
5VY/p% >KXp% o.'$A m'q:@
U:YX$% 1!<\% F.9) S.lc F%:n1 *$4S 0Q v

6t)#$ )c}9 :";∗

*3<l3:

Z#$MN$ :9 "+P& I VPYP8# D$-2P9 :3$)#$ '&)s+ I |G.z$ X8+ $)[ `'1

 %?)/N$ .u6 $ :.GMG p '!# ;@AS '9 (U6 %+>G'd 181 .Y |G.z$ X8+ (K1 #/A#$ X3PS

's>,$ ;8+'g9.o>D$ 6#$  %?$)>;p$ `$2'A/#$ #/1 v%"AS 6U % box#$ `'c!sN$ 2

 Asi$ j-2$P9 ;8+ 2'>"#$ u$.D# $P#6'=? % G$626  G$2- `'G6)N$ .@& I +>b)U
,.9'{ h#$PY I 'g>A#PY6 .B'(#$6 :,-6'/96 %u'{)#$ .@&  D2'm ;8+ :GK(7#$ 4$.Y#

GgfP81 (6- 'gc%/xS 6U %(P>N$ T%=sS|G.z$  b)U "1 .)'"#$ ''Fi$  @%@; 9# X
I Xgc/"%D (P>N$ #/1 rc; 6U %h>Q  /x1 &'!>Y$ (U $PkP>? %j-'@& ,E1'g{6

X3Kf6 %)C; :1$6 %YFY2$.#$6 %52'oA#$6 %"/9 :1'Q (K*#$  b)U +1 4'Y '9 ,'Q'H

X8/#$ $E3  b)U :9.

#$ |G.z$ 4P8+  1)S I  oD$)#$  @%@z$ (U .%16#$ 4P8/#$  %@16 %\G)*#$ 5PA!

9# 2$)b>D'1 '&P+.S6 % %?)/N$ Z#$MN$ jE3 Z?'e .QLS &$)~#$  /G)*#$ -2$P9 :9 /g!S
(U  FG)W n2'/N$6 4P8/#'1 M\!>7N$ 5PA!#$ 72^$ 09 /9'/>#$ I  b%8D 23'!9 YAS

 ~# 09 42'/>S `$6-U \dP& p6 %'3.J'@96  /G)*#$ `'%8Q ,-'{ 4M>8&%')/#$

 %1)/#$  %b%3'cN$  q%A#$6 4aD^$  /G)W "1 Z?$P>#$ +{6U v, 5E#$ \8"#$ 2d6
?PD26 %<;P#$ vAg9 |%; % !G.N$6 4)z$ /3U B$)gd "1  b%@N$ 'g8%J'cS 0%b4

wPA!#$ 26E{,.

∗&'1.z$  %8Q%<b8/#$ 52'*>Dp$ h>7N$ )G.9- /9'E$ /l$)/#$                                           .
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''Fi$ Xgc# 'g9.o>"G 6#$ )7c#$ <'�U I D$-P0 ('"&^$ 72PG (P7"#$ (#
I .)'"#$('"&^$ 72PS .Y  FAx!N$ Kf  Q)z$ (U .%1 %'e'%8r \8>oC %+>q%1

'g8b>p p I)/9 ''Fi  k.=>"9 `$K"cS YAS 6U %/#M#$6 KFi$  A~9 I VPYP#$ .

I '!9'9U ,)(+ )C; (P7G p (U <~A!G (P7"#$6  Q)z$  %)'!k <7? "1 nPYP#$ :7#

'C '&)sAS ,.G.{  %?)/9 uP@; "W.S-2$P9 I  b%@N$ ,P@#$ +{6U :9 '!+ <c,
6U %-2$PN$ Xg? :9 D'1)Y '&.GMS ,.G.{ `$6-U 'PJ '!3'A>&$ Zc8S 6U %&$)~#$  /G)*#$

2/G A'+ I 4'9U 9# '!/?- I Xg"S 6#$  %?)/N$ tP!7#$ T%S'c9 :9 D'x/1 '!=!1
 }z /Q I X%3'cN$  A#PY ,-'+#6 %K%~>#$ `$-)cC.

3 :96]D $  D$2- I hwAxN$ ZF!N$ \%dPS 9# n.gG |=A#$ $E3 (B? '!

%">G'f Z%@=># /G./>#$6 $)E$ /)'"9  E'/9 I |G.z$  b)U '3'!AS 6#$  %b%3'cN$

96 $ :JS Z&'Q 6#$  %+P*PN$  Y.#$6 % FA!>"N$ .+$P@#$  %3'9 vDXg9'7;U >X"
 %&'(#$ '9U %($.%N$ $E3 I  G.@!#$ %#g$ jE3 4.o>"S `'D$2- 4'9U ZG)F#$ .%g1

hS$)9 "1  &t$PN$ /(9 |G.z$ X8+ ($.%9 I  7)'W /)'"9 u6'!>>#  %QE#$  %@F!N$

':6'!>G (U :7^ p 6#$ /)'"N$ :9 '3Kf6 %/G./>#$6 $)E$ `$2'A+  #p-6 %"kw.@$

?$P>S p  %*'G2  9$)s1 M%b>G 5E#$ 5.%8@>#$ ZF!N$4'7; $ :9 0D$P#$ \%F#$ 09 Z

X8/#$ $E3 ,))$- I  ;6)FN$ `p'z$ ;8+ (K*#$ $E3  b)U 'g@8[U 6#$  G.@!#$

,2'A/#$  #p- na>,$6 %u'{)#$  ?KJ I  #P@!N$ u$PY $ na>,$  C%>& %hsi$

X8"N$ ./G A 6#$  71'*>N$ /9$P/#$ :9 '3Kf6 %+%? Z8%Y 5E#$ )s/#$ na>,'1

+#'{26 |G.z$ X8/1  @%b/#$  ?)/N$ ''%f /d I 'g8(1 ;8+ D$2-'Y )J'/N$ .

