 Eilcaywyn
c ACA®N CUCTAHATA EEAYWYNGC CUUNTTEPAOCHATOG
 Mapadesivyuarta




Acapnc Aoyikn

* Eicaywyn
— T1 eival aocagpnc Aoyikn (Fuzzy Logic)?
— E@appoyec aca@oug AoyIKNG
— KAQOOIKOG EAEYXOC OUOTNMATOC VS. ACAPOUC
EAEyxou
* Avamrtu¢n cuotnuatog Acgagpouc EAEyxou
* [lapadeiypara
* Qewpia Twv Acapwyv oCuvOAwWV
- ACOa@n CUCTNMAOTO £COYWYNG
CUMTTEQPOACMOTOC



Acapnc Aoyikn

Ti gival aca@ng Aoyikn?

‘Eva utToAOYIOTIKO TTAPABEIYUA BACIOUEVO OTOV TPOTTO TTOU O AVBPWTTOI OKEPTOVTAI.

H aoca@ng Aoyikn (A/A) PAETTEI TOV KOOHUO PN AQUOTNPA OPIOBETNUEVWY OpPWV OE€
MEYOAO PaBudé pe TOV 010 TPOTTO TTOU TO MUAAOG pog, Otav ekKAAuBAvel  pia
mTAnpoopia (Tr.X. uwnAn Oeppokpacia, yapnAn TaxuTNTA), AVTATTOKPIVETAI
EKTEAWVTAC OKPIPBEIC EVEPYEIEG.

O avOpwTTIVOG VOUC UTTOPEi va cUAAoYIOTE ue aBePaidTnteg, acdgeleg Kal Kpioelg. Ol
UTTOAOYIOTEG UTTOPOUV JOVO VO JETAXEIPIOTOUV aKpIBEiC TINEC. H acagnric AoyIkN gival
MIQ TTPOCTTA0EI0 CUVOUACUOU TwV OUO AUTWY UNXAVIOUWV

To «KAca@nc" - yia eo@aAuEvn ovopaaoia, £xel odnynoel otn AavBaopEvn utrowia OT
N AA gival Kata KATToI0 TPOTTO AIYOTEPO ATTAITATIKI ATTO TNV TTAPAdOCIAK AOYIKN




Acapnc Aoyikn

Ti gival aca@ng AoYIKA;

H AA utropei a ival kai , jia akpifig pHEBodog etriAuong TTPORANUATWY.

Eival ikav) va xeipidetal ouyxpovwe apiOunTika OedOopEVA KOl AEKTIKN
yvwon.

Mia TEXVIKI) TTOU OIEUKOAUVEI TOV EAEYXO E€VOG TTEPITTAOKOU CUCTANATOC XWPIG
TN yvwon TNG JaBnuaTiKAG TTEPIYPAPNS TOU.

H aoca@nc Aoyikn dla@EPEl Ao TNV KAACIKK AOYIK) OTO OTI Ol TTPOTACEIC OEV
gival TTAéOV POUPEC 1 AOTIPEG, aAnBeic 1 Weudeic, evePYOTTOINUEVEC I
QTTEVEPYOTTOINUEVEG. 2TNV TTAPADOCIAKI) AOYIKI £VA AVTIKEIMEVO TTAIPVEI TIUN EITE
MNOEV EiTE Eva. 2TV aca®r AoyYIKN, MIa TTPOTAON PTTOPEI va AGBEl OTTOIOdNTTOTE
TTPAYMOATIKA TIMA METACU O Kal 1, TToU avTITTPOOWTTEUEl TOV PaBUG OTOV OTToIO
EVa OTOIXEIO aVNKEl O€ Eva OEOOPEVO OUVOAO.




Acapnc Aoyikn

loTopia Tng Aca@oug AoyIKAG

ssor Lotfi A. Zadeh
p://www.cs.berkeley.edu/~zadeh/

To 1965, o Lotfi A. Zadeh atré 1o lNavemoTtiuio TS KaAipdpvia oto MTTEPKAEU dnuooicuoe
Ta "Fuzzy Sets", Ta omoia £€£€0ecav Ta NABNUATIKA TNG Bewpiag TwWvV acaPwy CUVOAWV Kal,
KAT' €ETTEKTAON, TNG aocagouc Aoyiknc. O Zadeh cixe mraparnprioel 0TI N CUPPBATIKI AOYIKN
UTTOAOYIOTWYV OEV PTTOPOUCE VA XEIPIOTEI OEOOUEVA TTOU AVTITIPOCWITEUAV UTTOKEIMEVIKEC N
aoa@Eic 10€€G, €101 ONUIOUPYNOE aca@r) AOYIKN YIO VA ETTPEWEI OTOUG UTTOAOYIOTEG va
TTPOCOIOPIoOUV TIC OIOKPIOEIC YETALU OEOOUEVWV MUE QTTOXPWOEIC TOU YKPI, TTAPOUOIa PE Tn
d1adIkaoia TNC avBpwTTIivnc AOVYIKNAC.

Source: August 30, 2004

http://www.computerworld.com/news/2004/story/0,11280,95282,00.html
(Computerworld)



http://www.computerworld.com/news/2004/story/0,11280,95282,00.html
http://www.cs.berkeley.edu/~zadeh/

Fuzzy Logic Explained

Boolean representation Fuzzy representation

Short Average
‘ Short Average

Memberhip Degree
Memberhip Degree

Height (cm) Height (cm)

http://blog.peltarion.com/2006/10/25/fuzzy-math-part-1-the-theory/



http://blog.peltarion.com/2006/10/25/fuzzy-math-part-1-the-theory/

Fuzzy Logic Explained

' Fuzzi Set Theor¥

Is a man whose height is 5’ 11-1/2” medium or tall?

A fuzzy system might say that he is partly medium and partly tall.

In other words, FL recognizes not only clear-cut, black-and-white alternatives,
but also the infinite gradations in between.

Fuzzy reasoning eliminates the vagueness by assigning specific numbers to
those gradations. These numeric values are then used to derive exact
solutions to problems.

n fuzzy terms, the height of the man would be

assified within arange of [0, 1] as medium to a
degree of 0.6, and tall to a degree of 0.4,




Aocapng diadikaoia e§aywyng

OUUTTEPAOCHATOG

 [lola €ival Ta BrMOTA TTOU ATTAITOUVTAI VIO TN
dnNUIoUPYia EVOG CUOTAMATOG ACAPOUG EAEYXOU;



Aca@ng di1adikacia eEaywyng

OUMTTEPACHUATOG

/ Aocadnc Stadikaoia \

e€0lyWYNC CUUTTEPACOTOC

TT.X. Ywvia [1.x. duvaun

Kavoévag

> ) Atrooca@oTtroinon|—
UTTOAOYICHOU

—| AcagoTroinon

A
\ 4

AcagoTtroinon: Metagppaon dedopéEvwy 10000V O€
aAnOeic TIEC

Kav. uttoAoyIiopoU: YTToAoyIouOS aAnBwyv Tipwyv £¢0d0u

Atrooagotroinon: Meragopd aAnBuwyv TiNwWyY aTnV ££000

\_ /




Acapnc EAegyxoc

Aiapopa oradia aocapouc EAEyXouU

1. AcagoTtroinon

2TIC METABANTEC 10000V EKXWPOUVTAI BaBOUOi CUPUETOXNG O€ DIAPOPESG KAATEIG

.X.: Mia €icodog Bepuokpaaiag uTropei va Tagivounoei avaloya pe 1o Babuo
Wuxpotntag, dpoolidag, eoTaoidg ) BepudTNTAG.

O OKOTTOC TG aOoa@OTIoiNoNG Eival va XOPTOYPOA@ROEl TIS €10000UG aTTO £va
ouvoAo aicOntipwy (i XapaKTAPIOTIKA QUTWY TWV alodNTAPwWYV) & TIMES aTTO 0 £Wg
1 XpNOIMOTTOIWVTAG £VA OUVOAO OUVAPTAOEWY CUUMETOXNG €10000U.

Oa d00¢i
OAOKANpwpHévo
TTAPABEIY MO

.....




Aca@oTroinon

lNapadeiyua acagorroinonc

Acapn Zuvoha = { ApvnTiKG, MndEv, OETIKO }

NEGATIVE ZERO POSITIVE

-3.0 2.5 -1.0 -0.5 0.0 05 1.0 25 3.0

e - - - -

‘E0TW OTI XpNnoIgoTToIoUUE TPATTECOEIDEIC OUVAPTHOEIC CUUMETOXNG.

Aedouévo e100dou: x = 0.25

Moiog eival o Baduog
aAnOelag Tou X o€ KABE
aoa@EéG OUVOAO;

.....




Agiypa UTTOAOYICHWYV

Aedopévo sig6dou; X =0.25

F,e0(0.25)

Fe (0.25) = max(min (E 1 d—c )OJ

)

Xx—a . d=x

0.25—(-1) 1—0.25) 0\

o o

—0.25—(~1)"'1-0.25 )'

= max (min (1.67,1,1),0)

=1

|:positive(0-25)

FP (0-25) = max(min(

0.25-(=0.5) 3-0.25)

05-(-05) '"3-025 )'

= max (min (0.75,1,5.5),0)

=0.75

|:negative(o-25) Ru(0.25) = max(min(

0.25—(-3) , 05025 )

—2.5-(-3)""0.5—(-0.5) )'

= max (min (6.5,1,0.25),0)

=0.25

.........

\

0]

)

o)
)




Agiypa UTTOAOYICHWYV

Aedopévo €106d0u: y =-0.25

erro('O . 25) FE_(-0.25)= max(min (—0.25— (=1) ’1’1— (—0.25)\’ O\
i 025-(-1) " 1-0.25 J

= max (min (1,1,1.67),0)
=1

P . (=0.25—(=3) , 3=(=0.25)) )
Fpositive('0-25) FP(_O'ZS)_maX(mmLO.S—(—O.S)'1' N e JOJ

= max (min (0.25,1,6.5),0)
=0.25

. (-0.25—(=3) ; 0.5—(-0.25) )
Fregative(-0.25) | 50292 max{mm( ~25=(=3) ' 05-(-05) jOJ

= max (min (5.5,1,0.75),0)
=0.75



Tpatrefo€ideig CUVAPTNOEIG CULUMETOXNG

[ tadTiio \

Apiotepr) KAion =0 \
Aegia_KAion=1/(a- b) % .

MEPINTQZH 1: x<a
Tiun cuppeToxng= 1

MEPINTQZH2: x=b
Tiur) cuppeToxng =0

MEPINTQ2H 3: a<x<b
Tiu ouppetroxne = Aecid KAion * (X - b)




TpatreCoe1d€EIC CUVAPTNOEIC CUMMETOXNG

Aplotepn)_KAion=1/(b-a) / l
Ae€iad_KAion =0 - b

MEPIMNTQXH1: x<a
Ty ouppeToxns =0

MEPINTQZH2: x=b
Tiun cuppeToXnNG = 1

MEPINTQ2H 3: a<x<b
TiuA ouppetoxns = Aplotepr)_KAion * (x - a)




TpatreCoe1dEiC CUVOPTNOEIC CUMMETOXNG

Ae€ia Khion=1/(c-d)

ApioTepri_ KAion=1/(b - a) /, \
a b c__d

MEPIMTQZH1: x<a i x=d
Ty} ouppeToxng =0

MEPIMNTQ2ZH 2: x=b KAl x<c
Tiun cuppeToXNG =1

MEPINTQ2H 3: x=za KAl x<b
Ty ouppeToxns = Aplotepr)_KAion * (x - a)

MEPINTQXH 4: (x =2c) KAl (x <d)
TiuA ouppueToxnNe = Aeciad KAion * (x - d)




Acapnc EAegyxoc

AIdQOPETIKA OTAOIA ATAPOUC EAEYXOU

. 2. Kavévag utroAoyiopou

Ta dedopeEva €l0000U epapuolovTal o€ KavoveG eAeyxou if/then.

[1.X.: IF Beppokpaaia TToAU upnAr, THEN puBuion taxutnTag TEPIOTPOPNC
QAVEMIOTPA TTOAU UWNAN.




Acapnc EAsgyxoc

AIaQOPETIKA OTAOIA ATAPOUC EAEYXOU

O1 aoca@eic kKavovee YPAPOVTAI TTAVTA CUHPWVA JE TO aKOAOUBO TUTTO!

|f (eico0dogl cival ouvaprnon ouuueToxncl) kailn
(eico0dog 2 cival ouvaprnon CUUNETOXNS2) Kal/n ....

Then (é€odoc¢ gival auvdpTnon cuuueToxnc eE660U).

[a TTapadelyua, KATTOI0G Ba uTTopouce va QTIALEl Evav Kavova, TToU Va AEEL:

If Bepuokpaaoia uwnAn and vypaoia uwnAn then ro dwuario feoTo.




Acapnc EAegyxoc

AIdQOPETIKA OTAOIA ATAPOUC EAEYXOU

2. Kavovag uttoAoyIiopoU

Ta dedopeEva el00d0uU epapudlovTal o€ KavoveG eAeyxou if/then.

ATToTEAEOUATA DIAPOPWYV KAVOVWY EXOUV OUYKEVTPWOET (CuvduaaTei) yia va
ONMIOUPYNOOUV £€va OUVOAO “aca@wy £COOWV”.

FAMM

E-OAOQI X
NL=-5 N ZE P
NS=-2.5 NL [ Ns [ Ns T e

N
ZE=0 Y e[ ns | ze | ps w2 [ ws | ws
PS=2.5 P s | ps | pL W3 W6 W9
PL=5.0




Acapng EAeyX0g

lNapadeiyua kavova UTTOAOYICUOU

‘EoTW OTI XpnOIUOTIOIOUME TOV TEAEOTH ouvduaopou (AND) ota TTponyoupeva
TWV KavOvwyV, UTToAoyilouuEe TNV EKKivnon 1Io0XU0g Tou Kavova \Wn.

X
N ZE P
v [NC [ ns [ ns
Y ze|[ ns | ze | ps
P s | ps | PL
wi | wa | wr
w2 | ws | ws
w3 | we | wo

W, = min
W, =min
W, = min
W, =min
W, =min
W; = min
W, =min
W, = min

W, = min

F\(0.25),F (—0.25)|=min[0.25,0.75]=0.25

. (0.25), Fe (-0.25) ] = min[0.25,1]= 0.25
F(0.25),F, (<0.25)]= min [0.25,0.25] = 0.25
F,. (0.25),F,,(~0.25)]=min[L,0.75]=0.75
F (0.25),F,. (-0.25)]=min[L,1]=1

F, (0.25),F,(~0.25)]= min[1,0.25]= 0.25
F>(0.25), Ry (—0.25) ]=min[0.75,0.75]=0.75
F.(0.25), e (-0.25) ] = min[0.75,1]= 0.75

F-(0.25), F>(-0.25) |=min[0.75,0.25]= 0.25

i



Aca@ng EAeyx0g

petTel eva FAMM va givai
TETPAYWVIKOG TTIVAKAG;

vail Suvatov va XpnoipoTtroinfouv
PIcCOTEPOI aTTO dUO TTOPAUETPOUG
g10060u yia éva FAMM;

-
» ..



Acapng EAeyXo0G

AIdQOPETIKA OTAOIA ATAPOUC EAEYXOU

3. ATrooa@oTtroinon

O1 aocageic £€€odol ouvduadlovTal he dIAKPITEC TIMEC TTOU ATTAITOUVTAI YIa TV
Kivnon Tou pnxaviopou eAEYXOU.

(T1.X. €vag EAIKAG KAIPATIOUOU)

OAOKANPWHEVO
TTaPAdEl

.....




Aca@ng EAeyXo0¢

lNapadeiyua arooapomroinong

‘EO0TW OTI XpNnolyoTToloUuE TN HEBOOO aTTOCAPOTTOINONG TOU
KEVTPOU padlac.

T (Wy-NL+W, NS+ W, -PS+W, - NS+W;-ZE + Wg-PS+W, - NS+ W, -PS + W, - PL)
9
2 W,
i=1

_ £0.25 (=5)+0.25-25+0.25-25+0.75-254+1-0+0.25-25+0.75-2.5+0.75-2.5+0.25 -5)
(0.25+0.25+0.25+0.75+1+0.25+0.75+0.75+ 0.25)

OUTPU

=-1.25/45 =-0.278
| FAMM

Outputs X
NL=-5 W1 W4 W7 N ZE P
;Ig_:E)Z.S W2 W5 W8 , N NL NS NS

= ZE | NS ZE PS

_ W3 W6 W9
ﬁf’_‘ég P PS PS PL




2uvoyn Twyv Bnuatwy

Na va utroAoyioel Kaveig Tnv £€6050 aUTOU TOU ACAPOUS CUCTAMATOG £EaYWYNG
oupTtrepacparog (FIS) pe Baon Tig E1I0600UG, TTPETTEI VO TTEPAOCE! OTTO £81 BAMATA !

or oL

KABOPIOPOC EVOC GUVOAOU ATTO ACAQPEIC KAVOVEG

Qoa@OTTIoIiNaN TWV €1000WV XPNOIUOTIOIWVTAG TIGC CUVAPTACEICS IDIOTNTAC MEAOUG
€10000U,

OuUvOUQONOG acapwy £I000WYV CUNPWVA UE TOUG OOAPEIC KAVOVEC YIA TN
dnuIoupyia TNG 10XU0G TOU Kavova,

eUPEDN TOU CUUTTEPACHUATOC TOU KAvVOVa ouvouddovTag TNV IoXU TOU Kavova
Kal T ouvaptnon péEAoucg e€ddou(av ival mamdani FIS),

OuVOUQOUOG CUUTTEPACHATWY YIA VA ETTITEUXOEI KaTtavour €600uU Kal
QATTO0AQOTTOINCN TNG KATAVOPNG €000V (auTO TO BrPa I0XUEI JOVO €AV
aTTauTeiTal KaBapr ££0d0G).




[MNepIOCOTEPEC AETTTOMEPEIEG. ..
I

Acapni Zuotinuarta Zuptrepdaocparog (FIS
Aca@eic Kavoveg

Acageic TeAeoTéG ZUuVOUOOOU
2UVOPTNOEIC OUMHMETOXAS

~—




ACO@PEC CUNTTEPAT O

To aca@éc ouptrépacpa civar n diadikaoia dlIauopPwOnG TNG avTioToiXIong atmd Jia
0edopévn €icodo Ot MIa €E000 XPNOIMOTIOIWVTAG aoa@r) AOYIKN. 2Tn OUVEXEID, N
Xaptoypagnon tapéxel hia Bacn atrd Tnv oTroia PTropouv va AngBouv atro@Aacels ) va
dlakpiBouv porTifa. H diadikaoia NG aca@oug €Caywyng CUPTTEPACHATWY TTEPIAAUBAVEI
OAd TO KOUMATIO TIOU TIEPIYPAQPOVTAl OTIC TIPONYOUUEVEG €VOTNTEG: CUVAPTNOEIC

gupueToxng, Aovikoi TeAeocTéC Kai [f-Then Kavovec.




2U0TNHA £CAYWYNS CUNTTEPACHMATOG KaTd Mamdani

Avo giocodol, duo kavoveg Mamdani FIS pe dedopéveg e10000UG

1= Rule THEN

Strength

|
ﬁll' lllllll ‘FEwn -ll»llnl"ﬁ‘r'ul and { ‘.

A L A A
A J f 3
\ J \ o\
r.t..-...'.'.....' i '..-...;". .1. and lllllllllllllllllllll Aumnm ' :
4 i

)
»

| Input Distribution Output
Distribution

Xo

O1 aocageic kavoveg ival pia cUANOYR AEKTIKWY dNAWOCEWV TTOU TTEPIYPAPOUV ToV TPATTO PE ToV OTToio TO FIS
TTPETTEI VA AGBEI JIa aTTOQaON OXETIKA HE TNV TAgIVOUNON MIOG €10000U A TOV EAEYX0 MIAG £CODOU.




Mamdani FIS

Mamdani-TUTro¢ CUNTTEPACHATOG, AVAUEVEI OTI Ol OUVAPTAOEIC NEAOUG £€O000U Ba
gival aca@r) ouvoAa. Meta 1n diadikacia cuvduaououU, UTTAPXEl Eva aoapEC aUVOAO
yia KA0e peraBAnTh €€0d0U TTOU XpPEIAdeTal ATTOOAPOTTIOINAN.

Antecedent Consequent
1. Fuezify 2_Apply 3 Appll_.-_
. OR \ Implication
inputs. operator (max), fmin)
If oo k& esclont of oo B el then result of
implication
senvice = 3 food = 8
input 1 input 2

http://imww.mathworks.com/access/helpdesk/help/toolbox/fuzzy/index.html?/access/helpdesk/help/toolbox/fuzzy/bp7816_-1.html&http://www.mathworks.com/cgi-
bin/texis/webinator/search/?db=MS S&prox=page&rorder=750&rprox=750&rdfreq=500&rwfreq=500&rlead=250&sufs=0&order=r&is_summary_on=1&ResultCount=10&query=fuzzy+lo
gic&submitButtonName=Search w



http://www.mathworks.com/cgi-
http://www.mathworks.com/cgi-
http://www.mathworks.com/cgi-

Mamdani FIS

2 3. Apply
1. Fuzzify inputs. fu ;z‘;,pfy implication
operation method (min).
(OR = max)
' 3 \ poor \ rancid ] ’ \ cheap
0 25% 0 25%
} service is poor or food is rancid then tip = cheap
| ‘ average
2 | | N
o rule 2 has
no dependency
good { on input 2
Q 25% 0 25%
if service is good then tip = average
excellant
3 » delicious ganerous / \
0 25% 0 25% 4. Apply”
- aggregation
I service s excellent or food is delicious then tip = generous method (max).
service =3 food =8
e e jﬂ

Resultof = '

aggregation | '



ani FIS

5 Defuznfy the
apgregate autput
9%, |Ceriroec

tp = 16.7%

Resuk of

deduzzihcabon



Pon Tn¢ €€aywyng aoca@ous CUUTTEPATHATOG

ﬁ

b

nnput 1 mput 2
j , . S

2 € QUTO TO OXNMUA, N PON TTPOXWPEA TTPOG TA TTAVW ATTO TIC £10000UG KATW APIOTEPAQ,
UETA O€ KABE O€Ipa 1] KAvova Kal PETA TTPOG TA KATW OTIC £€£000UG TOU KAvOvVaA Yia va
TEAEIDOEl KATW OeCId. AuTiy n CUMTTAYNG por OtiXvel Ta TTAVIA TAUTOXPOvVA, ATTO TN
QOAPOTIOINON TNG AEKTIKNG METABANTAG MEXP!I TNV ATTOOAQPOTIOINCN TNG OUVOAIKNAG
TapAYyWyNns




Mamdani FIS

2uvapTnon ZUHMHETOXNAS £§600U

« Eival duvaTto, kal o€ TTOAAEG TTEPITITWOEIS TTOAU TTIO ATTOTEAECUATIKO, VA
XpPNoIhoTToINOEi pia eviaia akida w¢ ouvapTnon HEAOUS £€O0O0U avTi yia
EVA KATAVENNMEVO aoAPEC TUVOAO.

* AUTOC 0 TUTTOC £€OO0U Eival JEPIKEC POPEC YVWOTOC WC ouvapTNon MEAOUC
£COO0U HOVIC YPAUMAG Kal UTTOPEi VO BewpnOcei we Eva TTpo-
QATTOCA@OTIOINMEVO ACAPEC TUVOAO.

« EvioxUel TnVv QTrOTEAECHATIKOTNTA TNG O1adIKAoiag aTTooa@oTroinong
ETTEION QATTAOTIOIEI ONMAVTIKA TOV UTTOAOYIOMO TIOU QTTAITEITAI OTTO TN
YEVIKOTEPN MEBOOO Mamdani, n otroia BPiokel To KEVTPO Hiag d1odIAoTaTNG
ouvapTnong.

* AvTi va evowPaTwoEeTE TN O1001A0TATN OUVAPTNON YIA VA BPEITE TO KEVTPO,
XPNOIUOTIOIEITE TOV OTABUIOHEVO HECO OPO MEPIKWY ONUEIWY OEDOUEVWV.



Sugeno FIS

Sugeno FIS , £€¢odoc d1a necw KAACOIKWY OUVAPTHOEWVY

Input MF

Imput 1 —L F-||:.'¢:I
* I——h'
L - .
n ;;; AND W Weight
Input 2 = ifirirglg strength)
| Falyl
Output MF
Cutput
Z Level
Z = an+by+c

Atypical rule in a Sugeno fuzzy model has the form:

Rule

ry

If Input 1 =xand Input2 =y, then Outputisz=ax +by+c

For a zero-order Sugeno model, the output level z is a constant (a=b =0).

i



ugeno FIS

Input MF

lnfuﬂ —L Fylx)
x —-—
Rule
- ;
n AND W Weight
Input 2 “" ifirirglg strength)

| Faly)
Cutput MF

Cutput
Z Level

ry

Z = ax+by+c

2.4 3. Apply
1. Fuzzify inputs f._lzzg.m implication
operation method {prod).

1OR = max)
1 [ ] poar rancid v
| \ N

Z, (cheap) F zull':l

| I sanvice is poor or food is rancid than lip = cheap !«‘] i ] ( )ut ])llL - !i!
« -_— \v

zll‘,'
2. rule 2 has 1=

1
na dependancy
good on iinput 2
z, [averagea) z

| If sarvica is good then tip = averags

axcellant

3 . delicious
Z;(genarous} Z3

| [ servica is excallant or food is dalicious  then tip = ganarous

service = 3 food =8

input 1 input 2 output




2-Input, single-output Sugeno fuzzy model

If X is small and Y is small then 2 = —z + y + 1.
If X is small and Y is large then z = —y + 3.

If X is large and Y is small then z = —z + 3.
If X is large and Y is large then 2 = z + y + 2.

——

' smal T e
1.

A A e
-4 -3 -2 -

ok

Neuro-Fuzzy and Soft Computing, Chapter 4, J.-S.R. Jang m



This is NOT going to be part of the exam anymore.

OPTIONAL: More on Mamdani

FIS



Mamdani FIS

Max-min inferencing and centroid defuzzification for a system with input variables "x",
"y", and "z" and an output variable "n". Note that "mu" is standard fuzzy-logic
nomenclature for "truth value™:

rule I: IFxI1S ATHEN N IS D: mulx]

rule2: IFvISB THEN N IS E:

rule 3: IFzISC THEN RIS F:

F

DEFUZZIFICATION:

CENTROID DEFUZZIFICATION
USING MAX-MIN INFERENCING
crisp value = n

http://en.wikipedia.org/wiki/Fuzzy_system m



http://en.wikipedia.org/wiki/Fuzzy_system

Sample: Mamdani

" Classical Inference Engine: max-min-CG

Consider a problem with 2 input variables, size and weight, and one output variable,
guality, with the following lingustic term sets associated:

D,i:e = {small,large} D yeight = {small,large}
D gyatity = {bad, medium, good}

The semantics of these linguistic terms are defined by triangular-shaped
membership functions:

SIZE WEIGHT bad medium good
small large small large
+ + 0 0.5 1
0 5 10 0 50 100 QUALITY

Reference: Genetic fuzzy systems by Oscar Corddn, Francisco Herrera, Frank Hoffmann m




Sample: Mamdani

" Classical Inference Engine: max-min-CG

Rule Base (RB):

R, : IF size is small and weight is small THEN quality is bad,
also

R, : IF size is small and weight is large THEN quality is medium,
also

Rj : IF size is large and weight is small THEN quality is medium,
also

Ry : IF size is large and weight is large THEN quality is good

Let us consider a sample input to the system, Xo = {2, 25} = {size, weight}

Reference: Genetic fuzzy systems by Oscar Corddn, Francisco Herrera, Frank Hoffmann m



Sample: Mamdani

" Classical Inference Engine: max-min-CG

Rule Base:

R, : IF size is small and weight is small THEN quality is bad,
also

R, : IF size is small and weight is large THEN quality is medium,
also

Rj : IF size is large and weight is small THEN quality is medium,
also

R, : IF size is large and weight is large THEN quality is good

Let us consider a sample input to the system, Xo = {2, 25}.

This input is matched against the rule antecedents in order to determine the rule-
firing strength hi of each rule Ri in the Rule Base.

Using a minimum T-norm as conjunctive, the following results are obtained:

Ry : hy = min(pgman(2), peman(25)) = min(0.8,0.75) = 0.75
Ry : hy = min(pgmati(2), targe(25)) = min(0.8,0.25) = 0.25
R3 : hy = min(warge(2), Beman(25)) = min(0.2,0.75) = 0.2
R4 : hs = min(yarge(2), iarge (25)) = min(0.2,0.25) = 0.2

Reference: Genetic fuzzy systems by Oscar Corddn, Francisco Herrera, Frank Hoffmann M




Sample: Mamdani

" Classical Inference Engine: max-min-CG

Rule-firing strength hi of each rule Ri in the Rule Base:

Ry : hy = min(iemai(2), teman(25)) = min(0.8,0.75) = 0.75
Ry : hy = min(pymati(2), targe(25)) = min(0.8,0.25) = 0.25
R3 : hs = min(targe(2), eman(25)) = min(0.2,0.75) = 0.2
R4 : hy = min(piarge(2), iarge (25)) = min(0.2,0.25) = 0.2

The inference system applies the compositional rule of inference to obtain the
inferred fuzzy sets B/’

R,
Ra
R
R4

Reference: Genetic fuzzy systems by Oscar Corddn, Francisco Herrera, Frank Hoffmann

: gy (y) = min(hy, pp, (y)) = min(0.75, pped(y))
) (y) - min("?’”l’z (y)) = min(0'25v l‘mcdduns(y))
- HB) (y) = min(hs, pp, (y)) = min(0.2, pmedium(¥))
: pgy (y) = min(hg, pp, (y)) = min(0.2, pgo0a(y))




Sample: Mamdani
Rule-firing strength hi of each rule Ri in the Rule Base:

Rl : hl — min(“lmall (2)a uamall(25)) = mln(os’ 075) = 0.75
Ry : hy = min(pyman(2), ﬂlarge(zs)) — min(0.8, 0.25) = 0.25
Ry : hy = min(l‘large(z)’ l‘nmall(25)) = min(0.2,0.75) = 0.2

R4 : hs = min(marge(2), iarge(25)) = min(0.2,0.25) = 0.2

Application of compositional rule of inference to obtain the inferred fuzzy sets Bi’

R, : pp; (y) = min(hy, pp, (y)) = min(0.75, psed(y))

Ry : ppy (y) = min(hz, ps, (y)) = min(0.25, pmedium(¥))
Rj : KBy (y) = min(hs, up,(y)) = min(0.2, pmedium(¥))
Ry : pg;(y) = min(hy, pp, (y)) = min(0.2, pgo0d(y))

Graphical representation:




Sample: Mamdani
Rule-firing strength hi of each rule Ri in the Rule Base:

R, : hy = min(pemait(2), pemait(25)) = min(0.8,0.75) = 0.75
Rg : hg = min(p,mau(2),ma,.ge(25)) = min(0.8,0.25) = 0.25
Ry : hy = min(parge(2), ramant(25)) = min(0.2,0.75) = 0.2
R4 : hs = min(marge(2), iarge(25)) = min(0.2,0.25) = 0.2

Application of compositional rule of inference to obtain the inferred fuzzy sets B/’

R, : pp; (y) = min(hy, pp, (v)) = min(0.75, ped(y))

R, : (2 (y) = min(thl‘Bz (y)) = min(0.25, I‘mcdium(y))
Rj : KB (y) = min(hs, pp,(y)) = min(0.2, tmedium(¥))
Ry : pg;(y) = min(hy, pp, (y)) = min(0.2, pgo0d(y))

Graphical representation:
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Sample: Mamdani

Graphical representation:
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Aggregation of the 4 individual output fuzzy sets by means of the maximum t-conorm

K“p (y) = max {“B; (y)1 KB, (y)’ KB, (y)v KB, (y)}

The final output is calculated by defuzzification using Centre of Gravity (CG)

_ Jyv-pe(y)dy
fy KB (y)dy

Reference: Genetic fuzzy systems by Oscar Corddn, Francisco Herrera, Frank Hoffmann M



Sample: Mamdani

Graphical representation:
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The final output is calculated by defuzzification using Centre of Gravity (CG)

L o Iy v pe(y)dy Auvgtémra
QUALITY fy pe (y)dy QUALITY EKHABONoNog

0 0.5 1

Reference: Genetic fuzzy systems by Oscar Corddn, Francisco Herrera, Frank Hoffmann




Sample: Mamdani

Mode A-FATI with Max - Centre of Gravity (CG) strategy

“First Aggregate, Then Infer”

3o = fy V- up (y)dy
QUALITY Jy per(v)dy QUALITY

0 0.5 1

Reference: Genetic fuzzy systems by Oscar Cordén, Francisco Herrera, Frank Hoffmann

The final crisp outputis Yo = 0.3698




Sample I\/Iamdanl

Alternatively, (“Fu: tu fer Then Aggregate”)
Mode B-FITA with Maximum Value weighted by the matching strategy

B E._l h; - MV
e Z;";l h;

QUALITY QUALITY

H H H -
4 L2 v i

WEIGHTEID AVERACGE

5

*»0

e 0.75-0.1+0.25-0.5+0.2-0.5+0.2-0.8 _ 0.46 — 0.3286

14 1.4 M




