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The article presents fuzzy situational model of supply and demand for medical specialists, and 

proposes the methods based on fuzzy similarity of the situation for the intelligent management of 

supply and demand. The technique for the decision-making on the recruitment of medical 

specialists is developed in accordance with possible scenarios in hospitals. The article sheds a 

light on the algorithm and implementation phases of the issue resolution 
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1. Introduction  

Provision of human resources and the professional level of the medical employees are the 

most essential and vital factors directly affecting the quality of the medical services delivered to 

the population. Thus, improvement of the health workforce and developing the professional level 

of the medical employees are the priorities of each country and the World Health Organization 

(WHO) as a whole [1-3]. The program “Assessing future health workforce needs” adopted by 

World Health Organization and European Observatory on Health Systems and Policies of the 

World Health Organization defines the balancing supply and demand for the health workforce as 

a global problem [3]. The relevance of this problem is proven by the policy of the European Union 

and Green paper on the European workforce for health introduced in 2008 [4]. Successful 

resolution of the pending issue requires the development of a comprehensive strategy covering 

issues such as an ample approach to the problem, staff wages, working conditions, recruitment and 

motivation. However, a standard model in this area is not available yet, and there is no a country 

with the good practices which would be conducive to solving this issue. Nevertheless, at present, 

sufficient attention is not paid on the solution of the problem in the scientific literature [3]. 

This paper proposes a methodological approach for the management of the demand and 

supply in the market of health workforce, and provides methods for the solution of intelligent 

management of the demand and supply in the medical institutions based on fuzzy situation analysis 

and similarity. Whilst mentioning the intelligent management of the health workforce market, the 

authors consider such management solutions selected among the possible alternative options of 

compliance policy of supply and demand in order to reduce the imbalance of between the supply 

and demand to the health professionals. This decision would fully comply with the aims and 

conditions of the problem, to the requirements, interests and terms of the main subjects of the labor 

market, which are employers and medical experts, at the possible extent, and would minimize the 

deviation between the supply and demand [5]. 

2. Compliance of demand and supply of health specialists 

People, their intellectual potential, personal and psychological qualities are the main 

resources of the health workforce market [6]. The specificity of the health workforce market, the 

uncertainty of the data sets about its situation, the diverse nature of the data about the health 

workforce and in most cases, the impossibility of their measurement define the diversity of fuzzy 

situations of supply and demand to health professionals and the multi-variation of their possible 

balancing. Making decisions on the solution of comparison and assessment issues of these 

situations and selection of their relevance policy may be effective through the use of intellectual 

methods and technology. These tools may form a set of alternative options of management 

decisions related to the supply and demand situations. In such systems, the management is 

considered as a process of identification of the situation of supply/demand at a certain moment and 
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management decision-making adequate to the current situation. Taking into account the fact that the 

structure and volume of the demand for health professionals, the requirements to their professional and 

personal competencies are established at health institutions, the study case reviews the compliance issue 

of demand and supply at the level of health institutions to adapt to the level of popular are considered in 

the article. In this regard, the solution of the issue of the compliance of supply and demand is reduced to 

the development of mechanisms for the selection and recruitment of health specialists. Successful 

implementation of the professional duties by the health workforce depends on their intellectual potential, 

a certain degree of mastering the professional and personal competencies, readiness to use them in 

particular workplace, and their desire and ability to regularly improve and update the knowledge and 

skills in the professional area. In this context, the labor market should be considered as an intellectual 

environment, which yields knowledge, skills and abilities [7, 8]. 

2.1. Fuzzy situation models of supply and demand for health specialists  

Assume the demand for health specialists labor market is defined by the following sets: 

 kVVVV ,...,, 21 or   kiVV i ,1,   expresses a set of vacancies; 

 nlllL ,...,, 21 or   njlL i ,1,   is a set of personal features (characteristics) required in a 

candidate to a particular position (position, workplace);  mcccC ,...,, 21 or   mfcC f ,1,   is an 

open set of competencies sought to fill the medical vacancy;  
puuuU ,...,, 21  or 

  puU ,1,   is a set of terms offered to the applicants to vacant medical jobs. 

