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 P2P systems have many advantages which includes resource sharing, functionality 

sharing, ad-hoc collaboration, improved reliability and scalability. Their unique 
characteristics enable them to play a major role in collaborative applications which use 

a group of diverse resources, such as hardware, software, services and data to 

accomplish a set task or application. These resources located in multiple peers have to 
be dynamically discovered and utilized to perform the collaborative tasks. The process 

of selecting the right peers for collaborative work is an important aspect of such 

applications. Peers having higher probability in resource sharing need to be selected for 
the collaborative work. The peers have to ranked and selected on basis of multiple 

heterogeneous attributes. This paper proposes the use of game theory for peer selection 

based on multiple attributes. The peers have been compared and ranked based on 
relative importance or dominance properties of the various attributes used in the 

selection process. The ranking process applies pure strategy approach termed as zero-

sum game. The proposed approach has been tested using a sample application. The 
performance of the proposed approach has been compared with other well known multi 

attribute ranking methods and the results have been presented.  
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INTRODUCTION 

 

 Peer-to-Peer (P2P) network is a type of decentralized and distributed network architecture in which 

individual nodes in the network act as peers (Eng Keong Lua, Jon Crowcroft, and Marcelo Pias, 2005). A peer 

in the network can act as both server and client and also provide services and access services with each one, in 

contrast to the centralized client-server model where client nodes request access to resources provided by central 

servers. There is no central co-ordination or authority. In a pure P2P environment, peers can join and leave the 

network dynamically.  In a P2P network, tasks such as searching for files or streaming audio/video (John 

Augustine, 2013) are shared amongst multiple interconnected peers who make a portion of their resources such 

as processing power, disk storage or network bandwidth directly available to other network participants, without 

the need for centralized coordination by servers.  

 P2P systems have many advantages of resource sharing, functionality sharing, ad-hoc collaboration, 

improved reliability and scalability (Bandara H. M. N. D. and Jayasumana A. P.). Initially SETI@home (Search 

for Extra Terrestrial Intelligence) is used to search radio signals emitted in outer space and any signs of extra-

terrestrial beings. Later, it extends its application in parallel and distributed computing based internet service, 

and volunteer computing system which employs the Berkeley Open Infrastructure for Network Computing 

(BOINC) platform.  

 Emerging collaborative Peer-to-Peer (P2P) systems require discovery and utilization of diverse, multi-

attribute, distributed, and dynamic groups of resources to achieve greater tasks beyond conventional file and 

processor cycle sharing (Bandara H. M. N. D. and Jayasumana A. P.,). P2P architecture offers some interesting 

benefits and challenges for collaboration.  The decentralized, open and anonymous nature of P2P systems needs 

more attention. As peers can join and leave the network dynamically, many of the peers in the network may not 

have interacted with each other earlier.  As collaborations involve application specific resources, the dynamic 

nature of P2P networks makes the process of selecting the right peer for collaboration a challenging task.  

 This paper proposes a multi-attribute ranking mechanism for selection of peers for collaboration in P2P 

networks using game theory. The rest of the paper is organized as follows. The review of related work is 
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presented in Section 2. The proposed work is given in section 3. Implementation and results are given in section 

4 and section 5 concludes the paper.  

 

1. Related Work: 

 Collaborative P2P system can be defined as P2P system that aggregates a group of diverse resources like 

hardware, software, services, and data to accomplish a greater task (Bandara H. M. N. D. and Jayasumana A. 

P.). The process of resource collaboration comprises of seven phases – Advertisement, Discovery, Selection, 

Matching, Binding, Use and Release.  In the Advertisement phase, each peer node advertises its resources and 

their capabilities. Peers may discover the resources by generating request messages to other peers.  In the 

selection phase, the group of resources that satisfies application requirements is selected.  In the matching phase, 

the appropriate combination of resources that are capable of working together has to be determined.  Once the 

required resources are identified, the peers have to communicate and make sure that the selected resources are 

available for use during the binding phase. The next phase is to utilize the best subset of available resources that 

satisfy the application requirements. Once the task is completed or binding expires, peer will release the 

resources. 

