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The paper suggests a description of the design concept and ways to implement the library
to work with data that are fuzzy. Based on a review of the latest researches in the field of
fuzzy calculations, we formulated the basic requirements for software for performing fuzzy-
multiple calculations. The aim of the work is the development of a software implemented
as a modular library that satisfies the requirements of universality, integrability, speed,
portability, completeness and independence. To ensure the flexibility of the library, the
fuzzy data are differentiated into fuzzy sets and fuzzy numbers. We presented the
implementation of a multi-purpose library for working with fuzzy data. We offered the
description of the main stages of software design, the tool for their creation and the
structure of library modules. We made a class diagram that shows the relationships in the
library, and a description of the function modules for working with these classes. The

developed software can be integrated into an existing or projected control system.

Keywords: fuzzy set, fuzzy control system, library.

Statement of the problem

In 1965, the Azerbaijani mathematician Lotfi
Zadeh published the fundamental work on the theory
of fuzzy sets, having based a separate direction of
mathematics. In 1973, he proposed a theory of fuzzy
logic, which initiated the application of the new
mathematical theory in practice. Since then, the new
mathematical apparatus has firmly entered the
engineering and applied practice in many branches
of science and technology. As examples of the use
of fuzzy logic in practice, one can give the automatic
gate control system of a dam in a hydroelectric power
plant (Tokyo Electric Power), the aiming of cameras
during the broadcast of sports events (Hirota, Fuji,
Toshiba, Omron), control of air conditioning systems
(Mitsubishi, Sharp), engine control and economical
vehicle speed (Nissan), semiconductor manufacturing
control (Canon), document archiving (Mitsubishi),
character recognition (Sony), motion recognition
(Canon) and many others [1]. The scope of fuzzy
control systems, elements of fuzzy logic or at least
its principles is extremely wide and continues to
expand. In this connection, the problem arises of
the tools for designing and developing fuzzy control
systems. Today a large number of individual programs
and complexes for fuzzy calculations have been
produced. But existing software products and
complexes for the development of fuzzy systems are
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not flexible enough to include fuzzy calculations in
a separate project, in the overwhelming majority they
are commercial products, mostly focused on solving
specific problems. Often, to build a project on the
principles of fuzzy logic, it is necessary to develop
from scratch the calculated part for the current task,
which causes problems with the repeatability of using
the resulting module. Therefore, the problem of the
existence of a flexible open universal mechanism for
developing fuzzy systems remains open.

Analysis of recent research and publications

During the existence of fuzzy calculations, a
fairly large number of instruments were developed
to implement fuzzy control systems.

One of the first to mention is the Fuzzy Logic
Toolbox, which is part of MatLab environment. This
software allows you to build fuzzy approximating
systems, fuzzy expert systems, hybrid (neural
network) systems, gives the opportunity to build quite
complex rules systems, has a wide range of
membership functions. At the same time, this
software has a convenient graphical interface, in spite
of this, you can work with it from the command
line using an extensive set of commands. The software
can also be used in the design of systems in Simulink
environment [2-4].

One of the best-selling packages for the design
of fuzzy systems is CubiCalc software from
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HyperLogic. This software can be integrated into
Microsoft Excel to perform fuzzy calculations in the
form of tables, can be used with programs that support
Visual Basic. The company also supplies an additional
library for the design of neural networks based on
fuzzy sets [5].

FuziCalc of FuziWare is also known as a
software for working with fuzzy quantities. This
software supports work with membership functions
and tables of both exact and fuzzy values [6].

Among the well-known programs are Triumph-
Analytic Corporation «Parus», software AnyLogic,
ITHINK, PolyAnalyst, ExPro Master and others [7].

All of the above software products, in addition
to being corporate and not freely available, have one
thing in common: they are separate programs that
can only be used to design fuzzy systems and can
not be integrated into the finished project. For the
project to work, a separate development of the
calculation modules is necessary. In addition, all these
software tools are not flexible enough to work, for
example, with fuzzy arithmetic, since they are
oriented to a rule base with fuzzy inference, which
makes them at best inconvenient for solving particular
problems.

There is a simple expert system FuzzyAdvicer
in free access, written in the language F# [8], but it
is not universal when working with various fuzzy
systems and can not be integrated directly into the
developed control system.

A huge disadvantage is also the incompleteness
of the provided instruments for calculation. In the
overwhelming majority, the possibility of fuzzy
inference is given only by Mamdani algorithm, less
often — by Sugeno algorithm. Of the existing fuzzy
operators, only those based on the minimax t-norm
are used. This significantly limits the possibility of
calculation.

