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Annotation. The questions of processing expert 
information provided by the group of experts are 
considered. In the treatment group of expert opinion there 
is a problem obtaining a generalized result. It is assumed 
that the information is a set of qualitative and quantitative 
features (alternatives), described by linguistic concepts. 
Statistical methods of expert’s data processing are quite 
complicated when the expert’s answers have form of 
ranking or separation, and quite simple, if the answers are 
the results of independent pairwise comparisons. In this 
article are proposed to carry out processing of expert 
information by methods of the fuzzy sets theory. Using 
this theory are developed a method for determining the 
qualifications of the expert based on his length of service 
and number of expertise conducted by him, the results of 
which are accurate. The developed method is based on the 
construction of a system on fuzzy logic with fuzzifikator 
and defuzzifikator. For processing expert’s estimates are 
suggested each alternative presented in the linguistic 
variable form and evaluate it by assigning a group of 
experts of membership functions each term by the direct 
method. Obtaining a generalized assessment based on all 
expert’s estimates going on with regard to their 
competence. In this paper a method of ranking fuzzy 
alternatives are propose. Based on the developed methods 
of data processing was designed an automated system that 
allows to determine the experts qualification, generalized 
result of expert group evaluation and of ranking 
alternatives. The developed technology is applicable to 
any subject area, where it is necessary to analyze 
alternatives for many of the criteria based on processing 
of expert estimations. 

Key words: expert information, linguistic variable, 
fuzzy logic, ordering alternatives, qualification of experts, 
information technology. 

 
INTRODUCTION 

 
Decigion making by man in most areas of activity in 

which he has some knowledge and experience, requires a 
deep understanding of various properties of the 
considered system. Necessary information may be absent 
or its getting too expensive, then decigion making takes 
place with the use of intelligent decision support systems 
[1, 2].  

In these systems, to analyze and propose different 
methods of data mining, knowledge discovery in 
databases and knowledge, and other techniques developed 
within artificial intelligence [3, 4]. Systems built by 
combining the databases and fuzzy logic can significantly 
extend the functionality and range of tasks of data mining. 

The theory of fuzzy databases is not yet complete from a 
mathematical point of view, and there are still many 
issues that require resolution [5]. The formation of 
databases intelligent systems takes place on the basis of 
expert information. Much attention is paid to the problem 
of the choice of methods for presenting expertise and 
processing this information [6-7]. At the same time there 
is a problem processing a group of expert opinions and 
getting the generalized results of the expert assessment. 
Improper use of the results of expert assessment can lead 
to erroneous conclusions.  

Expert information often is a combination of 
qualitative and quantitative traits can be expressed in 
terms of a natural language, can possess incompleteness 
and unclearness. Classical statistical methods does not 
always give an adequate result, when applied to this type 
of data. In particular, problems arise when trying to 
averaging the opinions of experts. Statistical methods of 
processing depend on the mathematical nature of the 
experts' answers. The choice of method is determined by 
the nature of the information in question. 

Today there are many methods for processing 
quantitative expert data, as opposed to qualitative. 
Therefore, an important task is to combine the theory of 
classical processing methods quantitative expert 
information with processing techniques qualitative data. 

Analyzing the above, we can conclude that in spite of 
the extensive development of methods of expert 
assessments, a number of issues related to the fuzzy 
expert estimations remain open. Not sufficiently 
developed methods for comparative assessment of expert 
evaluations, processing and obtaining the views of the 
group, as well as methods for ranking fuzzy alternatives 
when they are formulated as fuzzy linguistic concepts. 
The results obtained in the form of a generalized opinion 
must take into account the competence of the experts. 
With a large number of experts and a large variety of 
alternatives there is a necessity in the use of computer 
technology for the storage, retrieval and processing of 
expert information. 

