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Things ere in lhe seddle, oud ride men.
~— Tmerson

“ion hes made himself ¢ tool of his Lools,

- Thopreru

History records more frecnuent end wiore snectrcular instrnces
of the triumph of imbecile iustitutions over 1ife and culture
than of peoples who heave LY force of instinctive insight rsved
themselves ¢live oul of o desneratlely oreceriouvs institutions ]

situation, such, for instence, ¢8 now faces the peonlie of Christen—

dom . ‘
~-- Thorstein Veblen

Like o bypochondricce wio i =o sbrorbed in the nrocverses of his
own diyestion thal be poes to his gruve tefore he hos Legun o
live, indesiritlized coumunities neglect tlie ver:~ objects feor
which it is vworth while 1o acquire riches in their feverish nre-
occunation with the means by which riches con Le acnuired.

-~ K. . Terney



THE LAND USE CGﬁTROL CENTER

.} SYSTE'S APPRCACH TO THE PLANNTR'S TASK
PART T: ARILYSIS
Iniroduction:; The Problem and Its Imnortance
The plenner es a manager of urban resources, This study beglns

with the premise that it is both frultful and eminently desireble to
exnlore some of the implications of viewing the city and regionzl

planner es & monager of urhan resources, Talking such a view focuses

attention upon asnects of the nlanner's task and role which are often
neglected in the more usual dlscusulons centering around the functions
of the "master nlan', zoniang proceduresg, and so on, Tor exarnle, wve
are immediately led to consider problems of an orgenizational nature;
or nroblems centeriﬁg around the recuirements for successful accom-
nlisiment of the planner's trask; or problems heving 1o do with measur-
ing the effectiveness of the plamner's performance; or nrohlems which
are connected with %the nlanner's need for-—and dependence upon~—all
kinds of information. This viewpoint, then, will ke implicit through-
out the remainder of this study.

An essential oreliminary cuesiicn: vwhy plamnning? ‘efore we can

direct our atiention to the specifie subject of this paver, hovever,

we must deel with the fundementel question, why plepning? This cuestion,

in turn, may be interareted by the two interrelated cuestions: can we
do witiiout nlanuing entirely? and, are there any viakle alteruatlives

1o planning? If ithe apnswers to either or both of these lﬁtter cuestions
is yves, then oiviously we can bave no very compelling aunswver to the

fundemental cuestion. Jowever, we hone to show thet meither of these



guestions cen e answered in the affirmative.

The first cuestion--cen we do without vlapning entirely--ranises
the specter of the "exnloding metropolis" and all its attendent ills.
Tﬁe second cuestion-~nre there any viable alternatives io planning—-
raises the hoery docirire of the economist that “in a free market,
land will tend to e develoned to its highest and best use". Let us
look at these queslipns more closely, then.

The exploding melropolis. 7o bemoan the fate of our cities arnd

teweil their impact on our countryside has ‘ecome so fashionalle that
Fortune megazine has devoled a series of articles to the subject (later

. . . . . . L1
turned intc o bosok bearing the ominous title, The Exdoding ¥Metropolis™ ',

while Life magezine nrinted an ardent plee to '"save our countryside"
vhich was based upon lhese articles. That a oroblem exists, then,
seems to he fairly well recognized; that planning is the answer to
this problem is »rimerily a matier of one's point of view;mplus feith,
This brings us to the second of our relaled gquestions, the economisis?
assertion that self-interest operating in e free market is an adeguate
enswer Lo the troubles that beset the city. RSince aggreemert abioul the
existence of a problem is widesnread, while agreement that nlanning

is the best answer to the problexz is not, we shall turn now to & crit-
ical examination of the economists' assertion.

The economisis! view. The argument of the economist is still utest

exnressed by “dam Smith himself, who seic:

“The Tditors of Fortune, The Exploding Letronolis (farden “ity,
s = o\
Vev York: Doubleday and Comnany, Boubleday Anchor Tooks, 1958:.
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Every individual is contimuelly exerting himself to find out the
most adventageous exnloyment for whalever canital he can command.
It is his own adi&ntage, anéd not thot of {the society, which he
has in view. ©Dut the study of his own advantage neturally, or
rether necessurily, leads him to prefer that employment which is
most advantapgeous to the society...

2y directing that industry in such a monner as its nroduce may be

of the greatest velue, he intends only his own gainj and he is in

this, es in many other cases, led by an invisikle hand to promote

en end which was no nart of his intention. Yor is it always the

worse for sociely that it wos no part of it. %y pursuing his own

interest he frequently promotes that of the sgeciely more effectusl-

ly than when he really intends to promote it.~
In terms of urbtan land economics, this has come to take the form of the
doctrine that, "in a free market, lend tends to e develoned to its
hizhest and best use'. If these essertions are true, then the nlon-
ner secomes a stumbling hlock to the efficient workings of the real
estate market, and thercfore an oi:stacle to the beneficient function-
ing of society. 7an these assertions ve itrue? Ve think not.

Ve have critically examined the "highest and test use" doctrine
3 . . . .

elsevhere ; here we shell simply summarize thaet anaelysis and its con~
clusions, TFirst, the analysis atlempted to operetionally define the
asseriion; that is, to carry out the testing of »redictions imnlicit
in the asseriion. *s a conseguence, it wes concluded that ithe asser-
tion is nrowably meaningless, or if nol meaningless, then neither true

nor valid. 1In order to better understand this conclusion, one agnect

of the omalysis, stemuming from an imnsight provided by game theory,

.

e . 3 —. . . .
“adam Smith, wexlth of Xetions (Thicago: ZImeyclopedia Britennica,
1652}, Took IV, chapler Z, »n. 193-194.

darrv F. ¥W. Perl, "Aristotle, Plolemy, and Urban Land Economics",
unpublished manuserint prepared for Tir. Leo Crebler, UCLA Graducte
School of Business Administration, 2»ril, 1959,



bears reneating here.

An ipnsirht from geme lheory. Consider the "Prisoner's Dilesma",

which may be represented by the following geme metirix in normal form:

R
! by
e, | (2, 9 (-1, 107]
A i
8, (10, =10 (-9, ~9) g

The rows of thé matrix are the first player's stretegy choices; the

columns are the sccond plaverts. The entries sre the payof{fs to the

players$ respectively (e.g., if pleyer . chooses his a_ when player

\

clhiocoses his b then i gets 10 while B "gets" ~1¢', What hepnens

i’

when each——nerfectly rational-~nlaver seeks to maximize his own gain?
The players might analyze the situetlion as follows: nlayer A

seys to himself, "if ® chooses his b,, then I should choose my a,,

l?
gince I'}1 get 10, which is better than the 9 I would get if I chose

1

my ay3 now if 7 chooses his D then I should still choose my a.,

- Y
since a -9 is better then——et leasi, not as bhad es—--the =10 1 would
suffer if 1 chose wy al”. hus player A decides to choose his sfecond

stratery no matter what nlaver T decides to do. liowever, by e similer
e . ~ R “

-

argument, nleyer T views his nossible choices and their respective
pavoffs and also decides that the hest he can do for himself is to

choose his second sirategy, b .

[

2ut note what hannens {o tliese "rational" nlayvers ezch nursuing

his own self-interest: their choices, & _, b, intersect with & »Hayoff

to ench of ~0! néd yet they could have obtained e muituel payoff of

plus O il they could have agreed to coopercte by each choosing his
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first strategy (i.é., ey hl}. The fect that there is an incentive
for each nlayer to "douhle—uross” the olher in the case of o mutuel
first choice means that the only stable position is thet of the
mutuel second choices, with ils nayoff of -G, -9! is inatol Rano-
port wes cuick to point oul, an interesting observetion emerges:

The observation is that "“group retiomality" is different from
"individuael rationelity”, not only in the well-known sense that
the welfare of the groun may sometimes demsnd "sacrifices" from
the individuals in it, but in a stronger sense that departures
from "selfish' decisions on the »art of each individual ectually
result in greater individuel rewvards for hoth. This is often
realized as part of "social wisdom", but Jere we have a rigorous,
svecific demonstiration of this »nrincinle.
This demonstirates——in a compelling fashion, we believe--that individunls
pursuing their own self-interest do not "mecessarily” promote society's
welfare. 1Indeed, it lesds us to the rather naradoxicel thought that
altruism cen he justified om the basis of "selfish" considerstions!
Thus we are led to answer the cuestion posed earlicr--—are there
any viable alternailives ‘to planning—~—in the negative; at least, if the
alternative is the one offered ¥y the economist. ind sgince we had al-
ready decided to reject the notion that we cen "do wiiliout »nlonning
entirely” (for perhans less compelling reasopns——but we are willing to
make this rejeciion simply s on article of faith enywey', we are now

ready to assert that the aunswer to the fundamental question——why plen-

ning—~iss: +there is no other viable alternative in sight,

sfter this lengthy preliminary discussion of the imnortance of
considering the subject to be vresented in this waner, ve are st last

recdy to state Eriefly the svecific pronlem to be derlt with herezfter,

A
“tnatol Rapoport, "Critiques

f Game Theory", Cehaviocral Science,
- -~ - \ -
Vol, 4, ¥o. 1 (Jenuary, 1959%, p.

