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O*PRQTS�PVU�WDW5XZY\[^]_PV`Ra/bdceX�`fceg/PRXihkjlU�PmU�ndnpoXindXih�qLrlUsheXihktLXZtLQTu6uwvXiXihxqlP/vXiheXxU�gLyzXic{hR|@hRc�oXiWDXih}t~b�hRcePRb�r6gwvXih

O*PRQ��mXic_]}O*�
��Usj/jEQTPec{tLXkPeXx`ea6XiPV`Ra/X�uZ�EY����/Y\[^�zU�b�Yx�T�T��[�Yx�ZjEU�STX�h

�����������E�����,�{a/XD���I���*�Z��n�U�u6STglUsSTXkbdh}U"he|LhRceQTndb�`kj/PRQTS�PVU�WDW5bdu/SZn�Usu/STglUsSTXTqL�{a6b�`RazhRbdW5j/ndb¡ lXih{cRa/XZj/PRQTSTPmU�WDW5XiPx¢ h
cVUshe£Dr@|DW�Us£@bdu/S�Xmy/j/ndb�`fb�c{cRa/XZt/U�cmUx¤>¥lQ��¦Q�§,hR|LheceQ�ndb�`�U�ndSTQ�Pebdcea/WDh�qTUsultDrL|5Xmy/jEQThebdu/S�cRa/X�t/UscVU�tLX�n�bd¨�XiPe|DW5X�`RalUsu/bdheW�©
�{a/X_g/ultLXiPRnd|@bdu/SZUsPV`Ra/bdceX�`fceg/PRX}WDQ/tLXin/bdhªtLb¡«IXiPeX�u@c §8PRQTW¬QTcRa/XiP{�I­m®N¯°UsPV`Ra/bdceX�`fceg/PRXih�bdu"cealUscªbdc*j/aL|Lheb�`iU�ndnd|ZhRXijlU�PmU�cRXih
`mQ�W5j/g/cmU�cRb�Q�u±UsultNt6U�cVU²W�UsulU�S�XiW5X�u@cx©z³�X�bduLcePRQ~t~gl`mX'cea/X´���µ�B�*�Z�Fn�Usu/STgEU�STX'U�h�UzhR|Lu@cmUxy/b�`5UsultNU²heXiW'U�uLceb�`
Xmy/ceX�u/hebdQTuFQs§�cea/X´�¶n�U�u/S�glU�S�XT©´³�X�hea/Q��·b�u:cea/bdh�U�PRceb�`mndX5cRalU�c"cea/X²���I�B�*���¸j/PRQTS�PVU�WDW5bdu/SDW5Q/tLXin�j6PeQ�¨Lb�tLXih�U
hebdWDj/ndX{j/PeQ�STPVUsW5WDb�u6S}WDXicea6Q~t¹§8QTPºhe|LhRceQTndb�`kU�ndSTQ�Pebdcea6W5h�qs�{a/b�`ea'bdh�U�j6j/ndb�`�U�r/ndX�cRQ¹U"¨TUsPebdXic2|�Qs§»jEU�PVUsndn�X�nlW'UT`Ra/bdu/Xihx©
¼D½L¾I¿eÀZÁE�TÂ*���5j6PeQTS�PVUsW5W5bdu/S{n�Usu/STglUsSTXTq~���I�B�*�Z�Dn�Usu/STgEU�STX�qTt/U�cmUx¤2jlU�PmU�ndndXindbdheW�qs�I­m®N¯°U�Pm`ea6b�cRX�`mcRg/PeXihxqI®´Ã8Ä�®��IÄIÅ
W�U�`Ra/bdu/XTq�he|LhecRQTndb�`}UsndSTQTPRbdcea/WDh�qTÆµXi¨TXiu6heaLceXibdu�UsndSTQTPRbdcea/W´©
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���½/�����	�½F�N���I���*�Z�NXihRcZg/u�n�U�u/SLU�S�X¹tLX�j6PeQTS�PVUsW5W�Usceb¡QTu'he|LhecRQTndb���g/X���g/b hebdW5j/ndb¡ lXZn�UDc��U�`Ra/X5tLg�j/PRQTSTPmU�WDW5Xig/P
XiuDjlXiPRW5XicRcVUsu@cºn2¢ Xmy/j/PeXihRhebdQTu'tLXih ¥��QTcRhwt~X}tLQ�u/u{vXiXih�`�U�PVU�`mc/vX�PebdhecRb���g/X�h}tLXih{U�ndS�QTPebdcRa/W5Xih*hR|@hRceQ�n�b���g/Xihx©/ÆIX_W5Q/tIoXindX�tI¢äU�P ¤
`Ra/bdceX�`fceg/PRX5`mbdr/ndX�tLb¡«»oX�PeX�tI¢äU�g/cRPeXihkW5Q/tIoX�n�X"�I­m®N¯¬jlUsP�n�U�j/P/vXiheX�ul`mX5tLX�tLXigLy�`mQ�uLcePeQ�ndXig/Peh! In2¢ g/u'SloXiPRX�n�U"STX�hecebdQ�u�tLXih
tLQ�u/u{vXiXihxqLn2¢ Usg/cePRXªndX�`iUsn�`mg/n2©#"\QTg/h b�uLcRPeQ/tLg/bdheQ�u/h�ndX{n�U�u/SLU�S�X����µ�B�*�Z��`mQ�W5WDX�g/u/X_Xmy/ceXiu/hRbdQTu�he|LuLcVU y/b���g/X{X�cªh/vXiW�UsuL¤
ceb���g/X�tLg�n�Usu/S@UsSTX_��©$"{Q�g/h�WDQTuLcePRQTu/h�t/Usu/hª`mXic{U�PRceb�`mndX%��g/X{ndX{WDQ~tIoXindXwtLX{j6PeQTS�PVUsW5W�UscebdQ�u"���I�B�*����j/PRQ/`i`mg/PRX�g/u/X
W vX�cea/Q/tLX�tLX"j/PeQ�STPVUsW5W'U�ceb¡QTuDhebdW5j/ndb¡ �vXiX"tLXihZU�ndSTQ�Pebdcea6W5Xih{hR|@hRceQ�n�b���g/XTq&�Tg6b,X�hec�Usj/j/ndb�`iU�r/ndXZhRg/PZg/u´Xiu/hRXiW�r/ndXZ¨TUsPeb�vX
tLXkW�U�`Ra/bdu/XihºjlU�PmU�ndnpoXindXih�©
'¦ÁE� ��¿V�)(#�½F�°n�Usu/S@UsSTX�tLX�j6PeQTS�PVUsW5W�UscebdQTu�qLn�Usu/S@UsSTX��_�I�B�*�Z�Bq�jlU�PmU�ndn�vXindbdheW5XZtLX5t~QTu/u{vX�Xih�q*U�Pm`ea6b�cRX�`mcRg/PeXih'�I­m®:¯¹q
W�U�`Ra/bdu/XZ®´Ã8Ä�®��IÄIÅTqLU�ndS�QTPebdcRa/W5b���g/Xºhe|LhecRQTndb��Tg6XTqltLbdhRcVU�uE`mXZtLX�ÆIX�¨TXiu/hRaLceXibduB©



���������
	���
���	�������
�������� �!
�"#���%$&$��(')" Y

* + &�����
-, � �{�º��
 &

.Lbdul`mX�cRa/X5bduLcePRQ/tLgl`mcRb�Q�u�Qs§wcRa/X5hR|LheceQ�ndb�`"U�Pm`Ra/bdceX�`mcRg/PeXz`mQ�ul`mXij6c�rL|0/_g/u/S´U�ult�ÆµXibdheXiPRheQTu:bdu¸Yx�21T�43ä�/Y65eqIuLg/WDXiPeQ�g/h
U�ndS�QTPebdcRa/W5hBUsultZtLXihRbdSTu/h�aEUx¨TXºrlXiX�u�j/PeQ�jlQ�heX�t�ceQkheQ�nd¨TX{`mQTWDj/g/ceXf¤prEQTg/uEtkj/PeQ�r/ndXiW5h�bdu�hRb�S�ulU�n/UsultkbdW�UsSTX*j/PeQ/`mX�hehebdu/SEq
W�UscePRbÙy}UsPebdcea6W5XicRb�`�Q�P,tL|LulUsW5b�`�j/PeQ�STPVUsW5WDbÙu/SªUsj/j/ndb�`iU�cRbdQTu/hx©m�{a/XibdP*j/PeQ�jlXiPRc2|ZQ�§/PRXiSTg/n�UsPebdc2|ZU�ultkndQ/`iUsn�bdc2|{W'U�£TX*cRa/XiW
�ºXindnIheg/bdceXxtD§8QTP87 ���I­ªbdW5j6n�X�W5XiuLcVUscebdQTu�©

�*QzXiu/hRg/PeXDQ�§�cea6X�¨TU�ndb�tLbdc2|�Qs§�cea/X5UsndSTQTPRbdcea/W j/PebdQTP�ceQ�`Ra/bdj²§pU�r/PRb�`iU�cRb�Q�uBqBUD§>g/ul`mcRb�Q�ulU�n hebdW�g/n�U�cRb�Q�u'b�h�u/XiX�tLXxtI©
9�UsPVtL�{U�PRXztLXihV`fPebdj/cebdQ�u n�U�u/S�glU�S�Xih5U�h-7;:�¯"�<3ä�=5�`mQ�g/n�tNrEX'XiW5j6n�Q�|�X�t�cRQ�hRbdW�g/n�U�ceXDhe|LhecRQTndb�`'U�PV`Ra/bdcRX�`mceg6PeXihx©�> g/c
cea6XiheXzn�Usu/STglUsSTXih"tLXijEXiultFQ�uNhebdW�g/n�UsceX�t²Xmy/X�`mg/cRbdQTuF�{bdcea¸U²hejEXiX�t b�uEUTtLX ��glUsceX §8QTP"PeX�Usndb�hRceb�`�cRXihecRh�©@?�u6n�|�jEU�PVUsndn�X�n
Xmy/X�`mg6cebdQTuF`iU�u�j/PRQ�¨Lb�t~X�cea/X'`mQTWDj/g/cebdu/SDjlQ��ºXiPZQs§�cea/Q�g/hVUsult´W5bdndndbdQTu/h{Q�jlXiPmU�cRb�Q�u/hZjEXiP"heX�`mQ�ult�PRX ��g/bdPeX�t±§8QTP�PeX�UsnÙ¤
cebdWDX�hebdW�g/n�UscebdQTuB©

O*PeQ�STPmU�W5W'U�r/ndXºjlU�PmU�ndndXinIW�U�`Ra/bdu/Xih{U�PeX�u/Q�� Ux¨TUsbdn�Usr/ndXªcRQ5tLXi¨�XindQTjBq6ceXihRc}U�uEt5Xfy~Xx`mg/ceX"he|LhRceQTndb�`kU�ndSTQ�Pebdcea6W5h�©A9{Q�¤
�ºXi¨TXiPxqEj/PeQ�STPVUsW5WDb�u6S}hRgl`Ra�W'UT`Ra/bdu/Xih�`fQTPePRX�`mcRn�|²b�h�UDtLbCB�`mg/ndc{cVUshe£EDzrEQTcRa�`mQ�W5j/g/cmU�cRb�Q�u5�{bdcea6b�u'cRa/X�hR|LheceQ�ndb�`�`mXindndh
U�uEtNhR|LheceQ�ndb�`'t/UscVU´cRPVU�u6h2§8XiPRh5rEXic2�ºXiXiu `mXindndh�W�g/hec"rlX²hejEX�`mb¡ lX�tI©º�{a/XzU�`mcebd¨Lbdc2|NQ�§kcea/X´`mXindndh��{a/b�`eaFj/PRQ�¨Lb�t~Xih�cea/X
`mQ�ul`mg/PRPeXiul`f|z§8Q�P}`mQ�W5j/g6cVU�cRbdQTu'bdh�PeX�n�Uscebd¨TX�n�|DX�U�hR|zceQDb�tLXiuLceb¡§8|L©�> g/c�cRa/X"b�u6j/g/c2¤2QTg6cej/g/c_W�UsulU�S�XiW5XiuLcº�{a/b�`Razbdh�PeX�h2¤
jEQTu/hRb�r6n�Xº§>QTP�`mQTWDW�g/u/b�`iUscebdQTukU�ult�`mQ�uLcePeQ�n/PVUsbdheXihºheg/r6cendX{bdheheg6Xih�D�he|Lul`Ra/PeQ�u/bGF�U�cRbdQTu�j/PRQTceQ/`mQ�ndh  LtLX�UTt@¤pndQ/`R£�Ux¨TQ�b�t6U�ul`mX  
�IH2?�bdu@cRXiP2§2UT`mXih! lUsult't/U�cmU"jlU�PRcebdQTu/u6b�u6Sl©

�{a/PeX�X}£LbdultLhºQ�§BjEU�PVUsndn�X�nlj/PRQTS�PVU�WDW5bdu/S{n�U�u6STglUsSTXih{U�PRX}Ux¨TU�bdn�U�r6n�X�©��{a6X� EPehecºjEQThehRbdr/bdn�bdc2|"bdhwU"tLX�tLb�`iUsceX_n�Usu/STgEU�STX�©
J6QTPºXmylU�W5j6n�X�qLK;MNM_��OP3dY�Y65B�ªQ�Pe£Lh{QTu'ndQ��º¤pndXi¨�XinE¨@b�tLX�Q�j/PeQ/`mXihRhebdu/SEq�K �I�I­!QSRT3 �AU=5,Q�u5hebdS�ulU�nIj/PRQ/`mXihehRbdu/SlqEK �V3ä�2W=5
QTuDW�UscePeb¡y�`iUsn�`fg/ndg/h�©L�{a/X�heXkn�U�u/S�glU�S�Xih�alUx¨�X�rEXiXiu'j/PeQ�jlQ�heX�t ceQ"W�Usj�PRXiSTg/n�UsPw`mQ�W5j/g6cVU�cRbdQTu/h*QTuDjlU�PmU�ndndXin/W'UT`Ra/bdu/Xihx©
> g/c{cea/X�b�P_ndb�WDbdceX�t�g/heXxt'W�Us£TX�cRa/XiW g/u/hRg/bdcVU�r6n�X_§8Q�PªS�Xiu/XiPmU�n�he|LhecRQTndb�`�j6PeQTS�PVUsW5W5bdu/S/©

]NhRX�`mQTuEtZjEQThRhebdr/bdndb�c2|_bdhBceQktLXihm`mPebdrEXªcRa/Xwt~bÙ«IXiPRXiuLc,cmU�hR£@h�Q�§ `fXindn~`fQTW5j6g/cVUscebdQTukU�ultk�IHA?:W�U�uEU�STX�W5XiuLc/Qs§6U\he|LhecRQTndb�`
u/Xic2�ºQTPR£��{bdcRa±U'n�Usu/STglUsSTX"rlU�hRX�t´QTuN`fQTW5W�g6u/b�`iU�cRbÙu/S�hRX ��g/XiuLceb�U�nºj/PRQ~`fXihehRXih�hegl`RaFU�hSX�ÄIÄE�EYP3ä�2Z=5e©I�{a/bdhk£Lbdult´Q�§
n�U�u/S�glU�S�Xkb�uLcRPeQ/tLgl`mX�h}jEQ��ºXiP2§8g6n»`fQTul`mX�j/cehZhRgl`Ra±Ush}`mQ�uLcePeQ�n*jlU�PmU�ndndXindb�hRW U�uEt'ndQ��º¤pndXi¨�Xin,`mQ�W5W�g/u6b�`�U�ceb¡QTu�j/PRbdW5bdcebd¨TX�h�©
?_u'cea/XkQTcRa/XiP_alU�ultµqLb�c{tLQLXih_u/QTc{U�ndndQ��FQTu/XkceQ�XxU�hebdnd|�Xmy/j/PRXihehkPeX�STg/n�U�P{hRcePRgl`mceg6PeXihx©l�{a6b�h�t~PVUx�{rlU�`e£'U�ndheQ�U�j6j/ndb�X�hªcRQ
[]\Eq/cea6XZn�U�u/S�glU�S�X�t~Xi¨TXindQ�jlX�t�§8QTP{cRa/X�[��E^E_´W�U�`Ra/bdu/X�3 `�5e©/�2uzUTt6tLbdcebdQTua[]\�PRX ��g/bdPeXihkcea6XZj/PeQ�STPmU�W5WDXiP�cRQ�PeXiSLU�PVt
ndQ�� ndXi¨TX�n,U�Pm`Ra/bdceX�`mcRg/PVUsn,tLX�cVU�bdndh{hegE`eazUsh�`mQTWDW�g/u/b�`iU�cRbdQTu"n�bdu/£�uEU�W5X�h�©

�{a/X�cea6b�Pmt´jlQ�hehRb�r6b�ndbdc2|D§8QTPkhR|@hRceQ�n�b�`�j/PeQ�STPmU�W5WDbdu/S�bdhkrlUsheX�t´Q�u�cea/X5t/UscVUDjlUsPVU�ndndXindbdheWb3dY��=5e©E�{a/X5U�tL¨TU�uLcVUsSTX"Q�§
cea6b�hºU�j/j/PRQ@U�`ea"ndbdXih�bdu�bdcRh�he|Lul`Ra/PRQTu/Q�g/hªj6PeQTS�PVUsW5W5b¡u/S{W5Q/tLX�n~Usult�b�cRh�STndQ�rlU�nL¨LbdXi�FQ�§Bt/U�cmU�Xfy6`RalUsu/STX�hwUsh�QTjEXiPVUscebdQTu6h
UT`fcebdu/S"QTu�t6U�cVU�`fQTndndX�`mcebdQ�u/h�©c9\Q��ªXi¨�XiP�qL�ºXindn¡¤p£Lu/Q��{u5t6U�cVU ¤pjEU�PVUsndn�X�nln�U�u6STglUsSTXih�3d1Lq/�T�/q/���Lq/�%`�5,U�PeXka/bdS�a/nd|¹tLX�jlXiuEtLXiuLc
QTu�cRa/Xk�I­m®N¯ U�PV`Ra/bdcRX�`mceg6PVU�nIWDQ/tLXin2©x�{a/Xi|�U�hehRg/W5XºceaEU�cªU_jlUsPeceb�`mg6n�UsP�heX�cªQs§l§8XxU�ceg6PeXihºbdh»Ux¨TUsbdn�Usr/ndXTqxhegl`Ra5Ush�PeQ�g/cebdu/SEq
¨LbdPecegEU�nEj/PeQ/`mXihRheQ�P�heg6j/jlQ�Pecxq/UT`mcRb�¨Lbdc2|"W�U�hR£Iq�PeX�t~gl`mcebdQ�u Usult"hV`�U�u'QTjEXiPVUscebdQTu6h�3ä�/Y65e©)?_u5cea6X}Q�cea/X�PªalUsult�cRa/Xi|5tLQ"u/Q�c
PeX�heQTnd¨�X�cRa/X�j6PeQTr6n�X�W Qs§ª�IH2?"qE�{a/b�`Razbdh{§8g/uEt/U�WDXiuLcVU�nIbduzhR|LheceQ�ndb�`�`mQTWDj/g/cVUscebdQTu6h�q/U�hk�ºXZ�{bdndn,tLXiWDQTu/hRcePmU�ceX�§8g/PecRa/XiP
QTuDcea/bdh�UsPeceb�`mndXT©/�\X�`mXiuLcRn�|Lq/U"n�U�u/SLU�S�X�rlUsheX�tDQTu²��e�e"ql`iUsn�ndX�tgfh�=ij	�������
������h����')"%k��#"���q/aEU�h{rEXiXiuzj/PRQTjEQThRX�tDb�ul3�Y�Z=5e©
> g/c{bduaR"�I�±t/UscVU�¥lQ�� tLbdPeXx`mcebd¨TX�h�U�PeXkhRXijlU�PmU�cRX�t §8PeQ�W `mQTWDj/g/cmU�cebdQ�u�hRcVU�cRXiW5X�u@cRh�U�ultDU�PRX�Xmy/j/PRXihehRX�tzbduDcea/XibdPºQ��{u
n�U�u/S�glU�S�XT©��2u�Q�g/P{QTj6b�u6b�Q�uBq�cea/bdh{W5bdhRn�XxUTtLhºcea/Xkj/PRQTS�PVU�WDW5XiPºU�ultDbdhªu6QTc{ulUsceg/PmU�nI§>QTPºj/PeQ�STPVUsW5WDb�u6Sl©

�*Q�r/PRb�tLSTXDcea/X'S@UsjNrEXic2�ºXiXiu hR|@hRceQ�n�b�`'U�ndS�QTPebdcRa/W5hZU�uEt�jlUsPVU�ndndXin{U�Pm`ea6b�cRX�`mcRg/PeXihxq{�ºX5j/PRQTjEQTheXzU´j/PRQTS�PVU�WDW5b¡u/S
n�U�u/S�glU�S�XTqB`iUsndn�XxtF���I���*�Z�B©��{a/bdhZn�Usu/STglUsSTX5`iUsj/ceg6PeXihDcea/XDXihehRXiuLceb�U�nº§8XxU�ceg6PeXih�Qs§}he|LhRceQTndb�`�W'UT`Ra/bdu/Xihkbdu¸U hebdW5j/ndX
j/PRQTSTPmU�WDW5bdu/SzWDQ~t~Xin}Usult U�ndndQ��{h�cea6X�j/PRQTS�PVU�WDW5XiP"ceQ:STXic'g/hRX�Qs§�cea6X±`iUsjlU�r6b�ndbdcebdXihDQ�§Zcea6X�g/uEtLXiPend|Lbdu/SNcmU�PRSTXic
U�Pm`Ra/bdceX�`mcRg/PeX�©
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(b) right assignment (d) right assignment with input and output fill

(a) left assignment
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(c) left assignment with input and output fill
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QTjEXiPmU�ceQ�P{ceQ�bdc�D

L cea/XzS�ndQTrlUsn�U�hehRbdSTu/WDXiuLc�Q�jlXiPmU�cRQTP�D�/ 0��	�I©��{a/Xza6QThecDXiW5bdcRh�cea/Xz¨TUsndg/X'Q�§
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proc 1 proc 2 proc n

t t t

D(m,n)

m 2 1 ........
k kr    ...   r    rk

1 2 n

m     ...     1      0 m     ...     1      0 

1r    ...   r    r11

m 2 1

1k
........
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