An argumentation-based model for reasoning about coalition structures

Leila Amgoud

Institut de Recherche en Informatique de Toulouse (IRIT) 118, route de Narbonne, 31062 Toulouse Cedex 4 France amgoud@irit.fr

Abstract. Autonomous agents working in multi-agent environments need to cooperate in order to fulfill tasks. Generally, an agent cannot perform a task alone and needs help from the other agents. One of the solutions to this problem is to look for groups of agents which are able to perform the desired tasks better. Different algorithms have then been proposed for the task allocation via coalition formation. This last is generally seen as a two steps process: i) constructing the different solutions (called coalitions structures), then ii) discussing these solutions between the agents in order to select the best ones which will be adopted. This paper provides a unified formal framework for constructing the coalitions structures. In fact, we will show that the problem of coalition formation can be defined in terms only of a set of coalitions whose structures are abstract, a conflict relationship between the coalitions and a preference relation between the coalitions. Three semantics for coalitions structures will be proposed: a basic semantics which will return a unique coalition structure, stable semantics and preferred semantics. These two last may return several coalitions structures at the same time. A proof theory of the basic semantics will also be proposed. The aim of this proof theory is to test whether a given coalition will be acceptable for the agent or not without computing the whole structure. We will show that this framework is general enough to capture different propositions made in the literature. An instantiation of our framework is given and its properties are studied.

1 Introduction

Generally, to perform complex tasks in multi-agent environments, agents need to coordinate either because tasks require many resources if they are to be performed by a single agent, or because certain tasks can be carried out more efficiently by specialized agents. One of the solutions to this problem is to look for groups of agents which are able to perform the desired tasks better. This means that agents may form coalitions which are temporary associations between agents in order to carry out joint tasks.

Coalition formation can be seen as a two steps process:

1. Generating the coalition structures. The idea here is to form the coalitions such that agents within a coalition should coordinate to achieve a task (or a set of tasks), but those in different coalitions do not.

2. Discussing these structures between the agents in order to select the best ones which will be adopted.

The way in which the coalitions structures are generated depend broadly on the type of the studied problem. In some applications, for example, it may be required that the tasks are independent. In some other applications, it may also be required that a single agent should belong only to one coalition at the same time.

Different algorithms have then been proposed for task allocation via coalition formation [1, 2, 7, 8, 11, 12, 6, 9, 10, 4], and consequently for generating coalition structures. Each of them tries to resolve a particular problem with particular constraints.

Inspired from work on argumentation theory, particularly the famous argumentation system developed in [5], this paper provides a unified and general formal framework for generating the coalitions structures. That framework is defined in terms of a set of coalitions considered as abstract entities, a conflict relationship between these coalitions and finally a preference relation between the coalitions. Three semantics of coalitions structures are given: the basic semantics which returns a unique coalitions structure, stable semantics and preferred semantics which are two different refinements of the basic one. These two last semantics may return several coalitions structures at the same time. We propose also a proof theory in the case of basis semantics. The idea here, is that instead of computing all the coalitions structure in order to know whether a given coalition is in that structure, we can check directly if it is a member of the structure or not. This gives a dynamic way for the agents to test the acceptability of a coalition. This work is of great importance since it allows agents to reason about the coalitions, and minimize the negotiation between agents in the second step of the coalition formation process. Moreover, this framework is general enough to capture different propositions made in the literature.

This paper is organized as follows: Section 2 presents the suggested abstract framework. Section 3 provides a proof theory testing whether a given coalition will be in the coalitions structure. 4 presents an instantiation of our framework. Section 5 is devoted to some concluding remarks and perspectives.

2 Formal model for generating coalition structures

The problem of task allocation via coalition formation can be defined as a finite set N of agents who should achieve a finite set T of tasks. Each agent aims at maximizing its own satisfaction and also the satisfaction of the whole multi-agent system in which it is a member. In the literature on coalition formation, each agent is supposed to be equipped with a function which returns its degree of satisfaction for each coalition.

A framework for generating coalition structures is defined as a triple consisting of a set of coalitions, a binary relation representing the defeasibility relation between these coalitions, and finally a preference relation between coalitions. Here, a coalition is an abstract entity whose role is only determined by its relation to other coalitions. Then its structure is not known. It may be, for instance, any subset of N , or a subset of N which achieves a given task.

