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X w J�J�HKT|� Z POFITKD�MSPNLNiWPOJ�\|RE��FzP w DGJBFz\ w [ TKL w TcT_jyiWPod
PNLNi|��POFITKD���������F�M�i�DGJB� �T|v [ FIDkiWPOFITKD¡TKV�MoJB�QV¢d
T|LO\£iWDGF � FIDG\�v�iW¤kM1�¥`u¦�§¨�-iKDkj0JBHKTK� Z PNFzT|D�MSPNLNiWPOJd
\|FzJ=M©�¥�ª`G�~�beP$iKjGiK¤_PNM�P w J©DkJ�FI\ w [ T|L w T£T_j«LNJ���isd
PNFzT|DkM w Fz¤(}cDGTs��D$V{LNTKv¬`k¦�§POT��ª`UFzDuj_FzHcF�j Z iK�IM
FID5TKL�j_J�L®PNT$�T|Dk�JBD|PNLNiWPOJ�P w J�v�iWLNT Z DkjUP w J�TK¤_d
PNFzv Z v TKV;P w J0¤GLNT [ �IJ�v(~
bgD%P w FIM0¤uiW¤�J�L=];j_J�PNiWFI�IJBj¯FzDcHKJ=MSPNFz\£isPNFzT|DkM�TKD%P w J
LNT [GZ MSPNDGJBMNM�TWV�P w J¯�ª�4�ªJBLOJ5¤�J�LOV{TKLNv�JBj�T|D�i
HsiWLNFIJPSR�TKV��1J��I�Qde}cDGTs��D�TK¤_PNFzv�F � isPNFzT|D�¤GLOT [ �IJ�v�M�~
X w J [ J w i°HcFzT|L9TWVcP w Jª���¡�1i|M9�T|v�¤uiWLNJBjyPOT�P w isP
TKV±MOJ�H|J�L�iW�_TKP w JBL'}cDGTs��D�H°iKLOF�iWD£P�M�TWV9�ª`�M Z � w iKM
�1`%��FQP w v Z P�isPOFIHKJ
MSPNJ�¤¡�T|D£POLNTK��]��1`¨��FzP w �TWd
HsiWLNF�iWDk��J&v�isPNLOFz²¨iKjGiK¤_PNiWPOFITKD9]9jGFQ³�J�LNJ�D£POF�iW�.JBHKTWd
� Z POFITKD´iWDkjµTKP w JBLNMB~5bgD«P w FIM&POJ=MSP�MoJBLOFIJBM0FzP��®iKM
M w Ts��D�P w iWP����¶FIM.v Z � w v�TKLNJªLNT [GZ MSP.P w iWD�P w J
TKP w JBLE�ª`UH°iKLOF�iWD£P�M�~
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ÄyHKTK� Z PNFzT|D MSPNLNiWPOJB\KFIJBM´��FQP w¬Å JBFz\ w [ TKL w TcT_j,isPOPOL�iK�POFITKD
���ª�y��iWLNJEi��T|v [ FIDkisPNFzT|D�TWV�PS�1T&j_Fz³�JBLOJBD|Pª}£FIDkjGMªTWV±¤GLNT [ d
�IJ�vÆMoT|�zH|J�L�M�Çµ�'H|TK� Z POFITKDÁMoPOL�isPNJ�\|FzJ=M����1`G�$iKDkjÁiWLOPOFzÈu��FIiK�
DGJ Z LNiK��DGJPS�1TKLN}_M�]±F�~ JK~$MOJ��zV¢d�T|LO\£iWDGF � FIDG\Uv�iK¤kM��¥`k¦�§¯��]±PNT
[ J0v�T|LOJ�¤GLNJB��FIMOJK~
�ª`y�1J�LNJ'j_J�H|J��ITK¤�JBj�FID�P w J'��isPNJElBÉ|rKq|M [ R�f�JB� w J�D [ JBLO\�iKDkj
`_� w �1JV{J��ªiWDkj%��isPOJBL�FIv�¤kLOTsH|JBj¶��MOJ�J�Ê f�JB� w JBD [ JBLO\u]±lBÉKÉKË°Ì�]
Ê `_� w �ªJ�V{J���]±lBÉKÉ£ÍBÌ®iKDkjÎÊ Ï�Yi|��}$JP�iK�¥~I]±lBÉ|É£n�Ì{��~¨X w J�FIL&v�iWFID
iW¤k¤G�zF���iWPOFITKDÎF�M$P w J%TK¤_PNFzv�F � isPNFzT|DÎTWV�LNJBiK�QdeHsiW� Z JBj�v Z �QPNFQd
¤kiKLNiKv�J�POJBL�¤GLNT [ �IJ�v�MB~�X w J�Rµj_FILOJ=��PO�IR Z MoJ$P w J
FzD_V{T|LOv�iWd
POFITKD5TKV.P w J�Ð Z iW�IFQPSR
TWV'i�¤�TWPOJBD£POF�iW�;MOTK� Z PNFzT|D©TKV.P w J&V Z Dk��d
POFITKDaPOT [ JµT|¤_POFIv�F � JBj±~ �1`Î�1TKLN}´T|D�i´¤uT|¤ Z ��isPNFzT|D�Ñ
TWV.¤�TWPOJBD£POF�iW�;MOTK� Z PNFzT|DkM0�{FIDkj_FIHcFIj Z iW��M�Ò_� [ RUv�iWDGFI¤ Z ��isPNFzDk\
P w JBMOJ0FzDkjGFzHcF�j Z iW��M®��FzP w J�H|TK� Z POFITKDkiKLOR�T|¤uJBLNiWPOT|LNMB~
haMO¤�JB�F�iW�����iKMNM'TKV9DGJ Z LNiK�uDGJ�PS�ªT|LO}_M.d�P w JyMOJ��zV¢d�T|LO\£iWDGF � FIDG\

Ó�Fz\ Z LNJyl|Ç;���&ÇsX-L�iWDkMoV{J�L.TKVkP w J�`u¦�§,DGJBFz\ w [ TKL w TcT_j�T|D|PNT
�ª`UFIDkj_FIH£F�j Z iK�IM

v�iW¤kM¯�¥`k¦�§¯��d��1J�LNJ�j_JBHKJ��ITK¤�JBj�FIDÎP w J¿l=ÉKÔKq|M [ R¶Õ�TKd
w T|DGJ�DÃÊ Õ�T w TKDkJ�D9]±l=ÉKÉ|ÍBÌe~ÁX w J5DGJ Z LNTKDkM�TKV�i¡`k¦�§ÖiWLNJ
TKLN\|iKDGF � JBj(FID¨iUDGJ�FI\ w [ TKL w TcTcj(LNJ���isPNFzT|DkM w Fz¤-]�J|~ \u~yi$PS�ªTKd
j_FIv�J�DkMOFzT|DkiW��\KLNFIj±~Á×-JBiKLODGFIDG\%PNiK}KJ=M�¤G�Ii|�J [ R´i|jGiW¤GPOFIDG\
P w J¯�1J�FI\ w P
H|JB�POTKL�M
TWV0P w J%DkJ Z LNTKDkM%��iKDkj�P w J�LNJ [ R�P w J
DGJ Z LOT|DkMBØ_¤uT£MoFzPOFITKDkMEFzD©P w J�¤GLNT [ �IJ�v MO¤ki|�J=�®i|����TKL�j_FzDk\&PNT
i��IJBiKLODkFzDG\¯L Z �zJ
� w FI� w FzDu�TKLN¤�TKL�isPOJ=M�P w J
DGJBFz\ w [ T|L w TcT_j
LNJ���isPOFITKD(j_J�ÈkDGJBj(iKv�T|DG\�P w J0DGJ Z LNTKDkMB~
X w J$F�j_J=i [ J w FIDkj¿�ª�ÙFIM�POT5PNLNiKDkMoV{J�L�P w J$DGJBFz\ w [ T|L w TcT_j
iWDujµP w J(�IJBiKLODGFIDG\�L Z �IJ
j_J�ÈkDGJ=j«V{TKL$`k¦�§ÚDGJ Z LNTKDuM&T|D|PNT
P w JyFIDkj_FIHcFIj Z iW��M�TKV-iWDU�1`5��MOJ�J�Èk\k~®l=�~�C�MOFzDG\&P w F�M1DGJ�FI\ w d
[ TKL w TcTcj&�TKDu�J�¤GP�FID&P w J1DGJ��¿�ª��] [ JPoPNJ�L����´FIDkj_FIH£F�j Z iK�IM
��iKD$isPOPOL�iK��P�P w JBFzLª�ªT|LNMOJ�DGJ�FI\ w [ TKL�M�iKDkj�P w Z MB]KP w J�FIDkj_FIHcFQd
j Z iK�IM®��FI�I� [ J���TKDk��J�D£POL�isPNJBj©iWLNT Z Duj�P w J0TK¤_PNFzv Z v(~
Û'LNJ�HcFIT Z M [ J�Dk� w v�iKLO}(PNJBMoPNM��ªJBLOJ�¤�J�LOV{TKLNv�J=j�T|D¯i
D Z v�d
[ J�LÜTKVÎTK¤_PNFzv�F � isPNFzT|DÝPNi|Mo}_MÞ� w F�� w ��T Z ��j [ JßMoT|�zH|JBj



