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ABSTRACT

Nowadays, in parallel with the advancing technology, automobiles that have substantially
advanced technological properties are being manufactured. Intended uses of the
automobiles have been changing in our days in contrast to 1960s when automobiles were
only used for transportation. Consumers, in our day and age, expect profoundly different
properties from an automobile. In this context, more than one criterion become effective
on making decision on purchasing an automobile that has the required properties. In such a
kind of decision problem, making use of Multi Criteria Decision Making (MCDM) methods will
ease the solution of the problem and will enable the decision makers to make right
decisions. In this study, fuzzy Analytic Network Process (ANP) method, one of the MCDM
methods, is used in automobile purchasing decision making. After determining decision
criteria and alternatives, network structure of the automobile selection decision problem is
formed, and by using fuzzy ANP method, the best one is selected among three alternative
automobiles that are in the same segment and are very approximate to each other in terms
of their properties and prices.

OPSOMMING

Motorvoertuie word in die huidige tydsgewrig deur vervaardigers met gevorderde
tegnologiese eienskappe toegerus. Gevolglik word meer as 'n enkele kriterium deur
voertuiggebruikers aangewend om 'n moderne model te evalueer. Sodanige evaluering word
in hierdie navorsing gebaseer op 'n wasige analitiese netwerk metode. Nadat alle
besluitvormingskriteria en alternatiewe vasgelé is, word die wasige model gebruik by die
seleksie van 'n bepaalde voertuig uit 'n monster van drie soortgelyke voertuie.
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1. INTRODUCTION

Recently the production life cycle has become shorter. Constant changes in customer
demands lead manufacturers to produce new and improved designs. Automation of
manufacturing technologies allows this [1]. As the automobile market becomes more
competitive, the industry has no choice but to adopt innovation that brings better customer
service.

In everyday life, economical, industrial and financial decision problems have multi criteria
structures [1, 2]. In the context of shopping, purchasing an automobile is important to
include elements that provide attributes that make consumer decision-making easier,
comfortable and therefore, lead to a car purchase [2]. Purchasing a car is costly, the
consumers in the market tend to behave like rational decision makers. They naturally
compare the attributes of cars (e.g., brand preference, fuel economy, safety, comfort) and
make overall decisions [3]. Before someone shops for a new car, he or she wants to take a
look at finances and options. The possible budget is then a constraint in the decision on
which car to buy. Many customers seek advice from car experts or friends when purchasing
a car. In many cases, there are times when the price and special features do not match the
budget. The frequency of making such a decision is much less, as the average person does
not purchase cars annually and the effect is greater than, saying that of buying laundry
powder. Most people shopping for a new car rank safety high among their purchase
considerations. Other important attributes include: fuel economy; comfort and convenience
features; insurance information; specification and warranties and resale value [1].
Purchasing an automobile is a decision making problem and reflects the preferences of the
purchaser [2]. In that, the weight of selection criteria is different for each. Every
alternative may be superior with different properties. That is why, it is not easy to make
the best selection in these kinds of problems [4].

In this study, family automobile purchasing case is handled as a kind of MCDM problem. In
the following sub sections a literature review is presented, a concise information about
MCDM and fuzzy ANP process is given. Steps of the ANP methodology for the real case study
are introduced afterwards. Finally, the results are presented and discussed.

2. LITERATURE REVIEW

While giving some critical decisions like automobile selection, decision makers need
reliable assessment process. Determining the best one among available alternatives is one
of the subjects that leave the decision makers in a difficult situation. Traditional methods
cannot generate a realistic solution in this selection process [5]. However, MCDM methods
significantly ease the solution and enable the decision makers to make right decisions [6].
MCDM can be split up into three in terms of data they use; deterministic, stochastic and
fuzzy. It is the expression of verbal thought that underlies fuzzy logic and fuzzy set theory
which is used for vagueness and is one of the strongest means in decision making problems

[5]-

When literature is reviewed on this subject, it is seen that Analytic Hierarchy Process
(AHP), Analytic Network Process (ANP), ELECTRE, Techniques for Order Preference by
Similarity to Ideal Solution (TOPSIS), Fuzzy ANP (FANP), Fuzzy TOPSIS and Data
Envelopment Analysis (DEA) take place among the methods that will be used for MCDM [8-
12].

