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Here, we propose a fuzzy analytic hierarchy process (FAHP) method to evaluate the alternatives
of enterprise resource planning (ERP) system. The fuzzy AHP approach allows the users get
values more accurately to model the vagueness which changes according subjective ideas in the
decision-making environment for ERP system selection problem. Therefore, fuzzy AHP method is
used to obtain firm decisions and noticeable solutions. The criteria are determined and then
compared according to their importance. The methodology also gives some suggestions about
successful ERP selections. The proposed methodology can be used for other sectors with some
changes. Fuzzy group decision-making can be used for this purpose. We show how effective fuzzy
AHP is as a decision-making tool in system selection problem. It is seen that fuzzy AHP is a useful
decision-making methodology to make more precise selection-decisions that may help the company
to achieve a competitive edge in a complex environment. Fuzzy AHP approach incorporates
quantitative data of the criteria, which have to be evaluated by qualitative measures. The proposed
selection methodology is flexible to incorporate new or extra criteria or decisions for the evaluation
process. Besides, this methodology provides the opportunity to a project team to decompose
complicated selection problem into smaller parts. Thus, the project team can understand the
relationships among different criteria and easily assign its own ideas to the hierarchical structure.
Also, a case study is presented to demonstrate the feasibility of the framework.
Keywords: Enterprise resource planning (ERP) system, Decision making, Analytic hierarchy
process (AHP), Fuzzy logic.
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1. Introduction
Enterprise Resource Planning (ERP) systems have been considered as essential for gaining and
maintaining competitive advantage in the globalized market under ever increasing competition. ERP
systems integrate and support all the major processes of a company such as accounting, finance,
manufacturing and human resource management, by providing a unified platform of database and
business applications [1–3]. Most market-leading ERP systems are usually equipped with best
practices so that, by simply implementing the systems properly, the companies can effectively
improve their business processes [4–5].
With this popularity, there have been many academic studies about ERP from various perspectives
[2–9]. However, despite the practical and academic interests in ERP, many companies still suffer
from not being able to gain the expected benefits from it. Some companies even face the threat of
bankruptcy from huge capital investment and unsuccessful selection [10–11].
Selecting an adequate ERP system for an organization is one of the crucial issues in an ERP
project.
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Here, we show how effective fuzzy AHP is as a decision-making tool in system selection problem.
Even with the complete accurate information, different decision making methods may lead to totally
different results. Thus, the proposed methodology demonstrates the selection of the best ERP vendor
under the cost and quality restrictions in the presence of vagueness. It is seen that fuzzy AHP is a
useful decision-making methodology to make more precise selection-decisions that may help the
company to achieve a competitive edge in a complex environment. Fuzzy AHP approach incorporates
quantitative data of the criteria, which have to be evaluated by qualitative measures. The proposed
selection methodology is flexible to incorporate new or extra criteria or decisions for the evaluation
process. Besides, the methodology gives the opportunity to the project team to decompose such a
complicated selection problem into smaller parts. Thus, the project team can understand the
relationships among different criteria and easily assign its own ideas to the hierarchical structure. The
remainder of our work is organized as follows. Section 2 presents a review of existing work on the
selection of ERP systems with the fuzzy AHP method. In Section 3, an AHP framework for ERP
selection and a methodology for the selection of ERP system are presented. The application of the
assessment framework using a case study and the obtained results are discussed in Section 4.
Conclusion and direction for future work are given in Section 5.

