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AD: Address Decoder,  FC: Flow Control,  RA: Routing Arbitration, VC: Virtual Channel Controller
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star channels  with  prefix i,+,1

(0,0) (1,0) (2,0) (3,0) (4,0) (5,0) (6,0) (7,0)

(0,1) (1,1) (2,1) (3,1) (4,1) (5,1) (6,1) (7,1)

(0,2) (1,2) (2,2) (3,2) (4,2) (5,2) (6,2) (7,2)

(0,3) (1,3) (2,3) (3,3) (4,3) (5,3) (6,3) (7,3)

(0,4) (2,4) (3,4) (4,4) (5,4) (6,4) (7,4)(1,4)

(0,5) (1,5) (2,5) (3,5) (4,5) (5,5) (6,5) (7,5)

(0,6)

(0,7)

(1,6)

(1,7)

(2,6) (3,6) (4,6) (5,6) (6,6) (6,7)

(2,7) (3,7) (4,7) (5,7) (6,7) (7,7)

non-star channels

star channels  with  prefix i,+,0
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(c) Mad-y routing.
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(a) A router in a double-y network. (b) Double-y routing.
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FNMEO��Eb;aeMEQLVYF;M�G(K"_`QLQ aeME~���i&U"_k~"FN� Q�MEVJFHi&MEV ae_�QWFHbHbNUEVlG�_Ja�GJQL~=FNM���FHO&U"_`Q�q�� B �tFHG�KEF;M�Q�a�ISKqa�~�ae�EGlF|�8Q �Eb;aeMEQ��
�)QLVJV�a�O8QLV^�ra�� UEVlQ a8Me��ISK"a8M"MEQLbdbHQ�a�~"F;MEO�GJi�D�ae_`~�G�KEQLF;_�~"QLVJGJF;M"a�GJFHi&M/B � QLI�aeUEVlQ i�� G�KEQ)_`QLVJG�_�F|ILGlQL~�_`i&UEGlFNMEO
�?_`QLQL~"iE�6��G(KEQ �"i8VJVJFD�EFHb|FHG`�qi�� F;MeGlQ�_`~"F;�)Q�MEVJFHi&M"a�b _`QLVli&U"_`ILQWIL�EILbHQLVXFHVW_`QL~�UEILQL~ �/VJirG�K"a�G���QLDjQ�_�_`QLVJi&U"_�ILQLV ae_�Q
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(c) The six turns allowed (solid lines) by the negative-first algorithm.

(a) The six turns allowed (solid lines) by the west-first algorithm.

(b) The six turns allowed (solid lines) by the north-last algorithm.

��FHO&U"_`Q6qwy���PdU"_JMEVXa�bHbHi�D QL~�F;M%G�KEQWG�K"_�QLQW_`i&UEGJF;MEO$a�bHOeiE_`FHG�K"�)V�B

MEQLQL~"QL~�GJi$a��ei8F|~�~"Q�a�~"bHiEIS�§B �?G�FHV�V�KEi�D^M�F;M/& q��('>G(K"a�Gji&MEbH��G�K"_`QLQX�EFN_�G�U"a�b/ISK"a8M"MEQLb|VX�"Q�_��"K8�&VJFHI�a�bRISK"aeM"MEQLb
ae_`Q^_`QLT"UEF;_`QL~rGJi)a��eieFH~)~"Q�a�~"bHi&IL�rUEVJF;MEO �Eb;aeM"a8_ a�~�ae�EGlF|�8Q^_`i&UEGJF;MEOYFNM�a�<8��ae_`�j� ��I�U��"QXD�FHG�KrMEiYD^_Jae�"a8_`i&U"ME~
�"a�G�KEV�B

