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1. There are two ideas hidden in the word
system:The idea of a systemas a u'bole and
the idea of a generating system,
2. A systemas a uhole is not an object but
a way of looking at an object. It focusses
on some holistic property which can only
be understood as a product of interaction
among Parts.
3. A generating system is not a view of a
single thing. It is a kit of parts, with rules
about the way theseparts may be combined.
4. Almost every "system as a whole" is generated by a generating system.If we wish
to make things which function as "wholes"
we shall have to invent generating systems
to create them.

L Tbere are tuo id.easbid.denin the u,ord system: The idea ol a ylstem as a ubole and. tbe
idea of a generatingsystem.
The word system,like any technicalword borrowed from commonuse, has many meaningsand
is imprecise.This lack of precisionin a technical
word might seem dangerousat first; in fact it rs
often helpful. It allows new ideasto flourish while
still vague, it allows connectionsbetween these
ideasto be explored,and it allows the ideasto be
extended,insteadof having them cut short by prematuredefinitionand precision.
The word "system" is just such a word. It still
has many meaningshidden in it. Among these
meaningsthere are two central ones: the idea of
4 Jlrtem at a whole, and the idea of a generatittg
JyJrenl.

A candle flame maintains its steady size and
shape becauseof the balance between the amounts
of oxygen and fuel that are made available.

Thesetwo views,though superficiallysimilar,are
logically quite different. In the first casethe word
"system" refers to a particuiar holistic view of a
singlething. In the secondcase,the word "system"
doesnot refer to a single thing at ali, but to a kit
of partsand combinatoryrulescapableof generating
many things.
2. A systemas a u.'holeis not an obiect but a uay
of looking at an obiect,It focusseson someholistic pbenomenonu,bicbcan only be understood.
as a product of interaction among parts.
Let us considersomeexamplesof holisticphenomenawhich needto be viewed as systems.
The great depressionis an obviousexampleof a
holistic phenomenon.\7e cannot understandthe
depression,exceptas a result of interactionamong
ratesof consumption,capital investmentand sar..
ings: the interactionscan be specifiedin the form
of equations:if we follow theseequationsthrough
to their conclusion,we seethat under certainconditions they must alwayslead to a depression.
The stabilityof a candleflameis anotherexample
of a holistic phenomenon.\Why does it maintain
approximatelythe samesize and shapethroughout

its flickering?In this case,the "parts" are flows of
vaporizedwax, oxygen,and burnt gases-the processesof combustionand dilTusiongir.e the interaction between these flows-and these interactions
show us at what size and shapethe flame wiil be
approximatelystable.
The strengthof a rope is anotherexampleof a
holistic property.This strengthis a result of interaction among the individual strands,causedby the
twisting of the rope: untwisted,the rope'sstrength
is governed by the weakeststrand: twisted, the
strandsact togetherand increasetheir strength.
Another exampleof a holistic property,is the
relationbetweeninput and output in any computer.
In the toy computer called Thinkadot, a ball
droppedinto one of three holes,comesout on one
of two sides.The output side is not determinedby
the input hole,but by the input hole and the internal
stateof the machine,which is itself determinedby
the sequence
of past inputs. In order to understand
the machineas
this behaviour,we mustunderstand
a whole,consideringthe pastinputsand the internal
states,asparts,and the u'ay that differentsequences
of inputs and internai statescreatespecificnew internalstates
andoutputsasi nteracti ons.

ems, when the;'lose compottenbs,grorv new colnponentsto maintain theil equilibrium.
Sor.rre
self-r'egulating s.y"st
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( a seLJ-tellulatiilt|systen is a sel.it egrhLtin.cJ
sltxtem is n sell+egulatin g systetrt)

Another kind of holistic behaviouris that instability which occursin objectsthat are very vuinerableto a changein onepart: when onepart changes,
the other parts changealso.\7e seethis in the case
of erosion: cutting down treesrobs the soil of the
rootswhich hold it together,so that *'ind and q'ater
canstripthe soil of all remainingplants,andmakea
desert.We see it again in the death of the traditional farm: when the combinehan'esterreplaced
traditional harvesting,the entire balanceof scale
the little farms collapsed,
economieswas destroyed,
and gaveway to giant farms.
Let us summarisethe contentof theseexamples.
In everycasewe areconfrontedwith an objectwhich
displayssomekind of behaviourwhich can only be
understoodas a product of interactionamongParts
within the object.\7e call this kind of behaviour,
holistic behaviour.
The centralpoint of the whole argumentcan be
statedvery simply. The mott important properties
uhich anything can haue are thosepropertiesthat
deal uith it: stability.It is stability*hich gi,res
"
The strengthof an arch,
thing its essentialcharacter.
the evenburning of a flame,the growth of an ani-

mal, the balanceof a forestecology,the steadyflow
of a river, the economicsecurityof a nation, the
sanityof a humanindividual,the healthof a society:
theseare all, in one way or another,concernedwith
stability.
Stability,no matterin which of its manyforms, is
a holistic property.It can only be understoodas a
product of interactionamong parts. The essential
characterof an1'thingn'hatever,sinceit mustat heart
be basedon somekind of stability,must be understoodas a productof interactionswithin the whole.
'When we view a thing in sucha way as to reveal
its characterin holistic terms, we speakof it as a
system.
In order to speakof somethingas a system,we
must be able to state clearly: 1. The holistic behaviour which we are focussingon. 2. The parts
within the thing, and the interactionsamong these
parts; which causethe holistic behaviourwe have
defined.3. The way in which this interaction,among
theseparts, causesthe holistic behaviour de6ned.
If we can do thesethree, it means'r/e have an
abstractworking model of the holisticbehaviourin
the thing. In this case,we may properly cali the

These devices are not systems. They have a "systematic" appearance becausethey are the products of processeswhich may be looked at as systems

thing a system.If we cannotdo thesethree,we have
no model, and it is meaninglessto call the thing a
system.The idea of a systemis synonymouswith
the idea of an abstractmodel of somespecifichohstic behaviour.'We may speakof the economicsystem
in a country,becausewe can constructa systemof
equationswhich reproduceimportant holistic pheor inflation.If we couldn't
nomenalike depressions
meaningless
to speakof ecodo this, it wouid be
nomic systems.
\7e must not usethe word system,then, to refer
to an object.A systemis an abstraction.It is not a
specialkind of thing, but a specialway of looking
at a thing. It is a way of focussingattentionon some
particularholistic behaviourin a thing, which can
only be understood as a product of interaction
among the parts.Everythingunder the sun may be
viewed as a system:a man smokinga cigarettemay
be viewedas a system;so may a leaf drifting in the
wind; so may a brick; so may mankind on earth.
But it only becomesa systemif we abstractfrom it
somespecialholistic property,which we cannotexplain. except in terms of interactionswithin the

whole. STithout a specific statement of what holistic
behaviour we have in mind, what interactions
among what parts cause this behaviour, and how
they do so, calling a thing a system is no more than
saying: "This is a pretty complicated thing, and I
don't understandit very well."
The idea that a system is an abstraction, needs
emphasis. Think of a flower as a system. If we
want to understand the fact that the flower buds,
and swells, and blooms-that we must certainly do
by looking at the flower as a system. In this caseit
is the interaction among the parts, which creates
the behaviour of the whole. But the same flower,
has other properties which are not helped at all by
thinking of the flower as a system: if it is used as a
projectile, then its trajectory cannot be explained as
a result of interactionsamong its parts: and if it is
given as a gift, there is nothing that the flower does,
no matter how complex the situation, that needs to
be understood as a result of interactions among the
flower's parts. The idea of a system is helpful only
in understanding kinds of behaviour which result
f rom interactions among parts.

Furthermore,even though we call a thing a system when we try to view it as a whole, this does
not mean that we ever really view the thing in its
entirety.
'When we look at an airiine from a systemspoint
of view, we may focuson its scheduling-andwe
shalllearnthat because
the airline oniy hasa limited
number of aircraft, the scheduleof a flight from
New York to Chicagoturns out to be dependenton
the scheduleof anotherflight from Minneapolisto
Salt Lake City. In this instance,we are looking at
the airline "as a whole," becausewe are looking at
the interactionsamong parts, but we are not concernedwith the last button on the last mechanic's
cap. The notion of "whole" refers only to the
breadthof vision,not to the inclusionof detail:it is
still abstract.
Most often commonlanguageobscuresthis very
badly. When we speak of the solar system,or a
hi-fi system,or an airline system,or of a plumbing
system,the words are usedin sucha way as to suggest that the "system"is synonymouswith the objects.But just occasionally
the word is usedcorrectly,
even in common language.For instance,when we
speakof the Ptolemaicsystemas opposedto the

Copernicansystem,in eachof thesecasesthe word
"system" is used correctly:it refers to an abstract
way of looking at the interaction among earth,
planets,sun and stars- not to the objectsthemselves.
The disciplineof abstractionhas one drawback.
Occasionallywe are confronted with phenomena
which are clearlythe productsof interactions-but
the interactionsare so complexthat we cannotsee
them clearly, and we cannot make the effort of
abstractionsuccessfullly.
Take for instance,the baffling complexrtyof a seagullianding, or of an ecstatic,screaming,laughinggirl. In thesecasesa too
rigid insistenceon the idea that a systemis an abstract model, might easily lead us to abstractout
some facile inessentialsystem-at the cost of the
wonderwhich is reallythere.
This is exactly what happenswhen a systems
analystlooksat a building-managesto describethe
circulation,the acoustics,the heating and the load
bearing structureas systems-andfails to identify
the most interestinghuman and socialsystems,becausehe can't describethem in explicit terms.
Thus there is a secondlessonto be iearned.The
first lessonsaid: Don't cali a thing a systemunless

you can identify the abstractsystemyou are talking
about.The secondlessonsays:learnthe 6rst lesson,
but don't let it railroad you into making facile
abstractions.
\When we are confrontedwith a
complexthing,
we often begin with nothing more than a feeiing
or a "sense"that it functionsasa system.Driven by
this feeling, we then try, painstakingly,to abstract
out just that holistic behaviourwhich seemsessential, and those interactionswhich causethe behaviour. This is an activeprocess.It beginswith feeling,
and sensing,and only turns to thinking later. Start
with someaspectof life so interwoventhat you feel
in your bonesit must be a system,only you can't
stateit yet-and then, onceyou can feel it clear.ly,
then try to pin the systemdown, by defning the
holistic behaviour you are discussing,and which
interactionsamong which parts createit. But feel
it clearlyfirst, before you try to think it.
The systemspoint of view is not neutral.It will
changeyour whole view of the world. It will lead
you to realizethat the mostimportantcharacteristics

of human individuals are productsof their interactionsN'ith other people.It will lead you to reahze
that the life of nations*though thesenationsmay
seemself-sufficient-isproducedby interactionsin
the whole world, andthattheyonly gettheir strength
from their positionin this largerwhole. It will lead
you to seethat the health of cities,is producedby
interactionsamonginterdependentparts,including
houses,cafes,and theaters,yes, but also equally
includingslumsand graveyards.
The systemviewpoint is a modern, disciplined,
version of the senseof wonder. It is that view of
things which man takes when he becomesaware
of onenessand wholenessin the world.
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i. A generating systemis not a aieut of a single
tbing. lt is a kit of parts, taith rules about tbe
uay tbeseparts mal be combined.
This is a different use of the word systemfrom
the lirst one. In colloquiaiEnglishwe often usethe
word systemto mean "a way to do something":
that's what a betting systemis; that's what the
Montessorisystemis; that's r,r'hatthe democratic
systemis.
Each of these systemsis, at heart, a systemof
rules.A betting systemtells you how to placeyour
bets,the Montessorisystemlays down rules to be
followed by childrenand teachersin nurseryschool,
the democraticsystemof governmentlays down
the
certainrulesaboutthe natureof representation,

and the conductof eiecchoiceof representatives,
tions. In all thesecases,the rules are designedto
gengeneratethings. A betting systemsuPPosedly
erateswinning bets,an educationaisystemgenerates
well educatedpupils, the democraticsystemsupposedlygeneratesfreedom and good government.
til7e may generalizethe notion of a generative
system.Such a systemwill usually consistof a kit
of parts (or elements) together with rules for
combining them to form aliowable"things." The
formal systemsof mathematicsare systemsin this
sense.The parts are numbers,variables,and signs
like f and -. The rulesspecifywaysof combining
ways of forming
these parts to form expressions,
waysof forming
from otherexpressions,
expressions
and waysof formfrom expressions,
true sentences
The
from other true sentences.
ing true sentences
a
system,
combinationsof parts, generatedby such
hencetheorems,of matheare the true sentences,
matics. Any combination of parts which is not
formed accordingto the rulesis either meaningless
or false.

A generatingsystem,in this sense,may have a
very simplekit of parts,and very simplerules.Thus
the systemof triangleswhich may be put together
to form a square,is a generatingsystem.Its ruies
generateall the ways of putting these triangles
togetherto form a square.It is typical of a system
that the ruies ruie out many combinationsof the
parts.Thus thesetrianglescould be put togetherin
an infinite variety of ways-but most of theseways
are ruled out, because
the outsideperimeteris not a
square,
andthisthing is not connected.
Another exampleof a generatingsystem,is the
systemof language.Here n'e have rules at several
different levels. At one level, the letters are the
parts,and thereare ruleswhich governthe way that
letters may be put together to form words. In
English there could be no word beginning with
Rx. The rules of phonologyprohibit it. At another
level, the words are themselves
parts,and there are
rules which govern the kinds of sentences
which
may be madefrom words.
Perhapsthe most interestingand importantgenerating systemin the world, is the geneticsystem.

Every animal in the animal kingdom is generated
by a set of chromosomesspecificto that animal.
Eachchromosome
in turn is generatedby four bases
(like a necklacewhich uses only four kinds of
bead). The four basesform a kit of parts which
generatesthe chromosome.These chromosomes
themselvesprovide the rules for building amino
acids (another kit of parts), proteinsfrom amino
acids (anotherkit of parts), cells from proterns
(another kit of parts) and then builds the animal
from cells. The kit of parts formed by the four
bases,and their rules of combination,indirectly
generates
everyanimalthereis.
A building systemis a generatingsystemin this
sense.It providesa kit of parts-columns,beams,
panels,windo*'s. doors-whichmustbe put together
accordi ng
to certai nrul es.
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4. Almost etery "systemas a tubole,'is generated.
by a generatingsystern.If ue uish to make tbings
utbich lanction as "tuboles" u,e sball baue to
irnaentgenerating systemsto createthem,
There is a relationshipbetweenthe two ideas
of systemwhich have been defined.Almost every
object with behaviourthat dependson some "system as a whole" within the object,is itself created
by a generatingsystem.
Take an obviousand simple case:a hi-fi system.
Its purity of performancecan only be understood
asa productof the combinedeffectof all the various
components,working as a whole. The same hi-fi
systemis alsogeneratedby a generatingsystem:the
kit of all the parts on the market, and the rules
governingthe electricalconnectionsand impedance
matchingbetweentheseparts.
To take a more complicatedcase: the railroad
switch-yard.It plainly functionsasa whole.In order
to understandit as a device for breaking up and
making trains, we must focus on the sequenceof
switches, and on the fact that the length of
track in f ront of the switchesdependson'the length
of track behind the switchesand on the length of
trains. At the same time, the switch-yardis also
plainly generatedby a generatingsystem.The pieces
of track, switches,couplings, cars, together with
the rules for putting them together,form a kit of
parts which generatesproperly functioning switchyards.
The mostcomplicatedcaseof all, and the clearest,
is that of an animal. A landing seagull certainly
needsto be seenas a system:so doesalmosteverything else that seagullsdo. At the sametime, this
seagullis createdby a generatingsystem:the genetic
system.An animal is both somethingwhich needs
to be seenholistically,and generatedby a generating system.
The relationshipbetween hoiistic systemsand
generating systemsis easy to understand.If an
object has some holistic property causedby interaction among parts-then it is ciear that thesepar-

ticular parts and theseparticularinteractions,will
only come into being if the parts have very constrained relationshipsto one another. The object
then, must be generatedby some processwhich
assemblesparts according to certain constraints,
chosento ensurethe proper interactionof these
parts, when the systemoperates.This is exactly
whata generating
systemis.
The generating system need not be conscious
(as in the caseof the switch-yard),nor evenalways
explicit (as in the genetic case). Sometimesthe
processes
which make up the generatingsystemare
integral s.ith the object being formed-thus the
candle flame is generatedby chemical processes
which are the sameas those processes
which then
maintain the system'sequilibrium and make up the
interacting parts, when we view the flame as a
holistic system.
It is true then, that almost every "systemas a
whole" is generatedby a generatingsystem.This
axiom containsa remarkablelessonfor designers.
Man as a designeris concernedwith the design
and construction of objects which function as
wholes. Most of the important properties a city
needs to support life, for instance,are holistic
properties.
Our axiom meansthis: To ensurethe holistic
systempropertiesof buildings and cities,we must
invent generatingsystems,whose parts and rules
will createthe necessary
holistic systemproperties
of their own accord.
This is a radicalstepin the conceptionof design.
Most designerstoday think of themselvesas the
designersof objects.If we follow the argument
presentedhere,we reacha very differentconclusion.
To make objectswith complexholistic properties,
it is necessary
to invent generatingsystemswhich
will generateobjects with the required holistic
properties.The designer becomesa designer of
generating systems-each capable of generating
many objects-ratherthan a designerof individual
obiects.

This complex form of motion can only be understood

as a

result of interaction between two simpler foms of motion.
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A final word of caution. As we have already
seen,a building systemis an exampleof a generating system.It is a kit of parts with rulesof combination. But not everygeneratingsystemnecessarily
createsobjectswith valuableholisticproperties.The
generating system which makes squaresout of
triangles is an example. It is a perfectly good
generatingsystem;yet the objectsit producesdo
nothing: they have no holistic systemproperties
whatever.In the samesense,thosebuilding systems
which have so far been conceived,make buildings,
but they do not make buildings with any rcally
important holistic systemproperties.In a properly
functioning building, the building and the people
in it, togetherform a whole: a social,humanwhole.
The building systems
which haveso far beencreated
do not in this sensegeneratewholesat all. \7hile it
is inherent in the generatingsystemof an animal
that the finished animal will work as a whole, it
is not inherentin any of today'sbuilding systems
that the buildings they producewill work as social
or human wholes.Creatingbuilding systemsin the
presentsenseis not enough.\7e needa nesr,more
subtlekind of building system,which doesn'tmerely
generatebuildings, but generatesbuildings guaranteedto function as holistic systemsin the social,
human sense.
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EXHIBIT AVAILABLE

The Systemat exhibit, which deals with the
subiect of this issue, is available for loan
to college and university departments or
schoolsof architecture wirhout charge.The
exhibit occupiesan area approximately ten
by twenty feet and is accompaniedby copies
of this issuefor distribution. For information concerningavailable dates,pleasewrite
to the Modular SystemsDivision, Inland
Steel Products Company, P. O. Box 393,
Milwaukee, $Tisconsin 53201.
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