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Abstract: The paper deals with the development of an expert decision-making 

algorithm using the AHP and TOPSIS methods of multi-criteria analysis. In the 

proposed algorithm, the AHP and TOPSIS methods are used in combination; in 

particular the AHP method is used to determine the vector of the alternatives’ 

weights, while the TOPSIS method is used assessing and ranking the alternatives. 

The obtained algorithm ensures optimal decision making based on the experts’ 

assessments. A simple web application has been developed to demonstrate the 

algorithm’s performance.  
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1. Introduction 

In any company or organization, there is an ongoing decision-making process, on 

whose outcome the future of the company depends directly, consequently, the 

decision-making process is of the greatest challenges. This type of challenge is 

analytical and requires the optimal assessment for a given particular situation. 

To meet such challenges, of high relevance is the use the information systems, 

which are called the decision support systems [1]. This is a special-type information 

system based on a model or knowledge, which is intended for supporting managerial 

decision-making activities. As is known, an important component of a decision 

support system is a mathematical model, through which, the decision can be analysed 

and the optimal decision can be made [2-4]. 

At present, there are decision-making problems, in which all possible 

alternatives are assessed based on several criteria, and such problems are the 

decision-making multi-criteria problems [2-5]. There are numerous theoretical 

approaches to such challenges, but they are hardly used and are time-consuming. 

Accordingly, of high relevance is to develop effective algorithm for the multi-criteria 

decision. 
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The aim of this study is to develop an algorithm for expert decision making 

using the AHP and TOPSIS  methods [5-8], in which, the use of AHP method allows 

for determining the criterion weight, which is an important parameter in the decision-

making problem, while the use of TOPSIS method allows for ranking the alternatives. 

2. Problem statement 

The challenge concerns the problems of multi-expert decision making in a multi-

criteria environment when making multi-alternative choices in an uncertain 

environment. The experts, whose assessments are the basis for making particular 

decision, play in important role in the expert decision-making problem.   

The problem of expert decision can be formulated as follows: the set of the 

alternatives A = {A1, A2, …, An} is known and the set of the alternatives assessment 

criteria C = {C1, C2, …, Cm} also; we should determine the set of the weights  

W = {w1, w2, …, wm}.  E = {E1, E2, …, Et} is a set of experts, who are an essential 

part of problem, since, as mentioned above, they are major sources of information in 

the decision-making problem, because they define the alternative assessments 

according to the criteria.  

To solve the set problem, the developed algorithm consists of the following 

eight steps 

Step 1. Let us determine the decision-making hierarchical structure, alternatives 

and criteria.   

Step 2. Let us draw up a matrix of decision, whose rows represent the 

alternatives, while columns represent the alternatives assessment criteria: 
 

(1)    

1 2 3

1 11 12 13 1

2 21 22 23 2

3 31 32 33 3

1 2 3

m

m

m

m

n n n n nm

C C C C

A x x x x

A x x x x
D

A x x x x

A x x x x

 , 

 

where , i = 1, …, n, and j = 1, …, m, represents the assessment of the i alternative 

in accordance with j criterion, which are defined by the experts. The value of  is 

calculated as follows:   

(2)  1 2 31
( ... ),t

ij ij ij ij ijx x x x x
t

      

, k = 1, …, t, is k-th expert assessment of j criterion of the i alternative.   

Step 3. Let us determine the alternatives assessment criteria weights, for which 

we should proceed as it is follow.  

ijx

ijx

k

ijx
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Let us draw up a matrix (m×m) of comparing criteria in pairs ({C1, C2, …, Cm}), 

whose rows and columns represent criteria, the values of elements of which are 

determined according to scale shown in Table 1. Pair-wise comparison matrix is 

created with the help of scale of relative importance (Table 1): 
 

(3)   

1 2 3

1 11 12 13 1

2 21 22 23 2

3 31 32 33 3

1 2 3

,

m

m

m

m

m m m m mm

C C C C

C z z z z

C z z z z
W

C z z z z

C z z z z

   

where  

, i = 1, …, m,  

, i  j,  i, j = 1, …, m.  

