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Abstract 

 
Virtual organization (VO) integrates distributed resources shared by participant 

organizations having a common purpose to achieve their objectives. Creating weights 

for VO participant organizations is an important requirement in such environment 

and may become quite challenging. However, there is no appropriate criterion that 

can guide the process of creating weights for the participant organizations in VO. 

 

Participant contributions and their ability to help and benefit the other participants 

can be considered as utility to the VO. Accordingly, we propose to evaluate the 

participant organizations based on their utility for the VO. The proposed approach 

consists of evaluation criteria and evaluation function. The evaluation criteria 

represent participant utility to the VO and are used as reference for evaluation. The 

evaluation function is based on linear goal programming (GP) that evaluates the 

participants and produces weights that best satisfy the set of related criteria.  

 

The advantages of the proposed approach are investigated in an experimental 

example. The evaluation results demonstrate that our approach outperforms other 

existing approaches in terms of improving the utility level in the VO by 8.26 % and 

improving the participants’ satisfaction by reducing the deviation by 17.7%. One 

concludes that the proposed approach is able to produce weights that help improve 

VO utility and the satisfaction of its participants. 

 

Keywords: Virtual organization, VO participants, utility, participant weights, 

evaluation function, participant satisfaction 
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1. Introduction  
 

The grid computing [19] provides a mechanism that facilitates the integration of high 

performance resources across dynamic and geographically dispersed organizations 

into a virtual high-performance computing environment [9]. This virtual aggregation 

is called virtual organization (VO) [10]. VO consists of participant organizations and 

resources shared by those participants. The VO participants are organizations that 

collaborate together to achieve their needs for joining the VO. The attained level of 

participant needs can be considered as achieved utility for that participant.  

The utility for participants can be represented in many different perspectives which 

support the VO participants in achieving their needs from joining the VO. The more 

utility provided to the participants through the VO is, the more satisfied are the 

participants. Indeed, unfulfilled expectations and needs of the participants can have 

dire consequences and can ultimately lead to the demise of the VO itself [24]. Thus, 

achieving maximum utility for all VO participants is the most important objective of 

the VO. 

 

On the other hand, participants’ weights are required to represent them in different 

VO processes and activities such as decision making or agreements among 

participants [3,13,17]. The types of VO participants, the resources being shared, and 

the sharing duration, are participant attributes that vary in any VO [4,10]. The 

attributes of a participant may represent a value or weight of that participant in 

relation to the others in VO. Determining weights of VO participants that reflect their 

attribute values in the VO is a challenge that persists in the VO. In practice, it is 

difficult to obtain participant weights that reflect several and possibly conflicting 

attributes. Thus, the problem can be encapsulated in the following questions: 

 

• How to determine weights for VO participants that reflect their several and 

possibly conflicting attributes or criteria?  

• How to achieve higher utility to the VO participants and improve their 

satisfaction in determining their weights?  

 

Therefore, we propose an approach that evaluates the VO participants based on their 

utility to the VO and produces numerical weights represent that utility. Participant 

utility is its ability to help and benefit the other VO participants through its attributes. 

The utility level in VO is its ability to serve and benefit its participants through its 

participants’ utility. The evaluation of the participants in the VO environment based 

on their utility requires a set of evaluation criteria, an evaluation of scores (values) for 

each participant in terms of each criterion, and an evaluation function applied to all 

criteria scores to calculate a final weight for each participant.  
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The evaluation criteria must reflect the utility level in VO. Therefore, resource 

capability, participant contribution, and resource reliability are proposed as 

evaluation criteria in addition to their related calculations that evaluate the scores for 

each participant in terms of each criterion. The criteria are based on set of different 

participant attributes that can be used to measure their performance in increasing the 

utility in the VO. Moreover, an evaluation function based on linear goal programming 

(GP) [20] is proposed to calculate a numerical weight for each participant when 

applied to the criteria’s scores. In this paper, the aim is to create weights for VO 

participants that help in increasing the utility in the VO and the participant 

satisfaction. 

