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*
!"#$%&'$- We use the example of the allocation of tours to 
mailmen to illustrate the general idea that Interactive 
Evolutionary Computation (IEC) can be applied to a range of 
task allocation problems where the task performers are humans. 
In this application of IEC, each participant is presented only 
with the portion of solution corresponding to his/her task (tour). 
In addition to the subjective evaluation of solutions by the 
participants, the solutions presented to the participants are pre-
optimized according to objective criteria.    
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#W$*&%$&*("#2*^2,%*%$K(2"6*

*

5(K,%$*7I*9B&>0-$*2^*&*6$e,$"'$*2^*L*%$',%6()$*',#6I*

Y2#$* #W&#* #W(6* K$"$%&#()$* 0%2'$J,%$* J2$6* "2#* K,&%&"#$$*
&%$&* 4&-&"'("KI* 1W$* 6$&%'W* $"K("$* G(--* W&)$* #2* J(6'2)$%*
62-,#(2"6*#W&#*'2%%$602"J*#2*&*^&(%*0&%#(#(2"*2^*60&'$*

=( *+,#.>?+)-+?-+1+,.%./#,)%,@)97.%./#,)
*

* R()$"*#W&#*#W$*",>4$%*2^*>&(->$"*(6*'2"6#&"#8*G$*"$$J*&*
>$#W2J*#2*>,#&#$*6,4J()(6(2"6*2^*#W$*&%$&6*G(#W2,#*&-#$%("K*
#W$* ",>4$%* 2^* %$K(2"6I* 1W(6* (6* &K&("* &'W($)$J* ,6("K* #W$*
%$',%6()$*',#*#$'W"(e,$*J$6'%(4$J*("*H$'#(2"*!!I:I*1W$*&%$&*(6*
^(%6#*J()(J$J*("#2*9 *%$K(2"6*^2--2G("K*#W$*>$#W2J*J$6'%(4$J*
("*H$'#(2"* !!I:I*1W$*%$6,-#("K* K$"2#D0$* (6*&*6$e,$"'$*2^*9 *
'W%2>262>$68* $&'W* 'W%2>262>$* 4$("K* 2^* #W$* ^2%>*
c ////4 �M�W�U 888 d8* GW$%$*4/* (6* #W$* -&%K$6#* %$K(2"8* #2* 4$* ^,%#W$%*

6,4J()(J$J8* &#* 6#$0*/* 2^* #W$* %$',%6()$* ',#* 0%2'$668* &"J* #W$*
2#W$%*0&%&>$#$%6*'2%%$602"J*#2�U8*�W*&"J*�M*("*H$'#(2"*!!I:*
&"J* J$^("$* &* 60-(#* ("#2* #G2* 6,4.%$K(2"6I* !#* (6* (>02%#&"#* #2*
"2#$*#W&#*#W$*9 *'W%2>262>$6*J2*"2#*J(%$'#-D*%$0%$6$"#*#W$*9 *
%$K(2"6* 4,#* %&#W$%* %$0%$6$"#* #W$*9 * 6,''$66()$* 6#$06* 2^* #W$*
%$',%6()$* ',#* 0%2'$66I* !"* 2%J$%* #2* >,#&#$* #W(6* 0&%#(',-&%*
-&D2,#* 2^* #W$* %$K(2"68* &* ",>4$%*/* 4$#G$$"* 7* &"J*9 * (6*^(%6#*
6$-$'#$J* &"J* &* ,"(^2%>* %&"J2>* "2(6$* Nh.FI78pFI7i* (6* #W$"*
&00-($J*#2*&--*#W%$$*0&%&>$#$%6*/// �M�W�U 88 I*5(K,%$*@*6W2G6*#W$*

$^^$'#*2^*>,#&#(2"6*2"*&*0&%#(#(2"I*

*

5(K,%$* @I* c7d* W$,%(6#('* %&"J2>* 0&%#(#(2"* 24#&("$J* ^%2>* #W$*
%$',%6()$*',#*#$'W"(e,$6*c9 nSd8*c@d.cVd*>,#&#(2"6I*
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A( =-#11#8+-)
*

* 3*6(>0-$*'%2662)$%*>$'W&"(6>*(6*,6$J*#2*%$'2>4("$*#G2*
&%$&6I* l$#* ,6* '2"6(J$%* #G2* 0&%#(#(2"6*B* &"J*CI*B* '&"* 4$*
%$0%$6$"#$J*&6*&*6$#*2^*c9 .7d*S.#,0-$6*B/nc ////4 �M�W�U 888 d8*/n7*#2*

9 .78*GW$%$*9 *(6*#W$*",>4$%*2^*>&(->$"a*-(_$G(6$*A*'&"*4$*
%$0%$6$"#$J* * &6* &* 6$#* 2^*9 .7* S.#,0-$6*C/8* (n7* #2*9 .7I* 3*
,"(^2%>-D* %&"J2>* 6("K-$.02("#* '%2662)$%* 4$#G$$"* #G2*
0&%#(#(2"6*B*&"J*C*(6*J$^("$J*4D*&*%&"J2>*",>4$%*_*J%&G"*
^%2>*&*,"(^2%>*J(6#%(4,#(2"*2)$%*� ^ � `78III8@ ��9 *&"J*0%2J,'$6*&*
0&%#(#(2"*D*K()$"*4DC*D/*n)B/*(^*/q2*&"J*D/*n)C/*(^*/ �t 2I*5(K,%$*
L*6W2G6*&"*$B&>0-$*2^*&*'%2662)$%I*1W(6*'%2662)$%*20$%&#2%8*
GW('W* G$* J$6(K"$J* ^2%* (#6* $&6$* 2^* (>0-$>$"#&#(2"8*
%$0%2J,'$6* 62>$* 2^* #W$* 0%20$%#($6* 2^* 42#W* 0&%$"#6* 4,#* '&"*
'$%#&("-D*4$*(>0%2)$JI*

*

5(K,%$* LI* 5%2>* -$^#* #2* %(KW#C* 0&%#(#(2"*B8* 0&%#(#(2"*C* &"J* &"*
$B&>0-$*'%2662)$%*0&%#(#(2"*DI*

E( F%/"9+,)
*

* 1W$*9 * >&(->$"* &%$* %$0%$6$"#$J* 4D* &* 6$#* 2^*
'W&%&'#$%(6#('6I*H2>$*&%$*0,4-('C*#W$D*&%$*_"2G"*^2%*$B&>0-$*
#2*>&"&K$>$"#*&"J*'&"*4$*#&_$"*("#2*&''2,"#*("*&*#%&J(#(2"&-*
24X$'#()$* ^,"'#(2"I* H2>$* &%$* 0%()&#$C* #W$D* &%$* _"2G"8*
62>$#(>$6* 2"-D* (>0-('(#-D8*#2* $&'W* >&(->&"I* /%()&#$*
'W&%&'#$%(6#('6*&%$*0%()&#$*4$'&,6$*#W$D*&%$*$(#W$%*"2#*_"2G"*
#2*>&"&K$>$"#*2%* '&""2#*4$*$&6(-D*#&_$"* ("#2*&''2,"#* ("*&*
>&#W$>&#('&-*24X$'#()$*^,"'#(2"I**

H,'W* 'W&%&'#$%(6#('6* &6* D$&%6* 2^* $B0$%($"'$* 2%* 60$$J* 2^*
J$-()$%D* &%$* K$"$%('* 4,#* G$* &%$* &-62* ("#$%$6#$J* ("*
'W&%&'#$%(6#('6* #W&#* W&)$* K$2K%&0W('* )&%(&#(2"68* #W&#* (68*
0%$^$%$"'$6* &"J* $^^('($"'($6* #W&#* )&%D* G(#W* -2'&#(2"* ^2%* &*
K()$"*>&(->&"I* l2'&#(2".J$0$"J$"#* )&%(&4-$6* ("*2,%*>2J$-*
&%$*?-+0+-+,&+18*GW('W*&%$*0%()&#$8*&"J*+00/&/+,&>8*GW('W*(6*
0,4-('I*1W$6$*)&%(&4-$6*&%$*&66,>$J*#2*4$*'2"6#&"#*2)$%*>26#*
2^*#W$*&%$&*#2*%$^-$'#*#W$*^&'#*#W&#*>26#*-2'&#(2"6*&%$*0%24&4-D*
"$,#%&-*^%2>*#W$*)($G02("#6*2^*0%$^$%$"'$6*&"J*$^^('($"'D*^2%*
&*K()$"*>&(->&"I**

1W$* "$,#%&-* 4&6$* -$)$-* (6* &66,>$J* #2* 4$* FI* !"* &JJ(#(2"8*
'$%#&("*-2'&#(2"6*&%$*&66(K"$J*&*0%$^$%$"'$*G$(KW#*G?*&"J`2%*
&"*$^^('($"'D*G$(KW#*G+I* :2#W*G?*&"J*G+*&%$*J%&G"*^%2>*&*
,"(^2%>* J(6#%(4,#(2"* Nh.78p7iI* 52%* $&'W* >&(->&"8* 7F*
-2'&#(2"6* &%$* %&"J2>-D* K$"$%&#$J* ^%2>* &* ,"(^2%>*
J(6#%(4,#(2"* 2)$%* h.78p7i*�u* h.78p7ia* -2'&#(2"6* #W&#* ^&--*
2,#6(J$* 2^* #W$* %$K(2"* &%$* "2#*#&_$"* ("#2* &''2,"#a* -2'&#(2"6*
#W&#*J2*^&--*G(#W("*#W$*%$K(2"*&%$*&66(K"$J*&*G$(KW#8*$(#W$%*&"*
$^^('($"'D*G$(KW#*2%*&*0%$^$%$"'$*G$(KW#I**

3*"$K&#()$*G$(KW#*(6*f4&Jg8*"&>$-D*#W$*>&(->&"*(6*$(#W$%*
("$^^('($"#* &#* 2%* ,"W&00D* G(#W* #W&#* -2'&#(2"a* &* 026(#()$*
G$(KW#*(6*fK22Jg8*"&>$-D*&*>&(->&"*(6*$(#W$%*$^^('($"#*&#*2%*
W&00D* G(#W* #W&#* -2'&#(2"I* * 3#* #W(6* 02("#* G$* &66,>$* ^2%*
6(>0-('(#D* &"J* J$>2"6#%&#(2"* 0,%026$6* #W&#* >&(-* )2-,>$* (6*
,"(^2%>*&'%266* -2'&#(2"68*4,#*#W(6*&66,>0#(2"* '&"*$&6(-D*4$*
%$-&B$J*c5(K,%$*SdI*

*

*

a 

*

b 

5(K,%$* SI* &C* %$K(2"* K$"$%&#$JI* 4C* /%$^$%$"'$* &"J* $^^('($"'D*
-2'&#(2"6* &"J* G$(KW#6* ^2%* $&'W* >&(->&"I* E(%'-$6* ("J('&#$*
0%$^$%$"'$6*&"J*J(&>2"J6*("J('&#$*$^^('($"'DI*N"^(--$J*'(%'-$6*2%*
J(&>2"J6* '2%%$602"J* #2* "$K&#()$* )&-,$68* ^(--$J* '(%'-$6* 2%*
J(&>2"J6*'2%%$602"J*#2*026(#()$*)&-,$6I*1W$*6(]$*2^*#W$*6D>42-*
(6*0%202%#(2"&-*#2*#W$*&462-,#$*)&-,$*2^*0%$^$%$"'$*2^*$^^('($"'D*
G$(KW#I*

!!!I*!H93ZE? *

'(  H8+-8/+G)
*

 1W$* $"K("$* G2%_6* &6* ^2--2G6C* &* 6$#* 2^* 0&%#(#(2"6* (6*
K$"$%&#$J8* &"* 20#(>(]&#(2"* W$,%(6#('* cW$%$8* 0&%&--$-* W(--*
'-(>4$%6d*(6*%,"*^2%*&*^(B$J*",>4$%*2^*(#$%&#(2"6*I *#2*("'%$&6$*
#W$*#$4+&./8+*$^^('($"'D*2^*62-,#(2"6a*#W$*4$6#*62-,#(2"6*^%2>*
#W$* 20#(>(]&#(2"* %,"* &%$* 6$-$'#$J* ^2%* 0%$6$"#&#(2"* #2* #W$*
0&%#('(0&"#68* GW2* %&"_* 2"-D* #W$*?#-./#,1) #0) 1#"7./#,1* #W$D*
W&)$*4$$"*&66(K"$Ja*6$-$'#(2"*&"J*$)2-,#(2"&%D*20$%&#2%6*&%$*
&00-($J*#2*#W$*0&%#('(0&"#.$)&-,&#$J*62-,#(2"6*2"*#W$*4&6(6*2^*
#W$* 0&%#('(0&"#6b*17$4+&./8+* %&"_("K6a* #W$* %$6,-#("K* 6$#* 2^*
62-,#(2"6*&%$*^$J*("#2*#W$*20#(>(]&#(2"*W$,%(6#('8*GW('W*(6*%,"*
&K&("*^2%*I *(#$%&#(2"6*#2*(>0%2)$*$^^('($"'Da*&"J*62*^2%#WI*!"*
#W(6* 0%2'$66* #W$%$* (6* #W$%$^2%$* &* 6$e,$"'$* 2^* #G2.6#&K$*
(#$%&#(2"68* #W$* ^(%6#* 6#&K$* 4$("K*I * '2>0,#$%.&,#2>&#$J*
20#(>(]&#(2"* (#$%&#(2"68* &"J* #W$* 6$'2"J* 6#&K$* 4$("K* 2"$*
$)2-,#(2"&%D* (#$%&#(2"* J%()$"* 4D* &* 6,4X$'#()$* ^(#"$66*
$)&-,&#(2"I*

5( E00/&/+,&>)H?./9/J%./#,)
*

* 1W$* $^^('($"'D* 20#(>(]&#(2"* W$,%(6#('* (6* &* J$#$%>("(6#('*
'%2GJ("K* &-K2%(#W>C* &* 020,-&#(2"* 2^*K* cW$%$*Knjd* 0&%&--$-*
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W(--* '-(>4$%6* (6* $)2-)$J* ^2%*I * cW$%$8*I n@FFd* K$"$%&#(2"6I*
9&'W* 62-,#(2"* c0&%#(#(2"d* ("* #W$* 020,-&#(2"* (6* >,#&#$J8* #W$*
>,#&#$J*62-,#(2"*(6*$)&-,&#$J*&"J*%$0-&'$6*(#6*0&%$"#*2"-D*(^*
4$##$%I*1W$*020,-&#(2"*(6*,">(B$J*#2*0%$6$%)$*J()$%6(#DI*1W$*
>,#&#(2"*20$%&#2%*(6*#W$*2"$*J$6'%(4$J* ("*H$'#(2"* !!IEI*1W$*
$^^('($"'D* 6'2%$* 2^* &* 0&%#(#(2"*(6* '&-',-&#$J* &6*^2--2G6I* 52%*
$)$%D* >&(->&"8* #W$%$* (6* &* >&B(>,>* 6'2%$*F'B +* &"J* &*
>("(>,>* 6'2%$* FL3+I*F'B +* (6* 24#&("$J* 4D* 6,>>("K* &--*
026(#()$*G+8*GW(-$*FL3+*(6*24#&("$J*4D*6,>>("K*&--*"$K&#()$*
G+I*3"D*K()$"*%$K(2"*' * '&"*#W$"*4$*&66(K"$J*&* "2%>&-(]$J*
$^^('($"'D* 6'2%$*M+* 4$#G$$"* .7* c)$%D* 4&Jd* &"J* p7* c)$%D*
K22JdC**

� � � � � � � ��� ���� ��VIF@ ����� �¦ �• ++'N ++ FL3F'BNGM *** cLd*

12*#&_$* ("#2*&''2,"#*#W$*6,%^&'$*&%$&*%*2^*' 8*&"*$^^('($"'D*
'26#*^,"'#(2"*=+*(6*'&-',-&#$JC**

+M
+ %= �O� * * * * cSd*

GW$%$*�OnFIrI*3''2%J("K*#2*#W(6*6'2%("K*^2%>,-&8*(#*(6*4$##$%*
c-2G$%*'26#d*#2*&66(K"*&*>&(->&"*#2*&"*&%$&*GW$%$*#W$D*6'2%$*
026(#()$* 02("#6* c,0* #2* 7Fs* (>0%2)$>$"#dI* 1W(6* ^2%>,-&*
&66,>$6*#W&#*$^^('($"'D*G$(KW#6*>2J,-&#$*#W$*(>02%#&"'$*2^*
#W$*6(]$*2^*#W$*&%$&*&66(K"$J*#2*&*>&(->&"I*l$#*�� ��'/=+ 8 8*/n7*