 
THE ANALYSIS OF RESENT RESEARCHES 

AND PUBLICATIONS 

Processes application of computer and 
telecommunications equipment for the storage, retrieval, 
transmission and processing data forms information 
technology [8]. Let’s consider the existing methods of 
experts’ data processing. Methods of expert evaluations 
are scientific methods of analyzing complex problems. 
Experts conduct an intuitive and logical analysis of the 
problem with quantification of judgments and with the 

mailto:uyv@rambler.ru


56 Yu. Ulianovskaya 

formal processing of the results Their general opinion 
obtained as a result of the processing of individual 
assessments is adopted as a solution to the problem.  To 
receive qualitative evaluations are used pairwise 
comparisons, multiple comparisons, ranking methods, etc.  
For obtain quantitative estimates are used direct 
numerical evaluation of the alternatives, method 
Churchman-Akoff and others [9-11]. These methods 
allow using the experience and knowledge of a person 
compensate the incompleteness of the information when 
obtaining it by other means is problematic, demands 
enough long period, and is quite expensive. 

For information, expressed in terms of a natural 
language and having fuzziness, are developed the 
methods based on Bayesian probability, confidence 
coefficients, fuzzy logic and others [12, 13]. It is 
experimentally shown that fuzzy control gives better 
results compared with those obtained by conventional 
control algorithms. For example, fuzzy logic controllers 
used in various control systems, are an important 
application of fuzzy set theory. These controllers use the 
experts’ integrated knowledge and describe them by 
linguistic variables and fuzzy sets [14]. 

Confidence to results of expert evaluation largely 
depends on the competence of the experts. This problem 
can be solved by using an interpolation process. The main 
idea of this calculation is the suggestion that the 
competence of the experts must be assessed on the degree 
of coordination of their evaluations with the group 
evaluation of objects [15]. The problem of definition of 
experts’ competence can be solved on the basis of the 
axioms of unbiasedness. But this approach is very 
cumbersome to calculate and can be implemented only by 
using an automated system. It is not an absolute full as 
well as all other methods for assessing subjective 
characteristics [16]. 

 
OBJECTIVES 

 
The aim of this work is to develop information 

technology for generalization of the results of the expert 
evaluation, which includes the processing method of 
fuzzy expert information with expert's qualifications for 
ranking alternatives according to several criteria and 
automated information system implementing the 
developed methods. 

 
THE MAIN RESULTS OF THE RESEARCH 

 
Suppose there are k experts },...,,{}{ 21 kl xxxxX  . 

The experts were asked to evaluate a set of alternatives 
},...,,{}{ 21 ni aaaaA  , determining their by values 

term–set },...,,{}{ 21 mj ttttT  . 

The expert in this case indicates the number of µ in 
the interval [0, 1], which characterizes the degree of 
compliance by alternative aj  to the selected term tj. In 
this case, we get a discrete membership function, built by 
the direct method for the expert group. Expert opinions in 
this case may coincide or be not concordant. Consider the 
method received data processing. 

In work [17] it is proposed to form the opinions of all 
experts, obtained by this method about each an alternative 

ia , in form next matrix:  
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(1) 

 
where: х1,…, xk – experts, jt - the term from term-set of 

linguistic values, describing the alternative, )( i
l
j a - an 

membership function alternative ia  to the term jt  in 
accordance with the opinion of the expert lx . 

With this approach it is necessary to take into account 
the competence of the experts, however, in direct methods 
of building membership functions for the expert group 
there is one delicate question:  who assigns weights to the 
experts estimates [13]. 

To solve this problem in work [20] a method was 
proposed for determining the competence of the expert 
(W) on the basis of its work experience (S) and frequency 
correct evaluation results (P) by means of constructing a 
system of fuzzy logic inference type Mamdani with 
fuzzifikator and defuzzifikator [18, 19]. 

A linguistic variable is defined by the five attributes: 
 

MGUTx ,,,, , 
 

where: х - a variable name; Т - term-set, each element 
which (term) is represented as a fuzzy set on a universal 
set U;  G - syntax rules, often in the form of a grammar, 
generating the name terms; M - semantic rules that define 
the membership functions of fuzzy terms supplies 
generated by syntactic rules of G [13, 18]. 

