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SUPPORT FOR THE DECISION TO SELECT THE FUTURE PROFESSION
WITH USE OF FUZZY RELATIONS

The article suggests one of the ways to solve the problem of vocational guidance for applicants in choosing a
future profession through the use of artificial intelligence systems, namely, fuzzy relations. On the basis of
fuzzy relations, a number of additional concepts are defined that are used to construct fuzzy models of complex
systems. An example of the use of fuzzy relations is provided to support the decision-making on the choice of
the future profession. To clarify the result, since the Applicant can choose several professions with the same
rating, was proposed to apply an alternative operation of compositing two binary fuzzy relations — (max-prod)-

composition.
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Introduction

At present, the difficulties encountered by
applicants for admission to a higher educational
institution when solving the multicriteria task of
choosing a university, as well as the specialty of
education for obtaining a future profession, are
increasingly encountered [1, 2].

The paper suggests the use of fuzzy relations for
the purpose of vocational guidance of students in
choosing the future profession on the basis of their
competencies. The apparatus of the theory of fuzzy
relations is used for qualitative analysis of the
interrelations between the objects of the system under
study. Having assessed the main competences for the
future profession and the competency of the applicant,
he (or she) will be asked to choose the profession in
which the obtained values of the composition of fuzzy
relations are of the greatest importance.

The research of this problem was conducted with
the aim of increasing the efficiency of professional
orientation of applicants, namely the solution of the
problem related to the choice of a specialty for future
education.

1. Features of the theory of fuzzy sets use

The theory of fuzzy sets allows us to describe
inaccurate concepts and knowledge about the world
around us, and also to operate with this knowledge in
order to obtain new information [3, 4]. A fuzzy set is a
collection of elements of an arbitrary nature, with
respect to which it is impossible to state with complete
certainty whether an element of the considered

population belongs to a given set or not.

The concept of fuzzy relations, along with the
notion of the fuzzy set itself, should be attributed to the
fundamental backbone of the whole theory of fuzzy sets
[5, 6]. On the basis of fuzzy relations, a number of
additional concepts are defined that are used to
construct fuzzy models of complex systems. A
meaningful fuzzy relation is defined as any fuzzy subset
of ordered tuples constructed from elements of certain
basic sets [7].

In the general case, a fuzzy relation defined on the
sets (universes) X;, Xa, ..., Xm, 1S a certain fixed fuzzy
subset of the Cartesian product of these universes. In
other words, if we denote an arbitrary fuzzy relation N,
then by definition

N = {<X1, X2, +ory X, UIN(SX1, X2, ooy X))
where pUn(<Xi, X, ..., X>) 1s the membership function
of a given fuzzy relation, which is defined as the map
un: Xp x Xp x .ox X — [0,1]. A fuzzy relation
between elements of two universal sets is called binary.

Since each fuzzy relation is a fuzzy set, then with
respect to fuzzy relations, all operations that apply to
fuzzy sets are valid.

Let S and T be finite or infinite binary fuzzy
relations. And the fuzzy relation

S = {<xi, x>, ns(<xi, %)}
where i = 1..6, j = 1.7, is given on the Cartesian
product of universes X; x X5, and the fuzzy relation

T = {<x, x>, pr(<xj, X))},
where j=1..7, k=1..6, is given on the Cartesian product
of the universes X, x Xj.

The fuzzy binary relation given on the Cartesian
product X; x X; and denoted by S x T is called the
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composition of the binary fuzzy relations S and T, and
its membership function is defined by the expression:

HS@T(<Xi’Xk>):y”S ((Xi>xj>)ﬂ”T ((Xj,Xk>)- (1)

Defined in this way composition of binary fuzzy
relationships is called (max-min)-composition or
maximin convolution of fuzzy relations.

For (max-min) - of the compositions of the
relations S and T, the operation () can be replaced by
any other for which the same restrictions are fulfilled as
for (1: associativity and monotonicity with respect to
each argument.

In particular, the operation [ can be replaced by
algebraic multiplication, then we speak of a (max-prod)
-composition (formula (2)):

US@T((Xi’xk»:EJMS(<Xiaxj>)'“T(<Xj=Xk>)- (2)

Let us pass directly to the consideration of the
proposed method of supporting decision-making in
choosing a future profession.

