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A B S T R A C T 
Performance analysis of car is taken under 
this study using multi attribute utility 
technique combined with linear 
programming. Six cars have been taken 
under study i.e. sScorpio, Honda Ciaz , 
Mahindra XUV , Breeza, Renault Duster  
and Toyota Fortuner. Comparison is done 
based on theprice, working, engine 
specifications etc. Multi-Criteria Decision-
Making (MCDM) approaches have been 
used for this purpose. The results shows the 
order of cars increasing order obtained as 
Scorpio >Ciaz> XUV >Breeza> Duster 
>Fortunerhaving the maximum overall score 
of Scorpio as 90.17. 
Keyword:- MAUT, Linear Programing, 
Decision Making, MACHBATH 
 
1. INTRODUCTION 
Partners of a supply chain are the critical 
determinants of supply chain behavior. In this 
chain, the selection of the partner or the 
sustainability of partnership is very important 
for constituting and continuing the supply 
chain. 
In today’s competitive environment, the 
decision about supplier selection is very 
important to the success of production 
management. Where firms experience intensive 
competition, working with reliable suppliers is 
crucial. For that reason, firms seek to work with 
suppliers who can render service at the required 
quality level, are suitable in terms of cost, and 
are flexible about changes in demand. Due to 
the variety and abundance of expectations of 
sister companies that work with the suppliers, 
the problems related to the selection of 
suppliers are among the complexities frequently 

encountered by enterprises. Supplier selection is 
among the most familiar multi-criteria decision-
making (MCDM) problems. MCDM methods 
have a very broad area of use for arranging a 
series of available alternatives, in terms of 
multiple criteria. MCDM is a process aimed at 
finding the best alternative among all of the 
suitable alternatives. In almost all of the 
problems, the abundance of criteria for the 
comparison of alternatives has become 
widespread. In other words, decision-makers 
seek to solve the many problems raised by 
MCDM. 
Nomenclature 
VG Very Good 
G Good 
P Poor 
VP   Very Poor 
A  Average 
M Moderate 

1.1. Multi-criteria decision-making 
approaches 

Multi-Criteria Decision-Making (MCDM) 
approaches, introduced in the early 1970s, are 
powerful tools used for evaluating problems and 
addressing the process of making decisions with 
multiple criteria. MCDM problems typically are 
quite complex, but the distinguishing 
characteristic is the fact that various conflicting 
criteria and the interactions between them have 
to be modeled explicitly in order to gain an 
understanding of the problem or to provide a 
solution to the problem. MCDM as a multi-
disciplinary field of Operations Research (OR), 
uses mathematical approaches involving the 
following steps: 

1. Structuring decision processes,  
2. Defining and selecting alternatives,  
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3. Determining criteria formulations and 
weights,  

4. Applying value judgments and 
evaluating the results to make decisions 
in design or selecting alternatives with 
respect to multiple conflicting criteria. 

 
In the MCDM, three kinds of problems are 

distinguished: choice problems, ranking 
problems and sorting problems. 

• In choice problems the objective is to 
aid the decision maker by the choice of 
the subset of the “best” solution or 
alternative. The final output is a choice 
or selection procedure.  

• The objective of ranking problems is to 
aid decision maker to simplify the “most 
attractive” actions in to equivalent 
classes. The ranking consists in ordering 
a set of solutions. The aim is finding the 
goodness of all alternatives, which is 
usually presented as a ranking from the 
best to the worst. They are completely or 
partially ordered with respect to the 
preferences. The final output is the 
ordering procedure.  

In sorting problems we want to know which 
alternatives belong to each class of a predefined 
set of ordered classes. Decision makers assign 
each action to a category. The result is an 
assignment procedure. 

1.2. Linear programming 
Linear Programming is a technique for 

making decisions under certainty i.e.; when all 
the courses of options available to an 
organization are known & the objective of the 
firm along with its constraints are quantified. 
That course of action is chosen out of all 
possible alternatives which yield the optimal 
results. Linear Programming can also be used as 
a verification and checking mechanism to 
ascertain the accuracy and the reliability of the 
decisions which are taken solely on the basis of 
manager's experience without the aid of a 
mathematical model. 

1.3. MAUT (Multiple Attributes Utility Theory) 
As indicated in the previous section, supplier 

selection is a complex decision-making 
problem. The complexity stems from the 
probability nature of the problem, a multitude of 
quantitative and qualitative factors influencing 
supplier choices as well as the intrinsic 

difficulty of making numerous tradeoffs among 
these factors. One analytical approach often 
suggested for solving such complex problems is 
MAUT.  