Regarding conflicts, these should capture the constraints imposed by the studied problem. For instance, if the considered application imposes that an agent belongs to a unique coalition, then two coalitions containing at least one common agent are conflicting.

The agents are able to evaluate each coalition. For instance, a coalition may have a cost and a profit. In such a case, one can imagine the value of a coalition as its profit minus its cost. The values of coalitions make it possible to compare them. Thus, the coalition formation problem can then be represented as a four steps process:

1. constructing the coalitions.

2. defining the defeasibility and preference relations between these coalitions. 3. defining the acceptable coalitions. These will be the coalition structures. 4. concluding.

The three first steps consist of generating the coalitions structures, whereas the last one to discuss them between agents.

Definition 1 (Formal framework). A framework for generating coalition structures (FGS) is a triplet <C, R, ≻> where C is a set of coalitions, R is a binary relation representing a defeat relationship between coalitions, R ⊆ C × C, and ≻ is a (partial or complete) preordering on C.

Definition 2. A framework (FGS) is finitary iff for each coalition C there is a finite number of coalitions which defeat C.

Different definitions for the defeat relation (R) and for the preference relation (≻) lead to different systems which may not return the same coalition structures. Defeating coalition can in turn be defeated by other coalitions so we need to define a notion of the status of coalitions. Its definition takes as input the set of all possible coalitions and their mutual relations of defeat and preference, and produces as output a division of coalitions into three classes:

– The class S_{R,≻} of acceptable coalitions. They represent the coalition structure. – The class R_{R,≻} of rejected coalitions. They are those coalitions defeated by acceptable ones. Such coalitions will not belong to a coalition structure.

– Coalitions which are neither acceptable nor rejected are gathered in the so-called class of coalitions in abeyance: Ab_{R,≻} = C \ (S_{R,≻} ∪ R_{R,≻}).

Note that to define the rejected coalitions and the coalitions in abeyance of a given framework (FGS), we first need to determine the set of acceptable coalitions of that framework. Intuitively, it is clear that a coalition which is not defeated at all will be accepted and will belong to the coalition structure. In what follows, the set C_R will gather all non-defeated coalitions.

Example 1. Let <C, R, ≻> be a FGS such that C = {C_1, C_2, C_3, C_4, C_5}, R = {(C_3, C_4), (C_4, C_3), (C_1, C_5)} and C_3 ≻ C_4, then C_R = {C_1, C_2}.

This notion of acceptability is not sufficient and is very restrictive. We refine it by accepting defeated coalitions provided that they are preferred to their defeaters. The idea here is to privilege strong coalitions.

Definition 3. Let <C, R, ≻> be a FGS and C_1, C_2 be two coalitions of C such that C_1 R C_2. C_2 defends itself against C_1 iff C_2 ≻ C_1.

A coalition defends itself iff it is preferred w.r.t ≻ to each of its defeaters. C_{R,≻} denotes the set of coalitions defending themselves against their defeaters.

Example 2. In example 1, since C_3 ≻ C_4 then C_3 defends itself against C_4. Consequently, C_{R,≻} = {C_1, C_2, C_3}.

The set C_{R,≻} contains also the coalitions which are not defeated (in the sense of the relation R).

Property 1. Let <C, R, ≻> be a FGS. C_R ⊆ C_{R,≻}.

The set C_{R,≻} is also too restricted since it discards coalitions which appear acceptable. Intuitively, if a coalition C_1 is less preferred than its defeater C_2 then it is weakened. But the defeater C_2 itself may be weakened by another coalition C_3 which defeats C_2 and is preferred to C_2. In this later case we would like to accept C_1 because it is defended by C_3. This corresponds to a joint defence point of view used in argumentation theory.

Definition 4. Let S ⊆ C. A coalition C_1 is defended by S iff ∀ C_2 ∈ C, if C_2 R C_1 and not(C_1 ≻ C_2) then ∃ C_3 ∈ S such that C_3 R C_2 and not(C_2 ≻ C_3).

