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A small computer :xlodd deraomilrates; that an appropriate org~.:~ztion of boundedly rational 
iniIisid~s ~ n  i~ad : o c t a l  pol;~¢s in an envi~onmenl that is overwhelmingly complex for 
u n o ~ d o e i s i O n  makers. 'I~e mode! is also us~l to identify conditions u'~der which optimal 
~-~or,¢vcn~govd ~,~,..'ics are r,ot found. The ~emoasn'ated adaptive power of the medal is 
i a t C ~ t ~  ~ f i~ to f  r(,x~at doceih,pments in the th~)ry of computational coy tplexity that place 
ti~w s~s~on~i~wefful me~ds  ~f search, at~d of :~ew models from corap~ater science which 
markedly : [dCance~ch  e l~venes s  by h~tne~sing parallel struclures of int0rmation 
~o<msin&~ 

Introduction 

The ability of organization,s to adapt to the demands of thei~ environments 
is 'an+issue of ma~or signLficimce for the social sciences. As ~/rnon (t969) has 
poin ted  out:, the l imi t s  o! ~ that ability will be closely related to the 
approximation adequacy of rationai models of organizational action. Given 
its impedance,  I nd the extensive attenfio~ that has been directed lo 
organizat ion-environment  r,flatious [Starbuck (t976), Pfeffer and Satan,~ik 
(i978), g ldr ioh (1979)]~ it ~is sm'prising that w :  do not have a satiffacto'y 
account of how an organiz~fion~ could adapt  successfully to an cnvironmeat 
of any complexity. 

One can, of course, simply posit that adaptat ion never occurx or is always 
pef l~ t ,  but neither of the~.e ::mpta.usible courses seems promisirg if the limits 
of organizational adaptat ion are to be studied rather than settled by 
assumption. To explore tite ,niddle ground we need a theoretical account =,f 
adaptive o~ganizafionai decision making that is both l:lausibte in the face o~ 
what we know about org:.mizations acd their compoaent actors, and 
demonstrably capable of a~.ap:~.ing (o a complex enviroarnem. It ,:ann:~t 
violate the former condition by en~'~wing ~t~e organiza°.io~ or its memb rs 
with ur~ve~istic volumes of inlarmation or powers of inference, ior ':.hat 
would cast doubt on its fidei~ty to our hard-won existing i~moMedge of re,~.i 
ocganiz;:Cons. It must meet ~he second condition or there is fittte rea:;on ~,o 
credit !:s patterns of iimitali(,n ,~r pathology. I~: or~,a~,~izathms de, ~om:fimc~ 



J 

ada~ m coml~eX ~~ents, why bel~,e results fi-om a model that never 

organizational factor. Tl~: method c a ] ~  much  of the ~,e*:.of 
mathenmtical theory ~md much of the :tidiness of verbal theol.-y. The~; gains 
are. p in ,  based ',tt the pr~¢ o f ~  d ~ y  in the_ i n ~ ~ m  of 
results due to g r¢;~tcr model complexity. For many purpos~).-~O~C~.r, the 

~m(w~im,~  . s - ) ~ c m , . ~ i d c s : , ~ r  individuats with sha~ly bounded 
information.,-!~¢~mingcapabi~ties, Thus i t  ,is built ~apon t~ /undam~nta l  

such-a.-spec~tion-o[~ ,. ~ " ..... ,---' o.u~,~..- ,..~ ~_,.:.__.- ...... 

env~nmeli.t to which the ow, a ~ o n  WL~ adapt or. we might/s;t,y~ . a  .set of 
interf~te~ pr0bt~ns~-~ whisk-the: ¢~ganization.wil! ~ h  for ~solutions. 
Other factors can ~dso be set as an inw~dgator's interests dictate. These 
i~ciude: fricm~st@,. ~works, ~genda for m~inlC~rut~,  for maI~ng co:~--tiv¢ 
de,is/otis, ~oise, ht,.~., or ¢~hcr envkonmental uncertainties, ,and organiza- 
tional preccdertt~ Ordy a very.few of these ca l l . t i t l es  are e)~ercised-in the 
work repor(~ h¢~¢~ b~wever. 

Once the model is started it take:~ o~Iv a f ~  seconds of c~p_iput.-r t~ne for 
complete case ~,~Y,o[=orga~,afion~l.d~c~o~ making,, to unfoid.~Modd 

~aeet~:  a r e ~ h e ~ - : [ ~ ~ a g e  made,-Resulls:of~new derisions are e~tluated 
.)y m o ~ l  individuals whose satisfaction state may char~ge as a r~mlt oi 
changes m currcat l,~licy. Th.e. 0aod~ p r o d ~  interacfiorc~ a~ong collc~gu~s 
called "talk." p~'~:~:~s and these ~my ~ad to: the proposed o!" fdrther policy 
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changes. In~ative~ of mc? ; l  ~:tors may change. New meetings are held, and 
1 , . .  l ~  ~ . " . ~  ~ ~ *  • ~ ~ ¢ ~ - - w . - .  ted° :for a ew-d . " - , . . . . .  = . . .  ~ reta~a . . . . .  f o z ~ n ,  o d ~  The ~,ase • ~ ..... . . ,  . . . .  . Pen can be r e e c e a t e d  

~ N l ~ ; - ~ r ~ t l l l g ~ g : ! - l t l l ~ f "  l l l ~ d :  :with" t h e  sa ,me,  random number- seed The 
semifivit~-of r~:ult~ can be investigated by intervening in mid-run to change 

• ~ r  events or by n~,king multiple runs with different random number 
 ;/ eoreticatlv interesting patt,.n'ns can t-= cx,ractexl from data c a sets of 

sy:~matic.al l y varying oganizational parameters. 
3kotch.J:equi~ daboration. The next section gives a fuller 

