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A small computer model demonsirates that an appropriate organizaiion of houndedly rational
individunls éan fnd ‘optimal polizés ‘n an environment that is overwhelmingly complex for
unorganized-decision makers. The model is aise used to identify conditions uder which optimal
~ 1O EVER: Jgood -polivies 4re cot found. The <emoastrated adaptive power of the medel is
mterptemd in light.of teeent dovelopments in the theory of computational cor plerity that place
eV atréss on’ powerfol methods of search, and of uew models from computer science which
maikedly ‘advance -search effect veness by harnessing parallel struciures of intormation
processing. .

1. Introduction

The ability of organizations to adapt to the demands of their environments
is- an:dssue of maor significince for th2 social sciences. As Simon (1969) has
pointed out, the limits o that ability will be closely related to the
approximation adequacy of rationai maodels of crganizational action. Given
its insporiance, ind the c¢xtensive atieniion that has been directed to
organization—environment rlations [Starbuck (1976), Pfeffer and Salancik
(1978), Aldrich {1979)]}, it -is sucprising that w: do noi have a satisfacto-y
account of how an orgamm tion could adapt successfully to ~n environmeut
of any complexity.

One can, of course, simply posit that adaptation never occurs or is always
perfect, but neiher of theie mplavsible courses sezms promigirg if the limits
of corgamizational adaptatios are to be studied rather than settled by
assumption. To explore ihe niddle ground we need a thecretical account of
adaptive o1garizational decision making that is both plausible in the face of
what we know about organizations ard their component actors. and
demonsirably capable of acapiing fo a complex environmeni. It cannot
violate the former condition by enfowing the organzalion or ils memb- ry
with unrealistic volumes of imlormauon or powers of inference, ior thal
would cast dopbt on its fidelity to our hard-won existing iknowledge of rew
vrganizations. ¥t mnst meet 1he second condition or there s little reason to
credit ¥'s paiterns of limitatcn or pathology. I organizations do somimes
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es - of -environment opi tadaty, ;- iaformation . Bows. - and . othe
organizational "factors” Th: method captures much  of the rigor  of
mathem:tical theory and much of the richness of verbal theory. These pains
are purchased at the price of increased difficulty in the interprezation of
results duve 0 groater model complexity. For many purposes, tiowsver, the
rade appears to b2 an aftractiveone. . . R R
The modeliins sywiem provides mpdular individuats with sharply bousded
infortaation Jrocessing capabilities, Thus it is built apon the ipndamentsl
revelations. of cmpirical: studics. of decision. making {Estes (1978),. Arderson
(1980): . Fhae anndel hvidusis. .can. be- assembled anto wirtna ly-any-
otganizitional - structare: that -one-:wints 4o nad and provided: with.
virtually- any-pattein of incentives:and -rewards Tor -their decision:
such-a- spocification -of: rewards Howing: from. altern tive choices: creates an
environmert to which the organization will adapt or, we might say. a set of-
interrelated . problems-for which: the erganization. will search. for solufions.
Other factsrs can also be set as an- investigator's interests dictate. These
irciude: frienship .:0¢works, sgenda for meetings, rules for making collective
decisiors, noise, a5, or other envircnmental uncertainties, and organiza-
tiona: precedents. Only a very few of these capabilitics are exercised in the
work reportid here, iowever. ‘ , . .
Once the model is started it takes only a few seconds of somputer tuoe for
& compicie case history.of organizational -decision ‘making to unfold.7Model
ineetings are held: Diecisions-nee made- Results.of new decisions are e 1luated
vy mouel mdividusls whose satisfaction state may charge as a result of
chanpes in current policy. The mode produces inieractions among colleagues
called “talk’ process:s and these may lead to the proposal of further policy
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chianges. Incentives of mc.™2l astors may change. New meeiings are held, and
eoycleds- repeated-for a:few -dozen periods, The case can be recreated

. sxaetiyobyirernc ;"Eg:%'_ﬁlef;mﬁsﬁel’T:-?wit}j_"Ft_he-f--same; raadom number seed The
- sensitivity of results can be investigated by intervening in mid-vun to change

alar events o1 by making multiple runs with di%erent random aumber

. seeds"i’!mereﬁcally interesting patterns can b Sairavied from data ca sets of
‘cases generated by systematically varying o.ganizational parameters.
18 vty quick. skoteh requires elaborarion. The next section gives a fuller

ount of the systeny develaped for modelling crgunizaticnal processes,

- Ifter-it-comes 4 diseusion of the nature of environmental complexity and a
‘description ‘of the wodal enviroament str.died here, a transportation protlem
sriginally posed by Daantzg This is followed by ar account of the parameter
settings thit were nsed (0 creat: three specific org; nizational models, a basic
-modst: and- iwo -vapianis. As vack of the models tries to cope with ten
" variztions on the model environment, they generate thirty case histories of
otganizational derision making. The succeeding section reports the cases and
the: patterns” they present of success and failure 10 finding optimaf
organizational policics. The Fovl laterpretive section connects the resu’ss *.
recently ‘developing - literatares on heuristic approaches to computationa’
complexity and on the behavior of systems of parellel processes.