[ R4����i|MÁ�1J��I�%i|M [ R�v�iWDcR4�TKDcH|J�D£POFITKDkiK�¨�ª`Ý�¥��VS~
Ê � Z w MOJ�iWDuj���JB�z��]upKqKqKq=Ì{��~¡X w J
v�iWFID¡V{T_� Z M��1i|M&T|D¡P w J
�T|DcHKJ�LN\KJBDk�J®H|J��ITc��FQPSR�TWV±P w Jy�ª��]ciWDkj�FzP1��T Z ��j [ JyM w Ts��D
P w isP�� JBMO¤uJ=�F�iW�I�zR V{TKL¶Mov�iW�I�U¤�TK¤ Z �IiWPOFITKDkM��ÜP w JÁ¤uJBLod
V{TKLNv�iWDk��J¨TKV�P w Jµ���F�MUJ=Ð Z FzHsiW�IJ�D£P©POT´TKL©J�HKJBD [ JPOPOJ�L
P w iWD��T|v�¤uiWL�i [ �IJ1��TKDcHKJBD£POFITKDkiK�c�1`�TKD�P w T£MoJ [ J�Dk� w v�iKLO}
¤GLNT [ �IJ�v�MB~
X w F�M�¤uiW¤�J�L1FzDcHKJ=MSPNFz\£isPNJBM�P w J�LNT [kZ MSPNDGJBMNM'TKV±P w J����&~£X w J
V{T_� Z M��IFzJ=M�TKD´jGF��$� Z �QP�TK¤GPOFIv�F � iWPOFITKD¿PNiKMO}_M&� w FI� w TWV¢POJBD
��i Z MOJ�¤GLNT [ �IJ�v�M9POTy��TKDcHKJBD£POFITKDkiK�K�ª`�~sh¡POJBMoP [ J=j0TWVkv�iKD£R
j_F��$� Z �zP;T|¤_POFIv�F � isPOFITKD�PNiKMO}_M±�®iKM-MOJP Z ¤9]WiWDuj�P w JªLOJB�zF�i [ FI�zd
FzPSR$TWV9P w J0����FIM���TKv�¤kiKLOJ=j�POT�MOJ�HKJBLNiK��jGFQ³�J�LNJ�D£P®H°iKLOF�iWD£P�M
TWV��ª`U�IFz}|J��ª`U��FQP w v Z PNiWPOFIHKJ�MoPOJB¤(��TKD£POLNTK��]_�ª`
��FzP w �TKd
HsiWLNFIiKDk�J®v�isPNLOFz²�i|jGiW¤GPNisPNFzT|D9]Kj_Fz³�J�LNJ�D£POF�iW�GJBHKT|� Z PNFzT|D9]KiKDkj
TWP w J�L�MB~�X w JyJ²_¤�J�LNFzv�J�D£P�MªM w Ts�¶P w iWPªP w Jy�ª� w i|MªiKDUiW¤Gd
¤kiKLOJBD|PN�zR [ JPOPOJBLELOT [GZ MoPODGJ=MOMªP w iWD
P w J0TKP w JBL��ª`UH°iKLOF�iWD£P�M
TKD©v�T|MoPETWV;P w J�PNJBMoPOJBj©T|¤_POFIv�F � isPOFITKD
PNi|Mo}_MB~
h4M w TKLOP$j_JBMN�LNFz¤GPOFITKD¶TWV�P w J����¬F�M�\KFIHKJBD´FID�MoJ=��POFITKDÎp_~
X w J�T|¤_POFIv�F � isPNFzT|D©¤kLOT [ �zJBv�M Z MOJBj5iKM�i�POJBMoP [ JBj(V{T|LET Z L
FID£H|JBMoPOFI\|iWPOFITKDkM
iWLNJ¨j_JBMN�LNF [ J=jÁFIDaMoJ=��PNFzT|D
	G~Ù`cJ=��POFITKDaË
M w Ts�EM�P w J�PNJBMoP�MOJ�LNFzJ=M�P w isPy�1J�LNJ�¤�J�LOV{TKLNv�JBj(TKD¯��� iKDkj
P w J��ª`�HsiWLNF�iWD£PNMB]=iKDkj�P w J'LOJ=M Z �QP�M-iWLNJ'j_F�MO� Z MNMoJ=jyFID�MOJB��PNFzT|D
Í_~$myJP�iWFI�zJ=j%FzD_V{T|LOv�iWPOFITKD%TKD%P w J�PNJBMoP0V Z Dk�POFITKDkM��BiWD [ J
V{T Z Dkj©FzD©P w J�iW¤G¤�J�DkjGFQ²±~
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X w J$FIDkj_FIHcFIj Z iW��M�� w F�� w iWLNJ Z DkTKL�j_J�LNJBj%FID¡�TKDcH|J�D£POFITKDkiK�
�ª`±] w i°H|J�DGJBFz\ w [ T|L w TcT_j0LNJ���isPNFzT|DkM9FID�P w J1�ª��~sX w J1DGJ�FI\ w d
[ TKL w TcTcj [ JPS�1J�J�D¶P w J! �¤uiWLNJ�D£P�FzDkjGFzHcF�j Z iW��M�F�M$�T|DkMoPOFzd
P Z POJBj [ R�iWLNL�iWDG\|FzDG\�P w JBv FID�iKD&T|LoP w TK\|TKDkiK�¥]°J���iKMoPOF��1\KLNFIj9~
h�M�}cDGTs��DµV{LNTKv"`k¦�§«]-J=iK� w FIDkj_FIHcFIj Z iW�®��iWD [ JUF�j_JBD|PNFQd
ÈkJ=j [ R$FzPNM�ÈG²_JBj
\KLNFIj
¤uT£MoFzPOFITKD-]kiWDkjUPS�1T�FIDkj_FIHcFIj Z iW��M�iWLNJ
DGJBFz\ w [ TKL�M�FzVyP w J�R¶iWLNJ(jGFzLNJB�PO�IR´�T|DGDGJ=��POJ=j¶TKD´P w J�\|LOF�j
��MOJ�J�Èu\k~'p_]_�IJV¢P���~

"$#�%'&)(+*-,�.0/1*32546.87-*9#:%<;>=@?<(+;)?>?>AB%<(+#CAB=@*34EDF*9*HGI4J;)*LKNMO(+*9GP4
#:GQA�#:RP#CA�&QM<S:THUVMOS:SW%'(J*HXY#:GQA�#:R>#:A)&QMOSCTZMO(+*[G)*9#:%<;>=@?<(\T]?<2L4J;Q*
=)SCM<^\_[#:GQA�#:R>#:A)&QMOSa`
bc#:%<;P4H.0d-#:R>#:TJ#�?'G]?<2)4J;)*FK)(+?<=)S:*9efTJKQM<^9*g#:GP4J?h;PX>K@*9(Jij^9&)=@*HTHU
A�&)(+#:G)%k#�GQ#�4+#:M<S�#:lHMO4J#:?<GZ?<G)*c#:GQA�#:R>#:A)&QMOSN#:TmKQS:M'^3*HAI(\MOGQA)?<eZS�X
#:G'4+?Z*HM<^\;n;>X>KN*H(oip^3&)=@*

qV;)*rA�#:eZ*9GQTJ#�?'GYs't[?<2g4J;Q*r%<(+#:A�A�*9K@*9GQAQTk?<G�4J;)*[A�#:eZ*9G�i
TJ#�?'Guswvr?O2m4+;)*xK)(+?<=)S:*9eyTJKQM<^9*]MOGQA�?'G!4J;Q*xG>&)e]=@*9(hz{?O2
4J;Q*BKQM<(J*HGP4|#:GQA�#:RP#CA�&QM<S:TZ}~#�` *<`�4+;)*BG>&)eB=N*H(�?O2�4+;)*B#:GQA�#:R>#�i
A�&QM<S:T-^3?<GNTE4+#�4+&�4J#:G)%Z4J;Q*x%<(+#:AN��`gqV;)*k%'(J#CAn#:T-^9MOSC^3&QS:MO4J*HAn#:G
4J;Q*�2�?'S�S:?wDc#�GQ%�DVM�X@.["$#:(+To4H�gz�#:TZA�#:R>#:A)*HA�#:GP4J?�#�4\TBKQ(J#:eZ*
2~M<^34J?'(+THUV*<` %Q`�z����6�<����,[�>,r�>�Z����Uc�1�����Y#CTI4J;Q*
G>&)e]=@*9(n?O2k4+;)*�2~M<^�4+?<(\T��w�J`��j2k4J;)*YG>&)e]=@*9(n�1��?<2x4J;Q*
2~M<^34J?'(+T|#:ThTJeZM<S�S:*9(|4J;NMOG!4+;)*IA)#�eZ*9GNTo#:?<G�?O2�4+;)*BKQ(J?'=)S�*He��
4J;Q*9GY4J;)*r%'(J#CAYA�#�eZ*HGQTo#:?<GY#CTxTo*94�4J?!�1�Q`��-4J;)*H(JDc#CTo*'��4J;Q*
TJeZM<S�S:*HTo4mK)(+#�eZ*HTgMO(+*FeB&)S�4J#:K)S�#:*HAI&)GP4+#�SQ4J;)*cG>&)eB=N*H(�?O2@2~M<^3i
4J?'(+T8#CT8*H�P&QM<S>4J?�4+;)*cK)(+?<=)S:*9e�A)#�eZ*9GNTo#:?<G�`8qV;>&QTH�O#�4�;Q?<SCA)T9.
s t�� s v `n�pGQTo#CA�*r4+;)*[G)*H#�%';>=N?'(J;)?>?�AY%<(+#:A�4+;)*[#:GQA�#:RP#CA�&�i
MOSCT]M<(J*�MO(+(+M<G)%<*6A�M'^9^3?'(+A)#�G)%�4+?!4J;Q*[2~M<^34J?'(J#:lHMO4J#:?<G�`u -` %N`
2�?<(Zz¡�¢�6�<��M<GQA�M�K)(+?<=)S:*9e£A)#�eZ*9GNTo#:?<G�swv��¢�H�Q�m4J;Q*
%<(+#CA�A�#:eZ*9GQTJ#�?'G�#CTcs<tk���rMOGNA��<¤c�
,x#:GQA�#:R>#:A)&QMOSCTVMO(+*|#:G
4J;Q*]¥Q(\To4�A�#:eZ*9GQTJ#:?<G��1�w¦I��,�#�GNA�#�R>#CA�&QM<S:Th#:Gu4J;Q*ZTJ*H^9?<GQA��
�w§|���B#:GQA�#:RP#CA�&QM<S:TL#�G�4+;)*�4J;)#:(\A!MOGQA!��¨h�
�I#:GQA�#:RP#CA�&QM<S:T
#:G�4+;)*�2�?<&Q(o4+;�`
©F*H^HMO&QTJ*�?<2]4J;Q*�?'(o4+;)?<%'?<GQM<S�#�4EXª?<2]4+;)*�%'(J#CA�4+;)*{G)*9#:%<;)i
=@?<(+;)?>?>A�#CT�*HM<TJ#:S�X�A)*34J*H(JeZ#:G)*HA�`ZqV;Q*rS�*9254]MOGQA�4J;)*r(+#:%<;P4
G)*H#�%';P=@?<(Z?<2|?<GQ*n#:GQA�#:R>#:A)&QMOSL«>�k^9M<Gª=@*uA�*94J*9(+eZ#�GQ*HAª#�G�i
A�*HKN*HGQA�*9GP4+S�XY2�?<(B*HM'^\;�A�#�eZ*HGQTo#:?<G1`� L` %Q`�2�?'(BA�#:eZ*9GQTJ#�?'G
s��¢��4J;Q*�4EDF?�GQ*9#:%<;>=N?'(+T]?O2|«>�hDc#�4J;ª4J;)*n%<(+#:A�^3?>?<(\A�#�i
GQMO4J*HT

