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Abstract 

In automated negotiation systems consisting of 
self-interested agents, contracts have tradition- 
ally been binding. Such contracts do not al- 
low agents to efficiently accommodate future 
events. Game theory has proposed contingency 
contracts to solve this problem. Among com- 
putational agents, contingency contracts are of- 
ten impractical due to large numbers of inter- 
dependent and unanticipated future events to 
be conditioned on, and because some events are 
not mutually observable. This paper proposes a 
leveled commitment contracting protocol that 
allows self-interested agents to efficiently ac- 
commodate future events by having the possi- 
bility of unilaterally decommitting from a con- 
tract based on local reasoning. A decommit- 
ment penalty is assigned to both agents in a 
contract: to be freed from the contract, an 
agent only pays this penalty to the other party. 
It is shown through formal analysis of several 
contracting settings that this leveled commit- 
ment feature in a contracting protocol increases 
Pareto efficiency of deals and can make con- 
tracts individually rational when no full com- 
mitment contract can. This advantage holds 
even if the agents decommit manipulatively. 

Introduction 
The importance of automated negotiation systems is 
likely to increase as a result of three developments. 
One is the growth of a standardized communication 
infrastructure-EDI, NII, KQML, Telescript etc-over 
which separately designed agents belonging to different 
organizations can interact in an open environment and 
safely carry out transactions [8; 161. The second is the 
advent of small transaction commerce on the Internet 
for purchasing goods, information, and communication 
bandwidth. The third is an industrial trend toward vir- 
tual enterprises: dynamic alliances of small enterprises 
which together can take advantage of economies of scale. 

In such multiagent systems consisting of self-interested 
agents, contracts have traditionally been binding [12; 
13; 4; 61. Once an agent agrees to a contract, it has 
to follow through with it no matter how future events 
unravel. Although a contract may be profitable to an 
agent when viewed ez ante, it need not be profitable 
when viewed after some future events have occurred, i.e. 
ez post. Similarly, a contract may have too low expected 
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payoff ex ante, but in some realizations of the future 
events, the same contract may be desirable when viewed 
ex post. Normal full commitment contracts are unable to 
efficiently take advantage of the possibilities that such- 
probabilistically known-future events provide. 

On the other hand, many multiagent systems consist- 
ing of cooperative agents incorporate some form of de- 
commitment possibility in order to allow the agents to 
accommodate new events. For example, in the origi- 
nal Contract Net Protocol [19], the agent that had con- 
tracted out a task could send a termination message to 
cancel the contract even when the contractee had already 
partially fulfilled the contract. This was possible be- 
cause the agents were not self-interested: the contractee 
did not mind losing part of its effort without a mone- 
tary compensation. Similarly, the role of decommitment 
among cooperative agents has been studied in meeting 
scheduling [ 181 and in cooperative coordination [2]. 

Game theory has suggested utilizing the potential 
provided by probabilistically known future events via 
contingency contracts among self-interested agents [II]. 
The contract obligations are made contingent on future 
events. There are games in which this method increases 
the expected payoff to both parties of the contract com- 
pared to any full commitment contract. Also, some deals 
are enabled by contingency contracts in the sense that 
there is no full commitment contract that both agents 
prefer over their fall-back positions, but there is a contin- 
gency contract that each agent prefers over its fall-back. 

There are at least three problems regarding the use of 
contingency contracts in automated negotiation among 
self-interested agents. First, it is often impossible to enu- 
merate all possible relevant future events in advance. 
Second, contingency contracts get cumbersome as the 
number of relevant events to monitor increases. In the 
limit, all domain events (e.g. new tasks arriving or re- 
sources breaking down) and all negotiation events (other 
contracts) can affect the value of the obligations of the 
original contract, and should therefore be conditioned 
on. Furthermore, these future events may not only af- 
fect the value of the original contract independently: 
the value may depend on combinations of the future 
events 117; 13; 121. The third problem is that of verifying 
the unraveling of the events. Sometimes an event is only 
observable by one of the agents. This agent may have an 
incentive to lie to the other party of the contract about 
the event in case the event is associated with an unad- 
vantageous contingency to the directly observing agent. 
Thus, to be viable, contingency contracts would require 
an event verification mechanism that is not manipulable 
and not prohibitively complicated. 
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We propose another method for taking advantage of 
the possibilities provided by probabilistically known fu- 
ture events. Instead of conditioning the contract on 
future events, a mechanism is built into the contract 
that allows unilateral decommitting at any point in time. 
This is achieved by specifying in the contract decommit- 
ment penalties, one for each agent. If an agent wants 
to decommit-i.e. to be freed from the obligations of 
the contract-it can do so simply by paying the decom- 
mitment penalty to the other party. We will call such 
contracts leveled commitment contracts because the de- 
commitment penalties can be used to choose a level of 
commitment. The method requires no explicit condi- 
tioning on future events: each agent can do its own con- 
ditioning dynamically. Therefore no event verification 
mechanism is required either. This paper presents for- 
mal justifications for adding this decommitment feature 
into a contracting protocol. 