2. Major elements of the modelling systcm

The modeis emploved below :re, as noted, elements of a very larae set tha.
can be generated by varying eleients of the organizational modelling system.
The general system is a computer prograin and subroutines that encoed:
organizational stinctures and processes. By altering data that initializes the
progtask or by small changes in the subroutines, wide variations can be
induced in organizational struclures and processes.! The major elements of
the system fall into fou: clusters.

2.1, The policy scring

At any moment 'ne policies in effect in a model organization gre
represented by the siate of 2 sixiy-four bit string. The most nata-al
interpretation is *hat each bit displays whether (on} or not (off) & paricular
standard nperaling procedur: of the organization is currently in foree. For
some applications very different nierpretations may be sonvenient. However,
the favored mterpretation mashes comferially with an evolutionary view of

'The system is in FORTRAN, a1d s transferable to most computer iastallators with
relatively miner adjustments. Comylete feti il is available from the Insttute of Puble Paboy
Studies, Tmiversity of Michigan, 45 discussion paper no 15U Plocu geniabion  of  an
Organzatonal Modeling Svaremy’
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the ystem permits the study of mors complex cases i which utility futictions
differ among individuels, andfor change over time;’ z_md in whnch
environmenta? responses to organizational poticies depénd” o past

Fhe enviropmeni ivpction mav alse be called- by an mdlwmal m -an
estimating mode.-In. & typical mod. d consiructed in the system there wiil be
many suviz calls per time. period. In this mode the function: returns 40 -the
individual an estimate of the: rewards. that would flow from some altered
version of current . policy.:-Ia- e limiting: caseif - Whmh incdividuals can
perfecily foretell the vonsequences of alternatives, the: estirnating mode may
be identical to the re:l mode. The more interesting mas, ‘however, will ‘be
those in which the estimates of rewards are listorted or erroneocus
assessruents of the actual consequesnces «F a potential policy.

2.3 Auributes of mode! individuals

An iudividuel in mecels huilt with th  system is represented by & spirl set
of ideas for policy iraprovements, an aspiration level, a sawisfaction stats, »1d
a just-noticeable-difference (JND). In effect, ideas ave represented as smy-
four bit strings from che aiphabet {0,1, #}, Whtl‘f: # means ‘don’t cure’, An
idea thus specifics a subspace of the spae of possille policies. A typical idea
for an individual will be blank (#)-o8 most. bw not necessarily all, loci
outside his or ker domain of formal ressonsibility. This is due to the very
limited attention range anc sharely bounded cognitive power implemenied
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in the model individuals. :2perating i isolation. individuals are capabie of
ystemativ cxplmation, of alternativ:s only in thewr domains of formal
},y f thoss domains are relatively small -— no more than
1 Fdeas-about loci outside the c'omain of responsibility
ndivi ual from others via organizational processes

When aa-m&} dual con{uders an idea, cither one¢ self-generated or one
$uggjcsted by somevse else, it'is evaluated by substituting current policy for
all the don’t care {3} loci and ther calling the environmeni function in
estimating mode. This. Aamounts to & raluating tie icea by reference to the
element in the' ide# § Jspact’ nearest to the location of current policy. In the
'pt'oc&ss of retaining or disairdlng new ideas ondy or.inal use is made of the
resulting estimate. If the new idea has a better estim. ite than the worst idea
in an individual’s retained sct of ‘good’ ideas, the nev: idea replaces the worst
member of the set. Otherwise the new idea is forgotien. The retained set of
good ideas is-quite smal, ordinarily atout five.

Each individual also remembers an idea that incorporates the best setting
so far encountered of the loci for which the individual is responsitle,
assuming gurrent policy to prevail on other loci. The process of considering a
pocsible new idea is illustrated in fig 1.

- The JND is the difference between the evaluation of the best and worst
merabers of the set of good ideas, divided by the number of good ideas less
one. The aspiration level is a weighted average of recent penod rewards. The
satisfaction state rises when rewards «xceed asp.rations by at least a JND
and falls when the opposite event ociurs. Both high and low extremes of
satisfaction dampen somewhat indiv dual exploration of alternatives to
current policy to capture the =ffects of ;atiation and discouragemens.

