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ABSTRACT 
 

In the recent years ERP systems have received much attention. An enterprise resource planning system 
(ERP) is the information backbone of a company that integrates and automates all business operations. In spite 
of considerable changes that the implementation of such systems at all levels of the organization will bring 
about, lack precision in selecting appropriate ERP systems leads to irreparable damage for the organization. So, 
it is a critical issue to select the suitable ERP system which meets all the business strategies and the goals of the 
company.  This paper has tried to introduce a method for selecting ERP system by using fuzzy theory and fuzzy 
multiple criteria decision making. The methodology was applied for Iranian manufacturing company. 
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Introduction 
 

When organizations decide to implement ERP 
systems, they don’t face a simple task. With the vast 
variety of available ERP software, it is difficult to 
identify the best system that meets all needs of the 
organization and it may take much time to evaluate 
and select a compatible Enterprise Resource 
Planning system. Many organizations that select ERP 
software without any adequate accuracy may 
encounter serious and acute problems during 
implementation. Logical evaluation of possible 
issues can prevent those problems. 

Since information systems, as one of the most 
important systems in the field of computer science 
have a special and strategic role, many researches 
have been done in the field of Engineering Sciences 
in recent years [16], despite these extensive 
investigations in the field of information system 
implementing, there is not adequate scientific work 
on evaluating and selecting. Due to the complexity, 
cost and risk adjustment, ERP implementation is one 
of the most difficult investment projects [21]. ICT 
projects are interesting and useful in terms of 
creating a lot of positive changes; however, fear of 
failure is always an obstacle for their implementation 
[25]. Supplier’s performance evaluation criteria 
should be tailored to the organization's strategic 
goals, because they are necessary to select the best 
ERP system. 

Therefore the selection of appropriate criteria is 
considered as an important step of this research. 

After collecting sufficient data about the software 
package, inappropriate types could be rejected [13]. 
This paper firstly identified a number of criteria that 
ERP evaluation and selection process could be 
considered as an important and effective criteria, 
then, the weight of each criterion was calculated by 
using the experts’ votes. Finally, the final refinement 
of alternatives were compared and prioritized with 
fuzzy techniques by using these criteria and their 
weights. 

Enterprise Resource planning is a software 
system in enterprise business that enables 
organizations to use their resource sufficiently and 
effectively (materials, labor, capital, information) by 
providing a comprehensive and integrated solution. 
Enterprise resource planning uses complex 
information systems in modeling and technology 
[25]. The organization takes considerable time and 
resources to implement this kind of projects. Several 
ERP projects with high investments have been failed 
[13,25]. There is plenty of evidence that shows many 
projects are not completed on time within approval 
budget [1]. 

According to studies, 50% of the cases have 
failed to implement the system and among 90% of 
successful cases, it end up beyond the initial 
approved budget and time [19]. 

However, if the enterprise resource planning 
system works out with the organizational and 
economic considerations, it will increase the firm's 
productivity. The Companies that invest in enterprise 
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resource planning system have stronger performance 
and higher financial benefit [12]. 

Several studies with different methods 
(quantitative and qualitative) have been done to 
select a suitable ERP package. Scott conceptual 
model defines the characteristics of an effective ERP 
system and provides a six-step model for evaluating 
ERP software [24]. Due to the nature of information 
technology systems, the package selection process is 
a Multi Criteria Decision Process. Several papers 
used analyzing hierarchical data as an analytical tool 
in this selection [23]. Selection the appropriate 
criteria in ERP system is also an important step in the 
ERP project. In the implementation of ERP, cost and 
time are the most important factors. The after-sales 
service from supplier is very important [14]. In 
addition to the initial investment costs, annual 
maintenance costs and the cost of human resources 
must be considered by the organizations as well as 
the potential costs [5]. He presented a model for the 
ERP system selection, which consists of three groups 
of selection criteria namely, project factors, seller 
factors, and software package factors [28].  

