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 ANNALES D'tCONOMIE ET DE STATISTIQUE. - No 25/26-1992

 Commitments with
 Third Parties

 Jerry R. GREEN *

 ABSTRACT. - Observable irrevocable contracts between a principal
 and an agent have been suggested as a way in which the principal can
 enhance his payoff when playing a game against, or bargaining with, an
 opponent. It is shown that such beneficial agency relationships depend
 on the ability of the principal either to cut off further communication with
 his own agent or to cut the agent off from the opponent. With full
 communication, an unrestricted three-player bargaining phase will follow
 the contracting. In such a two-phase model, it is shown that the principal
 can never do better by employing an agent than he could have alone.
 Only contracts that result in either the principal's or the agent's payoffs
 being non-monotonic in the bargaining share they achieve have any
 potential to benefit the principal. But these contracts can be turned
 against him. The opponent can make another contract offer to the agent
 which, if superimposed on the principal's original contract, will result in
 an outcome that is actually worse for the principal than the solution of
 the original two-person problem.

 Engagements avec des tierces parties
 RESUME. - 11 a et6 suggere que dans le cas oCu un principal et un

 agent sont engages dans un jeu ou une negociation avec un opposant, le
 principal peut ameliorer ses paiements par le recours a des contrats obser
 vables et irrevocables. On montre ici que de tels avantages dependent de
 l'aptitude du principal a couper toute communication avec I'agent, ou A
 isoler I'agent de l'opposant. En cas de communication complete, une
 n6gociation a trois joueurs va suivre la phase contractuelle. Dans un tel
 modele a deux phases, le principal ne peut jamais faire mieux en employant
 un agent qu'en agissant par lui-meme. 11 ne peut esperer tirer d'avantages
 que de contrats ou ses paiements, ou ceux de I'agent, ne sont pas mono
 tones dans leur part de la negociation. Mais ces contrats peuvent etre
 retournes contre le principal. L'opposant peut en fait offrir a l'agent un
 autre contrat qui, superpose au contrat initial du principal, conduit a un
 resultat otu ce dernier voit sa solution se deteriorer par rapport a la solution
 du probleme d'origine a deux personnes.

 * J. R. GREEN: Harvard University. This research has been supported by a grant from
 the Sloan Foundation. I am very grateful to Richard ZECKHAUSER, Jean-Jacques
 LAFFONT, Kathy SPIER and an anonymous reviewer for their advice. A related paper,
 "Strategic Use of Contracts with Third Parties", was prepared for a volume in honor of
 Thomas Schelling entitled Strategy and Choice, Richard ZECKHAUSER, editor, M. I. T.
 Press, Cambridge (1991).
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 1 Introduction

 A central idea in modern game theory, which has recently led to significant
 applications, was first stated systematically in Chapter 2 of Thomas Schel
 ling's The Strategy of Conflict. Schelling points out that a player may
 benefit by diminishing his own payoffs, because this change influences the
 equilibria of the game he is playing. ' Payoffs can be modified by contracts
 between the principal and a third party, the partner. Such a contract can
 be beneficial either because it alters the principal's payoffs when he continues
 to deal with his opponent or the market, or because it creates appropriate
 incentives for the partner when he takes over the principal's role and
 becomes an active strategic player.

 These ideas rest on a two-phase conceptualization of the economic
 interaction. In the first phase, contracts are used to modify the payoffs of
 a game or a bargaining situation. In the second phase, the modified game
 is played, or the altered bargaining situation resolved.

 Schelling recognizes that contracts made in the initial phase are not
 automatically credible. Arrangements with the partner must be observable
 and irrevocable if they are to be incorporated into the other player's
 understanding of the game and hence to influence the equilibria. Schelling
 writes:

 When one wishes to persuade someone that he would not pay him more
 than $ 16,000 for a house that is really worth $ 20,000 to him, what can he
 do to take advantage of the usually superior credibility of the truth over a
 false assertion? Answer: make it true... the buyer could make an irrevocable
 and enforceable bet with some third party, duly recorded and certified,
 according to which he would pay for the house no more than $ 16,000 or
 forfeit $ 5,000. 2

 But how is the contract made irrevocable? Secret or private renegotiation
 must be made impossible, or the contract will have no credibility. 3 To
 prevent renegotiation, one must either invoke a reputational argument or
 make communication between the principal and the partner impos
 sible. 4 Finally, an effective contract requires that the partner not be able
 to contract with the opponent in a way that would undo the incentives

 1. Indeed Schelling shows this to be the case for payoff modifications that are, in every case,
 decreases, and hence easily credible when there is a form of free disposal of utility. This
 theme thas recently been explored by BEN-PORATH and DEKEL [1988].

 2. SCHELLING [1960, p. 24].
 3. See KATZ [1987] or DEWATRIPONT [1988].
 4. With an explicit extensive form model of the contracting process, such as that in HART

 and MOORE [1987], there is a last moment at which legally binding commitments can be
 made; making a commitment at that time is a way of insuring that it cannot be
 modified. We shall not follow this route.
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 created for the partner's behavior in the game. As Schelling notes:

 In the example of the self-inflicted penalty through the bet, it remains
 possible for the seller to seek out the third party and offer a modest sum in
 consideration of the latter's releasing the buyer from the bet, threatening to
 sell the house for $ 16,000 if the release is not forthcoming. 5

 Assuming that the contract can be made observable, irrevocable, and
 immune to modification by further bilateral contracting between the partner
 and either the principal or his opponent, there remains the issue of how to
 model the resulting economic interaction. Who are the active players and
 what communication channels are open? If the principal can remove him
 self from the situation entirely, a two-person game is now to be played
 between the partner and the opponent. 6 If, as in Schelling's house purch
 ase example, it is the partner who can be cut off from any remaining
 interaction, the principal's payoffs have been modified by virtue of his
 contract and it is he who still bargains with the seller, the partner playing
 no active role.

