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 `s\Xe�\c`�r�`�e�Y[Zi`����yRut~TVZib.NSUX\Xe�N9TVZ#UcN9TVbl]�b.�fr~TVZiNIbwt�Z.Y[q�UcNI`sb�TVt�t�N9TVZ#\ce�biN=�VNIZ_T}U�].NIjmM�e�\^kj9TVU TVe�n�b.j=\XNIe2].\c�~jxTVZ.NITVbwbir�jmM�TVb�W[N=Yun�N=b.\cjxbir�Zi�VN=�[v�bi]_Zir�j=].r�Z_T}U�TVe�TVUc��b.\cbIv~]_YV`�Y[WVZ_TVt�M2�Vvt�M�YV].Y[W[Z.TV`�N&]_Zl�[v�`sY[UXN=jIr�UXTVZ�bl]_Z.r�j=]_r�Z.N������
R�N=�[N=Z_TVU�`sN=]_M�Yun�byM~T9�[N*q N=NIe�n�N=�[N=UXY[t�NIn�]_Y�biY[Uc�VN�].M�\Xbyt�ZiY[q�UXN=` # (�� %O �]_M�N*TVr�WV`�N=euk]mT}].\XY[e `�N&]_M�Y�n6v{]_M�N�! N&]_NIZiblkR7�\XU#�f\ce�b.Y[e `sN=].M�Y�n6v{]_M�N�`�N&]_M�Y�n YVg�e�Y[Zi`�T}U�N=��r�T}]_\cY[e�bTVe�n�\c].NIZ.T}]_\^�[NQ`sN=].M�Yun�bI� L#M�\cb�t�Z.YVq�UXN=` jITVe�TVUXbiY q N�biY[Uc�VNIn�qf� TVn~TVt�].\Xe�W ].M�N?TVU�kW[Y[Zi\c]_M�` ].M~T}]�jITVZ.Zi\XNIb�YVr�]�]_M�N���� n�N=jIY[`st�Y[b.\^]_\XYVe YVgxT `�T�]_Z.\�� �����0e�t~T}Zi]_\cjIr�UXTVZIv]_M�N�UcN9TVbl]db.�fr~TVZiNIbst�Z.YVq�UXN=` \Xb�NI�fr�\c�}TVUcNIe2]d]_Y?biY[Uc��\Xe�WQ]_M�N�r�t�t N=Z(].Z.\XTVe�W[r�UXTVZSbi��bi].NI`

s�= � �}A & � 
�v�q2��`�NITVe�b�YVgDTsq~TVj\�[k0bir�q�bi].\c].r�]_\cY[eQTVe�nQT(t N=Z.`�r�]_T}]_\cY[e!YVg�].M�N�N=ef].Z.\cNIbYVg�].M�NwbiY[UXru]_\XYVe(�VNIj&]_Y[Z ' 
 n�r�N�].YS].M�N�jIY[Ucr�`�est�\^�[YV].\Xe�W"�;��L#M�\Xb�TVt�t�ZiY2TVjmM�\XbyTVn�N=��r�T}]_Nn�r�N�]_Y�].M�N�W[Y�Yun efr�`sNIZi\Xj9T}U�bi]_TVq�\XUc\c]0��YVg�]_M�N ��� g TVj=].Y[Z.\+!9T}].\XY[e��,��g#"%$"v'& 
�m��OA v v]_M�\cb�TVUcW[Y[Zi\c]_M�` j9TVUcjIr�UXT}]_N=by].M�NzY[e�Nwr�e�\c�fr�Nzb.YVUXr�].\XY[e(]_Y�].M�NwUcN9TVbl]�bi��r�TVZ.N=b#t�Z.Y[q�UXNI`!�8��g
"($$v'& 
�m��
� v�v�YVe�Uc�!Y[e�N�YVgD]_M�N�\Xe��~e�\c]_Nxb.Y[Ucr�]_\cY[e�b�\Xb*Y[q�]mT}\Xe�N=n6v ].M�N�Y[e�N�j9TVUcUXNIn�q~TVbi\Xjb.Y[Ucr�]_\cY[e6v o�M�\cjmM M~TVbxT!`�T��u\X`�r�` YVg�C 0:+ � e�Y[e*!=NIZiY NIUcNI`sNIe2]_b�TVe�n?]_M~T�]9v�\ce WVNIe�N=Z_TVU vn�Y�NIb�e�YV]�jIYV\Xe�j=\Xn�Nzo�\^]_M�]_M�N�`s\Xe�\c`�r�` e�Y[Zi` b.YVUXr�].\XY[e������&�
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XZY�� � ���QC�A�_�> � ����ADJ(C�h a ��� C i{C ��i�JsAKCxH(> ��iDA�^`h�i ^�AD>�_
� `�T}].Z.\�� \cb�b.t~TVZib.N \cgS`�T}ef� YVg�\^]_b�NIUcNI`sNIe2]_b!TVZiN�!INIZiY���L#M�N t�NIZijIN=ef]_TVW[N�YVg�efr�UcUNIUcNI`sNIe2]_b�T(`�T}].Z.\���`�r�bl]�t�Z.N=b.NIe2]w\Xe!Y[Z.n�N=Z#]_Ysq N�jIYVe�b.\cn�NIZiNInQbit~TVZ.biNxn�NIt�NIe�n�b*Y[e�]_M�N`�Y�n�N=U�YVZ�t~T}]i]_N=Z.e�YVg�]_M�N�e�Y[e*!IN=Z.YzN=UXN=`�N=ef].bIvV].M�N#TVUcW[Y[Zi\c]_M�` ]_Y*q N�j9TVZiZ.\XN=n�Y[r�]�Y��[NIZ ]_M�N`�T�]_Z.\�� v�TVe�n�N=�[N=e�Y[e�]_M�N
j=Y[`st�r�]_N=Z#TVZijmM�\c].NIj=].r�Z.N}���0e�W[NIe�N=Z_TVU vuo�N
b_T9��].M~T}]�T�`�T}].Z.\^�\Xbzbit~TVZib.N(\cgy\c]w\Xb�TVnu�VT}ef]_TVW[N=Y[r�bz]_Y�N��ut�UXY[\^]
\c].bzefr�UXU�NIUXN=`�N=e2]_bzo�\c].MQ]_M�N(n�N&�[N=UXY[t�`sNIe2]YVg#T!b.t~T}Z.b.Ns�[N=Z.b.\cY[e YVg#TVe TVUcW[Y[Zi\c]_M�`�v6\ce�bi].N9TVn YVg#T!n�NIe�biN�Y[e�N}� � U^]_M�Y[r�W[M T!b.t~T}Z.b.N
-�.�g TVj=].Y[Z.\+!9T}].\XY[e(jIYVr�UXn�q N�]_Z.NIT}]_N=n�o�\^]_M�T'-�.�n�NIe�biNzt�Z.YVW[Z_TV`!v[]_M�NwjIYVbi]�Y}g \XW[e�Y[Z.\ce�Wb.t~T}Z.b.\^]0�[vuq YV].M�\Xe�bl]_Y[Z.TVW[NwTVe�n�N&�uN=jIr�].\XY[e�].\X`sNVvfo;Y[r�UXn�NIZ.TVb.N*]_M�N
q�NIe�N&��]_b#Y}g T�b.t~T}Z.b.NTVt�t�ZiY2TVjmM6�
L#M�N
jmM�Y[\cjIN
YVg�]_M�N
bi]_YVZ_TVW[Nwb.jmM�N=`�N
]_Ydbir�t�t�Y[Zi]#].M�N
b.t�TVZ.biN
`�T}].Z.\���\cb;�[N=Zi��\c`�t�Y[Z k]mTVe2]I�KO TVe2�(n�\���N=Z.NIe2]yo�T9��b�YVg�bi].Y[Z.\ce�W�b.t~TVZib.N*`�T}].Z.\cjINIbKM~T9�VNwq�NINIe�n�N=�VNIUcY[t N=n�].Ys]_T��VNTVn��}TVe2]mT}W[N�YVg|]_M�N�`�T�]_Z.\��xt~T}].].NIZiesYVZ�]_M�N;jmM~TVZ_T}j=]_N=Z.\cbi]_\cjIbDYVg|].M�N�t�ZiY[q�UXN=`�b g�Z.Y[`4o�M�\XjmM]_M�N&��TVZ.\cb.N # ��  % #)5V  % #)9 �
%Q h;Y[`�t�Z.NIbib.N=nt.�Y�o	�[h;Y[Ucr�`�e R�].Y[Z_TVWVNz
 h�.*R
�[h#h#R	�&v  �UXY�j\�h;Y[`st�Z.N=b.b.N=n .�Y�oaRf]_Y[Z.TVW[NVvwh;Y[`st�Z.N=b.biNIn #z\�TVW[YVe~TVUwR�]_Y[Z.TVW[N}vzh;Y�Y[Z.n�\Xe~T}].N��~Y[Z.`�T}]Iv

�[TVW[W[N=n #z\�TVW[YVe~TVU6�~Y[Zi`�T�]9v�R��2�uUc\Xe�NxR�].Y[Z_T}W[NVv0-zr~T}n�]_ZiNIN .�N=t�Z.N=b.N=ef]_T}]_\cY[e # �� M��% v~N&]_j}�
L#M�N�`�TV\Xe�g TVj&]_Y[Z�o;N�M~T9�[N�]_T��VN=eQ\Xe2]_Y�TVjIj=Y[r�e2]
\ce!].M�N�biNIUXN=j=].\XY[eQY}g{]_M�Nxn~T}]_T�bi].Y}kZ_TVWVN�bi].Z.r�j&]_r�ZiNsM�TVb�q N=NIe�]_M�N(e~T�]_r�ZiNdYVgK]_M�NO-�. TVUcW[Y[Zi\c]_M�`�b=� � b
\XeQ].M�N(b.t~TVZib.NO-�.g TVj=].Y[Z.\+!9T}].\XY[e�b�].M�N�t�T}].].NIZ.e YVg{]_M�N�`�T}]_Zi\^���}TVZi\XNIb�n�r�Nx]_Y�].M�Nx��UXU^k�\Xe�
�].M�N�T}t�t NITVZ_T}e�jINYVg�e�N&o e�YVe*!IN=Z.Y?NIe2]_Zi\XN=b\�&vD\^]d\XbxjIY[e2�VNIe�\cNIe2](]_Y�r�biN�n���e~TV`s\Xj�n�T}]mTQbl]_Z.r�j=]_r�Z.NIb�
�UX\cbi]_b=v]_ZiNINIb �����4�*g�Y[Z�]_M�Ndbl]_Y[Z.TVW[N�YVgK].M�Nde�Y[e*!=NIZiY!N=e2]_Z.\cNIbw].M~T}]
bir�t�t�Y[Zi]
].M�NdjmM~TVe�W[NIb
\ceQ]_M�Nt~T}]i]_NIZieQYVgD].M�N�e�Y[e�k0efr�UXU NIUcNI`sNIe2]_b=�
L#Mfr�bIv6\^gDo;N�TVe~TVU^��!=N�]_M�N�n~T}]_T �~Y�o YVgD]_M�N�TVUXW[Y�kZ.\^]_M�`sbIv|o;NdYVe�Uc�!e�N=NIn�jIYVUXr�`se�TVj=jINIbibz]_Y�].M�N�`�T}]_Zi\^�1
 N��ujINItu]
g�Y[Z
P
\c�VNIe�b��%��].M�\Xbwg T}j=]UXNITVn�b�]_YsT(jIY[Ucr�`seuk0Y[Zi\XN=ef].NIn�n~T�]mTdbi].Z.r�j&]_r�ZiNV�
L#M�Nzh#h#R(g�Y[Z.`�T}]K\XbyT�jIY[Ucr�`seuk0Y[Zi\XN=ef].NIn(bi].Z.r�j&]_r�ZiNV����]yZ.N=t�Z.N=b.NIe2].b#TSbit~TVZib.Nw`�T}].Z.\^�� TVb�T�b.N&]�YVgy]_M�ZiNINd�[N=j=]_YVZ.bO