The coalition structure (i.e. the set of acceptable coalitions) is then characterized, by a monotonic function F that returns for each set of coalitions, the set of all coalitions that are defended by that set.

Definition 5. Let S ⊆ C. F(S) = {C ∈ C | C is defended by S}.

Since the function F is monotonic, the set of acceptable coalitions is defined as its least fixpoint. Moreover, when the framework FGS is finitary, the function F is continuous and then its least fixpoint can be obtained by iterative application of F to the empty set.

Definition 6 (Coalitions structure). Let <C, R, ≻> be a finitary FGS. The coalitions structure is defined as: S_{R,≻} = ⋃ F^{i>0}(∅) By applying the characteristic function F to the empty set, we obtain exactly the set of coalitions defending themselves against their defeaters. More formally: F(∅) = C_{R,≻}. Thus, S_{R,≻} = ⋃ F^{i>0}(∅) = C_{R,≻} ∪ [ ⋃ F^{i≥1}(C_{R,≻})] The coalitions structure contains then the coalitions which defend themselves against their defeaters (C_{R,≻}) and also the coalitions which are defended (directly or indirectly) by coalitions of C_{R,≻}.

Before defining the proof theory, let’s give some definitions.

Definition 7. Let C_1, C_2 be two coalitions of C, and S ⊆ C.

– C_1 attacks C_2 iff C_1 R C_2 and not (C_2 ≻ C_1). – C_1 disqualifies C_2 iff C_1 attacks C_2 and not(C_2 attacks C_1) – S strictly defends C_1 iff for all C_2 such that C_2 attacks C_1, then there is a C_3 ∈ S such that C_3 disqualifies C_2.

Theorem 1. ∀ C ∈ S_{R,≻}, S_{R,≻} strictly defends C.

In some cases, the set S_{R,≻} may be empty. Let’s illustrate it on the following example.

Example 3. Let <C, R, ≻> be a FGS such that C = {C_1, C_2}, R = {(C_1, C_2), (C_2, C_1)}, C_1 ≻ C_2 and C_2 ≻ C_1. In this framework S_{R,≻} = ∅.

In the above example, no structure is returned and consequently no coalition is formed. This is not always desirable in multi-agents applications. In order to palliate the limits of this notion of acceptability, we will consider other semantics defined mainly in [5] in argumentation context. Indeed, we will define stable structures and preferred structures. Unlike the above semantics of acceptability which returns only one coalition structure, these new semantics may generate several structures at the same time. Before presenting these semantics, let’s first define a new notion of conflict-free:

Definition 8 (Conflict-free). S ⊆ C. S is conflict-free iff ∄ C_1, C_2 ∈ S such that C_1 R C_2 and not (C_2 ≻ C_1).

Definition 9 (Stable structures). Let <C, R, ≻> be a FGS, and S ⊆ C. S is a stable structure iff

1. S is conflict-free.

2. S defeats any coalition which is not in S.

Note that a framework FGS may have several stable structures. These stable structures correspond to different ways of achieving the tasks.

Example 4. In example 3, there are two stable structures S_1 = {C_1} and S_2 = {C_2}.

Definition 10 (Preferred structures). Let <C, R, ≻> be a FGS, and S ⊆ C. S is a preferred extension iff

1. S is conflict-free 2. S defends all its elements 3. S is maximal (for set inclusion) among the sets satisfying the 2 above conditions.

Note that each framework FGS has at least one preferred structure.

Example 5. Let <C, R, ≻> be a FGS such that C = {C_1, C_2, C_3, C_4, C_5}, R = {(C_2, C_1), (C_2, C_5), (C_5, C_5), (C_4, C_2), (C_3, C_2), (C_3, C_4), (C_4, C_3)}, C_2 ≻ C_1, C_5 and C_4 ≻ C_1, and C_3 ≻ C_2, and C_3 ≻ C_4 and C_4 ≻ C_3. In this framework S_{R,≻} = ∅, whereas there are two preferred structures S_1 = {C_1, C_3} and S_2 = {C_1, C_4}.

Property 2. – Each stable structure is also a preferred one. However, the reverse is not always true.

– The coalition structure S_{R,≻} is included in every stable (resp. preferred) structure.