 

An experimental example that simulates a VO with all the necessary information is 

presented for testing and comparison purposes. Several related approaches have been 

investigated and compared to the proposed approach. The remainder of this paper is 

organized as follows. The related works is reviewed in Section 2. Section 3 presents 

the requirements and detailed design of the proposed approach. Performance 

evaluation and results is introduced in Section 4. Finally, some conclusions are given 

in Section 5. 

 

 

2. Related Works 
 

The problem in this paper is to assign weights for VO participants according to their 

utility to the VO. The challenge consists of defining appropriate criteria to help in 

participant utility evaluation and the evaluation function applied to these criteria to 

find the weights.  In literature, to the best of our knowledge, there is no approach that 

uses any criterion to assign weights for VO participants or participant evaluation. The 

default approach that assigns equal weights to all participants without any criteria is 

the only method that can be applied [10,8,13,3,17]. When all participants are treated 

equally, some participants become dissatisfied when they compare themselves to 

others who offer less contribution and significance to the VO. In addition, the level of 

utility in the VO will be degraded when equal weights are assigned to the participants 

with different levels of utility and significance in the VO.  

 

However, one important requirement for applying the utility-based approach is to 

take into account the criteria of each participant and find a single value that best 

represent these criteria’s values. Finding a solution to such a problem necessitates a 

compromise because multiple criteria’s values need to be satisfied, and satisfying one 

value may not satisfy the others [14]. Several functions have been proposed to solve 

similar problems [6] and can be used to select a value that represents a set of related 

values. In these approaches, the related values are aggregated into a single one by  
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means of the aggregation operators [5,12] such as average operator (AO) [25], 

weighted mean [11], weighted geometric [16] and weighted MinMax [26] operators. 

Simple additive weighting (SAW) is a simple and most often used technique that can 

be applied to our problem [1]. SAW obtains a weighted sum of the evaluation scores 

of each alternative under all criteria. 

 

Generally, in the aggregation process of information into final weights without 

guidance or criteria, part of alternative’s significance and their information may be 

lost [18,22].Current approaches also try to find a single value without considering the 

deviation or distance to the related criteria’s values. The distance can reflect 

participant satisfaction which is an important requirement in VO. The closer single 

values to their related criteria’s values are, the more satisfied are the participants. 

Thus, it is important to minimize the distance when calculating the weights. 

Accordingly, an approach that evaluates the VO participants and produces numerical 

weights according to their utility is proposed. A GP function that finds final weights 

is introduced. The GP function seeks for a value for each participant with minimum 

distance to its related criteria’s values. This maintains the significance of participants 

and improves their satisfaction. Furthermore, there is no previous work focus on 

achieving higher utility to the VO and improving the satisfaction of its participants. 

 

The set of related approaches are summarized and presented in Figure 1. The 

approach (a) is the proposed utility-based approach that uses the new GP evaluation 

function, the approach (b) is the proposed utility-based approach that uses SAW 

evaluation function, and the approach (c) is the default approach that assigns equal 

weights for the VO participants without any criteria.  

 

 

 

 
 

Figure 1: Related Works 
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3. Requirements and Design  
 

In order to increase the utility level in VO and the satisfaction of its participants, we 

propose to evaluate the VO participants based on their attributes that reflect their 

utility to the VO. The output of the evaluation process is weight for each participant 

that represents its utility. The participant that achieves higher utility for the VO will 

have a higher weight in relation to the others. A set of evaluation criteria and 

evaluation of scores for each participant in terms of each criterion are required. 

Evaluation function applied to all criteria’s scores to calculate a final weight for each 

alternative is also important to apply the proposed solution. These requirements in 

addition to the detailed design of the proposed approach are presented in the 

following subsections.  

 

3.1 Evaluation Criteria 

 

In order to find weights for participants according to their utility to the VO, 

evaluation criteria that represent the utility level in the VO are proposed, namely: 

resource capability, participant contribution, and resource reliability. The proposed 

criteria are based on a set of different participant attributes that can be used to 

measure their performance in increasing VO utility. The participant attributes can be 

obtained from the VO at any point of time.  