 A resource is characterized by a set of attributes, which can be static or dynamic attributes. For example, 

BOINC is a volunteer computing platform that is used to remotely execute jobs using idle computing resources. 

BOINC schedules jobs based on static attributes of nodes (Anderson D. P. Anderson and K. Reed, Jan 2009), 

such as, CPU speed, total memory, presence of hardware accelerators, etc. In contrast, performance, Quality of 

Service (QoS), and Quality of Experience (QoE) of latency sensitive applications such as Collaborative 

Adaptive Sensing of the Atmosphere (CASA) and community cloud computing depend on dynamic attributes, 

such as CPU utilization, free memory, and bandwidth. 

 Resource utilization applications like CASA, GENI, UniWiki and aggregated P2P systems depend on some 

form of resource collaboration (G´erald Oster and Pascal Molli, Sergiu Dumitriu, Rub´en Mond´ejar). These 

systems share a variety of resources such as processor cycles, storage capacity, network bandwidth, sensors, 

special hardware, middleware, scientific algorithms, application software, services and data.  The multi-attribute 

resources need to be combined in a timely manner to meet the performance and QoS requirements of 

collaborative P2P applications. These resources are characterized by multiple static and dynamic attributes. For 

example, CPU speed, free CPU capacity, memory, bandwidth, operating system, and a list of installed 

applications/middleware and their versions may characterize a processing node.  

 The process of identifying the right peers for collaboration requires ranking of the peers.  Peers having 

higher probability in resource sharing can be selected based on the ranking of peers.  This paper formalizes the 

application of the ranking algorithm for peer to peer collaborative applications to determine the right peer for 

collaboration based on multiple attributes.  Some of the methods used for multi attribute ranking include 

Analytical Hierarchy Process (AHP) (Saaty T. L.,1982), Preference Ranking Organization Method for 

Enrichment Evaluations (PROMETHEE) developed by (Brans, J. P. 1982:) and further extended by (Brans, J. P. 

1985:).  The other method is Elimination and choice translating reality (ELECTRE). 

 Analytic hierarchy process (AHP) is one of the most popular analytical techniques for ranking.  AHP can 

efficiently deal with objective as well as subjective attributes. AHP has been extensively used in integrated 

manufacturing by (M. Anwarul Islam, M. T. Tabucanon & D. N. Batanov, 1997), in the evaluation of 

technology investment decisions in (Boucher, T.O. and McStravic, E.L.: 1991), in flexible manufacturing 

systems, layout design in (Kenneth E. Cambron, Gerald W. Evans), and also in other engineering problems 

(Melissa De Carvalho, Lucas Monteiro Chaves).  Our earlier work has applied AHP for peer selection for use in 

collaborative applications (Swaminathan, B. and Sheila Anand ).  AHP was found to be a suitable method for 

selecting the peers based on the resource requirements from the available set of peers. However it was observed 

that time to do the ranking and selection of peers increased with increase in the number of peers and the number 

of attributes used in the selection process. This is because the comparison is carried out between each pair of 

peer and also between attribute of each peer.   

 PROMETHEE is a well established decision support system by (Brans, J. P. 1982:) which deals with the 

appraisal and selection of a set of options on the basis of several attribute, with the objective of identifying the 

pros and the cons of the alternatives and obtaining a ranking among them.  Preference function based outranking 

method is a special type of Multi-Criteria Decision-Making (MCDM) (Vijay Manikrao Athawale) tool that can 

provide a ranking ordering of the decision options.  