2. Literature Review
2.1. ERP System Selection Methods
There are a large number of research studies that investigate ERP related issues, from selection to
adoption, while the scope of the review will be focused on the studies related specifically to ERP
system selection problem [22–34]. Owing to the essence of IT system, selection problem is a multicriteria decision-making (MCDM) process. Several papers adopted analytic hierarchy process (AHP)
to be the analytical tool [35–36]. Lin [38] and Luo and Strong [40] studied the ERP evaluation models
for universities. Selection criteria of ERP system is also a crucial issue in ERP project. When
implementing an ERP project, price and time are both the most important factors. Besides, the
vender’s support is also a crucial issue [39]. Excepting the investment cost of ERP project, the annual
maintenance cost and human resource cost are also the potential expense for organizations [41–
44].There was an ERP selection model containing three categories of selection attributes including
project factors, software system factors and vender factors [45]. Wei and Wang [55] developed a
comprehensive methodology which considers both subjective and objective criteria while choosing
the ERP software. By benefiting from the fuzzy set theory, quantitative criteria were regarded. An
indicator called “fuzzy ERP suitability index” was used for determining the suitability of ERP
alternatives and criteria importance weights.
Wei et al. [54] proposed an AHP based methodology for supplier selection problem. Ziaee et al.
[61] presented a two stage approach. In the first stage, ERP system properties were determined by
collecting information about the possible ERP sellers. In the second stage, a mathematical model was
proposed for minimizing the total cost related with procurement and integration.
Wei and Wang [54] have proposed several methods for selecting a suitable ERP system [14–21].
The scoring method is one of the most popular. Although it is intuitively simple, it does not ensure
resource feasibility. Teltumbde [50] suggested 10 criteria for evaluating ERP projects and constructed
a framework based on the nominal group technique and the analytic hierarchy process (AHP) to make
the final choice. Baki and Çakar [4] determined the ERP selection criteria and obtained the
importance/weights of the criteria by a survey among firms in Turkey.
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Lee and Kim [36–37] combined the analytic network process (ANP) and a 0–1 goal programming
model to select an information system. However, these mathematical programming methods did not
contain sufficient detailed attributes, which above all, not being easy to quantify, were restricted to
some financial factors, such as costs and benefits. Furthermore, many of them involved only the
consideration of internal managers, and did not offer a comprehensive process for combining
evaluations of different data sources to select an ERP project objectively. In [32], an ERP system
selection problem at a large airline company in Turkey was considered. First, based on the
requirements and the demands of the company’s executives, the ERP selection criteria were
determined. Then, the alternative ERP firms and their offerings were investigated and determined.
After determining the criteria and solution alternatives, a proposed hybrid methodology, consisting
of fuzzy AHP incorporating the vagueness of the decision making process and TOPSIS, was applied
and validated. Specifically, the importance/weights of the selection criteria were obtained via fuzzy
AHP based on the triangular fuzzy preference scales. Then, these weights were used in the TOPSIS
methodology to reach ranking of the alternative ERP system suppliers. It should be acknowledged
that the work of [32] was subject to some limitations. Perhaps the most serious limitation of the study
is its narrow focus on a single case study in aviation industry. To generalize on the findings and the
viability/validity/value of the methodology, more real world cases need to be performed. Another
limitation of the individual methods is the independent structure of the selection criteria. Since the
comparisons are made in a piece-meal/pairwise fashion, reaching the actual optimal may not be
possible. In [24], an approach was presented to select a suitable ERP system for textile industry. The
proposed decision support system integrated with strategic management by using BSC may be an
alternative to some methods for ERP selection. In this paper, ERP packages and vendors for textile
companies were compared using fuzzy AHP. The presented methodology is flexible and can be used
for other sectors with some sector specific characteristic changes. Humans are often uncertain in
assigning the evaluation scores in crisp AHP. Fuzzy AHP can capture this difficulty. In this paper,
fuzzy AHP cannot support all phases of ERP selection and implementation. Hence, an intelligent
decision support system or expert system can be added when gathering data for selection process.
A combined methodology, based on ANP and PROMETHEE, was proposed in [41] to mitigate
this problem. Each of these decision analysis techniques brings capabilities to address specific
characteristics of the decision situation, including its being a highly complex multi-criteria decision
situation that requires the involvement of a group of decision makers and evaluation of network
structure among the decision making system factors. In this study, two prevalent multi-criteria
decision making techniques, analytic network process (ANP) and preference ranking organization
method for enrichment evaluations (PROMETHEEs), were used in a combination to better address
the ERP selection problem. The proposed hybrid methodology successfully ranked the alternatives
