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CHAPTER

Introduction:
The Systems
Approach

1.1 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 necessary first to
classify the variables appearing in real life problems into tangitle or quanti-
-fiable and intangible or unquantifiable. The purpose of the sysie=s 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 unlerstanding of
the situation at hand as an aid to the decision maker for subjzctively 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 function, but all
of which contribute to a common purpose. Because the comporants usually
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imohe many arcas of knowledge, the only way to implement the syflems
approach to decision making is through team action, teams in\fol.vmg a
spectrum of specialists in seemingly unrelated ficlds. Systems lh.COf'y is intend-
ed 1o provide a common basis of understanding between disciplines and, as
a result, the systems approach is permeating most fields of knowledge. 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 Jowest 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 people 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, f:onstruo-
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 tunne! 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 autherity 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. 1f all six places are ofcupied, the car passes free of charge.
2. If one seat is empty—that is, only five passengers are in the car—the
charge = ay, $0.25. -
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If two scats are empty, the charge is $0.50.

If three scats are unoccupied, the cost now climbs to $1.00, and so on
until, say, )
S. 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 tarifl 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 on-the -
development of some of the most important and useful of those techniques.

1.2 THE STRUCTURE OF SYSTEMS ANALYSIS AND DESIGN

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 procesé 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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variables 2nd which, consequently, cannot be directly controlled by the
Jecision mazker. Often, the classification of variables into decisions and states
1s an arbitran one. Howeer, once they have been so stratified, their behavior
follows 1he stated pattern. This element is basically in the analysis phase of
the problem solution and the significance of each variable—that is, .how
.ensitive the problem is to its settings—as well as whether or not the variable
1s quantifizble must be ascertained in this stage.’

3. An optimization model. This solution element is necessary for l.mder-
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 mecsure of effectiveness. Called the objective function, this measure
is formulated as a means for evaluating the degree of success or failure
attained 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. o e .

4. Generation.of alternatives and optimal solution. After the problem 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 extremely valuable, especially when the objective function is not too
sensitive to changes in the values of the decision and state variables near the
optimum. This phase of problem solution is primarily a design phase.

S. Policy implementation. This step involves the carrying out of the opti~
mal policy into the real physical situation. It constitutes, in fact, the realiza-
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
itself and to zdapt to a changing environment.

.3 CLASSIFICATION OF DECISION SYSTEMS™

engineering, architecture, construction, and planning, decision systems
- be classifed according to size and according to predictability of behavior

follows.

CUTLAI R4
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I. According to size:

1. Siumple 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 a2 Jarge number
of decision and state variables, most of which are of a non-quan-
tifiable nature.

II. 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
obsen ations, each of which is considered as a sample from a
probability distribution. Stochastic variation implies system ran-
domness in passing from one state to an adjacent state. A sto-
chastic system’s response 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 Stochastie
Simple i Beam Deflection_ Toss of Coin
Complex Planetary System Inventory System
. Exceedingly Complex Empty The City

P

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-t 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 interdisciplirary, team approach.
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1. Determimstic and stochastic optimization. In a few words, optimization
deals with the methods and procedures required to 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 section 1.5 the general concept of optimization will be discussed
furthcr.

— 1’5““.

. Cantrol zlmory Certain physical processes changc so rapidly that to
mamlam 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 systemsaréa 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 are 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, end computer programming.

4. Numerical analysis and methods. The computer, with its enormous speed
and abiiity to manipulate large blocks of infermation, is the most useful tool
available to the systems analyst and designer. Computers are of either of two
basictypes: (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 a 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 B& capable of transforming the physical problem into a mathe-
matical one and 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, i1s perhaps the most difficult as well as the most important
phase of problem solving.
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S. Digital, analog. and Iy brid computer simulation. This arca involves the
manipulation and obscrvation of a synthetic model represcnting a real phys
sical system which, for technical, economic, or other reasons, may not be
suitable for cxperimentation. The synthetic model, usvally mathematical ia
nature, idcally 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 OPTIMIZATION 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 crcation. He wrote:

‘There is an infinitude of possible worlds, among which God must needs have
chosen the best; since- He does nothing without acting-in-accordance with-
supreme wisdom. Now this supreme wisdom, united to a goodness that ig
no less infinite, cannot but have chosen the best. . . . As in mathematics, when

. —-—._there is no maximum or-minimum, everything isdoneequallyor . . . nothingat

all is done: so it may be said . .. that if there were not the best (opumum)
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 ali
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 beginning.
Today, however, although its philosophical implications continue to be of
interest, its emphasis is on the solution of complex problems from the real
world.

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

- methods are very effective when they can be applied. This-book concentirates”

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

From the standpoint of the type of systems to which they are applied,
optimization procedures yicld 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.
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Docision making under risk applies to stochastic systems where the
probability of occurrence of each event is known but lies somewhere
between zero (nonoccurrence) and one (occurrence).

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

4. Adaprive decision making results when the analyst is able to conduct 2
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, 2nvironmental
needs, aesthetic requirements, zoning regulations, safety standards, socio-
economic trends, technological limitations. and so on, which make arriving

11
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at the optimal solution a very difficult task. The obvious complexity of the

problem tempts one to formulate intuitive decisions. Unfortunately, these,

ypes of deaisions are unreliable and dangerous and must be discarded when-
ever possible. Although complete optimization of a project is frequently
hmpractical, near optimal solutions involving imperfect alternatives are often
good enough lo provide eatremely satisfactory answers: Economic studies
serve to ldcnley 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. Man has-a finite life spanmrand 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 $},000 today or $1,400

a year from today 7™ If, after some thought, the person responds, “I prefer -

1o 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 in-order to realize a 409/ increase in financial return.

On this basis, interest can be defined as the money that must be paid for

the use of borrowed money. That is, the person in the example above would .

be willing to lend $1,000 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-
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ments would reveal that annual interest rates in the 25% to 459 bracket are
not uncommon. :

A more épcrational definition of interest is the return derived from capital
producli\cl') invested. Inferest rate is the ratio between the amount of interest
chargeable or payableat the cnd of a specific time period, usually one year, and
the moncy borrowed at the beginning of the period. In general, the interest
rate is “perjannum” (per year), unless stated otherwise. For example, a 6/°
interest payable annually represents a 0.06 interest rate per year. This is
equivalent 10 0.015 payable quarterly, or 0.005 payable monthly. There is a
slight dlfTeance 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 inler'pst is that payable as a charge on the original principal sum only.
This type of interest will not be discussed further because it is Tiot generally
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 % Toan under

‘TABLE 2.1. Simple and Compound Interest.
8% SIMPLE INTEREST

Interest
Amount Owed st Owed at End Amount Owed at
Yleal Beginning of Year of Year End of Year
i
[1 $10,000 $800 $10,800
.2 §10,800 $800 $11.600
|3 $11,600 $800 $12,400
4 $12,400 $800 613,200
5 _{_ .. $13,200 { _$800 1. $14,000
8% COMPOUND INTEREST
R o . Interest. . o
Amount Owed at Owed at End Amount Owed gt
Year Beginning of Year of Year End of Yeor
1 $10,000 $800 $10.800 b
2I $10.800 $864 $11,654
3 511,664 $933 $12,597
4 $12,597 $1,008 $13,605
!'ln ' $13.605 $1,088 $14,693
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cach plan, as given in Table 2.1. Under the 89 simple interest plan, the
intcrest owed at the end of cach year is computed on the $10,000 principal
only and is a constant $800. For the 89/, compound intcrest 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 develap 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.

e

(+) Receipts

{-) 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 maveraent introduces a slight error in
:.e computations which is of little significance in performing the types of
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analyscs of interest 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 sim-
plification in the computations, the total for twelve months can be assumed
to be repaid at the end of each year instead. Normally, this practice provides
more than sufficient gccuracy.

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 objéctive of an economy study is to 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 iiself'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 discussed in detail:

1. Present worth contputations.

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

4. Benefit-cost ratio.

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

2.8 lNTEﬁ'ﬁST—SYMBOLS< AND FORMULAS

2.8.1 Symbols

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

1. 7 — 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 adopted Tor interest computations.
As will be seen later, in interest problems four of the five parameters
i,n, P, F, and A are always present and t/ree of the four must be known

w(gnen as data); the object of the problem is to compute the 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.
]] Umform Series of Payments 4. Compound Amount Factor.
~Formulas 5. Capital Recovery Factor.
6. Present Worth Factor. -

" 'I7"Single Payment Formulas

2.82.1 Single Payment Formulas (1}

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

1. C  ound amount Jactor. What future sum of money F can be obtained
from inv..ang P dollars today (at the end of year zero), at i %/ annual interest,

CHAP. 2 / ECONOMIC CONSIDERATI.ONS 1} )

FIGURE 2.2. Cash Flow Diagram for Single Payment Formulas.

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

F=(F—P,i%,n)P. @n
Equation (2.1) is meant to be read: F equals the compound amount factor

(F — P, 1%, 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, %, 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 i % varying from 1 %, to 50%,

-and-for-number of interest periods, n, varying from 1. to-50 in most cases. .

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

P4+ iP=PQ+i). 22)

The second year the interest on this amount P(1 + /) is iP(1 + i) and the
total amount accumulated at the end of the second year is

PA+D+iP(A+0)=P1+ DA +i)
, v =P+ @3
Similarly, at the end of the third year the amount is P(l + x‘)’ at the end of

- n years it is P(I3i)". Consequently, . e

(F—'P,l%,"):‘—'(l + i . @29
Example 12 s )

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

Solutions

P=$3000;i%=4%n=5F=1

Yo F = (F— P, 4%, 5)3,000

From Table A-9,
(F— P, 47, 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 nn years to accumulate a future
sum of money F?

The functional relationship for present worth is

P=(P—F, iY, 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), : =
F=( + iyP. ‘ (2.6)
Ther;:fore. T l K . T o
P=lormlr - @7

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

Example 2:

Mr. Smith determines that he will need $4,000, 10 years from today, to
~ help defray the cost of his eldest son’s college education. How much
money should he deposit now in a savings account paying 59, annual
interest to accumulate the needed funds in 10 years?

Solutions y
F=384,000;i%=5%;n=10; P=1
P = (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 (1)

These formulas involve series of equal payments.

3. Sinking fund fuctor. How much money A4 should be invested at the end
of each year, at ;9 for n years, 1o accumulate a stipulated future sum of
money F? The cash flow diagram for this situation is given in Figure 2.3.

m:z_m-“““-“‘-m-— [,
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FIGURE 2.3. Cash Flow for 8 Sinking Fund.

<—--w-o
D ——t N
N i

The functional relationship is
= (A —> F, i%, n)F. . @28

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 £
accumulated at the end of n years will obviously equal the sum of the com~
pound amounts of the individual investments. The amount A invested at the
end of the first year will earn interest for n — 1 years therefore, its com-

pound amount will be 4(1 + i)*!. The second year s investment will amoumt
to A(1 + 1)"~2 at the end of the n — 2 years left. The third year's investment
will be A(1 + 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=AQ +iy '+ A0 +iy2+ 40 + i)'%+ @29
This can be rewritten, )

F=Al+Q0+D+A++ - +(1+")""+(l+f)'"] (2-10)
Multiplying both sides by (1 - i), obtain
FQ+i)= A[(l+l')+(1+i)’+(l+i)’ il U o)
+ 1+ . 2.11)
Subtract equation (2.10) from equatron (2.11), thus
IF=A[14-1)
Consequently, .
= i I
=lagFy=1ff . . e
Therefore, -
(4— F,i7, ")=(TF‘F:T- 2.1»

Example 3: —_—

Suppose that Mr. Smith in Examplc 2 cannot afford to deposit $2,4%6 -
today at 5% to accumulate $4,000 at the end of 10 years. Instead, he wishieg
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[l

1o determine how much money he should deposit at the end of each year
for 10 years to generate the same $4,000 savings.

Solutions
=S4000'i°/=5%,n=10;A=?
s = (A —F, 5%, 10)4000
From Table A-11,
(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 i9 for n years,
how much money F will be accumulated during that period ?

= (F_> A» i%v H)A. (2.14)
The algebraic value of the compound amount factor for a uniform series of

“payiments is obtained directly from eguation(2.12);— -~ -- T e s

Since

then )

F= Q.‘L'?L;‘.]A,
8

and, therefore,
(F— A, i%. n)=(_l-+_?_.:_n. .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 42

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

Solutxon.
A=131000;i%=6%;n=8,F=1
F = (F— A, 6%, 8)1,000.
From Table A-§,
(F— A, 6%, 8) =9.897.
Therefore,
F=9.897 x 1,000 = $9.897.
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5. 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

trrtdtd

o 1 2 " oa

P

Note that capital recovery, as its name implie§, refers to the number of
future equal end-of-the-year payments, 4, needed to recover an initial invest-
ment, P, in n years at i%,. The functional relationship is,

T A= =P mPe - -
The algebraic formula for the capital recovery factor (4 — P, i%, n) can be

___computed from the sinking fund rplagiqn§}ligl_e9711_aitiqn (_2.8)_, as follows:

A= (A—>F, i%, n)F. .16)

To reduce F to P, use the compound amount relation, equation (2.1), and
~}bsutute,1t in the expressxon given above to obtain

(A——rFx%,n)(F—-—»P:A,n)P - (i17)

Consequently, from equations (2.16) and (2.17),

A—P,i% n)=(4—>F,i%, n)(F— P, i%, n) (2.18)
The algebraic equivalence is derived from equations (2.4) and (2.13)

(A—> Pi%n =[]0 +
or . - -

(A—PiY,n)= (—1—'%5_!1 ' 19)

This equation can also be expressed as

BT Y (Y
(—> Pi%%m) = s

_iit+a+ir—1)
d+ir—-1

=(_——1+i)'—l+'° Q20)°

(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—P,i%nN=UA—FiY%n+1 (2.21)
Numerical values of the capital recovery factor are ngen in column four of
the tables in Appendix-A, - - S

Example 5 .

What should be the annual return from an investment of $10,000 at 4.5%

for 15 years?

Solution:
P=810000;i%=457%;n=15A4=1
= (A ——-)P, 4.5%, IS)I0,0W. \
From Table A-10,
(A— P4 5%, 15) 0.09311.
Therefore;~ -~ - - - S
A = 0.09311 x 10,000 = 3931 per year.
6. Present worth factor. How much money P should be invested today at
1% to recover A4 dollars at the end of each year for n years?

: P=(P—A,i% nA (2.22)
The present worth factor (P — A, i%, n) is the recrgocal of, the capital
recovery factor. Therefore, its algebraic formula is &~
a+iyr—-1 -
Y.
Equation (2.23) is the reciprocal of equation (2.19). Numerical values of
(P — A, i%, n) are given in column six of the tables in Appendix A.

(P—> A,i%,n)= (2.23)

Example 6:
What amount P should be invested at 89/ to generate-a return of $1,000
at the end of each year for the next 12 years?

Solutions o
$1000 14-8%,:1—12 P=1
=(P— A, 8%, 121,000

From Table A-IS
(P— A, 8%, 12) = 1.536.

Therefore, '

P =17.536 x 1,000 = $7,536.

- — —g
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2.8.3 Summary of Interest Factors
1. Single Payment Compound Amount Factor
F—P, iy, n)=(Q1+i). (2.29)

2. Single Paymcent Present Worth Factor

P ° = l .
3. Series of Payments Sinking Fund Factor
A e ;
( —_’Ff'/vn) (l+l P (2.26)
4. Series of Payments Compound Amount Factor
®
: A+ ir—-1 y
(F—> 4,i% n) = L.+7'_ @27
5. “Series of Payments-€apital-Recovery-Factor T e s
A )
4 P,i%, i(l1 4 iy ] )
R N G (7 s lad (v s L )
6. Series of Payments Present Worth Factor
(P— %,i% n) = _l_l(“: i 229)
2.8.4 Relationship Between Interest Factors
1. (F— P, i n)=——7—.;l > |
] (1] (P"—’F,im"._'- (2.30)
1
2 (‘4 —F '_f’_”) F—Ai% " @31)
3. ! e
(A — P, iy, n)= m* 232
4. (A—»P,x%,n)=(A—->l-‘,i%~,—-n)+L T (2233)
285 Other lnterest‘Formulal B ;

Although other interest formulas can be just as cas'!y 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 for
many of them, can be found in the references.
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2.9 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. ) o
Let interest be compounded i times per year at a rate i/m per compound-

ing period.
The nominal rate per year is

( )
m
.rh ﬁ. - .

(1 + %)" -1 (2.35)

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

239

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

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

“ing effective rates: - —-—— -

1. Compounded annually,
Effective Rate = 0.12

2. Compounded semiannually,
Effective Rate = (1 + %2)" ~ 1= 0.1236

3. Compounded monthly,

Effective Rate = (1 + oi_lzz)" —1=10.1268

2.10 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 73

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?

o
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Solution:
P = $10,000; F = $22,000; n = 15;i% = 2
By interpolation:

.-

F=(F—>P,i% 15P,

or,
’ 22,000 = (F — P, i%, 15)10,000.
. Consequently,
; .
i .o 22000 . .
;. (F—’P,IA,]S)—W—Z.ZOM.

Looking through the tables one finds:

- . (F—> P, 5%, 15) = 2.0789, from Table A.11.
(F—> P, 5.5%, 15) = 2.2325, from Table A.12.
'l

. Consequently, by interpolation,
2.2000 — 2.0789

i T - -
70/ ___ ()
I i% = 3%+ (35528 = 7.0789) 05 %
© % ="5% 4 0:395%=-5:39% return,’
Exact Solutions .

. (F—P,i%, 15 =(1 + D' = 2.2000.
Therefore,

1+i="¥23,
i=27~-1.
Using logarithms, find .
i%=15391%.

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 pay-
ments made at the end of each payment period.

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

T ews wrees

23
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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 5% interest, what will be the total accumulated amount 12
years from today?

Solution:

The cash flow diagram for this problem is

0O 1 2 3 4 5 6 7 8 9 10

. e n It i i. 1
1 AJ t T + =t

$5,000

$4,000

$10,000

To computc F, note that the compound amount facusnmrstte applied to
the different deposits for different numbers of years. Thus,

— o F = (F— P, 5%, 124,000+ (F —» B, 5%, 10)5,000 _
+ (F— P, 5%, 8)10,000.
From Table A-11.
F=1.7959 x 4,000 + 1.6289 x 5,000 + 1’3‘75 X 10000,
F = $30,100.
Example 9:

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

0 e§95§"17

1

$6,000

Solution:

Because the interest is compounded quarterly (four times per year), the
effective interest for a nominal 8 9 per year is equivalent to 29/ per period
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(quarter) for 28 periods (7 years). Therefore,
P=%6000;i%=2%:n=28;F=1
= (F —» P, 234, 28)6,000 = 1,7410 x 6,000 = $10,446.
Example 102 ‘

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

= 2,000[(P — F, 5%.6)+(P—>F 6% 12) + (P—> F, 5/,, 19)]
—2000[o7oso+0497o+03503]_.$3loo Tt - -

Solution: ,
$2,000

—.Example 11z

How long will it take fc;rmmo_né;' to double itself with interest at 6%7?

-

B . O " Iy
o 4 4 A 4 - 4 3 3 — T
n

T ¥ Lm0 T T T v L
1 v

P

Solution:

" From the 6% interesttable, find that for n = 11,

(F—> P, 6%, 11) = 1.8983.

" Forn=12 - -

(F— P, 69,12) = 20122
Therefore, it takes, approximately,

2.0000 — 1.8983
2.0122 — 1.8983

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

=11+ ( )l—l189yeam
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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 ?

Solution: ~
P = 315000;i% =8%;n=10, A =17
A= (44— 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?

£=1
EREREEREE
" $2,240 IR
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 89 interest?

Py = (P—> A, 8%, 42,240
= 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 cf $14,000 per year for 16
years.-What is this investment’s approximate rate of return? - -

Solution:
P = $100,000; A = 314,000, n = 16;i% =17
100,000 = (P — A, i%, 16)14,000.
Therefore, -
(P— 4,i%, 16) = 200 = 1.14.

" “éompared. - -
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Scan the tables in Appendix A for a series of payments present worth
factor of 7.14 in 16 years.

For i = 10% (P —> A, 10%, 16) = 7.824.
For i = 12% (P —» A, 12%, 16) = 6.974.

By interpolation,

o) 1o, s (182 —T1&\o0, - .o
‘4—'°4+(‘7———.82—6.97')2/"’”'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 circumstances. In what follows this
imerest 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 recelpts and dis-
bursements to their present worth as of the zero date of the series being

Because ﬁrst costs are already at | zero date no 1nterest 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:

(¢
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.

i {



30 CHAP. .CONOMIC CONSIDERATIONS

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 89, per annum.
Solution: )

The cash flow diagrams for each alternative are given below:

-
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Comment on Exampie 15:

I. It 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.

. Under Plan B, the reduction to present worth of the $36,000 annual

012

$50,000

012

$36,000 per year

$150,000 $200,000

ALTERNATIVE B

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

Alternative A .
Initial Investment . = $250,000
P.W. of Annual Disb., years 1 to 25
= 30,000(P — A, 8%. 25) = 30,000(10.675) = $320.000

Total P.W. = 570,000
N Alternative B
Initial Investment = 8150,000

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 25

= 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.

.
=i -

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 —> A4,8%,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 T = 36,000(8.559)(0.4632) = $143,000. e

2 12 1 Alternatwes with Perpetual Lives

There are cases when a present worth sludy 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

89 interest, it is only two cents. Present worth computed for a perpetual
o p perp .

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, nf 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.

0.08 P = 450.
That is, 89 of P must equal $450 each year. Thus,
_ 450 _
P 0.08 $5,620.

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

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 Pian C will continue in perpetuity—that is, every 25
years there will be aninvestment of $50,000 and the annual costs
will remain at $2,000, forever.

~ 777 Solutien:” N

Plan C -

Initial Cost = 650,000
P.W. of Annual Disb., years 1 to 25
= 2,000(P — A, 8%, 25) = 2,000(10.675) = 621,400

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 R .
= 50,000(A — F, 8%, 25) + 0.08 N
= 60,000(0.01368) + 0.08 = § 8,550
Total P.W, $83,550
9

Comment on Example 17:

_ . . 1. The present worth of $50,000 every 25 years, forc_vef,_ is computed
as follows
a

0 25 50 75

$50,000 $50.000 $50,000

™ ~t, reduce the $50,000 to an equivalent annual cost by multiplying

CHAP, 2 / ECONOMIC CONSIDERATIONS 33

it by the sinking fund factor far each 25-year period,
A = $50,000 (4 —> F, 8%, 25).
b.

LI LTy

Now that the equivalent annual cost to a $50,000 disbursement
every 25 years has been computed, divide that annual cost hy 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.

— 21_22 - Al-tern‘atives witl; _Different‘l.ivﬁes

"7 . _Inorder 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 (4% or higher), a convenient
simple assumption to make is that replacement assets will repeat the costs
forecasted for the initial assets. _

Example 18: » -
Compare the following plans at 69/ interest.

o Plan E *
—— . Initial Equipment Cost . . = $50,000 }
Annual Cost of Oper. & Maint. = $§ 3,000
Service Life = 25 years
Salvage Valus = $10,000
Plan F

Initia! Euipment 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  :le. Thus the
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cash flow diagram for Plan E becomes

$10,000 $1ojooo
\

0 25 50 -
Pi3d___ dliyy___ 1ty
$3,000 per yeor $3.000 per year

$50,000 $50,000
Plan E
Initial Cost = $50,000

P.W. of Annual Disb. years 1 to 60
= 3,000(P — A, 6%, 50) = 3,000(15.762) = $47,300
P.W. of Net Cost 25 years hence
= (50,000 - 10,000)(P —» F, 6%, 25)
= 40,000(0.233) =$ 9300
Total P.W, = $106,600

T o =- - -] pss P:W: of Salvage Value 50 ym e

= 10,000(P — F, 6%, 50) = 10,000(0.0543) =38 540
P.W. of Net Disbursements = $106,060

Plan F
Initial Cost . 8 75,000
P.W. of Annual Disb., years 1 to 50

= 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 life 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 Valuations -

Suppose that a 4%, $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 a 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 % annual interest).

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

= 300(P -— A, 3%, 40) = 300(23.115) = $ 6,934.50
7 YT T PW. of prindipal payment ‘4\7 i B oo
= 15,000(P — F. 3%. 40) = 15,000(0.3066) = § 4,599.00

Value of bond to yield 8 nominal = $11,533.50
..~ - - - 6%compounded semiannyally cee -
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

9

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

Once the present worth of an investment plan has been computed, its
equivalent 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 to present worth by
multiplying the present worth by the capital recovery factor. Whichever alter-
native is favored by one of the methods must also be favored by the other,
and in the same proportion.

Example 19: -

—

— .

What are the equivalent uniform annual cash 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. ‘

= .;~,' Plan E o
i=0.06,n= 50years
P.W. of Plan € = $106.060.
Equivalent Uniform Annual Cost
= 106.060(A — P. 6%, 50)

= 106,060(0.06344) = $6,720 per year,
Plan F
i = 0.06, 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.

Plan E

Equivalent Annual Cost of Initial Cost
= 50,000(A — P, 6%, 25) = 50,000(0.07823) = 63,900
Annua! Disbursements, years 1 to 25 = §3,000
Less Equivalent Annual Cost of Salvage Value, 25 years hence
= 10,000(A —» F, 6%, 25) = 10,000(0.01823) = $¢-180 -
Equivalent Uniform Annual Cost = §6,720

Plan F

Equivalent Annual Cost of Initial Cost R
= 75,000(A — P, 6%,-50) = 75,000(0.6344) = $4,750 —
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 expected

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

3. I ansformmg the salvage value to equivalent uniform annual
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receipts for Plan E, the sinking fund factor was used because the
salvage value occurs in the 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

7

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_+P,i%,n)=(l_+i")T_l+i.

Therefore,
lim(A—> P,i%,n)=i

- making the fraction vanish in the limit. . __

For example,
(A —> P:6%, 100) = 0.06018 =~ 0.06 = i.

(2.36)

because the denominator of the fraction increases without bound, thus

This concludes the discussion of the second method - presented forcomparmg

alternative cash flows.

214 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 distant 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 land was bought 20 years ago for $20,000 and sold today for
$55,000. Through the years the average property tax paid annually
amounts to $600. What is the true rate of return yielded by this invest-

ment?

o
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Solution:
The cash flow diagram is
) $55,000
o 1 2 '3 : o 19 IZO
l Lyyy ERER
$600 per year
$20,000 .

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

Fori = 0.03 (3% interest) -

Initial Investment = $~20,000

P.W. of $600 Annua! Disb., years 1 tq 20

= B00({P-—-A-3%.20) = 600(14.877) =6=8930— -~
P.W. of Disbursements = $-28,930

P.W. of $55,000 receipt 20 years hence .
= 55,000(P — F, 3%, 20) = 55.000(0.5537) = $+30,400
P.W of Receipts » = $+30,400
P.W. of Net Cash Flow = +30,400 ~ 28,830 = § +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)

Initial Investment = $-20,000

P.W. of $600 Annual 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 — F,3.5%, 20) = 55,000(0. 5026) = $+27,600

P.W. of Receipts = §+27,600
P.W. of Net Cash Flow = 427,600 ~ 28,540 =g [/ -940

The P.W. of the net cash flow is now negative. This indicates that the true
rate of return is between 3% and 3.59%. From a lmear interpolation (See
Figure 2.5), find

1,470

i% = 3%+ (y75  90) 03 % = 33%

Thus, the true rate of return from this land investment is a modest 3.3%,
The linear interpolation is usually valid 10 the nearest tenth of a percent.

-
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FIGURE 2.8 Linear Interpolation to Determine True Rate of Return.

PWA ) .
$+1,470 /True rate of refurn
. 0 35% i%
3% w )
$-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 net cash flow is zero.
Whicheser method is used, the results will be identical (except for round-off
_error). o

The rate of return computation is given n different names by dlﬁ‘crent ana-
lysts: discounted cash flow method, investors method, interest rate or return,

_ profitability index, and so on. All of them follow the same basic procedure.

However, the reader is warned to look out for many incorrect—sometimes
deceivingly so—methods of computing so-called rates of retura.

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 21¢
Table 2-2 shows recelpts and dxsbursements on income property from the

TABLE 2.2. Cash Flow of Income Property. - -

Year Disbursements Receipts Net Cash Flow

N (] $-19,000 o 1~ $-19.000
1 -2,000 § +2,500 +500

2 -1,500 +2,500 +1.000

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

T 4 -1.800 +2,800 +1,000
5 -800 +3,000 +2,200

] -1.,200 +3,000 +1,800

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

8 -2,000 +27,000 +25.000
1T — . _ $+15,600




_ Therefore, the rate of return == 89, + (
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time it was bought to its sale 8 years later. Compute the rate of return on
the investment.

Solution:

Note that the sum of column four in Table 2.2 is $15,600. This is the pres-
ent w onh of the net cash flow at 09 interest.- Only if this column yields
a posmve 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. a1 8% | (P — F, 10%,n) | P.W. a1 10%
0 $-19.000 1.0000 $-19,000 1.0000 $-19,000
1 +500 0.9259 +460 0.9091 +450
2 +1,000 0.8573 +860 0.8264 +830
3 +1,600 0.7938 +1,270 0.7513 +1,200
-1 4- +1;000- - 0.7350— - f{-— - +740-}- —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 05835 | 4880 0.5132 47170 |
I +25,000 0.5403 +13500 | 0.4665 +11,700
$+15,600 $ +1,340 $ -980

1,340 o/ __ o
1,340 + 9'8'0)ZA =91%

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.” Jdentical conclusions concerning the worthi-

ness of alternative investment plans are reached with the benefit-cost ratio as

with present worth, equivalent uniforin 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.+ 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
not affect the difference approach to benefit cost. The benéfif-cost computa-
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,

— (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 T S
B 1,600,000 _
C ~ 850,000
2. If the $200,000 is assumed to be a disbenefit, obtain

B-—-D 1600000—200000__7_]5
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. . . - e

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 -

v



42 CHAP. _ , ECONOMIC CONSIC® IATIONS
)

on present worth computations at 5% interest, to evaluate the proposed
plan. —

P.W. of Benefits, in perpetuity

= 4,000,000 + 0.05 = $80,000,000
P.W. of Costs i =-$35,000,000
Benefit-Cost Ratio = 80.000.000 2.28

35,000,000

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

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

"EXERCISES ™ T g e e

2-1. What is the effective rate of a nominal 89, annual interest paid
“a. semiannually? T
b. quarterly? 3
c. monthly? : |

2-2. If $2,500 is deposited in a savings account on December 31, 1971,
how much money would have accumulated by December 31, 1985,
if interest is 5% compounded semiannually?

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

2-4. What should the quarterly notes be on a loan of $8,000 to be repaid
in 5 years at a nominal 8 %/ annual interest?

. 2-5. Mr. Smith wants to subscribe to a savings plan returning 6 % annual
interest. He wishes to prepare to meet the expenses of his son's
college education for which he anticipates the.need of $15,000 ten
years from today. How much should Mr. Smith deposit every year in
the savings account?

2-6. How much money should a wealthy industrialist donate to set upin
perpetuity a $30,000 per year university chair if the money can be
safely invested at 4%?

2-7. What is the maximum amount of money that can be withdrawn in
equal amounts at the end of 1985, ‘86, ‘87, and ‘88 from a savings
account paying 6 9 interest if deposits of $1,500 each were made at
the end of 1971, ‘72, and ‘737

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,

- ~

2-10.

2-11.

] \
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5 years hence; $10,000, 8 years from today; and $9,000, 10 yeais
from today and completely deplete the investment?

Use present worth computations at 6% annual interest to determine
the most economical of the plans given below.

Itern ) Plan A Plan B Plan €
First Cost $25,000 §50,000 $35,000
Annual Oper. & Maint. $ 3,000 $ 2,000 $ 2,500
Salvage Velue at End of Life $ 5,000 § 7,000 $ 6,000
Life 10 years 30 years 15. years

Mr. Jones wishes to determine the approximate value of income
property based on a present worth computation at 89 interest (his
minimum attractive rate of return). Annual receipts (including the
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

\—ﬁl 50,000 after the payment of long-term capital gains. What'i$ the

2-12.

2-13.-
2-14.
2-15.

2-16.
2-17.

- maximum purchase price Mr. Jones can afford to pay to meet his
investment objectives?

Determine the better of the following two plans using present-worth ~
computations at 59 interest.

Year(s) Receipts  Disbursements Receipts Disbursements

0 0 $-150,000 ° $-300.000
1-20 $ +15.000 *-3,000 $ +25,000 -4,000
21 +15,000 -4.000 +25,000 -4,000
22 +15,000 -5,000 +25,000 -4,000
23 +15,000 ~5,000 +25,000 ~4,000
24 +15.000 -6.,000 +25,000 ~4,000
25 +15,000 -186,000_ +25,000 ~54,000

2649 +20,000 -2,000 +30,000 -5,000
S0 . +40.000 -2,000 +60,000 -5,000 -
$+895,000  $-466,000 '$41,405,000 $-575.000 -

Use the equivalent uniform annual-cost -method -at 7% interest to -
solve problem 2-10.

Use the equivalent uniform annual cash flow method at 4% interest
to solve problem 2-12.

Compute the true rate of return of Plan D in problem 2-12.
Compute the true rate of return of Plan E in problem 2-12,
Assume a $100,000 purchase price for the property in problem 2-11,
What is Mr. Jones’s true rate of return on this seven-year mvcs:-
ment venture?
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2-18. The Department 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.c:Gompute 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
. J

The Differential Approach .
to Optimization

3.1 PRELIMINARY CONCEPTS

The typical problem in optimization is expressed by an objective function of
n independent variables
' M Xe..,x) @a.1)
that is to be maximized or minimized—in general, optimized—subject to a
set of constraints written in the form of equations and inequalities, . . ---
Sy, x)=0 fori=1,...,m
j}(;,,...,x,)s_o fori=m+1,...,r;
Cf(xye..,x)>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; othere
wise, F is open.

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

Y



CHAPTER

Linear Programming
Applications
to Planning ™

Two examples.of the application of linear programming models to architec-
tu're_and planmpg are given in this chapter. These examples come fron;papers
originally published by the author in collaboration with Messrs. James E.

Hand and Raul S. Gonzalez. The complete ref
the chapter. piete relerences appear at the end of

6.1 A GENERALIZED LINEAR MODEL FOR
E : OPTIMI
OF ARCHITECTURAL PLANNING ) ZAT'O-'N

6.1.1 Introduction - J
. e

In the realm of architectural planning, there exists a type of problem which -

designers frequently confront when financial return is the most appropriate
measure of the system's effectiveness. In this category can be includzd all
rerfla! and speculative housing (single and multiple family dwellings), office
buildings, warehouses, stores, many industrial facilities, and so on, and,build-

328
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ing complexes which combine some or all of these to 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, r .
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 Mode!

6.4.21 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 upon
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

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-
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tions, the effects of which are reflected in the cost of construction and in the
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rentability of the facility. |

. Similarly, let

¢k = cost per unit of area of facility i, at level j, of architectural

r{; = rent per unit of area, per unit of time, from facility i, at level j,

-quality k.

and architectural quality k.

Pi; = probability of renting or selling facility i, at level j, and architec-

and

tural quality k.

qvj = probability of not renting or selling facility i, at level J» and archi-

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

-- -parameters defined-above. -

tion

tectural quality k. Hence, p}, + g4 = 1.

6.1.2.2 Mathematical Formulation

- 3 - 3 N - - - - . .:.' ;’
This is the objective function to be maximized, subject to constraints of tﬁe =

The total expected rent per unit of time can be expressed as follows:

ER =% 3 3 Pl

, k=1i=1

types described below.

L.

a.

Market

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 g5 = 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 and other funding institutions. If these Jimits are exceeded,
}hc project may be very difficult if not impossible to finance. There-
ore, .

95 < (g!) max, 6.2)
forall i and k.

. 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-

6.1

-
T
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straints can be written,

sa<ng S Smd,

IS ol

i=12,...,m )
x=12,...,L7 (6.3)*

In general,
i o xEa> (6.9)
! 8 i=

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 to avert degeneracy.

i 2. Zoning regulations such as:

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

I ~—;’z‘xgg-;4;~»j =12 emy - (65

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

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

c. Off-street parking regulations, usually given as the number, 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, qm_be
easily computed and the off-street, surface parking restriction

expressed as,

al3; ﬂ(f:l.i B)ca-g5a 69

:la‘ =] jm=])

where A, = total buildable lot area (total lot area minus area re-
quired for landscaping, street rights of way, utility. easemeants, set.
back restrictions, topographically unsuitable Jand, etc.)."

Note that (4, — 3, 3, x}) is the site area available for parking
(A4, 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 (§.3) varies.for ezgch facifity
type and quality and for this reason it is not given explicitly. This convention will be used
for the rest of this chapter.,

H ‘.
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all optimal solutions from models with different sets of design constraints to
onc having no design constraint. The model without design constraints yields

the global optimal solution.. The massing associated with the global optimal

solution may not be aesthetically 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., ©.7)

where C, is the cost of the design decisions. It should be realized that aesthetic
values may affect the four parameters ¢f, r5, 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’ attémMptto quantify somié of the intangibles of architecture and

urban planning. Design constraints may take different mathematical forms,
depending upon the massing restrictions. If, for example, the planner decides
~ that the building should take the form of a tower with a spread-out, & 5toFy
base, b times or more larger than each of the tower’s floors, the constraints
would be written thus:

xlkl) + €1 2 h ' (6-8)
J=23,...,s 6.9)
=;;xz...,+e,.j=s+z,;+3,...,n. (6.10)

M
¥
X
"

S

-

-

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 land.

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 g5 (n)
= 0 be such step function. Graphically, it could be typically mapped as in
Figure 6.1.

The figure shows that B! (n) decreases for (af), < n < (af),. It further
decreases for (af); < n < (a}),. Then it increases in the interval (a}), < n
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FIGURE 6.1. Total Number of Floors.

< (af)s, and the increase is even grealer for (af)s < n < (a,,)5 These latter
increases would reflect the higher costs of foundation and vertical transporta-
tion, for-example. When n->-(af)s, the_cost_ multiplier. becomes_ infinite,
denoting that (a}), 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 n X m X L construction cost muluphels with a
proportionate number of (af,), nodes where changes in the costs occur. Let
the nodes be ordered sequentially for all Bf(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 comrol upon the opu-
mization process.

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, ¢,.
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_FIGURE 6.2. Total Number of Floors,

¢. Fund for contingencies, also expressed as a percentage of total con-
struction costs. Let ¢, be the decimal equivalent of that percentage.

d. Cost o]r;za16bleﬁrn:!ure "éxpressed as a percentage of constiuction —

cost for each facility type / and quality k. Let ¢} 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 tc be included in the -
x¥% and, for this reason, its cost must be apportioned among tenants
and/or buyers. . .

 From these considerations, the following constraint mequahty -can be
formulatcd.

-

(]+c +q)[‘§3 5_3(1 +c,")(i“,ﬁ;cbxf;)] ¢

J=1
. a[z" - 16> p> x,“,)] +b,+b<B (611

The constraint given above presupposes that the total number of floors, n,
is known in advance. On this basis, the 8§ 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
one of tb- *nknown parameters. This, in turn, makes the 8% be undetermined
and a nc  near, recycle loop could be generated. The following algorithm is
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proposed to avoid this complication:.

Ster 1t

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

Step 2:

Suppose that the solution generated under these conditions yields n = y,,,
and thaty, > y,, = ¥,-,. Then the B} used were the correct ones and this is
an optimal solution for the constraints imposed,

If, on the other hand, y,, < y,-,, the 8} used are incorrect and the solu-
tion is not consistent with its associated construction costs. Proceed to step 3.

StEP 38 . i

Now, assume that the total number of ﬂoors isn=yp,., — 1, that is, the
maximum value on the next lower mterval Use this value of n to select the

- BE, formulate'the model, and solve, using linear -programming. Two possible

results follow: .
! [

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

N

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
10 be obtained with a linear programming algorithm, and one must be carefu}
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 ob_;ecuve 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 vanables, 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 a2 good check on the coge
straint equations and should be performed before embarkmg upon the task

of solving the problem. 3



"
148 CHAP. 6 / LINEAR PROGRAMMING APPLICATIONS TO PLANNING
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 Example
- - -6;1.5.+ Statement of-theProblem - - S e -

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

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 10 % 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: - ' :

. T TABLE 6-1. Rentability. ¢
T 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—I1 parking space/ea. 800 sq. fi. of bldg. area.
Further—building coverage shall not exceed 30% of total lot area. Allow
400 sq. ft./car for parking space, drives, and so on, and a total of 5,000 sq. ft.

for landscaping.

6.1.5.1.5.
TABLE 6-2. Rent ($/sq. ft./yr.)
Quality .
Type Level ; 2 3
1. Offices 1. Ground floor 4.50 4.00 3.50
2. Second floor 4.00 3.50 3.00
2. Stores 1. Ground floor 3.00 —_ _
- - |-3;—-Apartments.. . | . 1. Ground.fioor | 3.00 2.50_7‘._ N B
2. Second floor 3.00 2.50 -
3. Third floor 2.50 2.00 -

T6.1.5.1.6. The (B%ck) coefficients are given below in tabular form:

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

LY
75‘3,-31;1. Number of Floors in Building
1 2 3
Level Level Level
E g 2] 2]l
IRIEEE IR IR
S| 8 g1 2 g | 8| =
© ] ] » 0] @ -
T | 2000 | — | — | 2000 | 1800 | — | 19.00 | 1800} —
— {1700 | 1500] -
i 2 |isoo} —| —1| 17.00| 16.00
- offees 3 l1s00| —| —| 1400 1600 | — | 1300 | 1300} —
2. Stores T 17300 — | —| 1200 — [— [no0o| — —
— 17.00 | 17.00
1 12000 | — | — | 1900 | 18.00 18.00
3. Apartments |- 1700 | — | — | 17.00 | 1600 | — |16.00 | 15.00 | 14.00

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

6.1.5.1.7. Miscellaneous costs are:

a. Architectural-engineering fees—67% of tptal construction cost.
b. Contingencies—1.5%, of total construction cost.
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¢. Movable furniture—
(1) Offices—2 Y of total construction cost.
(2) Stores—1Y; of total construction cost.
(3) Apartments—4 9, of total construction cost.
d. Soil report—$§3,000,
-e.-Supervision of construction—$2,000. . —_

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

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

6.1.52 The Model : ' 3

Let

= 42 — Stores
3 — Apartments

‘ {l — Ground floor

{l—»Ofﬁces N

= {2 — Second floor
_13.— Third floor __

1 — Quality 1
k_{

= $2 — Quality 2
3 — Quality 3
Then, from 6.1.5.1.1 and 6.1.5.1.5,
Xy, =0, k=1,23;
x5 =0, k 2,3;
x5;=0, j=2,3, k=1, 2,3'
x3,=0, j=123. « -
From 6.1.5.1.2. - ' :
—.20< 30 1—12,3 k—12,3 OK. ]
=.50<.30, j=1,2,3 k=123 o.X.
g8, =.10<.30, j=1,23 k=123 0K
From 6.1.5.1.2, 6.1.5.1.5, and equatlon 6.1),
OBJECTIVE FUNCTION:
Max E(R) = 80(4 SOX}i + 4.00x}, + 3.50x},
+400x,,+350x 2 -+ 3.00x3,) + .95(3.00x1,)
+ .90(3.00x}, + 2.50x3, + 3.00x}, + 2.50x},

+ 2 SOX” + 2 OOXJj)\ (6.12) ’
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CONSTRAINTS:

1. The lowest construction cost'is, from 6.1.5.1.6, $11.00 persq. ft.
Therefore, an upper bound to the total building areca is 800,000/11.00
== 74,000 sq. ft. Therefore, ~

xiy + xty 4 xh +oxl +oxd + x4 x3 +xdy
+ x3y + x3; + x5, + xi, +xn < 74,000,
When slack variable x, is introduced, obtain
xhy +xty +x}, +xly + xh +x) 4 xd 4+ xd a3+ xd
+ x3; + x5 + x3; + x, = 74,000. (6.13)
Notice that the total building area is 74,000 — x,.

2. Market preferences. From 6.1.5.1.3, and introducing slack variables
x, through x,, obtain

x}, + x}, + .10x, 4+ x, = 7,400, (6.14)
) o x}, + x,, + 40x, + X = 29,600, 6.15) ‘
B x3, 4+ x; + 25x, + x, = - 18,500, _?7-(67.—135 T
x}; + .30x, + x5 = 22,200, 6.17)
TUTXY F x5 xl, + 40x, + xg = 29,600, (6:18) -
x3, + x3, + x}, + .30x, + x, = 22,200 6.19)

3. Site building area. From 6.1.5.1.4, in equat‘io%-(s.S), and with slack
variable x,, 2

X+ xh + xh + xb, 4 x4 33+ x = 30,000, (6.20)

4. Parking. From 6.1.5.1.4, in equation (6.6), and introducing slack
variable x,, form

3.00(x}, + x}; + x3,) + 2.00(x}, + xi; + x3,)
+ 1.40x}, + 1.50(x},-+ x3,) + 50(133 + x3; + x§; + x3,)
+x,=95000. - - (6213 -

5. Design decisions (massing study). (All floors must be apprommately
_ the same size.) First floor area ‘approximately equal lo second ﬂoot
area: - o

xh+xh +Fxl Fxl Hx)Hxd =xl b xl dxh
+x3: +xh + e ‘
First floor area approximately equal to third floor area:
xh+xh dxlFxl x4l =x) +xd, 46

Lete, = e, = 1,000 to avert degeneracy. This mea.is the second and
third floor areas will be within 1,000 sq. ft. of the first, floor area,
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.
One can write:
1 s
X+ xi 4+ xd +xd, x}; + x},

o —=(xis + xi + xt: + x} + xi) = 1,000, (6.22)
and T
Cxy +xh ol o+ x3 + x}, + xh
—(x}s + x3,) = 1,000. '(6.23)

Artificial slack variables must be introd i i
uced *
and (6.23) before proceeding to optimize. ¢ o cquation’s (6.2)

6. Budget. Under the assumptj
dge : ption that the total number of i
gu]n;hln;é; will bcthfce, the budget constraint, from 6 lrg lﬂGO%r: ?lt};c
"0.1.5.1.%, in equation (6.11) and ; i variable x, .. cap
be i in ¢ follows:( ) an introducing slack variable X,00 C2R -

LO7S[1.02(19x}, + 17x3, + 13x3, + 18x]; + 15x3, + 13x1,)
+ !.ox(q]x;,_)_tl.qiqg;;, + 16x3, + 17x], + 15x2, + 17x},
+ Ml + 752,000, ¥y + x, F x4 a2, + 02y
‘j‘ ?P(x;l) + .50(x}, + x3, + x}y + x}, + xis + x35)] + Xy
i -~ SRt ]
; = 795,000, (6.24) -

t
i

tiv:'!;snr;?g:l (163 ;:;)mpl;{e an: a linear programming maximization of objec-
. -1<) Subjected to constraint equations (6.13) th
™ can now be performed. Because ther el o2
- : . € are only 12 constrant equation
. . . » s an
basic feasible solution, including the optimal one; cannot contacgn more’tha:

N I‘n-accordanct? with the budget algorithm given in the example, if design
cision constraints are removed and the optimal solution shows’that

(6.25)

}hc ;otal number of floors could not exceed two. 'ﬁ?ereforc setxly = x}, =0
in the model. and formulate the budget constraint equation as follows"’

By N .
1.O75[1.02(20x}, + 17x}, + 14x3, + 19x}, + 16x2, + 14x};) .
+ 1.01(i2x}) + 1.04(19x}, + 17x3, + 18x}, + 16x3,)}
+ .75[2.00(x}, + xty + 23, + xi, + x}.z + x1,) + 40(x1,)

X}y = xi, =0,

F 25003, + xbi + xds + 2] + x,, = 795,000, " (6.26)
In a similar manner, if the new optimal solution shows
Mi=xh=xh=xl,=x1, =0 62
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the building can have only one floor. Hence, set x}, = x}; = x}; = x;,
= x}; = 0 in the model and the budget constraint becomes

— - 1.075[1.02(20x], + 18x3, + 15x},) + 1.01(13x},)
+ 1.04Q20x}, + 17x3,)]

+ .75[2.00(x}, + xi, + x1)) + .40(x},)

+ .50 (x3; + x3,)] + x;4 = 795,000.

The budget algorithm describes the procedure to follow in handling cost

(6.28)

coefficient multipliers.

When design constraints are relaxed, the global optimal solution is

sbtained.

6.1.5.3 Solution

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

12:536 sq. ft. of quality3;-ground floor offices - ~ - - .-
16,700 sq. ft. of quality 2, second floor offices -

~ . __ 15,043 sq. ft. of quality 1, ground floor sfores
5,865 sq. ft. of quality 1, second floor apartments

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 pzr 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 -

Ten e d
h LIRS

This two-level configuration constitutes the global optimal solution with . .
which all other optima (subject to all design constraiats) must be compared.
It is important to note that the global optimal solution established &
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

—
~———
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floor), yiclded the'following space allocation:
For a gross eapected 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 sfores
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 decnsxons 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, &
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 investigated. Pattern search is the procedure -

recommended for thxs final step in wuat may be te..ned the “Optimal Site
Develor ™"

- .
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The list of references at the end of ihe chapter pives a publication by the
author that describes the application of patiern scarch for the optimum
location of plant facilities (see also chapter 10}.

6.2.2 Statement of the Problem

The government of a small city proposes to 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 1o
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 rccenlly 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. .
T e — - L TABLE-6-4.- Labor-Force..

Annuaslized
e e -} L . _Type __Max. Number | Average I, -
1. Common Labor 400 $ 5,000
2. Semiskilled Labor 180 $ 7.000
3. Skihd Labor - 100 $12,000
4. C13¥ical.Workers 150 $ 5,000
5. Technical Personnel 120 $14,000
6. Managers 33 $30,000

- e e o e

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. Labor Force Spending Pa_ttem.

¢

1
i

Aversge State Average % of
and Federal Net Income
- <) Taxes %of | Annuvalized | Spentin City | CashFlowinto
Type Gross Income | Net Income Ares City Aree
1. Common Labor 10% $ 4,500 20% $ 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% $ 7,400
6. Managers 24% $22,800 55% $12,520
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and their computation was based on lhe average family size for each income
level.

It has also been estimated that city revenue from 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 . $131
3. Skilled Labor , $177
4. Clerical Workers : $ 96
5. Technical Personnel $187
oo . )-8 Managens __\ .. $a3

i

The city-owned utilities, sewerage, and waste disposal systems can satis-
" factorily handle the-following additional loads: - e
1. Electricity, 14.5 X 10¢ kw. hrs./yr.

2. Water, 75.0 million gals./yr.

3. Gas, 40.0 x £¥.cu. ft.fyr. )

4. Sewerage, 40.0 million gals./yr. L

S. Waste Disposal, 20.0 x 10? tons/yr. ’

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

1. Electricity, $0.0007 per kw. hr.
2. Water, $7.00 per million gals. ~ o
3. Gas, $0.004 per cu. ft. -
4. Sewerage, $1.00 per million gals. . .-

5. Waste, $0.15 per ton. : {

The five potential customer industries wnh whxch the cxty govemment 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 {actor 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.

—E e e

i
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Tables 6-8 through 6-10 summarize resource requirements and produe=
tion levels for each 1,000 square feet of plant building area, for each of the five
industries considered.

The city government will impose 2 1.5% tax on the gross annual produe»
tion value of each industry.

The site_costs to the city in the location sclected 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, .
Industry 3 (Metal Castings)—$19/sq. ft. -
Industry 4 (Plastic Laminates)—3$22/sq. ft.

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

The city has agreed to lease the building facilities (including 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 year.

~ The 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 hnghest annual revenue to the loml governmem.

- - - —

" 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. ft., 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 6-10, _
4. Income from plant building leases minus maintenance costs.

TABLE 6—7 Plant Bu:ldmg Area Requu’emenu.

Mex. Bldg. Area Min. Bldg. Arel
Industry Principal Product sq. ft sq. It
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 l 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.
T Semi- - Man.
Industry { Principal Product | Common | skilled | Skilled | Clerical | Technical | agerial
1 7] Electronics 0.75 0.23 - 0.38 0.30 _ 0.15. 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
5 Recapped Tires 1.37 0.34 0.17 0.17 0.69 0.11
Let j=1,..., 6 be indices representing commeon; semishiffled, skilled,

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

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 services;anduy, 4 = 1 P

pesed
5 k=1,...,5 be the requirements of industry  for electric, water, gas,
sewerage, and waste disposal services (Table 6-9).

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

S [} 3
Max T =3[ 33 L,r, + 3 Cou, +0015p, + 1,700]:, (6.29)

=1 -}

. 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. . e
2. Maximum available labor force cannot be exceeded: Table 6-4.
3. Maximum utility and service levels cannot be exceeded. ’
4. Maximum amount of land available is 300 acres: area of industrial
_park. ST T T "

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 g, i=1,...,5 be, respectively, the maximum and
minimum plant area requirements in 1,000 sq. ft. (Table 6-7); b, i=1,...,
5 be the unit building costs in dollars per sq. ft. for plant type i} sg b ==lg
.. be the amount of land required for industry i, in acres per 1,008%8e 7

CapAetas 3

e e —
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Sito and Services Requirements in;Units 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 11.2)
- 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:

I. Capital Investment

1,000 ?j. byx, < 5,400,000. (6.30)
2. Labor Force
2 L,x, < E,,j = 1 , 6 ] (6.31)
3. Utility and“':iiern-nce i:eve_l;
‘}__“iu,,x,gu,,;k= IL...,5 (6.32)
4. Available Acreage - T
3 5, < 300 (6.33)
S. Plant Building Areas -
a<x<Aji=1...,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 I = 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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2. Labor Force
a. Common

0.75x, + 0.90x, + 1.30x, + 0. 43x‘ + 1.36x; + x, =400  (6.37)
b. Semiskilled

0.23x, + 1.35x, + 0.46x, + 0.64x, + 0.34x; + x, .

: =180  (6.38)

¢. Skilled
0.38x, + 0.30x, + 0.46x, + 0.32x, + 0.17x; + x4
. = 100 (6.39)
d Clencal
0 30x, + 0.60x, + 0.58x, + 0.75x, + 0. 17xs + x4
. = 150 (6.40)
e. Technical

0.15x, + 0.30x;+-0.23x, + 0.32x, + 0.69x; + X, — - ... _

=120 (6.41)

f. Managerial - ___ e
0.05x, + 0.15x, + 0. le, + 0.07x, + 0 llx, + X3
=33 (642

3. Utility and Service Levels
a. Electricity

40,000x, + 32,000x, + 62,000x, + 48,000x, + 58,000x
+ x,, = 14.5x10¢ (6.43)
b. Water
0.050x, + 0.100x, + 0.300x, + 0.200x, + 0.100x,
- "+ x,,=750 (6.44)
c. Gas . - )
60,000x, + 80,000x, + 120,000x, + 75,000x, + ik
150,000x, + x,5 = 40.0x10¢ * (6.45)
d. Sewerage
0.040x, + 0.058x, + 0.200x, 4 0.150x, + 0.60x,
+ x,, =400  (6.46)
e. Waste
20x, + 30x, + 50x, + 45x, + 25x, + x,, = 20.0x10° (6.47)

1
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4. Acreage

0.50x, + 1.00x, + 1.15x, + 1.43x, + 1.43x, + x,, =300  (6.48)

5. Plant Building Areas
a. Maximum Areas.

x, + x5 =120 - (6.49)
X; + X3 = 80 (6.50)
- X3+ X, =170 T (6.51)
X+ x;, = 100 (6.52)
xs + x;, = 150 (6.53)
b. Minimum Areas
X, — X3, =40 (6.54)
X;— X =20 (6.55)
Xy Xy =260 ... (6.56) -
Xy — X3 =28 (6.57)
Xg— X3y =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 Investiment = $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
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 A
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Water—33.49 million gals./yz. -
Gas—28,435,428 cu. ft./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.

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 not 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 modelmg
situation and to stress the need tp use the systems approach to planning in

_ optimizing real problems even when they exhibit only a moderate level of = _.

complexity.

EXERCISES

6-1. The southern California area is faced with the problem of ultimately
supplymg 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 220 p.p.m sul-
fates; and no more than 110 p.p.m chlorides.
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Data on the possible sources are given below:

Colorado Feather Reclaimed Desalinized  Local
River River Waste Water Source
Cost ($/1,000 gal.) 0.2% 0.70 0.50 0.80 0.15
T.0S. (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.

6-2. 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.

6-3. A lamp manufacturer is investigating the possibility of expanding his
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CONGCEPTOS Y TECNICAS MODERNAS DE ANALISIS,
DISENO Y DIRECCION DE SISTEMAS DE OPERACION
DECISIONAL Y NECESIDAD DE SU UTILIZACION
EN INGENIERIA CIVIL
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1. INTRODUCCION

En este trabajo se presentan muy someramente
algunos conceptos y técnicas para ¢l analisis, di-
sciio y direccion de sistemas de operacion deci-
sional, que se han precisado y desarrollado en
los tltimos 15 aiios. 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 aytor estima que la aplica-
cion 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 C
2.1, )

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-
racién de todos 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 operaciéon debe hacerse
siguiendo reglas predeterminadas por el diseiia-
dor, por ejemplo, un teléfono, un automévil, etc.
En los sistemas de operacién decisional la opera-
cion, y consecuentemente el resultado 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.

Sistema

2.2, Sistema organizado de operacion decisional

La motivacién basica, consciente o subconscien~
te, de la creacién o la existencia de una empresa,
es la consecucion de ciertos objetivos de mancra

. que alguna medida de la eficiencia (utilidades,

costo, volumen de produccion, etc.) resulte optima.
Los empresarios, prcocupados fundamentalmente
por alcanzar los objetivos en cuestién, con fre-

* Doctor en Clencias (M.LT.): profesor en la Facultad
de Ingenieria, UN.A.M.; profesor de Investigacién de Ope-
raciones, Centro de Calculo Electrdnico, U.N.A.M.; Inge-
nlero Consultor.
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cuencia han descuidado factores de organizacién - ~
que les han provocado pérdidas cuantiosas, tantoe
econdémicas como de tiempo. La necesidad de
ireducir o eliminar estas pérdidas ha impulsado
la investigacion de métodos cientificos de analisis,
idisefio, operacién y direcciéon 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 compatibies
con los objetivos del sistema y con los re-
cursos disponibles en éste.

b) Organizacion acorde con los objetivos: es
decir, que Ja departamentalizaciéon funcional,
la delegaciéon de autoridad y la asignacion
de responsabilidad deben ser acordes con
los objetivos del sistema.

¢) Contenido acorde con los objetivos: o se.
el personal, los materiales, el equipo. ¢l di-
nero y la informacién contenida en cada eje-
mento decl sistema sea acorde con los ob-
jetivos de éste.

d) "Opcracion del sistema de manera que haga

) posible la consccusion de los. objctivos; s
decir, que los flujos de personal, matenales.
equipo, dinero e informacién que implica la
operacion del sistema, deben hacer posible
la consecucién de los objetivos.

e) Controles para determinar si ocurren desvia-
ciones en el contenido, en la organizacion
o en la operacidn del sistema, que provoquea
trastornos en la consecuciéon 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, Anailisis de las [unciones cn un sistcma

Todo clemento de un sistema de operacion de-
cisional proditce bienes o scivicios, La naturaicza
de éstos depende de la especialidad y los objen-
vos del sistema. Sin embargo, cualquicra que scan
éstos; es decir, cualquiera que sea ¢l campo de .
especialidad del sistema y sus objetivos, las fun-

ciones que realiza cualquier elemento del sistema

? INGENIERIA



pueden clasificarse en alguno de los grupos prin-
cipales siguicntes?

a) Investigneldn y desarrollo,

b) DModuccion.

¢) Ventas. k
Financiamiento y contraloria.
¢) Funciones relativas al personal.
f% Relaciones publicas.

¢) Funciones juridicaf o legales.

En una empresa indugtrial moderna los grupos
anteriores pucden subdividirse como se muestra
en los cuadros de las paginas 16-21 de la ref, 1.

3.2. Analisis c(c la estructura del sistema

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

. sistema, dcpendiendo 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 encomicnda a un jefe.
Como se sabe, el diagrania que muestra la depar-
tamentalizacién 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:

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

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.

f) Necesidad de formar nuevos departamentos.

3.3. Anailisis del contenido del sistema

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

a) El personal. ‘

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

d) El dincro.

e) La informacién.

La informaci6n principal qué proporciona el ana-
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, ele,

. Respecto o materinles: capacidad y calidad de
los almacenamicitos disponibles, medio de mancjo
de matenales, etc.

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

Respecto a la informacién:capacidad y caracte-
risticas  de los archivos o almacenamientos de in-

 formacion, etc.

. 3.4, Andlisis de la operacion dcl sistema

La operacién de un sistema de operacién deci-
'siomal implica movimiento o flujo de personal,
materiales, equipo, dmnero 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) Ll 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 ocasioncs, para facilitar
el analisis, se representa separadamente el flujo
de personal, materiales, equipo y dinero y el flujo
de informaciéon 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) Localizacién de elementos cuya operacién
es defectuosa ("'cuellos de botella™).

c) Localizacién de fallas en la organizacién.

3.5. Anaélisis de los contrales 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 el sistema, y conse-
'cuentemente, los procesos que deben redlizarse
en cada uno de sus clementos. El grado de con-

- trol en’ un intervalo de tiempo se mide por la di-

ferencia que hay entre los objetivos pluncados
para el intervalo y los resultados obtenidos du-
rante ¢él. Si esa diferencia 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 en el sistema,
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Y

debera enfocarse a determinar para cada periodo
convenicnte de tiempo durante la vida del sistema:

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

Qué¢ grado de compatibilidad existia entre
los objetivos de los diferentes elementos del
sistema,

Qué¢ difcrencias se presentaron en cada pe-
riodo cntre los objetivos planecados y los
resultados obtenidos’ durante el periodo co-
rrespondicinte.

