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9.C1CDWMCD>mU�A4;%CO9�U�,1H]A4CO9.=-,DQ/KaF4>}|3~ e�Ysi%>mPs9.CDPMA4C3F4>�U�P
R_9.Hqg2U�F4>�y5,dc
U-,1<4,1C1,1=�St>�U-=�<_9/U
SmU-A4;�CD>}=-;
96fs9.f)>tF4>mC1,1f�K2>�UlSMg_9.,DU�U
>�UsY��EKX9.C1f)Q/;-,1=-R4HX>tK2Q/A4y)>s9.Aag�Q/A4;
CD>T=-;
96fs9.f)>�F4>]=�>MC1CD>�UNC1,1f�K2>�UG9qSM=�S]g4;�Q/g�Q�U�S�Y�i�8:9.C1f)Q/;-,1=-R4HX>aF4>�y3,DU-,DQ/Kb>�U-=EA4Ku9.C1f)Q.c
;-,1=-R4HX>h;�SMf�A4C1,D>M;s?L>M=�K2Q/A2U}9�y)Q/K2UmQ/<4=�>MKLAoF4>�f�;
9.K2F4>�U�g*>M;r\^Q/;-HJ9.K2P�>�UI�)9/P�P�SMCDSM;
9.=-,DQ/K
F4>}��2IU-A4;[���Eg4;�Q5P�>�U�U
>MA4;�Ut�^> �JPs9/PM,1=�ShU�A4g�SM;-,D>MA4;�>�� 1�� � �rA2U�@5AB8:�E���Eg4;�Q3P�>�U�U�>MA4;�U���Y
w Q/A2UN9sy)Q/K2UN,DF4>MK5=-,d�_S�F4>�UNy/9.;-,O9.=-,DQ/K2UEF29.K2U�CO9qP�Q/A4;-<*>]F�8�> �JPs9/PM,1=�S�>M=�K2Q/A2UE9sy)Q/K2U
=-;�Q/A4y)STCD>MA4;NPs9.A2U�>TF29.K2UNA4K'F4S�U�S�@LA4,1C1,1<4;
9.f)>�F4>TP�R_9.;-f)>�>MKL=-;�>�CD>�U�g4;�Q5P�>�U�U
>MA4;�UsY
iB>�g*>M;�P�>Mg4=XF4>nF4SM=�>�PM=-,DQ/K�F4>�Uqg�Q/=�>MK5=-,D>MCDUqA4=-,1C1,DU�>�CD>�UqP
R_9.Hqg2UJF4>ng�Q/=�>MK5=-,D>MCDU

g4;�Q/g_9.f)S�U�g_9.;�CD>�U[;�>�U
U�Q/A4;�P�>�UsY)i%9Tg4;�Q/g_9.fL9.=-,DQ/Ko>�U-=�<_9/U
S�>�U-A4;[CD>hg4;-,1K2PM,1g*>�F4>��EA4VLc
f)>MK2U �:� / ��>M='P�Q/K2U-=-,1=-A2>�A4K�9.C1f)Q/;-,1=-R4HX>�,1;-;�SMf�A4C1,D>M;sY w Q/A2U'9�y)Q/K2U�g4;�S�U
>MKL=�S�g4C1A0c
U-,D>MA4;�UIHXSM=-R2Q5F4>�UGU�S�@5A2>MKL=-,D>MC1CD>�U�>M=Ig_9.;
9.C1CDWMCD>�UGg*Q/A4;GU
Q/K�,1Hqg4CO9.K5=
9.=-,DQ/KBY_eNg4;�W�UGF4>
K2Q/H]<4;�>MA2U�>�UqHX>�U�A4;�>�U`F4>ng*>M;r\^Q/;-HJ9.K2P�>�U�?lK2Q/A2Ua9sy)Q/K2UXF4S�P�Q/A4y)>M;-=qCD>�U`HX>M,1C1CD>MA4;�>�U
HXSM=-R2Q5F4>�Uq>MKj=�>MHqg2UqF�8�>�v4S�PMA4=-,DQ/KBY w Q/A2UX9�y)Q/K2UX>MK2U-A4,1=�>n\�9.,1=aA4K2>�P�Q/Hqg_9.;
9.,DU�Q/K
F4SM=
9.,1C1CDS�>JF4>qP�>�U�HXSM=-R2Q3F4>�UsYB��,1K_9.CD>MHX>MK5=s?%K2Q/A2U]9sy)Q/K2U],1Hqg4CO9.K5=�SXA4K2>XP�Q/H�<4,1K_9.,dc
U�Q/KbF4>]P�>�UEHXSM=-R2Q3F4>�UE>M=EK2Q/A2UE9�y)Q/K2UI=-;�Q/A4y)S�CD>�UNPs9/UIQ��bP�R_9/@5A2>�HXSM=-R2Q5F4>`>�U-=�CO9
HX>M,1C1CD>MA4;�>�Y
�NK2>q9.=-=�>MK5=-,DQ/K{=�Q/A4=�>ag_9.;-=-,DPMA4C1,DWM;�>o9nSM=�SX9/P�P�Q/;�F4S�>J�nC�8:9/U�g�>�PM=]9.CDSs9.=�Q/,1;�>q>M=]�

CO9`=�Q/=
9.CD>T;�>Mg4;�Q5F0A2PM=-,1<4,1C1,1=�S`F4>�U�U-,1H�A4CO9.=-,DQ/K2UsY

��(*[ E A ��� A ��� �R� [ A � A E E I E ! [B�
�'� ADCGE ! ��� (*���)I E ! ��� K0�2KB?mK2Q/A2Un9sy)Q/K2UJ,1Hac
g4CO9.KL=�Su>M=oy�9.C1,DF4S'K2Q/=-;�>�HXQ5F4WMCD>�g_9.;JCO9�PM;�Ss9.=-,DQ/K�F�8 A4K2>b<4,1<4C1,DQ/=-R2W�@5A2>�?h9.g4g�>MCDS�>
� 4654�L��� � Y w Q/A2U�V�9�y)Q/K2U�,1Hqg4CO9.KL=�SoCO9�g4C1A4g_9.;-=`F4>�UT\zQ/K2PM=-,DQ/K4K_9.C1,1=�S�U�F0A�HXQ5F4WMCD>�Y
� C1CD>G>�U-=mg_9.;
9.C1CDWMCD>�?0HJ9.,DUtCO9�F0,	�JPMA4C1=�STF4>ICO9�g4;�Q/f�;
9.HqHJ9.=-,DQ/K'g_9.;
9.C1CDWMCD>G>�U-=hPs9/P�R2S�>
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�GC�8 A4=-,1C1,DU�9.=�>MA4;sY � C1CD>I9�SM=�S�P�Q/K fMA2>Ng�Q/A4;mA4K2>�A4=-,1C1,DU
9.=-,DQ/KJ\z9/PM,1CD>N>M= g*Q/A4; F4>�<*Q/K4K2>�U
g*>M;r\^Q/;-HJ9.K2P�>�U�g_9.;
9.C1CDWMCD>�UsY.iB>�U�RLV3g�Q/=-R2W�U�>�U�@LAB8�>MC1CD>�\z9.,1=�U�Q/KL=�U-A �JU
9.HqHX>MK5=�<*Q/K4K2>�U
g*Q/A4;mK2Q�UtU-,1H�A4CO9.=-,DQ/K2UtH]A4C1=-,dce9.f)>MK5=�>M=}U-A �JU�9.HqHX>MKL=hU-,1Hqg4CD>�U}g�Q/A4; � =-;�>I> �JPs9/P�>�U
>MKu=�>M;-HX>�UTF4>]=�>MHqg2UTF�8�>�v4S�PMA4=-,DQ/KBY*Z�Q/A4;TA4K2>a9.g4g4C1,DPs9.=-,DQ/K P�Q/Hqg4CD>�v4>�?�CD>aU-,1H�A4CO9�c
=�>MA4; �XH]A4C1=-,dc�P�Q/K2U�Q/HqHJ9.=�>MA4;���?�K2Q/A2UT9�y)Q/K2UTQ/<4=�>MKLA�A4K2>�HXQ3F4>�U-=�>q9/P�P�SMCDSM;
9.=-,DQ/K
F4>a�XU-A4;E6Jg4;�Q3P�>�U�U�>MA4;�UsY w Ss9.K4HXQ/,1K2Us?_K2Q/A2UIP�Q/K2U-,DF4SM;�Q/K2UG@5A2>�CD>�=�>MHqg2UIF4>�F4SMy)>�c
CDQ/g4g*>MHX>MKL=h9TSM=�S�CO9.;-f)>MHX>MK5=m;�S�F0A4,1=s?5P�Q/HqHX>�,1C1C1A2U-=-;�SNg_9.;�CD>�U U
>MA4CD>�Um�.6 � C1,1f�K2>�U}F4>
P�Q3F4>�F4>G=�Q/A4=�>TC�8:9.g4g4C1,DPs9.=-,DQ/KBY

� ()� 	*��+ ���r+�&)+�(L$
� ( % E � �R� A ��� �R� ���i(*���)I E ! ��w Q/A2U}>MKLy3,DU
9.f)>�Q/K2U}F�8 ,1KL=-;�Q3F0A4,1;�>ICO9�P�Q/HqH]A4K4,DPs9�c
=-,DQ/K�>�v3g4C1,DPM,1=�>`>MKL=-;�>`CD>�UG9.f)>MKL=�UG>M=ICD>�HXSMCO9.K4f)>aF4>�UN;�>�U
U�Q/A4;�P�>�UE>M=GF4>�UG9.f)>MKL=�Us?*P�>
@5A4,*g�>M;-HX>M=-=-;
9.,1=E9.A0v�;�>�U�U�Q/A4;�P�>�UhF�8 � =-;�>GHXQ/<4,1CD>�UN>M=N9.A0v�9.f)>MKL=�UEF4>Ig4;�Q/g_9.f)>M;NF4>�U
g*Q/=�>MKL=-,D>MCDUsY

� [����S(i�J& A ���J����& �)!K& A E c �R���J���G( !�& � eEA�K4,1y)>s9.A�F4>�U'9.C1f)Q/;-,1=-R4HX>�UbF4>�U�g*>M;rc
P�>Mg4=�Us?_K2Q/A2UE>MK5y5,DU�9.f)>�Q/K2Us?_g_9.;IQ/;�F0;�>]PM;�Q/,DU�U�9.KL=GF4>]F0,	�JPMA4C1=�S�?�F�8�Q/g4=-,1Hq,DU�>M;ECD>�UI9.Cdc
f)Q/;-,1=-R4HX>�UqF4>ng4;�Q/g_9.fL9.=-,DQ/K F4>�U`g�Q/=�>MK5=-,D>MCDUs?[F�8 ,1Hqg4CO9.KL=�>M;X>M=qF�8�SMy�9.C1A2>M;qF�8:9.A4=-;�>�U
9.C1f)Q/;-,1=-R4HX>�UqF4>og4;�Q/g_9.fL9.=-,DQ/K F4>Jg*Q/=�>MKL=-,D>MC�?[>M=aF4>og�>M;-HX>M=-=-;�>nA4K2>og4;�Q/g_9.fL9.=-,DQ/K
,1K2>�v29/PM=�>�?4HJ9.,DU�g4C1A2U�;
9.g4,DF4>�?2F4>�U�g*Q/=�>MKL=-,D>MCDUsY

eEA`K4,1y)>s9.AaF4>�U[9.f)>MK5=�Us?.K2Q/A2U�>MK5y5,DU�9.f)>�Q/K2Ul,1KL=-;�Q3F0A4,1;�>}F�8:9.A4=-;�>�Ulg*>M;�P�>Mg4=�Us?�=�Q/A4=
>MK�fL9.;�F29.KL=TCO9nU-,1Hqg4C1,DPM,1=�Sq>M=ICD>�UGg*>M;r\^Q/;-HJ9.K2P�>�UTF4>`CO9J<4,1<4C1,DQ/=-R2W�@LA2>X�oA4K�K4,1y)>s9.A
9/P�P�>Mg4=
9.<4CD>�Y

eEA K4,1y)>s9.A F4>�CO9�U-,1H]A4CO9.=-,DQ/KB?IK2Q/A2U�>MKLy3,DU
9.f)>�Q/K2U�F�8�Q/g4=-,1Hq,DU�>M;�CD>�Uug�>M;r\zQ/;rc
HJ9.K2P�>�U`g_9.;
9.C1CDWMCD>�UaF4>XCO9'<4,1<4C1,DQ/=-R2W�@LA2>�Yli�8:9.HXSMC1,DQ/;
9.=-,DQ/K"CO9bg4C1A2U],1Hqg*Q/;-=
9.KL=�>n,DPM,
>�U-=hF4>E\zQ/A4;-K4,1;}A4K�S�@5A4,1C1,1<4;
9.f)>TF4>GP�R_9.;-f)>TF0V3K_9.Hq,D@LA2>�?3=-;�W�UtA4=-,1CD>Gg*Q/A4;}F4>�UhU-,1H�A0c
CO9.=-,DQ/K2UI9�y)>�P�F4>�UE>MKLy3,1;�Q/K4K2>MHX>MKL=�UER2SM=�SM;�Q/f)WMK2>�UsY