24. Attributes of model organizatior.s

The organizational struct:ire of any model developed using this system is
determined by five major components: the pattern of individual formal
responsibilities; the regular meetings hold in the oiganizatio. together with
their agenda; the methou of calling irrzgular or special meetings ard seling
their agenda; the processes of give and tzke over ideas ihal occur s
individuals inters~* i mecdogs: and tie procedures in the organization for
making authorita*,ve choices of polic:. The first and last of these can be
altered by vi:ying the initializing data set. Meetings and agenda sctung van
be changed by altecing subroutines. I¢eu exchanpes in mestings. which will
be called “tall’ processes, are relatively nvariant prog -am features.

The responsibilities of cach individeal are the lcci to which he or she
predominantly attends, Tiis number i limited — vsually it is about four.
Within that small domain individuals e camine deviatons frory curesnt policy
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Fig i. Basic cements that corafitule & jypicsl model individua® In the situatior sFown a
potentiai good wiew 13 being ~ousidenzd. 1ts estimated value will resalt in 4 being plioca fourth
in the list of good ideas. The current ifth place entry will be droppec.

rather intensively. They do so both ia isviatien and when .ouy expiore how
they would respond to puolicy changes suggested by others in meetings,
Respousibilities may also tater into the.choice procedures described helow. A
given locus may have ome. meny, of no responsible individuals.

The regular meetings of the organization occw in every time period and
bring together fized seis of partivipants over open agenda. A typical zxample
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_\ol‘r a reg_ular macting process assembles meetings of ‘ndividusis whose
~responsibilities - are strongly interdependent. Bach individual in sich a
. ‘Mgeiing proposss.a change in policy drawn from his or ber list of good ideas.

After the “tall’ inferaction process. as explained beiow, the organization’s
-choie . procedures are invoked and produce a change in policy or a

“cofitindation of the status guo. Then tie next meeting scheduled for the
petiod takes place. This example is consistent with the models reported here.
For u diffsrent *ype of investigation, quite cifferent regular meeting progesses
~ can be readily 4 :fined by altering the regula: maeting subroutine.

~ The special meeting subroutine provides a device for holding meetings over
a tabled proposal that responds to particular problems or non-recurring
conclitions the organization may confront. An example might be a meeting
called to bring together individuais for a liscussion of a policy aliernative
with effects that cut across the boundaries irplied by the reguiar meeting
sunetgre, - o v S

The talk interaction processes of a model ronsist of two phases. The first js

the simple transmission of ideas to others. Tae second is determining and
reportinig what fesponses an individezal wou!d make in his or her own
domain to idess presente:’ by others. The latter is analogous to answerir 2
the question ‘If that idea werc in become nolicr, what changes would 1 want
to make in the foci for which I am responsible? Since the vesult is also n
idea, there can be respom:es to responses to suggested ideas. zna so on. A
limit of about four iterations is usually maintained. The organizaiion may be
provided with a cheory of tu: relations between loci, The *heory may be
vague, or erroneous, or accucate. It is used by individuals in searching for
Fesponses 1o suggestions by rihers since they need to make some judgment
of what implications a suggestion has for their domain of responsibility.
. The choice procedures of 1 model speciy for each locus the decision rule
that must be used to make changes at that locus, a precedence strusiure that
resolves conflicts over deuision rules in mwiti-locus decisions, and a set of
individuals who must be presant for choices that affect a given locus. A typical
model might have majorit rule decisions for all loci, with responsible
individuals required te be prasent. An altcin: ive might give veto puwer over
changes at some loci to part.cular individuals, or some loci might be subject
to unilatera! changes p:ade by individaais responsible for them. Vanous
combina.ions of unilateral. majority aud veto choice procedures cin be made
by changing initial data fcr a mosel ran. More complex changes can be
made by altening the choice ubre stine.

To gain a sense of how r.licy, envircmmnent, individus! structwe, and
organizational structure a.. <~ rbined in a typical model it may help to
consider the cycle of eveni. sxperienced by an individual r one time reriad.
as depicied m table 1. In an ordinarv sin:te eycle of model operations an
mdividual recerves the yewards gonerated o huu ov her by the policy n
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to which hc or she s mvm d. if -mw. '(}n complétion of whatever policy

changes the mestings may eugeader,” reports ans generatad and thb penod
comes to a clase