3 Proof theory

So far, we have provided the semantics of a coalition structure by defining the set of acceptable coalitions it constrains, namely S_{R,≻}. However, in practice we don’t need to calculate the whole set S_{R,≻} in order to know the status of a given coalition. In this section we propose a test for membership for a coalition C, i.e. we propose a proof theory for testing whether C is in S_{R,≻} or not.

For that purpose, we are inspired by the work done in [3] in the context of argumentation theory.

The basic idea of this proof theory is to traverse the sequence F^1, ..., F^n in reverse. Consider that C occurs for the first time in F^n. We start with C, and then for any coalition B_i which attacks C, we find a coalition C_i in F^{n−1} which defends C. Now, because of Theorem 1, we are only interested in the strict defenders of a coalition, and the strict defenders of C will disqualify the B_i. The same process is repeated for each strict defender until there is no strict defender or defeater.

We can think of this process in terms of a dialogue game between two players P and O. P makes the coalition we are interested in and its defenders and the player O makes the counter-coalitions or defeaters.

Definition 11. A dialogue is a nonempty sequence of moves, move_i = (P layer_i, Coal_i)(i ≥ 0) such that:

1. P layer_i = P iff i is even, P layer_i = O iff i is odd. 2. P layer_0 = P and Coal_0 = C. 3. If P layer_i = P layer_j = P and i ≠ j then Coal_i ≠ Coal_j . 4. If P layer_i = P , i > 1, then Coal_i disqualifies Coal_{i−1}. 5. If P layer_i = O then Coal_i attacks Coal_{i−1}.

A dialogue tree is a finite tree where each branch is a dialogue.

Example 6. Let <C, R, ≻> be a FGS such that C = {a_0, a_{01}, a_{02}, a_{10}, a_{11}, a_{12}}, R = {(a_{10}, a_0), (a_{01}, a_{10}), (a_{12}, a_{02}), (a_{02}, a_{10}), (a_{03}, a_{11}), (a_{11}, a_0)}. Let’s suppose that a_{03} ≻ a_{11} ≻ a_0, a_{01} ≻ a_{10} ≻ a_0 and a_{12} ≻ a_{02}, a_{02} ≻ a_{10}. We are interested in the status of the coalition a_0. The corresponding dialogue tree is presented in Figure 1.

The dialogue tree can be considered as an AND/OR tree. A node corresponding to the player P is an AND node, and a node corresponding to the player O is an OR node. This is because a coalition is acceptable if it is defended against all its defeaters. The edges of a node containing a coalition of P represent defeaters so they all must be defeated. In contrast, the edges of a node containing a coalition of O represent defenders of P so it is sufficient that one of them defeats the coalition of O.

Definition 12. A player wins a dialogue iff he makes the last coalition in the dialogue.

A player who wins a dialogue does not necessarily win in all the sub-trees of the dialogue tree. To formalize the winning of a dialogue tree, the concept of a solution sub-tree is defined.

Fig. 1. A dialogue tree

Fig. 2. Candidate sub-trees

Definition 13. A candidate sub-tree is a sub-tree of a dialogue tree containing all the edges of each AND node and exactly one edge of each OR node. A solution sub-tree is a candidate sub-tree whose branches are all won by P .

Example 7. Thus the dialogue represented in example 3 has exactly two candidate subtrees S_1 and S_2, Figure 2 .

Definition 14. P wins a dialogue iff the corresponding dialogue tree has a solution sub-tree.

Example 8. Thus P wins the dialogue presented in Figure 1 because S_2 is a solution sub-tree.

Definition 15. Let C ∈ C. A coalition C is justified iff there is a dialogue tree whose root is C, and which is won by the player P .

Example 9. Thus the coalition a_0 is justified because the player P won the dialogue tree.

The main result from the proof theory is: Theorem 2. Let <C, R, ≻> be a FGS.

1. ∀ C ∈ C, if C is justified then each coalition of P belonging to the solution sub-tree is in S_{R,≻}, in particular C.

2. ∀ C ∈ S_{R,≻}, C is justified.

In other words, the dialogue process constructs all acceptable coalitions, and only constructs acceptable coalitions and is thus sound and complete.

