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�]ehkYefq�¹wlYi%{�ove2�*q%o��w{�á�ehkYehopl:gFi%kYi%���}eh��m£i%za�F{�ove2��É·�¿oplZe��Ldfeh��lYiv~F�¿o�lYeh� Ý i%kYi%�%q�o�~%��ç<�\x Ý Âv~jsOkYi)�È����d¶Ì|�
�¿o ���2Â	�¦lZ�ve+d¶i&ov{��Z�*��uv��e�kZ{�i&o
��qw�weh�»ÉÏdf�O�ÊÌ]{}�<gji&kai&�}��e���{}àhe2�£¹¼�/����Cf�]zhà�i%kZà¶i&oF���½���ã��i�lYeh�£q%o�i&o
��ç<�#xw� Ý

m£i%za�v{}ove��9dfuve�lZq�lZ�Fe��Zgãe�z|{�i&�:�¾lZkYuFz|lZuvkYe�q&r�lY�ve�m£i%za�v{}ove�ovq&l£q�ov������ehove�kYi%�<q%gwlY{�mn{}à�i�lY{�q�oF��~�¹vuwlÈi%�}�Zq,m£i�za�v{�oFe
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�we�gje�oF�wehopl;r·e�i�lYuvkYe��;�Oe�kZeÈ{}oplZe��%kai�lZe2��{�oplZqÊlZ�ve*z|qw�we
¹p��lY�ve
i%uwlZ�vq�kY���Ê�<�ve*i&uwlY�vq%ka�+�Z�vq���lZ�Fi&lJq�gwlZ{}mn{�à�{�oF��lZ�ve
�ZehkY{}i%�Fz|qw�we:kYe��Zuv��lY��{�oÈ¹ãehoFe � la�»r·q�k»lZ�Fe�gFi%kYi%���}eh�v{}mngv�}ehmnehoplYi&lZ{}q%o��»x¼gãe�zh{}i%�jgji&kai&�}��e���{}à�i&lZ{}q%on��lYkYi&lZeh��{�e2�»i&kYe:e�mJgF��q���e��
lZq'lYi%â%eQi��w��i&oplYi%�%e+q%r¡lZ�veJm£i%za�v{}ove%~ãoFi%mJe�����q�gje�oF� Ý {��fuF�¾e2��lZq
kZuFo�lZ�veJgFi%kYi%���}eh�½z|qw�weQq�o�lZ�Fe;�Z�Fi&kYe���mne�mJq�kZ�
gFi%k¾l¶q&r»lY�ve;��ç<� xw� Ý ÉËq%oveJovqw�weJq%ov�}�vÌå~¦i&oj�Ê� Ý ��{}�¶uF�Ze���r·q�k�z|q%mnm;uvov{�zhi�lY{�q�oµ¹ãe|l��]ehehoÊovqw�we������<�v{}�E�¾lZkai�lYeh�%�
�}e�i%�F�]lZqn{�mngvkYe��Y�Z{���e¶e3�Èz|{}ehoFzh�%�
x c$[�dYX)_ ln_bh^h^dEh^X,Zi_ poXZgQa�������lng`_ Y\[
�<�vefgFi&kai&�}��e���{}à�i&lZ{}q%oÈi%gvgvkYq�i%za�n{}oÈlY�v{}�O�]q%kYâ;{��<i+m£i%�¾lZe�k¾ ¢�Oq�kZâ�ehk¡�¾lZkai�lZe��%�J¹Fi%�Ze��Èq%o'�wq�m£i&{}o'�we�zhq%mngãq��Z{�lY{�q�o��¡�<�v{}�
�¾lZkai�lZe��%�nlai&kY�%e|la�<z|�}uF��lYehka�<q&r��Oq�kZâw�¾lYi&lZ{}q%oF�]i&oF�*{��<e|èwgv��i&{}ove��*{}o*�ve|lYi%{��L{�o*lZ�F{}�:�Ze�z|lZ{}q%o��
�macb ���mw�qtl�x�o�w$g��
	Us2g��2w g d 	�	 g�s2l��
�
À�m£i%�¾lZehkZ ¢�Oq�kZâ�ehk:gFi%kYi%���}eh�}{}à�i�lY{�q�o��]i��¶{�mngv�}ehmnehoplYe��¦~����FehkYeQlY�venmni���lYehkEkYe�i%�F�:lY�ven{�ovgFuwl � ��e2�h~C�w{}�¾lZkY{}¹vuwlZe2�E�vi�lai
lZq
�Oq�kZâ�ehka�h~F��i�lY�vehka��lY�veJkZe2�¾uv��lY�¶i&oj����kZ{�lZe2�:lY�vehmy{}oplZq
q%uwlYgvuwl � ��e2�h�E�<�veJmni���lYehk¶�wq¼e��fovq&lflYi&â�eQgFi%k¾l¶{�o,i&o¼��q&r
lZ�Fe;�Z{�m;uv�}i&lZ{}q%oµzhq%mngvuwlai�lZ{}q%oj�h���<�F{}�fi&gvgvkYq�i�za��{}�¶z|q�oF�¾{��¾lZehopl���{�lZ�µlZ�veJi&kaza�v{�lYe�z|lZuvkYe+q&r»i
çOe�q���uv��r¡zh��uj��lYehk����FehkYe
i*z|ehoplYkYi%�½¹ãq)èµ�Fi��¶i�zhzhe��Y��lYq'lY�ve£m£i&{}o,�¾lZq�kYi%�%e%~����v{}�}eJoFq¼�ve���z|q�ovove2zålZe2�µ¹¼��rËi���l��¡lY�vehkYove|l��Fi)��e;i�zhz|e2�Z�flYq
�}qwzhi&�
�¾lZq%kai&��e�q�ov�����
�<�v{��<mni���lYehkZ Ã�]q%kYâ%e�k��¾lZkai�lZe��%�£i&�}�}q��:��r·q�k<q��%ehkY��i&gvgv{}ov�+q%rC{}ovgvuwl�G)q�uwlZgvuvl<��{�lZ��z|q�mngvuwlYi&lZ{}q%oF���¡�<�veE{}�v��eEm£i%�¾lZe�k

z|q�uv���
m£i%oFi&��e+iÈ�w�¼oFi&mn{�zE��qpi%�*¹Fi%�}i%oFz|{}ov�È�¾lZkai�lZe��%���<x¼{}oFzhe�lZ�veQmni���lYehk:{}o�ovq%l�{�o¼��q%�}�%e��
{}oµ�ve�i)�¼�'zhq%mngvuwlai�lY{�q�oF�h~
lZ�Fe'z|e�o�lYkYi%��¹ãq)è,q%r�lZ�ve'ç]e�q���uv��r:zh��uF�¾lZe�k
ÉË���vehkYe£lZ�FeÈm£i%�¾lZehk;gvkYq¼zhe��Y��kYuvoF�aÌEkZe�m£i&{}oF�+i)��i&{}�}i%¹v�}enr·q%kQq%lZ�ve�kQuF�Zehka���
º�e2zhi&�}��lZ�ji�l�z|q�mngv{���i�lY{�q�o�~¼r·q%k�ehèvi&mngv�}e%~w{��:�wq%oFe¶q�o'lY�ve+z|e�oplZkai&�¦¹ãq)è��
�¿o�lZ�FeQ�Zi%mne�lZ{}mne%~�i&o�{��w��eQmni���lYehk:mne2i&oF�:lZ�Fi&l:lZ�veQr·uv�}�CgvkYqwz|e2�Z�Z{�oF�Jgãq��]ehk:q%r½lY�ve;�Z�w��lYehmæ{}��ovq&lfuF�¾e2�¦�<�¿ovgvuwl

i&oj�µq%uvlZgvuwl�{��E�¾e�kZ{�i&�Ã�+À:ovq%lZ�ve�k��w{}�Yi%�v�)i%oplYi&��eQ{��flZ�venuvoF�Z�¼mnmJehlZkY{}zJz|q�mnmQuvov{�zhi&lZ{}q%o,gFi�lZlZehkYoµ <lY�venmni���lYehk¶lYi%â%e2�
gFi%k¾l�{�on�vi&lYi¶�w{}�¾lZkY{}¹vuwlZ{}q%oni&oj�+kYe��Zuv��l¡�pi�lZ�FehkY{�ov�j~)¹vuwl»�wuvkY{�oF�Ezhq%mngvuwlai�lY{�q�oFi&�¼��lYehgF��q�ov�}�ElZ�ve<�]q%kYâ%ehka�Lzhq%mnmQuFov{}z�i�lYe
¹ãe|l��]eheho
lZ�Fehm£�¾e�����e����
�ma�` �fs � l�ecz �fw��Es ��	Ks{x�e�o�e�s{z
�<�veJza�vq��Zeho�gFi%k¾lY{�lY{�q�oµq&r¡lY�veQ�]q%kYâ*{�mngFi�zålY��lZ�FeQe|á�e�z|lZ{}�%e�ove��Y��q%r�iÈgFi%kYi%���}eh�}{}à�i�lY{�q�o���lYkYi&lZeh���%�:�¢l��wehlZehkYmn{�oFe��f��qpi%�
¹Fi%�}i%oFz|{}ov�F~¡�w{��¾lZkY{�¹vuvlZ{}q%o�lY{�mne�i%�;�Oe����<i%�QlZ�ve*i&mnq%uFo�lJq&r�¹ãq¼q%âp ¢â%ehe�gv{}ov��e|á�q%kZl�� Ý À�Þ¶�Êxv¸æ{}mngv��e�mnehoplY�n�Zeh�%e�kYi%�
�vi&lYi��we2z|q%mngãq��Z{�lY{�q�oÈ��lYkYi&lZe��%{}e���~%�w{��ZzhuF�Z�Ze��Jr·uFk¾lY�vehk2�¡�<�veh�ni%�Y�¾uFmJe:i+�vq%mnq%��ehove�q%uF��gji&kai&�}��e��vgv��i�l¾r·q�kZm�~p���vehkYe:e2i%za�
ovqw�weE�Fi��]lZ�ve+�Yi&mneEgvkYq¼zhe��Y�¾q�k��¾gãehe2�*i%oF�
mJe�mnq%kY�'zhi%gFi%zh{�l��E¡wç]ehq���uv��r�zh��uj��lYehka�]i%kZeE�vq�mnq%�%e�ovehq�uF���
��������� ������� ÚwÙ)Ø
�ËØ
� ð�� � �! 
�¿oµlY�ve � �f ÃgFi%k¾lY{�lY{�q�ov{}ov�
i%����gãq%{}o�la�¶{�o,lZ�veJ�%kY{����Fi)�¼{�oF�'lY�veJ�Yi&mneJ�p ¢zhqpq�kY�v{�oFi&lZe�r·q�kZm-i%o��� ¢�Z��{�z|eJq&r�lZ�ven�wq%m£i%{�o�~
���v{}��e:i%���jgjq�{�opla�¡��{�lY�nlZ�vef�Zi%mJe<è¼ ¿z|q¼q%ka�w{}oFi�lYe]r·q%kYmti&o �f ¢�Z�}{}zhe%� � i&oF� �f ¢�Z��{�z|e2�»i&kYe:�w{���lYkZ{}¹vuwlYe��JlYq�gvkZqwzhe��Y�¾q�kY�½{}oÈi
z|{}kaz|uv��i&kOrËi%�Z�v{}q%o�~wi%�Y�Z{���ov{�oF��lZ�ve � ka�¾l<�Z��{�z|eflZq;lZ�Fe � kY�¾l]gFkZqwz|e2�Z�Zq%k2~&lY�veEove|è¼l��¾�}{�z|eflZq;lZ�veEovehèpl<gvkYqwz|e��Y�Zq%k2~�ehlYz&��uvoplY{��
e�i�za��gvkZqwzhe��Y�¾q�k:�Fi%�fiÈ�Z��{�z|eQi%oF�*lZ�FehoÊ�¾lYi%k¾lY{�ov�'q��%ehk���{�lZ�µlZ�veJi%�Y�¾{}�%ovmne�o�l�i&l�lY�ve � ka��l¶gvkYq¼zhe��Y�¾q�k��<�<�v{��:gFi%k¾lY{�lY{�q�o
�¾lZkai�lZe��%�£{��<{��}�}uF��lYkYi&lZe2�
{}o�ß½{���uvkZe+Âv�
dfi&lYi*�w{���lYkZ{}¹vuwlYe���{}o��� ¢�Z��{�z|eQr·q%kYm£i�l¶zhq%uv���µ¹ãeQuj�¾e2��r·q%k � i&oF� �ã ÏlYkYi%oF�¾gãq%kZlfi%oF��r·q%kEza�ve�mJ{��¾lZkY��z�i&��z|uv��i�lY{�q�oF���

�<�ve$�f ¢�Z��{�z|eEr·q�kZm£i&l:gvkZq��¼{��we��OlY�ve+��i)�%q%uvl]r·q�k
�ti&oj���ã ÏlYkYi%oF�¾gãq%kZl�~vi��<�Oe����Ci%�:za�ve�mn{}�¾lZkY�%��º:ehgFi%k¾lY{�lY{�q�ov{�oF�n�Fi�lYinq�o
lZ�Fe£�%kY{}�¦~L{Ï� e%�£�vi&lYi��Z�pu�"n{}ov�*r·kYq%m �� ¢�Z��{�z|e2�¶lZq �� ¿�Z��{�z|e2��i&oF���¼{}zhe| ¢�%e�kY�Yiv~�{��Eove�zhe��Y�Zi%kZ�µ�wuFkZ{}ov��e�i�za�ÊlY{�mneÈ�¾lZehgV{}o
q%ka�we�kOlYq£z|q%mngv�}e|lYe+i&�}��lZkai&oF�Zgãq%kZl�zhq%mngvuwlai�lY{�q�oF�h�
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P1

X−Slices Y−Slices

P2 P4 P5P3

ßC{}�%uFkZe+Â�Q¡d¶i�lain�}i)��q%uwl]r·q%k ���� ¢gFi&kZlZ{�lZ{}q%ov{}ov�j�½�¿o*lY�v{}�:e|èvi&mngv�}e¶lZ�ve�kZe+i%kZe�Á;�Oq�kZâ�ehka�h~ � è � �v~ � � � Ðw�
Àt�v{}�Yi%�w��i%o�lai&��e�q&r¡lZ�F{}�f�}i)��q%uwlf{}��lZ�Fi&lflY�veQo¼uvm;¹je�kfq%r»uF�Ze|r·uv�½�Oq�kZâ�ehka��{����}{�mn{�lZe2��¹¼�
lY�veJopuFmQ¹ãehk�q%r �� ¿�¾�}{�z|e��

É·q�k �: ¿�¾�}{�z|e��aÌ<i)��i&{}�}i%¹v�}e%�»���ZuFi%���}�£lZ�F{}��opuFmQ¹ãehk:{��<q%o*lZ�Fe+q%ka�wehk<q%rClYehoF��q�k�i;r·eh� �¼uvoF�wkYe�� ¡wlZ�ve�kZehr·q%kYe¶lZ�ve+�¾lZkai�lYeh�%�
�]q%kYâ¼�]¹ãe��¾l:��{�lY�*r·eh��gvkZqwzhe��Y�¾q�kY���
��������� ������� ÚwÙ)Ø
�·Ø � ð � � �� 
À:�}�]gjq�{�oplY�J{}o�lZ�Fe
��kZ{��V�Fi)�¼{�oF��lZ�ve��Yi&mne �5zhqpq�kY�v{�oFi&lZe'�ve � ove�i&o9�� ¿�¾�}{}zhe,É��¾�vq�kZ{}àhq�o�lai&�����¾�}{�z|e2Ì+q&r�lY�ve'��kZ{��¦�,À
�  ¿z|q���uFmJo É��Z�%ehkZlZ{�zhi%���
z|q���uvmnojÌ¶zhq%oF�Z{}�¾lY�fq&r<i&�}���%kY{}�Êgjq�{�oplY���Z�Fi%kZ{}ov�ÈlY�ve£�Zi%mne �Ii&oj� �êz|q¼q%ka�w{}oFi�lYe����+ç]q&lZ�ÊlZ�ve
�� ¿�Z��{�z|e2��i&oj�*lZ�ve �  ¢zhq%�}uvmnoF��i%kZe;�w{}�¾lZkY{}¹vuwlZe2��lZq'�Oq�kZâ�ehka�<{�oµi£kYq%uFoF��kZq�¹v{}o�rËi%�Z�v{�q�o����<�veQ��i)�%q�uwl�zhi%o�¹je;�¾e�ehoµ{}o
ß½{���uvkYeE�F~w���v{�za�
{��wehoplY{ � e2�:�� ¿�Z��{�z|e2�<{�o�z|q�mngFi&kY{}�Zq%o'lZq �  ¿z|q���uFmJoj�h�CfoveQ�¾lZe�g�q&r»ingFi&kai&�}�}eh�Lzhq%mngvuwlai�lZ{}q%o���{�lZ�Ê� �  ¢gFi&kZlZ{�lZ{}q%oFe��*{}�f�¾�Fq���o*{}oÊß½{}�%uvkYe��F�<À¯�Z�pu�"n{}ov�£r·kYq%mæ�� ¿�¾�}{�z|e��
lZq �  ¢zhq%�}uvmnoF��i&oF�*¹Fi�zaâÈ�Fi��]lZqJlYi%â%eEgv��i%z|e��wuFkZ{}ov�ne�i�za�'lY{�mne+�¾lZehgL�
�<�ve+¹vuF��â
q&r½lZ�veQzhq%mngvuwlai�lY{�q�oF�]lYi%â%e�gv��i%zhe¶��{�lZ�µ�Fi�lYin{}o �  ¿z|q���uvmnoF�-¡vlY�ve�o¼uvmQ¹ãehk�q&r¡i)�)i%{���i&¹F��e �  ¿z|q���uFmJoj��{}�� è1J � �VÉ·q�o
lY�ve�q%ka�we�k�q&r½lZ�vq�uF�Zi%oF�v�aÌå���<�FehkYe|r·q%kYe¶lZ�veQ�%kai&o¼uv��i&kY{�l��n{�� � ove�k�z|q�mJgji&kYe��'lZq � �f Ãgji&kZlZ{�lZ{}q%ov{}ov�F�O�<�v{}�

ehoj�¾uvkYe��<�Yzhi%�}i%¹v{��}{�l��£r·q%k���i&kY�%e�k]o¼uvm;¹je�k�q&r�gvkYq¼zhe��Y�¾q�kY��~¼i&oF�
gvkYq��p{��we2�]in¹ãe|lZlZe�k:��qpi%�
¹Fi&��i&ojz|{}ov�F�
À:oÈi��v�w{�lZ{}q%oFi%�vi%�w��i&oplai&�%e]q&rãlZ�F{}��gFi&kZlZ{�lZ{}q%ov{}ov�E{���lZ�ve�gãq��Y�Z{�¹v{}�}{�l��QlZqEuF�Ze��%eho¼uv{}ove�����l��]q& ¿�w{}mnehoF�Z{�q�oFi&�wo¼uvmne�kZ{�zhi%�

mne|lY�vqw�v��r·q�k�lZ�veQ�vq%kY{�à�q%oplYi%��lZkai&oF�Zgãq%kZl�~v���v{�za��m£i)�'¹ãeQz|q�oF�Z{}�we�kYi%¹v�}�Èmnq%kYe+i%zhzhuvkai�lZe¶lY�Fi&oµ�w{}mnehoF�Z{}q%oFi%�L�¾gF��{�l¾lY{�ov�
�Yza�vehmne����
��������	 
�� ÖOñ ð�
 Ú�� � � ÚwÙ)Ø
�ËØ
� ð � � �! 
À:��lZ�Fq%uv���
ovq%l:{�mngv�}ehmne�o�lYe��*�ve�kZe�~vi&ovq%lZ�ve�k]gji&kZlZ{�lZ{}q%o*{}�<gãq��Y�¾{}¹v�}e�i&oF�
r·kYe�épuvehoplY���Èe�mngv��q���e��¦�¡�Oi%za�'gFkZqwz|e2�Z�Zq%k<zhi%o
¹ãeni��Z�Z{}�%ove2�Êi�z|q�o�lY{���uvq%uj�f�Ze|l�q&r]�%kY{}�,gãq%{}o�la�h~L{Ï� e%�ni�z|q%oplY{���uvq%uF�¶�Zuv¹ã�vq%m£i&{}o��n�<�v{}�Egji&kZlZ{�lZ{}q%ov{}ov��{}�E�Zuv{�lYi&¹F��eJr·q%k
e|èwgv�}{�z|{�l¡lZkai&oF�Zgjq�k¾lai�lY{�q�oJ�Yza�vehmne2�h~&���FehkYe���qpi%�;¹Fi&��i&oFzh{�oF�E�¾lZkai�lYeh��{�e2��¹Fi%�Ze��Jq%on�w�¼oFi%mJ{�z�i%����uF��lYmnehopl�q&r¦�Zuv¹ã�vq%m£i&{}o
¹ãq%uvoF�Fi&kY{�e2�]z�i&o�¹ãe+i&gvgv�}{}e��¦�
�ma�
 � s � � j z_e��El�o�ecs{z	� s�xIo�x�Ñ{�lZ��iµ�Zuv¹��wq%m£i&{}oVgFi&kZlZ{�lZ{}q%oF{�ov��ÉÏi&oF��i%o�e|èwgv�}{}zh{�lQlZkai&oF�Zgjq�k¾l+�Yza�vehmne)Ì¶lZ�ve
�vi�lai�e|èvza�Fi&oF�%e��Vi&l+e�i%za��lY{�mne
�¾lZe�g
z|q�oF�Z{}�¾lY��q%r<zhq%oFzhehoplZkai�lY{�q�o � eh���v�Qi%��q�ov���¾uv¹��wq�mni%{�o�¹ãq%uFoF�vi&kY{}e����P�Ñ{�lZ� � �æi&oF��� � gFi&kZlZ{�lZ{}q%oF{�ov�p�h~C�vq��]eh�%e�k�~Ci
z|q�mngv��ehlZe¶e|èvza�Fi%ov�%efq&r½�Fi�lYi;¹ãe|l��]eheho
�Oq�kZâ�ehka�»{��<ove�zhe��Y�Zi%kZ�E¡�lZ�ve¶r·uv�}�¦{}owr·q%kYm£i�lZ{}q%o
{�o�i;��d�z|q�oFz|e�oplZkai�lZ{}q%o
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P1

V−ColumnsH−Slices

P5P3P2 P4

ß½{���uvkYeE��Q¡dfi&lYin��i)�%q%uvlOr·q�k:� �  ¢gFi%k¾lY{�lY{�q�ov{�oF�F�¡�¿o
lZ�v{���e|èvi%mJgF��e¶lZ�FehkYe+i&kYeEÁJ�]q%kYâ%e�kY��~ � è � �F~ � � � Ð¼~ � à � �F�

xplYehg �Ñ�Fq �Ñ�Fi&l Î�qwz�i&��d¶i�lYinÎCi)�%q%uvl
�%� ÉË���%e�kZ�¼¹ãq¼�v�wÌ �µi���lYehk�kYe�i��v�V{�oFgvuwl � �}e i&oj���v{}�¾lZkY{�¹FuwlZe2�

�vi&lYiF���Oi%za�
�Oq�kZâ�ehk<kZe2z|e�{���e��<�vi�laiv�
�: ¢�Z��{�z|e

Â ÉÏ��i�za�P��q%kYâ%ehkåÌ sOq�mJgFuwlZe$�: ÃlZkai&oj�¾gãq%kZl �: ¢�Z��{�z|e
� ÉÏ��i�za�P��q%kYâ%ehkåÌ sOq�mJgFuwlZe �� ÃlZkai&oj�¾gãq%kZl �: ¢�Z��{�z|e
� ÉËÀ������,q�kZâ�ehka�YÌ º�e2�¾�¼u "£e<�vi�lai:r·kYq%m¯�: ¢�Z�}{}zhe��ClZq �  ¿z|q���uFmJoj� za�ji&ov��e��
Á ÉÏ��i�za�P��q%kYâ%ehkåÌ sOq�mJgFuwlZe �j ÃlZkai&oF�Zgãq%kZl �  ¢zhq%�}uvmno
Ô ÉÏ��i�za�P��q%kYâ%ehkåÌ sOq�mJgFuwlZeQsO�ve�mJ{��¾lZkY� �  ¢zhq%�}uvmno
Ð ÉÏ��i�za�P��q%kYâ%ehkåÌ sOq�mJgFuwlZe �j ÃlZkai&oF�Zgãq%kZl �  ¢zhq%�}uvmnoO ÉËÀ������,q�kZâ�ehka�YÌ º�e2�¾�¼u "£e<�vi�lai:r·kYq%m �  ¢zhq%�}uvmnoF�½lZqE�� ¿�Z��{�z|e2� za�ji&ov��e��
� ÉÏ��i�za�P��q%kYâ%ehkåÌ sOq�mJgFuwlZe �� ÃlZkai&oj�¾gãq%kZl �: ¢�Z��{�z|e
��� ÉÏ��i�za�P��q%kYâ%ehkåÌ sOq�mJgFuwlZe$�: ÃlZkai&oj�¾gãq%kZl �: ¢�Z��{�z|e
�%� ÉË���%e�kZ�¼¹ãq¼�v�wÌ �Oi%za�µ�]q%kYâ%e�kf�ZehoF�v�Ezhq%oFzhehoplZkai�lY{�q�oÊ�vi�laiÈlYq

�µi���lYehk2�¡�µi%�¾lZe�k]��kY{�lZe��<q�uwlZgFuwl � �}e%� �: ¢�Z��{�z|e

ß½{}�%uvkYeE��Q{Cfove���lYehg�q&r¡inz|q�mJgFuwlYi&lZ{}q%o*{�o�� � ��i)�%q�uwl��
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kYe��Z�pu�"ne2�¦���<�vefzhq%mnmQuvoF{}z�i�lZ{}q%oÈlZ{}mJe¶i%�Y�¾qwzh{}i&lZe��n��{�lZ�'lZ�ve�lZq%lYi&�ãe|èvza�Fi%ov�%e:�ve�z|kYe�i��¾e2�»��{�lZ�È{}oFzhkZe2i%�Z{�ov�QopuFmQ¹ãehk]q&r
gvkYqwz|e��Y�Zq%ka�h~¼i&oF�
kYehm£i&{}oF��in�¾m£i%����gãehkaz|e�oplYi&��efq%rLlY�veElZq%lYi&�Cz|q%mnm;uvov{�zhi�lY{�q�o'lY{�mne��
�ma�� �>s{l u�� l ncl�z_��ecz��
À:o�{}mngjq�k¾lai&opl<rËi%zålYq%k:i&áãe2zålZ{}ov�JlZ�Fe�gje�k¾r·q�kZm£i&ojz|e¶q&r½lZ�ve�gFi%kYi%���}eh�¦zhq¼�ve¶{��<lY�veE��e��%eh�¦q%r½�}q�i��'{}mQ¹ji&��i&oFzhe¶�wuFkZ{}ov�JlZ�ve
e|èwe2z|uwlY{�q�o��,�¢r�lZ�ve*�Oq�kZâ�{��Qovq%lJe��%e�ov�����w{��¾lZkY{�¹vuvlZe���~��¾q�mne'gvkYqwz|e��Y�Zq%ka����{��}�<��lai)��{��w�}e
�<i&{�lZ{}ov��r·q�kQlY�ve*q&lZ�Fehka�+lYq� ov{��Z� ¡wlZ�FeElZq&lai&��zhq%mngvuwlai�lZ{}q%oji&��lZ{}mne�{}�]lY�vehoµ�ve|lZe�kZmn{}ove��
¹¼�ÈlY�ve+�¾�}q��]e��¾l]gvkYqwz|e2�Z�Zq%k2�
x¼eh��ehkai&���}q�i���¹Fi&��i&ojz|{}ov�'�Yza�vehmne����Fi)�%e�¹ãehe�oµ{}op��e��¾lZ{}��i&lZe��*¹¼���w{�áãe�kZe�o�l¶i&uwlY�vq%ka��i����Zeheho�{}o,x¼e2zålY{�q�oµ�v���CkYi��w{� 

lZ{}q%oji&�}����~��w�¼oFi%mJ{�z<�}q�i%�n¹ji&��i&oFzh{�ov���Yza�vehmne2�¡�Oq�kZâ;��{�lY�È�¾uF¹ã�wq�m£i&{}o£gFi&kZlZ{�lZ{}q%oF��i&oF�Je|èwgv�}{�z|{�l»lZkai&oF�Zgãq%kZl�i&�}�%q%kY{�lZ�vm£���
Î�qpi%�'¹Fi&��i&oFzh{�oF�J{��:i�za�v{�e��%e2�È¹¼�ÈgãehkY{�qw�w{�zhi%���}�'i%����uF��lY{�oF�nlZ�ve�¹ãq%uvoj�vi&kY{�e2�]q&r½lZ�ve+�Zuv¹��wq%m£i&{}oF���
�:e�kZe+�]e+z|q�oFz|e�oplZkai�lZe�q�o�lZ�ve;�vi�lai£�we�zhq%mngjqp�¾{�lZ{}q%oj� � ��i&oF��� � lZ�Fi&l¶z�i&o�i%z�z|q%mnmnqw�vi�lYe�{�mngv�}{�z|{�l�lZkai&oj�¾gãq%kZl

�Yza�vehmne����CÀ?gjqp�Z�Z{�¹F��e:�¾lZkai�lYeh�%�Er·q�k��w�¼oFi%mJ{�z<�}q�i%�;¹Fi%�}i%oFz|{}ov�E{}�¡lZq��Fi)��eOlY�ve:�µi���lYehk¡â%e�ehg£iEgãqpq��vq&r�uvovgFkZqwz|e2�Z�Ze�� �  
z|q���uFmJoj�,¡¼�]q%kYâ%ehka�¡kYe�épuve2��lOlZ�veE�vi�laiv~¼gvkYqwz|e��Y��lZ�ve �  ¿z|q���uvmno�~wi%oF�£kYe|lZuFkZo
kZe2�¾uv��lY��~�lZ�ve�o
kYe�épuve2��l<i+ove�� �  ¿z|q���uvmno�~
e|laz&��À��]i&lYza�w ¿�wq��Êzhi%o9i&���Zqµ¹je�uF�Ze���lZq,{�mngv�}ehmnehoplÈi�rËi%uv��l¾ ÃlZq%�}ehkai&opln�¾�w�¾lZehm¢¡]{�rflZ�ve*kYe��Zuv��la�;i%kZe
ovq&lnkYe|lZuFkZove2�
��{�lZ�v{}o�i;gFkZe2�ZzhkZ{}¹je2�'m£i&è¼{}m£i&��lY{�mne%~vlZ�ve �  ¢zhq%�}uvmno*{���i&�pi&{}o*i)��i%{���i&¹v�}eflZq£i£�w{�áãe�kZe�o�l��]q%kYâ%e�k��
�<�veQgFkZe2�¾e�o�l¶��{}¹vkai&kY�'{}mngv��e�mnehoplY�¶iÈm;uFza�Ê�Z{�mngv�}ehk¶��lYkYi&lZeh���
��{�lZ�Êe|èvz|e����}ehoplfkYe��Zuv��lY���:�¿oÊi%{�kEépuFi&�}{�l��*mnqw�weh�}{�oF�

�}q�i%�Q{�m;¹Fi&��i&ojz|e���i%gvgje2i&k����ve�oJifkZe��%{}q%o;q&rj�F{����;za�ve�mJ{�zhi%�vi%z|lZ{}�p{�l���{�����qwzhi%��{}àhe2�+��{�lZ�v{}o£if�Zuv¹��wq%m£i%{�o�~�i&oF�Ji%�Y�¾{}�%oFe��
lZq�i��Z{�oF�%�}e*gFkZqwz|e2�Z�Zq%k2�5�<�veµza�vehmn{�zhi%�:�¾q�����ehk£i&uwlYq%m£i�lY{}z�i&�}����lYi&â�e��£�Zm£i&�}��e�knlZ{}mJeµ�¾lZe�gF�nlYq�mne�e|l£lZ�FeÊi%z�z|uvkai%zh�
�we�mni%oF�v��~vi&oF�'lZ�F{}�<{}oFz|kYe�i��¾e2�»lY�ve+z|q�mngvuwlYi&lZ{}q%oFi%��¹vuvka�weho*q&rClZ�veEgvkYqwz|e��Y�Zq%k2�½Ò�q&lZe¶lY�Fi�l���{�lZ��i%�vi%gwlZ{}�%eE�%kY{��v�]��qpi%�
{}mQ¹Fi%�}i%oFz|e2��m£i)�£kYe��Zuv��l:i&r lZehk<��kZ{��ÈkYe � oFehmnehopl-¡viJ�w{��ZzhuF�Y�¾{}q%o
q&rLlY�v{����¾{�lZuFi&lZ{}q%o
{}�<q�uwlY�Z{}�ve�lY�ve��Zzhq%gãe¶q%r�lZ�F{}�<gFi%gje�k��
�<�ve�� �  ÃgFi%k¾lY{�lY{�q�ov{}ov�Ji%gvgvkYq�i�za�Èq&á�ehka�OlZ�veEgãq��Y�¾{}¹v{}��{�l��nlZq£z|q���ehkOlZ�veEkYeh��{�q�oF��q%rC�v{}�%�Fehk�za�vehmn{�zhi%��i�zålY{��¼{�l��£��{�lY�

z|q���uFmJoj��i%�Y�Z{���ove��*lYq'�w{�áãe�kZe�o�l¶gvkYq¼zhe��Y�¾q�kY�����<�¼uF���}q�i���{�m;¹Fi&��i&ojz|e+{��fi%���}eh�¼{�i�lYe��¦~ã�¾{}oFz|e;e�i�za���Oq�kZâ�ehk��%ehlY�¶iÈ�Z�Fi&kYe
q&r�lZ�veJ�v{}�%�ve�kf�]q%kYâ�i&kYe�iv�E�<�v{�� �&{}ov�vehkYehopl �È�}q�i%�Ê¹Fi&��i&ojz|{}ov�'zhi%oÊ¹ãeJi�za�v{}eh�%e2��{�r�lZ�FeQlY�ve �  ¢zhq%�}uvmnoF�Ei%�Y�¾{}�%oFe���lYq
q%oFe��]q%kYâ%ehkOi&kYe��¾gFkZe2i%�£uvoF{�r·q�kZmn�}�Jq���ehk�lZ�veEz|q�mJgFuwlYi&lZ{}q%oFi%�ã�wq�m£i&{}o ¡pi;z|�}uF�¾lZehkY{}ov�Qq%r �  ¿z|q���uvmnoF�Oq&r�q�ove��]q%kYâ%e�k�{}o
lZ�Fe+�Zi%mJe�i%kZe2iQ�Fi��]lZqn¹ãe+i)�%q%{��we2�¦~¼lZ�ve�kZehr·q%kYe¶i%o�{�kYkZe��%uv��i&k<�w{���lYkZ{}¹vuwlY{�q�o�q&r �  ¢zhq%�}uvmnoF�<{��:�¾q�uv�%�pl<r·q%k2�
�<�ve��}{�¹vkai&kY��{}mngv��e�mnehoplY�È�Zeh��ehkai&���¾lZkai�lZe��%{}e��;r·q%kÈi��Z�Z{}�%ov{}ov� �  ¿z|q%�}uvmnoF�nlYqVgvkZqwzhe��Y�¾q�kY��� �<�Feh�9i%kZe�¹Fi��¾e2�Íq�o

iVkYq%uvoF�w ÃkYq%¹v{}o5i&gvgvkYq�i�za��~����FehkYe�lZ�veÊ�vq%m£i&{}o5{}�ÈlZkai)�%ehka�Ze���¹¼�9kZq��:��~]zhq%�}uvmnoF��~]q�kÈ�w{�i&�%q�oFi&����� Ày�%kYehe2�w�p Ïl��¼gãe
i&�}�%q�kZ{�lZ�Fm zhi%o£¹je:uj�¾e2�QlYq+ehoj�¾uvkYe<lZ�ji�l�ove�{����¼¹jq�kZ{}ov� �  ¿z|q���uvmnoF��i&kYe�ovq&lOi��Z�Z{}�%ove2�+lYq�lZ�vef�Zi%mJe�gFkZqwz|e2�Z�Zq%k2�Cx¼e��%e�kYi%�
�¾lZkai�lZe��%{}e��+i%kZe'{��}��uj��lYkYi&lZe���{�o ßC{}�%uFkZe
Á�¡�q�oveÈovq%lZ{�z|e��QlZ�Fe�ÉËkZe2i%�Zq%oFi%¹v���vÌ¶uvoF{�r·q�kZm\�ZgvkZe2i%�Vq%r �  ¿z|q%�}uvmnoF�;q��%e�k�lZ�ve
z|q�mngvuwlYi&lZ{}q%oFi%���wq%m£i%{�o��

� c$[�d��$g]^ ^Iu"a"XZYi_ pnXZgQa	� X,\�ln_ lor
� �Èzh{�e�o�lJ{�mngv�}ehmne�o�lai�lY{�q�oÍq&r�lZ�ve�z|q�mJm;uvov{�zhi&lZ{}q%oÍkYq%uvlZ{}ove��;�Fi%�Ji,mni���q%k;{�mngFi�zålnq%o�lY�ve*gFi&kai&�}��e��OgãehkZr·q%kYm£i&oFzhe
ÉË�Zgãehe��vuvgÍi&oj���Zz�i&��i&¹v{}�}{�l��vÌå�Ê�¿o�lZ�v{��J�¾e2zålZ{}q%o��]e
�ve��Yz|kY{�¹ãe£lZ�Fe'�%e�ovehkai&�]z|q�mJm;uvov{�zhi&lZ{}q%o��}{�¹vkai&kY� Ý À�Þ¶�,xv¸J�½�<�Fe
kYq%uwlY{�ove2��i&kYe¶i%kYza�F{�lYe�zålYuvkYef{}oF�we�gje�oF�wehopl�¹Fuwl:ovehe2�
i%o�� Ý �¢ ¢{�mngv�}ehmne�o�lai�lY{�q�o
i&oj�*inß C¶º½��º�À�Ò����nz|q%mngv{}�}ehk2���<�Fe
�}{�¹vkai&kY�+{}mngv��e�mnehoplY�O�w{}�¾lZkY{}¹vuwlZ{}q%oL~��Z�pu�"n{}ov�+i%oF�J��i�lY�vehkY{}ov�EkZq�uwlZ{}ove��¡r·q%k¡lY�ve�i&kYkai)�El��pgãe����we��Yz|kY{�¹ãe��n{}oÈx¼e�z|lZ{}q%o'Âv� Âv�
À:gFgv��{�zhi&lZ{}q%o*q&r½lZ�ve��}{}¹vkYi%kZ�Èi��Z�Zuvmne��]lY�Fi�l�lY�ve�gFi%kYi%���}eh�}{�à2i�lY{�q�o'{���z|q%oj�wuFzålYe��*q%o�iJuvov{�r·q%kYm�gFi%kYi%���}eh��m£i%za�F{�ove��

?acb � s � � j z_e��El�o�ecs{z � s{jmo�e�zmw$x
�<�veEm£i%�¾lZe�k��vq%���v��z|q�gv{}e��<q&rClZ�ve�����q�¹Fi&��Â%dQ~F��dQ~vç<d¯i%oF�
��d¯i%kZkai)�w��i%���ve��Yz|kY{�¹ãe��
{�oµx¼e2zålY{�q�o�Âv� Âv����q%kYâ%e�kY�]�Fi)��e
�}q¼z�i&�:ÉÏ�¾m£i&�}� Ì¶�%ehka�Z{�q�oF�¶q&r]lZ�ve2�¾eÈi%kZkai)�w�,¡¦r·q�k�e�i�za�,����q�¹Fi&�»i%kZkai)�*lZ�ve�kZeÈi%kZe;l��Oq��}qwzhi&�Oz|q%uFo�lYehkYgFi&kZlY��~¦e�i�za�,�Fq%���w{�oF�
�}q¼z�i&���vi�laiQ{}o'q�ove�q%r�lZ�FeEzhq%mngv�}ehmnehoplai&kY�Qr·q�kZm£i�la�EÉ/�: ¿�Z��{�z|e%G �� ¿�Z��{�z|efq%k<�� ¿�¾�}{}zhe	G �  ¿z|q%�}uvmnojÌ|�½d¶i�laiQmnq��%e2��¹ãe|l��]ehe�o
m£i%�¾lZe�kJÉË�%�}q%¹Fi%��i%kZkai)�w�YÌ:i&oF�Ê�Oq�kZâ�ehka�QÉ·�}qwzhi%��i%kZkai)�w�YÌ�¡¦�vi�lai
i%�}�Zq
mnq���e��f¹jehl��Oe�ehoÊ�]q%kYâ%e�kY��~ã¹je�{�ov�*kYe��Z�pu�"ne2��r·kYq%m
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P1 P4 P5P2 P3

diagonal mapping by lookingx/y−mapping by looking
at already assigned neighbors

diagonal mapping
at already assigned neighbors
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q%oFe£l��¼gje
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zhq%mnmQuFov{}z�i�lY{�q�o�kZq�uwlZ{}ove��Q{�mngv�}ehmne�o�lYe���¹¼�,lZ�ve
�}{�¹vkai&kY�%�
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1%3%

1%

9%

3%

82%

16 Workers

I/O                     (1%)
Distribution        (3%)
Gathering          (1%)
Shuffling            (9%)
H Computation  (3%)
V Computation  (82%)

3%

14%

4%

12%

4%

63%

60 Workers

I/O                     (3%)
Distribution        (14%)
Gathering          (4%)
Shuffling            (12%)
H Computation  ( 4%)
V Computation  (63%)

ß½{���uvkYe,Ð�Q Ý ehkaz|ehoplai&�%e�q%r¶lY�ve�lYq&lYi%��R�S�T�lY{�mneÊzh�}i%{�mne2�5¹p�5z|q�mnmQuvov{�zhi&lZ{}q%oÑi&oj�Ñz|q%mngvuvlYi�lY{�q�oÑ{�oëi5�2ÂV�vq�uvka�
xw���O�� Ã�Z�¾�]�¾{}mQuv��i�lY{�q�o
��{�lZ��� � �wq%m£i%{�o��we�zhq%mngãq��Z{�lY{�q�o��
lZ�Fen�v{}�¾lZkY{�¹FuwlZ{}q%oÊlZ{}mJen{���z|q�oF��lai&opl�~¦{�l+i%z�z|q%uFo�la�:r·q�k�� '�q&rOlZ�veJlY{�mnen��{�lY�9�2ÔÈ�]q%kYâ%e�kY�fi&oF�Êr·q%kn�h� '�q&r»lY�veJlZq%lYi&�
lZ{}mnen��{�lY�,Ô%�
�]q%kYâ%ehka���EÒ�q&lYeQlY�Fi�lElZ�FeQlYq&lYi%�»�¾�¼u "£{}ov�
lZ{}mJeJgãehkaz|ehoplai&�%eJ{}oFz|kYe�i��¾e2�:q%oF����mnqw�we��¾lZ�}�%~L{Ï� e%�Q�Z�¼u "£{�oF�
�Yzhi&�}e��]�]eh�}����{�lZ�*lZ�ve�o¼uvm;¹je�k�q&r��Oq�kZâ�ehka�h�
�<�vene��Èz|{}ehojz|�µi&oj�Ê�Zgje�e��wuvgV�w{�i&��kYi%mn�¶i&kYeJ�%{}�%ehoÊ{�oVß½{���uvkZe�Ov�;�<�ve;gji&kai&�}��e���zhqw�we;e�mngv��q��¼{}ov�
Ô%�
�]q%kYâ%e�kY��{}�

mnq%kYe]lZ�Fi%oÈ��Á�lZ{}mne��¡rËi���lYehk�lY�Fi&onlY�ve��ZehkY{}i%�vz|qw�we%���<�ve�e3�£zh{�e�oFz|�Jq&rãlZ�Fe:gFi&kai&�}�}eh�}{�à2i�lZ{}q%o;kZe�m£i&{}oF�»i&¹ãq��%e:Á%�fgãehkaz|e�opl
uvg£lYqJÔ%�+�]q%kYâ%ehka��r·q�k�lY�ve¶� �  ¿�Zza�Fehmne%�¡�<�vefe��Èz|{}ehoFzh�£�wkZq�gF�Oq&r¦lZ�Fe ��� �Yza�vehmne¶i&kYe��wuveflZqQlZ�ve¶��qpi%�£{}mQ¹ji&��i&oFzhe���~
i%�<ehèwgv�}i%{�oFe��
ove|è¼l��
� a 
 � s2l�u�� � �_l�n�l�z_�Ew
Î�qpi%�£{}mQ¹ji&��i&oFzhe��Fi��]iQm£i���q%k]{}mJgji%zål<q%o
gFi&kai&�}�}eh�ãgje�k¾r·q�kZm£i&ojz|e%���<�veEi&mnq%uFo�l<q&rC��qpi%�£{}mQ¹Fi%�}i%oFz|ef{}�]�¼{��¾uFi%��{}àhe2�È{}o
ß½{���uvkYe]�F�½ßFq%k�lZ�Fe<� � gFi&kZlZ{�lZ{}q%oF{�ov�flZ�Fe�mni&èw{�m£i&�w{��w�}e]lZ{}mJe�~�i%oF�+lY�ve�mn{�oF{�m£i&�vzhq%mngvuwlai�lY{�q�oFi&�¼lY{�mne<q%o �  ¿z|q���uvmnoF�
É �ã ÏlYkYi%oF�¾gãq%kZlOi%oF�'za�ve�mn{}�¾lZkY�vÌ»i&kYe:��{���eho ¡plZ�Feh�Èz|q�kZkYe��Zgãq%oF�JlYq+lZ�FefgvkYqwz|e2�Z�Zq%k�lZ�Fi&l]��e|lY��lZ�Fef�}e�i���l<i&mnq%uvopl<q&r��]q%kYâ��
�<�ve£{��w�}enlZ{}mJe£{��QÂ 'ä��{�lZ�5��Ô*�]q%kYâ%ehka�Ei&oF��Ô 'y��{�lY��Ô%�*�Oq�kZâ�ehka�h�£ßFq%kElZ�Fe � ��gFi%k¾lY{�lY{�q�ov{}ov�*lZ�ve£m£i�èw{}m£i&�»{��w�}e
lZ{}mne%~½i&oF�ÊlZ�venmn{}ov{�m£i%��z|q�mJgFuwlYi&lZ{}q%oFi%�ClY{�mne£q�o��f ¢�Z��{�z|e2�nÉ·{}oFz|�}uF�w{}ov�µza�ve�mJ{��¾lZkY�wÌ¶i%kZeJ�%{}�%e�o��J�<�FeJm£i&è¼{}m£i&�¡{��w�}e
lZ{}mneÈ{��Q�Z{���ov{ � zhi&opl2~�Â%Ô 'ä��{�lZ� ��Ô��]q%kYâ%ehka�Ei&oF�V�*O 'y��{�lY��Ô%���]q%kYâ%ehka���
�<�v{��+{��+ehè¼gF�}i%{�ove2��¹p�,lZ�Fe£rËi%z|l+lZ�Fi&l;{}o
lZ�F{}�Qe|èvi&mngv�}enlZ�ve�kZeÈi%kZe£ÔF� �� ¿�¾�}{}zhe��-¡»Á&�*�Oq�kZâ�ehka�¶�%e|l+q�ov�}�,q�ove �� ¿�¾�}{�z|e%~C���v{}��e£lY�veÈkYehm£i&{}ov{}ov���Oq�kZâ�ehk���e|lY��l��Oqj�
�<�ve�lYq&lai&��z|q%mngvuvlYi�lY{�q�oFi&�LlZ{}mneQ{�����{���eho�¹¼�
lY�v{�����i%�¾l��]q%kYâ%ehk7¡vlY�veQq%lZ�ve�kfzhq%mngvuwlYe+q%ove,�� ¿�¾�}{�z|e%~jlZ�FehoÊi%kZe�{��w�}e+r·q%k
lZ�Fe�lZ{}mne+ovehe2�we��*¹¼�
lZ�ve�gvkYqwz|e2�Z�Z{�oF�Jq%r�lZ�veQ�Ze�zhq%oF� �f ¢�Z��{�z|e�¡wlZ�F{}��{}�f�¾�vq���o�i%��in��O 'I{}�v��e�lY{�mne+{}o�lZ�Fe � �%uFkZe��2�,e



���������	��
���
������������������������! "�$#��%
�&���')(�*�!+,�-�/.102�%�!�% 3 4�! 5�367��8"��9	
:9%;�<>=?�@+7A �)Á

1 8 16 24 32 40 48 56 64
1

8

16

24

32

40

48

56

64

Number of Workers

S
p
e
e
d
u
p

Ideal Speedup
HV−partitioning
XY−partitioning
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40%
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110%

Number of Workers

E
ff
ic

ie
n
c
y

HV−partitioning
XY−partitioning

ßC{}�%uFkZeKO�Q�xwgje�e��wuvgj�:i&oF�
e��Èzh{�e�oFz|{}e��<r·q�k Ý i&kai&�}��e���xv������ ¢�¾�Z�O��{�lZ��� � i%oF� � � �wq�m£i&{}o*�we2z|q�mJgãq��Z{�lZ{}q%oF���
ovq�� zhi%o�ehèwgv�}i%{�oVlY�ve'�¾lYi%{�kZ Ã�}{}â%e£�¾�ji&gãe£q&r<lZ�ve
�¾gãehe2�¼ ÃuFg��w{}i%�%kai&myr·q�k+lY�ve � ��gFi&kZlZ{�lZ{}q%ov{}ov�µ�Z�vq���oV{�o�ß½{}�%uvkYe/Ov��Ñ�ve�oveh��ehk»lY�ve¶opuFmQ¹ãehk�q%r1�� ¿�¾�}{�z|e��]�w{}�¼{}�we2�»lY�ve�o¼uvm;¹je�kOq%r��Oq�kZâ�ehka��q%ovef�Fi%�Oi+¹Fi%�}i%oFz|e2�n�Oq�kZâ¼�}q�i���¡%{�r�lZ�Fe�o¼uvmQ¹ãehk
q&r��]q%kYâ%ehka�O{}��¹ãe|l��]ehe�o*l��Oq£z|q�oF�Ze�z|uvlZ{}�%e��w{}�p{��Zq%ka�]lZ�ve�m£i�èw{}m£i&��o¼uvm;¹je�k:q&r¡�¾�}{�z|e��<gãehk�gvkZqwzhe��Y�¾q�k]{��<lY�ve+�Zi%mne%~Fi%oF�
lZ�FeQ�¾gãehe2�¼ ¢uvg�z|uvkY�%e�{����ji&l;É·e�� �j�O�w{}�¼{}�w{}ov�ÈÔF�$�� ¿�¾�}{}zhe��<lYqÈi&o¼�'o¼uvm;¹je�k:q&r¡�]q%kYâ%e�kY�]{}o*¹ãe|l��]ehe�oµ�v��i&oj��Ô%�ni%�Y�¾{}�%oj�
ÂJ�¾�}{�z|e��]lYq£i�l:�}e�i%�¾l�q%oveEgvkYqwz|e2�Z�Zq%kåÌå�
ß½{���uvkZeE�J�vi�laiQz|q�o � kYm£�Oq�uvk]e|èwgje2zålai�lZ{}q%o'lZ�Fi&l<lZ�veE� � �¾lYi�lY{}zf�}q�i%�'¹Fi&��i&ojz|{}ov�;�Yza�vehmne¶�¼{�e��}�v�<zh��qp�¾e�lZqJq%gwlY{�m£i&�

kYe��Zuv��la�h�;�<�ve;m£i&è¼{}m£i&���}q�i%�Ê{�m;¹Fi&��i&ojz|eJ{}�¶¹ãeh�}q�� Ô 'æ���FehoÊuFgÊlYq*Ô%�
�]q%kYâ%e�kY�fi&kYe;e�mJgF��q���e��¦�+À z|q�mngFi&kY{}�Zq%oÊq&r
lZ�F{}�:i%gvgvkYq�i�za�È��{�lY��i£�w�¼oFi&mn{�zf�}q�i��'¹ji&��i&oFzh{�ov�n�Yza�vehmne�{��<��ehr l�lZqnr·uwlYuvkZe��]q%kYâ��

� �$g/a�Yfh^u�moXZgQa�m _ba¢B��"u pnu�lnd 
 g/l
�
��eµ�weh��eh�}q%gãe��5i�z|q�mJm;uvov{�zhi&lZ{}q%o5��{}¹vkai&kY�Vr·q%k£lY�veµgFi%kYi%���}eh�}{}à�i�lY{�q�oÍq%r�i%{�kÈépuFi%��{�l��Ímnqw�we��}�£q�oÑ��lYkZuFz|lZuvkYe�� ��kZ{��v���
�¢l'{}mngv��e�mnehoplY�
iVmni���lYehkZ Ã�]q%kYâ%e�kJ�¾lZkai�lYeh���Íi&oF� ��� i&oj� � � �wq�mni%{�o?�ve�z|q�mngjqp�¾{�lZ{}q%oF���ë�<�Fe�uF�¾eÊq&r¶lZ�veÊ� Ý �
mne��Y�Zi%�%eh ÃgFi��Z�Z{}ov�+��i)�%ehk]r·q�k:z|q%mnm;uvov{�zhi�lY{�q�o
e�oF�ZuvkZe2�<gjq�k¾lai&¹v{}�}{�l����
À:gvgF��{�zhi&lZ{}q%oVq&rOlZ�ven�}{�¹vkai&kY��lZqµxw���O�� ¢�¾�¾�fgvkYq��p{��we2�¶i*gFi%kYi%���}eh�}{}à�i�lY{�q�oµe|èvi%mJgF��e��n�<�Fenzhq%mngvuwlai�lY{�q�oFi&�½lZ{}mne£{}�

kYe��wuFzhe��*r·kYq%m#�+�vq�uvkfi%oF�V�2ÁJmn{}opuvlZe��fgãehk��Fq%uvkfq&r��Z{�m;uv�}i&lZ{}q%o��wq���o�lYq'�}e��Y��lZ�ji&oÊÂnmn{}opuvlZe��fuF�Z{�oF�'Ô&�£�]q%kYâ%e�kY���
�<�veEe��Èzh{�e�oFz|�
q&rLlY�ve+�Z�¼�¾lZe�m�{���i&¹ãq��%e�Á&�('È�
�<�ve�� �  ÃgFi%k¾lY{�lY{�q�ov{}ov�¶i%���}q��:�C�%q¼qw�Q�Yzhi&�}{}ov�:r·q�k¡�}i%kZ��e�o¼uvmQ¹ãehka�½q&rFgFkZqwz|e2�Z�Zq%ka���L�<�ve]{�ov�FehkYehopl»��lai�lZ{�zO��qpi%�+¹ji&��i&oFz| 

{}ov�¶�¾lZkai�lYeh���¶gãehkZr·q%kYm£�LkYehm£i%kZâ�i&¹F���E�]eh�}�Ï~�â�ehehgF{�ov�flZ�Fe]�}q�i���{}mQ¹Fi%�}i%oFz|e]{�oQlZ�ve<kai&ov��e�q%rj�¾e��%e�kYi%��gãehkaz|e�o�l2�$��e<¹je���{}eh��e
lZ�ji�l¡lZ�F{}�Oi&gvgvkYq�i�za�;z�i&o£z|q�mJgãe|lYe���{�lY�Èi��w�¼oFi&mn{�z<��qpi%�J¹Fi%�}i%oFz|{}ov��i&gvgFkZqpi%za�Qq�onuvov{�r·q%kYm gFi%kYi%���}eh�vm£i�za�v{�oFe���~%�¾{}oFzhe
{�lY��q���ehkY�ve�i��£{}���Zm£i&�}��e�k��C�rQz|q�uvkY�Ze%~:�v�poji&mn{}zÊ��qpi%�Ñ¹ji&��i&oFzh{�ov�9zhi&oÑm£i%â%eµlY�veÊgji&kai&�}��e���{}à�i&lZ{}q%o?i&gFgv��{�zhi%¹v�}e�lZq9ovq%ow ¢uvov{�r·q%kYm ove|l��]q%kYâw�
q&r��]q%kYâw��lai�lZ{}q%oj�h~½{�ojz|kYe�i%�Z{}ov��lZ�ve
gjq�k¾lai&¹v{}�}{�l���q&r�lY�ve
zhq%mnmQuvoF{}z�i�lZ{}q%o��}{}¹vkYi%kZ���µßvuwlYuvkYe'�]q%kYâ,��{}���]¹ãe
�we��%q&lYe���lYq
�we��%eh�}q%gF{�ov�ni&oj�
{}mngv�}ehmnehoplZ{}ov�£��i&kY{}q%uF�<�w�¼oFi%mJ{�z¶��qpi%�
¹Fi&��i&ojz|{}ov�£��lYkYi&lZeh��{�e2�h�
�¿o9q�kY�vehk;lZq�kZe2�wuFz|e
lZ�Fe�zhq%mnmQuFov{}z�i�lY{�q�o�q��%e�kZ�ve2i%��gji&kai&�}��e��O{}ovgvuwlÈi%oF��q�uwlZgvuvlnkYq%uvlZ{}ove��nzhi%oÍ¹ãe�ehmngv�}q��%e����

�<�v{����ji%��lZ�veJgjq%lZe�o�lY{}i%�½lZq
�Z{}�%ov{ � zhi%oplZ�}�*kYe��vuFz|eQlZ�veJq��%e�kZ�ve2i%��i%��lZ�FeJ�w{��¾lZkY{�¹vuvlZ{}q%o,i%oF���pi�lZ�FehkY{�ov�
��lYehgF�¶¹ãe�z|q�mne
uvovoFe�z|e2�Z�Yi&kY�%��CfoÈi+ç]ehq���uv��r¦z|�}uF��lYehk2~����FehkYe:q%ov�}�+lY�vefzhehoplZkai&�F¹jq)èn�Fi%��i%zhzhe��Y��lZq+lZ�vefmni%{�oÈ�¾lZq�kYi%�%e�~%�¾q�mne�z|q����}{}�Z{}q%o
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98%

2%

HV w/ 16 Workers

Min. V Computation
Max. V Idle

94%

6%

HV w/ 60 Workers

74%

26%

XY w/ 16 Workers

Min. Y Computation
Max. Y Idle

52%
48%

XY w/ 60 Workers

ß½{���uvkYeE��Q¡Î�q�i��'{}mQ¹ji&��i&oFzhe��Or·q%k:i��)Â+�vq�uvka�:xw������ ¢�¾�Z�]�Z{}mQuv��i�lY{�q�o
��{�lZ��� � i%oF� � � gFi%k¾lY{�lY{�q�oF���
q&r��¾{}mQuF��lai&ove�q%uF�<��C�{}�<lYqn¹je�ehè¼gãe�z|lZe2�¦�
� X-\�ln_ lor �6k _bX^h^_>\"X^h Xqp�r
Ý À�Þ¶�Êxv¸ i&oF�'lZ�Fe�uF�¾e�k�m£i&o¼uFi&��i%kZe�i)��i&{}��i&¹v�}e�r·q�k:�wq���ov�}q�i��£r·kYq%m
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 hZdmB"]1^ dEa�pvm
�<�ve��]q%kYâ�q&r Ý �O�µ{�e��veµi&oF�5ÀQ�]xwi%oF�wuÑ�<i%�£�Zuvgvgãq%kZlZe�� ¹¼��lY�veÊÒ¶xwß s]Àfº:���Oºäi)�]i%kY�9À�sO�¢ ¢���%�%�F�����Êi&oj�9¹¼�
��{�za�v{}��i&o��Ce�za�voFq%�}q%�%{�zhi%���:ov{}�%e�kY�Z{�l��%� Ý i&kZl�q&r�lZ�v{��f�Oq�kZâÈ�<i%��z|q%mngv�}e|lYe���¹¼� Ý �j��{}eh�ve;i%��i Ý kYq���e�z|l<r·q%k:lY�veQ��� x��
�we��%kYehe¶{�o*lZ�Fe;sOq%mngvuwlYehk�xwzh{�e�oFz|e+dfehgFi%k¾lYmnehopl�i�l:��{�za�v{}��i&o��Ce�za�vovq���q��%{�zhi%�ã��ov{���ehka�¾{�l��%�
�6d�� dElndEa�Yidfm
�����+ç]ehq���uv��rfz|�}uF�¾lZe�kY�Jq&r¶�Oq�kZâw�¾lYi&lZ{}q%oF�+ +�%ehoFehkai&�]{�owr·q�kZm£i&lZ{}q%o����plZlZg Q GIG�������� za�ve�m�� i%kZ{}àhq�oFiv� e��wuEG2lZ�Fehqwza�vehmPG*¹ãe| 
q���uv��r�G)���Fi&lZ{��h� �plZmn�Ï~��pl¾lYg Q GIG)������� �Zuvgje�kYzhq%mngvuwlYehk2� q�kZ��Q O��IO��*G¶ßwÀ�ÞKG)¹ãehq���uF��r  ÃrËi%éã� ��lYmn�Ï�� Â	�+��za�plZ�Fehq��  »�<�vefç]ehq���uF��rCzh��uj��lYehk<i�l���{}za�F{��pi&o'�Ce�za�voFq%�}q%�%{�zhi%�F�:oF{���ehka�¾{�l��%���plZlZg Q GIG�������� z��h� m+lYu�� e2�wu�G�¹je�q���uv��r��� �%�Q¸J�Fº��ãs]i%kZmn{�za�Fi&e��Ï� Ý kY{}�)i&lZeQsOq%mnm;uvov{�zhi�lY{�q�o��
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� ���Q¸J�ãº+�¦s]i%kZmn{�za�Fi&e��Ï~ãÀ+�¦xwi&oF�vu�~ãß]��À+� Ý q&lYkYiF~ � ��d¶i&mn{}i%ow ¢�¿q%ka�vi%za�ve�~Fi&oj�µ����dfi%mJ{�i&ov Ã�¿q�kY�vi�za�ve%���<�veJz|uvkYkYehopl
��lai�lYeEi%oF�
lZ�veEr·uvlZuvkYe+�w{}kZe2zålZ{}q%oj�<{�o�i&{}k:épuFi&�}{�l��'mJqw�we���{}ov�j���������ã~FÂ%Á�Q Ð&Á �ã�2��Áw~j�����%Ôv�� Á	�Q¸J��º��Cs]i&kYmn{}za�ji&eh�Ã~¦À+�Lxwi%oF�wu�~Csf���Q�Lx¼q%oF�F~Lx����f�:~¦�����j� Ý �Fi&oj�w{}��~�d;��dfi%e��Yz|u�~ � ��dfi%mn{}i%ow Ã�¿q�kY�Fi%za�ve�~ãi%oF�
ß]�vÀ+� Ý q&lYkYiF�
	���

����� ² ������� ²������F²������ � � �"! �$#%
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��� ��²5- � �6!)�a²����n² � - �7� ��� ���8���5�9
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