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Abstract—In multi-agent systems, agents can cooperate with 
each other in order to form groups and take advantage of 
lower prices without ordering more than their actual 
demand. In this paper, we study a cooperative search of 
autonomous agents that represent agents’ coalition 
formation to enjoy a price discount for each of its requested 
service to achieve a goal. Such cooperation among agents is 
not only with direct agent’s neighbors, but also with indirect 
agent’s neighbors through the concept of agent graph, 
where several opportunities can be found, and each 
opportunity is associated with a value for the coalition. 
Given a search cost, the goal of an agent is to find the best 
set of opportunities which fulfills the coalition’s demands 
for the requested services with the maximum overall utility. 
The experimental results illustrated the performance of 
proposed Semi-Optimal Discount Group Formation (Semi-
Optimal DGF) model and have proven that, searching in 
groups can exploit opportunities that have been discarded 
by individual agent's search to reduce the percentage of 
failure for achieving goals to zero. At the same time, the 
proposed model proved its efficiency in average processing 
time from 5% to 24% faster when compared with other 
optimal models according to a different number of agents 
that form coalitions. With increased number of agents, the 
proposed model has an average utility 98% closest to the 
optimal utility and higher than the average coalition value 
obtained by 6% when considered a search cost as a 
parameter affected on the search for optimal coalitions.  
 
Index Terms—Coalition Formation, Multi-Agent System, 
Cooperative Search, Agent Graph 
 

I.  INTRODUCTION 

Coalition Formation (CF) is an important form of 
interaction in Multi-Agent Systems (MAS). It studies the 
process and criteria that lead to coordination and 
cooperation among agents in the performance of a 
specific task. The need for such cooperation may arise 
either when an agent is incapable of completing a task by 
himself or when operating as a group can improve the 
overall performance. The power of these agents in their 
interaction together in order to solve a specific problem 
or to achieve collectively a common task [1,2]. This 

group formation can be found in various domains, such as 
E-business applications, Cooperative Problem Solving 
(CPS), and many other applications [3,4,5]. In the 
electronic market application, the coalition formation has 
proven its importance as a coalition of buyers, given the 
incentive of obtaining a volume discount according to the 
size of the coalition [6,7]. Also, in the cooperative 
problem solving, a group of autonomous agents are trying 
to form coalitions cooperatively to solve a problem (i.e., 
allocate tasks) and, at the same time, strive to maximize 
its benefit while satisfying the goal. In many systems like 
Network-based Collaborative Manufacturing Systems, 
where agents represent a coalition of manufactures 
interested in a specific service, agents try to find and join 
a coalition that maximize utility for obtaining service(s). 
However, the main problem can arise in these real world 
scenarios where, an agent may have limited abilities to 
obtain his goal individually. Thus, agents cooperatively 
make a coalition with partners extended from direct 
neighbors (agent's neighbors) to indirect neighbors 
(neighboring agent's neighbors) that give more 
opportunities for agents to obtain some or all of their 
goals at a discounted price. Agent has a model of its 
environment, can communicate with peers and take 
appropriate actions, can look for other suitable agents [8]. 
Therefore, Cooperation among agents for coalition 
formation is considered a means for improving the 
performance to achieve agents' goals (i.e., save costs) in 
comparison to each agent operates individually. 

This paper considers the case where agents are 
homogeneous with a similar utility function, focus on 
achieving a specific goal (set of requested services) by 
forming coalitions and take advantage of price discounts. 
With this purpose in mind, we propose a Discount Group 
Formation (DGF) model. In this model, each agent is 
associated with a price schedule for each service he has 
and offers price discounts based on the number (i.e., 
quantity) of services requested (i.e., the larger the 
quantity of requested service, the lower the price for 
obtaining it). We also assume there are no available 
central mechanisms that can supply full immediate 
information on the entire system, thus cooperation among 
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agents associated with search cost. This search cost 
reflects the resources that need to be invested in the 
search activities, such as locating other requester agents 
for agents' group, locating service provider (agent) and 
determining the most valuable coalition.  Thus, in the 
presence of the search cost, the agent uses a Coalition 
Value Constraint (CVC) to for decision. This decision is 
to continue the search for better opportunities (i.e., by 
extending the coalition for obtaining a service) or 
terminating it (i.e., by obtaining an immediate gain from 
the current valuable coalition) through the semi-optimal 
solution algorithm for DGF. The semi-optimal solution 
algorithm guarantees that, the benefit for all participants 
in such a coalition is in their ability to obtain, as a group, 
a price discount on the total number of requested service. 
The main contribution of this paper is seeking an 
opportunity that yields a maximum utility for all 
coalition's members by allocating a subset of the 
requested agents from agent graph that have the 
maximum coalition value among possible coalitions.  

