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I. FROM A SET OF FORCES TO A FORM

Christopher Alexander

Even the most behaviorally oriented designer must at some point translate data about behavior into
designs for concrete physical forms. Alexander and his co-workers have repeatedly attempted to make
this step a systematic one—one in which the individual designer has no personal decisions to make. but
rather can refer to a predetermined formula or method. They have generally employed the computer as

a tool in their strategy.

In many respects. Alexander’s use of the computer resembles its use in the techniques of factor analysis
and cluster analysis as employed by behavioral scientists. He has chosen to work at the interface of design
and behavioral science. and even when his work 1s unsuccessful in formulating a general design strategy.,
it serves a benchicial purpose in compelling behavioral scientists to generate data that are of a precise

nature and potentially usetul as an aid to design.
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There are more and more man-made objects
in our environment. Each one i1s made to meet certain
needs, but unfortunately they often fail to meet the

George Braziller, Inc. from Man Made Object edited by G.

Kepes. Reprinted with permission of the publisher and Studio Vista
Publishers. Copyright * 1966 by George Braziller, Inc.

needs. This raises the question: “*Given a set of needs,
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tally different ways of doing this: by numerical
methods, by analog methods, and by relational
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methods. Numerical methods and :-.m:nlug methods are
in common use. Indeed. most of the research now
being done on 'systematic’ methods of design is
based on these methods. However, 1 believe that they
are almost entirely unsutted to environmental design:
they are tar too simple. The complexity of the needs
which enter into the design of an object like a house
demands much more general, and more powerful,
methods.

In the last section | shall deal with a class

of methods which | call relational methods. 1 believe

they are. in principle, capable of generating form even
in answer to the great complexity of human needs.
But they are so far almost unexplored. I have written
this paper in the hope that it may persuade some of
the people now working on numerical and analog
methods to shift their attention to relational methods.

L.et us begin by extending the concept of a
-‘need.”’

Thc conc*pt of' a necd has ﬂCVCI'EII f.uull\ ll

— _m——

I\Jnd of form ‘which sdtlshu lhe need and, worst of
all, ]t is too narrow, It leaves out many other factors
which must influence the form of butldings: the force
of gravity. the tendency for heat to flow across a tem-
perature gradient, the fact that people tend to walk
in straight lines, the social forces which make it neces-
sary for a housewife to keep a “‘tidy room’’ for visiting
strangers, the economic forces which cause a steady
drift of population from rural into urban areas. the
processes of production and distribution which force
buitlders to use pre-assembled factory components,
and the deeper psychological demands of human
nature.

[ shall therefore lepl.-.u,e the concept of need,
ﬁhy the concept of f(m,e ""A force is an invention.
It is an invented motive power which summarizes
some recurrent and inexorable tendency which we
observe in nature

All systems, whether they are individual
human organisms, or social systems, or mechanical
systems, share the following property: when in certain
‘states, they have inexorable tendencies to seek certain
other states. If the system is human, we summarize
thesc tendencies in terms of needs. If the system 1S
mechanical, we summarize the tendencies in terms of
Newtonian forces. If the system is thermodynamic,
we summarize the tendencies in terms of ther-
modynamic potential. If the system i1s social, we sum-
marize the tendencies in terms of social forces. Etc.,
elc.

The fact that people need a certain light level
for reading summarizes the tact that. if they have the
opportunity, they tend to switch the light on, or to

dim the lights, or to move toward the window, when
they find 1t hard to read.’

These five forces make any

The force of gravityv summarizes the inexor-
able tendency for two large masses to move toward
cach other.

Thermodynamic  potential  summarizes  the
mexorable tendency for heat to flow across a tempera-
ture gradient (hke that between the inside of a build-
ing and the outside).?

The tact that pecople walk in straight lines
summarizes their inexorable tendency to take the
shortest path between two points.?