 

Resource capability represents the number and the specifications of the provided 

resources. The potential resource specifications are categorized into high and low 

specifications and used coefficient to distinguish between high and low specification 

resources in the calculation. e.g. if coefficient equals 3; it means that the high 

specification resource is equivalent to three low specification resources. The 

evaluation of scores for each participant in terms of resource capability can be 

calculated through: 

 Capability	pa
� � total	low	resources	pa
� �	�total	high	resources	pa
� ∗ coefficient� 
 

The total low resources (pai) represent the total number of low specification resources 

shared by participant i and the total high resources (pai) represent the total number of 

high specification resources shared by participant i. The coefficient has a constant 

value determined by the administrator to represent the significance of high 

specification resources in relation to low specification resources. To normalize the 

resource capability and preserve its values between 0 and 100, the resource capability 

for each participant can be divided by the highest resource capability value achieved 

by a participant at that time through the equation: 
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Cp	pa
� � ���� 
!
"#	��$�%
&%'("	)'(*+,-'	���� 
!
"# ∗ 100                        (1) 

 

Participant contribution criterion represents the participant outputs in relation to its 

inputs. Participants are different in what they provide to (produce) and what they gain 

(consume) from the VO. What a participant provides can be seen as produced outputs 

and can be represented through many attributes; e.g. amount of provided resources, 

time period of resources sharing, etc. What a participant gains from VO is considered 

as consumed inputs and can be represented through many attributes e.g. number of 

users allowed to access VO resources, period of access time, etc. Therefore, a 

participant contribution measurement that can represent the participant outputs to its 

inputs is proposed. In other words, for a specific participant, what it contributes to the 

VO in relation to what it consumes. The less inputs consumed and the more outputs 

produced, the more efficient (contribution) the participant. In this paper the 

participant contribution will be estimated according to the number of participant’s 

users as an input attribute and participant’s shared resource capability attribute 

capability (pai) - which was previously discussed - as an output attribute. The number 

of participant’s users is the number of users for that participant organization which 

may access and use VO resources. The evaluation of scores for each participant in 

terms of contribution can be calculated through the following equation: 

 

Contribution	pa
� � outputs	pa
�inputs	pa
� � capability	pa
�number	of	users	pa
� 
 

To normalize the value of participant contribution and preserve its values between 0 

and 100, the contribution of each participant can be divided by the highest value of 

participant contribution that exists at that time. The equation is: 

 

Cn	pa
� � -*1",
 +"
*1	��$�%
&%'("	-*1",
 +"
*1 ∗ 100	                       (2) 

 

Resource reliability is its ability to operate correctly and deliver the underlying 

service under all conditions for other participants in VO [2]. Thus, for evaluation 

purposes, participant resource reliability is taken in consideration to represent the 

number of times the participant’s resource fails to deliver the required service related 

to the number of times these resources are requested and executed jobs during a given 

period of time. The evaluation of scores for each participant in terms of reliability can 

be calculated through the following equation: 

 

R	pa
� � 31 4 1+5 ',	*6	6�
!'7	8* (	)'($�1+5 ',	*6	'9'-+"'7	8* (	)'($�: ∗ 100	         (3) 

Table 1 summarizes the proposed criteria and the related attributes. 
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Table 1: Proposed Criteria and related attributes  
Utility criterion  Attributes Equation 

Capability  Cp  Number of low and high resources specification  1 

Contribution Cn Resource capability, Number of users 2 

Reliability R Number of executed jobs, Number of failed jobs 3 

 

 

3.2 Evaluation Function  

 

Each participant has multiple values representing the evaluation in terms of each 

criterion. A single value for each participant that satisfies its related values is required 

for a final weight. Thus, the evaluation function is responsible for finding a single 

value (final weight) that best represents all criteria’s values for each participant. 

