BectHuk XHALRY, Buin. 83, 2018

VK 164/3:519/876

DOI: 10.30977/BUL.2219-5548.2018.83.0.125

APPLICATION OF FUZZY AGGREGATION NORMS IN VOCATIONAL
GUIDANCE FOR LAW GRADUATES
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Abstract: Higher education institutions want to help their graduates to find a job, which is more
relevant to their personal traits. The law graduates can apply for a job for a great variety of positions.
Some of them require dealing with clients every day, like for example an attorney, and the others de-
mand preparing legal documents individually. Graduates also differ due to willingness and capacity of
working with people or preparing documents alone. The paper presents the mathematical model of an
information system designed for analyzing the graduates traits and different job requirements to help
the law graduates choose the kind of job to apply to it. The model is based on fuzzy aggregations

norms.

Key words: decision support system, higher education, fuzzy aggregation norms.

Introduction

When students graduate from universities, they
want to find a job or run a business within the
framework of their achieved qualifications. The
graduates of law have a great variety of posi-
tions to apply. Because of that, the higher educa-
tional institutions should help them to choose for
which kinds of jobs they are better qualified.
Some graduates work during their studies, so
they have some knowledge about their abilities,
and they can choose their future job with more
probability of success, but some students cannot
gain some experience during their university
studies, so they have a problem to decide which
kind of job they are better qualified for. In Po-
land, it is more important in law than in many
other areas of professional higher education
because to apply for some position like for ex-
ample judge, attorney, notary and so on, the law
graduates have to complete more studies, called
law applications [1]. In the case of an attorney,
the graduates have to study three years more, so
the cost of making a mistake is high.

Fuzzy relations
When people want to describe somebody’s
traits, they use some phrases like “they must
manage the stressful situation very well”, “they

cannot leave everything for the last moment”
and so on. The application of classical logic for
this situation is not convenient, because it is a
very rare situation when there is a person who
possesses the considered trait completely or
does not possess it at all. Much more often, peo-
ple possess the discussed trait at some level.
Because of that, it is much better to use fuzzy
logic which is multi-valued. Fuzzy logic enables
to model the level of truth sentences like for
example “The attorneys should like to work with
people very much, work well under the pressure
of time and do not need to be good at preparing
regulations or bills.”

Lofti Zadeh [2] introduced the idea fuzzy
sets. Let X be a non-empty space and let A € X.
Then, A is called a fuzzy set if A = {(X, u4),X €
X} and py: X — [0,1] is a membership func-
tion. For each x € X, value py(x) describes the
level of membership of this element to set A.
Assume that X and Y are two spaces. Then,
RS X XY is called a fuzzy relation between X
and Y if R is a fuzzy set.

Let X be a set of some positions for law
graduates (X does not include all possible posi-
tions for law graduates). Let

X = {AT,LC,PAt,AU,BR,JU,PAr,LS,PO,BA,NO, LC,IL},

where AT denotes an attorney, LC — a legal
counsel, PA — a patent attorney, AU — an audi-
tor, BR — a bankruptcy receiver, JU — a judge,
PA — a public prosecutor, LS — a legal secretary,
PO — a probation officer/curator, BA — a bailiff,

NO — anotary, LC — a legal clerk and IL — an in-
house lawyer.

Moreover, let Y be a set of some traits which the
different law professionals should possess in
different levels,
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Y = {V,15,Y3,7,,Ys, Y},

where Y; denotes the ability to work with peo-
ple, Y, — to work alone (at home, in the office or
library), Y3 — to manage the stressful situations,
Y, — to be conscientious, timely and disciplined,
Y5 — to act spontaneously and the trait of leaving

?=1R(Xi:y}‘) =1

things for the last moment, Yy — the necessity to
earn money after the graduation.
Let R € X X Y be a fuzzy relation between posi-
tions for the law graduates and required traits,
where R(AT,Y;) = 0.3 denotes that, for attor-
neys, the ability work with people is relatively
high.

Assume that values of relation R fulfill the
following condition

for eachj = 1,2,...,6.

Tab. 1 — Values of the fuzzy relation between law professionals and required traits

Positio h Y, g Y ¥, ¥
AT X, 0.2 0.3 0.2 0.2 0.1 0
LC X, 0.2 0.2 0.1 0.2 0.2 0.1
PAt | X, 0.3 0.1 0.1 0.1 0.2 0.2
AU X, 0.1 0.5 0.1 0.1 0.1 0.1
BR X< 0.1 0.3 0.2 0 0.1 0.3
JU X, 0.2 0.3 0.2 0.2 0.1 0
PAr | X, 0.2 0.1 0.1 0.2 0.2 0.2
LS Xe 0 0.2 0.3 0.1 0.2 0.2
PO X, 0.1 04 0.1 0.2 0.1 0.1
BA | Xy, 0.4 0.2 0.2 0 0.1 0.1
NO | X, 0.2 0.1 0.1 0.1 0.3 0.2
LC Xy, 0.2 0 0.3 0.2 0.2 0.1
IL X, 0.1 0.3 0.2 0.3 0.1 0

Let Z ={G4,G,, G3,G4,Gs} be the set of law
graduates who need the help to choose the pro-
fession and let V:C Y X Z be a fuzzy relation
between the professional traits and graduates.