Formulation of the research objective

The aim of the study is to develop a software
that will meet the following requirements:

— universality: the software should provide all
the possibilities for design fuzzy control systems, and
for fuzzy calculations within the projects being
developed;

— integrability: the software should provide the
ability to conduct calculations outside its
environment, as a component of the system being
designed, that is, to perform the duties of a calculation
module that transfers data directly to the control
system in an automatic mode;

— speed: the software should provide a
sufficiently high speed of operation in real conditions;

— portability: the software should provide the

ability to reuse in various fuzzy systems on different
platforms;

— completeness: the software should provide a
full set of possible fuzzy calculations;

— independence: the software should not
depend on the details of the implementation of a
particular platform.

Statement of the main research material

C++ was used as the programming language,
the development was carried out in Visual Studio
2013 programming environment under Windows 7.
To maintain universality, portability and
independence, the software was designed as a
modular library. The advantage of this approach is
that the library written in C++ integrates well into
almost any developed system, it is supported by quite
a large number of environments and programming
languages, it is well transferred to other operating
systems (in particular — on Mac OS and on Unix/
Linux). Since the library for working with fuzzy sets
was planned to be independent of the platform
implementations, the entire calculation part and the
data structures for it were original solutions.

The first stage of development was the
implementation of the abstract data type «set». As a
basis, a data structure of the «red-black tree» type
was written (Fig. 1). A red-black tree is a binary
search tree with one additional bit of color in each
node.

- ° O
NIL NIL NIL MNIL

Fig. 1. Example of red-black tree

The color of the node can be either conditional
red, or conditional black [9]. A red-black tree must
satisfy the following properties:

— each node is either red or black;

— the root of the tree is a black node;

— each leaf of a tree (zero element) is a black node;

— if the node is red, then both children are
black;

— for each node, all the simple paths from it
to leaves that are descendants of this node contain
the same number of black nodes [9].

Software for design systems of fuzzy control and conducting fuzzy-multiple calculations
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These restrictions implement the main property
of the red-black tree: the path from the root to the
farthest leaf is no more than twice as long as the
path from the root to the nearest leaf. As a result,
the red-black tree is approximately balanced. Because
of this, it satisfies the requirement of speed of
operation, since the basic operations when working
with this data structure (element search, insertion of
a new element, and deletion of an element) occupy
no more than O (log n) number of operations.

In this case, the red-black tree very well
corresponds to the abstract data type «set», because
it allows to store data in each node in the form
necessary for us and at the same time excludes the
appearance of duplicate elements of the set. All the
operations necessary for working with the tree (delete,
insert, search, search for the next, previous, etc.)
were implemented. At the initial stages of the
development of the library, a restriction was accepted
that the used sets are finite and to each element
there corresponds a certain value of the membership
function, that is, the membership function is given
to the set in the form of a table of values. Therefore,
each node of the received tree contains information
about the stored element of the set and the value of
the membership function. In order to use the resulting
class in the future as a container, an additional iterator
class was created, based on a red-black tree node.

Inherits
f_RBnode f_RBnode

Accommodates

f_RBtree

Inherits Inherits

Depends on

_f_RBnode_iterator K= = === === === === == - - — o f_set

‘I{ Accommodates

lAccommodates l Accommodates

FNumberl FNumberD FuzSet<T>

Fig. 2. Diagram of library classes

Fuzzy numbers provide work with interval
arithmetic and can be used in private calculations.
They are rigidly typed, which greatly facilitates the
calculations. The class of the fuzzy set itself is written
using template technology, which makes it possible
not to tie to the data type, and provides code
portability. The library has a modular structure,
therefore the user can use only the part necessary to
him, even the base class of the data structure «set» is
available separately.

Fig. 2 provides a simplified diagram of classes
that demonstrates the relationship in the library. The
description of classes is given in Table. 1.

Table 1
The description of library classes

The resulting container was used in a class that Class __ Description
describes the actual data type «set». For this class, f RBnode Class-implementation of a red-
the main methods and interfaces were implemented: — black tree node
insertion, deletion, searching for an element by an RBnode Class-interface to the node of red-
available key, searching for the smallest/largest, — black tree
passing the container using an iterator. f RBtree Red-black tree :
Based on the accepted constraint on the ¢ RBnode iterator | Lcrator for moving on red-black
finiteness of the set, we developed classes for working — _ tree
with fuzzy elements (Fig. 2). In particular, we carried £ set Set
out the differentiation of fuzzy sets into fuzzy sets pNumberl Fuzzy number on the set of
themselves and fuzzy numbers, which ensured the natural numbers
flexibility of the library. FNumberD Fuzzy number on the set of real
numbers
FuzSet<T> Class-template of fuzzy set
Table 2
Module structure of the library
Module Content
Red-black tree Classes f RBnode, f RBnode, f RBtree
Set Module of red-black tree and classes f RBnode iterator, f set
Standard functions A set of mathematical functions and text formatting functions to ensure library

independence

Fuzzy integer number

Modules of tree, set, standard functions and class FNumberl

Fuzzy real number

Modules of tree, set, standard functions and class FNumberD

Operations on a fuzzy set

A set of functions that provide logical operations (intersection, union, etc.), as well as
the choice of various t-norms for these operations