«P�¬� }~«P'®Y« ¤ ®¯« ¦ ®9°9°H°9®+«P±)�²M<(J*
«>³$´¬� }~«  ®J«)¤Fµ��<®J«>¦w®H°9°H°9®J« ± �²M<GQA
«>³0¶·� }~«  ®J«)¤�¸��<®J«>¦w®H°9°H°9®J« ± �3°

a
N2

a
Nb

a
P

a
N1

a

a
N3

a
O

"0#:%<&Q(J*k¹).m7-*9#:%<;>=N?'(J;Q?P?�AnMw4J4J(\M<^�4+#�?'G�#:G� g7

�pGº^3?<GP4+(+M'TE4�4J?»^3?<G>R'*9GP4J#:?<GQM<SI F¼¡M<GQA�¼N�h½��h4J;)*�#:G)#�i
4J#CMOS|RwMOS:&)*HT�?O2�4J;)*�?<=�¾E*6^�4�RwM<(J#CMO=)S:*HT[?O2�4J;)*Y g7¿#:GQA�#:R>#�i
A�&QM<S:TWMO(+*LG)?<4WM<T+To#:%<GQ*HAZ(\MOGQA�?'eZS�X'`$bLMO4J;)*H(H�'4J;Q*-K)(+?<=)S:*9e
TJKQM<^9*[#:TBA�#:RP#CA�*6A�#�GP4+?u*H�P&QM<S�S:XYTJ#:l9*HA{;>X>K@*9(Jij^9&)=N*6T9�8*6M<^\;
?O214J;)*HeÀ^3?'(J(+*HTJKN?'GQA�#:G)%x4+?B?'G)*h%<(+#:A�KN?PTo#�4J#:?<GY}~TJ*9*|¥Q%Q`�,��
(+#�%';'4���`nqV;)*r?<=�¾E*6^�4]RwM<(J#CMO=)S:*HT�?<2W4+;)*�M'TJTJ?�^3#CMw4J*6A�#:GQA�#:R>#�i
A�&QM<S|M<(J*�#:G)#�4+#:M<S�#:l9*6A�Dc#�4+;�*H�P&QM<S�S:XªA)#:To4J(+#�=Q&�4J*6A�(+M<GQA�?<e
RwMOS:&)*HTVDc#�4J;Q#�G�4+;)*�(+M<G)%<*6TW?<2$#�4+TL;PX>K@*9(Jij^9&)=@*<`
Á T|#CTh^9&QTo4J?<erM<(JXn#�G� W¼Â�N4J;)*Z g7�#�GNA�#�R>#CA�&QM<S:ThMO(+*]*HR�M<S�&)i
Mw4+*HA�&QTJ#�G)%Z4+;)*�¥)4+G)*HT+TF2�&)GQ^34J#:?<G�`
qV;)*- W7cipToK@*H^9#�¥@^V*9R<?'S�&)4J#:?<GQM<(JXx?'KN*H(+MO4J?'(8Ãx4J;)*-G)*9#:%<;>=@?<(Ji
;)?>?�A�Mw4o4+(+M'^�4+#�?'G[Ã[erMOG)#:K)&)SCMw4+*HTF4+;)*] g7�#:GQA�#:R>#:A�&NMOSCTLM<^3i



�T|LNjGFzDG\UPOT©TKDGJ��zJ=iWLNDGFIDG\
MoPOJB¤¯FID¯i©`k¦�§«~±�'H|J�LNR©¤uiWLNJ�D£P
FIDkj_FIH£F�j Z iK�kÒ � F�M�isPOPOL�iK�POJBj&POT0FzPNM [ J=MSP'DGJBFz\ w [ T|L.Ò�����iKDkj
P w Z M [ J=�T|v�J=M®P w J0TW³±Mo¤GLNFIDG\$Ò��Þ��MOJ�J�Èk\ Z LOJx	£��~1X w J�T [ d
� JB�P�HsiKLOF�i [ �IJBM��	 �¯TWVGP w J1TW³±Mo¤GLNFIDG\�iWLNJª�BiW��� Z ��isPNJBj�i|����TKL�jcd
FIDG\UPNT
J=Ð Z isPNFzT|D¡l�iKDkj5P w J�DGJ�FI\ w [ TKL w TcTcj�LOJB�IiWPOFITKDkM�iWLNJ
LNJPNiKFzDkJBj Z Dk� w iKDG\KJ=j±~

�	 ��
 �	 ������ ���	 ����� �	 � � �Sl°�

�EJBLOJ|]��	 � FIM�P w JUT [ � J=��P&HsiWLNF�i [ �IJBM�H|JB��PNTKL�TKV®P w J$¤uiWLNJ�D£P
iWDuj��	 ��� F�M$FzPNM [ J=MSPUDkJ�FI\ w [ T|LB~ÃX w J�¤uiWL�iWv�JPNJ�L � j_Jd
ÈkDGJ=M�P w J¨MSPNLOJBDG\WP w TWV�P w J�iWPoPOL�iK�POFITKDÎiW�ITKDk\¯P w J�j_Fz³�JBLod
J�Du�J�H|JB�POTKLªiWDkj��	 � j_JBDGTWPNJBM�P w JyT [ � J=��PªHsiKLOF�i [ �IJBM'TWV±P w J
TW³±MO¤GLOFIDG\u~
beV1P w J$¤uiWLNJ�D£P0FzDkjGFzHcF�j Z iW�ªÒ � F�M��T|DkMOFIj_JBLOJ=j [ JPOPOJBL0P w iKD
iW�I�'FzPNM&DGJ�FI\ w [ TKL�M0Ò�������� 
 l���������]��¨F�M�P w J$D Z v [ J�L&TWV
DGJBFz\ w [ TKL�M��.i �KMOFzv�¤G�IJ���TKDcHKJBD|PNFzT|DkiW�!��v Z P�isPNFzT|D��{LNJV{J�LNLNJBj
POT�i|M#"#$&%�')(+*�,-*/.10-2 w J�LNJ=��F�M'¤�J�LOV{TKLNv�JBj±~43�TK³�MO¤GLNFzDG\£M�iWLNJ
\KJBDGJ�L�isPNJBj
iK����TKL�j_FIDG\&PNTUp_~

�57698;:=< > 
 �? �¥qA@Bl=� B 
 l������C3
D 6FEHG 
 v�FID-�CIJ�	 � � �	 ��� I��K� 
 l��������
LNMPONO 
 QG D 69EHG�	 �SRT
 �	 �U� LNMPONO � �576F8;: R VW
 l������PX

�¥p|�

X%FIM1P w J0D Z v [ J�L�TKV�T [ � JB�P®HsiKLOF�i [ �IJBMB~
X w JEJ�³�J=��PNFzH|J�MSPNJ�¤$MOF � J LNMPONO F�M�j_J�POJBLOv�FIDGJBj [ R�P w JELNJB��Fz¤Gd
LNTc�BiW�GD Z v [ JBLªTKV±T [ � J=��P�HsiWLNF�i [ �IJBM Q iWDkj [ R�P w J�j_F�MSP�iWDk��J
D 6FEHG POT�P w JyDGJBiKLOJ=MSP�DkJ�FI\ w [ T|LB~�X w Z M�]ci0v Z PNiWPOFITKD�� w F�� w
� Z v�¤kM.TsH|J�L.i�DGJBFz\ w [ T|L�iKDkj�iKD&JBD|P�iWDG\|�zJBv�J�D£P�TKVGP w J1\|LOF�j
[ JB�T|v�JBMª�zJ=MOM��zFI}KJB�zR|~.m Z LNFzDk\�P w J���TKD£POL�iK�POFITKD�TWV±P w Jy\|LOF�j
P w JyJ�³�J=��POFIHKJ�MSPNJ�¤UMOF � JBM1j_J=�LNJBiKMOJEj Z JyPOT&P w J�FID+Y Z JBDk�JyTWV
D 6FEHG ~
f�J=�TKv [ FIDkisPNFzT|D
F�M®DGTWPEJ�²_¤G�zF��FzPO�IR Z MoJ=j±~
ÓGT|LEj_JP�iWFI�IMB]_¤G�IJBi|MoJ0MOJ�J$Ê � Z w MOJ0iWDkju��JB�z��]kpWq|qKq=Ìe~

Z º����®ºW[�Àa¹ÞÂ%º¯¸_½¿¹¡�

hED%J²cPNJ�DkMOFzH|J&PNJBMoP [ J=j¯TKVªT|¤_POFIv�F � isPOFITKD¨PNi|Mo}_M��1i|M��TKDGd
MoPOFzP Z PNJBj¯POT5¤�J�LNv�FQP0P w TKLNT Z \ w FIDcHKJBMoPOFI\|iWPOFITKDkMyTKD¯P w J�LOTKd
[GZ MoPODkJBMNM®TWV�P w J��ª��~
¦yD©P w J0T|DGJ w iKDkj±]_P w J�V Z Dk�POFITKDkM Z MoJ=j$V{T|LE¤GLNJ�HcFIT Z M1PNJBMoP
MOJ�LNFzJ=M¶Ê � Z w MoJ�iKDkj!��J��I�¥]�pWqKq|q=Ì$�ªJBLOJ¶FIDk�T|LO¤�TKL�isPNJBj �/\ Q ]\-]K]-\7^W]_\-`s]_\ QPa ]-\7] Q ��~.X w JBMOJ�V Z Dk�POFITKDkM;FIDk�� Z j_J Z DGFzd�v�T_jGiW�iWDuj«v Z �zPOFzdev�T_jGiK�'V Z Du��POFITKDuM�i|M��1J��I�1i|M&MOR£v�v�JPNLOF��$iKDkj
DGT|D_deMORcv�v�J�POLNFI��T|DGJBMB]-iWDuj�P w J�R¯�ªJBLOJ�iW��MoT Z MOJBj%JK~ \k~�FID
Ê j_J bKT|DG\k]�l=É£nWÍBÌe]uÊ Ï�YiK��}�]±lBÉ|É|pBÌuiKDkj(Ê `G� w �1JV{JB�¥]±l=ÉKÉ£ÍBÌ�~'¦yD
cPd�efefg�hjilknm�oqpPgsr t#uveCwlufm7x+uvhPolyAz|{�{�}N~�y���wlgq�lhPg;�+g���uf���!g�hFw�kn�

x�d���kne�d��no�g�hPk�pPw����Hg�h�d��=z�� �J�+�9������pPg�� d��NuspPw�u��nufm�o�pPw�g��
pPw�u����lpjd�pPk�g�m��NufeCpPg�h#k�m�iluf�+uvm�iluvm7p�g��SpPw�u�m7����x+uCh� ¡g�����d�hPk��
d�xl�nuf�¢x-£¤o;ufmluvhjd�pPknm�oUpPw�u¥mlg�hP� d��n��£¦i_kn�=p�hPk�xl�lpPu|i¤�NufevpPg�h�uf�nuv�
�qufm-pP����k�pPw¢pPwlu��qu|d�m¨§fuvhPg d�m�i¨��k�pPw¢pPwlu9��d�hPk�d�mlefu�©sª c« ¬

v�T|MoP'TWV�P w J=MoJ®PNJBMoP�V Z Dk�POFITKDkM'iK�zv�T£MSP'iW�I�k�1`&HsiKLOF�iWD£PNM.iKDkj
iW��MOT�P w J0���Þ��TKDcHKJBLO\|JBj±~
¦yD$P w J�TWP w J�L w iWDuj±]_Mo¤�JB��FIiK�uV{T_� Z M1�1i|MªMOJP®TKD
HKJ�LNR�j_F���d
� Z �QPªPOJBMoP'V Z Du��POFITKDuM�� w F�� w iWLNJE}cDGTs��D�POT���i Z MoJE¤kLOT [ �zJBv�M
POT¿v�iKDcR¿TK¤GPOFIv�F � iWPOFITKD�P�iKMO}cMB~Þ�E~ \k~\ a ��` w J�}|J���Ø M$V{T°²cdw T|�zJ=MN�ª�T|DkMoF�MoPNM1TWV;i���F�j_J�¤G�IiWPOJ=i Z ��FzP w v�iWDcR$MoPOJ�JB¤
iKDkj
DkiKLOLNTs� w T|�zJ=M�J�v [ J=jGj_J=j�iKM��IT_��iW�kv�FIDGFIv�iG]£� w J�LNJ®P w J�FzD_d
j_FIHcFIj Z iW��M�v�Fz\ w Py\KJP��Bi Z \ w PB~F\ ]C® Ê t�iW��iWL=]�lBÉ|ÉGl�Ì���TKDkMOF�MSP�M
TWV�iµ¤G��isPOJ=i Z ��FQP w TKDGJ(�ITc�BiW��v�is²_FIv Z v(]®�T|DGDGJB�POJ=j¡PNT
P w J�\|�zT [ iW��v�is²_Fzv Z v [ R�i
MOFIDG\K�IJ�MNiKjGjG�zJ|~�X w J�HsiKLORcFIDG\
j_FIv�J�DkMOFzT|DkM0TKV1J=iK� w POJ=MSP0V Z Du��POFITKD¡iKLOJ�FIDkj_F���iWPOJ=j¯FIDµP w J
iW¤k¤uJBDkj_Fz²�~

¯ \ Q Ç�`c¤ w JBLOJ�v�T_j_J��

¯ \-]KÇ�t�J�DGJBLNiK�zF � J=j
fET|MOJ�D [ LNTc��}�Ø M'V Z Dk��PNFzT|D

¯ \ a Ç�` w JB}KJ���Ø M1V{T°² w TK�IJBM

¯ \ ^ Ç�`_� w �ªJ�V{J���Ø M�jGT ZG[ �IJ0M Z v

¯ \ ` Ç'h���}c�IJ�R�Ø M1V Z Dk��PNFzT|D

¯ \ Qja Ç�^%J�FI\ w PNJBj(Mo¤ w J�LNJ�v�T_j_JB�

¯ \ Qj° Ç'Ó��IJP�� w J�LEiKDkj(Û.Ts�ªJB�z�

¯ \ Qj± Ç�` w J�}|J��zdgÍ

¯ \ Q `WÇ�` w J�}|J��zdSn

¯ \ ]C² Ç�` w J�}|J��zdNl=q

¯ \ ] Q Ç�t�LNFIJ��®iWDG\|}

¯ \ ]v® Ç�t�iK�IiKL

¯ \-]C³KÇ'Õ�Ts�®iW�IFI}

´ º����®º �V�(¼¶¸'���

ÓGT|L;J=iK� w V Z Dk��PNFzT|D&TWVkP w JªPOJ=MSP [ J=j0P w J1�ª�¿�®iKM;�T|v�¤uiWLNJBj
POT�P w J�V{TK�I�zTs��FIDG\��ª`UHsiWLNFIiKD£PNMBÇ

¯ �1`Ã��FQP w Z Dk��TKLNLOJB�IiWPOJ=j»MOJ��zVUiKjkiW¤_P�isPOFITKD,� Z Dk��TKLNLOJ�d
��isPNJBjk�

¯ �1`&��FzP w �TsHsiWLNFIiKDk�J1v�isPNLOFz²�i|jGiW¤_P�isPNFzT|D(�=µ1§�hy��iK�d
��TKL�j_FzDk\&PNT�Ê �yiWDkMOJ�D(iWDkj�¦�MoPOJBLOv�J�FIJ�L=]�lBÉ|ÉKr=Ì

¯ �1`«��FzP w v Z P�isPOFIHKJ5MoPOJB¤´�T|D£POLNTK�0�{DkiKv�JBj¿§¯`_f [ R
Ê f�JB� w J�D [ JBLO\u]±lBÉ|ÉWË°Ì{�

¯ �1`¿��FzP w jGJ�L�iWDkj_T|v�F � JBj�MoJB�QV0iKjkiW¤_P�isPOFITKDÞ�¥j_J�L�iWDkju�
Ê ¦�MSPNJ�LNv�J�FIJ�L®JP�iK�¥~I]9lBÉ|É<	=Ì

¯ �1`$��FzP w T Z P�MOJ��zV.i|jGiW¤_P�isPNFzT|D%��TW³��



¯ �1`$��FzP w MoJB�QV�iKjkiW¤_P�isPOFITKD©iKj_T|¤_POJ=j$V{LNTKv,jGFQ³�J�LNJ�D£POF�iW�
JBHKTK� Z PNFzT|D%�¥j_FQ³�J�H|TK�¢��Ê Û�LOF��J�iWDuj(`cPOTKLND9]±l=ÉKÉ|ÍBÌ