� ( % E � �R� A ��� �R� �G! E � !K��P�� ���R�G��!,( !K���\�G! [G��� c � A (*( A ��� �R� � Z�Q/A4;EA4K2>G\�9�c
PM,1C1,1=�S�>MK2P�Q/;�>�g4C1A2U 9/P�PM;-A2>�?�K2Q/A2U�>MK5y5,DU
9.f)>�Q/K2U C�8 ,1Hqg4CO9.KL=
9.=-,DQ/KnF�8�Q/A4=-,1CDU�f�;
9.g4R4,D@5A2>�U
g*Q/A4;�CO9�PM;�Ss9.=-,DQ/KpF4>�U]>MKLy3,1;�Q/K4K2>MHX>MKL=�UqF4>JU-,1H]A4CO9.=-,DQ/Kp>M=�g�Q/A4;]CO9�y5,DU�A_9.C1,DU
9.=-,DQ/K
F4>�Uh;�S�U�A4C1=
9.=�U�f)SMK2SM;�S�U�g_9.;NCD>�U�U-,1H]A4CO9.=-,DQ/K2U�Y

� �_[ E ���Q� A ��� ��� � eEg4;�W�U�CO9bPM;�Ss9.=-,DQ/KjF�8 A4K�g4;�Q3F0A4,1=s?%A4K2>oSM=
9.g�>o,1Hqg*Q/;-=
9.KL=�>�>�U-=
U�Q/K�A4=-,1C1,DU
9.=-,DQ/KBY w Q/A2UI>MKLy3,DU
9.f)>�Q/K2UGF4Q/K2P]F�8 A4=-,1C1,DU
>M;GP�>M=-=�>�<4,1<4C1,DQ/=-R2W�@5A2>�F29.K2UIA4K
Ps9/F0;�>�F�8�>�v0g�SM;-,1HX>MK5=
9.=-,DQ/K�>M=qF4>J;�>�P
R2>M;�P�R2>�>MKj|3~ e ��|5A4g�SMCD>�P�g_9.;aC�8 ,1K5=�>M;-HXS�c
F0,O9.,1;�>�F4>�g4;�Q �r>M=�U�F�8�SM=-A2F0,O9.K5=�UE>M=��.Q/A�F4>T=-R2W�U�>�U�F4>�F4Q3PM=�Q/;
9.=sY

� Ko\zQ/A4;-K4,DU�U
9.K5=tA4KnQ/A4=-,1C*g*Q/A4;}CO9`U-,1H�A4CO9.=-,DQ/K'F4>NCO9.;-f)>�Utg*Q/g4A4CO9.=-,DQ/K2UhF�8:9.f)>MKL=�U�?
\�9/PM,1CD>I��C�8 A4=-,1C1,DU
9.=-,DQ/K�>M=mg*>M;r\^Q/;-HJ9.K5=t��C�8�>�v0S�PMA4=-,DQ/KB?3K2Q/A2U}>�U-g*SM;�Q/K2U}9sy)Q/,1;t9.g4g*Q/;-=�S
K2Q/=-;�> g4,D>M;-;�>m�tC�8�S�F0,d�_P�>mF4>[CO9t;�>�P�R2>M;�P
R2> H�A4C1=-,dce9.f)>MKL=[>M=��hP�>MC1A4,3F4>[C�8:9.C1f)Q/;-,1=-R4Hq,D@5A2>
g_9.;
9.C1CDWMCD>�Y
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: Y : ~uQ/=-,1y/9.=-,DQ/K2UI9.K2F�,1KL=-;�Q3F0A2PM=-,DQ/K Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]Y : �
: Y:� Z[;-,1K2PM,1g4CD>�UIQ.\lH]A4C1=-,dce9.f)>MKL=GU-V0U-=�>MHXU Y�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]Y :&;
: Y:� Z[;-,1K2PM,1g4CD>�UIQ.\lg_9.;
9.C1CD>MC%P�Q/Hqg4A4=-,1K4f YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]Y : &
: Y 6 Zl9.;
9.C1CD>MC%H�A4C1=-,dce9.f)>MKL=TU-V0U-=�>MH ,1Hqg4CD>MHX>MKL=
9.=-,DQ/K2UnYTY�YTY�Y�YTY�YTY]Y ���
: Y:� �9<>= �5�/� � HXQ3F4>MC%Q.\�H�A4C1=-,dce9.f)>MKL=GU-V0U-=�>MH U-,1H]A4CO9.=-,DQ/K Y�Y�YTY�YTY]Y ���
: Y@? Zl9.;
9.C1CD>MC�9.C1f)Q/;-,1=-R4Hq,DP�Q.\�y3,DU-,DQ/K'g*>M;�P�>Mg4=�Y�Y�YTY]YTY�YTY�Y�YTY�YTY]Y �	A
: Y ; Zl9.;
9.C1CD>MC�9.C1f)Q/;-,1=-R4Hq,DP�Q.\�g�Q/=�>MK5=-,O9.C4�_>MCDFqg4;�Q/g_9.fL9.=-,DQ/Ko9.K2Fag*>M;�P�>Mg0c

=-,DQ/K Y�YTY�YTY]YTY�Y�YTY�YTY�YTY]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]Y ���
: Y@A �9<>= �5�/� � \z>s9.=-A4;�>�UE9.K2F�,1Hqg4CD>MHX>MKL=
9.=-,DQ/K�Y�Y�YTY]YTY�YTY�Y�YTY�YTY]Y � &
: Y & BGQ/HJ9.,1K2UNQ.\�9.g4g4C1,DPs9.=-,DQ/Ku9.K2F'f�CDQ/<_9.CBg�>M;r\zQ/;-HJ9.K2P�> YTY�Y�YTY�YTY]Y 6L�
: Y :s� k}Q/K2PMC1A2U-,DQ/K2UI9.K2F�\^A4=-A4;�>DCmQ/;FEbY]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]Y 6 ;

�	� � ��!_$/�e$'� �e$.$.!2()&/��&)��#�� G*H
I J����&%LK5(9�&%'�M�*6N(��*!+%,����� ��!0"*#	�&%'�M� 8�O
�0Y : ~uQ/=-,1y/9.=-,DQ/K2U Y]YTY�Y�YTY�YTY�YTY]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]Y � ;
�0Y:� �9<>=QPQR	S CO9.K4f�A_9.f)>T\�9.Hq,1C1V Y�YTY]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]Y � &
�0Y:� �2>s9.=-A4;�>�UEQ.\lQ/A4;Ng4;�Q/f�;
9.HqHq,1K4foHXQ3F4>MC Y�Y�YTY]YTY�YTY�Y�YTY�YTY]Y � &
�0Y 6 �2>s9.=-A4;�>�UEQ.\lQ/A4;EF4>My)>MCDQ/g4HX>MKL=I=�Q5Q/C Y�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]YT? �
�0Y:� �EV5g*Q/=-R2>�U�>�Uh=
9 E)>MKb,1K'Q/A4;�HXQ5F4>MC�9.K2F�F4>My)>MCDQ/g4HX>MKL=I=�Q5Q/C�YTY�YTY]YT? :
�0Y@? Z[CO9.K�Q.\�=-R2>�F0,DU
U�>M;-=
9.=-,DQ/K Y�YTY]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]YT?��

U VW� %,�*#2%'10X'/�6Y��Z\[]"0XL�&%L-.(5^M/����_67`a67��/Q[b6 c�U
�0Y : ~�9.,1K',1KL=�>M;�>�U�=�UNQ/K�H]A4C1=-,dce9.f)>MK5=Eg_9.;
9/F0,1f�H YTY]YTY�YTY�Y�YTY�YTY]YT?��
�0Y:� ~�A4C1=-,dce9.f)>MKL=IU-V3U�=�>MH Qsy)>M;-y3,D>�C Y]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]YT?��

�0Y:�0Y : d ;�Q)9/F'F4>��2K4,1=-,DQ/K�Q.\�9.f)>MKL=IP�Q/K2P�>Mg4=pYTY]YTY�YTY�Y�YTY�YTY]YT?��
�0Y:�0Y:� e�V3g*>�UNQ.\�9.f)>MKL=�U'YTY�YTY]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]YT?	?
�0Y:�0Y:� k}Q3Q/g�>M;
9.=-,DQ/Kgf7h�Y29.K5=
9.f)Q/K4,DU-H YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]YT? ;

�0Y:� iEg4g4C1,DPs9.=-,DQ/K2U�Y]YTY�Y�YTY�YTY�YTY]Y�YTY�YTY�Y�YTY]YTY�YTY�Y�YTY�YTY]YT?	A
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start simulation

create environment

initialise percept data

create resources and initial agents

plan to take/drop
plan to create/destroy agents

solve all the spatial conflicts

execute action of each agent
move

take/drop
create/destroy agents

...

...

execute user function

update percept data

end simulation

execute behaviour of each agent
plan to move
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(a) (b)
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Invisible square
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"�EN9OF5HGFJ=Na<U]E$;]KuEN9OF5YL;>=G;]y<;]U];]E�k�P}ADENHN;g�pQD^TEN9OF=G�jaBADHGF�m¦8:9OF�Q\yO=GE@A\?IU>Fz;]Kl^`Q\HNP}ADEN;>Q\K~;>=¦=NEGQ\HGFJS	;]KoEN9OFzFIKjYT;]HGQ\K<PRFIKjE5P}ADENHN;g�(t�=N9BADHGFJSHGFZA\STf�Q\K<U]ke;]K�EN9<;>=*ADU]i[Q\HN;]EN9<P yjk�ADU]U�EN9OF¡C<HGQT?JFJ=G=GQ\HG=Zm�8:9OF�VsHN;]EN;]K<i&Q\CvFIH@ADEN;>Q\KO=



��� � �����������	��� 
 � ������
�
 �	
 ��
 � ����� ����� � ����� ��� ���*��� ���!� ���!� ��� ���

Symmetric elements

8 ;]i�a<HGF �Tm]���)"�>¥Q[A\S~;]PbyBADUcADKO?JF�QD^(Aw=NkTP|PRFIENHN;>?sHGFIUcADEN;>Q\K "7Q\K}ADKRFJ�LaBADUgf�=N;��ZFJS~9OQ\HN;gf
�ZQ\KLE@ADUOS<FJ?JQ\P|C�Q�=N;]EN;>Q\K|QD^�AWP}ADENHN;g� � ��S<Q\P}AD;]KO=7;]K	EN9<;>=¦�Oi�a<HGF���t�U>Q[A\S	a<KjyBADUcADKO?I;]K<iADC<CvFZADHG=u;g^�EN9OF|=GkLP|PRFIENHNk ��EN9OF|?JQ\P|C<a<EGFJ=	ADHGF|S<Q\KOF|Q\K4EN9OF~i�H@AZk[FJS49BADUg^:QD^XEN9OFP}ADENHN;g�rQ\K<U]k ��;>=sE@AD�[FIK2;]KLEGQ}A\?J?JQ\a<KjEZm

