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1-#&?Q&
`!9jj0!2- #jj$ #jjM>U p<;yjj3; !jj$ *jjKN; #jj^ .jjDs ' 

#C!-!0 %; ).<.M #N!" (.D1">^}!jC #j$ .D1">^ )!^
#C!-!0Y-!4 .D1">^ )!^Sj0; #jF3*E Y7j" !D9- .' 

#jj$ Y~!,jj- Yjj[ #jj$ B%>jj[ Ijj<;; 5jj^&*E Z6Kjj0&%
S< >M>-5- #FN; *X Y-!4 }!C #$ '!Fi- >N )!^ >j"

SjjK6$!o (!jj^'&!$ (];.jj^; );'; Yjj-!4 *jj^ #jj:& !jj^
5E�<&S0; 5<!^ .n!0 ' 2001#C!-!j0 ' }!jC #j$ );

GXGISY-!4 *$'!: x0;& l<`!j4aH; cjKt6U !$ !D9-
lj1: 5j6N; xK2- & *$'!: pD:;*U #$ 5tK: & 51:

5- *:)Tang et al., 2001 .(#$ #M>U !$ n!0 ?!1^ ' 
_!jjj9U'; SjjjK1^;GIS#C!-!jjj0 !jjj$5C!9KFAjjjX )!jjj^

qK1LU#$ Y-!4 %; ()*KE56: '>wD-B ; ;*3 )%!0' !j^
.j" B !tFj0; pC; B!+<!X 5[;*H)Lawrence et al., 

2002 .(./$ n!0 & (?!LLiF-GIScjKt6U cj<*H %;
SK6$!o}*C )!^)!^';y3;VC++(Prolog&Accessl<

qK1LU #C!-!0#j$ ;' #j<!X Yj-!4 )*KES<*<.j- '>jwD-
Y+DM qF,K0>:;.jDF3*E '!: #$ !^)Nude, 2003 .(' 

n!02006qK1LU %;IKjK/U );*j$ B'!K/-.jDs )*jKE
Y-!4 n.- l< )!^*F-;'!X#$ (!D9-#K9j" '>jwD-)%!j0

." B !tF0; *@" ' 5C>7,- cH!D- #/0>U B>2C)Xia 

and Xiaoping, 2007 .(n!jjj0 ' 2007Yjjj-!4 %;
#AGC.D1">^ );)IMA (5j0*F0 {j<*/U );*j$& !j^

." B !tF0; 5C!7- `;*KK�U %; 5C!9KFAXGervac et al., 

2007 .(5- '!7"8 '>:W- `!GKG2U#j$ Yj<!1U #j:  %!0
qK1LU %; B !tF0;Yj-!4 ' )*KEp<;yj3; 5C!j7- )!j^

p<;*E & #F3!<1LjU )!^.jF- %; B !tF0; #$ !^qK)*jKE
#jF3!< V*F,E (5C!7- .D1">^.jC; .IKjDs ' �=>j1/-

B ; SK^!- 56~!,-#C>E #$ !^Sj0; I71- #: S0; );
V%; *X ' .- (!^n)%!0YK62U & !^SjK/bo }.j4 (!j^

#$%; }*C `!90!2- %; B !tF0; YKJ IK1^ #$ (.<8  >M&
5C!j7- )!j^ *$'!: %; 5jN*$ ' )%!j3 `!90!2- YK9o

v!DFM; >$ .^;>N *<WX!C .%; 5jGKt6U (5U!9j0!2- IKDs
V&'qF<'>+J; & !^5<!jC;>U #j: .DF,^ 5\!<' )!^& !j^
#tJ�-' )*KE !j< & )*+M!FDF0; ' ;' *A$ 5D^� )!^

n.- IK/-!C )!^!�35j- )%!0.jDD:)Kortenkamp, 

1998 .(ljKD7U Y-!j" qj64 %; #N!j" I<; Po;&' & !j^
.DC!- 5U!90!2- )!^';y$;:(59Lj4 #79j" ()%!3 cbD-

#j-!C*$ & !j^'&!$ *j9M (ljKFCz qF<'>+J;cjbD- 5,j<>C
S0; 50!Ko)Konar, 2005 .(#C!-!0 ' `!j4aH; )!j^

�0!D- 5C!7-& pC; Y-!" }*C 5U!90!2- #DK-% I<*U
S0;  >M>- 5C!7- x$;&' .#j4>1Q- %; Y7AjF- pjC; 

.j4;>o»B!j+C8 j *jE; «Y7j" & #j$ #j: Sj0; 5C!j7-
KjjO>U& )*+M!FDFjj0; .jjD<;*3 ' #C!<>+AjjKX & #C;*+t

5j-  ';& )*KE !< >j")Lavrac, 2004 .(#C!-!j0)!j^
j lKFCz#C!-!0 #61M %; 5C!7- )%!3#j: .DF,j^ 5<!^

B>K" #$ .C' !o*j^ )&' *j$ `!90!2- !$ #C;.D1">^ );
IK$ *K�F- x$;&' (#C!<>+AKX & #C;*+tKO>U pC; r>C & 

B.<.X' 5C!j7- )!j^.jD$!K$ ;)Cordón et al., 2001a(.
#j$ #DK-% I<; ' 56Lt- `!GKG2U?;*+Aj^&�X Z6Kj0&

B !jKX & 5j[;*H YjK9o %; j {j6Fi- )!^ *$'!:)%!j0
qK1LjjU & IKC;>jjo v!jjiFC; (pjjC; B!jj+<!X)*jjKE)!jj^

Sj0; B.j" }!jQC; j #3.^.Ds)Wang, et al., 2005; 

Sanchez, et al., 2005; Cordon, et al., 2004; 
Freitas, 2002; Setzkorn and Paton, 2005(.*$ B&a4
5- ?!AC *+< `!/J!b- %; YO![ �<!FC (?8*j$ #: .^ 

qF<'>j+J;  *7614 )&')*KE !j< & )*+M!FDFj0; )!j^
Sj0; B.AjC ;*jM; 52K2jO & Sj0' 5$!j<%'; (5C!7-

)Sanchez, et al., 2001; Mikut, et al., 2005; 

Ishibuchi and Yamamoto, 2004(.*j\![ '!F">C ' 
Yj-!4 ' h!FDFj0; & )*KE !j< #j: S0; B." p">:
 '>j- #jC>1C  *$'!j: l< ' & .$!< x,$ & �*" 5C!7-

 *KE ';*o 5$!<%'; .'>wD- I<.$»l,j<' cH!jD- IKK/U
B &.2- ' S,j<% )!^#6�,j- );*j$ 5j6+DM 5jbK2-

pjU8 %; 5j"!C );>j^ 5E >J8B!js )%>j0SjtC )!j^«
#$!: ?;>D4S0; B." #F3*E *wC ' v>6b-  *$' .I<; ' 

B >jU }!jC #j$ IK/-!C & lK-!D< B.<.X & #6�,-)!j^
B &.2- & 5E >J8�jM>- #j: .C';  >M& 56+DM )!^

 ;.N'5- 5C!7- IK/-!C x$;&' & !^.jC *E .Ij<; ' ;WjJ
#j<*wC .jDC!- )>jo 5U!90!2- Z<*wC %; B !tF0;  *$'!:
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n.- );*$ )%!3}.j4 )%!j0 '; `'&*j\ SjK/bo .!j$
SK6$!o & )%!3 `!90!2- l1:(5j7KFCz )*KE !j< )!^

5- 5F[;' #$ *: h;*iF0; ;'  >M>- IK/-!C x$;&' ?;>U
SN!0 .-8%&' ;' pC; B!+<!X ' B." B*KN� IKC;>o &.

2-R-, - 9"/&%B
#tJ�- I<*F1@- %; 57<5j- mj4!$ #: 5<!^lj< .jC *E

Fj"; ).D1j">^  *j7614 Y-!4SjK6$!o (.j"!$ #)!j^
Sj0; ?8 )*KE !< & )*+M!FDF0; .%; YjKJ IKj1^ #j$

#C!-!j0 #j$ 5$!KFj0 (.D1">^ Y-!4 5[;*H ];.^;);
& h;*iFjj0; #jj$ ' !jjo .jjD1C!7- xKjj2- ' #jj: Sjj0;

B*KN�& h!FDFj0; *jKwC 5J!j14; }!jQC; & pjC; )%!0
#jjF3!< R!jj0;*$ .jjC;>F$ & .jj"!$ )*KE !jj< >jjN )!jj^

qK1LU.D: )*KE .r>C & 56-!4 IKDs '  >M>- pC; 
S0; :YO![ #: 5AC; & S0; #$*QU YO![ #: 5AC; 

bK2- B.^!A-5S0; Y-!4 .5$>6b- B%>[ #: 5-!+D^
#j: 5j"&' ?!j1^ #j$ (  *E YO![ #C!-!0 ' pC; %;

B;' ?!,C;5- ;' #6�,- Y[h!FDFj0; Y14 yKC Y-!4 (.$!<
5- }!QC; ;' )*KE !< &.^  .J![ I<; ' pjC; ' *E; S

) !�jU B.^!Aj- %; YjO![ pC; & `!K$*QU %; YO![
.j"!$ #Fj";  >M&(';*jo �aj- ;' `;.^!Aj- #C!-!j0

5jj-.jj^  .pjji$ Ijj<; ' !jj$ x9U*jj- qK^!jjt- & 5C!jj9-
#C!-!0Y-!4 5C!7- `!4aH; )!^& )%!3 j lKFCz )!D9-

5- {KO>U .D1">^ `'>O #$ !@C8  *7614 B>2C  *jE .
#C!-!0- )!^56jO; pi$ & );'; )%!3 j lKFCz 5C!7
}!C #$5j7KFCz )*KE !j< & 5C!j7- IKC;>o h!FDF0; )!^

B ; �Kj\>U #j-; ; ' '!LjFN; #j$ lj< *^ #: .DF,^
B.".C;.