Values of relation V' can be evaluated by a spe-
cialist-psychologist or by the graduates them-
selves. The exemplary values are presented in
table 2.

Tab. 2 — Values of the fuzzy relation between required traits and graduates based on the self-assessment or es-
tablished by a psychologist

T duates G, G, G, G, Gs
Y 0.3 0.5 0.7 0.2 0.9
Y, 0.7 0.7 0.9 0.6 0.1
Y, 0.4 0.8 0.4 0.7 0.5
Y, 0.3 0.4 0.5 0.9 0.2
Ye 0.5 0.2 0.7 0.3 0.5
Ye 1 0 0.8 0.5 0.7

The function of trust in professional traits

The article deals with the problem of trusting
in the graduate’s professional traits in the area of
law professional positions.

Let T:X X Z — [0,1] be a function, called
the trust-in-professional-traits function (the trust
function). Let us consider for the law graduate
Gy € Z and one of the professions — attorney
AT e X:

o T(Gy, AT) = 1, then the trust that grad-
uate G, possesses the set of traits required for

being an attorney in the perfect level, then this
graduate can be recommended for this profes-
sion;

o T(Gy, AT) € (0,1), then the trust is posi-
tive and the bigger this number is, the higher the
trust that the traits of this graduate are proper for
this position;

o T(Gy,AT) =0, then this graduate
should choose another law position because the
traits are really on a very low level.
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Fuzzy aggregation norms
Now, we are going to introduce fuzzy aggre-
gation norms.

Optimistic fuzzy aggregation norms

The optimistic fuzzy aggregation norm [3] is
defined based on by three conditions (O1)-(O3).
By (03), it may be observed that the level of
value after the application of the optimistic
fuzzy aggregation norm is not less than each
value chosen for calculations.
Let S,:[0,1] x [0,1] — [0,1] be an optimistic
fuzzy aggregation norm if the following condi-
tions are fulfilled, let x,y € [0,1]:

(O1) 5,(0,0) =0
(02) So(x%y) = S, (¥,%)
(03) So(x,y) = max{x,y}

Condition (O1) shows that if the considered
value is 0 and the next value added is also 0,
then the level of the norm is 0. Condition (02),
named commutativity, says that the order of
adding information is not important. Condition
(O3) shows that after the use of optimistic fuzzy
aggregation norm is bigger or equal than values
taken into calculations.

Let the following function be chosen as an
optimistic aggregation norm. Let X,y € [0,1],

So(x,y) = X+ y-xy.

Figure 1 shows the graph of the optimistic
fuzzy aggregation norm.

Fig. 1. The graph of optimistic fuzzy relation
aggregation norm S,

T-norm of fuzzy relations

For calculation results of the composition of two
fuzzy relations, the t-norm [4] will be applied.
The function ¢: [0,1] X [0,1] = [0,1] is called t-
norm if the following conditions are fulfilled
for each x,y,z,v € [0,1]

tHtx,y) <t(zv)forx <z,y<v
(2) t(x,y) = t(y,x)

(13) t(t(x,¥),2) = t(x,t(y,2))
t4) t(x,1) =x

Condition (t1) shows that the function t is
monotonous. Condition (t2), called commuta-
tivity, shows that the order of two calculated
values is not important. Condition (t3), called
associativity, shows that it does not matter
whether at first t-norm of values x and y are
calculated and then t-norm of the result with z is
calculated, or the order of calculations is differ-
ent. Condition (t4) shows that t-norm of each
value with 1 is always this value.

Let, for the t-norm, the following function

txy) = xy

for each x,y € [0,1], will be applied.
Figure 2 presents the graph of the t-norm.

Fig. 2. The graph of t-norm

Model of the trust-in-professional-traits

At first the following fuzzy relation
W(G, Y, Xy), fori =1.2,...,5,j =12,...,6
andk =1,2,...,13,

be defined as follows W (G;, Y, Xi) =

t(V (61 ), R(Y, X)) = V(Gi,Y)) - R(Y, X).
(*)The trust-in-professional-traits function is
defined as follows

T1 (G, X)) = W(G;, Yy, Xi)
Ty (Gi, Xi) = S0 (T (6o, Xi), W (G, ¥, X))
forj=1,2,...,5
T(Gi, X)) = Te(Gy, Xi)-

foreachi=1,2,....5and k =1,2,...,13.