ADC<C<U]keQ\K<U]k�EGQ�EN9OF*=G�LaBADHGFM;]KjY[Q\U]Y[FJS(tz9OFIKO?JFM?ZA\?@9OF¡?JQ\K'&O;>?IEG=RADHGF*Y[FIHNk&a<K<U];]�[FIU]k[m8:9OFMU>Q[A\STf�yBADUcADKO?I;]K<i4;>=oKOQ\ERArHGFZADUX;>=G=NaOFMFI;]EN9OFIHZm4n�K�A2EGQ\HGQ\;>SOADUXVXQ\HNU>S�Vs;]EN9OQ\a<EQ\yO=NE@A\?IU>FJ=qtvEN9OFo?JQ\P|C<a<EN;]K<i�QD^zEN9OF	�BFIU>S4QD^XAM=G�jaBADHGFoE@AD�[FJ=�EN9OF~=@ADPRF|ADPRQ\a<KjEpQD^EN;]PRF���m{8:9OF�Q\yLYL;>Q\aO=}CBADH@ADU]U>FIU];>=@ADEN;>Q\K�;>=REN9jaO=REN9OFrCBADHNEN;]EN;>Q\K<;]K<i6QD^�EN9OFrS<Q\P}AD;]K
��C<HGFJ=GFIKLEGFJSd;]Kd=GFJ?IEN;>Q\K (Om (���t�Vs;]EN9�S<Q\P}AD;]KO=rQD^oFJ�LaBADU�Kja<PbyvFIH2QD^~=G�jaBADHGFJ=qm�n�^EN9OFIHGF}ADHGF|Q\yO=GE@A\?IU>FJ=uU>QL?ZADEGFJS�ADEuH@ADKOS<Q\P ?JQTQ\HGSl;]KBADEGFJ=Zt$EN9OF~U>Q[A\S�;>=uyBADUcADKO?JFJS�Q\KF��lC�FJ?IE@ADEN;>Q\K¥m ��EN9OFIHNVs;>=GF�t£S<Q\P}AD;]KO=~yBA\=GFJS�Q\K�EN9OFI;]H|=N;��ZFMADKOSeEN9OFI;]H~Kja<P	y�FIHRQD^Q\yO=NE@A\?IU>FJ=WP}AJk�yvFu;]P}ADi�;]KOFJS(m���a<HWU];]y<H@ADHNk¡CBADH@ADU]U>FIU];>=GFJ=�EN9<;>=�ADU]i[Q\HN;]EN9<P,yLk�aO=N;]K<iADKMFJ�jaBADUgf�=N;��ZFJS*S<FJ?JQ\P|C�Q�=G;]EN;>Q\K*QD^(EN9OF�S<Q\P}AD;]K "5FZA\?G9MS<Q\P}AD;]KM?JQ\KLE@AD;]KO=zEN9OF�=@ADPRFKLa<PbyvFIHbQD^�U];]KOFJ=Zm	n�K�^�A\?IEZt(;g^�EN9OFoEGQ\E@ADU5KLa<PbyvFIHbQD^�U];]KOFJ=�;]K4EN9OF~FIKjYT;]HGQ\K<PRFIKjE	;>=KOQ\E|Sl;]YT;>=N;]y<U>F}yLk�EN9OFMKja<P	y�FIH|QD^�S<Q\P}AD;]KO=Zt£EN9OF}KLa<PbyvFIHRQD^�U];]KOFJ=~y�FIEhV�FJFIK{ADKjkEhV�QRS<Q\P}AD;]KO=sP}AZk*yvF�Sl;'�vFIHN;]K<i|yLk���tOADKOS¡9OFIKO?JFpAo=NP}ADU]U(U>Q[A\S¡a<KLyBADUcADKO?I;]K<i}?ZADKADC<CvFZADHZm
nhEw;>=WVXQ\HNEN9jVs9<;]U>F|EGQ*PRFIKjEN;>Q\K&A}C<HGQ\C�FIHNEhk�QD^£EN9OFoYT;>=N;>Q\K2PRQTS<FIU "sEN9OF~S<FJ?JQ\P~fCvQ�=N;]EN;>Q\K�i�;]YL;]K<irADK�;>S<FZADU5U>Q[A\STf�yBADUcADKO?I;]K<ir;>=wEN9OF~=@ADPRF�tvVs9OFIEN9OFIHuEN9OFoHGFIUcADEN;>Q\K4;>==NkTP|PRFIENHN;>?WQ\HzKOQ\EZm�8OQ\H�� + P}ADENHN;>?JFJ=ZtLEN9OF�U];]KOFZADHXS<FJ?JQ\P|C�Q�=G;]EN;>Q\K*QD^$Au=NkTP|PRFIENHN;>?HGFIUcADEN;>Q\K ��EN9OFrP}ADENHN;g��� ;>=*=NkTP|PRFIENHN;>?��R;>=*Sl;'�(FIHGFIKjE¡EN9BADK EN9OF2U];]KOFZADH¡S<FJ?JQ\P~fCvQ�=N;]EN;>Q\K�QD^WEN9OF¡=@ADPRF}KOQ\K�=NkTP|PRFIENHN;>?MHGFIUcADEN;>Q\K ���Oi�a<HGF��Tm]����C<HGFJ=GFIKLEG=|=NaO?G9{ADKF��OADP|C<U>F���m�n�KO=NEGFZA\S(t�;]K�Q\a<Hr?ZA\=GF�t�EN9OF�YL;>=G;>Q\K P}ADENHN;g� ��?JQ\HNHGFJ=NCvQ\KOSl;]K<i{EGQeEN9OFFIKLYL;]HGQ\K<PRFIKLE%��;>=wA (�+�P}ADENHN;g�vtvADKOS(t�Vs9<;]U>FbEN9OF	S<FJ?JQ\P|C�Q�=N;]EN;>Q\K�ADC<CvFZADHG=wADE�P}A fENHN;g�bU>FIY[FIU ���OHG=NE£ADKOS~=GFJ?JQ\KOS~Sl;]PRFIKO=N;>Q\KO=%��t\EN9OF:=NkTP|PRFIENHNkp;>=7F��lC<U>Q\;]EGFJSRADE FIU>FIPRFIKLEU>FIY[FIU&��EN9<;]HGS|ADKOSp^`Q\HNEN9	Sl;]PRFIKO=N;>Q\KO= ��t[A\=¦=N9OQqVsK~;]Kb�Oi�a<HGF(�Tm]����Q\KoCBADi[Fw��� �lm¦8:9LaO=ZtEN9OFp= ADPRF�Kja<PbyvFIHWQD^5FIU>FIPRFIKjEG=W;>=�?ZADU>?Ia<UcADEGFJS(tOy<a<EsEN9OFuVXQ\HN�MQ\KrFZA\?@92FIU>FIPRFIKjE�;>=9BADU]Y[FJS(m

' F V�\ T�U-V � W%\ _ T�Z�Z _�d W%\ _ W�]^� \���V ��X&_ Z[V�a�a _�X � W/a"\ X&d Z�\ � _ W/a���V X V � W _ \c\���VMZ+T�Z��/V�Z _ W�a � � V X T	�\ �Y_ W/a �/_ � \&V�W�b d T�a � � d W ��X V ��� Z[\ T�
�]YV � a d Z�� T�aba _�` V � T�\ T�T�] X V+T � � � W Z+T�Z��/V!e
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�lm��w;>=N;>Q\K�H@A\Sl;]aO= � :�<���m
(Om #&ADU]U>=RCvFIHG?JFIKjE@ADi[F ���'� "2EN9OF�PRQ\HGF2Q\yO=GE@A\?IU>FJ=}F��l;>=NE|;]K{EN9OF2FIKLYL;]HGQ\K<PRFIKLEZtEN9OF~^�A\=NEGFIHpEN9OF};]P|C<U>FIPRFIKjE@ADEN;>Q\K�V�Q\HN�l= ��EN9OF}=Na<C�FIHG?JQqY[FIH~ADU]i[Q\HN;]EN9<P =NEGQ\CO=ADEsEN9OF��OHG=NE�Q\yO=GE@A\?IU>FpPRFIE%��m

 m ��a<PbyvFIHWQD^ C<HGQT?JFJ=G=GQ\HG= �
	 ��m
#�F|VXADKLEoADU>=GQrEGQrFIP|C<9BA\=N;>=GF|EN9BADE	EN9<;>=u;>=	ADK6F��<ADP|C<U>FRQD^WADU]i[Q\HN;]EN9<P Vs9<;>?G9KOFJFJS<=�KOQ\E2Q\K<U]kdAeP}ADEN9OFIP}ADEN;>?ZADU	?JQ\P|C<U>F��l;]E�k�ADKBADU]kT=G;>=Ztwy<a<E�ADU>=GQ{AeC<H@A\?IEN;>?ZADUADKBADU]kT=N;>=qms8:9OFIHGFoADHGFo=GFIY[FIH@ADU7Q\C<EN;]P|;>=@ADEN;>Q\KO=wVs9<;>?G94S<QRKOQ\EuA �vFJ?IE�P}ADEN9OFIP}ADEN;>?ZADU?JQ\P|C<U>F��T;]Ehk[t�y<a<EwC<H@A\?IEN;>?ZADU7PRFZA\=Na<HGFIPRFIKjE�HGFJ=Na<U]EG=qtBVs9OFIHGF	EN9OFbijAD;]K�;]K�F��<FJ?Ia<EN;>Q\KEN;]PRFpQ\HsPRFIPRQ\HNk¡;>=sKOQ\EN;>?JFZADy<U>F�m
#�F	?JQ\KO=G;>S<FIH�9OFIHGFoQ\K<U]krEN9OF	YL;>=N;>Q\K�QD^z=NE@ADEN;>?ZADU7E�kTC�F�t�Vs9<;>?G9�PRFZADKO=wEN9OF	YL;>=N;gfy<;]U];]E�k	�BFIU>S<=zADHGFs?ZADU>?Ia<UcADEGFJS}ADE5EN9OF:yvFIi�;]K<K<;]K<ibQD^�EN9OFs=N;]P	a<UcADEN;>Q\K¥m58:9OF�(�+ P}ADENHN;g�QD^zEN9OF~YL;>=G;>Q\K�=GEGQ\HGFJ=uFIU>FIPRFIKjEG=pQD^XY\ADU]aOF 
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�� � mp8:9OF~YT;>=N;>Q\K�ADU]i[Q\HN;]EN9<P?JQ\KO=N;>=NEG=:QD^ ?JQ\P|C<a<EN;]K<i*ADKOS¡=NEGQ\HN;]K<iRFZA\?@9rQD^¦EN9OFJ=GFwY�ADU]aOFJ=Zm58:9OFu?JQ\P|C<a<EN;]K<iRCBADHNEi�;]Y[FJ=s;]EG=sEN;]P|;]K<iRPRQTS<FIU�tBADKOS�EN9OFp=GEGQ\HN;]K<iRCBADHNEsi�;]Y[FJ=�;]EG=sPRFIPRQ\HNk¡PRQTS<FIU�m
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#�F�ADHGF5;]KLEGFIHGFJ=NEGFJSo;]KpEN9OF�ADC<C<U];>?ZADEN;>Q\K~PRFIPRQ\HNkuPRQTS<FIUjP}AD;]K<U]kuyvFJ?ZADaO=GF5EN9OF£YT;>=N;>Q\KADU]i[Q\HN;]EN9<P aO=GFJ=s9La<i[F	ADPRQ\a<KjEG=�QD^ PRFIPRQ\HNk[mn�K6EN9OF}=GFJ�LaOFIKjEN;cADU:F��<FJ?Ia<EN;>Q\K¥t7EN9OF}YT;>=N;>Q\K&P}ADENHN;g�e=NEGQ\HGFJ=bEN9OF}YL;>=G;]y<;]U];]E�k4�BFIU>SQD^£ADU]U¦EN9OFb=G�LaBADHGFJ=WQD^zFIKLYL;]HGQ\K<PRFIKLE����Oi�a<HGF �Tm (¡Q\KrCBADi[F*���l����ms8:9OFIHGFoADHGF � EGQDfE@ADUX=G�LaBADHGFJ=Zt5ADKOSeEN9OF}YT;>=N;]y<;]U];]Ehk4�BFIU>S�QD^WFZA\?G9�=G�LaBADHGF}9BA\= 0R( :�< ��� 6 N FIU>FIPRFIKLEG=
��^�Q\HNP	a<UcA �Tm+��Q\K�CBADi[F������ ��me8:9OFIHGF�^�Q\HGF�tzEN9OFMKja<PbyvFIH}QD^�FIU>FIPRFIKjEG=|KOFJFJS<FJS�yLkEN9OF~YL;>=N;>Q\K4P}ADENHN;g��QD^:EN9OF ��	�� 	 ' � 8 � 8 � ����ADU]i[Q\HN;]EN9<P ;>=pi�;]Y[FIK�yjk�EN9OF~^`Q\U]U>QZVs;]K<iHGFIUcADEN;>Q\K " ,! �,#"%$&"%$('%)f0 � 3 : < 6 � � 0R( : < �*� 6 N � �Tm � �
¢�=5KOQ\EN;>?JFJS(tL;]EzS<QTFJ=5KOQ\EzS<FICvFIKOS}Q\KREN9OF�VXADU]U>=�C�FIHG?JFIKLE@ADi[F+�	tLKOQ\H£EN9OF�?JQ\K<KOFJ?IEN;]YLf;]E�k¡E�kTC�F G m�#�FpQ\y<E@AD;]K�EN9OFpEN9OFJQ\HGFIEN;>?ZADU¦PRFIPRQ\HNkr?JQ\P|C<U>F��T;]Ehk2QD^ EN9<;>=�ADU]i[Q\HN;]EN9<Prt



��� ( �����������	��� 
 � ������
�
 �	
 ��
 � ����� ����� � ����� ��� ���*��� ���!� ���!� ��� ���

A\=WA	^�a<KO?IEN;>Q\K�QD^7EN9OF�Kja<P	y�FIH	� QD^5=G�LaBADHGFJ=WADKOS�EN9OFuYT;>=N;>Q\K�H@A\Sl;]aO=':�<�"
,! �,;0 � 3 :�< 6 � ( 0 � : N< 6
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, FIY[FIH@ADU¥CBADH@ADPRFIEGFIHG=�;]K'&OaOFIKO?JFpEN9OFpF��<FJ?Ia<EN;>Q\KrEN;]PRFpQD^7EN9OFuYT;>=N;>Q\K�ADU]i[Q\HN;]EN9<Prm¢WU>=GQ<tz^`Q\HRPRQ\HGF�C<HGFJ?I;>=N;>Q\K¥t:;]K�FZA\?@9�i�H@ADC<9<;>?2EN9OFrU>FIi[FIKOS�?JQ\KLE@AD;]KO=};]Kl^`Q\HNP}ADEN;>Q\KADy�Q\a<EWADU]U¥EN9OFJ=@F�CBADH@ADPRFIEGFIHG=Zmz8:9OFIkrADHGF#"
$ �etlEN9OFuKja<P	y�FIHwQD^7=G�LaBADHGFJ=s;]K�EN9OFpFIKLYL;]HGQ\K<PRFIKLE�� � ADKOS � ;]K�U>FIi[FIKOS<=%��m
$ 8:9OF|EhkLCvFRQD^sEN9OFRFIKjYT;]HGQ\K<PRFIKjE � ��;]K�U>FIi[FIKOS<=Zt � H ^�Q\HuEGQ\HGQ\;>SOADU:ADKOS � � ^�Q\HFJSli[FJS���m
$ :�<jtlEN9OFpYL;>=N;>Q\K�H@A\Sl;]aO= � :~;]K�U>FIi[FIKOS<=%��m
$ �	tOEN9OF�C�FIHG?JFIKLE@ADi[FbQD^5Q\yO=NE@A\?IU>FJ= ��V:ADU]U>=%��m
$ G t<EN9OFu?JQ\K<KOFJ?IEN;]YT;]E�k � (RQ\H O ��m
$�� tl;g^ VXFuaO=GF�EN9OFp=NkTP|PRFIENHNkMC<HGQ\C�FIHNEhk¡QD^7EN9OFuYT;>=N;>Q\K � � � �XQ\H�KOQ\E � � H ��m
$ 	RtlEN9OFuKLa<PbyvFIH�QD^7C<HGQL?JFJ=@=GQ\HG=Zm

¢WU]U�EN9OF2U>FIi[FIKOS<=¡9BAZY[F�EN9OF2^`Q\HNP ���7��� � � : � � � G � � � t�A\?J?JQ\HGSl;]K<i�EGQ&EN9OF�CBADH@ADPRFIEGFIHG=ADy�QqY[F�m
������� ��� � ���
����� � � ��� ��� ���������8�  �� � � � ����� � � ����� � �!"

n�K4EN9<;>=	=GFJ?IEN;>Q\K&VXF|C<HGFJ=GFIKjE	EN9OFRQZY[FIHN9OFZA\SeQD^sKja<PRFIHGQ\aO=	CBADH@ADU]U>FIUzPRFIPRQ\HNk&ADU]U>QDf?ZADEN;>Q\KO=Zt ADC<CvFZADHN;]K<i2;]K6EN9OF|yBA\=N;>?}Y[FIHG=N;>Q\K&QD^sEN9OFRCBADH@ADU]U>FIU:ADU]U>QL?ZADEN;>Q\K¥m 8OQ\HoFZA\?G9
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Number of processors

y512−x512−t0−r8−w0−c4−s0

8 ;]i�a<HGF �Tm]� 
 " �sADHwC<U>Q\E�QD^£EN9OF	F��lFJ?Ia<EN;>Q\K�EN;]PRF	QD^£EN9OFbCBADH@ADU]U>FIU7ADU]U>QT?ZADEN;>Q\K ��yBA\=N;>?Y[FIHG=N;>Q\K ��t7=N9OQqVs;]K<i�;]KO?IHGFZA\=G;]K<i�AZY[FIH@ADi[F}EN;]PRFMADKOS�;]P|CvQ\HNE@ADKjEoU>Q[A\S�a<KjyBADUcADKO?I;]K<i
� + , 
 ��HN;]i�;]K � � � � ��m

=G�LaBADHGF}QD^�FIKLYL;]HGQ\K<PRFIKLEZt5EN9<;>=pY[FIHG=N;>Q\K�ADU]U>QL?ZADEGFJ= :�< ��� Y[FJ?IEGQ\HG= ��QD^ ( :�< � � FIUgfFIPRFIKLEG=%�M;]K�=NkTP|PRFIENHN;>?4?ZA\=GF � ( :�< � � Y[FJ?IEGQ\HG=r;]KdKOQ\K�=NkTP|PRFIENHN;>?4?ZA\=GF���t�=GFJF�Oi�a<HGF �Tm]����Q\K*CBADi[F~��� �lm58:9<;>=Xi�;]Y[FJ=X;]KM=GkLP|PRFIENHN;>?�?ZA\=GF	� 0 :�< � � 6 =NP}ADU]U�PRFIP~fQ\HNk*ADU]U>QT?ZADEN;>Q\KO= � � 0R( :�< � � 6 ^�Q\H�KOQ\KM=GkLP|PRFIENHN;>?�?ZA\=GF��5^�Q\H:ADU]U�EN9OFwFIKjYT;]HGQ\K<PRFIKjEZm
�wQ\EGFWEN9BADE�EN9OFWEGQ\E@ADU�Kja<P	y�FIHsQD^¦ADU]U>QT?ZADEN;>Q\KO=X;>=z;>S<FIKLEN;>?ZADU�tlKOQpP}ADENEGFIHXEN9OFWKLa<PbyvFIHQD^:EN9<HGFZA\S<=uaO=GFJS(m~¢w=u=N;]P|;]UcADHuHGFJ=Na<U]EG=bADC<CvFZADH�^�Q\Hu=GFIY[FIH@ADUzY\ADU]aOFJ=uQD^:EN9OF~CBADH@ADP~fFIEGFIHG=Zt$EN9OF~^`Q\U]U>QZVs;]K<i2CBADH@ADPRFIEGFIHG=	9BAJY[FRy�FJFIK�aO=@FJS�^�Q\Hu;]U]U]aO=NENH@ADEN;>Q\K6C<a<HNC�Q�=@FJ= "bAEGQ\HGQ\;>SOADU:FIKjYT;]HGQ\K<PRFIKjE|QD^ 
 ��� � 
 ���r=@�jaBADHGFJ=Zt¦Vs;]EN9OQ\a<E	Q\yO=GE@A\?IU>FJ=Zt¦^�Q\H	A2?JQ\K<KOFJ?�fEN;]YT;]E�k}QD^�(~ADKOSMApYL;>=N;>Q\K*H@A\Sl;]aO=�QD^LOlm7nhK}KOQ\K¡=NkTP|PRFIENHN;>?W?ZA\=GF�tLEN9OFJ=GF�CBADH@ADPRFIEGFIHG=?JQ\HNHGFJ=NCvQ\KOS�EGQ&ADyvQ\a<E (�P|;]U]U];>Q\KO=MADU]U>QL?ZADEN;>Q\KO= � � � ( N�� 0R( :�< � � 6 �RQD^~� � ��FZA\?@9
� ( : < �*� FIU>FIPRFIKjEG=�Vs;]EN9&��yLkLEGF � FIU>FIPRFIKLE%��m
8BQ\HsEN9OF + , 
 P}A\?G9<;]KOF ��Vs;]EN92� (~C<HGQT?JFJ=G=GQ\HG=%�zEN9OFIHGFpADHGFu=GFIY[FIH@ADU(PRFIPRQ\HNk¡ADUgfU>QT?ZADEGQ\HG=	AZY\AD;]UcADy<U>F�m #�FR9BAJY[F|aO=GFJS�EN9OF}S<F�^`ADa<U]E	ADU]U>QT?ZADEGQ\HpC<HGQqYL;>S<FJS&yjk � 0�
�
�� �^�a<KO?IEN;>Q\K¥m 8 ;]i�a<HGF �Tm]� 
 C<HGFJ=GFIKLEG=XEN9OF�yBADHXC<U>Q\E:i�;]YL;]K<ioEN9OFwF��lFJ?Ia<EN;>Q\K¡EN;]PRF�QD^¥CBADHxfADU]U>FIU£ADU]U>QT?ZADEN;>Q\K¥m , E@ADHNEN;]K<iM^�HGQ\P O}C<HGQT?JFJ=G=GQ\HG=ZtvADK�;]P|CvQ\HNE@ADKjEuU>Q[A\S�a<KjyBADUcADKO?I;]K<i?ZADK�yvFwKOQ\EN;>?JFJS(m !5Y[FIK�;g^ EN9OF�Kja<PbyvFIHWQD^5ADU]U>QL?ZADEN;>Q\KO=s;>=:;>S<FIKLEN;>?ZADU�tOEN9OFuF��<FJ?Ia<EN;>Q\KVs;]EN9��¡EN9<HGFZA\S�;>=RADU]V:AJkl=|^�A\=NEGFIH~EN9BADK�EN9OF�F��lFJ?Ia<EN;>Q\K�Vs;]EN9�ADKLkeQ\EN9OFIH|KLa<PbyvFIHQD^£EN9<HGFZA\S<=Zmw¢�U>=GQ<tB;]E�;>=W;]KO?IHGFZA\=G;]K<i¡=GE@ADHNEN;]K<i}^�HGQ\P (*C<HGQL?JFJ=@=GQ\HG=Zt�Kja<PbyvFIH�C<HGQ\yBA fy<U]k¡?JQ\HNHGFJ=NCvQ\KOSl;]K<i|EGQ~EN9OF�ENH@A\S<F�f�Q ��yvFIE�VXFJFIKry�FIKOF��OEG=�ADKOS�QZY[FIHN9OFZA\SrQD^7CBADH@ADU]U>FIUPRFIPRQ\HNk2ADU]U>QT?ZADEN;>Q\K¥ms8:9<;>=�A �(FJ?IEG=wADU>=@Q|EN9OFbF��<FJ?Ia<EN;>Q\K2EN;]PRF	QD^7EN9OFbVs9OQ\U>FpYT;>=N;>Q\K
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Number of processors

y512−x512−t0−r8−w0−c4−s0

8¦;]i�a<HGF(�Tm]�Z�)" �sADH C<U>Q\E QD^OEN9OFXF��<FJ?Ia<EN;>Q\K	EN;]PRFXQD^OEN9OFzVs9OQ\U>F�YT;>=N;>Q\K~ADU]i[Q\HN;]EN9<P ��yBA f=N;>?wY[FIHG=N;>Q\K �X=N9OQZVs;]K<iR=GU];]i�9jENU]kM;]KO?IHGFZA\=N;]K<i}F��<FJ?Ia<EN;>Q\K�EN;]PRFu=NE@ADHNEN;]K<i~^�HGQ\P � �oC<HGQDf?JFJ=G=GQ\HG= � + , 
 ��HN;]i�;]K � � � � ��m

ADU]i[Q\HN;]EN9<P �`ADU]U>QT?ZADEN;>Q\K�C<U]aO=p�OU]U];]K<i���t�A\=	=N9OQqVsK�;]K&�Oi�a<HGF �Tm]�Z�lt7Vs9OFIHGFMEN9OF}U>Q[A\Sa<KjyBADUcADKO?I;]K<i&ADKOSeEN9OF*F��<FJ?Ia<EN;>Q\K�EN;]PRF¡QD^WEN9OF*=GU>QZV�FJ=GEoC<HGQT?JFJ=G=GQ\H~=NE@ADHNE|=NU];]i�9LENU]k;]KO?IHGFZA\=N;]K<i|^�HGQ\P � �~C<HGQL?JFJ=@=GQ\HG=Zm
8OQ\HMEN9OF , 
 ��P}A\?@9<;]KOF ��Vs;]EN9�(6C<HGQL?JFJ=G=@Q\HG=%��t:aO=N;]K<ie;]EG=*=NE@ADKOSOADHGS � 0�
�
�� �^�a<KO?IEN;>Q\K¥t:EN9OF2U>Q[A\S{a<KjyBADUcADKO?I;]K<i�;>=}PbaO?G9 HGFJSlaO?JFJS(tsC<HGQ\yBADy<U]k�yvFJ?ZADaO=GF2QD^uEN9OF