4 Application of the general model

In order to illustrate our model, let’s consider the problem of coalition formation described in [11]. The problem is that of task allocation among groups of autonomous agents. The idea is that given the set T of tasks, the system has as a whole to satisfy all the tasks or at least seek the satisfaction of as many tasks as possible, thus maximizing its benefit. In that work, a multi-agent system is supposed to perform a service. That service requires several criteria <c_1, . . ., c_r>. For example, if the service is transportation, then the criteria will be weight, size, volume. Several agents N = {a_1, . . . , a_n} are involved in this system. Each agent a_i is supposed to have a vector of non-negative capabilities B^i = <b^i_1, . . ., b^i_r>. A capability b^i_j represents the capacity of the agent a_i regarding the criterion c_j . In the case of transportation, this means that an agent p has x weight, y size and z volume. The system has also a set T = {t_1, . . . , t_m} of tasks to perform. To each task t a vector B^t = <b^t_1, . . ., b^t_r> of its capabilities is given. An element b^{tj}_k represents the amount of c_k necessary for its satisfaction.

Definition 16 (Agents system). An agents system (AS) is a triple <S, N , T > such that:

– S = <c_1, . . ., c_r>.

– N = {a_1, . . . , a_n} is a set of agents, where ∀ a_i ∈ N there are:

1. a vector B^i = <b^i_1, . . ., b^i_r> of its capabilities. 2. a function V alue which returns the value of a given coalition.

– T = {t_1, . . . , t_m} is a set of tasks to be performed, where ∀ t ∈ T there is a vector B^t = <b^t_1, . . ., b^t_r> of the necessary capabilities for its achievement.

A coalition is a group of agents that decided to work together in order to fulfill a given task.

Hypothesis 1 We assume that:

– The tasks are independent.

– An agent cannot belong to more than one coalition at a time. – A coalition can work on a single task at a time.

4.1 The notion of coalition

A coalition is a group of agents that cooperate in order to achieve a common task. In fact, a coalition should be minimal since each coalition has a cost. And the more the coalition is large, the more costly it is. Moreover, an agent cannot be in a coalition if it is not useful and it cannot help in the achievement of the task. Before giving the formal definition of a coalition, let’s first define formally when a task is achievable.

Definition 17. Let <S, N , T > be an agents system, C ⊆ N and t ∈ T . The group C of agents can achieve the task t, denoted by C ⊪ t, iff ∀ 1 ≤ j ≤ r, ∑ a_i∈C b i j ≥ b^t_j . The above definition says that a task is achievable by a group of agents if the capabilities of the agents taken together, are sufficient to what is required by the task. We are now ready to define formally a coalition.

Definition 18 (Coalition). Let <S, N , T > be an agents system. A coalition is a pair <C, t> such that: 1. C ⊆ N 2. t ∈ T 3. C ⊪ t 4. C is minimal for set inclusion among the sets satisfying the above conditions.

C will be called the support of the coalition, and t its task. In what follows, C(AS) will denote the set of all the coalitions that can be built from <S, N , T >.

4.2 The force of a coalition

Each agent is supposed to be equipped with a function V alue which returns the value of a coalition according to the agent. The value of a coalition may be equal to the benefit obtained from the coalition minus the cost of that coalition. However, the value may be defined in different ways. For the sake of simplicity, we suppose that this value is given and it is a numerical value.

The values of coalitions make it possible to compare these coalitions. Indeed, the coalition with a greater value is stronger than the ones with a small value. Formally:

Definition 19. Let C_1, C_2 ∈ C. C_1 is more beneficial than C_2, denoted C_1 ≻ C_2 iff V alue(C_1) > V alue(C_2). 4.3 Conflicts between coalitions

The coalition structures should satisfy the hypothesis already fixed when defining the problem. The first requirement is that an agent cannot belong to more than one coalition at the same time. Indeed, two coalitions, defined as shown in Definition 18 and containing at least one agent in common cannot be in the coalition structures. moreover, such coalitions are said to be conflicting. This kind of conflict will be called here “Interfere”. Formally:

Definition 20 (Interfering coalitions). Let <C_1, t_1>, <C_2, t_2> ∈ C(AS). <C_1, t_1> interferes with <C_2, t_2> iff C_1 ∩ C_2 ≠ ∅.

