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ÈKËMæ�Í�ÊKÍDÍfÑèÏ§ÍDÌÎÅÝßEÑBÍDÏÞÆÎÈKË�Æ�Ë~Ò,Í�ÌÎÕBÅÝÆ,Ë�ÊBÛÝÍ�Ù¹ÓEÒ±Ø>ÓEÒÎÍ)ÆÎÈ�Ë�Ñ×ÓEÑBÍ>Ó~Ù3ÆÎÈBÍPÌwÍ�Ë~Ú�ÚBÛÝÅÜÇfË~ÆÎÅ�Ó�Ñ�Ï§Ó�Ø�Ë~Å�Ñ�ÌDä�Ã9ÕKÇ{È�Ë
ÌÎÄ¤ÅÝÆ,Ç{È�Ø�ÕKÌ�Æ<Ó�é�ÍDÒ<Ê�Ó~Æ,È�Ínê9ÆÎÒ,ÍfØ>ÍfÛ�à�ÛÝÓ�Ä´Û�Ë~ÆÎÍDÑ�Çnà>Ë~Ñ�Ï>æEÍfÒ,à�ÈBÅ�ß�È>Æ,ÈBÒ,Ó�ÕBßEÈBÚBÕ§ÆVÙ¹ÓEÒ3Ë�æ�Ë~Ò,Å�ÍnÆ�à�Ó�Ù Ï§Åyé�ÍfÒ,ÍfÑ]Æ
Ø>ÍPÌÎÌ,Ë~ßEÍÖÌwÅ�ëfÍPÌfä�ìíÈBÅ�ÛÝÍ�ÌwÓEØ>ÍÖË~Ò{Ç{ÈBÅyÆ,ÍDÇnÆÎÕBÒ,ÍDÌ�Ä¤ÅÝÆÎÈîÓ�Õ§Æ,ÚBÕ§Æ2ï]ÕBÍDÕBÅÝÑ�ßðÈ�ËMæ�ÍÐÊ�ÍfÍDÑîÌÎÈBÓ�Ä¤Ñ´ÆÎÓðÚ�ÍfÒÎÙ¹Ó�Ò,Ø
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 û���ä ô Æ½Ó~é�ÍfÒ{Ì�Û�Ó�Ä;Û�Ë~ÆÎÍfÑKÇnà�Ù¹Ó�Ò½ËhÒ{Ë~Ñ�ß�ÍÐÓ~Ù�Ø>ÍDÌ,Ì,Ë~ß�ÍÐÌÎÅÝëDÍDÌDâóË~Ñ�Ï
Ú�ÒÎÓ�æ9ÅÜÏ§ÍDÌ�Æ,ÈBÒÎÓEÕBß�È�ÚBÕ§Æ¢ÇnÓEØ>Ú�Ë~Ò{Ë~ÊBÛ�Í±ÆÎÓ>Æ,È�Ë�Æ¢Ó�Ù1ÓEÕ§ÆÎÚ�Õ§Æ$ï]ÕBÍfÕ�ÅÝÑBß
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K®Á � � s�h�i9kGt�g�h¬tuÂ�sug��$Ä�k»tui } j9qBÂ�t! Â�g�Â9klj 5 Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á Á �
K®Á K � s�h�i9kGt�g�h¬tuÂ�sug��$Ä�k»tui v Â�t�qBÂ9t" Â�g�Â9kGj 5 Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á Á #

$ � � %&% �(')��* �+� ( �,� 	�� � +-	�� ��� %.	 � �0+.% /
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�®Á K®Á K I 6�g�h¬t�ro� } j�qBÂ�t 1 Â76.gas w k32ag Á Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á*Á Á*Á*Á Á�Á*Á Á K �
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w ÄzkGtuh�i y ÆBmo�ug�ÃdkGj�t�gas�h¬r�j9j�g�h¬tu��m�sug*Â9��g�Ã���roszm�nlm�s�5og�j®Â9��Æ.gas�ro�'m�q9qBnlkGham�tuk»r�j9��� K��ÍÁ w Â9h�i�m�qBqBnGkGham�tuk»r�jB���³m�su�
��sur��6n»rÎÄ y nGm�t�g�j9h¬��kGj�t�gas�h¬r�j9j9g�h¬tu�z��roszqBm�s=monGn»g�n����H��t�g����zÆBmo��g�Ãdr�j j�gat¨Ä~ros�6H�zro�NÄ~ros�6H��tum�tuk»r�j9��� 0 4 � 4�# 4 K � �
t�r2n»rHhamon�m�s�g�m2moj9Ã§ÄzkGÃ�gbm�sug�m2j�gat¨Ä~ros�6H��� � 4 � K��ÍÁ { Â�s�sug�j^t35og�j�gas�m�tukGr�j���Äzk»tuh=i�g���i9m��og t ��qBklhamonGn»�2Æ.gag�j§ÆBÂ9kGn»t
6ogagaqBkGj 5
qBm�sutuklhaÂ9nGm�s�m�qBqBnGkGham�tuk»r�j Ã�r���mokGj9��kGj �
kGj9Ã�Á	��ros g J mo�2qBn»g�4�qBm�s�monGnGg�n ���H��t�g�� klj^t�gas�h¬r�jBj�g�h¬tu�bqBnGmoh¬g
i�g�m�����g��2q]i9mo�ukG��r�j sug�Ã9Â9hakGj 5�nGm�t�g�j9h¬��moj9Ã�r�j mohah¬r����2rHÃ9m�tukGj 5§m2s�moj 5og;ro�4q]moh�6ogat �uk52ag��aÁ v j�tui�g;rotui�gas
i9moj9Ã�4/j�gat¨Ä~ros�6 ��Ä�k»tuh�i�g���qBnGmoh¬g 5os�g�m�t�gas;g��2q]i9mo�ukG� r�j tui�sur�Â 5�i�q]Â�t Äzi9kGnGg;t�r�n»gas=m�tukGj 5 nGm�t�g�jBhak»g��*tui9m�tLm�sug
i9k�5�i9gas�Æ��2ros=Ã�gas���ro� �
m 5�j9k»tuÂ9Ã�goÁ
�9Â9sutui�gas��2ros�g�4®��moj��&ro��tui�g���g ��Äzk»tuh=i�g��3m�s�gzÆBÂ9kln»t'�«ros�� J g�Ã
�uk52ag�qBmoh�6ogatu�

 �uÂ9h=idmo�zh¬g�nlnG��kGj � f"8 j�gat Ä�ros�6H��� � ���=Á

� j�kl�2q.rosutumoj^t�Ã�g��uk�5�j�Ã�g�hakG�uk»r�j�kGj��or�n»�og��3tui9g��®Â�g�Â9kGj 5*ro��ÆBn»rHh�6og�Ã�qBmoh�6ogatu��klj�tui�g�ÆBÂ76.gas���ro�/m;��Äzk»tuh=i�Á
f�Ä~r���m���ros���Â9g�Â9kGj 5&ros�5�moj9k32�m�tuk»r�j9�$i9m��og*Æ.gag�j�q9suroq.r���g�Ã�kGj�tui9g*nGk»t�gas�m�tuÂ�s�g���kGj�qBÂ�t��®Â�g�Â9kGj 52moj9Ã�r�Â9t�qBÂ�t
�®Â�g�Â9kGj 5�� �a� 4 K�K 4 � ���ÍÁ } j§kGj�qBÂ9t��®Â�g�Â9kGj 5 4�qBmoh�6ogat��®Â�g�Â�g���m�sug ��mokGj�tumokGj�g�Ã§m�t�kGj�qBÂ9t�ÆBÂ76.gas��aÁ'f$i�g�qBmoh�6ogatu�
kGj�moj�kGj�q]Â�t��®Â�g�Â�g ��m���Æ.g Ã�g���tukGj9g�Ã��«ros$moj��
ro�4tui�g ��Äzk»tuh=i�� ��r�Â�t�qBÂ9t~q.rosutu��Á! zrÎÄ�ga�ogas	4]tui�g qBmoh�6ogatu�bkGj�m
5�k»�og�j kGj�qBÂ�t��®Â�g�Â�g;monGn/m�sus=k»�og*��sur��6m
qBm�sutukGhaÂ9nlm�s$kGj�qBÂ�t�q.rosutzro�4tui9g;��ÄzkGtuh�i�Á v j�tui9g�rotui�gas i9moj9Ã�49ÂBj9Ã�gas
r�Â�t�qBÂ9t"��Â�g�ÂBkGj 5 43q]moh�6ogatu�§kGj m#�®Â�g�Â�g m�sug monGn�Ã�g���tukGj9g�Ã �«ros�tui�gd�umo�2gdr�Â9t�qBÂ�t2q.rosut%$�tui�ga� hamojEm�s�s�k»�og
m�t*tui�g��uÄzk»tuh�i tui9sur�Â 5�iºmoj�� ro��k»tu� kGj9qBÂ�tbq�ros�tu�aÁ��BÂ�sutui�gas���rosug�4/tui�g��ug"��Â�g�Â9g��*m�sug�kGj Ã�g�Ã9klham�t�g�ÃºÆBÂ76.gas��
mo�u��rHhakGm�t�g�Ã Äzk»tui�ga�ogasu��r�Â�t�qBÂ9t�q�ros�t�ros$Äzk»tui9klj§m
�ukGj 5�n»g ÆBÂ�6�gas$�uiBm�sug�Ã�Æ®�§monGn.r�Â9t�qBÂ�t�q.rosutu�aÁ

} t2i9mo�&Æ.gag�j���i�r�Äzj�tui9m�t&r�Â�t�q]Â�t&��Â�g�ÂBkGj 5 q.gasu��ros����;g J t�sug��2g�n»� Ä�g�nGn�� �a� � 4�moj9Ã �;Â9h=i Æ.gat�t�gas2tui9moj
kGj�q]Â�t��®Â�g�Â9kGj 5�Á } j qBm�sutuklhaÂ9nGm�s	4�m
��ros�� ro��r�Â�t�qBÂ�t'�®Â�g�Â9kGj 5
tui9m�tbÂB��g�� md =£®©��u�u� �=�¬�]¢P�-©�ª�Ìa´)(b�¬�$i9mo�bÆ.gag�j
�ui�rÎÄzj t�rdmoh�i9kGga�og2g J t�sug���g�n»� 5or®r®Ã q.gasu��ros���moj9h¬g&moj9Ã �uÂ9h=iºmoj m�q9q9sur�moh=iºkG� haÂ�susug�j�tun»�dÆ.g�kGj 5§Â9��g�Ã kGj m
j®Â9��Æ.gasLro�zhaÂ�sus�g�j^tLÃ9m�� �uÄzk»tuh�i9g���� � 4 K � �ÍÁ } j �uÂBh�i m �uÄzk»tuh�i�4N�LÂ9n»tukGqBn»g
kGj9qBÂ�t�moj9Ã r�Â�t�qBÂ9t�q.rosutu�L��m��
Ä�moj^t t�r�mohah¬g��u� tui9kl��h¬g�j�t�s�monNÆBÂ76.gas h¬r�j9haÂ�susug�j�tun»�oÁ�*ºg&tui�gasuga��rosug2j�gag�Ã ��r��2g2�2g�h=i9moj9kG���6t�rd��m�tuh=i tui�g
kGj�q]Â�t moj9Ã r�Â�t�q]Â�t*ÆBmoj9Ã9ÄzkGÃ�tui9�btui�s�r�Â 5�iºtui�g§��Äzk»tuh=i�Á � q9s=moh¬tukGhamon3m�q9qBsur�moh�i �«rosL��m�tuh�i9klj 5 kGj�q]Â�t*moj9Ã
r�Â�t�qBÂ9t�ÆBmojBÃ�ÄzkGÃ�tuiB�'tui�sur�Â 5�i§m&��Äzk»tuh=i
Ä�k»tui�m&�uiBm�sug�Ã�h¬g�j�t�s�mon.ÆBÂ�6�gas�kG��t�r&ÂB��gzÄzklÃ�gas~ÃBm�tum;q]m�tui9�3Ä�k»tui9kGj
tui�g&��Äzk»tuh=i+� K � �ÍÁ } j�qBÂ�t�moj9Ã r�Â9t�qBÂ�tbÆBmoj9Ã�ÄzklÃ�tui9��m�sug&��m�tuh�i9g�Ã Æ��d�uh=i�g�Ã9Â9nlkGj 5�r�j�gLÄ$s�kGt�g;moj9Ã r�j�gLsug�moÃ
t�r � ��sur�� tui�gL��i9m�sug�Ã ÆBÂ76.gaszga�ogasu� h¬�Hhan»goÁ' zrÎÄ�ga�ogas94�tui�g;Ä�kGÃ�tui�ro��tui9gLÃ9m�tum�qBm�tui kG�zÂB��g�Ã t�r§Ä$s�kGt�g � sug�moÃ
g�j�r�Â 5�i ÃBm�tum t�r monGn»r�Ä�m q.rosutLt�rºÄ$s�kGt�g � sug�moÃ m 5�mokGj r�j9nG� m��«t�gas�monGn~tui�g�rotui�gas�h¬r�j�t�g�j9Ã9kGj 5 q.rosutu�2i9m��og
�]j9kl�ui�g�Ã�tui�g�k»szÄ$s�k»t�g � sug�moÃ roq.gas�m�tuk»r�j9�aÁ~f$i®Â9�!49tui�g;Ã9m�tum�qBm�tuiB�zm�sugL��gatzt�r�tui�g��uÂ9��ro�'tui�g*ÄzkGÃ9tui9��ro�'tui�g
kGj9h¬r��
kGj 5 � r�Â�t�5or�kGj 5LnGklj 6®��t�r�moh�iBk»ga�og*�uÂ9h=i�ÆBmoj9Ã�ÄzklÃ�tui
��m�tuh=i9kGj 5�Á!�9ros$g J mo��qBn»g�4H�«ros$m&, y q.rosut���ÄzkGtuh�i 
 ,
kGj�q]Â�tzq.rosutu�bmoj9Ã#, r�Â�t�qBÂ�tbq.rosutu�-�$Äzk»tui m��ui9m�sug�Ã h¬g�j^t�s=monNÆBÂ76.gas	4�k»tbkl��s�g.��Â9kGsug�Ãdtui9m�t tui9g;ÄzklÃ�tui ro��tui�g
Ã9m�tum2q]m�tuidkGj9�uklÃ�gbm
��Äzk»tuh=i�Æ.g/,§tukG�2g���tui�g�ÄzkGÃ�tui§ro�'k»tu��kGj�q]Â�t � r�Â�t�qBÂ�t�nGklj 6]Á

} t hamoj monl��r�Æ.gLroÆB��gasu�og�Ã tui9m�t tui�g&ÆBmojBÃ�ÄzkGÃ�tuidro��nGkGj 6®��Â9��g�Ã �«ros kGj�t�gas�h¬r�j9j�g�h¬tukGr�j iBmo�bh¬r�j�tukGj®Â�g�Ã t�r
kGj9h¬s�g�mo��g;kGj tui�g�s�g�h¬g�j^t �og�m�s��&� ��� �ÍÁzfzi9kG�zklj9h¬sug�mo��gLkGj nGklj 6�Æ]moj9Ã�ÄzkGÃ9tui�i9mo��hamoÂB��g�Ã m��PÂ�sutui�gasbkGj9h¬sug�mo��gLkGj
tui�gLÄzkGÃ�tui ro�'tui�g&Ã9m�tum
q]m�tui9�zÄ�k»tui9kGj�r�Â9t�qBÂ�t y �®Â�g�Â�g�Ã ��Äzk»tuh=i�g��zÄ�k»tui ��i9m�sug�Ã h¬g�j^t�s�mon4ÆBÂ�6�gas���Á� zrÎÄ�ga�ogas94
tui�g �uk52ag ro�1qBmoh�6ogatu�$ÂB��g�Ã�kGj§qBm�s�monGn»g�n����H��t�g�����i9m��og*j�rot�h�i9moj 5og�Ã �;Â9h=i�r��ogas$tui9gb�og�m�s=�!49moj9Ã§tui�g qBmoh�6ogatu�
i9m��og tui�gasuga��rosug �ui�s�Â9j 62sug�nGm�tuk»�og t�r&tui�g���g ÄzklÃ�gas~ÃBm�tum;q]m�tui9�aÁ } j�q]m�s�monGn»g�n����H��t�g�����Â9�uklj 5�tui�g�0 kG��t�s=k»ÆBÂ�t�g�Ã
w i9m�s�g�ÃM8 g��2rosu� 
 0 w 81�1qBm�s=moÃ9k�5�� �«rosNg J mo�2qBn»g�4�m �uk�5�jBk2�]hamoj�t/q.gas�h¬g�j�tum 5og�ro�BqBmoh�6ogatu����m��;Æ.g�g J t�sug��2g�n»�

�



�u��monln�� 
 goÁ 5�Á�4^tui9r���g~ÂB��g�Ã&mo�4h¬r�j�t�sur�n��2g����um 5og��-�=Á � �4ÃBm�tum�q]m�tui9�NkGj^t�r moj9ÃLr�Â�t4ro�9tui�g��ui9m�s�g�Ã;h¬g�j�t�s�monHÆBÂ76.gas
moj9Ã§Äzk»tuiBkGj�m&��Ä�k»tuh�i�h¬r�j�tukGj®Â�g t�r2ÄzkGÃ�g�j�4�tui�ga�§ÄzkGnGn]��r�r�j�g J h¬gag�Ã�tui�g �uk32agbro�1tui�g���g �u��monln]q]moh�6ogatu�aÁ w kGj9h¬g
tui�g��uk52ag§ro�$tui�g��ug�ÃBm�tum q]m�tui9�L�ogasu� ro��t�g�j Ã�gat�gas���klj�g
tui�g�Â9jBk»tu��ro����t�ros�m 5ogdkGj ÆBÂ76.gas2�2g��2rosu��4��uÂBh�i m
�uk»tuÂBm�tuk»r�j Ä~r�Â9nGÃ n»g�moÃ t�r ��s�m 5��2g�j�tum�tuk»r�j 
 mojBÃ n»r����-� ro�$Æ]Â76�gasL��qBmoh¬goÁ �BÂ�sutui�gas���rosug�4NÄ�g���m�� ��moh¬g§tui�g
�uk»tuÂBm�tuk»r�jºÄzi�gas�g2tui�g
kGj�q]Â�t moj9Ãºr�Â�t�qBÂ9t*ÆBmoj9Ã�Ä�kGÃ�tui9��ro��tui�g
��ÄzkGtuh�i�g��;m�sug
j�rot��
m�tuh�i�g�Ã�moj^�º�2ros�g
kÊÁ goÁ
tui�gasug;kG��m�n»r��u��ro�NÆBmojBÃ�ÄzkGÃ�tui Á

f1r�g�nlkG��kGj9m�t�g�tui�g3qBsuroÆBn»g�� ro�9i9moj9Ã9nlkGj 5$h¬r�j9haÂ�s�sug�j^t4Ä$s�kGt�g��/t�r tui�g�ÆBÂ76.gas4moj9Ã;t�r i9moj9Ã9nGg3�u��monGn^qBmoh�6ogatu�
�2rosug g S�hakGg�j^tun»��4�Ä~g Ä�r�ÂBnGÃ�nGk�6ogbt�r�Ã�g��uk�5�j�m&��Äzk»tuh=i�m�s�h�iBk»t�g�h¬tuÂ�sug tui9m�t$Â9�ug���kGj�qBÂ�t���Â9g�Â9kGj 5�Á } j�moÃBÃ9k»tuk»r�j
t�rº�2gagatukGj 5 tui�g§q.r��u�uk»ÆBnG� Ã9kG�ogas���g�Ã�g���moj9Ã9�;ro�$��m�s�k»r�Â9�LkGj�t�gas�h¬r�j9j�g�h¬tu�	4�tui9kG�Lm�s�h�iBk»t�g�h¬tuÂ�sug��;ÂB��tLiBmoj9Ã9n»g
�u��monln�qBmoh�6ogatu�2Äzk»tui�r�Â9t;�uÂ9h=i ��s�m 5��2g�j�tum�tuk»r�j moj9Ã�n»r��u�;ro�$ÆBmojBÃ�ÄzkGÃ�tui Á w Â9h�i�m ��Äzk»tuh=i �ui9r�Â9nGÃ qBsur��HkGÃ�g
n»rÎÄ nlm�t�g�j9h¬��h¬r����LÂ9j9klham�tuk»r�jEÆ®���
m 6®kGj 5 Â9��g ro�;haÂ9t y tui�sur�Â 5�i ��ÄzkGtuh�i9kGj 5 � T��*moj9Ã �ukG�2q]n»g Ã9kG�ut�s�k»ÆBÂ�t�g�Ã
m�suÆBkGt�s�m�tuk»r�j�Á'�9Â�sutui9gas��2rosug�4�k»t �;ÂB��t�Æ.g&ham�qBm�ÆBn»gLro��Ã9g�nGk»�ogas�kGj 5
i9k�5�i tui�sur�Â 5�i9qBÂ�t 
 hanGr���g&t�r �a�o��� �=Á*f$i�g
��ÄzkGtuh�id�LÂ9��t$monG�ur2Æ�g*ham�q]m�ÆBn»g ro�'i9moj9Ã9nlkGj 5&m&ÄzkGÃ�g s�moj 5og ro�N��g��u�um 5og��uk32ag���g S�hak»g�j�tun»�oÁ

} j
tuiBkG��qBm�q.gas	4�Ä�gbq9sug��ug�j^t�tui�g�m�s�h=i9k»t�g�h¬tuÂ�s�g�ro�/��Â9h�i§m���Ä�k»tuh�i $  } 2 }  w 
�� ¦-��£�¿Ê���¬��¡¬���­±�©��]�­��¦=��²�´H¢P¿
� ´B�¬´B�u��¯��'��¢Í�a£ � $�ÄziBkGh�i Â9��g�� kGj9qBÂ�t �®Â�g�Â9klj 5 4]q]k»q.g�nGkGj�g�Ã��LÂ9n»tuk y �®Â�g�Â�gLkGj�qBÂ9tzÆBÂ76.gas���� �o� � 4 haÂ�t y tui�s�r�Â 5�i
��ÄzkGtuh�i9kGj 5 43moj9Ã �ukG��qBn»g�Ã9kG��t�s�kGÆBÂ�t�g�Ã m�s�ÆBk»t�s�m�tuk»r�j�4�t�r moh�iBk»ga�ogd�ogasu� i9k�5�i�q.gasu��ros���moj9h¬g 
 n»rÎÄ6nGm�t�g�j9h¬� mo�
Ä~g�nGn�mo�Li9k�5�i tui�sur�Â 5�i�qBÂ�t-�=Á *ºg�q9s�g���g�j^tLm tum J r�j�r��;� ro�z�uÄzk»tuh�i�m�s�h=i9k»t�g�h¬tuÂ�sug��Lt�r �ui�rÎÄ i9r�Ä  } 2 }  w
Ã9k 6.gas�����sur��6rotui�gasb�uÄzk»tuh�i9g��zq9s�g���g�j^t�g�Ã kGj�tui�gLnGk»t�gas�m�tuÂ9sug�4Bq9s�g���g�j^t�m
Ã�gatumokGnGg�Ãdr��ogas��®k»gaÄ<ro�! } 2 }  w moj9Ã
k»tu��kG�2q.rosutumoj�t�h¬r���q�r�j9g�j^tu�!49mojBÃ§Ã9g��uh¬s�k»Æ.gzi�rÎÄ  } 2 }  w hamoj�moh�i9kGga�og g S�hak»g�j�t�h¬r��
�;Â9jBkGham�tuk»r�j��«ros�Æ.rotui
�u��monln�moj9ÃdnGm�s�5og q]moh�6ogatu�aÁ

*ºg§tui�g�j q.gasu��ros��"Ã9gatumokGn»g�Ã �ukl�;Â9nlm�tuk»r�j9� t�r ga�³monGÂBm�t�g
tui�g�q�gas��«ros��
moj9h¬g2ro�� } 2 }  w kljºtui�g�h¬r�j�t�g J t
ro�3m�ÆBkGÃ9kGsug�h¬tuk»r�j9mon 8 Â9n»tukG�utum 5og } j^t�gas=h¬r�j9j�g�h¬tuk»r�j R�gat¨Ä~ros�6 
 1 8 } R��zÆBmo��g�Ã qBm�s�monGn»g�n1���H��t�g�� 
 ��Â9h�i mo�btui�g
} 1 8 w 2 4 { 8 ��4®moj9Ã�tui�g 8 g�k�6or {$w K��=Á � ��t�gas�h¬r���qBm�s�kGj 5� } 2 }  w Äzk»tui
m t�s�moÃ9k»tukGr�j9mon � } � v ÆBmo��g�Ã�kGj�qBÂ�t
�®Â�g�Â9kGj 5�m�s�h=i9k»t�g�h¬tuÂ�s�g�moj9Ã m h¬g�j^t�s�mon��ui9m�sug�Ã y ÆBÂ76.gas y ÆBmo��g�Ãºr�Â9t�qBÂ�t��®Â�g�Â9kGj 5�m�s�h=i9k»t�g�h¬tuÂ�s�g�41Ä~g
g���tum�Æ]nGkG�ui
tui9m�t  } 2 }  w moh=i9k»ga�og���q.gasu��ros���moj9h¬g �ogasu�Zhan»r���g t�r tui9m�t�ro��r�Â9t�qBÂ�t ��Â9g�Â9kGj 5�Á	f$i9g���g sug��uÂ9n»tu�§kG�2q]n»�
tui9m�t � 
 k��� } 2 }  w q.gasu��ros����~Æ.gat�t�gasztui9mojdq9suga�Hk»r�Â9�un»�2qBsuroq.r���g�Ã�kGj�qBÂ9t��®Â�g�Â9klj 52m�s�h�i9kGt�g�h¬tuÂ�sug��$moj9Ã 
 kGk ��k»t
moh�iBk»ga�og���hanGr���g t�r�tui�g*Æ.g���t�q.gasu��ros���mojBh¬g*moh�i9k»ga��m�ÆBn»g Æ®�§g�k»tui�gaszkGj9qBÂ�t~roszr�Â�t�qBÂ9t���Â�g�ÂBkGj 5�Á

R�g J t!4�Ä~g q.gasu��ros�� moÃ9ÃBk»tuk»r�j9mon��ukl�;Â9nlm�tuk»r�j9�2t�r �utuÂ9Ã�� tui�g kG��qBmoh¬t�ro� ���H��t�g�� qBm�s=mo�2gat�gas��§�uÂ9h�i�mo�
qBmoh�6ogatuk52�m�tuk»r�j�4����H��t�g��É�uk52ag�4�mojBÃ���m�s�k»r�Â9�'��ros����3ro� j�r�j y Â9jBk»�«ros=�+t�s�m�S�h$r�j
tui�g$q.gasu��ros���moj9h¬gzro�  } 2 }  w Á
v Â�s's�g��uÂ9n»tu�4g���tum�ÆBnlkG�ui&tui9m�t'tui�g� } 2 }  w m�s�h�iBk»t�g�h¬tuÂ�sugzhamoj
kGj9Ã�gag�Ã&Ã�g�nGkG�ogas'q�gas��«ros��
moj9h¬g�tui9m�t3�2gagatu���2r���t
ro�'k»tu��Ã�g��uk�5�j 5or�monG�aÁ

f$iBkG� qBm�q.gas;kl��ros�5�mojBk52ag�Ã mo�;��r�nGn»r�Ä��aÁ } j tui�g�j�g J tL��g�h¬tuk»r�j Ä�g§q9surÎ�®klÃ�g
mdtum J r�j�r��;� ro�$��Ä�k»tuh�i�m�s y
h�iBk»t�g�h¬tuÂ�sug��&moj9Ã�suga�Hk»gaÄ ��r��2g§ro�$tui�g§sug�nGm�t�g�Ã�Ä�ros�6]Á } j w g�h�ÁK0 Ä�g�q9sug��ug�j^t;tui�g  } 2 }  w m�s=h�i9k»t�g�h¬tuÂ9sug
moj9Ã�kGj w g�h�Á®��Ä~g'��Â9monlk»tum�tuk»�og�n»�&h¬r��2qBm�sugbr�Â�s�m�s�h�iBk»t�g�h¬tuÂ�sug�t�rL��r���gzro� tui�g�sug�nGm�t�g�Ã§��Äzk»tuh=i
m�s�h=i9k»t�g�h¬tuÂ�s�g��aÁ
*ºg tui�g�j�q9s�g���g�j^t�tui9gbs�g��uÂ9n»tu�~ro�4r�Â�s$�ukG�LÂ9nGm�tuk»r�j�g J q�gas=kG�2g�j�tu�~klj w g�h�ÁB�&moj9Ã§q9sug���g�j�t�r�Â�s$h¬r�j9hanGÂB�uk»r�j9�~kGj

	 mJ���z�<��u��]tó���9vf�<s4�¦���
�y�E�,u�t�vf��t$�z�����]t¢vD��rD�]���<rD�.���9vnu�t��>��t{��rDu�})�z���ó|]pá�_}��_��t{���{�]���Et¢����
{t$rD�X�{rD�~��u�rDx��9vf�Î¬Pt,�����]vn¥PtvDxz��r��z�]�,u�t�vf��t�����²�r�s-t{¥Pt,u��§���]�z���z�E�,u�t�vD��t$�9vf��°§t{t{��u�t{xyvf���z¥Mt,xz}>����vDxzx vD�]�>«Du�r�s4�¤xzrP«Mvnu��¦���]���z��vDxzx¦}
s4�¦���
���Et$���]vfu�t�����t{��rfu�}����
{tP�
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} j tui�g'sug�h¬g�j�t �og�m�s��!4om�h¬r�j9��kGÃ�gas�m�ÆBnGgNmo��r�Â9j^t/ro��sug��ug�m�s�h�i;i9mo����r®haÂ9����g�Ã r�j tui�g�Ã9g��uk�5�j ro��i9k�5�i y q.gasu��ros���mojBh¬g
��ÄzkGtuh�i�g��aÁ } j tui9kG����g�h¬tuk»r�j�4NÄ~g�q9surÎ�®kGÃ9g
mdtum J r�j�r��;�ºro�$��Äzk»tuh=i m�s�h=i9k»t�g�h¬tuÂ�sug��	41suga�Hk»gaÄÉ��r��2g
ro��tui�g�sug y
nGm�t�g�Ã Ä~ros�6 klj tui9g�h¬r�j�t�g J t�ro�ztui9kl�;tum J r�j�r��;��4�moj9Ã �ui�r�Ä�i9r�Ä  } 2 }  w Ã9k56�gas��L��sur�� g J kl��tukGj 5 ��Äzk»tuh=i
m�s�h=i9k»t�g�h¬tuÂ�sug���Á