, 
 ��ADHG?G9<;]EGFJ?IENa<HGF�m 8 ;]i�a<HGF �Tm]� �pC<HGFJ=GFIKjEG=sA	?ZA\=GF�Vs9OFIHGFw;]E�;>=zYT;>=N;]y<U>F�m ��K<U];]�[FWEN9OF
+ , 
 P}A\?@9<;]KOF�tl^`Q\HXADU]U�EN9OF�CBADH@ADPRFIEGFIHG=qtLEN9OF�F��<FJ?Ia<EN;>Q\K¡EN;]PRF����,: ! � � � ���pVs;]EN9¡EN9OFKja<PbyvFIH�QD^7C<HGQT?JFJ=G=GQ\HG= ��F��lC�FIHN;]PRFIKLEGFJS2Vs;]EN9�a<CrEGQ (|C<HGQL?JFJ=G=@Q\HG=%��m
8:9OFJ=GFsF��lC�FIHN;]PRFIKLEG=z?JQ\Kl�OHNP EN9BADE£PRFIPRQ\HNkRADU]U>QT?ZADEN;>Q\KRP}AJkoyvF�A�=GFIKO=N;]EN;]Y[Fs;>=xf=NaOFW;]KrA	CBADH@ADU]U>FIU(C<HGQ\i�H@ADPrm��XQ\KO=@FJ�jaOFIKLENU]k[t<V�Fw9BAJY[F�;]P|C<U>FIPRFIKLEGFJS�ADK�FIK<9BADKO?JFJSY[FIHG=N;>Q\K�QD^�EN9OFrPRFIPRQ\HNk{ADU]U>QL?ZADEN;>Q\K_;]K�Q\a<HR;]P|C<U>FIPRFIKLE@ADEN;>Q\K¥md8:9OF�Kja<P	y�FIH¡QD^ADU]U>QL?ZADEN;>Q\KO=~ADC<C�FZADHN;]K<i�;]K&CBADH@ADU]U>FIU�9BA\=pyvFJFIK&HGFJSlaO?JFJS�EGQ �lm !zA\?G96EN9<HGFZA\SeADU]U>QDf?ZADEGFJ=�EhV�QMUcADHNi[FIH�PRFIPRQ\HNk2y<U>QT?G�l= ��?JQ\HNHGFJ=NC�Q\KOSl;]K<i¡EGQ*EN9OFbEN9<;]HGS4ADKOS�EN9OFb^�Q\a<HNEN9Sl;]PRFIKO=N;>Q\KO=WQD^7EN9OF�YL;>=G;>Q\KrP}ADENHN;g� ��tBS<FIC<;>?IEGFJS�;]K��Oi�a<HGF��Tm]��Olm
n�K}EN9OFs^`Q\U]U>QZVs;]K<i~=GFJ?IEN;>Q\K}VXF�Vs;]U]Uv=GFJFsEN9BADEzEN9OF�FIK<9BADKO?JFJS}Y[FIHG=G;>Q\K}9BA\=�i�HGFZADENU]k;]P|C<HGQZY[FJS	EN9OF5C�FIHx^`Q\HNP}ADKO?JFzQD^<CBADH@ADU]U>FIUlADU]U>QL?ZADEN;>Q\KO=Zm 8:9OFIHGF�^`Q\HGF�t KOQWQ\EN9OFIH$CBADH@ADU]U>FIUPRFIPRQ\HNk�ADU]U>QT?ZADEGQ\HW=Nkl=NEGFIPR=:9BAZY[FpyvFJFIK�ENHN;>FJS(m
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8 ;]i�a<HGF �Tm]� � " �sADHwC<U>Q\E�QD^£EN9OF	F��lFJ?Ia<EN;>Q\K�EN;]PRF	QD^£EN9OFbCBADH@ADU]U>FIU7ADU]U>QT?ZADEN;>Q\K ��yBA\=N;>?Y[FIHG=N;>Q\K ��tB=N9OQZVs;]K<iMS<FJ?IHGFZA\=N;]K<i*AJY[FIH@ADi[FbEN;]PRF � , 
 � , a<K	( 
 � ��m

Processor domain 4th dimension3rd dimension
(one vector only)(one vector only)

8 ;]i�a<HGF��Tm]��O)"�!5K<9BADKO?JFJS�PRFIPRQ\HNk�ADU]U>QL?ZADEN;>Q\K¥t5Vs9OFIHGF¡FZA\?@9eC<HGQT?JFJ=G=GQ\H|ADU]U>QT?ZADEGFJ=Q\K<U]k¡E�VXQ|y<U>QT?G�l=Zm
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�WK<U>FJ=@=|Q\EN9OFIHNVs;>=GF2F��lC<U];>?I;]ENU]ke=GE@ADEGFJS(t�EN9OF�=G;]Pba<UcADEN;>Q\K�CBADH@ADPRFIEGFIHG=*aO=GFJS{ADHGFEN9OQ�=GF	QD^:A}EhkLC<;>?ZADU5=N;]P	a<UcADEN;>Q\K "uAREGQ\HGQ\;>SOADU£FIKLYL;]HGQ\K<PRFIKLEbQD^ � � ( � � � ( =@�jaBADHGFJ=ZtVs;]EN9OQ\a<E¡Q\yO=GE@A\?IU>FJ=Zt�Vs;]EN9�A6?JQ\K<KOFJ?IEN;]YL;]Ehk QD^ (�ADKOSdA�YT;>=N;>Q\K H@A\Sl;]aO=¡QD^XOlm�n�KEN9OFJ=GFsEGFJ=NEG=5VXF�9BAZY[FW?G9OQ�=@FIK}EN9OFsKOQ\Klf�=NkTP|PRFIENHN;>?w?ZA\=GFs;]K}Q\HGS<FIH£EGQbQ\y<E@AD;]K}9<;]i�9OFIHZt9OFIKO?JFRPRQ\HGF¡A\?J?Ia<H@ADEGF�t5F��lFJ?Ia<EN;>Q\KeEN;]PRFJ=p^`Q\HbEN9<;>=o=N;]P	a<UcADEN;>Q\K¥m2¢w=bS<FJ=G?IHN;]yvFJS�;]K=GFJ?IEN;>Q\K �Tm �wADKOS~A\= V�FXVs;]U]UT=G9OQZV�UcADEGFIH7;]Kb�Oi�a<HGF��Tm � �wQ\K	CBADi[F�� 
 ��t\EN9OFX=NkTP|PRFIENHNkHGFJSlaO?JFJ= � $ � : �4$ ��EhVs;>?JFREN9OFRF��<FJ?Ia<EN;>Q\K&EN;]PRF*QD^XEN9OF}ADU]i[Q\HN;]EN9<P ��Vs;]EN9�HGFJ=NCvFJ?IEpEGQEN9OFRSl;'�vFIHGFIKO?JFR;]K&SOADE@A�=N;��ZF���m �wQZVXFIY[FIHZt ;]K&ADC<C<U];>?ZADEN;>Q\KO=bEN9OF~^�A\=NEGFIHb=GkLP|PRFIENHN;>??ZA\=GF�P}AJk¡yvF�aO=GFJS(m
8:9<;>=~;>=|A2HGFIC<HGFJ=@FIKjE@ADEN;]Y[F2?ZA\=@F}^`Q\HoEN9OF¡P}A (xQ\HN;]EhkeQD^WEGFJ=GEG=o^�Q\H~E�VXQ�HGFZA\=GQ\KO= "ADKjk{PRFZA\=Na<HGFJS F��<FJ?Ia<EN;>Q\K EN;]PRF�;>=*i�HGFZADEGFIH¡EN9BADK���=GFJ?JQ\KOS �`A&P|;]K<;]Pba<P"EN;]PRFEGQ�Q\y<E@AD;]K{A�=Na &}?I;>FIKLENU]k�A\?J?Ia<H@ADEGF¡Y�ADU]aOF*^�HGQ\P�Q\a<H~C�Q\;]KLE|QD^�YT;>FIV ��tzADKOS�?ZA\?G9OFF��vFJ?IEG=|ADHGFM=NEN;]U]U�KOQ\EN;>?JFZADy<U>F ��;g^�EN9OFIk&F��T;>=GE%��m�¢�U>=GQ<t7EN9OFMQ\HGS<FIH|QD^WP}ADi�K<;]ENaOS<F�QD^EN9OFJ=GF�CBADH@ADPRFIEGFIHG=W;>=�HGFZADU];>=NEN;>?�^`Q\H�Q\a<H�C<UcADK<KOFJSr=N;]P	a<UcADEN;>Q\KO=Zm
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8:9OF|=GFJ�jaOFIKLEN;cADUzADU]U>QL?ZADEN;>Q\K6?JQ\KO=N;>=NEG=uQD^:ADU]U>QT?ZADEN;]K<i�EN9OFo�OHG=NEpADKOS�EN9OF|=GFJ?JQ\KOS4Sl;gfPRFIKO=N;>Q\K�QD^~EN9OF�YT;>=N;>Q\K�P}ADENHN;g�(m 8:9<;>=rPRFZADKO=�ADU]U>QL?ZADEN;]K<i_P}AD;]K<U]k A�y<U>QL?@��QD^
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]9MGn^HJ_�Åde�¿6R4T�R4_6EGkxCFQ¨QXgdH§i@HJ]9MG_6_6MG_6]pRFVaQXgdH§MG_6MGQXMPCFEGMIcfCFQXMIR4_�v

�WgdHhNmHJNmR4TXkqRFV�CF]^HJ_7QSczMIc�]9MGn^HJ_�i7k�C�cSMGNrb6EIH	b�R4MG_7QSHJT§QSRxC�NmHJNmR4TXk�cXbYC4~[H9v
�Wg6MIc/MIcLC¨ÇYH���MGi6EIH¨CFb6b6TSR^C4~Sg�¿2cXMG_d~[H�QXgdHWOdcSHJT/MIcaV>TSH[HWQSRBOdcjH}MGQ�C4c/gdH�_dH[H[Z6c�v/wu_hV�C4~JQ�¿

È�É�Ê



È�É � �����������
	���
������������������
������	����������! #"$�
%&�'"(�
�)�*���� ,+��
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-/. R:~�CFE6TSH[�:OdH[cXQSH[Zr~JTSH�CFQSH[Z�CF]^HJ_:QSc.2aH��2bYCF_dZdCFi6EIH¤n^H[~JQSR4TL~[R4_:QjCFMG_6MG_6]UMG_�V�R4TXN�C sQXMIR4_{CFi�R4O6QhCF]^HJ_7QSc l g6MI~Sg|CFTSHmQSRxi�Hm~JTSH�CFQSH[Z�MG_<QXgdHmEIR2~�CFE�Z6R4N�CFMG_�v�wuQzMIcb6TXMGn4CFQSH`QSR�H�C4~Sg©b6TSR2~[H[cScSR4T�v
-10 EIR4iYCFEUTSH[�:OdH[cXQSH[Z ~JTSH�CFQSH[Z�CF]^HJ_7QSc.2 H��2bYCF_dZdCFi6EIH�n^H[~JQSR4T�~[R4_7QjCFMG_6MG_6] QXgdHCF]^HJ_7QScDQSRmi�HU~JTSH�CFQSH[Z�MG_qQXgdH	Z6R4N�CFMG_�RFV�CF_dR4QXgdHJTDb6TSR:~[H[cScjR4T�QXgYCF_qQXgdH	R4_dH
2�+ aRekd
e@d'wRhRb�_\^�_\aRb dfvEb�,tekj`iSvRc\^`vEbKcf_\e@btd
^`p4_\aRekd y.e@]uw ^`p 7`jlc\ekjlo6i@btd
e@] j�v6jlcNj`i@i@btiSvRc\^}slcNj`g �

3 ^<m4b�7 bKc$0�.,^}h�,<j`] hRdfb�_\a6bKg e@pn_\a6b jlv6v6i@e ,<j _\ek^`] e@dYdfb�4.hRbt],_\ekj`i0�
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new position structure global conflicts structure

identifiers of all agents in conflict

¾aMG]9O6TSH =�v É 2��BH l b�R9cXMGQXMIR4_�CF_dZ©~[R4_�ÇdMI~JQScBcXQXTXOd~JQXO6TSH[c�v

l g6MI~Sg l CF_:QBQSRm~JTSH�CFQSHUQXgdH	CF]^HJ_:Q�v�wuQ¨MIc¨cSgYCFTSH[Z©i7k©CFEGEÁQXgdH`b6TSR:~[H[cjcSR4TScBCF_dZMGQSc�C4~[~[H[cSc¨MIc¤b6TSR4QSH[~JQSH[Z©i:k�C N	O6QSH���v
- 0 EIR4iYCFE^TSH[�:OdH[cXQSH[Z`NmRon^H}CF]^HJ_:QSc.2�H���bYCF_dZdCFi6EIHLn^H[~JQSR4TÁ~[R4_:QjCFMG_6MG_6]�QXgdH�CF]^HJ_:QSc
l g6MI~Sg�CFTSH`MG_qCrZ6R4N�CFMG_�CF_dZ�NmRon^HzMG_7QSR�CF_dR4QXgdHJT�Z6R4N�CFMG_�v�wuQ¤MIc¤cXgYCFTSH[Zxi:kCFEGE�QXgdH§b6TSR2~[H[cScSR4TSc�CF_dZ©MGQSc�C4~[~[H[cSc¤MIc¤b6TSR4QSH[~JQSH[Zqi7kxC NUO6QSH���v