Let us calculate, as an example, the level of
trust-in-professional-traits for the graduate G,
considering the application for position X;. At
the beginning, values of relation W(Gl,Y]-,Xl)
for all values j =1,2,...,6, are calculated and
presented in table 3.

Based on the values of relation W, values of
T(G;, X)) and sums of values of fuzzy rela-
tion W are presented in table 4.
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Tab. 3 — Values of the fuzzy relation W for graduate G; applying for the position X;

Traits

Y

\f!

Y

Y,

Ys

Ye

w(Gy %, X,)

0.06

0.21

0.08

0.06

0.05

0

Tab. 4 — Levels of trust-in-professional-traits for graduates and professional law positions and sums of values of
fuzzy relation W

duate G Gz G G Gs
Positiag Z wl| T Z wl| T Z wl| T Z w| T Z w| T
AT X, 0,46 | 0,3899 0,57 | 0,4615 0,66 | 0,5166 0,57 | 0,4615 0,40 | 0,3471
LC X, 0,50 | 0,4091 0,441 0,3711 0,68 | 0,5179 0,52 | 0,4247 0,46 | 0,3866
PAt X, 0,53 | 0,4326 0,38 | 0,3298 0,69 | 0,5264 0,44 | 0,3674 0,59 | 0,4792
AU X, 0,60 | 0,4980 0,54 | 0,4655 0,76 | 0,6009 0,56 | 0,4650 0,33 | 0,2889
BR X 0,67 | 0,5312 0,44 | 0,3822 0,73 | 0,5585 0,52 | 0,4302 0,48 | 0,4038
JuUu X 0,46 | 0,3899 0,57 | 0,4615 0,66 | 0,5166 0,57 | 0,4615 0,40 | 0,3471
PAr X, 0,53 | 0,4320 0,37 0,3199 0,67 | 0,5115 0,51 | 0,4178 0,52 | 0,4270
LS Xg 0,59 | 0,4715 0,46 | 0,3976 0,65 | 0,5048 0,58 | 0,4648 0,43 | 0,3682
PO X 0,56 | 0,4611 0,51 | 0,4326 0,72 | 0,5600 0,59 | 0,4766 0,34 | 0,2961
BA X0 0,49 | 0,4047 0,52 | 0,4336 0,69 | 0,5353 0,42 | 0,3584 0,60 | 0,5013
NO Xi1 0,55 | 0,4464 0,35 | 0,3051 0,69 | 0,5264 0,45 | 0,3745 0,55 | 0,4475
LC X, 0,44 | 0,3702 0,46 | 0,3959 0,58 | 0,4611 0,54 | 0,4447 0,54 | 0,4399
IL Xi3 0,46 | 0,3905 0,56 | 0,4563 0,64 | 0,5063 0,64 | 0,5106 0,33 | 0,2906
The sum Y, W can be used to calculate levels (0.4615), next G; (0.3899) and the last one is G5

of trust-in-professional-traits, but there are two
disadvantages:

1) The sum might be bigger than 1.

2) The sum might not have enough differ-
ent values to prepare rankings of graduates.

Results

To estimate whether the graduate should be
recommended for the given profession, let us
calculate the range = (Min, Max). Here, Min =
0.29 and Max = 0.60, so the range is (0.29;
0.60). Let d = Max-Min = 0.31.

Assume that if the level of trust-in-
professional-traits T (G;, X ) is lower than Min +
30% d = 0.383, then the graduate G; should not
apply for position Xj; if the level of trust-in-
professional-traits T'(G;, X)) belongs to interval
(Min 4+ 30%d, Max — 30%d) =
(0.383,0.507), then the graduate can apply for
this position, but they are advised to think about
the position better for them; if finally the level
of trust-in-professional-traits T'(G;, X;) is higher
than Max — 30%d = 0.507, then the gradu-
ate is recommended for this position.