The demand model  UCLV ,, can be described by three matrices as
kn

ijL lV  , 

kmifC cV   and 
kpiU uV  , where every ki ,1 of the row iV characterizes individual 

vacancies  in the  medical labor market; the columns  
kpkmkn ucl ,, represent the constantly 

expanding base of personality features and competencies; the elements kmkn cl ,  express the level of 

individual characteristics require to fill the vacancy, and qpu are the values of measures 

characterizing the conditions proposed to applicants for a particular vacancy.  The degree of 

conformity of the vacancy iV  ( ki ,1 ) by the indicators ijl , ifc and kpu is defined as fuzzy sets 

with membership functions 

    ]1,0[:],1,0[:  CVVLVV icil ifij
 ,    1,0: UVViui

    (1) 

expressing the levels of membership required by the employment on separate indicators to fill the 

vacancy. 

Assuming that the health specialists seeking and applying for a vacancy in the labor market 

is given as a set  qSSSS ,...,, 21 or   qgSS g ,1,  .   njlL i ,1,  is a set of actual competencies 

characterizing the health specialists,   mfcC f ,1,  is a set of actual competencies in each 

individual applicant to a vacancy,   puU ,1,   is a set of preferences of the medical specialist 

expressed in the requirements of the medical expert for the medical vacancy. 

The supply model  UCLS ,, is also given as three matrices
qngjL lS  , 

qmgfC cS  , 

and
qpgU uS  , in which each row of  gS  ( qg ,1 ) characterizes individual candidates to 

proposed vacancies in the medical job market; the columns  pmn ucl ,, reflect the constantly 

expanding base of personal features and competencies; the elements 
qmqn cl , are the levels of 

individual attributes required to fill the vacancy; and qpu is a set of the indicators describing the 
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requirements of the medical specialist for the vacancy. The degree of a competency of a 

certain medical specialist gS with the individual features qg ,1 L, competencyC, and the 

vacancy requirements U is defined by the following membership function: 

     .1,0:)(,]1,0[:],1,0[:  USSCSSLSS gugcgl ggfgj 
       (2) 

In fact, there are two sets of fuzzy situations describing the conditions of demand iV
~

and 

supply gS
~

in the health specialist labor market: 

        yyVVVV
iiifij Viuicili )(,,

~



                            (3) 

        yySSSS
gggfgj Sgugcglg )(,,

~



 .                         (4) 

Here, the set  yyV
iVi )(

~
 , ki ,1 accounts for fuzzy referencesituations, i.e., sought 

fuzzy images of demand. Moreover, the set  yyS
gSg )(

~
 qg ,1 accounts for fuzzy real 

situations, i.e. sought fuzzy images of supply. Thus, the purpose of the task is to identify the 

similarity of supply fuzzy situation images with the demand fuzzy reference situation image for 

the intellectual management of the compliance of supply and demand in the health workforce 

market and to define the pair with a greater similarity (proximity) rate. 

2.2. The methods for the recognition of fuzzy supply and demand images for health specialists 

Thus, the statement and objective of the decision task related to the compliance of supply 

and demand are based on the management of situations using the determination of the proximity 

measure and similarity rate between the two fuzzy situations. As the measure of identifying the 

proximity rate of fuzzy real and reference situations the determination of the fuzzy inclusion of 

situation gS
~

in fuzzy situation iV
~

 can be used; and the determination of the degrees of fuzzy 

equality of gS
~

and iV
~

can be used [8-10]: 

1. The fuzzy inclusion )
~

,
~

( ig VS of situation gS
~

in fuzzy situation iV
~

is defined as follows: 

)))(),(1((maxmin)))(),(1(max(&))(),((&)
~

,
~

( yyyyyyVS
igigig VSVS

Yy
VSig  


(5) 