Fuzzy set

Modules of tree, set, standard functions, operations and class FuzSet<T>
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#pragma once

#include "targetver.h"
#include <stdio.h>
#include <tchar.h>
#include <iostream>

#include "FNumberI.h"
using namespace fuz;

int _tmain(int argc, _TCHAR* a

{

rgv[])

int mas[3] ={ @, 1, 2 };

ffCCBAaéW M3accuB 3HaA4YeHWW SNEeMEHTOB He4YETKOro 4yucna.

double mmas[3] = { .2, 1, ©.2 };

//Cospaém maccuB 3HaYeHWA NPUHALNEXHOCTW SNEMEHTOB HEYETKOro 4ucna.

FNumberI numl(“Numberl", mas, mmas, 3);
/ /MHnynanusupyem HeyETkKue 4ucna.
FNumberI num2(“Number2”, mas, mmas, 3);
std::cout << numl.ToString() << "\n";
numl += num2;
//Cymmnpyem uncna wu
std::cout <<
std::cout <<
//BuiBogum pesynbTaT
std::cout <<
//BuBogum pesynbTaT
std::cout <<
/ /Nposogum pedassudukaunin yucen.
return 9;
}

numl.ToString() << "\n";
obveguHeHna 4ucen.

nepevyecena 4ucen.

FUnion(&numl, &num2).ToString() << "\n";

"First number "<<numl.Defuzzy() << "\tSecond number "

3aHOCUM pesynbTaT B NEepBOE YWUCNOo

FIntersection(&numl, &num2).ToString() << "\n";

<< num2.Defuzzy() << "\n";

Fig. 3. An example of a simple program using a library

At the same time, the library in addition to the
above classes also contains separate modules of
functions for working with these classes. An
approximate structure of the modules is given in
Table. 2.

Concerning fuzzy logic in the library (Fig. 3),
we implemented:

— classes of fuzzy numbers and a fuzzy set itself;,

— basic characteristics of fuzzy sets (height,
mode, carrier, alpha-level, core, norm);

— the choice of several t-norms for fuzzy
operations (min / max, algebraic, boundary, drastic);

— logical operations (union, intersection,
complement, equality, difference, symmetric
difference, disjunctive sum);

— algebraic operations on fuzzy numbers;

— algebraic actions on fuzzy sets (concentration,
extension, exponentiation, multiplication by number,
combination);

— operator of increasing fuzziness;

— defuzzification of fuzzy number.

All theoretical information for the realization
of the fuzzy set functional is given in [2—4,10].

To fully comply with the requirements set for
the library, the following steps are necessary to

develop the software:

— add of fuzzy relationships and operations over
them;

— add of a linguistic variable, term sets,
operations on term sets;

— add of a fuzzy output with a choice of output
algorithm;

— add of defuzzification of fuzzy set;

— add of infinite fuzzy sets with a given
membership function;

— add of a set of standard membership
functions;

— porting the library to Unix/Linux and MacOS
systems;

— add of top of the framework library as a
separate customizable design tool for fuzzy systems
with a graphical interface.

Conclusions

As a result of the work, a library for working
with fuzzy sets was designed and implemented. The
resulting software tool can be integrated into virtually
any fuzzy control system being developed and at the
same time makes it possible to perform both small
fuzzy calculations and participate in system design.

Software for design systems of fuzzy control and conducting fuzzy-multiple calculations
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MMoctynuna B pepakiuio 12.10.2016

MPOTPAMHUY 3ACIB JJI1 IPOEKTYBAHHS CUCTEM
HEYITKOTI'O YITPABJITHHA I ITPOBEAEHHA HEYITKO-
MHOXMNHHUX PO3PAXYHKIB

3eaenyos JI.I., Haymenxo H.IO., Topoonoc I1.0.