and identified the best ERP system based on the information obtained from a number of SMEs
participated in the study. Different multi-criteria decision making techniques such as VIKOR and
ELECTRE can be used and comparison of the results can be presented. Moreover, fuzzy decision
making environment can also be considered in the selection models. Perhaps, the most serious
limitation of this study is its narrow focus on Turkish SMEs.
In [31], the application of a hybrid multi-criteria decision making (MCDM) procedure for the
evaluation of various ERP alternatives was explored. The proposed evaluation framework integrates
three methodologies: analytic network process (ANP), choquet integral (CI) and measuring
attractiveness by a categorical based evaluation technique (MACBETH). ANP produces the priorities
of alternatives with respect to the interdependent evaluation criteria. The comparison has shown that
the final ranking may change dramatically with the ignorance of the interactions and therefore
erroneous decisions may be reached. In [31], Kilie intended to show how effective fuzzy AHP was
as a decision-making tool in software vendor selection problem by a comparison of the traditional
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AHP and fuzzy AHP approaches. Even with completely accurate information, different decision
making methods may lead to totally different results. Thus, the proposed methodology demonstrates
the selection of the best ERP vendor under cost and quality restrictions in the presence of vagueness.
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2.2. Analytic Hierarchy Process (AHP)
In our work here, we apply the AHP approach introduced by Saaty ([46], 1980) to our selection
framework. AHP is a methodology for multi-criteria analysis of choices and decision making that
enables decision makers to account for the interaction of multiple factors in complex situations. The
AHP process requires decision makers to develop a hierarchical structure for the factors which are
explicit in the given problem and to provide judgments about the relative importance of each factor
to specify a preference [46–49] for each decision alternative with respect to each factor. It provides a
prioritized ranking order indicating the overall preference for the decision alternatives.
The AHP process is deemed most useful in situations where teams of experts are working on
complex problems, specially those with high stakes, involving human perceptions and judgments,
whose resolutions have long-term repercussions [51]. There are unique advantages when important
elements of the decision are difficult to quantify or compare, or when communication among team
members is impeded by the different specializations, terminologies or perspectives. Decision
situations to which the AHP was applied include [13,16]: first, ranking, that is to put a set of
alternatives in order from most to least desirable; second, prioritization, that is determining the
relative merit of members of a set of alternatives, as opposed to selecting a single one or merely
ranking them; third, resource allocation, that is to apportion resources among a set of alternatives;
fourth, benchmarking, that is to compare the processes in one’s own organization with those of other
best-of-breed organizations; fifth, quality management, that is to deal with the multidimensional
aspects of quality and quality improvement; and sixth, conflict resolution, that is to settle disputes
between parties with apparently incompatible goals or positions [52–53]. Some of the real-life largescale applications of AHP include its use in integrated manufacturing [56], in the evaluation of
technology investment decisions [57], in flexible manufacturing systems [58], in layout design [59],
in business management [60] and also in graduates’ career decision making [13, 16].
Specifically in ERP, the AHP process has been applied as part of the solution and decision-making
framework to solve various problems related to ERP selection [31–32], to measurement of ERP
implementation readiness [53], to evaluation of critical success factors [24, 41, 53], to performance
evaluation [17] and to risk evaluation in maintenance [32]. Recently, Sarfaraz [46] also applied a
fuzzy logic-based AHP method to the customization framework of Luo and Strong [40], for
evaluating ERP customization choices. This wide use of AHP in the ERP domain encouraged us to
consider it for inclusion in our work. However, in contrast to Sarfaraz [46], who used an AHP variant
that rests on fuzzy logic, we opted for the original AHP process as presented by Saaty (1980) because
of its flexibility and the availability of mathematical axiomatic principles and techniques to obtain
group preferences and priorities. More in detail, our choice was motivated by the fact that the original
AHP method requires as input pieces of data that could be relatively easily available in companies.
In contrast to this, fuzzy logic-based variants of the AHP method put specific requirements on the
input parameters that are fed into the AHP rules, for example estimating the degree of uncertainty
associated with a specific parameter.
The overall approach of AHP is to decompose the total problem into smaller sub-problems in such
a way that each sub-problem can be analyzed and appropriately handled from a practical perspective
in terms of data and information. For the purpose of this decomposition process, AHP uses a hierarchy
that in fact deconstructs the problem into its component elements, groups the elements into
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homogeneous sets and arranges them hierarchically. Based on the hierarchical model, AHP provides
a method to assign numerical values to subjective judgments on the relative importance of each
element and then to synthesize the judgments to determine which elements have the highest priority.

