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Urgency

In the tasks, relating to the aspects of orgarumatiecision making, using
the set of possible options, we can often meesitii@ations, according to which
the entry parameters are not enough or strictlynddf to allow us to find
a unique solution.

The information interpretation, on the basis of ethihe solution have to be
found, by different specialists can be rather stthje, and the information itself
can have a great number of ambiguities, such asllext”, ,very good”, ,not
bad”, ,not exactly that was expected”, etc. Thé&sasf such kind are very often
appear when there is a need in assessment ofystahsor process imitation
model adequacy degree.

The description of main research material

In order to formalizehe ambiguities of such kind we suggest to usdtbe
ory of fuzzy sets, created by L. Zade. It will alldo realize the model expert
assessment on the basis of fuzzy logic.

The imitation models, to which we can relate thmautation aids with dif-
ferent degrees of real objects (systems) imitatiars the most important part of
human — operator trainin@4xmamos 1982].

The degree of simulation aids compliance with tbal objects (systems)
will define the fullness of their usage in the piea training. Especially during
the process of complex poli-ergatic systems opesdtaining.

The more imitation model adequate (similar to),cadmg to its visual — and
— information content, to the real dynamic procsess¢he more degree of simi-
larity can be provided by the simulator in the s of technological operations
imitation in order to receive and work out the reszgy skills and habits.

We suggest to realize the adequacy assessmenk byahns of acceptable
divergence definitioQ,...qv. between the information model, realized at simula-
tion aid (Ms,) information model, which is reproduced in theiaei{real) poli-
ergatic systemIc). The comparison dacc.qv- With its given limit and — ac-
ceptable meaning (nornQ..m. Will allow decision making, relating to the pos-
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sibility of simulation aid usage in operators piealt training at specific stages
of learning.

EachIM consists of the great number of elements (thetpahservices ar-
ea, the structure of routes in horizontal and galtplanes, dynamic environ-
ment, which can include the great number of objeith different technical
characteristics, for example, their speeds and mamability etc.). Having
marked the great number of elemem$s,) as Ms, and the great number of
information model elements of active poli-ergayistem — ad,s, we can write
the conditions of similarityMs, in a following way:

MSA _MAS < Qacc.div., (1)

where, Qacc.av. — the acceptable meaning of divergence (differefmdjveen
multitudes or the acceptable standard of divergdratereen information sys-
tems, which are reconstructed at simulation aidiardtive system.

Ideally the mass of elememd¥s,— Mxs = 0, but really the meaning of ac-
ceptable divergence is situat@k Qqec.aiv.< 1.

One of the variants of the information model assess, realized at the
simulation aid [Msy), relating to the degree of its conformity to théeormation
model in the real poli-ergatic systeifdf,g can be the usage of the theory of
fuzzy sets and linguistic variables. Let’'s showhatexample, how it works. Let us
suppose that 36 branch experts were involved iatkessment of conformity.

Notation: taking into account that the aspectsxpkeets selection is fully de-
scribed in the great number of literature sourees wouldn't define it in this
article.

In order to build, according to experts marks, tiembership function let's
use the direct method¢pucos et al. 1980;Kamprimis, Pea 2012].

We suppose the experts to assess the degree ohation model (realized
at simulation aid) in dynamic environment, whiclcludes moving objects,
needing the services of operatfifg,), conformance with the information mod-
el of real dynamic environment, reconstructing loyiv@ poli-ergatic system,
using the fuzzy (odd) assessment scale of linguisriable ‘similarity’ with
gradation from 1 to 7 points (linguistic terms):

7 — full similarity, no differences;

6 — great similarity, minor differences;

5 — the number of similarities is more than the hanof differences;

4 — the number of similarities is equal to the nemtif differences; (the difficul-
ties of choice);

3 —there is a similarity, but the number of diéfleces is bigger;

2 — there is some similarity, but the number ofedénces is much bigger;

1 — the similarity between information models isext.

At the same time, according to the tasks, the ¢xpasessed the specific pos-
sibilities of linguistic variable ‘Similarity’ (frmn 0 to 100%, with gradation 10%).
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Taking account that this or other linguistic val@alsimilarity’ will be ana-
lyzed by concrete expert as a possibility of itsization (appearance), the quan-
titative mark of its appearance have to be in tierval from O to 1.

Let’s divide the chosen interval at 10 parts. Thgrde of linguistic variable
concrete meaning belonging will be defined as aregfce of the number of ex-
perts answers, whose meanings of ¢ belong to theret interval, to the max-
imum meaning of this number at all intervals.

The received results were defined in the tablengbigc distribution (watch
Table 1), which describes the frequency of lingaigariable ‘Similarity’ usage.

