
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
SuperLU_DIST: A scalable distributed-memory sparse direct solver for 
unsymmetric linear systems

Permalink
https://escholarship.org/uc/item/83z8696r

Authors
Li, Xiaoye S.
Demmel, James W.

Publication Date
2002-03-27

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/83z8696r
https://escholarship.org
http://www.cdlib.org/


���������
	�� 
���������� ����������������
 �"!$#%�$������#%�'&)($*+�-,/.0��12���3���$!4�

 �"�$�'�
#���.0�657�-�98:.0� �<;�!=1>,/,/�?#%�$����	@��;��A���B�C1>!$#%�-,/!
D

E�FHGJIJK$L�MONOP-FHQ R$GJSTLJUWVXNOY�LZSTSTL\[^]
_`Gbadcdegf�h%iOf�j�jkf

l)mOn�o�pdqkrso
tHuwvyxbz|{C}k~s}k�����
���)}b�y��{���uZv)vyxJ����~dz�u@~s���:�:��z�vyxJ��z�������~dv��J�y�"{7z�uwvyxb�>{y�s��vH�'~d�y�)}�~:���:~d���

�s�Z�$���Z��� �$�:��� ��~`�Zz�{�vy�yz��J�bvy�����H�>�"�>�:�� g{�}k~d��{y�g�¡z|�����6v�{y�:��¢��������:���£~d���:�T{y��v�{¤�s����z�uJ��~d�
��¥��k~svyz��:ub{�¦�§w�7��z|¢��)z�u¨�Z�"v©~dz��-�:�J�0}k~d�6~d��������z|ª�~dvyz���u«{yv��©~dv����:z���{��
�'z�vyx����J�6�J{0�:uw{©�"~d�£~d�Jz���z�vH 
z�{y{��J��{��J~duk�)�Z�"�>�:ub{yvy�6~dv��¬vyxb�¬}k~s�©~d�������J}����­���:����~du��6�¬~duk�®{©��~s�£~d�Jz���z�vH ���u��6�b�y�y�"u\v-��~���xJz�uJ��{�¦
¯'xJ�°{y���|¢����Oz�{O�k~s{y������u){y}k~s�y{y��±W~d�b{y{yz£~su)����z|��z�uk~dv�z|��u%���'z�v�x�~du)z�uJub�d¢:~dvyz�¢���{�v©~dv�z£�-}Jz�¢:�:v�z�uJ�
{�vy�©~svy���� >}J���:}��:{�������~s�y��z����¬�Z )vyxb�7~d�Jv�xJ�:��{�¦?¯'xJ����~dz�u>~��Z¢:~duZv©~s�:���d�
{yv6~dvyz£�°}Jz�¢:��vyz�uJ�C�d¢:���
�6�£~s{y{yz£��~s�:}k~s�yv�z�~s�d}Jz�¢:��vyz�uJ�-z|{$v�xk~dv4z�v$}k�����>z�vy{O²?³k´�µ^¶d´�µ��Z��vy�"�y�>z�uk~svyz��:u��s�¡�J~sv©~-{yv��y�k�·vy�J����{�~du��
�6���>�)�Jubz��"~dvyz¸�:u�}k~svyvy�"�yu)�^�:�O{�}k~d��{y��±0~d�J{�{yz£~du)����z��>z�uk~svyz��:u4���'xJz£��x7��~d����{
z|v?�>�:����{6��~d�£~s�J���
��u¹�¡z|{�vy��z|�b�Jvy���¹�>�����:�y -��~���xJz�uJ��{�¦4º�~s{y������uWvyxbz|{�²?³�´�µ�¶d´"µ��ZuJ�d�'�����¡�:�:�"�����¡��{yz��:ub����xJz��:xb�| 
}k~s�©~s�|�����%~suk��{©��~s�£~d�J���7~s�|���:��z|v�xJ�>{»���:�'���:v�x½¼4¾9�Z���6�:��}k��{yz�vyz��:u�~duk��v��yz£~duJ���J�£~d�'{��:��¢:�W~du��
�-��{yxJ�d�¿vyxk~sv'vyxJ�" �~d����{y�Jz�v©~s�J���°���:�'�£~d���:�6�H{©�"~d���W�Zz�{yvy��z��J�Jvy���>�����>���y W��~:��xJz�uJ��{�¦

ÀyÁOÂsÃÅÄ>Æ
Ç�ÈHÉwÆ»Ê"Ä)ÄHË:Ì�ÌZÇ�ÈHÍHÎ6ÏTÃÅÐTÌ\Ê"ÈHÍ)ÑdÒwÍHÂ:Î�Ó�Ê"Í^ÃÅÇ�ÐZÊ6Ô7Õ=Ð:Î6ÈHÖ�ÒT×
Î6ÄHÎ�Ê�ÈHØ�ÂÚÙsØ�ÃÅÎ©ÐdÍ^ÃÜÛZØ¨Ý»Ç�Þ�Ì:Ë�Í^ÃÅÐ:ÖTÝ
Î6ÐdÍHÎ©È
ß�Ó�Õ4×OÙ:ÝOà4ÆOÂsÃÅØyÂ�ÃÅÄ
ÄHË�Ì:ÌZÇ�ÈHÍHÎ6Ï)ÑdÒ�ÍHÂ:Î'á»ÃÅÈHÎ©Ø6ÍHÇ�È6â\ã?äWØ6Î�Ç"åkæ-Ï:ç�Ê"Ð:Ø6Î6Ï�ÙsØ�ÃÅÎ©ÐdÍ^ÃÜÛZØ�Ý
Ç�Þ�Ì:Ë�Í^ÃÅÐ:ÖW×
Î6ÄHÎ�Ê�ÈHØ�ÂJâ\á»ÃÅç�ÃÅÄ^ÃÅÇ�Ð
Ç�åWè)Ê�ÍHÂ�Î©ÞWÊ"Í^ÃÅØ�Ê6Ô£âWé^Ðdå£Ç�ÈHÞ¹Ê"Í^ÃÅÇ�ÐJâ�Ê"Ð:ÏTÝ
Ç�Þ�Ì�Ë:ÍyÊ"Í^ÃÅÇ�ÐZÊ6Ô7ÙdØ�ÃÅÎ6Ð:Ø6Î6Ä>Ç"åWÍHÂ:Î�ê'ëÜÙZë�á?Î©ÌZÊ�ÈHÍHÞ�Î6ÐdÍ>Ç"å¹Õ=Ð:Î6ÈHÖ�Ò¤Ë:Ð�Ï:Î6È
Ø©Ç�ÐdÍHÈyÊ"Ø©Í�ÐdË�Þ¬ÑZÎ6È7á�Õíì�æ�ÝOî�ï·ìñð�ò�Ù:ó$î�î�î�ô�õdâOÊ"Ð:Ï«ÆOÊ"Ä�ÄHË�Ì:ÌZÇ�ÈHÍHÎ©Ï3ÃÅÐ«ÌZÊ�ÈHÍ�ÑdÒ�ÍHÂ:Î)Ó�Ê"Í^ÃÅÇ�Ð\Ê·ÔöÙdØ�ÃÅÎ6Ð:Ø6Î>ó�Ç�Ë�Ð:ÏZÊ�Í^ÃÅÇ�Ð
Ý
ÇdÇ�ÌZÎ6ÈyÊ"Í^ÃÅç�Î�æ-Ö�ÈHÎ6Î6Þ�Î©ÐdÍ)Ó?Ç:ë÷æ�Ý»é£ìñô�òsø·ô�î�ù�îsâöÓ-Ù:ó÷ú-ÈyÊ"ÐdÍ�Ó?Ç�ë÷æ�Ý
éûìñô�õsø�ï�ï�ò�ùsâ�ÍHÂ�Î�á?Î6Ì\Ê"ÈHÍHÞ�Î6ÐdÍCÇ�åWÕ$Ð�Î©ÈHÖ�Ò
ú-ÈyÊ�ÐdÍWÓ?Ç�Ä6ëwá�Õíìñókú'î�ï·ìñô�üdÕ%×?ù�ý�ùdø�ô«Ê"Ð:Ï@á-Õ�ìHókÝOî�ï·ìñô�õ�Õ%×?ù�ý�ï�ýsø�âöÊ"Ð:ÏwêOÁ`ÙdË�Ñ\Ø6Ç�ÐdÍHÈyÊ�Ø6Í)ÓOÇ�ë%ã'×
æ-ü�üdò�ò®å£ÈHÇ�Þ
æö×Oþ¡æÚÝ»Ç�ÐdÍHÈyÊ"Ø6Í�ÓOÇ�ë\á
æ-æ'ÿkî�ï6ìHôdø�ìñÝOî�î�üdðsë
� Ó-Õ%×OÙ�Ý-â�ÿ�Ê6ÆOÈHÎ6Ð:Ø6Î��4Î6ÈHÉ�Î�ÔÅÎ6Ò�Ó�Ê"Í^ÃÅÇ�ÐZÊ6Ô¤ÿ�Ê�Ñbâ è)Ù<ý�î�ó4â�ø9Ý
ÒdØ�ÔÅÇ�ÍHÈHÇ�Ð ×»ÏJëÅâ��4Î6ÈHÉ�Î�ÔÅÎ6Ò�â Ý
æ ô�üdð�ù�îsë