X8+ I hwAxN$ ZF!b8#  V'*9 `'@%AFS ;8+ )(/& A +&U 9# ,2'W^$ 2.r6
,.G.E$ +S'%#y  FD$P1 'gD2'b!D 6#$  %S'9P8/N$  E'/N$ (P7S (U P{)&6 %|G.z$

.z$ X8+ I u'{)#$ .@&  #K"9 ;8+% FAx!9  ̀89'W  ̀Q); 2'[# I ,PF, 5PA!#$ |G

 %+)*#$ -2$PN$ 09 /9'/>#$ 23'!9 I ,.G.{ `$2'%, '!# $)FS6 %'&-2$PC '!7"1 .%/S

'!>q%1 I ('%; $ :9 K(Q I -PbE$ 09 +/YP9 u-'A>G `'1 5E#$ (P7"#$ :+ D$.%/1
 %?)/N$.!
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~4A1 :5VY/p% >KXp% :',.O3 *M.;3G*'

 #p- I #Y'!S -P{6 2PsS '!9 K(78# hwAxN$ ZF!N$ ,2'A+  /#'F9 72PS .Y

T8FsN$ $E3 .'c#U .`'+'!Y '!k26U .Y ZF!b8# 96 $ `'!A8#$ K*&U 5E#$ PFD2K?
</FY P3 '9 /Q "16 ZF!N$ "1 D'oD$2 D'['AS2$  ' (K1  oD$2( %?PD)#$6  #p.#$

;/"S +>#y+$PY X%b/S 9#@%@z$  %3'N$ 'PJ 5)*A#$ )7c#$ +{PS 6#$  92's#$ '3.% 

<b%3'c9 OGP*S 'VP*G p 6#$.

a/#$ :9 VP& -P{6 9# K*G hwAxN$ ZF!N$ $aFJ$6,2'A/#$ "1 ,.%[P#$  Y

 %@F!N$4Pb~#$6 OGP*>#$ "16 % G.;6  9$)s1 ZF!N$ X8+ &P*& E!9 ZcsS$ 6#$

6#$ /)'"N$ \!>7G 5E#$'g/9 /9'/>G.

 %c%Q I :b7>D % E'/N$ jE3 I '!9'9U (o*>D 6#$ `'A@/#$ .;U //#6
,.@/9  %*'G2 1%s1 hwAxN$ ZF!N$ I 'gc%dPS + 6#$  %QE#$  ADPz$ `$-)c9 v%"AS

<*'G)#$ 'V'F) uPA@#$6 ':6'!S |G.z$ X8+  b)U ;8+ /g"G  F"A9 `$2'A+ 9#
hwAxN$ .D $E3 /{U :9\%co>#$ 9# ;/"!D6 %X%3'cN$ v%"A># '!/D6 I '9 uEA!

 +'!Y 9# %"/b>� /s& <7#  ?)s#$  %*'G)#$ 'e'f'%J6 'epP@9 ]G2'xS  1P/J :9

|=A#$ <'"1 ;8+ 'g;)F!D 6#$  %S'9P8/N$  E'/N$ /)'"96 %`$-)cC  %+P*P9

 D$2.#$ jE3 :b*.

D$)"{ %hwAxN$ ZF!N$ ./G  9'+ ,2Ps1 Y.#$  A>+ "1  b%@N$ ,PCc#$ t6'C>G

%</Y$P#$ A'/#$ I ,.)'"#$  Y.#$ ''%f6 % Gw.z$ +>b"1 5.%8@>#$ ZF!b8#  A;'sN$

('79 /Q I '!1 v%O 6#$ )3'}N$ K"c># 5)*A#$ :)'7#$ `p6'H6.
1:b7S /1'@N'1

K~>N$ 09 /9'/>#$ ;8+ +S2.Y I ZF!N$ $E: ,.G)c#$ ()'si$5P~8#$Linguistic%
`'b87#$  FD$P1  ADPz$ 2g!9 D';aFJ$ +%8+ Z8FG `'1 5E#$Computing

With Words% %*'G2 yH'� &'*&# 4'9U 'g%+$)s9 ;8+ '$P1 $ T>? I XgDU 'm %
,)J'/N$ '!9P8+ I  7)'*#$ /)'"N$ :9 K(7#$ \JP# %,)7>A9  %@F!96.

1
Freksa, C., Fuzzy Systems in AI, In Fuzzy Systems In Computer Science, Kruse R,
Gebhardt J, Palm R, eds,155-169, Vieweg, Braunschweig/Wiesbaden 1994.
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6#$ ,KA7#$ 2)'>!#$ F.;# (#(P7#$ 2$)DU n'*>Q$ I ('"&^$ -Pg{ 'g>@@;

+%? :F@G 5E#$%yH'b!#$ :9  +Pb� 2Pgd I ;8C>Su6'; 6#$  %?)/N$ l'"& $6
 %b%3'cN$ `'9P}!N$ :9  +Pb� y'>&# 'V'=JUConceptual SystemsZ86

X8/#$6 % c"8c#$6 %`'%*'G)#$6 %ZF!N$.
2

*&B1 !/>G D'Cg!9 ZF!N$ ./G6 "G'@9  %8b+ 5U I 'g@%AFS :7^ % G2PJ .+$PY &'
"@%#$ 9# uPJP#$ ':a, :9 .*!& % %&a@+ .'!8/n X8/#$ $E3 (B? X'D $ $E3 ;8+6

 %8@/#$  "G'@N$ `'%8b+ I  /{'& `$6-KQ 4.o>"S `$2'A+6 %/0 &'!1 ;8+ :G2-'Y

'!9'9U  ;6)FN$ /)'"b8# .%Q 5U (B? %u'(N$ /%AD ;8/? &P!Entity'!N'+ I ,-P{P9

(P7S 'dB? D'%?)/9 D'@"& 6U D$&.A9 6U %D'&'"&# 6U %D'%S'9P8/9 D'!)'Q Z&'QU &$PD <)'GM%c#$
,-.H  C%>& 9# uPJP8#  %&a@/#$  "G'@N$ `'%8b+ :9  8"8"#  81'Y.

&P!%Q ;8+ ,-.H  %b"S la[B1 '!bY $H# %`'%8b/#$ jE3 F.;# )W'A& (U :7^6 

'g%8+ /b/#$ )W'A& c %,M%bN$ 'gs)'s, \G)/S ;8+ \7/&6 %+>D$2- .G)& '9

 %@F!N$ .+$P@#$ $aFJ$  @['!N$ 2'%/C 'g%8+ Z8FG 6#$ `$PFi$ :9  8"8"1

Logical Rules .X7;U 5E#$ <FD2 $ ZF!N$ 2%"&  %@F!N$ .+$P@#$ jE3 /N7*S6

,)>c#  %b%3'cN$ '!>9P}!9 ;8+ +S)F%D:9 K(Q ;8+ &a4 D'G-'1 jKkKS u$t'96 % 8GP[
4'G $ jE3 I [W 4P8/#  %?)/N$ yH'b!#$.

'g"%DKS + ,.G.{ n2'/9 % %8@/#$ +S'"G'@96 %<FD2 $ ZF!N$ .+$PY 2>!S6

 %#',6 % @%Y-  D$2.#$ .%Y  &P!%7#$  GP3 (P7S (U  FG)W %X7H <b%3'c9 Z"& ;8+

N$ l.s#$ ''%f ,)3'd :9 %x@8# <@F!.
3

 %@F!N$  Y.#$ 4Po>1 )c}#$  1P/J I %($.%N$ $E3 I  G)3PE$  A@/#$ :b7S6

6U % G2PJ  %@F!9 `$K~>9 :+ ,2'A+  %S$E#$ 'gs)'s, :7S A '9 % &P!%78#  92's#$

I 'g9.o>"& 6#$  %9'/#$6 % %b8/#$ `'&P!%7#$  %@1 :+ ,.%/1  92'J  %*'G2 /-'A9

%#$ '!S'%;:+ \*7#$  #6'H .!+ X'A>#p$ 6U %4Pb~#$ :9 &<W 'gNc8G |%;  %9P

2
Rouvary,D.H., Editor, Fuzzy Logic in Chemistry, Academic press, California, USA,
1997

3
Casti,J.L., Searching for Certainty, Morrow, NewYork,1991.

PDF created with pdfFactory trial version www.pdffactory.com



5PA!#$ |G.z$ u'{2 -'@& u$PYU  #p- vD I hwAxN$ ZF!N$ `'%#y \%dPS`'D$2-6 7P?107

 %S$E#$ 'gs)'s,.
4

'G'x@#$  E'/9 ;8+ ,2.@#$ l8>^ ZF!N$ X8+ (K1 uP@#$ '!!7^ X'D $ $E3 ;8+6
,2Ps1  Y-'J `'{'>!>D$ .%#PS I j26- &$-U :+ MC/G +&U .%1 %+>;'D I  ;6)FN$

$ .!+ %4$6.#$ ;8+  @8F9I)/N$ +&'%!1 'g%8+ ;D2U 6#$ <6)*#$ .;U &'c>& ./{U :9

@S)G p +!7#6 %D'G26)* &'b8/#$ j./G $E3<l.J ('b* I  G'c7#$  AS)9 9#
 #y 'g>E'+ 6#$  %@F!N$ 'G'x@#$  8"8D :9 '3.%#PS I Tm 6#$ `'{'>!>Dp$

+#p.>D$5
)Oldoryd,1986(?)/N$ \%!sS :7^ F),U  g{ :9 %'g/9 /9'/>& 6#$  

"G)3P{ "c!J 9#  %9P%#$6  %b8/#$ '!>F*&U /{ I : %!%@%#$  ?)/N$Certain

Knowledge %!%@%#$ Kf  ?)/N$6 %Uncertain Knowledge
6

 .

.+$P@#$6 Z)'@z$ (P7S '9.!+ ,-)8$ uP@z$ -6.; I  %!%@%#$  ?)/N$ -P"S

09  %8Q ,2Ps1 Z1'F>S  @8F9 `'b8"90Y$P#$ .'!S'%; :9 ,.b>"N$  ?)/N$ (B? /1'@N'1
4.+ 6U %'gcsG 5E#$ yHP� $  G-6.@  C%>& "@Ga#$  b"#  *)+ (P7S  %9P%#$

6#$ % %)'s;^$ `$KkK>#$ :+ "@Ga#$ K*!G .Y6 %'V'">Qp  9.o>"N$ `$6- $  G'cQ
#$ 4.+  C%>& 6U %I)/N$ FP>@$ /9'7S 4.+ :+ 2>!SI -P"S 6#$  %1'Ax#$6 $P*P

 c8>oN$ 'e$-)c9 ."@Ga#$ h&'E <bQ X'%@C )c}#$ :7^ X'D $ $E3 ;8+6

I 5)"S 6#$ &'*Px#$  #$t# u6'O 6#$  %)'s;^$ l)F#$ \%dP>1  ?)/b8# h;'sN$

 %/*6 `'%#y \dPS  %bQ  %*'G2 yH'� 4$.o>D'1 6U %'d'%QEmpirical  .

$ .G$MS .@#,K, $  ka(#$ (6)@#$ ua, 4'b>3p%\!>7S 6#$ "@Ga#$  #K"C
 ?)s#$ 4P8/#$6  %*'G)#$ /)'"N$ :9 K(7#$ .\%dPS 9# "(;'A#$ 2'}&U Zg{PS .Y6

u'b>;p$  G)}& `'%#y% %1'Ax#$ &$P>;p <)'s;^$ /%8=>#$6%$P*P#$ ''%f6

)/N$ +S'%8r \8>oC <b8/#$ ''Fi'1 Zs>8N$ %?.

4
Russel, B., Our Knowledge of The External World, Allen & Unwin, London, 1914.

5
Oldoryd,1986.

6
Freksa, C., Fuzzy Systems in AI, In Fuzzy Systems In Computer Science, Kruse R,
Gebhardt J, Palm R, eds,155-169, Vieweg, Braunschweig/Wiesbaden 1994.
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<a>,p$ $aFJ$ t)1 .Y6OGP*>#$6Chaos% G)}& \YP9 tM/G <7#

9# M7S)G <a>,p$6 OGP*>#$  #'; I 4'}!#$ IP8D K"cS ;=*K? %`p'b>;p$

 %)$P*/#$ U.A94'}>&p$ 4.+6 .($.%C 7P=A#$ Z@b/S (U ./16OGP*>#$<a>,p$6

,.G.{ `p6'H `)gd%#$ jE3 "1 /J'? .; 0*P#,)3'}%<)$P*/#$ IP8"#$ "16

'PJ Zg{PS /x1 +b7O 4'}& I -P"S 6#$ )3'}N$ :9 D$)g}9 OGP*>#$ .+

:9 KAQ -.+ ,-'%D )3'}9 :9 D$)g}9 ./G (U :7b%? <)$P*/#$ IP8"#$ '9U %/9$P+
4'}!#$  q%A#  !G'A>N$ `$K~>N$.

7

X%@#$ -./>9 ZF!N$ 2'7>1$ :+ Xm6Multi-valued LogicK%~S uPs;

"@Ga#$  #K"9 >'/S 6#$  %b8/#$ X%3'cN$  9P}!9 I .P=89%(K1 D'=*$6 `'1 (U ./1

 #K"b8#  %@F!N$  "G'@N$  C%>& +%8+ T{2K>S F.9  ' I'!3%2Pgd 4'9U /%A"#$ .g9 'm
 #K"N$ jE3  E'/N hwAxN$ ZF!N$  G)}&%7.=>"9 ZF!C%b%3'cN$ Z"!#$ \dPG<

<b8/#$ |=A#$  Q); 4'9U \@S 6#$  %?)/N$ `'A@/#$  E'/9 I :G)*/#$ ()@8#.

6`$-)c9 :9 <b8/#$ ''Fi$ +8bp .Y '9 D'/%0 '!%8+ ;c$ -'7G p%X">S

)(7& 6#$ `$2'A/8#  %b%3'cN$ -6.z$ $P*6 4.+6 %X%3'cN'1 <a>,p$6 %4Pb~#'1

KN$ <b8/#$ '!1'F, I 'g9$.o>D$ :9nP# .F),U  g{ :9 '!"c&U .m6/1'@9 I

 %b%3'cN$ !A#$ :9  7AW%5E#$ )9 $ %5)*A#$ /@/8# <b8/#$ /C"#$ :9 '3'!k26 6#$

D$K%~S 7.O .Y % 5';  1'{# 9#  {'?  G)3P{  #K"9 :9 )(QU $'zB1 '!%8+ $)FG

''Fi$ `$-)c9 :9 K(7#$ K~S6 % %b%3'cN$ '!Y'"&U I D$KAQ)J'/N$ <b8/#$.

/)'"N$ jE3 :96:

)1 (09 'g89'/S6 ,)J'/N$  %b8/#$ /)'"N$ &$P>;$ :+ <FD2 $ ZF!N$ MC+

52Ps#$ ZF!N$ $E: 42's#$ \JP#'1 X">S p 6#$  %9P%#$ ,'%z$ `$-)c9 .

)2 (ZF!N$  ;'D :9  G2E{ `pPO uPs; $-./>9 ZF!N$ j'r'1 K~>N$ 5-';

K16 %X%@#$ c8>3 l'"& .

7
Rouvary,D.H., Editor, Fuzzy Logic in Chemistry, Academic press, California, USA,
1997
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)3 (/9'/>#$6 B$.%N$ 0Y$P#'1  8J `$H /)'"9 09 /9'/>#$ ;8+ '!G.# ,2.@#$ ,-'%D

 G.%8@>#$  %#'b>;p$ `'G)}!#$ :+ D$K(Q ./>AG 2P}!C 'g/9.

Z&'Q .@#:G)*/#$ ()@#$ :9 u6 $ \s!#$  G'd%:9 K(7#$ t6v#  As,  1)S

hwAxN$ ZF!N$ `t)?U 6#$ 2'7? $%<b8/#$ <'*!#$  %*2U I  !%>N$ +"DU ZD2U6

)J'/N$ .w./& (U :7^6ZF!C %"@Ga#$  #K"N ,.G.{  E'/9 7.=>"N$ ZF!N$ $E3
v"A9%,2Ps1  %*'G2 `'!)'Q ./S (U :7^ p 6#$ `'!)'7#$ `'q? \%!sS 9# ;/"G

 %/FY%<@F!9 <*'G2 Z"& :b*%Kf -6.z$ 09 /9'/>#$ 9# n.gG @%Y.#$%
DP1 'gs)'si''e$H  qc#$  [%'g%8+ Z8FG '9 -P{6 4$)>?$ 9#  {'z$ (6-6

 %)$P*/#$ `$K~>N$.

5VY/p% >KXp% 67:8T *'lKXp%A *'W.! $% &QT%:

 AwAxN$  +Pb8$ '!9'9U tvS '9.!+ hwAxN$ ZF!N$ 4P, U.ASFuzzy Set/G.AQ
6#$  %7%Da7#$  +PbCb8# X)a9<@F!N$6 <*'G)#$ Xgc#$ `'A8F>C <cS ./S A

)J'/N$ <b8/#$ '&)7? l'"&U I .G.E$ . +Pb8$ l8S 'dK1  AwAxN$  +Pb8$ nw)/S6

 !w%1 '3./& (U :7^ p 6#$ `$K~>N$ :9Crisp,2Ps1 '3-6.; \G)/S :7^ p6 %
 @%Y-6  =*$68

-6.; ''%f  @%@; tvS  F@!#$ jE3 :96 )&X/ /p ('!89'/S ,))$- I  92's#$

0F@#$ :7^ p6 % %8{ Kf Z['!9 -P{P# l#H6 % %?)/N$ +S'GP>"9 0%b4 <9P%#$

 %x@8# <)M{ &'b>&$ I'!g? %0Y$P#$ 42U ;8+ '3&$t#  %@F!N$  %x@#$ X7;  %;as1

 ;'"#"X/& "4P, h&'{ :9 <)M{ &'b>&$ +81'@G %,-.H n6)d ZO"p "&P* I

0Y$P#$ `$-.H .