Note that the above relation is symmetrical. The second requirement in the studied problem is that the same task cannot be affected to more than one coalition at the same time. In the coalition structure, it cannot then be the case that two coalitions achieve the same task. This requirement gives raise to another kind of conflict between coalitions. In what follows, this conflict will be called “Competition”. Formally:

Definition 21 (Competing coalitions). Let <C_1, t_1>, <C_2, t_2> ∈ C(AS). <C_1, t_1> is in competition with <C_2, t_2> iff t_1 = t_2.

The two above relations are brought together in a unique definition of defeat as follows:

Definition 22 (Defeat). Let <C_1, t_1>, <C_2, t_2> ∈ C(AS). <C_1, t_1> defeats <C_2, t_2> iff:

– <C_1, t_1> interferes with <C_2, t_2> or – <C_1, t_1> is in competition with <C_2, t_2>.

4.4 Coalition structures

Once the notions of coalition and defeasibility are defined, we are now able to introduce the system which will be used for generating the coalition structures.

Definition 23. A framework for generating coalition structures is a triplet <C(AS), Defeat, ≻> where C(AS) is the set of coalitions built from the agents system <S, N , T > using Definition 18, Defeat is the relation given in Definition 22, and ≻ is a (partial or complete) preordering on C(AS) × C(AS) as shown in Definition 19.

The coalition structure of this system is: S_{Def eat,≻} = ⋃ F^{i>0}(∅)

= C_{Def eat,≻} ∪ [ ⋃ F^{i≥1}(C_{Def eat,≻})] Let’s define two functions: Supp and Task. The function Supp returns for a given set of coalitions, the set of all agents involved in that coalitions. The function Task returns for a given set of coalitions, the set of all tasks achievable by those coalitions.

Definition 24. Let <C(AS), Defeat, ≻> be a FGS. A coalition structure S is complete iff:

1. Supp(S) = N , and 2. Task(S) = T .

The coalition structure S_{Def eat,≻} is not always complete as can be shown by the following example:

Example 10. Let N = {a_1, a_2, a_3} and T = {t_1, t_2}. Let’s suppose that the two following coalitions are constructed: C_1 = <{a_1, a_2}, t_1> and C_2 = <{a_1, a_3}, t_2>. Suppose also that C_1 ≻ C_2. The coalition structure contains only the coalition C_1. Thus, only agents a_1 and a_2 will participate for the achievement of a task. Moreover, only one task t_1 will be achieved.

The following result can be shown:

Theorem 3. If the agents do not misrepresent the capabilities of the others, and if they have all the same values for the different coalitions, then their respective frameworks will all return the same coalition structure. Thus, there is no need to the negotiation step.

This result is of great importance since it shows that with such a framework, more work is done by the agents themselves, and consequently this may minimize greatly the communication which is very costly.

5 Conclusion

This paper addresses the problem of coalition formation. The idea behind this problem is to form groups of agents able to perform more efficiently different services or tasks. The coalition formation process follows two steps: each agent constructs its coalition structures (i.e. the affectation of tasks to groups of agents), then it should discuss them with the other agents in order to reach an agreement on the structure which will be adopted.

Several proposals [2, 7, 8, 11, 12, 6, 9] have been introduced in the literature. The aim of these works is to present efficient algorithms for computing the coalition structures of each agent, and how the optimal solution can be reached by the agents within a short negotiation.

All the above works have in common the problem of coalition formation, however, each of them generally studies a particular application.

Inspired from works on argumentation theory, we have proposed a unified, general and abstract framework which allows to construct the coalition structures in an elegant way. The formal framework has three components: a set of coalitions, a defeasibility relation between the coalitions, and finally a preference relation between the coalitions. In this abstract framework, the notion of coalition remains an abstract entity whose role is only defined in terms of its relation with the other coalitions. The exact definition of a coalition depends broadly on the studied application. It may be any sub-set of N (the set of agents), and in this case the set of coalitions will be exactly 2^N . However, in some other application the definition of coalition is more precise. In the case of task allocation, a coalition is exactly a set of agents which are able to achieve together a given task (or a set of tasks).

