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Abstract

Various Multi-Criteria Decision Making (MCDM) methods have been developed to support decision making process. The main aim of all
MCDM methods is to obtain ranking of the alternatives and select the best one under conflicting criteria. In this paper, a combined MCDM
approach is proposed based on MACBETH (Measuring Attractiveness by a Categorical Based Evaluation TecHnique) and MULTI-
MOORA (Multi Objective Optimization on the basis of Ratio Analysis) methods. In this combined approach, the weights of the criteria are
determined with MACBETH method and then MULTI-MOORA method is used to obtain the final ranking of the alternatives. At the end
of the paper, to illustrate the applicability of the proposed approach an application of the automobile selection of a marble company is also
given.
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MACBETH VE MULTI-MOORA YONTEMLERINE DAYALI
BIRLESIK COK KRITERLI KARAR VERME YAKLASIMI

Ozet

Karar verme siirecini desteklemek i¢in gesitli Cok Kriterli Karar Verme (CKKYV) yontemleri gelistirilmigtir. CKKV yontemlerinin temel
amaci, alternatiflerin celisen kriterler altinda siralamalarini elde etmek ve iglerinden en iyisini segmektir. Bu ¢aligmada, MACBETH ve
MULTI-MOORA yontemlerine dayali birlesik bir CKKV yaklasimi 6nerilmistir. Bu birlesik yaklagimda, kriterlerin agirliklart MACBETH
yontemi ile belirlenirken, alternatiflerin siralamasinin elde edilmesinde MULTI-MOORA yoéntemi kullanilmigtir. Caligmanin sonunda
onerilen yaklagimin uygulanabilirligini géstermek i¢in bir mermer igletmesinin otomobil se¢im uygulamasina yer verilmistir.

Anahtar Kelimeler : CKKV, MACBETH, MULTI-MOORA, Otomobil segimi

problem of a marble company in Denizli, Turkey.
1. INTRODUCTION . . .
There are studies in the literature that consider

Whether in the daily lives of people or professional life automobile selection with MCDM methods. For instance,

of businesses, there are typically multiple conflicting
criteria and a lot of alternatives that need to be evaluated
in the decision making process. To aid this decision
process, different MCDM methods are developed in the
literature. The objective of this paper is to propose a
combined MCDM approach based on MACBETH and
MULTI-MOORA methods for the first time. And this
proposed approach is applied to an automobile selection
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Giingor and Isler [1] solved automobile selection problem
with AHP method. Terzi et al. [2] proposed a decision
making model based on AHP and goal programing for
automobile selection. Soba [3] applied PROMETHEE
method for selecting the best automobile by considering
price, fuel, maximum speed, horse power and performance
criteria. Sakthivel et al. [4] proposed hybrid MCDM
technique for the selection of the best car by integrating
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Fuzzy Analytical Hierarchy Process (FAHP) with
Preference Ranking Organization Method for Enrichment
Evaluation (PROMETHEE) method. Yavas et al. [5],
examined the customers' car selection criteria and used
AHP & ANP methods to rank these criteria. The main
difference of this paper from other studies that consider
automobile selection problem is to use a combined
approach based on MACBETH and MULTI-MOORA
methods for the first time.

This paper is organized as follows: In the second
section MACBETH method is explained and then
MULTI-MOORA method is introduced in the third
section. In the fourth section, application of the combined
approach in a marble company is given. Finally, results of
the application are discussed and suggestions for future
research are given in the fifth section.

2. MACBETH Method

MACBETH (Measuring Attractiveness by a
Categorical Based Evaluation TecHnique) was firstly
proposed by Bana e Costa, Vansnick and De Corte in
1990s. It was applied to different fields after introduced in
the XI™ International Conference on MCDM [6].
MACBETH is a MCDM method that helps to build a
quantitative model of values and it avoids forcing decision
makers to produce direct numerical representations of
their preferences [7]. It helps the decision makers to rank
the alternatives based on aggregated measurement of
relative weighted attractiveness of alternatives with
respect to several decision criteria [8].