:+ ,2'A+  %xY 5U l.J (U ;8+ hwAxN$ ZF!N$ .QLG X'D $ $E3 ;8+6

0Y$P#$ 09 'gY'AF&$  {2.#  !G'A>9 `'GP>"9 :9 FP>"9 .),y !/C%'!9'9U .{PG 'bQ

FP>"C <)M{ l.J p 6U l.J  ' I'!g? %]7/#'1 6U % %8Q ,2Ps1  Y-'J  %xY

8
Fuzzy Logic ToolBox,2001
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/N$  E'/N$ ua, :9 -.=>G'g%## +#a, :9 )}!& 5E#$ 2P}!N$ 6U  %?) .SU .Y6;8+ Z8[

 GPx/#$  #$- $aFJ$ `'GP>"N$ jE3Membership Function:9 X>G 6#$6

'g8b*S 6#$ `p'z$ FP>"9 :9 FP>"9 /Q 9# K~>N$ &'b>&$  A"& .G.O ':a,
 %?)/N$  E'/N$ .

8$ \JP1  J'i$  %*'G)#$  ~%s#$ \#K>S %Sg$  #-'/N$ :9  AwAxN$  +Pb :

))},(,{( xxA Aµ=Xx∈………. (1)

K~>N$ M9)G |%;µ.z$ (U6 % GPx/#$  #$- 9#))}(,{( xx Aµ.; :+ ,2'A+

-)c!9Singleton AwAxN$  +Pb8$ :b* 0@G D$K~>9 \sGA)Spagnolo,F.,2003.(

 AwAxN$  +Pb8$ 4P, -.=>S X'D $ $E3 ;8+6A-6.z$ 0%0 -'O$  8%s; :+

.z$  FD$P1 'gcJ6 + 6#$ ,-)c!N$iiA xx )(µ.

Υ
Xx

iiA xxA
∈

=
,

)(µ……… (2)

 GPx/#$  #$.# <9PD)#$ \JP#$ )g}9 \8>$Membership Shape&P* I

i$)J'!+ 'V M%b>S 6#$ K~>#$ `'GP>"9 &P* I  +Pb8$ )J'!/#  bQ'z$ ()'s
 +Pb8$ .I )G'~>#$  /%AF# 52'%/9 /7W :9 )(QU ($.%N$ $E3 I (P89'/#$ $)>Y$ .Y6

'g>b%Y .:9  +Pb� /Q )J'!/#  %+P!#$ ()'si$ &P* I 'g!9 5U 2'%>,$ :7^6
:6'!>& 6#$  AwAxN$ `'+Pb8$/%8=>#$6  D$2.#'1 '9

)Bezdek, J.C. ,1993.(

/7W 9# '&)}& $HB?)1 ("1 0@G hwAxN$ K~>b8# #co!9 FP>"9 (K1 r;a!D

">b%@#$0-2.5F),U6  b%Y "1 \8>$  GPx/#$  #$- j-.O 5E#$ &'b>&p$ (U .%1 % .

+>GPx+  #$- (P7S D$)cJ K~>N$  b%Y (P7S '9.!/?)+)'b>&$ (FP>"N\%/*100 %

)1.(j'r'1 +>b%Y `-$-t$ $H# '9U)2.5 ((Y'!>#'1 \%/* 9# +)'b>&$ FP>"9 U.A%D

;8+ +>b%Y -$-MS '9.!+ vDP>9 FP>"9 9# +)'b>&$ P� 09 <n2.>#$)3.(Z?66

9
Bezdek, J.C. ,1993
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K~>b8# `$&'b>&$  +Pb� I'!3 (P7%D hwAxN$ ZF!N$ 'g;)FG 6#$  %b%3'cN$  %*2 $
N$ :9 FP>"9 /7#M%b>S 5E#$ vb!#$ &P* I yHP� $ I '3.G.O X>G 6#$ `'GP>"

+>%!1 I .)'"#$ K~>#$  /%A[ \sS 6#$  GPx/#$  #$- +1.

XY2 /7*#$)1 (hwAx9 K~>N  GPx/#$  #$- `'GP>"9 \.

\sS  %@F!9  %*'G2 `'Ya+ :9 hwAxN$ up.>Dp$  #g <87#$ 2'[^$ \#K>G6
yHP� $ `a,.9hwAxN$Fuzzy Model.+$P@#$ :9  +Pb�  FD$P1 +S'{)36

:9 'g>f'%J \#K>S 6#$IF … THEN'ep-'/9 :9 )"G $ h&'E$ \%JPS I

L.H.S:^ $ h&'E$ 09 'gF126R.H.SX7O 6#$ `'Ya/#$ :9  7AW /d I

`'{)3 ;8+  8b>@$ `$KkK>#$ ''"z  AD'!9  q%1 )?PS6 'e$K~>9hwAxN$ yHP� $.

`$K~>9 4$.o>D'1 +cJ6 + <)W v1)1 VP!#$ $E3 :9  AwAxN$ ,.+'@#$ Xg"S

-.H y'>!>D$ .%#P>#  AwAx9 `'+Pb�6  %@F!9 .6:9  %@F!N$ .+$P@#$ \#K>S%:G)FW

<@F!N$ ('%A#$ :Q2 $aFJ$  %@F!N$ ,2'A/#$ 6U ,.+'@#$ :9 u6 $ )F*#$ ;8+ Z8FG

Premise%; I" %@F!N$  "G'@N$  C%>& 'g!9 B'(#$ )F*#$ ;8+ Z8FGConsequent .

6 9'+ ,2Ps1%~%s#$ :9  AwAxN$ .+$P@8# 5P~8#$ \JP#$ \#K>G %Sg$ :

IF Condition)<)W(THEN Consequence) C%>&(
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h%Ax>#$  #$t#  8;)9 tvSDefuzzification A#PY ,-'+^  G26)* ,PFoQ

#$`'%#g$ 09 4&a>S <7# <@F!N$6 <*'G)#$ 4'}!#$  %!1 I Z8,-U 6#$  AwAxN$ X%@

+{HP�U I ,.)'"#$)Kartalopoulos,1996.(X%Y y'>&# I  %8b/#$ jE3 Xg"S6

;8+ ,.G.{ `$2$)Y H',$ I '32'b(>D$ :7^ `'{)obQ 'g/9 /9'/>#$ :7^  Gw.;

XY2 /7*#$ )}&$ 0Y$P#$ 42U)2.(

#$XY2 /7*)2 (hwAxN$ ZF!N$ yHP�  %@F!N$6  %*'G)#$  %!A#$ \.

5VY/p% 67:8a$ v ;p% m7:$%   :

I)/N$ \JP#$  %8b+ ./SKnowledge RepresentationhwAxN$ yHP�&#

6#$ )3$P}#$ 09 yHP� $ $E3 /9'/>#  %b%3'cN$  %c8i$ ]DLG 5E#$ ">N$ X'D $
a, :9 u6'i'g/9 /9'/>8#  AD'!9  %#y .%g16 %'g>%3'C '!bg? Z%b/S +#

32'b(>D$6'.10

hwAxN$ I)/N$ up.>Dp$  #y 4.o>"S 'bQFuzzy Inference Engine

 8"8"1 <g>!S6 %hwAxN$ K~>N'1 /.>AS 6#$ hwAxN$ ZF!N$ `'%#y \dPS ,$-U 'gcJP1

10
Schneider, M, A. Kandel , G. Langholz & G. Chew, Fuzzy Expert System Tools,
John Wiley, USA, 1996
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 AwAxN$ `'+Pb8$ "1 ,.)'"#$ `$K~>N$ %8b/# ">9 /7%3 D'/%0 '32tU w.*G 6#$ %
,.G.E$  q%A#$ jE3 I K*& 5E#$ <@F!N$ up.>Dp$11

.

VP& :9  %@F!N$ .+$P@#$  %#y 4.o>"S `'%9t2$P,  +Pb� :9  #g$ jE3 \#K>S6
IF … THENu.>"G 2$)Y H',$ 4'9U ZG)F#$ .%g16 % ?)/N$ ]%DKS I .+'"S ,$-KQ
;8+ 'g!%9'xC'daF1 ('%1 6U %0Y$P#$ 'g;)FG 6#$ 'G'x@#$ :9  %xY  =J12

.

5VY/p% F4<#Q4% *$T 8`d$% ).^{%:

 %*'G2 `'Ya+ :9 hwAxN$ up.>Dp$  #g <87#$ 2'[^$ \#K>G /\sS  %@F!9

hwAxN$ yHP� $ `a,.9Fuzzy Model`'&'%A#$ 00 X>G |%; %+S'{)36 %
0Y$P#$ 42U :9  8,.N$ #y  ['DP1 'g>E'/N D$.%g1 'g>GPx+ u$6- X%Y -.O6 %

 %#y v+ 'g>f'%J -'/S  AwAx9 `'{)3 ;8+ uPsz$ X>G <7# %hwAxN$ up.>Dp$

0Y$P#$ 42U ;8+  %&'k 4$.o>Da#  z'J (P7S <7# %h%Ax>#$  #$t#13
 .

6#$ `'E'/N$  ?- K%"S I Da+'? D$26-  AwAxN$ .+$P@#$ />O6/7%3 /,$- 5)"S

hwAxN$ up.>Dp$  #y .:9 'g>f'%J \#K>S 6#$ .+$P@#$ jE3 Xg"S6IF … THEN

'ep-'/9 :9 )"G $ h&'E$ \%JPS IL.H.S:^ $ h&'E$ 09 'gF126R.H.SI

'e$K~>9 X7O 6#$ `'Ya/#$ :9  7AW /d.

*YVY/p% <0%:l$% *`d',:

VP& :9  AwAxN$ ,.+'@#$ Xg"SIF…..THEN4$.o>D'1 %+cJ6 + <)W v1)1

-.H y'>!>D$ .%#P>#  AwAx9 `'+Pb�6 % %@F!9 `$K~>9 .\JP#$ 2P}!9 ua, :96

I)/9 Z"& :+ ,2'A+ (P7%D .+$P@#$ :9 VP!#$ $E3 (B? </Y$P#$ K~>b8# I)/N$

11
Yen,J, & R. Langari, Fuzzy Logic: Intellect, Control,& Information, Prentice Hall,
USA, 1999.

12
Kruse, R., 1997.

13
Berkan,R.C., & S.L. Trubatch, Fuzzy Systems Design Principles, IEEE Press, USA,
1997.
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(PbxN$  Y- ''%f :9 B'/S 6#$  ?)/N$ ='!>Y$ 9# n.gG.
14? $E3 /{U :9(B

)?PS 6#$  %)ME$  @1'FN$ ;8+  %81'Y :+ ,2'A+ <3  AwAxN$  "G'@N$6 %y'>!>Dp$

,2Ps1 'g[6)W Z@=>S '9.!+  AwAxN$ .+$P@#$  ['DP1 Z%AF>#$ ;8+ ,2.@#$ up.>Da#

 %)M{  .

 C%>& ,)7>AN$  %@F!N$ `'"G'@N$ :9 VP!#$ $E3 09 /9'/>#$ I 5.=>#$ :b7G6

9 )(QU -P{P#.+$P@#$ \JP# 'gc%dPS + 6#$  87%:$  /%AF1 Z8/>G <+P*P9 h/*S :

:9  ?)/N$ ('G)D +{PG X'DKQ j-'b>+$ + 5E#$ I)/N$ up.>Dp$  %3'96 % 8b/>"N$

.+$P@#$ jE: <*'G)#$6 <@F!N$ /7%:$ ua,.
15

4.o>"S 6#$  AwAxN$ X}!#$ I %D'G)3P{ D$26-  GP~8#$  f'%s#$ />O6.+$P@#$

 GP~8#$ n'J6 $ 4.o>"S |%; % %@F!N$Linguistic Labels Y- l8>1 p 6#$

 %@F!N$  "G'@N$  f'%s#  "%))#$ `'!A8#$ F.;# 'gcJP1 ,)3'}#$ \J6 I  %?'Q

 1P8FN$  %*'G)#$6 . ?)/N$ Z%kPS6 %=ao>D$  %8b+ /%g"S I `'b87#$ jE3 Xg"S6

c9  p)J  ~%J I  G)*A#$ 8ws.

6:9  %@F!N$ .+$P@#$ \#K>S%:G)FWu6 $ )F*#$ ;8+ Z8FG :$aFJ$Q:Q2

<@F!N$ ('%A#$Premise"; I Q6B'(#$ )F*#$ ;8+ Z8FG : %@F!N$  "G'@N$  C%>&

Consequent.6%`'g%{P>#$6 %`'%JP>#$6 %`'Ya/#$ \J6 I .+$P@#$ Xg"S

+w{PN$ |=A#$ .W)S6 %`'%C%S$)>Dp$6Heuristics AS)9 9# uPJP8# n.gG 5E#$
"@%#$ hS$)9 :9 .

6.+$P@8# 5P~8#$ \JP#$ \#K>G  9'+ ,2Ps1 AwAxN$">~%s#$ F.;# :9

">%Sg$:

14
Yen,J, & R. Langari, Fuzzy Logic: Intellect, Control,& Information, Prentice Hall,
USA, 1999.

15
Babuska ,R., Fuzzy Systems, Modeling and Identification, Delft University of
Technology, Department of Electrical Engineering Control Laboratory, Mekelweg ,
GA Delft, The Netherlands, 2000
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IF Condition)<)W(THEN Consequence) C%>& (96 $  ~%s#$:

 C%>!#$6 <)*#$ /%(1 X>G |%;4$.o>D'1 %@F!9 1%J.
Sequence)<)W(→Consequence %&'(#$  ~%s#$) : C%>&(

:bx>#$  ~%s1  C%>!#$ /%(1 X>G |%;Implication.

5'Y/#$% *$%2RDefuzzification:

6#$  AwAxN$ X%@#$  A#PY ,-'+^  G26)* ,PFoQ h%Ax>#$  #$t#  8;)9 )g}S

$6 %<*'G)#$ 4'}!#$  %!1 I Z8,-U+{HP�U I ,.)'"#$ `'%#g$ 09 4&a>S <7# %<@F!N

)7>AN$.
16`'{)obQ 'g/9 /9'/>#$ :7^  Gw.; X%Y y'>&# I  %8b/#$ jE3 Xg"S6

,.G.{ `$2$)Y H',$ I '32'b(>D$ :7^.

:w%:$ )9 '1 ]%#  AwAx9 X%Y  +Pb� :9 ,.;$6  b%Y 2'%>,$  %8b+ (#17h8F>G6 %
)'s)  %?'Q  G$2- '!9 D$2.#'1 +#6'!>& 5E#$ 4'}!#$ ( .9# (P(;'A#$ /JPS .@#6

'g!9 /Q M%b>S6 %h%Ax>#$  #$t#  8;)9 Z%AFS ('bx# % %*'G2  %#y :9 )(QU 2'7>1$

,.b>/N$ `'E'/N$ &P* I  %@A#$ :+ 2)'>!#$ \8>,6 %+%8+ M7S)S 5)}& X'DK1
l#H Z%@=>#.

18

~.'c.h :VY/p% >KXp% wE x).l#$% i9A1whV<K% 5@% 3 <lc >KX3A 5:

`'%!@S  ;'D I hwAxN$ ZF!N$ 'V V.J 6#$  G)3PE$ `pP@N$ F.;# (#
0Y$P#$ 42U :9  9$)s#$ ''%f <3 %`'9P8/N$ )s+ I `-'D 6#$  %QE#$  ADPz$

23'!N$ I 'g+'!FJ$ ;8+ ('"&^$ \7+ "; I %5)*A#$ ]!E$ 'g%? :F@G 6#$

#$6  %@F!N$BP7#$ K~>N$ 'V /cp 6#$  71'*>N$ `$K~>N$ Xgc# +%/D I  %*'G).

16
Kartalopoolos, S.V., Understanding Neural Networks and Fuzzy Logic: Basic
Concepts and Applications, IEEE Press,1996.

17
Berkan,R.C., & S.L. Trubatch, Fuzzy Systems Design Principles, IEEE Press, USA,
1997.

18
Vernon ,J., Fuzzy Logic Systems, Fuzzy Systems White Paper, 1999, Available At:
http://www. control-systems-principles.co.uk.

PDF created with pdfFactory trial version www.pdffactory.com



 !"#$ % ?)/N$  %9aD##$ %&'()*+%,-./#$480%12 %14283/200746t)#$ )c}9 :"; 116

|G.z$ X8/#  %b%3'cN$  %*2 $ "1 KAQ '2'@S -P{6 ('%/8# D'=*$6 6.AG6

9# ('%; $ #/1 I /s& .Y /1 p %F),U  g{ :9 hwAxN$ ZF!N$6  g{ :9 5PA!#$

:9 K(Q I 'bg!%1 D$KAQ D'@1'FS I'!3 (Uh&$PE$!

-2$P9 ;8+ .b>/G |G.z$ X8+ (K1 j-'@& ,E1'g{6 |G.z$  b)U /{ n)>+$ .@#

0@S |G.z$ /)'"9  E'/9 ( %+%## $PA3H '9  =s1 0F@#$  %&'79# 'g/9 h/sS  %!d

\/x#$ -2$PC  @(#$  G$62 /cO6 %\%/x#$  G$62 TsS 'C)? %)9 $ )3'd ,))$- I .

7.O '9.!+ $E3 /{U :9I /%Y $H# $P#'Y T%=s#$ |G.z$ :+ |G.z$  b)U
%j.!D u'sS$ ,.+'Y 9# .!>D$ Yd X7; :+ ,2'A+ +&B? %-'!D^$ T%=J +&$ |G.;

KFi$ t$P{  %&'79# <~8G p )9 $ $E3 (U .%1 % 8/#$6 H6E*#$ :9 jwP8,6 %+>8@&  #$.+6

'e$E1  G$62 I  @(#$ ;8+ ('%"!#$6.
19

$ .@&  #K"9 '9U %!}#$ 2P9 $ :9 K(7#$ +1P*G VP*Pb? XgAS$)9 .G.O6 u'{)#

$P*66 X7z$  9$)s1 0F@#$ ;8+ "@Ga#$ ua}1 <@8G -2P9 :9 )(QU :+ K*!S 6#$

 %/FY ,2Ps1 +>#-U.

.G.O I )@>cS  %&'"&# `'5 ('@S^$6 %rcz$6 %,&6)N$6 %FP@>#$6 % #$./#$ (#
*P9  %;aFJ$ -6.; 9# 'g9P,'d'%1 .!+ h3E9 :9 )(QU 9# (K*#$  b)U h3H  %+P.

I  #P@!N$ u$PY $ :9 ,KAQ  +Pb�6 %\G)/S :9 )(QU .m X'D $ $E3 ;8+6

$6.g^ <7# 'g%8+ |G.z$ &'b8+ T8FJ$ 6#$ % %+P!#$ `'cs#$ jE3  #p- .G.O
;8+  G.@!#$ Xg9'7;U 2$.J# ':a, :9 :7^  7#'D D'@G)[ Xg"c& %|G.z$ ,$62

0*P#$6 \/x#$ -2$P9 :9 5PA!#$ 72^$ rc;6.

D$)9U ;@AS 7w.@$  GPV  8s#$ `$H  %&'"&^$ h&$PE$ (B? %F),U  g{ :96

 +Pb� "1  12'@N$ 2g!9 4$.o>D$ '!%8+ 4)cG 'm %+Y'b+U I yP#P#$ :7^ p D$)3'd

19$%"#%)71 wU :1 :T)#$ .A+ :G.#$ ua{ %<[PUA%:X$% 5! l@ : } v UA% $% 5!)<@% \%b8/#$  \A>7N$ %
%`6K11976.
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>{p$6  %b8/#$  q%A#$ I 'gD2'^ 6#$ `'%QP8"#$ :9:b* 'gc%JPS  #6'H6 % %+'b
 G$6)#'1 +>AS)9 ;8+ D$2'%/9 (P7S <7# T8sS KG'/9.'g9.o>"G 6#$ KG'/N$ (U 'bQ

 %S$H )J'!+ ;8+ ('%; $ :9 K(Q I 5P>O )J'!+  +Pb� 6U )s!/1 v8>, .Y'!#$

'G6)96 7w.@$  &'79 .G.O I 'g9.o>"G 6#$ X%3'cN$  #p- ;8+ ':ad <@8S;8+ +S
&'c/x#$ 6U `'@(#$ "kw.@$ hS$)9 XN8D .

 J)? u'{)#$ -'@&6 |G.z$  b)U Z=!9 .Y  Asi$  %b%3'cN$  %*2 $ jE3 (#
% +P*PN$ `'G$6)#$ :9  GPA!#$  !"#$ rc; I Tm X7H 5.@& 2d  f'%s#  !%'

Xe'3)S6 ''>7#$ /3U 2'A,U6 .P9 D$)GvS :3$)#$ )s/#$ I '!=!b>D6.*>D6 %D'%+P*
S$6-U6 hwAxN$ ZF!N$ 0*6 I '&2tU%j-2$P96 |G.z$ 4P8/# I)/N$ (6MoN$  #'AY +

:+ D$.%/1 %u'{)#$ -'N@&6 |G.z$  b)U `'E'/N '2'@9 5P~# ZF!C 'e&$)Y .%/& <7#

.; -P{6 4)>?$ '9.!+ %<FD2 $ ZF!N$ '3t)?U 6#$  92's#$ .+$P@#$6 `'%*)c#$

8>1 `';'"N Dp'� T"cG (U (6- %'gx%@&6  %x@#$ "1 /J'?$E3 :9  #PA@9  A"& l
I$H 6U \JP#$ .'&-$.{U +D2'9 5E#$ <(G.z$ ZF!N$ :9 D'1)Y w.WU l#E1 (P7!?

2-6  !"#$ '!# $P}c=?  7!;6  G$2.1 /)'"N$ jE3 09 $P89'/S '9.!+U-2$P9 'g!+ $6

`'gA*#$6 0*P#$.

~.e$.h :5VY/p% >KXp% ).';b F.9 $% <lc <0%:n j'dB@ aS.0R:

 b)U .b+5PA!#$ |G.z$ X8+ &P*& `'G$.1 E!9  G$626  G$2- |G.z$ 4P8+

 9aD ('bx# % 92'J  G.@& .+$PY &'D2# 9# 96 $  ka(#$ (6)@#$ I \G)*#$

(Pkw.@$ ':6$.>G 6#$ `'G$6)#$ 2'*>&$ 6U %0*P#$  ?y :9 \G)*#$ 5PA!#$ |G.z$

(PQ6)>N$6 &'c/x#$ .

ZF!C /)'"N$ ZEP+ .Y6`K*& 6#$  Asi$  %?)/N$  #g$ +St)?U n)J <(G.;
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I l.s#$ A'/9 `-.; 6#$  %1)/#$  ~8#$ `$6-U 'eNEf6 % %9aD^$  /G)*#$  1)S I

\G)*#$ 5PA!#$ |G.z$  q%1 I  ;6)FN$ 'G'x@#$.

(U ./1 |G.z$ 4P8+ 'g>![P>D$ 6#$  /@A#$ )FW /G./>#$6 $)E$ X8+ />p6
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