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 Optimization of outsourcing operations plays an important role on development and progress 
for modern organizations. One important question in optimization process is to find a tradeoff 
between advantage and disadvantage of outsourcing and make appropriate decision whenever 
outsourcing action is necessary. In fact, there are several cases where outsourcing is not 
implemented properly and organizations suffer from the consequences. The primary purpose of 
this paper is to investigate various aspects of outsourcing to facilitate decision-making process 
in fuzzy environments. The preliminary results detect some of the necessary actions for 
decision making operations.     
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1. Introduction 

One of the primary concerns in production planning is to determine appropriate activities for 
outsourcing operations. The primary question is on how to separate good activities for outsourcing 
and how to choose appropriate supplier for such operations.  This question has been viewed by some 
as a classic make-or-buy decision making or decision has been assumed to have a vertical merge. As 
outsourcing is considered, firms fall into decision making process in which if they need to reverse the 
previously “made” decision i.e. a reshaping of existing firm boundaries happens in outsourcing. The 
concept of outsourcing involves taking some steps, which starts with the development of a sound 
business case for this purpose, continues with implementation of the external sourcing model and 
ends up with the management of the relationship with the provider. Outsourcing has come around as a 
widespread and transformational business practice. As Deloitte Consulting study has shown (Landis 
et al., 2005), 64% of the participants in their survey indicated that they had taken outsource back in-
house and 44% could not make a distinction for the cost savings. In the meantime, they could figure 
out that 20-25% of all outsourcing relationships fail within 2 years and half fail in 5 years (Doig et al., 
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2001). The most recent study on 300 business executives conducted by Deloitte revealed the need for 
improved outsourcing practices. The study illustrated that only 34% were satisfied with the provider’s 
innovation and 61% claimed that they needed to “escalate” problems to senior management within 
the first year (Robinson et al., 2008). In addition, it has been mentioned that 75% of interviewed 
service providers felt that their clients were ill prepared for the purpose of outsourcing.  
In sequence to make sure about the long-term success, management of an outsourcing relationship 
seems vital; however, organizations often fall behind providing the necessary skills and expertise for 
this purpose (Robinson et al., 2008; Harland et al., 2005; Power et al., 2004; Spekman & Caraway, 
2006). For instance, Lego-a Danish company implemented outsourcing of its manufacturing activities 
in 2006 to Flextronics and took it back in-house in 2008. The machines specificity prevented 
outstanding economies of scale from being achieved (Barthélemy, 2011). It showed that coordination 
and control of the production were of more complication in-house and it had been worsened by 
divergences and misalignments between these two mentioned companies) (Larsen, 2010).  
 
When there is a satisfactory outsourcing, it can lead to the fact that client organization will receive 
benefits, which they might not have been able to obtain by performing the activity in-house. 
However, there is no guarantee for such profits and probable risks should be taken into value as well 
if the before made arrangement is not successful. As a result, the contributing criteria to ensure there 
will be a positive outcome for long-term not just the short-term process should be distinguished 
beforehand.  
 
1.1.The definition of outsourcing 
 
In traditional sense, outsourcing stands for “outside resource using” (U, 1996) 1. Outside means to 
create a value form without, not within, the company. This focus is not an end on its own, it involves 
a strategic perspective on external resources but realizing these resources cannot be sufficient. These 
resources must be used by a company to improve its position in a competition (U., 2000). 
Outsourcing nowadays has turned to be an important business concept and approach and when the 
products and services are provided more effectively and efficiently by an outside supplier, then a 
competitive advantage may be obtained. It is an agreed upon contract that a company hands over a 
part of their existing internal activity to another one (McCarthy I, 2004). Arnold (U., 2000) presents 
an outsourcing model, which involves four major elements: outsourcing subject, outsourcing object, 
outsourcing partner and outsourcing design. 
 