Let’s consider variable S. We define it five attributes: 
 

ssss MGUTs ,,,, , 
 
where:  s - "work experience" (hereinafter referred - 
experience), Ts =  321 ,, sss ttt ={"small", "medium", "high"}, 
Us = {0, 1, ..., 50}, Gs - syntax rules, generating new 
terms with quantifiers "no", "very" and "more or less",  
Мs - trapezoidal membership function, an analytical 
expression for which has the following form:  
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where: the parameters [a, b, c, d]  has values  1
st  [-18, -

2, 5, 20], 2
st [5, 20, 30, 45], 3

st [30, 45, 52, 68]. 
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Consider variable P. We define it five attributes: 
 

pppp MGUTp ,,,, , 
 
where: p - "frequency of positive results" (for simplicity - 
frequency), Tр=  321 ,, ppp ttt  = {"rare," "medium frequency", 
"often"}, Uр = [0 ... 1], G - syntax rules, generating new 
terms with quantifiers "no", "very" and "more or less",  
Мs - trapezoidal membership function, an analytical 
expression for which is given by equation (1). The 
parameters [a, b, c, d]  is  1

pt  [-0.4, -0.1, 0.1, 0.4], 

2
pt  [0.1, 0.4, 0.6, 0.9],  3

pt  [0.6, 0.9, 1.1, 1.6]. 
The output variable W  define the five attributes: 
 

www MGUTw ,,,, , 
 
where: w - level expert competence, Uw = [0,…,1], 
Tw=  54321 ,,,, wwwww ttttt   = {"low", "below average", "average", 
"above average", "high"}, Gw - syntax rules, generating 
new terms with quantifiers "no", "very" and "more or 
less", Мw - triangular membership function, an analytical 
expression for which has the following form:  
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where: the parameters a, с  - the ends of the carrier 
corresponding fuzzy set linguistic variable value, b - 
value, in which the membership function takes a value of 
1. For the elements of the set T, these parameters have the 
following values: 

1
wt : a=-0,25, с=0,25,   b=0,  
2
wt : a=0,        с=0,5,    b=0,25,  
3
wt : a=0,25,   с=0,75,  b=0,5,  
4
wt : a=0,5,     с=1,       b=0,75,  
5
wt : a=0,75,   с=1,25,  b=1.  

One of the main methods of knowledge 
representation in fuzzy logic systems are production rules 
that allow to get closer to the style of human thinking.  

Usually, these production rules are given as operator 
logical expression IF – THEN: 

 
IF 1x 

p
F1 and… 

and nx 
p

nF THEN y 
pG , 

(4) 

 
where: the rule’s condition (logical expression) is a 
statement about the content of the knowledge base, and 
the consequence (operator) suggests what we should do 

when this production rule is activated [14]; p
F1  and pG  

– fuzzy sets;    Xxxx
T

n  ,...,1  and Yy  – variable 

inlet and outlet, respectively;  


 mp ,1 . 
We form the fuzzy rule system in accordance with 

the expression (4): 
 

П1:  IF S= 1
st  AND P= 1

pt  THEN W= 1
wt ; 

П2:  IF S= 1
st  AND P= 2

pt  THEN W= 1
wt ; 

……….…………………………………… 
П10: IF S= 3

st  AND P= 3
pt  THEN W= 5

wt . 
 

 
 
 

(5) 

The value of the output variable is found by using the 
method of defuzzification according to the center of 
gravity [13, 18, 21]. In the application of the proposed 
method with next input data: the experience of work is 34 
year and the probability of a correct answer is 0.3, 
according to the method of defuzzification by center of 
gravity the expert's qualification are estimated by 
coefficient equal 0,488. 

The weight of expert  хl is denoted by  wl, wherein  
0 ≤ wl ≤ 1. 

 
Generalized evaluation of the membership function 

of each term tj  for alternative ai  may be to compute with 
the help of expression: 
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where: k – number of experts , )( i

l
j a  is identified in 

matrix (1).  
As each alternative has its own matrix (1) after its 

treatment with the expression (6) we obtain a 
representation of an alternative in the form:  
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Processing results for each of the alternatives defined 

in the form (7) can be grouped into the next matrix:  
 

nknnn

k

k

k

proc

a

a

a

ttt

А







...
...............

...

...

...