If the inclusion degree of situation gS
~

in situation iV
~

 is not less than the fuzzy inclusion 

limit ψ , which is adopted in accordance with the management condition (for example, 

ψ[0,6;1]), that is,  )
~

,
~

( ig VS , then the situation gS
~

is fuzzy included into the situation iV
~

, 

that is ( gS
~

~
 iV

~
). In other words, if the fuzzy value of the indices of the situation gS

~
 (the real 

values of the indices characterizing a candidate for the vacancy) is fuzzy included into the values 

of the indices of the situation iV
~

 (the reference values of the indices required from the applicant), 

then the situation gS
~

is fuzzy included into the situation iV
~

. 

To make decision, each alternative situation out of the sets of candidates applying to the 

vacancy (situations of the sets of vacancies) is compared to the degree of inclusion into the reference 

images, and the candidate with the highest value is selected based on the following statement: 

  .,1,,1,)))(),((1min(max(max kiqgyy
ig VS    

2. Fuzzy equality (equivalence) rate AS the measure of the similarity rate of random fuzzy 

situation is determined as follows. Assume that, ψ is adopted as a fuzzy equality rate of the two 
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situations (for example, ψ[0,7; 1]), and if there are the situations included into one another, i.e., 

gS
~

~
 iV

~
and iV

~

~
 gS

~
kgkiqg  ,,1,,1, , then situations 

gS
~

and iV
~

are considered to be 

approximately equal. Such similarity rate so-called fuzzy equality situations is calculated 

according to the following statement: 

                      

 .)))(1),((max)),(),(1((maxminmin

))(),((&)
~

,
~

()
~

,
~

()
~

,
~

(

yyyy

yySVVSVS

igig

ig

VSVS
Yy

VSgiigig











  (6) 

when  1;7,0 , if  )
~

,
~

( ig VS , the situations 
gS

~
 and iV

~
are considered to be equally fuzzy, 

that is
ig VS

~~
 . 

3. Management methods on possible scenarios of the compliance of demand and supply 

for health specialists 

Several possible scenarios can be available for the identification of the most acceptable pairs 

for “employer-medical specialist” by their proximity rate out of the sets of the real images of the 

health specialists and survey’s reference images5: 

Scenario 1.One vacancy (employer’s request) - one applicant (health specialist). 

In this case, if the degree of fuzzy similarity (reference search image of the vacancy and real 

image of the applicant) of the two situations is not less than the limit accepted by the employer, 

then a hiring decision is made. 

Scenario 2. Several applicants (health specialists) respond to the employer's attitude in 

accordance with the accepted similarity measure of the two fuzzy situations. The latter ones create 

the subsets of fuzzy situations (alternatives), out of which most eligible one should be selected. 

In this case, the employer is offered the following decision methods:  

2.1. The proximity rates of reference and real situations are compared by the criteria describing 

the candidates for the vacancy and the decision on the most consistent situations is made.  

2.2. The task of decision making is reduced to the multi-criteria selection of better 

alternative, taking into account the relative importance criteria characterizing the applicants for 

the vacancy11. 

In this case, the decision is made in the following stages:  

Stage 1.The situations that do not provide fuzzy inclusion or equality limit are "filtered", 

i.e., certain offer images do not participate in the next stages. 

Stage 2. The relative importance ratios of the criteria and indicators are set [12, 13]. For this 

purpose, comparison matrix is established according to the diagonal, symmetry and transitiveness 

characteristics of the Saati schedule and matrix. Using one of the four approaches proposed in [12, 

13], the relative importance ratios are calculated. 

In order to check whether there is any controversies within the statements of the employer and to 

detect the controversies, the maximum intrinsic value of the matrix ─ max , Consistency Index (CI) and 

Consistency Ratio (CR) are calculated. For this purpose, based on the method of multiplication of matrix 

by the vectors, a rough estimation method of consistency is referenced [12]. Multiplying the comparison 

matrix by the obtained decision vector (relative importance ratios), a new vector is obtained, and another 

vector is obtained by dividing its first component by the first component of the decision vector, its second 

component by the second component of the decision vector and so forth. λmax (maximum or head special 

intrinsic value) is obtained by dividing the sum of this vector components by the number of components. 

The closer the value of λmax ton , the more the result is considered to be agreed. The deviation from the 

consistency is called consistency index (CI) and this limit is determined by the following formula: 

)1/()( max  nnCI       (7) 
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Dividing the matrix consistency index by the Random consistency (RC) limit defines the 

consistency relation (CR): 

./ RCCICR         (8) 

 

According to [12], random consistency RC = 0,58for п=3 dimensional matrix; RС =0,90for 

п=4; RC=1,12for n = 5 4; RC =1,24 for n= 6 and so forth. 

If 1,0CR , consistency limit is considered to be acceptable, otherwise expert values are 

required to be revised. 

Step 3. The fuzzy similarity rate of the fuzzy real situations with the reference situations is 

defined based on indicators aggregation [11, 14]. This is performed by the following steps. 

3.1.Establishing" convolution " of the indicators l1, l2,…,ln,    qgSS g ,1,  , the fuzzy similarity 

degree of fuzzy real situations with the fuzzy reference situations   kiVV i ,1,   according to L is set: 

    g

n

j

ljgL SwS
j




1

 .     (9) 

3.2.Establishing" convolution " of the indicators c1, c2,..., cm,    qgSS g ,1,  , the fuzzy 

similarity degree of fuzzy real situations with the fuzzy reference situations   kiVV i ,1,   

according to C is set: 

)()(
1

gc

m

f

fgC SwS
f

 


  .     (10) 

3.3. Establishing" convolution " of the indicators u1, u2, ..., up,    qgSS g ,1,  , the fuzzy 

similarity degree of fuzzy real situations with the fuzzy reference situations   kiVV i ,1,   

according to U is set: 

  ).()(
1

gu

p

gU SwS








        (11) 

3.4. Based on the obtained results and relative importance ratios wL, wC, wU of the criteria L, 

C, U, the similarity degree of the fuzzy real situations to the reference situations is determined: 

   )()()( gUUgCCgLLgV SSSS   .   (12) 

3.5. The fuzzy real situation with the highest value is selected: 

    niSS iK ,1,max*    .     (13) 

The selected fuzzy real situation is the image of the sought applicant with the highest degree 

of similarity to the reference vacancy image, and that can be regarded as the best decision. 

4. Implementation of the management methods of supply and demand for health professionals 

Assuming there are two vacancies  21,VVV  : V1 - a pediatrician for private city clinic and 

V2 - a pediatrician for the district hospital and 4 candidates applying to these vacancies -

 4321 ,,, SSSSS  . Solution stages of the recruitment of the 4 applicants to 2 vacancies are given 

below using the fuzzy equality method for the determination of the similarity degree of the fuzzy 

situations (note that, in the given issue, the vacancy is referred as the reference situation, and 

therefore, the similarity degrees obtained with the application of fuzzy inclusion of the situations 

and fuzzy equality methods provide the same result). 

1st stage. Reference situation model of vacancies is established, that is, the system of indicators 

characterizing it is formed. Note that the data on the recruitment of health professionals obtained from 

the sites [15-18] is used for the formation of the indicators system of the vacancies V1 and V2 (Table 1). 
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Table 1. 