The rest of this paper is organized as follows. The next 
section presents Related Work. Section 3 presents the 
Proposed Discount Group Formation Model. Section 4 
presents the Semi-Optimal Solution Algorithm for 
Coalition Formation. Section 5 presents Experimental 
Results and Evaluation Metrics. Finally, section 6 draws 
Conclusions and comments on future work. 

II.  RELATED WORK 

Most research in MAS illustrated when groups of 
agents working together (i.e., forming coalitions); this 
tend to achieve better results than individual agents 
working alone especially, in cases where tasks can only 
be performed cooperatively by groups. In these cases, the 
agents attempt to find and form coalitions with other 
agents, which can provide services to those agents. These 
successes manifest themselves in many different forms 
— achieving goals faster or at lower cost, delivering a 
higher quality of result by performing services that they 
would otherwise be unable to perform, or will perform 
poorly. Most of coalition formation studied in multi-agent 
systems had a lot of attention [9,10] involved self-
interested agents and are highly successful [11]. The 
authors in [12] proposed a model based on the plans of 
the agents; they focus on self-interested agents operating 
in a system where the agents cannot reach their objectives 
individually. Therefore, an agent plan is any sequence of 
actions ordered to achieve its current goals.  

In the electronic market domain, most authors focus on 
coalitions formed to obtain volume discounts in a 
centralized manner. The authors in [5] proposed a volume 
discount scheme (called GroupBuyAuction) for coalition 
formation among buyer agents for electronic markets. 
This scheme depended on a centralized agent that 
controls the auction process. A Buyer Coalition Scheme 
with Connection of a Leader (BCC) is proposed in [13] 
which focused on some attributes from social networks. 
In this scheme, the coalition leader invited other members 
to join and form a new coalition by using his high level of 
centrality within the process.  Although, these algorithms 

increased the value of total discounts, but none of them 
considered the cost or the network topology of agents in a 
decentralized manner. This centralization is not 
applicable for systems with a large number of agents. 
These agents may have incomplete information about 
other agents and only have a local prospect about direct 
linked neighbors. Therefore, we seek to form coalitions 
and obtain volume discounts in a decentralized manner 
through random distribution of agents in the agent graph. 

The majority of other research effort is focused on 
issues concerning the optimal allocation of agents into 
coalitions. The authors in [14] presented a best-first 
anytime algorithm for computing optimal coalition 
structures , which based on coalition values that depend 
on a metric called agent contribution to coalition. An 
optimal coalition algorithm based on the agents’ distance 
from the task is proposed in [15]. In this view, the best 
coalition can be formed by agents who are closest to the 
target task. This algorithm is simulated but not tested in 
the real world environment.  The authors in [16] proposed 
an optimal coalition algorithm which induced by optimal 
subcoalitions and followed the main algorithm that 
discussed in [17]. These subcoalitions are formed of 
buyers requested the same item in a coalition formation 
model. In that model, the first step is to sort the buyers 
according to their reservation price for an item in 
descending order, generate all possible coalitions with 
regards to an item, and then find the most valuable 
subcoalition among all possible ones to be considered as 
the optimal. While the completeness of these algorithms 
is an advantage in the sense that they guarantee to report 
the optimal solution, there are some drawbacks since the 
solution space exponentially increased due to the 
increased number of agents in the search space for 
forming coalitions. The search activity is assumed to be 
costly in the real world environment where agents did not 
know beforehand how many agents are willing to get the 
same coalition and to determine the value of each 
potential coalition in order to choose the optimal one 
involves an excess of time. Therefore, it is necessary to 
present a solution by considered the search cost as a 
parameter affected on the formed coalition. 