: ~ ~ ~ - : : : t h e . s 2 ~ m r  developed for n'uxlelling erganizztienal processes. 
~ : / t ! t e t ~ - ~ 4 a ~ d J s e ~ o n  of'the.nature of environmental compS~ity arm a 
~ n ~ o f ~ t l ~ : ~ d N : e n v t r o a m ~ t  stLdied here, a transportation problem 

• :~sed  b y  Daatzig T/fis is follo~,ed by ae account of the parameter 
~ q ~ ~ : . w e r e  ~;ed to ereal~. ~ three specific org~rdzationa/models, a basic 
m o ~ t :  and~-~two vat~m~. As each o~ the model.~ tries to COl~. • with ten 
~ - - o n  the,: m(rdel environment, they generate thirty ease histories of 
o r ~ a t i o n a l  deeiskm making. The s,eceeding section reports the cases and 
the?pa t t e rns - they  ~ present of success and failure m finding ontima! 
O ~ t k m a l  polieitm. "['he f-m,t iateJrpretive ~ecfion connects the,, resta'.:s ,... 
recentlydeveloping literatures on heuristic approaches to computationa ~ 
eompleMty ana on the behaver  of .~3rstems of 1: are!lel processes. 

2. Ma~or elements o f  ff~ modelling system 

The models employed below are, as noted, elements of a very large set tha. 
can be generated 'by varying elements of the organizational m~!elling system. 
The general system is a computer program and subroutines that encode 
orgam_2zational sh-uctmes and processes. By altering data that initializes the 
prograra or:by small changes ir~ 1:he subroutines, wide variations can be 
induced-in organizational structures and processes? The major elements of 
the system fall into fou: cluste ~. 

2.1. The policy ~;..~ng 

At any m_oment 'he poli~fies in effect in a model organization ~rc 
represented by the, state of ~ sixty-four bit string. The most nata"ai 
interpretation is that each bi't displays whether (on) or not loft) a parlicular 
standard epert~.ing pro~xtur:e of the organization is currently in f0rcc. For 
some applicatic,..=s very differel~t :merpretations may be convenient. However. 
the favored im~rprelation m~hes comfc, rtM-ly with an evolutionary view of 

tThe system is in FORTRAN. and s transferab[e to most computer instatlatiors wi~h 
relative|y minor a~.~justments. Com?:lete let~il is availab|e from the lqstitu[~: of Pubilc Pohc: 
Studies, ~,rTliver~ly of Michigan, as .tis~m;sh,~ paper r~,, ! ~  DOC~ ~ematl,~ ~f :~;~ 
OrganJ~:<ional Mo6e'!mg ?,,~:va" 



7. " ,~. : 

~ri~' " ~ u  am ~ l i  as an~d~us  :to bi~gical  g ~ r ~  : , A n = i ~ ~  :bit 

the ystcm permits the study of mot*. complex eases m which utility functions 
differ among JJ dividuals, and/¢~r ~ a . ~ i ~  9Vet time, ~ and: ~.n wMch 

~ envi~'mem i~a~fion: ma:+ ~ ~ eail~_.i by~ ~ ! ~ = ~ i ~ u n t  :in :an 
e ~ . h t g  moAe,:.In:~a ~ m o d ~ l  constructed in the system the:-o will be 
many su~:h calls per lime:: period. In.: ~ mode the l.~medion returns,to the 
individ~ an e s t a t e :  ~,.th.e. ~wm'~ th~.~t ~woxld !ow ~,om , ~ : - , d ~ v ~ t  

be id~nti~ to the ~ .I  mode. T b c m ~  i n t ~  :~ i i~vmvct~wi l l  ~.bc 
those in wMch the e ~ a t ~  of rewards are a~istort~ or erroneous 
ass~sments of the ~tctral conseq,ue~ces e.f a potemlial policy, 

2.3. Auributes of mgd¢ ! indioiduals 

An i~adividu~] in moc'cls built with th system is represent~d by ~ ,,maF:} set 
of ideas for ~[icy haprovemont.% an asoirat~o:n level, a satisfaction state, ~,.ad 
a just-~notieeab~e-difference (JND). In effect, ideas a~'e x~pr~,~0nted .as sixty- 
four bit string, s from the aiohai~a {0, L ~ }, wh~;re -¢ means 'don't ~re'. an 
idea thus specifi~:s a subsgmoe of the spa'e of l ~ [ , l e  pot~es. A typical idea 
for an ind~vidua~ will be bl,~aCk ~ # ) ~  most~ bw not neeessarily a~, toci 
outside his or her dor.aain of formal reslr~Onsibility. "l~s is due tc, i the very 
tmited a~te.~tion range an~. ~har,~iy bo,anded cognitive pu~,'e~ hnplemented 
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in the model individuals. Operating in isolation, individuals are capable of 
systematic exploratior: of alternati,,:s ouiy in their domains of formal 

are rdativety s m a l l - -  no more than 
L outside: the c!omain of respon:fibitity 

front others via oJganizational processes 

W h ~  ara ~ v l ~ "  consLders an idea, either one self-generated or one 
suggested ~y ~¢ ta t ! eLs¢~  it  lis evaluated by substit,ting curn:~,nt policy for 
all the. don ' t  ear~ ~(.~$)~.an the~ calling the environment function in 
estimating mod¢~ This amounts to e,,aluating the k ea by reference to the 
element in  the itte~ ~ ~  nearest t a the location ~)f current policy. In the 
p r e c i s  of retaining or dis~rding n¢~ ideas only or,:.inal use is made of the 
re.suiting estimate. If the new idea ha~ a better estim xte than the worst idea 
in an individual's retained set of 'good' ideas, the new: idea replays the werst 
member of the  set. Otherwise the ne~ idea is forgo'~ten. The retained set of 
good ideas is quite small, ordinarib ak out five. 

