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Abstract 

Every organization today faces the problem of decision making. In this regard, the intent of this pa-

per is to present an approach based on the multi-criteria decision-making methods. Primarily, the 

proposed approach is aimed to help solving problem of choosing the optimal production lines in the 

metallurgical industry. The proposed approach is based on the use of the AHP method for determining 

the weights of criteria, whereas the Compromise Programming is used for selection the alternatives. 

The usability, applicability and efficiency of the proposed approach is demonstrated in a conducted 

case study of selection the production lines in the metallurgical industry.  
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1 INTRODUCTION  

Metallurgy represents a science that is 

aimed to the production of metal alloys. 

Most often it includes the refining, alloy 

production, shaping and refining, as well as 

studying the structure, composition and 

properties of metals. By a type of metal, it is 

most often divided into the ferrous (iron and 

steel) and metallurgy of non-ferrous metals 

(obtaining all other metals). Legrand et al. 

[1] states that the “metallurgical industry 

mainly transforms steel or its derivative 

products into products with either better 

surface properties (thanks to the surface 

transformations....), or into different shape 

products (lamination...), involves some pro-

cessing tools which can generate the flaws 

(cracks, grooves...) within the process”.  

Until now, the multiple-criteria decision-

making (MCDM) is often used as a tool for 

solving a wide range of complex problems. 

In the simplest sense, the MCDM can be 

 
 

 

defined as the selection of an alternative 

from the set of available alternatives [2]. 

Also, very rapid development of the MCDM 

field has caused a creation of many MCDM 

methods, such as: SAW, AHP, PROME-

THEE, ELECTREE, COPRAS, MOORA, 

ARAS and MULTIMOORA, etc. Compari-

sons of some of them are given by Mardani 

et al. [3] and Turskis and Zavadskas [4]. So 

far, MCDM methods have been successfully 

applied in solving problems in the metallur-

gical industry such as: thermoplastic matrix 

selection for fiber metal laminate using the 

fuzzy VIKOR and entropy measure for ob-

jective weighting [5] and selecting the Com-

plementary Metal Oxide Semiconductor 

(CMOS) Image Sensors using a fuzzy 

MCDM framework [6].  

Based on the above stated, the main aim 

of the paper is to provide the effective ap-

proach based on the MCDM methods for 
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selection the production lines in the metal-

lurgical industry. The AHP method is ap-

plied for the weight determination whereas 

the programming is applied for ranking the 

alternative compromise. 

Therefore, the paper is organized as fol-

lows. In Section 1, the Introductory consid-

erations are presented. In section 2, the ap-

plied methodology is explained. In section 3, 

the conducted case study is presented. Final-

ly, the conclusions are given at the end of 

manuscript.  

2 METHODOLOGY  

The Method of Analytical Hierarchical 

Processes (AHP), which is proposed by 

Saaty [7] is one of the most popular methods 

of multi-criteria decision making. The popu-

larity of this method is influenced by the 

hierarchical problem structuring and com-

parison in pairs. Therefore, the AHP method 

was applied for determining the weight of 

criteria. 

The concept of Compromise Progra-

mming (CP) was proposed by Yu [8] and 

Zeleny [9]. Until now, the CP was applied in 

order to solve different problems, such as: 

Fuzzy-based heat and power hub models for 

the cost-emission operation of an industrial 

consumer using compromise programming 

[10], a Nadir Compromise Programming for 

supplier selection problem under uncertainty 

[11], empowering cash managers through 

Compromise Programming [12], etc. 

The basic idea of the CP is to determine 

the alternative that has the least distance 

from the ideal solution (ideal point).  

For some problems of multi-criteria de-

cision-making that involves m alternatives 

that are evaluated on the basis of n criteria, 

the procedure for selecting the most ac-

ceptable alternative can be represented as 

follows: 
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where ipL  , is the distance metric of alterna-

tive i for a given parameter p ; wj is the 

weight of criterion j; ijx is the performance 

of alternative i to criterion j ; 
*
jx and 


jx

are the best  and the worst performance of 

alternative i for criterion j , mi ,  ,2 ,1  ; 

m denotes number of alternatives, and 

nj ,  ,2 ,1  ; n denotes the number of 

criteria.  

The parameter p , in equation (1), is 

used to represent the importance of maxi-

mal deviation from the ideal point. By vary-

ing the parameter p from 1 to infinity, it is 

possible to move from minimizing sums of 

individual deviations to minimizing the 

maximal deviations to the ideal point, in a 

decision-making process. More precisely, 

when the parameter p has a value of 1, all 

the distances in relation to the ideal point 

have the same significance and, in this case, 

the sum of distance in relation to each crite-

rion is calculated, and alternative with the 

lowest sum value is the most acceptable. 

