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Renegotiation-Proof Implementation and 
Time Preferences 

By ARIEL RUBINSTEIN AND ASHER WOLINSKY* 

This paper explores how the requirement that the implementation of contracts be 
renegotiation-proof affects the set of contracts that can be implemented in a 
seller - buyer scenario in which the information regarding the agents' valuations 
is nonverifiable. This paper explicitly adds a time dimension to an implementa- 
tion problem and introduces a natural criterion of renegotiation-proofness for 
the case of time-consuming renegotiation. The main insight gained is that the 
addition of the time dimension enlarges significantly the set of contracts that 
can be implemented in a renegotiation-proof manner. (JEL C70, D23) 

This paper explores how the requirement 
that the implementation of contracts be 
renegotiation-proof affects the set of con- 
tracts that can be implemented in a 
seller-buyer scenario in which the informa- 
tion regarding the agents' valuations is non- 
verifiable. The paper's main contributions 
are that, first, it explicitly adds a time di- 
mension to an implementation problem, and 
second, it introduces a natural criterion of 
renegotiation-proofness for the case of 
time-consuming renegotiation. 

For concreteness, the discussion will be 
conducted in the context of the following 
example. There are two agents, a seller and 
a buyer, who sign a contract for the sale of 
one unit in the future. Their valuations for 
the unit, denoted by s and b, respectively, 
are not known when they sign the contract. 
They become known to both parties after 

the contract is signed and before it is imple- 
mented. Thus, when it comes to implement- 
ing the contract, the parties' information is 
complete, but it is assumed to be nonverifi- 
able (i.e., not observable to third parties, 
such as a court).1 When they sign the con- 
tract, the parties want to specify, for any 
possible realization of the valuations (s,b), 
whether or not there will be trade and the 
price P(s, b) at which it will take place. The 
contract describes the procedure that will 
be followed after the valuations are real- 
ized. The purpose of this procedure is to 
make sure that the original intentions of the 
parties are indeed carried out. The idea is 
that the steps laid out in the contract are 
independent of (s, b) and hence are en- 
forceable by a third party (or by a social 
convention). In game-theoretic terms, a 
contract specifies a game form that imple- 
ments the function P in the sense that, for 
all s and b, P(s, b) is the resulting game's 
unique subgame-perfect equilibrium out- 
come. 

In the context of this scenario we shall 
investigate the set of price functions P(s, b) 
that can be so implemented by a contract 
and examine how this set is affected by the 
requirement that the contract be renegotia- 
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1The distinction between verifiable and observable 
information was, we believe, first made by Sanford 
Grossman and Oliver Hart (1986). 
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tion-proof. The senses in which we use the 
term renegotiation-proof will be made pre- 
cise below, but roughly speaking it means 
that the contract is such that in no stage will 
the parties find it mutually beneficial to 
scrap it and reach an alternative agreement. 

As already mentioned above, we are 
mainly interested in the idea of introducing 
explicitly the time dimension into an imple- 
mentation problem and using it to look at 
renegotiation-proof implementation. How- 
ever, before we proceed to the description 
of the results, let us point out why the 
scenario and the questions we analyze to 
demonstrate these ideas are in themselves 
interesting objects for economic analysis. 
The following discussion follows Jean Tirole 
(1986). 

Suppose that the seller's valuation is zero, 
that the buyer's valuation can be either 1 or 
2, and that ex ante there is equal probability 
for each of the buyer types. Assume that in 
order to produce the unit the seller has to 
invest 1.2, before the buyer's valuation is 
determined. Notice that a contract that 
specifies the constant price of 1.4, regard- 
less of the buyer's valuation, achieves the 
efficient outcome that the seller produces 
the unit and that it ends up in the hands of 
the buyer. However, this contract is not ex 
post individually rational, and the low-val- 
uation buyer will block the sale if he has the 
power to do so. Thus, in an environment 
where outcomes that are not ex post indi- 
vidually rational cannot be enforced, a con- 
stant-price contract will not induce the seller 
to make the necessary initial investment, 
and the overall outcome will be inefficient. 
The question of whether this situation nec- 
essarily gives rise to inefficient underinvest- 
ment amounts, therefore, to inquiring 
whether or not it is possible to implement 
other price functions, such as the one that 
prescribes prices 0.9 and 1.7 to the low- and 
high-valuation buyers, respectively. If the 
situation is such that the parties are free to 
renegotiate, the relevant question is whether 
other such price functions can be imple- 
mented by a renegotiation-proof contract, 
when the information is not verifiable. Of 
course, by identifying the set of all price 
functions implementable by a renegotiation- 

proof contract, we may address a class of 
such questions at once. 

We restrict attention to the simplest case 
in which, for all realizations of s and b, 
b > s. In the first case considered, the possi- 
ble outcomes that may be reached in the 
implementation game are sale at a certain 
price or the "no-sale" outcome. Our initial 
result (Proposition 0) establishes that it is 
possible to implement a big set of functions, 
including all functions P that are nonde- 
creasing in s and b and satisfy b > P(s, b) 
> s. However, the mechanism constructed 
in the proof of Proposition 0 makes use of 
the inefficient no-sale outcome (i.e., certain 
out-of-equilibrium moves in the implemen- 
tation game will lead to no sale). This fea- 
ture is questionable when one thinks of a 
voluntary contract, since in situations in 
which agents are sovereign to agree mutu- 
ally to scrap the mechanism, they will prob- 
ably not put up with inefficiency and instead 
will negotiate a new outcome. Therefore, if 
agents see through the contract and antici- 
pate renegotiation, they will not necessarily 
be deterred by the no-sale outcome, and 
hence the contract might not achieve the 
desired outcomes. 