Most of the models presented before are similar 
to each other, but different kinds of the fundamental 
terminology can be seen, therefore, the International 
Standards Organization (ISO) (1991) combined 
models to extract a small set of six attributes, so it 
can covers the core concepts of interest in this field. 
People’s priorities cannot present with a definite 
numerical and deterministic values because human 
judgment is often associated with uncertainty [11]. 
Fuzzy set theory was developed to overcome this 
problem in vague and uncertain environment. Since 
the fuzzy set theory combined with hierarchic 
analysis techniques [4], FAHP has been identified as 
a tool for solving Multi Criteria Decision making. 
Bvykzkan [7] and colleagues took advantage of the 
FAHP to select software market and evaluate public 
transport system. Wang [27] presented Multi Criteria 

Decision making approach for choosing appropriate 
criteria in software development. 

 
Material And Methods 

 
Fuzzy logic: 

 
In 1965, Zadeh, a professor of electrical 

engineering at the University of California in 
Berkeley, published his first paper on theory of 
Fuzzy Sets in the journal "Information and Control". 
From that time, developing and reflecting a variety of 
applications in various fields has increased. In 
deterministic logics such as the binary, value of the 
variables is true or false, black or white, one or zero. 
Fuzzy sets are the generalize type of classical sets, 
however, in contrast with classic set that could only 
have two values 1 and 0, Fuzzy sets allows function 
to get any value from the interval [0,1].Fuzzy sets 
theory help us to make mathematical planning  and 
operations in the fuzzy number sets. Fuzzy set is a set 
of objects with a range of grades, which indicate the 
membership degree of each of the objects that was 
collected [2]. Fuzzy set is described with 
membership function that gives specific number 
from 0 to 1 to each member. There are different ways 
to represent fuzzy numbers: one of them is M=( i, m, 
u) with the membership function defined as below: 

𝜇𝜇𝑀𝑀(𝑥𝑥) =

⎩
⎪
⎨

⎪
⎧

0,         𝑥𝑥 < 𝑙𝑙𝑙𝑙𝑙𝑙𝑥𝑥 < 𝑢𝑢 ,
𝑥𝑥 − 𝑙𝑙
𝑚𝑚 − 𝑙𝑙

, 𝑙𝑙 ≤ 𝑥𝑥 ≤ 𝑚𝑚,
𝑥𝑥 − 𝑢𝑢
𝑚𝑚 − 𝑢𝑢

, 𝑚𝑚 ≤ 𝑥𝑥 ≤ 𝑢𝑢.

� 

 
Obviously, that is normal number if i = m = u 

[11]. 
As it can be seen from table 1 and table 2, the 

triangular fuzzy numbers are used to calculate the 
fuzzy TOPSIS and also they are used for determining 
the importance of criteria weights by fuzzy AHP.

 
Table 2: Triangular fuzzy numbers for performance of alternatives  Table 1: Triangular fuzzy numbers for weights 

(0.0,0.0,0.1) Equal  (0 , 0 , 1) Equal 
(0.0,0.1,0.2) Fairly Important  (0 , 1 , 2) Not bad 
(0.2,0.3,0.4) preferable  (2 , 3 , 4) preferable 
(0.4,0.5,0.6) Essentially Important  (4 , 5 , 6) good 
(0.6,0.7,0.8) Strongly Important  (6 , 7 , 8) Very good 
(0.8,0.9,1) Very Strongly Important  (8 , 9 , 10) perfect 
(0.9,1,1) Absolutely Important  (9 , 10 , 10) Absolute 

   
Fuzzy Analytic Hierarchy Process (FAHP): 

 
Hierarchical analysis process of data is one of 

the most popular techniques in multi-criteria decision 
invented by Thomas L. Saaty in 1970. This method is 
useful when decision making faces many criteria and 
sub criteria [22]. AHP method is based on paired 
comparisons. In this method, the decision maker 
begins its work by providing a hierarchical decision 
tree that shows decision making criteria and 
indicators [3], and then a series of paired 

comparisons is carried out. In 1983, two Dutch 
researchers named Laarhoven and Pedrycz proposed 
a method for fuzzy analytic hierarchy process based 
on the least square logarithmic. Another method has 
been provided in 1966 as an Extent Analysis Method 
(EV) by a Chinese researcher named Jung Chang. 
This method has been very well received due to the 
simplicity of the operation. But there are some 
limitations about Chang method that might be useful 
to be mentioned in this thesis. Firstly, this method is 
established based on triangular fuzzy numbers; 
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secondly, a trapezoid numbers cannot be used, 
finally, all comparison matrixes that intend to be 
aggregated have to be consistent. The consistency of 
decision maker judgments is the main limitation of 
the Chang algorithm. All of these limitations should 
be considered, otherwise, the process of comparison 
has to be repeated times and times. This process is 
time consuming and has lowers accuracy. 