0
5




6=

The problem of comirol. It is our contention that nlenning

without control is futile, while control without planrning is blind,

It is our further comtention that the current state of the art of

city planning suffers more from futility than from blindness. That
is, the crucial provlem fecing the vlanner is the problem of control:
his ability to devise olens is relatively well-develoned, hut his
ability to implement them is woefully lecking. nd this laék isg due
not so much from e resistance tn conirel by the nlemner on the part

of other centers of nover {ond the general nublic', but rather to =
fundaﬁental inadecuacy of {the planper‘s tools and techuirues for dezl-
ing with his tesk., The remainder of this naper will he devoted to on
exnloration of the nossihility of achieving this control which iz now
afforded by: (1Y, develonments in the science of mensgement tocether
witlhi a revolution in information technolagy; (27, the anplicelion of
control system sunelysis to the nlanner's inask; and {3), the s:nthesis
of a tocl, tuchni~7o, and orgenizetion desgigned 1o »rovide the =leonter

with an ade uate means for conirol over his task.

Management Science and the Revolulicen in Informelion Technolooy

The meaning of "imenagemeni science". The lost decade or so has

witnessed & wushrooming wyrowth of annlications of the srientific method
of incuiry to the oroslems of wanogemenit, These epvlications are per-
hans best exemplified »y what has come to Le known as "onerations
research", alihourh tnis is but one asnect of the »ynlicntion of scien=
£ific methed to the domein of manz gement.  Terms such ag "pare theoryf,
linecr programmin , dynasmic oroframmin; , systems snalyeis——these nnd

many others could be cited to {ive some Teeling for the multi-feceted




aclivily occurring ander the rubrie "managemcnt Scinnce"s. f'or the
purposes of this paper we shall undersiand the term Lo mean simply
the use ol scientific method and scientific technicues for the study
of problems encountcred by management, broadly conceived.

The revolution in information technolosy. If the prowth in the

use of scientific metbod in business und indusiry has been significant,
the ropidity of the development cnd use of new tools and technicues
for dealing with informatiop-~symbol menipuletion end communication,
broadly conceived--has hegn nothing shori of phenomenal. Some feeling
for the magnitude end repidity of this revolution is conveved 5y the
following facts: the first large-scole electronic computer, the ENIAC,
wa s comple£ed in 19465 the first one lo ve reproduced commercislly,

the UNIVLT, was delivered lo- the "ureau of lhe Tensus in 195G; the
first of these 1o be anplied to strictly business pnroblems (as con-
trasted to scientific problems) was installed at the fleneral Electric
Nompany's Louisville, Fentucky, nlant ip 1954; and yet today there

are literally hundreds of eleclronic computers in use by husiness,

3

industry, and government. The vrofound imnnct these "electroric »reins®
have on the organizeiions using them is well recognized by all persons

<y . : RN & . , :
fomiliar with the computer field . And the best (or worst, denending

“°For o closer look at this general subject area, the reader is
referred to the followiuy works: (. West Thurchmen, Russell 1.. AcLoff,
and ['. Leorard Zrnoff, Introduction to Qperntions Research (¥ew York:
John Wiley end Song, 1957); Howard 5. Levin, (ffice YWork and Automation

New ¥ork: John Wiley and tons, 1956); (eorge Fozmetsky cnd Panl Kir-
cher, Flectronic —omnuters and Management “ontrol (New Vork: ‘lcirav-
(1111 ook Company, 1856'; Richard Cennin;, DTlecironic Tata “rocesring
for Tusiness and Industry (New York: John Wiley and Somns, 1950},

s - . L. - . -
“or example, see Levin, o2. cit.; also, “enning, on. cit.
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on Your point of view) iz yet to come.

oy

For example, consider the words of Dr. John

X

’+ Salzer (Dircctor,

Intellectronics Lehoratories, Ramo-Wocldridge Division, Thommson Ramo

weoldridge, Inc.’ who recently wrote:
The words computers, electronic breins, automation, synthetic
intellizence devices, automatic contrel, cyhernetics, data hand-
ling and data processing eech suggests & nerrow ~art of the Uroad
field of extending the human intelleciual process by machines,
None 18 adecuaile i¢ descriie lhe whole. Xone of them convevs
the icdea of o man-wachine »artnershio in intellectual acctivities
and, moreover, that most major intellectual nurscuits in husiness
end governzent, in peacetime or in wartinme, will in the future
izvolve large complexes of hwman beings end mechines wvorking to-
gether. The new partnership will do the world's intellectual
task, will provide the '"pervous system" control of ihe nhysical

. . t

operations of the world.

It was 1o describe this fandamental and groving concept of extending

men's intellect (primerily through information technology, of which

electronice is the dominant asnect), ithat the word "intellectronics"
was coined.

Zut no matter what word one uses, the inrcortent noint 1o consider
here is that this revelution cannot fail 1o profoundly effect tie
plenner and his task,

The significance of ihese events for the nlanner. 7The ways in

Ft

which the »lanner and his task will be effected by these events are
threefold: (1%, by the wealth of new insights-—-azbout man‘s »lace in
thie orgeonizatvional environment, the organization's »nlace in the com-

munal environment, ard the multinlicitr of recinrocel relationshins

emong these factors—vwhich the apnlication of scientific method to

V. B3alzer, "Intellecironics—-—¥xtension of Man's Intellect
Througn klectronicsY, putlished in « special sup-lement to Lhe Los
Anzeles Times merkin: the opening of the Duao-Wooldridge laroratories
in Canoga ari, “alifornis, Tecemver, 10539, 3ore on ithis genernl

nost

subject mav e found in W
John ¥iley and Zons, 1952

. Ross Ashbr, Tesign for o Hrein (Hew Vork:
\ e et e . e —— ——



management problems has generated; (2°, by the development of sneccloc—
uler new tools for dealing wilh the manager's tgsks; and (3, by the
development of wnys to use these new tools for the purpose of exner-
imenting in the doumain of menagement—-thet is, it is now nossihle to
serform exneriments in the field of sceinl science in the seme sense
in which it has long been nossinle to nerform experiments in the field
-

of physical science . These points will he elaborated throushout the

rest of this peper.

The Systems Adnroach ifo the Plenmer's Task

The "sysiems a-nromch” delined. 1In its broadest sense, lhe term

"systen" cen ap:ly to any set of variahles whetsoever; their inter-
relalionshin iy a function of the individual making the selection.
When used in the rontext of manapgement science, however, the term sys-
ten usually connotes o complex whole of interconnected components,
such as a "men-machine system". Thus the "systems anproach” ds used
to emshasize the necessity and utility of dealing with a proilem in
its brocdest context, the entire system, whatever the particular sys—
tem mey be. This concent should ke well-suited lo the planner, since

by neture such a nerson hesituelly "sees things whole'——that is, tlekes

the systems apnnroach.
Y D7

8For a fuller treatment ol ihis soint, the interested reader is
referred to: R. I.. Chanman, J. I.. Fennedy, A. Kewell, and W. €, Tiel,
"The Systems Resenrch Leborestory's air Pefense Fxneriments’, 'anagement
Science, Yol. 5, o. 3 (4pril, 1956, »p. 250-598; J. 1. Fennedy, "A
"Transition-todel! laboratory for Research on fultural “hsnge", Humen
Grgenization, 14, nun. 16-18; W. il. Reitmwan, "Computers in “ehavioral
“cience'", uehuvioral Science, Vol. 4, No. 4 (Cectoter, 195", »n». 330-35;
' 4. Simon and i. Yewell, "ileuristic Proklem Solving", (Operations Re-
ceerch, Vol. 6, Xo. 1 (Januery-February, 1958}, »r. 1-1€; A. Yewell,
J. ©. “haw, and . A. Simon, "Eleweuts of a Theory of flumsn “roblem
Solving', “cychological Review, Vol. 65, Ho. 3 (1958}, »n. 151-166.

:
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The nature of the nlammer's task. If one takes the systems

approacg to the planngr'a tesk itself, one is led to ask somewhat
different cuestione thar vould otherwise by the casc. For exernle,
vhet are the bounds of the system with which the nlenner dezls? Whet
are its components, and how are they connected? Is the systom open
or closed? TIs ilhere feedback among the components, and if so, what
kind--that is, vnositive or negative? Ve have dealt with the begin-
nings of such an incuiry at some length elsewhereg; suffice it to

say here that the citj plenner's task--the nrimery funclion which

the city plapier existis to fulfill--is essentielly ome of control-
ling the use of land (broadly, snace! within his arce of responsi-
hility, the nurpose heing to ensure a more efficient and effective
utiiization of this fundamental resource so as to promote the greater
well-lieing of the community. 7To betier understand the wlanuzer's task
one must look more closely at the npoture of the system with which he
deals.

