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�,zB¦,�������wª	� £q¹ »N�,��}@
 6§��¨¼/��©�ªG 3½;�: �ZY�H«��;\�¥µ
�$�h 9¦ ¡~} · �B¦���Vâ®�$�h 9¦©¬�}K ¨¼
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¾
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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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��ªå¬/ ®
�6¤âª´¢�qµQ��6¤�RN¦¥¹�£_¤/¦¨§�U
������V�Q��6¤WRB¦wªYX�«_^ ¶ ¸
���xª	�B� ®
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 �Á��X���ó��� Ç¶���X°M£[�t£Ø³RQ<= SUTWV-X+Y[Z]\-X^T]_a`bXdc+SeV-Ygf-SehifajUk
X^_-T�SelSUm[YnVWonX^jUjeYno[T�SeciY0Xi_pYn`rqiTbSUX^\-Z>s�Xi`tSe`b`rYnh^u-jeqi`v_-qiTbT�Yn`r\-ZtX^swq^`b`rqdkqio[onYnZrZdxyjUSeziY0T�faXiZrY
Se\${R|�}�~v�R�a}�jUj�Tbf-YnZrY�jeSe�-`bq^`bSeYnZ��q^\-VgX^T�f-Y[`bZd���vXi`rz]��SeT�f�V-SeZbTb`bSe�-u-TbYnVgq^`b`rqdk+ZtlXi`rY
X^`�jUY[ZbZ�ZrSUlSejUq^`GT�X�|�� �yqdc�q]V-SeZrT�`rSU�-uaT�YnV�q^`b`rqdk+Z�����Y�f-Xi_pY7T�faqiT��-Se\-V-Se\-hiZ�T�X�T�faYnZrY
jeSU�a`bq^`bSeYnZdx�Xi`(s�ua\-onTbSUX^\-qijejUk�ZbSelSUjeqi`�jeSe�-`bq^`bSeYnZdx���SejUj���Y�lq^V-Y�qdc�qiSejUq^�-jUY>Se\7|����^qdc�qp�"�aX^`
\-Xd��x�T�f-SeZvZbY[onT�SeXi\7Zru-llqi`rSUm[YnZ(Y[ZbZrYn\+TbSUq^jas�Ynq^T�u-`rYnZ�Xis�T�faY�|����^qdc�q��-Se\-V-Se\-h�T�XG}�V-jUSe�w�

°W�n� $��������n���¡ �¢��n�[�t �£¥¤[A��¦ �¢�§¨§©��ª�¤[ ���£¥¤n¢�ª�«

¬ f-Y[`bY0q^`bY�Tbf-`bY[Y�lqiSe\s�q^lSUjeSUY[Z�X^swo[XijejUY[onT�SeciY�X^_�Y[`bq^T�SeXi\SU\�}�V-jeSU�w®(`bY[hiu-jeqi`�o[Xill�ua¯
\-Seonq^T�SeXi\-Zdxy`rYnV-u-o[T�SeXi\Xi_pYn`rqiTbSUX^\-Z�x^q^\-VWSU`r`bY[hiu-jeqi`vonX^ll�u-\-Seonq^T�SeXi\-Zd�

¬ f-Y�`rYnh^u-jUq^`>onXill�u-\-SeonqiTbSUX^\-Z>qi`rY0Yn°+Ynl_-jeSU±aYnVWT�f-Y�X^_�Y[`bq^T�SeXi\-Z�²[³"´[µy¶@x@·+²[³@´[µ+¶@x
¸+¹ ´[¶yº+»+¼+½+¾�q^\-V ¹ º+¿+¼+À@xiSe\+T�`rX+V-u-onY[VWSU\WYnq^`bjeSeYn`�ZrYnonTbSUX^\-Zd� ¬ f-Y�jeqiZrT�XisRT�f-Y[ZbY+x ¹ ºy¿+¼+À@x
SeZ�q�c^Yn`rkÁo�faqi`rqionTbYn`rSUZrT�Seo(Y[°yq^l_-jUY+� ¬ faY ¹ º+¿+¼yÀÁs�u-\aonT�SeXi\�T�q^ziYnZ�TÂ�vX�V-SeZrT�`rSU�-uaT�YnVÃqi`r`rqdk
q^`bh^u-lYn\+T�ZrÄ$qÃZrXiu-`ronY�q^`b`rqdk7qi\-VWq7V-Y[ZbTbSU\aqiT�SeXi\R� ¬ f-Y[ZbY�TÂ�vX7qi`r`rqdkyZ>l�u-ZbT�faqdciY�T�faY
ZrqilY7ZrSUm[Y7qi\-V�Zrf-qi_pYyÅ0�au-TGT�faYnkgo[qi\Æf-qdc^Yqi\+kyx"u-\-`rYnjeqiT�Y[Vwx¥V-SUZrT�`rSe�-u-T�SeXi\Æs�X^`blq^T�Zd�
¬ f-YÃYnÇpYno[T�X^s(T�faYÃX^_�Y[`bq^T�SeXi\ÈSeZ0T�XonX^_ykWTbf-Yc�q^jUuaYnZ0Xis(Tbf-YÃYnjeYnlYn\+T�Z0Se\�Tbf-YÃZbX^u-`bo[Y
q^`b`rqdkÈT�X�T�f-Y]onX^`b`rYnZr_�X^\-V-Se\-hWYnjeYnlYn\+TbZ�Se\�T�faYÉV-Y[ZbTbSU\-q^T�SeXi\�q^`b`rqdkyx"_�Y[`bs�X^`blSe\-hÈq^\yk
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onX^lÃl�u-\-Seonq^T�SeXi\-Z�`rY��+u-Se`rYnV:T�X�VaX�T�f-q^T��! Âs�Tbf-YÈV-Y[ZbTbSU\-q^T�SeXi\âq^`b`rqdk�f-q^Z#"%$'&)(+*-,/.102$/3
lqi_-_-Se\-h�x-Tbf-Y ¹ º+¿+¼+À�Xi_pYn`rqiTbSUX^\���SUjejR�-`bX^qiV-o[qiZrTtZrXiu-`ronYGc�q^jUu-Y[Z�TbXÉq^jUjwonXi_aSUY[Z�X^s�T�f-Y
V-YnZrT�Se\-q^T�SeXi\qi`r`bqdk7Y[jUY[lÃY[\+T�Zd�

¬ f-Y ¹ ºy¿+¼+ÀÃs�u-\-o[T�SeXi\WSUZ�qZrT�q^T�SeoÁlY[l��pYn`tX^s¥T�faY465+½"´87ÃonjeqiZrZ��:9¥SeziYÁlXiZrT�XiswT�f-Y
s�u-\-o[T�SeXi\-ZÁSU\�}�V-jeSe�wx�T�f-Y;"%$=<>.?&És�u-\aonT�SeXi\�SUZÁXdciY[`bjeXiq^V-YnVT�Xqi_a_-jUkT�X]c�qi`rSUX^u-Z�`rqi\-z+Z
qi\-VTÂk+_�Y[ZtXiswqi`r`bqdk"®

@BADC�EGFBH/IKJMLON'C/PRQ STSVUTU#EDHDW?Q1C/P1J�Q1C=AMP�XYCZPRQ S=SVUTU[W=A/\RF1]=HB^`_
@BADC�EGFBH/IKJMLONbaRcTATJ?Q STSVUTU#EDHDW?Q1C/P1J�Q1C=AMP�XdaDcTATJ�Q S=SVUTU[W=A/\RF1]=HB^`_
@BADC�EGFBH/IKJMLONbERAM\Te1cTHfSTSVUTU#EDHDW?Q1C/P1J�Q1C=AMP�XdEDAM\Te6cTHgS=SVUTU[W=A/\RF1]=HB^`_
hThTh@BADC�EGFBH/IKJMLON'C/PRQ STS�XiUTUjERHDW?Q1CZP6J�Q1C=A/P:XkC/PRQ STS�XiUTUlW=AM\RF1]8HB^`_
@BADC�EGFBH/IKJMLONbaRcTATJ?Q STS�XiUTUjERHDW?Q1CZP6J�Q1C=A/P:XmaRcTATJ�Q STS�XiUTUlW=AM\RF1]8HB^`_
@BADC�EGFBH/IKJMLONbERAM\Te1cTHfSTS�XiUTUjERHDW?Q1CZP6J�Q1C=A/P:XmERAM\Te6c=HgSTS�XiUTUlW=AM\RF1]8HB^`_
hThTh@BADC�EGFBH/IKJMLON'C/PRQ STS�XTXiU=U#ERHDW?QBC/P6J�Q1C8AMP:XkC/PRQ STS�XTX2UTU�W=AM\RFB]=HB^�_
@BADC�EGFBH/IKJMLONbaRcTATJ?Q STS�XTXiU=U#ERHDW?QBC/P6J�Q1C8AMP:XmaRcTATJ?Q STS�XTX2UTU�W=AM\RFB]=HB^�_
@BADC�EGFBH/IKJMLONbERAM\Te1cTHfSTS�XTXiU=U#ERHDW?QBC/P6J�Q1C8AMP:XmERAM\Te1cTHgSTS�XTX2UTU�W=AM\RFB]=HB^�_
hThTh

qi\-VZronqijeqi`rZd®

@BADC�EGFBH/IKJMLON'C/PRQ njERHDWMQ1C/P6J�QBC=AMP:XkC/PRQ nlW8AM\RF1]=HR^`_
@BADC�EGFBH/IKJMLONbaRcTATJ?QonjERHDWMQ1C/P6J�QBC=AMP:XmaRcTA=J�QpnlW8AM\RF1]=HR^`_
@BADC�EGFBH/IKJMLONbERAM\Te1cTH#njERHDWMQ1C/P6J�QBC=AMP:XmERAM\=e6cTHjnlW8AM\RF1]=HR^`_
hThTh

{Ru-`r`bY[\yTbjUkTbf-Y�Y[jUY[lYn\+T�¯�TÂk+_�Y�XdciYn`rjeXiqiVaSU\-h�Se\-o[jUu-VaYnZ>qijej��yqdc�qq&)"M*-<r*-0i*-s8$vTÂk+_pYnZd�:9¥qiTbYn`
}�V-jeSe���Sejej"��Y�Y[°+T�Yn\aV-YnVWT�XZru-_-_pXi`rT
tK76u+º"·[¶ÃTÂky_pYnZd�

¬ f-Yn`rY�qi`rY�s�X^u-`�_-`rYno[Xi\-V-SeT�SeXi\aZ�s�Xi`�qonq^jUj@TbX ¹ º+¿+¼+À@®
÷i��}�jUj>_-`rX+onYnZrZrYnZ�Se\,Tbf-YqionTbSUc^Y�_-`rX+onYnZrZÃhi`rXiu-_Æl�u-ZbT�lqiziY]T�f-Yonq^jUjÂxRqi\aV�T�f-Y[k
l�u-ZbT�_-q^ZbZRonX^f-Yn`rYn\+Twqi`rhiu-lYn\+TbZbÄ)s�Xi`RYnq^o�fGqi`rhiu-lY[\yT�x�qijej+_-`bX+o[YnZrZbY[Z¥_-q^ZbZ�jeXyo[qij
`rYns�Y[`bY[\-onY[Z�T�XjUX^hiSeonq^jUjek�T�faY�Zbq^lÃY0V-SeZrT�`rSU�-uaT�YnVWq^`b`rqdky�

øp��}�Z�lYn\+T�SeXi\aYnVÆqi�pXdciY+x@Tbf-Y�ZrXiu-`ronY7q^\-VÆV-YnZrT�Se\-q^T�SeXi\�qi`r`bqdk+Z�Zrf-XiuajUV�f-qdc^Y7T�f-Y
ZrqilY0Zbfaqi_pY�qi\-VYnjeYnlYn\+T�TÂk+_pYnZd�

vp� ¬ f-Y�q^`b`rqdk+Zg²n¾Kw ¹ ·[º�q^\-Vx5+º@²[¶"´8y+¼y¶"´[¾KyÈl�u-ZbT7\aXiT7XdciY[`bjeqi_aÄ$\-X�YnjeYnlYn\+T7X^s
²[¾Kw ¹ ·[º7l�u-ZrTt��Y�qi\WqijeSUq^Zts�Xi`�qi\�YnjeYnlY[\yT�Xis�5+º@²[¶"´8y+¼y¶"´[¾Ky@� ¬ faSUZtSeZ�X^\-jek]q^\
SeZbZru-Y�Sesw�pXiTbfWqi`rhiu-lYn\+TbZvq^`bY0ZrYno[T�SeXi\-Z�X^s¥T�faY�Zbq^lÃY0q^`b`rqdky�

z ��{>XiTbfWqi`rhiu-lYn\+TbZvl�u-ZrT���Y}|=~�(-(+��,Z�1��0i.B*-��$Z3�Se\WT�f-Y�q^onTbSUc^Y�_-`rX+onY[ZbZ�h^`bX^u-_w�
{>k�V-Y[±-\-SeT�SeXi\wx^q^\�qi`r`bqdk�SUZd��s�u-jejUko[Xi\+T�q^SU\-Y[V��GSes@SUTbZ�VaSUZrT�`rSU�au-T�SeXi\�h^`bX^u-_SUZvonX^\+T�qiSe\-Y[V
SU\)T�faY�qionTbSUc^YW_-`bX+o[YnZrZÃh^`bX^u-_w���-X�T�f-Y�`rY��+u-Se`bY[lYn\+T�SeZ7T�faqiT7Ync^Yn`rkÆonX^_ykÆX^s�Y[ciY[`bk
YnjeYnlYn\+TtX^s�T�f-YGq^`b`rqdk�SeZ�f-Y[jUV�X^\�Xi\-Y�Xis�T�f-Y�_-`bX+o[YnZrZbX^`bZ�Y[\-hiq^hiSe\-hSU\ÈTbf-YGo[XijejUY[onT�SeciY
Xi_pYn`rqiTbSUX^\w�
� XiZrT�X^s"T�faYÁs�ua\-onTbSUX^\-Z>SU\]}�V-jeSU�f-qdc^Y�q�ZrSelÃSejeqi`vZbY[T�X^s"_-`rYnonX^\-V-SeT�SeXi\-ZrÄ)qijej�X^_�Y[`b¯

qiTbSUX^\-Z>qi`rY�onq^jUjeYnVonX^jUjeYno[T�SeciY[jUk��SeT�fWonX^f-Yn`rYn\+T q^`bh^u-lYn\+T�Zdx^SU\a_-u-T>qi\-VXiuaT�_-u-T>q^`b`rqdk+Z



�����1��ÿtþ������¥û�ÿ ù����:�¥þ0ù�ý�����þÐù����;�������nùRû�ý�������� ö1v

Zrf-XiuajUV�\-Y[ciYn`�Xdc^Yn`rjUq^_wx�q^\-VÆqi`r`bqdk�q^`bh^u-lYn\+T�Z�l�u-ZrT�qije��qdk+Z��pY�s�u-jejUk�onX^\yTbqiSe\-YnV�Se\
Tbf-Y�qio[T�SeciYvhi`rXiu-_w� ¬ f-Y�jeqiZrTR`rY��+u-Se`rYnlYn\+T�SUZ�_a`bX^�-qi�-jekGTbf-Y�Ynq^ZbSeYnZrT�T�X0XdciY[`bjeX+Xiz"�({RXi\a¯
ZrSUVaYn`>T�f-Y�Y[°+qil_-jeY�X^swZrYno[T�SeXi\�v�� z xy��SUh^u-`bY�vp�e÷M���w}�\YnqiZrk�lSeZbTbqiziYÁ�vXiu-jeV]�pY0T�X_-u-T
Tbf-Y�o[qijejUZÁT�X ¹ º+¿y¼+À#*-���/*-3B$ÁTbf-YÃs�XijejUXd��Se\-hÉ¾KyWonX^\-ZrT�`ru-onT�� ¬ faSUZÁSUZ0q^\gYn`r`rXi`dxê�pYnonq^u-ZrY
Tbf-Yn`rY�SeZ0\-X]h^u-qi`rqi\+TbYnYGTbf-qiTÁV-SeZbTb`bSe�-u-TbSUX^\ghi`rXiua_-Z�X^s ¼Wqi\-Vj7qi`rY�onX^\+T�qiSe\-Y[VÈSU\�T�faY
V-SeZrT�`rSU�-uaT�SeXi\Æhi`rXiua_wx"À@xwXis�·y� ¬ f-Y�s�u-\-o[T�SeXi\,¿+¼+¶+¿Kwy½WSeZ�Zru-_-_pXiZrYnVÆTbXÈ�vXi`rzgs�Xi`�qi`r¯
h^u-lYn\+T�Z���SeT�fÆq^\yk+x@u-\a`bY[jUq^T�YnVRx@V-SeZbTb`bSe�-u-TbSUX^\Æs�Xi`rlqiT�� ¬ f-Y7}�V-jeSe�ÆjUSe�-`rqi`rkÈSU\aonjeu-V-YnZ
`ru-\+T�SelY�o�f-Yno�z+Z(s�X^`(onX^\yTbqiSe\-lYn\+T�Xis�q^`b`rqdk+Z��� Âs�q^\Ãq^`bh^u-lYn\+T�SeZ \-X^T�s�u-jUjekonX^\yTbqiSe\-YnVRx
q^\]Y[°yo[Yn_-TbSUX^\]X+o[onu-`rZ��

�-X�jUX^\-htqiZRT�faY `ru-jUY�Xi\Go[Xi\+T�q^SU\alÃY[\+T"SUZRXi�aZbY[`bc^YnVwxn}�V-jeSe��onq^jUjeZ¥o[qi\G�pY lq^V-Y s�`rYnY[jUk
Se\-ZrSUV-YV-SeZrT�`rSU�-uaT�YnV�o[Xi\+T�`rXij�onX^\-ZrT�`ru-onTbZ�x�Se\-o[jUu-VaSU\-h�Tbf-Y7_-q^`bq^jUjeYnj�jeXyX^_wx"¾K�+º ¹ ¼y½+½@�� Âs�x
s�X^`�Y[°yq^l_-jUY+xp��YÃ�vqi\+T�TbX��OZbz^Yn���]qi\gq^`b`rqdk+Ä$Zrf-Ses�Tt`rXd��Z�Se\�Tbf-Y��WV-SU`rYno[T�SeXi\��yk�q^\
q^lÃX^u-\+T>T�f-q^T�V-Yn_pYn\-VaZtXi\T�f-Y��SU\-VaYn°+Ä$�vY0onq^\VaXÃZrXilY[T�f-Se\-hjUSeziY

AMPON�L�^��
C/PRQ�STS?XiUTU[J��;P6H?��C/PDQfSTS-��Xr�DUTU�Xe ��P6H?��C/PRQfS=S-�OXr�DUTU�_

A�@BH�FBJ=cTc�N'Cj�G�#aRA�Ff¡%^
¢ ERcDCZe h W/£KC?a=Q�N�e¤STSiC�Xl¡�UTU�X�J¥STSiC�X ¡�UTU�XdC�¦§^�_¨

¬ f-YÁZrYnonTbSUX^\Éq^`bh^u-lYn\+T�ZvXisv²[³"´[µ+¶�f-qdc^Y�V-SeZrT�`rSU�-uaT�SeXi\Éh^`bX^u-_]À�©+´^xy��f-Seo�fÉSeZ>SUV-Y[\+T�Seonqij
TbXÃTbf-YGq^onT�SeciY0_-`rX+onY[ZbZ>hi`rXiua_]q^T�T�f-SeZt_pXiSe\yT�x+ZrXÃTbf-YGq^`bh^u-lYn\+T�Z>qi`rY0s�u-jejUkonX^\yTbqiSe\-YnVR�
} ZbjeSUh^f+T�jek�lXi`rYto[Xil_-jeSUo[qiT�Y[V7Yn°+qil_-jeYtSe\+ciXijec+SU\ah5y¾+¶Kª ¹ ¾65Kw"·[¶0��q^Z h^SUc^Yn\Ynq^`bjeSUY[` Se\
ZrYno[T�SeXi\ z � «pxy��SUh^u-`rY z � ö��

} _-`rXiT�X^TÂk+_�YÃXis(Tbf-Yg²[³@´[µ+¶s�u-\-o[T�SeXi\���q^ZÁh^SUc^Yn\ÈSe\�ZbY[onT�SeXi\�øp� vp�� Â\�hiY[\-Yn`rqijR�vY
f-qdc^Y

@BATC�E[W/£KC?a=Q�N¬®STSVU=U#ERHDW?QBC/P6J�Q1C8AMP:X�¬¯STSVUTUlW=AM\RF1]8H)X
C/PRQ[W/£KC�a=Q ¢ IKAM\TPDQK^°_

@BATC�E[W/£KC?a=Q�N¬®STS�X2UTU#ERHDWMQ1C/P6J�QBC=AMP:X�¬¯STS�X2UTU[W=AM\DF1]=H)X
C/PRQ[W/£KC�a=Q ¢ IKAM\TPDQOXkC/PRQ EBC§IKHMPKWTC8AMP�^°_

@BATC�E[W/£KC?a=Q�N¬®STS�X=XiUTU ERHDWMQ1C/P6J�QBC=AMP:X�¬±STS?XTXiUTU�W=A/\RF1]=H)X
C/PRQ[W/£KC�a=Q ¢ IKAM\TPDQOXkC/PRQ EBC§IKHMPKWTC8AMP�^°_

hTh=h
��f-Y[`bY�²ÐZbTbqi\-VaZtqiZ�q7Zrf-Xi`rT�faqi\-Vs�Xi`tq^\+k�_-`rSUlSeT�SeciY�TÂk+_�Y�X^sw�yqdc�qp� ¬ f-Y>5@´[¿+ºKy"²y´[¾Ky
q^`bh^u-lYn\+T¥SeZ�SU\ÃT�faYv`rqi\ahiY´³�µ�¶8¶�¶?µ8·d¸]÷ ��f-Yn`rY�·,SUZ�T�faYv`rqi\az�XisaTbf-Y>qi`r`bqdk+Zd�) ÂT�ZbY[jUY[onT�Z
Tbf-YWqi`r`bqdk�V-SelYn\-ZrSUX^\$Se\)��f-SUo�f)T�faYZrf-Ses�T7X+ononua`bZd� ¬ f-Y,²[³"´[µy¶K4+¿+¾Kw6y+¶gqi`rhiu-lYn\+T�x
��f-Seo�fÈlqdk��YÃ\-Ynh^qiTbSUc^YyxaZb_pYno[SU±-Y[Z�Tbf-Y�q^lXiu-\+T�q^\-VÈV-Se`rYnonTbSUX^\ÈXis�Tbf-YÃZbf-Ses�T���}�h^qiSe\
Tbf-YWZbX^u-`bo[YÉq^\-V$VaYnZrT�Se\-qiTbSUX^\,qi`r`rqdkyZ�l�u-ZrTf-qdciYT�faYZrqilYZbfaqi_pYyx��au-T\-Xd� T�faYn`rY
SeZ�q^\ÈYn°+Tb`bq]_-`bY[onX^\-V-SeT�SeXi\-Ä)T�f-Y[kWl�u-ZrT�q^jUZrX��pY�SeV-Y[\yTbSUo[qijejUkWq^jUSehi\-Y[Vw� ¬ f-qiTÁSUZdx�T�f-Y[SU`
V-SeZrT�`rSU�-uaT�SeXi\Èh^`bX^u-_-Ztl�u-ZbT���YÃSeV-Yn\+T�Seonq^jwq^\-V�qijejRT�f-Y[SU`Á`bq^\-hiY[Ztl�uaZbTÁ��Y�SUVaYn\+T�Seonq^jwX^`
ZrqiTbSUZrs�k�T�faY$´y²84+½"´8¹6y+ºK5�T�Y[ZbT���{vk$V-YnZrSehi\wx0²[³@´[µ+¶�SelÃ_ajUY[lÃY[\+T�Z�qÆZrSUl_-jeYn`7_aqiT�TbYn`r\
X^s�o[Xill�u-\aSUo[qiT�SeXi\ÆTbf-qi\Æh^Yn\-Y[`bq^j ¹ ºy¿+¼+À@� ¬ f-YÉqijeSUh^\-lYn\+TG`rYnjeqiT�SeXi\�q^jUjeXd��Z�qÈlXi`rY
Y8ºÃo[SUY[\+T]Sel_-jUY[lYn\+T�q^T�SeXi\w� ¬ f-Y�jUSe�-`rqi`rk$Se\-o[jUu-VaYnZW`bua\yTbSUlY�o�f-Yno�z+ZXi\ q^jUSehi\alÃY[\+T
`rYnjeqiTbSUX^\-Z>��Y[TÂ��Y[Yn\Wqi`rhiu-lY[\yTbZ�x^��f-Y[`bY0Tbf-YnZrY�qi`rY�`rY��+u-Se`rYnVw�

¬ f-Y�²n³"´[µ+¶�X^_�Y[`bq^T�SeXi\�V-SeZbo[qi`rV-Ztc�qijeu-Y[Z�s�`rXil ²[¾6w ¹ ·[º�Tbf-qiT�qi`rYGlXdciYnV�_aqiZrT�T�faY
Y[V-hiY0Xis»5+º"²n¶"´8y+¼+¶@´[¾Ky@��}�T�T�faYGXiTbf-Yn`�Y[\-VWXisRT�f-Y�`rqi\-h^YyxyY[jUY[lÃY[\+T�ZtX^s:5+º"²n¶"´8y+¼+¶@´[¾Ky
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T�f-q^T(qi`rY�\-X^T(T�q^`bh^YnT�TbYnV7�+kÃYnjeYnlYn\+T�Z�s�`bX^l�²[¾Kw ¹ ·nº0q^`bY�ua\-o�f-qi\ahiYnV7s�`rXil T�f-Y[SU`�SU\a_-u-T
c�qijeu-Yy� ¬ f-Y�X^_�Y[`bq^T�SeXi\ç·+²[³"´[µy¶�SeZ7YnZrZbY[\+T�SeqijejUk�SeV-Y[\yTbSUo[qij�TbX ²[³"´[µ+¶�Yn°+onY[_-TT�f-q^T7SUT
SUl_-jeYnlY[\yTbZtqonSe`bo[u-jeqi`>ZbfaSUs�T��

¬ f-YÈs�u-\-o[T�SeXi\ ¸+¹ ´[¶yº+»+¼+½+¾�SeZ�q^_-_-jeSUY[V)TbXÆV-SeZbTb`bSe�-u-TbYnVâqi`r`rqdkyZTbf-qiT�faqdciYWhif-X^ZbT
`bY[hiSeXi\-Zd�� ÂT�u-_�VaqiT�Y[ZtT�faXiZrYÁ`rYnh^SUX^\-Zd� ¬ faYÁZrSelÃ_ajUY[ZbT�c^Yn`rZbSeXi\-Z>f-qdc^Y�_a`bX^T�XiTÂk+_pYnZ

@BADC�EG�TF1C?QBH?¼BJTcTA�N¬½STSVU=UlJB^�_
@BADC�EG�TF1C?QBH?¼BJTcTA�N¬½STS�X2UTU[JB^x_
@BADC�EG�TF1C?QBH?¼BJTcTA�N¬½STS�X=XiUTU[JB^�_
hThTh

��Y7o[qi\�V-SUZrT�Se\-h^u-SUZrf���Y[TÂ��Y[Yn\�T�f-YjeX+onqijejekÈf-YnjeV &)¾1�D�Z*-,/.1(´�/$2¿K<r$8��0¥Xisvqi\�qi`r`bqdkqi\-V
T�f-Y�Zru-`b`rXiua\-V-Se\-h[¿�¾B�B�/0m"%$2¿�*-�B�ax���f-Seo�f SeZuaZbY[V T�X$onqio�faYgjeXyo[qijÁonX^_-SUY[ZÉX^sG`bY[lXiT�Y
YnjeYnlYn\+TbZ�� ¬ f-Y�Y[Ç�Y[onT�X^s ¸y¹ ´[¶+º+»y¼+½+¾ÃSUZ�T�X7Xdc^Yn`r��`bSeT�Y0T�faYGhif-X^ZbT�`bY[hiSeXi\��SUTbfÈc�qijeu-YnZ
s�`bX^l _-`rX+onYnZrZrYnZ>f-XijeV-Se\-hT�f-Y�o[Xi`r`bY[Zb_pXi\aV-SU\ah�Y[jUY[lÃY[\+T�ZtSe\]Tbf-YnSe`t_-f+k+ZrSUo[qij@ZrYnhilY[\yTbZ��

} lXi`rYÃh^Yn\-Y[`bq^j�s�Xi`rl¡Xis ¸+¹ ´n¶+º+»+¼+½y¾]qijejeXd��ZÁTbX�Zb_pYno[SUs�k�T�f-q^T�Xi\-jekgqWZru-�-ZrYnT�X^s
T�f-YÁqdc�qiSejUq^�-jeY�hifaXiZrT�q^`bY[qGSUZ>TbX��pY0u-_�VaqiT�Y[Vwxyqi\aVÉT�XÃZrYnjeYnonTvonSe`ronu-jeqi`v��`bq^_-qi`rXiua\-V7s�Xi`
u-_pV-qiTbSU\-h7h^f-XiZrT>onY[jUjeZ�qiT>T�faY�Yn°+T�`rYnlY�Yn\aV-Z�XisRT�f-Y�q^`b`rqdkyxiSeswV-Y[ZbSe`rYnVw�

@BADC�Ej�TF1C?QBH?¼BJTcTA�N¬½STSVU=UlJ)XmCZPRQj�1cTA�XdC/PRQj�8£KC�XdC/PDQ�IKA8ERHR^`_
@BADC�Ej�TF1C?QBH?¼BJTcTA�N¬½STS�X2UTUlJ)XdCZPRQj�1cTA�SVU�XdCZPRQj�=£KC�SVU�XdC/PDQ�SVU;IKA�ERHB^�_
@BADC�Ej�TF1C?QBH?¼BJTcTA�N¬½STS�X=XiUTUlJ)XmC/PRQj�1c=A¥SVU�XdCZPRQG�=£6C�SVU�XdCZPRQ�SVU;I6A8ERHB^�_
hThTh

¬ f-YÁSU\+T�Y[hiY[`vc^Yno[T�Xi`rZvqi`rY�qijej�Xis"jeYn\ahiT�fj·Gx^T�f-Y0`rqi\-z7X^s"T�f-Y0q^`bh^u-lYn\+T�¼@� ¬ f-Y0c�qijeu-YnZ
¸ ½y¾�q^\-V ¸ ³"´ÉZb_pYno[SUs�kÆTbf-YW��SUV-Tbf-ZqiTÃu-_-_pYn`7q^\-V,jeXd��Y[`�Y[\-V-ZXistTbf-YW�-qi\aV-ZT�X���Y
u-_pV-qiTbYnV ��Tbf-YnZrYÉc�q^jUu-Y[ZGl�uaZbTG�pYÉjeYnZrZGTbf-qi\ÆX^`GY��+u-q^j T�XgT�f-Y���SeV-Tbf-Z�X^svTbf-YÉq^onTbu-qij
hif-X^ZbT�qi`rYnqiZ�Xi\ÈTbf-Y�q^`b`rqdk"��� ¬ f-YÃ¿y¾K5+º�c�q^jUu-Y[Z�VaYn±-\-Y�s�Xi`�Ynqio�fgV-SUlY[\-ZbSeXi\���faYnT�faYn`
T�XGua_�V-q^T�Y�SU\7Tbf-Y�\-X^`blq^j-��qdk+xdjeYnqdc+Se\-h�hif-X^ZbT�Y[V-hiY[Z q^T(Yn°+T�`rYnlYtY[V-hiY[Z(Xis�Tbf-Y�q^`b`rqdk+Z
u-\+��`bSeT�TbYn\�� c�qijeu-Y�Zrf-X^u-jUVÉ��Y�À ¹ ´[¶+º+»y¼+½+¾�Á%Â6ÃKÄKÂ@��xn��f-YnTbf-Yn`vT�X�u-_pV-qiTbY�u-ZrSe\-h�o[SU`ronu-jeqi`
��`bq^_-qi`rXiua\-V��VÀ ¹ ´[¶+ºy»+¼+½+¾�Á	ÅKÆKÅKÇ@��x�X^`v��faYnT�faYn`tTbXÃ\aXiT�u-_pV-qiTbY�qi\+k7hifaXiZrTv`rYnh^SUX^\-Z>SU\
T�f-SeZ>V-SelÃY[\-ZrSUX^\�qiTvqijej���À ¹ ´[¶+º+»+¼y½+¾�Á%ÈKt6ÈKÂ@x[Y��+u-Sec�qijeYn\+T TbX�ZrYnTbT�Se\-h�Tbf-Y�o[Xi`r`bY[Zb_pXi\aV-SU\ah
YnjeYnlYn\+TbZ�Xis ¸ ½+¾@x ¸ ³@´0T�XmnY[`bX����

~v_�Y[`bq^T�SeXi\Xis ¸y¹ ´[¶+º+»y¼+½+¾�SUZ�c+SeZbu-q^jUSemnY[V]Se\W±-hiua`bY0öp�e÷i�

É�8Ê Ë��
Ì��� �£w¤n¢�ª�«

Í YnVau-onTbSUX^\X^_�Y[`bq^T�SeXi\-Z>TbqiziY0X^\-Y0Xi`�lXi`rY0V-SUZrT�`rSe�-u-T�Y[VWqi`r`bqdk+ZvqiZ�Se\-_-u-T�� ¬ f-Ynk]onXil¯
�-Se\-Y�Tbf-Y�Y[jUY[lYn\+T�ZvT�X�_-`bX+V-uaonY�X^\-YtX^`�lXi`rYtZronq^jUq^`(c�qijeu-YnZdx^Xi` q^`b`rqdk+Z�Xis"jeXd�vYn`(`rqi\-z"�
}�V-jeSe�g_-`rXdc+SUV-Y[Z�q]jUq^`bh^YGZrYnTÁXis(`rYnV-uaonT�SeXi\gXi_pYn`rqiT�SeXi\aZ�x�Zru-_-_pXi`rT�Se\-hÉTbf-Y�lq^\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��YÃlYn\+T�SeXi\
Xi\-jek�qs�Yn�9XisRT�faY�ZbSel_-jUY[ZbT>`rYnV-uaonT�SeXi\aZ��

¬ f-Y�¿y¼K�K�+¼+½ÈXi_pYn`rqiTbSUX^\�ZrSUl_-jek�`rYnT�ua`b\-ZÃT�faYlq^°ySel�ual Xistq^jUjvYnjeYnlYn\+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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�»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-YtYnjeYnlY[\yTbZ(Xis�¼âe\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�âelYn\-ZZâUX^\-qijêq^`b`rqdk+Zwq^Z(qi`rhiualÃY[\+T�Z�qi\aVÃ`rYnTbu-`r\-Z�T�f-Y8âU`
Zronq^jUq^`t_-`rXyVau-onTbÄ$Tbf-Y�Zru-l�X^s(_-qBâe`r��âUZrYG_-`rX+V-u-onTbZ�X^s(YnjeYnlY[\yTbZ�� ¬ f-YÃZ§âeT�uaqiT'âeXi\g��âUTbf
Y[jUY[lÃY[\+T�TÂky_pYnZ�âeZGo[Xil_-jãâUo[qiT�Y[V��pYno[qiu-ZrY7T�faY7TÂky_pYnZ�XisvT�f-Y7TÂ�vXWqi`rhiu-lYn\+TbZÁ\aYnYnVa\:ä T
�pY
âeV-Yn\+T'âeonq^jO�: Âs@Tbf-YnkÃqi`rY�V�âeÇ�Y[`bY[\yT�x�ZrT�q^\-V-q^`bV7�yqdc�q���âU\aqi`rk�\+u-lYn`ZâUo�_-`bX^lXiT'âeXi\aZ(qi`rY
q^_-_-jãâUY[V-Ä$s�X^`tYn°+q^lÃ_ajUYâes�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�aXilY�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-YZbq^lY�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@lYnl���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^lY�s�Ynq^T�u-`rYnZ

âe\]o[XillXi\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_
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 ÂT�T�q^ziY[ZÉqÆZronqijeqi`���`rqi\-z+¯i³�V�âUZrT�`ZâU�au-T�Y[V qi`r`bqdk"��qiZ]qi`rhiu-lY[\yT7q^\-Vâ�-`rXiq^V-onq^ZbTbZ7T�f-Y
YnjeYnlYn\+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\]YnjeYnlYn\+T>Xiswq�h^Yn\-Y[`bq^j�q^`b`rqdkyx
qiZ�âe\WT�f�âeZts�`rqihilY[\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�ZrXilY�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�âUlYn\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^lYtZbfaqi_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-Y¹+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_-jeYnlY[\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�lqdk
f-qdciYÁqonX^lÃ_ajUY[T�YnjekÉua\-`bY[jUq^T�Y[V]lqi_a_�âU\ahp�

¬ f-Y�Xi\-Y[¯ßV�âUlYn\aZ§âeXi\-q^j�o[qiZrY0hiYn\aYn`rqijãâUm[YnZvT�XhBâeciYÁq`bq^T�f-Y[`vo[Xil_-jãâUo[qiTbYnVs�qil�âUjek�X^s



��� ���#�wùRú�þ������¥þ�� ö��
_-`rXiTbXiTÂk+_pYnZ>s�Xi`�l�u-jUT§âUV�âUlYn\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\-lY[\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�\-qilYnZ
²[¾Kw ¹ ·[ºÃqi\aVY5+º"²[¶@´8y+¼+¶"´n¾Ky�qi`rYÁZr��âeT�o�f-Y[Vw� ¬ f-Y0Xi\-Y[¯ßV�âUlYn\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'âeciYonXill�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&�$/,80i�B"�_-f-q^ZbY�âU\â��f�âeo�f:T�f-Ygqi`rhiu-lYn\+TbZ�qi`rY
q^\-qijek+ZbY[V�T�XV-Y[T�Yn`rl�âU\aYÁ��faqiT>onX^lÃl�u-\�âeonq^T'âeXi\-Z�q^\-VÉjeX+onqij@o[Xi_�âeYnZ>��âejUj@�pY�\-Y[YnV-Y[V]TbX
o[Xil_-jeYnT�YTbf-YXi_pYn`rqiT'âeXi\Rxpqi\-V�qi\�$�)�$/,=~�02�1">_-f-q^ZbYrâe\���f�âUo�f�T�f-YZro�f-YnVau-jUYX^s T�faYnZrY



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

* F1C?QRH?¼1JTcTA��TF1C?QBH?¼BJTcTAj��P6HM� * F1C?QRH?¼1JTcTA�N�\�^°_+ J��T@RJTc#,BcTA=J�QjIKJ��T@BJ=cG��P6H?� + J��T@RJTc#,BcTA=J�Q�NiFK^!_
ERAj�
aRA?F�N'C/PRQjL1J�F1C?QT�l�jî�_�L1J�F1C?QT�.-/�!_�L1J�F1C?QT�TëTë6^G�
�TF1C?QBH?¼BJTcTA h H?�BHD]/\RQRH�NZ^!_

A?@BH�FBJTc=c�N'CG�G�#aRA�Fxíx¡1032��R^
A�@BH�FRJTcTc�N%4#�G�#aRA�F íçë!N'C�¦rë�L6J�FBC?QT�K^657��¡1072���¡��R^;�
aRcTA=J�QGP6H?� ¢ _

P6H?� ¢ �#î h ��839`N%J�SiC:2�íKX�4=U#ë#J¥SiC�ë�í�X�4=UGëJ�SiC�X�4�2[í/U#ë#J¥SiC�X�4Gë í/U1^�_
FfS2C�X�4=U#� + J�Q8£ h JMeKW�NVP6H?� ¢ 2#J�SiC�X�4=U1^�_J�S2C�X�4=U#�þP6H?� ¢ _¨

¨

¨ �=£6C=cTH�NVI6J��T@BJTc h H��BHD]Z\RQBH�NZ^7;=<Tå�>B^T^�_
�»âUh^u-`rYÁö�� ø�® Í YnV-¯��-jeqio�z�`rYnjeqi°+q^T'âeXi\wx^`rYn¯�u-Z§âe\-hÃonX^lÃl�u-\�âeonq^T'âeXi\Zbo�f-Y[V-u-jeYnZd�

V-qiTbq]Tb`bq^\-Zrs�Yn`rZ�âeZ�qio[T�u-q^jUjek�_�Y[`bs�X^`blY[Vw�� Â\jâUTbYn`rqiT'âeciYÃqijehiX^`§âeT�falÃZdx�âUT0X^s�T�Yn\�f-q^_-_�Y[\-Z
T�f-q^TtYn°+q^onT�jekÉTbf-Y�ZrqilY�o[Xill�u-\�âUo[qiT'âeXi\W_-q^T�TbYn`r\þâUZt`rYn_pYnq^T�Y[V�lÃq^\+kÉT'âelYnZ�XdciYn`d�� Â\
T�f�âeZ�onq^ZbY�âeT�âeZ��vqiZrT�Yns�uaj@T�X`bY[_�Y[qiTvT�f-Y�âe\-Zr_�Y[onTbXi`>_-f-q^ZbY�âU\WY[ciYn`rk�âUTbYn`rqiT§âUX^\wxy��Y[onq^u-ZbY
T�f-Y�VaqiT�qTb`bq^\-Zbs�Y[`�Zbo�faYnV-u-jeY0��âUjej"�pY�T�f-Y�ZrqilY0Ync^Yn`rk7T'âelYy�

}�V-jãâU�7_a`bXdcKâeV-YnZ�q�o[jUq^ZbZ�X^s��/,=¾B$/3B~�(+$��?�	@=$/,=02�"s�Xi` Ynqio�fÃXis)âeT�Z o[Xill�ua\�âUo[qiT§âUX^\�s�u-\aon¯
T'âeXi\-Zd� ¬ f-Y�onjeqiZrZbY[ZthiY[\-Yn`rqijejekÉf-qdc^YGT�f-Y�Zbq^lYG\-qilY[Z�qiZ�T�f-YÃZrT�qiT§âUo�s�u-\-onT§âUX^\-Zdxa��âeT�f
T�f-Y�±a`bZrT>jUY[T�T�Y[`tonq^_�âeT�qijãâemnYnVÆ��Tbf-Y�\-q^lÃY�lqdk�q^jUZrXÃ��Y�Y[°yTbYn\-VaYnVW��âUTbfWqÃ`rYnZru-jeT�TÂk+_�Y+���A q^o�fÃo[jUq^ZbZ f-qiZ(q�ZbY[`§âeYnZ(X^s�o[Xi\-ZrT�`ru-o[T�Xi`rZ(��âeT�f7q^`bh^u-lYn\+T�Z�âeV-Y[\yT§âUo[qij�T�X�T�faY�âe\-ZbTbqi\-o[YnZ
Xis@Tbf-Y�s�ua\-onT§âUX^\w� A ciY[`bkÃZro�f-YnV-uajUY�onjeqiZrZ f-q^Z�X^\-Yt_-u-�aj�âeo�lY[T�f-X+VÉ��âeT�f]\-X�q^`bh^u-lYn\+T�Z
onq^jUjeYnVWºK�yº"·8w+¶+º�xi��f�âeo�f]Y[°+YnonuaT�YnZ�T�f-Y�Zro�f-YnVau-jUY+�B ZZâU\-hYÀ ¹ ´[¶+º+»+¼y½+¾q^\-VDC+¼6�K�+¼+½7Zro�f-YnV-uajUY[Z�xaT�f-Y�lqBâe\�jUX+Xi_gXis�T�f-Y�`bY[V-¯��-jUq^o�zÉ`rYn¯
jUq^°+qiT'âeXi\�_-`rXihi`rqil s�`rXil ZrYno[T'âeXi\jvp� øpx��»âehiu-`rY�vp� «]o[Xiu-jeV���Y7`rYn��`ZâUTbT�Y[\�q^Z�âe\��»âUh^u-`bY
öp� øp� E F
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o#�^u���������z�§â������#�çâ��������[l�������q����s���%�����0q��
@BADC�EþIKJ�Q�ID\1c�NbaRcTA=J�QÿSTS�9�Xs9?UTU[]�XraDcTATJ�Q�S=S�9�Xs9�U=UlJ)XraRc=ATJ�Q�STS�9�Xs9�UTU;e�^��
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aRA?F�N'C/PRQ[C��#î�_�C:-jc`_dC�ëTë1^
aDA�F�N'C/PDQ34G� î°_�4�-kI�_�48ëTë6^G�
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����â��to#�^u��������q����?���'âel�âUm��#����âe���rq����s���iu��§â����+� ¬z� ��?�o���bq?�'â������is[� � �1�aq��rq��������@q������i¯
�§â�� � l s����
ª�Ã�ø�â��
â����eu������bq?�����kâ��3�i� «p�



e1� Ï��#���	�gþ´�����������-ü´�:�ný�ý��	�r� �?�

åTFRAD]TWBíkL ��P6H?�jåTFBAD]TWRíKNiåK^°_¥6C§IKHMPKWTC8AMP�E#�;L h EBCZI:Nbî1^`_
AMPON�L�^��i JMPRòBHG�j��P6H?��jBcTAD]lk i JMPRòBH�N�0OXmE6^�_
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+ å?¤ hZ¦�¨ +q+?©l* ¨ iX« ¥ h >DHMPBE8FBHD]?@ © FBHML6cTJR]8H�N�e © e6clk�Xþî�X�j�X + å?¤ h , « ¨ ¢q XF1C?ò8£DQOXmî�X�c=H8a=QOXmî1^x_

¨
¨

�»â��-�������-�e÷Mv�®¡É¹�����Zâ����6�-�¯� � � V ¯��������o�����*&#�7&��il������"!��'â��������§â����s���#� ��&#�§â��?�D���t�)!X®%!
!?���*!X���



dB³ ùRú�û�üÁýRþ�ÿfe1� �}�hg �¥þ���þ´�j�-ü��;� ü ÿ���vÿtû��;�;�	���

ïuð�ñ�ò�ó�ô�õ
aRc=ATJ�QìSTSVU=UlJ)_
i J/PRòBHG�#� J h F8PRò�N	î1^�_
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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]
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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
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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°_
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