
 

 

 
 
 

 
 

UNIVERSITY 
OF TRENTO 

 DEPARTMENT OF INFORMATION AND COMMUNICATION TECHNOLOGY
  

38050 Povo – Trento (Italy), Via Sommarive 14 
http://www.dit.unitn.it 
 
 
 
 
 
 
 
 
 
 
 
 
 
AN ADAPTIVE WEIGHTING STRATEGY FOR MICROWAVE IMAGING 
PROBLEMS 
 
 
Emmanuele Bort, Massimo Donelli, Anna Martini, and Andrea 
Massa 
 
 
August 2004 
 
Technical Report DIT-04-064 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 



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

1 �2!43650�7- 8

9;:<:<=?>A@CB�DEB�FHGJILKNMPOQ="RSRSTE:<G6U)GJ>CB�DEDVTWM'XZY�[]\�Y�^`_Ha`bcbdbeMgfh>C>C=iOi=?IjKSTV>CTWM�=?>Cklfh>mkCISB�=QOQ="RSR`=nM
XZY�[]\�Y�^`_'a`bdbcb

UhB�oC=?IjKS:<B0>AK+G?p'qr>mpsGJIj:t=uK`TVG?>
=?>CkQvHGJ:]:e@C>CTEwN="KSTVGJ>yxPB�w{zm>CGJDVG?|?}
~)>CT��JB0ISRST�Kr}
G?p'x'IjB�>�K`G
��TV=��nGJ:]:t=?IjTE�?B?M����
�J�J���"� x'IjB�>�K`G��cqrx'fh�A�
92�r:<=?TVDW���?�.�?^`YS���V[]�u�{���C���������V�������W�.�V���

�



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

1 �2!43650�7- 8

9;:<:<=?>A@CB�DEB�FHGJILKNM�Oi=?RSRjTV:]G<U)GJ>CB�DEDVTWMmfh>m>�=tOi=?IjKSTV>CTWMm=?>mkif)>CkCISB�=tOi=?RSRS=

�/ �¡{¢¤£0¥�¦§¢

¨ª©t«r¬A+®V¯L°�±�`²2³N¯r´<³�®�±�µ·¶`¯¸³¤²�°{¹§�µº±4°�»¼µº©�»�°�½�½�¾ºµ·¶¤°�«rµ·³N©A¿¤À�°�©tµº©�©A³¤¹¼°�«rµº¹§�¿r«r¯L°�«¸`»¼Á<°�µº±�{Â
°�«)°NÂ�ÂJ¯¸{¿¸¿rµº©�»<«r¬A�±+Ã�¾º«rµÅÄª³NÆJÇr{¶`«rµº¹§/µº©u¹§`¯¸¿¸/¿¸¶¤°�«r«¸`¯rµº©�»�½�¯¸³NÆ�¾·`±�µ·¿+½�¯¸³N½m³¼¿L{Â�È�É"«L°�¯r«rµº©�»
®V¯¸³N±�«r¬A�¿r½�°�«rµ�°�¾ÅÄªÂ�³N±4°�µº©�µº©"«¸`»¼¯L°�¾�®�³N¯r±+Ã�¾�°�«rµ·³N©�À�«r¬A�³N¯rµº»¼µº©�°�¾P±)Ã�¾º«rµÅÄª³NÆJÇÊ{¶`«rµº¹§/½�¯¸³NÆ�¾·`±
µ·¿�¯¸{¶¤°N¿r«�µº©u«¸³�°�¿rµº©�»¼¾·SÄª³NÆJÇr{¶`«rµº¹§�³N©AhÆuÁyÂ�SËA©�µº©�»]°�¿rÃ�µº«L°�Æ�¾·�¶{³¼¿r«H®VÃ�©A¶`«rµ·³N©6°N¿7°/¾ºµº©A¤°�¯
¶{³N±+Æ�µº©�°�«rµ·³N©e³�®n«r¬A;ÂA°�«L°�°�©AÂ�¿r«L°�«¸�«¸`¯r±�¿'°N¶{¶{³N¯¸ÂJµº©�»7«¸³�¹N°�¯rµ�°�Æ�¾·d²'`µº»¼¬u«rµº©�»)½�°�¯L°�±�`«¸`¯¸¿¤È
Ì2Á)µº«¸`¯L°�«rµº¹§`¾ºÁ�«rÃ�©�µº©�»7«r¬A{¿L;½�°�¯L°�±�`«¸`¯¸¿¤À§«r¬Ac³N½�«rµº±�µºÍ�°�«rµ·³N©4½�¯¸³?¶{{ÂJÃ�¯¸dµ·¿g®�³N¯¸¶{{Â�«¸³7¿¸³N¾º¹§
°�©6ÎÏ°�¾º±�³¼¿¸«ÊÐ�±+Ã�¾º«rµÅÄª³NÆJÇr{¶`«rµº¹§e½�¯¸³NÆ�¾·`±Ñ°¤¹§³Nµ·ÂJµº©�»t«r¬A/ÃA¿¸/³�®7ÒuÓNÔsÕ?Ö�×�±+Ã�¾º«rµº½�¾·SÄª³NÆJÇr{¶`«rµº¹§
³N½�«rµº±�µºÍ�°�«rµ·³N©/±�`«r¬A³?Â�¿'°�©AÂ4¿L°�«rµ·¿Ê®ØÁ"µº©�»7ÂJµÅÙ�`¯¸`©u«P³NÆJÇr{¶`«rµº¹§{¿�µº©�°�Æ�°�¾�°�©A¶{{Â�²2°¤Á§È'É?`¾·{¶`«¸{Â
©uÃ�±�`¯rµ·¶¤°�¾�¯¸{¿¸Ã�¾º«¸¿&µº©AÂJµ·¶¤°�«¸�«r¬�°�«�«r¬AhÃA¿¸�³�®'¿rÃA¶L¬6°4¿r«r¯L°�«¸`»¼Á<Á"µ·`¾·Â�¿�«¸³e°N¶{¶`Ã�¯L°�«¸�¯¸{¶{³N©JÄ
¿r«r¯rÃA¶`«rµ·³N©A¿¤À�²;µº«r¬�©A³Nµ·¿LSÄª¶{³N¯r¯rÃ�½�«¸{Â�ÂA°�«L°�°N¿�²'`¾º¾sÀ�Æ"Á4µº±�½�¯¸³�¹"µº©�»�«r¬A�½C`¯Ê®�³N¯r±4°�©A¶{{¿d³�®Ú«r¬A
°NÂ�³N½�«¸{Â]³N½�«rµº±�µºÍ�°�«rµ·³N©<½�¯¸³"¶{{ÂJÃ�¯¸¼È

ÛuÜ;Ý�Þ"ßáàPÞ?â?ãåäe�cOiTEw�IjG§æH=N�JB�TE:t=?|?TV>C|CM?TV>��JB0ISRSB�RjwN="KjK`B0ISTV>m|CMm="k�=?omKSTE�JB)æHB0TV|Jz�K`TE>C|CM�|JB�>mB0K`TEw�=?DE|JG"�
IST�K`zC:]R

ç



è 1 �'!/365��7- éê����'<�0��(

qr>iKSzCB4psIS=?:]B0æ&GJISë
G?p2TV>��JB0ISRjBeRSw�="KSKSB�ISTE>C|�K`B�w{zm>CTVìA@CB0RhpsGJI7:<TEw�IjG§æH=N�JB/TV:<=?|JTV>m|CMmDEB0K+@CRhw0GJ>CRjTVkCB0I
K`zCB ç �rUíx+O6�ÊoÚGJDV=?ISTEîN="KSTVGJ>�w�=?RSB"ï;fh>y@m>CëA>CG¼æ7>yGJð�ñjB0w0KNMnðÚB0DVGJ>m|JTV>C|�KSGe=?><TV>��JB0RjK`TE|�="KSTVGJ>]kCGJ:<=?TV>
òQM�TVR7RS@mw�w�B0RSRjTE�JB0DE}iTVDEDV@C:]TV>�=uK`B�ktðA}i=]RSB0K)G?p;ëA>CG¼æ7>óTE>Cw�TEkCB�>�K+B�DEB�w�K`ISTEw4ôCB�DVkmR�õ.öø÷Nùú M�û<ü*ýJþNÿ�ÿEÿ�þ��]ï
��GJIhB�=?w{zZTE>Cw�TEkCB�>�K�ôCB�DVkåõ öÅ÷Nùú MgKSzCBeRjwN="KjK`B�IjB�klô�B�DEkåõ�� ù����	�ú TVR�:]BN=?Rj@CISB0klGJ>l=
RS@CILpª=?w�B�
 GJ@mKSRSTVkmB
ò =?>Ck6R`="KSTVRLô�B�R7K`zCB�psGJDEDVG¼æ7TV>m|�TV>�KSB�|JIS=?DgB�ìA@�=uK`TVG?>�j���?�Ê��Y����m�?�ª���u���

õ � ù����	�ú ü������ ��� õ ú �L���

æ7zCB�IjB+õ ú kCB�>mG?K`B0RdKSzCBHKSG?K{=?DnB�DEB�w0KSISTEwHô�B�DEk�ISB0DØ="KSB�k�KSG4õ.öÅ÷Nùú M � TVR2KSzCB�:<="K`B0ISTØ="Dnw0GJ>�K`I`="RjKNMA=">Ck���� � �
TVR�K`zCB<B"!�K`B0IS>�="D$#�ISB�B0> GJo.B�IS="K`GJI&%·�('ÏïQOiGJIjB�G¼�JB0I�M�KSzCB<KSG?K{=?D;ô�B0DVk õ ú TV>CRjTVkCB�K`zmBtTV>��?B�RjKSTV|�=uK`TVG?>
kCGJ:<=?TV>tTVR�ëA>CG¼æ7>iKSG]RS="K`TERjp�}yKSzCB�RSG]wN=?DEDVB0kQ���Ê�?�rY�Y����C�?�ª���u�

õ öÅ÷Nùú üáõ ú$) � öÅ÷(�*� õ ú � ç �
� öø÷(� ðÚB0TV>C|�KSzCB�TV>�K`B0IS>�=?D+#�ISB0B�>6GJo.B�IS="K`GJI�%·�('Wï

x�zCB�oCISG"ô�DVB�IjB�w0GJ>CRjKSIS@Cw�K`TEGJ>�oCISG?ðCDVB0: w0GJ>CRSTERjKSR;G?p.kCB0KSB�IS:]TV>mTV>C|+K`zCB�:<="K`B0ISTV=?DAw�GJ>�K`IS=?RjK � =">Ck
K`zCB�ô�B0DVk�kCTVRLK`ISTEðC@mKSTVGJ>iõ ú TE>CRSTEkCB4ò æ7zmTVw{zQRS="K`TERjp�}
KSzCBy���?�Ï�
=?>Ck�K`zCB����Ê�?�rY/B�ìA@�="KSTVGJ>mR)RLK{=?ILK`TV>m|
psISGJ:ÑKSzCB�ëA>CG¼æ7DEB�kC|JB/G?p�KSzCB�TE>Cw�TEkCB�>�K+ô�B�DEkCR�õ öø÷Nùú MÚûtüêýJþNÿ�ÿ�ÿEþ�� GJ>óò�=?>CkQKSzCB�RjwN="KjK`B0ISB�kóôCB�DVkmR
õ�� ù����	�ú Muû�ü ý?þNÿEÿ�ÿ�þ�� GJ>,
�ï2vHDVB�=?ISD�}JMNKSzCTVR�TER�=�[��.-º�ª�*/��?\�0NY21��W�*3?YdomISGJðCDEB�:4�ÏO65879�gRSTV>mw�B;K`zCBdRjGJDV@mKSTVGJ>
TVR4ISB0ì�@mTVISB0k K`GóRS="K`TERjp�}lKræ&G |JG�=?DER/RjTV:e@CD�K{=?>mB�GJ@CRjDE}?ïóOQ=uK`zCB0:t="KSTVw�=?DVD�}JMPTEK/wN=?> ð.BykCB0RSw0ISTVð.B�k ="R
psGJDVDEG¼æ7R��+:?�;�][�������[��=<uY,> ü?� @ � þÚõ ú(A üCB�DFE ���G� @ � þ.õ úHA þID � �G��� �(@ � þ�õ ú(A�J ���C\�0NY21��c���]�*K�Y�12�u�m���W^j�?�����
L üCM @ � þÚõ ú(A üNBPO ö @ � þ�õ ú(A þIQ'ü ýJþ�ÿEÿ�ÿEþ�R J&SUTWV æ7zmB�ISB�> =">Ck L =?ISB4K`zCB/GJð�ñjB0w0K`T��JB¤�¸=?IjI`=N}ó=">Ck
K`zCB�w0GJ>CRjKSI`=?TE>�Kj�¸="ISI`=N}?MCISB0RSo.B�w0KSTE�?B�DE}?ï&OiGJISB�TE>�kmB0K{="TVDÏM

DPE ���G� @ � þÚõ úHA üYX[Z\^]`_2a�b2cedgf;hih\ jlknm�o hgp b \ a�qXrZ\^]`_;s b cedef^hih\ s q D � �G��� �H@ � þ.õ ú(A üYX[Z\�]t_ua"b�vxwyd\�j{z b \ jlk v|wyh p b \�} a"qX~Z\^]`_�s b v|w�d\ s q � � �

�



=?>CkyKSzCB�w�G?>CRjKSI`=?TE>AKL�¸=?IjI`=N}]TVR�kmB0ô�>CB0k�=?w�w0GJISkCTE>C|�KSGeK`zCB�=N�"=?TEDØ=?ðCDEB/�F/e�.^����u^¤�;TE>mpsGJIS:<="KSTVGJ>]GJ>yK`zmB
oCISG?ðCDVB0:[� R�@C>CëA>CG¼æ7>CR�@ � þ.õ úHA �ªB"ï |mïEMFO��(@ � A ü )��8� @ � A MtOn��@ � A ü �8� @ � A�) �{� �� � � MtOn��@ � A ü�R��4@ � A MOn��@ � A ü � ö �� � � ) R��4@ � A �¤ï&x�zmB�O�5�7 |?B�>CB0I`=?DEDE}<oCISB0RSB�>�KSRh:]GJISB�K`zC=?>6GJ>CB/=?w�w0B�omK`=?ðCDVB�RjGJDV@mKSTVGJ>
GJI'KSzCB�IjB�:<=¼}4>CG"K;B"!nTVRLK;GJ>CBHRSGJDE@mK`TEGJ>/KSz�="K�TER'KSzCB�ð.B�RjK2æ7TEK`z�IjB�RjoÚB0w0K�KSG�=?DVDAGJð�ñjB0w0KSTE�JB0R�ï;f)R2pª=?I�="R
K`zCB+O�5�7$� RdRSGJDE@mK`TEGJ>eTVR;w0GJ>Cw0B�IS>mB�kgMARS@mw{zy=�oCIjGJðCDVB0: w�=?>�ðÚB�kCTEISB0w0K`D�}e="kCkCISB0RSRjB�ktð�}�w0GJ>CRjTVkCB0ISTV>m|
=ew�@CRLK`GJ:]TVî0B�k
GJonK`TV:]TVî�="K`TEGJ>]oCISG�w�B0kC@CISB"ïcOQ=?>�}
IjBN=?D·�Êæ&GJISDEkyB�DEB�w0KSISGJ:<=?|J>mB0K`TEw)omISGJðCDEB�:]R�TV>��?GJDE�?B
K`zCB�RSTV:�@CDEK`=?>CB�G?@CRhGJonK`TV:]TVî�="K`TEGJ>6G?pc:e@CD�K`TVomDVB�GJð�ñjB0w0K`T��JB0R�KSz�="K�G"p�K`B�>l="ISBew0GJ:<o.B0KSTV>C|mï�~)Rj@�=?DVD�}JM
w�@CRLK`GJ:]TVî0B�kl:]B0K`zmGnkCG?DVGJ|JTEB�R+psGJI/O6587�� R4=?ISB]=?TE:<B0kl="K4kCB0KSB�Ij:<TE>CTV>C|6=yKSI`=?kCB¤�rGF� RS@CILpª=?w�B[�ªTWï B"ïEM
=�RjB0K�G?p�>CGJ>��rkCGJ:]TV>C="K`B0kåRjGJDV@nK`TVG?>CR�% ç '���ë�>mG§æ7> ="R����?^`Y������¤^u�u�����ªRjB�B�% � '&=?>mk K`zCB]ISB�psB�IjB�>Cw0B�R
w�T�K`B�k
KSzCB�IjB�TV>I��ï

~)>CDETVë?BdK`zmB�RSBH=?oCoCIjG�=?w{zCB0R�MJ|?B�>CB0I`=?DEDE}�TV>��?B�ISRjBHRjwN="KjK`B�IjTV>C|+K`B0w{zC>CTVìA@CB0R�kCG�>mG?K'KSISB�="K'KSzCBH:�@CDEKST��
GJð�ñjB0w0K`T��JB0R�=?RHKSzCB0}t=?ISB"ï;x�zCB�GJIjTV|JTE>�=?D�oCIjGJðCDEB�: TVRcK`I`=">CRjpsGJIj:<B0kyTV>�KSGe=�RjTV>C|JDEB��ÊGJð�ñjB�w�K`T��JB��W�n5879�
GJ>CB
ð�} kCB�ô�>CTE>C| ="> ="IjK`T�ô�w�TV=?DcRSwN="DØ=?I�GJðAñjB�w0KSTE�?B6ps@m>Cw0KSTVGJ> |JB0>CB�IS=?DVD�} GJðnK{=?TE>CB�k K`zmISGJ@C|?z RjGJ:]B
DVTE>CBN=?I&w�GJ:�ðCTV>�=uK`TVG?>
G?p'KSzCB�æHB0TV|Jz�KSB�k�GJð�ñjB�w�K`T��JB�R,% �F'^%·�('W�

� @ � þ.õ ú(A ü � E ���G� @ � þ.õ ú(A�� � � �G��� ��@ � þ.õ ú(A� E ���G� @ � þÚõ úHA ü��+E ���G� B�DFE ���G� @ � þ.õ ú(A2J� � �G��� ��@ � þ.õ ú(A ü�� � �G��� ��B�D � �G��� �H@ � þÚõ ú(A�J
�ª�t�

�+E ���G� =?>Ck[� � �G��� ��ð.B�TE>C|�KræHG]o.GJRST�K`TE�?B�æHB0TV|Jz�KSTV>C|�o�=?IS=?:]B0K`B0ISR � ïc�n@Cw{zQ=�psGJIj:e@CDV="K`TEGJ>y=?DEDVG¼æ7R�K`zmB
@CRSB&G?p�=">A}4RjTV>C|JDEB��ÊGJð�ñjB�w�K`T��JBcGJomK`TE:<TEîN="KSTVGJ>�=?DV|JG?ISTEKSzC:4% � '·��%x�W'WM?ðC@nK�TEKP>CB0B�kCR'K`G+kCB0ô�>mBHK`zCBdæ&B�TV|?zAKSR
=?RSRjGnw0TØ="KSB�kåK`GóB�=?w{z GJð�ñjB0w0K`T��JB"ï x�zCTVR/TVR�G?>CBtG?p�KSzCBt:<=?TE> kCIS=¼æ7ðC=?w{ëAR�G?p�K`zCBt=?oCoCIjG�=?w{z RjTV>Cw0B
K`zCB�ð.B�z�=N��TVG?I�G?p&KSzCB�GJomKSTV:]TVîN=uK`TVG?>ó=?DE|JGJIST�K`zC: TER��JB�IL}lRSB0>CRST�K`TE�?B]=?>CkåTVR�ðCTV=?RSB0kZð�}óKSzCB��?="DV@CB0R
G?p�K`zmB�RSB�oC=?I`=?:]B0KSB�IjR8%�� � 'Ïï;f)DEKSzCGJ@C|JztRSGJ:]Bh�JB0Ij}tTV>�K`B0ISB�RLK`TE>C|�="KjK`B�:]omKSRHpsGJI�RjB�DVB0w0KSTV>C|eG?omK`TE:e@C:
�"=?DV@CB0R7G?p2KSzCB4æ&B�TE|Jz�K`TE>C|]pª="w0K`G?ISR7z�=N�JB/ðÚB0B�>Qw�=?ISIjTVB0kQGJ@mK,%·�J�('��sB0�JB0>QK`zmGJ@C|Jz�K`zCB4RSB�=?ISw{zóG"p�GJon�
K`TE:e@C:ÑIjB�|J@CDV=?ISTEîN="KSTVGJ>6o�="I`=?:]B0KSB�ISR)TVR)w�GJ>Cw0B�omKS@�=?DEDE}6kCT=��B0ISB�>�K)psISGJ: K`zmB�kCB�K`B�Ij:<TE>�="KSTVGJ>�G?p;K`zmB
æHB0TV|Jz�KSTV>C|hpª="w0K`G?ISR�M?RSGJ:]B�TV>�KSB�ISB0RjKSTV>C|�=?>C=?DVGJ|?TVB�R'=?>Ck�RLK`IS="K`B0|JTVB0R2psGJI2KSzCB�@C>CRj@Co.B�Ij��TERSB�k]B0�?GJDV@nK`TVG?>