X w J�V{T|�z�ITs��FIDG\E¤kiKLNiKv�J�POJBL9MoJ�PoPOFIDG\£M9�1J�LNJ Z MOJBj�V{TKL-P w Jª����Ç
`cF � J�TWVªP w J�FIDkj_FIHcFIj Z iW��\|LOF�ju 
 l=qKqk]9isPoPNLNi|��PNFzT|D�V�iK�POT|L
� 
 q � q|qGlKl|]-iWDuj%P w J$D Z v [ JBL&TKV®TK³�MO¤GLNFzDk\|M�¤�J�L&¤uiWLNJ�D£P
\KJBDGJ�L�isPNJBj
j Z LNFzDG\�"F$J%�'¢(+*=,7*�.1072�3 
 pG~
ÓGT|L
iK�z���ª`¶HsiWLNFIiKD£PNMB]®ia�SlBq @�l=qKq|�gdeMoPOL�isPNJ�\|R%��FzP w T Z P©LOJ�d
�T|v [ FIDkiWPOFITKD»�1i|M Z MoJ=j±~ X w J=MoJ«MOJPoPNFzDk\|M(�1J�LNJµ� w T|MOJ�D
[ JB��i Z MOJ(P w JBR�iKLOJ(}cDGTs��D�PNT [ J¯¤GLNi|��PNFI�Bi [ �IJ©V{TKLUv�iKD£R
TK¤GPOFIv�F � iWPOFITKD
PNi|Mo}_MB~'Ó Z LOP w JBLOv�T|LOJ 3 
 lBq|q���TKLNLOJ=Mo¤�TKDujGM
POT�P w J�\KLNFIj�MOF � J�TWVkP w JE���&]W� w F�� w v�J=iWDkMB]sP w isP�P w J�D Z v�d
[ J�L'TKVuV Z Du��POFITKD�JBHsiW� Z isPNFzT|DkM.� w F�� w iKLOJ��BiW��� Z ��isPNJBj�FzD�TKDkJ
\KJBDGJ�L�isPNFzT|D0TWVk�ª�¿�T|LOLNJBMO¤�TKDkjGM±POTEP w isP.TWVGT|DGJ�\|J�DGJBLNiWPOFITKD
TWV��ª`±~
^%J¶j_JBHKJB�zT|¤uJ=j iaMO¤uJ=�F�iW����� MoFIv Z �IiWPOFITKD ¤GLNTK\|LNiKvÚPNT
¤�J�LOV{TKLNv P w J¿PNJBMoP%MOJ�LNFzJ=M�~ ÓkTKL¯P w J¶�T|v�¤uiWLNFIMOFzT|D»POJBMoPNM
�1J Z MOJBj¦" ��� ]9i©MoFIv Z �IiWPOFITKD%¤GLOT|\KL�iWvßV{TKL0�'H|TK� Z POFITKDuiWLNR
hE�I\KT|LOFzP w v�M$� w FI� w �®iKMUj_J�H|J��ITK¤�JBj�FID�P w J%MOiKv�J5\|LOT Z ¤
Ê ^%iK} Z DkjGi�iWDkju��JB�z��]±lBÉ|É£n�Ìe~
h,MOFzv Z ��isPOFITKDµL Z Dµ�1i|M0MSPNTK¤G¤�JBjµ� w J�DµP w JU�T|D£H|J�LN\KJBDk�J
HsiW� Z J©�1i|M&LNJBi|� w JBj«T|L�� w J�D¡P w J5iW�I\KT|LOFzP w v"MoPNiK\KDkiWPOJBj9~
ÓGT_� Z M��1i|MEDGTKP�T|D5P w J�D Z v [ J�L�TWV�V Z Dk��PNFzT|D¨JBH°iK� Z isPOFITKDuM
[GZ PªTKD�P w J [ J=MSP�V Z Du��POFITKD�HsiK� Z J�LNJBi|� w JBj9~;�'H|J�LNR�L Z D��1i|M
LNJ�¤�JBisPNJBju	|q�POFIv�JBMy��FQP w j_Fz³�J�LNJ�D£PyL�iWDkjGTKv�MoJBJBjGMB~yX w JBD
P w J [ J=MSP�ÈGPODGJ=MOM�HsiW� Z JBM�LNJBi|� w JBj
�1J�LNJ�i°HKJ�L�iW\|JBjUT Z P�iKDkj
P w J&MSP�iWDkjkiWL�j©jGJ�HcFIiWPOFITKD5�®iKME�BiW��� Z ��isPNJBj±~�X w J&\KL�iW¤ w F���iK�
LNJ�¤GLNJBMOJ�D£PNiWPOFITKDkM [ JB�zTs�»M w Ts��V{TKL1P w J0j_Fz³�J�LNJ�D£PEMSPNLNiWPOJ�\|FzJ=M
��i [ MN�F�MOMNi|��P w J�i°H|J�L�iW\|JUTWVyP w J [ JBMoP�ÈGPNDGJBMNM�HsiW� Z JBM�iKDkj
P w J�MoPNiWDujGiWL�j(j_J�HcF�isPOFITKD5i|jGj_JBj5POTUiKDkj5M Zk[ POL�iK�POJBj
V{LNTKv
P w isP�i°HKJ�L�iW\|J��{T|LNj_FIDkiWPOJ=�~ ] ÓkTKL®���iWLNFQPSR|]KP w JyT|¤_POFIv Z vÙTWV
JBi|� w PNJBMoP�V Z Dk�POFITKD(FIM®¤k�zTKPoPOJ=j(iKM�i�P w FID5�IFzDGJ|~
�ETKP1iK�z�kPOJBMoP�MoJBLOFIJBM'�BiWD [ J�LNJ�¤kLOJ=MoJBD|PNJBj�\KL�iW¤ w FI�BiW�I�zR w JBLOJ|~
ÓGT|L1P w J�PNJBMoP1V Z Dk��PNFzT|DkM�\ Q ]&\ ^ ]J\ ` ] \ Qja iK�zv�T£MSP�iW�I�9MSPNLNiWPOJ�d\KFIJBM®�1J�LNJ�JBÐ Z iW�I�IR�LOJB�zF�i [ �IJ�FzD
ÈkDkjGFzDG\$iK�zv�T£MSP�iW�I�1i°R_MªP w J
TK¤GPOFIv Z v(~�¦yDG�IR0P w JEjGFQ³�J�LNJ�D£POF�iW�kJ�HKT|� Z POFITKD��ª` w iKj�MOTKv�J
¤GLNT [ �IJ�v�MB~
X w J�v�TKLNJyFID£POJBLOJ=MSPNFzDG\�LNJBM Z �QP�MªV{TKL1P w J0j_F��$� Z �zP�V Z Dk�POFITKDkM
� w F�� w �T Z �Ij�DkTWP [ JªMOTK�IHKJ=j [ R�MoT|v�J�MSPNLNiWPOJB\KFIJBM9iKLOJ'M w Ts��D
[ J��ITs�0Ç
ÓGT|LEV Z Du��POFITKD \ a ]�TKDk�zR5���Ü�1i|M�PNTWPNiK�z�IR©LOJB�zF�i [ �IJU�{Èk\k~yË£��~hE�I��TWP w J�LyMoPOL�isPNJ�\|FzJ=M��ªJBLOJ�V{LOJ=Ð Z J�D£PO�IRUPNLNiK¤G¤�JBj(FID�TKDGJ&TWV
P w J0�zT_��iK�±TK¤_PNFzv�ik~
ÓGT|L.V Z Dk�POFITKD¥\ Qj° ]Kv�T£MSP�MoPOL�isPNJ�\KFIJBM.i|� w FzJBHKJ=j&\|T£T_j�LOJ=M Z �QP�M�¢Èu\k~�Í|��~.CEDk��TKLNLOJB�IiWPOJ=j0�ª`�]7µ1§�h�dg�ª`�iWDkj�jGJ�L�iWDkj_T|v�F � JBj
�ª`�V{T Z Dkj¯P w J�TK¤GPOFIv Z v��FQP w T|DG�IR�Mov�iW�I��HsiWLNFIiKDk�J|]±P w J

���Fml��£ g;m�uF�=pjd�m�ild�hji)iluf�7k�d�pPkng;m)�4d��4efd��nef����d�pPu|i)�!g�h�x+uvp�pPuvh
d�m�i¥��g�hP��u�hPuf���l��pP�����#g�pPu
	�� w�u����lxlp�hjd�eCpPu|i��=pjd�m�ild�hji�iluf�7k�d��
pPkng;m¨ilg-uv��m�g�p�kn�q�l�n£ pPw�d�p�pPwluvhPu4� uvhPu�hPuf������pP� x+uvp�pPuvh pPw�d�m�pPwlu
g;�_pPkn���������p�kn��g;ml�n£)��w�g|��m¨pPg�� d�efkn��k�pjd�pPu pPwlu9efg;�q��d�hPkn��kng;m�g��
�Nuvh�£¨��kn�qkn��d�h�hPuf������pP�fy���kn�Nu����� y+i_uvhjd�m�i yld�m�i���� knm���o������

0

5

10

15

20

25

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f5
optimum

Ó;FI\ Z LOJ�ËkÇ�Ó Z Dk��PNFzT|DU\ a ]Gv�FID-��\ a ���	 �o� 
 q

-1000

0

1000

2000

3000

4000

5000

6000

7000

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f17
optimum

Ó�Fz\ Z LNJ0ÍGÇ�Ó Z Dk�POFITKDU\ Qj° ]Gv�FID-��\ QP° ���	 �o� 
 q

-12

-10

-8

-6

-4

-2

0

2

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f18
optimum

Ó�FI\ Z LNJ0rGÇ'Ó Z Dk��PNFzT|DU\ QP± ]_v�FzD���\ Qj± ���	 �O� 
� l=qA�Il=ÍO	£p

TWP w J�L�HsiWLNF�iWD£PNM w iKj¯MoT|v�J&v�TKLNJ�¤kLOT [ �zJBv�M�~�h�\|iWFID9]�TKDk�zR
���ÃM w Ts�1JBj
DGT�¤GLOT [ �IJ�v�M®FzD©P w J0TK¤_PNFzv�F � iWPOFITKD9~



-12

-10

-8

-6

-4

-2

0

2

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f19
optimum

Ó�FI\ Z LNJ&ncÇ'Ó Z Dk��PNFzT|DU\ Q ` ]_v�FzD���\ Q ` ���	 �O� 
� l=qA� Ë|q|pKÉ

-12

-10

-8

-6

-4

-2

0

2

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f20
optimum

Ó�FI\ Z LNJ0ÔGÇ'Ó Z Dk��PNFzT|DU\-]j²|]_v�FzD���\-]C²|���	 �O� 
� l=qA� ÍO	KrKË

hE��MOTUV{T|L�\ Qj± ]9�ª�ÜF�M�P w J�v�T|MoPyLNT [GZ MSP0MSPNLNiWPOJB\KRµ�¢Èk\u~�r|��~beP�MSP�iW\|DkisPNJBjÎT|DG�zRÎT|Dk�J|]yiKDkj���TKv�¤kiKLOJ=j�POT´P w JµTKP w JBL
MoPOL�isPOJB\KFIJBMB]_���Ã�®iKM®��IJBiKLO�IR�P w J [ J=MSP=~
X w J
POJ=MSP�MoJBLOFIJBM&V{TKL¥\ Q ` iWDkj \ ]j² �IJBj«PNT%MOFIv�FI��iWL�LOJ=M Z �QP�M�¢Èu\k~
nc]9Èk\k~�Ô|�Ç���� �®iKM�P w J�T|DG�IR¯MoPOL�isPOJB\KR5� w F�� w �1i|M
i [ �zJ0PNTUiW�I�®i°RcM�ÈkDkj(P w J�TK¤GPOFIv Z v(~�h��z��TWP w J�L�MSPNLNiWPOJ�\|FzJ=M
MoPNiW\|DkisPNJBj
LOJB¤uJ=isPNJBj_�IRK~
X w JEMNiWv�J w TK��jGM�V{T|L.P w J�v�is²_FIv�F � isPOFITKD�¤GLNT [ �IJ�v \ ]C® �{Èk\k~
É|�~¯�ª� iW�I�®i°RcM0V{T Z Dkj«P w J©\K�IT [ iK�'TK¤GPOFIv Z v(]'� w FI�IJ$P w J
TWP w J�LyMSPNLNiWPOJ�\|FzJ=M®TWV¢PNJ�D���IFIv [ JBj(TKD©P w J��ITc�BiW�9v�iW²cFIv Z v©]
iWDuj�TKDGJ¨MoPOL�isPNJ�\|R���jGFQ³�J�LNJ�D£POF�iW��J�H|TK� Z POFITKDÎ�1`G��j_F�jÎDGTKP
J�H|J�D©�zJ=i°HKJyP w J0¤k�IiWPOJBi Z V{LOT|v,� w J�LNJ�P w J�MOJBiKLN� w MSP�iWLOPOJ=j±~
X w J�PNJBMoPªMOJ�LNFzJ=M���FQP w V Z Dk�POFITKD�\7]j³�M w Ts�EM�HsiKLORcFIDG\0LOJ=M Z �QP�M
�¢Èu\k~(lBq£��~�X w J [ J=MSP�MoPOL�isPOJB\KFIJBM�iWLNJ�����] µ1§¨h�dg�ª`�]9iKDkj
j_JBLNiKDkj_TKv�F � J=j��ª`�~Aµ1§�h�dg�ª`�iKDkj$�ª�ÁiWLNJ�iW�Iv�T|MoPªJ=Ð Z iW��]
j_JBLNiKDkj_TKv�F � J=j
�1`$¤�J�LOV{TKLNv�M�i [ FQPE�1TKL�MoJ|~
� ] F�M
P w JµT|DG�zR�PNJBMoP(V Z Dk��PNFzT|D�� w J�LNJ%�ª� �®iKM©T Z PO¤�J�LOd
V{TKLNv�JBj [ R�TWP w J�L(MoPOL�isPOJB\KFIJBM¯�¢Èk\u~ßl|l=��~ ^ w FI�zJ Z Dk��TKLOd

-0.5

0

0.5

1

1.5

2

2.5

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f23
optimum

Ó�FI\ Z LNJ0ÉGÇ'Ó Z Dk��PNFzT|D\ ]C® ]Gv�is²±��\ ]v® ���	 �O� 
 pA� q|qKrKÔ|r

-0.01

-0.005

0

0.005

0.01

0.015

0.02

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f24
optimum

Ó�FI\ Z LNJ�lBqkÇ.Ó Z Dk�POFITKDU\-]C³K]Gv�FID-��\-]C³c���	 �O� 
 qA� qKqKq'	KqcnWÍ

-1

-0.5

0

0.5

1

1.5

2

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f2
optimum

Ó�FI\ Z LNJ�lKl|Ç.Ó Z Dk�POFITKDU\ ] ]kv�FID-�/\ ] ���	 �O� 
 q

LNJ���isPOJ=jµ�ª`�]-§¯`_f®dg�ª`�]-jGJ�L�iWDkj_T|v�F � JBjµ�ª`%iWDuj¯JBHKJBDµ�1`
��FzP w T Z P¨MoJB�QV�iKjkiW¤_P�isPOFITKD �{TK³��(�TKDcH|J�LN\KJBj�iW�I�1i°R_MB]y�ª�
w i|j�¤GLNT [ �IJ�v�M�i|M��1J��I�ui|M9µ1§¨h�dg�ª`�iKDkj$j_Fz³�JBLOJBD£POF�iW�kJBHKTKd



-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

uncorrelated CMA derandMSR ENdiffevoloff

be
st

 f
itn

es
s

self adaptation

f21
optimum

Ó�Fz\ Z LOJ�l°p_Ç�Ó Z Du��POFITKDU\ ] Q ]kv�FID-�/\ ] Q ���	 �o� 
 q

� Z POFITKD5�ª`±~
� ] Q FIM�i¨Ð Z FzPOJ©j_F��$� Z �QP�POJ=MSP�V Z Dk�POFITKD¿� w FI� w ��T Z ��j«DGTKP
[ J�TK¤_PNFzv�F � J=j
LNJ��IF�i [ �IR [ R
iKDcR
MoPOL�isPOJB\KR¨�{Èk\k~yl=p|��~9µªT|v�d
¤kiKLOFIDG\�P w J�i°H|J�L�iW\|JBMªTWV-P w J [ JBMoP�V Z Dk�POFITKD(HsiW� Z JBM®V{T Z Dkj±]
���»F�M®P w J�MoJ=�TKDuj [ JBMoP�MSPNLNiWPOJB\KR$isV¢PNJ�L�µ1§�hEde�1`�~

� Â¡½¿¹ÞÂY��À��1¸G½¿¹f�

X w J(LNT [GZ MoPODkJBMNM�TKV�P w J(DGJ��¬����MSPNLNiWPOJB\KRY�¡�'HKT|� Z POFITKD
MoPOL�isPOJB\KR(��FzP w �EJBFz\ w [ TKL w TcT_j�isPOPOL�iK�POFITKD!�5�®iKM�FzDcH|JBMoPOFzd
\|iWPOJ=j¯FIDµJ² w i Z MSPNFzH|J�POJ=MSP&MOJ�LNFzJ=M Z MOFzDG\�i(��iWLN\KJ�PNJBMoP [ J=j
TWV�TK¤_PNFzv�F � iWPOFITKD�PNi|Mo}_M.iWDkj�v�iWDcR&�1`�HsiKLOF�isPNFzT|DkM;V{TKL'�T|v�d
¤kiKLOF�MoFITKD-~
¦yDG�IR�V{T|L�TKDkJ�TWV�P w JEP w FILoPNJ�JBD�POJBMoPªMOJ�LNFzJ=M�]|MoT|v�J�TWV�P w J��1`
HsiWLNFIiKD£PNM��1J�LNJ�v�TKLNJ0LOT [GZ MoPEP w iWD¨�ª��]kF�~ JK~�TWP w J�L�MSPNLNiWPOJ�d
\KFIJBM'�ªJBLOJ�i [ �zJ®PNT�TK¤_PNFzv�F � J®P w J�POJ=MSP�V Z Dk��PNFzT|D�v�TKLNJ�TWV¢POJBD
P w iWDµ����~9ÓkTKL�iK�z�.PNJBMoP0MOJ�LNFIJBMB]�P w J$�ª� �®iKM�i [ �zJ�PNT
ÈuDkj
P w J¨TK¤GPOFIv Z v FIDaisPU�IJBi|MSP©ÉKq�� TWV0P w J5PNJBMoP
L Z DkMB~ÜÓGT|L
v�T|MoP�TKV�P w J�POJ=MSP�MOJ�LNFzJ=M�]uP w J��ª� ��TKDcHKJBLO\|JBj(iW�I�1i°R_M��¢V{TKL
iW�I�ªMOJ�J=jGM���].iWDkj%V{T|L&v�iWDcR¨T|¤_POFIv�F � isPNFzT|DµPNiKMO}_M�].���,�1i|M
P w J�TKDG�IR´MoPOL�isPNJ�\|R«P w iWPU�®iKM�i [ �zJ(PNT¿�T|D£H|J�LN\KJ(iW�I�1i°R_MB]
� w FI�zJ�iW�I��TWP w J�Lª�1`�HsiWLNF�iWD£PNM�LOJB¤uJ=isPOJ=j_�IR�MoPNiK\KDkiWPOJ=j�FzD
�zTKd
��iK�±TK¤_PNFzv�ik~
beP���T Z ��j [ J©M w Ts��D¯P w isP�P w JU���,FIM0v Z � w v�TKLNJ�LOT [GZ MoP
P w iWD¨TKP w JBL0�ª`£deHsiWLNFIiKD|P�M�]�JBMO¤�JB�F�iW�I�IR(V{TKL0j_F���� Z �zPB]9v Z �QPNFQd
v�T_jGiW��V Z Du��POFITKDuM�~
ÓGT|L�V Z LOP w J�L��ªT|LO}%FQP�FIM��T|Dk�JBFzHsi [ �zJ$POT�FIDk�T|LO¤�TKL�isPNJ�P w J
v�JB� w iKDGF�MovÝTWV��ª�,FID£POT¨TKP w JBL�J�²_FIMoPOFIDG\k].JB�Ii [ T|LNiWPOJBj«�1`
POTµFIv�¤GLOTsH|J$P w JBMOJK~¶h¬��TKv [ FzDuisPOFITKD´TWV�J|~ \u~ µ1§�h�iKDkj
���Ã��T Z ��j [ J�Ð Z FzPOJ0¤GLNTKv�F�MoFIDG\u~

� º����®ºW[�ÀÁ¹ Â%º¯¸_½¿¹¡�

����� \ Q��
	�� ?�A � A��� � Ac�
Ê j_J bKT|DG\k]�l=É£nWÍBÌ
\ Q ���	 � 
�� GE�� Q 	 ]E

� ÍA�zl°p�� 	JE �ÎÍ+�Il=p
� DlV�� 
 l=q
v�FID-��\ Q � 
 \ Q ��q @�������@Nq|� 
 q

����� \7] �
� A � A � <G�����KA � � ��@BA �"!�� �$#&%('z@*)e8 � #W:&��� �
Ê j_J bKT|DG\k]�l=É£nWÍBÌ
\-]|���	 � 
�� G,+ QE�� Q �SlBq|q � � 	 E�- Q � 	 ]E � ] � � 	 E � l=� ] �

� ÍA�zl°p�� 	 E �ÎÍ+�Il=p
� DlV�� 
 l=q
v�FID-��\-]°� 
 \-]W�Sll@�������@Bl=� 
 q

���/. \ a �
	 ?�A�%uAc�0'I@*)��,19?2����Ac@
Ê j_J bKT|DG\k]�l=É£nWÍBÌ
QO035406798 
 Q: � � ] a� � Q Q;�< - �>=R@?�A 4 7 R +"B R <C8ED

��Ò E �°� 
F � 	|p � lBr q lBr 	|p � 	£p ����� q�lBr�	|p� 	|p � 	|p � 	|p � 	|p � 	|p � l=r ����� 	£p�	|ph	|pHGI 
 ÍWq|q \ a �¥Ò Q � @OÒ ]P� �KJ>L � 
 �
� r£Í+� ÍO	Kr
� 	&E ��r|Í+� ÍO	|r�� DlVM� 
 p
v�FID-��\ a � 
 \ a � � 	£p+@ � 	|pK�NJaqA� ÉKÉKÔ|qKqKË

���@O \ ^ �
	 #°?"P&A,)eAc�0'I@ � ��8 ! ��A5@=8Q
Ê `_� w �ªJ�V{J���]±lBÉKÔkls]u`_� w �1JV{J���]±lBÉ|É|ÍBÌª�{V Z Dk�POFITKDµlK~ pK�

\ ^ ���	 � 
 � GE�� QSR � E� � Q 	 �9T ] 
 	VU � 	
� r£Í+� ÍO	Kr
� 	&E ��r|Í+� ÍO	|r�� DlVM� 
 l=q
v�FID-��\-^°� 
 \-^W��q @�������@Nq|� 
 q

����W \ ` � � #&%9��A�X('I@Y)�8 � #W:9��� �
Ê h���}c�zJBRK]±l=ÉKÔ£n�Ì

\ ` ���	 � 
� Ò � J²_¤ R �[Z]\ QG � � GE@� Q 	 ]E T
� J²_¤Y^�QG � � GE@� Q ��T|M���L � 	 E �`_ � Ò ��a
Ò 
 pKqb� Z9
 qA� p
�cL 
 p]d
� 	£p+� nsrKÔ
� 	&E ��	|p+� nsr|Ô�� DlVM� 
 l=q
v�FID-��\ ` � 
 \ ` ��q @�������@Nq|� 
 q



��� � \ QPa ��� A����u?�:=A � @ � ?;A � A H� � Ac�
Ê `_� w �ªJ�V{J���]±lBÉKÔ|Ô=Ì
\ Qja ���	 � 
 � GE@� Q V � 	 ]E

� ÍA�zl°p�� 	JE �ÎÍ+�Il=p
� DlV�� 
 l=q
v�FID-��\ Qja � 
 \ Qja �¥qA@�������@Oq|� 
 q

����� \ QP° ��� �¥A£:9#°?;A � < �;�
	 �,P&Ac���
Ê Ó;�IJP�� w J�LEiKDkj(Û.Ts�ªJB�z��]�lBÉ|r<	=Ì
\ Qj° ���	 � 
 � GE@� Q ��� E �� E � 	 �O� ]

� E 
 � G� � Q ��Ò E � MOFID�� � � Z E � �T£M�� � �
 E 
 � G� � Q ��Ò E � MoFID 	 � � Z E � �T£M 	 � �
Ò E � @ Z E ��� Ê � lBq|qA@�l=qKqWÌ �{J=Ð Z ~'j_FIMoPOL=~.LNiKDkj_T|v�M��
� ��� Ê � d4@Cd�Ì �{J=Ð Z ~'j_F�MSPNLB~�L�iWDkjGTKv�MN�
� d � 	 E ��d � DlVM� 
 Ë
v�FID-��\ Qj° � 
 \ Qj° ��� Q @���]_@�������@�� G � 
 q

����� \ QP± ��	 ?�A %�Ac��� W
Ê X0YTKLND©iKDkj����Fz�IFzDuMo}siKMB]±lBÉ|ÔKÉ=Ì
\ Qj± ���	 � 
 � � 6E@� Q Q4067 +��24�E 8E8 4067 +��24�E 8�8�� - ; R� 
 Í

q*� 	JE �»lBq � DlV�� 
 Ë
V ��� V � L E \ QP± ���	 
 �&� V �O�
l Ë Ë Ë Ë qk~zl d�lBqk~zl°ÍO	£p
p l l l l qk~ p dgÍG~ q£ÍKÍKp
	 Ô Ô Ô Ô qk~ p dSÍ_~IlBq|q£nWr
Ë r r r r qk~ Ë dSp_~ rKÔ£pWÔKË
Í 	 n 	 n qk~ Ë dgpG~ r'	KqWË
v�FID-��\ Qj± � 
 \ Qj± �¥qA@�������@Oq|� 
� lBq �zl°ÍO	|p

����� \ Q ` ��	 ?�A %�Ac��� �
Ê X0YTKLND©iKDkj����Fz�IFzDuMo}siKMB]±lBÉ|ÔKÉ=Ì
\ Q ` ���	 � 
 � � 6E@� Q Q4067 +��24�E 8E8 4067 +��24�E 8�8�� - ; R� 
 n

q*� 	JE �»lBq � DlV�� 
 Ë

V ��� V � L E \ Q `|���	 
 �&� V �O�
l Ë Ë Ë Ë qk~zl d�lBqk~ Ë£q|pKÔ
p l l l l qk~ p dSÍ_~ qKÔcnsrcn
	 Ô Ô Ô Ô qk~ p dgÍG~zl°pWÔKÔ
Ë r r r r qk~ Ë dSp_~ nWÍGlBÔ|r
Í 	 n 	 n qk~ Ë dSp_~ nsr£ÍWÔ|É
r p É p É qk~ r d�lK~ Ô<	cnsq|Ô
n Í Í 	 	 qk~ 	 dp	G~ nWp|p|nKÍ
v�FID-��\ Q ` � 
 \ Q ` �¥qA@�������@Oq|� 
� lBq � Ë£q|pWÉ

������� \ ]C² �
	 ?;A�%uAc� � �!�

Ê X0YTKLND©iKDkj����Fz�IFzDuMo}siKMB]±lBÉ|ÔKÉ=Ì
\-]C²|���	 � 
 � � 6E@� Q Q4067 +��24�E 8E8 4067 +��24�E 8�8 � - ; R� 
 lBq

q*� 	JE �»lBq � DlV�� 
 Ë
V �&� V � L E \-]C²|���	 
 ��� V �o�
l Ë Ë Ë Ë qk~zl dNl=qG~ ÍO	|r<	
p l l l l qk~ p dgÍG~zl°pWÔKËcn
	 Ô Ô Ô Ô qk~ p dgÍG~zlsnWÍKr|p
Ë r r r r qk~ Ë dSp_~ Ô£n_l
Í 	 n 	 n qk~ Ë dgpG~ Ô|qKr|r|p
r p É p É qk~ r dNl|~ Ô£ÍWÔ|É|p
n Í Í 	 	 qk~ 	 dj	k~ Ô'	<	|rWË
Ô Ô l Ô l qk~ n dNl|~ rcnWÍ|pKÍ
É r p r p qk~ Í dgpG~ ËcpWq|Ô<	
l=q n 	G~ r n 	k~ r qk~ Í dgpG~ ËcpWr£ÍKp

v�FID-��\ ]C² � 
 \ ]C² �¥qA@�������@Oq|� 
� lBq � Í<	KrWË

����� � \ ] Q��
� � ��A�P&< � � %
Ê X0YTKLND©iKDkj����Fz�IFzDuMo}siKMB]±lBÉ|ÔKÉ=Ì

\-] Q ���	 � 
 l � Q" � GE@� Q 	 ]E �$# GE@� Q ��T|M R 7 R% E T
D)
 pWq|q
� l=qKqA� qb� 	JE �al=qKqA� qb� D_VM� 
 lBq
v�FID-��\ ] Q � 
 \ ] Q �¥qA@�������@Oq|� 
 q

����� � \ ]v® �
� <G�¥< �
Ê t�iW��iWL=]±lBÉKÉkl�Ì
\-]v®K���	 � 
 �{J�²c¤;� � Í 	 ] Q � � p.J�²c¤9� � ÍG�ol � 	 Q �

] �o�
� J²_¤ ^ � Í � GE�� ] 	 ]E _
� ÍA� q � 	&E ��Í+� qb� DlVM� 
 lBq
v�FID-��\ ]v® � 
 \ ]v® �¥qA� ÉKÉ|r|Í+@NqA@������f@Nq|�(JapA� q|qKr|ÔKr



�����,. \-]C³ � � �,P&<G���E%
Ê `_� w �ªJ�V{J���]±lBÉ£n|n|]u`_� w �1JV{J���]±lBÉ|É|ÍBÌ

\-]C³|���	 � 
 � QvQE@� Q R Ò E � 7 A 4 � =R - ��R 7 = 8� =R - � R 7�� - 7�� T ]
� ÍA� q � 	 E ��Í+� qb� DlVM� 
 Ë

V Ò E Z + QE
l qk~zl=É|Í£n qG~ pKÍ
p qk~zl=ÉWË_n qG~ Í
	 qk~zlsnw	£Í l
Ë qk~zl=rKq|q p
Í qk~ q|ÔWË|Ë Ë
r qk~ q|r|p£n r
n qk~ qKË£ÍKr Ô
Ô qk~ q'	WËcp lBq
É qk~ q'	|p<	 l=p
lBq qk~ q£pO	£Í l�Ë
lKl qk~ q£psË£r lBr

v�FID-��\-]C³s�KJ \-]C³|�¥qA�IlBÉ£pWÔA@NqA�IlBÉ|qKÔA@NqA�Il=p<	_l_@oq �zl6	KÍWÔ|�JaqA� qKq|q<	KqcnWÍ
¼����	� � ��
 � � �

Ê h���}c�zJBRK]±l=ÉKÔ£n°Ì�hy��}c�zJBRK];m�~0�&~��Sl=ÉKÔcnW��~ �� 0-2 2�� � */.10-2J.��f*
'�, ��� . 2�����0�������2���*�. ��� .���� � �n. ' ��. 2!�W~�Õ�� Z �ªJBL®hy��i|j_J�v�F��
Û ZG[ �IF�M w JBLNMB]_Ï1T|MoPOTKD-~

Ê Ï�Yi|��}�]±lBÉKÉ£p°Ì�Ï�Yi|��}�]%X�~%�SlBÉ|É|p|��~ h Z MOJ�L=Ø MÁ\ Z F�j_JÞPNT
\KJ�DkJBMORcMUlK~ qG~¨X;JB� w DGFI�BiW�1LOJB¤uT|LoP=]�CEDGFIHKJBLNMOFQPSR%TWV�m�T|LoPOd
v Z Dkj9]km�JB¤kiWLOPOv�JBD|P�TKV�µªT|v�¤ Z POJBL�`_�FIJ�Dk��J

Ê Ï�Yi|��}�JP�iK�¥~I]9lBÉ|É£n°Ì�Ï�YiK��}�]_X�~z]��yiWv�v�J���]GC�~I]GiWDkj©`_� w �ªJ�d
V{J���]Â�&~ dgÛ.~.�SlBÉ|É£nK��~y��HKT|� Z PNFzT|DkiWLNR
��TKv�¤ Z P�isPNFzT|D9~SµªT|v�d
v�JBD£PNM�TKD´P w J w F�MoPOTKLNR¡iWDuj¿� Z LOLNJ�D£P�MSP�isPOJ|~¿bgD#"C"�"�"
$%�C,72&��, � */.10-2&� 0-2 " � 0'�n(+*/.10-2&,'�)(+*�0-'-,&(+*�,-*/.10-2k]µH|TK�zd
Z v�J�lK]_¤kiK\KJBMV	w��l°n_~

Ê j_J bKT|DG\k]�l=É£nWÍsÌ�jGJ�b|TKDG\u]�Õ�~��SlBÉcnWÍ|��~ hEDÃiWDkiK�zR_MOFIMUTWV
P w J [ J w i°HcFIT Z L.TKV�i����iKMNM.TWV�\KJBDGJPNFI�®iKjkiW¤_PNFzH|J®MOR_MSPNJ�v�MB~
§�iKMoPOJBLBØ MªP w J=MoF�M�]uCEDGFIHKJBLNMOFQPSR�TKV.§�FI� w FI\|iKD9~

Ê Ó;�IJP�� w J�LEiKDkj(Û.Ts�ªJB�z��]�lBÉ|r<	sÌ�Ó��zJ�PN� w JBLB]0f0~�iKDkj»Û.Ts�ªJB�z��]
§«~¨bu~&m&~
�SlBÉ|r<	£��~ h LNiK¤GF�j_�zR �T|D£H|J�LN\KJBD|Pµj_JBMN�JBD£P
v�J�P w T_j¯V{TKL0v�FIDGFIv�F � iWPOFITKD9~.*�07'/,�021%0/3°]-¤uiW\KJ=M�lBr'	��
lBrKÔk~