The challenge is to find a semi-optimal solution 
algorithm for DGF. This solution should guarantee to 
obtain better results when compared with other three 
solutions. The first solution is an individual agents' search 
in which each agent can obtain his goal with cost higher 
than obtaining it in the group (i.e., absent of group 
discount). The second solution is an optimal subcoalition 
algorithm [16] that is based upon utility for computing 
the optimal coalition (denoted as optimal-based utility 
algorithm). The third one, by considering the search cost 
as a parameter affected on the formation of an optimal 
solution (denoted as optimal-withsearchcost).  

III.  PROPOSED DISCOUNT GROUP FORMATION MODEL 

A.  Formalization of the Model 
Consider  is a set of  agents; , , . . . , . 

Each agent 	  has a set of services, 	 , , . . . , ; which represent an agent’s 
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ability to obtain the goal.  Agent can do some of these 
services by himself and other services cannot do. We 
denote the set of services that an agent can do is 	  and 
set of services that agent cannot do is 	 . Therefore,  	 	 ∪ 	 . Each agent specifies a cost function : 	 → , where 0  indicates agent's 
reservation price for a specific service  .  We consider 
the agent’s utility as the agent’s benefit from obtaining 
service  at cost 	 	   (i.e., the difference between 
the reservation price and the actual price for obtaining the 
service). The utility  for agent  	   computed according 
to equation (1).  

   	 	                             (1) 

Since an agent cannot perform all of the services 
individually, it must cooperate with other agents in order 
to satisfy the goal. Thus, we assume that agents form 
coalitions in order to satisfy their goals. Agents can form 
l ( ∈ 2  number of coalitions 	 	 , , . . . , ,  
does not necessarily satisfy	∪ ,…, ; some agents 
in  may not belong to any coalition. We denote a 
coalition with respect to service  by ; ⊂ . Each 
agent also specifies a price discount function given by 	 : →  for each service, which is the minimum 
price of service   when  numbers of the requested 
service are provided together. The price function is a 
decreasing step function [18], which means it correlates 
the decrease of cost to the increase number of service 
requested, i.e., for  < , 	 	  and 	 	 . The proposed model based upon 
the following definition.  

 
Definition 1: (Coalition Utility) The value of coalition 

measures its utility achievable as a whole by cooperation 
among its members where ∅ 0;   denote the 
self-value of a single agent coalition and ∈  is the 
worth of (the value created by) the coalition  .  

 
The cost to obtain | | numbers of  is  where | | ∗ 	 | |  and | |  is the cardinality of  

(i.e., the term cardinality refers to the size of the coalition 
[19]). In the proposed model, we consider that each 
requested agent asks for one unit of each requested 
service. In this case, 	is defined as surplus derived by 
serving the coalition as in equation (2). 

        v c ∑ β α cost c∈                   (2) 

The value of a coalition is equal to the sum of the 
utilities of the agents in the coalition. The higher the 
value  , the efficient allocation of coalition  to 
service .  

In the proposed model, for each agent’s goal, there is a 
set of services should be accomplished to achieve a goal. 
Let  be a goal of agent 	 , , , … , . 
Agents try to form coalitions with other agents that share 
the same service to gain maximum utility according to (1) 
and based on the price discount function module.  

The main characteristic of the proposed model is trying 
to form a coalition  for obtaining a service  of agent’s 

goal 	 , which consists of a set of agents represented as ⊆  that shared the requested service . Agent 	 ∈   and 	 	  . Therefore, a set of local optimum 
coalitions can be constructed, one for each service 
according to a specific goal that aims to maximize the 
value of the coalition as formulated in formula (3).  

   ⊂ , ,…, ∑ ∈        (3)   

B.  Price Discount Function Module 
It is an important and effective to form group buying, 

it sometimes called volume discounts [20]. When a 
requester agent cooperates with each other, a service 
provider agent can discount price for providing the 
service. One advantage of a volume discount is that 
unacquainted agents can form coalitions and obtain 
services at a discounted price. Assuming that agents have 
no capacity constraints on services (each service is 
accompanied by a price schedule whose range from its 
agent’s reserve price (RP) to the best discount price 
(BDP)) as shown in Fig.1. The agent's reserve price is the  
highest preference price for an agent [21]. Table I. 
describes a simple example of the price discount function. 