2. Using fuzzy relationships to support
decision making

To select a future profession, the applicant has
built a fuzzy model based on two binary fuzzy
relationships S and T. The first of these fuzzy relations
is built on two basic sets X and Y, and the second on
two basic sets Y and Z.

Here, X describes the set of professions, Y is the
set of core competencies, and Z is the set of applicants.
The fuzzy relation S describes the relationship of the

profession with competences in a meaningful way, and
T describes the assessment of competencies for each of
the applicants. For concreteness:

X :{X13X2’X3’X4’X5’X6}’
Y = {¥1,¥2,¥3:Y4,¥5: Y6, Y7}
2|

Z],Zz,Z3,Z4,Z5,Z6,Z7}.

Elements of universums X, Y, Z have the
following conceptual meaning:

x; — "IT developer",

X, — "Engineer",

x3 — "Sales manager",

x4 — "HR specialist",

X5 — "Architect",

x¢ — "Logistics specialist”;

y1 — "Logical thinking",

y, — "Creativity",

y; — "Communication skills",

ys — "Technical skills",

ys — "Flexibility of thinking",

ys — "Organizational skills",

y; — "Observation";

z; — "Applicant1",

z,— "Applicant 2",

73 — "Applicant 3",

74— "Applicant 4",

zs — "Applicant 5",

z¢ — "Applicant 6",

77 — "Applicant 7".

The concrete values of the membership functions
us(<xi, y7>) and pr(<y;, zk>) of the fuzzy relations under
consideration are presented in the following tables
(Tables 1, 2).

Table 1
Fuzzy relation S
Core competencies
en o ©n —_—
g S = o <
. Z 2 ki g - S g
Professions g= = 24 = A 5 g2 IS
= = ST g e 8 g
S e é v £ = g 2
3 O = - S
IT developer 0.8 1 0.7 0.8 1 0.7 0.8
Engineer 0.8 0.8 0.7 1 0.9 0.7 0.8
Sales manager 0.7 0.7 0.9 0.6 0.8 0.6 0.8
HR specialist 0.7 0.8 0.8 0.6 0.8 0.8 0.9
Architect 0.8 0.9 0.7 0.9 0.8 0.9 0.8
Logistics specialist 0.9 0.7 0.8 0.8 0.8 0.8 0.7
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Table 2
Fuzzy relation T
Core competencies Applicants

— (@] on <t v O o~

g g g g g g g

[a5] [a5] [a5] [a5] [a5] [a5] [a5]

=1 2 S S 2 S =1

= = = = = = =

Y Y o Y Y o Y

< < < < < < <
Logical thinking 0.7 0.8 0.6 0.3 0.9 0.4 0.5
Creativity 0.5 0.7 0.5 0.5 0.5 0.5 0.7
Communication skills 0.5 0.8 0.7 0.3 0.5 0.7 0.9
Technical skills 0.8 0.6 0.5 0.7 0.7 0.3 0.6
Flexibility of thinking 0.6 0.8 0.7 0.5 0.8 0.5 0.5
Organizational skills 0.8 0.5 0.5 1 0.6 0.7 0.3
Observation 0.4 0.7 0.9 0.8 0.7 0.9 0.3

The matrices of these fuzzy relations have the form
(formula (3), (4)):

(0.8 1 07 08 1 0.7 0.8]
08 08 07 1 09 0.7 038
0.7 0.7 09 0.6 08 0.6 038

MS = s (3)

0.7 0.8 08 0.6 08 08 09

0.8 09 0.7 09 08 09 038

09 07 08 08 08 08 0.7

[0.7 08 0.6 03 09 04 05]
05 07 05 05 05 05 0.7
05 08 07 03 05 07 09
Mr=[08 06 05 07 07 03 0.6]. (4)
0.6 08 0.7 05 08 05 05
08 05 05 1 06 07 03
0.4 07 09 08 07 09 03]

Since the fuzzy relations under consideration
satisfy the formal requirements necessary for
performing their fuzzy composition according to (1), the
result of the fuzzy composition operation of these
relations can be represented as a resulting fuzzy relation
matrix (5):

(08 08 08 08 08 08 0.7
08 08 08 08 08 08 0.7
0.7 08 08 08 08 08 0.9
0.8 08 09 08 08 09 08/
08 08 08 09 08 08 0.7
108 08 0.7 08 09 07 08]

)

Mger =

Let us present a fuzzy composition of the two
initial relations in the form of Table 3.

Let us Consider how one of the values of the
membership function of the composition is obtained, for
example, the value (<x;, z;>) = 0.8.

First, let us find the minimum values of the
membership function of all pairs of elements of the first
row of Table 1 and the first column of Table 2. Namely:
min{0.8 0.7} = 0.7; min{1 0.5} = 0.5; min{0.7 0.5} =
0.5; min {0.8 0.8} = 0.8; min {1 0.6} = 0.6; min{0.7
0.8} =0.7; min{0.8 0.4} = 0.4. After this, let us find the
maximum of 7 obtained values, which will be the target
value of the membership function: pger (<Xi, z;>) =
max {0.7 0.5 0.5 0.8 0.6 0.7 0.4} = 0.8. The remaining
values of the membership function can be found
similarly.

To clarify the result, since the Applicant can
choose several professions with the same rating, let us
apply an alternative operation of compositing two
binary fuzzy relations — (max-prod)-composition
(formula (2)). The result of the operation of the fuzzy
composition of these relations can be represented as a
matrix of the resulting fuzzy relation (6):

072 0.7 ]
0.72 0.63
0.72 0381
0.81 0.72
0.72 0.63
0.63 0.72

[0.64 08 072
08 0.72
049 0.72
0.64 0.64
0.72 0.64
1064 0.72

0.7 08

0.72 0.7 072
0.72 0.64 0.64
0.81 08 0.64
072 09 0.72
063 08 0381

.(6)

Msgr =

Let’s present a fuzzy (max-prod)-composition of
two initial relations in the form of a table 4.
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Table 3
Fuzzy composition of two fuzzy relations
Applicants

— (@)l on < v O o~

Professions g S 8 g 5 8 8

e L2 e e L2 e 2

= = = = = = =

al al al al al al al

< < < < < < <
IT developer 0.8 0.8 0.8 0.8 0.8 0.8 0.7
Engineer 0.8 0.8 0.8 0.8 0.8 0.8 0.7
Sales manager 0.7 0.8 0.8 0.8 0.8 0.8 0.9
HR specialist 0.8 0.8 0.9 0.8 0.8 0.9 0.8
Architect 0.8 0.8 0.8 0.9 0.8 0.8 0.7
Logistics specialist 0.8 0.8 0.7 0.8 0.9 0.7 0.8

Table 4
Fuzzy (max-prod)-composition of two fuzzy relations
Applicants

— (@] on < v O o~

. = = = = = = =

Professions s s s s s S S

) ) ) ) ) ) )

al al al al al al al

< < < < < < <
IT developer 0.64 0.8 0.72 0.7 0.8 0.72 0.7
Engineer 0.8 0.72 0.72 0.7 0.72 0.72 0.63
Sales manager 0.49 0.72 0.72 0.64 0.64 0.72 0.81
HR specialist 0.64 0.64 0.81 0.8 0.64 0.81 0.72
Architect 0.72 0.64 0.72 0.9 0.72 0.72 0.63
Logistics specialist 0.64 0.72 0.63 0.8 0.81 0.63 0.72

Table 3 shows the assessment of the choice of the
future profession by the applicant. Analyzing an
obtained result, it can be seen that there are situations
that make it difficult to choose a suitable profession
according to competencies, for example, for the
Applicant 1 the most suitable are several professions,
since their membership functions are equal to each
other. Having analyzed the obtained refined result
(Table 4), we can conclude that a suitable profession for
Applicant 1 is the "Engineer", since its membership
function is (<x,, z;>) = 0.8. Using different models, the
same results are obtained, this fact indicates the
existence of a stable connection or regularity between
the individual elements of the models. Thus, having
received a composition of fuzzy relations, it is possible
to recommend applicants the choice of a future
profession on the basis of their competences.

Conclusion

In this article, it is proposed to use the apparatus of
the theory of artificial intelligence systems to support
the decision-making on the choice of the future
profession on the basis of their competences.

In the future, it is necessary to implement
informatisation of the learning processes, namely, to

organize systems for supporting educational processes
in schools on the basis of web technologies and to give
them a professional orientation.
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MIATPUMKA NPUMHATTS PILIEHHS IIOJ10 BUBOPY MAWBYTHbBOI IPODECII
3 BUKOPUCTAHHSIM HEUITKHUX BIZITHOCUH

0. I. Mopo3zosa

VY crarTi 3anpoNOHOBAHO OJMH i3 HUISAXIB BHUpIlIEHHS MpobieMu mnpodeciiinoi opieHTamii abiTypi€HTIB 1010
BHOOpPY MalOyTHROI Tpodecii 3a paxyHOK BUKOPHCTAHHS CUCTEM IITYYHOI'O iHTEICKTY, a CaMe HEYITKHX BiTHOCHH.
Ha ocHOBI HeUiTKHMX BiTHOCHH BH3HAYa€ThCs IUTHHA Psl JOAATKOBHUX MOHSATH, 1[0 BUKOPUCTOBYIOTHCS ISl IO0YJOBU
HEYITKHX MOJIeJiell CKJIaAHUX cucTeM. HaBeieHO NpHKiIaj BUKOPUCTAHHS HEYITKUX BIAHOCHH ISl MiATPUMKH
NPUAHATTA pilleHs 1070 BUOOpPY MaiOyTHBOi mpodecii. s yTOYHEHHS OTPHUMAaHOIrO pe3ylbTaTy, TaK SK
abiTypieHT MOkKe BUOpATH KiJibKa Mpodeciii 3 0HAKOBOIO OLIHKOI0, 3aIPOIIOHOBAHO 3aCTOCYBATH allbTEPHATHBHY
olepariito KOMITO3HIIT IBOX OIHAPHUX HEYITKHUX BiJHOCHH — (maX-prod)-KOMITO3HUIIi].

Karwudosi cioBa: miarpuMka NpUAHATTS pillieHHs, TpodeciiiHa OpieHTallisl, CHCTEMH IITYYHOT'O IHTEJEKTY,
HEYITKI MHOYKUHH, KOMITO3UIIisS HEYITKUX BiJHOCHH.

MOJJIEPXKKA IPUHSITUS PEIHIEHUA 11O BBIBOPY BYJIYIIENA MPO®ECCUA
C UCITOJIb30BAHUEM HEYETKUX OTHOIIEHUA

0. U. Mopo3osa

B craThe npeniokeH OIWH U3 MyTeH pelIeHus mpo0IeMbl TPOPECCHOHATBHON OPHEHTAIIMH AOUTYPUCHTOB 10
BBIOOpY OymyIiei mpodeccuu 3a CUeT HCIOIb30BAHUSA CUCTEM HMCKYCCTBEHHOI'O MHTEJUICKTA, & UMEHHO HEYETKUX
oTHOmeHWH. Ha OCHOBEe HEYETKMX OTHOIICHHMH ONPENENIACTCS MEIbIH pAA  TOMOJHUTEIBHBIX ITOHATHUH,
HCTONB3YEeMBIX JUI TOCTPOCHHUSI HEYETKHUX MOJEICH CIIOKHBIX CHUCTeM. [IpuBemeH NpuUMep HCIOIb30BaHUS
HEYCTKUX OTHOIICHUH I TOICPXKKHU TPHHATUS PEUICHUN Mo BBHIOOPY Oymymied mpodeccuu. i yrOUHEHHS
MOJIyYCHHOTO Pe3yNIbTaTa, TaK Kak aOUTYpPHEHT MOXET BBIOpATh HECKOJBKO Mpodeccuil ¢ ONMHAKOBOHN OIICHKOM,
MPEUIOKEHO MPUMEHUTh aJbTCPHATUBHYIO OINEPAIUI0 KOMITO3HMIIMU JBYX OWHAPHBIX HEYCTKUX OTHOIICHUN —
(max-prod)-KOMIIO3HUIIHIO.

KiroueBble cjioBa: ToOmAep)KKa TPHHATHS —pelieHus, mpodeccHoHanbHas
HCKYCCTBEHHOI'O MHTEIUICKTA, HCUSTKHE MHOXKECTBA, KOMITO3HIIUS HEYCTKUX OTHOIICHUM.
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