su inspeccidn.

De nc cumplirse con las disposiciones del cldizo - -

Sanitario y del Reglament. 2 Ingenierf{a Sanitaria en vigor, quedd.ré
8in efecto esta aprobacicn [ se procedera como corresponda sin per - ;f
juicdo de que se le apligue+- las sanciones respec¢tivas por haber - - "'
efectuado obras sin llenar los requisitos del caso. .
“1
No deberd ser habitado el inmueble de referencia sun-i -;
e obtenga el-permiso de ocupacidén de esta Secretaria. ‘,-‘
Atentamente., T
SUFRAGIO EFEC IVO NO REBLECCION. SRR
EL DIRDC"‘OR D SANITARIA. oy
7/(?/’7 )
- —-——-—'—--a / . ‘g
T ORLANDO CALDERDB ERREBD.
g;,g ' ! ‘rj;.
gEa c.c. Pe C. Direcfor Gral. de Obras Piblicas del Depto. del D. F., K
Rgg : Plaza de la Consti“::idén.- Cludau.
) Cc.C.p. Oficina d g a, Mesa de Inaspeccién de -. - " :
. a2 Edlflclos gg% @ PISO. S ,
" , ) . TR
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" NOTA-Esta solicitud deberd ser ilenada a maquina.

. CLASEs A R 1 ,,'j‘@...h
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FOLIO Ko, 556

P S
]‘SOLICITUD IE AUTORIZACION DEL PROYECTO DE LA INSTALACION DE GAS

[ vy

" En cumplimiento a lo dispuesto por los Artfculos 27, 36 y demée-.‘:‘f'v

- relativos del Reéla.mento de la Distribucidén de Gas, nos permitimos ="

38l proyecto de la instalacidn de gas L,P. [x] gas natural O - .
para lo cual proporcionamos los siguientes datos: )

Nombre del Propietario:__CONSTRUCTOLA Viile Sa As
BAJIO Iioe 335.%403, COL, RN

Domicilio del Propietario:

Ubicaoidn de la Obra: Calle y No,  PIRSGHESO lu, 2
Entre las Calles de: AVEWIDA RIDALGO Y S50 MIGUTE

Poblacidns CCIOACAN

Entidad Federativa: MEXICO 20, Dy I -

o

> I, RECIPIENTES.

H

" golicitar a esa Secretaria de Industria y Comercio, 'la aprobacidn -

2 e e Lt
o, -

W

).

"
y

.
¥
N

o

e
EIRHEAMET S R s yeeip

X

SR o

' Portdtiles [] Pijo [J "
o {ngscs do 72 1tae ofn
'II,- REGULADOR DE PRESION.

Cantidad: Capacidads . Presidn de salida: . | {

1 0,08 u,/H, 22,54 g/cm -l:éi

' ° MJ/H. ycmz ’ ':

“\ IIT,- TUBERIAS, R
CL ;‘ %p
i &)e=:De Llenado; .
- ,E Liquido: iaterial: ' Tipo: Diémeitroa_: ' -~ Desfogue H
ST
[t ' ’ “;
o / noj i

! “ - Y ;:,
.©1 {Vapors  Ilaterials - Tipo: » Didmetros: ‘ t




b).- De Servicio,

o iaterial: Tipo: Diduetros:
tor ‘(?u.. gy, P nfin 12,7rn

Loy BACI, Yoo.-lo , I !

"1V, - MEDIDORES.

By

Cantidad: Capacidad de c/u: d:/H el

& /M '
V.ﬂ APARATOS DE CONSUMO, .o ' \ . Llw
N Cantidad: Tipo: . Capacidad: R
‘ b | Estufa 40U 0,418 M:/Q{ Lo ;‘;Qif
I Cal, A, U259 i, /H AN
'|: /H '\i :i:!
} }

Con los datos asentados en esta solicitud se realizard la insg

A .
B N .

4

talacion, observando ademds las Disposiciones contenidas en.e! Re--

1g1\,ento de la Distribucidn de Gas, en el Instructivo corresindien

a

te y aquellas otras que al respecto dicte la Secretaria de Indug—--

tria y Comercio,

Se acoampaila a la presente los planos por tripvlicado, de lu =~

i e e

aisma, formulados por el C.,  Formando Fo Blumoniron G; o--Técnico

Reaponsable autorizado por esa Secretaria y registrado con el No, B19

Lugar y Feclyoo, De Fop 25 do Abril de 19725 S ﬁ /
/’,,;ziggiésgzluuzg , S C::z/ ‘ ‘ . }
S S . ﬁ i

. Firma Tcécnico Responsable, : Firma del Prcoietario, ;
, ' . j z
{ [

A SR ™ GE) OND ER v B S G WS G G D G et G mEr Y G SEr G Gee e SEe  EEN MDY et e e et e e o f
’ Para ser llenado.por la D,G.G. SREY
7Rec_:l bié o . e L ':l . . : " J-i'—Jl?‘i*
Deruches o R o - oA
B : . . ] . " ' ‘ B Y auj.".c('
A ‘ . ) . L Co . ol
s - ' o . : - , L ‘ : :
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FORMA (O

~——4NSTITUTO NACIONAL DE ANTROPOLOGIA E

DEPARTAMENTO DE REGISTRO,LICENCIAS E INSPECCION

ducss d

ORDEN DE COBRO N@ NO 461

C. JEFE DEL DEPARTAMENTO DE

TESURERIA, Y ADMINISTRACION/

CERTIFICACION o}:v;fgqti@'

Lot
SIRVASE RECIBIR DE__

- CONSTRUCTORA VET, S.A.

e
PM?Tm ‘N7 ¢ 280.00
"JM?N‘  smeoATE
Fef
s

ESORERIA

CON DOMICILIO EN. PROGRESO No. 29 COYOACAN, D.F.
v cALLE I0NMA MONYMENTA)
LA CANTIOAD:DE $o 1280500 (DOSCIENTOS OCHENTA PESOS 00/100 M.N.)
. NUMERD L CEtna
POR CONCEPTO DE DERECHOS POR |
CXJ Licencia pe osra _[:]uceucm DE.ANUNCI10 [ Jkrecistro (] eermiso
No. 188/72 Para Solicitante
. CODIFICACION LIQUIDACION
; - I i oS CUOTA FIJA ' 1p0.08
IMPORTE POR M 2 1.00 .180.00
IMPORTE POR PIEZA
TOTAL -
280 .00
Hecho por . SPN - | Reviso: MGP México D F. o 9 de___IAYO  ge ISL%J
i C _ RLI-3
- _&u‘ b.s' —:‘l‘" - " ‘.‘ li.‘ —f;’—‘-‘ -.——- —
na ah-{ ta I‘oﬂn,v:n;\‘ itmorestenos e e . S—— ~ —rrr, e
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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

para ....OBRA_NUEVAa..

en la casa Nam.......... ¢..29.. %o la de calle de...... PROGRESQa

....................................................... COYQACAN, D. Fo

sujetindose al siguiente dictamen:

Fueron presentados a este Departamento, o \
solicitud y planos para ejecutar obra nueva, en la direccidn arriba indi
cada.

La H., Comisid6n de Monumentos, en su dic
tamen del dia 27 de abril del presente ado, autorizdé dicha obra, la que-
deberf realizarse de acuerdo con los planos sellados u aprobados por es-
te Departamento, debiendo continuar su tramite ante el Departamento del-
Distrito Federal. ‘ o

Notifiquese la fecha em que se concluya
la obra mﬁ&c‘:gionada. .

= %05
@%é '-‘_";—“‘&‘ IS i
GO i EL ‘EFC TE v/ SECCIBN |
l":g’“: LAY R z c ) gy’
IR .
ey
SECRETAZA 1F Fary Meéxico, D. F.a..9.....de.......... DAYQ.......c0ce. RO 19 .72..
BSTTUT0 Mpsiguy D(i"‘:l-'.ofi UdLich EL IEF L .-
L £ Horon 1070061 JEFE DEL DEPARTAMENTO \
ﬂmxm“ : /’m
: LLASEROR,
MGP'mes : | , : ESTALICENCIA CADUCA AL ANO 4

BE SU EXPEDICION

BE e R S b 2§ - 4 R TIPURT, L1 R D 21
A e e R o o T O TR R AT B U A TN S TR LW S R TSN TN ALK W ek

ey it o e g

b o VBT L A e
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AU, 9768, . -

NUMERO DE CUENTA DEL IMPUESTO PREDIAL.... ... ... ..

NUM. DE CTA. DE DERECHOS POR SERV. DE AGUAS.... ... ..................

-
MANIFESTACION. D E.....s_‘._ ol e et L
: i iéh. ompliacién o b
C. DIRECTOR GENERAL DE OBRAS PUBLICAS \
Prosente.
......................................................................................................... de profesién v ocupacidn..........c.ooeceiiiiiniiiinnn e
................................... OriGiNario de...........cc..ocvueeereereseceerneccececenenessesssnecnnenenened@ R@CIONalidad. ..
0N AOMICHIO @M. . et feeeesaeeeaTeente erse e eosaaaneteatnteeaneranestnnsa—seseeentsearassoceaseteransesnnasn comeoman reasennan
(Zona poital)

Manifiesta a usted: que con FEChO.... e - e e emieraeieeieiesaseeteeiaesasestnsasnmasaseressnnnn

Calle ... o o e e e

Ubicacién del predio: lote................... Manzana........ ...
Nomero ................ COMONIA ... eeeeeeeeeeeeeeeees ooaeamaaae s e eeammaasasamane e en e sameemmmnemnann Zono postal....................
Desting del Predion. ... e eeeecteeen —eeeasm———aetanteeaaoanneeeeesar esssmsamsmsesesesiestieasiassmnnmmnteetmmestaneessans
Rentado v pado por su propistario) (Viviend. locales, Apartamientos para rentcr. Digase el Nim. do éstos)
Descripcion de 108 PIeZas 0 10COIS:. ... .o.oe.eeeoee oo e oeovoeeeeeeeeeeeeeaaeesmmsmssanesseeeemeemmsmmesomassasssensssessaeees wastressvasaeeeeees .
(Describase con precisién numero y class)
Servicios urbanos con qUE cuenta la calle:............ ... ..o e eeeee e ene e et e naeann e e e at aae e enneas
(Agva - Atarjeos - Bang - Pavi - Alumbrado)
DESCRIPCION DE LAS CONSTRUCCIONES DEL INMUEBLE
CIMBNIACION: ... e e oot ee e e eee e ee e e e e s eme e o
(Mampoasteria de piodro) (Conereto reforzado)
BAUPOS: .. e e e e e e i
Tech (Adobe - Tepetate - Tabique sin refuerxos - Tabique con rofv:rxol de concreto) (Estructura de coneroto con muros de relleno)
BOOSE e ceee Pisos: e . R Motivos decorativos: ...............ccoeeveceneeenee.c..
............................. Instalacion eléctrica... . ..Combustible . ... . ... _
(Vlllb’o Ocullo . ek) {Qas - Petrileo - Leiia)
instalaciones especiales; ........................ e e i
(Elovadores . lefuccidn ccnm:l - Anro ccondu.no'\odo - efc)

Amparado con Licencia de CONSIrUCCION MOMErO: . oo e ;

R N P TR PP A 0o .

SUPERFICIES DEL INMUEBLE:




W TR Al A TR

Lo que comunico a esa Direccién, para los fines consiguien-
te~. Declaro que los datos consignados en la presente son ve-idicos y me hago responsable de las violaciones que pu-

dieran haberse cometido, conforme al Reglamento de las Construcciones, con motivo de esta obra.

México, D, F., @

,CROQUIS DE LOCALIZACION

Certifiomcién de la Oficina de Nomeros Oficiales: ‘

DATOS QUE DEBE CONTENER EL CROQUIS

a).—Distancia de las dos esquinas a los linderos del predio.
b).—Medida del frente o frentes y fondo del predio.
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 nimero oficial.

—PRESENTARSE POR OCTUPLICADO—

-
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(" TRAMITES|ANTE LA . a

ks

SECRETARIA DE INDUSTRIA Y COMERCIO,

Aprobacién del Departamento de Inspeccién e Instalaciones
Eléctricas del Proyecto.

Requisitos:

1.~  Solicitud efectuada por Ingeniero registrado en S,I1.C,
conteniendo: '

Nombre del Propietario.

Ubicacién de la Obra.

mero de LaAmparas,

mero de Contactos,

Nimero de Motores y sus especificaciones,

1.1
1.2
1.3 Nd
1,4 Nd
1.5 Nd

~

2.0 Plano de la Construccién en donde se indique el lugar
- wsmyc-gonde estardn cplocadaq todas las instalagiones.,

3.0 Demanda de Energia,

4,0 Inspeccién para Verificacién,

'mcpm,
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OBRAS E INSTALACIONES.=-

Las obras e insgtalaciones eléctricas deberdn llenar los
requisitos que les sean aplicables del presente reglamento
"Reglamento de obras e instalaciones eléctricagh;éélvo que
en algin caso la Secretaria de Economfa las exima de algu-
no de dichos ‘requisitos,de acuérdo con los articulos 33"y
24 de la Ley de la Industria Eléctrica y demds disposicio-
nes correlativas.

Al solicitar la autorizacién a que se refiere el parra-
fo antérior,se presentardn planos y memorias técnicodes---
criptivas ante la Secretaria de Economia,como sigue:.

SISTEMAS DE DISTRIBUCION.-Se presentardn planos y memo-
rias técnicodescriptivas para las instalaciones iniciales,
las ampliaciones solamente requerirdn dichos planos y memg
rias cuocndo sean de tipo de construccidn distinto del que-
ya haya sido aprobado al interesado para la misma zona.

INSTALACIONES OCULTAS.-Para las. instalaciones ocultas,in--
cluyendo,las.de los usuarios de energia eléctrica,se pre--
sentardn planos,antes de la ejecucién.

La Secretaria de Economf{a podrd requerir.de los intere-
sados las aclaraciones,cdlculos,datos y modificaciones que
estime pertinentes para la aprobacidén de los planos y meng
rias técnodescriptivas.

