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Abstract

Tools and machines have an important effect on the manufacturing operations’ effectiveness and the selection
process of appropriate tools and machines is a complex issue with the consideration of multiple criteria.
Considering the complexity of the problem area and the difficulties in machine tools evaluation processes, the main
purpose of this study is to present a novel and effective methodology for machine tool selection problem. The
proposed methodology constituted for this aim combines the modified DELPHI method, AHP (Analytical
Hierarchy Process) and PROMETHEE (Preference Ranking Organization METHod for Enrichment Evaluations)
approaches with fuzzy sets theory to be able to reflect the vagueness related to judgment of the decision-maker(s).
A real life application is realized for pressing machine selection problem of a fixing products manufacturer from
Turkey, Istanbul. The results of the proposed approach are compared with the results of fuzzy AHP-fuzzy TOPSIS
approach. Additionally, sensitivity analyses are realized to show the changes in the results with the change in the
criteria weights.
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1. Introduction

Selection of the proper machine tools is a very critical
aspect for the machining processes of the products. The
production quality, speed, flexibility, etc. are being
affected by machining processes’ performance.
Dramatic problems could be occurring in production
performance as a result of a weak decision making
process in machine tool selection. Considering its
importance, a large body of studies conducted by
researchers for machine tool selection (MTS) problems.
Multi-criteria decision making (MCDM) techniques in
the evaluation processes of machine tools have been
found proper by most of the researchers of this scope.
AHP (Analytic Hierarchy Process), ANP (Analytic
Network Process), TOPSIS (Technique of Order
Preference by Similarity to Ideal Solution), ELECTRE

(ELimination Et Choix Traduisant la REalité-
Elimination and choice expressing reality) and
PROMETHEE (Preference Ranking Organization

METHod for Enrichment Evaluations) could be
counted among in the mostly utilized MCDM
techniques for machine tool selection problem.

When the related literature is investigated, it is observed
that almost the most preferred MCDM technique for the
machine tool selection problem is AHP. Some of the
studies using AHP can be summarized as follows.
Tabucanon et al. [1] have used the AHP technique for
the selection process of flexible manufacturing systems
(FMS). Chan et al. [2] have described the development
of an intelligent material handling equipment selection
system. This system has constituted from three modules;
a database, knowledge based expert system and an AHP
model. AHP is utilized to help knowledge based expert
system to choose most suitable equipment system. They
have also used artificial intelligence in decision making
process. Yurdakul [3] has presented a strategic
justification tool for the evaluation of investments in
machine tools. AHP and ANP are applied in calculation
of the contributions of machine tool alternatives. Chang
et al. [4] have discussed and developed a manufacturing
quality yield model for forecasting silicon wafer slicing
based on the AHP framework. Cimren et al. [5] have
proposed a decision support system for MTS problem
using AHP.

As can be observed from the literature, AHP’s
systematic decision making way for MCDM problems
was widely utilized in the current MTS literature.
However, like as the most of the other real life

problems, for MTS problem, it is hard to obtain
numerical judgments for the alternatives from the
experts. Additionally, for most of the considered
criteria, it is hard to make certain judgements due to the
fuzzy structure of the decision environment. In order to
have the ability of taking linguistic preferences and
taking into account the fuzziness of the environment,
researchers have started to use fuzzy sets in recent
years. Fuzzy AHP is one of the mostly utilized
techniques which are taking into account the fuzziness
of the environment. Some of the MTS studies using
fuzzy AHP can be summarized as follows. Ayag and
Ozdemir [6] have selected fuzzy AHP method
developed by Saaty [7]. They have used a fuzzy AHP
methodology for considering the vagueness
uncertainty existing in the judgment of the decision-
maker(s). Oniit et al. [8] proposed a machine tool
selection methodology in which criteria weights are
determined via fuzzy AHP. Chang et al. [9] have
proposed a new approach within the AHP framework
for tackling the uncertainty and imprecision of silicon
wafer slicing evaluations during manufacturing process
stages the comparison
judgements are represented as triangular fuzzy numbers
(TFN). Duran and Aguillo [10] have used an AHP based
approach with fuzzy numbers for the evaluation and
justification of an advanced manufacturing system. An
example of MTS problem is used to illustrate and
validate the proposed approach. Abdi [11] has
investigated  reconfigurable = machining  system
characteristics in order to identify the crucial factors
influencing the machine selection and the machine
(re)configuration. In particular, a fuzzy AHP model is
proposed to integrate the decisive factors for the
equipment selection process under uncertainty. Ayag
and Ozdemir [12] proposed a machine tool selection
methodology under uncertainty using an improved
version of AHP which is Analytical Network Process
(ANP).

