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INFOLOGICAL MODELING OF INFORMATION SYSTEMS SUBJECT
INDUSTRIES IN SOLVING OF FUZZY CONTROL TASKS

The development of information technologies for solving problems of fuzzy control requires the use of tools for
infological modelling. Existing approaches for describing the tasks of fuzzy control hased on the fact that the control
unit, as a rule, is represented by a rectangle, and to the left and to the right of it there are arrows indicating the
incoming and outgoing information. Existing methodologies for infological modelling, which include IDEF, UML, DFD,
ER, Fuzzy IFO and others, are focused primarily on the description of processes, data structures and classes and do
not take into account the specifics of fuzzy control problems. In this paper, approaches for the creation of a graphical
conceptual model for the problem of fuzzy control, models of linguistic variables and the structure of knowledge hase
rules in the form of fuzzy products are proposed. In the conceptual model of the fuzzy control problem, a list of input
and output variables of the control unit, corresponding linguistic variables and the connections hetween them are
given. In addition, the model specifies the restrictions of the control task. The model of a linguistic variahle contains
detailed information ahout it in accordance with the classical definition. The rule structure model of the data-base of
fuzzy inference clearly reflects the links hetween antecedents and consequents. The using of these models makes it
possihle to provide information on the formulation of the fuzzy control problem in terms of the subject area, which
provides an increase in the effectiveness of its consideration. The results of the work can he used to describe the
subject areas in the development of information technology for automating the management tasks of complex systems.
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Problem statement

Modern approaches to the development of info-
communication technologies require the use of in-
fological modelling at the stage of task setting and
design, which greatly enhances the effectiveness of
communication between the customer and the pro-
ject implementation team. When solving the prob-
lems of information technology development for the
automation of the tasks of complex systems control,
the use of fuzzy control methodology was widely used
[1]. The development of infological models of subject
fields in solving fuzzy control tasks requires special
approaches that allow formalizing the connection
between ordinary and linguistic variables of control
devices, displaying constraints on management, pre-
senting the structure of linguistic changes.

Analysis of recent research and publications

Among the methodologies of infological model-
ling of subject areas, IDEF, DFD, ER and UML were
most widely used [4; 7; 8]. The IDEF methodology
is primarily intended to describe the functioning of
a particular system and does not take into account
the characteristics of fuzzy control. The DFD mo-
dels form a conceptual description of the system’s
information flows, but do not reflect fuzzy data. The
ER methodology was proposed for infological data
modelling, but it is more oriented towards building
databases than for the description of management
tasks. UML models allow you to describe the work of
the system in terms of object-oriented analysis, but
without taking into account the need for fuzzy con-

ISSN 2412-9070

trol in the form of a description of linguistic varia-
bles and production rules. Frames and semantic net-
works [5] are used to describe product rules, but they
are not adapted to simulate fuzzy characteristics.

Fuzzy ER Model, Fuzzy EER Model, Fuzzy IFO
Model and Fuzzy UML Data are proposed to account
for fuzzy and imperfect information [2; 3]. The
above methodologies are also intended mainly for
fuzzy data modelling and do not allow to describe the
task of management.

Existing approaches to the description of fuzzy
control tasks are that the control unit is usually rep-
resented by a rectangle, and arrows showing the in-
put and output information are shown to the left and
to the right of it [6]. Such models are too simple and
do not allow to display the necessary information
about the structure of the relationship between vari-
ables for the tasks of managing complex systems.

Thus, the task of constructing the principles of
infological modelling of the subject areas of infor-
mation systems in solving the problems of fuzzy con-
trol is relevant.

Main part

The goal of the work is to develop approaches to
the informal modelling of the informative systems’
domains in the solution of fuzzy simulation tasks,
which will provide representation in the graphic
form of the main components of the problem and the
connections between them.

To achieve the goal, it is suggested to use the dia-
grams:
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® a conceptual model of the task of fuzzy control;

® a model of linguistic variables;

® model of fuzzy output rules structure.

The conceptual model of the fuzzy control problem
is presented in the form of a diagram that contains
a graphical representation of the usual input and
output variables of the fuzzy control block, the cor-
responding linguistic input and output variables, as
well as the description of the limitations of the task.
An example of a diagram of a conceptual model of a
fuzzy control task is shown in fig. 1.

