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APPLICATION OF MCDM IN A SMALL
SERBIAN PRINTING COMPANY

Abstract: This paper presents the application of multi-criteria 
decision-making (MCDM) methods to support the selection of 
a printing machine in a small Serbian printing company. The 
study aims to select the most suitable machine among the
three alternatives preselected by the company owner. In the 
decision-making process, seven limiting factors, i.e., criteria, 
were taken into consideration. The selected criteria were 
ranked using the AHP method, while the alternatives were 
evaluated and ranked using the VIKOR method. The 
theoretical foundations of the chosen methods are described 
in detail. To evaluate the most favorable alternative 
considering the selected criteria, the relative importance of 
each criterion was first determined using the mathematical 
formulas of the AHP method. Subsequently, taking into 
account the criteria weights, the requirements of each 
criterion, and the corresponding mathematical formulas of 
the VIKOR method, the alternatives were ranked and an 
assessment of the most favorable machine was provided.
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1. Introduction

Decision-making is extremely intuitive when 
the problem takes into consideration one 
criterion. However, when decision-makers 
evaluate alternatives with multiple criteria, 
new problems appear, such as criteria 
weight, preference dependence, and conflicts 
among criteria. These problems further 
complicate the decision-making process, and 
they should be overcome by more 
sophisticated methods (Huang et al., 2009).

Multi-criteria decision-making (MCDM) is a 
tool that is used in Operations Research and 
Decision Theory and considers multiple 
criteria in a decision-making environment

. The MCDM process 
deals with situations involving the selection, 
sorting and ranking of the best alternative 
from several options based on selected 

criteria with the help of mathematical 
models (Chakraborty et al., 2024).

The problems of MCDM are widely diverse. 
However, even with the diversity, all the 
problems which are considered here share 
the following common characteristics 
(Nikolic, 2010; Hwang & Yoon, 1981, p. 2):

Multiple objectives/attributes. A 
decision-maker must generate 
relevant objectives/attributes for 
each problem setting. 
Conflict among criteria
Incommensurable units. Each 
objective/attribute has a different 
unit of measurement. 
Design/selection. Solutions to these 
problems are either to design the 
best alternative or to select the best 
one among previously specified 
finite alternatives. 
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In MCDM, several different methods can be 
used. In this work, the Analytical Hierarchy 
Process (AHP) method and the Multi-
Criteria Compromise Ranking (VIKOR) 
method were used.

The Analytic Hierarchy Process (AHP) is a 
method in which an overall goal is followed
by criteria, sub-criteria, and alternatives in a 
hierarchical arrangement. In this method, the 
problem hierarchy provides a visual and 
structured way of modeling the decision-
making problem being considered 
(Chakraborty et al., 2024).

The VIKOR method (VI
KOmpromisno Rangiranje) represents a 
commonly used method for the multi-criteria 
ranking that is suitable for solving various 
decision-making problems. It is especially 
suitable for situations where quantitative 
criteria prevail (Nikolic et al., 2010). 

It is developed to solve MCDM problems 
with conflicting and non-commensurable 
attributes, assuming that compromise can be 
acceptable for conflict resolution, when the 
decision-maker wants a solution that is the 
closest to the positive-ideal solution (PIS) 
and the alternatives can be evaluated with 
respect to all the established attributes 
(Chakraborty et al., 2024).

These methods can be used in various 
applications such as plant location selection 
(Tavakkoli et al., 2011), material selection 
(Chatterjee et al., 2009), tool selection in 
Lean management (Jing et al., 2019), 
optimization (Tong et al., 2007), assembly 
line balancing (Sharma et al., 2013, 2014), 
product development (Soota, 2014), 
selection of suppliers (de Freitas et al., 
2020), evaluating impacts on nature 
(Jovanovic et al., 2014), financial 
performance measurement for the wholesale 

evaluation and selection of innovation 
projects (Samanlioglu et al., 2020), etc. It 
can also be used in various industries such as 
the food manufacturing industry (Kumar & 

2024), newsprint industry (Azizi & 
Azizpour, 2012), automotive industry 
(Surange & Bokade 2024), hotel industry 
(Fu et al., 2011), etc.