Indicators system of the vacancies V1 and V2 

 

Vacancies Criteria 
Indicators 

Conventional 

signs 
linguistic variables 

V1 

Personal Qualities 

L 

l1 sociable, friendly 

l2 Responsible 

l3 self developing 

Competence, 

knowledge and skills 
C 

c1 level of knowledge in accordance with the 

university diploma in "pediatrics" 

c2 assured computer skills  
c3 perfect knowledge of vocational skills 

c4 presentation of competent writing skills 

Vacancy terms and 

requirements 
U 

u1 at least 3 years practical experience 

u2 re-qualification certificate 

u3 Fluent Azerbaijani and Russian 

V2 

Personal Qualities 

L 

l1 responsible, considerate 

l2 Adaptive 

Competence, 

knowledge and skills 

C 

c1 level of knowledge in accordance with 

the university diploma in "pediatrics" 

c2 perfect knowledge of vocational skills 

Vacancy terms and 

requirements 

U 

u1 living and working in villages and districts 

u2 intense work schedule 

u3 Fluent Azerbaijani (u3) 
 

2nd stage. To define the level of compliance of the applicants with the parameters that 

characterize the vacancy, the mathematical formalization of the indicators is set. For this purpose, 

the linguistic variables measured by verbal rating scale and grades are referred to. In this case, the 

levels of the linguistic variable, that is gradations vary according to the increase in the intensity of 

self-expression of the indicators. In our case, the gradations of the linguistic variables equal to 5 

(e.g., excellent, good, normal, satisfactory, poor). Table 2shows 5-point scale of the index 

"sociable and friendly" and respective fuzzy values set defined in the interval [0; 1] [7, 19, 20]. 

Table 2. 

"Sociable and friendly" index fuzzyfication 

 

“Sociable and friendly" index gradations Linguistic value Fuzzy set in the interval [0, 1]  

1) very sociable and friendly excellent 0,95-1 

2) sociable and friendly good 0,8-0,94 

3) sociable normal 0,5-0,79 

4) almost sociable satisfactory 0,26-0,49 

5) quiet and unsociable   poor 0,1-0,25 

3rd stage. Assuming the compliance of the applicants  4321 ,,, SSSSS   to the 

vacancyV1with the indicators characterizing this vacancy is assessed by the employer (expert) as 

below (Table 3). 
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Table 3. 

Expert assessments of the applicants  4321 ,,, SSSSS   to the vacancyV1 

 

       Applicants to the vacancy V1 

Indicators  

characterizing the vacancy V1 

S1 S2 S3 S4 

Personal qualities(L)     

sociable, friendly (l1) excellent good good Normal 

responsible(l2) good good Good Good 

self-developing (l3) good good Normal Good 

Competence, knowledge and skills (C)     

level of knowledge in accordance with the 

university diploma in "pediatrics" (c1) 

excellent excellent Good excellent 

assured computer skills (c2) Good Good normal good 

perfect knowledge of vocational skills (c3) excellent excellent Good good 

presentation of competent writing skills (c4) Good excellent Good normal 

Terms and requirements (U)     

at least 3 years practical experience (u1) Good good excellent excellent 

re-qualification certificate (u2) Good good excellent excellent 

Fluent Azerbaijani and Russian (u3) excellent excellent Good good 

 

The compliance of the applicants with the indicators characterizing the vacancy V1 is given 

in Table 4. 

Table 4. 

The compliance of the applicants with the indicators characterizing the vacancy V1 

 

 

Applicants 

Indicators 

characterizing  

the vacancy V1 

S1 

 

 

  3,1,1,0)(

4,1,1,0)(

3,1,1,0)(

1

1

1














S

fS

jS

U

C

L

f

j

 

S2 

 

 

  3,1,1,0)(

4,1,1,0)(

3,1,1,0)(

2

2

2














S

fS

jS

U

C

L

f

j

 

S3 
 

 

  3,1,1,0)(

4,1,1,0)(

,3,1,1,0)(

3

3

3














S

fS

jS

U

C

L

f

j

 

S4 

 

 

  3,1,1,0)(

4,1,1,0)(

3,1,1,0)(

4

4

4














S

fS

jS

U

C

L

f

j

 

Personal qualities(L)     

sociable, friendly (l1) 0,97 0,88 0,82 0,65 

responsible(l2) 0,89 0,85 0,89 0,82 

self-developing (l3) 0,87 0,8 0,70 0,9 

Competence, knowledge and 

skills (C) 
    

level of knowledge in 

accordance with the university 

diploma in "pediatrics" (c1) 
0,98 0,95 0,82 0,97 

assured computer skills (c2) 0,9 0,84 0,75 0,88 

perfect knowledge of 

vocational skills (c3) 0,95 0,97 0,80 0,82 

presentation of competent 

writing skills (c4) 0,82 0,95 0,9 0,70 

Terms and requirements (U)     

at least 3 years practical 

experience (u1) 
0,90 0,94 0,97 0,96 

re-qualification certificate (u2) 0,82 0,82 0,97 0,95 

Fluent Azerbaijani and 

Russian (u3) 
0,95 0,95 0,8 0,88 
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According to Table 4.fuzzy real situations, i.e.fuzzy images of the applicants to the 

vacancy V1 are formed: 

  32143213211 /95,0;/82,0;/9,0;/82,0;/95,0;/9,0;/98,0;/87,0;/89,0;97,0
~

uuucccclllS 

 32143213212 /95,0;/82,0;/94,0;/95,0;/97,0;/84,0;/95,0;/8,0;/85,0;88,0
~

uuucccclllS 

 

 
  

 Where as, the fuzzy reference image of the vacancy V1 can be described as follows: 

 32143213211 /1;/1;/1;/1;/1;/1;/1;/1;/1;1
~

uuucccclllV  . 

4th stage. Fuzzy similarity degree of the fuzzy real situations formed by the applicants to the 

reference situation is designated. For this purpose, using the formula (6), the equality degree of the fuzzy 

real and reference situations according to L, C, U. Based on the obtained results, the fuzzy similarity 

degree of the real situation to the reference situations, i.e., 4,1),
~

,
~

( 1 gSV g is defined as follows: 

82,082,0&82,0&87,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

()
~

,
~

( 11111111  SVSVSVSV UCL  , 

8,082,0&4,0&8,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

()
~

,
~

( 21212121  SVSVSVSV UCL  , 

7,08,0&75,0&7,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

()
~

,
~

( 31313131  SVSVSVSV UCL  , 

65,088,0&7,0&65,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

()
~

,
~

( 41414141  SVSVSVSV UCL  . 

5th stage. The results of the expert assessments of the compliance of the applicants with the 

indicators characterizing the vacancyV2 are given in Table 5. 

Table 5. 

Linguistic values of the compliance of the applicants with the indicators characterizing the 

vacancy V2 
Applicants to the vacancyV2 

Indicators  

characterizing the vacancy V2 

S1 S2 S3 S4 

Personal qualities(L)     

sociable, friendly (l1) good Good good Good 

adaptable(l2) normal Good Normal good 

Competence, knowledge and skills (C)     

level of knowledge in accordance with the 

university diploma in "pediatrics" (c1) 
excellent excellent good excellent 

perfect knowledge of vocational skills (c2) excellent excellent good Good 

Terms and requirements (U)    Good 

living and working in villages and districts (u1) Good Good Normal Good 

intense work scheduleif necessary(u2) normal Good Normal Good 

Fluent Azerbaijani (u3) excellent excellent good Good 

 

Based on Table 5, fuzzy real images of the applicants to the vacancyV2are formed. 

  32121211 /96,0;/65,0;/8,0;/98,0;/97,0;/6,0;85,0
~

uuuccllS   

 32121212 /96,0;/9,0;/9,0;/96,0;/96,0;/92,0;9,0
~

uuuccllS 
 

 
 32121214 /9,0;/85,0;/88,0;/85,0;/96,0;/94,0;86,0

~
uuuccllS   

 

Fuzzy reference images of the vacancyV2can be described as: 