Each individual also remembers an idea that incorporates the best setting 
so far encountered of the loci for which the individual is responsible, 
assuming current policy to prevail on (,,.her loci. The process of considering a 
po~b l~now idea is illustrate8 in fig 1. 

The JND is the difference between the evaluation of the best and worst 
members of the- set of good ideas, divi :led by the number of good ideas less 
one. The aspiration level is a weight~.~d average of recent period rewards. The 
satisfaction state rises when rewards , xceed aspirations by at least a JND 
and falls when the opposite event oc~:urs. Both high and 1o~ extremes of 
satisfaction :dampen somewhal indivdual exploration of alternatives to 
current poficy to  capture the .effects of ;atiation and discouragemew. 

2.4. Attributes' of model organizatiors 

The organizational struct:rre of any model developed u:ing this system is 
determined by five major componenLs: the pattern of individual formal 
responsibilities; the regular meetings h(..ld in the organizatio, together with 
their agenda; the metho.~ of calling irt~.gular or special meetings ar.d ~etdng 
theiir agenda; the pr..,cesses oi give and ta~:e over ideas that occur ;~.~ 
individuals interv,, in me,=dngs; and t le procedures in the organization .rot 
making authorit~,,,e choices of polic~. The first and last of these caz~ b,: 
altered by w~yin~ the initializing data set. Meetings ~.nd a~eada setti,',g ca~ 
be changed by alle;ing subroutines. Ice~L exchanl~es in meeting~, which wi!i 
be called 'talk' pr(w.~sses, are relatively nvariant p;og "am features. 

The responsibilities of each individl al are the tcci to which he or she 
predominantly attends. Tl,is numbe~ i: limited --- tsually i: is about !ot~ 
Within that sm'~l domain individuals e ~amine deviat:ons fro'~ ctJrrent r,,>hc} 



m 

L 

- m 

A 

Fir. I. Basic eie_m~ts ttmt constitute a t ~  model m~iduaJ  In the .situatio..~. ~own a 
pote~tiai good hie~: is b:i~g ~ottside~d. t*~ e~tiraated value wilt resatt in ;it b e i ~  ~'  ;.~1 fourth 

in lhe |~s~ ~f good ideas. The current fifth place entry ~ill be dr~ppee. 

rather iatensivcly, q~'hey do so both ia ~ i a f i ~  ~Jad whe- ib,;y explore how 
the~ would re.~por~i t o  ~flicy e h ~ g ~ : ~ t e d  by others i~. taeetmgs. 
Responsibilities may ~d~ ~ater ~ t o  the~ choice procedures d~c~:ibed 1~to.. A 
given locl~ may kave or.e ~m,~ ny, or no responsible individ~aat:~. 

The re~al~ ~ ~ e e f i . ~  9f the organizat~n o~u.  ~n e~ery time period and 
bring -~" .... . tog~.~.~c! fixed se~ 3f parik4pan~s over ope~ aget3ds. A t~,,pical ~amplc 



M,D. Cohen, The power ¢f pavallel thinking 291 

of a. regular meeting process assembk;s meetings of ;ndividuals whose 
r e~pomi l~ i t i~  a re  starongly interdependent. Each indMdual in sach a 
n l ¢ * l ~ ~  a ct lang¢ in  l ~ l i c y  di'~.wn from his or t~er List of good ideas. 
/~ter ~ 'talk" interaction process, as explained betow, the organization's 
: e k o i ~  prtmedures are invoked and p, oduce a change in policy or a 
~ i [ ~ t f i  6f~t~e status quo. Then the next meeting scheduled for the 
Imri(~l ~ ~  T!lis ~ eX~p!e  is conMstent with the models reported here. 
For  a differ~tlt*ype ~ ihVt~tigation, quite different regular meeting processes 

:' " "Iv " ~' " can, b c ~ :  ~ # t l ~ b y  a!termg the regulal m.~ting svbroutine. 
Tile spedat'meefing subrouiinc provide~ a de,dec for holding meetings over 

a t~bled p ropo~:  that responds to particular problems or non-rt~urring 
cor~!itions the  organization may confront:. An example might be a meeting 
called to bring together individuals for a discussion of a policy alternative 
with effects that cut across the boundaries iraplied by the regular meeting 
su~ettH~. " 

The talk interaction l:XOeesses of a model consist of two phases. The first ig 
the simple transmission of ideas to others. T i e  seeoqd is determining and 
reporting What responses an individual ~c, uM make in his or her own 
domain to  ideas presented by other.,; The latter is analogous to answerfl.~ 
the question 'If that idea were to become 3o1~c ~,, what changes would I want 
to make in the loci for which I am respon.;iole. Since the result is also m 
idea, there can be responds to responses t3 suggested ideas, ann so on. A 
limit of about four iterations is usually maintained. The organ:zzdon may be 
provided with a theory of t:~e relations tx:tween loci. The +heory may be 
vague, or erroneous, or a<m'oratc. It is used by individuals in searching for 
rcspons~ to sugg~:stions by r, thers since they need to make some judgment 
of what  imNications a sug.,~evl;ion has for their domain of responsibility. 