 Elimination and choice translating reality (ELECTRE) by (Ermatita, Feb 2011), (Esra, 2010) and (Jihong 

Pang, May 2011) is one of the multiple criteria decision making (MCDM) methods. This method allows 

decision makers to select the best choice with maximum advantage and minimum conflict in the function to 

multi-attribute criteria.  Different versions of ELECTRE have been developed including ELECTRE I, II, III, IV 

and TRI. All methods are based on the same fundamental concepts but differ both operationally and according 

to the type of the decision problem.   

http://www.sciencedirect.com/science/article/pii/0360835291900263
http://www.sciencedirect.com/science/article/pii/0360835291900263
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 In PROMETHEE and ELECTRE methods, the ranking is first done and the peer which is ranked highest 

among the given set of peers could be selected. The selection is being done based on the weighting factors that 

are assigned for each of the parameters considered for P2P collaboration. The ranking methods AHP, 

PROMETHEE and ELECTRE have been compared based on the ranking methodology, weighting factor 

assigned for the attributes given as requirements by the peers, type of pair wise comparison between the 

requirements of the peers specified as attributes and the availability of the resources (Swaminathan, B. and 

Sheila Anand April 2014). The comparative analysis of the three methods is given in Table 1.  

 
Table 1: Comparison between AHP, PROMETHEE and ELECTRE. 

Ranking Method/  Properties AHP PROMETHEE ELECTRE 

Ranking Methodology Peers are compared and 

ranked on the basis of the 

required value of the 
attributes 

Peers are compared and the 

ranked based on the maximum 

available value of the attributes 

Peers are compared and the 

ranked based on the maximum 

available value of the attribute 

Weighting factor Weighting factor is given 

for the whole set of 

attributes used for ranking 

Weighting factor is assigned for 

individual attributes 

Weighting factor is assigned 

for individual attributes 

Preprocessing for pair wise 

comparison 

Required Not required Not required 

Pair wise comparison Pair wise comparison Partial pair wise comparison Partial pair wise comparison 

Computational Speed Slow Medium Fast 

 

 On summarization of the three methods used for ranking of peers, the common problem with all the 

methods is that the ranking methodology requires the prior information about the resource availability.  This 

requires the static connectivity of the peers in the network.  Hence, the ranking process becomes difficult for 

P2P networks as the network changes dynamically. This paper introduces a novel approach of using game 

theory for decision making to select the right peer for P2P collaboration.  

 

2. Introduction to Game Theory: 

 Game theory is a method that can be used for independent and interdependent decision making (Anthony 

Kelly). In many practical problems it is required to take decision in a situation where there are two or more 

opposite parties with conflicting interest and the action of one depends upon the action of the opponent.  The 

outcome of the situation is controlled by the decisions of all the parties involved.  Such a situation is termed as a 

competitive situation.  

 The term „game‟ refers to the general situation of conflict and competition in which two or more 

competitors or participants are involved in decision-making activities in expectation of certain outcomes over a 

period of time (Paul R. Thie, Gerard E. Keough). The competitors are referred as players.  The strategy for a 

player for winning the game is the list of all possible actions that he will take for every outcome that might arise.  

 Generally, two types of strategies are employed by players in a game. In Pure strategy, the decision rule is 

always used by the player to select the particular strategy. In this type, each player knows all the strategies in 

advance and selects only one particular strategy regardless of the other player‟s strategy and the objective of the 

players is to maximize gains or minimize losses. The strategy in which the courses of action that are to be 

selected on a particular occasion with some fixed probability is called Mixed strategy. There is a probabilistic 

situation and objective of the players is to maximize expected gains or to minimize expected losses.   

 The proposed system for peer selection uses Pure strategy approach termed as zero-sum game (Melissa De 

Carvalho, Lucas Monteiro Chaves, Ricardo Martins De Abreu Silva). The game involves comparing two peers 

at a time. If the sum of gains to one peer is exactly equal to the sum of losses to another peer, then the game is 

said to be zero-sum game. The peers involved in collaboration may have a competitive situation.  For instance, 

the peer which is need of resources may adapt an incentive scheme for collaboration.  In this scenario, the peers 

who want to share their resources may have competition among themselves.  The requesting peer may have 

conflict in selecting the peers. The concept of game theory can be applied to resolve the competition and to 

select the right peer for collaboration.  The proposed system introduces the concept of applying game theory for 

multi attribute ranking in P2P networks. 

