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    P3, P4, P5
  require
    P1, P2
  provide
    op1(p1, p2, p3)
interface comp1 {

}
    P3, P4, P5
  require
    P1, P2
  provide
    op1(p1, p2, p3)
interface comp1 {

}
    P3, P4, P5
  require
    P1, P2
  provide
    op1(p1, p2, p3)
interface comp1 {

}

   printf("Hi\n");

. . . . 

. . . .
main() {
. . . . 

. . . .

PropertiesInterface declarations

Platforms Repository

ORBIX

Source Code

   exit(0);
}

#include<stdio.h>
. . . . 
main() { }

Application Source Code

#include<stdio.h>

}
   exit(0);
. . . .
   printf("Hi\n");
. . . .
main() {

#include<stdio.h>

}
   exit(0);
. . . .
   printf("Hi\n");
. . . .

Properties Repository

}

}. . . 
main() {
    . . . 
    call-Aster(...)
    . . . 
    exit(0);
}

#include<aster.h>
. . . 
main() {
    . . . 
    call-Aster(...)
    . . . 
    exit(0);
}

#include<aster.h>
. . . 
main() {
    . . . 
    call-Aster(...)
    . . . 
    exit(0);
}

#include<aster.h>

Aster Files + Makefile

A S T E R
c o m p i l e r

l o g i c a l   t o o l
A S T E R

A S T E R
g e n e r a t o r

Interfaces
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Middleware

Components
Middleware

Middleware Repository
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Composition vii+iii

Initial

Composition iv+v+vi

AtomicDelivery

ly02RC(!8= P¸'] ¼1�njm )8g0?p{02B!R+-/�! Y*/$,"�-[}T5,8= Y5,8=&4�10?-/ )&F-/(!8= 	$,"�jmlnUd-/�65A-.G+ ) F-/*93s]¢¹

&)$CG+7Z$CB! )Bv- � 5!» 0?¿¦9XLf» 0?¿ � 9�I! )7102&F-/ )I·LHQ�-/�! d*K�65,I!$@}a )I·8= )R,02$CB!*	02BzI!8/5)}�02B!R �$����� �v]¶U'$!9y-/�! 3>e5,*=-I!8/5)}�02B!R+$,"�l�02RC(!8= �¸'] ¼YR,0?pH )*�-/�! m*/$,"%-~}�5,8= V5,8=&K�10?-/ )&F-/(!8= �$,"f-/�! s*/$,"%-~}�5,8= V*=Q'*/-/ )Gt&)(!*=-/$CG;0��) )IJ-/$
7!8=$@p'02I! Y"k5,(1>?-�-/$,>2 )8/5,BH-V5,&)&) )*/*.-/$^jmlnU#*/ )8gpH )8.&)$CG+7b$CB! )BH-/*PhkB65,G+ )I�5!» 0?¿f02B¶I!8/5@}�02B!R ��� �������P$,"
ly02RC(!8= P¸'] ¼Ho`]

8s$,-=02&) 3-/�65A-�-/�! d*/ F>2 )&F-=02$CBz$,"�-/�! 3&)$CG+7b$CB! )BH-P02G+71>2 )G+ )BH-=02B!R�-/�! %��® 
 � �@°J7!8=$C7Z )8g-[Qu}a$C(1>2I
B!$,-sLb 	B! )&) )*K*K5,8gQ<0?"X-/�! ; `_1 )&)(1-=02$CB�71>e5A-="%$C8=G }�5,*s*K(!7!7Z$C8g-=02B!RJ*/$CG+ PGY(1>?-=02&@5,*=-=02B!R<G+ @5,B!*@]sl6$C8
 `_!5,G+71>2 C9s-/�! ��gq98sS�7!8=$'I!(!&F-#-/�65A-M*/(!7!7b$C8g-/*<GY(1>?-=02&@5,*=-=02B!R�02*¶qs8=L10¢_!�y5A>2­b] �~"�-/�102*¶7!8=${I!(!&F-
}T5,*+5)pC5A0?>e5,L1>2 J-/$M-/�! JSc*=-/ )8	 )BHp'028=$CB!G+ )BH-^5,*;5ML65,*/ dL!(!*@9�-/�! )B\-/�! ^*/$,"%-~}�5,8= #5,8=&4�10?-/ )&F-/(!8= <$,"
-/�! �I! )7b )B!I65,L1>2 �jmlXUWhk `_!&F>2(!I102B!R\-/�! �L65,*/ �L!(!*4o3}a$C(1>2I Lb ¶R,0?pH )B LHQ I!8/5)}�02B!R �$����� ��"%8=$CG
ly02RC(!8= P¸'] ¼19´5,B!IMB!$,-�LHQ<I!8/5@}�02B!R �$���������v]
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���! c7!(!8=7Z$C*K .$,"�-/�102*T&K�65,71-/ )8T}T5,*a-/$YI! )G+$CB!*=-/8/5A-/ m�!$x} -/�! c8= )*/(1>?-/*a$,"�-/�102*a-/�! )*=02*a"|5,&F0?>?0?-K5A-/ c-/�! 
I! FpH F>2$C7!G+ )Bv-<$,"m*K$,"�-[}T5,8= �*=Q'*/-/ )G+*^&)(!*=-/$CG;0��) )I -/$zG+ ) F-J*/$CG+ ¶I! )7b )B!I65,L10?>?0?-~QD8= �a'(1028= )G+ )BH-/*x]
���! YLZ )B! FE!-/*�&@5,B¶LZ V*/(!G+G35,8g0��) )I¶02B#-~}T$^&@5A-/ )RC$C8g02 )*@�

" ���! :-/8/5,B!*/"%$C8=G35A-=02$CBP$,"!-/�! n"|$C8=G35A>{*/7b )&F0?E6&@5A-=02$CBP$,"!-/�! aI! )7b )B!I65,L10?>?0?-~QY8= �a'(1028= )G+ )BH-/*�02Bv-/$!�
�~® �Y5+­C FQ#"%$C8�-/�! 	*/$,"%-~}T5,8= 	8= F-/8g02 Fp,5A>y$,"�-/�! 	5,7!7!8=$C7!8g0e5A-/ �"k5,(1>?-�-/$,>2 )8/5,BH-mG+ )&K�65,B102*/G<9b5,B!I
�~®%®��;5^I! )*K&)8g0271-=02$CBu$,"X-/�! P*K$,"�-[}T5,8= +5,8=&K�10?-/ )&F-/(!8= ;-/�65A-VI! )*/&)8g02Lb )*s-/�! 	&)$CG+7b$C*=0?-=02$CB�$,"n-/�! 
02B10?-=0e5A>�*/$,"%-~}�5,8= Y*=Q1*=-/ )G }�0?-/�<-/�! V*/ F>2 )&F-/ )IM"|5,(1>?-�-/$,>2 )8/5,Bv-cG+ )&4�65,B102*/G<]

" ���! d5,&)&) F>2 )8/5A-=02$CB\$,"T-/�! ^*/$,"�-[}T5,8= J8= F-/8g02 Fp,5A>a7Z )8g"|$C8=G+ )IzLvQ�Ss*=-/ )8)9y}��! )Bu0?-�02*P5A02G+ )I\5A-
E6B!I102B!R^-/�! 	"k5,(1>?-.-/$,>2 )8/5,BH-VG+ )&4�65,B102*/G -/�65A-s*K5A-=02*/E6 )*.-/�! ;5,7!71>?02&@5A-=02$CB�I! )7Z )B!I65,L10?>?0?-[Qw8= `O
a{(1028= )G+ )Bv-/*@]

��B -/�! ¶ `_65,G+71>2 �*=-/(!I102 )I 02BD-/�102*d&4�65,71-/ )8)9�-/�! ¶I! )7b )B!I65,L10?>?0?-~Q 8= �a{(1028= )G+ )Bv-< `_17!8= )*/*K )IDLHQ
7!8=$C7b )8g-~Q 3s]¢¹�$,"��y5,L1>2 	¸'] � 96}T5,*�-/8/5,B!*="|$C8=G+ )I<02Bv-/$^5;I! )7Z )B!I65,L1>2 YjslnUJ&)(!*=-/$CG;0��) )I¶-/$+7!8=$@p'02I! 
"k5,(1>?-�-/$,>2 )8/5,BH-s*/ )8gpH )8�5,&)&) )*/*@91}��!$C*K �5,8=&K�10?-/ )&F-/(!8= P*=-/8=(!&F-/(!8= V02*�I! )7102&F-/ )IM02B<I!8/5@}�02B!R ��� ��������$,"
l�02RC(!8= <¸'] ¼1]M��B\5,I!I10?-=02$CB�9�-/�! ^I! )7b )B!I65,L10?>?0?-~QN5,B65A>?Q'*/02*Y-/�65A-;7!8= )&) )I! )Iz-/�! J*/$,"%-~}�5,8= d8= F-/8g02 FpC5A>¦9
I! )&)8= @5,*K )IN-/�! J&)$C*/-;$,"c-/�! #$,-/�! )8g}�02*/ < `_1�65,(!*/-=0?pH <*/ @5,8=&K�N-/$u5�G;02B102GY(!G<9�LHQ· )G+71>2$@Q'02B!Ru-/�! 
Ss*=-/ )8�8= F-/8g02 FpC5A>y7!8=$'&) )*/*�$CB<-/�! Y*/ F-�&)$CBH-K5A02B102B!RJ `_!5,&F-=>?Q#-/�! �7!8=$C7b )8g-=02 )*.*45A-=02*="�Q'02B!R;-/�! �I! )7b )B!I'O
5,L10?>?0?-[Q+8= �a{(1028= )G+ )Bv-/*�5,B!Id5A>2*/$�Lb F02B!RV02G+71>2 )G+ )BH-/ )IJLHQ+*/$CG+ �*K$,"�-[}T5,8= .&)$CG+7b$CB! )BH-a02B+-/�! �Ss*=-/ )8
8= )7b$C*=0?-/$C8gQH]
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���! P&)$CB!&F>2(!I102B!R#&K�65,71-/ )8m$,"X-/�102*c-/�! )*=02*c*/-K5,8g-/*c}�0?-/��53L!8g02 F"a*/(!G+G35,8gQM$,"X-/�! 	8= )7b$C8g-m&)$CBH-/ )BH-/*x9
5,B!I 5u8= )G;02B!I! )8^$,"m-/�! M7!8g02B!&F02765A>s&)$CBH-/8g02L!(1-=02$CB!*#$,"m-/�! <-/�! )*=02*@] ���! )*/ ¶7!8= )765,8= ¶-/�! MRC8=$C(!B!I
"|$C8c-/�! P7!8= )*K )BH-K5A-=02$CBu$,":*/$CG+ P02G+7b$C8g-K5,BH-V02*/*K(! )*c02Bw-/�! ;I! FpH F>2$C7!G+ )BH-Y$,"aI! )7Z )B!I65,L1>2 +*/$,"%-~}�5,8= 
*/Q'*=-/ )G+*x9�}��102&4�·�65@pH #B!$,-	Lb ) )B·5,I!I!8= )*/*K )Iz02Bz-/�! d&)$CBv-/ `_'-+$,"�-/�102*	-/�! )*=02*@]¶���! J7!8= )*/ )Bv-K5A-=02$CB
02B!&F>2(!I! )*�5VI102*/&)(!*K*=02$CB3$CB3-/�! �02G+7Z$C8g-K5,B!&) s$,"Z-/�! c$C7Z )B302*/*/(! )*@9{*/$CG+ .5,7!7!8=$H5,&K�! )*T-/�65A-TG35)Q;>2 @5,I
-/$+8=$CL!(!*/-.*/$,>2(1-=02$CB!*.$,"�-/�! V8/5A02*/ )IM7!8=$CL1>2 )G+*x9´5,B!I<-/�! �$C(1-=>?02B! �$,"�-/�! V"|(1-/(!8= V}a$C8=­b]

