
���������	�
�������������

�������������  !�"#���%$&"#�(' )*��" ���%$+"�'����,��� � ���
)-���.���/$�01$&23$+4 $&� � 4 $&�%5 �76 �

8:9�;=<?>A@B;=<?>DCE<GFIHKJL9�MN<EOPCRQS>DT�UN<?MNVPHW9�MNXY@BMNX[ZY\^]N_`9bacUNOdMNe

fhgjiRkmlhfon�k
pqUN<Er�s�>D;ItjOvuwacOdMNXNrxacU^Oy;IOdrIzNC{acrx>�|�@};I<?>�C?<�~����D���D��H[@};I<?>�C?<�H���>DzNC?9�;IXh9�MNX���z^rIrI>Y~����D�^����>DM
r�ac>D�N�^<?MNT��P;=<EaIOP;I<?9�|�>D;S<EaIOP;I9�ac<{�DO�r=>DC?z^aI<?>DML��OdaIUN>wXNrR|�>D;R�WMN<{acO,OdC?OP��OPM�a(�N;=>D�NCEOP��rRac>qacUNO��P9�rIO
>�|�M^>DMNr=Zw���jOvac;=<?����>Dr=<EaI<E�DO���XNOv�WMN<{acO��^;I>D�NCEOP��rP]�_	OjrIUN>�s%acUW9bamaIUNOo;IOdrI<EXNzW9�C��jOP9�rIz^;IOPX
<EM�aIUNOAMN>D;=��<EMNXNzN�dOPX���Z:acUNOAr�Z[����Odac;=<?���N9�;=a >�|�acU^OA<?M��DOd;IrIO�>�|�acU^O�r�Zwr=acOd�¡��9bac;I<¢u�<?r
;=OPC?Ov��9�M�a�aI>£�d>DM��DOd;ITDOdMN�PO�<?M
9¤�NMN<EaIOYOdC?Od�jOdM�a��d>DM�acOvuwaP]3_£OYaIUNOPM3�N;=>¥�w<EXNOY9�CEaIOP;IMN9�ac<{�DO
s�9¦Z[r >�|��P9�C?�dzNC§9�aI<?MNTj>D;yOdr=ac<E��9bac<?M^TjacU^<?ry¨�zW9�M�aI<Ea�Z¤9�MNX¤�N;IOdrIOdM�a©M�zN��OP;=<?�¦9�CªOvu[�«OP;=<?��OPM�acr
s�UN<E�¬U���9�CE<?XW9�aIOB>Dz^;��d;I<{acOP;=<§9^]

Y®�¯R°�±K²b³�´�µ©¶�>DMb·=zNT�9bacO TD;c9�XN<?OdM�a���OdaIUN>wXRH^�WMN<{acO���OPCEOP��OPM�a���OdacU^>[XR]
fh¸¹i,ºI¸¹»oi�¼ ´¦½(¾R¿d®[À�Á�À�Â�ÃW´¦´¦ÄÆÅ�ÀDÃ[Á¥ÄG±«Ç�´�µyÈDÉ�Ê����^HNÈ�É��BË��^]

Ì�Í�ÎÏÎÏÐ�Ñ�Ò�ÎÏÐ¬ÓNÔ�ÎÏÒÏÕ�Öv×PÖ�Ø¢Ù{Ö¦ÚwÙÛÐqÚ�Ü�Ö�Ñ�Ô¥Ñ�ÜDÝLÔ¥Í�Õ,Þ?Ò�ÓßÒ�Ô Þ?Ò�ÓKàáÑ�Í�ÝLÐ¬Î�Ø¢â¬Ö�Ù�àãÎ�ÙÆàáÖ�â¦àáÍ�ä�Ø¢ÑAå�ØÛÎÏÐ�âcÒ�Ô�Î�Ü©ÓwÍ�ÚNædÎÏÐ¬ÓNÔ�ÎÏÒÏÕ¬à
F�ç�àáè�Î�ØÛÔ¥Ù¢Ø?é�Î�ÙÆàáÖ�â¦àáÍ�ä^êDë�Í�ÒÏì�Ð¬Î�ÞEÔ�Î�åAè�Ó�ÓwÙ¢Ð¬Ò�Ô¥Ñßí«Ö¦ÚNÔ�Î�Ö¦Ò�Ô�ÎÏÜ�ê
Vqî Ö�ÑwØÛÐ�ÙÆàáíKÔ�ï¥ìwØ¢Ñ[éxâcÐ¬ÎÏÞ§Ö�â¬Õ¬àãÞ?Î�êwÌ�ð�ë�ñDè�Ì�ò^ê�óbôLÖv×�ÐLõBà[Ì�Ô�Î�ØÛÔ¥Ù¢Ø¢Õ�êDö�Ô¥Í�ÙÛÔ¥ÍwÕ�Ð�êw÷Dø¬ù¥ú¥û�ê^ñ�Î�Ö�Ñ�âcÐ
e�ü�ý Þ?Ô�Î�åAþ�Ñ�ØÛ×�Ð¬Î�Õ�ØÛÒGÜßÌªÔ¥ÝLÓwÍ�ÒÏØ¢Ñ�ïLí«Ö¦ÚNÔ�Î�Ö¦Ò�Ô�ÎÏÜ�ê[ÿ1Ö¦Î�ä�Õ�ë�Ô¥Ö�åWê ü�ý Þ?Ô�Î�åWê ü�� ø�÷�� î ê[þ��Là
¶�>��j�Nz[a¬9�aI<?>DMW9�C��[�d<?OPM^�POm9�MNX	�,MNTD<?M^OPOP;=<?MNT�JyOd�W9�;=aI�jOdM�a
@xaIC§9�r�¶�OdM�ac;IO
��z^aIUNOP;�|�>D;IXY@B�N�^C?OdaI>DMYQ(9���>�;c9�aI>D;=Z

 u[>DM 
�� �D�©�� �
8�9�;I�¬U:Ë^�¦r=aPHK���D��Ë



!������������
	

� � Ç�Á�²¥±S³�½�À�Á�ÄG±«Ç �

 � ²¥±«¾�Â�®�� ³(®w´¦ÀD²bÄ��(Á¥Ä�±«Ç �
�[]{� @}�Nr=aI;c9��va�|�>�;I��zNC?9�ac<E>DM¡]©]m]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] �
�[] � Êª<EMN<EaIOyOPCEOP��OPM�a�9��N�^;I>¦u[<?�j9�ac<E>DM ]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] �

� i Á�±�����ÄGÇ�� ÀD²bÄÆÁ�®�²bÄGÃ �
Ë^]{� 
 MNO ��>D;IOL�d;I<?��O ]©]m] ]©]m]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] �

� i Á�±�����ÄGÇ�� ÀD²bÄÆÁ�®�²bÄGÃ���±«²�� ¸ l��mi ÃWÇ�³! »�¸ "
# ]{� �,r=aI<?�j9�ac<E>DMo>�|%$�²'&�$)(
*,+ ]m]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] -
# ] � �,r=aI<?�j9�ac<E>DMo>�|%$�² & $/. *,+ ]m]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] ���
# ] Ë ��OPr�a¬9�;�acOPX10©8:� � �32�Ê 
 8 ]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] ���
# ] # pqUNO O)41Od�da}>�|ª�^;IOP�d>DMNXN<{ac<E>DMN<?M^T�]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] ���

� f �`ÄGÇ�Ä���½�� ²¥®w´¦ÄG³�½(ÃWÂ�ÃWÂ��K±K²bÄ�Á65�� �7�

8 �:9 Ã;�<��ÂG®w´ ��
È^]{� �,C?CE<?�^aI<?�}�N;I>D�^C?OP��r ]m] ]©]m]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] ��Ë
È^] � ��zN�jOd;I<E�¦9�CRO�u[��Od;I<?��OPM�aIr ]m]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] � #
È^] Ë 0©8:� ���os�<EaIUN>Dz^a��^;IOP�d>DMNXN<{ac<E>DMN<?M^T ]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] ��È
È^] # = ;IOd�P>DM^XN<EaI<?>DMNOdX>0m8:� � � ]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] �6-
È^] É pqUN;=OPO�� acOd;I�?0©8:� ��� ]©]m]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] �6-
È^] È 
 acU^OP;�<EaIOP;c9bac<E��Oy��OdacU^>[XNr ]©]m]©]©]m]©]m]©] ]m]©]©]m]©]m]©]©]m]©] ]m]©]m]©]©]m] ���

@ n ±«Ç�À�ÂG½�´¦ÄG±«Ç 7

" f ���,®wÇ�³�Ä 9 7

<



� � �����
������� ��� ���

	 aIOP;I9�ac<{�DOA��OdacU^>[XNrL>�|�
L;=ZwCE>¥�:rIzN�^rI�W9��dO�a�Zw�«OA|�>D;I��9hs�OPCEC{� twM^>¥s�M�9�M^X�s�OPCEC{� ;IOPr=O¦9�;=�¬UNOPX£9�;=O¦9
<EMjaIUNO}�d>DM�acO�u[ax>�|SrI>�C?z^aI<?>DM��jOvacUN>wXNr�|�>D;�C§9�;=TDO�rI�W9�;=rIO}C?<?M^O¦9�;�r=Zwr�acOP��rP]�	�MjrI>D��O}�P9�rIOdrPHN�d>DM��DOd;��
T�OPMN�dO��¦9�M:��OmXNOPr=�P;I<E��OdXRH1<EM:>�aIUNOP;=rBMN>�a¦]	�M���9�;=<§9��^CEZ�UN>�s�Od�DOd;PHRaIUNOmaIUNOP>D;=OdaI<?�¦9�Cª9�M^X:�N;I9��daI<?�¦9�C
�d>DM��DOd;ITDOdMN�PO��d;I<{acOP;=<?>DM�<Er��¬U^>DrIOdM:ac>���OLaIUNO �,zN�dC?<EXNO¦9�MYMN>D;=� >�|�acUNO©;IOdrI<?X^zW9�C�HNs�<{acU�acUNO©zN�N<E¨D�
z^<Eac>�zNr�O�u[�POP�[ac<?>�Mo>�|RaIUNOL¶�>DM¥·=zNT�9�aIO�0L;c9�XN<EOPM�a��jOvacUN>wXRH�s�UNOP;=OBacU^O�� OPMNOd;IT�ZjMN>D;=����CEOPMNXNr�<EaIrIOdCE|
¨�zN<{acO�MW9�aIzN;c9�C?CEZ£ac>£9�MW9�C{ZwrI<?rd] 
 M acU^O�>�aIUNOP;ßUW9�MNXRH��NMN<EaIOYOdC?Od�jOdM�a���OdaIUN>[X^rßs�U^<?�¬U*9�;IOY9�M
<E�j�«>D;�a¬9�M�axr=>DzN;=�POL>�|�C§9�;ITDO�H^rI�N9�;Ir=OLC?<?M^O¦9�;�r=Zwr=aIOP��r��^;I>��w<?XNOL9AMW9baczN;I9�C1MN>�;I� |�>D;x�P>�M���OP;=TDOPMN�dO�]
_�U^<?C?O©acUN<ErB|G9��vaL<?r�s�OdC?C{� t�MN>�s�M£9�MNX¤UW9�ry�«OPOdM�MN>�acOdX¤�W9�;�ac<?�dzNC§9�;ICEZ�<EM acUNO��¦9�r=OA>�|�r=Zw�j��OdaI;I<E�
�«>Dr=<Eac<{�DO���XNOv�WMN<EaIOL�N;I>��NC?Od�jr©~ 0 >DCEzN�Y9�MNX:8�OPz^;c9�M�am����� �D��H(~ 0L>DCEzN��9�MNX �wac;I9�t�>�rm����� # �vHS~�8�Odz[�
;I9�M�aß�������D�vH,~ �wac;I9�t�>��rm9�MNX¤pq<?�¬U�Z����D���D��H1>DM^CEZ�;IOP�dOPM�acC{Z¤UW9¦�DO�aIUNOP;=Oß��OdOPM�9�aIaIOP���^acr}ac>�;IOdC§9�aIO
�d>DM��DOd;ITDOdMN�POo<EM¤acUNO�� OdMNOP;=T�Z��(MN>D;I�#ac>�acUNOß�WMN<{acOßOPCEOP��OPM�a �P>DM�aIOvuwa�~�@B;I<E>DC?<����D�����vH�~G@};I<?>�C?<ªOva
9�C�]����D�^���vHª~ �wac9�;It�Oo����� ���v]	�M¤�W9�;=aI<?�dzNC§9�;dHK@B;I<E>DC?<S@};I<E>DC?<�~����D���D�xs�9�rBacU^O��W;Ir�aBaI>o�P>DM^rI<?X^OP;BaIUNO
>�;I<?T�<?MW9�CN�NMN<EaIO}OdC?OP��OPM�a�rIOda=ac<EMNTmaI>��N;I>��w<?X^OB�P>�M���OP;=TDOPMN�dOL�P;=<EacOd;I<?9 |�>D;�acUNOy¶�>DMb·=zNTD9�acO 0 ;I9�XN<?OdM�a
��OdaIUN>wXR]

	�M`aIUN<?r©s�>D;=t�s�Oo�d>DMNrI<EXNOP;macUNOo�¬U^>D<?�dO�>�|�r�ac>D�N�^<?MNT �d;I<{acOP;=<§9�|�>D;mM^>DMNr=Zw���jOvac;=<?���«>Dr=<Eac<{�DO��
X^Od�WMN<{acOh�N;=>D�NCEOP��rP]`pqUNO�<E�j��OPXN<?9�acO�XN<��j�dzNCEa�Z	OPMN�d>DzNM�acOd;IOdX-<?r�aIUW9�aß>�|�XNOv�WMN<EMNT�9�r=zN<Eac9��NCEO
M^>D;I��<EMYs�UN<E�¬U�aI>j��O¦9�r=zN;IO©�P>�M���OP;=TDOPMN�dO�]�	�M�aIUNO©�¦9�r=O�>�|ªr=Zw�j��OdaI;I<E�©�«>Dr=<Eac<{�DO���XNOv�WMN<EaIOL�N;I>��[�
CEOP��rPHSacU^O�OdMNOP;=T�Z�>D;���� MN>D;=�7>�|�aIUNOßOP;=;I>D; <?r Od¨wzN9�C�ac>�acUNO�XNzW9�C,MN>D;I��>D;���� F � MN>D;I��>�|�aIUNO
;=OPr=<?XNzW9�C�Hªs�UN<E�¬U <?rmaIUNOo¨�zW9�M�aI<Ea�Z	aIUW9�aA<Er�Odr=ac<E��9bacOPX1]�	�M`acUNOhMN>�MNr=Zw���jOvac;I<E���P9�rIO�H�s�OhrIU^>¥s
aIUW9�a�9�zNr=Od|�zNCSX^Od�WMN<{ac<E>DMh>�|�XNzW9�C1MN>D;I�/<?rxaIUNOLMN>D;=� <?M^XNzN�POdX���Z�acUNOLr�Z[����Odac;=<?�y�N9�;=a�>�| � � Fv]
_£OLrIU^>¥s acUW9ba�>DMNOL�¦9�M�9�C?rI>�s�>D;=tjs�<EaIUhacUNOLMN>�;I� <EMNXNzN�dOPX���ZoacU^OL<?M��DOd;IrIO >�|�acU^OLr=Zw�j��OdaI;I<E�
�N9�;=a�>�|!� |�>D;q�N;=>D�NC?Od�jrxs�U^<?�¬U�9�;IO MN>�aqaI>[>ßMN>�M[��MN>�;I�j9�C�]

pqUNO��W9��«OP;B<ErBr�ac;Iz^�dacz^;IOPX�9�r}|�>DCEC?>�s�rP]	�M rIOd�daI<?>DM��ßs�O�X^OPrI�d;I<E��O©acUNO��^;I>D�NCEOP��r=OdaIaI<?MNT^]"	�M
r=OP�vac<?>�M�Ëms�OLX^OP;I<{�DOyT�OPMNOd;c9�C�r=ac>��N�N<?M^T��P;=<EacOd;I<?9©s�UN<EC?O�<?Mor=OP�daI<?>DM^r # 9�MNX�É s�OL�N;=OPr=OPM�aqsx9¦Zwrq>�|
9��N�N;I>¦u[<?�j9�aI<?MNT©acUNOL�d;I<EaIOP;=<§9�<EM�aI;I>wXNzN�dOPXh<?MoaIUNOL�¦9�rIOL>�| 0©8:� � �$#[s�O 9�CErI>A�d>DMNrI<EXNOP;�acUNOLO)41Od�da
>�|��N;=OP�d>DMNXN<{ac<?>�MN<?MNT�9�MNX�XNOP;=<E�DOAaIUNOß�P>D;=;IOPr=��>�MNXN<?M^T���>[X^<E�WOdX¤��>Dz^MNXNrP]�Êª<EMW9�CECEZDH�<?M�rIOd�daI<?>DM�È
s�Oy<EM���OPr�ac<?TD9�acO�acUNO}r=aI>D�N�N<EMNT��d;I<EaIOP;=<§9 ��Zj�«OP;=|�>�;I��<?MNT Ovu[�«OP;=<?��OPM�acrx>�Mj��9�;I<E>DzNr�XN<?r=�P;=Odac<&%¦9�aI<?>DM^r
>�|ª�d>DM��DOP�vac<E>DM[��X^< 4�zNrI<E>DM��N;I>D�^C?OP��rP]

' �(�
�*)�+ �-, ����	!�.���0/1�1� ���

��243 �6587:9<;>=�?@9BADCE;GF(H-IJ=!9>KJCML
¶�>�MNrI<EXNOP;qacU^O s�O¦9�to|�>D;I��z^C§9�aI<?>DM

Êª<EMNXON�PRQ rIz^�¬U�acUN9�aq|�>D;�9�C?C$STPUQ

V ~WN XYS^�!Z\[�~]S[�DX ~Ï�¥�

s�U^OP;IO^Q/<?r,9-_�<?CE��Od;=a�r=�W9��dO�>�|«|�z^MN�daI<?>DMNr!NjXNOv�WMNOdXj>DM�9y�dC?>Dr=OPXßrIzN�^rIOdaM` >�|GaEb[HDs�<{acUAXNzW9�C<Qdc
9�MNX <?M^MNOP;Ï���N;=>[XNz^�da}MN>D;I� $fe;$hgqH«s�U^<?C?O V ~4e&X0eÛ�x<?r}9jM^>DMNr=Zw���jOvac;=<?��H«�«>DrI<{ac<E��Ov� XNOd�WM^<EacO �N<EC?<EMNO¦9�;
|�>�;I�¹>�MiQkj�Q 9�M^Xl[�~JeÛ�fPRQdc�<Er�9y�P>DM�aI<?M�zN>DzNr�CE<?MNOP9�;ª|�>D;=��>DMmQ�] �ªu[<?r�acOdMN�PO}9�MNXßzNMN<E¨�zNOPMNOdrIr

�



>�|�r=>DC?z[ac<?>�MNr�aI>A�N;I>D�^C?OP��r�>�|�a�Zw�«O�~��¥��<?rxT�zW9�;c9�M�aIOPOdXY�^;I>��w<?XNOdX�aIUNOB|�>DCEC?>�s�<?M^T��P>�MNXN<EaI<?>DM^r�UN>DCEX
|�>�;�9�C?C N X S*PRQ

V ~ � X S[��� � F $ � $hg:$DS $hg ~���9D�
V ~]SGX S[��� � V $DS $ Vg X ~��b�K�

s�<{acU��P>�MNr=ac9�M�acr�� F X�� V <?MNXNOd��OdMNXNOdM�a}>�|�XN<?r=�P;=Odac<&%¦9�aI<?>DM1]¶�>DM^XN<EaI<?>DM ~����K��<?r:>�|ÆacOPM zNrIOdX&aI>*;IOd�NC§9��PO	aIUNO£s�O¦9�t�OP;
~�9�MNX rIz��j�d<?OdM�a¬�:�P>DM^XN<EaI<?>DMNrY>�|
��9��Nz@�r=t�9�~��0� �[�¥�

r=zN�
	�
 g�������

V ~ � XYS^�
$DS $hg � � V $ � $hg�X ~�ËD9D�

rIzN�
��
 g�������

V ~ � XYS^�
$ � $hg

� � V $DS $hg^# ~�Ë��K�

aIUN<?r,<Er,XNzNOqac>LaIUNOq|G9��da�acUN9�a,acUNOqs�O¦9�t�|�>�;I��zNC?9�ac<E>DMh~Ï�¥��s�<EaIU V ~Je X0e �ª;IOd�NC§9��dOPXß��Zß<EaIr,r=Zw�j��OdaI;I<E�
�N9�;=a�<Er�>�|ÆacOPM�r�a¬9��NCEOL<?MhacU^O©r=OPMNr=O�>�|��x9��^z@�rItb9�~G<�] O�]{HNrI9�ac<Er=�WOdr�~GË��I��HWC?OP9�XN<?M^T�ac>�~����W�v]

��2 � ��K4L-K 9���� I�� F�� Lf9 =����8;>C �8K4F =!9>KJCfL
@}MY9��N�N;=>�u[<E��9�aI<?>DMjac>ß�N;I>��NC?Od�7~Ï�¥��<?rxr=>DzNTDU�a�acU^;I>DzNT�UY�^;I>b·=Od�dac<E>DM�>DM�ac>ß9��WMN<{acO���XN<E�jOdMNrI<E>DMW9�C
r=�W9��dO�Q"!$# Q #^acU^O©;=OPr=zNCEaI<?MNTA|�>D;=��zNC§9bac<?>�Mo;IOP9�XNr

Êª<?MNX N%! PRQ&!�rIzN�¬UYacUW9�aq|�>�;�9�C?C S'!�PUQ"!