Downloaded from iors.ir at 12:12 +0330 on Wednesday December 2nd 2020

The solution process consists of three stages:
(1) Determination of the relative importance of the attributes.
(2) Determination of the relative importance of each of the alternatives with respect to each attribute.
(3) Overall priority weight determination of each alternative.
In our study, the AHP approach is used to prioritize the ERP selection using the framework. It
should be highlighted that all decision problems are considered as a hierarchical structure in AHP.
The first level indicates the goal for the specific decision problem. In the second level, the goal is
decomposed into several criteria and the lower levels can follow this principal to divide into other
sub-criteria. Therefore, the general form of AHP can be depicted as shown in Fig. 1.
The four main steps of AHP can be summarized as follows [54].
Step 1: Set up the hierarchical system by decomposing the problem into a hierarchy of interrelated
elements.
Step 2: Compare the comparative weight between the attributes of the decision elements to form the
reciprocal matrix.
Step 3: Synthesize the individual subjective judgment and estimate the relative weight.
Step 4: Aggregate the relative weights of the elements to determine the best alternatives/strategies.

2.3. Fuzzy AHP (FAHP)
Analytic hierarchy process (AHP) developed by Saaty [46] has been one of the most widely used
techniques for multi-criteria decision making problems. So, many researchers [24–32] who have
studied the fuzzy AHP as an extension of Saaty’s methodology, have provided evidence that fuzzy
AHP shows relatively more sufficient description of these kind of decision making processes as
compared to the traditional AHP methods. The priority values of both objective and subjective factors
are obtained via pair-wise comparisons. There are mainly four levels in the AHP method. At the first
level, there is the objective function. At the second level, there are the attributes. At the third level,
there are the sub-attributes and finally, at the last level, there are the alternatives [25].
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Goal

Criterion 1

Criterion 1.1

Criterion 1

Criterion 1.2

Alternative 1

Criterion 2.1

Alternative 1

Criterion 1

Criterion 3.1

Criterion 3.2

Alternative 1

Figure 1. The hierarchical structure of AHP
Yu [60] employed goal programming to solve group decision making fuzzy AHP problems. Weck
et al. [54] evaluated alternative production cycles using fuzzy AHP. Sheu [48] presented fuzzy-based
approach to identify global logistics strategies. Cheng [18] proposed a new algorithm for evaluating
naval tactical missile systems by fuzzy AHP based on grade values of membership function. Zhu et
al. [14] discussed the extent analysis method and applications of fuzzy AHP. In complex systems, the
experiences and judgments of humans are represented by linguistic and vague patterns. Therefore, a
much better representation of the linguistic terms can be developed as quantitative data. A type of
data set is then refined by the evaluation methods of fuzzy set theory. On the other hand, AHP method
is mainly used in nearly crisp (non-fuzzy) decision applications and creates and deals with a very
unbalanced scale of judgment. Therefore, AHP method does not take into account the uncertainty
associated with the mapping [40]. The AHP’s subjective judgment, selection and preference of
decision-makers have great influence on the success of the method. The conventional AHP still
cannot reflect the human’s thinking style. Avoiding these risks on performance, the fuzzy AHP (FAHP), a fuzzy extension of AHP, was developed to solve the hierarchical fuzzy problems. Since crisp
values are used in the AHP method, it is unable to handle the vagueness in the fuzzy decision making
environment. The earliest one is presented by van Laarhoven and Pedrycz [34] comparing fuzzy ratios
described by triangular membership functions. Buckley [8, 9] determined fuzzy priorities of
comparison ratios having trapezoidal membership functions. Chang [13, 16] proposed a new
approach utilizing triangular fuzzy numbers for pairwise comparison scale of F-AHP.
In our study, F-AHP is used to find the importances/weights of the selection criteria for ERP
systems. To apply F-AHP, the procedure proposed by Buckley [8, 9] is used as follows:
Step 1: Create the hierarchies according to the problem characteristics, decompose each attribute and
build up the hierarchy structure; the 0th layer represents the ultimate goal; the 1st layer represents the

40

H. Hamidi

Downloaded from iors.ir at 12:12 +0330 on Wednesday December 2nd 2020

important decision criteria that affect the ultimate goal; the 2nd layer represents the important subcriteria of the 1st layer, and so on. The last layer represents the alternative choices of the feasible
solutions.
Step 2: Create fuzzy pairwise comparison matrix according to the layer structure built in Step 1,
convert the important decision criteria into the semantic format used to design polling questionnaires.
Two elements (criteria or alternatives) are compared by the decision makers at a time by the linguistic
scale which consists of the fuzzy preference scale as shown in Table 1 and their membership functions
as shown in Fig. 2.
Step 3: Group combination after creating the fuzzy pairwise comparison matrix, and calculate the
geometric mean of each criterion in the matrix as suggested by Buckley [8]:

mij  (1/ K )  (mij1  mij2  ...  mijK ) ,

(1)

where
mij is integrate trigonometric fuzzy number,

mijK is the ith to the jth criteria pair comparison value by the expert K, and
K is total number of experts.
Step 4: Build up the fuzzy positive reciprocal matrix after Step 3, obtaining the final calculated
fuzzy numbers for each layer form the fuzzy positive reciprocal matrix.
Table 1. Scales for pairwise comparison
Numeric variables

