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Software Vendor Selection using Fuzzy Analytic
Hierarchy Process with ISO/IEC 9126

Kevin K.F. Yuen*, Henry C.W. Lau

Abstract—This paper proposes a fuzzy Analytic Hierarchy
Process model for software vendors selection. The criteria of
software quality adopt  the international norm
ISO/IEC9126-1:2001 which includes of six criteria comprising
of 27 subcriteria. The prioritization method of the fuzzy AHP
model applies the modified fuzzy Logarithmic Least Squares
Method (LLSM). The proposed model can help the developers
and testers to evaluate the vendors’ software applications and
select the best alternative under uncertain environment.

Index Terms—Fuzzy AHP, Fuzzy Decision Making, Software
Quality Assurance, Software Vendor Selection

I. INTRODUCTION

Software systems permeate the modern life. Any failure of
the software systems possibly causes many inconvenience or
disaster to the people. To meet the standard of software
quality, software quality assurance plays an essential role in
software development. IEEE [6] defined software quality as
(1) the degree to which a system, component, or process
meets specified requirements, and (2) the degree to which a
system, component, or process meets customer or user needs
or expectations. IEEE [6] defined software quality assurance
as (1) a planned and systematic pattern of all actions
necessary to provide adequate confidence that an item or
product conforms to established technical requirements, and
(2) a set of activities designed to evaluate the process by
which the products are developed or manufactured.

The term software architecture refers to the global
structuring of a software system [5]. The design of the
architecture should be flexible, extensible, portable and
reusable. Usually, when a large scale complex software
system is built, third party software components or
accessories usually are needed for some functions in the
systems with the purpose of reduction of cost, development
time, and advantages of the expertise of the third parties. Such
incoming components or accessories directly influence the
final product. Thus evaluating the incoming components is
the vital activity.

For quantitatively and qualitatively evaluating the
software quality, a quality metrics model is established. [8,9]
reviewed the hierarchical and non-hierarchical models of
software quality attributes. This research chooses six
attributes with 27 subcriteria in ISO/IEC9126-1: 2001 [7] for
discussion.
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As the attributes of software quality are identified, the next
question is the evaluation and aggregation techniques.
Analytic Hierarchy Process [12] and Analytic Network
Process [13] are popular models to aggregate multiple criteria
for decision making. The limitation is that the measurement
scale for the value of the utility function, which is basically
numerical and probabilistically judgmental, induces
evaluation problem. This introduces the studies of fuzzy AHP
[e.g. 1-4,10, 14-18] to address the limitation.

The extent analysis method on fuzzy AHP [3] has been
used in many studies as it is regarded as less complexity.
However, [16] pointed out this method was problematic.
[15,16] proposed modified fuzzy Logarithmic Least Squares
Method (LLSM) as the appropriate alternative on the basis of
[2,14].

This paper is revised and extended from [17]. The outline
of this paper is as follows. Section 2 presents the hierarchical
structure using the ISO software quality model which consists
of six major attributes. Section 3 presents the computational
method using modified fuzzy LLSM model. Section 4
illustrates the numerical example demonstrating the proposed
model. Conclusion is in section 5.

II. HIERARCHICAL MODELS FOR SOFTWARE QUALITY

There are various hierarchical models of software quality
attributes such as Factor-Criteria-Metrics Model, McCall’s
Model, Boehm’s Model, FURPS and Dromey’s Model [8,9].
This paper typically chooses the ISO/IEC9126-1: 2001 [7]
model, which is a well known model, as the measurement
criteria to evaluate the software quality. Fig.1 shows the
hierarchical model consisting of six criteria, which are
defined as follows [7,11]:

1 Functionality (Cl) . the capability of the software

product to provide functions which meet stated or
implied needs when the software is in use under
specified conditions. It includes:

1.1 Suitability (Cy;)
1.2 Accuracy (Clz)
1.3 Interoperability (Cl 3)
1.4 Security (Cl 4)
1.5 Functionality compliance (Cl 5)
2 Reliability (Cz) : the capability of the software product

to maintain a specified level of performance when used
under specified conditions. It includes:
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Level 1:

Software Vendor Selection

Goal
Level 2; Functionality Reliability Usability Efficiency Maintainability Portability
Criteria C C, C; Cy Cs Ce

¢ Suitability Ci1 ¢ Maturity Cy » Understandability » Analyzability Cs ¢ Adaptability Cg

¢ Accuracy Cy;
¢ Interoperability
C13

¢ Security Cyy

¢ Functionality

Level 3:
Subcriteria

compliance Cj:

¢ Recoverability
Cx

¢ Fault Tolerance
CZZ

¢ Reliability
compliance Cyy

CSJ

¢ Learnability Cs,
» Operability Cs;

¢ Attractiveness Csy
# Usability
compliance Cj:

Cp

¢ Time behavior Cy
¢ Resource behavior

s Efficiency
compliance Cy:

¢ Changeability Cs,4 Installability Cg,
» Stability Cs: ¢ Cc-existence Cg:
# Testability Csy ¢ Replaceability Cey
» Maintainability ¢ Portability
compliance Cs: compliance Ceg:

Level 4:
Alternatives

Candidate 1

Fig. 1: AHP Structure for Software Vendor Section with ISO 27 Subcriteria

2.1 Maturity (C21 )

2.2 Recoverability (Cy;)

2.3 Fault Tolerance (C23)

2.4 Reliability Compliance (Cyy)

Usability (C3 ) : the capability of the software product

to be understood learned, used, and attractive to the
user under specified conditions. It includes:

3.1 Understandability (C3;)
3.2 Learnability (C32)

3.3 Operability (Cs3)

3.4 Attractiveness (C34)

3.5 Usability Compliance (C35)
Efficiency (C4) :

product to provide appropriate performance, relative
to the amount of resources used, under stated
conditions. It includes:

4.1 Time Behavior (C41)
4.2 Resource Behavior (C42)

the capability of the software

4.3 Efficiency Compliance (C43)
Maintainability(CS) : the capability of the software

product to be modified. Modifications may include
corrections, improvements or adaptation of the

software to changes in environment, and in
requirements and functional specifications. It
includes:

5.1 Analyzability (Cs,;)

5.2
5.3
54
5.5 Maintainability Compliance (C55 )
Portability (Cg) :

Changeability (C52 )
Stability (Cs3 )
Testability (Cs4)

the capability of the software

product to be transferred from one environment to
another.

6.1 Adaptability (Cg;)
6.2 Installability (Cq;)
6.3 Co-existence (C63)
6.4 Replacability (Cgy)
6.5 Portability Compliance (C65)

1. Fuzzy AHP

a) Triangular Fuzzy number and its operation

Fuzzy theory was initially developed by Zadeh [19-22].
A fuzzy linguistic label can be represented by a fuzzy
number which is represented by a fuzzy set. Fuzzy sets
capture the ability to handle uncertainty by approximate
methods. A triangular fuzzy number (TFN) is applied
mostly in the fuzzy theories and application. A TFN is

represented by 3-tuple (l ,m,u), and its membership has

the form:

m=—1
uA(x): u_xy

u

0, otherwise

where [ <m <u, [l and u are the fuzzy boundaries and m

is the

Consider

a2=

modal value.

two TFNs and

(ll = (ll,ml,ul)

(lz,mz,uz) . Some of the operational axioms are as

follows:
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Table 1: Synthesis of local fuzzy weights