 

 

Figure 1. Price Discount Function. 

TABLE I.  
PRICE DISCOUNT FUNCTION EXAMPLE 

Number  Discount rate  
1-1 0.0 
2-5 0.2 

6-10 0.4 
>10 0.5 

The Number column is denoted as the number of 
service requested (i.e., quantity) that are required for 
more than one agent as a coalition, and the Discount 
column is denoted as the discount rate  that the 
coalition achieved (it was defined based on the total 
number of service requested from agents). Hence, the 
amount of discount (cost) of service  from its actual cost 
is computed according to equation(4). 

 ∗                      (4) 

According to the amount of discount, the service 
provider   can provide a service   to the members in 
the coalition 	  at a discount cost ,  which is 
equivalent to the coalition's cost  that each 
member in the coalition  must pay to obtain the service 

 as in equation (5). 
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,                (5) 

Therefore, the price that each agent pays for obtaining 
the service is based on the size of the final coalition. In 
the simplest case, this relationship is linear – the larger 
the coalition size, the lower price. In general, if agents 
cooperatively make a group formation, the price paid for 
obtaining a service is lower than that which is paid by an 
individual agent without requesting more than his real 
demand for obtaining that service. 

C.  Agent Graph for Group Formation 
The proposed model can be treated as searching for the 

most appropriate coalition partners in an Agent Graph 
(AG). It is a graph structure represented the distribution 
of agents and their neighbors in the multi-agent system 
and denoted as	 , .  is the set of vertices (i.e., 
represents agents) and  is the set of edges 	 ∈ 	 (i.e., 
represents the communication path between requested 
agent and his neighbors). ⊆ ; 	 , 	  means that, 
the agent 	  is a neighbor of agent 	  ; 	 ∈

. Let the set of neighbors (direct and 
indirect) for any agent denoted as ∼ ; ∼ ⊆ . Each 
requester agent 	 ; 	 ∈  (start node) decides on 
services it cannot perform alone and start searching for 
other requesters’ agents that shared the same requested 
service  to form a group with them, 	 ⊆  where 	 ∈  , 	 	  and ∈ 	  . Through searching 
process, the agent 	   tries to find also the most 
appropriate service provider 	  that provides a 
discounted price for the group of agents; 	 ∈ 	  . 
Therefore, agent  can form a local optimum coalition 

 with other agents (not only with an agent’s neighbors 
but also with neighboring agent's neighbors) such that 	 ⊆ ∪ ∼ for a specific service . 

The main objective of the proposed model is to find 
the set of agents that forms a DGF with least cost for 
achieving agent's goal (not only coalition's cost  
that defined in (2) but also included a search cost and its 
influence over a search process as a part of the problem 
formulation). In this case, the proposed model considered 
an additional cost  which is affected by some 
parameters as the size of formed coalition  , the level 
of service provider ℓ  in the  which provides service 
to the coalition's members (this parameter reflects how 
the service provider is far from the group of agents), and 
the average number of all coalition’s members' neighbors 

 as in equation (6).  ∗ ℓ ∗                  (6) 

Where c ∑ 	 ∈ , /  , for 
more simplification, the search cost can be computed as 
in (7) 

      ℓ ∗ ∑ 	 ∈ ,       (7) 

Therefore, the actual formation of the coalitions must 
consider not only the actual value of the coalition as 
described in (2) but also the cost of actual formation of 
such coalition. In this case, the coalition value is the 

difference between the collective revenue (i.e., utilities of 
coalition's members) and the search cost as seen in the 
generalized equation (8). ∑ 	 ∈ , 	  (8) 

Estimation and comparison between the value given by 
coalitions and the cost of creating coalitions is necessary 
to be considered, in such a way that coalitions must 
return more utility than cost. Fig. 2 describes the Semi-
Optimal Discount Group Formation (Semi-Optimal DGF) 
model based on cooperative search in agent graph. In this 
model, one or more different requester agents 
cooperatively interested to extend their coalition for 
obtaining a specific service during the search process. At 
each search stage on the agent graph (i.e., 	 	 ∈

), compute every possible coalition for 
specific service and get the local optimum one with the 
maximum coalition value associated with search cost. 
Based on the coalition value constraint (CVC), the agents 
stop searching at current search stage if the best coalition 
value at the previous search stage is greater than or equal 
the best coalition value at the current search stage and at 
the same time the search cost at the previous stage is less 
than or equal at the current stage. Hence, the decision is 
taken whether to exploit the current opportunity (i.e., 
agree on the DGF) or resume search in a similar method. 
The next section describes the semi-optimal algorithm for 
obtaining the most valuable local optimum coalition with 
least service provider's cost in details, according to the 
price discount function module. 

