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INDIRECT EVOLUTION VERSUS STRATEGIC DELEGATION:

A Comparison of Two Approaches to Explaining Economic Institutions

by
Martin Dufwenberg & Werner Giith
(February 6, 1997)

Abstract:

Thetwo major methods oéxplaining economimstitutions,namely bystrategic choices or by
(indirect) evolution, are compared for the case of a homogenous quadratic duopoly market.
Sellers either can provide incentiies their agents to care faales (amounts) or evolve as
sellerswho care forsales in addition to profits. Wheresisategic delegation doe®t change

the market results as compared toubkaal duopoly solution, indirect evolution causes a more
competitive behavior. Thus the case at hsuiitices todemonstrate thdifference between the

two approaches in explaining economic institutiod&L(codes C72, D21, D43)
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1. Introduction

For agiven institutional desigone often can derive results concerriing nature of strategic
interaction by applying tools of game thedrpwever, thébulk of economi@nalysisdoes not
address the question wafy certain institutions prevail. In this study attempt ismade to
compare two methods of deriving institutional designs, instead asSuming them as
exogenously given.

The first approach, tevhich we refer asstrategic delegationhas a long standing
tradition in the sociasciences. People dwt only decide withincertain institutions, buhey
decide upon institutional design. famous example isfor instance, thecontrat social
(Rousseau 1762), to which one often refers whstifying constitutional design. Clearly, such
a contract ionly a fiction.But there are moreealistic examples, e.g. when changlagal
rules by qualified majorities, for instance by unanimous approval.

More specifically, let an institutional designbe represented by the rules offiral
subgame and assume that earlier choicéiseigame allow to ruleut certain subgames. By
solving the gameone does nobnly determinethe behavior infinal subgamesput also the
choice of subgames, i.mstitutional choice In the context of ouexamplethe final subgame
is characterized by the motivatistructure of theinteracting agentsMore specifically,
institutional choice resembledtrategic delegation in the sense thgbrimcipal strategically
designs the incentives of his agent.

One difficulty of the strategic delegation approa) of course, that oneneeds
institutions, e.g. theontrat social to explaininstitutions. Although the institutions used to
derive institutionsare muchmore basicpne cannot avoighifting the problem to a more and
more basic levelwith no natural starting poinfThis problem is avoided ithe indirect
evolutionary approachvhich restricts decision and game theory to predicting choice
behavior within a given institutionasetup, and therderives the evolutionarily stable
institutional desigrby evolutionary rather than strategic consideratitse specifically, an
indirect evolutionaryanalysisfirst determineghe solution forany institutionalarrangement,
and then selects among various such structures mvalutionary modelvith institutional

design constellations as mutants.



In the duopolyexample at handyhere a seller on Bomogenous goods marketgint
want to care also fosales in addition to profitsstrategic delegation requires a team (a
principal anchis agent) whereas indirect evolutidoes noneed such a sociatructure. As a
matter of fact, our results can be usednalyzewhether the institution of strategic delegation
leads to greater success than the evolutionarily stable constellation without hired hands.

The paper is structured as follows. Sectiogp2cifiesthe basicfeatures of the market
model we analyzéhroughout. In Section 3 weugment thenodel to allowproducers to care
for sales, and we derive a unigaeolutionarily stable concerfor sales. In Section 4 we
consider theeffect on market interaction @llowing strategic delegation when agentay be
induced to care for sales. In Section 5 we comff@eesults of the previous/o sections. In
Section 6 we generalizbe analysis ofSection 4,allowing more generatontracts between
principals andagents, and show that theaimresults rerain intact. Section 7 comments on
how our results change if preference parameters/contracta@ire@bservable. Section 8

concludes.

2. The market model

On a homogenous duopoly marlsetlersi=1,2 simultaneouslichoose theisales amounts;
with 0<xj<'2, where we assume th#te monetary unit and the unit feneasuring sales
amounts ar@ormalized in such a way thtte prohibitive price andhe market satiatiofevel

both are 1. Assuming a linear demand function, sefleevenue can therefore be written as

(I1.1) X (1%-x)  fori=1,2 and#]

By the bounds or; andx;, the common price &-X; of both sellers must be non-negative.

The costs of production are assumed to be given by

(11.2) Ycx2+C withc,C>0



According to the structuraklationshipqll.1) and(11.2) the market isymmetric. The profit

T;(X;, X)) of selleri=1,2 for sales amounts andx; with i#] is determined by

(11.3) T5(%;, %) =% (1%-%) - ¥2€%2-C

3. Indirect evolution
Indirect evolution allows to endogenously derthe rules of thegame (see ®h & Yaari
1992) and can therefore bgewed as a way to generalize neo-classitelory which
traditionally assumes that such ruégsexogenously determined. Unlikedirect evolutionary
analysis orusual evolutionary game theory (wheyee assumes behavior to be genetically
determined; see Hammerstein & Sel{@894) for asurvey) onedoes notstudy directly the
evolution of behavior. Instead, some more basic feature of the game, in our case preferences, is
the object of evolution. Rationbkehavior is taken fogranted, bubehaviormay nevertheless
be indirectly affected if preferences chahge.

If in a bilateralencounter behavianay beguided by an additional incentivene first
solvesall the games resulting from such incentives bmth phyers. Withthe help of these
results one thewefines an evolutionary model withe possible incentives as strategies or

mutants, and one then derives the evolutionarily stable incentive constellation.

A. Incentives for sales

It is often claimed e.g. that sellemre notonly interested in their profits, but also their
prestige as selle(see e.gWilliamson (1964)). This one can measure by thaales (quantity
amountsy In general, therenay be manyvays to include sucboncerns. Here weilvrely on

the most simple way of doing so, namely by relying on utilities

1 For the saméype of (duopoly)market environment, Bester &iith (in press) analyzed whether altruism is
evolutionarily stable wheredastth & Huck (1995) allow forall possiblequadratic profit functiongnd show
that monopolistic competition (in the sense of neglecting mutual dependency) can be stable.

2 Since profits are usually private information whereas sales are often widely known, it is much more likely that
the prestige of a seller depends on sasker than orprofits. Larger sales often requilerge production
amountsand thereby an increased or more stable ustheflaborforce, suggestinghat aconcern for sales

might result from more basic interests.



(|||1) Ui(Xi, XJ) = TI](Xi, XJ) + Bi X with OSBi31/4

where T;(X;, X)) is as defined byequation (I1.3). The win restriction of (lll.1) is that it
combines the direct concern for profits and for sales in an additive way. The upper bfdnd on
is imposed to guarantee that¥a.

The firststep of ourindirect evolutionaryanalysisrequires us to determirtee market
results forall (34, B2) constellationsnot necessarily witt3;=B,. With the help ofthese results
we thendefine an evolutionary game withutants/strategieB. The success of a mutant is
measured by the profit it makes. The determination oéwautionarily stablemutant thus
answers the question whether and to what extent sellers evolve in such a way tbarteliey

sales in addition to profits.

B. Market interaction with a direct concern for sales

Our model has been chosen to simplify the derivation of market equilibria. From

(11.2) % Ui(%, %) =1 +B; - (2+) X - % =0
and

62
(1n.3) ——7 Ui(x, %) =-(2%) <0

0%

fori=1,2 and#i one derives equilibrium sales amounts as function3,0£3):

1+C_Bj +(2+ C)Bi
(1+c)(3+¢)

(I11.4) xi* = x*(B;, By) =

The condition*<%2 follows from the restriction<p;, Bj<Va.



Note that weuse x;* both to refer to aspecific optimum choice ok; for given
preference parameters, and to refer toftimetion describing this connection. inany cases

below we make an analogous abuse of notation because this simplifies the presentation greatly.

C. The evolutionary model
If one inserts the solutioftll.4) into the profitfunction (l1.3) onecan derive eachirm's profit

as a function off§;, B,) and obtain for=1,2 withj#i

(111.5) Ti*(Bi, BJ) = X;* (1'Xi*'xj*) -Yc (%*)2-C

i.e., a profit function expressing market success as a functitimegfossible incentives for
sales. We il refer to equatioilll.5) as theselleri's reproductive success fraheincentive

constellation §;, 3;).

By
(111.6) r=M, %

with M={3: 0<p<¥a} (the mutant space) ang* defined byequation (111.5) forall possible
incentive constellationB;,3;LJM we have defined an evolutionary moudéioseevolutionarily

stable strategies we now want to determine.
D. The evolutionarily stable concern for sales

An evolutionarily stable conceffior sales can be defined as ewolutionarily stable strategy

(ESS) of the evolutionary model defined in (I11.5). T{3§IM is an ESS if

(I1.7) 5 (B*, B)215*(B, B*) OpEM

and if



(111.8) (B, B)>15*(B. B) OBUM such tharg*(B*, B*)=15*(B, B*)

For the case dtand it suffices tdook at condition(ll1.6), sincethe bestreply is unique in

every symmetric equilibriun{, *) of the symmetric evolutionary modgel

From
(1.9) O (B B) =0
op
(11.10) 0° (B, B) <0
op®

as well as fronff=(3;=0; one obtains

1
5+ 5+ ¢

(1.11) B* = B*(c) =
Clearly,3* satisfies &p*<Ya.

A pure preference for profihaximization behavior isiot promoted byevolutionary
forces. Q@ly for extremely large values afwill the markeevolve in such a way that sellers
do not care fosales directly. When-. 0 the parametes*(c), expressing a direct concern for

sales in the sense of thelity function (111.1), increases to 1/%ur resultscan be summarized

by

THEOREM1 If on the symmetric marketith profits (11.3) sellers can develop incentives of the
form (I11.1) and if the incentives of both sellers are commonly known, the only evolutionarily

stable direct concern for salesfis*, defined by equation (111.10).

4. Strategic delegation
Unlike indirect evolutiorstrategic delegatiorelies on a richer sociatructure of the market.

Thetwo seller firmsi,j=1,2with i#j are now to be representedtiyo teams B}, A)) and €,



Aj) of principalsP; andP; and their respective ageng&trategic delegatichtypically assumes
the form that firstthe two principalspropose contractahich then, if accepted, guide their
agents' behavior ithe market. Bymposingoutside options of zero worth for the agents we
guarantee that structurally there is no difference to the market on whiahalysis of indirect

evolution is based.

A. The two-stage game model
We assume that principat 1,2 can only propose lear contract$ of the following form,

designed to allow for a straighforward comparison with the indirect evolutionary analysis:

(IV.1) (Gi, B) with GO0 and @;Bisg

We refer toG; (a direct transfer fronthe principal tothe agentvhich may benegative), as
agentA;'s salary. This transfer has no effect dhe agent'sncentives,but it putsall the
bargainingpower in thehands ofthe principal.Sincethe agent can eamnly O outside the
firm, the principal canreapall profits availablejust like in the evolutionarynodel where no
agent was present. We refer [ip (a parameter) a8;'s sales incentivesAgain, the upper
constraint or; is imposed to guarantee thet¥.

To determinghe results of strategic delegation one sinfiag to solvehe two-stage
game forthe subgame perfe@quilibrium (which isunique). First principalshoose contracts
as described in (IV.1) and then, knowing batintracts,each agent=1,2 chooses; to

maximize

(IV.2) Ui(%, %) = Gj + Bjx; - ¥2cx2-C

3 Different aspects of strategic delegation have been analyz@dilbgud, Jullien & Picard (1995), Fershtman
& Judd (1987), Fershtman, Judd & Kalai (1991), Fershtman & Kalai (1996), Gal-Or (1996), Green (1990),
Katz (1991), and Rotemberg (1994). For an experimental study see Fershtman & Gneezy (1996).

4 In Section 6 we consider a more general class of contracts, and show that no essential results change.



as determined bizis contract G;, 3;). When choosing &ontract G;, [3;) principal P; is, of

course, motivated by his profit net of his agency cost, i.e. prinéjpaill maximize
(IV.3) Ri =X (1-%-%) - Gj - Bj %

B. The results of strategic delegation
It can be esily seen that agents doot interact, i.e. theyboth face an independent
maximizationtask. Morespecifically,the payoff uj(x;, X;) dependnly onx; andnot onx; at

all. Maximization ofu;(x;, X)) as defined by (IV.2) by choice gfyields
(IvV.4) X+t =Bjlc fori=1,2

For a clearcutomparison with the results ofdirect evolution, we assume that agénwill
only accept to work forprincipal P; if u;=0, principal P; will chooseG; such thatu;=0.

Inserting (IV.4) into equation (1V.2) and setting-0 yields

+ =C.HR.) = _Bi_2 i=
(IvV.5) G*=G*(pj) =C 2% fori=1,2

Inserting all these values into (IV.3) results in

B

B’
° -C

(1V.6) R*(B;, By) = "o

(c-Bi-By)

for i,j=1,2 andi#]. Since due to thedefinition of Gj*(B;) participation of the agent is
guaranteedprincipal P; can design an optimabntract G;, 3j) by maximizingR;*(;, 3j) with
respect tg3;. From

Bi - 0

VD) RO E) = 2 -



and

0?2 -2 1
(1vV.8) o7 R*(Bi, Bj) = P <0
one obtains

(IvV.9) (2+c) Bj =c- B

fori,j=1,2 and#j. Letting B*=pB,=B, we get

(IvV.10) B* =B*(c) =c/(3+c)

Thus eaclprincipal principald;, who is restricted to contracts of tfoem (IV.1), will choose
positive incentiveparameterg*. Notice that forall c>0 the optimal incentiveparametei3*

always satisfies &<1. (Toguarantee also thf"<%s one couldmposethe conditionthat

c<1.) We summarize our results by

THEOREM 2 Strategic delegation in the form of (IV.1) results in contract$, (&*) of both

sellers with
C
A+ =_"
Bi 3t c
and
P N
! 2(3+c)?

for the sellers i=1,2.

5. Comparison of indirect evolution and strategic delegation
Let usrecall thatthe usual result fothe market with profit andtility functions(I1.3) and no
strategic delegationmplies that, respectively, equilibriumsales, price, and profits can be

derived as



-

(V.1) X = 3vc
. _1+cC
(V.2) P=3c
1+§
(V.3) (X, %)= (370 -C

for i=1,2. Forindirect evolution and strategic delegatithe corresponding results can be
determined by insertinG*=[;=p;, respectivelyB*=Bj=pj, into equation (l1.4),respectively

(IV.4). Thus one gets

. _1+p* _ 6+5+C
V-4) X T 34c  (3+0)(5+ 5+ @)
V.5) . _3+5c+C + 5+ 5¢+ ©)
(3+0)(5+ 5+ &)
(V.6) TG ) = Pt - (472 C
and
fo 1
(V7) Xt = 3tc
o lee
(V.8) P =30
1+ ¢
(v.9) R04* %) = ——2



for i=1,2 where the results for indirect evolution are indicated by the superscript * and those of
strategic delagation by the superscript +.

It may or maynot surpise the reader that strategic delegatmpliesthe same result
as the case afsual profitmaximization. In an optimatontract asellerchooses thécentives
for hisagent just so that the agentl weactoptimally tothe otherseller's behavior. Although
agent himself is not at all concernedoutfirm j's salesq with j#i, theincentivep; is selected
as to induce an optimal reaction to x. That also profitsfi (X ,%) and residuaklaims
Ri*(x+, xj+) agree depends, of course, on the fact that the participation constraints of the two
agents are of thdorm u;=0. Thus principals have to compensatmly for the cost of
productionwhich arises independentlyhether ornot onerelies on indirect evolution or
strategic delegation.

Comparing indirect evolution and strategic delegation therefore amounts to comparing
the evolutionarily stable incentive constellatifh more or less to thesual duopoly solution.

By comparing (V.1) and (V.4) one derives

X _G+r&+c
X" 5+5c+C

(V.10)
showing thathe market resultom evolutionare more competitive thahosefrom strategic
delegation. This differenaoeill, furthermore, increase whenbecomes smalleand disappears
whenc - .

Instead of comparindirectly market resultene nay, of course, be more interested in
the motivational structure, as expressed by the parafhefahetwo approache<Llearly, for
c=0 one has tha*>p*, whereas forc=1 the opposite is trueSince 3* is monotonically
decreasing anfl* is monotonically increasing witty there exists anique parameter valu@
with 0<c'<lwith 3*(c")=B*(c’). Belowc' indirect evolution induces a higher sales motivation

than strategic delegation, abavé¢he opposite is true.



REMARK We note that ouresults cannot be downgraded by the argument thahawve
concentrated on a special case where strategic delegation does not work at all. It certainly does
work. Consider, for instance, the case wieny selleri can commithis agent to a contract of

the form (G;; B3;), whereas sellg, or hisagent,maximizesprofit. Clearly, (IV.4) and(IV.5)

remain true for seller Forj we get

V4D Xj:(;;gc

Maximizing

Vi) RE)=Sa - ST~ foc-
coeahep)-E -

then yields the optimal choice Bf for P; as

c(1+¢

V.13 =T
(v.13) B 2 +4c+2

and the agent's induced optimal choice of sale bg

1+c
c>+4c+2

(V.14) X =
The sales agiven by(V.14) exceedhosegiven in(V.1). Thus strategidelegation induces a
more competitive sales policy. It @ly the competition in strategic delegatiamich offsets
its effect. To understand this result, notice tifwet net cost of an agent isvalyszero in the
sense that the value of his outside option is zero and the principal can indime=ttugeffort

cost bymaking anappropriate take-it-or-leave-it offer. Thus thencipal will induce such a



sales amounivhich is abestreply tothe sales amount dfis competitor.And this is possible

by an appropriate choice pBf.

6. Motivating the agents by profit

In Section 4 contracts were restricted to $ipecial class of lineaewardschemesG;, f3)
specifying a lump sum payme@{ and a parametds; representing hownuchagentA; gains
by selling one unitmore. Motivating agents hyiving them incentivefor increasing sales is, of
courseonly a special form of incentive schenk@r a non-stochastic marketvironment our
result is, howeveryather typical. To demonstrate this, let us considee moregeneral

incentive scheme of the form

(VI.L1) (G;, aj, By) with G;00, O=aj, Bi<1

allowing for a sharer; by whichthe agent\; participates in the revenunqs(l-xi-xj) of selleri.

The payoff resulting from such a contract is therefore

(VI.2) Ui(x;, %) = Gj + 0t X; (1-%-%) +Bj % - ¥2€ %2 -C

From maximizinguj(x;, Xj) with respect tog one obtains

a; +co; —o,f3 +2a;3 +d
30,0, +2c(0; +a;) + ¢

(VI.3) Xt =x* (o, By, 0}, By) = &

fori,j=1,2 and#j.
One can again usthe participation constraing=0 in order tofind the (subgame

perfect) equilibrium values f@g, andGy:

(V1.4) Gi*(atj, By, 0, By) = -0 X" (1x*-%") - By %+ - ¥ec ()2 - C



fori=1,2 and where;* andx;* are determined by (V1.3). Selles rewards are then

(VL.5) R*(a, Bi, aj, B) =x* (1%-%*) - ¥2¢ (%)% - C

This, however, ishe profit of thefirm, i.e. of an owner who is self-producing (withduting

an agent). It is straightforward to verify titcan alwaysind incentivesa; andf3; resulting in
the bestconceivable reply* to anyx*.> Thus, as in Section 4 the result of strategic
delegation is the one of profitaximizationwithout delegation. The results of Section 4 and
the comparison in Section 5 is thus far mgemeral than indicated ke narrowclass of
contractforms on whichSection 4 is based. (Of course, in a stochastizironment the
assumption of linear incentivantracts would be a serious restrict&inceone may want to

induce different sales amounts in different states of nature.)

7. Privately known types
Our analysishas so far assumed thite relevant "type” parameterg; (3;) are commonly
known when sales decisions are made. A very different informational assumption withad be
these parameters were privatgormation (eachi knows only his own f3; in the indirect
evolutionary approach, eagihincipal P; knowsonly the contract héas signed witi#; in the
strategic delegation case). In tf@lowing, we briefly comment on howour results are
affected in this case.

In theindirect evolutionary approach, suppdaie seller's beliefoncerning thether
firms BCIM is determined by the true distribution in the populatidms is astandard caseith

private information (see e.g.u& (1995)). Then (see Guth & Peleg (1997) forganeral

5 The easieswvay toseethis is to inspect (VI.3andverify that this can irfact be achievethrough contracts
with a;=0. However, typically there exists a manifold of contracB™ a*(B), B) which allimply the same

0 0
market results. From—— Ri(ai,Bi,aj,Bj)zo and—Ri(ai,Bi,aj,BjFO aswell asa=0j=q; and B=Bi=[5j one
aq, aB.

248-3
obtainsa* = a*(B) = 3Bt o0 T2 297 - (- 2@7)c- 1B - 4 k)

2c-1




analysis) only3*=0 can beevolutionarily stable. Theeason is that if a particulaelleri's type
would change, and if there ardinitely many sellers inthe populationpnly i would react. It
follows that only abestreply interms of market success (i.e., with no independent weight for
sales) can be evolutionarily stab[g must maximize the trueprofit expectation and any
symmetric equilibrium of the evolutionary model will hg/e=0.

For strategiadelegation asimilar extension ofour analysis to privatelknown types
yieldsthe same results. If grincipal cannotpublicly announce the incentives bis agent, the
incentives guaranteeing besplies in terms of market succem® clearly best. Thus also in
this case the standard Cournot outcome results in equilibrium.

Hence, indirect evolution and strategic delegation leaiédsame market resultsith
private informationabout typesThis explains why in thipaper wehave focused instead on

the opposite polar case where types are common knowdedge.

8. Conclusion
To explain institutionone either refers to a pre-institutiordécisionstage whereplayers
decide strategically about the future institutional set up. An exafmpthis isthe well-known,
nevertheless fictitiousontrat social but also the stage ofiechanisnthoice in the theory of
mechanism design which—f&wo often?—assumes that onye individual can decideabout
the mechanisms to be applied later.

The other approach is that @hdirect) evolution where no onatentionally designs
the future set up. Thprecisestructure is rathedetermined by theelative success of the
alternative designs in the given institutional environment. This reveals an essential difference of
the two approaches. Whereas thest approach needs ail encompassing game model, the
second one doesot require this. The strategic choice of future rules are substituted by

modeling their evolution, which often seems to be easier and less arbitrary.

6 Confer Giith & Kliemt (1994yvho (in a different economic context) apply amdirectevolutionary approach
anddiscuss also informational assumptions whach intermediate to the poleases where typesecommon
knowledge and private information respectively.



Here we wanted to counter the argument that both approachesllmst for
commitment inhe sense ahakingsure that future behaviorilvguarantee certain conditions.
Here suchcommitmentstake either theform of certain incentivecontracts in the case of
strategic delegation, or they evolve with certain incentiveBexample it is shown that the
two approachegnay neverthelessjield very different results.More specifically, strategic
delegation doesiot change the results aill whereas (indirect) evolutiommplies more
competitive market results.

In our view, this demonstrates that (indirect) evolutionanalysisoffers a new and
innovative perspective to explain economic institutions. Like strategic delegation, the approach
does nodeny that decision makease rationallUnlike strategic delegation it doe®t require
an allencompassing game model wiél its disadvantages, e.g. specifythe incentives, the
information conditions, anthe strategigossibilities ofthose whodecideabout the future
institutionalset up.One doesiot have to model a pre-institutional decisistage, but rather
the more natural evolution of economic institutions.

The fact that strategic delegation and indirect evolution are different suggests that these
are notcompeting approaches, but aspeetsch shed independent light sxow motivational
forces can be explained. In principlee two approaches can even émployedtogether, e.g.
by assuming anarket with strategic delegation and diriving the evolutbnarily stable rules
of strategic delegatio(pricipal andagent nay, for instance, develop feling of corporate

identity which could be captured by mutual altruism as in Bester & Guth (in press)).
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