 

3. Multi-Attribute Ranking using Game Theory: 

 The strategy for a peer is the list of all possible actions that the peer will take for every payoff or outcome 

that might arise.  It is assumed that the rules governing the choices are known in advance to the peers.  The 

outcome resulting from a particular choice is also known to the peers in advance and is expressed in terms of 

numerical values.  Here it is not necessary that peers have definite information about each other‟s strategies. The 

particular strategy by which a peer optimizes its gains or losses without knowing the competitor‟s strategies is 

called optimal strategy.  The expected outcome per play when peers follow their optimal strategy is called the 

value of the game. The proposed system uses Pure strategy. 
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 The gains resulting from a two-person zero-sum game can be represented in the matrix form, called “pay-

off matrix”.  It is often clear to consider the payoffs for each peer after the actions are taken instead of the 

preferred actions of others (Teemu Typpi 2009). A representation of a two peer strategic game is shown in Table 

2. The rows represent possible actions for peer 1, and columns represent the possible actions for peer 2. In each 

box there are the payoffs for both peers in the corresponding outcome of the game. 

 
Table 2: Example representation of a strategic game with two players. 

 Peer2 Action 1 Peer2 Action 2 

Peer1 Action 1 W X 

Peer1 Action 2 Y Z 

 

 The requirements of the peers for P2P collaboration are collected dynamically as independent attributes.  

The attributes have to be compared with the existing availability of the resources. The selection of peer has to be 

done after ranking the peers. Multi attribute ranking is a technique to rank the peers based on the attributes. 

Initially, the attributes are normalized and the weighting factor of the attributes is considered for processing. The 

peers are selected in pairs from the list of all peers and game theory is then applied for the first set of peers. The 

game is considered to be Two-person game and the payoff matrix is generated for the selected peers. The 

dominant peer is the peer which has the maximum gain. The dominant peer among the selected pair is ordered 

as the peer with higher rank. This process is carried out for all the remaining set of peers and the peer with the 

highest rank after all iterations would be the best peer. This process is clearly explained with the block diagram 

shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Block diagram of Multi attribute ranking using Game Theory. 

 

 The list of attributes collected from various peers involved in collaboration is tabulated as columns to 

represent the values and rows to represent the peers. It is assumed that Peer1, Peer2….. Peerm are m possible 

peers for resource sharing. The sample attributes are named as CPU Speed (CSp) in Hz, Number of Core 

Processors (Ncore) and Memory size (MFree) in terms of percentage of free memory.  Let W1, W2…Wn be the 

weighting factor for considering the importance given to the attributes. For instance, the attribute values given in 

Table 3 and are represented as a matrix „X‟. 

 
Table 3: Sample input attribute values of the peers. 

Attributes CSp (Hz) (NCore) MFree (%) 

Peer 1 1.5 1 3 

Peer 2 3.5 4 25 

Peer 3 1.5 2 1 
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3.1. Normalization: 

 The normalization technique is applied to standardize the attribute values equivalently even though the 

representation of the attribute differs. For example, the representation unit of „CSp‟ is real and „MFree‟ is 

represented as an integer value. Further process is carried with the normalized values. The normalized matrix R 

= [rij] is generated using the Equation (1). 
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ij
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             (1) 

  

The generated normalized matrix for the considered input attributes is given as: 

 



















001.00952.00896.0

0394.01905.0209.0

0047.00476.00896.0

][ ijrR

 
 

 The process of normalization converts the data of different units say Hz for CPU Speed and Percentage of 

Free Memory to real values. 

 

3.2.  Assignment of Weighting factor: 

 The relative importance of each attribute in the peer is indicated by weight W. Weighting factor is assigned 

to each of the attributes based on the application/user requirements. In our example the application/user gives 

more importance to NCore and least importance is given to the CPU Speed. The higher weighting factor is 

assigned to NCore and the CSp is assigned with lower weighting factor.  The weight values of all the attributes 

are defined in the range 0 to 1 using the Equation (2) from [2].  The sum of the weights assigned must be 1. 

