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a) n 1r otlui u uuu nq nt nd n fi tflvd (Fuzzy prduction RuIe Inference)
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Rule : IF A is A THEN C is C. (i=1,2,3,.. ' ,n)
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tion fiJu p n, (x) uarr:rddrnr:n:rurirnortor e drrfluorjl: fiarlr:nlfrnqnr:nintil

flryd uJi ur rfi uu'hJ r{ o u 1 o u n: ;ri.:'ldrir n o rL ri'ld

R u l e :  l F  A  i s  A r  T H E N  C  i s  C i

Measurernent : A' is A i

R e s u l t '  C  i s  C i

olnn'l:oqillllulrll r {uruu (syllogism Inference) d.rneir:{rldu o;rirIl^lfr

drnoroonrrrflu C' 6rdrnold'tddo;usrnsirrrirnr:o1uruuufiinoa (Digital) tu:r;'lri

'ldujiuilrfiuudr A rfi A rrirriu#.rralnnto'lri udortiliurltfiuuriuuuunitl l Inuli,^16



odd

nr:nrlflrydaain dr^anr:ujiuurfiuuriouhGrurourufltdaoin,ncirdovd.rnral#lfr

nadnfuunirr 1 droi6nr:dovrirlfi^ldr.raajlrfluudarriunouooourriufiotjraruiiffruri'u

r:iu nr:lf;dr MAX rtorir MIN nol A riu e. rflufru uddlf;rl'uoqiriou 1 6fi0 iinr:to.r
, t l

Yerger laio 6u nd n o dr.:r,rfi ldr n n oin nrcla uu uo o n (Head Cutting Method)

iinr:rol yerger fi60 mrrir MIN orn e nfu e ornriurirtorrirq.rqnta-lotnnt:

:ruriuuu:.r MIN udrlrrflurir u - Cut rdolf;rflurirn"ntordrulutowrldruruaa'nfaon
'lrJ r{rlfi"td c, oonlrludqn

An te  cedent

Measurenent X

,  g . . , ,  r  (x )  I

3dd u nroq!1iluuun6nr:erinrfuflsdlnsi6nraor Yerger

drr,riruein;n4fi0;1{i6nr:to{ Yerger u{xrr.raair^rfuunu'',,Cuu 1 oun:lril'lfr
e  a  I  n y  o  J  I  c c  -  t u -  u  d  

n -  
)

flaailf 00Rilqnna rr0 t0HaaflE00nrl14nnalla?nulr0'rr{na?'|f1r{1.rlr9nJ'rr?ilnuonn:{r4il{
v

Consequen t

g e ,  ( x )  A

uxu MAX ua ! 0 r li 1 R r:u r r.r a ain dlutTun ou q or rit u oi r 1 ri o'l:J



.dd

nrrille,raair{6luriunouqndrudfifio4druriuilaruii rriuriu tfluduiriinr:lfrrir

narl (Median MethoO) rioi6nr:lfrrirqutirir.:to{fln:?r (Center Grarity Mettrod)

rfludu rdoldnaainflufuoouqnrirududrfi6.rrirrorrird'trJ1{.:runtufrornr:sio'hJ

C e n t e r  G r a v i  t y
(  C C  M E T H O D  )

grJd or nr:ur na dt rfl uf,un a uqerir uTe ui6 ntlf,rir gutiri?{?, a{ il a :.r r

b) n1:or{uuttuunnl#lr{udrilflsC (Fvzzy Relation Inference)

n'lr oq r l u uuldd t ulm qjrh o ; G l duo r n n r ri fi o du ru a alvr f ri o u ( ttiu o r n r:t o $:n

uioornudrfin:ilul dudorn',,iou'ltGru:n ltriulfiorto.:I:nrioarruE) fi.:r:rtvGuni6

Rlrar{illuuuuidl nlroUaluuuuiloundu (Backward Inference) lu:ruast6uErto.rii

olrdfifiu r;do.:iinr:airlhurnnr.:nfisrarasri{uilrlnulf;arnr:nrudrr{uftfi.:rfu6 (Fuzzy