3. The transport prollem enviruoment

In using the mbdﬁ}hﬂg Byste m, oHe S 1f?¢s not fmly‘a mode! orgamzatmn
but also 3 model envirorment to which it ‘adapts. The range of poisible
environmant functions is kge, but much of the possible’ vadation can be
generated by manipulation of ons or jnore of three fundamental factors: the
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sprtters of - interactions. Aong. the sixty-four policy loci, the na:uze of
ol armmm in.4n in: imdual’s real.or estimated rewards irom a given
il th ature ‘of ifterindividual differences ‘in -real or estimated
3 '-zmrﬂple, the simplest possiblc environment
,“m qach’pa!my ‘tlement equally -and- umvonditionally, would
irdividual - accurate and temporally invariant estimates of the
be-experted -with-any -purticular policy, and woeuld give every
‘organization the saine 1.5l velue for a particular policy. In
iplest-lincar-case each policy locus has 1 ~9ettmg that is prefersble for
izational members, -and that setting is the same no matter what the
8. othet -loci: This: enviconinent preseats a perfect'y decomposable
"pmb’l. v [Siinon-(19627) fo the niodot organization and car: be soived by a
Lmadmth*nmnbewof individuals m a single periyd.?
The linear gnvironment without n>ise, change, or internal conflict iv a casc
\w"ith zmﬁima{ intrinsic: aterest. Model -orgaxizations have been run in
numerous more interesting environments correrponding to h;ghly non-lincar
. mtegér programining . problems and a progr:m of ex‘ensive sampling of
. possible énvironments is now beginning. For th: prssent piper, however, one
' particular-type of environment has been studiec in more detail. It is a classic
; family of - transpurtatmn problems in 15 variables subject tu R eguality

mlsstrmnts. Table 2-shows the most distinguished meniber of the tamily, the

Table 2
Dant: .g's original transport 2 ample.
Waurchouse
- - - Factory
1 2 3 4 5 capacity
o Costs of shiapingfunit
Factary 1 - ' 9 20 I8 12 2% 500
Eactary 2 > & 16 14 18 25 750
Factory 3 ‘ Py 18 15 i “ 250
Warehouse
apacities 300 300 300 00 300 1500
Optimal solutio: Totul
Factory 1 150 0 0 o ) K
Factory 2 150 30 00 i 1] S
Factory 3 0 0 0 G 250 23
Total 300 KLY 0 30 i) LS,
Value of optimai feasible solution 18350
Value of pessimal feasible solutior 30,950
A very small organization takes a little Jonger since responwhiinty for many o Lo

Lmited attention of the individuals.
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to - be: infeasible: Horweat, feasible '?pokciés‘ e nm: mﬁ" nmghm<“3m¢e
each of &ftesn individusis in . the. model is: .vesponsible for one’va iable (four
loci that are a binary cade for the integers 0 to 15), any variation of & single
clement of a ieasible policy producss an infeasible one for tie models
reported here. At lenwi foar loci thet are respomsibilities of four different
wdividuals st be 4‘hangd=d to transform ode feasibe policy irto anothar.
As many as te? loci might have to be reversed sirnultancously. This means
that dlsmwrmlg and implementing policy chan,ges once a feasible policy has
been found is cognitivély diffictlt and 8 ;eoaperaimn of several
orgunizational mumbers. When the jnterests of ‘individual members are. not
identical the stage it set for what atdounts to ‘pohtwal’ conflict over: pohcy
options. In essence, the integerized transport problems present a ‘comgplex
pattera that is not perfectly decomposable. They therefore provide a
fundamental chalenge ro the organization of a set of boundedly rational
individuals,

4. The busic organizational model
All the modsls run o+ thess transport problems have most of their features

*A wesk vpper bound on the number of fasible policies can be derived by observing that
there are only Y1 ways a gmn ‘warshouse caa order 12 truckloads from three suppliers. If we
ignore the fadtory capacity coesiraints wo then have a rumber of fezuible policies
<9156 % 16°. The ffteen - atiables will use «0 policy elements, giving 2°°>10'% total possible
policies. Therefore the densiy of f¢ sible 2ol ier is less —- very substantially less; sinee we have
ignored factory constrnints - than ous por & ndred million.
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in common. They are a selection o particular organizations from among the
_multitude that can be constructec with the modelling system described
ber of features of the modelling system that might have
i hirther Tedlistic complexitiss were not used 1 these models, so as
_ ‘eséntation and interprztation. The major features of the basic
‘ urganwaﬁﬁnaf model to be studied here may be grouped for description into
! tégories, in addition, we will examine the performance of two model
its, each bf:wii_ibl(ifis created by perturbing on: key feature of the basic

4.1. Partfcipants and their roles

- All three models to be considered have sixteen nembers. Each member is

responsible for four policy elements, which means that the portion of overall
policy with which a particular member is most concerned can be in sixteen
disiinet- states. Fifteen of the members have what might be called direct
policy. responsibilities. Eaza of them must conside - what is the best level of
ordering fur a particular sink (‘werehouse) :rom a particular source
{factory’). The combination of three ources and (ve sinks gives ifteen of
these jobs. Al of these fifteen individu:ls pursue the iuentical objective in the
present model; for an alternative, so: Cohen (1982). Possible order levels
range from zero to fifteen units, where each unit coiresponds to 25 ‘cases’ in
the onginal Dantzig spccificaticn. The sixteenth mamber has a managerial
role. The state of the final four policy elements is used by the manager to
control the incentive structure under which the other fifteen members
operate. Each time policy stabilizes for more than a period with some factory
constraints being violated, the manager can increase the Jdinear) penalty for
such violations. Thus the manager responds simply to an observable
conditior: are the factory constraints satisfied? A precise definition of the
environment faced by each individual is given in appendix B.

4.2. Routine meetings

The organizations all have a rouine meeting scheduie. [a evern tnne
period. in every warchouse, th: three individuals who place o-ders o that
warehouse have a meeting in which vach indivicuai mentions the ordering
policies currently held to be mos! atirastive. The thre: consides cach othery
ideus and try te determine the implicavons of the implied changey i solicy
They generate new ideas that fusr ideas mentioned by others and ther cun
preferred responses to those idess. At the conclusion of a meeting  rial
choi~e procedures muy lead 1o changes in existing policy for theu warche usc
that have the support of at least two ¢f the three members In one o (he
madel vanants these three mdividuals mas a0t a0 from the -
warzhouse.
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4.4, Method of changing policies

In the . reported- :uos. - mejority: e Vj ling was used.:
determzine whether changes would: be il
under discussion were required 1o par e
that ceuii- be made unilaterslly were: m;}ﬁ -loci et 5
who cowmid alter the mmmlws nf ell;gr mmbers Emgle—h:mdedly under. 1he
conditions descnbed carher

45. T}xecﬂa'} of Ihe ew:roumem'

Ia al' runs, all null‘ﬂduals were pmwded mth the x:lentu:al rough the‘gry of
the organizatior.s environment, A:64%64 incidence matrix represented the
fact that orders for a given warehouse fromy a given factory were somehow
interdependent with other orders for tha! warehouse and-with other ordirs
wom that factory. It conveyed . rothing about  the  nature of  the
interdependence. Thus any individual’s efforts to determine-how to mspend
to on idea suggesied by another had only very weak theoretical guidan-e
that identified one subset contuining about one half of the icci as being of
greater potential relevance. : -

4.6. Initial policies and ideas

All runs began with a policy of no orders. This infeasible policy has a
disastrous value since violations of warchouse capacity consiraints were
aiways subjected to a severe cuadratic penalty. All individuals began each
run having no ideas about what io do other than the initial disastrous ro-
crder policy.

The Jarge scale: structcre of the basic organizational model is dispiayed in
fig. 2, 1t shows fifteen member individuals in growps of three at each of the
five warehouses and the sixteenth serving as menager. Bach individual is
sitown adiacent 1o the set of four loci for which that member is respousitla.
sixty loci control the patierns of shipping that in turn generatc the
vrgariza.on’s actual cost experience. The other four arc used by the



M.D. Cohen, The power of par ilel . ainking 297

(001 1011 0OUD 0101 0111 ngoe 2 00 1100 1111 0011 0300 aooo 00iL: OQuY ]D:_O.J

[
" { RvIROREENT PONCTION vecto af
IN RF)0L MDE returi en valuss

Fig. 2. Structure of the basic model. Esvh individual responsibie for four lov., binary encodings

of integers. Three inlividuals per warchouse at five warchouses, each determining this perind's

order for & warehouse from a factory. The loci of the sixteenth individual, the manager, ~ rrol

incentives of the others. The policy reaching the environrent produces 1 vector of sixieen
values. The und:rlying functions are i appendix B.

manager (o adjust internzl incentives. As each locus is 2 binary variabie,
there are 2%’ possible patterns of shipment ordering. Organizaticona’
adaptation occurs as a result of the structured interactic n of the search inc!
choice procesies of the momber individuals. We wani to ascess the
contribution of that structure to the cuality of tie ¢ ganization’s adap:ive
performance ir this very complex envircnment.

5. The two variaat models

The resulis to be reported below are derived fro n the perforrance Hf thric
models as each faced all ten variations on the "Yantzig znvironmene The o
three are the bzsic model, described above. and two variants which ma - -
labelled ‘No-Talk" and ‘Random-Meetings’.

In the No-Talk model, the talk processes described above are partial
disabled. Individuals still learn of ideas preferred by others, bar the o n
go on {o consider, or pass on to others, what they weuld o o prefe
do — i such ideas were to be impleme. 2d.’ since the MNo-Tad vanant .
similar in all other respects to the basic model, it can be rur 1a the same 1 -
mode! environments in order to assess the spzaific contributon o the Sho
circuited interaction processes to overall craanizational yrerrfo e

*hechsticallv this = acooanplisied w0ty by mserhiog o b K S aneran e s
model’s TALK subroutine. 18ee IPPS discussion paper ne. 131 or dutaiis )
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In ibs central column of B mbl«.{ one sees the d
performance that follows.rom. shorticis uiting: t Tf:l ‘K submutine el‘r the.
basic Qmmuon#mwel w0 effest on-the: quahty of ‘organizational
adaptation: is. disa ot sal. soluticns: were bitamad, indeed; fo
feasible solutions were fmmd -Ng puhcy atsthe nodof thirt
the madified mrxdel was. wnthm mght ‘of the worst. performamx by the basxc‘
model.

In the right-hand mlumn of !he tahle itis evndf nt that mssorgamza ion ﬁf
the interaclion processes damages organizational adap‘muan I\et jlmt aay
struciie to chanm:i the pmms embodmd in. the T WO,

: BT

Mnough toth variants wete far* th

model, the Rm&am—thmgs model béen Ie:ss cumpletely
hobbied than the No-Talk variant, and the' reasam m:e: mafmctxw In two
environmients the RmdommMeelmgﬂ niodel” id attmn “Teasilyi, though not
optimal, policy, In two athers the lt‘a.SIlﬂﬁ region was closslr gppmached
The No-Taik variant never approached | eas; b:lxty and failed o do so in 2
very striking way: nine of the ten runs have warehouse coistraints fully
satiglec while fuctory constrainis e virtually ignored. In No-Tzik, warchouse
nretings ocurred cmxti‘iaéiy, and it was uually possible Jor ai least one of
the tnree individunls to think of a policy for the warchouse that satisfied its
constraizt, Without the TALY sibroutine, ho wever, the groups were unable
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ﬁmy pemnt Qi‘ I!R' timg, :
mrescat in abmlt mnty DALY

third pmy ptesent. Ewen t!mgh its 0 pottunities are sinteliable and possibiy
distovied, the interaction pwocess is po Eful enougl to make substantial
contributions in random: amung. h 'daes not’ Jceur in the No-Talk
varant. |

These results establish three major- condiusions: (1) an appropriate
organization of boundedly rational individusls is capable of optimal or near
optimal acaptive performance in an envircnment of substantial complzxity,
{2) high quality adapnve perfurmtmce can b derived principally from the
strustured interaction of the weak individuals who corapose the
organiration, and (3} an inappropriate structure for that interaction will
achieve markedly inferior adaptation.

Strictly speaking these conclusions pertain, of course, only to the model
world. Their signiicance beyond that depends on one’s confidence in the
retonce of the model world to the resl one. That in turn must rest chiefly
on the detailed offorts made to incorporate widely observed characteristics of
org.nizations and their decision makers in the model.’

The conclusions about the modal world aione, however, are sufficient to
establish that the decision making appmaeh to organizations can account for
tue occurrence of high quality organizational adaptation to very complex
chvironments. It can do so in a fashion which makes acaptation a property
of tke organization rather than of its individual membrs, and which permits
succ:ssful adaptation without guaranteeiny it. This is a partial fulfiliment of

the promise of Simon's (1964) profound treatment of organizational rontlict
und roals.

7. by xpretation

Tirere are four points that should te made n interpoeting these model
wouits. The first of these is that a cvmiral rele s pluyed by search processes
when an erganization confrorts a difficult enviromment. The point is hardiy
new, cspe\':ialiy when considering problem sol ing by incividuals [Simen

"{h- cenidence mey be augmentec Poothe results of werk currentiy under way which vl

racsc prodwctons o moedel varents o pufmmanc: by human groups operaling o
vdiag conditons, vt these studi are not vt comph e,
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(1955 and 1956)]. 1i is worth stressing, however, that its formal suppor: has
been strengthened by recert developraents in the theory of computat:onal
complexity and that the gurzrtion is, in the present case, made not about the
searih.of individuais, but abx ut the search of organizations.

~-Since Simon’s early articulation of bounded rationality arguments, there
has . emerged a very substantial Jiterature on the restricted ability of
individuals to consider alternatives [Slovic et al. (1977)] or to handle
prctability concepts. Thai empirical literature has now been reinforced by
theoretical analysis of what makes problems computationally complex
Beginning. with Cook’s (*971; theorem theoretical compuier scientist: have
established that a daunting range of problems of eccnomic significance are
NF-complete. The conjecture has become general that such problems can
require the consideration of an overwhelming number of alternatives and are
therefore beyond the reach of any algorithm running in time bounded by a
polynomial function of the number of variables in the problem [Garey and
Johnson (1979)]. In this situation, searct heuristics have become 2 topic of
major. research interest since exact optimal :olutions tc problems of
theoretical and economic significance are unlikely to be obtained [Karp
(1976) Weiner (1975), Rosencrantz et at. (1974), Maffioli (1979)]. Computer
science has thus come up against the same kinds of bourdaries that hmit the
problem-solving activities of humar beings, and has had recourse 1o the
same strategy in response. Combinatorial compicxity makes the design of
search procesces a crucially important activity.

Real organizations obviously face problems at least as comnplex as the
simplified models of those problems formulated :r operaticns rescarch an.
computer science, so it is entirely plausible that the quality of search he a
major determinant of the quality of organizational decision making. [he
corresponding resuli has been obtained from the model. The organizational
search processes taking place in the TALK routise that comrmunicates ideas
and counterideas among individuals have been shown to be capable of
generating optimal and near-optimal resun. ft~ problem< of extreme
difficulty.® It has also been shown that the organizational - arch Srocesses
available when the interindividpal activity is blocked, are tniapable of higl
quality adaptation The pair of results gives risc to the second mojor point 1o
be made: the quclity of the models search is, 1o u sabsturnid degreo
proper.y of the organizarion and not mer-iv the summation f propertioy f
individuals who compose the organizetion in this modei  and. so far .
valid, in the world — Ipteractions amoug individe ds consiituic 4 poaipa
source of phenomena that are distinctively orgaiizitions! Thow mtrraction.

®Techaically the model vrgavivation s facing 1 Jero-One integer Progoan e j1 oo
sixty vanables. The Zero-One prohlem is NP-Complete PHoroal i v o0 W
(1972Y). YWe know that this one can oworeduced oo o1 ey o ot

methed o avatlable, but the mcade! ¢ oes ot know ' Lt
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e ;} $fﬂi;eamm emeniod - locis jont muking: power  which' the:

s:muitamuﬂy in- thz“ﬂof‘ra& miﬁf‘f‘_ 03¢ advantages: are-still

malmd, but the nsuhs achleveu &m«‘f’m; netieie . V! iliferior 1o R

temporal ahpmpnams éf ﬁmnﬁemciiem 1o Mmh it naturally gives rise.
‘I‘he stn’kmg fmt:m ot chc stmng‘iy gmtl‘ei henmﬁc of the model is 1ts

m@rxfew "‘T‘im}mp _‘ Cinformation: e | A Wil
the sels. Typical seriat mm wlE take a ama gmpem to setmzc
Thus Fablman’s systens can dﬁtmmm* akﬂest :mm;:dmtaly, as cati niési

"A vompanion paper, “Conflict and Complexssy’ explores this aspect in more detaif [Coben
{{982)}. it shows thai there are circumstances in which the divergence ! incentive, may protect

an orgazizaton sgaingt misjudgments of 2 bard-to-snderstand eaviror nent.

SOriber fusctions are clearly served by sructare. See, e, hm:mﬁ {1980), or Thompson {1%67L

it i iaportant — and, wnforinately, got commen — to distingmsh this kimd of paralichism
froni miereiy simultaseous buf nearly independent’ pfmsses Kornfeld (1979, 1981) and tmai 2¢
al. {1979) zre e only instances T have found that recognize the difforence cleardy. Komfdd eaﬂs
sirongly § bteraiting parabietisni Totabinatorial smplosion’s T ¢ al. use “sousieration effect’; The
exscution of the computer program cmbodying e model ik, of course, serial by virtue of the
neture of 1 lost covaputer systems o vently avgilable. The poogram Heell howeovet, suniuiates the
st:ang parak dem of organizations! processes.
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bumans, that it knows of no insects larger than a horse.'® A serial system
not .__desxgucd in- adyance for. ﬁ:ﬁt ttus typt- of qucstmu wii, bog down in the

. ‘fum*tmm, ge; .and. his colleagues 'have ‘shown that i populatlon of about a
hundred “individualy’ mtcractmg according to rules borrowed from genetics
can find. global optima in such conditions much more reliably than standard
“hill ‘Qinbing techmqaes using comparable amounts of computer time.'' A
third exaaple is provided by the remarkable improvements in computation
pronvig: . by highly parallel algorithms exploiting (he massive simultaneity
that witi be possible with Very Large Scale Integrated architectures. Mead
and Cor-vay (1980, pp. 264-265) suggest that ‘analogies with human
structurs tay help to suggest the kinds of behavior we might achieve in
computaticnal structures . .. {Parallelism] is widely exhibited in humar
‘organizatioms . .. The dcmgn of computers and of algorithms has yet to h.w
the ingenuity ‘reﬂectt:d in human organizations’.

" If the essential problem of organizational adaptation is coping successf'iHly
with the complexity of the environment, and if we believe the individuais in
the organization are generally not capable of solving its whele problen:
alone, this property of generating powerful performance from (leractions of
weak components will have to be present for high quality udapiation to
occur. The results reported above show that interactirg parallel processes
broadly consistent with modern empirical studies of ~rganizations and their
decision makers are sufficient to produce impre..ive adaptation. These
processes allow the basic model to meet a stongent and essential
perfprmance test that previous accourts of organiz-tional adaptation have
not faced and probably could not meet. As a result, fundamental questions
about the lUmits and sources of orgamizational rationality may now be
subjected to a more rigorous and revealing th.oretical examination.