 

Figure 2.  Semi-optimal DGF model. 

IV.  SEMI-OPTIMAL SOLUTION ALGORITHM 

The algorithm searches for the most valuable coalition 
for each service and stops when it is found according to 
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CVC. This is repeated for all the requested services. The 
semi-optimal solution algorithm for DGF model 
described below by considering the requested agent itself 
a singleton coalition at the beginning and trying to form a 
group not only with his direct neighbors but also with 
indirect neighbors (neighboring agent’s neighbors) to 
obtain a discount through a cooperative search. For the 
development of the required algorithm, some variables 
related to an agent and coalition should be declared first 
as follows: 
• Agent variables: For each agent , the parent of  

placed in a variable  and  is the level of 
agent  in the 	 . Each agent can be one of three 
states = {0: not visited, 1: visited but not fully 
explored, 2: fully explored} and each requester agent 
has one of two conditions  = {0: idle, 1: busy}; →  is a container for visited parent agents, →  is a container for an agent's neighbors 
that are visited but not fully explored and →

 is a container for all discovered service provider 
agents. 

• Coalition variables: 	  is a coalition of requested 
agents,	  is the coalition size,   is the coalition's 
cost of ,  is a coalition value,	 → 0 is the 
search cost,  →  is the local optimum coalition 
for service ,  → 0  is a global variable that 
contains the maximum coalition value along the set of 
visited edges  and  is the level-off (the level at 
which the search process on  has been stopped) of 
current accepted coalition.  
 

Algorithm: Semi-Optimal Solution  
 
Input: The agent graph ,  , requested agent ∈  and his requested service  
Output: Local optimum coalition ∗ for service . 
 
The algorithm includes the following two basic steps: 

 
Step1: Initialization  

 For each ∈    Do  	 ←	0;   ←	NIL. 
 End For each 

     ←	1;  ←	 ;   ←	NIL; ←	0; 
     	 ←	1; INSERT ( , ).   

 
Step2: Processing 
While ( 	is	non empty  Do 
                     ← GET ( ) 
                         
 // Examine the neighbors that are on one-edge away from 
the parent agent 
           For each ∈    Do  
                  If  ←	0  Then 
                   ←	1;	  ←	 ; 
                  	 ← 1;         
                   INSERT( ,	 ) 

                          
 // Service provider discovered   
                      If   ∈ 	     Then    

• INSERT( , 	 ); 
• → ; // subroutine 1 
• → ; // subroutine 2 
• → 	 ,  // update 

according to subroutine 3   
End If  

 
//New coalition partner discovered 

If ( ∈ 	   &&  = 0 ) Then   

ADD ( , 	 );  
    For each ∈    Do   

• → ;  
• → ;  
• → 	 ,  

     End For each  
End If 

                                                                   
                                        ← 	2		//	The	parent	agent	is	fully	explored                       

           End For each  
                 
   // Get the local optimum coalition at this current level  
         ←     
         ∀ ∈ 	such	that	 0  according to (1) 
  
   // Test the stop condition according to CVC 

• ;  // subroutine 4 
 

End While 
       If (   is empty)  Then                   
       Return the existing local optimum coalition ,  
        ∗ ← . 

    End If 
 
During step 2 of the above algorithm, the following 

subroutines computed as follows: 
 
 Subroutine 1:  

• Get the size of current coalition  
       	; 

• Compute the coalitional cost  according to 
the price discount function module and (5). 

 
 Subroutine 2:  

• Compute the search cost  according to (7) 
where ℓ ← ; 

• Compute  according to (8).  
 