In spite of the fact that AHP and fuzzy AHP are the
mostly utilized techniques in MTS literature, as
Dagdeviren [13] stated, with techniques,
evaluations can be made using the same evaluation scale
and preference functions on the criteria basis. Definition
of different reference functions for the criteria is an

and

where decision-makers’

these

important factor which affects the correctness of the
decision made. Unlike other ranking methods in the
literature, different preference functions can be defined
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for criteria in PROMETHEE method [13]. It is a
ranking method which is quite simple in conception and
application compared to other methods for MCDM. It is
well adapted to problems where a finite number of
alternative actions are to be ranked considering several,
sometimes conflicting criteria [14]. According to
Ulengin et al. [15], advantages of PROMETHEE can be
summarized as: (i) PROMETHEE is a user friendly
outranking method, (ii) it has been successfully applied
to real life planning problems and (iii) PROMETHEE 1
and PROMETHEE 1I allow both partial and total
ranking of the alternatives while still satisfying
simplicity.

In MTS literature, Dagdeviren [13] have integrated
AHP and PROMETHEE techniques for the equipment
selection problem. However in that study, the vagueness
of the decision environment was not taken into account.
Different from this study, in that paper, vagueness of the
environment and advantages coming from utilizing
linguistic scales are taken into account by using fuzzy
sets. Another study is realized by Tuzkaya et al. [16] for
the material handling equipment selection problem and
utilized an integrated fuzzy ANP-fuzzy PROMETHEE
approach. In that study, fuzziness of the environment
was taken into account, however, in criteria
determination phase, a systematic approach was not
utilized. Different from Tuzkaya et al. [16], in this
study, criteria determination phase is a more structured
process with the help of modified DELPHI technique.

In this paper, we have considered pressing machine tool
selection process for a pipe clamps manufacturing
company from the Turkish construction sector. The
current pressing machines of Inka Fixing are old
versions and breakdown frequency is very high and
management team is considering new pressing machine
investments. For the machine tool selection problem of
Inka Fixing, considering the easiness of linguistic
evaluations and vagueness of the decision environment,

using fuzzy set theory is found proper. Also,
consideration of multiple criteria such as investment
cost, flexibility, user friendliness etc. is found

convenient and in the criteria determination phase,
modified DELPHI method is utilized. In the criteria
weights’ calculations, fuzzy AHP is utilized and with
the obtained weights of criteria, alternative machine
fuzzy PROMETHEE
methodology. In the second section of this study,
detailed information related to utilized methodologies is

tools are evaluated via

given. Also proposed integrated decision methodology
has described in this section. In the third section,
application of proposed integrated model in Inka fixing
company has presented. The application of modified
Delphi method in criteria determination phase and
detailed information about each selected criteria are
given. Related calculations, comparison with fuzzy
AHP-fuzzy TOPSIS technique, analysis of results with
sensitivity analyses are also presented. In the final
section, some concluding remarks are presented.

2. Proposed Approach for Machine Tool Selection

Problem
2.1 Preliminaries
2.1.1  Modified DELPHI method

The Delphi method accumulates and analyzes the
results of anonymous experts that communicate in
written, discussion and feedback formats on a particular
topic. Anonymous experts share knowledge skills,
expertise and opinions until a mutual consensus is
achieved [17; 18; 19]. The steps of Delphi method can
be explained as [19]: (1) select the anonymous experts;
(2) conduct the first round of a survey; (3) conduct the
second round of a questionnaire survey; (4) conduct the
third round of a questionnaire survey; and (5) integrate
expert opinions in order to reach a consensus. Steps (3)
and (4) are normally repeated until a consensus is
reached on a particular topic [19]. The modified Delphi
technique is similar to the full Delphi in terms of
procedure and intent. The major modification consists
of beginning the process with a set of carefully selected
items. These pre-selected items may be drawn from
various sources including related competency profiles,
synthesized reviews of the literature, and interviews
with selected content experts [20]. Results of the
literature review and expert interviews can be used to
identify and synthesize all common views expressed in
the survey. Moreover, step (2) is simplified to replace
the conventionally adopted open style survey; doing so
is commonly referred to as the modified Delphi method
[21]. The primary advantages of this modification to the
Delphi is that it (a) typically improves the initial round
response rate, and (b) provides a solid grounding in
previously developed work. Additional advantages
related to the use of the modified Delphi technique
include reducing the effects of bias due to group
interaction, assuring anonymity, and providing
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controlled feedback to participants [20]. In general, the
decision-making group probably should not be too
large, i.e. a minimum of five to a maximum of about 50
[22]. Murry and Hammons [23] suggested that the
modified Delphi method summarize expert opinions on
a range from 10 to 30 [19]. In this study, 14 experts’
opinions are taken into account as modified Delphi
method-based expert group.

2.1.2  Fuzzy sets

Some definitions of fuzzy sets related to this study are
given as follows. B

Definition 1. A fuzzy set A in a universe of discourse
X is characterized by membership function z£7(X),
which associates with each element x in X, a real
number in the interval [0, 1]. The function ,uA(X)is
termed the grade of membership of x in A [24].
Definition 2. A TFN can be defined as a triplet ( al,~a’”,
a"); the membership function of the fuzzy number A is
defined as follows [25].