Relation Equation) or n r?u d.:ri r n r: ufr ar n r :ur rir n ol

lurlo q uiu fi nr:rir to ri6 n r:dul{tl'u r rrr u {rdo urry ril frtd (Fuzzy Expen Svs-

tem) niuatirrnfiwn.: IorufiryrrJ:rarrfror'lftirs.:rulud'nururnr:ifiodutionr:si'n?u1t

In:.raYr wro'n 1 t a r: ru u {r*u rmry rilflsdr?u rra r'.r o tilugrJd a



edb

grJd e Tn:refrwdnzawruu{tCarnqr?.rfltd

gru{o:ga uluv{rydlu:ruu {rf;urnrydo vrJ:rnor'hJfrr ulfi nro$:nrSoar mq m tfi or
i  n  r  I  '  

,  - . - - t - - : ^ - . ^ ^ .
${aqtu0n::ratolnou'ltGlu:n X ttayotnt:to.tT:n'druru n siet 6loq1u'u''n:?1410{l

naii'ud y

X = {xr ,  Xrr . . . ,  X. r . . . ,  x^}

Y = {Yr, Yr,"', Y.,"'' Yn}

:vnir.rriou'lr x. lrar y riuorinrrudlniufrfi{n4qua;Hatflusr-rtfiouoql arlfidr
r l

e Y  e  o  J  -  . r  . l  .  - -  -lfinnudlr{umi.ri[s6:lu'irlrrqua;naro{ x uflr y tflur t:lortiunn?rldlri'ufddr

aztaiafiuitil,rilrd (Fuzzy Retation) rdouilalnrrudlviuf:;u'irl x rd; y. l#oonlrotj

lupJrorrunind R rurn m x n'lffud:r:rorri0nunin.fdd't wsin{a'naiariu&fuild

(Fuzzy Relation Matrix)

R  = '  X + Y

( t

nrruduyrludri.:v{sd , riur:mtl{dttnldru'luoi.r [0,1] uanl6q:ln'lnludlr{ud

, n l

= [t']
- - 1 . 2 , 3 ,

ij

(rn:n) rorusia:arrin fi.:rliunrudroriin?rtJnqrtn;arrel.:oqlunrrudlnjuffrruriuto.t



A
(Fuzzy  se t

odc/

R

on Xr <Fuzzy set on X*Y)

OUTPUT

Y t
Y e
o

a
Y "

B
(Fuzzy  se t o n  Y )

:rjd c Trreatarntuf,lriurftfuflgd

drrirmun}ltiol'ttGuu:nrflu6u4vr (Input) uasnaa'l'tdrflurorri4vr (Output) Tnu
^  u -  v  u  A  )  , n - . - v -  . . ^ - . . ^ ^ ^ 1 ^ . . - - ^ L .  ̂ . y - - - ^ * - - i . - - -  ^ :  ,
6u4mfuutudru$[rfr rqn A B.:oq-ludnt?14 X ualt0lliqililuttYlll9l?uila'ut'rFl IJ'r{Otl

luoh :'l r a Y fi o v a r l r : n ud n n o o n rrr tfl u d rr n I : n'l r l dl vflu f t8.l lil$ dffi'ri'{ d

B = R o A

{Output}  = {Fuzry Relat ion} o

rn*owlru:lnau (o) tflunr:r{tu:turonnt:oqltlllttuuylsd 6.rfioqifia1uilhuil

dTUdu rriunr::uriuuull ct Rt::?ilri1luUll c0 Rlt:?llfiutlllU € - I bar uavR-l::?ll

riu ull MAX-MIN rfl udu usilpr uilne{'ilJ:'hj udrn-no fl f; nr::x rTu ttl u MAX-MIN

rdutfludru},rqj :rrras16unro{n1r:?!fr?uiidriuldoiuru'llrrfltlur-t{0fi m Golnrrl

dunTufri.:r{ryd

drriunr:ri'rrordiln'rrnrrudlr^lilfrt.ryI.rdtflf;{Tro;{nlutvuu{rdurrrrgr?u ,r'to,

fiorfinr:aixruqrind n dulr'lftirffrirrduriou lunt:dttuqrirnrrrdilvrlufrfi.rv{ry4:;rdrl

rfiEua!flarorarrfinusia;ri'rriu ovl{nrrli n?ril.i1il1rg nr:tiuui uaril:valnr:rridrvun

ooRltriJiler-?rnrdruruo?{:;14d1.: [0,1] ornriufidrrnr^adrfior{urriuornr:toll:n (rirmun

lfrrflurryEr B) ufrliunufrdilnl:n?lildilvrTufrirvIsd rdontotnrrtou'[tGrrr:nmSoartrq

( Foruvard Inference )

{ Input }



edd

e  / c r  . |  ' d r  
c  .  J  e  n r r ,  

Y

(nlilueltl'lt'tJllt'xel A) 'I{t03tlJilnlnoUtllvlEel ovrfiu'lfrirnl:illfilnouludnuru;triufinflrU
v  a d  - -  u  ?  a  I  . i  -  i  

"  
-  4  ,  J

nu?fin'l:?u0itu t:nI0{t tlT{llu lt:0R'l:fi:20610u14'l6l-l rfiel10{ rn:0n0 n:il n'ra{ rclrJ0 rlul.l t0{t

fi r no r rt uu rfl uar nr: ud: fi o I'lfrdr

A = RoB (Backwardhference)

{Input} = {Fuzzy Relation} o {Output}

{liiozo.rT:n1 = {nT rldrriudtfuflsd:cu'irlT:nduarnma$:n} o {arnr:lorT:o}

A  . Y  Y .  n r r < l  i  r  n  I  a  u  ,  
u

r}t o tu rfl 1 ra ln n u { I u ei o1ilo r udn { 6{ eT? o tir I n r:r{ rut zu ril si o',hjfi

all fiirlutrurdrl srind R ua r runind e fi arrin rfl u'hjsr rud rirrtuqlfr fi lnov?rl

dill inr o.: rrl sri n d e ler uii n t ::: r riu urLr MAX -MIN o s fi riu qr o u pr-l si olrjd

t"l
B =  10 .3  1

Lo 'l
[o.r 0.2 o.ol

p = lo.+ 0.5 0.6 I
Lo* oe ro, l

[to.t " 
0.0) v (0.2 n 0.3) v (0.0 n o.s)-l

A = R. B = 
I 
(0.4 n 0.0)v(0.5n0.3)v(o.o n o.a) |

[(o.a n 0.0) v (0.e n 0.3) v (r.0 n 0.s)]

[o.ovo.2vo.ol
A = lo.ovo.3vo.e I

fo.ovo.3vo.8l

a , [o.zl
A  =  a , l o .u  l

a , [o.tl



aurindaqjlurryn A rir r ,ilrriuEirrfirflueirnoudrurTuilslmuo rrsirdolorn a, firir

rn:nq{qn d.rar,r:ndo ;aqrJ'tddr a, riro ; rfl udrn oud qn fr u ou.'nd q.

d,. n'l:il:cqn sit#sruo3'l

lurTr {o {x fi ud r.i r ul r rfl u n r : oB u r u rd s r n]r vr q u fl #u g r ut o rfrryd a o i nlpr s d{ 11 il

drnidur-r{odo;oirrufirnr:rirrori6nr:orprruuulflsd'tr]lf;.rruoil Inuaurr6'iro;

a3r.::;rLl{dorn-rrguuufl"d{ur,',rfiariru1unr:itn:r;r{arnr:tolnu'[{drrJrurflul:nos'l:

sirotjltor:rrLrL{rduurry,n rr{"dd osrirur:rirn:udirtJrurflul:n'l{misr n?o

rfl uofi rrsr nl:n IEr ufi r?uer oudrrTrg 1 d'ld

o. finurdrrdorjrsrflul:nufrr uriavl:nodornr:rfluodr.r'l:ririlpruartdupr 6loro

dorn.l!01R{fin:rli finurorndr:r uavil:;arnr:nltolqrutol rfludu

u. drxunrirnrrrdlr{udrfirflrd:vrir$:nrilrtsin;ornr:to$:n lprglfrfi'lrat'iruru

oil [0, 1] (rir Membership Function; aluddrornr:tolnul{firirnmrdilviilfrtlv{ry6

rYul:n'l{uist ua vofi :r sr nl:n ri"rsi o'trjd

cdC

c  t 9  v

l fnt lu' ln ( a1 )

1 . 0

0.8

0.9

n 6

0.0

0.0

afirasrntrn ( az )

0 3

0.0

0.2

0 0

1 . 0

0 8

a,rnrmrarsirha ( br )

( b, ) fiornrtt{4',

t u, ) fio'rnrrlo

t b. ) fiornmilnnn?sY
d ?  r

( b*) u",l'lqn tun

r bo t fiornrrfra'rrfiarisanFt

( bu t fiarnreilnnfra.r

$. arrr ril nindnrudunluf rirflsdm nrirn'rudrr r{udri.rflryd 0uia u; fi ':o r'ld

dra:rrinlur,ur#o (Column) rfluornr:to.:{il'luntoornr:toll:n uavaurinluuu?uou

(Row) rfl udot o ql:nEt-ld



cdo

d. aYrr:vuraorLnrl{rJruirfiornr:rfluodrr'l: {rhtr6'0.rl#rirsrouTprulder"rraT
,iruruoifln 1 lurix [0, U fior-r,undorrfluri'rronfir:vrTrornr:torl:ndrfluoqj Inufi o
nrrudi'hi'16'iu',0',rr',rdo'r, 1filrufirfio'ro',rr'rurl'o',roirurnl druei-:rar6u1:;udr.rd

ruiu 0.3 ilrtrudrfiornltorudu'.turir.:rdnriou uas 0.8 uurudrfiorn,rr',rdu,uriou{rurn

rilufru
aur6'ir{tl'ls:rsfi firerorr{rnrroonl rlua'n uruy rdud

.  t {  . l  {  ) ydrouorn:cuu{riurnryuuuflsfi rn:ofir{ihusroubirYu:vuu
(b,) fiornr:'lfl4ruio'til 0.9
(b) fiornr:lontolri 1.0
(br) fiornr:rhnfi:u;xto'lri 0.8

1 :(b,) firirrln'lr,rarto'lri o.z
(br) fiornr:#olrdurjooni.rrtolri 0.0
(b ) fiornr:rj'lErfr1o.rr6o'lri o.o' 6 '

rirtorEirratd{ilruorou}ftiu:rudlraiirrilurunind e (rilnindornr:rorT:nfirfluoqj)

a, l t .o 0.8 0.9 0.5 o.o o o I
R  -  - ' l - ' -  - " 1

a, 10,3 0,0 A.2 0.{J 1.0 0.81

0.9

1.0

0.8

0.2

0.0

0.0

B -



rdc

c. drnr:oqururdoifi odudrihu rfl ubna;l:Insnr:uflarnr:nrrldlr{udrirv1sd

A  =  R o B

. l {  . y  4  . .  " -  c r  - - - - . i  t l . r ,  - t
lufr ilr vln rnio{l,m'l ur {nar (o) rlu rlJunl::2r uu'u MAX-MIN .f ro ;-ln na d'ui