 The effect of the bet - as of most such contractual commitments - is to
 shift the locus and personnel of the negotiation in the hope that the third
 party will be less available for negotiation... If all interested parties can
 be brought into the negotiation the range of indeterminacy remains as it
 was... 7

 In this paper I shall re-examine this presumption. Could an observable
 irrevocable contract between a principal and his partner be beneficial when
 the parties know that the final result will be obtained through an interaction
 among all of them-that is, the principal can neither cut his partner off
 from the remaining bargain nor become unavailable himself. Is the "range
 of indeterminacy" the same as it was? That is, is the solution of the
 resulting three person bargaining problem the same, as far as the principal
 and his opponent are concerned, as the solution to their original two-person
 problem?

 Schelling's analysis imposes one asymmetry between the principal and his
 opponent. The former has the first opportunity to make an offer to an
 outside agent to enter into a partnership with him, whereas the latter cannot
 contract with anyone. If he could, a four-player situation would result at

 5. SCHELLING [1960, p. 25].
 6. This is the situation assumed in most of the recent purely theoretical literature; see

 KATZ [1987] and FERSHTMAN, JUDD and KALAI [1989]. Some of the applied literature
 presumes that the agent takes over the principal's possible moves in the game, while some
 assumes that the principal continues to act on his own behalf. See the further discussion
 below.

 7. SCHELLING [1960, p. 25].
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 the renegotiation stage. We postpone the study of the symmetric four
 person case to later work, concentrating in this paper on whether the unique
 opportunity to contract with a third player can be used to advantage. 8

 Although Shelling's ideas were well known and well appreciated, it is
 only very recently that the strategic advantages of contracting with outside
 agents have been examined in economic applications. For example, a firm
 can issue securities that effectively modify the return to the original equity
 holders much as if a Schelling-like "bet" had been made with an
 outsider. Here the third party is the debt market as a collective entity,
 rather than a single agent. The effect of such financial market strategies
 on product market behavior has been studied by BRANDER and LEWIS [1986]
 and MAXSIMOVIC [1986]. Other potential third parties are the firm's
 employees, especially if a union exists, as studied in DEWATRIPONT [1987,
 1988], or even the firm's customers, if a long-term contract can be signed
 with them, as in AGHION and BOLTON [1987]. In this line of research the
 firm's original equity holders continue to be the strategic players in the
 product market interaction with actual and potential competitors. 9

 The other way of credibly altering product market behavior is to hire
 managers who are independent of the owners and who are compensated
 according to contractually determined performance measures. " Now the
 partner is the active player in the second-stage product market game, and
 the original equity holders are assumed able to withdraw credibly from
 further negotiation. This situation has been studied by SKLIVAS [1987] and
 FERSHTMAN and JUDD [1987].

 Complications arise when there is incomplete information about firm
 characteristics that are relevant both to the third party and to the product
 market rivals. Signaling and contractual precommitment become
 intertwined. These issues have been studied by POITEVIN [1989a, 1989b,
 1989c] and GERTNER, GIBBONS and SCHARFSTEIN [1988].

 Closer in objective to the present analysis are the papers of KATZ [1987],
 FERSHTMAN and JUDD [1986] and FERSHTMAN, JUDD and KALAI [1989].
 They ask, in a general game theoretic context, whether and to what extent
 the original equilibria of the game between two principals can be altered

 when the principals are represented by agents whose payoffs are contractu
 ally determined.

 These papers implicitly follow Schelling in assuming that the principals
 can isolate themselves from the actual playing of the game. With contracts
 in place, the game is played by the partner and the opponent, or by the
 two partners when each side has taken one. Here, however, I shall assume

 8. FERSHTMAN, JUDD and KALAI [1989], cited below, address this issue in the framework of
 non-cooperative game theory. This paper uses a cooperative approach, reflecting the
 unrestricted nature of the multi-person bargaining that follows the partnership and contract
 formation in our model.

 9. These papers are directed at the issue of credible commitments between the equity holders
 and the third party. Therefoe their main focus is on making the contract secure against
 renegotiation.

 10. See WILLIAMSON [1964, 1985].
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 that the principals remain active participants. Their incentives may have
 been modified by the contractual arrangements they have made with their
 respective partners, but both they and their partners are players in the
 second-phase game.

 Is this presumption of active principal behavior realistic? Consider some
 real-world agency relationships: lawyers under contract to negotiate between
 potential litigants, for example, or investment bankers retained by a raider
 and a target firm in a potential takeover, or the realtors acting for the
 buyer and the seller in a typical sale of a house. What is to stop one of
 the litigants from contacting the other and proposing a settlement without
 going through the attorneys? Why can't the target firm issue a public
 statement about some defensive actions it might take, effectively communi
 cating with the raider without the investment banker's approval? Why
 can't the buyer negotiate specific terms directly with the seller of the
 house? Whether or not these contacts are advantageous, they do seem
 possible.

 In these situations the actual negotiation is more complex than can be
 modeled by a two-person game involving only the two outside agents.
 Indeed the legal, ethical, and professional prohibitions regarding direct
 communication between a principal and the agent of the other party, or
 between the two principals once partners have been retained, testify that
 these activities are not irrelevant and that it takes severe sanctions to prevent
 their occurrence. 11

 These examples teach us a mixed lesson. Genuine isolated bilateral play
 between partners is probably not the right model of interaction, but neither
 is totally unrestricted three- or four-player bargaining. We shall neverthe
 less explore the latter possibility because previous research has concentrated
 on the former, and it is useful to establish another benchmark. I hope to
 discover whether Schelling's conclusions about the effectiveness of agency
 necessarily hinge on the conditions that renegotiation is impossible and
 only two of the three players can participate in the second phase of the
 interaction.

 If the principal is able, for example, to cut himself off from all further
 communication, then the underlying situation is really not a symmetric
 bargaining model at all. In Schelling's example, if the buyer can offer
 his partner the incentive contract to buy the house and then become
 incommunicado, why can he not make a take-it-or-leave-it offer to the
 opponent, cutting off communication in just the same way? If he can cut
 himself off from the partner but not from the opponent, could not the
 opponent become an unwanted intermediary, carrying verifiable enforceable
 messages between partner and principal?

 The paper proceeds as follows. Section 2 establishes the basic model,
 describing the nature of contracts and the three-person bargaining solution

 11. It would be interesting to study the creation and policing of the institutions through
 which such forbidden communication is monitored. This process probably involves the
 reputation of the agents, who are the long-run players, and the competitive environment
 in which they operate.
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 that is used to determine the outcomes. Section 3 shows that the ability
 of a principal to offer a contract that is beneficial to himself depends on
 the possibility of offering contracts whose results are not monotonically
 related to the underlying outcome of a bargaining game. Section 4 con
 siders these beneficial nonmonotone contracts and asks whether there is
 some way that the opponent, even though he must move second, can
 counteract the adverse effect on his position by offering another contract. I
 show that if the original contract is required to depend only on the result
 of the underlying bargain, and not on the existence or nature of other
 contractual arrangements that the partner has entered into, then such
 countervailing contracts always exist and re-establish the symmetry of the
 simple underlying problem of pure division, as Schelling's intuition suggests.

 However, if the principal can offer the partner a contract that enforces a
 punishment on the partner if he enters into any agreement with the
 opponent, then the principal can gain the upper hand. In this case the
 opponent, if he can counteract this stratagem at all, must do so by employing
 a partner of his own. This raises the rather difficult issue, pointed out by
 KATZ [1987], that each of the bilateral contracts may contain contingent
 clauses dependent on the contract that the other pair of parties has in
 place. We defer an analysis of this important matter to further work.

 2 Contracts, Linear Solutions and
 the Iterative Linear Solution

 In this section we consider a situation of pure bargaining between two
 players one of whom can contract with a partner. The players in the
 bargaining situation will be referred to as the principal, or player 1, and
 the opponent, or player 2. The partner will alternatively be referred to as
 player 3. Contracts between player 1 and his partner, player 3, are formali
 zed as follows. The matter at issue is the division of a dollar between
 players 1 and 2. Let te[0, 1] be the share of player 1 and 1 - t be the
 share of player 2. We will refer to t (or to the pair (t, 1 - t)) as the
 underlying allocation. A contract between player 1 and player 3 is a func
 tion x: [0, 1] -+ R with the following interpretation. If the underlying alloc
 ation is t, the contract gives x (t) to player 3, taken out of player 1's
 share. Thus the resulting payoffs are (t - x (t), 1 - t, x (t)). Note that we
 do not require x (t) to be non-negative. For example, if the partner gives
 the principal .25 as a lump-sum payment and then receives one half of the
 principal's share, x (t) =-.25 + .5 t.

 Once a contract is in place it is legally binding. That does not mean
 that it cannot be renegotiated. Nor does it mean that player 2 cannot
 counteract it by offering a bribe to player 3 not to invoke provisions of the
 contract. What it does mean is that if no further contracts are made, the
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 original two person bargaining problem has been converted into a three
 person problem. Specifically, the underlying allocations of the original
 problem have been mapped into their image in R9 which we shall the
 contractually specified outcomes. In the example above, (z1, Z2, Z3) is a
 contractually specified outcome if for some t E [0, 1], z1 = .25 + .5 t, z2 = 1 - t,
 Z3 =-.25 +.5 t. Since the renegotiation phase involves all three players it
 is natural to allow them to agree to a randomized underlying allocation
 instead of a deterministic value of t. Hence the feasible set of utility
 allocations is the convex hull of the set of contractually specified outcomes,
 which we will call the contractually specified feasible set, or bargaining
 region. The bargaining region is denoted B (x).

 B (x) = co t (z1, Z2, Z3) I Zl = t-x (t), Z2 = 1-t, z3 = x (t), te [O, 1]}

 To evaluate the efficacy of a contract the players must know what the
 resulting allocation will be. We will assume that the three person bargain
 ing situation described by B (x) is resolved by applying the iterative linear
 solution J* which is described in detail below. 12

 The iterative linear solution is the limit of the following procedure. Let
 us define the linear solution F as a mapping from the set of all convex
 compact sets of R3, B, into itself as follows. Take a vector of weights
 u= (u, u2, U3) not all equal. Evaluate each outcome z eB by forming the
 inner product u. z and find the maximizers over B, mu B. Denote the
 permutations of the components of u by nu, where iT is a permutation
 matrix. The linear solution generated by u is given by

 (1) fu (B) = (I1/6) Y-, m.u (B)
 The intuitive idea of a linear solution is that to select among points of B,

 in all of which the sum of individual's utilities are equal, one needs to have
 a social welfare function of some kind. Employing a linear social welfare
 function embodies the idea that if we were to solve two separate non
 interacting problems independently one should get the same result as if we
 solved a single problem which is generated by considering them toge

 12. An axiomatic derivation and analysis of this and related solutions is given in GREEN
 [1983]. Non-zero sum outcomes were studied by mapping them into equilavent zero sum
 bargaining situations to which the iterative linear solution, defined over zero-sum bargain
 ing problems was applied. It is only these zero-sum problems that will concern us in the
 present paper.
 - The iterative linear solution is used in preference to some of the well-known cooperative
 bargaining solutions, such as the NASH [1950, 1953] solution or the KALAI and
 SMORODINSKY [1975] solution because these are unresponsive to the nature of the set of
 contractually specified outcomes. For example, the Nash solution would be invariant to
 this set whenever the solution occurs on the interior of B(x). The Kalai-Smorodinsky
 solution, which depends only on the coordinatewise maximal utilities that could be obtained
 would be similarly unresponsive, and indeed might not even lie in B (x). The iterative
 linear solution seems to have good properties in these respects, although since it has not
 been axiomatically characterized, it is not on as firm a footing as these solutions in this
 respect. The superadditive solution of MASCHLER and PERLES [1981], which is closest in
 spirit to the linear solutions of GREEN [1983], does not exist for three or more players. See
 PERLES [1982].
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 ther. '3 A given set of relative weights applied to the problem will not, of
 course, treat the players equally. To symmetrize the selection of an out
 come based on a set of weights we imagine that the three relative weights
 are fixed and that they are assigned at random to each of the three
 players. Thus, as expressed in equation (1), the six permutations of u
 generate six outcomes which will each be extreme points of B, and the
 linear solution generated by u will be the mean of these outcomes.

 Thus it is natural to define the linear solution as a correspondence,
 F: B -+ R3 by

 F(B)=co{zeR3Izefu(B) for some u }

 An equivalent way to think about the outcomes identified by F is to
 imagine the players trying to justify outcomes z E B to an outside

 mediator. Each z e B can be justified if there exists a vector of weights u

 such that z ef. (B). '4 The idea is that if z ofu (B) for any u, then no player
 could argue before the mediator that z should be the outcome. He could
 not say that had weights u been used to generate an anonymous procedure,
 that anonymous procedure would have selected z.

 If one accepts the linear solution as a way of narrowing down the
 outcomes to a subset of B, I would argue that it is logical to continue the
 process and iterate the linear solution by applying it to F (B). The original
 disagreement of the players about which point in B to choose can be recast
 as a disagreement about which weights, or which randomized weights, to
 use as a generator of the linear anonymous social welfare function. This
 dispute should be settled no differently than if this set of utility combinations
 had arisen directly as a contractually specified feasible set rather than
 indirectly as the image of some such feasible set under the linear
 solution. We denote the limit of the iterates of F applied to a contractually
 specified feasible set B by J* (B).

 In the remainder of this paper we will assume that the players evaluate
 contracts x by considering Js (B (x)). Player 3, in particular, is willing to
 accept the offer of x if and only if f3 (B (x)) > 0. This reflects the partner's
 opportunity cost. The principal's problem is to maximize f_ (B (x)) over
 all contracts x such that f (B (x)) > 0. Because the solution used to model
 the negotiation phase is translation invariant, this problem is obviously
 equivalent to choosing the x that minimizes f2(B (x)), since the principal
 could extract any surplus the partner earns by adding or subtracting a
 constant from x for all values of t.

 13. See MASCHLER and PERLES [1981]. A further discussion and additional arguements for
 the additivity (or super-additivity) of solutions is given in MOULIN [1988].

 14. In GREEN [1983] where continuity is imposed, the requirement is that z should remain in

 f, (B) for all v in a neighborhood of u. This results in continuity for each set of smoothly
 randomized weights but the solution F(B) defined by (2) is not a closed set in all
 cases. Thus iterating the mapping F will not always be well-defined. In order to achieve
 a single-valued solution, which is necessary if the players are to evaluate the results of
 contracts, we have chosen to give up the continuity requirement and work directly with

 f. (B) for each u.
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 If there exists a contract x* such that Jf (B (x)) < 1/2, we will say that the
 principal can benefit from contracting (with a partner). If not, then con
 tracting is not beneficial because the principal can achieve the payoff 1/2
 by remaining in the original two-player bargaining model. '5

 We conclude this section with a brief description of the workings of the
 iterative linear solution, as this is central to the results in the remainder of
 the paper. Observe first of all that we can restrict attention to u eR3
 which have norm one. All linear solutions depend only on the relative
 weights expressed by u and not on the scale of u. To insure that the
 components of u are not all equal we can impose the condition that they
 sum to zero. Thus we take u e S where,

 S={ ucER3 | || u I=1 =and E uj= 0}
 A picture of S is shown in Figure 1.

 K3 0
 Xl=x3

 FIGURE 1

 The circle is the set S={ u E R3 u |U=1, E UiO=}
 The straight lines show the intersection of { u E R3| = 0 } with various planes
 whose equations label these lines.

 15. All standard solution concepts for two person bargaining games coincide in zero-sum
 cases and yield the midpoint of the relevant range. Moreover, the two person version of
 the iterative linear solution with which we are working leads to the same result; see
 footnote 11 below.
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 FIGURE 2

 The Linear Solution Applied to a Segment B in Rl.

 Take any u E S. We are particularly interested in the values of n u
 for the six permutations i. Three of these u are shown in Figure 1.
 The points denoted by the open circle are the permutations of
 u=(1/ /2)(1, 0, -1); those denoted by the solid dot are the permutations
 of u=(^y,-6, -6), for 7, 6>0; and those denoted by the cross are the
 permutations of u = (- 7, 6, 6) for 7, 6 > 0.

 Figure 2 shows how the linear solution applies to the simplest convex set
 in R3, the line segment connecting two points, denoted B. When we take
 u=(l/1/2)(l, 0, -1), there are three values of nu that lead to m,tu(B) at
 either endpoint of the interval. However, the other two values of u shown
 in Figure 1 each lead to two of the six mg" (B) at one endpoint and the
 remaining four at the other. Thus the linear solution F(B) is the middle
 third of the interval. Obviously, the iterative linear solution jf (B) is the

 midpoint of the interval. 16

 16. In a two dimensional bargaining problem the iterative linear solution is also the midpoint
 of an interval, but no iteration is required. There is only one permutation invariant

 measure on { u E R2 | u1 + u2 = O and 11 u 1 = 1 }, one half the weight on each endpoint, and
 this immediately results in the midpoint being selected, without any iteration required.
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 Note that the null contract x -0 results in the contractually specified
 feasible set being one side of the simplex A3, that is, a line segment. Thus,
 we can state:

 PROPOSITION 1: When either the null contract is offered, or if no contract

 is offered, the iterative linear solution results in fP (B (x)) = 1/2.

 Figure 3 depicts the application of the linear solution to a more general
 set B. In this case

 B=co {(0, 1,0), (.7, .3, 0), (0, .4, .6), (.55, 0, .45)}

 and

 F(B) co {(.23, .57, .20), (.30, .45, .25), (.18, .47, .35), (.42, .23, .35)}

 Note that F (B), although a quadrilateral, is not similar to B. For more
 general sets B the shape of F (B) can differ quite markedly from that of B.

 (0,1,0)

 F(B) (0,.4,.6)

 (.7A.3X0)

 (.55,0,.45)

 FIGURE 3

 The Linear Solution Applied to a More General B.
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 3 Monotone and Non- Monotone
 Contracts

 In this section we ask whether there are advantageous acceptable contracts
 that can be offered by the principal. The results are very simple. Let us
 define a contract to be monotone if the principal's payoff t - x (t) and the
 partners payoff x (t) are both weakly monotonic increasing in t. We will
 show

 THEOREM 2: Given any monotonic contract x, ft = 1/2.
 Thus by Proposition 1, all monotone contracts have the same payoff

 as the contract x_ 0.

 Conversely we will demonstrate

 THEOREM 3: For any c>0, there exist non-monotonic contracts x such
 that ft (x) < ?.

 We begin by developing some simple intuition about the behavior of f* on
 the bargaining regions that can be achieved by various contracts.

 Let us say that x is a simple incentive contract if

 (2) Jx (t) - ? t <, t,
 fx(t)=0t-t, t>tl

 A simple incentive contract is shown in Figure 4.

 In a simple incentive contract the partner receives all the bargaining
 surplus beyond a fixed level but nothing if the principal's share does not
 reach that level. In an actual bilateral negotiation between the partner
 and the opponent, one would imagine that the partner would put in a lot
 of effort or would take a great deal of downside risk in order to increase
 the probability of the result exceeding t1. Of course the idea of simple
 incentive contracts is that by encouraging the partner to try for this upper
 tail the principal will benefit since he receives t1 whenever the partner
 receives anything at all.

 A basic result, central to all that follows, can now be stated:

 I PROPOSITION 4: For all simple incentive contracts x, ft (x) = 1/2.

 Proof. Consider a simple incentive contract as specified in (2) which
 generates a bargaining region B. Let us compute the linear solution applied
 to B. We will show that F (B) is a triangle similar to B and has as one of
 its sides the middle third of one of the sides of B. Denote the vertices
 of B as follows:

 a=(O, 1, 0)
 b = (t112 -tl, O)
 C = (tl, O, 1-tl)
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 FIGURE 4

 A Simple Incentive Contract.

 We will first show that vertices a and c must each receive weight 1/3 for
 any u s S; that is, given u e S there are at least two of the n u such
 that mzu (B) = a and at least two such that m,u (B) = c. Take the
 case where u1 < U2 < U3 - cases where some components of u are equal
 will be treated separately. The permutations nt1 u = (u1, U3, U2) and
 t2 U = (U2, U3, u1) will both result in m, (B) = a. Likewise, nt3 U = (U2, U1, U3)

 and it4 U = (U1, U2, U3) will both induce m.u (B) = c.

 Now if U1 = U2 <U3 the above argument still applies. But if U1 <U2 = U3,
 then n3 U still induces mu (B) = c but t4 u now induces m,u (B) = [b, c] and
 not c alone. However t5 u = (U3, U1, U2) induces mNu (B) = c, so there are at
 least two values of n u inducing c in all cases.

 Next we observe that when ul <u2 = u3, M (B) = b for any i. Clearly
 itu.b is maximal when itu=(U2, U3, u1), but in this case n u.a=itu.b=u2,
 so m,,u (B) = [a, b]A b. For itu=(ul, u2, U3), Xtu.b<rtu.a. And for
 7ru=(U2, U1, U3), itu.b<itu.c. Thus at this u, m%u(B) can be selected on
 the segment ac for all i.
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 Finally, when U1 > U2 = U3, mu (B) = [b, c], and by selecting b,
 fu (B) = 1/3 (a + b + c). Thus F (B) is the triangle with vertices
 a'=2/3a+ 1/3c, b'= 1/3(a+b+c), c'= 1/3a+2/3c.

 Applying the linear solution to F (B) we see that f* (b) = 1/2 (a + c) and

 thus f2 (B) = 1/2. D
 Thus no simple incentive contract can be beneficial to the principal,

 despite the fact that these contracts offer the partner the complete marginal
 incentive to bargain for a payoff exceeding the level t1. Indeed, as the
 next result shows, the issue of bargaining for higher outcomes is not really
 relevant at all because of the cooperative nature of the solution used to
 resolve the bargaining problem among all three players. We shall say
 that x is an inverted incentive contract if

 x(t)=t t<tl
 x (t) = t1 t>t1

 While inverted incentive contracts seemingly do not give the partner the
 incentive to bargain for a payoff that would be at all beneficial to the
 principal, the following proposition shows that they are no worse than,
 and equally as ineffective as, simple incentive contracts. 17 The result is
 presented only because it sets the stage for the analysis of more general
 monotone contracts.

 I PROPOSITION 5: For all inverted incentive contracts x, ft = 1/2.

 The method of proof is the same as that for Proposition 4 and is
 omitted. The value of the solution isft= 1/2(1 -tl),f2= 1/2,f 3= 1/2tl.
 Now let us consider a general monotone contract x such as that shown

 in Figure 5 and its associated bargaining region B. Let (ot, 0, 1 - oc) be the
 allocation determined by the contract at t = 1. Let P be the parallelogram
 with vertices at (0, 1, 0), (a, 1 - a, 0), (a, 0, 1 - o). By virtue of the mono
 tonicity of x, B c P.

 Observe that the middle third of the diagonal of P connecting (0, 1, 0)
 and (a, 0, 1 - a) is inclued in f (B) and that no points on this diagonal are
 in f (B), by precisely the same reasoning as that used in Proposition 4. Let
 P1 be the parallelogram similar to P having as its diagonal the middle third
 segment of the diagonal of P. Thus P1 is formed by the constraints

 (3) xl > oc/3

 (4) x, <2 oc/3
 (5) X3 > (1- o)/3
 (6) X3?< 2 ( - c)/3

 17. Here, as in the bet suggested by Shelling in The Strategy of Conflict, if the principal and
 the opponent can bargain they will each get (1 - t1)/2. But the principal can extract t1
 from the partner and so obtain a total payoff of (1/2) + t1/2. Thus the optimal inverted
 incentive contract is approximated by setting t1 = 1, a contract in which the partner receives
 all the gains from bargaining with the opponent, and is thus interpreted as the active
 player in the partnership with the principal.
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 (0,1,0)

 Pi

 ,X~~~I
 (1,0,0) (a,O, I - c) (0,0,1)

 FIGURE 5

 A Simple Monotonic Contract.

 We will show that f (B) = P1 and thus that the process can be iterated to
 obtain convergence to f* (B) = (oc/2, 1/2, (1 - oc)/2).

 Take y ef (B); we want to show ye P1. We know that y is a linear
 combination of the extreme points of B and that (0, 1, 0) and (a, 0, 1 - oc)
 receive weight of least 1/3 each, leaving at most weight 1/3 for the remaining
 extreme points. Express each of these extreme points as a positive linear
 combination of vertices of P, and rewrite y as a linear combination of these
 four points as follows:

 Y = 01 (?,1, ? ) + 02 (o, 0, 1 - o) + P3 (Oa, 1 - o, 0) + N (0, aC, 1 - at)

 We know that ,1 > 1/3, 2 1>1/3.

 Now we can verify directly that y must satisfy that inequalities (3)-(6)
 that define P1. From i2 ) 1/3, we have (3) and (5) directly. If Y1 > 2 a/3,
 then P2 + p3>2/3; but this contradicts pl > 1/3. Likewise, if y3>2(l -aL)/3,
 then 02 + f4 >2/3, again contradicting 131 ) 1/3.

 Summarizing the above argument gives us Theorem 2.

 Theorem 3 is demonstrated constructively, as shown in Figure 6. The
 principal can offer the partner a contract in which the latter receives more
 than all the marginal gain from increases in t, beyond some t1. This results
 in a set B (x) as shown. When the linear solution is applied to such sets,
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 the point in B (x) at which t = 0 receives less weight than in the case of
 monotone solutions. In recursive applications, the iterates of F are closer
 to the side of B along which the partner is experiencing this more than full

 marginal gain. As these points are associated with low payoffs for the
 opponent, the value of ft can be made arbitrarily small. A special case of
 interest that does not require the principal to gain at the partner's expense
 for low values of t is the contract where the partner gives up a lump-sum
 payment close to 1/3 and receives nothing unless the value of t is very close
 to unity, in which case the partner gets all of t and the principal receives
 nothing. The limit of such contracts produces the entire simplex (translated
 by 1/3 from the partner to the principal) as its bargaining region; and this
 results in the payoffs (2/3, 1/3, 0). 18

 (O, 1,0)

 ( 1,0,0) (0,0,1 )
 FIGURE 6

 A Non-Monotonic Contract with ft (B (x)) < 1/2.

 4 Countervailing Contracts

 Because of the results of Section 3, we know that a contract that is
 beneficial to the principal will be non-monotonic. Suppose that x is such
 a contract and that Jf (x) = 0, without loss of generality. To counteract
 the effects of x the opponent may contract with the partner. The original
 contract between the principal and the partner remains in force. But

 18. Kathy Spier pointed this contract out to me.
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 superimposed upon it is a new agreement y (t) representing the transfer
 from the opponent to the partner, as a function of the underlying
 allocation. With both contracts in place the resulting payoffs are:

 z1(t)= t-x(t)
 z2(t) = 1- t-y (t)
 Z3 (t) = x (t) +y (t).

 Let Bx (y) be the resulting bargaining region where the contract y is super
 imposed upon the result of x. We will say that y is a countervailing
 contract against x if

 _f 1 (Bx (Y)) 0

 ft (Bx (y)) 1/2.

 The main result of this section is that there is always a countervailing
 contract. In core-like terminology, not only can any contract x that is
 acceptable to the partner and gives the principal more than 1/2 be blocked,
 it can be blocked by a contract y that gives the principal less than if he
 had never offered x at all and gives the opponent more than if the principal
 had not offered x. 19 Interpreting contracts in our model as cooperative
 allocations in a characteristic function game, we see that the core as
 usually defined is empty. Our main result can also be cast in terms of
 the "bargaining set". Since there are no beneficial contracts between the
 principal and the partner which cannot themselves be "blocked" by counter
 vailing contracts, the "bargaining set" is simply the original "no contract"
 situation in which the principal and the opponent are engaged in a game
 of pure division.

 Let us now turn to a demonstration of this result.

 LEMMA 6: Given any non-monotonic contract x, there exists a contract y

 such that Jf (B. (y)) equals the minimum payoff to the principal, t - x (t),
 at any contractually specified outcome.

 We sketch a constructive proof of Lemma 6, without giving all the details,
 as follows. The bargaining region associated with the original contract can
 be expanded by the countervailing contract in a way that mandates large
 transfers from the partner to the opponent for some values of t, large
 transfers in the opposite direction for other values of t, and no transfer in
 other cases. As shown in Figure 7, we can make these large positive and
 negative transfers in cases where the principal's payoff in the contractually
 specified outcome is low, and have no transfer between the opponent and
 the partner for values of t where the principal's payoff is high. This
 construction results in a new bargaining region Bx (y) in which the iterated
 linear solution selects a point that can be made as close a possible to the
 boundary of the bargaining region in which the principal's payoff is at its
 minimum, as stated in the lemma.

 19. Note that all allocations are efficient in this pure bargaining setting. Hence, this "block
 ing" does not involve destructive activity as is often the case in analyses of the core.
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 * original
 * e \ ~~countervailing transfers from o e l

 partner to *
 opponent
 when t is small

 min t-x(t)

 transfers from

 opponent to
 partner when

 A tis large

 FIGURE 7

 LEMMA 7: If x is a contract such that f3 (x) > 0, then there exists some t
 for which t - x (t) < 1/2.

 Again, only a sketch of the proof is given; the argument is straight
 forward. If in the original contract x, contrary to hypothesis, the princi
 pal's payoff was uniformly greater than 1/2, the bargaining region would
 be bounded below and to the left of the line AB in Figure 8. Observe first
 that the iterated linear solution for the bargaining region given by the
 interval AB is the allocation (1/2, 1/2, 0). Any other bargaining region
 subject to this constraint can be generated by a contract that is at least as
 favorable, for all values of t, as the contract generating AB. Therefore the
 result of the iterated linear solution is necessarily at least as favorable for
 the principal, and cannot be any more favorable for the partner. Therefore
 such contracts will fail to satisfy the constraint jf (x) > 0.
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 A

 contract 8xfA
 x

 f* (8(X))

 FIGURE 8

 Combining these results we see that any initially advantageous contract
 can be modified by a countervailing contract in which the principal fairs
 worse than if he had not offered any contract to a partner at all. This is
 summarized as:

 THEOREM 8: If x is a contract that is acceptable to the partner and
 beneficial to the principal, then there exists a contract y that is a counter
 vailing contract against x.

 5 Conclusion

 We have demonstrated that even though only the principal can form a
 contractual relationship with an outside agent for the purpose of influencing
 the results of a bargain against his opponent, there is reason to believe that
 such a relationship will not be advantageous. If the contract is monotone,
 then it will not have any effect. And if it is non-monotone, it can be
 effectively thwarted by a countervailing contract formulated by the
 opponent. As Schelling has suggested, the possibility of unrestricted negoti
 ation of the outcome after observable contracts have been put in place
 removes their strategic value. The solution of this bargaining problem is
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 the same as if there were no contract at all and the principal faced the
 agent directly.

 In order for there to be any advantage for the player who has the first
 opportunity to offer a contract to the agent, this contract must include
 provisions that stop the partner from subsequent contracting with the
 opponent. The existence of contracts such as these might force the
 opponent to engage a partner of his own. Then the resulting unrestricted
 bargaining would involve four players rather than three.

 Though I suspect that the principal result of this paper would survive
 this generalization, one cannot be certain. A serious theoretical difficulty
 exists, as pointed out by KATZ [1987]. When both bilateral contracts can
 contain stipulations regarding each other, and in principal stipulations
 concerning the stipulations made in the other, ad infinitum, the actual
 environment in which the second stage bargaining would take place may
 not be well-specified. We hope to address this issue in further work.

 The principal methodological conclusion to be drawn from the results of
 this paper is that there is reason to be cautious in using models where one
 of the competing principals gains an advantage merely from using a partner
 in a game that he could equally well play himself. Since agency relation
 ships are so common, both in games and in bargaining, the reason must lie
 elsewhere. Either the partner has superior information or abilities, or the
 partner has a strategic advantage in playing the game, such as a long
 term reputation to protect. Models that ascribe agency to purely strategic
 considerations are able to do so only because of their explicit or implicit
 assumption that communication channels used for multilateral bargaining
 can be cut off.

 . References

 AGHION, P. and BOLTON, P. (1987). - "Contracts as a Barrier to Entry", American
 Economic Review, 77, pp. 388-401.

 BEN-PORATH, and DEKEL, E. (1988). - "Coordination and the Potential for Self
 Sacrifice", Stanford GSB research paper n?. 984.

 BRANDER, J. A. and LEWIs, T. R. (1986). - "Oligopoly and Financial Structure:
 The Limited Liability Effect", American Economic Review, 76, pp. 956-970.

 DEWATRIPOINT, M. (1988). - "Commitment through Renegotiation-proof Contracts
 with Third Parties", Review of Economic Studies, 60, pp. 377-390.

 DEWATRIPOINT, M. (1987). - "Entry Deterrence under Trade Unions", European
 Economic Review, 31, pp. 149-156.

 FERSHTMAN, C. and JUDD, K. (1987). - "Equilibrium Incentives in Oligopoly",
 American Economic Review, 77, pp. 927-940.

 FERSHTMAN, C. and JUDD, K. (1987). - "Strategic Incentive Manipulation in Rival
 rous Agency", Hoover Institution Working Paper in Economics, E-87-11.

 FERSHTMAN, C., JUDD, K. and KALAI, E. (1989). - "Observable Contracts: Strategic
 Delegation and Cooperation", Tel Aviv working paper no. 8-89.

 120

This content downloaded from 128.103.147.149 on Thu, 21 Jan 2021 17:22:50 UTC
All use subject to https://about.jstor.org/terms



 GERTNER, R. and GIBBONS, R. and SCHARFSTEIN, D. (1988). - "Simultaneous signall
 ing to the capital and product markets", RAND Journal of Economics, 19, pp. 173
 190.

 GREEN, J. (1983). - "A Theory of Bargaining with Monetary Transfers", Harvard
 discussion paper no. 966.

 HART, 0. and MOORE, J. (1988). - "Incomplete Contracts and Renegotiation",
 Econometrica, 56, pp. 755-786.

 KALAI, E. and SMORODINSKY M. (1975). - "Other Solutions to Nash's Bargaining
 Problem", Econometrica, 43, pp. 513-518.

 KATZ, M. (1987). - "Game-Playing Agents: Contracts as Precommitments", Prince
 ton discussion paper.

 MASCHLER, M. and PERLES, M. (1981). - "The Super-Additive Solution for the
 Nash Bargaining Game", International Journal of Game Theory, 10, pp. 163-193.

 MAXSIMOVIC, V. (1986). - Capital Strucure in Stochastic Oligopoly, Ph. D. disserta
 tion, Harvard University.

 MOULIN, H. (1988). - Axioms of Cooperative Decision Making, Cambridge Univer
 sity Press.

 NASH, J. F. (1950). -"The Bargaining Problem", Econometrica, 18, pp. 155-162.

 NASH, J. F. (1953). -"Two Person Cooperative Games", Econometrica, 21, pp. 128
 140.

 PERLES, M. (1982). - "Non-Existence of Superaddivive Solutions for Three-Person
 Games", International Journal of Game Theory, 11 (3/4), pp. 151-161.

 POITEVIN, M. (1989a). - "Moral Hazard and the Financing of Entrepreneurial
 Firms", Universite de Montreal, working paper 8914.

 POITEVIN, M. (1989b). - "Financial Signalling and the "Deep Pocket" Argument",
 RAND Journal of Economics, 20, pp. 26-40.

 POITEVIN, M. (1989c). - "Strategic Financial Signalling", International Journal of
 Industrial Organization, to appear.

 SCHELLING, T. S. (1960). - The Strategy of Conflict, Harvard University Press.

 SKLIVAS, S. (1987). - "The Strategic Choice of Managerial Incentives" RAND
 Journal of Economics, 18, pp. 452-460.

 WILLIAMSON, O. E. (1964). - The Economics of Discretionary Behavior, Managerial
 Objectives in the Theory of the Firm, Englewood Cliffs: Prentice Hall.

 WILLAMSON, 0. E. (1985). - The Economic Institutions of Capitalism, New York:
 Free Press.

 COMMITMENTS WITH THIRD PARTIES 121

This content downloaded from 128.103.147.149 on Thu, 21 Jan 2021 17:22:50 UTC
All use subject to https://about.jstor.org/terms


	Contents
	[101]
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121

	Issue Table of Contents
	Annales d'Économie et de Statistique, No. 25/26, Organisations et jeux / Organizations and Games (Jan. - Jun., 1992), pp. 1-326
	Front Matter
	Organisations et jeux: Avant-propos / Organizations and Games: Foreword [pp. 1-21, 23-38]
	Competition between Architectures [pp. 39-50]
	Network Compatibility: Joint Adoption versus Individual Decisions [pp. 51-69]
	The Assignment Game: The Reduced Game [pp. 71-79]
	Unique Equilibrium in a Model of Bargaining over Many Issues [pp. 81-100]
	Commitments with Third Parties [pp. 101-121]
	Renegotiation and the Form of Efficient Contracts [pp. 123-150]
	Mécanismes bayésiens incitatifs: Un survol informel de quelques résultats récents [pp. 151-164]
	Biased Contests and Moral Hazard: Implications for Career Profiles [pp. 165-187]
	Threat-Based Implementation of Incentive Compatible Mechanisms [pp. 189-204]
	Cost Padding, Auditing and Collusion [pp. 205-226]
	Rational Escalation [pp. 227-249]
	Standards of Behavior and Time Generate Tacit Cooperation in a Hierarchical Relationship [pp. 251-263]
	Information Processing in Firms and Returns to Scale [pp. 265-298]
	Nash Equilibrium and Evolutionary Stability in Large and Finite Populations [pp. 299-313]
	Information and Rationality: Some Comments [pp. 315-325]
	Back Matter



