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Autonomous agents are designed to reach goals that 
were pre-defined by their operators. An important way 
to execute tasks and to maximize utility is to share 
resources and to cooperate on task execution by cre- 
ating coalitions of agents. If the agents are individ- 
ually rational, such coalitions will take place if, and 
only if, each member of a coalition gains more if it 
joins the coalition than it could gain previously. There 
are several ways of creating such coalitions and divid- 
ing the joint payoff among the members. Variation in 
these methods is due to different environments, dif- 
ferent settings in a specific environment, and different 
approaches to a specific environment with specific set- 
tings (Zlotkin & Rosenschein 1993). 

In this research we develop methods for coalition- 
formation and utility distribution in various environ- 
ments, we discuss their advantages and suggest occa- 
sions when each is most suitable (Shechory & Kraus 
1993). The algorithms are developed with reference 
to different approaches. Some approaches are based 
on theoretical concepts from game theory (Shapley & 
Shubik 1973). Other approaches are based upon ne- 
gotiation (Kraus & Wilkenfeld 1991), and the use of 
methods and concepts from distributed AI. The algo- 
rithms require communication and computation oper- 
ations. These operations are either distributed among 
the agents or performed all by one agent. There are 
algorithms that can be halted in the middle of pro- 
cesses but still give reasonable results, i.e., any-time 
algorithms (Dean & Boddy 1988), while others, if were 
stopped before they end will give no results. 

We use a new concept of polynomial Kernel- 
stability based on the original Kernel-stability (Davis 
& Maschler 1965), to develop a Coalition Negotiation 
polynomial Algorithm (CNA), on which we focus. The 
CNA consists of steps in which coalitions are formed, 
where each step is constructed as follows: 
1. Each coalition ranks the other coalitions according 

to the expected utility from forming a joint coalition. 
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2. Each coalition designs proposals to be offered to 
other coalitions, transmits the proposals and waits 
for response. 

3. Each coalition that receives proposals accepts or re- 
jects them according to an evaluation done with re- 
spect to the polynomial-kernel-stability of the offer. 

The CNA leads to distribution of calculations and com- 
munications and to a vast reduction of the calcula- 
tional complexity, although it partially employs com- 
putational methods that were developed for the ex- 
ponential problem, e.g., the Stearns transfer scheme 
(Stearns 1968). It is an anytime algorithm: if halted 
after any negotiation step, it provides the agents with 
a set of formed polynomial K-stable coalitions. The 
advantages of our algorithm are that the average ex- 
pected utility of the agents is an increasing function of 
the time and effort spent by the agents performing the 
CNA steps, and is always better than when coopera- 
tion is avoided. 
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