� Ã|Ê�Ç�Ò�Î��-Ð:Î6ÈHÄHØ�ë Ö�Ç�çZë� Ý
Ç�Þ�Ì:Ë�ÍHÎ©È'ÙdØ�ÃÅÎ6Ð:Ø6Î�á
ÃÅç�ÃÅÄ^ÃÅÇ�ÐJâ%ê?ÐdÃÅç�Î©ÈHÄ^ÃÅÍ^Ò)Ç"å=ÝOÊ·ÔÜÃÜå£Ç�ÈHÐsÃ|Êdâ��4Î©ÈHÉ�Î�ÔÅÎ6Ò�âkÝ»æ ô"ü�ð�ù�îsë
Ï:Î6Þ�Þ�Î�Ô	�-Ø6Ä6ë ÑZÎ6ÈHÉ�ÎyÔÅÎ6Ò�ë Î6Ï�ËJë






�
�������������

� ��������� �"! #$��%&� � '

( )+*-,/.10�24365�798:���$%&�$*<; =
>�?9@ A�B�CEDGFIHKJGL�MONIPQLSRTH	MUH9PIVW?X?Y?X?X?Z?X?Y?X?X?Z?X?X?Z?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X? [
>�?\> ]_^�`TM9a$H9PIH9b�cedTH9cfd�DGFg`�F�D�JhHKNiH9afbjP�akDGb�d�L$b�JlD+NIPQL$RTHUMUH9PIVm?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X? n
>�?\o p�`�`�afFhP�B�bTH9PIH9D�NrqsafFtR:DGP�P�DGFru�M	M9vwF�D�xTB�JhH9b�cyafFQxTDGFIH9b�czN{?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?|@�o

' 3g5���5�7K7&,}7�5�798:���$%9�$*_;�~ ��=
o�?9@ �jL$P�FIHU^eP�aE`�F�a}JlD�NhNIafF�CeLS`�`TH�b�c�L$b�x�x�HKNIP�F�H�R�B�PhD�x�x�LSPQL+NIP�F�B�JlP�B�FhD�?Z?X?X?Z?X?X?Y?X?|@G�
o�?\> A�B�CEDGFIHKJGL�M<�fDGF�b�DlM_R�LfNID�x�a�b��-DG�fDlMOok�t�-�Y� ?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?|@�[
o�?\o �"L$FQL�MUM9DlM q�LfJlP�afF�H���LSPIH9afb��tH9P�d�`TH9`�DlMUH9b�H9b�c�?X?X?Z?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?|@$�
o�?�� �"L$FQL�MUM9DlM<P�F�H&LSb�cfBTMKL$F�NIa$M9B�PIH9afb ?X?Y?X?X?Z?X?X?Z?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?�>f�

= 3g5���5�7K7&,}7r�_,}�����-��;�5-� #$,�5-� ��~�#$5�7&5��_%K7�%9�l� (�'
��?9@ ��LfJlPhafFIH9��L$PIH9afb ?X?Z?X?X?Y?X?X?Z?X?Y?X?X?Z?X?X?Z?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?�>fo
��?\> � F�H&LSb�cfBTMKL$F�N�a$M9B�PIH9afbW?X?Y?X?X?Z?X?Y?X?X?Z?X?X?Z?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?�>$�
��?\o �yDGCkafF�VkB�NhL$cfD ?Z?X?X?Y?X?X?Z?X?Y?X?X?Z?X?X?Z?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?�>f[
��?�� �zJGL�MKL$RTHUMUH�PIV ?Z?X?X?Z?X?X?Y?X?X?Z?X?Y?X?X?Z?X?X?Z?X?X?Y?X?X?Z?X?X?Y?X?Z?X?X?Z?X?X?Y?X?�>f[
��?\¡ �-azLfx¢R�L£M&LSb�JlD¤L$b�xyJlafCkC+B�bTHKJGL$PIH9afb-¥£NIVTb�Jhd�F�afbTH9��L$PIH9afbya£��DGF�d�D�Lfx¦?Z?X?X?Z?X?X?Y?X?�>T�

§ ¨k,�7&5��G,}��©+�-�£ª (�«

¬ ­Z� � #f7®!4�_%®��8���,:;�5��$ª ~Y5-� ���h!��$! ��,�©+���$ª (�¯

>



° ±-²�³�´-µY¶k·Z¸_³-¹�µX²

º"»$¼Q»�½U½9¾l½U¿�Àl¿9Á�ÂeÃ�Ä�»$¼QÃI¾�Å�¿9¼�¾�ÆlÇtÃIÈ$½9Éf¾G¼QÃËÊ�»fÃ"Ì:¾G¾GÁe»$Áe»�ÆlÇI¿9Éf¾�¼�¾�ÃI¾�»S¼QÆ�Ê¢»$¼�¾�»r¿9ÁkÇ�Ê�¾�Ä�»�ÃIÇÍÅT¾�ÆG»fÅT¾fÎ"ÏiÇ"¿KÃ
Éf¾G¼�ÐeÆhÊ�»�½U½9¾GÁ�Â$¿9Á�ÂeÇ�ÈY¿9ÑkÄT½9¾GÑk¾GÁTÇ�ÃIÒ�ÆhÊ�»�½9ÂfÈf¼I¿9Ç�Ê�Ñ¢ÃÓÃhÆG»�½K»$ÌT½9Ð�ÈfÁ1Å�¿KÃIÇh¼I¿9Ì�Ò�Ç�¾�Å�Ñk¾GÑEÈf¼�Ð+Ñe»fÆhÊT¿9Á�¾�ÃGÎ
Ô Á�¾¤ÈSÕÍÇ�Ê�¾+Ñe»�¿9Áj¼�¾�»fÃIÈfÁ�Ã�¿KÃXÅTÒ�¾+Ç�ÈeÇhÊ�¾XÖ�½U½9×�¿�Á�Ã�¿9ÁjÇ�Ê�¾+Ñe»$Ç�¼�¿	Ø�Õ�»fÆlÇ�È�¼I¿9À�»$ÇI¿9ÈfÁ ÎXÙ�Èf¼XÃIÐTÑkÑk¾GÇ�¼�¿&Æ
Ä�ÈzÃi¿9ÇI¿9Éf¾�ÅT¾lÖ�ÁT¿9Ç�¾�Ñe»$Çh¼I¿KÆl¾�ÃGÚ_ÄT¿�É�ÈfÇQÃZÆG»SÁÛÌ:¾1ÆhÊ�ÈzÃI¾GÁ/ÈfÁ�Ç�Ê�¾¢Ñe»�¿9ÁÜÅ�¿K»$ÂfÈfÁ�»�½�Ú"»$Á�Å/ÃIÈ�ÇhÊ�¾+Ö�½U½�×�¿9Á
Ä�ÈzÃi¿9ÇI¿9ÈfÁ�Ã¤¿�Á/Ç�Ê�¾yÝÍÊ�È$½9¾�ÃIÞTÐjÕ�»fÆlÇ�Èf¼ZÆG»$Á/Ì�¾¢Ä�¼�¾�Å�¿KÆlÇ�¾�Å/Ì:¾lÕsÈf¼h¾eÇ�Ê�¾¢»fÆlÇ�Ò�»�½ßÕ®»fÆlÇhÈf¼I¿9À�»$ÇI¿9ÈfÁÛÃ�ÇQ»$¼�ÇQÃàÎ
átÊT¿KÃ�»�½U½�È$â�Ã¢ÃIÇQ»SÇI¿KÆ�Å�¿&Ã�Ç�¼I¿9Ì�Ò�ÇI¿9ÈfÁãÈ$Õ¤Å�»SÇQ»�ÃIÇ�¼hÒ�ÆlÇ�Ò�¼�¾�Ãk»$Á�Å�ÅT¾GÇ�¾G¼hÑ+¿9Á�»$ÇI¿9ÈfÁ�ÈSÕ¤ÆlÈfÑkÑ+Ò�ÁT¿KÆG»$ÇI¿9ÈfÁ
Ä�»$Ç�Ç�¾G¼�Á Î ät¾�ÃI¾�»$¼lÆ�Ê�¾G¼QÃ¢Ê�»�Éf¾yÌ�¾G¾GÁãå�ÒT¿�Çh¾æÃ�Ò�ÆGÆl¾�Ã�ÃiÕwÒT½X¿�Áã»fÆhÊT¿9¾GÉf¿9Á�Â�Ã�ÆG»�½K»$ÌT½9¾�Ä�¾G¼�ÕsÈf¼hÑe»$Á�Æl¾�ÕwÈf¼
ÃIÄ�»$¼QÃI¾/ÝÍÊ�ÈS½�¾�Ã�ÞzÐçÕ�»fÆlÇ�Èf¼I¿9À�»$Ç�¿�È�Á èZ»�É£»�¿U½K»$ÌT½9¾éÆlÈ�ÅT¾�Ã¢¿9Á�Æh½9Ò�ÅT¾�ÝÍêXºtë�ëíìïîfð�ñ�Ú�òjógò�º�ëf×Iëfô�ò ì\î�ñ�Ú
º"»TëfÇI¿UØæìïîTõGñ�Ú�ºtëzöø÷Xözá¦ì�ù�õGñ�Ú�»$Á�Å�º�ëzº�ê�ÝÓútëjì\îfî�ñ�Î