#2*9 8*' n7* #2*9 8* 4$* #W$* $^^('($"'D* '26#* 2^* >&(->&"*/*4$("K*
&66(K"$J*%$K(2"*' I*52%*$&'W*0$%>,#&#(2"*�V*GW('W*&66(K"6*&*
%$K(2"*�Vc/d*#2*$&'W*>&(->&"*/8*#W$*#2#&-*$^^('($"'D* '26#*2^*
�V(6*K()$"*4DC*

** � � � � � � � �� � � ��¦ � � 9

/ ++ //== 7 8�V�V * * * cVd*

1W$* 4$6#* %$K(2"* &--2'&#(2"* ^%2>* #W$* 02("#* 2^* )($G* 2^*
$^^('($"'D*(6**

� � � �� � � ��V�V +='-!F%N� t I* * * cjd*

?$%$8* K()$"* #W$* 6>&--* 6(]$* 2^* 2,%* #2D* 0%24-$>8*�Vt * (6*
^2,"J*4D*'2>0-$#$*$",>$%&#(2"*2^*&--*0$%>,#&#(2"6I**

l&6#-D8* G$* "$$J* #2* #&_$* ("#2* &''2,"#* &%$&* 4&-&"'("K* #2*
$"6,%$*&*^&(%*&--2'&#(2"*G(#W*-(>(#$J*6(]$*)&%(&"'$*&'%266*#W$*
&--2'&#$J* %$K(2"6I* Z$K,-&#(2"6* &"J* -(>(#6* #2* #W$* ",>4$%* 2^*
G2%_* W2,%6* %$e,(%$* #W$* ("#$K%&#(2"* 2^*&%$&*4&-&"'("K*c>2%$*
K$"$%&--D* G2%_-2&J* 4&-&"'("K8* 6("'$* ("* #W$* %$&-* G2%-J*
G2%_-2&J*(6*&^^$'#$J*4D*&*>,-#(0-('(#D*2^*^&'#2%6*6,'W*&6*>&(-*
)2-,>$8* K$2K%&0W('* '2"J(#(2"68* J(6#&"'$* G&-_$J* 2%* J%()$"8*
$#'dI* 12* %$J,'$* #W$* '26#* )&%(&"'$* c%&#W$%* #W&"* #W$* 6(]$*
)&%(&"'$8* GW('W* J2$6* "2#* #&_$* ("#2* &''2,"#* >&(->&"*
$^^('($"'Dd*

** � � � � � � � �� � � �� > � @@

7 8�¦ � ��� 9

/ + =//= �V�V�V�Q 8*** * cUd*

GW$%$*�V= (6* #W$* &)$%&K$* $^^('($"'D* '26#* 2^* &* >&(->&"* ^2%*

&--2'&#(2"*�V8* � � � ��V+= *(6*>2J(^($J*&6*^2--2G6C**

� � � � � � � �� � � ��V�Q�\�V�V ++ == �m 8** * * cMd*

GW$%$*�\ n7ILI*!"*2#W$%*G2%J68*� � � ��V+= *(6*&>0-(^($J*(^*%$K(2"*

&--2'&#(2"*�V* (6* ,"$)$"I* += * (6* #W$* '26#* ^,"'#(2"* ,6$J* #2*

$)&-,&#$* 62-,#(2"6* ("* #W$* 0&%&--$-* W(--* '-(>4$%6I* :$##$%*
62-,#(2"6*W&)$*-2G$%*+= *)&-,$6I*

=( L,.+-%&./8+)E8#"7./#,)
*

1W$*, *cW$%$8*, njd*4$6#*62-,#(2"6* ^%2>*#W$* 20#(>(]&#(2"* %,"*
G(#W* #W$* 24X$'#()$* ^,"'#(2"*+= * &%$* "2G* 0%$6$"#$J* #2* #W$*

>&(->$"8* GW2* &66(K"* &* J(66&#(6^&'#(2"* ",>4$%* #2* #W$*
J(^^$%$"#* 62-,#(2"6* 4&6$J* 62-$-D* 2"* #W$* %$K(2"6* #W$D* W&)$*
4$$"* &66(K"$J* c#W$D* $(#W$%* W&)$* "2* _"2G-$JK$* 2^* GW('W*
%$K(2"6*#W$*2#W$%*>&(->$"*&%$*&66(K"$J8*2%*J2*>&_$* ,6$*2^*
#W&#*_"2G-$JK$*("*%&#("K*#W$(%*2G"*%$K(2"6dI*9&'W*>&(->&"*
(6* 4D* J$^("(#(2"* &66(K"$J* 2"$* %$K(2"* ("* $&'W* 2^* #W$* 6(B*
0&%#(#(2"6I* 3* 62-,#(2"* (6* &* 0&%#(#(2"*On 9'' 8III87 * 2^* 60&'$*

("#2*9 * %$K(2"6* 3Y\* &"* &66(K">$"#*�V* 2^* >&(->$"* #2* #W$*
%$K(2"6I*1W$*0%2'$66*(6*6(>(-&%*#2*#W$*2"$*J$^("$J*("*H$'#(2"*
!!!I:I* 52%* $)$%D* >&(->&"8* #W$%$* (6* &* >&B(>,>* 0%$^$%$"'$*
6'2%$*F'B ?*&"J*&*>("(>,>*0%$^$%$"'$*6'2%$*FL3?I*F'B ?*(6*
24#&("$J* 4D* 6,>>("K* &--* 026(#()$* 0%$^$%$"'$* G$(KW#6*G?8*
GW(-$*FL3?* (6* 24#&("$J* 4D* 6,>>("K* &--* "$K&#()$*G?I* 3"D*
K()$"*%$K(2"*3*'&"*#W$"*4$*&66(K"$J*&*"2%>&-(]$J*0%$^$%$"'$*
6'2%$*M?*4$#G$$"*.7*c)$%D*4&Jd*&"J*p7*c)$%D*K22JdC*

�� �� �� ���� ���� ��VIF@ ����� �¦ �• ??'N ?? FL3F'BNGM * crd*

12*#&_$*("#2*&''2,"#*#W$*6,%^&'$*&%$&*%*2^*' 8*&*0%$^$%$"'$*
'26#*^,"'#(2"*=?*c2%*J(66&#(6^&'#(2"d*(6*'&-',-&#$JC**

?M
? %= �O� * * * * c7Fd*

GW$%$*�OnFIrI* 9&'W* >&(->&"* '&"* #W$%$^2%$* '2>0,#$* &*
0$%62"&-*J(66&#(6^&'#(2"*^2%*$&'W*2^*#W$*, *%$K(2"6*#W$D*W&)$*
4$$"* 0%2026$JI* :&6$J* 2"*=?8* $&'W* >&(->&"* '&"* "2G* %&"_*
$&'W*2^*#W$*, *62-,#(2"6I*l$#*6c/82d*4$*>&(->&"*/b6*%&"_("K*2^*
62-,#(2"*2I* 1W$* '26#*=?c2d* 2^* 62-,#(2"*2* (6* #W$* 6,>* 2^* #W$*
',4$J*%&"_("K6C**

=?c2dn* �� ���¦ � 

9

/ 2/67
L 8 * * * c77d*

1W$*',4('*$B02"$"#*(6*&(>$J*&#*0,"(6W("K*62-,#(2"6*#W&#*
K()$*&"D*>&(->&"*&*W(KW*0%$^$%$"'$*'26#8*#W$%$4D*(>0-('(#-D*
^&)2%("K*0%$^$%$"'$*4&-&"'("KI*

:&6$J*2"*#W$*'&-',-&#(2"*2^*=?8*&*"$G*020,-&#(2"*2^*, nj*
62-,#(2"6*(6*'%$&#$J*&6*^2--2G6C**

c7d*#W$*4$6#*62-,#(2"*%$>&("6*,"'W&"K$Ja**

c@d* &* >&#("K* 022-* '2>0%(6$J* 2^* #W$* 4$6#* #W%$$* 62-,#(2"6* (6*
4,(-#a**

cLd*#G2*"$G*62-,#(2"6*&%$*'%$&#$J*4D*&00-D("K*#W$*'%2662)$%*
20$%&#2%* J$6'%(4$J* ("* H$'#(2"* !!I\* #2* %&"J2>-D* 6$-$'#$J*
0&%#(#(2"6* ("* #W$* >&#("K* 022-* &"J* ^("J("K* #W$* 4$6#*
0$%>,#&#(2"*c-2G$6#*J(66&#(6^&'#(2"da**

cSd*#G2*"$G*62-,#(2"6*&%$*'%$&#$J*4D*&00-D("K*#W$*>,#&#(2"*
20$%&#2%* J$6'%(4$J* ("* H$'#(2"* !!IE* #2* %&"J2>-D* 6$-$'#$J*
0&%#(#(2"6* ("* #W$* >&#("K* 022-* &"J* ^("J("K* #W$* 4$6#*
0$%>,#&#(2"*c-2G$6#*J(66&#(6^&'#(2"da**

cVd*2"$*"$G*62-,#(2"*(6*K$"$%&#$J*%&"J2>-DI*

!uI*!Z9HNl1H *

* 1W$*%$6,-#6*0%$6$"#$J*("*#W(6*6$'#(2"*W&)$*4$$"*24#&("$J*
G(#W*^2,%*>&(->$"I*5(%6#8*&*%$K(2"*(6*K$"$%&#$J*^2--2G("K*#W$*
0%2'$J,%$*J$6'%(4$J*("*H$'#(2"6* !!I3*&"J* !!I:I* /26(#()$*&"J*
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"$K&#()$* 0%$^$%$"'$* &"J* $^^('($"'D* -2'&#(2"6* &%$* #W$"*
&66(K"$J* #2* $&'W* >&(->&"I* * 1W$* $^^('($"'D* 20#(>(]&#(2"*
W$,%(6#('*(6*#W$"*%,"*^2%*I n@FF*(#$%&#(2"6I**

5(KI* V&* 6W2G6* &* #D0('&-* c&)$%&K$* &"J* 4$6#d* ^(#"$66* 0-2#*
J,%("K* #W$* 20#(>(]&#(2"* %,"a* W$%$8* ^(#"$66* (6* ("* ^&'#* &* '26#*
^,"'#(2"*#W&#*"$$J6*#2*4$*>("(>(]$J*c+= dI*5(KI*V4*6W2G6*#W$*

6(B*4$6#*0&%#(#(2"6*^%2>*#W$*20#(>(]&#(2"*#2K$#W$%*G(#W*#W$(%*
4$6#*'2%%$602"J("K*&--2'&#(2"6I*

*

a 

*

b 

5(K,%$*VI*9^^('($"'D*20#(>(]&#(2"*%,"*c&d*&"J*6(B*4$6#*62-,#(2"6*
24#&("$J*&^#$%*@FF*K$"$%&#(2"6*G(#W*j*0&%&--$-*W(--* '-(>4$%6*c4dI*
3*62-,#(2"*(6*#W$*'2>4("&#(2"*2^*&*0&%#(#(2"*&"J*&"*&--2'&#(2"*2^*
>&(->$"I*
*

*
*
5(K,%$* jI* H2-,#(2"6* 0%$6$"#$J* #2* #W$* >&(->$"* &"J* %&"_6I* Y2#$*
#W&#* $&'W* >&(->&"* 2"-D* %&"_6* #W$* %$K(2"6* W$* 2%* 6W$* W&6* 4$$"*
&66(K"$JI*
*
1W$*6(B*4$6#*62-,#(2"6*&%$*#W$"*0%$6$"#$J*#2*#W$*>&(->$"*