"*In an rgamz:'.tio*iai setting, an equivalent gisbion woulkd be whethe bere g koo
po: iy thal sabshics several given comirains., o '
‘n fact, (fus demonstratics by Holland pros :dL 41 sacemor et o the cosore e

of vrerursors of the madel orpaunizarions reported here
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Appendix B
Definitions
x; =vrder level, 05,515,

X;; may be interpreted as frucklaads. 153, factorizs, |
warehouses,

HA
s
A
th

',~w,

Yy, = vaiue fc&r ;rmhcy retr amm m m&mﬁwi {a, b),
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c:ﬁ_g cost-of shipping one ordered (ruckioad from i te ;,

: o 5
r;=tota; of orders from factory i= Y x,;.

=Ir, w29f+lr;~3ﬂl;+lr3 — 10} =sum of factory capacity violations,

) 1,:'&,}-%42_50&?&&{3!‘vialatium at warehouse j.

......

TFe:dMy reépnﬂéiﬁle Vindividuai (a,1) ordering from factory a for

R )
"F&b’”‘_}a: Y, %y HOS5pXc(K + 1)~ d K)) + Y (5wt
: i

“The ind'vidual acts to minimize this function of total shipping cost at ail
- warchiouses, factory capacity violations, and all warehouse capacily
- vielatiors, «(K) is the Kih smidlest unit cost and K is increased by the
manager each fime organizational policy has been unchanged fcr three
consecutive pevicds,

For the manager

3 3
ym=0.0001 i;zl Z ngCu+p.

j=

e

The scaling factor (G.0O001) estat lishes a lexicographic preference fur r:uucing
p. factory constiaint violations, and thereafter for alterratives that 1 inimiz-
totai shipping co:t..

References -

Aldrich, H., 1979, Organizations and envitonments (Pr:ntic. Hall, Englewood Ciiff ., NJj

Ancderson, J,, 1980, Cognitive psychology and its implicat:o is (Fresman, San Francsco, C \)

Borosh, 1 and LB. Trerbig, 1976, Bounds on positise megral :olutions of linear diopi.ar tine
equalions, Proceedings of American Matheinatica! Society 55, 299-3041.

Cohen, M., 1980, Documentation of an organizationni 1iodelling system. Discussion papes e
151 {Institute of Public Policy Studies, University «{ \fictigan, Ann Arhor M

Coben, M, 1982, Conflict and complexity, Discussior paper o 133, (Iistitute of Fublic Pl
Studies, Ann Arbor, MI) revised.

Cuok, 8.A., 1971, The complexity of theorem provirg 1:ocedures, Proc wd Annual 4
Svmposium on Theory of Coaputing (Association for Comp nng Machinery, dew Yol )
Cremer, J, 1080, A pa-ial theor; of the optimal orgs izetton <[ a bureaucre v, Bell Jowina o)

Eionomics, Autums, 683-693.
Pstes, WK, 1978, Handbook of learning znd cognitive proc. sses, Vol. 6 (Erlbaum, 1)
Fzhlman, §., 1979, NETL: A system for representing and using real-world knowiedge T
Press, Camoridge, MA).



Gamfw ma;,m BB Jodi _wl‘?ﬂ, Eﬂm&g awrv aad; :atmmiﬂht;r %‘?&“ﬁfﬁ‘mumn, ‘San
Feancl o, CAY

Joﬁmd, ﬁ.&im. Lii“’gls Adtpuﬁon i uatwral ard artifoial systems {!.fmm!y 9!‘ !uhdngan ?ms,

.,.:nan, H.i\.,‘ I955 .‘l heilaﬂmﬂ mmfd'oi' mumiaf

Snncm,H.i, 1356, Rational cholo: nmilhcsixm:xmoflhuem‘nrmmn Peychological
March
Simen, HA., 1962, The architeciure ofcamphm E}m‘h;gs.af.the J\mum Phl!asophmi
Society 106, Dec, 457482 = %
Simon, HA, 194, Ou the vouce? »i’org:ummomﬂ gbal, Admiri. 5di, Qaamdv 9, June, 1-22
Simon, H.A., 1769, Sciences of th: namﬁu.d ;{MH l‘mvs Cambndge, HA)
Slovic, P. . Fischliolf amd §° Lich
Puxh, -39, . et
Suarhack, W.]&,, I?‘Irw, Om zmms anc!:th mvmmmﬁ: i m M. Dmu;e
uim:ulandimmﬂalwmhg it/ Fr,
Thompson, 7, 1967, Orguntatiors inactior (Meﬁmwmﬂ, New Yorki.
Weiper, P, 1975, Heoswtics, Nessorks-3, ne: |, Jan,, 161-H3. - .
Wintzr, S, 1575, Optimization a0 Guclition in-the tHecry of thc Erm, in: RH:Day od;,
Adaqﬂw mnommmad& {ﬁnm Prms, New Yﬂrk). :