V ~]N%! X S'!¥��Z [ª~]S'!b�)( ~ # �
Ê�<?MN<{acO�OPC?Od�jOdM�ax��OdacU^>[XNr��¬UN>w>DrIO"Q&!yac>��«Oy9�r=�W9��dOy>�|S|�zNMN�vac<E>DMNrfS'!LXNOv�WMNOPX�>DMo9�rIzN�«XN<{�[<ErI<E>DM
`*! >�| `�<EM�ac>�r=<?���NC?<E�POPr,+�>�|(XN<?9���OdacOd;*-/. #0-oXNOdMN>�aIOPr�9��N<EOP�dOds�<?r=Oy�P>�MNr=ac9�M�ax|�zNMN�vac<?>�MoXNOd�NMNOPX
>�MR`*! �w<§91-�2 . Z3-/.ª]

�[<EMN�POiQ"!4# Q�H�~��D�L9�;=O�rI9�ac<Er=�WOdX£s�<{acU��P>DMNr�a¬9�M�aIrm<EMNXNOP�«OPM^XNOPM�a�>�|5- #ªaIUwz^rPH(acUNOd;IO�Ovu[<?r�acr
9�zNMN<E¨wz^O��WMN<{acO©OPC?Od�jOdM�ay9��^�N;I>¦u[<?�j9�ac<E>DM N�!�]y8�>�;IOP>���OP;yr=zN�^ac;I9��daI<?MNT ~ # �q|�;I>D� ~Ï�¥�xZ[<EOPCEXNr}aIUNO
r�a¬9�M^XW9�;IXY>D;�acUN>DT�>DMW9�CE<Ea�Zj�P>DMNX^<Eac<E>DMo|�>D;�9�CEC@S'! PRQ&!

V ~WN76 N%!�X S'!b��Z �<X ~�ÉD�
s�U^<?�¬U	�P9�M	�«OßzNrIOdX�~�aI>DTDOvacUNOd;©s�<{acU��P>DMNX^<Eac<E>DMNr�~��D�I�Bac>YXNOd;I<E��Ojr�a¬9�M^XW9�;IX£OP;=;I>D; OPr�ac<E��9�aIOPr >�|
aIUNOL|�>D;I�

$DN86 N%! $hg9� � F
� V

<EM^|
	�:;
 g :

$DN76 S<!3$hg=( ~GÈ��

l ®��£ÃN²?> A@��3B=CED�FHGJI)KMLJN S<!PO KMQMR4QSR0CTKML0QEC)U�D0V'FHGWL0QXV�Y NAZ%[\!�NAZ GWL�]7^`_)KMLJN&KML0Q�C)U�D0V'FHGWQaK�V'LbC)UcU�V'U
C�_)QaKMd1GWQEC�_$FeCfG`]'_gQ�V7G�D�U)K�V'UcKih)V'^JL�]'_jV�YgQMR0C�YkV'U)d

$DN76 N�!3$hgl�m�j~�-K�n�j~]N��
O R0C)UoC �j~]N�� Ke_gQqp�D�K�IfGWFMFrp7G4I�V'L�_)Q�GWL0Qs]JCED0C)L�]WKMLJNPV'L0Frp&V'L N GWL�]7KMQM_t]JC)U)KMu'GWQaKMuWC�_wv

�



¶�>�MNXN<EaI<?>DM^r©~��D�x�¦9�M:9�CErI>ß�«O©z^rIOPX:<?M�XNOdaIOP;=�j<EMN<?MNT G$D0V _)QEC)UcK�V'UcK OP;=;I>D;��«>DzNMNX^rP]E	�M:�W9�;�ac<E�PzNC?9�;PH
<{|�s�O XNOd�NMNO©aIUNOL|�zNMN�vac<?>�MW9�CR;=OPrI<EXNzW9�C(9�r�9�CE<?MNOP9�;�|�zNMN�vac<E>DMW9�C1�w<?9

��� ~WN�!�� X S���� Z [�~]S[� 6 V ~]N%!�XYS^��Z V ~WN76 N%! X S[� �$SlP�Q
aIUNOPM�XN<{�[<EXN<?M^T���Z $DS $hg�9�MNX�zNr=<?MNT£~����}C?OP9�XNryac>oaIUNO�|�>DCEC?>�s�<?MNTjzN�N�«OP;©9�MNX�CE>¥s�OP;L�«>DzNM^XNrL>DM
aIUNO OP;=;I>D; �

� F
$ � ~]N%!¥�6$hg
	\� $DN76 N�!3$hg9� �

� V
$ � ~WN�!��'$hg
	 ~ �D�

s�U^OP;IO
$ � ~WN�!b�6$hg
	
� Z r=zN�

	�
 g���E���
2 ��� ~WN%!b� X S��?2
$DS $hg (

@}CEaIOP;IMN9�ac<{�DOPC{ZDHNM^>�ac<EMNT�acUW9ba�$ V $hg��g
	GZ3� F ~��d|Ï]�~���9��I��s�Om�P9�MY;IOds�;=<EaIO�~ �D�x9�r

��� � $DN76 N�!�$hg
$DN%! $hg Z���� � � � F

� V
��� ~�-��

s�U^OP;IO
��� � Z $ � ~]N%!b�'$hg
	

$DN%! $hg $ V $hg��g 	 ~]���

�h®�ÅªÇ�ÄÆÁ¥Ä�±�Ç A@ ���AR0C��w^�GWL0QaKMQqK�C�_ � � X ��� KML������ Z � �!� GWUoC1QSR0C=Yc^JL I)QqK�V'L�GWF YkV'U O GWUn] GWL�] h�GJI#"%$
O GWUn]PC)UcUoV'UgUoC�_ED0C�I)QqKMuWC)Frp&�(' UcK�V'FrKsC)Q*GWFHv)+*,*.-!�Wv
l ®��£ÃN²?> A@ /�AR0C ]W^ GWF�L V'Ucd V�YTQMR0C Yc^JL I)QqK�V'L�GWF�UoC�_)Ka]W^ GWF Z $ � ~]N%!¥�6$hg 	 Z Ke_tL V'Q�CfG'_)p&QEV I�V'd0$
D�^JQEC8GWL�]Pd7V _)QXGjD0V _)Q�C)UcK�V'UcKXC)UcUoV'U h)V'^JL�]'_ GWUoC ]JC)U)KMuWCf]4G'_1G)D`D�UoV�1 KMd1GWQaK�V'L�_8V�YTQMRJKe_2�w^�GWL0QqKMQap v
3 V O C)uWC)U Z KML NJC)L C)UfGWF KMQ Ke_4"'L V O L QMR�GWQ $ � ~]N%!¥�6$hg
	 GWL�]7QMRJ^`_ �5� GWUoC6� D0V'Frp'L V'd KaGWF �5Yc^JL I)QqK�V'L�_
V�Y QSR0CX]WKe_ I)U�C)QaK87 GWQaK�V'LgD�GWUnGWd7C)QEC)U - GWL�]gQMRJ^`_\Y;GWU YcUoV'd h)C)KMLJNjI)FeV _ C5QEV�d1GJI�RJKML C�D�U�C�I)Ke_)K�V'L�v��ARJKe_
O C O KMFMF ^ _ CtQEVPG`]Wu'GWL0Q�G NJCTKML QMR0C ]JC)UcKMu'GWQaK�V'L V�Y$_)QEV�D`D�KMLJN I)U)KMQEC)UcKaG`v 3 V O C)uWC)U Z O C O KMFMF L V'Q=h)C
I�V'L I�C)UcL Cf] R0C)U�C O KMQSR QMR0C ]JC)UcKMu'GWQqK�V'LPV�YXGWL0pth)V'^/L�]'_=hw^/Q O C O KMFMF%G'_�_)^Jd7C=QMR0C\YkV'FMFeV O KMLJN NJC)L C)UcK�I
h)V'^JL�]4V'L QMR0C$UoC)FHGWQqKMuWCjC)UcUoV'U $DN86 N%!3$hg

$DN%! $hg � �j~�-K� ~����D�

O R0C)UoC �j~�-K� Ke_tGWu'GWKMFHG`hwFeC�u KaG"GWL G$D�UcK�V'UcKsV'UTG$D0V _)Q�C)UcK�V'UcKsC)UcUoV'UTGWL�GWFrp?_)Ke_wv

_£OyOdMNXoacUN<Er�r=zN�NrIOd�daI<?>DMos�<{acUor=>D�jOBr=a¬9�MNXW9�;=XoMN>�ac9�ac<E>DMR] �ªu[�W9�MNX^<?MNT N%!L<EMh9��W9�r=<?r�>�| Q"!�H[s�O
�P9�M¤XNOd;I<E��OA9�CE<?MNOP9�;}r�Zwr=acOd��>�|�Od¨�zW9�ac<E>DMNr}<?M��D>DC{�w<?MNT�aIUNO��d>[O ���P<?OdM�acr�~�½�� 9 X;:MZ%��Xw(k(k( X=<	>�|�N%!
<EM�>DzN;q�¬UN>D<E�PO >�|��W9�r=<?r�>�| Q"!

�y½ Z!� ~��D���
s�U^OP;IO>< Z XN<?� Q"!A9�MNXR�kP a@?,AB?:<Er}9�MN>DM[� rI<EMNTDzNC?9�;PHWTDOdMNOP;I9�C?C{ZhMN>DM^r=Zw�j��OdaI;I<E��HW�j9�ac;=<{u�]�	�M
|G9��da�aIUNOP;=Oo<?rA9�M <?rI>��j>D;=�NUN<ErI�DC�!��«Oda�s�OPOdM a ? 9�MNX Q"!hs�UN<?�¬U39�r=rI>w�P<?9�acOdr�ac> Ov�DOd;=Z`��OP�daI>D;
E PUa ? 9A|�z^MN�daI<?>DM�S'! PRQ"!©�w<§9

C�! E ZGF 9IH F
E 9(JK9 X

Ë



s�U^OP;IO��BJ 9 X=: Z���Xk(k(w( X;<���|�>D;I� 9j�W9�rI<Er�|�>�;Q"!�]._}OdMN�POv|�>D;=aIURH1T�<E�DOdM¤9j��OP�daI>D; E P a ? s�O©s�<?C?C
X^OPMN>�aIOo<EaIr©|�z^MN�daI<?>DMW9�C��d>DzNM�acOd;I�W9�;=a CX! E ��Z S'!�]:��>�acOj9�C?r=>�aIUW9�a�aIUNOo9���>��DO��¬UN>D<?�dO�>�|x�W9�rI<Er
X^Od�WMNOdrB9ßMN>D;=�ß� ��9bac;I<¢u��7�[<?9

�09��^Z ~I~�J 9 X J��v�=�
s�U^OP;IO�~I~Je X0e �I��<ErxacUNO-Qo� <?MNMNOd;q�N;I>wXNzN�va¦]E_}OdMN�PO

$DS'!3$hg Z $ E $ ( (
_£OLs�<?CECR9�CErI>ßzNrIO acU^O©�j9�aI;I<{u�MN>D;=� $Me3$ ( +	� (�
 � � ? AB? XNOv�WMNOdX��w<§9

$� $ ( + � ( 
 � Z �j9bu
�<
���� ��	�;�

$� 9 $ ( 

$ 9 $ ( +

s�U^OP;IO�� P�a ?,AB? 9�MNX���9 PRa ? AB? X;: Z+��X���X¬Ë©9�;IO�r�Z[����Odac;=<?��9�MNX��«>DrI<{ac<E��Ov� XNOd�WM^<EacO��j9�ac;=<?�dOPrP]
_£O©9�C?r=>ßMN>�acOLU^OP;IO acUN9�a

$��$ ( + � ( *,+
 Z�$�� � F�� VV ��� � FF $`( ~��¥���
Ê�<?MW9�CECEZ�HwaIUNO r=a¬9��N<?CE<Ea�Zj�P>DMNX^<Eac<E>DMNr©~��D����Od�P>D��O

��9bu
� 
�� � ��	�;�

�j9bu
�W
�� � ����;�

°�� � E � � F $¬°<$ ( $ E $ ( ~���ËD9D�

�j<EM
�<
�� � ����;� E � � E � � V $ E $ V ( ~���Ë��K�

	 a�<Er�9�C?r=>AO¦9�r�Zhac>ßrIOdO©aIUW9�aqacU^OP;IOm9�CErI>AOvu[<{acr�9A�P>DMNr�a¬9�M�a � e � � F rIz^�¬U�acUN9�a

��9¥u
�<
�� � ��	�;� E � � E � � e $ E $ V ( ( ~���Ë��¦�

l ®��£ÃN²?> A@ � �)L9d1GWL0p _)KMQq^�GWQaK�V'L�_ V�Y&KML0QEC)UoC�_)QtV'L C IfGWL R�GWuWC � e Z � V v"! V'U�C�V'uWC)U Z K Y7QSR0C_)p'd d7C)QaU)K�I5D�GWUcQ5V�Y � Ke_ � Z QSR0C)L � V Z3� e Z�� v
_£O MN>�s r�a¬9�aIOm9ß;IOdrIzNC{aqs�UN<?�¬UY�¦9�M��«OL|�>DzNMNXY<?MP��;=O % %P<�9�MNX �x9�aIUNOj~����������v]
k 5�®�±K²¥® � A@ $# C)Q � P a ? AB? h)CPL V'L�_)KMLJNW^/FHGWU4GWL�] FeC)Q � P a ? AB? h)C G _)p'd d7C)QqUcK�I GWL�]
D0V _)KMQaKMuWC!$�]JC&%�L0KMQECgd1GWQqUcKI1 v2�AR0C)L

$��$ ( � ( *,+ Z ��9¥u
� 
���� ��'�;�

�j9bu
�W
���� ����w�

° � � E
$¬°<$ ( $ E $ ( X

$� � F $ � F( * + � ( Z ��<?M
� 
�� � ��'�;�

�j9bu
�W
�� � ����w�

° � � E
$¬°<$ ( $ E $ ( (

pqU^O�9��«>��DO ;IOdrIzNC{a�·=zNr=aI<E�WOdr�aIUNOL|�>DC?CE>�s�<?MNTmXNOd�WM^<Eac<E>DMR]
�h®�ÅªÇ�ÄÆÁ¥Ä�±�Ç A@ �/�AR0C � $fI�V'L�]WKMQqK�V'L L0^/d1h)C)UtV�YTG8d1GWQaUcKI1 � Ke_

( ~�� X)� �+* ( ( ~�� ��� Z�$��$ ( � (
*,+ $� � F $ ( *,+ � ( (

#



pqU�zNrSaIUNO�r=a¬9��N<?CE<Ea�Z��P>DM^XN<EaI<?>DMNr�~��D�1r=<?���NCEZ�rI9�ZBacUW9�a1acUNO,XN<ErI�d;IOdaIO��N;I>D�^C?OP�¹~ # �1<?r1s�OPCEC{���d>DMNXN<{ac<E>DMNOPX
s�<{acU�;IOdrI�«OP�va}aI>ßaIUNO �Y��M^>D;I� �

$D� $ ( � ( *,+ Z � F X $D� � F $ � F( * + � ( �m� V X ~�� # �

9�MNX�U^OPMN�dO©|�>D;�9�C?C <
( ( ~W�L� �

� F
� V

( ~��¥É��

Ê�<?MW9�CECEZ�Hws�OmM^>�acOyaIUW9�a�s�UNOPMYrI>�CE�w<?MNTi�B½ Z � acUNO XN<ErI�P;=OdaIO©��OP;Ir=<?>DM^r�>�|q~�-��vH�~]���x9�;IO

��� � Z $v½ 6��½ $ (
$��½ $ ( X ��� � Z $/�X6 �	�½%$ ( * +

$
�½ $ ( $D��$ ( � ( * +
( ~���ÈD�

� �����*/�/�� �� �.��� � �-�����

	�M£��9�M�Z C§9�;=TDOv� rI�¦9�C?OA�P>��j�Nz[a¬9�aI<?>DMNryaIUNO�Ovu^9��damrI>�C?z^aI<?>DM�½ >�|�aIUNOßC?<EMNO¦9�;Lr�Zwr=acOd� ~��D�¥�y<Er©>�z^a
>�|�;IO¦9��¬U¤9�MNX¤9�M <EaIOP;c9bacO�½
<?r�zNr=OPX ac>o9��N�N;=>�u[<E��9�aIO©aIUNO�r=>DC?z[ac<?>�MR] �[<?MN�dOms�O�<?X^OPM�ac<{|ÆZ��½ s�<{acU
9o|�zNM^�dac<E>DM �N�!dP Q"!�HSs�OßMW9baczN;I9�C?C{Z:O�u^�«OP�va�9�zNr=Od|�zNC,<{acOP;I9�acO��½-aI>�rc9�aI<?r=|ÆZ¤9�M�OP;I;=>D; OPr�ac<?�j9�aIO
r=<?��<?C?9�;�aI> ~Ï�����

$DN86 �N%! $hg
$ �N%!3$hg � ��j~�-K� X

s�U^OP;IO ��j~�-K�B<?rL>�|�aIUNOßrc9���OA>D;IX^OP;©9�rg�j~�-K�B<?M
~��¦���v] 
 zN; 9�<?��<Eryac>hXNOd;I<{�DO�9hrIz<���P<EOPM�a�9�MNX
�d>D���Nz^a¬9��NC?O��P;=<EaIOP;I<E>DML|�>D;SacUNO�9��«>��DO�OP;I;=>D;(��>�zNMNXmaI>}U^>DC?XR]�Êª<E;Ir=aPH�s�O�<?M�ac;=>[XNz^�PO�rI>D��O�MN>�ac9�ac<E>DM
9�MNXozNr=Od|�zNC�;IOPr=zNCEaIrP]�QSOda � PRa ?,AB? ]�_£OBXNOdMN>�aIOy��Z���� Z ~���� � � ���D�:X���� Z ~�� 6 � � ���D�
aIUNOqr=Zw���jOvac;=<?�x9�MNXßrIt�Ovsx��r�Z[����Odac;=<?�q�W9�;=acr,>�| �+H�;IOPr=��Od�daI<E�DOdCEZ�]�8�>D;IOd>��DOP;dH�<E| ��� <?r��«>Dr=<Eac<{�DO��
X^Od�WMN<{acO�HW<Ea�<?M^XNzN�POdr�9ßM^>D;I� s�U^<?�¬U�s�O©XNOPM^>�acO ��Z

$Ee3$�� � Z $fe3$ (�� (
_£OL�W;Ir�a��N;I>��DO acU^O |�>�C?C?>�s�<EMNT�;IOdrIzNC{acrd]
��® � �	Ã �A@�� #�C)Q5I�V'L�]WKMQaK�V'L�_ ~���ËD� R0V'FH]`v6�AR0C)L

�
 � e

$�²;$ . � $�²;$ ( � �
 � V

$�²�$ .

GWL�]  � V
� F � e

$�²;$ ( * + � $�²;$/. *,+ � �
 � V

$�²;$ (
*,+ (

!#"%$&$
' ò�Ð¬Ð}è�Ó�ÓNÐ�Ñ�åwØ ý à (

k 5�®�±K²¥® � �A@ $# C)Q N h)C"QMR0C7_ V'Fr^JQqK�V'L V�Y&QMR0C O CfG%"tYkV'U)d ^JFHGWQaK�V'L � -!� GWL�] FeC)Q ½�X N%!�Z CX!¥½
_wGWQaKe_SYcp

�B½ Z ��# $DN16 N%! $hg
$DN�!�$hg � ��~q-«�c(

É



�AR0C)L �N�!"Z CX! �½ _wGWQaKe_&%*C�_
$DN16 �N%! $hg
$ �N%!3$hg � ���~q-«��Z��o~q�j~�-K�=�

K Y
$/�=6 �	�½ $ ( * +

$
�½ $ ( �m- �a�j~�-K��� V X ~��'���

YkV'U _ V'd7C�� ��� v
!#"%$&$
' í«Ð¬Ò "�� '��	��
� à�hÐ}ì�Öv×�Ð��� � 
�/!�� g� 
��!�� g � ��� � �/!�� g���/!�� g ����!�� g� 
��!�� g�� ���/! � 
�/!�� g� 
�/!�� g

� ������� � ø � ���/! � 
�/!�� g� 
�/!�� g ��� ���/! � 
��!�� g� 
��!�� g
Ö�ÑwåßÕÏØ¢Ñ�âcÐ ����! � 
��! � g� 
��!�� g � � � � F " � (� 
� � (

� � � � F � ( *,+ � ( � " � (
*,+� 
� � (
� ø� V � " � ( * +� 
� � ( � Í�ÕÏØ¢Ñ�ï � øcó ���

! Ð�ï�Ð¬Ò ��� � 
�/!�� g� 
�/!"� g � �������#� ø �$� � �%�����&�'�$� � ������� �)( 
�%�����+*
(

l ®��£ÃN²?> �A@����AR0C5_)QEV�D`D�KMLJN I)UcKMQ�C)UcK�V'L � --, �gKe_�C=�w^JKMu'GWFeC)L0Q QEV$UoC=�w^/KMUcKMLJNtQMR0C ]WKe_ I)UoC)Q�C h�GJI#" O GWUn]
C)UcUoV'U � � ]JC&%�L Cf] KML � - .#�tQEV1h)CtV�Y�QMR0C _wGWd7C$V'Uf]JC)U G'_�QMR0C Yc^JL I)QqK�V'L�GWF h�GJI#" O GWUn]&C)UcUoV'U ���kZ��~ �5� � v0�ARJKe_iKe_*GWF _ V G�_)^0/ I)K�C)L0Q I�V'L�]WKMQqK�V'L*YkV'UiQMR0C5]WKe_ I)UoC)QEC�YkV'U O GWUn]$C)UcUoV'U � � I�V'UcUoC�_ED0V'L�]WKMLJN
QEV"V'^JU$KMQEC)UnGWQqKMuWC�_ V'Fr^JQaK�V'L Q�V R�GWuWCgQMR0C�_wGWd7CjV'Un]JC)U$G'_$QMR0C�Yc^/L I)QaK�V'L�GWFWYkV'U O GWUn]PC)UcU�V'U � � v
	�M�|G9��va¦HN�d;I<EaIOP;=<?>DM£~��6�D���¦9�M��«O ;IOP�^C§9��dOPX�s�<EacUY9Aac<ETDU�acOP;q�«>DzNM^XR]���Z�QSOP���j9�Ë[]E�DH

$D� � F ²�$ ( � �
 � V

$D� � F ²�$ . � �
 � V

$D� � F $/. *,+ � . $�²;$/. * + Z
�

 � V
$�²�$/. *,+

9�MNXYaIU�zNrPHNs�Om�P9�MY;IOP�^C§9��dO aIUNO ��>�zNMNX£~��'����s�<EacU
$/�=6 �	�½ $ . * +

$
�½ $ ( �m- �a�j~�-K�21 � V ( ~��6-D�

È



pqU^O�XN< 41Od;IOPM^�PO��«Oda�s�OPOdMAacUNO�r=aI>D�N�N<EMNTB�d;I<EaIOP;=<§9m~��'�D��HN~Ï�6-��S<?r�MN>�a�rI<ETDMN<E�N�¦9�M�a�<E|^aIUNO �Y���d>DMNXN<{ac<?>�M
M�zN����Od;©~��¥ÉD��<?r�M^>�aqac>w>�C§9�;ITDO�]�pqUN<?r��¦9�M��«OLrIOPOdMh|�;I>D� acUNOLOd¨�zN<E��9�CEOPMN�dOL��Ova�s�OdOPM $�e�$ (
*,+ X $�e
$/. *,+ �N;=>¥�w<EXNOPX���Z�QSOP����9 Ë^]{�D] 	�M��W9�;�ac<E�PzNC?9�;PH�<E| acU^O�r�Zw�j��OdaI;I<?�:�W9�;=a�>�| � <?r �£H�aIUNOPM
� V Z � e Z ��9�MNX:aIUNO�O)41Od�dac<{�DO��d>DMNXN<{ac<E>DM�M�zN����Od;B<?r � F ]�@¹C§9�;ITDOL��9�C?z^Om>�|i� F �P>D;=;IOPr=��>�MNXNraI>o9�� UN<ETDUNCEZoMN>DMNr�Z[����Odac;=<?� �«�^;I>D�NCEOP��|�>D;�s�UN<?�¬U�acUNOmzNrIO�>�|,�P;=<EacOd;I<E>DM`~Ï�6-��q;c9�aIUNOP;�acUW9�M ~��'���
�j9¦Zo�«O �N;IOv|�OP;c9��NC?O�]�_£O ;IOvaczN;=MYaI>ßaIUN<?rq<ErIr=zNO <?MhacUNO M�zN��OP;=<?�Pr�r=OP�daI<?>DM1]

�^243 � L � F CE;0� ? ;GK F �
	�Mj�N;c9��dac<E�PO�H�aIUNO�XN<?r=�P;IOvac<&%¦9�aI<?>DMß>�|�acUNO�s�OP9�t�|�>D;=��zNC§9bac<?>�MY~��¥��<?r�TDOdMNOP;I9�C?C{Z�XN>�MNO}<EM�9�M�9��^�N;I>¦u��
<E��9bacOm|G9�rIUN<E>DMRH���OP;�Z¤>�|ÆacOdM¤XNzNO�aI>oacUNOA�d>D���Nz^a¬9bac<?>�MW9�C(�P>Dr�acrL<EM���>DCE��OPXR]©pqUN<ErL9��N�N;=>¦u^<E��9bac<?>�M
UN9�r��«OPOPMß¨�zW9�CE<E�WOdXA9�rª9 u'GWU)KaGWQaK�V'L�GWF0I)U)KMd7C ~ �waI;c9�M^TL9�MNXßÊª<¢uj��� ��Ë���HD9�rª<Ea�C?O¦9�XNrªac>y9B��Od;=aIzN;I�«OPX
r�Zwr=acOd�

~W� ���m�L� �½ Z � (

_�>�s�Ov�DOP;dHª<{aL<?rLt�MN>�s�M£aIUW9�a <{|�aIUNOß��Od;=aIzN;I�W9bac<?>�M��m��<ErLrIzN<{a¬9��NC{Z r=��9�CECq~�zNrIzW9�C?CEZYs�<EaIUN<?M¤aIUNO
�NMN<EaIOmOdC?OP��OPM�a}OP;=;I>D;c�vHWacUNOdM:acU^O�9��^�N;I>¦u[<?�j9�acO r=>DC?z^aI<?>DM��½ rc9�aI<?r��WOPr�acUNO©rc9���O©OP;I;=>D;�OPr=aI<?�j9�acOdr
9�r©aIUNOßOvu^9��da�rI>DCEz^ac<E>DM�½+~ �waI;c9�M^T:9�M^X`Êª<¢u ��� ��Ë��v]*	�M£aIUN<?r �P>�M�aIOvuwa¦H�acUNOß�N;=>D�«>DrIOdX	r=aI>D�N�N<EMNT
�d;I<{acOP;=<§9Y;IOP�^;IOPr=OPM�aß�Nz^aA9�MN>�aIUNOP;���9�;=<§9�aI<?>DMN9�C,�P;=<?��O�9�rmacUNO�|�>DC?CE>¥s�<EMNTYr=a¬9�MNXW9�;=X ;IOPr=zNCEa�rIUN>�s�r
~�rIOdOA@B;I<E>DC?<�OdaL9�C�]{HS�����^��#Rr=OPOß9�CErI>���<?T�9�C�9�M^X<0 9��¬UNOdrPH,����È ��|�>D;�acUNOA�P9�rIO�s�UNOdM����ßMN>D;I��rL9�;=O
Od�j�^C?>�ZDOdXR] �
k 5�®�±K²¥® � �A@ �$# C)Q �½ _wGWQqKe_SYcp

$/�=6 �	�½ $ ( * +
$
�½ $ ( �m- �a�j~�-K��� V (

�AR0C)L QSR0C)UoC C 1 Ke_)QM_ �i� _)^%I�R"QSR�GWQ
~]� ���i�y� �½ Z!�

GWL�]
$	�m� $ ( � (
*,+ �m- � �j~�-K��� V

!#"%$&$
' ò�Ð¬Ð � è�Î�Ø¢Ô¥Ù¢Ø^Ð¬Ò�Ö�ÙÆà[ô¦ù�ù�ø¦ê^ö�ì�Ý�ø � à (

l ®��£ÃN²?> �A@ /�AR0C d7V'UoC$NJC)L C)UnGWFsIfG'_ C O R0C)UoC QSR0C U)KHN'RJQ $�R�GWL�]"_)Ka]JC � Ke_ D0C)UcQq^JU;h)Cf] Ke_ QaUoCfGWQ�Cf]
hwp ' UcK�V'FrKTC)QTGWFHv � )+*,*.-!�Wv�
 C ]JV L V'QgKML I)Fr^�]JCPQMR0CPUoC�_)^/FrQM_"R0C)UoC&_)KML I�C"KML d7V _)Q C)LJNWKML C�C)UcKMLJN
G)D`D�FrK�IfGWQaK�V'L�_Th)V'^JL�]'_jV�Y�QapcD0C�� - *#�8GWUoC5D�UoCSYkC)UcUoCf]`v
pqU^Ojr�ac>D�N�^<?MNT��P;=<EaIOP;I<?9hXNOP;=<E�DOdX	9���>��DO��«>DrIOAacU^Oj�N;=>D�NCEOP��>�|xOPr�ac<E��9�aI<?MNTjacUNO�;IOdrI<?X^zW9�C�<EM�aIUNO
� � F ��>�;M� � F ��MN>D;=�jrd]�_�UN<EC?O�acUN<Er�s�9�r���>Dr=rI<E�NC?O�|�>D;�acUNO}r=Zw�j��OdaI;I<E�B9�M^X��«>DrI<{ac<E��Ov� XNOd�WM^<EacO��¦9�rIO
<EM:9ßMW9�aIzN;c9�C(s�9¦Z	~GrIOdO 0L>DC?z^��9�MNX¤8�OdzN;c9�M�aPH��0��� �[H70L>DC?z^�:9�M^X �waI;c9�t�>DrPH������ # �vHNaIUNOmz^rIO�>�|,9
M^>DMNr=Zw���jOvac;=<?�L<EaIOP;I9�ac<{�DOL��OdacU^>[X�XN>wOPr�MN>�a�9�C?C?>�s�|�>D;xaIUNO rc9���O �jOvacUN>wXN>DCE>DT�Z�ac>ß��O©9��^�NC?<EOPXR]

	�M acU^Oo;IOd��9�<EMNXNOd;�>�|�acU^Oo�W9��«OP;�s�OhrIU^>¥s/UN>�s%acUN<Er�MN>D;=� �P9�M �«OhOPr=aI<?�j9�acOdX`zNr=<?MNT aIUNO
<EM^|�>D;=��9�aI<?>DMY�P>�M�ac9�<?M^OPX�<?M:aIUNOi
L;=ZwC?>����W9�r=<?r� & ]mÊW>D;Br=<?���NC?<E�P<{a�ZDHKs�O�s�<EC?C��P>DMNr=<?XNOd;L>DMNC{Z�aIUNO

�



�P9�rIO � Z ~]� � � � ���D� ~�9�M^X3aIUwz^r7� V Z �¥��H�<�] O�]EH�acU^OY�P9�rIO�s�UNOdM � XNOd�WM^OPrßacUNO�rI>b���¦9�C?C?OdX
� OPM^OP;IT�ZhMN>D;=����|�>D;�aIUNOL�N;I>��NC?Od��]1	�MhaIUNOLMNOvuwa�r=OP�daI<?>DM1H^s�O r=UN>�s UN>�s acUNOyM^>D;I�/OPr=aI<?�j9�ac<E>DM�<Er
9��¬UN<?Ov�DOPX¤|�>D;�0m8:� � � 9�MNX�Ê 
 8£]RÊ�<?MW9�CECEZ�H«<EM:acU^O��¦9�r=OA>�|��POdM�ac;c9�C��N;IOd�P>DM^XN<EaI<?>DMN<EMNTjs�<{acU �£H
aIUNOPr=O�a�s�>m9�C?TD>�;I<EaIUN��r�;=OPXNzN�dO�aI>©9LaIUN;IOdOv��acOP;=� ;IOd�PzN;=;IOdMN�PO�s�UN<?�¬Uß�P>��j�Nz[acOPr�XN<E;IOd�dacC{Z1$�²'& $ ( *,+ ]
pqU^<?rqs�<?CEC1�«O aIUNO rIzN��·=OP�da}>�|�rIOd�dac<E>DM:É[]

� �����*/�/�� �� �.��� � �-����� � �*�. 4 "¡$¹� � ��� )*�74

_£O©;IOP�P9�C?C1UNOP;=Omr=>D�jO >�|�acU^Om�W9�rI<?�L|G9��vacr�9�MNXYr=ac9�MNXW9�;IX:M^>�a¬9�aI<?>DMo|�>�;�aIUNO 0m8�� � ��9�MNX:Ê 
 8
9�C?TD>D;=<EaIUN�jrd]ßpqUNOj��OdaIUN>wXNrm�d>D���Nz^acO�9�M£>D;=aIUN>DMN>�;I�j9�C��W9�r=<?r >�| � & #ªacU^Oj�W9�rI<?r OdC?OP��OPM�aIr�9�;=OaIUNOß�P>DCEzN��MNry>�|�� & P a ?,A &^]ApqUN<ErL>D;=aIUN>DMN>D;=��9�C?< %P9�ac<E>DMY<?r 9��¬UN<EOd��OPX£�w<?9h9�M�@B;IM^>DC?XN<ª�N;I>w�POdrIr
s�U^<?�¬U�Z[<EOPCEXNrxacUNOL|G9��vac>D;=< %P9�ac<E>DMNr

� �& ��� & Z�� & XY��� & Z�� &���F �� &
s�U^OP;IO � & P a & A & X �� & P a &���F A & 9�;IO©zN�N�«OP;"_}OdrIrIOdM���Od;ITh�j9�ac;=<?�POdrPHWs�<EaIU � & ��Od<?MNT�>D�^ac9�<?M^OPX|�;=>D� �� & ��Z�XNOPCEOdaI<?MNT�<Eacr©C§9�r=am;I>�s ]R	�M	aIUNO��P9�rIO�>�|%0©8:� � ��H�9
	 � � |G9��vac>D;=< %P9�ac<E>DM�>�| �� & <Er�d>D���Nz^acOdX`~�zN�«XW9�acOdX:9ba�O¦9��¬U�r=acOd�K�

�� & Z�	 & � & (
� 243 �7:9 K F =!9>KJCML CEA���;����������
pqU^<?r��¦9�MY�«OLXN>DMNO©rI<E�j�NC{Zj�w<?9

$�² & $ ( * + ��� � F�� V� 9 ? ~�� �'$�² & $ (
JyOd��OdMNXN<EMNT >DM�aIUNO�9��N�NCE<?�P9�ac<E>DMRH�aIUNO�rI�j9�C?CEOPr�a,OP<ETDOPM���9�C?z^Oq>�| ���j9¦Z�>D;,�j9¦Z�MN>�a��«O�OPr=aI<?�j9�acOdX
s�<{acUYrIz<���d<?OPM�aB9��P�dzN;c9��dZD]f	 |ªs�OmXN>�MN>�a�UW9¦��O�rIz^�¬U¤9�MYOPr=aI<?�j9�acO�H^s�O���zNr�a��P>DM�acOdMNX >Dz^;IrIOdCE��OPr
s�<{acU�OPr=aI<?�j9�acOdrB�N;=>��[<EXNOPX:��Z�aIUNO�<{acOP;I9�ac<{�DO©�N;I>w�POdrIrd]"	�M:aIUNO��P9�rIO�>�| 0m8�� � �:9�M^X¤Ê 
 8¡acUN<Er
�P9�Mo�«OB9��¬UN<?Ov�DOPX�9�r�|�>DCEC?>�s�rP]�@BrIr=zN��<?MNTmMN>��N;=O¦9�t�XN>�s�MRH[acUNO}�jOvacUN>wX��d>D�j�^z^acOdr�acU^O}|�>DCEC?>�s�<?MNT
|G9��dac>�;I< %P9�ac<E>DMo>�|!� <?M��D>�CE�w<?MNTß9�M�>D;�acUN>�MN>D;I�j9�C���9�aI;I<¢u�� ?

� �? ��� ? Z � ? (
pqU�zNrdH�� �? ��� ? Z¹~ � ? � � �? ���D��Z����
 ? 9�MNX�acUNOd;IOd|�>�;IO

� � 9 ? ~ �¤��Z!� � 9 ? ~ �  ? �)(
�w<?MN�dO�<?M£�N;c9��dac<E�PO�s�O�s�<ErIU	aI>:zNr=O�acU^Oo9�CETD>D;I<{acUN��>DMNCEZ¤|�>�;�9:r=��9�C?C�M�zN���«OP;�>�|qr=aIOP�Nr#"«H,9�M
Odr=aI<?�j9�acO�>�|$� � 9 ? ~�� ���P9�Mo�«O}a¬9�t�OPMoaI>��«O�� � 9 ? ~��  & ��]&%}M[|�>D;=aIzNMW9�aIOPCEZ�H[aIUN<?r�OPr�ac<?�j9�aIO}<Er�9�C{sx9¦Zwr9�M�zN�^��Od;��«>DzNM^XY>�M
� � 9 ? ~ �¤�v]�	�M�|G9��daPHNs�O UW9¦��O©aIUNOL|�>DC?CE>¥s�<EMNT���>DMN>�aI>DMN<E�P<Ea�Zj;IOdrIzNC{a¦]
��® � �	Ã � @�� #�C)Q �
 & Z¹~�� & � � �& ���D� v �AR0C)L

� � 9 ? ~��  &���F �5��� � 9 ? ~ �  & �)(

-



!#"%$&$
'

� � 9 ? ���  & � � Ý Ø¢Ñ
���c
�� �

� � & � & � &� � & � V� Ý Ø¢Ñ
� � 
�� �

� � &�� �& � � & � &� � & � V� Ý©Ø¢Ñ
	n
�
 �

" � � "� � �& " � V
� Ý Ø{Ñ

	n
�
 �� +
" � � "� � �& " � V

� Ô ! ê(Ö�ÑbÜ "���� &���F â¬Ö�Ñ�ÚNÐ ! Î�ØÛÒ�Ò�Ð�Ñ�Ö�Õ " � � &���F � &���F Þ?Ô�ÎBÕ�Ô¥Ý Ð � &���F ��� &���F Ö�Ñ�åì�Ð�Ñ�âcÐ

� � 9 ? ���  & � � Ý©Ø¢Ñ
� �� + 
�� �� +

� � &���F � �&���F � � &���F � &���F� � �& � &���F � &���F � V
� Ý©Ø¢Ñ

���� + 
�� �� +
� � &���F � &���F � &���F� � &���F � V� � � 9 ? ���  &���F �+*

(

pqU^<?rh;IOdrIzNC{ahOPMN9��NC?OdrhzNroac> 9��N�N;I>¦u[<?�j9�aIO�acU^O¤r=ac>��N�N<?M^T �P;I<{acOd;I<§9	9�ro|�>DC?CE>�s�rP] �[<?M^�PO ��Z*aIUNO
�^;IOd�w<E>DzNr�CEOP����9 � � 9 ? ~��
 & ��� � � 9 ? ~��¤�©�j>DM^>�ac>DM^<?�¦9�C?CEZ�HSacUNOd;IOhOvu[<Er=acr�9 "��A9�MNX 9:�d>DMNr�a¬9�M�a��� Z ���¥~ "��c�ßr=zN�¬U-acUN9�a � � 9 ? ~ �¤� � ����� � 9 ? ~��
 & ��|�>D;�9�C?C "�� "��P] _�OPMN�dO�H�>DzN;ßr=aI>D�N�N<EMNT
�d;I<{acOP;=<?>DMh�«OP�d>D��OPr

$�² & $t� � � � F�� V� 9 ? ~��  & �n- � ��~q-«�c( ~����D�
_£OA;IOd�¦9�CECªUNOd;IOAacUN9�ayacU^O���9�C?zNOA>�| � ���o�¦9�M��«OA�¬UN>Dr=OPM£9��P�d>D;IXN<EMNToac>Y9��^�NC?<E�¦9�aI<?>DM`~�9oC§9�;ITDOd;
��9�CEzNO�H�|�>D;�9£��>D;IO��«OPrIr=<?��<?r�ac<?���d>DM��DOP;=TDOPM^�PO �d;I<EaIOP;=<?>DMK��]*pqU�zNrPHxs�O:>�MNCEZ UW9¦��O�ac>£�P>D���Nz^aIO
� � 9 ? ~ �
 & ��9�M^X:OPr�ac<E��9�aIOt���P]�	�M �N;I9��daI<?�dO�HKacUNOm�P>DMNr�a¬9�M�a ���B<Er}>�|,>D;IX^OP;�>DMNOm|�>�;}r=��9�CECR��9�C?zNOdr>�|&"��¦]�_£O <?M��DOdr=aI<?T�9�aIOLacUN<Erq<?rIr=zNO <?MhacU^O©M^Ovuwa�rIOP�vac<E>DMR]
l ®��£ÃN²?> � @�����_)QqKMd1GWQaKMLJN � � 9 ? ~��
 & � IfGWL h)C ]JV'L C$CfG'_)KMFrpTKMLPQSR0C$IfG'_ CgV�Y�QMR0C! #" ! GWF NJV'U)KMQMRJd1v
3 V O C)uWC)U Z KML QSR0C IfG'_ C V�Y%$ ! B&�(' QMRJKe_ Ke_ L V'Q1L C�I�C�_�_wGWU)KMFrpb_)QaUnGWKHN'RJQ YkV'U O GWUn] Z _)KML I�C O C ]JV
L V'Q _)QEV'UoC � & hw^/QgQMR0C � & Y;GJI)QEV'U V�Y&QMR0C 	 � $ Y;GJI)Q�V'UcK87 GWQaK�V'L V�Y �� & v �cL QMRJKe_ IfG'_ C Z G Yc^JUcQSR0C)U
G)D`D�UoV�1 KMd1GWQaK�V'L I�V'^JFH]"h)C$KML0QqUoVw]W^0I�Cf]

� � 9 ? ~ �  & �*�*) � 9 ? ~�� & �5�*) � 9 ? ~ �� & ��Z�) � 9 ? ~ � & �
FeCfG`]WKMLJN1Q�V1QMR0Cth)V'^/L�]

$�² & $T�m� � ) F�� V� 9 ? ~ � & �n- � ��~q-«�DX
O R0C)UoC ��� Ke_*GtI�V'L�_)Q�GWL0Q O RJK�I�R GJI�I�V'^JL0QM_ YkV'U*h)V'QSR I�V'L0uWC)UqNJC)L I�CsQ�V � � 9 ? ~��
 & � GWL�] QMR0C=]WK + C)UoC)L I�Ch)C)Q O C�C)L � � 9 ? ~ �
 & � GWL�] ) � 9 ? ~ � & ��Z\O RJK�I�R7IfGWL0L V'Q�h)CiNW^�GWUnGWL0Q�C�Cf]gQ�V$h)C _)d1GWFMF0GWL�]gKe_5L V'Q "'L V O LG$D�UcK�V'UcKav 3 V O C)uWC)U Z QSRJKe_$FHGWQaQEC)Ujh)V'^JL�]8Ke_$^`_ CSYc^/F\KML C�_)QaKMd1GWQaKMLJN $�²'&�$ . * + v

�



� 2 � �7:9 K F =!9>KJCML CEA���;������ ���
	�M�acU^<?rq�¦9�rIO s�O �N;=>[�dOPOPX�rI<E�j<EC§9�;=CEZ

$�² & $ . *,+ � $�² & $�) � F�� V� 9 ? ~]�y�)(
@ rI<?��<?C?9�;,��>DMN>�aI>DMN<?�d<Ea�Zß;=OPrIz^CEaqUN>�C?XNr�|�>D;�aIUNOLrI<EMNTDzNC?9�;���9�CEzNOPr�>�| �� & ~G�v|Ï]�_}>D;=Mh9�MNXY\�>�UNMNrI>�MRH�0���^�DHK¶�>�;P]�Ë^]{�D] Ë��

) � 9 ? ~ �� & � �*) � 9 ? ~ �� &���F �
9�MNX�aIU�zNr©aIUNOP;=OjO�u[<?r=aIr©9 "��©9�MNX£9��P>DMNr�a¬9�M�a�� ��Z�� �¥~ "��¬�yrIz^�¬U£acUN9�a�) � 9 ? ~]�y�t��� � ) � 9 ? ~ � & �|�>�;�9�C?C "�� " � ]�pqUwz^r�aIUNO r=ac>��N�N<?M^T��d;I<{acOP;=<?>DM�~Ï�6-����P9�M��«O ;IOd�NC§9��dOPX�s�<EaIU

$�² & $T��� � ) F�� V� 9 ? ~ � & �f- � �j~�-K�)( ~����D�

s�U^OP;IO�H«9�r���Ov|�>D;IO�H�� � <?r�9A�P>�MNr=ac9�M�a�~�>�|�>D;IXNOd;�>DMNO���s�UN<E�¬UYs�O©MNOPOdXYaI>�Odr=aI<?�j9�acO�]
l ®��£ÃN²?> � @  
 C7L V'QEC8QSR�GWQ�QSRJKe_PI)UcKMQEC)U)K�V'L IfGWL9h)C1^`_ Cf] h)V'QSR KML QMR0C4IfG'_ C"V�Y $ !4B&� ' GWL�]
 " ! Z _)KML I�C4KML QSR0C %�Uo_)Q1IfG'_ C4QMR0C4d1GWQqUcKI1 � & Ke_ GWu'GWKMFHG`hwFeC4GWL�]bKMLmQMR0C"_ C�I�V'L�]lIfG'_ C �� & Ke_GWu'GWKMFHG`hwFeC � O KMQSR ) � 9 ? ~ �� & ��Z�) � 9 ? ~ � & � �Wv
� 2�� � � 7:9<=�;<9��	��
� � ���� � ���
pqU^OP;IO}9�;=O��j9�M�ZAr=<EaczN9�ac<E>DMNr�s�UNOd;IO}aIUNO��P>DM^r=ac;=zN�daI<?>DM�>�|R9�Mj>�;=acU^>DMN>D;=��9�C[�W9�r=<?r,|�>D;,acUNO
L;=ZwCE>¥�
r=zN�Nr=�W9��POm<?r�C?<E�j<{acOdXoac>j9�r=��9�CECRM�zN���«OP;�>�|ª��OP�vac>D;=rP]xpqUN<Er}CEO¦9�X^r�aI>�aIUNO©;IOPr�a¬9�;�acOdX��DOd;Ir=<?>DMNr�>�|
0©8:� � ��>D;©Ê 
 8£](ÊW;I>D� acUNOß�«>D<?M�a >�|��w<?Ovs >�|�acUNO�9��«>��DOßr=aI>D�N�N<EMNT��d;I<{acOP;=<§9^H�acUN<Er©X^>[Odr©M^>�a
�«>Dr=Om9�M�Zo��9¥·=>�;x�N;I>��NC?Od�jr��js�O©r�ac<EC?C1M^OPOPX�ac>ßOdr=ac<E��9bacOLOP<{acUNOd; � � 9 ? ~��¤��>�;#) � 9 ? ~]�y�x9�MNXhacUN<Er<ErqXN>DMNO <EM�9Ar=<?��<?C§9�;�|G9�r=UN<?>DM1]�pqU�zNrPH�9�rIr=zN��<?MNT�s�Om;=zNM�acUNO©9�CETD>D;I<{acUN��r�|�>�;���<EaIOP;I9�ac<E>DMNrx>�| "
r�acOd�Nr}OP9��¬URHWs�O©z^rIO acUNOL|�>DCEC?>�s�<?MNT�9��N�N;=>�u[<E��9�aI<?>DM^r

� � 9 ? ~ �¤��� �j<EM
F�� 9 � � ��� 9��� 9 ? ~��  & �DX ) � 9 ? ~��¤��� ��<?M

F�� 9 � � )�� 9 �� 9 ? ~ � & � ~��[���

s�U^OP;IO�s�OxX^OPMN>�aIOx��Z�� � 9�� ~ �
 & � X ) � 9�� ~ � & �vHbacUNO�OP<?T�OPM���9�C?zNOdr�9�M^X�rI<EMNTDzNC?9�;S��9�C?zNOdrª>�|NaIUNOx<EMNXN<?�P9�acOdX�j9�aI;I<?�dOPrq�d>DMNr=aI;IzN�vacOdX 9�aqaIUNO :�acUY<EaIOP;I9�ac<E>DMR]
� 2 � �"! � �$#j� ?@9BCMA4�8;0� ? CfL%��K 9 K4CML-K L%&
	�M`aIUNO��P9�rIOjs�UNOP;=O�9��N;=OP�P>�MNXN<EaI<?>DM^OP;�<Ermz^rIOPX1H�aIUNO�@};IMN>�C?XN<�9�C?T�>D;I<{acUN�7�d>DMNr�ac;Iz^�dacr�9:rI<E�j<EC§9�;
|G9��dac>�;I< %P9�ac<E>DMY>�|�acU^O��N;=OP�P>�MNXN<EaI<?>DM^OPX:�j9�aI;I<{u�]x_£O��P>�MNrI<EXNOP;}UNOP;=O�>DMNC{ZhacUNOm�¦9�r=O�>�|,;=<?TDU�a}�N;IO��
�d>DMNXN<{ac<E>DMN<?M^T}|�>D;�s�UN<E�¬UAacUNO%0©8:� ��� 2�Ê 
 8 ;=OPrI<EXNzW9�C^;IOP�j9�<EMNr�zNMN�¬UN9�MNTDOdXR],pqUNOx|G9��vac>D;=< %¦9bac<?>�M
<Er

�%' � F � & Z!� &���F �� &
9�MNX�r=<?MN�dO

$�²;$ . * + � ) � F�� V� 9 ? ~]�L�6$�²;$T�*) � F�� V� 9 ? ~]�%' � F � ) � F�� V� 9 ? ~('m�'$�²;$

���



s�O��¦9�MjXNOP;=<E�DO�9 r=aI>D�N�N<EMNTm�d;I<{acOP;=<?>DMAr=<?��<?C?9�;�aI>o~������ªzNr=<?MNT acUNO�9��^�N;I>¦u[<?�j9�ac<E>DM�) � 9 ? ~W�%' � F � �
) � 9 ? ~ � & �

$�² & $$� � � ) F�� V� 9 ? ~ � & � ) F�� V� 9 ? ~('m�f- �a��~q-K�)( ~��D���
_�>�s�Ov�DOP;dH�aIUN<?rq;=OP¨�zN<?;=OPr�acUNO©OPr�ac<E��9�aI<?>DMh>�|�aIUNOmr=��9�C?C?Odr=aqr=<?MNT�zNC§9�;x��9�CEzNO >�| '¹s�UN<?�¬UY��9¦ZhM^>�a
�«O O¦9�r�Zoac>j9��¬UN<EOd��O�],_	O©9�X^XN;IOdrIr�acUN<Erq<?rIr=zNO©<?MoacU^O �wOP�daI<?>DM�È^]

� ' , � ���0, ��, �
��	!�0���� + � +�� �*��� ����,
_£OßUW9¦�DO�rIOdOPM£aIUW9�a©<?M¤aIUNOß�¦9�r=Oj>�| 0©8:� � �¤OPr�ac<?�j9�aI<?>DM¤>�| $�² & $ (
*,+ �¦9�M£�«OßXN>DMNOß�N;=>¥�w<EXNOPX
aIUNO-_�OPrIr=OPM��«OP;IT��j9�ac;=<{uj<?r�r=ac>�;IOPX1] 
 MoaIUNOy>�aIUNOP;xUN9�MNXRH^aIUNOy��>D;IO};IOdC?Od��9�M�aq¨�zW9�M�aI<Ea�Z $�² & $ . * +
�P9�M*�«O:Odr=ac<E��9bacOPX
¨�zN<EaIO:MW9�aIzN;c9�C?CEZ`XNzN;I<EMNT£aIUNO 0©8:� � �
�N;I>w�POdrIrd] _}>�s�Od�DOd;PH�acUNOd;IO�<?r�>�MNO
r=<EaIzW9�ac<E>DMjs�U^OP;IOys�>D;=tw<EMNT�s�<EaIU<$�²'& $ (
*,+ CEO¦9�XNr�ac>ß9maIUN;IOdOv��acOP;=� ;=OP�Pz^;I;IOdMN�PO 9�C?TD>D;=<EaIUN� 9�r�s�OPCEC
9�r�zNr=Od|�zNC��N;IOd�P>DMNX^<Eac<E>DMN<EMNTN]�pqUNOL9�CETD>D;I<{acUN��rI>DC{�DOdr��y½ Z!�y��Z���<?MN<E�j<&%P<EMNT $/�,6R�B½ $ (
*,+ >���OP;
aIUNO-
L;=ZwCE>¥��r=�W9��PO�]�pqUN<?r�<?r���ZjMN>���O¦9�M^rx9�MN>���OPCR;=OPrIz^CEaq9�MNXoUW9�r���OdOPMh�N;=Od�w<?>Dz^rICEZ��d>DMNrI<EXNOP;=OPX
��Z 0LC?>�s�<EMNrIt�<q9�M^X
QS<E>DMNrY~��0� ��È���9�MNX3_�<EXNC?z^MNX�~���� �,-��m<EM aIUNO��P>DM�aIOvuwa�>�|B�^;IOP�d>DMNXN<{ac<E>DMN<?M^T
M^>DMNr=Zw���jOvac;=<?���j9�aI;I<?�dOPry��Z�acUNOd<?;Br�Zw�j��OdaI;I<?�m�W9�;�a¦]L_	O��P>DMNr=<?XNOd;L��OdC?>�s&acUNOm�DOP;=rI<E>DM�>�|,acUN<Er
9�C?TD>D;=<EaIUN�¹s�UN<E�¬Uh�j<EMN<?��< %dOPr�acU^O�� � F � MN>D;=�%>�|RacUNOB;IOPr=<?XNzN9�C�H�s�UNOP;=O ��<Er�aIUNOyr=Zw���jOvac;=<?�}9�MNX
�«>Dr=<Eac<{�DO���XNOv�WMN<EaIOL�W9�;�a�>�|!�m]

¶�>DM^rI<?X^OP;qacUNO ��>[X^<E�WOdXY�^;I>D�NCEOP�
�� �½ Z �� ~���ËD�

s�U^OP;IO �� Z$� � F�� Vh� � � F�� V0X �� Z$� � F�� V �D]BQ(OvayzNr}�P>DM^rI<?X^OP;B�W;=r=a}acUNO�Ê 
 8.9�C?TD>D;=<EaIUN��9��N�^C?<?OdX
aI>AacUN<Er�r�Zwr=acOd��]�@}r��«Od|�>�;IO�HNaIUNO ;IOdrI<?X^zW9�CS<?rq>�;=acU^>DTD>DMW9�C�ac>ßacU^O 
L;�Z[CE>��orI�N9��PO

� �² & X����.Z � � � F�� V ~ �=6 �y½ & � X	���Z �<X �
� P �� &
s�U^OP;IO

�� & Z�rI�N9�M�� �² � X �� �² � Xk(k(k( X �� & � F �² �� Z�� F�� V � & ~�� � F � X)� � F ² � �)(
pqU�zNrdH+� � P � & ~�� � F � X)� � F ²

� �
� � � F�� V ² & X)� F�� V � � Z � ² & X � � Z � � � F ² & X � � ( Z ��(

	�M	>�acUNOd;ms�>D;IX^rPHªaIUNO�r�a¬9�MNXN9�;IX Ê 
 8 9�C?TD>D;=<EaIUN��|�>D;�~���ËD� <Er�9�CErI>�9�M`>D;�acUN>�TD>DMW9�C,�^;I>b·=Od�dac<E>DM
��OdaIUN>wX�s�<{acU�;IOPr=��Od�da�ac> acUNO �Y��<EMNMNOd;����^;I>wXNzN�da�>�M�aI>�� & ~�� � FJ� X)� � F ²

� �v]�8Y>D;IOd>¥��OP;dH©aIUNO
9�X^��9�M�a¬9�TDOj>�|�aIUN<?r |�>D;=��zNC§9bac<?>�M�<Er©aIUW9�a©acUNOd;IOjOvu[<?r�acr�9�acUN;=OPO�� acOd;I� ;IOd�PzN;=;IOdMN�PO�s�U^<?�¬U`r=>DCE��OPr
aIUN<?rq�^;I>D�NCEOP�Y]�_	O r=zN�j�j9�;=< %PO}acUN<Erq��OdC?>�s ]

��® � �	Ã � @�� #�C)Q � R�GWuWC _)p<d d7C)QaUcK�IPGWL�]1D0V _)KMQaKMuWC!$�]JC&%�L0KMQ�C�D�GWUcQ � v��AR0C  #" ! GWF NJV'U)KMQMRJd
G)D`D�FrK�Cf]1Q�V

~�� � F�� V � � � F�� V �P~ � F�� V ½���Z � � F�� V � (
KML8QSR0C �s^%I)FrKa]JCfGWL8KML0L C)U!$eD�UoVw]W^0I)Q\Ke_ C=�w^JKMu'GWFeC)L0Q\Q�V QSR0C  #" ! GWF NJV'UcKMQMRJd KML8QSR0C � $EKML0L C)U�D�UoVw]W^0I)Q
G)D`D�FrK�Cf]1Q�V

� � F �y½ Z�� � F � (

�D�



! V'UoC�V'uWC)U Z QMR0C ' UcL V'FH]WK V'UcQSR0VfNJV'L�GWFrK87 GWQaK�V'LXD�UoV I�C�_�_sG)D`D�FrK�Cf]�QEVXQMR0CiL V'U)d1GWFWd1GWQqUcKI1 � � F�� V � � � F�� V
p'K�C)FH]'_tGXY;GJI)QEV'UcK87 GWQqK�V'L

� �& ��� & Z � & X
O R0C)UoC ~ � & � 9��^Z � YkV'UTGWFMF 2 :\6��A2 � � v

!#"%$&$
' ò�Ð¬Ð}è�Ó�ÓNÐ�Ñ�åwØ ý à (
pqU^<?r�<?XNOP9�<Er��d>DM�a¬9�<EMNOPX�<?M�acUNO©s�>�;Ith>�|�_�<EXNC?z^MNX£~���� � -��vH«9�C{acUN>Dz^TDUhacUNOm9�z^aIUN>D;��P>DMNr�ac;=zN�daIry9
X^< 4�OP;IOdM�a�ac;=<?XN<?9�TD>DMW9�C?< %P9�ac<E>DMyacUN9�M�acUW9ba��P>�MNr=aI;IzN�vacOPX���Z�Ê 
 8¡~G@};IMN>�C?XN<§�v] �[<?��<?C?9�;IC{ZDH�zNr=<?MNTyaIUNO
9���>��DO�;IOPr=zNCEaª>DMNOx�P9�M���>[X^<E|ÆZLacU^Oxr=ac9�MNXW9�;=X 0©8:� � ��9�CETD>D;=<EacU^� <?M�ac>B9}acU^;IOPO�� aIOP;I�+;IOd�PzN;=;IOdMN�PO
s�U^<?�¬U��P>DMNr�ac;=zN�daIr�acU^O�r=>DC?z[ac<?>�M�s�<EacUßacU^O�r=��9�C?C?Odr=a,;=OPr=<?XNzW9�CW>¥��OP; � & 9�r��jOP9�rIzN;=OPX�<?MAacU^O � � F �M^>D;I�Y]ª_£OBXN>�M^>�a�<EMN�PCEzNXNO�acUNO}XNOdac9�<?CEr�U^OP;IO�HN�Nz^a�>DMNC{Zß�N;IOdrIOPM�a�<EMjacU^OBMNO�u[a�rIOd�dac<E>DMoM�zN��OP;=<?�¦9�C
;=OPr=zNCEaIr�>��^a¬9�<EMNOPXhs�<{acUhacUN<Er��j>wXN<E�NOPXo�DOd;Ir=<?>DMY>�|�0m8:� � ��]
l ®��£ÃN²?> � @����AR0C$GJI)QaK�V'L V�Y�QMR0CgKML0uWC)Uo_ CtV�Y � G'_TG�D�U�C�I�V'L�]WKMQaK�V'L C)U$IfGWL h)CgUoC)FHG 1/Cf]1KML8D�UnGJI!$
QaK�I�Cwv �cL�]JC�Cf] Z _ V'Fru KMLJN Q�VlGWL GJI�I)^/UnGJI)p V�YbV'Un]JC)U�� ~q�j~�-K�I� �q_wGWp Z - � ��~q-«� � Ke_ _)^0/ I)K�C)L0Q=YkV'U
I�V'L0uWC)UqNJC)L I�CTV�YgQSR0CtGWF NJV'UcKMQMRJd1v 
 C C 1;D�FeV'UoCgQMRJKe_$Ke_�_)^0CgKML QSR0C$L C 1 Q _ C�I)QaK�V'L�v

� $�� � , /�+ � 	

	�M�acUN<Er}r=OP�daI<?>DM�s�OA9�;IO©<?M�acOd;IOPr�acOdX¤<?M:Odr=ac9��NC?<ErIUN<EMNT�Ovu[�NC?<E�P<{a}r�ac>D�^�N<?MNT��P;I<{acOd;I<§9A|�>D;�acUNOmTDOPM^OP;I<E�
O�u^9��j�^C?OL>�|��WMN<{acO OPCEOP��OPM�a�9��N�N;=>¦u^<E��9bac<?>�Mo>�|�acUNO rI>�C?z^aI<?>DMh>�|ªrI�P9�C§9�;�OPC?CE<?�^aI<?�}OP¨�zW9�aI<?>DMNrd]

QSOda.`m#BaMbms�<EacUY�«>DzNMNXW9�;=Z��,]�_£O s�<EC?C���O zNr=<?MNTAacU^O |�>�C?C?>�s�<EMNT�MN>D;=�jr��
$DS�~ 9 �6$	� 
 ��
 � Z $DS�~ 9 �6$c��Z��� 
 S1~ 9 � V X 9��

F�� V

$DS�~ 9 �6$ ��� ��
 � Z $DS�~ 9 �6$�� Z�OPrIrKr=zN�
�<
 
 2 S�~ 9 � 2

$DS�~ 9 �6$ (�� ��
 � Z $DS�~ 9 �6$ � Z �� F� ��� � � � 
 2 � � S�~ 9 �?2 V X 9���
F�� V

s�U^OP;IO � � S�~ 9 ��Z  � ��� S�~ 9 � "!$# +F e�e�e  %! #'&b Z  # +( + e�e�e  #'&( &
9�MNX�)\Z�~+* F Xk(k(k( X,* b �,<?r�9�Mo<EMNXNOvuj>�|(>�;IXNOd;T2 )&2�Z�* F �l(w(k( �-* b ]ª_£OL9�CErI>�M^OPOPXoaI>�XNOv�WMNOyaIUNOr=�W9��dO ��F� ~ `��

� F� ~ `���Z/.�S�~ 9 �fP � F ~ `���� S�~ 9 � 2 0 Z �$1
s�<{acU�MN>D;=�

2 S�~ 9 �?2 ( +2 ��
 � Z 2 S�~ 9 � 2 F Z ��6F� ��� H F � 
 23� � S1~ 9 �?2 V X 9 ��
F�� V

(

�¥�



� 243 RI I4Kn�.9 KJ? �8;>CM5-I�� F 7
¶�>�MNrI<EXNOP;qacU^O©T�OPMNOd;c9�CSr=OP�P>�MNX[��>�;IXNOd;}OdC?C?<E�^ac<E�}�^;I>D�NCEOP�

6�� ew~�Ã(~ 9 ���*N�� �3¾�~ 9 �!e��*N � ��~ 9 �4N Z [ <EM `3# a b ~�� # 9D�
N Z � >DM��( ~�� # �K�

s�U^OP;IO acU^O©�j9�aI;I<{u�Ã(~ 9 �x<?rqr=Zw���jOvac;=<?� 9�MNX��«>DrI<{ac<{�DOLXNOv�WMN<EaIOL|�>D;�9�C?C 9 P�`yHW<�] O�]EH

" V ~ 9 � 2 � � � 2 V ����� ��Ã(~ 9 ��� � �1��" F ~ 9 � 2 � � � 2 V
|�>�;LrI>D��O�|�zNMN�vac<?>�MNr " F ~ 9 �DX " V ~ 9 �v]�_£Oß9�C?r=>�9�rIr=zN��OßaIUW9�aLaIUNOA�P>wO ���P<EOPM�acr©9�;=OA��>�zNMNXNOdXRH(<�] O�]{H~�ÃK� 9�� X¥~�¾���9 X �.P � � ~]`�� X;: X � Z���Xk(k(k( X	�>XW9�MNX�acUN9�aqacUNOL|�>DCEC?>�s�<?M^T��P>DM^XN<EaI<?>DMhUN>�C?XNr

��~ 9 ��6 �
� �(e�¾�~ 9 �*��� � 9 PU` (

pqU^O©s�O¦9�to|�>�;I��zNC?9�ac<E>DM�r=OPOdtwrB9ArI>DCEz^ac<E>DMdNRPRQ * � F� ~]`��qr=zN�¬U�aIUW9�a

V ~]N X S[��Z\[ª~]S[� |�>D;�9�CEC@STP � F� ~ `�� ~��DÉ��

s�U^OP;IO
V ~ � X S[�1Z ~GÃ*e
� � X��iS^� � ~G¾�e�� � X S[��� ~(� � XYS^�c(

	 ax<?r�r�ac;I9�<?TDU�a=|�>D;=s�9�;IXoaI>�rIU^>¥s�acUN9�a V ~4e&X0eÛ��rc9�aI<?r=�NOPr�aIUNOy�P>�M�aI<?M�zN<{a�Zo9�M^Xh�P>wOP;I�d<E�w<Ea�Zj�P>�MNXN<EaI<?>DM^r
~��D��s�<EaIU�;IOPr=��Od�da�ac>ßacUNO � F� ��MN>�;I��2 e�2 F s�<{acU��P>�MNr=ac9�M�acr

� F Z $ " F $ ��� ��
 � � $�¾ $ ��� ��
 � �9�j~ `��'$ � $ ��� ��
 � X � V Z���<?M�<
 
 " V ~ 9 � X
s�U^OP;IOT�j~ `��x<?r�9A�P>�MNr=ac9�M�aB>�|�>D;=XNOP;q>DM^O s�U^<?�¬UYXNOP�«OPMNX^r}>DM^CEZh>DMhaIUNO XN>D�j9�<?MR]

QSOda�MN>�s Q"! # Q �«Oo9:r=�W9��PO�>�|��N<?Od�POvs�<?rIO���>DC{ZwMN>D��<§9�CErLXNOd�WM^OPX >DM 9��W9�;=aI<EaI<?>DM��!h>�|
`&<?M�aI>orI<E�j�NCE<?�dOPr�++>�|�XN<?9���OdacOd;�-/.�]©@BryXNOdrI�d;I<?�«OPX�<EM¤rIOP�vac<E>DM3~��[] �D��aIUNO�<EMN�PCEzNrI<E>DMRQ"!&# Q
OdMNrIz^;IOPrhaIUW9�a�aIUNO r�a¬9��N<EC?<{a�Z �P>DMNX^<Eac<E>DMNr:~���Ë�9��j9�M^X+~���Ë��W�j9�;=O:rc9bac<?r��WOPX*s�<{acU*aIUNO �P>�MNr=ac9�M�acr
� F X�� V X^Od�WMNOdX 9��«>��DO�]�8Y>D;IOd>¥��OP;dH«X^<?rI�d;IOvac< %d<?MNT�~��DÉD�x9�r

�y½ Z ��X

aIUNO©�P>DMNr�a¬9�M�aIr � V X�� e <?M£~Ï��Ë��q9�;IO TD<{�DOdM:9�r�|�>DCEC?>�s�rP]�	 |ªs�O©�¬UN>[>�rIOmaI>ß�j>DM^<Eac>�;xacUNO OP;=;I>D;qs�<{acU;=OPr=��Od�da�ac> 2 e 2 F acU^OPM

� e Z $ " F $ � � � 
 � �l��~]`��'$ � $ ��� ��
 � X � V Z��j<EM�'
 
 " V ~ 9 �c(
_�>�s�Ov�DOP;dH�<{|�s�OLs�>�;Itos�<EaIUhacUNO OPM^OP;IT�ZhMN>D;=� XNOd�NMNOPX���Z

2e2 2 � 2e2e2�Z V ~ � X � �DX ~���ÈD�

aIUNOPM � V Z � e Z&�D]�_£O©�d>DMNr=<?XNOd;��«>�aIU��P9�rIOdr}�«OPCE>¥s ]

��Ë



−1

0

1

−1

0

1

0

1

2

���������
	��	��

−1

0

1

−1

0

1

0

1

2

����������	���	����

Ê�<?TDzN;=O���� 'AV'Fr^JQqK�V'LbV�YTG`]WuWC�I)QaK�V'LK$�]WK +=^`_)K�V'L1D�UoVWhwFeC)d1v
� 2 � � H-F � ;GK4? =�I1�\� �t� ;GK4F�� Lf9<7
p�>�<?CEC?zNr�ac;c9bacO(acUNO�<?X^O¦9�rR�^;IOPr=OPM�acOdX�9��«>��DO�Hbs�O��¬UN>DrIO,aI>q��Od;=|�>D;=� Ovu[�«OP;=<?��OPM�acrS>DM©9���J 9�X[�DOP�vac<E>DM[�
X^< 4�zNrI<E>DMA�N;I>��NC?Od��~(��Z ���v] 	�Mß�W9�;=aI<?�dzNC§9�;dH�s�O��¬U^>DrIOqac> r�aczNX^Z�acUNOq;=>D�NzNr�acMNOdrIr�>�|1>�zN;�r=aI>D�N�N<EMNT
�d;I<{acOP;=<§9Bs�<{acUß;IOdrI�«OP�da�ac> acU^O�M^>DMNr=Zw���jOvac;�ZA<?MAacU^O��^;I>D�NCEOP�Y]�pqU�zNrdH[s�O�rI>DC{�DOPX�9yacOPr�a��N;I>D�^C?OP�
|�>�;q�P>DMNr�a¬9�M�a}XN< 4�zNr=<E�w<Ea�Z�acOdMNrI>D;=r

Ã(~ 9 �EZ����GX
s�U^OP;IOAaIUNOAXN< 4�zNr=<?>DM¤�W9�;c9���OdaIOP;��:ac>�TDTDC?OdrBacU^O�X^OPTD;=OPOA>�|�MN>DMNr�Zw�j��OdaI;=Z >�|�aIUNOA�j9�ac;=<?�POdry<?Mw�
��>DCE��OPXR]�pqUNOLacOdr=a��N;=>D�NC?Od� <?rxaIU�zNr

6�� � V N��3¾�~ ! X��^�!e��*N Z [ <EM ` *�~�6m��XP�¥� V ~�� ��9D�
N Z � >DM��X ~�� �b�K�

s�<{acU
� ~ ! X��^�EZ � � �1~��56 ! V �6y� ! ~��X6!�[V¬� �

9�MNX�;=<?TDU�a���UW9�M^XhrI<?X^O [ r=zN�¬U�aIUW9�a�acUNO r=>DC?z^aI<?>DMdN�<?r

Nª~ ! X��^��Z �(�=6#" � ( � F � �%$ & � " � � ( � F � �%$ &
� �

" � V � $ &
� e �R� �'�t63�(" �*) � F � �+& � " � � V � �+&

�=6
"
� V �+& � (

pqU^<?rx�¬UN>�<?�POB>�|(rI>DCEz^ac<E>DMjaI;I<EOPr�aI>���<?��<?�¬t�aIUNOy�«OPUW9¦�w<?>Dz^;x>�|(�N;=>D�NC?Od�jr�s�UNOP;=Oy�«>DzNMNXW9�;=ZjC§9¦ZDOd;Ir
9�;IO �N;IOdrIOdM�a�~Gr=OPOmÊª<?T^]1�¥��]

_£OB�W;=r=aq�d>DMNrI<EXNOP;�acUNOBOP;I;=>D;Ir�s�<EacU�;IOPr=��Od�daxaI>�acU^O ��F� � MN>D;I�Y]�_£OyXNOdMN>�aIOy��ZTN-,xacU^OyC?<EMNO¦9�;
<EM�acOP;=��>�C§9�M�a�>�|ªaIUNO�r=>DC?z[ac<?>�M�9ba}aIUNOm��OPr=U �«>D<?M�acrd] 
 zN;�Mwz^�jOd;I<?�P9�CS;IOdrIzNC{acr}��OdC?>�s s�<?CECRXN<ErI�NC?9�Z
aIUNOL|�>DC?CE>�s�<?MNT�Odr=aI<?�j9�ac>D;=r�9�MNX�OP;=;I>D;=r �
~�<Æ�xÊ � �^aIUNO Ovu^9��vaB;=OPC§9bac<E��O�~�|�>D;�sx9�;IXK��Od;I;I>�;Ir 2 N16 N�&! 2 F �%2 N�&! 2 F #

� #



0 10 20 30 40 50 60 70 80
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

��������� 	

0 20 40 60 80 100 120 140
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

��� ����� 	���	��

0 50 100 150 200 250
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

� � ������	 ��� �

0 50 100 150 200 250
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

��� � ���
	���	�� �

Êª<?TDz^;IO©����� V'd D�GWUcKe_ V'L V�Y _)QEV�D`D�KMLJNPI)UcKMQEC)U)KaG=YkV'U $ !4B&�('	� - Z�� ��ËD� v

~�<?<§��Ê!	 � �NacUNO O�uN9��da�;IOdC§9�aI<E�DO�~Æ|�>D;=s�9�;=XK��<?M�acOd;I�«>DC§9bac<?>�MoOP;=;I>D;=r 2 N , 6 N &! 2 F ��2 N &! 2 F #~�<?<E<Æ�M_	Ï��
 �NacUNO Ovu^9��va � � F ��M^>D;I�/�P;I<{acOd;I<?>�M	~Ï�'�D�5- � � � � FV $�²'& $ (
*,+ ��$v½�& $ ( #
~�<E�^��@"	Ï��
��NaIUNO Ovu^9��da.� � F���MN>D;=� �d;I<EaIOP;=<?>DM£~�� -��5- � � � V � F�� V $�²'&�$ . *,+ ��$v½�& $ ( #~Æ�^��_	Ï��
���OPr�a �,acU^O©Odr=aI<?�j9�acOdX � � F ��MN>�;I� �d;I<{acOP;=<?>DM£~Ï�����*-$� � � � FV $�² & $ � � F�� V� 9 ? ~��  & ���7$v½ & $ ( #~Æ�w<Æ��@"	Ï��
}� OPr=a �,acUNO OPr�ac<E��9�aIOPX���� F � MN>D;=� �P;=<EaIOP;I<E>DM�~������5-$� � � � F�� VV $�² & $�) � F�� V� 9 ? ~��  & ���7$v½ & $ ( #~Æ�w<?<Æ��acUNO r=ac9�MNXW9�;IX:�¥��MN>�;I� r�ac>D�^�N<?MNTß�d;I<EaIOP;=<?>DM $�² & $D]
_£O��¬UN>DrIO�acUNO�Ovu[�«>DMNOdM�a � ac>©�«O}<EM�9�CECW�¦9�r=OPr � Z+� �D�©9�MNXjaIUNO}�d>DMNr�a¬9�M�acr � �MZ ���fZ&�B<EM:~Ï������H
~�������]

�¥É



� 2�� 
� � ����BK 9 !8CfH.9 �8;0� ? CML%��K 9>KJCfL-K4L%&
_£Oy�«OPTD<EMjs�<{acU�aIUNOB�P9�rIOy>�|�9mzNMN<{|�>D;I� �W9�;=ac<{ac<E>DMß>�| `*<?M�ac>�rI¨�zW9�;=OPrx>�|(r=< %dO�-h9�MNXhCE<?MNOP9�;��W9�rI<Er
|�z^MN�daI<?>DMNrd]�pqUNO 0m8:� � ���d>DM��DOd;ITDOdMN�POm�PzN;��DOPrB9�;IOLX^<?rI�^C§9¦ZDOdX�<EM�Ê�<?TN]N�[]

_£O}r=OPO�acUW9ba�<E|«s�O}9�;IO�<EM�aIOP;=OPr=aIOPXj<?Mßrc9�aI<?r�|ÆZ[<EMNT©9yac>DCEOP;c9�MN�POqs�<EaIUß;IOPr=��Od�da�ac> acUNO � F� ��MN>D;=��H
aIUNOPM¤<EM¤9�CEC��P9�rIOdrys�OAUN9���O�ac>o�«OP;�|�>D;I��|G9�;�|�Ods�OP;L<{acOP;I9�ac<E>DMNr�acUW9�M:s�<EaIU¤9�r=ac9�MNXW9�;IX¤r=aI>D�N�N<EMNT
�d;I<{acOP;=<?>DM¤r=zN�¬U`9�r aIUNOß;IOdC§9�aI<E�DO �,zN�dC?<EXNO¦9�M�MN>�;I�7>�|�acU^O�;=OPr=<?XNzW9�C,��Od<?MNT��N;=>DzNTDU�a©��OdC?>�s/��� ���
~�r=ac9�MNXW9�;=XYaIUN;IOdrIUN>�C?XK��]
@}MN>�acU^OP;,;IOd��9�;Itb9��NCEO�|G9��da�<?rªaIUW9�a�aIUNOq�P;=<EacOd;I<E>DM�~��6�D���W9�r=OPXß>DMAacU^OqXNzW9�C[MN>D;I��>�|KacUNOq;=OPr=<?XNzW9�C
<Er�9�M	zN�N�«OP;m��>�zNMNX	|�>D; acU^Oj<EM�aIOP;=��>DC?9�ac<E>DM�OP;=;I>D;d]YpqU^O�;IOP9�rI>�M	|�>D; acUN<Erm<ErmMN>�a�r=> rIzN;=�N;I<ErI<EMNT
r=<?MN�dO:<EM-r=ac9�MNXW9�;IX-�WM^<EacOYOPCEOP��OPM�ao�P9�C?�dzNC§9bac<?>�MNrAacUNO�<?M�acOd;I�«>DC§9�aI<?>DM Od;I;=>D;�<ErjzNr=zW9�CECEZ rI�j9�CEC?OP;
aIUW9�M�acUNOßOd;I;I>�;©<EM¤acUNOßOPM^OP;IT�Z¤>D; ;IOdC§9�aIOPX�MN>D;=�jr�~�rI>D��OdaI<?��OPrL��Z�9o|G9��daI>D;L>�|=-K��]ApqUwz^rPHª>�zN;
r�ac>D�^�N<?MNTh�d;I<{acOP;=<?>DM¤T�<E�DOdr 9�M¤zN�N�«OP;L�«>DzNM^X�>�M��«>�aIU¤OP;I;=>D;IrLr=>hacUW9�aLaIUNOA<EaIOP;I9�acOdryUW9¦�DOßOP<{acUNOd;

0 20 40 60 80 100
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

��������� 	

0 50 100 150 200 250 300 350 400
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

��� ����� 	���	��

0 200 400 600 800 1000 1200 1400 1600
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

� � ������	 ��� �

0 200 400 600 800 1000 1200 1400 1600
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

��� � ���
	���	�� �

Êª<?TDz^;IO Ë+��� V'd D�GWUcKe_ V'L V�Y _)QEV�D`D�KMLJNPI)UcKMQEC)U)KaG�YkV'U $ !4B&�('��� *#� � -lZ�� ��ËD� v

��È



9��¬UN<?Ov�DOPXhaIUNOy�WMW9�C�OP;=;I>D;x>�;�UW9¦�DO©9��¬U^<?Od��OPXY9�MhOd;I;I>�;x��>�zNMNXNOdXo|�;I>D�/9��«>¥��OL��Zo>DzN;�XNzW9�C�MN>D;I�
Odr=aI<?�j9�acO�]�_£Oq9�CErI>yMN>�acOxUNOd;IO�aIUW9�a�acUNOx�d>DMNr�a¬9�M�acr � � X�� � 9�;=O�<?M^XNOPOdXA>�|K>D;IX^OP;�>DM^O�|�>D;�9�C?C���9�C?zNOdr
>�| ��],pqUN<Er�;=>D�NzNr�acMNOdrIr�9�CErI>©UN>DC?X^r�s�<{acU�;=OPr=��Od�daxaI>macU^OB��OPrIUj�W9�;I9��jOvacOd;PH[9�CEaIUN>DzNTDUßs�OyXN>�M^>�a
<EMN�PCEzNXNOLUNOd;IO Ovu[�«OP;=<?��OPM�acr�ac>ßXNOd�j>DM^r=ac;I9�acOLaIUN<?rx|G9��va¦]

pqUNO�rI9��jO��P>DM��DOd;ITDOdMN�PO��Pz^;=�DOdr,|�>D;ªacU^Ox�¦9�r=O�>�|K;IOdr=a¬9�;=acOdX 0m8:� � �A9�;IOxX^<?rI�^C§9¦ZDOdX�<EMAÊª<ETN]�Ë[]
pqU^OdZ£Ovu[UN<?�^<Ea©<?MNX^OPOPX£acUNO��j>�r=amXN;c9��j9�aI<?�ßXN< 4�OP;=OPMN�dO��«Oda�s�OPOdM �P>DM��DOd;ITDOdMN�POh<EM�aIUNO�� � F �}>D;
� � F���MN>�;I� 9�MNX�aIUNO�r=ac9�MNXW9�;=X ����MN>D;=� �d;I<EaIOP;=<?>DMR]�@}T�9�<EMRH�aIUNO�OPr�ac<?�j9�aI<?>DM >�|©acU^O�;=OPCEOd��9�M�a
�d>DM��DOd;ITDOdMN�POY�PzN;��DOdr��N9�rIOdX3>�M`acUNOh9��N�N;I>¦u[<?�j9�aI<?>DM*~��[�¥� s�>D;=t�rAOvuwac;=OP��OPCEZ�s�OPC?C�]�8�>D;=OP>��DOd;PH
aIUNO�X^< 4�OP;IOdMN�PO���Ova�s�OdOPM acUNO�a�s�>:r=ac>��N�N<?M^T �P;=<EacOd;I<?9	~Ï�'�D�vHx~��6-D� <ErmMNOdTDC?<ETD<?�^C?O�]l_}>�s�Ov�DOd;PH,acUN<Er
�j9¦Z MN>�a©9�CEs�9¦Z[rL�«O�acU^OA�¦9�r=O�]m	�MNXNOdOPXRHSaIUNOßOP¨�zN<E��9�CEOPMN�dOA��Ova�s�OdOPM�acUNO�a�s�>�M^>D;I��ryXNOdrI�P;=<?�«OPX
��Z Q(Od�j�j9oË^]{�AXNOvacOP;=<?>D;I9�acOdry<E|,aIUNO �Y� �P>DMNX^<Eac<E>DM:M�zN����Od;L>�|,acUNOA�^;I>D�NCEOP� XNOdaIOP;=<?>D;I9�acOdrP]mÊK>�;
>�zN;�acOdr=a��N;=>D�NC?Od�%aIUN<?r�UW9��N�«OPMNrqs�UNOdM �h<ErxrI�j9�CEC GWL�] acUNOLX^<?rI�d;IOvac< %P9�ac<E>DMo<ErxMN>DM�zNMN<{|�>D;I�Y]ª_£O
�d>DMNr=<?XNOd;�aIUN<?rq�P9�rIO©�«OPC?>�s ]

ÊW>D; rI�j9�CEC���9�C?zNOdr©>�| ��H�aIUNO��N;I>D�^C?OP����Od�P>D��OPr©�j>�;IO�MN>DMNr�Z[����Odac;=<?��H(s�<{acU�acUNO���9bac;I<E�POdr
��>D;=O�MN>DM^MN>D;I�j9�C�]�@xa�aIUNOxrI9��jO�ac<?��O�H¥acU^Ox�WMN<EaIO�OdC?OP��OPM�a,Od;I;=>D;ª>DMAz^MN<E|�>D;=�&�jOdrIUNOdr,>�|KrI¨�zW9�;=OPr
X^OdacOd;I<E>D;c9�aIOPr�9�MNXYOd��OPM���Od�P>D��OPr�>�|ª>D;IXNOd;q>DMNO�] 
 MNOLs�9�ZhaI>�9���>D<?X�acU^<?rq<?rxaI>j;=Od�WM^O©aIUNO �jOdrIU
r=zN<Eac9��NC{ZD] 0 <{�DOdMYaIUNO ��>Dz^MNXW9�;�ZhC§9¦ZDOd;Ir�<?MhacU^Omr=>DC?z^aI<?>DM1H[s�Om�¬UN>�rIO�9�M�O�u^�«>DMNOdM�ac<§9�CS;IOd�NMNOP��OPM�a
>�|yacUNO��jOdrIUNOdrP] 	�M-aIUN<?r��¦9�r=O�HxaIUNO:�W9�;c9���OdaIOP;8-*<?r�MN>�ajXNOd�WM^OPX*<EM ~��0���vH ~������ � s�O �¬UN>�rIO
- � Z $/� $�� ��$/� $�HWs�UNOP;=O � Z�~�J 9 X J��v�x<?rqaIUNO 0L;c9��j��<§9�M¤~G�j9�rIrc�q�j9�aI;I<{u�s�<EaIU�;=OPrI�«OP�vaBaI>�aIUNO
�,Vb~]`�����<EMNMNOd;��N;=>[XNz^�daY~Je X0e �v]:pqU^Oo�P>DM���OP;IT�OPMN�dO��dzN;=��OPrß9�;=OoXN<?r=�NC§9¦Z�OPX <?M	Êª<?T^] # ] @BT�9�<?MRHªs�O
r=OPOyaIUW9�axaIUNOBa�s�>�M^>D;I�%>�|�<?M�acOd;IOdr=a�9�;=OL9��N�^;I>¦u[<?�j9�acOdX�s�OdC?C #^UN>�s�Od�DOd;PHWacU^OyOvu^9��va��P>DM��DOd;ITDOdMN�PO
�dzN;=��OPrY<?M-aIUNO � � F �ß9�MNX � � F � MN>D;=�jrh9�;IO MN>�a��PC?>�rIO <EM*acUNO¤<EMN<EaI<§9�Cq�NUN9�rIO�>�| acU^O¤<EacOd;c9�aI<E��O
�^;I>w�POPr=rPHK�Nz^a��«OP�d>D�jO 9�C?��>Dr=aq<EXNOPM�aI<?�¦9�CR�PCE>DrIOLac>AaIUNO �P>DM��DOd;ITDOdMN�POmr=ac9�TDO�]

Êª<EMW9�CECEZDHwacUNO©�¦9�rIO s�UNOPM:aIUNO ��F� � MN>D;I� <?r�;IOd�NC§9��dOPXYs�<EacU�acU^O©OdMNOP;=T�ZYMN>D;=� ~���ÈD�qr=<?���NC?<{�WOPr
�d>DMNr=<?XNOd;c9��NC{Z�|�>D;,acU^O}9�X^�DOd�dac<E>DM[� XN< 4�zNrI<E>DMß�N;I>��NC?Od� zNMNXNOd;��d>DMNr=<?XNOd;c9�aI<?>DMR] 	�MNXNOdOPXRH�acUNO�OPM^OP;IT�Z
M^>D;I� <ErßMN>�acU^<?MNT��Nz^aj9�rI�P9�C?<EMNT���Z  � >�|}aIUNO ��F� ��MN>�;I�Y] _}OPM^�PO�Hx9�C?Cx�d>DM��DOd;ITDOdMN�PO �dzN;=��OPr

0 100 200 300 400 500 600 700 800
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

��������� 	�� ���
0 100 200 300 400 500 600 700 800

10
−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
HINV−est
AINV−est
2−norm

� � ������	�� ���

Ê�<?TDzN;=O # ��� V'd D�GWUcKe_ V'L V�Y _)QEV�D`D�KMLJNPI)UcKMQEC)U)KaG�YkV'U $ !4B&� '�� C 1;D0V'L C)L0QaKaGWFMFrp%$�_)QqUoC)QEI�R0Cf]1d7C�_�R�v

�'�



X^<?rI�^C§9¦ZDOdX�<EMoacUNOL�N;=Od�w<?>�zNrq�WTDzN;=OPr�9�;IOLr=�¦9�CEOPXY9��d�P>D;=XN<?MNT�CEZjOvu[�POd�^a}|�>�;xacUNOL;=OPC§9bac<E��O �,zN�PCE<?XNOP9�M
M^>D;I� s�UN<?�¬U r�a¬9¦ZwrßaIUNOorI9��jO�]�pqUwz^rPH���Z£��9�;=Zw<?M^T ��H�s�Oh�P9�M >D�^ac9�<?M 0©8:� � �	�P>DM��DOd;ITDOdMN�PO
�dzN;=��OPry�N9�rIOdX¤>DM�aIUNO �,zN�dC?<?X^O¦9�M�;IOPr=<?XNzN9�CSs�UN<?�¬U �P9�M:�«O�Od<EaIUNOP;}9��«>¥��O�>D;��«OPC?>�s aIUNO�;=OPCEOd��9�M�a
�d>DM��DOd;ITDOdMN�POA�dzN;=��O�|�>D;�acUNO©�WMN<EaIOmOdC?Od�jOdM�a}OP;=;I>D;d]�ÊW>D;�aIUN<?r�;IOP9�rI>�M:s�OmXN>�M^>�aBX^<?rI�^C§9¦ZY9�C?CSaIUNO
�«OP;�|�>D;I�j9�MN�dO�9�TD9�<?MRH«�Nz^aBOP���NUW9�r=<?r=OmacU^O�|G9��da}acUW9baBacU^O�r=ac9�MNXW9�;=X¤r=aI>D�N�N<EMNT��d;I<EaIOP;=<?>DM�zNrIOdX�<EM
<{acOd;c9�aI<E�DOLr=>DCE��OP;=r�UN9�r�MN>ß;IOPC?9�ac<E>DMoac>AaIUNO 9��daIzW9�CS�d>DM��DOP;=TDOPM^�PO�>�|ª¨�zW9�M�aI<Eac<EOPrq>�|�<?M�aIOP;IOdr=a�<?MhaIUNO
>�;I<?T�<?MW9�C«�N;=>D�NC?Od��]

� 2 � � ;0� ? CfL%��K 9>KJCML �	� 
� � ��
_£O�aIzN;IM MN>�s ac>�acUNOo�P9�rIOjs�UNOP;=Oo�N;IOd�P>DM^XN<EaI<?>DMN<EMNT:<Er�Od�j�NCE>�ZDOPX`aI> rI�«OPOdX zN�`acU^Oo<EaIOP;c9bac<?>�M
�^;I>w�POPr=rP] @}r�r=��Od�P<{�WOPX3<?M r=OP�daI<?>DM # H,s�OY�d>DMNr=<?XNOd;�>�MNCEZ�acUNO��P9�rIO�>�|�;I<ETDU�aß�N;IOd�P>DM^XN<EaI<?>DMN<EMNTNH
s�U^<?�¬U UN9�rhacUNO£9�X^��9�M�a¬9�TDO�>�|��N;=OPr=OP;=�w<EMNT
aIUNO�;IOPr=<?XNzN9�C�HL9 �N;=>D��Od;=a�Z s�UN<E�¬U OdMW9��NCEOPX zNrhac>
X^OP;I<{�DO�acUNO�r=aI>D�N�N<EMNT:�d;I<EaIOP;=<?>DM-~��D���v]d_�>¥s�Od��OP;dH�acUNOjzNrIOj>�|�aIUN<?r©r=aI>D�N�N<EMNT��d;I<{acOP;=<?>DM�;IOd¨�zN<?;=OPr
aIUNOLOPr�ac<E��9�aI<?>DM�>�|(acUNO rI�j9�CEC?OPr�axr=<?MNTDz^C§9�;���9�C?zNOy>�|ª>Dz^;q�N;IOd�P>DMNX^<Eac<E>DMNOd;�'�]!	�MYr=>D��OL�¦9�r=OPrqacUN<Er
Odr=aI<?�j9�ac<E>DM��¦9�M���Om��Od;=|�>D;=�jOdX��¬UNOP9��NC{ZDH«�Nz^ay<EM�T�OPMNOd;c9�C�<Ea��j9�Zo��Om¨wz^<EacO©XN<��j�dzNCEa�aI>��N;=>¥�w<EXNO
aIUN<?rq<EM^|�>D;=��9�aI<?>DM1]ªpqUNO©9��N�^;I>¦u[<?�j9�ac<E>DMos�O zNr=Om<ErqXNOPr=�P;=<?�«OPXY��OdC?>�s ]
@}C?C��N;IOd�P>DMNX^<Eac<E>DMN<EMNT�aIOP�¬UNM^<?¨�zNOPrh;=OP¨�zN<E;IO:aIUNO:r=>DC?z^aI<?>DM
>�|©9	CE<?MNOP9�;ßr=Zwr=aIOP� <EM���>DCE�w<EMNT£aIUNO

�^;IOP�d>DMNXN<{ac<E>DMNOP;q�j9�aI;I<{u ' �
'�� Z E (

�w<?MN�dO
) � 9 ? ~('m��Z ) � F��� ( ~ ' � F ��Z � ��9bu

�W
�� � ��	�;�
$ ' � F E $
$ E $ � � F

s�O©�¬UN>[>�rIOLac>�9��N�^;I>¦u[<?�j9�acO ) � 9 ? ~ '����w<?9

) � 9 ? ~('m��� � �j9bu
&

$�� & $
$ E & $ � � F Z ��<?M

&
$ E & $
$�� & $

s�U^OP;IO�� &.Z ' � F E &�]E	�MYaIUNOm�P9�rIO©>�|�0m8�� � ��HWacU^O ��OP�vac>D; E &©<ErxacUNO �DOd�daI>D;}T�OPMNOd;c9�aIOPX:��ZhaIUNO
@};IMN>�C?XN<R�^;I>w�POPr=rPHKrI>ßacUN9�a $ E & $8Z+�D]

pqUNO���Od;=|�>D;=��9�M^�PO >�| 0©8:� ����s�<EacU 	ÏQ %��N;=OP�d>DMNXN<{ac<?>�MN<?MNTß<Er}XN<ErI�NC?9¦ZDOPX:<?M�Êª<?TN]«Éw]x_�UN<?CEO
aIUNO�M�zN���«OP;B>�|�<EaIOP;c9bac<?>�MNr}<ErBTD;=O¦9�aICEZY;IOdXNzN�dOPXRHRaIUNO��P>�M���OP;=TDOPMN�dOß��OdUW9¦�[<E>DzN;}<?rBr=<?��<?C?9�;xac>oaIUNO
z^MN�N;IOd�P>DM^XN<EaI<?>DMNOdX��P9�rIO�]�8Y>D;IOd>¥��OP;dH[acU^Oy9��N�^;I>¦u[<?�j9�ac<E>DMA>�|RaIUNOB;=OPrI<EXNzW9�CG� � F ��MN>�;I��XNOdrI�P;=<?�«OPX
9���>��DOo9��N�«O¦9�;=r�ac>:s�>D;=t£O�u[aI;IOd�jOdCEZ�s�OdC?C�]U_}>�s�Od��OP;PH�<EM`TDOPM^OP;c9�C�s�OoOvu[�«OP�vaß>¥��OP;Ï� >D;�z^MNXNOP;Ï�
Odr=aI<?�j9�ac<E>DM�aI>A>[�d�PzN;dH^<EMjs�UN<E�¬Uh�¦9�r=O 9�CEaIOP;IMN9�ac<{�DO��jOvacUN>wXNr�|�>D;�acUNO}OPr�ac<?�j9�aI<?>DMj>�|SacUNOBrI�j9�C?CEOPr=a
r=<?MNT�zNC§9�;���9�C?zNOL>�| '¹�j9¦ZhUW9¦�DOLac>��«OLOP���NC?>�ZDOdXR]