 Subroutine 3:	 ,  
• Update the  global maximum coalition value:  

    If ( 	 	Then  
   	 	←  , ←  
    End If 
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 Subroutine 4:	  
  If 	&&	 	      
  Then 

• Stop searching and return the local optimum 
coalition with maximum value  . ∗ ←  
Break. 

   Else 
• Continue search with new search level (examine  

neighboring agent’s neighbors) to gain more 
discount group formation,  

            
while ( 	is	non empty  Do 

 ← REMOVE( );  
 INSERT ( , ) 
End While 

End If  
 
In the initialization step of the semi-optimal solution 

algorithm, the requested agent 	  visited with 	1 
and all other agents have state 0. The requested agent is 
considered itself a singleton coalition for specific 
requested service at the beginning with 	 1 . Then 
it starts a cooperative search in the agent graph for group 
formation. At any stage of the search, the agent may 
encounter other agents that are interested in the same 
requested service to form a group with, service providers 
to obtain the service from and evaluate opportunities for 
obtaining it according to subroutines 1,2 and 3. In each 
level, any new requested idle agent encountered (not 
assigned before to any coalition (i.e.,	  = 0) is added 
to the coalition   with corresponding size increased by 1. 
By introducing the price discount function module that is 
described in the previous section, requested agents have 
an incentive to form a coalition with others in order to 
gain the price discount from the most appropriate service 
provider. However, finding a group formation has its cost, 
for each completed stage (level		  ) of the search in the 
agent graph, the agent make a decision whether to 
continue searching to extend its coalition by partnering 
with encountered agent or stop searching and agree on 
the current local optimum coalition (The coalition with 
the largest value among these candidate coalitions is the 
local best one ) according to subroutine 4. This 
decision is based on the CVC which guarantees that, 
searching stop when at least found one service provider 
agent and the maximum coalitions' value obtained that 
maximize not only the individual agent's utility but also 
the group's total utility.           

The main feature of the proposed algorithm is that, 
agents are homogeneous in the sense that each agent has 
the same goal (i.e., share the same utility function to 
obtain a specific goal at the lowest total cost of its 
requested services). 

 

A.  Complexity Analysis of Semi-Optimal Solution 
Algorithm 

In the semi-optimal solution, the constraint can stop 
the search process to be continued from examining a new 
level to find another group formation better than the 
previous one. Computationally, the maximum number of 
neighbors that each agent has in the graph denoted as a 
branching factor  and has a big impact on the 
complexity of the algorithm. Therefore, the complexity of  
the semi-optimal solution algorithm takes 	  
time. Assume that there are at most 	services for each 
goal then, the complexity of the proposed algorithm for 
discount coalition formation is . In 
contrast to the compared optimal-based utility [16] with 
search cost model. First, sorting all the agents that related 
to specific service takes 	 	  and finding the 
optimal subcoalition for related services takes 	 	 . 
Therefore, the complexity of the compared model takes 	 	 . With a large number of agent, the 
proposed semi-optimal algorithm seems to be quite 
effective, with complexity less than the compared one. 

V.  EXPERIEMENTAL RESULTS AND EVALUATION 
METRICS 

To examine the dynamics of discount group formation 
model and validate the system analysis, a range of 
experiments were conducted. Each experiment consists of 
a set of agents, a set of neighbors and a set of services 
assigned for each agent. The model was implemented by 
Eclipse Java EE IDE V-1.2 running on Intel core i3 CPU 
with 8GB RAM (Windows 7) for achieving the set of 
discount coalitions through agent graph. 

Several series of experiments has been carried out on 
the proposed algorithm (Semi-optimal DGF) and is  
compared with: 1) Individual agents' search (in which 
each agent can search individually for forming a coalition 
to obtain his goal and stop searching if the CVC satisfied) 
and 2) Optimal-based utility. This optimal algorithm 
starts by iterating through the sorted bidders (requested 
agents) by their virtual reservation cost in descending 
order (starting at the top) and forming a coalition with 
regard to the coalition size. Then compare the coalition’s 
value with maxValue, if it is higher, maxValue is 
changed, and the coalition’s members considered the 
optimal coalition (so far). If the coalition’s value is equal 
to maxValue, but the coalition’s size is larger, the 
temporary optimal subcoalition is changed. This is 
because we always want as large a coalition as possible. 
While the coalition’s value is lower than maxValue, the 
algorithm continues from the start, increasing the number 
of members in the coalition. This is repeated until the 
maximum member of the coalition is the same as the 
number of requested agents. Also, the proposed algorithm 
compared with existing optimal one associated with 
search cost (Optimal-withsearchcost) to demonstrate the 
effectiveness of proposed semi-optimal solution in the 
presence of search cost during the formation of discount 
coalition(s) in many real world systems.  

