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MOBYJIOBA HEUITKOI MATEMATHUYHOI MOJIEJI ¥
JOJATKY FUZZY LOGIC DESIGNER

CyuacHi ingpopmayiiini mexnono2ii 8iokpugaroms 6a2amo HOBUX MONCIUBOCHIEL AK ) NOBCAKOCHHOMY HCUMMI, MAK i 8
nayyi. CyyacHi ingopmayitini mexnonoz2ii maxkosc HeoOXiOHi 0N MAMeMaAmuiHo20 MOOent08anta. lana cmammsa npucesadena
O00CNIONHCEHHIO BUKOPUCTAHHS OOHO20 3 HANOWUP eHIWUX MameMamuyHux npoepamuux naxemie Matlab. Jlo cknady npospamnozo
naxemy Matlab éxooumv Oexinbka dodamkis, 30kpema, dodamok Fuzzy Logic Designer. IIpooemMoncmposano uKopucmaHHs
npoepamu Fuzzy Logic Designer npu no6yoosi neuimxoi mamemamuunoi mooeini. Taxkooic po3ensoaromovcst aneopummu Heuimko2o
BUBCOCHHS, WO Peani3o8ari 8 npocpami, (YHKYI HANEHCHOCMI, SKI MONCHA BUKOPUCMOBY8AMU, Meno0d no0yooeu 6a3u 3HaHb i
Memoou deghazugixayii.

Kniouosi crosa: mamemamuune MOOEIOGAHH, HEUiMKI MHOJICUHU, HEYiNKe MOOCNIOBANH I, CUCIEMA HEYiMKO20 8UB00Y,
Fuzzy Logic Designer, Matlab.
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METHODS OF SUPPORTING THE DECISION-MAKING ON THE POSSIBILITY OF PROVIDING GENERAL
MEDICAL, THERAPEUTIC AND DENTAL SERVICES ON THE BASIS OF CIVIL LAW

Modern information technologies open up many new opportunities in everyday life and in science. Modern information technologies
are also necessary for mathematical modeling. Fuzzy logic is based on the principles of the fuzzy set introduced by Lotfi Zadeh and allows
describing complex systems in the form of a set of fuzzy rules. To implement such an approach, there are specialized software tools, among which
the Fuzzy Logic Toolbox occupies a special place - an addition to MATLAB that provides a wide range of tools for creating, analyzing and
optimizing fuzzy models. When constructing a Mamdani-type fuzzy inference (Fuzzy Inference) system, an important step is to construct a knowledge
base for the system in question.

The article is devoted to the demonstration of the use of Fuzzy Logic Toolbox for mathematical modeling. The main stages of working
with the application, such as building a rule base, choosing membership functions, methods of aggregation and defuzzification, are considered.

The use of Fuzzy Logic Toolbox in mathematical modeling allows to significantly expand the possibilities of analysis and forecasting of’
systems where classical methods are not effective enough. This article is devoted to the study of the use of one of the most common mathematical
software packages Matlab. The Matlab software package includes several applications, in particular, the Fuzzy Logic Designer application. The
use of the Fuzzy Logic Designer program in the construction of a fuzzy mathematical model is demonstrated. The article also discusses the fuzzy
inference algorithms implemented in the program, membership functions that can be used, the method of building a knowledge base, and
defuzzification methods.

Keywords: mathematical modeling, fuzzy sets, fuzzy modeling, fuzzy inference system, Fuzzy Logic Designer, Matlab.

Beryn

VY OaraThoX BUINaAKax TPaJULidHI METOAM KIACHYHOIO MaTeMaTHYHOTO MOJEIIOBAHHS HE J03BOJISIOTH
BpaxyBaTH yCIo 0araTo3HauHICTh PEAIbHUX JIAaHUX, 1110 IPU3BOAUTH JI0 CHPOLIEHUX MOJIesIel 3 00MEKEHOI0 TOYHICTIO.
OnHUM 13 Cy4acHHUX MiJIXOJIIB, IO IO3BOJISIE €PEKTUBHO MPALIOBATH 3 TAKUMH CHCTEMaMHU, € HEYiTKa JIOTiKa.

HeuiTka norika 0Oa3yeTbcsi Ha NpHUHIMIAX He4iTkol MHOXWHH, BBeneHoi Jlordi 3ame [1], i mo3Bosse
ONMCYBAaTH CKJAgHI CHUCTEMH y BUDIAAI HaOopy HEUiTKUX mpaBwi. Jns peamizamii Takoro MiAXOqy iCHYIOTBH
CIemiaai30oBaHi MPOrpaMHi IHCTPYMEHTH, cepell IKHX ocobmuBe Micie 3aiimae Fuzzy Logic Toolbox — nomarox mo
MATLAB, 1o Hajia€ IIUPOKHUIA CHEKTP 3aCO0IB IS CTBOPSHHS, aHAJi3y Ta ONTHUMI3aIlil HEUITKUX MOJICIICH.

CrarTs npucBsdeHa feMoHcTpanii Bukopucranns Fuzzy Logic Toolbox aist MaTeMaTHYHOT O MOZIETIOBAHHS.
Po3risiHyTO OCHOBHI €Tanu poOOTH 3 TOIATKOM, Taki K 00y10Ba 6a3u paBwiI, BUOIp (QyHKIII HaJIe)KHOCTI, METOTN
arperarii Ta gedasudikarii.

3actocyBanus Fuzzy Logic Toolbox y MaremMaTHYHOMY MOJETIOBaHHI TO3BOJIIE 3HAYHO PO3IIHPUTH
MO>KITUBOCTI aHaJi3y Ta MPOTHO3YBAaHHS CUCTEM, 1€ KIIACHIHI METOJN € HEAOCTATHHO €()EKTUBHUMU.

AHani3 nocaimkens i myoaikamiit

Hu3ka MIKHapoAHMX Ta BITYM3HSHUX HAYKOBINB JOCHIJKY€ BHKOPHUCTAHHS CyYacHHX iH(OpMamiiHUX
TEXHOJIOTiH SIK y HAyKOBHX JOCITI/KEHHSX, TaK 1 B OCBITHROMY IPOIIEC.

ABropamu myOmikaniit [2,3,4] Takoxx Bukopuctano Fuzzy Logic Designer nmporpamuoro 3abesreueHHs
Matlab. Ha BigMiHy Bix Buinesraganux myOiikanmiid, Oyse JeMOHCTPOBAHO JETAILHUN alNrOpUTM MOOYA0BH CHCTEM
HEYITKOTO BUBOJY.

VY pobori [5] Takox A0CTIPKEHO AJITOPUTM MOOYIOBH CHCTEMH HEWiTKOro BUBOAY. Ha BigMiHy BiJ gaHOTO
JIOCJIIJPKEHHS 3aIIpOTIOHOBAHO 1HIINH MiAXia 1St ToOYJOBM CHUCTEMH HEUiTKOTO BHBOJAY B Cy4acCHOMY HPOTPaMHOMY
3abe3neuenHi Matlab.
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ITocTaHoBKA MPOGJIEeMH AOCTiIFKEHHS.

VY naniii poOOTI 3arpOIIOHOBAHO METO/ OOYI0BH HEUITKOT MO/IElNi 3 BUKOPUCTaHHAM jnonatky Fuzzy Logic
Designer mporpamHoro 3a0esnedeHHss Matlab. JleranipHO pO3IJISIHYTO anropuTM MOOYZOBH HEUITKOI Mo
BUKOPHCTOBYIOYH JITOPUTM MamaHi.

3a nonmoMoror BUKOpHUCTaHHs nonatky Fuzzy Logic Designer 3amponoHOBaHO BHPILIEHHS HACTYIHUX
3ajau:

1) IoOynoBa GyHKIIH HaJIEKHOCTI JUTSL BXIJHUX 1 BUX1THUX JaHUX.

2) IlobymoBa 6a3u 3HaHB IJISI CHCTEMH HEUiTKOTO BHBOAY.

3) Ormsag 3anporroHOBaHUX METOIIB IMITTIKAILil, arperarnii Ta gedasudikarii.

4. PesynbTaTd JOCHTIIKEHB.

Buxopucrannas nporpamu Fuzzy Logic Designer mpogemoHcTpoBano Ha npukiazni. [ToOymosano Bimomuit
MPUKIaA, B SKOMY poO3Mip YaloBHX (BHXIZHHH mHapaMeTp) BH3HAYAETHCS B 3aJEKHOCTI Bi SKOCTI DKi Ta
oOcimyroByBanHs. [licisi 3amycky mnporpamMu Ta BHOOpY QJITOPUTMY HEYITKOTO BHUCHOBKY, SIKMH TMiJIXOIUTH
KOpHUCTyBa4aM, Ha €KpaHi 3'SIBUTHCS HACTYITHE BIKHO, SIKE TIOKa3aHOo Ha pucC. 1.

A Fuzzy Logic Designer: mamdanitypet
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System mamdanitype1: 2 input, 1 output, 9 rules

Puc. 1. BikHO cucTeMH HE4iTKOIo JIOTiYHOTr0 BUBOLY

Y naHoMy BiKHI MOKHA 3MIHHUTH BXiJHI Ta BUXiJHI MapaMeTpH, a TAKOX (QYHKIIT HAJIC)KHOCTI, IKHMH BOHU
ommcaHi. 3a 3aMOBUYBAHHSAM Y JaHIi NporpaMi BHKOPHCTAaHO TPHUKYTHY (QYHKIII0O HAJICKHOCTI IS BXITHHX i
BHXimHUX maHuX. B nomatky Fuzzy Logic Desginer peanizoBaHi HaCTyIHI (pyHKIIIT HaIeKHOCTI:

1. TpukytHa QYyHKLIS HAIEKHOCTI.
AHaTITHYHO JaHa (YHKIIIS HAISKHOCTI MOJa€ThCSI HACTYIHOK (OPMYJIO0:

0, x <
ab.o % a<x<bh 0
x;a,b,c) =+._
! —, bsxsc
0, c<x
2. TpamenienonioHa GyHKIIS HATEKHOCTI.
AHamiTH4YHO MaHa (YHKINS HAIEKHOCTI MOJJAETHCS HACTYITHOK (PopMyIIor0:
0, x<a
=2, a<x<b
b-a
flx;a,b,c,d) = 1, b<x<c 2)
X c<x<d
d-c
0, d<x
3. S-monibHa GyHKIIS HAIEKHOCTI.
AHamiTHYHO MaHa (HYHKIIS HAJIEKHOCTI MOJTAETHCS HACTYITHOK (POPMYIIOr0:
0, x<a
2 (E)z , a<x< ab
f(xa,b) = PN ’ 3)
1-2)(32), “P<x<b
b—a 2
1, b<x
4. JliniftHa S-nioxiOHa QyHKIIISA HaJIEKHOCTI.
AHaITHYHO JaHa QYHKIS HAIEKHOCTI TIOJIA€THCSI HACTYITHOIO (POpMyIIOF0:
0, x<a
x—a
f(x;a!b)= E’ a<x<b9 (4)
1, b<x

5. Z-moxaibHa GyHKITiS HAIEKHOCTI.
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10.

11.

12.

13.

AHaJTITHYHO NaHa (YHKITiS HAIEXKHOCTI TIOJIAETHCSI HACTYITHOIO (pOopMyJIof0:

1, x<a

x—a a+b

(1—2)(—)2, a<x<*?

b—-a
N2
2@1), @ o x<b
b—a 2
0, b<x

f(x;a,b) =

Jlinifina Z-noxiOHa QyHKIIS HaJIEKHOCTI.
AHaiTHYHO JaHa (YHKIIiS HAJICKHOCTI OJJAETHCS HACTYITHO (hOPMYJIOH:

1, x<a
b_
f(x;a,b) = ﬁ, a<x<by,

0, b<x

CurmoinanpHa GYHKIIS HAJE)KHOCTI.
AHaiTH4HO JaHa (QYHKIIS HAJIGKHOCTI OJAE€THCS HACTYITHOIO (hOPMYJIIOI0:

1
f(x;a,b) = osae b

Pi3nHuIs 1BOX CUrMOinaNbHUX (DYHKIIIH HAJICKHOCTI.
AHaniTH4HO JaHa QYHKIIS HAJIGKHOCTI OTAETHCS HACTYITHOIO (popMyItoro:

fdsigmf (x;a,c) = fsigm (x5 a4,¢1) — fsigm(xz; as, ¢;)

Jo0yTOK TBOX CHTMOINaIbHUAX (PYHKIIiSI HAEIKHOCTI.
AHaiTH4HO JaHa QYHKIIS HAICKHOCTI OJAE€THCS HACTYITHOIO (hOPMYIIOH0:

fpsigmf (x;a,¢) = fsigm(xl; a, cy) - fsigm(xz; as, ;)

I"aycoBa QyHKIIisT HAJIGKHOCTI.
AHaTITHYHO JaHa (YHKIIIS HAJICKHOCTI OJJAETHCS HACTYITHOO (hOPMYJIOH0:

—(X—C)Z
fgaussmf(X; 0,c) =e 202

Ioxgiiina raycoBa ()yHKIIiS HAIEKHOCTI.
AHamiTHYHO JaHa (QYHKIIS HAICKHOCTI OJAE€THCS HACTYITHOIO (hOPMYIIOH0:

fgaussme (x;0,¢0) = fgaussmf (x1;04,¢1) fgaussmf (x2; 02, ¢2)