ûrÈ£ât¾GÉf¾G¼�Ú_ÕsÈ�¼kÒ�Á�ÃIÐTÑkÑk¾GÇ�¼I¿KÆj»$Á�Å/Á�ÈfÁ�×�ÅT¾lÖ�ÁT¿9Ç�¾/ÃIÐ}Ã�Ç�¾GÑeÃGÚËÕs¾GâüÅ�¿&Ã�Ç�¼I¿9Ì�Ò�Ç�¾�ÅT×wÑk¾GÑkÈ�¼�Ð
ÆlÈ�ÅT¾�Ã
¾lØz¿KÃIÇ�ÎrÝÍÈfÑEÄ�»$¼�¾�Å¢ât¿9Ç�Ê�ÃIÄ�»S¼QÃI¾+ÝÍÊ�È$½9¾�ÃIÞTÐfÚ:Ç�Ê�¾Zö óýÕ�»fÆlÇ�Èf¼I¿9À�»$Ç�¿�È�Á¢¿&Ã�ÕwÒ�¼�Ç�Ê�¾G¼�ÆlÈfÑEÄT½	¿KÆG»$Çh¾�Å�ÕwÈf¼�»$Ç
½�¾�»�ÃIÇÍÇIâtÈX¼�¾�»fÃIÈ�Á�ÃGÎ Ô Á�¾�¼�¾�»�ÃIÈfÁ+¿KÃ"ÇhÊ�¾�Á�¾G¾�ÅþÕsÈ�¼ÍÃIÈfÑk¾�Þ�¿9Á�ÅkÈSÕ4ÁTÒ�Ñk¾G¼I¿KÆG»�½ ÄT¿9ÉfÈfÇ�¿�Á�Â�ÕsÈ�¼ÓÃIÇQ»SÌT¿	½U¿9ÇIÐfÎ
átÊ�¾kÆh½&»�Ã�Ãi¿KÆG»�½"Ä�»$¼�ÇI¿K»�½"ÄT¿9ÉfÈfÇI¿9Á�Â�ì\î�ÿlñ_Èf¼gÇ�Ê�¾¤ÃIÄ�»S¼QÃI¾ZÉ$»$¼I¿K»$ÁTÇXÈ$Õ"Ç�Ê�¼�¾�ÃIÊ�È$½KÅyÄT¿9ÉfÈfÇI¿9Á�Â�ì�����ñ_Ò�ÃIÒ�»�½U½9Ð
ÆG»$Ò�ÃI¾tÇ�Ê�¾ßÖ�½U½�×�¿9Á�ÃßÇ�ÈgÌ�¾�Â�¾GÁ�¾G¼Q»$Ç�¾�ÅYÅTÐzÁ�»$Ñþ¿&ÆG»£½	½9ÐfÎtátÊ�¾G¼�¾lÕwÈf¼�¾fÚ$Ç�Ê�¾G¼h¾Í¿KÃ"»rÁ�¾G¾�Å+Ç�ÈXÅT¾�Ãi¿9ÂfÁeÅTÐTÁ�»$Ñ+¿KÆ
Å�»$ÇQ»+ÃIÇ�¼�Ò�ÆlÇhÒ�¼�¾�Ãt»$Á�Å�»�½9ÂfÈf¼I¿9Ç�Ê�Ñ¢ÃtÇ�Èk»fÆGÆlÈfÑkÑEÈ}Å�»$Çh¾�Ç�Ê�¾�Ã�¾gÖ�½	½9×�¿9Á�ÃGÎtêgÁ�ÈfÇ�Ê�¾G¼�¼h¾�»fÃIÈfÁE¿KÃtÇ�Ê�¾XÁ�¾G¾�Å
Ç�È�Ê�»$Á�Å�½9¾tÇIâÓÈßÕ�»fÆlÇ�Èf¼h¾�ÅXÑe»$Çh¼I¿KÆl¾�Ã��j»$Á�Å��YÚ�â�ÊT¿KÆhÊ¤»$¼h¾ÓÃIÇ�¼hÒ�ÆlÇ�Ò�¼Q»�½U½9ÐZÅ�¿��4¾G¼h¾GÁzÇ_Ðf¾GÇ<Æh½9ÈzÃI¾l½9ÐY¼�¾l½K»$Ç�¾�Å
Ç�Èe¾�»�Æ�ÊjÈfÇ�Ê�¾G¼g¿9Á�ÇhÊ�¾ZÖ�½U½9¾�Å Ä�»$Ç�Ç�¾G¼�Á ÎYó�ÁT½U¿9Þf¾kÇ�Ê�¾¢ÝÍÊ�ÈS½�¾�Ã�ÞzÐyÕ�»fÆlÇ�Èf¼gât¿9Ç�ÊjÇ�Ê�¾+Ñ+¿9ÁT¿9Ñ¤Ò�Ñ Âf¼Q»$Ä�Ê
¼�¾GÄ�¼�¾�ÃI¾GÁTÇQ»$ÇI¿9ÈfÁyÌ�¾l¿9Á�Â�»+Ç�¼h¾G¾
	 ÆG»�½U½9¾�Å���
����
����������������������ÚzÈ�¼�������� �ßÕwÈf¼�ÃIÊ�Èf¼hÇ"!�ì�ùfù$ñ�Ú Ç�Ê�¾ZÑ+¿9ÁT¿9Ñ+Ò�Ñ
Âf¼Q»$Ä�Êj¼�¾GÄ�¼�¾�Ã�¾GÁzÇQ»SÇI¿9ÈfÁ�ÃXÈ$Õ#�ã»$Á�Å$� Õ®»fÆlÇhÈf¼QÃg»$¼�¾kÅ�¿9¼�¾�ÆlÇ�¾�Å/»fÆlÐ}Æh½U¿KÆEÂf¼Q»$Ä�Ê�Ã%	 ÆG»£½	½9¾�Å&�'
������������������
(*)
+-,GÚZÈf¼$��.��'/0,�ÕwÈf¼jÃIÊ�Èf¼�Ç"!jì���1TÚXî�2$ñ�Î ÷g¾�ÃIÄT¿9Ç�¾/Ç�Ê�¾�ÃI¾�Å�¿�31ÆlÒT½9ÇI¿9¾�ÃGÚE¼�¾�ÃI¾�»$¼QÆhÊ�¾G¼QÃyÊ�»�Éf¾/Ì�¾G¾GÁ
»fÅ�ÅT¼�¾�Ã�Ãi¿9Á�ÂkÇhÊ�¾�ÃI¾g¿KÃ�ÃIÒ�¾�Ã�ÃIÒ�ÆGÆl¾�ÃhÃiÕsÒT½U½9Ð¢ÕwÈf¼�ÃI¾�åfÒ�¾GÁTÇI¿K»�½<»$Á�Å�ÃIÊ�»S¼�¾�ÅkÑE¾GÑkÈf¼�ÐkÑ¢»fÆ�ÊT¿9Á�¾�ÃGè:»�É$»�¿U½K»$ÌT½9¾
ÆlÈ}ÅT¾�Ã4¿9Á�Æh½�Ò�ÅT¾gò�êgù�ÿ�ì54zÚ$ð�ñ�Ú$º�êXä�÷gÏhë Ô ì ù76�ñ�Úfëzº ÔXÔ ö útëkì�1Sñ�Ú$ëfÒ�Ä�¾G¼lö ó ì9ÿ'6�ñ�Ú$ëfÒ�Ä:¾G¼Qö ó òjáÜì9ÿ'1�ñ�Ú
ó�òjÙ"º:êXÝ*8%9£òyêXî�6¢ì9ÿGù$ñ�Ú�»$Á�Å;:íëzòjº�ì\î���ñiÎ

Ï�ÁyÈfÒ�¼�¾�»$¼�½	¿9¾G¼XÆlÈ}ÅT¾�Ã�ëfÒ�Ä�¾G¼lö ó<	 Ã�¾G¼I¿K»�½�!�»$Á�ÅyëfÒ�Ä:¾G¼Qö ó òjá=	 ÃIÊ�»S¼�¾�ÅT×wÑk¾GÑkÈf¼hÐ�!QÚTât¾ZÅT¾GÉ�¿&Ã�¾�Å
¾ 31Æh¿9¾GÁzÇ?>GÃIÐTÑ¤Ì:È$½U¿KÆ"@EÕ®»fÆlÇhÈf¼I¿9À�»$ÇI¿9ÈfÁ�»�½9ÂfÈf¼�¿�ÇhÊ�ÑeÃgÇ�È�»fÆGÆlÈfÑkÑkÈ�Å�»$Ç�¾YÇ�Ê�¾kÅTÐzÁ�»SÑ+¿KÆG»�½U½�Ð Âf¾GÁ�¾G¼Q»$Ç�¾�Å
Ö�½	½9×�¿9Á�Ã�ÅTÒ�¾¢Ç�ÈjÄ�»$¼�ÇI¿K»�½tÄT¿�É�ÈfÇI¿9Á�Â�ÎÛá�Ê�¾1ÃIÐTÑ+Ì�È$½U¿KÆ�»�½9ÂfÈf¼�¿�ÇhÊ�Ñ ÆG»SÁ�Á�ÈfÇ+Ì�¾�ÅT¾G×�ÆlÈfÒ�ÄT½9¾�Å/Õw¼�ÈfÑ Ç�Ê�¾
ÁzÒ�Ñk¾G¼�¿&ÆG»£½zÕ�»fÆlÇ�Èf¼�¿�À�»SÇI¿9ÈfÁ è�¿9Á�ÃIÇ�¾�»fÅ-Ú�¿9Ç_Ñ¤Ò�Ã�Ç<Ì:¾"¿9ÁzÇh¾G¼I½9¾�»�É�¾�ÅZâ�¿�ÇhÊZÇ�Ê�¾ßÁzÒ�Ñk¾G¼�¿&ÆG»£½ »�½9ÂfÈ�¼I¿9Ç�Ê�Ñ »�Ã Ç�Ê�¾
ÁzÒ�Ñk¾G¼�¿&ÆG»£½�Õ�»fÆlÇ�Èf¼I¿9À�»$Ç�¿�È�Á¤Ä�¼hÈ}Æl¾G¾�Å�ÃGÎ"átÊ�¾�Ã�¾�ÃIÐTÑ¤Ì:È$½U¿KÆßÕ®»�ÆlÇ�Èf¼I¿9À�»$ÇI¿9ÈfÁk»�½9ÂfÈ�¼I¿9Ç�Ê�ÑeÃÍ»S¼�¾tÁ�ÈfÇOÃ�ÒT¿�Çl»$ÌT½9¾
ÕsÈf¼+Å�¿KÃIÇ�¼I¿9Ì�Ò�Ç�¾�ÅT×wÑk¾GÑEÈf¼�Ð/Ñe»fÆhÊT¿�Á�¾�ÃàÚ<Ì:¾�ÆG»$Ò�ÃI¾�Ç�Ê�¾GÐæ¿�ÁTÉfÈ$½9Éf¾EÖ�Á�¾G×wÂf¼Q»£¿�Á�¾�Å/ÑE¾GÑkÈf¼�Ð�»fÆGÆl¾�Ã�ÃY»$Á�Å
ÃIÐzÁ�ÆhÊ�¼�ÈfÁT¿9À�»$Ç�¿�È�Á�ÇhÈeÑe»SÁ�»$Âf¾ZÇhÊ�¾þÅ�»SÇQ»kÃIÇ�¼hÒ�ÆlÇ�Ò�¼�¾�ÃX»$Á�Å1¿&ÅT¾GÁTÇI¿UÕwÐ�Çl»fÃIÞ�»$Á�ÅyÅ�»$ÇQ»¢ÅT¾GÄ�¾GÁ�ÅT¾GÁ�Æh¿9¾�ÃGÎ
átÊT¿KÃtâtÈfÒT½KÅ¢Âf¾GÁ�¾G¼Q»$Ç�¾r½K»$¼�Âf¾gÁTÒ�Ñ¤Ì:¾G¼QÃßÈ$ÕOÃIÑ¢»�½U½4ÑE¾�Ã�Ã�»$Âf¾�ÃàÎOá�Ê�¾G¼�¾lÕsÈ�¼�¾fÚ�ÕsÈf¼#ACB0DFEHG0I�J KFL'A�MZÇ�Ê�»SÇ"¿KÃ
ÇQ»$¼�Âf¾GÇh¾�ÅEÕsÈf¼r½K»$¼�Âf¾G×�ÃhÆG»�½9¾þÅ�¿KÃIÇh¼I¿9Ì�Ò�Ç�¾�ÅT×wÑk¾GÑkÈf¼hÐ�Ñe»fÆhÊT¿9Á�¾�ÃGÚ:âÓ¾YÒ�ÃI¾¤»¢ÃIÇQ»SÇI¿KÆXÄT¿9ÉfÈfÇI¿9Á�Â�»$Ä�Ä�¼�Èz»�Æ�Ê Ú
ÆG»�½U½�¾�Å;N�ú�ëzºO	PN�»$Ò�Ã�Ã ¿&»SÁþúO½U¿�Ñþ¿�Á�»SÇI¿9ÈfÁ�ât¿9Ç�Ê�ëfÇQ»SÇI¿KÆ�º_¿9ÉfÈfÇ�¿�Á�ÂQ!QÚ$Ä�¼�ÈfÄ:ÈzÃI¾�Å+¾�»$¼�½	¿9¾G¼tÌTÐ¤ÇhÊ�¾�»SÒ�Ç�Ê�Èf¼QÃ
ì�ù7��ñ�ÎR:�¾�Ä�»$¼l»�½U½�¾l½U¿9ÀG¾�Å�ÇhÊ�¾SN�ú�ëzºÛ»�½9ÂfÈ�¼I¿9Ç�Ê�Ñ�Ò�Ãi¿9Á�Âkòjº"ÏlÎ Ô Ò�¼tÄ�»$¼Q»�½U½9¾l½U¿9À�»$ÇI¿9ÈfÁ�ÃIÇ�¼l»$Ç�¾GÂ$¿9¾�ÃÍÆl¾GÁTÇ�¾G¼
»$¼�ÈfÒ�Á�ÅYÇ�Ê�¾tÃ�ÆG»�½K»$ÌT¿U½U¿�ÇIÐkÆlÈfÁ�Æl¾G¼�Á ÎT:�¾ÍÒ�ÃI¾�»U�f÷ÜÌT½9È�Æ�ÞT×�ÆlÐ�Æh½	¿KÆgÑe»SÄ�ÄT¿�Á�ÂXÈSÕ�»�ÃIÄ�»S¼QÃI¾ÍÑ¢»$Ç�¼I¿UØ¤ÇhÈ�Ç�Ê�¾
Ä�¼�È}Æl¾�ÃhÃIÈf¼QÃGÚ-»$Á�ÅyÅT¾�Ãi¿9ÂfÁ�¾�Å�»$Áy¾ 31Æh¿9¾GÁzÇXÄT¿9Ä�¾l½U¿9Á�¾�»�½9ÂfÈf¼I¿9Ç�Ê�ÑüÇ�È¢Ä�¾G¼IÕwÈf¼�ÑüÄ�»$¼Q»�½U½9¾l½_Õ®»fÆlÇhÈf¼I¿9À�»$ÇI¿9ÈfÁ Î
:�¿9Ç�Ê&N�ú�ëzº_Ú Ç�Ê�¾¢Ä�»$¼Q»�½U½9¾l½�»�½9ÂfÈf¼I¿9Ç�Ê�Ñ »$Á�Å/ÆlÈ}ÅT¾�»$¼�¾¢Ñ+Ò�Æ�ÊÛÃ ¿�ÑEÄT½�¾G¼EÇ�Ê�»$Á ¿	ÕgâÓ¾EÊ�»fÅ�ÇhÈ�ÄT¿9ÉfÈfÇ
ÅTÐzÁ�»$Ñþ¿&ÆG»£½	½9ÐfÎ átÊ�¾�Ñe»£¿�Á�»�½9ÂfÈf¼I¿9Ç�Ê�Ñþ¿&Æ1Õs¾�»SÇ�Ò�¼�¾�Ã+È$ÕVACB0DWE"G0I�J KFL'A�MæÃ�È$½9Éf¾G¼1»S¼�¾�ÃIÒ�ÑkÑe»S¼I¿9ÀG¾�Å�»fÃ
ÕsÈ$½U½9È$â�Ã"X

Y ÃIÒ�Ä:¾G¼�Á�È�Å�»�½ Õ�»$Á�×wÈfÒ�ÇS	�¼�¿�Â�ÊzÇ�×�½9ÈTÈfÞ�¿�Á�ÂQ!ÓÌ�»fÃ�¾�Å¢ÈfÁ�¾l½U¿�Ñþ¿�Á�»SÇI¿9ÈfÁÛ÷rêSN�Ã

Y ÃIÇl»$ÇI¿KÆgÄT¿9ÉfÈfÇI¿9Á�Âkât¿9Ç�ÊyÄ�ÈzÃhÃi¿9ÌT½�¾+Ê�»�½UÕw×wÄ�¼�¾�Æh¿KÃi¿9ÈfÁjÄ�¾G¼�ÇhÒ�¼�Ì�»$ÇI¿9ÈfÁ�ÃrÈfÁ�Ç�Ê�¾ZÅ�¿K»$ÂfÈ�Á�»�½

Y ÃIÇl»$ÇI¿KÆS�f÷ ¿�¼h¼�¾GÂfÒT½K»$¼gÌT½�È�ÆhÞz×�ÆlÐ�Æh½U¿&ÆþÑe»$Ä�ÄT¿9Á�ÂeÒ�Ã ¿�Á�Â�ÃIÒ�Ä:¾G¼�Á�È}Å�»£½OÃIÇ�¼�Ò�ÆlÇhÒ�¼�¾

î



Z\[^]_]7`�a [^bc`�b_d�egfFhg]�dF]�i�`#`gePfFa'j_i_[�kldFm?noklpPfcq_k^q�a [�k^d_k�dFm
r fFa$hga'`�p�]0stpPfFa�q�u0qva"hwkx`y]�hgm7u0d_k^z"a'j{u�`;s�]0[�[^]|nU`"}�~�d<��a'e p�k^]�d��&n-a�j_a"��]�d�`�pgh�u0pPa�pgfFa

d7iF��a"h�kxe"u|[�`�p�u��_k�[�k^p�b��VpPfFay`�a'��iFa"d_p�k�u�[�hPiFd7p�k^��a$a ��ePk^a"d�e b�u0d�j�pgfFa\]�h�j_a"h�kldFm�`gePfFa"��a'`?]0s�pgfFa
��� �7��u�[^m�]�h�k^pgfF�w}�~�d���a'e p�kl]�d��Q��n-a?qFhga'`�a"d_p?u0d�����~�k^��q_[^a"��a"d7p u0p�k^]�d�]0sSpgfFa�j�k�`�pgh�kl�FiFpPa'j
u�[^m�]�h�k^pgfF�t`�s ]�h
¡�¢£s¤u�e pP]�h�k^z'u0p�k^]�d¥u0d�j$pPh�k�u0dFm�i_[�u0h�`�]0[^iFp�k^]�d�`"}$~�d���a'e p�k^]�d¥¦��Tn*a§qFhga'`�a"d_p�u0d�j
u0d�u�[^b7z"a§pgfFa�q�u�h�u�[�[^a [oqva"h�s�]�hg�tu0d�e a§u0d�j\`ge"u�[�u0�_k�[�k^p�b�hga'`�i_[lp `"}w��a'e p�k^]�d�¨?j_a'`Pe h�k^��a'`
pgfFa©hga [�u0pga'j
n*]�hgªtu0d�j§e ]���q�u0hPa'`#«C¬|­F®"¯0°�± ²F³'«'´SnoklpPfc`�]���aU]�pgfFa"hµ`�]0[^¶�a"h�`"}�·¸k^d�u�[�[^b���n-aSe ]�d�eP[^i�j_a�pPfFaµq�u0qva"h
u0d�j§qFhga'`�a"d_p#s�iFpgiFhgaSn-]�hPª¹}

º »½¼V¾À¿�Á&Â�Ã Ä#ÅgÆUÇUÈ¹É�Ê�¼
Ë

Ì a'e"u�[�[�pgf�u0p�pgfFa-hg]0[^a#]�sÍd_iF��a"h�k�e"u�[Îq_k^¶�]�p�k^dFmSk�`Tpg]Vu�¶�]0k�j�`��tu|[�[�q_k^¶�]�p�`�u0d�j©e ]�d7pPhg]0[Fq_kl¶�]�p�m�hP]|nÏpgf
kld�pgfFa�s¤u�e pg]�h�`"}#ÐUb_d�u0�
k�e%q_k^¶�]�p�k^dFm§k�`UdF]�p#pPfFa�]�d_[lbw��a'u0d�`Ïpg]tu�ePf_k^a"¶�a
pgf_k�`Um�]7u�[�}ÏÑ\a�e"u0dwi�`�a
]�pgfFa"h*u|[lm�]�h�k^pgfF�t`Òpg]%qFhga"Ó�q�a"hg�
iFpgaÏ[�u0hgm�aUa [^a"��a"d_p�`Ò]�dtpPfFa�j�k�u0m�]�d�u�[��7pPfFa"hga"�7b©q�u0hgp�k�u�[�[^b
s�i_[�ÔF[�k^dFm
pgfFathP]0[^a?]0sµj_b7d�u0��kxe;q_k^¶�]�p�k^dFm�}\·QiFhgpgfFa"hg��]�hga��Rn#fFa"d$[�u0hgm�a§q_k^¶�]�p
m�hg]0n#pgf$`�p�k�[�[o]Fe"e iFh�`"�ÒpgfFa"hga
u0hga?k^dFa ÕFq�a"d�`�k^¶�a$��a"pgfF]FjF`§pg]$pg]0[^a"h�u0pPa�u0d�j&e ]���q�a"d�`Pu0pgaws ]�htpgfFawm�hg]0n#pgf��#`�i�egf�u�`
k^pga"h u0p�k^¶�a
hga Ô�dFa"��a"d_p'} r f_k�`
]���`�a"hP¶|u0p�k^]�dÖ[^a'jOi�`%pg]�j_a'`�k^m�d�uw`�p�u0p�k�e©q_k^¶�]�p�k^dFm�s�u�e pg]�h�klz'u�p�k^]�d�u|[lm�]�h�k^pgfF�c�
e"u�[�[la'j ��� �7�À×Ø¦7��Ù�}ÚÑ\a�j_a"��]�d�`�pgh�u0pga'jÛpgf�u0p �S� �7�<n-]�hgªF`§`�iFhgqFh�k�`�k^dFm0[^b�n-a [�[Ss ]�h?qFh�u�e p�k�e"u�[
�tu0pgh�k�e a'`"}Ü~�d{]�iFh �S� �7�Àu�[^m�]�h�klpPfF�c��`�kld�e a&q_k^¶�]�p�`�u0hgaOePfF]7`�a"d=s�hg]��ÝpPfFaO�tu�k^dÞj�k�u0m�]�d�u�[��
pgfFa�ÔF[�[^Ó�kld{qv]7`�k^p�k^]�d�`�e"u0d��va�j_a"pPa"hg�
k^dFa'j��va s ]�hga\pgfFa\d_iF��a"h�k�e"u�[%s¤u�e pg]�h�k^z'u0p�k^]�d��Su0d�j½`�]¥pgfFa
`�b7�
�v]0[�kxeos�u�e pg]�h�k^z'u0p�kl]�dte"u0d
��aSj_a"Ó�e ]�iFq_[^a'j©s hP]��{d7iF�©a"h�k�e"u�[�s�u�e pg]�h�klz'u�p�k^]�d�} r f_k�`�a"d�u0�_[^a'`-`�p�u0p�kxe
jFu0p�u?`�pghPi�e pgiFhgaV]�qFp�k^�
k^z'u0p�k^]�d��Rm�h�u0qFf��tu�d_klqFi_[�u0p�kl]�d�u0d�jw[^]7u�jw��u�[�u0d�ePk^dFmwk^d�u?`�k^�
k�[�u0hVn#u�bcu�`
ß fF]0[^a'`�ª_b§s¤u�e pP]�h�k^z'u0p�k^]�d�}

·¸k^m�iFhga�àV`�ª�a"p�ePfFa'`#]�iFh ��� �7�&u�[^m�]�h�k^pgfF�w} r ]���]�p�kl¶0u0pga
`�pga"q�á�à0â �7hPa'e"u�[�[ãpgf�u�pµu?ä�å�æ'ç�è�é�æ�ê�ê�ë
ä�è�ì
å�évæ�é�í�ì
æ�í�î åxï-kx`Ò]�dFaUn#fFa"hgaUa'u�ePf�j�k�u0m�]�d�u�[¹a"d_pghgb�ð�ñ�ñÎk�`�[�u0hPm�a"hÒkld§�tu0m�d_klpPi�j_aµpgf�u�dtpgfFaS`�iF�
]0sã�§u0m�d_k^pgi�j_a'`Ï]0s�pgfFaS]0ò�Ó�j�k�u0m�]�d�u|[óa"d7pPh�k^a'`-k^dwk^p�`-hg]0n{á�ôyõCö÷ ñ�ø ð�ñ õ ø â�]�hUe ]0[^iF��d\á�ôyõCö÷ ñ�ø ð õ ñ ø â�}Ò~�p
kx`%ª_dF]0n#d�pPf�u0p�ePfF]7]_`�k^dFmyj�k�u0m�]�d�u�[*q_k^¶�]�p�`%a"d�`�iFhga'`
`�p�u0�_k�[�k^p�b�s ]�h�`�i�ePf��§u0pgh�k�e a'`§×^à0ù��ó�Qà"Ù�}?Ñ\a
pgfFa"hga s�]�hga
a ÕWqva'e pSpgf�u0pUk�s*a'u�egf\j�k�u0m�]�d�u|[�a"d7pghPbce"u0d\`�]���a"fF]0n=��a��tu�j_aV[�u0hPm�a"hShga [�u0p�k^¶�a
pg]?pgfFa
]0ò�Ó�j�kxu�m�]�d�u�[�`¸k^d%klp `Rhg]0n�]�h�e ]0[^iF��d���pgfFa"d�j�kxu�m�]�d�u�[�q_k^¶�]�p�kldFmSnok�[�[��va#��]�hga-`�p�u0�_[^a�} r fFa-qFiFhgqv]7`�a
]0sT`�pga"qcá à0âRkx`Ïpg]�ePfF]7]7`�aSpgfFaVj�k�u0m�]�d�u�[�`ge"u�[�k^dFm��tu0pgh�kxe a'`Ïú
û�u�d�j?ú�ü ��u0d�j§pgfFaSqva"hg�
iFp�u0p�k^]�dcý¸û
pg]t�§u0ª�a
a'u�ePfyð�ñ�ñ�[�u0hgm�a"hUkldÖpgf_k�`V`�a"d�`�a�}%Ñ\a
f�u�¶�aVa ÕFq�a"h�kl�©a"d7pga'jÖn-k^pgf\u§d_iF���va"hV]0s�fFa"iFh�kx`�p�k�e
u�[^m�]�h�k^pgfF�t`�k^��q_[^a"��a"d_pga'jÖk^d�pPfFathg]�iFp�k^dFatþ�ÿ�����á�u�¶|u�k�[�u0�_[^a§s hP]������7¡=×�����Ù�â�×5�Fà Ù�}	�Ï[�[µj_a"qva"d�j
]�d\pgfFa
s�]0[�[^]0n-k^dFm�m�h�u0qFf\hga"qFhPa'`�a"d7p u0p�k^]�d\]0s#u0d�

��
O`�q�u0h `�a��tu0pPh�k�Õ�����klp�k�`VhPa"qFhga'`�a"d_pga'j\u�`
u0d?iFd�j�k^hga'e pga'j�n-a k^m�f_pga'j§�_k^q�u0hgp�k^pga
m�h�u�qFf?n-k^pgfc]�dFaS¶�a"hgpga Õ§s ]�hÏa'u�egfwhg]0nV�_]�dFaV¶�a"hgpga Õ§s ]�hÏa'u�egf
e ]0[^iF��d���u0d�j\u0d�a'j_m�a�noklpPf�u0qFqFhg]�qFh�kxu�pga�n-a k^m�f7pVe ]�dFdFa'e p�k^dFm�hP]|n=¶�a"hgpPa Õ��Ïpg]ce ]0[^iF��d\¶�a"hPpga Õ� s�]�h
a'u�egfOdF]�dFz"a"hg]�a"d7pghPb�ð�ñ õ }�·¸k^d�j�k^dFm�uwqva"hg�
iFp�u0p�k^]�d¥ý û pPf�u0p
qFiFp�`�[xu�hgm�a?a"d_pgh�k^a'`
]�dOpgfFa
j�kxu�m�]�d�u�[Ve"u0d¥pPf7i�`©��a�pgh�u�d�`�s ]�hg��a'jÖk^d7pP]¥u\n-a k^m�f_pga'jO�_k^q�u0hgp�klpPa��§u0p�ePf_kldFm$qFhg]��_[^a"� ]�d&pgf_k�`
m�h�u0qFf�}©~�d\þ�ÿ����W�¸pgfFa"hgatu�hga�u�[^m�]�h�k^pgfF�t`�pgf�u0pVePfF]7]_`�atý û pP]?�tu�Õ_kl��klz"a?j�k�ò�a"hga"d7p%qFhg]�qva"hgp�k^a'`%]0s
pgfFaVj�k�u0m�]�d�u�[R]0sãý û �%��`�i�ePfcu�`-pgfFaV`��tu�[�[^a'`�p#�tu0m�d_klpPi�j_aV]0sãu�d7b?j�k�u0m�]�d�u�[�a"d_pghgb��F]�h*pPfFaV`�iF� ]�h
qFhg]Wj_i�e p%]0s#�tu0m�d_k^pgi�j_a'`C}��ÒiFpVpgfFa
�va'`�p�u�[^m�]�h�k^pgfF�Àk^d$qFh�u�e p�k�e a
k�`%pgfFa%s ]�[�[^]0n-k^dFm$á�]�qFp�k^]�d$¨§]0s
þ�ÿ����_â��Îk^pµePfF]_]7`�a'`#ý û pg]
�tu�Õ_k^�
k^z"aVpgfFaUqFhg]Fj_i�e p#]0sópPfFaVj�kxu�m�]�d�u�[�a"d_pgh�k^a'`"�Fu0d�j?ePfF]7]7`�a'`*ú û u0d�j
ú ü `�k^��i_[^p�u�dFa"]�i�`�[^b�`�]�pgf�u0pÒa'u�egfcj�k�u0m�]�d�u�[�a"d7pPhgb�]0sãý û ú û �Uú ü k�`��Và��_a'u�ePf?]0ò�Ó�j�k�u0m�]�d�u�[Îa"d7pPhgb
kx`Ï��]�iFd�j_a'jc�_b\àUk^dc�§u0m�d_k^pgi�j_a�}-Ñ\aShga"qv]�hgpUhga'`�i_[^p�`Òs�]�h#pPf_kx`Uu�[^m�]�h�klpPfF� ]�d_[^b�} r fFaSn-]�h `�pµe"u�`�a
`�a"h�k�u�[óe ]���q_[^a Õ_klp�b§]0s�pgf_k�`#u�[^m�]�h�klpPfF��k�`��
á�
�� 
!
#"_á��Sâ#��[l]�m$
¸â��_n#fFa"hga%
#
!"Wá&�SâRk�`-pgfFaUd_iF���va"h-]0s
dF]�dFz"a"hg]7`Òk^d'�V}�~�dcqFh�u�e p�k�e aSk^p-k�`#�
i�ePf§s¤u�`�pga"h)(_pgfFa
u�e pgi�u�[�p�k^�
k^dFm7`Uu0qFq�a'u�h-[�u0pga"h-k^d�·¸k^m�iFhPa�ù7}

¦



*,+.-�/10 243�5769812%:�/1;�<=+.>12?:A@B; 8124C%D�EGFIH�<.-�:�0�+.; 81JLK
M 3�N$O9:QPSRQTU:�<./1J4>	2)VW/X+Y<=+.Z10�H�;[+\:W>�H�>^]_0 :�Pa`^2b0 J�/1;�HA;�+.:�>c57dfehg,i$j)kli$jbdajbk4mUn

Po812b0 2pk i H�>^]	k m H�0 2p]W+qH�-�:W>^H�<BJ�H�;r0�+qTU2)stH�>^]Lg i +us�H�0 :�Pa`^2b0rJ?/1;UH�;�+.:�>LTr81:Gs�2b>
;r:?J_H�v�2%; 812p]W+qH�-�:W>^H�<c<qH�0 -�2pTU:WJ4`^H�0 2)]_; :w; 812%:�xcyz]W+qH�-�:�>^H�<zK

M&{ N$*,+.>^]|H?TU:A<\/1Jw>L`^2b0rJ?/1;UH�;�+.:�>}g~m�; :4`10 2)s[2b0 ��2ps�`^H�0Us�+.;&�#57d�e�g~m~j)d�j�g��mM&� NtE��XJ�Z^:�<=+qTpHA>^H�<.��s�+qso; :�]X2b; 2b0rJ�+.>12p; 812%>1:�>1�b2b0r:�s�;r0 /^TU; /10 2)s�:A@���H�>^]��pK
Mz� N$*�H�TU; :�0[+\�b2pd����
j���P�+.; 8'TU:�>G;r0 :�<c:�@7]W+uHA-�:�>^H�<cJ�H�-W>X+\;r/^]X2�5

�.� M����W�Y� �X��� � j �.� d �.��� N7���# ^¡
s�2b; �W�=� ; : � � j �u� d �u���

 ^¡c¢ �u�
M&£ N$6,0�+qH�>1-�/X<qH�0�s�:�<./1;�+.:�>^so/^s�+.>1-��IH�>^]���K
M&¤ N7¥¦@�>12b2)]X2)]#n�`^2b0[@§:�0rJ¨; 812�@©:�<=<\:�P�+.>1-w+.; 2b0�H�;�+.��2�0 2Uª^>12bJ42b>X;

� �b 1«�¬1�b !5
­ ��®�¯�dIj)° ±�±)±Gs[`^H�0�s�2%J�HA; 0�+=²�y©�W2)TU; :�0�J�/X<\;[+\`X<.�
E�:�<.��2?dIj)³X°_� ­ ±)±)±W; 0�+qH�>1-�/X<qH�0%s�:�<./1;�+.:�>
®b´ ­�­ ��J�H�² � µ i µ ¶· µ ¸Bµ ¹ºµ »�µ ¼~µ ½�µ ¾¿¶ ±)±�±GTU:�J4`�:�>12b>X;&P9+us[2%Z^H�T vXPtH�0�]_2b0 0r:�0
�.� M ®b´ ­�­%À � H�>^]	®b´ ­�­�Á �Â jbÃ �XÄbÅ ®b´ ­�­ N����! �¡

°Æ��°�ÇÈ³G°
Ã �XÄbÅ ®b´ ­�­ �É®b´ ­�­
Ê^Ë � Ë � �b 1«�¬1�b 

 ^¡c¢ �.�

£



Ì�Í ÎbÏaÐ&Ñ�Ò�ÓqÔwÕ1Ö�Í�Õ1Îb×ÙØAÕ^Ú�ÓuÔwÕ1ÎbÎ)ÚXÎ)Ú
Ó.ÕaØ�Û.Ü4ÖGÔ�Í�ØAÕGÝ�Ô[Ï^Ø�Þ�Ô�ÎLÚWÓ.Þ Î)ßUÍ	Ô�Ö�Û.à�ÎbÞ)áÈâ�ã1Î'ßUÖ�Û.ä1Ü4Õ
Ï^ÎbÞ Ü�ä1Í�Ø�Í[Ó\ÖWÕLåBætßbØAÕLç^Î�Ö�ç1Í�Ø�Ó.Õ1Î)Ú�è§Þ ÖWÜéØ�ÕXÝ4ê1Û=Û.ë©Þ Î)ÚXä^ßrÓ.Õ1ìLã1Îbä1Þ�ÓqÔ�Í[Óuß�á�í�ÕLÖ�ä1Þ�ßUÖ�ÚXÎ�î�×�Î%Ï1Þ Ö�à�ÓqÚXÎ
Í ã1Î�Ü�Ó.ÕXÓ\Ü�ä1ÜïÚXÎbì�Þ ÎbÎtÖ�ÞUÚXÎbÞ�Ó.Õ1ìpØ�Û.ì�Ö�Þ�Ó.Í ã1Ü¨ð�ñXò)ó1ÖWÕ?Írã1Î9Ô[Í Þ ä^ßUÍ ä1Þ Î�Ö�ècôtõoölô�á÷â�ã1Î�ßUÖ1ÚXÎtßbØ�Õ�Ø�ÛqÔ�Ö
Í�Ø�ø�Î�ØWÔ~Ó.Õ1Ï1ä1Í�Ø�Õ_Ö�Þ�ÚXÎbÞ�Ó.Õ1ì�ç^Ø�Ô�Î)ÚwÖ�Õ�Ô[Ö�Ü4Î�Ö�Í ã1ÎbÞ$ØQÛ\ìWÖ�Þ�Ó.Í ã1ÜLîXÔ�ä^ß ã	Ø�Ô�Í ã1Î�Õ1Î)Ô�Í Î)Ú_ÚWÓqÔ Ô�Î)ßUÍ�Ó.Ö�Õ	Ö�Õ
ôtõ_ö�ôùðºÑ�úXî1ò�û1îXñGü�ózá7ýoÖ�Í Î�Í ã^Ø�Í�×�ÎpØ�ÛqÔ�Ö�Ø�Ï1ÏXÛ.Ý	åBæ9Í Ö�Í ã1Î%Þ Ö�×�Ô�Ö�è�ô�Í Ö�ÎbÕ^Ô�ä1Þ Î�Í ã^Ø�Í�Í ã1Î�ÛqØ�Þ ì�Î
ÚWÓuØAì�Ö�Õ^Ø�ÛBÎbÕXÍ Þ�Ó.Î)Ô�ÖWç1Í�Ø�Ó.Õ1Î)Ú_è©Þ Ö�ÜéÔ[Í ÎbÏ'Ð�þ�Ò÷Þ ÎbÜ�ØQÓ\Õ|Ö�Õ	Í ã1ÎpÚWÓqØ�ì�ÖWÕ^Ø�Ûzá

ízÕ�Ô�Í ÎbÏ�ÐzñÿÒ�îb×�Î÷Ï^ÎbÞ�è©Ö�Þ Ü�èzØ�ßUÍ Ö�Þ�Ó��)Ø�Í[Ó\ÖWÕ%ä^Ô�Ó.Õ1ì ÚWÓqØ�ì�ÖWÕ^Ø�ÛGÏXÓ.à�Ö�Í�Ô áBâ�ã1Î�Í�Ó.ÕGÝ%ÏXÓ.à�Ö�ÍUÔ#ÎbÕ^ßUÖ�ä1ÕXÍ ÎbÞ Î)Ú
ÚXä1Þ�Ó.Õ1ì�ÎUÛ=Ó.Ü�Ó.Õ^Ø�Í�Ó.Ö�Õ�ßbØAÕpç^Î�Ô�ÎbÍcÍ Ö�� �����bô	��îb×oã1ÎbÞ Î
��ÓuÔ,Ü�Ø�ßrãXÓ.Õ1Î7Ï1Þ Î)ßrÓqÔ�Ó.Ö�Õcá�â�ãXÓqÔ#ÓqÔ,Î���äXÓ.àQØQÛ\ÎbÕXÍ÷Í Ö
Ø�Ô�Ü_Ø�Û=Û!Ðzã^ØQÛYè^Ï1ÞrÎ)ßrÓuÔ&Ó\ÖWÕ#ÒBÏ^ÎbÞrÍ ä1Þ ç^Ø�Í�Ó.Ö�Õ�Í Ö�Í ã1Î7Ö�Þ[Ó\ìAÓ\Õ^ØQÛ^Ï1Þ Ö�çXÛ.ÎbÜLî�Ø�Õ^ÚSÍ Þ�Ø�ÚXÎ)Ô,Ö�
�Ô�Ö�Ü4Î�ÕGä1ÜwÎbÞ�ÓqßbØ�Û
Ô�Í�Ø�çXÓ=Û=Ó.Í&Ý_è©Ö�ÞtÍrã1ÎpØ�çXÓ=ÛYÓ.Í�Ý	Í Ö4øWÎbÎbÏ	ÏXÓ\àWÖ�Í�Ô9è§Þ ÖWÜ ìWÎbÍ Í�Ó.Õ1ì4Í ÖXÖ�Ô�Ü�ØQÛYÛzá