When we speak of a woman's need to protect
herself symbolically against invasion, we mean to
summarize the fact that she tends to enclose herself
—for instance. with elaborate window curtains.*

These kinds of tendency. and many many
other kinds, all play their part in shaping the environ-
ment. We must therefore choose a single word to sum-
marize them. | have chosen the word force.

In order to define a tendency we must define:

e A
. The exact circumstances under which the
force arises.
The exact conditions which the force 1s seek-
Ing.

Forces generate form. In the case of certain
simple natural systems. this is literally true In the
case of complex, man-made systems. it is a metaphor.
Let us look at a simple system first.

When a constant wind blows across a sandy
surface, it forms wave-like ripples in the sand.
are five forces at work.?

1 here

l. It there is any irregularity in the surface. the
number of grains arriving on its windward slope
(the slope facing the wind) is greater than the
number arriving on the leeward slope (the slope
facing away from the wind). The windward slope
therefore tends to “‘catch™ grains. and to grow .

The wind picks up grains and carrnies them
a certain distance. For a given vind speed. this
distance tends to be approximately constant

3. The wind picks up more grains on a windward
slope than on a leeward slope, and since it carries
the majority of grains the same distance. any
irregularity tends to be repeated one *‘path length™
downwind. |

4. When the gramns land. their impact pushes
other grains forward. causing ¢ieep. The impact
s usually not enough to carry a large grain beyond
he crest of a ripple. but it will carry small grains
eyond the crest. so that the larger grains tend to
accumulate at the crests.

3. On the crests. where the wind velocity is
higher than 1n the dips. small grains tend to get
blown off, and only heavy grains stay put.

level surface or any
unevenly spaced pattern of bumps unstable. The
shghtest bump will grow into a ripple; and the ripples



will repeat at regular itervals downwind, so that
gradually a “"wave-like™" pattern of ripples is built up.
With the wind blowing, the level sand surface is an
unstable form because it gives rise to forces which
ultimately destroy it. The rippled form is stable
because the forces which it gives rise to maintain the
form.

Let us now contrast this simple system with
a complex system in the man-made world—a family
and the house it lives in. .

Although 1ts evolution has made 1t partially
stable, this system is still, in a larger sense, unstable.
Periodically, it gives rise to forces whose repercus-
sions threaten to destroy the harmony and stability
of the whole.®

People in the house will tend to try and escape
from neighbor noise. But the house may not allow
them to escape it, so the tendency has repercussions.
People close bedroom windows and make the bed-
room stuffy. They turn up the volume of the radio
to drown the noise, making more noise in the
neighborhood. Or the tendency goes underground
altogether, until it finds an outlet in bad temper.

Again, people tend to try and store things on
open level surfaces at about waist height. When there
IS no provision for this tendency, things get put on
the kitchen stove and start a fire; or they get stored
in a forgotten place and cannot be found when wanted:
or, they get left on narrow window sills, and then
knocked down and broken.

The tforces which are not provided for do not
disappear. They always find an outlet in an unex-
pected way. The deeper psychological and social
forces, if not provided for, can easily have repercus-
sions which lead to drastic kinds of instability. They
do not, of their own accord, create a stable state.

Unlike the forces in a simple system, which
always steer the system to a stable state, the forces
in a complex man-made system are often impotent.
The tendency to escape neighbor noise does not. of
Its own accord, create a quiet building. The tendency
to store things on open level surfaces does not provide
a house with large amounts of open level surface.

This 1s the basic difference between a natural
object and a man-made object. A natural object is
formed directly by the forces which act upon it and
anse within it. A man-made object is also formed by
¢ertain forces; but there are many other latent forces
which have no opportunity to influence the form
directly, with the result that the system in which the
object plays a part may be unstable. The form can
be made stable with respect to all these forces only
by artificial means. The most usual artificial method
1s that known as ‘‘design.,”” in which an individual
designer tries to generate the form intuitively. But
“design’’ is only a particular way of doing this; there
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are other ways. We may state the problem of design.
In its most general form, in two parts:

. Given a system, how can we assess the forces
which act upon it and arise within it? |

2. Given a set of forces., how can we generate
a form which will be stable with respect to them?

I shall not deal with the difficult problem of
assessing forces here. Let us assume that they have
been established by some reliable and objective
means.” There are then various ways of generating
form from them. I shall now describe three ways of
generating form.

I. NUMERICAL METHODS

All numerical methods of generating form rely on
three essentials:

|. Each "force’ can be represented by the varia-
tion of a one-dimensional numenrical variable One
of these seeks minimization (or maximization). The
others are held constant, and are called constraints.

2. Equations or inequalities relate the values of
the different vanables to the configuration of the
system and to one another.

3. There exists a thecorem. or an algornthm,
which defines the configuration in which the chosen
force reaches 1its mimmimum (or maximum) value.
under the constraints provided by the others.

Here are three examples of numerical methods:

The calculus of variations. The calculus of
variations defines curves and surfaces on which some
chosen integral reaches a maximum or minimum.®

Suppose. for instance, we have a system in
which maternal slides down a chute, from one point
to another, and suppose there is a tendencv to
minimize the time it takes the material to slide down
the chute. The time can be expressed as an integral
along the curve. The calculus of variations then shows
that in order to minimize time, the chute must have
the form of a cycloid.

Plant lavout analvsis and linear programing .
Given any organization in which there s a lot of move-
ment, like a hospital or an industrial plant, there will

be certain tendencies for people and materials to move

from one department to another; there will also be

a tendency to try and cut down the total amount of

daitly movement in the organization as a whole.
The (ncarly) best layout for such an organiza-

tion can be generated by a simple algorithm. This
algorithm 1s based on the idea that you can compute

the total daily movement, for any given layout, and
then make successive improvements in the layout. by
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exchanging departments, until no exchange ol depart-
ments leads to an improvement. This method has been
widely used for laying out of both industnal plants
and hospitals.”

The Michell Theorem. In the design of a load-
bearing frame structure, the principal forces are the
loads themselves (with their magnitude, position, and
direction specified), and the tendency to try and
reduce the weight of the structure to a mmimum.

A theorem by A. G. M. Michell makes it pos-
sible to generate the form of the least-weight structure
almost uniquely, from a specification of the loads. The
theorem shows that all the members of the least-
weight structure must lie on one of two families of
orthogonal curves (the compression members on one
family. the tension members on the other), and places
strong restrictions on these families of curves.'?

For example, in the case of a simple can-
tilever. carrying a single load, the families of curves
are near spirals, as shown in Fig. 1: and the least-
weight cantilever which they generate is the fish-lke
structure illustrated in Fig. 2."! |

Figure 1. Drawing for a simple cantilever.
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Figure 2. Drawing for a least-weight cantilever.

These kinds of methods are beautiful as far
as they go. But they are very limited. There 1s no
guarantee that the forms they gencerate arce stable,
since it is hikely, indeed, almost certain, that there will
be other forces in the system which have not been
represented. The Michell theorem. though 1t
minimizes the weight of the structure. does not take
into account the need to use steel sections which can
easily be transported. or the fact that the cantilever
will need periodic repainting. The hospital layout,
though it minimizes movement, does not take into
account the patients’ need to feel secure in the hospi-
tal, or the need for conditions which speed up cure.
We must remember that numerical methods only work
for forces which can be represented by the optimiza-
tion of a single one-dimensional numerical vaniable.
Most of the subtler human forces cannot be.

[I. ANALOG METHODS

Analog methods actually generate form physi-
cally. As we know, the forces which occur in a system
are often too weak to take the system to a stable state,
of their own accord. It is sometimes possible to find
a second system, which 1s a model or analog of the
first, 1n which the forces model the forces ot the hrst
system. but are this time strong enough to take the
system to a stable state. If the analog is well chosen.
the form of this stable state will also be a stable form
for the original system.