Principles for assessing decommitment penalties have 
been studied in law [l; lo], but the purpose has been 
to assess a penalty on the agent that has breached 
the contract after the breach has occurred. Similarly, 
penalty clauses for partial failure-such as not meeting 
a deadline-are commonly used in contracts, but the 
purpose is usually to motivate the agents to follow the 
contract. To our knowledge, the possibility of explicitly 
allowing decommitment from the whole contract for a 
predetermined price has not been studied as an active 
method for utilizing the potential provided by an uncer- 
tain future.’ Somewhat unintuitively, it turns out that 
the mere existence of a decommitment possibility in a 
contract can increase each agent’s expected payoff. 

Key microeconomic concepts are now introduced. So- 
cial welfare is the sum of the payoffs of the agents un- 
der consideration [7; 51. It does not address distribu- 
tion. Pareto eficiency measures both societal good and 
distribution [7; 51. A vector of payoffs to the agents 
Pareto dominates another vector if each agent’s payoff 
in the first vector is no less than in the second, and 
there exists an agent whose payoff in the first vector is 
greater than in the second. Social welfare and Pareto 
efficiency can be measured either ex ante as expected 
values or ex post as realizations. Strategies (mappings 
from observed history of the game to actions) S, of the 
contractor and Sb of the contractee are in Nash equi- 
librium if Sa is a best-expected payoff maximizing- 
response to Sb, and Sb is a best response to Sa [9; 7; 
51. Finally, a strategy is a dominant strategy if it is a 
best response to any strategy of the other agent [7]. 

We analyze contracting situations from the perspec- 
tive of two agents: the contractor who pays to get a 
task done, and the contractee who gets paid for han- 
dling the task. Handling a task can mean taking on any 
types of constraints. The method is not specific to clas- 
sical task allocation. The contractor tries to minimize 
the contract price p that it has to pay. The contractee 

tries to maximize the payoff p that it receives from the 
contractor. Outside offers from third parties will be ex- 
plicitly discussed. The contracting setting consists of 
two games. First, the contracting game involves the 
agents choosing a contract-or no contract, i.e. the null 
deal-before any future events have unraveled. Secondly, 
the decommitting gam .e involves the agents deciding in 
whether to decommit or to carry out the obligations 
of the contract-after the future events have unraveled. 
The decommitment game is a subgame of the contracting 
game: 
affect 

the 
the 

- 
expected outcomes of the decommitting game 
agents’ preferences over contracts in the con- 

tracting game. The decommitting game will be analyzed 
using the Nash equilibrium and the dominant strategy 
concepts. The contracting game will be analyzed with 
respect to individual rationality (IR): is the contract bet- 
ter for an agent than the null deal? 

Contractor’s decommitment penalty. 
Contractee’s decommitment penalty. 
Price of contractor’s best (full commitment) outside offer. 

Ex ante probability density function of a.. 
Ex ante probability density function of 6. 
Probability that the contractee decommits. 

Table 1: symbols used in the paper. We TestTict our analysis 
to contracts where a 2 0 and b 2 0, i.e. we rule out contracts 
that specify that the decommitting agent receives a payment from 
the victim of the decommitment. 

In our contracting settings, the future of both agents 
involves uncertainty. Specifically, the agents might re- 
ceive outside offers. The contractor’s best outside offer 
6 is only probabilistically known ex ante by both agents, 
and is characterized by a probability density function 
f(Z). If the contractor does not receive an outside offer, 
6 corresponds to its best outstanding outside offer or its 
fall-back payoff, i.e. payoff that it receives if no contract 
is made. The contractee’s best outside offer g is also only 
probabilistically known ex ante, and is characterized by 
a probability density function g(vb).2 If the contractee 
does not receive an outside offer, -“b corresponds to its 
best outstanding outside offer or its fall-back payoff. The 
variables ?i and g are assumed statistically independent. 
The contractor’s options are either to make a contract 
with the contractee or to wait for ti Similarly, the con- 
tractee’s options are either to make a contract with the 
contractor or to wait for vb. The two agents have many 
mutual contracts to choose from. A leveled commitment 
contract is specified by the contract price p, the con- 
tractor’s decommitment penalty a, and the contractee’s 
decommitment penalty b. The agents also have the pos- 
sibility to make a full commitment contract. The con- 
tractor has to decide on decommitting when it knows its 
outside offer 6 but does not know the contractee’s out- 
side offer I;. Similarly, the contractee has to decide on 
decommitting when it knows its outside offer “b but does 
not know the contractor’s. This seems realistic from a 

‘Decommit i g t n has been studied in other settings, e.g. 
where there is a constant inflow of agents, and they have a 
time cost for searching partners of two types: good or bad [3]. 