Qu¢ causas provocaron en cada periodo las
desviaciones observadas entre objetivos pla-
ncados y resultadag obtenidos.

b)

c)

d)

Merece especiallatendbn el estudio de las cau-
sas de las desviaciones dimervadas entre resultados

objetivos planeados. Esetas 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) tdndiesen a desaparecer,
el sistema de operacion decisional tenderia a un
sistema de opera¢ion fija, y las decisiones que
tendria que tomar el personal directivo de los
difcrentes elementos del distema serian 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
Flancacién. ’

¢) Informacién para control insuficiente en al-
%unos aspectos e innccesaria en otros.

d) FPallas en el disciio del sistema.

4. DISENO 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 cuestién 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 disefio de un sistema de opera-
cién decisional presenta las siguientes caracte-
risticas: f
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a) Una persona o un grupo de personas que
tiede que tomar las decisiones durante 1
fas:c de discfio del sistema hasta; seleccidnar
undisefio para operacion. i
Una persona o un grupo de personas (usual. '
mctltc distinto del grupo en a)) que tiene
que tomar las decisiones durante la opera.
cidn del sistema.
Posibilidad de establecer y coordinar los
objctivos 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 disefia.

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

[) Duda respecto a la eleccién del disefio “6p-
timo™.

g) Un medio ambiente que produce un efecto

t riesgoso o incierto sobre el sistema.

b)

c)

Puede observarse que excepto por el factor b)
anterioz, los otros factores intervienen en mayor
o en menor grado en el diseiio de sistemas de
operacion fija. Esto ha permitido utilizar la meto-
dologia cientifica para el disefio de este tipo de
sistemas en el diseiio de sistemas de operacion
decisional, y viceversa. Muy recientemente esta
metodologia ha sido desarrollada notablemente 5

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

La seleccion 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 funcién de lo que se denomina cficicncia. 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 operacién dcci-
'sional ¢ de una parte de él. pueden rcferirse al
insumo ‘o al producto y pueden ser cualitativos o
cuantitativos. 1in general, para lograr el mejor
diseiio del sistema o de la parte en cuestion 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 4, de aplicabilidad general y de gran utilidad
para evaluar los objetivos.

4.3. Modelo de un sistema. Ventajas que ticn
su utilizacion o

Como se sabe, un modelo de un sistema es una
representacion del sistema. Un modelo puede ser
fisico ¢ abstracto. : ;

Entre los modclos fisicos los mas impostantes

'son los analdgicos, cs decir. aquellos cuyas mag-
nitudes fisicas representan a las magnitudes ca-
racteristicas del sistema, de manera que a cada
magnitud del modelo corresponde una y sélo una
magnitud del sistema. A esta clase de modelos
' ' y
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corresponden los modelos graficos y los modelos
eléctricos.

s:4os 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 matematicas 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-
riacién 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, diseiio y
optimizacién del disefio® se encuentran muy
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desarrolladas. Algunas de estas técnicas han sido
utilizadas en sistemas de operacion decsional,
basandose en la similitud anotada al final del
inciso 4.1 entre este tipo de sistemas y los sistcmnas
de operacién fija. Asi, se ha utilizado la teoria de
los servomecanismos para represcntar y simular
la operacién de sistemas de produccion o distri-
bucién organizados’. También se han desarro-
llado modelos especificos para sistemas de opera-
cién decisional”® En la actualidad este campo
se encuentra en proceso de desarrollo verdadera-
mente explosivo.

" Las ventajas principales que tiene la utilizacién
'de modelos para representar a sistemas. tanto de
{operacion fija como de operacién decisional son:

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

Permiten encontrar relaciones entre las mag-
ritudes caracteristicas del sistcma que scria
imposible o muy dificil descubric mediante
analisis directos del sistema.

b)
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¢) Péunten determinar ¢l diseiio Optimo (res-
pecto a algin criterio) ‘del sistema para
condiciones de opcracion dadas.

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

inenos costosas que en el sistema.

e) Froporcionan la; Gnica base posible para el
desarrollo de la' rama del conocimiento co-
rrespondiente.

f) Permiten la engefianza,

La desventaja pri,n}c
‘temas es que constituyen ‘idealizaciones mas o
menos refinadas de dichos sistemas. Sin embargo,
no deben olvidarse las dificultades que tiene la
experimentacion conmel tnico modelo fiel de un
sistema, o sea) con el sistema mismo.

|

4.4. La investigacion de operaciones. Algunas
clases de problemas estudiados. Uso de
computadoras electronicas

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 clato de lo que es. La Investiga-
cién de Operacionesg.es una rama de las Matema-

ticas que se caractegjza por:
a} ‘
b) Desarrollar modelos matematicos o anal6-
gicos dp los sistemas que estudia. ’
c) Desarr&lar tédnicas para optimizar la efi- !
ciencia !de los sistemas que estudia.

Estudiar_sistgthas de operacién decisional. .

La metodologia que emplea la Investigaciéon de
Operaciones jes la metodologia cientifica*??2, :

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

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

’ E:‘- [(C(, u,)
en donde )

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

terminar los valores 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 pro-
blemas de: '

e) Rutas
[) Reemplazo
g) Competencia
h) Busqueda

a) Inventarios
b) Asignacién

¢) Espera

d) Secuenciacién®

Algunas de las técnicas de la Investigacion de
Operaciones han sido aplicadas en: inyestigacion
y desarrollo, produccién, ventas, finapciamiento.
direccion de personal, compras, plancacion ge-
neral, ete. En todas estas aplicaciones; la utiliza-
cién de computadoras digitales electronicas ha .
sido de gran utilidad. Con frecuencia, ha sido
la computadora electrénica la que ha permitido la
utilizaciéon 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 bdsicos de la
direccion de empresas, y de quc demostro que
usando esos principios es posible ensciar a dirigir

. * Los métodos CPM y PERT que han adquirido tanta

populeridad recientemente, son métoddos para problemas de
¢sta clase,
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_aa cmpresa, dichos ' primaipios permanecieron 1g-
-erados por la gran mayoria de los dirigentes
Jc empresas en todo ¢l mundo, hasta ?uc hace
er\mmdnmc_nlc 15 ailos sc¢ inicid su difusién en
qran cscala. Este hecho impulsé, la investigacion
aerea de lo dircccidn de empresas, y, en general,
aerca de la direccion de sistemas de operacién
Jeasional. Como resultado) de dichas investiga-
woncs. s¢ chspone ahora dej un conjunto de prin-
apos sohdamente fundamentados para la cgrec-
adn de sistemas de operacion decisional 1t 2,

Actualmente se reconoge, que todas las activi-
dades relacionadas con 14 dircccion de cualquier
parte de un sistcn\a"dc opcracion decisional o del
astema en conjunta, pueden clasificarse en los
cuatro grupos que ke muestran en la fig. 3, y
que esos grupos de actividades directivas se rea-
hzan ciclicamente como se indica en la figura,
durante fodo el tiempo que estd en operaci6n el
sistema. .

-~

PLANEACION

hd

ORGANIZACION

CONTROL

[
MOTIVACION

L4

Fic. 3. Ciclo dinémieo de la direccién

Con el [in de precisarf@(s significado de los tér-
minos que aparecen en la fig. 3, se definen a
continuacion: '

Plancacién: conjunto de decisiones tendientes
a lograr en el futuro los objetivos establecidos,
#n la forma mas eficiente posible.

Organizacion: conjunto formado por los ele-
mentos del sistema a los que se asignan las activi-
dades que dcben 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 planeaciéon 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 técnmicas descritas en el articulo 3 pre-
cedente, son también muy utiles para disefiar la
organizacién del sistema o del elemento.en cues-
tion. ! ‘
," i 5' .’
6. ALGUNOS SISTEMAS DE OPERA.-
" CION DECISIONAL EN INGENIERIA
{ CIVIL '
| ; g
Los conceptos y técnicas descritas precedente-
mente son; aplicables para el analisis, disefioiy
optimizacion de la operacion de algunos sistemas
de: operaciéon decisional de interés en Ingenieria
Civil. Bntre dichos sistemas pueden mencionarse:

a) Sistemas hidro-eléctricos 1 1, 1

b) Sistemas de irrigacién % 1, '

c) Sistemas de transportes: carreteras. trénsijto
en ciudades, ferrocarriles, transportes mari-
timos y aéreos.

d) Sistemas de vivienda popular. ‘,

e) Sistemas de desarrollo urbano.

[) Empresas constructoras.

g) Empresas de estudios y proyectos.

fh) Empresas productoras de materiales - de

} construccion.

t

1

, También son aplicables algunas de las técnicas
descritas, para la direccién de la construccion' de
proyectos especiales o de produccion masiva '3,

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

El desarrollo econémico de México en los|tl-

timos aflos ha traido consigo un aumento notable
en el monto de las inversiones gubernamentalgs y
privadas en sistemas de operacién decsional de
interés en Ingenieria Civil. Esto ha provocado
la necesidad de analizar, disefiar, realizar y operar
sistemas cada vez de mayor magnitud y combple-
jidad en un tiempo reducido. Este hecho y 1a no
utilizacion de técnicas como las descritas prece-
dentemente ha sido la causa de numerosos fraca-
gos presupuestarios, y del frecuente empleo-ine-
ficiente de los recursos disponibles.
' En el futuro es probable que tengamos nece-
sidad de realizar sistemas ain mayores que los
realizados hasta ahora, y que tengamos también
que aprovechar mejor los sistemas existentes; Las
técnicas|descritas nos permiten, en uno o en: otro
caso, lograr una mayor eficiencia en la utilizacion
de nuestros recursos y consecuentemente, la posi-
bilidad de lograr un desarrollo econémico mayor
y mas acelerado.

La investigacion, desarrollo y experimentacién
de las técnicas descritas ha requerido un gran
esfuerzo econémico e intelectual en otros paises.
Tenemos ya gente preparada en ellas y tenemos
también los medios para aplicarlas, utilicémoslas
en beneficio de México. -
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2. Speculations

LESLIE MARTIN, LIONEL MARCH & OTHERS

In the 1920s an important shift of architectural intention_ 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 tpat, as a
result of this, not only the form of buildings, but the t_ota] epwro_nment
would be changed. The second line of thought, inlcr}ockmg with this, was
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 follo:efz:
up separately, sometimes together. The rational examination 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 vyay,
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 arghlt?cture might be.
And for their day they had an immensely powerful meaning.
All this is something very different from an attempt to pro.duce 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 introductory pages a‘re frm"n an
article by Sir Leshe Martin entitled, *Architect’s Approach to Architecture’, published
in the R.I.B.A. Journal, May 1967. 1t introduces paraphrased excerpts fro.m ot!\er
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
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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 to any aspect of design. The work
resulting from the 1920s and 1930s is of interest and value today because
of the ideas that it embodies (Wilson and Rowe 1965).

The change from art and craft intuition towards rational analysis,
measurement, technical innovations and speculative thought about these
things, is one manifestation of this. The change is there at an early date
in the opposition to the intujtive 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) was
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 Jjust 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 &
problem. Knowledge would be established by analysis, advanced by
experiment and confirmed or corrected by test. A ruthless reassessment
of each achievement was an essentjal 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 rationa

.
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approach was at once suspect. The end result of practical reason appeared
10 be sterility: and it was assumed that this could be countered only by
intuiuve processes — by feeling. Thus the old nineteenth-century opposis
tions were continued.

What was wrong with parallel slab layout was not the rational thought

that it contained, but the failure to extend this by further speculative,
formal iovention. As A. N. Whitehead (1929) once pointed out, it is
speculation that makes rational thought live: and it is rational thought
that gives speculative invention its basis and its roots. To analyse, t0
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 Nohh Whitehead (1929).prefers to call conjecture 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 destroying its 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 intujtion 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 land available 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 things‘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
each other and 1o each other’s uses, of buildings within the city and the
streets by which they are connected.

Speculations 3t

It xs'particularly -fortunatc when out of speculation, research has its
beginnings. Thc 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 :
speculations. y ry they can best be described as

Speculation 1 (Martin & March 1965)

How can we study the efficiency of the planning of buildings? There is a
common assumption that the most economic building is that in which the
cnrcu]ann‘ space is reduced to a minimum when set against the total floog
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,
Possnbly conflicting, may be introduced, for example room sizes based og
increments, or constructional sizes resulting in modular dimensions. These
are all interrelated factors and the interaction can be studied in a few
simple diagrams. o ) - )
In }hc .examplc 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 a
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,
'_I'hc room .over-a]location is reduced. The corridor is increased in space
in wl}at might appear to be a wasteful manner, but the total floor area
remains the same as in the first example. ST 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 it

" length and may be more pleasant and at the same time more useful by

ac;on;]modating waiting areas or filing space.

_ Inthe previous examples the building block is 29 units in le

in wzdth. The effect of an increase in %he width of the blocknfal; i:::wla
considered. In the next diagram (Fig. 2.1d), with the block now only 21
modules Ion'gan.d 144 modules deep, a 6-ft corridor is again introduced. The
;JVCr-allocatlon 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 2.1. A comparative study of office layout with varying planning modules, room
depths, and perimeter lengths.
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“If the rooms are now given fréedom in dépth 2nd the depth is controlled
by the 4-ft module (Fig. 2.1e), the room entitlemeant has a closer fit and 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
(Fg. 2.1g) the increased depth allows a conference room to be inserted ia
the central area. The external perimeter face is reduced from 42 modules to
38. By some criteria this layout is the best, though it has the least 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 circulation to 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 Jand? The question necessarily in-

volves a value judgement of what is meant by ‘best use’ and this can only"

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

Current planning techniques, in fact, 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
to provide a rational relationship of floor 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. )

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 populationcapatity' of a ‘givea
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 ymograms.
A}
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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 anmple
25%, 50% or 75%,. The clerical areas generated from these (Flc'g. 2.2b)
yield pine possible results ranging from 50-100,000 sq ft at .25 Yo 1:‘:0-
200,000 sq ft at 50 % to 150-300,000 sq ft at 75%. If these posmble'clenml
areas are-now related to an allocation of square feet per person (Fig. 2.2‘?)
“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 coqld
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
+ Other factors will clearly limit this range, for instanoe,. building .cod&s..Similarly,
land and development costs, particuiarly in central business districts,_ “r:l“ tend to
secure intensive use. But coordinated relationships between bulk and density and use
and density are not usually even formulated. R
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Itis clear that plot ratio in itself is no satisfactery measure of population,
though it is useful as an assessment of the totz] 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 cffect on the total floor space possible on any given site.

If urban land is to be developed economically and if reliable measures of

this are necessary, it is desirable to 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. Towet
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. - S

Speculation 4 (Martin & March 1966) - ‘ ‘ S

How cani 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 umiverse. The pavilion is finite
in 1ts 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-

e



36 MARTIN, MARCH & OTHERS Speculations . 37

tute points of récognition in what fay more properly be seen as a con-

tinuous transformation from one extreme to the other (Fig. 2.3); from an

D [] i array of isolated blocks elongated into continuous parallel rows, and these
joined in the perpendicular direction to form a net of courts.

D m This can now be examined. The co-ordinates used must be constant for

0

0

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 is the built potential, that is the
pBVlllDl'l

ratio of the floor area of the built form to the-site area.
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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-
court parison to the pavilion or tower form at its 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.

"T‘LJ"T‘L‘ L The form of a typical high density development, a low podium sur-

i ~nvelope obtained
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Jarge extent the massing of building seen in the central city of tc?gay
(Watts, 1963). The type of study described can be developed by con'slld_er-
ing py ranudal forms which approximate more closely to the actual bucl‘ mﬁ
form (Fig. 2.5). This generahsed pavilion form may again be compared wit
its anuform, the court. When this is done. the court form 1s seen to place
the same amount of floor space on the same site area \\.llh the same con-
dition of building depth and 1n approximately one-third the height re-
quired by the pavilion form.

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

] N

Fig. 2.6. The illustration shows (a) 2 pavilion dc\clopmfnt and (b) and ((':) court d.:]
velopments, in which several proportions of site utilisation: coverage, built potent
(bulk) and percentage of floor area without outlook, are the same. For the safne numt?e
of storeys, the built potential will be the same for all three buildings. The different sn_zz
site area needed 1o equalise these proportions suggests that eachformhasan opu.mur'n site
size (Fig. 2 6¢ takes nto account the internal angle condition reguired 10 mamtaln.the
proportion of floor space with outlook, while building the court formon a smaller sn.e.)
Black areas represent floorspace without outlook white areas represent floorspace with
outlook ; tinted area represents that part of site uncovered by development.
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Speculation 5 (Martin & March 1966)

What is to be observed, however, is that if the built potential is held con-
stant for the pavilion and the court, and if the proportion of the built form
having outlook and that 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 opumum 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

“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.

%
Y
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Speculation 6 (Martin & March 1968)

This question of the relatedness of things is central to the consideration of
any single issue like the provision of housing, schools, open space or the
roads by which they are served. All these things are aspects of the main
problem of relauonships: 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 said, was that even
if the housing priorities did not ehminate 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 ficor area is 3 mes 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
Jand by buildings. When the 1ssue is considered in this light the results are
sometimes surprising. Consider an area of land in a nineteenth-century
sndustrial 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

Srresa v

Speculations 41

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 ume that schools are made
available for its children ? There appear to be competng land uses, and in
any rebuilding there may be the added requirement of public open space.

Let us Jook at this from the point of view of schools. Fifty acres generate
5000 people, and these 1n 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 1n 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
fori 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
829 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 1e housing would
occupy a sohd 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 10 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 school land were available to the locality or, as recom-

Fig. 2.7d. Three-storey housing would require 25 acres of land including roads and small
‘outdoor’ room space. This housing is only possible if the 21 acres oi: 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-
ues 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. 2.7e).

Fig. 2.7e. The ‘urban rooms’ compared with open’ spaces in the Bloomsbury area of

London. Note that most of the buildings around the London squares exceed 3 storeys in
height, )

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 1o accept a housing solution of this kind in ordlet to
find land for the schools? Is 1t really unacceptable to have a condition
rather hike that of overlooking Parker's Piece in Cambridge from some four
or fise-storey terraces around it?t (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 actes 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
arbitranily chosen, but within the context of rectangular geometry, e.md
treating prismatic forms only, they constitute the entire range of possible

t The results appear to be very simple. But it is curious that the forms of the layout
described do not seem 10 have been built: at Jeast not recently. Architects tend to
think of housing 1n terms of building types: point blocks, slabs, maisonettes rather
than land use built form relationships 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 buildings use land and the
forms are ones to which many actual buwidings 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 Jook 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 compzired, 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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tempting 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 1n modifying his p{ellrr_llpary
hvpothesis or even to allow him to detect the effect of many dec_xsxons.
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.

édjustments to design are made on the assumption that the chan.ge is
largely independent of all but the most obviously related fact'ors. The mt.er-
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 first 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
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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 formis 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 moator 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 besn 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: if every household in the

b
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Fig. 2 8. Ebenczer 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
times 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 relation to the built forms required for
the house and garden, .

First let us Jook at how 109 of a land area might be covered by urban
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Fig. 2.9. Range of nucleated and linear distributions from 1094 to 9% coverage.

uses. This 109/ is the present proportion of urban land to all land in Eng-
lanq and Wales and it includes urban open spaces like parks, but not
agricultural land within urban administrative boundaries. Fi~ 2.9c shows
the 109 coverage distributed in a concentrated nuclear form (one single
blob) and Fig. 2.9¢ in a dispersed nuclear patiern (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 in a
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. 2.9 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 1s concerned with scale. The property
of being concentrated or dispersed 15 dependent on the scale chosen to ob-
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serve the pattern. If, for instance, 1/256 of the dispersed blob pattern (Se)
were to be scen at close range, 1t would look exactly hike the concentrated
blob pattern (9c). The only difference 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 land 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 &
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 land 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. Three-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 ~reatest 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 1ts 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 quanuty 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 distn'but?bn.

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 1o 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-

[



54 MARTIN MARCH & OTHERS

ton not possible in nuclear development and that, with a positive policy
towards open spaces, 1t is 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
aliernatives. __

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 techmques 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 to 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, i 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
Stone (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 knowledge in architectural design is vaguely and qualitatively
stated. Statements prevail such as ‘high tower blocks make good use of
land’, or ‘cube-like buildings are cheaper to build and run’. Design lore
abounds in rules of this kind. Their authority rests more on intuitive con-
viction than 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 s

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

In a room 30 feet long, 12 feet wide, and 12 feet high, there is a spider in the centre of one
qf 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 crawl to reach his prey ? If he crawls straight
down the wall, then in a straight line along the floor, and then straight up the other wall,
or fo!lows a similar route along the ceiling, the distance 15 42 feet. Surely it is impossible to
imagine a shorter route! However, by cutting a sheet of paper, which when properly
folded, “{ill 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. -

Tk?ere 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 from_cut.d_[in Fig. 3.1), this route requires the spider to pass over five of the six
sides of the room. - S

'.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
?hc 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



56 MARCH

sufficiently representative yet manipulable to allow the problem to l;e
simplified in order 1o proceed to a solution (our paper box may be easng
thought of as a room, but unlike a re:fl room 1t can b'e unfolded an
spread out flat in such a way that the original three-dimensional problem is
reduced to a somewhat trivial two-dimensional one). o
Buildings are complex artifacts. Most are unique. anerallsallor}s about
buildings are not easy to make. It may help to look 1.nslead at bufltform:
which are not buildings. Built forms are mathematical or qua'sr.rnathe-
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 olher.has
been demonstrated, it is necessary to reconsider the original z}ssumptlons
with 2 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 J

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 1o 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 o the problem. (Often this
is clearly implied in the problem itself.)

(iii) Make a list of the variables on which it depends, . .-

(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 8
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 that
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 inde-
pendent variable and constants.) ’

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

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

All 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; withsa
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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 cylindric_a.l
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 thosé€ propor-
tions of length, width and height are being sought which minimise heat
cJosses. . ..
even simple rectangular ones, have complicated feneslratlon 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
a model is constructed of a building - a built form - which is a perfect
rectangular parallelepiped each surface of which is considered to be mad.e
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 bea simple rectangular parallelepiped with
homogeneous surfaces and constant volume.

(ii) The dependent variable chosen is some measure of heat loss which
may be called g units.

(111) 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 transmittance be U umits (Fig. 3.2).
(iv) An equatnon connecting these variables can now be written:

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

since there are two faces of area xz, two of area yz, and just the roof
area xy all with thermal conductance of U. Further, however, it is
known that xyz, the volume of the built form, is constant. Let ¥ be

the volume, and then
V=xyz. )

(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

q= {ZGC:i-}’)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 correspondmgly
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 », setting
the results equal to zero. Thus,

a—"=(—33' )u 0 (4)
Ox

é 2V
A (-S+xlu=o, (4b)
oy y
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whence x = J at the staticnary value. If the curve is plotted (Fig. 3.3)
o=(Fee)on @

x

by substituting x for y in Equation 3 above, the stationary \:aluc is
_indeed a minimum value. And so a minimum has been obtained llﬂ

which .

By ®

as well as- where the constraint ¥ = xyz holds. Hence, for minimum
beat losses

x=y=2=0N" ™

From this it is seen that, to reduce heat losses, in a building whose
exposed surfaces have equal thermal transmittance and whose fioor
conducts no heat, the best shape is square in plan (x = }:) with a
height just balf (z = x/2 = y/2) the length of its sides: that is to say,

“ahalfcube. -~ 7 - o - - - -
- T
.
\
\\\

Fig33 - . _

(viii) Returning to our original assumptions. One assumption seems pare
ticularly arbitrary. It concerns the transmittance values. For one
thing, ground fioors 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 transmittance values (Fairweathe
and Shwa 1969). The roof, of course, can be eapected to be differeit
from the walls. : .

The model can be generalised and the notation can be modified for mors
concise eapression. Call x, x,, and y, x,, and 2, x;. In this way a fypical
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 ths
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 U, respes-
tively, and let U; be the mean value of these two transmittance values so -
that .

U=3Uy+U,;)- . _ &
The relationship expressed by Equation 1 above may now be generalised
to read . .
q= (Ull;+ Ulz)xzx_a +x1(ql! '!‘ Uzz)X3 +Xlx2(Us‘ + U;;} .-
= 2(UIXZX3 +x‘ UzX; +x1sz3)

u, U, U .
= 2V(—-f_+—E +—€), since V=x;x,%3. -~ i
Xy X3 Xg Lo

This may be written more compactly

~ g= ZVZ‘%, fori=1,23. ¢
R 3

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;s (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 storehouses of ingenious methods, but
models of symmetrical form. The clearness, elegance, 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 labours,
an embodiment denied to them in the troubled world of politics’. Encyclopacdia
Brirannica, 9th ed. (1889) Edinburgh.



62 MARCH

the stationary values of a function like g(x,, x;, X3), subject to a constraint
of the form p(x;, X3, x3) = 0, a new function is constructed

® = q+4p, (10)

where 1 is ¢alled 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. ) (1)
ax‘ o

In the case of our example .

U,
Xy

q(x,,x3,%3) = 2V E,

subject to the volume constraint given by the function
P(XpsX2,%3) = V=X;X%3 =0,
or to preserve generality,
p=V-xxx, (,jk)=(@1,23) (12)
Following Lagrange’s method a new function is constructed '

®=2v z,g' + AV =% %), (13)
(]

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

Xj

=You Ax;), since xx V.
= —AX;), SINCE X =y
x‘z,( i i > g 2o ‘xl'\

=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:

xy1xy:x30:U,:U,: Uy (15)
In this form, the condition is seen 1o 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,:X3:X3::sin 0, :sin 8,:sin 8;.
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

¢ y x5 .
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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TREOREM 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 transnutiance 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 7).

Plans with outlets

X - 3

-

2T X .o X

Room dimensions
4 ] 8"

Thermal images of rooms )
2 * 4

Fig 3.3
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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

Uxx3 = x,Uyxy = x,x,U,, (16)
whence the rule (Equation 15):
X;:%9:%3:: U, Uy Uy,

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 (fow 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 x2 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.
A
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heat losses and hence running costs,t or that mcasures of compactness
which compare ratios of surface areas to volumes have any significant
relation to thermal performance.} If they have, 1t 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,

tbat ’
L 3
X2 _ X _( 4 ) an

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 mtenors (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 now a
building whose volume is 288 cubic units, with U, =2and U, = lin the
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:

4.1.2
(b) With PSALL: -

+
X,=4;x,=2(£8—) =12; %, =22 = 6.

288 \t - x
X, =6; x2—2(6 1.2) .+,1o;§x,=—23=s.
(c) With PAL: - _
288 \# x
X1=8$Xz=2(m) #8;§x3=ff4-

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

t See, for example Hardy (1966).
¢ For such a measure see T. A, Markus ez al. (1970).
§ To nearest whole number for the purposes of jllustration.
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losses. The clear trend - as can be scen algebraically from Equation 17
above —is for both length (x,) and height (x3) 10 decrease with increasing
width (X,). This is_true whatever constant values of U,, Uy and V are
chosen for the comparative exercise. However, while particular values of
these independent variables might Jead 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 hmitations 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
6
5L - 4k
x“ X,"B XI =8
Daylit PSALS 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, 1o 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, $(C,, + C;,), of the two faces with dimensions x, and

t Excepting the principal walls whose manner of construction does not aﬁ'ccl shape,
but does modify thermal performance.



68 MARCH

x; respectively, and let C; and C;t be similarly defined Then the least cost
solution is given by

X, 1x3:x30:C:C4:1Cy (18)
with each x; given by

_C V i -
x, =L m . (19)

Thus another theorem may be stated:

THEOREM 2. The envelope of a simple rectangular block of given volume has q
minnnum 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 cost 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 Cy: C3: G Note
(@ 1:3 29 Extremely expensive foundations,
or high land costs
® 1:1.5 :2.28
(o) 1:11 11
@ 1:0.5 :0.25 Low cost roofing and ground slab,
or Jow land costs
TABLE B
Dimensions of block Surface area less
Sitvation x, X3 xs  Total surface area ground slab area
(a) 2 6 18 k} ¥ 300
®) 4 6 9 228 204
(c) 6 6 6 216 180
) 12 6 3 252 180

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

at the same rate as the suspended floors, and C, ,, the cost of the roof less the cost of
the ceiling.
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Using formula 19 the dim@nsnon: ' Table B are det* . 4 (o0 the least
cost solution in each situation (F:3.7):

2

(]

___—_____a

et 4

18 b 2
9
6 6 L
a b c (- 4 .
e e e - - - —— .37 \ e o

There are a number of points 1t might be made. =>4 example.
Firstly, the possibility has been 1zoduced that the .co>= - 5¢ 11 building
may be influenced by land cosis"he discussion @ <__i._. later to the
study of the way in which differet built forms ‘use -4 Secondly, it
should be noted that, although 1.2 context of this pxi-=2 .0 example the
cubic form (c) does have the leasiarface area, there < . .. o forms which
have the least exposed surface arei One of these is tirr 22w - form but the
other is the squatter, spread-out = (d). If maime.'r.».z:;_.: costs were, for
example, directly proportional x.the exposed suryuis ~7<rca then as in
Example 1 it would be clear that =2 balf-cube is the = lor 0 oinini oo
these costs. Thirdly, it is imporzz: 10 remember that =< .. (pe ‘envelope’
costs have been considered and z..costs Which anse == .. of the form,
for example, the provision of lifiznd staircases itz > o 'dings and air-
conditioning in deep buildings. Furthly, the ‘envelor= costs are part of
the capital cost of a building wri: in itself may be & —a=_.: 0 ihe total
cost of the building in use (Stoni967). In fact, the zx: . of the envelope
may not account for much morz1an about 10 of =2 <=apital cost.

To investigate the relationshi;retween cost and ™= .. deeply it
will be necessary to construct e complex mode:s = - -nggested by Bul-
lock, Dickens and Steadman (19
If. . .we could cost the range of buildiz:.>ttained by a systemans o o mation of the

overall form. . ., it wouid be possible. .1/rory, to plot the C‘-‘* v¥ - -1t different possible
variations of the factors that have ber volated. If carrred ow =, | sufficiently large
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number of examples, our understanding of which elements are most significant from
the cost point of view would be considerably enlarged. In the first place changes in the
factors controlling the cost of individual elements and of the whole building could be
systemaucally explored. And in the second place this would make possible more accurate
Jorecasts of the results of design decision, without requiring the architect to produce
detailed designs for every variation. (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

X3 a;y . . Xy ,
M: X | . Q33 . Xz ke (20)
x; . - 033 x3

where, to preserve volume, @,,a,,853 = 1. The scalar matrix [a,;6,;], where
d;; is the Kronecker delta so that §;; = 0, i # j, and §;; =1, i"= j, may
be compared to the symmetric rensor of rank two in a principal axis
transformation. With this in mind we may think of the built form ex-
periencing orthogonal strain under orthogonial 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 A is the total floor area of the form. However, V = 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 thc followmg may
be expressed:

C
K‘ = _.‘:{x.

_ C‘x jxkh

S 22)

t This mechanistic analogy is related, as Philip Steadman has reminded me, to the work
of the biologist D"Arcy Thompson (1917) which in 1ts 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).

" dutomatic computation.
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From this our previous condition (Equation 18) for the optimum (least)
cost of envelope reduces to the simhple 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. ﬁoarspace 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 capural cost: although it might considerably
affect 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 cdst must be left and our
attention turned to another problem.

Example three C .

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 comprehensive model. Such a model, of course,
can no longer be manipulated by ordinary mathcmancal mcthods a.nd requu'es

3 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 apphed in all finally approved town plans during the
period 1930-32" in the Soviet Union. For recent Soviet work on this problem sce the
review by V. G. Davidovich, ‘Interdependence between height of buildings, density
of population and size of towns and settlements’ in Davidovich .968.



72 MARCH

tance between parallel blocks must be one-and-a-half tunes 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 land 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. a
given illumination condition, the number of beds increases with the number of stories.
2. Assuming a given angle of sunhght 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 aum-
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 stonies, the angle of sunlight incidence decreases with increasing number floors,
i.e., the conditions of illumination 1mprove with increased height. (Gropius 1956.)

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’. h o ' )

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 stenle' corridors, tedious, monotonous parallelism, and
silhouettes against the sky that were poverty stricken and unbalanced’ (Le Corbusier
1939). -
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thirties progressive plannimg schemes were being built on these principles,
while, following the Second World War, many official reconstruction
schemes throughout Europe were designed ihis 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:

»i1 = number of beds,
y2 = area of site,
¥3 = tangent of the angle of sunlight.

4]

h arctaniy,
f 22

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):
V= Ammber 0/‘/7.-’011 - e

z, = length of block,

z, = space between blocks,

/= width of block (assumed to be given),

h = storey height (assumed to be given),

g = parapet height (assumed to be given),

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

=
I

t This paper is referred to 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 variable is
x = number of storeys, *

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

¥i= 8% V0 1) = S0, (@8

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’ this 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 given by ° oy =Bfzx, - (25)
the site area is given by C yi=2,(f+2), (26)
“hx +g T

and the tangent of the ang]e of sunhght by y3= 27)

Using these three equations, and by eliminating z, and z, from thcm, the
required functions ¢; are obtained. For example,

h= szl'xv
but from (27) zZy = h:;+g.
) )

and from (26) 7= :_’ 2
2
= _Ya¥s
. hx+fy,+g

. P 4
Hence, 1= Bfy.ys m‘.

or by multiplying up,
(hy, = Bfy2y)x+Jy,y3+8y, = 0. (28)
From this equation the three required functions are derived, namely,

= ¢,(x) = Bfy;y

X
.—————, asab 2
ey el (29)
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RN hx+fys+8§
= 22 (30
= ¢,(x) = s e )
and . . _
y, hx+g
e, 31
The first derivatives are obtained in 1he usval way,t o
dy, Jys+g
— " ->0, 32
dyz =N fy;+:
22 33
$i0) = gL G <0, (33)
d}’s —~y: hy,+Bgy;
= ] <0. (39
93(x) = f Byax~y)?

/ : x
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 reqmred decreases with
blocks increase in height (a]ways assuming that in each case the other
‘variables’ are held constant).

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 differential calculus, or Montgomery and Jones (1970),
p. 132,
$ Scc any standard work on analytical geometry.
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Y2 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 § = 5, if the block width
is 9 m then f = 9, if the storey height is 3 m then & = 3, and if the angle of
obstruction has a tangent value of § then y, = 3 (Heiligenthal’s rule of

. thumb for north-south orientation). The densny of bed spaces per

hyy hectaret is then given by..____
——————————————————————— ( Y2= nya )
1 % 16,000 (36)
Y2 h
9.2
, . ={533 10,000
x

= 1333.
(x=0) Thus with these values (close to Gropius’ recommendations for ‘hygienic’
Fig. 3.11 dwellings) the maximum possible density that could be achieved no matter

e U _ 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 have}), or by dlmmlshmg the amount of light reaching
the facade of the building, or by reducing ceiling heights. Each of these

A ‘ measured would be detrimental to housing quality and below acceptable
_______________ lys= o4 standards.§
Another point to notice is that although the number of bed spaces does
increase with building height (Fig. 3.10), the rate at which it does so
decreases quite rapidly. This is to be seen from the second derivative

|

!

{

|

| . ¢n(x) = ‘th}’z}’3(f}’s+g)
} ! 1

1

|

Y3

]
1
t
I
1
l
!
l
!
1
|
1
-+

<0 37
X (hx+fys .+8)3 '
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
(x = BVz ) ) ) gains in density are to be made with the lower number of storeys, from one

C e Fie 342 - o to six, say. The returns beyond this diminish very rapidly indeed. For
- ig. 3. . - N,

. . . t 1 hectare equals 10,000 sq. m or 2.47 acres: roughly, 4 hectares equal 10 acres,
curve which lies within the positive quadrant, of course, is of interest.) 3 These tenements were approximately 22.5 m deep with eight out of twelve of the rooms
The horizontal asymptotes set limits on extreme values of the y; as x be- on each floor with no windows. In 1894, New York's worst ward had a density of
comes very large. They are then related by the equation 986.4 persons per acre. See Gray (1947). i .

y larg 4 by the eq § Note that with the angle of obstruction employed in British planning controls for lhfs
"ﬂf)’:z)’: ==, for x -+ o0. (35) kind of development (daylight indicator D1), the value of yy is approximately ¢. This

. . . . means that the maximum density of bed spaces per hectare with these values of B,
This may surprise the unwary. It means for example that, with this form Jand h is reduced to 1000, or 400 [ “rsons per acre.
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e\amplc using the values of B, £, h, y; above, and sctting the parapet height
10 zcro for sumplicity so that g = 0, from Equation 29 the following can be
derived:

1 x

- = = Bfyy. ,

” h 41 B 3 hx+fy3+g (8)
; 9.2 x

153 3n 39,23 1000 (beds per hectare)
X

=—"_,1333,
x+2 333

The ratio x/(x+2) is thus the proportion of the limiting density (1333 beds
per hectare) achieved at x storeys. The table below shows values for various
storey heights:
No. of storeys
[ g A Ty -

1 2 3 4 8

Proportion of

- - limiting demsity  — -33% S0 . -60% 1% _T5% _ ..
Density per hectare 444 667 ‘\ 800 888 1000
Density per acre 178 267 . 320 35§ 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 another 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 theaelationships within the limits of the assumptions. Gropius
used his model polemically to demonstrate the advantages of hochbau,

1G- 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 doctrinc Only reccmly have designers returned to 2 scrious consideration
reasons, but out of socnolog:cal concern. Nevenheless, two critics in England have
persistently pointed at the geometrical weaknesses in the high-rise doctrine: see AL 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 socialisi socicty. The high cost of land, the concentra-
tion of capital and commercial hife and the hunger for publicity - these factors have
caused the erection of skyscrapers in the cities of the USA,*
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tions of this model it is perhaps worth stating formaily 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 particular
values of the bed density S (in fact since the number of bed spaces i8
directly proportional, in 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 ares
increases hiyperbolically with the number of storeys.

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

10 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. Assuming a given angle of obsiruction between parallel and equal

buils 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 asymptotically approack-
ing a lower limit given by the product of the ratio of storey height to building
width, floor area and cotangent of the angle of obstruction. .

THEOREM 6. Assuming a rectangular site of given size and constant floor
area distributed within equa’ 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 inv. ersely
to the square of the number of storeys, the tangent of the angle asymptotically
approaching a lower limit 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 population densxty,
housing in higher and more widely spaced buildings ig 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 mathematcal analysis. It fs
shown that, except in very open developments such as are rarely encountered in towns,
an increase in the height of the buildings will, for a mven population density, alweys
improve the lighting conditions ; or, less desirably, that more people _an by this means tg

T
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houscd on 3 given site without making he lighting worse. In the latter case it can fre-
quently happen that the increase in population density 1s accompanied by an increase
in the amount of opcn space per person.

The analysis rests on the assumption that, for a given orientation of the blocks, the
highung condiuons are defined by the angle of obstruction (determined by its tangent
D s, 1n the above notation) at the ground-floor windows). The latter part of the note ig
concerned with an examination of the amounts of dayhght and sunshine which can be
receired with various values of ys.
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Fig. 3.14

Beckett's mode! considers equal rectangular blocks arranged in parallel
rows with intersecicg streets (Fig. 3.13). The intersection of streets is 8
refinement on 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 flocr. The Hali-
genthal-Gropius section can be used with the parapet, but the equaticns
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 pronomon, 4, of this,

The variables may be listed - —— e -
= length of site,
2z, = distance between b]ocks.
J = width of block,
h = storey height, )

g = parapet height,
= height at which the angle of obstruction intersects the facade
(0<x<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 blocks°
and x = number of storeys,
¥y = number of beds (persons, etc.),$
y; = site area,
»; = tangent of the angle of obstruction,
¥4 = 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,
Uy = y,[/y; = open space index,
u3 = u,Ju, = bed space (population, etc.)t density in relation to opea
space.
As before the relationships between these variables are established by
definition and from the geometry of the layout. i B )

For the number of bed spaces (persons, etc), y, = ﬁlfz,x. 39)

1 The ‘dimension’ of £ determines the meaning ofy,, u, and uy. Thus, if it is a measure of
bedspaces per unit floor area, then y, is the number of bedspaces (as studied by
Gropius); if it is a measure of population per unii 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 Bechett); if, however, it is set equal to ] simply as a numbser, then
y: is the area of floor space and u, is the floorspace index (Beckett’s measure). Leaving
the meaning of £ open like this allows us to interpret the model 1n a variety of ways,

3 Sec preceding footnote,
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for the site area, Ya=z,(f+z;), (40)
h -
for the tangent of the angle of obstruction, ys= x~:g '. (41)
2
and for the’area of open space, Ye=Y3— %'i 42)

The equation which relates y,, y, and y; is found by eliminating z, and-
=, as before. This gives
(hyy = Bfy2y3)x+(fys +g—D)y, =0 5
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 is
measured at the point where the building and ground meet). Beckett’s
equations follow:t

“up = Pi(x) = BAfys E;-f;j}:.‘, e a8)
Wy e
. 4lz='l/z(r)=l—’m)—{:-’:;-i, with varying ug, - - - - (45)

=1- ;—;, with varying y,,

uy = P5(x) = BAfys - e -i.;fy,+g-i't with varying u;, (46)

Bu;x
x-‘u"

with varying y,

s Uy hxtg—1i

and ys = ds()= 7+ b, “n
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 = 0.6A,
4 = 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 w; =", the amount of open space per person.
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o

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 100, Gt = Vie) = Bty I ED e

- T ——

Elementary models of built forms 3 ¢

and (x) is greater than, equa! to, or less thas {>, =, or <) according
to whether fyy +g—i>, =, or <0; that is, whethcry,>. =, or <(i-g)f-

The behaviour of the function depends then on the relauonshlp betweenfs
g and i. Note that with i = 0, the unequivocal Gropius rule 1s reconstructed

that the floor space increascs with the number of storeys. In any case
V,(x) approaches a limit as the number of storeys becomes very large:

ﬂ)‘fyi - (49)

xllr?n 'p 1 (X)

With B set to 1 this means that the limiling floorspace index is Afys/h,
or approximately 1.12 when 4 = 0.75, f = 3h and y, = 0.5, that is when
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the angle of obstructxon is about 26° which is reasonable i in rcs;dentxal
develoPments. - Tt

For %(X). =y3(x) =

A . . i
e fﬁi’g—i)" with varying uy, (50)

= g—;, with varying y,,

and Y;(x)>0 unequivocally in both cases, so that the open space index
increases, as might be expected, with increasing number of storeys. ln
both cases the open space index approaches a limit

]
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s Ya(x) =1 (51)
This is a nice mathematical limit: it means that when l‘hc puilt forms ‘are’
infinitely high they occupy no land so that the whole site is open space.
{1=2fy; +g-i}
{hx+(l -Nfyy+g—i}?

__=pup 52
=G ¢

For y5(x), %l;—’ = Y53(x) = BAfyy -

and when the angle of obstruction is held constant ¢/§(x)>.. =, or <0
according to whether (1-2)fy,+g—i>, =, or <0.; t.hat is, whether
y3>, =, or <(i—g)/(1—2)f. The function tends to a hmlt’

i,y =200, (53

This is the same as '™ ¢, (x) because

L2 V@ =@ e T

and as was seen from Equation 51 V= ¢, (x) = L. 3 .

- ~“Note that if i = 0, Y3(x)> 0. That is to say, in the.Hex]ngequfxal—_Gropl_us
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. '1"h1s means
that the amount of open space per person diminishes with building h_elg.ht.
Becketts model contradicts this statement, and yet this contradlct{on
arises solely because of a refinement to measure the angle of obst_rucu9n
above the ground level rather than at it! Beckett, as has bt.:en noted, ignored
the parapet height, g, and with the values of the variables h.e use:,d he
obtained the condition yy>,=, or <0.8. In most planned urb.an situationst
the condition ¥3<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 less thfm 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 per

person definitely decreases with higher development. It 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 Jikely to be slight anyway, especially beyond four or so storeys. When
the floorspace index is held constant then the amount of open space per

1 This may not be true in tropical citics where Jarger angles of obstruction are acceptable
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person uncquivocally increases with height: tnis is demonstiated by (he
second expression

’ —ﬁUf - R
¥i(x) = Gr=u,y < o.
(Remember that ;(x) is the density of population to open space,_as this
decreases so the amount of open space per person increases.)

For e 2 = ity = oo Pk PGS, (59

and ¢3(x)>, =, or <0if hu, + PA(g—i) <, =, or >0; thatis, if u; <, =, or
>PANi-g)/h. With B =1, 1 =0.75, i = 0.6h, g = 0.3k as before, this
conditien says that the angle of obstruction increases, is stationary, of
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
Afys/h. .
THEOREM 8. Assuming either a constant angle of obstruction between parallel
and equal built forms, ar a constant population density for sutti ¢ development,
the open space index increases” hyperbolically with increasing number of
storeys. '

- 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 storeys.

t See definition above, p. 81. When B =1, the population densit

"~ fzorspace
index, otherwise it is bed $paces, persons, rooms, etc., per unit z: ‘g tothe
precise definition of 8,

3 For this and following theorems the variables are as defir=d e-- 1.
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THTOREM 9. Assuming a constant population density for a development of
pzroiel and equal built forms, the density of persons to open space decreases
wii% increasing number of storeys. (The amount of open space per person
increases.)

Corollary. The order of the rate of increase of the density of persons to

op<= space varies inversely with the square of the number of storeys, the
dewsiny asymptotically approaching a lower limit equal to the population
dersity.
TrzoReM 10. Assuming a constant angle of obstruction between parallel and
eswzl built forms the density of persons 1o 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
thzz arc tan (i—-g)|(1-A)f. . .-

Corollary. The order of the rate of change of the density of persons to open
spzze varies inversely with the square of the number of storeys, this density
as: mptotically approaching a limiting value for a very large number of
sicreys equal to the limiting value of the population density, Afys/h.

-~ -~TKZOREM 11. Assuming a constant population-density for a_development of

percllel*and equal built forms, the angle of obstruction increases hyper-
bocally, is s1ationary, 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
imersely with the square of the number of storeys, approaching a limiting
vclue for a very large number of storeys, arc tan hu,|BAf.

The Heiligenthal-Gropius model showed that the relationships were not
lizear but hy perbolic, and in terms of the specification of that model the
fuz:tions behaved consistently. The Beckett model demonstrates that a
szzll refinement introduced into the model can significantly change the
bsaviour of the representative functions, and that detailed design factors,
suzd as the height of the parapet, may be critical. As our models become
m-re and more refined to take into account this and that. factor the
beZaviour of these functions is likely to become .more ‘erratic’, being
Stz2ndent on a variety of critical relationships. The number of possible
situations (S2fined by giving values to the independent variables) becomes
very large 23 computing will usually have to be resorted-to:t- -

But eack ~zfinement should be carefully considered. The reason Beckett
chose a hizner reference point for the angle of obstruction was in order
better 1o exzimate the level of daylight illumination in the ground floor

t See, for example, the environmental model described by Hawkes and Stibbs (1969)
which ca= simulate highly complex architectural situations for the purposes of
inveshigat=¢ lighung, heauing 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 it leads t0? Recent work by Hawkes and
Stibbst on the effects of urban obstructions, such as motorways, on day-
light suggests that the choice of 1eference 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 ° CooT T T

... .F= T S |

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 apartr.cnt 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 purposes 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):

Fig. 3.20

xh

f z .
i Fig.321. . -

J = width of built form,

h = height of a storey,

z = distance between blocks,
x = number of storeys,

Yy = site area,
y2 = total floor area,
»3 = tangent of angle of obstructica,
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The principal dependent variable is
u = y,/y, = the fioorspace index.

The other dependent variables for the two developments can be identified
by the superscripts {®) and *3 for the tower and court respectively.t
Thus y'7? represents the floor area of the tower; 32 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:

Tower!® Court!?!
For the site area yI% =(f+2)?, Y= 4(f+2)3 (55)
for the floor area y§® = f2x, yi = 4f(f+2)x, (56)
for the tangent of the obstruction angle y, =-’-’;—. 57)

From Equation 57, z = hx/y, so that, eliminating z from equations 55

- and 56; the expressions for the floorspace indices, 4% and u'?}, are derived!

2
w1_[_Js . 580}
‘ (f)’s + hx) * ; . ( )

o (L)w e

Jys+hx

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
ut%)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 % = ¢f®)(x). Note that ¢'°(0) = 0 and that lim¢ °)(x) =0.

Also, differentiating, . . e

dut®) . (fys)*(fys—hx)

T = lor (x) =YY UYs—hX) 5910
e & " =Ty G

so that ¢'°Y(x)>, =, or <0 according to whether y, >, =, or <hx|f. For
any given finite value of y; the function is stationary at x = fy,/k 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 i+ 3ex, and then,
passing a maximum value, decreases the index. The max:-+ w.in value of the

t This notation derives from March and Trace (1968).

\
\

t



92 MARCH

floorspace index for any given value of y, is then given by substituting
Jy3lh for x in equation 581%);
Iy :
vk =" (601
The behaviour of the court is, as has been said, more familiar. $'21(0) = 0,
and lim ¢P*X(x) = fy,/h. Also, differentiating, it develops into
XD

dut? Iys )’ (59[2))

—_ = [2]

& gk =
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, [k 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.

ys+hx

I3 ) 2
12y 773
‘ w = (60'23)
which is just twice the value of %), Thus when the tower form’s index is
at its maximum, a court of similar height wil! achieve two times as much
floorspace.

This can be put yet another way round. What height does a court have to
be to achieve the same floorspace index as the maximum achievable in
tower development ? This requires that

ut? < yl0)
or .
Jys f.Va '
. : 61
y3+hx x= 4h : ( )
whence we find ) S
A
3k . - -

Thus the number of storeys rcqunred is prccxse]y one-third of those needed
to maximise the index for the tower (x,,,, = fy1/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 supcr-
script ® is used for this forin):

P =(f+2)3, (557

+or the site area

Elementary models of built forms 9
Y3 =f(f+2) x, (562

and the tangent of the obstruction angle is as before (Equation 57) Thu!
eliminating z, the following is obtained: s

for the floor area

For the floorspace index u® = (»—ﬂ’—-) - x, (58%7)

Jys+hx)

which is exactly the same as for the court form's index, u!? (see Equatxon
5821). The freestanding court and the street form behave in identical ways,

]

Fig. 3.23

~The important point to fecognise here is that any extrapolation from the

performance of parallel 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 8
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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 thc site area M =(f+2)3 (55
o M=) %, (56“)
and once again y; = hx/z. Eliminating z, the result is
for the floorspace index u(® = f_y(_}(_f,_v_:-_-;%};_x! (584
B £]

This is a third order expression in 4® and x. But unlike equation 58!%) the
function ¥*’ = $*)(x) tends to 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 6021). When
the tower rcaches its mammum value, the cruciform obtains an index

“value” . cmee e e e

u'® = 2 -%2 (607

for the same number of storeys x = fy,/h. This is a floorspace index three -

times as great as the maximum achievable in the tower form.

It is the tower (pavilion), parallel block (street) and continuous court
forms that Martin and March compared in their article ‘Land use and
built forms® in 1966.t The example above makes somewhat different
assumptions, but the same general pattern emerges. This pattern can best
be seen by re-writing equations 58!°3, 58> and 58 in such a way thatitis
possible to generalise (braces are used to stand for either square or round
brackets):

(Jys+0-hx) |

(fys+hx)?
Uy3+1 hX)

the street form u‘z’ LA I aiind 4 -
e ey

(ys+2-he)
Y (st by

The pavilion form u® = fy,

©n

the court form u') =

The general equation

u = fy. (f}’3+‘1 hx)

*Urs+hx) 3
¥ See also parallel work by Eckhard Schuize-Fielitz (1968)

-x, fora =b,l,2 (62)
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describes all the situations we have discussed above. From this it is easy (3
see that

) 3
(@) _ 121 _ (21 _gtoy _ _JNPs¥ Q
W . = ©

so that for all x>0 the following may be written:
.- s yi2) s 4i0) o~ . (69

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, for
the number of storeys giving the maximum value of the index for an array
of pavilions, the floorspace index of a street array is twice that of the
pavilion array and that of the continuous court array three times that of
the pavilion array. Two simple theorems may now be stated relating to the
Martin-March model: .

THEOREM 12. Comparing mﬁmle arrays of recmngular 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, in
turn, is always greater than that of an array of pavilions for any givea
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 three 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),t 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 3

“problem—of sidelighting to~tower -forms- (the argument_that the opea .

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).
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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 Subbs (1969) allow a much more sensitive study of the
enmvironmental 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’ -

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 so that ‘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.
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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,
Pianning models, the third type, form a class whose technology is not
far developed. In planning models a measure of optimisation is intro-

" duced in terms of chosen criteria, in 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 1o 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 ag
analysis of the patterns of economic and socialactivityof the city’s inhabi-
tants at the present moment in time: trends are extrapolated forward as
changes in this initial structure.

Such an approach has no application to the initial dcsxgn 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 ofice
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no direct help - for their role is in evaluation only, and alternative plans
must be specificd complete i advance of the model's operation. The tuly
inventive phase of the design process is that in which a form is synthcsised
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 s0
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 step towards the goal of 2
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 jts 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 1"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 organic 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
criic 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
in-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
2 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
30 on to conclude that architectural problems might be solved algorith-
mically, ‘i.e. by the employment of a mathematical or logical construction
that 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-siructuring are of instrumental
‘ather than panacea value. ‘For it is wrong to attempt to simulate the
elationship of the designer to the problems facing him in the form of a

imply determined system, because, after all, the process here discussed -
1s 1n every creative and inventive human behaviour - can, if at all, only be
imulated with models on the level of complex probabilistic systems.”’

Itis 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 variable 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 walking: 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 coptext, and to do this in the_least arbitrary manner

possible’. (1964, p. 99.)t 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 CT. his note 6 o.. 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 196§, .

p- 161.) But where he must weigh comfort or convenience against monetary
costs, every man's scale of values will be different.

"It 15 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‘ C| F| C| F‘
mental picturs (>} F, (> Fy
forma! picture of
8 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 obtains 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
substantia) 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 homeosiasis, 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

_1 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 is 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 s only pictured, and
the designer’s difficulty is in making this picture as complete a.1d accurate as possible. ,
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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.
mclfconscious process any failurg in the design, any ‘misfit” will
_aeet strongly only those variables encompassed in the particular
.cm, and the failure will be resolved by an appropriate re-organisa-
" that sub-system. The sclf-conscious designer, in order to reduce
to manageable proportions, attempts to pick out these sub-systems
zch a nomenclature, and then manipulate areas of the design in
independence of each other in a similar way.t The trouble as
“er sees it is that in practice the traditional categories, into which
cn problem is intuitively analysed, tend not to correspond to its
icture.
zmedy for the failings of generalised concepts and categories, and
Sitrariness, is to reduce the listed variables making up a design

nise 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
"z, 2and (3) to be as small in scope and hence as specific and detailed

zrous as possible’. (Alexander.1964;-p. 115.)- The design process is _

~ae 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,
iomain ‘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
‘25 are to be eqial 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
2¢ 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, boping for all the
o fall 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 a
_inng care not to disturb those already in place. The designer must adopt
tactics, solving each independent area of the design in turn, so that decisions
1 & Jater stage do not invalidate th~ solutions to other ‘sub-problems’ already
A, ’

native solutions are feasible. In this light, the soap-c= -Subble example is n"iiis-
leading since no external purpose is recognised whicz———-:z> the bubble fulfills;

exists as'g natural phenomenon in its own right. Iz == - - -t is a tensipn s;ruct.l:m:
whose form is described completely by mathematiczz=-==zz] iaws associated witith

e
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functional determinism, in introducing the netion of » = . 2 = ‘unified =scriptionn’
of form and context. For some very simple objects, he - - 22z says ‘there Is virtualnily
no rift between formal and funcllon.tl dcscnpllons Ts e Z2he 502D bubblc fz. mr
instance... T

“The behaviour of soap films is so thoroughly und:zz===z2erstood that we knowow
what shapes and sizes of bubbles diffcrent external =2z conditiors Jead to. i:iIn
this case, the formal descriptions and the functionat ©-z==z descriptions are jusTst
difierent ways of saying the same things; we cansay, it - == .:I welike, that we hawvave
a unified description of a soap bubble.’ (Ibid., p. 90.) - ..i Another example £he
takes is that of a road junction, where a diagrammaszz===-zuc repressntation ciof
traffic flows as lines of different widths indicates. . =zzz: cirectly tte form t!ihe
junction should take. The diagram is both a require==—==:zment dizgram and 1 a
form diagram.

As he points out, however, therc are few instancez.z_==z2s one can point to irin
the realm of man-made objects where the form has &=z =cc pesen uniquely deterer-
mined by its requirements - the crane hook bemg thcrz—===sught to be one examsm-
__ple (Archer 1956). The ‘form diagram® can, in most—=—::z: design problems, 1.52
regarded as an exploratory tool, a teritative hypothes:—===Z3is about the matchinirg -
of form to context, and like all hypotheses, derived thr==—=-rough abstraction azund
_invention. The process is that of the scientific metmz==::10d, where the hypzo-
thesis stands until shown to be false. It'is measurez == :v=3 against the requirzre-
ments, by experiment, until a discrepancy betweesx = ===:= form acd context L:i§
found. The hypothesis/diagram is then revised, and :——=c tested again.

It is important here, however, to emphasise the r=—=z roie in de<xgn of whhat .
might perhaps be called ‘happy fit’ as distinct from-z==== -zood fit": that'is to sxay
the possibility of finding a formal solution whose str———_czructure is particulansiy -
appropriate to the problem in hand but only throve=—=-uh happ) accident azzd
not any kind of cause and effect. Such a possibility cc—== only arises through t'tae
relative ‘slackness’ of the programme requirements-———:<. whereby many altrr-

the pressures exerted by the air. In lhe world of hiviz— = .‘1g orzam<ms 51m1..:ar .

ably suited. But their forms cannot be ascribed sim——1=:=ply to ﬂ:e mouldmng

pressures arising from their functions: they are gov——=-=cverned both by thaese |

and by independent structural laws of a general nan———=czure,

To take D’Arcy Thompson®s classic example wn:=:= ~==:ch approaches closwest
perhaps in the natural world to the problcms of ar———=.-rchitecture: the honzey-
comb (Thompson 1942, pp. 499(T). The ‘requiremen2-—:=1s" can be enaminec ! for

an assembly of roughly cylindrical cclls, stacked 12 - == :: 5ll space, strong zand
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cconomical 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 flattened out as the bees work, pressing against each
other from opposite sides. But it can also be scen, at the same time, how
the symmetrical forces of surface tension, working on the warm wax, will
pull the comb's wall into the same configuration. The final form represents a
resolution of structural forces as well as a consequence of the purpose for
which it 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 is 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 is
designed to suit a given structure of courses, on the particular combinations
of class size and the fact that these happen to correspond, fortuitously, with
room size.

Another example which is TamA#&rtotarchitects 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 diffieult-te> 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 struciural 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 onlyarise 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 ini 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 te 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 a 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-
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tics of full-scale experiment with real buildings, these are plainly limited
since nustakes will be costly, and, in any case, identical 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 imtially 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. i o

Tntroduction

PART 2 .
ACTIVITIES, SPACE AND LOCATION

From the more general work which has been indicated in the previous sec-
tion, it seemed possible 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 developing universities. The third scale is the major one of the
urban system itself. 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. . - .-

But throughout all this work the main effort was to establish 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 uses 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 racely confess their inability to solve them.
Instead, when a designer does not understand a problem clearly
enough to find the order it really. calls for, he falls back on
some arbitrarily chosen formal order. The problem, Lecause ™
of its complexity, 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
studies show that the fewer diffeient kinds of materials there
are, the more cfficient factory assembly is — and thercfere
demind a certain simplicity in the variety of matcrials used.
This need for simplicity conflicts with the fact that the form
will function better if we choose the bcsf“m:ttcrinl__fqr cach
separate purpose separately. But then, on the other hand,
functional diversity of materials makes for expensive and
complieated joints Detween components, which is lable-to- -
make maintenance less easy. Further still, all three issues,

e arc at odds with our

simplicity, performance, and jointing,



desire 1o minimice the cost of the materials, Vor if we choose
the cbeapest material for cach sepawate task, we shall not
accessaiily have <implicity, not eptimuin porformance, nor
aaterials which can he cleanly jointed. Wiiting a4 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

jomting

cconomy
This is a typical design problem; it has i’édﬁircments 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 ccological 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

miscry, and must not cause criminatdelinquency. The cyclical

intake of food and goods must not interfere with the regular
movements of the inhabitants. The cconomic forces which
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develop must not lead to real-estate speculation which de-
stroys the functional 1clation between residential arcas and
arcas supporting heavy goods. ‘The transportation sy~tem must
not be organized so that it creates a demand that aguravates
its own congestion. People must somchow be able to live in
closc cooperation and yet pursue the most enormous varicty
of interests. The physical Jayout must be compatible -uith
foresceable future regional developments. The conflict be-
tween population growth and diminishing water resources,
energy resources, parklands, must somchow be taken care of.
The environment must be organized so that its own rcegener-
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 issue is itself
a vast problem; and the pattern of interactions is vastly com-
plicated. The difference between 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 easily do it in our
heads. In the sccond 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 recaching in-
soluble levels of complexity. This is true not only of moon

_bases, factories, and radio receivers, whose complexity is

internal, but even of villages and teakettles. In spite of their
superficial simplicity, even these problems have a background
of -needs and activities which is becoming too--complex to
grasp intuitively.

To match the growing complexity of problems, there is a
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" Ttechnical difficultics of grasping all the information needed-for -~

croning body of information and specialist expeiience. This

information is hard to handle; it is widespread, diffuse, un-

organized.! Morcover, not oaly is the quantity of information
itzclf Ly-now bLeyond the reach of <ingle designers, but the
various specialists who retail it are narrow and unfamiliar
with the form-makers’ peculiar problems, so that it is never
clear quite how the designer should best consult them.? As
a 1esult, although ideally a form should reflect all the known
facts relevant to its desiga, 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
otherwize dreamt up in the artist’s studio of his mind. The

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 —cven after the intellectual
the individual designer would

upheaval of the Renaissance
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

to be encouraged now to think his task thiough from the
Leginning, and to “create” the form he is concerned with, for
what once took many gencrations of gradual developinent is
now attempted by a single jndividual But the Lurden of a
thousand years 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 rare 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 th‘cir'r'.c:ign
has often taxed their designer’s cognitive capacity wcll 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 hounds
to man’s cbgnitivc 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 simultancously;® 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
. individual designer’s capacity.