Linguistic variables

M1

(l1 , m1 , u1 )

Equal importance

M2

(l2 , m2 , u2 )

Moderate importance

M3

(l3 , m3 , u3 )

Extreme importance

Figure 2. Membership functions for linguistic variables
𝑘
Let 𝑚𝑖𝑗
represent a set of the kth decision maker’s preference of one element (i) over another (j).
Then, the pairwise comparison matrices are constructed.
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(2)

where M is called the fuzzy positive reciprocal matrix.
Step 5: The fuzzy weights of each criterion are obtained via the geometric mean method proposed by
Buckley [8]. First, the geometric mean of fuzzy comparison value of criterion i to each criterion is
computed by
n

zi  ( mij )1/ n , i  1, 2,..., n .

(3)

j 1

Then, the fuzzy weight of the ith criterion represented by a triangular fuzzy number is found to be

wi  zi  ( z1  ...  zn )1  (k1wi , k2 wi , k3wi )

(4)

where
mij is relative importance between criteria i and j,

zi is fuzzy geometric average of criterion i,
wi is fuzzy weight corresponding to criterion i.
Step 6: The sequential layers are linked together to calculate the fuzzy weight values for each
alternative:
n

U i   w j .rij ,

(5)

j 1

where
U i is fuzzy weight values of alternative i,

w j is fuzzy weight value for the decision key criterion, and

rij is performance score for the selected alternative Xi to the decision key criterion Xj.
Using the fuzzy number in this Step, the best alternative is selected by ranking these fuzzy weight
values.

3. Proposed Methodology
The proposed fuzzy AHP methodology has two main modeling components, namely fuzzy logic
and AHP method. Since the decision making environment is usually fuzzy/uncertain in most multicriteria decision making problems (with respect to the subjectivity of the criteria to be included in the
process), instead of making unrealistic assumptions to justify a simplified crisp solution, we choose
to use fuzzy logic to deal with the imprecision inherent in the decision situation. The reason behind
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choosing the fuzzy AHP is based on the modeling capability and suitability to the current decision
situation. Selecting the most suitable ERP system is a complex and challenging decision in any
industry. Fuzzy AHP technique brings forward capabilities as well as shortcomings to address
specific characteristics of the decision situation, as it being a highly complex multi criteria decision
situation that requires the involvement of a group of decision makers and is mostly characterized by
a number of non-deterministic (i.e., fuzzy) measures. The specific reason for fuzzy AHP technique
in our study can be explained as follows: within the first stage of the problem, where the structure of
the problem is determined, the decisions/tasks/criteria are naturally judgmental. This is where we
determine the weights of the criteria, for which a technique capable of evaluating both tangible and
intangible factors is needed. At this point, a highly regarded technique “fuzzy AHP” which is capable
of incorporating vagueness/ imprecision of the decision situation is employed. The main stages of the
proposed methodology (as shown in Fig. 3) can briefly be summarized as follows: the first stage is to
determine the criteria with respect to the requirements (needs and wants) of the company. The second
stage is where the importance/weights of all the criteria are obtained via fuzzy AHP methodology.
The third and the final stage is where the best ERP system is determined by fuzzy AHP methodology.
Fig. 3 illustrates the conceptual framework of the proposed methodology for the ERP selection
process. The model entails four principle components.
3.1. Hierarchy Establishment
The ERP selection factors have been seriously addressed and analyzed in ERP literature by many
researchers [41–49]. By the literature review and numerous interviews with project teams of
company, we sift out fifteen sub criteria (Fig. 4). In the current study, the effective criteria on selection
of the system are extracted. According to the ERP demands and the experts’ ideas, these criteria are
classified, weighted and prioritized and finally a framework is provided for ERP selection with the
fuzzy AHP approach. Since ERP system is being widely applied in industry, the manpower demand
for ERP project implementation and ERP software operation is continuously growing in job market.
After the project team is confirmed, the three-phase framework procedure goes on.
First, characteristic identification of our case is an ERP system selection problem, where the
ultimate goal of 0th layer is represented. Second, from the viewpoint of project management, there
are two decision criteria belonging to the 1st layer: product factors and management factors.
Level 3 contains the associated attributes that are used to measure various products, and the
management. The fourth level consists of the alternative ERP systems. The distinctive performance
criteria may be different in diverse ERP projects. The ERP selection critical success factors were
extensively addressed and analyzed in the ERP literature by many researchers [31–32, 41, 53].
Altogether, two factors were identified as the assessment factors after a comprehensive survey on
ERP selection critical success factors. These factors are classified into fifteen categories (sub-factors)
as ‘‘Functionality”, ‘‘Reliability”, “Usability”, ‘‘Efficiency”, ‘‘Maintainability”, ‘‘Portability”,
‘‘Cost”, ‘‘Implementation time”, ‘‘User friendliness”, ‘‘Flexibility”, ‘‘Vendor reputation”,
‘‘Consultancy services”, ‘‘Interoperability”, ‘‘Reusability”, and ‘‘R&D capability”. The AHP
hierarchy is composed of four levels, as illustrated in Fig. 4.
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Goal:
Select the most suitable ERP system
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Determine the group from
managers
Evaluate the ERP companies
to determine the qualified firm
Determine the final candidate firms
among all qualified firms
Determine the main factors and subfactors for ERP system selection
Perform pairwise comparisons of
factors and alternatives
Compute decision makers’ judgmental
values and
fuzzy weights of factors