 

The process of computing final weights for VO participants is a challenging process 

because it has multiple criteria to be satisfied. The alternatives in this problem are 

participant organizations and their satisfaction is important issue in VO environment. 

The closer the weight to the related criteria’s scores is, the more satisfied is a 

participant. Therefore, we propose a linear GP evaluation function that looks for a 

value that best satisfies the set of criteria for each participant. The proposed GP 

function finds the closer value to all criteria’s scores for each participant to be its 

final weight. 

 

The proposed GP function is applied to all criteria’s scores  (Cp, Cn, R) and finds the 

closer value Vi to criteria’s scores to represent final weight wi for each participant pai 

( i=1,..,n, n>=2 ). V and W are unknown where	∑ w
 � 1,			100 = V
 = 0, w
 = 01
?@ . 

According to [20], GP formulation requires determination of decision variables, goal 

constraints and the objective function. Accordingly, the proposed GP function is 

formulated as: 
 

Table 2: The proposed GP Evaluation Function. 
1 Minimize Y � ∑ 			Dcp
C�Dcp
D � 	Dcn
C�Dcn
D�	Dr
C�Dr
D1
?@ 	� 
2 Subject to:  

3  ∑ 	V
 4 Cp
 4 Dcp
C�Dcp
D1
?@  = 0; 

4 	∑ 	V
 4 Cn
 4 Dcn
C�Dcn
D1
?@  = 0; 

5 	∑ 	V
 4 	R
 4 Dr
C		�	Dr
C		1
?@   = 0; 

6 	i � 1,… , n;	 
7 	Dcp
C, Dcp
D, 	Dcn
C, Dcn
D, Dr
C, Dr
D	, V
 = 0	,									 
 

V1, V2,..., Vn are the decision variables of the problem and the output of the function. 

These values will be normalized to be the weights W1, W2,..., Wn . The GP function  
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seeks a value for each participant that equals each criterion’s scores Cp Cn R, which 

serves as the goal constraints and presented lines 3, 4 and 5. The Dcp
C, Dcn
C, Dr
C, Dcp
D, Dcn
D, and	Dr
D	are deviational overachievement and 

underachievement variables for the proposed criteria, respectively. Line 1 shows the 

objective function of the problem which is to minimize the gap or distance between 

the final value Vi and each criterion’s scores Cp, Cn, and R to achieve higher 

satisfaction for the participants. The gap is represented by the overachievement Dca
Cand underachievement Dca
Dof variables.  

 

 

3.3 The Detailed Design of the Proposed Approach  

 

The proposed approach to evaluate VO participants according to their utility is 

illustrated in Figure 2 and can be represented by the following steps: 

 

 
 

 
 

Figure 2: Utility-Based Approach  

 

Step 1: at a point of time, the attribute information for each participant can be 

obtained from the VO such that: Number of provided resources, resource capability, 

number of users, number of executed jobs and number of failed jobs. 

Step 2: for each participant, the criteria scores are evaluated through the equations 1, 

2 and 3 using the obtained attribute information.  

Step 3: the resulting criteria scores for all participants are inputted to the GP function 

to find a single value for each participant that best represent its related criteria scores. 

However, a mathematical linear solver is required to solve the proposed GP function 

model in this step.  

Step 4: the resulting values at this step will be normalized into final weights for each 

participant in relation to the other participants using the equation:	W
 � V
/∑ V
1
?@     
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3.4 Illustrative Example  

 

To illustrate the functionality of the proposed approach, a VO consists of five 

participant organizations is assumed in this section. Attributes information presented 

in Table 3 is obtained from VO at that point of time.  