ízÕ	Ô�Í ÎbÏ|Ð&ûXÒUî�×�Î�Ï�ÎbÞ�è©Ö�Þ Ü¨Ø�è©Îb×�Ô�Í ÎbÏ^Ô�Ö�ècÓ.Í ÎbÞ�ØAÍ�Ó.à�Î�ÞrÎUê^Õ1ÎbÜ4ÎbÕGÍ�Ó=è÷Í ã1Î Ô[Ö�Û.ä1Í�Ó.Ö�Õ4è©Þ Ö�Ü¨Ô�ÍrÎbÏLÐ���Ò
ÓuÔ�Õ1Ö�Í7ØWßbßUä1Þ�Ø�Í ÎtÎbÕ1ÖWä1ì�ãcîX×tãXÓqß ã	Ø�ÛqÔ�Ö?ßUÖWÞ Þ Î)ßUÍ�Ô,è©Ö�Þ7Írã1Îtã^Ø�Û=èBÏ1Þ Î)ßrÓqÔ�Ó.Ö�Õ_Ï^ÎbÞ Írä1Þ ç^Ø�Í�Ó.Ö�Õ^Ô Ó.Õ�Ô[Í ÎbÏ	Ðzñ1ÒUá
â�ã1Î�Í ÎbÞ Ü�Ó.Õ^Ø�Í�Ó.Ö�Õ
ßUÞ�Ó.Í ÎbÞ�Ó.Ö�Õ|ÓqÔ%ç^Ø�Ô�Î)Ú|Ö�Õ'Í ã1Î4ßUÖ�ÜwÏ^Ö�Õ1ÎbÕXÍ�×�ÓqÔ�Î�ç^Ø�ß øX×tØ�Þ�ÚÆÎbÞ Þ Ö�Þ��������Æð.þ��bózá%â�ã1Î
ßUÖ�Õ^ÚWÓ.Í�Ó.Ö�Õ������������_Ü4Î)Ø�Õ^Ô%Írã^Ø�Í%Í ã1Î�ßUÖ�ÜwÏ1ä1Í Î)Ú�Ô�Ö�Û.ä1Í�Ó.Ö�Õ�ÓqÔ%Í ã1ÎwÎ��ÿØ�ßUÍ�Ô�Ö�Û.ä1Í�Ó.Ö�Õ
Ö�è9Ø|Ô�Û=Ó.ì�ãGÍ[Û\Ý
ÚWÓ�
cÎbÞ ÎbÕXÍ$Ô[Ï^Ø�Þ�Ô�Î�Û=Ó.Õ1Î)Ø�ÞtÔ�Ý1Ô�Í ÎbÜïÐ&ôÆö! �ô%Ò#"%$&��×tã1ÎbÞrÎ' �ô�ßrã^Ø�Õ1ì�Î)Ô~ÖWÕXÛ\ÝwÎ)Ø�ß ã%(*)+(�,�-�.#)�ÎbÕXÍ Þ Ý0/2143
çGÝ�ØAÍ7Ü4ÖGÔ[Í7Ö�Õ1Î�ä1ÕXÓ.Í�Ó.Õ_Ó\ÍUÔ÷ÛqØ�Ô[Í7ÏXÛqØ�ßUÎ�î^Ø�Õ^ÚwÍ ã1Î��bÎbÞ Ö�ÎbÕGÍrÞ�Ó.Î)Ô$ØAÞ ÎtÛ.ÎUè©Í�ä1Õ^ß ã^Ø�Õ1ìWÎ)Ú651Í ãXä^Ô7ÖWÕ1Î ßbØ�Õ
Ô Ø�Ý4Í ã^Ø�ÍtÍrã1ÎpØ�Õ^Ô�×�ÎbÞ�ÓuÔ�Ø�ÔtØWßbßUä1Þ�Ø�Í Î%Ø�Ô�Í ã1ÎpÚ1ØAÍ�Ø4ÚXÎ)Ô�ÎbÞ àWÎ)Ôbá
7�Î%Í ÎbÞrÜ�Ó.Õ^Ø�Í Î%Í ã1Î�Ó.Í ÎbÞ�ØAÍ�Ó.Ö�Õ	×tã1ÎbÕ
Í ã1Î%ç^Ø�ßrøG×tØ�Þ�ÚwÎbÞ Þ ÖWÞ'��������ÓqÔtÔ[Ü�Ø�Û=Û.ÎbÞ�Í ã^ØAÕ	Ü�Ø�ßrãXÓ\Õ1Î�ÎbÏ^Ô�Ó=Û.Ö�Õcî^ÖWÞt×tã1ÎbÕ_Ó.Í�ÚXÖXÎ)ÔtÕ1Ö�ÍtÚXÎ)ßUÞ Î)ØWÔ�ÎpçXÝ
Ø�ÍtÛ.Î)Ø�Ô[Í Ølè¦ØWßUÍ Ö�ÞtÖ�è7Í�×�Ö�ßUÖ�ÜwÏ^Ø�Þ Î)Ú|×�Ó.Í ãLÍrã1Î?Ï1ÞrÎbà�Ó.Ö�ä^ÔoÓ.Í ÎbÞ�ØAÍ�Ó.Ö�Õcá�â�ã1Î�ÛqØ�Í ÍrÎbÞ�Í Î)Ô[Í�ÓqÔ�Í Ö�Ø�à�ÖAÓuÚ
Ï^ÖGÔ Ô&Ó\çXÛ.Î'Ô�Í�Ø�ì�Õ^ØAÍ�Ó.Ö�Õcá�Ð#8,Ó\ìWä1Þ Î9�|Ô�ã1Ö�×�Ô�Í ã^Ø�Í	�������_ÓqÔ�Ø�Û.×tØ)Ý1ÔpÔ[Ü�Ø�Û=Ûzá=Ò ýtÖWÍ Î�Írã^Ø�Í4ÚXÎbÜ�Ø�Õ^ÚWÓ.Õ1ì
���������:�%ÓqÔtàWÎbÞ Ý�Ô[Í Þ�Ó.Õ1ì�ÎbÕXÍ)î1Ø�Õ^Ú_Ó.ÕLÏ1ÞUØ�ßUÍ�ÓqßUÎ�î1Í ã1Î�Þ ÎUê^Õ1ÎbÜ4ÎbÕXÍ�ßbØ�ÕLç�Î%Í ÎbÞ Ü�Ó.Õ^Ø�ÍrÎ)Ú	Î)Ø�Þ�Û=Ó.ÎbÞ)á
;=<?> @BADCFEHG2I?J�K6LNM�O+K6PQIRL?ISO�T
ízÕ�Í ãXÓqÔ÷Ô�ä1ç^Ô�Î)ßUÍ�Ó.Ö�Õcî�×�Î ÓYÛ=Û.ä^Ô�Í ÞUØ�Í Î�Í ã1Î�ÕGä1ÜwÎbÞ�ÓqßbØ�ÛÿÔ[Í�Ø�çXÓ=Û=Ó\Í�Ý�Ø�Õ^Ú%Þ ä1ÕXÍ�Ó.Ü4Î�Ö�è^Ö�ä1ÞDUWV9ÌYX'Ø�Û.ì�Ö�Þ�Ó.Í ã1Ü
Ö�Õ�û�ú4ä1Õ^Ô[ÝGÜ4ÜwÎbÍ Þ�Óqß�Ü�Ø�Í Þ�ÓqßUÎ)Ô�ÚXÞ�Ø�×tÕ	è©Þ Ö�Ü Øw×�ÓqÚXÎ4àQØ�Þ[Ó\ÎbÍ�Ý|Ö�è$Ø�Ï1ÏXÛ=ÓqßbØ�Í�Ó.Ö�Õ^Ôbápâ9ã1ÎlØAÏ1ÏXÛYÓqßbØ�Í[Ó\ÖWÕ
ÚXÖ�Ü�Ø�Ó.Õ^Ô~Ö�è^Í ã1Î�Ü�ØAÍ Þ�ÓqßUÎ)ÔBØAÞ Î7ì�Ó.à�ÎbÕ�Ó.Õ�â~Ø�çXÛ.Î%þ�á=Z|ÖGÔ�Í~Ö�è^Í ã1ÎbÜ|î)Î��^ßUÎbÏ1Í~è§ÖWÞB×täcî�ßbØAÕ?ç�Î�Ö�ç1Í�Ø�Ó.Õ1Î)Ú
è§Þ ÖWÜéÍ ã1Î	[�ØAÞ ×�ÎUÛYÛ.ë?\�ÖXÎUÓ\Õ1ì^]7ÖAÛYÛ.Î)ßUÍ�Ó.Ö�ÕIðºÑ�ò�ó�ØAÕ^Ú	Í ã1Î4ßUÖ�Û=Û.Î)ßUÍ�Ó.Ö�Õ�Ö�è`_%Ø�àWÓqÔ�ð.þ���ózá'Z'Ø�ÍrÞ�Óa�L×täL×tØ�Ô
Ï1Þ Ö�à�ÓqÚXÎ)Ú'çXÝ�b÷ä^Ô�ãXäc7�ä'è©Þ Ö�Ü Í ã1ÎdV7Ø�ÞrÍ ã�ÌGßrÓ.ÎbÕ^ßUÎ)Ô	_oÓ.à�ÓqÔ�Ó.Ö�Õ�ÖAèfecØ�×tÞ ÎbÕ^ßUÎd\�ÎbÞ ø�ÎUÛ.ÎbÝ�ý�Ø�Í�Ó.Ö�Õ^Ø�Û
ecØ�ç^ÖWÞ�Ø�Í Ö�ÞrÝ�ág8,Ó.ì�ä1ÞrÎ ÑSÏXÛ\ÖWÍ�Ô�Í ã1Î ÚWÓ.Ü4ÎbÕ^Ô&Ó\ÖWÕcîih6h6jXÐ&ôSÒ�îGØAÕ^Ú!h6h6jXÐ�k_ömlSÒtÐ©Ózá�Î�á.îWÍ ã1ÎQnNopo4q#rp(ts î�Ø�è©Í ÎbÞ
Í ã1Î4Ü�Ó.ÕXÓ.Ü�ä1Ü ÚXÎbì�Þ ÎbÎ4ÖWÞ�ÚXÎbÞ�Ó.Õ1ì'Ö�Õ�ô õ öÉôSÒ�á	â�ã1Î4Ü_Ø�Í Þ�ÓqßUÎ)Ô�Ø�Þ Î�Ô[Ö�Þ Í Î)ÚÆÓ.Õ�Ó.Õ^ßUÞ Î)ØWÔ�Ó.Õ1ì�Ö�Þ�ÚXÎbÞ
Ö�è�Í ã1Î�evu èzØ�ßUÍ Ö�Þ�Ó��)Ø�Í[Ó\ÖWÕÈÍ�Ó.Ü4Î	Ö�è�Í ã1ÎLÔ[Î���ä1ÎbÕXÍ�ÓqØ�Û�UwV�ÌYX Ø�Û.ì�Ö�Þ[Ó\Írã1ÜLáÈâ�ã1Î	Ü�Ø�Í Þ[ÓußUÎ)Ô�Ö�è�Ü4ÖGÔ�Í
Ó\ÕXÍ ÎbÞ Î)Ô[Í7è©Ö�Þ�Ï^Ø�Þ�ØQÛYÛ.ÎUÛ=Ó��)Ø�Í�Ó.Ö�Õ�Ø�Þ Î�Í ã1Î�Ö�Õ1Î)Ô�Í ã^ØAÍ7Í�Ø�øWÎ�Í ã1Î�Ü4ÖGÔ[Í$Í[Ó\ÜwÎ�î�Ózá�Î�áuîGÍrã1Î%Ö�Õ1Î)Ô�Í Ö�×9ØAÞ�Ú1Ô÷Í ã1Î
Þ�Ó.ì�ãGÍ%ÖAè$Í ãXÓqÔ%ìWÞ�Ø�Ï1ãcá	81Þ Ö�Ü Írã1Îpê^ìWä1Þ Î�Ó.Í�ÓqÔpßrÛ.Î)Ø�ÞpÍrã^Ø�Í%Í ã1Î�Ü�Ø�Í Þ[ÓußUÎ)Ô ÛqØ�Þ ì�Î�Ó.Õ�ÚWÓ.Ü4ÎbÕ^Ô�Ó.Ö�ÕÈØ�Õ^Ú
ÕGä1Ü�ç^ÎbÞ�Ö�è�Õ1Ö�Õ��bÎbÞ ÖGÔ�Ø�ÛqÔ�Ö|Þ Î��WäXÓ\ÞrÎ�Ü4ÖWÞ Î4Í�Ó.Ü4Î_Í Ö_èzØ�ßUÍ Ö�Þ�Ó��bÎ�á	â�ã1Î_Í�Ó.Ü�Ó.Õ1ì'Þ Î)Ô�äXÛ.Í�Ô%ÞrÎbÏ^Ö�Þ ÍrÎ)Ú'Ó.Õ
Í ãXÓqÔtÔ�ä1ç^Ô�Î)ßUÍ�Ó.Ö�Õ'Ø�Þ Î�Ö�ç1Í�Ø�Ó.Õ1Î)Ú_Ö�ÕLØ�Ô�Ó.Õ1ì�Û.Î�í�\NZ òx���	Zc[y��Xfz`7FVQ{oòpÏ1ÞrÖ�ßUÎ)Ô Ô[Ö�Þ)îXÞ ä1Õ1ÕXÓ.Õ1ì!|�í?}
Ö�Ï^ÎbÞ�ØAÍ�Ó.Õ1ì�Ô�Ý1Ô�Í ÎbÜLá7â9ã1Î%Ï1Þ Ö�ßUÎ)ÔrÔ�Ö�Þtã^Ø�ÔoØ4û�ñ!~w\Fe þpÚ1Ø�Í�Ø�ßbØ�ßrã1Î?Ø�Õ^Ú	ØAÕLúdZc\&e,Ñ�ßbØ�ßrã1Î�á

_�ÎbÍ�Ø�Ó=Û.Î)ÚfÏ^ÎbÞ[è§Ö�ÞrÜ�Ø�Õ^ßUÎÈÞ Î)Ô�äXÛ.Í�Ô}è§Þ ÖWÜ ÍrãXÓuÔ�Ô�Î)ßUÍ�Ó.Ö�ÕfÓ.Õ Í�ØAç1äXÛuØAÞLè©Ö�Þ Ü_Ø�Í�Ø�Þ ÎÈØ)à�Ø�Ó=ÛqØ�çXÛ.Î�Ø�Í
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Computation

(k−1)
U

( K:N, K:N )

U
(k)

( K+1:N, K+1:N )

F (U(K+1, :))F (L(:, K+1))U
(k)

( :, K+1 ) U
(k)

( :, K+2:N )

R (L(:, K+1))

R (L(:, K+1))U
(k)

( K+1:N, K+1:N ) F (U(K+1, :))

U
(k)

( K+1:N, K+1:N )

r PROC   (K)

F (L(:, K))

Other processes 

( K:N, K:N )
(k−1)

Time

U

idle Wait for synchronization

PROC  c (K)

Communication

R (L(:, K))

R (L(:, K))

( K:N, K:N ) R (L(:, K))

U
(k−1)

S (L(:, K))
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