In 2003, Mikhailov provided a method for 
computing the weight vector of paired comparisons 
matrix. This method could overcome deficits of 
previous methods. Furthermore, Inconsistency of 
criteria can be calculated by using this method. 
Mikhailov proposed method has several advantages: 
Firstly, this method does not require a comparison 
complete matrix. It means that to get the weight of 
the element N, it does not require N (N-1)/2 
comparisons and it can gain weights of elements with 
M<= N (N-1)/2 comparisons. Secondly, this method 
represents the realistic weight vector, and does not 
need fuzzy ranking functions. Thirdly, in this 
method, it is not necessary to use just triangular or 
trapezoidal fuzzy numbers; it is possible to use 
different kinds of numbers and fuzzy sets, finally the 
most important point of this method is that it acquires 
the consistency index with the consistency 
comparisons. The positive consistency index in 
mikhailov’s non-linear models is accepted and the 
negative stands for the lack of compatibility. 
 
Non-linear fuzzy prioritization: 

 
The proposed fuzzy approach to prioritization 

needs a number of a-cuts, solving the linear 
programs, and eventually an aggregation of the 
priorities derived at the different α-levels. In order to 
avoid some of these steps, in this section we propose 
a non-linear method for prioritization, which can find 
directly crisp values of priorities from a set of 
comparison judgments, represented as triangular 
fuzzy numbers. Assume that a ranking problem 
expressed with an unknown weight vector w=(w1, ..., 
wn) and the decision makers  paired comparisons 
were expressed as triangular fuzzy numbers

]~[ ijaA =  so that )1,1,1(~
1~

ijijijij
ji lmua

a == and

),,(~
ijijijij umla = . Assuming that the decision 

maker, m<n(n-1)/2 paired comparison is done. This 
paper intends to find a crisp priority vector, so that 
the ratios approximately satisfy the initial fuzzy 
judgments (Equation 1): 

 
 
 
 
 

Membership functions can be defined as below 
(Equation 2): 
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Thus the nonlinear optimization problem is 
(Equation 3): 
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Unlike linear methods that can easily be solved 
with the simplex method, the new nonlinear method 
requires the appropriate numerical methods for 
solving the non-linear optimization problems. The 
positive value for λ  indicates that all weight ratios 
are quite satisfied and if the value is negative, 
indicates strong disagreement between the 
comparisons. 
 
Fuzzy TOPSIS: 

 
It is clear that the main reason of using fuzzy 

decision making technique is the impact of 
uncertainty with human thinking in decision-making. 
Fuzzy TOPSIS is one of the practical techniques in 
decision making (Chen, 2000). Two TOPSIS 
methods with Fuzzy Logic techniques could be used: 

1)The classical TOPSIS with fuzzy data 
approach 

2)Extending TOPSIS method for decision-
making in a fuzzy environment 

The first method is used in this study. First of 
all, data will be collected in the form of triangular 
fuzzy numbers. Then according to the decision-
making group, with the arithmetic average of fuzzy 
numbers, aggregated matrix is obtained. In this 

ij
j

i
ij u

w
wl ≤≤ ~~
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research this formula has been used to aggregate the 
opinion of experts (Kwang, 2005) (Equation4): 

𝑥𝑥𝑗𝑗1 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑘𝑘�𝑥𝑥𝑗𝑗𝑘𝑘1�,        𝑥𝑥𝑗𝑗2 =
1
𝑘𝑘
�𝑥𝑥𝑗𝑗𝑘𝑘2

𝑘𝑘

𝑘𝑘=1

 ,       𝑥𝑥𝑗𝑗3

= 𝑀𝑀𝑀𝑀𝑥𝑥𝑘𝑘�𝑥𝑥𝑗𝑗𝑘𝑘3� 
Various techniques can be employed to make the 

crisp value from the fuzzy numbers. The rest of steps 
are similar to classical TOPSIS method. 

Step 1) building Decision Matrix 
In the first step, after collecting expert’s 

opinions in the verbal preferences, group comparison 
matrix is formed. 

Next stage is a defuzzification process, the Best 
Non-fuzzy Performance value is obtained by 
changing each triangular number to crisp number. A 
variety of methods that can be applied generally for 
defuzzification process such as: mean of maximum 
(MOM), center of area (COA), and α- cut 
[20]. Center of area Method is a simple and practical 
defuzzyfication method with no need to consider the 
priority vector for each expert. Therefore, in this 
study, this method was used (Equation 5): 

BNPi = [(URi – LRi)+(MRi-LRi)]/3+LRi 
Step 2) Building normalizedmatrix  
At this point with Euclidean normalization, 

decision matrix converts to non-scale matrix 
Called 𝑁𝑁𝑑𝑑 (equation 6):  
 
rij

�∑ rij
2m

i=1 �
1/2=𝑀𝑀𝑀𝑀𝑗𝑗 �𝑀𝑀𝑀𝑀𝑗𝑗 �=𝑁𝑁d  

 
Before completing required computations, it 

should be noted that if the decision making matrix 
includes utility criteria with positive and negative 
perspectives, it is necessary to invert negative 
criterion. Thus the bigger are the numbers in decision 
making, the more utility it has. 

 
Step 3) Weighted Normalized Matrix 
At this level, each criterion’s weight has to 

multiply to each sub-criterion and finally, normalized 
weighted matrix with crisp numbers will be gained 
(Equation 7): 
V = Nd × 𝑤𝑤 

W= Diagonal matrix coefficients of the 
important criteria 

V=Weighted Normalized Matrix 
Step 4) Determining the positive and negative 

ideal solution 
At this stage, the positive ideal solution (Ai

+)is a 
solution that has the highest valuein positive criteria 
and has lowest values in negative criteria. 

Step 5) Calculating the distance of criteria from 
positive ideal solution according to the following 
formula  

Step 6) Calculate the relative closeness index 
(equation 8): 

Ci =
di

d𝑀𝑀− + di
+ (i = 1,2, … , n) 

Step 7) in this step, with regards to 
descending Ci , present alternatives based on the 
greatest importance can be ranked [29]. 

 
Results And Discussion 

  
The purpose of this study is describing the 

situation or phenomenon. In literature review section, 
librarian method, reading scientific journals and 
surfing various scientific databases on the Internet 
are used, but the main research data are collected 
through the distribution of questionnaires and 
interviews with experts in the field of ERP systems. 
There were seven experts involved in decision 
making and all of them were chosen. Gathering 
preliminary data to determine key performance 
indicators was done by literature review and 
interview with executives and experts working in this 
field. Afterwards, a questionnaire with Likert 
spectrum that extracted from the literature review 
was used for the screening criteria. In this study, the 
criteria with a greater average than 3.5 were selected 
as research criteria and other criterions that received 
a lower average were eliminated. Then the 
importance of each criterion was gained by 
distributing paired comparisons questionnaire. 

  Finally, another questionnaire was organized to 
determine the verbal priority of each alternative 
criterion in relation with each criterion which leads 
to the final rankings. To determine the validity and 
reliability of questionnaire content validity method 
was used. To determine the validity of the 
questionnaire with related resources, initial 
questionnaire was prepared and studied by scholars 
and experts who had some ideas to reform 
questioner. The final questionnaire was designed 
after reformation. Afterwards, the reliability of the 
questionnaire was calculated using Cronbach's alpha 
coefficient which was 0.873 and seemed appropriate. 

Adjustment of selected ERP system to the 
organization's objectives is a critical issue. For this 
purpose, all key criteria are collected and all modules 
offered by an ERP package are considered according 
to the needs of organization. In this study it is 
supposed that decision makers have enough 
information about the modules of each package. And 
a lot of similarities in terms of design modules in 
different packages have felt. According to the 
organization's priorities and business needs, the 
desired criterions are selected. 

For this purpose, a questionnaire was distributed 
among experts that resulted in the elimination of 
some components which their average was less than 
3.5. The final parameters are given in Table 3.
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Table 3: criteria 
Sellers criteria Users criteria Technologic criteria 

Indicator Average Indicator Average Indicator Average 
After sale services 4.2 Easy applicability 3.7 Flexibility 3.6 
Sellers validity 4.1 Compatibility with 

other systems 
3.8 Applicability 4.2 

cost 3.7   Integration with internet 3.7 

    Supportive systems 3.8 
 
Weights of criteria and indicators: 

 
At this stage, the matrix of paired comparisons 

was formed with expert opinions and verbal values.  
In order to aggregate obtained matrixes, the 
arithmetic average is used. Then by using 

Mikhailov’s method, the nonlinear model related to 
each matrix is written and then try to solve it with 
LINGO software. Table 4 shows final weights and 
priorities for each of the criteria. For instance, the 
steps of forming the matrix related to main criteria 
showed below: 

 
Table 3: Fuzzy Priority for main criteria 

  
Sellers criteria     

 
Users criteria 

 
Technologic 
criteria 

 

0.12    0.31    0.41    0.23  0.47  0.54     
 

 Technologic  
criteria 

0.24   0.35   0.67      Users criteria 

   Sellers criteria 
 

 
max=λ ; 
0.24*λ *w2-w1+0.23*w2<=0; 
0.13*λ *w2+w1-1.54*w2<=0; 
0.19*λ *w3-w1+.12*w3<=0; 
0.1*λ *w3+w1-.41*w3<=0; 

0.11*λ *w3-w2+0.24*w3<=0; 
0.32*λ *w3+w2-0.67*w3<=0; 
w1+w2+w3=1; 
w1>=0; 
w2>=0; 
w3>=0; 
 

Table 4: Weights and priorities of criteria 
Priority 
Of 
indicators 

Final  
weights  

Indicator’s 
weights 

indicators weights criterion 

2 0.20502 0.34 After-sale’s systems 
 

0.603 
 

Seller’s criteria 

1 0.22311 0.37 Seller’s validity   
3 0.17487 0.29 cost   
4 0.11968 0.64 Easy applicability 0.187 User’s criteria 
7 0.06732 0.36 Compatibility with 

other systems 
  

8 0.04431 0.21 flexibility   
5 0.07807 0.37 feasibility   
6 0.06963 0.33  Integration with 

internet 
0.211 Technologic criteria 

9 0.01899 0.09 Supportive systems   
 
Valueλ  = 1 (positive value) indicates the 

compatibility of the matrix. In The paired 
comparisons method, all of the members are 
compared two by two and this action eliminates all 
the possibilities of ignorance of a criterion or 
question, and it is a testament to the validity of the 

questionnaire. According to the questionnaires based 
on AHP and the scale for the reliability of the 
questionnaire that used in this paper, compatible 
index is used. Positive consistency index obtained 
from Mikhailov’s approach shows the reliability of 
the paired comparisons questionnaire. 
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Alternatives ranking: 
 
Regarding to seven expert’s opinions (D1, D2, 

...), the selection process of appropriate software 
package, according to the obtained indicators has 
been done step by step that will be explained. 

For brevity, the main indicator with (C1, C2, ..., 
C9) and software packages with A, B, C as the three 
alternatives were shown and the decision matrix will 
be made. For combining expert opinions to a single 

one, after inserting of the triangular numbers related 
to verbal expressions, the following formula is used: 

𝑥𝑥𝑗𝑗1 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑘𝑘�𝑥𝑥𝑗𝑗𝑘𝑘1�,        𝑥𝑥𝑗𝑗2 =
1
𝑘𝑘
�𝑥𝑥𝑗𝑗𝑘𝑘2

𝑘𝑘

𝑘𝑘=1

 ,       𝑥𝑥𝑗𝑗3

= 𝑀𝑀𝑀𝑀𝑥𝑥𝑘𝑘�𝑥𝑥𝑗𝑗𝑘𝑘3� 
With using the center of area method that was 

described in Section 3, the final numbers are gotten: 
BNPi = [(URi – LRi)+(MRi-LRi)]/3+LRi

 
Table 5: Decision making matrix(integration of expert’s opinions) 