The "metronolitan comnunity" viewed as o system, & city the

size of Los Angeles dondnetes its surrounding territory; within this
territory ere other communitics of varying sizes; all these, togetither

with thie hinterland which supports them and which they serve, make

. , . s . 10 . .
un wvhet has been called the "meironoliten community"™ . It is this

S ) . o
Horry T. . Perk, "\ Concentual Yodel of the Plarnning ‘cltivity",

unnublished manuscrint wrevnared for Tr. Jemes Cillies, ULt Oraduate
School of Cusiness Administration, June, 1938,

1¢ - , . v . o
"For a fuller treaiment of this concert, see R. I, “'cKenzie, The
ietropolitan Community (New York: lMeiraw-llill, 1938°, and Ton J. Toyue,
The Structure of the Yetrovwolitan Comsunity (Ann Arbor: Universitly of

Michigan Press, 1050),
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complex ecological system thiwl constitutes ithe rew meteriel which ihe
city planner hopefully ~itempis to foshion into a system which more
closely unnroaches » suitable base for the activities of men. For
this purpose the »nlanner hos aveilable certsin tools and technipues,
to which we shall now ‘riefly tur:y our sttention.

iy

Some current nlenuing tools c¢nd technicues, The planner trys to

'

control his exceedingly refractory revw materinl by such instlruments
es are exemplified by zoniny ordinances, various police novwers, ef-
inent domein, and so on: some of the technicues emnloyed are those of
land ure surveys, stntisticel enalyses, population forecasts, various
develonment =lans, and a.vove all, fhe "mester nlen". There is con-
siderahle evidence gveileble to sud ort the contention that neone of
the currentis aveileble loels or technicues eore aderucie for the task,
ll 3 ¥ 1 " 4 ) 1
however ~. Indeed, the very concent of a "master plan" is susnect:
given the extreme rate of technological change which charsctlerizes
our culture, it may well te either impossibLle or undesirakle {(or Loth!
Lo etlennt to set future genls on the basis of currently availabvle
. v . . 1 i . . v T
knowledge and technirues . Iver 1if this were not so, it is very
doubtful that the mrster nlan concent is able to "make o difference”
in the coniexi of thiz repid and arcceleratin: rute of change. UVesides,

there simnly are not erough salanmeers to zo around: if the well-Deing

11

Hecessnry?", The WiIND} Tornoration, Santa leonica,

See, Tor exuunle, Merry 7. %, Perk, "ire iaster “lans Renlly
ey 13, 1958.

l"For a discussion which getes down to fundementels--vhich eske
some of the risht cucstions--see "ercival Coodman and Paul Cocdwman,
~ommenitas, Yeans of Livelihood and Vays of life (Chicago: Univer-
sity of “hicago Press, 1247).
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of a community devends upon having a master »len, and having » mnster
nlan depends upon huving nlenners, then at lee:t sowme (the majorits,
most likely) cow:unities ere in for a very rough time. What tlen minohi

Le needed te enable the nlanrer to more effectively deal wifh his tesk?

The ideal repulatory wechrmism. From the point of view of estab-

lishing the most effective systom for eccomplishing the plenner's task,

an ideal would be sclf-resvlation: thet ie, a system which acts of

.

its own accord to correct for disturhances wiithin it. {onsider the
stalement of I.. R. Nice in this regard:

good regulstory mechanism must be automatic in its sction,
prompt in ils resoonse, uniformly dependable in its enolication,
not easily subject to change according to legislative or lureau-
cratic whim:, smooth and effective in operation by increasing or
decreasing iis coniroel in nronortion to the need for it, and econ—
omicnl inm that 1t should itselflgonsume oo little as possil.le of
the resources of the ecosystem.

We zhall devote Tart I7T of ithis nuner to e discussion of whot such an
ideal control system micht ve like, Firsi, let us summarize the dis-

cussion up to this point.

Summary of Pert I

We have seen thet the fundamental oprosition belween the nlanier

.

i

eud the classicel economist cen e resolved in feavor of the planner:

there is every reason to helieve that the laissez-{nire conceni is

both exonirically false and logicelly invelid, which leaves the field
open to other nwossililities, of which the concenl of olenning is the

most promising. {onsidering then, the »nlenner 2s a mapazer of urban

9
1"Lee it. Dice, YMan's Yetuvre end MWelure's Yan (Ann Arbor: Univer-
. o . . o AY
sity of 'iichigan Press, 1455},

o
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resources, we have seen that bolh mnew scientific imns=i;hts and revo-

lutionery nev tools are availeble to assist the nlenner in accomnlish-

ing his task. Tinpally, by teking vhe svstems anproach Lo the »lanrner's

task, we have segun to recognize some of the resuirements for an idezl

regulatory system to ensure efieclive tesk pccomplishment. With this

nrackground vwe are now ready to consider the synthesis of such a systenm.

PART IT: SYRTHESIS

The LUC{': (onceptuslization

xisting precedents. ‘fre there sny precedents for a "Land ise

fontrol {enter®” {(which we shall abbreviate'io "Lreer for the sake of
convenience'? Yeé, there currently exist st lecst two systems of com-
peratle cownlexity end with even more demendinz time and reliesbility
constroints; furthermore, another such system i¢ currently being in-
tensively investigeted hy meens of simulation. The systems referred
to ere: (1), the tontinental Air Tefense “om:iand's system of Air
tefense Direction t'enters ("ADDC's"Y, a network of manually operated
reder direction centers: (7%, the SAGE system (Hemi~‘utomatic (round
Invironwent), »1so an air defense svstem, but one in which snecirlly
designed lar_e-scele electronic couputers wlsy 2 very nrominent role:
and (3), the zir Yorce logistics system, currertly reing studied in
the R “or oretion's Loristics Srstems Leboratorr. In order to
meke the laoter discussion of the LUIT system more reacily undersiood,
let us look more closely at orne of these existino systems,

The AD™ . “he 8ir Defense “omuend has the resnonsiciliiy of

srotecting this country from enemy air atteck. ¥or this nurmose 1t

a
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has estniblished o system of

v

sir Deleuse Direction “enters, staffed by
thirty to forty 'ir FTorce officers and men who opercie the ronder scones
and related ecuipment provided tfor the accomnlishment of their tesk.

Thi

on

task-—the defeuse of their nrea of resoonsibility from cpnemy air
attack-—hns essentially three counonents: (1, the initial detection
end tracking of 2ll eir troffic in their area; (2%, the identificetion
of caclh eircraft within this air traffic so as to emsure no hostile
aircreft sre sresent; ond (3%, the taking of action in the event thet
en "unknown" is discovered to be hostile., These three comdonents are
usuclly Inown os Ysurveillance", "wovements identification”, and "con-
trol", respectively, "o vetter understand the functions of these com—
nonents, lel us examipne an ADD! in dperation.

-

Bedar is the means of initial detection of the rir traffic: the
electronic nulses bouncing wack from the eireraft sppear as "blips"
oen the ADDt's radar scopes, thus nermiiting the continucus tracking
of 21! circraft vizitle to the reder. These tracks are nlotted on n
central displsy boord at the front of the direction center; thig vie-
val analogue of the air traffic situation irs then used for nurnoses
of comparing the tracks as cdetected with the expeclted Ulight peths as
submitied to the ADPY by the Federal Aeronautics ‘uthority, which ia
turn had obtained them from the "flight plans' which ere reruired to

2 and

be submitted to the FAA. Any discrepsncy between the exisiing
the exnected lrocks serves to initicte control nction: fighter sir-
cr:it are sent out to visunlly identify the zircreft which is unknown;
in real life the consecuence of these insnections has lLeen the detec-
tion of asircrafl which are off their flicht »lan, or whose flight plen

has been filed lete gnd is thus not availeoble in the ADDT to permit
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identificetion within the center itself . Yortumctely, no sircraft
hes yet been identified os "hostile" excent in trrining evercises.

A control system cnelysis. It cen be seen from the -receding

that the ADDC is en instznce of whet is variously celled & "closed
loop conirol system', "feedbrck system”, or "cervosystem". This mey

be illustrated by the folloving ultresimplified diagrum

T ""‘? H i
De . ;7;;},»3. Contee i 5 4 i//“;'fwuf
e g _ﬁ ;.__.__.......-_.. 4 :'/ rag (O58 :“'“'”"T’"‘ e
[N Fya i ; : i
! oy } ¢ i
a... i e s
|
. !
 Feedback Vgr;&ble |

Interareting this diegram in terms of the ADP, the '"»rocees" heing
controlled is ihe air traffic situation; the "load" is the fluctuating

cir traffic, including »ossibly hostile planes; the "set noint" renre-

sents the "po hostiles sllowed" condition, es determined by the flight

J

plans filed with the FAA and in turn sumsmitted to the AIDC; the "feed-

PA Y

.

back verieble™ is the rodar input to the ADDC, while the "deviation®
(or "error") is the difference between the tracks as plotted from the
rader inpel and the flight »lans; and finslly, the "conlrol action”

is just that—--the sending out of Tighler acircraft to take uction ageainst

O ——

4 .
*Tor a more deteiled discussicn of these--and releied— systems
see R. 1. Chepman and others, op. cit.; T. &, Melcolm, "Henl-Time Lan-

agement Control in a Lerge Scale Yen-Vachine System”, the System Tevel-
opment Corporation, SP=00 (1958Y: .. J. Rowe, "A Resenrch Anproach in
Yponagement Controls”, t“ystem Levelopment Corporation, SP~174 (1959); W.
W. Haythorm, "Simulation in RAXND's Logistics Systems Leboratory', Rerort

System Simulalion Symposium, co—snonsored by the AIIR, TIVS, and ORSA
(Waltlmore- Waverly Press, 1958%, -n, T7=82.




any hostile circraft which msy be discovered.

To givg some fidex of the Cenernlity of this deseripiive model,
consider unother svstem: the oft-used exrmple of the thermostat which
regulates ruoé temperature. Tp this case, the set point is the iemp~
erctiure setting of the thermostul, the process being controlled is
the room tempernture, the difference between the mezsured room temp-
erature and the setting of the thermostat--the deviation--is the means
by which contrel cclion is initiated to cruse the furnece to decresce
(or incrense’ its output, depending upon whether the losd--the outside

temnersture—~hes risen or frllen. Such systemses these are considered

5
"on~line™ (or "in-line")} control systems operating in "reel time'--n

'

very useful heuristic, es we shnll see.

% descrintive model of the ILUTC. Lel us now interpret this gen—

ernlized model in terws of the system wilh which we are primarily
concerned. The nrocess to he controlled is thet of the use of lend;
the set noint is the statement of community lond use objectives (per-
haps ¢s embodied in the master nlan'; ithe devintion hetween the steted
objectives and the land use situalion «s mensured initictes control
action to bring the existing and desired stote of effeirs into con-
formity; and of <our:e, the load on the system consists of =11 ju-
devendently arising fectors cnusing o change in the lend use situntion
(such ar nopulation chewnges, new industiries, and ro on'.

It will be seen {rom this internretstion that whnt is usucrlly
thoucht of as "nlanping—-as distinct from "comnirol'--is mosy fruit-
fully vieved cs n second-order feedhack level, as shown in tae follow-

ing ultrasimnlified diagrem:
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In tﬁis case, the comrunity eonjectives together with data aboutl the
existing stele of the process to e conirolled nre fed inte the nlan-
ning element, which then #cis uson this information so as to effect
the nature of the control ecction itself, which in turn affetts the an-
zoing process. It weuld Le possivle to carry this model one step fur-
ther, and view the esteblishing of the comiunity objectives themselves
28 a third-order yevdhnck level, Troudly spesking, this third-order
feedbrchk iéYéi would be the lersely peliticel process by which the
comrunity comes to formulate objectives in the firsl olace. However,
for the nurvoses of this study, it will not %e necessery to go Leyond

the »lenving ond control levels.

nredictive uedel for the LUOC, Py virtue of having cdovted

the rervosystem cencepthes the basis {or our descriptlive model, we
thus have all of the well-developed theorr of servomechanisms i.nd
cutometic process control at onr diSﬁOSa]. n extensive literature
(see the Tinliorraphy) exists to assist us in analyzing our land use
control svestem, and predicling the behavior of the system under tron-
sient egnd stecdy—sictle operating conditions. Tt is Dhevond the scope
of this naver to o in{o ¢ detiiled »unlvsis of the meny elements

. i .
involved in the coutrol svsiem contemnlated here 1n order to estab-
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lish a workable predictive model, however,
There is another scnse in vhich we mey think of predictive models,
though, which should be mentioned here. one of the chief adventages
of the LUCC system would be its gbility to simulate the effecte of

given chrnges (or nroposed chanzes) in the land use situation so as to
e able Lo predict their imnact through time. Since the éomputor
would enable this simulstion to occur at & greatly sneeded-up time
scele (very much facter than recl time, like observing the movement

of a glacier by means of time-lapse photogruphy), vith suitable ore-
dictive models upon which to base such simulation the LUCO's would

be able to provide the nlanner with vastly sunerior date than any-
thing he currently has aveilable upon which to base his recommenda-

. 15
tions ",

The decision wmodel for the LU”rC, The nlanning and control svys-

tem ret forlh here olwiously involves the mrking of decisions: what
are ithe criteriu for w.'(ing such cdecisions? That is, in the operction
of the control actions of such a system, or in the transform tion of
the commnunity o:jectives into snecific onerational plans 5y the plen-
ning element of the svstem, what is the nature of ihe c¢riteric which
are Lo be used to select one alternative plenning or control action
from another? To be concrete, and verheps more lucid: s=unoose, for
the nurnoze ol & necessary control action, 2 choice exists between

using the nower of eminent domain or »aving & seemingly exhorbitent

~

“Yor an extended tresumeni of this noint, see Staunford 1.. Oniner
and Associetes, "On the Tearidility of Flectrenic MNata Processing in
City Planping', evert to the ienartment of Citv Planmin, ity of los
Angeles (jos¢ Aingeles: Stunford 1. Optner_zhﬁ Associctes, Janucry, 1959°




price in order to obtain @« piece of land needed by the city; what
enahles the planning end contrel system to choose betvween these two
alternatives?

The ansvers to guestions such as those posed in the nreceding
peragranh are highly denendent uvpon the rredictive mddel, a~nd thus
canuot at this time be definitively ansvered for the system under

study here. However, certrnin general considers{iiors nertaining to

all such svstems mey he mentioned. For example, the nroblem of ihe

.

steility of the system is a cruciael one., Stanility is in tursn high-

1y dependent unon such factors as time lags, phase relationshing, end

the guin in the zystem. That ie, whether the conirol svstem will
suffer from “huniing" (the inability to "zero in" on the desired con-
trol velae', or be suhject to oscillations of ever-increasing ﬁngni~
tude-—and o on-—iqllargely a mniler of the time lags, the amplifice-
lion {gain’, or the phase rclationships in the system's feedback.
Another asdecl of imnorlence is the “ehwavior of the system under
tronsient conditions (can it handle temnorzry overleads, for exemple).

1lso, the resnonse rate is of critical importonce: will it he renid

enoush to correct en incipient disturbance before the disturiance has
reached dengerous pronortions? And is ihe system sufficiently flexible
to handle changing load and onerational conditioms now and in the fore-
seealle future?

This gives some incdicetion of the mnature of the criteria which

rust be tolien into sccounl in onerating as coudlex a sysiem as that

being consicered here. ihese criterie enter inte ihe nrellem of sws-

tem de<ign, to wiich we shall now turn.



The ILlt:  Svystem Mesipgn

X

‘n overall view of Lhe svetlcm, Tefore tolirg un specific epsnects

of the system desi n proler, il would e well to take o lookk at the
systewm in iis entiretvy, as it might exisi five yeers after first ‘eing
estavlished; say.

First, the system musl be coextensive with the metronolitan com—
munify (which includes the hinterland, recell': second, lhere wust Ze

\

& suirficient pum-er of individurl centers (LUf's) in the system to

ensure aderuate coverage of Llhis areoy third, the lo'otion of indivi-
dual cenlters must not he a matler of cr itrary Holitics! decision, nut
rather ¢ funciion ol the logic of the system itzelf. These three "deo-
sign nrinciples® imnls o fourth: the syvstenm must Le flevi~le; ihat iz
g the metronolit7n com unity changes (o refnrds size, intervsl popu-
levion distrifution, chenging neture of land ure, and co an' o must
the »lenning eénd centrel svelen.

rieflr, then, we would envision &« »lenninz and control svstew
consisting of a number of linked land use control centers covering the
cntire metropolitan communits, with each warticuler center receivings
its plenning ohjectives from the local aren it rerves nnd over which
it exercises land use control (of course, there would be extensive
coordination of these objecti.cs amony all centers’., For & metropol-
itan communily the size of Lo Angeles and its environs, the numwber
of LUMC's wight renze “elween 10 end 20, denending upon such fectlors
as the choracteristics of the sveilable cemnutlers which would be re-
ruired, the exnectled syéiem load, the wvet {0 he determined ovtimum

ratio of teslk events ner center, and so on.

$



The system desirn matrix, To better emnhle us to grasn the

meny fectors of the system design nrohlem, consider ihe matrix shown
in Figure 1. While it is beyond the scone of this study te fill in
the boxes of this matrix with all tl:e informstion needed to nermit
the design of our system, it should serve to pive some idea of the
full extent ol the design vroblem, and ~erhans a belier understrnding

of the many interrcleated factors which must bLe ilnken into account.

The 1UCC: Cost~Cenefit inalysis

The seleection of ansropriate criteris. 48 soon as one uses the

term "cost" the whole field of economics opens up hefore us, liowever,

-

we are yoing to insist unon an even broader inleruretertiion of the term

.

for the nrurnose of evaluating the LU/ 73 for s orne might well say to
v H < 7 [ .

the economist, "there are pore thincs in hesven and ecarth, loretlio,

16

then are dreamt of ia-your philosonhy" ‘The current inaility to

nrecisely measure certain admiivtedly iImportant esnecis of the »nrotlem

{such as remificatione in the social and nolitical reclms) should not

-

e allowved to nrevent us from meking some--alheit tentative and ine
precise--nllownnce for non-vecuniary fectors, Having sronounced this
caveat, let us now look al =some of ilie probaile costs involved in our
swstenm.

Drobeile costs. The svstem costs may »e roughly divided into at

least these five catesories: (1, cost of system design; (%', cost

of system installationg (38), cosi of system operrtion; (4), obsoles—

lbﬁith 211 due apolopies to William Shakesnesre (the ruotation,
)\

of courxe, is from temlet, Act I, Tcene V!.
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cence costs; (5°

, non-pecuniary costs. Since we do not have all the
necessary information upon which to »ase accurcte estimates of these
costs (the system does ﬁot yel exist, nor has it here been snecified
sufficiently precisely for such costing ourposes), the “est that we

can do at this point is to give order of magnitude estimates. ‘¢ a

Lesis for such estimates we will consider o fully-implemeniled system

-

as it might be d?ﬁigned for instellation in the Los Angeles metrovol-

itan comaunity.