-— 4

We know that there are similar limits to an individual’s ca- -

" pacity for mentalarithmetic. To solve a sticky arithmetical

problem, we need a way of setting out the problem which
makes it perspicuous. Ordinary arithmetic convention gives

- p



us such a way. Two minutes with a pencil on the back-of-an
envelope lets us solve problems which we could not doin our
- heads if we tried for a_hundred years. But at present we
have no cottcsponding way of simplifying design problems
for ourselves. These notes describe a way of representing
design problems which does make them casier 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 so that it can be solved. Part Two describes - -

the representation itself, and the kind of analysis the repre-
sentation allows. Appendix 1 shows by example 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 deathly 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-see why the introduction of mathematics

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
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strictly limited -uscfulness-in the invention of form, and are
therefore naturally rather skeptical about the possilility of
basing design on mathematical methods.® Wkt they 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 methomatics 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

_ahout the kind of force logic has in telling us_what to do.

First of all, the word “logic” has some currency among
designers as a reference to a particularly unpleazing and func-
tionally unprofitable kind of formalism.® The :o-called logic
of Jacques Frangois Blendel or Vignola, for instance, referred
to rules according to which the elements of architectural style
could be combined.!® As rules they may be lezical. But this
gives them no special force unless there is 2!:o a legitimate
rclation between the system of logic and the reeds and forces
we accept in the real world. Again, the cold visual “logic” of
the stecl-skeleton office building seems horribly constrained,
and if we take it scriously as an intimation of what logic is
likely to do, it is certain to frighten us away from analytical
mecthods." But no one shape caii any more be 2 conscquence of
the use of logic than any other, and it is nonsense to blame

rigid-physical form on the rigidity of logic. It is.not. possible .

to sct up premiscs, 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
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plastic emphasis built into them. There is no legitimate
sense in which deductive logic can prescribe physical form
for us. ) ]
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 generally understood to be logic is concerned
with deduction, logic, in the widest sense, refers to something
far more gencral. It is concerned with the form of abstract
structures, and is involved the moment we make pictures of
reality and then seck to manipulate these pictures so that we
may look further into the reality itself. It is the business of
logic to invent purely artificial structures of clements and
relations.-Sometimes one of these structures 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 front us?2-— -

The use of logical structures to represent design problems
has an important conscquence. Tt brings with it the loss of
innocence. A logical picture is casier to criticize than a vague
picture since the assumptions it is based 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
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a purcly intuitive process: that it is hopeless to try and under-
stand it sensibly beeause its problems are too deep.

There has already been one loss of innocence in the recent
history of design; the discovery of machine tools to replace
hand craftsmen. A century ago William Morris, the first man
to sce 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 de<ign, he went
back to making exquisite handmade goods.?® It was not until
Gropius started his Bauhaus 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 arc people who are trying to pretend thatithas mot taken--
place. Enormous resistance to the idea of systematic processes
of design-is coming from people who recognize correctly the
importance of intuition, but then make a fetish of it which
excludes the possibility of asking reasonable questions.

It is perhaps worth remembering that the loss of intcllectual
innocence was put off once before. In the eighteenth century
already, certain men, Carlo Lodoli and Francesco Algarotti
in Ttaly 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 hundred and fifty years
later, to the modern revolutionary -ideas on form.'* Qddly
cnough, however, though these serious doubts were clearly
expressed and widely read, architecture did not develop from
them 1n the direction indicated. The doubis and questions:
were forgotten. Instead, in late cighteenth century Europe,
we find evidence of quite another atmosphere developing, in
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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
a pattern —-or have form, as we say — is that the field they
are in is not homogencous. If the world were totslly regular
andd homogencous, there would be no forces, and no forms.
Iverything would be amorphous. But an irrcgular world tries
to compensate for its own irregularities by fitting itsclf to
them, and thereby takes on form.! D’Arcy Thompson has even
called form the “diagram of forces” for the irregularitics.?
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 them3 I
~hall 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 effort to achieve fitness between two entities: the form
in question and its context.t The form is the solution to the
problem; the context defines the problem. In other words,
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when we speak of design, the real object of discussion is not
the form alone, but the ensemble comprising the form and its
conteat. Good fitis a desired property of this ensemble which
relates to <ome particular division of the ensemble into form
and context.®

There is a wide variety of ensembles which we can talk
aboeut 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 apiness

is to be found in many other situations. The ensemble consist-
ing of a suit and tic is a familiar case in point, one tic goes well
with a ceitain 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 previous 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
AMozart puts just fhis 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 cye. An object like a kettle has to fit the context of
its use, and the technical context of its production cycle.}®
In the pursuit of urbanism, the ensemble which confronts us
is the city and ifs habits. Here the human background which
defines the need for new buildings, and the physical environ-
ment provided by the available sites, make a context for the
form of the city’s growth. In an extreme case of this kind,
we may cven speak of a culiure itself as an ensemble in which
the various fashions and aitifacts which develop are slowly
fitted to the rest.!
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‘The rightness of the form depends, in cach one of these
cases, on the degree to which it fits the rest of the ensemble.t?

We must also recognize that no one division of the cnsemble
into form and context is unique. Titness across any one such
division is just one instance of the ensemble’s internal coher-
ence. Many other divisions of the ensemble will be cqually
significant. Indeed, in the great majority of actual cascs, it
is necessary for the designer to consider several different
divisions of an cnsemble, superimposed, at the same time.

T.et us consider an ensemble consisting of the Letile plus
everything about the world outside the kettle whichis rclevant
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
itscl is a clearly defined kind of object. But I can casily make
c\hangcs in the boundary. If I say that the kettle is the wrong
way to heat domestic drinking water anyway, I can quickiy
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-conteat boundary.

On the other hand, this way in which the good designer
keeps an eye on the possible changes at every point of the
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<isemble is part of his job. Tfe is bound, if he knows what he
- doinyg, Lo be sensitive to the fit at several boundaries within
tize ecnzemble at once. Tndeed, this ability to deal with several
layers 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 intenal cohetence of an ensemble depends
ot a whole net of such adaptations. In a perfectly coherent
ensemble 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 intercsted 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
nested, overlapped form-context boundarics 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
interluced 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.

-t us decide that, for the duration of any one discussion, we
shall maintain the same single division of a given ensemble
into form and context, even though we acknowledge that the
division is probably choscn arbitrarily. And let us remember,

2s a corollary, that for the present we shall be giving no decp -

thought to the internal organization of the form as such, but
only to the simplest premise and aspect of that organization:
ramely, 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
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world as it is. The conteat is that part of the ald which
puts demands on this form; anything in the world that makes
demands of the form is conteat. Fitness is a redetion of mutual
acceptability between these two. In a problun of design we
want to satisfy the mutual demands which the tvo make on
one another. We want to put the conteat and the form into
cifortless 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 enginecering, 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. [f 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 there are no high spots which stard out any more.

This cnsemble 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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wiiheut Cctually putting it in contact with its context, in this
case we way alodo sol I we define levelness in mathematical
terms, as a limitation on the variance which is perimitted over
the surface, we can test the form itself, without testing it
against the context. We can do this because the ciiterion for
levelness s, simultancously, a description of the required
form, and also a description of the context.

Consider a second, slightly more complex example. Suppose
we are to invent an arrangement of iron filings which is stable
when placed in a cettain position in a given magnetic ficld.
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. I{ 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. s 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 field).

In general, unfortunately, we cannot give an adequate
description of the context we are dealing with. The fields of
the contexts we cncounter in the real world cannot be described
in the unitary fashion we have found for levelness and mag-
netic ficlds. There is as yet no theory of ensembles capable of
capressing 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 does not rely on the eapaiment of actually trying the
form out in the real world context. “Urial-and-crror desizn is
an admirable method. But it is just real world trial and crror
which we are trying to 1eplace by a symbolic mcthod, Lecause
rcal trial and error is too expensive 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
noneaperimental criterion. The first is too eapensive, 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 ficld description of the con-
text), this will in essence also describe the form as a comple-
mentary diagram of forces. Once we have dcscribed the
levelness of the metal block, or the lines of force of the mag-
netic ficld, there is no conceptual difficulty, only a technical
one, in getting the form to fit them, because the unitary de-
sctiption of the context is in both cases also a description of
the required form. -

In such cases there is no design problem. What does make
design a problem in real world cases is that we are lrying lo
make a diagram for forces whose field we do not understand.)3
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

21



sherent aiiterion for the {it we are tiying to achieve; and it
i also itz obscurity which makes the task of shaping a well-
fitting form at all problematic. What do we do about this
dificulty in evervday cases? Good it means something, after
all — even in cases where we cannot give a completely satis-
factory ficldlike criterion for it. Tlow is it, cognitively, that
we expetience the sensation of fit?

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-
ical way of identifying good fit. We recognize bad fit when-
ever we sce a high spot marked by ink. But in practice we see
good fit only from a necgative 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 behavior, 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 abnormalitics. 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 cveryday life the concept of
good fit, though positive in meaning, scems very largely to
fced on negative instances; it is the aspects of our lives which
arcsobsolete, incongruous, or out of tune that catch our
attchtign. -

The same happens in house design. We should find it almost

gt et = e = ae =

impos-ible to characterize a house which fits it contest. Yet
it is the casiest thing in the woild to name the <pecific kinds
of misfit which prevent good fit. A kitchen which is hard to
clean, no place to park my car, the child playing where it
can be run down by someone clse’s car, rainwater coming in,
overcrowding and lack of privacy, the eye-level grill which
spits hot fat right into my eye, the gold plastic doorknob
which deceives my expectations, and the front door I cannot
find, are all misfits between the house and the lives and habits
it is meant to fit. These misfits are the forces which must
shape it, and there is no mistaking them. Because they are
eapressed in negative form ‘they are specific, and tangible
enough 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. How do we procced? We examine the buttons in the box,
one 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 one 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
of a wrong button than to justify the congruity of o 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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leaving us nothing concrete to refer to in eyplanation, can only
be evplained inditeetly; it is, in practice, as it were, the dis-
junction of all possible misiits'®

With this in mind, I should like to recommend that we
should always expect o sce the process of achieving good fit
between two entities as a negative process of peutralizing the
incongruitics, 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 illuminating than to say
that it is the presence of certain positive qualities.!® How-
ever, though the two are equivalent from a logical point of
view, from a phenomenological and practical pgint 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 pumber 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
.tequired by good fit. (Such a list would in fact be just the list
of requirements which designers often do try to write down.)
In theory, we could then use each requirement on the list
as an independent criterion, and accept a form as well fitting

only if it satisfied all these criteria simultaneously:
" Houwever, thought of in this way, such 2 list of reguire-
ments is potentially endless, and still really needs a “field”
description to fie it together. Think, for iinstance, of trying
to specily all the properties a button ‘had to thave lin order ¢o
match another. Aparnt from the kinds of thing we have al-
ready mentioned, size, ¢dlor, mumber of ‘heles, and so on,
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s shanhid U have 1 speeily its specifie glavity, ity elocire:
statie Guapge, it visonsity, its righlity, the fact that it -hould

be round, that it should not he made of pager, ete, e
other words, we should not only have to speeify the qualities
which distinguish it fiom all other huttons, but ve should also
have Lo speeify all the charaeteristics whieh actually made it

a hulton at all.
Unfortunately, the list of distinguishable characleristics we
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can write down for the button is infipite. It remains infinite
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for all practical purposes until we discover a ficd description
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of the button. Without the ficld description of the button,

there is no way of reducing the list of required attributes to

finite terms. We are thercfore forced t9 economize when we
try to specify the nature of 2 matching button, because we

.......... D11 B S R-Detrd 1
can only grasp a finite list (and rather 2 short one at that).
Naturally, we choose to specify those characteristics which

are most likely to cause trouble in the business of matching,
and which are thercfore most useful in our effort to distinguish
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among the objects we are likely to come across in our scarch
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for buttons. But to do this, e must rely on the fact that 2
great many objects »will not even come up for consideration,
There are, after all, conceivable objects which are buttons in

every respect except that they carry an clectric charge of one

thousand coulombs, say. Vet in practice it would be utterly
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superfluous, as well as rather unwieldy, to specify the eleg-
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trostatic charge a well-matched button nceded to have. No
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wnexpressed information contained in the statement of the
task, and take a great deal for granted:®
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T2 the case of adesign problem which is truly problematical,
verencounter the same situation. We do not have a ficld de-
seription of the conteat, and thercfore have no intrinsic way
of reducing the potentially infinite set of requirements to
finite tevms. Yet for practical reasons we Jdo need some way of
picking a finite set {rom the infinite set of possible ones. In
the case of requirements, no sensible way of picking this finite

set presents itself. From a purely 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 requircments from a negative point
of view, as potential misfits, there is a simple way of picking
a finite set. This 1s because it is through misfit that the
problem originally brings itsclf 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.® 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 scarching for some kind of
harmony between two intangibles: a form which we have not
y¢tdesigned, and a context which we cannot properly describe.
The only rcason 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 instanees of it. The incongruitics in
an ensemble are the primary data of eaperience. 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 criterion
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 cnsemble into form and conteat, the
fit between them may be regarded as an orderly condition of
the ensemble, subject to disturbance in various ways, cach
one a poténtial misfit. Examples arc the misfits between a
house and its uscrs, mentioned 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 po:sﬂ)le kind
of misfit between form and context.?2 The value this variable
takes, 0 or 1, describes a state of affairs that is not cither in the
form alonc 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 cnsemble. It is a condition of harmony and good
fit in the cnsemble that none of the passible misfits should
actually occur. We represent this fact by demanding that ail
the variables take thevalue 0. - '

‘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 qmpl) that
part of the ensemble over which we have control. It is only
through the form that we can create order in tl}m ensemble.
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3 / THE SOURCE OF GOOD FIT

We must now tiy to find out Row we should go about getting
good fit. Where do we find it? What is the characteristic of
processes which create 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 try to show that the facts behind it, if correctly inter-

preted, are of great practical consequence for an intclligently
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 murvelously clear, and organized
under the impulse of certain tight formal rules, is certainly
not a triumph cconomically or from the point of view of the
Hlinois floods.? Buckminster Fuller’s geodesic domes have
solved the wcight problem of spanning space, but you can
hardly put doors in them. Again, his dymaxion house, though
efficient as a rapid-distiibution mass-produced package, takes
no account whatcever of the incongruity of single free-standing
houses set in the acoustic turmoil and service complexity of a
modern city? Even Le Corbusier in the Villa Savoie, for ex-
ample, or in the Marsdilles apartments, achieves his clarity
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of fuim at the evpense of certain elementary comforts and
conveniences.® \

Laymen e to charge somctimes that the o do-igners have
saciificed 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
one part of a functional program at the expinse of another.
But they do it because the only way they scem 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 sense, therefore, fits its conteat well,
even if superficially. But in this case the various demands
made on the form are met piecemeal, 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 separated from living rooms in
plan, but are placed next to one another and the walls between
them then stulled with acoustic insulation.

The complaint that macroscopic clarity is nissing in these

29



cases is noaesthetic whine While it is true that an individual
preblem can often be solved adequately without regard for
the fundamental physical order 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
enough view of simpler design problems and their implications
to produce Louses 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 irican’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
scction of the French Cameroun.® Apart from the variation
caused by slignt changes in site and occupancy, the huts vary
very little. Tven 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
transier, 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
fothelds which give him access to the upper part of the out-
side during its construction.® Instead of using disposable
scaffolding {wood is very scarce), he builds the scaffolding
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in as part of the stiucture. What is more, months latcr this
“scaffolding” is «till there when the owner needs to ciinh up
on it to repair the hut. The Mousgoum cannot afiord, as we
do, to 1cgard 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 itself, and its caigencies
are as likely to shape the form as those of the initial con-
struction.

Again, cach 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 surtounded by the huts of his
wives and his subscrvients, as social customs require — and
in such a way, morcover, that these subsidiary huts also form
a wall round the chicf’s hut and thereby 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. It 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 thosc we
have already mentioned, designed under the impulse of very
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specid pececcupations, And these forms, just beeaee they
detive their clrity from simplification of the problem, fajl
to meet all the conteat’s demands, $ Tt is tiue that our fune-
tional standards e higher than those in the simple situation,
It is tiue, aad important to remember, that the simple cul-
tutes never face the problems of complexity 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 qualities, 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 consftraints,
is new and all our own. Byt in 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 unsclf-
conscious, to contrast them with others, including our own,
which I propose to call sclfconscious,

Of course, the contiast in quality between 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 exaggerated the contrast, simply to draw
attention to certain matters, important and lluminating in
their own right, which We must undeistand before we can
Map out a new approach to design. Tt is far more important

32

that we should undeistand the particular contmst.l am “1{::]:;
to bring out, than that the facts fl‘)()ut any gx‘\(n :,1\1’4("‘1
should be accurate or telling. "This is .not “n .U:ti'fl‘)[‘l) ”Ut _;)f
{reatise, and it is theiefore best to think of t.hc m;t l‘fiu N
the [ollowing discussion simply as a compari:on ol tt};.obdf-
sciiptive constructs, the unsclfconscious cultuie and the
sci 1ture.!? -
Coill‘blfclzoztsxlctzrtes I choose to call ““unselfconscious” l;zwc', n;
the past, been called by many other names-— cac; Ln\mn
chosen to illuminate whatever aspect of thc. contrast het Cl,t
kinds of culture the writer was most an.\lou::, t.o 1)1.11‘\;; 101.1 .
Thus they have been called “primiti\:c,” to dlStln;;UX.:l t mn;
from those where kinship plays a less important part in sou;:2
structure;™ “folk,” to set them apart from‘ t.lr.ban. cullur.cs(i.
“closed,” to draw attention to the rcsponsxl‘)nhty of the ::1 i-
vidual in today’s more open situation;® anonymous, llt((;
distinguish them from cultures in which a profession calle
“architecture” exists. e
The particular distinction I wish to ma-ke touches only
last of these: the method of making things and bulldm.gi
Broadly, we may distinguish betwc-en our own culture, T\l)liL -
is very sclfconscious about its ﬁrCllltCCtl-er, art, and cngm::c];-
ing, and certain specimen cultures which are rath?r .un-cf :
conscious about theirs.’® The features which dlstmgt.ns
architecturally unselfconscious cultures {rom s?lfconsmous
ones are casy to describe loosely. In the unscl[cor}si:lous culture
there is little thought about architecture or design as such.
There is a right way to make buildings and a wrong way; }?gt
while there may be gencially accepted remedies for spcuﬁc
failures, there are no general principles com.p‘u‘xblc to .\l-bcrtl s
treatises or Le Corbusier’s. Since the division of labor is very
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limited, specialization of any sort is rare, there ave no archi-
tects, and cach man builds his own house.16

The technology of communication is underdeveloped. There
are no wiitten records or architectural drawings, and little
intereultural exchange. This lack of written 1ecords and lack
of information about other cultures and situations means that
the same experience has to be won over and over again gen-
cration after generation — without opportunity for devclop-
ment or change. With no vaviety 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, Indecd, 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; indced the architecture
itself 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
sel{conscious 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 are taught and learned, the insti-
tutions under which skills pass from one generation to the next.
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For there are es~entially two ways in which such cducation can
operate, and they may be distinguished withoat diiiiculty.

At one extreme we have a kind of teaching that relics on
the novice’s very gradual exposure to the craft in queztion, on
his ability to imitate by practice, on his respunse to sanctions,
penalties, and reinforcing smiles and frowns. the great ex-
ample of this kind of learning is the child’s learning of cle-
mentary skills, like bicycle riding. Ie topples almost randomly
at first, but cach time he does 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.!8
Eatended 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 craft of houscbuilding or weaving.
The most important feature of this kind of leam.ing is that the
rules are not made explicit, but are, as it were, rcvealed
through the correction of mistakes.!?

The second kind of teaching tries, in some degree, to make
the rules eaplicit. 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 explicit rules. A good example is lifesaving,
where people rarely have the chance to learn by trial and
error. In the informal situation there are no “teachers,” for

the novice’s mistakes will be corrected by anybedy 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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adge which was ence laboiiously 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 thete were time to do so, such a list could not be learned.
A list needs a structure for mmemonic purposes.™ So the
teacher invents teachable rules within which he accommo-
dates as much of his unconscious training as he can —a set
of shorthand piinciples.

In the unsclfconscious culture the same form is made over
and over again; in order to learn form-making, pcople need
only learn to repeat a single familiar physical pattern. In the
sclfconscious cullure 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
cnough 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 form-making is
learned informally, through imitation and corrcction. 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 bad?
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Tn expluining why the unselfconscious process is a gzoad 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 arc good as a result
of a process of gradual adaptation — that over many cen-
turies such forms have gradually been fitted to their cultures
by an intermittent though persistent serics of coircctions. But
this eaplanation 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 c116ugh to give a quick one-word account of unselfconscious
form-making: adaptation.”We shall have to compare the de-
tailed inner working of the unselfconscious form-making proc-
ess with that of the scliconscious process, asking why one
works and the other fails. Roughly speaking, 1 shall argue
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that the unseliconzcious process has @ structuie that makes
it horeostatic (self-organizing). and that it therefore consist-
ently produces well-fitting foims, even in the face of change.
And T shall argue that in a seliconscious culture the homeo-
static structuie of the processis 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 selfconscious 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, {ailures, doubts. Only the

thought or the expericnce 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 dezcribe the state of all the variables at once by a row
of I's and 0's, one for each variable: for instance, for twenty
variables, 00100110101110110000 would be one state.
Each possible row of 1's and 0’s is a possible state of the
¢nsemble,

As form-making proceeds, so the system of variables changes
state. Onc misfit is eradicated, another misfit occurs, and these
changes in their turn sct off reactions within the system that

_afiect the states of other variables. As form and culture change,

state follows state. The sequence of states which the system
38

passes through is a record or history of the adaptation be-
tween forn and context. The history of the systum displays
the form-making process at work. To compare un:clfconscious
and sclfconsclous form-making processes, we have only to
examine 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 arc very different.

We shall perhaps understand the idea of a system’s history
best if we make a simple picture of it.?8

Imagine a system of a hundred lights. Iach 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 sccond. In the other
state the light is off. Connections between lights are con-
structed so that any light which is off has a 50-30 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-
nected to are off, for the time being it has nc chance of going
on again, and stays off. If the lights are ever 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 50-30 chance of going off
every second, corresponds to the fact that whenever a mis-
fit occurs cfforts 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 to the fact that even well-fitting aspeets of
a form can he unhinged by changes initiated to conect
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. It is the cquilibrium 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.2?

1. On the one hand, suppose there are no intcrco\x\mcctions
between lights at all. In this case there is nothing to prevent
cach light’s staying off for good, as soon as it gocs off. The
average time it takes for all the lights to go off is thercefore
only a little greater than the average time it takes for a single
li"ht to go off, namely 2! seconds or 2 seconds.

2. On the other hand, imagine such rich interconnections
“between 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 w111
be of the order of 2'° seconds, 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 interconncctions hetween variables
which make it impossible for cach variable to adapt in com-
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plete isolation. Tet us therefore construct a third pos:ibility.

3. In this case suppose there are again interconnections
among the 100 lights, but that we discern in the pattern of
interconnections some 10 principal subsystems, each contain-
ing 10 lights.® The lights within cach 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 be switched
off without being reactivated by others flashing in other sub-
systems. The average time it will take for all 100 lights to go
ofi is about the same as the time it takes for one subsystem to
go off, namely 2' seconds, or about a quarter of an hour.

Of course, real systems do not behave so simply. But fifteen
minutes is not much greater than the two scconds it takes an
isulated 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
reasonable amount of time unless the adaptation can procced
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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pucsle up, give it a single energetic shake, and lay it down
.1{-,:\'ixi, in the hope that the correct configuration would appear
by accident. 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 achicve 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.

1 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. - )

Let us remind oursclves of the precise sense in which there
is a system active in a form-making process. It is a purely
fictitious system. Its variables are the conditions which must
be 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 arc added to correct this failure, the change
may improve the light but allow too little privacy; another
change for more 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 'adapl;-.t_ion. 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 varialles, but also
tindcpendeices), there will always be subsystans like those
circled below, which can, in principle, operate fairly inde-
pendently.®

T
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We may therefore picture the process of form-making as
the action of a series of subsystems, all interlinked, yet suf-
ficiently free of one another to adjust independently 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 shall not be able to see, direetly, 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 does not move
from one change to the next in discrete stéps, of course. New
threads are being woven all the time, making changes continu-
ous and smooth. But from the point of view of its cffect on a

form, change only becomes significant at that moment when -

a failure or misfit reaches aiitical importance —at that
moment when it is recognized, and people feel the form has
something wrong with it. It is therefore legitimate, for our
purpose, to consi(\lcr 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 rccurs, in both cases, from our
point of vicw, some one variable changes value {rom 0 to 1.
What, precisely, happens when a misfit variable takes the
value 1? How docs 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 switched on by an outside agent, even though no
others are on to activate it. By waitifig to seewwlfat happens
neat, we can very easily deduce the inner nature of the system,
cven though we cannot sce it directly. If the light always
flashes just once, and then goes off again and stays off, we
deduce that the lights are able to adapt independently, and
hence 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 subsystems of interconnected lights active. If the
light flashes and then activates other lights until all of them -
are flashing, and they never scttle down again, we deduce that
the system is unable to adapt subsystem by subsystem be-
cause the interconnections are too rich. .

The solitary light switched on by an external a;ent is the
occasional misfit which occurs. The rcaction”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 in a
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. Tor if good forms can always be adjusted cor--
rectly the moment any slight misfit occurs, then no sequence -
of changes will destroy the good fit ever (at least 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 forins.

Tt is the imerpature of the process which counts. The vital
point that underlies the following discussion is that the form- .
builders in unselfconscious cultures respond to small changes
in a way that allows the subsysteins of the misfit system to
work independently — but that because the sclfconscious re-
sponse to change cannot take place subsystem by subsystem,
its forms are arbitrary.
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-1 / THE UNSELFCONSCIOUS PROCESS

Let us tuin 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
firmly set tiadition, accepted beyond question by all builders
of form, and this tradition strongly resists change.

The existence of such powerful traditions, and evidence of
their rigidity, already 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 centuries without traditions springing up about them. If
the Igyptian houses of the Nile have the same plan now as
the houses whose plans were pictured in the hieroglyphs,? we
can be fairly ccrtain that their makers are in the grip of a
tradition. Anywhere where forms are virtually the same now
as they were thousands of years ago, the honds must be ex-
tremdly strong. In southern Haly, neither the trulli of Apulia
nor the coalburners’ capanne of Anzio near Rome have
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changed since prehistoric times.? The same is known to be
true of the black houses of the Outer IHebrides, 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 storics rarcly deal
exclusively with dwellings, nevertheless descriptions of the
house, its form, its origins, are woven into many of the global
myths which lic at the-very root of culture; and wherever this
occurs, not only is the architectural tradition made unassail-
able, but its constant repetition 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,
incffable, 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 scts its “right-
ness’ well beyond the bgunds of question.

More forceful still, of course, are rituals and taboos con-
nected with the dwelling. Throughout Polyncsia the resist-
ance to change makes itself felt quite unequivocally in the
fact that the building of a house is a ceremonial occasion.®
The performance of the pricsts, and of the workers, though
diffcrent from one island to the next, is always clearly speci-
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ficd; and the igidity of these behavior patterns, by prescrving
techniques, preserves the forms themselves and makes change
extremely difficult. The Navaho Indians, too, make their
hogans the center of the most claborate performance.? Again
the gravity 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 clearest, 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
piccisely the sequence of operations he is to follow while build-
ing his house.”” The Welshman must make the crucks which
support his roof precisely according 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. .-

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 Iebridean crofter uses stone and
clay and sods and grass and straw, all from 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 {ood, their medicine, their furniture,
their tools. To an African tribesman the matcrials available
arc not simply objects, but are full of life.!® He knows tham
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 form 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-
ness of contact between man and form which leads to constant
rearrangement 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
Wit inside the igloo and therefore time to . . .7%). Tle simply
doees it. And though words may accompany his action, they
play no essential pait in it. This is the important point. The
fatlure or inadequacy of the form leads dircctly to the action.

This directness is the second crucial feature of the unself-
conscious system’s form-production. Tailure and correction
go side by side. There is no deliberation in between the
recognition of a failure and the reaction to it.* 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 rarely
lasts more than a single scason.®® The mud walls of the Tal-
lensi hut need frequent daubs.® Even the claborate communal
dwellings of the .\mazon tribes are abandoned every two or
three years, and new ones built.?® Impermanent materials and
unszettled 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. I a form is
made the same way several 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-
“htting forms.

However, for the fit to occur in practice, one vital condi-
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tion must be satisficd. Tt must have lime to happen. The
process must be able to achieve its cquilibrium before the:
next culture change upsets it again. It must actually have
time to reach its equilibrium every time it is disturled — o,
if we sce the process as continuous rather than inter mittent,
the adjustment of forms must procced more quickly than the
drift of the cullurc 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
essentially on whether the adaptation can take place in in-
dependent and restricted subsystems, or not. Although we
cannot actually see these subsystems in” the unselconscious
process, we can infer their activity from the very two char-
acleristics of the process which we have been d1<cus\mg
dircetness and tradition.

The direct response is the fecedback of the process.*” If the
process is to maintain the good fit of dwelling forms while
the culture dnfts, it needs a feedback sensitive enough to
take action the moment that one of the potential failures
actually occurs. The vital feature 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 \\hich might, as we have scen,
take too long to be feasible in practice.

However, the sensitivity of feedback is notn- 1tsel£zennu0h
to lead to cquilibrium. The feedback must be controlled, or
damped, somchow.? Such control is provided by the resistance
to change the unselfconscious 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. As 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 respeme to misfit
ensures that each failure is corrected as soon as it occurs,‘
and thereby restricts 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 those minor disturbances
outside the subsystem from taking hold. Rigid tradition and .
immediate action may scem contradictory. But it is the v«l:‘ry
contrast between these two which makes the process sc}f-
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 individual<.
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 devclopment. 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 need do is to recognize failures when they occur,
and to rcact to them. And this even the stimplest 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.® Tt is especially important to understand that
the agent in such a process needs no creative strength. He
docs 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 ncccssar);
that they should be, since the operation of the process allows
only the improvements to persist.

To make the forcgoing 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 twenticth 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 subile, but crude. This
change cannot have come about because the new dyes were
somchow inferior. They were as brilliant, and the variety
of colors was much greater than before. Yet somchow the
ncw shawls turned out vulgar and uninteresting.

Now if, as it is so pleasant to suppose, the shawlmakers

"had had some innate artistry, had bcen so gifted that they

were simply “able” to make beautiful shawls, it would -Ba
almost impossible to explain their later clumsiness. But 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 was-recognized as such, and therefore not repeated. And
lhou-'h 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 whenever some-
thing scemed to-nced improvement. But once presented with
morc complicated choices, their apparent mastery and judg-
ment disappeared. Faced with the complex unfamiliar task of
actually inventing forms from scratch, they were unsuccessful.

~
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5 / THE SELFCONSCIOUS PROCESS

In the unsclfconscious culture a clear pattern has emerged.
Being self-adjusting; its action allows the production of well-
fitting forms to persist in active cquilibiium with the system.

The way forms are made in the selfconscious culture is
very different. I shall try to show how, just as it is 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 one way it is casy cnough to sec what goes wrong with
the arrival of selfconsciousness. The very features which we
have found responsible for stability in the unselfconscious
process begin to disappear. ;

The reaction to failure, once so (hrect now becomes less
and less direct. Materials are no longer close to hand. Build-
ings are more permanent, frequent repair and readjustment
less common, than they used to be. Construction is no longer
in the hands of the injabitants; failures, when they occur,
have to he sevcral 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 nced to be quite considerable before they
will induce correction.
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The fumness of tradition too, dissolves. The resistance to
williul change weakens, and change for its own sake becomes

acceptable. Instead of forms being held constant in all re- -

speets but one, so that correction can be immediately cffective,
the interplay of simultancous changes is now uncontrolled.
To put it playfully, the viscosity which brought the unself-
conscious process to.gwst, awhen there wegg no failures left, is
thinned by the high tcmpcr'ltu*revoﬁ‘sﬁi'bnscmusncss And as
a result the system’s drive to equilibrium is no longer irreversi-
ble; any equilibiium the system finds will not now be 511?-
tained; those aspects of the process which could 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 cssential condition on the
process — that it should in fact have time to reach its equi-
librium — is violated.

This has all actually happened. In our own civilization,
the procc'ss of adaptation and sclection which we have seen
at work in unsclfconscious cultures has plainly disappeared.
But that is not in itscl enough to account for the fact that the
scl{conscious cS’lturc does. not,_manage to produce clearly
organized, well-fitting forms inff&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 sclfconscious 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.

I donot ‘{vish to imply here that there is any unique process
of developiment 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 su"{,cst that the development from onc 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.

One ex:{mp]e, of an ecarly 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 exclusively 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 individual,
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.$

The development of architectural individualism is the clear-
est manifestation of the moment when architecture first turns
into a sclfconscious 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.”s Clearly it is at
this stage too that the :1cli§-ity first hecomes ripe for scrious
thought and theory. Then, with architecture once established
as a discipline, and the individual architect established, entire
institutions arc soon devoted exclusively to the study and
development of design. The academices are formed. As the
academies develop, the unformulated precepts of tradition
give way to clearly formulated concepts whose very formula-
tion invites criticism and debate. Qucstion leads to unrest,
architectural freedom to further selfconsciousness, until it
turns out that (for the moment anyway) the form-maker’s
freedom 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 fail 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 individiial. 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-tham by making
minor changes. It is not cvcn‘ncccssary that these changes
be for the hetter. As we have seen, the system, being self-
adjusting, finds its own cqﬂilibrium——providcd only that
misfit incites some reaction in the craftsman. The forms pro-
ducéd in such a system are not the work of individuals, and
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their success docs not depend on any one man’s artistry, but
only on the artist’s place within the process.®
The sclfconscious process is diffcrent. The artist’s self-
conscious recognition of his individuality has deep cffect on
the process of form-making. Each form is now seccn as the
work of a single man, and its success is his achievement only.
Sclfconsciousness brings with it the desire to Lreak loose, the
~taste for-individual expression, the escape from tradition and
taboo, the will to sclf-determination. But the wildness of the
desire is tempered by man’s limited invention. To achicve in a
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- -
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sary is beyond the average designer. - SR

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 onc 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. IIis chances of
success are small because the number of factors which must fall
simultanecously 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 supcrfluous. If the selfconscious culture relies on
the individual to produce its forms, and the individual isn’t
up to it.sthere scems nothing more to say. But it is not so
simple.“FHe ‘individual is not mercly wWeak. The moment he
becomes aware of his own weakness in the face of the enormous
challenge of a riew design problem, he takes steps to overcome
his weakness; and strangely enough these steps themsclves
cxert a very positive bad influence on the way he develops
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forms. In fact, we shall see thet the scliconscious system’s
lack of success 1eally doesn’t Ee so much in the individual’s
lack of capacity as in the Mind ¢f ¢orts he makes, when he is
selfconscious, to overcome this izcapacity.

Let us look again at just what Kind of difficulty the de-
signer faces. Take. for examplegihe design of a simple kettle.
e has to invent a kett¥é wfich s the contest of its use. It
must not be too small. It must not 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 shape 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 kitchens. Its inside must not
be too difficult to keep free of scale. It must not be hard to
fill with water. It 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.
deliverately filled a page with the list of these
twenty-one detailed requirements or misfit variables so as to
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bring home the amorphous nature of design problams as they
present themselves to the designer. Naturally the design of a
complex object like a motor car is much more ditficult 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 comnplcte urban
cnvironment.

How is a designer to deal with this highly amorphous andf
diffuse condition of the problem as it confronts him? W hat
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 one time, and.
we are therefore forced, if we wish to get a view of the whole
problem, to re-encode 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 rcason wanted to simplify the

" groblem even further), wé might even classify these concepts

in turn, and deal with the problcm simply in terms of (1) its
function and (2) its cconomics. In this case we would have
crected a four-level hierarchy like that in the diagram on the
next page.

By crecting 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 achicves a \powcr[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 scem less
common in practice than I secem 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.!!
To help himself overcome the difficulties of complexity,
the designer tries to organize his problem. He classifies its
various aspects, thereby gives it shape, and makes it casier 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.

62

into categories like ““cconomics’

It is rash, perhaps, to call the invention of cither concepts
or prescriplions a conscious attempt to simplify problems. In
practice they unfold as the natural outcome of critical dis-
cussion about design. In other words, the genceration of verbal
concepts and rules nced not only be scen abetractly as the
supposed result of the individual’s predicament, Lut inay be
observed wherever the kind of formal cducation we have
called sel{conscious occurs.

A novice in the unscliconscious situation learns by heing
put right whenever 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 eradicated. But in an intellectual atmos--
phere free from the inhibition of tradition, the picture changes.
"The moment the student is frce to gquestion what he is told,
and value is put on explanation, it bccomes important to
decide why “this” is the right way rather than “that,” and
to look for general rcasons. Attempts are made to aggregate

. 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
" 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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L shall now Gy to diaw attention to the peculiar iand dam-
aging arbittariness of the concpts which wic invented. Let
us remember that Cie system of interdependent requirements
or misiit vatiables active in the unselfconscions ensemble is
4l present underncoth the surface.

Suppose, as hefore, we picture the <v~tem ciudely by
drawing a link between every pair of interdependent require-
ments: we get soincthing that looks like this.

As we have scen before, the vaitables of such a system can
be adjusted to meet the specified conditions in a reasonable
time only if its subs ~tams are adjusted independently of one
another. .\ subsy -tem, roughly speaking, is one of the obvious
components of the sy~tum, like the parts shown with a circle
round them. If we try to adjust a set of variables which does
not constitute a sulsystem, the repercussions of the adjust-
ment affect others outside the set, because the sct 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 rcason for its success.

Tn the sclfconscious situation, on the other hand, the de-
signer is faced with all the vaiiables simultancously. Yet we
know fromn the simple computation on page 19 that if he tiics
to manipulate them all at once he will not manage to find a
well-fitting form in any reasonable time. When he himself
senses 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 are 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 course this demonstiates only that concepts can casily
be arbitrary. [t dees not show that the concepts used in
practice actually are so. Tndeed, clearly, their arbitrariness
can only be established for individual and specific cases. De-
tailed analysis of the problem of designing urban family
houses, for instance, has shown that the usvally accepted
functional categories like acoustics, circulation, and accom-
modation 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
3110r1tnl component of the residential planning problem.™ But
since such demonstrations can only be made for special cascs,
It us"examine a more gencral, rather plausible reason for
Lelieving that such verhal concepts always will be of this
arbitrary kind.

+ Lvery 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 & concept in extension when we specify all
the clements of the class it refers to. And we define a concept
i" fntension when we try to expliin its meaning analytically
In terms of other concepts at the same level 18
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For the sake of - cownent T have just heen Gicatingg terms
like “acousticos™ a~ s nanmies, as a collective way of tatking
about a number of more pedific requirements, ‘the “neigh-
borhood,” too, though less abstract and more physical, is still
a concept which summarizes mentally all those specific re-
guirements, like piimay schooling, pedestrian sefety, and
community, which a physical neighborhood is supposed to
meet. In other words, cach of the concepts “acoustics” and
“neighborhood” 1s a variable whose value eatension is the
same as that given by the conjunction of all the valhe ex-
tensions of the specific acoustic variables, or the specific com-
munity-living variables, respectively.!® This extensional view
of the concept is convenient for the sake of mathematical
clarity. But in practice, 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 lunguage
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 entircly irrele-
vant from 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 itis used in the statement of such dissimilar problems
as the desizn of a tea kettle and the design of a highway
interchange. s far as its meaning is concerned it is relevant
to both. But as-far as the individual structure of the two
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proflems gees it =oems unliVely that the one word <should
suecesfully ddeatify a0 prindpal component subsy <tem in
cach of these two very disdimilar problems. Unfortunately,
althouzh every probhlam has its own structure, and there are
neny ditferent problems, the words we have available to
deserihe the components of these problems-are gencrated by
forces in the language. not by the problems, and are therefore
rather limited in number and cannot describe more than a
fuw cases correctly.18

Take the simple problem of the kettle. T have listed 21 re-
quitements which must take values within specified limits
in an acceptably designed kettle. Given a sct of n things,
there are 27 different subsets of these things. This means
that there are 22! distinct subscts of variables any one of
which may possibly be an important component subsystem
of the kcttle problem. To name cach of these components
alone we should already need more than a million different
words —- more than there are in the English language.

A designer may object that his thinking is never as verbal
as I have implied, and that, instcad of using verbal concepts,
ke prepares himsclf for a complicated problem by making
diagrams of its various aspects. This is true. Tet us remember,
however, just what things a designer tries to diagram. Physi-
cal concepts like “ncighborhood” or “circulation pattern”
have no more universal validity than verbal concepts. They
are =till bound by the conceptual habits of the draftsman. A
typical sequence of diagrams which precede an architectural
problem will include a circulation diagram, a diagram of
acoustics, a diagram of the load-bearing structure, a diagram
of sun and wind pcrhaps, a diagram of the social neighbor-

hoods. T maintain that these diagrams are used only because
68
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the prindples which define them o fies, Gren! dion,

weather, nefghborhood  happen to T pait of cuneent wchi-
Lectmal usage, not because they bear a wll nndeistood
fundamental relation to any particular problem being in-
vestigated.?

As it stands, the sclfconscious decign procedure piovides
no structural correspondence between the problun and the
means devised for solving it. The compleaity of (he problem
is never fully diseatangled, and the forms produced not only
fail to meet their specifications 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 hcl.tcr.
understood. )

Tt is perhaps worth adding, as a footnote, a slightly r]incr(.:nt
angle on the same difficulty. The aibitiariness of the cisting
verbal concepts is not their only disadvantage, for ance they
are invented, verbal concepts have a further ill-cfTect on us.
We lose the ability to modify them. Tn the unsclfconscious
ituation the action of culture on form is a very subtle busi-
ness, made up of many minute concrete influences. But once
these concrete influences are represented symbolically in
verhal terms, and these symbolic representations or names
subsumed under larger and still more abstract categorics to
make them amenable to thought, they begin scriously to im-
pair our ability to sce beyond them.®®

Where a number of issues are being taken into account
in a design decision, incvitably the ones which can be most
clearly expressed carry the greatest weight, and are best re-
flected in the form. Other Iactors, important too but less well
expressed, are not so well reflected. Caught in a nct of lnr:-
guage of our own invention, we ovt restimate the language's
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mpattiadity. Fach coneept, at the time of it inyvention no iore
than a concise way of mrasping many isuces, quickly hecomes
4 precept. We take the step lrom dezaription to aitarion too
ey, so that what is at fist auseful tool hecomes a bigoted
prevccupation,

the Roman hias towaid functionalism and enginecting did
not reach its peak until after Vitruvius had formulated the
functionalist doctrine.® The Parthenon could only have been
créiited dui ing a time of preaccupation with acsthetic problems,
after the vailier Greek invention of the concept “heauty.”
England’s nineteenth century low-cost slums were conceived
only after monctary values had explicitly been given great
importance through the concept “cconomics,” invented not
long before.? \

\ -
In th s fashion the selfconscious individual’s grasp of prob-

lems s constantly misled. Ifis concepts and categories, be-
sides being arbittary and unsuitable, are self-perpetuating.
Under the influence of (:011('015ts, he not only does things from
a biased point of view, but sces them biasedly as well. The
concepts control his pereeption of it and misfit — until in

the end he sees nothing but deviations from his conceptual |

dogmas, and loses not only the mge but even the mental
opportunity to frame his problems more appropriately.
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6 / THE PROGRAM

Here is the problem. We wish to design clearly conceived
forms which are well adapted to some given context. We
have scen that for this to be feasible, the adaptation must
take place indcpendently within independent subsystems of
variables. In the unseclfconscious situation this occurs auto-
matically, because the individual craftsman 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 increaced, the
information confronting us is profuse and confusing, and our
attempts to duplicate the natural organization of the unself-
conscious process sclfconsciously are thwarted, because 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 oceur in cconomies, chedkers, logic, or administiation,
which can be clarified and solved mechanically.! They can be
solved mechanically, because they are well enough under-
- o
stood for us to turn them into sclection problems.?
Uo solve a problem by sclection, two things are nccessary.

L It must be possible to generate a wide enough range of
possible alteinative solutions symbolically.
2

2. Tt must be possible to express all the ciiteria for solu-
tion in terms of the same symbolism.

Whenever these two conditions are met, we may compare
symbolically generated alternatives with one another by test-
ing them against the criteria, until we find one which is
satisfactory, or the one which is the best. Tt is at once obvious
that wherever this kind of process is possible, we do not
need to “design” a solution. Indeed, we might almost claim
that a problem only calls for design (in the widest sense of
that woid) when sclection cannot be used to solve it. Whether
we accept this or not, the converse anyway is true. Those
problums of creating forn 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 general symbolic way of generating new alterna-
tives — or rather, those alternatives which we can gencrate by
varying the existing types do not exhibit the radically new
organization that solutions to new design problems demand.
‘These can only be created by invention. Second, 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
forn. Tn other words, given a new design, there is often no
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mechanical way of telling, purely from the diewings vhich
describe it, whether or not it mects its equirements. Fither
we must put the real thing in the actual woild, and sce
whether it works or not, or we must use our iinagination and
experience of the world to predict from the druavings whether
it will work or not. But there is no general symbolic connec-
tion between the requirements and the furm’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 somehow, there is 2 much more conclusive
difficulty. This is the same difficulty, precisely, that we come
across in trying to construct scientific hypothescs 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 prindples mechani-
cally, either into science or into design. Agdin, they require
invention. . ’

It 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 success{ully entirely
by himself. If theory &nnot be expected to invent form, how
is it likely to be uscful 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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The first scheme represents the unselfeonscions situation
described in Chapter 1. Here the process which shapes the
form is a complex two-dircctional interaction Letacen the
context C1 and the form F1, in the world Heelf. 1! ¢ human
being is only [;rcscnt as an agent in this process. e reacts to
misfits by changing them; but is unlikely to inpose any
“designed” conception on the foim. .

The sccond scheme represents the selfconscious situation
described in Chapter 5. Tlere the design process is remote
from the enseinble itself; form is shaped not by intcraction
between 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 designer 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 satisfly them; but its cxect nature is
unclear.® In present design practice, this critical <tep, 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. i

In the unselfconscioas 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 selfconscious
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 cradicates
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its bias and retains only its abstract <tructural features; this
second picture may then be examined according to precisely
defined opciations, ina way not ubject to the bias of language
and experience.® The third schane in the diagiam represents a
third precess, based on the use of such a picture. The vague
and unsatisfactory picture of thie contet’s demands, C2,
which first develops in the designer’s mind, is followed by
this mathematical picture, C3. Similarly, but in reverse, the
design 172 is preceded by an orderly complex of diagrams
3. The deiivation of these diagrams F3 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 I'2. Tt is out in the open, and therefore under control.

This thivd 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 properties, and
has no intemal structure until it is given one.” A collection of
riddles in a book forms a set, a lemon and an orange and an
apple forma set of three fruits, a collection of relationships like
fatherhood, motherhood, brotherhood, sisterhood, forms a set
(in this case a set of four clements). The elements of a set can
be as abstract or as concrcte as you like. It must only be
possible to identify them uniquecly, and to distinguish them
from one unother.8

The principal ideas of set theory are these:

L An clement 2 of a'set S, is said to belong to that set.
This is written x€S. A sct is uniquely defined by
Wentifying its clements.

2 One sct S is said to Le a subset of another set S., if

and only if every clement of S belongs to S,. This
78

Is written 8 ¢ Sa. 115, also contains Jdements <which
are not cluments of Sy, so that Sy is “larzer™ than Sy,
then Sy is called a proper subset of So, and we write
$1C S,

3. The union of two sets §; and S» is the =ct of those
clements which belong to cither Sy or S, (or Loth, in
the case where Sy and S; have elumants in cornmon).
We write it as §; \J S,

4. The intersection of two sets .Sy and Sais the set of those
clements which belong to both S) and Sa. We write it
SiM S, If ) and S, have no eclements in common,
this intersection is empty, and we call the scts disjoint.

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 spccific po-
tential misfits between the form and some given conteat. Let
us suppose that there are m such misfit variables: x; - - - X
These misfit variables form a set. We call the sct of these
m misfits 3, so that we may write x, ¢ M (for all £, ¢ =
1---m).? K

The great power and beauty of the set, as an analytical tool
for design problems, is that its clements can be as various as
they need be, and do not have to be restricted.only to require-
ments which can be expressed in quantifiable form. Thus in
the design of a house, the set M may contain the need for
individual <olitude, the need for rapid construction, the nced
for family comfort, the nced for casy maintenance, as well as
such casily quantifiable requirements as the need for low
capital cost and cfliciency of operation. Indced, 3 may con-
tain any requirement at all.
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These requitements we the individual conditions which
must be met at the form content boundary, in order to prevent
misit. The field stracture of this form-contest boundauy, in
=0 far as the designer is aware of it, is also not hard to desciibe.
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. Tt is the presence and absence of these inter-
actions which give the set 3/ the system character already
referred to in Chapters 3, 4, and 3.0 We represent the inter-
actions by associating with 3/ a sccond set L, of non-directed,
signed, one-dimensional clements called links, where cach link
joins two clements of 37, and contains no other elements 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.

The two sets Af and L together define a structure known
as a linear graph or topolagical 1-complex, which we shall refes
to as (M, L), or simply G for short. A typical graph is shown
below. Such a graph serves as a picture of a designer’s view of
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some specific problem. Ttis a fairly good pietiee, in the onse
that its constituents, the sets 3 and L, are availible to Lo
introspectively without too much troubic: al-o Lecanse it
keeps our attention, neatly and abstiactly, on the fact that the
set of misfits has a structure, or, as we callcd it in Chapter 2,
a ficld.»?

We must now explore the structure of this ficld. The most
important and most obvious structural charicteristic of any
complex entity isits articulation — that is. the rlative density
or grouping and clustering of its component clunrents, We will
be able to make this precise by means of the concept of 2
dccomposition:

Informally, a decomposition of a set M into its subsidiary
or s\ubsystcm sets is a hierarchical nesting of =cts within sets,
as is shown in the first of the two dizgrams that io'low. A more




usual diagram, which brings out the treclike character of the
decompuosition, is shown below. Tt refers to precisely the same
stivcture as the other. Fach element of the decomposition is
a subset of those sets above it in the hierarchy.

Z
Y A L{.{\A

Formally I define a decomposition of a sct of misfits A as
a tree (or partly ordered sct) of sets in which a rclation of
immediate subordination is defined as follows, and in which
the following further conditions hold:"

A set 8y 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 S, C 5;C S.. Further, 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.

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.

4. There are just m sets 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 deals only with the
set AL L, the set of links, plays no part in it. But it is casy to
see that the existence of these links makes comie of the possible
decompositions very much more sensible than others. Any
graph of the type G(M,L) tends to pull the clements of M
together in natural clusters. Our task in the next chapters is
to make this precise, and to decide which decompo-ition of
M makes the most sense, once we have a given set I associated
with it. Each subset of the set 1/ which appears in the tree
will then define a subproblem of the problem 3. Fuch 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 genceral
outline.” In trying to show that the links of L favor a par-
ticular decomposition, T shall really be trying to show that
for every problem there is one decomposition which is espe-
cially proper to it, and that this is usually different from the
one in the designer’s head. For this reason we shall refer to
this special decomposition as the program for the problem
represented by G(AM,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 “picces,” 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.!
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7/ THY REALIZATION OF THE PROGRAM

Iindiag 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 followed by the synthetic phase, in which a form is
dutived 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 reazonable task, we must now spend a little time thinking
ahout 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 tree of sets of
requircments. The starting point of synthesis is the diagram.
The end product of synthesis is the realization of the problem,
which is a trce of diagrams. The program is made by de-
composing a sct of requirements into successively smaller
subzets. The realization is made by making small diagrams
and putting them together as the program directs, to get
more and more complex diagrams. To achicve this we must
learn to match each set of requirements in the program with
a corresponding diagram.
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The invention of diagrams is familiar to every designer.
Any pattern which, by baing abstracted from a real <ituation,
conveys the physical influence of certain demands or 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 want to study these
forces, this photograph, by abstracting their Znicdinte physi-
cal consequences from the confusion of what you u-ually sce
when a milk drop fulls, tells you a great deal about them.?

Le Corbusier’s ville radicuse is a diagram, which capresses
the physical consequences of two very simple basic require-
ments: that people should be housed at high oversll density,
and that they should yet all have equal and maximum access
to sunlight and air.3

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.

An arrow is a diagram, of course, which conveys direction.
Many flow problems contain requirements which can be sum-
marized by mecans 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
embodied in a swept-wing design. .

’
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Kekulé's represeatation of the benzene molecule (as atoms,
with lnear bonds Between them) is again a dingram. Given
the valeney forces represented Ly the bonds, the diagram
eapicsses the physical arangement of the atoms, relative to
one another, which is thought to result from the interaction
of these valencies.®

Van Doesburg’s “de Stijl”” drawings, though made for other
rm\om, could be interpreted as diagrams which present the
rud]hmnr consequences of the need for machine tools and
1apid prefabricated assembly.?

The engincer’s preliminaiy 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
Dridge’s major members might go under the influence of grav-
ity, the given required span, the maximum tensile strength of
available stcel, and so on.? '

We notice that these diagiams may have cither 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 onc of the constituent patterns of its
organization (as the photograph of the milk splash does, or
the drawings for the ville radicuse). Although we can often
infer a great deal about the demands responsible for the
pdrtlcular pattern such a diagram exhibits, it remains prin-
dpally 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 constiuints, 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.
' 86

T.ct us consider extreme examples of a requiremant dingram
and a form diagiaum for a simple object. The mathematical
statement /7 = ko? expresses the fact that under certain condi-

_tions the encrgy lost by a moving object because of friction

depends on the square of its velocity. In the design of a
racing car, it is obviously important to rcduce this ffect
as far as possible; and in this sense the mathematical staternont
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 equation nor the water color is very uscful as such, in the
search for form. To be uscful, the equation needs 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 cur’s shape are
clearly comprchensible. et us put this another way. .\ require-
ment diagram becomes uscful 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
consequences are forcsccable that is, if it has the claments of
a requircment diagram in it. A diagram which expresses re-
quirements alone or form alone is no help in cffecting the
translation of requirements into form, and will not play any
constructive part 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 requirement 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

87




is that today's tatlic can flow without congestion. The re-
quirement diagram, therefore, consists basically of information
abeut how much trafiic flows in various directions at different
times of “day. It is possible to present this information in a
nonconstiuctive diagiam by simply tabulating the flow nu-
merically for cach of the twelve possible paths, for ditferent
times of day. Tt is also possible, however, to present this
same infoumation in the condensed graphic form shown below.

»
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Iere we have a strecet map with arrows of various widths
on it, representing the number of vehicles per hour flowing in
various dircctions at peak hours. In this foun the diagram
indicates directly what form the new interscction must take.
Clearly a thick arrow requires a wide street, so that the overall
pattern called for emerges directly from the diagram.® It is
both 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 heauty is that it goes deeper
<till. The same dvality between requirement and form which
the constructive diagram is able to cxpress and unify also
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appears at a second level: the duality is itscdf cheracteristic of
our knowledge of form.

Fvay form can be described in two ways: fron the point
of view of what it is, and from the point of vicw of what it
does. What it is is sometimes called the formal description.
What it does, when it is put in contact with other things, is
sometimes called the functional description.

Iere are some formal descriptions. A raincoat is three feet
long, made of polythenc & mm thick, its sleeves cat in such
and such a way, and so on. A salt crystal is a cubical 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 yvou what
happens when these objects are put in various contoxts 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, shatters 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 soap hubble for
instance, or a soap film on a wire frame. The behavior of
soap films is so thoroughly understood that we Lknow the
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functional properties of any given phy~ical anrangement, and
we know what shapes and sizes of bubbles different eternal
_conditions lead 0. In this case, the formal desciiptions and
the fuactional descriptions are just different ways of saying
the same things; we can say, if we like, that we have a un’iﬁcd
description of a soap bubble. This unificd description is the
abstract equivalent of a constructive diagram.

Ft 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 suceessfil in this) is
to relate functional and formal descriptions of chemical com-
pounds to one 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, -

The solution of a design problem is really only another
cffort to find a unified description. The search for realization
through constructive diagiams is an cffort 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 coriributes 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-
meal, what the context demands of the form. But he does
not see the context as a single pattern — a unitary field of
forces. If he is a good designer the form he invents will pene-

trate the problem so deeply that it not only solves it but
Muminates it.

9o

A well-designed house not only fits its context well but also
illuminates the problem of just what the conteat s, and
thereby darifies the life which it accommodates. Thus Le
Corbusier's invention of new house forms in the 1920°s really
represented part of the modern attempt to understand 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 heavier than air could fly. Tts 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, rather
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-
beating 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 undlear 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 physical arrangement, and
we Riow what shapes and sizes of bubbles difierent external
conditions Tead to.! In this case, the formal descriptions and
the functional descriptions are just different ways of saying
the sme things; we can say, if we like, that we have a unified
deseription of a soap bubble. 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
chemistry (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
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 obscrve in anatomy. Again, it
has been reasonably successful, i

“'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 efort to understund the
required form so fully that there is no longer a rift between its
functional specification and the shape it takeg.!

In othcr words, a constructive diagram, if it is a good one,
actually contributes to our understanding of the functional
specification which calls it into heing.

We have already scen, in Chapter 2, that the designer never
really understunds the contest fully. He may know, picce-
meal, what the context demands of the form. But he does
not sce the context as a single pattern — a unitary ficld of
forces. 1f he is a good designer the form he invents will pene-

Trnlc the problem so deeply that it not only solves it but
ilhnninates it.

Qo0

A well-designed house not only fits its context well but als
illuminates the problem of just what the contest is, and
thereby cluifies the life which it accommodates. Thus Te
Corbusicr’s invention of new house forms in the 1420% really
represented part of the modern attempt to understand the
twenticth century’s new way of life.’?

" I'he airfoil wing scction which allows airplungs to fly was
invented at a time when it had just been “provuﬁ” thut no
machine heavier than air could Ay. Its aerodynamic properties
were not understood until some time after it had Leen in use.
Indeed the invention and use of the airfoil made a substantial
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 hasis of the structural calculations then in
use. Its invention not only solved a specific 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 casier to understand the problem. Like
such a hunch, a constractive diagram will often precede the
precise knowledge which could prescribe its shipe on rational
grounds. :

It 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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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 discrepancy
tatns up and shows that it fails to account for some new force
in the conteat.

The constructive diagram can describe the context, and
it can desciibe the form. Tt offers us a way of probing the
conteat, and a way of searching for form. Because it manages
to do Dboth simultancously, it offers us a bridge between
requirements and form, and thercfore 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 development. They
specify only gross pattern aspects of the form. But the path
from these diagrams to the final design is a matter of local
detail. The form’s basic organization is born preciscly in the
constructive diagrams which precede its design.

What we must now sce is that the constructive diagram
is not only useful in probing the more obvious, known aspects
of a problem 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 dnfension (or
phy<ical meaning) of a known problem may be captured by a
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diagram; and by the same tolen the intension of any new,
hithato unconnceeted, sct of requirements may be captured
by a new diagram.V

The problem is defined by a sct of requisciients called A,
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 single constructive
diagram f{or the set A7, if it were not for the conaple ity of s
internal intcractions (represented by L), which rwles 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 signiiicant subsets
of M. Lach subset is a subproblem with its own intcgrity.
In the program the smallest sets fall together in larger sets;
and these in turn again in Jarger sets. Each subsct can be
translated into a constructive diagram. And cach of these
subsets of ., because it contains fewer requirements than M
itself, and less interaction between them, is simpler to diagram
than M. 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 onc diagram
for cach set of requirements in the program’s trce. 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-

93




ANy A

Program, consisting of sets Realization, consisting of diagrams

tion. As we sce 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 set M to give us a program; and how this
program will be used as a basis for the construction of dia-
grams 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 A/ 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. .\t 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.A. of 19653; a new
town, for 30,000 pcople, 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 ahicady, the set M consists of all those
pos=itle kinds of misfit which might occur hetween the form
and the content; in the ease of the Lettle mictropolitan U.S .\,
enzemble, this set includes specific economic limitations, tech-
nical requitements of production, functional peiformance
steadards, matters of safety and appearance, and so on.! To
be exact, each clement of I is a variable which can be in one
of two siates: 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 vaiiable’s two states are “too ex-
pensive,” which represents misfit, and “OK,” which repre-
<ents fit. If a kettle is too expensive, this desciibes a property
of the kettle plus its context — that is, of the ensemble. Out
of context, the kettle’s price cither exceeds or does not exceed
various figures we can name: nothing more. Only its relation
to the rest of the cnsemble 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 wauter. We cannot say whether this s enough, until we sce
what the conteat demands. Again, the fact that the kettle
docs not hold envugh water, or that it docs, is a property of
the furm plus content taken as a whole. This fact, that the
variable doscribes the ensemble as a whole, and never the
form alone, leads to the following important principle. In
principle, to decide whether or not a form meets a given re-
quircimant, we must construct it, put it in contact with the

96

context in question, and test the ensumble <o formed to «ce
whether misfit occurs in it or not. You can only tedl whether
a kettle is comfortetle cnough to hold by picking it up. In
principle, you can ealy decide 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 coafortable driving and adequate room
for braking at a cerivin speed you need an extra 2°6” on cither
side, we can tell in zdvance 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 tack, is to
establish a performance standard — in this case specilying
that all roadways must have a minimum lane width of 110"
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
cnsemble.