Gungor and Isler [13], in their study, used AHP method in the selection of the best one
among eight alternative automobiles. In the study, the criteria were determined as price,
second hand price, fuel consumption (fuel price, fuel cost), acceleration in 0-100 km,
comfort, safety, maintenance cost, width and sympathy level, and at the end of the study,
the best automobile selection was made.
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Byun [2] used AHP method in order to make a selection among three alternative
automobiles and took price, safety, fuel economy, comfort and appearance as the selection
criteria. At the end of the study, automobiles were lined up in accordance with the priority
weights of the alternatives.

Terz et al. [14], in their study, proposed a decision support model which benefits from AHP
and goal programming for the purpose of making decision in automobile purchasing
problem. They utilised these methods for making a selection among the models of an
automobile brand which has an important part in Turkey market and the results were
assessed. In their study, they determined performance (cylinder volume, engine power,
handling), economy (price, tax, fuel consumption), after sale advantage (after sale service
amount, second hand premium rate, liquidity), image and prestige (comfort, design-
aesthetic and safety) as automobile purchasing criteria.

Raut et al. [15], in their study, proposed an integrated model from the most important and
usable MCDM techniques, means AHP and Quality Function Deployment (QFD)-fuzzy
technique for preference, in order to examine the improvement fields of Indian automobile
industry. A new approach, Analytic Quality Function (AQF) method, has been suggested to
combine the results of three techniques to find the final ranking. Besides, they propose a
developing QFD-fuzzy model as a basis for comparing the reliability of results of the MCDM
techniques, which depicts that AQF is more reliable than other MCDM techniques. Their
results have certified that technology, economical aspects, style, comforts, safety, tools
availability, convenience, social aspects, aesthetics view, and manufacturers are the
customers' most important criteria for automobile selection.

Sahin and Akyer [16], in their study, dealt with the use of AHP and TOPSIS methods in the
selection of 4x4 search and rescue vehicles. For a 4x4 pickup, selection criteria were
determined as fuel consumption, price, width (indoor), 0-100 km acceleration, maximum
speed, load capacity, comfort, safety, safety device it has and availability of a service. The
criteria determined were weighted separately for four alternative automobiles by using AHP
and TOPSIS methods, and a selection was presented by assessing the technical properties of
these vehicles in accordance with these weights. In the selection of the best one among
four different models of automobiles, AHP and TOPSIS methods gave the same result.

Buyukozkan and Cifci [17] used FANP method for the supplier selection in a firm, active in
white goods sector in Turkey. Five alternative supplier firms were assessed in accordance
with four supplier selection criteria and as the result, the best one was selected by lining
up the alternative suppliers. At the end of the study, sensitivity analysis was also made.
Wei et al. [18] used FANP method in the selection of the best supplier among the
alternatives for a TV manufacturer.

Vinodh et al. [19], in their study, made for the supplier selection in the Indian electronics
industry, used FANP method. In the study, three alternative supplier firms were assessed in
accordance with five supplier selection criteria and as the result, the best one was selected
by lining up the alternative suppliers. At the end of the study, sensitivity analysis was also
made.

Razmi et al. [12] used FANP method for supplier selection. In the study, four alternative
suppliers were assessed in accordance with six supplier selection criteria and alternative
suppliers were lined up with the method used. At the end of the study, sensitivity analysis
was also made.

3. FUZZY ANALYTIC NETWORK PROCESS

Fast and effective decision making has become of the most important targets of companies
in this competitive environment. Fast adaptation of companies to the rapidly changing
environmental circumstances and fast decision making in parallel with this change are only
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possible with the use of scientific methods that can assess many qualitative and
guantitative factors all together in decision process.

ANP is a follow up of AHP as well as being a new and an omnibus decision making method
[20]. In AHP method; purpose, criteria, sub-criteria and the relations among the
alternatives are dealt with hierarchically [21]. As to ANP, it enables to present all criteria,
sub-criteria and every kind of dependencies and feedbacks among the alternatives that
affect the decision making process systematically. The superiority of decision making model
formed by using ANP method comes from the easy expression of decision making problems
that have complex interactions by not adhering to any hierarchy. The method enables not
only pair-wise comparison of sub-criteria under certain main criteria but also independent
comparisons of all sub- criteria that have interactions with each other [22].