 

Table 1.  Scale of relative importance 

Intensity Definition 

1 Equal importance 

3 Moderate importance 

5 Strong importance 

7 Demonstrated importance 

9 Extreme importance 

2, 4, 6, 8 
Mean values between two adjacent 

assessments 
 

Calculate the normalized pair-wise comparison matrix: 

(4)   

1

AN .
ij

ij m

ij
i

z

z






  

Determine a vector of the weights  for assessment criteria, 

which should meet the following conditions: 

(5)   
1

AN / .
m

i ij
j

w m


     

Calculate the weighted normalized decision matrix: 

(6)   AWij = wj×zij.  

Calculate the sum of weighted values: 

(7)   
1

WSV AW .
m

i ij
j

    

Calculate max: 

(8)   max
1

1
WSV / .

m

i i
i

w
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Calculate Consistency Index (CI): 

(9)   maxCI .
1

m

m

 



  

Consistency Ratio (CR) is defined as 

(10)   
CI

CR ,
RCI

   

where RCI is a random consistency index defined in Table 2. 
 

Table 2. Random consistency index 

m 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 
 

Step 4. Calculate the normalized decision matrix: 

(11)   
2

1

.
ij

ij
n

ij
i

x
r

x






  

Step 5. Calculate the weighted normalized decision matrix: 

(12)   Vij = wj × rij.  

Step 6.  Determine the positive ideal and negative ideal solutions: 

positive ideal solution is 

(13)   1 2{ , , ..., },nS v v v      

where 

(14)   max( ), 1, ..., , 1, ..., ;j ijv v i n j m       

negative ideal solution is 

(15)   1 2{ , , ..., },nS v v v      

where 

(16)   min( ), 1, ..., , 1, ..., .j ijv v i n j m      

Step 7.  Calculate the separation measures from the positive ideal solution and 

the negative ideal solution. The separations from the ideal alternative are: 

(17)   
2

1

( ) ,
m

i ij j
j

d v v 



   

(18)   
2

1

( ) ,
m

i ij j
j

d v v 



   

where i=1, 2, …, n. 

Step 8. Calculate the relative closeness to the positive ideal solution. This is 

calculated by the following formula: 

(19)   ,i
i

i i

d
R

d d



 



 

0 ≤ Ri ≤ 1.
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3. Software 

Based on the algorithm presented in this paper, simple software was developed as a 

web application that provides a solution to the decision-making problem. 

The application software was developed in the programming language PHP the 

database was developed in a database management system MySQL. There are two 

types of user experts and the administrator in this application.  

The administrator identifies the decision-making problem in a system, the 

alternatives and the assessment criteria for these alternatives in accordance with the 

decision-making problem, manages the experts accounting records, draws up a 

decision matrix based on the experts’ assessments in accordance with the decision-

making problem, and assesses and ranks the alternatives by means of the developed 

algorithm. 

The experts in the proposed system have their own space and they make their 

assessments according to the alternatives and criteria relevant to the decision-making 

problem. 

The user interface fragments of the developed software are provided below. 

Fig. 1 presented the form of the decision-making problem definition. 
 

 
Fig. 1. Form of identifying the decision-making problem 

Fig. 2 presents the form of determining alternatives according to the decision-making 

problem. 

 
Fig. 2. Criteria 
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Fig. 3 presents the form of determining criteries weight. 
 

 
Fig. 3. Wight of criteria 

 
Fig. 4 presents the form of evaluation of alternatives and criteria. 

 

 
Fig. 4. Evalution form 
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Fig. 5 presented the fragment of the Administrator Module, which generates a 

matrix of decision based on the assessments already made before and make 

alternatives ranking. 
  

 
Fig. 5. Results 

4. Conclusion 

The paper describes the expert decision-making algorithm based on the AHP and 

TOSPIS methods for making the multi-criteria decisions through which we can solve 

the decision-making problems based on the experts’ assessments. To demonstrate the 

results of running the algorithm, a simple web application has been developed to 

provide a solution to the problem. As a result of the development and improvement 

of the developed web application, we will get the expert decision support system, 

through which we will be able to solve different types of the expert decision problem, 

such as: credit risk management, project assessment and so on. 
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