Perform defuzzification and
Compute global weights of all
factors
Make the final decision
Figure 3. Proposed methodology for the selection of ERP system
We categorize ERP product characteristic as product aspect in the model. This quality identifies
six key quality attributes. The detailed characterization is presented as follows:






Functionality: This attribute is defined as the degree to which the software functions satisfies
stated or implied needs and can be broken down into five sub-characteristics as follows:
suitability, accuracy, interoperability, compliance and security [49].
Reliability: The extent to which a program can be expected to perform its intended function
with required precision.
Efficiency: The amount of computing resources and code required by a program to perform
its function.
Usability: Effort required to learn, operate, prepare input, and interpret output of a program.
Maintainability: Effort required to locate and fix an error in a program.
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Flexibility: Effort required to modify an operational program.
Portability: Effort required to transfer the program from one hardware and/or software
system environment to another.
Reusability: Extent to which a program or parts of a program can be reused in other
applications related to the packaging and scope of the functions that the program performs.
Interoperability: Effort required to couple one system to another.
User friendliness: Users should have access related help file from any transaction, and help
files should relate in a simple wording understandable to the user. Also, user should be
capable of changing standard reports and forms.

The ERP system contains five major criteria: vender factors, cost factors, time factors, R&D
capability factors and consulting service factors. The detailed characterizations are presented as
follows:
(1) Sub-criteria of vender factors: market share and reputation, industrial credential, service and
support, and training solution. We gathered these factors based on vendor’s reputation. By vendor’s
ability criteria, we implied vendor’s technology level, implementation and service ability, consulting
service, and training support. We considered vendor’s financial condition, certifications and
credentials.
(2) Sub-criteria of cost factors: software cost, hardware cost, annual maintenance cost, and staff
training cost. This price contains licensing arrangement cost, product and technology cost and
consulting cost, which involves adapting and integrating cost, supporting cost, training cost, and
maintenance (upgrades) cost.
(3) Sub-criteria of time factors: time for planning and preparation, time for BPR and system tuning,
time for testing and go-live.
As shown in Fig. 4, our model includes four hierarchy levels. Finally, with the weights of
importance we attempt to find the best ERP vendor among all alternatives.

4. Results and Discussion
4.1. Case Study: A Numerical Example
The proposed framework was applied to ERP system selection at an electronics company in Iran.
The AHP model provides priority weights for the ERP packages, based on the ERP project team’s
preferences on multiple characteristics. The proposed model is composed of four hierarchical stages:
goal, sub-goals (factors), sub-factors and alternative ERP systems, which are related to each other by
means of conjunctive arrows. This model has been applied to measure the firm’s readiness to select
an ERP system. First, the general manager of company organizes the project team including eight
senior managers in different sections.
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Figure 4. AHP framework for ERP selection
Three alternative firms are considered for the evaluation process. These three finalists were
determined out of 8 firms that submitted full proposals to the formal RFP. Evaluation process included
a thorough investigation of the firms’ past performances, self-references, and independent industry
studies. In order to provide objectivity among the participants and the confidentiality of the firms, the
alternatives were not explicitly named in the evaluation process, instead represented by letters A, B,
and C. The analytic hierarchy tree constructed for this problem is shown in Fig. 4.
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Unfavorable alternatives were eliminated by a thorough examination of system specifications and
requirements derived from the main goals. After the preliminary elimination which was subjected to
budget, time and system functions, three feasible ERP system alternatives were identified. The subfactors were determined according to the vision and the strategies of the company.
After assigning the weights to each sub-factor, the evaluation team compared all ERP alternatives.
Assume that thirteen sub-factors are evaluated under a fuzzy environment. For selecting the best ERP,
the product factors, system factors, management factors and the vendor factors used in application,
are given by fuzzy numbers. Fig. 4 shows all the main factors and sub-factors. The project team
compared the sub-factors with respect to main factors in the hierarchical approach by utilizing fuzzy
triangular numbers in fuzzy AHP procedure. To create pairwise comparison matrix, linguistic scale
was used as given in Table 2.
Table 2. Linguistic variables describing weights of factors and sub-factors
Linguistic scale