Analog methods rely on one essential: ¢ach
force can be represented by some “‘active  force in
the analog.

Here are three examples of analog methods:

The use of weights and strings to locate an
elevator. Perhaps the simplest analog device of all 1s
the use of weights and strings to generate the best
position for an elevator on an office fihor.'* The analog
consists of a board with holes drilled in 1t. one for
each office. in its proper plan position. A piece of
string is threaded through each hole. The lower end of
cach string has a weight tied to it. This weight 1s pro-
portional to the number of people going to and from
the office. At their upper ends all the strings are tied
together. If the weights are allowed to hang free, the
tension in each string 1s an active force which corre-
sponds to the force of people’s movement to and from
the elevator. These active forces will move the knot
to the most stable position for the elevator.

Antonio Gaudi's models  for the Guell
Chapel.'® Gaudi used analog devices to generate the
form of stone load-bearing structures. The forces
which actually operate in these structures are com



pressions, and are not, of their own accord, able to
generate stable forms. Gaudi used upside-down wire-
model analogs in which wires stand for columns, hang-
ing bags of lead shot stand for the eventual compress-
ing loads, and tensions stand for compressions. T he
tensions arc able to pull the wires into a stable form,
This wire form. when turned upside-down, and made
of stone, is stable under the original compressions.

The experimental use of  lightweight
furniture. My third example of an analog 1s an actual
living room. The forces at work within a living room
are complex: tendencies for people to move through
the room on certain paths, tendencies for people talk-
ing to sit close together, tendencies for people to move
into positions where the draft is least, and to where
the light is best, and to where they face the fire.

Under normal circumstances the furniture in
a room is so heavy that these forces are powerless

to move it. However, they can be made temporarily
active. When | recently bought a house, instead of
starting with permanent furniture in the living room,
I started with lightweight bamboo stools for seats and
tables. With these bamboo pieces in it, the room itself
became an analog. the forces became temporarily
active, and could push and kick the system from one
state to another. After a few weeks, as people used
them. the pieces fell into a stable pattern. This pattern
defined the best configuration for the permanent furni-
ture.

Again, these kinds of methods are beautiful
as far as they go. But, like numerical methods, they
are very limited. The wire model contains no force
which represents the need tor adequate light. The fur-
niture analog contains no force which represents the
need for easy cleaning. Analog methods only work
for forces which can be represented by some “‘active ™
counterpart. Most of the subtler human forces cannot

:.be.

I1I. RELATIONAL METHODS

| have tried to give the reader some sense of
the limits of numerical and analog methods. Though
they are rich -and valuable for problems in engineering
and economics, they are almost useless in designing
houses, or any piece of the environment where people
~are. The reason is simple: no more than a handful
~ of the practical, psychological, and social forces which
~ have the most profound effect on human life can be
- represented by these methods. Most forces cannot be
- represented by the variation of any one-dimensional
- numerical variable. Most forces cannot be represented
-~ by *‘active’’ forces in an analog.

| Ta T
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But there are two valuable lessons to be
learned from numerical and analog methods:

. As all methods of generating torm must do,
lhcy obtain form from the interaction of forces.
. They succeed in this because they establish a
common ground where the torces can interact.,

In numerical methods all forces are expressed
numerical vanables, and the number system provides
the common ground for their interaction. In analog
methods all tendencies are expressed as ‘‘active™
forces, and the physical analog itself is the arena
where these active forces can interact.

What we need 1s a way of allowing a much
wider range of tendencies to interact. Bearing this in
mind, let me now state the problem once again: Given
a set of forces, WITH NO RESTRICTION ON
THEIR VARIETY. how can we generate a form
which is stable with respect to all of them?

To solve this problem, we must find a common
ground where all forces, of every kind, can interact.
This means we must find something which all forces
have in common. The only thing that all forces have

L _"___-—-!—-_._
--.——_'

in common is the fact that cach of them 1s seeking
some specific kind of end-state. In more familiar lan-
guage., cach force has certain physical implications.
This is the basis of relational methods.'* There are
two key 1deas:

. Wetry todetermine. as abstractly as possible.
the physical relation which each individual ten-
dency 1s seeking.