 Package A Package B Package C 
C1 2 7.00 10 2 5.57 8 4 5.86 8 
C2 0 4.71 10 2 6.00 10 2 5.86 10 
C3 2 6.43 10 4 6.14 10 4 9.14 10 
C4 2 6.14 10 2 6.57 10 2 6.86 10 
C5 2 5.86 8 2 6.86 10 2 6.43 8 
C6 0 2.43 4 0 6.71 10 0 5.29 10 
C7 0 5.29 10 2 6.14 10 4 6.71 10 
C8 2 5.43 10 2 6.71 10 0 5.29 10 
C9 6 8.29 10 0 5.00 10 2 5.57 8 

 
Other steps in Fuzzy TOPSIS, after number Defuzzification by the above method, will be continued like 

simple TOPSIS. 
 

Table 6: Experts’ opinion in verbal phrases form 
criteria alternatives Decision makers 

D1 D2 D3 D4 D5 D6 D7  
C1     A 

    B 
    C 

MP VG     MG         G                  MG         V                  MP 
MG  MG     MP                 F                  MG          F            F 
F  F     MG          F                   F          MG              MG  

C2     A 
    B 
    C 

MP  F        G         MG                  F          F            MP   
MP MG     MP         MP                 G                          MG            MG 
   G F        F         MP              MG                          G           MP 

C3     A 
    B 
    C 

   G MG    MP        MG                  G          F            F 
VG MG    MG           F              MG          F            MG 
MG G    MG        VG               MG          F            G 

C4     A 
    B 
    C 

    F MG     MG               MG                 G                          F            MP 
   G MG                F                   G              MG                         MP            MG 
   G MG       G                 VG                  MP                         MP            MG 

C5     A 
    B 
    C 

MG F     MP               MG                 F                          MG               MG 
MP VG       G                   G             MG                          MG               MP 
MP MG    MG               MG             MG                          MG               MG 

C6     A 
    B 
    C 

   P MP        P                MP              MP                         MP                 MP 
   P MG     MG              MG                 G                         MG                 G 
   F MP        P               MG                     G                         F                     MG 

C7     A 
    B 
    C 

P                MP                    F              MG                      F                         MG                 GF     
MG            MG                   G              MP                     G                         MP                  MG  
MG            G                   MG                 G                  MG                        F                      F                          

C8     A 
    B 
    C 

MP             MG               VG              MP                  MP                          F                     MG 
MG            F                      G              MG                    G                           MP                 MP 
   G             MG                  P              MG                 MG                          MP                 MP 

C9     A 
    B 
    C 

MG            G                  MG                 G                     G                          MG                VG 
MP             MP                  G                  F                  MP                          MG                   G 
MG             F                  MG              MP                     G                          F                     MP 

 
Table 7: Decision Matrix (by Defuzzification) 

 Package A Package B Package C 
C1 6.33 5.19 5.952 
C2 4.90 6 5.952 
C3 6.14 6.714 7.714 
C4 6.05 6.19 6.286 
C5 5.29 6.286 5.476 
C6 2.14 5.571 5.095 
C7 5.10 6.048 6.905 
C8 5.81 6.238 5.095 
C9 8.10 5 5.19 
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The normalized weighted matrix that is related to the TOPSIS procedure is made, and after determining the 
best and the worst results for each criterion, the final table will be formed. 

 
Table 8: The final answer 

 Package A Package B Package C 
d* 0.187 0.203 0.189 
d- 0.033 0.037 0.036 
C 0.152 0.154 0.159 
rank 3 2 1 

 
Conclusion: 

 
Passing appropriate and accurate processes for 

selecting ERP software packages which are offered 
by foreign companies diversely and imposes a heavy 
financial burden on the organization is crucial. 
Through this way, the risks of implementing an 
inefficient system can be reduced to minimum. Due 
to the many problems arise from mismatch of 
features and modules of purchased software with the 
organization’s requirements; it seems necessary that 
Information Communication Technology focuses on 
domestic manufacturing of ERP package. Also to 
promote technical knowledge of domestic 
companies, the gained experience acquired by 
evaluating and pathology of foreign packages should 
be transferred to local companies. 
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