The paper addresses the issue of selecting 
the most suitable printing machine in a small 
Serbian printing company. In collaboration 
with the company owner, seven limiting 
factors, i.e., criteria, were taken into account 
in the decision-making process.

2. Theoretical foundations of 
applied methods

In this work, the AHP and VIKOR methods 
will be used when choosing the most 
favorable alternative. The AHP method will 
be applied to determine the weight of the 
criteria, while the VIKOR method will be 
applied when ranking the alternatives. The 
theoretical foundations of the selected 
methods are given below.

2.1. AHP method

According to Saaty (Saaty, 1980, p.19), there 
are 4 ways to determine the priority of 
criteria:

1. Sum the elements in each row and 
normalize by dividing each sum by 
the total of all the sums, thus, the 
results now add up to unity. The 
first entry of the resulting vector is 
the priority of the first activity; the 
second of the second activity, and 
so on.

2. Take the sum of the elements in 
each column and form the 
reciprocals of these sums. To 
normalize so that these numbers 
add to unity, divide each reciprocal 
by the sum of the reciprocals.

3. Divide the elements of each column 
by the sum of that column (i.e.,
normalize the column) and then add 
the elements in each resulting row 
and divide this sum by the number 
of elements in the row. This is a 
process of averaging over the 
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normalized columns.
4. Multiply the n elements in each row 

and take the nth root. Normalize the 
resulting numbers.

In this paper third way will be used. While 
using the AHP method for determining 
criteria weight, the procedure goes as 
follows (Saaty, 1987; Rao, 2007; Hwang & 
Yoon, 1981):
Step 1: creating a pairwise comparison 
matrix.

A pairwise comparison matrix (A) is created 
by mutual comparison of criteria with the 

Table 1). Values (aij)
can range from 1 to 9 if the observed 
criterion is more important than the criterion 
with which it is compared, and 1 to 1/9 if the 
observed criterion is less important than the
criterion with which it is compared. It should 
be noted that values are based on the 
decision-maker's preference. The size of the 
matrix is determined by the number of 
criteria n. The estimation number is equal to 
n(n-1)/2. The layout of matrix A is presented 
by the following relation:

Table 1. scale (Saaty, 2008)
Scale Definition

9 Extreme importance
8 Very, very strong
7 Very strong
6 Strong plus
5 Strong importance
4 Moderate plus
3 Moderate importance
2 Weak or slight moderate
1 Equal importance

Step 2: creating a normalization matrix.

To define the normalization matrix, it is 
necessary to create a comparison matrix (B)
where the elements of the matrix (bij) are 
defined by the following relation:

After that, it is needed to add values by 
columns ( j).

Step 3: creating the eigenvectors matrix.

Based on the eigenvectors matrix, the 
relative importance of each criterion is 
obtained.

To obtain the eigenvector matrix, the 
criterion values (bij) must be divided by the 
total sum of the values for the corresponding 
criterion ( j). The elements of the 
eigenvector matrix (Pij) are derived using the 
following relation:

Then it is necessary to add up the values for
each row.

The relative importance (wi) of each criterion 
is obtained when the value di is divided by 
the number of criteria n. The total sum of the 
relative importance of the criteria should be 
equal to 1.

2.2. VIKOR method

The VIKOR method goes through the next 
steps (Nikolic et al., 2010; Opricovic & 
Tzeng, 2004; Opricovic & Tzeng, 2007; 
Chatterjee & Chakraborty, 2016):

Step 1: taking into consideration the criteria 
requirement, determine and for each 
criterion, whereby the following applies 
(Opricovic & Tzeng, 2007; Opricovic, 
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2016):

,

if the observed criterion has a maximization 
requirement,

,

if the observed criterion has a minimization 
requirement.