The utility concept in complex decision 
problems involving multiple attributes and 
multiple conflicting objectives, and provided a 
systematically approach of multiple attributes 
utility analysis (MAUA). MAUA is targeted in 
solving problems of trading off the achievement 
of some objectives against other objectives to 
obtain the maximum overall utility. A decision-
maker is assumed to be facing the above-
mentioned problem, and he/she has to choose a 
solution from some solution alternatives. 
MAUA is used to assess the decision-maker’s 
preference structure and model it 
mathematically with a multiple attributes utility 
function. This multiple attributes utility function 
is then applied to help the decision maker reach 
an optimal decision 

2. LITERATURE REVIEW 
(Zhang et al., 2017)study considers a design 
problem in the supply chain network of an 
assembly manufacturing enterprise with 
economies of scale and environmental concerns. 
The study aims to obtain a rational trade-off 
between environmental influence and total cost. 
A mixed-integer nonlinear programming model 
is developed to determine the optimal location 
and size of regional distribution centres (RDCs) 
and the investment of environmental facilities 
considering the effects of economies of scale 
and CO2 emission taxes. Numerical examples 
are provided to illustrate the applications of the 
proposed model. Moreover, comparative 
analysis of the related key parameters is 
conducted (i.e., carbon emission tax, logistics 
demand of customers, and economies of scale 
ofRDC), to explore the corresponding effects on 
the network design of a green supply chain. 
Moreover, the proposed model is applied in an 
actual case—network design of a supply chain 
of an electric meter company in China. Findings 
show that (i) the optimal location ofRDCs is 
affected by the demand of customers and the 
level of economies of scale and that (ii) the 
introduction ofCO2 emission taxes will change 
the structure of a supply chain network, which 
will decrease CO2 emissions per unit shipment. 
(Tosun, 2017)said that the technology selection 
has a very crucial role to any company aiming 
for competitive advantage in the globalized 
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world. In a competitive environment, firms try 
to meet customer demand and their increasing 
quality expectations, at the same time finding 
ways to decrease costs using factors such as 
flexibility, quality and innovativeness. 
Technology selection and evaluation problem 
have many criteria (both subjective and 
objective factors) that conflict with each other. 
To overcome this problem multi criteria 
decision making methods are developed. In this 
study MACBETH method is used to select and 
evaluate technology alternatives. Decision 
makers’ opinions are evaluated to rank the 
alternatives. 
(El Sawalhi and El Agha, 2017)appropriate 
procurement method is becoming an 
increasingly important issue due to complex 
decision making that clients are facing early in 
the lifecycle of construction projects. The aim 
of this paper is to improve the procurement 
system in the construction industry by 
developing a model using the multi-attribute 
utility theory (MAUT) as a decision support 
system for the selection of an appropriate 
procurement method for construction projects in 
the Gaza Strip. Factors that influence the 
selection of an appropriate method for 
construction projects in the Gaza Strip are 
identified and the results indicate that the most 
significant six factors influencing the selection 
of procurement methods in the Gaza Strip 
construction projects are price competition, 
degree of project complexity, Time constraints 
of the project, project size, client financial 
capability and client experience in procurement 
methods. The study concludes that there is no 
variety of procurement methods used in the 
Gaza Strip construction industry, as a traditional 
procurement method is preferred. This is 
because most professionals in the Gaza Strip are 
not familiar or experienced with alternative 
procurement methods. 
(Sadaoui and Shil, 2016)study proposes a 
multi-round, first-score, semi-sealed multi-
attribute reverse auction system. A fundamental 
concern in multi- attribute auctions is acquiring 
a useful description of the buyers’ individuated 
requirements: hard constraints and qualitative 
preferences. To consider real requirements, we 
express dependencies among attributes. Indeed, 
our system enables buyers eliciting conditional 
constraints as well as conditional preferences. 
However, determining the winner with diverse 
criteria may be very time consuming. Therefore, 

it is more useful for our auction to process 
quantitative data. A challenge here is to satisfy 
buyers with more facilities, and at the same 
time keep the auctions efficient. To meet this 
challenge, our system maps the qualitative 
preferences into a multi-criteria decision rule. 
(Chandraveer Singh Rathore, 2016)Supplier’s 
Selection is one among the foremost essential 
activities of supply chain management. 
Supplier’s Selection could be an advanced 
activity involving qualitative and quantitative 
multi-criteria. A trade-off between these 
tangible and intangible factors is essential in 
choosing the most effective Supplier.This paper 
explains the various methodsfor supplier 
selection and the use of AHP in selecting the 
most effective suppliers. The complete 
procedure of AHP is explained in this paper 
with some examples. The complete model 
development for the supplier selection is shown. 
The importance of AHP process in supplier 
selection is stressed. The use of MATLAB 
Software is shown to calculate the priority 
vector and thus find the solution of Example 
AHP Problem. 
(Yildiz and Yayla, 2015)Considering more 
than one criterion (and even the sub-criteria of 
these criteria) during supplier selection makes 
the selection uncertain. Conventional methods 
cannot generate a realistic solution to the 
problem. Using MCDM methods considerably 
simplifies solving the problem, and enables 
decision-makers to make better decisions. In 
this study, a literature review was performed on 
MCDM methods used between 2001 and 2014 
for the supplier selection problem. MCDM 
methods used in supplier selection are 
categorized into three main methods, and a 
summary table of the reviewed studies is 
presented. 
(Dhouib, 2014)environmental problems and its 
recycling alternatives have been a major issue 
nowadays because of their complex 
combination of very different materials, which 
include several rubbers, carbon blacks, steel 
cord and other organic and inorganic minor 
components. The most important problem in the 
scrap tire recycling program is the type of 
product recovery option because there are few 
specific data available. Multi-criteria decision 
analysis (MCDA) was used to assess options in 
reverse logistics for waste tire. MCDA is a 
widely used decision methodology that 
considers conflicting systems of criteria. 
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However, many real-world decision problems 
involve ambiguity and imprecise information. 
In this study, the analysis has been undertaken 
using an extended version of MACBETH 
methodology to take into account the imprecise 
and linguistic assessments provided by a 
decision-maker by integrating the 2-tuple model 
dealing with non-homogeneous information 
data. The proposed fuzzy MACBETH method 
has been applied to a real case related to the 
automobile tire waste to elucidate its details. 
(Karande and Chakraborty, 2013)Supplier 
selection is always found to be a complex 
decision-making problem in manufacturing 
environment. The presence of several 
independent and conflicting evaluation criteria, 
either qualitative or quantitative, makes the 
supplier selection problem a candidate to be 
solved by multi-criteria decision-making 
(MCDM) methods. Even several MCDM 
methods have already been proposed for solving 
the supplier selection problems, the need for an 
efficient method that can deal with qualitative 
judgments related to supplier selection still 
persists. In this paper, the applicability and 
usefulness of measuring attractiveness by a 
categorical-based evaluation technique 
(MACBETH) is demonstrated to act as a 
decision support tool while solving two real 
time supplier selection problems having 
qualitative performance measures. The ability 
of MACBETH method to quantify the 
qualitative performance measures helps to 
provide a numerical judgment scale for ranking 
the alternative suppliers and selecting the best 
one. 

(Hanlon et al., 2012)examined the 
association between parameters of the decision-
making processes that are described in the 
Multi-Attribute Utility (MAU) model and actual 
food choices (fruit and vegetable consumption) 
among undergraduate students. Four hundred 
and six undergraduates from a large, public 
university in Southern California completed a 
pencil-and-paper questionnaire for the 
parameters of MAU, which consist of the 
perceived value, perceived likelihood, and 
momentary salience for each anticipated 
consequence of eating a healthy diet. Fruit and 

vegetable intake was collected daily using an 
online food intake log. Linear regression 
analysis revealed that MAU total scores were a 
significant predictor of fruit plus vegetable 
consumption (p = .000). T-test results indicated 
that high fruit plus vegetable eaters and low 
fruit plus vegetable eaters were significantly 
different from each other on individual 
parameter scores of the MAU model (range, p = 
.032 to p = .000). Conclusions: This study 
suggest that the MAU model may predict eating 
behaviors and provides support for further 
investigation; the MAU framework may help 
identify the factors that have greatest influence 
college students’ nutrition decision making 
processes, and can aid in the development of 
interventions that address target consequences 
that have high utility scores in the target 
population. 

3. OBJECTIVE 
The objectives of this work are: 

• To perform multi attribute utility 
technique in calculation of result 
using linear programing. 

• To select six car type for the study 
and identify the best type of car from 
the analysis. 

• To calculate result of each type of car 
case based on parameters such as cost, 
speed, power, sitting capacity and 
service star. 

• To implement the decision making 
technique by using decision making 
software MACBETH. 

4. METHODOLOGY 
The whole process of decision making has 

been showed in Figure 2.4: from defining the 
problem as a goal, defining alternatives and 
developing criteria, selecting indicators and 
assigning weights, constructing an evaluation 
matrix, as it mentioned before, applying the 
appropriate method to evaluate alternatives, and 
finally, selecting alternatives according to the 
kinds of problems. Then, the selected 
alternatives can be implemented and evaluated 
in the particular application 

. 
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Fig. 1 - The Decision-Making Process 

• First select the 6 automobile is selected 
and comparison of parameters such as 
price, sitting capacity, power, fuel type, 
maximum speed, comfortable etc. 

• Give individually rating all the selected 
parameter this rating is the range of 0-
100. 

• Calculate individual score and weight by 
using software. 

4.1. Selection of Car 
Six cars are selected Mahindra XUV, 

Scorpio, Duster, VitaraBreeza, Ciaz and 
Fortuner. And compare this model in six criteria 
Cost, sitting capacity, Engine power, Maximum 
speed, Service and mileage. The model of car 
and comparison criterial are describe in table 1 

Table 1 - Car model and there specification 
 

Car Model Cost Sitting 
capacity 

Engine 
power 

(Torque 
and 

engine 
rpm) 

Max. 
speed (0-
100)/sec 

Service 
(Star 

rating of 
google ) 

Milage 
(Km/l) 

Mahindra XUV 2274560 7 155@ 
3750 

11 4 12 

Scorpio 1556000 8 140@ 
3750 

12.62 4 15.4 

Duster 1375000 5 102@ 
5850 

11.8 2 19.87 

Breeza 1255713 5 89@ 4000 13.3 4 24.3 
Ciaz 1176000 5 89@ 4000 12.1 4 28.09 

Fortuner 2959000 7 174@ 
3400 

13 4.5 14.24 

 

4.2. Software Used 
MACBETH (Measuring Attractiveness by a 
Categorical Based Evaluation Technique) is an 
interactive approach that requires only 

qualitative judgments about differences to help 
a decision maker or a decision-advising group 
quantifies the relative attractiveness of options. 
It employs an initial, interactive, questioning 
procedure that compares two elements at a time, 
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requesting only a qualitative preference 
judgment. 

As judgments are entered into the software, it 
automatically verifies their consistency. A 

numerical scale is generated that is entirely 
consistent with all the decision maker‘s 
judgments. Through a similar process weights 
are generated for criteria. 

4.3. Software working step 
1. A tree was then created in the MACBETH decision support system 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 -MACBETH value tree for supplier selection problem 

2. The next step was to create a value scale for each of the criteria. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 -Performance levels of ‘System Compatibility’ criterion 

3. The identified differences of attractiveness for performance levels. In MACBETH, 
decision maker can also give the interval values like weak- moderate or strong-very 
strong. 

 
 
 
 
 
 
 
 
 
 

Fig. 4 -Comparison of performance levels for 'Flexibility' criterion. 
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5. RESULT 
Seven ordinal performance levels, arranged 

in descending order of importance as ‘very 
good’ (VG), ‘good’ (G), ‘medium good’ (MG), 
‘fair’ (F), ‘medium poor’ (MP), ‘poor’ (P) and 
very poor’ (VP). In this example, the average of 
the decision maker’s opinions is considered as 
the performance of an alternative with respect 

to a criterion. At first, the decision criteria and 
their performance levels are entered into M-
MACBETH software according to descending 
order of their attractiveness. For beneficial 
criteria, VG being the most attractive 
performance level is selected as the upper 
performance level, while VP being the least 
attractive level is chosen as the lower 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 -Comparison of performance levels for ‘cost criterion 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 -Comparison of performance levels for ‘No. of sitting criterion 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 -Comparison of performance levels for ‘Engine power’ criterion 
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Fig. 8 -Comparison of performance levels for ‘Max. Speed’ criterion 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 -Comparison of performance levels for ‘Service’ criterion 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 -Comparison of performance levels for ‘mileage’ criterion 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11 -Table of performance of problem 2 
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Fig. 12 -MACBETH weighing judgments for supplier selection problem  
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 13 - Table of score of problem  
After performing analysis it is seen that the maximum overall score is 90.17 which is 

Scorpio and it is best choice. The predicted performance of cars in increasing order is Scorpio 
>Ciaz> XUV >Breeza> Duster > Fortuner. 

 
6. CONCLUSION 

In this paper, MACBETH method, belonging 
to the class of MAUT techniques, is applied for 
solving supplier selection problems. Its 
applicability is illustrated with real time 
examples and the obtained results are 
compared. It is noted that the pair-
wisecomparison of performance between the 
alternatives and two selected reference levels 
help to produceaccurate results in MACBETH 
method. The support of M-MACBETH 
software also improves theusefulness of this 
method in solving complex decision-making 
problems having performance of thealternatives 
expressed in ordinal scale. The present work 
includes comparison of six cars and from the 
result analysis it is seen that the order obtained 
is Scorpio >Ciaz> XUV >Breeza> Duster 
>Fortuner based on the performance of each 
car. 
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