("* #W$* ^2%>* 2^* #W$* %$K(2"6* #W$D* W&)$* 4$$"* &66(K"$JI* 9&'W*
>&(->&"* %&"_6* $&'W* %$K(2"I* 5(K,%$* j* 6W2G6* W2G* 62-,#(2"6*
&%$*0%$6$"#$J*#2*#W$*>&(->$"*&"J*$&'W*>&(->&"b6*%&"_("KI**

*

a 

*
b 

5(K,%$*UI*c&dC*$^^('($"'D*^(#"$66*0-2#*c&)$%&K$*&"J*4$6#d*2)$%*@F*
(#$%&#(2"6*2^*#W$*0%2'$66I*Y2#$*#W&#*#W$*$^^('($"'D* '26#*^,"'#(2"*
2^#$"* ("'%$&6$6* &^#$%* #W$* 020,-&#(2"* W&6* 4$$"* >2J(^($J* )(&* #W$*
0%$^$%$"'$6*2^*#W$*>&(->$"I*52%*$&'W*K$"$%&#(2"8*02("#6*2"*#W$*
("$^^('($"'D.J(66&#(6^&'#(2"* /&%$#2* ^%2"#($%* &%$* &-62* 6W2G"I* c4dC*
J(66&#(6^&'#(2"*^(#"$66*0-2#*c>$&"*&"J*4$6#dI**

*
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3* "$G*020,-&#(2"* (6*K$"$%&#$J*4&6$J*2"*#W$*>&(->$"b6*
%&"_("K6I*1W(6*0%2'$66*(6*(#$%&#$J*,"#(-*6&#(6^&'#2%D*62-,#(2"6*
&%$* J(6'2)$%$JI* 5(K,%$* U* 6W2G6* ^(#"$66* 0-2#6* ^2%* $^^('($"'D*
&"J* 0%$^$%$"'$6* c42#W* ^(#"$66*^,"'#(2"6* &%$* ("* ^&'#* '26#*
^,"'#(2"6*#W&#*"$$J*#2*4$*>("(>(]$J8*+= *^2%*("$^^('($"'D*&"J*

?= ^2%* J(66&#(6^&'#(2"d* ^2%* @F* (#$%&#(2"6* 2^* #W$* #G2.6#&K$*

0%2'$66* c$^^('($"'D* 20#(>(]&#(2"* h@FF* (#$%&#(2"6i* p*
0%$^$%$"'$* $)&-,&#(2"* h7* (#$%&#(2"idI* :2#W* 0-2#6* 6W2G* &*
6(K"(^('&"#*J$'%$&6("K*#%$"JI*3*J$'%$&6("K*#%$"J8*W2G$)$%8*(6*
"2#*6,^^('($"#C*#W$*0%24-$>*(6*&*>,-#(.24X$'#()$*20#(>(]&#(2"*
0%24-$>* GW$%$* 2"$* 6$$_6* #2* >&B(>(]$* $^^('($"'D* &"J*
>("(>(]$* J(66&#(6^&'#(2"8* &"J*-22_("K* &#* 6("K-$.24X$'#()$*
0-2#6* J2$6* "2#* #$--* ,6* GW$#W$%* G$* &%$* >&_("K* 0%2K%$66* 2"*
42#W*^%2"#6I*!"J$$J*#W$*4$6#*$^^('($"'D*62-,#(2"*>&D*4$*&*4&J*
0%$^$%$"'$* 62-,#(2"* &"J* )('$* )$%6&I* kW(-$* #W$%$* (6* &"*
$B#$"6()$* -(#$%&#,%$* 2"* $)2-,#(2"&%D* &-K2%(#W>6* ^2%* >,-#(.
24X$'#()$* 20#(>(]&#(2"* c6$$* ^2%* $B&>0-$8* 52"6$'&* v*
5-$>("K8* 7rrVd8* #W$* 0%$6$"#* 6$#,0* (6* ,"(e,$* ("* #W&#* 2"$*
24X$'#()$*(6*$B0-('(#*GW(-$*#W$*2#W$%*2"$*'&"*2"-D*4$*&66$66$J*
4D*#W$*0&%#('(0&"#6I***

3*/&%$#2*0-2#*(6*"$'$66&%D*#2*$)&-,&#$*W2G*#W$*0%2'$66*(6*
J2("K* 2"* 42#W* 24X$'#()$6* 6(>,-#&"$2,6-DI* 5(K,%$* M* 6W2G6*
("$^^('($"'D*)6*J(66&#(6^&'#(2"*&#*(#$%&#(2"6*78*@8*S8*M8*7j*&"J*
@FI*1W$*4$6#*62-,#(2"68*GW('W*>("(>(]$*42#W*$^^('($"'D*'26#*
&"J*0%$^$%$"'$*'26#8*&%$*#2*4$*^2,"J*("*#W$*-2G$%*-$^#*'2%"$%*
2^*#W$*0-2#I*!#*(6*'-$&%*#W&#*#W$*4$6#*>,-#(.24X$'#()$*62-,#(2"6*
&%$* 6(K"(^('&"#* (>0%2)$>$"#6* 2)$%* #W$* 2"$6* 2^* (#$%&#(2"6* 7*
&"J* @I* 1W$* /&%$#2* ^%2"#6* &%$* '-$&%-D* >2)("K* ("#2* #W$* %(KW#*
%$K(2"I*

*

*

5(K,%$*MI*\(66&#(6^&'#(2"*)6*("$^^('($"'D*/&%$#2*0-2#*&#*#W$*$"J*2^*
(#$%&#(2"6*78*@8*S8*M8*7j*&"J*@FI***
*

uI*!\ !HENHH![Y*

* k$* W&)$* (--,6#%&#$J* G(#W* &* 6(>0-$* >2J$-* 2^* #2,%*
&--2'&#(2"* c("* ^&'#* &"* $)$"*6(>0-$%*^2%>* 2^* #2,%*&--2'&#(2"8*
]2"$* &--2'&#(2"d* ("* >&(->$"* W2G* !9E* '&"* &00-($J* #2* #&6_*
&--2'&#(2"* 0%24-$>6* G(#W* 6,4X$'#()$*?%-./&/?%,.* '%(#$%(&I* !"*
#W(6* &00%2&'W8* !9E* (6* >,-#(.0&%#('(0&"#* ("* #W$* 6$"6$* #W&#*
6$)$%&-*0&%#('(0&"#6*$)&-,&#$*62-,#(2"6*&"J*&66(K"*^(#"$66a*("*
&JJ(#(2"8* $&'W* 0&%#('(0&"#* 2"-D* $)&-,&#$6* #W$* 02%#(2"6* 2^*
62-,#(2"6* #W&#* '2%%$602"J* #2* #W$(%* 0%2026$J* &66(K">$"#68*
GW('W*(6*%&J('&-*J$0&%#,%$*^%2>*#D0('&-*>,-#(.,6$%*!9E*GW$%$*

$)$%D* 0&%#('(0&"#* W&6* &''$66* #2* &"J* '&"* $)&-,&#$* $"#(%$*
62-,#(2"6I*1W(6*&00%2&'W*W&6*#W$*&J)&"#&K$*2^*%$J,'("K*#W$*
&>2,"#*2^*("^2%>&#(2"*"$'$66&%D*#2*0$%^2%>*$)&-,&#(2"6*&"J*
>("(>(]$6* J$'(6(2".>&_("K* ("#$%^$%$"'$6* 4$#G$$"*
0&%#('(0&"#6I**

1W$* 0%$.20#(>(]&#(2"* 2^* 62-,#(2"6* 4$^2%$* #W$D* &%$*
0%$6$"#$J* #2* #W$* 0&%#('(0&"#6* &-62* %$J,'$6* 0&%#('(0&"#*
G2%_-2&J8* GW('W* (6* )$%D* (>02%#&"#* ("* !9EI* ["$* e,$6#(2"8*
W2G$)$%8* G&6* GW$#W$%* #%&J(#(2"&-* 20#(>(]&#(2"* &"J* !9E*
'2,-J*'2--&42%&#$*&"J*>2)$*#W$(%*%$60$'#()$*24X$'#()$6*("*#W$*
%(KW#* J(%$'#(2"* 6(>,-#&"$2,6-DI* 1W$* $B&>0-$* J$6'%(4$J* ("*
#W(6*0&0$%*(6*24)(2,6-D*&*#2D*>2J$-*4,#*2"$*#W&#*J2$6*6W2G*
#W&#*#W$*&00%2&'W*G2%_6C*#W$*/&%$#2*^%2"#6*^2%*#W$*'2>4("$J*
24X$'#()$6*>&_$*0%2K%$66*#2G&%J*62-,#(2"6*#W&#*(>0%2)$*42#W*
24X$'#()$6I**

k$*&66,>$J*"2* '2%%$-&#(2"6*4$#G$$"*c7d*$^^('($"'D*&"J*
0%$^$%$"'$68* &"J*c@d*4$#G$$"*>&(->$"* ("*#W$*J$^("(#(2"6*2^*
0$%62"&-* $^^('($"'($6* &"J* 0%$^$%$"'$68* GW('W* >&_$6* #W$*
0%24-$>* "$,#%&-* ("* #G2* G&D6C* c7d* 026(#()$* '2%%$-&#(2"6*
4$#G$$"* $^^('($"'D* &"J* 0%$^$%$"'$6* G2,-J* W&)$* $"W&"'$J*
#W$*6D>4(26(6*4$#G$$"*42#W* '2>02"$"#6*2^*#W$*6D6#$>8*4,#*
"$K&#()$*'2%%$-&#(2"6*G2,-J*W&)$*>&J$*(#*W&%J$%*^2%*#W$*#G2*
'2>02"$"#6* #2* G2%_* 6D"$%K(6#('&--Da* c@d* #W$* J$K%$$* 2^*
2)$%-&0* 4$#G$$"* >&(->$"* 0%$^$%$"'$6* &"J* $^^('($"'($6*
("^-,$"'$6* #W$* J(^^(',-#D* 2^* ^("J("K* 62-,#(2"6* #W&#* 6&#(6^D*
$)$%D2"$a*1W$*&00%2&'W8*W2G$)$%8* '2"6#(#,#$6*#W$*^(%6#*6#$0*
#2G&%J* ("#$K%&#("K* #%&J(#(2"&-* 20#(>(]&#(2"* G(#W* 6,4X$'#()$*
'%(#$%(&* &"J* (>0-('(#* _"2G-$JK$* 4D* #W$* '2--$'#()$* 2^* #&6_*
0$%^2%>$%6* &"J* &6* 6,'W* W&6* &* G(J$* %&"K$* 2^* 0266(4-$*
&00-('&#(2"6I*

Z959Z9YE9H *

*h7i* \&G_("6I*ZI*7rMUI*IK+)5"/,@)P%.&K9%2+-I*kI*kI*Y2%#2"8*
Y$G*A2%_I*

h@i* H(>68* wI* 7rr7I* 3%#(^('(&-* $)2-,#(2"* ^2%* '2>0,#$%* K%&0W('6I*
=#9?7.+-)*-%?K/&1*25C*L7r.L@MI*

hLi* H(>68*wI*7rr@I*!"#$%&'#()$*$)2-,#(2"*2^*JD"&>('&-*6D6#$>6I*
/&K$6* 7U7.7UM* ("C*I#G%-@1) %) O-%&./&+) #0) '7.#,#9#71)
M>1.+91Q)O-#&++@/,!1)#0).K+)R/-1.)E7-#?+%,)=#,0+-+,&+)#,)
'-./0/&/%")S/0+*c5I*;I*u&%$-&*v*/I*:2,%K("$8*$J6Id8*+!1*/%$668*
E&>4%(JK$8*+3I**

hSi* H(>68* wI* 7rrLI* !"#$%&'#()$* $)2-,#(2"* 2^* $e,&#(2"6* ^2%*
0%2'$J,%&-*>2J$-6I*T/1()=#9?7.I*9C*SSj.SUjI*

hVi** :&"]W&^8* kI* c7rrUd* !"#$%&'#()$*$)2,#(2"I* !"C*U%,@$##2)#0)
E8#"7./#,%->) =#9?7.%./#,* c1I* :&$'_8* \I* 52K$-8* &"J* xI*
+('W&-$G(']8* $J6d8* EWI* E@I7F8* 00I* 7.V8* [B^2%J* N"()$%6(#D*
/%$66I*

hji* 1&_&K(8* ?I* @FF7I* !"#$%&'#()$* $)2-,#(2"&%D* '2>0,#&#(2"C*
^,6(2"* 2^* #W$* '&0&4(-(#($6* 2^* 9E* 20#(>(]&#(2"* &"J* W,>&"*
$)&-,&#(2"I*O-#&()LEEE*89C*7@UV.7@rjI*

hUi* +('W&-$G(']8* xI* 7rrrI**+,+./&) '"!#-/.K91) V) A%.%)
M.-7&.7-+1)W)E8#"7./#,)O-#!-%91I*H0%("K$%I*

hMi* !"2,$8*1I8*5,%,W&6W(8*1I8*5,X((8*+I*+.)%"I*7rrrI*\$)$-20>$"#*
2^*",%6$*6'W$J,-("K*6,002%#*6D6#$>*,6("K*("#$%&'#()$*93I*!"C*
/%2'I* !999* !"#I* E2"^I* 2"* HD6#$>68* +&"* &"J* ED4$%"$#('6*
cH+Ebrrd8*)2-*V8*00I*VLL.VLU8*!999*/%$66I*

hri* w-&,8* RIkI8* l$6W8* YI:I8* +&%_68* ;IkI8* +(#]$">&'W$%8* +I*
@FF@I*?,>&".K,(J$J*1&4,*H$&%'WI*!"C*3%./#,%")=#,0+-+,&+)
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#,) '-./0/&/%")L,.+""/!+,&+8*!H:YC*F.@j@.V77@r.F8*00I*S7.SU8*
333!*/%$66I*

h7Fi* l$6W8* YI8* l20$68* lI* :I8* +&%_68* ;I8* +(#]$">&'W$%8* +I8*
H'W&^$%8* RI* 1I* @FFLI* ?,>&".K,(J$J* 6$&%'W* ^2%* X246W20*
6'W$J,-("KI* !"C*X-@) L,.+-,%./#,%") 3'M') P#-21K#?) #,)
O"%,,/,!)%,@)M&K+@7"/,!)0#-)M?%&+()U#71#,Y)I+N%1(*

h77i* H'2##8* HI* \I8* l$6W8* YI8* w-&,8* RI* kI* @FF@I* !")$6#(K&#("K*
W,>&".'2>0,#$%* 20#(>(]&#(2"I* !"C*O-#&I*'=F) =#,0+-+,&+)
#,) U79%,) R%&.#-1) /,) =#9?7./,!) M>1.+91) Z=UL[8* 00I*7VV.
7j@8*3E+*/%$66I*

h7@i* 3"J$%62"8* \I8* 3"J$%62"8* 9I8* l$6W8* YI:I8* +&%_68* ;I* kI8*
/$%-("8* wI8* Z&#&X']&'_8* \I8* ZD&--8* wI* 7rrrI* ?,>&".K,(J$J*
6(>0-$* 6$&%'WC* '2>4("("K* ("^2%>&#(2"* )(6,&-(]&#(2"* &"J*
20#(>(]&#(2"I*!"C*O-#&()'=F)P#-21K#?)#,)3+G)O%-%@/!91)
/,) L,0#-9%./#,) T/17%"/J%./#,) %,@) F%,/?7"%./#,) Z3OLTF[8*
00I*@7.@V8*3E+*/%$66I*

h7Li* :%&'_-2G8*;I*kI8*R%&W&>8*kI*kI8*?&66-$%8*HI*+I8*/$'_8*wI*
9I8* /2G$--8* kI* :I* 7rr@I* !"#$%&'#()$* 20#(>(]&#(2"* (>0%2)$6*
6$%)('$* &"J* 0$%^2%>&"'$* ^2%* A$--2G* 5%$(KW#* 6D6#$>I*
L3IE6R'=EM *228*7SU.7U@I*

h7Si* :2"&4$&,8* 9I* @FF@I* 3K$"#.4&6$J* >2J$-("KC* >$#W2J6* &"J*
#$'W"(e,$6*^2%*6(>,-&#("K*W,>&"*6D6#$>68*O-#&()3%.() '&%@()
M&/()\M'*998*U@MF.U@MUI*

h7Vi* 52"6$'&8* EI* +I8* 5-$>("K8* /I* ;I* 7rrVI* 3"* 2)$%)($G* 2^*
$)2-,#(2"&%D* &-K2%(#W>6* ("* >,-#(.24X$'#()$* 20#(>(]&#(2"I*
E8#"7./#,%->)=#9?7.%./#,)38*7.7jI*

*
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