Triangular fuzzy scale
(l, m, u)
(1,1,1)

Just equal
Equal importance
Moderate importance
Very strong importance
Absolute importance

(0.5, 1, 1.5)

(1, 1.5, 2)
(1.5, 2, 2.5)
(2, 2.5, 3)

Inverse triangular fuzzy scale
(1/u, 1/m, 1/l)
(1,1,1)
(0.67,1,2)
(0.5, 0.67,1)
(0.4,0.5, 0.67)
(0.33,0.4,0.5)

The pairwise comparisons for the main criteria and sub-criteria under each main criterion are
determined. The pair-wise comparisons based on the triangular fuzzy numbers for the two main
criteria and sub-criteria (the sub-criteria under the two main criteria) are determined as shown in
tables 3–5 with the consensus of the decision makers.
Table 3. Pairwise comparisons of the main criteria
Main Criteria
Product
Management
(1,1,1)
(0.5, 0.67, 1)
Product
(1, 1.5, 2)
(1,1,1)
Management
Table 4. Pairwise comparisons of the management sub-factors
Management

Cost

Implementation
time

Vendor
reputation

Consultancy
services

R&D
capability

Cost

(1,1,1)

(1, 1.5, 2)

(2, 2.5, 3)

(1, 1.5, 2)

(0.5, 1, 1.5)

Implementation
time
Vendor
reputation
Consultancy
services

(0.5, 0.67, 1)

(1,1,1)

(1.5, 2, 2.5)

(1, 1.5, 2)

(0.5, 1, 1.5)

(0.33, 0.4, 0.5)

(0.4, 0.5, 0.67)

(1,1,1)

(0.4, 0.5, 0.67)

(0. 5,0.75,1)

(0.5, 0.67, 1)

(0.5, 0.67, 1)

(1.5, 2, 2.5)

(1,1,1)

(0.5, 0.67, 1)

R&D capability

(0.67, 1, 2)

(0.67, 1, 2)

(1.5, 2, 2.5)

(1, 1.5, 2)

(1,1,1)
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Table 5. Pairwise comparisons of product sub-factors
Product

Functionality

Reliability

Usability

Efficiency

Maintainability

Functionality

(1,1,1)

(1, 1.5, 2)

(1.5, 2, 2.5)

(0.5, 0.67, 1)

(0.5, 0.67, 1)

Reliability

(0.5, 0.67, 1)

(1,1,1)

(1, 1.5, 2)

(0.4, 0.5, 0.67)

(0.4, 0.5, 0.67)

Usability

(0.4, 0.5, 0.67)

(0.5, 0.67, 1)

(1,1,1)

(0.33, 0.4, 0.5)

(0.4, 0.5, 0.67)

Efficiency

(1, 1.5, 2)

(1.5, 2, 2.5)

(2, 2.5, 3)

(1,1,1)

(0.5, 1, 1.5)

Maintainability

(1, 1.5, 2)

(1.5, 2, 2.5)

(1.5, 2, 2.5)

(0.67, 1, 2)

(1,1,1)

Flexibility

Portability

User
friendliness

Interoperability

Reusability

Flexibility

(1,1,1)

(0.5, 0.67, 1)

(0.4, 0.5, 0.67)

(0.33, 0.4, 0.5)

(0.4, 0.5, 0.67)

Portability

(1, 1.5, 2)

(1,1,1)

(0.4, 0.5, 0.67)

(0.4, 0.5, 0.67)

(0.4, 0.5, 0.67)

User friendliness

(1.5, 2, 2.5)

(1.5, 2, 2.5)

(1,1,1)

(0.5, 1, 1.5)

(0.5, 0.67, 1)

Interoperability

(2, 2.5, 3)

(1.5, 2, 2.5)

(0.67, 1, 2)

(1,1,1)

