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This article by Christopher Alexander and his four associates 

represents a continuation of the investigations that were firs t 
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 complexi ties 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 responsib le 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. 
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Relations of vehicular circulation in a suburban station 

This complex deals wtth the prob­
lem of creating a smooth comection 
between the train aad various feeder 
services at a suburban station 

A typical subulban Slildon is on 
an elevated trade structure and esca­
lators and spedal enterias facilities 
will be concentrated at one point 
along the station's 700-foot length. 
Complete separation is necessary be­
tween bus and auto traffic. 

AcWitional fmc:ll 1 aal Nqllilew• 
• The bus stop shoald be as dose 
as possible to the train. 
• Commuters should be driven as 
close to the train as possible. 
• People should tie abte to load and 

B US ES 

unload from their cars without 
crossing streams of moving vehicles. 
• Buses should be able to load and 
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
ments, both bus and drop-off lanes 
must be immediately adjacent to the 
main entrance escalator. The bus 

must pass to the left of the pedes­
trian zone in order to unload on the 
right. The drop-off lane must be con­
cave so that arriving cars can spot 
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 pedestrian 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 ~ 
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. 

Relalting relatioes 

• The escalator descends onto pe­
destrian viewing platform. 
• 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. 
• The drop-off lane is concave to­
wards the parking area. 
• The pedestrian viewing platfonn 
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 sti II, 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 underlyi ng relationsh ips 

which have the most profound effect on the way a building 
functions, itisourintention to try and make them more explicit. 

An architectural problem is defined by systems of inter­
acting requ irements, w hich 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 movi ng 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 independent 
each other, but most interact close ly with several others. 
shall try to show that, in order to make serious functional im 
provements in the design of buildings, it is necessary to inve 
a new way of describing these functional relations, which 
shall call relational complexes. We shall use as i llustratio 
some examples from our recent work for the Bay Area Rapi 
Transit District, but we think that the principles apply to anJ 
architectural situation. I 

J 
A relational complex is 
a physical solution to a fu nctional problem 

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

Relations between entrances of different transit stations train stops on its way downtown 
must have its entrance at a different 
point along the train's length. If the 
volumes expected at each station are 
known, the pattern of entrances can 
be calculated so that, as the train 
fi lls up, passengers are evenly dis­
tributed along it. The downtown sta­
tions must have a sufficient number 
of entrances to equalize throughout 
the incoming train the effect of the 
passengers' desire for the shortest 
possible walk at their destination 
station. 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
hance the effect of this, each zone 
of the downtown station can be 
marked with the names of those sub­
urban stations whose exits have the 
same position as that zone. 

4 ____ _ 

SUBURBAN 

DOWNTOWN ~ 
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The problem dealt with in this com­
plex is that of even distribution of 
passengers along the train to prevent 
overcrowding. In suburban stations 
there is a major entrance which 
concentrates at one point along the 
station's 700-foot length all station 
control, escalators and ticketing 
equipment. There are also minor en­
trances, a security gate and an auxil­
iary stair for rush-hour use only. At 
rush hours the typical pattern is for 
70 per cent of passengers to use the 
major entrance, while 30 per cent 
use minor entrances. At all other 
times only the major entrance is 
used. The typical rush-hour train is 
10 cars long. 

Additional functional requiremeatl 
• Every passenger should be able to 
find a seat immediately. 
• Boarding passengers must await 
the train at those points along the 
platform where incoming cars are 
emptiest. 
• Passengers want to use whichever 
car will minimize their walking dis­
tance at the destination station. 
• People do not walk more than 
about 100 feet along the platform, 
and therefore tend to congregate 
around the entrance. 