Cetecor> 1. The cost of system deci-n would very likelw fell in

the low mezeiucel range {(i.e., °=5 million dollars, sey'. This would
e an essentially non~recurring cosi, of course, and wonld include

11 esvects of the svstem design frow initial survey of the sviiem
informaticn recuirements, through specification of the reruisite hard-
were, operating lechnicues, staflfing recuiremenis, organizstiounl
support, end linkages with other existing systems, tc the svecifice-
ticn of anprosricte sites for the LUN('s themselves. fThis estimnte

of cost is hosed on the conviciion that the existing siate ¢f the ert

"y

of informatiop handlinz technology is adecuete for the tash--ihat irs,
no "Lreakthrough-" (1.rc"rer;uir<’d.

“ptepory 2. '"The cost of inslalletion would include all neces-
sary bardvare (i.e., the comwputers and ascociated facilities), the
plant ard equioment to ‘houre this, the romrunicatiocn linkajyes fLelween

he centers and oiher relsted orcenizetiony, and the essenliel iwnitiel
treining of oncratiag wcersoniel. If the comowuters are rented rether
:)

ihan purchesed, then es zn unadorned Lut educated guess, we would pui

the cost mer center in the 7-3 megalbucl ran.e, which nuts the syetem
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cost in the renge from o low of 20 wmillion dollars to o hizh of 100
million dollers (the range cdenends also on whether 17 or 90 centers
are needed, of course . She initizl cost would le corresnondingly
hiher il the comwulers were hurchased rather than rented. atesory
e corts ere also ¢f entislly non-recurring,

"ate.ory 2, The cost of overalion is mede un »wredominantly of

B

the cost of running the comvuters (rental er smortization costs, mpin-

iy

" tozetier with the relativelwr hic¢h lalor costs

tenance rosts, elc,

involved (nmeerly a1l Herszomnel would te hi hly treined in relatively

~

. N . ; . \
scarce skilla, and therefore expersive to ewnlory end retain'., 2 nlesu-

si-le ¥irure for the slaflf selery fees ner cenler ner veer mirht be
207 kilonuckssy this would give & system oversiing selory cost of -4

me s.ucks ner yerr. A olgusitle {1 ure for computer oneraiion would

fuck wer center ner vear, or g system cost of from 5-20

mesabucks.,  Thus the overall vearly system onersting cosis would ile

oni the order of 1°0=20 million dollevs,

“gplecory A, Ohsolescence vosis are of ot least two kinds: the
c08t8§ assoricted with renlecing ecuinment end fecilities of the system
ilself as these Lecome o"solete: and Lhe cosls prrmociated with the
effect the systew will have on chsaleting much of the existing "mach-
incry" and £:ills of fovermment now devoled to the seme ends, T is

!
very di{fficnlt to ascess these coris, «ven on en order of rmagnitude
‘asis,  dlowever, it is likel; thet thc recond of these two ﬁinds of
o .solescence corts will oulweicgh the firsi. we =hall hive occarsion
.

1o reiurn to ihis noint in & later conneriion.

ate ary 5. The most difficult "cosls" +o assess are those of




3 non»fevuniqry uature, of course. They are also likely to “e the
mosty impordani, however, In this category cre sueh factors as: ile
disruvtion of existing inter--and intra-—jovernmental relationshins
which is ceriain (o occur: the oisoleting of much of the existing
covernrental "machinery™, as was mentioned earlier: the notentianlly
drastic impact the s¢ystem could bave in the vealm of “privete enter—
orise" activities, such as the nurchose and ¢ale of real esinte, for
exarple; the Lhweat of over-orcanizeiion which, it must ‘e admitted,

1

xists Uy virtee of the highly effective nature of control srovided

ol

"y such e systewm: and so on. Indecd, nerhans the most siznificent
of thece non-necuniery costs is 1lhe nossitilit~ of man tecoming a

slave te these machines (as hanpened in the case of the actomoiile,
for exam~le’l, &s Yor-ert Weiner-—one of the founders of c¢ylerunetics
and o pioneer in the development of information technology--has re-
cently warned, %Sut selore we hecome so denressed we abandon the very

4

ts

[Wh

idea of creatiug such o sysiem, Iel us look at some of the hHenef

which might accrue from its existence,

Proiable Lenefits., The areceding cost assessment looks so stag-

Fgering as to seriously roice the question whether the proballe--or
even nossitle--":enelits fould ever outweigh such cests, Desnite the
admittedly foreioding nature of that assessment, we are nevertiieless
convinced thati our nlanuing and conirol system can e justified; in-
deed, that ve cannot afford io do withouwl it. 'The expected enefiis
may e fesarnted into the two "road cetezories of nor-secunicry end
pecuninry fenefits. Lel us start with the former of these.

Non-necuniary henefits. What is it worth to save our cities

from goiny bankrunt? To re-fashion the "exnloding meiropolis"? To




i
prevent the desecratien end wastage of our countryside? To give mon
the possi-ility of geining some ronirol over his self-mide environ-
ment--even, over his destiny? We are convinced that our Hlarniny end
control system would moke nossiiile all of these benefits: iut we Lnow
of no way 1o measure their "worth". Incidentally, assessing the worth
of such uvenefits as imnlied above is directly analogous to the situa-
tion facing the ADDC: whet is the worth of defending this country
from enemy ecir aviack?

Pecuniary henefits, If the cosls were difficult to determine,

the necuniary benefits are well-ni:h incelculansle: we are unable at
this time lo attech even & "ballnark" figure to them. TFor one thing,
the enefits must ne assessed in ra different vav than the coste: ™y
trying to deteruine what the cost wonld be of not having such-and-such
a cenablility, we el sone ifen of the worth of having the cnuahility.
Tor another thing, tune bLenefits canvot ‘e adequately estallished Yy
simnly eslimaiing the saving g 1o :e realized 'y ithe renlacement of
existing farilities and individusls: oxnerience has shown that conme
vuter system instsllations can almosl never ‘e justified on the fasis
of such spvinzs ne, Tor exum le, the sclaries of the elerks likely to
e repleaced.

Evaluation. %What then cen we soy of the rutio of :enefits to
cosie?  Vould we be justified in osuilding such a sys

vusced in these o “ince ovr mrevions cnelysis has civen us only

nert of the nceded information--the denominator, ut not the numerator,

of the Lenefit—cosi ratio——ve wvus. Tall sack udon onr informed judge-—

went and educated intuition. Cer intuaiition tells use thet some such
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&
system as described here is sure to come about, if for no other rcason
thap thet men hes now created the capsiility for it while ihe opnortun~
ity--nay, necessity---ounds loudly et his door. (Cur judgement tells
us that the bemefits do in fact greally outweizh the not inconsideraile
rosts, even if we cannot yet attach a nwmber to this ratio.

On the posit thal the system is justifiable, we =hall now turn
to the metier of imnlementation.
The LUCC: Imslementction

/

Fven it we could convince ithe uiost berdened sheptic that the Lene-

fite of our system would, in fact, greetly exceed the costs involved,
the abrolute magnitude of thoce costs are so great thet it is satontly
obvicus that no sucn system would e »rovided ito meel tlhie needs of the
planner elone. ‘las this all Leen just ap idle dreaw, then? We think

not. Put then how is the »lamner to get his control sisten?

Strategy, "I you can'i bLeat 'em, join 'em"., Uppermost in our

nind ot 2ll times must he a recoguiiion of what 1t is we are really
fon) -

irying to de by creating this nlgnning and control system: certainly,
it cennet te an end in itself. Whet we are really trying to do is
Lring aliout lhe possitility of enlightened self-regulatiion in the do-
mein of the melronolitan community ecosystem. There is no doubt o
degree of self-regulation in the syslem now, %gt it is dué to the :lind
and ilundering forces of men-in-nature. Tor exemnle, the congestion
in ihe central city agts to stimulate the flight to the suturbs which
in turn reduces the congestion scmevhat (at least, changes its nature’;

the nollution of the air serves to make the aren less atiractive to

newcomers, who then =ettle elsevhere, and so on. {iven sufiicient
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time for the worlking out of such forces as there, the metropolitan

1

comrunity would rench a lével of steady-stnte ecvilibrium. Rut what
kind of an ecuiltibrium ;ould thie he? It wonld be of the same dis-—
asreeanle rforl es that which the world-vwide monulation exnlosicn--
if.left unchecked——will iring about: war, disease, and frmine will
serve to inhihit unlimited growth, This is rether like writing for
the "ecuili: rium" which is estellished when cancer Lills its host.
Surely man cen do better than this,

Keening in mind {thet we hone to achieve intelligent self-regu-
letion Ly means of our =zystem, consider the following: first, Lhe
slanner's decisions are tut one (relativelr minor' nsnect of the vast
network of interrclated decisious which con-titute the tesis for self-
regulation: second, {ue »lenmer both seelr information from; and nro-
vides information to, other decision-mrkers in this neuvwork; and
third, the informztion necded ty o1l memiters of this rommunication
network i hLoth exceedingly veluahle and not easy Lo come Liy. Would
it not e nossille to talke advantage of this situation——ihe muiuel
denendence uvon informetion by the verious menlers of the communica-
{ion netwvork—-in order ito Lring our system into existence? Let us
ex»loin what we méon more full:.

It has been estimnted th~t the numter of over-lanping districts,
aress, service toundaries, zones, voliticel jurisdictions, and <o on,

. ; s . 17 - .
if fully enumerated, wou:ld ecxceed one hundred . Thus any given lo-

cption in the community mi hi le ecateporized in » consideratle number

17 o . -
Stantord Opiner, op. C1l., Ne 7.
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of ways: by ils street address, postal zone, school district, census
trect, Dennrtment of Water and Pover meler book arec, nolice renorting
district, ard so on. Sunvwose o given niecce of now vacent land were to
hbe developed with en anortment building: imagine the number ofbor;an—
izations which would have a need to know of this, all the way from the
fuilding Denartment which must issue a nermit to the telenhore comhany
wiiich will have to install the telenhones for the future tenants. 1If
all of these sundry orgenizations could obtein ihe information they
needed from one nluce, this rhould nermnit sulsianlial economies Lo he
developed in their operations Ly virtue of the improyed coordination,
scheduling, ané so on, made nossinle thereby., Thercfore, ready sccess
to such information should he worth something to them.

sgain, consider the industrinlisil who wishes to locate & suitaile
site for o new frciory, say: tine seerch for such & site can hecome very
exnensive and time-consumins, Would it not be worth something to this
industrislist te hove access to information wiich would enable hirm to
know of all possible sites whirh weet his criterian? Or comsider the

renlter who i trying to provide such information to a client; if he

]

cep show his client several suitable siters, the probability of his

makin: & sele is greatly enhenced. Or again, consider the market re-

cepercher who is trrinz to cxtein accurate data on the numbecr of house-

-

holds in a given Aren, together with information akoutl various of Llheir
characteristics, apd so on: the more easily such information is o
tainazle, the betier he is alle to serve his clieml. “ut we need not
velabor tiie point.

1t should be apparent frowm the foregoine whai our implementation
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‘ sfrategy should be: we should expand our concept of a.yland_ use con—
trol center (for the exclusive use of the vlonner) io thet 'of a "sen—
eral purnore information center"--the "CPIC", Thus the planmer would
he buf one of the many users of such o center, just ns he is now Lut
ore of the many users of the services of the televhone syctem, sry.
And just as in the case of the telenhone system, he would =ay a fee
to utilize the services of the (PIf--zlong with the host of other
users, thus meking tne charge to him sufficiently smell to justify
his using the service.

%e can now see thnt Llhe cost of our system is not such on in-
surmounteble obstocle after eall (imngine the difficulty vhich *lex-
apdcer Craham Uell's contemporgries mivhit have hed iwm visunalizing the
current teleohone system in ils enlirelr, and the canital investment

‘ which that svstem reosresents). 7y snlitiing the omount omony o nuli-
zer of cocperating grours, no one croun need suifer an immossi.le
surden,  Indead, we cen even couccive ol the services of our OPIC
veing ovailehle--at a suitalle fec——1o the ordinery citizen wishing
the kind of infermstiicn it would »rovicde,

to

*nother asnect of the nroilem of self-repuletion serves
erhance the desirebility of ihe CPIC concent 1o the nlepner, cuite

anert from whether or not it recrercenis the only wy in which the

lified by

wlenner 18 likely 1o gei ihe svstem. This asneel is ex
the iwportanse of Liwminy (reeell the esrlier discus.ion of tiwe legs'.
If ibe =lanner is to schieve effective control he must Te alhle to
influence decisions regardir, ithe use of land "eloire these decisions

‘ Lecome irrevocsble. Vhat better way to do thiw then iv Dein: nart
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¢f an iuformecion system which wrovides various users of the lend with
the information ujpon which their decisions are het is, when
the indostrislist seeks 1o find o suitanle site for his faciorr, the
GPI would provide the means vheresy the lanner co:1ld influence his

choice hefore he hes committed himselfl., This would obviouslr he nre-

et a zone varience

ferable to heving the indusiri.list later try to

/

on o piece of »ronerty wiiich he should nol have chosen in the fTirst

\

Feny of tihe plenner's hecdaches are n consennence of some in-
dividuel having taken an ection only 1o disrover vwhen it hes *ecome

.

too late that 2 different action would heve Leen much letter for every-

one. cnerance 1§ nou

Twe addition:l strateiical considereiions are vorth reointing out,

o

celore we turn to the malter of teoctics. First, it mey well he nossiile

-

hat Uhe GPIT corncept counld be develoned to encomnsss the funclion of
i ?

& "land use exchan e” (like & stock exchange), which would grently

facilitute nrea develoment cud uriesn renewel wihitle ol thre same time

sing Lhe realtor's slotus Lo sowmelhing like thetl of o stceeck iLroker,

211 ef which should make =upport for the system more likely to e fortiu-

comins. It i1s bevona the scone of this study Lo comnsider this noint
in celaill, howevers Second, the OPIC concent could be used to further
the cause of metronolitan integration: the logiec of svstem de-ign
would decree the locetion of specific (7I0's, rother then arcitrory
noliticel decision, and thus the »lanner could cxercise bis control
without tie urual frustretion encountered due to the nature of Jolit-
icel decisions as dicteled by oolitical boundariesz. Local sutonomy

would still se served, of courre—-since vhe locel community would be
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the soutcc»of the cemmunily objeclives unon which the »lanner bnses
his centrol action--but ‘he nll-encompassing neture of the sysicen
would permit # degree of coordinntion in planning which is heyond
ihe contensorary planrner's fondest dresms,

"ut let us now turn Lo the nrovlem of tactics.

-

itle

Tectics, 1In ord?r Lo speak meaningfully of the vrrious os
courses of ncotisn thet might ve folloved to implement our srstem, cne
needs te krow rmuch mere of the details of the s clex. Tmrs nerhpaps
the immedisie trnetic to ire considered is one hoving to do with fur-
thering the syetem design itself. As was indicated in the scciion

o

en the cost of swvstem dewrign, this is no small vroblem. Cn the other

hond, it such e system ﬁs vie liove heen considering were to e crecied
for the ten ¢r lwenty largest metropoliten comrmumnilies in the United
States, this would renvesent o noiential compuler market on the order
of 1 1o 2 hillion dollars-—which ought to offer rome incentive to the
computer menufocturers to undersriie o subsirntial nart of the syciem
design costs themselves,

Put before any comduter manufaciturer is going teo invest expensive

t

time and telent for such a pur.ose, the cities will hrnve to indicile
they are intercsied ip heving such e srstem. So the first order of
husiness vill be to comvince the city fethers thel thevy have 2 probvlem,

end-thet it demands this——or some similar—-system for iis colution,

e hope that this paver will serve this end in some spmell way.
/

Svmmary of Part IT

The murpose of tiiis sart of our naner was synthesis; we “epen with

a consideration of the overs1l concest of a land use control system,



We showed thal nrecedents for such a svslem alrend:y exist, together
wvith means for Lheir experimental manipuletion; we.clso nointed ont
the vtility of the extensive Lody of control systen theory for the

~ursose of svstem design., sfter setting forth some "princinles" of

system design, we disnlayed o Ysyalem design matrix” which rould serve
as o framework for goathering the specific, detailed infcermntion re-

cuired for actual design of the system. & consideraticn of some of

o

T
1

the nrokeble costs and bencfits alteched to such a syster left us with
the conviciion th#t the benefitrs oulweigh the rosts——-even though we
could not attach numerical gstimaies to the benefite, iinally, »

look at the problem of imnlementation indiceted that e ruitanle trons-
formotion of the WU svstem concept into the GPIC svstem concept
should rrectly erhonce the nrobpebility that an effective imnlemeunto-

tion strategy could ke devised, tocether witlh the necessory fecticos

to ensure the ruccess of the imtlementation strategy.

PART TIT: PROGRCS

Criticue

Throuzhout tie anelyris and synlhesis of our nlenning and control
system we vere guided hy the question, "what is the neture of the sys-
tem which would rert deal with the =lemmer's task?", rather than the
ruestion more frecuentls posed, "whnt can be done to make the existing
system more cftective?”. fThis difference ir anorocch has Loth cdvan-
tagesr and dravhacksy the advanicses we believe ere anarert in the nre-
ceding »nrts Lo thiz naper; here we shell censider coue of <

Porhaﬂs the wost o'vious drawnack of our chesen woirroach is that

it necessitates dealing with ¢ hyopothetical system: without much more

16 dravwhacks.,
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time and greater resources then were available to us for this studr,
such an effort is likely to remain somewhat unconvincing,

‘nother drawbnek is thet even if our analysis of the need for—
and the technicel feorihility of--the system is convincing, the nrob~
lem of cost is likely to copesr lo Ye ipsurmountahle (es~ecinlly in
view of the feci thal our discussion of the nrobable venefils could
not c<ucceed in attaching dollar emounts to Llhese bherefits co as to
ennile ¢ direet Yownerison with the costs)y although our discussion
of implementatiou.may have seréed to mitigete this somewhat,

Perhaps enotiner difficulty lies in the nature of the chosen
srotlem-area ilself: there if apparently no literature directl-
relevent to this poarticuler ~roblem to nrovide the backproind neces—
sary 1o moke our annrocch and our solution seem both ressonable snd
plautihlels.

Tespite tnerse {and other! dravbacks, we should like to em hasive
thet it is more imnortant Lo seek an aﬁ5wer to the right question-=~

-

even if the seerch is uncsuccessful--than to obiecin an answer to the

- P { 3 . . N SRR | : Py -
vronr: quesiion. In any eveni, the system considered here is no pran

cea, nor is il & suvslilute lfor o communily's knowing where it wonts

.

to go in the first plece.

oo

! Hovever, the “tanford Cntner rencort mentioned carlier {zee
{ootnote 15", althou h addressing itself to o different ocuestion,
containg many useful insirshts tozether with material relevant to
the system desi-n zrmect of the nroblem. flso, the literature —er-
taininr to the militury sysiems dis.ussed is very likels to he use-
ful in this regard (fee footnote 14}, ‘lana: cnent theory hes borrowed
extensively from develomments witiiin the military domain in the nert,
and {here is no reason Lo nelieve this will cease to be true in the
future,
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Trognosis
If one is to take reriously the currently favoreble outloolt for
weaningful disarmement negotiations, then the suestion iomediately
arice-; vwhet world Ye the imonact of disurvament on our ecenomy? In-

deed, Uerard Piel, nuslisher of {he Scientific Axmericen mecorzine
? B & ]

recently znve o lecture on the subject, "%ill the Toom in Science

19 . . .
Survive Ds: rmanent?" And the major point he was meking in this
address wans that the United Steces had belter find o cubsiitute for

the 40-0dd nillion dollars & year bHeing spent on non-—concumer ~oods

{ormenients and rfuch’, or our economy will suffer a drostie decline

+ +

wiih the adveni of disarmament (if it comes’.

Y

It is just such a consideratlion as this thot gives urs recson to

hepe theil the cost of our nloenming and contrel system mey turn out

to be one of its chiel advanteges, rolioer ithon the cerious draviack

it micht apvear to be at first nght. Por what bLetter way could ve
emnloy money releared from prmement spending thew in creatling this
much needed w«id to our floundering cities? Much the seme tulenis as
are now utilized by the "defense" imdustiry coild be utilized iu‘crcat—
ing the system of GPIC's, which is onoiler im:ortant facior in its
favor (esnecirlly iu Tos "nreles, which is heavily denendent unon
advonced weapon system revearch, desivn, develonment, end vroductien’.

founling the ahcve thouchti wiith {he vreviously mentioned norsinhility

tesm & nmulti-ourpose one (i.e., deliberately creationg o

o

of making ithe sy

Thi= lecture was snonsored y ihe los Angeles “honter of the
Federntion of ‘merican Scientiste, and took »nlece on Detoter 19, 1058,

in Lo¢ Anpgele:.
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capapilily for dealing with guestions ¢f importance Lo husinessmen’
gives rise to yet aunother thought: »erheps the local business ip-
terests would view iLhe establishment of this sysiewm as a nositive
good from the noint of view of theiv own ecopowmic well-lLeing, If
aroperly nresented, we sre sure this wey of viewing the system could
come to predotiinste,

Cpe fipal peoinl: as the »nopulation of our couniry grows, the
nrotlem of getting the individval itizen teo feel that hisc voice
renlly counts in the desiocrertic molitical nrocess becomes ever nore
difficult, It is our belief ilhot our »lenning and conircl svstem
would have a tenelicinl impacl even here: by meking nessiile effec—
tive plenning and conirel one mokes nossinle effective noliticel
control-—~the third-level fecdbivck process in which we are all aile

to trke mart. #And thus our concent of democrazey as 2 form of self-

contrel would achieve full realization.

Conclusieon

What then crn we sey in comnclusion? Tirst, we will make the
flat assertion that today's »nlanaing tools cre never going to te
able to do llie job that needs doing; secondé, n reasonable rrn may
reasonn!:lv conclude that the plenner's favorite concept—-the "master
alan"——mey well be alread; obsolete (if not, indeed, entlirely a mis-
takel; third, withoul ellective coutrol——now srdly lacking-—-there
can be no effective nlanpningy, end withoutl eifective nlunning ve are
in denger of losing some of our most cherished values, 7This leads

us to helieve that © new anprocch to the whele nroblem-ares confront-
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ing the nlenner is badly needed; if not along the lines teken in this
naper, then ot least alorg lines which recornize the vorious revolu-~
tions going on: in mansgement tools end technisuer, in technology,
in knowledge, in culturel velues, in neople.

It wns in the hope that ve could make some smull contribution to

the effort to kee:

[}

abreaost of at leasl one asnect of theze revolulions

that this paper wes written.
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A Construction Sﬁﬁétegy for an Environmental Education Integrative Model.

1)

2)

3)

4)

6)

7)

8)

9)

10)

. \4

j}Wﬁ«ul“W”“W
Select a candidate integrative net, such as axiomatic language. ’Zf:/o

iO\W)TMC‘j o

{lollect system core themes[:nd ekgesdfy them according to whether

> , o/ W /q/zﬂw/fy/@ = Wm//zm
they ﬁlong in or QC/
&‘VL&‘I/VM/ [VGW /

‘Select an initial set of sys?gms pﬁ7p0$1tions for the generatlng set.

,ﬁ%mﬁwﬁﬂ{ . A # P, beﬁ&b«afy

Collect ecological, economic, energetlcs, nutrition, ekistics,...
core themes. designated here as theorems

Translate-all theorems into a common systems texminology.
[This translation is in itself a major integrative process]
Trace between the systems generating set (3) and the theorems (5)

as is possible.

When tracing is not possible, heuristically add new propositions

to the generating set. Again attempt the trace.

Iterate step (7) until each of the theorems in (5) can be traced

to the restructured generating base.

Translate the final systems language into the various .user languages.
Trace from specific case studies to key theorems or to the generating

set as required by the situation.

The term ‘trace' is used instead of the more formal derive or prove,

until formal inferential steps can be developed in systems language.



. _SUMMARY REMARKS

 Trad1t1onal:and Current American Educatlon ls’deSLgned unconsclously)f

The New Perceptlve is l)

" Integrative Models

*Economlcal K OSM (Outer
(economy p:ovldlng)

‘ g ,'Descrlptlve\——_OSM (Outer.Statlc Model
. ‘ There is no such thlng as an ISM (:Lnner statJ.c model

ﬁyou get more ou;f'

~Basic: ‘test of an Integratlve model.*

The Integrative Threadsh(IDIM's) of Value clari 1catlon>

1) The I, I-Not I,  I-It, —Thous, I= T Levels
‘ S in value and morallty - e
in freedom
in consciousness

2) The 5 World Views : i
- charts, worldview profllesv*

 3)The a4 psychological types ‘, S et
Myers-Briggs Indlcators, Wllson 8001a1 Types_n

"Integration is achieved through percelv1ng all 5= world v1ews_or
all 4 types in a self—referentlal manner. Integratlon is ach1ev1ng
a new level in the I-Not- I hellx.:;“3>~ '
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01d style

. TRANSFORMATION IN EDUCATIONAL ARRANGEMENTS:

“ask me what you want
to know-or need-:

~‘transfer of information

=

sépafafé[wbrk/study

" low prioirity on personal
.- experience/ listen-learn

e learning/social

‘protect,certify insights
end skills. S

'role communication

“allignment with consciousness
-level of existing system

New‘StXlé

~internalize dev




P

(54

WORKING PAPER ,N.INTEG-P“QATIVE MODELS
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Introduction |

Both the Environmental Education~Act and the primary recommendation
of the Arizona report stress the necessity for the’construction of aﬁ,inte-
grative model for environmental education. In the wording of the Ariéoéaf
Report,  the primary recommendation is "To develop core Ehemes and a concéptual
structure in environmental education that synthesizes and integrates perﬁinent‘ 
subject matter across and between a variety of traditioﬂal diééiplines". (1.18)
The report does not characterize an_integrative model”specif;caily but does
give examples of what it regards as the primary core themes or‘unifying thrgads
with which such a model is to be’built. Five core themesbor key concepts aré‘
suggeéted: Environmental unity; General Systems‘Appfoach; Eneréy‘Flow;
Economics; and Human Settlements or Ekistics. (1.8) The repoft suggests
further tha£ these primary themes may be divided into secondarycor.sub—themes

such as, pollution, land use, population‘patterns; etc. .

From these recomiendations andrsuggestions,'a sequence of questioné
emerges. First,’what"is an integrative model? Before one can scﬁlpt an
elephant, one must know what an elerhant looks like. The views répbrted by
three (or five) blind men who deécribe diffefent parts of the elephant's
anatomy, by themselves will not allow us to sculpt anvelephant. And 1f we
‘validate our.model by having théabighgaﬁen check it, thay can only verify
the pérticular poftions'whose input they supplied, which means we could
satisfy each of them and still not have an elephagt. How, then to proceed?
The sculptor knows the elephant'is an animal, so it must have certain
anatomical parts to enable it to perform requisite life functions ana thdee

s 2 by ;
parts are:located with respect to each other in standard ways. Hence with




thé:fghaéméﬁtéls of animal anatomy énd physiology the sculptor éaﬁ derive
the general guidelines of the design. The dimensions of the legs, the

size of the ears, the shape of the trunk, etc, inputs supplied by the

blind men, can then serve as the boundary conditions which constituté the
specifics to which the éeneral anatomical principles are to be molded.
Redundancies in the inputs are no problem, they are actually helpful in
checking the fit; but inconsistencies in the inputs pose problemé‘for

.the sculptor and he must make decisions to favor certain‘inputs over others.
Extricating ourselves now from the metaphof, what aré the fundaﬁental

processes and techniques for synthesis and integration and where have these

methodologies been developed?