As we see in fig. 1, the region of the model is di-
vided into three parts: the input of the control block
(Input), the output of the control block (Output),
the limitations (Restrictions). In the input and out-
put sections, the names of the usual input and out-
put variables are given respectively. The rectangles
contain the names of the linguistic variables and the
arrows indicate the relationship between the usual
and the corresponding linguistic variables. Dashed
lines depict the generalized influence of input lin-

guistic variables on the formation of the values of
output linguistic variables, which will need to be
taken into account when a fuzzy output of the fuzzy
output knowledge base is formed. In the part of the
diagram, which corresponds to the limitations of the
problem, in the form of rectangles with rounded cor-
ners there are restrictions.

For each restriction, a name that reflects its phy-
sical meaning is indicated, and the usual variables
that are part of the restriction are listed. In the
future, for each linguistic variable, it is necessary to
detail its structure.

A detailed description of the structure and cha-
racteristics of each linguistic variable occurs in its
graphical model. The general form of a model of a
linguistic variable in accordance with its classical
definition [1] is shown in fig. 2.

As shown in fig. 2, the linguistic variable is repre-
sented as a frame. The first field specifies the name
of the linguistic variable and then indicates whether
it is an input or output variable. The following are

Input

Input var. 1 Ling. input var. 1

D ——

Input var. 2 Ling. input var. 2

Input var. 3 ————»

+ — — - Ling. output var. 1

Output

— Output var. 1

_} Ling. output var. 2 » Output var. 2

Restrictions

\

)

( Restriction name 1

List of restriction
variables

\

)

( Restriction name 2

L

List of restriction
variables

Fig. 1. An example of a conceptual model of the task of fuzzy control

Linguistic variable name

Type Input/ Output

Block of variables

Name of usual A set of valid values

variable

Block of terms

Term name Characteristic of

affiliation function

Description of new terms forming procedure

Description of term affiliation forming
procedure

Fig. 2. A generalized model of a linguistic variable model
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the names of ordinary variables, which correspond
to this linguistic variable, as well as their domain of
admissible values, thus defining a universal set of
linguistic variables. The next block of the model is
the set of terms of the linguistic variable. The names
of the terms and a characteristic of their member-
ship functions are given. If applicable, additionally
defined a description of the procedure for the forma-
tion of new terms of the variable and the procedure
for determining their affiliation functions.

Based on the relationships between the linguistic
variables presented in the conceptual model of the
problem of fuzzy control and the models of linguistic
variables, the rules of the knowledge base of fuzzy
output in the form of fuzzy products are formed, for
presentation of the structure of which a model is pro-
posed, an example of which can be seen in fig. 3.
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Antecedents
Rule number or

name

Ling. input var. 1
Term 2

Ling. input var. 2
Term 1

Consequences

Ling. output var. 1
Term 3

N

Ling. output var. 2
Term 2

Fig. 3. An example of structure

From fig. 3 it is clear that the model structure of
the rule is divided into two parts: antecedents and
consequences. In the part of the antecedents, the
linguistic variables and their meanings (terms) are
indicated as rectangles. Antecedents are combined
into complex structures by means of logic operations
of conjunction and disjunction, which are presented
in the form of circles with an appropriate mark of the
operation. The logical structure of antecedents can
be complex, formed as a result of several logical ope-
rations with different levels of embedding. A wide
arrow indicates the end of the conditional part of the
rule and the transition to the output.

The structure of the conclusion of the rule is based
on principles analogous to the conditional part but
mirrored. Initially, a logical operation is performed,
which will be performed by the last of the conse-
quences, and then the consequences themselves.
The structure of the final part of the rule can also be
complicated. However, in most models of fuzzy out-
put, it is assumed that only a logical operation of the
conjunction is used to combine antecedents or conse-
quences.