�;���W�����y���6 �¡���¢¤£"�(��¢¤¥�£�¦�§W¨��^¨��©�������^ªn�W¨«ªI¬P�y��¥©Wª��y®$ª�¢|¥P¯������W�����y���6 �����£«�°¤¨"��¢¤±y¨���¢¤²"¥H¦³�P¨"ªI¬F���y¥�¨"ª�ª ��©��®´��²¬F�µ�$¨�¢¤¥�°¤¶·¨«ª�ª�²�¯�¢i¨2���y®¸¡�¢x���·������Wª��³²�¹.º�»¤¼F½;¾=¿2½;¾�Ày  ��ÁH���y��¥P¨�°x¦n¢¤¥�¹G²"���$¨2��¢|²«¥�Àu¡���¢¤¯^�Â¢¤�©§P²(ª ��ª.¨«®�®�¢|��¢¤²"¥W¨"°«¯�²«¥Wª ���^¨�¢¤¥«�^ª��²Ã¬F�´ª�¨2��¢iª ÄW�y®�¬P��ª ¢i®���ªÅª��^¨2���·¨"¥W®Æ®�¨2�^¨9�������$ª´ÇG�«È £PÈ|À���¢¤ÉH��²"¥�²2Ê`À(��²"��¨"°�Ê2¨���¢¤¨���¢¤²"¥�ÀH�y®�£"�·§����yª�����Ê(¢¤¥�£PÀ(����¯"È Ë�È
�



wN=?> ðÚB]psGJ@C>Ck TE>Ì%·�J�«'���M;T�K�TER/IjB�w�G?|J>CTVî0B�k =?R�=i�JB0Ij} kCTgÍ]w�@mDEK/oCISGJðmDVB�: psIjGJ: =Q:<="K`zCB0:t=uK`TVw�=?D
oÚG?TV>�K2G"p��nTEB0æ�ï´#�B�>mB�I`="DVDE}?MuKSzCB�w{zCG?TVw�BHG?p�K`zCBH�"=?DE@CB�R'G?p�K`zmBHæHB0TV|Jz�KSTV>C|�oC=?I`=?:]B0KSB�IjR�TVR'oÚB0IjpsGJIj:<B0k
K`zCIjGJ@C|Jzó=<w�G?:<oC@nK{="KSTVGJ>�="DVDE}tB"!no.B�>CRjTE�JB�>A@C:]B�IjTVw�=?D'B�!noÚB0ISTV:]B�>�K`="K`TEGJ>QGJI)ð�}Qw0GJ>CRSTEkCB�IjTV>C|t=tRS@��
oÚB0Ij��TVRjB�k6K`@C>mTV>C|]oCISG�w�B0RSR0ï�OiGJIjB�G¼�JB0I�M�RS@mw{z =]w�=?DVTEðCI`=uK`TVG?>yoCISB0RSB0>AKSRhRjGJ:<B4=?IjðCTEKSI`=?IjTV>CB0RSR�kC@mB�KSG
K`zCB�=?kCGJonK`B�k :]G�kCB�D'=?>Ck TERhDØ="IS|JB0DE}6kCB0oÚB0>CkCB�>�K�GJ>iK`zCBeRjwN="KjK`B0ISB�I�TE>��JGJD��JB�k�M�RSGyKSz�="K�=y|JB�>CB0I`=?D
K`zCB0GJIj}ioCIjG§��TEkCTV>C|<K`zCB�GJonK`TV:�@C: �?="DV@CB0R�G?p��+E ���G� =?>CkÎ� � �G��� ��wN=">C>CG?K�ð.BeB�=?RSTEDE}ikCB0�?B�DVG?oÚB0kZ=">Ck
K`zCTER�w�B0IjK{="TV>CD�}tIjB�oCIjB�RSB0>�K`R�=">iGJðmRjK{="w�DVB�omISB0�?B�>�K`TE>C|<æ7TEkCB�RjoCISB�=?k�TV>CkC@mRjK`IjTØ=?Dg=?oCoCDETVwN=uK`TVG?>CR�ï

x�zCB @C>CRj@CoÚB0Ij��TVRjB�k =?k�="omK`T��JBóRjB0KSKSTV>C| G"p�K`zCB0RSB o�=?IS=?:]B0K`B0ISRy:<=N} ðÚB = RjGJDV@nK`TVG?>gï fhRy=?>
=?>�=?DEGJ|?}4K`G�K`zmB+@m>CRS@Co.B�IL��TVRSB0ktB��JGJDE@mK`TEGJ>�G?p.æHB0TV|Jz�K`TE>C|�o�=?IS=?:<B�K`B0ISR�M�ðm@mKdæ7TEK`zmTV>eK`zmB7psIS=?:]B0æ&GJISë
G?p�K`zmB
=?k�=?onK`TE�?Byw{zCGJTEw�ByG"p+KSzCByIjB�|J@CDV=?ISTEîN="KSTVGJ>lpª=?w�K`GJIjR�Md=QRjTV|J>CT�ô�wN=">AK�w�GJ>�KSISTVðm@mK`TEGJ> z�=?R�ðÚB0B�>
oCISG?oÚGJRjB�k ðA} f)ðC@Cð�=?ëu=?I Y����F-��Ï%·� ç 'Wï F&} ps@CDVD�} B�!momDVGJT�K`TV>m|åRjGJ:]B �F/e�.^¤���u^¤��TE>mpsGJIS:<="KSTVGJ> � GJ>
K`zCB/RSw�="KSKSB�ISB0I�@C>CkmB�I�K`B0RjK�Mg=tRj@CTEK`=?ðCDVB/=?k�="omK`T��JBe:e@mDEK`TEoCDVTEwN="KSTE�?B�o�=?IS=?:<B�K`B0IhTVR)kCB0ôC>CB�kgï4��@Cw{zl=
o�=?IS=?:<B�K`B0I�TVR4=6ps@m>Cw0KSTVGJ>lG?p&K`zCB�K`G"K{=?D��"=?IjTØ="KSTVGJ>óIjB�|J@mDØ=?IjTVîN=uK`TVG?>ópª=?w0KSGJI�=?>CkZTEK�TVR�kmB0K`B0IS:]TV>CB0k
ð�}yK`zCB�T�K`B�IS="K`T��JB�TE>��JB�IjRSTEGJ>iomISG�w�B�km@CISB�TEKSRSB0DEp¸ï�x�zCTER�B�DETV:]TV>�="KSB�RcK`zCB�w{zCGJTEw�B�G?pPK`zCB��"=?DE@CB�R7G?pPK`zmB
o�=?IS=?:<B�K`B0ISR�w�G?:<oCDEB0KSB�DE}?ï

qr>lKSzCTVR�DEB0KjK`B�I0M�=?>å=?DEKSB�Ij>�="K`T��JB�="k�=?omKSTE�JBeæ&B�TE|Jz�K`TE>C|6RjK`IS="K`B0|?}óTER�oCISG?oÚGJRjB�kgï�x�zmB<="oCoCISGJ=?w{z
kCB0ôC>CB�R2=?>�=?k�="omK`T��JB&=?>Ck�@m>CRS@Co.B�IL��TVRSB0k�oCISG�w�B0kC@CIjB&psGJI�K`@C>mTV>C|+K`zCBdæHB0TV|Jz�KSTV>C|)o�=?I`=":<B�K`B�IjRPæ7T�K`zn�
GJ@mKc=?>�}�TE>mpsGJIj:t="KSTVGJ>/GJ>�K`zCB7w�DV=?RSR;G"pÚKSzCB7oCISG?ôCDVB�R;KSG4ð.B7ISB0w�GJ>CRLK`Ij@Cw0KSB�kgï;f+p�K`B�Ic=�:<="K`zCB0:t=uK`TVw�=?D
kCB�Rjw�IjTVomKSTVGJ>6G?pPK`zCB�T�K`B�IS="K`T��JB�oCIjGnw0B�RjRÐ�W�nB�w�KNï ç ��M�RjB�DEB�w0KSB�k�>A@C:<B0ISTEwN=?D�IjB�RS@mDEK`R�æ7TEDVD�ð.B�oCISB0RSB0>AKSB�k
TV>
GJIjkCB�I�KSG]omISB�DETV:]TV>�="Ij}]TVDEDV@CRLK`I`=uK`B)KSzCB�B«�ÚB�w�K`TE�?B�>CB0RSR)G?p'KSzCB�oCISG?oÚGJRjB�ki=?oCoCIjG�=?w{zgï
Ñ Ò �
� ���6�4�
	��¤e� � ��������	��0�6� ��	�����	������

��B0Kc@CRHw0GJ>CRjTVkCB0IH=�:e@CD�K`TVomDVB��r=?|JB0>AK�RjK`IS="K`B0|?}��ªB"ï |Cï�M�K`zCB+ISB�=?D��Êw�G�kCB�k]|JB0>CB0KSTVw)=?DV|JG?ISTEKSzC: omISGJo.GJRSB0k
TV>%|ÓP'��7æ7zmB�ISBe=tRSB�K�G?p9Ô K`IjTØ=?D�RSG?DV@mKSTVGJ>CRÖÕµ@ �³×iØ|Ù þ.õ ×iØ|Ùú A þµÚ�ü ýJþ�ÿEÿ�ÿEþuÔ�ÛtTERhkCB�ô�>CB0kl=?>CkóT�K`B�IS="K`T��JB0DE}
��Ü�ð.B�TE>C|hK`zmB�TEK`B0I`="KSTVGJ>/>A@C:eð.B�I2�2@moÚk�=uK`B�k�TE>eGJISkmB�I�K`GhkCB0ô�>mB7KSzCB�GJomKSTV:<=?DARSGJDE@mK`TEGJ>e:]TV>CTE:<TEî�TE>C|
K`zCBhw�GJRLK�ps@C>Cw0KSTVGJ>Î@ � ×¤Ý�Þ � Ù þ.õ ×¤Ý�Þ � Ùú A üàßtáWD Õ �âQ�ã�ä Õ �âQ�ã Ø�å � @ � ×iØ|Ù× ä Ù þ.õ ×iØ|Ùú × ä Ù A;æ ÛIÛ ï9#�B�>mB�I`="DVDE}]RjoÚB�=?ëATV>C|CM

ç ���W�è��é+êg¹=¨«¯;��²"����¨�É«�yª�¢|¥(��²Ð¨«¯�¯�²"�¥(�9¹G²«�Ã�����è¥W¨�������ë²"¹+���W�èª�¯�¨�� ���������Ã�¥W®��y�����yª �yÈ����W�Æ¥W²"���UWª ��®�¢¤¥®���ÄW¥�¢¤¥�£Ã�����´��é+êg¹=¨«¯;��²"��¹=¨uÊ"²«��ª�¨Æì ¬W°|²�¯^ÉH¶`ì�¯�²"¥(����¨«ª��ÂÇ=í � ê�¥�²"����Ë³²«�Å¨©ª �©²H²�����§���²�ÄP°|�$Ç=í ç ê�¥�²"����Ëïî|ð�ñuòeÈ
�



K`zCB<@C>CkCB0ISD�}nTE>C|QTEkCBN=6G?p�KSzCBy=?kC=?omK`T��JB�æHB0TV|Jz�KSTV>C|iRjK`IS="K`B0|?}ó�ªfÅôí�n�4TER4KSGóISB0kC@Cw0B<K`zmBtGJIjTV|JTE>�=?D
:e@CD�K`TVomDVB��ÊGJð�ñjB0w0K`T��JBdoCIjGJðCDVB0:$TV>�=�RjTV>C|JDEB��ÊGJð�ñjB�w�K`T��JBHG?>CB?ï'qr>�o�=?IjKSTVw0@CDØ=?I0MuKSzCB�oCIjGJoÚG?RSB�k�="oCoCISGJ=?w{z
psGJISw0B�R�K`zmB4kmB�w�IjBN=?RjTV>C|<>CG?KL�rGJ>CD�}yG?pPK`zmB/|JIjBN="KSB�RLK+KSB�Ij:ÑðC@mK)TEK7="DVRSG�pª=N�JG?ISR7K`zCB4:<TE>CTV:]TVî�="K`TEGJ>]G?p
K`zCB�G"K`zCB0IHæ7zCTVw{z6TER7=?DVIjBN=?km}<ð.B0KSKSB�I�RS="K`TERjô�B0kgïcOQ="KSzCB�:<="K`TEwN=?DEDE}?M�Rj@Cw{zó=eRLK`IS="K`B0|?}yTER�kCB0K`=?TVDEB�k
TE>
K`zCB�psGJDEDVG¼æ7TV>m|Cï

f�K;BN=?w{z�T�K`B0I`="KSTVGJ>/=?>CkepsGJIPBN="w{z�KSISTV=?DARSGJDE@mK`TEGJ>ÖÚrMJKSzCBHfÅôí��ISB0ì�@mTVISB0R2K`zmBHK`@C>mTV>C|�G"p�B��+E ���G� J ×¤Ø¤Ùä
=?>CkõBW� � �G��� � J ×¤Ø¤Ùä =?w�w0GJISkmTV>C|yKSGyK`zCBe�"=?DE@CB�R�G?pÃö ×¤Ø¤Ùä ü ÷^ø f;h¤fFù p(úüûþýúxÿ^ý�� b úþûþý\ úxÿ^ý

�
÷ c�h|f;h m ù p(úþûþýúþÿ^ý�� b úþûþý\ úþÿ^ý

� =?>Ck�� ×¤Ø¤Ùä ü ÷ c�h|f;h m ù p(úþûþýúþÿ^ý�� b úþûþý\ úþÿ^ý
�

÷�ø f;h|ftù p«úþûþýúxÿ�ý�� b úüûþý\ úxÿ�ý
� M

ð�}
w�GJ:]o�=?IjTV>C|eKSzCB4k�="K{=eKSB�IS: DFE ���G� ù � ×¤Ø¤Ù× ä Ù þ.õ ×¤Ø¤Ùú × ä Ù � =?>Ck6K`zCB�RLK{="KSB�KSB�Ij:YD � �G��� � ù � ×¤Ø¤Ù× ä Ù þ�õ ×iØ|Ùú × ä Ù � ïHOiGJIjB
TV>
kCB�K{=?TEDÏMnTEp+DFE ���G� ù � ×¤Ø¤Ù× ä Ù þÚõ ×¤Ø¤Ùú × ä Ù � S D � �G��� � ù � ×¤Ø¤Ù× ä Ù þÚõ ×iØ|Ùú × ä Ù � K`zCB0>

BW� � �G��� � J ×¤Ø¤Ùä ü ���	 ��
 ö ×iØ|Ùä QÊõ8ö ×¤Ø|Ùä��� ä ä ���yO � á��ÆQ^ö � BW�+E ���G� J ×¤Ø¤Ùä ü ýJÿ T � � �

æ7zCB�IjB  ä6TVR]=åKSzCISB0RSzCG?DVk ="k�=?omKSTE�JB0DE} KS@C>CB0k TEKSB�I`=uK`TVG?>n�rð�}��rT�K`B�IS="K`TEGJ>gï qÊK`R��"=?DV@mBiTER]kmB�w�IjBN=?RjB�k
�  ä������ � ÿ� �cæ7zCB0>6Ü`E ���G� GJI�Ü � �G��� ��TER�B�ìA@�=?DÚK`G�=�ô{!nB0kio.B�Ijw�B�>�K`=?|JB��tG"p�K`zCB�:<=W!nTV:e@m:�>A@C:�ðÚB0I
G?p'TEK`B0I`="KSTVGJ>mR�� ïcOiGJIjB�G¼�JB0I�M�KræHG<w�GJ@m>AKSB�IjR)="ISB�@Co.k�="K`B0kg��Ü ×¤Ø¤Ù� �G��� � � Ü ×¤Ø¤Ù� �G��� � � ý/=?>Ck[Ü ×¤Ø|ÙE ���G� � T ï5hK`zCB0Ijæ7TVRjB ��DPE ���G� ù � ×iØ|Ù× ä Ù þ.õ ×iØ|Ùú × ä Ù ��� D � �G��� � ù � ×¤Ø¤Ù× ä Ù þÚõ ×iØ|Ùú × ä Ù � �¤M+KSzCB psGJDVDEG§æ7TE>C| w0GJ:]oCDVB0:<B0>AK`=?Ij} IS@mDVB TVR
=?kCGJonK`B�k

BW�ÅE ���G� J ×iØ|Ùä ü ���	 ��
 � ×¤Ø¤Ùä Qrõ�� ×iØ|Ùä �  ä ä ���yO � á��ÆQ^ö � BW� � �G��� � J ×¤Ø¤Ùä ü ýJÿ T ��Ó`�
=?>Ck[Ü ×¤Ø¤Ù� �G��� � � T MIÜ ×iØ|ÙE ���G� � Ü ×¤Ø|ÙE ���G� � ýJï

�n@Cw�w0B�RjRSTE�?B�D�}JM"KSzCB;|JB0>CB0KSTVw;GJo.B�IS="K`GJIjR�=?ISBd="oCoCDVTEB�k�ð�}�K`=?ëATV>C|�TE>�K`G+=?w�w0GJ@C>�KP=?RgôCKS>CB�RjR':]BN="RS@CIjB
G?pPK`zCB�ÚØK`z6RSG?DV@mKSTVGJ>
T�K`R�w�G?ISISB0RSo.GJ>CkCTE>C|�æHB0TV|Jz�K`B0kiw0GJRjK7ps@C>mw0K`TEGJ> � ù � ×¤Ø|Ùä þÚõ ×¤Ø¤Ùú × ä Ù � ï! "$# - ���'��%���5&%$��50�0�6��	���!/�

qr>iKSzCTVR7RSB0w0KSTVGJ>gM�RjB�DVB0w0KSB�kó>A@C:]B�IjTVwN="D�ISB�Rj@CDEKSRh="ISB4oCISG¼��TVkCB0kQTE>iGJIjkCB�I�KSGtRSzmG§æáK`zCB/B«�ÚB�w0KSTE�?B�>CB0RSR
G?p2KSzCB�omISGJo.GJRSB0kQ:]B0KSzCGnkmGJDVGJ|"}Jï�x�zCB�=?RSRj@C:]B�kóTE:t=?|?TV>C|�w0GJ>mô�|J@mI`="KSTVGJ>�TVR+RSzCG¼æ7>óTE>��'TV|Cï��t�S�.�

Ó



�ªoCDEBN=?RjBy>CG?KSByK`z�=uKeK`zCB
ðmDØ=?w{ëåoCT=!nB0D�>CBN="I�K`zCB
DEG¼æ�IjTV|Jz�K�w�GJIj>CB�I�TERe@CRSB0k psG?IeISB�psB�ISB0>Cw�BH��ïZx�zCB
RSw�="KSKSB�ISTE>C|�GJð�ñjB0w0K)TVR+=?>�GF�.�Êw�B0>AKSB�IjB�kQRjìA@�=?ISB/zCGJ:]GJ|JB0>CB�GJ@mR+w�}�DVTV>mkCB�I7G?p'RSTEkCB'�eü�()�* �+*Qð.B�TV>m|
K`zCB)psISB�B¤�rRjo�=?w�B�æH=N�JB�DEB�>C|"K`zµ��TVDEDV@C:]TV>C="K`B0k]ð�}6=eRjB0K7G?p¸�$ü-,e@C>mTEK�x+O6�ÊoÚG?DØ=?IjTVî�B0kyoCDV=?>CBhæH=N�JB�R0ï
x�zCB6w�G�GJISkmTV>�="KSB�R�G?p+K`zmB�w0B�>�K`B0I<G"p)KSzCB
w0}�DVTE>CkCB0I�=?ISB/.106ü3240yü ) �65) 0 * =?>mk � ü T ÿ87�ï x�zCB
TV>Com@mK�RSw�="KSKSB�IjTV>C|]k�="K`=]="ISB�=?>�="DE}AK`TEwN=?DEDE}�w�G?:<oC@nK`B�ki=?>Ck�=�|�=?@CRjRSTV=?>6>CGJTVRjB?MCw{zC=?I`=?w�K`B0ISTVî0B�k�ð�}6=
RSTE|J>�=?D·�ÊK`Gu�r>CGJTERSB+I`="KSTVG�B0ì�@C=?DgK`G:9 T �<;tMmz�="R+ð.B�B0>Q="kCkCB�k�ï

x�zCBtTE>CTEKSTØ=?D�RjB0K�G?p�Ô K`IjTØ=?DdRSG?DV@mKSTVGJ>CR�z�="R�ð.B�B�> |JB�>CB0I`="KSB�k ð�}åw�GJ>mRSTVkmB�ISTE>C|Qw0GJ:]oCDVB�K`B]I`=?>n�
kCGJ:��"=?DV@mB�RtTE> KSzCBQpsGJDEDVG¼æ7TV>C|lIS=?>C|JB0R�� T ÿ T S � ×¤Ø¤Ù0 S ýJÿ T M ) ýJÿ=7 S �8� Õ�õ ×iØ|Ùú × 0 Ù Û S ý?ÿ87nM7=">Ck
) ý?ÿ87 S R�� Õ õ ×¤Ø¤Ùú × 0 Ù Û S ýJÿ=7nï qr>ío�="IjK`TEw�@CDV=?I�M��2TE|Cï ���S\��yRSzmG§æ7R6K`zmBåkmTVB�DEB�w�K`ISTEw kCTVRLK`IjTVðC@mKSTVGJ>
ISB0DØ="KSB�k K`G � ×iÝ�Þ � Ù× 0 Ù RS="K`TERjp�}�TV>C| ù � ×iÝeÞ � Ù0 þ.õ ×¤Ý�Þ � Ùú × 0 Ù � ü ßtá�D8ÕF�âQ�ã Ø å?> ù � ×¤Ø|Ù0 þ.õ ×¤Ø|Ùú × 0 Ù � æ Û ù � ×¤Ý�Þ � Ù× 0 Ù þ.õ ×iÝeÞ � Ùú × 0 Ù � üßtáWD Õ �âQ�ã Ø å � ù � ×iØ|Ù× 0 Ù þ.õ ×¤Ø¤Ùú × 0 Ù � æ Û ï

fhR�pª=?I7=?R�KSzCB�ISB0|J@CDV=?ISTEîN="KSTVGJ><RjK`IS="K`B0|?}yTER�w�GJ>mw�B�Ij>CB�k�MCK`zCB�oCIjGJo.GJRSB0k�KSB�w{zC>CTEìA@CB�TVR�TE>CkCB�o.B�>��
kCB�>�K�psIjGJ: K`zCB/Kr}no.B�G?p;KSzCBe:e@CD�K`T·�¸=?|JB0>�K):]TV>mTV:]TVîN=uK`TVG?>6=?DV|JG?ISTEKSzC:�ïA@+G¼æHB��JB�I0M�ðÚB0wN=?@CRjB�G?p;K`zmB
RjKSGnw{z�="RjK`TEw/>C="K`@CIjB�G?p2K`zCB/w�GJ>CRjTVkCB0ISB0kó:e@CD�K`T��r=?|JB0>AK7omISG�w�B�km@CISB"MÚK`zmB�fÅôí�A�rð�="RSB�kQ:<TE>CTV:]TVî�="K`TEGJ>
oCISG�w�B0RSR�z�="ReðÚB0B�> B"!nB0w�@mKSB�k�B T K`TE:<B0R/psGJIeB�=?w{z >A@C:<B0ISTEwN=?DcB"!no.B�ISTE:<B0>�K�æ7TEK`zZK`zCB
RS=?:<BtI`=?>n�
kCGJ:]DE}�|JB0>CB�IS="K`B0kZTE>CTEKSTØ=?D�o.GJoC@CDV="K`TEGJ>gï�x�zCB]=N�JB�IS=?|JB�ISB0RS@CD�K`R�G?p&=
w�G?:<oCDEB0KSBeRSB�K/G"p&B�!nB�w�@nK`TVG?>CR
=?ISB�KSzCB�>�oCIjB�RSB0>�K`B�k�ï

x�zCB�RSB0K+G?p'|JB0>CB0KSTVw�o�=?IS=?:]B0K`B0ISR�@CRjB�kiTVR�w{zCG?RSB�>Q=?w�w0GJISkmTV>C|�K`G�KSzCB��"=?DV@CB0R�RS@C|?|JB�RLK`B�kiTV>
K`zmB
DVT�K`B�IS="K`@mISBdGJ>�KSzCTVRPRS@CðAñjB�w0Kë%·�N�F'�%·� � 'W�¸Ô ü-,mý8�skCTV:]B�>mRSTVG?>�G?pCKSzCBHRjB0K;G"p�K`ISTV=?D�RSG?DV@mKSTVGJ>CRu��M4C ù ü T ÿED�ªw0ISGJRjRSG¼�JB0I;oCISGJðC=?ðCTVDETEKr}{��MFC � ü-7HG�ý T j � �s:e@mK{=uK`TVG?>/oCIjGJð�=?ðmTVDVT�Kr}{��MFCJI � ü ýKG�ý T j � �ªRjTV>C|JDEB��Ê|JB�>CB
:e@mK`="K`TEGJ>µ��MC=?>CkL� ü�9MG ý TFN ï)OiGJIjB�G¼�JB0I�MÚKSzCB4>�@m:<B0ISTVw�=?D�K`zCIjB�RjzCGJDVkmR�=?>Ckio�=?IS=?:<B�K`B0ISR+G?p�K`zmB
=?k�=?onK`TE�?B�ISB0|J@CDØ="ISTVî�="K`TEGJ>yRLK`I`=uK`B�|"}6=?ISB��]ü$ýOG ý T j � =?>Ck  0�ü$ýJÿ T ï

qr>Qô�|J@CIjB ç K`zCB/ðÚB0z�=N�nTEGJISR)G?p�KSzCB�GJonK`TV:<=?Dg�"=?DE@CB/G"p�K`zCB/æHB0TV|Jz�K`B0ków�G?RjKhps@m>Cw0KSTVGJ>Q="p�K`B0I)K`zmB
=?oCoCDETVw�="K`TEGJ> G?p+K`zCB6|JB0>CB0KSTVw6GJo.B�IS="K`GJIjRr�ªTWï B"ïEM�B � J ×¤Ý�Þ � Ùä ü �âQ�ãQPSR�� �UTUTUTU� ä Õ �âQ�ã Ø å � ù � ×¤Ø¤Ù× P Ù þ.õ ×iØ|Ùú × P Ù � æ Û �
=?>Ck�ISB0DØ="KSB�k�k�="K`=7=?>Ck4RjK{=uK`B;K`B0IS:]R�=?ISBdRSzmG§æ7>�ï·��GJI�w�G?:<o�="ISTVRjGJ>�oC@CIjoÚG?RSB�R0M"KSzCBdISB�Rj@CDEKSR�GJðmK{="TV>CB0k
ð�} w�GJ>mRSTVkmB�ISTE>C|å=åRLK{=?>mk�=?ISk oCIjGnw0B�kC@CIjB�æ7T�K`z w�G?>CRjK`=?>�K<æ&B�TE|Jz�K`TV>m|åoC=?I`=?:]B0KSB�IjR��;B��ÅE ���G� J ×¤Ø|Ùä ü
B�� � �G��� � J ×¤Ø¤Ùä ü$ýJÿ T �ï�2TE|Cï ç �S�.����=?>Ck<=?>]=?k�="omK`T��JB7ISB0|J@CDØ="ISTVî�="K`TEGJ>/æ7T�K`z�ô{!nB�k]K`zCIjB�RjzCGJDVk��  ä+ü  02�
TV> KSzCB
@Co.k�="K`TE>C|óG?p�BW�ÅE ���G� J ×iØ|Ùä =?>CkÌBW� � �G��� � J ×¤Ø|Ùä ���2TE|Cï ç �S\����¤Md=?ISB6="DVRSG IjB�o.GJIjKSB�kgï Uh@CIjTV>C| K`zmBV



TEKSB�I`=uK`TE�?B�oCISG�w�B0RSR�Md=�RSTE:<TEDØ=?I�ð.B�zC=¼��TEGJI/w�=?> ð.BtGJðmRSB�IL�JB0k psGJI4KSzCBtw�=?RSBtG?p�K`zmBtISB�psB�IjB�>Cw0B ���2TE|Cï
ç �S�.���/=?R�æ&B�DVD�=?R�psGJI�KSzCGJRjB
G?p7K`zCB6=?kC=?omK`T��JByRLK`IS="K`B0|JTVB0R~���2TE|Cï ç �j\W�Ê�"�u1��y��ï x�zCB6GJonK`TV:]TVî�="K`TEGJ>
=?DV|?GJIST�K`zC:êpsGJIjw�B�R8B � E ���G� J ×iÝ�Þ � Ùä =?>mkÎB � � �G��� � J ×¤Ý�Þ � Ùä K`G]=?RjRS@C:]B�K`zCB�R`=":<B�GJIjkCB�I7G?p':<=?|J>CT�K`@CkCB"ï´5�>
K`zCB)w�GJ>�KSI`=?IL}JMm>mG?Kj�Ê>CB�|JDETV|JTEðCDVBHkCTg�ÚB�IjB�>Cw0B�R&KS@CIS>tGJ@mK�TE><KSzCBhw0GJISIjB�RSo.GJ>CkmTV>C|ekC="K{=�B�DFE ���G� J ×¤Ý�Þ � Ùä =">Ck
RjK`="K`BÐB�D � �G��� � J ×¤Ý�Þ � Ùä KSB�IS:]R�|JT��JB�>
TE>~�2TV|mï � ï;qr>6o�=?ILK`TVw0@CDØ="I�MAK`zCB�w0GJ>CRjK`=?>�Kj�ÏæHB0TV|Jz�K`R7RLK`I`=uK`B�|"}Î���2TE|Cï
� �S�.����ISB0kC@Cw0B�R2KSzCBHk�=uK{=)KSB�IS:$G?p�=?ðÚG?@mK'Kræ&G"�ÊGJISkCB0ISR�TE>�:<=?|J>CT�K`@CkmBckm@CISTE>C|)KSzCBHT�K`B�IS="K`T��JBcoCISG�w�B0RSR0ï
5�>6KSzCB�G?K`zmB�I�z�=?>mkgMCæ7zCB�>6K`zmB/="k�=?omKSTE�JB�RLK`IS="K`B0|JTVB0R)="ISB�@CRjB�kgM�K`zmB�R`=?:]B�K`B�Ij: TER�kCB�w0ISBN="RSB�kQG?p
=?ð.GJ@mK�K`zmISB�B&� �2TV|Cï � �S\�����=">Ck
psGJ@CIL�ÊGJISkmB�ISR,� �2TV|Cï � �21H�y�HTV>6:t="|J>CTEKS@CkCB"MmISB0RSo.B�w�K`TE�?B�D�}Jï

fhRy=Zw�GJ>CRjB�ìA@CB0>Cw�B"MhRjK`=?IjKSTV>C|åpsISGJ: KSzCBóRS=?:<B�I`=">CkCGJ: kCTERjK`IjTVðC@nK`TVG?> G?phK`zCBóTE>CTEKSTØ=?DH|J@CB�RjR
oÚG?oC@CDØ=uK`TVG?>gMH=uKtK`zmBQB�>mk G?p�K`zmBQTEKSB�IS="K`T��JB�GJomK`TE:<TEîN="KSTVGJ> omISG�w�B�RjRyo.B�IjpsG?IS:]B�k æ7T�K`z KSzCBQRS=?:]B
:<TE>CTV:]TVî�="K`TEGJ> =?DE|JGJIjTEK`zm:iM�K`zmByoCISG"ô�DVB<ISB�w0GJ>CRLK`IS@mw0K`TEGJ>CR�RjzCG¼æ7> =uK�K`zmByðÚG"KSK`G?: G"pë�2TV|Cïi� =?IjB
GJðmK`=?TV>CB0kgï ��G?I�w�GJ:]oCDVB�K`B0>CB�RjR�MHKSzCB6B�RjKSTV:<="K`B0k kmTVRjKSISTEðC@mK`TEGJ>CR�="K�TE>�K`B�Ij:<B0kCTØ=uK`B
TEKSB�IS="K`TEGJ>CR�=?IjB
=?DVRjG<|?TE�JB0> � �2TV|J���$Ü
üêý T`T`T �¸���2���7=?>Ck Ü
üW7 TFT`T �¸[��ª���{-VY��y��ï�fhR)wN=?>iðÚB/RSB0B�>gM.K`zCB�=?k�=?omKSTE�?B
RjKSI`="KSB�|JTEB�R�="DVDVG¼æ =?>�TV:]oCISG¼�JB0:<B0>�K;G?p�K`zmB�ISB0w�GJ>CRLK`Ij@Cw0KSTVGJ>�=?w0w�@CIS=?w0}e=?R�w0GJ>mô�Ij:<B0k�ðA}/K`zCB&�?="DV@CB0R
G?pPK`zCB�B�IjISGJI�ôC|J@CISB0R,�ªx'=?ðgïdq{ïi��w0GJ:<om@mK`B0ki="R7psG?DVDVG¼æ7R

XZY�ü\[Z]�^`_ � ×¤Ý�Þ � Ù @�.�þa2 Aï) � @�.�þa2 A� @�.�þa2 A �b.��c2edLG ý T`T � V �
æ7zCB�IjB �³×iÝ�Þ � Ù TVRdK`zCB)ISB0w�GJ>CRLK`Ij@Cw0KSB�k
GJð�ñjB0w0K&ps@C>Cw0KSTVGJ>t=?>CktòOY�TE>CkCTVw�="K`B0R;K`zCB+æ7zCGJDVB+kCGJ:<=?TE>6�?fhg�i�j�y�¤M)G?IyK`zCBl=?IjBN= æ7zCB0ISB K`zCBl="w0K`@C=?D�RSw�="KSKSB�IjB�I6TVRyDEGnw�="K`B0kC�kf-g Q�ãl�y��M)GJIyK`zmB ð�=?w{ëA|JISG?@C>Ck
ðÚB0DVGJ>m|JTV>C|/K`G�K`zCB�TE>A�?B�RLK`TV|J="K`TEGJ>
kCGJ:<=?TV>Î�?fmg � .n�y��ï
o p !/��%&5 # 8��0!/�68
qr><KSzCTVRdo�=?o.B�I0Mm=4>CB0æ ="k�=?omKSTE�JB7IjB�|J@CDV=?ISTEîN="KSTVGJ>�RLK`IS="K`B0|?}�psGJId:<TEw�ISG¼æH=N�JBhTE:t="|JTV>C|�om@CISo.GJRSB0RHz�="R
ðÚB0B�>eomISB�RjB�>�K`B0kgï;x�zCB&oCISGJo.GJRjB�k�=?omoCISG�="w{zew�GJ>mRSTVkmB�ISR'GJ>CD�}4=+�JB0Ij}/DVTE:<T�K`B�k<�F/e�.^¤���u^¤��TE>mpsGJIS:<="KSTVGJ>
�ªB"ï |Cï�MmRjGJ:]BhoCz�}�RSTEwN=?Dgw0GJ>CRLK`I`="TV>�K`R�G?>yK`zCBh�"=?DE@CB�R&G?p�K`zCBh:t="KSB�IjTØ=?D�w�G?>AKSI`=?RLK � M � � öÅ÷ S � @�.�þa2 A$S
� � � �P�7="ðÚGJ@nK�K`zCB4RSw0B�>�=?IjTVG]@C>CkCB0I�K`B�RLK�=">CkikmGnB0R)>CG"K)IjB�ìA@CTEISB�>CB�T�K`zCB0I7RSGJ:]B�ë�>mG§æ7DEB�kC|?B/GJ>6K`zmB

�



RSz�="oÚB)G?p�K`zCB)RSw�="KSKSB�ISB0I�@C>CkmB�I&KSB�RLK�>CGJIH=/RS@moÚB0Ij��TVRjB�k
K`@C>mTV>C|/oCISG�w�B0kC@CISB"ï;x�zCB�@Co.k�="KSTV>C|/G?p�K`zmB
ISB0|J@CDØ="ISTVî�="K`TEGJ>�o�=?IS=?:]B0K`B0ISRcTVR&=?k�=?onK`TE�?B�D�}�kCB0KSB�IS:]TV>mB�ktð�}<:<B�=?>CRcG?p�=?><GJ>n�ÊDVTV>mB)=">�=?DE}�RjTVRcG?pgK`zmB
�"=?DV@CB0RdG?p�KSzCB)w0GJRjK&ps@C>Cw�K`TVG?>]KSB�IS:]R�ï2x�zCTVR&=?DVDEG¼æ7Rd=/:]GJISB7B«Í]w0TVB�>�K&:t=">�=?|JB0:<B0>AKcG?pÚK`zCB+GJIjTV|JTE>�=?D
:e@CD�K`T��ÊGJð�ñjB0w0K`T��JB�TV>��?B�ISRjB
RSw�="KSKSB�ISTE>C| oCIjGJðCDVB0: æ7TEK`zmGJ@mKeIjB�w0@CISIjTV>C|QKSG =?> ���F/�KI��1]GJonK`TV:]TVî�="K`TEGJ>
RjKSI`="KSB�|?}?ïrq+@C:]B�ISTEwN=?DÚB"!no.B�ISTE:<B0>�K`R7z�=N�JB4ðÚB0B�>iwN=?IjISTVB0k6GJ@mK+=?>Ck6K`zmB/="w{zCTVB��JB�kiISB0RS@CD�K`R+=?ISB��?B�Ij}
oCISG?:<TERSTV>m|Cï

qr> K`zCBi=?@mKSzCGJIjR(�cGJoCTV>mTVGJ>gMH=?DEKSzCGJ@C|?z ps@CILK`zCB0It=">�=?DE}�RjTVR]RSzCGJ@mDVk ð.BQo.B�ILpsGJIS:]B�k psGJI<=Zw0GJ:��
oCDVB�K`B�=?RSRjB�RSRj:<B0>�K/G"pcKSzCBe:]B0KSzCGnk�M�K`zCB�GJðmK{="TV>CB0k ISB�Rj@CDEKSR�=?IjBeTV>CkmTVwN=uK`TE�?B�G?p;KSzCB�o.G?K`B0>AKSTØ=?DETEKSTVB�R0M
ISGJðm@CRjKS>CB�RjR)=">Ckts�B"!nTEðCTVDETEKr}�G?p�K`zmB�oCISG?oÚGJRjB�k�=?oComISG�=?w{z�ï´��@nK`@CIjB�æHGJIjëAR�æ7TVDVD.ð.B�kCB0�?G?K`B0k�KSGeps@CIL�
K`zCB0I�ISB�ô�>CB�KSzCB�=?kC=?omK`T��JB�KS@C>CTE>C|yG?p;KSzCBeISB0|J@CDV=?ISTEîN="KSTVGJ>�o�=?IS=?:<B�K`B0ISRhTE>óGJIjkCB�IhKSGyTV:]oCIjG§�?B�K`zmB
w�GJ>��?B�IS|?B�>Cw0B�I`=uK`B�G?pPK`zCB�:]TV>CTE:<TEîN="KSTVGJ>]oCIjGnw0B�RSR0ï

�



u �� "���'�7�6%H�78

%·�('��Úïnv�=?GJIjRSTÏM�f�ïnOQ="RSR`=nMC=?>CkyOZïl72=?RLK`GJIjTV>CGCMlv0f w�G?:<oC@nK{="KSTVGJ>�="DCK`B�w{zm>CTVìA@CB)ð�=?RSB0kyGJ>
=�ISB�=?D��
w�G�kCB�ki|JB�>mB0K`TEw�="DV|JGJIjTEKSzC:�psGJI7:]TVw0ISG¼æ�=N�?B/TE:t=?|?TV>C|�oC@mISo.GJRSB0R�Mwvea{bdbdb�xm^j�?�m���zy)Y2�¼��1��ÏY���1{Y
�?�.�|{7Y�[ �u�¸Y~}gY��m�������.MnRjoÚB0w�TØ="D�TVRSRj@CB�GJ>�vNvHGJ:]oC@mK`="K`TEGJ>�=?D³ô =N�JB�qrRjRS@CB0RhTV>��7B�:]G?K`B��nB�>CR¸�
TV>C|mMcqr:<=?|JTE>C| =?>mk x'=?Ij|JB0K�qrkCB0>�K`TEôCwN="KSTVGJ>gM97;ISG?o�=?|�="KSTVGJ>�Md=?>Ck qr>��JB�IjRSBó�nwN="KjK`B0ISTV>m|CM�v<�?GJDÏï
�J� MC>�ï��CMCo�=?ILK+q{MCoCogï���ÓF� V �{� V �J� M��?@CDE} ç?�J�J� ï

% ç '/U�ï7�Úï9ô B0TVDEBó=?>Ck 9�ï7O�TVw{zCTEB�DVRjRSB0>gM$:�#�B0>CB0KSTVwQ=?DV|JG?ISTEKSzC:]R��óK`zmB�GJIL} =?>mkí="km�"=?>Cw�B0k K`B0w{zn�
>CTVìA@CB0R�M V TV> b�-VY21��ª^u�u[]�¼�?��Y��W��1/�ï�.�W��[��=<¼�?�ª���u� \���y)Y���Y��ª��1��Æ- �.�u^¤����K�[��JMÚ��ïQ�)="zC:t=uKj�L�n=?:<TET
=?>Cki9�ï.OiTVw{zCTEB�DERSRSB0>gM�9;kCR0ïEMIô TVDEB0}t�*�nGJ>mR�M1q)B�æá�cGJIjë.M��H�`�`�mMnogï�� � ï

% � '/U�ï��.ï.ôZB�TEDVB?Mn9�ïCO�TVw{zCTEB�DVRjRSB0>
=?>Ck6U�ïn9�ïI#�GJDVkmðÚB0IS|CMF:y#�B�>mB0K`TEwh="DV|JGJIjTEKSzC:*kCB0RSTV|?>yG?p+72="ISB0KSG
GJomKSTV:<=?D�ðCISGJ=?kCð�=?>mk :<TEw�ISG¼æH=N�JB�=?ðmRSGJIjðÚB0ISR�M V a{bdbdb�xC^j�?�m���'b�-VY21��W^u�u[]�¼�?�.�z���u[Æ�m�?�Ï�VM.�?GJDÏï
�J� MComogï � � � � �JçJ� MÚ���`�`Ónï

% �F'�ô$ïg�AK{=?kCDEB�I0ï�XQ�.-º�W��1�^¤���rY�^��ª���ï�.�ª��[��=<¼�?�W���u� ���ób&���?����Y{Y�^¤�����
�?�.�
���å�*K�Y�}�1��ÏY���1{Y{�Jïµ7;DVB�>A@C:
7;ISB�RjR�M�q)B�æá�cGJIjë.M���� �J� ï

% � '�@/ï�@)=?I`=?kC=mMcU�ïr�mïHq/ï·ô =?DVDWM;x�ï;x2="ë?B�>C=?ëu=mM�OZï;x'=?>�="ë"=nMÂ:LvHGJ>uñj@C|�=uK`B6|JI`="kCTVB0>AK�:]B0KSzCG�k
=?oCoCDETVB0k�KSG<TE>A�?B�IjRSB�RjwN="KjK`B0ISTV>m|toCIjGJðCDVB0:iM V a`bcbdb�xC^j�?�m���9�u���h���rY����.�u���?�.���H^u�2�m�¼���?�ª���u�'M
�JGJDWïC� � MmoCogï V � �u� V � ç M����`� � ï

%xÓP'4f�ïCOQ=?RSRS=mM.:�#�B0>CB0KSTVw)=?DV|JG?ISTEKSzC: ��#�f8�dð�=?RjB�kyK`B0w{zC>CTEì�@mB�R�psGJI ç U :<TEw�IjG§æH=N�JB�TE>��JB�IjRSB�RjwN="KL�
K`B0ISTV>m|CM V TV>�{7Y21{Y����m{+Y{�¼YS�?^u12K��eY"3?Y"-e�2�.[tY������l��� XQ��1�^2���c�F3?Y�x�K�Y2�u^�� �?�.��xÚY212K���� ����Y{��M
x'IS=?>CRLæHGJIjDVk��+B0RSB�=?ISw{z�q)B0Kræ&GJIjë~7dIjB�RjR�M�x'IjTE�"=?>CkmIS@C:�MCoCogï��H� � � ç � � M ç?�J��ç ï

% V '��4ïH9�ï���DVB0TV>C:<=?> =">Ck 7'ï�OZï&�"=?> kCB0> FHB�Ij|CMÃ:¸f :]G�kCTEô�B0k |JIS=?kCTVB0>�Ky:]B0K`zmGnk psGJI]KræHGu�
kCTV:]B�>mRSTVG?>�=?D�oCISG?ðCDVB0:<RcTV>tKSGJ:]GJ|JI`="oCz�}JM V�� �����u[Æ�.�n�Ï�?�Ê���Ã�t�³-���X �?��Km�VM��JGJDWïn� ç MmoCogï.� V � ��� M
���`� ç ï

� �



% � ''�2ïn�eï�O�B�>C|CM�x�ïmx2=?ë"B�>�="ë"=nM�=?>Ck6x�ïCx'=?>�=?ëu=mMt:¸qr:<=?|JB�IjB�w0GJ>CRjKSIS@Cw�K`TEGJ>
G?p�KræHGu�rkCTE:<B0>CRSTEGJ>�=?D
TV:]oÚB0>CB0KSI`=?ðmDVB�GJðAñjB�w0KSRH@CRjTV>C|�|JB0>CB0KSTVw+=?DE|JGJIST�K`zC:�M V � �.b�-VY21��W^u�u[]�¼�?�.��¡��F3?Y{�z�Ã�t�³-º��1S�?�Ê�VMJ�?GJDÏï
� � MComogïµ� � �`�J� � MÚ���`�`�mï

%x�P'/�;ïÃ#�=?Ij>CB�IjGCM�f�ï9��I`=">Cw{zCGJTER�M¢�mï ��7Pïr@+@C|JGJ>mTV>gM7vHz�ïÃ7;TVw{zmG?KNM�=">Ck£q4ïz�?GJ=?w{zCTV:]G¼æ7TVw0î?M9:LOiT��
w�IjG§æH=N�JB7TV:<=?|JTE>C|"�Êw�GJ:]oCDVB�!�o.B�Ij:<T�KSK`T���TEKr}�ISB0w�GJ>mRjK`Ij@Cw0KSTVGJ>�ð�}�RSTV:�@CDØ="KSB�k�=">C>CBN="DVTV>m|CM V a`bcbdbxC^j�?�m���´�u�iXQ��1�^u���c�F3?Y/x�K�Y2�u^��<�?�.��xÚY212K���� ����Y{��Mn�?GJDÏï � �mMCoCo�ï�� �J� �0�`� �J� V MÚ���F�m�Jï

%�� � '��mïJx�ïc�7TVw{z�="ISkCRjGJ>gM�OZïc��ït7'=?DV:]B�I0M�#�ï?��TVB�omTV>CR0MA=?>Ck]OZï<@+TVDVDETØ=?IjkgM(:j�nG?:<B�|?@CTVkCB0DVTE>CB�RPpsGJI�|JB¤�
>CB0KSTVw�="DV|JGJIjTEKSzC:<R�æ7TEKSzeo.B�>�=?D�Kr}/ps@m>Cw0KSTVGJ>CR0M V TV>&�&^u��1��Q¤J�*K/a����rY�^¤�.�?�W���u�.�F-l���u�H�0�Å�u�¥y)Y���Y��ª��1�Æ- �.�u^¤����K�[�� �¦�mï�U�ïÚ�nz�=P�ÚB�I0M�9;kgï¤��ïÚOiGJIj|�=?>���=?@mps:<=?>C>gMm��G?R+f)DEKSGJR�M�v�=nM���� � �mï

%��?�('�f�ïP��I`=?>Cw{zmGJTVR'=?>Ck�vHz�ïF7;TVw{zmG?KNMW:LOiTVw0ISG¼æH=¼�?B�TV:<=?|JTE>C|H��vHGJ:<omDVB"!/o.B�Ij:<T�KSK`T���TEKr}�IjB�w0GJ>CRjKSIS@Cw¤�
K`TEGJ>åæ7T�K`z =Q��B0�?B�>AðÚB0IS|"�¸OQ=?Ijì�@C=?ISkmK�:]B0KSzCG�kgM V a`bcbdb§xC^j�?�m���H�h���rY����.�u���H^u�2�m�¼���?�Ï�VMP�?GJDÏï
� � MComogï ç?�J� � ç � � MÚ���`� V ï

%�� ç '�f�ï'fhðC@CðC=?ëu=?I�M´7Pï�OZïP�"=?> kCB�> F&B�IS|mMd=?>Ck¨�mï2OQ=?DVDEGJISìA@CTWMÅ:rqr:t=?|?TV>C|�G?p7ðCTEGJ:<B0kCTVw�=?D;k�="K`=
@CRSTE>C|l=ó:e@CD�K`TEoCDVTEwN="KSTE�JB�IjB�|J@mDØ=?IjTVî�B0k w�G?>AKSI`=?RLK�RSGJ@mISw�B
TE>��JB�IjRSTEGJ> :<B�K`zCG�kgM V a`bcbdb©xC^j�?�m���
Xó��1�^u���c�F3?Y/x�K�Y2�u^��LxÚY212Km�VMn�JGJDWï �?� MComogï�� V Óm���{� VbV �JM ç"�J��ç ï

%�� � '�7'ïgOZïÚ�"=?> kCB0>lFHB�Ij|6=?>Ck f/ï�fhðm@Cð�=?ëu=?I0Mµ:jvHG?>AKSI`=?RLK�RSG?@CISw0B�TV>��JB0ISRSTEGJ> :]B0K`zmGnkg�)��K`="K`B�G?p
=?IjK�M V �&^2�S�?^`Y{�{��b�-VY21��ª^u�u[]�¼�?�.�e{7Y{���VMm�JGJDWï � �CMmoCogï�� � �§� ç � � M ç?�J� �Jï

%����F'��mï.OZï��?GJzC>mRSGJ>Q=?>Ck
��ï1�+=?:t=uKj�L�n=?:<TETÏMP:�#�B0>CB0KSTVw�=?DE|JGJIST�K`zC:]RHTE>6B�>C|JTE>CB�B0ISTE>C|�B�DVB0w0KSISGJ:<=?|"�
>CB0KSTVw0R�M V a{bdbdb �h���¸Y����.�u�Æ�H^u�2�m�¼���?�Ï�PXl�¼���VMn�JGJDWï � �mMComogï V � ç?� Mg���`� V ï

%�� � '4U�ï��.ï³ôZB�TEDVB/=?>Ck 9�ï�O�TVw{zCTEB�DVRjRSB0>gMµ:�#�B0>CB0KSTVw/=?DV|JG?ISTEKSzC:ÑGJonK`TV:]TVî�="K`TEGJ>6=?oComDVTVB0kiKSGyB�DEB�w0KSISG"�
:t="|J>CB0KSTVw0R��;f ISB���TVB0æ�M V a`bcbdb�xC^j�?�m���l�h���¸Y����.�u�è�&^u�2�m�¼���?�Ï�VMm�JGJDWïC� � M�omogï � � � � ���?� M.���`� V ï

�J�



ª ��� # �'� p ���6	���!/�

« �2TE|J@CIjB4�?ï;UhTVB0DVB0w0K`IjTVw�oCIjG?ô�DEB+IjB�w0GJ>CRjKSIS@Cw�K`TEGJ>gï;f�w0KS@�=?D�kCTEB�DVB0w0KSISTVw�kmTVRjKSISTEðC@mK`TEGJ>[�S�.��ï�qr>mTEK`TV=?D
KSISTØ="DgkCTVB0DVB0w0K`IjTVw�kmTVRjKSISTEðC@mK`TEGJ> �j\W�¤ï« �2TE|J@CIjB ç ï'FHB�zC=¼��TEGJI�G?pCKSzCB�w0GJRjK�ps@m>Cw0KSTVGJ>4�JB�IjRS@CR;KSzCB�TEKSB�IS="K`TEGJ>/>A@C:�ðÚB0IÂÜÚ�Ã�S�.��vHGJ>CRLK{=?>�KL�
æ&B�TE|Jz�K`Rå=?oCoCIjG�=?w{zgMâ�S\��if�k�=?onK`TE�?B��ÏæHB0TV|Jz�K`Rå=?omoCISG�="w{z ��vHGJ>CRjK`=?>�Kj�ÏK`zCIjB�RSzmGJDVk$RjKSI`="KSB�|?}
�  ä+ü  02��M�=?>mkõ�u1��Hf�kC=?omK`T��JB¤�Êæ&B�TV|?zAKSR+=?oCoCIjG�=?w{z
�d�c=?ISTV=?ðCDVB¤�ÊKSzCISB0RSzCGJDEk
RjKSI`="KSB�|?}?ï« �2TE|J@CIjB � ï�FHB0z�=N��TVGJI;G?p.K`zmB�K`B�Ij:<Rë�*DFE ���G� =?>Ck�D � �G��� �2�2G?p.K`zCB�w0GJRjKdps@C>mw0K`TEGJ>e�JB0ISRj@CR&KSzCB�TEKSB�IL�
="KSTVGJ> >A@C:eð.B�I~ÜÚ� �j�l�<vHGJ>CRLK{=?>�Kj�ÏæHB0TV|Jz�KSR
=?oCoCIjG�=?w{zgM,�j\W��f�k�=?omKSTE�?B��Êæ&B�TE|Jz�K`R
="oCoCISGJ=?w{z
�QvHGJ>mRjK{=">AKL�ÊKSzCISB0RSzCGJDEk RLK`IS="K`B0|?} �  ä ü  0��¤M�=?>Ck �21H�Qf�k�="omK`T��JB��ÏæHB0TV|Jz�KSRZ="oCoCISGJ=?w{z$�
�c=?IjTØ=?ðmDVB��ÏK`zCIjB�RjzCGJDVk
RLK`IS="K`B0|?}Jï« �2TE|J@CIjBå�mï UhTVB0DVB0w0K`IjTVwloCIjG?ô�DVBlIjB�w�G?>CRjKSIS@Cw�K`TVG?>gï UhTVB0DVB0w0K`IjTVwlkCTERjK`IjTVðC@nK`TVG?> B�RjKSTV:<="K`B0ká=uK
Üêü ý T`TFT �¸���2����M8Ü*ü 7 T`T`T �L[��ª���{-VY���M�=">Ck ="K6KSzCB w0GJ>��JB�Ij|JB�>mw�B Ü*ü � �j\"�u�W�;�u[ �
æ7T�K`z K`zmB6vHGJ>CRLK{=?>�Kj�ÏæHB0TV|Jz�KSR�=?oCoCIjG�=?w{zà��-VY��¤���¤M�æ7TEKSz K`zCBtf�k�=?omKSTE�JB¤�Êæ&B�TE|Jz�K`R�=?oComISG�=?w{z �
vHGJ>mRjK{=">AKL�ÊKSzCISB0RSzCGJDEk RjK`IS="K`B0|?} �21{Y����rY�^`�¤M7=?>Ck æ7TEKSz K`zCBQf�k�=?omKSTE�JB¤�Êæ&B�TE|Jz�K`R
=?omoCISG�="w{z �
�c=?IjTØ=?ðmDVB��ÏK`zCIjB�RjzCGJDVk
RLK`IS="K`B0|?}Î�L^¤���WK��y��ï

� ç



Ò �4365�� p ���6	���!/�

« x'=?ðCDEB4q{ïCUhTVB0DVB�w�K`IjTVw�oCIjG?ô�DVB�IjB�w0GJ>CRjKSIS@Cw�K`TEGJ>gïc9;ISISG?I�ô�|J@CIjB�R�ï

� �



¬�w® ¯A°²± ³j´Hµ ®�w® ¬�w® ¯A°²± ³j´�µ ®�k®
�S�.� �j\W�

¶�·�¸e¹|º�»O¼h¹¾½h¿�À�ÁyÞbÂhÃnÄ+Å�Æµ:rfh>�=?k�="omK`T��JB�ISB0|J@CDØ="ISTVî�="K`TEGJ>yRLK`I`=uK`B�|"} ïEï�ï V
�N�



101

100

10-1

10-2

10-3

10-4

10-5

0 5000 10000 15000 20000

A
rb

itr
ar

y 
U

ni
ts

Iteration Number, k

(φstate)
opt

k

(φdata)
opt

k

φopt
k Ç�ÈÉ

101

100

10-1

10-2

10-3

10-4

10-5

0 5000 10000 15000 20000

A
rb

itr
ar

y 
U

ni
ts

Iteration Number, k

(φstate)
opt

k

(φdata)
opt

k

φopt
k Ç ÊÉ

101

100

10-1

10-2

10-3

10-4

10-5

0 5000 10000 15000 20000

A
rb

itr
ar

y 
U

ni
ts

Iteration Number, k

(φstate)
opt

k

(φdata)
opt

k

φopt
k Ç�ËÉ

¶�·�¸e¹OÌ�»O¼h¹¾½h¿�À�ÁyÞbÂhÃnÄ+Å�Æµ:rfh>�=?k�="omK`T��JB�ISB0|J@CDØ="ISTVî�="K`TEGJ>yRLK`I`=uK`B�|"} ïEï�ï V
� �



101

100

10-1

10-2

10-3

10-4

10-5

0 5000 10000 15000 20000

A
rb

itr
ar

y 
U

ni
ts

Iteration Number, k

(gstate)
opt

k

(gdata)
opt

k Ç�ÈÉ

101

100

10-1

10-2

10-3

10-4

10-5

0 5000 10000 15000 20000

A
rb

itr
ar

y 
U

ni
ts

Iteration Number, k

(gstate)
opt

k

(gdata)
opt

k Ç ÊÉ

101

100

10-1

10-2

10-3

10-4

10-5

0 5000 10000 15000 20000

A
rb

itr
ar

y 
U

ni
ts

Iteration Number, k

(gstate)
opt

k

(gdata)
opt

k Ç�ËÉ

¶�·�¸e¹OÍ�»O¼h¹¾½h¿�À�ÁyÞbÂhÃnÄ+Å�Æµ:rfh>�=?k�="omK`T��JB�ISB0|J@CDØ="ISTVî�="K`TEGJ>yRLK`I`=uK`B�|"} ïEï�ï V
��Ó



¬lk® ¯Î°Ï±A³�´�µ ®�w® ¬lw® ¯A°²±A³�´�µ ®�k® ¬�w® ¯A°²± ³j´Hµ ®�w®

¬lk® ¯Î°Ï±A³�´�µ ®�w® ¬lw® ¯A°²±A³�´�µ ®�k® ¬�w® ¯A°²± ³j´Hµ ®�w®

¬lk® ¯Î°Ï±A³�´�µ ®�w® ¬lw® ¯A°²±A³�´�µ ®�k® ¬�w® ¯A°²± ³j´Hµ ®�w®
¶�·�¸e¹�Ð�»O¼h¹¾½h¿�À�ÁyÞbÂhÃnÄ+Å�Æµ:rfh>�=?k�="omK`T��JB�ISB0|J@CDØ="ISTVî�="K`TEGJ>yRLK`I`=uK`B�|"} ïEï�ï V

� V



ÑFÒÓÔÒÕ
Ö²×ØÒ
Ù ÓÓÚÓ

Û�Ü�ÝÜ
Û ÞßÜ
Ûrà²áÜ

â ÚÕ
ãÖ²×Õ
Ö�äåÒ
æ Øç
Ö ã
èêéëì
í éèì
èí éîè

ï ð ×ñ
Öæ4òÒ ä
åÒæ Ø
ç Ö ãó¾ôUõ
öô ÷ø
í éíí
ë éèù
íú éë
ë

ï ð ×ñ
Öæ4òÒ ä
åÒæ Ø
ç Ö ãó ô õ
ø
ë éû è
ë éèí
íë éìù

üzý�þ ¹~ÿ'»~¼h¹�½h¿1À�Á
ÞcÂ�ÃnÄ+Å�Æ³:¸f)>�=?k�=?omKSTE�?B4IjB�|J@mDØ=?IjTVîN=uK`TVG?>tRjKSI`="KSB�|?}óïEï�ï V
� �


