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Omricanne JOMOIHUTEIbHOI CHTMOMAHOM (yHKITHIL:

y=dsigmf (x,[a; c; az cz] ).
@I dsigmf 3aBUCHT OT UeTHIPEX IapaMeTPOB dj, €, d; U C; U ONPeNems-
eTcst KaK Pa3sHOCTb JBYX CHTMOMAHBIX GyHKIMIL: fi(x, al, c1)-f>(x, a,, ¢;) (puc. 4,
6).
OrmicaHne JOIOIHUTEIBHO CHIMOMIHOI ()yHKIIIL:
y=psigmf (x,[a; c; a; cz]).
@II psigmf Tak ke Kak U OpeAbITymIas GyHKIMS, 3aBUCHT OT YeThIpeX Iapa-
METpoB a;, Ci, &z, Cz U ONpelelsercs Kak IPoH3BeJeHne IBYX CHIMO-

npuex GyHKOUil: fi(x, al, c1)f>(x, as ¢;) (puc. 4, 6).
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Puc. 4. CurMounHble QYHKIHH OPHHAIIEKHOCTH: 4 — OCHOBHAA OTHOCTO-
POHHAA; 6 — IONOIHHTeIbHAsA IBYXCTOPOHHSS;

6 — IONOJHHTeNbHAsd HECHMMeTPHYUHAL
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Mpumep IIS. TIporpaMma HCHONL30BAHHA CHIMOHIHBIX

ynxumit.
x =0 : 0,1 : 10;,— onpenensiercsi 6a30BO€ MHOXECTBO
subplot(1,3,1); — dopmupyercs marpuua rpa¢uxos (3 x 1)

— IEPBEF BJAEMEHT — TeKYIp1
y=sigmf(x,{2 4]);

plot(x, y): — BHBOOMTCS I'Pa@uK B HEPBHHA SJIEMEeHT
MaTpULE

xlabel ('sigmf, P = (2 4]"')

subplot(1,3,2); — BHOMpaeTCs BTOPOS TEKYUWl SJIEMEHT

y = dsigmfix, [52 5 7]});

plot(x, y); — BHBOAMTCH I'Papux BO BTOPOI SIEMEHT
MaTpHUE

xlabel ('dsigmf, P = [5 2 571"

subplot (1,3,3); — BHOMpaeTcs TPeTMEI TEKYUpwi SIEMEeHT

y = psigmf(x, [2 3 -5 8]);

plot(x, y); — BHBOOMTCS I'Paduk B TPETWMI SJIEMEHT
MRTPUIE

xlabel ('psigmf, P = [2 3 -5 8]');
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Puc. 5. IlonuHOMHAaNbHbIe QYHKIHHE OPHHAIIEKHOCTH: @ — Z-QyHKOHA; 6 —

PI-pynknusa; S — 5-pyHKuns
Huctpymenrapuit Hedetkoil nornku (fuzzy logic toolbox) B cocraBe Matlab
IpefocTaBIseT BO3MOXHOCTE (popmupoBanns PII Ha OCHOBE MOTMHOMHAIBHEIX
kpuBblX. CootBerciBytomme GyHKIMH HaseBaoTcs Z-byskumn (zmf), PI-

dyukumn pimf) u S-dyukunu (smf). Oysxms zmf IpeacTaBiIsieT co00il acuMMeT-
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PHUHYIO IIONHHOMHAIBHYIO KPHBYIO, OTKPHITYIO cieBa (puc. 5, a), yHKuus smf—
3epKanpHOe oTOOpaxeHne GyHkmm zmf (puc. 5, 6). CooTBETCTBeHHO (YHKIMS
pimf paBHa HyIIO B IIPAaBOM I JIeBOM IpeJelax I HPHHIMAeT 3HaueHHe, PaBHOE
eJIIHIILe, B Cepe/liHe HeKOTOPOro oTpeska (puc. 5, 6).
Omncanne GpyHKIIN:
y=zmf (x,[a b])

ITapaMeTpsl a 1 b OIpeReNsIoT KCTpeMalbHble 3HadeHNsI KpHBoii (puc. 5,
a).
Ormicanne GyHKIHI:
y=pimf (x,[a b c dJ).

TlapameTps! a u d 3amaroT mepexox QYHKIMK B HyleBOE 3HAUeHHe, a IIapa-

MeTpH b u ¢ — ¢ eguHnuHOe (puc. 5, 6).

Onncanne QyHKIINH:

y=smf (x,[a b]).
IlapaMeTpsl a U b OmpexelsOT dKCTpeMalbHble 3HAYeHHS KPUBOM

(puc. 5, 6)

Tpumep IT6. IlporpamMma ucnonb30BaHUS MONHHOMMATBLHBIX
KPHBBIX.

x =0 : 0,1 : 10;
subplot(1,3,1);

y = zmf(x, [3 7]);
plot(x, y):

xlabel ('zmf, P=[3 7]"');
subplot(l, 3, 2);

y = pimf(x, [1 4 5 10));
plot(x, y)i

xlabel ('pimf, P = [1 4 5 10]");
subplot (1, 3, 3);

y = smf(x, [1 8]);
plot(x, y);
Xxlabel('smf, P=[1 8]').

TIoMHEMO PacCMOTPEHHBIX BhIIIe (GYHKIMIL, TTO3BOISMIONINX NPEICTABIATh He-
YeTKIe MHOXeCTBa, B Matlab mmeeTcs Bo3MOXHOCT (OPMHPOBATH COOCTBEHHEBIE

OII wm MoubHUIIPOBATh BCTPOCHHEIE.
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Omnepanuu ¢ He4eTKHMH MHO:KeCTBAMH. BEIIEIIIOT TPH OCHOBHBIE JIOTIde-
CKHe OIIepaIlIN ¢ HeJeTKUMI MHOKECTBAMMU: KOHBIOHKIIIIO, TH3BIOHKIIMIO I JIOTH-
geckoe oTpuianme. B cpeme Matlab cymecTByeT BO3MOXHOCT ONpPEIENSITh
KOHBIOHKTHBHbBIE U TU3BIOHKTHBHBIE ONEPATOPhI ¢ TOUKH 3PEHIS MUHIMAKCHOI 1
BEPOSITHOCTHOIT HHTepIIPeTaIii.

PaccMOTPHM MHUHEMAKCHYIO HHTEPIPETALMIO JTOTHYECKIX OIIePaTOpOB, B KO-
TOpOil KOHBIOHKTHUBHBIT OIIePaTOp MPEACTABIACT HAXOXKASHHEe MIHIMyMa — min

(puc. 6, a), a TU3BIOHKTUBHBII — MaKkcHMyMa — max (puc. 6, 6).

10 1.0

0.8 0.8

0,6 06+

g aalt) g Alx)

Puc. 6. Ilepeceuenne (a) u oOGbequHeHHe (6 ) HEUYETKHX MHOXeCTB (MHHH-
MaKCHas HHTepIpeTalHs)

Omnrcanne KOHBIOHKTUBHOI ()yHKIMIL:
y=min(lyi; yz1)

Ormrcanne TU3BOHKTIBHOI (yHKIMIL:
y=max ([y:; yz])
IlapameTpsl y; Uy, IpeACTaBISIOT coboii mcxonusre PII. OyHkuus min
pab6otaet co cmmckom PII. B Matlab crnncok odpopMmirseTcss KBaApaTHBIMI CKOO-

KaMH, a 5JIEMEHTEI CIIHICKa Pa3sAelIIoTCsa TOYKOM C 3aIATOI.
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Mpumep IT7. TIporpaMmMa MCIO/NL30BAHHS ONEpaUMii min u
max,

x=201:0,1:10;
subplot(l, 2, 1);

y1 = gaussmf(x, (3 5]);
y2 = gaussmf(x, (3,7]);
y3 = min(lyl; y2]);

plot(x, [yl; y2],':"); — nocTpoerue MCXCOHHX Ol NyHK-
TUPHOV JIMHNE
hold on; — BRJIOYEHME MEXaHM3Ma Jobasie-—

HMS KPMBEOU B TeKymyi rpapux

plot(x, y3);
hold off; — BHKJIOYEHME MeXdHusMa 1noGaB-—

JIeHMS KPMBOM B TeKYyuwsi rpaui;
subplot(1, 2, 2);
y4 = max({yl; y2]1);
plot(x, [yl; y21, ':');
hold on;
plot(x, y4);
hold off.

ITyskTHpHOIT IMHIell Ha rpaduKax m3o0paxeHs! ncxogusie PII, a crurommHoIl
TmMHUeiT — pes3yIbTaT AefiCTBUS TOTMIECKHIX OepaTopOB.

MuHuMaKcHas MHTePIpPETAaINls sSBISeTcs Hanbojee pacIpoCTpaHeHHO Ipi
HOCTPOGHNHN HEJeTKHX cHCTeM. TeM He MeHee Ha NMPAKTHKE TOBOJIBHO YacTo HC-
HOJB3yeTCs albTePHATHBHAS BEPOSTHOCTHAS MHTEPIPETALN] KOHBIOHKTHUBHEIX I
JM3BIOHKTHBHBIX OIlepaTopoB. Matlab colepKUT COOTBETCTBYONINE (YHKIIIL.

B paMkax JaHHOI MHTEPIpeTalni KOHBIOHKTHBHEII OIIepaTop HpeICTaBisIeT

co6oif omepaTop BEIYICICHUS anrebpamndeckoro nponssenenns — prod (puc. 7, a),

a JI3BIOHKTHBHEIT ONEpaTop — OIEPaTop BBIMHCICHHS aareOpandeckoil cyMMBI
®

— probor (puc. 7, 6). 10 . 10

08

06

04

0.2
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Omrcanne QyHKIIL:
y=prod([y:; y21)
Omnucanne GyHKIIMI:
y=probor ([y:; yz1)

IlapameTpsl y; u y2 npedcmagisiom co6oii ucxoonvie ®II.

Tpumep TI8. IMporpamma ucnonb30BaHUs BepOSITHOCTHBIX
OnepaTropoB KOHBIOHKUHH H RMIBIOHKUHH.

x=0:0,1: 10;
subplot(l, 2, 1);

y1 = gaussmf(x, [3 5]);
y2 = gaussmf(x, (3,7]);
y3 = prod({yl; y21)+
plot(x, [yl; y2],':")
hold on;

plot(x, y3):

hold off;

subplot(l, 2, 2);

y4 = probor([yl; y2]);
plot(x, [yl; y2], ':');
hold cn;

plot(x, y4);

hold off.

HE A(x)

Puc. 8. JlonoTHe HHe HEUETKOTO MHOXeCTBA
Jlomo THe HITe HEUETKOTO MHOKECTBA €CTh He UTO HHOE, KaKk MaTeMaTHIecKoe
mpejcTaBiIeHne BepbanbHoro Bepaxerns «HE A4» (puc. 8), roe 4 — HedeTkoe
MHOK€CTBO, OIIICHIBAIOIIee HEKOTOPOE PA3MBITOE CYXKISHIIE.

Omrcanne GyHKIHI TOIOIHEHNS:

y=1I-y
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e y* — ncexonnas OII.
Mpumep I19. [IporpaMma ucnons3osanus onepamun 10mnos-
HeHusA.

x 0 : 0,2 : 10,

vyl = gaussmf(x, (3 5]);
y -1 -yl;

plot(x, y1,':');

hold on;

plot(x, y):

hold off;

3 TIopsiIoK BBIIOIHEHIIS T7a60paTopHOiT paboThl

1. ®opmupoBaHHe H HCCIIeI0BaHIIe TAPaMETPIUECKIX 3aBHCHMOCTei! THIIOBBIX (yHKITHIT
IPHHAISKHOCTH CpeICTBAMH HHCTPyMEHTAIbHOM cicTeMsl Scilab

2. IloaroroBka oTueTa

4 CopepkaHHe OTUeTa
Ortuer no 1abopatopHOii paboTe JODKEH CONepKaTh BCe OCHOBHbIE IIPOMEKYTOTHBIE STAIIbl
BBITIOJIHEHNSI pabOTHL.
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JIABOPATOPHAS PABOTA Ne 2

MopgernpoBanne HeYeTKOI CHCTeMbI CpeICTBAMH HHCTPYMEHTApHs
HeYeTKOoIi JOrHKH

1. Ilens paGOTEI: M3YYHUTH METOJ IOCTPOCHIS HEISTKON CHCTEMBI

CpeCcTBaMII MHCTPYMeHTapst Hedetkoil ornkn (MHJT).

2. Teopermdeckas cIpaBKa

B cocraBe Scilab mpHCYTCTBYIOT ISTH OCHOBHBIX CPEICTB IpadidecKoro
ne-Tepdeiica momp3oBatenss (I'HII), xoTopble obecmeunBaror moctyn k WHIL:
penak-Topsl cucTeMsl HedeTkoro BeiBoga (CHB), GyHKumil npHHaIeKHOCTIH,
IpaBIT BEIBOJA, A TAaKKe CPEJCTBAa MPOCMOTPA MPABWI M MOBEPXHOCTH BBIBOMA.
OTH Ccpen-cTBa CBS3aHBI MeXAy CO0OHf IHMHAMIYECKM M HPOH3BOIHMMEIE
H3MEHEHIIS B OJHOM U3 HUX BIICKYT H3MEHEHHS B APYTHUX.

Peoaxmop CHB npenocTaBiseT BOSMOKHOCTh (pOPMIPOBAHHS IIPOESKTHpPYe-
MOIi CHCTeMEI Ha BHICOKOM YPOBHE aOCTDPAKIIIL: KOIMYECTBO BXOMHBIX M BBIXOM-
HBIX IIEPEMEHHBIX, HAIIMEHOBAHHE IEPEMEHHBIX.

Peoaxmop @I ncnonssyercst as onpexaenerus popmsr DI, accormumpoBan-
HBIX ¢ KaKIOIl IIepeMeHHOI].

Pedaxmop npasun 6v1600a IPIMEHSIETCS 11 PeIaKTHPOBAHUS CINICKA IIpa-
BIUT, KOTOPEIE ONPEICISIOT IIOBEeISHNE IPOSKTHPYEMOIl CHCTEMBL.

Cpedcmeo npocmompa npasui 6616004 UCIONb3yeTCS B LEIIX AHATHOCTHKI
H MOXET IIOKasblBaTh, HANPHMep, AKTHBHOCTh HPABMI HIM (OPMY BIITHIL

OTAEIb-HBIX ®II Ha Pe3yIbTaT HEYETKOT'O BBIBOJA.

Penaktop CHB. IlocTpoenne HedeTknx cucreM mo Mamaann. J[ns mo-
CTPOEHMS CO3JaBaeMOil CHCTeMBI B KOMAaHIHOII CTpoKe OCHOBHOro okHa Matlab
HeoOxoquMo Habparth KomaHIy fuzzy. OkHo pemaktopa HoBoii CHB comepsxut
BXOJHYI0, 0003HaYeHHYIO inputl i BEIXOMHYI0 — outputl mepemenssie. ITo ymom-

varnio MHJI npennaraer coznaBats CHB Tuma Mamaanm.
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Jlist Toro 4T0OB! JOGABUTH HOBYIO IIEPEMEHHYIO, HEOOXOAIMO BEHIOPATh B Me-
H10 Edit cOOTBeTCTBYIOIMIA MYHKT (X711 BXOJHOIT mepemennoit — Add input, nus
BEIXOJHOIT — Add output). VI3MeHeHIIe HaNMEHOBAHNUS IIePEMEHHOI! IIPOICX0 JUT
II0 IIaram.

Ilar 1. OTMeuaeTcs NepeMeHHast, KOTOPYIO HeOOXOMIMO IIepeHMeHOBAaTh.

Ilar 2. B mone peakTHPOBAHMS M3MEHsETCS HAUMEHOBAHIIe IePeMeHHOIT o
YMOTAHHIO HA MM, HPEIOKEHHOE T0JIb30BaTeIeM.

CoxpaHeHHe IPOEKTHPYeMOil cHucTeMbl B pabodee IPOCTPAHCTBO CPEIbI
MATLAB (8 mepeMeHHy¥0) IPOU3BOIUICS C IIOMOIIBIO IyHKTa MeHto File /Export/

To workspace B sTom ClIy4dae JaHHBIE COXPAHSIIOTCA 1O OKOHYAHNS CeaHca pa-

60Tl ¢ Matlab. JIns coXxpaHeHns TaHHBIX Ha JHUCKe IOCIe OKOHYAHHS CeaHca pa-
GOTHI IPIMEHSIETCS COOTBETCTBYIOMMIT IIYHKT TOTO e MeHio — Export/To disk...

Penakrop ®II. CrreqyrommyM maroM B IIOCTPOSHNH HEUETKOI MOJEIN cpel-
crBamu MHJT siBistercst accommmposanne Habopa ®II ¢ kakaoil BXOXHON H BBI-
XoIHOI mepeMenHoil. JlaHHas omeparus nponssoantcs B pegakrope PIT Tpems
croco6amil, aKTHBH3HPOBATh KOTOPHIN MOXKHO:

- BeI0opoM B Mewto Edit mynkra Membership Functions...;

- IBOMHBIM IIEITYKOM MBINII Ha HM300paKeHHH COOTBETCTBYIOIIEl mepe-
MEeHHOI (BXOHOIT I BBIXOIHOIT);

- HaOOpOM B KOMaH/HOII CTPOKe omepaTopa mifedit.

C momomisio penakropa PII MOXHO OTOOpaxaTh M PEJAKTHPOBATH JIFOOBIE
@II, accormmpoBaHHbIe (CBSI3aHHBIE) CO BCEMH BXOJHBIMU I BBIXOJHBIMH Iepe-
MeHHBIMH paspabateiBaemoit CHB.

Cas3pBanne PII ¢ IMeHeM IepeMeHHOIT IPONCXOJUT CIIeAYIOIIIM 00pa3oM:

- BBIOHpaeTcs IepeMeHHas 110 IMEHH U3 Habopa rpadIaecKnx 0ObeKTOB
okHa pemakTopa ®II;

- yKa3eIBaeTCs MANa30H M3MEHEHHs 3HadeHMil 11t 6a30B0il i BUIMMBIL
JIMaNa30H M TeKyIIel HepeMeHHBIX;

- B Merto Edit Boioupaercst yHKT Add MFs... B nosBuBIIeMcs OKHe BBI-

6uparot Bux OIT 1 NX KOMIIECTBO.
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Penaxtupyror ®II Tekymeil mepeMeHHOIT ABYMS COCOGAMIL HCHONB3YS IPa-
¢duaeckoe oxHo PII mum usmenss xapaktepuctukn OII (sanMeHoBaHIe, THUII U
urcioBble mapamerpsl). [Ipn BeGope Heobxoammoii PII B rpaduaeckoM OKHe 10-
IyCKaeTCsl IIIABHOE H3MEHEHIe KPHBOM C MOMOIIBIO MBIIIIL.