2-1-($%3& >;$"/S T%U5U'"
?!�-'; #$ pC; #jC>E #j$ (S0; `'.o |.C'&8!j$ #j: );

5jj- ?8 %; B !tFjj0;< ;' #jjDK@$ )!jj^*K�F- ?;>jjU(Sjj3!
Sj<y:*- ( *j: Yj[ ;' Y~!,- (SN>-8 .<.M )!^yKs

#$ 56-!:#j$ #jM>U !j$ ;' ).j<.M x<;*j" &  '&8  >M&
 *: {<*/U B.D<8 & n![ ?!-% .#6�,- !$ Y-!4 #: 5Fo&

qK1LU?>E!jC>E )!j^'!K/- & *K�F- x<;*" S2U )*KE
5- #M;>-IKC;>jo S,jiC #j: .j"!$ ' !o 5F,<!$ ( >"

#$ }%=FDF0; '>wD-pjC; fgj0 & .jD: B*jKN� ;' h!
.^ *KK�U x<;*" c9H & .D: }!+D@$ ;'  >M>- .#�C!Ds

' !jo (  *E kiA- Y-!4 );*$ ?8 *KK�U & pC; B%>[
B;' B*9N  *3 l< .DC!1^ #: S0;& .j$!K$ ;' #6�,- Y[

.D: n=.F0; & h!FDF0; .' pjC; *j$ 5jDF9- ZC!-!j0
Y1FAj- Y14#j-!C*$ #j4>1Q- *j$j0; 5<!j^' #j: S

B%>[B." {<*/U kiA- );!K"; #$ _>$*- pC; & .C;
SKJ!/3 #F"' &qK1LjU );*$ %!KC  '>- )!^lj< )*jKE

5- *$ ' ;' B*9N  *3.C*KE.
qK1LU )!^*K�F- (v>6b- #C!-!0 ' cj<*H %; %!j0

5j- pjC; B!j+<!X  ';& B!j+C8 & *jE; .4;>o.C>j" .Ij<;
& IK/-!C SK^!- #$ #M>U !$ !^*K�F-#j$ (�';>4 ';.<!X!C

5jj- {jj<*/U )%!jj3 `'>jjOn*jjFD:  ';& & .C>jj"B.jjDD:
5-.C *E .

' 5C!j$% `!tKjO>U 5$!j<%'; .jD<;*3 SjJ![ I<; ' 
#j$ �abO;»)%!j3 h!FDFj0; «Sj0; ]&*j/- .Ij<; ' 

#M>U !$ #7D<; S,iC (.C';  >M& q@- #6�,- & .D<;*3
)%!3 }.G- #$A)%!3 5J!U #C>+sB5- S0 #$8(.j<

)%!3 5J!U  >M& !$ #7D<; }& B)%!j3 }.jG- #C>+sA

#$5j- S0 .j<8 ..j4;>o Pjo;&' »B!j+C8 & *jE; «)%!j3
5C!$% *K�F- .Ds 5+F,$;& #: .DF,^ 5b<;*" #4>1Q-

5- ?!AC *+<.7< #$ ;'.D^  .B.4!o 56K62U Y7"»& *E;
B!+C8 «#b$;' ()%!3);};y6Fj0; #j: S0; )%!31B.jK-!C
5- >" .

(Y-!4 ) *$'!: %!KC IF3*E *wC ' *$ B&a4 };y6F0;
`;'!jjj94 %; #jjj: ;' )*K,jjjtU»&«(»!jjj< «&»*jjjKu ' 

I<;`'>O «5- f7/D-  ';  %!0 .Y-!j" (};y6Fj0; *^
';*o ?8 ]*H l< ' };.: *^ #: S0; 5-a: *K�F- & 

#F3*E.C; .#$`'!94 ' n!�- ?;>D4»*E;x*$;*$A(S0;
B!+C8y*$;*$BS0; «5C!$% )!^*K�F-x&yV%';)!^

A&B.DF,^.

1. Implication relation 
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Y7"1 .#<= IK$ _!9U';5C!7- IKC;>o h!FDF0; pi$ l< )!^

!j$ 5U!jK614 Zj<= �DjX Y-!j" 5C!j7- IKC;>jo h!FDF0;
}!C)!^ :) &'& lKF,j<>+DKJ )!j^ >C1}*jU )!j^ >C (

) &'&2?>C!o )!^ >C (3)!^ >C & 5M&*N }*U )!^ >C (
<>+DKJ#j<= #: S0; 5M&*N lKF,?8 }& & n&; )!j^

#<= �abO; ' ;')!j^5J!jU ;' *jN8 #j<= & & }.jG-
.D<>E .%!jKC  '>j- 5C!j7- )!j^*K�F- ;.F$; (n&; #<= ' 

YjK17U !j$ (5j6+DM B &.j2- ' l,j<' IKjK/U );*$
p0*X#-!C5- kiA- 50!D"'!: )!^fgj0 & .C *E

j+<!X ' IK/-!jC )!^*K�F- `'>O #$#C!-!j0 pjC; B!
B*KN�5- )%!0.C>" .(v>6b-  *$'!: ' n!�- ?;>D4 #$

.DC!- 5<!^*K�F- :(5E >jJ8 ';.jG- ( & )';.<!X (#6O!3
& ) & B &.j2- lj<z>J>X>U #b$;' ( & S:*[ S@M

#$ (?8 *KwC*jwC ' ) &'& lKF,<>+DKJ )!^ >C ?;>D4
B." #F3*E.C;.