B pobomi npononyemucs onuc xonyenyii npoekmyeauHs i
cnocobu peanizayii 6ibaiomeku 043 pobomu 3 OQHUMU, WO MAIOMb
Heuimkull xapakmep. Ha nidcmasi oensidy ocmanHix docaioxceHs 6
obaacmi Heuimkux o64UCAeHb CHOPMYNbOBAHI OCHOBHI GUMORU, U0
nped a64510mbcsi 00 NPOSPAMHUX 3aC00i6 015 NPOBLOeHHS HeHimKOo-
MHONUCUHHUX PO3paxyHKie. Memoio pobomu € po3pobka npoepamno-
20 3aco06y, peanizoeanoeo y eueidi MooyavHoi bibaiomeku, aKa 3a-
008iNbHAE 6UMO2AM YHIBEPCANbHOCMI, IHMe2PO8AHOCMI, WEUOKOOII,
neperocumocmi, nosHomu ma HesanexwcHocmi. /s 3abe3neuenns
eHyuKocmi pobomu bibniomexu npogedeHa ougepenuiayiss HeHimKux
daHux Ha enacHe Heuwimki MHOMCUHU | Ha Hewimki yucaa. [Iped-
cmasenena peanizayis baeamoyinboeoi 6ibaiomexu o015 pobomu 3 He-
uimkumu danumu. Ilpononyemocsa onuc 0CHOBHUX emanié npoex-
MYBAHHS NPOSPAMHO20 3ACO0Y, IHCMPYMEHmY iX CMBOPeHHs | cmpyK-
mypu moodyaie bibniomexu. Hasodumscs diaepama kaacis, ujo de-
MOHCIMPYE 83AEMO038 A3KU 6 bibaiomeyi, i onuc modyrie (yHKuii
dns pobomu 3 yumu Kaacamu. Po3pobaenuil npoepamuuil 3acio moxce
bymu inmeepogan 6 yice icHyouy abo npoeKmosawy cucmemy yn-
DAGAIHHA.

Knwouosi cioBa: HeuiTka MHOXWHA, HEUiTKa CHUCTeMa
yrpasiiHHs, OibrioTeka.

ITPOTPAMMHOE CPEJICTBO /11 IIPOEKTUPOBAHU S
CUCTEM HEYKETKOT'O YIIPABJIEHUA U
IMPOBEJAEHNSA HEYETKO-MHOXECTBEHHBIX
PACYKETOB

3eaenuyos JI.I., Haymenxo H.IO., ITopoonoc II.A.

B pabome npedaaeaemcs onucanue konuenyuu npoekmupo-
8aHUs U cnocobbl pearuzayuu 6ubauomexu 0as pabomol ¢ OGHHbL-
mu, umerowumu Hewémruli xapakmep. Ha ocnoeanuu 0630pa noc-
AeOHUX Uccredosanull 6 061acmu HeYémKuUx eviMucieHull cghopmy-
AUPOBAHBL OCHOBHBIE MPeO0BAHUS, NpedssgasieMble K NPOSDAMMHBIM
cpedcmeam 05 NPoBeoeHUsl HeHEMKO-MHONCECBEHHBIX PACYEMO8.
Lleavio pabomer sensemes pazpabomka nPoSPAMMHO20 cpedcmea,
Peanu308anHo20 6 8ude MOOYAbHOU b6ubauomeku, Komopas yoos-
Jnemeopsiem mpebo8anusM YHUBEPCANbHOCIU, UHMe2PUPYeMOCmU,
ObicmpoOeticmeusi, nepeHOCUMOCU, NOAHOMbL U He3A8UCUMOCTIL.
s obecneuenus eubkocmu pabomot 6ubsUOmMeKU npogedeHa oug-
hepeHyuayus HeyémKUX OAHHBIX HA COOCMBEHHO HeuémKue MHO-
acecmea u Ha Heuémiue uucaa. [Ipedcmaenena pearuzayus MHo20-
yenegoil bubauomeru 04 pabomol ¢ Heuémxumu oanHoimu. [lped-
1a2aemcsi ONUCAHUe OCHOGHBIX IMAN08 NPOEKMUPOBAHUS NPOSPAMM-
HO20 cpedcmea, UHCMPYMEHMA UX cO30aHust U CIMpYKmypbl Mooyaetl
oubauomexu. Ilpusodumcs duaspamma Kaaccog, 0eMOHCMPUPYIO-
was e3aumocesasu 6 bubauomexe, u onucanue mooyaei QyHKyui
das pabomst ¢ amumu Kaaccamu. Paspabomannoe npoepammuoe
cpedcmeo modicem Obimb UHMESPUPOBAHO 8 YJice CYUeCIBYIOULYIO
UAU RPOEKMUPYEMYIO CUCEMY YNPAGACHUS.

KimnoueBbie cj10Ba: HEUETKOE MHOXKECTBO, HEUETKAS CHCTEMa
yIpaBJieHUsT, OMOIMOoTEKA.
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