� ���ui9r�Äzj kGj �Nk�5�Á � 4'��ÄzkGtuh�i m�s�h=i9k»t�g�h¬tuÂ�s�g��;hamoj Æ.g�Ã9k»�HkGÃ�g�ÃºkGj�t�rdt¨Ä~r ÆBsur�moÃ hanGmo����g���Ã�gaq.g�j9ÃBkGj 5�r�j
tui�g�m�qBq9sur�moh�i tui�ga��moÃ�roq9t$��ros �®Â�g�Â9klj 5&ÆBn»rHh�6og�Ãdq]moh�6ogatu�btui9m�tzm�sug;��t�rosug�Ã m�t�tui�g���Ä�k»tuh�i�Á � �z�2g�j^tukGr�j�g�Ã
Æ.ga�«ros�g�4 kGj�qBÂ�t���Â9g�Â�g y ÆBmo��g�Ãº��Ä�k»tuh�i�g����®Â�g�Â�g&qBmoh�6ogatu��mohah¬ros�ÃBkGj 5�t�r�tui�g2kGj�qBÂ9t�q.rosutbtui�ga� m�sus�k»�ogL�«s�r���$
ga�ogasu� ��Â�g�Â9gLtuiBm�t kl�b�
mokGj^tumoklj�g�Ã m�tbtui9g&�uÄzk»tuh�i h¬r�j�tumokGj9� qBmoh�6ogatu� tui9m�t*i9m��og�monGn4m�sus�k»�og�Ã m�t tui�g&��Äzk»tuh=i
tui�sur�Â 5�i m 5�k»�og�j klj�qBÂ�t�q.rosutaÁ v jdtui�g;rotui�gas i9moj9Ã�4�Â9j9Ã�gas$r�Â9t�qBÂ�t �®Â�g�Â9klj 5 4BmonGn/qBmoh�6ogatu� kGj m �®Â�g�Â�gLm�sug
Ã�g���tuklj�g�Ã��«ros�m 5�k»�og�jdÃ�g��utukGj9m�tuk»r�j�q.rosutaÁ

Switch Architectures

Input Queuing Output Queuing

Single
Buffer

Multiple
Buffers

Shared
Buffer

Dedicated
Buffers

Single
Module

Multiple
Modules

Single
Queue

Multiple
Queues

Single
Data

Output

Single
Bank

Multiple
Banks

[Pipelined]
(eg. Katevenis et al)

(eg. IBM SP)

SGI Spider, Tiny Tera)

(eg. IBM Prizma)

HIPIQS
(eg. Tamir-Frazier

Cross-Point
Buffers

Shared
Multi-Buffers

(eg.
Servernet)

(MQs)

Statically
Allocated

MQs

Dynamically
Allocated

MQs

Multiple Data Outputs

(eg. PaRC,
Arctic)

�Nk�5�Â�sug � ��f1m J r�j�r��;�§ro�'��Ä�k»tuh�i�m�s�h=i9k»t�g�h¬tuÂ�s�g��aÁ

f���q]kGhamonGn»��4.kGj�qBÂ9t���Â9g�Â�g�� m�sug2��mokGj�tumokGj�g�Ã m�tbÆ]Â76�gas=��mo�u�ur®hakGm�t�g�Ã ÄzkGtui tui�g2kGj9qBÂ�t$q.rosutu��ro��m§��Äzk»tuh=i�Á
v Â�t�q]Â�t ��Â9g�Â�g��/m�sug���mokGj�tumokGj�g�Ã*m�t1ÆBÂ76.gas�� mo�u��rHhakGm�t�g�Ã;Äzk»tui tui�g~kGj9Ã9kG�®kGÃBÂ9mon�r�Â�t�q]Â�t q.rosutu��ros4m�t1mzh¬r��
�2r�j
ÆBÂ76.gas$�ui9m�s�g�Ã�Æ���monGn�r�Â9t�qBÂ�t�q.rosutu�aÁ
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} j�qBÂ�t ��Â9g�Â9kGj 5 m�q9q9sur�moh=i�g���hamoj2Æ.g�hanGmo�u��k2�Bg�ÃLÆBmo��g�Ã&r�j2Ä�i�gatui�gas�m �ukGj 5�n»g�Æ]Â76�gas'kG�'mo����r®haklm�t�g�Ã2Äzk»tuiLga�ogasu�
kGj�q]Â�t�q�ros�t�roszÄzi�gatui9gasz�;ÂBn»tuk»qBn»g ÆBÂ�6�gas���m�s�g;mo�u��rHhakGm�t�g�Ã Äzk»tui�ga�ogasu�dkGj9qBÂ�t�q.rosutaÁ � j m�s�h=i9k»t�g�h¬tuÂ�sug�Äzk»tui
kGj�q]Â�t��®Â�g�Â9kGj 5§moj9Ã m��uklj 5�n»g�Æ]Â76�gasbq.gasbklj�qBÂ�t$q.rosutbhamoj ros�5�moj9k52ag&ÆBn»rHh�6og�Ã qBmoh�6ogatu� kGj�t�r§m��ukGj 5�n»g/� } � v
�®Â�g�Â�g roszkGj�t�r
�LÂ9n»tuk»q]n»g�� } � v �®Â�g�Â�g���Á

} j tui9g�ros�5�moj9k32�m�tuk»r�j Äzk»tui m��ukGj 5�nGg/� } � v �®Â�g�Â�g�4.monGn q]moh�6ogatu� k»sus�g���q.g�h¬tuk»�og�ro�'tui�g�kGsbÃ�g��utukGj9m�tuk»r�j�4�m�sug
��t�rosug�Ã kGjºtui9kl����Â9g�Â�goÁ v jBn»� qBmoh�6ogatu�&m�t�tui�g
i9g�moÃ ro��tui�g �®Â�g�Â�g
m�s�g�g�nGk�5�k»Æ]n»g&�«ros;t�s�moj9�u��kl�u�uk»r�j�Á } ��tui�g
Ã�g���tuklj9m�tuk»r�j r�Â�t�q]Â�t2q.rosut���ros�tui�g q]moh�6ogat�m�t�tui�g i�g�moÃEro� tui�g �®Â�g�Â�gdkG��ÆBÂ9����4~tui�gdqBmoh�6ogatu�§Æ�g�iBkGj9Ã k»t
m�sug��uÂ�Æ �-g�h¬t�g�Ã�t�r�£H�u©^� �-¡§ª ����� 
  v L ��ÆBnGr®h�6®kGj 5 Ã�g�nGm��®��Á w Â9h�i�m �uh�i�g���g�iBmo�;Æ.gag�j��ui�rÎÄzj�t�r iBm��ogdm
��m J kG�LÂ9� tui�sur�Â 5�i9qBÂ�t ro�~m�s�r�Â9j9Ã?T ��� � �a� �ÍÁ�f$i�g���ÄzkGtuh�i�g�� ro� w gasu�ogas=j�gat � #�� 4 } j�t�g�n 2 m�s=m 5or�j�44mojBÃºtui�g
{ 8 �2Â9��g*��Â9h�idm ��Â�g�ÂBkGj 52�uh�i9g��2goÁ

f1r r��ogas�h¬r��2g tui9kG�� v L ÆBn»rHh�6HkGj 5 4��uh=i�g��2g��2ÄzkGtui �LÂ9n»tuk»q]n»g
kGj�q]Â�t �®Â�g�Â�g��&ÄzkGtui9kGj tui9g���mo�2g�kGj�qBÂ�t
ÆBÂ76.gas i9m��og2Æ.gag�j q9suroq.r���g�Ã � K�K��ÍÁ*f���qBklhamonGn»��4Btui9gasug2kG�zr�j9g��®Â�g�Â�g&h¬rosusug��uq�r�jBÃ9kGj 5�t�r�ga�ogasu� r�Â�t�qBÂ9t�q.rosut
kGj
ga�ogasu��kGj�qBÂ9t'ÆBÂ76.gas�Á'f$i�ÂB�!4^ga�ogasu�"�®Â�g�Â�gbi9mo��qBmoh�6ogatu��tui9m�t~i9m��og m�sus�kG�og�Ã���sur�� m 5�k»�og�j§kGj�qBÂ�t'q.rosut~moj9Ã
tui9m�tLm�sug�monGn�Ã�g���tukGj9g�Ãº�«ros;tui�g���mo�2g
r�Â�t�q]Â�t*q.rosutaÁ�f$i9kG���uh�i�g���g�kG�;monG��rdsuga��gasusug�Ã t�r mo�'&����­¢P´9©�ª���´�¢ ²]´�¢
( ´B�a´®�����"� � K �/Æ.g�hamoÂ9��g ro�Ntui9kG�aÁ

f$i9g���qBmoh¬g§��rosLtui9g���g��LÂ9n»tuk»q]n»g �®Â�g�Â�g��L��m�� Æ.g§monGn»rHham�t�g�Ã ��tum�tuklhamonGn»��4'Äzi�gas�g�kGj�44tui�g
ÆBÂ�6�gas&��qBmoh¬g�kG�
Ã9k»�HkGÃ�g�Ã mo�2r�j 5�tui9g�kGj�qBÂ�t'�®Â�g�Â�g�� 
 mohah¬ros�Ã9klj 5�t�rd��r��2g
ÃBkG��t�s�k»Æ]Â�tuk»r�j ��m�qBs�k»ros�kÊÁ���ros���Ä�k»tuh�i�g�� ÂB��g�ÃºkGjºm
5og�j�gas�mon9qBÂ�suq.r���g����H��t�g�� 4^�uÂBh�i�m Ã9kl��t�s�k»ÆBÂ9tuk»r�j*ro��ÆBÂ76.gas'��qBmoh¬gz��m��LnGg�moÃ&t�r*q.r�ros'q.gasu��ros���moj9h¬g�g���q.g�hakGmonln»�
Äzi�g�jLt�s�m�S§h�kG�Nj�rot'Â9j9k»��ros���n»�*ÃBkG��t�s�k»Æ]Â�t�g�Ã�Á � j2mon»t�gas�j9m�tuk»�og$kl�1t�r*Ã9�®j9mo�
kGhamonGn»�*monGnGr®ham�t�g���qBmoh¬g$mo��r�j 5 tui�g
�®Â�g�Â�g���mohah¬ros�Ã9kGj 5;t�r&tui�g q9suroq.rosutukGr�j�ro�/tui9gbt�s=m�S�hztuiBm�t�kl�~klj^t�g�j9Ã9g�Ã
��ros�tui�g h¬rosusug���q.r�j9Ã9klj 5�Ã�g���tuklj9m�tuk»r�j
r�Â�t�qBÂ9t2q�ros�tu�aÁ w ÂBh�i m ��h�i�g��2g kG�2suga��gasusug�Ã t�r mo� 0 � 8  � K�K�� 
 ��°��]©�±&�Ê��©�ª�ª ° ©�ª�ª ����©o¢¨��� ±&´®ª ¢P��¿ ( ´9�a´B� �=Á
x j9Ã�gas&tui�g 0 � 8  (�uh�i�g���g�43qBmoh�6ogatu�
m�t2tui�g�i�g�moÃ ro�btui�g�kGj9Ã9kG�®kGÃBÂ9mon 
 � } � v ����Â9g�Â�g��2m�sug�g�nGk�5�k»Æ]n»g
��ros
t�s�moj9����kG�u�ukGr�j�Á  �r�Ä~ga�ogas	4]r�j9n»��r�j�g ro�1tui�g���g qBmoh�6ogatu�z��m���Æ.gbt�s�moj9�u�
k»t�t�g�Ã��«s�r�� tui�g ÆBÂ76.gas�m�t$moj���5�k»�og�j
tukG�2goÁ�fzi�Â9�	4^tui�gasug kG�~m&�ukGj 5�n»g�Ã9m�tumLr�Â�t�qBÂ�t�q�gas�kGj�q]Â�t�ÆBÂ76.gas�Á } j
tui�g hamo��g Äzi�gas�gb�LÂ9n»tuk»q]n»g�r�Â�t�qBÂ�t~q.rosutu�
r�j9n»��i9m��og qBmoh�6ogatu�$kGj�m 5�kG�og�j�kGj�qBÂ�t3ÆBÂ76.gas	4�r�j9gbro�1tui�g�� hamoj�mohah¬g��u��tui�gbÆBÂ76.gas�moj9Ã�t�s�moj9�u��kGt~mLqBmoh�6ogat �
tui�g*rotui9gaszr�Â�t�qBÂ9t�q�ros�tu��Ä~mokGtzkGÃ9n»�
�«ros�tui9kG��q.rosut�t�r"��j9kG�ui§t�s�moj9����k»t�tukGj 52k»tu�$qBmoh�6ogataÁ	�9Â�s�tui�gas��2rosug�4]�ukGj9h¬g
j�r��2rosugLtui9moj r�j�g&r�Â�t�qBÂ�t�q.rosutbhamoj sug�moÃ ��sur�� m�5�k»�og�j kGj�qBÂ�tzÆBÂ76.gasbm�t m§tukG�2g�4�tui9kG�b�uh�i9g��2g&sug.��ÂBk»sug��
m���mok»s=n»�dh¬r��2qBn»g J 4�h¬g�j^t�s=monGk52ag�Ã m�suÆBk»t�s=m�tuk»r�j �uh=i�g��2g&t�r�Ã�gat�gas���klj�g;m�h¬r�j*)]klh¬t y �«sugag&mo�u�uk�5�j9�2g�j�t�ro��r�Â9t�qBÂ�t
q.rosutu�~t�r2kGj�qBÂ�t�ÆBÂ76.gas���tui9m�t�i9m��og qBmoh�6ogatu�$��ros�tui�g���Á { Â�s�sug�j^t y ÃBm��
��Ä�k»tuh�i�g�����Â9h�i�mo��tui�g w,+b}�w qBkGÃ�gas'� � �
moj9ÃdfzkGj^�§f/gas=m � � K��1Â9�ug*�uÂ9h�i m&��Â�g�ÂBkGj 52�uh�i9g��2g�h¬r�Â�qBnGg�Ã�Äzk»tui�h¬g�j�t�s�monGk52ag�Ã m�suÆBk»t�gas���Á

} j�qBÂ�t���Â9g�Â9kGj 5§m�q9q9sur�moh=i�g�� ��m�� monG��r�Â9��g&�;ÂBn»tuk»qBn»g;ÆBÂ76.gas���q�gas kGj�q]Â�tzq.rosutaÁ v j�gLg J mo�2qBn»gLro�3�uÂ9h=i
m ÆBÂ76.gas�kGj 5 ��h�i�g��2g i9mo�2��gaqBm�s�m�t�g ÆBÂ76.gas��&�«ros
ga�ogasu� r�Â�t�qBÂ�t2q.rosutaÁ w Â9h=i m �uh=i�g��2gdkG�2s�ga�«gasus�g�Ã t�r mo�
h¬sur��u� y q�r�klj^tLÆBÂ76.gas�kGj 5 � �o� � 43moj9Ã kl��g.�®Â9k»��mon»g�j�t;t�rºtui�g w � � { 
 ¯]¢Í©�¢P�P�=©�ª«ª ° ¶bª�ª»����©o¢¨���³µ.-�´®ª�ª °0/'���9������¢¨�u���
�uh=i�g��2g*��tuÂ9ÃBk»g�Ã�klj � K�K��ÍÁ � h¬sur��u� y q�r�klj^t~ÆBÂ76.gas�kGj 5L�uh�i9g��2g*hamoj�tui�garosugatukGhamonln»�
moh�iBk»ga�og �a�o��� tui�sur�Â 5�i�qBÂ�taÁ
 �r�Ä~ga�ogas	4/tui�g��
mokGj q9suroÆBn»g�� ÄzkGtui h¬s�r��u� y q.r�kGj�t�ÆBÂ�6�gas�klj 5§kl��tuiBm�t tui�g2��qBmoh¬g�mo�u��rHhakGm�t�g�ÃºÄ�k»tui mojºkGj�qBÂ�t
q.rosutzkG��j�rot���i9m�sug�Ã Ã��®jBmo��kGhamonGn»� ��t�s�m�S§h�kGj Äzi9kGh=i ��r��2g;r�Â�t�qBÂ�t�q.rosutu�zm�sugL�2rosug;�«sug.�®Â�g�j�tun»��Â9��g�Ã tui9moj