�Y�K� ���	� � ���Z�
���! sI! )7b )B!I65,L10?>?0?-~Qd8= �a'(1028= )G+ )BH-/*�$,"�5	*=Q1*=-/ )G� `_!7!8= )*/*a-/�! c `_!7b )&F-/ )IdLb )�65)p'02$C8:02Bd-/�! s7!8= )*/ )B!&) 
$,"a"|5A0?>2(!8= )*x] 5TQ�5,B65A>?Qj�F02B!R#-/�! )G<9f$CB! ;G35)Q�$CL1-K5A02B�5JI! )*/&)8g0271-=02$CB�$,":-/�! P"k5,(1>?-V-/$,>2 )8/5,BH-YG+ )&4�'O
5,B102*KG -/�65A-Y*/�!$C(1>2I�Lb 3 )G+71>2$xQH )I�-/$M7!8=$xp{02I! ^-/�! 38= �a{(! )*/-/ )I�LZ )�65@p{02$C8)]d±c$x}a FpH )8)9�RC(65,8/5,BH-/ ) )*
B! ) )Iw-/$JLZ 	7!8=$@p'02I! )I�&)$CB!&) )8=B102B!RJ-/�! ;8=$CL!(!*=-/B! )*/*s$,"n-/�! PI! )7Z )B!I65,L10?>?0?-[Q�5,B65A>?Q1*=02*m5,B!I¶-/�! P&)$C8�O
8= )&F-/B! )*K*a$,"«-/�! �02B!I102&@5A-/ )Id"k5,(1>?-:-/$,>2 )8/5,BH-�G+ )&K�65,B102*KG�}�0?-/�d8= )*/7Z )&F-a-/$�-/�! .02B10?-=0e5A>ZI! )7b )B!I65,L10?>?0?-~Q
&)$CB!*/-/8/5A02BH-/*@]�SsB;5,7!7b @5A>?02B!RV*/$,>2(1-=02$CBP02*�-/$m )G+71>2$@QP-/�! T"%$C8=G35A>!*/7b )&F0?E6&@5A-=02$CB!*n$,"6-/�! �I! )7b )B!I65,L10?>¢O
0?-[Q�7!8=$C7b )8g-=02 )*@9�}��102&K��7b )8=G;0?-/*�-/�! F028V8g02RC$C8=$C(!*P5,B65A>?Q'*=02*x]P���! 3"%$C8=G35A>?0��@5A-=02$CB\$,"aI! )7b )B!I65,L10?>?0?-~Q
7!8=$C7b )8g-=02 )*.5,B!I¶5,BM5,&)&)$CG+765,BvQ{02B!Rd8= FE6B! )G+ )BH-c"%8/5,G+ F}T$C8=­Z967!8=$xp{02I! �-/�! VB! )&) )*/*K5,8gQ#*/(!7!7Z$C8g-�"|$C8
-/8/5,B!*/"%$C8=G;02B!R35;*=Q1*=-/ )G */7b )&F0?E6&@5A-=02$CB¶5,B!IM5PI! )7Z )B!I65,L10?>?0?-[Q#8= �a'(1028= )G+ )BH-s5,*/*/$'&F0e5A-/ )I#-/$	0?-@9102Bv-/$
-/�! aL1>2(! )7!8g02BH-�$,"!-/�! n"k5,(1>?-�-/$,>2 )8/5,Bv-�G+ )&4�65,B102*/GW-/�65A-�G+ ) F-/*�5.R,0?pH )B	I! )7b )B!I65,L10?>?0?-~Q	8= �a{(1028= )G+ )Bv-@]
���! �8= FE6B! )G+ )BH-T$,"´I! )7Z )B!I65,L10?>?0?-[Q+7!8=$C7Z )8g-=02 )*X02*�&)$C(!71>2 )I+}�0?-/�P-/�! F028n5,8=&4�10?-/ )&F-/(!8/5A>´02G+765,&F-n$CB

