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¶ \6KM^.B6HQBpVU`�KMNiFL`b>G]GD6TYV�^·FL\6V �f�U�p���b¸Y¤p�L�Y�I�I���Q�¹£��Y�b��¢n�i�U�p�U�z���
�J� �i�J�����x�<£�º _�».Z�_�ja¼�½�H9NEVX¾¿{AVUN6VU`IHJFLKM>AN�>AÀE@°V�^L^Lq0_�j;^SFL\6HQF
]GKM`LV�T�FLPMq2^LVXHA`bTI\�Àx>A`[`bVUPlHJFbKW>fN6^ÁHQ@C>ANE{ÂFb\EV&@CVU@ÃopVU`I^Á>QÀ°FL\6V
^,V�HQ`ITI\�^,B6HfTYVfy ¶ \6VÄ_�».Z�_�j�KM^�HQNÆÅ º�Ç ÈGºxÉUÊ°ËÍÌ ¼,¼�^LHA@°Î
BEPMV�TY>f@CBEPWVUÏGKÐFÑqÒHQPM{A>f`LKWFL\E@ÓÀx>A`�FL\EV�TUPMHf^L^�>QÀ0>A`I]GVX`,Î,ÔÁ]GVXPWKMNEVYÎ
HQoEPMVÕBE`b>Ao6PWVX@C^ÃÖ ×QØ º B6`L>foEPWVX@�^ FL\6HQFnTUHAN[oOV¨^,>fPWefVX]�o<q�TU>AN6^LKM]GÎ
VU`bKWN6{�NE>�\EKW{f\EVU`ÃFL\6HANr>A`I]GVX`,Î,ÔC`bVUPlHJFbKW>fN6^b¼Yy ¶ \EV[_�».Z�_�jÙKM^
]GVX^LKM{ANEV�]�o6Hf^,V�]Ú>fN�HAN¹HQPWFLVX`LNOHJFLVaBpVU`I^,BpVXTYFLKMeAVa>QÀ�NOHJFLD6`bHAPpVXeA>AÎ
PWDEFLKM>AN&BE`b>ABp>f^LVX]�o<q�Fb\EV¹RG»?j;Û9=~ÜÍÀx`bHA@CVU¾~>A`bÝÞÖ ×QØ�FL\OHJFÃVX@¨Î
BE\6Hf^,KMßUV�^°FL\EVÁ`b>APMV¹>AÀn{AVXNEV�VYÏGBE`bVX^b^,KM>AN�y ¶ \EV�_�».Z�_�j%D6^LVX^
FL\EV ���L�J�6�Y�U��� ¤p�����J� >fBOVX`bHQFL>A`�FL>C^,V�HQ`ITI\CÀx>A`~`LVXPMHQFLKM>AN6^Xy ¶ \6KM^~B6HQÎ
BOVX`nHAPM^L>�BE`bVX^LVUNiFb^9FL\EV0FbVX^,F;`bVX^LDEPÐFI^9>AÀ4Fb\EV¨_�»?Z�_�j�Àx>f`9PMHA`L{fV
@ÃDEPWFLKM@C>G]EHQP�>f`b]EVU`LÎÑÔn]GVXPWKMNEVXHAoEPMV0BE`L>foEPMVU@�^Uy
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¶ \6VÁç6VUPl]Â>QÀ�VUeA>fPWDEFLKM>AN6HA`LqrTU>A@CBEDGFIHJFLKM>ANÂKl^Ú]GVUPMDE{fVX]Ä¾kKÐFb\

@�HQN<q�HQPM{A>f`LKWFL\E@�^Xyéè�NiFL`b>G]GD6TYKMNE{ÂqAVUFÁHANE>QFb\EVU`ÁVUef>APMDGFLKM>ANOHQ`bq
HQPM{A>f`LKWFL\E@ê]GVX@CHAN6]E^°H�^,FL`b>ANE{�ëÑDO^ÑFbKÐçOTXHJFbKW>fN�y ¶ \EVÁRG».jnÛ9=~Ü
º R<V�HQ`ITI\r»�N<e<KM^LKM>ANEV�]&j;^°ÛkVUPlHJFbKW>fNÞHQN6]Þ=?PlHA^b^ÃÜ;KWVX`bHA`bTI\6KWßXKWNE{<¼
Àx`bHA@CVU¾~>A`bÝpg~KMNfFb`L>G]GDOTYVX]ÒVXPM^LVU¾k\6VU`bVrÖ ×QØ;>Qì�VU`bVX]ÒHQN�HAPÐFbVU`bN6HJFbV
BOVX`b^LBpVXT�FbKWefV�>QÀ0oEPlHATIÝ<op>©ÏÄ>fBGFLKM@CKWß�HJFLKM>AN ºzí~í9î ¼CKMNÒFLVX`L@�^�>QÀ
`LVXPMHQFLKM>AN6^Xg9TYPlHA^b^LVX^ÚHAN6]ÒB6HQ`LFLKlHQPn>A`I]GVU`bKMNE{6y�RG»?j;Û9=~ÜïKl^ÚBE`bKÐÎ
@�HQ`bKWPMq¨@C>AFLKMe©HQFLV�]�o<qÃFb\EV;>fo6^,VX`LeJHQFLKM>AN°FL\6HQF~^LVXHA`bTI\EKMNE{�Àx>f`.>ABEÎ
FLKM@�HQPS^L>APMDGFLKM>AN�KMNÁH í í9î Kl^ VX^b^,VXNiFLKlHQPMPWq�HAN �����J}6�U�z��¡J�k¤p�L���I���I�
Ö sQØ.HQN6]�KMN�HAo6^LVUN6TUV°>AÀ~HANiq�`LVXPMHQFLKM>AN�HA@C>ANE{¹FL\EV�@CVX@ÃopVU`I^�>QÀ
FL\EV°^,V�HQ`ITI\�^LB6HfTYVAgOKWNO]GD6T�FbKW>fN�Kl^9NE>�opVYFLFLVU`nFL\OHQN[VUN<DE@CVX`bHQFLKM>AN
Ö ðQØ�y;RE».j;Û9=~Ü�]EVXTY>f@CBO>i^,V�] í í9î KWNiFb>�FL\E`bVUV¨^,B6HfTYV�^Uñ º,ò ¼9`LVUÎ
PMHQFLKM>AN�g ºzó ¼�TYPlHA^b^Ug9HAN6] ºzô ¼Ú^bHQ@CBEPMV�^LB6HATUVX^XyõRG»?j;Û9=~ÜöHAPM^L>
KM]EVUNiFLKWç6VX]�Fb\EVÚKM@CBO>f`,FIHQN6TUV�>QÀk^,V�HQ`ITI\EKWN6{�Àx>f`ÃHQBEB6`L>fBE`LKlHJFbVC`LVUÎ
PMHQFLKM>AN6^nKMN í íkî y�m9> í~í9î HAPW{f>A`bKÐFb\E@%TXHQN[VU÷�TUKWVXNiFLPMqÁ^L>APMeAV¨H
`LV�HA^L>AN6HAoEPMq�{AVXNEVU`IHQP�TYPlHA^b^9>QÀøBE`b>Ao6PWVX@C^;DENEPMVX^b^;KWFa^LVXHA`bTI\6VX^~Àx>A`
`LVXPMHQFLKM>AN6^XySù0HA`L{fDEBGFbH0Ö ×JØ<HQPl^,>9^L\E>J¾~VX]nFL\OHJF�Fb\EV?TUPMHf^L^#>AÀ �J�L�f�Y��ú Ô
�A�U�����p�I�f�Y�W�Cº BE`b>AoEPMVU@�^kFb\6HJF�TUHAN[oOV°^,>fPWefVX]�o<q�TU>AN6^LKM]EVU`bKWNE{�N6>
\EKM{A\EVX`¨Fb\6HQNÂ>A`I]GVX`,Î,ÔC`bVUPlHJFbKW>fN6^b¼ÃBE`b>AoEPMVU@�^CTUHANÞopV�^L>APMeAV�]rKMN
RG».jnÛ9=~Üû¾kKÐFb\�^bHQ@CBEPMV�TY>A@CBEPMVYÏGKWFÑq�Bp>APMqiN6>A@CKMHAP·KWN�BE`b>AoEPMVU@
^,KMßUVfg6]GV�^,KM`LV�]¹üiD6HAPWKWFÑq�HAN6]�`bVUPMKlHQoEKMPWKWFÑqÚ>AÀ�Fb\EVÕ^,>fPWDEFLKM>AN�y
ý NGÀx>A`LFLD6N6HJFbVUPMqAg9@C>f^,F�>AÀaFb\EV�VUÏGKM^,FLKMNE{&VUef>APMDGFLKM>ANOHQ`bqÄHQPM{A>AÎ

`LKWFL\6@C^Á]G>ÄNE>QFÁB6H©qÒTUHA`LVUÀxDEPaHQF,FbVUNiFLKM>AN�FL>rFb\EV�ÀxDEN6]EHA@°VXNiFbHQP
TY>f@°Bp>AN6VUNiFb^ >AÀ í í9î yEþE>A` VUÏGHA@CBEPWVfg<FL\EVÕ^LVXHA`bTI\ÚÀx>A`k`bVUPlHJFLKM>ANO^
KM^Ã>QÀ�FbVUN&KMN6HA]GV�üiD6HJFbVAÿ·FL\6V�]GVXTUKM^LKM>AN&@�HQÝ<KMNE{f^0KMN&`bVUPlHJFLKM>AN&HAN6]
TYPlHA^b^�^,BOHATYV�^C>QÀ�FbVUNÒKWNiFbVU`LÀxVU`bV[¾kKÐFb\ÂV�HATI\Â>QFb\EVU`�y ¶ \EKl^�B6HQBpVU`
KWNiFb`L>G]GD6TUVX^¹HrNEVX¾ í í9î HQPM{A>f`LKWFL\E@ TUHAPWPMVX] �i�U�p�¿�L¸Y¤��L���I�����J�
£C�Y�I��¢ ��� º _�».Z�_�jn¼CFb\6HJF�FL`bKWV�^CFL>¿Fb`bHAN6^LTUVUN6]ÄFb\EVX^LV�op>QF,Î
FLPMVUNEV�TIÝG^Uy ¶ \EV[_�».Z�_�j$Kl^°H�BE`b>G]GD6TYF°>AÀ9FL\EV[]GVXeAVXPW>fBE@CVUNiF
>QÀ�Fb\EV°RE».j;Û9=~Ü�Àx`bHA@°VX¾?>f`LÝÁHQNO]ÁFL\EV°^,VX`LKMVX^;>QÀ�VUìp>f`,FI^;@�HA]EV
o<q�_a>fPM]GopVU`b{�HQNO]2\6KM^�^ÑFbD6]GVUNiFI^ÞÖ ô ÿÚuGÿCv6ÿ�×QØ¨KMN�]GVX^LKW{fNEKMNE{

í í9î HQPM{A>f`LKWFL\E@�^ Fb\6HJF�¾~>A`bÝÚÀx>A`n`LV�HA^L>AN6HAoEPMq�{AVXNEVU`IHQP�TYPlHA^b^9>QÀ
í í9î BE`b>AoEPMVU@�^Xy ¶ \EV[_�».Z�_�jÙKM^°HQNÂÅ º�Ç ÈEº�ÉUÊ;Ë2Ì ¼L¼Ã^bHQ@°Î
B6PWVÁTY>f@°B6PWVUÏ<KWFÑq&HQPM{A>f`LKWFL\E@ Àx>f`°>f`b]EVU`LÎÑÔÚ]GVUPMKWN6VXHQo6PWV�BE`b>AoEPMVU@�^
KMN[^,V�üiDEVUN6TUV�`LVXBE`LV�^,VXNiFbHJFbKW>fN�>AÀ�PMVUNE{AFL\ É y
R<V�T�FLKM>AN0èLè�]GVX^bTY`bKMoOV�^S]GKWìpVX`LVXNiF�HA^LBOV�T�FI^�>QÀO_�»?Z�_�jÕy©R<VXTYFLKM>AN

èLè,è0BE`bVX^LVUNiFI^�FL\EV�FLV�^ÑF°`LV�^,DEPWFb^ÕÀx>A`¨PMHA`L{fV�@ÃDEPWFLKWÎ�@C>G]EHAPzg·>A`I]GVX`,Î
Ô�]GVUPMKWN6VXHQo6PWV�BE`b>Ao6PWVX@C^Xy�þ4KMN6HQPMPWqfg·RGVXT�FbKW>fN¿è��éTY>ANOTYPMD6]GVX^0FL\EKl^
BOHQBpVU`�y

àUà�á��	��
��
Eâ�
������ ³ 
 ±X±Xæxã â���
 ±X±�� � ®
¶ \EKl^Ù^LVXTYFLKM>AN KMNiFL`b><]ED6TYV�^éH�@C>G]GKWç6VX] efVU`I^,KM>AN >QÀ�Fb\EV

_�»?Z�_�j�HAN6]�^L\E>J¾9^ FL\OHJF;Fb\EVÕ>JefVU`IHQPMPS^LHA@CBEPWV¨TY>A@CBEPMVYÏGKWFÑq�Kl^
^LDEo�üiD6HA]G`IHJFbKMTAy RGVXT�FbKW>fN[è,è�y j�]GKl^LTUD6^b^,V�^kFL\6VÕ`LVXBE`bVX^LVUNiFbHQFLKM>AN�KWN
_�»?Z�_�jÕy9R<V�T�FbKW>fN�è,è�y í VYÏGBEPlHQKMN6^�FL\EV�BO>fBEDEPlHJFbKW>fN�^,KMßUKMNE{ÄKWN
_�»?Z�_�jÕy ¶ \EKl^ÕKl^ÕÀx>fPWPM>J¾~VX]�o<q&RGVXT�FbKW>fN&è,è�y�=ÆFL\6HQF°]GV�^LTU`LKMopVX^
Fb\EV°@CHAKWN�>ABpVU`IHJFL>f`b^XgEFb`bHAN6^bTY`bKWBGFbKW>fN�g�^,VXPWV�T�FLKM>ANSg�HAN6][`bVXTU>A@Ão6KÐÎ
NOHJFLKM>ANSyøRGVXT�FbKW>fNÁè,è�y d BE`bVX^LVUNiFb^ >AÀ�Fb\EV0>JeAVX`bHAPWPp@CVXTI\6HANEKM^L@�^Uy
����� �¥¤��L���U�U�6���J�����J�
¶ \EV�_�».Z�_�jÍD6^LVX^�HÁ^LVXüiDEVUNOTYV°`LVXBE`LV�^,VXNiFbHJFbKW>fN�yÕ».HfTI\�^LVYÎ

üiDEVXN6TYV¨KM^aTUHAPWPMVX]�H �I�<�L�Q£C�J�Y�Q£C� yÕ»�efVU`bq¹@CVX@ÃopVU`a>QÀøFL\6KM^�^LVYÎ
üiDEVXN6TYVÃKM^9TXHQPMPWV�][H �f�U�p� ykj�{fVUNEV0Kl^;H�]EHQFbHÚ^,FL`bD6TYFLDE`bVAgE¾k\6KMTI\
TU>ANiFbHAKWNO^kFL\6V �W���U}<� g ¡J�J��}6� g�� �U�Ð���G� HQN6]�H¹]Gq<N6HQ@CKlTÕPMKM^,F�>QÀ�KMNGÎ
FbVU{fVU`I^UgkTUHAPWPMVX]ÂFb\EV �Ð��� Ô �U�i���U�U� y ¶ \6V �W���Y}<� ]GVUFLVU`b@CKWN6VX^�Fb\EV
Bp>f^LKWFLKM>ANr>AÀkFL\EV¹@°VX@ÃopVU`°KWNrFL\EV�^,V�üfD6VUN6TUVAy ¶ \6V�PM><TUD6^°]G><VX^
N6>QF�NEV�TYV�^L^bHQ`bKWPMqr\6H©efV�FL>ropV[FL\6V�^LHA@CV�HA^CFb\EV�BE\<qG^,KlTUHAP9Bp>QÎ
^LKWFLKM>ANÞ>AÀ9FL\6V�{fVUNEV�KMNÞFb\EV[TI\E`L>f@C>f^L>A@CVAy&þE>f`CVYÏEHQ@CBEPMVAgøFb\EV
{fVUNEV�¾kKWFL\¿PM>GTYD6^	�Ig4@�H©q�NE>QFÕopV�HQF0FL\EV���Î�FL\¿Bp>f^LKÐFbKW>fN�>AÀ?Fb\EV
TI\6`L>f@°>i^,>f@CVAy� \EVXNCFL\EV9TI\6`L>f@°>i^,>f@CV~Kl^øVXe©HAPWDOHJFLV�]#gQ\E>J¾~VUefVU`
Fb\EVÁ{AVXNEVÁ¾kKÐFb\ÄPM>GTYD6^!�Õ{fVYFI^°FL\EV"��ÎzFb\Â^LPM>QFXy ¶ \EKl^CBO>i^,KWFLKM>ANOHQP
KMN6]GVXBOVXN6]GVXN6TYVÕKMN�TY>G]GKMNE{�¾ HA^kKMNiFL`b>G]GD6TYV�]�VUPl^,VX¾k\EVU`bVÚÖ ô ÿOu©ØSFL>
VXNGÀx>A`ITYV?FL\6VkBE`L>fBOVX`øTY>ANO^,Kl]GVU`IHJFbKW>fNÕÀx>f`·HAPWPG`bVUPlHJFbKW>fN6^·]GVYçONEVX]°o<q
Fb\EVÕ`bVUBE`bVX^LVUNiFIHJFLKM>ANSy ¶ \EV°_�».Z�_�jõ]G><VX^kNE>AFn]GVXBOVXN6][>ANÁFb\EV
BOHQ`LFLKlTYDEPlHQ`a^,V�üfD6VUN6TUV¨>AÀ?TY>G]GKMNE{6y0þ6>A`�H�{fKWefVUN É oEKWF0`LVXBE`bVX^LVUNGÎ
FIHJFbKW>fN�gSFb\EV�{AVXNEVX^ÃTUHQN¿opVÚBEPlHATUVX]�KWNrHA`Lo6KÐFb`bHA`Lq�^LVXüiDEVXN6TYVfy¹j
{fVUNEV9HAPM^L>ÕTY>fNiFbHQKMN6^·Fb\EV ¡J�J�Ð}6� gi¾k\EKlTI\Ú]GVYFbVU`b@°KMNEV�^øFL\6V9eJHQPMDEV9>QÀ
Fb\EV0{AVXNEVAgG¾k\6KMTI\[TY>fDEPl]¹opVÕHQN<qÚ@CVX@ÃopVU`9>AÀSFL\6VÕHQPMBE\6HQopVYF;^LVYF�g
Ç y ¶ \EV0¾~VUKM{A\iFI^kHA^b^,>GTYKlHJFbVX]¹¾kKÐFb\ÁVUeAVX`Lq�{AVUN6V�FbHQÝfV0HCBO>i^,KWFLKMeAV
`bVXHAP?N<DE@¨oOVX`Xy ¶ \EV�¾?VXKW{f\iF°^LB6HATUV�>JeAVX`¨HAPWP?FL\EV�{AVXNEVX^°]GVUç6NEV
Fb\EVCTYPlHA^b^;^LB6HATUVÃ>QÀ.FL\EV�_�».Z�_�jÃy ¶ \EVÃPMKWN6Ý©HA{AV°^,VUFa>AÀ?HÚ{fVUNEV
Kl^ÃH�PWKl^ÑF°>QÀkKMNfFbVU{fVU`I^Ã]GVUç6NEKMNE{[FL\6V¹^LVYF¨>AÀk{AVUN6VX^Õ`bVUPlHJFbVX]¿¾kKWFL\
KWFXyaè¥À�Fb\EV¨{fVUNEV�^;¾kKWFL\�PW>GTUKzg$# ò&% u %Uò(')%Uò u+*0HQ`bVÕ`LVXPMHQFLV�]ÁFL>¹VXHATI\
>AFL\EVX`;Fb\EVUN�FL\EV°{AVXNEVÕ¾kKWFL\�PW>GTYDO^ ò ¾kKWPMP4\6H©eAVÃFL\EV¨PWKMNEÝJHQ{fV¨^LVYF
#Ju %Xò(',%Xò u-*fyÃR<KM@CKWPlHQ`bPWqfg#FL\6V�{AVUN6V°¾kKWFL\¿PM>GTYD6^Õu�¾kKWPMP�\6H©efVÃFb\EV
PMKMNEÝJHQ{AV�^LVYF.# ò/%Xò(')%Uò u-*fy ¶ \6V �Ð��� Ô �U�i���U�Y� ^LB6HfTYV;>JefVU` HQPMP�{AVUN6VX^
]EVYç6NEV�^ÕFb\EVÁ`LVXPMHQFLKM>ANr^LB6HATUV�>AÀ9FL\EV[_�».Z�_�jÕyøm9>�FÑ¾?>�{AVUN6VX^
¾kKWFL\ÁFb\EV¨^bHQ@CV0PM>GTYD6^nHQ`bVÕHQPMPW>J¾~VX]¹KWN�FL\EVÃ^LVXüiDEVXN6TYVfy è�N[>QFL\6VU`



¾?>f`b]6^UgkDEN6PWKMÝAV�FL\EV�>A`bKW{fKWN6HAP9@CVX^b^,q _�j Ö ô ÿ�uJØaNE>ÞDEN6]GVX`¹>f`
>JeAVX`b^LBOV�TYKWçOT�FbKW>fN6^9HA`LVÕHAPWPM>J¾?V�]#ykj�Bp>ABED6PMHQFLKM>AN�KMN�_�».Z�_�jÆKM^
H�TY>fPWPMVXTYFLKM>AN�>QÀ4^LD6TI\ÁTI\E`b>A@C>f^L>A@CVX^Xy
� � |k�I¤p}G�W�Q�z���Q�������U���i�
¶ \6V¨_�».Z�_�jÆ`LV�üiDEKW`bVX^kHQF;PMVXHA^,F;>fNEV0KWNO^ÑFIHQN6TUVÕ>QÀ·FL\6VÕ>ABGFbKÐÎ

@�HQP~>A`I]GVU`LÎÑÔ�TYPlHA^b^0KWNrFL\EV¹BO>fBEDEPlHJFLKM>ANSy�þE>f`¨H�^LVXüiDEVXN6TYVÚ`bVUBEÎ
`LV�^,VXNiFbHJFbKW>fNr¾kKWFL\ÄHAPWB6\6HQopVYF Ç g?H�`IHQN6]G>f@CPWq¿{AVXNEVU`IHJFbVX]¿Bp>ABGÎ
DEPlHJFLKM>ANÄ>QÀn^LKMßUV Ç~È KM^°VYÏGBpVXTYFLVX]rFL>¿TY>fNfFIHQKMNr>AN6V¹KMN6^,FbHQNOTYV�>QÀ
HQN[>fBGFLKM@�HQPS>f`b]EVU`LÎÑÔaTUPMHf^L^Xy ¶ \6VÕBO>fBEDEPlHJFbKW>fN�^,KMßUV0KMN�_�».Z�_�j
KM^°Fb\EVU`bVYÀx>f`LVfg������ Ç È g.¾k\EVX`LV	��Kl^CH�TU>AN6^,FbHANfF�y \EVUNÄFL\6V
^,KM{ANOHQP4Àx`L>f@%FL\EVC`bVUPlHJFLKM>AN�^,B6HfTYV°KM^�TUPWV�HQ`�g�H¹^,@�HAPWP·eJHQPMDEV¨Àx>A`
�
^,\6>ADEPl]¿oOV�^,DE÷�TUKWVXNiFXy[Ü9>J¾~VUefVU`�gSKWÀkFL\EVÚ`bVUPlHJFbKW>fNrTY>f@°BOHQ`bKM^L>AN
^ÑFIHJFbKM^,FLKlT0BE`b>G]GD6TYV�^9H�NE>fKM^Lq¹^LKM{AN6HAPzgGFb\EKl^;TY>fN6^,FbHQNiF;^L\E>AD6PM][^,FbHQÎ
FLKl^ÑFbKMTXHQPMPWq�FbHAÝAV0TUHA`LVnFL\EVÕ^bHQ@CBEPMKMNE{CNE>AKl^,VaÀx`b>A@ Fb\EVÕTYPlHA^b^LVX^ ]GVYÎ
ç6NEV�]¨o<qÕHANiqÃ>A`I]GVU`LÎÑÔ�`bVUPlHJFLKM>ANSy4R<KMN6TYV~Fb\EVkBE`b>ABp>f^LVX]ÕefVU`I^,KM>ANÃ>QÀ
_�».Z�_�jûDO^,V�^0^,V�üfD6VUN6TUV°`bVUB6`LV�^,VXNfFIHJFbKW>fN�g�FL\EVC`bVUPlHJFbKW>fN�^LB6HATUV
TY>fNfFIHQKMN6^¨FL>AFbHQP ó�� `bVUPlHJFbKW>fN6^UyÄÜ9>J¾~VUeAVX`Xg._�»?Z�_�j$BE`L>GTUVX^b^,V�^
>ANEPMq¹FL\E>i^,V¨`LVXPMHQFLKM>AN6^k¾kKWFL\�>A`I]GVU`9op>AD6N6]GVX]�oiqÁHÚTU>AN6^,FbHANfF�g Ì y
è�N¹B6`bHfT�FLKlTYVfgAFb\EVa>A`I]GVU`~>QÀ�]EVUPMKWNEV�HQoEKMPMKÐFÑq�Ö ×JØ�KM^~>AÀ�FLVUN¹DENEÝ<NE>J¾kN�y
¶ \EVU`bVYÀx>f`LVfgAFb\EVnTI\6>AKlTYV9>AÀ�Bp>AB6DEPMHQFLKM>AN�^LKMßUV9KMN�FLD6`LN�]EVYFLVX`L@CKMNEVX^
¾k\6HJFC>A`I]GVX`Ã>QÀ9`bVUPlHJFbKW>fN6^¨¾kKWPMP?opV�BE`L>GTUVX^b^,V�]#y�þ6>A`°H�Bp>ABEDEPlHJÎ
FLKM>AN�^,KMßUVa>QÀ�øg<Fb\EVn>f`b]EVU`.>AÀS`bVUPlHJFLKM>ANO^.BE`b>GTYV�^L^LVX]Co<q�_�».Z�_�j
KM^Xg Ì � PM>A{ º �����X¼���������� Ç ��y¹è¥À~Fb\EV�B6`L>foEPWVX@öKl^Õ>f`b]GVX`,Î,Ô°]GVXPWKMNEVYÎ
HQoEPMVÃÖ ×JØ6¾kKWFL\�`bVX^LBpVXT�F.FL>�FL\6VnTI\E>i^,VXN¨`bVUBE`bVX^LVUNiFIHJFLKM>ANCHQNO]�TYPlHA^b^
TY>f@°BOHQ`bKM^L>ANÚ^,FbHQFLKl^ÑFbKMTX^�Fb\EVUNÁ_�».Z�_�j�¾kKWPMP#^,>fPWefVkFL\EVnBE`b>AoEPMVU@
>QFb\EVU`b¾kKM^LV0NE>AFXy è¥À?_�».Z�_�jÆTUHQN6NE>QF;^L>APMeAV�Fb\EVÕBE`b>AoEPMVU@$Àx>A`nH
{AKMeAVXN�Bp>AB6DEPMHQFLKM>ANr^LKWßXVAg4H[\EKM{A\EVX`0BO>fBEDEPlHJFLKM>ANr^LKMßUVÚ^L\E>ADEPl]¿opV
D6^LVX]¹FL>�HA]6]G`LV�^L^ Bp>f^b^LKWoEPMV�\EKM{A\EVX`k>A`I]GVU`k]GVXPWKMNEVXHAoEKMPWKWFÑqAy
� � ��¤6�Y�b�J���J�I�
_�»?Z�_�j�\OHA^kÀx>fDE`;B6`LKM@�HQ`bq�>ABpVU`IHJFb>A`I^Ug6N6HQ@CVUPMq�ñ º,ò ¼ �z�L�Q�6ú

�U�Y��� ¤��z���Q� g ºzó ¼ �U�W�©�I�Ú�U�U�W�I�Y�����J� g ºzô ¼ ���������i���U�Y�M�b�U�����J� gøHAN6] º v<¼
�L�I�I�J£��Y�����J�����J� y?».HATI\¹>QÀ�FL\EVX@ÙKl^k]GVX^bTY`bKWopVX]¹KMN�Fb\EV�Àx>APMPW>J¾kKMNE{Oy

���������! �"�#$��%'&�(�%')* 
j;^[@CVXNfFbKW>fNEVX]2opVYÀx>A`bVAgaFb\EV¿¾?VXKW{f\fF�^LB6HATUV�>AÀÃFb\EV&BE`b>ABp>f^LVX]
eAVX`b^LKW>fN�>AÀ.FL\6V�_�»?Z�_�jûTI\E`b>A@C>f^L>A@CVX^n`bVUBE`bVX^LVUNiFb^nFb\EV�TYPlHA^b^
^,BOHATYVfy î N�FL\EV�>QFL\6VU`�\6HQN6] FL\EV�`LVXPMHQFLKM>AN�^LB6HATUV�Kl^�]EVYç6NEV�]
o<q�Fb\EVÚPMKWNEÝJHA{AVÚ^LVYF¨Hf^L^L>GTYKlHJFLV�]�¾kKWFL\ÞVUeAVX`Lq�{AVUN6VAy ¶ \EV�FL`IHQNEÎ
^LTU`LKMBGFbKW>fNa>fBOVX`bHQFL>f`�]GVYFbVXT�FI^#Fb\EV�HQBEB6`L>fBE`LKlHJFbV·>A`I]GVU`LÎÑÔ�`bVUPlHJFbKW>fN6^Xy
¶ \EV2FL`IHQN6^bTY`bKWBEFLKM>ANéBE\OHA^LV�èr>fBOVX`bHQFL>A`Ä]GVYFbVU`b@°KMNEV�^ÞFb\EV*KWNGÎ
^ÑFIHQN6TUVX^ø>AÀp{fVUNEV�^øTY>fNfFb`LKMoEDGFbKWN6{nFb>�FL\EVkPM>GTUHAPWPMqÕ>ABEFLKM@CHAP6TYPlHA^b^LVX^Xy
¶ \EV�FL`IHQN6^bTY`bKMBGFLKM>ANrB6\6HA^LV�èLèÃ>ABpVU`IHJFb>A`°]GVYFbVU`b@°KMNEV�^ÃFb\EVÁTYPMD6^ÑÎ
FLVX`b^0>AÀ?{fVUNEV�^�BE`LV�TYKl^,VXPWq�]GVYç6N6KWNE{ÁFb\EV�`bVUPlHJFLKM>ANO^0HQ@C>ANE{¹FL\6>f^LV
KWNO^ÑFIHQN6TUVX^�>AÀ�{AVXNEVX^Xyø=?>f@CB6HQ`bKWN6{0`LVXPMHQFLKM>AN6^.`LV�üfD6KW`bVX^�HÕ`LVXPMHQFLKM>AN
TY>f@°BOHQ`bKM^L>AN�^,FbHQFLKl^ÑFbKMTX^Uy ¶ \EV�_�».Z�_�jõ]G><V�^;NE>AFaB6`L>GTYV�^L^;FL\6V
`LVXPMHQFLKM>AN6^~KMN�H°TYVXNiFL`IHQPMKWßXVX]�À�Hf^,\6KW>fN�ÿGKWNO^ÑFbVXHA]�KÐFkVXe©HAPWDOHJFLV�^~`LVXPMHQÎ
FLKM>AN6^�PM>GTUHAPWPMq[KWN¿H�]GKM^,FL`bKMoEDGFLV�]�@�HANENEVU`�yÃ».eAVU`bq[TI\E`b>A@C>f^L>A@CV
FL`bKWV�^�FL>�]EVYFLVX`L@CKMNEVÚ¾k\EVUFL\EVX`Õ>A`0N6>QFÃKWFÕ\6HA^ÃHQN¿KWNO^ÑFIHQN6TUV�>QÀkH
{A><>G]¿TYPlHA^b^0oOVXPW>fNE{AKMNE{ÁFb>�^,>f@°V�`bVUPlHJFbKW>fN�y ¶ \6VCFL`IHQN6^bTY`bKWBEFLKM>AN
BE\6Hf^,V°è9>ABpVU`IHJFb>A`aTY>ANO^,Kl]GVU`I^n>ANEV¨{AVUN6V¨HJF0H�FLKM@°Vfy ¶ \EV°e©HAPWD6V
>QÀ?FL\EV�{fVUNEV°KM^�`IHQNO]G>A@CPMq,+6KWB6BOV�]�Fb>ÁNE>QFbVÃFb\EVÚTI\6HQN6{AV°KWN�çEF,Î
NEVX^b^Xy.þE>f`;H £¨���O��£¨�����J�����J�¹¤��L�A�U�W�U£ gOKÐÀ·FL\OHJF;TI\6HANE{AV0TUHAD6^LV�HAN
KW@CBE`b>JeAVX@CVUNiF?KMN�Fb\EVaçEFLN6VX^b^ º Kzy VAy·ç6FLNEV�^L^ ]GV�TY`bVXHA^LVX^I¼·Fb\EVUN¹FL\6V
>A`bKW{fKWNOHQP6KMN6^,FbHAN6TYV9>AÀ#FL\EVn{AVXNEV;TYVX`,FIHQKMNEPMq°]G>¨NE>QF~oOVXPW>fNE{0Fb>ÕFL\6V
KWNO^ÑFIHQN6TUV[>QÀ;Fb\EV[opVX^,F�TYPlHA^b^C>QÀ0H�`bVUPlHJFbKW>fN�g?^LKMN6TYVÁçEFbNEVX^b^�TUHAN
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7�x�D�U;A;X.:!2Yy{zah|zCTU;A;X.:!2Yb}zah~z�[-.-�� �U�.�x�E� � �Y�Ð�©�<�
7�x�D�UH`;:\yNU;A;X.:!2_J$I}U;A1X.:!2Nb1b{zah~zCT6O>;0!<OPndf8�7?6�S1g�h~L1AH:Hi!AC79j?>;:�D�U1A;X�:!2CT[-.-�� �U�.�x�E�Ã¡©�Q��}6�¨�¥�����6�¨�Q���Ð�Q�����J�4¡©�Q��}6�
6O>;0;<OPedf8�7H6�S;g�h~L?AH:?q!21X�V@A�DFUHV$P?P@]5T�[-.-�� �U�.�x�E�°�J���Ð�A���p�Q� s �z�����I�
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�?� ���*�F���H���F�k���p��� �k�'� ���
�;�9�������r���O�p�����'�F�����F����� �9� ��� �p���'� �F�e�9�����9� �p���
������������ ��� �p�~�'� �F�R�k���F�k� �p�� $� �@¡~¢|£¥¤F¦¨§�©����9����� ªk�'�r«~��� ª9���~�@¡�¢|£¥¤�¦�� ������¬F�p�n�F�k���'�9�p�¯®C� ���¡�¢|£¥¤�¦�� �*�'�¥�C�'��©��
opVaÀxDE`LFL\EVX`kKW@CBE`b>JeAV�]#y ¶ `IHQN6^bTY`bKMBGFLKM>AN�^LVYFI^~FL\EV0TU>A`b`LV�^,Bp>AN6]EKWNE{
¾~VUKM{A\iF0>QÀ Fb\EVÚ{AVXNEV°FL>�ßXVU`b>6y î N�Fb\EVÚ>QFb\EVU`0\OHQN6]¿KWÀ?Fb\EV�çEFLÎ
N6VX^b^9¾~>A`I^,VXN6^ º Kzy VAy;çEFLNEV�^L^nKMN6TY`bVXHf^,V�^b¼~Fb\EVUN�FL\EV¨>A`bKW{fKWN6HAPS{fVUNEV
@�H©q�opVUPM>ANE{°Fb>ÚH¨{f><><]¹TYPlHA^b^UÿEHQFkPWV�HA^,F~Fb\6HJF9>fo6^LVU`be©HQFLKM>AN�]G><VX^
N6>QF?^bH©qÕKWF.>QFb\EVU`b¾kKM^LVAy ¶ \EV;TU>A`b`LV�^,Bp>ANO]GKWN6{a¾~VUKM{A\iF�>AÀpFb\EV9{fVUNEV
Kl^C^,VUF¨Fb>�Fb\EVÁHQo6^L>APMDGFLV�eJHQPMDEV�>AÀ9FL\6VÁTI\OHQNE{fV�KMNrçEFbNEVX^b^Uyrþ4KWÎ
NOHQPMPWqfg?Fb\EV�eJHQPMDEV[>AÀaFb\6HJF¹{AVUN6V[KM^Ú^LVYF�FL>¿FL\6V�>A`bKW{fKWNOHQPkeJHQPMDEV
HAN6]CFb\EV;ç6FLNEV�^L^~>QÀ#Fb\EV�TI\E`L>f@C>f^L>A@CVkKM^ ^LVYF?FL>ÕFb\EVa>A`bKW{fKWN6HAPEçEFLÎ
N6VX^b^Uy4è�NÚ>QFb\EVU`?¾?>f`b]6^UgfDEPÐFbKW@�HQFLVUPMq°FL`IHQN6^bTY`bKMBGFLKM>ANCBE\6Hf^,V;è�]G><VX^
N6>QF;TI\6HANE{AVÕHANiqiFb\EKWN6{�KWN�H�TI\E`b>A@C>i^,>f@°V�VUÏGTUVUBGFkFb\EVÕ¾~VUKM{A\iFb^Xy
þ6>A`9HC@�HJÏGKM@CKWß�HJFLKM>ANÁBE`b>Ao6PWVX@ FL\EV¨TY>ANO]GKÐFbKW>fN6^ Àx>f` FL\EVÕ¾~VUKM{A\iF
TI\OHQNE{fV�HQ`bV0ëÑD6^,F°`bVUefVU`I^,V�]#y ¶ \EV�^LHA@°V¹BE`b><TUVX^b^ÕKl^¨TU>ANiFLKMN<DEVX]
]EVYFLVX`L@CKMNEKl^ÑFbKMTXHQPMPWq�Àx>A`ÃHAPWP.FL\EV É {AVXNEVX^ÕKWN&VXeAVU`bq�TI\E`b>A@C>i^,>f@°V
>AÀ·FL\EVÕBp>AB6DEPMHQFLKM>AN�y9þ4KM{ADE`bV ò ^L\E>J¾9^ Fb\EV ¶ `bHAN6^LTU`LKMBGFb>ANÁBE\6Hf^,V
èn>ABpVU`IHJFb>A`�y ¶ `IHQN6^bTY`bKMBGFLKM>AN�BE\6HA^LV°è,è;Kl]GVXNfFbKÐçOVX^aFL\6V°VUÏEHAT�F�`bVYÎ
PlHJFbKW>fN6^aHQ@C>ANE{¹FL\6V¨{fVUNEV�^aHAN6]�TU>AN6^,FL`bD6TYFb^;FL\EVCPMKWNEÝJHA{AV¨^LVYF�>QÀ
VXeAVX`LqC{AVXNEV;KMN¹H°TI\E>f`L>f@°>i^,@CVfy ¶ \EKl^~>ABpVU`IHJFL>f`.BpVU`LÀx>A`b@�^.B6HAKW`LÎ
¾kKl^LV~TU>AN6^LKM]EVU`IHJFLKM>ANÃ>QÀ6{fVUNEV�^Uy ¶ \EV?>foGëÑVXTYFLKMeAV~KM^�Fb>nKl]GVUNiFbKÐÀxq0Fb\EV
^LVYF9>AÀ4{fVUNEV�^~FL\6HQFnHQ`bV�`LVXPMHQFLV�]�¾kKWFL\�HANiq�{AKMeAVUNÁ{fVUNEVaÀx`b>A@éFb\EV
TI\6`L>f@°>i^,>f@CVAykj9@C>AN6{�FL\EVv° � Ê�± Bp>f^b^LKWoEPMVÃBOHQKM`;>QÀ�TI\E>fKMTUVX^;>ANEPMqFb\E>f^LVÁB6HQKM`I^°HA`LVÁTY>fN6^LKM]GVX`LV�]rKMNÄ¾k\6KMTI\ÂoO>AFL\ÂFL\6V�{fVUNEV�^C\6H©eAV
N6>ANGÎ¥ßUVX`L>�¾~VUKM{A\iFb^Xy;è�N�>QFb\EVU`a¾?>f`b]6^9KWÀ.HÚ{AVXNEVÃKl^nKM]GVXNiFLKWç6VX]�HA^
H¨Bp>f^b^,KMoEPMVaTU>ANiFL`bKWo6DGFL>f`.Fb>°HAN�KMN6^ÑFIHQN6TUVn>AÀ�PM>GTUHQPMPMq°>fBGFLKM@�HQP#^LVYF
>AÀ�{fVUNEV�^~FL\EVXN�KWFb^k]EVUBpVUN6]GVXN6TYKMVX^9>AN�>QFL\6VU`9^LD6TI\¹{fVUNEV�^~KWN�FL\OHJF
TI\6`L>f@°>i^,>f@CV~HA`LV~FLV�^ÑFbVX]°D6^LKWN6{nFb\EVkFb`bHAN6^LTU`LKMBGFbKW>fNÃBE\6Hf^,VkèLè�>fBGÎ
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VU`IHJFb>A`�y�þE>f`�VUefVU`bqÕ{AVXNEV ¾kKÐFb\�NE>ANEÎ�ßXVU`b>n¾~VUKM{A\iFøFL\6VkPWKMNEÝJHQ{fV9^,VUF
KM^.TY>ANO^ÑFb`LD6TYFLV�]¨HAN6]ÕFb\EVk`bVXHQPG¾~VUKM{A\iFI^4HA`LV `bVUBEPlHATUVX]ÃoiqÃoO><>APMVXHAN
¾?VXKW{f\iFb^Xy·þ4KM{ADE`bV ó ^,\E>J¾9^�FL\EVnB6^LVUD6]G>AÎ¥TU>G]GV9Àx>f`�FL\6KM^~>ABpVU`IHJFb>A`�g
¾k\EVU`bV 8�7?6�S�� HQN6] 8�7?6�S�� ]GVYç6N6VkFL\EV;PW>GTYKO>QÀ�FL\6V9B6HQKM`.>AÀ#{AVUN6VX^Xy
þ6>A`Õ{fVUNEV�^a¾kKÐFb\&\EKW{f\EVU`ÕTXHQ`I]GKMN6HQPMKÐFÑq�HAPWB6\6HQopVYFÃ^LVYF ºzÇ ¼nFb\EKM^

BE`b><TUVX^b^9Kl^9`bVUBpVXHQFLVX]�Àx>f`n^L>A@CVÃTU>AN6^,FbHANfF���� � Ç �<FbKW@CV�^Uy ¶ \6V
Àx>APMPW>J¾kKMNE{C^,V�T�FbKW>fN¹]GV�^LTU`LKMoOV�^?FL\EVnFÑ¾?>°Ý<KWNO]E^~>QÀ4^LVUPMVXTYFLKM>AN¹>ABpVU`LÎ
HJFb>A`I^nDO^,V�]�KMN¿_�»?Z�_�jÕg#¾k\6KMTI\¿TY>f`L`bVX^LBO>fN6]ÁFb>¹Fb\EVÚ^LVUPMVXT�FbKWefV
BE`bVX^b^,DE`bVX^;KWN�BE`b>QFLVXKWN�HAN6] d m;jÍ^LB6HATUVX^9>AÀ�N6HJFbDE`IHQP4VUeA>fPWDEFLKM>AN
]GVX^bTY`bKMoOV�]¹VXPM^LVU¾k\6VU`bV°Ö t�Ø¥y

� ���������1#$(�%')* 
î N6TYVÃFL\EV°`bVUPlHJFLKM>ANO^;HQ`bVÃKl]GVXNfFbKÐçOVX]#g�^LVUPMVXTYFLKM>AN�>fBOVX`bHQFL>A`;KM^�HQBEÎ
BEPMKWV�]¿FL>[@�HQÝfV�@C>A`bV�KWN6^,FbHAN6TYV�^Õ>AÀ~opVYFLFLVU`°TYPlHA^b^,V�^Uy[_�».Z�_�j
D6^LVX^¹FÑ¾?>ÄÝ<KWN6]6^�>AÀ¨^,VXPWV�T�FbKW>fN6^�½ ºÑò ¼ÚTUPMHf^L^�^,VXPWV�T�FbKW>fN�HQN6] ºzó ¼
^ÑFb`LKMNE{�^LVUPMVXTYFLKM>AN�y�»?HATI\�>QÀ~FL\EVX@ Kl^Õ]GV�^LTU`LKMopVX]�KWN�Fb\EV�Àx>APMPM>J¾ Î
KWN6{6ñ
�! �'�!"�""���#�$�1#$(9%�)C &% ¶ \6VÚTYPlHA^b^a^LVUPMVXTYFLKM>AN¿>ABpVU`IHJFb>A`aKM^Õ`LVUÎ^LBO>fN6^,KMoEPMV�Àx>f`4^LVUPMVXTYFLKMNE{9KMN6]GKMeiKl]GD6HAPiTUPMHf^L^LVX^�Àx`L>f@�Fb\EV?TI\6`L>AÎ
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L1A;XHA@6�:!L1A.: h|E;<;X?X?A!6�: d0*7k3;S!2.j;A?L1A$:�d¨7Og?g�[ *
*

*
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�?� ����2¨��3!� �F������p� �p�¥�'� �F�����O�p�����'�F�*� �54�6�784�9��9	�p���9��� �¯�'�p�¨���p��k� �k�;:�®C�k�p�'�
<�=?>A@+B �DC EGF*���9 <�=�>A@HB Ê C EGF*�k�F���p�������F�JIGKHLNM�OQPr� ��ªk���p
� ���9� ���p���~����p���QR�p��9� �k�����F���'�9������¬F���~�C� � � ªk���'�����'� ������S/T�¡?UQVr�F�p�k�p�'�~�'�p�5� ���F�kk�F� ��ªk�r�O�p�*� ��O�¥� ®!�p�p� ©����9 �F�

@°>i^,>f@CVX^Xy í VYFLFLVU`~TYPlHA^b^,V�^�]GVUFLVXTYFLV�]�o<qÃFb\EVkFL`IHQNO^LTU`LKMBGFLKM>AN
>ABpVU`IHJFL>f`ÕHQ`bVCVYÏGBEPMKMTUKÐFbPWq¿TI\E>f^LVUN&HAN6]�{AKMeAVUN¿@C>A`bVÚTY>fBEKMVX^
HJFÕFb\EV�VUÏ<BpVUNO^,VÚ>AÀ9o6HA]&TUPMHf^L^LVX^ÕKWNr>AFL\EVX`¨TI\E`b>A@C>i^,>f@°V�^Uy
þ�KM{AD6`LV ô ]EVX^bTY`bKWopVX^�Fb\EV�>fBOVX`bHQFL>A`�y ¶ ¾~>9TI\E`b>A@C>f^L>A@CVX^�HA`LV
`bHAN6]G>A@CPMqÕBEKlTIÝAV�]#ÿfj ^LVYF�>AÀp{fVUNEV�^·¾kKÐFb\°N6>ANGÎ¥ßUVX`L>a¾?VXKW{f\iFb^
HQ`bV?TI\E>i^,VXNÕÀx`b>A@�>AN6V~>AÀEFL\6VU@Ág 6O>;0!<�P'� ÿ�FL\E>i^,V~{AVXNEVX^4¾kKWFL\
TUHQ`I]GKMN6HQPMKWFÑq�>QÀ Fb\EVUKM` *7�3;S;2Hj!A1L1A.: ^,FL`bKlT�FLPMq�{A`bVXHJFbVU`�Fb\6HQN
FL\E>i^,V°>QÀ?FL\EVXKW`0TY>fDENiFLVX`LB6HA`,FI^;KMN�FL\EVC>QFb\EVU`�B6HA`,FbKMTUKWBOHJFLKMNE{
TI\E`L>f@C>f^L>A@CV¨HA`LV�TY>fPWPMVXTYFLV�]�KMN&HÁPWKl^ÑFÃTXHQPMPWV�] L1A;X?A@6O:!L1AH: y
¶ \EVUN�Fb\EV�{AVXNEVX^S>QÀ<FL\6V.TI\E`b>A@C>f^L>A@CV 6O>10!<OP'� TY>f`L`bVX^LBO>fN6]<Î
KWNE{�FL> L?A;X?A@6�:;L1AH: HA`LVÞTU>ABEKMVX]�>AN�Fb\EVÄTU>A`b`LV�^,Bp>AN6]EKWNE{
{AVUN6VX^ >QÀ 6O>10!<OP�� y

� ��(9�O%� XWY�������1#$(�%')* Z% ¶ \EKl^�^LVUPMVXTYFLKM>AN°>ABpVU`IHJFL>f`·{AKMeAVX^·@C>f`LV
TY>AB6KWV�^�>QÀ~FL\EVÚTI\E`b>A@C>i^,>f@°V�^Uy°j ^ÑFIHQN6]6HQ`I]�oEKMN6HA`Lq[Fb>ADE`LÎ
N6HQ@CVUNiF;^LVUPMVXTYFLKM>ANÁ>ABpVU`IHJFb>A`ÕÖ ó ÿOuJØSKM^;D6^LVX]#y í KMN6HA`Lq�Fb>ADE`LÎ
N6HQ@CVUNiF.^LVUPMVXTYFLKM>ANC`bHAN6]G>f@°PMqÃB6KMTIÝG^·DEBCFÑ¾~>ÕTI\E`b>A@C>f^L>A@CVX^
Àx`L>f@�Fb\EV�Bp>ABEDEPlHJFbKW>fN�gJTY>f@°BOHQ`bVX^pFL\6VUKM`S>AoEëÑVXT�FbKWefVøÀxDEN6TYFLKM>AN
e©HAPWD6VX^Xg<HAN6]Ú{fKWefVX^?>ANEV�HA]6]GKÐFbKW>fN6HQP�TY>fB<q�>QÀ�Fb\EV�¾kKWNEN6VU`?FL>
FL\EV�BO>fBEDEPlHJFbKW>fNÞHJF¨FL\EV¹VYÏGBOVXN6^LV�>QÀ;FL\EV¹PW><>f^LVU`°TI\E`b>A@C>QÎ
^,>f@°Vfy

¶ \6V?Àx>fPWPM>J¾kKMNE{a^LVXTYFLKM>AN°]GVX^bTY`bKWopVX^�Fb\EVk`LV�TY>f@ÃoEKMN6HJFbKW>fNÕ>ABpVU`IHJFb>A`
KMN�_�».Z�_�jÃy

 �\[]�1#H)_^a`r%� ��!(9%')* 
þ4KM{ADE`bV�v¿^L\E>J¾9^¨FL\6V�@CV�TI\6HQNEKl^L@�>QÀnFL\EVÁ`bVXTY>f@ÃoEKMN6HQFLKM>ANÞ>fBGÎ
VX`bHQFL>f`�KMNû_�»?Z�_�jÕy0è¥F&`IHQN6]E>A@CPWq�B6KMTIÝG^�DEBõFÑ¾?>�TI\E`b>A@C>QÎ
^L>A@CV�^[Àx`b>A@ FL\6VÞBp>ABEDEPlHJFbKW>fNõHAN6]�TY>fN6^LKM]GVX`b^�HQPMPÃFb\EVÂ{AVUN6VX^
KMNÂFL\EV�TI\E`L>f@C>f^L>A@CVX^¨Àx>A`�BO>i^L^LKWo6PWV�^L¾~HABEBEKMNE{6y�è¥FÚ`bHAN6]G>A@CPMq
@�HA`LÝG^Ú>fNEV�HA@°>fNE{&Fb\EVU@ÁycbAD6^,F¹PMKMÝAV�Fb\EV E!X?2@414$L1A;X?A@6O:57$<.3
>fBOVX`bHQFL>f` I!A!6.<OP@W�793@2H:57$<$3 ^LVUPMVXT�FI^ÃH�^,VUFÃ>QÀ9{fVUNEV�^ÃTUHAPWPMVX]�Fb\EVM�d*6O>@2$3;j!A1L1A.: y�_aVUN6VX^?>QÀ 6O>;0;<OP'� HAN6] 6O>;0;<OP�� TU>A`b`LV�^,Bp>AN6]EKWNE{
Fb>°FL\EV0@CVU@¨oOVX`b^9>QÀ M�d*6O>@2$3;j!A1L1A.: HQ`bV�VYÏETI\6HQN6{AVX]�y
¶ \EVkÀx>fPWPM>J¾kKMNE{0^,V�T�FLKM>ANÚ]EVX^bTY`bKWopVX^·Fb\EV9>JefVU`IHQPMPi@CV�TI\6HQNEKl^L@Æ>QÀ

Fb\EVÕHQPM{A>f`LKWFL\6@�y
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� � ���E�C�J� �f�Q�������G£
_�»?Z�_�j \6Hf^�FÑ¾~>�]GKM^,FLKMN6TYF¨BE\6Hf^,V�^Uñ ºÑò ¼0BE`LKM@C>A`I]GKlHQP�^,FbHQ{fV

HQN6] ºzó ¼këÑDGÏ<FbHABO>i^,KWFLKM>AN6HAP~^,FbHA{AVfy ¶ \EV�B6`LKM@C>A`I]GKMHAP?^,FbHA{AV�ç6`I^,F
HQBEB6PWKMVX^ÁFb\EV¿FL`IHQNO^LTU`LKMBGFLKM>AN2BE\6Hf^,V¿è�>ABpVU`IHJFL>f`�Àx>f` É {fVUNEVX`bHQÎ
FLKM>AN6^Xg<]GVYFbVU`b@°KMNEKl^ÑFbKMTXHQPMPWqCTY>fN6^LKM]GVX`LKMNE{�VUefVU`bqÃ{fVUNEVkKMN�VXHfTI\�{AVUNEÎ
VU`IHJFbKW>fN�y ¶ \EKl^CKM^¨Àx>fPWPM>J¾?V�]&o<q&FL\6VÁHABEBEPMKMTXHJFbKW>fNr>QÀnFL\EV�FL`IHQNEÎ
^LTU`LKMBGFbKW>fN�BE\6HA^LVkè,è·>fBOVX`bHQFL>A`·Àx>f`�VXHfTI\CB6HQKM`�>QÀ�{AVXNEVX^�¾kKÐFb\�NE>ANGÎ
ßUVX`L>C¾~VUKM{A\iFb^Xy d D6`LKMNE{CFL\6KM^n^ÑFIHQ{AVaFb\EV0BO>fBEDEPlHJFbKW>fN�>AÀ·TI\6`L>f@°>AÎ
^,>f@CVX^a`LVX@�HQKMN6^aDEN6TI\6HANE{AV�]#g�VYÏETUVUBGFaFL\6HQF0FL\EVC¾~VUKM{A\iFb^a>AÀ.FL\6V
{AVXNEVX^9TI\OHQNE{fVaHAN6]¹FL\EVÕPMKMNEÝJHQ{AV0^LVYFI^k{AVUF;TY>ANO^ÑFb`LD6TYFLV�]#y ¶ \EKl^kKM^
Àx>APMPW>J¾~VX]�o<q[FL\6V�ëÑDGÏ<FbHQBp>f^LKWFLKM>AN6HAP�^ÑFIHQ{AVfg�KMN�¾k\EKlTI\�FL\EVÚ^,FL`bKMNE{
^,VXPWV�T�FbKW>fN�gpTUPMHf^L^n^,VXPWV�T�FbKW>fN�gpHAN6]Á`bVXTY>f@ÃoEKMN6HQFLKM>ANÁ>ABpVU`IHJFb>A`I^9HQ`bV
HQBEB6PWKMVX]�KWFLVU`IHJFbKWefVUPMqAyÚþ4KM{ADE`bV�u�^,\E>J¾9^aFb\EV�>JeAVX`bHAPWPøHAPW{f>A`bKÐFb\E@Áy
¶ \EV�PMVUNE{AFL\Ò>QÀaFL\6V[FL`IHQN6^bTY`bKMBGFLKM>ANÂBE\6Hf^,VÁè�HQBEB6PWKlTUHQFLKM>ANÂKM^ É y
¶ \EV�PWVXNE{QFb\¹>AÀSFb\EVÕHQBEB6PWKlTUHQFLKM>AN�>AÀSFb\EVaFL`IHQN6^bTY`bKWBEFLKM>AN�B6\6HA^LV�è,è
HQBEB6PWKlTUHQFLKM>AN�KM^ ÉUÊ��&É KMN�Fb\EVC¾?>f`b^,FaTXHA^LVAy ¶ \EVCPWVXNE{QFb\�>AÀ.FL\6V
ëÑDGÏ<FbHABO>i^,KWFLKM>AN6HAP�^,FbHA{AVÕTUHAN[oOV¨`L>fDE{A\6PWq¹VX^,FLKM@CHQFLV�][HA^kÀx>fPWPM>J¾9^Xy
è¥À��noOVCFb\EV°FL>AFbHQPøN<DE@¨oOVX`0>QÀ~{AVUN6VU`IHJFLKM>ANO^;KMN�ëÑDEÏiFIHQBp>f^LKÐFbKW>fN6HQP
^ÑFIHQ{fVAgQFb\EVUNCÀx>f`.oEKMN6HA`LqÃFL>AD6`LN6HA@CVUNiF.^,VXPWV�T�FbKW>fN�gAVXeAVU`bq¨TI\6`L>f@°>AÎ
^,>f@CV�>QÀ~FL\EVÚBp>AB6DEPMHQFLKM>AN¿¾kKMPWP~TY>AN<efVU`b{AV¨FL>�^bHQ@CV�KWNO^ÑFIHQN6TUV�>QÀ
TYPlHA^b^,V�^C¾k\EVUN ó � � �øg~K�y VAy!�	� PM>A{a���4PW>f{ ó y2RGDEo6^,FLKWFLDGFbKWNE{
�\� �.� Ç � È g·¾?V¹{AVYF�g � � � ��� <�" È � �F�$# %&#� ��� Ê y�jÙTU>AN6^,FbHANfFÃÀ�HAT�Fb>A`¨>QÀ
�kKM^;`LV�TY>f@°@CVXN6]GVX]¹Àx>f`nHATYFLD6HAP�BE`IHATYFLKlTYVAy;=?PMVXHA`LPMqÚFb\EVÕN<DE@ÃopVU`
>QÀ�{fVUNEVX`bHQFLKM>AN6^øKMNÕëÑDEÏiFIHQBp>f^LKÐFbKW>fN6HQPp^ÑFIHQ{fV9KM^ Å ºzÌ ¼�y�h�VUF?D6^?NE>J¾
TY>f@°B6DGFLV0Fb\EVÕ>JefVU`IHQPMP�^bHQ@CBEPMVÕTY>f@CBEPWVUÏGKÐFÑq¹>QÀ._�».Z�_�jÃypR<KMN6TUV
FL\EV¿Bp>ABED6PMHQFLKM>AN�^,KMßUV�KM^[Å º � Ç � È ¼�HAN6]�FL\EV¿BE`bKW@C>f`b]GKlHQP�^,FbHQ{fV
TY>fNfFbKWN<DEV�^°Àx>A`]� É � Å º�É ¼�{AVUN6VU`IHJFLKM>ANO^UgøFb\EV[>JeAVX`bHAPWP ^bHQ@CBEPMV
TY>f@°B6PWVUÏ<KWFÑqAg

' � � Å º � Ç � È º�É.Ë¿É Ê ��É�ËÄÌ ¼L¼
� Å º � Ç � È º�É Ê ËÄÌ ¼,¼

t!<C7�U � M1K � �^D9T #=@J.=)( ��1/5B.J - =!<.8�[7�3;:c7ZQ+*�Q S^Q E�Q S P52 da[
-H- �Y�6�������J�������°�x�E�~¤6�b¤�}G�W�J�����J�r�Q�.�L�Q�p�A�Q£
B�3�7O:57�2;X@7-,;ArD�=!<.8�T[7 b\z�[-H- |~����£��J�b�J���J�4�����U�i�
i1>�7.X?ArD97 y_ECT #/.0. �Ò�l�¨���I�J�6�I���J�O�

*_b}z�[I!A$8@A12H: #-H- �X�A�U�6��� �I¢¹�I�Y���¥�U���L�U�W�J�����J�6�
/10!2.3*416�057�81:57$<.3;=H>@2@4$A@B�D�=!<�8�Q1*CTZ[-H- �Y�p�U�L�Y£��U�6�4�i�U�p�U�L�J�����J�¿�b�Q}G�6���Y�
*{b2* ( ��[

* (;31:57.XrD3*Yb?b{=10;<.WCX?AOP X?A.31j1:?>�T7 b 7!( �5[
*
/10!2.354?6�057�8;:*7$<.3;=?>!2!4.A!B1BD~=;<$8�TZ[S}b\z�[-H- ªi}A¸f�¥�I¤E�J�����z���Q�p�J�S���¥�X�f�
I!A$8@A12H: #-H-�� �Y�W�I�U�~�I�U�z���Y�a���������i�Q�
L1A;X?A!6�:57$<.3^D�=!<.8�T[-H-�� �Y�W�I�U�~�I�U�z���Y�Õ�U�W�©�I�U�Y�
E!X?2@4?4.L1A;X?A!6�:57$<.3^D�=!<$85T[-H- |~�b�X�Q}6�b�°�54k�z¤������i�
I!A@6.<�P@W�7�3@2.:57$<.3aD~=!<.85T[M1t!2;X�V@2H:!A�D~=!<.8�TZ[ -.- �~¡J�J��}6�Q�¥� s ���p�Y�I�-H- �Y�p�U�L�Y£��U�6�4�i�U�p�U�L�J�����J�¿�b�Q}G�6���Y�
S}b{S ( ��[-.- Ô £��U¸¹�l�Ã�Ñ� Å º PM>A{76 | �L�A�U�W�U£ �M�Y�<�Q�x�9838

* (;31:57.X D�S �YS P52�dcT
*

�?� ���;:��r�;���pªk9�
< �p��k�r�~� 4�6�784�9Z���C�k���p�F�k�¯�����¨��3>=?# %&#  $®*�k�p���@# %&#O� ���'�9��p�F��9� �9��� � � Ra���H�'�9��F� �9�k�F�O�¥�C���¥�¥�

m;>QFbV9FL\OHJF.Fb\EV9Fb`bHAN6^bTY`bKWBGFbKW>fN�BE\6Hf^,V9èLèø>ABpVU`IHJFb>A`�Kl^?HABEBEPMKWV�]�>AN
Fb\E>f^LV�B6HQKM` >QÀ·{AVXNEVX^?FL\OHJF9\6H©efVnNE>fNGÎ¥ßUVU`b>°¾?VXKW{f\fFI^Uy ¶ \EVX`LVUÀx>A`bVAg
Fb\EV¹TU>A@CBEPMVYÏGKWFÑq�>AÀkFL\EKl^°>ABpVU`IHJFbKW>fN&KM^°üiD6HA]G`IHJFbKMTÚ>ANEPMq¿KWN&Fb\EV
¾~>A`I^,F;TUHA^LVÕ¾k\EVXN�HQPMP�Fb\EV°{AVUN6VX^9KMN�H�TI\6`L>f@°>i^,>f@CVa\OH©eAVÕNE>fNGÎ
ßXVU`b>¨¾~VUKM{A\iFI^Uy
¶ \EV�Àx>fPWPM>J¾kKWN6{°^LVXTYFLKM>AN�BE`LV�^,VXNiFb^~FL\6V�FLVX^,F9`bVX^LDEPÐFI^Uy

àYàYà©á��	
 ±Y²BA 
 ±Xå&CY²�±
d VX^LKW{fNEKWN6{9H~FLVX^,F�^LVYF�DEB0`bVXüiDEKM`bVX^�TXHQ`bVYÀxDEPATU>AN6^LKl]GVU`IHJFbKW>fN�y�j9N

Kl]GV�HQP�^,VUF~DEB�^,\6>ADEPl]ÚTY>fNiFbHQKMNÚBE`b>Ao6PWVX@C^?¾kKWFL\¹]EKÐì�VU`bVUNiFk]GKW@CVXNGÎ
^LKM>AN6^#>AÀGBE`L>foEPMVU@2]EKÐ÷ÚTYD6PÐFÑqfgQ^,D6TI\0Hf^#@ÃDEPWFLKWÎ¥@°>G]EHAPWKWFÑqAg©op>ADENO]GVX]
KMN6HABEBE`b>ABE`bKMHQFLVXNEVX^b^S>AÀp`bVUPlHJFbKW>fN°^LB6HfTYVAgABE`L>foEPMVU@Æ^LKWßXVAgQN6>AKl^,qÕ>foGÎ
ëÑV�T�FbKWefV ÀxDEN6T�FbKW>fN�y·è�N°FL\EKl^�B6HABOVX`XgA¾?VkBE`bVX^LVUNiFøFb\EVkBOVX`,Àx>f`L@�HAN6TYV
>AÀS_�».Z�_�jÒÀx>f`.BE`b>Ao6PWVX@C^.¾kKÐFb\�eJHQ`bqiKMNE{Õ]GVX{A`bVUV9>AÀ�]GKÐ÷ÚTUDEPÐFbKWV�^
HAPW>fNE{�FL\EV�ç6`I^ÑF�Fb\E`LVXV�]GKM@CVUN6^LKW>fN6^Xy ¶ \EV�Àx>APMPW>J¾kKMNE{r^LVXT�FbKW>fN6^
]EVX^bTY`bKWopV�Fb\EVÁFLV�^ÑFCÀxDENOT�FLKM>ANO^�HQN6]ÞBE`LV�^,VXNiF°Fb\EVÁVYÏGBpVU`bKW@CVUNiFIHQP
`bVX^LDEPWFb^Xy



0

1e+06

2e+06

3e+06

4e+06

5e+06

6e+06

7e+06

8e+06

9e+06

100 150 200 250 300 350 400 450 500

F
un

ct
io

n 
ev

al
ua

tio
ns

Problem size

GEMGA performance
Quadratic growth

�H� ������� 4���p®@���R�~�?�'�k�Z��ªk�r���p�C�~�?��ª9�k�¥�'� �F�a�¥«~�F� ªk���'� ���9�@®*� ��� �9���F�k� �p����� �p���
� � �ø¸Y¤E�U����£��Y�O�¥�Q���A�Y���Ð�Q�
jÙFLV�^ÑF°ÀxDEN6TYFLKM>ANÄKM^°TY>fN6^ÑFb`LDOT�FLV�]&o<q&TY>ANOTUHJFbVUN6HQFLKMNE{�@¨DEPÐFbKÐÎ

BEPMV¹N<DE@¨oOVX`b^¨>QÀ;>f`b]EVU`LÎ�u�Fb`bHAB&ÀxDEN6TYFLKM>AN6^ÁÖ ò Ø¥y&».HATI\&>AÀ9FL\6VX^LV
^,D6oGÀxDEN6TYFLKM>AN6^CKl^CHQNÞ>f`b]EVU`LÎ�u�Fb`bHABrÀxDENOT�FLKM>ANSy ¶ \EV�B6HQ`LFLKlTYD6PMHA`
eAVX`b^LKW>fN¹>AÀ·FL\EVÃ]EVXTYVXBGFLKMeAV�Fb`bHAB�ÀxDEN6T�FbKW>fN[D6^LVX][TUHANÁoOVÃ]EVYç6NEV�]
HA^~Àx>fPWPM>J¾9^Uñ

� º�� ¼ � É KÐÀ��	� É
� É �Äò@� � >AFL\EVX`L¾kKl^,V %

¾k\EVU`bV��rKl^aFL\EV�N<DE@¨oOVX`0>QÀ ò Î�^nKMN�FL\EVÚ^,FL`bKMNE{ � HQN6] É Kl^�FL\6V
^ÑFb`LKMNE{0PMVUNE{AFL\�y·è¥À�¾?V9TXHQ`bVYÀxDEPMPMqÃ>AoO^,VX`LefV?Fb\EKl^øFL`IHQB¨ÀxDEN6TYFLKM>AN�gi¾~V
^,\OHQPMP#NE>QFbV;Fb\6HJFkKWF \OHA^?FÑ¾?>°BpVXHQÝG^Xy î NEVn>AÀSFb\EVU@ÙTU>A`b`LV�^,Bp>ANO]E^
FL>�FL\6VC^,FL`bKMNE{¹¾kKWFL\&HAPWP ò Î�^�HQN6]�FL\6V°>AFL\EVX`�KM^aFb\EV�^ÑFb`LKMNE{�¾kKÐFb\
HQPMP ' Î�^UyaþE>A` É � ó '&' gOFL\EV°>JeAVX`bHAPWP#ÀxD6N6T�FbKW>fN�TY>fNiFbHQKMN6^nv ' ^LDEoGÎ
ÀxDEN6TYFLKM>AN6^Xÿ·FL\EVX`LVUÀx>A`bVAg·HQN¿>A`I]GVX`,ÎÑuÚop>AD6N6]GVX] ó/'/' Î�oEKWF0BE`b>AoEPMVU@
\6HA^ ó �F© PW>GTUHAPG>ABGFbKW@�H6gfHQNO]°HA@C>ANE{aFL\6VU@Ágf>fNEPMqÃ>AN6V~Kl^ø{fPW>fo6HQPMPWq
>ABGFbKW@�HAPzy�j;^ÃFL\EV¹BE`L>foEPMVU@ PWVXNE{QFb\rKWNOTY`bVXHA^LVX^0FL\EV¹NiD6@ÃopVU`°>QÀ
PW>GTXHQP~>ABGFbKW@�H�VUÏGBO>fNEVUNiFLKlHQPMPMq�KMN6TU`LV�HA^LVX^Xy ¶ \EKl^¨TUPMHf^L^¨>QÀ9BE`b>AoEÎ
PWVX@�^?Kl^?>A`I]GVU`LÎ�uÕ]GVUPMKWN6VXHQo6PWVn¾kKÐFb\�`bVX^LBOV�T�F.Fb>ÕFb\EVaTUPMHf^L^~H©eAVX`bHA{AV
TY>f@°BOHQ`bKM^L>AN�^,FbHQFLKl^ÑFbKMTX^ º Kzy VAyø¾k\6VUN¹TUPMHf^L^LVX^~HQ`bVnTU>A@CB6HA`LV�]C¾kKÐFb\
`LV�^,BpVXTYF?Fb>ÕFb\EVn]GKl^,FL`bKWoEDEFLKM>AN�@CV�HQN6^I¼�y ¶ \EKl^.B6`L>foEPWVX@ûKWN¹>A`I]GVU`LÎ
u&]GV�TYVUBEFLKMeAV�`bVUB6`LV�^,VXNfFIHJFbKW>fNÄ\6Hf^Ú>fNEPWq É �Qu&BE`L>fBOVX`Ú`bVUPlHJFLKM>ANO^
HQ@C>AN6{�Fb\EV ° � : ± >A`I]GVU`LÎÑu�`bVUPlHJFLKM>ANO^Uy ¶ \EVU`bVYÀx>f`LVfg�^,V�HQ`ITI\EKWN6{ÚÀx>A`FL\EV�HQB6BE`L>fBE`bKMHQFLV9`bVUPlHJFbKW>fN6^�Kl^.N6>QF~HÕFL`bKWe<KlHQPAëÑ>Ao�KMN�Fb\EKM^ TUPMHf^L^.>QÀ
BE`b>AoEPMVU@�^Xy ¶ \6KM^ Kl^?FL\EV�BE`bKW@�HA`LqC`bVXHA^L>AN�oOVX\EKWNO]ÚFb\EVaÀ�HQKMPWDE`bVa>QÀ
@C>f^,Fa>AÀøFL\EV°VYÏGKl^ÑFbKWNE{¹oEPlHATIÝ<oO>©Ï�>ABGFbKW@CKMßXHQFLKM>AN�HAPW{f>A`bKÐFb\E@�^ Àx>A`
^,DOTI\¨BE`b>Ao6PWVX@C^Xy·=?PMVXHA`LPMqaFL\EKl^øTYPlHA^b^4>QÀpBE`L>foEPMVU@�^·HQ`bV.@�HA^b^,KMeAVXPWq
@ÃDEPWFLKM@C>G]EHQPøHQNO][\6HA^nop>ADEN6]EVX]�KMN6HABEBE`b>ABE`bKMHQFLVXNEVX^b^k>QÀøFb\EV°`LVUÎ
PMHQFLKM>AN�^LB6HfTYVAgp]GVYçONEVX][o<q¹FL\EV¨`LVXBE`bVX^LVUNiFbHQFLKM>AN�y ¶ \EVÕÀx>fPWPM>J¾kKMNE{
^,V�T�FbKW>fN�B6`LV�^,VXNfFI^?FL\EV�FbVX^,F9`LV�^,DEPWFb^Xy
� � � ����}G���z�
¶ \6V¹_�».Z�_�jÙKM^0FLVX^,FLV�]rHQ{iHQKMN6^,F�>f`b]EVU`LÎ�u�]GV�TYVUBEFLKMeAVÚBE`b>AoEÎ

PWVX@�^ >QÀ�]GKWì�VU`bVUNiF9^,KMßUV�^Uyøþ4KW{fDE`bVa×°^,\6>J¾9^.Fb\EV�H©eAVU`IHQ{fV9N<DE@ÃopVU`
>QÀÕ^bHQ@CBEPMV�VUeJHQPMD6HQFLKM>AN6^CÀx`b>A@ ^,KWÏÒKWN6]EVUBpVUN6]GVXNiF�`LD6N6^ÚNEVXVX]GV�]
FL>�ç6N6][Fb\EVÃ{fPW>fo6HQPMPMq¹>fBGFLKM@�HQP·^,>fPWDGFbKW>fN[Àx>A`a]GKWìpVX`LVXNfFaBE`b>AoEPMVU@
^,KMßUV�^Uy ¶ \EV0Bp>ABED6PMHQFLKM>AN[^,KMßUVÃKM^;u '/' gETI\E>f^LVUN[HA^;]GVX^bTY`bKWopVX]�V�HQ`LÎ
PWKMVU`4KMN0FL\EKl^�B6HQBpVU`�y�jn^S¾~V.^LVUVAg�Fb\EV?^bHQ@CBEPMV?TU>A@CBEPMVYÏGKÐFÑqaPMKWNEV�HQ`bPWq
]GVUBpVUNO]E^k>AN�Fb\EV0BE`b>AoEPMVU@Ù^LKMßUVAy
þ4KM{ADE`bVnta^L\E>J¾rFb\EV9{A`IHA]ED6HQPG]GVUFLVXTYFLKM>AN�>AÀOFb\EVk`LVXPMHQFLKM>AN6^ø]EDE`,Î

KWN6{¹Fb\EV�BE`bKW@C>f`b]GKlHQPøHAN6]ÚëÑDEÏiFIHQBp>f^LKÐFbKW>fN6HQP�^,FbHA{AV�^;Àx>f`ÕH ô/' Î¥oEKWF
>A`I]GVU`LÎÑuÃ]GV�TYVXBGFLKMeAV0BE`b>Ao6PWVX@�y?».HATI\¹ç6{fDE`LV�`bVUBE`bVX^LVUNiF FL\6V0`LVXPMHQÎ
FLKM>AN�^,B6HfTYV9>AÀ#FL\EVa¾k\E>fPWVnBO>fBEDEPlHJFLKM>AN¹HJF~H¨TYVX`,FIHQKMN�{AVUN6VU`IHJFLKM>ANSy

¶ \6V?Ï<Î�HJÏGKl^4]EVUNE>AFLVX^�Fb\EVk¾?VXKW{f\iFb^4KWN¨FL\6V~{fVUNEV�^UgA>A`I]GVU`bVX]0>fNÃFb\EV
oOHA^LKM^0>AÀ FL\EV �W�X�U}<� >QÀ FL\EV¹{AVXNEVAyÁè�N&>QFb\EVU`Ã¾?>f`b]E^0FL\EV¹e©HAPWD6VX^
HAPW>fNE{aFL\EV Ï<Î�HJÏGKl^øTY>A`b`bVX^LBO>fN6]0Fb>�FL\EV;HfT�FbD6HQPGeJHQPMDEVk>AÀOFb\EV9PM><TUD6^
>AÀ·H°{fVUNEV�KMNÁH�TI\6`L>f@°>i^,>f@CVAy ¶ \EV0qiÎ¥HQÏ<Kl^ TY>f`L`bVX^LBO>fN6]E^?FL>CFb\EV
]EKÐì�VU`bVUNiF0@CVU@ÃopVU`I^aKWN�FL\6V°Bp>AB6DEPMHQFLKM>AN�y ¶ \EVCßYÎ�HJÏGKl^Ug�BpVU`bBOVXNGÎ
]EKMTUDEPMHA`~FL>°FL\EV0BOHQ{AV�]GVXNE>QFbVX^~FL\6Va¾~VUKM{A\iFI^ >QÀSFb\EV0TY>f`L`bVX^LBO>fN6]<Î
KMNE{�{fVUNEV0KMNÁFL\EV¨TY>A`b`bVX^LBO>fN6]GKMNE{�TI\E`L>f@C>f^L>A@CVAy.R<KMN6TUV0FL\EVÕFLVX^,F
ÀxD6N6T�FbKW>fNÃKl^�TU>A@CBE`bKM^LVX]�>AÀE>A`I]GVU`LÎ�u?Fb`bHAB0ÀxDEN6TYFLKM>AN6^Xg©Àx>A`·HQN<qaB6HQ`LÎ
FbKMTUDEPlHQ`~{AVUN6V;KMN¹H°TI\E`L>f@C>f^L>A@CVAgAFL\EVX`LVaHQ`bV;>AN6PWq�v¨>QFL\6VU`~{AVUN6VX^
Fb\6HJFÕHA`LV¨`LVXPMHQFLVX]�¾kKÐFb\�KWFXy ¶ \EVCTY>A@CBEPMVYFbVC`LVXPMHQFLKM>AN�^LB6HATUV¨\OHA^
H�TUHA`b]EKWN6HAPWKWFÑq¿>QÀ ó 2~© yÄj;@°>fNE{ ° 2�©: ± >f`b]GVX`,ÎÑuÁ`bVUPlHJFbKW>fN6^¨FL\EVX`LVHA`LV�>AN6PWqÞ×�`bVUPlHJFLKM>ANO^ÃFb\6HJF�TU>A`b`LV�T�FbPWq&TY>f`L`bVX^LBp>AN6]rFL>�FL\EV[HfT�Î
FbD6HQP#]GVXBOVXN6]GVXN6TYKMVX^~]GVYçONEVX]�oiqCFb\EVaBE`L>foEPMVU@Áy�_�».Z�_�j�NEVUV�]E^
Fb>�]EVYFLV�T�FaFL\EVC`bVUPlHJFbKW>fN6^9Fb\6HJF�`bVUPlHJFLV¨{AVXNEVX^n¾kKÐFb\�PM>GTYK·`IHQNE{fKWNE{
Àx`b>A@ ' Fb>�vnFb>A{fVYFL\6VU`�g©Àx`L>f@õu;FL>ÕðnFL>f{AVYFb\EVU`øHAN6]¨^L>�>AN�y ¶ \EV�^,V
`bVUPlHJFbKW>fN6^0HQ`bVC{A`IHA]GDOHQPMPWq�]GVUFLV�T�FLV�]�KWNr]GKWì�VU`bVUNiFÃTI\E`b>A@C>f^L>A@CVX^
Fb\6HJFCTY>fNfFIHQKMNr{A><>G]&TYPlHA^b^LVX^0Àx`b>A@ Fb\E>f^LV�`bVUPlHJFbKW>fN6^Uy�Z[>A`bVÚKMNGÎ
^,FbHAN6TYV�^.>AÀ�{f>i>G]ÚTUPMHf^L^LVX^~HQ`bV;B6`L>G]GD6TUVX]�oiqÚ^LVUPMVXTYFLKM>AN�HQN6]ÚFL\EVXq
HA`LV�VUÏGTI\OHQNE{fVX]�HQ@C>ANE{�]GKWì�VU`bVUNiF;^ÑFb`LKMNE{i^ FL>ÚTU`LV�HJFLV�\EKM{A\6VU`9>f`,Î
]EVU`k`bVUPlHJFLKM>ANO^.Fb\6HJFkçON6HQPMPWq¹PWV�HA]�FL>°FL\6V0>ABGFbKW@�HQP�^,>fPWDGFbKW>fN�y

à	��á�
 ã â µ CiåS±Xæxã â
¶ \EKl^øB6HABOVX`�BE`bVX^LVUNiFb^øH�oE`bKMVYÀ#KWNiFb`L>G]GD6TYFLKM>ANC>QÀ�_�».Z�_�j�HQN6]

Fb\EVÁFLV�^ÑF¹`LV�^,DEPWFb^°Àx>f`ÚPlHQ`b{AV�BE`L>foEPMVU@�^C¾kKÐFb\ @CKWPMPWKM>ANO^�>QÀ�PW>GTXHQP
>fBGFLKM@�H¹HAN6]�oO>fDEN6]GV�]�KMN6HQB6BE`L>fBE`bKMHQFLVUN6VX^b^;>AÀ.FL\6V°`bVUB6`LV�^,VXNfFIHJÎ
FbKW>fN�y�_�».Z�_�jÍVUPMKM@°KMN6HQFLVX^�@�HANiq�BE`L>foEPMVU@�^a>QÀ.Fb\EVCBE`bVUe<KW>fD6^
efVU`I^,KM>ANO^�>QÀp@CVX^b^,qÕ_�j;^Xy ¶ \EV~@CHAKWN¨KW@CBE`b>JeAVX@CVUNiFb^4HQ`bV º,ò ¼�VYÏ<Î
B6PWKlTYKWF�BE`b>GTYV�^L^LKWN6{~>AÀE`LVXPMHQFLKM>AN6^SHQN6]0TUPMHf^L^LVX^Xg º�ó ¼#VXPWKM@CKWNOHJFLKMNE{kFb\EV
N6VUVX]�Àx>A`0H�FLVX@°B6PMHQFLV�^,>fPWDEFLKM>AN�g ºzô ¼;`LV�]GD6TUKWNE{¹FL\6V�BO>fBEDEPlHJFLKM>AN
^LKMßUV9Àx`b>A@éÅ ºzÇ~È�É ¼�FL>CÅ º�Ç È ¼�Àx>A`~>A`I]GVU`LÎÑÔ9]GVUPMKMNEVXHAoEPWVnBE`b>AoEPMVU@�^
KMN�^,V�üiDEVUN6TUV?`bVUB6`LV�^,VXNfFIHJFbKW>fNÃ>QÀpPWVXNE{QFb\ É g º v<¼4KWNiFL`b>G]GD6TUKWNE{a\EKM{A\
]EVU{A`bVUV;>QÀ�B6HA`bHAPWPMVUPMKM^L@ º VUefVUNÚ@C>f`LVkFb\6HQN¹^,KM@CBEPWV�_�jn¼Yg<HAN6] º uA¼
`bVX]ED6TYKMNE{ÕFb\EVa`LDEN6NEKWN6{ÕFLKM@CV�oiq�H¨PMHA`L{fVkÀ�HATYFL>f`Xy·»øÏGBpVU`bKW@CVUNiFIHQP
`bVX^LDEPWFb^aTYPMVXHA`LPMq[^,\E>J¾~VX][FL\6HQF0_�»?Z�_�jõTXHQN�]GVYFbVXT�F0HQB6BE`L>fBE`bKÐÎ
HQFLV~`LVXPMHQFLKM>AN6^4VU÷�TUKWVXNiFLPMq0Àx>A`øHnPMHA`L{fV~TUPMHf^L^�>QÀpBE`L>foEPMVU@�^Uy ý NEPMKMÝAV
NOHJFLD6`bHAP#VUeA>fPWDEFLKM>AN�g6_�»?Z�_�j�]G><VX^ NE>AF;TY>fN6^ÑFb`LDOT�FkNEVU¾*`bVUBE`bVYÎ
^LVUNiFIHJFLKM>ANSy ¶ \6HQFaKl^aFL\EVCKM@C@°V�]GKlHJFLV°ÀxDGFbDE`bV�BO>i^L^LKWo6KWPMKÐFÑqfyC=?DE`LÎ
`bVUNiFbPWq�_�»?Z�_�jûKl^0]GVX^LKW{fNEVX]�Àx>A`0B6`L>foEPWVX@�^aFL\6HQFÃHQ`bV°>f`b]EVU`LÎÑÔ
]EVUPMKWNEV�HQoEPMVkKMNCFL\EV9TI\E>i^,VXNC`LVXBE`LV�^,VXNiFbHJFbKW>fN�y4_�»?Z�_�jÒ\6Hf^øoOVXVUN
FbVX^,FLV�]ÞÀx>f`Ú]GKWìpVX`LVXNfF�TYPlHA^b^¨>AÀaB6`L>foEPWVX@�^�BE`b><]ED6TYKMNE{¿eAVX`LqrVXNGÎ
TU>ADE`IHQ{fKWN6{[`LV�^,DEPWFb^Xy ¶ \E>f^LVÚ`bVX^LDEPÐFI^¨HA`LV�NE>QFCKWNOTYPMD6]GVX]rKWNÞFL\EKl^
BOHQBpVU`kopVXTUHAD6^LVa>AÀ�Fb\EV0`bVX^,FL`bKMTYFLVX]�^LB6HATUVAy

�Áá ®¨µ� â ã�� C 
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6â ²
¶ \EV�VXHA`LPMq�^ÑFIHQ{fVX^~>QÀ�FL\EKl^ ¾?>f`LÝC¾ HA^ ^LDEBEBp>A`LFLVX]�o<q�j;þøR î Û

_a`IHQNiF.þ4vfðf× ó/' Î�ðQvQÎ ò Î 'Eò 'Aô HQNO]°FL\EV9è�PMPMKWNE>fKM^�{AVUN6VYFLKlT9j;PW{f>A`bKÐFb\E@
h�HQop>A`IHJFb>A`bqAy ¶ \EV�Àx>APMPM>J¾kKWNE{�^,FbHA{AVX^~>AÀ�Fb\EVÃ]GV�^,KM{ANÁHQN6]�VUÏ<BpVU`LÎ
KM@CVUNiFbHQFLKM>ANÄ\6H©eAV¹oOVXVUNÞBpVU`LÀx>A`b@CVX]ÄHJF�h�>f^Cj;PMHA@°>i^ÃNOHJFLKM>ANOHQP
h�HQop>A`IHJFb>A`bq[DEN6]GVX`0FL\EV¹HQD6^LBEKlTYVX^Õ>QÀ~FL\EV ý R�y d VUBOHQ`LFL@CVUNiFÕ>QÀ
».NEVU`b{Aqfy ¶ \EV�HQDGFb\E>A`�HAPM^L>&HATIÝ<NE>J¾kPMVX]G{fVX^¨@CHAN<qÞD6^LVYÀxDEPn]GKM^,Î
TUD6^b^,KM>AN6^Ú¾kKÐFb\���`b>QÀxVX^b^L>A` d H©eiKl]Ò»9y _a>APl]GoOVX`L{rHAN6]�_aVU>f`L{fVX^
ÜnHQ`bKWÝ�y
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Ö ó ØÕjÃy í `LKMN6]GPMVAy � �U�p�U����� � � �f�Q�������G£Ã�S�Y�Q� w }G���Y�����J����¤p����£¨�����Jú
�����J� y ý NEBEDEo6PWKl^,\6VX]¿]G>GT�Fb>A`IHQPø]GKl^L^LVU`LFbHQFLKM>AN�g ý NEKWefVU`I^,KWFÑq[>QÀ
j;PWopVU`LFbH6g6».]G@C>fNfFb>AN�g6=~HAN6HA]EH6g ò ðfs ò y

Ö ô ØÕùCy d VUoSy í KMN6HA`Lq�HAN6]�+6>fHQFLKMNE{QÎ¥Bp>AKMNfF�ÀxDENOT�FLKM>AN¿>fBGFLKM@CKWß�HJÎ
FbKW>fNÞD6^LKWN6{�@CVX^b^Lq�{fVUNEVUFLKlT¹HAPW{f>A`bKÐFb\E@�^Uy�è�PMPWK�_�j;h�ÛkVXBO>f`,F
NE>Oy9ð ò '/' vÄHQN6]*]G>GT�Fb>A`IHQP0]GKl^L^LVU`LFbHQFLKM>AN�gaDEN<eAVX`b^LKÐFÑqÒ>AÀ°HQPWÎ
HAo6HQ@�HEg�FbD6^bTUHQPM><>f^bHEg ý N6KWefVU`I^,KWFÑq�>QÀ�è�PMPWKMNE>fKM^�HQF ý `bo6HAN6HJÎ
=?\6HA@CB6HQKM{AN�g�è�PMPMKWNE>fKM^r_aVXNEVYFbKMT j;PW{f>A`bKÐFb\E@�^&hSHAoO>f`bHQFL>A`bqAg
ý `Lo6HAN6HEg ò ðAð ò y

Ö vQØ d yS»9yS_a>fPM]EoOVX`L{OgSùCy d VUo�g4ÜÕySù0HA`L{fDEBGFbH6g�HQN6]¿_°ySÜnHQ`bKWÝ�y
Û9HABEKl]#gJHATUTUDE`IHJFLVø>fBGFLKM@CKWß�HQKWFL>fN0>QÀE]GKW÷�TUDEPWF�BE`b>AoEPMVU@�^SD6^,KMNE{
À�Hf^ÑF9@CVX^b^LqÚ{AVXNEVYFbKMT�HQPM{A>f`LKWFL\6@C^Xy |~�L���b�I�I�J���<�J�¨�,�����6� w � �I�x�
�Y�6���Y�����J�����J�p�Q�����J���Y�Y�L�U�p�I���J� � �Y���Y����� � � �f�Q�������G£Ã� gfB6HQ{fVX^
uA×��<×Av6g ò ðfð ô y

Ö u©Ø d yJ»9y�_a>fPM]EoOVX`L{Og í y©ù�>A`bo�g©HQN6]ÕùCy d VUo�y<Z[VX^b^Lqn{fVUNEVUFLKlT.HQPWÎ
{f>A`bKÐFb\E@�^Uñ·Z[>QFbKWeJHQFLKM>AN�gGHQNOHQPMq<^LKl^Ug<HQN6]Úç6`I^ÑF `LV�^,D6PÐFI^Uy �ø�Q£¨ú
¤��W�L¸ � ¢©�����Y£¨� g ôOº uf¼�ñ vfð ô �Gu ô/' g ò ðAsfðEy º j;PM^L> ¶ = _�j*ÛkVXBO>f`,F
sfð '/'fô ¼Yy

Ö ×JØÕÜÃySù0HQ`b{ADEBEFbHEy � � � � ����¦?|k�Q��¢J�p�Q£¨���Q�n���J£;¤p�M�L¸f����¢©¦0�Q�p�
���E� w �J���	���Y�I��¢ � �Y���Y����� � � �i�J�����x�<£ y ��\ d FL\6VX^LKM^Xg d VUÎ
B6HA`,Fb@CVUNiF.>QÀ4=?>f@CBEDGFLVX`~RGTUKWVXN6TYVfg ý NEKMeAVX`b^LKÐFÑq¨>QÀ�è�PMPWKMNE>fKM^?HJF
ý `Lo6HAN6HJÎ,=?\6HA@°BOHQKM{AN�g ý `bo6HQN6H6gOèÑhÄ× ò s 'Eò g ý REjÕg î T�Fb>AopVU`
ò ðAðfuEy4j;PM^L>�H©eJHQKMPMHAoEPWV�HA^ è�PMPMKl_�jnhrÛkVUBp>A`LF9ðfu '/' s6y

Ö t�ØÕÜÃy~ù0HA`L{fDEBGFbH6y�=?>f@CBEDGFbHQFLKM>AN6HAP9BE`b>GTYVX^b^LVX^�>AÀ�VXeA>fPWDGFbKW>fN�ñ
¶ \EV0RG»?j;Û9=~Ü�BpVU`I^,BpVXTYFLKMeAVfy ��`bVX^LVUNiFLV�]CKWNÁR<èÑj;Z j9NEN<D6HAP
Z[VXVYFbKWNE{Og ò ðfðA×ÕHf^.Fb\EV�¾kKWN6NEVU` >QÀ�FL\EV ò ðAðA×¨R<èÑj;Z j9NEN<D6HAP
í VX^,F;RiFLDO]GVUNiF �øHABOVX` �.`LKMßUVfg�bAD6PWq ò ðAðf×Ey

Ö sJØÕÛ0ypR�yEZ[KlTI\6HQPl^,Ý<K�y ¶ \EVU>f`LqÚHAN6]�@CVUFL\E>G]G>fPW>f{AqÚ>AÀ�KMN6]GD6TYFLKMeAV
PMVXHA`LNEKMNE{Oyiè�NCÛ0yAR�yJZ[KlTI\6HAPM^LÝ<Kzg bOyQ_°yf=~HQ`boO>fNEVUPMP�gQHQN6] ¶ yQZ&y
Z[KWFbTI\6VUPMPzg<VX]EKÐFb>A`I^Ug ���A�I�<���p�Õ�W�I�J���O���i��
 � �[�Q���z� s �Y���Q�����6���Y��ú
���Ð�i�U�p�I�C�b¤A¤��L���A�I� gpB6HQ{fVX^ ôfóAô � ô vfs6y ¶ KM>A{fH��.DEoEPMKM^L\EKMNE{�=?>6g
ò ðAs ô y

Ö ðJØÃR�y  ¿HJFIHQN6HAoOVfy� �p� � ���i�&�J���[�Q}6�Y�I�����i��ú � �Y�J��£��J�;�Q�p�
� }6�J�O�z�����J����¡©�k���z}6�Q¢ y�bA>f\EN  KMPWVXq���R<>fN6^UgJè�NOTQyMgAm9VX¾��n>f`LÝ�gò ðA×Að6y


