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MOTIVATION 

� Achieving cooperation and coordination for self-interested 
agents is a challenging issue; 

� Global benefit of society would be improved if agents 
cooperate. However, temptation to free-ride; 

� Self-interest is often hindered by social dilemmas (e.g. when 
sharing a common good). Self interested decisions are 
detrimental; 

� The individual benefit vs. the group benefit; 

� Examples in MAS: frequency spectrum assignation, load 
balancing, message congestion, etc. 



Agents can request files from 
a common server.  

There is common bandwidth 
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Case 1: Every agent requests 
only one file. 

All file are 
received promptly 

The bandwidth 
is enough. 



Case 2: Some agents request 
many files.  

Multiple file 
requests 

File reception becomes 
very slow for everyone 

Congestion 



COALITIONS 

What is a coalition? 
 

�  Whole population is a set A while each 
subset of A is a potential coalition; 

�  Both found in cooperative as well as self-
interested agents. 

What is the motivation for a coalition? 
 

�  Achieving goals or improving performance; 

�  Enabling agents to accomplish goals they 
may not have been able to accomplish 
independently. 

 



COALITION FORMATION
   

� There are several potential coalitions that 
can be formed; 

�  Its number increases with the number of 
agents. 

    
 

    
 

 
 
 



DYNAMIC COALITION 
FORMATION I.   

�  Find optimal coalition: time of computation 
longer than the time of existence of a coalition 

�  Optimal coalition in real world drawbacks: 
�  Time needed 
�  Number of agents has to be small 

�  However, what happens  in real world? 
�  Large number of agents interacting 
�  Need of fast decisions 
�  Environment condition changes, coalitions must 

change 
 

�  We need to use domain knowledge or games to 
solve problems in a reasonable efficient way. 



DYNAMIC COALITION 
FORMATION II.   

�  We are therefore interested in decision making 
mechanisms: 
�  for allowing agents to decide if they must remain 

independent or join a coalition, and if the second, 
to which one.  

�  for deciding the coalition behaviour, both against 
members of the coalition and non members of it. 

�  for adapting coalitions depending on the needs of 
the environment. 

�  Current work is focused mainly on the behaviour 
inside the coalition, not considering the 
interaction with other coalitions or members out 
of it. 
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TOPOLOGIES 
 
  Grid topology 

Social networks 

Small-world 



STATIC TOPOLOGIES 
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COALITIONS WITH LEADERS 
 
  

�  IPD in grid scenarios 
� Three roles 
1.  Independent agents 
2.  Coalition part agents 
3.  Leader agents 

    Taxes 
     Defines coalition behaviour 

� Coalitions with leaders 
� Grid topology (Burguillo) 

� Cooperation is achieved 
� Social topology 

� Previous decision making mechanism did not allow to 
achieve full cooperation in social networks. 

� Consensus mechanism to arrive to fair taxes. 
 



However, why do we need leaders? 

WHY LEADERS? FLAT COALITIONS 



Until now… 

 

COOPERATION AMONG 
MATES. 

But… 

 



FLAT COALITIONS II 

Main questions analysed both for grid and social 
networks using flat coalitions where all agents in 
coalition take part in the decision of the behaviour: 

1. Emergence of coalitions as a way to support 
cooperation in a defection-prone environment without 
using leaders; 

2. Whether the use of learning techniques and coalition 
formation enhances the emergence and maintenance of 
cooperation, when compared to the behaviour of 
independent agents (those not in coalitions); 

Contribution: exploration of issue of behaviour of agents 
in coalitions in multi-agent networks  playing the IPD by 
means of reinforcement learning techniques. Our 
mechanism allows agents to achieve cooperation.  



DYNAMIC TOPOLOGIES: 
COALITIONS+REWIRING 
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DYNAMIC TOPOLOGIES: REWIRING 

 

�  Effects of joint use of coalitions and rewiring in 
resource-based scenarios. We construct different 
decision mechanism to different models, observing 
that cooperation is improved when using them. 

 



 
�  Possessor-Trader problem (bidirectional-trading) 

� Social and economical trading agreements or 
cooperation play an important role in our society 

� Using learning, to decide how to rewire and behave, 
both individually and coalition wise. 

�  Nowak indirect reciprocity (unidirectional-donation) 
� Memetics 
� Reputation:  

�  Agents have information about the agents they play with. 
More information to take a decision. 

�  Group reputation 
� Reputation is used both for decision making for 

coalition formation and rewiring. 

COALITIONS OVER DYNAMIC 
TOPOLOGIES  



DYNAMIC COALITIONS: 
COMPETITIVE SCENARIO  
FOR COMPLEX TASK 
SERVICE 



� Dynamic Task Allocation in explicit competitive 
environments 
�  Tasks composed of multiple subtasks that cannot 

be performed by one single agent. 
� Several coalitions are formed to compete to service 

tasks. 
� Coalition and individual reputation 
� Adaptation mechanism for coalitions 

�  Increase the percentage of serviced tasks while 
adapting to changing conditions. 

COALITIONS TASK ALLOCATION 



Coalition formation is a process where agents join 
together to achieve a goal or to increase their 
performance. Group decisions (social) result in a 
mutually beneficial cooperation that holds over 
time 
 
We have defined mechanisms for dynamic 
coalition formation to improve the cooperation 
among agents, thus increasing their performance. 
 
In future work we focus how to apply our dynamic 
coalition formation mechanism with humans to see 
if the cooperative results are still valid. 
 

CONCLUSIONS AND 
FUTURE WORK 



QUESTIONS 