�#���f��P������ T}e�n "���� �����#���f� bl]_Y[ZiNIbz].M�N(e�Y[e*!=NIZ.YNIe2]_Zi\XN=bdYVgw��vDT}b�\cg�\^]�o;N=Z.N�]_Z.T9�[NIZib.N=n \ce TQjIY[Ucr�`�e�k�o�\XbiN�g TVbiM�\XYVe6v;����� bi].Y[Z.N=b�]_M�NZ.Y�op\ce�n�\cjINIb�YVg ]_M�NxN=ef].Z.\cNIb�\Xe��#���f�
v~TVe�n "�����bl]_Y[ZiNIb�]_M�NSUXY�j9T}].\XY[e�b�\Xe��#���f��].M~T}]bi]_TVZi]sTQj=Y[UXr�`se6�  �� jIYVef�VNIe2]_\cY[e6vyo;N�bi].Y[Z.N�\ce t Y[bi\c].\XY[e +�
 \ce T�h�TVZiZ_T9�	��YVg "����]_M�Nsefr�`�q�NIZSYVg�e�Y[e*!IN=Z.Y�NIe2]_Zi\XNIbSYVg#� t�UXr�bSY[e�N}� #zr�Nd]_Y�]_M�N�jmM~TVZ.TVj=].NIZ.\cbi].\XjIb�YVg�Y[r�ZTVUXWVY[Z.\^]_M�`sb�].M�\Xb#n~T�]mT(bi]_Zir�j=].r�Z.NSjIYVr�UXn!q N�bir�\c]_TVq�UXNzg�YVZ#bi]_YVZ.\Xe�W(].M�N�b.t~T}Z.b.Nx`�T�]_Z.\����
vq�r�]#\^]#\Xb��[NIZl��jIYVbi]_U^��].Ydb.r�t�t�Y[Zl]#]_M�Nz�~UcU^k�\XesYVg�]_M�Nzg TVj&]_Y[Zi\#!IT}]_\cY[e�o�\c].M�]_M�\cb�bi].Z.r�j&]_r�ZiN: o;N�o�Y[r�UXn�M~T9�[NS]_Y�ZiN&k�jIY[t2�|
 r�bi\Xe�W�T�q�r���N=Z\��]_M�NSjIYVZ.Z.N=b.t�Y[e�n�\ce�W�r�t n~T�]_NIn�b.r�q�`�T}].Z.\��\Xe�N9TVjmM�\^]_N=Z_T}].\XY[e � YVg�Y[r�Z;TVUcW[Y[Zi\c]_M�`�b=v[o�M�\XjmM�N=UX\c`�\ce~T}]_N=byTVUXU�].M�NzTVnu�VT}ef]_TVW[N=b�\Xe�jIY[`dkt�r�]_T}]_\cY[e�]_\c`�N=b�YVg ]_M�N�b.t�TVZ.biNxT}t�t�Z.Y[TVjmM6�  ;NIbi\Xn�N=bIv~o�NSM�T��VNS].Y(NIbi].\X`�T}]_N*]_M�NSTV`sY[r�e2]YVg�`�N=`�YVZi� e�NIjIN=b.b.TVZi� ].Y�t�NIZlg�Y[Z.` ]_M�N�g TVj&]_Y[Zi\#!IT}]_\cY[e6vDq�NIj9T}r�b.N�]_M�NIb.N�]_M�Z.NIN��VNIj=].Y[Z.b`�r�bl]�q N�n�N=jIU�T}Z.NIn�T}]�j=Y[`�t�\XUXN�k�].\X`sNV�
L Y
biY[Uc�VN;]_M�\cb{n�Z.T�o�q�TVj\�fbIvfo;N#M~T9�VN#jmM�Y[b.N=ed]0o;Y�n~T}]_Tzbi].Z.r�j&]_r�ZiNIb{]_M�T}]KTVZiN�q~TVbi\Xj9T}UXUc��}TVZ.\XTVe2]_b�YVg ]_M�N�h#h#R�g�Y[Zi`�T}]Iv�TVe�n�o�M�\XjmM�TVZ.N
q~T}b.NIn�Y[e�Y[e�N�k0n�\c`�N=e�b.\cY[e~TVU�UX\ce*�VN=n!Uc\Xbl]_bTVe�n�t�TVj\�VN=ny
�Y[Z jIY[`st�Z.N=b.biNIn0� �VNIj=].Y[Z.b=v2Z.N=b.t�NIj=].\c�VNIUc�Vv2TVb b.M�Y�o�e(\Xe���\XW[r�Z.N;�u�39uv}]_YVW[N=].M�NIZo�\c].M�].M�NI\cZ#jIY[ZiZ.N=b.t�Y[e�n�\ce�W�h�n�N=jIU�T}Z_T}].\XY[e�b=�
L#M�NKUX\Xbl]_b6j=Y[r�UcnSq�NDb.\ce�W[U^�fk�UX\ce*�VN=n
Y[Z n�Y[r�q�Uc�2k0Uc\Xe*�}NIn6��L#M�NKr�biNyY}g�n�YVr�q�Uc�2k�UX\Xe	�VNIn
Uc\Xbl]_bTVjIj=NIUcNIZ_T�]_NIb*]_M�Nx`�TVe�TVW[NI`sNIe2]wYVgD]_M�Nxn~T}]_T�bi].Z.r�j&]_r�ZiN�o�M�NIe�jITVZ.Zl�u\ce�W�Y[ru]zY[t�NIZ.T}]_\cY[e�b
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 struct matrix

 struct matrix0

2

3

 a

 d

 g

1  b 2

4

 e

 k

1

3

4

 c

 h

 l

2

3

 f

 i

4  j

0
 a

2
 d

3
 g

4
 j

2

3

4

2

3

 e

4
 k

1
 c

 h

 l

 f

 i

1
 b

a    0    0    0    0   

0    b    0    c    0   

d    0    e    0    f   

g    0    0    h    i   

j    0    k    l    0   

size: 4

 cols

 cols
 size size: 1 size: 2 size: 3 size: 2

 struct entry
{
 int i;
 double
};

{
 int

{
 struct
};

entry  *cols[n];

 struct entry
{
 int i;

 struct entry  *previ,  *nexti;
};

 double a;

size[n];
 struct
};

entry  *cols[n];

a;
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b.r�jmMQTVb#\Xe�biNIZl]_\XYVe�b�TVe�n!n�NIUcN=]_\cY[e�b=v�q�r�]*T}]#].M�N�jIY[bl]wYVg `sY[Z.N
`sNI`sY[Zi��r�b_T}W[N��~q�NIbi\Xn�N=bIv\c]zTVUXUcY	o�b�UX\cbi]�]_Z.T��VNIZib.\Xe�W�\XeQq�YV]_M�n�\XZ.N=j=].\XY[e�b=� � bw]_M�N=Z.Nd\cbwjIr�Z.Z.N=e2]_Uc� T�UXTVZ.W[N�TV`sY[r�e2]YVg#`sNI`sY[Zi��T��}TV\cU�TVq�UXN�\ce n�\cbi].Z.\Xq�r�]_N=n `sNI`sY[Zi�Qt~TVZ_T}UXUXN=U{jIYV`�t�ru]_NIZibIv o;N�TVb.bir�`�N(]_M�\XbU�TVZiW[NIZ `sNI`sY[Zi�Sr�b.TVW[N�\ce�Y[Zin�NIZ ]_Yzn�N=jIZiN9TVbiN�]_M�N�j=Y[`st�r�]mT�]_\XYVe~TVU2]_\c`�N=bI��h;Y[e�b.N=�fr�NIe2]_U^�[vo;N#M�T��VN�jmM�Y[b.N=ed]_Y
r�biN�n�Y[r�q�Uc�2k0Uc\Xe*�}NIn�Uc\Xbi].bIv[NITVjmM(Y[e�N�Y}g~]_M�N=` Z.N=t�Z.N=b.N=ef].bKY[e�N�j=Y[UXr�`seYVgy]_M�Nd`�T}]_Zi\^� � � bzo�N(j9TVe?b.N=N(\Xe?��\cW[r�Z.N��u�49�v N9TVjmM?\^]_NI` YVgK]_M�NdUc\Xbl]zbi].Y[Z.N=b
]_M�NdZiY	o\Xe�n�N&� 67v�].M�N�`�T}].Z.\^��NIUXN=`�N=e2] 0Vv TVe�n�]0o�Y�t�Y[\Xe2].NIZ.b�27CDG/8F6#P + G)' ;<6�]_Ys]_M�Nxt�Z.N&��\XY[r�bwTVe�n]_Ys]_M�NSe�N&��]*NIe2]_Zl�!YVg�].M�NxUc\Xbl]9v~Z.N=b.t�NIj&]_\c�VNIU^�[��~ \Xbl]_b*TVZ.NxTVZiZ_TVe�WVNIn!\Xe!W[Z.Y�o�\Xe�W�Y[Zin�NIZ�YVg]_M�N�Z.Y�o \ce�n�N�� � EH$&%@-D\cb�T}e�TVZiZ_T9�(YVg�t Y[\ce2]_NIZiby].YS].M�N�q N=W[\Xe�e�\Xe�W�YVg�N9TVjmM�j=Y[UXr�`�e}
 \^]yM~TVb]_M�Nxb_TV`sN
g�r�e�j&]_\XYVe TVb��[N=j=].Y[Z "����?Y}g{]_M�N�h#h#R!g�Y[Zi`�T�]��&� � U^]_M�YVr�W[M!\c]�\Xb�e�YV]*b.M�Y	o�e\Xe�].M�\Xby�~W[r�ZiNVv�]_M�N=Z.N
TVZiNzTVUcb.Y�vfg�Y[Zy]_M�Nzn�Y[r�q�U^�fk�UX\ce*�VN=n�UX\cbi]�n~T}]_T�bi].Z.r�j&]_r�ZiNVv�t�Y[\Xe2].NIZ.by]_Y]_M�N�NIe�n YVg#N9T}jmM jIY[Ucr�`se6v \ce YVZ.n�N=ZS].YQTVUcUXY�o ].Z_T9�[N=Z.b.\ce�W�].M�N�j=Y[UXr�`�e�bSYVg�]_M�N�b.t~TVZib.N
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`�T�]_Z.\�� \ce Z.N=�VNIZib.N YVZ.n�N=ZI� : qf��\cY[r�b.U^�[vK]_M�\cb(TVZ.Z.T9� \Xbde�Y}]�e�NIjIN=b.b.TVZi� g�Y[Z�].M�N�t�TVj\�VN=n�[N=j=]_YVZ#bi]_Zir�j=].r�Z.N�q�NIjITVr�b.N�]_M�N
NIe�n�YVg N9T}jmM�t~T}j\�VNIn!�[N=j=]_YVZ�jITVe�q N
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Modified Gram-Schmidt
Fill-in in matrix R