� 2�� �"!8;0� �1� 9�� ;GF 
� �  �
_£O�OdMNX�acU^<?r�rIOP�vac<E>DM�s�<EaIU�M�zN��OP;=<?�¦9�Cw;=OPr=zNCEaIrª>D�^ac9�<?M^OPX�s�<{acUmaIUNO���<?M^<?��zN� ;IOdrI<?X^zW9�C[9�C?TD>�;I<EaIUN�
�N9�rIOdX�>�M�9	acUN;=OPOv��acOd;I� ;=OP�dzN;I;=OPMN�dO�X^OPrI�d;I<E��OdX�<EM*rIOd�daI<?>DM # ] _£O ;IOd�¦9�CECBUNOd;IO acUN9�aoacU^<?r�<Er
OdrIr=OPM�ac<?9�C?C{Z:acU^O 0©8:� � ��9�CETD>D;=<EacU^�#<E�j�NCEOP��OPM�acOdX¤<?M¤acU^O�����MN>D;=�#s�<{acU�C?Ov|Æa=���^;IOP�d>DMNXN<{ac<E>DMNOP;
�£],pqUNOmM^>D;I�/>�|�aIUNO �j>wXN<{�WOPX�;IOdrI<EXNzW9�CR<EMhacUN<Erq�jOvacUN>wX�<?rxacU^O©¨�zW9�M�aI<Ea�Zhs�O rIOPOdtKH $�²'& $ ( *,+c]

�6-



0 5 10 15 20 25

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
AINV−est
2−norm

� � � ����	

0 5 10 15 20 25 30
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
AINV−est
2−norm

� � ������	 �	��

0 5 10 15 20 25
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
AINV−est
2−norm

� � ����� 	 ��� �

0 5 10 15 20 25
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
AINV−est
2−norm

��� ������	���	����

Ê�<?TDzN;=O£É�� � V'd D�GWUcKe_ V'L V�Y _)Q�V�D`D�KMLJN I)UcKMQEC)UcKaG4YkV'U $ ! B&�(' O KMQSR � #���� *#� D�UoC�I�V'L�]WKMQaK�V'L0KMLJN �
-TZ+� ��ËD� v

pqU^O�;IOdrIzNC{acr�9�;IO�XN<?r=�NC§9¦Z�OPX	<EM`Êª<ETN](È^]o@}r��«Od|�>D;=O�H�>DzN;©r=ac>��N�N<?M^T:�P;=<EaIOP;I<E>DM-~��'�D�y�N;=>��[<EXNOPr�9�M
z^�N��Od;,��>�zNMNXA|�>D;ªaIUNOq�P>DM���OP;IT�OPMN�dO}>�|«¨�zW9�M�aI<Eac<EOPr,>�|«<EM�aIOP;=OPr=aPH�rIzN�¬Uj9�r ��F� ��MN>D;=��>�|«aIUNOqOP;=;I>D;ª>D;
aIUNO <?M�acOd;I�«>DC§9bac<?>�MoOP;=;I>D;d]�8Y>D;IO ;IOd��9�;Itb9��NCEO�H[aIUN>DzNT�URHW<?rxaIUNOL|G9��daqaIUW9�a�<?MhacU^<?rq�¦9�rIO acUNO rI>�CE�DOd;
Zw<EOPC?X^r�<EaIOP;c9bacOPr©s�UN>Dr=OY�¥��MN>�;I� ;IOdrI<?X^zW9�C�aI;c9��dOPrA�dC?>Dr=OPCEZ�aIUNOh�P>DM���OP;IT�OPMN�dOY�dzN;=��OPrß>�|�<EM�aIOP;=OPr=aP]
pqU^<?rx<Erx9��NU^OPMN>D��OPM^>DMh9�CErI>�MN>�ac<?�dOPXo<EM�acU^Oy�¦9�r=Oy>�|�9�r=<?��<?C?9�; 0m8�� � ��<?���NCEOP��OPM�a¬9�aI<?>DMßzNr=OPX
|�>�;©aIUNO�r=>DC?z^aI<?>DM�>�|��N>¥s �^;I>D�NCEOP��rj~�QS>DTDUN<EM`9�M^X£_	9�acUNOdM ���D�D�D�v] pqU^O�rc9��jO�Ovu[�«OP;I<E�jOdM�acr
s�OP;=O�;IzNMßs�<EaIUA<?MNO�uN9��da�<?���NCEOP��OPM�a¬9�aI<?>DMm>�|«acUNOq�N;=OP�d>DMNXN<{ac<?>�MNOP;+�£]�8�>D;=Oq�N;IOd�P<?r=OPC{ZDHDs�O�r=>DCE��OPX
r�Zwr=acOd�jr©s�<EaIU � zNr=<?MNT:¶ 0/s�<EaIU	9�M�<?M^�P>D���NC?OvacO�¶�UN>�C?OPr=t�Z£�^;IOP�d>DMNXN<{ac<E>DMNOP; 9�MNX	9�r=aI>D�N�N<EMNT
�d;I<{acOP;=<?>DM�9�r�XNOdrI�d;I<?�«OPXß��Zm@B;I<E>DC?<�~����D���D�D#�acU^O�ac>DCEOP;I9�MN�PO�sx9�r,�¬UN>DrIOdMAac>y�«Ox>�|K>D;=XNOP;,-�� � V�H�s�UN<?�¬U
|�>�;macU^<?r��^;I>D�NCEOP� <?rj-�F�� V�CEOPr=r�acUW9�M	acUNO�>D;IXNOd;�>�|qaIUNOo<?M�aIOP;I�«>DC?9�ac<E>DM£Od;I;=>D;P] pqU^Oo;IOdrIzNC{acrA9�;=O
X^<?rI�^C§9¦ZDOdX3<EM Êª<?T^]��[]�_£OorIOdOY<EMNXNOdOPX acUW9baA>DzN;��d;I<{acOP;=<?>DM	<?rA9�M zN�^��Od;A��>Dz^MNX`|�>D;��«>�acU aIUNO
�NMN<EaIO�OdC?Od�jOdM�a�Od;I;=>D;�2 N 6dN &! 2 F 9�MNX�aIUNO�<?M�acOd;I�«>DC§9�aI<?>DM�OP;I;=>D;�2 N , 6dN &! 2 F ]�8Y>D;IOd>¥��OP;dHwaIUNO}<EMNOvu^9��va

���



0 20 40 60 80 100
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

����� ����	 ��� �

0 50 100 150 200
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

� � ����� 	 �	�� �

Ê�<?TDzN;=O�È+� � V'd D�GWUcKe_ V'L�V�Y _)QEV�D`D�KMLJN I)UcKMQEC)U)KaGPYkV'U � $EL V'Ucd d KML0KMd ^Jd UoC�_)Ka]W^ GWF�GWF NJV'U)KMQMRJd��
C 1 GJI)Q\D�UoC�I�V'L�]WKMQqK�V'L0KMLJN`v

0 20 40 60 80 100 120 140
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

����� ����	 ��� �

0 50 100 150 200 250
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

� � ����� 	 �	�� �

Ê�<?TDzN;=O ��� � V'd D�GWUcKe_ V'L�V�Y _)QEV�D`D�KMLJN I)UcKMQEC)U)KaGPYkV'U � $EL V'Ucd d KML0KMd ^Jd UoC�_)Ka]W^ GWF�GWF NJV'U)KMQMRJd��
KML C 1 GJI)QAD�UoC�I�V'L�]WKMQaK�V'L0KMLJN`v

r=>DCE��OPr�XN>ßMN>�a�9 4�OP�va�acUNO �P>�M���OP;=TDOPMN�dO��Pz^;=�DO©<?MhaIUNO ;IOPT�<?��OBs�UNOP;=Om<{aq<?rq;=OPCEOd��9�M�a¦]

� 2 � � 9 ! � ;6K 9 � ;>=!9 K��s� F � 9 !8C �-7
	�M�>D;=XNOP;xaI>AacOPr�a�|�zN;=aIUNOP;xaIUNOL;IOdC?Od��9�M^�PO >�|(acUNO-��� F ��9�MNX � � F ��MN>D;=�jr�>�|�aIUNOL;IOdrI<EXNzW9�C�H[s�O©;I9�M
O�u[��Od;I<?��OPM�aIrxs�<EacUP�M	�¶ 0 �[p�@ �}H  8:� 9�M^X:¶ 0 ��][pqUNOL;IOdrIzNC{acrx|�>D;�aIUNOy�P9�rIO >�|(XN<ErI�d;IOdaI< %P9�ac<E>DM
>�M�zNM^<E|�>D;=� �jOdrIUNOdrB9�;IO XN<?r=�NC§9¦Z�OPX:<EM:Ê�<?TDr -^HG�[HS���^]�_	Om9�T�9�<EM�rIOPO acUN9�a�<?M�9�C?CR�P9�rIOdr}aIUNOLa�s�>
;=OPr=<?XNzW9�C?rx�N;=>��[<EXNOLzN�N�«OP;q�«>DzNM^XNrx|�>D;�aIUNOLOPMNOd;IT�Z�MN>D;=� >�|(acU^OyOP;=;I>D;�9�M^Xh<?M�acOd;I�«>DC§9�aI<?>DMjOP;=;I>D;d]

���



0 50 100 150 200 250 300

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

� � ��� �
	�� � �

0 100 200 300 400 500

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

��� � ���
	���	�� �

Êª<ETDzN;=O -+��� V'd D�GWUcKe_ V'L V�Y _)QEV�D`D�KMLJNPI)UcKMQ�C)UcKaG�YkV'U�� � � $ ' � '�� �\R�� -�����)Jv

0 50 100 150 200 250 300

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

� � ��� �
	�� � �

0 50 100 150 200 250 300
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

FE
FIE
HINV
AINV
2−norm

��� � ���
	���	�� �

Êª<?TDz^;IO��+��� V'd D�GWUcKe_ V'L V�Y _)QEV�D`D�KMLJNPI)UcKMQEC)U)KaG�YkV'U	� !4B ��R�� -�����)Jv

	�MA�N9�;=aI<?�Pz^C§9�;dH�acU^O�� � F � MN>D;=���N;=>��[<EXNOPr�9�T�9�<EM�acUNO��PC?>�rIOPr�a�9��N�^;I>¦u[<?�j9�ac<E>DMmaI>BacUNO�acUNOdrIO�¨�zW9�M�ac<¢�
aI<?OdrPH^s�<{acUhacUNO � � F���MN>D;=�/�«>DzNM^X��«>DrIr=<?�NC{Z�X^OdacOd;I<E>D;c9�aI<?MNT�|�>�;q�j>D;=OyMN>DM^r=Zw�j��OdaI;I<E�L�N;I>D�^C?OP��rPH
9�rBÊª<ETN]G�jr=UN>�s�rP]�@Br�|�>D;qacUNO��¥��M^>D;I� >�|�acUNO©;IOdrI<EXNzW9�C�HKaIUNO©��OdUW9¦�[<E>DzN;�>DrI�d<?CEC§9�aIOPrq�«Oda�s�OPOPM¤aIUNO
r=�j>w>�aIURH�;=OPCEOd��9�M�ay�d>DM��DOP;=TDOPM^�POA�Pz^;=�DOA>�|  8:�&aI>jaIUNO�>Dr=�P<?CEC§9�aI<?MNT^HNC§9�;=TDO©;IOPr=<?XNzN9�C?r�Ovu[UN<E�N<EaIOPX
��ZY¶ 0 ��]>_�>�s�Ov�DOP;dHWacUNOL<ErIrIz^OL>�|ªX[Z[MN9��j<E�yOPr�ac<E��9�aI<?>DMj>�|�acUNO-� � F ��9�MNX � � F���MN>D;=�jr�<?rxMN>�a�9�r
r�ac;I9�<?TDU�a=|�>D;=s�9�;IXY9�r�<EM�aIUNO �¦9�r=O >�|
0©8:� � ��]

�[�



0 50 100 150 200 250 300 350

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

10
10

FE
FIE
HINV
AINV
2−norm

� � ��� �
	�� � �

0 50 100 150 200 250 300 350 400
10

−12

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

10
10

FE
FIE
HINV
AINV
2−norm

��� � ���
	���	�� �

Êª<ETDzN;IO����+��� V'd D�GWUcKe_ V'L V�Y _)QEV�D`D�KMLJNPI)UcKMQ�C)UcKaG�YkV'U � $ ' ��R�� -�����)Jv
� !�� ���+0� 	1� � �

pqU^Om��OPr=rc9�TDO >�|�acU^<?r��W9��«OP;q<Er�r=<?���NC?OB��XN>�MN>�a�9��d�PzN;I9�acOdCEZh�d>D���Nz^acOLaIUNO rI>DCEz^ac<E>DMh>�|ª9�M�<EMW9����
�dzN;c9bacOL�N;=>D�NC?Od��]ªpqUN<?rxs�9�r�UN<?T�UNC?<ETDU�acOPXo9�C?;=O¦9�X^Zj��Zh@B;=<?>DCE<�~����D������|�>D;xaIUNOL�¦9�r=O >�|�r=Zw�j��OdaI;I<E�
9�MNXh��>�rI<EaI<E��Ov��X^Od�WMN<{acO}�N;I>D�^C?OP��r �j>�zN;��d>DM�ac;I<E�Nz^aI<?>DMoU^OP;IOys�9�rxaIUNOyTDOdMNOP;I9�C?<&%¦9�aI<?>DMßac>�aIUNOy�¦9�rIO
>�|LMN>DMNr�Zw�j��OdaI;I<?�Y�N;=>D�NC?Od�jrd] pqUNO:�^;I>D�«>DrIOdX*r=aI>D�N�N<EMNT	�d;I<{acOP;=<§9�;IOd¨wz^<?;IOYacUNOY�¦9�C?�Pz^C§9�aI<?>DM >�|
aIUNO�;IOPr=<?XNzN9�C�<?M£9YMN>�;I�¡;IOdC§9�aIOPX�ac>YacUNO��N;I>��NC?Od��|�>D;I��zNC§9�aI<?>DM1]ß_£O�XNOP��>DMNr�ac;c9bacOPX�acUW9bamaIUNO
r=zNTDTDOdr=aIOPX¤�P;=<EaIOP;I<?9j9�;IO�;=OPCEOd��9�M�aBaI>��P>�M���OP;=TDOPMN�dOA<?MYacUNOmOPMNOd;IT�Z���M^>D;I�.~G>D;�OP¨�zN<{��9�C?OdM�a}MN>D;=�jrc�
s�U^<?C?O�9�a�aIUNOBrI9��jOqaI<?��O�U^<?TDUNCE<?TDU�aI<?MNTBaIUNO�|G9��da�acUW9ba�aIUNOBr�a¬9�M^XW9�;IXj�P;=<EacOd;I<E>DMß�W9�rIOdXo>DM�acUNO �,z[�
�dC?<EXNO¦9�M�MN>D;I�+>�|KacU^Ox;IOdrI<?X^zW9�C^UN9�r,MN>y;=OPC?Ov��9�MN�POxaI>yacUNO�¨wzN9�M�ac<EaI<?Odr�>�|K<?M�aIOP;IOdr=a�9�M^XA<?rª<EMATDOPM^OP;c9�C
s�9�r�acOd|�z^C�]�ÊWzN;=aIUNOP;©TDOdMNOP;I9�C?<&%¦9�aI<?>DMNrL>�|�acU^OPrIO�<?XNOP9�r <?MN�dC?zNXNOßacU^Oj�P9�rIOj>�|x<EMNXNOd�NMN<EaIOj�N;=>D�NCEOP��r
9�MNXA�j<¢u[OPX��WM^<EacO�OPC?Od�jOdM�a�XN<ErI�P;=OdaI< %¦9bac<?>�MNrª>�|Kr�Zwr=acOd�jr,>�|��N9�;=aI<§9�C�XN< 41Od;IOPM�aI<§9�CwOP¨�zW9�aI<?>DM^rPHDs�UNOd;IO
aIUNOBz^rIOy>�|R�j<¢u^OdX�MN>�;I��r�<EMjs�UN<E�¬U�ac>m�jOP9�rIzN;=OB�d>DM��DOP;=TDOPM^�PO 9�;=<?rIOdr�¨�zN<{acO}MW9�acz^;c9�CECEZD]�_	O}UN>D�«O
aI>�9�XNXN;=OPrIr�rI>��jO >�|�acUNOdrIO©<?r=rIzNOdr�<EMY9A|�z[aczN;=O©�N9���Od;P]

f À?>SÇ(±[°jÂ�®[³ �K® �	®wÇ�Á¥´ @ _	OLacUN9�MNt	�[Od;ITDO 0L;c9�a=ac>DMo|�>D;qz^rIOd|�z^C�X^<?rI�dzNrIr=<?>DM^r}9�MNX��d>D���jOdM�aIrP]

� ' /�/<���������
!#"%$&$
' $
'��������
	������hÐBÑ�Ð¬Ð�åAÒ�Ô©Õ�ì�Ô ! ø

� � e � " � . � � " � ( � ø
� � V � " � .

Ö�Ñwå
� � V� F � e � " � ( *,+ � � " � . *,+ � ø

� � V � " � ( *,+ *
�D�



ö�ì�Ð���Î�Õ�Ò�Ð���Í�Ø¢×PÖ�ÙÛÐ�ÑwâcÐ Ø¢Õ��ÏÍ�Õ�Ò�ÖßÎ�Ð�Õ�ÒÏÖ¦ÒÏØ¢Ñ�ïßÔ�Þ�ÒÏì�Ðmå�Ø¢ÕÏâcÎÏÐ¬Ò�ÐmÕ�ÒÏÖ¦ÚwØ¢Ù¢Ø¢ÒGÜjâcÔ¥Ñwå�ØÛÒÏØÛÔ¥Ñ�Õ � ø�÷PÚ � ê� ø�÷¦â � à�ñ�Ô�Î�ÒÏì�Ð�Õ�Ð�âcÔ¥Ñ�å ! Ð�ìwÖ�×�Ð
" � � � F "
" � � � F " � � F ��� F�� V � � F � F�� V �� � � F? ��� � F�� V � � � F�� V �

� �
Ý Ø{Ñ
�'
�� � ����;�	� � � � F�� V � � � F�� V �� � � 
 � F� � Ý Ø{Ñ�<
�� � ����;�� � � �� � � � � � F� � � FV

Ú�Ü�Í�ÕÏØ¢Ñ�ï � ø�÷PÚ � àªñRØ¢Ñ�Ö�Ù¢ÙÛÜ�ê�ÕÏØ{Ñ�âcÐ
� V � " � � "

" � � "
� " � � . "" � � " � � e��

! Ð�ì�Öv×�Ð
" � � � F "
" � � � F "

� " � � � F "
" � � � F. "�� " � � � F. "" � � � F "

� � � Fe Ý©Ø¢Ñ
	n
���� ��	�;�

" � � � F "
" � � � F. "

� � � Fe Ý Ø¢Ñ�W
���� ����;� � � 
� � F �� � � �
! ì�Ð¬ÎÏÐ 
� ��� � 
� � 
� � � � F�� V. � . � � F�� V. à�òDØ¢ÑwâcÐ 
� � Ö�Ñ�åBÒÏì�Í�Õ 
� � F � Ø¢ÕRÖqÑ�Ô�Î�Ý Ö�Ù�Ý Ö¦Ò�Î�Ø ý êØ¢ÒÏÕ���Ð�Ù¢åAÔ�ÞR×¦Ö�Ù¢Í�Ð�Õ�Ø{Õ,ÒÏì�Ð�âcÔ¥Ñ�×�Ð ý ì�Í�Ù¢ÙNÔ�ÞSØÛÒÏÕ,Ð�ØÛï�Ð�Ñ�×¦Ö�Ù¢Í�Ð�Õ ��� Ô�Î�ÑjÖ�Ñ�å���Ô¥ìwÑ�Õ�Ô¥ÑWêKø�����ú�ê^ÓKàø�ø � à � Ð�ÑwâcÐ�ê

Ý Ø¢Ñ�W
���� ����w� � � 
� � F �� � � � Ý Ø¢Ñ
&
ë�Ð ø
� & � 
� � � Ý Ø¢Ñ& ë�Ð ø

ø � � & � 
� � �
ø

Ý Ö ý &���� � & � 
� � ��� V
Ö�ÑwåßÕÏØ¢Ñ�âcÐ � � � F�� V � � � F�� V � � � � � ( � (
*,+ � � F � âcÞ�à � ø�ô � ê � øcó �&� ! Ð�ï�Ð¬Ò

Ý Ö ý
& ��� � & � 
� � ��� � � � � F�� V. � � � F�� V. � � � � � F�� V � � � F�� V �! V ��� � F�� V. � F�� V �

Ö�ÑwåAÒÏì�ÐqÎÏÐ�ÕÏÍwÙÛÒ,ÞEÔ¥Ù{ÙÛÔ ! Õ�à (

!#"%$&$
' $
'��������
	#" ��� ÌªÔ¥Ñ�ÕÏØ{å�Ð¬Î�ÒÏì�Ð�Ò ! Ô Ð���Í�ØÛ×¦Ö�ÙÛÐ�Ñ�Ò�Ù¢Ø¢Ñ�Ð�Ö¦Î�Õ�ÜDÕ�Ò�Ð�Ý Õ
� 
� � 
' � $� � � $'! ì�Ð¬ÎÏÐ 
� � � � F�� V � � � F�� V � 
� � � F�� V � � 
'�� � � F�� V ' � $� � � F � �%$' � � � F ' *
ö�ì�Ð��Î�ÕÏÒ(ÓwÖ¦ÎÏÒ(Ô�ÞWÒÏì�Ð�íKÐ�Ý©Ý Ö�Þ?Ô¥Ù¢ÙÛÔ ! ÕSÞ?ÎÏÔ¥Ý�ÒÏì�Ð�Ð���ÍwØÛ×PÖ�Ù¢Ð�Ñ�âcÐ�Ô�ÞWÒÏì�Ð�è�Î�Ñ�Ô¥Ù¢å�Ø�Ö�ÙÛï�Ô�Î�Ø¢ÒÏì�Ý Õ
ÚNÐ�ÙÛÔ ! à

��Ë



� "�� $������	�
� � � � � �
� F ( ��
" �� � 
" � �
� $�� � ø � ô � * * * ���
� 9 � � � 
��
� � � 
� 9 � ê«ø ����� �
� � � 
� 
� � ��� � 9 
� 9 � 
� 9� ' 
� � ��F � � � � 
� � � � ù���� $��
� � ��F � 
� � � 
� � ��F � �������� $

� " ��$����!�"�
� � � � � � ($� F ( � $" �� � $" � � (� $#�)� ø � ô � * * * ���$� 9 � � � $� $� � � $� 9 � ( êKø ��� � �$� � � $� $� � � � � 9 $� 9 � $� 9� ' $� � ��F � � � � $� � � ( � ù���� $$�$� � ��F � $� � � $� � ��F � ����%�&��$

! ì�Ð¬ÎÏÐ 
� 9 � � F�� V $� 9 � 
� 9 � � F�� V $� 9 � 
" � � � � F�� V "
� � $" � � � � F "

� � " � � ' � � � � Þ?Ô�Î
ÕÏÔ¥ÝLÐqØ¢Ñ�ØÛÒÏØ¢Ö�Ùwï¥Í�Ð�ÕÏÕ � � à('�ÑmÓwÖ¦ÎÏÒÏØ¢â¬ÍwÙ¢Ö¦Î�ê�ÒÏì�Ð¬Ü ÜDØÛÐ�Ù¢åmÒÏì�ÐqÕÏÖ�ÝLÐ � Ð�Õ�Õ�Ð�ÑbÚNÐ¬ÎÏïyÝ Ö¦Ò�Î�Ø{âcÐ�Õ,ÕÏØ¢Ñ�âcÐ
� 9 � � � 
� 
� � � 
� 9 � � ��� � F�� V � $� � � � F�� V $� 9 � � ��� � F � $� � � $� 9 � ( � $� 9 � *
ñ�Ô�Î�ÒÏì�ÐLÕ�Ð�âcÔ¥Ñ�åhÓ[Ö¦ÎÏÒ¬ê ! Ð ! Ô�ÎÏä ! ØÛÒÏì�ÒÏì�Ð è�Î�Ñ�Ô¥Ù¢å�Ø1Ö�ÙÛï�Ô�Î�Ø¢ÒÏì�Ý Ø¢Ñ�ÒÏì�ÐLð�Í�â¬Ù¢Ø{å�Ð�Ö�ÑoØ¢Ñ�Ñ�Ð¬Î�)
ÓwÎÏÔ�åwÍ�âcÒ�Ö�Ñwå�ÕÏÜ�Õ�Ò�Ð�Ý�Ý©Ö¦Ò�Î�Ø ý 
� � � � � ê ! ì�Ð¬ÎÏÐ � � �� � Ø¢ÕxÕ�ä�Ð ! )GÕ�Ü�Ý©ÝLÐ¬Ò�Î�Ø¢â¦à�ñ�Ô�Î
Ð�Ö�ÕÏÐLÔ�Þ�Ó�ÎÏÐ�ÕÏÐ�ÑbÒÏÖ¦ÒÏØÛÔ¥Ñ ! ÐLå�ÎÏÔ�ÓoÒÏì�Ð Õ¬à hÐ Ñ�Ô ! Ó�ÎÏÔd×�ÐLÚ�Ü�Ø{Ñ�å�Í�âcÒÏØÛÔ¥ÑjÔ¥Ñ � ÒÏì�Ö¦ÒqÞ?Ô�ÎqÖ�Ù¢Ù
� � � � ô � 9 � � � �9 � � � � � � � � ù *hÐ ��Î�Õ�ÒSÑ�Ô�Ò�Ð�ÒÏì�Ö¦Ò � Ø � � 9 � � ø�Ø¢Þ � ��� ê � Ø{Ø � � 9 � � � �9 � � � ØÛÞ �+* � Ö�Ñ�å � Ø¢Ø¢Ø � � �9 � e � 9 � ùDêÕ�Ø¢Ñ�âcÐ � Ø{Õ�Õ�ä�Ð ! )GÕÏÜ�Ý Ý Ð¬Ò�Î�Ø¢â¦à�òDØ¢ÑwâcÐ � F � � � F Ö�Ñ�å � V � � � V � � FGV � F ! Ð�ì�Öv×�ÐqÍ�ÕÏØ¢Ñ�ï� Ø � ) � Ø¢Ø¢Ø �

� FGe � � � F � � e � � � F � � V� e�V � � � F � � � � V � � FGV � F �� e�V � � � F � V � V� e�V � � � F � e � F� e�V � VIF � ù
Ö�Ñwå}ÒÏì�Ð��wÎ�Õ�ÒRØ¢Ñ�å�Í�âcÒÏØ¢×�ÐªÕ�Ò�Ð¬ÓLì�Ô¥Ù{å�Õ¬àRè�ÕÏÕ�Í�ÝLÐ�Ñ�Ô ! ÒÏì�Ö¦ÒRÞ?Ô�Î(Ö�Ù¢Ù � � � � ô�ê � 9 � � � �9 � � � �
ùDà�ö�ì�Ð�Ñ � ØÛ× � � � ��� � � � � � � F � � � � � F à � Ð�Ñ�âcÐ�ê[ÞEÔ�Î�Ö�Ù{Ù � � � � ô�ê

ù � � 9 � 9 � F � �9 � � � � � �� � � � 9 � F � � �� � � � � 9 � F � � � �� � V � 9 � F
Ø�àãÐ�àÛê ! Ð�ì�Öv×�Ð � × � � �� � V � 9 � ùyÞ?Ô�Î�Ö�Ù¢Ù ��� � � ô�à�hÐ�Ñ�Ô ! ÓwÎÏÔv×�ÐqÒÏì�Ö¦Ò � 9 � � ��F � ùyÞ?Ô�Î�Ö�Ù¢Ù
� � � � ø¦à hÐ}ì�Öv×�Ð}Í�Õ�Ø¢Ñ�ï � ØÛ× �

� 9 � � ��F � � �9 � � �� � ��F � � � � �9 � � � � � � � � � F � � � � � F �� � ��F � � � � �9 � V � � � � � � F � � � �9 � � � � F� � ��F � � *
'�Þ �%� ��� ÷�ê(Ú�ÜYÒÏì�Ð�Ø{Ñ�å�Í�âcÒÏØÛ×�Ð�ìbÜ�ÓNÔ�ÒÏì�Ð�ÕÏØ¢Õ � �9 � � � � F � ùoÖ�Ñ�å:Ú�Ü � × � � �9 � V � � � ù
Ö�Ñwå	ì�Ð�Ñ�âcÐ � 9 � � ��F � ùDà,'�Þ � �-� � ô�ÒÏì�Ð�Ñ � � � V � � ��F � ù:Ö�Ù¢Õ�Ô ÕÏØ¢Ñ�âcÐ � �� � V � V � � �� � � F � � � �� � V � � � � F � � �� � V � V � � � � � � F � � � � � F � � � V � ùLÚNÐ�â¬Ö�Í�ÕÏÐ

� � � F � � � � �� � F � � � � � �� � � � � � V� � � F � � � V � � � �� � V � � � V� � � F � � � V *
ñRØ¢ÑwÖ�Ù¢ÙÛÜ�êWØÛÞ � �.�%� ø¦ê � � � F � � ��F � � � � F � V � � � � � ��F � � � ù�ÕÏØ¢Ñ�âcÐ � � � F � V � � � ù�Þ?Ô�Î�Ö�Ù¢Ù
� � ô�à�ö�ì�Ø¢ÕªÍ�Õ�ÐxÓ�ÎÏÔd×�Ð�Ö¦ï¥Ö�Ø¢Ñ�Ú�Ü�Ø¢Ñ�å�ÍwâcÒÏØÛÔ¥ÑWàRè�ÕÏÕ�Í�Ý Ø¢Ñ�ï � � � F � V � � � ùDê ! Ðqì�Ö�×�Ð}Í�ÕÏØ¢Ñ�ï� Ø¢× � ê � Ø¢Ø{Ø �

� � � V � � ��F � � � � V � �� � ��F � � � � � � V � � � � � � � � F � � � � � F �� � ��F � � � ù *
� #



ö�ì�ÐqÎÏÐ�ÕÏÍ�Ù¢ÒªÞ?Ô¥Ù¢ÙÛÔ ! Õ,Ú�Ü�Ñ�Ô�ÒÏØ¢Ñ�ïLÒÏì�Ö¦Ò
� F � V � V � � F � V � F � � VIF � � F � e � F � � VIF � ù *

(

��� � ���������	��


�������������������� ������!"���$#&%'��()(*��+*,.-/�0��%�1/������+324���5%�6*17-/��+980:),<;=%'17,���; >*��1?+<%@; ��,����0��%'6)A���+B;DCE+*��%�1
1?��1/A71/+<%	A71?%�6*�F>D24��; AG1"HI� ��JK�ELM1?-N6*+*��-O; ��P	1/(Q���0%RP	�TSVUWL	PXU&�=���<�YUW��Z [*�FPR�\S��

������������������^]��:*��; ��>V�`_a��; +*>bP	:*#0#��*�M�c�I��� ���FdY!"�fehgi%'��(*()��+*,.-/�0��%'1?����;j24���5��%�1/��;=%'�lk�1mAG1"%'6*�n>*#?o
; ()(*����-O;=%�����+*#�%'�7pfq�_f#?r�� �fs t�uNv9t�v�wKx �Ey<z|{Qd dY�F�

} ; ~*:*#0J=;F�n�N�*�&d|y�zFdY!"�Fe�_����0���&U�~�� :*+*>*#^24���MCE+*��%�1X1/��1/A71/+<%fA71?%'6)�F>�rl�F�\�F���"�?�Q� s �4� �K�n����Z<���O{FZ�Z�Z)�
} ��1/�?�/���f�I�^; +)> } ;=%'6)1 �f�����)�X�&d|y�y �<!"�Ie���>*��#�-?��:*��#01D��+B%'6)1�#0%'; ~*������%W�3-?��+*>*�l%'��� +*#�24���cAG���)1?>

CE+)��%'1�1?��1?AG1?+i%	24���0A@:*��;=%'����+*#/rl� ��v �\�V����� ��� � �I�<� t ����� uN� ��¡�¢n£ ��£<� xQ¤ �Q��zO{)¥�zF�
¦ ���|H	��+*#�Ji����P§��; +*>¨S�����+*#?� �)��S��l�V1?>*#7�&d|y�z ©<!"���ª£n�"¢V�"� s th«l¬ �� uNv ¢O®¯� £ s � �§£ � s  « �"¢ � ��� ���Ev �° v �

¢ v ¢)±"²9����� � � «�u ±"²Y± � �"�c± v ° th« ¢V� s �7��³/� s �´«�v ¢)±"��µf�����Md|Z=[�� 2X¶�� u"� �n�'�@� v9� �N± « ¢3¡ uNv ¢ v � «�u ±
s ¢Qm� s ��� �"� s ��«�u�s t�· ²|± � �"�c±"�EgF(*����+*,�1?�Xµf1/����; ,*� } 1/������+��

¦ ����:*~�� ¦ �E; +*>¸�¸1?:*�';=+i%/� ¦ ���¹d|y�y<z !"�Ve��º;=%�����-?1/#?�EAG��A71/+<%�#	; +*>.»n:*; >*�';9%':*�015�0�N¼E6*�|H½%��7-?��A�U
(*:F%'1�%'6*1§+*� ��A�� 2�%'6)151?���0���	��+D��%�1/��;=%'�lk�1�A71?%'6)�F>*#?r��V¾À¿iÁ w�Â �K© Ã<z|{)z ��¥F�

¦ ����:*~�� ¦ �*;=+*>.gn%'��; J � #/�QÄ`� �¹d|y�y [<!"�Ke�_�#0%���AG;=%'1?#a��+�»i:E;=>*�';=%���-\24� ��A@:*��; #/rl�Q�\�n���"�/�V� t £ v � «���� �c±
x �Q�=[*d¯{)� ©�Ã)�

Å ����+V�KP5�*���K; +*>º� ��6*+*#0��+��QÆ\�KP§���&dOy�Ã<¥�!¯��� s � � «�Ç �\¢ s t ²Y± « ±"�EÆX; A@~*�0��>*,�1§ÈR+*��k 1/�0#���%W�Dpf�01/#0#/�
Å ����+V�iP5�=�c�<; +)>�� � 6*+*#�� +��nÆ\�<P§�K�&d|y y)dY!"�MÁ v � «�u ± « ¢G� s � � «�Ç �\¢ s t ²Y± « ±"�<ÆX; A@~*�0��>*,�1XÈ+*�lk�1/�0#��l%W�

p���1?#�#?�
S ��, 6*��+��*q@�E; +*>jÉB;9%'6*1?+��E�c�Q�)����� ���<��!¯�*�\+*; ���n#���#	� 2`~)���n-NJ�(*�01/-/� +*>*��%�����+)1/��#a24���a#�; >*>*��1"U�(�����+<%

(*�0��~*��1/A7#/�YLM1?-N6*+*��-O; �nP	1/(Q���0%�L�1/-N6*+*��-O; �iP	1/(Q���&%�dOZ)�=Ê\�n24���0>cÈR+*��k 1/�0#���%W��ÆI� AG(*:F%'��+),S�; ~nU
����;=%'� �0���

�.1/:*��; +<%O� ¦ �À�&dOy�y�y<!¯�feË]:)AG1?����-/; �^1¯�)(Q1/�0��A71/+<%'#5��+Ì-/� AG(*:F%'��+),.~Q��:*+)>*#524� �§%�6*1m+*���0AÍ� 2I%�6*1
1?����� ����+Î%�6*1�(*��1?-/��+)>*��%�����+*1?>Ï-/��+Y80:*,<;=%�1�,��'; >)��1/+<%j;=��,����0��%�6*A¸rl��\�F���"� «�u�s t � t £ v � «���� �c±
¤K¤ �KZ<¥ ZY{nZ�©<¥F�

P	��,�; ���`�)�^S��M; +*> ¦ ; -N6*1?#/���)�X�¹d|y�©<z !"�Ie�ÊT+Ð%'6*1�-/��A7(E;=%���~*������%W�º� 2R;º,��lk�1?+b#�����:)%'����+�H	�l%'6Ð%�6*1
>E;9%N;�� 2`;7����+*1/; �X#0�n#&%'1/A.rl��Ñ*� �\±N± v|u �XÒ v �\�Q� � ��� snuN� �M�<ÓM��Z�!"�K¥=[�ZY{)¥=[<ÃF�

gi%N; �0J 1 � ¦ �M�&dOy�y<z�!¯��eË�`��1?��>FU�� 2ÔU�k=; ��:*1/#	;=+E; ���n#0��#R� 2f(*��1?-/��+)>*��%�����+*1?>¨��%�1/��;=%'�lk�15AG1"%'6*�n>*#24� �+*� +FU
#&�FA7A71?%'�0��-�1?������()%'��-\(*�0��~*��1/A7#/rl���T�n���"�?��� s ��� � ÂEx � d|� ZY{Qd�dYzn�

��¥



gi%'�';=J ���#?�*Ä`�i; +)>GLa��-N6���Q�)p��Q��� ������!"�*e�ÊT+G1?����� �À1?#0%���AG;=%'����+�~<�m-/��+980:),<;=%'1	,���; >*��1/+<%fAG1"%'6*�n>G; +*>
H	6<����%�HI���0Ji#^��+5CE+*��%�1I(*�01/-?��#�����+c-?��A7(*:)%N;9%'��� +*#/rl�n¡ t � u"� � v ¢ «�u Á*� s ¢)± snu"�´«�v ¢)± v ¢m�\�F���"� «�u�s t
�\¢ s t ²|± « ±�� w �Q¥ ©Y{nÃ��)�

gi%'�';=+*,*� É � ¦ �=; +*>@�`�l��� ¦ � �)�*�¹d|y<z Z<!¯�<�\¢@�\¢ s t ²Y± « ± v ° ��� ��� « ¢ «�� �À¡ t �"���"¢ � �Ì� ���Ev  �<p���1/+<%���-/1¯U
Å ; �����*_�+*,���1?H��F�n>¸ÆI������#/�*]T�)�

É ��>*��:)+*>��9Ê@�i�&dOy<z Ã<!¯�ie�� S�; +*-?�/��#�A71?%'6)�F>T24����;X-?�Ô; #0#�� 2n+*��+*#&�FA7A71?%'�0��-^#&�n#0%'1?AG#�� 2F1/»i:E;=%�����+)#/rl�
· ¿0�T� Ñ)���T�n���"�?� �\¢ s t ���	���´[i!¯�EÃ��)d¯{FÃ)dY�F�

� ©


	1 Introduction
	2 Problem description
	2.1 Abstract formulation
	2.2 Finite element approximation
	3 Stopping criteria
	3.1 One more crime
	4 Stopping criteria for GMRES and FOM
	4.1 Estimation of llr(superscript k)llHbar1 
	4.2 Estimation of llr(superscript k)llAbar1
	4.3 Restarted GMRES/FOM
	4.4 The effect of preconditioning
	5 A minimum residual algorithm
	6 Examples
	6.1 Elliptic problems
	6.2 Numerical experiments
	6.3 GMRES without preconditioning
	6.4 Preconditioned GMRES
	6.5 Three-term GMRES
	6.6 Other iterative methods
	7 Conclusion
	8 Appendix
	References