In the literature there are various studies that apply
MACBETH method to different fields. For instance it is
used to solve complex strategic problems of Santa
Catarina textile industry [9], for conflict dissolution in the
construction of a new railway [10], to analyze spatial
conflicts in the investment policy of new inter-municipal
road-links [11], to assign priorities for maintenance, repair
and refurbishment in managing a municipal housing stock
[12], for strategic town planning [13], to help credit
granting decisions in banking sector [14], for bid
evaluation processes in public call for tenders [15], to
solve career choice problem [7], for a certain model of
coalition formation to determine stable governments [16],
for multi-criteria industrial performance expressions [17],
for the evaluation and comparison of the technical
performance of three hydrogen storage technologies [18],
to measure the satisfaction degree of services orchestration
to the quality attributes requirements [19], to solve real
time supplier selection problems [20], to build a
multidimensional value-based population health indices
[21], to solve facility layout selection problems [8].

While applying MACBETH method the relevant steps
adapted as presented below:

Step 1. Firstly decision criteria are defined and then
value tree is formed.

Step 2. After forming the value tree, alternatives are
determined. Then the ordinal performance levels
representing the possible performance of the alternatives
with respect to a particular criterion are defined. Minimum
two reference levels are required to be identified as upper
reference (good) level and lower reference (neutral) level.
On MACBETH scale, the upper reference level has a score
of 100, while the lower reference level has a score of 0.
Here, 100 does not necessarily represent the best possible
score and O does not denote the worst performance of an
alternative for a given criterion [20].

Step 3. An mxm matrix is formed for the alternatives
where m indicates the number of alternatives for that
criterion. In this matrix, alternatives are arranged from left
to right according to their importance. This is made to
quantify the qualitative performance levels and convert
quantitative performance levels into MACBETH scale.
Also the same procedure is applied for the criteria.

Step 4. Pairwise comparisons are made for the criteria
and alternatives based on difference of attractiveness.
MACBETH method helps to map the difference of
attractiveness using a set of semantic scale having seven
categories arranged in descending order of their
importance. The equivalent numerical scales and
significances of these semantic scales can be seen in Table
1[20, 7].

Table 1. Semantic scale of MACBETH

Semantic Equivalent Significance
Scale Numerical
Scale
Null 0 Indifference between
alternatives
An alternative is very
Very Weak 1 weakly attractive over
another
An alternative is weakly
Weak 2 attractive over another
An alternative is
Moderate 3 moderately attractive over
another
An alternative is strongly
Strong 4 attractive over another
An alternative is very
Very Strong 5 strongly attractive over
another
An alternative is
Extreme 6 extremely attractive over

another

Step 5. The judgments provided by the decision maker
are checked for consistency. If the provided judgments are
found to be inconsistent, M-MACBETH software
suggests possible alterations to make the judgments
consistent [12].
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Step 6. The consistent judgments are transformed into
a suitable numerical scale, identified as the MACBETH
scale based on linear programming models.

Step 7. Finally, the weighted global scores
representing the overall attractiveness of the considered
alternatives are computed using an additive aggregation
model to rank the alternatives.

For obtaining MACBETH scores of qualitative
performance levels, the following procedure is used [8, 19,
20]:

Firstly, decision maker is asked to compare the pairs
of alternatives under each criterion. If the decision maker
prefers alternative A, to A, for a criterion j, this is

showed as:

A> A (1)

Secondly, the decision maker expresses his/her
strengths of preference about the alternatives. These
strengths of preference are characterized with semantic
scale in Table 1. If the decision maker cannot give his/her
strengths of preference but only his/her preferences, this is
noted by P. The decision maker prefers the alternative A

to A, withastrength he{0,1,2,3,4,5,6} for acriterion j,
h
- .,
AT A @)
This is equivalent to:

A-A =ha 3)

where « is a coefficient necessary to meet condition
A and A, €[0,100]

Consider an example with four alternatives and their
preference of importance for the j™ criterion are as A; >
Ay > AL > Az If Vi(A2), Vi(As), Vvj(A1) and vj(As) are
MACBETH scores for Az, As, A1, As respectively, then
Vj(A2)=100, Vvj(A3)=0 and Vvj(A2)> Vj(As)> Vi(A1)> Vj(As).
Then, decision maker expresses his/her strengths of
preferences for alternatives using semantic scale in Table
1. These preference strengths of alternatives for jt
criterion are given in Table 2.

Table 2. Preference strengths of alternatives for j™ criterion

Alternatives | A2 As Au As

Az (good) No Strong P P

Aq No Very Weak P

As No Moderate
As (neutral) No

From the data in Table 2, these equation systems can
be obtained;

Vi(A)—Vj(Ay) =4 4
Vi(A)-Vi(A) =« (5)
Vi(A)-Vj(As) =3 (6)

Here, vj(A2)=100 (good) and v;(A3)=0 (neutral). After
solving equations (4) - (6), solutions are obtained as;
a=12.5, Vj(As)=50 and vj(A1)=37.5.

By adopting the same procedure, the quantification of
alternatives for all the remaining criteria and the criteria
weights can be obtained. Then, the converted MACBETH
scores for all the performance measures are multiplied by
the respective criteria weights and are added together to
find out the overall attractiveness scores for the
alternatives. The final overall score is obtained using the
following additive value model [8, 14]:

V(m) =Y w;lv(a) ™
j=1

n v; (A% )=100

jZ:le =1, w;>0 and { \;j((A”e“trZ'):O 8)

where w; indicates weight of the jt" criterion. The final

ranking of the alternatives is determined based on the
V(A) values. MACBETH method is supported by M-

MACBETH software (http://www.mmacheth.com/en/
downloads.html) developed using algorithm based on
linear programming models [20]. In this paper, the weights
of the criteria are determined by using M-MACBETH
software.

3. MOORA Method

MOORA (Multi Objective and Optimization on the
basis of Ratio Analysis) method was firstly proposed by
Brauers and Zavadskas in 2006 [22]. Although MOORA
is a relatively new method it has been applied to different
areas in the literature. For example, MOORA method is
used for privatization in a transition economy [22],
determining the ranking of contractor firms [23], road
design [24], evaluation of inner climate [25], regional
development studies [26, 27], project management [28],
parametric optimization of milling process [29], the
selection of optimal network [30], determining the critical
path in project management [31], determining the
popularity of touristic places [32], supply chain strategy
selection [33], selecting the best intelligent manufacturing
system [34], personnel selection [35, 36], bank branch
location selection [37], ranking cloud storage technology
firms [38].

MOORA method has three types namely Ratio System,
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Reference Point Approach and Full Multiplicative Form.
Lastly, the final ranking of the alternatives can be obtained
with MULTI-MOORA based on dominance theory.

3.1. Ratio System of MOORA

The steps of Ratio System of MOORA can be
summarized as follows [22, 23]:
Step 1. Decision matrix X is formed where Xij
indicates the value of i" (i=1,2, ..., m) alternative based
onj"(=1,2,...,n) criterion

X1 X2t Xy
X X cee X

x|t Xa ©
Xml Xm?_ an

Step 2. Decision matrix is normalized with Eq. (10)

* X
X = ——

1] n
2
2%
j=1

Step 3. Weighted normalized decision matrix is
formed with the help of Eq. (11). Here w;shows the weight
of the j® criterion.

(10)

Step 4. Final preference ( yi*) values obtained by using

Eg. (12). Here j =1,2,...,9 indicates the criteria to be
maximized and j =g+1, g+2, ..., n shows the criteria to be
minimized.

g n
Vi =D V= DV (12)

j= j=g+
Step 5. Ranking of the alternatives are obtained by
ranking y: values in descending order.

3.2. The Reference Point Approach of MOORA

In the Reference Point Approach, the first three step
will be the same with Ratio System of MOORA. The other
steps can be summarized as [23]:

Step 1. Decision matrix X is formed like in Eq. (9)
Step 2. Decision matrix is normalized with Eq. (10)

Step 3. Weighted normalized decision matrix is
formed with Eq. (11).

Step 4. Reference points (r;) are determined for each
criterion. While determining reference points, highest
values are chosen for maximization criteria, minimum
values are chosen for the minimization criteria.

Step 5. The distance between the alternatives and the
reference points are calculated and then the best
alternative is determined by using the Tchebycheff Min-
Max metric given in Eq. (13).

min; {maxj Qer- —vij‘)} (13)

According to the Eq. (13), firstly maximum distance
values of each alternative to the reference points under all
criteria are determined and then from these values
minimum one is chosen as the best alternative. Final
ranking of the alternatives are obtained by ranking the
maximum distance values in increasing order.