1.2.Review of literature 
 
Outsourcing has become a prevalent management strategy following the organizational 
competiveness. Therefore, this has been and will be a favorable subject for academic research as the 
reviews prove this claim (Hätönen, & Eriksson, 2009; Kremic, et al., 2006)  most of them have put 
the main emphasis on the functions which require an outsourcing ((Hafeez et al., 2007; Wu & Park, 
2009).  Outsourcing includes how to select a service provider (Chen & Chen, 2006; Lasch & Janker, 
2005; Rese, 2006; Tseng, & Lin, 2005), where to outsource (Bunyaratavej et al., 2007; Bunyaratavej 
et al., 2008; Graf & Mudambi, 2005; Hätönen, 2009; Zaheer et al., 2009; Bunyaratavej et al. , 2008) 
and the corresponding benefits and risks with outsourcing (Di Gregorio et al., 2009; Harland et al., 
2005; Hoecht, 2006; Kremic et al., 2006; Jennings, 2002). All of these matters are pertinent to the 
initial stages of this process. In sequence to meet the mutual goal, outsourcing has been completed in 
a more strategic way, cooperation, collaboration and co-development. As a result, a close and long-
term relationship is required to make sustainable competitive advantage (Franceschini et al., 2003; 
Handley & Benton, 2009; Helper, & Sako, 1995; Lee, & Kim, 1999; McHugh et al., 2003; Handley 
& Benton, 2009; Nistorescu & Barbu, 2009). Lacity (1996) claimed that a decision matrix for IS 
outsourcing would consist of business, economic and technical criteria. Ketler and Walstorm (1993) 
thought of categorization of outsourcing decisions to be personal, economic, risk versus control 
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characteristics of outsourced data/segment, organizational characteristics, vendor and contract 
matters. Udo (1996) used the AHP to suggest a suitable IS outsourcing decision model and grouped 
determinants into strategic importance, vendor matters, customer interests, and employee interests.  
 
1.3.Fuzzy Logic 
 

Fuzzy theory has been introduced to handle uncertainty associated with different events in real-world 
case studies (Zadeh, 1965). The proposed study of this paper uses fuzzy logic to handle uncertainty 
associated with outsourcing activates. There are different types of fuzzy numbers and the proposed 
study of this paper uses triangular form. A triangular fuzzy number is a specific set Ã and its 
membership function ߤÃሺݔሻ is a continuous linear function.  
 
Definition 1. Let ܺ be universe of discourse, Ã is a fuzzy subset of ܺ such that for all א ݔ  ܺ. 
 ሻ is called theݔÃሺߤ to Ã, and ݔ ሻєሾ0,1ሿ, which is assigned to stand for the membership ofݔሺߤ
membership function of fuzzy set Ã. 
 
Definition 2. A fuzzy number Ã is a convex and normalized fuzzy set of X ك R. 
 
Definition 3. A triangular fuzzy number is defined by its basic particulars, which is: 
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where l and u correspond to the lower and upper bounds of the fuzzy number Ã, respectively, and m 
is the midpoint. The triangular fuzzy number is indicated as Ã = (l, m, u). Arithmetic operations 
between fuzzy numbers or a fuzzy number and crisp number are defined in Zadeh (1965) by standard 
fuzzy arithmetic operations. 
 
1.4.Analytic hierarchy process (AHP) 
 
Perhaps the most inventive duty in making a decision is to choose the criteria that are important for 
that decision. The AHP subdivides a complex decision-making problem or planning matter into its 
parts or levels, and arranges these levels into an ascending hierarchic order. At each level of the 
hierarchy, the parts are compared relative to each other using a pairwise comparison plan. The parts 
of a given level are related to an adjacent upper level and thereby generate merge across the levels of 
the hierarchy. The result of this systematic process is a set of priorities or relative importance, or 
method of scaling between the various actions or alternatives. The AHP allows its users flexibility in 
constructing a hierarchy to fit their needs. The AHP also provides an effective structure for group 
decision making by imposing a discipline on the group’s thought processes. The necessity of 
assigning a numerical value to each variable of the problem helps decision makers maintain cohesive 
thought patterns by deriving the relative weight of each part of the hierarchy: criteria and alternatives. 
In this manner, one determines the optimum alternative. The AHP has been applied successfully to a 
variety of problems in planning, prioritization, resource allocation, conflict resolution, decision 
making, and forecasting. It is not possible to evaluate outsourcing activities accurately by using 
traditional financial techniques only, since most of the costs and benefits of such activities are real, 
which can be defined by using linguistic variables. For this reason, this paper proposes a fuzzy multi 
criteria decision making methodology based on AHP for scoring of each sub-criteria and criteria for 
outsourcing activities. 
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2. The proposed model  
 
The proposed model of this paper has two parts. The first part of the proposed model has the 
following steps. 
 