A list of experiments’ parameters is shown in Table II. 
Consider the system has a set of  agents; 		 		 , , . . . ,  , set of 1  neighbors; 		 , , . . . , , and set of  services; 	 	
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	 , , . . . , . For each experiment, the associated 
number of neighbors and services for each agent is 
generated randomly by using uniformly distributed 
random numbers to follow the automated process for 
dynamic coalition formation. 

 

TABLE II. 
LIST OF EXPERIMENT'S PARAMETERS 

Experiment 
no. 

No. of 
agents 

Max. no. of 
neighbors for 

each agent 

Total no. of 
services 

1 20 4 2 
2 40 8 4 
3 60 12 6 
4 80 16 8 
5 100 20 10 

 
Each of these experiments repeated 100 times, and the 

average of results are taken to ensure the accuracy of the 
proposed semi-optimal model.  

Some evaluation metrics used to measure the 
efficiency and effectiveness of discount group formation 
model for forming coalitions which compared with other 
models. 

To measure the efficiency of the proposed model, we 
should consider the following metrics: 

• Percentage of Failure: this measure can be 
computed as the average number of failure cases of 
requested services to obtain the goal / total number 
of all requested services. 

• Average Processing Time: this measure estimates 
the average time (in millisecond) taken to form 
coalitions. Reducing average processing time of 
coalition formation is an extremely significant 
performance measure.  

The other following metrics used to measure the 
effectiveness of the model for forming discount 
coalition(s): 

• Average Agents' Utility: the satisfaction results 
(the average utility obtained for forming coalitions 
in different models). 

• Average Coalitions' Value: this measure estimates 
the global score of the system by computing the 
average of all coalitions' value. 

 
In this paper, we use 95% confidence level to compute 

the confidence interval on the above four metrics that 
estimate the accuracy of the system. The results are 
obtained for each experiment by considering that 95% 
confident that the population mean falls within the 
interval (sample statistic  margin of error). 

Fig. 3 illustrated the percentage of failure for forming 
coalitions to obtain the goal. This figure reflects that, the 
average number of failed cases to obtain the requested 
services reduced by the proposed semi-optimal DGF than 
in individual agent's search in which some requester 
agents cannot obtain their goals individually and obtained 
them by forming groups to obtain a discounted price. 

 

 

Figure 3.  Percentage of Failure. 

The above figure illustrated that, for each experiment, 
the average percentage of failed cases in different models 
can be decreased by increasing the number of agents. For 
a small number of agents, the percentage of failure in 
individual agent's search reduced from 24% to 4% in the 
proposed semi-optimal DGF and 2% in the optimal-
withsearchcost. With an increasing number of agents, this 
percentage reduced by using individual agent's search but 
still some failed cases in contrast with the proposed 
model and optimal model, the percentage of failure 
reduced to zero. 

Due to the processing time for coalition formation, Fig. 
4 illustrated the efficiency of the proposed semi-optimal 
DGF model compared to an individual agent's search 
model, optimal-based utility model [16], and optimal-
withsearchcost model that considered the search cost for 
computing the optimality.  In the proposed model, 
searching as a group can reduce processing time for 
coalition formation than in individual agent's search 
model in which each requested agent searched alone for 
achieving requested service. 

Fig.4 illustrated that, the average processing time (in 
millisecond) increased with respect to the increased 
number of agents in the system for examined models. In 
case of (optimal-based utility [16] and optimal-
withsearchcost), the average processing time is extremely 
high that relies on searching the whole space for optimal 
coalitions. 
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Figure 4. Confidence Interval on Average Processing Time. 