0.9

1.0

A = lto 
o'8 o'e o'5 o'o ool o

10.3 o.o a.2 0.0 1.0 o.8l H|=hl
0.0

0.0

Inud a unr a riu ur'lfrtrnnr:riru:run-rsioud
t 2

a | = (1.0 n 0,9) v (0.8 n 1.0) v (0.9 n 0.8) v (0.5 n 0.2) v (0.0 n 0.0) v (0.0 n 0.0)

= 0.9v0.8v0.8v0.2v0.0v0.0 ,
= 0.9

a, = (0.3n 0.9) v (0.0 n 1.0) v (0.2 n 0.8) v (0.0 n 0.2) v (1.0 n 0.0) v (0.8 n 0.0)

= 0.3 v 0.0 v 0.2 v 0.0 v 0.0 v 0.0
= 0.3

,nr'trorriu A = a'[o'll

", [o.l ]

wrfiulddrludanfi'ldrirnoiloonillda.:rirdr0niil 6.:sinfiuanriirrirn:urfluhjld

(rirrn:n; roruriasT:n usirdo.rornrir 0.9 firirlrnndr 0.3 6rarlr:naqrflfrdrnuW{drhu

rfl ul:nl{rin (a) Trr ufi rirnrrlrir rdo 6 o'ldrJ:rrrru 0.9

b. rd olddrn or ud:r'rrjr u rfl ul:n o fl: 1u:;r un: :t si nr:air.:xrir 01#riril;nsr

riohJdrnuo;rirodr.rk rdun::ovnruuroyl[: nr:ovrlfrrlfin-rrdoinurqrnrnotin'l:rirr rflufru



odlo

' t /  q  a  {  ^  . r  i  i ,  Y  * t  y

d]fi:Un1:ttndlJnt:n?rl.rdil?,tuD tT{?1"ury nrilFr? 0 ulnT rululJluu tuufll: ttnd}Jnl:

Inui6nr::rlrurru MAX-MIN fi.rfffr'16'yurunrriliriidovlff'16'6tauo'hJri'u11n:rrlrl uilll'i;
. l  r  - a J <  d t  Y  

" t  
s  J q v  1  I  - . - 4 - - - . - - ! q -  v

itucinilaluiSllnn'tttclu000nilt rljurianrull {111{ 9nu?xrnlt ila;T tYU:; tulun u0 fJ tuellu

ortdtiln:flrilurrilri rriunr::uniuuru rionr::runiuulr srrlfi'lfrnrirrillttff'l
I

e  e  X  v  v  u l '  q  d ^ d  ,  i 4  r e  -  d , , - . - - - - q , y,[rlnu u0n01nil u6?fi' lnr$00n tr!1j::lJ1J t].r1.,i 0 t0n!? n n 15 tn r .l 11}J 0 tJ t9til 0u [u0 {ul0ln tfi

nraaiyrr'lrinriltrailfnniu:ruuronnilro{ fidrrr:nfiov6'ui6nr:lurir 'lffro'r6nffru 6lrafiou

ri'udr{oonurufinnurflu6a:l rfluqr-rrorqr-'rror uavdrtntndrtorn?ruifinrlo.lFruro{lrit{r

hJlu:;rr'ldlpruiruriuror 6.:prdfi6o{orr'6nodrudnrornr:rirrorfrrydaoint{rlril:vqnoi

lfr.rru
drulunr:rJ:lqnrilfi.:rudrunr:nur:riufiarrur:nrir'Iff triunr:ilrrorfrry4aointil

ooRtrurJrJUUn?ilqilRr:0.rludrurornr:frumrtilr?ruru rvr:rv'jrrilrvrururrlodrln'fr'ur^rl

or olriaur:n dn:rl'ldurjuouf,n roudr rfl ua s'l: r{sd a oi n o l rir tji tn:r v#ornnrn n: r"l 1
r Y

rua;uon1d:'rdoriurfluo;'l:uri miolu:;:rlrirusr-nfiulordooonrird.rlouddngfiatrr:nl#

flrydoo6nooRuuuruuuld'uiuniu rdur'rilrrurudfrorToildilaluqq :rililfio!ilont:rlnurEr