 

1
1




n

j

jwW                       (2) 

 The sample weight values assigned for CSp, NCore, and MFree are 0.2, 0.5, and 0.3 respectively whose 

sum is 1.  The product of weighting factor with the normalized values results in the Weighted matrix which 

helps in calculating the importance of the normalized attributes.  The weighted matrix Vij is computed as Vij = R 

x W as in Equation (3). 

 

           (3) 

 

The generated weighted matrix V for the considered normalized attributes is given as: 
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3.3. Generation of Payoff Matrix: 

 The first two rows of the weighted matrix V is selected for the payoff matrix computation.  The Payoff 

Matrix is generated using the Equation (4). 

 

Attribute of 1,..Num =j
Attribute of 1,..Num. =i,2,1

Attribute of 1,..Num. =j
Attribute of 1,..Num. =i )(),( ji VVjiPayoff 

         (4) 

 

 The general form of payoff matrix is represented for n number of attributes is given as: 
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 In the generated payoff matrix, the first row shows the dominance of values of payoff as V1,1 of peer1 over 

V2,1, V2,2, … V2,n of peer2. The second row shows the dominance of values of payoff as V1,2 of peer1 over V1,1, 

V1,2, … V2,n of peer2 and so on. Similarly each column indicates the dominance of payoff values of peer2 over 

peer1. Hence, the pair-wise comparison between the attributes has been carried out. The first two rows which 

representing Peer 1 and Peer 2 of the obtained weighted matrix are considered as the inputs for payoff matrix 

generation is given as:  

Peer1 0.0179     0.0143 0.0024 

Peer2 0.0418     0.0571 0.0197 

 The pair-wise comparison of the attributes has been carried out and the Payoff Matrix is generated using the 

Equation (4) for the considered example is given as: 

 

















0.0155 - 0.00150.0571 - 0.00240.0418 - 0.0024

0.0155 - 0.01430.0571 - 0.01430.0418 - 0.0143

0.0197 - 0.01790.0571 - 0.01790.0418 - 0.0179  

 

 The resulting payoff matrix of the game for the considered example is given as: 

  

















0.01732-   0.0548-    0.0394-

0.00540-   0.0429-    0.0275-

0.0018-    0.0392-    0.0239-  

 

3.4. Ranking of peers:  

 According to pure strategy game theory, the objective of the game is to know how the peers must select 

their strategy so that they may optimize their payoff.  Such a decision making criterion is referred to as the 

minimax-maximin principle (Anthony Kelly).  Such principle in pure strategies game always leads to the best 

possible selection of a strategy for both peers. 

 For example, for peer 1 minimum value in each row represents the least gain to peer 1.  These are written in 

the matrix by row minima.  Then the strategy that gives largest gain is selected among the row minimum values.  

The choice of peer1 is called the maximin principle, and the corresponding gain is called the maximin value of 

the game.  Similarly, for peer 2, who is assumed, to be the looser the maximum value in each column represents 

the maximum loss to it.  If he chooses that particular strategy these are written in the payoff matrix by column 

maxima.  Then, the strategy that gives minimum loss among the column maximum values is selected.  The 

choice of peer 2 is called the minimax principle, and the corresponding loss is the minimax value of the game. 

 If the maximin value equals the minimax value, then the game is said to have a saddle (equilibrium) point 

and the corresponding strategies are called optimal strategies.  The payoff amount in the saddle-point position is 

also called value of the game “g”.    

 The maximin and minimax values and the saddle point for the example is given as: 

       Minimum 

 

 

 

 

 

Maximum 

 

 The maximin value of the game and minimax value of the game is represented as g and g   respectively. 

