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Many strategic interactions in the real world take place among delegates empowered to act on behalf
of others. Although there may be a multitude of reasons why delegation arises in reality, one intriguing
possibility is that it yields a strategic advantage to the delegating party. In the case where only one party has
the option to delegate, we analyse the possibility that strategic delegation arises as an equilibrium outcome
under completely unobservable incentive contracts within the class of two-person extensive form games.
We show that delegatiamayarise solely due to strategic reasons in quite general economic environments
even under unobservable contracts. Furthermore, under some reasonable restrictions on out-of-equilibrium
beliefs and actions of the outside party, strategic delegation is shown to belytegjuilibrium outcome.

1. INTRODUCTION

Many strategic interactions in the real world take place among delegates empowered to act on
behalf of others. Managers make strategic decisions that affect profits; sales persons have power
over setting prices; and lawyers and sports agents represent their clients in bargaining processes.
One of the central messages of game theory is that this could be, at least partly, due to the
strategic advantage delegation may provide to the delegating party. The idea that signing binding
and publicly observable contracts with a third party may serve as a beneficial commitment device
goes back at least to Schelling (1960), and has been put into use in many areas of ecbnomics.

However, the observability of contracts appears to be a precondition for them to play a
commitment role, and for this reason, almost all applications of strategic delegation theory are
couched in terms of observable contracts. The formalization of this intuition is given by Katz
(1991) who showed that if contracts are unobservable, then the Nash equilibrium outcomes of
a game with and without delegation coincide. In particular, delegation through unobservable
contracts does not change the predicted outcome of games with a unique Nash equilibrium.
These observations, in turn, call the empirical relevance of the applied delegation studies into
serious question since, in most real-world transactions, the signed contracts are unobservable to
the outside parties.

However, there are important strategic environments that fall outside the confines of Katz’s
analysis. First, Katz's model does not include the scenarios in which the outcome of the decision
of delegating or not delegating is observable to the outside party. In contrast, in some models
it is natural that the outside party observes the outcome of this decision simply because (s)he

1. A partial list includes applications in industrial organization (Vickers (1985), Brander and Lewis (1986),
Fershtman and Judd (1987), Sklivas (1987)), in international trade (Brander and Spencer, 1985), in bargaining theory
(Segendorff, 1998) and in monetary policy (Persson and Tabellini (1993), Jensen (1997)).
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knows the identity of his/her opponent (even though (s)he does not know the nature of the
associated contract). What is more, this may well endow the delegating party with further powers
(of the forward induction type), and yield quite different insights regarding the plausibility of
strategic delegation. Second, Katz's result focuses only on the alterations of the Nash equilibrium
outcomes that unobserved delegation may entail. This is also quite crucial because in games
where actions are taken in a sequential manner, the set of sequentially rational outcomes is
generically smaller than the set of Nash equilibrium outcomes, and hence Katz’s result does
not tell us if these can be altered through unobserved contracts.

In fact, it is not difficult to provide examples of extensive form games in which delegation
may obtain insomeequilibrium (see Katz (1991), Fershtman and Kalai (1997)). What is not
known is if there is any reason to believe that unobservable delegation has a “bite” in a large class
of extensive form games. Put differently, an open problem in the literature is the determination
of the conditions (on the primitives of such games) which guarantee that strategic delegation
would arise insomeequilibrium when contracts between the principals and delegates are not
observable. The harder but more interesting problem is, in turn, to identify those games in which
strategic delegation arisesdtl reasonable equilibria. Our objective is to extend Katz’s analysis
in a way that allows for sequential games and observable delegation decisions to tackle both of
these problems.

We call any finite two-person extensive form game with perfect informatiprirecipals-
only gamewhen each player (principal) plays the game himself. Let us refer to the subgame
perfect equilibrium outcome of a principals-only game pine-delegatioroutcome of that game.

Given any principals-only game, we specify a one-sideltgation gamas follows: in the first

stage, one of the principals decides whether to play the game himself or to offer, at a cost, an
incentive contract to an agent, which specifies the payoff to the agent as a function of the outcome
of the game The agent, in turn, either accepts or rejects the offer. If the agent rejects the offer,
the game is played between the principal and the outside party, and the delegate receives her
outside option. If she accepts, then the game is played between the delegate and the outside
party, and the delegate receives the payoff as specified by the cohffaetcrucial point that
distinguishes this scenario from the ones commonly considered in the literature is that, here, the
outside party doesot observe the contract offered, and knows only whether he is facing the
principal or the delegate.

Our main objective is to understand the nature of the sequential equilibria of this delegation
game in which only one principal has the option to delegate. The first observation is that, provided
that the cost of hiring an agent is relatively low, delegation may obtain in equilibrium, and this
for essentiallyany principals-only game. More importantly, the outcome induced by delegation
in (again essentiallyny) principals-only game can be quite different from the pre-delegation
outcome of this game. This observation shows that, even under fully unobservable contracts, the
act of delegation may possess commitment powers that would alter the outcome which would
have obtained in the absence of delegation.

However, this finding bears an “itis possible that . . . ” sort of a statement, and hence provides
only limited support for the presence of strategic delegation under unobservability. Yet, if we
strengthen our equilibrium concept in a reasonable manner, we can understand the strategic

2. In this paper, we study the scenarios in which only one party has the option to delegate. Understanding this
simpler scenario is a prerequisite for a proper analysis of the more complicated (but obviously more realistic) case of
two-sided delegation. While we will later comment briefly on how our results modify in this case, we should refer the
reader to Kogkesen (2002) for an extensive analysis of the issue.

3. To concentrate on the strategic elements of delegation we assume that (1) the agent’s sole function is to make
decisions which do not require any effort, and (2) the principal and the agent are symmetrically informed.

4. We continue to assume, however, that no renegotiation of the contract between the principal and the delegate
may take place after the game commences.



KOCKESEN & OK STRATEGIC DELEGATION 399

consequences of unobserved delegation substantially better. For instance, it is possible to use
a forward induction type argument to refine the equilibrium to show that delegation is essentially
inevitable if the pre-delegation payoff of the delegating party is not already the best that he can
obtain within a potentially large set of Nash equilibrium payoffs of the principals-only game.
The idea is simply that forward induction reinstates the commitment power of delegation since,
under the forward induction hypothesis, the outside party interprets a delegation decision also
as a signal about the contract that is signed. (Why would the principal pay an agent to play the
game in place of him, unless he did not instruct the agent to play in a manner that improves his
situation over the pre-delegation outcome even after paying the cost of hiring an agent?)

Unfortunately, forward induction type arguments that yield the above conclusion run into
formal difficulties in delegation games, as we shall explain in what follows. Consequently, we
prove here the same result by using instead another intuitive equilibrium refinemewelthe
supported equilibriumwhich is based on imposing certain reasonable restrictions on the out-of-
equilibrium beliefs and behaviour of the play&@ur main result is that if there exists a Nash
equilibrium outcome of the principals-only game in which (i) the delegating principal receives a
payoff strictly greater than his pre-delegation payoff, (ii) the outside party behaves sequentially
rationally, then iranywell-supported equilibrium, the principal will certainly choose to delegate
rather than playing the game himself, provided that the cost of hiring an agent is not too high.
Moreover, this will alter the pre-delegation outcome in a way that is (strictly) beneficial for the
delegating party.

The main message of the present paper may then be succinctly put as follows: to the extent
that renegotiation is costly and/or limited, in a general class of economic settings, strategic
aspects of delegation may play an important role in contract design, even if the contracts are
completely unobservable.

The paper is organized as follows. Section 2 analyses a simple delegation game to provide
motivation for our inquiry and develop the intuition behind our main results. In Section 3, we
introduce the basic nomenclature and formally introduce the equilibrium refinement that we
propose here. Section 4 formally describes the economic environment within which we analyse
the main question of the paper. In turn, we present our main results in Section 5, and discuss some
potential extensions along with some open questions in Section 6. The proofs are contained in
Section 7.

2. MOTIVATION: A SIMPLE BARGAINING EXAMPLE

In order to illustrate the basic intuition behind our results we shall first analyse a simple
ultimatum bargaining game in which player 1 gives either a low offer to player 2 (dehpted

or a high offer (denoteth), and player 2 either accepts (denotgdor rejects (denoted) the

offer. If player 1 offerd and player 2 accepts, payoffs are $5 and $1 for player 1 and player 2,
respectively. If player 1 offerh and player 2 accepts, then player 1 receives $1 and player 2
receives $5. If an offer is rejected, both players receive a payoff of zero. We refer to this game as
the principals-only gamgeand note that it has two Nash equilibrium outcorfley) and(h, y).
However, only one of these outcomes is not based on incredible threats by plageit 2s(the
outcome of a subgame perfect equilibrium): player 1 offexsd player 2 accepts.

5. Clearly, it is mainly at this point that positing the realistic assumption of the observability of the identity of the
delegate (and hence that of the outcome of “to delegate or not to delegate” decision of the principal) pays its dividends.
This contrasts with Katz (1991) in whose model the principal does not have the option of not delegating.

6. Similar refinements are proposed by McLennan (1985) and Hillas (1994), and discussed extensively in Kreps
(1989).
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Now, assume that one of the players (principals) has the option of hiring a third player
(whom we call theagent(or the delegat@ and denote byA) to play the game for him. More
precisely, a player can either play the game himself, that is, not hire a delegate (this action is
denoted-D), or he can offer a contract to the agent, at a cast0, which specifies her payoffs
as a function of the outcome of the principals-only game. In turn, the delegate can either accept
or reject the contract. In case of rejection, players 1 and 2 play the game themselves, receive the
same payoffs as in the principals-only game, except that player 2 pays the contractitygaodst
the delegate receives her outside optios 0. If, on the other hand, she accepts the contract,
then the delegate plays the game in place of the delegating player, and at any given outcome,
she receives whatever the contract specifies for her, the delegating player receives the principals-
only game payoff minus the cost of hiring, and the other player receives the same payoff as in
the principals-only gaméWhile our description of it is not yet complete, we shall loosely refer
to the resulting game asdelegation gamé what follows.

Let us begin by observing that if it is player 1 who has the option of hiring an agent, then
irrespective of which contracts are feasible and whether they are observable or not, the unique
equilibrium of the delegation game would be characterized by player 1 not hiring and hence
sustaining his subgame perfect equilibrium payoff. After all, $5 is the largest possible payoff
player 1 can hope for in this game, and he expects to receive this payoff if he plays the game
himself® Consequently, the query is interesting only when it is rather player 2 who has the
option of delegating. Moreover, it is easy to see that if the cost of hiring a delegate is too high,
i.e.8+c > 4,then in any sequential equilibrium of the delegation game (independent of contracts
being observable or not) player 2 chooses to play the game himself. Therefore, we will analyse
the case wheré+ ¢ < 4.

Let us assume that there are only two contracts available to playe(far tough) andw
(for weak), which are specified as follows:

8, ifoutcomeisin{(,y), (h, y)}

8, ifoutcomeisin{(l, n), (h, y)}
T = .
0, otherwise.

0, otherwise and W:{

For simplicity, we will assume that the delegate accepts any contract that yields her at least her
outside option as expected payoff. (This assumption can be relaxed, provided that one enlarges
the contract space suitably.) Therefore, the delegate accepts any contract offer in th& nvéhu
since, irrespective of player 1's offer, there is always an action which would ead her

If the contract signed between player 2 and his delegate were observable to player 1, then
the unique subgame perfect equilibrium outcome of the delegation game would have player
2 offering the contract, player 1 offeringh and the delegate accepting the offer. This is of
course nothing but a simple demonstration of the beneficial commitment effecbsefvable
delegation. Things get a bit more complicated, however, if we (realistically) assume that only
the decision to hire a delegate or not is observable by player 1, not the contract offered. The
description of the game becomes complete under this informational assumption; we refer to this
game as thelelegation gamand depict its basic structure in Figuré 1.

There are two types of sequential equilibria of this game. The first type is characterized by
player 2 not delegating, and the second is characterized by player 2 choosing an action other than
—D. In all equilibria of the first type, following player 2’s action, player 1 offe@nd player 2

7. Of course, the delegating player could himself earn an outside option by delegating. We, however, assume that
the outside option of this player is zero to make the analysis interesting. Clearly, if this outside option was large relative
to the potential payoffs in the game, delegation would obtain due to non-strategic reasons.

8. This observation is true only in the case of one-sided delegation. If the delegation game is two-sided, then, as
Kockesen (2002) shows, there is an equilibrium in which both players randomize between delegating and not delegating.

9. For simplicity, we truncated the branches of the game tree following the delegate’sraatidmeplaced them
by the equilibrium outcomes which would be realized if the play were ever to reach there.



KOCKESEN & OK STRATEGIC DELEGATION 401

51,6 00,6 1,55 0,06

5,1—¢,0 0,—6—¢,6 1,5—6—c,6 0,—¢c,0 51—6—c,6 0,—c,0 1,5—6—c,6 0,—c,0

FIGURE 1
Delegation in ultimatum bargaining

accepts. At the out-of-equilibrium information set following an accepted contract (dehfoted
Figure 1), player 1 believes that contr&gthas been offered with at least probabilitysland he
plays! with at least probability + (5 4 ¢)/4. In the second type of equilibrium, player 2 places
at least probability 45 on contracfl and, at the information séf, player 1 plays.

While all of these equilibria are in fact trembling-hand perfect (Katz (1991), Fershtman and
Kalai (1997)), it is still possible to take issue with the plausibility of a first type of equilibrium.
To simplify the discussion, let us first allow only for pure strategies. (The case of mixed strategies
are taken up in Section 3.2; see Example 2.) The pointis that, in this case, we can apply a natural
forward induction argument to “kill” any of the first type of equilibria. In particular, no such
equilibrium survives the forward induction test proposed by van Damme (1989). In any pure
strategy equilibrium that passes this test, player 2 offers the corfiractd player 1 play$:
forward induction ensures delegation even if the contracts are unobselable.

Another observation which points out to what is unreasonable about the first type of
equilibrium is that the contradl/, which aligns the incentives of player 2 and the agent, is not
offered inany pure strategy equilibria of the game since player 2 would be better off by playing
the game himself rather than hiring an agent through the colWadtet, the only way one can
support an equilibrium in which player 2 playsD is by assuming that player 1 believes| &t
that the agent he is facing has been offered nothing but the coklfiffact

In the final analysis, whether such beliefs are reasonable or not are formally captured in the
equilibrium concept one adopts to “solve” the game. The out-of-equilibrium beliefs supporting an

10. Strictly speaking, this conclusion requires us to break up the decision of player 2 into two component parts so
that he first decides whether to hire an agent or not, and only after then he offers a contract. In that case, we may apply
van Damme’s forward induction condition since there is a unique pure strategy equilibrium of the subgame following the
hire decision with a strictly higher payoff than the subgame perfect equilibrium payoff for player 2.
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equilibrium of the first type (in which player 2 playsD) are justified in a sequential equilibrium
simply because player 1 thinks that player 2 has made a mistake, without trying to make further
inferences regarding player 2's possible play which caused the informatibf &ebe reached.
Suppose, in contrast, that player 1 rather reasons, upon facing a delegate unexpectedly, that it is
actually he who made a mistake in assuming that a first type of equilibrium is accepted as the
current norm. (Kreps (1989) calls refinements based on this line of reasoning “mistaken theory”
refinements; see Section 3.) He may then well conclude that player 2 is playing according to
some other equilibrium in which a delegate is hired. But, in no such equilibrium player 2 offers
the contracWV, and therefore, so player 1 reasoWscannot be the contract that is signed. Given
that his beliefs put probability zero on contr&ét player 1's optimal action ik and hence player
2 strictly prefers to delegate in any equilibrium which survives a “mistaken theory” refinement.

It is not clear which interpretation (“mistakes” or “mistaken theories”) is more plausible
in general. The answer is likely to depend on the situation being analysed. In delegation games,
however, there is reason to believe that the second interpretation is more convincing. These games
depict situations in which individuals decide whether to hire someone to act on their behalf or
not in a strategic interaction. It would not be reasonable to think that such a decision, which in
reality requires time and effort, takes place without careful deliberation. Hiring someone is a
costly action and it is unlikely to take place as a result of sheer irrationality or a simple mistake.
Arguably, therefore, in all “reasonable” equilibria of the above delegation game, player 2 hires
a delegate and offers a contract so that the equilibrium outcome is different from the subgame
perfect equilibrium outcome of the principals-only game. Hence, we contend that delegation is
likely to ensue even by means wfiobservableontracts; this is the main thesis we shall defend
formally in this paper.

In the rest of the analysis, we shall considdbitrary extensive form principals-only games
with perfect information, and derive necessary and sufficient conditions for the existence of
commitment value of delegation under unobservable contracts. More precisely, we will show that
if there exists a Nash equilibrium outcome of the principals-only game in which (i) the delegating
principal receives a payoff strictly greater than her subgame perfect equilibrium payoff, and (ii)
the outside party behaves sequentially rationally, then in any “reasonable” equilibrium (which
will be formally defined shortly), the principal will certainly choose to delegate rather than
playing the game himself, provided that the cost of hiring an agent is low enough.

3. PRELIMINARIES
3.1 Basic nomenclature

Following Osborne and Rubinstein (1994), we define a finite-horizdensive form gam@vith
perfect recall) as a collection

T = [N’ Ha Pv (Ilaﬂl)leN]-

Here N denotes a finiteset of playersand H stands for a finite comprehensive set of finite
sequences interpreted as e of all historiest® An historyh is said to beerminalif (h, a) ¢ H
for anya # @; we denote byZ the set of all terminal histories. The functian : Z — R is
the payoff functionof playeri, and the functionP : H\Z — N is the player function If
P(h) = i, we understand thatmoves immediately after histoty and chooses an action from
the setA(h) ={a# @ : (h,a) € H}. Foreach, Z; is apartitonofH(i) ={h e H: P(h) =i}

11. Bycomprehensiveness H, we mean tha € H, and, for any integek > 1, (al, ..., ak) € H whenever
@, ..., akt1) ¢ H. Thelengthof a historyh = (a1, ..., aK) is defined to bé and denoted byh|. As a convention,
we take|| = 0 and let(h, ¥) = h for anyh € H.
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such thatA(h) = A(h’) wheneverh, h’ € | € Z;. Consequently, without ambiguity, we may
write A(l) (P(1), resp.) instead oA(h) (P (h), resp.) for anyh € |. Any member ofZ; is called
aninformation sefor playeri. If all information sets ifY" are singletons, we say that this game
is with perfect informationand omit information partitions in its definition. The subgame¥ of
are defined in the usual way.

A behaviour strategyor playeri is defined as a set of independent probability measures
Bi = {Bill]: | € Zj} whereg[1] is defined onA(l). One may writes; [h] for gi[I] for any
h e | with the understanding that for afyandh’ that belong to the same information set, we
havegi[h] = Bi[h']. The set of all behavioural strategies of playés denotedS (Y1), whereas
S(T) = XienS(Y). We denote the set of aNlashand subgame perfeatquilibria of Y in
behavioural strategies by NE) and SPEY), respectively.

By a system of beliefsve mean a set = {u[l] : | € Z; for somei}, whereu[l] is a
probability measure oh. We denote the set of all systems of beliefsBiyr'). A 2-tuple(B, 1) €
S(T) x B(Y) is called anassessmenAn assessment is said to beseguential equilibriumf
it satisfies the properties a@onsistencyand sequential rationalitysee Section 7.1 for formal
definitions). We denote the set of all such assessments @5)SEhe set of all equilibria in
SE(Y) that reach the information sétwith positive probability is denoted S; 1).

3.2 Well-supported sequential equilibria

We next introduce a refinement of sequential equilibria that will play a central role in this paper.
Like many others, this refinement too is based on imposing certain restrictions on the out-of-
equilibrium beliefs and strategies of the players. Informally put, it leads us to those “well-
supported” sequential equilibria that envisage that at each out-of-equilibrium information set,
the beliefs and behaviour of the players are consistent with at least one sequential equilibrium
that admits this information set on its equilibrium path, provided that such an equilibrium exists.
Here we shall give the formal definition of our refinement as it applies only to the class
of all extensive form games which do not possess an imperfect information subgame which is
distinct from the original game. We denote this class of game§.b®ur formal treatment is
distilled to its simplest form in the context of such games, thereby making the intuition behind
the refinement proposed here transparent. Moreover, the set of games which is the focus of this
paper is a subset @, so this simplified treatment does not cause a loss of generality for our
purposes?2
For anyY € G and anyB8 € S(Y), we defineZ; (8) as the set of all information sets of
playeri that are reached b with positive probability, and for any information skt we let
7i (1) be the set of all information sets bthat follow | .13 On the other hand7(8) stands for
the set of all non-singleton information sets that are reached first after a deviatiogi #gyiv],
while they are surely not reached whg#y (7] is played*

Definitionl. Let T € G. A sequential equilibrium(8, u) € SKY) is said to bewell
supported if, and only if, for eachl € J(B), either SEY;1) = @ or there exists a

12. It is not difficult to generalize the definition of well-supported equilibrium to the class of all finite extensive
form games by means of an inductive argument that admits the definition we present here as the first step of the induction
process (see Kockesen, 1999, pp. 91-94).