This criticism motivates the work of Tai- 
Young Chung (1988), Jerry Green and 
Jean-Jacques Laffont (1988), Hart and John 
Moore (1988), Eric Maskin and Moore 
(1988) and Philippe Aghion et al. (1989). 
They respond to it by looking at contracts 
that take into account the negotiated out- 
come that will follow an inefficient one. We 
follow here a somewhat different approach 
and look at contracts that are immune to 
this criticism. Such contracts are called 
renegotiation-proof. The first notion of rene- 
gotiation-proofness that we discuss requires 
that, for all s and b and in all subgames of 
the implementation game, the subgame-per- 
fect equilibrium (SPE) outcomes be effi- 
cient. In the environment considered here, 
this requirement amounts to ruling out the 
no-sale outcome as a possible SPE outcome 
of the implementation game, whenever b > 
s. The idea is that if the game were to end 
with this outcome it could not be consid- 
ered renegotiation-proof, since this out- 
come would be renegotiated to an agree- 
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ment that is preferred by both agents. 
Proposition 1 shows that this renegotiation- 
proofness criterion indeed restricts consid- 
erably the set of implementable contracts to 
include only those that specify a constant 
price irrespective of (s, b). 

The fact that renegotiation-proof con- 
tracts form a limited subset of the set of 
possible contracts has been presented in the 
literature as a source of inefficiency. The 
reason is that this limited subset may not 
contain sufficiently rich contracts which are 
required under certain circumstances to 
provide the right incentives for, say, invest- 
ment that has to take place before the infor- 
mation is revealed (see e.g., Green and 
Laffont, 1988; Hart and Moore, 1988). 

The substantial limitation of the set of 
admissible contracts described above seems 
to be an artifact of the too stringent crite- 
rion of renegotiation-proofness employed. 
The idea of eliminating all inefficient out- 
comes implicitly assumes that there is a 
time dimension and that, after the imple- 
mentation game is over, the parties turn to 
renegotiating inefficient outcomes. How- 
ever, the above approach leaves this dimen- 
sion unmodeled and does not specify what 
the time structure is and how the fact that 
time is normally costly figures into the con- 
siderations. 

We modify the model by explicitly adding 
the time dimension. The set of possible 
outcomes will now be richer, since out- 
comes will be dated so that a typical out- 
come is a pair (p, t) with the interpretation 
that the good is sold for price p at time t. 
The mechanism described by the contract 
should be interpreted as including a 
timetable of the different steps in the execu- 
tion of the contract. The two features of the 
time dimension that are relevant for the 
problem at hand are, first, that delays are 
costly and, second, that these costs are irre- 
trievable (it is impossible to go back in 
time). 

The notion of renegotiation-proofness in- 
voked here requires that, after any possible 
history, the subgame-perfect equilibrium 
outcome is not Pareto-dominated by any 
possible outcome one period hence. That is, 
if one period is the minimum amount of 

time required to renegotiate a contract, then 
at no point will both parties find it mutually 
advantageous to renegotiate. 

It turns out that with this notion of rene- 
gotiation-proofness, all contracts that spec- 
ify trade at the price P(s, b), where P(s, b) 
is nondecreasing in s and b and s < P(s, b) 
< b, are implementable in a renegotiation- 
proof manner, much as they are in the ab- 
sence of renegotiation-proofness require- 
ments. This is in sharp contrast to the case 
in which only efficient outcomes are consid- 
ered to be renegotiation-proof. 

Since results in the spirit of Proposition 1 
can lead to conclusions on inefficient behav- 
ior, the last result suggests that such expla- 
nations may not be valid when the contract 
can use the time dimension and when re- 
contracting is costly (time-consuming). 

Finally, we remark that modeling imple- 
mentation over time requires looking into 
implementation by extensive game forms, 
where the natural solution concept is SPE. 
The study of implementation by SPE was 
started by Moore and Rafael Repullo (1988). 

I. The Model 

There are a seller and a buyer who are 
interested in signing a contract for the sale 
of a certain unit. The reservation values, 
denoted by s and b, respectively, are taken 
from the finite sets S and B.2 Let Smax, bmax, 
s n,m and bmin denote the maxima and min- 
ima of S and B, respectively. Throughout 
this paper we assume that bmin > smax' This 
means that, for all possible realizations of 
(s, b), there are gains from trade.3 When 

2This assumption is not essential in the following 
sense. It is used only in the proof of Proposition 2, and 
as we note there, we can prove a very similar result for 
the case in which S and B are intervals. 

3If the sets S and B are allowed to overlap (i.e., 
smax > bmin), the main consequence for this analysis is 
that the set of ex post efficient outcomes would depend 
on the state (s, b): trade would be ex post efficient if 
and only if s <b. This fact would introduce further 
difficulties into the subsequent analysis of renegotia- 
tion-proofness. In appendix I of our working paper 
(Rubinstein and Wolinsky, 1990), we present one way 
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the contract is signed, the parties know only 
S and B, but before it is carried out, the 
true values of s and b are realized and are 
common knowledge between both parties. 

The possible outcomes with which this 
interaction may end are exchanges for some 
price p, and the no-sale outcome. We shall 
refer to an exchange at price p as outcome 
p and to the no-sale outcome as outcome D 
(for "disagreement"). Notice that this speci- 
fication of possible outcomes restricts the 
range of possible contracts (e.g., it does not 
include contracts in which, after certain de- 
velopments, one party or both pay penalties 
to or receive subsidies from a third party). 
The preferences of the parties over these 
outcomes are given by the utility functions 
p - s and b - p for the seller and the buyer, 
respectively; utility of zero is assigned by 
both to the no-sale outcome. 

We shall be interested in implementing 
by a contract a price function, P, that as- 
signs a price P(s, b) to each pair (s, b). We 
shall further restrict the discussion only to 
price functions that are strictly ex post indi- 
vidually rational [i.e., satisfy s < P(s, b) < b]. 
This means that we restrict attention to 
situations in which the parties cannot en- 
force outcomes that are not ex post individ- 
ually rational (for some reasons which are 
left unmodeled here). 

Definition 1: A price function P(s, b) will 
be called implementable if there exists an 
extensive game form with perfect informa- 
tion such that: (i) all its terminal nodes are 
either (exchanges for) prices, or the no-sale 
outcome D; (ii) for all s and b, the unique 
subgame-perfect equilibrium outcome is an 
exchange at the price P(s, b). 

The interpretation of the game form is 
that of a procedure fixed by a contract that 
is signed before s and b are realized and 
can be carried out after these values are 
realized, if one of the parties wants. Since 
when it comes to implementing the contract 
both parties know s and b, the implementa- 

tion game is one of complete information. 
However, the meaning of the requirement 
that one game form implements P(s,b) for 
all s and b is that s and b are unobservable 
to third parties, such as a court that en- 
forces the steps prescribed by the contract. 

Notice that we adopt here a specific no- 
tion of implementability out of a number of 
such possible concepts. Possible variations 
on the definition of implementability would 
either relax the uniqueness requirement or 
replace the SPE with another solution con- 
cept. 

II. A Preliminary Result: Implementation 
Without Renegotiation Proofness 

The first result prepares the background 
for our later discussion in renegotiation- 
proofness. It demonstrates that the set of 
functions P(s, b) that are implementable is 
rich. The ideas of the proof are related to 
those presented in the literature on sub- 
game-perfect implementation by Moore 
and Repullo (1988) and Jacob Glazer and 
Albert Ma (1989). 

PROPOSITION 0: Any function P, s < 
P(s, b) < b, that is nondecreasing in s and b 
is implementable. 

PROOF: 
Let P be a function of s and b, s < 

P(s, b) < b, that is nondecreasing in both 
arguments. Consider the following game in 
extensive form. 

Stage 1: The Announcement Stage.-The 
seller announces a number vs in S ("de- 
clares his valuation"). The buyer challenges 
the seller or announces a pair (vB, V), 
where VB is in B, V' is in S, and v' > vs 
("declares his own valuation and his upward 
correction for the seller's declared valua- 
tion"). If the buyer challenges the seller, the 
game continues to stage 2. If the buyer 
chooses (vB, v'), the seller may challenge 
the buyer: if the seller does, the game con- 
tinues to stage 3; if he does not, the unit is 
exchanged for P(v', vB)- 

Stage 2: The Buyer Can Make a "Take It 
or Leave It" Price Offer Below vs.-The 
buyer can choose a price offer p < vs. The 

of extending the definitions and the results to the case 
in which S and B may overlap. 
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FIGURE 1. THE IMPLEMENTATION GAME OF PROPOSITION 0 

Note: s = node controlled by seller; b = node controlled by buyer. 

seller either accepts, in which case the good 
is exchanged for p, or rejects, in which case 
the outcome is D. 

Stage 3: The Seller Can Make a "Take It 
or Leave It" Price Offer Above vB.-The 
seller can choose a price offer p > vB. The 
buyer either accepts (and then the good is 
exchanged for p), or rejects (and then the 
outcome is D). 

This game is depicted in Figure 1. Let us 
verify that it implements P. First consider a 
subgame in which the buyer makes a "take 
it or leave it" offer (stage 2). If us > s the 
SPE outcome is exchanged for the price s, 
and if vs < s, the SPE outcome is D. Simi- 
larly, for a subgame in which the seller 
makes a "take it or leave it" offer (stage 3), 
if vB < b the SPE outcome is an exchange 
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for the price b, and if VB 2 b the SPE 
outcome is D. 

Consider now the subgame that starts af- 
ter the seller announced vs. There are the 
following three cases. 

Case 1: Us > s.-If the buyer challenges, 
then the SPE outcome is an exchange at the 
price s; if he does not challenge and an- 
nounces VB < b and any v' > vs the SPE 
outcome is an exchange at b; and if he 
announces VB 2 b and any v' > vs, the out- 
come is P(v'S,VB)? P(vs,b)? P(s,b)> s. 
Thus, in any SPE the buyer challenges the 
seller's announcement, and the outcome is 
an exchange at s. 

Case 2: vs < s.-In all SPE of such a 
subgame, the price cannot exceed P(s, b), 
since the buyer can announce V B= b and 

S= S. 

Case 3: vs = s.-If the buyer challenges, 
the SPE will be D. If the buyer announces 
VB = b and any v'S vs, the seller will not 
challenge him in the following SPE, and the 
outcome will be an exchange at the price 
P(vf , b) 2 P(s, b). In particular, if vB = b 
and v' = s, the outcome will be P(s, b). If 
the buyer announces vB < b and any v' > 
vs, the SPE outcome will be exchange for 
the price b, which is worse for the buyer 
than the price P(s,b). Finally, if the buyer 
announces VB > b and any v'S vs, then 
any SPE outcome in the continuation will 
be P(v', VB) 2 P(s, b). Thus, after the seller 
announces vs = s, any SPE outcome will be 
exchange for P(s, b). 

Since P(s, b)> s, which is the price the 
seller will get if vs > s, and P(s, b) ? 
P(vs, b) is the most the seller may get if 
vs < s, it follows from the above three cases 
that the only SPE outcome is an exchange 
for P(s, b), which the seller can achieve by 
announcing s. 

The proof has already exposed the man- 
ner in which the implementation game 
works. Let us just call attention to the sub- 
tle role of the buyer's announcement of v's, 
which essentially gives him an opportunity 
to revise upward the seller's previous an- 
nouncement of his valuation vs. If the buyer 
did not have this option, in certain cases the 
seller would have an incentive to underre- 

port his true cost.4 To see this, suppose that 
S = {1, 2}, B = {4,5}, P(1, 4) = 1.5, P(2,4) = 
2.5, P(1,5) = 3, and the true valuations are 
s = 2 and b = 4. Suppose that the imple- 
mentation game is as above except that the 
buyer announces only vB (rather than VB 

and V' as above). Now, if the seller under- 
reports by announcing vs = 1, the buyer's 
best response is to overreport by announc- 
ing VB = 5. This is because, by truthfully 
announcing VB = 4, the seller will be made 
to choose between P(1, 4) and the outcome 
D which will result from challenging the 
buyer's announcement. Since P(1, 4) = 1.5 < 
2 = s, the seller's best response is to enforce 
D, and since P(1, 5) = 3 < 4 the buyer's best 
response to vs = 1 is VB = 5. Thus, the game 
without the v' announcement, does not im- 
plement P(2,4). The way in which this an- 
nouncement avoids the above problem is in 
letting the buyer "revise" vs upward by 
announcing v' = 2, leaving the seller with 
the choice between P(2, 4) = 2.5 > s and D, 
rather than the choice between P(1, 4) = 1.5 
< s and D. Note also that the proof has not 
used the finiteness of S and B, and hence it 
holds without any modification for the case 
in which S and B are intervals. 

Looked upon from the point of view of 
contract design, the result of Proposition 0 
is optimistic, since it tells us that a wide 
range of price functions can be imple- 
mented. In particular, for the example from 
Tirole (1986) reported in the Introduction, 
one can implement the price function 
P(1) = 0.9 and P(2) = 1.9, which would facil- 
itate efficient investment. 

Although we shall not be concerned here 
with characterizing the exact set of imple- 
mentable functions, let us point out that the 
sufficient condition on P, that it be nonde- 
creasing in both arguments, is "almost" a 
necessary condition as well. In appendix II 
of the working paper (Rubinstein and 
Wolinsky, 1990), we show that any function 
P which is implementable by a finite game 
form (i.e., the number of nodes in the game 
tree is finite) is nondecreasing in s and b. 

4We are grateful to an anonymous reader who 
pointed out this possibility. 
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III. Renegotiation-Proofness Is Identified 
with Efficiency 

The proof of Proposition 0 relies on the 
possibility of enforcing the no-sale outcome, 
D: if the seller lies about the buyer's valua- 
tion, then the equilibrium outcome in the 
resulting subgame in stage 3 is D. Notice 
that, since b > s, outcome D is inefficient. 
Thus, if the situation is such that the parties 
can communicate and are sovereign to scrap 
the old contract, then in the event that D is 
indeed reached they would probably rene- 
gotiate a mutually beneficial exchange. The 
implied criticism is that Proposition 0 might 
exaggerate the set of implementable price 
functions. If a contract involves inefficient 
outcomes, the parties will presumably see 
through it and base their decisions on the 
anticipated outcomes of the renegotiation. 
Therefore, the parties will not necessarily 
be prevented from taking steps that lead to 
outcome D, and the contract may fail to 
implement some price functions. 

The above argument suggests that we 
should look at contracts that are immune to 
criticism of this type (i.e., renegotiation- 
proof contracts). The following definition 
gives the first notion of renegotiation-proof- 
ness considered here. 

Definition 2: A price function P(s,b) will 
be called renegotiation-proof implementable 
if it is implementable and the game form 
that implements it is such that, for all s and 
b, all nodes (including terminal ones), and 
every SPE, the SPE outcome in the sub- 
game starting at that node is efficient. 

In particular, this definition implies that all 
the terminal nodes are efficient (i.e., the 
no-sale outcome D cannot be reached after 
a finite number of moves). For finite game 
forms, this means that the outcome must be 
a trade; but for infinite game forms, which 
we do not exclude, this definition still allows 
one to identify an infinite path (of an infi- 
nite implementation game) with the out- 
come D. 

This definition fits an environment in 
which renegotiation is costless and uninhib- 
ited in any way: any inefficiency at any node 

of the implementation game will presum- 
ably be instantaneously renegotiated away. 
As we have already mentioned, Chung 
(1988), Green and Laffont (1988), Hart and 
Moore (1988), Maskin and Moore (1988), 
and Aghion et al. (1989) take a somewhat 
different approach to this problem. They do 
not require the contracts themselves to be 
renegotiation-proof as we do here, but 
rather study their consequences in the pres- 
ence of exogenous renegotiation technolo- 
gies (see the discussion in Section V).5 

The following proposition shows how this 
requirement of renegotiation-proofness re- 
duces considerably the set of implementable 
price functions. 

PROPOSITION 1: The only renegotiation- 
proof implementable (strictly ex post indi- 
vidually rational) price functions are the 
constant functions P(s, b) = p, where smax < 
p < bmin, 

PROOF: 
Suppose that the function P(s, b) such 

that s < P(s, b) < b is renegotiation-proof 
implementable. Let the strategy pair (f, g) 
be an SPE for the pair (smax, bmin). Let (s, b) 
be any other pair of reservation values. We 
claim that (f, g) is an SPE for (s, b) as well. 
Consider any subgame. By the choice of 
(f, g) and the second condition of Defini- 
tion 2, the outcome of the subgame when 
played according to (f, g) is efficient (i.e., it 
is a price p*). Now, if seller s can deviate 
profitably, it means that either (i) he has a 
strategy which, when played against g, in- 
duces a price above p* or (ii) he prefers D 
to p* and has a strategy which, against g, 
induces the outcome D. In case (i), this 
deviation is obviously profitable for smax as 
well, a contradiction. Case (ii) holds if p* < 
s < smax, but then this deviation is also prof- 
itable for smax, a contradiction. Therefore, s 
cannot deviate profitably, and by an analo- 

5Actually Chung (1988) and Aghion et al. (1989) 
take an intermediate approach. In their models, the 
renegotiation is not entirely exogenous: the contract 
may assign all the bargaining power in the renegotia- 
tion stage to one of the parties. 
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gous argument, b cannot deviate profitably 
either. 

Thus, (f,g) is an SPE for types (s, b) as 
well. Since the implementability of P means 
that P(s, b) is the unique SPE outcome in 
the game between s and b, the fact that 
(f, g) is an SPE for any types (s, b) implies 
that, for all (s, b), P(s, b) = P(Smax, bmin). 

Recall that Definition 2 does not com- 
pletely exclude outcome D since it still al- 
lows infinite paths of infinite game forms. 
Note, however, that this only makes the 
proposition stronger: if this form of dis- 
agreement were also excluded, the result of 
Proposition 1 will hold a fortiori. 

Observe that, while the reason for ruling 
out inefficient outcomes from being SPE in 
any subgame is that they will be renegoti- 
ated, the approach described in this section 
does not model explicitly the renegotiation 
process. Instead it implicitly assumes that 
renegotiation is costless and is always con- 
cluded successfully. The question is how 
sensitive the result is to this abstraction 
whether, for example, the above result 
changes significantly once we recognize that 
renegotiation could be costly. 

IV. Renegotiation and Time 

The model considered in the two previ- 
ous sections is rather crude: the basic out- 
comes are either efficient (an immediate 
agreement) or grossly inefficient (no-sale). 
We shall consider now a more refined model 
of the situation, and the added detail will 
result in a richer set of outcomes. 

Specifically, we assume that the model 
has a time dimension. Time is divided into 
discrete periods 0, 1,2,..., where period 0 
corresponds to the point at which the im- 
plemnentation game begins. The set of possi- 
ble outcomes includes all outcomes of the 
form "the good is sold for price p at time 
t," to be denoted (p, t), and the no-sale 
outcome, D. The parties' preferences over 
these outcomes extend the preferences over 
the basic outcomes. They are given by the 
utility functions (p - s)3t and (b - p)5b for 
seller type s and buyer type b, respectively; 
utility of zero is assigned by a seller and 

a buyer of any type to the no-sale out- 
come D. 

The implementation game will be de- 
signed to take place over time, and the 
design will include specification of the tim- 
ing of the different decision nodes. We shall 
not identify one period with one move in 
the game, but shall assume that the design 
may prescribe a few moves to a single pe- 
riod. Let t(x) denote the date attached to 
node x. 

A dated game form is an extensive game 
form with perfect information such that each 
node is dated: (i) the root's date is 0; (ii) if 
node y is an immediate successor of node 
x, then t(y)=t(x) or t(y)=t(x)+1; and 
(iii) only a finite number of nodes on any 
single path from the origin have the same 
date. Condition (ii) means that there is a 
node in each period, even if no real decision 
is made at such a node. Its role will become 
clearer after we introduce the notion of 
renegotiation-proofness in Definition 4, be- 
low. 

Definition 3: A function P will be called 
implementable (over time) if there exists a 
dated game form such that: (i) the terminal 
nodes are either outcomes of the type (p, t), 
where p 2 0 and t is the date of that termi- 
nal node, or the no-sale outcome D; (ii) for 
all s and b, the unique SPE outcome is 
(P(s, b), 0). 

Definition 3 extends Definition 1 (in Sec- 
tion I) to refer to the added time dimen- 
sion. Condition (i) means that the imple- 
mentation of the contract ends either with 
an exchange, in which case the price paid by 
the buyer is received by the seller, or it ends 
with no sale, in which case the parties do 
not make or receive any payment. Condi- 
tion (ii) gives the precise sense in which the 
contract implements P(s, b): for all b and s, 
an immediate exchange for that price is the 
unique SPE outcome of the game laid out 
in the contract. 

6We restrict attention to these time preferences for 
simplicity of the exposition. All arguments go through 
for a wider specification of time preferences (see 
Rubinstein and Wolinsky, 1990 p. 15). 
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We are interested in studying renegotia- 
tion-proof contracts in this context. This 
framework allows us to introduce a renego- 
tiation-proofness criterion which is not as 
extreme as the criterion of Section III. Let 
O(s, b, x, e) denote the SPE outcome in the 
subgame starting at node x when it is played 
by s and b according to the SPE e. If x is a 
terminal node, then O(s, b, x, e) is the out- 
come corresponding to it. 

Definition 4: A price function, P, is renego- 
tiation-proof implementable (over time), if 
it is implementable by a dated game form 
that satisfies the following condition. For all 
s and b, any node x and each SPE e, there 
is no p such that both s and b prefer 
(p, t(x)+ 1) to O(s, b, x, e). 

The essence of this definition is that an 
implementation game is renegotiation- 
proof, if after any history the SPE is almost 
Pareto-efficient in the sense that there is no 
possible exchange, one period hence, that 
would give each party a payoff that exceeds 
its expected SPE payoff. Recall that the 
definition of a dated game form requires 
that there is at least one node in each 
period. This assures that the renegotiation 
criterion is applied to each period (i.e., the 
implementation game cannot impose long 
delays during which the parties are simply 
barred from renegotiating). 

Put differently, suppose that renegotia- 
tion is time-consuming (the time it takes to 
scrap the old contract and negotiate a new 
one) and that it takes at least one time 
period to renegotiate a contract. Then, if a 
contract is renegotiation-proof in the sense 
of this section, no attempt at renegotiation 
can be successful, since the postrenegotia- 
tion payoffs of both parties cannot be high 
enough to compensate for the time lost in 
renegotiation. 

The following result shows that this crite- 
rion admits again the wide class of contracts 
that are implementable in the absence of 
renegotiation-proofness, as shown in Sec- 
tion II, but most of which were ruled out by 
the renegotiation-proofness criterion of 
Section III. 

PROPOSITION 2: Any function P, s < 
P(s, b) < b, that is nondecreasing in s and b 
is renegotiation-proof implementable over 
time. 

PROOF: 
Define E =minS b{P(s, b)-s, b-P(s, b)}. 

Since S and B are finite, E > 0. Let T be 
such that maxs{(bmax - s)8T} < E and 
maxb{(b - Smin)8[ < ?, for all s and b. That 
is, E is the minimum gains from trade for 
either buyer and seller; T is such that the 
discounted gains from trade T periods in 
the future are below E, for all sellers and 
buyers. Consider the following extensive 
game form. 

Stage 1: The Announcement Stage.-The 
seller announces a valuation vs in S. The 
buyer challenges the seller or announces a 
pair (vB, V) where v B is in B, and v > ?v 
is in S (i.e., declares his own valuation and 
his upward correction for the seller's de- 
clared valuation). If the buyer challenges, 
the game continues to stage 2-0. If the buyer 
chooses (vB, V), the seller may agree or 
challenge. If the seller challenges, the game 
will continue to stage 3-0. If the seller agrees 
to the buyer's announcement, P(r, vIB) will 
be implemented. 

Stage 2-t: A Bargaining Game. -The seller 
makes a price offer p. The buyer either 
accepts the offer [and p is implemented] or 
rejects it and makes a counteroffer q(t): for 
t < T, q(t) < vs; for t > T, q(t) is unre- 
stricted. The seller either accepts the offer 
[and q(t) is implemented] or rejects it [and 
the game continues to stage 2-(t + 1)]. 

Stage 3-t: A Bargaining Game.-The 
buyer makes a price offer p. The seller 
either accepts the offer [and p is imple- 
mented] or rejects it and makes a coun- 
teroffer r(t): for t < T, r(t) > vB; for t > T, 
r(t) is unrestricted. The buyer either ac- 
cepts the offer [and r(t) is implemented] or 
rejects it [and the game continues to stage 
3-(t + 1)]. The decision nodes described in 
stage 1 are in period 0. The nodes of stage 
2-t and 3-t are in period t. 

To every infinite path of the game we 
attach the outcome D. The proof that for 
b > s the game has a unique SPE outcome 
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FIGURE 2. THE IMPLEMENTATION GAME OF PROPOSITION 2 

Notes: s = node controlled by seller; b = node controlled by buyer. For t ? T, q(t) < VS; 
for t > T, q(t) is unrestricted. For t S T, r(t) > VB; for t > T, r(t) is unrestricted. 

is based on a similar idea to that of Proposi- 
tion 0. Notice that the game's tree, as de- 
picted in Figure 2, differs from the game of 
Figure 1 only in the subgames starting in 
stages 2 and 3. Therefore, let us first show 
that the subgames that start at the begin- 
ning of stages 2 and 3 have unique SPE 
outcomes and then establish that the proof 

of Proposition 0 continues to hold after 
substituting these outcomes for those of 
stages 2 and 3 in that proof. 

Consider a subgame that starts at the 
beginning of stage 2. If vs> s, then the 
subgame that starts at period T + 1 is effec- 
tively a bargaining game in which the buyer 
makes all the offers, since the buyer has the 
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last word in each period and there is no 
restriction on the buyer's price offers. With 
the time preferences allowed here, the 
unique SPE outcome in this subgame is 
immediate agreement on the price s [i.e., 
(s, T + 1)]. Proceeding by backwards in- 
duction, the unique SPE outcome in the 
subgame starting at any t < T is (s, t). 
Therefore, if vs> s the unique SPE out- 
come of the subgame that starts at the be- 
ginning of stage 2 is (s, 0). 

If vs < s, the game is effectively a bar- 
gaining game in which the seller makes all 
the offers up to period T, and from T + 1 
on the buyer makes all the offers. This is 
because the restriction on the buyer's offers 
to be below vs up to time T makes them 
irrelevant, and the fact that from T + 1 on 
the buyer has the last (unrestricted) word 
makes the seller's offers from that time on 
irrelevant. Therefore, the unique SPE out- 
come at T +1 is (s, T + 1). Proceeding by 
backwards induction, if Vs < s, the unique 
SPE outcome of the subgame that starts at 
the beginning of stage 2 is (q, 0) such that 
b - q = (b - s)[T+ 1. By the choice of T, we 
know that this q satisfies b - E < q < b. 

Consider next a subgame that starts at 
the beginning of stage 3. By complete anal- 
ogy, if VB < b, the SPE outcome will be 
(b,0); and if VB ? b, the SPE outcome will 
be (r,0), where s < r < s + E. 

Now, what distinguishes these SPE out- 
comes from those of stages 2 and 3 in 
Proposition 0 are the cases in which the 
buyer challenges after vs < s or the seller 
challenges after VB ? b. In the former case, 
the SPE outcome of stage 2 of Proposition 0 
was D, while here it is (q,0) where b - E < 
q < b. Analogously, in the latter case, the 
SPE of stage 3 of Proposition 0 was D, and 
here it is (r,0) such that s < r < s + E. Thus, 
in order to invoke the proof of Proposition 
0, it remains only to verify that here too the 
buyer does not challenge after vs < s and 
the seller does not challenge after vB? b 
(in the case of v' = s), as is the case in the 
SPE of Proposition 0. After vB2 b, and 
provided that v' = s, the seller will get r < s 
+ E by challenging and P(v's, v B) ? P(s, b) 
by not challenging. The choice of E assures 
that P(s, b)- s > e; hence, P(v's, vB)-S> 

E, and the seller will not challenge. An 
analogous argument establishes that after 
vs < s the buyer will not challenge either. 

Finally, observe that this game form satis- 
fies the conditions of Definition 4. We have 
already shown that the SPE is efficient in 
the subgames of stage 1 and in the sub- 
games that start at stages 2-0 and 3-0. It can 
be verified in the same manner that the 
SPE outcomes in the subgames that start at 
the beginnings of stages 2-t and 3-t are 
immediate agreements at t and hence are 
efficient at those nodes. 

Before proceeding let us comment briefly 
on some features of the game form con- 
structed above and how different assump- 
tions were used in it. First, the role of the 
limit T on the duration of the restriction on 
offers is to assure uniqueness of the SPE in 
the subgames that follow the buyer's chal- 
lenge of vs > s or the seller's challenge of 
VB < b. If such a time limit were not placed, 
so that in stage 2, for example, the buyer's 
offers were always restricted to be below vs, 
then for sufficiently large 8 there will be 
other SPE as well. For example, when 8 is 
large enough, there is a price p > vs that 
can be supported as an additional SPE out- 
come by the following strategies: the seller 
always offers p > vs, and as long as he has 
not deviated from p, rejects all the buyer's 
offers; the buyer always offers s and agrees 
only to p; if the seller ever deviates from 
p, they switch to the equilibrium that sup- 
ports s. 

Second, in order to come up with a finite 
T that works for all types, there has to be 
some ?> 0 such that, for all s and b, 
P(s, b)- s > E and b - P(s, b) > E. This fol- 
lows immediately from the finiteness of S 
and B, and this is where we used that as- 
sumption. If we wanted to assume instead 
that S and B are intervals, then Proposition 
2 would state that any function P that is 
nondecreasing in s and b, and which for 
some E > 0 and all s and b satisfies s + E < 
P(s, b) < b - E, is renegotiation-proof im- 
plementable over time. 

Third, the fact that more than one move 
can be made within one period plays a role 
in the construction. When, for example, 
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Vs > s this feature effectively turns stage 2 
into a bargaining game in which the buyer 
makes all the offers and hence appropriates 
all the surplus. If, alternatively, each move 
required the passage of costly time, the first 
T periods of stage 2 would be a standard 
alternating-offers game, and the unique SPE 
would not award all the surplus to the buyer. 

This proposition shows that requiring a 
contract to be renegotiation-proof is not as 
restrictive as it might seem from the ap- 
proach described in the previous section. 
When the criterion of renegotiation-proof- 
ness is weakened, as would be sensible if 
the process of renegotiation itself is a time- 
consuming activity, then a wide class of price 
functions are implementable. 

The game form on which the proof is 
based has an additional desirable property: 
one mechanism implements a price function 
P for a wide range of specifications of the 
time preferences.7 The proposition can 
therefore be strengthened as follows. 

COROLLARY: For any 8 < 1 and any 
function P as described in Proposition 2, there 
is one game form which implements P in 
renegotiation-proof manner for all specifica- 
tions of the time preferences such that 8s and 
5b are bounded from above by 8. 

The proof of the corollary follows imme- 
diately from noting that, in the proof of 
Proposition 2, the magnitude of the dis- 
count factors matters only through the de- 
termination of T, which can be determined 
in reference to 8 alone. The interest of this 
observation is that, given that time is costly, 
the design of a contract that is imple- 
mentable and even in a renegotiation-proof 
manner does not require exact knowledge 
of the time preferences. 

Recall that the criterion for renegotia- 
tion-proofness invoked here requires that 
the SPE is not Pareto-dominated by any 
possible outcomes one period hence, but it 
does not require Pareto efficiency among 

contemporary outcomes. Note indeed that 
there are nodes in this implementation game 
such that the SPE outcome, as evaluated at 
them, is not Pareto-efficient. For example, 
in stage 2 at the node that follows a buyer's 
offer q <s, the SPE involves rejection of 
this offer and hence an inefficient one- 
period delay. If, instead, we required effi- 
ciency at each node, we would be back with 
the renegotiation-proofpess criterion of 
Section III, and nothing would be gained 
from the added structure. More precisely, 
we make the following claim. 

Claim: Modify Definition 4 to read: "for all 
s and b, any node x and any SPE e, the 
outcome O(s, b, x, e) is Pareto-efficient." 
Then, the only functions P that are renego- 
tiation-proof implementable over time are 
the constant ones. 

PROOF: 
Consider a function P that is renegotia- 

tion-proof implementable over time, accord- 
ing to the modified definition. Consider the 
case in which the time preferences of all 
seller and buyer types are represented by 
the utility functions (p - s)5t and (b - p)5t, 
respectively, where 8 < 1. It is sufficient to 
show that the SPE that induces the out- 
come (P(smax, bmin), 0) is an SPE for all 
(s,b). Assume that there is a subgame for 
which one of the agents, say, seller s, can 
deviate profitably. By assumption, the SPE 
outcome in this subgame is Pareto-efficient 
(for smax and bmin), which means that this 
outcome is an exchange at some price p in 
this period. The profitability of the devia- 
tion by seller s means that he can achieve 
an exchange for p' after some t periods of 
delay such that (p' - s)8t > p - s. However, 
if this inequality holds for s, it also holds for 
smax so that this pair of strategies may not 
be an SPE for smax and bmin. 

V. Discussion 

A. Costly Renegotiation 

One may question the sense in which the 
implementation game of Section IV is rene- 
gotiation-proof. This is because there exist 

7This idea is reminiscent of requirements made 
in the context of virtual implementation by Hitoshi 
Matsushima (1988) and Dilip Abreu and Arunva Sen 
(1991). 
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subgames at which the SPE is not efficient, 
so that the parties would have an incentive 
to renegotiate to an efficient outcome. How- 
ever, if renegotiation is costly, this game 
may be immune to such criticism. Specifi- 
cally, if the renegotiation process is itself 
time-consuming and if the single time pe- 
riod of the implementation game is shorter 
than the amount of time needed to renego- 
tiate the contract, then a contract that passes 
the criterion of Section IV is renegotiation- 
proof in the following sense. At any node of 
the implementation game, it will not be 
profitable for both parties to renegotiate, 
since by Definition 4 any alternative agree- 
ment that would be implemented after at 
least a one-period delay cannot be pre- 
ferred by both parties to the continuation of 
the game. Of course, if renegotiation in- 
volves other costs instead of the time costs, 
a similar point may still be made, depending 
on the form of these costs. 

B. The Renegotiation-Proofness 
Requirement: Comparison with 

the Literature 

We have already noted that our approach 
to renegotiation-proofness is somewhat dif- 
ferent from the approach taken in the liter- 
ature we cite. We speak about the notion of 
a renegotiation-proof contract (or imple- 
mentation game), while the literature cited 
above looks at implementation subject to 
the constraint that terminal nodes can be 
renegotiated through some given bargaining 
process. To think about this difference more 
concretely, let us return to the world of 
Section III (before the introduction of the 
time dimension), where renegotiation- 
proofness is associated with some costless 
possibility of renegotiating inefficient out- 
comes. The work we cited assumes that, for 
all s, b, and terminal-node y, the outcome 
of renegotiation between s and b starting 
from y is known.8 Let the function g(s, b, y) 

describe the outcome of such renegotiation. 
Given g, one may study the full conse- 
quences of a contract, even if it is not rene- 
gotiation-proof. If the realized valuations 
are s and b, the parties to such a contract 
will simply treat terminal-node y as if the 
outcome g(s, b, y) is actually attached to it. 

Notice that, since the bargaining function 
g is allowed to depend on s and b, there 
are price functions that are implementable 
given some function g but are not imple- 
mentable in a renegotiation-proof manner 
in the sense of the present paper. For exam- 
ple, given the "split-the-difference" bargain- 
ing function g(s, b, D) = (s + b)/2, the price 
function P(s, b) = (s + b)/2 is imple- 
mentable by the trivial contract that speci- 
fies just the outcome D. However, as we 
know from Proposition 1, since this price 
function is not constant, it cannot be imple- 
mented in a renegotiation-proof manner ac- 
cording to our approach. 

This observation then raises the question 
of whether our approach is unduly restric- 
tive; that is, in what sense are price func- 
tions implementable by our renegotiation- 
proof contract the only relevant ones? To 
address this question, consider a price func- 
tion P that cannot be implemented by a 
renegotiation-proof contract in the sense of 
Section III but can be implemented by a 
contract augmented by some bargaining 
function g in the sense explained above. 
Now, assuming that the bargaining process 
summarized by the function g can be de- 
scribed as a game in extensive form, it should 
be possible to complete a non-renegotia- 
tion-proof contract by substituting this game 
for terminal nodes that prescribe the out- 
come D. Further, if g(s, b, D) is the result 
of different s and b types engaging in dif- 
ferent bargaining games, the contract may 
be extended to include the game that de- 
cides what bargaining games s and b will 
follow, and so on. Notice that the fact that 
some moves in these bargaining games may 
be nonverifiable poses no problem: what- 
ever makes the parties take these moves in 

8This formulation is more clearly associated with 
Maskin and Moore (1988) than with Aghion et al. 
(1989), who take a closer look at the renegotiation 
process and its design. However, abstracting from the 
details of the different approaches, both these papers 

as well, as the work of Chung (1988) and of Green and 
Laffont (1988) essentially fit into this formulation. 
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voluntary bargaining will presumably make 
them take these moves when this bargaining 
game is played as part of the contract. Now, 
for the same reasons that inefficient out- 
comes of the contract will be renegotiated, 
the bargaining game itself may not involve 
inefficiencies, since presumably they will be 
renegotiated too. It follows then that the 
compounded contract has to be renegotia- 
tion-proof in the sense of this paper. Thus, 
roughly speaking, once we take the logic of 
the renegotiation idea a few steps further, it 
seems to imply that the price functions im- 
plementable by renegotiation-proof con- 
tracts in the sense of this paper are perhaps 
the only ones that can somehow be imple- 
mented in this environment. 

The above argument is obviously not 
complete. It implicitly assumes, for exam- 
ple, that the same solution concept prevails 
in the contract and the bargaining games 
used for renegotiation. Thus, while it de- 
serves perhaps more careful consideration 
before we embrace it, this argument at least 
suggests that the focus on renegotiation- 
proof contracts is not arbitrary. 

C. How Renegotiation-Proofness Affects 
the Consequences of Nonverifiability 

Nonverifiability of information is a form 
of imperfection. Like other imperfections in 
the use of information, it could have real 
effects on the allocation of resources. For 
example, if one of the parties has to make 
some investment before the valuations are 
realized, it is possible to construct examples 
in which, to assure proper investment incen- 
tives, the contract has to condition the out- 
comes on the information. However, when 
th,e information is nonverifiable, a contract 
that conditions on it may not be enforce- 
able, and its absence might result in an 
inefficient investment level. 

Obviously, when the possibility of renego- 
tiation exists so that the relevant contracts 
are the renegotiation-proof ones, the inef- 
ficiency/underinvestment problem pointed 
out above may become more pronounced 
(see Green and Laffont [1988] for a discus- 
sion of this issue). Recall the example pre- 
sented in the Introduction: S = {01; B = 
{1,21; both of the buyer's types have ex ante 

equal probability; to produce the unit, the 
seller has to invest the sum 1.2 before the 
buyer's valuation is determined. Now, the 
renegotiation-proof contracts in the sense 
of Proposition 1 include only the constant- 
price ones, with price between 0 and 1. 
Thus, if that is the right renegotiation- 
proofness restriction, the seller cannot re- 
cover his investment and hence will ineffi- 
ciently avoid production. The implication of 
Section IV and Proposition 2 for this exam- 
ple is that the inefficiency derived here is 
due to the too powerful renegotiation- 
proofness criterion. If renegotiation is 
time-consuming or otherwise costly to the 
extent that the criterion of Section IV is 
appropriate, then the set of relevant con- 
tracts is richer, and hence the potential 
inefficiency problem seems less severe. Here, 
the contract that implements P(O, 1) = 0.9 
and P(O, 2) = 1.7 is renegotiation-proof. This 
contract alleviates the inefficiency by mak- 
ing the investment of 1.2 profitable. 

D. The Role of Time 

This paper recognizes and exposes the 
important role that time may have in the 
design of mechanisms for the enforcement 
of contracts. Three properties of time are 
used here: (i) time is costly; (ii) its passage is 
irreversible; (iii) the cost of time may be 
related to the basic valuations. Note that 
property (iii) is inherent to the time prefer- 
ences used throughout [i.e., buyers with the 
same 8 but different b's will differently rank 
(p, t) vs. (q, t + 1) for some p and q] and, in 
fact, to any time preferences that involve 
some form of discounting. 

Of course, the analysis does not necessi- 
tate the incorporation of a real time dimen- 
sion into the contract. The effects of time 
may be mimicked by imposing other costs 
on the parties, as long as such costs bear 
some relationship to the underlying valua- 
tions so as to facilitate the separation. Nev- 
ertheless, the real time dimension is of pri- 
mary importance in this problem, since other 
forms of "burning" resources may not be 
commonly observed in practice. Further- 
more, it is natural to think of the renegotia- 
tion process itself as involving time and, 
therefore, to design a contract that takes 
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into account the time dimension of the 
renegotiation processes. 

E. Enforcement Difficulties 

In this, as well as in any other implemen- 
tation model, the contract (or implementa- 
tion game) has to be enforceable in two 
senses. First, the moves prescribed by the 
contract should be enforceable. Second, it 
has to be possible to enforce that no addi- 
tional payoff-relevant moves are made. Ob- 
viously, if the parties can make such addi- 
tional moves (say, cause damages to each 
other), the implementation game and hence 
its outcome may be quite different from 
what is specified by the contract. The first of 
these aspects is addressed by the require- 
ment that the moves prescribed by the con- 
tract are verifiable to the authority that 
oversees the implementation stage (the 
"court"). The second is usually not ad- 
dressed explicitly. The implicit assumption 
in this respect is that any such additional 
payoff-relevant moves are either of no con- 
sequence for the game or are verifiable and 
can be prevented by the "court." 

Both of these aspects of enforcement are 
obviously more problematic when the im- 
plementation procedure is relatively com- 
plex. Since the procedure followed in the 
implementation stage here is both rather 
elaborate and may last over time, it may 
naturally be susceptible to this criticism. 

F. A Final Remark 

The basic seller-buyer scenario that we 
analyze has a rather special structure. Two 
major characteristics of this scenario are 
that (i) the parties' preference rankings of 
all outcomes except the no-sale outcome 
are diametrically opposed and (ii) all types 
of seller (or buyer) have almost identical 
preferences and differ only with respect to 
how they rank the no-sale outcome vis-'a-vis 
others. In addition, we focus on the class of 
contracts that are ex post individually ratio- 
nal in the sense that s < P(s, b) < b. 

These limitations do not allow specula- 
tion on the theoretical possibilities of con- 
tracting with nonverifiable information, 

which is much beyond the boundaries of the 
above discussion. Nevertheless, we believe 
that the idea of explicitly including the time 
dimension in an implementation problem, 
in general-and in such a problem with 
renegotiation, in particular-has validity 
beyond the confines of the present model. 
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