The choice of a particular value of this 

compensation parameter p  depends on the 

type of problem and desired solution [13]. 

The best 
*
jx  and the worst 


jx  perfor-

mance for criterion j should be determined 

as follows:  
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where max and max  denote the set of 

benefit and cost criteria, respectively. 

Determination of the most acceptable al-

ternative with application of compromise 

programming method is considered to be 

relatively simple, but also efficient and un-

derstandable for decision makers. Accor-
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dingly, we suggest application of this meth-

od when solving problems of production 

lines in the metallurgical industry.  

The evaluation of alternatives based on 

application of AHP and CP methods in the 

group environment will be presented below.  

In a group environment, the decisions 

are made based on the views of several re-

spondents, usually experts in the relevant 

field. In the literature, several approaches to 

a group decision-making have been consi-

dered, and as a commonly used procedure, 

it is possible to indicate the approach in 

which: 

- determine the group weights of criteria 

based on the weights of criteria ob-

tained from each respondent using the 

AHP method; 

- determine the group performances of 

alternatives in relation to the criteria 

based on the performances of alterna-

tives obtained from each respondent; 

- determine the overall performances, 

i.e. the significance of each alternative 

of some MCDM method, and, in given 

case, using the CP method, based on 

the group weights and group perfor-

mances.  

Group weights and group performances 

can be determined using the following for-

mula: 
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where k
jw denotes significance of the j-th 

criteria obtained based on the standpoints 

of the k -th respondent, k
ijx  denotes per-

formance of the i-th alternative in relation 

to the  j-th criteria obtained from k-th de-

cision maker; i=1,2, ..., m; j=1,2, ..., n; k 

=1,2, ..., K. 

3 CASE STUDY - SELECTION OF 

PRODUCTION LINES IN THE 

METALLURGICAL INDUSTRY 

In the considered case study, the evalua-

tion of five production lines in the metallur-

gy industry was carried out based on the 

opinions of the five domain experts. 

The production lines have been evaluat-

ed from three points of view: 

- reliability, reflected in time and 

maintenance and repair costs, as well 

as the number of planned and un-

planned downtime of the production 

line. 

- quality of the products on these lines. 

- productivity. 

Therefore, the following criteria have 

been adopted for the purpose of evaluating 

production lines: 

- C1 – exploitation indicator,  

- C2 – maintenance and repair indicator,  

- C3 – performance indicator, and 

- C4 – quality indicator.  

Table 1 shows the group weights ob-

tained using the AHP method and applying 

formula (4), based on the standpoints of the 

five decision makers. 

 

Table 1 Group weights of the evaluation criteria 

 Е1 Е2 Е3 Е4 Е5 wi 

C1 0.128 0.114 0.141 0.138 0.128 0.130 

C2 0.265 0.192 0.141 0.125 0.265 0.197 

C3 0.333 0.337 0.263 0.309 0.333 0.315 

C4 0.275 0.358 0.455 0.428 0.275 0.358 
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After determining the group weights, 

each of the five experts have evaluated the 

alternatives in relation to the selected set 

of criteria. For evaluation the alternatives, 

the five-step Likert scale was used as 

shown in Table 2. 
 

Table 2 Five-step Likert scale used for evaluation the performances  

of alternatives in relation to the set of criteria  

Rating Meaning 

5 Excellent performances 

4 Good performances 

3 Average performances 

2 Below the average performances 

1 Bad performances 

 

The performance of the alternatives 

obtained from the five experts are shown 

in Tables 3-7.  

 