 
 

Table 3: Parameters Used in VO example 

 

Participants High 

resource 

Low 

resource 

Number 

of users 

Number of 

executed jobs 

Number of 

failed jobs 

Organization1 (Pa1) 5 4 25 50 1 

Organization2 (Pa2) 5 10 17 150 12 

Organization3 (Pa3) 10 14 40 100 3 

Organization4 (Pa4) 3 3 50 200 3 

Organization5 (Pa5) 1 7 10 70 10 
 

The equations 1-3 are used to calculate the attained level of resource capability, 

participant contribution, and resource reliability. Assuming that the coefficient is 3, 

the evaluation of criteria’s scores for each participant presented in Table 4: 

 

 

Table 4: Values of the Proposed Criteria 

 
Utility criteria   Pa1 Pa2 Pa3 Pa4 Pa5 

Capability  Cp 43.81 56.81 100 27.27 22.72 

Contribution Cn 51.7 100 74.8 16.3 68.02 

Reliability  R 98 92 97 98.5 85.7 

 

 

In the third step, the proposed GP function is applied to the criteria’s scores present in 

Table 4 to find the single value for each participant that best represents its related 

criteria’s scores. LINGO solver [21] is a commercial software application that can 

run linear GP models and is used to run the proposed GP function in this example. 

For comparison purposes, the SAW function is used and applied to the criteria’s 

scores present in Table 4 to find the single values. The SAW function calculates the 

single value Vi by: V
 � 	0.333�Cp
 � 	0.333�Cr
 � 	0.333�R
 where the criteria 

have relative importance i.e.0.333. 

 

Ultimately, the single value for each participant is then normalized into a weight of 

that participant in relation to other participants. The single values resulted by the GP 

and SAW functions in addition to the normalized weights are presented in Table 5.  



 

4782                                                                                 Anas Jebreen Atyeeh Husain 

 

 

Table 5: Final Values and Weights of VO Participants 

 
Utility based Approach  Pa1 Pa2 Pa3 Pa4 Pa5 

Using GP 

function  

Final value (Vi) 51.70 92 97 27.27 68.20 

Weight (Wi) 0.1537 0.2736 0.2885 0.0811 0.2028 

Using SAW 

function  

Final value (Vi) 64.50 82.93 90.60 47.35 58.81 

Weight  (Wi) 0.1873 0.2409 0.2632 0.1375 0.1708 

 

 

 

4. Performance Evaluation and Results 

Producing weights for VO participants that increase the utility level in the VO and 

achieves higher satisfaction for its participants is the objective for this work. Thus, 

two metrics are introduced to measure the performance of the proposed approach; its 

ability to increase the utility level in the VO, and to attain higher satisfaction for the 

participants. The related approaches (b) and (c) presented in the Figure 1 are used for 

comparison purposes. Approach (b) is a utility based approach similar to the 

proposed approach but uses the SAW function instead of GP function. Approach (c) 

is the default approach that assigns equal weights for the participants regardless their 

attribute information. 

 

4.1 Utility Level in VO  

 

The VO utility is its ability to serve and benefit its participants. The level of utility in 

the VO reflects the level to which the participants can use and benefit from the VO. 

The utility in the VO is achieved through its participant criteria’s scores and benefits 

its entire participants. According to the multi-attribute utility theory (MAUT) [7,23], 

the utility of the VO can be calculated through the following equation: 

 U � �	∑ w
	Cp
� � w
	Cn
� � w
	R
��/31
?@                     (4) 

 

Where n is the number of VO participants; number 3 is the number of criteria and w
 
is the participant weights which are the intended result of the proposed approach or 

any other related approach. However, three different sets of weights resulted from the 

approaches (a), (b) and (c) are used to evaluate and compare their performance in 

achieving utility to the VO. Using Eq. (4), the utility level in VO achieved by the 

proposed approach (a) is 74.5%, the utility based SAW function achieves 72.4%, and 

the default approach achieves 68.8% utility only. The results are summarized in Table 

6. 
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Table 6: Weights and Utility Levels Produced by the Related Approaches 

 

 

The results showed that the utility-based approach using GP function outperforms the 

default approach in achieving higher utility for VO. The efficiency of the utility-

based approach using GP function over the default approach was 8.26 %. The results 

also showed that the utility-based approach using SAW function outperforms the 

default approach in terms of improving the VO utility level by 5.28 %. The efficiency 

(E) values are computed by the following standard equation:  