0, X<a[,
1 m 1 1 m
-a)ia" - a"). <x<q", 1
Fao=qt e e e .
(a"-0Na"-a"), a"<x<q",
0, x>a“.

Operational laws of TFNs can be found in [25].
Definition 3. A linguistic variable is a variable whose
values are linguistic terms [24].

The concept of linguistic variable is very useful in
dealing with situations which are too complex or too ill-
defined to be reasonably described in conventional
quantitative expressions. These linguistic variables can
also be represented by fuzzy numbers [24].

2.1.3  AHP- Fuzzy AHP

The Analytical Hierarchy Process (AHP), developed by
Saaty [7], is one of the MCDM approaches that
decomposes a complex problem to a hierarchical order
and has been used by various researchers for decision-
making in production systems [26; 27; 28; 29]. The
fuzzy logic could be added to the classical AHP to take
into account the vague nature of a certain decision
making area [30; 31].

In the fuzzy AHP, to evaluate the decision makers’
preferences, pair-wise comparisons are structured using

triangular fuzzy numbers (al,am,a ) The mxn fuzzy

matrix can be given as in Equation (2). The element 51’,‘

represents the comparison of the component i (row

element) with component j (column element). If Aisa
pair-wise comparison matrix (see Equation (8)), it is
assumed that the reciprocal, and the reciprocal value,
ie. 1/g,, is assigned to the element g ; [32].

1 m o u I m _u
11 {‘l12’a12"l12) : {‘lln"lln"llnj

@

111 I
e 111 o (abyeay at, )
[‘litl a{’i ‘l{l J ( ) A2n°92n° 92n

B
1]

1,1,1)

1 1 1
w o m
M n ll{”

A s also a triangular, fuzzy, pair-wise comparison

L S
w o m
a2n 92n 1112”

matrix. There are several methods for getting estimates
for the fuzzy priorities, yp,, where W, = (u/, wits wi)s
and i=1,2,...,n, from the judgement matrix, A, which
approximates the fuzzy ratios g, so that ;= w;/ w;.
One of these methods, the logarithmic least-squares
method, is used in this study since it is a most-used and
method. The triangular fuzzy weights
representing the relative importance of the criteria, the

effective

feedback of the criteria and the alternatives according to
individual criteria is calculated by this method. The
logarithmic least-squares method for calculating
triangular fuzzy weights can be given as follows [32]:

3)

~ [ —_
wi=Gwi wh, k=1,2,..,n.

where wi = 7(111;:'“:’)”” , sef{l.mu}
2 ([ at)”

The alternatives are evaluated as previously explained.
Following this step, for converting the weights of the
alternatives to crisp numbers, different
defuzzification methods are utilized: Chang’s extent
analysis [30] method, Center of Area (COA) method
[33], Center of Gravity (COG) method [34] and Yager
Index [35]. One of the most commonly used techniques

four

for defuzzification is Chang’s extent analysis method.
The steps of Chang’s extent analysis approach can be
found in [36].

Center of Area (COA) method was developed by
Sugeno in 1985. This method is also one of the most

commonly used defuzzification techniques. COA
technique can be expressed as [33]:
. Iﬂi(x)xdx 4)

C T T ax
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where x* is the defuzzified output, w;(x) is the
aggregated membership function and x is the output
variable. The only disadvantage of this method is that it
is computationally difficult for complex membership
functions.

Another defuzzification method, Center of Gravity
(COG) method, calculates the center of each triangle for
the corresponding membership functions using the
following equation [34]:

®)

X' = (al +qM+ au)/3

where x” is the defuzzified output and d, a" and d" are
the lower, medium and upper values of a TFN.

The last defuzzification method which is utilized in this
paper is Yager Index [35] and it is simply calculated by
Equation (6).

(6)

X =3 aM—(aM—al)+ (q"—a™))/3

where x" is the defuzzified output and d, a" and d" are
the lower, medium and upper values of a triangular
fuzzy number.

2.1.4  PROMETHEE-Fuzzy PROMETHEE

PROMETHEE (Preference Ranking Organization
METHod for Enrichment Evaluations) is an outranking
method which initial references are prepared by Brans et
al. [37], Brans and Vincle [38] and Brans et al. [39]. It is
a quite simple ranking method in conception and
application compared with other methods used for
multi-criteria analysis. It is well adapted to the problems
where a finite set of alternatives are to be ranked
according to several, sometimes conflicting criteria [13;
16; 40].
The evaluation is the starting point of PROMETHEE
method. In this phase, alternatives are evaluated with
respect to different criteria. These evaluations involve
essentially numerical data. The implementation of
PROMETHEE requires types of
information, namely [41]:
e Information on the relative importance (i.e. the
weights) of the criteria considered,
¢ Information on the decision-makers’ preference
function, which he/she uses when comparing the
contribution of the alternatives in terms of each
separate criterion.
The basic steps of the PROMETHEE algorithm can be
outlined as follows [39; 42]:

two additional

Step 1. Specify a generalized preference function p;(d)
for each criterion j. (see Figure 2).