Step 1: The DMs are required to review all information associated with the outsourcing activities and 
company. All DMs having different comments could have different impacts on the final decision, a 
fuzzy environment based weighting is implemented in the model to calculate the DMs’ competence. 
For this aim, each DM is asked to evaluate the competency of other DM. Each DM evaluating the 
other DMs, he/she is asked to perform this task on the basis of his/her experiences, knowledge, about 
activities and outsourcing activities . For m DMs in the evaluation group, the ith DM is assigned a 
weight, where ܥ[1 ,0] א, and ܥଵ  ଶܥ  ڮ  ܥ ൌ 1.The sub-criteria maintains impacts on the each 
criteria in a hierarchical structure. Therefore, each DM can give fuzzy scales for sub-criterion and 
compares every sub-criterion pair-wise in its corresponding group structured in the hierarchy scales if 
he/she is not sure about the exact numerical values. To overcome these shortcomings, a modified 
fuzzy AHP is used in this study. In the first stage, the DMs are required to compare every attribute 
pair-wise in their corresponding group structured in the hierarchy, and define scores of the 
outsourcing firms against these sub-criteria. They are encouraged to give fuzzy scales if they are not 
sure about the exact numerical values. 
 

Step 2 
 

After having the individual TFN scores for the sub-criteria, an aggregation into a group evaluation is 
performed by applying the fuzzy weighted trapezoidal averaging operator as in Eq. (1). 
 
S෨୧ ൌ  S෨୧ଵ ٔ Cଵ ْ  S෨୧ଶ ٔ  Cଶ ْ … . .ْ S෨୧୫ ٔ C୫ (1)
 
where S෨୧is the fuzzy aggregated score of the sub-criterion, S෨ଵ ,S෨ଶ, . . . ,S෨୫are the TFN scores of this 
sub-criteria measured by m DMs; DMଵ, DMଶ, . . ., DM୫, respectively; ٔ and ْ denote the fuzzy 
multiplication and addition operators, respectively.  
 

 Determine decision makers for outsourcing 
activities 

 

  
Part2 Selection criteria and sub-criteria for outsourcing Part 1 

 
 

Determine criteria as input for MATLAB code  Rate activities based on fuzzy numbers 

 

Determine membership function for inputs  Calculate the aggregate scores 

 

Determine the outputs  Calculate the weight 

 

Determine membership function for output  Do calculation for all criteria 

 

Determine rules based on effects of inputs on 
outputs 

 Defuzzify score of criteria 

 

 Rate criteria for entry into the model  

  

 Make decision for outsourcing activities  

  
Fig. 1. The proposed model 

 

 

Cଵ, Cଶ, . . ., C୫are the weights allocated to DMଵ, DMଶ, . . ., DM୫, respectively. Similarly, the 
aggregation of the comparisons of the sub-criteria is defined as in Eq. (2) 
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ܽ ൌ  ܽଵ ଵܥ ٔ ْ ܽଶ ଶܥ ٔ ْ … . .ْ ܽ ٔ   (2)ܥ
 

where a୧୨is the aggregated fuzzy scale of sub-criteria compared with sub-criteria j for i, j = 1, 2, . . ., 
n; ܽ୧୨ଵ, ܽ୧୨ଶ, . . . ܽ୧୨୫are the corresponding TFN scales sub-criteria compared with sub-criteria j 
measured by DMs; DMଵ, DMଶ, . . ., DM୫, respectively. After having all the required aggregated 
TFNs, it is now time for defuzzification to find the representative crisp numbers. Comsider an 
aggregated TFN, ܽ  ൌ ሺ݈, ݉,  .ሻ the representative crisp value ܽ can be obtained by Eq. (3)ݑ

ܽ ൌ
ሺ݈  ݉  ሻݑ

3   (3)

 
Let  ܣଵ, ܣଶ,. . ., ܣ be a set of sub-criteria in one group, pair-wise comparisons between ܣand ܣin 
the same group yield an n-by-n matrix defined as in Eq. (4). Where ܽ= 1, ܽ= 1/ܽ 
 

A= ܽ=൦
1 ڮ ܽ
ڭ ڰ ڭ
ଵ

ೕ
ڮ 1

൪i,j=1,2,3,…,n                        (4)  

 
The priority weights of attributes in matrix A can then be calculated by using the arithmetic averaging 
method where ݓis the group weight of  ܣ with Eq.(5) 

ݓ ൌ
1
݊ 

ܽ

∑ ܽ

ୀଵ



ୀଵ

 (5)    

  
Finally, according to Eq. (6), the resulting fuzzy numbers can be converted to a normal non-fuzzy 
points each criteria for input of the model.  
 

෪ܵܨ ൌ  ݓ כ ሚܵ



ୀଵ

 (6) 

 
In part two is given as follow: 
 
Inductive Sogno’s phase model has been practiced in this paper. As mentioned earlier, three criteria 
are decisive for the phase inductive model: 1-input, 2-regulations and 3-output. Each of these features 
can be determined by as the following: 
  
1.input:In this model, input involve kth criteria for k = 1, 2, . . ., p 
 
2.Regulations:Regulations play the most important role in the presented model and these regulations 
are the mean of criteria related to the outsourcing and they might have a different tendency to 
outsourcing. If the criteria is in the direction of outsourcing, the outsourcing tendency increases and if 
this is in the opposite direction, this tendency decreases and if the features of outsourcing are equal to 
the opposite features of outsourcing, they can neutralize their effects. In general, there can be models 
and it can be said that the number of solving regulations of this model will beݎ phase rules for k = 1, 
2, . . .,p and r show mood of each criteria. 
 
3.Output:The output of this model has different phase cases related to DMs. 
Now the phase model is available to be used, DMs can put score of each criteria (in part 1) as input, 
at least DM decisions based on model output. 
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3. Case study   
 

The management decided to outsource their activities and decisions based on the third generation. 
The management decided to outsource their activities and decisions based on the third generation. In 
the first step, each DM is asked to evaluate the competency of other two. After a short meeting, the 
group comes up with the idea of having equal weights. Therefore the expert weight is determined as 
0.33. After that, they evaluated the considered criteria and sub-criteria as in Table1. Each DM 
provides a decision about his/her judgment as a precise numerical value, a possible range of 
numerical values, a linguistic term, or a fuzzy number. Then these evaluations are converted into 
TFNs as defined in Table 4 shows scores and converted TFN of outsourcer selection criteria for Firm-
A. The aggregations of the DMs evaluations are calculated by using Eq. (1) and show in table 1. In 
the next stage, the DMs evaluate the selection criteria by using pair-wise comparison. DMs can 
evaluation weight for each sub-criteria by using Eq. (2), Eq. (3), Eq. (4), Eq. (5) and show in Table 5. 

Table 1  
Criteria and sub-criteria of the proposed study  

Uଵଵ Capability of process quality Quality  Uଵ Uଵଶmatching up with the international standards 
UଶଵCore competence 

Organization Uଶ 
Uଶଶ Flexibility 
Uଶଷ Employee Morale 
UଶସInformation Security 
UଶହLoss Of Management Control 
Uଷଵ The capacity of technology  

Technology Uଷ UଷଶCombining Technology & In Innovation Capacity 
UଷଷTechnological  uncertainty 
Uସଵ Apparent cost Cost Uସ Uସଶ Hidden Cost 
UହଵVendor's Service quality 

Environment Uହ UହଶNumber of Supplier 
UହଷCompetitive Position 

 

  
Fig. 2. Membership of inputs Fig. 3. Different fuzzy rules 

 

In part 2, DMs have to determine input and their memberships and show in Fig 2, regulation and 
output of model. In the example, model has 5 criteria and 15 sub-criteria. These regulations are the 
mean of indicators (5 inputs having three moods) related to the outsourcing and they might have a 
high, low or indifferent tendency to outsourcing. Model has 243 regulations (See Fig. 3) with one 
output with three choices as follows, 

• Weak tendency to outsourcing(don’t outsourcing) 
• Neutral tendency to outsourcing(don’t care) 
• Strong tendency to outsourcing(do outsource) 
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Each DM provides a decision about his/her judgment as a precise numerical value, a possible range of 
numerical values, a linguistic term, or a fuzzy number. Then these evaluations are converted into 
TFNs as defined in Table 2 shows scores and converted TFN of outsourcer selection criteria. 