5M&*N (n&; #<= 53*/- %; fX)!^}& #<= #$ ?8
5jjj- YLjjjF-#jjj$ #jjjM>U !jjj$ }& #jjj<= ' & .C>jjj"

p0*X#-!C5j- kiAj- 5LLiU )!^#js #j:   *jE
}*U.C *E 53*/- 5F,<!$ 5<!^ .#$*jK�F- (n!j�- ?;>jD4

5- ;' #6O!3 )%!3kN!j" !j$ ?;>U(qj: ?>j�1^ 5<!j^

 ; ?!AjC  !<% & x0>F- .kN!j" Ij<;5j- !j^.jDC;>U
F- ? >$ l< & *tO *< !G-#F0>KX #4>1Q- #$ ;' *K�);

.D^ n!GFC; l< & *tO IK$ .5j- '>jwD- I<.$%; ?;>jU
#GC%&� (5�6�- )%!3 P$;>U *j: B !tFj0; ?8 *<!wC & ); .

Y7" ' 2&  & )';.j<!X #j$ _>j$*- )%!3 )!^*K�F-
*+M!FDF0; pi$ pC; B!+<!X ' B." B*KN� � !$ S@M

5- B.^!A- #C!-!0.C>".123

<= ' !j$ (#C!-!j0 %!KC  '>- IKC;>o #4>1Q- (}>0 #
p0*X #$ #M>U#-!C5- I<&.U 5D3 )!^5j3*/- & .C>"

5-.C *E .#$`'!j94 #jC>1C ?;>D4»#j$  !j$ Sj@M *jE;
(qj: ?8 #$ S9,C B >U #6O!3 & (56+DM B &.2- S10

 >U 5E >J8 &|l,j<' ';.G- B!+C8 (."!$  !<% *wC  '>-
S0;  !<%«(?>C!o Y-!"v>j6b- #C!-!j0 ' B!+C8 j *E;

S0; .) &'& x<;*" #$ #M>U !$ IKC;>o I<;& 5C!7- )!^
5- cKt6U *+<.7< !$ )%!3 )!^'>U;*X; %; B !tF0; !$.C>"

#QKFC }!QC;*0 &5- S0 #$ ;' 5<!@C );.D^ .

1. Input Linguistic Nodes 
2. Input Term Nodes 
3. Rule Nodes 
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#<= #tK�&qQDjX & }'!j@s )!^(5jM&*N 5j3*/-
*wC  '>-)l,<' ';.G- ?!1^ (lj< `'>jO #$*jK�F-
S0; )%!3)Y7"3 .(#j$ l,j<' ';.G- #<= & I<; ' 

kN!j" �DjX !j$ & l< & *tO IK$ #QKFC *K�F- ?;>D4

56O;»q: 56KN«(»x0>F-«(» !<% «&»5j6KN !j<% «
S0; B." #F3*E *wC '  .#<= n!LU; !$ ;WJ& }'!@s )!^

}>0 #<= #$ qQDX(5M&*N p<!1C ?!7-;h!FDFj0; )!^
*K�F- ' B." ';  >M& 5C8 `'>O #$ 5M&*N )%!3.

Y7"2 .kN!" 53*/-}& #<= ' )%!3 )!^*K�F- !$ x9U*- )!^

Y7"3 .5M&*N )%!3 *K�F- `'>O #$ 5<!@C l,<' ';.G- 53*/-
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Y7"4 .B ; B!+<!X 57KFCz )*KE !<

2-2-($%3& >;$"/S A:;C9%*
C; );*$ )>o )';y$; (lKFCz qF<'>+J;*jKwC 5J!j14; }!jQ

#DK@$ ()%!3 IKC;>o .KJ>U& cj6/U P$;>U .KJ>U (!@C8 )%!0
#j$ cj6/U P$;>U qKwDU5j- '!1j".j<8)Cordón et al., 

2004( .' qF<'>jj+J; Ijj<; %; B !tFjj0; (5jj6: *jjwD- %;
5- ;' pC; '!: >N )*KE !<#DK@$ n!14; %; ?;>U)%!j0

cjj<*H %; pjjC; {jj<*/U ko;>jjC Pjj3' )!Fjj0;' ' 
 *1"*$ ?!0!D"'!: .& IKC;>o )';WE.: !$ qF<'>+J; I<;

53*/- 5C!7- )!^*F-;'!X!j$ & h!FDFj0; pji$ ' B."
.DC!- 56-!7U )!^'>U;*X; %; B !tF0; :v!jiFC;1(}!ju ;2&

p@M3&  %!j0 kiAj- ;' #DK@$ IKC;>o #: S0; ' !o
{<*/U )%!3 )!^*K�F-.jD: qKjwDU & Y<.j/U ;' B.j" .

5$!KF0 );*$!j$ )*KE !j< `!jK614 ( >LjG- Ij<; #j$
& #j<!X pjC; IKC;>o pi$ & )&' *$ .D<;*3 & );*M;

5- }!QC; (B ; B!+<!X *KE .I<; ' )*KE !j< .C&' SJ![
#:  *KE 5- }!QC; _*" I<; !$»B!j+<!X #j: ?!j-% *j^

#$ 57KFCz qKwDU .D<;*3 );*M; !$ B ; Yj14 (.-8 S0 
#$ )*KE !<h;*iF0; '>wD-#DK@$ &}!jQC; IKC;>o )%!0

 >jj"« .& 5$!jj<%'; );*jj$ !jjbN #9jj0!2- V&' %; ;WjjJ
5- B !tF0; .D<;*3 Y: 5QD0'!9F4; >".

3-V@) - W*%U$
�K6N ' 51@- P<!o&*j$ #j: Sj0; B !jF3; �!tU; R'!3

B &.jj2- S,jj<% xKjj2- )&'';WjjE*KdeU ];*jjH; )!jj^

B >$.C; .#<>C;z ' 1991yC B!- l< %; *F1: ' #j$ l< 
700& Sj3*E pU8 5F<>: B!+A<=!X & *7C!U (B!s900

.C." B.C;%>0 StC #7A$ ?>K6K- .' (#d ![ I<; 5X ' 
n>H9B >U B!-B &.2- %; Y<!- .O .Ds  & )!^)!^

.DF3*E;*3 ;' ];*H;)Price, 1993(Y7" ' #: (5yjKC
S0; B." B ; ?!AC.123

B &.jj2- %; 5jj7<KdejjU Sjj2U )!jj^(#jjd ![ Ijj<; *
#GbD-j<; v*ju v>jDM ' 56+DM );;*' #j: Sj0; ?

B!js %; YO![ 5E >J8 '!AFC; ZQKFC(Sj<>: SjtC )!j^
& �!jjN SjjKtK: (?!jj^!KE .jj"' ' )*K+1Ajjs Sjj3;

#C>ESj0; B.j" B.^!Aj- ?8 '  >jM>- 5^!jKE )!^ .
B >jU #: .< *E m4!$ #GbD- I<; ' 50!D";>^ x<;*"

n!1jj" #jj$ v>jjDM %;  & )jjO #jj$ljj< ><*X `'> ( ';&
#<=  *E l<*t,1U; )!^ .(#K~&z !U R'!- 5C!-% B%!$ ' 

#jQKFC ' #j: .jC *: ?.<%& #$ r&*" ).<." )!^ !$
DM #jjGbD- ' 5E >jjJ8 pjjiX mjj4!$+.C.jj" 5jj6 .

50'*$?8 ' #:  ; ?!AC R'!- !U #<'>3 %; 5<!- )!^
 &.[ ' !- ?!-%8!jU45FC!j0 #jM' p^!j:  ;*jE

S3!< .^B >jU #j: .jC ; ?!AC `!GKG2U #QKFC IKD�1
& .Kjj"'>N '>jjC ?.jj" #jj:>6$ mjj4!$ �*jj2F-  & 
#jGbD- ' ?!j^!KE yFDj0>F3 }!QC; );*$ '>C S< &.2-

1. Select 
2. Crossover 
3. Mutation 
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 >$ B." *wC  '>- 56+DM .) (Ij<; *j$ ?&yj3;.K,j:;
?z&*jFKC )!^.K,jj:; & '>tJ>j0#jj$ yjKC  & %; YjjO![

?;'!j$ `'>jO #j$ & .C." c<'yU *t,1U;j0; )!j^).K
.C *: V'!$.

5- kiA- �>3 .^;>" IF3*E *wC ' !$57<   *E
#jju.u I<*jjF1@- %;xKjj2- %; Sjj�!t[ ?!-%!jj0 )!jj^

' )'>j3 & 5C8 `'>O #$ l,<' IK1iU ('>A: S,<%
#$ S0 I<; %; 5d ;>[5- '!1".<8 .5U!j/J!b- B &.2-
B.jj" #jjF3*E *jjwC ' )Y7jj"6 (' #jj:N32&E53

; B.jj" Pjjo;& #jjC!K-'&!NY-!jj" 5/$!jjD- );'; (Sjj0 :

Yjj+DMIKjj-% (5jj$8 P$!jjD- (!jj^IKjj-% (*<!jj$ )!jj^)!jj^
I1s & ()%'&!A:S0!^';% .f74 #GbD- I<; ' Yj1/J;

' & Sj0; qj: 5j6KN ?.j" ).Kj0; #j$ S9,C �!N
?;'!$ *KdeU ?;yK- #QKFC)%'&!Aj: )&' *j$ ).K0; )!^

 >j$ .j^;>N '!K,j$ cH!jD- I<; .?;'!j$ IKjD�1^)!j^
$!D- ).K0;5- B >J8 ;' #GbD- 5$8 P#j$ �9j0 & .C%!0

#jGbD- Ij<; ?!D:!j0 & ?;'>C!jM 5E.jC% ? !jF3; *bN
5-.C>" .

Y7"5 .pU8 %; YO![  & S:*[B!s )%>0?;*<; &*16o S10 #$ S<>: StC )!^

Y7"6 .#F3*E *wC ' �*KdeU | &.2-B."
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!G- ) *$'!: ];.^; %;#j$ lj1: '>wD- #$ *\![ ZJ
qK1LU#C!-!0 5[;*H (YK62U & )*KE' !jo #: S0; );

SjK6$!o %; B !tF0; !$ ."!$Yj-!4 )!j^!jD9-)& h!FDFj0;
)*KE !< (IKjK/U 5U!/J!b- B &.2- ' ;' l,<' ';.G-

#9U' #$ & .D: %; *jg$ *jwC  '>j- #jGbD- ).D$ .);*j$
Yj-!4 5C!j7- #C!-!j0 l< ( >LG- I<.$ n>L[)!jD9-

)%!3 j lKFCz)Y7"7 ((B ; *+M;*iF0; );yM; Y-!"
#K9")*KE !j< ()%!3 *+M!FDF0; (l<z>J>X>U x$;&' %!0

V';yjjE pjji$ & ljjKFCz& 5jj[;*H (p<!jj1C & )*jjKE
B !KX.< *E )%!0 .)'!j1/- %; B !tFj0; !j$ #C!-!j0 I<;

Y7" ' B." B ; ?!AC7#6�,j- ' ;' l,<' *< !G-

»pU8B!s )%>0n!0 ' S<>: StC )!^1991*KdeU &
Y+DM B &.2- *$ ?8 %; YO![  & 5j$*u v>jDM )!j^

?;*<; «#$B &.2- & B '&8 S0 �*j/- ' 56+DM )!^
5- kiA- ;' *bN.D:.;.jF$; (#C!-!0 I<; );*M; );*$

#jtJ�- )&![ 5C!7- | ; B!+<!XYjK9o %; h!FDFj0; )!j^
*<&!LUNOAAJ!u  !$ S@M ( & `!9d (?;'!j$ (�)!j^
().K0;n.j- ( & S-!i\ (?!FN' r!tU'; (�!N r>C

#C>1C (IK-% 5->o' & ?;yK- & 5^!KE 5tD- ."' )!^
*AFD-5- YK7AU B." >" .B ; I<;}!jC #$ 5F-*3 !$ !^

ASCIIS4*j0 & q: qQ[ .DC!- 5U!KO>LN );'; #:
B*KN� (S0;  !<% 5C;>N;*3B." )%!0.C;.

Y7"7 .) !@DAKX )%!3 lKFCz #C!-!0 )'!1/-

Y7"8 .#C>1CB ; %; );B !tF0;  '>- )!^

 !"#$ %&!'()*

+,)*-./

+#)01 2(/( 2)3*)4 2(/( &35/&6"7/

8!9: *$;<;4;= >,/?. -)7

%-)@ &35)"A"7/

2(?BC1&DE %)F

G#/( 2)3*)4

H./I' ? J!KL=%&!'

&*;L=NOAAB#),1?2?3.( (?( %./B*)48!M?$
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#jtJ�- %; B !tFj0; !j$ B ; *+M;*iFj0; pi$%; );
#-!C*$�5" 5,<>CB'!j"; }!jC #$ ;*EB ; B!j+<!X #j$ (*jE

5- YLF-B'& );*j$ ;' %!jKC  '>- `!4aH; &  >")!j^
$ (*KK�U 5C!-%5-*5- h;*iF0; & .QD0.D: .pi$ I<;

B'& *j^ ' ;' n!jU'>X 5F3!j<' `!4aH; #: S0; ' !o
.D: V%; *X & S3!<' 5C!-% .

}>j@t- #j$ *jKK�U 5C!j-% B'& (v>j6b-  *$'!: ' 
#C!K^!- `!4aH;&  & 5C!j7- '!jF3' ?8 ' #: S0; );

%!jKC .j[ ' & qj@- 5U!C!j0>C Y-!j" 56+DM B &.2-
#$>wD-qK1LU '.DF,^ )*KE .B!j- ' #j: !QC8 %;)!j^

n!j0 *9-!Fgj0 & `&; (#jK~&z (Ij~&z (#- (R'!- (#<'>3
1991#jjC>E .jj"' ' ) !jj<% `;*jjKK�U?!jj^!KE )!jj^
Y+DMSjt^ (Sj0; B ; �' '>Aj: 5j$*u v>jDM )!^
#$ B'& B'& ?;>D4#F3*E *wC ' 5C!7- '!F3' *KK�U )!^

B.".C; .B'& I<; %; l< *^ ' *+M;*iFj0; _!j9U'; !j^
';*jjo*$ *jj<% 5U!jjK614 #jj6[*- #jj0 ' B ; B!jj+<!X !jj$

5-  *E .
{J; (B >U h;*iF0; & )!^B &.j2- & )%!j3)!j^

!@C8 n!0'; & '!F3' *KK�U 5C!-% B'& *^ ' 56+DM )%!3
#K9" #$x$;&' %!0.

v (B ; #j$ _>j$*- `;*jKK�U Sj9d & 5$!< '5<!j^
.DC!- : & )';.<!X*j^ '  & ?;yK- & �J!u  !$ S@M (

*+M!FDFj0; pji$ pjC; B!j+<!X #$ !@C8 n!0'; & B'& 
#$)%!3 '>wD-)%!0.

h (.DC!- 5<!^*K�F- pQD0 :?;'!$r>C ().K0; )!^
B!j+<!X #$ !@C8 n!0'; & 5U!90!2- l,<' ';.G- & �!N

#$ *+M!FDF0; pC; )%!3 )!^.D<;*3 }!QC; '>wD-()%!0
& h!FDF0;)*KE !<.

#K9" pi$ ' I<*jF1@- #j: l<z>J>X>U x$;&' %!0
!j$ IK/-!jC 5C!j7- )!j^'!F3' *KK�U pQD0 ?8 #tK�&
(Sj0; B ; *+M;*iFj0; %; 5J!j0'; `!j4aH; #j$ #M>U

#$5- ;*M; 56O; Y14 #0 56: '>H  *E:
{jjJ; (#K9jj"IKjj$ )%!jj3 ljj<z>J>X>U xjj$;&' )%!jj0
B &.2-DM )%!j3 B &.2- &  & )%!3 )!^*j^ ' Yj+

qK1LU )!^*K�F- h;*iF0; & B'& xj$;&' #$ _>$*- %!0
#$ l<z>J>X>UpC; B!+<!X #$ n!0'; '>wD-.

v (B >U 59<*GU #6O!3 #90!2-B &.2- !U  & )!^
)%!3 & Y+DM )%!3pC; B!+<!X ' ?8 )%!0.

h (B >U 5F:*[  ;.F-; #KM>U56+DM B &.2- !$ !^
#$F-; *KdeU kKiAU '>wD- & 5F:*[  ;..

Y7"9 .#C!-!0 IKC;>o h!FDF0; pi$ ' B." 53*/- IKC;>o
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#$#K9" pi$ (#OaN '>H#Fj0>KX `'>jO #j$ %!0
c<*H %; ;' 5C!7- IK/-!C )!^*K�F- #$ _>$*- `!4aH;

#K9"5- YK62U )%!0#$ ;' !@C8 & .D:*j$ YjK62U '>wD-
n!0'; *+M!FDF0; pi$ #$ x9U*- IKC;>o )&'5-.D:.

DF0; pi$Fyj�-  *j7614 %; .jK6GU !j$ IKC;>o *+M!
YjK62U `!j4aH; )&' *j$ #j: Sj0; ' !jo (?!,C;B.j"

)pjjC;  (IKC;>jjo ?!jj1^ #jj:»j *jjE;B!jj+C8 «(.DF,jj^
#QKFC.D: )*KE .#j$ %!jKC  '>- IKC;>o '>wD- I<; );*$

p0*X YK17U !$ & 5$*QU `'>O#-!C#$ 50!D"'!: )!^
pKX ?;>D4_*")!j^5j3*/- pjC; B!j+<!X ' #jKJ&;

5-.C>" .(#C!-!j0 5<!C;>U #: S0; *:� #$ }%= !QD<; ' 
#j~;'; �*jH & S,jKC �!N IKC;>o  ;./U I<; #$  &.2-
 ;.j/U *jwC  '>j-  *$'!: #$ #M>U !$ #: S0; ' !o B."

.^ p^!: !< & p<;y3; ;' IKC;>o)Y7"9.(
#$- #7D<; & h!FDF0; .D<;*3 S<>GU '>wD-S0; I71

cjj<*H %; ;' #jjDK@$ & .jjKt- IKC;>jjo 5-!jj1U ?;>jjFC
p0*X#j-!C#j$ 5j0!D"'!: )!j^qF<'>j+J; ( '&8 Sj0 

5j- Yj14  ';& #j6[*- Ij<; ' ljKFCz )*KE !< >j" .
B.jj<.X 5C!jj7- *jjKK�U |'& *jj^ ' I<;*$!jjD$pjji$ (!jj^

5j- YLjF- B ; B!+<!X #$ �;'>3 lKFCz )*KE !<&  >j"
B ; 0; ;' 5"%>-8 )!^5- h;*iF.D: .B ; 5"%>-8 )!^

#<= Po;&' #C>1C #$ _>$*- 5C!7- )!^5jtD- ."' )!^
#$ ?!^!KEyKJ!jC8 cj<*H %; #j: .DF,j^ #jC!^!- `'>jO

YK3&*X qK0*U & S0.DJ *<&!LU#C!K^!- )!^NDVI' 
#$ #C>1C _!GCB.-8 S0 .C;.

' B.j" #~;'; `!2K\>U #$ #M>U !$ lKFCz qF<'>+J;
pjji$2-25jj- YLjjF- IKC;>jjo h!FDFjj0; #jj$&   *jjE

5- qKwDU ;' ?8 )!^*K�F-{<*/U IKC;>o & .D:;' B.j"
B ; %; B !tF0; !$#DK@$ 5"%>-8 )!^5- )%!0.jD: .' 

Y7"10& h!FDFj0; ?!j-y1^  *j7614 %; YO![ �<!FC
#j$ IKC;>jo 5j7KFCz )*KE !<l,j<' Z9j0!2- '>jwD-

#$j: (Sj0; B.j" B '&8 #C!K^!- `'>O�cH!jD- ?8 ' #
#j$  !<% l,<' );'; l1Ajs `'>jOB ; p<!j1C ?%

5-.C>" .& (B !tF0;  '>- lKFCz )*KE !< qF<'>+J; ' 
& 5C!j7- )%!j3 )!j^*K�F- cj6/U Pj$;>U ).jD$.: �yM

*j^ #jQKFC ' (.C';  >M& )%!3 IKC;>o ?!E.D^ *KK�U
{<*/U }&%>-&*: >j$ .j^;>N pi$ & I<; Y-!" B." .

I<; ' B.jD^ *KK�U lj< %; IKC;>o ).D$.: );*$ SJ![
#j$ lKF,<>+DKJ*F-;'!jX !j$ 5/$!jU `'>jO B !tFj0;

5-5- ?!7-; lKFCz )*KE !< pi$ #$ #:  >"!jU .^ 
}*U !$ x9U*- c6/U P$;>UJ )!^K;' *wC '>j- lKF,j<>+D

.jjD: qKjjwDU .#jj$Ijj<; %; 56jjO; r>jjC & n!jj�- ?;>jjD4
�U56KN Y-!" ?!E.D^ *KK(u(x) , )  ! 2q: &pK$&

(u(x) , / )  !0 5.DF,^ .v!jiFC; #jKJ&; SK/1MB.j"
?z !$ B&*E '!@s (?z *iF0; YK7AU );*$%; ?!,7< )!^

a bC ,C#$.DF,^ *<% `'>O:
"n&; B&*jjE :Y-!jj"Ca& 56jjO; )!jj^bC!jj$ !jj^

B.D^ *KK�U ! 1.
"}& B&*E :Y-!"aC& 56O; )!^bC}&.C' )!^.
"}>jj0 B&*jjE :Y-!jj"aC& }&.jjC' )!jj^bC!jj$ !jj^

B.D^ *KK�U ! 1.
"}'!@s B&*E: Y-!"aC& }&.C' )!^bC}&.C' )!^.

Yjj14 }!jjQC; !jj$ IKC;>jjo 5jj7KFCz )*KE !jj< pjji$
S< &.jj2- 5jj3*/- & )';WjjE.:;' #jjKJ&; SjjK/1M (!jj^

5- kiA-#$ ;' I<%!u8 SK/1M &  %!0SK/1M ?;>D4
B*jjKN� )'!jjM5jj- )%!jj0.jjD: .()'!jjM SjjK/1M ' 

}&%>-&*:#$ !^5j- 5$!j<%'; SK$>6b- P$!U Z6K0&.C>j" .
)*KE !< ( *7C !\'; ;' c$!bU P$!U *wC  '>- 5$!<%'; *E;

5j- V%; *jX ;'  >M>- Y,C lKFCz'!:&%!j0 %; & .jD:
5- B !tF0; pD<yE*$.D: .I<.$& (r&*" ' #: `'>O

}&%>-&*:)'!M SK/1M %; #DK@$SK/1M #$  &'& );*$
v!jiFC; pj@M & }!u ; )!^'>U;*X; SJ!N ?&.$ (.<.M

5-.C>" .}&%>-&*:5o!$ )!^#j$ B.jC!-'!:&%!j0 Z6Kj0&
.j<.M SjK/1M #j$  &'& );*j$ SjJ&' pN*s v!iFC;

5- v!iFC;.C *E .?!1J;  ;./U 5Fo&& ' SK/1M )!^
.j<.M SjK/1M (.j" ?!,j7< .j<.M & )'!M SK/\&

M I<y+<!M5- )'!M SK/1  *E.
5- Y14  ';& }!u ; '>U;*X; fg0}!u ; V&' &  >"

lU#bGC5- cK9bU );#j$ }!u ; #bGC l< & .$!<`'>jO
5- {<*/U }&.C' >" .
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Y7"10 .) !@DAKX )%!3 lKFCz #C!-!0 ' h!FDF0; �<!FC

Snapshot1

Snapshot7
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8$.,]^ '$?% $% #$ C,B<H_ XY<Z4)A,i?_ '.,4 (O.g,H
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04 XE9)* 62.M 6.79BN<4(H31 .'.:E.c $% .79BN<4 AE#

'9B@K wH#%04 62.>'%#% 9|.=<4 9E%.F4 ? %31.]H5 6#
 "'$.,1# ? '%#% 9:;#9Z<># oYB>? ," #$ .,]H5  ,J 69,T
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a(,,4'%?(,,R4 9,," 0T%3,,-5 '%3,,* q#9B~�,,* 62.,,>6.,,7
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