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 expressed in decibels),
illumination for comfortable reading (expressed in lumens
per sq. it.), load-bearing capacity required to prevent danger
of structural failure (safety factor times maximum expected
load), reasonable maintenance costs (expressed in dollars per

917




year). Once a =cale like this has been found for a requitement,
it is then almost alway s possible to find a connection between
this scale and some intiinsic propeity 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 by trial and error whether the form fails
to fit its conteat 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 rcason
there is a growing tendency to look for suitable scales, and to
set up performance standards, for as many requirements as
possible.? ) .

ITowever, the existence of a performance standard, and
the association of a numerical scale with a misfit variable, does
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,” “secutity for a fastener or a lock,” “human warmth
in a living room,” “lack of variety in a park.” 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 effort to be “scientific.” A variable which
exhibits continuous variation is casier to manipulate mathe-
matically, and therefore seems more suitable for a scientific
treatment. But although it is certainly true that the use of
performance standards makes it less necessary for a designer
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to rely on personal experience, it also happens that the kind
of mathematical optimization which quantifiable variables
make possible is largely irrclevant to the design problem.

A design problem is not an optimization problem.? - In
other words, it is not a problem of meeting any one require-
ment or any function of a number of requirements in the best
possible way (though we may sometimes speak loosely as
though it were, and may actually try to optimize one or Lwo
things like cost or construction time). For most rcquircm.cnts
it is impoitant only to satisfy them at a level which suffices
to prevent misfit between the form and the conteat, anf.l to
do this in the least arbitrary manner possible.® This is a
strictly binary situation. The task is to bring cach hinary
variable to the value 0 (for continuous variables the valuc 0
corresponds to the whole range of valucs on the “good” side
of the required performance standard). It is thurefore only
important that cach variable be specific enough and dc.arly
cnough dcfined, so that any actual design can be classified
unambiguously as a fit or misfit.

For quantifiable variables this is casy. An obvious c.\:amPle,
in the case of the kettle, is the nced for adequate capacity.
Since the capacity of a kettle can be described quantitatively,
we can therefore very easily set up a standard capacity which
we require of satisfuctory kettles, and call smaller capacity a
misfit 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 p'ro-_
vides an objective basis for dividing kettles into those 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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year). Once a scale like this has been found for a reguitement,
it iz then almo-t alway s possible to find a connection between
this scale and some intrinsic property of the foim;? thus,
given a house design on the drawing board, it is possible to
calculate piobable maintenance costs, the noise reduction
between rooms, and so on; it is then, of course, no longer
necessaty to find out by trial and crror whether the form fails
to fit its contest in these respects. A performance standard
determined by the context can be decided for cach of them
in advance, and used as a criterion of fit. For this rcason
there is a growing tendency to look for suitable scales, and to
set up performance standards, for as many requirements as
possible. -

Ilowever, the existence of a performance standard, and
the association of a numerical scale with a misfit vaiiable, does
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 “horedom in an exhibition,” “comfort for a kettle
handle,” “sccurity for a fastener or a lock,” “human warmth
in a living room,” “lack of variety in a park.” 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 effort to be “scientific.” A variable which
exhibits continuous variation is casier to manipulate mathe-

_matically, and therefore seems more suitable for a scientific
trcatment. But although it is certainly true that the use of
performance standards makes it less necessary for a designer
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to 1ely on personal expericnee, it also happens that the kind
of mathematical optimization which quantifiable variables
make possible is largely irrelevant to the design problem.

A design problem is not an optimization problem.? . In
other words, it is not a problem of mceting any onc icquire-
ment or any function of a number of requirements in the best
possible way (though we may sometimes speak looscly as
though it were, and may actually try to optimize on.c or two
things like cost or construction time). For most requitements
it is important only to satisfy them at a level which suffices
to prevent misfit between the form and the conteat, zm(.l to
do this in the least arbitrary manner possible.® This is a
stfictly binary situation. The task is to bring cach Dbinary
variable to the value 0 (for continuous variables the value 0
corresponds to the whole range of values on the “good” side
of the required, peiformance stdndlard). It is therefore only
important that each variable be specific enough and clc.urly
enough dcfined, so that any actual design can be classified
unambiguously as a fit or misfit. ,

For quantifiable variables this is casy. An obvious c.\'znnPlc,
in the case of the kettle, is the nced for adequate capacity.
Since the capacity of a kettle can be described quantitatively,
we can therefore very easily set up a standard capacity which
we require of satisfuctory kettles, and call smaller capacity a
misfit 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 p-ro- .
vides an objective basis for dividing kettles into those which
fit the context in this respect, and those which don’t.

For nonquantifiable variables, it is not quite so easy. Take
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“comfortable to hold” for kettles. ‘There is no

the pioperty
objectively measurable property that is known to conelate
well enough with comfort to scrve 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 caperts can understand well enough to agree about
classifving designs. We can certainly explain what we mean
by comfott clearly enough, in commonsense language, for a
group of people to learn to agree about which kettles ate com-
fortable to hold, and which aie not. This makes comf{ortable-
ness an acceptable variable, for the purpose of the present
analysis.

We shall treal o property of the ensemble (quantifiable or not),
as an acceplable misfit variable, provided we can associate with
it ait wnambigwous way of dividing all possible forms into tivo
classes: those for which we dgrce that they fit or mcet the re-
quirement, wohich we deseribe by saying that the variable takes
the valie 0, und those for which we do not agree, which therefore
Juil to wect the requirement, and for which the variable is assigned
the value 1.

‘This brings us to three questions, which may seem hard to
angwer. -

1. How can we get an exhaustive set of variables Af for a
given problem; in other words, how can we be suré
we haven’t left out some important issue?

. ITow do we know that all the variables we include in
the list M are relevant to the problem?

3: For any speeifie variable, how do we decide at what

point misfit occurs; of if it is a contindous variable,
how do we know what value to Sct as a performance

N

ico

standard? Tn other ‘woids, how do we recognize the
condition so far described as misfit?

These questions have already been answered, substantially,
in Chapter 2. Let us remind ouselves of the fundamcntal
principle. .1y state of affairs in the ensemble which devives from
the interaction beticeen form and context, and causes slress in
the ensemble, is a misfil,

"This concept of stress or misfit is a primitive one. We shall
proceed without defining it. We may find precedents for this
in the practice of comumon law, psychiatry, medicine, engineer-
ing, anthropology, where it also serves as a primitive undefined
concept.” In all these cases, stress is said to occir wherever it
can be shown, in a common-sense way, that some state of
affairs is somchow detrimental to the unity and well-bcing of
the whole ensemble. In design too, though it may seen 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 teims what he
won’t put up with. Again, it is obvious that a kettle which is
uhcomfortable 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
conmon sense. At the opposite extreme, if somcbody suggests
that the ensemble is stressed if the kettle will rot reflect
ultraviolet radiation, common sense telis 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 miisfit is a priinitive concept”
has the followiiig consetjiiciices. Fitst of all, it is elearly hot
possiblé to list all the types of stress which might occur ifi an
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ensemble exhaustively, and therefore impossible to hope that
1

)

£ ocould provide an exhaustive desaiption of a problem. A
m2 wat’s thought will convinee us that we are nover capable
of stating a design problem exeept in teims of the crrors we
have observed in past solutions to past problems. Even if we
iry to design something for an entirely new puipose that has
rever 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
goze wrong in the past.

The best we can do therefore is to include in M all those
Xinds of stiess which we can imagine. The set )/ can never be
properly called complete. The process of design, even when it
has become seliconscious, remains a process of error-reduction,
and th‘g set I remains a temporary catalogue of those errors
whizh 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 misfits, which are to be removed, therefore necessarily has
something of a personal 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; 2ll we can hope to do is to put a f[ruitful
structure on his view of it. It is for this reason that 1/ cannot
be_thought of 23 objectively complete, and has been pre-
sonted, instead, in Chapter 6, as a picture of a designer’s view
of a problem.
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[Towever, 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 have in it one great claim to nen-
trality. What designers disagree about is the rdative inpor-
tance of different requircments. 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 either is a requirement or isn’t,
is less personal. The stress a misfit causes, whether shight 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 provess, it is
therclore 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 requirement 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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main is imaginary, but seives to anchor the idea of inter-
vatiable connections. We should think of it as the totality of
possible forms within the cognitive reach of the desiuner. In
othier words, it is a shorthand way of talking about all those
discriminable forms which a designer can imazine and design.®

Now, we hnow by postulate, that we can in piinciple
decide, for cach one of the forms in D, which requirements it
meets, and which it fails to meet. ‘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. Schematically we
show this:

e =

/"“—a~

I'rom two variables we get four scts, in which the forms take
values as shown below.

I we superimpose all m variables, we get a division of the
domain D into 2" mutually exclusive classes, cach labeled by
a different pattern of values for ay- - - v We <hall call the
propottion of forms in D which do not satisfy rcquircnicit x,
the probability of the misfit x, occurring. We write this
ple, = 1). (Naturally 0 € p(z, = 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, and x, sinultancously
as p(x, = 0, x, = 0), and so forth.

If the variables % - -~ %, are all pairwise independent
then it is an axiom of probability theory that we may write
plasi =0, x;, = 0) = p(x; = 0) - plx, = 0) for all < and j. .And
similarly if the variables are also three-way, four-vay and
n-way independent, then these independence relations hold
for the conditional lﬁrobabilitics, and we wiite, for crample,
plei=0,%, =02 =1) = plx, =0]ax = 1) - p(x, = 0 jxp = 1)
conditional on x; = 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(xi = 0, x; = 0) is markeldly
uncqual to p(x, = 0) - p(x; = 0), and similarly for more than
two variables. Formally, we describe these depcndences by
means of the corrclation cocfficients.’® The simplest corre-
lation cocflicient is that for two variables: ! i

o p(2,=0,%,=0) - plr,=1,2;,=1)—p(x,=0,x;=1) - p(x,=1,5,=0)
! [p(x.=0)p(x,=0)p(x.=l)p(x,=l)]!. o=

For any pair of variables x, and =;, then, we may distinguish _
the following three possibilities. )

1. If ¢;, is markedly less than 0, x; and x, conilict; 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 ¥y we weaken our chances of avoiding
the other, xa.

2. Tf ¢,y is markedly greater than 0, x, and «, concur; like
“the kettle’s not being able to withstand the tem-
perature of boiling water” and “the kettle’s being
liable to coirode in steamy kitchens.” When we look
for materials which avoid one of these difficulties, we
impiove our chances of av oiding the other.

3. If ¢,, is not far from 0, x; and x, cxhibit no noticeable
interaction of cither type.

In the first case we should write a negative link between
the variables, in the sccond 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 thercfore linked), if what you do about one
of them in a desiyn necessarily makes it more difficult or
casier 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 examine it from the point of view of misfits x;
and x;. Since we have defined each misfit variable in such a
way that we can always decide which value it takes (0or1)
in a given design, the proportions of kettles in our sample
where x; only has occurred (v, = 1, x; = 0), where z; only
has occurred (x; =0, x; = 1), where both have occurred
(x: = 1,%, = 1), and where ncither has occurred (x; = 0, x;= 0),
are u.sy to obtain. Provided the samples are carefully chosen,
these <dmplc proportions give us good ecstimates of the
probability of z,, of x;, of both, of ncither, occurring in a
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tandomly sclected contemporary kettle. From these joint
two-variable probability estimates, we could compute the
correlation ¢,,, and write a link between any pair of vatiables
whose correlation was statistically significant. We could use
the same procedure to decide on the many-variable corre-
lations.

However, such a mcthod, 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 diffcrent
degrees of validity. Some are almost logically neccssary —
like the conflict betwcen the need for sufficient capacity in
the kettle and the need 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 hecating water that are very much unlike
kettles.!s

Other corrclations depend on physical laws — like the con-
flict between the nced for a material which keeps the heat in
after the kettle has boiled and the need 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 dircctions; so again, although there are ways round
it, the conflict exists for most of the kettles one can imagine.

But other correlations will depend only on accidents of
present taste and habit. If you look at kettles i the shops
today, you might natice that the cheap ones h'we 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. I{owever, this conclusion, being
bascd on a sample of presently available kettles, will change
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as soon as we begin to think of other materials and designs.
This contlict certainly Jdoes not exist for all imaginable kettles.
Clearly we want to avoid muddling this last Kind of case
with the other two. If we were to accept the linkage it sug-
gests. then together with the essential logic of the ensemble
we should also be freezing in its most temporary incidentals.
We zze intercsted in those links between vaiiables which hold
for aIt foims we can conceive (that is, 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 examing 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 tod‘ty g

HO"L\ ¢r, we may overcome the bias by another means.
Instead ‘of just looking for statistical connections between
varizbles, 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
materials 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 qu1ckly
conflicts with the need to keep the water hot once it has
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boiled. In this case, becanse we “undgrstand ™ the l(.-;ggn,‘cct‘ig)\r}
between the two vaniables, we call it cauzal, and give it inuch
grcater 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 inteipictation: to
practice it we must adopt the same kind of comnon sense
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 1q,uhmt es. We put structure into them only by
inference and mtuplcmt\on H In just the same way, the
structural facts about a system of variables in an ensemnble \\i!l
come only from the thoughtful interpretation of obiservations.

We shall say that two wariables interact if and only if the
desiguer can find some reason (or conceptual model) which inakes
sense lo him and tells him why they should do so.t®

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 between the nced to have sufficient capacity in a
kettle and the nced to conserve storage space, he docs so
because he has certain preconceptions in mind about the kinds
of kettle which are possible. It 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 undershnds this possibility, there
is no pomt in telling him thdt 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 3. Tt is only after first includ-
ing this link in Z, and in the very act of asking himself whether
thvo varables weally do interact, and why they do, that the
designer sees the possibility of aveiding the conflict and so
sces further into the problem, )

The reader may well ask how such a process, in which
both the requitements and the links between requirements are
dcﬁl}ﬂcd by the designer from things alrcady 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 stiucture, 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. [n 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 themselves amount to form. e is
only able to define form at that moment when these physical
implications coalesce in his mind, and take on organized
shape. The process I 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 variety of different 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 1y be no
more than a barely discernible tendency for them to concur.
But while an eaplicitly statistical test would give the inter-
actions a continuous range of vilues, the ad hoc tiethods of
piactical common sense will hardly allow us to az<izn than a
consistently scaled continuous range — particularly in view
of the fact that differeiit consultants may have incommen-ura-
ble personal scales of evaluation, and that interactions which
spring from different 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 each pair of variables (x47,)
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‘i}]ly be convenient to keep the absolute valie of
vi, less than or equal to some fined integer v. For the sake of
consistent interpretation, assume that the link index vy, indi-
cates a correlation of 8v,;, where 6 is some arbitrary constant,
such that dv € 1. We may display the values of the v,; in
matrix form. The cell in the ith row and the jth column
contains the value vi;.. Thus the cell in the 1st row and the
2nd column (i = 1, j = 2) contains v, The matrix is sym-
metrical. Thus

X1 X2
2 e LI s e /A
X1 0 2
TSN A N PR D TIRDY
X2 2 0
AT ITME = LR
X3 O - 1
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From this matiix we define the sct 7 as a set of links asso-
ciated with the vatiables of A, as follows.!'® For every pair
of variables x, and v,, there ate | vy, | distinet clements of L
which join x, to v,. These elements bear the same sign as the
index v,;. pegative for contlict, and positive for concurrence.r?
The sets M and L together, completely define the graph:
G L)

The deiinitions we have given o far still leave certain
practical questions about the sets 4/ and L unanswered. Docs
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-vaiiable
interaction? The answers to these questions depend on three
important formal propertics of the system G(3,L), which we
shall now explore.

First of all, if the graph G(M,L) is to give us an accurate
picture of the variables’ behavior, it is necessary that the set
1. describe all the interaction between variables which there is.
Since the elements 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 correlation §v,; must be
small, for each pair of variables. Specifically, as far as the
mathematics of Appendix 2 is concerned, we must. have
16 Z 1, where [ is the total number of links in L% <

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. Tt demands that p(x, = 0) should be the same for all £
Again, if this is not so, the analysis will be invalid.

Tet 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. It demands that plx, = 0) should be
the same for all ¢, or that the proportion of all think-hle forms
which satis{ly a requirement should be about the same for cach
requirement. What this amounts to, in common-sense Linguage,
is that all the variables should be roughly compatable 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
second. 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 probabilitics of occurrence are
very uncqual. In this case the incquality is especially clear
because the second 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 doces 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 set M is to make all its variables approxi-
mately cqual in ““size” or scope.?

Let us take the sccond of the three formal propertices next.
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In practice, of course, the precisencss of this mathematical
eapression is meaningless, since we judge the couclations
“by eye,” and do not obtain them numerically. What it docs
mean, in practice, though, is that we must be satisfied that all
the vatiables 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, {or 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 clearly not at all independent. ITowever, there
arc 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.”

A considerable amount of energy must be spent in the pre-
liminary stages shuflling 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 A 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 the indi-
vidual variables as specific and minute as possible.
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This policy of maling all the variables highly spucific is
important for another reason. owever much we may try to
steer clear of aisting categories, in practice we shall alvways
have to generate the specific variables of A7 through interme-
diate stages. The biain is not made 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 area. [t is
theiefore a matter of practical psychology that we cannot
avoid using supciordinate 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 conceived labels for the
principal issues in the problem, which we \ahall then break
down further into finer picces to get our set of variables M.
The closer our variables are to these abstract and gencial 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(AM,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 equal 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 numecrous as possible.? An example of a set
M is given in Appendix 1, together with its associated set L.
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9/ SOLUTION

We now have a graph G(A,L) which represents the design
problem. \s we hnvp seen in Chapter 6, to solve the problem,
we shall try to decompose the set A/ in such a way that it gives
us a helpful program for design. We shall now consider what
criteiion 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 try to define a decomposition 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 preblem. The
opposition between these two aims, analysis and synthesis, has
sometimes led people to maintain that in design intellect and
art are 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. Itis
a common cxperience that attempts to solve one piece of a
problem first, then others, and so on, lead to endless 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 1ound and round in circles,
unable ever to produce a form 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 ever -

solve this difficulty, the designer has to rely on a subconscious
creative force to juggle the picces more successfully. ITis hand
and cye must be secure enough, in other words, to take him
to his answer more immediately than his intelligence can.
If design problems were homogencous, this recommendation
would be important. For then any analytical sulxlivision
would, so to speak, put cracks in them, which would destroy

their unity. As it happens though, in practice problems are not.

homogeneous. ‘They are full of knots and crevices which ex-
hibit a well-defined structure. An analytical process fails only.
if it does 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 represents it, the difliculty will
disappear. ¢

The question is, how are these separable structural com-
ponents of a problem to be recognized? We face this kind
of task every day, constantly, even when we see 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 recognized
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
Lo the fact that even an apparently simple cognitive act like
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this, n fact demands a very complex perceptual operation?
It is not swprising to find, in the <imilar but more abstiact
task of recognizing the proper stiuctural components of the
system 3, that our native peiception and intuition fail us.

The task of replacing this intuition by some prediscly de-
fined mathematical operation has been tackled in a number of
ways.? Many of them are worth examining, if for no better
teason than that they will illustiate and deepen our conception
of the task. One, which perhaps comes closest to what we
want, simply divides 1/ into those subscts which are connected
by as few links of L as possible, thus leaving as many of the
links as possible within the subsystems.?® Ilowever, neither
this nor any other of the existing methods is exaclly 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 carefully about the rela-
tion between a design program and its realization.

Let us think- just what the successful realization of the
program demands. Fundamentally, it demands that the sets
in the program have two kinds of property, which we may
illustrate by taking the typical picce of a program shown
below. §; and S» are two different sets of requirements. S3
contains all the requirements in Sy and S; together.

e -
Nrn::\g —_—ean
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First we must be able to find constinctive diagrains for §)
and S; individually. This means that the misits which Sy
contains must cohere sonichow, and suggest a physical aspect
or component of the form under consideration; and the same
for Sz. o

Sccondly, if the decomposition is to serve any uscful pur-
pose, it must not be necessary to constiuct the diagram for Ss
from scratch. Instead, it must be possible to derive a con-
structive diagiam for 3 in some simple way from the diagrams
alrcady constructed for Sy and S; in isolation.

To put it simply, the first of these conditions depends on
the internal structure of the sets S) and Ss, while the second
deals with the rclations between these two sets.

Tet us take the two conditions in order.

, What is it about the internal structure of any problem
that makes it hard to solve? In ninc cases out of ten, we can-
not solve it, because we cannot grasp it; we cannot sce what
the internal structure is “driving at.” The subproblums we
are considering here, because they are made up of sets of
requircments that have been isolated from the rest of the
design problem they belong to, show this acutely. Take two
misfits at random. ‘“The kettle must be comfortable for the
hand to hold,” and “The kettle must be economical to heat,”
which we should probably consider as noninteracting. These
“two define a two-clement subset of Af for the kettle problem.
It is hard to sce, however, what these two elements have in
common, or indeced whether this set, taken by itself, means
anything.

If the sct M contains 2 misfits, there are 2™ possible subsets
of M, and so 2™ subsidiary problems. Any design problem of
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practical inteiest and complexity will probably contain at

least as many as 100 variables, and will therefore have 2'% or
roughly 10 (1,000,000,000,060,000,000,000,000,000,000) dif-
crent 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 A/, 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 issues
the set represents.

Unfortunately, the scts 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 requirements it represents have some physical
implications in common. From this point of view, it is casy to
sce that not all the possible subsets of AL will be equally casy
to diagram conzlructively. We may put this another way,
perhaps, by saying that some subsets open up physical possi-
bilities 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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especially easy to dingram, and do not reaily
the problem.

If we are to make anything scnsible of the subscts in this
program, we must now ask just which sets of points to con-
sider as being the most “dingrammable.” This depends on the
pattern of interactions between the misfits. Where, after all,
docs the interaction among the requitements spring from? Tt
springs from the intiactable nature of the availalic materials
and the conditions under which the form has to be made. Two
misfits are scen to interact only because, in some scnse at
least, théy deal with the same kind of physical con.ideration.
If they dealt with utterly different aspects, there could be no
basis cither for conflict or for concurrence.

In building, the need for acoustic insulation conflicts with
the necd to build with casily transportable prefabiicated ma-
terials. These two needs conflict because the first calls for
massive inert walls, while the second calls for light walls. "The
physical feature of the world their interaction depends on is
mass. Again, in a highway, the need for safety on curves con-
flicts with the nced to keep land costs down, because the
wider the curves have to be for safety’s sake, the larger the
area caten up by the transition curves at interchanges. In
this case the interaction between the two requirements de-
pends on the radius of the curve.

It is such a physical center of lmphcatlon 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 expressed diagrammatically, 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
tesides ina particularly strong identifiable physical aspect of
the problem. These sets will be the casiest of all to grasp
constructively. Thus:

/_/\\

:‘ \\///
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1f, therefore, we break the problcm apart in such a way
that its clusters of variables are as richly connected, 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 comprehension. These are the sets
which will be the casiest to diagram.

If we are to solve the problem M 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-
stances. Why, for instance, can we not simply make a diagram
for cach sepuarate variable, so that we get m diagrams, and
superimpose these m diagrains somehow? The reason is ob-
vious. The physical characteristics demanded by one require-
ment conilict with the physical characteristics demanded by
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another. This is, in fact, exactly what we mean by saying
that two misfit variables conflict. "The same is true of more
complex diagrams. We have already diawn attention to the
fact that a subset which contained all the cconomic variables
and no others, for example, would be compatatively uscless,
because its economic implications conflict too strongly with
the other implications of the problem. Naturally if the dia-
sram for the cconomic requirements is not going to be com-
patible with that for the comfort requirements, say, there is
no point in constiucting the two diagrams independently.

[How shall we mect 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 cach 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 scts of requirements we apply ourselves
to are Still small enough for their implications to be cairied
in the mind’s eye; and these implications are thercfore not
yet frozen in any eaplicit diagrammatic form; they are still
flexible enough to be successfully integrated with onc 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 realization as we can, while our ideas are still
flevible. Trom this point of view, the fewer links there are
between the major subscts of the decomposition, the better.
Tdeally, we should like to find a first partition of A like this,
for instance, wheie no links are cut by the partition, though

this will not in practice usually be possible.!
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The neced for subsets we can grasp diagrammatically calls
for sets of vaiiables whose infernal interactions are very rich.
'The need to resolve the conflicts between the diagrams we
get from them calls for as little interaction befween subsets as
possible. Clearly these two are compatible; indced, they can
be expressed jointly as follows.

Consider just one level of the decomposition, where some set
S is to be partitioned into disjoint subsets (Sy, Sy + - -Sa - - S,).
We wish to choose these S, in such a way that we can invent
a constructive diagiam for S; whose implications will not
Jater turn out to be hopelessly contradicted by an independ-
ently conceived diagram for one of the other S,; and the same

for Sa, S, cteetera, Why is this difficult to do in terms of the

variables” hehavior?
It is difficult because any variables which are linked exer-

cise mutual constraint over one another's states. If we fix the
1324

vilues of the variables of Sy, the values which the variables
of the other S, can take are already constrained to some
extent by the probabilistic links vwhich bind them to this .S,
T other words, the values which the variables of Sy take, tell
us something ahout the values which the variables in, U.le
other S, can take; they give us information, The sparser the
links between the S, the less the values of the varialiles in
Sy can tell us about the values in 8., etc.; the less infor-
mation the links carry across the partition, the freer we are
to construct a diagrum for S, once we have fixed the wolution
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, indq;,(:ndcntly
we want to be free to manipulate the values of the mriuhlcs’
in 5y without this manipulation heing constrained by the fact
that the variables of S} are now held constant in olxr min(ls-
by the diagrammatic cxpression invented for them. 'l;c;
achieve this, we must choose the S, in such a wav that the
variables in different subsets of the partition c.\crci—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 #(\) over the
states A of any set of variables §.5 Appendix 2 then shows
that, given any partition 7 of a set Sinto subsets, w{S; - - - S,}
we may establish a measure of information transfer or inf;r-,
mational dependence among these subsets, called R(x).¢
Since this R(x) is defined for all possible partitions of anyé.‘
we may obtain the desired decomposition of the set Af b):
minimizing R(w) for successive partitions of 3f and its’ de-
scendants, —

Thus, we first find that partition of 1, #(}f), for which
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R(7) is minimum. This establishes the first level of the de-
composition, thus, say:

/%. :
- / R

AN 7 "\ N
) Sl S, Ss S
We then apply the same method to the sets S,: we look for
that partition 7(S)) of Sy, for which R(w) is minimum, and
similarly for S;- -+, thus obtaining the second level of the
decomposition. We continue with this procednre iteratively,
until we reach a level of decomposition at which all the sets
contain one variable only. (Condition 4 of Chapter 6, page
82.)

The tree of sets this decomposition gives is, within the
terms of this book, a complete structwial description of the
design problem defined by M; and it therefore serves as a
program for the synthesis of a form which solves this problem.

Let us remember the properties of the program.

1. The tree is, in its hicrarchical form, the same as any

other hicrarchy of “concepts — except that the con-
cepts are here defined eatensionally as sets of vari-
ables, rather than intensionally by meaning.

2. The paiticular tree arrived at by the mecthod out-

lined gives an explicit description of the structure
implicitly responsible for the success and stability of
the unsclfconscious form-making process.

3. The tree gives the strongest possible decomposition
of the problem that does not interfere with the task
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of synthesizing its parts in a unificd way. Each
subsidiary problein it defines has its own irtgrity,
and is as indepundent as it can be of the rest of the
problem.

. We must remember that the hierarchy of sets which

the tree defines will not always be easy {0 underctand.
Even in some of the smaller sets which contain only
half a dozen variables, these variables + 1l often scum
disparate, and their juxtaposition may Le startling.
The relevance of cach variable is only to Le properly
understood after careful examination of its functional
relation to the other varables in the zct. Since the
potential coherence of such a set of varizbles comnes
from its physical implications, it can only Le grasped
graphically, by mcans of a constructive diugram that
biings out these implications. Each diagiam for a
sct S must do two things:

As a requirement diagram:

a. It must biing out just those featurcs 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.

As a form diagram:

a. It must be so specific that it has all the physical
~ characteristics called for by the requirements
" of S.

b Yet it must be so gcﬁeml that it contains no
arﬂtmry clnrutcnstlcs and so-summarizes, ab-
stractly, the nature of every form which might
satisfy S. N .

Above all, the designer must resist the temptation to
summarize the contents of the tice in terms of well-
known verbal concepts. He must not expect to be able
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to see for every S some verbal paradigin 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 interfere with the
pattern which the program shows hin. The effect of the
design program is that each set of requitements draws
‘his attention to just one major physical and functional
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 I give an example of the way a sct of
rcquirc—lﬁénts, when taken together, create a new idea about
what one main f{eature of a physical form ought to be. Con-
sider the design of the now {amiliar one-hole kettle. The single
wide short spout embraces a number of requircments: 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 manufacture 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 separately 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
kettle boiled. Suddedyy. when it hecame possible to put non-
corrosive mectals on the market, and cheap, available descaler
made it unneccessary to get into the kettle for_ descaling, it
became apparent that all these requircments 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 scalding water out
128
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ov T, .
ctr t'he poute’s hands. The set of requirements, once its
unity is recognized, leads t i i
3 ey leads to a single physical compon
{ o n
the kettle. ] I -

The program, which represents a functional decomposition
of thf: problem, is a way of identifying the problem’s major
.funcllonal aspects. But what kind of physical form lcx'u.tjl
Is the designer likdy to realize with the help of sn("h '1 ri-’
gmln? Let u-s look at the form problem from the I)cuinnri)ng

'“:10 organization of any complex physical object c;s lxicr:
archical. [t is true that, if we wish, we may dismiss this

observati inati
ervation as an hallucination caused by the way the human

brain, bei i i
» being disposed to sce in terms of articulations and

hicrarchies, perceives the world. On the whole, thou:h there
are good reasons to believe in the hicrarchical subdi‘:n':ion of
th'e w-orld as an objective feature of reality. Tndeed —m'm

scientists, trying to understand the physical world l"u'ul t(h‘l)t,
thcy-ha\'(; first to identify its physical components ’much '1s(I
have argued in these notes for isolating the abs,tmrt c:)m-
ponents of a problem. To understand the human bo'd 'o

need to know what to consider as its principal function'i]l inrlil
stru.ctuml divisions. You cannot understand it until 'o‘u ;‘c

ognize the nervous system, the hormonal system tlie \"120:
motor system, the heart, the arms, legs, trunk He,ad nn(‘i S0
on as: entities.” You cannot understand chem,x'stry ,\\ithout
kn?wmg the picces of which molecules are made. You cannot
claim Fo Ifave much understanding of the unjverse until you
recognize its galaxies as important picces. You cannot unger-
stand the modern city until you know that a]thouvl-l road

are physically intertwined with the distribution of oser S
the two remain functionally distinct, e
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Scientists tiy to identify the components of existing strue:
ture. Designers iy to shape the components of new struc-
tutes. The scarch for the 1ight components, and the right
way to build the form up from these components, is the
greatest phy=ical challenge faced by the designer. T believe
that if the hicrarchical program is intélligcnt!y used, it offers

the key to this very basic problem -— and will actually point .
to the major physical components of which the form shguld

consist.

When we consider the kinds of constructive diagram which
are likely to be suggested by sets of requirements, at first it
scems that the natwie of these diagrams is very various. Some
diagrams scem to define overall pattern propeitics 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 picces of which the whole form -is
made, like a diagram defining the street as a picce of the city,
or the handle as a picce 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 Leing circular may also be guaranteed by a surrounding
wall 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 gencral rule. Every aspect of a form, whether
piceelike or patternlike, can be undeistood as a structure of
components. Every object is a hicrarchy of components, the
large ones <pecifying the pattein of distribution of the smaller
ones, the small ones themselves, though at first sight more
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clemly piceclike, in fact again patteins specifying the arrange-
ment and distribution of sfill smiler components.

LEvery component has this twofold nature: it is first & unit,
and sccond a pattern, both a pattern and a unit. Its nature
as a unit makes it an entity distinct from its surroundings.
Its nature as a pattern specifies the arrangement of its own
component units. Tt is the culmination of the designer’s task
to make every diagram both a pattern and a unit. .\s a unit it
will fit into the hictarchy of larger components that {all above
it; as a pattern it will specify the hierarchy of ~maller com-
ponents which it itsclf is made of.

The hierarchical composition of these diagrams will then
lead to a physical object whose structwal hicrarchy is the
exact counterpart of the functional hicrarchy establi-hed dur-
ing the analysis of the problem; as the program darifics the
component sources of the form’s structure, so its realization,
in parallel, will actually begin to define the forn’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 importans
underlying structural correspondence betiveen the paltern of a
problém and the process of designing a physical form which
answers that problem. I belicve that the great architect has in the
past alicays been awware of the pattcrned similarity of problems and
process, and that it is only the sense of this similarily of structure
that ever led him to the design of great forms.

The same pattern is implicit in the uction of the unself-
conscious form-producing system, and responsible for its success.
Bul before we can ourselves turn a problem into form, because we

are selfconscions, we need to make explicit maps of the problem’s

structure, and thercfore need first lo invent a conceplual framework
Jor such maps. This is all that I have tried to do.

Since my cffort may well meet with resistance, I like to see the
Jew steps taken here reflected in a parable of an imaginary pas
sociely.

Suppose there was once a people who had no formalized arith-
metic. When they wanted swhat we think of as arithmetical resulls,
they got them by guessing. So if they wished to know the ares of 6
corn patch they paced ils two sides (siz 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, that
is, which estimaled the bags of corn nceded to sow that patch.

Ile might say 60, 61, 58, whalever occurred to him. (If we .

were in such a situation we should form what we call the prod-
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uct of the two numbers, 60, and determine le&wnmml of corn
needed in terms of this arca.)

It is casy lo sce that the people of this imaginary sociely might
not have found formal crithmetic acceptable. Their own method
was usually not too far off the mark (sowing corn is such a loose
fest, anyway, that what we call inaccuracy would not have been
noticcable) — and besides, there was something rather noble abous
the scers (magicians?) who performed the tasks of "‘calculation.”
Some men were better al it than others, certainly; soie had the
power to produce appropriale answers, some produced ansicers
rather wider of the mark. But that didw't scem to matter. Instead
the power was regarded as a great Juuman gift, the people who
possessed it were honored for their capability. And both these scers
themselves and their admirers opposed the introduction of a
Jormalized arithmelic most rigidly, did not sce the possible develop-
ments, were inlerested only in preserving their own limiled
capacitics for calculalion.

Such resistance was not altogether foolish eithcr. There were
wise men, too, among those who opposed arithmetic. They foresaw,
correctly, the malterialism whick it would induce. Ils very fi first
achicvement, once introduced, would be to make calcnlation more
precise and easier, and therchy to save corn. And soon nimber and
cconomy and size would dominale the human being. The immedi-
ale good done by the formulation of arithmetic would be small, and
not worth taking risks for on its own account.’

What neither the wise men nor the scers foresaw, however, was
the miraculous developments that this formulation lalcr led fto.
By first understanding the shape of the technique which produced
the forin of the result, man found further insight. He found that :
it 15 not only the result which is important, but the process too.
Not only the form of the resulls, but the form of the path which
led to them. It was only by questioning the foundations of
geomelry and the processes of geomelrical proof that Riemann
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Loeidd the geomelry wlich Lator becasc the basis for Einstein's
Ty of el OU s preat Hcorams are possible teduy be-
[ vl.',.‘.:‘" . x']..l7l. v /.u; o T BN it f l"’_’/-’
bocasoe man gaie ouglt to the seeniingly obiions processes which
codalay arithmetic that he soas able to icline mathematics, and
wile to proceed to forms of still higher order, mathematical shapes
of areater deganice avd Juller wndastanding. ‘

The shapes of mathematics are abshract, of course, and the
shapes of wichitectine concrele and luman. But that difference
is inessential. The crucial qiality of shape, no matler of what
kind, lies in ils organization, aid when we think of it this way we
call it form. Man's feeling for mathematical form was able to
deielop only from lLis feeling for the processes of proof. I believe
that our feeling for architectural form can ncver reach a compa-
rable order of development, until we too huve firstlearned a com-

purable feclinng for the process of design.

rod A wcas caly
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! Yodas los reshice?;nes impartantas respacto a las utilizaciones factibles da
1 fommeno podemos condensarlas en dos grupos: unas codificades en reglamentos de cons-
pruecidn, ohras darivodas directamente dal inversor,

‘ Aqul solo veremos oquellas procedentes del Reglamento de construcciones
goro ol Distrite Ffdelrol . - .

Do fas derivadas del fnversor § cliente potencial, la mas importents serfa
fo scondmica. De noda servirla, llegar @ la conclusidn de que pora un determinado terrs
o, 1o mejor utilizacidn ;erfa un cierto tipo da con:tmcc?§n para la cuc! el inveror no
munlera el suficiente copital.

. Los primeras disposiciones del Reglamento de Construcciones pera ‘el Dis—
g it Fadzral es su olconce a "todas les obros o instalaciones pdblices & privodes que 32 =
ejecuten en terrenos ds propiedad privada § piblica & en les vies piblices, esi como el =
_ 1w de predios, construcciones, estructuras, instalaciones y servicios plblicas®.
I.e- egencia gubernomental encargada de hacer cumplir les disposicionas del
-+ =+ == aglamento esta Direccidn-Generel de Obres Plblicas y entre los facultedes de esto epin
dancia ests el controlar el uso de los terrenos da aecverdo con el interds pSblico y desde
tuego Inspeccioner para conocer el uso que se hoga de un predio, estructura, instalcsiln
edificio § construccidn y en consecuencia autarizar 8 negar, de acuerds con el Reglamea
®, la ocupocidn & ¢! uso de una construccidn, estructura § instelezida,

En los articulos 4o, 50, &0, 70, So y 106 se reglementa o vis pitlica -

¥ todos los demas bienas de wso comdn & destinados a un servicio pidlico. En estos erticu-

los 10 define lo que sa entiende por via pdblica encont@ndanos 1o primero restriccidn: el

wo &2 lo via plblico para lo cus! se requiers un permiso especial.



44

La genarolidod da los casos limita los predios § el uso de la tiarra por "la
suparficie engendrada por la generatriz vertical que sigue of alinecmiento oficial 6 el —
lindero do la via plblica®. Las vias piblicas son inaliencbles e imprescriptibles y no so-
Yamaate esto sino que existe la ®presuncidn de via piblica® que es “todo inmueble que =
eporezca como via piblica en olgin plano o registro oficial existente en cualquiera de fas
&p;A&nci;—d;i Bééh_darﬁenh del Distrito Federal , de la Tesgreria &-en el- Archivo-GE_ -
naral de la Naci n", estos, "se presumird que es via pdblica y que pertenece ol Departa
mento del Distrito Federal, salvo prueba plena en contrario®. /

Nodie podra construir en la via plblica, ni siquiera ejecutar obras que de
alguna menera modifiquen los existentss sin obtener la licencia respectiva de lo Direc--
¢ién Generol de Obras Plblicas. .

Los articulos 19‘y 20restringen los cortes en los aceras y las rupture de pa
vimentos reservindose la Direccidn el ordenar bajo que condiciones se deban hacer aste
tipo da trchajos cuando. se necesiten.

€l articulo 21 da los limitaciones de voladizos y salientes o sea de cuel--
quier elemento esfructural que inTodole via plblica sobresaliendo del alineamiento. Las _
pilastras, sardineles, marcos de puertas y ventanas, repisones, cornisos y ce‘ios, esion re~
tringidos por una cierta medida.

Los balcones y las hojos de las ventanas que se chren hacia ofuera estan en
funcidn de su distoncia o los lineas da transmisidn eléctrica. Las morquesinas no se po—
drén user como piso cuando se construyen sobre la via piblica. Termina este articulo restrin
giendo aun mas el uso de estos piezas: "las licencias que so expidon pora los elemantos seaa

fodos en este erticulo, tendran siempre el caracter de revoccble®.

Todos los volodizas y salientes deberdn dranarse convenientements de tol =

At
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modo que la caida del agua no sea sobre ' acera.
No se puede usa: la via plblica para cumentar o] areo util de un pradio -

ni en forma asrea ni subterronea y el que invada la via piblica con este tipo da construe

eiones estd obligado a retirarlas,

El copitulo IV del Reglomento dafine como alinecmiento oficial "la trezo

sy

sobre el tarreng que limitael predio respectivo con la via piblica en uso o-con la futura
vfa piblica detarminada en los proyectos aprobados por los Srgarcs o autoridades Compe

tentes”, La Direccidn fija restricciones de cada predio ol salicitarsele el alineamiento =

. _so

oficial . Para esta peticin hay que precisar el uso que se pre rer‘ndo dor ol predia. Sin esto

~ [y

documento no se otorga la licencia pera construir,
[

* - -
€l articulo 34 reglamenta que la Direccidn "estcblecaro los restricciones

. ) L] (T4
que juzgue necesarios para la construccidn o para el uso de los bienes inmuebles yo sea

en forma general, en determinadas zonas, en fraccionamientos, en lugares o en cosos —

- 4 - . H - - -
concretos y las har constar en los pérmisos, licencias & alinecmientos que expido quedz:

do obl lgados los propnetcnos o poseedores dz los inmuebles a respetades®,

4] cap‘}ulo v restnnge ¥y do fos especn!'cocuones aque debo atenersa los -
constructores de msro‘ocuones cereoas como san los pcs‘es & instalaciones subterraress pera
los servicios piblicos de teléfonos, clumbrado, semaforos, ete.

Hasta chora, hemos visto el titulo | del Reglamento que estcblece restric-
ciones de tipo general, El titulo I restringe el proyecto orquitectdnico, para este eferto,
la Direccién “daterminar las caracterfsticas de los edificios y los lugares en que estos -
Pueden autorizarse, segln sus diferentes clases y usos® por lo tento “aprobard & rechzezerl

. L]
los proyectos arquitectdnicos de acuerdo con sus coracterfiticas gereroles y particulcres,®
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Las construcciones que ss ubiquen en zonas Hpicas y en colles § plazas &
priximas @ conistrucciones declorodas monumantos a juicio del Instituto de Antropolagia e
Historio, deberdn armonizar con el ambiente ganaral de que formen porte.
' l'.os matericles especificados en el proyecto deben sar de 1a especie y ca-
lidod necesarics ol uso que sa destine codo parte dal mismo.
- h E_l g;rc;y;c;o deberd incluir las Waximas seguridades contra incendio.
Todo edificio que tenga piezas habitchles y que astén a una altura mayor

da trace metros sobre el nivel de la acera, deberd tener por lo mencs, en sarvicio un os-

eonsor pora parsonas. . ~
4

.. En ol copitulo VI se restringen las alturas de los edificios y los espacios
que deben quedar sin construir.

Ningln punto del edificio puede estar a mayor cltura que 1.75 veces su -
distencia ol paramento vertical correspondiente al olineamiento op‘.':.es?o de la calle. En
‘plazes y jordines el alineamiento opuesto se localizard a cinco metros de la guamicidn o
en el limite interior de la acero si esta tiene mos de cinco metros de anchura. Cuando el
edificio sa voya o construir enésquina de-un cruee de calles de_anchures diferentes, la -
cltura dz 1a focheda en el alineamiento do 1a calle angesta, podrd ser la de 1o fachada
on ol alineamiento da la calle ancha, hasta una distancia equivalents a vez y media la
enchura de la edlle angosta, medida a partir de lo esquina,

Todos los edificios debardn tener los espacios sin construir necasarios para
lograr uno buena iluminacidn y ventilacidn. Estas areas sin construir s dan en el Reglo-
manto como mlnimas. Poro hoteles, oficines y escuelas sa den en un por ciento de los -

orecs construidas. En sales de espacticulos y centros de reunidn en general se den en fun

€idn do uno ciarta oraa fija por concurrente . En los edificios industricles la Direccién ~
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piwma fijo los limitaciones en coda caso especitica. En oquellos edificios que sa dastinen
o wio mixto, sardn por lo manos iguales a la suma de les que se requieran para coda fin sc_’.
vo que sa demuestren que no existe superposicion de horarios en s funcioncmiento.

A partir del nivel en que 38 dasplanten los pisot de un edificio destinodo a

hobitacidn, deberdn quedar libres las superficies dedicodas a patios que sirven pora dor -

~

llominacidn y ventilacidnatas diferentes dependencias, sin que dichas superficies puaden
sar cubiertas con volados, corredores, pasillos o escoleras. Se entienda por pieza hebita~

ble "los locales que se destinen a salas, despachos, comedores y dormitorios® y por no ho

v

bitcbles oquellas "destinadas g cocinas y evartos de boflo®. El destino de coda local serd ol
que resulte de su ublcacidn y dimensiones y no el que se lequiero fijor arbitrariamente . =
El erticulo 81 db las dimensiones minimas tonto en anchuara como en oltura pera poder --

considerar un local como pieza habitable. El reglomento en su articulo 82, solo autoriza

la construccidn de viviendas con un minimo de una pieza habitable con sus servicios com=

pletos de cocina y bafto.

Todas les piezas habitobles en todos los pisos deberdn tener iluminacidn y

“ventilacidn por medio_de_vanos que dordn directamente a patios & a la via plblica. Las

superficies libres de toda obstruccidn para ventilacidn e iluminacidn estan en relacidn de
la superficie de la piezo, osf, el articulo 63 do unos minimos para estas arecs de un octa
vo y da un venticuatravo de la  superficie de la pieza para iluminacién y ventilacidn res
pectivamente, El articulo 64 d4 los dimensiones minimes de los patios que sirven parg -
dor iluminacidn y ventilacidn o pi.ezos hcbitables, Estos dimensiones minimas esten en —

funcidn de 1os olturas de fos muros que limten estos matios. Cuando la oltura &2 los muros

limitrofes sobrepasa los 12.-- m. la dimensidn minima dal patio serd el tercio de la alty

ro total de dichos muros. En este mismo articulo sz dda tambien las dimensiones minimes
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&o los patios que sirvan pora dor iluminacida y ventilocidn a piezas no hobitcbles. Asi -
mlsmo cuondo 1a oltura da los muros limitrofes sobre pasa los 12,00 m. la dimersidn mi-
nima dal patio sard el quinto da la cltura total de dichos muros. Ademas de la iluminacidn
nctural, se debe proveer a los edificios pora hobitacién, de iluminacidn ortificial que se

fija en el capitulo XXI del Reglamento,

To_Jcs las viviendas de un edificio deberdn tener salida o pasillos § corre= 7

dores que conduzcan directamente a las puertas de salida 8§ a las escaleras. El ancho de
ostos pasillos asi como lo altura de barandoles, cuando las necesiten, se especifican en el
aticulo 45, .
Lo; edificios tendrdn siempre escaleras que comuniquen todos los niveles,
aunque tengen elevadores, Las escaleras se deber@n construir con materiales incombusti-
bles y protegene con barandales.

El cﬁp-’tulo IX reglamenta los edificios para comercio y oficinas, los cua-

fes son considerados como piezes habitobles y por lo tanto tienen las mismas restricciones

que los edificios para hcbitaciones vistos anteriormente. Lo especificacidn porticular de

%;dems';sﬁrz ;)co_t;cs rigida en estos. e e

E! copitulo X trata sobre edificios destinodos o la educacidn. Para poder
etorgar licencia do construccidn, ompliccidn, odapatacidn § modificacidn para este tipo
¢a edificios sa requisito indispenscble que previamente se cpruebe su ubicacidn, La su-
perficie totcl del terreno destinedo o la construceidn de edificios pora la educacidn sard
por lo menos de cinco metros cuadrados por olumno., El nimero de olumnas sa calculerd
ds acverdo con la ecpacidod total do los aulas. La cepacidad de los aulas deberd caley-

forse o rezdn de un metro cyoadrodo por alumno, con uno cepecidad méxima da cincuenta

dumnos, Les oulos deberda estar iluminodas y ventiledes por medio de ventanos a la via
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plblica o a patios y estas ventanas debersn chor=ar o @ weras toda la longitud de uno
do loz muros mas largos. Los patios que sirvon pora d Tuminexicn y ventilacidn a les -
aulos deberdn tenar por lo menos ;.ma dimensida da un meSc 22 la dtura del paremento y
como minimo tres matros, La fluminacidn ertificiad 5= ta mlcs seed directa y uniforme.
Estos edificios debardn tener un espacio para el esor=imente fisico da los clumnos con
wna wperrl—'i::fe_';m‘;ﬁ;a equivalente a vez y medio ol e =struida-con fines diferentes
de! esparcimiento. Se exceptuonde esta cbligacidn 1ss ex=ales aspacializodas. Toda es-
cvela tendrS un local adecuado para enfermeria, dorais =n equipo do emergencia.

El capftulo X1II del Reglamentq se reTee = Tes hospitales. Las dimensio-
nes minimas paro los cuartos de enfermos, de los comedoves y de los patios son los mismes
restricciones que las vistas para ediﬁc.ios de hehitosisa. Uss dimensiones de tos sales -
generales para enfermos se deban calcular en la mis=c %rme que en los edificios para lo

aducacibn. La instalacién eléctrica genercl debe chustesarse, odamas da las del servicio

* piblico, con una planta particulor con la copacidad ne s2scria.

El capiMulo XIV referente o industrics en sv ertfculo NNt cbliga, ontes de
dor autorizacidn para constiuir un edificio de este tipo, @ que “previcmente se apruebe -
su ubicacidn conforme o las disposiciones legales ;:p!i:a‘.\!as'. Lo industrio que por su =~
lmportancio y por la naturalezy de sus actividades y dasschos, impliquen riesgos se ubica
t8n fuera de la zona urbang; los que causen molestics, en zoncs industriales y 31 tos moles
tlas son tolercbles, en cualquier zona siempre que no existen prohibiciones o restriccio=
nes quo lo impidan. El articulo 112 aun reserva lo expedicidn de la licencia de construz
¢idn paro este tipo de edificios a que "la Direccidn Genaral do Obros Piblices deberd -
cuidar que las construcciones satisfogan lo previsto en los reglementos da medidas preven

tivos de occidenta y de higisne dal trchajo®.
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El copitulo XV se refiere a sales de especticulos dando como primar requi
sito poro otorgar la licencia ®la oprobacidn previa de su ubicacidn y demos requisitos —
eonforme o los disposiciones legales aplicables®. Todos las salas destinadas o espectacu-
los deberén tener accesos y salidas directas a la via plblica & comunicarse con ella por

pasillos con anchuras minimas dedes en funcidn de las enchuros de todas las circulaciones

que desalojen los so‘l‘c;s por esos pasillos. Esto; occesos y salides se deben localizor ce pre
ferencia en_calles diferentes. Toda sala de especticulos debe tener por lo menos tres sa-
lidos. Deberln tener asi mismo vestibulos que comuniquen la sala c;n la ;n‘a pdblica & con
fos pasillos que den acceso a esta. Ademas cada clase de localidad deberd tener un espa
cio pora el descanso de los espectadores en los intermedios. Sobre los puertas ala via =
plblica se deberdn poner marquesinas. Les toquilles para 1a venta de boletos no deben —
abstruir la cireulacidn por los accesos odemas de ocalizarse en forma visible. La alturo -

fibre d2 1o sala no serd en ningdn punto de menos de tres metros. El volumen de la sala

s8 coleulard a razdn de"dos y medio metros clbicos por espectador, El articulo 119 solo

-

\?em\ire la instalacidn de butacas y prohibe lo de grades en les solos de espectdeulos. Ade

1 ———

mas 2 resarvo el derecho de revisidn y "se ordenara el retiro debistucos de-las-zonasde -

visibilidad defectuosas”. Las butaces se deberdn fijar ol suelo y ser de asientos plegadi-
zos. En los muros de los pasillas no s permite}\ salientes o una cltura menor de tres me—
fros. Lo onchura de os puertas que comuniquen la solida con el vestibulo, deberd per—-
mitir lo evacuacidn de la sala en tres minutos. Ceda piso o tipo de localidad con cupo su
perior a cien perongs, debe h;ncr por lo menos, odemas de s puertas antes vistss una =
solida de emergencia que comunique a lo calle directamert e § por medio de pasajes inde-
pondientes. Les hojos de los puertas deben chrirse ol exterior. €l articulo 123 prohibe ter

mingntemante "que en los lugares destinodos o o permanenciac 8 ol hrensito del piblico,
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hayo puertas simuladas § espejos que hogan cparecer ol local con mayor amplitud que lo
que reclmente ténga”. Las escaleras tendrén una anchura minima igual a la suma de las
enchuras da las puertas o pasilles a los que den servicio y construirse de matariales incom
pustibles. Cada piso debe tener por lo menos dos escoleras. Los escenarios, vestidorss, bo
dagas, tolleres, cuartos de miquinas y casetas de proyeccidn deben estar aislodos entro -
slydelo sala, asi misme tendrén solidas independientes de la sala. Todas s salas de es-

pectdculos deben tener ventilacidn artificiol . El aire deberd ser tratado para obterer yna

cierto temparatura, himedad y concentracidn de biaxida de corbono. Deben tener sarvie

cios sanitarios para cods localidad y precedidas de un vestibulo. Las salos da especticu-

los deben tener una Instalecidn hidrallica independiente pora casos de incendio con una
presidn necesaria en toda la tnstalacidn para que el chorro de ogua eleancs el punto mcs

alto del edificio. Solo se ouloa:izora el funcionamiento de las salas de espectdculos cuan

do los resultados de los pruebos de carga y de sus insro.loc?ones sean satisfactorios. Esto -

outorizacidn deberd reccbarse anualmente .

El copitulo XVI refercnte a centros da reunidn como casinos, ccharets, =
restaurantes, salos-de beile-o.cualquier.otro. can uso semejonte tiene dispc;sig:iones simila-
res ol capfulo XV para sales de espectculos. Tambien el Capftulo XVII dastinads o edi-
ficios para espectdculos deportivos y el copitulo XVIll o templos siguen poco mas & meno:
les mismas disposiciones del XV,

El copftulo XIX se refiere a estacionamientos definiendolos como lugares
"de propiedad plblica privada destinado ¢ guardar vehiculos®. Para otorger licencia de
construccidn, empliacidn & modificacidn de lugores que s destinen total § percialmente

© estacionamientos, se necesita la aprobacidn de su ubicacidn. Los estazioncmieatos de-

ben tener carriles separados pora la entrada y salida de los vehiculos con uno enchurs =
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minima de dos meos y medio. Deben tener areas para el cscenso y descenso de persancs,
el nivel ds las \ocercs,“c cada lcdo de los carriles. La altura libre de cualquier punte no

puede ser menor de dos metros can diez centfmetros. Las rampcs tendrén una pendiente m3
xIma de q;ain‘ce ‘;r;c'fan?o y curves con radio minimo de siete y medio metras. Estos ram~

pas estardn delimitadas por una guamicidn. Las columnas y furos deberén tener-una ban- _

s

queto de proteccidn. Si les areas de estacionamiento no estuvieran a nivel, los eajones se

dhpondréﬁ en forma 1ol que en caso de que falle el sistema de frenos el vehfeulo quede -

detenido en topés. Cuondo no 38 construyan edificios para estacionamiento de vehfculas

sino solamente se utilica el tereno, este deberd pavimentarse y drenarse odecucdamente,

contar con entradas y salidas independientes, tendrdn delimitadas arecs de circulacidn,
contar8n con topes para les ruedas, bordas propias en todos los linderos, casetas de con-

tro! y servicios sanitarios. Este capitulo en su artfeuto 177 da una excepcidn "los estacio

-
- namientos privedos no estan cbligados a tener carriles seperados, areas pora ascensa y des

censo da personas, servicios sanitarios y casetas de control™.
pe 7] Y

" El ;;pﬁufo XX1; Ghimo-dal titulo segundo. referente ol proyecto arquitec-_
¥nico; dc; u;\o ;e‘rie de niveles minimos de.ﬂuminccfc':n en luxes, paora las diferentes tipos
da edificios.
o £l idlo tercero del Reglamento dispone les restricciones of disedlo estruc=
tural, Tod;s Ié estructuras deben ser analizadas por los procedimientos reconocidos de ==
enélisi; elstico 8 ineldstico, siempre que se sujeten a los requisitos que sefala el Reglenen
to. Pue‘d~en emplearss m&todos de c8leulo diferentes, pero el diseo deberd sar aprabado =
por la direccidn General de Obras Plblicas. El disedo de estructuras especiales por sus ca

facterisitices & materiales requerir oprobacidn especial de lo misma Direccidn.

1 copitulo XX trota da cargas muertes y d3 una tcbla da pesos volumd -
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icos a los cuales deberdn sujetarse los disafos estructurcles.
El capitulo XXIV sobre cargas vivas, también da una tebla da estes yl=
dea c8leulo no sern menores que las especificcdas en dicha tebla, El propietario del s
ficio sarfa el responsable de los perjuicios que podria ocasionar un can-.b‘n'é de deiting de
lo eonslrucc\'én.'cupndo produzca cargas mayores que los del disedo.
' Cc-pﬂulo XXI.=~ Cimentaciones. Este capitulo principia dividiendo el te
aritorlo del Distrito Federal en zonas de clta compresibilidad y de baja compresibilidad y
dendo en su ortfeulo 191 la obligacidn da cimentar toda construceidn o estructura. En —
nlngd caso se podrdn construlr eimientos sobre Merra vegetal, rellencs sueltas o desheche
los cuales tend'r'c‘m que ser removidos en su totalidad. Lo profundiad minima de desplente
requerida es de 50 em. bajo la sumrﬁci; del terreno, exceptudndose las construccione:
etmentadas directamente sobre roca, .
.- . Bl factor de seguridad minima odmisible contra falla dal suelo por esfus-
20 cortante ser8 de 3. El tipo de cimentacién elegido, o;i como su ;liseﬂo y ejecucid-
deberén asegurar que los movimientos verticales que ocurron durante 1a construceidn de!

)
edificio y la vida dal mismo no ofecten su estabilidad ni lo de construcciones vecines ~

,
odemos no interfieran el bien funcionamiento de tas instolaciones en 1o via plblica.
Los capitulos XXVI ol XXX interesan a elementas de momposteria, est
tures de modera, de cancreto, de metal y compuestas, En ellos se dc}:\kllos esfuerzos pe
misibles pora Jos distintos elementos estructurcles diseAados en estos diferentes materic'
Para estructuras de madera la calidad de la misma no podrd ser inferior a o de tercers
Tombidn en estos mismos copftulos se don las especificaciones para elementas de unid-

Yos diferentes estructuras: clavos, pemos, soldadura, remaches ete.

Termina esta tulo tercero con los disefos por sismo y vienks, Para it
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sa clasifican los e "*ficios por su destino en tres grupos y p~r su estructuracidn en tres ti-
pos. De acuerdo con la clasificiacidn del edificio y de 1o zona de compresibilidad en la
que vaya g ser construido puede obtenerse el coeficiente sfsmico para el diseflo. No es

necésaric ansiderat o accidn simultanea del viento y del sismo, En estructuras cuya -

erea cubierta exceda de 10,000 rn2 6 cuya dltura exceda de 45 m. deberdn mslolorze —

S Tl - - -
deformimetros y oscﬂogréfos ¢opaces de registrar con precisién movimientos intensos. Po
e ety T ~A li!{._,ﬁ(‘i" s, .
-~ PRI fa s ol 2
¢o el disedo por vieato, los esrrucluras ie 'Ghial i oida’ss Gponiendo que puede actuor por lo

menos segin dos direcciones perpendiculares entre si. Asi como en el sismo, cuando una
i

estructura exceda en oltura o5 45 m. 53 deberdn instalor anem8metros capaces de regis-

frar con prec?sién velocidcdes ahos de viento,

El thulo cuarto se refiere ala ejecucidn de las obras. Da en sus articulos,
una szrie de tolerancias y procedimientos de construccidn que serfan mfnimos para lo bue

na ejecucidn de la obra.

En ol Mhulo quinto se dan disposiciones para ta conservacidn de predios y-

edificios, esi mismo se limitan con un permiso especial los usos pellgrosos, molestos o -~

malsanos, consider@ndose como estos:

1.- Produccién, olmacenamiento, depdsito, venta & mane jo de substancias § de cbietos
tdxicos, explosivos, inflemcbles & de facil combustidn.

2.- Encov;:cic'm de terrenos, depdsito de escombros 8 basuras, exceso 8 mala aplicacidn
de corgas a las construcciones,

3.~ Los que produzcan humedad, solinidad, corrosidn, gases, humo, polvo, emanacio~

nes, ruidos, trepidaciones, cambios sensibles de temperatura, malos olores u otros

afectos perjudiciales 8 molestes para los personas § que puedan causar dafto a les pro

piedsdes.
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4, CATERCS 2 IMICOS PARA D:EEQ.\\!:\ R
- LA éHC;E;Jf.-y £ UTILIZACION B¢ UN TE.\.\E

NC.

L

Vemo; aver prlmorame.nm una serlo da ganeralldadas y da dafiniciones
para entendar con mas claridad clgunos cenzepteos que ysaremos para entror ol tema da ~—
los criterlos econdmicos wsuales pora detarminer lo utilidad de un temano.

Los biones ralcas se odquisrsn pensando primordiclmente en la renta qua=
ven o producle, En el troto de dichas prepiasades, el valor tends o ser proserito por la -
''''''''' ¢entldod, calidad y durchilided de la'rents nctaimputchle a la propiedod. .

el \'!o|uc=|or empieza s trebzip enclizendo la renta bruto ecandmico, Es-
ta renta enlo contldad el valer do renta rezorable que lo propisded es ecpaz do produ=
clr; mas diversos y sarvicios, si los hoy . EV siguiler econdmico o3t bosodo en la compo
racién de nivolos de renta y puede ser mex 3 menos que el olquller octudl.

€n la préetica, no pueda sasrarse quo muchos edificios sean ocupedos -

complota y continuamente, tampoco pueda suparare quo los pagos saon Inmediates y exce
Itos, por lo tanto, 8o debe hocer una dedus2@n por vacantes y/o cobros pardidos. Otro =
doducclén Importante a la renta son los gesnm: varios de oparacidn, tales como Impuostos,
saguros, adminlstracidn, tervlci'?s, personcire: reperccionc;, c\mocér\’p;r‘o:mpw:?o;y cuol

\ B
o= —-——~Quler-otro gasto-apropiado Impraviste.
: )

Ertondemos por "depreclociir nete” @ la diforoncla enrre}o renta dedm;cl
da por vacontes y los gastos do eparceidn, Zx <onoce también como "recuperocidn neta®
© como "flujo de cojo”. Es ol verdedero punsz die partida para el proceso de copitoliza-

. ¢lén, .
- ' Lo copltalizacidn es el pmeses: de convertir lo deprociocidn neta en im=-

porte, blen dividiendo lo renta en proporainnne: edecuades o multiplicéndola por un fac-

" ror,

Excepto pora propi;dada; ranracacs o lorgo plaze, lo proctice ostus! es di
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' wldir la ronta proporeionalmente .

! La relacidn entre la renta neta antes do la recuperacidn y ef valor total =
& la propiedad, s8 conoce como “contribucidn total®. Es la relacidn ingreso—valor.

L
La contribucidn total incluye y mezcla una tasa de interds por la tierra,

wa tasa de TnterSs por la construccidn y una pensidn por 1o recuperacidn da la construc-

L léa. o T e -

Por eiemplg, si una propiedad tiene una renta neto ontes de lo recupera=
€i3n do $ 10,800.00 por aflo y se cotiza en el mercado en § 120,000.00, la contribucisn
tota! serfa de §% yo que 10,800.00 entre 120,000.00 es igual c 0.09. Latssade in

tards es un por ciento, que no Incluye una pensidn por recuperacidn. Se aplica  fot in-

gresos del terreno.

La tasa de copitalizacidn st incluye una pensidn por recuperacidn. Se opli
€a a los ingresos de la construccidn,

Tosa de interesas + tasa de recuperacidn ™ tasa de ecpitalizacidn,

llél"nomos *factor” ol reciproco de una tasa. Hay publicadas tehlas do —

foctorss, ‘€sda’una de los eudles, tiene su propia esfera de utilidad y _c:plic_qg_?én._. l;s t‘o-- )
blas de factores mas frecuentemente usodas, son fo "tcbla lawood™ y lo "tcbla reversible®,
Les procedimientos conacidos como "técnicas residucles® atacan el proce
s & cepitalizacidn, con el uso de tosas 8 factores,
E! ingreso neto imputchble a la propiedad, se trata deduciendo los intere~
133 de lo construccidn y las cergas por mcuperacidn y despues se cepitaliza la renta re-~
gtdual pcra obtaner una Indicacidn del valor de la tiarra conocido como ®valor rasidual
dal terrenc®.

Do 1o misma forma el ingreso § renta neta se trato deduciendo primara—

‘: . 59
Lo :

mante los Ingresos del terreno y despues copitalizands el ingreso residual o una taa que
incluye el interds de lo construccidn y su recuparacidn y obtenemos lo que se llema *va
for residual de lo construecidn®,

Para cbtener el valor residual de la propieded™ se siguen dos caminos:

4
.= El ingreso neto sz trata eon una sola tasa, 16 cual mezela un por ciento por el terre

P

no:ofro por la cahstruccidn y otro por la recuperacidn. En otres palebres, la recy--
perpcfan_netc_; cnfer?or,‘es ccpitalizada con uno tasa que cubre todo.
2.- Bl ingreso neto es copitalizedo por eplicacidn da un factor ;propfcdo de enuelided,
¢! cual se le afiade el valor actual def valor estimads de oquella parte de 1o progte~
dod, la cual reverterd al concluir la anualidad,
En el m&todo de copitalizacidn llamado®Ifnea recta®, el tratamiento usuc
@s con la t2enica del valor residuct de 1o construccién.'
Lo capitalizacién directs y los m&todos "Ellwaad™ emplecn el valor resi-
dul de ta propiedad.
Veamos un ejemplo del proceso de eop?ta“z.ocién:
T " Consideremos uita propiedad con un Ingreso de $ 20,000.00 par oflo y ur
*flujo d2 cajo” que se espera sea de $ 10,800.00 por alo. Consideremos un valor inda-

pendiente del terreno de $ 20,000.00 y una vida econdmico d2 33 cios. Vemos o tratar

o problema por varios métodos.

©0).- Con el método de copitalizacidn directs, usando $3% como 1o tasa epliceble o co
venlante que eubre todo:
Flujo de coja § depreciocidn neta onterior.eeeeeeeeessee$ 10,800.00/ cio

COP:'O'EZQH& 0% 8800000000000 0000s0000000tss0000e ‘ 0'09

Vo‘or ‘ﬂd;COJO.o'onccguo-o.ccono-o.o---n.o..-..oo--n s l?O,(\N.N



b).- Con el métc.'o do *l{rea recta®;

La tasa de recuperocidn se aficda a la tasa de interfs, debido a que las -

tnstolaciones de recuperacidn, son recibidas coda aflo en importes iguales:

Ingresa bruto.cesereesascaccsoccsnncaaaanncees $ 20,000.00 / e
_ Gmros........................................S 9,200.00 / afo
ﬁacuperocis;\ neta anter?or..............‘.“.....—.7.._75 10,800.00 / oho
tmputcble of terreno 61% de $20,000.00 ......... $ _ 1,300.00 [ o
Neto, gonancia del ccpital- (para restituirse ol capital)$ 9,500.00 / ofo
Copitalizando a 93% (83% interds + 3% recuperacidn
correspondiente a 33 chios de vida econdmica) valor de
1o conStrUCCiON e esssesscccssacacsasscscasacses $ 100,000.00 .
 MOS ferfend. ciecscsasaccccsoesens eerecases eene $ 20,000.00
Total. §$ 120,000.00
€).- Por el mtodo de hipoteca legol:
Flujo de caja (depreciccidn neta onterior) ceeeaes $ 10,800.00 / ‘oﬂo.
_;lipofeco do $ 80,000.00, 20 cfos, &%, 8,604 deudo -
constente o cubrir (de tablas de hipotecas, 12 x pogo = '
B ) S AARAL R ELLL $ 6,880.00 / olo.
Neto por equidod.eeecsseccececeensscscdonnencs $ 3,920.00 / cho.
Copitalizando 10% pcra retorno equitativo, considerado como
suficiente para atreer el riesgo del copital.....ooees $ 39,200.00 / odo.

M“‘len&h?”nco..‘;'........'.‘.I.l'C'..'... s solm'w

Totol cevenncceeee $ 119,200.00

61

Por el método de cnualidades:

Supongamos permanaca 17 cflos en arriendo a $ 10,800.00 por cfic y un
arriendo ol final de $ 20,000.00 y § 50,000,00 por la construccidn, total - = - -
$ 70,000.00. '

Valor presente de § 10,800.00/c%0 o 61%, factor de 17 oilos -

‘0."0..-...........--....-......--.....--...-..-..;s]09,]83.00
Valor presente de §70,000.00 devolucidn en 17 atos a 8%

%‘ factor 0.3428-.---oo...c-a--oo-oo..o--oo..nooouno s 23’996cw

Totol.eoeo... $133,184.00

6).=- Por el concepto Ellwood:

\

Lo Renta neta es voluada por aplicacidn de una tesa de capitalizecidn que cubre
todo: Esto tasa es sacoda de un libro de tablas o bien ealeulado por une frmulo
on aquellos casos en que no se encuentra directomente en tablas de tascs,

En el ejemplo expuesto se podria pensar que los datos son un proyecto ra
zoncble en los 8 aftos préximos. Se venderia por 15% menos ol finol de este perio
do, posil;le-menre afin 20% menos. El finenciamiento de hipoteca es ebtenible o
85% do! valor, @ 6% de interds, con una amartizecidn de 20 eflos, . -

Tasa Ellwood con 15% de depreciacidn = 8.89%

10,800.00/cf0 &+ 0.0389 ;o .=$ 121,500.00
Yosa Ellwood con 20% de depreciocidn = 9.12%

10,800.00/c%0 § 0.0932 - = 115,500.00

Como vemos, no hay un solo "camino recto” pero eopitalizer la renta, =

Los métodos aceptchles comunmenta tienan <4 87, cierta suposiciones vericbles. Por -

oiemp‘o,'lo capitalizacién directa con o tesa que cubre toda, no estipula uno vidaeco
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T admica, ni diferencia que pore es tierra y qus parte es construccidn, Es simple y con-
yinesnts cuando hay wficientes trensacciones de-mercodo cbierto para probar que la tasa
o corecta. El m&todo de linea rects con lo téenica del volor residual de eonstruecidn,
postulo vna vido econdmica, diferencia la tierray la construccidn en suma proporciona
oo renta neta graduo!. Puede pcrecer tedrico, pero en la prictica, provee unes pautas

"y sotisfactorias. " El m3todo hipoteca-equidad, es e_l_nrp‘as tipico usado por los 1n1ers?o_
nistcs y la cantided y tipo de hipoteca que pueden cbtener, frecuentemente daterminard

ol pre_c'fo—q-"’e pogoardn. Los réditos de equidod son asunto-de observacidn y juicio, corrien
pemente entre 8y 12% & m&s. Lo mejor d2! método es la observacidn de los reacciones -
entro comprador y vendedor. El procedimiento de anualidades presume qu-e hay una renta
nata esegurcdo por un periodo cleramente largo, 1o cual, ofecto favorablemente la cali-
dod y durcbilided de la renta . Por lo tanto, la propiedod vale més que de otra manera,
€l concepto Ellwood, refleja los mismos factores que el método hipoteca-equidad. Surge
un juicio cdicional que es, si la propiedad se depreciard en el futuro mas repidemente que

lo emortizocidn de la hipoteco,.lo cual significa, que la equidad puede & no incremen~

Podemos ver el proceso do capitalizacidn mos objetivomente en el siguien

torse envelor.

te diograme:

. [R.enl’o Totdl Posible.l

manos,

ercsﬂh y/o pérdidas de'rcnta.]

. - Tgua! o

|

| |

! [Renfo total ofocrivoj
|

! . mancs

|
! [GOM‘O’ de Operocié;l

i
igual
, gyal o
. — . —
[ Depreciacién neto anterior | . I Renta nero.l
: tratado por
r 1 3 WA L —

Tasa que I Linea reclol Hipoteca l Eflwood l I Nivel de renta l s

euvbre todo - equided.
| T igual o

Valor estimedo

! Tenemos dos formos de determinar la eficiencia de utilizecidn de un te-

meno, Por medio del proc;aaiéi_eun};»“—c:r;ccfc:p_r;ogicibhal y por el proceso del valor residuat

i del terreno.

€l procedimiento tradicional consiste en seleccionor una utitizocidn de -
entre todas las que se crean factibles. Elaberar un proyecto para esta uﬁl‘izocién. Esti-
mor la inversidn necesorio que se requerird paro construir el proyecto y suméndole o es
to contidad estimada, el valor del terreno, obtener la inversidn total en el inmueble. —
Después hay que estimor 1o renta mensual que se espera obtener del inmueblz. Con esto,
so comporan los dos contidades obtenidas : fa reata mensudl y la inversidn total. Por Gl-

timo, se oprucba el proyecto si la renta mensuol esperoda representa una froccidn satis-
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. . V.4 -
factoria (p) respacto @ la inversida total, & bien, so modifica dicho proyecto, o 8 alo
of

wevo, s la renta mensual esparodo no representa una fraccidn satisfoctorlia (p)
bora uno n .

& la Inversidn totdl,

$i la renta mensual esperada representa una froccidn satisfactorio (p) da -

1 !nverﬁén total y se tiene un proyecto da utilizacidn homogenea podemos expresar esto
e

on la siguiente Brmule: ) o

xAr= plyAc+ VA -=-=--== ceme-())
en lo cuol: x ® rento mensual por M2 de la .ufﬂizoc?c'm U .-
y @ volor de 1o.cms?ry;c16n por M2 para la utilizacién U
¥ = valor de terreno por M2
As @ Area rentcble
Ac = crea construidc
Al * greo &2l terreno disponible pora lo utilizacién U.
Observando 1a frmula (1) podemos ver que la eficiencia del proyecto, estd -
medida por‘p y podrfamos concluir, que-mientras mayor s2a P, mayor wrto!o ff’cnenc;o

dal proyecto, lo cudl es falso: §ila formuto (1) se despejo a V.

xAr

v = P
A

=yAc
cecce---0

En esto f3rmul o podemos ver que si (xAr), (yAc) y At son fijes, a medida

que p os moyor, V resulta menor,
mos o costa de reducir el velor detl terreno. .

Cuando el proyecB ss trata da varios utilizaciones Uy,

lo (2) so escribird de la siguiente manere:

o 580, que $i queremos un valor mayor de p, lo cbrene

UZ’ Un la férmg

X Ar, = Y1Acl + y2Acy + ¥y, Acn

§ bisn cbreviedamante:
'g_&b’” % nhs
V= P

-----____m;

? M

Enel proceso de! valor residual del terreno, 1o medida de la eficiencia &
un proyecto de utilizacidn de un terreno, esfé dado ‘por el llamedo “valor residual del rE
freno® que represer.tamos con la letra V y definimos de la siguiente forme:

(Volor presente de la renta copitalizada

durante la vida econdmica de la utiliza

eidn) .
Area del  terreno.

(Valor de o construecidn ),

V .

Poniendo esto dafinicidn en f3rmulas:

Par o 1o utilizacidn homogenea:

: xAr - YAc
ve P - == @ P=_Ic + i

A 120 - <)

se--==l)

Para una utilizacidn miltiple:

LA
' ? J)J %’_’JA‘j fe, 4+ ia; o
V; T_P. yo ---_-QI) P):.]'ac_i(‘_:i:.;’)_ _____ (4(

En los cuales x, y, Ar, Ac, y At tiencn el mismo significado visto enteriormente,
lc = toso de interds sobre el capital proveniente de lo reata
fo  *toso de omortizacidn de 1o inversidn en la utilizocidn

® toso de capitalizacidn.

e+ lo

_“ * foctor de deducciones o lo rento total, dafinido por:
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a .

daducciones ® & por renta total , on tarreno hay dos métodos dentro del método general dal valor residual del terranc: por

-

Yamos a ver los relaciones que hay entre el mitodo tradicional y el del = tonteos y por programacin matemdtico, El primaro, sa emplea con buencs resultodos -

:siduc! dal tecreno. por voluodores expertos. Lo aplicacidn de la programocidn matemético al problema, es

auava, presentada por primera vez onte 1a Il Convencidn Nacional da Valuacidn, reunida

Comparando la £5rmulo (2) con los f8rmules (3) y (4) vemos que son de = - -
steuctura y que don el mismo resultodo si y solamente 3§ p en (2) s2 hacs iguel @ e lo ciuvdad do Quodcloicra, Jol. en Septierbre de 1964, por of Doctor n ciencics,

‘a por (4). .P es una medida de la tasa de capitalizocidn de la renta neta men= - Malchor Rodrfguaz Coballero. -

El método iterativo consiste, en lo elcboracidn de varios proyectos ds uti

Comparando la Fémula (2') con la formulos(3) y (4) vemos que son do = tizacidn foctible, teniendo en cuenta las restricciones exnsrentef. Se selecciona uno do

iwra similar_ y que don el mismo resultado si se elige p en(2') de manera que: los proyectos para onclizarlo. Se fijan rentos o los utilizaciones de este proyecto y s de

)08

tente: - 'é (= Ar;) R 20
p= "Er 2 A o . ?
b2 B 41

termino la renta neta mensual esperada. Se estima la vida econdmica del proyecto. Se

selacciona un criterlo paro amortizar la inversidn en el proyecto. Se fijo uno tasa de in-
ter€s pora el capital proveniente de las rentas. Sz determina el valor presente total do 1a
renta neta capitolizeda durante la vida econdmica del proyecto. Se estima el valor totdl

de 1o construccidn. Con estos datos se aplica lo fSrmula, para obtener el valor residudl

scumplest p * py = p F------"pqeen general son diferentes = del te.n'e_no. si este :vcior resulta satisfactorio, & acepta il proyecto-como posible , Se_

s, ' . repiten todos los pasos para cada uno de los proyectos elcborados.

) La mejor wtilizacidn d2 un determincdo terreno es un problema da decisidn ) Con todos los datos cbtenidos, se comparan los valores y se selecciona -
= le presenta ol inversionista, El debe decidir que clase de utilizaciones deseo ho= como proyecto Sptimo, aquel que de lugar el moyor volor residual del tereno 8 bien se
ds que colidad deban ser, §ud area destinar o cada una de los utilizaciones, si el selacciona como proyecto 8ptimo a cudlquiera de los proyectos factibles, si todos ellos -

ive quiera darle ol terreno es méltiple y que rente fijar o coda una de tos utilizacio= conducen ol mismo volor residual det torreno.

. Podemos ver objetivamente el m&todo iterativo en el siguiente ezquema
para logrer que ol velor residuc] del terreno sea el m8ximo. Como ya hemos visto, . s

tilizociones tienan s [imites, yo que se tienen restricciones,

Pora resolver el preblemao da la determinacidn de Yo mejor utilizecidn do . N



cidn de vorios proyectos, lo cual es costazo, y o wqunda, derivoda da o primara, as =

que no permite consideror todas las combinaciones posibles de utilizaciones factibles, -

por fo eval, s puede Hegor a un resultado que puede no ser el Sptimo de utilizacidn del

\

- orend.

. * P 1Y ge. o .
Pora una mejor comprensidn de la aplicacidn de lo progremacidn matemd -

tico a la determinacidn de lo.mejor utilizacidn do un terreno, vamos o dividir su estudio

on dos casos:

Coso 1.- Utilizaciones exleuyentes.- Cuondo wlo se quiere una utilizacidn factible det

terrens, s2 oplican los fSrmules (3) y (4) . Substituyendo &sta en oquella:

v= 12 {l-&) Ay -Ac y cccmcae= (5
c +i0 At A

Llomondo "2° @ la relacidn de Ac
L d o A’
y °B ° olarelocién de Ar

Ac.

Considerando el producf-o 'FE 2 Ar

Ar
y substituyendo estos valores en fa formuls (5), obtenemos lo fomula bisica d2l velor re-
sidual del terreno por metro cuedrado:

V "(Kx-y )z i

enfocudt K = 12(1- &« )P

ic + i

Este parBmetro "K" es cdimensional; es un factor de copitalizacidn do la

gl mitodo de lanteos o3 relativamente fécil da oplicor - .
*® pero ranto mensual por metro cucdrado de utilizacidny es una caracteristica intrinseca dalo

tigne dos limitocionas importoates, lo primera es que = requisre lo elobore- e s . .
. utilizocidn consideroda. El.pardmetro ° 2"  (rambifn odimensional), es un foctor de

vtilizacidn de) terreno, siempre menor que Yo unidod & cuando mucho igue! o ella. Para
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t
ewalquier valor de estg pardmetra ® Z ® el factor (Kx - y ) representa ta contribuc’3n i

& coda metro cuadrodo construide af valor residuc! del terreno por metro cuadrado.

« Quedando definida la calsa de utilizacidn, queda definido el pardmetro

~

ok* y solo folto estimar !os valores de %, y,x « Estos valores deben cumplir ciertas

ey

rasteicciones .- > ’ -

El -valor de-lo reata mensuol por metro cuadrado “x, no debe exceder de

un eierto valor (ol que Hlemaremos *b%) y que se fija o trovés de un estudio del mercado de -

[
mm&fmm b

rentas do bienes roices y a portir de la close, calidad y localizacidn de la utilizacidn,

Representando motemdticamente este concepto: x 2b

El valor da lo construccidn por metro cuadrado ®y", no debe ser menor = 4
de un cierto valor {al que Namaremas “c”) y que s fija a través de un estudio del merca-
do de lo construceidn y a partir, esimismo, de la clase, colidad y locotizacidn de la uti
lizacidn. Expraséndolo matenifticomente:—- ..

o \ y é < - ' i ur

-y = : Por un punto de un plane cartesiong ortogonali—A todas oquel

Por Sltimo, el valor del factor de utilizacida del terreno "2 ®, no de

ser mayor de un cierto valor (ol que llamaremos *d®) fijodo por requisitos funcionales y =

)]
.

reglamentarios para lo close, ealidod y localizacidn de la utilizacidn. En términos mo-

témoticos:

zx £ 4 !
;brio'.

Estos tres restricciones vistos onteriormente, se los Hlama restricciones bd i
H
sicas,

Hobiendo solamente una utilizacidn factible para un cierto terreno y ya
determinodo “K®, el problema de encontrar la mejor utilizacidn del terreno es un pro-

[ - Il
blema de maximizacidn en el cuol hay que determinar los volores x, y, 2 que hacen md

Cld 4
ocion cuodr@tica®, Ken! i i
1ca”, tcaica que ha sido estudiada extensamente en los $1timos 15 ca

ha sido eplicoda a cantidad da

Si fos valores *K" y 2"

- ¥) que hacen que V seq igudl o cero,

que es la ecuacidn de uno rect
cal
@ que Hemaoremos en consecuencia,

7
.ximo o VY de manera que se cumplon los restriccionay b&sicas, O seq;
Max,” v " (Kx-y)z
da modo que: 2 £ b
Yy & ¢
T £ d

Esfe ;
.probefmo puede I'QSQ'VQFSC uSOﬂdO 'C ﬁCﬂ;CO t.’enomfnodc 'pro»rcmcr
2 ‘

sy

problemas de direccign cientifica de emprescs

Sise elige 2
2" de
menera que se cumpla la restriceidn z £ d la fncidn

Y
le,uha "“eoi en este ::10, e Pucde usar 'O 'ecu,co ”E HC&J p'cg c

(X4 .’ ’
b macion lineal® a la resolycidn del problema

Si interé
endo de gron interés este problema, vomos o verlo en detalle:

0on CO“OCIdO‘, '0 Pale Q de UQ' res “x Y Pu*de IEPIESE LTa
i o 4

las parejos de valores {x,

fos Homomos "puntos de equilibrio®, Ash

\ ——
V'(Kx-i)z"Oi ST |

de donda y * K«

*linea e equil;

Representands tods esto gréficamente; |
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De 1o grafica podemos observar, que para todos los puntos de Yo tihea ~
da equilibrio, el valor d2 construccidn es igue! ol valor copitalizedo de 1o renta.  Que

pora los puntos siguados chajo de la ITnea de equilibrio, el volor de construccibn es menor

L

que el volor copitalizodo de la renta y por to tanto el valor residuct det terrenc es positi

_-vo. Controriamente, en los puntas situados erribo de la Iineo, el valer de construccidn es

meyor que el valor cophoﬁzodo de la rentay en-consecuencia el volor residual del terre

no et negativo.

Es facil ver también que * x = b® es yna recto perpendiculor ol eje “x" -

y que pesa por &l punto (b,0). Todos los puntos a la izquierda do esto rectoserfan los —
"x 2= b® , Asimismo "y = c” es una recta parpendiculor of eje "y® y que posa por el pun-
to (o, ¢). Todos los puntos orriba de esta recta serfon fos %y 2 ¢®.

Por lo tanto, tados los puntso (x, y) pora los cudles el valor residual del

terreno V2 O demeneraque x££ by yD ¢ debenencontronse enlo

) re‘-giisﬁnc.sci.roda en lo figura, que Nlamamos ®regidn permisible® y quo Incluye tas fronte~
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8i choro dessamos determinor cucles son los puntos {x,y) poro los que™V @

|
o 73

.

t edquiere algin cierto volor determinads, des jomos 2y ®
Pe1omos %y ™ de la ecuacign (8).

Yoy
z
®
o Siends "V unvalor definido Y K" es lo i
oo poro | - ) 3 la misma, estq ecuacidn se cym
; pora los puntos de una recta peralela o la Ifneq d i 2
: ' . €3 e equilibei I
rfo-fo, - VY ‘¥ que€ pesa por ef pun-
b4
4
y &
]
] [ s
’ ity
' i
i
c- e AL S S
A Neorte e
/7
e 7/
B} , .
. / ———
/
A R { b X
(0.-¥) a i -

los Unfo! de q
P esta r CiQ que e enCUen'an en e! Segmen [+ A5
4 (.1 t dell“’o de

la regis isi &
gton permisible, son los Gnicos paro los cuales x < e O
=94 Yy e, Oseoq, todas les

' ( - d:‘. mento A on solu 1Qore

’ ) 0 g
| pore as d:! VO'O(ES X Y qU&. < ”Q‘Spoﬂd"n Q ,OS pUn’OS ' $2 t B ' < H
de! piob'ema. ’fQC“COI”c“’G" est

o permit i i
permite determinar 1o calided da 1q construccidn par

! lb'e POI'O Voro cs g} dOS d(] 'Q renta d ' dE H ' EhS
conoc n LR { ]
mis f ] y err(}nQ Permlncf a renko ,
rFl y PCH.’HSM ¢

PO‘O VO'OIQS COllOCldos d‘-l le“ello ) 4 de 'Q CO"’“UCCC n
Qn,

m O o vi
[ do ' v S’O Q“’C“Ofms‘n’c' md‘.'mOs '15901 Q 'Q CO“»'U“QH de Que E’

Qor m - < P , P@' P
axXimo d(. 1 P o l ( b’ < ) o +)
¥ , id 2 V‘ 3¢ tiene oro ¢ ”nfo Xz & L¥a i~} e' unty O’ QLC ,C
cO”'eSpOHdt.'

' ..
@ mayor renta permisible con el menor valor d 3
alor de construccidn pemnisitle,
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Dantro del Caso | de utilizosiomes 2xduyentes qua estaros Vienx, xde

mos dividir su exposicidn en dos .ubccsos: cumnd s2 Here una wlo Wilizac S tle

Yy euando se tienen "N" utilizacionzs factitles mtiarente excluyentes.

-Vamos o ver.el primer subccsa, en e cud tenemos sol e~ vz ubiliza

€idn factible y no se conace "z2". En este prodlema, como en todes 1os e veemcs,

3

s6 trata da moximizar el valor residual del “terreo.

Portimos de conocer los valores K, b, ¢, d. Como ya bemcs I entus,

se requiere o oplicacidn de técnicas de progranecidn no linedl.

Se usord el tecremo de Kuhn=Tucker.

Lo funcidn de Logrange que sa esacia al problema es:

l(x,y,Z,).,/g,\) )*(Kx-y)z +Af - x) + My ~<) Wd=z)-=-===~==-0)

en la cudl , X oM ,ﬁ son parémetros no negativos, denominados multiplizadores & Lo

gronge y que se henen que determinar, Para €] punto Sptima--

( LKZ L20 sivdes, X =
[3—}"-Z+M/O sivale L, Y =
bz KX -Y-N£O  sivale&, 2 =
Q-y];b-xé.. o sivale> , L =
L]-Y-cé‘o sivale>, M =
['3\’J=p sivale> , N =

I W

- x=2X,y2Y,2" Z|1= L, A= M, Y= N) se cumplen los siguientes relociones

[ PERRERRRY &

O----=e==)
O----=== (@9
O--===== (9

En este problemo, solamente tiene interes la sngunenle clate & wlucio-

X>0,Y>0, 2 > 0
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Por lo tanto, los simbolos de desigualdad en las ecuaciorns ) dtan g-

-} primirss y obtenemos:

KZ-t =0
Z+M=0
KX-Y-N=*=0
)b"X.‘ @]
Y=¢c # O
d=2 = ©
relaciondndolas encontramos:

L =Kd x*=b

(M =d Y=c Vopt. = (Kb - c) d - ---- .eea. ®)
‘N “Kb-¢c 2=d

'De esto podemas eanclulr que en-el punto dptimo (X, Y, 2)

)vbnﬁKd ........... (Q)
o R ey \
b e e eaenn o \

Estas iguoldedes tienen lo siguiente interpretacidn:
o).~ Aunincremento Ab en la renta Iimite, corresponda un incre—m-1t5 v cp. ®
=(Kd) A b positivo en el valor residual del terreno.
b).= Aun incremento Ac en el costo Wmite, coresponds un decremz~15 % ep. " (-2
en el velor residuol del terreno.
€).= Aunincremento Ad en el foctor do vtilizacidn del terreno, sosazarde un ina
mento Vop. * (Kb - ¢ )Ad en el valor residuc! del ferrens.

Lo conclusidn obvia, es que pora logror ef velor res 2 r&img del e
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meno, (x,y,z) deben tomar sus valores timites respectivos.

. Veamos chora, e sequndo subcaso en el cual tenemos ®N° utilizociones
factibles mutuemente excluyentes,
- Yamosa designar estas utilizociones con los su’mb?los u;, U2, cee Un -

y los volores comespandientes con el fndice respectivo. Teniendo los siguientes datos:

Uhlizoci6a U UNIizoeidn Upeveeesivaseenneneesnces Ubllizacién U
Ky K2 evesevessssccnvoancocns K

X Lb  xeh, IR SOX
Y1 = y,2e2  etleeecenereraeenanans Yad €,
2] £ 9 2249, cesesscnccsscsrsancanses 2, & dn

) " Empleondo estos valores y el resultado obtenido en lo ecuacidn (8) caley

lomos los volores residucles miximos-del-terreno con cada uno de las utilizaciones factibles:

V) op. b Ky -4 )"1/

e TR ey

Vnop. i (Knbn'cn)dn

Comporcnds estos valores se determing ef valor maximo de “V®. Pueden
ocurrir dos casos:
1).= Hay un wolo valor V, mayor que todos los demas. En este coso la mejor utilizocién
es la Vo y los condiciones bajo 1ot cucles se lograson xg ®by ,yo ® g, 79 ®dy
2).= Hoy dos o mos valores iguales "V® mayores que todos los demas. En este coso las -
wtilizaciones gptimas dzl ferreno son estas,

Caswo I, Utilizaciones no excluyentos.= Asi como en el Caso I, vomos =

. \ T7

a dividir este caso H, en dos subcasos, uno para dos utilizacignes factibles no excluyen

y ofro para "N" utilizaciones factibles no excluyentes,

En e! coso de dos ytilizaci i
utitizaciones Factibles ng excluyentes fa expresidn da

valor residual del terreno toma la forma:

e LT PV v

V .. (Kl X} ’Y‘)Z! + (KZ,XZ - yz) Zz

y los restricciones bésicas serfan:
x, £ b, ' X2 £ b,
=« ’ | 2 2 e

en cuanto @ "z" puede tomar cuolquiera de las :fg;?enres formas:

8.4- z:é? e as e ~e-eg

‘B4 122Y
P n&d o LY — ooy
2+ 2478 -
2244, , LY ... ¢
24+ 2,2%
p&d, , 424Y
R&d, , 4Y e

Representando o %) ¥ Zzcomo coordenadas de un punto en un plero

' !CS restri es U(:dcn re fcsenfcdcs &S s1quientas
'eSIQI)O Ol’%ollﬂ ’ c<Ciones anterior q P PO( , .g i

giones:



- B

i'l L{xr%erY, IYZ'zllzzllll)ZI/ull z,vn VI VI (Ky = =y, ) z,+

¢(Ke xz ~yz) 224

N ’

(O'J‘) -s.;"“" +ll( b, =, )+
X /// . +24bs =, ) +

o Doy sy 4
. "}“2(72 <)+
“’Vu(dl 2z, ) *

4 zeds ' AWy 22 ) +
3 ?’/ *"e (04 o b : e
'i:':} %y ..\* . "Y;(Y 2, "2,)

o .0 z o @ z, 0 @) =

Q@

=,
%24,

SR\

I.lom?ndoo (X X2 0,2, Za, L, MM, N N, N )

punto &ptimo, las condiciones necesarios para la existencia de este son:

Para este caso, el problema genera! de la determinacién de la mejor uti= S L -
) —=I=K, Z, -1, £0 sivaled , X, = O -
lizacién del terreno se-puede-plantear_ la_forma de encontrar los valores (x,, y,, 2,)} de - X op
tol modo que : 3 C . [) LJ T T e -
el 3f=Ke Z2 L2 40 sf vale X,= O
Max.” V.&(K, x,=y ) 2+ (K %2>y, )2, e %) e ' <o %
con {as restricciones: : \ ) ’DL R \ o
. = e Z -
neb ' or)y HTMEC fvled , ¥, 20
Xaé bl r L
< 1y _ ’ .
Y.écl ~ry2; ,-ZZ+M2:_‘O "-vole< R Yt‘-‘ O
¥ > ca
,
‘ L
5, £4, , 4, £% %2_3=K, Xy <Y, =N, -N; 40 sivaled, 2,= 0O
\ f .
z2 L,dg , dtér
: (
- al
2+ 22 % _S;:];Kz Xz =Yz -N; =N, £0 sivale , Z,=0
Aplicondo el teorema de Kuhn-Tucker y formando la funcibn de Lc_gmng::
4
SL
Sy %20 Swled, L,=0
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ALy, x,20 dvaled, L3=0
S
_.!'-—zY. —<,=0 stwled , M= 0
2
).y, <20 T svaled>, M= 0"
e

sivale , N, = O

sivoled , N2 =0

H}‘% =dy -Z2DO0
7

Para este problema hay tres clases de soluciones:

stvale ) , N3 =0

1.-2,= 0 Zz> (o] R
. . 2,-2,>20 Z,=0_ \ L
3.-2,>0 2,>0

Solucidn 1, Raciendo los substituciones necesarias:

L,=0

KpZa -12=0

M =0

«Z2¥M; =0 .

K. X' -\(‘ ’N. ’Na{O
b' .X|> O
bg 'Xg = O

Y, ¢, >0

siones:

-
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Y:'ce-‘-o

4>0

d; ~Z23= O

¥ -Z,20

u!c;cionéndolgs tenemos: ] -

1,=0 X, &b,
L= Ks 22 =~ -~ Xp= ba
M= O Y, > <
Mgz Z2 Ye = c2
N,=0 Z.g‘o
Ne= Kp Xz -Y; Zs = da
Ng= O

y podemos concluir:
K, b, =, <0
Xe = be
Y2 = ¢a
Zp=d;
Vopt = (Kyb; = ¢¢ ) dp

de donde:

5 = Kbz

solucidn 2.~ Por un proceso similar a la solucidn | egamas o las co
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‘g‘;a’ct Lo
X, =2 b,
Yi = ¢
Z, = d,
Vopt'= (Kb, =¢,)d,~ — o

.

de donae;

‘ Pz, -,
Solucién 3. En este caso los ecuaciones derivadas parciales dan lugar a-
las slguientes relaciones:
KZ -L,=0
K32z <L2=0O
2,4+ M = O A
\ S . WZa#Ma=O —
KX = V=N, =Ny =0
KzXa- Yi=N:-N3=0O
b~ X,=0
bg= X3=0
Y- ¢,=20
Y,-
d- 24, =0 - -
d- Z3=0 *

ca= 0O

Y"zl-zlao

PRI W

relociondndolas tenemos:

L= K2 X, = b,
Li= K Za Xzn b,
M= Z, Y=e
- . MeeZy . _
N, = K X, - Y, . Z,=d,
T NpEK X ~Ya - Zawdy -

Ny=0O
y podemos concluir que el valor residual méximo del terreno es:
Vopt=(Kb, = ¢, ) d, + (Kby ~c3) dy
Derivando parcialmente o Vopt, respecto a d, y da
%%:K,b. -c,
. g“;‘;: Kb, -¢;

. — _._ '-< [
De lo onterlor podemos concluir que s= pueden presentar tres casos con una solucidn dife

rente cada uno:

‘o- S' K.b. B- c, > Kabz -~ €3
Hagose Z,'= d; y determinese Zjde manera que se satisfcgan las

testricciones impuestasa Z, y Z,

2.-51 Kb, -c,= Kb, -¢c,
Hoégase Z/'= d; & Z,=dp ydelerminese Z; & Z,respectiven
te, de monera que se satisfogan las restricciones impuestas a2, y
3.-51 Kb,--¢, <Kpb, - ¢,
Hégase 2, = dyy determinese Z, de manera que se satisfogaon e

~

testriccionss Impuestas @ 2, y Z,
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Veamos ¢ Gltimo, el caso de "N" utilizaciones factibles no excluyen-
2 visto con anteioridad, sugiere el siguiente procedimiento pera determinar la
“zacidn de un teeno:

- - _a).~Estoblecer les restricciones propias de cada utilizacién,

T 7 b). - Establecer los restricciones pertinentes para Is utilizacisn combina=- -

.eno, Estos relaciones, son del tipo Z, + Z 3 4 Y vistas anteriomente,

c).= Calculor los pardmetros, R
N,= Kb -¢
Npo Kby -ca )
Pt;. Kh, =cu )
d).= Ordenar los valores anterfores en arden decreciente,
e).- Hocer Zj= dy y determinar  Zy de monera que 23 = &8 que-
_an-ics restricciones de ytilizacién combinada establecidos en b). -
_§).= Determinadas Zy y 7Z;, obtener Zpy de manero que -ZR= dn 6_

~isfogan-les restriceiones de utilizacién combinada-establecida en b, =

g).~Continuar con el procedimiento hasta ocupar el area de utilizacién=

Hobiendo visto todos los casos que podrion presentarse en lo cplicacién-
"> de programacidn mateméliza a la determinacién de la mejor utilizacién de un .
-0 nos queda m8s que hacer resaltar las ventojes de lo aplicacidn de dicho pro -
o2

{.-Es focil de aplicar. ' S

11.-No requiere la elaboracién de proyectos de utilizecidn antes del and

~ndo el costo consecuente,

85

fll.- Permite considerar tantas utilizaciones como se desea,

Vo~ Permite obtener las caractersticas segdn las cuales debe dezonmoller

se ol proyecto de utilizocién Eptima.



S5.-EJEMPLOS DE

~—

APLICACION PARA UN TERRENOQ

SITUADO EN LA ZONA CENTRAL DE LA CIUDAD

DE NEXICO.

&7

Supongamos un terrena de 10 m. por 30 m., por lo tento con un area
At = 300 m2
Vamos a suponer que so encuentra ubicado en la zona centro da la Ciudod,-

digomos en la colle de Gante entre los calles de Madero y 16 de Septiembre.
) AL

'._IDC‘GSO general .~ Primeramente so hc;r;';'u.n estu;!io comparativo del medio
que rodea ol .tefrarlq pora ver que proyectos serion pasibles de utilizocién del terreno, o
sea segin su ubicacidn. Serfa cbsurdo pensar en un campo deportive o en un cinematd-
grafo por el tamafio y lo localizacidn del terreno, E ntoncas se debe pensar en utiliza~—
ciones factibles. P ora esto tenemos dos fuer.ﬂes principales: el inversionista y el merccdo

de Biencs Raices.

hl

Como segundo paso seria la obtencidn de los datos necesarios:

V.= Yalor de la construccidn "y®
N 2- - LA _

Ac
3.- Z=Ac
N - =
-- - - \4.= Deducciones a lo rente * &K< *

5.~ Renta mensuc! bruta "x"

6.~ Vido econdmica.

7.~ Taoso de intereses sobre el eapital "ic®

8.~ Toso de amortizacidon ®ia”,

Todos estas datos los obtendriamos por el estudio del mercodo de 1o construc
cidn y del ‘mercado de Bienes Raices, por sugestiones del inversionisto y por consulta con
los diferentes reglamentos constructives.

€l siguicnte poso serio la oplicocidn de los diferentes Brmules pova eada vti

Vizocidn foctible.
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~

- e

¢ por Gltimo, se compoararian los datos escogiendo el mejor ds todos.

Utilizocianes factibles.~

f.= Departementos
) .- Oficines
lll?-;Hbrél .

IV .= Estacioncmiento

V.- Estacionemiento y anuncios comerciales

V1.=- Comercio, departamentos y oficinas.

Vemos o egrupar las utilizaciones factibles excluyentes (1, 11, 1T, IV) y con

siderar €l maximo dz cltura parmisible por fa ubicacidn del terreno, segdn el regalmento

de los construcciones d2! D. D, F.

Datos: ¢ Plentas de construccidn; A= 9 x 300 = 2,700 m2.

UTIIZACION_. 1 . - 4. j
U
CONCEPTO. J Vit Yiii U
Valor de lo construceidn “Y* - $1500.00 | 1,100.0011,200.00 ~ 7| 7700.00
B AL 0.50 090 0.80 095
Ac
TAc 0.80 0.80 | 0.80 RE
A?
Deducciones alarenta " & * 0.30 0.20 0.40 0.05
Renta mensuc! "X 30.00 30.00 40.00 15.00
Tesa d2 intereses *ic® .0.05 0.06 0.8 0.06
Toso ds cmortizecidn “ic® 0.03 0.02 0.03 0.01
Tasa de copitelizazidn “ic + 10"} -0.09 0.03 0.9 0.07

89
Resolucidn:
UTILIZACION
CONCEPTO U' U" Ulll UW
Ac"2Z A 2,160.0012,160.00 |2,160.03 2,545.00
A= Ac 1,944.0012,187.00 | 1,723.00 | 2,303.50
K=120 -x)3 84.11] 108.00 64.00 155.74
ic+ io
KX 2,523.30]3,240.00 | 2,560.09 2,336.10
KX -Y 1,023.30{ 2,140.00 | 1,350.%0 1,£36.10
V={KX-Y) Z 818.64]1,712.00 | 1,033.00 1,554.30

La utilizacidn V seria oprovechar el terreno ol nivel d2! 270 como estesio-

o . I _ . L e
nomiento y usar todo el frente, con la construccidn de una estructurs, pera anuncios. Le

Inversidn serfo muy pequefia, osi como la construccidn, El valor resid.c!

del terreno, s2-

efo la sumo dal valor residual da cado una dz los utilizociones excluye-tes.

Dotos:

Estocioncmiento.

Uy,

by————~ ™

UTILIZACION

Anuncios comerciales.

Wo | U

CONCEPTO

Volor de lo construccidnY'} 50,00 100.00




0
6 - _£_:_ 1.00 1.00
2" Ac 0,95 0.95
Y i

‘Deductiones g larenta " 10.10 | 0.40
Rento mensuc! X" 0.00 {20.00.
Toso de intereses ic® 0.06 0.06
Tasa de crortizacidn ® ia" 0.03 0.08
Tasa de copitalizacidn “ic+o" 0.09 0.12

Resolucién:;
T - UTILIZACION -f - - — -
CONCEPTC Yo Uvp
- e - cACmZAR N 275,00 ] 256.50
Ar= 3 Ac 275.00 | 256.50
K= 12(1 - )f3 120,00 60.00
T
ic+ 10
KX 1,200.00 | 1,200.00
KX =Y 1,150.00 |1,100.C0
V ° (KX-Y)Z 1,092.50 |1,0345.C0

Por lo tanto Vy= 1,092.50 + 1,045.00 = 2,137.50

_. Unilizacidn UVl .- U‘“a:

wa :

Comercio : 540.00 m2

Deportementos ; 810,00 m2
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U“z ¢ Oficinas ¢

At =9 x 300 =

1,020.00 m?

2,700.00

2

Datos y restricciones propics de coda utilizacidn

concerTe el | U, Uy, Ua
Valor de la construccidn *Y"® $00.00 1,500.00 1,1€0.¢0
N bl -
B A 0.80 0.50 0.50
Ac
Z =i 540.00 .0.20]| 810  _0.2¢l 1729 =0.40
A=d Z,700.00 %,700.60 4
Deducciones o la renta * &« ', 0.40 0.30 0.20
Renta mensual *X = b*” 40.00 30.00 30.00
Toso d2 intereses "ic" 0.06 0.06 0.05
" Toso de amortizacin *ia" 0.03 A 0.03 - - 0.03
Tasa de copitolizecidn e +ia” 0.9 0.09 0.09
Utilizacién corbinada el terrenc: \
) TN z,+2,42y = 0.204+40.30 +0.40 =0.90
Célevlo de pardmetros:
UTILIZACION
CONCEPTO Uy, Uy, Uyie
K= 12(1- < ¥3 64,00 84.20 §6.00
ic + ia
Kb 2,560.00 | 2,520.00 2,333.00
Kb-c=N 1,680.00 {1,020.00. 1,750.00
v =Nd 332.00 305.00 712.09




- —-/

2

Célculo del valor residual del terrenc:

Vi = Vnet W, + Vi 2 332,00 + 306.00 + 712,00 = 1, 25020

En este tipo de construccién de ndmero de plantas, un problems Tnraresan
ta que se presenta,es saber que cantidad de plantas nos d§ el &ptimo valor reslacl dol te
rreno. En nuestro caso de 9 plantas, vomes a estudiar este ccso"omanc; L-!— Coee W
segin-tengamas l.,2,.. .9 plontes, De las utilizaciones excluyentes viskes en o rinci-
pio, observomos que el valor residus]! méximo se obtiene para aquella utilizazis- 1 la =
cual dedicamas todo el edifizio o oficinas. Para el caso, !lamémaslo’de plaates®, sue va
mos @ anolizor, vames o.pcns::r que todos estorSn dedicodos a oficinas.

Dotos:

UTILIZACION

CONCEPTO 1) U Uy Us Us U Y, U

Valor de lo construccidn "Y® B30 800 825 830 $00 N 160 1050

fo_Ar . 0.5 0.5 0.5 0.9 0.9 0.9 20 0.9
Ac S e

Za Ac 0.5 0.50 0.90 0.85 0.8 0.8 20 0.8
-l | 3 }

Deducclones a larenta °<® 0.20 0.15 0.20 0.20 0.20 0.20 "O 0.20

Renta mensual “X" 30.00 30.00 30.00 30.00 30.00 30.00 X.00 .00

Toso de intereses “ic® 0.05 0.06 006 0.06 0.0 0065 006 0.06

Tase de omortizacibdn "io® 0.01 0.0t 0.015 0.015 0.015 0.02 0.02 0.02

Tasa de copitalizacién "ic+1"0.07 0.07 0.075 0.075 0.075 0.08 0.03 0.08

Rezolucidn:
UTILZACION
CONCEPTO U, U \, W Us U Uy U
Ac=ZAr 285.00 540.00 810.00 1020.00 1275.00 1530.00 1650.00 1520.00

" Valor de const, "Y* "

93
Ar:QAc
! lce+ ia
| KX
| ey

- -V (IO(-Y) Z 2757.76 2820.78 2367902215 10 217260 198900 1792 co 1752 co

256,50 485.00 729.00 918,00 1147.50 1377.00 1512.00 1722.00

K 12(1-)8 123.43 131,14 115.20 115,20 115,20 103.00 103.00 102.¢H

3702,90 372420 3456,00 3456.00 3240.00 3240.00 3240.C0 3243.00

2902.90 3134.20 2431.00 24605.00 2556,00 2340. '00"2240 €0 2190.00

t
i ’ Todavno, podemos seguir analizando el caso "de plontas™:
!

Ségin él Reglomento de las Construceiones del D.D.F., el terreno de — ..

' nuestro ejemplo, tene un limite permisible de nueve plantas. Sin embargo, por medio de

{ restricciSn, Vomos a ver este caso:

hacer lo construccidn escalonada podemos seguir aumentando plantus sin salimes de la -

Sea una reduccidn en la planta, o lo altura nueve, de 10 m. por 20 m.-

El reglomento nos parmite cumentar nueve plantas mas.

)
Dotos:

UTILIZACION
CONCEPTO Uo Uy Uz U,

--¥150--1200 - 1225 51250

By Ar 0.90 0.50 0.90 0.90
Ac

25 Ac 0.8 0.80 0.75 0.75
At

Deduc. a lo rento "™ 0.20 0.22 0.22 0.25’

Rento mensual "X" 30.00 30.00 30,00 30.00

Yasa de interescs ®ic" 0.06 0.05 0.06 0.0%
Tosa de omortiz. "ia™ v.02 0.0250.0250,03

Tesa de capit.®ic+ic”  0.08 0.085 0.0850.09

1300- 1435 1300 1700 15C0

0.50 0.90 0.50 0.90 0.9

0.75 0.70 0.70 0.70 0.70

0.25 0.30 0.30 0.35 0.35
30.00 30.00 30.00 30.00 30.60
0.05 0.05 0.05 0.05 0.06
0.03 0.04 0.04 0.05 0.06

0.09 0.10 0.10 0.11 0.12



UTLIZACION

CONCEPTO
AcsZAr

KX

KX -Y
V (KX-Y) Z

no obtenidos, que la mejor utilizacisn del terreno de nuestro ejemplo,

94

Resolucién:

UD Ul Ull Ul! Uu UIS Ul‘ Un U-e

2320.00 2480.00 2475.00 2625.00 2775.00 2?3000 2870.00 30]0.“1_315?.00 B
Ars BAc

oo o Ral2(1-x

2088.00 2232.00 2227,50 2362.50 2497.50 2457.00 253200 2709.00 2835.00

108.00_ 99.11  99.11. 90.00. 90.00. 7560 7560 618 5350
. 3240.00 2973.30 2973.30 2700.00 2700.00 2268.C0 2268.00 191460 1755.00

2090.00 1773.30 1748.30 1450.00 1400.00 848.00 768.00 21440 -145.00
1672.00 1418.64 131:.23 1087.50 1050.00 607.60 537,60 150.22 -101.50

Podemos decir, de lo observacién de todos los valores residucles del terre

es oquella en lo-

que construyomas un edificio de dos plontas y lo dediquemos o oficines.

6-CONCLUSIONES .



)

Como hemos visto en el caplulo precedente, la oplicacisa da la progra=
macién matemblica a la obtencisn de la mejor utilizacisn de un terreno es 4zl ¥ pof —=

esta raxdn permite una gran combinacién de utilizaciones, con una inversidn de tempo =

relativomente bojo. La obtencién de los dates necesarios es tambien Fcil y rSpida.

Vimos tambien, en el ejemplo "de plantas®, que llega un momento; cone
forme vomes cumentondo plantos; en que el valor de la construccisn, las deducciones a=
la re:;toh;lc- fasa de amortizacién i€ haceh muy oltas y no podemos incrementar la rentq,
nl‘el foctor de utilizaciSn del terreno, por estor en sus Iimites respectivos, de esta forma
obtenemos valores residuales del terreno negativos,

O seq, que desde el punr.o de vista de inversidn, no conviene construlr tal

. ndmero de plantes,

Desde el mismo punto de vistay como una consecuencia de lo antertor, st
fos valo_rvs_rcs?duc!es del terrenc obtenidos en las diferentes utilizaciones onalizodas nes
dieron volores Inferiores a 1o que ese mismo terreno st construlr vele en el mercodo de-

- Bienes Raices, no nos convendria ninguna construccién, sitno mas bien vender el terreno
o su valer actual segdn el mercodo, - N

En resumen, 1 oplicacién del métedo propuesto pora determinar la mejor

vtilizocisn de un terreno, nos permile un dominio fcil, répido y completo del problema

y una gran Intimidad con los deseos del inversionista,

4
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BOP—An approach to building optimization

by G. NEIL HARPER

Skidmore, Owings & Merrill
Chicago, lihnois

INTRODUCTION

The problem of finding an appropriate building
configuration to satisly a client's building program is
by no mcans rudimentary. When one imposes additional
requircments that the building shall be an *‘efficient”’,
“‘economical’’, or “‘optimum cost’’ building, the mathe-
matical difficultics encountered in operating on a large
data basc to achieve some kind of optimum result are
almost insurmountable,

In the past, these formidable problems of scarching
out the best—or even an acceptable—solution have been
solved largely on the basis of intuition and random
investigation of a small number of possible solutions.
The numcrous successful buildings in our cities today
are a testimony to man’s remarkable and innate ability
to intuit, evaluate, 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 becn
very fragmented and narrowly limited in scope. Al-
though there have been forecful 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 Teaguc and others
have pointed out, the true nature of architecturc and
engincering encompasses the synthesized whole of the
project, and not simply isolated disciplines.!
cently, however, have there been developments in com-
puter tec’ nology—notably problem-oriented languages
and ccrlain internal data structuring techniques—that
offcr promise of allowing the designer lo grasp the
sysiematic whole of the problem.

The gencral mathicmatical problem of optimization is

simply stated as the problem of finding an extrcme
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, Refcrence 2 for a
bibliography of works in the genecral areca of linear
programming.)

The practical .problem of building design can be
formulated, in a general way, as an optimization
problem. The objective could be minimum initial cos'l,
lifc-time cost, operating cost, maximum return on in-
vestment, etc. This objcctive is, of course, subject to a
variety of constraints duc to client program, site limita-
tions, space allocation, design considerations, code
constraints, environmental factors, enginecring require-
ments, financing, etc. Hence the practical problem of
finding an *'optimum’’ building is in some ways quite
similar to the classical problem of mathematical op-

' timization.

Only re- .

Historically, however, mathematical optimization tech-
niques within the design professions have been applicd
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 steel weight,' minimum time or
travel distance in transportation planning, maximum
space utilization, ctc. When the scope of the project
is broadened from finding the minimum- weight of
structural stecl in a building frame to finding that
combination of ‘paramecters which give the minimum
cost for the total building, including window wali,
clevators, structural, mcchanical, clectrical, etc., one
sces immediatcly the implication thal such a scope has
on the solution techniques. -

' AN APPROACH TO OI’I'IMIL;\TIOV
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Inasmuch as real bunldmgs are composcd of more
than a smglc isolated disciplineg, it is absolutely impera-

'




576 I'raoccedings—1968 ACM National Conference

tive that any mcaningful approach to optimizalion
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 does result
in considerable distortion of the total optimization
objective.

This philosophy, viz., that building optimization
* musl treat the total building complex if it is to be
meaningful, forms the basis of the approach discussed
hercin. 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 és experience is gained concern-
ing the way a total building project behaves under
permutation of some of the critical parameters, the
classicial techniques of mathematical optimization can
lead to a more refined treatment of the controlling
parameters for the complete problem.

BOP—A DBUILDING OPTIMIZATION PROGRAM

A serics of modular programs for optimizing the
conliguration of high-risc officc 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:

I.  Window Wall

2. Elevatoring

3. Hecating, Ventilating, and Air Conditioning

(HVAQ)

4, Structural

Obviously, cach of these four subsystecms depends

upon a common dala basc of geometry, cnvironmental
data, and design limits. A fifth 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 are 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 thc lcast total cost,

about his project. BOP will then supply reasonable
values for missing data by dcfault, and proceed to
formulatc complcte, albeit crude, internal ‘models of

Ahe building: project. (The importance of this concept

of a complclc internal modcl of the project is wcll
documented in the publication by Krauss and Myer. )
These modcls are then tested against sitc limilations,
clicnt spccifications, architcctural design constraints,
and . code requirements. (All of thesc limits are, of
cours¢, variable at the problem-oriented language level

- by the designer.) Il the internal geometrical modecl

of the total building passcs all these tests, computations
of varying complexity 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 cvaluated, along
with costs for the agglomcrate fifth subsystem, and the
total solution stored on disk. If the various constraints
are loose enough, additional gecometrical solutions are
generated, tested, and evaluated. In addition to keeping
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, thc proccdure outlined above is
not optimization in the classical mathematical sensc
of the ward. In a morc general sense, however, the
procedure is of an optimizational nature, insofar as il
delincates the permissible solution space, generates and
cvaluates solutions within that space. 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 appear 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
admissiblé solutions which the procedurcs generatc is
frequently of dircct use in the design process, regard-
léss of its position in the scarch path for the optimum
solution.

To nllustratc bricfly the nature o" the programs
and available commands,* suppose that carly discus-
sion wilt}' a client has indicated a neced for a gross
arca of about 300,000 square feet, with about 14.000
to 16,000 square feet 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,

L e —

,°A complete list of BOP Vo.cabulary is given in Appcndix A,
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MINIMUM 14000 MAXIMUM 16000;
BUILDING LENGTH LIMITS, MAXIMUM 150;
BUILDING WIDTH LIMHS. M/\,\IMUM 125;

It is important to notc that in these carly stages
of the building project, only the barest information
is available. It is, thercfore, necessary to have a power-
ful default feature which assumes reasonable, consistent
values for all data not explicitly given. The second
statement,
GRAM,' actually links to a serics of programs which
docs a completc initialization of various geometry,
cost, and subsystem files internally. Thus complcte
and ‘sufficicnt information is available immediately
after exccution of this sccond command to gencrate |
a wide range of possiblec solutions. Any additional

descriptive information such as that given above re- .

JOA TITLE CLIENT X
ALL SOLUTIONS AT ) FLOOR INCREMENTS
"~

DESIGN LIMITS ! MINIMUM MAX I MUM
GROSS FLOOR AREA 270000, 330vuue.
GROSS AREA PER FLOOR 14000, 16u0u.
BUILDING W{DTH . 50,000 12%4C0v
BUILDING LENGTH 504000 150000
CORF WIOTH 25000 25000V
COHE LENGTH ! 254000 2504000
CORE TO FXTERIOR SPAN 3%.000 a5,000?
NUMRER OF STORIES 1 190
LCKGTn 4ICTH RATIO i 14000 2000
SHAPE TNCREMENT ! 00200

NUMRER OF SOLUTIONS ! : 1)

GLASS LINE OFFSET
BLOG LENE OFFSET .

“BUILDING OPTIMIZATION PRO-*

I
t

places the originally assumed data, and thercfore begins
to shape the internal solutions moie closcly 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 series of pro-
grams for generating geometry to {it 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 rcport of

the: internal design limits as they currently exist, and
the solution geomctries which werc found to fit within
these limits (Figure 1). The overall cost of cach solu-
tion is also printed.

l

TARGET

VUV e .

UeUOU ;
00000 .

MODULE, CHOICES 5= 0 |
10 FL/ MODL LEASE =FLOOR DIMENSIONS= =CORE DIMENSJONS== GROSS , TOTAL  TOTAL TOTAL BLDG UNIT RETURN
NO NO SPAN L W LENGTH wWiDTH L o LENGTH WIDTH PER FL  GRUSS  RENT  PCT CUST COST  ON
FT IN FT IN FT IN FT IN FT IN FT IN SU FT SO FT SO FT  RENT $1000 $/SF INVEST
118 S~ 0 35 0 25 25 125 0 1¢5= 0 B 31 0= 0 55= 0 , 156254 !¢81250s £40862¢ 85¢6 73850 26425 94895
218 5=0 350 29 2] 165~ 0 105=- 013 7 65~ 0 35= 0 )95225s 76050 2341940 8506 T27de 26456 9439
*3 19 S=0 3% U 25 25 125= © 125= 0 8 31 4C= 0 55= 0 15625 2Y6875. 255649« 86¢1 T730s 26404 10436
«19 5= 0 35= 0 26.22 130= U 110= 031 8 55= G &= 0 16300. 271700s 2322360 85¢6 7250¢ 26468 9421
519 5= 0 35= 0 29 21 165= 0 1G5= 013 T 65= 0 35~ 0 15225¢ ¢89275¢ 24856le B85¢9 Tol2e 20431 989
620 5= 0 3%= 0 25 25 125= G 125= 9 8 11 40= 0 55= 9 15625 312500s 2694B8Bs 862 8068¢ 2581 10,70
720 % G 35= 0 26 26 120= 0 125- 0 9 IV 45= 0 50= 0 [6aUUs 2880000 266617e 85¢6 T605¢ 26060 9sb6
82u 5= U 35= 0 26 22 130= 5 110= 011 © 55= 0 &0- O 16300 286000s 244750 8545 1563¢ 26466 9057
9 <0 5= 0 35~ 0 29 21 165~ J lus= 013 T 65 0 35= 0' 15225+ 300500¢ 262020s B6e0 T944e 26408 10e2%
t )
10 2] 5= 0 350 26 26 120= 3 126= 0 9 1v &%= 0 5U= G 1460Us 302600. 258933+ B5¢6 BOl2e 26049 9,52
11 21 5-0 35= 0 26 22 13C~ ¢ 11C= 012 8 60=- 0 0= O 1630V, 3C0300s 2569660 85¢5 7T961s 26457 9,439
1221 5= 0 350 29 21 165= U J0S= 013 T 65 0 35= 0 152250 "319725¢ 275161s 8640 8368 26417 10014
1320 5= 0 35 0 26 26 120- 0 12C= 0 9 39 5= 0 50- O 16400% 316800s 272390+ B85¢9 63560 26437 Sebe
10 d2 50 352 ¢ 26 22 130- J 110~ 032 8 60= 0 40= 0 16300s 334600¢ 2703230 859 0320¢ 26066 9073
. OPYINUS SOLUTIONS ) . .
LEAST CUST SOLUTION & . ) :
LLAST 3/5F SOLUTION &
MAXIMUM RETURN ON INVESTMENT SOLUTION & .

Figure 1=Overall Summary of Computer-Generaied Solutions -
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Upon inspection of these solutions, the designer
may choose scveral of thein 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. Nole that
complete summarics of the architectural, engincering,
cost and financial analyscs arc given for the requested
solution number. Included in thesesummaries, of course,
arc dctails of the window wall, elevatoring, HVAC,
and structural subsystens.

Each of the cost categories shown in Figure 4 has
actually been aggrcgated 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 complcte description of the assump-
tions behind 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 use by issuing the command

SAVE BOP JOB, FILE 121;
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 idcntical state
which existcd when he left the machine by means of
the command
RESTORE BOP JOBFILE 121;

A limited number of files in the user arca of disk
have been reserved so that several jobs can be main-

- taincd at onec lime.

After reviewing the information produced at the
first session with the computer, the desigher might
wish to restore scveral selected solutions, and to begin
rcfining 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 12}
ELEVATOR ZONE DATA,
ZONE 1 ZPOP 1000;
SELECT ELEVATORS, ZONE [;

- ./ -
SOLUTION 3 ARCHITECTURAL SUMMARY
’ CLICNT X ,

PLAN DIMENSIONS ' , Y
meavcosoaboon®e
MODULE 5 FT 0 IN LEASE SPAN 35 FT 0 N
FLOOR LENGTH 125 FT 0O IN CORE LENGTH « &0 FT 0 IN
FLOOR wWIDTH 129 FT 0 IN CORE wiDTH 9% FT O IN .
TRAVEL DEISTANCE 77 F1 .
ELEVATION DIMENSIONS ; '
[ cecmeagmaacs I t N
FIRST FLOOR AT 20400 FT = 20400 TYPICAL STRUCTURAL DEPTH 210 IN MECHe RUUM LOCATIONS
SECOND FLOOR AT 12450 FT » 12,50 TYPICAL MECHANICAL CLEARANCE 1840 IN FIRST AT 19 FL
16 TYPJCAL FLOORS AT 1250 FT s 200.00 TYPICAL LIGHTING CLEAKANCE 6¢0 IN SLCOND ATeese £

1 MECHANICAL FLOORS AT 20,00 FT w 20,00 TYPICAL FLUUR TO CEILiING 8 FT 9 |N THIRO AToee Fy

ToTALS 19 STORIES 252450 FEET

TYPICAL FLOOP AREAS 1SQe Fla)

TYPICAL FLUUKR TO FLUUN

315¢ FIRE TOWER
TELEPHONE &30
TOILET

12 FT 6 iN PARTIAL ATeee ¢y

1

Oe¢ NOe TOILET FIXTURES H]
TAIR WiDTH REQDe 88e Jie
3570

GRGSS SER FLOOR 15625¢' MECHANICAL

TOTAL ALDG GRUSS 296875«  STAIRS 260

TOTAL BLDG RENTAHNLE 255669«  JANITORS €L 15

UVLRALL SFFICIENCY 86e1  ELLCTRIC CL  80e¢ PART MECH Ve

ELEVATUR LONING AND PEQFCRMANCE

CAB  INTERVAL CAPACITY CAPACITY SMAFY

TOTAL FLUUKR

2ONL WIA  MIGH IUNE ZONE © LUCAL TOTAL CAB Loy
FLONN FLOOR POP DENSITY CAnS CABS SI2E BPLED SECUNDS  #CT PLuPLL ARLA  AKLA  QURL LFF

1 2 10 9094 125 b 9  3IV00c YOV 2909 1746 1600 720s 4506 d20)s Yio»

2 11 18 80Re . Ad%e Se Se¢ 3000+ 700 ?3.; 187e «QVe d%e LT78}e Yioo

Vo FPREIGHT ELEVATORS
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. COMPUTE COSTS, SOLUTION 3; ",
COMPUTE RETURN ON INVESTMENT
SOLUTION

SOLUTION 3 COST BUDGET
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Figure S—=Portion of Cost Budget

APPENDIX A. VOCABULARY FOR
BUILDING OPTIMIZATION

JOB NAME, * : '

BUILDING OPTIMZATION PROGRAM

TARGET GROSS AREA ———

GROSS AREA LIMITS MINIMUM—___.
MAXIMUM —_;

FLOOR AREA LIMITS MXNIMUM

MAXIMUM
, NUMBFR OF STORIES, MINIMUM ’
. MAXIMUM ——__;
~ BUILDING LENGTH LlMXTS MINIMUM
—  MAXIMUM

BJILDING WIDTH LIMITS, MINIMUM_..__.
MAXIMUM

LENGTH WIDTH RATIO, MINIMUM
MAXIMUM » INCREMENT

By this time, the designer is well into s design,

s — and the problem is one of fwither refinement of o set

of sclecied solutions. The itportant point 1o remember,
howcvcr, is that these sclected solutions have comce
from systematic investigation of ajl gcomctrics which
fell within given limitations, and that the solution costs
of the valid solutions were gencrated on the basis of
the total project,
project. Although the so-called *‘optimum®’ solutions
so found may not be chosen for further development,
the designer at least knows what premium is involved

- in making this dccision.

SUMMARY AND CONCLUSION

An approach to building optimization has been
presented which emphasizes the totality of the building
projcct in the optimization elfort, Some discussion of
the naturc of the neccssary information basc and the
language for manipulating it has bcen presented. A
few commands from the BOP language and somec 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, meMUM_______..
MAXIMUM

CORE WIDTH LIMITS, MINIMUM_'_____,

| MAXIMUM :

LEASE SPAN LIMITS, MINIMUM___.____.
MAXIMUM _______ ; : :

MAXIMUM NUMBER OF SOLUTIONS, _____;

STORY HEIGHTS, FIRST , SECOND
TYPICAL , MECHANICAL

INVESTMENT DATA,RENT_______,OPERATING
EXPENSES______, #CT, VACANCY —__,
MORTGAGE —___, DEBTSERVICE .
LAND COST .. AE FEEL___, PRO-
MOTION e; _

ADD MODULE, FEET. INCHES:




| P

I

CODE CONSTANTS, BPOP , PFIN .
PNET__—_____,HFIRE , TRAVL ..
‘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: : )

* MECHANICAL

BOP=AR Approach to Building Optimization SHi

COMPUTE RETURN ON INVESTMENT,

SOLUTION TO '
ALL
DELETE MODULE, FEET INCHES;

NUMBER OF FREIGHT ELEVATORS. :
BLOCK OUT GEOMETRY, EVERY..___FLOORS;

SELECT ELEVATORS, ZONE

WINDOW WALL CHARACTERISTICS.PCT GLASS .

, UGLASS

BLINDS FACTOR —___;
ENVIRONMENTAL DATA, AIR INTAKE BTU
» TEMPERATURE INSIDE

,» UWALL

TEMPERATURE OUTSIDE — , SOLAR
GAIN _______:
ELECTRICAL DATA, ILLUMINATION ________ .
CONVENIENCE OUTLETS — . __WATTS;

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

SQFT

UNIT PRICE _

PRINT ARCHITECTURAL SUMMARY,

SOLUTIONS
' ALL

..__'ro_..%

" RESTORE DATA, FILE

PRINT ENGINEERING SUMMARY,

SOLUTIONS —T0
ALL
PRINT COST SUMMARY,
SOLUTIONS )} e TO —
ALL
PRINT COST BUDGET,
SOLUTIONS ) e TO o
' ALL

SAVE BOP JOB, FILE . ;
RESTORE BOP JOB, FILE ——;
SAVE DATA, FILE .,

PRINT BOP JOB LIST;

APPENDIX B. BASIS FOR
BOP COST COMPUTATIONS

Although the building costs are by wo mcans the
only useful result from BOP, they are sufficiently
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 complete listing of unit costs and as-
sumed quantitics:

'IPRINT COST ASSUMPTIONS;

Upon rccognmon of this command, the BOP routines
produee output of the naturc shown in Figure 6.

]

A few yords of explanation should be sufficicnt to
enable the,reader to grasp the essence of the cost ap-
proach implicd by Figure 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 precentage of the base building cost, col-
umn 2, )

.3. As a dollars per squarc foot of gross building,

. column 3.

4. Inisome ‘“‘other’ rationa) way-—generally as a
"unit pncc times a quanmy whxch is a function of the
bmldmg geometry. ]
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CIST OF CUST ASSWAPTIUNS

1
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|
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NOe OF LINEAR FEETY VeV o PRAIN AT CURE *® 2 MIDVLL VT

ot

4

- Figure 6~Typical Cost Assumplions

. |
The actual basis on which the calculation for a par-
ticular item is madc is implied by the location of
asterisks—i.e., 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 base building,

Excavation, on the other hand, is computed on the
basis of $3.50 per cubic yard times the volume of ex-
cavation (=15 fecet X arca of typical floor). Figurc 7
indicates how the cost items are aggregated to form
the cost categories shown in Figure 4.

!

The user can casily switch the basis and numerical
valucs for computation of any cost item by the com-
mand

) DOLLARS
‘g P(TT - o
ENTER COST DATA, ITEM SQ FT ;

. . UNITPRICE

By’ giving gﬁe commands
b

- ENTER COST DATA, ITEM 2 5Q FT. 1.20;
; 'ENTER COST DATA, ITEM 3
' UNIT PRICE 4.00, 20, 18000;

i
the user/llcould 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. Oune is of a dircct multiplier
nature, and is given as the Engincering News Record
index

.| ENR COST INDEX,

The internal costs have been assumed on the basis
of an ENR = 700.- An externally supplicd value of
4 * .
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SAVF KOP JUBs FILE 121

HOP JUB

ENR = X will cause multiplication of all unit price
type costs by a factor of X/700. A second command,
COST VS HEIGHT CURVE, :
aliows the uscr 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 valicy: of 1.0 around 20
storics. Multiplicative effects of this curve are included
along with the ENR COST INDEX.
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CONSTRUCCION.

TECNICAS DE ANALISIS FINANCIERO APLICADAS A LA
EVALUAGION INTEGRAL DE UN PROYECTO DE

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 econémico, 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 resui-
tados muy satisiactorios.

E! contenido de este trabajo se en-
cuentra dividido en dos partes fun-
damenitaies. La primera es un plan-
teamiento teodrico de la naturaleza
dge la metcdologia propuesta, con
sus alcances y sus limitaciones; la
segunda parte es la presentacion
de un caso de aplicacion en la que
se discuten ios pormenores opera-
tivos de ia metodologia propuesta.

* Vécnico del CONESCAL

26

PRIMERA PARTE. PLANTEA-
MIENTO DE LA METODOLO-
GIA

1. La metodologia del anélisis de
sis temas.

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 anélisis de sistemas.

A) Definicién de objetivos

B) Formulaciébn de medidas de
efectividad

C) Generacion de alternativas

D) Evaluacion de las alternativas
E) Seleccion de la alternativa pre-
ferida

A continuacion se describen, de
una manera mas especifica, la na-
turaleza de cada uno de esos pa-
sas, ,

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,” ¢quién 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-
saliar objetivos, vagamente defini-
dos por clientes o proiesionales de
otras areas, y asi igentificar 10s
propositos fundamentales de un
sistema.

En general, para los fines de esta
exposicion, se puede distinguir en-
tre las siguientes_clases principales
de objetivos:

i} Eficiencia econémica pura.
La maximizacion de las ga-
nancias obtenidas sobre deter-
minadas  inversiones, prescinden-
do de quien las pueda acumuiar o
a costo de quien. .

i) Redistribucién de ingresos.
La promocion ae 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.

i) La satisfaccion de necesids-
des urbanas o rurales urgentes, que
no siempre pueden ser justificadas
a través de beneficios economicacs
directos pero cuya atencidn es de
gran valor para la comunnidad, tales
como pueden ser algunos proyec-
tos de salud publica o la creacidn
de areas de recreo.

Cada una de estas clases de ob;eti-
vos tienen sus meritos propios, sin
embargo, la persona u organismo



responsable de un proyecto debe
ser sicmpre espectalimente suspicaz
con respecto a los objetivos econd-
micamente injustificables: ya que
mientias que 1os recursos se consa-
gran védlidamente a ellos cada dia,
debe también indicarse que exis-
ten promotores de proyectos espe-
cificos que no pueden ser defendi-
das 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-
cia en que un responsable de pro-
yecto deba ser muy cuidadoso en
estos terrenos.

8] 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
algin medio para especificar en
qué grado deben lograrse los obje-
tivos; por lo tanto deberan defi-
mrse indices de funcionamiento,
que estén comprendidos dentro de
una escala cuantitativa, que permi-
ta precisamente establecer, en for-
ma objetiva, ese grado en que los
provectos alternativos analizados
satisfacen las metas propuestas.

La seleccion de las medidas de
efectividad es esencial, porque en
grari parte aetermina el disefio o
coniiguracion finai de un sistema.
Esto puede ilustrarse mediante un
simple ejemplo:

Supongamos que se requiere dise-
far 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 — kil6-
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—kilémetro
tiende a promover el uso de ve-
hiculos pequefios en la red.

La seleccibn de la medida de
efectividad, en este caso represen-,
taria una decision de disefio. Esto
permite dar una idea clara de la
importancia considerable 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-
cién 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,
la 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-
cién (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 Gltimo, cabe mencionar que
en ciertos casos se introducen en
{a seleccién de las medidas de efec-

tividad algunas complejidarles adi-
cionales a causa de la relacion fre-
cuentemente no-lineal entre estas
medidas -y 'los valores que intentan
representar, cOmoO veremos mas
adelante, por lo que en la practica
deberan aplicarse limites y rangos
a las medidas de efectividad.

C) Generacion de alternativas Da-
do que el propodsito del analisis 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?

éCuantas y cuéles 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 comun
sugiere que la investigacion de to-
das las alternativas no es recomen-
dable; algunas 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 bisqueda 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 sefalar lo deseable que es consi-
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derar muchas alternativas en lugar
de pocas. El desarrollo de las com-
putadoras electronicas ha aumen-
tado enormemente la habilidad del
disefiador y del analista para hacer
esto, y ha hecho posible el desa-
rrolio 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
converniente en este punto distin-
guir cuidadosamente entre la eva-
luacion 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 evaluacién) de
cada alternativa, una comparacion
de sus valores relativos y una deci-
s10n acerca de cual conjunto es
preterible. Mientras que la evalua-
cion, como ha sido definida aqui,
es un proceso mecanico, ‘la selec-
caion es principalmente un proble-
m.. de juicio y de valor. Esto im-
phica que las decisiones importan-
tes, no deben ser delegadas a una
1ormula matematica sin razona-
nmento.

£ Selevcion de la alternativa pre-
ferida. Finalmente, la seieccion es
el arte de balancear todas las can
secuencias. Implica juicios valo-
rados de las medidas de efectvi
dad deducidos objetivamente y
obtenidos como resultado del pro-
ceso de evaluacion.

28

La seleccion no es un problema
solamente técnico, sino de indole,
en muchos casos, politico. El 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-
formacion relevante segin prefe-
rencias.

2. EL ANALISIS FINANCIERO
DE PROYECTOS

2.1 Su naturaleza y alcances.

Es conveniente aciarar aqui,
que el significado preciso que se
dara al término 'Proyecto’’ en es-
ta exposicion, 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 disefos se estan aplican-
do los principios del analisis de sis-
temas que se acaban de estnzar.
Concretamente, el criterio de cos
tos-limite que suele emplearse es
una medida de efectividad que
permite evaluar diferentes diseiios
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
0 los diseiios que se requieren para
la realizacion de un conjunto de
instalaciones educativas y de su
construccién misma, sino que ha-
blamos también de todos los otros
conceptos de costo que involucra

normalmente una inversion en yp
complejo educativo, tales como 14
operacion del sistema, su manten,
miento, el mobiliario vy el equipo,
la adquisicion de terrenos, el per-
sonal administrativo y docente ne.
cesario, los 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 impli.-
ca que el andlisis motivo de este
trabajo abarque gran parte del ho-
rizonte de planeacion del proyec-
to. Es decir, el parametro 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
sistemmas, los objetivos buscados al
implementar un determinado pro-
yecto, desde el punto de vista {i-
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 sutofinancia

ble, es decir, que st bien los benefi

cios obtenidos como producto de
la implementacion del proyecto
snalizado no exceden en un mar-
gen atractivo, desde el punto de
vista privado, a los costos que in-
volucra dicha implementacion, si
los exceden con un margen sufi-
ciente para lograr un equilibrio ep
el flujo de fondos durante el pe
riodo de analisis del proyecto.

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 Jos resultados de
su evatuacion, 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 |a 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
aiguin 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 + r)

En donde r estd expresado como fraccién decimal.
Al cabo del segundo afio, el valor de la suma

sera:

K,

Ko (1+ 1)
Al cabo del tercer afio:

K; = Kz (1 + r) = Ko

Por induccién matematica, al cabo de *’n

Ko = K,

Supoéngase ahora el problema inverso, es decir,

Ki (141 = Ky (140 {1+0)

(1 +r)?

cuotas de aportacion de los usua-
rios 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 trabajo.

2.3 Sus medidas de efectividad.

En términos generales ia 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-
némico de estudio, cuya extension

se asigna de una manera mis bien
arbitraria, en funcion de experien-
cias previas en proyectos similares,

Dado que los fines de este tra-
bajo no son didacticos sino pura-
mente ilustrativos, a continuacion
se pretendera describir, en térmi-
nos muy generales y aun a riesgo
de ser demasiado simplistas, en
qué consiste cada uno de los cinco
criterios enunciados. Sin embargo,
previamente a esta descripcion, es
conveniente explicar y aclarar un
concepto que resulta de vital im-
portancia para la adecuada com-
prension de los criterios-menciona-
dos, y es el del ““valor presente” o
“valor actualizado™, o ‘‘valor des-
contado’’ de una corriente o flujo
de dinero.

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 K

En ese caso bastara con despejar de la expresion

(1), la incognita buscada:

Ko

Ka

4=(1+r)"

A este valor "K'’ se le denomina ‘“valor presen-
te’" o "valor actualizado’’, de una suma de dinero

erogada o ingresada en el afq ''n’’ de un horizonte
econdmico de analisis.
Para el caso de la expresion (1) se hablaba de

(1 +r)

una tasa de incremento anual ‘‘r"’, es decir el valor

“Kp" es un valor incrementado; de manera andlo-

0w 1

anos:

ga, en el caso de la expresion (2} se habla usuai-
mente de una tasa de descuento
razén al hablar del valor K" se le llama tambien
"valor descontado’’.

A la tasa ‘"’ se le llama entonces ‘‘tasa de des-

"“r'', y por esta

dada una suma de dinero cuyo valor incrementado
al cabo de ’n” afios es ' K", se quiere saber su valor
inicial en el afio cero, suponiendo que el porcentaje
o tasa de incremento anual haya sido *'r".

cuento’’ o también "‘tasa de actualizaciéon”.
Explicados estos conceptos se puede ya pasar a

. la descripcion de los criterios de efectividad men-

cionados al comienzo de este capitulo.
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A) Relacion beneficio/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 econdmico de
analisis 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”
aios.

Beneficios B, B, B, B, Bn -, Bn

Costos C, C. C G C._,Cn
4 { i = ses s 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

VPBo = B,
VPBl _ B,
T+
veg, = By
{1+ r)
VPB,, _ Bn
(1+r)"
|
Por tanto ia suma de estos vaiores seria;
n n B;
z VPg. = r —
i=o ! i=o0 (1+1).

'

En forma anéloga, para los.costos se tendr(a:

n n C
i=o0. i=o {(1+7)
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Y por consecuencia:

n B;
5 —
o i=o (14 71)
Relacion B/C =
n C;
5 L
i = o0 (1 + f)'

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 la tasa de descuento que se es-
coja, sin embargo, la seleccion de la misma resuita
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 actualizacidon no es una funcion
conocida a priori, razéon 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' analisis de sensibilidad del cociente para diver-
sos valores de la tasa, puede subsanarse en gran
parte ese defecto.

Otros defectos importantes de los que adoiece
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 d-
versos organismos, notese la repercusion economica
que podria tener para la industria de la construc
cion de un pafs, una medida tendiente a elevar esas
tasas en forma arbitraria.



B) Valor presente de los beneficios netos, Este cri-
terio difiere del anterior en que, en vez de estar
expresado como un cociente cuyo valor esta 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.

(Bi - Ci)
0 (1+ r)

VPBN =

M3

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 indico, se puede subsanar
mediante un adecuado analisis de sensibilidad, po-
{z2 en cambio la 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
anahisis 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 solo si:
n n
T c Gi+unt =z

o I =0

(1+ L)

Este criterio implica la busqueda de la raiz real
de la ecuacion anterior. Cuando “’L" no es Ia unica,
resuita inadecuado emplearla como indice de eva-
luacion, ya que por definicion este debe ser univo-
co; sin embargo, este caso no es frecuente y sélo
ocurre cuando existen gastos de consideracion pre-
vistos hacia los Gltimos afios del horizonte econo-
mico de analisis. Dentro del orden practico, su cal-
culo manual es laborioso, pero esto en la actualidad
ya no representa ningan obstdculo significativo, ya
que aun con una pequeiia 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, ademds de representar una base muy
consistente para juzgar tanto su viabilidad econé-

mica como su prioridad relativa, respecto de un
conjunio dado. de proyectos de inversidn.

De hecho, ain cuando también los dos criterios
anteriores se utilizan para jerarquizar un conjunto
de proyectos de inversion, él 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 inversidon 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 s6lo si:

n . n _
T K@+ =z P+

i = 0 i =90

En donde “K;" es el desembolso de una inver-

sion en el periodo i y “'P;"" 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, econémicamente hablando, el
requisito minimo indispensable a la fuz 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 e! cual la
suma de los beneficios netos acumulados a valor
presente, iguala al monto total de los desembolsos
de la inversion efectuada en este proyecto.

Expresado aigebraicamente esto significa que e:
periodo de recuperacion es aquel valor de “m’ que

satisface la siguiente igualdad:

m . m

r KO+ = oz
I =0 i = o0

Al igual que la relacion beneficio/costo tiene el
defecto de depender de una tasa de actualizacion
arbitrariamente elegida; pero ademds tiene el defect
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 per:odo 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 recuperaciéon de la inversion inicial a
corto plazo sobre aquélios cuya recuperacion de
esa misma inversidén se realiza a mas largo plazo. Es
decir que este criterio resulta totalmente inadecua-
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do para juzgar proyectos de formacion de infraes-
tructura, en los que, como ya se senaldé anterior-
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 vy
por lo tanto, si se desea obtener en forma rapida un
INDICE que proporcione 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 si, hacen que se revelen como

i

mas consistentes los de tasa interna de retorno, cos-
to especifico de capital y valor presente de los be-
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 situacién econo-
mico financiera de un proyecto, por lo que es alta-
mente recomendable el calculo y uso simulténeo 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 tamafio,
sino aun los llamados minicomputadores, ya sean
estos de saldon, de escritorio o aun de bolsillo, 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 sencilla, los principales alcances de la meto-
dologia anteriormente explicada.

" El proyecto en cuestion es un proyecto publico
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,

\ 1.1 Portales:

\
a) Pavimento y techo
b} Fachadas exteriores
¢} Fachadas interiores

Suma parcial: $ 3,500,000.00

1.2 Fachadas de:

- a)
b)

c):

i ) d)

2
* Ei sutor desea testimoniar su agradecimiento{al Presidente Muni-
cipal de Toluca, Lic. Arturo Martiner Legorrety, asi como al Dr,
Melchor Rodriguez Caballero, por su gantileza al \permitir ia repro-
duccidn de este interesante proyecto.
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Iglesia Santa Veracruz
Palacio Municipal

Cipula Camara de Diputados
Fachada Belisario Dominguez

Suma Parcial: $ 1,100,000.00
(1.2)

Suma parciai:
nm o $ 4,600,000.00



2 OBRAS NUEVAS.

2.1
2.2 Estacionamientos.
Suma Parcial:
(2)

3. OBRAS EXTERIORES,

[}

Edificio de Portales Nuevos

CALLE INDEPENOENCIA

Iy

-1 0

3.1 Plaza
3.2 Calle Constitucion
3.3 Pasaje Belisario Dominguez
' 34  Jardineria
Suma Parcial:
(3)
Suma Total:
J L J L |
AV. MiGuEL HIDALGO
® ® |
i jui ‘
hm 1]
— =
Gl A
3 ® <17 9
o] 1
£ i
3 13
L
_ L _ 9 ® ®
1]
-\ ; © (@“
L j S—

»

$ 24,000,000.00

$ 5,600,000.00
$34,200,000.00

{ PLAZA

2 CUPULA

3 PALACIO MUMCIPAL

4 ARES; AVARDINADSS

S {(LESIA ST VERACEUZ

© CAULLE CONSTITUCION

7 roaralts EXISTERNTE
& PROPIEDAD PARTICULAE
g ebiFicio AT

1o EDIFicio “B"

# gbwicto C”

(2 PASASZ B. DOMIAUIET
{3 CATEPRAL .
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Al imiciar el estudio de evaluacion, el problema
fundamental que se planteaba a las autoridades mu-
nicipales responsables del proyecto, era la consecu-
cron de los fondos necesarios para financiar la in-
version. La solucion que se le dio al problema fue
fa siguiente:

Los portales, las fachadas y 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

el municipio y dicho consejo. Este convenio, esta-
blecido después de haber realizado el nccesario es-
tudio de derrama, sirvid de base para negociar el
financiamiento de las correspondientes obras.

En cuanto a las obras nuevas, puesto que el edifi-
cio estaba diseiiado 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 y 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
o l :
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
—Construccidn obras exteriores 5'588,401 10'164.351
—Estudios yféroyectos 5% 508,218
—Supervision 'f'administracibn 5% . 508,218
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TABLA 2:
RENTAS CONSIDERADAS EN EL ESTUDIO
EDIFICIO

PARTE AREA VALOR UNITARIO DE RENTA RENTA MENSUAL TOTAL

. PESIMISTA MEDIO OPTIMISTA  PESIMISTA MEDIO OPTIMISTA
SOTANO 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 7,244,38 20 25 30 144,887.60 181,109.50 217,331.40

TOTAL 429,163.25 503,495.35 573,575.45

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
$573,575.45 x 12 =% 6'882,905

B) Metodologia empleada

Después de efectuar la necesaria evaluacion 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 realizd6 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.

2.1 Desocupacion, 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{mo6 conveniente considerar has-
ta un 5%, ya que a nediano plazo seguramente ha-
b-4 un incremento de construccion de edificios co-
merciales (Ver tabla

2.2 Man tenimiento y administracion del edificio.
Se considerd que para garantizar 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 considero un 8 a1 millar sobre el
costo de construccion del edificio sin incluir la ci-
mentacion (ver tablas 1y 3)

2.7 Depretiacién de los edificios. Se considerd
una vida econdmica Gtil de 25 afos y una depre-
ciacion de tipo lineal (ver tabla 3.)

2.8 Costos de operacién para el estacionamiento.
(Ver tabla 5 del anexo).

2.9 Mantenimiento y conservacién del estaciona-
miento. Para este caso se considerd el 1% del valor
de la construccidon, ya que la calidad entre los aca-
bados del estacionamiento y los edificios amerita
tal diferencia (ver tabla 6). (

2.10 Agua y luz para el estacionamiento. (Ver
tabla 6).
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2.11 Impuestos para el estacionamfiento.

3) Ingresos mercantiles: 4% sobre el valor de las
rentas. {Ver tabla 6).

b) Impuesto predial: ldem. que para los edificios

c) Depreciacion: idem que en edificios.

3. Hipdtesis de la evaluacién

Para lievar a cabo el analisis se hicieron las si-
guientes hipOtesis 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
anos, después de los cuales, el ingreso mencionado
no sufre ya ningan incremento.

3.2 Las deducciones anuales, exceptuando la co-
rrespondiente al impuesto predial, experimentan
también un incremento bianual del 10% durante 10
arios, 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
afos hasta el final del periodo de analisis..

TABLA 3: REMODELACION DEL CENTRO DE TOLUCA

DEDUCCIONES ANUALES

EDIFICIO

o)
1. Desocupacién:

5%rentas: Pesimista
" Méddio ¢
Optimista
2. Mantenimiento y administracién:
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
D.05 x 6'039,818 301,991
0.05 x 6/882,905 344,145
0.03 x 22'953.037 688.501
70.02 x 5'149,959 102,999
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

0.04 x 22'953,037 918,121



v apeta enteen gque in diferencia entre
sos y los topdos, resulte negativa se considera
Lo es necesanio incurnir 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 mds
probable para el financiamiento de la inversion ini-
cial, es de 15% sobre saldos insolutos semestrales.
3.6 El periodo de Amortizacion de la Inversion
Inicial, se supuso igual a 10 afos.

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 afios.

3.9 Por Gltimo, se consider6 que durante el tiem-
po en que se ejerce el crédito inicial, éste no deven-
ga intereses.

4. Resultados del andlisis.

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/automévil, promedio
3 autombviles/espacio x dia

300 dias de servicio -

4. INGRESOS: $/afio
60x 150 x 12= 108,000
12x 150 x 300 = 540,000
' $648,000
TABLAG5: REMODELACION DEL CENTRO DE TOLUCA .
ESTACIONAMIENTO .
) OPERACION .
PUESTO SALARIO/MES NUMERO DE TOTAL/MES
$ TURNOS ‘ $
ENCARGADOG 2,000 1 2.000
2 CHECADORES ’ 1,500 3 9,000
2 MOZOS 1,000 2 4000
TOTAL o f 15,000
TOTAL ANUAL: $15,000 x 17? =$180,000
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TABLAB: 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 j 60,000
4. Ingresos Mercantiles:
4%renta: 0.04 x 648,000 25,920
8. Impuesto predial:
©'.525x §911,334 46,784
6. Depreciacién '
0.04 x 3'227,334 129,093
344977
— = (.63
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 0.0 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
INVERSION INICIAL : 10.49 15.74 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
REFINANCIAMIENTO ~ 163 3.64 0.58 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SUB-TOTAL CREDITO 12.12 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 0.0 0.0 0.91 2,54 5.43 9.32 15.22 2.
TOTAL DE FUENTES 1212 21.26 8.64 9,27 10.25 12.63 15.52 20.25 26.15 33.55
USos |
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 1.88 2.04 2.04 2.21 2.21 2.39
DEPRECIACION 0.0 0.53 1.05 1.05 1.05 1.05 1.05 1.05 1.05 105
SUB-TOTAL INVERSION 10.49 16.55 2.76 2.90 293 3.09 3.09 . 326 3.26 3.44
]
AMORTIZACION DE CREDITOS
INVERSION INICIAL 408 390 3.45 2.99 2.54 2.09 1.63 1.18 0.73
REFINANCIAMIENTO 0,63 1.98 2.01 1.79 2.57 1.03 0.14 0.0 00
SUB-TOTAL AMORTIZACION 471 5.88 5.46 4.78 4,11 3.n 177 1.18 0.73
TOTAL USOS 1292 2126 864 6.36 7.7 7.20 6.20 5.03 4.44 417
1
SALDO PARA EL ANO SIGUIENTE 0.02 Q.0 0.0 Q.91 254 6.43 9,32 15,22q 21.71% 29.38
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1982

1079
10.76

0.0
0.0
1.0u

2.7
3355

TABLA 6-B

PRCYECTO REMODELACION DEL CENTRO DE TOLUCA ALT 15
ANALISIS DE SENSIBILIDAD DE LOS
INDICES DE EVALUACION ECONOMICA

CORRIENTE DE BENEFICIOS

CORRIENTE DE COSTOS

# SUBTOTAL VENTA

# SUB-TOTAL INVERSION

1

TASA RELACION B/C VALOR PRESENTE AND 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 L7 41, 9
0.09 1.64 3s. 9
0.10 1.58 30. 9
0.11 1.51 26. 9
0.12 1.45 22, 10
- ' 0.13 1.40 18. 10
- 0.14 1.34 15. 10
0.15 1.29 12, 11
COSTO ESPECIFICO DE CAPITAL 1.61
TASA INTERNA DE RETORNO 22.02
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
' 1086 11.87 11.87 11,87 11.87  11.87 1195 1195 1195 1195 11,95 1194 12,03 1203 1203
10.86 11.87 1187 11,87 11.87 11.87 1195 11.85; 1195 11.94 1195 1194 1203 .12.03 12.03
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 00
0.0 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 0.0
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 .05 1,05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 109
29.38 37.54 4677 56.00 65.21 74.39 83,55 92,73 101.87 110.98 120.07 129.13 138.16 147.23 155.28
4129 50,46 69.69 68.92 78.13 8731 9655 105.73 114,87 123.98 133.07 14212 151.24 160.31 169 36
06 Qo 0.0 c.0 0.0 00 00 0.0 0.0 0.0 0.0 2.0 20 00 0.0
2.43 264 2.64 2.66 2.65 271 2.77 2.81 2,84 2.86 2.85 2.9} 296 2.98 30
1.05 1.05 1.05 1.05 1.05 10.5 1.05 1.05 1.05 1.05 .05 1.05 1.05 .05 1.05
3.48 369 3.69 3.7 374 376 .3.82 3.86 3.89 3.91 3.94 3.96 4.01 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 0.0 co
00 Q0 0.0 0.6 ,~" 00 0.0 0.0 0.0 00 | 0.0 0.0 0.0 0.0 00 00
0.27 00 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20
3.75 369 3.69 3,71 3,74 376 3.82 3.86 3.89 3.91 3.94 3.96 4.01 4.03 P 0
IR AN A8 Vo R 2 IR ol TPl v N e AT AL L« s .
37.54 4677 56.00 . 65.21\- 76.39  83.55 9237 101.87 110,98 120,07 129.13° 138.16 "147.23 ' "156.28 0
. i S
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TABLA 7: RESUMEN DE RESULTADOS DE LA EVALUACION FINANCIERA - N o B

~ wRamgy e

Con Con Con Valor Alterna- Relacion Valor pre- Ao de Costo espe- Tasa inter-
- Estaciona- Deduccion Terreno  Medio tiva. , de B/C sente bene- recupera- cifico de na de retor-
miento Predial Rentas NGmero ficios netos. cidén. capital. no.
—\ . ’ 005 - 015 0.05 .0.15 0.09 0.15
[} ) .
PESIMISTA 1 1.37 083 © 25 -8. 13 - 13.57 11.18
St MEDIO 2 1.56 0.96 40. -2 11 - 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
S1 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
o i
PESIMISTA 7 1.42 0.91 31. 4, - 12 - 1412 12.86
NO MEDIO 8 159 104 45, 2, 10 20 1290 15.91
OPTIMISTA g 1.76 1.15 9. 7. 9 14 12.00 18.68
Si
PESIMISTA 10 1.37 0.84 28. -8, 13 - 13.80 11.30
St MEGIO 11 1.54 0.96 42, -2 n - 13.82 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 MEDIO 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 1933




~~sonte economico de analisis de 25 arios, en un
~gquema tabular que se conoce en este tipo de estu-
¢hos como cuadro de fuentes y usos de fondos. L.as
cifras que ahi aparecen estadn 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 actualizacién {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 (Unico 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 15%.

Finaimente, 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 15son los
‘que presentan una mayor rentabilidad atendiendo
fundamentalmente a su tasa interna de retorno
como a 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, lo que implica,
que ya sea que se deduzca o no el impuesto predial,

la mejor solucion es no considerar el costo de ad-
quisicion del terreno como parte del proyecto por
financiar.

5. 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, 8 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 l0s organismos
internacionales,de crédito, como con los consejos
superiores de planificacibn 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 ENFOQUE
DE SISTEMAS

ARQUITECTONICA

DAVID CYMETL.

EN LA PROGRAMACION

—_ -

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 dc pro-
gramacion y se conll'tim'm con la de diseiio, que sirve de base a la produc-
cibn de partes y a la construccién, para finalmente culminar en la
ocupacion y uso. Esta etapa final de uso, a su vez, es el antecedente de
la programacion de edificios subsecuentes, pues permite confrontar las
hipétesis del proyecto anterior con la realidad operante, haciendo evo-
lucionar los nuevos programas,

Tradicionalmente la etapa de programacién arquitecténica se ha re-
ducido a obtener solamente la lista de los locales o espacios arquitec-
tbnicos por resolver, en base a las necesidades de espacio de los futuros

usuarios del inmueble.

1 2 3 4 5 ¢
PROD! co
PROGRAMACION PROYECTO uccion NSTRUCCION OCUPACION EVALUACION
# DE PARTES ‘> IN SiTU Y uso

L. CICLO GENETICO DE LOS EDIFICIOS



de la cual forma parte integral la llamada ingenicria de sistemas. Surgida
en otros campos del disciio, esta disciplina empieza a tencr aplica-
ciom en el campo de la arquitectura al considerar que todo edificio es
un sistema compuesto de varios subsistemas. :

La concepcion de la arquitectura como un sistema tienc profundas
repercusiones en todo el proceso de gestacion del producto arquitce-

-tonico, haciendo posible un acercamicnto cada vez mayor entre 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 de
captar las necesidades reales de los usuarios y de todos los scctores afec-
tados por el futuro edificio, y de traducirlas en detcrminantes, 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 el
- proyecto, permitiendo comprobar su validez como satisfactor de las
necesidades que lo motivaron. '

El planteo anterior requiere que se esclarezca en este punto el signi-
ficado de las citadas especificaciones de proyecto para diferenciarlas
nftidamente de conceptos limf{trofes tales como las especificaciones de
construccion y las normas de disefio y produccion. .

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 definiciéon 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 rcales de los usuarios, pucs 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
sistemdtica todas las exigencias que se han de satisfacer en su proyecto,
tales como las condiciones de clima, luz, sonido, conservacion, aisla-
miento, etcétera, que deben prevalecer en los espacios arquitecténic.os
que va a proyectar. Estas informaciones, entre otras, son tan necesarias
en el programa arquitectdnico como las listas de locales y las dimen-
giones,

De hecho el movimiento funcionalista moderno habfa ya planteado
la necesidad de una programacioén 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,

'



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
la 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 aplicacion 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 solucién 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

Ias normas en que se apoyan, son anteriores a la solucién 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 produccion y construcciéon que sirven de base a :
la realizacion material. Las especificaciones de produccién y construc-

cidn 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 posiblc 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 problemas 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 categorias y subcategorias, tales como edificios residen-
ciales, escolares, hospitalarios, etcétera. La clasificacion por ubicaciones
climiticas tampoco es problemitica, pues en el caso particular de la

Republica una division en un méiximo de cinco regiones es suficiente
para los fines propuestos. )

El establecimiento de la clasificacién 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 arquitectdnico a que



pertenece son las dos coordenadas que permiten localizar las normas
que le corresponden; y que se han de traducir cn las especificaciones de
proyecto del problema. Estas a su vez, deben expresar la totalidad
de exigencias que han de satisfacer las difcrentes 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 compucsto de varios sistemas y subsistemas, proporciona el marco

de referencia adecuado para dar a conocer cada especificacion a aquella

parte del edificio a que corrcsponde. ’

A continuacion se esboza un anilisis de los sistemas que componen a
los edificios, sistemas que sirven como marco de re erencia a las especi-
ficaciones de proyecto de cualquier problema particular que se pre-
sente. )

En la ingenieria de sistemas se reconocen dos tipos genéricos de sis-
temas: o i

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, ctcétera). Los sistemas
asociativos, én cambio, no proAces:m una corriente identificable, sino

que realizan un servicio al ser usados, aunque pueden contener como
subsistema algiin sistema de flujo. Un edilicio y un coclie, considerados
como objetos globales, son ejemplos tipicos de sistemas asociativos.

Al intentar identificar los géncros de sistemas que intcgran los cdifi-
cios, se encuentra que éstos pertenccen a los dos tipos de sistemas cita-
dos, pues algunos conducen y procesan corrientes, como en el caso de
las diversas instalaciones, mientras que otros cumplen una funcion de uso
como sucede con el sistema de espacios arquitectdnicos.

La identificacion de los sistemas componentes de los edificios puede
realizarse bajo-dos puntos de vista diferentes, el funcional y el morfolé-
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. o e
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. .
i - _



2. EL EDIFICIO Y SUS SISTEMAS COMPONENTES
DESDE EL PUNTO DE VISTA FUNCIONAL

El primer sistcina, la infraestructura, ticne como mision transmitir las
cargas del edificio al subsuclo y se integra por los cimicntos del edificio.
La estructura es el sistema transmisor dc cargas y la superestructura cf
sistema que subdivide el espacio. Finalmente, las instalaciones son los sis-
temas que conducen los flujos materiales, encrgéticos ¢ informativos
que requieren los ocupantes del edificio.

En cambio desde el punto de vista morfologico un edificio sc desglo-
sa en sistemas de espacios arquitectonicos de diversas jerarquias. Se
trata en este caso de sistemas asociativos que tiencn como funcion el ser
ocupados y usados. Los sistcmas de espacios arquitectdnicos varian se.
gan el tipo de edificio. Por ejemplo, en el caso de los hospitales hay tres
sistemas jerdrquicos de espacios arquitecténicos que los componen:

3

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 parte
de un sistema mis 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 arquitectdnico.
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-Se trata pues de un desglose de los sistemas del edificio rcal, desde dos
puntos de vista difercntes aunque no excluyentes. \

Las especificaciones generales de proyccto se han de establccer 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 solucion o proyecto.

ESPECIFICACIONES GENERALES DE PROYECTO

DEL SISTEMA. DE ESPACIOS ARQUITECTONICOS

especificacio.
nes de proyecto
de los sistemas
infraestructural
y estructural

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 complcto de un problema arquitectbnico no
sdlo debe contener la lista de elementos quec intcgran su sistcma espa-
cial, como sucede en los programas arquitecténicos tradicionalcs, sino
que ademds debe contener las especificaciones gencrales de proyecto de
todos los sistemas restantes del edificio. Un programa complcto permite
que todos los diseiiadores, arquitectos e ingenieros de las diversas espe-
cialidades que intervienen en el proyecto integral del edificio, tengan
una auténtica base informativa en la cual puedan fundamentar las solu-
ciones de los sistemas que les corresponden. '

De todo lo anterior no debe sacarse la falsa conclusion de quc la cta-
pa de programacién es en su totalidad anterior a la de proyecto. De
hecho, se prolonga y llega a su fin hasta la terminacion del proyecto
mismo, pues este Gltimo influye en el programa modificindolo en el
transcurso de su desarrollo. La programacién es un proceso de aproxi-
macion 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.

Las especificaciones generales de proyecto incluyen dos tipos:

1. Restricciones.
2. Criterios. - .



Las especificaciones completas de un problema deben incluir ambos
tipos de especificaciones, ya que las restricciones sirven para comprobar
la validez de las soluciones, y los criterios para medir su grado de op-
timidad.

Una solucién, para poseer legitima validez como tal, debe primero
satisfacer las restricciones del problcma. 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 6ptima 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 definic 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 soluci6n, mientras que
las internas se refieren a las caracteristicas propias del sistema que se
deben satisfacer cn la solucion. )

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:

e

1. Actividades de uso del sistcma.
2. Medio en quc va a operar el sistcma. »
3. Recursos disponibles para realizar y operar el sistema.

Tanto para los sistemas asociativos como para los de flujo, estos fac-

" tores proporcionan la fuente objctiva cn que se gencra cl 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
L1. Las actividades. El anilisis de las actividades para las quc sc
crea un sistema asociativo, consiste ¢n estudiar ¢l uso a que estc
sistema estara sujeto.
Las actividades de uso del sistema son estudiadas analizando ¢l

' proceso espacio-temporal en que se desenvuelve ese uso del siste-
ma por los usuarios y sus diferentes objetos.
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En el caso de las industrias y los diversos sistemas de trabajo,
este proceso cs estudiado por la ingenicria industrial.

La programacion arquitcctonica de todo cdificio ticne su origen
inicial en el anilisis de las actividades dc uso del edificio por pro-
yectar. Se han dc investigar las personas y objetos que intcrven-
drin en cl uso del futuro edificio, y cl proceso de esc uso.

Como condicién esencial para realizar cl analisis de actividades,
hay que identificar previamente el sector humano para el que se
va a proyectar el sistema. En problemas pequciios este paso pre-
vio es tan obvio que pasa desapcercibido; 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 especificaciones de pro-
yecto. El anilisis del sitio o medio ambiente tienc como fin
.adecuar el futuro sistcma 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 de alta velocidad.

En los problemas arquitecténicos, el anilisis del medio ambicnte
consiste en estudiar las caracteristicas del sitio en que sc estable-
cera el edificio, definiendo las restricciones que éste impone al
problema. ‘



Este andlisis puede iniciarsc a un nivel de mayor gencralidad
cuando aiin no se ha determinado el sitio exacto en que se ubica-
ra el edificio, contando sélo con su macroubicacién en una re-
gion o ciudad. Tal macroanilisis permite realizar una selcccion
de los sitios disponibles, éscogicndo el que mejor satisface las
especificaciones referentes al sitio.

Una vez realizada esta seleccion se puede proceder a realizar el
microanilisis del terreno escogido, par:ii determinar las restric-
ciones que impone al futuro proyecto, c:lé 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 solo abarca los medios financieros disponibles,
sino que se refiere también a los diferentes medios de produc-
ciéon (humanos, materiales y tecnoldgicos) que entran en juego.

La realizacién de los andlisis de los tres factores, actividades, sitio y
recursos, permite definir las especificaciones de proyecto del sistema.

Las especificaciones ya expresan en forma directa e inmediata la
informacion que se requiere para proyectar el sistema, pues traducen las
restricciones que imponen las actividades, el sitio y los recursos en tér-
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minos de caracteristicas propias del sistema, que sc han de satisfacer cn

su proyecto.
Se presenta a continuacion una explicacion somera del significado de

los tres tipos de especificaciones, funcionamicnto, matcrialcs y produc-
cidn, antes de proceder a analizar el proccso dialéctice que permite

. deducir las especificaciones de los factores externos.

1.4. Las especificaciones de funcionamiento. Las especificaciones
de funcionamiento (performance specifications) expresan las
" diversas caracteristicas de funcionamicnto quc ha de satisfacer ¢l
sistema por proyectar.
Estas caracteristicas expresadas como requerimientos indepen-
dientes uno dcl otro, se constituyen en la gufa y prucba de vali-
dez del proyecto, y se fusionan en un todo en el proyecto que
las satisface. -
En los problemas arquitecténicos las especificaciones de funcio-
namiento abarcan no sélo el tradicional programa de partes y ¢l
- diagrama de funcionamiento, sino que definen ademis las condi-
ciones ambicntales en ellos requeridos, tanto de indole visual
como acstica, climitica, mecdnica, etcétera.
Esta informacioén 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.



LS. L-as especificaciones materiales. La gama dc materiales admi-
sibles para la realizacion de un sistema cstd limitado por los re-
quisitos que imponen las especificaciones de funcionamicnto y
por las restricciones que imponen las disponibilidades de re-
cursos. )

l'.a determinacion de las especificaciones materialcs le propor-
dona al proyectista un claro conocimicnto de los materiales de
ue puede disponer, y entre los cuales ha de realizar su scleccion

final en el momento de proyectar.

F:.xisten casos extremos en que la cspecificacion material llcga a
l? prescripcion rigida de un material particular, en aquecllas situa-
clones en que solo un material determinado es capaz de satisfa-
cer las especificaciones de funcionamiento y los factores
externos. .

En cambio hay situaciones en que solo convicne definir las espe-

cificaciones de funcionamiento sin ocuparse de restringir los ma-
teriales, en aquellos casos en que es aconscjable conservar un alto
grado de libertad creativa y econémica. En tales casos casi no se
establecen especificaciones materiales de proyccto.

Conviene advertir contra el peligro de confundir las especifica-
ciones materiales de proyecto aqui citadas, las cuales son previas
al proyecto, con las especificaciones materiales del proyecto ya
resuc.zfto, Y que forman parte de la solucién y no de la progra-
macién. -

4
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1.6. Las especificaciones de produccion. Las especificaciones de
produccion restringen los procedimientos de ejecucion material
admisibles en la solucion del sistema.

'Esta restricciéon puede tencr su origen en los recursos, es decir cn
las posibilidades industriales, técnicas o cconomicas dcl pro-
blema.

En el caso de los problemas arquitectonicos las especificacioncs
de produccién abarcan tanto cl aspccto de los procedimientos
productivos admisibles en la produccion de partes fabricadas in-
dustrialmente, tales como ventanas, puertas, closcts, etcétera, asi
como los procedimicntos constructivos que pueden utilizarse cn
la construccién del edificio in situ.

Una vez que se ha expuesto el significado de los factores externos y
de las diversas especificacionces de los sistcmas de tipo asociativo, corres-
ponde aclarar la metodologia a seguir 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 se hace

. para realizar esas actividades de uso. En el caso de los cdificios, cs 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 edi-
ficio ha de albergar, permite establecer los espacios neccsarios 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 prorrrama de espacnos asi como s espccnf' caciones de funcio-
namicnto de los mismos. .

Como ya se ha mencionado, el analisis de actividades no pucde scr
realizado en forma atcmporal y aespacial, sino que requicre una ubica-
cion de tipo macrogeogrifico ¢ histérico, pero sin necesidad de conocer
en esta etapa la microubicacién del futuro cdificio o sistcina.

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 disponiblcs, expresa solamente necesidades y no posibilidades. Asi-
mismo no incluye todavia el amplio scctor de cspecificaciones 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 satisfaccién estd dentro de los limites de lo posible.
~ Se procede entonces a realizar la scleccion del sitio, en basc a los re-

‘querimientos o espccificaciones del programa, escogicndo aquel que
mejor satisfaga las experiencias en él 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 se procede entonces al andlisis del sitio, tanto desde cl 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. o L
1.4 Subsuelo. Lo . -
1.5 Flora. S L :
1.6 Clima.

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, contaminacién atmosférica, etcétera).

3. Caracteristicas estéticas del sitio
3.1 Paisaje y vistas.
3.2 Estilo y unidad con el medio urbanistico-arquitecténico.

El andlisis del sitio puede modificar el programa de partes y las espe-
cificaciones ya alcanzadas, ademas de adicionar toda una seric de especi-
ficaciones de proyecto que tienen su origen en la confrontacion del sitio
con el programa. .



El anilisis del silio se realiza en funcion de una hipétesis de progra-
ma, y consiste en confrontar las cxigencias dcl programa tentativo con
las posibilidades del sitio, sin llegar todavia a solucioncs, investigando las
restricciones que éste impone a la solucion. En la misma forma sc

_realiza la confrontacion dialéctica entre los recursos y ¢l programa, pucs
no tiene sentido alguno calcular recursos per se, sin referencia al objeto
para el cual se requieren,

Por lo que respecta a los sistemas de flujo, hay necesidad Gnicamente-

de resaltar las diferencias existentces en el anilisis de los factores exter-
nos, pues por lo que respecta a los géncros de especificaciones por defi-
nir, ambos tipos de sistcmas 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 sc 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 rclacion 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 entregar ya procesado en sus
terminales de salida.
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El problema de una red de agua es un bucn ejemplo para ilustrar el
procedimiento de programacion. El conocimicnto del sitio es necesario
para conocer las caracteristicas de la corriente de agua que alimentari 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 ¢l producto que ha de en-
tregar la red. _

Los anilisis de actividades y del sitio permiten también definir las
condiciones de trabajo y desgaste que se originan en el medio ambicnte
y en el uso humano, y que la red ha de ser capaz de resistir en determi-
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 ubicard en un lugar con un alto contenido de salini-

dad ambiental, este hecho determina una especificacion de funciona-
miento relativa a las caracteristicas anticorrosivas descables de la futura
red.

Las especificaciones de funcionamiento y el andlisis de recursos son a
su vez los dos antecedentes mds importantes para definir las espccxl" ca-
ciones de proyecto de materiales y produccion.

El cohocimicnto de los recursos materiales y productivos del sitio
permite definir la gama de materiales y procedimicntos con los quc sc
puede contar en principio en la solucién, para satisfacer las exigencias
expresadas en las especificaciones de funcionamiento.

En los problemas arquitectonicos hay que afrontar ambos tipos de
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sistemas, los asociativos y los de flujo. Micntras que el edificio global,

asi como sus conjuntos de espacios, su estructura, infracstructura y

supcrestructura represcntan sistemas asociativos, las diferentes instala: |

* cioncs o redes son todos sistcmas de flujo.
La labor de programacion dcbe abarcar todos y cada uno de los siste-

mas del problema arquitccténico, para lo cual se hace aqui un examen

individual de cada uno de estos sistcmas y subsistemas, desde el punto
de vista de sus espccificaciones de proyecto.

Hay que destacar que en todo problema arquitectdnico los difcrentes
sistemas componentes no son autbnomos, 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 sdlo subsistemas. Esto
significa que el objetivo de optimizacion vale para el edificio como un

todo, mientras que por lo que respccta a los diferentes subsistcmas alo

sumo se puede tender a su suboptimizacion. La programacioén o especi-

ficacién de los subsistemas del edificio esti subordinada, por consi-

guiente, a la del edificio. '
Empezando por el sistema de espacios arquitcctonicos, sc expone a

continuacion, para cada uno de los sistemas que constituyen un edifi-
cio, cudles son los aspectos que sc deben definir en sus correspondientes

especificaciones de proyccto, asi como la relacion que hay entre éstas y
los factorcs externos que las generan.

A. El sistema de espacios. Este sistema estd constituido por los dife-
rentes espacios de un edificio, entre los que se incluyen también 'los

~

res externos: actividades, sitio y recursos.
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espacios destinados a las circulaciones. Programar este sistema significa
definir las siguientes 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 Climiticos.
A.5.2 Luminicos. L )
A.5.3 Aciisticos. .
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 relevantes por considerar al programar el sistcma
de espacios arquitecténicos,

. El proceso para determinar las espccificaciones del sistema de cspa-
Cl0s arquitectonicos, requicre la realizacion del andlisis de los tres facto-



El anilisis de actividades, gencralmente el primero en realizarse por
gu caricter primario, sc refiere a los aspectos siguicntes: -

a) Niimero de ocupantes de los espacios, clasificados por tipos.

b) Nimero de objetos de moblaje, almacecnamicnto, uso y consumo

que se albergarin en esos espacios, clasificados por tipos.

¢) Procesos espacio-temporales de ocupacién y uso de los espacios

por los ocupantes y sus objetos.

El anilisis de las actividades en los términos dc personas, objctos y
procesos ofrece la base para proponer tentativamente la primera hipote-
sis de programa y especificacioncs de proyecto, la cual se sujetard a
. modificaciones iterativas en los anilisis subsecuentes del sitio y de los
recursos disponibles.
~ Esimportantc 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 comiin. En esta forma hay un gran ahorrs 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 fraccion 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.

i- La hipotesis de programa que resulta del andlisis de actividades, per-
mite proceder a realizar la seleccion del sitio mis adecuado para ubicar
el edificio al ofrecer un patron de necesidades. Cuando el sitio ha sido
ya predeterminado, este paso no es necesario, procediéndose al anilisis

I sitio dado.

: El an4lisis del sitio permite avanzar mas en la definicion del programa

sus especificaciones, pues las caracteristicas del terreno influyen en las
mismas. Si el sitio por ejemplo padece molestias por ruidos aledaios,
este hecho determina una especificacion 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-
cidn 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 indicé con anterioridad, al hablar de los sistemas arquitecté-
nicos en general, cuiles eran los diversos puntos que se han de investigar
al realizar el anilisis del sitio, por lo cual no hay necesidad de repetir la
misma lista.

Después del andlisis del sitio se ha de proceder a realizar ¢l anilisis 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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Ainicamente lo que es descable, sino también lo que cs posible. Este

fanz'rlisis sc reficre no solo a los recursos monetarios, sino también a los
.diferentes recursos de naturaleza no financiera requeridos para realizar
el programa. Un programa sc ha de modificar no sélo por la insuficicn-
cia de rccursos monctarios, sino también por la carencia de determi-
nados materialcs, técnicas o mano dc obra.

El analisis de rccursos es por consiguicnte una etapa muy importante
en el proceso de gestacion del programa, pucs los recursos disponibles
|determinan el programa en la misma forma que las actividades y las

- Bcaracteristicas dcl sitio. En términos generales los recursos que hay que

-considerar son los siguicntes: .

1.2.1. Recursas monctarios.
1.2.2. Recursos de produccion.
1.2.21 Materiales.
1.2.22 Mano de obra.

1.2.23 Técnicas.

. Una vez que el programa inicial ha pasado por el cedazo de los recur-
sos y se ha ajustado cn funcién de éstos, sc procede al ajuste final del
programa y de sus especificacioncs de proyecto. Este programa ya es cl
antecedente inmcdiato del proyccto arquitectonico.

B. Las instalaciones. Las instalaciones o redes de los edificios son sis-

temas de flujo que se han de espccificar como corresponde a este tipo

/6

;ie s:stcr'na.s, en que cl andlisis de actividades y del sitio debe estar dirigi-
darontal dc ok kpesfmmcs s  PROCL08 como pace un
- S de amicnlo,

La.s instalacionces son Lodos sistemas de flujo quc poscen entradas en
quc ingresa su insumo, y terminales en quc cinerge cl producto proce-
- sado. En las instalaciones de los edificios cxisten los tres lipos d(f siste-
mas de flujo, tanto dc corriente material, como encrgética ¢ informati-

va. Se presenta una li§ta de los tipos mds comunes de instalaciones:

B.1 Instalaciones de corriente material,
B.11 Agua fria.
B.12 Agua caliente.
B.13 Oxigcno.
B.14 Aire acondicionado.
B.15 Gas.
B.16 Petrolco.
B.17 Dicsel.
B.18 Desagiic y drenaje.
B.19 Desalojo de basuras.
B.20 Airc comprimido.
B.2 Instalaciones de corriente cnergética.
B.21 Electricidad,
B.22 Huminacién.
B.23 Calor.
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B.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 msumo 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.21 Materiales admisiblcs 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 solucién. .

Para definir estas especificaciones hay necesidad de recurrir al andlisis
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dirigido de los factores externos, es decir de las actividadcs, el sitio y los

Fecursos, . L
Las diversas actividades por desempeiiar en el edificio generan una

determinada demanda de corricntes materiales, encrgéticas ¢ informati-

vas, asi como una oferta como en el caso de las diferentes corrientes de
; ~ deshechos materiales. En el primer caso las demandas definen cl produc-

to de las redes, y en el segundo caso esos deshechos sc convierten en los
insumos de las redes de desalojamicnto de desperdicios. Las llamadas
que tienen su origen en el interior del edificio, s¢n igualmente insumos
de la red. ! '

Esto significa que las actividades permiten calcular el producto quc
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 misién bésica 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 cdificio permiten calcular
los voliimenes de Aaguas negras por desalojar, es decir, los insumos dc esa
red.

Es conveniente hacer notar que este método de especificacion vale
igualmente para las redes de flujo informativo, pucs los volimenes de
informacién que la red dcbe entregar o recoger estd cn funcion directa
de los ocupantes y sus actividades, Los volimenes dc informacién sc



miden actualmente con la misma precision quc 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 dctcrmlflacmn.
El insumo de la red de agua se conoce a través de las caracteristicas del
didmetro, gasto y presién de la toma domiciliaria, datos que propor-
ciona la investigacion del sitio inmediato o de la zona.

La definicién adecuada de los insumos y productos de una red, cu?'o

" célculo requiere muchas veces de procedimientos estadl’.sticos, pcr.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, s¢ pucde proce-
der a definir las especificaciones de funcionamiento re'stantes, tales
como que la red sea registrable, subtcrr.{mea, ape.xr.ente, etcétera. F_'.n e.sta
tarea hay que recurrir no solo al andlisis de actividades y del sitio, sino
también a los recursos disponibles para la red. .

Subsecuentemente, en base alas especificaciones de funcionamicnto,
asi como a las actividades, el sitio y los recursos, se pueden establecer
los materiales admisibles e inadmisibles para la solucic')'n de la red, y los
pfocedimientos de produccion y construccion, es decir, las especifica-
ciones de proyecto de los materiales y la produccion.

C. El sistema superestructural El sistema superestructura
diferentes acabados de un edificio, que se sobreponen al sistema estruc-

| abarca los
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tural. Este sistema es un conjunto de subsistemas, entre los cualcs sc
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 compuestos de
materiales cuya composicion es resuelta por el disefiador.

El disefiador de los sistemas de acabados requiere, como en el caso
del diseiio de cualquier otro sistema, de especificaciones de proyecto
que le permitan responder a los requerimicntos de los usuarios, en un
medio ambicnte dcterminado, con los recursos disponiblcs.

Los sistemas de acabados son todos de tipo asociativo, Para rcalizar
su especificacion se aprovecha el marco de referencia que ofrece la hipé-
tesis de programa, debiéndose determinar los requerimicntos quc corres-
ponden a los acabados de cada uno de los espacios arquitectonicos.

Las especificaciones de proyecto de los sistemas de acabados ticnen
su génesis en el andlisis de las actividades que se realizaran en los dife-
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n.antes .espacios del edificio, en las condiciones del sitio y en los recursos
disponibles.

Est.os faf:tores representan los hechos objetivos de los que emanan las
especificaciones de proyecto de los acabados.

En via de ejemplo, lis actividades de los usuarios relacionadas de
alguna manera con la ventaneria de un edificio, asi como las condicio-
nes climétinm, acdsticas y visuales del sitio determinan los requerimicn-
tos que este sistema debe satisfacer. Si las actividades por desempeiiar
requieren silencio, y las condiciones del sitio son ruidosas, la ventancria
deber4 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 deberi especificarse de antemano
para captar estas vistas. En forma similar deberid procederse con las
demis relaciones que se establecen entre las actividades, el sitio y el sis-
tema satisfactor.

Este procedimiento debe realizarse sistemiticamente para cada uno
de los sistemas superestructurales. Asf por ejemplo, si se procede a defi-
nir las especificaciones de proyecto del sistema de acabados de los pisos,
se necesita analizar las actividades de cada local. Si un determinado
espacio estard dedicado a las actividades de aseo personal, estas activi-
dades determinan especificaciones de funcionamiento (performance
specifications) del piso, tales como que éste sea antiderrapante y térmi-
co para que no se resbalen o resfrien las personas, resistente al ataque
de agua, detergentes y desechos, lavable e impermeable.
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Las especificacioncs de funcionamicnto sirven a su vez de basc al cs
tablecimicnto de las especificaciones de proyccto matcriales y dc pro-
duccion, admiticndo o vedando la posibilidad de dcterminados mate-
riales y sistemas de 5producci6n. En esta etapa intervicne fucrtemente el -
analisis dec rccursos, pucs depende de la disponibilidad de recursos cl
que se restrinja la gama de posibilidades de matcriales y procedimicntos

de produccion y corl'lstrucci(')n.
Las especificaciohes de proyecto de los diversos sistemas superestruc-

turales deben dcfinir los aspectos siguicntes:
It

C.1 Especificacioncs de funcionamiento.

C.11 Restriccioncs geométricas.

- C.111 Dimensionales.
C.112 Formales.

C.12 Restricciones fisico-quimicas.
C.121 Mecanicas.
C.122 Acfisticas.
C.123 Térmicas.
C.124 Opticas.
C.125 Elcctromagnéticas.
C.126 Quimicas.

C.13 Restriccioncs cstéticas.
C.131 Colorcs. -
C.132 Texturas.



C.2 Especificacioncs materialcs.

C.21 Materiales admisibles.
C.22 Materiales inadmisibles.

C.3 Especificacioncs de produccion.
C.31 Procedimientos admisibles.
C.32 Procedimientos inadmisibles.

Para ilustrar el significado de estos aspectos que sc han de abarcar en
la especificacion de los sistemas superestructurales, sc pucde considerar
el caso de las especificaciones de proyecto de las puertas de la scccion
quiriirgica de un hospital.

Si las puertas han de servir para actividades tales como cl paso apresu-
rado del personal y de camillas, y para aislar mecdnica, éptica, actstica
y biolégicamente los locales en que se realizan las actividades qu:rurgl-
cas, se mfieren de esos hechos las restriccioncs dimensionales y gcomé-
tricas de las puertas, asi como sus restriccioncs fisicas, quimicas,

estéticas y de seguridad, definicndo subsccuentemente la gama de mate-
riales y procedimicntos productivos admisibles en el dlScnO de csc sis-
tema de puertas.

D. El sistema estructural e infraestructural, El sistema estructural
tiene como funcién bésica resistir las cargas del edificio y canalizarlas al
sistema infraestructural, es decir a la cimentacion, el cual a su vez los

transmite al subsuelo. '
Estos dos sistemas, intimamente relacionados, son de tipo asociativo.

A T

Para ambos sistcmas s sumamente ventajoso definir CprLIfIL.ILI()HC\ de
proyecto antces de proceder a su solucion,

Conviene aclarar que estas cspecificaciones se pueden 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 pucde definirse subsccuentemente al iniciarsce la
solucion arquxléctomca dcl sistema de espacios.

Las especv-flcacxoncs de proyecto de la estructura e infraestructura,
deben definir los aspectos siguicntes:

D.1 Especificucioncs de funcionamicnto.
D.?.l Restricciones geométricas.
D.111 Dimensionalcs.

D.112 Formales.

D.12 Restricciones mecinicas.
D.121 Cargas vivas pcrmancentes.

D.122 Cargas vivas accidentales (viento, sismo).
D.123 Cargds mucrlas,
D.124 Caracteristicas del suelo.
D.13 Restriccioncs estéticas.
D.2 Especificacioncs materiales.
_D.21 Materiales admisibles en la solucion de la estructura.
D.22 Materiales inadmisibles en la solucion de la estructura.
D.3 Espccificaciones de produccion.




D.31 Procedimientos de construccion y produccioén admi-
sibles.
- D.32 Procedimientos de construccién y produccion inad-
misibles.

Corresponde definir, en las especificaciones materiales, si es ad.misiblc
o no intentar una solucién en concreto armado o madera, por e]emp!o.
Asimismo se definc en las especificaciones de produccion la admisibll_i-
. dad de buscar soluciones que impliquen procedimientos de prefabri-
cacidn o de realizacién 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
demis sistemas, al andlisis de las actividades, el sitio y los recursos. La.s
cargas vivas permanentes, por ejemplo, se definen en funeion 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 de la estr!Jctu-
ra no deben interferir con las actividades. También los recursos l.nter-
vienen en la definicién de las restricciones dimensionales y materiales,
una vez que se han determinado los claros m{nimos aceptables para las
actividades. ) N

Tradicionalmente se ha definido la gran mayoria de las espccifica-
ciones de proyecto de las estructuras en la etapa tardia de |

a solucion y
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el diseiio. No hay razén alguna para que la labor dec especificacion se
realice tan tardiamente y en una forma casi implicita, impidiendo tencr
una nocion clara y cohcrente del problema estructural antes de proce-
der a su solucién particular, dentro del marco general del conjunto de
sistemas que integran el edificio. La especificacion de los sistcmas cs-
tructural e infraestructural puede 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 mévilcs, que
no estin fisicamente unidos a la construccién. Sin embargo, si sc toma

. en consideracion que éstos permanecen constantemente en el edificio

como si fueran parte del mismo, y que guardan una intima rclacién fun-
cional con él, se comprende la necesidad de que la programaci6n de to-
do problema arquitectonico abarque también el conjunto de mucbles,
que forma un sistema propio.

El procedimiento de programacion de los muebles no es difcrente, en
principio, al de los demas sistemas de un problema arquitectdnico. Para
definir las restricciones de los muebles hay que remontarse a las activi-
dades que se han de desempeiiar con estos objetos. El anilisis de acti-
vidades se ha de completar con la investigacion de los factores del sitio,
para integrar el conjunto total de las restricciones. El sistcma de espa-
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cios arquitectdnicos proporciona un adecuado marco de referencia para
realizar la investigacion en forma sistemdtica.

Como ejemplo se presentan a continuacion las restrlccmnes que co-
rresponden a un problema hospitalario hipotétice, a los mostradores
para atender al publico.

La investigaciéon de actividades por descmpeiiar en el mostrador cita-
do, ha de permitir conocer el nimero miximo de personas del piblico
por- -atender -ahi simultincamente, el nimero de empleados quc realiza-
rin tal actividad, los diversos objetos instrumentales requeridos, tales
como teléfonos, mterfonos, magumas de escnblr kirdex, los volumcncs )
y tipos de documentacion que se usaran, asi como la forma en ‘que se
desenvuelve el proceso de atencion al piblico.

Este conjunto de datos relativos a las actividades que se desempenan
en el mueble, sirve de base para elaborar subsccuentemente las especi-
ficaciones de proyecto del funcionamiento, materiales y produccion.
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LOS CRITERIOS

El planteo de las restricciones de un problema arquitectdnico no es sufi-
ciente para su determinaci6n completa. Se requiere quc se definan,
ademis, 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 solucion de un sistema sdlo 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 solucion se distingue dc otra por
el grado relativo en que posee las cualidades que se enuncian en esos cri-
terios. Por consiguiente, para determinar plenamente un problemay po-
der optar racionalmente por alguna de las soluciones posibles, hay nece-
sidad de recurrir a los criterios que han de normar la solucion.

Los criterios mds importantes que norman la solucion de los diferen-
tes sistemas de un problema arquitectdonico 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 operacional).

S. Conservabilidad natural.

6. Mantenibilidad (facilidad dc reparacién).
7. Aseabilidad (facilidad de asco).

8. Coustructibilidad (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 problecma en
cuestion. Hay problemas en que la seguridad toma prioridad sobre to-
dos los demis criterios, mientras que en otros el mérito funcional o el
estético pasan a primer término. ‘

El problema de la medicién 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, conservabilidad,

constructibilidad y aun la seguridad, son todos reducibles a relaciones
de costo/beneficio.

- También -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 solucion hospitalaria no solo 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 indicadores
indirectos simples como el nimero m? de circulacién por cama. Esto.s
indicadores indirectos sencillos pucden muchas veces substituir compli-
cados estudios econémicos, dificiles de realizar en las etapas tempranas
de un proyecto, .
Los criterios que han de normar la solucién de un problcma arquitee-
tonico son cl complemento de sus restricciones externas e internas, inte-
grindose asi el cucrpo completo de especificaciones gencrales del pro-

blema particular.
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SINTESIS

Los métodos tradicionales de la programacién 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 programacién arquitecténica, sub-
sanando esas deficiencias. l

Utilizando el punto de vista;l 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, i .

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 morfoldgico el

.edificio se puede desglosar en sistcmas y subsistemas de espacios arqui-

tectdnicos (locales, secciones, servicios).

El desglose de todo problema arquitectdnico en sus sistemas com po-
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-
¢ién para la optimizacién del problema total,

La labor de programacién ha de consistir entonces en plantear para
cada problema el cuerpo completo de sus especificaciones de proyecto,
que son bisicamente de tres tipos:
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1. Espccificaciones de funcionamicnto (performance specifications).

2. Especificaciones matcriales (material specifications).

3. Espccificaciones de produccion (production specifications).

Estas especificaciones son anteriores al proyccto: y sirven de referen-
cia comiin a todos los proyectistas que presentan 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 andlisis de tres factores objetivos, 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. Andlisis de las actividades de uso del edificio, de los futuros ocu-

pantes, |

2. Anilisis del sitio o medio del edificio.

. 3. Anilisis de los recursos disponibles.

El anélisis de estos tres factores objetivos permite deducir las carac-
teristicas que debe reunir el edificio por proyectar, los cuaales 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-producir como objetos auténticamente industriales. R

La produccion industrial es por naturaleza de caricter masivo, estan-

~ e PP iy N SN
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darizado y repetitivo, realizando partes comunes para dlfcrcnlcs 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 sistc-
mas que se demandan, y que sc expresan en las especificaciones dc
proyecto.

Una arquitcctura industrializada sblo puede existir y cvolucionar si
estd relacionada con las demandas a través de especificaciones que le
permitan descubrir las demandas comunes de los diferentes problemas
arquitectonicos, estandarizando y uniformando su produccion cn la me-
dida de lo posible, sin restringir innecesariamente las solucioncs arqui-
tectonicas.

PG U U s
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CENTRO DE EDUCACION CONTINUA

EJEMPLO:

ING. MANUEL E. VEGA MEMIJE.

EVALUADORES ECONOMICOS,

Se requiere evaluar la posibilidad de construir un 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 optimis
tas y pesimistas. '

4

|

Se ha supuesto, que tanto los INGRESOS como los EGRESOS, =~

sufren un incremento promedio cada 5 afioss

La vida econbmica del edificio se'ha considerado de 20 ===

afios.

rasa de actualizacibn del 5%, 10% y 15%.

CONCEPTO

Renta de--
partamen—-
tos.

Renta loca
les.
Anuncios.
Estaciona~
miento.

TOTAL

"INGRESOS-

MENSUAL las
($)

t

40,000,00+ 480,000.00

6,000.00  72,000.00
2,000.00 24,000.00

P v .
1,250.00 15,000.00

49.250;00 591,000,00

ANOS
. 6 alo 11 a 15 16 a 20
: |

528,000.00 580,800.00 638,880,00
i | v

79,200,00 87,120.00 95,832.00
26,400.00 29,040.00 31,944.00

4

16,500.00 18,150.00 19,965.00

650,100.00 715,110.00 786,621.00

]
N.:f



CONCEPTO

Luz

Agua
Impuestos
Conseva--
cibn y -=
manteni~-
miento.
Vigilanw=
cia
Adminige-
tracibn.

TOTAL

GASTO
MENSUAL
{8)

800,00

40 000. 00
2'000.00

2,000.00

3,000,00

2,000.00

ls: 800. 00

!

. BEGREZSO0S

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 11 a 15.
12,000.00 14,400.00
54,000.00 60,000.00
30,000.00 33,600.00
60,000.00 120,000,00
60,000,00 84,000.00
36,000.00 45,600.00

357,600,00

252,000,00
i

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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GESTIONES Y TRAMITES PARA LA OBTENCION DE
LICENCIAS PARA LA CONSTRUCCION,
Solicitud de licencia construccién,
Solicitud de alineamiento y nimero oficial,
Solicitud de instalaci6én de agua.
Soli\citud de conexién al drenaje.
Solicit;xd para aprobacién de la Secretaria de Salubridad,
Solicitué‘l para instalacién de gas ante la Direccién General de Gas.
Solicitud antropologia e historia.

Manifestacién de terminacién de obra.

Permiso S,1.C., para instalacién de enrgfa eléctrica.

'mcpm.



o

* DEPARTAMENTO DEL DISTRITO FEDERAL .
DIRECCION GENERAL DE OBRAS PUBLICAS
OFICINA DE LICENCIAS E INSPECCION FECHA DE
DE CONSTRUCCIONES PRIVADAS INGRESOD aRo mes oIA
SDL|CITUD DE L'CENC|A PARA (0BRA NUEVA, AMPLIACION, MODIFICACION, REPARACION, REGISTRO)
DEL DlA DE meESs OE ARO AL OIA DE MEB DE ANOD (wul. oe o?A'BAS, (2)
UBICACION ANTECEDENTES
CALLE J z. p,l No. DE LIC. ANTERIOR ]
No. OFICIAL | coLonmia | [ FeECHA |
DATOS DEL PERITO O SOLICITANTE
NOMBRE R. F. C.
DOMICILIO TEL.
No. DE REG. | No.DE GRUPD |
\T/é\;URgNDDEL g SUPERF. TERREND Mz SUPERFICIE POR CONSTRUIR
CONSTRUIDA P, BAJA O REGISTRAR
VALOR DE LA | o
CONSTRUCC. CUBIERTA POR AMPL, =3 v
VALOR . ESTACIONAMIENTO s
TOTAL NO CONSTRUIDA -
DESCRIPCION DE LA OBRA: P. B.
1 o)
I 2
B 3
4
SE ANEXAN LOS DOCUMENTOS SIGUIENTES s
DE TRAMITE TECNICOS p
COMPROBANTE No. OFIGIAL PLANOS ARQUITECTONICOS 5
COMPROBANTE ALINEAMIENTO PLANDS ESTRUCTURALES s
COMPROBANTE CERT. AGUA MEMDRIAS CALCULO 5
MANIFESTACION TERMINAC. CONDOM, SALUBRIDAD 0
AUTORIZACION UBICACION CONDOM, AGUAS T
12
13
14
TOTAL
PROPIETARIO ’
NOMBRE [ rorc |
DOMICILIO
COLONIA z.e | TEL.
GCUPACION NACIONALIDAD
PROPIETARIO PERITO REVISO AUTORIZO

g}

1Y 2 DEBERAN SER LLENADOS POR LA OFICINA

e ——

1t o e



MOTAS: ANTES DE ENTREGARLA FAVOR DE VERIFICAR QUE ESTEN LLENOS TODOS LOS

1.

2.

RENGLONES QUE CORRESPONDAN.

Esta forma se presentara por duplicado.

Pata el caso de licencia de obra nueva se anexaran los siguientes documentos:

a)
b)
)
d)
e)
f

Certificacion de agua en la misma solicitud (por el reverso) o Boleta de Agua.
Nom. 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 habitacién unifamilier, anexar declaracién especifica,
del director responsable.

Para el caso de registtos .de obra ejecutadas sin licencia, se enexaran los siguientes documentos:

2)
b)
)
d)

Solicitud por duplicado.
Nagm. oficial (por duplicado) "
Manifestacion de terminacion (por duplicado lellada' de rgcibida).

Planos arquitecténicos (dos juegos minimo) '; S L ; |
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AU EXe 2

SOLICITUD DE ALINEAMIENTO Y NUMERO OFICIAL

L

C. DIRECTOR DE PLANIFICACION DEL DDF.
OFICINA DE LICENCIAS DE CONSTRUCCION,

E!l suscrito solicita le sea dado

Alineamiento

Namero Oficial

que corresponderd 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 esté
situada como se indica en el croquis.

Boleta de Contribuciones Nam. _ Manzana Lote
Calle Colonia
Obra que se va a ejecutar
México, D. F., » 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:

Y L)
5 . t

{

FIRMA DEL PROPIETARIO

PAPELERIAB GRAFOS, s, A.
PORTAL DE STO. DOMINGO LOCALES EY F  TEL. 521-12.88

DR LAVISTA 143 (FRENTE A LA TESORERIA) |

MEXICO 7, O. F. TELS. $83.16.87 5838-02.92

AuToRrRIlIZO



LUGAR PARA EL CROQUIS

IMPORTANTE: TODOS LOS CROQUIS DEBERAN SER A TINTA. ESTE DOCUMENTO NO
DEBERA PRESENTAR TACHADURAS NI ENMENDADURAS. -

ey ¢

DATOS QUE DEBE CONTENER EL CROQUIS DE LA MANZANA Y EL PREDIO:

NOMBRE DE LAS CALLES QUE LIMITAN LA MANZANA, DISTANCIA DE LAS DOS ESQUINAS A LOS LINDEROS DEL
PREDIO, DISTANCIA DE UNA DE LAS ESQUINAS A LA MITAD DE LA ENTRADA DEL PREDIO, MEDIDA DEL FRENTE
O FRENTES, FONDO DEL PREDID Y ORIENTACION,

DEPARTAMENTO DEL DISTRITD FEDERAL

DIRECCION GENERAL DE PLANIFICACION
OFICINA DE LICENCIAS DE CONSTRUCCION

Seccién de Alineamientos y Numeros Oficiales, Comprobante Nam.

Esta Oficina asigné el Namero Oficial Al predio ubicado en

Colonia

México, D. F., a de i de 19 ____

EL JEFE DE LA SECCION DE
ALINEAMIENTOS Y NUMEROS OFICIALES

!
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REGISIRO

DEPARTAMENTO DEL DISTRITO FEDERAL.
chcccién Gual. de;Agun y Seneamiento.
Oficina de Conexiones y Medidores.

Presente.

SOLICITUD para

JJuvExo 8
EXPEDIENTE. _

.___f!c

una toma de agua para

«Instalucitn, A liaetén o bio Jde lngar)

de

Predio, Industria, Comereio

de diametro
(Con o sin)

materiales, de acuerdo con las siguientes

ESPECIFICACIONES
UBICACION: Ndam. Calle
-“Colonia : e _ Delegacién —
Destino del predio ] i Bta. Predial
Nombre del Piopietario
Dom. Particuler Nam. Calle Col.

OBSERVACIONES:

-

]

NOTA.:. Estoy conforme con ls cuots que se aplique 8 osto Toms, de acuerdo con ¢l diametio v uso de le misms y sin derecho &

posterior reclamecion,

México, D. F. o de

‘
i

B A S N o

CERTIFICADO DE LA OFICINA
DE NUMEROS OFICIALES.

es olicisl.

El Nom.

Firme

Firma

Sello

de 19 __



INSTRUCCIONES:

9.- Les solicitudes se formularaa por TRIPLICADO.

23

2.- En ¢l predio debera lijarse el nimero oficial y seralarse el lugar para la toma.

3.- Las tomas sa instalarin en lo entrads principal del predio y sélo en casos especiales se concederan en locales parte-
necientes al mismo y siempre que tengan acceso directo de la Via Piblica al interior.

(.

- e

4.- Los presupuestos y drdenes de pago serén recogidos por los interesados en la ventanilla de *‘Presupuestos de Tomas'’

R

L PR S b . -
5.- Quede & la cleccion del solicitante el propoicionar o pagar los materiales necesarios para las instalaciones de 12mm. _
(%'"), siempre que no sea dentro del primer cuadro, en donde invariablemente los interesados lo proporcionaran,

esi como para ampliacionas, cambios de lugar y reducciones, en cualquier parte que se solicite. 0

6.- Se dibujara un croquis de la menzana en que se encuentre el predio, con los nombres de las calles que ls limiten,

senalando la distancia de ls esquine mas cercana al lugar donde se deba de Instalar la toma.

J .‘

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.
Sétano M2,
P. B. M2.
Mezzanine M2,
FX M2,
20, - M2.
30.- M2,
4o0.~ M2.
S50.- M2.
-~ 60.~ . ,-M2.
To.- - M2
8o.- M2.
90.~ M2,
100.- M2,
l1lo.~- M2,
120.~- M2,
130.~- M2.
l4o0.- M2,
150.- M2.

SUMA TOTAL M2,

Sup. Cubierta por 1la
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

AUVEXD <

SECRETARIA DE SALUBRIDAD Y ASISTENCIA.
DIRECCION GRAI,. DE SALUBRIDAD EN EL D. F.
DIRECCION DE INSPECCION SANITARIA.-:
INGENIERIA SANITARIA. T

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 que se anexan con
los siguientes datos:

OBRA POR EJECUTAR

Const. Nueva, Reconstruc., Ampl.,

Modificaci6n, “Regularizacibn. fpe

AVANCE DE OBRA

DESTINO DE LA OBRA

Casa Hab.,Deptos., Cond., etc.

UBICACION DEIs 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.

N - o A
5 o A Yy oae

Constancias de que existen los servicios frente al
predio.

‘ No. Of. Agua Albanal

Esta solicitud deberi presentarse llena a miquina por
cuadruplicado si es REGULARIZACION o quintuplicado si
se trata de OBRA NUEVA, dibujando en el reverso de -~
una COPIA el croquis de localizacién del predio debi-~
damente acotado. Se debe anexar a esta solicitud, --
INICIALMENTE UN JUEGO DE PLANOS QUE INCLUYAN: PLANTAS
CORTES, FACHADAS Y CROQUIS DE LOCALIZACION, INSTALA~-
CIONES SANITARIAS, HIDRAULICAS E INST. ESPECIALES, ¥y
demds ordenamientos que marca el REGLAMENTO DE ING. -
SANITARIA RELATIVO A EDIFICIOS, EN VIGOR.

El responsable, debers estar debidamente registrado -
en esta Dependencia. Todos los planos deberén estar
numerados y firmados por el propietario y el responsa
ble. Los datos consignados en esta solicitud gquedan
bajo la responsabilidad de los solicitantes.

sirvase pasar a la ofna. de ing. 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, serd CANCELADA.



N
~J

1]
- -

= g
A

ey

REG., NUM.

MESA DE
CONEXIONES

MRSA DE
NUMEROS OFICIALHS

SELLO

BL oo . HES NUMEBRO
OFICIAL

AUTORIZACION
PAVIMERNTOS

SELTILO

PAVIMENTO

RERXPEDIDA CON FECHA!

SELLO DE REG, BOL.

PTO. NUM______ ORDEN DE TRABAJO

_ ~wMéxico, D.F.a._- =

C. DIRECTOR GRAL, DE AGUAS Y SANEAMIENTO.
OFICINA DEL SERVICIO DE SANEAMIENTO.
PRESENTE,

Propietario de 1a casa Nfim

“de la calle Colonia
cou domicilio particular en la casa NGm.
de la calle Colonia.

Solicita para la primera la

que la banqueta es de y el pavimento.

manifestando

FIRMA DEL INTERRSADO
MANO DE OBRA

e _Mts. Tierra . as M1
y » Empedrado a$ y
. ————— , Tepetate ap -
. , Emparrillado ap , POR DIA
y y Pavimentos ad .

100% sobre §
50% sobre $

por trabajo urgente
por trabajo de noche

Por________ inspeccién(es) %
REPARACION DE PAVIMENTOS
——_Mts. Empedrado ag M1
, » Cemento (banqueta)a $ -
s » Macadam ag '
, , Asfalto ap $

IMPORT’E 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 Ce ' A LA VUELTA

NOTA:- Las conexkones ea emparrillado y concreto deberdn ecbrarse segfin el costo &l conclulr la cbra.

IR

e vt an op e TR e rm— vt e Ao

S SR et g T g, £, o e+ P o a0, ¥ &



&3

INSTRUCCIONES DE CONEXIONRES DR ALBARAL NOTA GENRRAL:-Los trabajadores no est4n autoriza— m
dos vara exigir gratificaci6n ni salario extra por las obres que i
te la Di (] hace responsable ’
Reqnisitos que debers llenar el intercsado. ¢)ecuten, por consiguente la Direccion no se P

. de otros pagos hechos fuera de la Caja Oficial.
I.-La solicitud se formular4 por triplicado, conteniendo

¢l croquis correspondiente en el lugar que abajo se indica. PARA SHR LLENADS ﬁ)‘{:L‘USIVAMBN'TE F’?
IL.-5¢ recabard el sello del NGmero Oficial en {a oficina PUR BL SKE cio fe)
correspondiente. Ejecutada el
] II1.-Se pn:sentmé la solicitud cn la .Ventnmlla de co— Rjecatada por a
Bexiones de albafial del Servicio de saneamiento (Cuarto Piso) ’ '
del ex- Palacio Munbicipal, «d

IV.-Las boletas que por concepto de Mano de Obre y

repsracién de Pavimuato se le extiende al interesado lus de— Obra pendiente Fﬂ
berd (ubrir en la caja NGm. 19 del propio Depastamento. ‘ 3
V.-Deberdn presentarse dichas boletas en Ja Ventanilla Falta de material .

e Con-riones pars su registro, cuando el material de la lists
e 92 n-npoccione al interesado se encuentre en el lugar pre..

Material incomnpleto rﬂl
¢:30 de Ja obra y a disposicion del Servicio. P
Lt
VI.-8i al hacer la revisién no se encuentran los mate— Material no Regl
riales en la obra. incurrirdn en un recargo de wano de obra Pa o haber quien Inf
Gue deberd cubrirse para poder bacerse la conexi6n. or no er amer
) [nsercién por atarjea
VII.-Todo material no reglamenterio sei rechszado. Hay preparacién
g No hay preparacin y falta por
LIMPIAS Y RECONSTRUCCIONES DEL ALBANAL
conectar
I—R! interesado localizard 1a salida del slbefial y babré -
siempre persona que informe a los opererios, afin cuaudo el
trabajo deba verificarse de noche y proporcionar ¢l cemento OBSERVACIONES .
pecesario para los taladros, ~ ; )
11.-Si 8l practicerse la limpia-se encuentra que es ne—
cesario reconstruir el aibafial, se dejard una nota.
. Devuelta a la oficina el
I11.-Bl interesado estf obligado a proporcionar los ma- Revisé ¢l material
tceirhlet de acuerdo con Ia lista que se l‘e entregue en la Ofi— Sobrestante e
na. S e - co
- [N v . . ! e
LUGAR PARA EL CROQUIS | , . |
) i
! LA
[
» K
b
. . [
ol
¢ P4
. o @S
- v -
bt

~
- §

i

S

~ Se dibujara el croquis de la Manzana con los nombres de las calles que la limitan: localizando el pr@“-’
io e indicando el lugar de la conexién, asf como la distancia entre el eje de ésta a la esquina mds préxima.

-En el predio deberd hjarse el No. Olicial y mediante una sefial visible indicar el lugar exacto donde debe: ‘{
quedar la conexién. :

.‘d.
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SIMBOLOGIA CONVENCIONAL EN CUMPLIMIENTO

OEL ARTICULO 4% DEL REGLAMENTO DE IN-

GENIERIA SANITARIA RELATIVA A EDIFICIOS
{Dicrio Oficiat do 20 do Moyo do 1964)

2’aenl
Toma domiciliarie —O—QO—be— | :
, [ %] __.0_,
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Aguo fria , ———a——s I
l
AQua caliente s — e § 8 e 09 ¢ |
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Retorno do aQuo colion?e oo vee i
Tinocos t ‘@ @
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- ) C )
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e ‘
Excusodo [D % | % 1
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. CONZTRUCTORA VIT, S5,.A. - Entreg6 la suma 5

130,00 (_CIENTC  OCHENTA  PESCH 0C/100 N, - - L )

POR EL‘SjGUIENTE CONCEPTO: "u<evnsn6rg 2E PLANOS PARA cousrhbpcaén EN LA CaLLE.

Procgeso o, 29 Coronya Cownghn . .P, 21, T S
, — i \ . ;

IMPRESO zr; él‘;:'cclou 0.6.8.0.7, | Meéxico, D. E, M de waYo 'l dé 197 2 -

kel
- 1y
e o
- - 3  t
2 pkamy, N
. a Y
P e - ! 4
1 PR L . Ot
{ = .t
k] ! s
S o
L v e

.

oy o,

B LT g DAt et ‘r’lru,... U oG b g ) _',

BERRNTES: TS " MEGIDO e 45035

T T
v AR S RN B

S

e l‘%‘ kN

BT

it

=

o

B RS eer e ol

Yo

o
Bt ek ee L

RECIBI . Vo.Bo." . Wi UL s T HAUPORIZADD Aot s Y v - R
. p ) o DR 4,‘L—“-n l.-,a' ‘L\"‘-

I N - . [

H
'\ll‘

ik :
Il L R 77 3y lE

I3 I ELJEFE DE LADOFICINA L. (AN na: } Hu ADMINISTRATIVD
me e HES R A T ! \ '
S b et G TN e s e T N_n‘“i iiiﬁgi ﬁﬂi , w“

L - N = m:ﬁ‘,pfmj;vjm)“\‘.ﬂ:? T

ey
Fs

T
B ome oW TS fu)

Ew.\



: o OFIDUS o ' - Co-2

S S, o TR, QAR
Zugii 42 | : o SOUTTOIN T T, M Ba ] S
' VAT ST ST A 21
els 17T —iAs 2a. ‘|
] Sy E g E
SeCeLTAPIA N
ot é r
* " SALUBRILAD ¥ ASISTENCIA N
A . . : . A . -
o SUNTO: sy APRUEBAN PLANOS. | L
Fav YR ST TR+ O Y ol £ e B ' ‘ ’ g "
BEEEE O | =y
= i Ao ' M4éxico, D. F . : i
[CX &Sﬁ Wi f . L 4 « i
. : ’ o eg QJU}R e - hl
C. CONSTRUCTORA VET, 8: Ae . | . : s
, CALLE BAJIO | : , ‘ , o
“ NUMERO ~335-403. _ o , ol
COTONIA BOMA |
Z. P. 1 : S
%
En respuesta a su soclicitud, registrs de entrada No. !

42186 do 11 de Meyo/72 manil.stamos a usted que se aprueban los planos. .’
bajo la exclusiva responsabilidad del C. Inge Julio Colom Viociana, Cédo ' 3’
Prof. Noe 101657 , planos que presentd y segln los
cuales construird uns osaa Habitaoidn en el Nos 29 de la calle Progreso em
la Colo Ooyoaofn de esta oiudad, propledad de Constructora Ve®, Bo A

- Antes de cubrir las instalaciones que van a quedar -
ocultes, deberd dar aviso oportino para su inspecciédn. :

De no cumplirse con las disposiciones del Cbdigo - -
Sanitario y del Reglament. f2 Ingenierf{s Sanitaria en vigor, quedard .
8in efecto esta aprobacicn ; se procederd como corresponda sin per - ¢
juicdo de que se le apliguew las sancicnes respeétivas por haber - - ¥

efectuado obras sin llenar los requisitos del caso.

[y

i

R, b

+

»

No deberid ser habitado el inmueble de referencia sin-is-‘?_-:"
que ¥e obtenga el-permiso de ocupacién de esta Secretaria. BRI §

w

g8 R

] Atentamente.

Eﬁ SUFRAGIO EFECTIVO. NO REELECCION, ., ...

g EL DIRECTOR D PECCION SANITARIA. r

L :

%@ 7/('{/”) e w

“-__—__—-—.‘T‘-"—'—_—;'::A e ihduing - :'\;

ga ORLANDO CALDERON GUERRERO. s

1 | ‘ BER T

ééﬁ c.c.p. C. Director Gral. de Obras Piblicas del/Depto. del D.F., .

8§§ Plaza de la Consti*::idén,- Ciudad, ' - e
13

c.c.p. Oficina de CRd "--gi§a ia, Mesa de Inspeccién de -. - R
E_dificiosogxg%é!o@ E_@o., Piso. = , )
, s A o . .'_Aslw
EGR'CSG'em. . \ S EGR/MAR/groe e

e R L
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NOTArEsta solicitud deberd ser llenada o mdquina,

e P e P Y

|22

S S eyt
orrty S - TEORMA 5 -

DGG-RP [ "

FOLIO No, 556 ey

Py o -

,SOLICITUD DE AUTORIZACION DEL PROYECTO DE LA INSTALACION DE GAS ..}

En cumplimiento a lo dispuesto por los Articulos 27, 36 y demds : I}
‘relativoe del Reélamento de la Distribucidon de Gas, nos permitimos -

solicitar a esa Seoretaria de Industria y Comercio, | la aprobacidn --;.,.

P

#91 proyecto de la instalacidén de gas L. P, ] gas natural O 9=

T

para lo cual proporcionamos los siguientes datos: é
Nombre del Propietario:__ COMSTRUCIONA Viile S» A |
Domicilio del Propietario: BAJIO Fag 3352407, COLo RO _uﬂ i
' Ubicaocidén de la Obra: Calle y No,_ PISKESO t, 29 o
R ,Y‘E‘me las Calles de: AVENIDA HIDALGO ¥ S MIGUZL ' ' l

-Po'blacidnz | CCIONCAN
CLASE: 3] B 1 I 1)

> I,= RECIPIENTES.

h R <l
Portdtiles [ ] Fijo 0 ‘ Jx

f1z5scs do 72 1ta, ofu

‘II,- REGULADOR DE PRESION. i
Cantidad: ~  Capacidad: . Pregidn de salida: . |l

| 1 0,58 €, /H, 22054 g/cm |
— . M, /H. g/cm’ | il
id” /H, g/cm’ T

.‘ ‘ e rl'rg'
" II1,- TUBERIAS. i
A a).;{ De Llenado, ' _ ‘ e il

: . |biquido:. Material: " Tipo: Didmetros: ' - Desfogue |' | 1
R ¢ - . ‘ _‘—‘i .—. ['”:'

.. t.x ’ : ' NO T- é;r
AN

.. |Vapors  Material: - Tipo: » Didmetros: Y

! N J ":‘é

AwEVo b

Entidad Federativa:_ IMXICO 20, Dy Fg. ...

s - -
.
. el Lo -
R Tk e e o T L e e oo oot Sl Ty el 5




b).- De Servicio,

Jﬁ: material: Tipos Diduetros: __
"o Cue R‘-E‘o“o "ﬂi’ @“m
Ty LI ‘ o b--1o

IV.- MEDIDORES.

Cantidad: Capacidad de c/u: ﬂsz

Vo= APARATOS DE CONSUMQO,

Cantidad: Tipo: . Capacidad:.
_ 1 Fotufa 4QH 0,418 M, /H
: s cal, A, Uol5Y i ;n
. a /H

Con los datos asentados en esta solicitud se realicard la ins

walacidn, observando ademds las Disposiciones contenidas en ¢! Re--

gl 2nto de la Distribucidn de Gas, en el Instructivo corresindien

te y aquellas otras que al respecto dicte la Secretaria de Indug-—--

Lria y Comercio,
Se acoapafia a la presente los planos por trivlicado, de s --

lmiema, formulados por el C, Fornando F, Blumonkron Gs ,,Té_gniéo'

Responsable autorizado por esa Secretaria y registrado con el No, Bel9

Lugar y Fecha):ﬁco, De Fop 25 do Abril de 19725
{_Fifma Técnicq)ﬁgsponsable. . : Firaa de1/Pf6pietariﬁ.

i
i
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FORMA 0 ﬂlgéy‘,z
"—INSTITUTO NACIONAL DE ANTROPOLOGIA E HISTORI
DEPARTAMENTO DE REGISTRO, LICENCIAS E INSPECCION

\ 0 K
CRDEN DE COBRO NO NY 46 1

PARTK’J Nfﬂ 280.00
‘.:J‘fﬂq“" tmoonre

.JEFE DEL DEPARTAMENTO DE
TESORERIA Y ADMINISTRACION/

iz =

e M s MY

.+._ _ CONSTRUCTORA VET, S.A.

oA
SIRVASE RECIBIR DE

HG‘T‘W OrT
Lgmmn&w 1)

CON DOMICILIO EN PROGRESO No. 29 COYOACAN, D.F.
cAaLlE 10NA HONUMENTAL
280,00 - . (DOSCIENTOS OCHENTA PESOS 00/100 M.N.)

LA CANTIDAD:DE $u_.

NUMERD LEtAa

POR CONCEPTO DE DERECHOS POR

[CX] uicencia pe oBRa . [__J LiceEncia DE.ANUNCIO [ Jkecistro [J permiso

No. 188/72 Para Solicitante
. ,LCODIFICACION LIQUIDACION
I I nii v
— CUOTA FlJA 100.00
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_ mayo e 1972
- L : RLI-3"
tmun, tha , L SRR

T RN W
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SECRETARIA DE EDUCACION PUBLICA
INSTITUTO NACIONAL DE ANTROPOLOGIA E HISTORIA
DEPARTAMENTO DE MONUMENTOS COLONIALES

MESA DE LICENCIAS LICENCIA PARA OBRA EXTERIOR

Puede autorizarse al....ING. ARMANDO RODRIGUEZ SANCHZZ. R

para ...OBRA_NUEVAA_ ..

en la casa Nam.......... ¢.29..%..........]a de calle de......PROGRESQua.....ceoovuivivererere e ereteneverecnan

....................................................... - COYOACAN, D. F.

sujetindose al siguiente dictamen:

Fueron presentados a este Departamento,
solicitud y planos para ejecutar obra nueva, en la direcciédn arriba indi
cada.

La H. Comisidon de Monumentos, en su dic
tamen del dfa 27 de abril del presente afo, asutorizé dicha obra, la que- : i
deberf realizarse de acuerdo con los planos sellados u aprobados por es- ‘
te Departamento, debiendo continuar su tré-ite ante el Departamento del-
Distrito Federal. X Lo

L Notifiquese la fecha en que se concluya
la obra mecionada. o ‘ . o

Pdn

Sz ‘”"5“ | '

rs/
"5\{(‘- .

HCi s
s . N oUBLica
TUTO WASIONAL 0 1412006, EL JEFE. DEL DEPARTAMENTO

€ EiSToRn

" i ‘
gkﬂml 0 b ?EGISWO i
ENCiAS € inr CPLCCIoN

MGP*mes - o ESTALICENCIA cADUCA AL ARG ¥
ot DE SU EXPEDICION .

ErAsn
e b T ’r"m"f“z‘rr.?':‘w A

.0 ron e Dt
5% , DA L e u?:{,‘f_-?ﬁ

s EAPAT




AN, 9763,

NUMERO DE CUENTA DEL IMPUESTO PREDIAL.... ... ... .. ... .. ...
NUM. DE CTA. DE DERECHOS POR SERV. DE AGUAS.... ... ................ .

MANIFESTACION DE .. oo oo .

C. DIRECTOR GENERAL DE OBRAS PUBLICAS
Presente.

R L L R L Ly D L L F T T L LR L T YA

(So terminé - Posd a ocupar sin terminar - Lo caso, pieza, eic.)
Ubicacién del predio: lote................... Manzano.......... ...ccoeeeeeeeeenn. Calle ..o it e

NUmero ................ L00-1 1.1 7. OSSO ORI U USROS e eeeeeeeemaenaeneenean

{(Agua - Atarjoas - Bang - Pavi

DESCRIPCION DE LAS CONSTRUCCIONES DEL INMUEBLE

(Estructura de concreto con muros de relleno)
.... Motivos decoratives: ..o ..

Instalacion eléctrica..... e e e Combustible ... S
(Visible .- hOcuIOu - ele.) (Gos - Petrdlen - Leiio)

(Elevadores . lefuccién 1 - An.ra dici fo - afc.)

Amparado con Licencia de Construceion NOMEro: ... .

SUPERFICIES DEL INMUEBLE:




il AT A AL L e e € s Al S e R e e el e el N e

et i e b

Lo que comunico a esa Direccién, para los fines consiguien-
te-. Declaro que los datos consignados en la presente son verfdicos y me hago responsable de las violaciones que pu-

dieran haberse cometido, conforma al Reglomento de las Construcciones, con motivo de esta obra.

México, D. F., @

vy taow ’ (FIRMA DEL PROPIETARIO O POSEEDOR)

1 RN

CROQUIS DE LOCALIZACION

LT o rgeter

Certificmcion de la Oficina de Nimeros Oficiales: ’

DATOS QUE DEBE CONTENER EL CROQUIS

a).—Distancia de las dos esquinos a los linderos del predio.
b).—Medida del frente o frentes y fondo del predio. | f
¢).—Nombre de las calles que circundan la manzana en que se encuentra ubicado el predio.

NOTA: Los datos ontariores deben corresponder a los del nimero oficial.

\

~—PRESENTARSE POR OCTUPLICADO—
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(" TRAMITES/ANTE LA !

SECRETARIA DE INDUSTRIA Y COMERCIO.

Aprobacién del Departamento de Inspeccién e Instalaciones
Eléctricas del Proyecto,

Requisitos:

1.~ Solicitud efectuada por Ingeniero registrado en S.I.C.
conteniendo:

Nombre del Propietario.

Ubicacién de la Obra.

Nimero de Ldmparas,

Nimero de Contactos.

Nimero de Motores y sus especificaciones,

1.1
1.2
1.3
1.4
1.5

2,0 ‘Plano de la Construccién en donde se indique el lugar
. memcea @onde estardn cplocadag todas las instalagiones,;

««««««« -

3.0 Demanda de Energia.

4,0 Inspeccién para Verificacién,

'mcpm,



OBRAS E INSTALACIONES,-

Las obras e instalaciones eléctricas deberdn llenar los
requisitos que les sean aplicables del presente reglamento
"Reglamento de obras e instalaciones eléctricaég;sélvo que
en algin caso la Secretarfa de Economfa las exima de algu-
no de dichos;requisitos,de acuérdo con los articulbs 337y
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 cuondo 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 Economfa podrd requerir.de los intere-
sados las aclaraciones,cdlculos,datos y modificaciones que
estime pertinentes para la aprobacién de los planos y meng
rias técnodescriptivasz.

E1l hecho de que una instalacién eléctrica haya sido ¢ --
aprobada,no exime a su propietario ni a quién la utilice -
de la obligacidn 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 CUNMPLIR LOS PLANOS.

REJUISITOS GENERALES.-Para los cdlculos y datos numéri-
cos del proyecto se usard el Sistema Nacional de Unidades-
de "ledidas. o S .

Se presentard un calca en tela de cada plano y una co--
pia heliogrédafica 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 cuda plano de las tres 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. : : .

G ST, R an e e
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i

in coda plano habra un espacio libre no menor de 10 por
20 cm.,para poner las notas de aprobacién.

S5e deberd elegir una escala tal que el dibujo de sufi--
ciente detalle,

LINEAS SUBTERFANEAS.-Los planos de conjunto de lineas -
subtterrdneas tanto de transmisién como de distridbucién,se-
presentardn en hojas de 70 por 110 cm.,usando escalas de.-
12100 hasta 1:2000,y se consignardn en ellos los siguien=-
tes datos: ‘

-Lonsitud de la linea,puntos terminales de é: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 linea.

-Nimero,calibre y material de los conductores y corrien-
te maxima para la que estén destinados, «
-Aislamiento de los conductores,armadura del cable,clase

y didumetro 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 posicidn con relacién al lugar don-
de se vayan a colocar,indicando las dimensiones de su -
revestiniento.

~-Corte seccicnal de los pozos de visita,de inspeccidén ma

nual y para transformadores,indicando sus dimensiones y

el mcterial que se proyecta emplear,para éstos detalles

se usardn escalas de 1:10 hasta 1:50.

INSTALACIONES OCULTAS.- Las instalaciones ocultas se mos--
trardn 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.
-Didmetro. de la tuberia,dimensiones de otros ductos ¥ su
tipo. - .
-Nimero de conductores en cada tuberia o ducto.-
-Calibre y clase del aislamiento de los conductores.
~=-N@nero y capacidad de los circuitos.
-Localizacidén de cajas de conexién,contactos,apagadores,
salidas para alumbrado,etc. )
-Tabtulacién de los signos convencionales que se usan en-
el plano,

v

_*CALIBRES DE LOS CONDUCTORES.-Cuando se dan numeros de -
calibre de conductores,dichos ndiuéros corresponden al Sis-
tema Norteamericsno de Calibres(A.W.®.),a menos que se ha-
ga referencias expresa a otro sistema de numeraciodn.

CONDUCTORES.~-Los conductores a que normalmente se hace-
reflerencia son de ¢obre.Cuando no lo sean,se indicard su -
material.

INSTALACIONES EN LUGARES IMPROPIOS.-Los conductores o--
equipos no deberdn localizarse en lugares himedos o mojado
o donde estén expuestos a gases,humos,vapores,lfquidos u -
otros agentes que tengan efectos deteriorantes,vi donde eg



tén expuestos a temperaturas excesivas,a menos quc estén-
’ - - . . .
construidos para cada oondicién especial de instalacidn,

RESISTENCIA DE AISLAMIENTO.=-

Fara circuitos que, operen a menos de 750 volts.entre con--
ductores,con clambre del # 14-6 # 12,1,000,000 ohms.lara -
circuitos con alambre #10 § de maycr seccién,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 " 5,000 "

MARCAS.-El nombre del fabricante,la marca de la fébrica 6-
aloin otro simbolo de identificacién de fabricante y et nij
mero de autorizacidn de la Secretaria de Economia,deberdn-
aparecer en todo equipo eléctrico.

MOLESTIAS O PERJUICIOS A TERCER(S .~las instclaciones debe-
rédn 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 radiorrecepcién.

APAGADORES OCULTOG.-Los apagadores instalados en caja m
metdlica no conectados a tierra y empotradas donde puedan-
ser alcanzados desde el piso o superficies metdlicas,debe-
rdn tener tepas de material aislante e incombustible.

AYAGADORES 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 CURTERTAS COMLUSTIBLES.-Deberd dejarse-un espa
cio adecuado entre las ldmparas y las pantallas u otras cu
biertas de material combustible.

E1l 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,deberd ser dc un tipo
apropiado para ‘lal ascrvisio.Las terminales de una 1dmparo-
de degscarga ‘eléetrica deberdn considerase como vivas,si --
cualquiera de ellas estdn conectadas a nds de 300 volts a-
tierra.

EQUIPO DE CORRIENTE DIRECTA.~Las unidades de alumbrado-
mencionadas deherdn instalarse en circuitos dg corriente =



alterna ¢nicamente,a menos que estén provistas de equipo -
auxiliar y resistencias especialmente construidas para fupn
cionar con corriente directa y que as{ se indique en las--
mismas unidades.

VOLTAJES PERMITIDOS EN CASAS HABITACION.-Solamente se -
permite usar en casa habitacidn equipo que tenza un volta-
je a circuito abierto menor de 1,000volts,y 51empre que e-
cuando se tenga un voltaje a 01rcu1to abierto d~ mds de---
300 volts,el equipo esté construfdo de tal modo que no tep
ga partes vivas descubiertas cuando las ldmparas estén en-
su lugar,ni cuando se retiren,

ONTAJE DE UNIDADES DE ALUKNBRADO.-Las unidades de alum-
btrado que tengan reactores o t°ang8formadores,deberén instg
larse de t2l modo que ningin materlal combustlee quede ex
puesto a una temperatura ‘mayor de 90°cC,

APAGADORES.-Los apagadores deben cumplir con las reco--
wendacgones antes 01tadas(Apagadores ocultos Apagadores vi
sibled i
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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)
podra sobresalir del alineamiento.

(ESTITICO) |
Lus construcciones ubicadas en zonas tipicas, ca- (L8)
Iles 6 plazas donde existen construcciones decla-

radas monumentos, deberén armonizar con el ambien

te general.

(FUNCIONAL)

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, deberan tener -

por lo menos,un ascensor.

(FUNCIONAL)

Ningdn punto de edificio podré estar a mayor altu (55)
ra que 1,75 veces su distancia al paramento vertl

cal del alineamiento opuesto de la calle. ‘

(TECNICO)

Las zonas de influencia de los aerédromos, seran - (57)
fijadas por la Direcci6én de Aeronéutica Civil y =

en ellas regirédn las limitaciones de altura que -

fije dicha Direccién.

(FUNCIONAL)

Los edificios deberan tener los espacios sin cons (58)
* truir que sean necesarios para lograr una buena -

iluminacién y ventilaciobn.

(FUNCIONAL) ,

La dimensién minima de una pieza habitable, sera- (61)
de 2.70 m, y su altura, ser& 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 pieza y la superficie libre para la venti

laci6én de un veinticuatravo de la misma.. :



RESTRICCIONES

(FUNCIONAL)
Dimensiones minimas de los patios para dar ilumi
nacién X;ventnlacaén a piezas habitables.

(FUNC IONAL)
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.

(FUNC IONAL)
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 bafio, lavabo, ex-
cusados y fregaderos, '

(FUNCIONAL)
Las aguas pluviales que escurran por los techosw
y terrazas, deberan ser conducidas al drenaje,

(FUNCIONAL)
Especificaciones para escaleras:

Ancho minimo 1.20 m.
Ancho méximo 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 fracci6n, se instalard un ex=
cusado y un minguitorio para hombres.

Por cada 300 m2. 6 fracci6n un excusado para mu-
jeres,

ART.

(6%)

(65) (182)

(66)

(67)

(68)

(70)

(71)

(72)

(78)

(80)



ARTICULO 182.- NIVELES DE {LUMINACION,

Los niveles minimos de iluminacion en luxes serdn los si
guientes:
§.- Edificios para habitacién.

Circulaciones. 100

Il.- Edificios para comercio y oficinas.

Circulaciones. IR o 100
Vestibulos ' 300
Oficinas - 400
Comercios 300
Sanitarios ‘ o 100
Elevadores 100

li1.- Edificios para la educacién,

Circulaciones ‘ Lo 100
Salones de clase — koo
Salones de dibujo L © 600
Salones de costura R S 900
Sanitarios ‘ . . 100

IV.- Instalaciones deportivas.

Circulaciones ' 100
Sani tarios .- 100

V.- Bafios.

Circulaciones . o I - 100
Bafios y sanitarios ' L .. 100

VI.- Hospitales.

Circulaciones ) 100

Sala de espera o ' 200
Sala de encamados , ‘ 60
Consultorios SR ‘ koo

Sanitarios . ] 100



D ol

Vil.- Industrias

Circulaciones
Sanitarios
Comedores

Vill.- Salas de espectéaculos.

Circulaciones

Vestibulo

Salas de descanso

Sala durante la funcidn

Sala durante los intermedios
Emergencia en la sala
Emergencia en las circulaciones
Sani tarios

IX,- Centros de reuniodn,

Circulaciones

Cabarets

Restaurantes

Cocinas

Sanijtarios

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

X11.- 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 bafos deben tener un re-
cubrimiento hasta una altura de 1,50 de un material
resistente, impermeable y facilmente 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 p 6 ~-~-
“area equivalente. (por lo menos).

Para desaguar marquisinas didmetro minimo de 5 cms.

6 area equivalente, para superficies hasta 25 m2. -

(méx.)

Los techos planos 6 inclinados deberan llevar cana-
les colectores y bajadas pluviales cuando el agua -
pudiera descargar en via ptblica 6 predios colindan
tes.

Las superficies libres de construcci6n deberéan ser-
pavimentadas 6 tener jardin 6 ambas. En las pavimen
tadas deben tener una pendiente minima de 1%.

Los pisos de bafos, cocinas y pasillos se construi-
rén 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, deberan ser aprobados por las au
toridades sanitarias.

Los pisos de la planta baJa de los edificios, debe-
r &n construirse 10 cms. mas 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.

f

ART.

(21)

(21)

(22)

(25)

(26)

(27)

(27)

(29)

(31)

(32)

(3L4)

(35)
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RESTRICCION

Los pisos bajos seran protegidos contra la humedad,

mediante procedimientos de impermeabilizacion.

Las piezas destinadas a habitacién, tendrén luz y-
ventilaciéon directa al exterior por medio de puer-
tas % ventanas convenientemente distribuidas.

La superficie de iluminacibn no seri menor de 20%-
d: la superficie de piso de la habitacio6n.

Las ventanas y puertas tendrén una secci6én movible
de cuando menos 1/3 de los claros de iluminacién -
para renovacién del aire.

La iluminacién y ventilacién se satisfaceran: 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
proporcionard por medio de instalaciones mecanicas
que garanticen la renovacién eficiente del aire., -
El movimiento del aire no seréd 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-
la humedad relativa entre 30 y 60%.

Viviendas minimas. 2 piezas, cocina, bafo y patio-
de servicio.

Dimensiones minimas: .
Pieza habitacién: 7.50 m2. superficie.

Cocina: 2.50 m. ancho.
2.30-2.80 altura.
Cocina: 6.00 m2, superficie.
o 1.50 m. ancho.
Bafio: 2.00 m2. superficie,
1.00 m, ancho.
Patio: L.00 m2. superficie.

2.00 m, ancho.

Instalaciones sanitarias minimas:
Excusado, lavabo, fregadero. regadera, lavadero,

Recdmaras 6 dormitorios munlmos segin el namero de
hab itantes,

3 habitantes: 1 recamara.
5 labitantes: .- 2 recdmaras.
7 habitantes: . 3 recadmaras.

ART,

(36)

(37)

(37)

(37)

(37)

(38)

(39)

(39)

(39)

(W)



RESTRICCION

Para vuvlendas de mds de 3 recamaras 2 habitantes
mads por recamara adicional,

Dimensiones minimas de los patios que sirven para
dar iluminaciébn y ventilacién con respecto a la -
altura de los muros que los limiten:

Altura hasta. Dimensiétn minima.
L,00 m. 2.50 m.
8.00 m. 3.25 m.
12.00 m. 4.00 m.

Para alturas mayores la dimensi6én minima seré 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 mas de 5 nive--
les, deber&n contar con ascensor para personas,-
ademds de escaleras.

Todos los departamentos deberdn desembocar-a pasi -

11os que conduscan a las escaleras, Ancho minimo-
de 1,20 m.

No deberéan 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 multlfamil1ares y de 0.90 m.
para unifamiliares.

La huella neta de los escalones no seréd menor de-
25 cm. y los peraltes no mayores de 18 cm.

Toda ventana no podré 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 proveeran de dispositivos de
seguridad hasta dicha altura.

Especuflcacuones para sb6tanos:

Altura minima de 2.30 m., superficie mlnima de -~
7.50 m2., lado menor de cuando menos 2.50 m

Que no exista humedad.

Que dispongan de luz y ventilacién,

Materiales de construcci6bn a prueba de roedores.

Ningan punto de un edificio podr& estar a una al~-
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RESTRICCION

tura mayor-de 1.75 la distancia horizontal entre dicho
punto y el lindero més cercano de las manzanas vecinas.
Se exceptuan los motivos arquitecténicos tales como --
miradores, torrecillas y otros de escasa importancia y
caricter ornamental.

El apartamiento minimo de agua potable a los edificios,’

se ralculard a razén de 150 litros por habitante, por-
dia.

OQueda estrictamente prohibido la servidumbre o servi--
cios de agua de un edificio a otro.

Para evitar contaminaciones en cisternas, no deberan -
existir tubos de albafal o conductos de aguas negras a
menos de 3 m.

Los depésitos que trabajen por gravedad deberan debe--
ran estar 2 m. mas arriba de Jbos muebles sanitarios =--
del altimo nivel,

En todo edificio deberd haber cuando menos un excusado
e ird aumentando a raz6én de un excusado por cada 10 --
personas.

En los bafios donde existan regaderas, ésta deberd es--
tar separada del resto por medio de un reborde de 10 -
cm. (minimo). ’

Las instalaciones hidrdulicas y sanitarias se harén =--
con materiales autorizados por la S.S.A,

Los albafiales deberan estar debidamente protegidos con
tra la oxidacién y el intemperismo al igual que sus ==
7juntas.

Los albafales se har&n con tubos de 15 cm. de didmetro
interior como minimo.

Los albafiales se construirén bajo el piso de los pa---
tios o pasillos de los edificios., Se permitirén modifi
caciones,

Los albafiales se instalardn a cuando menos un metro de
distancia de los muros. Cuando no se pueda llevar a --
cabo ésto, la instalaci6én se protegerd de asentamien--
tos, previa autorizacioén.

Los tubos para conductos desaguadores tendran un dié--
metro no menor de 32 cm., ni inferior al de la boca de-
desague de cada mueble sanitario. Se colocard con una-
pendiente minima de 2% para diémetros hasta de 76 mm.,
para mayores la pendiente minima sera de 1.5%.

ART.

(52)
(53)
(56)
(57)
(62)

(63)

(74)

(75)

(76)

(78)

(79)
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RESTRICCIONES

Los cambios de direcci6én de los albarales y las
conexiones de ramales, se harén con deflexién =
maxima de 450,

La piezas "T" para conexiones de ramales de ba-
jadas con albafales, s6lo se permitirén cuando-
el cambio de direccién sea vertical a horizon--
tal.

Los albafiales tendran una pendiente no menor de

1.5%

Los albafales estaran dotados de registros a =--
distancia no mayor de 10 m. con objeto de lim--
pieza.

En el lugar inmediato y anterior al cruzamiento
del albafial con el limite del predio y la via -
piblica habra un registro. .

Los registros para albafales 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 conexi6én con rama--
les,

Los albafiales estarén 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 ligardn los sifones entre si_por medio de un
tubo de 38 mm. de P. '

S6lo podra autorizarse la instalacion de fosas-
sépticas 6 plantas de tratamiento en edificios-
ub icados en lugares fuera del perimetro de las-
redes de saneamiento.

Toda fosa séptica 6 planta de tratamiento seré-
de material y capacidades aprobadas por las au-
toridades santtarias.

ART.
(81)

(82)

(83)

(84)

(8L4)

(85)

(86)

(87)

(91)
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Accessary solution. But the reason that LP can be u..ed is that the criterioy,
of minimax has teen built into the system. Micimax does not require ex.
pected values ard it does not include any provisions for considering proba-
bilites. On the other hand, the solution itself is a risk-type statement
specifying the appropriate statistical frequencies that should be employed,
For that reason, it might be suggested that such problems should be in-
eluded with DMUR. Whatever our preference. we must couclude 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 nest two chapters will
eonsider some of the difficulties associated with the use of objective methods
and will provide 2 number of practxcal method; for coping with such
dxﬁcultxes .

i=F. 9

chapter :
QUALITATIVE DECISION METHODS

--6

We have examined the formidable framework that exists for analytical
design decision-making. Stripped to essentmls 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 sts:tes of nature.
(4) Determination of outcomes.

. (5!53 of the decision matrix to obtain expected values.
(6)

s

esolution of decision problems when risk conditions apply.

. (7) Several aﬁproaéhes.for ré:olving decision p:oblem-s t'mdér cond:
] _-of certainty where the expected values derived by mk method.
IR - used as part of the data input. e

: (8) A number of criteria that can be emp!o;,ed to resolve dec’
.. —=— problems when condxtxous of uncertainty apply.

(9) The fundamental character of decisions that are affected by c
7 petitive factors.

-

AL “In our discussions we have gide-stepped a number of important ques:
-- that seemed more appropriate for the present stage of development

. Many times, confronted with a number of design alternatives, the best
zwe can do is express our preferences (an intermediate variable) for e

A "of safety and profit? How much safety is equvalent to onc unit of pr.
- Another example of this kind of conundrum occurs when weapon sys

agamst cost and expected obsolescence. Still another instance would b
i1 “evaluation of alternative designs for surgical instruments, in whick
2+ "cost would have to be weighed against the remedial propcrties of
: DN .. instruments. Preference embodies such multiple components. It is

= i " how” a resolution of many factors and an attempt to estimate their ¢«

%=~ butions to the achievement of the objectives. There is no reason w!
DL LP-design-mix formulation could not be used to maximize preferer.
s X
#+%.<: stead of profit. Similarly, we should be able to resolve a competitive de-
3,35_ - gystem where the payoffs arc stated in terms of 2 preference measure.
g.j-; problem that must be solved, ho“ ever, is how to derive 2 mean:
: 5" measure of preference.
: -.h-:'. -~

i ' -

.2-= . PEstimates of profit where relationships are unknown and gucssigdis used are
X _"_ _ Bomore than preference measures, but the dollar dimension lcnds‘r of autl.e
; .=, that must be viewed with suspicion.
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1. RAN.‘(ING AND TRANSITMTY . R f": . some standard. Our purpose in domg this is to a»oxd the uncorsci
- - - é«q priori judgment of the acceptability of a particular characteristic :
The qualitative operatxon of raang desxc'ns is frequently used Some- ;;ZT'_’, ~ specific design. It may be true that hand-cut glass is a mark of high qua
times it works, but often it does not. The major reason for failure is the ~=j;’.€‘;_ to some people, but not necessarily to all people. A real leather brief:
violation of l}ansiti;-ity. Thus, if the designer prefers A to B, B to C and C E“, " may be called high quality by a group whose tastes are predispozed aga
to A the consistency of logical choice has been abused. Transitivity is ﬁ:. the ‘“‘ersatz”’-the synthetics and the plastics-but this is neither a ﬁnal
obviously required if we are to believe in rank ordering. Too frequently, it __ ,;E_ an unequivocal judgment. A large class of attributes (such as color =
ean be shown to have been violated. Why is this so? §“* user’s prestige) are judged to be of high or low quality on the basis
Qune basic reason is that multiple dimensions exist which share im- wro--  arbitrary standards. Arbitrary standards have no permanent existenc.
portance because the objectives are also multiple and tend to oppose each -;;' time and they will differ among cultures, social groups, and individe
other. The designer would like to use a superior material but he is obliged mT The marketing department is usually entrusted with the problem of
to work within a limited cost structure. As the seating capacity of a plane B termining thesc standards. There are many examples of arbitrary qus
is increased the amount of fuel it can carry is decreased. With improvement f-; -~ standards. High quality is frequently attributed to a high-priced prod:
in the tone of a radio the size of the unit increases. Examples are legion. S even though that product is identical to a lower-priced product marke
If all of the objectives cannot be merged into a single-dimensioned ob- %5 - with a different label. Scarcity is another condition which frequently e..

jective, such as profit, it is easy to see how comparisons between pairs of
-designs might accent different components of the objectives. The issue

the appellation of high quality. But these judgments are not univers.
accepted and the standard must be called arbitrary.

4

really comes to 2 head when we bring up the subject of quality. This is a e Fundamental quality standards, on the other hand, are unchanging, b
term that is commonly used by all participants in the design decision =T over time and among cultures. They can be traced to physiological requ.
process. But does everyone mean the same thing when the word is used? 5. ments of the human body, basic instincts which characterize human’
. - 'i“_ and environmental needs which logically compel agreement among
- N - s .- - %} individuals. Thus, if a radio is so designed that all transmitted sounds
32. QUALITY o T LT T distorted, there will bg universal agreement that the quality of so:
) ) : : . _gﬁ reproduction is.poor. I tlge handle of a pot always burns the hand of -
No treatment of design decisions would be satisfactory if it ignored the : ;f R hold;r, there m(lil be no dispute about the quality level of this featur
roblem of defining the quality of a design and the way in which design the design. Fundamental quality standards require agrecment on the ;
:uality enters into comparisons between alternative strategies. First, let E_: of those evaluating the quality level as to the objectives of the de=1"'1
us note that the subject of quality is not independent of such basic con- = the needs to be fulfilled. Once this agreement has been reached, no fur
giderations as the optimal product or design-mix. Neither is it independent %l dlsagreemept should ensue. .To xllustt:ate this ;_)omt ifa soap.ls intende
of the competitor effect. As a matter of fact we are viewing quality esti- Re clean effectively when used in a washing machine, once there is concurr.
mates as the equivalent of preference. This seems to be totally consistent a" on tl}e deﬁnitgon of .“cle:m effectiv.ely," :}ll i-ndividuals-with or witl
with the prevailing attitude of design decision makers. Therefore, if we CE washing machines-will agree in their quality judgments. It is possib:
ean develop relevant quality measures, we can employ these as the out- Er achieve almost complete agreement on such deﬁmtxons—hence, the a;
isi A lation: fundamental quality standards.
comes for our decision processes. 3. q y
What is quality? It is not easy to define. There are two interpretations .?‘Z i The distinction between arbitrary and fundamental standards. ca
which are frequently interchanged in both ordinary conversation and tech- :‘; uscful when the elements of designs are being classified for evaluation
nical discussion. Sometimes it is taken to mean that a desired characteristic f-: poses. It is not always obvious how to categorize an element. Sometim
or set of characteristics is embodied in a given product. In this case it is iE 1s apparent ‘that both arbitrary and fundamental standards apply.
used to impute value. When the statement is made that z is a quality S example, consider the problem of defining acsthetic standards. Alth
product, it is understood that “high” quality is meant. 3‘; . there is an important physlolog;;tld tlcomponont-lthere can bel no dout&t )
On the other hand, a quality is an attribute or property. When used in oF appearance design factors are y universal, nor are culture an
this latter sense, it is free of value mdgmcnt. We will use quality in this = invariant. Measurement of aesthetic qualitics and the determinatio »7
accond way. When the first me:mmg is intended, we will specifically state ¥y T .
Ahe degree to which the property is considered to be desirable in terms of R * The operation of the perceptors if nothing else. : .
78 2 75
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ztie stacdards w3 rooted in the psychedynamies of a culture;but they * and B. By agrecment two characteristics are isolated as being the majer
wastrained Ly Loaan structure. © N ) . determinants of uality and therefore preference (and thercfore attainment
“hese remerics 2% uality can be amplitfied in many ways and a great il of the objectives). We shall eall thewe churacteristics 1 and 2. The quality of

-y
4
¥

21y of examgz: a0 be drawn to support the major pqints which we are L each design is rated with respect to the two charucteristics. Thus 4, is the
g to estaklish natiely: ) . : % quallit.yl e};uluat}ion oafJ dcsig:l A v.-ithf respect to tlh;e first chamcbcristicl;
K S e . ] . . of tn F 5 similarly B. is the quality cvaluation of design B with respect to the seconc
3% The guafity «£ 2 design is a function of some se: (_)f Ja.ndards. - characteristic. By switching from the analysis of the design as a whole to
2. If the stas<xe% is a fundamental one, then there is universal agree- =~ the analysis of each design characteristie, the dimensional ddTieulties that
ment. Suck acords are usually time-invariant. . e are inherent in over-all evaluation can be avoided. Consequentlys violations
Ti If the sta:2wrd is an arbitrary one, then quality evaluations can oo of transitivity can be eliminated.
and will eb=-3: over time in some logical fashion. The process of L\ ~ Next a set of weighting factors is chosen. Individuals of the design team
‘change iz & szdom one yet consistent within its own framework.? ;, R may not agree on the assignment of weights. For that matter, there will
A technnlezioa! hreak-through opens up new design possibilities and :t‘ probably not be complete agreement on the quality standards and measures
can alter grevous standands. I3 that are to be employed. At least all such disagrecraents can be discussed
3} Arbitrary wizn2ards are not only different over time, they are also ", becausc thc_y are objective (although qtfahtatlve).. We wxll. return to this
diiferent a% z:¥ given point in time amcng individuals, groups, and { s subject again. But ﬁfst, let us see what 1s.donc with the weighting factors
cultures. TF=3x, there is a need to consider demegraphic and psycho- N and what is wrong with the method that is CO"_lm_Oﬂly employed.
logical strat ¢ ation of consumers-a marketing function. i;-ff Let t.he: \\:elghts be 1, for tl.le first chfzracterfstlc‘ and w; for the second ‘
$; A great neimier of quality judgments must be rendered for each ;E— a3 characteristic. Thex.l the l'qua.hty of. design A is given as, Q:. = w4, +
Ag e \s will not be independent of each other 13 ng,,.and the .qualxty of design B is, Qg = tt{lB, + wyB,;. This is what is
design " Wiie she Jucgroen’ irh quali all ties of o done in thosc circumstances where extra effort is being expended and where
d:e.y ws!im: :;;*.azx_zm?'sly mf er hig au ity to gropcx;;les ° (()me f.;'_‘ formal qualitative (quasi-quantitative) methods are allowed. We shall un-
d.emgn. SIS attnbu\gs will be more muizm?t tthan ° er;d nz 1L>"  cover the fundamental error that is being made by taking a specific ex-
hlgl.l quality ez oumesg!mscor_e of low qualities in the same produc {+ - ample. We will compare the qualities of two boxes, each of which contain
design.” -~ . ) N ’ L": one apple and one orange.* To begin, let us assume that a highly-skilled
. must therefore So.d a means to accomplish the following: E‘:‘T fruit grader determines the following: Box A contains an apple of grade 2
. T - . i - s ;5 and an crange of grade 5, where § is the best possible grade and 1 is the
n }Ve must b2 ::.'.,Ie_ to rmeasure the qualx_t. o l?‘ el c;f each g!;a;dm;:tensh; ?: lowest grade:gBox B contains an apple of grade 4 and 2n orange of grade 3.
maprodt.xc'.__ This requires t.he determination of a stan . _or eac i*‘ : One of the designers of the box of fruit states that in his opinion the
characteriztic. i T ) ! : contributions of the apple and the orange to the over-ail quality of the
2) We must te able to combine the separate judgments rendered for : combination are equivalent. By this he means that his preference for either
each :riztic in order to produce a resultant measure of quality. one of the boxes will be equally influenced by both types of fruit. The im-

plicit assumption is made that he is not speaking about his own preference.
Instead he is attempting to mirror the consumers’ attitude and make his
preference equivalent to the profit potential of each type of box. Then, at

3) The resultzsit auzlity messure should express our preference for each
design alternztive. It should be immune to violations of transitivity.

. . IR » ) r‘z; _ least for this decision-maker, the quality measures would indicate equal
- RESULTANT QUALITY T > ) ;;*; quality evaluations for both boxes. Thus: ) . )
. A5 : D
We shall begin in a simple way by using 2 very common n;et!xod c;;' ‘1!_;,:.;_: Q (Box 4) = (1)(2) + (1)(5) =7 and Q(Box B) = (1)@) + (@) =7
uati is wially wrong. Our intention is to compare designs {2 ] - . ' o
shaation that = d & i ' ‘:k We are not going to quarrel with the choice of weights. Market surveys
The process is of the Markov type, where the state at time ¢ is a function of the ‘:\ ) gould be conducted to lend support or contradict the contentnoh&?hat. they
-2 a2 time { — 1. The rulis for transitipn may be quite complex and the number of ‘ :r‘, . .
Ehle states may b viry gre2: iodeed. All possible states will seldom be enumerable- : _; ¢ The characteristics of the design (box of fruit) are, characteristic 1: apples; ckar-
5 of them are hidden until ttey are discovered by creative insight. = acteristic 2: oranges. _ :
o o Z \ o
- X
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mt. Nei.  <hall we disagree witk *he quality evaluations of the
-, Presumably, he is a sensitive measu;..1g instrument. If one doubts
. seeord grader can be obtained and the test procedure replicated.
the reliability of our first grader has beer authenticated we can relax
5 poiat. The relationship of the grades themselves to the consumers’
ation of quality is another traditional area for dispute, but here too
-ogrize that market surveys can be employed to lend credance to
.radicg system. We find something else objemon.sble—namely, the

.dure that has been used.

+*

IMENSIONAL ANALYSIS P

st us determme the dimensions of the quality measure that was ob-
- above. We have added apples and oranges and our result is ex-
-ed in these terms. But what does the dimension apples plus oranges
2? The answer is: “nothing we can understand.” Let us underscore this
‘ysion by considering another example. Assume that two designs are
2 evaluated in terms of their cost, size, and weight. The objective for
vof these characteristics is to obtain the minimum value. (The objective
Ye fruit box was a maximum value.) Assume the following data:

© Cost Size Weight
Design C 83 127 . 1§
Design D $2 o 28
Importance 5 T2 3

g the mcorrect method we obtam
@ (Design C) = 5(3) + 2(12) + 3(1) = 42 (dollars + in. + 1b)
Q (Design D) = 5(2) + 2(24) + 3(2) = G4 (dollars + in. + 1b)

gn C, having a smaller evaluation number, is the indicated choice.

, let us transform inches to feet. If the method of evaluation were
*ct then Design C would continue to be preferred, since.there could
o logical basis for using an inch scale instead of a foot scale. We have:

Q (Design C) = 5(3) + 2(1) + 3(1) = 20 (dollars + ft + 1b)

Q (Design D) = 5(2) + 2(2) + 3(2) = 20 (dollars + ft + Ib) _
lesigns are now reported to be equivalent. Apparently this method of
ation is not invariant to the scale of our measuring instruments. As
or example let us change dollars to cents. Then:

‘2 )
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Q (Design €) = 3(300) + 2(1) + 3(1) = 1503 (cents + ft . «b)
Q (Design D) = 3(200) + 2(2) + 3(2) = 1010 (cents + ft + Ib)

The preference has now switched to Design D. The results are intoleratiz
This system of cvaluation has been discredited by example. Underly .. 2
these illustrations are the basic requirements of dimensional consisteney.
The method used above for comparing alternative designs produces Ji--
mensional abominations. Ifow then should we proceed?

We must multiply the quality measures instead of adding them. fbe
weighting factors will be exponents associated- with each characteristie.,

Thus:

'

Q1 = APA? and Qs = BPBY

Q (Box.A) = (2! (5)' =10 and Q (Box B) = (4)! (3)* = 12
Since the objective is to obtain the highest number-Box B is prefermd.
With respect to our second example we obtain:®

Q (Design C) = {3)®(12)2(1)® = 34,992 (dollars X in. X Ib)
Q (Design D) = (2)° (24)* (2)8 = 147,436 (dollars X in. X Ib)
Our objective was the smallest number and so Design C is preferred. Now
let us go through the same set of scale transformations that we previousiy
used. - T T
Q (Design C) = (3)%(1)2(1)? 243 (dollars X ft X 1b) - -
Q (Design D) = (2)% (2)? (2)* = 1,024 (dolla.rs X ft X lb)

i
]
i
i

i

This time, Design C continues to remain the choxce Lastly, -

Q (Design C) = (300)° (1)* (1)* : o
T . = 2,430,000,000,000 (cents x ft xlb)
Q (Design D) = (200)° (2)* (2)* - I

= 10,240,000,000,000 (cents X ft X lb) ’

which is also a Desxgn C chmce ‘
To understand the nature of what we have done let us find the ratios of

42 _ ] 20 . 1505 -
(1) 5 =066 @ 3 =100 ®) om0 = 149

8 For ease of computation this can also be written as:
logQc = wilog C + w2log Cz: + w3 log Cs

83
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R ) iplications -~ L.u T e T T = One additional characteristic of the multiplication method should be
A fox the g‘fthdéef??mph?atfas' Y s . 333 . uoted. If & mix of objectives exists, then it is necessary to use negative
n S4.092 = 0.24 2) 23 = 024 - {3) :i_‘)i@l% = 0.24 ;-' exponents. For example, if we wish to have a minimum of cost and & maxis
W46 ) _1»924 e e L L4 (10)" o 3 mure of strength, we would select the design alternative with the smallest
n.cﬁmeasionﬂ t;:rms, £he ratio with addition is of the type: = E . quality evaluatior number from the set of such measures:
S R SR ) X Q _ CY(SH)== _ (C)m(S)=
tdollars + in. +1b)  {dlolhars + in. + pounds) " iutollars + in. + ib) E. - Q  (CIS)  (Co)(S)= ,
This cannot be further reduced. The raties derived from multiplication_ ; where C; is the cost of the jth design, S, is the strength of the jth design, and
seld a pure aumber, e.g., : N . = the asterisk represcuts the standard design. :
. . & We now have devcloped a practical means for assigning outcome values
{(dollars X in. X 18Y _ pure number i when other approaches cannot be used. A noteworthy benefit of using this
. . (dellars X in. X I} . e :%.©  procedure is that it forces all participants of the design team to specify the
2 3 ; ‘the multiplication methed is the correct a ch.® e factors that are playing an important part in their own individual thoughts
tis cenclusive that the multiplication ‘ TR ¥  sbout the problem. First. the critical characteristics must be listed,
o . . s Usually a master sheet would be drawn up that included every charac-
’  ANAL ARISON - teristic suggested. If there is disagreement as to what should be included
1A STANDARP FOHR comp . . - S ,‘:‘ “on the list the dispute can be resolved when the weights are assigned. A
w e signifi we when we apply this method to obtain = E zero weight produces the ivalue of one, which in effect is equivalent to
pm?m;?; Our om are there?;ey only relative but that is .?: dm.ppi-ng cognsidex:ation of "the dispfxted cbamcteristic._ The operation of
casugh for the purposes of ehoosing one strategy out of a set of possibilities.. 'L, . assigning weights is also of great utihty since it communicates the attitudes
Thus, for the box of fruit the outcome ratiodss .. . - . . . - . oX: . . and idess of each member of the design team. There is no other effective
IS, e e & S T T i I ¥E way of achieving the vital pnderstanding that is required if differences of
el Al ‘Boxd 10 S5 - SR & opinion are to be resolved ih the company’s favor. At the same time, there .
SN s BB 120600 0 wr TR o :zn is nothing at all conclusive about these value judgments. They will difer
and Since we want s large a number zs possible we choose Box B. ‘ £ from individual to individual and frequently can differ for the same "
Whea we are trying to cbtain cuteome values for our decision matrix, the S individual over a 15-minute period. e e e T
LP product-mix analysis, or the competitive payoff matrix, it is useful to , tE We values would be derived for each intersection of t!g: deeision
tske ratios with respeet to 2 standard. In this case, the best possible design i matrix. If, for exa_mple, the states o_f nature are by user categories, then a
for the box of fruit would be an apple of zrade 3 and an orenge of grade 5. 2 different set of vffexghts would be assigned for each column—.depefld.mg upon
Using the weighting system previously specified, our ratios with respect ¥£- _ the chameteristics that each type of consumer looks for in this product. -
to the stondard (best possible) design would be: - - _,f Once all of the outcome values are supplied, the expected values can be
RO ) L . = derived and all procedures previously described can be utilized. With re-
£ Boxd ~ 5 - - and - _Box B _ i_ : - spect to the design-mix problem a quality-preference equation, rather than
- . Standard _ 25 . Standerd 25 o iX. . aprofit function, would be maximized. For the competitive decision-making
o - !' - Sterr e ie on '—3} - . system, the payoff measures should express the compsetitive advantage
It is alss useful to stat;z:ardizr;he sum to f::f ten, or ﬁ:ﬁ;ﬂy; f:' "~ ’that a particular combination of strategies would produce. This is the most
g%?wbymmiiﬁ rictio o ,In the case of the box of g‘::‘ difficult area mth respect to applying the preference measures, but_with a
sfruit e could have utifized weighting factars of one'half. Changes of this .g,_ degree °f, ingenuity some head-way can be made. c b i
AT affect. the ratio vahues but the erder of preference will remain the i There is no question about xt—th_e measurement prohlems_ can be severe,
mmm a.)ﬁect - - - . . - £4 . particularly with respect to the arbitrary type of standards. When the fruit -
oo L B P = grader rated the orange in Box A as the best possible grade we recognize
» . v . . . 3 that be must have his own criteria. We may not be willing to agree with
mﬁ“mwyiﬁnﬂ;mz%riﬁiﬁmw Dﬁmw Amgym .;‘ tlns fruit grader until we know what rating scheme ke is using. He must
s £
3 &
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.t out in detail. ITe obviously employed various velues of w by deciding
certain qualities of an orange were moi. impcociaat than others. We

+t tha} his basic measurements of quality levels are repioducible, but - )

nnot find out until we make him break down the dacision-cvaluation
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 categories begin to become measurable 53 they become more
Jed, and a standard for such measurement can Fe set.

QUALITY CHARACTERISTICS

"fore we conclude this chapter let us consider somie of the characteristics
might rormally be involved in a quality evaldation. To begin with,
nave a set of characteristics which might be called “functional.” We
1 divide the functional characteristics into three classes: (1) efficiency
urpose, (2) man-fitness and (3) reliability. We chz!! discuss them briefly.
second major class can be called “nonfunctional” characteristics.
sse are composed of such factors as appearance, communication of
.cepts, and timeliness. However, we shall merely mention them. Cer-
aly, there are other ways of grouping factors. No claim can be made
¢ 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. -
Yith 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
»duet class. We cannot expect to find a set of characteristics that will
rk for all products because the purpose characteristics are the major
ining feature of the designs that are being investigated. A point must be
.de, however: all possible purposes that can be conceived should be set
an at the initial stages in the development of the product design.
aally, the designer has these in mind, but seldom is he specifically com-
ssioned to create a thing which accomplishes z, y, and z. 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
inagers when in fact they should be conscious of having missed this point
rxing the developmental stages. \Fortuit,ous events are not to be scorned-
s+ do we intend to give the irhpression that a creative event after a
sduct has been marketed should be subjected to scorn and derision.

!
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Somctimes the by-product appears as a result of a change in the wiirkets
and in this casc one might ask: “Was this change anticipated?’ No matter
how operational we get in our approach to the design problem we eannot
hope to answer all such questions and we eaunnot begin to believe ourselve3
infallible. But the fact remains that in a logical system, most by-product
possibilities should have been anticipated, and the dynamics of the market

in this regard are at lcast in part predictable. The prediction may not e a

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 chamcizristics
such as the kinds, sizes, and shapes of surfaces to which it can be applied,
the ease of filling, the frequency with which it must be filled, the necessity
of keeping the mechanism clean, the ease of cleaning, and so forth. This
work may scem exhausting, but it has a very important benefit. It dilizently
details all of the purpose factors which influence the consumers’ judgmeut
of quality. Assuming that the purpose factors are of importance in most
consumers’ minds, it permits us to approach the problem of e\aluntmg
alternative designs in the manner we have described. Sy

Man-fitness was our second sub-category within the functxon..l quahty _

characteristics. Here we are talking about the correspondence of the kuman
form and human abilities to the product characteristics. This subiect 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, readabllxty 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 desxgn,
but t.hey are accompanymg restrictions. . P

_ - _,--. PO P . - .- . e T -
e - - - N L - - H -
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'\'Iost of these man—ﬁt qualmes have thresholds below whxch even the
highest quality of purpose fulfillment must be ignored. For example, a
pen which writes forever without requiring refilling will not be ccnsidered
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, a glass that
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. - LT T ) cor.,.d"r such thnshokL w heu we aiterapt to measure the rcﬂ.ﬂt:mt qunlxg\
R t LT Y "_.- .o : . o oL _‘ | . ofa desl"n.
~ : S _ " The contribution of varicty in terins of man-fitness can be called func=
IR R - T ' tional variety. It is of major importaice. Cinderella could not have become
o — qum' ;;w-;m . a priucess if the glass slipper could have fit her step-sisters’ feet equally
- N -~ - e well. Sclf-fitting materials, such as stretch-<ocks, are part of a revolution
in technclogy. Childeen ~ome 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 segments of a potential market are to be added to the company's
over-all potential. This factor can be included in quality evaluation. It is
:rs?::n o Do notlthc same thing as the variety induced by the capacxty, product-mix
analysis. - - -

e a

Quglity Evoluation
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RG. 38 Evaluction of Quality for Different Seat Heights {for o
particuler consumer group).

<. In all of these cases, the value w will change when a threshold is

e b on

Our third functional quality class concerns the ieliability of the 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 a2 combination of these characteristics. A great

‘d. Let us consider the comfort of an autemobile scat. Assume that for deal has been written on thd subject of failure rates and reliability. Manu-

;::21::[ ﬂgro:;::ipconsgnaeg l%?”rznggnprz;ixzca‘:i ?r::::n(:i: possible ) facturers’ guarantecs are significant indicators of the existence of thresholds
ol ! e g‘; b h" f th P fve curve i applicable to this category. Thus, if an automobile fails within the first
ity evaluation as a function of the height of the scat. We presume i thirty days or some given number of miles, the consumers’ evaluation of
~ s o '
one of the basic similarities of our chosen consumer group is similar "

t and build. Within a normal range of seat heights, 1., = 0.03. £ the produet would weight th j lmportz_mce of this low quaht.,y. in an extreme

- o2, . .. fashion. Furthermore, we seé from this example that the weighting system
ever, at the extremes the contribution of seat height to resultant 3 may shift over time. Many automobile manufacturers are extending their
ity becomes distorted. In fact, the seat becomes the most important - y ¢ ) y 2 : &

r in the consumers’ evaluation of the car. These are value thresholds, guarantee pgriod as 2 result of incre.asiflg importance being placed on th_is
a poslble value function is sh own in Flgure 37 “e mast obnous'" ) charactfmstxc by the consumer. This gives us an .exam'ple of the dyna.mxc .

) properties of the value system. How can we cope with this aspect of quality?
- ) Briefly, we are forced to predict a trajectory for the value or weighting

- — < - -~ - -7 < -

2 ““ww;wmm' fwa) of ths m’?dm oL L T r‘: system. Then quality ratios are obtained for different points in time. The

100 — (A _l. B P % meansof achieving the forecast are circurscribed by the body of Lno“ ledge
T - _<-_- .« .77 <. which presently exists in the subject area. - -

- - R = Our present discussion applies to refrigerators, lxght bulbs, televxsxon

;"_' 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

E -- T =*_ ‘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

03 4+——d —_— > a monotonically increasing quality function unlike the inverted U-shape

. | - ¥ quality evaluation for the height of an automobile seat. For characteristics

] 3 > Height of seat 1> of this kind the optimal quality is associated with the maximum number of

, : N ) E " . the characteristic. On the other hand, when we consider the degree of drift

T Whwestates)— o from a fixed precision level, e.g. observable wear on silver-plated dinner-

AG. 37 Value, w, of Qualily Characterisfic—Seat Haw—om = wear, reduced illumination from aging flourescent bulbs, worn heels and

tho Range of Ponible Setfings. : soles on a pair of shoes, and so on, the quality judgment will monotonically

<
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=.:¢ with  reasing drift. In this cas~ the objeetive will be associated
ke minimum number of the character. .tic, zero drift being the highest
*y measure.
Tzzne is not very much that we can say explicitly alLout the noufunc-
:=} domain. The three functional sub-categories have reccived extensive
cueering and scientific study. The required measurcnients or estimates
=ot easy to come by, but they can almost always be approached. In the
siunctional area, very little work exists. The reason for the dispro-
miniwte emphasis is casily understood. The functional categories reflect
zamental standards for the most part. The nonfunctional region is
< with shadows and elusive forms. The foundations are almost ex-
<ively in the realm of arbitrary standards. This has led most serious
stigators to shun the nonfunctional quality area. However, the fact
:ains that by sticking onc’s head in the sand, one does not avoid the
~leasant, the dangerous, and the threatening. The nonfunctional quality
2 i3 too important to iguore. There is very good evidence that in the
ermination of resultant quality nonfunctional categories can play a
;or role.” Nevertheless, it would Le inappropriate to do more than stress
‘mportance of the nonfunctional categories at this time-and to state
1t no design analysis can be meaningful that ignores these characteristies.
-2 marketing department can usually enumerate those categories that
relevant for any speeific time and place. They can also supply the
zutial data and estimates. For any specific problem the nonfunctional
‘nain must be included and examined in as objective a fashion as is
~sible.

This is particularly true with respect to thresholds that operate in this domain.
25 can be traced to the nonfunctional categories more frequently than to the func-
=3} categorics. Also, there is probably no greater condemnation than to label some-
~Z, “out of style.”
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SIMULATION METHODS

We have developed a variety of analytic methods for resolving product
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-quantitative) means for determining outcomes that
could be used in analytic systems. There are times, however, when analylie
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 actual, full-scale
prototype has been constructed and flown under a variety of conditions.
Why aren’t all of these problems amenable to early anmalytic solution?
The answer is that wé do not know enough about the functional relation-
ships between the controllable variables, the noncontrollable variables, and
the outcomes. : — v

) - .- .- e .
R -

[y

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 device is built to simulate them. By simulation we mean
that a controlled representation of reality is utilized in order to obtain
information about the behavior 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 pioblems. The fatigue charae-
teristics of moving parts can usually be derived by laboratory tests. Vari-
ations of temperature, humidity, atmospheric conditions, and oth:r
relevant environmental variables are easily included in such experiments,

N
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El objetivo de esta plética es llégar a establecer claramente cual es
. la funcién de cada edificio y de sus interrelaciones dentro del medio

urbano, a través del enfoque sistémico.

Parece sencillo a primera vista, el hablar del enfoque sistémico; es
algo tan obvio que nos preguntamos el por 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 mds sofisticado
del que hemos logrado preveer. E1l problema ha sido siempre el tratar

de explicar este fenfmeno y de obtener algo que nos sea de utilidad.

En el hombre antfguo las interrelaciones que tenfa con otros hombres,

con el medio y con el praceso 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 gra dificil el analizar hechos y

situaciones si no eran como'simples Eonsecuencia directa de un acontecimiento

existente, ty
' ]

El hombre clasificaba lo que le rodeaba y sucedia dentro de grupos y procesos
sencillos que cubrfan sus necesidades de informacidén para manejo de su
medio ambiente; lo que se salfa de esas normas cala simplemente en el

campo de lo mdgico o lo extraterrenal. Era un proceso en el cual por

(1)

falta de comunicacién el impacto qué tenia un hombre o una sociedad

(1) Nota.- En este trabajo se considera que el conocimiento es parte de
la comunicacifn, como interrelacién de la verdad fisica y el
hombre.




era siempre limitado; habfia mucho tiempo entre cada acontecimiento que

permitia al hombre agimilar 0 controlar los cambios y grandes distancias

14
?

gue ayudaban a aislaf su impacto.

£n la actualidad gracias a la comunicacifn la dimensién del tiempo y del
espacio ha variado si lo medimos por la cantidad y procedencia de las
interrelaciones gue nos afectan, y nos empezamos a dar cuenta gue estamos

participando en un proceso que ya no logramos controlar.

Cada dfa es mids evidente el problema qe las ciudades como un sistema del
cual estamos perdiendo control, no solo en términos de contaminacidén y
sobre poblacidn, sino también en términos de integracién fisica, social

y cultural.

Esto ha obligado en los Gltimos afios, a cuestionar las bases gque heredamos
de andlisis y control y ha cobrado fuerza una antigua actividad, la

actividad de la planeacién.
/

Veamos cual es la situacién actual de esta disciplina a nivel mundial.

En el marco general es patente la preocupacidén de varios técnicos en
analizar y explicar cual ha sido nuestro proceso de desarrollo socig
econdmico para intentar asi, justificar & atacar los factores que cada

uno cree ha hecho inoperante al sistema (centralizacién, dependencia
interna-externa, reforma agraria, industrializacién, etc.). En el campo
metodolégico la idea de perfeccionar las técnicas de elaboracidén 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 cuantificacifn y deteccién de variables

econbmicas no reflejan todavia desde el punto de vista social, las mejores




alternativas. Es muy notorio el hecho de gue actualmente entre los
planificadores hay dos, generaciones con principios distintos; aquella

' ' ,
que vé los problemas que van surgiendo como factores mds o menos
independientes (vivienda, salud, edﬁcacién, 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 decﬁr, hay un grupo que no vé solucién o planeacién
posible sinc un cambio profundo en nuestros valores y en nuestros’
principios econfmicos y otro que vé la planeacién como el ir intentando

resolver aisladamente problemas manifiestos.

Por Gltimo hay otro punto que considero el mds importante, la conciencia
de la gran mayorfa, de la necesidad de un nuevo enfoque que permita
analizar los problemas como manifestaciones interrelacionadas, para
permitir un paso mis fiel de~lz~planeacién a la ejecucidn. E1 andlisis
de toda la problemdtica del desarrollo y de sus intentos de solucidn
desde el marco concepéual de la ciencia de los sistemas,como enfoque que

permite a un grupo multidiciplinario el comprender un proceso dindmico

\ .
y participar con pleno conocimiento en la toma de decisiones.

En esta primera parte vamos a ver someramente que son los sistemasy como
influyen en el procesc de planeacifn. 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 gue se
acomoda a nuestra introduccién, 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 aunque esto es s&lo una pequeriisima parte del sistema
galdctico que empezamos a descubrir, en é1 estd la Tierra, uno de los

mids pequefios planetas de este sistema solar. Esta estélenvuelta de una
delgada capa.que pesa quizd una_milmillonésima parte del peso total del
planeta, un fendémeno 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
mids podér gue 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 manufacturaj no
podria sobrevivir sin vegetacién, sin los productos de distintas capas
geoldgicas, sin lluvia, sin sol, viento, todo lo que forma su cambiante

y en cierto sentido estético 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 aln una diaria

experiencia humana.

1
Aunque complejas, ya estamos acostumbrados a agrupar estas interrelaciones
cuando describimos alguna situacién, por ejemplo, hablamos del sistema
césmico para describir aquellos fenfmenos que estdn en el extremo de ‘lo

mayor que podemos imaginar y de sistemas de &tomos, cuando queremos




describir lo.mds pequerio que podemos concebir.

Asimismo, describimos relaciones entre grupos de animales localizados

en su medio ambiente, con su vegetacidn y su clima como un sistema
ecoldgico o ecosistema, con variaciones en 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. .

El hombre como ya mencionamos, es solo una especie animal en el mundo,
y ’ P
pero es un animal diferente que compite en muchos campos con otras especies

para invariablemente resultar el vencedor.

Como otros animales el hombre se encuentra ante la necesidad de ajustarse

a 1as_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 progorcionado aniquilando otras especies

y consumiendo plantas, pero los animales a diferencia del hombre buscan
aquello gue estd disponible naturalmente y el hombre modifica las -
circunstancias para poder cultivar c&ertas plantas gque le sirvan de alimento
a €l 4 a los animales gque 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. E1 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 tamaro




de las rocas o el largoc 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. Aqui podemos ver que el hombre aparece como una especie "optimizadora

(valga 1la expresién) en bases distintas a los demds.

Ellos optimizan ajusténdose con sus limitacionesalas condiciones naturales
o evolucionando en seres mejor adaptados a esas condiciones. E1 hombre

es un ser ya evolucionade 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 bldsqueda de lo Gptimo el hombye estimard una situacién futura

como base con la cual comparar las posibles soluciones a un problema presente,
es decir, é1 se decidird por aguella alternativa que considera lo llevard

a la situacién deseada por la linea del menor esfuerzo. E1 hombre intenta
minimizar sus recursos hacia un objetivo establecido o de maximizar sus

resultados a cambio de un recurso dado.

Estas consideraciones han sido un intento de mostrar al hombre en su relacidn
con el mundo en que vive; se ha hecho quizd a expensas de otros aspectos gue
son por lo menos igual de importantes, pero un paso necesario ya que nos

ha dado un concepto muy general de lo que son los sistemas y la 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 mds que otras, y el adjudicarle éstos valores a diferentes
situaciones es lo que motiva al hombre a hacer todo lo que hace. E1
sopesar éstos valores conduce a formular ciertos ideales, a establecer
las metas por alecanzar y los objetivos de su conducta diaria, por

consecuencia a planear.

E1l tener valores, de cualguier tipo, es lo que motiva al hembre a actuar

ya sea escalando una montafa, casdndose o yendo a Oaxaca a descansar.
® P AU S A

Todas estas actividades tiemen una localizacidn; algunas ocurren en dreas
geogréficamente determinadas que podriamos llamar "espacios de actividad"

y otras ocurren cuando éstos espacios fluyen o se interrelacionan y surgen
tconductos 0 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 pﬁeden ser representados o codificados en un sig_gﬁmero

de formas de acuerdo a las necesidades de cada estudio en particular.

Aungue 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 todaé las consideraciones

N\

gue a mayor pro?undidad podamos realizar.



EL ¥ ECOSISTEMA

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.

DEFINICIQ.'ZS. DE SISTEMA.,
Diccionarios.

1) Conjunto de reglas o principios enlazados

entre sf.

2) Conjunto de cosas que ordenadamente relacio
nadas entre sf{, 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 disposicién ordenada de diversas partes o
elementos en un todo indivisible. 7
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 diseiflado para llevar a cabo en forma coopera-

tiva una funcibén predeterminada.

il

’

FPuckley.
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 mas o

menos estzble, 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 naturalezacde 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, funcién u objetivo.

Un sistema es una serie de objetos con determinada rela-

cién entre ellos y sus propiedades.,

Il



IS

/2

TEMA.

-~ Conjunto o combinacién de objetos o partes;
- Integradas e interdependientes

- Cuyas relaciones entre s{ 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.




TEORIA GENERAL DE LOS SISTEMAS.

'Boulding.

Von Bertanlanffy
Shoderbeck
Hopkins. !

1

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-matemdtica, entre las al-
tamente abstractas generalizaciones de las matemiticas
y el nivel de generalizacién de las disciplinas especi

ficas.

/3



Para lograr esos objetivos una teorfa general de los siste-

mas deberd 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 gnterdepéhdientes de tal manera que ninguna
parte puede ser afeétada sin afectar a las otras par-

tes.
]

Subordinacién.- El todo es primario y las partes se-
cundarias. El papel que juegan las partes depende del

propbésito 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 reguléda por la relacidén del todo a la parte.

Z



Unidad.- El todo se conduce como una unidad, no im-

portando su grado de compiejidad.

Estabilidad.~ La identidad del todo y su unidad se
preservan aunque las partes cambien. El todo se renue
va a sf{ mismo constantemente a través de un proceso de

transposicién.

Organizacién.- El todo es mis que la suma de las par-
tes. El todo tendri caracteristicas diferentes que la

de los componentes en forma individual.

Jerarqufa.- Los sistemas esté&n relacionados en forma
jer&rquica. 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 més 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 computadora electrébnica, 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 podri 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 propdsito 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 dg

terminacién 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 resolucién 'medio' la mesa es un sistema estruc
tural de varios elementos: patas, cubierta y cargas sobre--

puestas.

A un nivel de resolucién mids bajo la mesa pierde su significa
do individual, convirtiéndose en un incidente de un sistema

parceptual o en una pequefla 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.
-

N




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-1lds habrfamos inclufdo en nuestro sistema defi-
nido. ‘

- SISTEMA.- El conjunto total definido a cierto nivel de reso
lucién.

- SUBSISTEMAS 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 limite mis bajo de andlisis y detalle; nos
interesa su comportamiento mis no su estructura. Los elementos
de un sistema son ''cajas ciegas'' de cuya estructura no sabemos
nada excepto lo que podemos deducir de su comportamiento, de sus
caracteristicas de insumo y producto.

Una caja—-ciega se considera .como un proceso contenido dentro de
ciertos limites, del cual sblo 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 planeacién y mu-
chos sistemas y subsistemas se pueden tratar asf{ al querer su-

bir el nivel de resolucidn.

EJEMPLO: Un partido de fétbol Medio ambiente = el ptblico
o un edificio en 1la Sistemrma el juego
planeacién urbana Subsistemas cada equipo
Elementos = cada jugador
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REPRESENTACION DE UN SISTEMA.

Gr&ficamente.

Los cfrculos representan un conjunto de elementos que pueden
considerarse ''cajas ciegas''. Algunos elementos fuera del 1f-
mite del sistema son escogidos debido a la importancia de sus
relaciones. Las flechas que cruzan el lfimite son insumos o

productos del sistema.

'CAJA CIEGA"

Insumo =——————%3 Proceso t————YpProducto

. (sistema)

Flujo de informacibén, energfa o materia

SISTEMA SIMPLE.

_)‘ 4- S | ]
Insumo——%—#fubsistemaaoffubsistemagoighbsistemd Producto
1 2|} 3 1

¥

SISTEMA CON RETROALIVENTACION
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TAMANO DE UN SISTEMA.

Al ceterminar el nivel de resolucién de un sistema
estemos estableciendo el t&maﬁo de un sistema de
acuerdo a nuestros objetivos.

En los sistemas ''tamafio' es mis un concepto de com
plejidad que de medida fisica. El tamafio se deter
mina por su ''variedad'.

Variedad es Simplemente el nfimero de estados que
puede adobtar un sistema en relacidn ai nimero -
identificable de elementos del mismo y a sus rela

ciones posibles.



VARIEDAD

£l

Elementos disimbolos sin inter-
accién (no forman un conjunto)

Grupo de elementos parcialmente
*imilares (dos conjuntos)
dos estados = variedad 2.

Elementos disfmbolos con inter-
accibén simple.
Sistema de 7 elementos con unio
nes simples.

Variedad = 21

Elementos disf{mbolos 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/off

Variedad = 242 (Superior a
1 006.000'000,000)



REPRESENTACION DE UN SISTEMA.

Matemiticamente.

TEORIA DE LOS CONJUNTOS.

Sean ays @5 gy ceey A3 elementos contenidos en el sis

tema S.
‘Sea aO: el medio ambiente del sistema.
Sefialemos: el conjunto A = (al, 8y5 835 tees an)

el conjunto B = (ao, a;s 8y, ...,‘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 a4, O sea el resultado de

la relacidén entre estos elementos.

El conjunto de todos los_rdf“(d, f, =0,.1, 2,... n) se

representaré 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.

INSUMOS A PRODUCTOS

Comida » 4 Escolares

Informacién e : —» Traba jadores

Energia b GRUPO » Consumidores
FAMILIAR > Viajeros

INSUMO

E— , L

Peisonas NUEVAS Y——-%»

solteras 7 FAMILIAS +—

T

COMPONENTES del sistema de familia.- Personas. Actividades<

=

> .
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 (vehfculos).

DESCRIPCION DEL SISTEMA.- Probabilistico complejo, se requie
re de muchos modelos para-poderlo representar adecuadamente.
(fertilidad, dindmica de poblacién, demanda, empleo, movilidad)

etc.



Mane jo de los sistemas para su

andlisis y control.

ANALISIS DE SISTEMAS.
- NGENIERIA DE SISTEMAS.

- INVESTIGACION DE OPERACIONES.

CONTROL Y COMUNICACION DE LOS SISTEMAS.

= INFORMATICA

’.'1
i

- ROCREMATICA

27
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EL ANALISIS DE SISTEMAS. -

Segln su influencia con el resto del universo los sistemas
pueden clasificarse en:
- Sistemas abiertos.- Aquellbs que reciben influencia
a través de vias especfficas llamadas entradas y que
ejercen influencia a través de vias espec{ficas llama
das salidas.
~ Sistemas cerradbs.-jﬁAquellos que no reciben ni ejer-

cen influencia sobre el resto del universo.

¥

Aunque los sistemas cerrados no existen este concepto es -
Gtil en el proceso deandlisis de sistemas, ya que los siste=-
v

mas abiertos son, por su naturaleza, generalmente demasiado

comple jos, 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.,
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ANALISIS DE SISTEMAS.

INGENIERIA DE SISTEMAS.

o

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.

rietodologia empleada.

Establece las caracter{sticas que debe tener un sistema
6ptimo.

Selecciona la combinécién de subsistemas que formarén
el sistema.

Analiza las interacciones dentro del sistema.

Establece las caracterfsticas de las partes para poder

optimizar el todo.

Andlisis Marginal.
Anilisis Beneficio-Costo
Andlisis Costo-Efectividad
Anilisis de In?ersiones

Anfilisis Operacional

Arthur D. Hall
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ANALISIS DE SISTEMAS.

INVESTIGACION DE OPERACIONES.

1

a—d

a investigacién de operaciones és 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 matemitico que lo represente
Obtener una solucién del modelo

Probar modelo y solug}én

Retroalimentacién

¥

Implantar la solucién.

Churchman

Ackoff

Enthoven

Arnoff

Chadwick
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EL CONTROL Y CCOMUNICACION RE LOS SISTEMAS.

LA CIBERNETICA.

La Cibernéticz es el estudio analftico del isomorfismo de
las comunicaciones en los mecanismos (Ingenierfa Cibermética)
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 actGa con un fiﬁ_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, bioqufmicos y biofisicos) supe-
riores, relacionados con la actividad vital del organismo
y encamirzZos a la conservacién del mismo en las condicio

nes variat-les de su existencia.



CIBERNETICA.

Esto ha hecho que se desarrollen las ramas de la

Cibernéticez:

- INFORMATICA.- Se ocupa de los sistemas de infor-
macién, o sea, aquellos en los que el flujo es in-

formacidna.

- ROCREMATICA.- Se ocupa del flujo de material, abar
cando las funciones bdsicas de produccién, transpor

te, almzcenamiento y distribucién de productos.
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LA CIUDAD,

Una ciudad nace como un centro de intercambio econémico, cultural, social,
polftico, etc. etc. Es un gran "mercado"” al cual concurren todos los
elementos de una regi6n, es decir, en un principio la ciudad no es mds gque

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 produccién de bienes de consumo y capital.
Es aquf cuando el hombre urbano empieza a desarrollarse independientemente del
medio regional del que dependfa, empieza a crecer su influencia y a interrelacioc-
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 pagdndcls
en proporcién a su aportacién de productos. E1 campesino al ver ésto cree

que la ciudad ha hecho un milagro econémico y emigra a ella tratando de

incorporarse a la clase dominante.,

£l Gobierno como producto generalmente urbano se dedica a intentar optimizs—
el sistema también urbano olviddndose de sus ligas e interrelaciones con la

regién.

Esto es posible en paises donde la mayor parte de la poblacién 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 50% de la

poblacién es.rural.
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El problema ademds no es querer optimizar el sistema urbano, sino el pretender
hacerlo simplemente cubriendo aspectos aislados (vivienda popular, vialidad,
educacién, contaminacién, etc. etc.) sin estar concientes de las relaciones
que tienen todos los elementos entre si, para asi poder preveer y optimizar

el impacto de cada inversién.

La ciudad no es més que una serie de actividades representadas por los
edificios y una serie de ligas e interrelaciones entre ellos, esto aunque
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 interrelacidn; como consecuencia
al planear un edificio debemos preveer y planear sus ligas con otras actividades
y con el medio ambiente, ya gue de esto dependerd su buen funcionamiento dentro

de la comunidad.

A continuacidn se presenta un eétudio realizado en la Comisién del Desarrollo
Urbano del Pafs de la Secretaria de Obras Pdblicas en un intento por estudiar
y sistematizar el andlisis de la influencia y repercusidén de cualguier
establecimiento en un medio urbano, dentro del marco general de desarrollo

de un proyecto.

Como primer paso en el desarrollo del proyecto, consideramos necesario el
establecer un marco de referencia de todas las actividades por realizar, 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 esguema tedrico de referencia de cada actividad.

Dicho modelo consta bdsicamente 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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- ESRAUEMAS TEORICOS cuyo prop6sito es el de representar grdficamente
todos los pasos y procesos metodolégicos emplesados en las distintas etapas

del proyecto.

- TABLA DE TEMAS en la cual se establecen claramente cuales son las
metas del proyecto, asi como los objetivos que se habrdn de cumplir para
lpgrar dichas metas, ‘objetivos goncretos derivados del conocimiento del
lugar y de las metas, que nos servirdn como una medida de efectividad en

el modelo de evaluacién.
-~ 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; Eoblacién, 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 fisicas de cambio, las hipétesis de
crécimiento 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 requeridos, la
jerarquizacidén de las actividades econémicas, las alternativas de
distribuc;én de poblacién y actividades, la evaluacién y estimacidn
de las inversiones requeridas, las alternativas de financiamiento
y por dltimo, 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 ACTIVIDAbES 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 mids adelante se podrdn manejar en la elaboracién 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 relacifin pormenorizada de las actividades
que se llevardn a cabo en la zona, las dreas necesarias para éstas y los
!

criterios generales de localizacidén einterrelacidn, expresado por medio de

coeficientes, normas, rangos y patrones de disefo.

-~ POBLACION Y ACTIVIDADES DESEADAS Y DISPONIBLES, producto directo del
programa, donde se mencionan agyellas actividades y poblacién necesarias
al proyecto, asi como aguellas actividades y poblacién que habrd disponible

para acomodar en otros 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 adecuacidn
de la alternativa al problema, su integracifn 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 infraestructura
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
restriccién a cada interrelacién que no cumpla con el rango permitido .
- ASPECTO ECONOMICO; cuantificando todos los costos asi como 1los
beneficios esperados de cada alternativa, para poder hacer una
evaluacidn de tipo costo-beneficio con una tasa de rentabilidad

fijada previamente por el estudio financiero.

- ELABORACION DE ALTERNATIVAS; 1las cuales deberdén contener un criterio
formal completo, uﬁ modelo de funcionamiento, su gosto, as{ como los

beneficios esperados; para poderlas evaluar.
—  SELECCION DE UNA ALTERNATIVAgY DESARROLLO DEL PROYECTO.

-  PROGRAMACION E IMPLEMENTACION DEL PROYECTO.

OPN/shb




‘ . oN PLANT
Ay sEs INFORMACION PROYEC.O EVALUACION PI L O
e, _ —_ — . . )
DEFINICION DEL PROBLEMA
~N- Bt S . 4
ESQUEMAS TEORICOS DEFINICION DE METAS %’ ANALISIS FISICO PRELIMINAR
<4 ‘
RECOPILACION DE INFORMACION R ] R
OBJE T1VOS CONCRE TOS im.ANt-:s PILOTO
———
GRUPQ P -—} F1SICA = :—---h_
ECONOMICA = i - - - p—— —
CUADRO A < . {
SOCIAL B © (' ------- H [ - - —— .
frd ANALISIS DE
BIBLIOGRA"M% TECNICA @ : LIsts ISUB, xc‘,.%ERLgEEi&CJLV'EDSADES
< 1 OTRAS EXPERIENCIAY
] 1 watmices
© \
- ] sISTCEAY {
i : = ——=) PATAONCS ‘)<—1 ---';
\
. ! ] H l'mooa.o DE SIMULACION 3 T
SN ~- i . T N
ANALISIS : \[f PLAN PRE IMINAR !
FINANCIAMIENTO T i - ] !
1 /! . e
' ., CRITERIOS VISITA AL 1
1 & , PGUTICO FiSCaL
] 80CI0 cuLtumaL LUGAR !
I ' PBICO PERCEPTUAL l
: WEDIO AMBIENTE l
. l -
: - !
T T P R 0 G R A M A 1
=== Q/_ —_—N
R l -
] \l/ i MODELO DE EVALUACION ]
1 1 [, _ ——
[ QFERTA Y |
CUADRO A : DEMAND A !
]
! \]/ ’ '
L ~N~ PN
!

!

]

]

|
~y

GENERAC!ION

WE ALTERNATIVAS

|
r DESARROLLO DEL P ROYECTO k—-l
N
PROGRA MAC!ON l
N~
IMPLEME NTACION J

EVALU ACION

N
S ELECCION

C .y

i




-7

..— mumqm7

.
.

N
SVINIHD 7 V/

@[ -NOY A SviNILIAVE

.._ SIINVHAVLISIY T
N ETTIRIELT]
¥ SOINIVLI3dS3

e-md_zw.zmv A womm—._:\* .

- $302436Y
3:5»3#3:

-_? ONSI¥NL S3N3L0H

u NOIDVIY /
-80JNI 30 SOHINID

..r SOLNIINYNOIDVLIS3

ONV@NN
®| a1vodsnvus  vavuvd

SOAVHNLOVINNYN SOL
'l 2ngodd” $INIIVWIV

.__ OLN3ININILNYN P

..— YRIDI30 ounnzu.ﬂ- -

P
.._\mo._.zwzﬂz 030NN3IN _

..ﬁ O3MOAYI  OISH3N0D

.— SYQVAIYd SVNIJIZ0

_ $3¥3TVL A Swolnavd \ /

| m«ou.—o:n.uw \

_mu VHNLING SOUINID _

L NOISYOILEIANI

%» NOIDVZI™" 2y |

,_ »uch
m<_¢U20
/ \_ NOY A SVINILIAVD

o’

' n'no /
wu»z«m:«pmuzf
\

T T 2302 0101

mo.pzu_o
=NOD A SOMIVaL

§2'13°08°3'01°0 %1 /

S0
\ -0LSIH  SOLN3WNNOW

wetan
NOIDVYN
~40JN! 3Q SONINID

o-..-.-.s..l.n..a
03NVHOd | - —
3140dSNYEL vOvdvd

__ " -

31Y0dSNVHL VOVHVd

e \\.\

/
o._.zu_z_zu»zqau /

"' we's .\
0CIL83A ouo:zw!u\

[ 1k ]
SOINIATIV  O30NN3N

“

£3°33°91'0
nnu«zoo._aauz_L / /

newste ' ‘
NOIDVIB . A \
\ <0d_v1 v_$0I91AY3S ’

srere'wTe / O N

/* SYINITYD A moum:.L. —

ONVEHN ROy

ONSIdNL
S371310H




@rJ |1HmoJ.

L
ﬁm.,._u:" _\:_l..iwnzq:o
T Te
- _\udaxuﬁ_mc nas)
oAU W S

—_—e e
ﬁwullﬂsgiﬁ/ ,
nw e P - mu»zq.zi:'qmmm. //,
) T Teawas sowvar| T\ N, //,

= ﬂmo:zoo.::uz.o /

e N // N N
e L wzhl.w_muﬁ

Sl 8 - mszu.zo A soasm tlx s
1. ao—xmn!ou sowvat] .
m.m. 2y "] joss:0 30 s:nouw | e e e

) _ozzeo::uz.l%

' _ooma. 0 U.ga . / /

///

_ma.rseirey

wnZuxq

Tl.l- ‘
- 53N 0 1 5 N3dN coanr 30
eTm oIl LI ooanr 30 ¢
: , SOAILDT rees
Bzl — = .‘Uﬁ [ oxveun wanus
g i IEINVIONISI SOLAR | R
Bonionzd o —— - = - _:onz..ooajqzﬁ : T «!InJll._.
‘RHOJN 30 SOMINID~ s - =3 Hv| _24&_23
T ,Jo;u_:;o_u:mu = _ (UYOOH 030/ =
PU : | — e - =/ lv s v u
‘ JoNVBN L Vv I.,.\. R PNy OUSIA So.zu.u\\\\\ o - -
————— > et JUNE (it _ - -
o —\ — — = J 7\(\\ - \A«» H/ /4) ———— - oTfE, - s
i MOOVId VIV NS, rnse. A/ AR, ﬂ3:;._._._4 o3awan 7
L— Pt ~\ R 12
——r— = - LT D . - — - ——— s 7

o e 2 L ANG T BT
1||I1w!..xu_:_zu»z; .\,..\ \\////\x/w e orere s #\\\ \

Ry T«zo.n:o:

el
03HOAVR 85:8 - : R " .
m w T g oy //L S TRE $3i084 608
3T anqz«a nqz_u:ow \\ ONOK u.
Ll .llu. e A ‘ Xt
0 3 NV n\ R A%
.Illl»r||l. - - L Al 9 .
D = o ot /] : el
svatand ns-uco / -
// /7 _
i’ - - s
; 7

rl|
” d

o
op— -- LTIl ey
m‘l X _35345.» n«u.an«.m /
L qqrm v231011818%
it 31011018
Ty MﬂdSSB SzszL ;o \\
ﬁn[ﬂ N To_uqo_::xm\ S
—_ - ] ya
T iwoidvzitvniay e
[P St R , /
- - — l« / -~
s _.oo;u 1504’ J
—— - -—=
1 L..;o.:;?.
o === —
WNOISI40Hd 6N
- tedd
L v w5 /
v 1 a3 x_~
] T v v a ' z o

4

=)







/—\
‘
'

[P

centro de educacién continua  \ -

facultad de ingenieria, unam

L\
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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 caracterfisticas 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 ain no se ha determinado el sitio exacto de ubicacidon del -
sistema, contando solo con su macroubicacidn en una regidén o ciudad. Tal
macroanalisis permite realizar una seleccidon de los sitios disponibles,
escogiendo el que mejor satisface las especificaciones referentes al si-
tio.

Una vez realizada esta seleccion 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 seleccidn 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 seleccidon: 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 morfologi-
co del edificio.

La reglamentacidn para dichas condiciones se agrupan en -
normas que llega de lo particular a lo general; pudiendo nosotros enun--
ciar las normas generales en los partidos estructurales.

2 PARTIDOS ESTRUCTURALES.




-9 - 741107-2

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 relacidon de altura o ancho no sea -

mayor de 6.

2.5 SISTEMAS DE PiSO0.,
2.5.1 TRABES Y LOSAS COLADAS MONOLITICAMENTE iNSITU,

Es recomendable emplearlo hasta 8.00 M de claro con cargas vi-

vas hasta 500 Kg/M2 . De preferencia el peralte debe variar entre 1/10 y
1/12 del claro libre entre apoyos.

Para cargas mayores es aconsejable trabes con un peralte
igual a 1/8 a 1/10 del claro.
2.5.2 LOSAS PLANAS CON ELEMENTOS PARA ALIGERAR.

De 8.00 a 12.00 es recomendable el uso de 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 EDIFICIO.

Generalmente no es necesario tener juntas de dilatacidn -

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 EDIFICI10S.

Es aconsejable buscar la simetria del edificio con juntas
cde dilatacién.
2.7 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-
dificios hasta de 8 pisos debiendo de preferncia estar localizados uni--

formemente en planta . Debiendo estar siempre confinados.

L Pisos cargasviva normal e= 14 cm.
4L a 8 Pisos Carga viva normal e= 28 cm. y e= ilkcm.
2,8 COLUMNAS.
2.8.1 De conreto armado cuando es necesario limitar su seccion

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 seccidn --
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. XXIiI)

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.




-4 - 741107-4

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 variacion de estas
previsiones.

c).- Vibraciones debidas a maquinaria y otras solicitacio-
nes dinamicas debidas al funcionamiento de Equipo Me
canico.

3.1.3 DEFORMACIONES IMPUESTAS.

a).- Hundimientos Diferenciales.

b).- Efectos térmices de dilatacién y de contraccidn.
3.1.4 DESGASTE Y ALTERACION QUIMICA Y BIOLOGICA

a).- Abrasidn y Erosién.

b).- Corrasidén y otras formas de intemperismo.
c).- Ataque de Insectos y vegetales.

FUEGO.

EXPLOSIONES.

Wl
.
—

~NOOy O

OTRAS. ( Efectos de rayos , pérdida de material por efectos -

electrosmdt i cos etc)



4. CARACTERISTICAS FISICAS 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 topograficos detallados y los estu-
dios de mecanica de suelos y geotécnia, se requiere a la vez las caracte
risticas Hidroldgicas del sitio para generar obras de proteccidén 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 -~
conservacién.

Edificaciones existentes; evaluando su remodelacidn, res-
tauracién o simplemente remozadas.

5.- FORMACION DE UN AMBIENTE CONFORTABLE.

En el sistema deberd contemplar medidas para formar un me

dio amhiente adecuado al destino del edificio en los siguientes aspectos

5.1 Formacién de microclimas sin uso de medios mecanicos.

En la toma de desiciones y en su evaluacidén se toma en -=
cuenta los factores que se muestran en la fig.1, a fin de permitir en lo
posible la formacidn de un microclima adecuado al uso de los locales sin
necesidad de recurrir a medios mecdnicos, en el supuesto caso, que las -
variantes de la fig. 1 no garanticen satisfactoriamente un resultado a--

propiado, se recurrird a medios mecanicos para controlar el ambiente.



PERALTES MINIMOS ADMISIBLES EN VIiGAS DE CONCRETO REFORZADO
SIN COMPROBACION DE DEFLEXIONES

Peralte minimo

i
Ambos Ambos 1
Uso de la viga extremos Un eftremO' extr?mos Voladizo
| libremente continuo continuos
! apoyados
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divisorios o esta ) T
iligaca a ellos En pisos L/10 L/13 L/15 lL/5
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‘divisorios ni esté - S~
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— __, : S
|No soporta muros En techos L/22 L/29 L/36 L/9
;divisorios ni esta - —
'ligada a ellos En pisos L/18 L/23 L/29 L7
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FASES DEL PROYECTO.
1.~ CARACTERISTICAS DE UN PROBLENMA.

Una caracteristica de la mayoria de los problemas a los que
nos enfrentamos es el gran nidmero 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 situacién denominada problema: ---

{Cual es su significado? iQue es lo que tienen en comin los problemas?.

Probabiemente, 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 eliminacion podemos concluir quse un problema incolucra algo
mads que hallar una solucidn cualquiera; requiere encontrar el mejor méto-
do para lograr la transformacidén deseada. A las bases que permiten seleg
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 transformacidn 6 DEBEN ocurrir ciertas cosas.

En lo sucesivo, llamaremos Restricciones a ese conjunto de cosas que De-

ben ocurrir o verificarse en una solucidén aceptable de un problema dado,
bien sea por razones fisicas, o por decisiones previamente tomadas.

2.- EL PROCESO SOLUCIONADOR DE PROBLEMAS:

Formulacion del Problema.
2.1 Procedimiento general para resolver problemas una vez ge-

nerado el problema.



741025-2
-2_
El primer paso 16gico en la solucidn de cualquier proble-

ma, es la definicidén 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 Decisidn.

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-
ficacion 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 sintetizacién , investigacidon, proce-
sado y descriminacidon de la informacidén recabada, para -
asi poder determinar las caracteristicas especificas del
problema. Fig., 2-2

c).- La fase de busqueda en la cual se indaga acerca dg las =
diversas soluciones propuestas a problemas similares ., -
Fig. 2-3

d).- La fase de decisidén, durante la cual las diversas solu--
ciones posibles logradas se evaldan, 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 caracteristicas 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 procesoc 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 condicidn, en

otro.

c).- Se requiere encontrar el mejor método para lograr la trans
formacidon deseada.

Si 1a necesidad de proyecto responde afirmativamente a es

tos puntos, podemos concluir que proyecto y problema son afines.

"g.yn./gsp. R
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DIRECTORIO DE ASISTENTES AL CURSO DE ANALISIS ECONOMICO Y PLANEACION

DE(EDIFICIOS ( DEL 28 DE OCTUBRE AL 13 DE DICIEMBRE DE 1974 )

NOMBRE Y DIRECCION"

N
™
H

. ARQ. ALBERTO AROEST!| LEHAMA
México, D. F. ‘

ING. EFREN CABALLERO MONTOYA
Cuﬂiacén 91-3
México, D. F.

. ING. JUAN C. CAMACHO

Ave. México No. 121-203
México, D. F. '
Tel: 5-84-68-39

ING. JOSE M. ESCUDERO Z.
Priv. de Tlapacoya 11
Atlamaya

San Angel

México, D. F.

Tedl: 5-50-25-27

. MARIO ARTURO GARCIA CERVANTES
Nextengo 170

Pleni tud

Atzcapotzalco, D. F.

. ING. JUSTO LAUREANO MARQUEZ
Co]:ma 214 No. 24

México, D. F.

Te] 5-14-46-00

ING. CESAR LAZO CARRILLO
Estrella Cefeida No. 87
Co'l. Prados Coyoacén
Méﬁico 21, D. F.

i
‘

SR. MANUEL MARTINEZ OCAMPO
Edif. 58 Ent. "A'" Depto. 202
Lomas de Sotelo

México 10, D. F.

Tel: 5-57-02-92

i
¢

EMPRESA Y DIRECCION

INSTITUTO MEXICANO DEL SEGURO-SOCIAL
Durango 901
México, D. F.

ESTRUCTURAS Y CIMENTACIONES, S. A.
Minerfa No. 145-3er. Piso

Col. Escandén

México 18, D. F.

Tel: 5-16-04-60

)

FONDO DE LA VIVIENDA 1.5.S.S.T. E
Balderas No 58-Lo. Piso

México, D.

Tel: 5-85- 56 .88

UNIVERSIDAD NACIONAL AUTONOMA DE -
MEX | CO
México 20, D. F.

PARQUE CENTRAL DE INGENIEROS S.D.N.
Campo Mulltar No. 1

México, D. F.

Tel: 5-57- 56 58

CIMBRA DESLIZANTE, S. A,
Colima 220 Despacho 104
Mexico, D. F.

Tel: 5-14-75-54

CAMARA NACIONAL DE LA INDUSTRIA.
DE LA CONSTRUCCION

Colina No. 254-1er. Piso ;
Col. Roma

México 7, D. F.

PARQUE CENTRAL DE INGENIEROS, S.D.N
Campo Militar No. 1
México, D. F.

Tel: 5-57-56-58
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11,

12,

13.

14,

DIRECTORIO DE ASISTENTES AL CURSO DE ANALISIS ECONOMICO DE PLANEACION
DE EDIFICIOS ( DEL 28 DE OCTUBRE AL 13 DE DICIEMBRE DE 1974 )

NOMBRE Y DIRECC)ON EMPRESA Y DIRECCION
. ARQ. JOAQUIN OVIEDO SANCHEZ INGENIERIA DE SISTEMAS DE TRANSPORTE
Cerrada San Borja No. 49-401 METROPOLITANO, S. A, -
México, D. F, Mineria No. 145 Planta Baja Edif."F
Tel: 5-36-73-48 Col. Escanddn

México 18, D.
Tel: 5-16-04- 60 Ext. 486

ARQ. MIGUEL A. ROMERO BAUTISTA BANCO NACIONAL DE MEXICO, S. A..
Av, insurgentes Sur L4117 Isabel La Catélica No. 165-Lko. Piso
Edificio 11 Depto. 201 México, D. F,

Tlalpan Tel: 5-88-40-00 Ext. 580

México 22, D, F.
Tel: 5-73-47-47

SR. FELIPE TORRES GARCIA ELEVADORES 1EM-~VILLARES, S. A.
“Clave No. 360-3 Prolongacién Ingenieros Militares
México 14, D, F, | No. 72-C #

México 17, D. F,
Tel: 5-76-06-33 : .

ING. PABLO VALERO MERE SECRETARIA DE LA DEFENSA NACIONAL
Retorno 102 No. 16 Campo Militar No. 1

Cantes No. 1 Parque de lIngenieros

Lomas de Sotelo México, D, F.

México 10, D. F. Tel: 5-57-56-58

Tel: 5-57-50-79

ARQ., EDUARDO VILLARREAL CASTELAZO INSTITUTO MEXICANO DEL SEGURO SOCIAL
México, D. F, Durango No. 901
‘ México, D. F.

ARQ. HERNANDO ZAPATA PINZON INSTITUTO MEXICANO DEL SEGURO SOCIAL
Guerrero 380-A-703 Durango No. 901
‘México, D, F, - ' México, D. F.

Tel: 5-83-13-60
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