. The choice procedures of a model specify for e~,ch locus the decision rule 
that must be used to  make cllanges at that locus, a precedence ~tro.~;ture that 
resolves conflicts over (~,ision rules in multi-locus decisions, and a set of 
individuals who must be p~res mt for choices t nat affect a given locus. A typi;:,~l 
model .might have majorit! rule decisions for all loci, with r~':,ponsible 
individuals required te t:e, pr ,'sent. An aitei a~ rive might give veto p,Jwer c>ver 
changes at some loci to part'~cular individuals, ,or some loci might I~e :~ubject 
to unilatera! changes t~mde by indi',id,m[~ responsible fe~ them. ~ar:ous 
combinations of unilateral majority a',,d veto choice prot.edures c:~:'., be made 
by chart#rig initial data fc,~ a rnot.al run. More complex cb.mges can be 
made by altering the choice ubrc ,ztine. 

To gain a sen~ o[ ho~ ro, licy, enwrcmnent, individw~l '.tructw,-. and 
organizational structure a,.: z - r  bitted in a typical mc~'el it may h,:l~ tc, 
consider the cycle ,.)f even% experienced by-,v~ individual r~ one time rc,%~d 
as depicted m tab!e 1. ~n an ordinary sin::.!~ cyck" o': m,~dei <,per:.~ti,:,!~ :m 
individual receive:, ,~c ~c,:~.ard~ gcne,"ated i ~  hm; o: her by the pottcy in 



r ~ m ' ~  m ~ ' e ~  M ~ Z f ~ ~ ! # i C y  on' m o ~ ! : i ~  t f t h e  current 
# i c y  is ~ttez ,  then : ~ ,  ~d~ii~~,~mted.: i m M d' ~d  es .  ~ate~: ~ in 

to which b e o r  she is. m~t),d, if anv,+On completion ~ Whatever policy 
changes +.he meetia~ may 'el~gender,: ~ r u  are g e n e r a t ~ a n d  the period 
comes to a close. ' ' : ~ : 

3. The transport ~ol)lem envir tmment . 

but a~o :a mod,~ .... '+ " + '  ~ "  " : . . . . .  ¢~tvirorme,~t to wMch it adapts~ Tho range ~ f  ~ s i b l e  
environment functior~s i ,  h , ' g , ,  b~t  mt~ch o f  the posnble .va~rtatson. ~ n  
gene~',~*.ed by  mat)ip~itatJon o[ one ,~r ,aore of  thr,ee fund~mental factors: the 
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:l~vtlzra+iof. iatvtactior~s :re-+one the sixty-four policy loci, the rm+:ure of 
~¢axds from a given 
real or estimated 

~ s i b k ;  ew:-'.ronment 
m ~ o n a i l y ,  would 
t estimates of the 
weuld give every 

articular policy, in 
at is preferable for 
m matter what the 

pre, se:~ts a pcrf~'t!y decomposable 
rganization and ca~ be solved by a 

~modct, a t ~ - + n ~ ~ f i n d i v i d u a l s  in a single peri, xl.Z 
,Thclinear+~ronmom without n .~ise, chang,:, or internal conflict i, a c:~ae 

v , q t h ~ : ~ a l + i n t r i n s i c  ~ ,ttctvst, M,-xtct orga.~izafions " - - -  ' -  . . . . .  : -  

numerous more interesting environments corrcrponding to highly non-linear 
+ : i f f t q C x + p r o $ t ~ g  problems and a m'ogr~m of ex'ensive sampiing of 

possible environm~tts is now beginning. For th,- present aaper, however, one 
p ~ + ~ t y p ¢ o f  environment has been studiex in more detail. It is a classic 
family of 4ransportafion problems in 15 variables subject tu 8 equality 
constraints. Table 2 shows the most distinguished ,'-.emly.;r of the mmily, li:e 

Table 2 

Dant: ,g's original tranalv,rt :-, ample. 

Warehou~ 
F~.t.'| f) f ? 

1 2 3 4 5 capacity 

Costs of  shi!~piPlg/u~fft 
Factory l 9 20 [8 1~ 2:. 
F ~ ' t o t y 2  6 16 14 1~ 2g 750 
F,actory 3 27 18 15 IC 9 250 

Warahou~ 
capacities 300 300 300 3 ~  300 1500 

Optimal solutio.~ +h, tal 

150 0 0 3(~ ql ' ,~ '  
150 300 ~00 (~ o ; '~  

0 0 0 0 250 2~) 

300 300 ~00 300 oo I ~  

Factory 1 
Factory 2 
Factory 3 

Total 

Valm of oplimai te.~.~;ibte solution 1 g,~5(} 

Value of pessimal feasible solutiop 30,9_';0 

2A very small organization takes a little longer sin:e ~csponsihii~t~ f,,+ ~.~,,~'+ h,~ .~ , 
bmi~ed attevt~on of the individuals. 



~wat of  ~ftetm : m d i ~ m ~  ,i~ .Om.~mo~l ~is~tesponsil~ ,for ~one~va~b~ flour 
1(~ that are a binary c~te For theinte~ers 0 to l~ ,  any vari~fot~ of a str~e 
element of a ~-~sible i[~l~cy p r o d ~ s  sn infea~ble one for t.~e mc~dds 
~ r ~ e d  here. At l~.~ ~o ~r |o~i that arc: rcspo~b~lities of four di~rent 
k~dividuals ~ust be c, h a ~ d  to transform ode feasible policy irto anoth,~-r. 
As many as te ~ tc,~i mi~nt h a ~  to be revexs~-s~nultaneously. Thi~ means 
t~at dise~v~z'ing an¢~ implen~:nting p~I/cy : c ~  on~  a feasible pol/cy has 
been foumt is cogniti:v¢]iy d ~ t  
or~r.iz~tional mt:ml~rs. When the 
iden t~ l  th~ stag, i~ set for What atrlounts to 'politie~ar conflict ove~ l~l~y 
~ptions. In ¢~ '¢~ ,  the int~geriz~ transpOrt prob]L~ms proseatt a 'complex 
lmttt:ra that is not perfectly decomposable2 The~ therefore provide a 
fundamental challenge ~o the o~am'~ation of a set of bounde.dly rational 
i:~dividuals, 

4. Tire h~xl¢ organizafiamd model 

All the models run o.~. thes~ transport pr~blcm:; have most of their features 

~A w'~A~ vPlmr bound on ~hc number of l ~ b , l e  policies can be d~rived by ob~rving that 
tlmz¢'m~ otdy 91 way s a $ i~n w a r o l m ~  ¢~a o ~ .  t2  t r ~ l o a d s  from three su~,pliers. If we 
ignot~ ~he. fa~.to~ capa6t~ (~onstraints ~ then h a ~  a t~umlmr of fea~,ble policies 
~915_<.6 x 10 ~. The fifteen . a,dablea wilt use ~i0 policy elemen~is, g~ing 26°>101~ total l~ossible 
policies, l'i~emfore th~ delhi :y of fe ,sib~e '-,o!i. i~, is less - -  ve.ry sub~antially le,~% si n ~  we have~ 
X~nored factory coas~r~ims - ~han on~ per h, ~ld,ed million. 
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in common. They are a selection o~' particular organizations from among the 
multitude that can be constructec .with the modelliag system described 

[ling system that m i ~ t  have 
aot ~'~d m these models, so as 
he major features of the basic 
~¢ grouped tot description into 

iddition, we. w;.ll examine :he performance of two model 
~eh :is created by perturbing on,: key feature of the basic 

m~¢i. ~ 

4.1. Participants and their roles 

Atl:~rc¢ medals to b¢ considered have sixteen "nembers. Each member is 
responsible for four ~ l i e y  elements, which means that the portion of overall 
po!iey with which a particular member is most c(,neerned can be in sixleen 
~ stat¢~. FiRcen, of the members have what might be called direct 
policy ~,ponsibilitlos, ,Ea.a of them must consid~ • what is the best level of 
ordering for a particular sink ('w~rehouse') ~rom a parti,~ular source 
('factory'). The combination of three ources and i~,,e sinks gives ifteen of 
these jobs. All of these fifteen indiv/du'ds pursue the iuentical objective m the 
present model; for an alternative, s~,-. Cohen (1982). Possible order levels 
range froai zero t o  fifteon units, where each unit co~responds to 25 'cases' in 
the or i~ '~a lDant~g spceifleatica. The sixteenth m:,'nber has a managerial 
role. The state of the final fgur poiiey elements is used by the manager to 
cont ro l  Ith¢ incer.tive structure under which the other fifteen members 
operate. ]~ch time policT/stabilizes for mo~e than a period with some factory 
constraints being violated, the manager can in~.rease the dinear) pena!t) foc 
sueh~ violati0ns. Thus the manager responds simply to aq observable 
conditiovt: are the, factory constraints satisfied? A p:ecise definition of the 
environment faced by each individual is given in appendix B. 

4.2. Routine meetings 

The organizations all have a rou iae  meeting schedule. [a cvc:,~ tm~c 
period, i:a every warehouse, th,: three individuals who ptacc o d c ~  ,,~r ~ha~ 
wareLot~ have a meeting in which ~:ach indivit'aai !ncnliot~ the or,lcrm~ 
policies currently h~:ld to be most attra,:tive. The thrc: ~.onsidcl .:ach ~lhcr,,' 
ideas and try to dete~Tnine the implicatJLons of the implied ch,m~,,~ m :,t~!i~:~ 
They generate new ideas that fu,,- idea:; mentioned by othzrs an] thc~, ,,,~t~ 
preferred responses to those ideas. At the conclusion of a meeting !,rm;~l 
eho i~  procedures may lead to changt,,; in existing policy for then v, arch, .~t,c 
that ha~e tlle support of at least two cf the three membcr~ tn ,~n, ,,: tt~, 
mqxiel variants these ~hree individuals ma~ aot ~,;1 i.. fr~,r ~.h.: .~,r- ~ 
warehotl se. 



In-. the reported:- ~u~- majOr i t~ :~ :_ : :w~.~  ~waS :Usod,~:~ir,:: :mcctinSr, to 

who on~d aRer the. in~atD~s, of other mC, mbe~  ~ t g l ~ l u m ~ y : u n d e r  lhe 

. . .  . . 2 :  ; , , 

4.5. Tkee~,y of the e, wironmera~ 

ia M, ~ runs, a~l imlividuals were p r o ~ d  wi~  the i ~ t i c a !  rough thir ty of 
the orsanizatior/s environmelR, A 6 4 x  64 i n e i d ~  matrix represent¢~l the 
fact that ord~.s for a gi~m wamltou.~ from a gi~mn factory were somehow 
intexd~enaent vd~ other orders for tim: warehouse and wit!h o ~ : r  orders 
flora tl:at factor~. ~[t ¢~n~ej~ed.~,othing =about ~ e  nature ¢~ the 
intcrd~p~md~\~: " ! ~  ~ay:~clh'~ual'.,~ effo~s to determine-how to r~po:~d 
to an idm suggested .by ,'mo~r :~ad O~Y~ very~weak ,theorctieal~.~dda~,~e 
that i d e n t i ~ . o n e  sub~,~t c o n ~ n g  abottt one--helf of the io~i as being of 
greater potential re!even~ 

4.6. initial policies and ideas 

All runs began with a policy of no orders. This infeasible policy has a 
disastrous value since ~olafions of warehouse capadty ,constraints we.re 
a~ways subjecled to a severe quadratic penalty. All individuals began each 
ran having no~ ideas abot~t what to do other t|~an the iNfial disa~rous ro- 
~,rder policy. 

The ~ scale, structure of  tile basic ~rgardzatiomd mod~l is dispt~.yed in 
~g. 2. It shows fifteen me,~nber individuals in gro:~ps of three at each of !he 
fi~'e w~rehouscs and the si,'~teenth serving as ;m~-~nager. Each individual is 
shown adjacent to the ~el: o.~ four ~oci for which that mem_~.r is respo~si~!e. 
Sixty loci co~ro| the patterns of shipNng that in turn generate lhe 
~rgamza:ion's actaa~ cost expe.ri~nce. The ot:ber tk, ur ~~rc used by the 



M,D. Cohen, The power of Fa~ ~ltet ,nmking 297 

k,.) k_,,' I k ) k .  ! 

~ l l  m m - -  ~ m ~ II I I I 

L - ~ ~ ~ ~e t~  eo V~V~--~.r 

Fig. 2. Structure of  ~he basic model. F~t,h individual responsible for four io~., binary encodings 
o f  integ¢~. T h r ~  ind~ividuals p~' warehouse at five warehouses, each determiaing t! is pe,i ,d's 
order for a-warehou,,~e from a factory. "l'lae loci of the sixteenth individ,~al, the manager, ,-, r '  rol 
in~mt iv~  of the ot'her~. The ~ t i c y  r~aching the environtaent produce~ a vec, or of six,een 

values. Tl:~e underlying functions are i:~ appendi× B. 

manager  to adjust interaal incentives. As each locus i~ a binary variabie. 
t he re  are 2 6° possible patterns of stfpment orderi,~g. OrganiTaliona 
adaptat ion occurs as a n~s,alt of the structured interacti¢ n of the search ~e~i 
choice pracess, es of the m;,'mber individuals. We ,~'an~ to assess th,, 
contribution of that  structure to the ouality of the c ganization's adap:i~:,.~ 
performance ir  this very complex envirenment.  

5. The two va,x~stat models 

The resul~.s to be reported below are derived fro ~, the t , e f f e rmncc  ,f ~i',r~( 
models as eech faced all ten variations on the Dantzig :nvironment.  I hc,~ 
three are tb~: besic mode!, described above, and two ~ariants v, hich ma : 
labelled 'No.-Talk' and 'Random-Meetings ' .  

In the No-Talk modal, the talk processes d,:scribcd abe,re aic partia! , 
disabled. Individuals still learn cf ideas pretrrred by ethers, b.~c !h, ~' ,i 
go on to consider, or pass on to others, w t ~  t~ 'v would u,, , r pr.:ic: ~ 
d o -  i( such ideas were; to be impteme:;'eci.: 3mce the ['4~,-.2a~ variar,~ , 

similar in all other respects to the basic model, it can be rat  ~a the s a m e  t,. 

modeJ en~/ironments in order to assess the spec:fic c~.,ntrihut~,~ ,~: t',~c ,I~,~; 
circuit:ed interaction processes to overall crqanizadonat r,,:rfc..'-n~: t~,:: 

model'.~ TAI~K subrotitme. (See I PPS dtscussio.~l paper ne. t51 :ur d,-t aii.,,.I 



': ~ 1 ,  are 
pi~avn~ :~,t~[dm,g t ~  : l ~ ~ , ~  ~:, e ;  ~y,,alte~,atton is : i n  :patte.rm ~ of 

feasible ~soluti~ ~ 
the modified m,'Me!: was ~ ~ t  of ~the won,~ ~rformam:e b y  the basic 
model. 

i i ;  : :  : i ~ ~ i i  : :  . . . . . .  , :  

In the right-hand column of the table it is evidt:nt that misorganiza~ion of 

h,:~bbl~,~ than the No-T~dk vari~nt, ~tnd the r e ~ s ~  ar© ias~Xucfive. In tWO 
environments the Random-M~!]fi~S:: niixlel ~ did att~n ~ feo~bh:~ ~thot!gh not 
opumal, poh<.y, In two others ~,h~ it~!t~le ~egmn was ¢los,dv approached. 
The No-~mk variant uever approaQ~e~ leo.~ bfllty and failcd to do so m a 
very striking way: nine of the ~:n runs have worchcuse coastramts ;~Ily 
s~.tisfi~d wh~le f~ctory constram~ we ,drt~aliy i~ored, in No-l'~tk, w,irehouse 
n'tcetiags ~ t ~ d i  ~ 6 ~ ! y ~  a~d it wa~:u~,dty po~ible : a~ i e ~ t '  one ..... ,br of 
~'~c " policy for th~ warchou:~e ~hat: satisf'md its ~xrce ipdi~iduids to think c,f 
coas~r~i.-.L With,~.t ghe TAL~,~ s.,tbroutii~e: ho'ecvcr, the groui~swexe unable 
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contributions in randon~ ~tee.t ~ Thisdoes not .3zcur in the No-Talk 
variam. 

These results establish three m a j o r : . ~ ' . l ~ o m :  (1) an appropriate 
organ!_~_tion of boundedly rational indi~dtmls is calmtble of optimal or near 
optimal at~aptiv¢ performance in ea~ enviroi~mt of substantial complexity, 
(2) l:figh quality adapfi~ pt~form~mce ~ b~,.d~riv~ principally from the 
struaured i;nteraction of the weak individuals who corapose the 
organizetion, and (3) an inappropriate structure tbr that interaction will 
achieve markedly inferior adaptation. 

Strictly spealdng these conclusions pertain, of course, only to the model 
world. Their s~tgnu'man~ beyond that depends on one's contidence in the 
rc.~,,.',nce of the v.todel world to the real one. That in turn must rest chiefly 
on the detailed ,:fforts ma~le to incorporate widely observed characteristics of 
org, mizations and their decit~ion makers in the model, s 

lhe  conclusions aboat, the model worldalone , however, are suffi~fient to 
e,~tablish that the decision making approach to organizations can account fi3r 
the occurrence of high quality organizational adaptation to very complex 
t'nvironments. It can do so in a fashion Which makes tmaptation a property 
of d~e organization ra~her than of its mdi~dual membt:rs, and which permits 
;,uc~:ssful adaptation without guaranteein'~ it. This is a partial fulfillment of 
lhe 3romise of Simon's (1964) prolound treatment of organizational oonflgct 
.pd ~.~.oals. 

7. 1t1~ ~p~'etati~m 

'Ft~,,:re are four points that should 0e made m interp:eting these model 
t~ o~.,.s. Tlxt: first of ti~ese is that a c, mira~ ..,to ~,~ plav,~.d by search processes 
.,hen ,m orgm,ization confrtmts a d # c u t t  erwironment. The point is hardly 
nc~.. es~ial ly  when considering problem sol ing by in6ividuals [Simon 

~Th:,/ ~', r~7~den~ n't,,v, t:e ~ u g m e n t e ~  b.  '~--o,,,,, resul ts  o f  wt~ck c u r r e n d v  u n d e r  w;lv w h i c h  ~,,~;n,. 
• "'::; ':~.. prcd~¢~ions f r~m m o d e l  v a r i ~ u ~  | o  pe r fo rmanc~  ° by hum.~n gr, m p s  ope,rn~ing , .  
• ' "~' , i~,~r d m ~  condi~i,.ms. '~m these  s tud i  ~, :~re no" ",'c~, c~mp~ :le. 
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(1955 and  1956)], It is wop~h stressing, however, that its formal sttppor: ha~ 
~ n  strongthet~l by roect,t dcvelopla~ts in the theory of computational 
eoraple~t,t :atad~t~t t ~  a ~ : ~ i o n  is, in the present c~ts¢, made not about the 
~r,~'h .~ mdiciduals, but  al,~ ut the search of organizations. 
!::Sinee~:Simon's early articulation of bounded rationality arguments, there 

~:¢n~.~rgod a very sub-aantial literature on the restricted ability tff 
indi~.~laals to ¢on~idor alt¢,'natives [Slovic e~t al. [~977)] or ~o handle 
pr t ' , l ' a~ ty  c~nc,,ol'ts. Tha~ empirical literature has now been reiniorced by 
~ o r e f i ~ l  i y s i s  of what make~ problems computationally complex 
B ~ g i ~ g ~ t h  Cook's (.'971j theorem ~heoretieal c o ,  purer scientist~ have 
~tablished that a ,daunting range of problems ,of economic significance are 
N P ~ t e .  The conjecture has beeonae general tbat such problems can 
require the eonsideratios~ of an overwhehning number of altenaativeg and are 
therefore beyond the reach - f  any algorithm , ,  ,,,i,,~, ;,, o,., . . . .  ,,,, by a . . . .  -. .ul . . . . .  ~ .,. time ~ . . . .  ,4°a 
polynomial function of the number of variables in the problem [Gare) a~ad 
.loimson (1979)]. In this situation, searcl~ heuristics have become a topic of 
major  research interest since., exact optimal ~olutions tc, problems of 
theoretical and economic significance are unlikely to be obtained [Karp 
(1976), Wether (1975), Rosencrantz et al. (1974), Maffioli (19v9)]. Computer 
science has thus come up against the same kinds of boundaries that Inmit the 
problem-solviag activitk,.s of humatt beings, and has had recourse to the 
same strateg~ in response. Combim~torial compit:xity makes the ctesign of 
search proces,':¢s a crucially importan~ activity. 

Real organizations obviously face problems :at least as complex as the 
simplified models of those problems for, aaulated "r operations research an, 1 
coraputer science, so it is entirely 131ausible that the quahty of search be a 
major determinant of the quality of orl~anizational decision making, i-he 
corresponding result has been obtained from the model. The orga~fizational 
~ t r c h  processes taking #ace  in the TALK routine that communic~tes ideas 
and coun~!efideas among individuals have been shown to be ca l-~able ~,f 
generating optimal and near-optimal resutt~ :_," problem', ol extrcm.: 
dilfieulty. 6 It has also been shown that the .:~rga:fizational v arch ~rocc~.~, 
available when the interindividual activity is blocked, ace intapabi~r of h~r;~, 
quality adaptation The pair of results gives ri~: t~, the se,~,nd m qor t'~"'~ ',~ 
be made: the cfu~'lity o f  the model's .search i~, t ,  ,~ ~,d,~ta~,~td d,'~.,., 
proper, y o f  the organizazion and not mer,'lv the xummatiot~ ~f pr~,pcrrie, ~,t 0~. 
individuals who composp the organizo,:ion tr~ this m~'.dei dad. s~ far ;l.. ,, ~. 
,atid, Jn the world - -  interactions arr~o~g individt, its c~,nstii~.t,_ a p,,,,,:~p.; 
source of phenomena tha! are dirtinctively . . . . .  : .... - -  ,,~ !h, ,~,  

s ixty var iables .  T h e  Z e r o - O n e  p r o b l e m  is N P - t  ompk . t c  ~b, r,,~,, .~ ,,~ , : "  .~; - . . .  

1!972)]. ~44' k n o w  lh~! thi:~ , ,m" :~;~; ;:  rcJu<~'~: :~ .~ r::~;~,,;.,, ,, ~. h,<; ,  : . , t  : , 
t ,~tC|itod i~ gtvitli;:.l++ic, t)~Jt i[I}c t:,,t;,le' +.+es t iu t  &nov. '  t , t a t .  
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temporal:a~c~ ~ ~ ' ~  :to w~ich R nam~aily gives rise. 
The s~g faatm~¢ of die Strongly I~I ~,~ of th~:vaod~l is its 

Thus Fa~maa,~ ~ :~ ~det~ '~t ~imm~mtdy, ~ ~ ~t 

~ !!982~I. i~ s~ows thai ~ at© c h ' ~ / n  ~ the :dlvccgeac~/~" inc~tiv~, ma~ l~otcc' 

~Jllgn" ~ a r c ~ y  ~ ~ ~-actum Sce~ ~ C ~ a r  (19 g)), or Thompson (t967~ 

~fl. (~979)~m ~ ~ ~ m a ~  I ~  found t~at ~ . f i ~  !he dL~ clcar~ Kon~Jfl ~lis 
: ~ { ~ y  i . ~ ~ ~ ' ~ t o ~  ~nlCo~m:; ~ e,. ~ use ~ t i o r ~  ~ e ~ :  The 
execufio~ <f .'h~ compu~r program emptying ~:t~c ~o~e! i~., ~ c o u r ~ , : ~  by vima) of.the 

. . . .  ag~ : "  
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humans, that it knows of no insects larger than a horse, t° A se,fial system 
n ~  aemg~lgd ';n advance for just this typt~ of ,question will bog down in the 
18xg* ! ~  of lh¢ ~ts, A second example is provided by the work of John 
H~lantl + (~75):on h~uristi¢ + exploration of high-dimensionality non-!inem 
futttAi~.~,,:l~:~nd~llis colleagiios have shown that a population of about a 
hundr~  + qn0Jviduais' interacting according to rules borrowed from genetics 
can ~tdglobal  9p~ma in such conditions much more reliably than standard 
hi!l climbing t e e~qacs  uSing comparable amounts of computer time. tx A 
tlfird example is provided by the remarkable improvements in computation 
pr~tne~ by+:hi~y parallel algorithms exploiting the massive simultaneity 
that wi~] be possible with Very Large Scale Integrated architectures. Mead 
and Cot~way (l[980, pp. 264-265)suggest that 'analogies with human 
struetur.~s may help to suggest the kinds of behavior we might achieve in 
computati¢,nal structures.. .  [Parallelism] is widely exhibited in humar~ 
organizations...  The design of computers an~ of atgorhhms has yet to .,.h,~w 
the ingenmty re, flecttM in human organization.,;'. 

If the e,~,sential problem of organizational adaptation is; coping successfu}t;~ 
with the complexity of the environment, and if we believe the individuaio in 
the organization are generally not capable of solving its wt',cle problem 
alone, this property of generating powerful performance from ~,~teractions of 
weak components will have to be present for high qtta!ity adaptation to 
occur. The results reported above show that interactirg parallel processes 
broadly consisten~ with modern empirical studies of ~,rgan]zati<>ns and their 
decision makers are sufficient to produce irapre:.oive adaptation. These 
processes allow the basic model to meet a stringent ~nd essential 
performance test that previous accounts of organiz2.tional adaptation l~,a~c 
not faced aild probably could not meet. As a result, fundamental questions 
abo,~t the limits and sources of organizational rationaiity may now be 
subjected l~o a more rigorous and revealin[' th,~oreticat examina tion. 

~°In a_". ~,rgamzational setting, an equivalent qu;sti_~r~ ,~ouh.L be ,,.,.beth,: ~+:c,~ ;, a k.~,,,+,+ 
p o i c y  thal  ~aGsfie.,~ se,e.,~] given uon.,:iraJn:t.,;. 

'1In fact. this d c m o n s t r a | i c n  by Hol land pr(-,+ided ~ ~,,~'::::~:~:~:~! ~:",;.c~_ ~!: , ~ ! ~  T~ 
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Definitions 

x u ---.order level, O_~x~:~.~ 15, 

xi.~ may be interpreted as "txuekh3ads'. 1< :=<3, faetori~,s, 
w a r e h o ~  

y,~,- value for policy retrlrm~ to indi~,idu~,|:(a, :b), 

__<j=<5, 
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¢O~-oostof shipping one ordered ~ruck~oad frc~ i ~e j, 

5 
t r~to~a, 6f orders from factory i= ~ x o ,  

5. 

p ~ [i~;r 2~i+-~ z--~-:.-~ ! +tr~ ." 101 ~. sam of factor3, ~ pacity violations, 

'violation at warehouse j. 

]~or directly responsible 

.l~ab ~- i E  1"= 

individual (a,b) ordering from factory a for 

5 5 
'~'~ x~/:ii'~'(O.55pXc(K + l)-c(K))+ ~ (5w/) ~ 

1-=1 j= ! 

"l~e indvidual acts to minimize tMs function of total shipping cost at a|i 
wa~h¢,useg fac!ory capacity violations, and all warehouse capactty 
'~l~fio~& ~K) is the/~.h smallest unit cost and K i,,i increased by *he 
nmnag~.~r each t/me organizational policy has been unchanged fcr th-ee 
cons©eutive petites. 

F~rr the mare,get 

3 5 

i =  j ffi " 

The sealing fac¢oc (6.0001)estal:lishes a lexicc, graphic preference fi~r t :,'.ucin~ 
p, factory cxmsttaint violations, and thereafter for alton atives that v,inimiz,: 
total shipping ,:o~t. 
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