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This article by Christopher Alexander and his four associates
represents a continuation of the investigations that were first
published in the RECORD in April, 1965 under the title “The
Theory and Invention of Form.” This work seeks to make use in
architectural design of the new mathematics of relationship
and the capabilities of the computer, while at the same time
remaining fully cognizant of the complexities and subtleties
that are an essential part of all architecture. The six examples
of “relational complexes” illustrated were originally part of a
study done for the Bay Area Rapid Transit District in San Fran-
cisco. Those responsible for making decisions at BART did not,
in the end, make use of this material, which is certainly beyond
the scope of most programing studies. In Professor Alexander’s
view, however, this unconventionality is precisely the point; he
feels that it is investigations such as these that will permit the
architect to cope most effectively with the increasingly com-
plex problems that confront him. Text begins overleaf.



‘a suburban station

unload from their cars without

‘unload on their right-hand side.
‘™ Incoming vehicles must not spray
- rainwater on waiting passengers.
® People want to walk in straight
- lines directly toward their objective.
~® Homecoming commuters must be
able to find the car waiting for them
without difficulty.
® Passage to and from autos and
buses must be protected from rain,
and waiting must be under shelter.
To satisfy the above require-

g must be immediately adjacent to the
and main entrance escalator. The bus

ing streams of moving vehicles.
= Buses should be able to load and

as  ments, both bus and drop-off lanes

must pass to the left of the pe:
trian zone in order to unload on
right. The drop-off lane must be con
cave so that arriving cars can s

vacant spaces. To ensure that pedes-
‘trians do not have to cross traffic
streams, the only use that can be

made of the area inside the concav-
ity, across the drop-off lane from the
escalator, is one that never happens
in the morning—pick-up parking. To
allow homecoming commuters to
spot their wives as fast as possible,
they must approach the parking from
above; the escalator therefore points
towards the parking. Since pedes-
trians walk in parking stall lanes,
these lanes should point towards the
escalator to make direct connection,
The pedestriant area between the two
lanes must be under the elevated
track in order to be dry. In wet
weather the pedestrian waits and the
car drives to pick him up from its
parking place under the structure.
The bus and drop-off lanes must
themselves be under cover so that
the road next to the waiting pedes-
trians is dry. To avoid doubts about
where pick-up cars are waiting, park-
ing must be all in one area.

Resulting relations

® The escalator descends onto pe-
destrian viewing platform.

8 The escalator is between the bus
lane and the drop-off lane.

® Pedestrian viewing platform, bus-
and drop-off lanes are under the ele-
vated track structure.

® All parking is in one area.

m The drop-off lane is concave to-
wards the parking area.

® The pedestrian viewing platform
is raised above the parking area.

® The lanes in the parking area are
oriented towards the escalator.
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RELATIONAL COMPLEXES

Architects are frequently so preoccupied with the details and
the appearance of buildings that they take the underlying rela-
tionships—the most basic physical relationships—for granted.
Worse still, many present-day efforts to make design more sys-
tematic tend to obscure these relationships instead of drawing
attention to them. Since it is these underlying relationships
which have the most profound effect on the way a building
functions, itis our intention to try and make them more explicit.

An architectural problem is defined by systems of inter-
acting requirements, which are statements of human need that
can only rarely be expressed in terms of numbers or quantities.
A typical example of such a requirement would be the phrase:

= People should be able to get to and from their cars with-

out crossing streams of moving vehicles.

Clearly there are no meaningful numbers that can be attached
to such a statement, but it is none the less definite for that. In
any architectural problem there are hundreds of these func-

tional requirements. Some of them may be independen
each other, but most interact closely with several others, y
shall try to show that, in order to make serious functiong| im
provements in the design of buildings, it is necessary to inven
a new way of describing these functional relations, which
shall call relational complexes. We shall use as illustrationg
some examples from our recent work for the Bay Area Rapi
Transit District, but we think that the principles apply to gy
architectural situation.