Table 2 
Fuzzy numbers corresponding to priority in pair comparisons 
Linguistic variable Low Medium High 
Fuzzy number (0, 0, 0.4) (0.1,0.5,0.9) (0.6,0.8,1) 
 

The aggregations of the DMs evaluations are calculated using Eq. (1) and the results are given in 
Table 3.  

Table 3  
Score and converted TFN for Selection sub-criteria 

Aggregation 
Decision Make 3 
ܿଷ=0.33 

Decision Make 2 
ܿଶ=0.33 

Decision Make 1 
ܿଵ=0.33  

converted TFN score converted TFN score converted TFN score Sub-criteria criteria 
(0.033,0.156,0.561) (1/10,5/10,9/10) M (0,0,4/10) L (0,0,4/10) L Uଵଵ 

ଵܷ (0.033,0.156,0.561) (0,0,4/10) L (1/10,5/10,9/10) M (0,0,4/10) L Uଵଶ 
(0.429,0.693,0.957) (6/10,8/10,10/10) H (6/10,8/10,10/10) H (1/10,5/10,9/10) M Uଶଵ 

ܷଶ 
(0.231,0.429,0.759) (0,0,4/10) L (1/10,5/10,9/10) M (6/10,8/10,10/10) H Uଶଶ 
(0.198,0.264,0.594) (0,0,4/10) L (6/10,8/10,10/10) H (0,0,4/10) L Uଶଷ 
(0.198,0.264,0.594) (6/10,8/10,10/10) H (0,0,4/10) L (0,0,4/10) L Uଶସ 
(0.231,0.429,0.759) (0,0,4/10) L (1/10,5/10,9/10) M (6/10,8/10,10/10) H Uଶହ 
(0.264,0.264,0.924) (1/10,5/10,9/10) M (1/10,5/10,9/10) M (6/10,8/10,10/10) H Uଷଵ 

ܷଷ (0.396,0.528,0.792) (0,0,4/10) L (6/10,8/10,10/10) H (6/10,8/10,10/10) H Uଷଶ 
(0.231,0.429,0.759) (6/10,8/10,10/10) H (0,0,4/10) L (1/10,5/10,9/10) M Uଷଷ 
(0.033,0.165,0.561) (0,0,4/10) L (0,0,4/10) L (1/10,5/10,9/10) M Uସଵ ܷସ (0.264,0.264,0.924) (1/10,5/10,9/10) M (6/10,8/10,10/10) H (1/10,5/10,9/10) M Uସଶ 
(0.231,0.429,0.759) (6/10,8/10,10/10) H (1/10,5/10,9/10) M (0,0,4/10) L Uହଵ 

ܷହ (0.198,0.264,0.594) (0,0,4/10) L (0,0,4/10) L (6/10,8/10,10/10) H Uହଶ 
(0.264,0.264,0.924) (1/10,5/10,9/10) M (6/10,8/10,10/10) H (6/10,8/10,10/10) H Uହଷ 

 

Now we can perform a pairwise comparison for each criterion, for instance, pairwise comparison for 
quality is demonstrated in Table 4.  

Table  4 
Pair-wise comparison and fuzzy aggregation of Quality 

Uଵଶ score Uଵଵ score Decision make Sub-criteria 
(0,0,4/10) L 

1 

 E1 

Uଵଵ (1/10,5/10,9/10) M  E2 
(1/10,5/10,9/10) M  E3 

(0.05,0.33,0.733)  Aggregation 

1 

(0,0,10/4)  E1 

Uଵଶ (10/1,10/5,10/9)  E2 
(10/1,10/5,10/9)  E3 
  Aggregation 

 

The result can be compared with aggregate fuzzy numbers according to Eq. (2) and can be calculated 
by aggregating sub-criteria: 

ܽ ଵଶ ൌ  ሺ0,0,0.4ሻ ٔ  ሺ0.33ሻ ْ  ሺ0.1,0.5,0.9ሻ ٔ  ሺ0.33ሻ ْ  ሺ0.1,0.5,0.9ሻ ٔ  ሺ0.33ሻ ൌ ሺ0.05,0.33,0.733ሻ  

With regard to the integration of the following comparison criteria, fuzzy numbers are to this point in 
the relationship non fuzzy numbers are converted using Eq. 3. For example, we have the following: 

ܽଵଶ  ൌ   
0.05  0.33  0.733

3 ൌ 1.122  
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After removal of the non-fuzzy fuzzy numbers, the following criteria must be paired comparison 
matrix defuzzy the Eq. 4. 

௨௧௬ܣ ൌ ቂ 1 2.27
0.812 1 ቃ 

Normalizing ܣ௨௧௬ yields, 

௨௧௬ିܣ ൌ ቂ0.5518 0.528
0.4481 0.4712ቃ 

At this point, using Eq. 5 and Eq. 6, we can determine the weight of each criteria shown in Table 5. 

ଵܹଵ ൌ  
1
2 

ܽଵ

ܽଵ  ܽଶ



ୀଵ

ൌ  
1
2 ൬

0.5518
0.5518  0.4481 

0.528
0.528  0.4712൰ ൌ 0.5399 

෪ܵொ௨௧௬ܨ ൌ ሺ0.033,0.156,0.561ሻ ٔ ሺ0.5518ሻ ْ  ሺ0.033,0.156,0.561ሻ ٔ  ሺ0.4598ሻ ൌ ሺ0.33,0.15,0.5670ሻ  

ொ௨௧௬ܵܨ ൌ 0.35 

Table 5  
Score of criteria as input to the proposed model 

Input ܨ ܵ ܹ ܵ Sub-criteria Criteria 

0.35 (0.33,0.15,0.56) 0.5518 (0.033,0.156,0.561) Uଵଵ 
ଵܷ 0.4598 (0.033,0.156,0.561) Uଵଶ 

0.54 (0.3,0.49,0.82) 

0.3402 (0.429,0.693,0.957) Uଶଵ 

ܷଶ 
0.222 (0.231,0.429,0.759) Uଶଶ 
0.1786 (0.198,0.264,0.594) Uଶଷ 
0.1638 (0.198,0.264,0.594) Uଶସ 
0.1632 (0.231,0.429,0.759) Uଶହ 

0.51 (0.29,0.38,0.48) 
0.4647 (0.264,0.264,0.924) Uଷଵ 

ܷଷ 0.3 (0.396,0.528,0.792) Uଷଶ 
0.2369 (0.231,0.429,0.759) Uଷଷ 

0.33 (0.10,0.19,0.67) 0.6752 (0.033,0.165,0.561) Uସଵ ܷସ 0.3247 (0.264,0.264,0.924) Uସଶ 

0.44 (0.22,0.34,0.74) 
0.4639 (0.231,0.429,0.759) Uହଵ 

ܷହ 0.3014 (0.198,0.264,0.594) Uହଶ 
0.2365 (0.264,0.264,0.924) Uହଷ 

 
Now, the phase model is available to be used. Fig. 4 shows a phase model in the condition that it has 
accepted the input vector of 5 criteria related to the input which is a number between zero and one 
and when this program is executed, the confidence of the outsourcing is calculated.  
 

  
Fig. 4. Output membership Fig. 5. The results of the proposed model 



Z. Afrandkhalilabad  and Emad Roghanian / Management Science Letters 2 (2012) 
 

2817

The output will be between 0 and +1 in which zero shows the weakest tendency to outsourcing ,+1 
shows the strongest and 0.5 demonstrates the neutral case show in Fig 5. According to the model 
number 0.319 shown in Fig. 5, we can conclude that outsourcing is not working on behalf of an 
organization. 
 
4. Conclusion  
 
In a competitive environment, organization’s success depends heavily on fast and impromptu 
decisions made by managers. However, mangers are not confidant in their decision-making and they 
look for an easy and effective method to make the correct and the best timely decision in the world 
with uncertain events. In a decision making process, using linguistic variables (fuzzy environment) 
eases the judgment for decision makers. The main purpose of this paper was to introduce a 
comprehensive decision making method for outsourcing. In the interim, the presented model sounds 
easier and more effective for managers because it has attempted to consider all effective decision 
making factors. AHP has been exercised in this model to solve evaluation problems of subjunctive 
elements and main elements identification and triangular fuzzy numbers have been used to determine 
the relative importance of different criteria. Decision makers can use MATLAB software outcome to 
make their decisions. The regulations in this software indicate what order organizations need to 
follow for the purpose of identifying effective factors for in-sourcing and outsourcing. The feature 
presented in this paper was that this model could determine the tendency or non-tendency degree of 
outsourcing considering the probability in fuzzy type. 
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