Step 2: determination of values Si and Ri

using the following formulas:

where: m - number of alternatives, n -
number of criteria.

Step 3: determination of values , ,
and whereby the following rules apply:

,

,

Step 4: determination of values QSi, QRi, and
Qi using the formula:

where value v = 0.5 (Opricovic & Tzeng, 
2004; ).

Ranking of the alternatives is based on 
values Qi from lowest to highest.

According to Nikolic (Nikolic et al., 2010), 
for an alternative to be the most favorable, it 
must meet the following conditions:

1. is ranked first according to value Qi

from lowest to highest

2. the difference between the second-
placed and the first-placed value
must be greater than or equal to 
0.25 if it is a small number of 
alternatives (m) or the DQ value if 

it is a large number of alternatives

3. the alternative must be first ranked 
according to values QSi and QRi

and value Qi when v = 0.25 and v =
0.75.

According to Opricovic (Opricovic & Tzeng,
2004), for an alternative to be the most 
favorable, it must meet the following 
conditions:

1. first ranked on the compromise rank 
list, i.e., value Qi for that alternative 
is the lowest

2. the difference between the second-
placed and the first-placed value
must be greater than or equal to 
DQ=1/(m-1).

3. the alternative is first ranked 
according to values Si and/or Ri.

3. Data analysis and findings

The problem of decision-making is the 
selection of a machine for the needs of the 
printing process in a small Serbian printing 
company.

The first part will explain the criteria that 
will be used when making a decision. Using 
the AHP method, the weight of each 
criterion will be determined. Finally, the 
ranking of the observed alternatives will be 
shown with the help of the VIKOR method.

3.1. Defining the criteria

The decision matrix is shown in 

Table 2. The criteria that will be used for 
selection are: price of the machine (C1); user 
experience (C2); technical support (C3); 
print quality (C4); printing speed (C5); price 
of paint (C6) and machine dimensions (C7).

The alternatives that will be considered are: 
HP Latex R2000 Plus Printer (A-1), Durst 
Rho P10 200/250 HS (A-2), and LiYu 
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Platinum Q2 Hybrid (A-3). 

Criteria C2 and C3 are defined on a scale 
from 1 to 5, where 1 represents the lowest 

value and 5 represents the highest value. 
Values for each alternative are based on the 
conducted interview.

Table 2. Decision matrix
C1 C2

[No.]
C3

[No.]
C4

[dpi]
C5

[m2/h]
C6 C7

[m3]
A-1 300 000 3 4 1200 86 85 32.487
A-2 250 000 4 3 1000 127 50 48.157
A-3 120 000 4 5 2400 100 65 29.6

3.2. Application of the AHP method

The pairwise comparison matrix is shown in
Table 3. Following steps 2 (

Table 4) and 3 (
Table 5), the relative importance of the 
criteria is determined. 

Table 3. Pairwise comparison matrix
C1 C2 C3 C4 C5 C6 C7

C1 / 7 7 5 5 2 4
C2 / / 1 1/2 1/2 1/5 1/3
C3 / / / 1/2 1/2 1/5 1/3
C4 / / / / 1 1/3 1/2
C5 / / / / / 1/3 1/2
C6 / / / / / / 3
C7 / / / / / / /

Table 4. Normalization matrix
C1 C2 C3 C4 C5 C6 C7

C1 1 7 7 5 5 2 4
C2 0.143 1 1 0.5 0.5 0.2 0.333
C3 0.143 1 1 0.5 0.5 0.2 0.333
C4 0.2 2 2 1 1 0.333 0.5
C5 0.2 2 2 1 1 0.333 0.5
C6 0.5 5 5 3 3 1 3
C7 0.25 3 3 2 2 0.333 1

j 2.436 21 21 13 13 4.399 9.666

Table 5. Eigenvectors matrix
C1 C2 C3 C4 C5 C6 C7 di wi

C1 0.411 0.333 0.333 0.385 0.385 0.455 0.414 2.716 0.388
C2 0.059 0.048 0.048 0.038 0.038 0.045 0.034 0.31 0.044
C3 0.059 0.048 0.048 0.038 0.038 0.045 0.034 0.31 0.044
C4 0.082 0.095 0.095 0.077 0.077 0.076 0.052 0.554 0.079
C5 0.082 0.095 0.095 0.077 0.077 0.076 0.052 0.554 0.079
C6 0.205 0.238 0.238 0.231 0.231 0.227 0.31 1.68 0.24
C7 0.103 0.143 0.143 0.154 0.154 0.076 0.103 0.876 0.125