VY3araneHeHa 13BiHONOAIOHA (DYHKIISI HAJIEKHOCTI.
AHaTITHYHO JaHa (YHKIIIS HAJICKHOCTI OJJAETHCS HACTYITHOIO (hOPMYJIOH0:

fgveums(x;a,b, ) = —1 |X_C|2b
X<
a

[Ti-noxibHa QyHKIIiS HATEKHOCTI.
AHamiTHYHO JaHa (QYHKIIS HAJIEKHOCTI MOJJAETHCS HACTYITHOK (hOpMyIIor0:

0, x<a
xX—a 2

Z(E)’ asx<—

N2
1-2)(2), L<x<b
fpimg(X;a,b,¢,d) = { 1, b<x<c ;

N2
1-2)(X), c<xs2t
x—d

z(ﬁ)z, 2e<x<d

0, x=>d

)

(6)

(M

®)

)

(10)

(11

(12)

(13)

s BximHOTO Tapamerpa «OOCITyroByBaHH 3aIPOIIOHOBAHO TayCiBCHKY (DYHKIIIFO HAJICKHOCTI (pHC. 2).

Membership Function Plot
T T T T

noraHui no6pun

Degree of Membership
&
T
.

0 1 2 3 4 5 6 7 8 9 10
Input Variable "O6cnyrosyBaHHs"

Puc. 2. Bxiguuii napamerp «O6ci1yropyBaHHs»»
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Jlst BXigHOTO TIapameTpa «SKicTh DKi» 3alpormoHOBaHO Tpaneulenoz[16Hy ¢yHKIiO HaexxHOCTI (puc. 3).

s BuxigHoro mapamerpa «Po3Mip yaifoBUX» 3alpOOHOBAHO TPUKYTHY (DYHKIIIFO HAICKHOCTI (puc. 4).

Membershlp Functlon Plot

. . .
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Sost B
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Input Variable "Akictb ixi"

Puc. 3. Bxinnuii napamerp «SIkicTs iki»

Membership Function Plot
T T T

T

HU3bKUA

Degree of Membership

cepenHin

0 5

10 15 20

Output Variable "Po3mip yanosux"

25 30

Puc. 4. Buxianuii napametp «Po3mip yaiioBux»

[pu nobynoBi cuctemu Hevitkoro BuBoxy (CHB) Ty MamaaHi BaxinuBuM KpOKOM € o0y joBa 6a3u 3HaHb
JUTsL po3rIsiHyTOl cucteMu. basa 3uanp st CHB Mampaani ckiiafa€eTbes 3 JOTTUHUX MPAaBHI TUIY «SIKio-toy. Jlis
Toro o6 nodyaysaru 0a3y 3uanb juis CHB BukopucroByroun Fuzzy Logic Designer, motpiOHO nepeiitu 10 MEHIO
«Rule editor». BinkpupaBmu BikHO «Rule editor» MOXIMBO nogaTH HOBI MpaBuiia, CKOMIIOBATH iCHYHOYI, 200
BuzasaTh npasuia. [Ipuknan 6a3u 3Hanb 1uis po3risinyToi CHB nonano Ha puc. 5.

x FIS Tree Plot Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Rule Editor PROPERTY EDITOR: RULE
8 System: mamdanitype1
% Name: rule1
§ | Add All Possible Rules | | Clear All Rules Weight 5
& - -
a Rule Weight  Name |@ Connection ()And  (®)Or
= ||| OGCnyroByBaHHS IS NOraHWi or AKICTL i is HenpueMHIA then PO3Mip YaHoBKX IS HU3bKKHA 1/ rule1 —
o 2 | If OBcnyrosysanns is AoBpwid then Poamip yaiosmx is cepeaHin 1| rule2 ‘ [
&« .
g 3 |1t OBenyrosysanis is sigmikHMi or SIKicTs Bl is CMasHnit then PosMip Yaiiosix s BUCOKHIA 1| rule3 |g O6cnyroysaHHs is ¥ | | noranmii v or
Q p
% HKicTE ki is ¥ | | Henpuemnmii v
=
w
I
%
2
«
Then
Po3mip 4afioBux is ¥ | HusbMi v
,
Puc. 5. ba3a 3HaHb )15 PO3IVISAHYTOI CHCTEMH HEYiTKOI0 BUBOZY .
ITicns Toro sx moOymoBaHO 0a3y 3HaHP MOMJIMBO TNEPEBIPUTH METOIM IMIUTIKAIii, arperamii

Ta

nedasudikarii ays modyaosanoi cucremu. st mporo ciig mepeiitu 1o BikHa «Fuzzy Inference System (FIS) Ploty.

JlaHe BiKHO MOKa3aHO Ha puc. 6.
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DESIGN BROWSER FIS Tree Plot Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Rule Editor Con PROPERTY EDITOR: FIS

Set Active Design | |[T)
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D.
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v m.... Mamdani Type-1 e

System:

1
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Name
And method

Or method
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M|

M|
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SYSTEM BROWSER ," \
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» OBcnyrosyBaHHs | \ ]
» AKICTE TKi

~ & Outputs

» Poamip 4afosmx

e

Posmip uaiiosux (3 MFs)

Outputs:
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1

3

\
v Zi= Rules \
rule \

rule2

ruled AkicTb i (2 MFs)

System mamdanitype1: 2 input, 1 output, 3 rules

Puc. 6. Bikno «Fuzzy Inference System Plot»

Ha puc. 6 nokaszana noOy/joBaHa cucremMa He4iTkoro BuBoxy. Onepais iMIutikanii s anroputmy Mamaasi
3a 3aMOBYYBaHHs — min (3anporpaMoBaHi peanizarii: 'min' — MiHiMmyM i 'prod' — MHOXkeHHs1). Aggregation method —
omnepariis 00'eqHaHHs (QYHKIII HaJIEKHOCTI BUXiJHOT 3MIHHOI (3arporpaMoBaHi peanizamii: 'max' — MakcumyM; 'sum'
— cyma i 'probor' — imoBipHicHe "ABO"). Defuzzification method — MeTox medasudikarnii, TOOTO TpUBEACHHS 10
YiTKOCTI. 32 3aMOBUYBAaHHSAM BHOPAaHO METOI LIEHTPY Baru, aje 3alporpaMoBaHi HACTYITHI MeTOIu Aeda3udikarii:
Centroid, Centre of gravity (CoG)), meronm meHTpy miomii abo Merton Oicekrpucu mmiomi (Bisector), meron
HaliMeHIIoro 3 MakcuMyMiB (Smallest of Maximum (SOM)), meton cepenaporo 3 MakcumyMiB (Middle of Maximum
(MOM)), meron HaibineImoro 3 makcumymiB (Largest of Maximum (LOM))

[Micns Toro sik mMoOyAOBaHAa CHUCTEMa HEYITKOro BHBOAY, y momatky Fuzzy Logic Designer MOXIHBO
aHamizyBati poboTy moOymaoBaHoi mozeni Ha Bkiuaani «Rule inference». Ha Briaani «Rule inference» motpioHO
BBECTU BXiZIHI YHMCIJIOBI MapaMeTpH, y Hamomy Bunaaky ne «OO0cimyroByBaHHsD» 1 «SIKicTh DKi» y mecstn OanbHii

IIKaJIi i Ha BUXO0Ii oTpuMaeMo «Po3mip daiioBux» y BigcoTkax. Ha pucynky 7 mokaszaHa po0oTa moOyaoBaHOT MOJIEII.
System: mamdanitype1

Input values | [5 8] |

0ObcnyroeysanHa = 5 Hxicte ixi=§

Posmip qanoenx = 19.2
~. ﬁ\
\\ \\
OR
1 "
AN N\ imax)
AN \
S~ N\
“?\\— _________
\ AND
2 \\ (min)
\\
—— \“\-\
—
/
2 i — OR
/ (max)
0 10 0 10

=3

Puc. 7. Anaui3 nodynoBanoi Mmogeni

BucHoBku
B xoni mocmimkeHHS MOKa3aHO aJTOPUTM MOOYIOBH CHCTEMH HEYITKOTO BHBOJY HA MPOCTOMY MPHKJIAJI.
ITokxa3aHo HacKiNbKM cydacHi iH(popMamiiHi TexHoJoril, 30kpema Matlab 1 nogarox Fuzzy Logic Designer npocri i
KOPHCHI Y BUKOPHCTaHHI.
Hoasixa
PobGoty BUKOHaHO B pamKax JAepXOIOKETHOI HAayKOBO-IOCTITHOI TeMH Y3KrOpoJCHKOTO HalliOHAJIBHOTO

yHiBepcUTeTy “MeTonn 004YHMCIIOBaIBHOTO 1HTENEKTY It 00poOKH 1 aHaIi3y qaHuX” (HOMep AepXaBHOI peecTparlii
0121U109279).
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