2Games where at least one agent’s future is certain, are a 
subset of these games. In such games all of the probability 

mass of f(5) and/or g(g) is on one point. 
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practical automated contracting perspective. 
We do not assume that the agents decommit truth- 

fully. An agent may not decommit although its out- 
side offer accompanied by a penalty is better than the 
contract because the agent believes that there is a high 
probability that the opponent will decommit. This 
would save the agent its decommitment penalty and give 
the agent a decommitment penalty from the opponent. 
Games of this type differ significantly based on whether 
the agents have to decommit sequentially or simultane- 
ously. The next two sections analyze these cases. Finally, 
Section 4 gives some practical prescriptions for building 
automated negotiation systems, and Section 5 concludes. 

2 Sequential decommitting (SEQD) 
In our sequential decommitting (SEQD) game, one agent 
has to declare decommitment before the other. We study 
the case where the contractee has to decommit first. The 
case where the contractor has to go first is analogous. 
Figure 1 presents the game tree. There are two alter- 
native types of leveled commitment contracts that differ 
on what happens if both agents decommit. In the first, 
both agents have to pay the decommitment penalties to 
each other. In the second, neither agent has to pay. 

-------------__--------------------------------------------------------------------------------. 
contracting __---------__________________________L__-----------------------------------------,, 

game j Decommitting cmllrnder 
: pame drnlnrn4b 

/ 

-&+b,i .IHLI 
jj 

(or .%Y, ) 
;I 
!! 

game Wee of the fgure represents two alternative pTotocol8, i.e. two 
d@eTent games. In the first, both agents have to pay the decommit- 
ment penalties to each other if both decommit. In the second, neither 
agent has to pay if both decommit. The payoffs of the latter pToto- 
co1 are in parentheses when they difler fTom the fosmer. The dotted 
lines TepTesent information sets: the contractor does not know the 
contTactee’s outside offer and vice versa. The contractor’s payo& 
are usually negative because it has to pay for having the task handled. 

We now analyze the decommitting game using domi- 
nance in subgames as the solution concept. Reasoning 
about the agents’ actions starts at the leaves of the tree 
and proceeds backwards to the beginning of the game. 
In the subgame where the contractee has decommitted, 
the contractor’s best move is not to decommit because 
-Z-a+ b 5 -ii+b (because a >_ 0). This also holds for a 
contract where neither agent has to pay a decommitment 
penalty if both decommit-because -6 5 -ii + b. In the 
subgame where the contractee has not decommitted, the 
contractor’s best move is to decommit if -8 - a > -p. 

This happens with probability JTia f(ii)dii. Put to- 

gether, the contractee gets “b - b if it decommits, “b + a 
if it does not but the contractor does, and p if neither 
decommits. Thus the contractee decommits if 

P--o 
i-b> 

s 
f (a)di@ + a] + f (~W[pl 

-00 s- p--o 

If &Ya f(Z)& = 0, this is equivalent to -b > a which is 
false because a and b are nonnegative. In other words, 
if the contractee surely decommits, the contractor does 
not. On the other hand, the above is equivalent to 

(1) 

when &ya f(Z)& > 0. N ow the contractee’s IR con- 
straint states that the expected payoff from the contract 
is no less than the expected payoff from the outside offer: 

Similarly, the contractor’s IR constraint states that the 
expected payoff from the contract is no less than that 
from the outside offer: 

2 E[-it] = 
r 

f (~)[--4dh: (3) 
--oo 

Because the contractor can want to decommit only if 
-5 - a > -p, its decommitment penalty can be chosen 
so high that it will surely not decommit (assuming that 
ii is bounded from below). In this case the contractee 
will decommit whenever p < g - b. If $ is bounded from 
above, the contractee’s decommitment penalty can be 
chosen so high that it will surely not decommit. Thus, 
full commitment contracts are a subset of leveled com- 
mitment ones. This reasoning holds for contracts where 
both agents have to pay the penalties if both decom- 
mit, and for contracts where neither agent has to pay 
a penalty if both decommit. Because full commitment 
contracts are a subset of leveled commitment contracts, 
the former can be no better in the sense of Pareto effi- 
ciency or social welfare than the latter. It follows that if 
there exists an IR full commitment contract, then there 
also exist IR leveled commitment contracts. However, 
leveled commitment contracts can enable deals that are 
impossible via full commitment contracts: 

Theorem 2.1 Encsbling in a §EQD game. There 
are SEQD games (defined by f(Z) and g(i)) where no 
full commitment contract satisfies the IR constraints but 
a leveled commitment contract does. 
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Proof. Let f(ti) = Ok ftEe:wts$ loo 
C 

and g(g) = ing vb’(p,a,b) = p+ 
b+JIi= f(awbl 

s,:, f (XW 
= p + b, i.e. the 

1 
ii5 
0 ft&:w!sz ‘lo A full commitment contract F . 