3.3. Full Multiplicative Form of MOORA

The steps of Full Multiplicative Form of MOORA can
be given as follows [28]:

Step 1. Decision matrix X is formed like in Eq. (9).

Step 2. Multiplicative ranking index U; for each
alternative are determined with Eq. (14).

Ui=— (14)

g
wi
Here A =HxijJ , for i alternative for the criteria
j=

n .
to be maximized (j =1,2,...,g ) and Bj = HXi\?’J for ith
j=0+1
alternative for the criteria to be minimized (j =g+1,
g+2, ..., n) [28, 39].

Step 3. Ranking of the alternatives are obtained by
ranking U; values in descending order.

3.4. MULTI-MOORA

MULTI-MOORA method is based on the dominance
theory and aims to reach one final ranking from three ranks
obtained with Ratio System, Reference Point Approach
and Full Multiplicative Form [40].

MULTI-MOORA was firstly proposed by Brauers and
Zavadskas in 2010 [28]. And it is used to solve different
MCDM problem by various authors. Brauers and
GineviCius [41] tested the economy of the Belgian regions
by using MULTI-MOORA. Brauers and Zavadskas [40]
proposed MULTI-MOORA to decide on a bank loan for
buying property. Brauers et al. [42] used fuzzy MULTI-
MOORA for ranking the EU Member States according to
their performance. Balezentis et al. [43], used fuzzy
MULTI-MOORA for personnel selection. Brauers and
Zavadskas [44] tested the robustness of MULTI-MOORA.
Datta et al. [45] proposed grey MULTI-MOORA to select
industrial robot. BaleZentis and Balezentis [46], explained
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both crisp and fuzzy MULTI-MOORA and summarized
the application areas of MOORA and MULTIMOORA.
Aksoy [47] evaluated the performances of companies
operated by Turkish Coal Enterprises with AHP-based
MULTI-MOORA and COPRAS methods. Obayiuwana
and Falowo [39], used MULTI-MOORA for wireless
network selection.

4. APPLICATION

In this part, the applicability of the combined approach
is illustrated. For this reason, a MCDM problem of a
marble company located in Denizli, Turkey tried to be
solved with this approach. A marble company decided to
purchase an automobile for the general manager of the
company. So it is aimed to select the most appropriate
automobile for the general manager as an official car.
After a preliminary research they decided to purchase
diesel automobile and determined the possible alternatives
as A:; Mercedes C 200d, A, Audi A4 2.0 TDI, Az
Volkswagen Passat 2.0 TDI, As Volvo S60 2.0 TDI, As
Opel Insignia 2.0 CDTI, As BMW 320d, A7 Ford Mondeo
2.0 TDCI, As Toyota Avensis 2.0 D-3D and A9 Peugeot
508 2.0.

There are a lot of automobile alternatives and
conflicting criteria to be considered, so automobile
selection is an important and difficult decision for the
marble company. For selecting the best automobile for the
general manager, a combined approach based on
MACBETH and MULTI-MOORA methods are proposed.
The weights of the decision criteria are determined with
MACBETH method and then MULTI-MOORA method is
used to determine the ranking of the alternatives.

First of all, decision criteria are defined and expressed
in the form of a value tree as seen in Figure 1. These
criteria are; C; Price (TL), C, Fuel consumption
(It/200km), Cs Safety, C4 Brand image, Cs After sales
service, Cs Comfort, C; Design, Cs Engine power (HP)

Table 3. Comparison of the criteria

and Cy CO, Emissions (g/km).

Figure 1. MACBETH value tree

4. Price

4. Fuel consumption
——J safety

4. Brand image
4.Aﬂer sales service
4. Comfort
4. Design
4. Engine power
4.(202 Emissions

In order to determine the weights of the criteria with
MACBETH method, criteria are entered into M-
MACBETH software in descending order of their
importance from left to right and top to bottom in the
weighting matrix, as shown in Table 3.

In order to convert the performance levels for all
criteria into proportionate quantitative MACBETH scores,
they are pair-wise compared with the help of a seven point
semantic scale. M-MACBETH software checked the
consistency of these judgments and it is found that the
entered judgments are consistent. Further, based on the
provided differences of attractiveness, M-MACBETH
software converts the ordinal performance levels into
proportionate cardinal MACBETH scale using linear
programming models. This MACBETH scale can be seen
in the last column of the Table 3 and these values indicate
the weights of the criteria. The weights of the criteria
obtained with the MACBETH method can be seen in
Table 4.

Weighting (Automobile Selection)

[C1] | [C2] [C3] ‘ [C4] | [C5] ‘ [CE] ‘ [C7] | [C#) ‘ [C9] | [alllower] itg;?;t extreme
[C1] wery weak weak, wieak moderate strong . strong extreme positive 20.00 %
[C2] - verpweak | very weak | weak moderate strong v.strong | positive 16.84 Fﬁie
[C3] - vy weak weak moderate strong v, shiohg positive 15.73
[C4] - wery weak, moderate strong v, shiong positive 14.74
[C5] - wery wealk, wieak, moderate gtrong pogitive 11.58
[CE] - very weak weak moderate | positive 5.4z
[C7] - very weak | weak positive 7.37
[C5] - wery weak pozitive 4.21
[C3] - pozitive 1.05

[ all lower ] - 0.00

Consistent judgements

2| Al 91 51% 1 Bin i~ & & 7 W
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Table 4. Weights of the criteria

Criteria C: C, Cs Cy

C5 CG C7 CB CQ

Weights 0.20 0.1684 0.1579

0.1474

0.1158 0.0842 0.0737 0.0421 0.0105

After the weights of the criteria are determined by
MACBETH method, MULTI-MOORA method is used to
find the ranking of the automobile alternatives. According
to MULTI-MOORA method, firstly decision matrix is
formed as seen in Table 5. In this table, data of the
automobile alternatives are given. The data for C4, Cy, Cs,
Cs and Cy are quantitative data whereas data for the Ca, Cs,
Cs and Cy are qualitative data. The quantitative data like
C1Price (TL), C, Fuel consumption (I1t/200km), Cg Engine
power (HP) and Cy CO, Emissions are obtained from the
websites of the related automobiles [48, 49, 50, 51, 52, 53,
54, 55, and 56]. The data for C3 that shows the safety
values of the automobiles are obtained from Euro NCAP
[57]. Euro NCAP has created the safety rating system to

Table 5. Quantitative data for performance evaluation of alternatives

help consumers, compare automobiles more easily and to
help them identify the safest choice for their needs. The
safety rating is determined from a series of vehicle tests,
designed and carried out by Euro NCAP. While obtaining
the qualitative data, decision maker evaluated the
alternatives by using 5 point scale in which 1=Poor, 2=Fair,
3=Good, 4=Very good, 5=Excellent. On the other hand,
some of the automobile selection criteria have to be
maximized and the others minimized. As seen in Table 5,
Cs, C4, Cs, Cg, Crand Cg are maximization criteria and Cy,
C,, Co are minimization criteria. After forming the
decision matrix, it is normalized by using Eg. (10) as
shown in Table 6.

Optimization direction min min max max max max max max min
Alternatives C, C, Cs Cs Cs Cs C; Cs Co
A 168000 4.2 35 5 5 5 5 136 109
A, 179697 41 345 5 4 4 5 190 107
A; 140600 45 33 3 3 3 3 150 119
Ay 134950 43 28 3 2 4 4 190 112
As 151980 5.6 35 3 4 4 3 170 147
Ag 181632 4 35 5 3 4 5 190 106
A 160620 48 33 2 3 3 2 180 125
Asg 162900 45 354 3 4 3 2 143 119
Ao 178000 4.2 32 2 3 2 3 180 110
Table 6. Normalized decision matrix

Alternatives C: C, Cs Cq Cs Cs Cs Cs Cs
As 0.344 0.312 0.348 0.458 0.470 0.456 0.445 0.265 0.309
A 0.368 0.304 0.343 0.458 0.376 0.365 0.445 0.370 0.303
A; 0.288 0.334 0.328 0.275 0.282 0.274 0.267 0.292 0.337
Ay 0.276 0.319 0.279 0.275 0.188 0.365 0.356 0.370 0.317
As 0.311 0.416 0.348 0.275 0.376 0.365 0.267 0.331 0.416
Ag 0.372 0.297 0.348 0.458 0.282 0.365 0.445 0.370 0.300
A 0.329 0.356 0.328 0.183 0.282 0.274 0.178 0.351 0.354
As 0.333 0.334 0.352 0.275 0.376 0.274 0.178 0.279 0.337
Ag 0.364 0.312 0.318 0.183 0.282 0.183 0.267 0.351 0.311

Then, the weighted normalized decision matrix is
formed by using Eq. (11) as shown in Table 7. From the

weighted normalized decision matrix Yi' values of each
alternative are calculated with Eq. (12). These values can

be seen in the last column of Table 7. And the ranking of
alternatives with Ratio System of MOORA by considering

Yi values are given in Table 8.
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Table 7. Weighted normalized decision matrix and Y; values

Alternatives c. c, Cs Cs Cs Cs c Co Co Vi
A 0.069 0.053 0.055 0.068 0.054 0.038 0.033 0.011 0.003 0.135
A 0.074 0.051 0.054 0.068 0.044 0.031 0.033 0.016 0.003 0.116
A 0.058 0.056 0.052 0.041 0.033 0.023 0.020 0.012 0.004 0.063
A 0.055 0.054 0.044 0.041 0.022 0.031 0.026 0.016 0.003 0.067
As 0.062 0.070 0.055 0.041 0.044 0.031 0.020 0.014 0.004 0.067
As 0.074 0.050 0.055 0.068 0.033 0.031 0.033 0.016 0.003 0.107
A 0.066 0.060 0.052 0.027 0.033 0.023 0.013 0.015 0.004 0.033
Aq 0.067 0.056 0.056 0.041 0.044 0.023 0.013 0.012 0.004 0.061
A 0.073 0.053 0.050 0.027 0.033 0.015 0.020 0.015 0.003 0.031
Table 8. Ranking of alternatives with Ratio System of MOORA weighted normalized decision matrix. While determining
Atternatives  Brands yi* refer_en_ce _point§, _highest values are choosen for
maximization criteria (Cs, Cs, Cs, Cs, C7 and Cg) and
AL Mercedes C 200d 0135 minimium values are choosen for the minimization criteria
A Audi Ad 2.0 TDI 0.116 (Cyq,Cy, Co). Thgse points are given at the last row of Table
A BMW 320 d 0107 9. Then, the_dlstances between the a!ternatlves and the
reference points are calculated like in Table 9. Later,
As Opel Insignia 2.0 CDTI 0.067 maximum values of these distances are determined and
A Volvo $60 2.0 TDI 0.067 given in the last column of the Table 9. Then the best
As Volkswagen Passat 2.0 TDI 0.063 alternative is chosen by using the Tchebycheff Min-Max
A Toyota Avensis 2.0 D-3D 0.061 metric seen in Eq. (13). Final ranking of the alternatives
A Ford Mondeo 2.0 TOCI 0.033 are obtgined by rz_anki_ng the maximum distance values in
increasing order like in Table 10.
A Peugeot 508 2.0 0.031

In Reference Point Approach of MOORA, firstly
reference points are determined for each criterion from the

Table 9. Reference Point Approach of MOORA

Alternatives C: C, Cs Cs Cs Cs Cs Cs Cs Max
A 0.014 0.003 0.001 0.000 0.000 0.000 0.000 0.004 0.000 0.014
A, 0.018 0.001 0.001 0.000 0.011 0.008 0.000 0.000 0.000 0.018
A; 0.002 0.006 0.004 0.027 0.022 0.015 0.013 0.003 0.000 0.027
A, 0.000 0.004 0.012 0.027 0.033 0.008 0.007 0.000 0.000 0.033
As 0.007 0.020 0.001 0.027 0.011 0.008 0.013 0.002 0.001 0.027
Ag 0.019 0.000 0.001 0.000 0.022 0.008 0.000 0.000 0.000 0.022
A 0.011 0.010 0.004 0.041 0.022 0.015 0.020 0.001 0.001 0.041
As 0.011 0.006 0.000 0.027 0.011 0.015 0.020 0.004 0.000 0.027
Ao 0.018 0.003 0.005 0.041 0.022 0.023 0.013 0.001 0.000 0.041
Reference points 0.055 0.050 0.056 0.068 0.054 0.038 0.033 0.016 0.003
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Table 10. Ranking of alternatives with Reference Point Approach of
MOORA

In Full Multiplicative Form of MOORA, multiplicative
ranking index U; for each alternative are determined with

Alternatives Brands Max Eq. (14) and these values are given at last column of Table
A Mercedes C 200d 0.014 11. Then ranking of the alternatives are obtained by
A, Audi A42.07TDI 0,018 ranking U; values in descending order. This ranking
A BMW 320 d 0.022 ;)setzl?r?(_jr:glglilzl.Multlpllcatlve Form of MOORA can be
As Volkswagen Passat 2.0 TDI 0.027
As Opel Insignia 2.0 CDTI 0.027
Ag Toyota Avensis 2.0 D-3D 0.027
A, Volvo S60 2.0 TDI 0.033
A; Ford Mondeo 2.0 TDCI 0.041
Ag Peugeot 508 2.0 0.041

Table 11. Full Multiplicative Form of MOORA

Alternatives C: C, Cs C, Cs Ce C; Cs Cy Ui
A 11.093 1.273 1.753 1.268 1.205 1.145 1.126 1.230 1.050 0.286
A, 11.244 1.268 1.749 1.268 1.174 1.124 1.126 1.247 1.050 0.274
A 10.705 1.288 1.737 1.176 1.136 1.097 1.084 1.235 1.051 0.235
A 10.618 1.278 1.692 1.176 1.084 1.124 1.108 1.247 1.051 0.235
As 10.873 1.337 1.753 1.176 1.174 1.124 1.084 1.241 1.054 0.239
A 11.268 1.263 1.753 1.268 1.136 1.124 1.126 1.247 1.050 0.267
A 10.994 1.302 1.737 1.108 1.136 1.097 1.052 1.244 1.052 0.208
A 11.025 1.288 1.756 1.176 1.174 1.097 1.052 1.232 1.051 0.231
A 11.222 1.273 1.728 1.108 1.136 1.060 1.084 1.244 1.051 0.207

Table 12. Ranking of alternatives with Full Multiplicative Form of
MOORA

Alternatives Brands Ui
A Mercedes C 200d 0.286
A, Audi A42.0 TDI 0.274
Ag BMW 320d 0.267
As Opel Insignia 2.0 CDTI 0.239
As Volkswagen Passat 2.0 TDI 0.235
Ay Volvo S60 2.0 TDI 0.235
Asg Toyota Avensis 2.0 D-3D 0.231
Ar Ford Mondeo 2.0 TDCI 0.208
Ag Peugeot 508 2.0 0.207

The final ranking of the alternatives are determined
with MULTI-MOORA method. By using dominance
theory one final ranking is obtained from three ranks of
Ratio System, Reference Point Approach and Full
Multiplicative Form. This final ranking is given in Table
12. According to the result of MULTI-MOORA, the final
ranking of alternatives is obtained as
A1>A2>As>As>A3>A>As>A7>Ag and the best
automobile alternative is A1 Mercedes C 200d

Table 13. Ranking of alternatives with MULTI- MOORA

Reference Full
Ratio System Point Multiplicative MULTI-
of MOORA Approach of Form of MOORA
MOORA MOORA
Ay Ay As As
A, A, A, A,
As As As As
As As As As
Ay As As As
A As Ay Ay
As Ay As As
A A A A
Ay Ay Ay Ay

5. CONCLUSION

In this paper, a combined approach based on
MACBETH and MULTI-MOORA methods is proposed
for the first time and its applicability is illustrated with an
automobile selection problem of a marble company.
Decision criteria are determined as price, fuel
consumption, safety, brand image, after sales service,
comfort, design, engine power and CO, emissions. The
weights of these criteria are determined with MACBETH
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method. Then the final ranking of the automobile
alternatives is obtained with MULTI-MOORA method as
A>A>A>As>As>As>Ag>A7>Ag. As the best alternative
is Ag, it is advised to the marble company to purchase
Mercedes C 200d for the general manager. They found the
results satisfactory and decided to purchase Mercedes C
200d.

In this paper, combined approach is based on
MACBETH and MULTI-MOORA methods. These two
MCDM methods are preferred because of their advantages
over others. MACBETH has advantage because it only
requires qualitative judgements to weight the criteria and
to score the alternatives. Also, the support of M-
MACBETH software improves the usefulness of this
method in solving complex decision-making problems
[20]. On the other hand, this software provides a
consistency checking and if the judgements are found
inconsistent, it suggests possible alterations to make them
consistent.
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