 32121212 /1;/1;/1;/1;/1;/1;1
~

uuuccllV   

 32143213213 /8,0;/97,0;/97,0;/9,0;/8,0;/75,0;/82,0;/70,0;/89,0;82,0
~

uuucccclllS 

 32143213214 /88,0;/95,0;/96,0;/7,0;/82,0;/88,0;/97,0;/9,0;/82,0;65,0
~

uuucccclllS 

 32121213 /85,0;/77,0;/75,0;/82,0;/85,0;/75,0;88,0
~

uuuccllS 
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Based on the formula (6), fuzzy equality degrees of the fuzzy real and reference situations 

are calculated according to L, C, U, and fuzzy similarity degrees 4,1),
~

,
~

( 2 gSV g of these 

situations are defined on the basis of following formulas: 

6,065,0&97,0&6,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

()
~

,
~

( 12121212  SVSVSVSV UCL  ; 

9,09,0&96,0&9,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

()
~

,
~

( 22222222  SVSVSVSV UCL  ; 

75,075,0&82,0&75,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

(),
~

( 32323232  SVSVSVSV UCL 


; 

85,088,0&85,0&86,0)
~

,
~

(&)
~

,
~

(&)
~

,
~

()
~

,
~

( 42424242  SVSVSVSV UCL  . 

The obtained results are provided in Table 6. 

Table 6. 

Fuzzy similarity degrees 4,1),
~

,
~

( 1 gSV g and 4,1),
~

,
~

( 2 gSV g  

Applicants qgSV g ,1,)
~

,
~

( 1   qgSV g ,1,)
~

,
~

( 2   

S1 0,82 0,6 

S2 0,8 0,9 

S3 0,7 0,75 

S4 0,65 0,85 

 

6th stage. Pending case scenario corresponds to 2.1, i.e.,fuzzy reference situation V1and real 

situations 321

~
,

~
,

~
SSS  are fuzzy similar and real situations and the closest one to the real image is 

the real situation S1( 82.0),( 11 SV ).Fuzzy reference situation V1and fuzzy real situationS4arenot 

fuzzy equal, and the equality degree of this "pair" is less than the fuzzy equality limit, that is

7,065,0),( 41 SV . 

Fuzzy reference situation V2 and real situations 432

~
,

~
,

~
SSS are fuzzy similar, and the closest 

one to the real image is the real situation S2 ( 9.0),( 22 SV ). The pair of the images V2 and S1 are 

not fuzzy equal, that is 7,06,0),( 12 SV . 

7th stage. Assuming an employer is interested in taking into account the relative superiority 

of the indicators in selecting the most appropriate applicants. In this case, the decision is made in 

accordance with the scenario 2.2 (real situations S4andS1for the vacancies V1andV2, respectively, 

are not considered at this stage). 

Relative importance ratios are determined by referring to Table 1based on the following 

expert assessment about the relative superiority of the criteria L, C and U characterizing the 

vacancy V1andthe relative superiority of the certain indicators characterizing them: 

- "competence, knowledge and skills (C) are much more important compared to personal 

qualities (L), and less important compared to terms and requirements (U)"; 

- "responsible (L2) is considerably much more important compared to sociable and friendly 

(L1), self-developing (L3)"; 

- "level of knowledge in accordance with the university diploma(c1) and perfect knowledge 

of vocational skills (c2) are noticeably much more important compared to assured computer skills 

(c2) and presentation of competent writing skills (c4)" 

 - "minimum 3 years practical experience (u1) is significantly more important compared to 

re-qualification certificate (u2) and Fluent Azerbaijani and Russian language skills (u3)". 

Referring to the formulas (7) - (8), no contradiction is identified in the expert statements. 

The obtained results are given in Table 7. 
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Table 7. 

 

 

 

8th stage. Based on the formulas (10) - (12) the degree of similarity of the real images S1, 

S2, S3 and the reference image V1 by L, C, U is determined: 
 

  .)()
~

(,)()
~

(,)(
~ 3

1

4

1

3

1




 ugugUc

f

gcg

j

lgjg wSSwSSwSS
ffCjlL

 


 

The results are given in Table 8. 