- 0 EIR4iYCFEz~[R4_�ÇdMI~JQSc.2|n^H[~JQSR4T�~[R4_7QjCFMG_6MG_6] QXgdH<CF]^HJ_:QSc©MG_:n^R4EGn^H[Z�MG_ ~[R4_�ÇdMI~JQSc�vÀ�C4~jg HJEIHJNmHJ_:Q�~[R4TXTSH[cSb@R4_dZ6c�QSR�C�~[R4_�ÇdMI~JQ�¿�CF_dZ ~[R4_:QjCFMG_dcxCFEGE�QXgdH�CF]^HJ_:QSc
MG_7n^R4EGn^H[Z�MG_qQXgdH	~[R4_�ÇdMI~JQ ;ÆÄd]9O6TSH =�v É e�v¤wuQ¨MIc�cXgYCFTSH[Z�i7kqCFEGE�QXgdHUb6TSR2~[H[cScSR4TSc�¿
i6O6Q¤H�C4~Sg�b6TSR2~[H[cScSR4T¤C4~[~[H[cScSH[c¤R4_6EGkmQXgdH§~[R4_�ÇdMI~JQSc¨CFb6b�H�CFTXMG_6]hMG_�MGQScWZ6R4N�CFMG_�¿gdHJ_d~[H`_dRrN	O6QSH��xMIc¤OdcSH[Z�v

- 0 EIR4iYCFE�_dH l b�R9cXMGQXMIR4_dc.2 cXQjCFQXMI~�N�CFQXTXMt��RFV¨QXgdHpcjCFNmH�cXM0/�HpC4cUQXgdHpHJ_7n2MGTSR4_�sNmHJ_7Q�¿ l gdR9cSH�HJEIHJNmHJ_7QSch~[R4_7QjCFMG_{N�CFMG_6EGk\QXgdHr_7O6N	i@HJT RFV�QXgdH�~[R4_�ÇdMI~JQ	HJEIH�sNmHJ_7QmRFVD]9EIR4iYCFE¨~[R4_�ÇdMI~JQScmcXQXTXOd~JQXO6TSH9¿}MtVDCF_7k�;ÆÄd]9O6TSHB=�v É e�v{À�C4~Sg�QXMGNmH©CF_CF]^HJ_7QqMIcqC4Z6Z6H[Z�MG_ QXg6MIc©cSQXTXOd~JQXO6TSH ;��yN�CFT<5 _dH l b@R9cSMGQXMIR4_	� e�¿BQXgdH<EGMGi6TjCFTXk
~SgdH[~l52cDMtVLQXgdHJTSH	MIcDCFEGTSH�C4Z�k�CF_�CF]^HJ_7Q§MG_dcXMIZ6H CF_dZ�¿�MtV}C �mTXN�CFQXMGn^H9¿@~JTSH�CFQSH[c`C
~[R4_�ÇdMI~JQ�vLwuQ¤MIc¤cXgYCFTSH[Z�i7kxCFEGE�QXgdH§b6TSR2~[H[cScSR4TSc�¿�i6O6Q¨H�C4~jg©b6TSR:~[H[cjcSR4T�C4~[~[H[cScSH[cR4_6EGkpMGQSc¨Z6R4N�CFMG_�¿dgdHJ_d~[H`_dRmNUO6QSH��xMIc¤OdcSH[Z�v

- =aR4QSHJ_7QXMPCFE�ÄYHJEIZ6c82LcXQjCFQXMI~§N�CFQXTXMt�x~[R4_7QjCFMG_6MG_6]�QXgdH§b�R4QSHJ_7QXMPCFEÁRFVaTSH[cSR4O6TS~[H[covLwyQMIcmcXgYCFTSH[Z i7k CFEGE¨QXgdHxb6TSR2~[H[cScSR4TSco¿}i6O6Q�H�C4~Sg b6TSR2~[H[cScSR4TpC4~[~[H[cScSH[c�R4_6EGk{MGQSc
Z6R4N�CFMG_�¿6gdHJ_d~[HU_dR NUO6QSH��xMIc¤OdcSH[Z�v

±/²HG/²HG 
��(µ ,6¼(»�M\JÁ¶�
�J��
�WgdHDV>R4EGEIR l MG_6]�cXQSHJbdcWV�R4TXN C ~Jk�~JEIHzCF_dZqCFTSHzH��6H[~JO6QSH[Zxi7kxH�C4~jg©b6TSR:~[H[cjcSR4T.2
É v¨=(EPCF_pcXQSHJb&2/H���H[~JO6QSH�i@HJgYC�n:MIR4O6T�RFV�CFEGE�CF]^HJ_7QSc¤CF_dZrb6EPCF_�CF]^HJ_7QW~JTSH�CFQXMIR4_�CF_dZ
Z6H[cXQXTXOd~JQXMIR4_�v

È vBK:k2_d~Sg6TSR4_6MIcjCFQXMIR4_�iYCFTXTXMIHJTh; l CFMGQ¨V�R4T¨QXgdH`]9EIR4iYCFEÁ~JTSH�CFQSH[Z�CF]^HJ_7QSc§CF_dZx]9EIR4iYCFENmR�n^H	CF]^HJ_7QScBQSR i@H`~[R4Nrb6EIHJQSHJEGk�ÄdEGEIH[ZYe�v
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?�v¤��TjCF_dc�V�HJT�]9EIR4iYCFE�TSH[�:OdH[cXQSH[Z©~JTSH�CFQSH[Z�CF]^HJ_7QSc¨MG_qEIR:~�CFE�cXQXTXOd~JQXO6TSH[cov
Adv¤��TjCF_dc�V�HJT�]9EIR4iYCFE�TSH[�:OdH[cXQSH[ZxNmRon^HUCF]^HJ_7QSc�MG_©EIR2~�CFE�cXQXTXOd~JQXO6TSH[c�v
Ê v�K:bYCFQXMPCFEB~[R4_�ÇdMI~JQ�cSQSHJb&2©cSR4EGn^HqCFEGE�~[R4_�ÇdMI~JQScov 
}TSH�CFQSH l MG_6_dHJT�CF]^HJ_7QSc�v ¾dR4TEIR9cSHJTBCF]^HJ_7QSco¿6TSH�V OdcjH§QXgdHJMGT�~JTSH�CFQXMIR4_�R4T¨~jgYCF_6]^HzQXgdHJMGT¨NmRon^H	C4~JQXMIR4_©MG_©cXQjC�k^v
��v�
}TSH�CFQSHzEIR2~�CFE�CF]^HJ_7QSc�v
� v�K:k:_d~jg6TSR4_6MIcjCFQXMIR4_�iYCFTXTXMIHJTh; l CFMGQ¨V�R4T¨~[R4_�ÇdMI~JQ�cSR4EGn2MG_6]mQSR i�H`~[R4Nrb6EIHJQSH[ZYe�v
Â�v¤?¤~JQXMIR4_<cXQSHJb&2P52MGEGE/CF]^HJ_:QSczCF_dZ�H��6H[~JO6QSHhQXgdHhb6EPCF_6_dH[Z�C4~JQXMIR4_\RFV�QXgdHrCF]^HJ_:QSc
; NmR�n^H9¿dQjC65^HUR4T�Z�TSR4b�e�v

=�v�K:k:_d~jg6TSR4_6MIcjCFQXMIR4_�iYCFTXTXMIHJTh; l CFMGQ¨V�R4T�CFEGE�CF]^HJ_7QSc8-�C4~JQXMIR4_dc¨QSR i�HDÄd_6MIcXgdH[ZYe�v
É�� v��BcSHJT`cXQSHJb&2�H���H[~JO6QSHrcSH[�:OdHJ_7QXMPCFEGEGk�QXgdHhOdcSHJT�V>O6_d~JQXMIR4_�vz�Wg6MIc§MIcDQXgdHh_dR4TXN�CFEb6EPC4~[HrQSR©cXb�H[~JMtV k�QXgdHrHJ_dZ<RFV¤cXMGNUO6EPCFQXMIR4_�CF_dZ<QSRxcjC[n^HrMG_�V�R4TXN�CFQXMIR4_�CFi�R4O6Q

QXgdHzcXk�cXQSHJN©v(?�EIcjR6¿�QXgdHz~Jk2~JEIH§_:O6NUi�HJT�MIc¤MG_d~JTSHJNmHJ_:QSH[Z�v
É9É vDK:k:_d~jg6TSR4_6MIcjCFQXMIR4_�iYCFTXTXMIHJT ; l CFMGQBV�R4T¨QXgdH	OdcSHJT�QSR�~[R4Nrb6EIHJQSHUMGQSc§Crb6TXMIR4TXMÁO6_�s

5:_dR l _qb6TSR2~[H[cScXMG_6]:e�v
É�È v�=aCFTjCFEGEIHJELcjC�n:MG_6]�cXQSHJb&2WMtV�cXb�H[~JMtÄYH[Z©MG_�b6TSHJn2MIR4OdcDcSQSHJb�¿YQXgdH l gdR4EIH	cSk2cXQSHJN MIc

cjC[n^H[ZqMG_xbYCFTjCFEGEIHJE�v
É ?�v�À(_7n2MGTSR4_6NmHJ_7Q�b@HJTS~[HJb6QhO6b@ZdCFQSH�cXQSHJb&2�O6b@ZdCFQSHpMtV¨_dH[~[H[cScfCFTXk�QXgdH�b@R4QSHJ_:QXMPCFEÄYHJEIZ6c�v
É AdvDK:k:_d~jg6TSR4_6MIcjCFQXMIR4_<iYCFTXTXMIHJT�; l CFMGQ§V�R4TDQXgdH b6TSR4bYCF]7CFQXMIR4_<RFV �����(QXgdHhb@R4QSHJ_:QXMPCFEÄYHJEIZ6c�¿dcXMG_d~[HUCF_qCF]^HJ_:Q�N�C�kpb�HJTS~[HJMGn^H`MG_�V�R4TXN�CFQXMIR4_©MG_7QSRpCF_dR4QXgdHJT�Z6R4N�CFMG_�e�v
�WgdH l gdR4EIHmb6TSR:~[H[Z�O6TSHrMIc§b6TSH[cjHJ_7QSH[Z\MG_�Äd]9O6TSH =�v È R4_\QXgdH _dH���Q`bYCF]^HmCF_dZ�MIcH���b6EPCFMG_dH[Zxi�HJEIR l v
&DO6TXMG_6] QXgdHBÄdTScXQWcXQSHJb�¿�H�C4~Sgxb6TSR2~[H[cScSR4TWH���H[~JO6QSHDQXgdHDi@HJgYC�n:MIR4O6T¤RFV�QXgdH`CF]^HJ_:QScV�R4O6_dZmMG_�MGQSc�Z6R4N�CFMG_�v(wyV�QXgdHJk TSH[�:OdH[cXQ�QSRU~JTSH�CFQSHDCF]^HJ_:QScD; QXg6TSR4O6]9gpQXgdH�~�CFEGE�QSR`QXgdH

CFb6b6TSR4b6TXMPCFQSH�V O6_d~JQXMIR4_�e(MG_�QXgdH¤EIR2~�CFEYZ6R4N�CFMG_�¿2QXgdHJ_mQXgdH�TSH[�7OdH[cXQSH[Z�~JTSH�CFQSH[Z�CF]^HJ_:QScCFTSH	b6O6Q§MG_�MGQScBEIR:~�CFE/cXQXTXOd~JQXO6TSH RFV�TSH[�:OdH[cXQSH[Z�~JTSH�CFQSH[Z�CF]^HJ_:QSczCF_dZqQXgdHJMGT§b�R9cXMGQXMIR4_
MIc�cXQSR4TSH[Z MG_ QXgdHq]9EIR4iYCFE�_dH l b�R9cXMGQXMIR4_ cXQXTXOd~JQXO6TSH9v À(EIcSH l gdHJTSH9¿WMtV`QXgdH©b�R9cXMGQXMIR4_RFV¤TSH[�:OdH[cXQSH[Z<~JTSH�CFQSH[Z�CF]^HJ_:QScUMIcUMG_�CF_dR4QXgdHJT	Z6R4N�CFMG_�¿ÁQXgdHJk<CFTSHmb6O6QzMG_{C�]9EIR4iYCFEcXQXTXOd~JQXO6TSH§QSRhi�H§Z�MIcXbYCFQS~SgdH[ZqC V>QSHJT l CFTSZ6c¨MG_xChEIR2~�CFE�cXQXTXOd~JQXO6TSH9vLwyV�QXgdHJk�NmRon^HzCF_dZQXgdHJMGT _dH l b@R9cSMGQXMIR4_{MIcrCF]7CFMG_|MG_|MGQSc Z6R4N�CFMG_�¿LQXgdHJMGT _dH l NmR�n^H�MIc cXQSR4TSH[Z|HJMGQXgdHJTMG_�QXgdHU]9EIR4iYCFE/_dH l b@R9cSMGQXMIR4_�cXQXTXOd~JQXO6TSH9v§wyVLQXgdHJk©NmR�n^HrCF_dZ�~SgYCF_6]^HhQXgdH Z6R4N�CFMG_�¿QXgdHJk©CFTSH§b6O6Q¨MG_xQXgdH`]9EIR4iYCFE�TSH[�7OdH[cXQSH[Z©NmR�n^H	CF]^HJ_:Q�cXQXTXOd~JQXO6TSH9v?�V>QSHJThCxcXk2_d~Sg6TSR4_6MIcfCFQXMIR4_�CFNmR4_6]�CFEGE�QXgdH�b6TSR:~[H[cScjR4TSc�¿ÁH�C4~jg�b6TSR2~[H[cScSR4T	TSH�C4Z6c
QXgdHU]9EIR4iYCFEÁTSH[�:OdH[cXQSH[Zq~JTSH�CFQSH[Z�CF]^HJ_7Q§cXQXTXOd~JQXO6TSH CF_dZq~[R4b:kxQXgdH	CF]^HJ_7QScDi�HJEIR4_6]9MG_6]
QSR�MGQSc Z6R4N�CFMG_|MG_7QSR�MGQSchEIR:~�CFEWTSH[�:OdH[cXQSH[Z|~JTSH�CFQSH[Z|CF]^HJ_:QrcXQXTXOd~JQXO6TSH9v<?BEGE}QXgdH�TSH�s�:OdH[cXQSH[Z{~JTSH�CFQSH[Z{CF]^HJ_:QScmCFTSH�_dR l MG_{QXgdHpCFb6b6TSR4b6TXMPCFQSHpEIR2~�CFE}TSH[�:OdH[cXQSH[Z{~JTSH�CFQSH[Z
CF]^HJ_:QBcXQXTXOd~JQXO6TSH[c�v
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?�V>QSHJT l CFTSZ6c�¿:QXgdHBcfCFNmH¤b6TSR:~[H[cjcXMG_6]UMIc}Z6R4_dH¨V�R4TLTSH[�:OdH[cXQSH[ZmNmRon^HDCF]^HJ_:QSc�v �BR lCFEGE�QXgdH§NmRon^H	CF]^HJ_:QScBCFTSHUCFEIcSR MG_qEIR:~�CFE�TSH[�:OdH[cXQSH[ZxNmRon^HUCF]^HJ_7QDcXQXTXOd~JQXO6TSH[c�v
�WgdHp_dH���QrcXQSHJb{cjR4EGn^H[c	QXgdH�cXbYCFQXMPCFE¤~[R4_�ÇdMI~JQScmCFNmR4_6]<CF]^HJ_7QScov<�WgdH�~[R4_�ÇdMI~JQSc

~�CF_mi�H¨cSR4EGn^H[Z�cSHJbYCFTjCFQSHJEGkri7krH�C4~Sg�b6TSR:~[H[cjcSR4T�¿7cXMG_d~[HBCF_7kr~[R4_�ÇdMI~JQ�MG_:n^R4EGn^H[c�CF]^HJ_:QSc
l gdR9cSHL_dH l b�R9cXMGQXMIR4_zMIc�MIZ6HJ_:QXMI~�CFE�¿4gdHJ_d~[HLb6TSR2~[H[cScSH[Z`i:k`C¨cjCFNmH(b6TSR2~[H[cScSR4T�v�¾YR4TÁCF_7k~[R4_�ÇdMI~JQ�~�C4cjH9¿�MG_©R4TSZ6HJT�¿YC	TjCF_dZ6R4N l MG_6_dHJT¨MIc¤~SgdR9cjHJ_�CFNmR4_6]mQXgdH`~JTSH�CFQSH[ZqCF]^HJ_:QSc; QXgdH�b6TXMIR4TXMGQyk	MIc�_dR4Q/OdcSH[Z	MG_hQXg6MIca~�C4cjHoe�vÁwyVdQXgdHJTSH¤CFTSH�_dRBTSH[�7OdH[cSQSH[Zh~JTSH�CFQSH[ZrCF]^HJ_:QSc
MG_�QXgdHz~[R4_�ÇdMI~JQ�¿@CrTjCF_dZ6R4N l MG_6_dHJTBMIc�~SgdR9cjHJ_�CFNmR4_6]pCF]^HJ_:QSc l MGQXg�g6MG]9gqb6TXMIR4TXMGQuk^¿MtV�QXgdHJTSHzCFTSH`CF_:k^¿6HJEIcSH l gdHJTSH`CFNmR4_6]�CFEGE@QXgdH`CF]^HJ_:QSc�v ¦ MG_6_dHJT¤CF]^HJ_:QSc�CFTSH§~JTSH�CFQSH[Z�¿
l g6MGEIH¨V>R4TLEIR9cjHJT}CF]^HJ_7QSc�¿:QXgdHJMGT}~JTSH�CFQXMIR4_�MIc(TSH�V>OdcSH[Z�R4TLQXgdHJMGT�C4~JQXMIR4_�MIc�~jgYCF_6]^H[Z�MG_:QSRcXQjC�k<;>Z6R:H[c¤_dR4QXg6MG_6]:e�v�WgdHD_dH���Q�cSQSHJb�~JTSH�CFQSH[c¤CFEGE�QXgdH§CF]^HJ_7QSc¤_dR4Q�MG_x~[R4_�ÇdMI~JQ�MG_pQXgdHDEIR:~�CFE@TSH[�:OdH[cXQSH[Z
~JTSH�CFQSH[Z�CF]^HJ_7QWcXQXTXOd~JQXO6TSH9v �DR l ¿�CFEGEYQXgdH¨TSH[�:OdH[cXQSH[Zp~JTSH�CFQSH[ZpCF]^HJ_:QSc�CFb6b�H�CFT�MG_�QXgdHCF]^HJ_:QBcXQXTXOd~JQXO6TSH9v

?�V>QSHJT�CBcSk:_d~jg6TSR4_6MIcjCFQXMIR4_pCFNmR4_6]UCFEGE6QXgdHWb6TSR2~[H[cScSR4TSc�¿:CFEGE6QXgdH¨CF]^HJ_7QScL~�CFTXTXk R4O6Q
QXgdHJMGTBC4~JQXMIR4_�v}?�EIcjR	QXgdHzTSH[�7OdH[cXQSH[ZB5:MGEGEIH[Z©CF]^HJ_:QScDCFTSH 52MGEGEIH[ZxMG_xQXg6MIc�cSQSHJb�v?�V>QSHJT�CF_dR4QXgdHJT�cXk2_d~Sg6TSR4_6MIcjCFQXMIR4_�CFNmR4_6]�CFEGE�QXgdH§b6TSR:~[H[cjcSR4TSc�¿6R4_dH`QXg6TSH�C4Z©H��6H�s
~JO6QSH[c�QXgdH¨OdcSHJT(V>O6_d~JQXMIR4_�v(wyV@MGQLTSHJQXO6TX_dc¤5����90�¿9QXgdHJ_�QXgdHBcXMGNUO6EPCFQXMIR4_ l MGEGE�HJ_dZ�v/�WgdH~Jk�~JEIH`_7O6N	i@HJTBMIc¤MG_d~JTSHJNmHJ_7QSH[Z�v

?�V>QSHJT§CF_dR4QXgdHJTzcXk2_d~Sg6TSR4_6MIcfCFQXMIR4_�CFNmR4_6]xCFEGE/QXgdHhb6TSR2~[H[cScSR4TSc�¿@QXgdH cXQjCFQSHhRFVWCFEGEQXgdHhcXk�cXQSHJN MIcDcjC[n^H[Z�MtVLMGQBgYC4cBi�H[HJ_�cXb@H[~JMtÄYH[Z�vB�WgdH	cfC[n2MG_6]�MIcDZ6R4_dHUMG_�QXg6MIc§cXQSHJbi�H[~�CFOdcSHBMGQ}MIc�Z6R4_dH�MG_pbYCFTjCFEGEIHJE�i7k�CFEGE@QXgdHBb6TSR:~[H[cScjR4TSc�¿ l g6MGEIHBQXgdHBb6TSHJn:MIR4OdcWcXQSHJbpMIcH��6H[~JO6QSH[Z�MG_�cjH[�7OdHJ_:QXMPCFE�v`�WgdHzÄdEIH[c`cjC�n^H[Z�CFTSHhQXgdHh]^HJ_dHJTjCFEaÄdEIH9¿�cjC[n^H[Z�i7k�R4_dH	RFVQXgdH b6TSR2~[H[cScSR4TSc�¿ÁCF_dZ�QXgdH EIR:~�CFE/ÄdEIH[c�¿�R4_dH V>R4T`H�C4~jg<b6TSR:~[H[cjcSR4T�¿�cjC�n^H[Z\MG_\bYCFTjCFEGEIHJE
i:kxCFEGE�QXgdHzb6TSR:~[H[cScjR4TSc�v

�WgdH}EPC4cXQ/cXQSHJbUO6b�ZdCFQSH[caMtVd_dH[H[Z6H[ZhQXgdHLb�HJTS~[HJb6Q/ZdCFQjC�¿FMG_ R4O6Ta~�C4cjHLQXgdH}b@R4QSHJ_:QXMPCFEÄYHJEIZ6c�v�?�EIcSR6¿dCFEGE�QXgdHzn^H[~JQSR4TSc l MGQXgq~Jk�~JEIH�s�EGMtV>HzMG_�V>R4TXN�CFQXMIR4_�CFTSHU~JEIH�CFTSH[Z�v�WgdH[cjHzcXQSHJbdc�CFTSHzH��6H[~JO6QSH[ZxTSHJb�H�CFQSH[Z�EGk�O6_7QXMGE�QXgdHzHJ_dZqRFVaQXgdH`cXMGN	O6EPCFQXMIR4_�v
±/² G/²
� ��¸�¶WV
JYL ¶�µY½4½©¸�¶'V!·^µ���·�J V�¼ ,*M\O�My¹NM�».Q J�º	½uMNL ¼�¹�¸@»�M\JÁ¶�½
:BO6TmQSR2R4E¨b6TSRon:MIZ6H[c�V O6EGEGk{TSHJb6TSR2Z�Od~JMGi6MGEGMGQyk RFV`cXMGNUO6EPCFQXMIR4_dc l gdHJ_ OdcSMG_6]<TjCF_dZ6R4N_:O6NUi�HJTSczCF_dZqZ�Mtª�HJTSHJ_7Q§_7O6N	i@HJT`RFVLb6TSR2~[H[cScSR4TSc�v¨ADCF_dZ6R4Nr_dH[cScBTSH�V>HJTScBQSR�QXgYCFQ`CFEGE
QXgdHUV O6_d~JQXMIR4_dc§MG_:n^R4EGn:MG_6]�TjCF_dZ6R4Nr_dH[cScr;>cSH[H	i�HJEIR l e�OdcSH	TjCF_dZ6R4N#_:O6NUi�HJTSc�v§�Wg6MIcNmH�CF_dc}H[�7OYCFEdb6TSR4iYCFi6MGEGMGQuk��¨V>R4T�CFEGEdQXgdH¨~SgdR4MI~[H[co¿ l g6MI~jg�MIc(]9MGn^HJ_�i7k QXgdH¨cXMGN	O6EGQjCF_dH�sMGQuk�RFVÁC4~JQXMIR4_dc�v(A�HJb6TSR2Z�Od~JMGi6MGEGMGQyk�TSH�V>HJTSc�QSR	QXgYCFQ}QXgdHDcXMGN	O6EPCFQXMIR4_p]^HJ_dHJTjCFQSH[c¨C`V O6EGEGkTSHJb6TSR2Z�Od~JMGi6EIHqcXMGN	O6EPCFQXMIR4_&2©QXgdH�TSH[cXO6EGQSc�RFV§cXMGN	O6EPCFQXMIR4_ CFTSH�QXgdH©cfCFNmH<; b6TSR�n2MIZ6H[ZQXgYCFQ¨QXgdHzMG_6MGQXMPCFE�~[R4_dZ�MGQXMIR4_dcBCFTSH`QXgdHUcjCFNmHoe�v