Step 2. Define a vector containing the weights, which
are a measure for the relative importance of each
criterion, w'=[wy,...,w]. If all the criteria are of the
same importance in the opinion of the decision maker,
all  weights being equal. The
normalization of the weights, Z,’;l we=1, is not
necessarily required.

Step 3. Define for all the alternatives g, g € Athe
outranking relation n:

can be taken as

AxA—[0,1] o

T

K
#lag ar)= 2 wi-(p, (f (a) = [ (@)
k=1

The preference index ”(a,,a,') is a measure for the
intensity of preference of the decision maker for an
alternative @, in comparison with an alternative g for
the simultaneous consideration of all criteria. It is
basically a weighted average of the preference
functions, pi(d) and can be represented as a valued
outranking graph.

Step 4. As a the strength of
alternatives g, € A, the leaving flow is calculated:

measure for

@ (@)=—— 27(a,.a)

1
. ®)

#

The leaving flow is the sum of the values of the arcs
which leave node a, and therefore yields a measure of
the “outranking character” of a,.
Step 5. As a measure for the weakness of the
alternatives, g, € A, the entering flow is calculated,
measuring the “outranked character” of a, (analogously
to the leaving flow):

® (@)= Srlara) ©)

.
"

#1

Step 6. A graphical evaluation of the outranking relation
is derived: Basically, the higher the leaving flow and the
lower the entering flow, the better the action. This
result is graphically represented by a partial preorder
(PROMETHEE 1) or a complete preorder
(PROMETHEE 1I).

In PROMETHEE 1, alternative a, is preferred to
alternative a, (a,Pa,) at least one of the elements of
Equation (10) is satisfied [13]:
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if
@ (a)> D (a,) and & (a) <D (a,) or
®*(a) > D" (a,) and ® (a)=® (a,) or
®*(a)=d" (a,) and & (a,) < ® (a,)

then

(10)

aPa,

PROMETHEE 1 evaluation allows indifference and
incomparability situations. Therefore sometimes partial
rankings can be obtained. In the indifference situation
(aday), two alternatives, a, and a,, have the same
leaving and entering flows [13; 44]:

if

D @)= @yt d ay=-d @) D

then

ala.

Two alternatives are considered incomparable, a,Ra,, if
alternative a, is better than alternative a,» in terms of
leaving flow, while the entering flows indicate the
reverse [13]:

i
D (a)>P (q,)and P (q)>D (g,) or
O (a)<d (g ad O (q)<D (a,)

then

(12)

aRa,

Via PROMETHE 1II, the complete ranking can be
obtained. For the complete ranking calculations, net
flow values of alternatives can be calculated as Equation
(13). Here, if alternative a,’s net flow is bigger that
alternative a,’s net flow, this indicates that, alternative
a, outranks alternative a, .

¢net ([l[):¢+([l[)_¢7(a[) (13)

In this study, the fuzzy PROMETHEE technique is
preferred because of the fuzzy nature of the decision
problem. In the literature, there are a few studies using
fuzzy PROMETHEE approach. Bilsel et al. [14],
Geldermann et al.[42], Goumas and Lygerou [45], Chou
et al. [46], Tuzkaya et al. [16], Tuzkaya et al. [47] have
used fuzzy PROMETHEE previously.

In the fuzzy PROMETHEE, the main problem arises in
comparing two fuzzy numbers and the index, which
corresponds to a weighted average of the fuzzy
numbers, proposed from Yager (1981) is found a useful
way to compare fuzzy numbers. It is determined by the
center of weight of the surface representing its
membership function [14; 45]. Based on the Yager’s
[35], a TFN’s magnitude is the
corresponding to the center of the triangle and can be

index value

expressed as in Equation (6). The representation of a
TFN from here, F = (n, a,b) , is a different version of the
representation used in AHP and fuzzy AHP section.
This is equivalent to the previous representation by
F =(n—a,n,n +b).The following fuzzy PROMETHEE
formulas are based on the representation of TFN as

(n, a, b).

In this study, PROMETHEE’s linear preference
function with indifference and strict preference is
preferred for each criterion by Decision Making Team
(DMT). In this preference function, two thresholds, ¢
and p are needed to be determined (Figure 1). When
using the fuzzy numbers in PROMETHEE, the
evaluation function explained in Figure 1, can be
converted to Equation (14).

0,if n—a < g(indifferen ce)

(ma,b)y—gq (14)

Pilasa) = . if ¢g<(n-a)and (n+b)<p

1, if n+b> p(strict preference)

In Equation (14), ¢ and p values are crisp numbers and
the membership functions of the fuzzy number,

C(a;, a,)=(n,a,b) is adjusted accordingly so that n-a>=0
and n+b<=1. In the if-statement in Equation (14), the
controls are the TFNs which represents the differences
between ay,a,. Similarly to the PROMETHEE approach,
the leaving flow, the entering flow and the net flow
notions are valid in the case of fuzzy PROMETHEE
[14]. Outside of the above mentioned differences, fuzzy
PROMETHEE utilizes the PROMETHEE’s
application steps [16]. In these steps, for the operations
with fuzzy numbers, the basic operators referenced in
the “Fuzzy sets” section can also be used.

from

2.2 Proposed Approach: An integrated fuzzy
multi-criteria decision making methodology

In this study, a novel integrated modified DELPHI-
fuzzy AHP-fuzzy PROMETHEE methodology is
utilized. This methodology is initialized with the
modified Delphi method for the determination of
decision criteria. The weights of the decision criteria are
determined via a fuzzy AHP approach. Obtained
weights are utilized in the press machine alternatives’
evaluation process. This process is realized via the
fuzzy PROMETHEE methodology. The results are
analyzed via sensitivity analyses. Finally, the results are
proposed to the Decision Making Team (DMT) and the
management of the company (Figure 2).
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Type 1: Usual criterion Type 2: Quasi-criterian (U-Shape)

P4 P
1 1 —_—
d ardp da,»a,‘
s
q

0 if d.,,.p S0 (indifference) 0 if d,,. < q (indiffererce)
Pilajan=y, . . Pilas.an =1, . .

1 ifd,, . >0 (strict preference) Lif d,,. >4q (strict preferenc

Type 3: Criterion with linear

Type 4: Level criterion
preference (V-Shape)

P
TL, |
1 0. —_—
d ardy dga,
p q p
d 0if 0<d,,, <q (indifference)

at.at' . . .
—,if 0<d, . < p(indifference) P.(a,a)=405, if g<d. <p
Pj (a;,af) = P et i G et

. . 1, g > strict preference
L, if d.,.. > p(strict preference) i d o> ( pref )

Type 5: Criterion with linear Type 6: Gaussian criterion
preference and indifference area

P;
P, X
1
d apqday d
g p q p
0.if d . <qlindifference) Pilaran) = T

u[ at'

P;(aan)= I a<d 0%

tf d arap > P (striCE preference)

Figure 1. PROMETHEE generalized preference functions [39; 43; 44]
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[ Construct a decision making team (DMT) ]7

%_

Fy oo P

2 ,-% H [ Determine the decision criteria with the help of DMT ]i
L

% emmrmmmmmees  EEEEEEEEEEEEERE R |

=

1
, a) Establish a hierarchy framework

H b) Design questionnaire

| c¢) Ask linguistic preferences

' d) Construct fuzzy comparison matrices
' e) Calculate fuzzy weights

. f) Undertake defuzzification

! g) Find weighted sub-criteria weights

Fuzzy-AHP

Determine the alternatives and the

alternatives’ specifications

v

Select a generalized preference ]4

function for each criterion

Y v

Define a vector containing the criteria weights

a) Ask to evaluate the alternatives for each criterion to DMT
b) Construct the fuzzy pair wise comparison matrices

c) Calculate the fuzzy leaving flow of the alternatives

d) Calculate the fuzzy entering flow of the alternatives

e) Evaluate the alternatives by PROMETHEE 1

Is a decision
given?

[ f) Evaluate the alternatives by PROMETHEE II ]

{ Realize sensitivity analyses }47

v

{ Propose the results with to the DMT and the company management ]

Figure 2. Proposed integrated fuzzy multi-criteria decision making methodology
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In the fuzzy AHP, DMT is asked to compare the criteria
considering the effects on achieving main goal. In this
process, the linguistic scale shown in Table 1 and Figure

3 is utilized.
Table 1. Linguistic scale for importance [48]

Linguistic scale for Triangular Triangular fuzzy
importance fuzzy scale reciprocal scale
Just equal JE) (1,1,1) (1,1, 1)
Equally important (EI)  (1/2, 1, 3/2) (2/3,1,2)
Weakly more (1,3/2,2) (1/2,2/3, 1)
important (WMI)

Strongly more (3/2,2,5/2) (2/5, 172, 2/3)
important (SMI)

Very strongly more (2,5/2,3) (1/3,2/5, 1/2)
important (VSMI)

Absolutely more (5/2,3,7/2) (2/7, 1/3, 2/5)

important (AMI)

EI WMI SMI VSMI AMI

2 1 32 2 s2 3 o M

Figure 3. Linguistic scale for relative importance (RI) [48]

In the fuzzy PROMETHEE phase, the DMT is asked to
evaluate alternatives considering each criterion. For this
evaluation stage, the linguistic scale for relative

importance is shown in Table 2 and Figure 4 is utilized.
Table 2. Linguistic scale for evaluation [14]

Linguistic scale for evaluation Triangular fuzzy scale

Strongly disagree (SDA)
Disagree (DA)

Little disagree (LDA)
No comment (NC)
Little agree (LA)

(,0,0.15)

(0, 0.15, 0.30)
(0.15, 0.30, 0.50)
(0.30, 0.50, 0.65)
(0.50, 0.65, 0.80)

Agree (A) (0.65, 0.80, 1)
Strongly agree (SA) (0.80, 1, 1)
MRrI A
SDA_ DA LDA NC LA A SA
1‘00 _____________________ Ny Gy S -

» RI
0.00 0.15 0.50 0.65 0.80 1.00

Figure 4. Linguistic scale for evaluation [14]

3. An Application for a Manufacturing Company

A real case study in the Inka Fixing Corporation from
Istanbul is presented to foster the better understanding
of the model. Inka Fixing is a pipe clamps manufacturer
which produces three main groups of products: pipe
clamps, and hanging-fixing systems
constructing, heating and electronic sectors. In the
manufacturing processes of Inka Fixing, machining
methods such as pressing, welding and assembling are
the main operations. An important portion of Inka
Fixing’s products consist of metal products such as pipe
clamps with various sizes and types. The pipe clamps
are manufactured via shaping the sheet iron. Pressing
phase is an important step of sheet iron manufacturing
process. Manufacturing  imperfections  mostly
constituted in this step. Current pressing machines of
Inka Fixing are old versions and breakdown frequency
is very high. Production defects, breakdowns and
maintenance costs make the management to think about
new pressing machine investments. For this purpose,
five alternatives are decided as candidates between all
alternatives. The criteria for the decision process (Figure
5) are decided with a DMT constituted from 14 experts
which are production manager, production engineers,
finance managers, expert labors. In the criteria
determination phase modified DELPHI method is
utilized. Before starting the steps of modified DELPHI
method, related literature, especially the papers which

anchors for

are summarized in the introduction section, is
investigated and a pre-selected set of criteria is
presented to the DMT.

Four main criteria that have their own sub-criteria are
selected for the evaluation of machine tools. These main
criteria could be Cost related
specifications (C), specifications  (T),
Operational specifications (O) and Quality related
specifications (Q).

C main criteria cluster contains all the cost issues such
as investment costs, operating costs, maintenance costs
and revision costs.

T main criteria cluster considers issues related capacity,
setup and adjusting time, installation easiness and
revision and upgrade ability. These sub-criteria are for
measuring the effectiveness of the alternative machines.
O main criteria cluster is related with the operational
performance and specifications of the alternatives.

summarized as
Technical
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These are flexibility, productivity, user friendliness and
safety.

Q main criteria cluster contains the quality related
issues such as accuracy, after sales maintenance, service
possibilities and durability.

Investment costs (C1) \

>

Operating costs (C2)

Cost related
specifications (C)
|

Yy VvV v vy

Maintenance costs (C3)

KR

Revision costs (C4)

Capacity (T1)

Setup and adjusting time
(T2)

v

v

Installation easiness (T3)

Revision and upgrade
ability (T4)

v

Technical specifications (T)

Main goal (MG): Deciding most proper press machine alternative

r» Flexibility (O1)
)
E 2 | | Productivity (02)
P S H
8 2 . .
8 }:E Ly User friendliness (O3) IT'
2
| Safety (04)
. —» Accuracy (Ql)
LN,
£ | |
% g After sales maintenance P>
g ":;3 7] and service possibilities
> = E (Q2)
O Q
23
‘9] Durability (Q3)

Figure 5. Decision criteria for machine tool selection process

After criteria determination phase via modified DELPHI
method, criteria weights are determined via fuzzy AHP
approach. This approach is begun with the comparison
of main criteria with respect to contribution to the main
goal’s achievement. First, the comparisons are taken
from DMT linguistically using linguistic expressions in
Table 1 (Table 3).

Table 3. Linguistic main criteria comparisons considering the
contribution to the achievement

MG C T (0] Q

C JE WMI EI WMI
T WLI JE EI EI
(0] EI EI JE WMI
Q WLI EI WLI JE

The linguistic comparisons shown in Table 3 are
converted to triangular fuzzy numbers using the scale
given in Table 1 and can be seen from Table 4.

Table 4. Main criteria comparisons considering the
contribution to the achievement of main goal (with triangular
fuzzy numbers)

C T
C 1,00 1,00 1,00 1,00 1,50 2,00
T 0,50 0,67 1,00 1,00 1,00 1,00
(0] 0,67 1,00 2,00 067 1,00 2,00
Q 0,50 0,67 1,00 0,67 1,00 2,00
o Q
C 0,50 1,00 1,50 1,00 1,50 2,00
T 0,50 1,00 1,50 0,50 1,00 1,50
(0] 1,00 1,00 1,00 1,00 1,50 2,00
Q 0,50 0,67 1,00 1,00 1,00 1,00

Using triangular fuzzy comparisons, criteria weights
(Table 5) are calculated using Equation (2)-(3).

Table 5. Weights of main criteria (with triangular fuzzy

numbers)
Lower value (¢) Medium value (") Upper value (a“)
C 0,84 1,22 1,57
T 0,59 0,90 1,22
(0] 0,82 1,11 1,68
Q 0,64 0,82 1,19

Same steps are repeated for the sub-criteria comparisons
with respect to their contributions to the achievement of
related main criterion. For the defuzzification step,
Chang’s extent analysis (steps of Chang’s extent
analysis can be found in [36]), COA, CGA and Yager
Index methods are utilized (Equation (4)-(5)-(6)).
Almost the same results are obtained via COA, COG
and Yager Index and very close results are obtained via
Chang’s extent analysis. Obtained main criteria, sub-
criteria and weighted sub-criteria weights via Yager
Index are presented in Table 6. Also, consistency ratios
of all AHP comparisons are calculated and found below
0.10.
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Table 6. Main criteria weights (MCW), sub-criteria weights
(SCW) and weighted sub-criteria weights (WSCW)

MCW SCW WSCW SCW_ WSCW
C 029 C1 030 0.09 T1 039 0.08
T 022 C2 033 0.09 T2 0.26 0.06
0O 029 C3 023 0.07 T3 0.18 0.04
Q 021 C4 0.15 0.04 T4 0.17 0.04
SCW WSCW SCW WSCW
01 0.14 0.04 Q1 045 0.09
02 0.26 0.07 Q2 020 0.04
03 0.24 0.07 Q3 035 0.07
04 037 0.10

As a first step of fuzzy PROMETHEE, DMT is asked to
determine the generalized criterion type for each
criterion. Level criterion type is selected for all criteria
and g and p values are determined as 0.0 and 0.7,
respectively.

Following the criteria type and weight determination
phase, DMT is asked to evaluate alternatives
linguistically (Table 7) considering the sub-criteria
using Table 2. For the alternatives’ evaluation process,
the situation of each alternative, for each criterion is
asked to the DMT. For example, for the investment cost
(C1) criterion evaluation of the first machine (P1), the
question asked to the DMT is “Do you agree that
investment cost of P1 is in an affordable level?”. Also
for the after sale service and maintenance possibilities
criterion (02) evaluation for first alternative, the DMT
is asked to answer the question of “Do you agree that
after acquisition of P1, after sales and maintenance
needs of this machine are quickly and effectively tried
to be solved by the sellers”.

Table 7. Alternative press machine’s evaluations considering
the evaluation criteria

Cl C2 C3 C4 11 T2 T3 T4
P1 DA A A A SA A LA A
A

A

P2 SA NC NC A LA LA NC

P3 LA LA LA A A LA A

P4 SA DA DA DA LDA DA DA LDA

PS NC NC LA LA LDA LDA NC NC
01 02 03 04 Q1 Q2 Q3

P1 SA SA A SA A A SA

P2 NC NC LA NC LA LA LA

P3 A A A SA A LA A

P4 DA LDA NC NC LDA SDA NC

PS LA LA NC LA LDA LDA NC

These linguistic evaluations (Table 7) are converted to
triangular fuzzy numbers according to the scale shown
in Table 2 and applying fuzzy PROMETHEE’s steps,
alternatives’ positive, negative and net flows are
calculated (Table 8).

Table 8. Positive, negative and net flows for the alternative
press machines

Pl P2 P3 P4 P5 @ ™
P1 0.00 024 0.00 0.82 051 1.56 1.35
P2 0.09 0.00 0.03 049 026 0.87 049
P3 0.09 0.14 0.00 0.85 043 151 147
P4 0.00 0.00 0.00 0.00 0.00 0.00 -2.42
p5 0.04 000 0.00 027 000 031 -0.89
® 021 038 0.03 242 1.20

3.1 Application results, analysis of the results and
sensitivity analysis

First of all, considering the positive and negative flow
values of alternatives (Table 8), partial ranking is
obtained via PROMETHEE I approach. Since, none of
the conditions in Equation (10)-(11)-(12) are satisfied,
P1 and P3 cannot be compared. In other words, since
positive flow value of P1 is more than the positive flow
value of P3 and negative flow value of P3 is less than
the negative flow value of P1, P1 and P3 are found
indifferent. On the other hand P1 and P3 outrank P2, P5
and P4. Other outranking relations can be seen from
Figure 6.

P1 P3
P*=1.56 ®'=0.21 ®*=1.51 ®=0.03

S
A
Il
<
[e o]
-
S
Il
=)
(9%
oo
A

®*=0.00 =242

Figure 6. PROMETHEE I results for the alternative press
machines

To obtain a full ranking for alternatives, net flows are
calculated (Table 8) and alternatives are ranked via
PROMETHEE 1I (Figure 7) using Equation (13).
Alternatives which are found indifferent via
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PROMETHEE [, P1-P3, can be compared via
PROMETHEE 1II. Considering the net flows, P3
outranks all the other alternatives and found as the best
alternative with a very close evaluation degree to P1’s
net flow value.

P3 P2 P4
Q" =1.47 D™'=0.49 O™ =242
Y A
P1 T P5
P =135 O™ =-0.89

Figure 7. PROMETHEE II results for the alternative press
machines

3.1.1  Comparison of the results with the results of
TOPSIS

As mentioned in the introduction section, fuzzy
PROMETHEE approach is preferred to utilize because
of a number of reasons. However, to validate the
ranking, fuzzy TOPSIS approach is applied to the same
data and the results are compared as below. Details of
the fuzzy TOPSIS approach can be found in Tuzkaya
and Giilsiin [49]. For the criteria weights, same
evaluation results obtained via fuzzy AHP approach are
utilized. The results obtained via fuzzy AHP-fuzzy
TOPSIS approach can be summarized as in Table 9.

Table 9. Evaluation results via fuzzy AHP-fuzzy TOPSIS

Distance from  Distance from Closeness
fuzzy positive  fuzzy negative coefficient-
ideal solution  ideal solution CC= DFNIS/
(DFPIS) (DFNIS) (DFPIS+DFNIS)
P1 0.24 0.69 0.74
P2 0.37 0.54 0.60
P3 0.25 0.68 0.73
P4 0.71 0.21 0.23
P5 0.51 0.40 0.44

As can be seen from Table 9, the best alternative is
found as P1. However, its evaluation degree is very
close to P3. The ranking of alternatives is found as P1,
P3, P2, P5 and P4 from best to worst. While, P1 and P3
cannot be compared via PROMETHEE [, the remaining
ranking is same with TOPSIS evaluations. On the other
hand, with a very small difference from P1, P3 is found
better in PROMETHEE 1II evaluation results. As a
result, it can be said that, the final outranking of the
proposed approach gives very close solution to the
fuzzy AHP-fuzzy TOPSIS approach. In the final
decision process, DMT should also consider this small

difference. It should be also noted that, via
PROMETHEE approach, the criteria types can be
determined different from each other among the
generalized preference functions (Figure 1), also
threshold values, ¢ and p, gives the opportunity to
determine the degree of preference.

3.1.2  Sensitivity Analysis

As mentioned before, the weights of the decision
criteria are determined via fuzzy AHP. In this stage, the
sensitivity of the results to the changes in the criteria
weights is analyzed. As an example for all other
sensitivity analysis of criteria weights, here, only the
results’ sensitivity to the changes in cost criterion’s
weights is presented. From the Figure 8, changes on the
alternatives’ leaving flows as the change on the cost
criterion’s weight can be seen. As shown in this figure,
at the point that cost criterion’s weight is “0”, the
leaving flow values of P1 and P3 take their maximum
value, and the leaving flow values of P2 and P5 take
their minimum value. While the weight of cost criterion
increases, the leaving flow values of P1 and P3 decrease
but P2 and P5 increase. The situation of P4 doesn’t
change with the change of weight in cost criterion. This
indicates that for the cost criterion evaluations, the
performances of P1 and P3 are worse than other
alternatives.

1.80

1.60
g
2 140 —
£
B 15 V
= / ——P1
= 1.00
g
2 080 / —=-P2
E P3
= 0.60
T 040 — | ——P4
€ a3 | —4=P5

0.20

0.00

000 020 040 060 080  1.00

Weight of cost criterion

Figure 8. The change in the ®* values of alternatives with the
change in the weight of cost criterion

When considering the entering flows, with the increase
of the weight of cost criterion from “0” to “1”, the
entering flow values of P1, P3 and P4 increase and the
entering flow values of P2 and P5 decrease (Figure 9).
This indicates that, for the cost criterion evaluations, the
performances of P2 and P5 are better than the other
alternatives.
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Figure 9. The change in the @ values of alternatives with the
change in the weight of cost criterion

When considering the net flows, with the increase of the
weight of cost criterion from “0” to “1”, the net flows of
P1, P3 and P4 are getting worse, and the net flows of P2
and P5 are getting better (Figure 10). This is why, P1,
P3 and P4’s evaluations for cost criterion are below the
average when comparing with the others and the
increase on the cost criterion’s weights amplifies this
situation. This situation is parallel to the analysis of the
sensitiveness of ®* and @ values to the weight of the
cost criterion.
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Figure 10. The change in the @™ values of alternatives with
the change in the weight of cost criterion

After the investigation on sensitivity analysis, it can be
said that the evaluations are sensitive to the weights of
the criteria. Following the sensitivity analyses phase, the
results are presented to the DMT and DMT found
convenient to buy the best alternative which is P3.

4. Conclusion

In this study, a new approach which combines modified
DELPHI technique- fuzzy AHP-fuzzy PROMETHEE
techniques is utilized. Considering the importance of the

criteria determination phase, a systematic approach,
modified DELPHI method, is preferred. Before the
application of this method, criteria alternatives are
determined using current M TS literature and the method
started with a pre-selected amount of criteria. This
modification provides us an important time advantage.
Following the criteria determination phase, fuzzy AHP
is utilized for the criteria weights’ calculations and
alternative press machines are evaluated via fuzzy
PROMETHEE methodology. Well structured criteria
determination phase, consideration of the fuzziness
inherent to the decision making environment, and user
friendliness coming from the linguistic evaluations are
the main advantages of the proposed methodology. For
the future researches this methodology can also be
easily applied to the other application areas both in
manufacturing and service sectors.
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