ε=0
ε=0.85
ε=1
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Householder reflections
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Givens rotations
Fill-in in matrix R
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typedef  struct  itemd  {
int  index;
type  aij;
struct  itemd  *prev;
struct  itemd  *next;

}  itemd;

int  index;
type  aij;

typedef  struct  items  {

struct  items  *next;
}  items;

index aij
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next
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;bDCgdgV<5g`WMDC;=DCeKSdhOUyJMD\Fz<5U7<5;=hO<5e{DCF|YO9I<}YCo~@bJI<}UXYOFG@|FGmK>?>5<?FGFGoqmKg�WK;=YOhC;bDCUXU7Sd9Kh�UXYreI<?gVF5u
��<5>?<59A@=gdB�Sd9A@=;=YneKmK>5<?e�WMDC;bD\gVgV<5gcg�D\9KhOmMDChC<?F?H]F=mI>[J�DCFf��� �MYO;G@=;bDC9����O�\��H���SV<?9I9MD��MYO;�w
@b;=DC9����O�'�:���O�'�\��Hn�MYO;G@=;bDC97�����O�x��HI��;bD\o�@����C�\�RDC9Ke��n ¢¡5£n¤_¥�¦cFG@bDC9KeMDC;Ge*§�SVhOJrw:¨�<5;GoqYO;GUfDC9I>?<
�MYO;G@=;bDC9s©ª§�¨.�4«¬�®­\�x�¯�®­O�°�±HKoqYOgdgVY'²³@bJKSdF|DCWKWK;GYkDC>[J´u

8:9TD}eMDx@[Dxw¯WMDC;bD\gVgV<5gKWK;GYOhO;bD\U7UXSV9Kh¬UXYreI<?g±Hk@=JK<�mKFG<?;]²|;=Sd@=<?F�>?YneK<�mKFGSV9KhtD}hOgdYOPMDCgµSd9rw
eK<@KLF=WMD\>?<]DC9Ke¬>?YCU7WKSdgV<5;`eKSd;=<?>_@bS¶NO<?F´@=Y�F=<_@�eKD\@[D�DC9Ie¬²�YO;G·LeKSVFa@b;GSVPKmI@=SVYO9IF?u¢�QD\@bDxw:WMD\;bDCgdgV<?g
>?YOUXWKSdgV<?;GF?H4@[D\·nSd9Kh�SV9k@bYsDC>5>?YOmI9A@X@bJISVFiSV9roqYO;=U7D\@bSdYO9´H,;G<?YO;GhkDC9KSd¸?<T@bJI<¹>5YreI<CH�@=;bDC9IF=g�Dx@b<
hOgVYCPMDCg.DCeKeI;=<?FGF=<5F�SV9k@bYºgVYn>EDCg.D\eKeK;=<5F=FG<?FiDC9Ie»SV9KFG<?;a@t>5YOU7UtmK9KSV>?D\@bSdYO9KFQ@bYº<@Kr<?>5mI@b<7@bJK<
WK;=YChO;bDCU�YO9¹DXUtmKgd@=SVWK;GYr>5<?F=FGYO;�oqYOgdgVY'²|SV9IhiDC9º¼I¨]�{�½UXYneK<?g�u

¾ gVg�@=JK<?FG<�g�DC9IhOmMDChO<5F7JKDCe¿SV9ISd@bSVDCgVg¶B�oqYr>5mKF=<5e¿YO9¿;G<?hOmKgVDC;X>?YOUXWKmI@bD\@bSdYO9KF?H]@bJMDx@*SVF5H
²�<5gVgÀw:FG@=;=mK>_@bmK;G<?e�>?YneK<?FÁ@bJKD\@X>EDC9�PZ<¹<5jX>5SV<?9k@=gdB!WMD\;bDCgdgV<?gdSV¸5<?e�D\@Á>5YOU7WISVgV<Âw¯@=SVUX<fmKFGSV9Kh
F=SdU7WKgd<%eMD\@[D¿©�DC9Ke�>5YOUXWKmI@[Dx@bSVYC9µ«�UfDCWIWKSV9KhCF?uÃ§�Y'²�<_NO<?;5Hz@=JK<�F=S¶@bmMDx@bSVYC9ÄSdFfeKS¶^`<5;=<?9k@
oqYO;�Sd;=;G<?hOmKgVDC;�>?YneK<?F5H´²|JK<?;G<ieMD\@[D°w�DC>5>?<?FGFQWMD\@G@b<?;G9KFQDC9Ie�²�YO;G·AgVYkDCe�D\;=<�mKFGmMDCgdgdB¹·A9KY'²|9
YO9Kg¶B*D\@c;=mK9rw±@bSdU7<\u,8:9T@bJK<QgdSd@b<5;bD\@=mK;=<z²�<¬>ED\9¹;G<?>5YOhO9KSd¸?<L@:²�Y7D\WKWK;=YODC>[JK<?F�@=YXeI<EDCg`²|S¶@bJ
SV;G;=<?hCmKg�DC;�>?YneK<?F5u4v�JK<�ÅM;=Fa@�DCWKWK;GYkDC>[J´HA>?YCU7WKSdgV<Âw¯@bSdU7<.@b<5>[JK9KSdÆnmI<?F?Hn<@Kn@=<?9KeKF.@bJI<�WKDC;bDCgdgV<5g
g�DC9IhOmMDChO<�²|S¶@bJX9K<5²³>5YO9KFG@=;=mK>_@bF¬©q>?YOUXWKSdgV<?;4eISV;=<5>5@=SdNO<5F[«4@bYp<@KrWK;=<5F=F�9KYC9rw:Fa@b;=mI>5@bmI;=<?efWMDxw
;bDCgdgV<5gVSVFGUºu!Ç³S¶@bJÄ@=JKSVFÁSd9IoqYO;=U7D\@=SVYO9´H4@=JK<{>5YOU7WISVgV<5;i>EDC9ÄWZ<5;GoqYO;GU D\@7>?YOUXWKSVgd<_w±@bSVUX<TD
9AmKU�PR<?;XYCoQYOWI@=SVUXSV¸?D\@bSdYO9KF?H]mKFGmMDCgVg¶B!<?UtPZ<5eKeKSV9Ih�@bJI<{;=<5FG@fYCoL@bJI<?U SV9k@bY�D�;GmK9rw¯@=SVUX<
gVSdPK;bDC;aB7©�DCF,²�<c²|SVgdgrFG<?<|SV9i¼r<?>_@bSVYC9f�nuÈ��YCoM@=JK<�9K<�Kr@.>[JKDCWI@b<5;[«Âu48:9�@bJK<�FG<?>?YC9KefD\WKWK;=YODC>[J´H
;=mK9nw¯@bSdU7<º@b<?>[JI9KSVÆAmK<5F?HL@bJI<s9IYO9rw:Fa@b;GmK>5@=mK;=<5eÉWMDC;=DCgVgd<?gdSVF=U SdFT>EDCWI@=mK;=<5eÉD\9Ke�U7DC9MD\hO<?e
oqmKgVg¶B*Dx@|;=mK9rw±@bSdU7<\u