contractee decommits truthfully. The contractor’s IR 
constraint (Eq. 3) becomes 

cannot satisfy both IR constraints because that would 
require E[L] 5 PF 5 E[ii] which is impossible because 
55 = E[i;] > E[ti] = 50. Ch oose a leveled commitment 
contract where p = 52.5, a = 30, and b = 20. By substi- 
tuting these in Equations 1, 2, and 3, it turns out that 
both agents’ IR constraints are strictly satisfied. The 
substitutions are straightforward but tedious [14]. •I 

In the game of the above proof, both IR constraints 
are satisfied by a wide range of leveled commitment 
contracts-and for no full commitment contract. Which 
leveled commitment contracts defined by p, a, and b sat- 
isfy the constraints ? There are many values of p for 
which some a and b exist such that the constraints are 
satisfied. We analyze contracts where p = 52.5 as an 
example. Now which values of a and b satisfy both IR 
constraints? There are three qualitatively different cases. 

Case 1. Either agent might decommit e In the 
case where a < p there is some chance that the contrac- 
tor will decommit (it may happen that -6 > -p + a). 

If Vb*(p,a, b) < 110 (’ 1.e. iess than maximum possible 6), 
there is some chance that the contractee will decommit. 
This occurs if \6 > p + b. We programmed a model of the 
IR constraints (Equations 3 and 2) for this case. To make 
the algebra tractable (constant f(6) and s(g)), versions 
of these IR constraint equations were used that assumed 
0 5 a < p, and 0 < i* < 110, without loss of general- 
ity. The corresponding decommitment penalties a and 
b that satisfy the IR constraints are plotted in Figure 2 
left. Furthermore, the boundaries of the programmed 
model need to be checked. The boundaries a = 0, a = p, 
and vb* = 110 are plotted in Figure 2 left. The constraint 
&* > 0 is always satisfied in this case and is not plotted. 

Figure 2: Decommitment penalties a and b that satisfy both agenta 
IR constraints in the example SEQD game. Right: either agent 
might decommit (a < p, and g’(p, a, b) < 110). Middle: only con- 
tractor might decommit (a < p, and &‘(p, a, b) 2 110). Left: a 2 p, 
i.e. only the contructee might decommit. 

Case 2, Contractor will surely not decommit. 
When a 2 p, the contractor will surely not decom- 
mit because its best possible outside offer is 8 = 0. 
Note that a can be arbitrarily high. The correspond- 

1,. 110 

100 

dQ 

1 0 100 
f(X)[-~+b]dXdh- 

s s 0 p-tb 0 

96) f(~)h+f~d~ 2 W-4 

(4) 
If p + b > 110, this is equivalent to -p 2 E[-ii] which 

is false. If 0 < p + b < 110, this is equivalent to 

-=-[(‘IO-(p+b)).(F +lOOb)+(p+b).(-lOOp)] 1 E[-X] 

(31 llo &-[(57.5 - b) - (-5000 1OOb) (52.5 + + + b) . (-5250)] 2 -50 

t+ 2.5 5 b < 52.5 

by the quadratic equation solution formula. 
Similaily the co&ractee’s IR constraint (Eq. 2) be- 

comes 
110 

l+b 1 

100 

sm f(&)[i;-b]d&dt;+ 
0 

6”” sm 1100 f(WWd~ 2 Etfd 

(5) 
If p + b 1 110, this is equivalent to p _> E[g] which is 

false. If 0 < p + b < 110, this is equivalent to 

* &&j(~-l’Ob-(T- (i + b)’ 
(p+b)b)).lOO+(p+b)p.loo] > 55 

e b 5 approximately 34.05 or b >_ approximately 80.95 

by the quadratic equation solution formula. The latter 
violates p + b < 110. 

Put together, in the open region 2.5 5 b 5 34.05, 
a 2 p (Fig. 2 right) this type of contracts are IR for both 
agents even though the agents decommit insincerely. 

Case 3, Contractee will surely not decommit. 
If b is so high that 6* (p, a, b) 2 110, the contractee 
will surely not decommit. The contractor will decom- 
mit whenever -5 - a > -p e ii < p - a, i.e. the 
decommitting threshold ii* = p - a. The contractor’s IR 
constraint becomes 

e lllo -&L’-= f(X)[--X - a]d& + !I; f(s)[-p]d&]dg 2 -50 

s 

P-a 

s 

100 

e> f(X)[-X - a]dX + f(~)[--plda 2 -50 
0 p--o 

If a 2 p, this is equivalent to -p 2 -50 which is false. 
If 0 5 a < p, this is equivalent to 

iid J 

p--o 
[-X - a]d& + 

0 s 

100 

[-p]dX] 2 -50 
P-” 

* &[( + + (p - a)(-a)) + ((100 - (P - a)). (-p)) 2 -50 
e a s approximately 30.14 or a 1 approximately 74.86 

by the quadratic equation solution formula. The latter 
violates a < p. 
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Similarly, the contractee’s IR constraint becomes 

[~p’a’bk,,[[~~)[~ + a]dX + ~~~)(plda]dh 1 E[g] (7) 

J 

110 

s 

P--O 

s 

100 

* $j[P+al f(aW + [PI f(X)dX]di; > 55 
0 0 p-0 

p--o 100 
# $$g + llOa] 

s 
f(a)da + 110~ 

s 
f(a)4 1 55 

0 p--o 

p--o 100 

e [55 + =I 
s 

f(aW + P 
s_ 

f(&)dtX > 55 

If a 2 p, this :s equivalent t: j > 55 which is false. If 
0 < a < p, this is equivalent to 

[55+a](p-a)~+p[lOO-(p-a)1~ 255 

e 2.5 5 a < 47.5 

Thus the open region 2.5 5 a 5 30.14, 6* > 110 (Fig. 2 
middle) is where this type of contracts are IR for both 
agents even though the agents decommit insincerely. 

In addition to enabling deals that are impossible via 
full commitment contracts, leveled commitment con- 
tracts can increase the efficiency of deals which are pos- 
sible via full commitment contracts (the reverse cannot 
occur because the former can emulate the latter) if there 
is enough ez ante variance in the outside offers: 
Theorem 2.2 Pareto irnprovernent. If a SEQD game 
has at least one IR full commitment contract F and 

1. i is bounded from above, f is bounded, and 
ml J-, f(Z)& > 0, or 

2. ii is bounded from below, g is bounded, and 

then that game has a leveled commitment contract that 
increases both agents’ expected payoffs over any full com- 
mitment contract. Therefore, the leveled commitment 
contract is Pareto superior and IR. 
Proof. We prove this under condition 1. The proof 
under 2 is analogous. With F, the contractor’s payoff is 
-pF, and the contractee’s PF. We construct a leveled 
commitment contract where the contractee will surely 
not decommit because its penalty is chosen high and “b 
is bounded from above. Choose p = PF, and a = PF - 
E[g] + E. The contractor decommits if -ii - a > -P * 
6 < p - a = E[g] - E. This has nonzero probability 
because bounded f and J:zl f(lc)da > o imply 2~ > 0 

s.t. J-:2-= f(a)da > o. The contractee’s expected payoff 
increased: it is PF if the contractor does not decommit, 
and E[gJ + a = PF + E > PF if the contractor does. The 
contractor’s expected payoff also increased: 

s 

P---cr 
-PF < f(X)[--X - aW+ f(a)[--&a 

-00 s* p--p 

s 

P-” 
*O< f(a)[-s - = + PF]dg 

-00 

which is implied by Jrf’-‘f(il)da > o (Because f is 
bounded, all of this probability mass cannot be on a 
single point ii = p - a (= E[g] - E)). III 
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3 Simultaneous decommitting 
In our simultaneous decommitting games, both agents 
have to declare decommitment simultaneously. There 
are two alternative leveled commitment protocols that 
differ on what happens if both agents decommit, Fig. 3. 
In the first, both agents have to pay the decommitment 
penalties to each other. In the second, neither agent has 
to pay. The next two sections analyze them. 

.------- ----_ 
:ontracting 
pIlIe 

I.C”.lcd 

-_--------_----_-___------------------------------------------------------------, 
Ikcommitting 
:ame 

P 
commit” (SIMUDBP) game. The parentheaired payoff8 Tepresent 
the "SIMUltaneous Decommit - Neither Pay8 if both decommit” 
(SIMUDNP) game. The dashed lines represent the agenta’ infor- 
mation sets. When decommitting, the contractor doe8 not know the 
contructee’s outside offer and vice veT8a. Furthermore, the contrac- 
tor ha8 to decide on decommitting before it ha8 observed the con- 
tTactee ‘8 decommitting decision, and vice verda. 

3.1 Both pay if both decommit 
Simultaneous decommitting games where both agents 
have to pay the penalties if both decommit will be called 
SIMUDBP games, Fig. 3. Let pb be the probability that 
the contractee decommits, which depends on f(S), g(g), 
p, a, and b. The contractor decommits if 

pb. (--a + b - a) + (1 - pb)(-6 - a) > pb * (-a + b) + (1 - pb)(-P) 

If pb = 1, this equates to a < 0, but we already ruled 
out contracts where an agent gets paid for decommitting. 
On the other hand, the above inequality is equivalent to 

X<p-a 
1 - pb 

“&’ &*(p, u,b,&*) When pa < 1 (8) 

If the contractor’s outside offer is below the threshold 
(6 < 6*), the contractor is best off by decommitting. 

The contractee decommits if 

SW s a* (p,%b,b*) 
f (a)d@ - b] + f (X)dX[i; - b + a] 

a*(p,a,b,g*) -co 

r s 

a*(p,d,6*) 
> f (~)Wd + f (+a[6 + al 

a+ (P,a,b,6*) -CCl 

If c.fXy(,o,a,b,i;*) f (ti)d’ = 0, this equates to b < 0, but we 
ruled out contracts where an agent gets paid for decom- 
mitting. However, the above inequality equates to 



If the contractee’s outside offer exceeds the threshold 
(& > &*), the contractee is best off by decommitting. 
The probability that the contractee will decommit is 

pb = 

I= 
s(W (10) 

g+ (P ,a,b,a+) 

Condition 8 states the contractor’s best response (de- 
fined by n*) to the contractee’s strategy that is defined 
by 2. Condition 9 states the contractee’s best response 
‘i* to the contractor’s strategy that is defined by ii*. Con- 
dition 8 uses the variable pa which is defined by Equa- 
tion 10. So together, Equations 8, 9, and 10 define the 
Nash equilibria of the decommitting game. 

Now the contractor’s IR constraint becomes 

The first row corresponds to the contractee decommit- 
ting, while the second corresponds to the contractee not 
decommitting. The second integral in each row corre- 
sponds to the contractor decommitting, while the third 
integral corresponds to the contractor not decommitting. 
Similarly, the contractee’s IR constraint becomes 

If 5 is bounded from below, the contractor’s decom- 
mitment penalty a can be chosen so high that the con- 
tractor’s decommitment threshold ii* (p, a, b, 8”) becomes 
lower than any & In that case the contractor will surely 
not decommit. Similarly, if “b is bounded from above, 
the contractee’s decommitment penalty b can be chosen 
so high that the contractee’s decommitment threshold 
g*(p) a, b, ;i*) is greater than any “b. In that case the con- 
tractee will surely not decommit. Thus, full commit- 
ment contracts are a subset of leveled commitment ones. 
Therefore, the former can be no better in the sense of 
Pareto efficiency or social welfare than the latter. 

In addition to leveled commitment contracts never be- 
ing worse than full commitment ones, the following the- 
orem shows that in SIMUDBP games they can enable a 
deal that is impossible via full commitment contracts. 

Theorem 3.1 Enabling in a SIMUDBP game. 
There are SIMUDBP games (defined by f(Z) and g(g)) 
where no full commitment contract satisfies the IR con- 
straints but a leveled commitment contract does. 

Proof. Let f(6) = $ ftie:wts$ loo and g(g) = 

& if 0 2 i; 5 110 
0 otherwise. 

No full commitment contract F 

satisfies both IR constraints because that would re- 
quire .+?!$I < PF 5 E[ti] which is impossible because 

55 = E[Q > E[ii] = 50. We build a leveled commitment 
contract with p = 52.5 as an example. Four cases result: 

Case I. Either agent might decommit. If 
0 < &* < 100, and 0 < i* < 110, there is a nonzero prob- 
ability for each agent to decommit. The unique Nash 
equilibrium is plotted out for different values of a and b 
in Figure 4. The equilibrium decommitment thresholds 
ti” and vb* differ from the truthful ones. Yet there exist 
equilibria in the proper range of ii* and vb*. 

l:::i:fi ~~~ qri 

.I 1 s / II I 
Figure 4: The Nash equilibriim decommitment thresholds I’ and 
6* of OUT example SIMUDBP game for different values of the de- 
commitment penalties a and b. The Nash equilibrium deviates fTom 
truthful decommitting. If 0 < 1’ < 100, and 0 < g’ < 110, there is 
dome chance that eitheT agent will decommit. 

It is not guaranteed that all of these Nash equilib- 
ria satisfy the agents’ IR constraints however. We pro- 
grammed a model of Equations 8, 9, and 10 and the 
IR constraints. To make the algebra tractable (constant 

f(z) and d)), versions of these equations were used that 
assumed 0 < ai” < 100, and 0 < vb* < 110, without loss 
of generality. Therefore the first task was to check the 
boundaries of the validity of the model. The boundaries 
ii* = 0 and vb” = 110 are plotted in Figure 5. The bound- 
ary 6* = 100 turns out to be the line b = 0. There exists 
no boundary g* = 0 because g* was always positive. 

b 
. 

Contractee 

not decomnit 

-100 contracke lR \ ) ,-,-' con[rac.(,,. ,R 

Figure 5: 
P 

Three different regions of contracts that aTe IR for 
both agenta and allow an equilibrium in the SIMUDBP decommit- 
ting game. In the dark gray aTea eitheT agent might decommit but in 
the Zight gray aTeas only one of the agents might. Curves represent 
the IR con&Taints and validity constraints of the programmed model 
that Tequires 0 < ii* < 100, and 0 < 6* < 110. 