13. Formally speakingdZi (1) = {J € Z; : h” € Jiff h” = (h, h’) for someh € |}. Notice thatl € Z; (I).

14. To define7 (B) formally, defineS(8p ) [21) as the set of all behaviour strategy profiles in which the first
mover in the game play8p ) [¢] at the initial node. Define nex2(8p y)[7]) as the set of all non-singleton information

sets that do not belong tg ¢ Up'eS(Bp 9 T (). We havel € J(B) if and only if | € Q(Bp [4]) and for any
J € Q(Bp ) [9)) there do not exis’ andh” # ¢ such thah’ € J and(h’, h") e I.
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FIGURE 2
Battle of the sexes with an outside option

(8, ') € SE(Y; 1) such that

wlI1=p'131  and  Bp)[JI] = Bp()[J] 1)

for all J € Zp)(l). We denote the set of all well-supported sequential equilibria" dfy
SEy—s(T).
To clarify things, let us take a two-player ganfee G. Suppose that player 1 moves first
in this game and suppose thiatis a first non-singleton information set of player 2 which is
off-the-equilibrium pathi(e. I € J(8)). Player 1's move may indeed be a part of a sequential
equilibrium (B, 1), provided that it is suitably supported by beliefs and the continuation strategy
of player 2 atl . In a sequential equilibrium, if is ever reached, player 2 could interpret this as
a simple “mistake”. This, however, goes counter to the idea that player 1's deviation could be
evaluated by player 2 as containing information about player 1's past (unobserved) actions.
How will player 2 reason when he finds himselflatvhich was not supposed to be reached
in the equilibrium that is being played? She may plausibly think that player 1 is after coordinating
on a different equilibrium, provided that an equilibrium that readhesists {.e. SE(Y; | ) # #).
Of course, if SEY; |) = @, then there is no such plausible explanation of 1's deviation, and
hence no restriction is imposed on 2’s beliefs and behavidur@n the other hand, if there exists
exactly one such equilibrium, say’, i), then(g, w) is well supported only if the beliefs and
the strategy of player 2 following this information set accord with what is specifigghy.’).
This is precisely the requirement embodied in (1). Alternatively, if there exist more than one
such equilibrium, therig, w) is well supported only if the continuation beliefs and the strategy
of player 2 agrees with that of at least one such equilibfigim.

Examplel (Battle of the sexes with an outside optfn Consider the gameér e ¢
depicted in Figure 2. In this game there are two types of equilibria; one in whi¢j(O) = 1
and one in whiclB1[4](T) = 1. For the first type of equilibria, we must have eitierl |(R) = 1
and u[l1(T) < 3/4 or Bo[I1(L) < 2/3 andu[l](T) = 3/4. The unigque second type of
equilibrium, however, has it thab[1 ](L) = 1 andu[l](T) = 1. For the first type of equilibria

15. In games with more than two players, there is reason to view the well-supportedness requirement as too
stringent, for in such games it may be desirable to restrict the beliefs/behaviour of players at an off-the-equilibrium
information set only wherll players are aware that this set lies on an off-the-equilibrium path. While this sort of a
weakening is easy to formalize, because such an issue does not arise within the general class of delegation games that
we shall be concerned with here (there is only one party who needs to identify the off-the-equilibrium non-singleton
information sets in such games), we choose to adopt the simpler formulation given in Definition 1. Kockesen and Ok
(1999) define and discuss the weaker version of the well-supported equilibrium concept.

16. This example is due to Kohlberg and is probably the most commonly used game in motivating the basic idea
behind the notion of forward induction. It is also experimentally analysed by Cooper, DeJong, Forsythe and Ross (1993)
who provided mixed evidence in support of the forward induction hypothesis.
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we have7 (8) = {l}, that is,| is the only out-of-equilibrium information set to check. Since
only the second type of equilibrium reachiesif a first type of equilibrium is well supported,

it must haveso[I1 1(L) = 1 andu[l](T) = 1. Since this is not the case, we conclude that none
of the first type of equilibria is well supported. The unique well-supported equilibrium outcome
of T is then(T, L) with the payoff profile(3, 1). Notably, this is also the unique outcome that
passes the forward induction test of van Damme (1989)||

Example2 (A simple bargaining game (cntd.))Consider the simple bargaining game
discussed in Section 2. It is easy to show that any equilibrium in this game in which player
2 chooses-~D with positive probability (first type of equilibria) is not well supported. In any
such equilibrium, we havg,[@#](—D) > 0, 7(8) = {12} andB1[12]() > O, whereas in all
equilibria that reach information sét (the second type of equilibria) player 1 offénwith zero
probability. On the other hand, all the equilibria of the second typedelegation equilibria, are
trivially well supported.

It can be checked that the latter equilibria do not survive the iterated elimination of weakly
dominated strategies (IEWDS), and hence do not form a strategically stable set. However, these
equilibria do survive the iterated elimination of never weak best responses. Furthermore, if one
slightly perturbs the game so that there is a positive probability that the offered contracts are
observed, then delegation equilibrium survives the IEWDS.

We next comment briefly on how the well-supportedness criterion relates to some other
major equilibrium refinements proposed in the literature.

Remarks (1) (Well-supportedness, forward induction, and the “Mistaken Theory”
refinements). As noted earlier, Kreps (1989) refers to solution concepts that are based on the
idea that deviations should, when possible, be viewed as players coordinating on other equilibria
as “mistaken theory” refinements. A version of this approach was first developed by McLennan
(1985) who argued that “deviations from the equilibrium path are more probable if they can
be explained in terms of some confusion over which sequential equilibrium is ‘in effect”
(McLennan, 1985, p. 891). This is also the leading motivation behinddiveard-induction
refinements of van Damme (1989) and Al-Najjar (1995), as well as the refinements proposed by
Hillas (1994) and our well-supportedness concépt.

The forward induction refinement proposed by van Damme (1989) may be found too weak
due to its reliance on theiability requirement. (This condition postulates that a deviation
is viewed as an unambiguous sigrally if there is a unique continuation equilibrium that
makes the deviation profitable for the deviating party.) Al-Najjar (1995) has proposed a stronger
refinement that does away with this requirement. Unfortunately, as shown by examples in that
paper, this refinement is in a sense “too strong” for it may well eliminate certain reasonable
equilibria. Indeed, while van Damme’s forward induction criterion is not sufficient for our second
main result (even if we restrict the analysis to pure strategies), Al-Najjar’s refinement delivers
that result easily, albeit at the cost of potentially eliminating some equilibria (in which delegation
does not take place) in @d hocmanner?

17. The last two observations remain true if we break up the moves of player 1 into two component parts so that
he first decides whether to choo®eor N, and only after he choosés he decides betweeh and B.

18. As a caveat, however, we note that some other conceptualizations of forward induction (that are linked
inherently to the notion of the iterated elimination of never weak best responses), such as that of Kohlberg (1990), is
not a “mistaken theory” refinement.

19. Observe that, in contrast to the pure strategy analysis given in Section 2, van Damme’s forward induction
refinement does not yield the result reported in Example 2 (since there are more than one sequential equilibrium
with delegation that yield player 2 a payoff strictly higher than his subgame perfect equilibrium payoff). Al-Najjar’s
refinement, on the other hand, agrees in this game fully with the well-supported equilibrium.
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Perhaps the best formalization of the “mistaken theory” approach is provided by Hillas
(1994). The well-supported equilibrium is quite close to the refinements considered by Hillas
both in motivation and in formalization. For the record, we report that Hillas’s first two
refinements (where restrictions are imposed either only on beliefs or only on choice behaviour
at every information set) are not strong enough for our purposes. His third refinement puts
restrictions ornboth beliefsand behaviour, and is strong enough for our results to go through.
The well-supported equilibrium concept is, however, not only weaker than this refinement, but
also much simpler to apply within the delegation games that we study here.

(2) (Well supportedness vs. strategic stability). The main example analysed by van Damme
(1989, pp. 485-487) shows that strategically stable equilibria (Kohlberg and Mertens, 1986) need
not satisfy his forward induction criterion. Since the requirement of well supportedness chooses
precisely the equilibrium chosen by van Damme’s forward induction concept in his example,
we may also conclude that strategic stability does not imply well supportedness. Conversely,
a well-supported equilibrium may not survive IEWDS, and hence need not be strategically
stable (see Example 2). This discrepancy between strategic stability and well supportedness is
not surprising. Like most other similar “mistaken theory” refinements, well supportedness is
logically independent of the notion of the IEWDS, whereas strategic stability admits this notion
as a prerequisite. ||

We think of well supportedness as a reasonable (and a somewhat weak) refinement of the
sequential equilibria. Rather than arguing for the superiority of our refinement over others,
however, we subscribe here to the view that “the validity of a particular refinement for the
analysis of a particular economic issue may depend on the setting of that issue in ways that go
beyond the formal game-theoretic model that is adopted” (Kreps, 1989, p. 7). The main objective
of this paper is to use the concept of “well supportedness” in an economic setting in which it is
particularly sensible and only mildly demanding. Moreover, in this context, we shall see that it
allows one to obtain considerable insight with regard to the underlying economic problem. We
turn next to describing this problem in detail.

4. ONE-SIDED DELEGATION ENVIRONMENTS

In this section we shall introduce a general environment in which we shall study the problem of

delegation by unobservable incentive contracts. As one might expect, the framework we outline

below admits the simple bargaining-delegation model studied in Section 2 as a special case.
We begin by fixing an arbitrary finite perfect informatiprincipals-onlygame

I =[{1,2}, H, P, (;r1, 72)].

We assume that this game has a unique subgame perfect equilibrium outcome, which we consider
as thepre-delegationoutcome of the environment prior to delegation. We denote the (pre-
delegation) expected payoff of playiein equilibrium byITSPE The set of all Nash equilibrium
payoffs ofi is in turn denoted byIINE(I"). In what follows, we assume th&NE(I") is a finite
set for eachi = 1, 220

Let NE"(I') denote the set of Nash equilibriaBfin which the behaviour strategy of player
i is sequentially rational afteveryhistory?! We denote the set of all expected payoffs fdahat

correspond to the strategy profiles in NE) by H'J-\IEi*(F).

20. Finiteness oHiNE(l“) is an assumption that helps us avoid some technical redundancies and is generically true
for finite extensive form games (Kreps and Wilson, 1982).

21. Formally,8* e NE*(I) iff * € NE(I') and, for eacth € H (i), we haves € argmax; cs ) i (Bi» BZ; |
h) whereTl; (- | h) is the expected payoff of playerconditional on histonh being reached.
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Suppose that player 2 is contemplating about hiring an agent to play thelyanmace of
him. Theoutside optiorof this agent, henceforth called playar is a constan§ > 0. That is,
playerA receives dollars with certainty if she rejects the contract offered by player 2. Moreover,
we assume that player 2 incurs a contracting costef0 dollars in case he decides to delegate.