The value of the game, generally satisfies the equation (maximin value <= g <= minimax value). If g and g  

are equal to 0, then the game is fair game. If g and g are equal, then the game is said to be strictly 

determinable and the corresponding strategy is called optimal strategy. If saddle point value is negative, peer 2 

dominates peer 1, or otherwise peer 1 dominates peer 2.  The strategy is said to be pure strategy and the steps 

for ranking of the peers is shown in Figure 2. 

  

4 Implementation and Results: 

 The system has been implemented and tested using 640 peers. It is assumed that every peer advertises its 

available resources that could be dedicated for collaborative tasks.  The requesting peer gives its specification 

for requirement and ranking of peers is done on the basis of the attributes that would satisfy the requirements. 

This system was implemented in Java and tested with the dataset generated by PlanetLab from Computer 

0.00178-   0.0392-    0.0239-

0.0548-       0.01732-   0.0548-    0.0394-

0.0429-       0.00540-   0.0429-    0.0275-

0.0392-        0.00178-   0.0392-    0.0239-
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Networking Research laboratory.  The system was tested by varying the number of attributes to be 3, 5 and 7. 

The attributes that were considered in this system are given in Table 4. 

 

 
 

Fig. 2: Steps involved in ranking of peers using game theory. 

 
Table 4: Attribute Representation. 

Attribute Notation used Units Data type 

CPU Speed CSp GHz Float 

No. of Core Processors NCore - Integer 

CPU Free Space CFree % Float 

Memory Size MSize GB Float 

Memory Free Space MFree % Float 

Disk Size DSize GB Float 

Disk Free Space DFree GB Float 

 

 Each attribute has a value that belongs to a given domain. The domain is typically bounded and may 

represent a continuous or discrete value. For example, free memory is continuous, number of Processors is 

discrete. Attribute values are further classified as static (example CPU speed, operating system) and dynamic 

(example free memory and transaction rate).   The performance analysis of the system is compared for the 

alternates with attributes to be 3, 5 and 7.  The graph shown in Figure 3 shows the performance analysis of the 

system for 640 peers.   

  

 
 

Fig. 3: Performance analysis of the system for 50-640 peers. 

 

 The graph shows that initially, the time taken for decision making is independent of the attribute selection.  

However, the time increases proportionally to the number of attribute. The process of decision making is fast 

when the number of peers is less irrespective of the number of attribute and is shown using the graph in Figure4. 
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Fig. 4: Performance analysis of the system for 10-50 peers. 

 

 The system is compared with the systems like AHP PROMETHEE and ELECTRE which have been 

implemented and tested (Swaminathan, B. and Sheila Anand April 2014). The time taken for ranking of peers 

using game theory is compared with all others systems that were implemented and the results are shown in the 

graph represented in Figure 5. 

 

 
 

Fig. 5: Performance analysis of the system for 10-50 peers based on 3 Attributes in AHP, PROMETHEE, 

ELECTREE and Game Theory Method‟s. 

 

 The graph shows that the time taken for AHP for ranking of peers is higher than all other systems.  The time 

taken by the system implemented using game theory is more than the PROMETHEE and ELECTRE methods.  

However, the methods AHP, PROMETHEE, and ELECTRE are suitable for the network which requires the 

prior knowledge about the availability of the resources of peers whereas the system that uses game theory is able 

to rank the peers without the prior knowledge about the resources.  Hence, it is best suitable for dynamic 

environment. 

 

5 Conclusion and Future work: 

 The proposed approach would assist in peer ranking for P2P collaboration. This system considers multiple 

heterogeneous, independent attributes. The relative importance of the attributes has to be decided based on the 

P2P application. Game theory provides the mathematical technique for decision making for ranking the peers 

for collaborative activity. Game theory helps in optimal decision making such that the peers can be ranked based 

on the requirement of the resources.  This system takes into account the availability of the resources and the 

optimal strategy helps in selection of peers.  It has been proven that this method is best suitable for dynamic 

environments like P2P network. This work can be further enhanced by applying and testing the peer ranking 

approach for a larger dataset and for real time environment.  
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