-/�! V*/Q'*=-/ )G *=-/8=(!&F-/(!8= C]:���! �5,RCRC8= )RH5A-/ �­{B!$x}�>2 )I!RC �$,"y�!$x}�-/$;8= FE6B! Y5PI! )7Z )B!I65,L10?>?0?-[Q<7!8=$C7Z )8g-[QH9
5,B!I�}��65A-� Fª« )&F-m-/�102*�8= FE6B! )G+ )BH-	�65,*�$CBu5#*=Q'*/-/ )G *K7Z )&F0?E6&@5A-=02$CB�9�02*Y&@5,71-/(!8= )I�02B�5d&F>e5,*K*=0?E6&@5µO
-=02$CB<*K&K�! )G+ C]:���102*.*/&K�! )G+ V"|$C8=G+*�-/�! �L65,*/02*�"%$C8�-/�! �*/Q'*=-/ )G35A-=02&�5,B65A>?Q1*=02*�$,"�-/�! VI! )7b )B!I65,L10?>?0?-~Q
8= �a'(1028= )G+ )BH-/*;$,"�5<*/$,"%-~}�5,8= ^*=Q1*=-/ )G<]J���! ^$C(1-/&)$CG+ J$,"a-/�! d*=Q1*=-/ )G35A-=02&^I! )7b )B!I65,L10?>?0?-~Q\5,B65A>?Q{O
*/02*@9�02*;5w*/ F-P$,".*/7b )&F0?E6&@5A-=02$CB!*;-/�65A-P&)$CG+7b$C*/ #5M"k5,(1>?-;-/$,>2 )8/5,BH-+G+ )&K�65,B102*/G<9:}��102&K�NG+ ) F-/*;-/�! 
02B10?-=0e5A>�I! )7b )B!I65,L10?>?0?-~Qw8= �a'(1028= )G+ )BH-@] �¶$C8= )$xpH )8)9«-/�! YI! )7b )B!I65,L10?>?0?-~Q�5,B65A>?Q'*=02*s$C(1-/&)$CG+ 	02B!&F>2(!I! )*
-/�! Y02B!*=-/8=(!&F-=02$CBw"%$C8�02Bv-/ )8=&)$CB!B! )&F-=02B!R#-/�! 	5A"|$C8= )G+ )BH-=02$CB! )I�*/7b )&F0?E6&@5A-=02$CB!*s5,G+$CB!Rd-/�! )G�5,B!Iw02B'O
&)$C8=7b$C8/5A-=02B!R+-/�! )G�02B#-/�! �*=Q1*=-/ )G 5,8=&K�10?-/ )&F-/(!8= C]T�[BM5,I!I10?-=02$CB�96-/�! �8= )*/(1>?-/*�$,"�-/�! �I! )7b )B!I65,L10?>?0?-~Q
5,B65A>?Q1*=02*35,8= M&)$CG	L102B! )I }�0?-/�N-/�! M&)$CBv-/ )BH-/*d$,"c-/�! <*/$,"%-~}�5,8= M8= )7b$C*=0?-/$C8gQ·$,"mG;02I!I1>2 F}T5,8= w&)$CGPO
7b$CB! )BH-/*Y7!8=$@p'02I! )I�LHQw-/�! +Sc*=-/ )8mI! FpH F>2$C7!G+ )Bv-	 )BHp'028=$CB!G+ )BH-#»�� � ¿¦]	���102*V7!8=$xp{02I! )*	*/(!7!7b$C8g-s"|$C8
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RC(102I! )I3*/$,"%-~}T5,8= c8= F-/8g02 Fp,5A>Z$,"´"k5,(1>?-n-/$,>2 )8/5,BH-TG+ )&K�65,B102*/G+*@9v02B+-/�! �Ss*=-/ )8X&)$CBH-/ `_1-@]X���! �7!8/5,&F-=02&@5A>¢O
0?-~QY$,"!-/�! T7!8= )*/ )BH-/ )I+5,7!7!8=$H5,&4�	02*�I! )G+$CB!*=-/8/5A-/ )I;LvQY5,B	 `_65,G+71>2 C9,}��102&K�P-/8= @5A-/*�-/�! aI! FpH F>2$C7!G+ )Bv-
$,"�5;I! )7b )B!I65,L1>2 �pH )8=*=02$CB¶$,"�5;I102*=-/8g02L!(1-/ )I¶E!>2 V*=Q1*=-/ )G »��C¾,¿¦]

����� ��� �.�Z�Z�K�P���Z� � �	�
���! s7!8g02B!&F02765A>f&)$CBv-/8g02L!(1-=02$CB!*.$,"f-/�102*�-/�! )*/02*@9!5,8= c-/�! s"|8/5,G+ F}a$C8=­^"%$C8T-/�! s"%$C8=G35A>?0��@5A-=02$CBM5,B!IJ-/�! 
8= FE6B! )G+ )BH-#$,"sI! )7b )B!I65,L10?>?0?-~QD7!8=$C7b )8g-=02 )*@9�5,B!I�-/�! ¶5,*K*/${&F0e5A-=02$CBD$,"m5uI! )7b )B!I65,L10?>?0?-~Q 7!8=$C7b )8g-~Q
}�0?-/�¶0?-/*s02G+765,&F-m$CB¶-/�! P*=Q1*=-/ )G�5,8=&4�10?-/ )&F-/(!8= C]sS�&F>e5,*/*=0?E6&@5A-=02$CB�*/&K�! )G+ ;*=-/$C8= )*c-/�! 	8= FE6B! )G+ )Bv-
765A-=-/ )8=B!*@9:}��102&4� &@5,71-/(!8= <-/�! <­'B!$@}�>2 )I!RC w$,"s5,B65A>?Qj�F02B!R�I! )7Z )B!I65,L10?>?0?-[Q�8= �a{(1028= )G+ )Bv-/*@9�5,B!I $,"
I! )I!(!&F02B!R;-/�! s5,*/*K${&F0e5A-/ )I<5,8=&K�10?-/ )&F-/(!8/5A>�02G+765,&F-@] 5�5,*/ )Id$CBd-/�! m&F>e5,*/*=0?E6&@5A-=02$CB<*/&4�! )G+ C9!5 3TSVU'¨
-/${$,>��65,*.Lb ) )B¶7!8=$C7b$C*/ )I�96-/$d7Z )8g"|$C8=G -/�! 	5,B65A>?Q1*=02*c-/�! Y*=Q1*=-/ )G�:½*�I! )7b )B!I65,L10?>?0?-~Q�8= �a{(1028= )G+ )Bv-/*@9
5,B!I�-/$M(!*/ 3-/�! ^5,B65A>?Q'*/02*Y8= )*/(1>?-/*Y"%$C8�RC(102I102B!R¶-/�! 38= F-/8g02 FpC5A>a$,"�-/�! ^5,7!7!8=$C7!8g0e5A-/ d"|5,(1>?-	-/$,>2 )8/5,BH-
G+ )&K�65,B102*/G<]s���! 3TSVU'¨ -/${$,>y02*c&)$C(!71>2 )Iw}�0?-/�¶-/$'$,>2*�"|8=$CG�-/�! YSs*=-/ )8.7!8=$,-/$,-[Q'7b C9«(!*/ )IM"|$C8�-/�! 
*/$,"�-[}T5,8= �8= F-/8g02 FpC5A>¦9´5,B!I<"|$C8T-/�! Y5,*/*/ )G	L1>?QJ$,"y-/�! �8= F-/8g02 FpH )IM&)$CG+7b$CB! )BH-/*.}�0?-/�<-/�! V&)$CG+7Z$CB! )Bv-/*
$,"y-/�! V02B10?-=0e5A>y*=Q'*/-/ )G<]X���! V7!8=$C7Z$C*/ )Iw5,7!7!8=$H5,&K�M"|$C8�-/�! V*=Q1*=-/ )G35A-=02&�I! )7b )B!I65,L10?>?0?-~Q¶5,B65A>?Q1*=02*@9102*
*/�!$@}�Bu-/$<Lb +5,Bz5,7!7b @5A>?02B!R<*/(!RCRC )*=-=02$CBu"|$C8m-/�! +8=$CL!(!*=-�I! FpH F>2$C7!G+ )BH-P$,"TI! )7b )B!I65,L1>2 3*=Q1*=-/ )G+*@]
�[B�765,8g-=02&)(1>e5,8)9y0?-�02*	*/�!$@}�Bu-/$M"|5,&F0?>?0?-K5A-/ ^-/�! 3&)(!*=-/$CG;0��@5A-=02$CB·$,"a"k5,(1>?-�-/$,>2 )8/5,BH-;G;02I!I1>2 F}T5,8= C9�-/$
G+ ) F-�-/�! �*=Q1*=-/ )G�:½*�I! )7b )B!I65,L10?>?0?-~QM8= �a'(1028= )G+ )BH-/*@]
���! �$C8g02R,02B65A>?0?-[QM$,"y-/�! Y&)$CBH-/8g02L!(1-=02$CB!*m$,"y-/�102*�-/�! )*=02*@9!>?02 )*�02BM-/�! V02BH-/ )RC8/5A-=02$CB�$,"y-/�! Y8= �a{(1028= `O