��b;aeM"a8_ a�~�ae�EGJFH�eQW_`i&UEGlFNMEO�K"a�VjG�Dji)�"K"a�VJQLV�� KEFHO&K8��bHQL�eQLb�_`i&UEGlFNMEOuILi&_J_`QLV�� i&ME~"V�GJir_`iEUEGJF;MEO � QLG`D QLQ�M�G(KEQ
a�~�ae�EGJFH�eQ^�Eb;aeMEQLVjaeME~)G�KEQjbHi D	��b|QL�8QLb�_`i&UEGlFNMEOXILiE_J_`QLV�� i&ME~"V GJiX_`i&UEGlFNMEOYD�FHG�KEF;M)G�KEQ�a�~�ae�EGlF|�8Q^�Eb;aeMEQLV�B � QLG�� ;
_`Q��"_`QLVJQ�M8G�G�KEQ�a�~�ae�EGJFH�eQj�Eb;aeMEQ �"QLG`DjQLQ�MY~"F;�)Q�MEVJFHi&M o�;�aeME~=o�; ��qeB���MYG�KEQ�KEFHO&K8��bHQL�eQLb�_�i&UEGJF;MEO���G�KEQ��)QLVJV(a�OeQ
F|VW_�i&UEGJQL~�V(UEILILQLVJVJFH�eQLbH��F;Mqa�~�ae�EGJFH�eQ)�Eb;aeMEQLV�BXhji&UEGJF;MEO�F;M�a�~�ae�EGJFH�eQr�Eb;aeMEQ�� ; _`QL~�UEILQLVXG(KEQW~"FHVJG�aeMEILQ)F;M^o ;
GJi;
LQ�_`i§Br�k� GJQ�_X_�i&UEGJF;MEO�F;M:a�bHb i���G�KEQ$a�~�ae�EGJFH�eQ$�Eb;aeMEQLV��0G�KEQ��)QLVJV�a�O8QrDji&UEbH~,_`Q�a�ILKqFHGJVW~"QLVlGJF;M"a�GJFHi&M/B6��M
G�KEQ^b;a�VlG ~"F;�)Q�MEVlF|iEM�G�KEQ�_`Q�I�aeM"MEieG � QWaeM8� a�~�ae�EGJFH�&FHG`�rbHQ(��G ��i&_-aW�)F;MEF;�ra�bd_�i&UEGJQ�_��8VJiWG�KEQX�"a�IL��QLG FHV�_`i&UEGlQL~
~"QLGJQ�_J�)F;MEFHVJGJFHI�a�bHbH�qGJirFHGJV�~"QLVJGlFNM"a�GJFHi&M/B ��M�bHi�DmbHQL�eQLbd_`iEUEGJF;MEO��"G�KEQXVJILKEQ��)QYF|VXa�~�ae�EGlF|�8Q���a�V��)UEb|GlFN�EbHQr�"a�G�KEV
I�aeM6�"QXILKEieVJQ�M�D�FHG�KEF;M�Q�a�ILK�a�~�ae�EGlF|�8Q �Eb;aeMEQeB ��M�Q�a�ILK�a�~�ae�EGlF|�8Q �Eb;aeMEQYG�KEQ �"a�IS��QLGjILi&�u�Eb|QLGlQLV�FHGJV^_`i&UEGlFNMEO
FNMqa�Gkb|Q�a�VJGXi&MEQW~"F;�)Q�MEVlF|iEM���F;Mq�EbNa8MEQ�� ; ��G�KEQjo�; �Y4^~"FHVJG(aeMEILQ)F|VW_�QL~�UEILQL~�Gli�
LQ�_`iuz�_`VJG��§G�KEQ�M�G(KEQ _`i&UEGlFNMEO
ILi&MeGlFNMEUEQLV�FNM o�;0Q��EILbNUEVlF|�8QLb|�qU"MeGlF|b0G�KEQ o�;d~"FHVJG(aeMEILQWFHVX_`QL~�UEILQL~�GJi�
LQ�_`i§B

� i&U"_Ja�aeME~W}Wa�V K"a��eQj�"_`i&�"i8VJQL~raeMEieG�KEQ�_0�)iE~"QLbE� i&_R�"ae_`GJF;a�bHbH�ra�~�ae�EGJFH�eQja�bHOei&_`FHG�K"�)V0��i&_ � ��~"FN� Q�MEVJFHi&M"a�b
�)QLV�KEQLV��§G�KEQ)~"F;_`QLILGJFHi&Mq_`QLVJG�_�F|ILGlF|iEM��)iE~"QLb & q�A�')�"G(K"a�G�FHV	�"a�VJQL~�i&M�~"FH�EF|~"F;MEO¥a)VJ�EVJGJQ�� F;MeGli$G`Dji$U"MEFH~"F;_`QLI(�
GJFHi&M"a�b�MEQLG`D iE_J�eV��eQeB O�B �x� ieVJFHGJFH�eQWaeME~�MEQLOEa�GJFH�eQeB P�KEQW� QLVJV�a�OeQ�FHV�G�_Ja8MEV��)FHGJGJQL~�F;M�G`Dji �"K"a�VJQLV�B5��M�G�KEQkz�_`VJG
�"K"a�VJQ��"G�KEQW� QLVJV�a�OeQ�FHV^_`i&UEGlQL~�a�~�ae�EGJFH�eQLbH��GJiraeM�F;MeGJQ�_l�)QL~"F;a�GJQWMEiE~"Q UEVJF;MEOri&MEQWU"MEFH~"F;_`QLILGJFHi&M"a�b MEQLG�Dji&_l���
FNM G�KEQ VJQLILiEME~$�"K"a�VJQ���FHG�FHV _`i&UEGJQL~ra�~�a8�EGJFH�eQLbH�WGJi�FHGJV�~"QLVJGJF;M"a�GJFHi&MuUEVJF;MEOXG�KEQjieG�KEQ�_0U"MEF|~"F;_`QLILGlF|iEM"a�b�MEQLG�Dji&_l��B
P�KEFHV �)iE~"QLb�G�KEUEV�~"Q(z�MEQLVXa)ILb;a�VJV�i�� �"ae_�GJF;a�bHb|��a�~�ae�EGJFH�eQ _�i&UEGJF;MEO$a�bHOei&_�F|G(K"�)Vj��i&_ �"��~"F;�)Q�MEVlF|iEM"a�b �)QLV�KEQLV�B
P�KEQ�_`Q$ae_�Q [ 8�9�4 ~"F ��Q�_`Q�M8GW�"a�F;_`VYi�� ILi&�u�Eb|Q�� Q�MeG�a8_`��MEQLG`Dji&_J�8V^F;M¥a8Me� ��~"F;�)Q�MEVJFHi&M"a�b	� QLV�K/BW}XQ�� Q�ME~"F;MEO
U"�"i&M�VJQLbHQLILGJFHi&Mqi�� G�KEQLVJQ U"MEFH~"F;_`QLILGJFHi&M"a�b MEQLG`Dji&_J�8V�� � i&U"_Ja�aeME~�}Wa�V^V�KEi�D G�K"a�G^[ 8 ~"F ��Q�_`Q�M8GXa�bHOei&_`FHG�K"�)V
ae_`QW�"i8VJVJFD�EbHQW��i&_�a8Md�"��~"F;�)Q�MEVlF|iEM�� QLV�K�D�FHG�KEi&UEGX_`QLT"UEFN_�FNMEO�aeM8�$�EF;_`G�U"a�bRISK"aeM"MEQLbHV�B
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source node

(a) West-First Routing. (b) North-Last Routing.

channel traversed channel to be traversed after it is available

channel unavailabledestination node

��FHO&U"_`Q:q��������"ae�r�EbHQLV^i�� DjQLVJG`��z�_�VJG�aeME~�MEi&_`G�K8��b;a�VlG^a�bHOei&_`FHG�K"� V	&\A\q '`B

3 - dimensional 4 - dimensional

��FHO&U"_`Q6q����0�^~�ae�EGlF|�8Q _`i&UEGlFNMEO��EbNa8MEQLV�B

��� � 	 .���
 � ��%
� ��. % � 	 .���� !�) ��4���� ��� 
�����#1! 	 . � ��* � ��!�#1' �-5

��bN� ieVJG�a�bHb^G�KEQ�~"Q�a�~"bHi&IL�����"_`QL�eQ�M8GJFHi&Mt�)QLISK"a8MEF|V(�)V�~"FHVJI�UEVJVJQL~mVliq�?a8_$UEVJQqa�~"~"FHGJFHi&M"a�bW_`QLVli&U"_`ILQLV�i&_
FN�u�Eb|Q�� Q�MeG�a�GJFHi&MEVXGJi$�"_`QL�8Q�MeG�G�KEQX��i&_J�ua�GJFHi&M�i���IL�&ILbHQLVWaeME~�G�KEQ�_`Q��8��a��eieFH~�~"Q�a�~"bHiEIS�§B 2ki�DjQL�eQ�_��EVJG�UE~"FHQLV
K"a��8Q$V�KEi�D^M=G�K"a�G)�"ieGlQ�MeGJF;a�bj~"Q�a�~"bHiEIS�=VJFHG�U"a�GlF|iEMEV$ae_`Q$_lae_`Q�FNM �)UEbHGJFHILi&�r�"UEGlQ�_)VJ�EVJGJQ��)V6&\� �0yey����e� � �8g�'
aeME~,FHG$�ua��¥MEieG�� Q�ILieVJG`��Q	��QLILGJFH�eQ�GJi�~"QL~"FHI�a�GlQ�_`QLVJi&U"_`ILQLVuGJi�K"aeME~"bHQ�_Ja8_`Q$QL�8Q�MeGJV�B�}XQ�a�~"bHiEIS�:_`QLILi��eQ�_`�
F|V�aeM,a�b|GlQ�_JM"a�GJFH�eQ�GJiq~"Q�a�~"bHiEIS�:a��eieFH~�aeMEILQ�i&_Y�"_`QL�eQ�M8GJFHi&M/B BkVJF;MEO¥G�KEFHVrILiEMEILQ��EG�� G(KEQ �)QLVlV�a�OeQLV)I�aeMA�"Q
_`i&UEGJQL~Y��UEb|bH�ra�~�ae�EGlF|�8QLb|���Ea�bHbHi DkFNMEOXG(KEQ ��i&_J�ua�GJFHi&MXi���IL�&ILbHQLV�B�� ~"QLGlQLILGJFHi&Mr�)QLILK"aeMEFHV�� FH~"Q�MeGlF\z�QLVj�"ieGlQ�MeGJF;a�b
~"Q�a�~"bHi&IL�rILiEM8z�O&U"_Ja�GJFHi&MEV��&iEMEILQX~"Q�a�~"bHi&IL�rFHV�~"QLGlQLILGJQL~ �"a _�QLILi �8Q�_`�)VJISKEQ�� Q	�"_`Q�ae�8V G(KEQ^~"Q�a�~"bHiEIS��QL~�IL�&ILbHQeB
��M�G(KEF|V�VJQLILGJFHi&M�� D QW_�QL�&FHQLD G�KEQX~"Q�a�~"bHi&IL��_`QLILi��eQ�_`���)QLILK"aeMEFHV��)V^�"_�i&�"ieVlQL~�VJi)��ae_-F;M�G�KEQYbHF|GlQ�_Ja�G�U"_`QeB

hjQLQL�eQLV)QLGWa�b�B�K"a��eQ$�"_`iE�"ieVJQL~ aeM¥a�~�ae�EGJFH�eQ$_`iEUEGJF;MEO�VJILKEQ��)Qu� i&_XK8�"�"Q�_`I�U�� Q�VJ�&VlGJQ��)VXG�K"a�G)UEVJQLV a8M
a��"i&_�G`��aeME~E��_`QLG�_�� � QLISK"aeMEFHV�� � iE_ _`QLILi��eQ�_`F;MEO��?_`iE� ~"Q�a�~"bHi&IL�$a8ME~$_`QL~�UEILF;MEO)G�_Ja��$IkILi&MEOeQLVJGJFHi&M &\�eg('�B�P�KEQL�
�)i&~"QLbWa:�"_`ieGli&ILiebkG�K"a�G�a��"i&_�GJV a:�)QLVJV(a�OeQ�D�KEQ�MEQL�eQ�_�FHG�F|V;�EbHiEIS��QL~ � QL�ei&ME~ma:G�K"_`QLV(KEiebH~ MEU"���"Q�_�i��
IL�&ILbHQLV�BXP�KEQ)�)QLVJV�a�O8QWFHVXG�KEQ�M�_�QLFNM8G�_`iE~�UEILQL~qF;MeGJi�G�KEQrMEQLG`Dji&_J��a�� GlQ�_�a$_laeME~"i&� M&U"���"Q�_ki�� IL�EILbHQLV�B �?GXF|V
V�KEi�D^MqG�K"a�GYG�KEQ$a�� i&_`G`��a8ME~,_`QLG�_`�q�)QLILK"aeMEFHV�� FN�u�"_`i��eQLV � Q�_�� iE_J�raeMEILQ�U"ME~"Q�_Wa��"_`i&a�~,_laeMEOeQri���G�_la��$I
ILi&ME~"FHGJFHi&MEV�B

��F;�6� � F;U���aeME~qc�KEFHQ�M/& y8y�'�_`Q��"i&_�G aeM�a�~�ae�EGJFH�eQ _�i&UEGJF;MEO)��_Jae�)QLDji&_J� I�a�bHb|QL~ _])�" (:[ $(']' !#)��7- $/'1'�[c)�` �A!#���
��c�h �YG�K"a�GYV�U"�"�"iE_`GJV$a�~�a8�EGJFH�eQ a8ME~¥��aeUEbHG`��GJiebHQ�_Ja8MeGr_`i&UEGlFNMEO���i&_)a�D�FH~"Q�� ae_`FHQLG`�¥i��XMEQLG�Dji&_l��Gli&�"iebHieO8F|QLV
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D�FHG�KEi&UEGWUEVJF;MEO�a8Me���EF;_`G�U"a�b�ILK"aeM"MEQLbHV�BY�6��Q�a�G�U"_`Q)i��jD iE_J�rKEiebHQ _�i&UEGJF;MEO�G�K"a�GX�"_`i��&FH~"QLV�� QLQL~��"a�IL��F;MqG(KEQ
� i&_l� i���E�i�D ILi&M8G�_`i8b�FHV�Q��x�EbHieFHGJQL~ F;M£G(KEQ��"_�i&�"ieVlQL~ � QLISK"aeMEFHV��%BfP�KEQ/�"a�VJFHI¥FH~"Q�a:i�� c�h FHV�GJi UEVlQ
z�MEQ(��O&_Ja�F;M E�i D6ILiEMeG�_�ieb a8ME~ �"a�IL�&�"_`QLVlV�U"_`Q)i�� Dji&_l�rKEiebHQ$_`i&UEGlFNMEO�Gli�ILi&�r�)U"MEFHI�a�GJQ$_`iEUEGJF;MEO�VJG�a�G�UEVWa8ME~
Q�_J_`i&_kILi&ME~"FHGJFHi&MEVWGli$G�KEQ)MEQLG`D iE_J��F;MeGJQ�_��?a�ILQLV�B PkKEQ MEQLG`Dji&_J��F;MeGlQ�_��?a�ILQ UEVlQLV^G�KEQ)F;M8��i&_J�ra�GlF|iEM�Gli �"_`i��EFH~"Q
~"Q�a�~"bHi&IL��_`QLILi��eQ�_���aeME~qQ�ME~E��GJi���Q�ME~��?a8UEb|GXGliebHQ�_JaeMEILQeB^PkK&UEVXF{� G(KEQ �)QLVJV(a�OeQWFHVXbHi&MEO�Q�MEi&UEO&K��/G�KEQ)VJQ�ME~"Q�_
I�aeMr~"QLGlQ�_J�)F;MEQXF{� G�KEQX�)QLVJV(a�OeQXKEQ�a�~"Q�_jK"a�V�_`Q�a�ILKEQL~$FHGJVj~"QLVJGJF;M"a�GlF|iEM��"F{� G�KEQX�)QLVJV(a�OeQ�F|V�MEieGjbHi&MEO)Q�MEi&UEO&K��
G�KEQWVJQ�ME~"Q�_X�"a�~"V^FHG�GJirQ�MEV�U"_`Q)G�K"a�G�G�KEQ KEQ�a�~"Q�_X_`Q�a�ILKEQLV^G�KEQY~"QLVJGJF;M"a�GJFHi&M � Q(� i&_�QWG�KEQYbNa�VJG@E�FHG�FHVXFNM��`QLILGJQL~
�e��G�KEQXVJi&U"_�ILQeB���FHO&U"_`Q6q�Z)FHbHb;UEVJG�_Ja�GJQLV � QLVJV�a�OeQX_`i&UEGlFNMEOuFNM�arc�hmMEQLG`Dji&_J�§B �mKEFHbHQr_`i&UEGJF;MEO��EF{� ar�)QLVJV(a�OeQ
F|V	�EbHiEIS��QL~�a�G a�MEi&~"QY��i&_�aeM�F;M8GJQ�_`� a�b�bNa8_`OeQ�_kG�K"aeM�a��"_`QLVJQLGXGlFN� Q(��i&UEG��§F|GXFHVXa��"iE_`GJQL~/�e��G(KEQWVJi&U"_�ILQ a8ME~
_`QLVJQ�M8G�b;a�GJQ�_LB

(message length < distance)

(A) Before the header arrives at the destination:

(B) On header arrival:

(C) After the header arrived at the destination: (message length > distance)

(message length < distance)

SOURCE DESTINATION.  .  .

SOURCE DESTINATION.  .  .

SOURCE DESTINATION.  .  .

SOURCE DESTINATION.  .  .

SOURCE DESTINATION.  .  .

P P

P P

PHeader Flit Data Flit Pad

(message length > distance)

��FHO&U"_`Q6q�Z��".qQLVJV�a�OeQW_`i&UEGJF;MEO$a8ME~��"a�~"~"F;MEO�FNM�c�hmMEQLG`Dji&_J�8V�B

P�KEQq�"Q�_���i&_J�ra8MEILQ�i�� c�h ~"Q��"Q�ME~"V�i&M G�KEQqGJF;�)Q(��iEUEG�FNM8GJQ�_`��a�b�B6CEFN�)UEb;a�GJFHi&M _`QLV�UEbHGJV�a�bHVJi F;ME~"FHI�a�GJQ
G�K"a�GXG�KEQ$ckh6GJi&_lUEV MEQLG`Dji&_J�8V � DkF|G(K¥a�VJF;MEOebHQ�ISK"a8M"MEQLb �YOeFH�eQuILi&�r�"ae_Ja!�Eb|Qui&_��"QLGJGlQ�_W�"Q�_�� i&_l�raeMEILQrG�K"a8M
~"FN� Q�MEVJFHi&M8��i&_`~"Q�_`QL~�MEQLG`Dji&_J�8V � D�FHG�K)G`DjiX�&F;_`G(U"a�b"ISK"a8M"MEQLb|V]� U"ME~"Q�_jU"MEF{� i&_l�6G�_Ja �$IeBdc�h D�FHG�K)G`Dji^�EF;_`G�U"a�b
ISK"aeM"MEQLbHV�VJFHO&MEF{z�I�aeM8GJbH��i&UEG�� Q�_���i&_J�)V�~"F;�)Q�MEVlF|iEM8��i&_`~"Q�_`QL~¥MEQLG`Dji&_J�8V�B

�XM���aeMXa8ME~ ��F;M"�8VJGJi&MY�"_`i&� ieVJQ aj~"Q�a�~"bHiEIS����_`QLILi��eQ�_`�XVlG�_Ja�GJQLO8��I�a�bHbHQL~���! ']0 +-G�K"a�Gd�"_`i��EFH~"QLVdaj��_Jae� QLD iE_J�
� i&_-V�U"�"� i&_`GJF;MEO�~"Q�a�~"bHi&IL�����?_`QLQ��?UEbHbH��a�~�ae�EGlF|�8QXD iE_J�rKEiebHQW_`i&UEGlFNMEO6&\� '�B�P�KEQW_`i&UEGJF;MEOrFHV�~"iEMEQWD�FHG�KEi&UEG�aeM8�
�&F;_`G�U"a�b�ILK"aeM"MEQLbHV�i&_�G(U"_JM$_�QLVJG�_`FHILGJFHi&MEV�B�2ki�D QL�8Q�_��e�EF;_`G�U"a�b§ISK"aeM"MEQLbHV�I�a8M�� Q UEVJQL~�GJiYFNMEI�_�Q�a�VJQ�G�K"_`i&UEO&K"�"UEG
aeME~ _�QL~�UEILQX~"Q�a�~"bHi&IL�)��_`QLT"UEQ�MEIL�eB hjQLILi��eQ�_`� �?_`iE�6~"Q�a�~"bHiEIS�uFHV	a�ISKEFHQL�eQL~�G�K"_�i&UEO&K�aXVJF;MEOebHQWa�~"~"FHGJFHi&M"a�b E�F|G
�"U��>Q�_�a�G�Q�a�ISK)MEiE~"QeB P�KEFHV �J~"Q�a�~"bHiEIS���"U���Q�_ �XFHV a�V(�"QLILF;a�b�F;M"�"UEG �"U��>Q�_0ILQ�M8G�_Ja�b&GJiXQ�a�ISK)_`i&UEGlQ�_�UEVJQL~ri&MEbH�
FNMq� ieGJQ�M8GJF;a�b�~"Q�a�~"bHi&IL��VlF|G(U"a�GJFHi&MEV��/FHGXFHVWarV(K"ae_`QL~¥_`QLVJi&U"_�ILQWG�K"a�G�I�aeM��"Q$a�ILILQLVlVJQL~��?_`iE��a�bHb MEQLFHO&K�� i&_`F;MEO
MEi&~"QLV�BXP�KEQY~"Q�a�~"bHi&IL� �"U���Q�_`V���i&_J� ar~"Q�a�~"bHiEIS������_`QLQrb;aeMEQ)~�U"_`F;MEO�_`QLILi��eQ�_`�eB �mKEQ�Mqar~"Q�a�~"b|iEIL��IL�EILb|QuF|V
� i&_l�)QL~ �ei&MEQki���G�KEQ^�)QLVJV(a�OeQLV F;MuG�KEQ�IL�EILbHQ^FHVjVJD�FHGJILKEQL~$GliXG�KEQ�~"Q�a�~"bHiEIS�����?_�QLQXbNa8MEQ aeME~�_`i&UEGJQL~$� FNMEF;�ra�b|bH�
a�bHi&MEO�G�KEQ �"a�G�KqU"MeGJFHb0FHGW_`Q�a�ILKEQLVXF|GlV^~"QLVJGlFNM"a�GJFHi&M¥aeME~�F|VXQL�8Q�MeG�U"a�b|bH�qILi&MEV�U"� QL~�B PkK&UEVXG�KEQ)IL�EILbHQ �"_�Q�ae�eV
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i&MEbH� VlQLTxUEQ�M8GJF;a�b"~"Q�a�~"bHiEIS�)_`QLILi��eQ�_`� &\�(')�da�ILILQLVJV GJi�~"Q�a�~"bHiEIS���"U���Q�_`V�FHV ILi&M8G�_`i8b|bHQL~��8� a�ILF;_`I�UEb;a�GlFNMEO)GJiE��Q�M/B
P�KEQ^VlQLILi&ME~r�eQ�_`VlF|iEM$a�bHbHi�D�V ILiEMEI�U"_J_`Q�M8G ~"Q�a�~"b|iEIL�r_`QLILi��eQ�_`�6&\Z(')�RF|G�_`QLT"UEF;_`QLV�MEiWGJiE��Q�MraeME~�FHV �"a�VJQL~�i&Mra8M
Q��&GJQ�MEVlF|iEM�i��dG(KEQXG�KEQLi&_`��i��d~"Q�a�~"bHiEIS��a��ei8F|~�a8MEILQX~"QLVJI�_`FD�"QL~qF;M�CEQLILGJFHi&M%y�B\["B0}XQ�a�~"bHiEIS�8V�I�aeM6� QX~"QLGJQLILGJQL~
�e�,a%GJF;�)Q(��~"Q��"Q�ME~"Q�M8G�VJQLbHQLILGJFHi&M:��U"MEILGJFHi&M=i&_��e�¥a�ILi&U"M8GJQ�_)a�VJVJiEILF;a�GJQL~:D�FHG�K¥Q�a�ISK=F;M"�"UEGrISK"a8M"MEQLb &{[e�('�B
��GJF;�)Q(��i&UEGYFNM8GJQ�_`��a�bj~"QLGJQ�_J�)F;MEQLV)G�KEQ��ra-�EF;� U"� GJF;�)Q�a��)QLVJV(a�OeQrI�aeM �"Q6�Eb|iEIL��QL~£a�GWaq_`i&UEGJQ�_wBr�k� GJQ�_
G�KEFHVWF;MeGlQ�_`� a�b%�RG�KEQr�)QLVJV�a�O8Q FHVYILi&MEVJFH~"Q�_`QL~ �J~"Q�a�~"b|iEIL��QL~�B ��PkKEQ VlQLb|QLILGlF|iEM¥i�� a��"_�i&�"Q�_�GJF;�)Q(��i&UEGXF;MeGlQ�_`� a�b
F|V�F;�r�"iE_`G�aeM8Gj��i&_ji&�EGJF;�)U"��� Q�_�� iE_J�raeMEILQeB PkKEQWILi&U"M8GJQ�_jILi&U"M8GJV�G(KEQ MEU"� � Q�_ji���IL�&ILbHQLVXVJF;MEILQYG�KEQ KEQ�a�~"Q�_
ae_J_`FH�eQL~�B � KEQ�M�G�KEQ$KEQ�a�~"Q�_�D	a�F|GlV�� i&_�bHi&MEO8Q�_XG�K"aeM�VJi&�)Q)G�K"_`QLV(KEiebH~ �dFHGYF|V)a�VJV�U"� QL~¥GJi;�"Qu~"Q�a�~"bHi&IL��QL~�B
CEFN�)UEb;a�GJFHi&Mt_`QLV(UEb|GlVrF;ME~"F|I�a�GJQqG�K"a�Gd��! '10 +��"_`i��&FH~"QLV6�"QLGJGJQ�_u�"Q�_���i&_J�ra8MEILQ�G�K"aeM:G�KEQ�~"Q�a�~"bHiEIS����a��eieFH~�aeMEILQ
VJISKEQ�� QLV &\�('�B
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(� �

�tFHG�KXG�KEQ-G�_`Q�ME~)GJi�D�ae_`~�b;ae_`OeQ(��VJI�a�b|Q��"ae_Ja�bHbHQLb&Vl�&VJGlQ��)V��w�?aeUEbHG�GJi8b|Q�_laeMEILQ � QLILi&�)QLV�F;�r�"iE_`G�aeM8GdF;M)_`i&UEGlFNMEO
a�bHOei&_`FHG�K"�)V�B �?~"Q�a�bHb|�=G�KEQra�bHOei&_`FHG�K"� V�KEiEUEb|~A�"Q$a��EbHQrGli _`iEUEGJQra��)QLVJV�a�O8Q Gli$FHGJVX~"QLVJGlFNM"a�GJFHi&M¥a�VXbHi&MEOqa�V
G�KEQrVJi&U"_�ILQ$aeME~¥G�KEQ)~"QLVJGlFNM"a�GJFHi&M,MEiE~"QLV a8_`QrILi&M"MEQLILGJQL~�B 2�i�DjQL�eQ�_��/G(KEF|VYFHV MEi8GWa�bHD	a��EVW�"ieVlVJFD�Eb|Q�~�UEQ�GJi
G�KEQ^_`i&UEGlFNMEOYILi&MEVJG�_la�F;MeGJV � iE_�a��8ieFH~"FNMEO)~"Q�a�~"bHiEIS�8V�B PkKEF|V-VJQLILGJFHi&MuV�U"�r�ra8_`F�
LQLV VJi&� Q�i���G(KEQj�?a8UEb|G���GJiebHQ�_JaeMEILQ
a�bHOei&_`FHG�K"�)V��"_`QLVJQ�M8GJQL~�F;M�G(KEQXb|FHGJQ�_la�G�U"_`QeB

P�KEQ^�Eb;aeM"a8_ a�~�ae�EGJFH�eQX_`i&UEGJF;MEO)~"FHVJI�UEVJVJQL~�F;M�CEQLILGJFHi&M$� B\[XI�aeM �"QX�)iE~"F{z�QL~�GJiXV�U"�"�"iE_`G-�?aeUEbHGjGJiebHQ�_Ja8MEILQ
&Gq��('�B��^V)G�KEQ�a�bHOei&_`FHG�K"� ~"iEQLV$MEieG)a�bHb|i�D �"a�IS�8G�_Ja�IL�8FNMEO � a��)QLVJV�a�OeQ �ua��qOeQLG��JG(_Jae�"�"QL~ �qF;M a�ILiEMEI�a��8Q
�?aeUEbHG`� _`QLOeFHi&M/B£P�KEFHV��"_`i��EbHQ�� FHV�VJiebH�eQL~G�8� �ra8_J�eF;MEO¥Vli&�)Q�i&� Q�_Ja�GJFHi&M"a�b�MEi&~"QLV$a�V)�?a8UEb|G`�:F;M i&_`~"Q�_ GJi
ILi&Me�8Q�_`GWG�KEQ�ILiEMEI�a��8Q)�?a8UEb|G`�,_�QLOeFHi&MEV)GJiqILi&Me�8Q���BqP�KEQ�M:G�KEQ��Eb;aeM"ae_)a�~�ae�EGJFH�eQ�_`i&UEGlFNMEOqI�aeMA�"Q�UEVlQL~ GJi
_`i&UEGJQ��)QLVlV�a�OeQLV)GJi¥a�bHb�G�KEQ�MEiE~"QLV�G�K"a�Grae_`Q�ILi&M"MEQLILGJQL~�B£PkKEQ;�"a�VJFHI�FH~"Q�a=F|VuGJi¥UEVJQ�G�KEQ�a�~�ae�EGJFH�&FHG`�:GJi
ILFN_�I�U"�W�8Q�MeGraeM8���?aeUEbHG`�¥ILK"aeM"MEQLbHV�Bqcji&MEVJFH~"Q�_ra��EbNa8MEQ � ; F;M=~"F;�)Q�MEVJFHi&MEVio ; aeME~ o ; �Y4 B�P�KEQ�KEFHO&K8��bHQL�eQLb
_`i&UEGJF;MEO$_`Q��ua�F;MEV^G�KEQXV(ae�)QWa�V�~"QLVlI�_`FD�"QL~qF;M�CEQLILGJFHi&M��"B\["B�P�KEQYb|i�Dj��bHQL�eQLbRVJGJQ��EV^ae_�Q��

qeB@� � MEieG#�Eb|iEIL��QL~ �8� a �?aeUEbHG��§_`i&UEGJQWa�VkFNM%G�KEQ���aeUEbHG`���?_�QLQWI�a�VJQeB

["B@� � �EbHiEIS��QL~ �e��a���aeUEbHG^F;M%~"FN� Q�MEVJFHi&M?o�; �Y4 �§_`i&UEGJQXF;M^o�;`B

A"B@� � �EbHiEIS��QL~ �e��a���aeUEbHG^F;M o�; �"_`i&UEGJQXF;M^o�; �Y4�B

y�B@� � �Eb|iEIL��QL~3�e�£a��?a8UEb|G�F;M>o�;XaeME~£G(KEQeo�; �Y4�~"F|VlG�aeMEILQ¥K"a�V�a�b;_`Q�a�~"�G�"QLQ�Mt_`QL~�UEILQL~tGJiA
LQ�_`i��jG(KEQ�M
�)FHV�_�i&UEGJQeB/� ��D Q�DjQ�_`Q�_`i&UEGJF;MEOqF;M o�; �Y4���ILi&M8GJF;M&UEQ�GJi¥_`i&UEGlQ$F;M:G�KEQ�V�ae�)Q�~"F;_`QLILGJFHi&M/BA� �^DjQ�D Q�_�Q
_`iEUEGJF;MEOWF;Mdo�; �&�EFHIL�$a8Mrae_8�EFHG�_Ja8_`�=o�; �Y4 ~"F;_`QLILGlF|iEM�aeME~��"QLO8FNM�� F|V(_`i&UEGJF;MEO�B��kG G�KEQkz�_`VJG-i&�"�"i&_�G�U"MEFHG����
_`iEUEGJQ^F;M o�;�Gli D�ae_�~rG�KEQX~"QLVJGJF;M"a�GlF|iEM/B cjiEMeGJF;MEUEQXGJir_`i&UEGJQ�F;M^o�;�i&MEbH��U"M8GJFHb�FHG�FHV^�"ieVlVJFD�Eb|QYGJirILi&_l_`QLILG
o ; �T4 B0��GkG�K"a�G^� ieF;MeG��§_`i&UEGJQXF;M^o ; �Y4 GJi)~"F|VlG�aeMEILQ	
LQ�_�irF;M�G�KEFHV�~"FN� Q�MEVJFHi&M��/G�KEQ�M�_`QL�eQ�_�G�GJi)VJGJQ�� qeB

�"B �¥Q�I�aeM"MEieG@� Q	�Eb|iEIL��QL~�F;Mdo�; �Y4	a8ME~ K"a��eQX_`QL~�UEILQL~�G�KEQ�o�;R~"F|VlG�aeMEILQXGJi�
LQ�_`i�B5� �dG�KEFHVjD Q�_�Q^G�KEQ�I�a�VJQ��
DjQXDji&UEbH~�K"a��eQW�"_`iEILQLQL~"QL~�Gli G(KEQWMEQ��&GXa�~�ae�EGJFH�eQW�Eb;aeMEQeB
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P�KEQjc�h¥VlISKEQ��)Qj~"QLVJI�_�F � QL~rF;MWCEQLILGJFHi&M)�"B{[�a��"i��eQ-I�aeM	� Q�a�bHVJi^Q��EGJQ�ME~"QL~)GJi^K"a8ME~"b|Q-��aeUEbHGJV�F;MXDji&_J�uKEiebHQ
_`i&UEGJQL~$MEQLG`Dji&_J�8V & yey�'�B�P�KEQ@�"a�VJFHI�F|~"Q�a�F;MY�?a8UEb|G���GJiebHQ�_JaeM8G c�h:FHV-GJiWUEVJQ�G�KEQ�_`QLG�_JaeMEV(�)FHVJVJFHi&Mr�)QLILK"aeMEFHV�� GJi
GJiebHQ�_Ja�GJQ-G�_JaeMEVlF|Q�M8G0��aeUEbHGJV aeME~)GJiXUEVJQ�U"M"_`QLVJG�_`FHILGJQL~r_`iEUEGJF;MEO#E�Q��&FD�EFHbHF|G`�rGli^ILF;_`I�U"�Y�eQ�M8G �"Q�_J�uaeMEQ�MeG MEQLG`Dji&_J�
�?aeUEbHGJV�B �mKEQ�M�a�G(_JaeMEVJFHQ�M8G���aeUEbHGXFHVW~"QLGJQLILGJQL~ �/G(KEQ ~"QLGlQLILGJF;MEO�_`i&UEGlQ�_�VJQ�ME~"VW�8FHbHb VJFHO&M"a�bHVYFNM � ieG�K%� iE_`D�ae_`~
aeME~/�"a�IS�8D�ae_`~�~"F;_`QLILGJFHi&MEV)a�bHi&MEO�G�KEQr�)QLVJV�a�O8Q �"a�G�K/B�P�KEQ)VJi&U"_`ILQ)MEi&~"Qr_`QLG(_JaeMEV��)FHGJV�G�KEQYV�ae�)Qr�)QLVJV(a�OeQ
a�� GlQ�_X_`QLILQLFH�&F;MEOqG�KEQr�eFHbHb VlF|OEM"a�b�B�� KEQ�M=a��)QLVJV�a�O8Q Q�MEILiEU"MeGJQ�_�VWa��"Q�_J�ra8MEQ�MeG���aeUEbHG���FHGYILFN_�I�U"�W�8Q�MeGJVXG(KEQ
�?aeUEbHGJV�UEVJF;MEO,a�bHGJQ�_JM"a�GlF|�8Q �"a�G(KEV�B¥P�iqQ�MEV�U"_�Q�_`QLbHFNa!�Eb|Qq�)QLVJV�a�OeQ$G(_JaeMEV`��Q�_��0Q�a�ILK �)QLVJV�a�O8Q KEiebH~"VrFHGJVr�"a�G(K
U"MeGJFHb�G(KEQWb;a�VJG�~�a�G�a E�F|GX_`Q�a�ILKEQLV�G�KEQY~"QLVJGJF;M"a�GJFHi&M/B
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