Ê t�iW��iWL=]±lBÉKÉklÌ0t�iW��iWL=]�f0~��olBÉ|ÉGl=�~¬`cFIv Z �IiWPOFITKD»TWV��IT_��iK�
J�HKT|� Z POFITKDkiKLOR«j_RcDkiKv�F���M�TKV�MOv�iW�I��¤uT|¤ Z ��isPOFITKDuM�~54�.107%
��06�_. � ,��7*8(9�	���|2���*�. � ��]ur£Í_Ç 	£nH�cË£ÍG~

Ê ��iWDuMoJBD©iKDkj�¦�MSPNJ�LNv�JBFzJBLB]�l=ÉKÉKrWÌ��yiWDkMOJ�D-]=�&~=iKDkj�¦�MSPNJ�LOd
v�JBFzJBLB]'h&~��SlBÉ|ÉKr£��~µh�jGiK¤_POFIDG\µiWL [ FQPNLNiKLOR%DGT|LOv�iW�ªv Z d
PNisPNFzT|D,j_F�MSPNLOF [GZ PNFzT|DkM¡FID,J�H|TK� Z POFITKDÙMoPOL�isPNJ�\KFIJBMBÇßX w J

�TsHsiWLNFIiKDk�J�v�isPOLNFz² iKjGiWPNisPNFzT|D9~ bgD+:��v0 � �	�	;-. 2��'� 0<�
* � �.='>9>!3."C"�"�"?"|2 *@���|2&,-*/.10-2 ,��A*�0-2B�C�C�6��2 � ��072 " � 07%
�n(+*�.1072&,'�)(D*407'/, (+*=,7*�.1072�E�"'* "F*HG >�3	I°]u¤kiW\|JBMc	kl=p6��	Glsnc]
��iW\|TsR|ik]�b£iW¤kiKD9~

Ê � Z w MOJ�iWDuj���JB�z��]upKqKqKqWÌh� Z w MOJK]�bu~�iKDkjY��J��I�¥]±h�~���pWqKq|q|�~
�'HKT|� Z POFITKD0MSPNLNiWPOJB\KR���FzP w DGJ�FI\ w [ TKL w TcT_j�iWPoPNLNi|��POFITKD-~WbgD
:��C0 � �	�	;-. 2!����0J�F* � �#$�� � 0-2�;2"�*�$K*�$L(-'-,A0��|. (+' 0-2NMO��(+%
�C,��P*�07'/, (+*=,7*�.1072QERM *SG T�UVU9U)I°]�¤kiK\KJBMc	|r<	w�>	Kr|ÉG~

Ê Õ�T w T|DGJ�D9]±l=ÉKÉ£Í°Ì�Õ�T w TKDkJ�D9]_X�~±�Sl=ÉKÉ|Í|��~4$W�C� �f%)X��Y�l,72 .[Z�. 2��
\U,	,L��~ª`c¤kLOFIDG\KJBL^]�J�LN�IiK\k]GÏ1J�LN�zFID9~

Ê ¦�MSPNJ�LNv�JBFzJBL®JP�iW��~I]9lBÉ|É<	sÌ�¦�MSPNJ�LNv�J�FIJ�L=]�h�~I]$t�i°�ªJB�I� � Rc}�]
h�~I]EiWDkj��yiWDkMOJ�D9]E�&~y�olBÉKÉ'	|�~»hj_J�L�iWDkjGTKv�F � JBj�iW¤Gd
¤GLOT£iK� w POT»MoJB�QV©iKjGiK¤_PNiWPOFITKDÞTWV$JBHKT|� Z PNFzT|D MSPNLNiWPOJB\KFIJBMB~
X-J=� w DGF���iW�±LNJ�¤�TKLOPB]GX;JB� w DGFIMN� w J�CEDGFIHKJBLNMOFzP=YisPEÏ1J�LN�IFzD9~

Ê Û'LNFI��J�iKDkj(`£POT|LOD9]±l=ÉKÉ£Í°Ì0Û'LNFI��JK] Õ�~,iKDkj `£POT|LOD-] f0~
�SlBÉ|É|Í|��~�myFz³�JBLOJBD|PNFIiK��JBHKTK� Z PNFzT|D´d�i¡MoFIv�¤G�IJ¨iWDkj¶J9��d
�FIJ�D£P&iKjGiK¤_POFIHKJ$MN� w JBv�J�V{T|L0\K�IT [ iK�'TK¤GPOFIv�F � iWPOFITKDµTsHKJBL
�TKD£PNFzD Z T Z M.Mo¤ki|�J=M�~GX;JB� w DkFI�BiW�Gf�JB¤uT|LoP�X�f®dgÉ|Ísdeqkl=pG]BbgD_d
POJ�LNDkiWPOFITKDkiK�AµªT|v�¤ Z POJBL�`_�FIJ�Du�J�bgDkMoPOFzP Z PNJ&�{bCµ®`_bo��]KC�DGFQd
HKJ�L�MOFQPSR�TKV4µ1iW�IFzV{TKLNDGFIi�iWP�Ï1JBLO}|J��IJ�RK~

Ê f�JB� w JBD [ JBLO\u]±lBÉKÉKËWÌ�f�JB� w JBD [ JBLO\u]sb�~c�olBÉ|ÉWË£�~�" � 0���(+*�.1072&�|%
�f*Y�C,7*_�_�_.`�aG >�bk~'V{LNTKv�v�iWDGDGd w T|� � [ TcT|\k]_`£P Z POPO\£iWLOPB~

Ê `_� w �ªJ�V{J���]±lBÉ£n|n=Ì�`_� w �ªJ�V{J���]c��~ deÛ.~��olBÉcnKnW�~cMq(+' �C�|.�� �	� �
X�, *�. '¢.`���|(+2�� � 0-2d*�0-'-,&(+*@�C�|%_\�0B;9�����[��2 '¢. *�*@�C�e�f;9���
" � 0'�n(+*/.10-2&�	�|*Y�C,-*@�_�7.`��]EHKT|� Z v�J¨pKr«TWVN"�2 *@�C�6;7.�� � . ,��n. 2&,'�)(
�	(g�|*@��'O���6�)���f,�� ��� ~�Ï1FzLN} w Yi Z MOJ�L=]_Ï®iKMOJ���~

Ê `_� w �ªJ�V{J���]±lBÉKÔklÌ�`_� w �ªJ�V{J���]��&~ dgÛ.~U�Sl=ÉKÔkl=��~hMq(+' ���|. � ,'�
X�, *�. '¢.[Z;,-*/.10-2 0J�.*�0-'-,&(+*@���i\U0B;9���j��~»^ÎFz�IJ�R|]�µ w FI� w d
JBMoPOJ�L=~

Ê `_� w �ªJ�V{J���]±lBÉKÔ|ÔsÌ�`_� w �ªJ�V{J���]@�&~ dgÛ.~.�SlBÉ|ÔKÔ£��~E�'H|TK� Z POFITKDuiWLNR
�zJ=iWLNDGFzDk\�T|¤_POFIv Z v]�_MoJBJ�}cFIDG\�TKD5¤kiKLNiK�z�IJ��;�TKv�¤ Z POJ�LyiWLOd
� w FQPNJB�P Z LNJBMB~ÜbgD�`_RcjGTs�0]�h�~I]yX � isV{JBMoPNi|M�]�`±~�t�~I]�iKDkj
]�F�� w DGJ�H|JP�Mo}cRK]�f0~I]±JBj_FzPOT|LNMB]�:��C0 � ���	;7. 2��'��0J�)* � �k"�2 *@�C�|%
2&,-*/.10-2 ,��S$�(-'/, 0g�|. (+' 0-2�$L(g�|*_��'O� � 2 ,��e(g�|.��¨,-2�;�$J. '¢%
(%��,-*/.10-2l='>9mVm�n."�oQ$ � �f0'�)( ,-2�;fp 0-(+2�;_,-*/.10-2q��]
¤kiK\KJ=M
p_l°n6�_p|pKÍ_~�h�}°i|j_J�v�FIJ¯j_JBLU^ÎF�MOMOJ�DuMO� w iWV¢POJBDaj_J�L©mym�f0]
hE}siKj_JBv�FzJ�dY]�JBLO��iW\u]cÏ1JBLO�IFzD-~

Ê `_� w �ªJ�V{J���]±lBÉKÉ£Í°Ì�`_� w �ªJ�V{J���]<��~ dgÛ.~c�olBÉ|É|ÍK�~J" � 0��n(+*/.10-2�,-2�;
X�, *�. '¢(+' $W�	��r7. 2��K~ b|T w D�^ÎFz�IJ�R�iWDkj�`cTKDuM�]K��J��ts'TKLN}�~

Ê X0YTKLND©iKDkj����Fz�IFzDuMo}siKMB]±lBÉ|ÔKÉWÌ�X0YT|LOD9]�h�~�iWDuj ���FI�zFIDkMO}°i|M�]�h�~
�SlBÉ|ÔKÉ£��~�u^��09�f,��7XK,&*/. ').[Z;,-*/.10-2u]kH|TK� Z v�J�	£ÍWq�TWVwv�� � *�(%���
M¨0-*@�C��. 2t*407'/, (+*_����$ � .`��2 � �~�`_¤GLOFIDG\|J�L=]GÏªJBLO�IFID9~

Ê ^%iK} Z DkjGi�iWDkju��JB�z��]±lBÉ|É£n°Ì�^µiW} Z DkjkiG]�bu~�iWDkj���J��I�¥]�h�~
�SlBÉ|É£nK��~´��Hsi¨d&i¯PNT£T|�®V{TKL�TK¤GPOFIv�F � iWPOFITKD¶��FQP w J�HKT|� Z d
POFITKDkiKLOR©iW�I\KTKLNFzP w v�MB~�bgDx:��C0 � �	��;7. 2��'�¢0J�¨* � �OTVy'��;�"{z %
|NX�\}"�*�|OX~*�072��C���6��2 � �]�Ï Z jGiW¤�JBMoPB]Q� Z DG\£iWLNRK~


