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D ix}}| �owhulqj v|vwhp lv sursrvhg iru lpdjh

uhvwrudwlrq1 Vlqfh doo wkh frqyhqwlrqdo �owhuv

kdyh wkhlu vshfl�f fkdudfwhulvwlfv/ wkh| dfw zhoo

iru vrph hqylurqphqwv exw zlwk srru shuiru0

pdqfh iru rwkhuv1 Wkh ix}}| �owhulqj v|vwhp

jlyhv wkh phwkrg wr djjuhjdwh wkh dgydqwdjh

ri wkh frqyhqwlrqdo �owhuv wr rewdlq wkh lp0

suryhg shuirupdqfh iru lpdjh uhvwrudwlrq1

� W?|hL_�U|�L?

Lq wklv sdshu/ d ix}}| �owhulqj v|vwhp zklfk

jlyhv wkh phwkrg wr djjuhjdwh wkh dgydqwdjh

ri wkh frqyhqwlrqdo �owhuv wr rewdlq wkh lp0

suryhg shuirupdqfh iru lpdjh uhvwrudwlrq lv

sursrvhg1

Hdfk ri wkh idprxv fodvv ri �owhuv kdv lwv vsh0

fldo fkdudfwhulvwlfv1 Wkh| pd| gr yhu| zhoo iru

vrph vshfl�f hqylurqphqw exw qrw doo wkh hqyl0

urqphqwv1 Iru h{dpsoh/ wkh phgldq �owhuv duh

xvhixo iru frqvwdqw uhjlrq exw edg iru hgjhv1

Wkh UFUV �owhuv fdq qrw gr zhoo lq ghvfhqg0

lqj ru dvfhqglqj uhjlrqv zkloh wkh �0wulpphg

phdq �owhuv gr yhu| zhoo rq wkhp ^4`1 Pruh0

ryhu/ zkhq wkh qrlvh udwh lv orz/ prvw ri wkh

vljqdov duh xqfruuxswhg1 Wkxv/ wkh ghwhfwlrq

vfkhph lv wkh jrrg fkrlfh1 Lw prwlydwhv xv wr

djjuhjdwh wkh dgydqwdjh ri wkh lpsruwdqw frq0

yhqwlrqdo �owhuv e| ix}}| lqihuhqfh uxohv vr wkdw

wkh �owhulqj zrun fdq eh grqh e| dssursul0

dwh �owhuv wr rewdlq kljk �owhulqj shuirupdqfh

lq ydulrxv hqylurqphqwv1 Vlqfh wkh v|vwhp lv

edvhg rq wkh ix}}| lqihuhqfh uxohv/ zh fdoo lw

wkh ix}}| �owhulqj v|vwhp1

Wkhuh duh vrph uhvhdufkhv uhodwhg wr wklv

sureohp1 Wkh ix}}| uxohv duh xvhg wr pdnh

wkh ghflvlrq iru sdvvlqj wkh vdpsohv ru �owhu0

lqj lw zlwk phgldq �owhuv ^5`1 Dqg/ lq ^6`/ d

qrlvh ghwhfwlrq dojrulwkp lv sursrvhg dqg wkh

rxwsxw ydoxh lv ghwhuplqhg e| wkh fkrlfh ri wkh

fhqwhu vdpsoh ru wkh rxwsxw ri vrph fodvvlfdo

�owhu zklfk lv rqh ri wkh frqyhqwlrqdo �owhuv1

Lw wdnhv wkh dgydqwdjh zkhq qrlvh udwlr lv orz1

Zkhuhdv/ zkhq wkh qrlvh udwlr lv kljk/ iru h{0

dpsoh 63( qrlvh/ wkh ghwhfwlrq vfkhph zloo eh

srru1 Lq rxu uhvhdufk/ wkh dgydqwdjh ri wkh

frqyhqwlrqdo �owhuv duh djjuhjdwhg e| ix}}| lq0

ihuhqfh uxohv1 Wkhuh duh pdq| uxoh0ri0wkxpev

iru �owhulqj zrun1 Wkhvh uxoh0ri0wkxpev ru h{0

shulhqfhv fdq eh xvhg lq nqrzohgjh edvh ri wkh

ix}}| �owhulqj v|vwhp1 Wkxv/ wkh dssursuldwh

�owhu zloo eh xvhg gxulqj wkh �owhulqj surfhvv

wr jhw ehwwhu shuirupdqfh1

2 6�33) 6�*|ih�?} 5)t|i4

Wkh jhqhudo dufklwhfwxuh ri wkh ix}}| �owhu0

lqj v|vwhp lv vkrzq lq Iljxuh 41 Lw lv re0

wdlqhg iurp wkh prgl�fdwlrq ri wkh Wdndjl dqg
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Vxjhqr*v ix}}| frqwuroohu ^7`1 Wkh ix}}l�fd0

αµ
Fuzzification

interface
DefuzzificationDecision

logic

Knowledge base

(D, R)

x

η

Conventional

filters f(.)

Iljxuh 4= Wkh dufklwhfwxuh ri ix}}| �owhulqj

v|vwhp1

wlrq lqwhuidfh lqfoxghv wzr ixqfwlrqdo prgxohv

zklfk duh vkrzq lq Iljxuh 51 Wkh dwwulexwh de0

µ
ξ

Attribute

abstraction
x Fuzzification

F(.)

Iljxuh 5= Wkh ixqfwlrqdo prgxohv ri wkh ix}}l0

�fdwlrq lqwhuidfh1

vwudfwlrq prgxoh uhfhlyhv wkh fxuuhqw revhuyd0

wlrq yhfwru { dqg devwudfwv wkh dwwulexwhv +ru

ihdwxuhv, ri wkh revhuydwlrq yhfwru/ zklfk lv

ghqrwhg dv �@+��/ �2/ 111/ �6,1 Wkh dwwulexwhv

duh pdsshg lqwr vxlwdeoh lqsxw grpdlqv ri wkh

ix}}l�fdwlrq prgxoh I+=,/ wkdw lv/ wkh dwwulexwh

��/ l @4/ 5/ 111/ p/ lv d ydoxh lq rqh ri wkh lqsxw

grpdlqv ri I +=,1 Hdfk ri wkh lqsxw grpdlqv ri

I +=, fdq eh sduwlwlrqhg lqwr vrph ix}}| vhwv1

Iru h{dpsoh/ wkh yduldwlrq zklfk lv gh�qhg wr

eh wkh gl�huhqw ehwzhhq pd{lpxp dqg plq0

lpxp ri wkh hohphqwv ri wkh revhuydwlrq yhf0

wru fdq eh ylhzhg dv dq lqsxw grpdlq ri I +=,1

Lw lv sduwlwlrqhg lqwr wkuhh ix}}| vhwv/ l1h1/

�
E��

� +@orz0yduldwlrq,/ �
E2�

� +@plggoh0yduldwlrq,

dqg �
E��

� +@kljk0yduldwlrq,1 Wkxv/ wkh revhuyd0

wlrq yhfwru { fdq eh frqyhuwhg lqwr d olqjxlvwlf

whup +iru h{dpsoh/ orz0yduldwlrq, ru d ix}}|

vhw +iru h{dpsoh/ �
E��

� ,1 Ohw wkh lqsxw grpdlqv

eh "�/ "2/ 111/ dqg "6= Zh gh�qh s� glvwlqfw

ix}}| vhwv �
E��

� / �
E2�

� / 111/ �
ER��
� 5 I +"�, rq wkh

vhw "�1 Wkh| duh dvvrfldwhg zlwk s� glvwlqfw

olqjxlvwlf whupv/ l1h1/ D
E��

� / D
E2�

� / 111/ D
ER��
� 1 Lq

wkh vdph zd|/ hdfk ri wkh grpdlqv "2/ 111/ dqg

"6 duh sduwlwlrqhg lqwr s� ix}}| vhwv �
E��

� / �
E2�

� /

111/ �
ER��
� 5 I +"�,/ l @5/ 111/ p/ uhvshfwlyho|1

Wkh| duh dvvrfldwhg zlwk s� glvwlqfw olqjxlvwlf

whupv/ l1h1/ D
E��

� / D
E2�

� / 111/ D
ER��
� / l @5/ 111/ p/

uhvshfwlyho|1 Wkh rxwsxw ri ix}}l�fdwlrq lqwhu0

idfh lv �@+��+��,/ �2+��,/ 111/ �6+��,, zkhuh

��+��, @
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|>+5,

zkhuh ��/ l @4/ 5/ 111/ p/ lv wkh lwk dwwulexwh ri

wkh revhuydwlrq yhfwru {1 Ohw*v vhh wkh iroorz0

lqj h{dpsoh1

Wkh nqrzohgjh edvh ri wkh ix}}| �owhulqj

v|vwhp lv iruphg e| gdwd edvh G dqg uxoh

edvh U1 Wkh ix}}| sduwlwlrqv dqg wkh olqjxlvwlf

whupv dvvrfldwhg zlwk ix}}| vhwv irup wkh gdwd

edvh ri wkh nqrzohgjh edvh1 Qrz/ zh vshfli|

wkh uxoh edvh U dv iroorzv1

Vxssrvh wkdw hdfk ri wkh lqsxw yduldeohv ��/

l @ 4> 5/ 111/ p/ lv d ydoxh lq lqsxw grpdlq "�=

Wkh uxoh edvh frqvlvwv ri n frqwuro uxohv/ wkdw

lv/

Uo = li �� lv D
Ev��
�co dqg 111 dqg �6 lv D

Ev6�
6co

wkhq � lv iqo +{,/ u @ 4/ 5/ 111/ n/

+6,

zkhuh D
Ev��
�co >  � 5 i4/ 5/ 111/ s�j> l @4/ 5/ 111/ p/

lv wkh  �wk ix}}| sduwlwlrq lq "� zklfk kdv s�

sduwlwlrqv1 Hdfk ri wkh ixqfwlrqv iqo / u@4/ 5/

111/ n/ uhsuhvhqwv d frqyhqwlrqdo �owhuv1 Wkxv/

zkhq d ix}}| lqihuhqfh uxoh lv dfwlydwhg/ wkh

fruuhvsrqglqj frqyhqwlrqdo �owhu lv xvhg wr gr
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wkh �owhulqj zrun1 Qrwh wkdw wkh lqglfhv ri

wkh rxwsxw ixqfwlrqv ��/ �2/ 111/ �& pd| qrw eh

glvwlqfw/ l1h1/ vrph uxohv pd| eh fruuhvsrqglqj

wr wkh vdph frqyhqwlrqdo �owhu1

Wkh ghflvlrq orjlf lv wkh vdph dv wkh Wdn0

djl dqg Vxjhqr*v ix}}| frqwuroohu lq zklfk lw

ghwhuplqhv wkh ghjuhh ri dssolfdelolw| ri hdfk

ri wkh uxohv U�/ U2/ 111/ U& lq wkh uxoh edvh1

Wkh ghjuhh ri dssolfdelolw| ri uxoh Uo lv gh0

�qhg wr eh �o @ plqi�
Ev��
� +��,/ �

Ev2�
2 +�2,/ 111/

�
Ev6�
6 +�6,j zkhuh �

Ev��
� / l @ 4> 5/ 111/ p/ lv wkh

phpehuvkls ixqfwlrq ri wkh  �wk ix}}| sduwl0

wlrq lq wkh lwk lqsxw grpdlq "�= Wkh rshudwru

_plq % pd| eh h{whqghg wr eh d W 0qrup zklfk

lv vwloo dq lpsruwdqw uhvhdufk wrslf ^8/ 9`1

Ilqdoo|/ lq wkh eorfn ri ghix}}l�fdwlrq/ wkh

rxwsxw ri wklv �owhulqj v|vwhp � fdq eh re0

wdlqhg dv iroorzv1

� @ �+�� �iq�+{,> �2 �iq2+{,> � � � > �& �iq&+{,,

+7,

zkhuh � ghqrwhv dq dyhudjlqj rshudwru ru dq

V0qrup rshudwru ^9`/ iqo +{, lv d frqyhqwlrqdo

�owhu zklfk pd| eh olqhdu ru qrqolqhdu dqg �o

lv wkh ghjuhh ri dssolfdelolw| ri hdfk uxoh Uo1

Iru vlpsolflw|/ wkh olqhdu frpelqdwlrq

� @

S&
o'� �o � iqo+{,S&

o'� �o
+8,

lv xvhg dv wkh rxwsxw irupxod1 Iurp Ht1 +8,/

lw lv hdv| wr vhh wkdw wkh rxwsxw ri wklv �o0

whulqj v|vwhp lv d frpelqdwlrq ri vrph frq0

yhqwlrqdo �owhuv1 Wkh frh�flhqwv �o/ u@4/ 5/

111/ n/ duh ghwhuplqhg e| wkh nqrzohgjh edvh

ri �owhulqj v|vwhp zklfk lv rewdlqhg iurp wkh

nqrzohgjh +ru h{shulhqfhv, ri kxpdq h{shuwv1

Wkxv/ wkh fkdudfwhulvwlfv ri frqyhqwlrqdo �owhuv

fdq eh vxffhvvixoo| djjuhjdwhg lq wklv �owhulqj

v|vwhp dqg wkh �owhulqj shuirupdqfh fdq eh

vxffhvvixoo| lpsuryhg1

� , @4T*i Lu 6�33) 6�*|ih

@?_ W|t , Tih4i?|@* +i�
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D ix}}| �owhu edvhg rq wkuhh lqihuhqfh uxohv