A relational complex is
a physical solution to a functional problem

It describes the interlock of the various simple physical rela-
tions which control the way the building works. Let us define
in detail what we mean by the interlock of simple physical re-
lations. A simple relation describes a particular way in which
two or more elements are arranged with respect to one an-



re evenly dis-

e downtown sta-

ve a sufficient number
to equalize throughout

ation. The same consideration has
an important effect on outbound
trains. As long as there are plenty of
entrances to downtown stations, peo-
ple will place themselves at the
point on the platform which corre-
sponds to their home station exit,
thus creating the same even distribu-
; tion as on inbound trains. To en-

dditional functional requirements . ce the effect of this, each zone
u Every passenger should be able to  of the downtown station can be
find a seat immediately. marked with the names of those sub-
= Boarding passengers must await urban stations whose exits have the
the train at those points along the  same position as that zone.
platform where incoming cars are
emptiest. Resulting relations
® Passengers want to use whichever = Different suburban stations have
car will minimize their walking dis- their major entrances at different
tance at the destination station. points along the station length, the
. ® People do not walk more than position of each entrance corre-

- about 100 feet along the platform, sponding to the emptiest section of
. mdlhetefore tend to congregate an arriving city-bound train.

around the entrance. = Each downtown station must have
Sir existing suburban stations  exits at various points along its
vays have their entrances at the length.
e train’s length, the mid- = Different positions along down=
X ‘ﬁl‘ ,ﬁ'ﬂih is crowded town station platforms are marked
remain empty. To to correspond to positions of dif-
station at which the  ferent suburban station exits. |
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| other: it is a specification of arrangement, On
J a transit station would be that of adjacency;
| ticket machir?es must be adjacent to the change machines.
} Another relation might be concavity, the car arrival lane must
| be concave in the direction of the parking lot. If the platform
jmust be between the tracks, this s a relation of betweenness.
A building can contain the elements named in a relation with-
out possessing the relation itself. Take the last relation named,
that the platform must be between the tracks. A two-track,
center platform station does contain it, a station with side plat-
forms does not.

When two relations have an element in common, we say
they interlock. Thus, consider the following two relations:

® The escalator must face towards the parking lot.

® The escalator must be between the car and bus lanes.
‘These two relations both have the escalator as an element,
'lherefore we say that the relations interlock.

e such relation in
for example, the

A relational complex is
a collection of interlocking relations

Consider the two relations just named, together with a third:

®* The car lane must be concave towards the parking lot.
These three relations interlock in three ways: in the escalator,
in the parking lot, and in the car lane. They form an elementary
relational complex.

In this example each relation interlocks with each of the
others. In general, however, in a collection of many relations,
it is very unlikely that such a high degree of interaction will
take place. How many of the relations must interlock before
they form a complex? It is naturally very difficult to answer this
question precisely, but we shall not call a collection of rela-
tions a relational complex unless the interlock between them is
considerable. A collection of many relations, with only a few
interlocks between them, has no good claim to be considered
as a whole. We must therefore enlarge our first definition.
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RELATIONAL COMPLEXES

A relational complex must have
high density of interlock, detailed functional significance
The density of interlock must be very high; there must be many
elements in common between the different relations. This is
the same as saying that each element in the complex must be
related simultaneously to many other different elements. Even
when the interlock of the relations in the complex is clear, it
will usually be necessary to add some further detailed informa-
tion about the way the individual relations interact with one
another, so as to assure their proper integration. In addition,
the complex as a whole must have inescapable functional sig-
nificance. The individual relations must be so interdependent
functionally that it is impossible to consider them as separate
entities.

Each of the six relational complexes described in this arti-
cle was derived by studying the interaction of functional re-
quirements according to the theory first set down in Christo-

pher Alexander’s “Notes on the Synthesis of Form,” a condenseiff
version of which appeared in April, 1965 (pages 177, 186). Theft
use of this theory yields systems of requirements whose inte.}
nal interactions are very dense. Each system, because it is 2 g )
tem, guarantees in advance that the solution of its requiremeﬁz
will be a relational complex, not just a collection of relatign: §
Each system therefore gives a complex.

None of these relational complexes is a complete descrig-f
tion of a whole building; it is an abstracted relational propenft
which the building must have in order to work successfull
Unlike a building, which contains both inessential and essenti
features, a relational complex contains only those element
that are absolutely necessary to solve the problem stated by the
requirements.

The six examples give a fairly clear picture of what a re
tional complex is; and they make it clear that it is relationat

complexes that really control the way a building works.

|
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to this problem |

at's booth a two- or

er, extending up tg

ticketing area and down

form level, and placed in

of a station with center

at each level. Within the

agent must be able to

up and down freely, and he

be able to leave the tower at
Waiting areas are con-

ntrated around the tower where
en are safe at all times, whde
mum use of TV cameras can
pplement direct visual control of
remote zone. Stairs and esca-

m The agent's booth is an elevator.
enclosed in a vertical tower in the
nter of the station. i
m There is access from the tower to
public areas at every level. ;
‘® The tower enclosure is one-way
| transparent, allowing vision out but
not in. 3

\ ® At each level, there is a waiting

P area adjacent to the tower.
The station is divided into a
ter section and two end sections.
® Fire stairs are within the barrier§
~ separating end from center sections
- ® Escalators are at the extreme ends
of the station with no public access
from the sides or back. i
® At each level the platform mus
be between the tracks.
' Each of the three sections MU

on the barriers between the
ﬁons, cover rest of platform.




Why have we chosen to define the idea of
a relational complex in such a formal way?

lsn’t it true that designers already do very much the kind of
thing which we have done, but without being so pretentious?
Why have we chosen to use the name ‘relational complex,” and
to keep repeating it? The answer is simple.

Architects are not used to thinking in relational terms. Yet
relational complexes control the way that buildings work. Al-
though it is true that relationships of this kind are present in
every building, nevertheless the designers of buildings do not,
at present, discuss such relational structures openly. As a result,
dthough the details of buildings may be successful, and the
| buildings may seem good to look at, the fundamental relation-
{ ships which underlie their form are often wrong. '

It is impossible to get the form of buildings nght until
! these structures of abstract relationships, which und?rlle forms
i and control the way they work, are explicitly recognized as the

most important aspect of the building. That is why we have
isolated the abstract structures of relationship and given them
the name, relational complexes. Indeed, we believe it will soon
be clear that the main task of design is the invention and devel-
opment of relational complexes as such; and that the remain-
ing details of a building are quite unimportant by comparison.

That is the first, and most important, reason for emphasiz-
ing and repeating the idea of the relational complex.

There is a second reason.

Many architects are getting interested in systematic meth-
ods of design. On the face of it, this is encouraging. In order to
be systematic in design, one must define the features of a
building with which the design is trying to deal. We might
hope, therefore, that, as soon as designers start trying to be
systematic, they will automatically discover that relational com-
plexes are the most essential features of a building. So far, how-
ever, this has not happened.



ing the station less ¢
easier to patrol, a \
cleaning and m
Sﬂffa@ ‘_. t 3
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RELATIONAL COMPLEXES

An understanding of relationship should replace
the false sophistication of numbers and measurement
Many of the first approaches to systematic methods in architec-
ture have been based on the belief that a problem becomes
clear when it is stated in numerical terms. As a result, designers
put great emphasis on rates of flow, decibel levels, room sizes
expressed in square feet, lighting levels and minimum dimen-
sions. The added precision of these statements is certainly sys-
tematic. However, instead of drawing attention to relational
complexes and helping architects to think in these terms, such
numerical precision actually has a tendency to obscure basic
relationships. Worse still, the elaboration of numerical state-
ments, because it falsely conveys an impression of great thor-
oughness and sophistication, makes it seem unnecessary to
probe any further into the underlying nature of the building.
This potentially damaging preoccupation with numbers is
a hold-over from the late 19th-century thought that something

was not precise unless you could measure it, a belief currengj,
the days when mathematics and physics dealt largely with num-
bers and quantities. Today mathematics and the older science
are more sophisticated. People in these fields have begun
realize that the fundamental nature of things depends far mog
on relationship and structure than on number and quantiy
Unfortunately the younger sciences (like economics, enginee}.
ing, ergonomics, operations research, and systematic desig
have not yet made this transition from number to structure
Within these fields, and in architecture, there is still no way o
talking about relational structure, as such.

For a science in its infancy this is only natural: things whic
can be expressed in terms of numbers are very easy to make
explicit; pure relations are very hard to talk about explicitly
But we must leave this 19th-century immaturity behind as fas
as possible. Design is the invention of relational complexes. We
must learn to define them, and to design them.




y stranger and p, on
anyone else to leaye ;
Further, no extra Passing space
ed between a person’s kg
seat in front, and becayse of
seats can be. closer togethe,
an usual, yielding 96 seats per 3
e staggering of seats, which pla
ach arm rest next to an aisle, com.
fortably allows the seat width tg e
two inches less than usual, anq
keeps the over-all car width to 19
feet. 3
~ These provisions are ade
for the 80 per cent of passeng
who travel alone, but a different pat.
tern is needed for those who tra
in groups. By relaxing the req
ment for single, non-touching se
and replacing it with U-sh
groups of seats staggered on e
side of a single aisle, we arrive at
arrangement which allows g
~ travel, but in which no one
pass anyone else to leave his
The density is lower than in
pattern for individual travel, b
still higher than conventional

Resulting relations (individual
All seats are single seats.
There are two aisles, each
row of single seats on eitf

Each seat is staggered with
) seats next to it, or op )
_across an aisle.
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