drnr:o llou er'1n1n rf ouo'ro;'ld'uJi urlrnfi qor nr:l#ilsdaoinoon utlsr:.rdtuu{o s

rir ua o n4 tneu.r{a.r'lrJ ua s'tdrir sr old rir n'i r rfl ufru

b. u?rd?il
i {  v  

" t  
X  d r  a  <  X  X  e  - . 1 - i  a  c

uytn11l11ttt uur.[rlFtuil tilunr:oduruf]{tuofi1tu0nnuI0{14'xta00n ttaJn15u'l

'hJil:;qndlfirrulumrrnorfirrsroiTprud.:rril 6.:i'tdrorsdnlurtoa;t6sflueiodr.:ln drxil{

dauloorfinurrfirrdufidM:nfinurfrunlr'ldornrir:r uasrondrtdGufinr:6fiur{niuurn
3 o  c  |  |
{u lq urilT{1J lusn.ril:Jtrfl

r{sdaoo'nriunrrloi.:ud:ilro;rfluuil?n?lil6nfilndr6urrYrnrtuf,tlntollqudt:r

lrnndrmqufidu uqinr:rir'hJ1f;.:ruo?.r t tlu ti'ilrrflu'irnr:lf;flrydaoinrreirfiu.:odr.:rdur
. t  J a  o  n  |  !  

"  
d t  t l  q t l t -

0rt14e{ailnraflrctlro til ln{n:notoorruusro.:1{drunlLnqufr6udru Inutor{rvodx0flulan

ronnoilfi?rnoirlopiudu-rnrrfluuuu66eroaaoin @igital Logic) otjd nr:l#norrfirrnof

oonullrrrrrrun?uqil rtooonurr:rru{rdourry6.:r,rfi6ieroaao6ntllrir{u orriunln0,



odm

ooRuuu:luun'rfluvfudaoindaurl:nioir 1 6rri.rnrrflurCo{u1n odrl'l:fisrruvlrydao6nfi'ld

ruapr.:lfirfiuuf,rir1u:sndr.: 0 rYr t riu ti.:fisr-rratdnrt6ue,a.rlrJldlrnndril6n 6l{oonuur.l

:iuu rtlrJr:no s drmun'lfr frr u nu to lst'tr dAt d-',nr'' ta,

o rn nr:l#fi 6 n o aaoi n (nor fi : tEra{; rm vr{tdao6 n 1{o:1a d r:rld r{r'bJ ua ; nradx f

fi'ldoonlr) ilrr,rcnrHdrlrn-u1unr:oonurr:;urEirfi'ldunst-todtlrttrrdrluulnltl{r.r6'u

rirl#:;uurir.rru'leinraduayfirJ:;ivrio'rnqo{u 6rnr:rduoHa.rruluffrudoonrrodr{rtnilru

lurix'trifitlfi r.irulrdn ro r rfl ud.:6u riulur{rncirrdlfi'rfl uo dr.rd

luournsrflrydao6nn.:osfiorfirnrrvroio4nfrruuavTndtrlliltntfui*uo 1 
'lri'irovtflu

ludrurlnr:nrlirrnr: qnamn::rr q:fio nr:uvrrd n1:Y1141: ntorrfrrtsr'tufiinil:;'iriu

torr:rrorfinrr ua;riioiurrarEirnrilrrrd.r rirnrunlr:r'lfiilfi.rotjriouniflut *rii t ,t"fr

aoin ftoos\r nro;riou 1 6lr{r'hllunrrlr{tloto{qn 1 uu ounrrriotdouorlflrs'hJludqn

landl:d1{A.l

anfg rrauqryd.:.,'Ftrzzy Expert System." iyr urfinuf:;nlrLJirgryrlvr,

artriat n::l'lv'lilrnoufi I tn o{, anrril tnnTula6{mi (Musashi lrstitute

of Technology, Japan), 2534, (Japanese).
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