Moreover, the rankings of students can be
prepared to recommend. Let us prepare the rank-
ing for the position of attorney. Comparing val-
ues of T from table 4, it can be noticed that the
best graduate is G3 (0.5166), then G, and G,

(0.3471).
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3ACTOCYBAHHS HEUITKHUX
ATPETAIIIMHUX CTAHJIAPTIB
MMPO®ECIAHOI OPIEHTALIII
BUITYCKHUKIB FOPHIMYHUX BUIIUX
HABYAJIbHUX 3AKJIAJIIB

Anomauyin. Buwi nasuanvui 3axiadu npazHymo
donomozmu C80iM BUNYCKHUKAM 3HaAUmMu pooomy,
sAKka Oinbwe Gi0nosioae IXHiM o0coducmum pucam.
Bunycxknuxu npasa modcyms nooamu 3as6Ky Ha
pobomy Ha 6ezniu pizHux nocad. [Jesaxi 3 Hux suma-
2aromy CniIKy8aHHs 3 KIIEHMamu WooHsl, K, Hanpu-
K1ao, adeoxkam, a IHWI 6UMA2AOMb NIO20MOGKU
FOPUOUUHUX OOKYMEHMI8 THOUBLOYanIbHO. Bunyckruku
MAKO0JIC GIOPIZHAIOMBCS 3d OANCAHHAM MA CHPOMO-
JCHICIIO npayoeamu 3 100bMu ab0 CAMOCHIUHO
eomysamu 0okymernmu. Koau mpeba onucamu ocoo6-
JUBICTL 0COOU, YACTO BUKOPUCIOBYIOMb MAKi Qpa-
3u, sk "ocoba nosurHa 00bpe ynpasisimu cmpecosorn
cumyayicro”, "ne mooice 3anumumu 6ce 8 0CMaHHIO
Mmumsv" mowo. 3acmocysanns Kiacuunol n02iku OJis
yiei cumyayii He € 3pYUHUM, OCKLIbKU Ye Oydice PiOKi-
CHa cumyayisi, KO € J0OUHA, SIKA NOGHICMIO 8010~
i€ PO32IAHYMOIO 03HAKOW abo e3azaini He 60100i€
ner. Habacamo uwacmiwe nmioou marome 062080pio-
6any pucy Ha nesHomy pieni. Yepes ye nabazcamo
Kpawe BUKOpUCTO8Y8AmMU HeYimKy JA02iKy, AKd €
bacamosuaunor. Hevimki no2iku 0036015110mb MoOe-
JOBAMU Pi6eHb ICMUHHUX pedeHb, MAKUX K, Hanpu-
K1ao, «Aodsokamu Oyxce moOIAMb Npayloeamu 3
00bMU, 00Ope npayosamu ni0 MucKkom 4acy i He
NOBUHHI OYMU HANEHCHUMU NPU NIO2OMOBYL NPAGUL
abo eekcenigy. B pobomi nooano mamemamuumy
MoOenb  IHopmMayiiinol cucmemu, npusHavery OoJs
aHanizy O3HAK 6UNYCKHUKIE MA PI3HUX 8UMO2 00 PO-
bomu, 3 mum wob OONOMO2MU UNYCKHUKAM 10PUOU-

YHUX HAYK eubupamu eud pobomu, 00 KoI 36epma-
mucs. Modens nobyoosana Ha 6a3i HewimKux azpe-
2ayitiHUX HOPM.

Knrouosi cnosa: cucmema niompumxu npuii-
HAmms piuleHb, 8UuWa 0C8ima, HOpMU HeyimKoi azpe-
eayii.

NPUMEHEHUWE HEYETKHUX
AT'PEI' AIIMOHHBIX CTAHJAPTOB IIPHA
MPO®ECCUOHAJIBHOM OPUEHTAIIAA

BBIITYCKHUKOB IOPUINYECKUX
BBICIHINX YYEBHBIX 3ABEIEHUI

Annomayusn. B pabore mpencraBieHa
MaTeMaTtudeckas Mojenb WH()OPMAalMOHHOW CHCTe-
MBI, NIpeHa3HAYCHHOM Ul aHallu3a MPU3HAKOB BBI-
ITyCKHUKOB U Pa3IMYHBIX TpeOOBaHM K pabore, C
T€M 4TOOBI MOMOYH BBIMYCKHHKaM HOPHIMYECKHX
crienManbHOCTeH BBIOMpaTh BUA paboThl. [Ipumene-
HHUE KJIACCUYECKOW JIOTMKHU JJIsl OTOW CUTyalluu He
SIBIISIETCS.  YIOOHBIM, TIOCKOJIBKY 3TO OY€Hb pPeAKast
CHUTYalysl, KOT/Ia €CTh YEJIOBEK, KOTOPBIH ITOIIHOCTHIO
BJaJieeT pacCMaTpUBaeMOH MpoOiIeMoi WiIu BooOIe
He BiajeeT ero. Mozens mocTpoeHa Ha 0a3e Heuer-
KHX arperanuoHHBIX HOPM.

Knrwouesvle cnosa: cucrema TOIIEPKKH IIPHHS-
THUSI pELICHUM, BbICIIee 00pa3oBaHUe, HOPMBI HEYET-
KOH arperaiuu
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