Table 1
The frequency of linguistic variable ‘Similarity’ usage
Interval (units)
Mark The universal multitud® — is in the interval from 0 to 1
scale 1 2 3 4 5 6 7 8 9 10
0-0,1 | 0,1-0,20,2-0,30,3-0,40,4-0,50,5-0,§ 0,6-0,70,7-0,8§ 0,8-0,9 0,9-1
7 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 4 5 5 2 0
5 0 0 0 0 0 4 5 5 4 0
4 0 0 0 0 1 1 2 0 0 0
3 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
j 0 0 0 0 1 9 12 10 6 0

The numbers in table are the quantity of expertaifor the belonging of
linguistic variable ‘Similarity’ of the proper eleantu to the multitudeJ.

So the degree of concrete meaning belonging willléfened as a reference
of the number of experts voices, relating to théomging to the concrete
interval, to the maximum number of all voices.

The function of belonging JJ) correlate the each element framl) with
the proper meaning of interval [0; 1], which chaesizes the degree of ele-
ment’s belonging to multitudd.

If it is necessary, in order to minimize the numbemistakes, which can be
done by experts, we have to analyze the data & faldn order to analyze the
statistic data we can use the so-called matriximfshbeforehand deleting the
clear mistake elements of multitudeU from table 1 The criteria of deleting
will be some zero meanings at the row near theseesits, for example:

[uw ] o Jofofa1]ofofof of o

In further we will build the matrix of hintsXapuenxo et al. 2012], the ele-
ments of which, in our case, can be calculatedrdaupto the formula:
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bij
K =4, j=1,10, (2)

where, 7 —is a number o f linguistic variablesriarity’ (watch. Table 1).
The matrix of hints is the following row of elemer(the sum of meanings
according to the columns of proper intervals):

M=/0 0 0 0 1 9 12 10 6/ 0

Let’'s choose from the matrix of hints the maximunanqtitative meaning:

Knex=maxk={0 0 0 O 1 12 9 10 @=0a2and, on the basis
of the data of matrix of hints, transform the qitative meanings of the Table 1.
(we create so-calle@-matrix), according to the formula:

CU = Kj ,i:'l, 7, j:1, 10 (3)

The results of calculations will be put into TaBleon the basis of which the
function of belonging will be formed:

Table 2
C-matrix (the experts quiz results processing
Interval (units), j

é.’ 1 2 3 4 5 6 7 8 9 10
‘c [9V] ™ < Lo o N~ [ee] (02}
T O - O O T O B
s 3 al ~ ™ < 10 © ~ @ i

o o o o o o o o
7 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 5,33 5 4 0
5 0 0 0 0 0 5,33 5 6 8 0
4 0 0 0 0 12 1,33 2 0 0 0
3 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0

In order to build the function of belonging(W) let's find the maximum
meanings in the rows (1, 2, 3 ... 7)@matrix of Table 1:

Cimax = Max Gj, i=1.7. JZW , (4)
Crmax= 0. Comax = 6; Csmax = 8; Camax= 12 Camax=0; Camax = 0; Cimax = O.

And the function of belonging can be calculatecbadiog to the formula:
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7ij

M= oo, [5]

7?7l max

The results of function’s of belonging calculati@e shown in Table 3.

Table 3

The meanings of linguistic variable’s function of lelonging

Interval (units), j

1 2 3 4 5 6 7 8 9 10
etz lzlslslsl3)3ls
| — N ™ < Lo © M~ [ce] o)
© o o o o o o o o ©
M7 0 0 0 0 0 0 0 0 0 0
He 0 0 0 0 0 0,89 0,83 1 0,67 0
Hs 0 0 0 0 0 0,67 0,63 0,75 1 0
Mg 0 0 0 0 1 0,11 0,17 0 0 0
Hs 0 0 0 0 0 0 0 0 0 0
Mo 0 0 0 0 0 0 0 0 0 0
M1 0 0 0 0 0 0 0 0 0 0

The functions of belonging of linguistic variabl&imilarity’ calculated
meanings are shown on Fig. 1.
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Fig. 1. The function of belongingy; for the calculated meanings
of linguistic variable ‘Similarity’
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Conclusions

On the picture 1 we can see that the area, belgrgiall three functions of
belonging, is situated in the interval from 0,5Q@®, that is equivalent to the
degree of similarity from 50 to 80%. It withessé®uat the experts’ high enough
positive mark of the simulation aid information neb@&onformity with the in-
formation model of active (real) system.

The high degree of simulation aid information modehformity can be
proved by the fact that the experts didn’t uselitihguistic variables ‘Similarity,
relating to the low conformity, such as:

3 —there is a similarity, but the number of diéfleces is bigger;
2 — there is some similarity, but the number ofedénces is much bigger;
1 — the similarity between information models isext.
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Abstract

The attempt of the assessment of information madeljuacy, realized at
the simulation aid of information model in the remlli-ergatic system is de-
scribed in this article.

The theories of fuzzy sets and linguistic varialblese used. Its necessary to
mention that this article is a realizatioa author’s personal professional opin-
ion.
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