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N=100    and    nz = 460

 Portrait of the 5−point Laplace discretization matrix 
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 N=511 and nz = 2796

lns511  : unsymmetric matrix from linearized Navier−Stokes

` +-&)fH$^( �) ��	�\[U])$657$'#�+!5'4�]�` 4^_h#�$^4'(<8 #%5'$'+!C9(94

k�&�]Y]3F 4^])fH$^C9(n`�]�$qc-#�$'&)( � 4^_h#�$^4'( 8q#%57$^+-C�(94 `�])$ 57(�4^5;_.fH$'_�])4'(�4 +!4 5'sH(�
 #�$ � (9c!c $GA�]Y(�+-,H&
0Y_h#�$^4'( �z#%5'$'+�� ��])c-c!(9Cr57+-]�,a� �psH+!C sn]�,H(EC/#�,L&)(r5l#%C9C9(�4'4p57] d3+ #

s|5'5'_���
�
%8 # 57sm ,H+-465/ &)]�d�
)�z#%5'$'+��H�z#%$ &�(r5�
%C�])c-c!(9Cr57+-]�,H4�
%swgm s|578:c  ��sH( $^+-&)s|5 sh#�,HFn4'+!FH( _H+!C�5'fH$'(<]�` ` +!&)fH$^(:�� !�=+-4 #q_�])$^5'$7#�+�5p]�`\#;>3�)� $ >3�)� fH,.4^238q8:(�5'$'+!C
8 # 57$'+ � #�$^+-4^+-,H& +-, 57s.( FH+!4'C9$^(�5'+-o/# 57+-]�,L]%`�#:�l#/d3+-(9$ $6035']O&�(�4l_H$^])gHc!(98=�hC/#�c!c-(9FLc-,.4 >Y�)�X�H`�$'])8
57sH(�
 #�$ � (9c!c $�A ]Y(�+-,H& ��]�c-c-(�C�5'+-]),m 
D�`u��(*,H] � 57$'#�,H4^`�]�$'8 # c-#�$'&�(l4'_H#�$'4^(E8 #%5'$'+ � +!, 57s.(<~<#�f_�)+ #�,q(9c!+-8:+-,h#%5'+-]), _H$^]YC�(94^4��H57s.(9,
,H]),Ho�(9$^]t(9c-(�8q(�,|5747�p+!c-c\g�( C9$'(9#%57(�F +-,
_.c #�C�(947�psH(�$'( A

sh#�F o9(�$'])4 g�(r`�])$'(% 5��sH(94^( ,H(��
,H]),Ho�(9$^] (9,|5'$'+-(�41#�$'(*C/#%c-c-(�F��X�hc-cL� ])$ �X�hc!c $G+!,��H bDG,L]�5'sH(9$k� ])$'FH4�� +-, 57sH(<���M$�`�#�Cr57])$^+-o/# 57+-]�,
�
A�D

�B� �psH+!C s +!4�C�])8:_Hf.57(�F +!,<5'sH(�~*#�f��)+-#�,*(9c!+-8:+-,h#%5'+-]), _H$']3C9(�4'4���57sH(�8q#%57$^+-C9(�4��t#�,HF
� �p+!c-chsh#/d�( 8 #%,w2:8:])$'(1,H]),.o9(9$^] (9,|57$^+-(�4 57sH#�, 57s.(l8q#%57$^+�� A

 ` ]�$ c!,H4 >Y��� 57s.( `�])c!c-] �p+-,H&�h&)fH$^( 4'sH] �p4 57sH(t_�])$^5'$7#�+�574;]%`=5'sH(t_�(�$'8 fY57(9F d)(�$'4^+-]), ]�`=� #�4e+�5L#�$'+!4'(94e+!, ~<#%f��)+ #%,
(9c!+-8:+-,h#%5'+-]),s�p+!5'sL_H#�$^5'+ #�c�_H+!d�]�57+!,H& #�,HFL]�`\��^H� ]�5'(*5'sH(*FH+���(9$^(9,HC�(*]�`U5'sH(*,wfH8 g�(9$ 5 M ]�`
,H]),Ho�(9$^]q(�,w5'$'+!(94p+-, c-,.4 >Y�)�<#�,.Fn+�574B`�#�Cr57])$^49 � ,H(L#�_H_H$^]|#�C s 57] 4'])c�d)( c #%$'&)( ��4^_h#�$^4'( c-+!,H(/#�$ 4^234^5'(98:4qC�]),H4'+!4^5'4���$'])fH&�sHc!2 4'_�(/#X&w+-,.&�� +!,
8q]3FH+�`x2Y+!,H& ~*#�f���+ #�, (9c-+!8q+!,h#%5'+-]), +-, #
4^])_HsH+!4^5'+-C/# 57(9F ��#/2O� 4'fHC s 57sh# 5;57sH( #�8q]�fH,|5e]�`�hc-c%$G+!,n+!4l4'8q#�c!c #�,.Ft#�,t(9c!+-8:+-,h# 57+-]�,L_.$']3C9(94^4E+-4 _�])4^4'+!gHc-(% ` ])$ 5'sH(94^( FH+-$^(9C�5l8q(r57sH]3FH4l`�]�$
c #�$^&)( #�,.F�4^_h#�$'4^( c-+-,.(/#�$ 4^234^5'(98:4=4^(9( (� &H  " ? ! � " \ !  D�`�R +!4 d)(�$^2tc-#�$'&)( �msH] � (�d)(�$���57sH(�4'(
8q(r57sH]3FH4�$'(9#�C s 57s.(9+-$\c!+-8:+!574��)g�(9C/#%fH4'( (�d)(�, 57s.])fH&)s:57sH(M�hc-c%$G+!, +-4�4'8q#�c-cHC�])8:_h#�$'(�Fq5']7R Z �
57sH(*,wfH8 g�(9$p]�`U,H]),.o9(9$^]q(�,|57$'+!(941&)(�5'4�57]3] gH+-& 57] g�(*sh#�,HFHc!(9Fm 
D�`l5'sH( 4^234^5'(98

H
�) ��tI C�])8q(�4 `�$'])8 # FH+!4'C�$'(�5'+-o9#%57+!]), ]�`l#�, +!,|57(9&�$7#�cB(��wfh#%57+!]),a��(� &H +!`l#

_h#�$657+ #%c�FH+���(9$^(9,|57+-#�cb(��wfh# 57+-]�, +-4*,wfH8:(9$^+-C/#%c-c!2z4'])c�d)(�F g|2 #ng�])fH,HFH#�$^2 (�c-(98:(9,|5<8:(�57s.]YFa�
57sH(�,

A
+-4 �)F.(9,H4^( ����+  (� �#�c-c�])$ #%c-8:])4^5 #�c-c (9,|57$^+-(94 ]%` A

#�$'(e,H]�,Ho9(�$']H ��sH(9, #tFH+-$^(9Cr5
8q(r57sH]3F C/#�,.,H]�5<g�(:#�_._Hc-+!(9F #%5<#�c!c  =kl,�#�c!5'(9$',H#%57+�d)(���#�2t5'] 4'])c�d)( H

�) ��tIl+!4*#�, +!57(�$7#%5'+!d�(



� ������� �����	��

� ����� ����� � ��� ���

0 50 100 150 200 250 300 350 400 450 500

0

50

100

150

200

250

300

350

400

450

500

 N= 511 and nz = 32603

  Permuted L  factor of LU factorization of lns511 

0 50 100 150 200 250 300 350 400 450 500

0

50

100

150

200

250

300

350

400

450

500

 N= 511 and nz = 22558

  U factor of LU factorization of lns511 

` +!&)fH$^( �) @? �\"�! `�#�C�5'])$'4�]%` 57s.(="u! FH(�C9])8:_�])4'+�57+-]�,e]�` c!,H4 >3�)�

8:(�57s.]YFa� �psH(9$^(S� (<4^5 #%$^5k�p+!5'sL#�, +-,H+�57+ #%c d�(9Cr57])$ B cl#%,HF C9])8:_Hf.5'( d)(9Cr57])$^4��B V(P��B Z P��B g P4^4^�^
4'f.C s 57sh# 5

B c����B V�P B c����B Z P B c����B g P�^4^4^�#�$^( H
sH])_�(�`�fHc!c!2_I�g�(�5'5'(9$U#�,HF<g�(r5'5'(9$U#�_H_H$^]��Y+!8 #%5'+-]),.4

]�`
B ^ ��sH( C9])8:_Hf.57#%57+!]), ]�`m5'sH( C�])$'$^(9Cr57+-]�,qd)(�C�5'])$'4	�B 
 sH#�4�5'] g�( 4^fHC s;57sH#%5\57sH( 8 #%5'$'+ �

A
+-4�,.]�5 #�c!5'(9$'(�Fm �� ,Hc!2 8 #%5'$'+ � $ d)(�C�57]�$�_H$']3FHfHCr574 A � `�])$�&)+�d)(�,Ld�(9C�5'])$'4 � 4's.])fHc-FLg�(<f.4'(9F
57] FH(�5'(9$'8:+-,.(l57sH(��

B

 �Yg�(�C/#�fH4^( 57sH+!4B+-4 +-,;8:])465BC/#%4'(94p$^(/#�4^]),h#�gHc�2:C sH(/#�_e5'] C9])8:_Hf.5'(X�.4^(9(`�])$�+!,H4^57#�,HC9(*])f.$�(r�.#�8:_Hc-(

H
�) @?XIr 

D�5U+-4O$'(�8 #�$ & #�gHc-(b5'sh#%5 ~*#�f��1sH+-8:4'(�c!` ��+-,:���|?%j_��#%c-$'(9#�F.2E_.$'])_�])4'(�F #�,<+!5'(9$'#%57+�d)(\8q(r57sH]3F*`�])$
4']�c!d3+-,H& c!+-,H(9#�$�4^234^5'(98:4 " � !  �kB51sH+!4p5'+-8:(X�Hs.]t� (�d�(9$��aR D

u W:]�$CR D
>XW���#�4 C�]),H4^+-FH(�$'(9F

57] g�( c #�$^&)(X� g�(�C/#�fH4^( #%c-clC�])8:_Hf.5 # 57+-]�,H4esh#�F 57] g�( F.]),H( g|2 s3f.8 #�, g�(9+!,H&)49 F +�57s
57s.( #/d�#%+-c #%gH+-c�57+!2q]�`�C9]�8q_HfY57(9$^4 +!5'(9$'#%57+�d)(<8q(r57sH]3FH4 g�(9C9#�8q( 8q])$^( #%,HFt8q]�$'( +!8q_�])$65 #�,|54�
g�(9C/#%fH4'(;+!,HC9$^(/#�4^+-,H&LC9]�8q_Hc!(r�Y+!5G2 ]�`�_H$'#�C�5'+-C/#%c�_.$'])gHc!(98:4*&|#/d)( $^+-4^(:5']zc #%$'&)(�$=#%,HF c-#�$'&)(�$
c-+!,H(/#%$B4^234^5'(98:415'sh#%5psh#%FL5']:g�(*4'])c�d)(�Fn+!, 5'sH(*,wfH8q(�$'+!C/#�cm8:(�5'sH]3FH4�`�])$B57sH(�4'(*_H$^])gHc-(�8q4� 
�\#�$'c�2 +!5'(9$7# 57+!d�( 8:(�5'sH]3FH4��34'])8:(�5'+-8:(94\C/#%c-c-(�Fq465 #�,.Fh#�$'F +!57(�$7#%5'+-]),.4�� ��(�$'(157sH(�
)#�C9])g.+ $ #�,HF
~*#�f�� $�0Y(9+!FH(9c D�5'(9$'#%57+!]),a�E03fHC9C�(94'4^+!d�(($ �ld�(9$ $G�1(�c # �.#%5'+-]), H

0��E�CI(�10H0 �*� #%,HF ��s.(9g|23C sH(�d
0Y(�8q+%$GD�57(�$7#%5'+!d�(1�n(�5'sH]YF �34^(9( (� &H " � W ! �N" �)� ! #�,HF " > !  ?��sH(1C9]),|d�(9$'&�(9,HC�(l]�`�57sH(�4'(18q(r57sH]3FH4
+-4l]�`x57(�, 4^c-] ��#�,HF�0��E� ����sH(9g|23C sH(�d
0Y(�8q+%$GD�57(�$7#%5'+-]),z#�,HF $'(�c #%5'(9F 8:(�57s.]YFH4lFH(9_�(9,HF ]),
_h#�$'#�8:(�57(�$'4E57sH#%5<#�$'( 4^])8q(r57+!8q(�4EFH+��:C9f.c!5 5']nC sH]3])4^(� �l57sH(�$<,.(�� (9$<+!57(�$7#%5'+!d�( 8q(r57sH]3FH4
c-+�&�( 5'sH( 8 fHc�57+-&�$'+-Fz8q(r57sH]3FH4*#�$^( FH(�d�(9c-]�_�(�F `�])$E4^+!5'fh#%57+!]),H4 +!, �psH+-C sT&w,H] �pc-(9F.&)( ]�` 5'sH(
fH,HF.(9$'c�23+-,H&:#�,h#%c!2w57+!C _H$']�gHc-(�8 C/#�, g�(*fH4'(�Fm 
DG, 5'sH+-4 ,H]%57( ��( �p+-c!c C9]�,_�h,H(�])fH$'4^(9c�d)(94 57] aE$^23c-]�d 4^fHgH4'_H#�C9(�8q(r57sH]3FH4 +-, �psH+-C s ,H]
_h#�$'#�8:(�57(�$ FH(�5'(9$^8q+!,h#%57+!]), +-4 ,.(9C9(�4'4'#�$^2 #�,HF��psH+!C s � ])$ &
`�])$ d)(�$^2 &)(�,H(9$'#�c�_H$']�gHc-(�8q4� ��sH(r2 #�$'( d)(�$^2 (/#%4^2t57]L+-8:_Hc!(98:(9,|5*#�,HF�#�$^( d�(9$62 `�$^(��wfH(�,w5'c!2 fH4^(9F�+-, _H$7#%C�57+!C9(% ��sH(�$'(
#�$^(�4^57+!c-c38 #%,w2 ])_�(9,+�wfH(94657+-]�,H4�+-, 5'sH+-4\#�$^(/#E#�,.F:+�5�+-4 4^57+!c-cY#6�h(9c!F ]�` d)(9$62:#�C�5'+!d�(�$'(94^(/#�$^C sm 



��
�� 
�� � 
 � �
� � ��� 
 I

��sH+-4�5'(r�351&)+!d�(941#��h$'465l+!,w5'$']3FHfHCr57+-]�,;57] 57sH(*gh#%4'+-CE+!FH(/#%41]%`U5'sH(94^(=8:(�5'sH]YF.49 
)+*�� ��-7<?2��
	��516-�<
�1(�C/#�c!c�57sH#%51])fH$�_H$^])gHc-(�8i+!4B57]:4'])c�d)(

H
�) ��tI��AQBEDGF PAKJ

D � L NOL P F J
D � L P R c #�$^&)(*#�,HF

A
,H]),H4^+-,H&�fHc #�$� 

"�(�5
B c g�(q#%,�+!,H+!5'+ #�c�&)fH(�4'4=`�]�$ 57sH(:4'])c!f.57+!]),a�a�psH+!C s 8q#/2tC9])8:( `�$']�8 4'])8:(:#�FHFH+�57+!]),h#�c

+-,.`�]�$'8q#%57+!]),�� (z8q#�2
sh#/d)(X��])$ �psH+-C s 8 #/2 g�(L5'sH(Lo9(9$^] d�(9Cr57])$q])$:# $'#�,HFH])8 d)(9Cr57])$� F +!5's�
�c D F � ACB c �H5'sH()�)+-,H+�57+-#�c $'(94^+-FHfH#�c ���H#�,HFe57sH(*4^])c-f.5'+-]), �

B
]�`A

�

B=D

4c H

�) �jOI
��(<C/#%,nC�])$'$^(9C�5 B cp57] &)(r515'sH(*(r�.#�Cr5 4^])c-fY57+-]�, B

�A�H B c � �

B I D�AQB c � A
�

B=D�F ��
4c ��
4c D F ^
k �h$'4651d�(9$62 &)(9,H(�$7#�c�+!FH(/# `�])$p#%_H_H$']/�Y+-8q#%5'+-,H& 5'sH(*4'])c!f.57+!]),e]�` H �) j IB+-4B5'sH(E`�])c-c!] �p+-,H& �
��sH]3])4'(l#=4'(��wfH(9,HC�(*]�`m4^fH+!57#�gHc-(14'f.gH4'_h#%C9(94������ D � L P3`�]�$�� D �OPv? P7j_P4^4^4^ �p+!57sq+-,HC�$'(9#�4'+!,H&
FH+-8:(9,.4'+-]�,�#%,HF
#�_._H$']/�Y+-8q#%57( �

B �O57sH(:4']�c-f.5'+-]),t]�` H
�) j I g|2 4'fH+�5 #�gHc!( (9c!(98:(9,|574 �B � ]�`����  F (*C�])fHc-Fe5'sH+-,�& ]�` C s.]Y])4^+-,H&�����4'fHC sL57sh# 5

� V����SZ���� g � ^4^4^�^ H
�) u I

DG,n8:])465pC/#�4^(94M��(S�p+-c!c�4^5'fHF.2e5'sH(*$'(94^+-FHfH#�c�d)(�C�5'])$'4

 � �

D

4c � A

�

B
� P �

D
�XPv? P j_P�^4^4^ H

�) @>XI
#�,HF � (���#�,|5l57s.(98 57];g�( 4^8 #�c!c  1� ]%57(=5'sh#%5 57sH+!4l+-4 #�c!4'] 5'sH( $^(94'+!FHfh#�cO`�])$157sH( #�_H_H$^]��Y+%$
8 # 57+-]�,

B c � �

B
��5'] 5'sH(*4'])c!f.57+!]),

B
]%` ])f.$�])$'+!&)+-,h#%c�4^234657(98=�hg�(9C/#%fH4'(F � A�H B c � �

B
� I

DGF � AQB c�� A
�

B
�
D

�c�� A

�

B
�
D

 � ^

H
�) ��OI

"�(�51fH41#�4'4^fH8:(*5'sh#%51FH+!8
H
����I D �  

�U] C�])8q_.f.57(E#%,n#%_H_H$']/�Y+-8q#%5'+-,H&<d)(9Cr57])$�`�$^])8 5'sH(E4'f.gH4'_h#%C9(�� � � (*,H(9(�FL#8��&)]Y]3F�� gH#�4'+!4
]�`!���r�psH+!C s +-41,H]�5 57]3]q(v�Y_�(�,H4'+�d)( 57]qC9])8:_Hf.5'(� 1DG,zd3+-((��]�`

H
�� u I�+!5Q� ])fHc-Fng�(=fH4'(r`�fHc +�`��(<sh#�FL]),H(E4^(�5 ]�`Ugh#�4'+!4Bd)(�C�57]�$'4#" V(P$"�Z4P$" g P�^4^4^H4^fHC sn5'sh#%5

4^_h#�,&%'" V P4^4^4^�P$" �)(
D
����`�])$p#%c-c �

D
�OPv? P j_P4^4^�^ H

�) 
\ I



� W ������� �����	��

� ����� ����� � ��� ���
"�(�5�� �

J
D �QL�N � g�(*5'sH(*8 # 57$'+ �;sH#�d3+!,H& 57sH( " 
 l 4 #%41C�])c-f.8q,;d�(9C�5'])$'4�� +  (� 

� �
D " " V(P$"�Z4P4^4^4^�P$" � ! ^ H

�) � I
��sH(�, #�,|2 �

J
����C/#%,ng�(*$'(9_.$'(94^(9,|57(�Ft#�4 �

D
� � M � �p+!5'sn# 4^fH+!57#�gHc-( d�(9Cr57])$?M � J D � �  ��]:C s.]Y])4^(<#�M � J D � � 4'f.C sL5'sh#%5�� � M � +-4�# &)]3]3Fe#�_H_H$^]/�.+!8 # 57+-]�, 57] �B `�])fH$B4657$7# 57(9&�+-(94p#%$'(]�`x5'(9,LC9]),H4^+-FH(�$'(�F��

�) �� }�X � �������
	;WhN�Xw������
 WHVUV���� Wh�%} �
��])8:_Hf.5'(9M � J D � � 4'fHC sL57sh#%5�5'sH(*$'(�4'+-F.fh#�c�+-4�]�$^57s.])&)]),h#%c�57] 57s.(<4^fHgH4^_h#�C9(���� �h+  (� 

W D
��
 � 
 �

D
��
 � 
4c ����
 �

A
� � M � ^

��swfH41+-,e57s.+-4�C/#%4'(S��(*sh#/d)(*57] 4^])c!d�(*5'sH(����3FH+-8:(9,.4'+-]�,h#�c�c!+-,H(9#�$B462Y4657(�8
��
 �

A
� � M � D ��
 � 
4c

H
�) I I

5']:$^(9C�(9+!d�( M �  F (EC/#�,LsH])_�(E57sh#%5k�p+�57s +-,.C9$'(9#�4'+!,H& FH+-8:(9,.4'+-]�,e]�` ����57sH(*$^(94'+!FHfh#�c!4
g�(9C�])8q(E4^8 #%c-c-(�$�#�,HFL4'8q#�c!c-(9$� 

?Y �� }�X�� � 
���� �
� ��X3T/���U�OWhN�WHV�V�� � Wh� } �
' (r57(9$^8q+!,H( M � J D � � 4^fHC s 5'sh#%5 57s.(n��fHC�c-+!FH(/#�, ,H]�$'8 � 
 � � Z:]�`157sH( $^(94'+!FHfh#�c�+!48:+-,H+!8 #%c�]�d�(9$#� � �H+  (� 

��
 � � Z
D
��
4c�� A

� � M � � Z D 8:+-,M J
D � �

�
A
� � M)��
4c�� ZC^ H

�) !�4W I
��]q$^(9C�(9+!d�( M � ��(*sh#/d)(*57]:4']�c!d)(E5'sH(*c-(/#%4^514 �wfh#�$^(941_H$']�gHc-(�8 `�])$�57s.([R $ �U4^234^5'(98
8q#%57$^+��

A
� � #�,HFe5'sH(=$^+-&)s|5�sH#�,HFL4'+-F.(*d�(9Cr57])$ 
4c� 

j. �� }�X �lXw�/� �3P��
	eWhN�Xw����� 
 WHV�VU��� Wh� } �
��sH]3])4^( M � J D � � 4^fHC s�5'sh#%5E5'sH( $'(94^+-FHfH#�c 
 �

D

4c�� A

� M � +-4E])$657sH])&�]),h#�c 5']e4'])8:(]�5'sH(9$ 4'fH+�5 #�g.c-(l4^fHgH4^_h#�C9( �����]�`OF.+-8:(9,H4^+-]), �� �D�`�5'sH( C�])c-fH8:,H4 ]�` �� � #�$^( # gh#%4'+-4 `�])$
�� �O57sh#�,t+!,t#�,h#%c-])&�2 5'] 57sH( �1+�57o��Y~<#�c!(9$ &3+!, #�_._H$']|#%C s5��( sh#/d�( 57]eC9]�8q_HfY57(�M � #�45'sH(*4'])c!f.57+!]),e]�`�57sH(*c-+!,H(/#%$B4^234^5'(98

�� 
 �
A
� � M � D �� 
 � 
4c ^

H
�) !���tI



��
�� 
�� � 
 � �
� � ��� 
 �)�

uH �� }OX��
��
���� �
� Xw��� � �qWHVUV���� Wh�%} �
��])8:_Hf.5'( M � J D � � 4^fHC sz5'sh#%5p57sH(<(9$^$'])$ � �B ��� � M � � � `�])$1# 4'fH+�5 #�gHc!(*,H])$'8 �#^
� �+-4�8:+-,.+-8q#�c  

DG, 5'sH(=�H$'4^5:57s.$'(9(LC/#%4'(94s��(z#�+-8 `�])$:# 4^8 #�c!cB$'(�4'+!FHfh#�c  RA�f.5:,H]%57( 57sh#%5q# d)(9$62 4'8q#�c-c
$'(�4'+-F.fh#�c�FH]Y(�4�,H]%5B,H(�C9(94^47#�$^+-c�2q8:(/#%, 57sh# 5 5'sH(l(�$'$']�$	�

B � �

B
� +-4�4'8q#�c-c  �� �

B � �

B
� � ZB8 #/2 g�(gH+-&=(�d�(9,;`�])$ 4'8q#�c-c ��
 � � ZB+�`

A l 4�C�]),HFH+�57+!]), ,wfH8 g�(9$ +-4�c #�$^&)(� 
 (9$^(C� ( �p+-c!c ,H]�5 C9]),H4^+-FH(�$
57sH+!4�_H$']�gHc-(�8n 
� ��] �wfH(94657+-]�,H4p$'(98q#�+!,��
�) F sH+!C sL4^fHgH4^_h#�C9(�41#�$'(E4^fH+!57#�gHc-( +-,;5'sH( 4'(�,H4'(*57sH#%5p#�c!$'(/#%F.2q`�]�$B#�,��r�psH+-C s +-4�4'8q#�c-c
C9]�8q_h#%$'(9Fe5'] R � (<&�(�5 # 4'f �:C9+!(9,|57c�2 4'8q#�c-c�$'(�4'+-F.fh#�c&
 ���

?Y pDG4 5'sH(9$^(t#�,R( �qC�+-(�,w5 �B#/2 57]
C�])8q_.f.57(L57sH( gH#�4'+!4qd)(�C�5'])$'4 "tV P$"�Z P " g P4^�^4^ � ��sH(�4'(
d)(�C�5'])$'4�#�$'(p+-,:D �CLM�3#�,HF +�`p� (1sh#/d)( 5']=4657])$^(15']Y]<8q#�,|2 ]�`�5'sH(98 #%,HFq+�` � ( ,.(9(9F;#�c-c
" V(P "�Z4P4^�^4^�P$" � 5']:C�])8:_Hf.57( 5'sH(*,H(r�35#" � 2 VB#�,HFe57sH(9M � 2 V�5'sH(9,E� (<$^fH,L+-,|57] _H$^])gHc!(98:4�p+!5'se57sH(*4^5'])$7#%&)(<#�,HFz�B[n! 5'+-8:( $'(��3f.+-$'(�8q(�,|574 #�&|#�+!,m 

�U] fH,HFH(�$'4^57#�,HF;5'sH( +-,|5'(9$'(�4^5�+-,;aE$62Yc!]�dq4^fHgH4^_h#�C9(�4B`�])$\57sH+!4�_HfH$^_�]�4'(l+�5�+!4�fH4^(�`�fHc 57] $'(9C9#�c-c
57sh# 5