Each agent’s IR constraint induces three curves 
(Fig. 5)) two of which actually bound the IR region. The 
third is also a root, but at both sides of that curve, the 
IR constraint is satisfied. The dark gray area of Fig- 
ure 5 represents the values of the decommitment penal- 
ties a and b for which the validity constraints of the 
programmed model and the IR constraints are satisfied. 
In other words, for any such a and b, there exists de- 
commitment thresholds G* and g* such that these form 
a Nash equilibrium, and there is a nonzero probability 
for either agent to decommit, and each agent has higher 
expected payoff with the contract than without it. 
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Case 2, Contractor will surely not decommit. 
If 8* 5 0, the contractor will surely not decommit. Now 
b(p, a, b, &*) = p+ JZ ;(&,,, = p+ b, i.e. the contractee 

decommits truthfully. The contractor’s IR constraint 
becomes the same as in case 2 of the example SEQD 
game (Eq. 4). Th is constraint was proven equivalent 
to 2.5 < b s 52.5. The contractee’s IR constraint also 
equates to that in the SEQD game (Eq. 5). It was proven 
equivalent to b 5 approximately 34.05. Thus these con- 
tracts are IR for both agents and in equilibrium in the 
open region 2.5 < b 5 34.05, ii’ 5 0, Fig. 5. 

Case 3, Contractee will surely not decommit. 
If &” 1 110, the contractee will surely not decommit 
(pb = 0). Now ii*(p,u, b,vb*) = p - e = p - a, i.e. the 
contractor decommits truthfully. The contractor’s IR 
constraint becomes the same as in case 3 of the example 
SEQD game (Eq. 6). Th’ 1s constraint was proven equiv- 
alent to a 5 approximately 30.14. The contractee’s IR 
constraint equates to Eq. 7 of the SEQD game. It was 
proven equivalent to 2.5 5 a ,< 47.5. Thus the open re- 
gion 2.5 5 a < 30.14, b > 110 is where these contracts 
are IR for both agents, and in equilibrium, Fig. 5. 

Case 4, Trivial case. A contract where at least one 
agent will surely decommit, i.e. ii* > 100 or vb* 5 0 
can be IR-barely because it does not increase either 
agent’s payoff. For it to be IR for the decommitting 
agent, the decommitment penalty has to be zero: the 
decommitting agent gets the same payoff as without the 
contract. Similarly, the other agent gets the same payoff 
as it would get without the contract. This contract is 
equivalent to no contract at all: decommitment occurs 
and no payment is transferred. cl 

In addition to enabling deals that are impossible using 
full commitment, leveled commitment contracts can in- 
crease the efficiency of a deal even if a full commitment 
contract were possible (the reverse cannot occur): 

Theorem 3.2 Pareto efficiency improaement. 
Theorem 2.2 applies to SIMUDBP games. 

Proof. When one agent is known not to decommit, 
SIMUDBP games are equivalent to SEQD games. •I 

3.2 Neither pays if both decommit 
Simultaneous decommitting games where a protocol 
is used where neither agent has to pay a decommit- 
ting penalty if both agents decommit (SIMUDNP games, 
Fig. 3) can be analyzed in the same way as SIMUDBP 
games, but the decommitting thresholds differ [14]. 

If ti is bounded from below, and g from above, a can 
be chosen so high that the contractor wiIl surely not 
decommit, and b so high that the contractee will not. 
So, full commitment contracts are a subset of leveled 
commitment ones. Thus the former cannot enable a deal 
whenever the latter cannot. Also, leveled commitment 
can enable a deal that is impossible via full commitment: 

Theorem 3.3 Enabling in a SIMUDNP game. 
There exist SIMUDNP games (defined by f (ii) and g(g)) 

where no full commitment contract satisfies the IR con- 
straints but a leveled commitment contract does. 
The proof is like that of Theorem 3.1 except that the 
formulas for decommitting differ [14]. With the same 
f(8), g(i), and p as in the proof of Theorem 3.1, the 
Nash equilibria of the SIMUDNP game are as shown in 
Figure 6. The decommitment thresholds Z* and vb” differ 
from the truthful ones. They are closer to the truthful 
ones than what they were with a protocol where both 
agents pay if both decommit, Figure 4. The shapes of the 
curves using these two protocols also differ significantly. 

I, II I 
Figure i: ihe Nazi equilibriim decommitment tkesiolds ii*“’ an: 
ub’ of OUT example SIMUDNP game foT different values of the de- 
commitment penaltiea a and b. The Nash equilibrium deviates from 
truthful decommitting. If 0 < 1’ < 100, and 0 < 6* < 110, there ia 
dome chance that either agent will decommit. 

We programmed a model to check which of the 
SIMUDNP equilibria allow contracts that are IR for both 
agents. The results are quantitatively different, but qual- 
itatively same as in SIMUDBP games (Fig. 5) [14]. 

Leveled commitment contracts can also increase the 
efficiency of a deal even if a full commitment contract 
were possible (the reverse cannot occur): 

Theorem 3.4 Pareto eficiency improuement. 
Theorem 2.2 applies to SIMUDNP games. 

Proof. When one agent is known not to decommit, 
SIMUDNP games are equivalent to SEQD games. •I 

4 rescriptions for system buil 
The results from the above canonical games suggest that 
it is worthwhile from a contract enabling and a contract 
Pareto improving perspective to incorporate the decom- 
mitment mechanism into automated contracting proto- 
cols. The decommitment penalties are best chosen by 
the agents dynamically at contract time as opposed to 
statically in the protocol. This allows the tuning of the 
penalties not only to specific negotiation situations and 
environmental uncertainties, but also to specific belief 
structures of the agents. An extended paper analyzes 
the impact of agents’ biased beliefs on the benefits of 
contracts, and the distribution of these gains 1141. 

In the presented instance of the simultaneous de- 
committing game, the Nash equilibrium decommitting 
strategies were usually closer to truthful ones when a 
protocol was used where neither pays if both decommit 
than when a protocol was used where both pay if both 
decommit. Also, as an agent’s opponent’s decommit- 
ment penalty approaches zero, the agent becomes truth- 
ful in the former protocol, but starts to increasingly bias 
its decommitment decisions in the latter. This suggests 
using the former protocol in practical systems. It also 
minimizes the number of payment transfers because it 
does not require any such transfer if both decommit. 
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In a web of multiple mutual contracts among several 
agents, classical full commitment contracts induce one 
negotiation focus consisting of the obligations of the con- 
tracts. Under the protocol proposed in this paper, there 
are multiple such foci, and any agent involved in a con- 
tract can swap from one such focus to another by de- 
committing from a contract. Such a swap may make it 
beneficial for another agent to decommit from another 
contract, and so on. To avoid loops of decommitting and 
recommitting in practise, recommitting can be disabled. 
This can be implemented by a protocol that specifies 
that if a contract offer is accepted and later either agent 
decommits, the original offer becomes void-as opposed 
to staying valid according to its original deadline which 
may not have been reached at decommitment time. 

Even if two agents cannot explicitly recommit to a con- 
tract, it is hard to specify and monitor in a protocol that 
they will not make another contract with an identical 
content, This gives rise to the possibility of the equiva- 
lent of useless decommit-recommit loops. Such loops can 
be avoided by a mechanism where the decommitment 
penalties increase with real-time or with the number of 
domain events or negotiation events. This allows a low 
commitment negotiation focus to be moved in the joint 
search space while still making the contracts meaningful 
by some level of commitment. The increasing level of 
commitment causes the agents to not backtrack deeply 
in the negotiations, which can also save computation. 

The initially low commitment to contracts can also be 
used as a mechanism to facilitate linking of deals. Of- 
ten, there is no contract over a single item that is bene- 
ficial, but a combination of contracts among two agents 
would be [13; 171. E ven 
contracts [13; 171 

if explicit clustering of issues into 
is not used, an agent can agree to an 

unbeneficial contract in anticipation of synergic future 
contracts from the other agent that will make the first 
contract beneficial [17]. If no such contracts appear, the 
agent can decommit. Similarly, low commitment con- 
tracts can be used to facilitate deals among more than 
two agents. Even without explicit multiagent contract 
protocols [17], multiagent contracts can be implemented 
by one agent agreeing to an unbeneficial contract in an- 
ticipation of synergic future contracts from third parties 
that will make the first contract beneficial [17]. If no 
such contracts appear, the agent can decommit. 

In many practical automated contracting settings lim- 
ited computation resources bound the agents’ capability 
to solve combinatorial problems [17; 15; 133. The value 
of a contract may only be probabilistically known to an 
agent at contract time. The leveled commitment con- 
tracting protocol allows the agent to continue delibera- 
tion regarding the value of the contract after the con- 
tract is made. If the value turns out to be lower than 
expected, the agent can decommit. However, decom- 
mitment penalties which increase quickly in time may 
be appropriate with computationally limited agents so 
that the agents do not need to consider the combinato- 
rial number of possible future worlds where alternative 
combinations of decommitments have occurred [17]. 

5 Conclusions 
A protocol was presented for automated contracting 
that allows agents to accommodate future events more 
profitably than traditional full commitment contracts. 
Each contract specifies a decommitment penalty for both 
agents involved. To decommit, an agent just pays that 
penalty to the other agent. This mechanism is bet- 
ter suited for complex computerized contracting settings 
than contingency contracts. The analysis handled the 
fact that agents decommit manipulatively. This analysis 
also serves as a normative tool for agents to decide which 
contracts to accept based on individual rationality. 

Leveled commitment contracts can emulate full com- 
mitment ones by setting the decommitting penalties 
high. Therefore, full commitment contracts cannot be 
better than leveled commitment ones in the sense of 
Pareto efficiency or social welfare to the two agents. Nei- 
ther can they enable a deal that is impossible-based on 
individual rationality-via a leveled commitment con- 
tract. We proved that in these games the new proto- 
col surprisingly enables deals that are impossible via full 
commitment contracts. It also increases the expected 
payoff to both agents in settings where a full commit- 
ment contract is possible. Obviously one can also con- 
struct game instances where the null deal is so profitable 
to both agents that no contract-even a leveled commit- 
ment one-is individually rational to both. 
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