A visit to the science section of a typicai universityilibrary
reveals that about 95% of the books limit their subject matterbto a single
branch of science or to some specialized topic withinfbne branch. The bulk
of the remaining books are general sciehce textbooks that cover éeveral
fields and are written primarily for use in introductory science courses,
.0or are survey books touching on several fields of sciehce writteh for

laymen. But few of either the general science or survey books have anything

integrative to say about the various branches they descfibe.»fIn fact books: v vne

)

of an integrative nature inter-relating the principles in the various fields. . .. . ...

of science are almost non—exiSéént. “This-lack of: books on integrative
aspects of science is not only a commeﬁt on thé natufe éf present day
Science; but on the concerns and capabilities of scientific epistemologies
in general. While there exist ﬁnifying schemata like the periodic table
of chemical elements or the electromagnetic spectrum which inter-relate

restricted domains of scientific phenomena, there are no general unifying




schemata or integrative processes in science. Only a few books in
the éﬁiloséphy of science have anything integrative to say and thgse
only on the so-called scientific method. (Which is largely what unifies
what is presently called science.)
Looking next ;t the various system disciplines, cybernetics,
General systems theory, information theory etc, we find that their epistemologies
allow the subsuming of diverse phenomena much more tﬁag&khose of'scienCe;
Although a discipline like general systems theoryvis based onﬂthe,recoéﬁition
that evexything is ;elated to everything else and fhat‘there is ﬁp such
thing as é;isolated system and that you can never do just onekthing (Hardin's Law),
at the present time GST possesses no systematic methodoléQies for synthesié
or integration or techniques for discovering unifying schemata even though
hes '

it emphasizes the importance of these pursuits. It}appears that the

sculptor must himself develop the fundamentals of*anatomy'énd‘physiology!

Historiéally, scientificiz and technical disciplines gfew out of
the analysis of specific problems--planetary motions, plant"fertilization)
ore reduction, etc-- It is therefor not surpriging that the present cénﬂ-
ition of scientific knowledge is fragmented and thét there are but the most
) primitive tools for synthesis and integration, while powerful analytic
7 Sy sy
mgthodologies exist in abundance. When the new problem is Ee—imtegrate,
we naturally expect it to yield to the 0ld approaches because it is a
problem. But the best that has come from the analytic approach to the
problem of synthesis consists of a few "hybrid" analytical/synthetic
techniques such as Zwicky's morphological method and some of the methods

developed in management sciences--relevance trees, graph theory, etc.

But this is a beginning and where we had best start.
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Types of Integrative Systems
Morphologically, inteqrative constructs may be corsidered as

static or developmental, outer or inner, leading to four general classes:

| Static integrative constructs are schemes for organizing information
having the property that additional informational inputs are anticipated
and suitable 'boxes' exist for the incorporation of new material. Examples
are libraries, expandable files and unifying spheﬁata suéh as the preiodic
table;of chemical elements mentioned befofe. General'ﬁorphology‘is a‘useful"
technique for constructing this type of system. .

Developmental integrative constructs, on the other hand, may be

anticipative with respect to much new information* but also include in their

structure a rYeorganizing process for restructuring the file so that it

logically incorporates the new material. Only developmental files are

integrativé in the full meaning of this term. Restructuring of the file
each time a bit of new informdtion is added is a process which provides for
the continuity of the file and at the same time optimizes retrieVability.

Such a developmental integrative construct is homologous to an evolving

~bio-prganism in its manner of information adoption and optimization of

performance. Successful bureaucracies are developmental integrative

organizations, (some, however, appear to fallinto the static category).

" In general, the adaptive processes in evolution and succession are those

o? developmental integrative or self orgaﬁiéing systems.

Outer or external intégrative constructs are those that organize
information of a tangible and practical sdrt: facts, data; processes, plans,
and activities. These systems may be either static oi aevelopmental'in

the above senses.

* In the rigorous definition of information it cannot be ahticipated.
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e Inner ihtegrative constructs brganize aﬁd process information
of a psychologiéal natu€¢5~ Typical materials include beliefs, values,
worldviews (cd?e be}iefé), énd personal psychological materials such as
images, faﬁtasies and dreams. Inner integrative system§ are nedeSsafiiy
developmental since the-processing of this sort of informatién,'whether

cultural or personal, invariably reswuructures or alters the system. This
; “ - : )
fact ﬁs at the root of psycho-theraps/ and non-conditioning prdcééses that -
IS : e g

o . . . ' i
resu%t in value, attitudinal and behavioral changes, such as consciousness

i

raising group techniques and various self-referential ‘devices foxvvalue'
Lo : TR o o
clarification (Ages of Man, Jungian types, worldview_charts,~valde profiles...).

r) .‘,i;
s : . . SR : S
o gaTie .DEVELOPMENTAL . . -
% i b L
3
’i‘? 5 =
Unifying ' Self Organizing
_ -Schemata : . %
OUTER S ~Systems
L Psycho-Therapy
Empty T pg_ N
INNER _ Value Clarification

TYPES OF INTEGRATIVE SYSTEMS
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An additional propergyof developmental integrative systems
ﬁust be taken into account. A general principle.of systems fheory
remiﬁds us fhat in self-organizing systems, any change that leads to
a state'more resistant to further alteration is immediately assimilated ( ),
or in:informational terms, a¢qujred information is subsequentl? used
to-;lose the door éo further incorporation of infqrmaﬁion. ~This principle
assures that within é stationary environment, every purely self;organizing

system wil) be converted from a clevelopmental to a static. system.

_ This is consistent with the maximumization of stabilityﬁof,the system.
— ‘5 . ® ) ‘

o

However, in a fluctuating envirmnmeht; due to thé demanas of'fluctuating’
equilibrium, developmental inteqgrative systems defer‘theif‘fransition to‘
\ static integrative syste@s and maintain longer dévelbpmeﬁtél iifétimes.
‘\</This principle‘account§ for the termination of evblutiohal ﬁodificationf
aﬁa the extinction of some species aﬁd for the nééessity'fbrvreVolution

\ in human political and social aEfairs;) But There is no a priori reason

}fw“”/ why a developmental integrative system could not be designed to

&ULOW?%W"/ artificaally alter its environmsnt so that the demands of fluctuating
Y]

Design of Integrative Models

Several organizational forms have been usedwinwthé»design- e
of static inﬁegrativg_systems. These all have in common the sgtisfying
in one way or another, of the specification requiring the provision

of a relational network of addresses in which infdrmation may be stored.
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This relational net is so structured that a few simple"navigationel'
rules permit it to be easily traversed to any point and thus allow,
usually through some coding procedure, for the informational elements
to be readily stored and retrieved. The structure of the relational
net together with the coding format adopted shouid display all of

the connectiona ané interactions that exist between the stored

. informational elements.

Static relational nets include simple node-link diagrams

which display systems and/or concepts as nodes and cdnneetions end/or

flows as links: Such node-link nets may take the form of‘trees er

latices. A special type‘of tree that displays levels of ergenization or.

complexity is called a hierarchy. The levels must involve either

sequential inclusions or sequential self—referenees,ran examnie is

Bouldings System Scala. Whereas the nodes in’a'node—link net may be

decompoeable into sub-systems containing 'micro' nodee and'linke,

the links are generally not divisible. Nodes typically represent locations
) ;.-e/cﬂl/u' /7 ’

. in the net where thare isgshigh entropy productlon, high density,

low extension and long persistence; links are relatively low entropy

producers, have large extension and are ef brief or intermittent

persistence.

A secend”static format is the matrix which employsAque\anqﬁyWL“‘
celumns'(or may even be higher dimensioned) to giveia simple (x;y;zy::;rn‘““”“*“"f
address net for stored information. Exémples are again the periodic
table of elements, morphological boxes and in a ene dimensional case,
the electromagnetic spectrum coded with wave length. Characterizing
properties of the stored informational elements are mapped onto the

positions in the matrix, thhos displaying the informational relations

through the geometric relaticnsi.
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The simplest forms of developmental neté are static nets that
are periodically restructured to fit new informational inputs. But a
more sophisticated developmental schema not only contains‘self
correcti&e circuits but contains prescriptions governing thé’manner
of network growth. The most cormon developmental integrative nets are

axiomatic languages such-as log:.ca or algebras. 2an éxibmatic language

is constxucted from a set of elemental propositioﬁs (nouns, pésﬁulaﬁeslﬂ
system core themes) joined through prescribed oééfations (vérbs,ipperatbfs,
combinatorial core themes) subject to certainvrules (synﬁax, algebraic laws,_rv
general systems principles). Axiomatic 1angua§es;‘liké'coﬁﬁon languaées,

invélve semantics, syntax and grammar,i.e. invol&e‘the éharaéterizétion.

and definition of the elemental propositions, their relational properties,

and the rules governing the manner in:which they are té be combined.

The construction of such a languade involves thefidentification of a
self-consistent set of generating axioms and the allowable rules of

combination. The linkages in a network of such linguisfic statehents

afelnot mere connections or flows, but possess inferential or predictive

powers. Thus the network has the capability to grow through epitactié

e#tensions derived from its generating bése and additional informational

inputs. In this sense an axiomatic language ié integrative and de-

velopmental. Examples of axiomatic languages include Euclid's geometry,

- Aristotle's logic and their descendents, modern abstract logics,anq,'“iffl‘“T””“T“
meta;logics. A systems . language developed from a sét of core” themes: -

(system, stability, information,...) accérding to cer£ain combinatorial

or relational rules (analogy, homology, isomorphism, micro/macro,...)

would constitute a developmental integrative model.