��<5hkDC;=eISV9Kh�@=JK<{ÅM;GFG@%D\WKWK;=YODC>[J´Hz�µYC;G@b;=DC9��ÊDC9Ie¿�LSV<59K9MD!�MYO;a@b;bD\9¿eMD\@bDxw:WMD\;bDCgdgV<?g
g�DC9IhOmMDChO<5F?HnoqYO;cSV9IFG@[D\9K>?<\HMSV9K>5gVmKeK<�F=YOUX<QF=mKWIWZYO;a@�oqYO;cSd;=;=<5hOmKgVDC;�eMDx@[D�eKSdFG@b;GSVPKmr@bSVYC9KF?u,8:9
�MYO;G@=;bDC9���HZWK;=YOhC;bDCUXU7<5;=FL>?DC9�F=WR<?>5Sdo�B1DTU7DCWKWKSd9Kh*YCo�DC;G;bDEB�<5gV<5U7<59A@=FL@bY%WK;GYr>5<?F=FGYO;=F
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mKF=Sd9Kh7DC9KYC@=JK<?;�DC;G;bDEBOu.�LSd<?9K9MDÁ�MYO;a@b;bD\9´HKYO9%@bJK<pYC@=JK<?;|JMDC9Ie´HMgV<_@|WK;=YOhC;bDCUXU7<5;=F�eK<_ÅM9K<
oqmK9K>_@bSVYC9KFc@bYÁF=WR<?>5Sdo�BfSV;=;G<?hOmIg�DC;�eKSVFa@b;=SdPKmI@=SVYO9KF5u,§�Y°²�<5NC<?;5H`§z¨]�!Sd9TSd@bF�ÅM;=Fa@��µYC;=mKU��®­\�\�
eKYn<?F�9KY\@�eKSd;=<?>_@bg¶B�F=mKWKWRYO;a@iDC9kB�YCoc@bJI<?F=<T>5YO9KFa@b;=mI>5@bF5u�v�JKSdF}oªDC>_@�JMDCF}PZ<5<?9�DC>[·A9KY'²cw
gV<5eKhO<?e PAB F=YOUX<{;G<?FG<EDC;G>[JK<?;GF?H�WI;=YOWRYOF=Sd9Kh»D�9nmIU�PZ<5;fYCo¬<�Kn@b<?9IF=SVYC9KF*@bY�§�¨.��@b;aBrSd9Kh
@bY�>5YO;=;G<?>_@�@bJKSdFtFGJKYO;G@=>?YOUXSV9Ih!���r�?�¯�®�C�°�±H.D\9Ke»PkB�@=JK<T§z¨]�É�µYC;=mKU SV9�Sd@=FteK<5>?SVFGSVYO9�oqYO;
eK<5NC<?gdYOWKSV9Ih�@bJI<¹NC<?;=FGSVYO9��ru �sYCoQ§z¨.� ©�§z¨.�~wa�O«%��­O�x��u�v�JKSVFXF=<5>?YO9Ie¿;=<5gV<ED\F=<{Y\oQ§�¨.�
JMDCFXPZ<5<?9ÄSVUXWK;=Y'NO<5eÄWI;=Y'NnSVeKSd9KhsDshO<59K<?;=DCgVSd¸?<5eÄPKgdYr>[·�eKSVFa@b;=SdPKmI@=SVYO9 ©('*)�+|w-,/.&0¬�/1}«ÂH
²|JK<?;G<p@=JK<¬>?YO9k@=SVhOmKYCmKFpDC;=;=D'B{WMDC;a@bSd@=SVYO9IFLUfDEB1PR<iYCo�eKSd^Z<?;G<?9k@¬F=Sd¸?<?F5HlD\9Ke�D\9sSd9KeKSd;=<?>_@
eKSVFa@b;GSVPKmI@=SVYO9 ©q82+��L8��%)]��v�«_H4²|JK<?;G<{D�U7DCWKWKSd9Kh�DC;=;=DEB!SVFieK<_ÅM9K<5e @bY�F=WR<?>5Sdo�B�D\9 DC;�w
PKSd@=;bDC;aB�D\F=F=SdhO9KUX<?9k@QYCo�DC;G;bDEBº<?gV<5U7<59k@bFL@bYTWI;=Yn>?<?FGF=YO;GF?u30L@=JK<?;GF?H JKY'²�<5NC<?;?H~WK;G<5oq<?;L@=JK<
F=<5>?YO9KeÄDCWKWI;=YkDC>[J`H]WI;=YOWRYOF=Sd9Kh1;=mI9rw¯@=SVUX<7@b<5>[JK9KSdÆnmI<?Fi@bY�DCmr@bYOU7D\@bSd>EDCgdgdB1U7DC9MD\hO<*WK;GY\w
hO;bD\U7UX<?;�w:eK<_ÅM9K<?eÄeMD\@bD�eKSdFG@b;GSVPKmr@bSVYC9KF?H�WMDC;G@=Sd@=SVYO9�gVYnYOW�Sd@=<?;bDx@bSVYC9KF?H�;=<?U7DCWÄeMD\@[D�DC9Ke
hO<?9I<?;bDx@b<�YOWr@bSVUXSV¸5<?e¹>?YOUXU�mK9ISV>EDx@bSVYC9¹FG>[JK<?eImKgV<5F?up�ºYOFa@LYCol@bJK<5F=<iF=YCgVmI@=SVYO9KF�DC;G<tPMD\F=<?e
YO9%@bJK<¬SV9IF=WR<?>5@=YO;aw¯<@Kr<?>5mI@bYC;�WKDC;bDCeISVhOU �À�54°�:����4\�¯���C�\��u

8:9}DC9kB¬>ED\F=<CHx@bJK<.>5mK;=;G<?9k@l>5YO9KFa@b;=mI>5@bF�SV9K>5gVmKeI<?epSV9Q@bJK<5F=<]g�DC9IhOmMDChO<5F~DC9Ke¬@bJK<.F=mIWKWZYC;aw
@bS¶NO<�;GmK9rw±@bSVUX<.gVSdPK;bDC;GSV<5F¢DC;=<]SV9KFGmIjX>?Sd<?9k@bg¶B¬eK<5NC<?gVYCWZ<5e´HOgV<?DCeKSd9Kh�@=Y�gdY°²»<5jX>?Sd<?9K>5SV<?F~²|JK<?9
@bJK<_B�DC;G<7D\WKWKgVSd<?e�@=YºD*PI;=YkDCe�FG<5@pYCo�SV;=;G<?hOmIg�DC;z>?YneK<?F5H�D\WKWZ<?DC;=Sd9Kh%SV9�@=JK<ÁUfD76GYC;=Sd@:BºYCo
;=<?DCg¢F=>?Sd<?9k@bS¶ÅM>}DC9Ke{<59KhOSd9K<?<5;=SV9IhfDCWIWKgVSd>ED\@=SVYO9KF5u�v~Yf>5YO9k@b;GSVPKmI@=<p@=Y7@=JK<}FGYOgVmr@bSVYC9¹Y\ol@bJISVF
WK;=YCPKgV<5U @=JK<i��YCU7WKmr@b<?; ¾ ;G>[JKSd@=<?>5@=mK;=<t;=<?FG<EDC;G>[J1hO;=YCmKW1D\@�@bJK<38z9KS¶NO<?;GF=S¶@:BºY\o��:9DCg�D\hkD
JMDCFceI<5NO<5gVYOWR<?e¹DC9IeT<@Kn@b<59KF=S¶NO<?g¶Bf@=<?FG@=<?eTWKFG<?mKeIY\w:;G<?hOmKgVDC;ceMDx@[DteKSdFG@=;=SVPImI@bSdYO9KF?HneK<5F=SVhC9K<?e
DCF]9MD\@bmI;bDCgµ<@Kn@=<?9KFGSVYO9KF�YCo´;G<?hOmIg�DC;.eMD\@bDpeISVFG@=;=SdPKmI@bSdYO9KF����\�¯���\�¯�;4��C�¯�À�'�C�x�¯�À�'�r�?�±ulv�JK<LDCSdU�YCo
@bJK<5F=<|eKSdFG@b;GSVPKmr@bSVYC9KF�SdFl@bJI<?SV;�F=SdU7WKgdSV>5Sd@:BLoqYO;lSV9K>5YO;=WRYO;bDx@bSVYC9p@=Y¬DLeMD\@[D°w:WMDC;=DCgVgd<?gkgVDC9KhOmMD\hO<
DC9Ke*PR<�mKF=<5eTPAB7DpWK;=YOhC;bDCUXU7<5;?Hk@bYChO<5@=JK<?;.²|Sd@=J7@bJI<?SV;]<5^Z<?>_@bS¶NO<?9I<?F=F�Sd9fYOPr@[DCSd9KSV9Kh¬JKSdhOJ
<5jX>?Sd<?9K>5SV<5F}oq;=YCU�@bJK<XWMDC;=DCgVgd<?gdSV¸EDx@bSVYC9{YCo�Sd;=;G<?hOmKgVDC;L>5YreK<5F?u<,�mr@p@=JK<XmK9KeK<5;=gdBnSd9Kh{eMDx@[D
FG@=;=mK>_@bmK;G<?F|eKYi9KYC@ceK<EDCgR²|Sd@=J*ÅMgVgÀw:SV9X>?YCU7WKmr@[D\@=SVYO9KF�DC9Ke´Hr@bJK<5;=<5oqYC;=<CHr²�<L²|SdgVgReKSVFG>?mKFGF�SV9
@bJKSdF|>[JMDCWI@=<?;z@=JK<}DCPZY'NC<};G<?g�Dx@b<?e¹SVFGF=mK<5F�Sd9%@=JK<pF=>?<59K<�YColF=WMD\;=F=<pU7D\@b;GSLKT>5YOUXWKmI@[Dx@bSVYC9KF
SV9kNOYCgdNnSV9KhQÅMgdg¶w¯SV9iDC9Ie7WKS¶NOYC@=SV9Kh¬YOWR<?;=D\@bSdYO9KF5u4¼rWMD\;=F=<�eKSd;=<?>_@.oªDC>5@=YO;=Sd¸ED\@=SVYO9KF�©ªF=mI>[J*DCF>=Q�
YO;G@=JKYOhOYC9MDCgVSd¸ED\@=SVYO9IF[«_HODCF]²�<�JKD'NC<LF=JIY°²|9fSV9Á@bJK<zWK;=<_NrSdYOmKF]>[JMDCWI@=<?;GF?HKWK;G<?FG<?9k@c@bJISVF.·ASV9Ke
YCo�>?YOUXWKmI@bD\@bSdYO9KF?u

§�<?9K>5<5oqYO;a@bJ´H]�MYO;a@b;bD\9�²|SVgdg�PR<f@bJI<TSVUXWKgV<5U7<59A@bD\@bSdYO9�g�DC9IhOmMDChO<7YCo�YOmK;iD\gVhOYO;GSd@=JKU7F
SV9KFa@b<?DCeºY\o4�³g�DC9KhCmMDChO<\HKmKF=<5eºSd9T@bJK<¬WK;G<5NnSVYOmIF�>[JKDCWI@b<5;=F5u