21

222212

112111

21



 

 
 
 
 

(8) 

 
where: µi- affiliation function of  alternative ai  to term tj. 

For each linguistic value tj let's construct non-
decreasing sequence alternatives {ai}, such that:  

 

jiijii
n
iii aaaa 111 :}{    . (9) 
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In constructed in this way sequence in the first place 
will be alternative ai that has the maximum value 
membership function µij to term tj. Let's form matrix 

)}({ ij akolKOL  , j=1,2,…,m, i=1,2,…,n  with help of 

variable )( ij akol  equal to the number of occurrences of 

alternative ai in the j-th place in this sequence. Let's 
denote maxkol  the maximum value of the variable 

)( ii akol  in each column:  
 

mjakolkol ij
i

j ,...,1),(maxmax  . (10) 
 
We arrange alternatives as follows. Through ri denote 

rating alternatives ai. Establish a one-to-one correspond-
ence between the sequence {ri} and {ai} as follows:  

 

)(max
j ijii akolkolar  . (11) 

 
Thus, it is necessary to repeat this comparison is not 

all alternatives will be ordered. 
Let, for clarity, there are six alternatives 

},...,,{}{ 621 aaaaA i   and six term-sets of linguistic 
values },...,,{ 621 tttT  . Let’s write this alternatives and 
values of membership functions in the next matrix:  

 
  t1 t2 t3 t4 t5 t6 

 a1 0,5 0,6 0,7 0,8 0 0,1 

 a2 0,4 0,2 0 0,3 0 0,4 

А= a3 0,1 0,5 0 0,2 0,9 0,6 

 a4 0 0,1 0,9 0,3 0,2 0,5 

 a5 0,7 0,2 0,2 0,3 0,4 0,7 

 a6 0,1 0,9 0,4 0,3 0,8 0,6 
 

Carry out a ranking for each of values of the term-set 
by ordering all alternatives in descending respective 
values membership function:  

 
t1:  < a5>, < a1>, < a2>, < a3,a6>, < a4> 

t2:  < a6>, < a1>, < a3>, < a2,a5>, < a4> 

t3:  < a4>, < a1>, < a6>, < a5>, < a2,a3> 

t4:  < a1>, < a2, a4, a5, a6 >, < a3> 

t5:  < a3>, < a6>, < a5>, < a4>, < a2,a1> 

t6:  < a5>, < a6, a3>, <a4>, < a2 >, < a1> 
 

The numbers appearance of alternatives in each 
column are given in next matrix: 
 

 
 kol1 kol2 kol3 kol4 kol5 

 a1 1 3 0 0 2 

 a2 0 1 1 2 2 

KOL = 
a3 1 1 2 1 1 

a4 1 1 1 1 2 

 a5 2 1 1 2 0 

 а6 1 3 1 1 0 

 
 

After analyzing the resulting table, we order the 
alternatives in order to increase the rating.  The strongest 
is the alternative a5, because it takes the maximum value 
of the membership function for two terms (kol1 = 2), so it 
has the highest rating, and is ranked first in ordering. 
Alternatives а1 and а6 have the same value of the variable 
kol2 = 3, which indicates that these alternatives for three 
terms have value of membership function following after 
the maximum value.  And for the one term they have 
maximal meaning. However alternative а6 has one in a 
neighboring column to the right, therefore we assume it 
stronger than alternative а1, and а6 in the ranking stands 
before а1.  

After similar analysis of all columns of the matrix all 
alternatives will be arranged in order descending of values 
of the evaluated characteristics as follows:  

 
a5,  а6,  а1,  a3,  a2,  а4. 

 
An integral component of information technology is 

the use of computer technology for data processing and 
usage. Consider a software implementation of the 
proposed approaches. The proposed information system, 
in accordance with the considered the methods of 
processing expert information, performs the following 
functions: input of information about experts, formation 
of alternatives and terms, input of expert estimations, 
calculation of the experts qualification, ranking 
alternatives, viewing and saving the results work of the 
system, saving (in the case of need) input data to a file for 
later reference.  

