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a[4,3]  a[4,4]  a[4,5]

a[7,0]  a[7,1]  a[7,2]

a[6,0]  a[6,1]  a[6,2]

a[5,0]  a[5,1]  a[5,2]

a[4,0]  a[4,1]  a[4,2]

a[3,6]  a[3,7]

a[2,6]  a[2,7]

a[5,3]  a[5,4]  a[5,5]

q.dim(0)

a[7,6]  a[7,7]

a[6,6]  a[6,7]

a[5,6]  a[5,7]

a[4,6]  a[4,7]

a[7,3]  a[7,4]  a[7,5]

a[6,3]  a[6,4]  a[6,5]

a[1,6]  a[1,7]

20 1

X�X�X�XY�Y�Y�Y

a[0,0]  a[0,1]  a[0,2]

a[3,3]  a[3,4]  a[3,5]

a[2,3]  a[2,4]  a[2,5]

a[1,3]  a[1,4]  a[1,5]

a[3,0]  a[3,1]  a[3,2]

a[0,3]  a[0,4]  a[0,5] a[0,6]  a[0,7]

a[1,0]  a[1,1]  a[1,2]

a[2,0]  a[2,1]  a[2,2]
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q^\ykWz+Se\-V-Z
Xis�`bY[V-u-onTbSUX^\gqdc�qiSejeqi�-jeY�Se\�qiZG��Se\+T�`rSU\-ZrSeoÃs�ua\-onTbSUX^\-Z§�­Se\���Xi`rT�`rqi\w�G|�Yn`rY
��YÃl
Yn\+T�SeXi\
Xi\-jek�q
s�Yn�9XisRT�faY�ZbSel
_-jUY[ZbT>`rYnV-uaonT�SeXi\aZ��

¬ f-Y�¿y¼K�K�+¼+½ÈXi_pYn`rqiTbSUX^\�ZrSUl
_-jek�`rYnT�ua`b\-ZÃT�faY­l
q^°ySel�ual Xistq^jUjvYnjeYnl
Yn\+TbZÃX^s�q^\
qi`r`bqdk+�O ÂT>f-q^Zt_-`rXiTbXiTÂk+_�Y[Z

¬ÎIKJ��T@RJTc�N­¬½STSVUTU JB^�_
¬ÎIKJ��T@RJTc�N­¬½STS�XiU=UlJB^�_
¬ÎIKJ��T@RJTc�N­¬½STS�XTX2UTUlJB^�_
hThTh
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Ghost area written
    by WriteHalo         of array segment

   ‘‘Declared’’ ghost region
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of array
segment
Physical
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�»âUh^u-`rYÁö��U÷^®: ÂjUjeu-ZrT�`rqiT'âeXi\­XiswT�f-Y�Y[Ç�Y[onT�X^swY[°yY[onu-T§âU\ahÃTbf-Y ¸+¹ ´n¶+º+»+¼+½y¾�s�u-\-o[T'âeXi\w�

¬ f-Y `bY[Zbu-jeT�âeZ¥�-`rXiq^V-onq^ZbT@TbXtT�f-Y qionT§âUc^Y�_-`rXyo[YnZrZ"hi`rXiua_wx�q^\-V�`rYnT�ua`b\-Y[V0�ykÁT�faY(s�u-\-o[T'âeXi\w�
~vTbf-Yn`w`bY[V-u-onT§âUX^\�Xi_pYn`rqiT§âUX^\-Z"��âeT�fGZZâUl�âejUq^`Oâe\yTbYn`rs�qio[YnZ¥q^`bY(¿"´8yK�+¼y½@xy²�w+¿�qi\-V�À ¹ ¾K5Kw@·[¶@�
~vspT�f-Y[ZbYt¿"´8yK�+¼y½�âeZ(l�âe\�âUl�u-l�c�q^jUuaYyx�²8w+¿�q^V-V-Z(Tbf-YtYnjeYnl
Y[\yTbZ(Xis�¼
âe\
qi\
u-\-Zr_pYno�âe±-Y[V
X^`bV-Y[`�x^q^\-V­À ¹ ¾K5Kw@·[¶Ãl�uajUT§âU_-jãâeYnZtTbf-YnlÈ�

¬ f-Y>s�u-\-o[T'âeXi\m5+¾+¶6ª ¹ ¾K5Kw@·[¶�u-ZbY[V>âe\ÃZbX^lÃYvYnq^`bjãâeYn`�Yn°+qil
_-jeYnZ»âeZ�qijeZbXÁjeXihBâeonq^jUjek0q0`bY[¯
V-uaonT'âeXi\Rxd�-u-T´âUT�TbqiziY[Z�TÂ��X�X^\-Yn¯�V�âel
Yn\-ZZâUX^\-qijêq^`b`rqdk+Zwq^Z(qi`rhiualÃY[\+T�Z�qi\aVÃ`rYnTbu-`r\-Z�T�f-Y8âU`
Zronq^jUq^`t_-`rXyVau-onTbÄ$Tbf-Y�Zru-l�X^s(_-qBâe`r��âUZrYG_-`rX+V-u-onTbZ�X^s(YnjeYnl
Y[\yTbZ�� ¬ f-YÃZ§âeT�uaqiT'âeXi\g��âUTbf
Y[jUY[lÃY[\+T�TÂky_pYnZ�âeZGo[Xil
_-jãâUo[qiT�Y[V��pYno[qiu-ZrY7T�faY7TÂky_pYnZ�XisvT�f-Y7TÂ�vXWqi`rhiu-l
Yn\+TbZÁ\aYnYnVa\:ä T
�pY
âeV-Yn\+T'âeonq^jO�: Âs@Tbf-YnkÃqi`rY�V�âeÇ�Y[`bY[\yT�x�ZrT�q^\-V-q^`bV7�yqdc�q���âU\aqi`rk�\+u-l
Yn`ZâUo�_-`bX^l
XiT'âeXi\aZ(qi`rY
q^_-_-jãâUY[V-Ä$s�X^`tYn°+q^lÃ_ajUY
âes�T�faY�V-X^Tt_-`rXyVau-onT�Xis�qi\$´8y+¶Éq^`b`rqdk���âeT�fÈq]µy½+¾+¼+¶7qi`r`rqdkdâUZ
q7µ+½+¾y¼+¶Ãc�qijeu-Yy�R�aXil
Y�XiswT�f-Y�_-`rXiTbXiTÂk+_pYnZ�qi`rY

C/PRQ ERA�QTåTFRA8E�\K]?Q�N'C/PRQ STS-UTUlJ)XdCZPRQ STSVUTU�e�^�_
aRcTATJ�QæERA�QTåTFRA8E�\K]?Q�N'C/PRQ STS-UTUlJ)XraDcTATJ�Q STSVUTU�e�^�_
ERAM\Te6c=HjERA�QTåTFRA8E�\K]?Q�N'C/PRQ STS-UTUlJ)XrEDAM\Te6cTH�STSVUTU�e�^�_
aRcTATJ�QæERA�QTåTFRA8E�\K]?Q�NbaRcTATJ?Q¤STS-UTUlJ)XdCZPRQ STSVUTU�e�^�_
aRcTATJ�QæERA�QTåTFRA8E�\K]?Q�NbaRcTATJ?Q¤STS-UTUlJ)XraDcTATJ�Q STSVUTU�e�^�_
ERAM\Te6c=HjERA�QTåTFRA8E�\K]?Q�NbaRcTATJ?Q¤STS-UTUlJ)XrEDAM\Te6cTH�STSVUTU�e�^�_
hThTh¬ f-YÃqi`rhiualÃY[\+T�ZÁl�u-ZrT�faqdciY�Tbf-Y
Zbq^l
Y�Zrf-qi_pY�q^\-Vgl�u-ZrTÁ�pYÃqijãâUh^\-YnVw�Á}�Z�u-Zru-qij�T�faY