G+ )BH-V5,B65A>?Q'*=02*c&)$CB!&) )8=B102B!R^-/�! 	I! )7Z )B!I65,L10?>?0?-[Q¶7!8=$C7b )8g-=02 )*c$,"n5+*=Q1*=-/ )G<9´}�0?-/�M-/�! 	5,8=&4�10?-/ )&F-/(!8/5A>
5,B65A>?Q'*=02*#$,"�-/�! �*=Q1*=-/ )G "%8=$CG -/�! �I! )7Z )B!I65,L10?>?0?-[Q p'02 F}�7b$,02BH-@]����! �7!8=$C7Z$C*K )I I! )7b )B!I65,L10?>?0?-~Q
5,B65A>?Q'*=02*;I!$' )*+B!$,-+$,ªb )8;5w-/ )&K�!B!$,>2$CR,02&@5A>.L!8= @5,­vO¦-/�!8=$C(!RC��-/$�-/�! #I! FpH F>2$C7!G+ )BH-^$,".I! )7b )B!I65,L1>2 
*=Q'*/-/ )G+*@]crs5A-/�! )8)9«0?-c02*mL!(10?>?-V$CBw-/�! 	8= )*/(1>?-/*V$,"n `_102*=-=02B!RJ-/ )&K�!B!$,>2$CR,02 )*�"%8=$CG�-/�! PE6 F>2I!*s$,":"|5,(1>?-
-/$,>2 )8/5,B!&) C9C"%$C8=G35A>1*/7b )&F0?E6&@5A-=02$CB!*@9,8= �a{(1028= )G+ )Bv-:5,B65A>?Q'*/02*@9,*/$,"�-[}T5,8= �5,8=&K�10?-/ )&F-/(!8= C9v*/$,"�-[}T5,8= �8= )(!*/ C9
5,B!I�&)$CB1E6RC(!8/5A-=02$CB'O~L65,*K )I�I102*=-/8g02L!(1-/ )I�*=Q1*=-/ )G+*@]s���! 	02B!B!$xp,5A-=02$CB�02Bw-/�102*m-/�! )*=02*@9Z02*s-/�! ;&)$CGYL10¢O
B65A-=02$CBu$,":-/�! )*/ + `_102*=-=02B!RJ-/ )&K�!B!$,>2$CR,02 )*@9�02Bu*/(!&K��5d}�5)Q�*/$<5,*m-/$J7!8=$xp{02I! d5d(!*K F"%(1>X*/(!7!7b$C8g-m"%$C8
-/�! �8=$CL!(!*=-.I! FpH F>2$C7!G+ )Bv-c$,"�I! )7Z )B!I65,L1>2 	*=Q'*/-/ )G+*@]