According to different models presented in Fig.4, the 
processing time of optimal-based utility model includes 
the time taken to sort the requested agents according to 
their reservation values to find the optimal coalitions. The 
time increased, by considering the search cost as a 
parameter for computing the optimal coalition affected on 
the average processing time.  In contrast, by using 
constraint to limit the whole search space can reduce the 
time required for coalition formation. This time decreased 
by using semi-optimal DGF solution that find semi-
optimal coalitions in a reasonable time ranging from 15% 
to 34% faster for other located requested agents in the 
coalition, when compared with Individual agent's search 
for achieving a goal. According to a different number of 
agents, the proposed model has proven its efficiency for 
forming coalitions in time from 5% to 24% faster than 
forming coalitions by using the optimal-based utility and 
optimal-withsearch cost models. The confidence interval 
on average processing time computed and showed that 
semi-optimal DGF model is better than other models in 
all experiments with respect to the margin of errors. 

The aim of coalition formation is to maximize the 
utility, and the aim of discount group formation is to get a 
price discount for obtaining the service with the lowest 
cost. Minimization of cost leads to maximization of 
utility. By using discount price function module with 
group formation, agents can get a higher utility by 
minimizing the cost for obtaining the service. The 
experiments have been proved that, using semi-optimal 
DGF model gets better utility when compared with 
individual agent's search model, this relies to the benefit 
of the group for maximizing not only the overall 
coalitions' utility but also an individual agent's utility in 
the group. The proposed model is compared with 
optimal-based utility model associated with search cost; it 
gets a utility very close or greater than it when the 
number of agents increased. Fig. 5 and Fig. 6 are shown 
the 95% confidence interval on average utility and 
average coalition value respectively. 

 

Figure 5.  Confidence Interval on Average Agents' Utility. 

The above figure illustrated that, the average utility 
obtained by individual search is lower than the average 
utility obtained by other models. For a small number of 
agents, the average utility obtained by proposed semi-
optimal DGF model is very close to the optimal-
withsearchcost model by nearly more than 95% . When 
the number of agents increased, the average utility 
obtained by the proposed model was higher than the 
optimal-withsearchcost and became near to the optimal-
based utility with 98%. The confidence interval on 
average utility proved that the effectiveness of proposed 
model in case of maximizing agent's utility when 
compared with other models for forming coalitions. 
 

 

Figure 6. Confidence Interval on Average Coalitions' Value. 

Fig. 6 illustrated that, the average coalitions' value of 
proposed model is higher than individual agent's search 
model. This relies to the benefit of searching as a group 
(cooperative search) for maximizing the overall utility. 
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Although, the optimal-based utility referred to highest 
coalitions' value, the proposed model has given average 
coalitions' value about 97% closest to the optimal-based 
utility model for a large number of agents and about 94% 
for a small number of agents. According to different 
experiments for forming discount groups and for a large 
number of agents, the confidence interval on average 
coalitions' value has proved that, forming coalition(s) 
with global score of the system (coalition's total utility) is 
maximized and went up by 6% of average coalitions' 
value obtained by optimal-withsearchcost model. 

VI.  CONCLUSION  

In this paper, the major benefit of the cooperative 
search is the potential of exploiting opportunities which 
would have been discarded in individual agents’ separate 
search for the benefit of other agents in the coalition to 
obtain the goal. Therefore, the incentive for cooperation 
among agents is to obtain a volume discount. 

Based on the experimental results, agents are able to 
form coalitions not only with direct neighbors but also 
with indirect neighbors (neighboring agent’s neighbors) 
to obtain their goals. Although the optimal solution 
algorithm leads to optimal utility results, it takes high 
processing time especially when considered the search 
cost to reach the optimality. In contrast, the semi-optimal 
solution algorithm leads to utility results that are very 
close to the optimal ones with search cost for a small 
number of agents and higher than optimal ones for a large 
number of agents in low average processing time when 
compared with other models. This makes the overall 
search cost is an important parameter affecting on the 
search for forming coalitions. The analysis given suggests 
that, in many real world environments associated with a 
search cost, autonomous agents have a strong incentive to 
search as a group than search individually.  

The Discount Group Formation model is suitable for 
real-world coalition formation problems with a large 
number of agents toward specific goals, to increase the  
group's total utility and individual agent's utility. There 
are many additional avenues of experimentation for 
dealing with optimality; these will be left to future work. 
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