`rYnZru-jeT�âeZ��-`rXiq^V-onq^ZbTvT�X7q^jUj@l
Ynl���Y[`bZ�X^swTbf-Y�qio[T'âeciY0_-`rX+onYnZrZ>hi`rXiu-_R�
¬ f-YÁs�u-\-o[T'âeXi\ç7 ¹ ¾+¼"·[¼@²[¶qâUZ>\-X^T�q^onT�uaqijejUk7qÃ`bY[V-u-o[T'âeXi\wx^�-u-T}âeT�faqiZ>ZbX^l
Y�s�Ynq^T�u-`rYnZ

âe\]o[Xil
l
Xi\W��âeT�fWXiTbf-Yn`�s�u-\aonT'âeXi\aZtV�âeZbo[u-ZbZrYnVYâe\­Tbf�âeZ�ZbY[onT'âeXi\R� ¬ f-Y�_-`rXiT�X^TÂk+_�Y�âUZ
¬ÎeRFBATJ8ER]=JDW?Q�Nã¬èn[WD^x_



öiö¥ùRú�û�ü0ýRþ ÿ����Æû����	�wýRÿ
�	�
��ýRþ��Ðû�ÿtÿtû��Ðù������������nùRû�ý����������	�>ÿtû�ÿ
�

 ÂT�T�q^ziY[ZÉqÆZronqijeqi`���`rqi\-z+¯i³�V�âUZrT�`ZâU�au-T�Y[V qi`r`bqdk"��qiZ]qi`rhiu-l
Y[\yT7q^\-Vâ�-`rXiq^V-onq^ZbTbZ7T�f-Y
YnjeYnl
Yn\+T�c�q^jUuaY�T�X]qijejw_a`bX+onY[ZbZrYnZ�Xis(Tbf-Y�q^onT'âeciY�_-`bX+o[YnZrZ�hi`rXiua_w� ¬ k+_�âUo[qijejUkYâeT�âeZ�u-ZrYnV
âU\­onX^\Té�u-\-o[T'âeXi\­��âUTbf]qÃZronqijeqi`vZrYnonT§âUX^\ÉTbXÃ�a`bX^qiV-o[qiZrT qi\]YnjeYnl
Yn\+T>Xiswq�h^Yn\-Y[`bq^j�q^`b`rqdkyx
qiZ�âe\WT�f�âeZts�`rqihil
Y[\yT�®

C/PRQ�S=S�XiUTUlJ��;P6H?��C/PRQ�STS­�OX>�DUTU�_

C/PRQGP � êGë ¢ ERcDC/e h eRFBATJ�EB]=JDW?Q�N%JìS=S%íMî�XYí/î=UTU6^�_

É­�%ï ð@�����t�����n���  �¢��n�n�� �£¥¤�ñ��© �¢�§ §¦��ª�¤n ���£w¤n¢�ª�«

}�V-jãâe�gf-q^Z�ZrXil
Y�Zru-_-_pXi`rTÁs�Xi`�âU`r`bY[hiu-jeqi`�onX^lÃl�u-\�âeonq^T'âeXi\-Z�âU\�T�f-YÃs�Xi`rl Xis(o[XijejUY[onT'âeciY
¹+¼y¶+³+º ¹ q^\-V�²+·[¼+¶+¶yº ¹ Xi_pYn`rqiT'âeXi\aZ�� ¬ f-YÁZ§âel
_-jeYnZrT�s�X^`bl X^s¥T�faY�h^qiT�faYn`>Xi_pYn`rqiT§âUX^\�s�Xi`
Xi\-Y[¯ßV�âUl
Yn\aZ§âeXi\-q^j�qi`r`bqdk+Zvf-qiZ�_-`rXiTbXiTÂk+_pYnZ

@BADC�EGòBJ�Q8£6H?F�N­¬®STSVUTUjERHDW?Q1CZP6J�Q1C=A/P:X�¬¯STSVUTU[W8AM\RF1]=H�X�C/PRQ�STS-UTU[W/\Te6WT]?F1C/LDQ1WR^°_

¬ f-YÃ²8wK7"²y· ¹ ´[À+¶@²�q^`b`rqdkGZrf-XiuajUV7f-qdc^YtT�faYtZbq^l
YtZbfaqi_pY�qiZdxdq^\-V7�pY�qijãâehi\-Y[V7��âUTbfwx^T�f-Y
5+º@²[¶"´8y+¼y¶"´[¾KyGq^`b`rqdky�� Â\]_aZbY[u-V-X+onX+V-Y+x+T�f-Y
¹+¼+¶+³+º ¹ X^_�Y[`bq^T'âeXi\�âeZtY8�yu�âUc�qijeYn\+T>T�X

aRA�FlJTcTckókC/P�ô%õ�öM÷Z÷/÷/ö2ø�ù�ú=û#C/PGL6J�FBJ=cTcTHTcjERA
EDHDW?Q1C/P1J�Q1C=AMP¤S+ó%U#� W=AM\RFB]=HgSiW/\Te6WT]?F1C/LDQ1WgS+ó%UTU�_

��f-Yn`rY#üýâeZ7T�faY­ZZâemnYWXis�T�f-Y;5+º"²[¶@´8y+¼+¶"´n¾Ky)��qi\aVÐ²8wK7"²y· ¹ ´[À+¶@²y�vq^`b`rqdky�l Âs��vY­q^`bY
âUl
_-jeYnl
Y[\yT§âU\ah7qÃ_aqi`rqijejUY[jpq^jUh^Xi`ZâUTbf-l Tbf-qiT�âe\+ciXijeciY[Z>qÃZrT�q^hiYÁj�âeziY

aDA�F[JTcTc�ókC/P�ô%õ�öM÷/÷/÷/ö�øìù;úTûjC/PjL6J?FBJTcTcTH=c EDA
J¥S+ó%U#�þeÿS��������	� 
�U�_

��f-Yn`rY�|=~��qâUZtq^\]q^`b��âUTb`bq^`bk7s�u-\aonT'âeXi\RxKâUT�o[qi\­��Y�Y[°+_-`bY[ZbZrYnVYâe\]|�� �yqdc�qÃqiZ

CZPRQ�STSVU=UjQ�IDL[�þP6H?��CZPRQ�STS-�TUTU[AMPjLg_
A/P�N�L�^
A�@BH�FRJTcTc�N'Cj��� aRA�Ff¡	^
Q�IDLìSiC�U#���������VC�

�

¢ ERcDC/e h òBJ�Q8£6H?F�N%J)Xre:XqQ?IDL�^�_

��f-Yn`rY�ÀÃq^\-V��
qi`rYtTbf-Y�V�âUZrT�`ZâU�au-T'âeXi\]hi`rXiu-_7q^\-V�`rqi\-h^Y�Xis"¼@� ¬ f-Y�ZbX^u-`bo[Y�q^`b`rqdk�l
qdk
f-qdciYÁq
onX^lÃ_ajUY[T�YnjekÉua\-`bY[jUq^T�Y[V]l
qi_a_�âU\ahp�

¬ f-Y�Xi\-Y[¯ßV�âUl
Yn\aZ§âeXi\-q^j�o[qiZrY0hiYn\aYn`rqijãâUm[YnZvT�X
hBâeciYÁq
`bq^T�f-Y[`vo[Xil
_-jãâUo[qiTbYnV­s�qil�âUjek�X^s
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_-`rXiTbXiTÂk+_pYnZ>s�Xi`�l�u-jUT§âUV�âUl
Yn\aZ§âeXi\-q^j"qi`r`rqdkyZd®

@BADC?EjòBJ�Q8£1H�F�N­¬®STSVU=U#ERHDW?QBC/P6J�Q1C8AMP:X�¬¯STSVUTUlW=AM\RF1]8H)X
C/PRQfSTSVUTU�W/\=eKWT]?F1CZLRQ1WR^`_

@BADC?EjòBJ�Q8£1H�F�N­¬®STS�X2UTU ERHDW?QBC/P6J�Q1C8AMP:X�¬¯STSVU=U[W=AM\RFB]=H)X
C/PRQfSTS�XiUTU�WZ\TeKWT]?FBC/LRQ1WR^`_

@BADC?EjòBJ�Q8£1H�F�N­¬®STS�X=XiUTU ERHDWMQ1C/P6J�QBC=AMP:X�¬±STS-UTU�W=AM\RFB]=H)X
C/PRQfSTS�XTXiU=U�W/\TeKWT]MF1C/LRQ1WD^!_

hThTh@BADC?EjòBJ�Q8£1H�F�N­¬®STSVU=U#ERHDW?QBC/P6J�Q1C8AMP:X�¬¯STS�XiU=U[W=AM\RFB]=H)X
C/PRQfSTSVUTU�W/\=eKWT]?F1CZLRQ1WBí�X�CZPRQ�STSVU=U�W/\TeKWT]MF1C/LRQ1W��B^`_

@BADC?EjòBJ�Q8£1H�F�N­¬®STS�X2UTU ERHDW?QBC/P6J�Q1C8AMP:X�¬¯STS�X2UTU�W=AM\RFB]=H)X
C/PRQfSTS�XiUTU�WZ\TeKWT]?FBC/LRQ1WBíKXYCZPRQ�STS�X2UTU[W/\Te6WT]?F1C/LDQ1W��B^°_

@BADC?EjòBJ�Q8£1H�F�N­¬®STS�X=XiUTU ERHDWMQ1C/P6J�QBC=AMP:X�¬±STS?XiUTU�W=AM\DF1]=H)X
C/PRQfSTS�XTXiU=U�W/\TeKWT]MF1C/LRQ1WRí�XkC/PRQ�STS?XTXiUTU[WZ\TeKWT]?FBC/LRQ1W��R^!_

hThTh
hThTh

¬ f-Y�onXil
_-jeYn°KâeTÂk]q^`§âeZrYnZt�pYno[qiu-ZrYG\-Xd�çT�faqiT�Tbf-Y�ZrXiua`bo[YGqi\-V�VaYnZrT'âe\-qiT§âUX^\�qi`r`bqdk+Z�onq^\
f-qdc^Y�V�âUÇpYn`rYn\+T�`bq^\-z+Z�� ¬ f-Y>_-qiTbT�Y[`b\râUZ�Tbf-qiT�Tbf-Y>Zbua�-Zbo[`§âe_-T�qi`r`rqdkyZRf-qdc^Y�Tbf-Y>Zbq^lÃY>q^\-V
q^j�âehi\-l
Y[\yT0Zrf-qi_pY7qiZ�Tbf-Y7V-Y[ZbT§âU\-q^T'âeXi\�qi`r`rqdkyZd� ¬ faYG��~�<��Z$="tXis Zru-�-Zron`Zâe_-T�qi`r`bqdk+Z�âUZ
Y8�yuaqijaTbX�Tbf-Y�`rqi\az�X^s@T�f-Y�ZbX^u-`bo[Ytqi`r`rqdky�@}�Z�q^\�Yn°+q^lÃ_ajUY+x�Tbf-Y�jeqiZrT(X^s"T�f-Y�_-`rXiT�X^TÂk+_�Y[Z
Y[\yualÃY[`bq^T�Y[V]q^��Xdc^Y��pYnf-qdc^YnZ>jãâUz^Y

aRA?F[JTcTckókCZP�ô%õ�öM÷/÷/÷/ö��;ù;úTûjC/PjL1J�FBJTcTc=HTcjERA
aDA�FlJTc=c���C/P�ô	õ�öM÷/÷/÷Zö�� ùþúTû C/PGL6J�FBJ=cTcTHTcjERA
aRA�FlJTcTc��[C/P�ô	õ�öM÷/÷Z÷/öiøfù�ú=û#C/P#L1J�FBJTcTc=HTcjERA
ERHTW?Q1C/P6J?Q1C=AMPÎS+óBX��OX��RU#�lW=AM\RF1]8H¥SiW/\Te6WT]?F1C/LDQ1WBí�S+óBX��OX �DU�X

W/\Te6WT]?F1C/LDQ1W��fS+óBX��OX �DUTU�_
��f-Y[`bY���!´µ#"xµ8ü��:âUZ�Tbf-Y�Zrf-qi_pY�Xis�5yº"²[¶"´8yy¼+¶"´[¾KyGqi`r`rqdky�

¬ f-Y��-q^Z§âeo:²+·[¼+¶y¶+º ¹ s�u-\-onT§âUX^\ faqiZWciY[`bk:ZZâUl�âejUq^`­_a`bX^T�XiTÂk+_pYnZdx��-uaT­Tbf-Y�\-qil
YnZ
²[¾Kw ¹ ·[ºÃqi\aVY5+º"²[¶@´8y+¼+¶"´n¾Ky�qi`rYÁZr��âeT�o�f-Y[Vw� ¬ f-Y0Xi\-Y[¯ßV�âUl
Yn\aZ§âeXi\-q^j@onq^ZbY�âUZ

@RADC�E[WT]8J�QTQBH�F�N­¬ S=SVUTU[W=A/\RF1]=H)X�¬ STSVUTU ERHTW?Q1C/P6J?Q1C=AMP:X
CZPRQ�STSVU=U[W/\TeKW=]?F1C/LRQBWR^°_

q^\-VkâeT��pYnf-qdc^YnZ�jãâUz^Y

aRA�F[J=cTckóYC/P�ô	õ�ö/÷M÷/÷Zö2øfù�ú=û#C/P#L1J�FBJTcTc=HTcjERA
ERHDWMQ1C/P6J�QBC=AMP¤SiW/\Te6WT]?F1C/LDQ1W¥S+ó%UTU �lW8AM\RF1]=HgS ó'U�_

ÉW�%$ &Ã ('��
Ì����n�t«
 Â\)hiY[\-Yn`rqij�Tbf-Y�onX^jUjeYno[T'âeciY­onXil
l�u-\�âeonqiT§âUX^\$s�ua\-onT§âUX^\-Zdâe\yTb`bX+V-uaonYnV�âe\)Tbf-Y�jeqiZrT7s�Yn�
ZrYno[T'âeXi\-Zdâe\+ciX^jUc^Y­TÂ�vXÆ_-f-q^ZbY[Z�®�qi\f*-���2&�$/,80i�B"�_-f-q^ZbY�âU\â��f�âeo�f:T�f-Ygqi`rhiu-l
Yn\+TbZ�qi`rY
q^\-qijek+ZbY[V�T�X
V-Y[T�Yn`rl�âU\aYÁ��faqiT>onX^lÃl�u-\�âeonq^T'âeXi\-Z�q^\-VÉjeX+onqij@o[Xi_�âeYnZ>��âejUj@�pY�\-Y[YnV-Y[V]TbX
o[Xil
_-jeYnT�Y
Tbf-Y
Xi_pYn`rqiT'âeXi\Rxpqi\-V�qi\�$�)�$/,=~�02�1">_-f-q^ZbYrâe\���f�âUo�f�T�f-Y
Zro�f-YnVau-jUY
X^s T�faYnZrY
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@RADC�E#ERA/\Te6cDC/PDòTåTFBH8aRC?��NbaRc=ATJ�Q S=SVUTUlJB^;�¸ FBAM\TLjLl�lJ h òTF8L�NZ^`_
i JMPRòBH;�#�lJ h F8PRò�N	îB^`_C/PRQ�0j�G� h W=C#mRH�NZ^�_
AMP�N�L�^;�
aRcTA=J�Q�STSVU=U#Q#��P6HM� aRcTA=J�QìSTS-�DU=U�_

aRA�F�N'C/PRQ�Wþ� í _dW=-=0�_mW:9��3�R^;�
¢ EDcDC/e h WZ£KC�a=Q�N2QOX�J)XdWR^ _

A�@RH�FBJTcTc�N'CG�G� aDA�F�W!¡
032[í8^
J�SiC�UjëT�jQ�SiC?U�_

¨
¨

¨

��â��-�����s�-�e÷M��®xr�âUl������
���3�����ãâ����4!?���?���Zâ�� � l¹�����³� !��*!��������������[±-°
x[0] x[1] x[2] x[3] x[4] x[5] x[6]

a0 a1 a2

a1 a2 a3 a4 a5a0

a3 a4 a5 a6

a0

a0

a0

a0

a0

a0 a1+

a0 a1+

a0 a1+

a0 a1+ a2a1 + a2 a3+ a2 a3+

a2 a3+a2a1 + a3 a4+ a4 a5+ a6a5 +

a0 a1+

a2a0 + +. . . a1 a4+ +. . . a2 a5+ +. . . a3 a6+ +. . .

a2a0 + +. . .

a0 a3+ +. . .

a2a0 + +. . . a0 a3+ +. . . a0 a4+ +. . . a0 a5+ +. . . a0 a6+ +. . .

Iteration 1

Iteration 2

Finally

Iteration 3

a

a

a

a

t

t

t
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@BATC�E�e6cTAT]lkDåTFBH�aBC?��NbaDcTATJ�QÎSTSVUTU[JR^;�i JMPRòBH��#� J h F�PRò�N	î1^`_
aDcTATJ�Q�S=S�X�9�UTU[JTW;�lJ�STS�-q;8U=U¥_
i JMPRòBH/mj� JDW h F8PRò�N	îB^`_
aDcTATJ�Q�S=SVUTUjQ �þP6H?�laDcTATJ�Q�S=SZmTUTU�X�Wþ��P6H?� aRcTATJ�QfSTSZmTUTU¥_
p�p í h ¥BA C/PRQTFRJq2Me6cTAT]lk#LRFBH8aRC?� h >DH�Q�¦2Q²nmH=cTH/IKHMPDQ1W�QBA W/\8I�WjA8a�e1cTAD]lk6W
A?@BH�FBJTc=c!N�k ��mGaRA�Ff¡	^��jBcTAD]ék#el�G� h cTAD]=J=c#jBcTAD]ékONZ^!_
aRcTATJ?Q�W/\=I[�#î h î=a�_aRA�F�N%C/PRQ[cG�jî�_�c/-þe h ]8AM\TPRQg_rc8ëTë6^��C/PRQ[W/\Tel�;e h W/\Te © e6JDWGë�e h W/\Te © W?Q8L¢9Gc°_
W/\=I[�!N%JDW�S	k�XdW/\=eBU#ëT�[WZ\=I�^�_

¨

Q�S	kRUj�lW�S�kRU#�[W/\8I�_
¨

p�p � h ¥BA­º'òBcTA/e6JTc;LRFBH�aBC?� º
LDFBH8aBC?��NiQK^`_
p�p ê h ¢ ETElH��1]8cM\KWTC?@RHGòBcTAMe6J=c;LRFBH8aBCM�#QBA C/PDQTFBJq2Me1cTAD]lk LRFBH�aBC?�BHDW CZPf¦	J�n
A?@BH�FBJTc=c!N�k ��mGaRA�Ff¡	^��jBcTAD]ék#el�G� h cTAD]=J=c#jBcTAD]ékONZ^!_
aRcTATJ?Q�W/\=I[�GQfS	kRU72 W�S	kDU�_
aRA�F�N%C/PRQ[cG�jî�_�c/-þe h ]8AM\TPRQg_rc8ëTë6^��C/PRQ[W/\Tel�;e h W/\Te © e6JDWGë�e h W/\Te © W?Q8L¢9Gc°_
JDW!S	k�XdW/\=eBU#ëT�[WZ\=I�_

¨
¨

¨
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a0 a1 a2 3a a4 a5 a6 a7a

Initially

a0 a2

+. . .
+ a5

a0 +. . .
+

a0 a7

+. . .
+

a0 a2

+. . .
+ a5

a0 +. . .
+

After stage 2

t − s

t

0

a0 a63aa0 a1+ 3a a4+a0 a2

+. . .
+

3a
a5

+. . .
+

a7a6 +

a0 a2

+. . .
+

3a
a5

+. . .
+

a7a6 +t

a

After stage 1

a0 a0 a1+ a0 a2

+. . .
+

a0
3a

+. . .
+ a5

a0 +. . .
+

a0 a7

+. . .
+

a0 a4

+. . .
+

a0 a6

+. . .
+a

After stage 3

Process 0 Process 1 Process 2
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a0 a2

a7a6a5

3a
a1

a4

a0

3a
a1 a2

a4

a5 a6 a7

a0

a5

a0 a1+ a0 a1+
3a a43a +

a0

3a
a5 a5 a6+ a5 a6+

a0 a2+. . .+

a5 a7+. . .+

a43a +

a0 a2+. . .+

a0 a4+. . .+

0

a0 a2+. . .+

a0 a4+. . .+

0

a0 a2+. . .+

a0 a4+. . .+

0

a0 a2+. . .+

a0 a4+. . .+

0

a0 a0 a1+ a0 a1+a0 a0 a2+. . .+

a0 a2+. . .+ a0 3a+. . .+ a0 3a+. . .+ a0 a4+. . .+ a0 a4+. . .+

a0 a5+. . .+ a0 a6+. . .+a0 a5+. . .+ a0 a6+. . .+ a0 a7+. . .+

a0 a0 a1+ a0 a2+. . .+

a0 a7+. . .+

a0 a4+. . .+

a0 a6+. . .+

a0 3a+. . .+

a0 a5+. . .+

a0 a2+. . .+

a0 a4+. . .+

0

Process 0 Process 1 Process 2

0
0

0
0

0

00

Process 3 Process 4

a

0

ts

ts

a

ts

After broadcasting exclusive prefix of last column

Initially

After adding last−column−prefix to local column

After copying elements of ‘ts’ back to ‘a’

After copying elements of ‘a’ to ‘ts’

After doing global prefix across rows

exclusive
prefix of
last column
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@BADC�E�LDFBH8aBC?��NbaRcTATJ?QÎS=SVUTUlJB^þ�¸ FBA/\TL#L[�#J h òTF8LONZ^`_
AMP�NVL�^��i JMPRòBH��j�lJ h F�PRò�N	î1^`_
W/�6C?Q1]/£¥Ni� h aRA?F�IKJ�Q�N§^T^j�

]=JDW=Hþ¼Då1W/L=IBE h ¥ ¤�> ­ © ¥ ¤ + <q0�>�¤ ¨ 0¤¡
]=JDW=Hþ¼Då1W/L=IBE h ¥ ¤�> ­ © ¦1Ó�¦ « ¤ ¦ ¡
ERAM\=e6cDC/PRò=åTFBH8aBCM��N%JB^!_
eRFBH=Jªkg_

ERH8aRJ/\6c�Q�¡
e6cTAT]lkDåTFBH�aBC?��N%JR^!_¨

¨
¨
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