2. We try to combine these individual abstract
relational implications, by fusion, to generate form.

We may begin to see how the relational implh-
cations of forces can be stated, and combined by
fusion, in the following example taken from work done
several years ago at the Massachusetts Institute of
Technology.'

The problem was to locate a twenty-mile
stretch of highway in Massachusetts, starting from
Springfield and ending somewhere near Northampton.
We defined twenty-six forces which would influence
the location. Each force seeks a certain kind of loca-
tion for the highway. For example, foice number 1.
the need to reduce earthwork cost, seeks a location
through the areas where the land 1s flat. The full rela-
tional implication of each force 1s represented as a
pattern of grays over the terrain: each point in this
pattern is dark if the force 1s likely to generate a high-
way through that point, and lighter 1if 1t 1s less likely
to do so. All twenty-six individual relational implica-
tions are shown here. Each corresponds to the entire
terrain from Springfield to Northampton.
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4. Local Land Development

I8. Non-recompensable Public

20. Major Current Traffic Desires
and Private Losses
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21. Catchment Areas 22. Local Accessibility and Integrity

4. Existing Transportation Syvstems
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25. Duplication of Faahities 26, Self-induced Congestion

Figure 5. Panels 1 through 26 are reproduced from the M.LT. report, The Use of Diacerams in
Higlhway Route Location, by Alexander and Manheim, Reprinted by permission of C. Alexander.

When two or more of these drawings are terns together may form certain continuous strin.
superimposed, a new pattern emerges from the  of darkness, which are not individually present 1
interaction of the individual patterns. This happens either of the individual patterns: and in the same w
because functionally, and visually, the patterns get patterns present 1n the individual drawings may t
their meaning from the continuity of density. T wo pat- submerged in the combination of the two.
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Figure 4.

Fusion was carried out by superimposing

several patterns photographically, and then, from the
~» . » .

darkest, most continuous areas in the composite,

generating a new pattern (Fig. 4). After a number of

processes of fusion, the last fusion generated the pat-

tern A shown in Fig. 5: nothing remains except a pair

of lines. one darker than the other. The darkest line
defines the best location for the highway (Fig. 6).

This example illustrates the two key ideas of

all relational methods. LLet me repeat them:

. Wetry to determine, as abstractly as possible.
the physical relation which each individual force
IS seeking.

2. We try to combine these individual abstract
relational implications, by fusion, to generate the
form.

B+C

Ficure 5.

However, the example 1s unusually simple. First, we
know 1n advance that the highway will be a thin and
gently curving hine, and this makes the implications
easy to state. Second, the underlying terrain provides
a constant framework which makes fusion easy. It will
usually be much harder to define the implications of
individual torces: and much harder to state them in
a universal framework, so that they can easily be
fused. | shall finish by sketching a very simple exam-
ple which shows these key ideas as they appear in
a more general kKind of problem. This example deals
with the three-way interaction between three forces
connected with the ““living room™ of a house.

| ask the reader to 1gnore the fact that these
three forces are artificially 1solated—in a real living
room there are perhaps a hundred forces which must
all be studied simultaneously. I ask also that he ignore
the fact that the abstract relational implications of the
individual forces are not clearly expressed: and that
he 1gnore the fact that the process of fusion 1s not
clearly explained. Neither the individual implications
nor the fusion can be accurately defined. because at
present we still lack any universal way of expressing
them.

Ficure 6.



20 Selected Readings

Lastly, I must ask the reader to remember
that. since the example is based on three forces which
have been arbitrarily picked out, the form they gener-
ate is itself hardly more than a relation: it neceds to
be fused with many other relations before it actually
defines part of a building. The forces are:

1. First of all, each person in a family has his
private  hobbies:  sewing, carpentry, model-
building. homework. These activities being what
they are, things often need to be left lying about.
People therefore tend to do them somewhere where
the things can be left lying safely.