E1l hecho de que una instalacién eléctrica haya sido -~
aprobada,no exime a su propietario ni a quién la utilice -
de la obligacidén de corregir ‘defecto o deficiencia que sig
nifique peligro a personas o a la propiedad,y que no hubig
ra sido notado en el estudio de los planos y memorias téc-
nodescriptivas o en la inspeccién que haya dado origen a -
la aprobacién,

REQUISITOS CON LOS QUE DEBEN CUI'PLIR LOS PLANOS.

REJUISITOS GENERALES.-Para los cdlculos y dato; numéri-
cos del proyecto se user{ el Sistema Nacional de Unidades-
de "edidas. v - " T

Se presentard un calca en tela de cada plano y una co--
pia heliogrdfica en tela,del mismo,en hojas cuya s dimen--
siones serdn de 70 por 110355 por 70;35 por 55;28 por 40 6
21.5 por 28 cm.,debiéndose dejar un margen de 5 cm.en el -
lado izquierdo de c:da plano de las ires primeras medidas-
y no menor de 2 cm. en los planos de las dos Ultimas medi-
das,se exceptian de ésta disposicién los planos de instalg
ciones ocultas.,

ey e R T I VR O E [ - - P - ——— - A e e - e ® 3 AR Smape b

e e s o mg e o v




in cada plano habra un espacio libre no menor de 10 por
20 cm.,para poner las notas de aprobacién.

se deberd elegir una escala tal que el dibujo de sufi--
ciente detalle.

LINEAS SUBTERFANEAS.-Los planos de conjunto de lineazs -
subterrdneas tanto de transmisién como de distribucidn,se-
pr-sentardn en hojas de 70 por 110 cm.,usando escalas de.-
13100 hasta 1:2000,y se consignardn en ellos los siguiens-
tes datos:

-Lonsitud de la linea,puntos terminales de &:ta,nombre -
de las calles por donde pasa,y nombre de las que cruce,

~-Distincia entre los pozos de visita,de inspeccidn ma---
nual,y de trangformadores,

-Voltaje de la 1lineca.

-Ndimero,calibre y material de los conductores y corrien-
te maxima para la que estén destinados. B

-Aislamiento ‘de los conductores,armadura del cable,clase
vy didmetro del mismo.
rdends de los datos anteriores,se deben presentar,ya ~-
sea en hojas por separado o en los mismos planos,los de
talles siguientes.,

-Corte seccional de los ductos,con las acotaciones nece-

"sarias que fijen su posicién con relacién al lugar don-
de se vayan a colocar,indicando las dimensiones de su -
revestimiento.

-Corte seccirnal de los pozos de visita,de inspeccidén ma
nual y para transformadores,indicando sus dimensiones y
el meterial que se proyecta emplear,para éstos detalles
se usardn escalas de 1:10 hasta 1:50.

INSTALACIONES OCULTAS.-~ Las instalaciones ocultas se mos--
trarin en dos copias de plenos de la planta de cada uno de
los pisos del edificio en que se vaya a hacer la instala--
cién oculta,consignando los siguientes datos.
-Diémetro. de -la tuberia,dimensiones de otros ductos y su
tipo. - ‘
-Nimero de conductores en cada tuberia o ducto.
~-Calibre y clase del aislamiento de los conductores.
~=Ninero y capacidad de los circuitos.
-Localizacidn de cajas de conexién,contactos,apagadores,
salidas para alumbrado,etc.
-Tabulacién de los signos convencionales que se usan en-
el plano.

‘CALIBRES DE LOS CONDUCTORES.-Cuando se dan ndmeros de -
calibre de conductores,dichos ndmeros corresponden al Sis-
tema Norteamericano de Calibres(A.W.@.),a menos que se ha=-
ga referencis expresa a otro sistema de numeracion.

CONDUCTORES.-Los conductores a que normalmente se hace-
referencia son de ¢obre.Cuando no lo sean,se indicaréd su -
material.

INSTALACIONES EN LUGARES IMPROPIOS.-Los conductores o--
equipos no deberdn localizarse en lugares humedos o mojado
o donde estén expuestos a gases,humos,vapores,lfquidos u -
otros agentes que tengan efectos deteriorantes,ni donde es
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tén expuestos a temperaturas excesivas,a menos quc estén-
construidos para cada oondicién especial de instalacién.

RESISTENCIA DE AISLAMIENTO,.-

Fara circuitos que operen a menos de 750 volts.entre con--
ductorcs,con clambre del # 14-6 # 12,1,000,000 ohms.Para -
circuitos con alambre #10 § de maycr seccidn,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 100 " 100,000 "
101 a 200 " 50,000 "
201 a 400 " 25,000 "
401 a 800 " 12,000
mds de 800 " 5,600 "

MARCAS.-E1 nombre del fabricante,la marca de la fébrica §-
algin otro simbolo de identificacién de fabricante y ek nj
mero de autorizacidn de la fecretaria de Economfa,deberdn-
aparecer en todo equipo eléctrico.

MOLESTIAS O PERJUICIOS A TERCER(S .-las instclaciones debe-
rdn hacerse de manera que elefuncionamiento 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 lineas eléctricas de ma-
nera que no se produzcan descargas u otros efectos que pue
dan producir interferencias en la radiorrecepcidn.

APAGADORES OCULTOG.-Los apagadores instalados en caja =
metdlica no conectados a tierra y empotradas donde puedan-
ser alcanzados desde el piso o superficies metdlicas,debe-
rédn tener tepas de material aislante e incombustible.

AYLGADORES VISIBLES.~Los apagadores que se usen en cang
lizaciones visibles deberdn colocarse en zécalos de mate--
rial aislante que separen a los conductores por lo menos--
10 milimetros de la superficie sustentadora,

PANTALLAS Y CURIERTAS COMEUSTIBLES.-Deberd dejarse-un espa

cio adecuado entre las ldmparas y las pantallas u otras cy

biertas de material combustible. -

El equipo que se use en sistemas de alumbrado de descar
ga cléctrica y que esté construido para un voltaje a cir--
cuito abierto de 1,000 volts o menos,debrrd ser dc un tipo
apropiado para lal servieio.lLas terminales de una ldmpara-
de descarga eléetrica deberdn considerase como vivas,si --
cualqniera de ellas estin conectadas a nds de 300 volts a-
tierra.

EQUIPO DE CORRIENTE DIRECTA.-Las unidades de alumbrado-
mencionadas debherdn instalarse en circuitos dg corriente -



alterna VYinicamente,a menos que estén provistas de equipo -
auxiliar y resistencias especialmente construidas para fun
cionar con corriente directa y que as{ se indique en 1as--
nismas unidades.

VOLTAJES PERMITIDOS EN CASAS HABITACION.-Solamente se -
pernlte usar en casa habitacidn equipo que ten;a un volta-
je a circuito abierto menor de 1,000volts,y siempre que e-
cuando se tenga un voltaje a 01rcu1to abierto de més de---
300 volts,el equipo esté construfdo de tal modo que no tep
ga partes vivasg descubiertas cuando las ]amparas estén en-
su lugar,ni cuando se retiren.

UONTAJE DE UNIDADES DE ALUMERADO.-Las unidades de alum-
brado que tengan reactores o t-andformadores,deberdn instg
larse de t2l modo que ningin materlal conbustlble quede ex
puesto a una temperatura ~mayor de 90°C. )

APAGADORES.-Los apagadores deben cumplir con las reco--
wendac%ones antes 01tadas(Apagadores ocultos Apagadores vi
sibles .
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RESTRICCIONES FUNCIONALES, TECNICAS Y ESTETICAS
DEL REGLAMENTO DE CONSTRUCCIONES DEL D.F,
A EDIFICIOS.

RESTRICCIONES ART.

( FUNC IONAL)
Ningdn elemento situado a menos de 2 m. de altura (21)
podri sobresalir del alineamiento.

{£5.7TI1CO)

35 construcciones ubicadas en zonas tipicas, ca- (u8)
lles 6 plazas donde existen construcciones decla-

radas monumentos, deberan armonizar con el ambien

te general.

{FUNC IONAL)

Toda edificacién con piezas habitables, excluyen- (53)
do los servicios que esten a una altura mayor de-

13 m. sobre el nivel de la acera, deberéan tener -

por lo menos,un ascensor,.

(FUNCIONAL)

Ningin punto de edificio podré estar a mayor altu (55)
ra que 1,75 veces su distancia al paramento vertn

cal del allneamlento opuesto de la calle.

(TECNICO)

Las zonas de influencia de los aer6dromos, serén - (57)
fijadas por la Direcci6én de Aerondutica Civil y =

en ellas regirédn las limitaciones de altura que -

fije dicha Direccién.

(FUNCIONAL) ‘

Los edificios deberéan tener los espacios sin cons (58)
truir que sean necesarios para lograr una buena -
iluminaci6én y ventilacioén, .

(FUNCIONAL)

La dimensién minima de una pieza habitable, seréa- (61)
de 2.70 m, y su altura, serd cuando menos de 2.30

m.

(FUNCIONAL)

La superficie total de ventanas libres, ser& por- (63)
lo menos de un octavo de la superficie del piso - :

de cada pneza y 1a superficie libre para la venti

lacién de un- velnticuatravo de la misma..



RESTRICCIONES

(FUNCIONAL)
Dimensiones minimas de los patios para dar ilumi
nacioén y: rventilacién a piezas habitables.

(FUNCIONAL)
Referente a la iluminacién artificial. Niveles =~
minimos de iluminacién en luxes.

(FUNCIONAL)
Ancho minimo de pasillos 1,20 m., altura minima-
de barandales 0.90 m.

(FUNCIONAL)

Los edificios tendran siempre escaleras que comu
niquen todos los niveles, aunque tengan elevado-
res.

(FUNCIONAL)
Anchura minima de puertas a la calle 0,90 m.

(FUNCIONAL)
Suministro de agua potable por habitante 150 Its,

(FUNCIONAL)

Cada una de las viviendas de un edificio deberéa- .

tener sus propios servicios de bafo, lavabo, ex-
cusados y fregaderos.

(FUNCIONAL)

* Las aguas pluviales que escurran por los techosw

y terrazas, deberdn ser conducidas al drenaje,

(FUNCIONAL)
Especificaciones para escaleras:

Ancho minimo 1.20 m., '
Ancho maximo 2.40 m.
Huella minima . 0.28 m,
Peralte maximo 0.18 m.

Servicio de areas de planta por escalera segin -,
su anchura:

Hasta 700 m2. 1.20 m.

de 700 a 1,050 m2. 1.80 m.
de 1,050 a 1,400 m2. 2.40 m,

(FUNCIONAL)

Sobre los servicios sanitarios:

Por cada LOO m2. 6 fraccién, se instalaré un ex=
cusado y un minguitorio para hombres.

Por cada 300 m2. 6 fraccién un excusado para mu-
jeres,

ART.

(6%)

(65) {(189)

(66)

(67)
. (68)

(70)
)

(72)

(78)

(80)



ARTICULO 182.- NIVELES DE ILUMINACION,

Los niveles minimos de iluminacién en luxes serdn los si
guientes:
i.- Edificios para habitacion.,

Circulaciones. . 100

il.- Edificios para comercio y oficinas.

Circulaciones. ‘ . 100
Vestibulos ' 300
Oficinas - 400
Comercios 300
Sanitarios s ] 100
Elevadores : : 100

I11.- Edificios para la educaciobn,

Circulaciones . o 100
Salones de clase ( Loo
Salones de dibujo : o . 600
Salones de costura T \ 900
Sanitarios ‘ . 100

IV.- Instalaciones deportivas.

Circulaciones ~ ‘ 100
Sani tarios o \ 100

V.- Baiios.

Circulaciones ‘ S 1
Bafios y sanitarios . ‘ S . 100

VI.- Hospitales.

Circulaciones : 100
Sala de espera 200
Sala de encamados 60
Consul torios Loo

Sani tarios : - : 100



Vil,- Industrias

Circulaciones
Sani tarios
Comedores

Vill.- Salas de espectéaculos,

Circulaciones

Vestibulo

Salas de descanso

Sala durante la funcion

Sala durante los intermedios
Emergencia en la sala
Emergencia en las circulaciones
Sani tarios

IX,- Centros de reunion,

Circulaciones

Cabarets

Restaurantes

Cocinas

Sanitarios

Emergencia en la sala
Emergencia en las circulaciones

X.- Edificios para espectdculos deportivos.

Circulaciones
Sani tarios
Emergencia en circulaciones

Xl.,- Templos.

Altar y retablos
Nave principal
Sani tarios

Xll.- Estacionamientos.

Entrada

Espacio para circulacién
Espacio para estacionamiento
Sanitarios

100
100
200

100

30
100
200
100

10

100
100

600
100
100

300
100

50
100
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SECRETARIA DE SALUBRIDAD Y ASISTENCIA

RESTRICCIONES LEGALES,

RESTRICCION

Muros macizos exteriores expuestos a la interperie.
Espesor minimo 15 cms,

Muros y techos expuestos a interperie, de madera 6-

material laminado, deben ser dobles separados 5 cms.

cada uno,

Juntas de muros y techos arreglados para impedir el
paso del aire y agua y protegido de los roedores.

Los muros de las cocinas y bafios deben tener un re-
cubrimiento hasta una altura de 1,50 de un material
resistente, impermeable y f&cilmente aseable.

La pendiente minima en la cubierta de las azoteas =
serd de 1.5%

Por cada 100 m2 de azotea en proyeccién horizontal-
se necesita una bajada pluvial de 7.5 cm, de § 6 -~

“area equivalente. (por lo menos).

Para desaguar marquisinas didmetro minimo de 5 cms.

6 area equivalente, para superficies hasta 25 m2. -~ .

(max.)

Los techos planos 6 inclinados deberan llevar cana-
les colectores y bajadas pluviales cuando el agua -
pudiera descargar en via piblica 6 predios colindan
tes.

Las superficies libres de construccién deberén ser-
pavimentadas 6 tener jardin 6 ambas. En las pavimen
tadas deben tener una pendiente minima de 1%.

Los pisos de bafios, cocinas y pasillos se construi-
rdn con material impermeble a prueba de roedores.

Cuando en las construcciones se vaya a emplear un -
nuevo material 6 preparaciones distintas a las cono
cidas y aceptadas, deberé&n ser aprobados por las au
toridades sanitarias.

Los pisos de la planta baja de los edificios, debe-
r&n construirse 10 cms. mds altos que los patios y-
estos a su vez 10 cms. mds altos que el nivel de la
acera 6 banqueta, salvo en casos especiales en que-
la topografia del terreno lo impida. i

ART.
(21)

(21)

(22)

(25)

(26)

(27)

(27)

(29)

(31)

(32)

(34)

(35)

- A i g e

T ety e s v ST o o, 4 e T

s v e =



RESTRICCION

Los pisos bajos serédn protegidos contra la humedad,

mediante procedimientos de impermeabilizacién.

Las piezas destinadas a habitacién, tendrén luz y-
ventilaciéon directa al exterior por medio de puer-
tas 6 ventanas convenientemente distribuidas.

1a siperficie de iluminacién no serd menor de 20%-
dz la superficie de piso de la habitacién.

Las ventanas y puertas tendradn una seccién movible
de cuando menos 1/3 de los claros de iluminaciébn -
para renovacién del aire.

La iluminaci6én y ventilacién se satisfaceradn: de -
la via pablica, de los patios del edificio 6 por -
diferencia de niveles.

Para los locales que por circunstancias especiales
se- les deba suministrar ventilacién artificial, se
proporcionara por medio de instalaciones mecanicas
que garanticen la renovaci6n eficiente del aire. -
El movimiento del aire no serd superior a 0.25 m./
se (velocidad media medida a 0.9 m. sobre el pi-

? La temperatura comprendida entre 17 y 23°C y-
Ia humedad relativa .entre 30 y 60%.

Viviendas minimas. 2 piezas, cocina, bafio y patIo-'

de servicio.

Dimensiones minimas:

Pieza habitacioén: 7.50 m2. superficle.
Cocina: 2.50 m., ancho.
2.30-2.80 altura. ‘
Cocina: 6.00 m2, superficie.
: 1.50 m. ancho.
Bafo: 2.00 m2. superficie.
1.00 m, ancho.
Patio: L.00 m2. superficie.

2.00 m. ancho.

Iinstalaciones sanitarfias minimas:
Excusado, lavabo, fregadero, regadera, lavadero,

Recdmaras 6 dormltorios minlmos segln el nﬁmero de
hab itantes,

3 habitantes: 1 recémara.
5 1abitantes: . - 2 recadmaras.
7 habitantes: 3 recamaras.

ART.

(36)

(37)

(37)

(37)

(37)

(38)

(39)

(39)

(39)

(41)
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RESTRICCION

Para viviendas de mas de 3 recamaras 2 habitantes
mas por recamara ad|C|onal

Dimensiones minimas de los patios que sirven para
dar iluminacién y ventilacién con respecto a la -
altura de los muros que los limiten:

Altura hasta. Dimensi6tn minima.
L.00 m. 2.50 m.
8.00 m. 3.25 m.
12.00 m. 4.00 m,

‘Para alturas mayores la dimensién minima serd de-

1/3 de la altura. En el caso que sirvan para coci
nas y bafios se reduce a 1/5,

Queda prohibido dar luz y ventilacién a las habi-.

taciones abriendo ventanas o colocando dispositi-
vos con el mismo fin hacia predios colindantes.

Los edificios de departamentos de méds de 5 nive--
les, deberan contar con ascensor para personas,-
ademds de escaleras.

Todos los departamentos deberédn desembocar ‘a pasn-

l11los que conduscan a las escaleras, Ancho minimo-
de 1.20 m.

No deberan estar ligadas las escaleras de los ni-
veles superiores con las de los s6tanos.

Ancho minimo de las escaleras de 1,20 m. para edi
ficios de habitacién multlfamlllares y de 0.90 m.
para unifamiliares.

La huella neta de los escalones no serd@ menor de-
25 cm. y los peraltes no mayores de 18 cm.

Toda ventana no podréd tener cristales sino a par-
tir de una altura de 90 cm. sobre el nivel del pi
so.

"En casos especiales que se requiera poner crista-

les hasta el piso se proveerdn de dispositivos de
seguridad hasta dicha altura.

Especificaciones para s6tanos:

Altura minima de 2.30 m., superficie minima de =--
7.50 m2., lado menor de cuando menos 2.50 m|

Que no exista humedad.
Que dispongan de luz y ventilacién.
Materiales de construccién a prueba de roedores.

NingGn punto de un edificio podra estar a una al-

mermeo et dea L U R bew M M e saew e -

ART.

(42)

(42)

(43)

(Lh)

(45)

(45)

(45)

(46)

(48)

(48)
(48)
(48)
(49)
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RESTRICCION ART.

tura mayor ' de 1.75 la distancia horizontal entre dicho
punto y el lindero mds cercano de las manzanas vecinas.
Se exceptuan los motivos arquitectébnicos tales como --
miradores, torrecillas y otros de escasa importancia y
caracter ornamental.

El apartamiento minimo de agua potable a los edificios,

se calculard a raz6n de 150 litros por habitante, por-
dia, (52)

Oueda estrictamente prohibido la servidumbre o servi--
zios de agua de un edificio a otro. (53)

Para evitar contaminaciones en cisternas, no deberéan -
existir tubos de albafal o conductos de aguas negras a
menos de 3 m, (56)

Los depé6sitos que trabajen por gravedad deberédn debe--
rdn estar 2 m., mas arriba de bos muebles sanitarios --
del altimo nivel, (57)

En todo edificio deberd haber cuando menos un excusado
e ird aumentando a raz6n de un excusado por cada 10 --
personas. - (62)

En los bafios donde existan regaderas, ésta deber&d es--
tar separada del resto por medio de un reborde de 10 -
cm. (minimo). ‘

(63)

Las instalaciones hidraulicas y sanitarias se harén --
con materiales autorizados por la S.S.A.

Los albafales deber&n estar debidamente protegidos con
tra la oxidacién y el intemperismo al igual que sus --
juntas. : (74)

Los albafales se harédn con tubos de 15 cm. de didmetro
interior como minimo. (75)

Los albafales se construiran bajo el piso de los pa---
tios o pasillos de los edificios, Se permitiradn modifi
caciones, (76)

Los albafales se instalarédn a cuando menos un metro de

distancia de los muros. Cuando no se pueda llevar a --.

cabo ésto, la instalacién se protegerd de asentamien-- ,
tos, previa autorizacién. ' (78)

Los tubos para conductos desaguadores tendr&n un di&--
metro no menor de 32 cm., ni inferior al de la boca de:
desague de cada mueble sanitario. Se colocar&d con una-
pendiente minima de 2% para didmetros hasta de 76 mm.,
para mayores la pendiente minima sers de 1.5%. (79)
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RESTRICCIONES

Los cambios de direcci6on de los albafiales y las
conexiones de ramaies, se hardn con deflexién =
maxima de 450,

La piezas ""T" para conexiones de ramales de ba-
jadas con albafales, s6lo se permitiradn cuando-
el cambio de direccién sea vertical a horizon--
tal.

Los albafales tendréan una pendlente no menor de
1.5%

Los albafiales estardn dotados de registros a =--
distancia no mayor de 10 m. con objeto de 1im--
pieza.

En el lugar inmediato y anterior al cruzamiento
del albafial con el limite del predio y la via -
pablica habréd un registro. :

Los registros para albafiales ocultos, tendrén -
las dimensiones minimas siguientes:

Profundidad hasta 1 m. Lo x 60 cm.
Profundidad hasta 2 m. 50 x 70 cm.
Profundidad mas de 2 m. 60 x 80 cm.

En cada cambio de direccién se construird un re
gistro al igual que en cada conexién con rama--
les,

Los albafiales estaran provistos en su origen de
un tubo ventilador de 5 cm. de § como minimo.

Queda prohibido el sistema de gargolas 6 cana-~-
les que descarguen a chorro desde las azoteas.

Cuando el mismo tubo ventilador sirva para va--
rios excusados, colocados a diferentes alturas,
se ligaran los sifones entre si_por medio de un
tubo de 38 mm. de 0.

S6lo podra autorizarse la instalacién de fosas-
sépticas 6 plantas de tratamiento en edificios-
ubicados en lugares fuera del perimetro de las-
redes de saneamiento.

Toda fosa séptica 6 planta de tratamiento seréa-
de material y capacidades aprobadas por las au-
toridades santtarias.

ART.
(81)

(82)
(83)
(84)
(84)

(85)

(86)

(87)
(91)

(98)
(106)

(106)
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CENTRO DE EDUCACION CONTINUA
ING, MANUEL E. VEGA MEMIJE.

EVALUADORES ECONOMICOS.

EJEMPLO:

Se requiere evaluar la posibilidad de construir uh edifi--
cio departamental de 5 niveles, donde la planta baja se dedicaria-
a locales Comerciales.

Los datos considerados son los mas benéficos, los cuales -
se obtuvieron después de haber analizado las posibilidades optimisg
tas y pesimistas. )

y

Se ha supuesto, que tanto los INGRESOS como los EGRESOS, =

sufren un incremento promedio cada 5 afiosy

La vida econfémica del edificio se'ha considerado de 20 ==-

=

ailos.
'Tasa de actualizacibn del 5%, 10% y 15%.
I ’ i )
INGRESOS"
RENTA ANOS
CONCEPTO MENSUAL las . 6 ailo 11 a 15 16 a 20
($) - l
Renta de=-
partamen-- | v
tos. 40,000.00. 480,000.00 528,000.00 580,800.00 638,880,00
Renta loca : i S o
les. 6,000.00 72,000,00 79,200.00 87,120.00 95,832.00
Anuncios. 2,000.00 24,000,00 26,400,00 29,040.00 31,944.00
Estaciona- , . |
miento. 1,250.00 15,000,.00 16,590.00 18,150.00 19,965.00

TOTAL 49,250,00 591,000;00 650,100.00 715,110.00 786,621.00



CONCEPTO

Luz

Agua
Impuestos
Conseva--

cibén y -=

manteni-=-
miento.
Vigilanw=
cia
Adminig~«=
tracién.

TOTAL

GASTO
MENSUAL
{$)
800,00

40 OOO. 00
2,000.00

2,000.00
3,000.00
2,000.00

2‘3! 800.00

i

..BGRESOS

las

9,600.00
48,000.00

24,000.00

24,000.00
36,000.00

24,000.00

165,600,.00

ANOs \

6 a 10 1l a 15
12,000.00 14,400.00
30,000,.00 33,600.00

A
60,000.00 120,000.00
60,000.00 84,000.00
36,000.00 45,600.00
357,600,000

252,000.00
}

16 a 20

18,000.00
63,600,00
36,000.00

180, 000.00
108,000.00
54,000.00

459,600.00
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Accessary solution. But the reason that LP can be used is that the eriterigy
of minimax has been built into the system. Mirimax does not require gy.
pected values ard it does not include any provisions for considering proba.
bilities. On the other hand, the solution itself is a risk-type statemept
gpecifying the appropriate statistical frequencies that should be employeq,
For that reason, it might be suggested that such problems should be in-
eluded with DMUR. Whatever our preference. we must conclude that
design decision problems are amenable to formal attack. The classifications
- of risk, certainty, and uncertainty are helpful but not crucial. For a rea}
decision problem we must deal with a subtle blend. The major issue is to
isolate the relevant factors and to avoid forcing them into a standard format
just for the sake of using formal methods. The next two chapters will
eonsider some of the difficulties associated with the use of objective methods
and will provide 2 number of practxcal methoda for coping with such

d:ﬁcultxes

chapter

-6

QUALITATIVE DECISION METHODS

We ha\"e examined the formidable framework that exists for analytical
design decision-making. Stripped to essentials we can summarize what
has been considered.

(1) Enumeration of design strategies.

(2) Enumeration of states of nature.

(3) Specification of the probabilities for the sta-tes of nature.
(4) Determination of outcomes.

% ( ise of the decision matrix to obtain expected values.

(6) Resolution of decision problems when risk conditions apply.

"-'(7) Several abproaches-for ré:olving decision problen;s l.lndé!' cond:
_-of certainty where the expected values derived b_y mk method
- used as part of the data input. - e

(8) 'A number of eriteria that can be emplo)ed to resolve dec.
- .= problems when conditions of uncertainty apply.

(9) The fundamental character of decisions that are aﬁected by c
" petitive factors.

N

. -Inour discussions we have side-stepped a number of important ques:

255y 30, PREFERENCE MEASURES

2>~ . Several times we have employed the profit function. By so doing
~avoided situations where p single outcome dimension was not availa
Costs, selling prices, sales Volume, and other factors could all be conve
At *mto dollars-or so we assumed. Unfortunately, this is not always the ¢
’_ Mnny times, confronted with a number of design alternatives, the best
: "';we can do is express our preferences (an intermediate variable) for e
R For example, there are casbs where safety is 2 primary consideration
$ 572" must be included in the analysis. But how do we evaluate the combina
% of safety and profit? How much safety is equivalent to onc unit of pr:
Another example of this kind of conundrum occurs when weapon syv

“concept. Factors such as fire power and maneuverability must be we!
. . against cost and expected obsolescence. Still another instance would b
“evaluation of alternative designs for surgical instrumrents, in whick
"cost would have to be weighed against the remedial properties of

_‘ how” a resolution of many factors and an attempt to estimate their c¢
:_butions to the achievement of the objectives. There is no reason w!
- LP-design-mix formulation could not be used to maximize preferer.

f - - . . .
::.,‘Z_L“.Btead of profit. Similarly, we should be able to resolve a competitive de-
¥

iR - 8ystem where the payoffs arc stated in terms of a preference measure.’

~ i3 used arc
ar of authe

t Estimates of profit where relationships are unknown and guee’
8o more than preference measures, but the dollar dimenaion lend
> that must be viewed with suspicion.




31. RANXING AND TRANSITIVITY B e s

The qualitative operation of ranking designs is frequently used. Some-
times it works, but often it does not. The major reason for failure is the
violation of transitivity. Thus, if the designer prefers A to B,B to Cand C
to A the consistency of logical choice has been abused. Transitivity is
obviously required if we are to believe in rank ordering. Too frequently, it
can be shown to have been violated. Why is this so?

One basic reason is that multiple dimensions exist which share im-
portance because the objectives are also multiple and tend to oppose each
other. The designer would like to use a superior material but he is obliged
to work within a limited cost structure. As the seating capacity of a plane
is increased the amount of fuel it can carry is decreased. With improvement
in the tone of a radio the size of the unit increases. Examples are legion.
If all of the objectives cannot be merged into a single-dimensioned ob-
jective, such as profit, it is easy to see how comparisons between pairs of
designs might accent different components of the objectives. The issue
really comes to a head when we bring up the subject of quality. This is a
term that is commonly used by all participants in the design decision
process. But does everyone mean the same thing when the word is used?

~

32. QUALITY

No treatment of design decisions would be satisfactory if it ignored the
problem of defining the quality of a design and the way in which' design
quality enters into comparisons between alternative strategies. First, let
us note that the subject of quality is not independent of such basic con-
giderations as the optimal product or design-mix. Neither is it independent
of the competitor effect. As a matter of fact we are viewing 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 processcs.

What is quality? It is not easy to define. There are two interpretations
which are frequently interchanged in both ordinary conversation and tech-
nical discussion. Sometimes it is taken to mean that a desired characteristic
or set of characteristics is embodied in a given product. In this case it is
used to impute value. When the statement is made that z is a quality
product, it is understood that “high’ quality is meant. ‘

On the other hand, a quality is an attribute or property. When used in
this latter sense, it is free of value judgment. We will use quality in this
gocond way. When the first meaning is intended, we will specifically state
the degree to which the property is considered to be desirable in terms of

78
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some standard. Our purpose in doing this is to aveid the uncorscio
priori judgment of the acceptability of a particular characteristie .
gpecific design. It may be true that hand-cut glass is a mark of h:gn qua
to some people, but not necessarily to all people. A real leather briefc
may be called high quality by a group whose tastes are predispozed aga
the “‘ersatz’’-the synthetics and the plastics-but this is neither a final
an unequivocal judgment. A large class of attributes (such as color ¢
user’s prestige) are judged to be of high or low quality on the basi<
arbitrary standards. Arbitrary standards have no permanent existenc
time and they will differ among cultures, social groups, and individe
The marketing department is usually entrusted with the problem of
termining thesc stundards. There are many examples of arbitrary que
standards. High quality is frequently attributed to a high-priced prod
even though that product is identical to a lower-priced product mark:
with a different label. Scarcity is another condition which frequently ec.
the appellation of high quality. But these judgments are not univers
accepted and the standard must be called arbitrary.

Fundamental quality standards, on the other hand, are unchanging, b
over time and among cultures. They can be traced to physiological requ:
ments of the human b’ody, basic instincts which characterize human’
and environmental needs which logically compel agreement among
individuals. Thus, if a radio is so designed that all transmitted sounds
distorted, there will bti universal agreement that the quality of so
reproduction is poor. If the handle of a pot always burns the hand of

. holder, there will be no dispute about the quality level of this featur-

the design. Fundamental quality standards require agrecment on the ;
of those evaluating the quality level as to the objectives of the design
the needs to be fulfilled. Once this agreement has been reached, no fur
disagreement should ensue. To illustrate this point, if a soap is intende
clean effectively when used in a washing machine, once there is concurr.
on the definition of “clean effectively,” all individuals-with or wit:
washing machines-will agree in their quality judgments. It is possib:
achieve almost complete agreement on such definitions-hence, the aj
lation: fundamental! quality standards. .
The distinction between arbitrary and fundamental standards ca
useful when the elements of designs are being classified for evaluation
poses. It is not always obvious how to categorize an element. Sometim
is apparent that both arbitrary and fundamental standards apply.
example, consider the problem of defining acsthetic standards. Althe
there is an important physiological component? there can be no doubt
appearance design factors are hardly universal, nor are culture and -
invariant. Measurement of aesthetic qualities and the determinatio

t The operation of the perceptors if nothing else, :
75
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_=tic standerds ws rooted in the psychodynamies of a culture, but they -. = and B. By agrecment two characteristics are isolated as being the majot
wastrained Ly Losaan structure. - - - E;,- determinants of quality and therefore preference (and therefore attainment
Tyese remares 4% 4uality can be amplified in many ways and a great . of the objectives). We shall call thewe characteristics 1 and 2. The quality of
2y of exarsples = be drawn to support the major points which we are - each design is rated with respect to the two charucteristics. Thus A, is the ’
gty estublisk s aely: ) o quality evaluation of design A with respect to the first characteristic; ’
. vt C I o N Y af . & similurly B: is the quality evaluation of design B with respect to the second
7% The quaiity <£ 2 design is a function of some sex (.)f \t:\.ndards. = characteristic. By switching from the analysis of the design as a whole to ‘
2, If the stazzzr% s a furdamental one, then there is universal agree- i> 7 the analysis of cach design characteristic, the dimensional difidulties that !
ment. Such 22.dards are usually time-invariant. e are inherent in over-all evaluation can be avoided. Consequently; violations
=, If the etaosor? s an arbitrary one, then quality evaluations can o of transitivity can be eliminated. !
and will ckznz2 over time in some logical fashion. The process of :' > Next a sct of weighting factors is chosen. Individuals of the design team
change iz =z rzdom oce yet consistent within its own framework.? s; may not agree on the assignment of weights. For that matter, there will
A technolrzi2: hreak-through opens up new design possibilities and :E‘ probably not be complete agreement on the quality standards and measures
can alter prevcus standards. 15 that are to be employed. At least all such disagreements can be discussed
1) Arbitrary s227%ards are not only different over time, they are also ‘} because they are objective (although qualitative). We will return to this
different a2 =y given point in time among individuals, groups, and s subject again. But ﬁx:st. let us sce what ls-done with the weighting factors
cultures. TH=5x. *here is a need to consider demographie and psycho- - and what is wrong with the method that is con.lmionly employed.
logical stratf-ation of consumers-a marketing function. ;:?, Let the. \‘.:elghts be w, for tl.le first ch?ractcr{stxc. and w0, for the sccond
5) A great numier of quality judgments must be rendered for each R characteristic. Then the Iquality of design 4 is given as, Qs = widy +
design. W%.% the judgments will not be independent of each other ¥ wids, and the quality of design B is, Q5 = wiBy + w,B,. This is what Is
Sl rre nant v infer hizh quality to all propertics of one g done in thos.c circumstances where extra effort is being expended and where
‘he?’ Will 1% LIAILMOusY | &N QU F. formal qualitative (quasi-quantitative) methods are allowed. We shall un-
design. Sor-. attributes will be more important than others. One yia ver the fund tal that is bei de by taki fio exe |
high quality ¢zx outweigh a score of low qualities in the same product b co e, uncamental efror that 1s emg. made by 1ng 3' SDecluc ex» .
. . i - ample. We will compare the qualities of two boxes, each of which contain
design. L‘?‘{'_ one apple and one orange.* To begin, let us assume that a highly-skilled .
- must therefore ©r.d a means to accomplish the following: f“ fruit grader determines the following: Box A contains an apple of grade 2
) . . . . . {%°  and an orange of grade 5, where 5 is the best possible grade and 1 is the
D _We must 5o a'r,Ie' to measure th:; quah_t y 1:\ el ‘;f eafilngl;?;a;ot:rézil; ;‘" lowest grade. Box B contains an apple of grade 4 and an orange of grade 3.
maprodl'xct'. Ihis requires the determination of a s ] "“‘ One of the designers of the box of fruit states that in his opinion the
characteristic. L ) : contributions of the apple and the orange to the over-all quality of the
'2) We must be able to combine the separate judgments rendered for :¥*  combination are equivalent. By this he means that his preference for either
each characteristic in order to produce a resultant measure of quality. §:§ one of the boxes will be equally influenced by both types of fruit. The im-
3) The resultant quality measure should express our preference for each ; plicit assumption is made that he is not speaking about his own preference.
design alternztive. It should be immune to violations of transitivity. ;*“;_," Instead he is attempting to mirror the consumers’ attitude and make his
- . - . 5 preference equivalent to the profit potential of each type of box. Then, at
ALY . . {‘;h least for this decision-maker, the quality measures would indicate equal
RESULTANT QUAL - . ‘ ~ "’_: quality evaluations for both boxes. Thus: ) ) ‘
We shall begin in a simple way by using & very common rgethod :)I {f’ Q (Box A) = (1)(2) + (1)(5) =7 and Q(Box B) = (1)(4) + 1)(3) =7
) . e . L are desi e T
sluation that i totally wrong. Our intention is to comp &ns t,:r We are not going to quarrel with the choice of weights. M'ar}lc_gf, surveys ,
The process i of the Markov type, where the state at time f is a function of the ‘:‘ could be conducted to lend support or contradict the contentions that they
-& a¢ time £ — 1. The rules for transitipn may be quite complex and the number of ltu
Zhle states may be viry great iadeed. All possible states wili seldom be enumerable- S5 ¢ The characteristics of the design (box of fruit) are, characteristic 1: apples; char- A
=y of them are hiddin until tkey are discovered by creative insight. :‘:‘ acteristic 2- oranges., : |
ta LN
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-nt. Neitt  shall we disagree with *he quality evaluations of the - e Q (Design C) = 3(300) + 2(1) + 3(1)'___ 1503 (cents + ft . 1b)

-, Presumably, he is a sensitive measui.1g instrument. If one doubts e o P =9 Sron s - B i

. secor.d grader can be obtained and the test procedure replicated. ‘.’; Q (Design D) = 3(200) + 2(2) + 3(2) = 1010 (cents + ft + Ib)

:he reliability of our first grader has been authenticated we can relax : - The preference has now switched to Design D. The results are intoleratia
s point. The relationship of the grades themselves to the consumers’ . This system of evaluation has been discredited by example. Underly': 2
stion of quality is another traditional area for dispute, but here too S these illustrations are the basic requirements of dimensional consistency.

The method used above for comparing alternative designs produces Ji-
mensional abominations. ow then should we proceed?

We must multiply the quality measures instead of adding them. [‘.:e
weighting factors will be exponents associated with each churacteristie. :
Thus: . .

-ogrize that market surieys can be employed to lend credance to
rading system. We find something else objectionable-namely, the

.dure that has been used.

X

:

+

AN gl M
v, P . " 4

IMENSIONAL ANALYSIS . i RN Qa = APA] and Qs = B{'BY
k3 _ For the box of i'rmt this will give: - ;
't us determme the dimensions of the quality measure that was ob- R ) s |
-d above. We have added apples and oranges and our result is ex- T Q (Box.l) = (2! (5)! =10 and Q(BoxB) = 4)'(3)! =
-ed in these terms. But what does the dimension epples plus oranges 5 Since the objective is to obtain the highest number-Box B is preferred.
2? The answer is: “nothing we can understand.” Let us underscore this 7 With respect to our second example we obtain:® |
‘usion by considering another example. Assume that two designs are ._: _ s 2 ring ) i
2 evaluated in terms of their cost, size, and weight. The objective for i Q (DesTgn 0) = 3*(12)*(1)* = 34,992 (dollars X in. X Ib) i
1 of these characteristics is to obtain the minimum value. (The objective Ei’ﬁ“ Q (Dc_sxgn D) = (2)5 (24)? (2)* = 147,156 (dollars X in. X 1b) ‘
he fruit box was a maximum vz;lue_._) .t\ssume the follow1r-1g da@:_ Hr Our objective was the smallest number and so Design C is preferred. Now
- - - ' "2 let us go through the same set of scale transforma.txons that we prenol..;y
Cost Size Weight .%k used. i - :
Design C 3 12" 14 ?{- Q (Design C) = (3)5 (D21 = 243 (dollafs X ft X lb)
esign 1. :
Design D 32 24" 24 *f Q (Design D) = (2)° (2)* (2)* = 1,024 (dolla.rs X ft X lb)
i P
Importance - 5 2 3. ?f: This time, Design C continues to remain the choxce Lastly, - .
‘ Y e T AR i = 5 (1)2 (1)8
g the incorrect method we obtain: : _ S £ ﬁl Q (De§1@ €) = (300)° (1)* (1) o
@ (Design C) = 5(3) + 2(12) + 3(1) = 42 (dollars + in. + 1b) “;{:i I 2,430,000,000, 000 (cents X ft le) {
Cow . . . . !
Q (Design D) = 5(2) + 2(24) + 3(2) = G4 (dollars + in. 4 1b) :*3,,," Q (Design D) = (200)% (2)2 (2)* < - .
L C, having a smaller evaluation number, is the indicated choice. é’ _ = 10,240,000,000,000 (cents X ft x lb) !
, let us transform inches to feet. If the method of evaluation were [—}*' which is also a Desxrrn C chmce . . i
*ct then Design C would qontmue to be preferred, since there could ‘i:'. - To understand the nature of what we have done let us find the ratios of
.0 logical basis for using an inch scale instead of a foot scale. We have: = . each paired comparison. These are for e ot ldition:
Q (Design C) = 5(3) + 2(1) + 3(1) = 20 (dollars + ft + 1b) :?i - - ” - - . 2 - 1.505 '
Q (Design D) = 5(2) + 2(2) + 3(2) = 20 (dollars + ft + Ib) _ {“?.’:;- 1 & = (.66 @) 20 = 1.00 (3) 1010 = 1.49
’calgns are now reported to be equivalent. Apparently this method of Z
ation is not invariant to the scale of our measuring instruments. As E}: 8 For ease of computation this can also be written as: l
or example let us change dollars to cents. Then: ’;‘;_ log Q¢ = w1 log Ci + w2 log Cz + wslog Cs ,
[ X . !
-2 ) !‘." 83
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A for the method of multiplication: -* =%+ '__3_* T T ,:fi': . One ndditio'nal cha{act?ristic pf the mu_lt:iplication method should _be
I o ) "’4"('10)"’_ - S noted. If a mix of objectives exists, then it is necessary to use negative
1 329892 _ o4 @) _Zﬁ. =028 - (3) So— =024 &= - exponents. For example, if we wish to have a minimum of cost and 8 maxj-
T L7456 L _U_)Z* - - . 1,024(10)1 3 mum of strength, we would select the design alternative with the smallest
n dimensional terms, the ratio with addition is of the type: o ‘:,; ) quality evaluation number from the set of such measures: . .
. ((lolluré) - -7 (it-!.‘ oL (lhs' ."_"; " _QJ. = (C,)uu(s")—uv _ (_CL)‘”(S.)"'
{doilurs + in. +1b) ~ (dollurs + in. + pounds)  {dollars + . 4 Ib) T QG (Co)n(Sy)~w (Ca)(S,)=
. . - . ¥ . . . . vty .
This cannot be further reduced. The ratios derived from multiplication 5 where C, is the cost of the jth design, S, is the strength of the Jth design, and
ield a pure number, e.g., . . i': the asterisk represents the standard design. :

We now have developed a practical means for assigning outcome values

. i®
(dollars X . X B _ pure number 3:5', when other approaches cannot be used. A noteworthy benefit of using this
_ (doltars X . X Ib) ] . g‘ procedure is that it forces all participants of the design team to specify the
It is conclusive that the multiplication method is the correet approach.® = factors that are playing an important part in their own individual thoughts
) . . . ) . about the problem. First, the critical characteristics must be listed.
. i . e Usually a master sheet would be drawn up that included every charac-
‘!5: A STANDARD FOR COMPARISON '": teristic s.uggesth. If there is disagrecment as to what should be included
_ ) «.£ on the lxstt] the d(;sputc 1(;:mi\bcle resoflved wh(}eln }tlhe wc&ghts are ass'xglned. A
- ratios have significance when we apply this method to obtain Z zero weight produces the ivalue of one, which in effect is equivalent to
pn(z)f;ﬂrzn:: measures. Ogur outcomes are therefore only relative but that is =, dropping consideration of "the disputed characteristic. The operation of
enough for the purposes of choosing one strategy out of a set of possibilities. 1y assigning weights is also of great utility since it communicates the attitudes
"Thus, for the box of fruit the outcome ratio is: : . X and ideas o.f* each member of the desxgn team. .There is no-ot}'xer effective
) -- S - : . S way of achieving the vital understanding that is required if differences of
- %9"_*; = _;_g = g - ' . (‘% opinion are to be resolved iE the company’s favor. At the same time, there

0x ) :

r. -

and since we want as large a number as possible we choose Box B.

When we are trying to obtain outcome values for our decision matrix, the
LP product-mix analysis, or the competitive payoft matr:L\', it is useful to
take ratios with respect to a standard. In this case, the best possible design
for the box of fruit would be an apple of grade 5 and an orange of grade 5.

.,..
)
W

o el

‘4
A

- eie e or

is nothing at all conclusive about these value judgments. They will differ
from individual to individual and frequently can differ for the same
individual over a 15-minute period. oL L e

Outcome values would be derived for each intersection of the decision
matrix. If, for example, the states of nature are by user categories, then a
different set of weights would be assigned for each column—depending upon

Using the weighting system previously specified, our ratios with respect :‘ - the characteristics that each type of consumer looks for in this product. -
to the standard (best possible) design would be: .. L ,f ] Onge all of the outcome values.are supphefi, the expected values can be
i . - - isd derived and all procedures previously described can be utilized. With re-
! - Boxd _ 5 - and _BoxB _ 6 ;‘,3 spect to the design-mix problem a quality-preference equation, rather than
- Standard 25 . Standard 25 5‘: .- e profit function, would be maximized. For the competitive decision-making

I e
T 8t

) ’ . sy o : ’ : he payoff measures should express the competitive advantage
is ightin stem. This is easily ac- . Bystem, t : Vs . Al
corlrfplgsits; g;eirtxlzlﬂ:ion;tiﬁg zi\r'gilégtzh:u;;eti on(;g, Zn, or one hundred_y We " that a particular combination of strategies would produce. This is the most

i1

N

.};\ X

used ten for the three-characteristic example. In the case of the box of 5 difficult area with respect to applying the preference measures, but.with a
4fruit we could have utilized weighting factors of one’half. Changes of this ; i degTI;e of.mgenuxtyt'somebheid.\tvcgl can be made. ¢ probic ; s can l;e severe.
gort will affect the ratio values but the order of preference will remain the i- J€T€ 1S no question about 1t-the measurement problems ¢ severe,
.. . . . - i particularly with respect to the arbitrary type of standards._‘i\'hen the fruit

same. - R :‘; grader rated the orange in Box A as the best possible grade we recognize

h . x N . N . - td .l - .
o E.'or furtber discussion of these points s‘ce P. W. Bridgmun, Dimensional Analysis :;;' tt?'tfhe_mUStdha‘e h;ls 0“?\ Cnt'en.;- :‘ et‘:nay “l(])t be l‘:lumﬁsits ag}icr:lg:
(New Haven: Yale University Press, 1922), pp. 21-22. i‘f this fruit grader until we know what ra ing scheme he 1s g.
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.t out in detail. ife obviously employed various valics of w by deciding
certain qualities of an orange werc mo.. importaat than others, We

t that, his basic measurements of quality levels zre reproducible, but .

wnnot find out until we make him break down the decision-evaluation
.m that he used. He might have had such categorics as: the shape of
“ruit, the color, the firmness, the size, the weight, and so on. Notice

these eutegories begin to become measurable s they become more
Jed, and a standard for such measurement can te set.

-

QUALITY CHARACTERISTICS L
ofore we conclude this chapter let us consider somie of the characteristics
might normally be involved in a quality evaluation, To begin with,
have a set of characteristics which might be ealled “functional.” We
! divide the functional characteristics into three classes: (1) efficiency
arpose, (2) man-fitness and (3) reliability. We cha!! discuss them briefly.
second major elass can be called “nonfunctional” characteristics.
'se are composed of such factors as appearance, communication of
.cepts, and timeliness. However, we shall merely mention them. Cer-
1ly, there are other ways of grouping factors. No claim can be made
t these categories include all possible quality characteristics, but they
represent a synthesis that may be helpful. Discussion at this point in
aewhat more specific terms can also reduce the abstractness which is
.erent in efficient presentation of method. .
Vith respect to our first point, efficiency of purpose, we will find such
-egories as: speed of action, ability to clean, heat generated, light pro-
led, ease of using, clearness of type, and versatility. Each product-type
product class has its own particular purposes. It is essentially through
mification of these basic purposes that one derives the concept of a
sduct class. We cannot expect to find a set of characteristics that will
rk for all products because the purpose characteristics are the major
1ning feature of the designs that are being investigated. A point must be
de, however: all possible purposes that can be conceived should be set
wn at the initial stages in the development of the product design.
ually, the designer has these in mind, but seldom is he specifically com-
ssioned to create a thing which accomplishes z, 5, and 2. Purpose should
painstakingly detailed. Frequently, an unrecognized use appears for a
ven product design at a later time-long after a selected design is accepted
.d put into production. Such by-products frequently delight the product
nagers when in fact they should be conscious of having missed this point
Jing the developmental stages.‘Fortuitous events are not to be scorned-
r do we intend to give the immpression that a creative event after a
aduct has been marketed should be subjected to scorn and derision.

!
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Somectimes the by-product appears as a result of a change in the .iarlot,
and in this casc one might ask: “Was this change anticipated?”’ No malter
how operational we get in our approach to the design problem we eannot
hope to answer all such questions and we eannot begin to believe oursels 3
infallible. But the fact remains that in a logical system, most by-product
possibilities should huve been anticipated, and the dynamics of the market
in this regard are at least in part predictable. The prediction may not Ixa’
good one. We refer only to the fact that a prediction should have been
attempted. )

Thus, for a stupler we want to list quality characteristics which irclude
the force required to drive the staple into many different materials. In
addition we want to know the force required to drive the staple through
various thicknesses of paper. And we include other quality characieristics
such as the kinds, sizes, and shapes of surfaces to which it ean be applicd,
the ease of filling, the frequency with which it must be filled, the ne&essity
of keeping the mechanism clean, the ease of cleaning, and so forih. This
work may seem exhausting, but it has a very important benefit. It dilizently
details all of the purpose factors which influence the consumers’ judgment
of quality. Assuming that the purpose factors are of importance in most
consumers’ minds, it permits us to approach the problem of evaluating
ulternaf,ive designs in the manner we have deseribed. - . AT

Man-fitness was our sccond sub-category within the functional quality
characteristics. Here w; are talking about the correspondence of the kuman
form and human abilities to the product characteristics. This subject has
been treated at some length in the literature under various names, izcluding
human engineering, bio-mechanics, ergonomics, human factors, azd engi-
neering psychology. Being dissatisfied with these names, we have coined
our own term for this publication hoping that this extravagarce will be
excused in the light of the proliferation of descriptive names currently in
use. Such characteristics as weight, size, handgrip, foothold, seated com-
fort, comfort in general, readability of dials, clarity and. perception of
sound, taste, smell, tactile sensations, all play their part in the formation
of this category of qualities. These are not primary purposes of the design,
but they are accompanying restrictions. . S

37. THRESHOLDS =~ "< -~ . 3% ST s

Most of these man-fit qualities have thresholds below which even the
highest quality of purpose fulfillment must be ignored. For example, a
pen which writes forever without requiring refilling will not be coasidered
as having a high resultant quality level if writing with it is painful, or if
the hand is flooded with ink. The man-fit area is not the only one in which
thresholds exist, e.g., soap that soils, a knife that does not cut, 2 glass that
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=, In all of these cases, the value w will change when a threshold is
'd. Let us consider the comfort of an automobile seat. Assume that for
~ticular group of consumers it has an importance of 3 out of a possible "
soints. That is, Wy = 0.03. Figure 36 presents a representative curve
aality evaluation as a function of the height of the scat. We presume
one of the basic similarities of our chosen consumer group is similar
:t and build. Within a normal range of seat heights, w,,, = 0.03.
ever, at the extremes the contribution of seat height to resultant

Y v,
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P

ity becomes distorted. In fact, the seat becomes the most important -

r in the consumers’ evaluation of the car. These are value thresholds,
a possible value function is shown in Figure 37. We must obviously
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con..;der such thresholds w hen we n.,tcmpt to measure the rcydlmnt quahLy
of a design.

The contribution of v "mcty in terins of man-fitness can be called func-
tional variety. It is of major importunce. Cinderella could not have become
a priucess if the glass slipper could have fit her step-sisters’ feet equally
well. Sclf-fitting materials, such as streteh-<ocks, are part of a revolution
in technology. Children some fifty years hence may judge the Cinderella
story to be unreal-so accustomed will they be to sclf-fitting materials in
garments and shoes. Meanwhile, functional variety is an absolute necessity
if new scgments of a potentinl market are to be added to the company's
over-all potential. This factor can be included in quality evaluation. It is
not the same thing as the variety induced by the capacxty, product-mu\
analysis.

Our third functional quality class eoncerus the reliability of thc design.
Primarily this refers to the performance of the design over time. One of the
major aspects of reliability is total failure. Some products are subject to a
gradual deterioration. Others will perform as intended and then suddenly
fail. Most products exhibit a combination of these characteristics. A great
deal has been written on thd subject of failure rates and reliability. Manu-
facturers’ guarantees are significant indicators of the existence of thresholds
applicable to this category. Thus, if an automobile fails within the first
thirty days or some given number of miles, the consumers’ evaluation of
the product would weight the importance of this low quality in an extreme
fashion. Furthermore, we see? from this example that the weighting system
may shift over time. Many automobile manufacturers are extending their
guarantee period as a result of increasing importance being placed on this

e mbremts hms b v o omin iem et e e Ao e ia e i A e LA o R e s vt ¢ mitom s o Suend

B AL

characteristic by the consumer. This gives us an example of the dynamic . °

" properties of the value system. How can we cope with this aspect of quality?

Briefly, we “are foreed to predict a trajectory for the value or weighting
system. Then quality ratios are obtained for different points in time. The
means of achieving the forecast are circumscribed by the body of Lno“ ledge
which presently exists in the subject area, ) -
Our present discussion applies to refrigerators, light bulbs telex ision
sets, and also to bars of soap, tubes of toothpaste, and cans of food. In each
case, the life expectation, the degree of variability of the lifetime, and the
importance of the lifetime will differ. But in general, the quality evaluation
of the lifetime property will increase as the lifetime itself increases. This is
& monotonically increasing quality function unlike the inverted U-shape
quality evaluation for the height of an automobile seat. For characteristics
of this kind the optimal quality is associated with the maximum number of
the characteristic. On the other hand, when we consider the degree of drift
from a fixed precision level, e.g. observable wear on silver-plated dinner-
wear, reduced illumination from aging flourescent bulbs, worn heels and

“soles on 2 pair of shoes, and so on, the quality judgment will monotonically
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e with  _reasing drift. In this cas~ the objective will be associated
% ke minimum number of the character. .tic, zero drift Leing the highest
1ty measure.
r=re is not very much that we ecan say explicitly ubout the nonfunc-
-=1 domain. The three functional sub-categories have received extensive

z.ueering and scientific study. The required measureinents or estimates
=6t easy to come by, but they can almost always be approached. In ihe
ziunctional area, very little work exists. The reason for the dispro-
~iziute emphasis is casily understood. The functional categories reflect
~amental standurds for the most part. The nonfunctional region is

. with shadows aud eclusive forms. The foundations are almost ex-
-ively in the realm of arbitrary standards. This has led most serious
sstigators to shun the nonfunctional quality area. IHowever, the fact
:ains that by sticking onc’s head in the sand, one does not avoid the

- easant, the dangerous, and the threatening. The nonfunctional quality
= is too important to iguore. There is very good cvidence that in the
ermination of resultant quality nonfunctional categories can play a
:or role.” Nevertheless, it would be inappropriate to do more than stress

‘mportance of the nonfunctional categoiics at this time-and to state
1t no design analysis can be meaningful that ignores these characteristics.
-e marketing department can usually enumerate those categories that

relevant for any specific time and place. They can also supply the
zntial data and estimates. For any specific problem the nonfunctional
-nain must be included and examined in as objective a fashion as is
-=zible.

This is particularly true with respect to thresholds that operate in this domain.
-# can be traced to the nonfunctional eategories more frequently than to the fune-
«:2} categorics. Also, there is probably no greater condemnation than to label some-
=g ‘“‘out of style.” : T
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7 SIMULATION METHODS

We have developed a varicty of analytic methods for resolving preduct
design decision problems. They were presented as much as possible in the
context of actual use. Accordingly, Chapter 6 was devoted to practical,
qualitative (or quasi-<uantitative) means for determining outcomes that
could be used in analytic systems. There are times, however, when analytic

. methods are applicable only in theory. This is frequently the case when

complex outcomes must be determined. For example, consider the following
problem. A number of alternative designs are on the drawing board for
Mach 2 airliners. The flight characteristics of each plane design can be
partially determined by using mathematical equations. Models in wind-
tunnels are used to fill in some of the missing information. In the last
analysis, many critical factors remain unresolved until an actuzl, full-scale
prototype has been constructed and flown under a variety of conditions.
Why aren’t all of these problems amenable to early analytie solution?
The answer is that w do not know enough about the functional relation-
ships between the controllable variables, the noncontrollable variables, and
the outcomes. - - - oo

38. COMPRESSING TIME ] A

Wind-tunnel models and towing-tank models are both examples of
concrete, physical representations that are purposefully constructed to
interact with a controlled environment. All relevant states of nature are
anticipated and a dévice is built to simulate them. By simulation we mean
that a controlled representation of reality is utilized in order to obtain
information about the bebavior of a system. We use simulation instead of
analysis because the system is too complicated to permit inference to work.
Instead, observation must be used. Sometimes it is more economical to use
simulation than analysis. At other times the mathematical equations that
describe the system cannot be solved. For these reasons, simulation is
particularly well suited to product design problems. The fatigue charac-
teristics of moving parts can usually be derived by laboratory tests. Vari-
ations of temperature, humidity, atmospheric conditions, and other
relevant environmental variables are easily included in such experiments,
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El objetivo de esta plética es llegar a establecer claramente cual es
. la funcidn 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 gue nos preguntamos el por gue se considera tan novedoso
y porque no ha sido ya aplicado intensivamente en todos los campos. Es
cierto, no es novedoso como posicién, ya que en todas las épocas ha
habido siempre quien intuya que formamos parte de un gran sistema y que
todo acontecimiento o accidn tiene un impacto mayor y més sofisticado
del que hemos logrado preveer. El problema ha sido siempre el tratar

de explicar este fenSmeno y de obtener algo que nos sea de utilidad.

En el hombre antiguo las interrelaciones que tenfa con otros hombres,

con el medio y con el proceso histérico eran mds aisladas, ya que no

contaba con los medios de comunicacién actuales en cuanto a informacién

y movimiento; y por lo tanto le era dificil el analizar hechos y

situaciones si no eran como‘simplea consecuencia directa de un acontecimiento

existente. Ty

E1l hombre clasificaba lo que le rodeaba y sucedia dentro de grupos y procesos
sencillos que cubrian sus necesidades de informacidén para manejo de su
medio ambiente; lo que se salia de esas normas cafa simplemente en el

campo de lo midgico o lo extraterrenal. Era un proceso en el cual por

(1)

falta de comunicacién el impacto que tenfa un hombre o una sociedad

(1) Nota.- En este trabajo se considera que el conocimiento es parte de
la comunicacién, como interrelacién de la verdad fisica y el
hombre.




erg siempre limitado; habia mucho tiempo entre cada acontecimiento que
permitia al hombre asimilar o controlar los cambios y grandes distancias
wr !"

: ?
que ayudaban a aislar su impacto.

En la actualidad gracias a la comunicacifén la dimensién 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 gue estamos

participando en un proceso que ya no logramos controlar.

Cada dfa es mds evidente el problema de las ciudades como un sistema del
cual estamos perdiendo control, no solo en términos de contaminacifn y
sobre poblacién, sino también en términos de integracién fisica, social

y cultural,

Esto ha obligado en los Gltimos afios, a cuestionar las bases que heredamos
de andlisis y control y ha cobrado fuerza una antigua actividad, la

actividad de la planeacién.

Veamos cual es la situacifin actual de esta disciplina a nivel mundial.

En el marco general es patente la preocupacifin de varios técnicos en
analizar y explicar cual ha sido nuestro proceso de desarrollo socig
econémico para intentar asi, justificar 6 atacar los factores que cada

uno cree ha hecho inoperante al sistema (centralizacién, dependencia
interna-externa, reforma agraria, industrializacién, etc.). En el campo
metodoldgico la idea de perfeccionar las técnicas de elaboracitn y

andlisis de proyectos—due habfa sido uno de los objetivos bdsicos de muchos
afios— ha sido insuficiente, pues ha conducido a que en la mayoria de los
casos la mejor posibilidad de cuantificacién y deteccién de variables

econémicas no reflejan todavia desde el punto de vista social, las mejores




alternativas. Es muy notorio el hecho de que actualmente entre los
planificadores hay dos,generacioﬁes con principios distintos; aquella

! ?
que vé los problemas gue van surgiendo como factores mids o menos
independientes (vivienda, salud, educacidén, servicios etc. etc.) los
cuales hay que ir solucionando para continuar operando eficientemente el
sistema establecido, y otro grupo el cual vé los problemas como una serie
de manifestaciones de un sistema basado en una desigualdad econdmica,
politica y social. Es decir, hay un grupo que no vé solucién o planeacibn
posible sinc: un cambio profundo en nuestros valores y en nuestros’
principios econdmicos y otro que vé la planeacidn como el ir intentando

resolver aisladamente problemas manifiestos.

Por Gltimo hay otro punto que considero el mds importante, la conciencia
de la gran mayoria, de la necesidad de un nuevo enfogue gque permita
analizar los problemas como manifestaciones interrelacionadas, para
permitir un paso mds fiel de—la~laneacibn a la ejecucidn. E1 andlisis
de toda la problemitica del desarrollo y de sus intentos de solucidn
desde el marco concepéual de la ciencia de los sistemas,como enfoque gue

permite a un grupo multidiciplinario el comprender un proceso dindmico

y participar con pleno conocimiento en la toma de decisiones.

En esta primera parte vamgs a ver someramente que san lossiétemasy como
influyen en el proceso de planeacién. Vamos a seguir en principio algunas
ideas que,-aunque del dominio piblico, George Cha-dwick en su libro "A
Systems View of Planning" nos proporciona en cierta secuencia que se
acomoda a nuestra introduccidén, es quizd también el principio de todo

tratado sobre sistemas.

Después de millones de afios de existir este planeta, surge de un pasado

impreciso, una especie que empieza a diferenciarse de otras en sus




facultades de juicio y seleccién 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 aungue esto es sflo una pequeriisima parte del sistema
galdctico que empezamos a descubrir, en él estd la Tierra, uno de los

mé&s pequefios planetas de este sistema solar. Esta estd envuelta de una
delgada capa..que pesa quizd _.una milmillonésima parte del peso total del
planeta, un fenémeno quizd trivial en términos césmicos, pero esta
delgada capa de seres vivos es para nosotros la circunstancia principal
de nuestra existencia. E1 hombre no es mds que uno de los tantos
integrantes de esa capa, uno de los mis recientes. Y a pesar de tener
mds poder que cualquier otro ser sobre el planeta, sigue siendo tan solo
una parte de la pelfcula que nos envuelve. Como los demds seres necesita
aire para respirar y le es indispensable el agua. En su movilidad estd
estrechamente adherido a la tierra; a pesar de su inteligencia el hombre estd
perdido sin lo que produce la tierra como alimento y para manufactura$ no
podria sobrevivir sin vegetacién, sin los productos de distintas capas
geolégicas, sin lluvia, sin sol, viento, todo lo que forma su cambiante

y en cierto sentido estdtico medio ambiente, El mismo de otras especies
y plantas. El hombre es parte de la ecologia del planeta, un sistema

de interrelaciones entre la tierra, su atmésfera, su clima, su vegetacidn
y sus habitantes de una admirable complejidad y que es adn una diaria

experiencia humana.

Aunque complejas, ya estamos acostumbrados a agrupar estas interrelaciones
cuando describimos alguna situacién, por ejemplo, hablamos del sistema
césmico para describir aguellos fendmenos gue estdn en el extremo de lo

mayor gque podemes imaginar y de sistemas de dtomos, cuando queremos




describir lo.mds pequefio que podemos concebir.

Asimismo, describimos relaciones entre grupos de animales localizados

en su medio ambiente, con su vegetacidén y su clima como un sistema
ecoldgico o ecosistema, con variaciones eH tamafio y complejidad entre sus
relaciones en los que podemos tener conjuntos y subconjuntos de acuerdo a
patrones de comportamiento, alimentacidn, especie, sexo, etc. Estos

conjuntos y subconjuntos son los sistemas y subsistemas de nuestro

ecosistema o sistema ecolégico total. .

E1 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 encuenfra ante la necesidad de ajustarse

a las condiciones naturales, pero a diferencia de los demds es capaz también
de modificar éstas hasta cierto grado. Tanto el hombre como los animales
necesitan comida. Esto era y~es’proporcionado aniguilando otras especies

y consumiendo plantas, pero los animales a diferencia del hombre buscan
agquello gue estd 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. Aqui 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. E1l hombre se ha movido de buscar refugios naturales
como drboles y cuevas a construir su propia vivienda, primero de materiales

naturales que aparentemente le imponfan limitaciones fijas (como el tamafio




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 lograria la naturaleza por si

"

misma. Aquf podemos ver que el hombre aparece como una especie "optimizadora

(valga la expresifin) en bases distintas a los demds.

Ellos optimizan ajustdndose con sus limitacionesalas condiciones naturales
o evolucionando en seres mejor adaptados a esas condiciones. E1 hombre

es un ser ya evolucionado que es capaz tanto de adaptarse a las condiciones
naturales como a buscar concientemente cémo optimizar sus recursos y

modificar a su gusto el sistemanatural existente.

En esta blsqueda de lo &ptimo el hombye estimard una situacidn futura

compo base con la cual comparar las posibles soluciones a un problema presente,
es decir, &€l se decidird por aquella alternativa que considera lo llevard

a la situacidn deseada por la linea del menor esfuerzo. E1 hombre intenta
minimizar sus recursos hacia un objetivo establecido o de maximizar sus

resultados a cambioc de un recurso dado.

Estas consideraciones han sido un intento de mostrar al hombre en su relacidn
con el mundo en que vive; se ha hecho quizd a expensas de otros aspectos que
son por lo menos igual de importantes, pero un pasc necesario ya que ngs

ha dado un concepto muy general de lo que son los sistemas y la planeacién.




GRAFICA 1

Esta grdfica intenta mostrarnos algo de bdsica importancia. E1 sistema
de valores humanos es la habilidad de raciocinio que nos gufa a valuar
unas cosas mads que otras, y el adjudicarle éstos valores a diferentes
situaciones es 1lo que motiva al hombre a hacer todo lo que hace. E1
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.

£l tener valores, de cualquier tipo, es lo gue motiva al hombre a actuar

ya sea escalando una montafia, casdndose o yendo a Oaxaca a descansar.
PR A-U S A

Todas estas actividades tiemen una localizacidn; algunas ocurren en dreas
geogrdficamente determinadas que podriamos 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 fisico y pueden ser representados o codificados en un sig_gdmero

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

[N

gue a mayor profundidad podamos realizar.
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biente 'natural.

La naturaleza incluyendo
&l hombre y su medio am-

SISTEMA DE VALORES
Valores
Metas

Objetivos

SISTEMA DE ESPACIOS
ADAPTADOS

" ESPACIOS DE ACTIVIDAD

CANALES

SISTEMA DE ACTIVIDAD

Actividades

Flujos
?

EL SISTEMA  HOMBRE ~ NATURALEZA




SISTEMAS.

DEFINICIO.ZS DE SISTEMA. _

Diccionarios.

1) Conjunto de reglas o principios enlazados

entre si.

2) Conjunto de cosas que ordenadamente relacio
nadas entre si, contribuyen a determinado -

objeto.

3) Biol. '"Conjunto de 6rganos que intervienen

en alguna de las principales funciones vege

tativas'.



Johnson,
Un sistema es un todo organizado y complejo, implica un
complejo interconectado de componentes o partes funda--

mentalmente relacionadas, que forman un todo unitario.

Chorofas.
Combinacién o disﬁosicién 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 sistema es un conjunto integrado de elementos inter-
actuantes disefiado para llevar a cabo en forma coopera-

tiva una funcién predeterminada.

’

Fuckley.
Sistema es un complejo de elementos o componentes direc

ta o indirectamente relacionados en una red causal, de

modo que cada componente estd relacionado de modo mis o

menos estedle, en un lapso dado.

10



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 interaccién.
Hay leyes generales para los sistemas independientes a
la naturalezagde los elementos componentes y de las re-

laciones entre ellos.

Wilson & Wilson.

‘

Hall.

Un sistema es un conjunto de partes interdependientes o
interactuantes, cuyas relaciones entre s{ o entre sus -
atributos, determinan un todo unitario que realiza deter

minado efecto, funcibén u objetivo.

Un sistema es una serie de objetos con determinada rela-

cidén entre ellos y sus propiedades.



SISTEMA.

Conjunto o combinacién de objetos ¢ partes;
Integradas e interdependientes

Cuyas relaciones entre si y con sus propieda
des las hacen formar un todo unitario y orga

nizado;

Que cumple determinado propésito o realiza

determinada funcién,

Y que puede mantener cierto grado de estabi-
lidad, aunque la materia y la energfa que lo

compongan estén sujetos a cambios constantes.

4

/2



TEORIA GENERAL DE LOS SISTEMAS.

'Bouldiné.

Von Bertanlanify
Shoderbeck
Hopkins.

Es el esqueleto cientffico 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 légica-metemitica, entre las al-
tamente abstractas generalizaciones de las matematicas
y el nivel de generalizacién de las disciplinas especi

ficas.

/3



Para lograr esos objetivos una teorfa general de los siste-

mas deberi 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.

i.-

Integracién.~ Un sistema es un todo indisoluble que
esti integrado por partes interrelacionadas, interac-
tuantes e %nterdependientes de tal manera que ninguna
parte puede ser afeétada sin afectar a 1las otras par-

tes.
Subordinacién.- El todo es primario y las partes se-
cundarias. El papel que juegan las partes depende del

propdésito para el cual existe el todo.

Dependencia.~ La naturaleza de la parte y su funcién,

se derivan de su posicién dentro del todo y su conducta

es regulada por la relacibén del todo a la parte.

"



Unidad.- El todo se conduce como una unidad, no im-

portando su grado de complejidad.

A

Estabilidad.- La identidad del todo y su unidad se
preservan aunque las partes cambien. El todo se renue
va a s{ mismo constantemente a través de un proceso de

transposicién.

Organizacién.~ El todo es mis que la suma de las par-

‘tes. El todo tendri caracterfsticas diferentes que la

de los componentes en forma individual.

Jerarqufa.- Los sistemas estén relacionados en forma
jerérquica. 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 fenémeno

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 quizi una de las mids sencillas
y Gtiles sea la de Stafford Beer que se basa en los princi-

pios de probabilidad y determinismo.

- SISTEMAS DETERMINISTICOS SIMPLES

- SISTEMAS DETERMINISTICOS COMPLEJOS

- SISTEMAS PROBABILISTICOS SIMPLES

- SISTEMAS PROBABILISTICOS COMPLEJOS

Una combutadora electrénica, 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 podrid parecer un
sistema simple, y lo es ya que solo hay dos resultados posi-
bles; pero es probabilfstico ya que es impredecible ese re~

sultado.

/6
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NIVEL DE RESOLUCION EN LOS SISTEMAS.

Debido a la posibilidad de definir un sistema de un nGmero
ilimitado de formas, de acuerdo a nuestro propésito e inte-
rés; debemos una vez establecido éste, en términos de ele-
mentos, atributos e interrelaciones, el hacer un anilisis
riguroso de cual va a ser nuestro nivel de apreciacién y de

terminacidén del sistema.

Klir y Valack han denominado a esto el "NIVEL DE RESOLUCION"

de un sistema.

"En un nivel de resolucién 'alto'! una mesa es un sistema de
moléculas, de muchos elementos con una serie de interrelacio

nes complejas entre ellos.

A un nivel de resoluciédn 'medio' la mesa es un sistema estruc
tural de varios elementos: patas, cubierta y cargas sobre--

puestas.

A un nivel de resolucibén mis baJo la mesa pierde su significa
do 1nd1v1dual, convirtiéndose en un incidente de un sistema

parceptual o en una pequefia carga de una estructura mayor'.

Un nivel de resolucién 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 campo.
&




ESCALA DE UN SISTEMA.
- ' Medio ambiente

~ Sistema

= Subsistemas

.= Elementos o componentes

- MEDIO AMBIENTE DEL SISTEMA.- El conjunto de todos los siste
mas que no son el que estamos considerando.

Nunca estamos interesados en los sistemas del medio ambiente,
pues de estarlo lds habrfamos inclufdo en nuestro sistema defi-
nido. ’

- SISTEMA.- El conjunto total definido a cierto nivel de reso
luciédn.

- SUDSISTEMAS DEL SISTEMA.- Partes del sistema que tienen --
cierta intercomunicacién que los diferencfa de otras partes del
todo, pero que siguen claramente perteneciendo a él.

- ELEMENTOS O COMPONENTES DEL SISTEMA.,- Las partes mds peque-
flas del sistema, el lfmite mds bajo de andlisis y detallej; nos
interesa su comportamiento mis no su estructura. Los elementos
de un sistema son ''cajas éiegas" de cuya estructura no sabemos
nada excepto lo que podemos deducir de su comportamiento, de sus
caracterfsticas de insumo y producto.

Una caja—-ciega se considera.como un proceso contenido dent}o de
ciertos limites, del cual sbélo nos interesa lo que entra como
insumo y lo que sale como producto.

" Estas relaciones insumo-producto son las que manejaremos en el
sistema del cual forman parte esos elementos.

El concepto de '"'caja ciega' es muy Gtil en la planeacidén y mu-~
chos sistemas y subsistemas se pueden tratar asf{ al querer su-

bir el nivel de resolucién.

EJEMPLO: Un partido de f£4Gtbol Medio ambiente
o un edificio en la Sisctema el juego
planeacién urbana Subsistemas cada equipo

Elementos = cada jugador

el péblico
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REPRESENTACION DE UN SISTEMA.

Grificamente.

Los cfrculos representan un conjunto de elementos que pueden
considerarse ''cajas ciegas'. Algunos elementos fuera del 1{-
mite del sistema son escogidos debido a la importancia de sus
relaciones. Las flechas que cruzan el limite son insumos o

productos del sistema.

'CAJA CIEGA"

Insumo ————3  Froceso p—————pProducto

(sistema)

Flujo de informacibén, energia o materia

SISTEMA SIMPLE.

—t 4 L 4 |
Insumo——p—%fubsistemaqoggubsistemaQGJSubsistemd Producto

1 Ll 2 7] 3

SISTEMA CO!l RETROALINMENTACION
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TAMANO DE UN SISTEMA.

Al ceterminar el nivel de resolucién de un sistema
estznos estableciendo el tamafio de un sistema de
acuerdo a nuestros objetivos.

En los sistemas "tamafio" es mis un concepto de com
plejidad que de medida ffsica. El tamafio se deter
mina por su ''variedad".

Variedad esFEimplemente el ndmero de estados que
puece adobtar un sistema en relacién ai ndmero -
identificable de elementos del mismo y a sus rela

ciones posibles.



VARIEDATD

£

Elementos disimbolos sin inter-
accién (no forman un conjunto)

Grupo de elementos parcialmente
%imilares (dos conjuntos)
dos estados = variedad 2.

Elementos disfimbolos con inter-
accién simple.
Sistema de 7 elementos con unio
nes simples.

Variedad = 21

Elementos disfibolos con doble

interaccién.

Sistema de 7 elementos con unio

nes dobles. -
Variedad = 42

Sistema Dindmico: 7 elementos
con uniones dobles.

~ 'Cada liga con interruptor on/foff

Variedad = 242 (Superior a
1 000.000'000,000)



REPRESENTACION DE UN SISTEMA.

Mateméticamente.

TEORIA DE LOS CONJUNTOS.

Sean a,, a,, aj, ceos a_j elementos contenidos en el sis

tema S.
.Sea aO: el medio ambiente del sistema.
Sefialemos: el conjunto A = (al, 855 g5 oo, an)

el conjunto B = (ao, 815 8y ores an)

por lo tanto B contiene todos los elementos de A més el

elemento a0 del medio ambiente.

De jemos que todo elemento de B se caractérice por un con-
junto de elementos de entrada y un conjunto de elementos

de salida.

Sea r,. el modo en que las entradas del elemento ac depen-

df
den de las salidas del elemento ays O sea el resultado de

la relacién entre estos elementos.

El conjunto de todos los_rdf?(d, f, =0,-1, 2,... n) se

representarid por R.

Entonces podemos .definir un sistema estableciendo que ca-

da conjunto S = (A, R) constituye un sistema.
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EJEMPLOS SISTEMICOS.

El grupo familiar,

T —

INSUMOS W PRODUCTOS

Comida > - Escolares

Informacién c—————y : —)» Trabajadores

Energia b GRUPO » Consumidores
FAMILIAR P Via jeros

INSUMO

— , . L

corsonas N NUEVAS \"""'

sottera FAMILIAS {7

—>
+

COMPONENTES del sistema de familia.- Personas. Actividades
-5

de personas, espacios adaptados para las actividades de per

sonas.

INTERRELACIONES del sistema de familia.- Flujo de personas.
Flujo de materiales (comida, agua, combustible, desechos,etc.)
Flujo de energfa. Flujo de informacién. Flujo de espacios -

adaptados (vehiculos).

DESCRIPCION DEL SISTEMA.- Probabilistico complejo, se requie
re de muchos modelos para -poderlo representar adecuadamente.
(fertilidad, dindmica de poblacién, demanda, empleo, movilidad)

etc.



Manejo de los sistemas para su

anilisis y control.

ANALISIS DE SISTEMAS.
- NGENIERIA DE SISTEMAS.

- INVESTIGACION DE OPERACIONES.

CONTROL Y COMUNICACION DE LOS SISTEMAS.

= INFORMATICA

1y
i

- ROCREMATICA

29
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EL ANALISIS DE SISTEMAS.

Segn su influencia con el resto del universo los sistemas
pueden clasificarse en:
- Sistemas abiertos.- Aquellbs qﬁe reciben influencia
a través de vias especi{ficas llamadas entradas y que
ejercen influencia a través de vias espec{ficas llama

das salidas.

—_

- Sistemas cerrados.-JsAquellos que no reciben ni ejer-

cen influencia sobre el resto del universo.

T

Aunque los sistemas cerrados no existen este concepto es =
Gtil en el proceso deanilisis de sistemas, ya que los siste-
v

mas abiertos son, por su naturaleza, generalmente demasiado

complejos, aun para andlisis simples.

~briendo un sistema cerrado a nuevas variables ambientales
¢ xternas y después cerrindolo, se puede observar y evaluar

15 que pasa ante esas nuevas condiciones.



ANALISIS DE SISTEMAS.

INGENIERIA DE SISTEMAS.

Jd

Actitud mental y preparacién cuantitativa del técnico que

lo induce al andlisis detallado de las componentes y rela=-

K]

ciones del sistema en su medio ambiente.

rietodologfa empleada.

Establece las caracter{sticas que debe tener un sistema
éptimo.

Selecciona la combinacién de subsistemas que formarin
el sistema.

Analiza las interacciones dentro del sistema.

Establece las caracteristicas de las partes para poder

optimizar el todo. -

Andlisis Marginal.
An4lisis Beneficio-Costo
Andlisis Costo~Efectividad
Andlisis de Inversiones

Anilisis Operacional

Arthur D. Hall



ANALISIS DE SISTEMAS.

INVESTIGACION DE OPERACIONES.

La investigacién de operaciones es una disciplina basada en

técnicas y modelos matemiticos para la optimizacién de par-

~ tes especf{ficas o subsistemas una vez ya establecidas las-1li

mitaciones y relaciones con las demis partes y el todo.

Metodologia. ~

Formular el problema.

Elaborar el modelo matemédtico que lo represente
Obtener una solucién del modelo

Probar modelo y solug}én

Retroalimentacién

£

Implantar la solucién.

Churchman

Ackoff

Enthoven

lArnoff

Chadwick



EL CONTROL Y COMUNICACION DE LOS SISTEMAS.
LA CIBERNETICA.

La Cibernétice es el estudio analftico del isomorfismo de
las comunicaciones en los mecanismos (Ingenierfa Cibernética)
los organismos (Bio-cibernética y Psico-cibernética) y las =~

sociedades (Socio-cibernética).,

Los aspectos cue estudia la Cibernética son los procesos de

comunicacién v control.

- Control de los sistemas de miquinas, de los procesos de
produccidén y en general, de los procesos que tienen lugar
cuando el hombre actla 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 c= los procesos que tienen lugar en los organis-
mos vivos (fisiolégicos, bioquimicos y bioffsicos) supe-
riores, relacionados con la actividad vital del organismo
y encamirzZos a la conservacién del mismo en las condicio

nes varia-les de su existencia.



CIBERNETICA.

Esto ha hecho que se desarrollen las ramas de la

Cibernétice:

- INFORMATICA.- Se ocupa de los sistemas de infor-
macién, o sea, aquellos en los que el flujo es in-

formacién.

= ROCREMATICA.- Se ocupa del flujo de material, abar
cando las funciones basicas de produccién, transpor

te, almacenamiento y distribucién de productos.
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LA CIUDAD.

Una ciudad nace como un centro de intercambio econfémico, cultural, social,
polftico, etc. etc. Es un gran "mercado" al cual concurren todos los
elementos de una regién, es decir, en. un principio la ciudad no es mds que

una consecuencia de la regién en su intento por organizarse.

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. Asf llega la industrializacién, en donde el hombre urbano
empieza a sistematizar -y capitalizar la produccifén de bienes de consumo y capital.
Es aquf cuando el hombre urbano empieza a desarrollarse independientemente del
medio regional del que dependia, 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 mds fdcilmente

puede organizar y establecer precios, empieza a explotar al campo no pagdndole
en proporcifn a su aportacifn de productos. E1 campesino al ver ésto cree

gue la ciudad ha hecho un milagro econémico y emigra a ella tratando de

incorporarse a la clase dominante.

El Gobierno como producto generalmente urbano se dedica a intentar optimizes
el sistema también urbano olvidédndose de sus ligas e interrelaciones con la

regién.

Esto es posible en paises donde la mayor parte de la poblacidén es urbana
(usA, GB) y donde se ha integrado al campo dentro de un proceso de
industrializacién, pero injusto y explosivo en paises donde el S50% de la

poblacién es.rural.
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El problema ademds no es guerer optimizar el sistema urbano, sino el pretender
hacerlo simplemente cubriendo aspectos aislados (vivienda popular, vialidad,
educacitn, contaminacién, etc. etc.) sin estar concientes de las relaciones
gue tienen todos los elementos entre si, para asi poder preveer y optimizar

el impacto de cada inversién.

La ciudad no es mds que una serie de actividades representadas por los
edificios y una serie de ligas e interrelaciones entre ellos, esto aungue
fdcil de decir es terriblemente complejo en su funcionamiento y en su

organizacién. .

El edificio como parte de este sistema urbano, no pretende mds que optimizar

su accesibilidad a toda esta serie de canales de interrelacidén; como consecuencia
al planear un edificio debemos preveer y planear sus ligas con otras actividades
y con el medio ambiente, ya que de esta dependerd su buen funcionamiento dentro

de la comunidad,

A continuacién se presenta un ééfudio realizado en la Comisidn del Desarrollo
Urbano del Pafs de la Secretarfia de Obras Péblicas en un intento por estudiar
y sistematizar el andlisis de la influencia y repercusién de cualquier
establecimiento en un medio urbaﬁo, dentro del marco general de desarrocllo

de un proyecto.

Como primer pasc en el desarrollo del proyecto, consideramos necesario el
establecer un marco de referencia de todas las actividades por realizar, asi
como de las responsabilidades que cada uno de los integrantes del equipo

tendrd ante-el problema. Con este propdsito se elabora un MODELO CONCEPTUAL

como esquema tedrico de referencia de cada actividad.

Dicho modelo consta bisicamente 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 coordinacién celebradas con los interesados en el proyecto y

con el promotor.
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- ESQUEMAS TEORICOS cuyo propdésito es el de representar gréficamente
todos los pasos y procesos metodolégicos empleados en las distintas etapas

del proyecto.

- TABLA DE TEMAS en la cual se establecen claramente cuales son las
metas del proyecto, asf como los objetivos que se habrdn de cumplir para
1Qgrar dichas metas}”objetivos concrétos derivados del conocimiento del
lugar y de las metas, que nos servirén como una medida de efectividad en

el modelo de evaluacidn.
— INVESTIGACION; dividida en los siguientes sub-temas:

-~ INVESTIGACION FISICA, elaborada por medio de las encuestas hechas
por los becarios.

~ INVESTIGACION SOCIO ECONOMICA, recopilando por un lado, la
informacién necesaria de la zona de influencia; éoblacién, actividades
existentes, inversiones en infraestructura y estructura dentro de la
zona y el marco jurfdico institucional existente; por otro lado se
deberd determinar que estudios a partir de esta informacién nos son
de utilidad; las posibilidades f{sicas de cambio, las hipdtesis de
crecimiento demogrdfico;=el papel de nuestra instalacién en el
desarrollo de la zona, el papel de la zona en el desarrollo de la
ciudad, la poblacién y recursos disponibles y regqueridos, la
jerarquizacién de las actividades econémicas, las alternativas de
distribucién de poblacién y actividades, la evaluacifn y estimacién
de las inversiones requeridas, las alternativas de financiamiento
y por (ltimo, el marco juridico institucional necesario para poder
implementar el proyecto.

— INVESTIGACION BIBLIOGRAFICA, analizando informacién existente

sobre estudios similares.
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- INVESTIGACION FINANCIERA, 1la cual estudia los recursos necesarios

y disponibles, asf como la factibilidad del proyecto.

- SUB-MODELO DE ACTIVIDADES E INTERRELACIONES el cual consiste en analizar

o
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 evaluacién del funcionamiento

de cada una de las alternativas que posteriormente se presenten.

- PLANES PILOTO, gque van tratando problemas especificos y proponiendo
soluciones que mis adelante se podrdn manejar en la elaboracifn de alternativas

de proyecto.

- PLAN PRELIMINAR, etapa donde concurren y se integran los trabajos y
estudios anteriores; clasificando y conciliando la informacién, asi como
evaludndola para poder desarrollar un programa detallado que analice sus

efectos hacia la zona y hacia la ciudad.

<

- PROGRAMA, que consiste en una relacidn pormenorizada de las actividades
que se llevardn a cabo en la zona, las 4reas necesarias para éstas y los
criterios generales de localizacidn einterrelacifin, expresado por medio de

coeficientes, normas, rangos y patrones de disefo.

— POBLACION Y ACTIVIDADES DESEADAS Y DISPONIBLES, producto directo del
programa, donde se mencionan aquyellas actividades y poblacifn necesarias
al proyecto, asi como aquellas actividades y poblacién que habrd disponible
para acomodaf en ofros programas.

.

- MODELO DE EVALUACION, este modelo analizard tres aspectos de cada

alternativa gue se genere:

- ASPECTO FORMAL, en el cual se evaluard de acuerdo a los objetivos
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concretos derivados de la' tabla de metas en cuanto a adecuacién

de la altern§tiva al problema, su integracién al medio ambiente,
sus posibilidades de ejecucién, cardcter, su flexibilidad, su
posibilidad de adaptacién a distintas etapas de realizacién, la
optimizacién en el uso de las inversiones existentes de infraestruc%ura
y en su relacién con los demds objetivos.,
— ASPECTO FUNCIONAL; a partir del programa se elaborard un modelo
6ptimo de funcionamiento y cada alternativa se evaluard comparando
su funcionamiento con ese modelo 6ptimo, aplicando factores de
restriccidn a cada interrelacién que no cumpla con el rango permitido .
- ASPECTO ECONOMICO; cuantificando todos los costos as{ como los
beneficios esperados de cada alternativa, para poder hacer una
evaluacién de tipo costo-beneficio con una tasa de rentabilidad

fijada previamente por el estudio financiero.

- ELABORACION DE ALTERNATIVAS; las cuales deberdn contener un criterio
formal completo, uﬁ modelo de funcionamiento, su ¢osto, asf{ como los

beneficios esperados; para poderlas evaluar.
~ SELECCION DE UNA‘ALTERNATIVAEY DESARROLLO DEL PROYECTO,

- PROGRAMACION E IMPLEMENTACION DEL PROYECTO.

OPN/shb
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1. EL MEDIO AMBIENTE NATURAL.

Las caracteristicas fisicas, 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 andlisis del sitio
o medio ambiente tienen como'objetivo adecuar el sistema a las caracte--

risticas naturales del sitio.

En general los problemas que plantea el medio ambiente --
por estudiar son las caracteristicas del sitio en que se establecerd el

edificio o sistema, definiendo las restricciones que este impone al pro-

blema.

Este andlisis puede iniciarse a un nivel de mayor genera-
lidad cuando adn no se ha determinado el sitio exacto de ubicacion del -
sistema, contando solo con su macroubicacidén en una regidén o ciudad. Tal
macroanadlisis permite realizar una seleccidn de los sitios disponibles,
escogiendo el que mejor satisface las especificaciones referentes al si-
tio. :

Una vez realizada esta seleccidon se puede proceder a rea-
lizar el microandlisisdel terreno escogido; para determinar las restric-
ciones que impone el terreno escogido.

Procede entonces a realizar la seleccion 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 realizar una seleccion: en aquellas
situaciones en que el sitio estd ya predeterminado. En cualquiera de am-
bos casos se procede entonces al andlisis del sitio.

Como ya se ha mencionado nuestro objetivo es adecuar el -
sistema a las restricciones naturales que nos impone el sitio.

Generalizando las restricciones mayores que nos presentan
el medio ambiente natural influyen directamente en el sistema morfoldgi-
co dei edificio. .

La reglamentacidn para dichas condiciones se agrupan en -
normas que llega de io particular a lo general; pudiendo nosotros enun--
ciar las normas generales en los partidos estructurales.

2 PARTI1D0S ESTRUCTURALES.
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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 simetria de elementos rigidos.
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 relacidn de altura o ancho no sea -

mayor de 6.

2.5 SISTEMAS DE PISO.
2.5.1 TRABES Y LOSAS COLADAS MONOLITICAMENTE INSITU.

Es recomendable empleario 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 libre entre apoyos.

Para cargas mayores es aconsejable trabes con un peraite
igual a 1/8 a 1/10 del claro.
2.5.2 LLOSAS PLANAS CON ELEMENTOS PARA ALIGERAR.

De 8.00 a 12.00 es recomendable el uso de este sistema. -
Sobre todo cuando se tiene limitaciones 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 reccomendable para claros mayores de 10 M. y para edifi

cios altos localizados en zona de alta compresibilidad.
2.6 JUNTAS CONSTRUCTIVAS,
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2.6.1 ESPACIAMIENTO DE JUNTAS DE DILATACION DEPENDIENDO DE LA

LONGITUD DEL EDIFICIOQ.

Generalmente no es necesario tener juntas de dilatacion -

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 simetria del edificio con juntas

de dilatacion.
12.7 MUROS COMO ELEMENTOS ESTRUCTURALES.
2.7.1 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-
Gificios hasta de 8 pisos debiendo de preferncia estar localizados uni--

formemente en planta . Debiendo estar siempre confinados.

L4 Pisos cargasviva normal e= 14 cm.
L a 8 Pisos Carga viva normal e= 28 cm. y e= lhcm.
2,8 COLUMNAS.
2.8.1 De conreto armado cuando e&s necesario limitar su seccibn

transversal utilizando concretos de alta resistencia y utilizando porcen
tajes de 4 a 5 por ciento de acero de refuerzo.

2.8.2 De acero donde se requierelimitar demasiado la seccibén --
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 FUERZAS [IMPUESTAS AL SISTEMA;
3.1.1 FUERZAS GRAVITACIONALES.
a).- Cargas muertas Reg. Const. D. D. F. (CAP. XXI1)

b).- Peso y empuje de Liquidos y matriales granulares --
almacenados.

c).- Cargas vivas Reg. Const. D. B.F. (CAP. XXIV)
3.1.2 FUERZAS ACCIDENTALES.




3.1.3
3.1.4
5.1.8
3.7.6
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 variacidén de estas
previsiones.

c).- Vibraciones debidas a maquinaria y otras solicitacio-
nes dindmicas debidas al funcionamiento de Equipo Me
canico.

DEFORMACIONES IMPUESTAS.

a).- Hundimientos Diferenciales.

b).- Efectos térmices de dilatacién y de contraccidn.
DESGASTE Y ALTERACION QUIMICA Y BIOLOGICA

a).- Abrasidn y Erosién.

b).- Corrosién y otras formas de intemperismo.
c).- Ataque de insectos y vegetales.

FUEGO.

EXPLOS IONES.

OTRAS. ( Efectos de rayos , pérdida de material por efectos -

electrasmaticos etc)



4, CARACTERISTICAS FIiSICAS DEL TERRENO.

La forma, el volumen y la altura del edificio, asi como -
las previsiones respecto a su infraestructura (movimientos de tierras, -
cimentacidn, atarjeas) deben ir en concordancia con el tipo de terreno,-
sus pendientes, la calidad y espesor de las distintas capas del suelo vy
subsuelo, su capacidad de carga,etc. para ello es necesario atender a --
los resultados de los levantamientos topogridficos detalliados y los estu-
dios de mecinica de suelos y geotécnia, se requiere a la vez las caracte
risticas Hidroldgicas del sitio para generar obras de proteccidn o desvio
donde se requiera.

El uso especifico del suelo localizando sus distintas ac-
tividades.

Localizacion de la flora, caracteristicas, dimensiones; -
para generar la arquitectura del paisaje o restricciones que se puedan -
presentar por la existencia ffsica de estos, justificando su retiro o --
conservacion.

Edificaciones existentes; evaluando su remodelacidén, res-
taurac.:on o simplemente remozadas.

5.- FORMACION DE UN AMBIENTE CONFORTABLE.

En el sistema deberd contemplar medidas para formar un me

dio ambiente adecuado al destino del edificio en los siguientes aspectos

5.1 Formacidn de microclimas sin uso de medios mecanicos.

_ En la toma de desiciones y en su evaluacidon se toma en -=
cuenta los factores que se muestran en la fig.1, a fin de permitir en lo
posible la formacién de un microclima adecuado al uso de los locales sin
necesivad de recurrir a medios mecénicos, en el supuesto caso, que las -
variantes de la fig. 1 no garanticen satisfactoriamente un resultado a--

propiado, se recurrird a medios mecinicos para controlar el ambiente.



PERALTES MINIMOS ADMISIBLES EN VIGAS DE CONCRETO REFORZADO
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FASES DEL PROYECTO.
1.~ CARACTERISTICAS DE UN PROBLEMA.

Una caracteristica de la mayoria de los problemas a los que
nos enfrentamos es el gran nimero de soluciones posibles que pueden tener
dichos problemas; dentro de las faces de un proyecto, surgem a menudo pro-

blemas, en sintesis, que caracteriza la situacidon denominada problema: ---

{Cual es su significado? iQue es 1o que tienen en comin 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 interpretacion especifica y exacta del término sino a las ca-
racteristicas 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
"Las cosas que hay que hacer''. Para llegar a tener la necesidad satisfecha
estado B. Surge el problema si para pasar del estado A, al estado B exis-
ten varias soluciones, pués por otro lado cuando todas las soluciones, posi
bles son cualitativa y cuantitativamente iguales, el problema deja de e--
xistir. Por eliminacién podemos concluir quse un problema incolucra algo
mds que hallar una solucidn cualquiera; requiere encontrar el mejor méto-
do para lograr la transformacién deseada. A las bases que permiten selec
cionar la mejor solucidn 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 transformacidon 6 DEBEN ocurrir ciertas cosas.

En lo sucesivo, llamaremos Restricciones a ese conjunto de cosas que De-

ben ocurrir o verificarse en una solucién aceptable de un problema dado,
bien sea por razones fisicas, o por decisiones previamente tomadas.

2.- EL PROCESO SOLUCIONADOR DE PROBLEMAS:

Formulacidn del Problema.
2.1 Procedimiento general para resolver problemas una vez ge-

nerado el problema.
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El primer paso 16gico en la solucidn de cualquier proble-

ma, es la definicidon del problema, entendiendo por definicion del proble-

ma la definicién del problema la identificacién de sus caracteristicas.

Posteriormente tendremos la busqueda de las diversas soluciones posibles
y por Gltimo la tercera etapa del proceso para resolver problemas que es

el Proceso de Decision.

2.2 Proceso solucionador de Problemas:
El procedimiento general, especial para la solucidn de -
los problemas tecnolégicos usuales, consta de las siguientes fases:

a).- La fase de la formulacién del problema, en la que éste -

se define en una forma relativamente amplia, sin conside
racién de detalles, y hace incapié respecto a la identi-
ficacién de los estados Ay B. Fig. 2-1

b).- La fase del anilisis del problema, durante la cual el --
problema se define en una forma relatiwamente amplia.
Esto involucra yna sintetizacidon , investigacidn, proce-
sado y descriminacidon de la informacién recabada, para -
as? poder determinar las caracteristicas especificas del
problema. Fig. 2-2

c).- 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 decisién, durante la cual las diversas solu--
ciones posibles ‘logradas se evallGan, comparan y descrimi
nan, hasta que surge la mejor de ellas. Fig. 2-4

e).- La fase de especificacién, la cual consiste en una com-=-

pleta descripcién de las caracter{sticas fisicas y de --
funcionamiento de la solucidn 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.
Fig. 3
' FASES DE PROYECTO:
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Una vez integrado el proceso solucionador de problemas; -
formulacidn de problemas, encontraremos la similitud existente entre pro

yecto y problema.
a).- Existen un gran nimero de soluciones posibles a una nece-
sidad especifica.
b).- Existe un deseo de transformar un estado de condicién, en
otro. '
c).- Se requiere encontrar el mejor método para lograr la trans

formacidén deseada.

Si la necesidad de proyecto responde afirmativamente a es

tos puntos, podemos concluir que proyecto y problema son afines.

."-Iq.gﬁl?gsp.
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'ROCESO  SOLUCIONADOR DE PROBLEMAS. FIG. 2.
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