ADCF_dZ6R4Nr_dH[cSc¤CFb6b@H�CFTSc�MG_pcSHJn^HJTjCFE�bYCFTXQScWRFV�QXgdHBNmR:Z6HJE\2ab6O6Q�TjCF_dZ6R4NrEGkpCF]^HJ_:QScMG_�QXgdH�HJ_7n2MGTSR4_6NmHJ_7Q�¿�TjCF_dZ6R4N NmR�n^HDRFV�CF]^HJ_7QSc`;�CFNmR4_6]rCFEGEY_dHJMG]9g7i�R4O6TWcS�7OYCFTSH[c�R4T
CFNmR4_6]�cSR4NmHURFVLQXgdHJN�e�¿�QjC65^H87FZ�TSR4b<CrTjCF_dZ6R4N#_7O6N	i@HJT§RFV�R4i�9�H[~JQScBMG_qTSH[cjR4O6TS~[H[c�¿TjCF_dZ6R4N,~jgdR4MI~[HmRFV}QXgdH l MG_6_dHJT`MG_\~[R4_�ÇdMI~JQSc�¿�~JTSH�CFQXMIR4_�RFV¤CF_<CF]^HJ_7Q`MG_�C�TjCF_dZ6R4N
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cS�7OYCFTSH�RFVDQXgdHxHJ_7n2MGTSR4_6NmHJ_7Q�¿¤R4TrcXMGNrb6EGk{]^HJQ�CqTjCF_dZ6R4N _7O6NUi�HJTrV�R4TmCF_ CF]^HJ_7Q�v
0 HJ_dHJTjCFEGEGk^¿6MGQ¨MG_:n^R4EGn^H[c¨_dR�CF]^HJ_:Q�¿dR4_dHUCF]^HJ_7QDR4T¨cSHJn^HJTjCFEÁCF]^HJ_:QSc�v¦ Hz_dH[H[Z�TSHJb6TSR:Z�Od~JMGi6EIHhTSH[cXO6EGQSc�V�R4TBZ�Mtª�HJTSHJ_7QD_7O6NUi�HJT`RFVLb6TSR:~[H[cjcSR4TSc�v¤�WgdHJTSH�sV>R4TSH9¿}MG_ R4O6TmMGNrb6EIHJNmHJ_:QjCFQXMIR4_ l Hq~�CF_6_dR4Qp~[R4O6_7QpR4_ QXgdH©R4TSZ6HJT�RFVzHJEIHJNmHJ_:QSc�MG_]9EIR4iYCFEÁQjCFi6EIH[c�¿�cXMG_d~[H	MGQ§Z6HJb@HJ_dZ6c§R4_�_7O6NUi�HJTzCF_dZ�cSb@H[H[Z�RFVLb6TSR:~[H[cjcSR4TSc�v ¦ H	~�CF_
_dHJMGQXgdHJT	~[R4O6_7Q R4_�QXgdH�R4TSZ6HJThRFV¨HJEIHJNmHJ_:QSc	MG_�EIR:~�CFE�QjCFi6EIH[c�¿/cXMG_d~[HmMGQh~SgYCF_6]^H[cUV>R4TZ�Mtª�HJTSHJ_:Q�_7O6N	i@HJT�RFV@b6TSR2~[H[cScSR4TScov :B_�QXgdH¨~[R4_7QXTjCFTXk^¿2QXgdH¤i�HJgYC[n2MIR4O6T}RFV�H�C4~Sg�CF]^HJ_7Q
MIc�CFE l C�k2c�b6TSR:~[H[cScjH[ZxcSH[�7OdHJ_:QXMPCFEGEGk^v

:BO6T�NmHJQXgdR2Z MIc�QSR\OdcSHqbYCFTjCFEGEIHJEBTjCF_dZ6R4N _7O6N	i@HJTp]^HJ_dHJTjCFQSR4TScxCF_dZ cSHJn^HJTjCFE
cSH[H[Z6cp;>cjH[~JQXMIR4_DAdv Ê e�v ¦ H�OdcSH�C©]9EIR4iYCFE¤cSH[H[Z|CF_dZ�_:O6NmHJTSR4OdcrQSHJNrb�R4TjCFTXk�cSH[H[Z6c�v
�WgdHrcXOd~[~[H[cSc�V>O6EG_dH[cSczRFVWR4O6TzNmHJQXgdR:Z<MIc§]9MGn^HJ_<i7k�QXgdHhV�R4EGEIR l MG_6]qn^HJTXk�MGNrb�R4TXQjCF_7Qb6TSR4b@HJTXQukr2a¾dR4T}CF_�CF]^HJ_:Q�¿7HJn^HJ_mMtV l H¤~jgdR:R9cjH¨cSH[H[Z6c(i:khcXMGNrb6EIH�Z6HJQSHJTXNrMG_6MIcXQ(V�R4TXNUO�sEPC4Hm;>H9v ]dv6QXgdH`cSH[H[ZxMIc¤QXgdH`~JO6TXTSHJ_:Q�_:O6NUi�HJTBRFVa~Jk�~JEIHoe�¿YC4c¤EIR4_6]pC4c�C cjCFNmH§TjCF_dZ6R4N_7O6NUi�HJT§]^HJ_dHJTjCFQSR4T§MIcBOdcjH[Z�¿�QXgdH	TSH[cXO6EGQSc`CFTSH	]9OYCFTjCF_7QSH[H[Z�QSR�i@H	TjCF_dZ6R4N,CF_dZqTSH�s
b6TSR:Z�Od~JMGi6EIH9vL�WgdHJTSH�V�R4TSH9¿6V�R4T¨cSHJn^HJTjCFEÁCF]^HJ_:QSc l H`_dH[H[ZxQSR OdcSHzZ�Mtª�HJTSHJ_7QBcSH[H[Z6c�v�WgdH§OdcSHJT¤cXb�H[~JMtÄYH[c¤R4_6EGkpR4_dH`cSH[H[Z�V�R4TWQXgdH`cXMGNUO6EPCFQXMIR4_�¿6QXgdH§]9EIR4iYCFE�cjH[H[Z�vLwyQWMIcOdcSH[Z©QSR�CFEGEIR l Z�MGn^HJTScXMGQyk l MGQXg6MG_�Cm]9MGn^HJ_\cXMGNUO6EPCFQXMIR4_�bYCFTjCFNmHJQSHJT`cXbYC4~[H9¿�CF_dZ l MGEGEi@HDOdcSH[ZxHJn^HJTXkpQXMGNmHzChTjCF_dZ6R4N _7O6N	i@HJT�MIc¤]^HJ_dHJTjCFQSH[Z�vL?BEGE�QXgdH§QSHJNrb@R4TjCFTXkxcSH[H[Z6cCFTSH§]^HJ_dHJTjCFQSH[ZxV>TSR4N QXg6MIc¨cSH[H[Z�v

�WgdH`cSH[H[Z6c¨CFTSH§_dH[H[Z6H[ZxMG_xQXg6TSH[H`~�C4cSH[co¿6Z6HJb@HJ_dZ�MG_6]�R4_xQXgdH§_:O6NUi�HJT�RFV/CF]^HJ_:QScMG_7n^R4EGn^H[ZF2
- �DRmCF]^HJ_7Q�MIc�MG_7n^R4EGn^H[Z�v��Wg6MIc�~�C4cSHzCFb6b�H�CFTSc�R4_6EGkxZ�O6TXMG_6]�QXgdH`MG_6MGQXMPCFEGMIcjCFQXMIR4_�¿
l gdHJTSH§CzcXb�H[~JMtÄYH[Z�_:O6NUi�HJT�RFVÁCF]^HJ_:QSc�¿2TSH[cSR4O6TS~[H[cWR4T}R4idcXQjC4~JEIH[c¤CFTSH�b6O6Q}TjCF_�sZ6R4NrEGk<MG_{QXgdH�HJ_7n2MGTSR4_6NmHJ_7Q�v\�Wg6MIchMIc H���H[~JO6QSH[Z{MG_|cSH[�7OdHJ_:QXMPCFE�¿(gdHJ_d~[H l H~�CF_©OdcSH`cfC V>HJEGk�QXgdH`]9EIR4iYCFE�cSH[H[Z�v

- :B_dH¤CF]^HJ_7QLMIcaMG_:n^R4EGn^H[Z�vL�Wg6MIc(~�C4cSH¤CFb6b@H�CFTSc l gdHJ_�CF_mCF]^HJ_:QLZ6R:H[cLCBTjCF_dZ6R4NNmR�n^H9¿�~JTSH�CFQSH[c�CF_�CF]^HJ_:QBcSR4NmH l gdHJTSH`MG_qQXgdH`HJ_7n2MGTSR4_6NmHJ_7Q§R4T¨_dH[H[Z6c�C TjCF_�sZ6R4N!_7O6N	i@HJT�v ¦ H}OdcSH�MG_	QXg6MIc(~�C4cjH�C�QSHJNrb@R4TjCFTXkhcSH[H[Zh]^HJ_dHJTjCFQSH[Z i7k	CDZ6H[Z2sMI~�CFQSH[ZhV>O6_d~JQXMIR4_�¿7C4c(H��2b6EPCFMG_dH[Zmi@HJEIR l vaÀ}C4~Sgmb6TSR2~[H[cScSR4T/gYC4c(R4_dHWQSHJNrb�R4TjCFTXkcSH[H[Z V�R4TLQXgdH[cSHB~�C4cSH[c�va�Wg6MIc}cjH[H[ZrMIcLMG_6MGQXMPCFEGMIcSH[ZmV>R4T}H�C4~SgpCF]^HJ_:Q}MGNrNmH[Z�MPCFQSHJEGk
�S®��,C4­S®xH��6H[~JO6QXMG_6]�QXgdH�i�HJgYC[n2MIR4O6ThRFV¨QXgdH�CF]^HJ_7Q�v�wyQUN�C[k<i�HmOdcSH[Z{cSHJn^HJTjCFEQXMGNmH[c�Z�O6TXMG_6]UQXgdH�H��6H[~JO6QXMIR4_�RFV�QXgdH�i@HJgYC�n:MIR4O6T}V>O6_d~JQXMIR4_�¿7MtV�QXgdHDCF]^HJ_7QWZ6R:H[ccSHJn^HJTjCFE�QXMGNmH[cB~�CFEGEIc¤QSR V>O6_d~JQXMIR4_dc¨MG_:n^R4EGn:MG_6]�TjCF_dZ6R4N _7O6N	i@HJTSc�vWK:MG_d~[HUZ�O6T�s
MG_6]�C\~Jk�~JEIHqCF_ CF]^HJ_:Q�MIcrb6TSR2~[H[cScSH[Z cSH[�7OdHJ_:QXMPCFEGEGk^¿WQXgdHxTSHJb6TSR2Z�Od~JMGi6MGEGMGQyk MIc
QXg7Odc�]9OYCFTjCF_7QSH[H[Z�v

- K2HJn^HJTjCFE�CF]^HJ_7QSc�CFTSH�MG_7n^R4EGn^H[Z�v|�Wg6MIcr~�C4cSHxCFb6b@H�CFTScmMG_|~[R4_�ÇdMI~JQScov ¦ HpOdcSHCF]7CFMG_pQSHJNrb@R4TjCFTXk�cjH[H[Z6c�¿7~JTSH�CFQSH[ZpZ�O6TXMG_6]hcSMGNUO6EPCFQXMIR4_�v + HJTSH9¿7QXgdHJkpCFTSH¨OdcSH[ZR4_6EGkrR4_d~[H9v(¾dR4T�H�C4~jgp~[R4_�ÇdMI~JQ l H�Z6RzQXgdH¤V�R4EGEIR l MG_6]Ub6TSR2~[H[cScXMG_6]dv/¾aMGTScXQXEGk^¿ l H~[R4_dcXQXTXOd~JQ	QXgdHmQjCFi6EIH l MGQXg �����}QXgdHpCF]^HJ_7QSchMG_7n^R4EGn^H[Z�vx�WgdHJ_�¿(C4c	QXgdH�R4TSZ6HJT
RFV	HJEIHJNmHJ_:QScxMG_ QXg6MIc�QjCFi6EIH�MIc�_dR4QpTSHJb6TSR:Z�Od~JMGi6EIH ;>cSR4NmH�ZdCFQjC{N�C�k ~[R4NmHV>TSR4N�]9EIR4iYCFE�n^H[~JQSR4TScfe�¿ l HDcSR4TXQ�MGQScWHJEIHJNmHJ_7QScWMG_xC4cS~[HJ_dZ�MG_6]rR4TSZ6HJTWRFVÁCF]^HJ_:Q.- cMIZ6HJ_7QXMtÄYHJT�;ÆV>R4TUNmR�n^H�CF]^HJ_:QScfe§R4T	CF]^HJ_:QUbYCFTSHJ_7Q.- cUMIZ6HJ_7QXMtÄYHJT�;ÆV>R4T	CF]^HJ_:QSczQSR
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