2. Second, communal places in a house have to
be kept tidy. partly on account of visitors, but also
so that no one person’s things encroach too heavily
on any of the others.

3. Third, there i1s a tendency for people in the
family to want to be together.

Ficure 9. q*
Under present circumstances, these three
forces are mutually incompatible. The members of the
family would like to be together; but in the evenings,
and on weekends., when they could be, each one fol-
lows up his personal hobbies—sewing, homework,
... Because these things are messy, and often need
to be left standing, people cannot do them in the living
room—they would be cleared away too soon. Instead,
to do these things each person goes off to his private
area—the kitchen, or the basement, or the bed-
room—and the family cannot be together.
What are the relational implications of the
individual forces? '
The first one demands that each person have
a private space, where he can do whatever he wants,

. : : Ficure 10. :
and where he can leave things, knowing that they will oy #

be safe (Fig.7).

crete. It is still an abstract relation—almost certain
T D N to be modified by further fusion. '
i
- 2 ~..__) U [t 1s a iving room with several alcoves in ity
one for each person in the family. These alcoves may
be left untidy; private bits and pieces are quite safe
The second one implies that any communal  in them. Each alcove looks into the central living
living space, where people come together, must be  room. and also looks at all the other alcoves. (The;
easy to keep tidy., and people’s individual bits and  angles between alcoves are important.) People in these
pieces must not encroach on it: hence, that it will be  alcoves can see each other, they can talk to each other,
a self-contained spatially integral unit (Fig. 8). and if they want to they can be together in a moment.
The third implies that when the individual  Yet, the communal living room itself. because it is
members of the family are following their private inter-  a convex whole which excludes the alcoves, 1s easyi
ests. they should nevertheless still be with the family  to keep tidy. (The alcoves might be fitted with cur-
as a whole. still be able to see each other, still be  tains.) The bits and pieces in the individual alcoves
within earshot and able to be together easily (Fig. 9).  do not encroach upon the tidiness of the whole: people4
| have shown these individual relations can follow their private inclinations and yet be
crudely in the drawings. Fusion of these three rela-  together, simultaneously.
tions generates the form shown in the larger drawing This form, generated by fusion of the relation
(Fig. 10). I shall describe this form concretely, to which each individual force is seeking, is stable with
make it clear. But it must not be interpreted as con- respect to all three forces.

Figure 7.




| shall now summarnrize the argument. The

question is: Guoven a set of forces, WITH NO
RESTRICTION ON THEIR VARIETY,. how can
we generate a form which is stable with respect to
them?

There are very definite limits on numerical and

analog methods. It is clear that they cannot cover the
full complexity of needs which an environmental prob-
lem can contain.

Relational methods, as far as | can see at pres-

ent, have no such built-in limits. Though the exam-
ples I have given are obviously sketchy, relational
methods do seem capable of indefinite expansion.
They are, in principle, broad enough to deal with all
&lhe complexity which an environmental problem can
‘contain. It remains to be seen whether they will be
as powerful as they promise.
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: 2. ECOLOGICAL ASPECTS OF GROUP BEHAVIOR
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Dalmas A. Taylor
Ladd Wheeler
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{a:
Concepts such as “‘territoriality,”” ““personal space,” and “privacy’ have been used in a wide vancety
of research settings. Territoriality is best thought of as the persistent attachment of an animal to a particular
area of land. air. or water that it vigorously defends against certain other members of its species. Personal
" space is an arca of space that surrounds an individual's body and moves with him. It 1s measured as
8 an extension of the person’s body and does not have a fixed geographical location as a terntory does.
& The concept of privacy refers to a set of attitudes that individuals maintain concerning space.
:";- a0 Reprinted by permission of Scripta Publishing Corporation from Journal of Applied Social Psvchology, 1971,

1, 76—100.