Regarding the notion of defeasibility, it is induced and defined from the constraints of the application. Finally, the preference relation comes from the values that agents can assign to each coalition. The value of a coalition depends also on the application. It may represent the benefits, or the cost of a coalition.

We have proposed three semantics for the coalitions structures: the basic structure one which returns only one coalition structure, the stable structures and the preferred structures. The stable and preferred structures may return several solutions at the same time. Each of them corresponds to a particular point of view of the agent. However, these different coalition structures may not be equally preferred by the agent. For each coalition structure, an agent may have a value which is the sum of the values of the different coalitions in the structure.

Another important contribution of this paper is the proposed proof theory in the case of a basic structure. This proof theory aims at testing whether a given coalition will be in the coalition structure or not. This is very important since the agents are not obliged to compute all the coalition structure to know whether a coalition is good for them or not. This is particularly useful in the negotiation step. When an agent proposes a given coalition, the other agents can easily check its acceptability without computing the whole structure.

The framework has been instantiated in a particular application of task allocation. We have shown that if the agents don’t misrepresent the capabilities of the other agents, and if the agents have the same preferences than there is no need to negotiate since their respective systems will return the same structure.

An extension of this work would be to study more deeply how the existing proposals fit in our framework, and to compare their results with the ones which will be given with our framework.

Another important extension of this work consists of studying the notion of preference relation. In this paper, this relation is very general, and as said before it reflects the importance of a coalition to an agent. However, in most agents’ applications, the agents are autonomous and may have incomplete information about the environment and about the other agents of the system. Thus, we can easily imagine that an agent may construct coalitions which are more or less certain for it. Moreover, a coalition may satisfy more or less prioritized goals of an agent. It is then important to take these factors into account when comparing coalitions.

As already said, this work has been inspired from work on argumentation theory. In that particular context, several algorithms have been defined for computing the different semantics. An extension of this work would be to adapt those algorithms to coalition formation problem and to compare their complexities to the complexity of existing algorithms.

Finally, it is very important to study the impact of the proposed framework on the second step of a coalition formation problem.

References

1. S. Aknine, S. Pinson, and M. Shakun. Coalition formation methods for multi-agent coordination problems. Group Decision and Negotiation, July 2000.

2. S. Aknine, S. Pinson, and M. Shakun. Coalition formation problem: New multi-agent methods with preference models. In Proceedings of the AAAI workshop on Coalition formation in dynamic multi-agent environments, July 2002.

3. L. Amgoud and C. Cayrol. A reasoning model based on the production of acceptable arguments. Annals of Mathematics and Artificial Intelligence, Volume 34:197–216, 2002.

4. V. D. Dan and N. Jennings. Generating coalition structures with finite bound from the optimal guarantees. In Proceedings of AAMAS’2004.

5. P. M. Dung. On the acceptability of arguments and its fundamental role in nonmonotonic reasoning, logic programming and n-person games. Artificial Intelligence, 77:321–357, 1995.

6. M. Klush and A. Gerber. Dynamic coalition formation among rational agents. IEEE Intelligent Systems, pages 42–47, 2002.

7. S. Kraus, O. Shehory, and G. Tasse. The advantages of compromising in coalition formation with incomplete information. In Proceedings of the AAMAS 2004, pages 588–595.

8. S. Kraus, O. Shehory, and G. Tasse. Coalition formation with uncertain heterogeneous information. In Proceedings of the AAMAS 2003, pages 1–8.

9. T. Sandholm, K. Larson, M. Andersson, O. Shehory, and F. Tohme. Coalition structure generation with worst case garantees. Artificial Intelligence, pages 209–238, 1999.

10. T. Sandholm and V. Lesser. Coalitions among computationally bounded agents. Artificial Intelligence, pages 99–137, 1997.

11. O. Shehory and S. Kraus. Task allocation via coalition formation among autonomous agents.

In Proceedings of IJCAI’1995.

12. O. Shehory and S. Kraus. Methods for coalition formation task allocation via coalition formation. Artificial Intelligence, pages 165–200, 1998.