����� � �d�����1�´�Z�	�X�
qsB! V02G+7Z$C8g-K5,Bv-.02*/*K(! c-/�65A-.}T5,*.B!$,-.5,I!I!8= )*K*/ )I<02B<-/�102*�8= )7b$C8g-@9102*�-/�! Xa'(65,BH-=0?-K5A-=0?pH 	I! )*/&)8g0271-=02$CB
$,":-/�! ;"k5,(1>?-V-/$,>2 )8/5,BH-	G+ )&4�65,B102*/G+*Y*K F>2 )&F-/ )I�-/$<*K5A-=02*="%Q¶*=Q1*=-/ )G�:½*VI! )7Z )B!I65,L10?>?0?-[Q�8= �a{(1028= )G+ )Bv-/*@]
���! c7!8= )*/ )Bv-/ )IJ"%$C8=G35A>?0��@5A-=02$CB#$,"�I! )7b )B!I65,L10?>?0?-~QJ7!8=$C7Z )8g-=02 )*@91I! )*/&)8g02Lb )*a02BJ5�a{(65A>?0?-K5A-=0?pH mG35,B!B! )8
-/�! JLb )�65)p'02$C8+$,"s5w*=Q1*=-/ )Gi02B·-/�! J7!8= )*K )B!&) <$,"�"|5A0?>2(!8= )*x]·qc-/�! )8g}�02*/ <*=-K5A-/ )I�9n0?-;I! )*K&)8g02LZ )*;-/�! 
-~Q17Z +$,"T"|5A0?>2(!8= )*�-/�65A-�*/�!$C(1>2IuLZ ;-/$,>2 )8/5A-/ )I\5,B!Iu-/�! +I! )7Z )B!I65,L10?>?0?-[QvO~*K7Z )&F0?E6&d&)$CG+7Z$CB! )Bv-/*Y(!*/ )I
-/$3G+ ) F-�-/�! �*=Q1*=-/ )G�:½*�I! )7b )B!I65,L10?>?0?-~Qw8= �a{(1028= )G+ )Bv-/*@]a±s$@}T FpH )8)96-/�! )8= �I!$' )*.B!$,-c `_'02*=-.53G+ )&K�65µO
B102*/G�&@5,765,L1>2 .$,"�7!8=$xp{02I102B!RY0?-/*:I! )*=02RCB65A-/ )IdI! )7Z )B!I65,L10?>?0?-[Q^RC(65,8/5,BH-/ ) )*T02B^5,L!*/$,>2(1-/ F>?Q35,BvQ+"|5A0?>2(!8= 
*/&) )B65,8g02$!]nl6$C8� `_65,G+71>2 C91}��! )B���G+ )GYLb )8�"k5A0?>2(!8= )*T$'&)&)(!8�02B<5YRC8=$C(!7<$,"�� 8= )71>?02&@5,*@91-/�! mRC8=$C(!7
$,"f8= )71>?02&@5,*T&@5,BdB!$�>2$CB!RC )8T7!8=$@p'02I! s5,BvQ^*/ )8gp'02&) C]���$PI! )*/&)8g02LZ .-/�! c&@5,765,L10?>?0?-[Qd$,"f5�&)$CG+7b$CB! )BH-�-/$
7Z )8g"|$C8=GW0?-/*�I! )*=02RCB65A-/ )IP*/ )8gp'02&) T5.*=-/${&4�65,*=-=02&ap,5A>2(! :02*�5,*/*/02RCB! )IY-/$.0?-@9,}��102&K�	02*�02Bv-/ )8=7!8= F-/ )I35,*�-/�! 
&)$CG+7Z$CB! )Bv-Z:½*cI! )7b )B!I65,L10?>?0?-~QMI! )RC8= ) C9�®¦¯%°@¯Z-/�! �7!8=$CL65,L10?>?0?-~Q<-/�65A-.-/�! �&)$CG+7Z$CB! )Bv-.02*�$C7b )8/5A-=02$CB65A>¦]
�[B#-/�! V*K5,G+ VG35,B!B! )8)9b5;*=-/$'&K�65,*=-=02&mpC5A>2(! V&@5,BMLb V(!*/ )I#-/$+I! )*/&)8g02Lb m-/�! �I! )RC8= ) V$,"y-/�! V8= �a'(1028= )I
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I! )7b )B!I65,L10?>?0?-~QH] 8 8/5)Qz5,B!INU{02 F}�02$C8= )­D» � �A¿aR,0?pH J5M*/(!G+G35,8gQ�$,"�-/�! ^p,5,8g02$C(!*P&K�65,8/5,&F-/ )8g0��@5A-=02$CB!*
5,*K*/${&F0e5A-/ )I#-/$^I! )7Z )B!I65,L1>2 �*/Q'*=-/ )G+*c5,&)&)$C8=I102B!R3-/$;-/�! F028�I! )7b )B!I65,L10?>?0?-~QMI! )RC8= ) C]
���! nB! ) )IY"%$C8�5^a{(65,Bv-=0?-K5A-=0?pH :I! )*/&)8g0271-=02$CBP$,"{-/�! :"|5,(1>?-�-/$,>2 )8/5,BH-yG+ )&4�65,B102*/G+*@9,02G+71>?02 )*�-/�65A-�-/�! 