 

E=

MN
O
NP
Q'",
-	R�!+'STU	VWWUSVXYDQ'",
-	R�!+'UZ[V\Z]	VWWUSVXYQ'",
-	R�!+'UZ[V\Z]	VWWUSVXY ∗ 100%																																																																				or		Q'",
-	R�!+'UZ[V\Z]		VWWUSVXYDQ'",
-	R�!+'STU	VWWUSVXYQ'",
-	R�!+'UZ[V\Z]	VWWUSVXY ∗ 100%	

        (5) 

 

Where the first equation is for benefit criteria and the second equation is for cost 

criteria. Benefit criteria are the criteria in which the higher value is better for the 

system. 

 

4.2 Satisfaction of VO Participants  

 

In the proposed approach, a single value that represents criteria’s scores is required 

for each participant. The closer the value to the related criteria’s scores, the more 

satisfied is the participant. Therefore, the distance between the obtained single value 

and the criteria’s scores for a participant can represent its satisfaction. Distance is the 

gap or deviation degree of the final value among a set of related values. The less the 

distance achieved is, the more satisfied are the participants. The obtained single 

values and the related criteria’s scores are used to calculate the total distance for all 

VO participants through the following equation: 

 

D=	∑ |V
 4 Cp
| � |V
 4 Cn
| � |V
 4 R
|1
?@                       (6) 

 

Where (n) is number of VO participants and V
 is the final value for specific 

participant. We evaluate the performance of the GP function in minimizing the 

distance and compare the result with the SAW function presented in Figure 1 as (b). 

Thus, if Eq. (6) is substituted by the final values (51.7, 92, 97, 27.27, 68.2) that  

Approach  W1  W2 W3  W4   W5 VO Utility  

Utility –GP       (a) 0.153 0.273 0.288 0.081 0.202 74.5% 

Utility –SAW   (b) 0.187 0.240 0.263 0.137 0.170 72.4% 

Default              (c) 0.2 0.2 0.2 0.2 0.2 68.8% 
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computed by the GP function the obtained distance or deviation will be D=267. 

Furthermore, if Eq. (6) is substituted by the final values (64.50, 82.93, 90.60, 47.35, 

58.81) that computed by the SAW function the obtained deviation will be D=325. 

 

The results showed that the GP function outperforms the SAW in the degree of 

participant satisfaction and achieves a lower distance or deviation degree. Since the 

deviation degree is lower with the GP function, the participant satisfaction would be 

higher. Using Eq. (5), the efficiency of GP function over SAW function was 17.7 %.  

 

 

5. Conclusion  
 

This study examines the problem of determining the weights of VO participants in 

such a way that increased the utility level in the VO and attained a higher satisfaction 

for the participants. In conclusion, both aims of increasing the utility level in VO and 

the satisfaction of the VO participants were achieved in the proposed approach. 

Comparatively, in other studies, there were no criteria used to determinate the 

weights of VO participants and the utility level and participant satisfaction were not 

attained. 

 

 Indeed, assigning weights for VO participants according to their utility criterion 

attains a higher utility than the default approach. Moreover, the GP function performs 

better than the SAW function when used in the utility-based approach in terms of 

achieving a higher utility. 

 

The evaluation function in the proposed approach is based on a linear GP model to 

compute the weights of VO participants. It seeks the weight of each participant that 

best satisfies its related criteria’s values. This enables our solution to make the 

participant satisfaction objective more attainable. The GP was the appropriate choice 

and performed better when the range of criteria scores (values) was relatively large. 

For example, it can be noticed from Table 6 that the weights of Participant4 (W4) 

obtained by the three approaches are quite different where there was a large range in 

its criteria values.  

 

The advantage of the proposed approach is that it enables one to create participant 

weights that increase the utility level. This then leads to the result of more benefits 

being provided to all of the VO participants. Furthermore, this approach achieves 

greater satisfaction for the participants by attaining a higher utility and allowing the 

selection of the closer value to its related criteria values to represent their weights. 
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