(0.5, 0.67, 1)

Reusability

(1.5, 2, 2.5)

(1.5, 2, 2.5)

(1, 1.5, 2)

(1, 1.5, 2)

(1,1,1)

4.2. Analyzing and Assessment Result
The fuzzy weights of the first layer are shown in Table 6. The final fuzzy weights of the entire 15
sub-criteria are presented in Table 7.
Table 6. The fuzzy weights for the main criteria
Main criterion
Product
Management

Fuzzy weight
(0.30, 0.21, 0.33)
(0.3, 0.39, 0.61)

Table 7. The fuzzy weights for the sub-criteria

Fuzzy weight

Sub-criterion
Product
Functionality
Reliability
Usability
Efficiency
Maintainability
Flexibility
Portability
User friendliness
Interoperability
Reusability

(0.25, 0.30, 0.39)
(0.17, 0.20, 0.26)
(0.032, 0.061, 0.093)
(0.081, 0.111, 0.181)
(0.017, 0.032, 0.103)
(0.042, 0.073, 0.121)
(0.017, 0.025, 0.036)
(0.025, 0.041, 0.052)
(0.004, 0.017, 0.035)
(0.009, 0.021, 0.060)

Management
Cost
Implementation time
Vendor reputation
Consultancy services
R&D capability

(0.34, 0.42, 0.62)
(0.18, 0.24, 0.33)

(0.08, 0.115, 0.191)
(0.097, 0.156, 0.284)
(0.164, 0.199, 0.258)
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The relative weights of all criteria for all decision makers are listed in Table 8. The decision makers
were fairly consistent in ranking the sub-criteria. From Table 9, the ranking order of fuzzy
appropriateness indices for the three alternatives is A, B, and C. Hence, it is obvious that the most
appropriate ERP system is C. Thus, the committee can be comfortable in recommending alternative
C as the most suitable ERP system for the company. From Table 9, the weight of ERP system
alternative A is 0.6556, and the weights for ERP system alternatives B and C are 0.6254 and 0.6901,
respectively.
Table 8. The local and global importance/weights of the sub-criteria.
Main factors

Product

Management

Sub-factors
Functionality
Reliability
Usability
Efficiency
Maintainability
Flexibility
Portability
User friendliness
Interoperability
Reusability
Cost
Implementation time
Vendor reputation
Consultancy services
R&D capability

Relative weight
0.190
0.181
0.094
0.102
0.067
0.100
0.056
0.075
0.042
0.053
0.31
0.27
0.10
0.15
0.17

Ranking
1
2
5
3
7
4
8
6
10
9
1
2
5
4
3

Table 9. The final weights and ranking values of the ERP system alternatives
ERP system
alternatives

Fuzzy weight

Crisp weight

Ranking

A
B
C

(0.2938, 0.5846, 0.8582)
(0.2764, 0.5607, 0.8265)
(0.3104, 0.6146, 0.8901)

0.6556
0.6254
0.6901

2
3
1

5. Conclusion
Selecting an adequate ERP system for the organization is a crucial issue in an ERP project. In this
paper, we presented an approach to select a suitable ERP system. First, based on the requirements
and the demands of the company executives, the ERP selection criteria were determined. Then, the
alternative ERP firms and their offerings were investigated and determined. After determining the
criteria and solution alternatives, the proposed methodology, fuzzy AHP, was applied and validated.
The use of fuzzy set theory improved the decision-making procedure by considering the vagueness
and ambiguity prevalent in real-world systems. In order to deal with this problem appropriately, the
analytic hierarchy process (AHP) method was extended into a fuzzy domain. A framework was
developed to select most suitable ERP system using the fuzzy AHP. The factors and sub-factors were
determined, classified, weighted and prioritized and then a framework was provided for ERP selection
with the fuzzy analytic hierarchy process (FAHP) method. Then, we used fuzzy AHP to obtain
pairwise comparison judgments by prioritizing criteria and assignments. A real case study was
presented to demonstrate effectiveness of the method in practice. Perhaps the most serious limitation
of this study is its narrow focus on a single case study. Another limitation of the individual methods
is the independent structure of the selection criteria. In future, we suggest applying other decisionmaking methods using fuzzy concepts to capture the uncertainty in complex situations. Also, it is
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possible to make the decision by using fuzzy analytic network process model and compare with fuzzy
AHP model, and the expert system may be used before the ERP system is selected. It may also be
useful to apply the proposed hybrid methodology to other multi-criteria decision making processes.
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