Table 8. 

Similarity degree of the real images by L, C, U 

 
  

Criteria 
 

 

Criterion importance 

ratios 

1

~
S  

 
 
 1,0)(

1,0)(

1,0)(

1

1

1







S

S

S

U

C

L






 

2

~
S  

 
 
 1,0)(

1,0)(

1,0)(

2

2

2







S

S

S

U

C

L






 

3

~
S  

 
 
 1,0)(

1,0)(

1,0)(

3

3

3







S

S

S

U

C

L






 

 

V1 

L 0,077 0,88 0,83 0,8 

C 0,693 0,93 0,91 0,8 

U 0,23 0,9 0,92 0,95 

 

9th stage. Based on the formula (13) the degree of similarity of the applicants to the vacancy 

V1is determined: 

UiUCiLiLi wSwSwSSV
C

 )()()(),( 1  . 

The results are given in Table 9. 

        Table 9. 

 1

~
S  

 1,0),( 11 SV  
2

~
S  

 1,0),( 21 SV  
3

~
S  

 1,0),( 31 SV  

)
~

,
~

( 1 gSV  0,919 0,906 0,834 

 

 Thus, taking into account the importance ratios of the indicators, the real image of the 

applicant S1 to the vacancy V1has the highest similarity degree to the reference image of the 

vacancy, and can be considered as the best decision. 

 

Crite-

ria 

Criterion 

impor-

tance 

ratios 

 

 

Indi-

cators 

Indicators 

importance 

ratios 

 

S1 
 

 

  3,1,1,0)(

,3,1,1,0)(

,4,1,1,0)(

1

1

1














S

fS

jS

U

C

L

f

j

 

S2 

 

 

  3,1,1,0)(

,3,1,1,0)(

,4,1,1,0)(

2

2

2














S

fS

jS

U

C

L

f

j

 

S3 

 

 

  3,1,1,0)(

,3,1,1,0)(

,4,1,1,0)(

3

3

3














S

fS

jS

U

C

L

f

j

 
L 

 
0,077 

l1 0,07 0,97 0,88 0,82 

l2 0,465 0,89 0,85 0,89 

l3 0,465 0,87 0,8 0,70 

C 0,693 

c1 0,4166 0,98 0,95 0,82 

c2 0,4166 0,9 0,84 0,75 

c3 0,0834 0,95 0,97 0,80 

c4 0,0834 0,82 0,95 0,9 

U 

 

0,23 

 

u1 0,714 0,90 0,94 0,97 

u2 0,143 0,82 0,82 0,97 

u3 0,143 0,95 0,95 0,8 
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Similarly, taking into account importance ratios of indicators, the best applicant for the 

vacancy V2 is identified. 

 

Conclusion 

The proposed method is one of the support options for employers to make more justified 

decisions in the recruitment to the vacancies by complying the demand and supply of health 

professionals. This issue can be solved by considering the mandatory, optional, insignificance of 

the qualifications characterizing the vacancy [21]; by reducing the issue to collective decision [22]; 

by reducing the decision-making process to the issue of multi-criterion decision-making 

considering the competence of the participants in the subject matter [23]. The importance of such 

support is conditioned by a number of factors, such as the dynamics of medical knowledge, the 

deepening of specialization, the unequal geographical and territorial distribution of health 

workforce, and therefore, the differing requirements for them, the high cost of training the qualified 

staff, increase in the value of healthcare workforces depending on their experience, increased 

demand for health specialists in exchange for the tendency to decrease the supply and so on. Under 

these conditions, the modern employer must adapt his/her decisions to the changing management 

situations. Additionally, today, the number of the decisions to be made in uncertainty and non-

standard situations, at all levels of management, has significantly increased. Since the human 

resources is the key determinant for the competitiveness of organization, it is strategically 

important to support the decision related to the staff and its intellectual potential. 
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