In ANP method, decision makers may encounter vagueness and multiple meanings on
assessing possible alternative set. Because of this vagueness and uncertainty in the opinions
of decision makers, pair-wise comparisons made in classical ANP remain incapable in
reflecting the real opinions of decision makers. In order to cover up the deficiency of
classical ANP, fuzzy logic approach may be based on [23]. Accordingly, the use of fuzzy ANP
instead of ANP removes the problem in cases that decision makers remain incapable in
reflecting their opinions.

In FANP method, problem is modelled by using network structure; meanwhile, the
dependencies among the sub-criteria in all criteria sets and internal dependencies
belonging to sub-criteria in each criteria set are taken into consideration. Fuzzy ANP
method enables the decision making problems to be solved in a more effective and realistic
way due to the fact that it can comprise internal dependencies and mutual interactions
among criteria [12].

In the real case study within the scope of this study, the FANP method will be used. The
best one was selected among three alternative automobiles that were in the same segment
and were very approximate to each other in terms of their properties and prices.

4. FUZZY ANALYTIC NETWORK PROCESS METHOD FOR THE CASE STUDY IN FAMILY
AUTOMOBILE PURCHASING DECISION

In the proposed method, FANP has been used for a family automobile purchasing decision.
The ANP can be considered as a more general form of the AHP in which dependencies and
feedbacks between elements of a decision can be modelled. Although ANP is one of the
most complete and comprehensive MCDM methods as it encompass the criteria and
alternatives in an integrated manner, it has a great drawback in the pair-wise comparison
section. Real world has an indeterminate nature. A large amount of uncertainty is
associated with various parameters of the family automobile purchasing models and thus,
to cope with this drawback, fuzzy sets theory [24] is adopted in this research. Even though
the discrete scale of 1-9 has the advantages of simplicity and easiness for use, it does not
consider the uncertainty associated with the mapping of one’s perception or judgment to a
number. On the other hand, decision maker’s perception about the family automobile
purchasing can be vague and ambiguous, hence cannot be expressed with indefinite
numbers. In this approach, pair-wise comparison matrices are formed among various
criteria of each level with the help of triangular fuzzy numbers (TFN). The detailed
definitions and discussions on TFN can be found in Onut et al. [25], Kaufmann and Gupta
[26] and Wagenknecht et al. [27]. FANP can easily accommodate the interrelations existing
among the functional activities. The concept of supermatrices is employed to obtain the
composite weights that overcome the existing interrelations. The following sub-sections
describe the steps of the methodology for the real case study.

4.1 Determination of criteria and alternatives and network formation

In this step, criteria which affect the decision must be defined. In the problem, each main
criteria and sub-criteria were generated under the light of literature [2, 13, 14, 16] as well
as decision making group’s common opinion. The group were formed with four members.
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Three of the group members were family automobile purchasers having knowledge and
experiences of car market and the fourth one was the person thinking of purchasing a
family automobile. Accordingly, five main criteria were determined as performance, safety,
comfort, economy and after sale services. Defined five main criteria and sub-criteria are as
in Table 1.

Table 1: Criteria and sub-criteria for family automobile selection

S Performance Economy Comfort After'sale
Criteria services
(Cl) (C3) (C4) (CS)
Cylinder Used material Sale price Silent Spare parts
volume (Sy1) (S21) (Sa1) (Sa1) supply (Ss1)
Engine power Safety System  Fuel consumption Width Insurance
sub- (S12) (S22) (Sa2) (Sa2) services (Ssz)
criteria
Acceleration Roadholding Taxes (Sss) Vibration Technical
(S13) (S23) i (Se3) support (Sss)
Maintenance costs
(Ss4)

Three automobiles that are in the same segment and approximate to each other in terms of
their properties and prices were selected as the alternatives. A network structure was
formed by taking all exterior/interior dependencies and feedbacks for family automobile
selection problem into consideration. The structure is given in Figure 1.
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Figure 1: Network structure relating to the family automobile selection to be
purchased.

4.2  Pair-wise comparisons and computing steps of fuzzy analytic network process
method

After forming the network structure relating to the family automobile selection to be
purchased, firstly, the main criteria serving for the purpose were compared. Then, sub-
criteria determined for each main criteria were compared among themselves and among
the alternatives; for each sub-criteria, the relations, of all sub-criteria effecting this sub-
criteria, with each other were taken into consideration and pair-wise comparison matrices
were formed. These matrices were filled by the person thinking of purchasing an
automobile with linguistic scales as in Table 2.
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In the computing steps of fuzzy ANP method, fuzzy values were clarified by using Chang’s
extension method (1996). The steps of Chang's extent analysis approach are as follows:
Let X ={X1,X,..., Xo} be an object set and U = {uy,u,,..., u,} be a goal set. According to the
extension method, each object is taken and extent analysis for each goal, g;, is performed,
respectively. Therefore, m extent analysis values for each object can be obtained, with the
following signs:

1 2 -
Mgi,Mgi,...,MS?’ i=12,...,n (1)

. . . .
Where all the Mo (i=12...m) ae triangular fuzzy numbers (TFNs) of which parameter is |,
m and u. The parameter I, m and u, respectively, present the smallest possible value, the
modal value and the largest possible value that describe a fuzzy event [28,29].

The steps of Chang’s extent analysis can be given as below. In these steps, as an example of
computation, only pair-wise comparisons of main criteria with respect to goal were given
place.Where, pair-wise comparisons of main criteria with respect to goal filled by the
person thinking of purchasing an automobile with linguistic scales as in Table 2 and then
Table 3 was obtained.

Table 2: Linguistic scale for relative importance

Triangular Fuzzy Numbers

Linguistic Scales

Number Conjugate
Equally Important (EI) (1,1,1) (1,1,1)
Weakly More Important (WI) (2/3, 1, 3/2) (2/3, 1, 3/2)
Strongly More Important (SI) (372, 2, 5/2) (2/5, 1/2, 2/3)
Very Strongly More Important(VI) (572, 3, 7/2) (2/7, 1/3, 2/5)
Absolutely Important (Al) (7/2, 4, 9/2) (279, 1/4, 2/7)

Table 3: Pair-wise comparisons of main criteria with respect to goal

Criteria Performance  Safety Economy Comfort Qgsirczzle
(Ca) (C2) (Cs) (Ca)
(Cs)
Performance (C,) 1 1/sI 1/VI 1751 WI
Safety (C,) S| 1 S| wi Sl
Economy (Cs) Vi 1791 1 Vi Al
Comfort (C,) Sl /Wi 1/VI 1 \
After sale services(Cs) 1/WI 1/sI 1/Al 1/VI 1

Afterwards, linguistic scales in pairwise comparison matrice was turned into triangular
fuzzy numbers as in Table 2 and then Table 4 was obtained.

Step 1: The value of fuzzy synthetic extent with respect to the i. object is defined as:

» @

i1 j4

NGE

S=Y Mj®

]

’L

To obtain Zm:ngi the fuzzy addition operation of m values for a particular matrix is
j=1
performed as

ng.—[iuim,, ) ] )

=1 i
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Table 4: Pair-wise comparison matrice turning in to triangular fuzzy numbers

After
o Performance Safety Economy Comfort sale_
Criteria (Cl) services
(C2) (Cs) (o) (Cs)
FEARIMETES ) g (2/5,1/2,2/3) (/7,1/3,75) (2/5,1/2,2/3) /3L
(Cy) 3/2)
s (3722,
afety (Ca) (3/2,2,5/2)  (1,1,1) (3/2,2,5/2)  (/31,3/2) g,
Economy (7/2,4,
©2 (5/2,3,7/2)  (2/5,1/2,2/3) (1,1,1) (6/23,7/2) g/
(5/2,3,
Comfort (C3) (3/2,2,5/2)  (2/3,1,3/2)  (2/7,1/3,2/5) (1,1,1) 772)

After sale

services (C) /3L D) (2/51/2.2/3)  (2/9,1/42/7) (2/7,1/3,2/5) (1,1,1)

ZZM[ZIZmZ] @)
i=1 j=1 i=1 =l i=1
And then the inverse of the vector in (5) should be computed.