Taxmm o6pasom, npu nocrpoernn CHB Heo6XOANMO ¢ IOMOIIBIO PeaKTopa
@II onpeaenuTh COOTBETCTBYONIE (GYHKIMM Ml KaXIOH U3 BXOJHBIX M BRIXO/I-
HBIX [IEDEMEHHBIX.

PexaxTop mpaBua BeiBoaa. IToce TOro Kak yKa3aHO KOJTMIECTBO BXOIHBIX
1 BBIXOJHBIX IIEPEMEHHEIX, ONIPEIeIeHbI HX HAIIMEHOBAHIIS I IIOCTPOCHEI COOTBET-
crByromme PII, 8 CHB Heo6XoANMO BKIIOYNTH MpaBIUIa BBIBOAA. J[Is 5TOTO B
mento Edit Bei6upaercst myHKT Rules... 1w B koMaHaHoiT crpoke Matlab nabupa-
eTcs KoMaHza ruleedit.

OCHOBEIBAsICh Ha ONHMCAHMIX BXOMHBIX I BBIXOJHBIX IEPEMEHHBIX, OIIpese-
neHHBIX B pegakrope PII, peakTop HpaBIT BEIBOAA (OPMHUpPYET CTPYKTYpY Ipa-
BIIa aBTOMaTHdecku. OT IoIb30BaTeNs TpeOyeTcs b CBS3aTh 3HAYCHIIT BXOJI-
HBIX ¥ BEIXOJHBIX IIePEMEHHBIX, BEIONpas U3 CIHCKa 3afaHHEIX panee OII u ompe-
JIeTUTh JTOTHMYECKHe CBI3KH MeXIy HIMI. Takke JOIycKaeTcs HCIOIb30BaHIe 10~
rgeckoro otpruanns (HE) i1 m3MeHeHne BecoB mpasm B Ananasore ot 0 o 1.

IIpaBuia BEIBOZA MOTYT OTOOPaXKaThCs B OKHE B PasIHMYHBIX opMaTax, Ko-
TOpHIE ONPENeNAITCS MyTeM BEIOOpa COOTBETCTBYIONIEro IyHKTa moaMerto For-
mat Mer0 Options. I1o yMOT9aHUIO HCHONB3yeTCs pacuiupennviti GopMat oTo-
OpakeHnst IpaBII BEIBoxa (verbose form):

If(input_lis[not]mf lj,;)<and,or>.

(input_i is[not]mf_ij;)..<and,or>

(input_n is[not]mf_nj,)then

(output 1 is[not]mf n + 1lj, , ;)<and, or>.

(output k is(not]mf k + njy , p)<and,or>..
(output_m is{not]mf_m + nj, , ,) (%),

IIe i — HOMED BXOOHOI NePEeMEHHOIY;
J; — Homep ®IT -t nepeMeHHOIT;
k — HOMep BBIXOJHOM NCPCMEHHOIL;
7 — KONMYCCTBO BXOXHBIX MEPEMEHHBIX;
M— KONMYECTBO BEIXOAHBIX MEPEMEHHDBIX;
W — BeC [pasuJa.
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Kpyrible ckoOKH 3aKII0Ya0T B cebe 06s13aTenbHble TapaMeTphl, KBaJpaTHEIE
— Heo0s3aTeNbHbIE, a YIIIOBBIE — albTepHATUBHBIE TapaMeTPHI (OANH Ha BEI6OP).
KpoMme ¢opmara 1o yMOTIAHHUIO, CYIIECTBYIOT ellle ABa BUAa GOPMAaTOB OTO-
OpakeHns] MpaBILT: cumeonvHuiil (symbolic form) n undexcuoni (indexed form).

CHMBOIBHELT (popMar UMeeT CIeTYIOIIII BI:

(input_l<~=,==>mf 1j;)<&,|>
(input_i<-=,==>mf 1ij;)..<&,|>
(input_n<~=,==>mf nj,)=>

(output 1<~ mf n + 13, , ¢).<&, 1>
(output_k<~ mf_k + nj . p)<é,|>.
(output_m<~=, mf_m + Ry . ) (W)

OTian4ne CUMBOJIBHOTO d)opMaTa OT PacIIMPEHHOTr0 COCTOUT B TOM, YTO BMe-
CTO CIIOBECHOIT HHTEpIPETaNN CBA30K HCIIOIB3YyETCS CHMBOJIbHAS (CI/IMB()J'H:I «&»
1 «]» — COOTBETCTBECHHO ONPEAEIIIOT JIOTMIECKOE W u noruueckoe I/I.H]/I, CHUMBOJI
«~» — JIOTHYIECKO€ OTPHUIaHNIE, a CHMBOJI «=>» SIBIIETCS pasaennTenemM yCﬂOBHOﬁ
U 3aKIFOYNTENBHOM JacTeil IIpaBHjIa (aHTeL{eH,E[eHTa n KOHCCKBCHT&).

O6mee OININCaHHE IIpaBIUIa BBIBOJA B HMHIEKCHOM d)opMaTe MOJKET OBITh
IIPEACTABICHO B CICAYIOMEM BHE:

ot VY G /730 o 7 M Rl P VIO (g L
+ Wt 1 AIm A R 4 p(W):<1,2>

31ech MOPSIIOK CIIEJOBAHIS {HCE] COOTBETCTBYeT OYEPETHOCTH BBOIIMBIX
[IepeMeHHBIX, IIPHYEeM CHMBOI «,» pasfelseT HIPaBILIO Ha YCIOBHYIO H 3aKIOYI-
TeIbHYI0 YacTd. Jlo ABOETOYMs 3alNChIBACTCs HOPSIKOBBII HOMEP COOTBETCT-
Byromeil ®II, mocie BoeTOUNSI — BHA JTOIMYECKOil cBsI3KH («1» — mormaeckoe
U, «2» — normaeckoe UJIN). Jlormaeckoe OTPULAHNE 3aaeTCS CHMBOIOM «—».

Tlocie ompeseeHNst IPABILT BEIBOA B OJHOIMEHHOM PeJaKTOpPe MOXKHO YT-
Bepxaath, uro CHB nomHocThIO co3aaHa.

IIpnmep I110. Co3nanne CHB.

PacemoTpuM creyromyro curyanmo. HeoOX0QMMO OIEHHTh CTEleHb HHBeE-
CTHIIOHHON IIPHIBIEKATEIHOCTH KOHKPETHOTO OH3HEC-IPOEKTa Ha OCHOBAHIN
JIQHHBIX O CTaBKe JUCKOHTIPOBAHIIS H IEPHOJE OKYIIaeMOCTH.

Ilar 1. BesbBaeM pegakrop mmt cosganms CHB, maGupas B KOMaHIHOI

cTpoke fizzy. Jlo6aBIsieM BXOIHYIO IEPEMEHHYIO HOCPEICTBOM BEIOOpPA B MEHIO
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Edit mysxTa Add input. B pesynprate momydaem cienyromyro crpykrypy CHB:
JIBa BXOJIa, MEXaHH3M HEYeTKOIo BbIBOJA 10 Mamaann, oaus Beixox. OObaBIseM
HepPBYIO ePEMEeHHY0 KaK discont, a BTOpPYI0 — period, KOTOpble COOTBETCTBEHHO
GyIyT IPeICTaBIATh CTAaBKY MMCKOHTHPOBAHMS M NEPHOX OKYIAaeMOCTH GH3Hec-
npoexTta. HanMeHoBaHIe BBIXOIHOIT epeMeHHOT, Ha OCHOBAHMM KOTOPOIT IPHHII-
MaeTcsi pelleHHe O CTeNeHHM HHBECTHIIOHHON IIPHBIEKAaTeNbHOCTH OH3Hec-
IpOeKTa, 3aaeTcs Kak rate. COXpaHUM CO3JaBaeMyr0 MOJeIb IO UMeHeM Jnvest.
Ha puc. 9 npencrapiaeHo Tekymiee cocTosiHIe okHa penakTopa CHB.

IIMar 2. Kax1oii BXOAHOI M BBEIXOIHOII IepeMeHHOIT II0CTaBIM B COOTBETCT-
Bie Habop O®II. Jlamnas mponexypa peanmsyercs B pegaktope DII. s discont
oIpesielsieM JHAIa30H 6a30BoIl mepeMeHHOIT oT 5 10 50 (eamHnna m3MepeHnss —
mporeHTsr). Takoil ke AMana3soH BEIOHpaeM I ee 0ToOpaxkeHms. J0GaBuM Tpi
®II, Tun kotopeIx — trimf. IlocnenoBaTensHO BEIAENIAS MBIIBIO oTAenbHbIe PII,
[PIICBONM HanMeHoBaHHs — small, middle, big cOOTBETCTBEHHO HeGOIBIIOIN,
cpenHeil u GoipmIoil craBke qucKoHTHpoBaHMs. OKHO penakropa DI B Tekymem
coCTOSHHN NoKa3aHo Ha puc. IT110. IlepemeHnHoil period nnanasoH 6a3oBoil mepe-
MeHHOIT ompe/ielteH paBHEIM [3, 36] (eqMHMIA H3MEPEHIsT — MeCSIIBI), IOCTABIIe-
Hel B cootBercTBHe TpH PII Tima gaussmf ¢ HauMeHoBaHUSIMU — short, normal,
long. TakuM 06pasoM, IepeMeHHas CpOKa OKYIIaeMOCTH Ou3Hec-poekTa OymeT
HOPUHEMATD CIEIYIONINe 3HAYEHIS: KOPOTKMIA, OOBIMHBIIT 1 AIITEIbHEIH CPOK OKY-
maemoctu. HakoHer, 1714 IIepeMeHHoI rafe onpenensieM; 6a3oBas epeMeHHas U3-
MeHsleT 3HadeHne B [uamasoHe [0, 1], cemanTnka omucsiBaercs Tpems DI Tuma
trimf ¢ HanmeHoBaHusMIL: bad, normal, good.

Iar 3. 3akmounTensHEIM 3TanoM noctpoenns CHB sBistercs onpenenenne
Habopa NpaBHiI, KOTOPBIE 3a[al0T CBSI3h BXOJHBIX HEPEMEHHBIX C BBIXOIHBIMIH.
JI714 5TOTO B peaKTope IPaBII BEIBOAA ONPENeTIM:

ECJIM discont = small U period - short TO rate = good

ECJIU discont = HE small Y period = long TO rate = bad

ECJIM discont = middle U period = normal TO rate = normal

ECJIU discont = big U period = short TO rate = normal
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Tekymiee cocTosHIIE OKHA PefaKTopa [PaBILUI BEIBOJA IOKa3aHo Ha puc. 11. B
pacmupeHHOM GopMaTe 0TOOpaKeHNs yKa3aHHBIE IPaBIJA BBIBOJA IPENCTABIIL-
FOTCS CIEAYIOLIIM 06pazsoM:

if(discont is small) and (period is short) then (rate is good) (1)
if(discont is not small) and (period is long) then (rate is bad) (1)
(/(discont is middle) and (period is normal) then (rate is normal) (1)
if(discont is big) and (period is short) then (rate is normal) (1)

Ilpu usMeneHnn ¢opmaTa Ha CHMBOJBHELI IIpaBIIa BBIBOAA OYIyT MMeTb
BHI:

(discont == small) & (period == short) => (rate == good) (1)
(discont ~= small) & (period == long) => (rate == bad) (1)
(discont == middle) & (period == normal) => (rate == normal) (1)
(discont == big) & (period == short) => (rate == normal) (1)

HaKOHeL{, TO K€ caMO€, HO B HHJICKCHOM d)opMaTe:

1,3 1
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Puc. 9. OkHO pelakTopa CHCTeMBI HEUEeTKOIO BEIBO A
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Puc.11. OxHo pexakTopa IIp aBHI BEIBOJA
Cpeacrso mpocMoTpa HpaBHJ BbIBoAa. J[aHHOE CPEICTBO IPOCMOTpa IIpa-

BHUJI BBIBOJIa IIO3BOJIIET 0T06PBHTB IIPOLECC HEYETKOIO BBRIBOJA U IIOIYYHUTH pe-
3yJIbTaT. I'maBHOE OKHO CpeacTBa IIPOCMOTpa COCTOHUT M3 HECKOJIBKHX rpad)me—
CKHX OKOH, pacCIlojlara€MBbIX II0 CTPOKaM I CTOH6L{aM. KomraectBo CTPOK COOTBET-
CTBYET YHCIIy IIpaBHJI HEYETKOIO BBIBOJA, a KOIMYIECTBO CTOH6HOB — Huciy

BXOJIHBIX I BBIXOJHBIX IIepeMeHHBIX, 3a[aHHBIX B paspaGarteiBaemoii CHB. Jlo-




image20.jpg
HOJHATENbHOE rpaduueckoe OKHO CIyKHT AII 0TOOpakeHHs pesyibTaTa HedeT-
KOTO BBIBOJIA U OIepannn gedassnpuxamimn. B kakmoM okHe 0ToGpaKaeTcst cooT-
BercTByromas @II, ypoBeHs ee cpesa (IUI1 BXOJHBIX IIEPEMEHHBIX) M BKIAX OT-
nensHOI DI B 06mimil pesyIbTaT (A1 BEIXOIHBIX I€PEeMEHHBIX ).
B HIDKHEI JacTH ITABHOTO OKHA MOKHO 0TOOPasHTh HOMepa IPaBWI BEIBOA
B pasmI4HBIX GopMaTax BEIBOJA, OTMeYas HX MBIIIE0. JIs m3MeHeHns popmaTa B
MmeHio Options BeIOupaetcs myHKT Rule display format.
VIsMeHeHNe 3HaUeHMIT BXOJHBIX IIEPEMEHHBIX TOIYCTHMO ABYMS CIIOCOGAMIL:
1. myTtem BBOZA B 10JIe Input 3aIICH BXOIHOTO BEKTOPA, Pa3MEPHOCTH KOTOPO-
TO paBHA KOJIHMYECTBY BXOIHBIX IePEMEHHBIX;
2. IIETYKOM MBI B M0G0M rpadhuueckoM OKHe, KOTOPOe OTHOCHTCS K BXOJI-
HOI{ IepeMeHHOI.
BxoHOIT BEKTOp B KaKIOM 13 STHX BapHaHTOB ONPEIeIeHNs HCXOHBIX JaH-
HEIX OyJIeT 3aaBaTh HAOOP KPACHBIX BEPTHKAIBHBIX IPSMBIX.

Jlms CHB, pacemotpenHoii B npinMepe 110, npn BxogHoM BekTope [15
10] (craBka anckoHTHpOBaHUSI — 15 %, MepHO OKyIIaeMOCTH GH3HEC-IIPOeKTa —
10 MecsiieB) pesynsTaT (CTeleHb MHBECTHIIOHHON IpPHBIEKAaTeIbHOCTH) OymeT
cocraBmath 0,585 (puc. 12).

CpeacTBo mMpocMOTpa NMOBepXHOCTH BhIBoAa. CpelcTBO mpocMOTpa
HOBEPXHOCTI BBIBOJA ITO3BOJIIET CTPOUTH TPEXMEPHYIO TOBEPXHOCTH KAK 3aBUCH-
MOCTh OJHOIT U3 BHIXOJHBIX IEPEMEHHBIX OT [BYX BXOAHBIX. BBIOGOp BXOMHEIX I
BBIXOJHEIX IIEPEMEHHBIX OCYIISCTBISETCS MOCPEICTBOM HHCIAAIONINX MEHIO
TIABHOTO OKHA PAacCMAaTPHBAaeMOIo IPOTrPaMMHOTO cpefcTBa. KommiecTBo BEIBO-
JuMBIX JHHHIT Mo ocsiM X u Yompenemsercs B moisix BBoxa Xgrids, Ygrids. Ilo-
BEPXHOCTH BEIBOJIA, COOTBETCTBYIOIIAs NIPaBHIaM BeIBoa npumepa 1110 mokasana

Ha puc. 13.
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Puc. 13. OKkHO mpocMOTpa HOBEPXHOCTH pelleHHil

IlocTpoenne HeueTknx cucreM THma Cyreno. Paccmorpum moctpoe-
Hne CHB nByms penaxtopamn — CHB n ®II. [T moctpoernss CHB Tima Cyre-

HO Heobxommmo B MeHio File Boi6pats nyHKT New Sugeno FIS. KommectBo
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BXOJIHBIX I BRIXOJHBIX [IEPEMEHHBIX OIpeIelIeTCs TaK JKe, KaK I IPH IOCTPOSHHUIT
CHB tuna Mamuasu.

Penaxtop ®II. lns CHB trma CyreHo M3MeHEHHS KacalTCs TOIBKO CXEMBI
ompenenerus PIT mus Bexoxssrx nepemennsx. UHII B cpene Matlab nossosieT
paspabaThIBaTh ABa BHIAa HeYeTKHX Mopelneil. IlepBas Momemp — 3TO HedeTKas
Mozens CyreHo HyleBOro mopsiaka. HeueTkoe IpaBmiio BBIBOJA HMEET CIEXYIO-
b11071588:340104

ifxis A andy is B then z =k,
rae A u B — HedeTKue MHOJKECTBA aHTEIeIeHTa;
K — 9eTKO 3a/[aHHasi KOHCTaHTa KOHCEeKBEHTa.

Jlns moctpoeHmst Takoit Mozenn npu go6asiaermu PII HeoGXoqIMO BEIOPATh
THII — KOHCTAHTa (constant) 1 3afaTh B KadecTBe mapamerpa OII dncieHHOe 3Ha-
YeHIe COOTBETCTBYIOIIEH KOHCTaHTEL. BTopast Moens — Hedetkas Mojens Cyre-
HO IIepBOTO mopsiaka. [l Hee HeUeTKoe IPABIIIO BEIBOJA 3aIIICHIBACTCSI CIELYIO-
M 06pasoM:

ifx as A and y is B then z = p*x+q*y+r, rae p, ¢ U r — KOHCTAHTBHL

B nanroMm ciydae tin OIT — mHelinas 3aBucHMocTs (linear). Jlus onpene-
nrermst mapameTpoB OII He0OOXOANMO BBeCTH BEKTOP, IIEMEHTHl KOTOPOIO COOT-
BETCTBYIOT YHCICHHBIM 3HAYCHISIM KOHCTAHT KOHCEKBEHTa.

PaboTa ¢ peJakTOpoM IpaBIII BHIBOJA, a TaKKe CO CPeACTBAMHU IPOCMOTpa
[IPaBIUI U IOBEPXHOCTH BEIBOJA BBIIOJHSICTCS AHAJOIMYHO CIYYal0 ITOCTPOCHHS
CHB o Mampaanu.

IIpumep HedeTKOro BbIBoAa 0 CyreHoO ¢ ICIOIb30BaHIEM HEIeTKOIl MOJemt
HYJIEBOTO IIOPSIKA U IPABHI BEIBOJA, OIPE/eIeHHBIX BhIIIIe, IPEACTABICH Ha PIC.
14 (BBIXOZRHAS IIepeMeHHas HIMeeT TPH 3HaveHIs: bad, normal, good, KoTopbIe 3a-

JIal0TCSI COOTBETCTBEHHO TpeMs KoHcTaHTamu — 0, 0,5, 1).
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3 TIopsiioK BBIIOMHEHNS Ta00paTOpHOI paboThI

1. ®dopmMupoBaHHEe I UCCIIEOBAHNE ApaMETPHIECKIX 3aBHCHMOCTEI THIIOBBIX
(yHKIIT IPHHATTICKHOCTH CPEJICTBAMI HHCTPYMEHTATBHOI crcTeMs! Scilab

2. MozemipoBaHiie HEUETKOH CHCTEMBI, 3a/IaHHOI IPETIo/iaBaTelieM, CpeJICTBAMI

HHCTPYMEHTapHs1 HeUeTKOH JOTHKI

3. TloaroroBka ordera

4 CopepyxaHue oTdeTa
OT4eT 110 J1a00paTOpHOIT paboTe JOIDKeH CONepyKaTh Bce OCHOBHBIE IIPOME)KYTOUHBIE STallbl

BBIIOJIHEHUA pa6(m,1
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JIABOPATOPHASI PABOTA Ne 1
MopeHpoBaHHe HeYeTKOH CHCTeMBI CPeCTBAMH HHCTPYMEHTApHsL
HedeTKoif Jornkn ScilLab

1 Ileas paéoTsr

Ilenb paGoOTHI: H3YHHTH METOABI IOCTPOCHIS HEIETKHX MHOXKECTB C HCIOJIb30BaHHEM
PAsIIIYHBIX THIIOB (yHKIMI IPHHAUIEKHOCTH, O3HAKOMHTBCS ¢ HanGoee
PpacIpocTpaHeHHBIMI JTOTHYECKHMH ONEPALISIMIL HaJl HeIeTKIMI MHOXKECTBAMH

1 Teopermueckas crpaBka

DYHKIHH NPHHAXIEKHOCTH. HHCTpyMeHTapmil HeYeTKOH JOTHKH
(MHJI) B coctaBe makera Matlab cogepxur 11 BCTpOSHHBIX THIIOB (YHKIIHIT IIPH-
HagnexsHoctn (PII), GopMupyeMbIX Ha OCHOBE KyCOYHO-TIHEHHBIX (YHKIIL,
pacmpenenesus I'aycca, CHTMOMIHO KpuUBOH, KBaApaTHYeCKHX H KyOmdue-
CKHX molnHOMHanbHEIX KpuBHX. K Han6onee mpocteim ®II MoxHO OT-
HeCTH TPeYrolbHYI M TpamenueBuaHyio. HamMeHoBaHHe TpeyronabHOI
®II — trimf (triangle membership function). B mapaMeTpu4eckoM BHJe OHa
mpeacTaBIseT coboif He 4To HMHOe, Kak Habop Tpex Touek, obpasyro-

mHIX TPEYTOJIBHHUK.

Omucanne QyHKIHH:

y = trimf{x, [a b c]),
TIe BeKTOp X — 6a3oBoe MHOJKECTBO, Ha KOTOPOM OIIpEIeAeTCS OIT.
BemuuHE! a u ¢ 3a7ar0T OCHOBAHHE TPEYTOJIbHHKA, b — ero BEPIIHHY.

B ananurigeckoM Bue Tpeyrompaas OIT MoxeT GBITh 3aJaHa CIISTYOMMM 00pa-

3oM (puc. 1, a):

0, x<a,

X8 p<x<h,
p 50 b-a
x, a, b, c)=
E-A—J-C,b<)c
c—b

0, x>c

N
il
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Puc.1. TpeyronbHas (@ ) u TpamenueBHAHAA (6 ) GYHKIHH OpHHAIIEKHOCTH

Jlanee paccMOTpPHM IIPHMePHI IICTIONb30BaHI pasmmaHbx PII B cucteme.
TIpuMepsI IPEACTaBISIOT cO6OM (parMeHTs! IPOrpaMM I KOMMEHTapueB Ha

s3pIKe TakeTa Matlab.

IMpumep II1. Mporpamma ucnons3osanus O trimf.

x=02:0,1: 10; Bagaerca 6a30-
BOEe MHOXECTBO

y = trimf(x, [3 6 8]); Onpenengerca
TpeyronbHas @il

plot(x, y); BeBOoMTCs rpa-

bk dyHKUIM

xlabel ('trimf(x, P), P = [3 6 8]'); HormMcesacTca
rpadux nox ocen
adcuuce

Tpanemmesnguas ®II — trapmf (trapezoid membership Function) — oTim-
YaeTcs OT IpeABbIAyIeil GYHKINN JIHIIb TeM, YTO IMeeT BeDXHee OCHOBAHIIE.

Ormmicanne (yHKIIL:
y=trapmf(x,[a b c d]),

Tae mapaMeTpel @ 1 d — HIDKHEE OCHOBAHIIE TpaIenun;

b u ¢ — BepxHee oCHOBaHHe Tparerun (puc. 1, 6).

AHanmTHdeckas 3amnch Tpar(eunesm[ﬁoﬁ li)yHKL{I/H/I NMEET BU:
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S a,b ¢ d)=

O,E[H() 13 OCHOBHBIX JOCTOMHCTB TPE€YIOJIbHBIX U TPAIICNNEBIIHBIX ®IT — nx

npocrora. Ha ocsoBe ¢ymkmmn pacmpenenenus I'aycca mMoxso moctponts P®IT

JBYX BHIOB: IIPOCTYIO (YHKINIO NPHHAMIEKHOCTH I'aycca M JBYXCTOPOHHIOO,

06pa3oBaHHYIO C HOMOIIBIO PasMMYHEIX GyHKuNMiA pacnpenenenns I'aycca. Ilepsas

13 HIX 0603HAYaeTCs gaussmyf, a Bropas — gauss2mf.

Omncanne Gyskm: y = gaussmf (x, [o c]) .

Cummerpudsas ¢yrkums ['aycca 3aBICHT OT ABYX ImapaMeTpoB o u ¢ (puc. 2,

a):

—(x- L.)l
2

flx,0,c)= ¢

Ilpumep I12. IIporpamma ncnonb3osanus @II gaussmf.

X=0:0,1: 10;

Y = gaussmf(x, [2 5]):

plot(x, y)

1,0
08
06
04

0.2

Puc.2.IIpoctas (@) H ABYXCTOPOHHAA (6) (QyHKUHH IpHHaXTexHOCTH aycca
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Onncanue QyHKIHMH:
y=gauss2mf (x,[ o7 c; 0, c2])

Tlocnensee BEIpakeHIe SBISETCS KOMOMHaImMeil IBYX PasmHYHBIX (QyHKIMiT
pacnpenenenns aycca. Ilepsas onpenensieTcs mapaMeTpaMu Oy M C; U 3amaeT
¢$hopMy J1eBOII CTOPOHSL, a Bropas (IlapaMeTpsl O ,, C,) — mpaBoii cropossr GII.

Ecmu ¢; < ¢, To B 3ToM ciydae ¢ysknms gauss2mf gocturaer coero
MaKCHMAaJbHOTO 3HadeHHsd Ha ypoBHe 1. MHade — MakcHMambHOE 3HadeHIe

¢$yukumm Mensine 1 (puc. 2, 6).

Mpumep [I3. Iporpamma ucnonssosauns PII gauss2mf.
X = (0: 0,1 : 10)7;

yl = gauss2mf(x, (2 4 1 8]);
y2 = gauss2mf(x, [2 51 7}]);
¥3 = gauss2mf(x, [2 6 1 6]);

yv4 = gauss2mf(x, [2 7 1 5]);
y5 = gauss2mf(x, [2 8 1 4]);
plot(x, [yl y2 y3 y4 y5]);
CuMBoIl «'» B CTpPOKe OIpefeleHns 6a30BOrO MHOXKECTBA X ITOKa3hIBAaeT
TPAaHCIOHUPOBAHHOCTH 0A30BOT0 MHOXKECTBA.
Crenyromeil GpyHKIHeil, KOTOpast HO3BOJIET IPEICTABISATH HeUeTKIe CyOBeK-

THBHBIE IIPEAIIOYTEHNS, SIBIIIETCS @I1 ((0606HICHHHﬁ KOJIOKOII» U 0003HavaeTcs

gbellmf (generalized bell shape membership function). Ee ormrdue oT paccMoT-
¥

pennbx panee OII 3axmouaercs B 0

TIOGABIEHII TPEThETo MAPaMeTPa, IT0 03
- 05

[O3BOJIET OCYIIECTBIATH [LIABHELIT
07

Hepexo Me Xy HeIeTKHMH
06|

MHOKecTBaMu. Omucanie 05
dyHKIHH: 04

y=gbellmf (x,[a b c]). ]

. 0,24
DyHKIILL «06006IeHHbIIT 2
014
KOJIOKOII» 3aBUCHT OT TPeX I1apaMeTpOB
0 T T T T T T T T x
U HMeeT CIeAYIONYI0 aHATHTHIECKYIO T2 45 6 7 8 910
goelmf, P=[246]

3aMHCh: .
Puc. 3. OyHKIHSA IPHHAIISKHOCTH «0606meH-

HEIH KOJIOKOJ»
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Sx, a, b, ) =

|2b‘

TJIe ¢ oTpefienseT pacmonoskeHye neHTpa OIT;

aub oKa3bIBAIOT BIHMAHHE Ha GopMy KpuBoii (puc. 3).

Mpumep I14. Iporpamma uenoassosanus ghellmf.

x=02:0,1:10;
y = gbellmf(x, [2 4 6]);
plot(x, y);

xlabel ('gbellmf, P = [2 4 6]').

DyHKIMH IPUHAIE)KHOCTH Ha OCHOBe QYHKIN pacipeneneHus I'aycca
u I «060OMmEeHH B KOJIOKOI» OTINIAIOTCS TIAAKOCTHIO U IPOCTOTOI 3aIICH I
SIBJIIIOTCS. HamOoJee ICIONb3YeMBIMI IIPH OIICAHNN HEYeTKHX MHoxecTB. He-
CMOTpSI Ha TO, 9TO IaycCOBBI H KolokonooGpasusle PII obnagaroT cBoilcTBOM
TIIAZKOCTH, OHH He MO3BOIBIOT (opMipoBaTs acummerpudnsie OIT. Jlns sTux me-
J1eif IpexycMOTpeH Habop CHIMOMIHBIX (YHKINII, KOTOPBIE MOTYT OBITH OTKPBITEL
100 cleBa, 00 CIpaBa B 3aBHCUMOCTH OT THIa ¢pyHKun. CHMMeTpIYHBIE H 3a-
KpPBIThle QYHKINN CHHTE3HPYIOT C HCIOIb30BAHHEM [BYX IOIMOJIHHTENBHBIX CHI-
monx. OcHoBHas curmonznHas ®II oGosHawaercs sigmf a IOIOIHHTEILHBIE —
dsigmfu psigmf.

Omricanne 0CHOBHOII CHIMOIIHOM (yHKIIHIL:

y=sigmf(x,[a c]).

B anamuTmdeckoit gopme curmommsas QyHKIHS sigmf 3amMChIBAeTCS

CIeIYIOLIIM 00pasoM:

1
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Ax, a, ) =

B 3aBHCHMOCTH OT 3HaKa mapamerpa a paccMmarpusaemas ®II 6yzer o1-
KpBITa MIH CIpaBa I ciesa (puc. 4, @), 9TO MO3BOINT HIPUMEHATH ee IPHU OIIIca-

HHH TAKNX HEYETKHNX HOHﬂTﬂﬁ, KakK «04Y€Hb 60]’(5]]10171)), «KpaﬁHe OTPHIATEIbHO» 1

ap.