Table 3 Performances of alternatives in relation to  

the criteria obtained from the first decision maker  

 C1 C2 C3 C4 

А1 4 4 4 4 

А2 3 4 5 4 

А3 4 3 4 3 

А4 5 5 5 4 

А5 3 5 3 4 

Table 4 Performances of alternatives in relation to  

the criteria obtained from the second decision maker 

 C1 C2 C3 C4 

А1 4 3 4 4 

А2 4 5 5 5 

А3 5 3 4 4 

А4 5 5 5 3 

А5 3 5 3 4 

Table 5 Performances of alternatives in relation to  

the criteria obtained from the third decision maker 

 C1 C2 C3 C4 

А1 5 5 4 4 

А2 5 5 3 3 

А3 4 4 4 3 

А4 5 4 4 4 

А5 3 5 3 4 



No. 3-4, 2018  Mining & Metallurgy Engineering Bor 37 

Table 6 Performances of alternatives in relation to  

the criteria obtained from the fourth decision maker 

 C1 C2 C3 C4 

А1 4 4 4 4 

А2 4 3 5 5 

А3 3 4 5 3 

А4 3 3 5 3 

А5 3 5 3 4 

Table 7 Performances of alternatives in relation to  

the criteria obtained from the fifth decision maker 

 C1 C2 C3 C4 

А1 4 3 5 4 

А2 3 3 4 3 

А3 3 2 5 3 

А4 3 4 4 4 

А5 3 4 3 4 

  

Finally, the group performances,  

obtained applying the formula (5), are 

shown in Table 8.   
 

Table 8 Group performances of alternatives obtained from five experts 

 C1 C2 C3 C4 

А1 4.200 3.800 4.200 4.000 

А2 3.800 4.000 4.400 4.000 

А3 3.800 3.200 4.400 3.200 

А4 4.200 4.200 4.600 3.600 

А5 3.000 4.800 3.000 4.000 

 
The normalized and weighted norma-

lized decision matrix was obtained using the 

following formula: 
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where ijx  denotes the normalized perfor-

mance of the i-th alternative in relation to the 

j-th criteria, and ijv  denoted the weighted 

normalized performance of the i-th alterna-

tive in relation to the j-th criteria. 

The normalized and weighted norma-

lized decision matrix are shown in Tables 9 

and 10. 
 

Table 9 Normalized decision making matrix 

 C1 C2 C3 C4 

А1 0.0000 0.6250 0.2500 0.0000 

А2 0.3333 0.5000 0.1250 0.0000 

А3 0.3333 1.0000 0.1250 1.0000 

А4 0.0000 0.3750 0.0000 0.5000 

А5 1.0000 0.0000 1.0000 0.0000 
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Table 10 Weighted normalized decision making matrix 

 C1 C2 C3 C4 

А1 0.0000 0.1233 0.0787 0.0000 

А2 0.0433 0.0986 0.0393 0.0000 

А3 0.0433 0.1972 0.0393 0.3583 

А4 0.0000 0.0740 0.0000 0.1791 

А5 0.1298 0.0000 0.3147 0.0000 

 

Overall performances of alternatives, as 

well as rank of alternatives, for parameter 

p=1, are shown in Table 11.   

 

Table 11 Overall performances of alternatives, for parameter p=1 

Alternatives L1,i Rank 

А1 0.2019 2 

А2 0.1812 1 

А3 0.6381 5 

А4 0.2531 3 

А5 0.4445 4 

 

As shown in Table 11, the most accepta-

ble alternative is an alternative, i.e. produc-

tion line designated as А2.  

The overall performances of alternatives, 

as well as the rank of alternatives, for pa-

rameter p=5, are shown in Table 12.  

 

Table 12 Overall performances of alternatives, for parameter p=5 

Alternatives L5,i Rank 

А1 0.00003 2 

А2 0.00001 1 

А3 0.00620 5 

А4 0.00019 3 

А5 0.00312 4 

 

 

 

 

Based on the data from Table 12, it can 

be concluded that the increase of parameter 

p does not affect the ranking of alternatives, 

which is why the production line designated 

as А2 can be considered the most appro-

priate under the given conditions. 

CONCLUSIONS 

In modern business, often are used dif-

ferent methods and algorithms in order to 

solve the complex problems that accompany 

the production and optimization of pro-

duction factors, which have an impact on 

profitability. The complexity of the problem 
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often requires the application of decision 

making methods in order to solve the men-

tioned problems.  

Every organization today faces the prob-

lem of decision-making. In this sense, one of 

the intentions of this paper was to present a 

model based on the multi-criteria decision 

making methods, which aims to solve prob-

lem of selecting the optimal production lines 

in the metallurgical industry.  

The proposed model represents a hybrid 

AHP-CP model that was tested on a case 

study for the selection of production lines in 

the metallurgical industry. Applying this 

approach, the most acceptable production 

line was successfully selected. It was also 

found that an increase in the value of param-

eter p does not affect the ranking order of the 

alternatives, which makes the production 

line designated as А2 as the most appropriate 

under the given conditions. Previously stated 

shows that the proposed model is applicable 

and effective, especially as it can help the 

management in a selection of strategies in 

order to optimize the allocation of available 

resources. 
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