�



rotui�gas��$ÄzkGnGn�Æ.g*moÃ��ogas���g�nG�§m�6.g�h¬t�g�Ã�Á
� �uh�i�g���gLtuiBm�t kl�bhanlmokG�2g�Ã t�r�q�gas��«ros�� Æ.gat�t�gas tui9mojºh¬sur��u��q.r�kGj�t �®Â�g�Â9klj 5�Â9�ug��b�LÂ9n»tukGqBn»g�Æ]Â76�gas=�zq.gas

kGj�q]Â�t$q.rosutbÆBÂ�t�Ã9r�g�� j�rot Ã�g�Ã9kGham�t�g&tui�gLÆBÂ76.gas���t�r���q.g�hak2�]h*r�Â9t�qBÂ�tbq�ros�tu�aÁ } j9��t�g�moÃ�4.moj m�sus=k»�®klj 5�qBmoh�6ogat
��m��;Â9��g�moj���ro�9tui�g�ÆBÂ�6�gas��	4�ÂB�uÂ9monGn»� tui�g~r�j�g�tui9m�t'i9mo�4tui�g�n»g�mo��t'j®Â9��Æ.gas4ro�BqBmoh�6ogatu��kGjLk»taÁ w Â9h�iLm �uh�i9g��2g
i9mo� Æ.gag�jºÂ9��g�Ã ��ros tui�g 2 mop { � � � 4 � s�h¬tukGh � ��� 4/moj9Ã1 � L�� � 2 p { � � 0��3�uÄzk»tuh�i h=i9k»qB�aÁ } j tui�g��ug���Äzk»tuh=i�g��!4
,�ÆBÂ�6�gas��zm�sug;��moklj^tumokGj9g�Ãdm�tzga�ogasu�dklj�qBÂ�t�q.rosut 
 Äzi9gasug ,dkl��tui�g;j®Â9�;Æ.gas�ro��kGj�qBÂ�t�moj9Ã r�Â�t�qBÂ�tzq�ros�tu�$kGj
tui�gb��Äzk»tuh=i �Nmoj9Ã§moj
m�sus=k»�®klj 5 qBmoh�6ogat���m���Â9��gbmoj^�2ro��tui�g��ug�,2Æ]Â76�gas=�aÁ4fzi�gzh¬sur��u�uÆBm�s~h¬r���qBn»g J k»t¨�&ro� �uÂ9h=i
m��uh�i9g��2g�kG� i9k�5�i�gasbtui9moj tui�r��ugLro��tui�g&0 � 8  Éros*h¬s�r��u� y q.r�kGj�tb�uh=i�g��2g�� � � ��mo� g�moh=iºÆBÂ76.gas kG� mojºkGj�qBÂ�t
t�r�tui�g&h¬sur��u��ÆBm�s�Á fzi�g;moÃ���moj�tum 5og2r��ogas*tui�g�0 � 8  É��h�i�g��2g2kG��tui�g&q.rot�g�j^tuklmon/ro�3�LÂ9n»tukGqBn»g*ÆBÂ�6�gas��bm�t moj
kGj�q]Â�t�q�ros�t$Æ.g�kGj 5��ukG�LÂ9n»tumoj9gar�Â9�un»�§mohah¬g��u��g�Ã Æ����LÂ9n»tuk»qBnGgbr�Â9t�qBÂ�t$q.rosutu�!4BÄzi9kGn»g tui�g�q�gas��«ros��
moj9h¬g*Æ.g�j�g)�Bt
r��ogas$h¬s�r��u� y q.r�kGj�t�ÆBÂ�6�gas�klj 5�kG�~Ã9Â�gbt�r&tui�gb��rosugbÃ9�®j9mo�
kGhz�uiBm�s�kGj 5*ro�1tui�gbt�rotumon.ÆBÂ76.gas~��t�ros=m 5og mo����r®haklm�t�g�Ã
Äzk»tui�moj kGj�qBÂ�t�q.rosutaÁ
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v Â�t�q]Â�t	��Â�g�ÂBkGj 5&�2gatui�rHÃ9�$hamoj�Æ.g ham�t�g!5oros�k52ag�Ã mohah¬ros�Ã9kGj 52t�r�Äzi�gatui�gas$m
Ã�g�Ã9kGham�t�g�Ã�ÆBÂ�6�gas$kG��mo����r®haklm�t�g�Ã
Äzk»tui ga�ogasu� r�Â9t�qBÂ�t�q.rosutLrosLÄzi�gatui�gas&m �ukGj 5�n»g
ÆBÂ76.gasLkG�L�ui9m�s�g�Ã mo�2r�j 5 monGn�r�Â�t�qBÂ9t�q.rosutu�aÁ f$i�g�nGm�t�t�gas
m�q9q9s�r�moh�i�q.gasu��ros�����Æ�gat�t�gas94Hkl��g�mo��k»gas�t�r2kG�2qBn»g���g�j^t!4Hmoj9Ã�kG�~tui�g �2r���t�q9suga��mon»g�j�t'� � T �ÍÁ!*ºg ÄzkGnGnBtui�gasuga��rosug
sug���t�s=kGh¬t�tui�g*��r�nGn»rÎÄzkGj 52Ã9kG��haÂ9�u�uk»r�j�t�r�tui9kl�$m�q9q9sur�moh=i�Á

w klj9h¬g*monGn�r�Â�t�q]Â�t���Â9g�Â�g��$g J kG��t$kGj m��ukGj 5�nGg ��i9m�sug�ÃdÆ]Â76�gas949m�tzmoj^� 5�k»�og�j tukG�2g�4Bmonln kGj�qBÂ9t~q.rosutu�zh¬r�Â9nGÃ
Æ.gbh¬r�j�t�g�j9Ã9klj 5;t�r&Ä$s=k»t�gzt�r2tui�g �umo�2g ÆBÂ�6�gas	4®Äzi9kln»gzmonGn]r�Â�t�qBÂ�t~q.rosutu��h¬r�Â9nGÃ�Æ.gbh¬r�j�t�g�j9Ã9kGj 5;t�r&sug�moÃ§��sur��
tui�g��umo��g�ÆBÂ76.gas�Á } �~tui�g2ÆBÂ76.gas*i9mo� r�jBn»� r�j�g2s�g�moÃ moj9Ã r�j�g�Äzs�k»t�g&q.rosut!4/�uÂ9h=iºmd�uk»tuÂBm�tuk»r�j Ä�r�ÂBnGÃ n»g�moÃ
t�r�m�n»r����zro��Æ]moj9Ã�ÄzkGÃ9tui�4Bmo�bga�ogasu�dq.rosut�ÄzkGnGn�Æ.gLÂ9j9m�ÆBn»g�t�r§mohah¬g��u� tui9g;ÆBÂ�6�gasbga�ogasu� h¬�Hhan»goÁ � �³m�s=k»gat¨�dro�
m�q9q9s�r�moh�i�g���i9m��og Æ�gag�j�q9suroq.r���g�Ã�t�r2��r�n»�og tui9kG��q9suroÆ]n»g���ÁNf$i�g���g m�q9q9sur�moh=i�g���hamoj§Æ.gbhanGmo���uk2�Bg�Ã
ÆBmo��g�Ã§r�j
Äzi�gatui9gas$tui�ga��kG�2qBn»g���g�j^t�tui�g���i9m�sug�Ã�ÆBÂ76.gaszmo�$m
�ukGj 5�n»g �2rHÃ9Â9nGgbros�mo�z�LÂ9n»tuk»qBnGgb�2rHÃ9Â9nGg��aÁ

} �Ntui�g*ÆBÂ76.gaszkG��kG�2qBnGg��2g�j^t�g�Ã�mo�bm��uklj 5�n»g*�2rHÃ9Â9n»g�4�tui9g;m�Æ.r��ogL�2g�j^tukGr�j�g�Ãdq9s�roÆBn»g���kG����r�n»�og�Ã klj�t¨Ä~r
Ä�m��H�aÁ } j r�j�g2��r�nGÂ�tukGr�j�4.tui�g2�2g��2rosu� kG�bt�sug�m�t�g�Ã mo�*m��ukGj 5�n»g;Æ]n»r®h�6 
 ÆBmoj 6 �ztui9m�t*kG��,$)]k»tu�bÄzkGÃ9goÁ I �ogasu�
sug�moÃ�ros$Äzs�k»t�g �«s�r�� tui9kG��� ÄzkGÃ�g �2g���rosu� ��rHhahaÂ�s���klj�tui9g���g/, y )]k»t�Â9j9kGtu��s�ga�«gasus�g�Ã�t�r�mo���¬£^´H���Î =Á3fzi�g kGj�qBÂ�t
q.rosutu� 
 r�Â�t�qBÂ�t q.rosutu�-�$tum 6og�tuÂ�s=j9�zÄzs�k»tukGj 5�t�r 
 sug�moÃ9kGj 5���sur�� �ztui9kG�b�2g��2ros�� ÆBn»rHh�6 4.Äzk»tui mojºkGj�q]Â�tzq.rosut

 r�Â�t�qBÂ9t�q�ros�t-� 5ogat�tukGj 5�m&tuÂ�s�j�m�t�n»g�mo��t�r�j9h¬g*ga�ogas�� ,�h¬�Hhan»g��aÁ�fzi9kG�~sug.�®Â9k»sug���tui�g*klj�qBÂ�t~q.rosutu��t�r�ÆBÂ76.gas�,
)]k»tu�$Æ�ga��rosug Ä$s=k»tukGj 52moj9Ã�r�Â9t�qBÂ�t$q.rosutu��t�r���gas�kGmonGk32ag tui�g*t�s�moj9����kG�u�ukGr�j�ro�Ntui�g�, y )]k»tzh=i�Â9j 6§m���t�gas�s�g�moÃ9kGj 5�Á
w Â9h=idmojdm�q9qBsur�moh�i kG��Â9��g�Ã�Æ®�§tui�g } 1 8 w 2 K&��Äzk»tuh=i � K � �ÍÁ

� j�rotui�gas �ur�nGÂ�tuk»r�j tui9m�t�g�nlkG��kGj9m�t�g���tui9gºsug.��ÂBk»sug��2g�j�t��«ros ��Â9h�iÅm�� Ä�kGÃ�gº�2g��2rosu� �$kG��t�rE�uqBnGk»t§tui�g
�2g��2ros��
�2rHÃ9Â9n»gzklj^t�r&�;ÂBn»tuk»qBn»gzÆBmoj 6H�aÁKRzrot�g tui9m�t~Ä�g Â9�ug�±�����´HªG�­ �t�r&suga��gas~t�r&��g��2rosu��ÆBnGr®h�6®��tui9m�t�m�sug
qBi��®��kGhamonGn»�§moj9Ã n»r�5�klhamonGn»��kGj9Ã�gaq.g�j9Ã�g�j�t 
 �«s�r��6rotui�gasb�2rHÃ9Â9n»g��-���NÌu©����Î �suga�«gas�t�r��2g���rosu��ÆBn»rHh�6H�$tui9m�tbm�sug
qBi��®��kGhamonGn»� klj9Ã�gaq.g�j9Ã�g�j�t�Æ]Â�t m�sug�n»r�5�kGhamonGnG� qBm�sut ro�~tui�g��umo��g
�2rHÃ9Â9n»goÁ } jB��t�g�moÃºro�~Æ�g�klj 5§kl�2qBn»g��2g�j�t�g�Ã
mo� r�j�g&ÆBmoj 6 tui9m�t*kG��,$)]kGtu��Ä�kGÃ�g�4�tui�g2�2rHÃ9Â9n»g&kG� j�rÎÄ kG�2qBnGg��2g�j^t�g�Ã mo��,�)]kGt y ÄzkGÃ�gLÆBmoj 6H�aÁ } j9��t�g�moÃ ro�
Ä$s�kGtukGj 5*m , y )�k»t3ÄzklÃ�g$Â9j9k»t�kGj�mLh¬�®han»g�4Hmoj§kGj�qBÂ�tNq.rosut�qBk»q.g�nGkGj�g��4Ä$s=k»t�g��3��r;tui9m�t�k»t�Ä$s�kGt�g���t�rLÆBmoj 6 � kGj
tui�g
�Bs��ut3h¬�®hanGg�4�ÆBmoj 6 � kGj�tui�g���g�h¬r�j9Ã§h¬�®han»g�4Hmoj9Ã���r*r�j�Á
* i9kGn»g$moj�kGj�qBÂ9t'q�ros�t3kG�'Ä$s=k»tukGj 5 t�r;ÆBmoj 6 � 4®moj9rotui�gas

#



kGj�q]Â�t�q�ros�t$��m���Æ.g!5�kGj�Ä$s�kGtukGj 5&t�r�ÆBmoj 6 � Á�fzi�Â9�$tui�g*Ä$s�kGt�g���ro�1tui9g�kGj�qBÂ9t~q.rosutu�zm�sug*qBk»q.g�nGklj�g�Ã
tui9sur�Â 5�i
tui�g2ÆBmoj 6®�aÁ � t�moj^� 5�k»�og�j h¬�Hhan»g&tui�gasuga��rosug�41monln4klj�qBÂ�t�q�ros�tu� ��m�� Æ.g;Ä$s=k»tukGj 5§t�rdÃ9k 6.gasug�j�tbÆ]moj 6®�bro�~tui�g
�umo�2g �2rHÃ9Â9nGgoÁ � ��kG��kGnGm�s�q9s�kGjBhak»qBn»g$m�q9q]nGk»g���t�r&tui�gbsug�moÃ9�~Æ®��tui�g r�Â�t�qBÂ9t�q.rosutu�aÁ'f$iBkG�3�uh=i�g��2g moh�iBk»ga�og��$m
q.gasu��ros���moj9h¬gL�ukG��kGnlm�s$t�r�tui�g � Ä�kGÃ�g;��g��2rosu� ��m�q9qBsur�moh�i Ã�g��uh¬s=k»Æ.g�Ã m�Æ.r��og�4.ÆBÂ�t ��m��dsug��uÂ9nGt�kGj m��ukl�2qBn»gas
kG�2q]n»g��2g�j�tum�tuk»r�j�Á w Â9h=idm��uh=i�g��2g�kG��Ã9g��uh¬s�k»Æ.g�Ã�kGj � �o� �ÍÁ

f$i9gz��mokGj
q9suroÆBn»g��	Äzk»tui2tui�g��ug��ukGj 5�n»g$�2rHÃ9Â9n»g$m�q9qBsur�moh�i�g���rHhahaÂ�s���Ä�i�g�j�qBmoh�6ogatu��m�sug��u�
monGn»gas�tui9moj§m
h�i®Â9j 6�Á x j9Ã�gas��uÂ9h�i�hak»s=haÂ9����tumoj9h¬g��	4®tui9gbkGj9qBÂ�t 
 r�Â�t�q]Â�t-�3q�ros�tu��i9m��og t�r&Ä$s�k»t�g�t�r 
 s�g�moÃ���sur�� �3tui�gbÆBÂ76.gas
kGjdnGg��u�$tui9moj , y )]k»tzÂBj9k»tu�$moj9Ã i9m��ogLt�r�Ã9r
��r���rosug���sug.�®Â�g�j^tunG��tui9moj r�j9h¬g;ga�ogasu� , y h¬�®hanGg��!4]s�g��uÂ9n»tukGj 5&klj m
n»r��u�$ro�1ÆBmojBÃ�ÄzkGÃ�tui�mo��Ä~g�nGn mo�z�2g��2rosu����s�m 5��2g�j�tum�tuk»r�j�Á

f$i9g��ui9m�sug�ÃdÆBÂ76.gasz��m���mon»t�gas=j9m�tuk»�og�n»��Æ.g*kG�2qBnGg��2g�j^t�g�Ã�mo���;ÂBn»tuk»qBn»g �2rHÃ9Â9nGg��aÁ � �2r®ÃBÂ9n»g*kG�$��i9m�sug�Ã
Æ.gat¨Ä~gag�jdmoj�kGj�q]Â�t3q.rosut y r�Â�t�q]Â�t�q�ros�t~q]mok»s�Á
 zrÎÄ�ga�ogas94Btui�gasug ��m���Æ.g �2rosug tui9moj�r�j9g*�2r®ÃBÂ9n»g�mo����r®haklm�t�g�Ã
Äzk»tui ga�ogas���kGj9qBÂ�tLq�ros�t y r�Â�t�qBÂ�t&q.rosut2qBmok»s�Á R�r �2rosug�tui9moj r�j�g�qBmoh�6ogat§kG�&monGn»rÎÄ�g�Ã t�r Æ�g���t�ros�g�Ã kGj m
�2rHÃ9Â9n»goÁ w Â9h�i moj kG��qBn»g��2g�j�tum�tuk»r�jd��r�nG�og��$tui�g*qBsuroÆBn»g���ro�'�LÂ9n»tuk»q]n»g sug�moÃ9�zmojBÃ�Ä$s�k»t�g��zt�r
tui�g�ÆBÂ76.gas$Æ��
ros�5�moj9k32�kGj 5&tui�g Ä$s�kGt�g��~mojBÃ�sug�moÃ9�$��r&tui9m�tztui�ga�
rHhahaÂ�szm�t$Ã9k56�gasug�j�t��2rHÃ9Â9n»g�� 
 g�moh�i i9m��HkGj 5&r�j�g s�g�moÃdmoj9Ã
r�j�gbÄ$s�k»t�gzq�ros�t-�NÄzk»tui�j�r&�2rosugztuiBmoj
r�j�gbÄ$s�kGt�g�moj9Ã
r�j�g�s�g�moÃ
q.gas��2r®ÃBÂ9n»goÁ w Â9h�i§moj§m�q9q9sur�moh=i§iBmo�3Æ.gag�j
Â9��g�Ã�kGj�tui9g } 1 8 2 s�k52��
m*��Äzk»tuh=i � ���ÍÁ�fzi�g$q9s�kl��m�su�&Ã�s�m�ÄzÆBmoh�6�ro��tuiBkG�3�uh=i�g��2g kG��tuiBm�t3Äzi�g�j�k»t�kl�3Â9��g�Ã�kGj
���H��t�g����bÄzk»tui ��m�su�HkGj 5
q]moh�6ogat��uk32ag��!4.tui�g2��r�nGÂ�tuk»r�j n»g�moÃ9�bt�r�g J t�g�j9�uk»�og2�2g��2ros��d�«s=m 5��2g�j^tum�tukGr�j ros*nGm�s�5og
h¬sur��u�uÆBm�s��aÁ } �~tui9g��2rHÃ9Â9n»g���k52ag
kG�;h�i�r���g�j t�r Æ.g
nlm�s�5ogas�tui9moj tui�g
nlm�s�5og���t�q]moh�6ogat2kGjºtui�g§���H��t�g��8mojBÃ m
�uk�5�jBk2�]hamoj�tzq9suroq.rosutukGr�jdro�3q]moh�6ogatu�*kGj tui�g&���H��t�g�� m�sug2�u��monGn�4�tui�gLsug���mokGjBkGj 5
�2rHÃ9Â9nGg;��qBmoh¬g&kG�bÄ�mo��t�g�Ã � Á
{ rosus�g���q.r�j9Ã9kGj 5�nG��41k»��m �2r®ÃBÂ9n»g
kG�L��moÃ�g�mo�&�u��monGn�mo�Ltui�g§����monGn»g���t;qBmoh�6ogat 
 ��r tui9m�t&nGm�s�5og§qBmoh�6ogatu�2Â9��g
�LÂ9n»tuk»qBnGg&��r®Ã9ÂBn»g��-� 4 tui�g§j�ÂB��Æ.gas ro�$�2rHÃ9Â9n»g�� ��ros;m 5�k»�og�j Æ]Â76�gas;��qBmoh¬g
kGjBh¬sug�mo��g��!4Nmoj9Ãºtui9kl�*hamoÂ9��g��Lmoj
kGj9h¬s�g�mo��g*kGj�tui�g�h¬s�r��u��ÆBm�szh¬r���qBn»g J k»t¨�oÁ

} j tui9kG� ��g�h¬tukGr�jºÄ�g�iBm��og�q9s�g���g�j^t�g�Ã m�tum J r�j�r��;�ºro��h¬r�j^t�g��2q.ros�m�s�� ��Ä�k»tuh�iºm�s�h=i9k»t�g�h¬tuÂ�s�g��*moj9Ã i9m��og
suga�Hk»gaÄ~g�Ã ��r��2g;sug�nGm�t�g�Ã Ä�ros�6dkGj�tui�gLh¬r�j^t�g J t�ro�'tuiBkG�$tum J r�j�r��;�oÁ�*ºgLj9r�Ä g J mo��kGj9g�tui�g�m�s=h�i9k»t�g�h¬tuÂ9sug;ro�
 } 2 }  w klj 5osug�m�t�gasbÃ9gatumokGnÊÁ

� � �&�����������	� �*)<��,�%/� � ��%/�2�-,.��%4,.5&���

} j tui9kG����g�h¬tuk»r�j�44Ä�g�q9suroq.r���g�m ��Äzk»tuh=i m�s�h�iBk»t�g�h¬tuÂ�sug�tui9m�t;Â9�ug���kGj�q]Â�t ÆBÂ76.gas�kGj 5dmoj9Ã hamoj moh=i9k»ga�og�han»r���g
t�r �a�o��� tui�sur�Â 5�i�q]Â�t$��ros ÂBj9k»��ros���t�s�m�S�h;ga�og�j �«ros �ogasu� �u��monGn/qBmoh�6ogatu�aÁ f$i9g;m�s�h=i9k»t�g�h¬tuÂ�sugLg J t�g�j9Ã9�btui�g
�PÂ9j9h¬tuk»r�j9monlk»t¨� ro�$tui�g 0 � 8  �uh=i�g��2g#� K�K �~Æ�� monln»r�Äzklj 5 �LÂ9n»tuk»qBnGg2qBmoh�6ogatu�2t�r Æ.g
t�s�mojB�u��k»t�t�g�Ã��ukG�LÂ9n»tum y
j�gar�Â9��n»� �«sur��8moj kGj9qBÂ�t ÆBÂ76.gas�Á�f1r moh�iBk»ga�og§��Â9h�i �ukG�LÂ9n»tumoj�gar�Â9�*qBmoh�6ogat&t�s�moj9����kG�u�ukGr�j9� �«s�r�� moj�kGj�qBÂ�t
ÆBÂ76.gas	4.tui�g&m�s�h�iBk»t�g�h¬tuÂ�sug2Â9��g��bg S�hakGg�j^t!4�qBkGq�g�nlkGj�g�Ãdmohah¬g��u�*t�r�m��LÂ9n»tuk y Æ]moj 6d�2g��2rosu�+� �o� �ÍÁ � j r�Â9tuh¬r��2g
ro�~tui9kG� m�ÆBkGnlk»t¨� t�rdt�s�moj9�u�
k»t �;Â9nGtuk»qBn»g;qBmoh�6ogatu�;�«s�r��"moj kGj�q]Â�t�Æ]Â76�gas*kl� tui9m�t�m��ukG��qBn»g&moj9Ã Ã9kG�ut�s�k»ÆBÂ�t�g�Ã
m�suÆBkGt�s�m�tuk»r�jº�uh=i�g��2g
hamojºÆ.g�Â9�ug�Ã Äzi9kGh=i sug�Ã9Â9h¬g��*h¬r���qBn»g J k»t¨� mo�*Ä~g�nGn'mo�*kG��q9sur��og��*g S�hak»g�j9h¬�oÁ
fzi�g�m�s y
h�iBk»t�g�h¬tuÂ�sugLmonG��r
kGjBh¬rosuq.ros�m�t�g��zh¬gasutumokljdg�n»g��2g�j�tu��ro��h¬sur��u� y q.r�kGj�t$ÆBÂ76.gas�kGj 5 � �o� �1t�r�kl�2q9surÎ�og*q.gasu�«ros=��moj9h¬goÁ
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{tÔs4�¦���2���Ett{����u��zt{�4�z�>���]�w�>v±xz�z�_� CÜs4�]�z�w��s-rD�]xy�>vDxz��r��z�]�Îu�t�vD��tóxyvf��t{�E�,}����z«P�]���]��vD����x¦} G �
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*ºg �Bs���t$qBsug���g�j�tztui�g;ÆBmo�ukGh;kGÃ�g�m2Æ.g�i9kGjBÃ�tui�g;m�s�h=i9k»t�g�h¬tuÂ�s�gLmoj9Ã tui�g�rÎ�ogas�monGn1ros�5�moj9k52�m�tukGr�j ro�'tui�gL��Äzk»tuh=i�Á
*ºg�tui9g�j Ã�g��uh¬s=k»Æ.g tui�g���t�s�ÂBh¬tuÂ�sug ro�'g�moh�i ro�Ntui�g�kGj9qBÂ�t�ÆBÂ76.gas���kGjdtui�g;��Ä�k»tuh�i�Á��NkGj9monGn»��4�Ä~g�Ã�g���h¬s�k»Æ.g tui�g
��t�gaqB�zkGj^�or�nG�og�ÃdkGj��2g��u��m 5og;h¬r����LÂ9j9kGham�tukGr�jdÂ9�ukGj 5Ltui9g q9suroq.r���g�Ã�m�s�h=i9k»t�g�h¬tuÂ�sugoÁ

����� ��� � ��� ���!���

v j�g ro�Ntui�g*nlkG��k»tukGj 5;�Pmoh¬t�ros��$ro�Ntui�g�0 � 8  � K�K �/q.gasu�«ros=��moj9h¬g kG��tui9m�tzg�moh�idro�'k»tu� 
 kGj�qBÂ�t-�3ÆBÂ�6�gas���iBmo�zm
�ukGj 5�n»g�sug�moÃ�q.rosutaÁ 1 g�hamoÂ9��g�ro��tuiBkG�!4�j�r���rosug$tui9moj2r�j9g$r�Â�t�qBÂ�t3q�ros�t�hamoj�sug�moÃ2��sur�� m ÆBÂ76.gas�m�t�moj��*5�k»�og�j
tukG�2goÁ v Â9t�qBÂ�tbq�ros�tu� Äzi9kGh=i r�j9n»� iBm��og�qBmoh�6ogatu��kGj Æ]Â76�gas=��tuiBm�t�m�sug�mon»sug�moÃ9� Æ.g�kGj 5�sug�moÃ ��sur�� 4 s�g���mokGj
kGÃ9nGgLtuklnGn4tui�g�ÆBÂ76.gas�kG� m 5�moklj m���mokGnGm�Æ]n»g2�«ros�sug�moÃ9kGj 5 
 rosLmon»t�gas�j9m�tukG�og�n»��41�LÂ9n»tuk»q]n»g;r�Â9t�qBÂ�t q.rosutu�*hamoj sug�moÃ
��sur�� tui�g2�umo�2g&ÆBÂ76.gas	4�monGn4m�t sug�Ã9Â9h¬g�Ã ÆBmoj9Ã9ÄzkGÃ�tui �=Á f$i9kl��nGkl��k»tum�tuk»r�j ro��i9m��®kGj 5�r�j9nG�dr�j�g&r�Â�t�qBÂ�t q.rosut
sug�moÃ
�«sur�� m ÆBÂ76.gas3m�t3m tukl�2g�sug.�®Â9k»sug���m�h¬r��2qBn»g J moj9Ã�h¬g�j�t�s�monGk52ag�Ã�m�suÆBk»t�s=m�tuk»r�j2�2g�h�iBmoj9kG�u� t�rL��m J kG��k52ag
q.gasu��ros���moj9h¬g�49�uklj9h¬g r�Â�t�qBÂ�t�q.rosutu���LÂ9��tzsug�moÃ���sur���kGj�q]Â�t�Æ]Â76�gas=��kGj�m�h¬r�j*)]klh¬t y �«sugag;��moj9j�gas�Á

} j tui�g2h¬r�j^t�g J t*ro�3r�Â9t�qBÂ�t'��Â�g�ÂBkGj 5§Äzk»tui �ui9m�sug�Ã 
 h¬g�j�t�s�monGk52ag�Ã ��Æ]Â76�gas=�!4.Ä�g2i9m��og�mon»sug�moÃ�� �ugag�j tui9m�t
mLÆBÂ76.gas�Äzk»tui§mL��kGj 5�n»gbsug�moÃ§q.rosut~hamoj���m�tukG������tui�g sug.�®Â�g���tu��ro� ,
r�Â�t�qBÂ9t~q.rosutu��h¬r�j9haÂ9susug�j�tun»��Æ®�
monGn»rÎÄzkGj 5
q.rosutu�*t�r sug�moÃ�kGj , y )�k»t;h=i�Â9j 6®��rosLÆ®�ºqBk»q.g�nGklj9kGj 5�tui�g�h¬r�j9haÂ9susug�j�t;sug�moÃB��tui�s�r�Â 5�i m �;ÂBn»tuk y ÆBmoj 6 ÆBÂ76.gas
� �o� �ÍÁ'f$i�g$��mo�2g$q9s�klj9hak»qBn»g~hamoj�Æ.g�m�q9qBnGkGg�Ã;t�r;��m 6og�moj�klj�qBÂ�t4ÆBÂ76.gas�Äzk»tui2m�0 � 8  Åros�5�moj9k52�m�tuk»r�j2Æ.g�i9m��og
nGk�6og m ÆBÂ�6�gas§Äzk»tui��;Â9nGtuk»qBn»g�sug�moÃ�q.rosutu�aÁ fzi9kG��Ä~r�Â9nGÃEg�nGkG��klj9m�t�gdtui�g j�g�h¬g��u�ukGt¨� ��ros§r�Â9t�qBÂ�t
q.rosutu�
t�r
sug���moklj kGÃ9nGg�k»�'monGn1qBmoh�6ogatu� Ã�g��utukGj�g�Ãd��rosbtui�g�� m�s�gLkGj ÆBÂ76.gas��$tuiBm�tbm�sug&mon»sug�moÃ9��Æ�g�klj 5�sug�moÃ �«s�r���Á!8 rosug
kG�2q.rosutumoj�tun»�dq.gas�iBm�qB�!4�k»t Ä�r�ÂBnGÃ monG��r�g�nGkG�
kGj9m�t�gLtui�g2j�gag�Ãº��ros*h¬r��2qBn»g J h¬g�j^t�s�monlk52ag�Ãºm�suÆBk»t�s=m�tuk»r�j $�ga�ogasu�
r�Â�t�qBÂ9t$q.rosutzhamoj j�r�Ä<kGj9Ã�gaq.g�j9Ã�g�j�tun»�§Ã�g�hakGÃ�g*Ä�i9kGh�i kGj�qBÂ�t�ÆBÂ�6�gasbk»tzkG� 5or�klj 5
t�r�sug�moÃd��sur���Á I �og�j k»�NmonGn
r�Â�t�qBÂ9t~q.rosutu����i�r�Â9nGÃ�i9m�q9q.g�j§t�r
Ã�g�haklÃ�g r�j�tui�g*�umo�2g*klj�qBÂ�t~ÆBÂ76.gas	4Ht�s�moj9�u�
kG�u�uk»r�j§hamoj�q9s�r®h¬gag�Ã�Ä�k»tui�r�Â�t
n»r��u�$ro�1ÆBmojBÃ�ÄzkGÃ�tui Á

v Â9s2q9suroq.r���g�Ã m�s�h�iBk»t�g�h¬tuÂ�sugdmonG�urºr�6�gas��
moÃ9Ã9k»tuk»r�jBmon�moÃ���moj�tum 5og��
rÎ�ogas
r�Â�t�qBÂ9t��®Â�g�Â9klj 5 m�qBq9sur�moh�i9g��
Äzk»tui m �ui9m�s�g�ÃZh¬g�j�t�s�mon ÆBÂ�6�gas�Á w kGj9h¬g �;Â9nGtuk»qBn»g kGj�qBÂ�t
q�ros�tu�§hamoj h¬r�j9haÂ�susug�j�tun»� Äzs�k»t�g t�r m h¬r��
�2r�j
�ui9m�s�g�ÃºÆBÂ76.gas	41�LÂ9n»tukGqBn»g&qBmoh�6ogatu�&kGj�t�g�j9Ã�g�Ã �«ros;tui�g
�umo�2g�r�Â�t�qBÂ�t q.rosut;h¬r�Â9nGÃºÆ.g�h¬r�j9haÂ�s�sug�j^tunG� Äzs�k»t�t�g�j
t�r tui�g
ÆBÂ�6�gas�Á 1 g�hamoÂ9�ug�ro��tui9kl�!41s�g�Â9�ukGj 5 �«s�m 5���g�j^t�g�Ã���qBmoh¬g§sug��uÂ9nGtukGj 5���sur�� q]moh�6ogatu�Ltui9m�t&m�sug��u�
monGn»gas
tui9moj§m�h=i�Â9j 6LÆ.g�h¬r��2g��~i9m�s�Ã9gas�moj9Ã��2rosugztukl�2g�h¬r�j9��Â9��kGj 5�Á v j
tui�gzrotui�gas�i9moj9Ã�4^Äzk»tui
moj�kGj9qBÂ�t!�®Â�g�Â�g�Ã
m�s�h=i9k»t�g�h¬tuÂ�sug��uÂ9h=i mo�� } 2 }  w 4/r�jBn»�ºr�j�g�kGj�qBÂ�t�q�ros�t;hamoj�Ä$s�k»t�g�t�r tui�g�Æ]Â76�gas&m�t&moj^� 5�kG�og�j tukl�2goÁ } t
kG� tui9gasuga�«ros�g
h¬r�j9�ukGÃ9gas�m�ÆBn»� g�mo�uk»gas*t�rds�g�Â9��g���s�m 5��2g�j�t�g�Ã ��q]moh¬g
kGjºtui�g2Æ]Â76�gas=� �«ros;j�gaÄ	qBmoh�6ogatu�;Ä�k»tui�r�Â�t
kGj9haÂ9sus�kGj 5&�LÂ9h�i r��ogas�i�g�moÃ Á$f$i9kG��i�g�nGqB��sug�Ã9ÂBh¬g*tui�g�mo�2r�ÂBj^t�ro�4��s�m 5��2g�j�t�g�Ã ��qBmoh¬g;klj�tui�g*ÆBÂ�6�gas���Á 8 rosug
kG�2q.rosutumoj�tun»��4�k»t
monG��r���t
g�nGkl��kGj9m�t�g��&tui�g n»r��u�
ro�bÆ]moj9Ã�ÄzkGÃ9tui Ã9Â�gdt�r��;Â9nGtuk»qBn»g�r�Â�t�qBÂ9t�q.rosutu��mohah¬g��u�uklj 5
qBmoh�6ogatu�zÄziBkGh�i�m�sug;�u��monGn»gas�tuiBmojdm�h�i®Â9j 6�Á

� j m�s�h=i9k»t�g�h¬tuÂ�s�g;ÄzkGtuidh¬sur��u� y q.r�kGj�t$ÆBÂ�6�gas�klj 5 � �o� �4monl��r�i9mo��h¬gasutumokGj moÃ���moj^tum 5og��aÁ 8 r���t kG�2q.rosutumoj�tun»��4
�ukGjBh¬g
ga�ogasu� klj�qBÂ�t q.rosut y r�Â�t�q]Â�t�q.rosut;qBmok»s;iBmo�;m Ã�g�Ã9kGham�t�g�Ã ÆBÂ76.gas	4Nmoj r�Â9t�qBÂ�t�q.rosutLhamoj kG���2g�Ã9klm�t�g�n»�
Æ.g!5�kGj&t�s�moj9�u�«gasus=kGj 5 Ã9m�tum ��sur��	m*h¬rosus�g���q.r�j9Ã9kGj 5 Ã�g�Ã9klham�t�g�Ã2ÆBÂ76.gas�mo�3��r®r�j�mo��kGt�i9mo��Ã�g�hakGÃ9g�Ã&Äzi9kGh=i2kGj�qBÂ�t
q.rosut*k»t*kG� t�r sug�moÃ ��sur��"j�g J taÁ"*ºg§Â9��g�md�ukl��kGnGm�s kGÃ�g�m�t�r i9kGÃ�g � g�nGkl��kGj9m�t�gLtui�g2qBk»q.g�nGklj�g;��gat y Â9q nGm�t�g�j9h¬�
�2g�j�tuk»r�j�g�Ãdm�Æ.rÎ�ogoÁ

 bm��HkGj 5 Ã�g���h¬s�k»Æ.g�Ã�tui�g�ÆBmo�ukGh§q9s�klj9hak»qBn»g��;Æ.g�i9kGj9Ã tui�g  } 2 }  w m�s=h�i9k»t�g�h¬tuÂ9sug�4�Ä~gdj�rÎÄ�g J mo��klj�g�tui�g
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f$i�g�r��ogas�monln]ros�5�moj9k52�m�tuk»r�j§ro� tui�gb��Äzk»tuh=i�kl���ui9r�Äzj§kGj �Nk�5�Á K®Á�f$i�g ��ÄzkGtuh�i§h¬r�j9�ukG��tu��ro� , 
 ,�
Z�&kGj �Nk�5�Á K��
kGj�q]Â�t��2rHÃ9Â9nGg��bh¬r�jBj�g�h¬t�g�Ãºt�r , r�Â�t�qBÂ�t ÆBÂ�6�gas��btui�s�r�Â 5�i m�j�Â9�;Æ.gas ro���LÂ9n»tuk»qBnGg J ros���Á � qBmoh�6ogat*g�j^t�gas=�
tui�g���Ä�k»tuh�i tui�s�r�Â 5�i tui�g2kGj�qBÂ9tb�2rHÃ9Â9nGgLmoj9Ãº�
m 6og��*k»tu� Ä�m�� t�r�tui�g2r�Â�t�qBÂ9tbÆ]Â76�gas tui�s�r�Â 5�i tui�g 8 x�� Á
v j9nG�
r�j�g qBmoh�6ogatbm�t�m2tukG�2g*hamoj�qBsur®h¬gag�Ãdtui�sur�Â 5�i�tui9g)8 x�� Á

M0 OB0

OB1

OB2

OB3

Input Module0

Input Module1

Input Module2

Input Module3

M1

M2

M3

Input
Link

Output
Link

M: 4 to 1 (flit-wide) MUX
OB: Output Buffer

�Nk�5�Â�sugFK � � j�rÎ�ogasu�®kGgaÄ ro�'m2� y q.rosut� } 2 }  w m�s�h�i9kGt�g�h¬tuÂ�sugoÁ

�Nk�5�Â�s�g 0;q9sug��ug�j^tu��m&�2rosug Ã�gatumokGnGg�Ã��Hk»gaÄ ro�1moj�kGj9qBÂ�t���r®Ã9ÂBn»goÁ4fzi�gb�
mokGj�h¬r��2q.r�j�g�j^tu�~ro�1tui�g kGj�qBÂ�t
�2rHÃ9Â9n»g�m�sugbmoj�kGj9qBÂ�t�ÆBÂ�6�gas	4�sur�Â�tukGj 5;moj9Ã§m�suÆBk»t�s=m�tuk»r�j
n»r�5�klh 4Hm 
 ,�� � ��� ,�h¬sur��u�uÆBm�s	4Hmoj9Ã ,��u��monln � } � v
Â9j9kGtu�aÁ } j moÃ9Ã9k»tuk»r�j�44m ��gas�k»g��Lro�$s�g!5�kG��t�gas�� 
 p ��� pz� �Li�g�n»q�moh�i9k»ga�ogdm qBk»q.g�nGklj�g�Ã t�s�moj9����gas&ro�$qBmoh�6ogat )]k»tu�
��sur�� tui9gbkGj9qBÂ�t�sug!5�kl��t�gas 
 } p��3t�rLtui�gbr�Â�t�qBÂ�t�ÆBÂ76.gas 
 v 1 �=Á � j®Â9��Æ.gas~ro�/�uk�5�jBmonG�3m�sug Â9��g�Ã�t�r&h¬r�j^�oga�§tui�g
��tum�tuÂ9�zro�1tui9g/��Â9g�Â�g���Äzk»tuiBkGj§tui�g*kGj�qBÂ9t~Æ]Â76�gas$mojBÃ�tui�g*��tum�tuÂ9�zro�1tui9g/� } � v Â9j9k»tu��Á

� ��kGj9Ã9kGham�t�g�Ã�kGj�tui�g�� 5�Â�sug�4®tui�gb��g��2rosu�
kG��ros�5�moj9k32ag�Ã§mo�	,
ÆBmoj 6H� 
 Ä�i�gasug�,�kG��tui�g j�Â9�;Æ.gas�ro�1kGj�qBÂ�t
q.rosutu��ros$r�Â�t�q]Â�t�q.rosutu��kGj�tui�g*��Ä�k»tuh�i �=Á�fzi�g*�;ÂBn»tuk»qBn»g�ÆBmoj 6H�$i�g�n»q�q9s�r��HkGÃ�g qBk»q.g�nGkGj9g�Ã�t�s�moj9�u�«gas$ro�4qBmoh�6ogat
)]k»tu�z�«s�r��6tui�g;ÆBÂ76.gaszt�r§tui�gLr�Â�t�qBÂ�t�q�ros�tu�aÁ � �2rosug&Ã�gatumokGn»g�Ã Ã�g��uh¬s�kGq9tuk»r�j�ro�'tui�gLros�5�moj9k32�m�tuk»r�j ro�'tui9g���g
kGj�q]Â�t;Æ]Â76�gas=�2kG�&q9sug���g�j�t�g�Ã kGj tui9gdj�g J t��ug�h¬tuk»r�j�Á f$i�g�g J moh¬t
��t�gaq]�2�«r�nln»r�Ä~g�Ã Æ®��m qBmoh�6ogat
tui�s�r�Â 5�i m
��ÄzkGtuh�idm�sug;Ã�g��uh¬s�k»Æ.g�Ã�kGj w g�h�Á�0®Á ��Á

0 m�tum sug�moÃ ��sur�� tui�g kGj�qBÂ�tLÆBÂ76.gas���kl����t�rosug�Ã�kGj pAK Æ.ga��rosugdg�j�t�gas�kGj 5 tui�g h¬sur��u�uÆBm�s�ÁEp Kºmoh¬tuÂ9monGn»�
h¬r�j9�ukl��tu��ro�!,���gaqBm�s�m�t�g*s�g!5�kG��t�gas���p K�� � pAK���� � Á I moh=idro�4tui�g���g*sug!5�kl��t�gas���kG��mojdklj�qBÂ�t~t�r�tui�g*h¬sur�����ÆBm�s�Á � j
moÃ9Ã9kGtuk»r�j9monHkGj�qBÂ9t4t�r�tui�gzh¬sur��u�uÆBm�s�sugaq9s�g���g�j^tu��m*Ã9m�tum q]m�tui�Â9��g�Ã2Æ®�LqBmoh�6ogatu�~Äzi�g�j&tui9ga�LÆ®�®qBmo�u�'tui�g�kGj�qBÂ�t
ÆBÂ76.gas�Á w Â9h=i�m;Æ®��qBmo����kG��monGn»rÎÄ�g�Ã§r�j9n»�&Äzi9g�j
tui�g���Â9g�Â�gbh¬ros�sug���q.r�j9Ã9kGj 5 t�r;qBmoh�6ogat � �$Ã�g���tuklj9m�tuk»r�j�q.rosut~kGj
tui�g�klj�qBÂ�t~ÆBÂ76.gas$kG��g��2qBt¨��moj9Ã�tui�g�h¬ros�sug���q.r�j9Ã9kGj 5�� } � v kG�zj�rot���ÂBnGnÊÁ

I moh�i�r�Â�t�qBÂ�t2ro� tui�g h¬sur��u��ÆBm�s
�«gag�Ã9��m �u��monln�� } � v Â9j9k»taÁ�f$i�gdqBÂ9suq.r���g�ro�btui9g � } � v Â9j9kGt&kl�2t�r
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�Nk�5�Â�sug 0 � 
 m � 0bgatumokGn»g�Ã �Hk»gaÄ+ro�3moj kGj�qBÂ�t��2r®ÃBÂ9n»g�moj9Ã 
 Æ �zmon»t�gas�jBm�tuk»�ogLkl�2qBn»g��2g�j�tum�tuk»r�j9��ro��tui�g�� } � v
Â9j9kGt�klj�m2� y q.rosut� } 2 }  w m�s�h=i9k»t�g�h¬tuÂ�s�goÁ

monGn»rÎÄEr�Â�t�q]Â�t�q.rosutu�3m�Ä~mokGtukGj 5*tui�g�kGs!�Bs��ut'tuÂ�s�j
m�t�sug�moÃ9kGj 5*tui�gzkGj9qBÂ�t'ÆBÂ76.gas�t�r;Æ�g!5�klj2t�s�moj9�u�
kG�u�uk»r�j&Æ.ga��rosug
tui�g�k»s2tuÂ9s�j m�sus�k»�og���Á�f$i9g���g � } � v Â9j9k»tu�Ltui®Â9�2q9surÎ�®klÃ�g�m ��Â9jBh¬tuk»r�j9monGk»t � �ukG�
kGnGm�sLt�r h¬sur��u� y q.r�kGj�t&ÆBÂ76.gas��
Æ®��monln»r�Äzklj 52r�Â�t�qBÂ�tzq�ros�tu�$t�r
Æ.g!5�kGj�t�s=moj9�u��kG���uk»r�j�Äzk»tui9r�Â�tzÃ�g�nGm���mo����r®r�j mo�ztui�ga�dÃ�g�hakGÃ9g r�jdtui�gLkGj�qBÂ�t
ÆBÂ76.gas��3tui�ga�
m�sugA5or�kGj 5�t�r&j�g J t�s�g�moÃ
��sur���Á I moh=i§ro� tui�g � } � v Â9j9k»tu��i9mo�~��t�ros�m 5ogbro�/m�t~nGg�mo��t3t Ä�r&qBmoh�6ogat
h�i®Â9j 6H� 
 kÊÁ goÁ K�, )]k»tu� ���ÎÁ � j r�Â�t�q]Â�t�q.rosutLkG�;h¬gas�tumokGj�t�r 5ogat2m tuÂ�s�j�m�t;sug�moÃBkGj 5 tui9g�ÆBÂ�6�gas;Æ�ga��rosug§tui�g
)]k»tu�~kGj�tui�g�� } � v iBm��og Æ.gag�j�h¬r���qBn»gat�g�n»��t�s=moj9�u��k»t�t�g�Ã Á�f$i�ÂB�!4	)�k»tu��hamoj�Æ.gbt�s�moj9�u�
k»t�t�g�Ã�klj�m&h¬r�j�tukGj�Â9r�Â9�
qBk»q.g�nGklj�g&Æ�� tui9g
r�Â�t�qBÂ9t�q.rosut�Ä�k»tui�r�Â�tLkGj9haÂ�sus=kGj 5�tui�g§r��ogas�i�g�moÃ ro�zÄ~mok»tuklj 5 kGÃBn»� ��rosLrotui�gas2h¬r�j^t�g�j9ÃBkGj 5
q.rosutu��t�r&��j9kG�ui§tui�g�k»s�tuÂ9s�j�m�t$sug�moÃ9klj 52tui�g*ÆBÂ�6�gas�Á

� �&�ui�r�Ä�j kGj+�Nk�5�ÁN0 
 Æ � 4'tui9gasug§m�s�g§m�t&n»g�mo��tLt¨Ä~rºmon»t�gas�j9m�tuk»�og§kG�2qBnGg��2g�j^tum�tukGr�j9�*��ros&tui�g � } � v Â9j9k»t
Äzi9klh�id��m�su�dkGj g S�hak»g�j9h¬�dmojBÃ h¬r��2qBnGg J k»t ��Äzk»tui kGj9h¬sug�mo�uklj 5"� } � v �uk32agoÁzf$i�g��]s���t�kl�2qBn»g��2g�j�tum�tuk»r�jdÂB��g��
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mojdkGjBh¬sug�mo��g*ro�Nm�tzn»g�mo��tzr�j�g���tum 5ogLkGj�tui�g qBk»q.g�nGklj�g�Ã
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ga�ogasu��ÆBmoj 6�m�t$tui�g;�umo�2g r�6���gataÁ
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f$i9g�ÆBÂ76.gas;��q]moh¬g�kG��Æ9sur�6og�j�Â�q kGj�t�r 
 ,�� � ��nGkG��tu��Á��^Â9��t�mo�;Äzk»tui tui�g 0 � 8  44�uqBmoh¬g�kG�;monGn»rHham�t�g�Ã
t�r
tui9g;nGkG�utu�zÃ��Hj9mo��kGhamonln»�
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tui�g���g�sug!5�kG��t�gas=� 
 tui�g;£H��©��2�u�Í���l ¬¢¨�¬� �'q.r�kGj�tu��t�rLtui�g�i9g�moÃ
ro��tui�g���Â9g�Â�gzÄziBkGn»g�tui�gb��g�h¬r�j9Ã�sug!5�kG��t�gas 
 tui�g;¢Í©o�«ª
�u�Í�o�« ­¢¨�a� �*q.r�kGj�tu� t�r tui�g§nGmo��t*g�nGg��2g�j^tLkGjºtui�g ��Â9g�Â�goÁ§fzi�g�t¨Ä~r sug!5�kG��t�gas��;i�g�n»q �
mokGj^tumoklj m ��t�s=kGh¬t/� } � v
ros�Ã�gas=kGj 5*mo�2r�j 5;tui�g�h=i�ÂBj 6®��kGj
moj
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�ukGj 5�n»g sug!5�kG��t�gas$tuiBm�t$q.r�kGj^tu��t�r�tui�g*i�g�moÃ�ro�Ntui�g*nlkG��taÁ

� j§r�Â�t�qBÂ�t~q.rosut�hamoj�Æ.g!5�kGj
sug�moÃ9kGj 5;qBmoh�6ogatu�$�«sur��Étui�gbÆBÂ76.gas���tum�sutukGj 5LÄzk»tui�tui�g n»rHham�tuk»r�j§q�r�klj^t�g�Ã�t�r
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ro�3p K�4 )�k»tu���
m�� Æ.g;t�s�moj9����gasusug�Ã �«s�r�� tui9g;sug!5�kl��t�gas��bro�3pAK�moh¬sur��u� tui9gLh¬sur�����ÆBm�s�Á f$i®Â9�!4�tui�g;t�s=moj9����gasbro�
tui�g*h=i�Â9j 6§kG�zmoh�i9k»ga�og�Ã Æ��§sug�moÃ9klj 52m )]k»t���sur���ÆBmoj 6 � t�r
p K�� kGj�tui�g'�Bs��ut$h¬�®han»g�4Btui�g�j�t�s�moj9����gasus�klj 5&tui9kG�
)]k»t$moh¬s�r��u�ztui9g�h¬sur��u��Æ]m�szÄzi9kln»g m
��g�h¬r�j9Ã )]k»t$kG�$sug�moÃd��sur���Æ]moj 6 � kGj�t�r
pAK � klj�tui�g���g�h¬r�jBÃ h¬�Hhan»g�moj9Ã ��r
r�j�Á � ���ur�r�j�mo�~tui�g nGmo��t )]k»t�ro� tui9gbh=i�Â9j 6
i9mo��Æ�gag�j�sug�moÃ§��sur�� Æ]moj 6 ,�� � 4®tui�g j�g J t�h�i®Â9j 6�kG�3Æ.g!5�Â9j
t�r
Æ.g$sug�moÃ
�«sur�� ÆBmoj 6 � ro��tui�gbn»rHham�tuk»r�j�q.r�kGj�t�g�Ã2t�r�Æ®�&tui�g R { �]g�nGÃ2ro�.tui�g�haÂ9susug�j�t3h�i®Â9j 6 � Á!�9Â�sutui�gas=�2rosug�4
tui�g�h¬r���qBn»gat�g�n»� y sug�moÃdh=i�Â9j 6§kG��moÃBÃ�g�Ã�t�r�tui�g��«sugag*nlkG��taÁ

w kl��kGnGm�s�nG��4Bk»�3m§qBmoh�6ogat*kG�zt�r�Æ.g&��t�rosug�Ã kGj tui�g2kGj�qBÂ9t$ÆBÂ76.gas	4.tui�g2n»rHham�tuk»r�j m�tbÄ�i9kGh�i tui�g&qBmoh�6ogat.)]k»tu�
m�sug
�ut�rosug�Ã kG� roÆBtumokGj�g�Ãº��sur��(tui�g
�«sugag�nlkG��taÁ } ��tui�g
r�Â�t�qBÂ�t��®Â�g�Â�g2��ros*tui�g�q]moh�6ogat � �&Ã�g���tukGjBm�tuk»r�j q.rosut*kG�
j�rot*g���q9t¨��4Ntui�g R { �]g�nGÃºq.r�kGj�t�g�Ãºt�rdÆ®� tui9g�h¬rosusug��uq�r�jBÃ9kGj 5�tumokGn's�g!5�kG��t�gas;mo��Ä�g�nln�mo��tui9g��³monlÂ�g2ro��tui�g
sug!5�kG�ut�gas kGtu��g�n»�'m�sug&Â�q�Ã9m�t�g�Ãdt�r�tui�g&n»rHham�tuk»r�j roÆBtumokGj�g�Ã �«sur�� tui�gL�«s�gag��®Â�g�Â�goÁbf$i�g�q]moh�6ogat.)]k»tu��m�sugLtui�g�j
Ä$s�kGt�t�g�j klj^t�r�tui�g2��sugag2n»rHham�tuk»r�jº��tum�sutukGj 5§Ä�k»tui ÆBmoj 6 � Á } ��tui�g&qBmoh�6ogatLkG� nGm�s�5ogas tui9mojºm�h=i�Â9j 6 4/moj9rotui�gas
��sugagbnGr®ham�tuk»r�j�kG��roÆ9tumokGj9g�Ã���sur�� tui�g �«s�gagbnGkl��t!4�moj9Ã§tui�gbqBmoh�6ogat )]k»tu�~h¬r�j^tukGj®Â�g t�r&Æ.gzÄ$s�kGt�t�g�j���tum�s�tukGj 5LÄzk»tui
ÆBmoj 6 � ro�4tui9kG��j�gaÄ n»r®ham�tukGr�j�Á

f$i9g�m�Æ.r��og~g J q]nGmoj9m�tuk»r�jLkG�/m�qBqBnGkGham�ÆBnGg�k»�HqBmoh�6ogat��uk32ag��1m�sug�q.gasu�«g�h¬t4�;ÂBn»tuk»qBn»g�� ro�Bh�i®Â9j 6*�uk32ag��aÁ } ��qBmoh�6ogatu�
m�sug
����monGn»gas tui9moj mdh�i®Â9j 6 ros�kG��qBmoh�6ogatu�&m�sug
j�rot*g J moh¬t;�LÂ9n»tukGqBn»g��bro��tui�g
h�i®Â9j 6º�uk32ag�41��tum�sutuklj 5��«s�r�� m
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 2 � { �-�=Á��Nk�5�Â�s�gz�&�ui�r�Ä��3g J mo�2qBn»g��~ro� �uÂBh�i 2 � { �aÁ�f$i9kG�3�«s=m 5��2g�j^tum�tukGr�j§hamoj§sug���Â9n»t�klj
mL�uk�5�j9k2��hamoj^t~n»r��u�
ro����qBmoh¬gzkG�]tui�g���Äzk»tuh=i
kG��ÂB��g�Ã�kGj2m;���®�ut�g��	Äzi�gas�g$m*�uk�5�j9k �]hamoj^t'��s�moh¬tuk»r�j
ro�.tui�g$qBmoh�6ogatu�~m�s�gz�u��monGnGgas'tui9moj
m&h�i®Â9j 6�Á
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g J mo�2qBn»g��$klj9hanGÂ9Ã�g Â9�uklj 52m�n»g�j 5otui �Bg�nlÃ�kGj�tui�g�i�g�moÃ9gas$ros�m&tumokGn ÆBk»t�kGj�tui�g�nlmo��t )]k»t�ro�Nm2qBmoh�6ogataÁ
� j m�sus�k»�HkGj 5�qBmoh�6ogat tui®Â9� Æ.g!5�kGj9��t�r�Æ�gLÄ$s�kGt�t�g�j ��tum�s�tukGj 5�Äzk»tui tui�g&ÆBmoj 6dkGj tui�g 2 � { tui9m�t i9mo� j�rot

�ogat~Æ�gag�j"�]nGn»g�Ã Á � ÆBk»t�kG�3��moklj^tumokGj9g�Ã�kGj�tui9gztumokGnBsug!5�kG��t�gas�t�rLkGÃ9g�j^tuk»���LÄzi�gatui�gas�tui�gztumokGnBsug!5�kG��t�gas~q.r�kGj�tu�'t�r
m 2 � { 4�moj9Ã�k»� �ur 4Hmoj�moÃ9ÃBk»tuk»r�j9mon �Bg�nGÃ
klj
tui�gbtumokGn�sug!5�kG�ut�gas��ut�rosug��~tui�g kGÃ�g�j�tuk»t¨�2ro� tui9g �utum�sutukGj 5;ÆBmoj 6
kGj�t�r
Äzi9klh�i m�j�gaÄ qBmoh�6ogat;kG� t�r�Æ�g&Ä$s=k»t�t�g�j�Á�f$iBkG� kGÃ�g�j�tuk»t¨�ds�g.��Â9kGsug�� n»r�5 � , ÆBk»tu� 
 moj9Ã tui®Â9� tui�g2tumokGn4sug!5�kl��t�gas
sug.�®Â9k»sug��~moj�moÃ9Ã9k»tukGr�j9monBn»r�5 � ,�� � ÆBk»tu�-�=Á 1 g�hamoÂ9��g ro�1tui�g�roqBtukG��k52�m�tuk»r�j�Ä~g iBm��og q9suroq.r���g�Ã�4Hm�t�moj^� 5�k»�og�j
tukG�2g r�j9n»��tui�g nGmo��t�h�i®Â9j 6 kGj m �®Â�g�Â�g hamojEÆ.gdm 2 � { Á3fzi�Â9�	4���s�m 5��2g�j�tum�tuk»r�jZkG��nGkG�
k»t�g�Ã t�r m�t§�2r���t
, h�i®Â9j 6H�aÁ �9Â�sutui9gas��2rosug�4�t�g��2q.ros�m�su� Æ]moj9Ã�ÄzkGÃ9tui n»r����2hamoj r®hahaÂ9s�r�j9n»� klj tui�g�Â9j�ÂB�uÂ9mon�hak»s�haÂ9�
��tumoj9h¬g
kGj Äzi9kGh=i m j®Â9��Æ.gasLro�$tui�g�r�Â�t�qBÂ9t�q.rosutu�&m�sug§sug�moÃ9kGj 5 tui�g�k»s&nGmo��t&h�i®Â9j 6 ��sur�� tui�g��umo�2g�kGj�q]Â�t*ÆBÂ76.gas
h¬r�j9haÂ�s�sug�j^tunG�oÁ

+ kG�og�j�tui9g�ros�5�mojBk52�m�tuk»r�j§ro��tui�g ��Äzk»tuh=i§mojBÃ�kGj9qBÂ�t'ÆBÂ76.gas��~moj9Ã§m 5og�j�gas=mon�klÃ�g�m*ro�/i9r�Ä tui�ga��Ä~ros�6 4�Ä~g
j�rÎÄ g J mo�
kGj�g tui�g��ut�gaqB����r�nGn»r�Ä~g�ÃdkGj�t�s=moj9����gasus�kGj 52m2q]moh�6ogat�ÂBj9Ã�gas�tui�g/ } 2 }  w m�s�h�iBk»t�g�h¬tuÂ�sugoÁ

����� � ���,� �$� � � � � � � ��� ��� ��� � � % ��� � � � ��� � � � � � �

} j tui9kG� ��g�h¬tuk»r�j Ä~g�Ã�g��uh¬s�kGÆ�gLtui�g���t�gaq]� kGj tui�g2t�s�moj9�u�
kG�u�uk»r�j ro�3q]moh�6ogatu�*tui9sur�Â 5�i tui�g���Ä�k»tuh�i�Á��Nk�5�Â�sug��
�ui�rÎÄz�$mon»t�gas=j9m�tuk»�og�Ã9m�tum�qBm�tui9��tui�s�r�Â 5�i�Äzi9klh�i�qBmoh�6ogat )]k»tu��m�s�g*t�s�moj9����gasusug�Ã kGj�m&qBk»q.g�nGkGj9g�Ã
�Pmo�ui9k»r�j Á

IR R4 OB

R3’ R4 OB

R3’’ RAM R4 OB

R1 Buffer R3’’ RAM R4 OBR2

Cycle
1

Cycle
2

Cycle
3

Cycle
4

Cycle
5

Cycle
6

Cycle
7

Pipe 1

Pipe 2

Pipe 2’

Pipe 3’

IR

IR

IR

R1 Buffer R3’ R4 OBR2Pipe 3 IR

Cycle
0

�4k�5�Â�sug�� � � n»t�gas�j9m�tukG�og qBm�tui9����ros$tui�g*q]k»q.g�nGkGj�g�Ã
t�s�moj9����gas$ro� )]k»tu��tui�s�r�Â 5�i�tui�g*��Ä�k»tuh�i�Á

* i�g�j m ��g��u�um 5og i�g�moÃ�gas�m�sus�kG�og��§m�t�m���Äzk»tuh=i 
 kGjEtui9g kGj9qBÂ�t�sug!5�kl��t�gas } p'��k»t§kG��Ã9k»sug�h¬t�g�Ã�t�r tui�g
sur�Â�tuklj 5�moj9Ã�m�suÆBk»t�s�m�tukGr�j�n»r�5�kGh	�ÎÁ�fzi�g$sur�Â�tuklj 5�n»r�5�kGhzÃ�g�hak»qBi�gas=�'tui�gztum�s�5ogat~q.rosut3ro��tui�gzqBmoh�6ogataÁ v j9h¬g�tui�g
Ã�g���tuklj9m�tuk»r�j2q.rosut���ro��tui9gz�2g��u�um 5ogbkG� 6Hj�r�Ä�j�4�tui�gz��k�5�j9monG�'ham�sus��®kGj 5 tui�gz��tum�tuÂ9�3ro����Â�g�Â9g��*moj9Ã2tui�gz�utum�tuÂ9�
ro��� } � v � m�sug2g J mo��kGj�g�Ã�Á } ���®Â�g�Â�g � mo� Ä�g�nln4mo��� } � v � m�sug&g��2q9t ��4 tui�g2h¬sur��u�uÆBm�s*kG� ��gat Â�q t�r�t�s�moj9����gas
tui�g qBmoh�6ogat )]kGtu��t�r�p$� �HÁ!�9Â�sutui9gas��2rosug�4�tui�g r�Â9t�qBÂ�t��«s�r���tui�g h¬sur��u��Æ]m�szÂ9��g���tui�g Æ®�®qBmo�u��qBm�tui�t�r�iBmo��t�g�j

 8ErDu����Etó�]�Eu��§rD��tórD�X���]�z�����z���{�]�����zrP���Bs-t$vD�����]��t¤���]vf�<���]tó�9vf�Î¬MtÎ���Et�vP��t,u��z���,rP���wvD�z�]t{�>�y�����Et �Eu��_���]�¦��rD� ���Et¢�]vD�w¬Mt,���vD�]�����]vf�-���E�z�V�]t�vD�Et,uV�z�V��r¢°§t��Ürfu�sVvfuw��t�����r¢���]t3rP�E���E�E���X|~rP��t<u�rP�E���z�E«±���w�]t{��t{�1��v�}±u�t ���]�¦u�t��$�]x¦���¦º �]�¦�-�]t{vP�EtÎu��{�.mc�����]�w�v)�{vD��tP�����]t$mR�í�z�¤t,¨��9vf�9�Et{�
��r����9vn�¤�¦�ó��vD�2vD�{�,rP����r~�]vn��tÔvn�óxyt{vD�_�¢vD�¤��vf��}��9�¦���óvf�óvfu�t±u�t ���E�zu�t{����rDuó��vf¬��z�E«�v�u�rP�E���z�E«�Et,�{�z���yrD�K�X�-�Et3�_��t{�E�-��t{���,u��z°§t���°§t,}�rD�9�$���E�y�.�§rP�z���-°§t{«D�z��rP�]x¦}�vn����t,u.���]t3vfu�u��z¥DvDx9rf�����Et<u�t��~�E�z���z��t<�~�]�$°§t,u rD� �9�¦���{�X|~�y���zxyvfu�x¦}���¦�§���]tV�Et�vP��t,u �9�¦�X�y� ��r�°§t4���y���{vfuw�Et{��vf����tÎu1�¦�X�z�.�E��t����D���]t{�¢���]tV�]�z�§t{xz�z�]t<��t{���,u��z°§t��±°§t{«D�z�]� s4�z���$���]t �9�¦� �ÜrDxzxyr�s4�z�]«ó���]tV�Et�vP��t,u
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tui�g t�s�mojB���«gas�ro�4qBmoh�6ogat )]k»tu���ukGjBh¬g�tui�g�� } � v kG��g���q9t¨�oÁ3fzi9kG�~moh¬tuk»�®kGt¨�§r®hahaÂ�s=��Ã9Â�s�kGj 5�tui�g*h¬�Hhan»g*m���t�gas$tui�g
m�sus�kG�³mon.ro�4tui�g�i�g�moÃ9gas )]k»t$kGj } p kÍÁ goÁ'Æ�gat Ä�gag�j h¬�®hanGg � moj9Ãdh¬�Hhan»g � klj �4k�5�Á]�®Á

} j tui�g§��r�nGn»r�Ä�kGj 5dh¬�Hhan»g�4�k»��tui�g
r�Â9t�qBÂ�t*q.rosutLkG�*��sugag�4Ntui�g"�]s���t�q]moh�6ogat )]k»t�hamoj Æ.g�t�s�moj9�u�«gasus�g�Ã ��sur��
p$� t�r tui�g§Ã9g���tukGj9m�tuk»r�j r�Â�t�qBÂ9t�ÆBÂ76.gas�Á � t&tui�g��umo�2g§tukG�2g�4Ntui�g�j�g J t )�k»t�ÄziBkGh�i i9mo�;m�s�s�k»�og�Ã�kGj } p kG�
t�s�moj9�u�«gasus�g�Ã t�rdpz� �HÁ � j g S§hak»g�j^t!4�t Ä�r y �utum 5og
qBk»q.g�nGklj�g 
 2 kGq�g � ro���Nk�5�Á ����kG�btui�ÂB� ��gat Â�qºh¬r�j9�ukG��tuklj 5�ro�
t�s�moj9�u�«gas�����sur�� } p<t�r§pz� ��kGj tui�g��Bs=��t���tum 5og&moj9Ã �«s�r�� pz� ��t�r�tui9g�r�Â�t�qBÂ9tzÆBÂ76.gas 
 v 1 �$kGjdtui�gL�ug�h¬r�j9Ã
��tum 5ogoÁ�f$i9kG� t Ä�r ��tum 5og 
 t Ä�r h¬�Hhan»g��bqBk»q.g�nGklj�g;kG�*tui�g
j�ros��
mon'Ã9m�tumdqBm�tui Â9��g�ÃºÆ®� qBmoh�6ogatu�;tui9m�t;m�s�g
j�rot
ÆBn»rHh�6og�Ã moj9Ã�Äzi9klh�i�m�sus�kG�og Äzi�g�j�tui�g��®Â�g�Â�g��zm�sug*g��2q9t �oÁ

} �'tui�g�r�Â9t�qBÂ�tzq.rosutbkG�$Æ]n»r®h�6og�Ã m�t moj��dq.r�kGj^t�Ã9Â�s�kGj 52tui�g�t�s�mojB���«gas94�Ã9m�tum�kGj pz� ���LÂ9��t�Æ�g�q9suga�og�j�t�g�Ã
��sur��ÉÆ�g�klj 5�rÎ�ogasuÄ$s�k»t�t�g�j�Æ®��tui�g �uÂBhah¬gag�Ã9kGj 5 )]k»taÁ'f1rLqBsuga�og�j^t��uÂBh�i§r��ogasuÄzs�k»tukGj 5 4Htui�g �uÂ9hah¬gag�ÃBkGj 5 )]k»tu��m�sug
��t�rosug�Ã kGj � } � v � tukGnGn3tui�g � } � v �]nGnl�aÁ � t;tuiBkG��q.r�kGj�t!4Nmoj^� s�g���mokGj9kGj 5dqBmoh�6ogat )]kGtu�;m�sug§Ä$s�kGt�t�g�j t�r tui�g
m�q9q9s�roq9s�kGm�t�g��®Â�g�Â�g�kGj�tui9g*kGj�qBÂ�t�ÆBÂ�6�gas�Á

} ��� } � v ��kG� j�rot g��2q9t � 
 Æ]Â�t���Â�g�Â9g��§kG� � 4�tui�g�h¬sur��u��Æ]m�s r�Â�t�qBÂ�t kG�bÄ$s�kGt�t�g�j klj^t�r � } � v � 
 kGj9��t�g�moÃ ro�
Â9�uklj 5�tui9g2Æ��®qBmo�u� qBm�tuiºm�s�r�Â9j9Ã k»t-�=Á�0�gaq.g�j9ÃBkGj 5§r�jºtui�g2kG�2qBnGg��2g�j^tum�tukGr�j ro�~tui�g"� } � v Â9j9kGt!4�tuiBkG� ��m��
sug��uÂBn»t�kGj�m)0*ros3���utum 5og�qBkGq�g�nlkGj�goÁ } �]tui9g � } � v kG��kG�2qBn»g���g�j^t�g�Ã2Â9��kGj 5 sug!5�kG�ut�gas�� 
 2 k»q.g K ro���4k�5�Á®��� 4®tui�gasug
m�sug�tui�sugagz��tum 5og���kGj�tui�gzqBkGq�g�nlkGj�g���t�s�moj9�u�«gas��«sur�� } pZt�r;p 0 �^kGj
tui�g	�Bs��ut3��tum 5og�4�p 0 ��t�r&p$� �*klj2tui�g��ug�h¬r�j9Ã�4
moj9Ã pz��t�r v 1 kGj tui�g
tui9k»s�Ã�Á v jºtui9g2rotui�gas�i9moj9Ã�4/k»�3tui9g � } � v kG� kG�2q]n»g��2g�j�t�g�Ãºmo�*mdp � 8 
 2 k»q.g K �
ro���Nk�5�Á ��� 4�Ã9m�tum�kG��t�s�moj9����gasusug�Ã �«s�r�� } p+t�r�p 0���kGj tui�gLh¬�Hhan»g&��r�nGn»r�Ä�kGj 5�tui�g2m�sus=k»�³mon/ro��tui�g��Bs��utzqBmoh�6ogat
)]k»t�kGj } p*Á } j�tui�g ��r�nGn»rÎÄzkGj 52h¬�Hhan»g�49Ã9m�tum2��sur���p 0��
kG��Ä$s�k»t�t�g�j�t�r
tui�g*p � 8 moj9Ã�Äzi�g�j�tui�g*ÃBm�tum2sug�moh�i9g��
tui�g&i�g�moÃ ro��tui�g�� } � v 4 k»t�kl��t�s=moj9����gasusug�Ã t�r�pz� �HÁ�*ºg2tui®Â9� i9m��og&m§��r�Â�s ��tum 5og2qBk»q.g�nGkGj9g 
 k»�'tui�g2Ã9m�tum�kG�
Ä$s�kGt�t�g�j
t�rLtui�g'� } � v �uÂ9��t�mo��k»t�g��2q9tuk»g�� �-�4t�s=moj9����gas~��sur�� } pZt�r&p 0��&kGj
tui�g��]s���t��utum 5og�4��«sur��Ép 0��;t�r&tui�g
p � 8 kGj�tui�g*��g�h¬r�jBÃ�49��sur���tui�g�p � 88t�r
pz�
kGj�tui�g*tuiBk»s�Ã�4Hmoj9Ã���sur���pz��t�r v 1 kGj�tui�g��«r�Â�s�tui���tum 5ogoÁ

} � � } � v �;kG���PÂ9nGn9ros�k»� �®Â�g�Â�g��LkG�~j�rot�g���q9t¨��Ä�i�g�j
tui9g �]s���t!)�k»t3ro� tui9g�qBmoh�6ogat$m�sus�k»�og��	4®tui9g�qBmoh�6ogat )]k»t
kG�'t�s=moj9����gasusug�Ã2��sur�� } p�t�r;p � Á'f$i9g$qBk»q.g�nGkGj9g~j�rÎÄ�h¬r�j9��kG��tu��ro� T*ros � ��tum 5og�� 
 2 k»q.g�� 0 moj9Ã 0 �^sug���q.g�h¬tuk»�og�nG�
ro�
�Nk�5�ÁB����Ã�gaq.g�j9Ã9klj 5;r�jdÄzi�gatui�gas$tui9g/� } � v kG��kG�2q]n»g��2g�j�t�g�Ã�Â9�ukGj 5&sug!5�kl��t�gas���roszm
p � 8 49s�g���q.g�h¬tuk»�og�n»�oÁ

} t kG��kl�2q.rosutumoj^tbt�r�j�rot�g&tui9m�t mon»tui�r�Â 5�i qBkGq�g�� K�4 K ��4
0�4 moj9Ã 0 ��monGn1iBm��og��2rosug&tui9moj K§��tum 5og��!4�tui9g���g
qBm�tui9�bm�sug&Â9��g�Ã r�j9n»�dk»��m�ÆBn»rHh�6og�Ã qBmoh�6ogat*mon»sug�moÃ���g J kG��tu�aÁ f$i®Â9�!4]tui�g;q]k»q.g�nGkGj�g ��gatuÂ�qºnGm�t�g�jBh¬� kG�ziBkGÃ9Ã�g�j
kGj§tui�g tukG��g*k»t�tum 6og��z��ros�tui�g q9suga�Hk»r�Â9��n»�
m�sus�kG�og�Ã�qBmoh�6ogat�t�r2Æ�g t�s�mojB�u��k»t�t�g�Ã�Á } t$kG��monG�ur2t�r2Æ�g j�rot�g�Ãdtui9m�t
mo�$tui9g/� } � v Æ.g!5�kGj9��t�r�g���q9t¨��4�Ã9m�tum
kG��t�s=moj9����gasusug�Ã���sur���tui9g/��Â9g�Â�g t�r
tui�g � } � v ��r�tui9m�t$tui9g*qBk»q.g�nGkGj9g
kG��mon»Ä�m��H�$�PÂ9nGnÍÁ

} j*tui9kl� qBm�q.gas/Ä~g�i9m��og~�«rHhaÂ9�u�ug�Ã*r�j;q�r�klj^t t�rbq.r�kGj�t 
 Â9j9kGhamo�ut-���2g��u��m 5og~h¬r����LÂ9j9klham�tuk»r�j�Á 8 Â9n»tuklhamo��tukGj 5
ro��qBmoh�6ogatu��Äzi9kGh=i2i9m��og��;Â9nGtuk»qBn»g�Ã�g���tukGjBm�tuk»r�j&q.rosutu�'m�t3m;5�k»�og�j
��Äzk»tuh=i2hamoj
monG��r Æ.g��uÂ�qBq�ros�t�g�ÃLklj& } 2 }  w
Äzk»tui m�s�h=i9k»t�g�h¬tuÂ�s�monNg�jBi9moj9h¬g��2g�j�tu� �ukG��klnGm�s$t�r�tui�gLr�j�g�� q9suroq.r���g�Ã kGj � ��� 4�K � �ÍÁ� �r�Ä~ga�ogas	4/tui�g&Ã�gatumokGnl��ro�
�LÂ9n»tukGhamo��t$kl�2qBn»g��2g�j�tum�tuk»r�j�m�sug�Æ�ga�or�jBÃ�tui�g��uh¬roq.g ro�Ntui�g�haÂ�s�sug�j^t�q]m�q�gas$mojBÃdi�g�j9h¬g*m�sug;j�rotzkGj9hanlÂ9Ã�g�Ã�Á
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 } 2 }  w kl� tum�s�5ogat�g�Ã ��ros���Ä�k»tuh�i9klj 5�g�j^�Hk»sur�j9��g�j^tu� tuiBm�t*sug.�®Â9k»sug2i9k�5�i tui9sur�Â 5�i�qBÂ9tbga�og�j �«ros��ogasu� ����monGn
qBmoh�6ogatu�aÁ fzi�g  } 2 }  w ��r�nGÂ�tukGr�j kG��ÆBÂ9kGn»t r�j�kGÃ�g�mo�;moj9Ã��2g�h�i9mojBkG�u�����«sur�� ��ga�ogas�mon�g J kG��tukGj 5 ��Äzk»tuh=i9kGj 5
��r�nGÂ9tuk»r�j9� � 0 � 8  4³h¬s�r��u��q.r�kGj�t ��Â�g�Â9g��!4omoj9Ã�h¬g�j�t�s�mon�ÆBÂ76.gas�kGj 5�Á } j*tuiBkG� ��g�h¬tuk»r�j;Ä~g��®Â9monGk»tum�tuk»�og�nG�bh¬r��2q]m�sug
 } 2 }  w Ä�k»tui�tui�g���g�m�qBq9sur�moh�i9g��aÁ

} t/kG�.Ä~g�nGn y 6Hj�r�Ä�j tui9m�t r�Â�t�qBÂ9t ��Â�g�ÂBkGj 5�$Zmoj9Ã kGj q]m�sutukGhaÂ9nGm�s�Ã��Hj9mo��klhamonGn»� y monGn»rHham�t�g�Ã h¬g�j^t�s�mon�ÆBÂ76.gas�kGj 5�$
q9surÎ�®klÃ�g�� tui�g
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Effective applied load (fraction of max. bandwidth)

64 flit packets, HIPIQS: 16 nodes
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Effective applied load (fraction of max. bandwidth)
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Uniform Traffic, HIPIQS: 16 nodes
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Uniform Traffic, 16 nodes vs. 64 nodes
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Effective applied load (fraction of max. bandwidth)

HIPIQS, 640 flit buffers
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Effective applied load (fraction of max. bandwidth)

HIPIQS, 640 flit buffers
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Effective applied load (fraction of max. bandwidth)

HIPIQS, 1280 flit buffers
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HIPIQS, 1280 flit buffers

128 flit message, np
128 flit message, p
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Effective applied load (fraction of max. bandwidth)

Bit-Reverse Traffic

64 flits, 16 nodes, HIPIQS
128 flits, 16 nodes, HIPIQS
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Effective applied load (fraction of max. bandwidth)

Bit-Reverse Traffic

64 flits, 16 nodes, HIPIQS
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Effective applied load (fraction of max. bandwidth)

Transpose Traffic
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128 flits, 16 nodes, HIPIQS
64 flits, 64 nodes, HIPIQS

64 flits, 64 nodes, Central Q
128 flits, 64 nodes, HIPIQS

128 flits, 64 nodes, Central Q

0

1000

2000

3000

4000

5000

6000

7000

8000

0 0.2 0.4 0.6 0.8 1

La
te

nc
y 

(c
yc

le
s)

Effective applied load (fraction of max. bandwidth)

Transpose Traffic
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