A
� V +!4 #z_�])c!23,H])8:+ #%c�+-, A

 tD�`�� H � I D �	

�
 c
� 
 � 
 +!4 57s.(;8q+!,H+-8q#�c�_�])c!23,H]�8q+-#�c�]�`A �\57sH(�,���(E&w,H] � 57sH#%5 � c��D W_�\g�(9C/#%fH4'( A
+-4 ,.]),H4'+!,H&)fHc-#�$���#�,.F 5'sh#%5+W D � HdA I D

�	

�
 V � 


A

 � � c > 1  ��1(9#�$'$'#�,H&)+!,H& 57s.(<(��wfh#%57+!]),L#�,HFL8 fHc�57+-_.c!23+-,H&=g|2

A
� V ��(*&)(r5

A
� V D

�
�

�
 V � � 


� c
A

 � V D

� � V�

�
 c � � 
 2 V

� c
A



#�,HF `�])$B57s.(<4^])c-fY57+-]�, �

B
]�`

A
�

B D

4c �
�

BED A
� V 
4c D � � V�


�
 c � � 
 2 V
� c

A

 
4c4P H

�� !��?XI
+  (% �

B5J
4'_h#�,&%'
�c4P A 
�c P A Z 
�c4P4^4^4^�P A � � V 
�c (

�n])$^(9]�d)(�$��hc-(r5��qg�(l5'sH( 4'8q#�c!c-(9465�+!,|57(9&�(9$B4^fHC se57sh#%5�
4c�+-4 C9]),|57#�+-,H(�Fe+-,e#�� �3FH+!8q(�,H4'+!]),h#�c
+-,|d%#�$'+-#�,|5 4^fHgH4^_h#�C9( �|+  (� �57sH(�$'(�(v�Y+-4^5'4�#���� FH+!8{4'fHg.4'_h#�C�(��
]�` D �MLC��4^fHC s 57sH#%5 A�H �MI����
#�,HF 
4c J � #�,HF��n+!4 57s.( 4'8q#�c!c-(9465l+!,|57(9&�(9$C�p+�57sz5'sH+-4 _H$']�_�(�$^5G2) ��sH(9,t+�5l+!4l(/#%4^2L57];4^(9(
57sh# 5

A��

�c +!4p#:c!+-,H(9#�$BC9]�8 gH+-,H#%57+!]),;]�` 
4c P A 
4c4P4^4^�^�P A��

� V 
4c� 
�U]�&)(�5'sH(9$k�p+!5's H

�) ���?OIn� (=&�(�5p57sH(�$'(r`�])$'(E57sH#%5�57sH(*4^])c-f.5'+-]), �

B
]�`

A
�

BED

4c 4'#%57+!4 �h(�4

�

B J
4^_h#�, %'
�c P A 
4c�P A Z 
�c4P4^4^4^�P A���� �"! �$# �&%

� V 
4c ( ^
H
�� !��jOI



��? ������� �����	��

� ����� ����� � ��� ���



� � ��� ����� �

� ��� �U��� �9� � 	T� � � ��	

� * ) 	 /�

��1#/?>�2�1#<�
����9/?:���
�� 8���� <��5- �Q16<
� X�� 
���������
 ���sH( N! ^��} Kn��MON��YPiT/�OS T�VUWh�)X `�])$;57sH( c!+-,H(9#�$ 462Y4657(�8

ACB D F �p+!5's +-,H+�57+ #%c1$^(94^+-FHfh#%c

4c D F � AQB cl+-4�F.(��h,H(�F #�4

���
H A P$
�c I D 4'_h#%, %'
4c4P A 
4c P A Z 
4c4P4^�^4^�P A � � V 
4c ( ^

H
?Y !� I

aE$^23c-]�de4^fHgH4'_H#�C9(�4lsh#/d)(*$^(98q#�$ & #�gHc!(E_H$']�_�(�$^57+!(94 �psH+!C sz#%$'(Ed)(�$^2 C9]�,wd�(9,H+!(9,|51`�])$B57sH(<#�_ $
_H$']/�Y+-8q#%5'+-]), ]�`B5'sH(;4']�c-f.5'+-]),

B
`�])c-c!] �p+-,H& 57sH(q&)(9,.(9$7#%c +!FH(/#�4=]�`�57s.( _H$^(�d3+-])f.4 C sh#�_Y57(9$� 

� ]�5'(E57sh#%5
��V HdA P$
4c I����SZ H A P$
4c I���� g H A P$
�c I�� ^4^4^ H

?Y @?XI
#�,HF #�4o��( sH#�d�( G fH4^5BFH+-4^C9fH4^4'(9Fn#%5 57sH( (�,HF ]�`�57s.( c #�465BC sh#%_.57(�$��.5'sH( 8q# �Y+-8q#�ch$'(9#�C sh#�gHc!(
FH+-8:(9,.4'+-]�,t+-4*8q+!, %#" P&� ( �a�psH(9$^($"L+-4 57s.(:F.(9&)$^(9(:]�`

A l 4*8:+-,H+!8 #%cU_�])c!23,H]�8q+-#�c #%,HF � +!4
57sH(l4'8q#�c-c!(94^5 +-,|5'(9&)(�$�4'f.C s;57sh#%5�
4c�+-4�C9]�,w57#�+-,.(9Fe+-, # � �3F.+-8:(9,H4^+-]),h#%c�+!,|d�#%$'+ #%,w5 4'f.gH4'_h#%C9(
]�`

A
 �klc-4^]s� (7&w,H] �{5'sh#%5157sH(<4'])c!f.57+!]), �

B
]�`

A
�

B D

�c +-4pC9]�,w57#�+-,.(9Fz+!, � ��� �$! �"# �"% HdA P$
4c I �

4'fHC sL57sh# 51`�]�$B57sH(*4']�c-f.5'+-]),
B
]�`

AQBED F ��(*sh#/d)(B J B c � � ��� �&! �$# �&% H A P$
4c I(^ H
?Y �jOI

� gwd3+!])fH4'c�2 ��� HdA P$
4c I�+!4p#�c-4^] C sh#�$7#%C�57(�$'+!o9(9FLg|2
� �

HdA P 
4c I D %&% H A I 
�c * % J�'
� � V ( P

H
?Y u I

�psH(9$^( ' � � V�+-4�5'sH(E4'(r5p]�`�$'(/#%c�_�])c!23,H])8:+ #%c-4\]�`�FH(9&�$'(9(*# 5�8q]�4^5 � � �) ��n])$^(9]�d)(�$��H`�])$�#%,w2% HdA I 
4c J
���

H A P$
4c IB5'sH(*$'(�4'+-F.fh#�c&
 �
D

4c�� A % H A I 
4c 4'#%57+!4 �h(�4


 �
D H > � A % HdA I I 
�c D

"
H A I 
�c P H

?Y @>XI
�psH(9$^(

"
H � I D � � � % H � I(^ H

?Y ��OI
� ]�5'(E57sh#%5

"
J('

� #�,.F "
H W I D �O^ H

?Y 
\ I

��j



�/u ������� ��� � � 
��)� � � ��� 
 � ��
 � � � � 

' (��H,H(

�
'
� �
D
%'"

J('
� * " H W I D � ( ^

H
?Y � I

��sH(�,z+!5B+-4Bd)(�$^2 (9#�4^2e5']:4^(9(*57sh# 5
�
'
�
D
%w� � � % H � I * % J('

� � V ( ^
��swfH4 � ( C/#�, $'(�`�]�$'8 fHc-#%57(1])fH$ 8q+!,H+-8 fH8�$'(�4'+!FHfh#�c�#�_H_H$^]|#�C se#%4 � ` +!,HF " J

�
'
� 4'fHC s;5'sh#%5

� "
H A I 
�c � Z D 8q+!,

�"
J
�
'
�
� �"

HdA I 
4c�� ZQ^ H
?Y I I

D�`
A
+!4 FH+-#�&)]),h#%c-+-o9#�gHc!( #�,.F

AqD
� � V�� � �a�psH(�$'( � D

FH+ #%&
H � V P4^�^4^�P � � I(��57sH(�, `�]�$*#�,|2

�"
J
�
'
�

� �"
H A I 
�c � Z	� � � � V �" H � I � � Z � 
4c � Z	� � � � V � Z � � � Z � �"

H
� I�� Z ��
4c�� Z4P

4'f.C sn57sH#%5�57sH(*8:+-,H+!8 #%c�"
J
�
'
� 4'#%57+!4 �h(�4

� 
 � � Z
D

��"
H A I 
�c � Z
� � � � Z � � � V � Z ��
4c � Z 8:+-,

�"
J
�
'
�

8q# �� J
% � V P4^4^4^�P � 1 (

* �" H � I * ^H
?Y !�4W IF ( 4'(�( 57sh#%5l57sH+!4 fH_H_�(9$ g�])fH,.F `�])$ � 
 � � ZEFH(9_�(9,.FH4*C9$'f.C9+ #%c-c!2 ]�, 57sH( (�+-&)(�,|d�#%c-fH(�4E#�,HF(9+!&)(9,|d�(9C�5'])$'41]�`

A
 

� *�� � /"3(

��� 2 -73 � ,.-�3 �
� 
s< @ 1 >��(
 �
` ])$ 57s.(qC�])8q_.f.5 #%5'+-]), ]�`B#�,�#�_H_H$^]��Y+!8 #%5'+-]), `�$^])8 ���

H A P$
4c I6� (:4^57+!c-cb,.(9(9F
#L&)]3]3F gH# $
4'+!49 6��s.( ])g|d3+-])fH4lgh#�4'+!4 
4c�P A 
4c P A Z 
4c�P4^4^4^�+-4 ,H]�5 4^fH+!57#�gHc!(<`�])$ C9])8:_Hf.57#%57+!]),h#�cO_Hf.$'_�])4'(�49 ��sH(�4'(td)(�C�57]�$'4L#�$'(n57sH( 4^(��wfH(�,HC9( ]�`*57sH(z_�] � (9$e8:(�57s.]YFR`�])$

A �p+!5's 4^57#�$^5'+-,H& d�(9Cr57])$

4c/ D�`#��(zC9])8:_Hf.5'(n57s.(98 �p+!57s.])f.5q,H])$'8q#�c!+-o/# 57+-]�,a��5'sH(9, A �


�c;�p+-c-ck�wfH+!C &wc!2 &)(�5qd)(9$62
c #%$'&)(;]�$ d)(9$62 4'8q#�c-cj�bFH(�_�(�,HFH+-,.& ]�, 5'sH(e,H])$^8 ]�`

A
g�(�+-,H&tc-#�$'&)(�$ ])$ 4^8 #�c!c-(�$=57sH#�, �) 

D�`?� ( ,H])$^8 #%c-+-o�( 57sH(�8 � 57s.(9, ]�`x5'(9,z5'sH(�2=�wfH+!C &3c�2 57(9,.F 57]q5'sH( F.])8q+!,h#�,|51(9+!&)(9,|d)(�C�5'])$ ]�`A
#�,HF 57sH(�$'(�`�]�$'( 57sH( d)(�C�57]�$'4 g�(9C�])8:(z#�c!8q]�4^5 c!+-,H(9#�$'c�2
FH(�_�(�,HFH(9,|59 kl, ]�$^57s.]),H])$^8 #�c

gh#�4^+-4s��])f.c-F ]�d�(9$'C�])8:(z57sH(�4'( _.$'])gHc!(98:4
H
+-, (r�.#�C�5;#�$'+�57sH8:(�5'+-C4Ir F (zC9]�fHc-F C9]),H4657$^fHC�5

])$657sH]),.])$'8q#�cUd�(9Cr57])$^4 " V(P "�Z4P$" g P4^4^�^�`�$'])8�57sH( d)(�C�5'])$=4^(��wfH(�,HC9( 
�c4P A 
�c4P A Z 
�c4P4^4^4^�gw2t5'sH(
~E$7#�8 �.0YC sH8:+-FY5=]�$^57s.]),H])$^8 #�c!+-o9#%57+!]),t_H$']3C9(�FHfH$^(� ��s.+-47� ])fHc!Fa� sH] � (�d�(9$���4^5'+-c!cb`�])$'C�(;fH4
57] C�])8:_Hf.57( 5'sH( d)(�C�5'])$'4

A �

4c� �DG,e57sH( `�]�c-c-] �p+!,H&[� (#�p+-c-c�&)+!d�(E# C sh#�$'#�C�5'(9$'+!o/#%5'+-]),e]%`�5'sH(

d)(�C�5'])$'4�"tV(P$"�Z4P " g P4^4^�^3`�$^])8�57sH(<~E$7#�8 �.0YC s.8q+!F.5�_H$']3C9(�FHfH$'(6�ps.+-C sL#�c-c!] �p4 fH4B5'] C9]�8q_HfY57(
57s.(98 �p+�57sH])fY5�`�])$'8:+-,H& 5'sH(*])$'+!&)+-,H#�c�4^(��wfH(�,HC9( 
4c P A 
�c4P A Z 
4c P4^4^4^Y(r�Y_Hc!+-C9+�57c�2) 



� 
�� 
 ��� � � � � � � ��� � � � ��� � 
 � � ��� � � ��>

� X�� 
���������
RJ
� �

HdA P$
4c I � D " 
4c4P A 
4c4P A Z 
4c4P4^4^�^�P A � � V 
�c ! J D � L�N � +-4B5'sH( N! ^��}RKL��MON��3P � W.��� ���
`�])$

A �p+!5'sL+!,H+!5'+ #�c d)(�C�5'])$�
�c/ 
D�` � �

D " " V P4^4^4^�P$" � ! �Q�psH(�$'( "tV(P4^4^4^�P$" � #�$'(n57sH( $^(94^fHc!5'4e]�`E57sH( ~E$7#%8 �.03C sH8q+!F.5q_H$']3C9( $FHfH$^(q`�])$*57sH(:d)(�C�57]�$ 4'(��3f.(9,HC�( 
4c4P A 
4c P A Z 
4c4P4^4^�^�P A � � V 
�c;�U5'sH(9, 5'sH(9$^( (v�.+!4^5'4 #�, f._H_�(�$
57$^+ #�,H&�fHc #�$ 8 # 57$'+ ��� � D��	� � � 
 J

D � � N � 4^fHC sn5'sh#%5
� �

HdA P 
4c I D � � � � H
?3 !�)� I

' (��h,.( � D
8q+!, %#" P&� ( � �psH(�$'(�#�4Og�(r`�])$'( "l+-4�5'sH( F.(9&)$^(9(�]%`

A l 4�8q+!,H+-8q#�c _�])c�23,H])8:+ #�c�#�,HF�n+-4157sH(=8 #��.+!8 #%c�FH+-8:(9,H4^+-]),n4'fHC s 5'sh#%5 
4cE+-41C9]),|57#�+-,H(�F +-, # � �3F.+-8:(9,H4^+-]),h#%c�+!,|d�#%$'+ #%,w5
4'fHg.4'_h#�C�( ]�`

A
 

��sH(9,
��� HdA P 
4c I D � � � � H

?3 !��?XI
#�,HFLg�(�C/#�f.4'( ��+-4B5'sH(*8 #��.+!8 #%c�$^(/#�C sh#%gHc-(*FH+!8q(�,H4'+!]),;`�])$�� �

HdA P 
4c I�`�])$p#�c!c&� D �XPv? P4^4^�^
��� HdA P$
4c I�+!4�,H]),H4^+-,H&)f.c #�$�#%,HF<5'sH(9$^(�`�])$^(
� � +-4�,.]),H4'+!,H&)fHc-#�$9 OA (9C/#%fH4'(�]�`357sH(\8q# �Y+-8q#�c-+�5G2
]�` � � (=sh#/d�( A � 
4c D � � V�


�
 c
� 

A

 
4c

`�])$p# 4'fH+�5 #�gHc!(ld)(�C�5'])$ " � c4P4^4^4^�P � � � V ! 

J
D � ��� % W ( ^

� }OXw����X � Z������������������� �"!#�%$'&�()�*�+(#,-(.&��'�+�%$'&�()���0/�&�1+�*/��32+$�1+��(#45 $7698:����;<& �)� &�=�$�(>2?�+@A�B�DCE�>$�1�� � ��(��'F
5 ��6 ��� H A P$
4c I D � � � �G$H�I�J��� �I� ,>��K�&��"!�&L��$��%$'&�(M=�$����

� � J
D �ML N � P�� 
 � � � D > �N�+(#, � � D H


PO 
 I O # 
RQ ! V #TSTSTS # � % D � � � � 
 J
D � � N ��+(#, 
 
 
"U W ;<&�@I� �)� K J

%w�OP4^�^4^�P�� (WV5 /X6 A
� � D

� �ZYB� P H
?3 !��jOI

=[����@A� � 
 � � � D > � P � �Z\ V D V]�^'_D]%` 
�c �+(#,YB� �
D Hba O 
 IcO # 
RQ ! V #TSTSTS # � D � � �� � � 
 D � �ed � � V� $H�f�+(��g!0!���@ih*�����L��(#/���@b2?���+j



��� ������� ��� � � 
��)� � � ��� 
 � ��
 � � � � 

�%@R$���=�$��J� a


 2 V # 
"U W ;<&�@*� �)� K J
%w�OP4^4^�^�P$� � � ( �+(#,

d D
:;;;;;;;;
<

W � c� W � V� 4 4 4 4444 4 4 W
� � � � Z� � � V

A BBBBBBBB
D
^

5 $�$76���; A $H� ����� � ���b@R$'K V ������( YB� $�( 5 $76f$H� ��� � � ���%@R$'K*�+(#,-�%@R$%,+$%�L2>&�(#� � V $%4%�E4
A
� � D

� ��� � P =[����@A���#� D :;;;;
<

� V 	 Z
	 Z � Z 4 4 44 4 4 4 4 4 	 �

	 � � �
ACBBBB
D ^ H

?Y !�9u I

�<� �����H
+ I;D�` A � � D

� �ZYB� #�,HF � �Z\ V D V]�^'_D]%` 
�c �\5'sH(9, A��
� � D A �

� V � �ZYB� D ^4^4^ D
� �eY �� `�]�$p#�c-c � J

D �= 
��sH(�,
��� HdA P$
4c I D " 
4c4P A 
4c P4^�^4^�P A � � V 
4c ! D ��
4c�� Z�" � �e\ V P A � �e\ V P4^4^4^�P4P A � � V � �Z\ V !D

� � ��
4c�� Z " \ V(P YB��\ V P4^4^4^�P Y � � V \ V !
 �
� �

�������
���

� � � ��
+!4 57sH( �I� FH(�C9])8:_�]�4'+!5'+-]), � �psH(9$^(q+�5*+-4E(9#�4'+!c!2 C s.(9C &�(�F
57sh# 5 a 
 2 V # 
�U W `�]�$*#�c-c K
+!8q_Hc!+-(�4�
 
 
"U W `�])$p#�c!c K  
D�` ]),=57sH( ]�57sH(�$ sh#%,HF ��� HdA P$
4c I D � � � � +-4U5'sH( �I� FH(9C�])8:_�])4^+!5'+-]),S�p+!5's 
 
 
"U W
`�])$p#%c-c

K �H5'sH(9, A
�f� H A P$
�c I D " A 
4c4P A Z 
4c4P�^4^4^�P A � 
4c ! D �f� H A P$
�c I d P

�psH+!C sn+!4�(��wfH+�d�#%c-(9,|5�5'] A
� � � � D

� � � ��d ^
��sH(�, � 
 � A � � D � �ed � � V� D

� YB� D � � �� � � 
 ^YD�5�+-4�(9#�4'+!c!2:4'(�(9,e57sH#%5�
 
 
3U W<`�])$
#�c!c
K
+-8:_Hc!+-(94

a

 2 V # 
 U W `�])$<#�c-c K  � 
 � � � D > � g|2 C9]),.4^57$^fHC�5'+-]),�#�,HF � �Z\ V D

V]�^b_A]%` 
4c1+-4�])g|d3+-]�fH4pg�(�C/#�fH4^( �f� H A P$
�c I D � � � �  



� 
�� 
 ��� � � � � � � ��� � � � ��� � 
 � � ��� � � �
\

H
+!+ I D�` A +!4�4^238:8q(r57$'+!C*#�,HF

A
� � D

� �eYB� P�� 
 � � � D > � P.5'sH(9,
Y 
� D � � �� � � 
 D

��
 � A 
�� � D
��
 � A � � D YB� D � � �� � � 
 ^

��sH(�$'(�`�]�$'( YB� +-4 #%,
fH_H_�(9$ 
1(94^4'(9,wg�(9$^&�#%4[� (9c-c�#�4 #nc-] ��(�$ 
 (�4'4^(9,wg�(�$'& 8q#%57$^+��
#�,HF 57swfH4psh#%4p5']qg�(*# 57$'+!FH+ #%&)]),h#�c�8q#%57$^+��p� �psH+!C sn+!,L#�FHFH+�57+-]�,e+-4�4^238:8q(r57$^+-C� �

�1(�C/#�c!c�5'sh#%5B5'sH(��I��F.(9C9]�8q_�])4'+�57+!]), � � � � #�c �B#/234�(r�Y+-46574p#�,.Fe+-4BfH,.+ �wfH(9c�2 F.(�57(�$'8:+-,H(�F
g�(�C/#�f.4'( �f� H A P$
�c I\+!4 ]%`m`�fHc-ch$'#�,�& #�,.F 
 
 
 U W<`�]�$ #%c-c K  ���sH+-4\57s.(9])$^(98�57(�c-c-4\fH4�57sh# 5n� (
C/#�, C9])8:_Hf.5'(:5'sH( ])$657sH]�,H])$'8q#�c�~E$7#�8 $603C sH8q+!F.5*gh#�4^+-4�%'" V(P4^�^4^�P$" � ( ]�`�� �

HdA P$
4c(I `�])$=#�c-c
�
J
%w�OP4^4^4^(P$� ( gw2 C�])8:_Hf.57+!,H& 57sH(*8q#%57$^+�� � � �p+!5's � �Z\ V D V]�^b_A] 
4c ���psH+-C sL57$'#�,H4^`�]�$'8:4A
57]tfH_._�(�$ 
 (�4'4'(�,wg�(�$'&�`�]�$'8 Y � D

� 
 � A � �  ��s.(;�h$'465 �1C�])c-fH8:,H4 ]%` � � #%$'( 5'sH(
FH(94^+-$^(9FLgh#�4'+!4 %'" V P4^�^4^�P$" �)( `�])$ � �

HdA P$
4c(Iv ' (9,H]%57( Y � D H'a O 
 I	O # 
�Q ! V #TSTSTS # � % J
D � � N � `�])$ � J

%w�OP4^�^4^�P$� ( 57sH(�, #zC9c!])4'(�$ c-]3]O& #%5
H
?3 !��jOI

23+-(9c!FH4 A
� �

D
� � Y � � a

� 2 V # � " � 2 V \ 
 � `�])$p#�c!c&� J %w�OP4^4^4^�P$� �R� (
H
?3 !��>XI

#�,HF
��
 �

A
� �

D Y � `�])$p#%c-c � J %w�OP4^4^4^(P$� ( ^
H
?3 !���OI

�bd�#%c-fh#%5'+-,H&�5'sH(94^( 5'� ] (��wfh#%5'+-]),.4U4657(9_ �p+!4'( `�]�$ � D �OPv? P�^4^4^(P$� � �O�X� ( F.(9$'+�d)(�# _H$^]YC�(9FHfH$^(
57] C9]�8q_HfY57( " V(P$"�Z4P4^4^�^�P$" � #�,HF Y V P Y Z4P4^4^�^�P YB� 4^fHgH4^(��wfH(9,|5'c!2 �F (S&w,H] � "tV D V]�^b_D] 
4c #�,HFe`�$']�8 H

?Y ���� I"��(<&)(�5
"�
 V A "tV D a V'V(^

kl4^4'fH8:( 5'sh#%5"��( sh#/d)( #�c-$^(/#�FY2 C9])8:_Hf.5'(9F � � � V\#�,.F Y � � V  ?��sH(9,q`�$'])8 H
?Y ���>OIb(�d%#�c!fh#%57(�F

+-,e57s.(<c-#�4^5pC�])c-f.8q,;� (=&�(�5
A
" �

D
� �
:;
<
a V �   a
� �

A B
D �

a
� 2 V # � " � 2 V

D ��

�
 V

a

 � " 
 �

a
� 2 V # � " � 2 V ^

0Y(�5 � � 2 V �
D a
� 2 V # � " � 2 Vr F (*C/#%,nC�])8q_.f.57(

� � 2 V
D�A

" � � ��

�
 V

a

 � " 


H
?3 !�

\ I
g�(�C/#�f.4'(q#�c-c?�wfh#%,w5'+!5'+-(94E]�, 5'sH( $'+!&)s|5*sh#�,HF 4'+!FH(:#�$'( &w,H] �p,m �n])$^(9]�d)(�$��u��(s&w,H] ��57sh# 5a
� 2 V # � U Wq#%,HF ��" � 2 V�� Z

D
�) ���sH(�$'(r`�])$'( a � 2 V # � D � � � 2 V � Z #�,HF " � 2 V D V

�������	� � � � 2 Vv ��sH+-4E_.$']3C9(9F.fH$'( 5'];C9])8:_Hf.5'( " V P "�Z P4^4^�^�#�,.F Y V P Y Z4P4^4^4^�+-4 C/#�c!c-(9Fzkl$',.])c-FH+U_H$']3C9(�4'4� F (
4'fH8:8q#�$'+!o9( 57s.(<C�])8:_Hf.5 # 57+-]�,��



��� ������� ��� � � 
��)� � � ��� 
 � ��
 � � � � 

� � 
O��N ��� ��Xw��}������

�

D

4ca V # c D
��
4c � Z

�
D W

� }�� N�X
a
� 2 V # � �D W
" � 2 V

D
���

a
� 2 V # ��

D
� � �

�

D A
" ���� �

K D
� � �a



# �

D
" 

 �

�

D
� � a



# � "
K

X3
U� a
� 2 V # �

D
� � � Z

X3
��

D�5p+-4�,.]�5pFH+��:C�fHc!5�5'] C sH(9C &e57sH#%5�57sH(*C�])8q_.f.5 #%5'+-]), +-,e57sH( K �3c!]Y]�_eFH]Y(�4p+-,HFH(�(9F C9]�8q_HfY57(
� � 2 VB#%41+!,

H
?Y ��

\ Iv F +!5's ])f.$�#�4^4'fH8:_.5'+-]),H4"� ( &w,H] � 57sh#%5
a
� 2 V # � U W<`�]�$ #%c-c � J %w�OP�^4^4^(P$� ��� ( #�,HF a � 2 V # �`�$']�8 57s.(=#%c-&)])$^+!5'sH8i#%g�]�d)(#�p+!c-c�g�(*o9(�$'] H
#�c!cm+-,e(v�H#%C�5l#�$'+�57sH8:(�5'+-C Iv 