Since existing suburban stations 
always have their entrances at the 
center of the train's length, the mid­
dle part of the train is crowded 
while the ends remain empty. To 
avoid this, each station at which the 

Resulting relatlom 
• Different suburban stations have 
their major entrances at different 
points along the station length, the 
position of each entrance corre­
sponding to the emptiest section of 
an arriving city-bound train. 
• Each downtown station must have 
exits at various points along its 
length. 
• Different positions along down­
town station platforms are marked 
to correspond to positions of dif­
ferent suburban station exits. 



ther: it is a specification of arrangement. One such relation in 
a transit sta tion would be that of adjacency; for example, the 
icket machines must be adjacent to the change machines. 
nother relation might be concavity, the car arrival lane must 
e concave in the di rection of the parki ng lot. If the platform 
ust be between the tracks, this is a relation of betweenness. 
building can contain the elements named in a relation with­

ut possessing the relation itself. Take the last re lation named, 
hat the platform must be between the tracks. A two-track, 

center p latform station does con tai n it, a station with side plat-

fo rms 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, 
therefore we say that the relations interlock. 

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 col lection of many relations, 
it is very unl ikely 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 difficul t to answer this 
question precise ly, but we shall not ca ll a collection of rela­
tions a relational complex unless the interlock between them is 
considerable. A collection of many rela,tions, with only a few 
interlocks between them, has no good claim to be considered 
as a whole. We must therefore enlarge our fi rst definition. 

Relations between circulation flow and the station platform station's 700-foot length, the vast ma­
jority of passengers will find enter­
ing and leaving the station more di­
rect via the ends. Second, when a 
full train unloads, end exits, with 
only half the capacity of a center 
exit, can function twice as effldendy 
because they are not conversed on 
from both sides. Finally, the end of 
the platform is the only pl.ace where 
extra escalators can be added. The 
last 280 feet of platform are thus 
one-directional and carry 85 per 
cent of the rush-hour flow. These 
parts are closed at night, but ltle 
two-directional center section is 
open for the whole operating day. 
The circulation zone is wider near 
the escalator to accommodate the 
morning surge; but, to encourage 
people to move along the platform 
in the evening, the most comfort­
able waiting zones will be farthest 
from the escalator. 

This complex deals with the over-all 
flow pattern in a downtown station. 
Rush-hour volume of people com­
ing to and leaving downtown sta­
tions is concentuted at the ends of 
the station. Rush-hour traffic is high­
ly directlona~ typical morning 
pattern of 85 per cent in and 15 per 
cent out being reversed at night. 

Adclltiollal fanctiOMI requirements 

• The sizes of various exits and en­
trances must be proportional to the 
volume of passengers going and com­
ing in different directions. 
• The system must be able to ac­
commodate rush-hour traffic without 
wasting money on space and ma­
chines not used 23 hours of the day. 

E N D CE NTER 

• No one train door should delay 
the train because more passengers 
use it than the others. 
• The total effective cross-section of 
'flow channels' must be large enough 
to take the maximum required flow. 
• To avoid bottlenecks, the persons­
per-minute capacity of flow channels 
must be the same at all points. 
• The complex must be capable of 
accepting extra escalators and ma­
chinery to handle a possible future 
increase in volume. 

There are three reasons why 
major exits must be at the ends of 
the station. First, people walk to and 
from downtown stations; assuming a 
roughly circular tributary area whose 
diameter is large in relation to the 

END 

Resuttina relations 
• The main entrances/exits are at 
the ends of the station. 
• The subsidiary entrance/exit is at 
the center of the station. 
• The station Is divided into three 
sections, a 1-40-foot center and two 
280-foot end sections. 
• Each end section and escalator Is 
one-directional and revemble. 
• The center section, open at all 
hours, is two-directional. 
• Openings between center and end 
sections are constricted and equip­
ped with a lockable night gate. 
• The circulation channel Is ta­
pered: widest at escalators and nar­
rowest at dividing points. 
• Waiting areas are tapered to com­
plement circulation channel. 
• Vending machines are ad,acent to 
constrictions between sections. 
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RELATIONAL COMPLEXES 

A relational complex must have 
high density of interlock, detailed functional significance 

The density of in terlock must be very high; there must be many 
elements in common between the different relations. This is 
the same as sayi ng that each element in the complex must be 
related simul taneously 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 info rma­
tion about the way the individual relations interact with one 
another, so as to assure their p roper integration. In addi tion, 
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 
enti ties. 

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

pher Alexander's " Notes on the Synthesis of Form," a condensed 
version of which appeared in Apri l, 1965 (pages 177, 186). The 
use of this theory yields systems of requirements whose inter­
nal interactions are very dense. Each system, because i t is a sys­
tem, guarantees in advance that the solution of its requ irements 
will be a relational complex, not just a collection of relations. 
Each system therefore gives a complex. 

None of these relational complexes is a complete descrip­
tion of a whole building; i t is an abstracted relational property 
which the building must have in order to work successfully. 
Unlike a bui lding, which contains both inessentia l and essential 
featu res, a relational complex contains only those elements 
that are absolutely necessary to so lve the problem stated by the 
requirements. 

The six examples give a fai rly clear picture of what a rela­
tional complex is; and they make i t clear that it is relational 
complexes that really control the way a bui lding works. 

Relations affecting the agent's booth in underground stations • In any emergency it must be pos­
sible to empty the station in a few 
minutes with the help of fire escapes. 

This complex deals with the problem 
of surveillance. Most existing transit 
stations fail to solve this problem, 
and crime and lack of control over 
crime is perhaps the biggest factor 
in the decline of big-city subways. 
In the Bay Area system, underground 
stations would typically be multi­
leveled and the length of trains 
would vary from ten to two cars. 
There would only be one station 
agent. It is feasible to build an un­
derground station with no inter­
mediate column supports. Non-mov­
ing escalators are usable as emer­
gency exits from the station. 

Additional functioul requirements 

• Every part of the station that is in 
use must be very obviously under 
surveillance, as much to discourage 

crime as to detect it. 
• To reduce crime, no operating 
part of the station should be de­
serted. 
• To reduce the payroll, the mini­
mum number of police, maintenance 
and supervisory personnel should be 
employed on train and station. 
• The station agent must be able to 
oversee the whole station and inves­
tigate individual incidents without 
losing his general overview. 
• The station agent must be able to 
see, and, in case of difficulty, reach 
the ticket gates. 
• Passengers in distre;s should know 
that, if they scream for help, the 
ticket agent will hear them. 
• Waiting facilities should be ar­
ranged so that women waiting alone 
at night will not become uneasy. 

TYPICAL TRAIN LEVEL .............. 
TV 

lZJ 
TV 

~ .............. .. 
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The solution to this problem 
makes the agent's booth a two- or 
three-story tower, extending up to 
the surface ticketing area and down 
to the platform level, and placed in 
the middle of a station with center 
platforms at each level. Within the 
tower, the agent must be able to 
move up and down freely, and he 
must be able to leave the tower at 
any level. Waiting areas are con­
centrated around the tower where 
women are safe at all times, while 
minimum use of TV cameras can 
supplement direct visual control of 
the remote zone. Stairs and esca­
lators must be at the outer ends of 
zones providing an unobstructed 
view. 

Resulting relations 
• The agent's booth is an elevator 
enclosed in a vertical tower in the 
center of the station. 
• 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. 
• At each level, there is a waiting 
area adjacent to the tower. 
• The station is divided into a cen­
ter section and two end sections. 
• Fire stairs are within the barriers, 
separating end from center sections. 
• Escalators are at the extreme ends 
of the station with no public access 
from the sides or back. 
• At each level the platform must 
be between the tracks. 
• Each of the three sections must 
have a clear span, with all the verti­
cal supports beyond the platform. 
• Television cameras are mounted 
on the barriers between the sec­
tions, cover rest of platform. 



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

n't it true that designers already do very much the kind of 
hing which we have done, but without being so pretentious? 

hy have we chosen to use the name 'relationa l complex,' and 
keep repeati ng it? The answer is simple. 

Arch itects are not used to thinking in relational terms. Yet 
elational complexes control the way that buildings work. A l­
hough it is true that relationships of this kind are present in 
very bui lding, nevertheless the designers of buildings do not, 
t present, discuss such relationa l structures openly. As a resul t, 
!though the detai ls of bui ldings may be successful, and the 
uildings may seem good to look at, the fundamental relation­
hips which underlie their form are often wrong. 

It is impossible to get the form of buildings right unti l 
hese structu res of abstract relationships, which underl ie forms 
nd 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 deta i ls of a bui lding are quite unimportant by comparison. 

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

There is a second reason. 

Many archi tects are getting interested in systematic meth­
ods of design. On the face of i t, thi s 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 wi ll automatically disq>Ver that relational com­
plexes are the most essential features o f a building. So fa r, how­
ever, this has not happened. 

Relations between street and platforms in underground stations parking lots, or empty platforms. 
• Waiting areas must accommodate 
the crowd caused by train delay. 

This complex deals with the problem 
of making access to the train in a 
deep underground station as direct 
as possible and eliminating the mez­
zanine, which Is an undesirable fea­
ture of most traditional subway sta­
tions. This mezzanine between sur­
face and platform level is hard to 
police, difficult to clan, breaks the 
flow from surface to train, adds 
about 10 feet to excavation costs; 
and, because of its deserted, danger­
ous appearance, contribl,lteS greatly 
to the menacins character for which 
subway stations are notorious. 

Additional fu.clional reqlllremew 
• The feeling of isolation and en-

closure which tempts assaults, par­
ticularly at exits, toilets, stair land­
ings and blind corners must be 
eliminated. 
• Transition from the outside of the 
station to the train must be Immedi­
ate. Trains should be close to the 
surface so that no one will think it 
too much trouble to use the system. 
•Waiting facilities must be ar­
ranged so women waiting alone at 
night will not become uneasy. 
• The total surface area needing 
maintenance and cleaning must be 
reduced to a minimum. 
• People prefer a view of other 
people, movement, or ars to a view 
of inanimate things such as roofs or 

• The closed-in feeling must be 
eliminated and a connection main­
tained with the outside world. 
• The cost of overcoming soil loads 
and hydrostatic pressure In deep un­
derground structures must be kept 
to the minimum. 
• There must be a hesitation point 
for umbrella raising etc., just before 
people emerse in the open. 

The problem can be solved if all 
ticketing takes place in kiosks on the 
surface, with warning signals to mark 
the arrival of trains, and if single­
flight, unbroken escalators lead from 
these kiosks to the platform. A sin­
gle escalator with a break at the In­
termediate level would not work, as 
the upper half would have insuf­
fic~nt capacity, and the access flow 
at the intermediate level would 
cause impossible congestion. Wait­
ing areas are immediately next to 
the agent. Trains are as near the sur­
face as possible to allow access by a 
single escalator trip and to reduce 
excavation costs. The smaller under­
ground volume and surface area 
concentrates people together mak­
ing the station less deserted, and 
easier to patrol, as well as anting 
cleaning and maintenance costs. 
Surface ticketing areas are safe at 
night, and, during the day, give in­
creased exposure to daylight. The 
kiosk provides a hesitation point. 

Resulting relations 
• Ticketing is in kiosks on the sur­
face. 
• Unbroken escalators lead direct 
from the surface to each track level. 
• Track levels are as close to the 
surface as possible. 
• Waiting areas are immediately 
next to the station asent. 
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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 resu lt, designers 
pu t great emphasis on rates of fl ow, deci bel levels, room sizes 
expressed in square feet, lighting levels and minimum dimen­

sions. The added precision of these statements is certai nly sys­
tematic. However, instead of drawing attention to relational 
complexes and helping archi tects to think in these terms, such 
numerical precision actually has a tendency to obscure basic 
relationships. Worse sti ll, the elaboration of numeri cal state­
ments, because it falsely conveys an impression of great thor­
oughness and sophistication, makes i t seem unnecessary to 
probe any further into the underlyi ng nature of the building. 

This potentially damaging preoccupation with numbers is 
a ho ld-over from the late 19th-century thought that something 

was not precise unless you could measure it, a belief current i 
the days when mathematics and physics dealt largely with nu 
bers and quantities. Today mathematics and the older scienc 
are more sophisticated. People in these fields have begun t 
rea lize that the fundamenta l nature of th ings depends far mo 
on relationship and structure than on number and quantit 
Unfo rtunately the younger sciences (like economi cs, enginee 
ing, ergonomics, operations research, and systematic desig 
have not yet made this transition from number to structur 
Within these fields, and in archi tecture, there is still no way 
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 mak 
explicit; pure relations are very hard to ta lk about explicit! 
But we must leave this 19th-century immaturity behind as fa 
as possible. Design is the invention of relational complexes. W 
must learn to define them, and to design them. 

Relations between seats and aisles in a transit car tween them, which would reduce 
the number of seats in the car. 

This complex deals with the prob­
lem of maximizing the seating ca­
pacity of the transit car while at the 
same time increasing passenger com­
fort. A minimum of 75 seats is al­
lowable per transit car, in which ap­
proximately 80 per cent of all pas­
sengers travel alone. Dimensions of 
the transit car are as follows: out­
side width 10 feet 6 inches; length 
to coupler faces, 70 feet. Included 
In each car will be a "cab" in which 
the train operator can sit. 

Additional uctional requirements 
• Nobody wants to sit touching a 
stranger; each person wants a clear­
ly demarcated seat of his own. 
• No person should have to struggle 
past another person's legs to get in 

INDIVIDUAL 

GROUP 
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and out of his seat. 
• There should be as many seats per 
transit car as possible. 
• There should be no waste space 
under and between seats. 
• Family groups, couples, or card­
playing commuters need a seating 
arrangement which allows them to 
maintain an inward privacy in ap­
propriate contact with one another. 

Existing transit cars, when de­
signed to seat as many passengers as 
possible, are laid out with a center 
aisle and double seats on both sides 
of the aisle. If we accept this pat­
tern, the car cannot hold more than 
76 seats, and the only way to pro­
vide sufficient individual space and 
leg room would be to widen the 
seats and increase the space be-

These requirements can, how­
ever, be solved simultaneously by 
using two aisles, each giving direct 
access to seats on either side of it. 
Because seats are single, no one 
need touch any stranger and no one 
has to pass anyone else to leave his 
seat. Further, no extra passing space 
is needed between a person's knees 
and the seafin front, and because of 
this, seats can be. closer together 
than usual, yielding 96 seats per car. 
The staggering of seats, which places 
each arm rest next to an aisle, com­
fortably allows the seat width to be 
two inches less than usual, and 
keeps the over-all car width to 10 
feet. 

These provisions are adequate 
for the 80 per cent of passengers 
who travel alone, but a different pat­
tern is needed for those who travel 
in groups. By relaxing the require­
ment for single, non-touching seats 
and replacing it with U-shaped 
groups of seats staggered on either 
side of a single aisle, we arrive at an 
arrangement which allows group 
travel, but in which no one has to 
pass anyone else to leave his seat. 
The density is lower than in the 
pattern for individual travel, but is 
still higher than conventional cars. 

Resulting relatioas (inclviclaal) 

• All seats are single seats. 
• There are two aisles, each serving 
a row of single seats on either side. 
• Each seat is staggered with respect 
to seats next to it, or opposite It 
across an aisle. 
Group relations 
• There is one aisle. 
• Seats are arranged in U-shaped 
groups of six. 
• Groups. of seats are staggered, on 
either side of the aisle. 
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