Conclusions

Thus, the paper proposes models for a formal de-
scription of the problem of fuzzy control in the form
of graphic schemes. The models include a conceptual
model of the control task, a model of linguistic vari-
ables, and a model of the structure of fuzzy output
rules. The use of these models allows us to provide
information about the fuzzy control task in terms
of the subject area, that provides an increase in the
effectiveness of its consideration as a customer and
implementer. Application of results is possible dur-
ing the development of information technology for
tasks automation for managing complex systems

model for a fuzzy rule inference
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0. M. Wywypa . .
IHOOJIONYHE MOAENIOBAHHA NPEAMETHUX FANY3EN IHOOPMALIUHNK CUCTEM
NP1 PO3B’A3KY 3AAY HEYITKOIO YNPABJIIHHA

Po3po6ka iHchopmaLiviHux TeXHOMOrivi Ans po3B’ 3Ky 3aAa4 HEYITKOro ynpasriiHHs noTpebye BUKOPUCTaHHS 3aC06IB iHhooriyHoro mMo-
[entoBaHHs. [cHyoYi MeTogonorii iHghonoriyHoro MogentoBaHHs, Ao skux MoxHa sigrectv IDEF, UMIL, DFD, ER, Fuzzy IFO 1a iH., opieHToBaHi
nepesyciv Ha onuc NpoLeci, CTPYKTYP AaHuX Ta KACiB | He BPaxoBytoTb creuvghiky 3aaay HeYiTkoro yrpassiHHg. Y cTaTTi 3anponoHoBaHo
nigxogv [0 CTBOPEHHS rPaghiyHoi KOHUENTyarnbHoi MOJerni 3a4a4i HeYiTKoro yrnpassiHHS, MOLENen JIHIBICTUYHUX 3MIHHUX Ta CTRYKTYpU
npaBwn 6a3v 3HaHb Y BUINSAI HEYITKVX MPOAYKLiv. Pe3ynetat po6oTy MOXyTb 6yTv BUKOPUCTAHI npy po3po6Li iH(hopMaLiviHux TeXHOsOriA
[N aBTOMaTV3aLii 3a8LjaHb KEpyBaHHS CKaaHIMUM CUCTEMAMM.

KniouoBi cnoea: iHthopmalliiia TexHonoris; iHonoriyHe MOAENOBaHHS; HEYITKE YnpaBIliHHS.

A. H. Wywypa
MH®ONOTNYECKOE MOAENVNPOBAHUE NPEAMETHbIX OBJIACTEA MH®OPMALMOHHBIX CUCTEM
NPU PEWERUNA 3A[IAY HEYETKOIO YNPABJIEHNS

Pa3spa6oTka vHGopMAaLMOHHbIX TEXHONIOMIA [/1S1 PELLIEHWS 3884 HEYETKOro YrpaBieHns TDEGYET MCONb30BaHNs CPEACTB UHCPOSIOr-

yeckoro mogenvpoBanus. CyiecTBytoLLme METORO0MN NHEOOrYeCcKoro MoAeMpoBaHus, K KoTopbim MoxHo otHecTy IDEF, UML, DFD,

ER, Fuzzy IFO n fp., 0pneHTVpOBaHb! B NEPBYI0 04EPEab HA OMCAHME NPOLECCOB, CTPYKTYD 8HHBIX Y KITACCOB U HE Y4UThIBAKOT CrIeLMGKy

3a/]a4 HEYeTKOro ynpasrnexus. B cTaTbe npemnoxeHbl MoAXoabl K CO3AAHMI0 rpaghmHyeckon KOHLENTyanbHon MOAen 3ahaqm HeqeTkoro

YpaBexus, MOAENEN TIMHIBACTUHECKIX NEPEMEHHBIX U CTPYKTYDbI NPaBu 6a3bl 3HAHWIA B BALE HEYETKUX MPOAYKUWA. Pe3ynstatsl pa-

60Tbl MOryYT 6biTb UCMOMb30BaHbI NPU PA3PAGOTKE WMHGHOPMALIMOHHBIX TEXHONOMIA 1S aBTOMATU3aUMN 38484 YrpaBreHNs CrOXHbIMM
cucTeMami.

KnioueBble cnoea: vH()OPMALMOHHaS TEXHONOTUS; MHAOMNOrMYECcKoe MOAENMPOBaHIE; HEYETKOE YNpaBIeHue.
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