I! )7b )B!I65,L10?>?0?-~QJ5,B65A>?Q'*=02*T7!8=$C7b$C*/ )I302Bd-/�102*:8= )7b$C8g-@91*/�!$C(1>2I^Lb �"|$,>?>2$@}T )IdLvQd5�*=-/$'&K�65,*/-=02&c5,B65A>?Q1*=02*@9
}��102&4�J}�0?>?>«7!8=$xp{02I! m-/�! s&)$CB1E6RC(!8/5A-=02$CBM765,8/5,G+ F-/ )8=*�"|$C8a-/�! c*/ F>2 )&F-/ )I#"k5,(1>?-T-/$,>2 )8/5,BH-�G+ )&K�65,B102*KG<]
U'(!&4�<&)$CB1E6RC(!8/5A-=02$CBM765,8/5,G+ F-/ )8=*�02B!&F>2(!I! s-/�! VBv(!G	LZ )8�$,"y8= )71>?02&@5,*�-/�65A-�*/�!$C(1>2I#LZ s02B!*=-K5,Bv-=0e5A-/ )I�9
-/�! c"|8= �a{(! )B!&FQ3$,"f-/�! s&K�! )&4­{7b$,02BH-/*x91-/�! c*=0��) c$,"�-/�! c )8=8=$C8�&)$C8=8= )&F-=02$CB#&)$'I! )*@9«°)¥¦£)]:qsLHp'02$C(!*=>?QH91-/�! 
8= )*K(1>?-/*a$,"�-/�102*�*=-/$'&K�65,*=-=02&m5,B65A>?Q1*=02*T5,8= s )*/*/ )Bv-=0e5A>Z"|$C8n-/�! s&)$C8=8= )&F-�&)(!*=-/$CG;0��@5A-=02$CB#$,"�-/�! cI! )7b )B!I'O
5,L1>2 VG;02I!I1>2 F}�5,8= C]:±s$@}T FpH )8)9!-/�! V*=-/$'&K�65,*=-=02&�5,B65A>?Q1*=02*�I!$' )*�B!$,-�02B��6(! )B!&) V-/�! m8= �a{(1028= )G+ )Bv-c5,B!I
5,8=&4�10?-/ )&F-/(!8/5A>y5,B65A>?Q1*=02*@]����! m*=Q'*/-/ )G35A-=02&cI! )7b )B!I65,L10?>?0?-~Q<5,B65A>?Q'*/02*T7!8= )*K )BH-/ )I#02Bd-/�102*T8= )7b$C8g-@91&@5,B
Lb V(!*/ )I#-/$3I! )8g0?pH �-/�! �I! )7Z )B!I65,L1>2 Y*/$,"�-[}T5,8= P5,8=&K�10?-/ )&F-/(!8= P$,"�5;*=Q1*=-/ )G "|8=$CG 0?-/*�I! )7b )B!I65,L10?>?0?-~Q
8= �a'(1028= )G+ )BH-/*x]X���! )B�9C-/�! �*=-/$'&K�65,*=-=02&�5,B65A>?Q1*=02*X&@5,B+Lb �5,7!71>?02 )I+$CB;-/�! �I! )7b )B!I65,L1>2 �5,8=&K�10?-/ )&F-/(!8= C9
-/$P02B1"| )8T0?-/* a{(65,Bv-=0?-K5A-=0?pH �&K�65,8/5,&F-/ )8g02*=-=02&)*.-/�65A-�RC(65,8/5,BH-/ ) V-/�! m8= �a'(! )*=-/ )I<I! )7b )B!I65,L10?>?0?-~Q<I! )RC8= ) C]
��*/*/(! )*T8= F>e5A-/ )I#-/$P-/�! m*=-/${&4�65,*=-=02&V5,B65A>?Q'*/02*�5,B!IJ-/�! m&)$CGYL102B65A-=02$CB¶$,"�0?-/*�8= )*/(1>?-/*�}�0?-/�J-/�! m8= )*/(1>?-/*
$,"�-/�! VI! )7b )B!I65,L10?>?0?-~Q¶5,B65A>?Q1*=02*@96Lb F>2$CB!R;-/$+-/�! V"|(1-/(!8= m}a$C8=­J02B<-/�! VSs*=-/ )8�&)$CBH-/ `_1-@]

5� )*=02I! )*y-/�! :*=-/$'&K�65,*=-=02&�5,B65A>?Q1*=02*@9,5�Bv(!G	LZ )8�$,"!$,-/�! )8�&)$CB!*=02I! )8/5A-=02$CB;*/�!$C(1>2IYLb npH )8g0?E6 )IPLZ F"|$C8= 
Lb F02B!R.5,L1>2 :-/$.&F>e5A02G�-/�65A-y-/�! :8g02RC�v-y"k5,(1>?-f-/$,>2 )8/5,BH-�G+ )&K�65,B102*KGº�65,*�LZ ) )BY*/ F>2 )&F-/ )I	5,B!I	&)$CB1E6RC(!8= )I
"|$C8�5;R,0?pH )BM*/$,"%-~}�5,8= Y*=Q1*=-/ )G<]X¨�_65,G+71>2 )*.$,"�*/(!&4�M&)$CB!*=02I! )8/5A-=02$CB!*c5,8= C�

" SW&)$CG+71>2 `_10?-~QM5,B65A>?Q1*=02*@91}��102&K�¶&@5,B<7!8=$@p'02I! �5P-/�! )$C8= F-=02&@5A>�G+ @5,*/(!8= V"|$C8T-/�! V7Z )8g"|$C8=G35,B!&) 
$,"y-/�! YG+ )&K�65,B102*/G<]

" ScB35,B65A>?Q1*=02*a$,"Z-/�! �02G+71>2 )G+ )Bv-K5A-=02$CBd&4�65,8/5,&F-/ )8g02*=-=02&)*@9'-/�65A-n}�0?>?>´8= FpH @5A>´-/�! �G+$C*=-a5,I! �a'(65A-/ 
02G+71>2 )G+ )BH-K5A-=02$CBJ$,"´-/�! �*/$,"%-~}�5,8= .&)$CG+7b$CB! )BH-/*:-/$VLZ �(!*/ )I<hK°@¯³²H¯'"|$C8�-=02G+ )$C(1-/*n-/�65A-n8= �a'(1028= 
RC8= @5A-.7!8= )&F02*=02$CB�9b5P-=02G+ )8.L65,*/ )IM$CBM5A>e5,8=G� FpH )BH-/*c*/&K�! )I!(1>2 )IwLHQ#-/�! �$C7b )8/5A-=02B!R3*=Q1*=-/ )G 02*
 `_17b )&F-/ )I;-/$mLZ �G	(!&K�^G+$C8= �8=$CL!(!*/-X5,B!I+ F3&F02 )Bv-n-/�65,B35s-=02G+ )8�}��102&K�3pH )8g0?E6 )*X-/�! � F>e5,7!*/ )I
-=02G+ Y5,B!IM `_! )&)(1-/ )*.5,*.5+(!*K )8�O¦>2 FpH F>f-/�!8= @5,I´o`]

