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²S;2KD±�³´cXLA±�;2L'Ä5;2GhWXIXU'_X;2¶%U�cDLO>=¼�¿�<ÁUAI?;�Ç?L�>ZU
>�U�;=e�QFU�IC;�Ä5;2GhWXIHUÅ_X;2¶�UAcDLO>1KTL�;+`j;2LAGJ_D;�`-³´L�cD±åU�IC;�³´cDfJfhcRÄ/GJ<CW
¶�cX<?>�U�L�KDGh<HUO>=QE �* E �* � ÑO�TE �* $ + Î��§Ï1�UQ^�PE �* $ , Î��SÏ/�RQS�E �+ $ * Î��SÏ/�RQS�TE �+ E �+ �ÉÑO�PE �+ $ , Î��§Ï/�HQ^�E �, $ * Î��SÏ/�UQ^�PE �, $ + Î��§Ï/�HQ^�TE �, E �, �ÉÑ<� Î|çHÏ

ÆÅIC;'L�;2>A@Cf�U�Gh<?W�Ä1;=GJWDIHU/_D;�¶%U�cDLO>1KDLA;+;�ÀjeCL�;2>�>A;2`&KD>

E�e`� V W MY 5�Î��§Ï�Ð 5 � Î��SÏFV W MY 5�Î��SÏ�Ò W M [ ef [ �ehg [ e � ÎzèDÏ

Ä/IC;2LA;hiD�j�A�F�§QCcDL]�^QCKT<^`
g � Ð 5 � Î��SÏ�VXW MY 5�Î��SÏ�Ò W Mk 5 � Î��§ÏFV W PY 5�Î��^Ï�Ð 5 � Î��SÏ�V W MY 5�Î��SÏ�Ò W M �
¯Á;Å`C;�Ç?<C;mln&5KX>¤K�;=GJWD;2<H_X;2¶�UAcDL¤¶�cDL�L�;2>Ae^cX<?`jGJ<CW/UAc�Kµ>AGJWD<?KDf�·
fJ;=_D;2f�;=GJWD;2<H_RKDfh@C;�cD³�V Y QCKD<?`�K�±�KTUAL�G�Àpo�q�KX>1UAIC;�±-KRU�LAGhÀ
Ä/ICcH>Z;�¶=cDfJ@C±�<?>'¶�cX<?>ZGa>ZU
cT³1UAIC;�>AGhWX<?KTfh·�fh;2_D;=fd;2GhWX;=<F_D;�¶%UAcXL�>
>A@?¶OI
U�I?KRU%o q �4Ð l M ���	���r��l^s,Òz¼�¿�<°UAIC;�>A;2¶=cD<?`°>�U�;=e�Q�UAIC;Ç?<?KDf¦Ä5;2GhWXIHU+_X;2¶%U�cDL�³´cDL+UAI?;�e?LAcXe^cH>Z;�`�²^;�KT±�³´cDL�±�;=L�Q`tE e Q
Ga>/`j;=L�Gh_X;2`-²Fl-eCL�cTY�;�¶%U�Gh<CW�UAIC;�Ä1;=GJWDIHU5_X;2¶�UAcDLuE e cX<HUAc�UAIC;
>AGhWX<?KTfS>Z@C²^>Ze?KX¶�;/cD³SU�IC;µ±�;�KD>A@CLA;2±�;=<HU�¶�cR_RKTL�GaKT<?¶=;1±-KTUAL�G�À�QtE e �Io q o �q E e � Î0vXÏ
ÆÅIC;#eCL�cTY�;2¶�UAGJcD<æcX<HUAc U�IC;Þ>ZGJWD<?KDf&>A@C²?>Ae?KX¶�;(@^>ZGJ<CWßUAIC;
KT²ScR_D;/;�¾H@?KRU�GhcX<�QXI?cRÄ5;2_D;=L�QD¶2KT<C<CcDU�eCL�;2>A;=L�_D;1UAI?;µ<F@CfJfS¶=cD<j·
>ZUALOKTGJ<XUO>�GJ±�e^cH>Z;�`�cD<�U�IC;�cXLZU�ICcDWXcD<?KDf�¶�cX±�eScD<?;=<HU�>µGh<¬Î�çXÏ
Ð vRÒ�¼
V�;2_D;=LAUAI?;=fJ;2>�>=Q,UAI?;!eCL�cDeScX>A;2`Á²S;2KT±�³´cXLA±�;=L�cD²jUOKTGJ<C;2`
@?>AGh<?Wr¸5¾F>=¼ÅÎzèXw»Î�vXÏ�¶2KT<.`C;�UA;�¶%U�UAI?;�U�ICL�;=;�¶�cD±�eScD<C;2<HU�>
cT³�UAIC;'>AcD@CLO¶�;�±�cX±�;=<HU1;2_D;2<-UAICcX@CWDI!UAIC;+<F@CfJf§¶=cD<?>ZUALOKTGJ<HU�>
KTL�;�<CcTU�e?LA;�>Z;2LA_X;2`�QjKD>/>AICcRÄ/<�²^;2fhcRÄ'¼
ü�;�U5@?>�KX>A>A@C±�;ÅUAI?KTU5K'>AGh<CWXfh;�>AcD@?L�¶=;/;�ÀjGJ>ZU�>�KRU/��¼¦ÆÅIC;2<�Q
UAI?;/±�KDWD<C;=UAGa¶5Ç?;=fa` � Î´þZÏ,Ga>d;�ÀjeCL�;2>�>A;2`�KX> � Î|þZÏ/� Ð x * $ * Î��SÏzyx * $ + Î��SÏ/yUx , $ , Î��^Ï�Ò�{HÎ´þZÏ�Q¦Ä/IC;=L�;¹Ð x * �Fx + �Fx , Ò5;=ÀjeCLA;�>A>A;2>'UAIC;cDL�GJ;=<HU�KTUAGJcD<�cT³dUAI?GJ>�>ZcX@CL�¶=;DQ?KD<?`Z{HÎ´þZÏ�GJ>/GhU�>�±�cD±�;=<HU/U�Gh±�;
¶�cX@CLO>Z;X¼¤ÆÅIC;2<�QTU�IC;Å;2>ZUAGJ±�KTUA;�`3��¶=cD±�e^cX<C;=<HU¦cT³^UAIC;/>AcD@CLO¶�;
±�cD±�;=<HU�Q

@{ * Î´þZÏ�QCGa>/cD²jUOKTGJ<C;2`�@?>AGh<?W@{ * Î´þZÏ1� tE �* � Î´þZÏ1�UE �* o q o �q
Î�x * $ * Î��§Ï
y|x * $ + Î��§Ï
y|x , $ , Î��§ÏZÏF{HÎ|þZÏ�� Î0}XÏ

Â1;2¶2KT@?>A;�U�IC;�_D;2¶�UAcXL�Î�x * $ * Î��^Ï~yMx * $ + Î��SÏ~yMx , $ , Î��SÏAÏµGa>+Gh<UAI?;
>ZGJWD<?KDf�>Z@?²?>Ze^KD¶�;XQFUAIC;'L�;=faKRU�GhcX<?>AICGhe�Qo�q�o �q Î�x * $ * Î��SÏ�y.x * $ + Î��SÏ�y.x , $ , Î��SÏAÏ�*Î�x * $ * Î��SÏ
y.x * $ + Î��SÏ�y.x , $ , Î��SÏAÏ�� Î�ÑdQXÏ
ICcXfJ`C>2Q?KD<?`�QFUAIF@?>2QCÄ1;+Ç?<?KTfJfJl!WD;=U@{ * Î´þZÏ1�UE �* Î�x * $ * Î��SÏ
y.x * $ + Î��SÏ
y.x , $ , Î��SÏAÏF{HÎ´þZÏ� x * {HÎ´þZÏ���Î�ÑXÑ�Ï
¯Á;Ö¶2KT<*KDfJ>Ac(cX²jU�KDGh<

@{ + Î|þZÏR� tE|�+ � Î´þZÏ � x + {HÎ´þZÏ°KT<?`@{ , Î´þZÏ�� tE|�, � Î|þZÏ � x , {HÎ´þZÏ!Gh<à;�ÀCKD¶�UAfJl¬U�IC;Á>�KT±�;°±�KD<j·<C;2L2¼ØÆÅIH@^>=QÅU�IC;°;2GhWX;=<?>Ae?KX¶�;�·�eCL�cTY�;�¶%UAGJcD<×²S;2KT±�³´cXLA±�;=L�Gh<
¸�¾S¼,Î�vXÏÅ¶2KT<¹`j;=UA;�¶%U�U�IC;'UAI?LA;2;
¶�cD±�eScD<C;2<HU�>/cD³,U�IC;�>AcD@CLO¶�;
±�cD±�;=<HU�QC;=_X;=<�UAICcX@CWDI�UAIC;'<F@CfJf�¶=cD<?>ZUALOKTGJ<HU�>ÅKTL�;�<?cTU�eCL�;�·
>A;=L�_D;2`�¼ßÆÅICGa>!²S;2KD±�³´cDL�±�;2L!GJ±�eCLAcR_X;2>�UAIC;ÁcD@jU�eC@jU�EjV#�
Ä/GhUAICcX@jU�>�KD¶=LAGhÇ^¶=Gh<CW�UAIC;�>Ze^KRUAGaKTf¤LA;�>ZcXfh@CUAGJcD<�¼'½�@CL�<F@C±�;2LZ·
Ga¶=KTf¤;�ÀjeS;=L�Gh±�;=<HUO>�Ä/GJfhfd>ZI?cRÄàU�I?KRUµUAIC;�;=GJWD;=<^>Ze?KX¶�;'eCL�cTY�;�¶%·
UAGJcD<àGJ>&KTfJ±�cX>ZU!;2>�>A;=<HUAGaKTf�UAc.cD²jUOKTGJ<ÖUAIC;r>ZcX@CLO¶�;�·�KD¶�UAGJ_FG�U�l
L�;2¶�cX<?>ZUAL�@?¶%U�GhcX<&KTUÅ;�KD¶OI&Gh<^>�UOKT<HU/Gh<&UAGJ±�;D¼
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¿�<ÃLA;�KTfh·zfJGh³´;!>ZGhUA@^KRUAGJcD<^>=Qdk¹¸5º4`CKTU�K�@^>Z@?KDfhfJl°¶=cD<HU�KDGh<^>
GJ<j·
UA;2LZ³´;2LA;2<?¶�;�KDLAGa>AGh<CW�³´LAcX±à²?KX¶OBFWDL�cD@C<?`+²CLOKTGJ<�KX¶%UAGJ_FG�U�Gh;�>=¼¦½µ³u·
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;2>ZU2Q¦KT<^`r±�KDBD;-U�IC;!GJ<HUA;2LAeCL�;�UOKRU�GhcX<ÁcD³�>ZcX@CL�¶=;�·�;2>ZUAGJ±-KRUAGJcD<
LA;�>Z@?f�UO>�`CG�Õ�¶�@?f�U�¼ÖEF@^¶OI¬GJ<XU�;=LA³´;=L�;=<?¶=;�Ga>�BF<CcRÄ/<ãU�cÁ¶2KT@?>A;
>Ze^KRUAGaKTfJfJl×<?cD<j·�Ä/ICGhUA;
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±�;=<HU�>2Q�KT<^`
Gh³�U�IC;-Gh<C³´cDL�±�KTUAGJcD<°cD<°UAIC;�<CcXGJ>A;-¶�cR_RKTL�GJKD<?¶�;
±-KRUAL�GhÀ
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²^;/>AGhWX<CGhÇ^¶=KD<XU�fhl'L�;2`C@?¶�;�`
²Fl'@?>AGh<CW�UAI?;Å>Ae?KTUAGaKTfFeCL�;=Ä/ICGhUA;2<j·
Gh<?W�U�;2¶OIC<?GJ¾H@C;�Ð }RÒ�¼
ÆÅI?;�;=ÀHU�;=<?>AGJcD<-³´L�cD±ØUAI?;�;2GhWX;=<?>Ae?KD¶=;�eCL�cTY�;�¶%UAGJcD<!²^;�KT±�·
³´cDL�±�;=L'U�c°K�eCL�;=Ä/I?G�U�;=<C;�`r;=GJWD;=<^>Ze?KX¶�;-eCL�cTY�;�¶%U�GhcX<Ã²^;�KT±�·
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_D;�¶%UAcXL�cX²jU�KDGh<C;�`Ã²FlÃ>ZcXfh_FGJ<CW�UAI?;�WX;=<C;2L�KDfhGJÓ=;�`°;2GhWX;=<F_RKTfJ@C;
eCL�cD²CfJ;=±�Q V Y � ln&#� � �>&�V � � ln&O� Î�Ñ\ÙDÏ

ÆÅIC;�>AGhWX<?KTf¤>Z@C²^>Ze?KX¶�;
e?LAcDY�;2¶%U�cDL �o q �o �q ¶2KT<�U�IC;=<¹²S;
cX²j·
U�KDGh<C;�`ã@?>AGJ<CW¹U�IC;�±-KTUAL�G�À �o q �7Ð � l M � � l P ���	���
� � l�s
�uÒ�¼ÃÆÅIC;eCL�;=Ä/ICGhUA;2<C;2`!;=GJWD;=<^>Ze?KX¶�;�²^;�KT±�³´cDL�±�;=L1Ä5;2GhWXIXUÅ¶=KD<!²S;�cX²j·
U�KDGh<C;�`&@?>ZGJ<CW

�E * � �o�q �o �q E * � �E + � �o�q �o �q E + �CKT<?` �E , � �o�q �o �q E , �Î�Ñ�ÛXÏ
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¯°;&¶�cX<?`j@?¶�UA;2`r<F@C±�;2LAGa¶=KDf�;�ÀjeS;=L�Gh±�;2<XUO>'U�c
>ZI?cRÄßU�IC;!;=³u·
³´;2¶�UAGJ_D;=<?;2>�>�cD³pUAI?;�e?LAcXe^cH>Z;�`�²^;�KT±�³´cDL�±�;=L�¼ Í ¶�cDGJfdKTfJGhWX<j·
±�;=<HU�cT³+UAIC;¹ÛFè�·�¶OI?KT<?<C;=f/k¹KDWD<C;�>S��� ²CGJcD±-KTWX<C;�U�GJ¶&±�;2KT·
>Z@?LA;2±�;2<HU�>Alj>�U�;=±�Î�Â5GJcD±-KDWD<C;=UAGa¶�Æ¤;2¶OIC<?cDfJcDWDGJ;2>�¿�<?¶D¼hQdEjKT<
]µGJ;=WXcHÏ+ÄÅKD>�@?>A;2`°³´cXL�UAIC;�>Z;�>AGh±�@CfaKRUAGJcD<^>=¼!ÆÅI?LA;2;�>AcD@?L�¶=;2>
Ä5;2LA;�KD>�>Z@?±�;�`�U�c�;=ÀFGa>ZU+cX<°K�eCfJKD<C;D¼�-µ;=L�;DQ§U�IC;�Ç?L�>ZU'KT<?`
>Z;�¶�cX<?`â>ZcX@CLO¶�;2>!Ä5;2LA;¹UAIC;r>ZcX@CLO¶�;2>�cT³
GJ<XU�;=L�;2>ZU2QµKD<?`ÖU�IC;
UAICGJLO`×>AcD@?L�¶=;&ÄÅKD>!¶�cD<^>ZGa`j;=L�;2`.²?KX¶OBHWXLAcX@C<?`¬Gh<HUA;2LZ³´;2LA;2<?¶�;X¼
ÆÅIC;
¶=cHcXL�`CGh<?KTUA;¹>Alj>�U�;=± KT<?`×U�IC;
>AcD@CLO¶�;=·�>A;=<?>AcDL�¶=cD<jÇ^WT·
@CLOKRUAGJcD<»KDLA;°`j;=eCGa¶%U�;2`(Gh<(Ô,GJW?¼+ÑD¼ØÆÅIC;Á>AcD@?L�¶=;¹±�cD±�;=<HU
UAGJ±�;�·�¶�cD@?L�>A;�cT³,UAIC;�U�ICLA;2;
>ZcX@CLO¶�;2>/KDLA;'KDfJ>Ac->ZICcRÄ/<&GJ<�U�ICGa>
Ç?WD@?LA;X¼
ÆÅI?;5L�;2>A@CfhU�>¤cT³CU�IC;1>Ae?KTUAGJcT·zUA;=±�eScDLOKTfXLA;�¶�cD<^>�U�LA@?¶�UAGJcD<'cX²j·
U�KDGh<C;�`-@?>AGh<?W
UAI?;µeCL�;=_FGJcD@?>AfhlH·�eCL�cDeScX>A;2`�_D;2¶�UAcXL�±�Gh<?Gh±�@C±�·
_RKTL�GJKD<?¶�;&²^;�KT±�³´cDL�±�;=L�Gh<Ö¸�¾S¼�ÎzÝDÏ�KTL�;&>AICcRÄ/<¬GJ<ÖÔ¤GJW?¼�ÙC¼-�;2LA;XQ?U�c�K\_DcXGJ`&U�IC;�KDLZU�G�³|KX¶%UO>µ¶=KD@?>A;2`�²Fl�UAIC;�_RKTL�GJKTUAGJcD<�cT³_�5�Î��SÏ	_RQSUAI?;�<CcXLA±-KTfJGJÓ=;2`�fJ;2KX`&Ç?;=fa`�Ga>µ@^>Z;�`ãÐ ÜDÒz¼��5cD<HUAcX@CL
±-KTe?>!Gh<ÖU�IC;
fJ;�³uUA·zI?KD<?`»>AGJ`C;¹Gh<^`jGJ¶2KRU�;�UAIC;Á`jGa>�U�LAGJ²C@jU�GhcX<?>
cT³5UAIC;->AcD@CLO¶�;=·z±�cD±�;2<XU+±-KTWD<?G�U�@?`j;Z� @{HÎ|þZÏ��ScD<°UAI?;�>AcD@?L�¶=;�·
;�ÀjGa>�U�Gh<CW°eCfaKT<C;!KTU�U�IC;!U�ICL�;=;-U�Gh±�;&Gh<?>ZU�KD<HU�>
cD³�ÙDÙOQCQpÙTç<vCQ
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Ô,GhWX@CL�;�ÑO�/EFcD@?L�¶=;�·�>Z;2<?>ZcXL/¶�cD<CÇ?WD@CLOKRU�GhcX<�KT<?`�>AcD@CLO¶�;+U�Gh±�;
¶�cX@CLO>Z;�>/KD>�>Z@C±�;�`!GJ<!U�IC;'<F@C±�;=L�GJ¶2KTf�;=ÀFeS;=L�GJ±�;2<HU�>

KT<^`¬ÛOQ<Q�±->=¼rÆÅIC;&;2>ZUAGJ±-KRUA;�`rUAGJ±�;&¶=cD@CLO>A;2>�KTU�U�IC;�e?G�ÀF·
;=fa>'<C;�KTL�;2>ZU�UAc&UAIC;�U�ICL�;=;�>AcD@CLO¶�;�fhcj¶2KRUAGJcD<^>'KTL�;�>AICcRÄ/<ÁGh<
UAI?;5L�GhWXIHUZ·�I?KT<?`'>AGa`j;D¼,ÆÅIC;2>A;�L�;2>A@CfhU�>�>AICcRÄÁUAI^KRU,UAIC;1>Ze?KTUAGJcT·
UA;2±�e^cXL�KDfjLA;�¶�cD<^>�U�LA@?¶�UAGJcD<�cD²jUOKTGJ<C;2`�@?>ZGJ<CW+UAI?;/Ä5;2GhWXIXUd_D;�¶%·
UAcXL�>1³´L�cD± ¸�¾S¼�Î�ÝXÏ1Ä1KX>/>ZGJWD<CGhÇ^¶2KT<HUAfJl�<CcXGJ>AlD¼
ÆÅIC;µL�;2>A@CfhU�>pcD³§UAIC;µKDeCeCfJGJ¶2KRU�GhcX<-cT³§UAIC;�eCL�cDeScX>A;2`�²^;�KT±�·
³´cDL�±�;=L-U�cÃUAI?;
>AKD±�;¹¶�cD±�eC@CUA;=LA·�WD;=<?;=LOKRUA;�`¬`CKTU�KÃ>A;�U�KDLA;
>AICcRÄ/<ÃGh<.Ô¤GJW?¼dÛC¼¹ÆÅI?;2>A;!L�;2>A@Cf�UO>�>AICcRÄßUAI?KTU�UAI?GJ>�²^;�KT±�·
³´cDL�±�;=L1UA;�¶OIC<CGa¾H@C;�<?cTUÅcD<CfJl-Gh±�eCL�cR_D;�>pU�IC;'EjV#�#¶�cX<?>ZGa`j;2LZ·
KT²?fhl&²C@jU�KTfa>Zc-GJ±�eCLAcR_X;2>1U�IC;�>Ae?KRU�GJKDf�L�;2>AcDfJ@jUAGJcD<�¼1¯Á;�KTfa>Zc
KTe?eCfhGJ;2`×U�IC;¹eCL�;=Ä/I?G�U�;=<C;�`.;2GhWX;=<?>Ae?KX¶�;�·�eCL�cTY�;�¶%UAGJcD<.²^;�KT±�·
³´cDL�±�;=L�cD³p¸�¾S¼�Î�Ñ�ÛXÏ5U�c�UA;2>ZUµGhU�>µ;�Ê§;2¶%U�Gh_X;=<C;�>A>�Gh<�L�;=±�cR_FGh<?W
UAI?;ÁGJ<��?@?;=<?¶=;°cD³
UAIC;Á²?KX¶OBHWXLAcX@C<?`âKX¶%UAGJ_FG�U�lX¼æÆÅIC;Á<CcDGa>Z;
¶�cR_RKDLAGaKT<?¶=;
±-KRU�LAGhÀ¹Ä1KX>µ¶2KTfa¶�@CfaKRU�;2`¹@^>ZGJ<CW�U�IC;-¶�cX±�e?@jUA;2LZ·
WD;2<C;=LOKRU�;2`ã`?KRU�K°GJ<ãUAI?;&e?LA;�>�U�Gh±�@Cfh@^>
U�Gh±�;�Ä/Gh<^`jcRÄå³´LAcX±� ÛOQ<QÁ±�>-UAc.Qr±->=¼àÆÅIC;¹L�;2>A@Cf�UO>-KTL�;�>ZICcRÄ/<ÖGJ<âÔ¤GJW?¼�Ü?¼ÆÅIC;�>Z;ÃL�;2>A@CfhU�>�¶�fJ;2KDLAfJl(>AICcRÄ UAI^KRU�UAI?;ÃGh<��^@C;=<?¶=;rcT³�UAIC;
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