#%$@? A B¿3E+�C�)EDGF})�FIHKJEF�+LF3MNMNOPM7(RQ STMUOPQ OQ6*)�Fp)43?-X6 VWC,3?6YX
Z +LF\[C)

v�JK<�PKDCF=SdF�gVDC9KhOmMD\hO<|YCo¢��;=D\o�@Q���C�\�RSdF��MYO;a@b;=DC9*�C�pWKgdmKF�D¬9AmKU�PR<?;]YCo¢�MYO;a@b;bD\9f�O�¬<@Kn@=<?9rw
F=SdYO9KFtFGmK>[J�DCF}DC;=;=DEB�FaBn9A@bDfK»DC9Ke»Sd9A@=;=Sd9KF=Sd>ÁoqmI9K>5@=SVYO9KF¬@bYºWZ<5;GoqYO;GU hOgVYOPKDCg4YOWR<?;bDx@bSVYC9KF
YO9ÉFGJMDC;G<?eÉeKD\@[DIuy8¯@ºSd9K>?gdmKeK<5F{D�F=<_@{YCo�>?YOUXWKSVgd<?;*eISV;=<5>5@=SdNO<5F»©qPZ<5hOSV9I9KSV9Kh!²|S¶@bJ�@=JK<
·C<_Bn²�YO;Ge^]�_�`ba�c°«i@=Y»eKSdFG@b;GSVPKmr@b<{eKD\@[D!DC9Ie ²�YC;=·µu½��;bD\o�@fSVFfYC9KgdB�SVUXWKgd<?UX<?9k@b<5e YO9
��;bDEB¹�|<?F=<?DC;=>[J��{DCFGF=SdNC<?g¶B�¨lDC;=DCgVgd<?g�¨4;=Yn>?<5F=FGYO;=F5u ¾ g¶@bJKYCmKhOJ�²�<¹;=<_oq<?;i@bY���;bD\o�@7DCFXD
eMD\@bDxw:WMD\;bDCgdgV<?g`U7YneK<?g�HµSd@zDCgVFGYfFGmKWKWRYO;G@=F�F=<_NO<5;bDCg�YC@bJK<5;�Fa@:Brgd<?FLY\o4WK;=YChO;bDCUXUXSV9KhKHr²|JKSV>[J
UfDEB�PR<�>?YOUtPKSV9K<5e�²|Sd@bJISV9�@bJK<�F=DCU7<1WI;=YOhO;=DCU�d!U7<5F=FbD\hO<_w¯WMDCF=FGSV9KhIH�hOgdYOPMDCgQD\eKeK;=<5F=F
©ªFGJMDC;=<5e{eMDx@[Dk«cDC9Ie¹²�YO;=·Ow¯F=JMDC;GSV9KhIu
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¾ JABnPK;GSVe!gVDC9KhOmMD\hO<*YCo���;bDxo�@ÁDC9Ke�§�¨.��Hl§�¨.� ��;bDxo�@¹�®­C�rH ¾ 9K9I<@K�����Hl>5YOU�PKSd9K<?F
DC91¼r¨��º��<@Kr<?>5mI@bSdYO91U7YneK<5g¢²|S¶@bJ¹@bJK<�JISVhOJK<5FG@zWZ<5;GoqYO;GU7Sd9KhXYCo,@bJI<i§�¨.��oq<?D\@bmI;=<?F5u�8¯@
SVF|PR<?SV9Ih7SdU7WKgd<?UX<?9k@b<5eToqYO;z��;bDEBº�{¨.¨�FGBnFG@=<?UXFLDC9Ke¹U7D'B¹D\gVF=YÁPR<tDEN\DCSdg�DCPKgd<LYO9���;bDEB
NO<5>5@bYC;LDC;G>[JKSd@=<?>5@=mK;=<5F?uzv�JK<thOYODCg¢YCo.§�¨.� ��;=D\o�@zSVF|@bY*Dx@=@[D\SV9�DÁ²�<5gVgÀw:eK<_ÅM9K<?e{<@Kn@b;GSV9KFGSV>
SV9k@b<5;GoªDC>5<L@bYi@bJI<pFa@[DC9IeMDC;=eº§�¨.��u

¾ FcD¬ÅM;=Fa@cD\WKWK;=YODC>[Jf@bYp@bJK<�eMD\@bDxw:WKDC;bDCgdgV<5gKWK;=YChO;bDCUXUXSV9KhQFa@:Brgd<CHA²�<z@b;=Sd<?eÁ@bY}SVUXWKgV<Âw
U7<59k@QDfFGSVUXWKgVS¶ÅM<?e¹F=WMD\;=F=<i�Y'}¼�D\gVhOYO;GSd@=JKU ©q²|S¶@bJKYCmI@�>5YOgVmIU79�WISdNOY\@bSV9Ih*DC9Keº²|Sd@bJIYOmI@
eIBn9MDCUXSV>zU7<5U7YO;aB7DCgVgdYr>?D\@bSdYO9´HOeKmI<L@bYt@=JK<LmKFG<QYCo~�MYO;G@=;bDC9%�C�O«]mKFGSV9KhX��;=D\o�@cYC9%DÁ��;bDEB
v|�O��u ,�DCF=Sd>EDCgdgdBOHR²�<iSdU7WIgV<?UX<?9k@=<?e{@=JK<i>?YO;G;=<5F=WRYO9KeKSd9Kh%F=<?ÆAmK<59k@bS�D\g.DCgVhOYC;=Sd@=JKU SV9��MYO;�w
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>?YOgdmKUX9µ«zgVSdFG@?H DC9KesD*@bJKSd;=e�DC;G;bDEB�©?� T8qLKx j�a£-S SG£��l� ~R£-Xf j��«ÂH`>5YO9k@[DCSd9KSV9Kh*@=JK<i9AmKU�PR<?;¬YCo
<?gd<?UX<?9k@bF�WR<?;�;GY°²�©qoqYC;A\�\&adPr«�YC;�WZ<5;c>?YOgdmKUX9s©qoqYO;A\�\>] Pr«_urv�JK<QYOWI@=SVYO9^�cZ q?~[�l� T RM [¤j�
F=WR<?>5SdÅM<5F7@bJI<¹@:BnWR<ºYCo�gVSd9K·ASV9Kh1YCoz@bJK<¹gVSdFG@ÁeMDx@[D�FG@b;GmK>5@=mK;=<»©ªFGSV9KhOg¶B!YO;ÁeKYOmIPKgdBI«_u ��<Âw
hkDC;GeKSV9Kh7@bJK<�\�\Ra*] P%eMDx@[D*FG@=;=mK>_@bmK;G<CH´²�<iJMDENO<�oqYOmI;LDC;G;bDEBnFQYCo.WZYCSV9k@b<5;=F�²|JKSd>[J1WZYCSV9k@
@bYX@bJK<}PZ<5hOSV9K9ISV9Kh7DC9Ke¹@bY7@=JK<t<59Ke�YCo,<EDC>[J�;GY'²	DC9Ke{<?DC>[J�>5YOgVmKUX9{Y\ol@bJI<tF=WKDC;=FG<�UfD°w
@b;GSLKZH´DC9Ie�@:²�Y%DCeIeKSd@=SVYO9MD\g�D\;=;bDEBnFLFa@bYO;GSV9Khf@=JK<�9AmKU�PR<?;�YCo.<?gd<?UX<?9k@bFLWR<?;�;=Y'²½DC9Ke1WR<?;
>?YOgdmKUX9´HK;=<5F=WR<?>_@bSdNC<?g¶BOu

¾ F�DC9T<�KKD\U7WKgd<LYCo~mKFGSV9Kht@=JKSVF�eKSV;G<?>5@=SdNC<�oqYO;�@=JK<p��YOUXWK;=<5F=F=<5eT�.<?>5@=YO;�¼n@=YO;bDChC<CHr@=JK<
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eK<?>5g�DC;G<?F 	�DCF�DºWKg�DC>5<fJKYCgVeK<5;tYCo�D{YC9K<_w¯eKSVUX<?9KFGSVYO9KDCg4F=WMD\;=F=<%D\;=;bDEBCHl²|JKSV>[J!Yn>?>5mKWKSd<?F
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©
r�r_«ÂHr@bJI<Q>?YO;G;=<?FGWZYC9KeKSV9IhiSV9KeKSd>?<5F¬©
r�q¶«ÂHKDC9Ke*@=JK<L9AmKU�PR<?;�Y\o¢9KYO9K¸5<?;=YÁ<59A@=;=Sd<?Fp© T)K[«Âu,v�JK<
oqmK9K>_@bSVYC9ºYCol@bJK<pWKg�D\>?<¬JKYOgdeK<?; 	�SVF�@bY7WK;=Y'NnSVeI<tDC9ºDCPKFa@b;=DC>5@zYOP 6G<5>5@�²|S¶@bJ%²|JKSV>[JºYC@bJI<?;
eMD\@bDXYOP 6G<?>5@=F|>EDC9¹PZ<pDCgdSVhO9I<?e%DC9Ke%²|JKSd>[Jº>?DC9¹@=JK<?9¹PR<peISVFG@=;=SdPKmI@b<5e´u

v�JI<XUX<ED\9KSV9Kh%YCo]@bJI< _ =?7gm4@<` ]�eISV;=<5>5@=SdNO<º©�²|JKSV>[JsSVF¬mKFG<?esSV9sDCgVglYOmK;{P �wm�adPln
eKSV;G<?>_@bSdNC<?Fb«%SdF*@bJMD\@?H�Sd9³@=JKSVF%>5YO9k@b<@Kn@?HL@bJK<�F=Sd¸?<�YCop@bJK<sDC;G;bDEBnFºU7DEB¿>[JMD\9KhO<seKmK;=Sd9Kh
>?YOUXWKmI@bD\@bSdYO9KF5u
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SV9»S¶@bF�Y'²|9 r�rXDC;=;=DEB�©�²|JKSV>[J�SVF}@bJK<*Fa@[DC9IeMDC;=e�FG<?U7DC9k@bSV>5FtoqYO;�eI<?9KFG<ºD\;=;bDEBnF[«Âu�v�JI<?9´H
@bJK<P_�`#PB8 a�`)[DCE8pn�eKSV;G<?>_@bSdNC<z;G<?WKgdSV>?D\@b<5F]@=JK< 	%DC;=;=DEB7Y'NC<?;�@=JK<zÅK;=FG@�eKSVUX<?9IF=SVYC97YCo`@bJK<
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;=<5WKgVSd>ED\@=<¬DC9ºYCP 6G<?>_@i© 	Z«�Sd@|U�mIFG@�ÅM;=Fa@zPR<}DCgVSdhO9K<?eT²|S¶@bJºDXJKSdhOJK<5;aw:eISVUX<?9KFGSVYO9MD\g`YOP 6G<5>5@
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v�JK<*mKFG<*YCo�@=JK<vP �wm�adPlnÉeISV;=<5>5@=SdNO<7<?Fa@[DCPKgdSVFGJK<?FtD{gVSd9K·�PZ<_@:²�<5<?9!@bJK<fF=WMDC;GF=<*U7D\@=;=SLK
©ªYO;�DC;=;=DEBK«cD\9KeTSd@=FcFG@=YO;bDChC<LF=>[JK<5U7<\u]�µ;GYOU @bJKSdFcWZYCSV9k@�YO9´Hn²�<Q>?DC9%>[JKYnYOF=<L@=YiJKSVeK<z@bJK<
FG@=YO;bDChC<zFG>[JK<?UX<z@=YtWK;GYOhO;bD\U7UX<?;GF?HADC9KefDCgVgdY'² @bJI<?U"@bY¬²|;=S¶@b<|@bJK<zWMDC;bD\gVgV<5gKF=WKDC;=FG<�>?YneK<
mKF=Sd9KhÁeK<?9IF=<pUfD\@=;=SwK*9KY\@[D\@=SVYO9KF5HMDCF�²�<pSd9KSd@=S�DCgdgdBÁWK;GYOWRYOF=<5eºSd9s���k�°�±u

8:9s@=JKSVFQWK;GYOWRYOFbDCg�H`@bJI<X>5YOUXWKSVgd<?;z²�YOmKgde�PR<iSV9�>[JMD\;=hO<ÁYCo]@b;=DC9KF=gVD\@bSd9Khf@=JK<?FG<7eK<59KF=<
9KYC@bD\@bSdYO9KF,Sd9A@=Y¬WMDC;bD\gVgV<5grFGWMDC;GF=<�>?YneK<?F4@[D\·nSd9Kh¬SV9k@bYpDC>5>?YOmI9A@.@=JK<|FG@bYC;bDChO<�FG>[JK<?UX<?F]mKFG<?e´u
§zY'²�<5NO<5;?H�@=JKSVF�DCWKWK;GYkDC>[J�SVUXWKgVSd<?F�D1hO;G<ED\@�<5^ZYO;G@ÁSd9�>5YOUXWKSVgd<?;tSdU7WIgV<?UX<?9k@bD\@bSdYO9�©�@bJK<
oq<EDCFGSVPKSdgVS¶@:B�YCo|S¶@bFteI<?F=SdhO9»SdFt9KYC@t>?gd<EDC;b«_H4DCFp²�<5gVg�DCFt@=JK<*WRYOF=FGSVPKSdgVSd@:B�YCo�UXSLKrSV9KhºSV9s@bJK<
FbDCUX<1>?YneK<�WKgVDC>?<1JKYCgVeK<5;=F�©q@=JMD\@%SVF5H�ZV¦)1-q±¤=£-Z]<?9k@bS¶@bSd<?F[«7²|S¶@bJ Sb =£-Z�DC;G;bDEBnF?u ¾ F=SdU7WKgd<
>?YO9IF=<?ÆAmK<59K>?<QY\o´@bJKSdF]oªD\>5@�SVF.@bJMD\@�SdoZ²�<z>?YOUXWKSVgd<�@bJK<zWK;=YOhC;bDCU"Sd9fF=<5ÆAmK<?9k@bSVDCgRU7YneK<|@bJK<
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!HPF$ ALIGN V(:) WITH A(*,:)
!HPF$ DISTRIBUTE(CYCLIC,CYCLIC) ONTO mesh:: A

vi 1 3 4 1076 vv a b c d e f sz 6

a 0 b c 0 0 0V d e f

vi loc

vv locc

4 10

d f

6

a b

1 3 7 vi

vv

loc

loce

1082 4 6

0 c 0a b

1 3 75 9

0 0e d f

!HPF$ REAL, DYNAMIC, SPARSE (CVS(vi,vv,sz)):: V(10)

PE (0,0), PE (0,1) PE (1,0), PE (1,1)

�lSVhCmK;=<Q�ru 4"d�mYZ qL1-~ Xf 8~M¥�£-~R�*�-q T_¥CS q�&*�r¥Cq±¦ ~�¦�¡}£FT RI£-S)T' t£-S SG£��%¦ ~�£0365 3}Xf #T($

;=<5F=mKg¶@t²�YOmKgVe�PZ<7<?;=;GYO9K<5YOmKF?uY,�SV·Ä���'�x��WK;=YCWZYOFG<?FiDºF=SVUXSVgVDC;¬DCWKWI;=YkDC>[J`H,PMDCFG<?e!YO9�@=JK<
DCmI@=YOUfDx@bSV>Q@=;bDC9KFaoqYO;=U7D\@=SVYO9¹YCo.DfeI<?9KFG<�WK;=YChO;bDCU¹HRDC9K9KY\@[D\@=<?e{²|S¶@bJ�FGWMDC;=FG<�eKSd;=<?>_@bS¶NO<?F5H
SV9k@bY¬DLFG<?U7DC9k@bSd>EDCgdgdB¬<?ÆAmKS¶N\DCgV<59A@,F=WMDC;GF=<�>5YreK<\u ¾ F.DL>5YO9K>5gVmKFGSVYO9´H\@bJKSdFlWK;GYOWZYCFbDCgrmK9KgVYODCeKF
@bJK<.gVDC;=hO<4WKDC;G@¢YCon@bJI<.²�YO;G·LYO9Q@bJK<.>5YOU7WISVgV<5; DC9Ke¬;G<?F=mIgd@bF¢Sd9p<?DCFGBQ@=Y|WK;=YOhC;bDCU�JKSVhOJnw:gV<_NO<5g
>?YneK<?F5u�§zY'²�<_NO<5;?HZ@=JK<tSdU7WIgV<?UX<?9k@bD\@bSdYO9*YCo4FGmK>[J1DX>?YOUXWKSVgd<?;�SdF|NC<?;aBº>5YOUXWKgV<�K`HRDC9Ie{9KY
SVUXWKgV<5U7<59k@[D\@=SVYO9*Y\olS¶@�SVF|DEN\DCSVgVDCPKgd<�oqYO;�hO<59K<?;=DCg¢DC9Ke%;=<?DCg WK;GYOPKgV<5U7F5u

v�JI<?;=<_oqYO;=<\H¢PZ<5SV9KhT;G<EDCgdSVFG@=SV>\H´DCFQFGWMDC;=FG<Á>?YneK<?F¬DC;G<i>?YOUXWKgd<@KZH WK;=YChO;bDCUXUX<?;=FzF=JKYCmKgVe
DCF=FGmKUX<tF=YCU7<¬WMDC;a@�Y\o,@bJKSdF|>?YOUXWKgV<�KrSd@:BTSd9¹@=JK<?Sd;z>5YreK<5F?HRhOSdNnSd9KhÁJKSV9k@bF|@bYX@bJK<p>?YCU7WKSdgV<5;
F=Y�@=JMD\@cS¶@�>?DC9*eKYÁD}hOYrYneI6GYCP´u ¾ 9%D\WKWK;=YODC>[J*SV97@bJKSdF�gVSd9K<�SVF.@bYtoqYO;G>?<LWI;=YOhO;=DCUXU7<5;=F4@bY
mKF=<L@=JK<QgVSdFG@=FcDC9Ke%D\;=;bDEBnFceK<_ÅM9KSd9Kh�@bJK<QFa@bYO;=DChO<LFG>[JK<?UX<Q<@KrWKgdSV>5Sd@bg¶BOHnDC9Ke%D\gVgVY'²�@=JK<?U @bY
mKF=<Á@bJI<XWIg�DC>5<iJKYOgVeI<?;=FQYC9KgdBºoqYO;¬DCgVSdhO9KUX<?9k@¬DC9IeseISVFG@=;=SdPKmI@bSdYO91WKmK;GWZYCF=<?F5uÁv�JKSVF¬SVFL@=JK<
F=YOgdmI@bSdYO9�<5U7WIgVY'BO<5e�oqYO;¬@bJK<*eKD\@[Dxw¯WMDC;=DCgVgd<?g,FGWMDC;=FG<<=Q� >5YreI<?F}²�<*WK;G<?FG<?9k@Á9K<@Kn@?u{v�JK<
FbDCUX<pDCWKWK;GYkDC>[J%²cD\FzD\gVF=YXDCWIWKgVSd<?e*@bYXF=WKDC;=FG< .R8 >?YneK<5F�Sd9��®�x��u
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. <5@|mKF�oqYn>?mIF�YO9*@bJK<zÅM;=Fa@|YCo¢YOmK;�²�YO;G·nSd9Khi<@KIDCUXWKgd<L>?YneK<?F5HI@bJI<QF=WMDC;GF=<Q;=DC9K·Ow:;G<5NO<?DCgVSd9Kh
�Y'p¼ DCgVhCYO;=S¶@bJKU ©q>?YO9IF=mKg¶@%¼r<5>5@bSdYO9KF*�ruÈ�sDC9Ke��ruÈ�O«Âu ¾ F7²�<�JMDENO<{eKSVFG>?mKFGF=<?e³Sd9�¼r<5>_w
@bSdYO9»�nu �IH¢²�<fJMDENO<7>[JKYOFG<?9»YO9I<_w:eISVUX<?9KFGSVYO9MD\g,eKYOmKPIgdBkw:gdSV9K·\<?esgVSVFa@bFpDCF¬@bJK<X>?YCU7WK;G<?FGF=<?e
FG@=YO;bDChC<}oqYO;GUfD\@|oqYO;�U7D\@b;GSV>?<5F+*�©q@=JMD\@zSVF5H-,}H´D\@�@bJK<}PZ<5hOSV9I9KSV9KhXYCo4@=JK<t>5YOU7WImI@[D\@=SVYO9M«
DC9Ke/.�uQ8:9�@=JKSVF�§�¨.�~wa�X>?YneK<CH`²�<i>ED\;=;=Sd<?e�YCmI@QD*FGSVUXWKgV<pWMDC;=DCgVgd<?gVSd¸ED\@=SVYO9TY\o4@bJK<Á� '}¼
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BDCFEHGJIK1=GMLNE�O%EHP:Q)/RGS1�EHTKGMQ)/RGJ/RU2UV1%U',JEHUVTWLNXVEHCK,�²YXZLN[FERLN[W1%GJ,]\)/R,S1%I P^/-X2CKUZ_`ERC�GSTKCbacLJX2P:1
LN1=Od[KCKXVÆeTK1=,%fl²�1:[)/.gH1�/-IKIKXVLJX2EHCK/RU2UZ_�XVP`QKUV1%P:1%ChLN1=I@LN[K1:,JQ)/-GJ,J1�iY'p¼j/RUVkHEHGSXVLN[WPlTK,SX2CKk
LN[K1
mon ¾ 0¬¼pGJTKCbaqLNXVP`1`U2X2\WGN/RGr_tsvuRwyxDs;4Hz-x|{~}M[KX2,#UVX2\KGJ/RGS_~TK,S1%,#LN[W1
X2CK,SQ'1=O=LNERGraD1�
b1%O%TbLNEHG
Q)/RGJ/RIKX2kRP5LJE:IW1./RU��YXZLN[ X2GJGS1%kHTWU�/RG�I)/-Ld/�/RO=O%1=,J,J1=,%{
�]EHTbLNX2CW1%,���GJEHP�LN[K1^mon��]���~U2X2\WGN/RGr_���1%GS1`XVCK,J1=GSLN1=I�LJE GS1%\)/-U�/RCKO=1#LN[K1:U2Eh/-I��|/RCKI

I)/-LN/h�0ER��LN[K1YQ)/-GN/RUVU21%Ub,JQ)/-GJ,J1�i+����/RU2kHERGJXVLJ[KP {��o/R,JXVO./RUVUV_RfRLN[KGSEHTKkH[#LJ[K1%,S1�GSEHTWLNXVCK1%,=fH��1
[)/.gH1]kH1%CW1%GN/�LN1%I`/�LNGN/-CK,JU2/-LNXVEHC�Ld/-\KU21o�Y[KXVOd[�/R,S,JXVkHCK,�LN[K1YkHUVEH\)/RUbX2CKIWX2O%1=,�ER��P`/-LJGJX

 ,�LNE
LN[K1�IKXV�'1%GS1%ChL�QKGSEbO=1%,S,JEHGS,!��EHU2UVEy�YXVCKk`/RC+X2GSGJ1=kHTKU�/-G�P:EbIW1%U���,SQ'1=O%XV�KO./RUVUV_Hf�/^O=_�O=U2X2O�����mM�
IKX2,rLNGSX2\KTWLJX2EHC)��{�}M[WX2,�Ld/R\KUV1�XV,�IKX2,rLNGJXV\KTWLJ1%It/-O%GJER,J,`LJ[K1�QWGJE�O%1%,S,JEHGS,�/RCWItTK,J1=It\h_�LN[K1
Z2�¡ J¢-Z qLK�£�mon]�]���jGJERTWLNXVCK17LNEFLNGJ/RCK,JU2/-LN1#LJ[K1�kHU2EH\K/RU¤X2CWIKX2O=1%,�X2ChLNE U2E�O./-U¤X2CKIWX2O%1=,!�YXVLJ[KX2C
1./ROd[�QKGJE�O%1=,J,SEHG%{FBcL�/RU2,SE�kH1=CK1%GJ/-LN1=,7/ O%EHP:P7TKCKXVO./-LJX2EHC@,SOd[K1%IWTKU21`TK,J1=IpLNE kh/-LN[W1%G�LN[K1
ER��aDQKGSEbO=1%,J,SEHG�I)/-Ld/ CK1%1=IK1%I¥IKTKGJXVCKk�O=EHP:QKTWLd/�LNX2ERC�f¦/RCKI�LJE�,SO./-LSLN1%G�\)/ROd§~U2E�O./-U�O%EHQKXV1%,
/-��LN1=GMO%EHP:QKTWLN/-LNXVEHC�{
}0/R\WU21`ub{©¨
,S[KE¡�Y,7/
O%ERP`Q)/-GJX2,SEHC~ER��LN[K1:1�
b1%O=TWLNXVEHC~LNX2P:1%,�TW,JX2CWk LJ[K1�O=_�O%UVX2O:����mM�

QK,J1=TKIKE-acGJ1=kHTKU�/-G�I)/-LN/�IKXV,SLNGSX2\KTbLNX2ERC���,S1%1 �b1=O=LJX2EHCªzb{¬«e��X2Cª/+P`/RCeT)/RU�i+���p/RU2kREHGJXZLN[KP
��LJ[KX2,�P^/RCeT)/-U�/RUVkHEHGSXVLN[WP X2, LN[K1p,J/RP:1p/R,�LJ[K1pEHCW1¥IK1=,JO%GSX2\­1%I®X2C¯�b1%O�LNXVEHC®°W{©¨H��f�/R,
EHQKQ­EH,J1=I±LJE�LN[W1�,N/-P`1 IKX2,rLNGSX2\KTWLJX2EHC�\KTbL�X2P:QKUV1%P:1%ChLN1=I��YXZLN[tmon��]���±GJERTWLNXVCK1%,+�|/RUVU
O%E�IK1%, ��1=GJ1¥�YGSXVLSLN1%C²X2C¯mM��{]}M[K1¥1�
W1=O%TWLJX2EHC²LNX2P:1%, [)/.gH1¥\'1=1%C³LN/R§R1=C¯X2C³/±O%UVTK,SLJ1%G
ER��´¡z��bTKC��bµ'�!�om�,SLd/�LNX2ERCp«��YXZLN[p¶H·yari�n]¸^P:X2O=GJEe�Wµ­�!�Mm�acBJB�QKGJE�O%1=,J,JERGJ,7XVCp/+µ¤¹�i
P`1=,J,J/RkH1�acQ)/R,S,JX2CWk±1=Ceg�XVGJEHCKP:1%ChL%{º}M[K1�LJ1%,SL�,JQK/RGJ,S1¥P`/-LNGSX2O%1=,
��1=GJ1¥LN/R§R1=C²��GJERP LN[K1
n»/RGr��1=U2U¼a½��E�1%XVCKk~,JTKXZLN1¥��IK1=,JO%GSX2\­1%I�XVC�}�/R\KU21�¨b{Z´y��{¾}M[K1�1%ChLNGr_²¿S¢RÀ�Áq� GJ1=QKGJ1=,J1%ChLJ,�LN[K1
Â TKERLNXV1%ChL�Ã�Ä)Å�ÆWÇ­ÈeÉyÃ�Ê!Ë 	%Ì�ËrÍ!/RCKI�f�/-,���1@O%/RC�,J1=1Rf���ERG�/RUVU]LJ[K1+LN1=,SLN1=I¾P^/-LJGJXVO%1%,=fMLN[K1
O=_�O%UVX2O����¦mM�~QW,J1%TWIKE-aDGS1%kHTWU�/RG�/RQWQKGJEh/-Od[t���Y[KX2Od[jX2,!LJ[K1�EHCK1�QKGJERQ'EH,S1%IjX2C~EHTKG�n�µ�Î¦ar¨
1�
�LN1=CK,JXVEHCK,
ER����1%O=LJX2EHCtzW{¬«h�:EH\WLN/RX2CW,�/RUVP`EH,rL^ERCK1+EHGSIK1%G�E-��P^/RkRCKXVLJTKIK1 ER��X2P:QKGJE¡gR1�a
P`1=ChL�X2CpLN[W1
1�
b1%O=TWLNXVEHC�LJX2P:1%,={pÎ)EHG7ERLJ[K1%G#,SQ)/RGS,J1 QKGJEH\WU21%P:,��YXZLN[KEHTbL#QKXVgRERLNXVCKk~/RCKI
�)U2U¼aDXVCj�|/RCKI TK,SX2CKk^�o�»�WÏR�MmM� IWX2,SLJGJXV\KTWLNXVEHCK,N��f),JXVP`XVU�/RG�GJ1%,STKUVLJ,»/-GJ1�QKGJ1=,J1%ChLJ1%I@X2C¥sÐ´¡Ñh¨yx|{
}M[K1%GS1=��EHGS1Rf)QK,S1%TKIWE-aDGS1%kHTKU2/RGoI)/�Ld/#IKX2,rLNGSX2\KTWLJX2EHCW,�EH\WLN/RX2C
\­1=LSLN1=G]Q­1%Gr��EHGJP`/RCKO=1»LN[K/RC
LN[K1
mon��]���
kH1%CK1=GN/RU�XVCK,JQ­1%O�LNEHG½aD1�
W1=O%TWLJEHG]P`E�IK1%U|{
}M[K1:mon��]���~/RQKQKGSEh/ROd[@[)/R,�/�U2/RGJkR1�CeTKP7\­1%G�ER��O=EHP`P�TKCKX2O%/-LNXVEHCK,�/RCKI~[KXVkH[+P:1�a

P`ERGS_�E¡gH1=GJ[K1%/RI�f)/R,�/�O%ERCK,J1 Â TW1%CKO=1�E-��/RO%O=1%,S,JX2CWk�/�U�/-GJkH1]IKX2,rLNGSX2\KTWLJ1%I`I)/-Ld/�/RIKIKGS1%,J,SX2CKk
Ld/R\WU21R{�}M[KX2,�GS1%,JTWUVLN,�XVC:[WX2kH[�1�
b1=O%TWLJX2EHC�LNXVP`1=,%{��!C�LN[K1YERLJ[K1%G�[K/RCKI�f�/R,���1»/RUV,JE�1�
bQ­1%GSXZa
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P`1=ChLd/RUVUV_!QWGJE¡gH1=I7X2C�QKGJ1�g�X2EHTK,¦Od[)/RQbLN1%GS,%fRLJ[K1�O=_�O%UVX2O��¦�¦mM��QK,J1=TKIKE-acGJ1%kRTKU�/RG�IKXV,SLJGJX2\WTWLNXVEHC
X2,M/-IK1 Â T)/-LJ1»��EHGo,SQ)/RGS,J1�P`/-LNGSX)(:QKGSEH\KU21=P`,!��XVC�Q)/RGrLNX2O=TKU�/-G%f+*�� /RUVkHEHGJXZLN[KP:,d�¤\­1%O%/RTK,J1�XZL
1,(bQKUVEHXVLJ,!I)/-LN/ /-CKI~O%EHP:QKTWLN/-LNXVEHC+U2E�O./-U2XVLD_ /-CKI~P`XVCKX2P:X2¸=1%,]O%EHP:P7TKCKXVO./-LJX2EHCW,%{�BcL�IKE�1%,
CKERL�GS1 Â TKXVGJ1#/RIWIKXVLJX2EHC)/-U�,SLNERGN/RkH1�EHG»O=EHP`P�TKCKX2O%/-LNXVEHCK,M��EHG»/RIKIKGS1%,J,SX2CKk
CWEHCbaDUVEbO%/RU�I)/-LN/Wf
/R,]/RU2U'LN[K1�QKGSEbO=1%,J,SEHGJ,]§eCKE¡�³�Y[K1=GJ1�LN[K1�I)/�Ld/�/RGJ1�UVEbO%/-LN1=I TW,JX2CWk:,SX2P:QKU21»EHQ'1=GN/-LJX2EHCW,%{

��3"- . 4�;0/ 6�1325476�< 498 / <�8.A : / 6 /<;=;?>@; 8BA / <�8 4:9

}M[K1YU2XVP`XZLN1%I�,J§eX2UVUKER�­O%ERP`QKXVU21=GJ,0LJE�IW1=LN1=O=L�Q)/RGJ/RU2UV1%UVX2,JP XVC#O%E�IK1%,�XV,�/RC�X2P:Q'EHGrLd/RChL0IKGN/.�oa
\)/ROd§
LNE#LJ[K1�TW,J1�ER�¤,STKQ'1=GJO=EHP`QWTWLN1=GJ,]\'1=O./RTK,S1�XZLYO%EHP:Q'1=U2,MQKGSEHkHGJ/RP`P:1%GS,oLNE�LN1=IKX2EHTW,JUV_
Q)/RGJ/RU2UV1%U2XV¸%1MLN[W1%X2G�QKGJERkHGN/RP:,�\h_`[)/RCKI�fK/R,���1�IKXVI^X2C`LN[K1»�KGJ,SLoQ)/RGSL�ER��LN[WX2,�LJ[K1%,SX2,%{�}M[WX2,
��/RO=L�/RIKIK,�/�,SX2kHCWXV�)O%/RChL!U21�gH1=U0ER��O=EHP`QWU21,(bXZLD_ LJE�LN[K1�QKGJEHkRGN/RP:P`XVCKk�Ld/R,S§­{���1%O./-TK,J1�ER�
LN[K1=,J1�O%ERP`QKXVU21=G»U2XVP`XZLd/-LJX2EHCW,%f)O%ERCegR1%ChLNXVEHC)/RU0QKGJEHkRGN/RP:P`XVCKk^U2/RCKkHTK/RkH1%,!/RGJ17TW,JT)/RUVUV_�1,(ea
LN1=CKIK1%I7�YXZLN[7IWX2GJ1=O=LJXVgH1=,�LJE»QKGSEyg�XVIK1�LJ[K1oO%ERP`QKXVU21=G��YXVLN[�LN[K1�X2CW��EHGSP^/�LNX2ERC�LJ[)/-L�XVL�O./RCWCKERL
EH\WLN/RX2CF\h_
XVLJ,J1=UV�½f)/R,MIWX2,JO=TK,J,S1%I+XVC�m�[)/RQWLJ1%G]z7��EHGYn»µ�Î�{

C]E¡�o/RIK/¡_�,=f#P^/RCh_³1=�'EHGSLJ,~/RGJ1p\­1%XVCKk�P`/RIK1¥LJE XVP`QWGJE¡gH1pO=EHP:QKX2UV1%GJ, �YXVLJ[ O%EHP#a
QKU21"( LN1%Od[WCKX Â TK1=,»LNE`Q)/RGN/-U2U21=U2XV¸%1!QKGSEHkHGJ/RP`,]/RTbLNEHP`/-LNXVO./RUVUV_R{�}M[KXV,���/._Hf'LJ[K17/-O%O%1=QWLd/-CKO%1
/RCKI~TK,S1:E-��P7TWUVLNXVQKGJE�O%1=,J,SEHGJ,»��EHTKUVI~\'1#1=CK[)/RCKO=1%I�IKTK17LNE
LJ[KX2,!LJGN/RCK,SQ)/RGS1%CKO�_+LNEFQKGSE-a
kHGN/-P`P:1%GS,%{±i�/RCh_�ER�]LN[K1=,J1�LJ1%Od[KCWX Â TK1%,:LNEjkH1%CW1%GN/�LN1FEHQWLJX2P:X2¸%1=I�Q)/RGN/-U2U21=U�O=EbIK1=,^/-GJ1
IK1%,SO%GSX2\­1%I�XVC s¼´.ÑHz-xcs¼´H´R´=x|{�}M[W1��ED�B½Î s¬·RÑ�xY/RCKI±µ�EHU2/RGJXV,FsÐ´¡z-xMQ)/-GN/RUVU21%UVX2¸=X2CKk�O%EHP:QKX2UV1%GS,
/RGJ1]LD��E�GJ1%QWGJ1%,S1%ChLd/�LNXVgR1�1,(W/RP:QKU21=,�E-��O%TKGSGJ1=CeLM/RO=LJXVgH1�GJ1=,J1./-GJOd[
EHC
/-TWLNEHP`/-LJX2OYQKGJERkHGN/RP
Q)/RGJ/RU2UV1%U2XV¸./-LJX2EHC�{

 �FHGIFKJ LNM�OQP�RTSVU W�X�Y[Z]\_^�W�`ba$cedN\gfih@a$^�O#`jc

}M[K1¥�+D�B½Îl�q��LN/RCW��EHGSITD]CKXVgR1%GJ,SXVLD_¾BDChLN1=GJP:1%IKX2/-LN1jÎ)EHGSP^/-Ld�`O%ERP`QKXVU21=G%f]IK1=gR1%U2ERQ'1=I³\h_
LN[K17��Ld/-CW��EHGJI+m�EHP:QKX2UV1%G���GSEHTKQ�f�XV,»/���GJ1%1�X2CW��GJ/R,SLJGJTKO�LNTKGS1�IK1=,JXVkHCK1%I�LNE^,STKQKQ­EHGSL»O%EHUVU�/�a
\'ERGN/-LJXVgH1@GS1%,S1./RGSOd[¯X2C�EHQbLNX2P:X2¸=X2CKkp/RCKI¾Q)/RGJ/RU2UV1%U2XV¸%XVCKk¥O=EHP`QWX2U21=GJ,={ �+D�B½Î LNGJ/RCK,r��EHGJP:,
Î)EHGSLJGN/RC uHu#/RCWI�m�,J1 Â TK1%ChLNX2/RU�QKGSEHkHGN/-P`,oXVChLNE:�Wµ�i�k®O%E�Iml���EHGInS[joRGpl=I�o-IKIKGplBnpn�nJQmoRO?l
Pqo-Od[KX2CmlBn%{�}M[KXrn]QjoRGpoRU2Usl%U�O=EbI+l�XVCKO%UVTKIml?nYO?oRU2UsnoLNEto`Q­EHGSLuoR\KUrl�GSTKCbaqLNX2P9l�U2XV\KGuo-GS_Hfb�Y[KX2Od[
Xrn!O=TKGJGKl%ChLNUZ_3o.gvoRX2UroR\KUsl���ERG��K��B]PtoROd[KXVCml?n=f�LN[+l���Lwo-CW��EHGJIxkY���bn P7TKUZLNX2QWGJE�O?l?nKnJEHG�oRCKI
k!X2kHXZLwoRU­�»UVQK[joh�yl%GSgzl%GKn%{
}M[+l:�+D�B½Î{nr_EnrLul=P O%EHC+nJXrnrLun!E-�_otnpl=L�E-��O=EHP:QKX2Usl%G]QjoznpnKl?n:��X2P:QKUrl=Ptl=CeLpl%I3ovn�npl=Qjo�a

Guo-Lpl�QKGJERkHGuoRP9nd� fEl?oROd[FEHCml�ER��LJ[ml%P Q|l=GS��EHGSPtn�o}nSX2CKkRUrl�o-CjoRUV_ynSXrnoEHG�LNGpoRCmnS��ERGJPto-LNXVEHC�ER�
LN[ml`O%E�ImlR{
}M[+l?npl`QjoznKnpl?n���EHGS§@LNEHk~l�LN[ml=G�\h_jTmnSX2CKk�o O=EHP`P:EHCjX2ChLul=GJP9l%IKXro-Lul#��EHGSPqo�L
LNE:Gpl=QKGplBnpl%ChL�QKGJERkHGuoRP9n%{�C�l=� QmoznpnKl?n]O=oRC \|l���GKl?l%UZ_�XVCmnpl=GSLul=I�o-L�o-Ce_�Q'EHXVChLYX2C�o#O%EHP#a
QKX2Uro-LNXVEHC�{F}M[mlBnpl���oRO�Lun7PtoR§zl��+D�B½Î�l?oznS_jLNE�P`E�IKXV��_3oRCKI�l,(�Lpl%CKI�f�\�l%O=EHP`XVCKk�o g~l%Gr_
oRIml Â Tmo-Lul�l%Chg�X2GSEHCKP9l%ChL7��EHG<l=gvoRU2Tmo-LNXVCKk�Cml�� O=EHP:QKX2Usl%G�Lul%Od[WCKX Â TmlBn%{p�!n��_l
O?oRC�nplBlRf
oRUVLJ[KEHTKkR[FLJ[KXrn�o-QKQKGJE~oROd[�Xsn�nJEHP9l=�Y[mo-L]X2Cml,�`O=Xrl=CeL%f)XVLMXsnog~l=GS_��jl"(WXV\KUrl-{
}M[+lªQjoznpnKl?n+LJ[jo-Lj�+D]B½Î GJTKC+n+��EHG+QjoRGpoRU2Usl%UVX2¸=o�LNX2ERC&oRGplv�³O%ERCmnSLuoRChL~QKGJEHQmoRkVo-LJX2EHC�f

nJO?oRU�oRGSX2¸=X2CKk�oRGJGpo¡_}oRO%OBl?nKnpl?n=f���ERGS�_oRGJI#QKGSEHQjoRk~o-LNXVEHC�fRCWEHGJPtoRU2XV¸=o-LJX2EHC�f�XVCKIKTKO�LNXVEHC�gvoRGJXroR\KUsl
Iml=Lpl%O�LNX2ERC�f�O%EHC+nSLwo-CeL���EHU2IKXVCKkKf#nJO?oRU�oRG�QKGSXVgvo-LNXV¸=o-LJX2EHC�oRCjo-UV_ynJXsn%f0GKl%IKTWO=LNXVEHCªGpl=O%EHkRCKXVLJX2EHC�f
Iml%Q�l%CWIml%CKOBl�QKGKl%QKGSEbOBl?nKnJX2CWkKf-QmoRGuoRUVUrl=U2XrnSP&oRCKI�U2E�O=o-U2XVLD_YERQWLNXVP`XV¸=o-LJX2EHC�f?oRCKI�QjoRGpoRU2Usl%U�O%E�Iml
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W l/X+l/Fuo	Y�B[Z�X�{����\Yul0FTF4DGXRXGB[X W Y4]ml_^jo�Fpo�`[`sl/`aB2¸=o	Y�B[Z�X6^moznpnKl?n/b��+Ddc½Îfe=o�X W l0Xml/Fpo�Yulhgie/Z,jml
ZEFdk c½µ��6^RF4Z,e?l?nKn4ZEFle0Zmjml-{
}n]ml
µoZ�`�o�FpBrn�e/ZEqh^GBa`rl/F�BaXGe/`aDGjml?nrZE^RY4B[qhB2¸=o	Y�B[Z�X%Yul/es]RXGB Â DmlBnF� o�DmY�ZEqto�Y�Bae�jml0Ypl/e0Y4B[ZEX

ZR�"^jo�Fpo�`[`sl/`[Bsn4q�o�XRjhjmo�YwotjGBsnpY4F4B[uRDRY�BaZEX��vY4ZtY�Fpo�Xmn4`ro�YulIo�ÎwZEF�Y�Fpo�XhxEx�npl Â Dml/X�Y�Bro�`w^GFpZ W Fuo�q
B[X�Y�Z]o�XyZEDRY4^GDRY��|ÎwZEFpY4Fuo�X�xEx�^G`[Dmn�^jo�Fuo�`a`rl/`CjGB[FKl/e0Y4Bazzl?nd���l]GB[es]{e=o�X{u|l9l,(El0e/DRYpl/j�lB�_|
e/Bsl/X�Y�`~}�ZEX�oh^jo�Fuo�`[`rl0`�e/ZEqh^GDRYpl/FB�In4]jo�Fpl/j�qtl0q�ZEF�}�q�DG`~Y�B[^RF4Z,e?l?nKn4ZEFKn7� n4DGes]xovn�o�X@�K��c
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