" S�&)$CG+7b$C*K5,L10?>?0?-~Q�5,B!I 5,BN `_1 )&)(1-K5,L10?>?0?-[QN5,B65A>?Q1*=02*@9:}��102&K�NpH )8g0?E6 )*+}��! F-/�! )8;-/�! #&)$CG+7b$AO
*=0?-=02$CBN$,"�-/�! #*/ F>2 )&F-/ )I�G;02I!I1>2 F}T5,8= ¶&)$CG+7Z$CB! )Bv-/*3&@5,BNLZ d02B!&)$C8=7Z$C8/5A-/ )I 02B\-/�! #*/$,"%-~}�5,8= 
*=Q1*=-/ )G<9b5,B!I� `_! )&)(1-/ )I�$@pH )8m*/$CG+ P*/7Z )&F0?E6&P `_! )&)(1-=02$CB�71>e5A-="|$C8=G<]V���102*m7!8=$CL1>2 )G }T5,*VB!$,-
8/5A02*/ )IJ02B^-/�! m&@5,*/ s*=-/(!I1Q^$," 3T�65,71-/ )8.¸'9'Lb )&@5,(!*/ c-/�! mI! )7Z )B!I65,L10?>?0?-[QvO~*/7b )&F0?E6&�G;02I!I1>2 F}�5,8= 
&)$CG+7Z$CB! )Bv-/*3}T )8= <02G+71>2 )G+ )BH-/ )I "%$C8;Lb F02B!R�8= )(!*K5,L1>2 #02BN-/�! wqs8=L10¢_� `_! )&)(1-=02$CB  )BHp'028=$CB'O
G+ )BH-T(!*/ )I3LHQ;-/�! cSc*=-/ )8X7!8=$,-/$,-[Q'7b C]X±s$@}a FpH )8)9'-/$�*K(!7!7Z$C8g-n-/�! .(1-=0?>?0��@5A-=02$CBd$,"«-/�! �pC5,8g02$C(!*
&)$CG+7Z$CB! )Bv-/*Y-/�65A-	7Z$C7!(1>e5A-/ +-/�! ^Sc*=-/ )8VG;02I!I1>2 F}�5,8= d8= )7b$C*=0?-/$C8gQH9�-/�! 3&)$CG+7Z$C*45,L10?>?0?-~Q�5,B!I
 `_1 )&)(1-K5,L10?>?0?-[Q¶5,B65A>?Q'*K )*.5,8= �B! )&) )*/*K5,8gQH]

U{02G;0?>e5,8g>?Q·-/$�-/�! M*=-/$'&K�65,*/-=02&M5,B65A>?Q'*=02*x9:*/(!&4�N02*/*/(! )*35,8= <02B!I! )7b )B!I! )BH-3"|8=$CG -/�! <7!8=$C7b$C*/ )I I! `O
7b )B!I65,L10?>?0?-~Q�5,B65A>?Q'*=02*.-/�65A-.>2 @5,I!*c-/$3-/�! 	*/ F>2 )&F-=02$CBw$,"X*/$CG+ 	*/7b )&F0?E6&�"k5,(1>?-.-/$,>2 )8/5,BH-mG+ )&K�65,B102*KG<]
±s )B!&) C9!-/�! FQ#�65)pH �B!$,-cLZ ) )B¶5,I!I!8= )*K*/ )I#02B<-/�102*�8= )7b$C8g-@]
l�02B65A>?>?QH9�5,B!$,-/�! )8<02*/*/(! �-/�65A-w71>e5)Q1*¶5,B 02G+7b$C8g-K5,BH-¶8=$,>2 u02B -/�! zI! FpH F>2$C7!G+ )BH-�$,"P*/$,"%-~}�5,8= 

*/Q'*=-/ )G+*x9�02*V-/�! +02Bv-/ )8g"% )8= )B!&) d$,"�5,B65A>?Q1*=02*�8= )*/(1>?-/*	&)$CB!&) )8=B102B!R¶I10?ª« )8= )BH-�a'(65A>?0?-~Q�5,*/7b )&F-/*�$,"�-/�! 
*/Q'*=-/ )G<]�l6$C8. `_!5,G+71>2 C9102B<*=-/ )7 �P$,"�ly02RC(!8= � ] ¸�02B<765,RC Y¸ �191-/�! V$C(1-/&)$CG+ Y$,"�-/�! VI! )7b )B!I65,L10?>?0?-~Q
5,B65A>?Q1*=02*.02*�"% ) )IM-/$3-/�! �*/$,"%-~}�5,8= Y8= F-/8g02 FpC5A>�5,B!I�5,*/*/ )GYL1>?Q<Ss*=-/ )8�-/$'$,>2*@96$CB1>?Q#0?"�0?-/*�&)$CGYL102B65A-=02$CB
}�0?-/��-/�! :&)$CB!*=-/8/5A02Bv-/*y8= )RH5,8=I102B!Rs$,-/�! )8�*=Q1*=-/ )G�5,*/7b )&F-/*:hK°x¯ ²H¯H*/ )&)(!8g0?-~QH9C F3&F02 )B!&FQH9A-=02G+ F>?02B! )*/*x9!°)¥¦£xo

i�j�À,i	k



��¡����I�`¥��	°��A°F ¢¡�	�
^°��´¥�¡�
��P°�	1°��/�H¤��F ?° �Z¡�
F¥��:¤,§/° �����`¥~°�
 � ! �

I!${ )*sB!$,-c7!8=$'I!(!&) P5,BvQ¶&)$CB��!02&F-/*@]�Ss*=-/ )8c�65,*cLb ) )BM}T$C8=­v02B!Rd-/$@}�5,8=I!*�53GY(1>?-=0¢O¦p'02 F}�I! )*/&)8g0271-=02$CB
$,"a-/�! 3*/Q'*=-/ )G 5,8=&4�10?-/ )&F-/(!8= C9�}��! )8= 3 @5,&K�\I10?ªb )8= )Bv-	*=Q1*=-/ )G 5,*/7b )&F-Y&)$CBv-/8g02L!(1-/ )*Y-/$<-/�! ^$@pH )8/5A>?>
*/$,"�-[}T5,8= P5,8=&K�10?-/ )&F-/(!8= C]T±c$x}a FpH )8)9Z5;*/Q'*=-/ )G35A-=02&�}T5)Q#-/$3&)$CG	L102B! �-/�! Y5,8=&4�10?-/ )&F-/(!8/5A>y02G+765,&F-/*c$,"
-/�! �I10?ªb )8= )Bv-�p'02 F}�*@96�65,*�B!$,-.Lb ) )B<*=-/(!I102 )I<QH F-@]
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