 
Let’s illustrate the work of system. On the Fig. 1 is 

shown program screen shot for the process determining 
the qualifications of experts. Values of the variable S 
(experience) and P (positive frequency of results) are 
introduced by the system user, value of qualification (W) 
is calculated by the system.  

At the same time we have the opportunity to see the 
right side of the screen the rules of the system (5) that 
have been used in concrete case (the degree of the truth of 
the rule is greater than zero). 

 
Vector degrees of competence for the three experts in 

this example was calculated program way accordance to 
methods described above and has next values: 

 
W = {w1; w2; w3} = {0,307; 0.095; 0.92}. 

 
On Fig. 2 illustrated process the formation the matrix 

(1) experts estimates for three alternatives, which serve 
famous higher educational institutions of city Dnepr: the 
Dnepr National University named after Honchar (DNU), 
the National Mining University (NGU) and the Dnepr 
Medical Academy (DMA). 
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Fig. 1.  Program screen form for expert’s qualification definition 

 

 
Fig. 2. Program screen form for formation of expert estimates 

 
According to the introduced in this article notations 

we have a set X that consists of three experts. Set A 
includes three alternatives:  

 
a1 = DNU,  a2 = NGU,  a3 = DMA, 

 
which to be ranked according to expert estimates of the 
terms from the set   
 

T = {t1; t2; t3}, 
 

where: t1 = «Permormance rating», t2 =«Location»,  
t3 =«Training Price». 

On the basis of imposed expert assessments obtain a 
matrix estimates for each alternative. Then weight's 
vector of expert’s competence  

 
W={w1; w2; w3}={0,307; 0, 95; 0,92}. 

 
Let's apply formula (6) to the obtained data of expert 

evaluations, we obtain an overall assessment, which 
allows to record every alternative in accordance with 
expression (7) as a fuzzy variable:  

а1={<0,09/t1>, <0,19/t2>, <0,3/t3>},  
а2={<0,13/t1>, <0,24/t2>, <0,24/t3>},  
а3={<0,17/t1>, <0,24/t2>, <0,14/t3>}. 

After applying to alternatives the method of ranking 
which is proposed in this article and specified by the 
expressions (9) - (11) we obtain ordering the alternatives 
that given in Table. 1. 

 
Table 1.  Ranging alternatives 

Terms Alternatives 
Permormance 
rating <DSMA> <NSU> <DNU> 

location <NSU, 
DSMA> <DNU>  

Price of training <DNU> <NSU> <DSMA> 
 
This paper presents a software product AltRanging, 

which is written in object-oriented style of the Java 
programming language. All objects are described by 
classes. Each class is stored in separate file with the name 
of the class. Classes are grouped into packets. This 
software product has two packages: com.acsu.altranging - 
contains the basic classes, program logic and GUI, 
com.acsu.fuzzy - classes and fuzzy logic libraries, which 
are used to determine the qualifications of the experts. In 
addition to standard Java packages also applies package 
org.json , which provides a library JSON. JSON - text 
format, completely independent of the implementation 
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language, but it uses the agreements, programs on C-like 
languages, such as C, C++, C#, Java, JavaScript, Perl, 
Python and many others. These properties make JSON 
ideal language data exchange [22]. 

 
CONCLUSION 

 
1. The information technology is to combine the 

author previously developed methods of processing expert 
information provided by the group of experts and the 
methods for determining the qualifications of experts in a 
single systematic approach to the treatment of expert 
information for the purpose of ranking of alternatives and 
automate this process with the help of an automated 
information processing system. The disadvantage of this 
approach is the need for statistical data on the activities of 
the people taking part in the expertises. 

2. The scientific value of the proposed approaches 
consist in improving the previously known methods for 
determining the competence of experts and ranking of 
alternatives by using elements of fuzzy sets theory.  

3. The practical significance of the results consist in 
the possibility of processing a large enough array of 
expert data and obtaining generalized results of the 
expertise. This eliminates the possibility of subjective 
influence some experts to the opinion of others. 

4. Information technology, developed by the 
author, is applicable for any number of experts and any 
subject area, a description of which is formulated in 
linguistic terms. 
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