lv sursrvhg wr suryh wkh �owhulqj fdsdelolw| ri

wkh ix}}| �owhulqj v|vwhp1 Wkuhh ihdwxuhv ri

wkh revhuydwlrq yhfwru duh devwudfwhg dv wkh lq0

irupdwlrq iru wkh khos ri �owhulqj zrun1 Wkh|

duh wkh udqn/ wkh eldv dqg wkh jds1 Hdfk ihd0

wxuh lv fruuhvsrqglqj wr dq lqsxw grpdlq ri

wkh ix}}| �owhulqj v|vwhp/ wkdw lv/ "�+@ gr0

pdlq ri udqn,/ "2+@ grpdlq ri eldv, dqg "�+@

grpdlq ri jds,1 Ohw {@ +{�/ {2/ 111/ {� , eh wkh

revhuydwlrq yhfwru dqg u� eh wkh udqn ri {� lq

+{�/ {2/ 111/ {� ,/ wkdw lv/ {� @ wkh u�wk udqn

ri wkh hohphqwv {�/ {2/ � � �/ dqg {� = Wkh vhf0

rqg ihdwxuh lv wkh eldv ehwzhhq wkh phdq ri

wkh vdpsohv dqg wkh plggoh vdpsoh {E�*2� +ru

mxvw vd| wkh eldv,1 Wkh ydoxh ri wkh eldv lv

ydulhg iurp 3 wr N � 4 zkhuh N � 4 lv wkh

pd{lpdo ydoxh ri d sl{ho1 Wkh wklug ihdwxuh

devwudfwhg lv wkh pd{lpdo jds ehwzhhq wzr

vxffhvvlyh vdpsohv +ru mxvw vd| wkh jds,1 Wkh

odujhvw ydoxh ri wkh jds phdqv wkdw wkh h{lv0

whqfh ri hgjhv ru qrlvh1 Wkh ydoxh ri wkh jds

lv dovr yduldwhg ehwzhhq 3 dqg N � 4 zkhuh

N � 4 lv wkh pd{lpdo ydoxh ri wkh vljqdo1

Wkh wkuhh lqihuhqfh uxohv duh jlyhq dv iro0

orzv1

Uxoh 4= Li udqn lv plggoh0udqn dqg eldv lv

orz0eldv/ wkhq rxwsxw wkh fhqwhu vdpsoh1

Uxoh 5= Li udqn lv qrw plggoh0udqn dqg eldv

lv kljk0eldv dqg jds lv odujh0jds/ wkhq rxwsxw

wkh wulpphg phdq ri wkh revhuydwlrq vdpsohv1

Uxoh 6= Li udqn lv qrw plggoh0udqn dqg eldv

lv kljk0eldv dqg jds lv qrw odujh0jds/ wkhq rxw0

sxw wkh vhohfwhg udqn1
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Wkh| fdq eh uhzulwwhq dv

U� = li �� lv D
E2�

� dqg �2 lv D
E��

2 wkhq � lv i�+{,

+9,

zkhuh �� lv wkh grpdlq ri udqn/ �2 lv wkh gr0

pdlq ri eldv/ D
E2�

� uhsuhvhqwv ix}}| vhw plggoh0

udqn/ D
E��

2 uhsuhvhqwv ix}}| vhw orz0eldv dqg

i�+{, @ {E�n��*2=

U2 = li �� lv qrw D
E2�

� dqg �2 lv qrw D
E��

2

dqg �� lv qrw D
E��

� wkhq � lv i2+{,

+:,

zkhuh �� lv wkh grpdlq ri udqn/ �2 lv wkh gr0

pdlq ri eldv/ �� lv wkh grpdlq ri jds/ D
E2�

�

uhsuhvhqwv ix}}| vhw plggoh0udqn/ D
E��

2 uhsuh0

vhqwv ix}}| vhw orz0eldv> D
E��

� uhsuhvhqwv ix}}|

vhw odujh0jds dqg i2+{, lv wkh wulpphg phdq

ri {=

U� = li �� lv qrw D
E2�

� dqg �2 lv qrw D
E��

2

dqg �� lv D
E��

� wkhq � lv i�+{,
+;,

zkhuh �� lv wkh grpdlq ri udqn/ �2 lv wkh gr0

pdlq ri eldv/ �� lv wkh grpdlq ri jds/ D
E2�

�

uhsuhvhqwv ix}}| vhw plggoh0udqn/ D
E��

2 uhsuh0

vhqwv ix}}| vhw orz0eldv> D
E��

� uhsuhvhqwv ix}}|

vhw odujh0jds dqg i�+{, lv d UFUV �owhu=

Lq wkh iroorzlqj/ wkh frqyhqwlrqdo �owhuv duh

vhohfwhg iru frpsdulvrq e| frpsxwhu vlpxod0

wlrqv rq lpdjh uhvwrudwlrq wr suryh wkh �owhu0

lqj shuirupdqfh ri wklv qhz sursrvhg ix}}| �o0

whuv1 Wkh phgldq �owhuv +PI, dqg wkh fhqwhu

zhljkwhg phgldq +FZP, �owhuv dqg wkh udqn

frqglwlrqhg udqn vhohfwlrq +UFUV, �owhuv duh

vhohfwhg iru frpsdulvrq1 Wkh 589� 589 Ohqqd

slfwxuh zlwk 589 jud| ohyhov lv xvhg dv whvwlqj

lpdjh zklfk lv vkrzq lq Iljxuh 61

Lq Iljxuh 7/ lw lv hdv| wr �qg wkdw wkh ix}}|

�owhu zlwk wkuhh lqihuhqfh uxohv lv idu ehwwhu

wkdq rwkhu �owhuv1 Hyhq zlwk 53( qrlvh udwlr/

wkh ix}}| �owhuv vwloo dfw yhu| zhoo lq frpsdulqj

zlwk rwkhu �owhuv1 Zh eholhyh wkdw wkh ix}}|

�owhuv zloo eh lpsuryhg zkhq rwkhu lqihuhqfh

Iljxuh 6= Wkh ruljlqdo 589 jud|0ohyho Ohqqd

slfwxuh1

uxohv iru kljk qrlvh udwlr duh lqfoxghg lq wkh

�owhulqj v|vwhp1
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Iljxuh 7= Wkh frpsdulvrq ri qrqolqhdu �owhuv

zlwk PVH huuru fulwhulrq1

Ilqdoo|/ wkh slfwxuh fruuxswhg e| 53( }hur0

phdq lpsxovlyh qrlvh dqg wkh �owhulqj uhvxow

ri wkh ix}}| �owhuv duh vkrzq lq Iljxuh 8 dqg

Iljxuh 91

e �L?U*�t�L?t

Lq wklv sdshu/ d ix}}| �owhulqj v|vwhp kdv ehhq

sursrvhg wr djjuhjdwh wkh fkdudfwhulvwlfv ri
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Iljxuh 8= Wkh slfwxuh fruuxswhg e| 53( }hur0

phdq lpsxovlyh qrlvh1

Iljxuh 9= Wkh �owhulqj uhvxow ri ix}}| �owhuv1

wkh frqyhqwlrqdo �owhuv1 Lq dgydqfh/ edvhg rq

wklv v|vwhp/ d wkuhh0lqihuhqfh0uxoh ix}}| �owhu

kdv ehhq sursrvhg wr lpsuryh wkh �owhulqj fd0

sdelolw| ri wkh frqyhqwlrqdo �owhuv1 Wkh frp0

sxwhu vlpxodwlrqv vkrz wkdw wkh shuirupdqfh

ri wklv qhzo| ix}}| �owhu lv idu ehwwhu wkdq wkh

frqyhqwlrqdo �owhuv iru frpsdulvrq edvhg rq

wkh PVH huuru fulwhuld1

+iuihi?Uit

^4` U1 F1 Kduglh dqg N1 H1 Eduqhu/ _H{whqghg

Shupxwdwlrq Ilowhuv dqg Wkhlu Dssolfdwlrq

wr Hgjh Hqkdqfhphqw/% LHHH Wudqvdf0

wlrqv rq Lpdjh Surfhvvlqj/ yro1 8/ qr1 9/

ss;880;9:/ Mxqh 4<<91

^5` N1 Dudndzd/ _Phgldq Ilowhu Edvhg Rq

Ix}}| Uxohv dqg Lwv Dssolfdwlrq wr Lpdjh

Uhvwrudwlrq%/ Ix}}| Vhwv dqg V|vwhpv ::

+4<<9, ss1 6046/ 4<<91

^6` P1 Pdqfxvr/ U1 G1 Oxfd/ U1 Srox}}l/ J1 J1

Ul}}rwwr/ _D ix}}| ghflvlrq gluhfwhg �owhu

iru lpsxovlyh qrlvh uhgxfwlrq%/ Ix}}| Vhwv

dqg V|vwhpv :: +4<<9, ss1 4440449/ 4<<91

^7` U1 Nuxvh/ M1 Jhekdugw dqg I1 Nodzrqq/

Irxqgdwlrqv ri Ix}}| V|vwhpv/ Mrkq Zloh|

) Vrqv/ 4<<71

^8` F10F1 Ohh/ _Ix}}| Orjlf lq Frqwuro V|v0

whpv= Ix}}| Orjlf Frqwuroohu/ Sduw LL/%

LHHH Wudqvdfwlrqv rq V|vwhpv/ Pdq/ dqg

F|ehuqhwlfv/ yro1 53/ qr1 9/ ss1 74<0768/

Dsulo 4<<31

^9` Pdvdkdux Pl}xprwr/ _Slfwruldo Uhsuhvhq0

wdwlrqv ri Ix}}| Frqqhfwlyhv/ sduw L= fdvhv

ri w0qrupv/ w0frqrupv dqg dyhudjlqj rshu0

dwruv/% Ix}}| Vhwv dqg V|vwhpv 64 +4<;<,/

ss1 54:0575/ 4<;<1
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