In the literature on strategic contract design, a contract is sometimes defined as a mapping
that specifies a level of payment for eathategyof the agent irs(I"). Such a contract provides
an extensive amount of control to the principal, and usually simplifies the analysis considerably.
However, especially when randomization is allowed, this definition would lead one to view a
contract as an unrealistically complicated object. Moreover, it is not at all clear how a principal
could in general “observe” the randomized strategy choice of an agent, which, to be able to
submit the agent’s compensation, he must. At the very least, this would necessitate to extend the
model to account for private monitoring of the agent.

In our model econtractis a function that maps the finite set of terminal nodesf the game
I" to the set of payments. In fact, it will be sufficient here to focus on those simple contracts that
pay the agent either her outside option or nothing at all. Thusgdh&ract spacén our model
will be designated a0, §}%. Evidently, any member dD, §}4 is anincentive contracthat can
be conditioned only on the pure outcomes of the game rather than the delegate’s $tdtbi.
working with such contracts introduces a number of difficulties regarding the formal analysis, it
brings us a step closer to realism and avoids worrying about issues related to the “monitoring” of
the agents since the pure outcomes of the gBraee observable.

The primitives of our model are thus the gamie the outside optior§ > 0 and the
contracting costc > 0. We thus refer to the 3-tuplfl, §, c] as aone-sided delegation
environmentSuch an environment naturally induces a delegation game

A(F7 (S, C) = [{17 27 A}v H*v P*7 (-’Z|*v 7T|*)IE{1,2,A}]

which is a three-person extensive form game that will on occasion be simply denated he
game begins with player 2 deciding between taking the action of not delegating (defid)ed
and an action of attempting to delegate by offering a contfaet {0, §}Z, which the ageniA
may accept (denotea) or reject (denoted).?? If player 2 chooses not to delegate, or he chooses
to offer a contract but this contract is rejectedAythenI” is played between players 1 and 2. But
if player 2 offers a contract that agentA accepts, thenA (instead of player Rplays the game
I against player 1. Therefore, there are three types of historiel‘irHistories that pertain to
the no delegation decisior.g.(—D, h)) can be identified with those of the principals-only game
(that is, withh). Similarly, histories that pertain to a rejected contract oféeg.( f, r, h)) can be
identified with those of". On the other hand, on the path of a history lifea, h), the contract
offer f is accepted, and the game reachel to H with agentA playing in place of player 24

Of course, with or without delegation, the play it must lead to an outcome of the
principals-only game. Indeed, to any terminal histaty € Z*, there corresponds a unique
outcomez € Z in T’ such thatz* € {(—D, 2), (f,r, 2), (f, a, 2)}. We shall refer to this terminal
history z as apure outcome induced by* in I.

It is crucial to recognize that while player 1 observes whether or not a contract is accepted,
that is, he always knows thidentity of her opponent, he does not observe which contract is

22. The distinction is reminiscent of the distinction made by Fershtman and Kalai (1997) bétwestiveand
instructive delegation. (In the former case, the delegate is given an incentive scheme correlating her payments with
performance, and in the latter case, she is directly given a strategy that she must follow.)

23. An alternative model would have player 2 choosing first between not delegating and delegating, and then
choosing a contract if he decides to delegate. Our main results remain intact under this alternative modelling assumption.

24. For concreteness, we note thit = ({(=D} x H)U ({0, 8}Z x {a, r} x H). The player functiorP* is defined
on the non-terminal histories iA* by letting P* (@) = 2, P*(f) = A, P*(=D, h) = P*(f,r, h) = P(h), and finally,

P*(f,a, h) = Aif P(h) =2,andP*(f,a,h)y=1if P(h) = 1.
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accepted (or rejected). Hence, once a contract is accepted, player 1 does not know the payoff
function of his opponenti €. of player A). Players 2 and?, on the other hand, possess perfect
information throughout the game so that all of their information sets are singf&ons.

Next we need to specify the payoff functions of the players. Since player 1 is not involved
with any sort of a delegation activity, we hawg(—D, z) = 7 (f,6,2) = my(2) forall z € Z,
6 e {a,r},andf € {0, 8}. Similarly, the payoffs of player 2 would not be altered if he chooses
not to delegate, that is;; (—D, z) = m2(2) for all z € Z. On the other hand, player 2 incurs the
costc if he chooses to offer a contract, and pays the promised compensation to the agent in case
a contract is signed. Therefore,

m2(z) — f(2)—c, f6=a

mp(1.0.2) = {nz(z)—c, ifo=r

for all zand f. Finally, the delegate’s payoffs are determinedrg$—D, z) = nx(f,r,2) =6
andrx(f,a,z) = f(z) forall zand f. This completes the description of the delegation game
AT, 8, ).

In what follows, we shall investigate the sequential equilibriaAofHowever, to avoid
certain technical difficulties, we shall restrict ourselves to a particular subclass(of) S
which the equilibrium strategy of the ageAtis to accept a contract whenever the expected
value of the contract equals his outside optborso, henceforth, all references to a sequential
equilibrium of A should be taken to apply only to this subclass. While this sort of a tie-breaking
assumption is commonly invoked in the related literature, it nevertheless amounts to a somewhat
arbitrary equilibrium refinement, and hence may justly be found objectionable. Fortunately, all
of our results remain validerbatimwhen this restriction is dispensed with, provided that one
allows for an infinite contract space (like%), and define strategies and beliefs in terms of
simple probability measures. However, the analysis of the resulting model is substantially more
complicated than the present one while it does not provide new insights. For this reason, we
adopt here the standard tie-breaking postulate stated above without apology, and refer the reader
to Kogkesen and Ok (1999) for the more general analysis.

5. THE MAIN RESULTS

Fix a one-sided delegation environmént §, c]. As noted earlier, our main objective here is to
understand the nature of the equilibria of the delegation gaiiig §, c). The first question we

wish to address is whether delegation takes place in equilibrium at all. The second question is
whether any of the outcomes induced by the equilibria of the delegation gasndifferent from

the pre-delegation outcome of the principals-only gdméhe literature on delegation since

the influential contribution of Katz (1991) exhibits clearly the contention that neither of these
guestions have an affirmative answer. Indeed, the analysis of Katz (1991) culminates in showing
that the Nash equilibrium outcomes of the principals-only game, and only these outcomes, can be
reached via unobserved delegation in the Nash equilibria of the delegation game which satisfies a
weak sequential rationality constraint. Consequently, a sequentially rational equilibrium outcome
of the delegation game has to be a Nash equilibrium outcome of the principals-only game. More
precisely, in the present setting, we have

25. Thus, the information partition of player 1 is
I7 ={(-D,h}:he HO}U{Ut{(f,6,m}:0 e fa,r},he HD},

whereags = {#}U{{(=D, h)} : h e HJU{{(f,r,h)}: f € {0, 8)2,h e H@}andZ% = {{(f.a, h)} : f € {0,5}%,
he H®2)jJ.
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Proposition 1. If the pure outcome*zis reached with positive probability in a sequential
equilibrium of the delegation gama (T, §, ¢), then the pure outcome induced by in the
principals-only gamd™ can be reached with positive probability in a Nash equilibriumlof
in which playerl plays sequentially rationally at every history.

The intuition behind this result is quite simple. Since the contract offered by player 2 is
not observable, the outside party. player 1, cannot condition his strategy on the contract.
Therefore, rationality of player 2 implies that he must be offering a contract that induces the
agent to best respond to player 1 in terms of player 2's preferences. Similarly, rationality and
consistency imply that player 1 must best respond to the agent’s strategy that is induced by such
an optimal contract. This entails that any sequential equilibrium outcome of the delegation game
must be a Nash equilibrium outcome of the principals-only game. The last part of the claim
which states that player 1's strategy must be sequentially rational at every history is just an easy
implication of sequential rationality.

Moreover, it can be shown that the set of expected payoffs of the principal 2 (gross of the
cost of hiring) obtained in a sequential equilibrium/ofT’, 6, c) lies in the convex hull of NEXT")
payoffs of principal 2 which are at least as large as his subgame perfect equilibrium payoff in
gamel. Thus, the possibility of delegation does not alter in a payoff-relevant way the Nesbf
equilibrium outcomesf the principals-only game. In particular, we have the following negative
result.

Proposition 2. If I is a simultaneous move game with a unique Nash equilibrium, then
the outcome of this equilibrium is identical to that of any sequential equilibrium of the delegation
gameA(T, 8, ¢).%®

It is undeniable that Proposition 2 (the main thrust of which should be credited to Katz,
1991) creates severe difficulties for the well-known (perfect information) delegation results that
concern simultaneous move principals-only games such as those of Vickers (1985), Fershtman
and Judd (1987) and Sklivas (1987). However, as noted by Fershtman and Kalai (1997), its
implications become limited when we shift our focus to games with sequential moves.

We show below that there is a formal sense in which Propositions 1 and 2 are incomplete
descriptions of matters in the case of extensive form principals-only games. While, if the cost of
delegatiors + c is too high, delegation does not obtain for such games either, for low enough
8 + ¢, the situation is vastly different. In particular, it turns out that, for sréa#l ¢, any Nash
equilibrium payoff of the delegating principal, which is at least as large as his subgame perfect
equilibrium payoff, and which can be obtained via a sequentially rational strategy of the outside
party can also be obtained as a sequential equilibrium payoff of the delegation game. This is, in
fact, a complete characterization of the set of all sequential equilibrium payoffgIafs, c),
and is our first main result.

Theorem 1. There exists aii > 0 such thats + ¢ < ¢ implies that
MSE(A(T, 8.¢)) = ([T € Iy (I) : [T > 1575,

whereH%E(A(F, 8, ¢)) is the set of all sequential equilibriufexpectelipayoffs for playel.

26. Formally speaking, Proposition 2 is not implied by Proposition 1 since in the latter result we have assumed
thatT" is an extensive game with perfect information. However, as we shall stress in Section 6 again, Proposition 1 also
applies to any extensive game with a unique sequential equilibrium (and hence to normal form games with a unique
equilibrium). The proof of this version of Proposition 1 is analogous to the one we shall provide in Section 7.
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This result says that delegationay alter the equilibrium outcome of an extensive form
game that would obtain in the absence of delegation in a very large class of games when the
cost of delegation is small. Notice that unobserved delegation expands the set of equilibrium
outcomes to include those in which the delegate best responds to the outside party’s strategy
from the perspective of the principal’s preferences, but not necessarily in a sequentially rational
manner, whereas the outside party plays sequentially rationally. In that sense delegation achieves
a commitment effect even under unobservable contracts by freeing the principal from the
straitjacket of sequential rationality, which in turn enables him to issue threats (that would
otherwise be incredible) via his delegate. A more detailed intuition behind this theorem is
provided at the end of this section.

The next question deals with whether one can strengthen the argument for delegation by
showing that reasonable requirements of rationality ensure that strategic delegation is bound to
alter the equilibrium outcome of an extensive form principals-only game in a way that benefits the
delegating principal. Put more precisely, the query at hand is@ii&n a one-sided delegation
environmentT’, §, c], is there any well-supported equilibrium AfT, 8, ¢) in which delegation
does not take place?

Of course, the requirement of well supportedness is indeed needed in the statement of this
query, for we know that there exist sequential equilibria in which delegation does not obtain
(recall Section 2). As noted earlier, a major point of this paper is that such equilibria are
unreasonable, and a suitable forward induction and/or out-of-equilibrium behaviour restriction
argument will eliminate all equilibria that envisage a neutral role for delegation. We propose the
notion of “well supportedness” in order to formalize this point, and examine the implications of
the possibility of delegation with respect to well-supported equilibria.

Our second main result provides a complete answer to the query stated above by
characterizing the conditions under which delegation obtaiasywell-supported equilibrium.

Theorem 2. There exists aii > 0 such that

1, ifn3PE= maxl'IglEi(F)
0, if ISPE < maxITy *(I")

B2l¥1(—=D) = {
for any well-supported equilibriunts, ) € SEy_s(A(T, 8, €)) and anys + ¢ < £.

But does the presence of delegation imply that the pre-delegation outcome of the principals-
only game will be different from those outcomes that are induced by the well-supported equilibria
of A? The answer is yes. An easy corollary of Theorems 1 and 2 is that, when delegation occurs,
this always (strictly) benefits the delegating party, and hence the pre-delegation outeothe (
subgame perfect equilibrium &%) is bound to be altered through delegation in a payoff-relevant
way inanywell-supported equilibrium.

Consequently, in a well-supported equilibrium, player 2 will choose not to delegate if he
is already in an advantageous situation in the principals-only dafie the sense that thgre-
delegationoutcome is already the best that he can achieve in any Nash equilibrium) whereas
he will delegate if there is a Nash equilibrium in which he obtains a payoff strictly greater than
his subgame perfect equilibrium payoff and in which player 1 plays sequentially rationally. So,
for instance, in any (discrete) Stackelberg duopoly situation, the leader firm will not choose
to delegate the decision-making power. On the other hand, by Theorem 2, the follower firm
will (generically) choose to delegate the decision making to an ageart when the incentive
contracts are fully unobservabl®oreover, the delegation decision will certainly benefit the
follower firm. Therefore, in sequential market games, there seems to be good reason to take
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Fershtman—Judd like delegation results seriously even in the presence of unobservable contracts.
However, by means of a caveat, we should note that the delegation equilibria identified in
Theorem 2 need not survive IEWDS (Example 2).

Finally, to bring to the fore the basic intuitions behind these results, we now sketch the main

steps of their proofs. The formal demonstrations are relegated to Section 7.

1)

)

®3)

(4)

Lemmas 1-2. The first step is to notice that any contract offered with positive probability
in a sequential equilibrium ok (T, 8, ) is accepted with probability one and conditional

on accepting such a contract agénbest responds to player 1's strategy according to the
preferences of the principal. This is because (i) rejection leads to an expected payoff of
M5PE — ¢, which is worse than the no-delegation paydf§"& (ii) if the contract does

not lead the agent to best respond under that contract, then the principal can design an
alternative (acceptable) contract that would force the agent best respond to player 1, thereby
increasing the principal’s expected payoff.

Lemmas 3-5. The next step is to show that, given his beliefs about the contracts, the
equilibrium behaviour of player 1 iA after delegation, induces a sequentially rational
strategy in the principals-only ganie

Lemma 6. The above observations and the fact that player 2 would never delegate to obtain

a payoff strictly smaller than his SPE payoff implies tHS(A) € {I1 € coHSEl(F) :

Iy > H%PE}. Furthermore, for small enough cost of delegation, the converse containment
holds as wellj.e. TISE(A) D Ty € My *(I") : T, > TI5PH,

Lemma 7. If the cost of delegation is small enough, then player 2 never mixes between
not delegating and offering a contract. This is because the set of gross payoffs that can be

obtained by delegation g1, € 1'[2"?{(1") : Ip > M578. So,if§ + ¢ < £ = minfa €
HgEl(F) o > N578 — I57E all equilibria involving delegation yields player 2 a
net equilibrium payoff which is strictly greater thdis"E Therefore, player 2 cannot be
indifferent between delegating and not delegating in any sequential equilibria.

Steps (3) and (4) then imply th&55(A) = {17 € HQ‘ET(F) : My > M3P5 for small

enoughs + c. This establishes Theorem 1.

(®)

Lemma 8. The next step is to prove that well supportedness demands that player 2 chooses
not to delegate only if there exists no equilibrium that involves delegation. To see this, let
(B*, u*) be a well-supported equilibrium in which player 2 chooses not to delegate with
probability one (recall step (4)), and thus recei\re;PE. Now suppose that there exists

an equilibrium(g, 1) which involves delegation. From our earlier observatiais,u)

must be yielding player 2 a net payoff strictly greater thTBE’PEfor smalls + c. Also, by
definition of well-supportedness, the strategy of player 1 must be the sagifeand 3,
following an information set, say, that is reached by equilibriurf. One can show that
player 2 can deviate in strategy proffié by offering a contract which, undgr,, makes

the agent reach information setwvith probability 1, and then play in a way such that the
net payoff of player 2 is the same with his payoff under strategy prgfila other words,
there is a deviation for player 2 in equilibriug*, ©*) which gives him a payoff strictly
greater thar15PE This contradicts thags*, 1*) is a sequential equilibrium.

. NE:
Now observe that Theorem 1 implies thal1§PE = maxII, *(I'), there cannot be any

sequential equilibrium that involves delegation (sirice- ¢ > 0). On the other hand, for
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small enoughs + ¢, if TI5FE < maxngEyi(F), then by Theorem 1, there exists a sequential
equilibrium with delegation. Thus applying steps (4) and (5) yiesddgs](—D) = 0, and
establishes Theorem 2.

6. CAVEATS, EXTENSIONS AND CONCLUDING REMARKS

Iterated elimination of weakly dominated strategies. One major issue in evaluating
the significance of Theorem 2 is whether the delegation equilibria identified in this result survive
IEWDS. Example 2 shows that it is possible that all such equilibria fail to survive IEWDS. In fact,
it is our conjecture that under the conditions of Theorem 2 no equilibrium that survives IEWDS
can involve delegation. Intuitively speaking, this is because the outcomes that are induced by
delegation equilibria are sustained through contracts that give incentives to the agent to play in
a sequentially irrational manner after some history (that is not reached in equilibrium) from the
perspective of the principal. Therefore, in the strategic form of the game, an alternative contract
that perfectly aligns the incentives of the agent with that of the principal would weakly dominate
such contracts. Given the generality of the conditions of Theorem 2, however, we are unable to
provide a proof (or a counterexample) for this conjecture at prégent.

The possibility that all delegation equilibria in a delegation game may fail IEWDS is, of
course, disconcerting. In the final analysis, it appears that the importance that one might assign to
Theorem 2 would depend on which refinement concept is deemed more reasonable in analysing
games that involve the option of strategic delegation. Once again, Example 2 provides a good
illustration. In this example, for the reasons that are detailed in Section 2, we think that the
delegation equilibrium is quite appealing, and this is formally captured by the fact that this
equilibrium is the only one that is well supported (and is the only one that passes van Damme’s
pure strategy forward induction test). On the other hand, if one deems IEWDS as a necessary
criterion that any reasonable sequential equilibrium must satisfy, then (s)he would naturally posit
that it is rather the no-delegation equilibrium which is reasonable in Example 2. It seems difficult
(for us) to prefer one position over the other in general; the final dictate should rest, we contend,
in the specific delegation environments one may encounter in applications.

Two-sided delegation. We assumed above that only one of the parties has the opportunity
to delegate. A natural question, therefore, is whether the findings reported here still have a “bite”
if both of the principals have an opportunity to delegate. This problem is analysed in Kockesen
(2002) where it is assumed that prior to the game both principals can offer contracts to their
delegates without being informed about whether the other party delegates or not. The party that
plays the game (either the principal or the delegate) knows the identity (but not the contract)
of her opponent in the game phase. The first result is that any Nash equilibrium outcome of
the principals-only game in which the principals receive more than their individually rational
(minmax) payoffs can be supported in a sequential equilibrium.

Secondly, and in contrast to one-sided delegation games, there may exist well-supported
equilibria in which neither player delegates. However, if one limits the analysis to pure strategies,
then in all well-supported equilibria at least one of the players chooses to delegate. Furthermore,
even when mixed strategies are allowed, there is a large class of principals-only games in which
delegation takes place anyof the well-supported equilibrium of the delegation games that they
induce.

27. For one thing, we do not know if a contract that aligns the preferences of the principal and the agent can always
be found in the contract space that we work with here. Furthermore, in delegation games all players must be indifferent
between some terminal histories. Since the outcomes that survive IEWDS depend on the order of elimination in such
games, the formalization of this intuition is further complicated.
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Renegotiation. An important assumption in our model is that contracts cannot be
renegotiated once the outside party starts taking actions. This could be due to the physical
impossibility of renegotiation, as it is the case in closed-door negotiations, or due to the fact
that renegotiation is limited through a third party enforcement, or because it is tooZostly.

In the framework of our paper, however, if costless renegotiation can take place at any
point in the game and if the principal and the agent are symmetrically informed throughout
the game, then delegation, with observed or unobserved contracts, would have no commitment
power. This is because, due to the Pareto improving renegotiation opportunities, the agent must
behave sequentially rationally from the perspective of the delegating principal in any sequential
equilibrium of such a delegation game. This may be contrasted with the work of Dewatripont
(1988) and Caillaud, Jullien and Picard (1995) who show that, if there is asymmetric information
between the principal and the delegate at the time of contracting, publicly announced contracts
may have a commitment value even if they are renegotiaite to the game stage’

Within the confines of the present framework, therefore, the positive results of this paper on
the possibility of strategic delegation have applicability to real-world scenarios only to the extent
that renegotiation is costly and/or limited.