Alternatives Criterion 1 L Criterion j L Criterion m Global
L L i
(WIL,W{VI’WIU) (Wf,wy,wy) (Wrﬁwanlywr%) fuzzy weights
4 L M U L L M U L L M U
1 (Wll’wll ’Wll) (le’wl_/ ’Wl_/) (Wlm’wlm’wlm) (ley"‘/%»wgl)
M N L L M N
Ay LMU) L (L‘MU‘) L (LMU) M U
(Wkl’wkl’wkl Wi s Wi » Wi W > Whan s Wian W W W
M M L L M M
4 L M U L L U L L M U
n (Wnl’wnl’wnl) (Wrg/’wljfttjl"wnj) (an’wnmiwnm) (Wj ;W%;Wg)
n n n
e Addition:

ay +ay = (b,my,uy) +(Lomyuy)
b

= (b +lyymy +my,uy +uy)

e Subtraction:
ay =ay =(l,myyuy) = (lymyuy)

b

=(b =Lyymy —my,uy ~uy)

e Multiplication:
aygiy = (I, myyuy )by ymy uy)

= (lidy,many @)
e Division:
ay/ a, =(11,m1,u1)/(12,m2,u2)

= (4 / Lyymy / myuy /uy)

e Inversion:

(tamyi )™ = (17 (w0, O8) 1/ 1/ (y 0)).

a) Modified fuzzy LLSM

There are various computational models for fuzzy AHP.
This paper chooses the latest research, the modified fuzzy
Logarithmic Least Squares Method (LLSM) [15,16], as the
fuzzy AHP model. The related comparison with Extent
fuzzy AHP model [3] can be referred to [16], and the
comparison with LLSM model [2,14] can be referred to
[15]. Details of modified fuzzy LLSM are presented as
follows:

Consider a fuzzy comparison matrix expressed by

(LL,1) (hosmizsunz) Lo (hyomyyouy)
yi :( tj)m _{ (1smypuyy) (LL1) L (lpsmyysting)
M M (6] M
(lnl’mnl’unl) (lnz,mnz,unz) L (1,1,1)
(1

— - —1 _
i,j=LK ,nand i# . a;=(1,1,1) if i= .

The modified fuzzy LLSM developed in [15,16], which
derives the priorities of the triangular fuzzy comparison
matrix in (1).

The local weights have following forms:

n n
MinJZZ Z

i=1 j=1,j#i

(ln WIM

2
((aniL —lnwﬁ-] —lnll»j) +

—inwM

J

2 2
_lnmy-) +(lnwlU —Inij- —lnul»j) j

Subject to

The optimum solution to the above model forms

normalized triangular fuzzy weights Wp = (WIU , WIM , wiL ) ,

i =1,K ,n to obtain the local fuzzy weights.

After the local fuzzy weights are obtained, then Global
fuzzy weight should be calculated with the presentation in
table 1. Global fuzzy weights can be obtained by solving
the following two linear programming models and an
equation for each decision alternative.

L

w = Min wiw: , k=1,...,K, 3

4 WDQW; T )
m

U

= M , k=1,..,K, 4

WAk WD?{:‘);WIQW/ ( )
m

M M

w = Max wp; Wi, k=1,...,K, 5

4 WDQW; =i ©)
W=(W1,K 9Wm)|

where Q,, =

U M L m — -
wi zwp 2w, ) L wp =L j =LK ,m

WM

J

f ) is the normalized

is the space of weights (WL~

triangular fuzzy weight of criterion j ( j=LK ,m) and
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(w,é,w,i‘j/-[ ,w,g-) is the normalized triangular fuzzy weight
of alternative A4; with respect to the criterion j
(k=LK ,K;j=1K ,m).

II. NUMERICAL EXAMPLE

A company designing and manufacturing Smartphone
includes the software and hardware development. Recently
the company would like to develop the new model of Smart
phone. The company would like to add one accessory
application into its product among three candidates 4,

A, , 4z with respect to the ISO six criteria in Fig. 1. The

following illustrates how modified fuzzy LLSM model is
adapted to software quality model.
Firstly, the fuzzy rating scales are defined as:

Scale={H,M,L,1,L‘1,M‘1,H‘1} . which their

triangular fuzzy numbers are defined as follows.
L=(15,2,2.5),

M =(2.5,3,3.5),

H =(3.5,4,4.5),
1=(L,1,1),

L =(0.4,0.5,0.67),
M =(0.29,0.33,0.4),
H™"=(0.22,0.25,0.29).

Secondly, the fuzzy relative importance of the six quality
attributes with 27 subcriteria is determined using Eq(2).
The input values and the results are shown in table 2. Fuzzy

08
0.6 -

04

Membership Degree

02

importance of the subcriteria of ¢} to ¢4 and the local

fuzzy weights are shown in tables 2 to 8.
Thirdly, the experts compare the three candidates: 4,

A, , 4z under each of six criteria separately. Tables 9-14

show their input comparisons under each subcriteria, and
the comparison results (or local fuzzy weights), which uses
Eq(2).

Fourthly, the comparison results under each of six criteria
and the fuzzy relative importance are aggregated by Eqgs.
(3)-(5), and the global fuzzy weights of the three candidates
are determined. The details are shown in table 9.

It is clear that 4, is the best alternative, followed by A4

and A4;. The result is also illustrated in Fig.2.

III. DISCUSSION AND CONCLUSION

This research proposes a fuzzy AHP model for software
quality evaluation and software vendor selection under
uncertainty. The model uses modified fuzzy Logarithmic
Least Squares Method. Six criteria with 27 subcriteria of
software quality are adopted from ISO/IEC9126. A
numerical example illustrates the usability and validity of
this model. For the limitation, this research considers only
the problem of multiple vendor selection and it cannot deal
with the quality measurement of a single project. This
problem can be referred to [18]. Another limitation is the
computational efficiency and complexity of the
prioritization method, which will be discussed and
improved in the future research.

035 040
Fuzzy Weights

Fig. 2 Global fuzzy weights of the three candidates

(Advance online publication: 21 August 2008)
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Table 2: Fuzzy pairwise comparison for the importance of six criteria and their local fuzzy weights

Criteria G G G Cy Cs Cs LFW
G (1,1,1) (1.5,2,2.5) (2.5,3,3.5) (15,2,2.5) (2.5,3,3.5) (2.5,3,3.5) (0.27,0.29,0.31)
G (0.4,0.5,0.67) (1,1,1) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) (1.5,2,2.5) (0.18,0.21,0.24)
G (0.29,0.33,04)  (0.4,0.5,0.67) (1,1,1) (2.5,3,3.5) (15,2,2.5) (15,2,2.5) (0.15,0.17,0.19)
Cy (1.5,2,2.5) (0.4,0.5,0.67)  (0.29,0.33, 0.4) (1, 1,1) (1.5,2,2.5) (1.5,2,2.5) (0.12,0.14,0.16)
Cs (029,033,04)  (0.4,0.5,0.67)  (0.4,0.5,067)  (0.4,0.5,0.67) (1,1, 1) (0.22,0.25,029)  (0.07,0.07,0.08)
Cs (0.29,033,0.4)  (0.4,0.5,0.67)  (0.4,05,067)  (0.4,05,0.67)  (3.5,4,4.5) (1,1, 1) (0.1,0.11,0.13)

Table 3: Fuzzy pairwise comparison for the fuzzy importance of five subcriteria of functionality and their LFW

Criteria &} Cip (i3 Ciy Cis LFW

eT| (1,1, 1) (1.5,2,2.5) (0.29, 0.33,0.4) (0.4,0.5,0.67) (0.22, 0.25,0.29) (0.09,0.1,0.11)

Cia (0.4,0.5,0.67) (1,1, 1) (0.22, 0.25, 0.29) (0.29, 0.33, 0.4) (0.22, 0.25, 0.29) (0.06,0.07,0.07)

(s (2.5,3,3.5) (3.5, 4,4.5) (1,1,1) (0.4,0.5,0.67) (0.4,0.5,0.67) (0.19,0.21,0.23)

Cia (1.5,2,2.5) (2.5,3,3.5) (15,2,2.5) 1,1, 1 (0.4,0.5,0.67) (0.2,0.24,0.27)

Cs (3.5, 4,4.5) (3.5, 4,4.5) (1.5,2,2.5) (1.5,2,2.5) (1,1, 1) (0.34,0.38,0.41)

Table 4: Fuzzy pairwise comparison for the fuzzy importance of four subcriteria of reliability and their LFW
Criteria &) Cn C3 Coy LFW

Cy (1, 1,1 (2.5,3,3.5) (2.5,3,3.5) (0.4,0.5,0.67) (0.27,0.3,0.33)
Cx (0.29,0.33, 0.4) 1,1, 1 (15,2,2.5) (0.22, 0.25, 0.29) (0.12,0.13,0.14)
Cys (0.29,0.33, 0.4) (0.4,0.5,0.67) (1,1, 1 (0.22, 0.25, 0.29) (0.09,0.09,0.1)
Coa (1.5,2,2.5) (3.5, 4,4.5) (3.5, 4,4.5) (1,1, 1) (0.44,0.48,0.51)

Table 5: Fuzzy pairwise comparison for the fuzzy importance of five subcriteria of usability and their LFW

Criteria G Cs Cs3 Caq Gss LFW
Cyy (1,1,1) (1.5,2,2.5) (2.5,3,3.5) (1.5,2,2.5) (0.22, 0.25, 0.29) (0.18,0.2,0.22)
Csy (0.4,0.5,0.67) (L, 1,1) (1.5,2,2.5) (0.4, 0.5, 0.67) (0.22,0.25, 0.29) (0.09,0.11,0.12)
Cs3 (0.29, 0.33, 0.4) (0.4,0.5, 0.67) (L, 1,1) (0.4, 0.5, 0.67) (0.22,0.25, 0.29) (0.07,0.07,0.08)
Csa (0.4,0.5,0.67) (1.5,2,2.5) (1.5,2,2.5) (1, 1,1) (0.22,0.25, 0.29) (0.12,0.14,0.16)
Css (3.5,4,4.5) (3.5,4,4.5) (3.5,4,4.5) (3.5, 4, 4.5) (1,1,1) (0.48,0.48,0.49)

Table 6: Fuzzy pairwise comparison for the fuzzy importance of three subcriteria of efficiency and their LFW

Criteria Cy Cap Cy3 LFW
Cyy (1, 1,1) (1.5,2,2.5) (0.4, 0.5, 0.67) (0.25,0.3,0.35)
Cpo (0.4, 0.5, 0.67) (1, 1,1) (0.29,0.33, 0.4) (0.15,0.16,0.18)
Ci3 (1.5,2,2.5) (2.5,3,3.5) (1,1,1) (0.49,0.54,0.58)

Table 7: Fuzzy pairwise comparison for the fuzzy importance of five subcriteria of maintainability and their LFW

Criteria Csy Csy Cs3 Cs4 Css LFW
Csy a,1,1) (15,2,2.5) (0.4,0.5, 0.67) (0.4,0.5, 0.67) (0.22,0.25,0.29) (0.1,0.11,0.12)
Cs (0.4,0.5,0.67) (11,1 (0.22,0.25,0.29) (0.22,0.25,0.29) (0.22,0.25,0.29) (0.06,0.06,0.07)
Cs3 (15,2,2.5) (3.5, 4,4.5) (1,11 (0.4,0.5, 0.67) (0.29, 0.33, 0.4) (0.16,0.17,0.19)
Csy (15,2,2.5) (3.5, 4,4.5) (15,2,2.5) (1,11 (0.4,0.5, 0.67) (0.21,0.25,0.28)
Css (3.5, 4,4.5) (3.5, 4,4.5) (2.5,3,3.5) (15,2,2.5) (11,1 (0.38,0.41,0.43)

(Advance online publication: 21 August 2008)
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Table 8: Fuzzy pairwise comparison for the fuzzy importance of five subcriteria of portability and their LFW

Criteria Co1 Ce2 Ce3 Cea Cés LFW
Co1 (11,1 (1.5,2,2.5) (0.4, 0.5, 0.67) (0.4, 0.5, 0.67) (0.22,0.25, 0.29) (0.1,0.11,0.13)
Ceo (0.4, 0.5, 0.67) (11,1 (0.22, 0.25, 0.29) (0.22, 0.25, 0.29) (0.22,0.25, 0.29) (0.06,0.06,0.07)
Ce3 (1.5,2,2.5) (3.5, 4, 4.5) (11,1 (0.4, 0.5, 0.67) (0.4, 0.5, 0.67) (0.17,0.19,0.22)
Cos (1.5,2,2.5) (3.5, 4, 4.5) (1.5,2,2.5) (11,1 (0.4,0.5,0.67) (0.22,0.25,0.28)
Ces (3.5, 4, 4.5) (3.5, 4, 4.5) (1.5,2,2.5) (1.5,2,2.5) (1, 1,1) (0.35,0.38,0.41)

Table 9: Fuzzy comparison matrix of the three candidates with respect to functionality ¢, and their local fuzzy weights

Ciy Cia
4 4 A3 LFW A4 4 A3 LFW

A (1, 1,1) (L, 1,1) (0.4,0.5,0.67)  (0.22,0.24,0.28) (LL) (0405067  (1,1,1)  (0.24,0.26,0.29)

Ay (1, 1,1 (L, 1, 1) (0.29,0.33,0.4) (0.21,0.21,0.22) (1.5,2,2.5) (L, 1, 1) 1, 1,1 (0.38,0.41,0.44)

A3 (1.5,2,2.5) (2.5,3,3.5) (1,1, 1) (0.51,0.55,0.58) (1,1, 1) (1,1, 1) (1,1, 1) (0.33,0.33,0.33)
G Cig

4 (1, 1,1) (0.4,0.5, 0.67) (1, 1,1) (0.22,0.24,0.28) (LL) (0405067  (1,1,1)  (0.23,0.250.28)

4 (15,2,2.5) (1,1,1) (25,3,3.5)  (0.51,0.55,0.58) (15,2,2.5) (1,1,1) (15,2,2.5)  (0.45,0.5,0.53)

A (1, 1,1 (0.29, 0.33, 0.4) (1, 1,1) (0.21,0.21,0.22) (LL) (0405067  (1,1,1)  (0.23,0.250.28)
Cis

4 (1, 1,1 (1.5,2,2.5) (1, 1,1 (0.38,0.4,0.42)

4 (0.4,0.5,0.67) (1,1,1) 0.4,0.5,0.67)  (0.17,0.2,0.25)

A (1, 1,1 (1.5,2,2.5) (1, 1,1 (0.38,0.4,0.42)

Table 10: Fuzzy comparison matrix of the three candidates with respect to reliability ¢, and their local fuzzy weights

iy Cp
4 4 4 LFW 4 4 4 LFW
4
1 A1 (11,1 (15,2,25) (029032035 (I, 1,1) (15,2,2.3) (L1 (035,04,044)
4
o (1,1, 1) (25,3,3.5)  (0.45,0.46,0.46) (0.4,0.5,0.67) (1,1, 1) (35,4,45)  (0.36,0.4,0.45)
4
P (15,2,25 (029,033,04)  (I,1,1)  (0.19022026)  (I,1,1) (022,025,029 (I, 1,1) (0.2,0.2,0.2)
Ci3 Ciy
4
Lo 253,35 (152,25 (051055058  (I,1,1) (0.4,05,067)  (1.5,2,2.5) (0'29";')33")'3
4
2 (0.29,0.33,04) (1,1, 1) (L1, 1) (021,021,022)  (1.5,2,2.5) (1,1, 1) (0.4,0.5, 0.67) (0'29";-)33’0-3
4
P (04,05,067) (1,1, 1) (1,1,1)  (022,024028) (04,0.5,067)  (1.5,2,2.5) a,1,1) (0'29’2')33’0'3

Table 11: Fuzzy comparison matrix of the three candidates with respect to usability ¢; and their local fuzzy weights

G Ciz
4 4 43 LFW 4 4 43 LFW
4 (1, 1,1 (2.5,3,3.5) a,1,1) (0.44,0.)46,0.47 a,1,1) (15,2,2.5) (15,2,2.5) (0.42,0.)49,0.55
A (0.29,0.33,0.4) (L, 1,1) (0.4,0.5, 0.67) (0'21’0')24’0'27 (0.4, 0.5, 0.67) (1, 1,1) (1.5,2,2.5) (0'27’0')31’0'35
A (1, 1,1 (0.29,0.33, 0.4) (1, 1,1) (0.28,03,031)  (0.4,0.5,0.67) (04,0.5,0.67) (I,1,1)  (0.18,0.2,0.23)
Ci3 Ciy
4 (1, 1,1 (1.5,2,2.5) (3.5,4,45)  (0.5,0.56,0.61) (11, (2.5,3,3.5) (L1, (0'44’0')46’0'47
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4 (04,05,0.67) (1,1, 1 (25,3,3.5) (0.27,0.)32,0.37 (0.29,0.33,0.4) a1 RER) (0.21,0.)22,0.24

A5 (022,0.25,029) (0.29,033,04)  (1,1,1) (0'12’0512’013 (411 (L11) WL (0.32,0.)32,0.32
Gs

4 (1,1, 1) (0.4,0.5,0.67)  (0.4,0.5,0.67)  (0.18,0.2,0.23)

Ay (1.5,2,2.5) (L1, (15,2,2.5) (0.42,0.)49,0.55

A3 (1.5,2,2.5) (0.4, 0.5, 0.67) a,1,1) (0.27,0.)31,0.35

Table 12: Fuzzy comparison matrix of the three candidates with respect to efficiency ¢, and their local fuzzy weights

G G
4 %) A3 LFW A4 %) A3 LFW

A 1,1,1) (1.5,2,2.5) (1.5,2,2.5) (0.42,0.49,0.55) (L, 1,1) (1,1,1) (1,1,1)  (0.33,0.33,0.33)

4 (0.4,0.5,0.67) 1,1,1) (0.4,0.5,0.67) (0.18,0.2,0.23) a, 1,1y  (,1,1) (1,1,1)  (0.33,0.33,0.33)

A (04,05,067)  (1.5,2,2.5) 1,1,1) (0.27,0.31,0.35) (L, 1,1) (1,1,1) (1,1,1)  (0.33,0.33,0.33)
Gs3

A 1,1,1) 1,1,1) 0.4,0.5,0.67) (0.22,0.24,0.28)

4 1, 1,1 1,1,1) (0.29,0.33,0.4)  (0.21,0.21,0.22)

A (1.5,2,2.5) (25,3,3.5) 1,1,1) (0.51,0.55,0.58)

Table 13: Fuzzy comparison matrix of the three candidates with respect to maintainability C5 and their local fuzzy weights

Ciy Ci2
4 A4 A3 LFW A4 4 A3 LFW

4 (L1, (1.5,2,2.5) (L1, 1) (0.38,0.41,0.44) (L1, (1,1, (,1,1)  (0.33,0.33,0.33)

4 (0.4,0.5,0.67) (1,1,1) (1,1,1)  (0.24,0.26,0.29) (1,1,1) (1,1,1) (1,1,1)  (0.33,0.33,0.33)

A (L1, (1, 1,1 (L,1,1)  (0.33,0.33,0.33) (L1, (11,1 (,1,1)  (0.33,0.33,0.33)
G Cia

A (L, 1,1) 0.4,0.5,067)  (1,1,1)  (0.22,0.24,0.28) (L, 1,1) (0.4,0.5, 0.67) (1,1,1)  (0.21,0.23,0.27)

4 (15,2,2.5) (1,1, 1) (25,3,3.5)  (0.51,0.55,0.58) (15,2,2.5) (1,1,1) (3.5,4,4.5)  (0.55,0.58,0.61)

A (L1, 0.29,0.33,04) (L,1,1)  (0.21,021,0.22) (I,1,1) (022,025,029  (1,1,1)  (0.18,0.18,0.18)
Cis

4 (L1, (1, 1,1 (L,1,1)  (0.33,0.33,0.33)

4 (1,1,1) (1,1, 1) (1,1,1)  (0.33,0.33,0.33)

A (L1, (1, 1,1 (L,1,1)  (0.33,0.33,0.33)

Table 14: Fuzzy comparison matrix of the three candidates with respect to portability Cg and their local fuzzy weights

G Ciz
4 4 A3 LFW 4 4 A3 LFW
A4 (L,L1)  (029,033,04)  (1,1,1)  (0.21,021,0.22) (1, 1,1) (0.4,0.5,0.67)  (1.5,2,25)  (0.29,0.33,0.38)
4 (25,3,3.5) (1,1, 1) (15,2,2.5)  (0.51,0.55,0.58) (1.5,2,2.5) (1,1,1) (0.4,0.5,0.67)  (0.29,0.33,0.38)
A (1L11) (0.4,0.5, 0.67) (LL1)  (0.22,0.24,0.28) 0.4,0.5,0.67)  (1.5,2,2.5) (1, 1,1) (0.29,0.33,0.38)
Ci3 Ciy
4 @ L (1, 1,1 (IL,1,1)  (0.33,0.33,0.33) (1, 1,1 (2.5,3,3.5) (1, 1,1 (0.45,0.46,0.48)
4 1,1,1) (1,1, 1) (15,2,2.5)  (0.38,0.41,0.44) (0.29, 0.33, 0.4) (1,1,1) (15,2,2.5)  (0.25,0.28,0.32)
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4 (1,11 (0.4,0.5,0.67) (1,1,1)  (0.24,0.26,0.29) (1,1,1) (0.4,0.5,0.67) (1,1,1) (0.24,0.26,0.28)
Gs
4 (1,1,1) (0.4,0.5,0.67) (1,1,1)  (0.21,0.23,0.27)
4 (15,2,2.5) (1,1, 1) (3.5,4,4.5)  (0.55,0.58,0.61)
A4 (1, 1,1)  (022,025029)  (1,1,1)  (0.18,0.18,0.18)
Table 15: Synthesis Result for global fuzzy weight
Fuzzy Importance 4 Ay 43

Criterion 1 (0.27,0.29,0.31)
(0.18,0.21,0.24)
(0.15,0.17,0.19)
(0.12,0.14,0.16)

(0.07,0.07,0.08)

Criterion 2
Criterion 3
Criterion 4
Criterion 5

(0.28,0.31,0.33)
(0.32,0.36,0.4)
(0.31,0.34,0.38)
(0.29,0.33,0.38)
(0.28,0.3,0.32)
(0.29,0.31,0.34)

(0.31,0.36,0.41)
(0.33,0.37,0.4)
(0.32,0.37,0.42)
(0.22,0.23,0.24)
(0.4,0.43,0.45)
(0.41,0.45,0.49)

(0.31,0.33,0.36)
(0.24,0.27,0.31)
(0.26,0.28,0.31)
(0.4,0.44,0.48)
(0.27,0.27,0.28)
(0.22,0.23,0.26)

(0.29,0.33,0.36)

(0.32,0.36,0.4)

(0.28,0.31,0.35)

Criterion6 (0.1,0.11,0.13)
Global fuzzy weights
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