= j:1 Zul Zml ZII

As an example, for each main criteria the value of fuzzy synthetic extent (S;) was computed
using Eq.(2), Eqg. (3), Eq. (4) and Eq. (5) as bellows:

Sc, =(2.752,3.333, 4.233) ® (1/40.15, 1/33.25, 1/27.35) =(0.069, 0.100, 0.155)

S¢, =(6.167,8.000,10.000) ® (1/40.15, 1/33.25, 1/27.35) = (0.154,0.241, 0.366)

S, =(9.900,11.500,13.167) ® (1/40.15, 1/33.25, 1/27.35) =(0.247,0.346, 0.481)

S, =(5.952,7.333,8.900) ® (1/40.15, 1/33.25, 1/27.35) =(0.148,0.221, 0.325)

Sc, =(2.575,3.083, 3.852) ® (1/40.15, 1/33.25, 1/27.35) = (0.064, 0.093, 0.141)

Step 2: The degree of possibility of M, = (I,,m,,u,) > M, =(l,,m,,u,) is defined as

V (M, = M,) = sup|min(uy, (x), iy (¥))]
e (®)

And can be equivalently expressed as follows:

V(M, >M,)=hgt(M, "M, )= u,, (d)

1 m, > m;
= 0, I, >u, )
I —u, otherwise

(m, —u,)—(my —1,)

173



Where d is, as shown in Figure 2, the ordinate of the highest intersection point D between

Hy, and Ly, .
To compare Mland M, We need the values of both V(M,>M,) and VM, >M,)

r Y

VIM,2M,) 1

15 na lid wu my i

Figure 2: Intersection point between M; and M,

As an example, for each main criteria VM, > Ml)value was computed using Eq.(6) and Eq.

(7) as bellows;

V(Sg, 28,)=0.009,V(S, =S )=0.000,V (S, >Sc,)=0052,V(S; >S_)=1000
V(Se, 28 ) =1.000,V (S¢, =S¢, ) =0.53LV (S¢, =S¢, ) =1.000,V (S, > S ) =1.000
V(Sc, 2S¢) =1.000,V (S¢, > S¢,) =1.000,V (S¢, > Sc,) =1.000,V (S, > S ) =1.000
V(Sc, 28¢) =1.000,V/ (S, S ) =0.896,V (S¢, =S¢ ) =0.386,V (S, >S ) =1.000
V(Sc, >8c) =0.906,V (S, >Sc ) =0.000,V (S, =S )=0.000,V (S =8 )=0.000

Step 3: The degree possibility for a convex fuzzy number to be greater than k convex fuzzy
M;(i=12,...,k) numbers can be defined by:

V(M =M, M,,...,M)=V[M >M,), (M >M,)...(M >M,)] (8)
=minV(M >M;), i=12,..., k

For k=12,....,n;k =i

Assume that d'(A)=minV(S; >S,) 9)

Then the weight vector is given by

W =(d'(A).d (A).....d (A)T (10)

where A(i=12,...,n) are n elements.

Step 4: The normalized weight vectors are

W =(d(A),d(A).....d(A) (11)

Where W is a non-fuzzy number.

For the main criteria, compared pair wisely with respect to goal, the normalized weight
vector W)y, is obtained using Eq(8), Eq(9), Eq(10) and Eq(11) as below;

W, =(0.000, 0.277, 0.522,0.201,0.000)"

The weighted vectors for every comparison matrices were obtained from with the same
implementation of algorithm steps on the matrices obtained as a result of comparison of
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the sub-criteria with respect to the main criteria, the criteria related to each other with
respect to each other, and the alternatives with respect to the sub criteria

4.3  Supermatrix calculation

In the process of clarification,Chang’s extension method (1996) based Microsoft Excel
compatible spreadsheet was created to acquire calculation easiness and speed. By the use
of this spreadsheet, priority weights for each pair-wise comparison matrix were obtained.
Priority weights obtained from the clarification process were transferred into Super
Decisions 1.6 software package, commonly used in ANP method, via “Direct Data Entry”
menu; and un-weighted super matrix (Table 5), weighted super matrix (Table 6) and limit
matrix (Table 7) were obtained respectively. A priority weight was obtained from this limit
matrix for each alternative and the alternative with the highest priority weight was
determined as the best.

All the data taken into account in the software package are presented in Table 5. From the
table it could easily followed which element affects to which element at what level.
However, at this stage this data does not yield useful information yet. Thus the weighted
matrix is needed. The criteria weights are utilised in weighting the supermatrix blocks. The
weighted supermatrix was obtained by multiplying the relative priorities in every
supermatrix with the priorities of cluster, Table 6. The last priorities related with the
alternatives are obtained with normalisation of every column in Table 7 and the alternative
possessing the highest priority weight was selected as the best alternative. In the limit
matrix, it can be seen which element affects which element in what extend.

Table 5: Unweighted supermatrix for a family automobile purchasing decision

A B C S S S S S S S S S S S, S, S S S5 S
A 0,000 0,000 0,000 0,333 0,333 0,334 0,469 0,451 0,500 0,333 0,323 0,333 0,000 1,000 0,000 0,500 0,000 0,170 0,000
B 0,000 0,000 0,000 0,334 0,333 0,333 0,469 0,323 0,500 0,333 0,563 0,333 0,50 0,000 0,02 0,500 0,00 0,282 0,00
C 0,000 0,000 0,000 0,333 0,334 0,333 0,062 0,226 0,000 0,333 0,114 0,333 0,500 0,000 0,972 0,000 1,000 0,548 1,000
Sl 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,430 1,000 1,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Sl 0,000 0,000 0,000 1,000 1,000 1,000 0,000 0,000 0,000 0,569 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Sl 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
SZ 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,000 0,000 0,324 0,000 0,000 0,000 0,000 0,000 0,333 0,000 0,000 0,000
SZ 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,000 0,450 0,000 0,000 0,000 0,000 0,000 0,333 0,000 0,000 0,000
52 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,226 0,000 0,000 0,000 1,000 0,000 0,334 0,000 0,000 0,000
S3 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,00 0,000 0,00 0,000 0,00 0,000 0,00
S3 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 1,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S3 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,000 1,000 0,000 0,000 0,000 0,000 0,000 0,000
54 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,000 0,000 0,000 0,000 0,000
54 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,000 0,000 0,000 1,000 0,000 0,000 0,000 0,000
54 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,000 0,000 0,000 0,000 1,000 0,000 0,000 0,000
55 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
55 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,000
S5 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,000 1,000

Figure 3 and Figure 4, respectively, show the network structure formed in the software
package, the relations among the elements in this network structure, the screens in which
weight vectors obtained from the computing (according to Chang’s (1996) Fuzzy AHP
method) were transferred into the software package and the result screen.

4.4  Selection

Priority values of the criteria can be obtained from the data taken from limit matrix. These
priority values make a great contribution in terms of screening the priority levels of the

criteria of decision problem relating to the selection of the automobile. Related priorities
are in Figure 5.

When we look at the priority values of criteria in Figure 5., the result screen of the
software package, three of the decision making criteria, for the model we have made, are
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respectively engine power (with the highest priority value =0.211 ), roadholding (with the
priority value = 0.090) and safety systems (with the priority value = 0.077).

Priority values relating to the alternatives of which the criteria weights were computed are
in Figure 6. As seen in the figure, automobile “B” has the highest priority value with
36.08%.

Table 6: Weighted supermatrix for a family automobile purchasing decision

A B C & & & % % % S S &% S &% &% S S S S
A 0,000 0,000 0,000 0,167 0,167 0,167 0,235 0,226 0,250 0,067 0,108 0,111 0,000 0,333 0,000 0,167 0,000 0,085 0,000
B 0,000 0,000 0,000 0,167 0,167 0,167 0,235 0,162 0,250 0,067 0,188 0,111 0,250 0,000 0,014 0,167 0,000 0,141 0,000
C 0,000 0,000 0,000 0,167 0,167 0,167 0,031 0,113 0,000 0,067 0,038 0,111 0,250 0,000 0,486 0,000 0,500 0,274 0,500
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,086 0,333 0,333 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,500 0,500 0,500 0,000 0,000 0,000 0,114 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,000 0,065 0,000 0,000 0,000 0,000 0,000 0,111 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,090 0,000 0,000 0,000 0,000 0,000 0,111 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,045 0,000 0,000 0,000 0,333 0,000 0,111 0,000 0,000 0,000
S3 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,333 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S3 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,100 0,333 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S3 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S3 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,100 0,000 0,000 0,500 0,000 0,000 0,000 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,333 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,100 0,000 0,000 0,000 0,000 0,500 0,000 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,100 0,000 0,000 0,000 0,000 0,000 0,333 0,000 0,000 0,000
Ss 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Ss 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000
Ss 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,500

Table 7: Limit matrix for a family automobile purchasing decision

A B C & & 5 % &% S K % K% K S S % S S0
A 0,000 0,000 0,000 0,167 0,167 0,167 0,235 0,226 0,250 0,161 0,167 0,163 0,000 0,250 0,000 0,237 0,000 0,085 0,000
B 0,000 0,000 0,000 0,167 0,167 0,167 0,235 0,162 0,250 0,177 0,167 0,174 0,250 0,250 0,014 0,215 0,000 0,141 0,000
C 0,000 0,000 0,000 0,167 0,167 0,167 0,031 0,113 0,000 0,162 0,167 0,164 0,250 0,000 0,486 0,048 0,500 0,274 0,500
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,500 0,500 0,500 0,000 0,000 0,000 0,200 0,500 0,300 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,000 0,066 0,000 0,044 0,000 0,000 0,000 0,167 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,078 0,000 0,052 0,000 0,000 0,000 0,167 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,056 0,000 0,037 0,000 0,500 0,000 0,167 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S; 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,050 0,000 0,033 0,500 0,000 0,000 0,000 0,000 0,000 0,000
S4 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,050 0,000 0,033 0,000 0,000 0,500 0,000 0,000 0,000 0,000
S, 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Ss 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Ss 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000
Ss 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,500 0,000 0,500
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Figure 3: Screening of network structure formed for fuzzy ANP in Super Decisions 1.6
software package
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Figure 4: Transfer of weight vectors into Super Decisions 1.6 software package
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Figure 6: Super Decisions 1.6 software package result relating to the assessment of the
alternatives

5.RESULTS AND DISCUSSION

In the most general terms, decision making problem is the determination of the best one
among alternatives in accordance with at least one purpose or criteria meeting the needs of
the customer expectations. The multi criteria decision making is the selection process that
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the decision maker makes by using at least two criteria from a set of countable finite
numbers or uncountable number of alternatives.

In this study, the solution of automobile purchasing problem is dealt with the use of fuzzy
ANP method, one of the MCDM methods. The use of this method enables all the elements of
network structure relating to the automobile selection to affect the result. It enables
weights of not only the alternatives but also the sets they are in to make effect on their
weights. Thanks to the feedbacks, the possibility of the data’s reflecting the truth is
increased and taking the vagueness situation into account is enabled. It is seen that,
considering the opportunities it gives, fuzzy ANP method is also used in the studies of [17,
18, 19].

Decision model formed within the study consists of sixteen criteria and three alternative
automobiles in the same segment. Network structure are formed after the relations among
the criteria are determined and pair-wise comparison matrices are obtained by abiding by
this network structure. Acquired pair-wise comparison matrices are assessed by the
consumer who thinks of purchasing an automobile, and priority weights are obtained
belonging to pair-wise comparison matrices by computing according to fuzzy AHP method.
When the results that are obtained by transferring this weights into Super Decision 1.6
packaged program are analyzed, it is seen that the most important criterion in family
automobile selection is engine power with the highest priority level, which is in line with
the similar studies [2, 13] in the literature and automobile “B” is seen as the best solution
to family automobile purchasing decision problem with 36.08 % priority level, which meets
the needs of customer expectations in the most appropriate way under the light of the
decision criteria taken into account. As to other alternatives, automobile “A” has 34.97 %
and automobile “C” has 28.95 % priority values.

Based on these results, according to the criteria specified in the study of consumers looking
for to buy a car, the car B would be more appropriate. Fuzzy ANP method together with the
network structure relating to the automobile selection to be purchased proposed in this
study for purchasing the best automobile would help the consumers when purchasing a car
based on a multi-criteria decision making methods. Furthermore this method is a better
solution to the qualitative evaluation of the problems which is difficult to quantify.

This study has importance in terms of the decision model, network structure and obtained
solution results to not only the consumer but also the automobile manufacturer’s design
decision. For the future studies, the scope may need widened to include the same
arguments for the industrial and corporate consumer.
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