Larger classes of principals-only games. While we have studied in Section 5 only those
perfect information principals-only games with a unique subgame perfect equilibrium outcome,
it is easy to generalize the present findings to larger classes of games. For instaiite, let
be any finite extensive form game with a unique sequential equilibrium outcome (and with
|H§E(F)| < 00). The proof of Theorem 2 modifies in a trivial manner to show that, whenever

5E < maxH?El(F) and 0< 8 + ¢ < min{fe € MYE(I) : « > M55} — TI5E, player 2 chooses
to delegate with probability one @l well-supported equilibria oA (T", 8, c).

Another interesting extension of our model obtains by considering the simultaneous move
principals-only games. As Proposition 2 and Theorem 2 (as extended in the previous paragraph)
show, ifT" is a normal form game with a unique Nash equilibrium, then delegation never obtains
in any equilibrium of the delegation game. However, as noted by a referee of this joual, if
has multiple Nash equilibria, although there may exist sequential equilibria with no delegation,
forward induction type of refinements may lead to a selection in which the delegating principal
obtains a strategic advantage. For example, if the principals-only game is that of the Battle of
the Sexes game of Section 3 (but without the outside option), and if the cost of delegation is
small enough, then all well-supported equilibria of the induced delegation game (which may
or may not involve delegation) lead to the principal’'s preferred Nash outad@még). This
further emphasizes the two different dimensions of our results: first, if the underlying game
is an extensive form game with a unique equilibrium outcome, it is possible that delegation
would obtain as a sequential equilibrium of the induced delegation game; and, second, even if the
underlying game is a simultaneous move game with multiple equilibria, the fact that delegation
is a costly and observable decision may lead to equilibrium selection among the multiple Nash
equilibria, provided that one subscribes to forward induction type refinements.

Principal-agent bargaining. Another aspect of the present model which could be
fruitfully generalized is the bargaining process between the principal and the delegate. We

28. Forinstance, in the ultimatum bargaining game of Section 2, if renegotiation is as costly as the initial contract
and 1< ¢ < 4 — §, then delegation remains a sequential equilibrium even when renegotiation is allowed throughout the
game.

29. Since the principals-only games considered by these studies are simultaneous move games, the latter
qualification is easily acceptable. In our model where the principals-only games have a sequential structure, however,
this qualification is quite pressing.
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assumed here that principal makes a “take it or leave it” offer to the delegate within a symmetric
and complete information context. In reality, of course, these assumptions are rarely valid. An
interesting conjecture is that the existence of asymmetric information between the principal and
the delegate might restrict the contracts that would be offered in equilibrium in such a manner
that Theorem 2 holds true under even weaker refinements of sequential equilibrium than what
we have proposed. Furthermore, the bargaining environment between the principal and the agent
may impose limitations on the renegotiation possibilities later on, which may restore some
commitment power to delegation even under renegotiation. The analysis of these issues, while
certainly a promising avenue of research, falls outside the scope of this paper.

Experiments. The main findings reported in this paper are based on a particular
equilibrium refinement the empirical validity of which must be tested against the data. An
obvious way to conduct this test is of course via experiments in which agents play a delegation
game such as the simple bargaining game presented in Section 2. Fershtman and Gneezy (2001)
conduct an experimental test of strategic delegation under observable and unobservable contracts
within the context of such an ultimatum bargaining game. They provide some results which are
not really in line with any of the theoretical results in the literature including those in Fershtman
and Kalai (1997). We should note, however, that the structure of what Fershtman and Gneezy
define as a delegation game is not the same as what we used in this paper. In particular, in
their setting contract space is defined differently and the player who delegates does not have the
option of playing the game himself. Consequently, testing the empirical validity of the theory we
proposed here remains as an integral part of our future research agenda.

7. PROOFS
7.1 Consistency and sequential rationality

Given an extensive form game = [N, H, P, (Zi, 7j)ien], a strategy profilgd, andh, h’ € H,
we let p[B8 | h](h") be the probability of reaching histoty, conditional onh being reached
and from there on the game being played according} #lso defineO[8 | h] as the probability
distribution over terminal nodes induced pyconditional orh being reached. Given any strategy
profile 8, we define thexpected payoff of player i conditional on history h being reached

M=) OlBlIhl@mi@.

To simplify the notation, we writé&l; (8) for IT; (8 | @), the expected payoff of playérinduced
by g in the entire game. Thexpected payoff of player i conditional on his/her information set |
being reached is defined as

M@l )=y ull I | h).
In turn, an assessmefg, 1) is said to besequentially rationalf, for all i € N and alll € Z;,

B, | 1) = TH(B, i), w | 1) forall g € S(T).

It is calledconsistentf there is a sequence of completely mixed assessniépfs ")), where
eachu" is derived fromB" by the Bayes rule, that converges 8, ). A consistent and
sequentially rational assessment is calleskquential equilibrium{which is subject to the tie-
breaking assumption mentioned in the final paragraph of Section 4 in the case of a delegation
game).

hel
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7.2 Preliminary observations

Consider a one-sided delegation environmgnts, c] and let (8*, u*) € SEA(T, 3, C)).
Clearly, for eachf e {0, 8}, the behaviour strateg§ induces a behaviour strategy in the
gamer’, which is defined as

b% 5[] = BALf. a, hl, heH().
Similarly, g7 induces a behaviour strategy € S(I'), i.e.
bilh] = Bi[{(f,a,h): f € {0,8}%})], heH®.

For anyh e H, we denote byo[b], b}, | h] the probability distribution over terminal
nodes that will be reached if each player plays the g&heeccording to the strategy profile
(bx, bﬂg,z) € S(T'), conditional onh being reached. Ih = @, we simply writeo[b, b’;’z] for
o[by, bt , | #]. Consequently, we write the expected payoff of the agent who takes on a contract
f by

F (b}, b% ) EZKZ olb;, b% ,1(2) f (2.

(G is similarly defined for contracg.) The expected payoff of player 2 (gross of the
payment to the agent and the contracting cost) is similarly writtenllagby, bt ,) =

> sz Olb], b*;’z](z)m (2). Of course, we havel;(8* | f) = p(ITz(b, b’;,z) — F (b, b";,z) -
©) + (1 — p)(I57E— c) wherep = Bi[ f1(a), so that

M3(B* | f) =38 | f,a) = (b7, by 5) — F (b1, b, —¢ 2)
forany f with g3[f](a) = 1.

7.3. Proof of Propositiorl

In what follows, we fix a one-sided delegation environmights, c], and denote the delegation
gameA(T, 8, ¢) by A for brevity. For any equilibrium strategy profig* in A, we let

C(B3) = supBz[#D\{—D}.

Lemmal. Let(p*, u*) € SEA). Forany fe C(B5), we have

(@) M8 | f) = N37%
(b) TI5(B* | f) > I5(B* | g) for all g € {0, §}% with equality for ge C(B3),
(c) M(B* | f) = M3PFif 3[01(—D) € (0, 1).

Proof. Notice thatll3(8* | #) = p5[#1(—D)I157E+ Ygecpy) P I@TI5(B* | g) since
I5(* | =D) = M5 Eby sequential rationality. But thefil;(8* | f) < [157Eand rationality at
¥ would entail thag5[#]( f) = O for any contractf, which proves part (a). Parts (b) and (c) are
proved similarly. ||

Lemma2. Let (8*,u*) € SEA). For any f e C(85), we havegji[fl(@ = 1,
F (b}, b} ,) =8, and b , € BRa(b}). %

30. Asusual, BRstands for théest responseorrespondence of playein the principals-only gamg.
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Proof. Fix an arbitraryf € C(85) and take any stratedy; € BR(b}). Consider now the
functiong € {0, §}4 defined as

_ |8, if ze suppo[b], s2])
9 = {O, otherwise 3)

wheres; € supp(b*;,z).31 We proceed by means of claims.
Claim 2.1. b’gﬁ’2 € BRa(b}), G(bj, baz) =éandgjlgl(@ = 1.

Proof of Claim2.1 By definition of g, given u* and g7, the agent must choost%,2 in

order to guarantee that

suppo[bi, by ,1) < suppo[by, s21). 4
This yieldsG by, b;,z) = § andpi[gl(a) = 1 (since the agent is assumed to accept any contract
that pays hes).

Take anys, € supfby ,). If supp(o[b], s2]) < suppo[b], s;]) did not hold, this would
mean that there exists a histdnye H(2) that is reached with positive probability under both
(b, s2) and(bj, s;) and that satisfies; (h) # s,(h). But then it is obvious that this would imply
suppo[b}, sz | h]) Nsuppo[b;,s, | h]) = ¥ which contradicts (4). Consequently, we have
suppo[b;, 2]) < supgo[bj, s;]). Since the converse containment follows from (4), we find
o[b}, s21(2) = o[b], s;1(2) for all z € Z. Therefore, since,; € BR2(b}), we must also have
s, € BR2(b}). Given thats; is arbitrary in sup(bg’z), this establishes th&iﬁ2 € BRa(by). |l

Claim2.2. gilfl@ =1

Proof of Claim2.2 By the tie-breaking assumptiongx[fl(a) e {0,1}. But if
Balfl(@ = 0was the case, we would hal (8* | f) = II57E— ¢ < IT5PEwhich contradicts
Lemma 1(a). ||

Claim2.3. F(by, b}, = 4.

Proof of Claim2.3.  Since Claim 2.2 shows that the agent accepts the confrasith
probability one, her expected payoff conditional on accepting this contract must be equal to
her outside option, that is; (b, b";’z) > §. The claim then follows from the fact that the highest
possible expected payoff of the agenéis ||

Our objective now is to establish that, (b?, b*;’z) > TIx(b¥, bp) for all by, € ST). To
derive a contradiction, we assume thai(b¥, b*;yz) < I (b%, bp) for someb; € S(I'). Then,
by Claim 2.1, we havél,(by, b‘;’z) < ITp(b¥, baz). But then using Claims 2.1-2.3, we find

38" | ) — M3(B* | @) = (Ma(bf, b 5) — Ma(bf, bt ) + (5 — F (b}, b5 ) < 0

which contradicts Lemma 1(b). The proof of Lemma 2 is then complete.

Lemma 3. Let(B*, u*) € SEA), andjet(f/, a,2) € supO[B*]). There exists a Nash
equilibriumb € NE(T") such that ze supgo[b]) andb; is a best response to somg & S(I")
at any history he H(1).

31. Asis obvioussp € supub’; ) means thas; is a pure strategy of player 2 such tigath](a) = 1 only if
b} ,[hl(@) > Oforallh € H(2).



KOCKESEN & OK STRATEGIC DELEGATION 417

Proof. If C(B5) = ¢ then the claim is trivially established, so throughout we assume
that C(85) # @. Let Ho(1) stand for the set of all shortest histories fi(1).32 We let
IN={(f,a, h): f e{0,8}%} foranyh € H(1), and define

T = pIB* | 71(f,a,h)  forallh e Ho(l).

Z(f,a,h)elhmsupuplﬁ*mn

It is important to note that the definition am is independent of} since p[p* | ¥](f, a, h)
is independent oB; for any shortest historyr in H(1). Therefore, by weak consistency and
sequential rationality, we have

Bt € argmaxg,cs;a) Y reciy (W*[1"1(f, @, h) OB, B | f.a hl(2)m1(2)

zez’

for all h € Ho(1) with p[g* | #](f,a, h) > O for somef, whereZ’" = supO[B1, B*; |
f, a, h]). Recalling thab; € S (I") is the behaviour strategy in induced byg;, we thus have,
forall h € Ho(1) with T" > 0,

b} € argmax,cs,ry y_(u*[1"1(f, &, hyolby, bf , | hl(@71(2)
1
= argmax,es;r) Y 71 PLB™ [ 41(f. &, hyolby, by 5 | hl(@71(2)
= arg max,es;(r) Zﬁ;[@](f)p[ﬂ* | £1(f, a, holba, b} , | h1(2)71(2) (5)

where the sums run through dle C(85) andz € Z. (Recall that, for all such, consistency
assures that*[1"](f, a, h) = p[g* | ¥1(f,a, h)/T" andgi[fl(@ = 1forall f € C(B5) by
Lemma 2.) But notice that (5) holds trivially for afiye Ho(1) such thatp[g* | #](f,a,h) =0

for all f e {0, 8}%, since in this case the maximand of the associated optimization problem is
identically zero. Consequently, (5) holds for ale Hy(1), and we thus have

bl € argmax,cs, () Z feC(s)) B511(1)

zeZ

X(ZheHo(l) pIA* | f1(f,a, hyoby, bt ; | h](Z))ﬂl(Z)- (6)
Claim3.1. Forallz € Z N Upen,a) HMD),

D er P | F1CE @ holby, b 5 | hi@) = olby, b 51(2).

Proof of Claim3.1. Take anyz € Z N UheHo(D ‘H(h). By definition of Hy(1), there can
be at most oné in Hy(1) that is consistent witlz. By the choice ofz, therefore, there exists a
uniqueh; € Hq(1) that is consistent witlz. But then,o[by, b’;yz | h](z) = 0 for allh #£ hg, so,
by definition of p[8* | f],

D ner P | T1CE @ holby, bt 5 | hI@) = plg* | f1(f,a ho)olby, b 5 | hzl(2)
= o[by, b ,1(2). |
Using Claim 3.1 and (6), we find

b} € argmaw,es,r) Y recsp B3101(F)olby, b} H1(2)m1(2)

zeZ

32. Thatis,Ho(1) = {h € H(1) : there does not exist arty € H (1) andh” # ¢ such thah = (h’, h”)}.
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since it is readily observed that, for arfy the probabilityo[bs, b ,1(2) is independent af; for

any terminal history ¢ UheHo(l)H(h). Now letA(f) = % forall f € C(85). We
have) ¢ ccpy +(f) =1 and

bi € argmax,cs;ry Y _ reciy A(F)olby, b ,1(@2m1(2). ©)

zeZ

Moreover, for anyp; € §(I),

> recu M(DolbL b J@m@ = 3 o[bu Y1, (Db |@m@)
2

zeZ
= H1<b1, ZfeC(ﬂs) AT )b?z)

so that, by (7), we have] < argmax,cs,r) M1(b1, by), and henceb; € BR1(by) where
by € S(I) is defined ad, = > fecqpy M )b ,. But since, by Lemma 2% , € BRa(b})
for all f € C(3), we also havé, e BRy(bi). Therefore,(bi, by) e NE(I"). Furthermore,
sequential rationality of player 1 at ah}, h € H (1), implies thatb} is a best response to some
b2 € S(I') with by = Y~ bf ,u[l P (f) for some probability measuye on {0, §}2. Moreover, if
(f',a, 2) € supgO[B*]), then it must be the case thét ¢ C(B3) andz e supgo[b;, b’;,,z]),
and hence € suppo[b*, by]). ||

To state the next lemma, late H\Z be any non-terminal history, and defih&h) as the
set of all histories consistent with33

Lemma4. Let b € S(I') and let @(bl) be the set of all p € S(I') such that
b; € BR1(b2 | h) at an history he H (). If Bg(bl) # @ forallh € H(1), then

fjm&myheHmﬂmHan¢@ for any H* € H(1).

Proof. Fixab; € S(I') and ah* € H(1). SinceH(h*) N H (1) is obviously a non-empty
finite set, we may write, for some positive integerH(h*) N H(1) = {h1, ho, ..., h,} where
lh1] < --- < |hp|. We will prove by induction thaﬂ{BQj (b)) :n>j =k} # ¢ forall
k=12 ...,n.

The statement is trivially true fdt = n. Now, suppose that it is true fde = | < n. Let
b e B)(by) andby € B (by) N --- N BY (by). Also let HX = {hy, hyy1, ..., hn}, for all
ke {12 ...,n}.If (by, b) reaches every history iR with positive probability, thep; must
be a best responsetg at every history irH' as well, sa; € ﬂ{BSi (b1) :n>j>1-1} and
we are done. Suppose, therefore, that there exists a histétiivhich is precluded bybs, b3).
Let h; be the shortest such history. Define

] = {Bz[h], if h e H(hy) N H ()
~|bs[hl, if h e H@\H(hy).

/

Al

Sinceb; € BRi(b5 | hi_1), the probability of reachindy under (by, b3) is zero, and all
h e {h_1,..., h_1} are reached with positive probability, we halvg € BRy(b, | h) for

all suchh, which means thalt, € Bg‘*l(bl) N-e- N Bg'*l(bl). But, by induction hypothesis,

33. Formally speakindy” € H(h) iff h” = (h, h’) for someh’.
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we haveb), Bgn(bl) n---N Bg‘ (b1), so combining these observations we againlget
hj .
N{By (b :n=j=1-1} |

Lemmab. Let(b], b5) € NE(I"). If, forany he H(1),
bl € argmax,es,r) Ma(b1, bz [ h)  for some b € S(T),
then there exists a behaviour strategy profite, b,) € NE; (") such that ¢b;, b] = o[bj, bj].

Proof. If (bj, b3) € NEJ(I') there is nothing to prove. So, suppose thais not a best
response tb; at some history. Sincgoy, b3) € NE(T"), any such history must be off-the-path of
(b%, b%). LetH = {hy, hy, ..., ha} denote the set of all such histories. Clearly, for eacke H,
there exists an earlier histohye H such that, wheb’,;(h)[h] is played h; can never be reached,
no matter how the behavioural strategies at other histories are specifiéql.dmme the shortest
one among all those histories. Notice that since there is a unique sequence of actions that reach
hj, the historyh; is uniquely defined.

PartitionH intom < n disjoint setsHy, @ = 1, ..., m, such that two histories; andhy
belong to the same sét, if and only if F]j = hy. Let I-i;”i” be the set of the shortest histories in
eachH,,. We will now construct a strategy profi(®, b,) € NEJ(I") with o[b], b}] = o[b}, bj].

To do this, fix anx, and pick anyh He. Assume first thaP(h) = 1. Then, changbj at each
history in H, N H (1) so as to make the new strategy a best responsgdothose histories. (We

can do this by applying a simple backward induction in every subgame starting with a history
in Iflg"i”.) Assume next thaP(h) = 2. In this case, sinchj is a best response to sorbg at

any history, we can use Lemma 4 to chamgeo makeb; a best response to it at all histories

in Hy N H(1). Leave(b*, b3) unchanged in all histories which do not belong—ioand call the
newly constructed strategy profilb}, b’).

By constructionp; is a best response t8, at every history. Furthermore, sin¢e;, b5)
is different from (b7, b5) at only those histories which are not reached(by, b7) we have
o[b}, b,] = o[b}, b3]. Therefore, if we can show thab, b,) € NE(T"), we will be done. To
do this, notice that, sindg, is different fromb} at only those histories excluded by we have
ITj (by, b%) = ITj (by, b)) for all by € Si(I"), i = 1, 2. Therefore, given thaby, by) € NE(I),
we havelly(by, b)) = TIy(bj, by) > TIi(by, by) = T1(by, b)) for all by € S(I'). That
(b}, b)) > TI1(bj, bz) holds for allb; € $(T') is shown in the analogous way, and this
completes the proof. |

The proof of Proposition 1 is now completed upon applying Lemmas 3 and 5.

7.4. Proofs of Theorem$and?2
Define
I55(A) = {T12(8) : (B, 1) € SE(A) for some system of beliefg},
where
f12(8) = B2l01(—=D)TI57E+ ZfeC(ﬁz) BalB1(F)Ma(by, by 2) 8)
for any behaviour strategy profilg € S(A). Since, by Lemma 2, all contracfs € C(g5) are

accepted in equilibriumlI»(8) is the expected payoff of player 2 (gross of the compensation
he pays to the delegate in case of a hire and the contracting cost) in the equiliig;jumn
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_— . . NE:
The following important lemma points to the close connection between thd‘léeEFs(F) and
H%E(A), and constitutes a crucial step towards proving Theorem 1.

Lemma 6.

(a) MSE(A) C {IT, € colly (I') : M, > NSPE,
(b) There exists ad > 0 such that, for alls + ¢ < ¢,

M55(A) 2 (I € I, () : [Tz > M575,

Proof. (a) LetIl, € M55(A) and take anyg*, u*) € SE(A) such thatllx(8*) = M.
By Lemma 1(a), we hav&la(bj, bt ,) > T3(8* | f) > M5PE so thatfTx(8*) > M5PE

and it remains to show thdi, e col'[';Ei(F). Notice first that if 85[#](=D) = 1, then
My = M) = N5FE e H'z\lEl(I‘), so we are done. If, on the other hag§[#](—D) = 0,
we defineb as in the proof of Lemma 3, so that

A * *

b2=D ¢ oy PN

Recall that(b*, by) € NE(I), and, by Lemma 5, there exists(b},b,) € NE(I') with
o[b}, b,] = o[bi, by]. Therefore, we have

208 = 3 gy PAUAICDTI200E. 07 ) = Ta(b]. 35, 431017 )

feC(B3)
A NE*
= Ma(b}, bp) = Ma(b}, b)) € M, ()

and the claim follows.
To complete the proof we need to consider the case in wij¢h](—D) € (0, 1). But this
case is easily settled by noticing that

f12(8) = B5A)(~D)TISPE+ (1 — B511(=D) M2(b7., Y
= B5[01(=D)TI5PE+ (1 — B5[41(—D)) (b5, bp)
= B3B1(=D)IISPE+ (1 — B3(01(~D))T2(b). by) € colly (I,

e ﬁ%[@](f)b?z)

where we again used the bilinearity @b and Lemma 5.
(b) LetII € H?El(l“) andIT, > I15PE We need to show that there existgfap) € SE(A)

such thafl12(8) = I,. We first introduce some notation and then construct such an equilibrium
by distinguishing between two cases.

Casel (I1; = I15P5. LetbSPEe SPHT), and, for eachf € {0, 512, take anyb’ € S(I)
such thabf[h] = b"N[h] for allh € H(2), where

b"M e argmax,cs,m) > ., 0B E b2 [ h@ (2.

Let g = d1gypqopsry), and define the behaviour strategy profiles S(A) as follows: for all
f €{0,8}%,

pi[—D, hl = B1[f,a h] = B1[f,r,h] =b3"Hh]  forallh e H(Y),

Bol#1(=D) = 1, B2l—D, hl = Bo[ f,r,h] =b57Hh]  forallh e H(2),
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1, if FIPEDN) =34
0, otherwise

_ (b i f=g
Balf,a h] = {b% [h],  otherwise

On the other hand, we define € B(A) by specifying thatu[l](g,0,h) = 1 forall | =
{(f,0,h): f €{0,8}%} eI},0 efar}.

Sequential rationality of(8, u) easily follows. To prove consistency, consider the
completely mixed assessmerni®’, u®) defined as follows: lehnax be the longest history in
r,and

Balfl(@) = { . Balgl(@) =1,

forallh € H(2).

BSIONG) =, B5IAI(F) =&lMmad+2 forall f € {0, 5}%\(g}.
Foralli € {1,2, A}, f € {0,8}%,0 € {a,r},andl = {(f,6,h): f € {0, §}%} € T*,

Bilf,6,h1001 — (JAM)]
BELf,0,hl(x) = —|[suppBi[f, 0, hDDel, if x e supBi[f, 6, h])
g, otherwise

and
pLB® | Y1(f, 0, h)
Y treqs)z PLBS 1A1(T7,0. 1)
Clearly, 8¢ — B ase — 0, andu? is derived fromg¢ using Bayes’ rule. Moreover,

PLA® 1419, 6, h)
PLBS | 419, 0, 1) + Xt cjo.5)2\(g) PLB* 1 M1(F, 0, h)
. e(1 = (1{0. 8}%] — Dye)elmad
~ e(1— ({0, 8}4] — De)elmad 4 glhmal+2(1 — &) ({0, 8}4| — 1)

-1

pCE, 6, h) =

nfl11(g. 0. h) =

ase — 034

Case2 (Tl > II5F5. Sincell, € HgEi(F), there exists & e NE(') such that
M»(b) = My, andby is sequentially rational. Leg = 81,on0r6yy @nd define the behaviour
strategy profilg8 € S(A) as follows: For allf € {0, 5},

Bi[—D, h] = B[ f,r, h] = b3 h], Bi[f,a,h]=bi[h]  forallh e H(1),

Bal#1(@) =1,  Ba[—D,hl = Bolf,r,h =b5PHh]  forallh e H(2),

1, ifF®GLbH =5 _
Balfl(@ = {o, otherwise . Balgl(@) =1,
_[Bplh], iff=g
Balf,a, h]= {bf[h], otherwise forallh € H(2),

with b € S(I") being such thabf[h] = b "[h] for all h € H(2), where

b"M" e argmax,cs,m) Zzez o[by. b | h1(2)  (2).

34. What makesg, 1) an equilibrium is the fact that in this assessment player 1 believes that player 2 has aligned
the incentives ofA with his own perfectly at all out-of-equilibrium information sets.
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We definew € B(A) by specifying thai[11(g, 6, h) = 1 forall | = {(f,6,h): f € {0,8}%} e
17,0 € {a,r}. Proof of sequential rationality and consistency(6f i) is similar to Case 1
above. ||

Lemma7. If II5FE = maxl'[ l(I*) then 8,[#](—=D) = 1. Moreover, there exists an
£ > 0such thatg2[41(—=D) € {0, 1} for any (8, u) € SEA) and anys + ¢ < ¢.

Proof. Fix any (8*, u*) € SEA) and notice that Lemmas 1(b) and (2) imply that
ITo(b%, ’;’2) = [1(b?, b’gjz) forall f, g € C(B5). Therefore, by (8),

Mo(B*) = B3101(=D)II5 E+ (1 — B3[41(—=D))Ma(b}, b} ) )

for any f € C(B5). Now if [I5PE = maxl'lgEi(F), then by Lemma 6(a)llo(8*) = I57F
and (9) yieldsTTa(bj, b% ,) = M5 Efor any f e C(B3). But then, by (2) and Lemma 2,
Mmy(8* | f) = Mab},bf,) —8 —c¢ < N5PEfor any f € C(B3). In view of Lemma 1(a),
this can hold only ifC(85) = {—D}, which implies thaig;(#)(—D) = 1.

Assume next thalll, > TT5" Efor somell, e H'z\‘El(F), and define

. NE}
¢ =min{Il; - 575 I5PE < T, € I, ()}

(That? is well defined follows from the hypothesis thm?'ﬂ < 00.) To derive a contradiction,
assume next thdt> § +c andp3[#1(—=D) € (0, 1). Then, by Lemma 1(c)l5(8* | f) = II5PF
so that, by (2) and Lemma BI»(b}, b ,) = 1575+ 5 +cforall f e C(85). Defininga andb,
as in the proof of Lemma 3, we thus find

EI AN * * _ * ¥ _ 11SPE
26, B) = Mo (b3, 37, 0 MMIbT2) = 32, H(DTI20], B o) = 3754 6 4

Lemma 5 implies that there exists a behaviour strategy profileb,) e NE;(I') with
o[by, b,] = o[b}, by], and withIa(by, b)) = M5PE+ 6 + c. But thenlI5FE+ § + ¢ € {I12 €

HgEl(F) : I, > M58, and thus by definition of, we obtain¢ < TI5PE+ 6 + ¢ — MI5PE =
stc |

Proof of Theoreni. From Lemma 7 and the first paragraph of the proof of Lemma 6(a),

it follows that there exists a6 > 0 such thaflI55(A) € {I1, € H l(1“) M, > M575 for all
anys + ¢ < £. The claim then follows from Lemma 6(b).||

Lemma8. Assume thafl5"F < maxH'z\‘Ei(F). There exists art > 0 such that,
wheneve + ¢ < ¢, for any well-supported equilibriums*, u*) € SEA(T, 8, ¢)), we have
B5[41(—=D) = lif and only if there exists n@3, ) € SEA(T, 8, ©)) with B2[#](—=D) < 1.

Proof. Pick an arbitrary(8*, u*) € SEy_s(A), choosel as in Lemma 7, assume that
d+c < £, and recall thag;[#](—D) < {0, 1} by Lemma 7. So the “if” part of the claim is trivial.
To prove the converse, Ig5[7](—D) = 1 and assume that there exists an equilibriunAah

which delegation obtains with probability 1. SinE§"F < mangEl(l"), player 1 must move

at least once on the equilibrium path, and this guarantees that player 1 has an information set
| € J(B*) (recall Definition 1) visited with positive probability in an equilibrium. Thus, by well
supportedness @B*, u*), there exists an assessméhiti) € SE(A; ) such thap*[J] = p[J]
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and
,31‘[.]] = B1[J] forall J € Z1(1), (20)

whereZ; (1) is the set of all information sets of player 1 that follols
Let us now pick anyf € C(82) such thabs » reached with positive probability. We have

Clam8.1. T38| f) > M5°E

Proof of Claim8.1  If IT5(8 | f) = 157 Eheld, then we would havé(f1, B, Ba), 1) €
SE(A) wheref, € S(A) is defined ass;[4]1(—D) = 1/2, p5[01(Q) = 2-18,[0](g) for all
g € {0, 8}% andp;[h] = pz[h] for all h e H*(2)\{#}. This, however, contradicts Lemma 7. We
must then havels(8 | f) # 5P and the claim follows from Lemma 1(a). |

By the choice off, bf, reachesl with positive probability. (Recall that player 1 does
not play a role inl being reached sincke = 1" with h being a shortest history inl (1).) We
choose any pure strategy € suppbs.2) such thats, reachesl 3> Define next the contract
9 = 81suprolby, -

Claim8.2. G(by, ) = 8§ = G(b*, b;,z), and henceggj[gl(a) = 1.

Proof of Claim8.2 By definition ofg and sequential rationality, aisy € suppby ,) must
reachl regardless of the strategy choice of player 1. Therefore, all information sets that are
reached whelh)a2 is played follow! regardless of the play of 1. Then, by (10), we must have
o[by, b;ﬁz] = o[b?, b;’z]. Sinces; reached as well, we also have[bs, s;] = o[b], s;]. Thus by
sequential rationality, we finél > G(b;, baz) > G(b, ) =G(by, ) =48. |

Claim 8.3. Tla(by, $) = Ma(b}, b »).

Proof of Claim8.3. By Claim 2.1, we haveba2 € BR2(b1). Sinces, € BRa(by),
therefore, we havé&l,(by, sp) = IM(bg, b;’z). But given that any pure strategy in smbpz)
must reacH , (10) entails thaflz(bs, b3,2) = I2(by, baz). I

We now consider the behaviour stratq@jzye S (A) which is defined as follows:

, |1, ift=g
Pal(1) = {O, otherwise

By Claims 8.2 and 8.3

and  g5lh]l = B;[h] forallh € H*(2)\{#}.

H;(ﬂf, ﬂé, 132) = (b7, baz) — G(bi, bsz) —c=1Ilxb1,s) — 8 —cC. (12)
On the other hand, by Lemma 2 and the fact that BRx(b1),
I5(B | f) = Ma(by, by o) — F(by, ) — ¢ =Ta(by, &) — 8 —cC. (12)

By using (11), (12) and the hypothesis ti{#]1(—D) = 1, we getlT5 (8], 85, Ba) = TI5(B |
f) > M5PE= IT5(B*), which contradicts the sequential rationality(@f, .*). ||

35. Formally speaking, bys) reached” we mean that is visited with positive probability via any strategy profile
in A such thatf is played with positive probability and the agent plays according tapon acceptance of (recall
Lemma 2). Also notice that sindeis the “first” information sets, reached with probability 1.
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Proof of Theoren2. Let (8, u) € SEy_s(A(T', 8, ¢)) ands + ¢ < £, wheref is chosen
small enough that Theorem 1 and Lemmas 7 and 8 appli5fit = mangEl(F), then

B2l#1(=D) = 1 by Lemma 7. IflI5PE < maxH'z\lEg{(F), then by Theorem 1, there exists
a sequential equilibrium with delegation. Thus by Lemm#g»8/](—=D) < 1, and Lemma 7
completes the proof. ||
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