        1
3.3. Application of VIKOR method

The first step of the VIKOR method is to 

determine values and (Table 6). Based 
on previously mentioned formulas, for easier 
calculation of values Si and Ri, a value dij is 
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used (
Table 7). 

In Table 8, the calculation of values Si and Ri

is shown, while in Table 9 are shown values 
QSi, QRi, and Qi.

Table 6. Determination of values and 
C1 C2 C3 C4 C5 C6 C7

Criteria requirement min max max max max min min
wi 0.388 0.044 0.044 0.079 0.079 0.24 0.125

A-1 300000 3 4 1200 86 85 32.487
A-2 250000 4 3 1000 127 50 48.157
A-3 120000 4 5 2400 100 65 29.6

120000 4 5 2400 127 50 29.6
300000 3 3 1000 86 85 48.157

Table 7. Value dij

C1 C2 C3 C4 C5 C6 C7
A-1 1 1 0.5 0.857 1 1 0.156
A-2 0.722 0 1 1 0 0 1
A-3 0 0 0 0 0.659 0.429 0

Table 8. Values Si and Ri

C1 C2 C3 C4 C5 C6 C7 Si Ri

A-1 0.388 0.044 0.022 0.068 0.079 0.24 0.019 0.86 0.388
A-2 0.28 0 0.044 0.079 0 0 0.125 0.528 0.28
A-3 0 0 0 0 0.052 0.103 0 0.155 0.103

Table 9. Values QSi, QRi and Qi

QSi QRi Qi Rank
A-1 1 1 1 3.
A-2 0.529 0.621 0.575 2.
A-3 0 0 0 1.

Table 10. Value Qi when v=0.25 and v=0.75
Qi (v = 0.25) Qi (v = 0.75) Rank 

A-1 1 1 3. 
A-2 0.598 0.552 2. 
A-3 0 0 1. 

From Table 9, it can be seen that alternative 
A-3 is ranked first according to Qi.

In order for the alternative to be considered 
the most favorable, the value DQ needs to be 
greater than or equal to 0.25. It can be seen 
that alternative A-3 fulfills that requirement 
(0.575 - 0 = 0.575 0.25).

According to Opricovic (Opricovic & Tzeng, 
2004), one of the conditions that the 
alternative should fulfill is to be ranked first 
according to values Si and/or Ri. In Table 8,

it can be seen that alternative A-3 fulfills this 
condition (S* = 0.155, R* = 0.103).

According to Nikolic (Nikolic et al., 2010), 
one of the conditions that the most favorable
alternative should fulfil is to be ranked first 
according to Qi when the value v = 0.25 and
v = 0.75. In Table 10, it can be seen that 
alternative A-3 meets the given condition.

4. Conclusion 

Using the AHP method, the weight of the 
criteria can be determined, as well as the 
criteria ranking. In the given example, it can 
be seen that the most important criterion for 
the decision-maker when making the 
decision was C1, which is the price of the 
machine. Of course, this outcome was 
expected given that the company is a small 
printing business.

Using the VIKOR method, the ranking of the 
alternatives can be seen. The most favorable
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alternative according to all criteria is 
alternative A-3, i.e., LiYu Platinum Q2 
Hybrid.

It should be noted that these methods 
provide assistance to the decision-maker in 

choosing an alternative. When making a 
decision, the decision-maker does not have 
to choose the most favorable alternatives 
according to the method used.
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