` ])$�4^238:8q(r57$^+-C A
57s.(<C�])8:_Hf.5 # 57+-]�,e4'+-8:_Hc!+��h(�4��.g�(9C9#�fH4^(<5'sH(9,

Y � D � � D :;;;;
<

� V 	 Z
	 Z       

      	 �
	 � � �

ACBBBB
D ^

DG,H4657(/#%Fz]�`
H
?Y ���>OIB#%,HF H

?Y ���� Io� (=&�(�5psH(�$'(A
� �

D
� � � � � 	 � 2 V " � 2 V \ 
 � `�])$p#�c!c � J %w�XP4^4^4^(P$� � � ( H

?Y !��� I
#�,HF

��
 �
A
� �

D � � `�])$p#�c!c&�
J
%w�OP4^4^4^(P$� (

H
?Y !�/I I

#�,HFL+-,.4^57(9#�F ]�`
H
?Y ��

\ Io� (=&�(�5p+-,e5'sH+-4�C9#�4'(*`�])$ � D �OP4^4^4^�P$� � �	�
� � 2 V

DGA
" � � � � " � � 	 � " � � V(P

H
?Y @? W I

�psH(�$'(S��(*4'(r5 	 V D ��
�c � Z P "�c � D W #�,HF
	 � 2 V

D
� � � 2 V�� Z�P " � 2 V

D �
	 � 2 V � � 2 V ^��sH+!41_.$']3C9(9F.fH$'(*+-4�C9#�c-c!(9Fe57s.(="O#�,.o9C9]�41_.$']3C9(94^4l#%,HF=� (*4'fH8:8q#�$'+!o9(*#�,h#%c-])&)]�fH4'c�2 �



� 
�� 
 ��� � � � � � � ��� � � � ��� � 
 � � ��� � � ��I

� Wh
�� �|��T � X|��}O�����
�

D

4c

	 V D
��
4c � Z

�
D W

� }U��N�X 	 � 2 V��D W
" � 2 V

D
��� 	 � 2 V�

D
� � �

�

D A
" �

� �
D
" 
� �

�

D
� � � � " � � 	 � " � � V	 � 2 V

D
� � � Z

X3
U�

kl4=g�(r`�])$'(+�p+!5's�])f.$ #�4^4'fH8:_.5'+-]),T��(qsh#/d)( 	 � �D WL`�])$�� � � #�,HF 	 � 2 V D WL+!, (r�.#�Cr5
#�$'+�57sH8:(�5'+-C% b� ]%57(p57sh#%5 +-,qg�]%57s C9#�4'(�4B+-,:(/#%C se4^57(�_;]�`m5'sH(l+�57(�$7#%5'+-]),:#�g�]�d)(C� ( ,H(�(9F;]�,Hc!2
]),H(p8q#%57$^+�� �wd)(�C�5'])$�_H$']3FHfHCr5�]%`�5'sH(�`�])$'8

A
" � � �psH+-C s:+-4bd�(9$62qC�]),|d)(�,H+-(�,w5�`�])$\c #%$'&)(B4^_h#�$^4'(8 # 57$'+!C9(�49 

� X � WH��� �

�) M��sH(;(��wfh#%57+!]),H4 H
?Y ���j I*#�,HF H

?Y ��/u IE+-8:_Hc!2n57sh# 5 57s.( C9]�c-fH8:,H4*]�`�� � 4^_h#�, #%, � �
FH+!8q(�,H4'+!]),h#�c�+!,wd%#�$^+ #�,|5=4'fHg.4'_h#�C�(e]�`

A
 ��sH( (9+-&�(9,|d%#�c-fH(�4 ]�` Y � ])$ � � �b$^(94'_�(9C $

57+�d)(�c!2O�b#�$'( 5'sH(9, #%c-4']z(9+-&�(9,|d%#�c-fH(�4 ]�` A  tD�`1+-, H
?Y ���>OI=#%,HF H

?Y ���� IE57sH( �3fH#�,|57+!5'+-(�4a
� 2 V # � ])$�	 � 2 V ��$'(�4'_�(9Cr57+!d�(9c�2O��#�$'( d�(9$62t4'8q#�c-cj��5'sH(9, � (:C9#�, C9]),.4'+-F.(9$ 57s.( C9])c!fH8q,.4
]�` � � 5'];4'_H#�,t#;4'f.gH4'_h#%C9(��psH+!C st+-4 #%_H_H$']/�Y+-8q#%5'(9c!2L#%, +-,|d%#�$'+-#�,|5l4^fHgH4^_h#�C9(% S��sH(
(9+!&)(9,|d%#�c!fH(94E]�` YB� ]�$ � � C/#�,t5'sH(9, g�( C9]),H4^+-FH(�$'(�F #�4 #�_H_H$^]��Y+!8 #%5'+-]),.4l]�`�(9+!&)(9, $
d%#�c-f.(94p]�`

A
 o��s.(=k $',H])c!FH+�#�,.Fz"O#�,HC�o9])418:(�57s.]YFn#�$'(E5'sH(9$^(�`�])$^(<f.4'(9Fn57] C9])8:_Hf.5'(

4'f.C s #�_H_.$']/�Y+-8q#%57+!]),H4�`�])$�c-#�$'&�( 8 # 57$'+!C9(�4��H4^(9(<(� &H �" j ! #�,HFL$'(�`�(�$'(�,HC9(�415'sH(9$^(9+-,� 
?Y pD�`*57sH( d�(9Cr57])$^4 " V(P$"�Z4P4^4^4^�#�$'(zC9])8:_Hf.5'(9F �p+!5'sR57sH(zkl$',.])c-FH+ ])$;"O#�,.C9o9]�4e_H$']3C9(�4'4
+-,��h,.+!57( _H$^(9C�+-4'+!]), #�$'+�57sH8:(�5'+-C 5'sH(9, ]),H(L])gH4^(9$^d�(94:57sh#%5:])$657sH]�&)]),h#�c!+!5G2�&)(�5'4 c-])465�p+!5's
+-,.C9$'(9#�4'+!,H& �pFHfH(q57] $^])fH,HFH] � (�$'$']�$'49 zki8:]),H+!5'])$'+!,H& ]�`�57s.( ])$657sH])&�]),h#�c!+!5G2
57]�&)(�5'sH(9$U�p+�57s # $^(9])$657sH]�&)]),h#�c!+-o9#%57+!]),*]�` 57sH(BC�])8:_Hf.57(�F d)(�C�57]�$'4�+-4U]�`x57(�, ,H(9C�(94^47#�$62) 
DG,*57sH+!4�+!,|57$']3FHfHCr57+!]),E]�`.5'sH(\gh#�4^+-C\+-FH(9#�4r��("�p+-c!c�,H]%5UC�]),H4^+-FH(�$O5'sH(94^( $^])fH,HF.+-,H&1(9$^$'$']�$
(���(9Cr574���g.f.5p57sH(r2 #�$'(*+!8q_�])$^57#�,|5p#�,HF sh#/d�(<5']:g�(*sh#�,HF.c-(9FLC/#%$'(�`�f.c-c!2q+-, _H$'#�C�5'+-C�(� 



?XW ������� ��� � � 
��)� � � ��� 
 � ��
 � � � � 




� � ��� ����� �

� ����������
 � � � ��� �
	 	

�E* ) ��� ��� 8 -73 � � 		� ��� 8
F (Lsh#/d)(L,H] � #�, ( �:C9+!(9,|5s�B#/2 57] C9]�8q_HfY57( ])$^5'sH]),H]�$'8q#�cBgh#�4^+-4 d)(�C�5'])$'4 " V(P4^4^�^�P$" � ]�`
� �

H A P$
�c Ir �D�`r� (6�B#%,w5�57] `�])c!c-] � 5'sH( 8:+-,H+!8 #�ch$^(94^+-FHfh#%c�#�_._H$']|#%C se+-, ��sh#%_.57(�$ �6��(lsh#/d)(
#�C9C�])$'F.+-,H& 57]

H
�) !�4W I 57] C9]�8q_HfY57(9M � 4'f.C sn57sH#%5

�
A
� � M � ��
4c�� Z D 8:+-,


 Q D � �
�
A
� � M9� 
4c � ZM^

` $'])8 H
?Y ���>OIo� (=sH#�d�(A

� �
D
� � Y � � a

� 2 V # � " � 2 V \ 
 � `�])$ � D �OP�^4^4^�P�� �R�
#�,HF

A
� � D

� �eYB�  
� ]�5'(E57sh#%5k�p+�57s

Y � 2 V # � � D � Y �W ^�^4^ W a
� 2 V # � 


D :<
� �� � �

W ^4^4^KW a
� 2 V # �

AD J
D � � 2 V # �

��(<sh#/d)( � � Y � � a
� 2 V # � " � 2 V \ 
 � D

� � 2 V Y � 2 V # �  ���s3f.4 H
?Y !��>OI�C/#�,Lg�(<$^(��p$^+!5'5'(9,L#�4A

� �
D
� � 2 V Y � 2 V # � ^ H

j. !� I
A�(9C9#�fH4^( 
4c D

��
4c�� Z � � 2 V \ V `�])$p#�c-c&����(*&)(r5A
� � M)� 
4c D

� � 2 V
H Y � 2 V # � M � ��
�c � Z \ V I�`�])$ � J %w�XP4^4^4^(P$� � � ( ^

��sH(9$^(�`�])$^(<`�]�$p#�,|2�M J
D � � � (<sH#�d�(

�
A
� � M9� 
4c�� Z D � � � 2 V

H Y � 2 V # � M � ��
4c�� Z \ V I�� ZD
� Y � 2 V # � M � ��
4c � Z \ V�� Z4P

�psH(9$^(<5'sH(*c #�465p(��wfh#%5'+-]), sH]�c-FH4�g�(9C9#�fH4'( � 
 � 2 V � � 2 V
D > � 2 Vr ��swfH415']qC�])8:_Hf.57()M � ��(<sh#/d)(*57] 4']�c!d)(E5'sH(*c-+-,.(/#�$Bc!(/#�465p4 �wfh#�$^(941_H$']�gHc-(�8

8q+!,

 Q D � �

� Y � 2 V # � M � ��
4c�� Z \ V � ZQ^ H
j. @?XI

?Y�



?)? ����� � ������� 
 � ����� � ��� � � � � ��� � � 

kl,L( �:C�+-(9,|5M��#�2e5'] C9])8:_Hf.5'(*5'sH+-4�4^])c-fY57+-]�,e+-4B57s.(*`�]�c-c-] �p+!,H& �
��])8:_Hf.5'(*5'sH( �*���wFH(9C�])8q_�])4^+!57+!]),

Y � 2 V # � D � � 2 VX� � P
�psH(�$'( � � 2 V J

D � � 2 V N � 2 V +-4�])$657sH]�&)]),h#�cm#�,HF
� � D�� �� �W ^4^�^ W�� J

D � � 2 V N � �p+!5's �� � D � � � � 
 f._H_�(�$�57$'+-#�,H&)f.c #�$� 
� ]%57(�57sh# 5U+!,*])fH$�4'+�57fh# 57+-]�, Y � 2 V # � sh#%4O`�f.c-c)$'#�,�& �%g�(9C9#�fH4^( a 
 2 V # 
 U WB`�])$�#�c-c K J

%w�OP4^�^4^�P � (#�,HF � / �t n��s.(9$'(r`�])$'( �� � +-4�+-,|d�(9$^5'+-gHc!(*#�,HF `�])$p#�,|2�M J
D � � � (<sh#/d)(

� Y � 2 V # � M � ��
4c�� Z \ V�� Z D �Z� � M � ��
4c�� Z � 
� 2 V \ V � ZQ^
��sH(<4'])c!f.57+!]),�M � ]%` H jY @?OI�+!4B57sH(�,n$^(9C�(9+!d�(9Fz#�4

M � D � 
4c � Z�" �� � V� P W ! � 
� 2 V \ V H
j. j I

#�,HF 57s.( $^(94'+!FHfh#�c 
 � +-4b5'sH(l#%gH4'])c!f.57(�d%#�c!fH(�]�`�5'sH(pc #�465�(9,|57$62 +-, 57sH(pd)(�C�5'])$ ��
4c�� Z � 
� 2 V \ V �+  (� 
��
 � � Z

D
��
�c � Z \ 
 � 2 V � 
� 2 V \ V(^ H

j. u I
` ])$^5'fH,h#%5'(9c�2=5'sH(��*� FH(9C�])8:_�])4^+!5'+-]), ]%`�
1(94'4^(9,wg�(9$'&=8 # 57$'+!C9(�4�+-4 d�(9$^2 4^_�(�C9+-#�ch#�,HF 5'sH(9$^(($
`�])$^(�57sH(�4'])c!f.57+!]),�M � ]�` 57sH(Bc!(/#�465�4 �wfh#%$'(94�_.$'])gHc!(98�#�4U� (9c!ch#�4 � 
 � � Z�C9#�, g�(BC�])8:_Hf.57(�F #�4#E4'+!8q_Hc!(BfH_�Fh#%5'(1]%` M � � V(�)57sH(p4^])c-f.5'+-]), ]�`�57s.(1_.$'(�d3+!])fH4\4^5'(9_a�3#�,HF ��
 � � V�� Z �|$'(�4'_�(9Cr57+!d�(9c�2) ��sH+!4;8q(r57sH]3F +-4 &w,H] �p, #%4L~=�z�1��0

H
� (9,H(�$7#�c!+-o�(9F � +!,H+-8q#�c ��X3T +-F.fh#�c I #�,HF ��#�4;+!, $

57$^]YF.fHC9(�F g|2 0Y#)#�F #�,HF 0YC swfHc�57ot��I �)�7" I !  �kl4 57s.(e$'(94^+-FHfH#�c-4 #%$'(e8:+-,H+!8q+!o9(9F ]�d)(�$ 5'sH(
4'(��wfH(9,HC�( ]�`*+-,HC�$'(9#�4'+!,H&
4'f.gH4'_h#%C9(94 ��V HdA P$
4c I � �SZ H A P$
�c I � ^4^4^ ��57sH( ,.])$'8:4 ]�`E5'sH(
$'(�4'+!FHfh#�c!4�8 fH4^51FH(�C9$^(/#�4^(=8:]),H]�5']),H+!C/#�c!c!2) 
DG, (r�.#�C�5 #�$^+!57s.8q(r57+-C[��(+�p+-c!cb&)(�5*5'sH( (r�.#�C�5=4']�c-f.5'+-]), #%`x5'(9$ � D

8:+-, %#" P"� ( 4657(�_H4[�p+�57s
#q$^(94^+-FHfh#%c�(��wfh#�cO57]:o9(�$']H F (=s.])_�( ��s.]t� (�d�(9$���57sH#%5 5'sH( ��
 � � Zlg�(9C�])8q(�4 4^8 #%c-c�(9,.])fH&)s57]:c-(r5

B c � �

B
� g�( # 4'f �qC�+-(�,w5'c!2L&)]3]YFL#�_._H$']/�Y+-8q#%57+!]),e57]

B
`�])$p8 fHC sn4'8q#�c-c!(9$ �G ��sH+!4 +!4�psh#%5U��( �p+!c-c3C/#�c!c �)C�]),|d)(�$'&)(�,HC9( �H \A 2 ��4'_�(9(9F ]�` C�]),|d)(�$'&)(�,HC9( �[� (�8q(9#�, 57s.(B4'_�(9(�Fs�p+�57s�psH+!C s � 
 � � Z &)]Y(�415']qo�(9$^] �p+!5'sn&)$^] �p+-,H& �G ��sH( ~<�z�1��0L_H$^]YC�(9FHfH$^(=C9#�,zg�(<4 &�(r57C sH(�F

#�4�`�])c!c-] �p4 �



� 
 ��
 � � � � 
 � ��� � � ��� � 
 ?�j

	 y ��� Q��^SUWHT/� � ��� � ��� �
�

D

4ca Vdc D
��
4c�� Z

�
D W

� }���N�X
a
� 2 V # � U W
" � 2 V

D
���

a
� 2 V # ��

D
� � �

�

D A
" ���� �

K�D
� � �a


 �
D
" 

 �

�

D
� � a


 � " 
X3
��a
� 2 V # �

D
� � � Z

��])8:_Hf.5'()M � 4'f.C sn57sH#%5 � Y � 2 V # � P M � � a Vdc \ V�� Z 8:+-,H+!8 #�cB
�
D B c � � � M ������ �
D
�
F � ACB

� � Z /	��
 �O57sH(�,t0 �?�E[XY
��

�	& � +-4lsH(9$^(q# 5'])c-(�$7#�,.C9( d%#�c!fH(X�a�psH+!C s ��( sh#/d�( 5'] 4'_�(9C9+�`x2z`�])$l])fH$ $^(94'+!FHfh#�c ,H])$'8 57]eg�(
C9]),.4'+-F.(9$'(�F 4^8 #�c!cB(9,.])fH&)sm � ]�5'(e57sh#%5 `�])$ 5'sH(nC�])8:_Hf.5 # 57+-]�, ]�` M � #%,HF � � ��(E�p+-c!cB]�`
C9])f.$'4'( 8 # &�(1fH4'( ]�`�5'sH( f._�Fh# 57+-,.&=8:(�5'sH]YF.4�8:(9,|5'+-]),H(�F;#�g�]�d)(% �klc-4^]=+�5\+-4�,H]�5�,H(�C9C9(�47#�$62
57]qC9])8:_Hf.5'(

B
� `�])$1(/#%C s �G p�nfHc�57+-_.c-+-C9#%57+!]),;�p+!5's � � +-,n(/#�C sz4^57(�_z+!4l#:gH+!51(r�Y_�(9,H4^+!d�(� pD�5+-4�4^f �:C9+-(�,|5l+�`Y� (<C9])8:_Hf.5'( B

� `�])$B57sH(*4657(9_ � +!,E�ps.+-C s � � +!4�4'8q#�c-cm(�,H])fH&�sm ` ])$�57s.(�C9])8:_Hf.57#%57+!]),E+-, 4657(�_ � ��(\,H(�(9F=#�c-c � �=�\_H$^(�d3+-])f.4'c!2lC9])8:_Hf.5'(9FEd)(�C�5'])$'4�" V(P�^4^4^�P " � � V�psH+-C s #�$^( +-,tD �QL1 <D�`oR +-4 d�(9$62tc #�$^&)( #%,HF +!`�� ( ,H(9(�F�8q#�,|2z4657(�_H4*]�`\57sH( +�57(�$7#%5'+-]),z5']
&)(�5<#;4^8 #%c-cO$'(�4'+-F.fh#�c ��57sH(�, 4657])$'#�&)( $^(��wfH+!$'(98:(9,|5'4*#�,HF C9])8:_Hf.57#%57+!]),h#�cOC�])4^5'4Eg�(�C9])8:( #
_H$']�gHc-(�8 #�&|#%+-,m ?��]q#�d�])+-Fe5'sH(94^(=FH+ �:C9fHc�57+-(�4p~<�z� ��0e+-4�fH4^fh#�c!c!2;$^(9465 #�$657(9Fn#%`x5'(9$p#��.�Y(9F
,wfH8 g�(9$

K
]�`�4^57(�_H4k�p+!5's;57sH(EC�fH$'$^(9,|51#�_H_H$^]/�.+!8 57+!]),e#�4�,H(�� +-,H+�57+ #%ch&)fH(94^49 n��sH+-4�8q(r57sH]3F

+-4 C9#�c-c!(9F $^(9465 #�$657(9F ~<�z� ��0z])$E~=�z�1��0
HLK Ir ��sH( C sH])+!C9( ]�` #;4^fH+!57#�gHc-( K +!4 ,H]�5E(9#�4^2� ��sH(<4'_�(9(9Fn]�`UC9]),|d)(�$'&)(�,HC9(=FH(9_�(9,.FH4 C�$'+�57+-C9#�c-c�2:]), K #�,HF 8q#�2 d�#%$^2eFH$'#�4^5'+-C9#�c-c�2s�p+�57s K  

` +-&�fH$'(=j. �� _H$'(�4'(�,w5'4E57sH(=$'(9c-#%57+�d)(=$'(94^+-FHfH#�cU,.])$'8:4 ��
 � � � � 
4c � ZE#�4l#q`�fH,HCr57+!]), ]�`�5'sH(+!5'(9$7# 57+-]�, 4^5'(9_�� +!, # 4'(�8q+ c-])&)#�$'+�57sH8:+-C 4'C9#�c-(q`�])$ 57s.(;8 # 57$'+ ��c-,H47>Y�)� `�$^])8 ��sH#�_.57(�$e�
`�])$ ~<�z�1� 0
#%,HF ~=�z�1��0

H
� WOI(�?�psH(�$'( B c D Wt#�,HF���
 � D W ^ WOWY�) ` ])$ ~<�z� ��0�5'sH(

$'(�4'+-F.fh#�c-4�F.(9C9$^(/#�4^(l,H+!C9(�c!2O�|g.f.5�,H]�5�#�4�`�#�465�#%4"� (18q+!&)s|5?�B#%,w59 �� ]%57(�57sh# 5�5'sH(pFH+-8:(9,.4'+-]�,
+-4�sH(�$'(<]),Hc�2 >Y�)�� �~<� �z��0

H
� W I�F.]Y(�41,.]�51FH] ��(�c-c�]),e57s.+-4p(r�.#�8:_Hc-(% 

D�`
A
+-4�4^238:8q(r57$^+-C 5'sH(9,;� (E#�c!$'(9#�F.2s&w,H] � 5'sh#%5o��( C9#�,e4'f.gH4^5'+!57fY57(l5'sH(lk $',H])c!FH+�8q(r57sH]3F

g|2
57sH( "O#�,.o9C9]�4:8:(�5'sH]3F
57] C9])8:_Hf.5'(;57sH(egH#�4'+!4 " V(P$"�Z4P4^4^4^�`�])$ 57s.( a*$623c-]�d
4^fHgH4'_H#�C9(�49 



?%u ����� � ������� 
 � ����� � ��� � � � � ��� � � 


0 50 100 150 200 250
10

−4

10
−3

10
−2

10
−1

10
0

 Number of Iterations 

||
r l||

2
 /
 |

|r
0
||

2

GMRES
GMRES ( 10 )

 Relative Residual History for tol=0.001

GMRES 

GMRES(10) 

` +!&)fH$^(*j. !����~=�z�1��0L#%,HFn~=�z�1��0 H �4W I `�])$pc-,H47>Y�)�

 (�$'(�� ( ]),Hc�2z,H(�(9F " � � Z*#�,HF " � � Vp57]eC�])8:_Hf.57( " � #%,HFt57sH( (�,w5'$'+!(94 � � � V(P 	 � � V #�,.F 	 � ]�`� �  n��swfH4C� (<FH]q,.]�51$'fH,L+-,|57] 5'sH(=4657])$'#�&)(<#�,HFLC9]�8q_HfY5 #%5'+-]),h#%c�C9]�4^5741_H$^])gHc-(�8q4p#%4Q�p+�57s
~<�z� ��0� 
DG, 57sH(*8:+-,H+!8 #�c $^(94'+!FHfh#�cO#%_H_H$'])#�C s=� (<,H] � sh#/d)(*57] 4^])c!d�(*5'sH(*c-(9#�4^5p4 �3fH#�$'(�4 _H$^])gHc!(98

8:+-,

 Q D � �

� � � 2 V # � M � ��
�c � Z \ V�� Z
+-,n4^5'(9_ �'P�#%,HF +-,z#�,h#�c!])&�2e5'] 57sH( 
 (�4'4'(�,wg�(�$'& C/#�4^( 57s.( 4']�c-f.5'+-]), M � C9#�, g�( $^(9C9(�+!d�(9Ftg|24'+!8q_.c-( fH_�Fh#%5'+-,H& `�$^])8 M � � V ^��sH+!4�8q(r57sH]3Fe+-4B(�4'4^(9,|57+-#�c-c�2q5'sH(E8q(r57sH]3Fn�nD��l�1��0� 035'])$7#%&)(E$'(��3f.+-$'(�8q(�,|574p#�,HF C�])8q_.f $
5 # 57+-]�,h#�c�C9])46574p#�$^( sH(9$^(*8 fHC sec-(�4'4B5'sh#�,;`�])$p~<�z�1��0eF.fH( 57] 5'sH( `�#�C�5�57sh#%5���(Esh#/d�(*5'sH(
j��w5'(9$^8i$'(�C9fH$^4'+!]),e`�])$�57s.(EC9])8:_Hf.57#%57+!]),;]�` " � #�,HFe]),.c!2 5'$'+!FH+ #�&�]),h#�c 8q#%57$^+-C9(�4 � � +!,H4^5'(/#�F]�` � $ � f._H_�(�$ 
 (94^4'(�,3g�(9$^&;8q#%57$^+-C9(�4 Y � `�])$ � D �OPv? P�^4^4^  
kl,.]�57sH(�$l8q#%57$^+�� `�$'])8 5'sH( 
 #�$ � (9c!c $�A ]Y(�+-,H&q��])c!c-(9Cr57+!]), +-414'sH(�$'8q#�,m�O� �psH])4^( _�])$^5'$7#�+�5 +!4
&)+�d)(9,e+!, ` +!&)fH$^( j. �?Y bD�5�+!4B# 46238q8:(�5'$'+-C<� WOWXW�$ � WXWOW=8q#%57$^+��q#�$^+-4^+-,H&<`�$'])8 # FH+!4'C�$'(�5'+-o9# $
57+!]), ]�`�# _H#�$^5'+ #�cUFH+���(9$^(9,|57+-#�cb(��wfh# 57+-]�, +!, #�, ])+-cb$^(9C�]�d�(9$62�_.$'])gHc!(98L ���sH( �h$^4^5=_Hc-]�5 +-,` +!&)fH$'( jY �jeFH+!4'_Hc-#�234E57s.(:$^(9c-#%57+�d)( $'(�4'+!FHfh#�c�C�fH$^d�(q`�])$E4^sH(9$^8 #�,��q+�`B�LD��l�1� 0 +-4*#�_._Hc-+!(9F�p+!5's B c D Wz#�,HF���
 � D W_^ WXW.�) � ,H( 8 #/2 ]�`pC9]�fH$'4^( #�c-4^]zfH4^(L~=�z�1��0p��FH+-4^$'(9&)#�$'FH+!,H&
57s.(;4^238:8q(r57$^2 ]�`

A
 5��sH(;$^+-&)s|5=sh#�,HF 4^+-FH(q_Hc-]%5 4^sH] �p4 57sH(;$^(9c-#%57+�d)( $^(94^+-FHfh#%c�`�])$<57sH+!4

C/#%4'(� �DG, (v�H#%C�5 #�$'+�57sH8:(�5'+-CB~=�z�1��0 4'sH])f.c-F:_H$']3FHfHC�(B57sH(p47#%8q(�$^(94'+!FHfh#�c!4\#�4��nD�� � ��0 +-,
57s.+-4lC9#�4'( �O#�,HF 5'sH( ~<�z� ��0zC�]),|d)(9$^&)(9,.C9(:FH+-4^_Hc #/2)(�Ft+-,z5'sH(��h&)f.$'( C�]),_�h$^8q4l5'sH+-4� Eklc!4']
~<�z� ��0

H
� W I�+!4�,H]�5p57]3] gh#�FL+-,e57s.+-4�C/#%4'(� 



� 
 ��
 � � � � 
 � ��� � � ��� � 
 ?)>

0 100 200 300 400 500 600 700 800 900 1000

0

100

200

300

400

500

600

700

800

900

1000

N=1000 and nz = 3750

sherman1: symmetric matrix from oil recovery problem ( PDE 
)

` +!&)fH$'(*jY @? �\[�])$^5'$7#�+�5�]�`U4'sH(�$'8q#�,m�

0 20 40 60 80 100 120
10

−4

10
−3

10
−2

10
−1

10
0

 Number of Iterations 

||
r l||

2
 /
 |

|r
0
||

2

 Relative Residual History for tol=0.001

MINRES

0 50 100 150 200 250
10

−4

10
−3

10
−2

10
−1

10
0

 Number of Iterations 

||
r l||

2
 /
 |

|r
0
||

2

 Relative Residual History for tol=0.001

GMRES
GMRES ( 10 )

GMRES 

GMRES(10) 

` +-&�fH$'(EjY �j����LD��l�1� 0L#�,HFz~=�n� ��0 `�])$�4's.(9$'8q#�,m�



?�� ����� � ������� 
 � ����� � ��� � � � � ��� � � 

�E*�� � � � 1C>��(
 �
"O#�$'&�( c-+!,H(/#�$�4^234657(98:4pC9])8:+-,.&=`�$']�8 5'sH( FH+!4'C9$^(�5'+-o/# 57+-]�,;]�`O_h#�$657+-#�c�F.+���(9$'(�,|57+ #%c�(��3fH#%57+!]),H4
]�`x5'(9, sh#/d)(p# 46234^57(�8�8q#%57$^+��

A �psH+!C s +-4 ,.]�5�]),Hc�2<4^238q8:(�5'$'+!C�gHf.5�#�c-4^]��)c-+�&�( ])fH$b(v�H#%8q_Hc!(H
�� @?OI �H_�])4'+�57+!d�(EFH(��H,H+!5'(� F ( C/#%, ]�`\C9]�fH$'4^( #�_H_Hc�2n�nD��l�1��0n57];(v�Y_Hc-])+�5p57sH( 46238q8:(�5'$^2L]�` A  A�f.5l_�]�4'+!5'+!d�(=FH((�_$
,H+�57(9,.(94'41_�(9$'8:+!5'4�57s.(<F.(9$'+�d%#%57+!]),e]�` #�,n(rd)(�,z4'+!8q_.c-(9$�8q(r57sH]3Fm 
"�(�5ef.4 #�4'4^fH8q(z+-, 5'sH(z`�])c!c-] �p+-,H& 57sH#%5 A

+!4 4^238:8q(r57$^+-C #%,HF _�]�4'+!5'+!d�( FH(��H,H+!5'( H
4^_�F Iv ��sH(�, +!5*+!4E(/#�462t57]L4'(�(:5'sh#%5 � �

D
� 
 �

A
� � `�$']�8

H
?Y ���I Il+!4<#�c-4^]L4^_�F� ��sH(�$'(r`�])$'( � � sh#�4# ��s.])c-(�4 &|2 F.(9C9]�8q_�])4'+�57+!]), � �

D
�� � �� 
� PY�ps.(9$'( � � +-4=#n,H]),.4'+-,.&)fHc #%$=c!]t� (9$<57$^+ #�,H&�fHc #�$8q#%57$^+��� �A�(�C/#�fH4^( � � +!4B57$'+!FH+ #%&)]),h#�c �� � 8 fH4^5p(rd)(9,zg�(EgH+!FH+ #%&)]),h#�cj�Y+  (% _� (=sh#/d�(

� �
D :;;;;
<

� V 	 Z
	 Z       

      	 �	 � � �

ACBBBB
D

D
�� � �� 
�

D :;;;;
<

� VF Z    
      F

� � �

ACBBBB
D
:;;;;
<

� V
F Z
      

   
F
�

� �

ACBBBB
D ^

0Y])c�d3+-,H& #=c-+-,.(/#�$ 4^234^5'(98 �

D � � M +-4�5'sH(9$^(�`�])$^(E(r�357$^(98:(9c�2 4^+-8:_Hc-( #�,HFesh#%4p#�c-8:])4^5 ,H(�&)c-+%$&)+!gHc-( C�])8:_Hf.5 # 57+-]�,h#�c�C�])4^5'49 
DG, 57s.( �1+�57o��Y~<#�c!(9$ &3+!,z#%_H_H$'])#�C s 57]eC sH]3])4^( #�,t#�_H_.$']/�Y+-8q#%57+!]),z]�` �B `�$']�8 � �

HdA P$
4c IM��(
C9]�8q_HfY57(X� #%C9C9]�$'FH+!,H& 57] H

�) I I � M � J D � � 4'fHC sL57sh# 5
��
 �

A
� � M � D ��
 � 
4c

D
��
4c�� Z \ V ^


 (�$'( � 
 �
A
� �

D � � #�,HFE��(*sh#/d�(<5']:4^])c!d�(
� � M � D ��
4c�� Z \ V ^

F ( C/#%,z57swfH415 #X&%( `�fHc-c�#�FYd�#%,w57#�&)(<]�`b5'sH( 462Y8:_Hc!+-C9+�5G2 �p+!5's �psH+!C s 4'fHC st46234^57(�8q4lC/#�, g�(
4']�c!d)(�Fm 
��sH+!4U+!4�f._=57]l#18:]3FH+��hC9#%57+!]),E+-,<57sH(�C9]�8q_HfY5 #%5'+-]),H4�]%` B �

D
� � M � 57sH(���]), G fH&)#%57(�~*$'#�FH+!(9,|58:(�57s.]YF

H
��~ 8:(�57s.]YF Iv U��sH(�8:]3FH+��hC9#%57+!]),H4�8 # &�(�+!5 _�]�4'4'+!gHc-( 57]E&)(r5�,H]�5�]�,Hc!2<57sH(�,.])$'8:4

]�`�57sH(1$'(�4'+-F.fh#�c-4�+-, 57s.( C�])8q_.f.5 #%5'+-]),H#�cH_H$^]YC�(94'4 gHf.5�#�c-4^]E57sH( $'(94^+-FHfH#�c-4�57s.(98:4'(9c�d)(�49 ���sH(
8:]YFH+ �hC/# 57+-]�,;C9]),.4'+-46574p+-,L# FH+-#�&)]),h#%c�57$'#�,H4^`�]�$'8q#%57+!]),;]�` � �  
� }OXw� � X � ��������������������>�"!#�b$'&�()�*�+(#,�(.&�� �+�%$'&�()���0/�&�1+� ��& � ,048:����@A�f� �W$H���J�B� ,+$%�L2>&�(#� � ���+�b@R$�� = � D

FH+ #�&
H
FpV P�^4^4^(P7F � I J

D �
� =�$�����!�&L��$��b$�1+�B,+$%�L2>&�(#� ���(��%@�$'��� ����K�� ���)�+������� ;<& �)� &�=�$�(>2f��& � ,��



� 
�� 
 � � � � ��� ��� ?
\

��� &�@�� � �
D
� � =B� =Z� �)�+1+�
� 
� � � D =B� ��
 � � � =B� D = Z� D

� � �
D
F.+ #�&

H � V P4^4^4^�P � � I H
j. @>XI�+(#, � V D ��
4c � ZZ ^

��� &�@ �� � �
D =B��� ��=B� D � � �� � �� � 
 =Z�32>���

��#� D
� � � � � 
�=�$����

� � D
:;;;;;;
<

���� `
� �

������
� ` �4 4 4 4 4 4� � �

� �
	 � �

A BBBBBB
D

�+(#, � � D
FH+ #�&

H
� V P4^�^4^�P � � I(^

�=���m� ���sH(<_H$']3]�`�+-4p,H]�5�5']Y] FH+ �:C9fHc�5�gHf.5p57(�FH+-]�fH41#�,HFe57sH(�$'(r`�])$'(<])8:+!5'5'(9Fm �

� ]�5'( 57sh# 5E57sH( C�])c-fH8:,H4 ]%` � � FH+ ��(�$ `�$'])8 " V(P�^4^4^�P " � ]�,Hc!2ng|2 #;`�#�C�5'])$9 [��s3f.4*`�]�$*#�c-c
�
J
%w�XP4^4^4^�P$� ( 5'sH( �h$'465 �lC9])c!fH8:,
d)(9Cr57])$^4q]%` � � #�$'(e4657+!c-c�#�, ])$657sH]�&)]),h#�c

H
gHf.5:,H]%5

])$^5'sH]),H]�$'8q#�c I\gh#�4'+!4�`�])$�� �
H A P$
�c Ir F +�57se57sH(�4'(<,H(�� 8 #%5'$'+!C9(94o��(<&)(�5p`�$^])8 H

?Y !�/I IA
� � D�A

� � =B� D
� � �#� =B� D

� � =B� = � V� = � V� ��#� D
� � � � V� ��#� D

� � � � V� �3� � � � 
� ^
D�`U� (*FH(��h,.(
� � �

D
� � � � 
� 57sH(�,A

� � D
� � � � V� � � � � H

j. ��OI
#�,HF

� � � 
� D
� � ^ H

j. 
\ I

� ]�5'(E57sh#%51#%C9C9]�$'FH+!,H& 57]
H
j. � I�#�,HFe5'sH(*FH(��h,.+!57+!]), ]�`�� � �

� 
� A
� � D

� 
� � � � � V� �3� � � D
� � V� � � � � V� �3� � � D � � D

FH+ #%&
H
� V P�^4^4^�P � � I H

j. �OI
+  (� b5'sH(*C9])c!fH8q,.4�� V P4^�^4^�P�� � ]�`�� � #�$'(

A $G])$657sH])&�]),h#�c  
�n])$^(9]�d)(�$

� � V� �3� D
:;;;;;;
<

V
� �� V
� �

V
� `� V
� ` V

� �      � V
� �
	 � V

� �

ACBBBBBB
D

H
j. �IOI



? � ����� � ������� 
 � ����� � ��� � � � � ��� � � 

#�,HFL+!` � �

D " � V P4^4^�^�P � � ! 5'sH(9,
� V D " V "_V D 
�c

��
4c�� Z � � V D 
4c4^ H
j. !�4W I

�bd%#�c-fh# 57+-,.&
H
jY 
\ I�#�,HF H

j. ��OI�4'f.C9C9(�4'4^+!d)(�c!2eC�])c-f.8q,;g|2qC9])c!fH8:, 57])&�(�57s.(9$��p+�57s H
j. @>XI(� H j. � I

#�,HF
H
j. �IOIo��(<&)(�5p+!,L#�,h#�c!])&�2:57] 57sH(*FH(�$'+�d�# 57+-]�,e]�`O57sH(*kl$^,H])c!FH+�#�,HFn"O#�,Ho�C9])4p8:(�57s.]YFL#

$'(�C9fH$^4'+!]),L`�]�$ � V P � Z4P4^�^4^h#�,HF � V P��XZ�P4^4^4^h#%4B`�])c-c!]t�p4
� V D

� V D 
4c
� V D

��
4c�� ZZ D 
�
c 
4c #�,HF � V
D

�
c A 
�c

#�,HF `�])$ ���{��� A
� �

D
� �� � � � � � �� � � � 2 V Pp+  (� � � 2 V

D
� � � � �

� �

A
� � P

� � 2 V
D

� 
� 2 V � � 2 V
#�,HF

� � � 2 V� � � � � � � 2 V
D
� � 2 V P1+  (� � � 2 V

D � � 2 V� � � � � � � 2 V
� � 2 V

D
� 
� 2 V

A
� � 2 V ^

� ]%57( 5'sh#%5 � �
D
� 
� � � �D We#�4 c!]),H&e#%4 � � �D W;#�,.F � �

D
� 
�

A
� � �D We#�4 c-]�,H&e#�4 � � �D W

g�(9C/#%fH4'(
A
+-4�_�])4'+�57+!d�(EFH(��H,H+!5'(� F (<4^fH8:8 #�$^+-o�( 57sH(*C9]�8q_HfY5 #%5'+-]),��

� }�X�� 	 � � Wh
�� �|��TqV�� �m�)XY���O� X �
� V D

� V D 
�c
�

D
�

� }U��N�X � � �D W
	 �

D
� 
� � �
� 
�

A
� �

� � 2 V
D

� � � 	 � A � �
� � 2 V

D
� 
� 2 V � � 2 V
� 
� � �

� � 2 V
D

� � 2 V � � � 2 V � �
�

D
� � �

X3
U�



� 
�� 
 � � � � ��� ��� ?�I

� fH$p#�+-8 +!4B4^5'+-c-c�57] C�])8q_.f.57(l5'sH(*�p+!57o �.~*#�c-(�$ &w+-, #�_H_H$^]��Y+!8 #%5'+-]), �B � `�$^])8 5'sH( � �
H A P$
�� I �

+  (� 

�

B
�
D
� � M � PQ�ps.(9$'( � � M � D � 
4c�� Z \ V `�])$ � J %w�OP4^4^4^�P$� ( ^

D�51$'(98q#�+!,H4B57] 4's.]t� 57sh# 5��
B
� C/#�,Lg�(EF.(9$'+�d)(�Fn`�$']�8 � V P � Z�P4^4^4^h#%,HF � V P�� Z�P4^4^�^� 

�U]:4'(�(<5'sH+-4 � (*c-]3]O&;# 5
�

B
�
D
� � = � = � V� M �

D
� � �M � �p+!5's �M � � D = � V� M � ^

H
jY !�)� I

��sH(9,
�� � �M � D = � � � = � = � V� M �

D = � � 
4c�� Z \ V D 
 
c 
4c \ V(^
A�(9C9#�fH4^( ��#� D

�3� � � � 
� #�,HF �3� +!4 #tc-] ��(�$ 57$'+-#�,H&)f.c #�$7� ( &)(�5:sH(�$'( `�])$ #�c!c�� � �
�� �
D

� � � � � 
� #�,.FL5's3f.4

�M � D 
 
c 
4c � � 
� � � V� � � V� \ V(^
��sH(9$^(�`�])$^(<`�]�$p#�c-c �

�

B
�
D

�
c 
4c � � � � 
� � � V� � � V� \ V D 
�
c 
4c�� � � � V� � � V� \ V(^

k 4'+!8q_Hc!( _H$^]Y]%`.g|2 +!,HFHfHCr57+!]),E4'sH] �p4O57sh# 5�(9c!(98:(9,|574�]�`�� �
D "�� V P�^4^4^�P�� � ! � D � � V� � � V� 
 
c 
4c \ V#�$'(*&)+�d)(�,ng|2�� 


D
�	�

 �
`�])$
K7D

�OP4^�^4^�P �U#�,HFn#�c-c �G 
��swfH4

�

B
�
D ��

�
 V

� 

� 

� 


D
�

B
� � V � � 


� �
� � ^

H
jY !��?XI

DG,H4'(�$^5'+-,H& 57s.+-4;$^(9C9f.$'4'+!]), +-,|57]
5'sH( ��~��Y"O#�,HC9o�])4e_H$^]YC�(9FHfH$^( #�,HF $'(�C/#�c!c-+-,.&�57sH#%5
B
�
DB c � �

B
� � (=&)(r5



jOW ����� � ������� 
 � ����� � ��� � � � � ��� � � 

� 	 � � X|��}O��� �^S�WhT/��� ��� ��� � �

��sH]3])4'(<#�, +-,.+!57+-#�c�&)fH(94^4
B c

��])8:_Hf.57( 
�c D F � ACB c
0Y(�5 � V D

� V D 
4c
�

D
�

� }U��N�X � � �D W
	 �

D
� 
� � �
� 
�

A
� �B

�
D B

� � V � 	 � � �
� � 2 V

D
� � � 	 � A � �

� � 2 V
D

� 
� 2 V � � 2 V
� 
� � �

� � 2 V
D

� � 2 V � � � 2 V � �
�

D
� � �

X3
U�

��sH( C9]�8q_HfY5 #%5'+-]),h#%c C9]�4^574*_�(9$E4657(9_�#�$^(:]�gwd3+!])fH4'c�2zd�(9$^2 c-] �* kl4*g�(�`�])$^(���(:,H(�(9F ]),Hc!2
]),H(*8q#%57$^+��qd)(�C�57]�$ _H$^]YF.fHC�5

A
� � _�(9$�+�57(9$'#%57+!]),e4^5'(9_m 

�n])$^(9]�d)(�$�� � (=C9#�,n_.$']�d)(E57sH#%5 � � +-4B5'sH(
H
�N� �tI'$�4^5p$'(�4'+!FHfh#�c  

� X � � W��
��$��J� �����I(.&�� �+�%$'&�()���0/�&�1+�i=Z� �)�+1+�


 � � V
D F � ACB

� � V
D
� � ;<&�@*� �)� � J %w�OP4^4^4^(P$� ( ^

�<� �����
� V D 
4c D F � AQB c
kl4^4'fH8:(E57sh# 515'sH(*4^57#%57(�8q(�,w51sH]�c-FH4B`�])$p#%, ���{�� ���sH(9,


 �
D F � ACB

�
D F � A H B

� � V � 	 � � � I
D

 � � V��

A
	 � � �D

� � � A
	 � � �

D
� � 2 V ^ �

0Y] `�#�$s� (zsH#�d�( 4'(�(9, 5'sh#%5:57sH( ��~ �w8q(r57sH]3F +!4 #%, (r�35'$'(98:(9c�2 ( �:C9+!(9,|5e#�,.F +-,.(r�Y_�(�, $
4'+�d)( �B#/2L57];C�])8q_.f.57(*57sH( �1+�57o��Y~<#�c!(9$ &3+!,L#�_H_H$^]��Y+!8 #%5'+-]),.4p`�$^])8 57s.( aE$^23c-]�dL4'f.gH4'_h#%C9(94
� �

HdA P 
4c I(���ps.(9$'(#� ( #%c-4'] &)(r5�57sH(*$^(94'+!FHfh#�cmd�(9Cr57])$^4 +!,L(9#�C sL4^57(�_m 
A�(�C/#�fH4^(

A
+!4�4'_�F



� 
 � 
�� � � � � ����� � � j.�

��� � � �
D��

� 

A
�

+-4p# ,H])$^8i]),LD � L  �D�5 C9#�,Lg�(E4^sH] �p,n57sH#%5
�
B � H B c � � � M � I � �

D
8:+-,

 Q�� �	� � # ^ _�
 � B � H B c � � � M I � � ^

��swfH4 B c � � � M � +-4\57s.( g�(�4^5B#�_H_H$^]��Y+!8 #%5'+-]), `�$']�8 B c � � �
H A P$
4c I"�p+!5's;$'(�4'_�(9Cr5B57] ��@ � �  


 (�$'(E57sH(*�p+!5'o��.~*#�c!(9$ &w+!,e#�_H_H$^]|#�C s C9]�+-,HC�+-FH(�4 �p+!57s;5'sH(*8q+!,H+-8 fH8�,H])$^8 #�_H_.$']|#�C sE�p+!5's
$'(�4'_�(9C�5157]���@ � �  ` +-&�fH$'(ejY utFH+!4'_Hc-#/2Y4 5'sH(e$'(�c #%5'+!d�(;$'(�4'+-F.fh#�c�C�fH$^d�(e`�])$ 57s.(e4'_�F 8q#%57$^+��

H
�� @?OI*`�])$ , D >XW_�

+  (� +R D
?)>XWXW. 
 (�$'( ��
 � D W_^ WOWOW.�:#�,HF B c D W. ��~iC9]�,wd�(9$^&)(94<,H+-C�(9c�2) ��sH( $'(9#�c!5'+!d�(

$'(�4'+-F.fh#�c�FH$^])_H4pg�(�c-] ����
 ���p+�57sH+!, \ W 4^57(�_H41]�`U5'sH(*D�57(�$7#%5'+-]),m 

0 10 20 30 40 50 60 70
10

−5

10
−4

10
−3

10
−2

10
−1

10
0

 Number of Iterations

 |
|r

l||
/|

|r
0
||

 Relative Residual History for tol=0.0001

CG

` +-&�fH$'(*j. u ����~ `�]�$p"�#%_Hc #�C�(
H
>XW I

��sH(=��~ �w8q(r57sH]3F;�B#%4 #%C�57fH#�c-c�2q5'sH(6�h$'4651aE$^23c-]�d;4^fHgH4^_h#�C9(<8:(�57s.]YFm D�5k�B#�4p+!,w5'$']3FHfHC�(9F
+-,q��I|>)?pgw2 
 (�4^5'(9,H(�4\#�,HF:035'+-(�`�(�c4" � ! #�,HF sh#�4bsh#%F # c-#�$'&)(�+-, ehfH(9,.C9(B]),=57sH( FH(�d�(9c-]�_H8q(�,|574
]�`U4'C9+!(9,|57+ �hC*C9])8:_Hf.5'+-,H&_�H4'(�( " u ! `�])$�s.+-4^5'])$'+!C/#�c�_�(�$'4^_�(�C�57+�d)(�49 
�E* � � 2 � � -�3 � � � �

` ])$ fH,H46238q8:(�5'$'+-C c-+-,.(/#�$ 4^234^5'(98:4S� ( C/#�, #�_._Hc!2 ~=�n� ��0� �A f.5<#�4E8:(9,|57+!]),H(9F #%c-$'(9#�F.2
57sH( 8 #�+!,z_H$^])gHc!(98 +-4157sh#%5l57sH(=C9])8:_Hf.57#%57+!]),h#�cOC9]�4^574*#%$'( &�$'] �p+-,H& �p+!57sn57sH( ,wfH8 g�(�$ ]�`



j|? ����� � ������� 
 � ����� � ��� � � � � ��� � � 

+!5'(9$'#%57+!]),H49 =kB5*4^5'(9_ � 57sH( ,wfH8 g�(�$<]%`�])_�(9$'#%57+!]),H4 +!4E]�`�])$'F.(9$�� R Pmg�(9C9#�fH4'(+� (:,.(9(9F�#�c!c
57s.(L_.$'(9C�(9FH+!,H& gh#�4'+!4 d)(9Cr57])$^4 "tV(P4^4^4^(P$" � ^ F ( ��]�fHc-F _H$'(r`�(9$ 57] sh#/d�(n]),.c!2 5']�F.(/#�c �p+�57s
5'� ]:_.$'(�d3+!])fH4pgh#�4^+-4�d�(9C�5'])$'41c-+�&�( +!,;57sH(<�LD��l�1� 0e])$p��~ 8q(r57sH]3Fm ?��sH(*4^sH])$^5p$^(9C�fH$'4^+-]),
`�])$EC�])8q_.f.57+!,H& " V P�^4^4^�P " � ��#�4*FHfH( 5'] 5'sH( `�#�Cr5E57sh#%5*+!,

A
� � D

� � �#� 57s.(:8q#%5'$'+�� �#���#�4=5'$'+-F.+ #�&)]�,h#�c  D�` � ( ��#�,|5 4^fHC s # 4'sH])$65 $^(9C9f.$'4'+!]),
#%c-4'] `�])$<fH,H462Y8:8:(�57$^+-C 8q#%57$^+-C9(�4A PB5'sH(9,���( sh#/d)( 57] &)+�d)( fH_ 5'sH( ])$^5'sH])&)]�,h#�c-+�5G2 ]%` � � ^ F ( C/#�, 57$^2 57] FH(�d�(9c-]�_ #
C9]�$'$'(�4'_�]),HFH+!,H&1$'(9C�fH$'4^+!d�(�C9]�8q_HfY5 #%5'+-]),*]�`.gh#�4'+!4�d�(9Cr57])$^4 � V P4^4^4^�P � � `�])$�� �

H A P$
�c I�#%4�g�(�`�]�$'(
`�$']�8�# 4^+-8:+-c-#�$'+�5G2l57$'#�,H46`�])$'8q#%57+!]),<]�`

A
57] 57$'+!FH+ #%&)]),h#�c)`�]�$'8�c-+�&�(�+!, 57s.(�"O#�,HC9o�])4b_H$^]YC�(94^4���psH(�$'( � (;]),.c!2t$^(��wfH+-$^( c!+-,H(9#�$E+-,HF.(9_�(9,HFH(�,HC9( ]�`B57s.(qd)(�C�5'])$'4 � V(P4^�^4^�P � � ^u��sH(q`�])c!c-] �p+-,.&57s.(9])$^(98 +!4B57sH(*gh#�4^+-4�`�])$�4^fHC s # _H$^]YC�(94'4 #�,HFLC9]�$'$'(�4'_�]),HFH4p57]+��sH(�])$'(�8 j. 

"�(�5 � c4P$
�c
J
D � L � % W ( ^ ` ])$m(/#%4'(\]�`3,H]�57#%57+!]), � ("�p+!c-c%#�4'4^fH8:(\5'sh#%5 � L

HdA P$
4c I�#�,HF�� L
H A

 P � c I

#�$^(<,.]),H4'+!,H&)fHc-#�$9 
� }OXw� � X � ��������������������>�"!#�b$'&�()�*�+(#,�(.&�� �+�%$'&�()���0/�&�1+�*/��32+$�1+��(#48:����;<& �)� &�=�$�(>2f���'�+�c��� ��(��J�*�+@A� �DCE�>$�1�� � ��(��
5 ��6 � L

H A

 P � c I 
 � L

HdA P 
4c(I �)�����+( �B��� ,>��K�&��"!�&L��$��%$'&�(
� L

HdA

 P � c I 
 � L

H A P$
4c(I D �B�
D�� � ��

�

� � 
 �	� � � 
 ^
5 /X698:����@A�B� �W$H�������-(.&�()��$�(>2+� � �+@ ���+�b@R$�� � J

D �QL�NOL �+(#,�� V P � Z J
D � � % W ( ����K�� �J�)�+���\ V D � V 
4c �+(#,*\ 
 V � � V D � Z � 
 c�+(#, � � V A � D � D � � �� � �� � 
 D H

�cO 
 I O # 
RQ ! V #TSTSTS # L %
$H� �f�%@R$%,+$%�L2>&�(#� � ���+�b@R$��f=�$��J� (.&�(�����@A&I��� /�,+$%�L2>&�(#� � � � ��� ��(���� � 
 2 V # 
 �+(#, � 
 # 
 2 V ;<&�@� �)� K 4

�<� �����
� L

H A

YP � c I 
 � L

HdA P 
4c I DqH
� 
 c

A O 2 
 � Z 
4c(I	O # 
�Q ! V #TSTSTS # L % ^
��sH+!418q#%5'$'+�� +-4�]�gwd3+!])fH4'c�2;462Y8:8:(�57$^+-C*#�,.Fn+�`U+�5psh#�41#�,L"u!{FH(9C�])8q_�])4^+!57+!]),

� L
HdA

�P � c I 
 � L

HdA P$
4c I D ���
57s.(9,E�p+!57s = D

FH+-#�&
H
fpV'V P4^4^�^�P7f	�
�aIo� (<sh#/d)(

� L
H A

YP � c I � L

HdA P 
4c I D � = �� �psH(�$'( ��
D � � ��

�

� � 
 ^



� 
 � 
�� � � � � ����� � � j)j

A�(9C9#�fH4^( � = ��
D
�� 
 = � 
 +!5B`�])c!c-] �p4�5'sh#%5 �� D

� 
  ' (��h,.(� �
D
� L

HdA P 
4c I^� � 
 ^
��sH(9,

� L
HdA P$
4c I D � � 
 D � � � ��

�

� � 
 H
jY !��jOI

#�,HF
� L

H A

 P � c I 


D H
� = � 
 � L

HdA P 
4c I � V I 
 D
� L

HdA P 
4c(I � 
 � = � 
 H
jY !�/u ID � � 
 = � 
 D � � 


�	� � � 
 ^
A�(9C9#�fH4^( � L

HdA P$
4c I*+-4*,H]),H4^+-,H&�fHc #�$*+�5=`�])c!c-] �p4E57sh# 5 
4c�P A 
4c�P4^4^4^�P A L � V 
4c +!4 #Lgh#�4'+!4<`�]�$
D � L  ���s3f.4 57s.(9$'(*(v�.+!4^5 � c4P4^4^4^�P � L � V

J
D � 4'fHC sL57sh#%5

A L 
4c D L � V�

�
 c�� 


A

 
4c ^

"�+ &�(*+!,=��s.(9])$^(98 j +!5B`�]�c-c-] �p4B`�$^])8 H
j. !�/j IA � DGA

� L
HdA P 
4c I^� � 


D
� L

HdA P$
4c I d � � 

D � � 
 d � � 


�psH(9$^( d D :;;;;
<
W � c�    

      
� � L � V

ACBBBB
D #�,HFz5'sH(9$^(�`�])$^( Y

D
� 
 d � � 


D � � �� � � 
  p"�+ &%(��p+-4^(
`�$'])8

H
j. ��/u I +�5�`�])c-c!] �p4A


 � � 

DGA


 � L
H A

 P � c I 
 � � 
 = � V D

� L
H A

 P � c I 
 �d � � 
 = � VD � � 
 = � 
 �d � � 
 = � V

�psH(9$^( �d D :;;;;
<
W �� c�    

      
� �� L � V

A BBBB
D #�,HFR5'sH(9$^(�`�])$^( �Y D = � 
 �d � � 
 = � V D � � �� � � 
  

��swfH4Q� (<sh#/d)(<]), ]),H(*sh#�,HF
� � V A � D Y D � � �� � � 




j�u ����� � ������� 
 � ����� � ��� � � � � ��� � � 

#�,HFL]),e57s.(<]%57sH(�$� 
 A 
 � � 


D
�Y D � � �� � � 
 D H � � V A � I 
 D Y 
 D � � �� � � 
 ^

` $'])8 Y 
 D � � �� � � 
 D
�Y D � � �� � � 


+!5�`�]�c-c-] �p4�5'sh#%5
Y D � � �� � �� � 
 D

� � ^
��sH( 4^fHg�F.+ #�&)]�,h#�cO(9,|57$^+-(�4E]�` Y D

� 
 d � � 
 #�$'( #�c-c\� #�,.Ft]�` �Y D = � 
 �d � � 
 = � V #%$'(
#�c!c�,H]),Lo9(�$']H "��sH(�$'(r`�])$'( � l 4p4'f.g�FH+-#�&)]),H#�c�(�,w5'$'+!(94 � 
 2 V # 
 #%,HF � 
 # 
 2 V #�$^(=#%c-c�,.]),no�(9$^]H ` $'])8 H

j. ���j Io� (*4'(�(<5'sh#%5 �*\ V D 
4c #�,HF `�$'])8 H
j. ��/u I \ 
 V � � V D � � 
 c `�])$p# �

J
D � � % W (  

D�` ]),t57sH( ]�5'sH(9$*sh#%,HF � � V A � D � D � � �� � �� � 
 �p+!5's ��\ V D
� V 
�c #�,.F \ 
 V � � V D

� Z � 
 c �
57s.(9,

A
�
D � � � � � V #%,HF A

� 

D � � 
 � � 
 � 
 `�])$p#�c!c&� J D �< 

��sH(�,
� L

HdA P 
4c I D " 
4c4P A 
4c4P4^4^�^�P A L � V 
4c ! H
j. !��>OID � �

� V " \ V(P �3\ V P�^4^4^�P � L � V \ V !

 �
� �
��

D � � D � � � � � 

#�,HF

� L
HdA

YP � c(I

D " � c P A 
 � c4P4^4^4^�P A L � V 
 � c ! H
j. !�/� ID � � 
 �

� Z " \ V(P � 
 \ V(P4^4^�^�P � L � V 
 \ V !

 �
� �
���

D � � 
 ��
D � � 


� � � � 
 ^

��sH(�$'(�`�]�$'(
� L

H A

YP � c I 
 � L

HdA P$
4c I D ���
 � � V � � D
���
��

D � � � � 
 � � � � 

#�,HFE�p+!5's �= D

FH+ #�&
H
�fpV'V P4^4^4^�P �f �$� Io� (<&)(�5
� L

H A

YP � c I 
 � L

HdA P$
4c I D H
���
 �= � V I H �= �6ID � � ��

�

� � 
 �c� � � 
 �



� 
 � 
�� � � � � ����� � � j|>

��sH(B57s.(9])$^(98�5'(9c!c-4 f.4 57sh# 5\#l4'+!8q+!c #�$^+!5G2 5'$7#�,.4^`�])$^8 #%5'+-]),<]�`
A
5']l57$^+-FH+-#�&)]),h#%cw`�]�$'8�+-4b_�])4 $

4'+!gHc-(b+�`Y#�,HF*]),Hc�2l+�`3#�c-c%_H$'+!,HC9+!_h#�c�4^fHgH8q#%57$^+-C�(94m]�`357s.(�4^238q8:(�5'$'+!Cb8 # 57$'+ � � L
HdA

 P � c I 
 � L

HdA P$
4c I
#�$'( ,H]�,�o�(9$']. 

H ��sH+-4*+-4 5'sH( C sh#�$'#�C�5'(9$'+!o/#%5'+-]),t`�])$ 5'sH(:(r�Y+-4657(9,.C9(:]�`B#%, ��� FH(�C9])8:_�]�4'+ $
57+!]),m I F sH(�5'sH(9$B5'sH+-4BC�]),HFH+�57+!]),;+-4�47#%5'+-4 �H(9Fe])$B,.]�5�FH(�_�(�,HFH4p]),;57s.( C sH])+!C9(E]�` � c1#�,HF 
4c9 
D�`b`�])$1(r�.#�8:_Hc-(#� ( C sH]3])4^( � c�� 
4c157sH(�,z57s.(

H
�OP/�tI�(9c!(98:(9,|51+-, � L

H A

 P � c I 
 � L

HdA P$
4c I ��psH+-C sL+-4B5'sH(#�h$'4651_H$'+!,HC9+!_h#�cm4^fHgH8q#%57$^+��p�H+-4�o�(9$^]H 
D�51C/#�, g�(<4^sH] �p,L5'sh#%5p57s.(E4'(�51]�`�d)(�C�5'])$ _H#�+-$^4 H

� c4P$
4c I `�])$ �psH+-C s � L
HdA

 P � c I � L

H A P$
�c(I
sh#�4 ,H] ��� F.(9C9]�8q_�])4'+�57+!]),q+!4 ]%`O8q(9#�4'fH$^(lo�(9$']. ` ]�$ ,wfH8:(9$^+-C/#%c�_.fH$'_�])4'(�4��Hs.]t� (�d�(9$��H57sH+!4
+-,H4^+-&)s|5�F.]Y(�4b,H]�5�s.(9c-_ d�(9$^2 8 fHC sa�wg�(9C9#�fH4'(�+!, 57sH(�C�])8:_Hf.5 # 57+-]�,H4�� (�sh#/d)(1#�c!4'] _H$^])gHc!(98:4
+!`

H
� c4P$
4c I\+-4�C9c!])4'(157] #<_h#�+-$�]�`�d�(9C�5'])$'4��.`�])$"�psH+-C sq57sH( _.$']3FHfHC�5�]�`OaE$^23c!]�d:8q#%57$^+-C�(94�FH]Y(�4

,H]�51sh#/d)(=#�,L��� FH(9C�])8:_�])4^+!5'+-]),a�Y#�4k� ( �p+!c-c�4^(9(<c #%5'(9$� 
��sH(9$^( +-4 ,H] 8:(�5'sH]3Fz]�`\C sH]3])4^+-,H& �)&)]3]YF��:4^57#�$^5'+-,H&:d)(�C�57]�$'46�psH+!C s FH]3(94l,.]�5 ,H(�(9FtC�])8+$
_Hc-(r57(E+!,.`�])$'8q#%5'+-]),q]),

A l 4�(9+-&�(9,|d%#�c-fH(*#%,HF (9+-&�(9,|d)(�C�57]�$14657$^fHC�5'fH$'(% A f.5p(9+!&)(9,|d)(�C�5'])$1#�,HF
(9+!&)(9,|d%#�c-f.(nC�])8q_.f.5 #%5'+-]), +!4 # 8 fHC sR8:])$^(LF.+��:C9fHc�5:_H$'])g.c-(98 5'sh#�, 4'])c�dY+!,H& 57sH(Lc-+!,H(/#�$
4^234^5'(98

ACB D F
 

` ])$�57s.(*`�]�c-c-] �p+!,H& FH(rd)(�c-])_H8:(9,|5M� (S�p+!c-c�C sH]3])4'( 
4c D F � ACB c #�,HF � c
D

4c1#�,HFL#�4^4'fH8:(

57sh# 5 � L
H A

 P$
4c I 
 � L

HdA P$
4c I sh#%4 #�c!cb_H$^+-,HC�+-_h#�c 4'fHgH8q#%5'$'+-C�(94*,H]),.o9(9$^]H ��s.(9,�`�$^])8�5'sH(
57sH(�])$'(�8���(S&w,H] � 5'sh#%5�57s.(9$'(<(r�Y+!4^5741# ,H]),.4'+-,.&)fHc #%$ � J

D �ML NOLQ�H4'f.C sn57sH#%5�*\ V D � V 
4c #�,HF � � 
 \ V D � Z$
4c #�,HF
H
jY !�

\ I� � V A � D � P H
jY !���OI

' (9,H]%57( � D " � V P4^�^4^ � L ! #%,HF � �
D � � 


D " � V P�^4^4^ � L !��sH(9,L`�$'])8 H
j. ���>OIB#%,HF H

j. ���� Io� (<4^(9(*57sh# 5
� V(P�^4^4^ � � 4'_h#�,�� �

HdA P 
4c(I `�]�$p#�c-c �
J
%w�OP4^�^4^ R ( #�,HF

H
jY !��IOI

� V P�^4^4^�P � � 4^_h#�, � �
HdA

 P$
4c I `�]�$p#�c-c �

J
%w�OP4^�^4^ R ( ^

H
jY @?XWOI

� ]�5'(E57sh#%5
H
j. ��

\ I(� H j. ���� I � H j. !�/I I�#�,HF H
jY @?XWOI 4^5'+-c-c�sH])c-F �.+!`Y� (<$^(9_Hc-#�C9( � gw2 = � V ��= #�,HF� g|2 � = ���ps.(9$'( = +-4=#n,H]�,H4'+!,H&)fHc-#�$=F.+ #�&)]�,h#�c�8q#%57$^+��p�U+  (% �5'sH(9$^( +!4=`�$'(�(9FH]�8 +!,�5'sH(�B#/25� ( 4'C9#�c-(=57sH( ] �
FH+-#�&)]),h#%cU(�,w5'$'+!(94 ]�` � g|2 #;FH+-#�&)]),H#�cU4^+-8:+-c-#�$'+�5G2;57$'#�,H4^`�]�$'8q#%57+!]),m 

"�(�5efH4 fH4'(z5'sH+-4:`�$'(�(9FH])8 sH(�$'(z5']
&)(�5.* � 
 # 
 2 V *
D
� 
 2 V # 
 `�])$

K]J
%w�OP�^4^4^(P R ��� ( #�,HF

� � V � Z D � � V�� Z D �� 
��sH(9,�� (;C/#%, 4'fH8:8 #%$'+-o�(:5'sH(;_H$^])_�(9$^5'+-(�4=`�])$<57sH(q4'C/#%c-(9F � #�,.F � #�,HF �

D � � 
 #�4
`�])c-c!] �p4 � �*\ V D �

� 
4c�� Z 
4c P � \ V D �
��
4c�� Z 
4c

H
jY @?Y� I

��
 � D > L
H
jY @?)?XI



j)� ����� � ������� 
 � ����� � ��� � � � � ��� � � 


� 

A � D � D :;;;;

<
� V 	 Z
� Z       

      	 L
� L � L

ACBBBB
D P * 	 
 * D � 
 H

j. @?%j I
A � D � � H

j. @? u IA

 �

D
� � 


H
j. @?�>OI

� V(P4^4^4^(P � � 4^_h#�, � �
HdA P$
4c I�#�,HF � V P4^4^4^�P�� � 4^_h#�,�� �

H A

 P$
�c(Ir 

�bd%#�c-fh# 57+-,.& 57sH(�4'(<(��wfh#%5'+-]),H4�C�])c-f.8q, g|2eC9]�c-fH8:, ��(*&)(r5
`�$']�8

H
jY @?)?XI � � V D �

��
�c � Z 
�c � V D �
��
4c�� Z 
4c

`�$']�8
H
jY @?�jOI � � V D � 
 V A � V(^

kl4^4'fH8:(�57sh# 5a��(\sh#/d�( #%c-$'(9#�F.2 C9])8:_Hf.5'(9F � V(P4^4^4^�P � � P�� V P4^�^4^�P�� � #%,HF � V P�^4^4^�P � � P 	 V P�^4^4^�P 	 � P � V P4^4^4^�P � �`�])$ ���{�X���psH(9$^(S� (<4'(�5 	 V D � V
D
� 
4c�� Zl#�,.F � c D

�Xc D W_�.5'sH(9,E� (=&)(r5
`�$']�8

H
jY @?)>XI � A

� �
D
	 � � � � V � � � � � � � � 2 V � � 2 V

`�$']�8
H
jY @?)>XI � A


 � �
D
� � � � � V � � � � � � 	 � 2 V � � 2 V ^F (<C9#�,LC9])8:_Hf.5'( � � 2 V �

D
� � 2 V � � 2 V

D�A
� � � 	 � � � � V � � � � �

� � 2 V �
D

	 � 2 V � � 2 V
D�A


 � � � � � � � � V�� � � � �
#�,HF `�$']�8

H
jY @?�jOI � � 
� 2 V � � 2 V

D
� � 2 V 	 � 2 V � 
� 2 V � � 2 V

D
� � 2 V 	 � 2 V  

A�(�C/#�fH4^( � � 2 V U W #�,HF7* 	 � 2 V3*
D
� � 2 Vn� ([&w,H] � 5'sh#%5

� � 2 V
D�� * � 
� 2 V � � 2 V3* #�,HF 	 � 2 V

D
4^&),

H
� 
� 2 V � � 2 V I � � 2 V

#�,HFE� (<&�(�5
� � 2 V

D � � 2 V
� � 2 V #�,HF � � 2 V

D
� � 2 V	 � 2 V ^

��sH+!41c!(/#�F.4B57] 57sH(*fH,.4^238q8:(�5'$'+!C="O#�,.C9o9]�418:(�5'sH]3Fm 



� 
 � 
�� � � � � ����� � � j
\

� 
UT�M � � X|��� � � � Wh
�� �|��T � X|��}O�����
� D

�

D

4c

	 V D
� V

D
��
4c�� Z4P � c D

�Xc D W
�

D W
� }���N�X 	 � 2 V � � 2 V �D W

� � 2 V
D �

� � 2 V �uP�� � 2 V
D �
	 � 2 V �

�
D
� � �

� D A
� � �

D�A

 � �

� �
D

� 
� �� D � � 	 � � � � V�� � � � �
�

D
� � � � � � � V�� � � � �

�
D

� 
 �
� � 2 V

D
� * � * P 	 � 2 V

D
� � 5 H

� I � � 2 VXY
��

��])8:_h#�$'+!,H&*57sH+!4�_.$']3C9(9F.fH$'(Q�p+!57s:57sH( "O#�,HC�o9])4 8q(r57sH]3Fa� ��( 4'(�( 57sH#%5 5'sH(1C9])8:_Hf.57#%57+!]),h#�c
4^5'(9_H4�c!]Y]O& d�(9$62 4'+!8q+!c #�$���gHf.5�s.(9$'(�(/#�C s +�57(9$'#%57+!]), $^(��wfH+!$'(94U5'�p+-C9(B#�4 8q#�,|2<C9])8:_Hf.57#%57+!]),H4��
+-, _h#�$657+!C9fHc-#�$?��(1sh#/d)(p57]*C�])8q_.f.57( J ��W.��� �J�tP�X3����� �<VU�������U����T A

� � #�,.F
A

 � � +!,q(9#�C s4^5'(9_m 

� ]�5'(�57sh#%5O+!,*4^57(�_ � ��(\FH+�dY+!FH(�g|2 	 � 2 V�#�,.F � � 2 Vv 	 � 2 Vm#�,HF � � 2 V�#�$^(\o9(9$^]�`�])$ �
D
� 
 � D W. 

D�5�+-4U(/#�462 5'] 4'(�(B57sh#%5b+!` � D W ])$ �
D Wl+-, 5'sH(B4657(9_ �O�psH(9$^( 	 � 2 VU#�,.F � � 2 V�#�$^(BC9]�8q_HfY57(9F �57sH(�, � V P�^4^4^�P � � ])$ � V P4^4^�^�P�� � 4^_h#�, #�,e+!,|d�#%$'+ #%,w5 4'f.gH4'_h#%C9(*]�`

A
])$

A

 �.$^(94^_�(�C�57+�d)(�c!2) F (�p+-c!c sh#/d�( #zgH$'(9#X&wFH] �p, +-,
])f.$ C9]�8q_HfY5 #%5'+-]),a� g�(�C/#�fH4^(;��( C/#�,H,.]�5 &)] ]�, FH+!d3+-F.+-,H&ngw2

	 � 2 V #�,.F � � 2 V �\gHf.57��( sh#/d)(L#�, +!,|d�#%$'+ #%,w5 4'fHg.4'_h#�C�(X�n�psH+-C s C9]�,w57#�+-,.4 57sH(e4^])c-fY57+-]�,
]�`A
�

B D

4c/ ���sH+!4 +!4 C9#�c-c!(9Fq# �)c!fHC &|2qg.$'(/# &3F.]t�p, �H \A�f.5�+!5�+-4 #�c-4^] _�])4'4^+-gHc!(�57sh#%5 � �D W=#�,HF� �D W:g.f.5 � D

� 
 � D W. o��sH(9,=��(=C/#�,H,.]�51&)]q]�,=�p+�57sL])fH$1C9])8:_Hf.57#%57+!]),m 
 (�$'(S��(=FH]
,H]�5�&)(�5p#%,;+-,|d%#�$'+-#�,|5�4^fHgH4^_h#�C9(E]%`

A
])$

A

 #�,HF;5'sH(l+!,.`�])$'8q#%5'+-]),+��(lsh#/d)(EC9]�8q_HfY57(9F 4']

`�#�$BFH]3(94�,H]�5�(�,h#�gHc!(EfH4�57] C�])8:_Hf.57( 57sH(E4^])c-f.5'+-]), ]�`
A
�

B=D

4c� ���sH+!4B+-4BC9#�c-c!(9Fe# �)4'(�$'+-]�fH4

gH$'(9#X&wFH] �p,��H �k C9c!])4'(�$Bc-]3]O&:#%5B5'sH( _H$^]Y]%`O]�`Y��sH(9])$^(98 H \ I C9#�, 4'sH] � 57sh# 5B57sH+!4�sh#%_H_�(�,H4
+!`�#�,.Fe]),Hc!2q+!`�5'sH(

H
� � �tI6465�_H$'+!,HC9+!_h#�c�4'fHg.8 #%5'$'+ � ]%` � L

H A

 P$
�c I 
 � L

H A P$
4c(I�+-4�o�(9$^]��H+  (� 
57sH(�$'(<+-4�,H]:��� �3FH(�C9])8:_�]�4'+!5'+-]),� 
D�`�* 	 � 2 V3*Y#�,.F � � 2 V�#�$^(Ed)(9$62L4'8q#�c-cmC�])8:_h#�$'(�FL5']:5'sH(<,H])$'8i]�` 5'sH(Ed)(9Cr57])$^4��t#%,HF �q`�$'])8�psH+-C sq57sH(r2;#�$^(lC�])8q_.f.57(�Fa�Y5'sH(9, 5'sH( d�(9Cr57])$^4 � � 2 V�#�,.F � � 2 V��p+-c!chsh#/d)(ld�(9$62 c-#�$'&)(1(9,|5'$'+-(�4#�,HF 57sH(�,L5'sH(*$'(�4'fHc�574k�p+-c!c�g�(<C�]),|5 #�8:+-,H#%57(�FLg|2e$^])fH,HF $G]X�t(�$'$^])$'4� 



j�� ����� � ������� 
 � ����� � ��� � � � � ��� � � 

��sH( _H$'+!C9( 5'sh#%5Y��( sh#/d)(�5']l_h#/2*`�])$�fH4'+!,H& 5'sH(�gH#�4'+!4 � V(P4^4^4^�P � � ]�` � �

HdA P 
4c Ia�p+!57s<57sH( 4'sH]�$^5
$'(�C9fH$^4'+!]), +-4�57sH+!4bFh#�,H&�(9$b]�` _�])4^4'+-g.c-(�4^(9$^+-])fH4 gH$'(9#X&wFH] �p,H4\])$ ,H(9#�$'c�2 4^(9$^+-])fH4 gH$'(9#X&wFH] �p,H49 
DG,L_H$7#�Cr57+!C9( 57s.+-4p8q(r57sH]3F ��]�$ &w4 ]%`x57(9, $^(/#�4^]),h#�gHc�2;� (9c-c  
0Y]<c-(r5 f.4�#�4^4'fH8:(k��( &)(�5\5'sH$'])f.&)ss�p+�57s 57sH+!4\C9])8:_Hf.57#%57+!]),m Y��sH(9, � (18 #/2 fH4^(l#<[U(r57$^]�d $
~*#�c-(�$ &w+-,n#�_H_H$^]|#�C sL57] C�])8:_Hf.57(=#�_H_.$']/�Y+-8q#%57+!]),H4�57] A

�

B D

4c� �k 4'fH+�5 #�gHc!(*4'(9C�]),HFt4^fHg $

4'_H#�C9( +-4E]�gwd3+!])fH4'c�2 � �
HdA

 P$
4c Ilg�(9C9#�fH4'( � ( sh#/d)(�� V P4^�^4^�P�� � #%4E+!574EgH#�4'+!49 k C9C9]�$'FH+!,H&e57]H

�� !�)� In��(*57s.(9, C9])8:_Hf.5'()M � J D � � 4'fHC sL57sh# 5k�p+!57s � �
D " � V P4^4^4^�P�� � ! #%,HF � � D " � V(P4^4^�^�P � � !

��
�
A � � M � D � � M � D ��
� 
4c

D
��
4c�� Z ��
� � � \ V D ��
4c�� Z \ V(^

��swfH4M��(<sh#/d)(*57] 4']�c!d)(E5'sH(�� $ � 462Y4657(�8

� � M � D ��
4c�� \ V ^ H
j. @?%� I

D�`7� (t57$62R57] 4^57#/2 #�4 C9c-]�4'( #�4 _�])4'4^+-gHc!( 57] 57sH(���~��38:(�57s.]YFa�157sH(�,�� ( ��]�fHc-F fH4'(�#
��sH])c!(94 &w2 �w5G23_�( FH(�C9])8:_�])4'+�57+-]�,;]�`�57sH(E`�])$^8

� �
D

� � � � � 
� P
H
j. @?

\ I

�psH(�$'( � � +!4l# g.+-FH+-#�&)]),h#%cm8 # 57$'+ �n#�,HF � � +!4l# F.+ #�&)]�,h#�c�8q#%57$^+��� 0YfHC stFH(�C9])8:_�]�4'+!5'+-]),.4(r�Y+!4^5 `�]�$ #�c!c �
J
%w�OP�^4^4^�P R ( +!`B#�,HF
]�,Hc!2 +�` � L sh#�4 #�, ��� �3FH(�C9])8:_�]�4'+!5'+-]), �U+  (% U+�`�#�c!c

c-(9#�FH+!,H& _H$'+!,HC9+!_h#�c�4'fHgH8q#%5'$'+-C�(941#�$^(<,.]),H4'+!,H&)fHc-#�$9 
� ]%57(=5'sh#%5 +!`���( `�]�c-c-] � 57sH+!4Q��#/2z]�`b4'])c�dY+!,H& H

j. �?�� I ��( sh#/d)( sH(�$'( #�,t#�FHF.+!57+!]),h#�c�4'])fH$^C9(
]�`U_�]�4'4'+!gHc-(Eg.$'(/# &3F.]t�p,.49 
A�f.51+�`�� (*FH]q4^]��H57s.(9,E��(<C/#�,n#�c!4'] fH4'(<(r�.#�Cr57c�2;57sH(*4'#�8q(*8:]YF.+��hC9#%57+!]),e#�4p+-,E��sH(�])$'(�8
>Y 6��s.( FH(9$^+!d%#%5'+-]),n+-4lC�])8:_Hc-(r57(9c�2n#�,h#�c!])&)])fH4� lDG, #�,H#�c-])&%2e57] 5'sH( ��~ "O#�,.C9o9]�4 8q(r57sH]3F� (l&)(r5�sH(�$'( #=8:(�5'sH]YF+�p+!5's:`�]�fH$ 4^(�5'4�]�`�d)(9Cr57])$^4�+!,H4^5'(/#�Fq]�`�5'� ]H ���sH+!4 8:(�5'sH]YF:+-4\C9#�c-c!(9F
A�+ ��~�8q(r57sH]3Fm 



� 
 � 
�� � � � � ����� � � j)I

� � � 	 �
��sH]Y]3])4^(*#�,n+!,H+!5'+ #�c�&)fH(�4'4

B c
��])8q_.f.57( 
4c DGF � ACB c
0Y(�5 � V D � V D �� V D �� V D 
4c
�
D
�
� }�� N�X � � �D W

� �
D

�� 
� � �
�� 
�

A
� �B

�
D B

� � V � � � � �
� � 2 V

D
� � � � �

A
� �

�� � 2 V
D

�� � � � �
A

 � � ��

	 �
D

�� 
� 2 V � � 2 V
�� 
� � �

� � 2 V
D

� � 2 V � 	 � � �
�� � 2 V

D
�� � 2 V � 	 � �� �

�
D
� � �

X3
��

D�51C/#�,L(/#�4^+-c�2;g�(E4'sH] �p,n5'sh#%5
� �

D F � AQB
� � V

D

 � � V `�])$ �

D
�XPv? P4^4^�^

��sH(�5'��]�5G23_�(94O]�`Y_�])4^4'+!gHc-(bg.$'(/# &3F.]t�p,.4U4^sH] � +!, 57sH(�`�])c!c-] �p+-,H&n�B#/2� D�` � L
HdA

 P 
4c I 
 � L

H A P$
�c I
sh#�4�# 4'+-,.&)fHc #%$Uc!(/#�FH+!,H&1_H$'+!,HC9+!_h#�cw4'fHg.8 #%5'$'+ �=5'sH(9, �� 
� � �

D W `�])$b# C9])$^$'(94^_�]�,HFH+-,.& ���psH+-c!(
�� � �D W #�,.F � � �D W. 
D�` 5'sH(;57$^+-FH+-#�&)]),H#�c � L sh#%4 # 4'+-,.&)fHc #%$ c-(9#�FH+-,.& _H$'+!,HC9+!_h#�c 4'fHgH8q#%5'$'+��p�b5'sH(9, ]),H(e]�`p5'sH(
`�#�C�5'])$'4 �� 
�

A
� � �p+!c-c�g�(*o9(�$']H 

DG,H4^5'(/#�F ]�`E5'sH( [U(r57$']�d �.~*#�c-(�$ &w+-, #%_H_H$'])#�C s ��(tC�])fHc-FR5'sH+-,_& ]�`<#
8:+-,.+-8 fH8�$^(94^+-FHfh#%c
#�_H_H$^]|#�C sm 1DG,z5'sH+-41C/#�4^([� ( C9]�8q_HfY57(*57sh#%5l47#�8:(*d)(9Cr57])$^4 +-, � � D " � V(P4^4^�^�P � � ! #%,HF � � D" � V P4^4^4^�P � � ! `�]�$�� D �OPv? P4^�^4^O�p+!5'sq57s.(lfH,H46238q8:(�5'$'+-C "O#�,HC�o9])4B8:(�5'sH]3F;#�,HFq57sH(�,;sh#/d)(l5']
4'])c�d)(E57s.(<c!(/#�465p4 �wfh#�$^(94 _H$'])g.c-(98

8:+-,

 Q D � �

�
A � � M)� 
4c � ZQ^

A�f.5<fH,.`�]�$^57f.,h#%57(�c!2 5'sH+-4*FH]3(94*,H]%5=C�])$'$^(94^_�]),.F�57]L# c-(9#�4^5*4 �3fH#�$'(�4 _H$^])gHc-(�8 �p+!5's _h#�$^5'4
]�`m5'sH(l57$^+-FH+-#�&)]),H#�cH8q#%57$^+�� � L 5'sh#%5n��(lsh#/d)(E#%5 sh#�,.Fm �D�`r��(C�B#�,|5 57] f.4'(l5'sH( � � l 46�w57s.(9,



u W ����� � ������� 
 � ����� � ��� � � � � ��� � � 

� (=C�])fHc-F C�])8q_.f.57()M � #%4p5'sH(*4'])c!f.57+!]),e]�`�57sH(*c!(/#�465p4 �wfh#�$^(94l_.$'])gHc!(98

8:+-,

 Q D � �

� � � 2 V # � M � � � 
4c � Z \ V � Z4P
�psH(�$'( #%4�g�(�`�]�$'( � � 2 V # �

D � � �WM^�^4^ W 	 � 2 V 
  ?��sH+!4 +!4\C/#�c!c-(9F:#S�wfh#�4'+ �38:+-,H+!8q+!o/#%5'+-]),<]�`�5'sH(
$'(�4'+!FHfh#�cO#�,.F 5'sH(*8q(r57sH]3F +-4k&w,H] �p, #%4l�*�z�* 
` +!&)fH$'( jY @>
FH+!4'_Hc-#�234 57sH( $^(9c # 57+!d�(t$'(�4'+-F.fh#�cEC9f.$^d)( `�])$ec-,.49��j.�X� # 4'8q#�c-c!(9$;FH+!8q(�,H4'+!]),h#�c
d)(�$'4^+-]),t]�`\c!,H4 >3�)�) 
1(9$'( ��
 �

D W_^ WXW.� #�,HF B c D W. 6��s.( (9$'$'#%57+!C g�(9sh#/d3+-]�$l]�`�5'sH( A�+ ��~
$'(�4'+!FHfh#�c!4�+-4B5G23_H+-C9#�c  

0 10 20 30 40 50 60 70 80 90
10

−5

10
−4

10
−3

10
−2

10
−1

10
0

10
1

10
2

10
3

10
4

BiCG

QMR

GMRES 

` +!&)fH$^(*j. @> �\A�+x��~ #�,HFz�<�n� `�])$�c-,H4���j.�
��sH(�$'( #%$'(<8 #�,|2 8:])$'(<aE$^23c!]�d 4^fHgH4^_h#�C9(=8q(r57sH]3FH4 #�,HFL57sH(<C sH])+!C9( ]%`�#q4^fH+!57#�gHc!(<]�,H(=+!4
,H]�5 (/#�462 #�,.F FH(9_�(9,HF.4�]), 57s.(BC9c-#�4'4b_.$'])gHc!(98�57sh# 5bsh#�4U57] g�(�57$^(/#%5'(9Fm k &)]3]YF #�4'4^(94'8:(9,|5
]�`�57sH(*8q# G ])$p#�c!&)])$^+!57s.8q4�+-4p&)+�d)(9, +!,." � !  



� � ��� ����� �
� �
� � ��� 	 
���
U��� 
�� �
DG, 8 #�,|2nC/#�4^(94E57s.( gh#�4'+!C +!5'(9$'#%57+�d)( 8:(�5'sH]YF.4 C9]),|d�(9$'&�( 5']Y]e4^c-] �pc!2n])$ (rd)(�, `�#�+!c�5']eC9]), $
d)(�$'&)(% 0357f.F.23+-,H&e57s.( C9]),|d)(�$'&)(�,HC9(:]�`\57s.( 8q(r57sH]3FH4 ]),.(��h,HFH4���$^])fH&)s.c!2n4'_�(/#X&w+-,.&��m57sh# 5
57sH(<C9]�,wd�(9$^&)(9,HC�( +!4pd�(9$62 &)]Y]3Fe`�])$p8 # 57$'+!C9(�4 �psH+-C sLsh#/d)(=(9+-&�(9,|d%#�c-fH(�4pC9c-f.4^57(�$'(�Fn+!,n_H$^+-, $
C9+!_Hc-(=#�$']�fH,HF �) DG, ��sh#�_.5'(9$ �[��( 4'#4� 5'sh#%5 57sH( 8:+-,.+-8 fH8 $'(�4'+-F.fh#�cb#%_H_H$'])#�C st#�c!c-] ��(�F
#�,LfH_H_�(9$pg�]�fH,HF `�])$B57sH(*$^(94'+!FHfh#�c

H
?Y �� W I��

��
 � � Z
D

��"
HdA I 
4c�� Z
� � � � Z � � � V � Z ��
�c � Z 8:+-,

�"
J
�
'
�

8 #��� J
% � V P�^4^4^�P � 1 (

* �" H � I * ^
��sH+-4�(��wfh#%57+!]), +-4B5'sH(*4^5 #%$^57+!,H& _�])+-,|5B`�])$p# ,wfH8 g�(�$1]%`U$^(94^fHc!5'41]�,Lf._H_�(�$pg�])f.,HFH4B`�])$B5'sH(
$'(�4'+-F.fh#�c-4� D�5\C9#�,a�)`�])$�(v�H#%8q_Hc!(X�)g�(�4's.]t�p, 57sH#%5�+!` � (psh#/d)(1#�, fH,H4657$^fHC�5'fH$'(�F A

`�])$U�ps.+-C s
57sH( 46238q8:(�5'$'+-C 8 #%5'$'+ �

A

 �

A
+!4 _�])4'+�57+!d�( FH((�h,H+!5'( 57sH(�, 5'sH+-4l+-,H(��3fH#�c-+�5G2zC9#�, g�( fH4^(9F

57] _H$^]Y]�`�57sH#%5p`�])$B57sH(*$^(94'+!FHfh#�c!4�+-,L~<�z�1� 0;� (=sh#/d�(

��
 � � Z � ���\� � � ��� ��� �	� 2 �Z 
 Z
� ����
 H A



A I

����
�`
� 
4c�� Z4P

�psH(9$^( � ��� � H�� I�#�,.F � ����
 H�� I FH(�,H]�57(;5'sH(e8:+-,H+!8 #�c�#�,.F 8 # �Y+!8 #�c\(�+-&)(�,wd%#�c!fH(;]�`p5'sH(
4^238:8q(r57$'+!Cl8q#%57$^+��

� P3$'(�4'_�(9Cr57+!d�(9c�2) \DG,e_h#�$657+-C�fHc #%$\`�]�$ A 4^_�F;5'sH+-4 g�])f.,HF;4'_�(9C�+ #�c!+-o�(94 5']

��
 � � Z � ��� ]���� Z H A I Z ���� ]���� Z H A I Z � �` �"!$#%�'&$(
)+*�,�-., � ]���� &0/ �21 � , �H]43 ,�5 3 *�, � ]4����67386-]��9�;:�<>= ,�- � � �'&�� �@?BA �'& ]4C �ED�F *�,�-.,HG4-.,5 67<I67J G4- =�]�:���� 5 C�] - 3 *�,I-8,K5 6L�	: G J 5 6L��]43 *	,�->MN-PO J!]RQ 5 :�= 5.SBG � , < , 3 * ]T� 5�UWV : � * =�]�:��	� 56L���	6 � G 3 , 3 *BG 3X3 *�,�-.,�5 67��: G J 5Y5.*�- 67��Z C G[5 3 ,K- 67C\3 *�,�, 6L] , �;Q G J7: ,�5 ]4C�^ G4-., � J7: 5 3 ,�-8, � G4- ]4:����]�� ,%S ]�6L�_3p] - 3 *�, � ]����	673`6!]��a�;:�<>= ,�- 6 5 � J-] 5., 37] ]�� ,[UF *�,�-., C�] -., 3 *�, 6b3 ,�-8G 3`6bQ , < , 3 * ]T� 5NG4-., � ]�<>=	6L� , � ) 673 *cS	-8, � ]�����6b3`6!]���6L�	]�de6 Uf,[U 6L� 5 3 ,�G � ]4C^hgaikj ]�� ,l5 ]�J7Q ,�5 �@?BA ^lgmi �@?BA j�] - ^ �n?BA �oiEjRd )+*�,�-., �@?BA ^ ] - ^ �n?BA *BG Q , = , 3Pp3 ,K- � ]��_Q ,K- ] , � � ,qS�- ] Sr,�- 3`6 ,�5 C�] - 3 *�, 673 ,K-`G 3867Q , < , 3 * ]T� U �@?BA 6 5 � G JLJ , � GsS�-8, � ]����	673`6!]�� ,K-]4C\^ Uutv, � ]4:�JL�o3 -PO 37]qw���� Gx5 :�6b3 G =�J , < G 3 - 6zy � ] - �@?BA ��6 -., � 38J O4Uu{ C )",|*BG Q , � ( 3 *	, �)Y,+) ]�:�JL� ]4C � ]4: -85., �H][3�C�] - < �@?BA , y S JL6 � 673 , J O4U}{ �s3 *�, < G 3 - 6zy~Q , � 3'] -�S�- ]T��: � 3 5�)Y, � ,K, �6L�H3 *�, 6b3 ,�-8G 3`6bQ , < , 3 * ]T� 5 d )",�) ]�:	JL� � ]�< S :	3 ,N� i �@?BA �o= O�5 ]�J7QT67��]q3 *�, JL67� ,$G[-"5PO�5 3 , <�oi � � D � �



��� ����� ���
	���
�� ����	 ��������� � ������������
] - �@?BA 5.* ]�:�J7� = ,N5 : � * 3 *�G 3
�
�@?BA 6 5 � J-] 5., 37]o^ ?BA 6L� 5 ]4< ,%58, � 58,

� � ]�< S :	3`67��] � ] - � ?BA 6 5 �H]43+37]3] , y S , � 5 6bQ ,
� 3 *�,>5.OT5 3 , < � � i � 6 5 <~: � *9,$G45 6 ,�- 37] 5 ]4J7Q , 3 *BG � 3 *�, ] - 6L]�67� G J 5.OT5 3 , < / C�] - 3 *�,� G458, 3 *�G 3 )Y, � ]4< S :�3 , �21

� S	S J O 6L�	] G ]�]Y]T� S�-8, � ]��	��67386-]�� ,K- 6 5 � - : � 6 G J�C�] - 3 *	,a5 : �K� ,�5.5 ]4C G � 673 ,�-8G 3`6bQ , < , 3 * ]�� U� ,K-8, )",+) 67JLJTC�] � : 5 ]��o3 ) ] � * ]�6 � ,K5 ][C � )+* 6 � *IG4-., = G458, �q]4��J O>G � G JL] , = -`G 6 � 3 , � * �	6��;: ,�5G ��� ) ] - ZHC�] - ] , � ,K-`G J\< G 3 - 6 � ,�5KU
�! #" $&%('*),+ -(.0/�12/ 354 687�/�'�),%(9(:;1�:0),%(:<%!=F *�,l5 3 G ��� G4- �?> G :A@46 G � , J76L< 6L� G 3`6-]4�qC�] - ^ 6 5 , �T:	67Q G J , �_3�3']N3 *�, � ]�< S :	3 G 3`6!]�� ]4C 3 *�,�BDC� , � ]�< S ] 5 67386-]��W^ i BEC ]4C�^~d )+*�,K-8,FB i GIH HJ JH H K G �	� C i G H H H K U�B2G ��� C G[-8,,$G[5.O 37]q6L�_Q ,K- 3$dT= , � G : 58, ][Ce3 *	, 6 - 3 - 6 G �	]�:�J G[- C�] - < U�L ] - J G[- ] ,+58S�G4-85., ^ 3 *�, � ]�< S :	3 G 3`6!]��]4C�3 *�,s, y G � 3 BkG �	� C 6 5�S�- ] * 6L=�6b3 , �W= , � G : 58, ]4C�3 *�,sG4- 6 5 67��]HwBJ7Jbp 6L� U F *�, = G45 6 � 67� ,$G 6L�3 *	, 6L� � ]�< S J , 3 ,FBDC S	-8, � ]�����6b3`6!]���6L�	] /NM BDC S�-8, � ]��	��67386-]���67��] 1 6 5 37]W: 58,OB G �	� C =�:	35 Z;6 S 5 ]�< ,NS�G4- 3 5 ][C}3 *�, � ]�< S :	3 G 3`6!]�� 5+G ���a3 *�, � ] -.-8,�5.S ]4����6L�	] , �;3 - 6 ,�5 6L� B�G �	� C{ Cr^Ei BDC�) 6b3 *PB i G�H HJ JH H K ( C i G H H H K ( 3 *	,X, �_3 - 6 ,K5 ]4C BvG ��� C � G �s= , � ]�< S :	3 , �5 : ��� ,K585 67Q , J O = O 3 *�, C�]�J7J-] ) 6L�	]qC�] - <>:�J G[50Q

RTSVU i W SVUDX S ?BAYZ\[ A^] S Z] SVU i A_a`�` � W SVUDX U ?BAYZ\[ A R Z U ] S Z � DF *�, M BEC /cb 1 S�-8, � ]����	673`6!]���67��] � ]�< S :	3 ,�5 3 *	,�58, �;: G �_3`6b3`6 ,�5�) 673 * 3 *�, � ]�� 5 3 -8G 6L�_3a3 *BG 3, �_3 - 6 ,K5 ]4C B�G ��� C2)+* ] 58,xS ] 5 6b3`6-]4� � ] -.-8,�5.S ]4��� 5 3']ed ,�- ] , �_3 - 6 ,�5 6L�m^ G4-8, 67]��H] -., � / 5., 337]ed ,�- ] 1 Q W SVU i bgf ] SVU i RTSVU i b DF *�, �;:�<>= ,�- b 67� M BDC /hb 1 6L���	6 � G 3 ,�5 3 *BG 3x6L�93 * 6 5 � G45., )",HG JLJ-] ) �H] w�JLJji;6L� 67� 3 *�,HG[S pS�- ]Ry�67< G 3 ,kBDC C G � 3'] -85KU� 5 6L< S J , 6L< S J , < , �;3 G 3`6!]�� � G � = , � ,�- 67Q , � 67C )", : 58, / G � ] S_O ]4C 1 3 *�, < G 3 - 6zy ^ G ���]RQ ,K-.)+- 6b3 , 673 5 3 ,KS;) 6 58, = O 3 *�,%, �_3 - 6 ,K5 ]4C B G ��� CqU




 ��� � ��� ����� ���&	��
	 BDC ����	 ��������� � ��������� � ���
	�
�� 
����

������� i � ( D$D$D (��
������� i � ( D$D$D ( � X �

	�� W S Z �i b
W S Z Q i W S Z! W Z Z"$#&%

�����(' i �*) � ( D$D�D (��
	�� W SVU �i b

W SVU i W S UDX W S Z W Z U"$#&%
"$#&%

"$#+%F *�,W, �_3 - 6 ,�5 ]4C B G �	� C G4-., 3 *�, ��67� 3 *�, J-] )Y,K-HG ��� : S	S ,K- 3 - 6 G �	]�:�J G[->SBG4- 3 ]4C / 3 *�,� ] S_O ]4C 1 ^ U F * 6 5lS	-8, � ]�����6b3`6!]���6L�	]>6 5+,$G[5.O 37]o67< S J , < , �_3 =�:�3 ][C 3 , �m3 *	,�-8,xG4-.,%5 3 G =�6LJ7673 OS�- ]4=�J , < 5KUtv, � ]�:�J7�~3 -PO 3']N6L< S�- ]RQ , 3 *�,X5 6738: G 3`6!]��~= O>G JLJ!] ) 67��] G <q]T� ,�-8G 3 ,XG <q]4:��_3b]4CBwBJ7JjiT67� U-, � ,<I67] * 3�C�] - 6L� 5 3 G � � ,lG JLJ!] ) 67� G �	��67386-]��>3']x3 *�,h5.SBG4-.5 673 OoS�G 383 ,�- �:]4Ce^ 3 *BG 3/. � ] iT�	6 G ])]4� G J 5]�� =�]43 *95 6L� ,�5 ]4C"3 *�, < G 6L�c��6 G ])]�� G J}wBJ7JjiT67� U F * 6 5 6 5 ]4C 3 , � � , �H]43 , � = O M BDC / . 1 U F *�,� ]�< S :	3 G 3`6!]��a6 5 5 3`67JLJ -., J G 3`67Q , J OH5 6L< S J , d ,4U ] U
	�
�� 
�01�

������� i � ( D$D$D (��
�����2� i � ( D�D$D ( � X �

	3� W S Z �i b
W S Z i W S Z4 W Z Z"5#&%

�����(' i �6) � ( D$D$D (��
	3� W SVU �i b ��� W S Z W Z U �i b

W SVU i W SVU X W S Z W Z U"5#&%
"5#&%

"$#&%
"$#&%



��� ����� ���
	���
�� ����	 ��������� � �����������
� �.]43 *�,K- Q G4- 6 G �_3 6 5 3 *�, 6L� � ]�< S J , 3 ,EBDC i;C G � 37] - 6�d G 3`6-]4� ) 673 * �;:�< ,K- 6 � G JT� - ] S�S 6L�	] U F *�,K-8,)", � * ]Y] 5.,YG � - ] S 37]�J ,�-8G � � , C G � 37] -���� � G ���x�H]+�H]43 � ]4< S :�3 , , �_3 - 6 ,K5 6L� B G ��� C )+* ] 58,G = 5 ]�JL:�3 , Q G JL: ,�5 � , � -8,�G458, <q] -8, 3 *BG � = O 3 * 6 5 C G � 3'] -�U F * 6 5 Q G[- 6 G �;3+6 5 ]4C 3 , � � , �H][3 , � = O{����

F U
���
	���


����� � � �������������
� � � �"!$#%�����������"!'&)(���*+!,�-*/. � .���0�21��3�����������4�,56�

��� ��7 8� 9
��7 � � ! 7;:=<>7�7
��� ? � 7 ?A@ *B!

� 7 � 9
CEDGF

CEDGF
��� � 7 8�-9

���0�IHJ�-1LKM�;�����������
��� <>7�N 8� 9

�ON � �ON 5 ��7=<>7�N
CEDGF

CEDGF
CEDGF

���0�PH��Q�;�����������,56�
��� � N 8�-9

��� ? �ON ?AR * !
S ! N � � N

CEDGF
CEDGF

CTDGF
���0�PH��M�+�����������

��� � N 8�-9
��� ? �ON ?AR * !

< ! N � � N
CEDGF

CEDGF
CTDGF
� �M9

CTDGFF *�,K-8, G4-8, < G � O Q G[- 6 G �;3 5 ]4Cl6L� � ]�< S J , 3 , 3 - 6 G ��]�:	J G4- � , � ]�< S ] 5 67386-]�� 5~G ��� � * ]3] 5 6L��] G5 :	673 G =�J ,xS�-8, � ]��	��67386-]�� ,K- 3']�] , 3 *�,K-h) 673 * G 5 :�6b3 G =�J ,~MN-PO J!]RQ 5 :�= 5.SBG � , < , 3 * ]T� 6 5 �H]43 G J7J




 ��� ��� � � ��� 	 � � ��� ����� � � � ��� 	 ���	� 	���� 	 ��

,$G45PO�U
� ,�Sr, ���	6L��]t]�� 3 *�,�S�- ]�=�J , < ]�� , < 6L] * 3 G J 5 ] � ,�, � � ]�J7:�<I� S ,K- <>:	3 G 3`6!]�� 5 6L�v3 *�,�{����S�-8, � ]��	��67386-]���67��]�d )+* 6 � * < G Z ,�5 3 *	, S	- ] � , �	: -8, <:] -8, � ]�< S JL6 � G 3 , � U F *	, < , 3 * ]�� 5N5 3`67JLJ*BG Q , �;:�< ,K- ]�: 5lS	- ]�=�J , < 5�U�
 :�3l3 *�, 6 -+G �	Q G �_3 G ] , 6 5 3 *	,x,�G45.O 6L< S J , < , �;3 G 3`6!]�� UL 6L]4: -8, � U � 58* ] )+5 3 *�, -8,�5 6L��: G J � : - Q ,K5 C�] - Q G4- 6!]�: 5mMN-.O J!] Q 5 :�= 5.SBG � , < , 3 * ]T� 5a) 673 *{���� S�-8, � ]��	��67386-]�� ,K-�U�� ]4< SBG[-8,I) 6b3 * L 67]�: -., � U �H3'] 58,�, 3 *�, =	6L] 67< S�- ]RQ , < , �_3~6L�v3 *�,� ]��_Q ,�- ] , � � , C�] - >������ V / � b 1 U

0 5 10 15 20 25
10

−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

 Number of Iterations 

||
r l||

2
 /
 |
|r

0
| 2

 lns511: Relative Residual History, ILU preconditioning                                                                   
with fill−in factor=1.5318, tol=1e−05 and droptol=0.001                                                                               

GMRES(10)
CGS
BICG
BICGSTAB
QMRBiCG 

CGS 

QMR 

GMRES(10) 
BiCGstab 

L 6L]�: -., � U � Q JL� 5 
 ��� ) 6b3 *m{����
/hb 1

�! �� � -�� 7��
/ � -(-(7 ) � :<+ � 1 :"!,/ $&%#!F/�7��
/
, � , ][Cu3 *	,q5., Q ,K-8, � -`G$) = G � Z 5 ][C {���� 6 5 3 *�, C G � 3l3 *BG 3+3 *	, � ]�< S :	3 G 386-]�� ]4C}3 *�, C G � 37] -.56 5 Q ,K-.OI58, �T: , �_3`6 G J U�
 :	3"C�] - J G4- ] ,l5POT5 3 , < 5 ]�� ,+) ]4:�JL� G J 5 ]qJ76LZ , 3'] Sr,�- C�] - < 3 *�, 673 ,K-`G 3867Q ,



��� ����� ���
	���
�� ����	 ��������� � �����������
5 ]4JL:	386-]�� < , 3 * ]T�
]�� S�G4-`G J7J , J � ]�< S :	3 ,�-85KU F *�,�-.,aG4-.,�G �;:�<>= ,�- ]4C 3 , � * ��6��;: ,K5 37] ] , 3SBG4-8G JLJ , J76�d G =�J ,+S�-., � ]4����67386-]�� ,�-85KU tv,�) 67JLJ *�,�-., ]4��J O = - 6 ,���O < , �_3`6-]4��3 *�, � ]4� � ,KS 31]4C�]�� ,]4C 3 *	, < d 3 *�, V [ � { / ��� G4-.58,���S�S	- ]$y�6L< G 3`6bQ ,
	 �;Q ,�-.58, 1 U F *�, 67� ,$G 6 5�*�,�-., 37] � ]4< S :�3 ,oG< G 3 - 6by�� ?BA ) 6b3 * � ?BA 
 ^ ?BA �	6 -8, � 38J OaG[5 3 *�,%5 ]�J7:	3`6!]��e]4C 3 *�, ] S 3`6L< 6�d G 3`6!]�� S	- ]�=�J , <<I67������

� ^�� X M � � (
)+*�,K-8, ��� � � i �YS�� U [ A�� &SVU 6 5 3 *�,FLB- ]�= , ��67: 5 �H] - < ]4C G < G 3 - 6by � � { � ����� G ����� 6 53 *	,x5., 31]4C G JLJe< G 3 - 6 � ,�5X) 6b3 * GsS�-8,K5 � - 6L= , � 58S�G4-85 673 OmSBG 3.3 ,K- � UF *�, C�]�JLJ!] ) 67��] ]�= 5.,�- Q G 386-]�� 58* ] )+5 3 *BG 3q3 * 6 5 ] S 3`6L< 6�d G 3`6!]�� Sr,�- C�] - < 5 ��6 � , J O�U �\, 3>^ i W A ( D$D$D ( W �"! G �	� � , �H]43 , � i /$# SVU 1 i  # A ( D�D$D (%# �"! U F *	, �< 6L� � ^&� X MW� &� iE< 6L� �' U [ A � ^ # UDX)(\U �

&
� i �' U [ A / <I67� � ^ # UDX)(\U �

&
�
1 (

6 U ,4U 3 *�, < 6L��67<I6 d G 386-]�� � G � = , �.]�� , C�] - ,$G � * � ]�JL:�< �a6L�	� ,�Sr, ��� , �_3`J O�U{ C+* U 6 5 3 *�, 6L��� , y 5., 3E][C S�-8,K5 � - 6L= , �c�.]��(d ,K- ] , �;3 - 6 ,�5 67�W3 *�, ' i;3 * � ]�JL:	<I�n]4C,� de3 *�, �# U i YS �.- ` # SVU�(\U G ���m3 *�,K-8, C�] -8,< 6L� � ^ # UDX/(\U � &� iE<I67� � 'S �%- ` W S # S UDX)(\U �
&
�
D

F *�,s5 ]�JL:	386-]��z]4C�3 *�,sS	- ]�=�J , < -8, �T:	6 -8,K5 ]���J O 3 *�, � ]4JL:�< � 5 W S ( � � * U d�]4C ^ 37] � ]4< S :�3 ,# U U F * 6 5 6 5 * 6L] * J OHS�G4-`G J7J , JL6�d G =�J ,4U{ C )Y, � * ]3] 5.,hG�5.SBG4-.5 673 O>SBG 383 ,�- �oC�] - � d ,4U ] U 3 *�, 58SBG[-85 6b3 O>SBG 383 ,K- � ]4Cr^ ( ^10 ] -32 ^ 2 ) 2 ^ 2 03 *	, � C�] -hG JLJ ' �54 � ( D�D$D (���6 3 *�,q58, 37* U 6 5 � , wB� , � G ��� )",>*BG Q , 37] 5 ]�J7Q ,>GHS	- ]�=�J , < ]4C3 *	, C�] - < < 6L�8 � ^ U g X)(\U � &&
)+*�,K-8, ^ U � ]��_3 G 6L� 5 3 *�, � ]�JL:	<I� 5 W Z ]4C ^kC - ]4<9* U U g � { �;: � ] -.-8,�5.S ]4��� 5 37]>3 *�, # SVU G ���3 *	,�-8, C�] -8, ] 6 5 3 *�, �;:�<>= ,�- ][C 6L���	6 � ,K5 67�<* U U F * 6 5 6 5qG 5 6L< S J , J ,$G45 3 5 �T: G4-8,K5>S�- ]4=�J , <3 *�G 3 )Y, � G � 5 ]�J7Q , : 5 6L�	]o3 *�,>=�? � , ��@ < S @ 5 67386 @ � @ C}^ U @ - QT6 G 3 *�, � @ - < G J , �;: G 3`6 @ � 5�UL 67]�: -8, � U � ��6 58S J GROT5 3 *	,l-., J G 3`6bQ , -8,K5 67��: G J � : - Q , C @ - J7� 5 
 �4�XC @ - Q G[- 6 @ : 5 MN-.O J @ Q 5 :�= 5.SBG � ,< , 3 * @ � 5 : 5 67��] GsVBA � { S�-., ��@ ����6b3`6 @ � ,�-KU � ,K-8, 6b3Y6 5 @ ��J O > � ��� V 3 *�G 3 ) @ - Z 5Y)", J7J ) 6b3 *3 *	,xS	-8, ��@ ����6b3`6 @ � ,�-KU




 ��� ��� � � ��� 	 � � ��� ����� � � � ��� 	 ���	� 	���� 	 ���

0 50 100 150 200 250
10

−4

10
−2

10
0

10
2

10
4

10
6

10
8

 Number of Iterations 

||
b

−
A

x
k
||

2
 /

 |
|b

 |
| 2

 SPAI Preconditioned lns511   : Relative Residual History for tol=0.001

GMRES
GMRES (10)
BICG
BICGstab
QMR

GMRES 

BiCG 

QMR 

BiCGstab 

GMRES(10) 

L 67]�: -8, � U � Q JL� 5 
 ��� ) 673 *WVBA � {



��� ����� ���
	���
�� ����	 ��������� � �����������



� ��� �����	��

��� ���

 � ! �|U LYU > G :A@ U�������������� �"!$#&%('%U F , :�=�� ,K- d �\, 6 S d�6L]	d �*) b � U
 � ! � U > , @ - ] ,�G ���,+ U t p � U � 6L: U.-0/2143$5768���:9;/2<=576?>@/2!A/8B�C;�"�@D7�E9F3G�"��H*��IJ/*H�>K6?>KL"�:MN�PO:!Q>K6R�9TSUH�6R��1&H U A�-8,WV 386YX , � G JLJ {RV X U d � V ]�J , ) @ @[Z � JL6]\ 5 d_^ ,K) + ,K-858, O d.`*) � ` U � ! > U � U > @ J7:�= GaV Z �|U LYU$b�G"V3� @ G"V U&cd�"6e��>gfh-0/2143$5[6@�"6?>@/2!GH U + @ *_V � @ S ZT6 V�5 d 
XG J7386bp< @ -., d;`i)F) � U � ! > U � U > @ JL:�= G"V Z � U ,,j �\,$G4-PO�U�V @ < ,"* 6 5 3 @ -.O @ C	3 *�, X @ V2k :	] G 3 , ] -8G Z 6 ,lV 3 G"V Z J GaV X0d @ 5< , 3 * @7Z Um9[%on4cqpr��L*>@��H d � ` Q 
 b is` b � d;`i) � ) U
 
 ! � U � U � G ] , < GaV9G"V Z � U � Uut @ : V ] U,nv3�3$<=>@�o#w%x68���(�"6e>KL"�&cy��6PzQ/W#2H U � X G Z , < 6YX A�-.,�585 d^ ,K){t @ - Z d|`*) � ` U � ! � U � U � ,K5 3 ,WV�,K5 G"V Z � U	V 3`6 , C , J U � , 3 * @7Z 5 @ C}X @ V2k :�] G 3 , ] -`G Z 6 ,lV 3 5 C @ - 5 @ JbQ�6 V ]%JL6 V�,$G4-5.OT5 3 , < 5�UJ~_�|pr��HW�����"6@���J5[�l��9T6@�"!$#�� d � ) Q � b )gi ��� d}`*) 
 � U
 � ! � U � U � - 6 5 < G"V { U V U � :G\ G"V Z + UfMoU � , 6 Z UhM�>K������64cy��6PzQ/W#2H4Bi/2��9F3G�"��H*��c��"6e�x>@����H U, yTC @ - Z � V 6bQ ,�-.5 6b3 O A -.,�5.5 d � @ V Z @ V d|`*) ��� U � !
F U LYU �Y*BG"V + U � , < < , J�+ U � @ VBG 3 @ + U � @ V ] G[-8-`G�b>U � 6 k Z * @ :	3 � U A @ d @ �|U � @ V_V 6 ,� U 
YG4-8-., 3$d � U�
",�-8-POoG"V Z � U Q GaV Z ,K-�b @ -85 3 UJ�u��143$<]�"6R��H|Bi/2�J6PzQ�J9;/2<=576?>@/2!s/8BmC�>K!}�o�"�9TSUH�6R��1&H U�V�{ � � A :�=�J76YXK386 @ V	5 d A�* 67J G Z , J S�* 6 G d A � d|`*)F) � U ) ! tsU4V	G�G Z GaV Z � U � U4V X * :�J73 d U � ] ,WV	,�-`G JL6�d , Z < 6 V 6L< G J -.,�5 6 Z : G J G J7] @ - 6b3 * <EC @ -u5 @ J7QT6 V ]V @ V�5PO < < , 3 - 6YXlJL6 V�,$G4-�5.OT5 3 , < 5�U:9[%on4c�~G�.9;��>@��!Q6e> Om���"!$#,9T6@�"6���-0/2143}� d � Q � 
 � i ��� )	d
`*) ��� U

 ` b ! � U V U�b�G4- ] G	U�cd�"6?�x>gfd%x68���(�"6e>KL"��n4!$�"<=S*H�>YH U/A�-8,WV 386YX , p � G JLJ {RV X U d � V ]�J ,K) @B@7Z � JL6�\ 5 d^ ,K) + ,�-.58,KO d.`*) �^� U
 `"` ! � U � UFt @ : V ] U.%x68���(�"6e>KL"� 9;/2<=576e>@/2!d/8B�C;�"�?D7�JC�>K!}�o�"�J9TS*H�68��1&H U � X G Z , < 6YX A�-8,�5.5 dQ^ ,K)t @ - Z d|`*) � ` U

� )





���������
	��
�������������������
	�������� �
	������ �
�"! #%$&$ ' (*)�+�,
-/.
02123
46565*798;:<:>=<=<=�?A@�BC5*49?ED6FHG>I>JLKNM>@OM>FP?RQLML:CSNMC5NMC@
:TJ
M<K�G*UV4N5NM�?E4N5W@
X

Y Z�[]\;^_\_`a[]bdc
e
\_fhgic
[%jlkmeL^onW\�Y

prq<s&t�uVvTw xyvVz
{}|�~��
�O�&��q<�*q6���&q6ur�O�
�
�
�V���>�*�/���y�h�R�h�9�}���6�*�h���<�������V���<�/�V 
���<¡*�h��¢

£�¤¦¥;§©¨Nª¬«®­h«°¯°ª¬±³²�´oµ_¯·¶/¸o¯A´"¹�º6±%§�¨Lª»´"­�¯°«°­�¼�¶/¤L­_½�¾%µ�¿l´�¯aÀC¾�¹ Áh¾/¸©¯aÀW´�º6±%§�¨Lª»´"­�¯°«°­�ÂÃ«�Ä>´o¤6Å%¶/ªÇÆ6´ È&¸É¾>Êoª»´o§ �
ËTÌ<Í �y���V�V�C�

�V���>�TÎC���������V���<�/�V 
���<¡<�h��¢
º<ªÇ«°¹/«a¤>ÄÐÏÑ«a¤L¹T¾/ÒiºL­oÀ*´o§Ó´_µOÁh¾/¸}Ô�«Õµh­h¸"´h¯A´ ¼
´"¶/µ_¯°Ö×ºLØhÆ<¶/¸"´_µ £Ã¨T¨L¸R¾�ÙV«a§¦¶V¯°«®¾/¤ÚÊo±ÜÛ<¸;«�ÄÝ¾V¤L¾/§Ó´h¯°¸_«°­�È©¾/ªÇ±%Ö
¤L¾/§�«®¶/ªÞµ � ËÝÌ<Í �2���V�V�C�

�V���>�TßC���y�h�R�h�9�}���6�*�h���6àÚ�/���� 
� Í
á �VâR�"� ÍÕÍ�ã �*ä��*���Õå Ì �³æN�Lç Ì �»�Ý�"�V�6�%è×é��"��êë ¢
È�¶/¸R¶/ªaª�´hª
È©¶/¸_¯°«®¶/ªHº6¯·¶ÝÊo«aªÇ«�½h«ì¤>Ä¦£9ª Ä>¾/¸;«°¯aÀÝ§mµ�Áh¾/¸9¼
¶/¸°ÄC´P¼2«a¤N´"¶V¸îíï¾/¤6¯°¸R¾/ªyº<±%µ_¯A´h§ðµ � ËTÌ6Í �2���V�V�C�

�V���>�/ñ*���y�h�R�h�9�}���6�*�h��¢
íï¾/§�¨LÆ*¯·¶V¯°«®¾/¤L¶/ª
¿l´�¯aÀC¾�¹%µ}Áo¾/¸9¼2«a¤N´"¶/¸oò<óÃÆ<¶T¹/¸R¶V¯°«®­õôH¨N¯°«a§�«�½�¶V¯°«®¾/¤ �Lö Ì*÷TÌ â"�����V�V�C�

�V���>�TøC���y�h�R�h�9�}���6�*�h���<ù©� Í»ú6û � üV�h��âh�6ä}�*���»å Ì ��æN�Lç Ì �Õ�Ý�"�V�<�%è×é9�"��êë �6ý��"� ÷Vã ��� ã ç Ì �»�>�"�V�<�%è×é�����êë ¢
ºL¾/ªÇÅ�«a¤>Är£�ª ÄC´�Êh¸É¶/«®­þ²�«®­�­;¶V¯°«©Â�Ø�Æ*¶T¯°«°¾/¤<µõ¾V¤ÿÈ�¶V¸É¶/ªaª»´oªðíï¾/§�¨LÆ*¯A´h¸�µ��Hµ;«a¤>Ä��m´oÒ�¯·¾V¤�� µ¦¿i´h¯aÀC¾�¹lÒï«°¯aÀ
Â�Ù>¶T­�¯ï¼2«a¤N´�ºN´"¶V¸É­hÀ �Lö Ì*÷TÌ âR�ð���V�V�C�

�V���>���C�	�H�/��â�ý���
Ì �*�V�<�<�/ 6�»�V��� ����� û ¢
ôÃ¤Ó¯aÀW´©¸R¶V¯A´©¾RÁ©­�¾/¤<ÅV´o¸®Ä>´h¤L­;´�¾ÉÁÃ«ì¤�
�¤<«°¯A´ÃÀC¾V¸;«»½�¾/¤õ¹/«ìµo­;¾/ÆW¤6¯A´"¹m¾;¨N¯°«a§¦¶/ª<Å/¶/ª¬Æ6´�Á;ÆW¤L­�¯°«°¾V¤*µ ��� ã�� ���ð 
�h�
���V�V�C�

�V���>���>���y�h�R�h�9�}���6�*�h����� ãTÍ �V�h�9àõ� û ���¦�V�<�O�<� ã � ÷V÷TÌ*ã��9Ì ¢
£���¾T¯A´ð¾V¤Ð¯aÀW´��³ÆW§Ó´o¸_«°­;¶/ªOºL¾/ªÇÆ*¯°«°¾/¤l¾RÁÓíï¾/§�¨Lª�´�Ù��ð¶/§�«ìª ¯·¾/¤<«®¶/¤l¶/¤L¹Üº��T´oÒïÖ���¶V§m«aª ¯·¾/¤<«®¶/¤�ÂÃ«�Ä>´o¤6Ö
Å%¶/ªÇÆ6´PÈÃ¸R¾ÝÊoª»´o§mµ � � ã!� ���� 
�h�����V�V�C�

�V���>�T�C��ä� N�h� û �/��¡Ñ��
�V�<â#" û �6� Ì �"� û �/��¡Ñ�$
ãTû �O¢
�PÆW§Ó´o¸_«®­�¶/ªCµ;«a§�ÆWª ¶V¯°«®¾/¤Ñ¾ÉÁ�¶9µ_«ìªÇ«°­;¾/¤&%Ã¾�¶T¯°«ì¤>ÄP½�¾/¤N´�Òï«a¯aÀ�¶ïÁ_¸R´;´�­;¶;¨L«aªìª�¶/¸_±Pµ;ÆW¸aÁo¶Ý­;´ ��'��)(h���ð 
�h�����V�V�C�

�V���>�*�/���������V���<�/�V 
���<¡<�h��¢
Û
ÀW´PÈ�¶V¸É¶/§Ó´�¯A´o¸_«�½]´"¹�*,+ £�ª ÄÝ¾/¸_«a¯aÀ>§ Áh¾/¸�º<±/§�¨Lª»´"­�¯°«°­.-0/�Æ*¯®¯A´h¸1% ±32�¿d¶V¯°¸_«®­;´_µ �6�*�h <� Ì �/�����V�V�C�

�V���>�TÎC���������V���<�/�V 
���<¡<�h��¢
ÂÃ¸_¸É¾V¸�£�¤N¶/ª¬±%µ_«Õµî¾RÁÓ¯aÀW´Üµ_±%§�¨Lª»´"­�¯°«°­î¼�¶/¤N­;½�¾/µ�¿l´�¯aÀC¾�¹mÁh¾/¸Ü¯aÀ*´Üµ;±/§�¨Lª»´"­�¯°«®­ÜÂ&« ÄC´o¤<Å/¶/ªÇÆ<´�È&¸É¾>Êoª»´o§ �
à4
�/�5(Ó���V�V�C�

�V���>�TßC��ä� N�h� û �/��¡Ñ��
�V�<â#" û �6ö Í76 ����¡�æ8" û �Ó�»¡*�h¢
º<«a§mÆWª�¶V¯°«®¾/¤l¾ÉÁð¹Ý´h¤L¹/¸_«a¯°«®­�­h¸_±%µ_¯·¶/ª
ÄV¸R¾/Ò�¯aÀ�Òï«°¯aÀõ¯aÀW´o¸_§¦¶/ª2­;¾/¤<ÅV´"­�¯°«®¾/¤ �Nà4
�/�#(Ü���V�V�C�

�V���>�/ñ*��ä� N�h� û �/��¡Ñ��
�V�<â#" û ¢
9 «ì¤<«°¯A´Ñ´oª»´o§Ó´h¤6¯�¹V«Õµh­h¸"´h¯°«»½�¶V¯°«®¾/¤ ¾ÉÁÜ¯aÀW´:��¶VÅ�«·´o¸_ÖEº6¯·¾;�V´_µî´�ØhÆ<¶V¯°«®¾/¤*µ¦Òï«°¯aÀi¶ðÁ;¸"´�´þ­;¶;¨L«aªìª�¶/¸_±Úµ_ÆW¸ìÁh¶T­;´ �
à4
�/�5(Ó���V�V�C�

�V���>�TøC���y�h�R�h�9�}���6�*�h��¢
¿d¶V¯aÀ*´o§¦¶V¯°«1�Ó«ì¤�¹Ý´h¸&/9´o¸_Æ_Á;µ·¨N¸É¶�ÙT«Õµ � ËÝÌ<Í �2���V�V�C�

�V���>���C��ö��<¡*�"�)<='m� ���L�2�V�>"o�V�N�<�/ 6�»�V��ù³��� ���"� û ¢
²&¾ÝÊhÆ>µo¯°¤N´_µ;µm¾ÉÁ³¤N¾/¤<ªÇ«ì¤N´�¶/¸³µ_±%µ_¯A´o§mµm¶V¤L¹î¯aÀW´o«a¸ð¹T¾/§¦¶/«a¤*µ�¾ÉÁð¶V¯®¯°¸R¶T­�¯°«®¾/¤ �
ö Ì*÷TÌ âR�³���V�V�C�



�V���>���>���y�h�R�h�9�}���6�*�h���<ä��<���»å Ì ��æN�Lç Ì �»�>�"�V�<�%è×é�����êë �6ý��"� ÷Vã ��� ã ç Ì �»�>�"�V�<�%è×é��"��êë ¢
/�¶/ª ¶V¤L­;´�¹iÛ<¸;ÆW¤L­;¶V¯°«°¾V¤r¿d¾�¹Ý´oª�²�´"¹VÆ*­�¯°«°¾V¤ ¾ÉÁP¼�¶/¸®Ä>´hÖEºL­;¶/ª»´ðÔ�´o¤<µh´mº<±%µo¯A´o§mµ�¾/¤rÈ�¶/¸R¶/ªaª�´hªÃíï¾/§�¨LÆ*¯°Ö
´o¸;µ �NæW� ú �R���� 
�h�����V�V�C�

�V���>�T�C��ù ã �<� Í ¡ÚæC��
ã � �h��¢
íï¾/ªaª ¾�­;¶V¯°«®¾/¤Ó§Ó´h¯aÀW¾�¹%µLÁh¾/¸�µo¾/ªÇÅ�«a¤>Ä9ªÇ«ì¤
´"¶/¸Ã¹/« � ´o¸"´o¤6¯°«®¶/ªÇÖÉ¶/ª Ä>´]Êo¸R¶/«®­�Ê"¾VÆC¤N¹T¶/¸_±PÅ%¶/ªÇÆ6´�¨L¸É¾>Êoª»´o§mµ �ÝæC� ú �R����è
 
�h�³���V�V�C�

�V���>�T�C��� Ì âR�hüW�»�Ñö���"h��üN¢
¿d¾�¹>´oªaª¬«a¤>ÄîÒï«°¯aÀ�ôÃ¸o¯aÀC¾/¤N¾/¸;§¦¶/ª /�¶%µ_«Õµ 9 ÆC¤N­�¯°«®¾/¤*µ �OæC� ú �R���ð 
�h�³���V�V�C�

�V���L�h�W���������V���<�/�V 
���<¡<�h��� 'm�NæC�R� � ���Ðà�� "��V�hüV����� Í�ãTÌ�6 �h�©àÚ� ""�V�hüN¢
��¶V§m«aª ¯·¾/¤d¶/¤L¹��W¶Ý­�¾ÝÊh«}­�¾/§Ó´}Á_ÆWªìª�­h«a¸R­hª»´����*¶T­�¾ÝÊh«}¶/ª ÄÝ¾/¸_«°¯aÀÝ§mµ�Áo¾V¸Pµ_¯°¸_Æ<­�¯°ÆW¸R´�¹:��¶/§�«aªÇ¯·¾V¤<«°¶V¤i´o«�Ä>´o¤6Ö
¨L¸R¾ÝÊoª»´o§mµ �Oé��C� ã  N�h�ð���V�V�C�

�V���L�V�/���y�h�R�h�9�}���6�*�h�����9�»� "o���>�R���©�h�;��ê�V�<¡*�)(V�<ö��Ý� ã �6� ã �2�VâR� ã ��¢
ôÃ¤Ð¯aÀ*´��ðª�´h«ì¤<§¦¶/¤Ú¥_¯A´h¸É¶T¯°«°¾/¤�Áh¾/¸&�ð¾/¤*µo¯·¶ÝÊo«aªÇ«�½�¶ÝÊoª»´mº<±%µ_¯A´h§ �Né��C� ã  N�h�ð���V�V�C�

�V���L��ÎC���y�h�R�h�9�}���6�*�h���<�������V���<�/�V 
���<¡*�h��¢
£ �P±ÝÊh¸;«®¹P¿l´h¯aÀW¾�¹ÃÁh¾/¸©¯aÀW´ �³ÆW§Ó´o¸_«°­;¶/ª<ºL¾/ªÇÆ*¯°«°¾V¤�¾ÉÁ Ô�«Õµh­h¸"´h¯A´hÖhÛH«a§Ó´&£�ª ÄC´�Êh¸É¶/«®­�²©«°­;­�¶V¯°«
Â�ØhÆ<¶V¯°«®¾/¤*µ �
� ã!� ���� 
�h�m���V�V�C�

�V���L��ßC���y�h�R�h�9�}���6�*�h���<ä��<���»å Ì ��æN�Lç Ì �»�>�"�V�<�%è×é�����êë �6ý��"� ÷Vã ��� ã ç Ì �»�>�"�V�<�%è×é��"��êë ¢
�PÆW§Ó´o¸_«®­�¶/ª*ºL¾Vª¬Æ*¯°«®¾/¤õ¾ÉÁ&ºL­oÀ>ÆC¸&ºL¯·¶ÝÊoª»´Ã¼2«a¤N´"¶/¸Ã¿d¶V¯°¸_« ÙPÂ©ØhÆ<¶V¯°«®¾/¤*µ©¾/¤¦¿rÆWªÇ¯°«®­�¾V§©¨NÆW¯A´h¸�µ � � ã�� ���ð 
�h�
���V�V�C�

�V���L�oñ*��ä� N�h� û �/��¡Ñ��
�V�<â#" û �
	³�/� ãTÍ à���� Ì<Í �W¢
£©¹Ý¶;¨N¯°«aÅ�«°¯°±Ü«a¤��%Ô ¥;§¦¶�Ä>´PÈ&¸É¾�­;´_µ;µ;«a¤>Ä ��'��)(h���� 
�h�ð���V�V�C�

�V�]�>�*�/���y�h�R�h�9�}���6�*�h����� ãTÍ �V�h�9àõ� û ���¦�V�<�O�<� ã � ÷V÷TÌ*ã��9Ì ¢
È©´h¸_¯°ÆW¸�Ê"¶V¯°«®¾/¤þ£9¤L¶/ªÇ±]µ_«ÕµyÁo¾V¸�¯aÀW´�ÂÃ«�Ä>´h¤<Å%¶/ªÇÆ6´&ÈÃ¸R¾ÝÊoª»´o§�¾RÁ9¶ 9 ¾/¸_§�¶Vª<È&¸É¾�¹/Æ<­�¯�¾ÉÁ�¿d¶T¯°¸;«®­;´oµ � Ë �V� Ì �/�
Î/�V�V�W�

�V�]�>�TÎC��

� ú �»� ÷ � Ì �V� ÷ ¢
9 «ì¤<«°¯A´PÂÃª»´o§Ó´h¤6¯y¿i´h¯aÀC¾�¹�Áh¾/¸�¿�« ÙC´"¹�ÈÃ¸R¾ÝÊhª�´h§ðµðÒï«a¯aÀÜÈ©´h¤L¶/ª ¯°± � Ë �V� Ì �/��Î/�V�V�W�

�V�]�>�TßC�mý9�Õ�V� 6 �;�V� "o��â#" ã àÚ�/�"�"�»�<� " ã ¢
²�´"­�ÆW¸�µ_«ìÅV´ð§¦´oµ�ÀÑ¸"´0
�¤N´h§Ó´o¤6¯ «a¤��]Ô �6�<�h <� Ì �/��Î/�V�V�W�

�V�]�>�/ñ*��ä� N�h� û �/��¡Ñ��
�V�<â#" û � áÃû �;�»âR� ãVú6û ä ÷  
�h��â��Lé Í � � �h��à����»� ""�V�V����� " ãTÍ �h�"�Üæ8" Ì ��� Ì ¢
Û6¶V±%ª�¾/¸_Öoíï¾VÆ<´�¯®¯A´mº<±%µ_¯A´h§�Òï«°¯aÀî£9µ_±/§m§Ó´�¯°¸;«®­ /�¾/ÆW¤L¹T¶/¸_±ríï¾V¤L¹/«°¯°«°¾/¤<µ �
�*�h <� Ì �/��Î/�V�V�W�

�V�]�>�TøC���y�h�R�h�9�}���6�*�h��¢
º<±/§�¨Lª�´�­�¯°«®­	/�¶/ª�¶/¤L­h«a¤>ÄÑ¾ÉÁ ��¶/§�«aªÇ¯·¾V¤<«°¶V¤Ú¿d¶V¯°¸_«°­_´_µ �6�*�h <� Ì �/��Î/�V�V�W�

�V�]�>���C���<�/ L� ãîá � �¦� Í»Í �®� �
�/��â9ý���
Ì �*�V�*�<�/ L�»�V��� ���"� û ¢
£ ¸R´AÄVÆWª�¶/¸;«»½�¶T¯°«°¾/¤ ¾ÉÁ���Æ6Ê"¾VÅ�� µm´"ØhÆ<¶V¯°«®¾/¤�Áh¾/¸³¸R¾ÝÊoÆCµ_¯&¹T¾V§�¶V«ì¤*µ�¾ÉÁð¶V¯®¯°¸R¶T­�¯°«®¾/¤ �Oà 
�/�#(ðÎ/�V�V�W�

�V�]�>���>�ðàÚ�>" û �/� Í � ãTÍ�� �6ä� 
�h� û �/��¡þ� 
�V�6â#" û �Nà��>" û �/� Í ��
ãTû �õ� ' ã �Ó�»�<�>"�'9� � �»âh¢
¿d¾�¹>´oªaª¬«·´o¸_ÆW¤>ÄÑ¹Ý´o¸9£³Ê3���ÆCÀÝªÇÆW¤>ÄîÅ%¾V¤ÐºL¯·¶%ÀÝª»Êo¸R¶/§�§¦´h¤ �Oà4
�/�#(mÎ/�V�V�W�

�V�]�>�T�C�mæC�R� úLû �V��'9� û<Í �V�V�6�y�h�R�h�9à��V�/�*��ý��h��¡��H��â#" û �V�V¢
¥;¤6¯A´o¸A¨W¾/ª�¶V¯°«a¤>ÄÑºN­�¶/ªÇ«ì¤CÄ 9 ÆW¤L­�¯°«®¾/¤*µðÒï«a¯aÀÜÔ�Æ<¶/ªÞµ �6ö ú ��� Í Î/�V�V�W�

�V�]�>�T�C� ËTã " û ����� � û �"���6âh�<�<�/ 6�»�V��� ����� û ¢
£ ÄVª�¾ÝÊ"¶Vª¬«»½�¶V¯°«®¾/¤þ¨N¸É¾�­_´"¹/ÆW¸"´&Áh¾/¸³ª�¾�­;¶/ªìªÇ±Üµ_¯·¶ÝÊh«ìªÇ«�½h«ì¤CÄÑ­�¾/¤6¯°¸R¾/ªaª�´h¸�µ ��à��V�
Î/�V�V�W�



�V�]�L�h�W���y�h�R�h�Pà��V�/�*�Oý��h��¡��H��â#" û �V�V� ���h���*�h� � � Í»Í �¦�V�<���*ý 
Ì �Ý�R�h� � ãTÍÕÍ �¦�V�<�O¢
Ô�´h¯A´"­�¯°«°¾V¤ ¶/¤L¹ íyª�¶%µ�µ_« 
 ­�¶V¯°«®¾/¤ ¾RÁ�¿l¶V¯A´o¸_«°¶Vªï£9¯®¯°¸_«·ÊoÆ*¯A´_µÓòÚ£�ÈÃ¸R¶T­�¯°«®­�¶/ª�£Ã¨T¨LªÇ«°­;¶V¯°«®¾/¤ ¾ÉÁ Ï�¶/ÅV´oª»´h¯
£�¤L¶/ªÇ±%µ;«ìµ �LàÚ�V�
Î/�V�V�W�

�V�]�L�V�/�mæC�R� 6 �V�þ� ã â#" û �h���h�<ö Í76 �"��¡þæ8" û �Ó�»¡*�h� 	 Ì �<�� 
�h�"�}ý��*æW�»�h N�h���h�>ä� 
�h� û �/��¡¦��
�V�<â#" û � 	 Í � Ì âRè����h���*�h�
� ����(V�Ný��h� û �/��¡�'&(�� Ì �N� � û*ã �¦�Vâ 	³�V�»âR�h��¢
º<«a§mÆWª�¶V¯°«®¾/¤l¾ÉÁ�¥;¤L¹VÆ>µo¯°¸;«®¶/ªÃíy¸;±%µ_¯·¶Vª � ¸R¾/Ò�¯aÀrÊo±î¯aÀW´��6´h¸_¯°«®­�¶/ª /�¸_«®¹�ÄV§¦¶/¤Ú¿i´h¯aÀC¾�¹ �NàÚ�V�
Î/�V�V�W�

�V�]�L��ÎC� � ãTÍ �V�h�&��� û �Ó�V�<�O�Lý��h��¡ �
��â#" û �V�V¢
Ï�¶/ÅV´oª»´h¯ /�¶/µh´"¹�¿i´h¯aÀC¾�¹/µ�Áo¾V¸9¥;§�¨L¸R¾/Å/´�¹�ÏÑ«a¤L¹mÈ&¸É¾ 
�ª�´h¸�º<«�ÄV¤N¶/ªNÈÃ¸R¾�­_´_µ�µ_«ì¤CÄ �NàÚ�V�
Î/�V�V�W�

�V�]�L��ßC�mæC�R� úLû �V��'9� û<Í �V�V�6�y�h�R�h�9à��V�Vâ"â�¢
£���¾T¯A´�¾/¤�¥;¤6¯A´o¸A¨W¾/ª�¶V¯°«a¤>ÄÑºL­;¶/ªÇ«ì¤>Ä 9 ÆW¤L­�¯°«®¾/¤*µ �6ö Ì<÷TÌ âR��Î/�V�V�W�

�V�]�L�oñ*��ù ã �<�Ýüþù©� � Í � Ì �<ù ãTÍ>6ïáÃÍ � ""�W¡ ã ü Í �V�6�*�Wê��¡ ê�h�;�>"	� ã>ã �
ý9�����»â û �Ã� Í ¢
£©­;­hÆW¸R¶V¯A´9£9¯®¯A´o¤<Æ<¶V¯°«®¾/¤ÿíï¾/¸;¸"´"­�¯°«°¾V¤Ð«a¤�ºWÈ�Â³í�Û�¥;§¦¶�ÄT«ì¤CÄÓÆCµ_«ì¤>ÄÚôH¨N¯°«a§�«�½�¶V¯°«°¾V¤r¾ÉÁ /©«aª¬«a¤N´"¶V¸ 9 ÆW¤L­hÖ
¯°«°¾V¤*µþ¶/¤N¹Ú£Pµ�µ;ÆW§�«a¤>Äl¶/¤ �H¤��%¤L¾/Òï¤ º/¨W¶V¯°«®¶/ªaª¬±/Ö��<¶/¸_±%«a¤>Ä�£9¯®¯A´h¤<Æ<¶V¯°«°¾V¤ Ô�«Õµo¯°¸;«·ÊoÆ*¯°«®¾/¤ � æC� ú �R���� 
�h�
Î/�V�V�W�

�V�]�L��øC���y�h�R�h� 	 Ì �*�V� Í �*ù ã �<� Í ¡�æC��
ã � �h��¢
º<±/§�§¦´�¯°¸;«®­l­;¾/ªaª ¾�­;¶V¯°«®¾/¤ §Ó´h¯aÀW¾�¹%µ�Áo¾V¸�ªÇ«ì¤N´�¶/¸�¹/« � ´o¸"´o¤6¯°«®¶/ªÇÖÉ¶/ª Ä>´]Êo¸R¶/«®­ Ê�¾/ÆW¤L¹T¶/¸_±�Å%¶/ªÇÆ6´Ó¨L¸R¾ÝÊoª»´o§mµ �
æC� ú �R���ð 
�h��Î/�V�V�W�

�V�]�L���C���<�/ L�»�V��� ���"� û ¢
Û
ÀW´9Ä>´h¤N´o¸R¶/ªÇ«�½]´"¹ÜµA¨*´"­�¯°¸É¶/ªy¸R¶T¹/«aÆ>µ�¶/¤L¹õ´"ÙÝ¯°¸R´h§¦¶/ª
¤L¾V¸;§mµ �Oé��C� ã  N�h��Î/�V�V�W�

�V�]�L���>���*�;�V�*��æC�R��� ÷ �h���6ö û �¦�V¡Ñù©�)(������ ÷Tû â û è ��� Í " û �®� Ë ���6�Ýü.���»�h 6â#" û �<ù ã �<�>üîù�� � Í � Ì ¢
£ ÆW¤<« 
Ã´"¹þ¶;¨T¨L¸R¾�¶T­hÀÐ¯·¾î¯aÀW´�¶;¨Ý¨L¸É¾�ÙV«a§�¶T¯A´�µh¾/ª¬Æ*¯°«®¾/¤l¾ÉÁ�È}Ô9Â � � ã�� ���ð N�h�9Î/�V�V�W�

�V�]�L���C���y�h�R�h�9�}���6�*�h���<ä��<���»å Ì ��æN�Lç Ì �»�>�"�V�<�%è×é�����êë �6ý��"� ÷Vã ��� ã ç Ì �»�>�"�V�<�%è×é��"��êë ¢
È�¶/¸R¶/ªaª�´hªy¶/ª ÄÝ¾V¸;«°¯aÀÝ§mµ}Áh¾/¸³§¦¾�¹Ý´hª
¸"´"¹/Æ<­�¯°«°¾/¤l¾RÁð¹/«ìµo­h¸"´h¯A´�òT¯°«a§¦´mµ;±%µ_¯A´h§ðµ � '��)(h���ð N�h�9Î/�V�V�W�

�V�]�L���C��ù ã �<�Ýüþù©� � Í � Ì ¢
£�µ_¯A´;´E¨*´oµ_¯P¹Ý´_µh­;´h¤6¯�¶Vª Ä>¾/¸;«°¯aÀÝ§ Áh¾/¸Ü¯aÀW´�ÄTª ¾>Ê"¶/ª}§m«a¤<«a§�«�½�¶V¯°«°¾V¤ ¾ÉÁÐÛH«1��ÀC¾/¤N¾/Å]ò]ÈÃÀÝ«aªìªÇ« ¨Lµ�Á_ÆC¤N­�¯°«®¾/¤L¶/ª �
'��)(h���� 
�h��Î/�V�V�W�

�*�;�>�*�/��ä���"h�����>� ���h� û*ã ¡<â&�»� û ü ú �h�"� û �h�5�¦�»�m�R�"���/�#�����>� úLÍ �V�<�<�»� ÷ ¢
Û6¾V¸�µo¯A´o¤ � �¾%ÀÝª»´o¸��2È�´h¯A´o¸9¿d¶T¶%µ;µ	�2È�´h¯A´h¸õÏÑÆCµ_¯
�y¿d¶V¸_¯°«a¤�ºN´�´]Ê"¶%µ;µ � Ë �V� Ì �/��Î/�V�*�/�

�*�;�>�TÎC���2�/��� Í»Í � Í ö Í�÷Vã �;��� û �¦â 6aã � �yç é ú �"� �¦� Í�á ã �Ý�R� ãTÍ
ã 6 '9�»â#"o���h�R�oè ���>���P�y�h��� ã ¡<�>" �
�Õ�*���/�©æCüCâ"�R���¦âh¢
È©´�¯A´o¸ /9´h¤<¤N´o¸���²&¶/ª ¨6À�/©±Ý´o¸;µ	��²&¶ÉÁh¶Ý´hª�¿l¶/±T¾���ÂÃ¤<¸_«°Ø�Æ6´mº
��óÃÆC«a¤6¯·¶/¤N¶/Ö_ôÃ¸o¯��� ���
«°­_´o¤6¯A´	�ð´h¸;¤��¶V¤L¹Ý´�½ �
�*�h <� Ì �/��Î/�V�*�/�

�*�;�>�TßC���y�h�R�h�9�}���6�*�h���<ä��<���»å Ì ��æN�Lç Ì �»�>�"�V�<�%è×é�����êë �6ý��"� ÷Vã ��� ã ç Ì �»�>�"�V�<�%è×é��"��êë ¢
Â�� ­�«®´h¤6¯ �³ÆW§¦´h¸;«®­�¶VªN£�ª ÄÝ¾/¸_«a¯aÀ>§ðµ}Áo¾/¸ /�¶Vª ¶/¤N­;´"¹Ñº6¯·¾�­oÀW¶%µ_¯°«®­�Û<¸;ÆW¤L­;¶V¯°«°¾V¤ �Nà 
�/�#(ðÎ/�V�*�/�

�*�;�>�/ñ*���y�h�R�h�9�}���6�*�h���6àÚ�/���� 
� Í
á �VâR�"� ÍÕÍ�ã �*ä��*���Õå Ì �³æN�Lç Ì �»�Ý�"�V�6�%è×é��"��êë ¢
È�¶/¸o¯°«®¶/ª
º6¯·¶>Êo«aª¬«»½�¶V¯°«®¾/¤l¾ÉÁ9¼�¶/¸®Ä>´hÖEºL­;¶/ª»´³Ô�«Õµh­h¸"´h¯A´oÖ�ÛH«a§¦´9¼ï«ì¤N´�¶/¸îíï¾V¤6¯°¸É¾Vª
º<±%µ_¯A´h§mµ �Nà 
�/�#(ðÎ/�V�*�/�

�*�;�>�TøC�mæC�R� úLû �V��'9� û<Í �V�V¢
/9´_µo¾VÅð²�´·ÄTÆCª�¶/¸_«a¯°±�Áh¾/¸�Â�¹�Ä>´�º<«a¤>ÄVÆWª�¶/¸;«°¯°«·´_µ�«a¤ÑÈ©¾/ªÇ±]À*´"¹/¸R¶/ª
Ôm¾/§¦¶/«ì¤<µ �LàÚ�V�HÎ/�V�*�/�

�*�;�>���C���<�/ L�»�V��� ���"� û ¢
£ ªÇ«a¤N´"¶/¸_«»½�¶V¯°«®¾/¤ ¨L¸_«ì¤L­�« ¨Nª�´ÓÁh¾/¸�¸É¾>ÊoÆCµ_¯°¤N´oµ�µ�Òï«°¯aÀ ¸"´_µA¨*´"­�¯Ó¯·¾ ¯°«ì§Ó´oÖ×Å%¶V¸;±/«a¤>Är¨<´o¸o¯°ÆC¸�Ê"¶T¯°«°¾/¤<µ �ðàÚ�V�
Î/�V�*�/�



�*�;�>���>�mæC�R� úLû �V��'9� û<Í �V�V� � ãTÍ>6ì÷ �V� ÷ '�� û �����O�
	³�/�;âR�R�������" 6�V�O¢
£©¹Ý¶;¨N¯°«aÅ/´ Ï�¶/ÅV´oª»´h¯&¿l´�¯aÀC¾�¹%µ©Áh¾/¸¦ºN¶T¹T¹Wª»´�È�¾/«a¤6¯&ÈÃ¸R¾ÝÊoª»´o§mµ¦Ö¦ôH¨N¯°«a§¦¶/ª�íï¾V¤<Å/´h¸°ÄC´o¤L­_´�²&¶V¯A´_µ � ËÝÌ<Í �
Î/�V�*�/�

�*�;�>�T�C��ù ã �<�Ýüþù©� � Í � Ì ¢
¿d¾/¸R¾�½�¾/Å�� µ�Ô�«ìµo­h¸"´E¨*¶/¤L­h±�È&¸;«a¤L­h«Þ¨Lª»´�Áh¾/¸rÛH«1��ÀC¾V¤L¾/Å�¸"´·ÄTÆWª ¶/¸_«»½�¶V¯°«®¾/¤ ¾RÁÓ¤L¾/¤6ª¬«a¤N´"¶V¸þ¾;¨<´o¸R¶V¯·¾/¸;µ � ËÝÌ<Í �
Î/�V�*�/�

�*�;�>�T�C�ðàÚ�>" û �/� Í � ãTÍ�� ¢
ÂÃ«a¤�Á �ÆCÀÝ¸_ÆW¤>Ä�¹>´_µ9Ô�¸_Æ*­)��µ�Á �ÆW¸�¹/«·´m«a¤*µ_¯·¶T¯°«°¾/¤��¶/¸R´h¤iºL¯·¾ �V´oµ_ò � ª»´o«®­oÀÝÆW¤>ÄC´o¤d§�«°¯®¯A´oª¬µ�¹Ý´h¸9¿i´h¯aÀC¾�¹>´�Å/¾/¤
��¶;¨Lª�¶/¤ � ËTÌ<Í �OÎ/�V�*�/�

�*�;�L�h�W�mæC�R� úLû �V��'9� û<Í �V�V�6�y�h�R�h�9à��V�/�*��ý��h��¡��H��â#" û �V�V¢
²�´"­;¾/¤*µo¯°¸;Æ<­�¯°«®¾/¤i¾RÁ�²�´0%�´"­�¯°«ìÅ]«a¯°±�Ô�´_µ;«°¯°«·´_µðÊo± Ï�¶/Å/´hª�´�¯9Û<¸R¶/¤*µìÁh¾/¸_§mµ �
ö Ì*÷TÌ âR�©Î/�V�*�/�

�*�;�L�V�/�mæC�R� úLû �V��'9� û<Í �V�V¢
/9´_µo¾VÅð²�´·ÄTÆCª�¶/¸_«a¯°±�Áh¾/¸�¯aÀW´��m´oÆW§¦¶/¤<¤�ÈÃ¸R¾ÝÊhª�´h§ �Lö Ì*÷TÌ âR��Î/�V�*�/�

�*�;�L��ÎC��� �h���<�/�;¡ ���V�Vâ"¡ ã �*�N�màÚ�/��� ã é û<Í  
�h� ÷ �h���PàÚ�/�"�"�»��ù Ì � ú 6 �³ö Í76 �"��¡ æ8" û �Ó�»¡*�h��	 Ì �6�� 
�h�"��ým�
æW���h 
�h�"�h¢
� ò��yò]¿rÆWª ¯°«ì¸"´_µh¾/ª¬Æ*¯°«®¾/¤ �
«Õµ_Æ<¶/ª¬«»½�¶T¯°«°¾/¤l¾RÁ�£©¹Ý¶;¨N¯°«aÅ/´ 9 «ì¤6«a¯A´PÂ&ª�´h§¦´h¤6¯}º<«ì§�ÆWª�¶V¯°«°¾V¤*µ �Oé��>� ã  
�h��Î/�V�*�/�

�*�;�L��ßC�mæC�R� úLû �V��'9� û<Í �V�V�NýP�/ <����� Í ��æC�R���Õ¡ Í �6ý��h��¡��H��â#" û �V�V¢
íï¾�¾/¸�Êo«°¯yº/¨W¶T­_´_µ�¶/¤N¹ /�¶/¤N¶T­oÀ 9 ¸É¶/§Ó´oµ9¾/¤��ð¾/§¦¾"Ä>´h¤N´"¾/ÆCµ©ºV¨W¶T­;´oµ©Òï«°¯aÀ�£Ã¨T¨LªÇ«®­�¶V¯°«®¾/¤*µ9¯·¾9£9¤L¶/ªÇ±�½h«ì¤CÄ
9 ÆW¤L­�¯°«°¾/¤<µð¾/¤rº/¨6ÀW´h¸R´oµ �
ö Ì*÷TÌ âR�©Î/�V�*�/�

�TÎ��>�*�/�ðàÚ�>" û �/� Í � ãTÍ�� �LàÚ�>" û �/� Í � 
ãTû �Ñ¢
��ÆW¸}¿d¾�¹>´oªaª¬«·´o¸_ÆW¤>Ä�¹Ý´o¸mÛ
À*´o¸_§�¾]´oª�¶%µ_¯·¾/Ö·ÈÃª�¶%µo¯°«�½h«a¯ �¶V¯�§m«°¯OÈ ÀC¶%µ�´o¤<ÆW§�Ò�¶/¤L¹*ª¬ÆW¤>ÄC´o¤ÚÊ�´h«Oº6¯ �¶%ÀÝª»´o¤îµh¾/Òï«®´
¹Ý´o¸ �H§�Ò�¶/¤L¹*ª¬ÆW¤>ÄVµ·¨Lª�¶%µ_¯°«»½o«°¯ �¶V¯ �O�*�h <� Ì �/��Î/�V�TÎC�

�TÎ��>�TÎC�mæC�R� úLû �V��'9� û<Í �V�V�6�y�h�R�h�9à��V�/�*¢
£�¤ÿôÃÆW¯°ªÇ«a¤N´�¾ÉÁ9£�¹T¶;¨
¯°«ìÅV´rÏ�¶/ÅV´oª»´h¯ � ¶/ª»´o¸��]«a¤Ú¿l´h¯aÀW¾�¹%µ�Áh¾/¸þÛH«1��ÀW¾/¤L¾/Åm²©´·ÄVÆWª�¶/¸_«�½�¶V¯°«°¾V¤ ¾ÉÁP¥;¤<Å/´h¸�µ�´
È�¶/¸R¶ÝÊ�¾/ª¬«®­�È&¸É¾ÝÊhª�´h§mµ �Lö ú ��� Í Î/�V�TÎC�

�TÎ��>�TßC��ö Í76 �"��¡�æ8" û �¦�»¡*�h¢
£ ¿rÆWª ¯°«ìÖ·¿l´oµ�À 9 «a¤<«°¯A´9ÂÃª»´o§Ó´o¤6¯ï¿l´�¯aÀC¾�¹�Áh¾/¸�ÈÃÀC¶%µh´ 9 «·´oª�¹Üº<«ì§�ÆWª�¶V¯°«°¾V¤*µ �
ö ú ��� Í Î/�V�TÎC�

�TÎ��>�/ñ*�mæC�h� ÷ �hü.�ð� '9� " û � ã�� âR�C�·�NàÚ�>" û �/� Í � 
ãTû �Ñ¢
£���¾T¯A´�¾/¤ 9 «a¤<«°¯A´þÛ
ÀW´o¸_§¦¾;¨Lª�¶%µ_¯°«®­h«°¯°±ÑÒï«a¯aÀÜÈÃÀC¶%µh´þíHÀW¶/¤>Ä>´oµ � ËTÌ<Í �OÎ/�V�TÎC�

�TÎ��>�TøC�ðàÚ�>" û �/� Í � ãTÍ�� �LàÚ�>" û �/� Í � 
ãTû �Ñ¢
È ÀC¶/µh´o¤6ÆC§�Ò�¶/¤N¹Wª¬ÆW¤>ÄC´o¤¦ÆW¤L¹ �y§�Ò�¶/¤L¹WªÇÆW¤>Ä/µA¨Lª ¶/µ_¯°«»½o«°¯ �¶V¯yÊ;´o«<º6¯ �¶/ÀÝª�´h¤¦«a§ ��¾/¤C½]´E¨N¯�¹>´o¸9Û
À*´o¸_§�¾]´oª�¶%µ_¯·¾/Ö
ÈÃª�¶%µ_¯°«»½o«°¯ �¶V¯ � ËTÌ<Í �OÎ/�V�TÎC�

�TÎ��>���C�mý��h�;¡��
��â5" û �V�V¢
íï¾/¤*µo¯°¸;Æ<­�¯°«®¾/¤ ¾ÉÁ � ´h¤N´o¸R¶/ªÇ«�½]´"¹ �H¤L­_´o¸o¯·¶/«a¤6¯°±�ÈÃ¸_«ì¤L­�« ¨Nª�´oµî¶/¤L¹ Ï�¶/Å/´hª�´�¯aµÓ«a¤i£�¤<«ìµo¾V¯°¸R¾;¨L«®­õºN¾ÝÊ"¾/ª»´oÅ
º/¨W¶T­_´_µ �Lö Ì*÷TÌ âR�©Î/�V�TÎC�

�TÎ��>���>��ù ã �<�Ýüþù©� � Í � Ì ¢
ÛO¥ � ²�£ ò�¶/¤þ«a¯A´h¸É¶T¯°«ìÅV´P¶/ª ÄÝ¾/¸_«a¯aÀ>§ Áh¾/¸�¸"´·ÄTÆCª�¶/¸_«�½h«ì¤CÄ�¤L¾/¤<ªÇ«a¤N´"¶/¸�«ìªaª ò_¨W¾%µ�´"¹�¨L¸R¾ÝÊhª�´h§ðµ �Cö Ì*÷TÌ â"��Î/�V�TÎC�

�TÎ��>�T�C�ðàÚ�>" û �/� Í � Ì �%�Vâ#" û �)<©���"â5" û �<�y�h�R�h�Pà��V�/�*�
à��>" û �/� Í �}�»¡ " ã ""�N¢
ÛH« �]ÀC¾/¤L¾VÅ¦¸R´AÄVÆWª�¶/¸;«»½�¶T¯°«°¾/¤ÓÁo¾/¸9ÂÃª»´"­�¯°¸_«®­�¶/ªO¥;§©¨<´"¹T¶/¤N­;´�ÛL¾/§¦¾"ÄT¸É¶;¨LÀÝ±�¾/¤rÆW¤NÊ"¾/ÆW¤L¹>´"¹Ñ¹T¾/§¦¶/«a¤*µ �Oé��>è
� ã  
�h��Î/�V�TÎC�



�TÎ��>�T�C� � ãTÍ �V�h�&'9�>""�V���O�N�y�h�R�h��àÚ�V�/�*���É� ÷Vã à�����(V� Ë ���6�Ýü.���»�h 6â#" û �<ù ã �<�>üîù�� � Í � Ì ¢
¥;¤<Å/´h¸�µ�´ �H¤6ÒïÆ*­hÀ>¯°«®¹Ý´o¤6¯°« 
 �V¶V¯°«°¾V¤l¶/¤ 9 ªÇÆTÄT¯°¸_«®´]ÊoÒ}´h¸5�T´o¤r§�«a¯�óÃÆ6´h¯aµo­hÀ �¾/ª�¹��¶/§�¨]Á�´o¸_¤ ��é��>� ã  
�h��Î/�V�TÎC�

�TÎ��L�h�W� � ã ��âR�R��� 	�
ãTû<Í �h���*�y�h�R�h�Pà��V�/�*� Ë �V��	³� Í ¡*���O¢
ÛH«ì§Ó´hÖAµ�´o¸_«®´oµ2Áh¾/¸"´"­;¶%µ_¯°«a¤>ÄPÁh¾/¸�¯·¾T¯·¶/ª
Å/¾/ª¬ÆW§Ó´�¹T¶V¯·¶Ñ¶V¤L¹Ñ­oÀC¶V¸°ÄC´�Ê"¶T­)�Ü¹T¶V¯·¶ ��� ã!� ���� 
�h�PÎ/�V�TÎC�

�TÎ��L�V�/��ö�� ÷ � Í ���/��� Ì �<âR�oè×ý9�h��âR�"�*�h��¢
£ º*ÀC¾/¸o¯�¥;¤6¯°¸R¾�¹/Æ<­�¯°«®¾/¤l¯·¾�¥_¯A´o¸R¶V¯°«aÅ/´³¿i´h¯aÀC¾�¹%µ�Áh¾/¸�¼�¶V¸°ÄC´³¼2«a¤N´"¶V¸³º<±%µ_¯A´h§ðµ � � ã�� ���ð 
�h��Î/�V�TÎC�


