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LÎNiU�9<FZYH9?^iYÏ;eB?^VÐÑZ@G9<UWDEB&F*B?;�UWÒZ>RDEÐÓ9<M&>2Y�>�M&^V9?YH9<UVDGB&F"Ð�B]YZ>�@1DGN�M?DE\&>�FÏDGF"@E>pÔÕDGÖ�B&M&^W9<×ZÒZDGÖT;eB&^iÐ

ØÙ¸ÚÜÛ�Ý
Þ*ßáàãâµäæå"ç è Ûvé

ê ÒZ>�^V>�UVÒZ>�ëRì Û \&>�ÖpUWB&^iN â J Þ J�9<FZY å ^V>�×Z^V>�NV>�F�Uµ^V>�NV×}>�Ö�UVDE\?>�@ Ù UVÒZ>:B&^VDEM&DGFH9<@�DGÐ39?M&><J&UWÒZ>�94\<9?DG@G9 Ø @G>
FZB&DEN Ù 9?FZY Ø @GÑZ^i^V>�Y"DGÐ39?M&>�9?FZYCUWÒZ>2FZB&DGNi> ê DíUWÒ_DEFZYZ>�×y>�FZYZ>�FU�>�@G>�Ð3>�F�UVN�B?;
\<9?^iDî9?F�Ö�>�ï�ðñ ß0ò�ó a�J
9?FZY à ^i>�×Z^i>�NV>�FUWN�UVÒZ>:ô]F�B ê F Ø @GÑ�^V^VDEFZM�Ð39<UW^iDíÔyQ-õPÒZ>:DGÐ39?M&>�N�9?^i>�9<NVNVÑ�Ð3>�Y3UWB Ø >:B<;�NiDGö�>:÷øìù1J
ê DEUVÒ2ë ß ÷úì7ù-Q´õPÒZ>�^V>�NsUWB&^V9<UWDEB&F�×Z^VB Ø @G>�ÐûÖ�9?@G@EN�;eB&^�üZFZYZDGF�M�9?FÓ>�NiUVDGÐ39<UW>�B?; â M&Dí\&>�F Þ J à 9?FZY
ô�FZB ê @G>�YZM&>R9 Ø B&Ñ�U å 9<FZY"×}B&NVNiD Ø @ Ù â Q�ýHB&^�93^V>�Ö�>�F�UT^i>�\]DG> ê 9?FZY"Ö�@î9?NiNVDíüHÖ49<UVDGB&FCB?;
UVÒZ>>pÔÕDENiUWDEFZM
^V>�NiUVB&^W9<UVDGB&FãUV>�Ö�ÒZFZDEþ�ÑZ>�N:NV>�>ÿµÒH9<×�UW>�^ Û DGF ÚÜÛ��`Ý Q
õPÒ�>�NVDEÐ3×�@G>�NsU ê 9 Ù UWB9<×Z×Z^VB&9?Ö�Ò3UVÒZ>�^i>�NiUVB&^W9`UWDGB?FÓ×Z^iB Ø @G>�ÐûDGN�UWB2ÑZNV>�@G>�9?NiU�NVþ�ÑH9?^i>�Nq>�NiUVDGÐ39<UWDEB&F
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9?FZY#UWÒ�>�F*NV>�@E>�ÖpUHGâ JS9?FC>�NiUVDGÐ39<UW>�B<;1UVÒZ>TB&^VDEM&DGFH9<@�DGÐ39?M&><JZ9?N

Gâ�ß 9<^VM�I1ÐÓ9`ÔJ
Û

K�L�M+NPO�Q è�ò é >pÔÕ× Ú�R
Û
S òUT�Þ R à#âVT ð ÝXW ç

ê ÒZ>�^V>YK�L�M+NPO�Q è�ò é ß è S�Z4[ ò é�\7] ð�Q_^�B ê >�\&>�^�J19?N�DGN ê >�@E@
ô�FZB ê F±J¬UWÒZDEN�9?×Z×�^VB9?Ö�Ò¸YZB]>�N�FZB<U�@G>�9?Y"UWB
ÑZNi>�;eÑZ@6^V>�NiUVB&^W9<UVDGB&F�N Ú³Û�Ý JS9?FZY ê >2ÒH94\?>�UVB�Ñ�NV>�B&ÑZ^P×Z^iDGB&^Pô�FZB ê @G>�YZM&>�9 Ø B&Ñ�UPUVÒZ>TB&^VDEM&DGFH9<@yDEÐÓ9?M?>?Q
` Ð3B]B?UWÒ�FZ>�NiN:Ö�B&FZNsUW^W9<DGFUWN�B&FãUWÒ�>�B?^VDGM?DGFH9?@yDGÐ39?M&>�Ö49?F Ø >TDEFZÖ�B&^i×yB?^W9<UV>�Y#ÑZFZYZ>�^PUWÒZ>�;eB&^iÐ B?;

ë è=â:acb é�d b4e ] ð >pÔÕ×.I R ÛS bgf�è=â é;W ç

ê ÒZ>�^V> f�èeâ é DGN�92FZB?F3FZ>�M9<UVDE\&>:þ�ÑH9?YZ^V9<UWDEÖP;eB&^VÐ ê Ò�DGÖ�ÒÓÑ�NVÑH9?@E@ Ù Ö�B&^V^i>�Ni×yB&F�YZN�UVB�9TÖ�B&F�YZDEUVDGB&FH9<@ZB&^
NVDEÐÑZ@íU�9?FZ>�B&ÑZN�9?Ñ�UVB&^V>�M&^V>�NVNVDí\&>�Ð�B]YZ>�@SDGF�UWÒZ>�NiUW9<UWDENiUWDEÖ49?@SÖ�B&Ð3Ð�ÑZFZDEU Ù 9<FZYÓUWB2NV>pUVUWDEFZMÖ�B&FZNiUV^W9?DEFUWN
B&F üH^iNiU�B&^µNV>�Ö�B&FZY#YZDih�>�^V>�F�Ö�>�NPDEF UWÒZ>�>�FZM&DEFZ>�>�^VDEFZMRÖ�B&Ð�ÐÑZF�DEU Ù è Ni>�> Ú
j�Û�Ýîé 9?FZYlk2DGNµUVÒZ>�F�ÑZÐ Ø >�^
B?;�×yB?NVDEUVDE\?> >�DEM&>�F\<9?@GÑ�>�NRB?; f 9?F�Y b DEN79�Ö�B&FZNsU�9?FU�QæL ;eB&^VÐ(B?; f�èeâ é ê ÒZDGÖ�Ò ÒH9<N Ø >�>�F Ñ�NV>�Y
ê DGY�>�@ Ù DGFãUWÒ�>�>�FZM&DEFZ>�>�^VDGF�M�Ö�B&Ð�ÐÑZFZDíU Ù DGN

f�è=â é ßmTon�âpT ð ç

ê ÒZ>�^V> n DGNqUVÒZ>rqg9<×Z@î9?Ö�Dî9?FãB?×y>�^W9<UVB&^�Q
s�;¬UVÒZ>�Ò Ù ×}>�^V×Z9?^W9?Ð�>�UV>�^iN b 9?F�Y ò ê >�^V>�ô�FZB ê F±JÕUWÒZ>�F ;eB&@G@EB ê DEFZM�UWÒZ>utq9 Ù >�NVDî9<Fã×H9?^W9<YZDGM&ÐûDíUµDEN

Ö�Ñ�NiUWB?ÐÓ9?^ Ù UWB7Ni>�@G>�Ö�U�JS9?NPUWÒZ>T^V>�NiUVB&^W9<UVDGB&F#B?; â JZUVÒZ>TDGÐ39?M&> â�vxw5y z�{ YZ>�üHF�>�Y ØÙ

â v|w5y z�{ ß 9<^VM�I1Ð3DEFJ Ú bgf�èeâ é ä òpTqÞ R à#âVT ð ÝXW ß 9?^VM:I-Ð39`ÔJ ë è=â�a b é ë è=Þ&a â&çVò é#W~} è S é

L�F+DEÐ3×}B&^iUW9?FU�×Z^VB Ø @G>�Ð/9<^VDGNi>�N ê ÒZ>�F b 9?F�Y=�<B&^ ò 9?^V>�ÑZFZô�FZB ê F±Q_ACÑZÖ�Ò+DGFUW>�^V>�NsUÒH9<N�Ö�>�F:�
UW>�^V>�Y*B?F UWÒZ>�þ�ÑZ>�NiUWDEB&FãB?;gÒZB ê UWÒZ>�NV>T×H9?^V9?Ð3>pUW>�^VNqNiÒZB&ÑZ@EY Ø >�>�NiUVDGÐ39<UW>�YãDGF Ø B?UWÒ UVÒZ>�NiUW9<UWDENiUVDGÖ49<@
9?FZY >�FZM&DGF�>�>�^iDGFZMÏÖ�B&Ð3Ð�ÑZFZDEUVDG>�N�Q+õPÒ�>C^V9<UWDEB"B?;:UWÒZ>#Ò Ù ×y>�^V×H9?^V9?Ð�>�UW>�^VN�DGN�U Ù ×ZDEÖ49?@E@ Ù Ö49?@E@G>�Y UVÒZ>
^V>�M&ÑZ@G9?^VDEö49<UVDGB&F ×Z9?^W9?Ð�>�UV>�^�Q
õgB YZ>49<@ ê DEUVÒ >�NiUVDGÐ39<UWDEB&F B?;TUVÒZ>ÏÒ Ù ×}>�^i×H9?^W9<Ð3>pUW>�^iN b 9?FZY ò J:UVÒZ>�ÒZDE>�^W9<^VÖ�ÒZDEÖ49?@utq9 Ù >�NiDî9?F

×H9?^V9?YZDEM&ÐáDEF�UV^VB]YZÑZÖ�>�N19:Ni>�Ö�B?FZYNiUW9?M&> è UVÒZ>´üH^VNsU-NsU�9?M&>´Ö�B&FZNVDENiUVN1B?;ÕUWÒZ>´;eB&^iÐÑZ@î9`UWDGB?F�B?;?ë è=â�a b é 9?FZY
ë èeÞ-a â?çVò é�é Q�s�F7UWÒ�DGN´NiUW9?M&>�Ò Ù ×}>�^i×Z^VDEB&^±ë è�b�çVò é DGN´9<@GNVB�;eB&^iÐÑZ@G9<UW>�Y±J&^V>�NVÑZ@íUWDEFZMTDGFRUWÒZ>�YZDENiUV^VD Ø Ñ�UWDEB&F
ë è�b�çVò�çWâ&çVÞ é Q�� DíUWÒ UWÒ�>¸NiB Ö�9?@G@E>�Y UWÒ�>¯>p\ÕDEYZ>�F�Ö�>¯9?FH9?@ Ù NiDGN�J�NV>�> Úc�?Ý J Ú SX� Ý ;eB&^#B?UVÒZ>�^#×}B&NVNiD Ø @E>
FH9?Ð�>�N�J�ë è�b�çVò�çWâ&çVÞ é DGN�DEF�UV>�M&^V9<UW>�Y�BK\&>�^ â UVBãM&DE\?>�UWÒ�>@GDEô?>�@EDGÒZB]B]Y�ë è�b�çVò�a Þ é7� UWÒZDEN�@GDEô?>�@GDGÒ�BÕB]YCDEN
UWÒ�>�F¸ÐÓ9`ÔÕDEÐ3DEö�>�Y�BK\?>�^�UWÒZ>7Ò Ù ×y>�^V×H9<^W9?Ð�>�UV>�^VN�QÓ8�>�Ö�>�FUW@ Ù J19?F¸9?@EUV>�^iFH9<UWDí\&>R×Z^iBÕÖ�>�YZÑ�^V>7ÒH9?N Ø >�>�F

S



NVÑ�M&M&>�NsUW>�Y ØÙ tµÑZFUWDEFZ>�9?FZY��¯>�DEM&>�F�Y Ú
�<Ý J ` UW^W9<ÑZNVN�J����o�X�i� Ú3jX�`Ý J��¯B&@E×y>�^iU Ú
jX�<Ý J�A*B&@GDEFH9 Ú S �`Ý 9?FZY
Ö�B?Ð3Ð�>�FUW>�Y Ø�Ù L�^VÖ�ÒZ>�^g9?FZY�õPDEUVUV>�^iDGFZM?UVB&F Ú
j<Ý Q�� DEUVÒ�UWÒZDEN¬×Z^VB]Ö�>�YZÑZ^V><J ê Ò�DGÖ�Ò�DGN¬ÒZ>�FZÖ�>p;eB&^iUVÒ2Ö�9?@G@E>�Y
UWÒ�>ACLu� 9?FH9?@ Ù NiDGN�JHB&FZ>�DGFUW>�M&^W9<UV>�N´ë è�b�çVò�çWâ&çWÞ é BK\&>�^ b 9?FZY ò UVB3B Ø U�9?DEF*UVÒZ>TUW^VÑ�>2@EDGô?>�@GDEÒZBÕB]Y±J
9?FZY#UWÒ�>�F*ÐÓ9`ÔÕDEÐ3DEö�>�N�UWÒZ>�UW^iÑZ>T×yB?NiUW>�^VDEB&^qBK\&>�^ â Q
õPÒ�>�^V>39?^i>79#F�ÑZÐ Ø >�^�B<;q9?×�×Z^VB9<Ö�ÒZ>�NT;e^VB&Ð UWÒZ>7>�FZM&DGF�>�>�^iDGFZMãÖ�B&Ð�ÐÑZFZDíU Ù UWBãUVÒZ>7^V>�NsUWB&^V9<UWDEB&F

×Z^iB Ø @G>�Ðû9?FZY39?@ENVB�UWB�UWÒ�>:×�^VB Ø @E>�ÐøB<;�>�NiUWDEÐÓ9`UWDGF�M�UWÒZ>�^V>�M&ÑZ@G9?^VDEö49<UVDGB&FR×H9<^W9?Ð�>�UV>�^ è ÚÜÛ�Ý J Ú³Û��`Ý J ÚÜÛ S Ý J
ÚÜÛ��`Ýîé QTL�Ð�B&FZM NiÑZÖ�Ò¯9?×Z×Z^iB9?Ö�ÒZ>�N�DGN�9 Ni>�U�UVÒZ>�B&^i>�UVDGÖ^i>�M&ÑZ@G9?^VDEö49<UVDGB&F_9?×Z×Z^iB9?Ö�Ò ÚÜÛ��<Ý QTL�Ö�Ö�B&^VY�DGFZM
UWB7DíUPUWÒZ>T×Z^iDGB&^qô�FZB ê @E>�YZM&>�Ö�B?FZNiUV^W9?DEFZNqUWÒZ>TNiB&@GÑ�UVDGB&FãUVB Ø >�@EB&FZMUVB Ø B?UWÒ#>�@G@GDE×ZNVB?DGYZN

� J ß I â:a�T��2âpT ð�����ð W è jé

9?FZY
� J ]+� ß I â�a=TqÞ R à#âVT ð ��� ð W ç è ��é

ê ÒZ>�^V> f:èeâ é ßmTV�2â�T ð 9<FZY � JgDGF�UWÒ�DGNTÖ�B&FUV>pÔ]U4J1^V>�×�^V>�Ni>�FUWN2DGF¸M&>�F�>�^W9<@´9*ÒZDEM&Ò:��×H9?NVN�üH@íUW>�^�J6NVB
UWÒZ9<U�UVÒZ>�>�FZ>�^iM Ù B<;
UWÒZ>2^V>�NiUWB?^V>�Y�NiDGM&FZ9?@g9<U�ÒZDEM&ÒC;e^i>�þ�ÑZ>�FZÖ�DE>�N�J�YZÑZ>�×�^VDGÐ39?^iDG@ Ù UWBÓUVÒZ>9<Ð3×Z@EDEüH>�Y
Ø ^iB9?Y:� Ø 9?FZY#FZB&DENV>�DEN Ø B?ÑZFZYZ>�Y±Q�s�;gUVÒZ> Ø B?ÑZFZYZN � ð 9?FZY � ð 9<^V>�ô�FZB ê F±J}9?FZY UVÒZ>TDGFUW>�^VNV>�Ö�UVDGB&F#B?;
� J 9?FZY � J ]+� DGNPF�B?U:>�Ð�×�U Ù JS9RNVB?@GÑ�UVDGB&F UVB7UVÒZ>T×Z^VB Ø @G>�Ð Ö49?F Ø >�;eB&ÑZFZY ØÙ NVB&@í\]DGFZM

èmà��eàÎä �2�¡��� é â�ß àl�eÞ1ç è � é

ê ÒZ>�^V> � UWÒZ>#^V>�M&ÑZ@G9?^VDEö49<UVDGB&Fº×Z9?^W9?Ð�>�UV>�^RDENR>�þ�ÑH9?@PUWB è � [ � é ð4Q L ×yB&NsUW>�^VDGB?^UW>�NsU�FZ>�>�YZN3UVB Ø >
×}>�^i;eB?^VÐ�>�Y2UVB�\?>�^VDí; Ù UWÒH9<U1DGF�YZ>�>�Y�UWÒZ>�NVB&@EÑ�UWDEB&F�B?;=¢�þSQ è � é6Ø >�@EB&FZM&N6UWB Ø B?UVÒ�>�@G@GDE×ZNVB?DGYZN6DGF_¢�þ]N�Q è jé
9?FZY è ��é Q$s�F Ú³Û��?Ý J ÚÜÛ � Ý J Ú S �<Ý J?9<F�DEUV>�^V9<UWDí\&>´^V>�NiUWB?^W9<UVDGB&F29?@GM?B&^VDíUWÒZÐ DGN6×Z^iB&×yB?NV>�Y�9?Ö�Ö�B&^VY�DGFZM�UWB ê ÒZDGÖ�Ò
Ø B?UWÒ � 9?FZY � 9?FZY#UWÒZ>T>�NsUWDEÐÓ9<UVDGB&FÓB?;1UVÒZ>TB&^VDEM&DGFZ9?@�DEÐÓ9?M?>�9?^i>�Ñ�×yYH9`UW>�YC9<U�>�9?Ö�Ò_DíUW>�^V9<UWDEB&F NsUW>�×
Ø 9?Ni>�Y B?F3UWÒ�>�94\<9?DG@G9 Ø @G>P×Z9?^iUVDî9?@E@ Ù ^V>�NsUWB&^i>�Y DEÐÓ9<M&>?Q$s�UµDEN�FZB<UW>�Y3ÒZ>�^i>�UVÒH9<U ê ÒZ>�FãB&F�@ Ù B&F�>�B?;±UVÒZ>
Ø B&ÑZFZYZN�¢ B&^ � DENqô�FZB ê FãUWÒZ>�FC9Ö�B&FZNsUW^W9<DGFZ>�YãÐ3DEFZDGÐ�DGö�9<UWDEB&FR×Z^VB Ø @G>�Ð�^i>�NVÑ�@EUWN�Q�õPÒH9<U�DEN�J a£a¤�2â:a£a ð
DGN�Ð�DGFZDEÐ3DEö�>�YÏNiÑ Ø?¥ >�ÖpUUWBCUWÒZ>3Ö�B&FZNsUW^V9?DGFUDEÐ3×}B&Ni>�Y Ø�Ù ¢�þSQ è �é J-B?^ a£a Þ R àãâ�a£a ðDEN2Ð�DGFZDEÐ3DEö�>�Y
NVÑ Ø?¥ >�ÖpU�UWB�UVÒZ>qÖ�B?FZNiUV^W9?DEF�U-DGÐ�×yB?NV>�Y Ø�Ù ¢�þSQ è j&é Q�s�F Ø B?UVÒÖ49?Ni>�N
UVÒZ>qNVB?@GÑ�UVDGB&F�DGNg;eB&ÑZFZY ØÙ NVB&@í\ÕDEFZM
¢�þSQ è � é Q:õPÒZ>^V>�M&ÑZ@G9?^VDEö49<UVDGB&F#×H9?^V9?Ð�>�UW>�^ � DGN:FZB ê 9mq69?M&^V9?FZM&>2ÐÑZ@EUVDG×Z@EDG>�^ ê ÒZDGÖ�Ò�F�>�>�Y�N�UWB Ø >
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õPÒ�>qUWÒZ>�B&^ Ù ê ÒZDGÖ�Ò ê 9?N�ÑZNi>�YRUWB�9?NVNiÑZ^V>PÖ�B&F\&>�^iM&>�F�Ö�>:B?;HUWÒZ>q9?@GM&B?^VDEUVÒZÐ YZ>�NVÖ�^iD Ø >�YRDEFNV>�Ö�UWDEB&Fü¬
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DGF�M ×H9?^V9?Ð3>pUW>�^VN�B?;�UVÒZ>RÒ Ù ×y>�^V×Z^iDGB&^iN�QH�+>�ÒH94\&>7ÑZNV>�Y è NV>�>V¢�þ}Q è jÏ�&éié � ß Ð3DEF:N è ÛuR©ì N é J ê ÒZ>�^V>
ì N6Ö�B&Ð3>�NP;e^VB&Ð UWÒZ>TÖ�B?F�UV^W9?ÖpUWDEB&FCÐ�>�UVÒZB]Y è NV>�>¡¢�þSQ è jX�&éVé Q
ý1DG^VNsU4J ê >µ^VÑZF�UVÒZ>µÐ�>�UVÒZB]YZN-B&F�UWÒZ>üô)q¬>�FH9 õ�DGÐ39?M&> Ø @EÑZ^V^i>�Y9<FZY ê DEUVÒ9?Y�YZDEUVDE\&>oÀT9?ÑZNVNiDî9?F2FZB&DENV>

ê DEUVÒ¯\<9?^iDî9?FZÖ�> ò�ó a ß S Û�½ J ò�ó a ß S ÛX}¤½ 9?FZY ò´ó a ß S }EÛ�½ JgUVB"B Ø UW9?DGF¯9 ` ��8úB?; Û�� Y�t�J S � YÇt
9?FZY jX� Y�t�J^V>�NV×}>�Ö�UVDE\?>�@ Ù Q�õPÒZ>�NV>�@G>�ÖpUWDEB&F3B<;yUVÒZ>�NiU�9<^iUWDEFZMTDGÐ39?M&>µ;eB?^´UVÒZ>�ACL§�æ9<@GM&B&^iDEUVÒZÐ ê 9?N�9?F
9?YZY�DEUWDEB&FH9?@6×Z^iB Ø @E>�Ð � ê ÒZ>�F¸NsU�9?^sUWDEFZM ê DíUWÒ"UWÒ�>B Ø Ni>�^i\?>�YÏDGÐ39?M&> ê >RFZB?UW>�Y"UWÒH9`U�UWÒ�>R9?@GM?B&^VDíUWÒZÐ
Ö�B?F�\?>�^iM&>�YãUWB92\&>�^ Ù FZB&DGN Ù DEÐÓ9<M&>?J ò�ó a N÷� J ê >�UWÒ�>�F ;eB&@E@GB ê >�Y3UVÒZ>�×Z^iBÕÖ�>�YZÑZ^i>�YZ>�NVÖ�^iD Ø >�YãDEF Ú
j<Ý
9?FZYÓNiU�9<^iUW>�Y ê DEUVÒÓUWÒ�>§¢�A NVB&@EÑ�UWDEB&F7;eB&^�UVÒZ> Û�� YÇt�J S � YÇt 9?FZY jX� YÇt DEÐÓ9?M?>�N�J]^V>�NV×}>�ÖpUWDE\?>�@ Ù Q�õPÒZ>
\<9?@GÑ�>�NPB?; � ����� 9?FZYãUWÒ�>�^V>�þ�ÑZDE^V>�YCF�ÑZÐ Ø >�^PB<;1DíUW>�^W9<UVDGB&FZNq9?N ê >�@G@¬9<NqUWÒZ>�Ö�B&^V^i>�NV×}B&FZY�DGFZMR\<9?@GÑ�>�N
B?; �ò�ó a�9<FZYe�b´ó aP9<U�Ö�B?F�\?>�^iM&>�FZÖ�>?JH;eB&^ + 9`U�Ò Ù ×}>�^i×Z^VDEB&^VN�JS9?^V>�NiÒZB ê FCDEF#UW9 Ø @E>§s�Q´ýH^VB&Ð UWÒZDENqU�9 Ø @E>
DEU�Ö�9?F Ø >TNV>�>�F*UWÒH9<U�UVÒZ> Ø >�NiU:^V>�NVÑZ@íUWN:9?^V>T×Z^iBÕY�ÑZÖ�>�Y ØÙ UWÒZ>r¢�A DEUW>�^W9<UVDE\?>T9?@GM&B?^VDEUVÒZÐ*J];eB&@E@GB ê >�Y
ØÙ UVÒZ>PB&FZ> Ø 9<NV>�Y7B&FUVÒZ>PNV>pU�UWÒZ>�B&^V>pUWDEÖ49?@�9?×Z×Z^iB9?Ö�Ò±Q�^:B ê >p\&>�^�J�9�\]DENVÑH9?@�DGFZNi×y>�Ö�UWDEB&FRB?;SUWÒ�>µUWÒZ^i>�>
^V>�NiUVB&^V>�Y"DGÐ39?M&>�N�NiÒZB ê N�UWÒH9`U�UVÒZ> Ù 9?^i>�FZB?U:\&>�^ Ù YZD£hy>�^i>�FU4Qàs�U�DGN ê B&^sUWÒ"Ð�>�FUVDGB&FZDEFZM7UWÒZ>2NV×}>�>�Y
B?;1Ö�B&F\?>�^VM?>�FZÖ�>�B?;gUWÒZ>r¢�A DEUW>�^W9<UVDE\?>�9?@GM?B&^VDíUWÒZÐ*Q-õPÒZ>2ACLu� 9?@EM&B&^VDíUWÒZÐ�9?@ ê 9 Ù NPUW>�F�YZNPUWB�9 + 9<U
DGÐ39?M&><J b�ó a N÷� JÕ;eB&^qUWÒZB?NV>TDGFZDíUWDG9?@y×Z9?^W9?Ð�>�UV>�^iN�Q
õPÒ�>q>�NsUWDGÐ39<UV>�B?; b�ó a1×Z^iBv\]DEYZ>�Y ØÙ UWÒZ>o¢�A Ð3>pUWÒZB]Y±J<UVÒZ>qB&F�>�UWÒZ9<U
×Z^iBÕY�ÑZÖ�>�YUWÒZ> Ø >�NiU�^i>�NVÑ�@EUWN�J

ê 9?N´9?@ ê 9 Ù N�9<^VB&ÑZF�Y � � è Ni>�>PU�9 Ø @G>âs é NiB ê >�YZ>�Ö�DGY�>�YRUWB�UV>�NiU´B?ÑZ^�Ð3>pUWÒZB]YZN ê DíUWÒU ê BTÐ3B&^i>µ\<9?@GÑ�>�N
B?; S ÿ a JZB&FZ>TM&^i>49<UV>�^:9?FZY#B?UVÒZ>�^�@E>�NVNPUVÒH9?F � � B&FãUWÒZ>�ô)q¬>�FZ95õ7DGÐ39?M&>?Q
õPÒ�>3^i>�NVÑ�@EUWN�B?;�UWÒZ>�NW9<Ð3>7>pÔÕ×}>�^iDGÐ�>�FUWNT;eB&^ S ÿ a ß Û�� J � a ß ��} � J � ð ß Û 9?FZY S ÿ ð ß � 9<^V>

S �



NVÒ�B ê F+DGFÏU�9 Ø @E>Vs)s�Q õPÒZ>�ÑZNi>ÓB?;�UWÒZDEN�\<9?@EÑZ>R;eB&^ S ÿ a J ê Ò�DGÖ�ÒºDEN�DEF\&>�^iNV>�@ Ù ×Z^VB?×yB&^sUWDEB&FH9?@-;eB?^TUVÒZ>
Ð�>49?F�B?;´UVÒZ>RÒ Ù ×}>�^i×Z^VDEB&^�;eB&^ b ;eB?^VÖ�>�N�UWÒZ>R^i>�NsUWB&^V9<UWDEB&F"UWB Ø >RNVÐ�BÕB<UWÒZ>�^�UWÒH9<F¸DEF"UWÒZ>R×�^V>�\]DEB&ÑZN
>pÔÕ×}>�^iDGÐ�>�FU è Ni>�>�U�9 Ø @E>Øs é Q$s�U�Ö�9?F Ø >�B Ø NV>�^s\&>�Y3UWÒZ9<U4J�DGFUVÒZDGN�Ö�9?NV><J]UVÒZ>PFZB&DENV>P\<9?^VDG9?FZÖ�>q>�NsUWDGÐ39<UV>�N
9?^i>?J¬9?N�>pÔÕ×}>�Ö�UV>�Y±J6M&^i>49<UV>�^�UVÒH9?F_UVÒZ>Ö�B&^V^i>�NV×}B&FZY�DGFZM UVBÓU�9 Ø @G>_s�Q�õPÒ�>RB&FZ@ Ù >kÔ�Ö�>�×�UVDGB&F�NT9?^V>�UVÒZ>
` õúÐ�>�UWÒ�BÕY+9<U Û�� YÇt�J ê ÒZ>�^i> UWÒZ>3ÐÓ9`ÔÕDEÐÑZÐ F�ÑZÐ Ø >�^B<;PDEUV>�^W9`UWDGB?FZN�J S �X� J ê 9?N�ÑZNV>�Y±Q®s�F+UWÒ�DGN
Ö49<NV>?JÕUWÒZ>�\<9?@EÑZ>�NqB<; � ����� 9<^V>�NiÐÓ9?@E@G>�^�UVÒH9?FãDGF UW9 Ø @E>us�>pÔÕÖ�>�×�U�;eB&^�UVÒZ>�ACL§� Ð3>pUWÒZB]Y NiDGFZÖ�> ê >
94\&B&DEYãUWÒZ>TNVB?@GÑ�UVDGB&F b�ó a ß �RØÙ DEF�UV^VB]YZÑZÖ�DGFZMRUWÒ�>�Ò Ù ×}>�^V×�^VDGB?^PB&F b Q
õPÒ�>�Ö�B&^i^V>�NV×}B&FZYZDEFZM�^i>�NVÑ�@EUWN�;eB&^ S ÿ a ß � � ç � a ß ��} � ç S ÿ ð ß � ç � ð ß Û 9?^i>�NVÒ�B ê FãDEF3UW9 Ø @G>às)s�s�Q

õPÒZDENÓUW>�NiU#Ö�B?^V^V>�NV×}B&FZYZN UVBº^VB?ÑZM&ÒZ@ Ù ÑZNi>_UWÒ�>�×Z^VDEB&^3\<9?^iDî9?FZÖ�>_>�NiUWDEÐÓ9`UW>_×�^VBK\]DGYZ>�Y Ø�Ù UWÒZ>¶¢�A
Ð�>�UWÒ�BÕYC9?N�B&FZ>�YZDE\]DEYZ>�Y ØÙ UWÒZ>�Ð3>�9?F*B?;-UVÒZ>2Ò Ù ×}>�^V×�^VDGB?^�;eB?^ b QµL�N�>kÔ�×}>�ÖpUW>�Y±J}UVÒZ>�^V>�NiÑZ@EUVN�9<^V>
\&>�^ Ù NVDEÐ3DE@î9?^´UWB7UWÒ�>2B&F�>�N:DGFãU�9 Ø @G>Hsq>kÔ�Ö�>�×�U:;eB&^PUWÒ�>�A*L§� Ð�>�UWÒ�BÕY*NVDEFZÖ�> ê >?Jy9?M9?DEF±JH94\&B&DEY*UVÒZ>
Ð39`ÔÕDGÐÑZÐ�9<U b�ó a ß � Q
õPÒ�>:NV9?Ð�>:>kÔÕ×y>�^VDGÐ�>�FUVN ê >�^i>�×}>�^s;eB&^VÐ�>�YR;eB&^ S ÿ a ß Û��X� ç � a ß ��} � ç S ÿ ð ß � ç � ð ß Û 9?FZYRUWÒZ> Ù

9?^i>�YZDENV×Z@G9 Ù >�Y3DGF3UW9 Ø @E>ñs�¬�Q�õPÒZ>§¢�A¯JZÿ Ð 9?FZY#ACLu�æÐ3>pUWÒZB]YZNµ×�^VB]YZÑZÖ�>�NVÐ39?@G@E>�^
\<9?@EÑZ>�N�;eB&^�UVÒZ>
FZB&DENV>�\<9?^iDî9?FZÖ�>�>�NsUWDGÐ39<UV>�N�Q´õPÒZ> Ù 9?@GNiBRDGÐ�×Z^VBK\?>TUVÒZ> ` ��8TQA:NVDEFZM T�Þ R àãâYT ð [ ë 9<N´UVÒZ>:>�NiUVDGÐ39<UW>q;eB?^´UVÒZ>�FZB&DENV>P\<9?^VDG9?FZÖ�><J]9?N�×�^VB&×}B&NV>�Y3DEF Ú S �<Ý UVÒZ>�FZB&DENV>
\<9?^VDG9?FZÖ�>:>�NiUVDGÐ39<UW>�N�;eB&^ ` ��8 ß Û�� J S � J jX� Y�t 9?^i> Û�½5j�} S J Û�½�}3� 9?FZY j�}¤��Û J�^V>�NV×}>�Ö�UVDE\?>�@ Ù Q�s�UµÖ�9?F Ø >
NV>�>�F_UVÒH9<U�UWÒ�>2FZB?DGNV>�\<9?^iDî9?FZÖ�>T>�NiUVDGÐ39<UW>�N�×Z^VBK\]DGYZ>�Y ØÙ UWÒ�>¡¢�A 9?@GM&B?^VDEUVÒZÐ DEFãU�9 Ø @E>·s�JSUW9 Ø @E>Hs)s)s
9?FZY#U�9 Ø @G>Hs�¬ 9?^i>TÖ�@GB?NV>�^qUVB�UVÒZ>�UW^iÑZ>�\?9<@GÑZ><Q
ý1DGM&ÑZ^i>�N Û J S 9?FZY j NiÒZB ê UWÒZ>T\<9?@GÑ�>�N�B?; ~ N v54O6uy è y a y è y a { J ~ N v;�q�:y è y a y è y a { 9?F�Y ~ N v�¥§¦2y è y a y è y a { ;eB&^ ò�ó a ß

S Û�½ J ò´ó a ß S ÛX}¤½ 9?F�Y ò�ó a ß S }íÛ�½ JS^i>�NV×}>�ÖpUWDí\&>�@ Ù QqL�N�Ö�9?F Ø >�NV>�>�F_UWÒ�> Ø >�ÒH94\]DGB?^:B<;-UWÒ�>�NV>�UWÒZ^i>�>
×Z@EB?UWNPDENq\&>�^ Ù NVDEÐ3DE@î9?^´UWB7üHM&ÑZ^i> Û DEF Ú S �`Ý Q
ý1DGM&ÑZ^i>�N � J � 9?FZY ½ Y�>�×ZDEÖ�U�UVÒZ>2\<9?@EÑZ>�N�B?; � ����� ;eB?^�\<9?^VDEB&ÑZN:Ò Ù ×}>�^i×Z^VDEB&^VN�DGFZÖ�@GÑZYZDEFZM7UWÒZ> + 9<U

Ò Ù ×y>�^V×Z^iDGB&^P;eB&^ b 9?F�Y ò J�;eB&^ ò�ó a ß S Û�½ J ò�ó a ß S ÛX}¤½ 9?FZY ò´ó a ß S }EÛ�½ JZ^V>�NV×}>�Ö�UVDE\?>�@ Ù Q
L�N >pÔÕ×}>�ÖpUW>�Y UVÒZ> Ø >�ÒH94\]DGB&^ÓB?;�UWÒ�>"Ð3>pUWÒZB]YZN è � � ç � ç Û ç � ç Ûvé 9?FZY è � � ç � � ç � ç � ç Ûvé J � ß

��}íÛ ç }�}�} ç �:}|� ç DEN\&>�^ Ù NVDEÐ3DE@î9?^�Q+õPÒZDEN7DGN Ø >�Ö49<ÑZNV>#UWÒZ>*Ð�>49?F B?;:UWÒZ>#M9<Ð3Ð39"YZDGNsUW^iD Ø Ñ�UVDGB&FæÑ�NV>�Y
9?N#Ò Ù ×y>�^V×Z^iDGB&^ã;eB&^ b DGN*9?×�×Z^VB4ÔÕDGÐ39<UW>�@ Ù >�þ�ÑH9?@�UVB B&F�>¸Y�DE\]DGYZ>�Y ØÙ UVÒZ>Ï×Z^VDEB&^ \<9?^VDG9?FZÖ�>Ï>�NiUWDP�
Ð39<UW>�N�B Ø UW9?DGF�>�Y ê ÒZ>�FæÑZNVDEFZM è � � ç � ç Û ç � ç Ûvé QCýHÑZ^iUVÒZ>�^iÐ3B&^i>?JgUWÒZ> Ð�>�UVÒZB]Y è � � ç Û�� ç � ç � ç Ûvé J� ß ��}íÛ ç }�}�} ç ��}¤� J19?@ ê 9 Ù N2×Z^VB]YZÑZÖ�>�N�9 ê B&^VNi> � ����� UVÒH9?F è � � ç � ç Û ç � ç Ûvé ê ÒZDE@G>RUWÒZ>3Ð3>pUWÒZB]Y
è � � ç Û��5� ç � ç � ç Ûvé J � ß ��}íÛ ç }�}�} ç �:}|� ç NVB&Ð�>�UVDGÐ�>�N�DEFZÖ�^i>49?Ni>�N � ����� QõPÒZDENTDGN�^V>�9?NVB?FH9 Ø @E>RNVDGF�Ö�>

S Û



UWÒ�>¡¢�A Ð3>pUWÒZB]Yã;eB&^ + 9<U:Ò Ù ×y>�^V×Z^iDGB&^PÒZ9?N�FZB?U Ø >�>�F*YZ>�NiDGM&F�>�Y#UWB7ÐÓ9vÔ�DEÐ3DEö�>�UVÒZ> � ����� Q
ý1DGFH9?@E@ Ù J�UWÒZ>�B&^iDGM&DEFH9?@&9<FZY2F�B&DGN Ù�Ø @GÑ�^V^V>�Y2DEÐÓ9<M&>�N¬9<^V>�NVÒZB ê F�DEF�üHM&ÑZ^i> � 9?FZYTUWÒZ>´Ö�B&^V^i>�NV×}B&FZY�DGFZM

Ø >�NiU�^i>�NsUWB&^V9<UWDEB&FZNqDEF UW>�^iÐ3NµB?; � ����� JH9?Ö�Ö�B&^iYZDGFZMUVBüHM&ÑZ^i>�N � J � 9?FZY ½ JZ9<^V>�NVÒ�B ê F*DGF3üHM&ÑZ^i> � Q
s�FTB&^iYZ>�^±UVB�NiUWÑ�Y Ù ÒZB ê M?BÕB]Y�UWÒZ>�×�^VDGB?^�\<9?^VDG9?FZÖ�>
9?^V>�>�NiUWDEÐÓ9`UW>�Y�J ê >´^VÑZF�UVÒZ>´NW9?Ð�>
>pÔÕ×}>�^iDGÐ�>�FUWN

B&Fã92N Ù FUWÒZ>pUWDGÖ�DEÐÓ9<M&>�B Ø U�9<DGFZ>�YÓ;e^VB&Ð 9�×�^VDGB?^�YZDENiUV^VD Ø Ñ�UWDEB&F Ø 9<NV>�YãB?Fã9 ` L�8 Ð�BÕYZ>�@ ê DEUWÒÓ×Z^VDEB&^
\<9?^VDG9?FZÖ�> Û��X� 9?FZY Ð�>49<F Û S � Q õPÒ�DGN7DGÐ39?M&><J�NiÒZB ê F DGF üHM&Ñ�^V> � J ê 9?N Ø @GÑZ^i^V>�Y 9?F�Y M9<ÑZNVNiDî9?F
FZB&DENV> ê DEUVÒ¯\<9?^VDG9?FZÖ�> ò ó a ß jX�X��}|� J ò ó a ß jX��}¤�Ï� 9?FZY ò ó a ß j�}¤�X�Ï� ê 9?N�9?YZYZ>�Y±J-UVBCB Ø U�9?DEF+9
` ��8 B?; Û�� YÇt�J S � YÇtæ9<FZY jX� YÇt�J?^V>�Ni×y>�Ö�UVDE\&>�@ Ù Q
õPÒZ>�DGFZDíUWDG9?@�^V>�NsUWB&^V9<UWDEB&F;eB&^-UVÒZ>�ACL§�¯9?@GM?B&^VDíUWÒZÐ
ê 9?N�UWÒ�>î¢�A NVB&@EÑ�UWDEB&F*;eB?^�UWÒ�> Û�� YÇt�J S � YÇt09?FZY jX� YÇtá×�^VB Ø @E>�Ð�N�J}^V>�NV×}>�Ö�UVDE\?>�@ Ù Q�õPÒZ>R^i>�þ�ÑZDG^i>�Y
F�ÑZÐ Ø >�^�B?;´DíUW>�^W9<UVDGB&FZN�9?N ê >�@E@�9?N�UVÒZ>Ö�B?^V^V>�NV×}B&FZYZDEFZMã\<9?@GÑZ>�N�B?; �ò�ó a�9?FZY¨�b�ó a�9<U�Ö�B&F\&>�^iM&>�F�Ö�>?J
;eB&^ + 9<U�Ò Ù ×}>�^V×�^VDGB?^VN�J±9?^V>2NVÒZB ê FÏDGF_UW9 Ø @E>r¬�Q�ýH^VB&Ð%UWÒ�DGN�UW9 Ø @E>�DEU�Ö49<F Ø >Ni>�>�F"UWÒH9<U�UWÒZ> ê B&^iNiU
Ò Ù ×y>�^V×H9?^V9?Ð�>�UW>�^�>�NiUVDGÐ39<UWDEB&FZNP9<^V>TB Ø UW9?DGFZ>�Y Ø�Ù UWÒZ>2ACLu� 9?@GM&B?^VDEUVÒZÐ*Q
�¯>29?@GNiB�UV^VDG>�Y*UVÒZ>�Ð3>pUWÒZB]YZN:B&F*UVÒZ>�N Ù F�UVÒZ>�UVDGÖ2DGÐ39?M&> ê DEUVÒCY�D£hy>�^V>�FU�\<9?@EÑZ>�N�B?; S ÿ a J}B?FZ> ê 9?N

UWÒ�>2^i>49?@±\<9?^iDî9?FZÖ�>?J S ÿ a ß Û��X� ç � a ß ��} � ç S ÿ ð ß � ç � ð ß Û JHB&FZ>TÒZDEM&ÒZ>�^PUVÒH9?F#UWÒZ>�^V>�9?@±\<9?^VDG9?FZÖ�><J
S ÿ a ß � �X� ç � a ß ��} � ç S ÿ ð ß � ç � ð ß Û J�9<FZY UVÒZ>ãB?UVÒZ>�^R@EB ê >�^�J S ÿ a ß Û�� ç � a ß ��} � ç S ÿ ð ß
� ç � ð ß Û Q
õPÒZ>�ACL§�ºÐ�>�UVÒZBÕY ê 9?Nµ9<@ ê 9 Ù N�B&Ñ�UV×y>�^i;eB&^iÐ3>�Y ØÙ UWÒZ>�B?UVÒZ>�^´UWÒ�^V>�>:Ð�>�UWÒ�BÕYZN´>kÔ�Ö�>�×�U
;eB&^PUWÒ�> S ÿ a ß � �X� ç � a ß ��} � ç S ÿ ð ß � ç � ð ß Û Ö49?Ni> ê Ò�>�^V>2ÑZNVDEFZM397\?>�^ Ù ÒZDEM&Ò#\?9<@GÑZ>�;eB&^ b 9?FZY
Ö�B?Ð Ø DGF�DGFZMRDíU ê DEUVÒ*UVÒZ>2ACL§� UV>�FZY�>�FZÖ Ù UVB b´ó a ß � ×Z^VB]YZÑZÖ�>�N:Ð3B?^V>�NV>�FZNVD Ø @G>T^i>�NVÑ�@EUWN�QP3Ä�Ä�ÄKÅ�©�É1ÆgÌ2´�Ë4¹vÍeÉgÆ4¹
s�FRUVÒZDGN�×H9<×y>�^ ê >�ÒH94\&>�×Z^iB&×}B&NV>�Y�UVÒZ^V>�>PDEUW>�^W9<UVDE\?>PDGÐ39?M&>µ^i>�NsUWB&^V9<UWDEB&F79?@GM?B&^VDíUWÒZÐ�N-9<Ö�Ö�B?^VYZDEFZM�UWB
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Û�� YÇt S Û�½ Q Û jX� ¢�A S Û�j Q �X� � � Q � � � Q � S

�5S ` õ S Û�� Q ½ S �X� Q SXS ½ Q �XS
j S ÿ Ð S Û�� Q �X� ½ � Q �5� ½ Q ½�Û
Û S ACLu� S j �~� Q � � � Q � � j Q �XS
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S � Y�t S Û Q ½�Û � ¢�A SXS Q ½ S �Ï� Q �X½ � Q j5½

jX½ ` õ SX� Q �Xj S � Q �5� � Q � S
½X� ÿ Ð S � Q �Ï� S � Q � Û ½ Q �1�
S � ACLu� Û SXS ½ Q � ÛX}¤� ì Û�� ó ¬ � j Q S j
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Û�� � ` õ j Q jÏ� � � Q � S � Q S Û
Û?Û�� ÿ Ð � Q � � SX� Q Û�� � Q jÏ�
� � A*L§� S Û�jX� Q � � Q � � � Q jX�
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½ ACL§� j Q Û S ��}¤j ì Û�� óEË
� �g®�]�]¨



0

5e+06

1e+07

1.5e+07

2e+07

2.5e+07

3e+07

0 10 20 30 40 50 60

D
E

LT
AÌ

ITERATIONS

ST
CO
EM

½�xz�`�����



-5e+06

0

5e+06

1e+07

1.5e+07

2e+07

2.5e+07

3e+07

0 10 20 30 40 50 60

D
E

LT
AÌ

ITERATIONS

ST
CO
EM

½�xz�`�<¢v�



-1.5e+07

-1e+07

-5e+06

0

5e+06

1e+07

1.5e+07

2e+07

2.5e+07

3e+07

3.5e+07

4e+07

0 20 40 60 80 100 120

D
E

LT
AÌ

ITERATIONS

ST
CO
EM

½�xz�`�`¤`�



6.2

6.4

6.6

6.8

7

7.2

7.4

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

S
N

R
 IM

P
R

O
V

E
M

E
N

T

w

EM,0,w,0,1
EM,10,w,0,1
EM,50,w,0,1

EM,100,w,0,1

½�xz�`�F»<�



7

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

9

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

S
N

R
 IM

P
R

O
V

E
M

E
N

T

w

EM,100,w,0,1
EM,10,w,0,1
EM,50,w,0,1

EM,100,w,0,1

½�xz�`�,¤v�



8.5

9

9.5

10

10.5

11

11.5

12

12.5

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

S
N

R
 IM

P
R

O
V

E
M

E
N

T

w

EM,0,w,0,1
EM,10,w,0,1
EM,50,w,0,1

EM,100,w,0,1

½�xz�`� ¡ �



è 9 é è ØSé

è Ö é è Y é
½�xz�`�?�K�



è 9 é

è ØSé è Ö é

½�xz�`�`�`�



½�xz�`�5Â`�



-20000

-15000

-10000

-5000

0

5000

10000

0 0.05 0.1 0.15 0.2

m(x)

è 9 é

-40

-20

0

20

40

60

80

100

120

140

160

10 20 30 40 50 60 70 80 90 100

m(x)

è ØSé

½�xz�`���V�v�


