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B/CED*FHG�I�JKCMLNI�OQPSRTOUJKD*VWIXCEG/Y[ZE\]CML,Z^C
_�L,\]`QCEG�a�\bI8cdOQPfe)FQgbCMa
h�i CEG�c[aXI7j�c-I�k

YlCED,IXCMJ i CEGnmMoQoQo

p k,\]aqI�k,CMa�\]ar\]a�a�V i JK\bIXIXCMst\uLvPwV,gbxyg]J�CML-IzOQP{I�kWC|G�CM}-V,\]G�CMJ�CML-I�aqP~OQG�I�kWC�sWCE�QG�CEC�OQP

B/O[Z^IXOQG�OQPS�5k,\ugbOUaXOQD*k-cKOQP p kWC|_/L,\b`QCEG�a�\]I7c3OQPfe)FQg]CMa
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p kWC�jzOQG���D,G�CMaXCMLNIXCMs�\]L�I�k*\]a�I�kWCMa�\uaKk,FQa i CECML�ZEFHG�G�\bCMs�OUV,IdV,L,s,CEGKI�kWC
a�VWD�CEG�`[\]a�\]OUL�OQP�B/GM���rOUa�aKB��5��\]LW�>OQP/I�kWC�B/CED*FHG�I�JKCMLNIKOQPnRTOUJKD*VWIXCEG
Y[ZE\bCML*Z^CQ�,_�L,\]`QCEG�a�\bI8cdOQP{e)FQgbCMaE� h�i CEG�c[aXI7j�c-I�k��

�n�f�����~���3�l�w�M�l�
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p k,\ua�I�kWCMa�\]a�k*FQa¬LWOQI¬FQg]G�CMFQsWc i CECML	FQZEZ^CED,IXCMs�\]L|a�V i a�I�FQL,Z^C«PwOQG¦FQL-c�s,CE�QG�CECQ�
FQL,s$\ua�LWOQI�Z^OUL,ZEVWG�G�CMLNI�g]c3a�V i JK\bIXIXCMsv\]LtZEFQL,s*\]s,FHI�VWG�C|PwOQG�FQL-ctsWCE�QG�CECQ�

�n�f�����~���3�l�w�M�l�

 G�\]�U\]L,FQg]\bI8c¡\]arL,OQI�ZEg]FQ\]J�CMs$P~OQG�FQgug�D*FHG�I�a�OQP{I�k,\ua�I�kWCMa�\]aM�Wj�kWCEG�C�JKFHIXCEG�\]FQg
PwG�OUJ®D*V i g]\ua�kWCMs�aXOUV,G�Z^CMaS\]afV,aXCMs�FHD,D,G�OQD*G�\]FHIXCqFQZ��[LWO¯j�g]CMsW�QCMJ�CML-I«\]a{JKFQsWC
i OQI�k$\]LvI�kWC|IXC^°[I�FQL*st\]LvI�kWC i \ i g]\bOQ�QG�FHDykNcQ�

�n�f�����~���3�l�w�M�l�

±�kWCEG�C i c£�U\b`QC�Z^OUL,aXCML-I/PwOQG�J	c$I�kWCMa�\]a/IXO i C	J¡FQsWC�FM`HFQ\]g]F i gbC�PwOQG/DykWOQIXOH²
Z^OQDlcl\]L,�dFQL,s£\]LNIXCEG�²7g]\ i G�FHG�cdgbOUFQL��yFQL,s$PwOQG�I�k,CnI�\bI�gbC	FQL,s�a�V*JKJKFHG�c3IXO i C
JKFQsWC�F¯`@FQ\ug]F i gbC|IXOKOUV,I�a�\]sWC|OQG��UFQL*\]a�FHI�\bOUL,aM�

�n�f�����~���3�l�w�M�l�
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p kWC�a�V,ZEZ^CMa�aXP�V,gyFHD,D*g]\]ZEFHI�\]OUL�OQP�JKFQZ�k,\uLWC�gbCMFHG�L,\]LW��FQgb�QOQG�\bI�k,JKa«s,CED�CML*s,aSOUL3Z�kWOlOUa�\]LW�nI�kWC�G�\]�UkNI5a�D*FQZ^C
OQPnk-c-D�OQI�kWCMa�CMaE�®µ{\]L*s,\]LW�¶I�k,\uadaXDyFQZ^C·\]a3F¸Z�k,FQg]g]CMLW�QC£I�k*FHIvJ¡FQZ�k,\]L,C£gbCMFHG�L*\]LW�)D,G�FQZ^I�\bI�\bOULWCEG�a3J�V,aXI
G�CE�UV,guFHG�gbcvFQs,sWG�CMa�aM�5±�sWCMFQg]gbcQ�,OUL,CnZ^OUV,g]s£aXD�CMZE\bP~cvFKg]FHG��QC	k-c-D�OQI�kWCMa�\uaraXD*FQZ^CnFQL*s$D�CEG�PwOQG�J¹FKZ^OUJ�DygbCEIXC
aXCMFHG�Z�k�Oº`QCEGf\bIE�f»�OºjzCE`QCEGfPwOQG¬J�OUaXI¬\uLNIXCEG�CMa�I�\]LW��D,G�O i gbCMJKa�I�k,\]a�\ua�\]LNIXG�FQZ^I�F i gbCQ�{¼£FQL-c|FQgb�QOQG�\bI�k,J¡a�JKFH�QC
a�\]JKD*g]\bPwcl\uLW��FQa�a�V,J�D,I�\bOUL*a«a�V,Z�kdFQazgbCMFHG�L,\]L,�|G�V,gbCMazaXCED*FHG�FHIXCMgbc�FQL,sdZ^OUJ i \]L,\]LW�nI�kWCMJt�S_�L,P~OQG�I�V*L,FHIXCMgbcQ�
a�V,Z�k$FHD,D,G�OUFQZ�kWCMa�FHG�C�D,G�OUL,C|IXO¡gbCMFHG�L,\uLW��a�V i OQD,I�\]JKFQg�k-c-D�OQI�kWCMaXCMaM�
h L¶FQgbIXCEG�L,FHI�\]`QCK\]a|aXIXO[Z�k,FQaXI�\uZ�aXCMFHG�Z�k)j�k,\]Z�k¶JKFMc>LWOQI�LWCMZ^CMa�a�FHG�\]gbc$G�CEI�VWG�L·OQD,I�\]JKFQgSk-clD�OQI�k,CMaXCMaE�

i VWI�ZEFQL�D,G�Oº`l\usWCKFtjqFMc¶OQPqG�FHD*\]s*gbc£gbO[ZEFHI�\]LW�t�QOlO[s)OULWCMa	FQL,s�\]anJ�OQG�CKG�O i V,aXI|I�k,FQL��QG�CECMsWc¶aXCMFHG�Z�k
aXIXG�FHIXCE�U\]CMaE� p k,\]afI�kWCMa�\]aSZ^OUL,Z^CEG�L,a«I�kWCrV,aXCqOQP�CE`QOUg]VWI�\bOUL,FHG�c�FQgb�QOQG�\bI�k,JKa{IXO|D�CEG�PwOQG�J½aXIXO[Z�k,FQa�I�\]Z�aXCMFHG�Z�k
PwOQG�PwOQG�J�V,g]FHCv\]L § F·a�V i aXCEI�OQP�¨�x*G�aXI	OQG�sWCEG�gbOQ�U\]ZH�¶¾«`QOUguVWI�\bOUL¸\]a�`l\bCEjTCMs�FQa�F·Z^OUJKD*gbC^°�sWCMs*V,Z^I�\b`QC^²
\]L,s*V,Z^I�\b`QCTD,G�O[Z^CMa�aSI�k,FHI«Z^OUL@¿XCMZ^I�VWG�CMa5LWCEjÀPwOQG�J	V*g]FHC�FQL,s�Z^OUJ�D*FHG�CMa«I�kWCMJÁFH�UFQ\]L,a�ISOULWCrFQLWOQI�kWCEG i FQaXCMs
OULtI�kWCM\]G�gbOQ�U\]ZEFQg�Z^OUL*aXCM}-V,CML,Z^CMarIXO¡s,CEIXCEG�JK\]LWC�I�kWCM\]G�a�V,\bI�F i \]g]\bI8cKFQa�FKaXOUguVWI�\bOUL��
p jTO�FQgb�QOQG�\]I�k,JKafjzCEG�CrsWCE`QCMgbOQD�CMs�I�k,FHI«Z^OUJ�D,G�\uaXCMs�OQPyI8jzOnZ^OUJKD�CEI�\uLW�/a�IXG�FHIXCE�U\bCMaEÂ{�UgbO i FQg[G�CMg]\]F i \]gb²

\bI8cKFQL,sdg]OlZEFQgyG�C^xyLWCMJKCMLNIE� p kWC�x*G�aXITFQgb�QOQG�\bI�k*JÃgbCMFHG�L*a5Z^OUL-IXG�OUg�aXIXG�FHIXCE�U\bCMaTPwOQGTs,\ua�Z^G�CEIXC^²:I�\]J�C/sWc[L,FQJ�²
\]ZEFQg�a�claXIXCMJ¡aE�z¾zJ�D*\bG�\uZEFQg�a�I�V,s,\bCMa�G�CE`QCMFQgbCMs$I�k,FHI/FQgbI�kWOUVW�Uk�a�\]J�D*g]C�a�IXG�FHIXCE�U\bCMa�Z^OUV*g]s i C�gbCMFHG�LWCMs��,I�kWC
CE`QOUg]VWI�\]OUL,FHG�cKFQgb�QOQG�\]I�k,JÃZ^OUL@¿XCMZ^I�VWG�CMsvJKFQL-c�PwOQG�J	V*g]FHC�I�k,FHIqFHG�C�aXc[LNI�FQZ^I�\]ZEFQgugbcK\]L,Z^OQG�G�CMZ^I5OQG�aXCMJKFQL-I�\Ä²
ZEFQg]gbct\]L-`HFQg]\]s�� h a/FKG�CMa�V,gbIE�*aXCMFHG�Z�k£jTFQa/V,L,LWCMZ^CMa�a�FHG�\]gbcv\]LWC^Å3ZE\bCMLNIE��ÆTctG�CMaXIXG�\]Z^I�\]LW�¡Z^OUL*a�\]sWCEG�FHI�\]OULtIXO
I�kWC�D,G�O i gbCMJ'OQPzZEg]FQa�a�\ÄxyZEFHI�\bOUL § OQG�Z^OUL,Z^CED,I�g]CMFHG�L,\]LW�-¨���FQL>C^°[D*g]\]ZE\]I�gbOQ�U\]ZEFQgSa�CEIXI�\]LW�tZEFQL i C�FQs,OQD,IXCMs
I�k,FHI�sWC^x�LWCMa/I�kWC�`@FQg]\us£PwOQG�J�V,g]FHCQ� p kWC�aXCMZ^OUL,s¶FQgb�QOQG�\]I�k,Jt��G�CEPwCEG�G�CMs·IXO$FQa|FQL¸ÇÈCE`QOUg]VWI�\]OUL,FHG�c�j�G�FHDW²
D�CEGMÉb�-\ua«Fnk-c i G�\]s�\]L,s*V,Z^I�\b`QCrgbOQ�U\]ZrD,G�OQ�QG�FQJKJ¡\]LW� § ±�Ê¬�T¨zË�CE`QOUg]V,I�\bOUL,FHG�c�FQgb�QOQG�\]I�k,Jt�f±8ITZEFQLdZ^OUL,a�IXG�V,Z^I
OUL,gbc·ZEg]FQa�a�\bx*CEG�a/I�k,FHInFHG�CKZ^OUL*a�\]aXIXCML-I�j�\bI�k·I�kWCKg]OQ�U\]ZEFQg«aXCEIXI�\]L,�W��¾zJ�D*\bG�\]ZEFQg{\]LN`QCMa�I�\b�UFHI�\bOUL,a|G�CE`QCMFQgbCMs
I�k,FHITP~OQG�aXOUJKC�D,G�O i gbCMJKazZ^OUL,a�\]sWCEG�F i gbC�\]L*Z^G�CMFQaXCMaq\]LKD*G�CMs,\]Z^I�\b`QC/FQZEZEVWG�FQZ^c3ZEFQL i C/FQZ�k,\bCE`QCMs3Oº`QCEG�±ÌÊ¦�
FQgbOULWCQ�

\u\]\
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±�jzOUV*g]s)g]\b�QC�IXO£I�FH�QCdI�k*\]a|OQD,D�OQG�I�V,L*\bI7c£IXO�C^°[D,G�CMa�a	Jnc>�QG�FHI�\bI�V*sWCKIXO�I�k,C¡JKFQL-c·D�CEOQD*g]C�j�kWO�k,F¯`QC
i CECMLv\]LN`QOUg]`QCMst\]L3I�k,\]aTI�kWCMa�\]aM�{¼£c3I�kWOUVW�Uk-I�a�k,FM`QC i CECMLt\]L[Ð�VWCML,Z^CMs i c3JKFQLNcQ�,a�OUJ�C�OQP¬j�kWOUJÑ±zJ�CEI
s,FQ\]g]cQ�[a�OUJ�C�±qk,FM`QC�LWOQIrcQCEI�J�CEI�FQL,s$aXOUJ�C�a�FQs,gbc3±zj�\ug]g�LWCE`QCEG�J�CECEIE�
¾5`QOUg]VWI�\bOUL�FQL,s�g]OQ�U\]ZTCML,Z^OUJ�D*FQa�a5F��UFQg]F@°lc�OQP�\]sWCMFQaSFQL,s�Z^OUL,Z^CED*I�a«FQL,s�J	cr¿XOUVWG�LWCEcnjTFQa«FQ\usWCMs i c

I�kWC i FQZ��-²7aXCMFHISL,FM`[\b�UFHI�\bOUL	OQP,J	c�a�VWD�CEG�`[\]aXOQGM�ºÒUOUk,Ln»/V,L-IE� p k,\]a�I�kWCMa�\]a�jTOUV,g]s	LWOQI¦k,F¯`QC i CECMLnD�OUa�a�\ i gbC
j�\bI�k,OUVWI�k,\]aqD*FHI�\bCML-Ira�VWD�CEG�`[\]a�\]OULdFQL,s$I�kWC|P~G�CECMsWOUJ¹kWC�FQg]g]O¯jTCMstIXOKC^°[D*gbOQG�C|OQPwIXCMLtP�FHGX²:P~CEI�Z�kWCMs�\usWCMFQaE�
¼·FQLNc£I�k,FQLW�[a/FQguaXOvIXOv��OUa�a���\]LW�dj�kWOv\]L¶ÒQOUk,L�ÉÈa�F i a�CML,Z^C��l\]L*s,gbctaXIXCED,D�CMs·\]L>FQL,s�IXOlOQ��I�k,C�G�CM\]L,aE�
±�jzOUV*g]s)FQg]aXO·g]\b�QC�IXO·I�k,FQLW�¶¼·\]Z�k�ÓCMgbCtYlC i FH�·FQL,s)¼·FHG��)Ô�CMFQg:�fI�k,CKI�kWCMa�\]anC^°[FQJ¡\]LWCEG�aE�¦P~OQG	`@FQguV,F i gbC
a�VW�Q�QCMa�I�\bOUL,aSI�k,FHI«k*FM`QC�\]JKD,G�O¯`QCMs�I�k*\]a{jzOQG��y� h g]FQL�Ê¬V,a�k��UÔ�\uZ���Ê¬FQZ^CEcQ� h L,sWG�CMFQaS��FHG�jqFHG�I�k��lÕ�V*\]g]gbCMJ
ÆTCEG�L,FHIE�[�{FHIXG�\]Z��  gu\b`l\]CEGM�NÒQOUk,L¡�5\]Z��QCEG�\]LW�W� h gbC^°�µWG�CM\]I�FQaE�lB�FHG�G�CML¡ÆTO¯c[Z^C/FQL*sKÔ�CMgugbO�RTG�\uaXI�\]FQL,\]L*\UjTCEG�C
I�kWC�aXOUV,G�Z^C|OQPfLlV,J�CEG�OUV,aqaXI�\]J�V,g]FHI�\]LW��FQL,svI�kWOUV,�UkNI�²:D,G�O¯`QOQ�[\]LW�¡s,\ua�ZEV,a�a�\]OUL,aE�f±zFQJ¹\]L*sWC i IXCMs3IXO¡B�FQL
»�OUg]s,aXjTOQG�I�k��Q�{FHIXG�\]Z��	�rCM\uaXCEGfFQL*s	��\]Z�k,FHG�s	B�FMj��l\]L*a¦PwOQG{s,\]a�ZEV,a�a�\bOUL,a¦FQL,s	FQs,`l\]Z^CqF i OUVWI¬CE`QOUguVWI�\bOUL,FHG�c
i \bOUg]OQ�QcQ�f±{FQJÁ�QG�FHIXCEPwV,g*IXO�YlIXCED*k,CMLK¼£V,�Q�UgbCEIXOULKPwOQGzJKFH�[\]LW��F¯`@FQ\ug]F i gbC¡Öf×:ØqÙXÚ�ÛNÚQÜÝ� h a�kNj�\uL¡YlG�\]L,\]`@FQa�FQL
PwOQG/Øq×:ØqÙXÚ�ÛNÚQÜ,FQL,s$¼·FQL�Ê�CMV*LW��e¶OULW�dFQL*s$�|jTOULW�3Y[FH�tÊ�CMV*LW��P~OQG�JKFH�l\uLW�¡FM`HFQ\]g]F i gbC|I�kWCM\bG�Õ/CML,CEI�\]Z
Ê�OQ�U\uZr�«G�OQ�QG�FQJKJK\]LW�nYlc[aXIXCMJßÞ5à¬ØTáyâNÒUFQJ�CMaqRqV,a�aXCML*a{P~OQG5k,CMgbD�OUL�I�kWC��{FHG�I�²:OQP~²ÌYlD�CECMZ�kdD,G�O i gbCMJ½FQL,s
I�kWCnÊ¦\]LW�UV,\uaXI�\]Z/B/FHI�FvRTOQG�D�OQG�FHI�\bOULvPwOQGrD,G�O¯`[\]s,\]LW��I�kWCn�fCML,LW²:IXG�CEC i FQLW�vg]\]LW�UV*\]aXI�\]Z/s,FHI�F[�
p k*\]a�jTOQG���jzOUV,gus�LWOQI¦k*FM`QC i CECMLnD�OUa�a�\ i gbC{j�\]I�kWOUVWI�I�kWCSx�L,FQL,ZE\]FQgUa�VWD,D�OQG�I�OQP,FrZ^OUg]gbCE�QCz�QG�FQL-I¬PwG�OUJ

I�kWCn_/L,\b`QCEG�a�\bI7c3OQP{e)FQgbCMaE� h�i CEG�c[aXI7jrclI�k��«±TjTOUV,g]s$FQg]a�OKg]\b�QC|IXO¡I�k*FQLW�3JKCMJ i CEG�a�OQP{I�kWC	sWCED*FHG�I�J�CML-I
OQP¬JKFHI�k,CMJKFHI�\]ZEa�FQL,s3Z^OUJ�D*VWIXCEG�a�ZE\]CML,Z^C/FHIqI�kWC�_/L,\b`QCEG�a�\]I7c�OQP¬I�k,C/ÆqFQgbCMFHG�\uZ�±�a�g]FQL,s*aE�[YlDyFQ\]LKPwOQGqI�kWCM\bG
�QCMLWCEG�OUV*a«kWOUaXD*\]I�FQg]\bI7c	s,VWG�\]L,��J	c	`[\]a�\bI{FQL,s�IXOn�{FHI5��\]s,s,g]CzFHISI�kWCr_/L,\b`QCEG�a�\bI7c	OQP h V,Z��[g]FQL,s�PwOQGS�U\b`[\]LW�
J�C�I�\]J�C�IXO3xyL,\]a�k�jrG�\bI�\uLW�¡VWD���µ{\]L,FQg]g]cQ�y±rjTOUV,g]s·g]\b�QC	IXOvI�k,FQLW��J	c$D*FHG�I�L,CEGM��Ô�FHI�k,FQgu\bC�YWFQLNIXG�CQ��PwOQG
D,G�Oº`l\us,\]LW��I�kWC�D�CEG�PwCMZ^I i FQg]FQL,Z^C i CEI8jzCECML�CML,Z^OUVWG�FH�QCMJ�CML-I�FQL*s$s,\]aXIXG�FQZ^I�\bOUL��

h V,Z��[g]FQL,s���mMã@I�k>YlCED,IXCMJ i CEGM��mMoQoQol�

�5k*\]g]\bD$Õ��È���*��CM\]aXCEG

\b`



p O¡JncvJ�OQI�kWCEG�FQL,stP�FHI�kWCEG

`



ä å�æèç�éêæèç�ë

ì í ¤�î¯�@ �ï{ð¬ñQî@�~ �¤ ì
mH�]m Ô/FHI�VWG�FQg¬¾5`QOUg]VWI�\bOULtFQL*s$¼£FQZ�k,\]LWC�Ê¬CMFHG�L,\]L,� �����|�����|�n�����|�����|�n�����|�����|� m
mH�óò ¾«`QOUguVWI�\bOUL$FQL,s�Ê�OQ�U\]Z��|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� ò
mH�óô YlCEIXI�\]L,�$���|�����n�|�����|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� ô
mH�öõ  G��UFQL*\]a�FHI�\bOULtOQP p kWCMa�\]a������n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� õ

÷ ø�ù ñ@ú�¥*�@ yðf¤¬ï û
òl�]m h Lt±ÌL-IXG�O[s,V,Z^I�\bOULvIXO3¾«`QOUg]V,I�\bOUL,FHG�c h gb�QOQG�\bI�k,JKaz���|�����|�n�����|�����|�n�����|�����|� ã
òl�]mH�]m p k,C	RqFQLWOUL,\]ZEFQg¬Õ�CMLWCEI�\]Z h gb�QOQG�\bI�k*J �����|�����|�n�����|�����|�n�����|�����|� ü
òl�]mH�óò YlCMFHG�Z�k��5G�OQD�CEG�I�\bCMaqOQP5Õ/CMLWCEI�\uZ h g]�QOQG�\bI�k,JKad�����|�n�����|�����|�n�����|�����|� mEý

òl�óò ¼·FQZ�k,\]L,CnÊ�CMFHG�L*\]LW��V,a�\]L,��¾5`QOUg]VWI�\bOUL*FHG�c h gb�QOQG�\]I�k,JKat���|�n�����|�����|�n�����|�����|� mMò
òl�óòl�]m ±�LNIXG�Ols,V*Z^I�\bOUL �|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� mMò
òl�óòl�óò ��CED,G�CMaXCML-I�FHI�\bOUL$±�a�a�V,CMar\]Lt¼·FQZ�k,\]L,C�Ê�CMFHG�L,\uLW� �|�n�����|�����|�n�����|�����|� mMô
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Æ/�óôl�óò p k,C�ÆTV*Z��QCEI�ÆzG�\b�UFQsWC h gb�QOQG�\bI�k,J �|�n�����|�����|�n�����|�����|�n�����|�����|�®mMÿQô

Æ/�öõ p G�\b�Q�QCEG�CMs  D�CEG�FHIXOQG�a �|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®mMÿ@õ

�3�6�8�-�@�l¤¦ñU�l� ì �B�

°



C D ë�ç åFE G D>HJI K é ë

òl�]m p kWC	R�FQLWOUL,\]ZEFQg¦Õ�CMLWCEI�\]Z h gb�QOQG�\bI�k*Jt�À�����|�n�����|�����|�n�����|�����|�n�����|�����|� o
òl�óò p kWC�J�VWI�FHI�\bOUL�OQD�CEG�FHIXOQGM�¹���n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� o
òl�óô p kWC�Z^G�OUa�aXO¯`QCEG/OQD�CEG�FHIXOQGM� ���n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� mEý
òl�öõ p G�CEC�G�CED,G�CMaXCMLNI�FHI�\]OUL$OQPfP~OQG�J�V,g]FHC�\uLvI�kWC��QCMLWCEI�\]ZngbOQ�U\]Z�D,G�OQ�QG�FQJKJK\]LW��aXc[aXIXCMJt�ê���|� ôQò
òl�óÿ RTG�OUa�aXO¯`QCEG�\]LvI�kWC|�QCMLWCEI�\uZ�gbOQ�U\]Z�D,G�OQ�QG�FQJKJK\]L,�KaXcla�IXCMJt�y�|�n�����|�����|�n�����|�����|� ôQô
òl�óã B/CEG�\b`HFHI�\bOULtIXG�CECnP~OQG�I�kWC|P~OQG�J	V,guF §MLONQP ¨	R §TSVU�NXW ¨z�U\b`QCMLt�QG�FQJ¡JKFHGZY\[^�'�����|� ôQã
òl�Ýü h L$FHIXIXG�\ i V,IXCnk,\bCEG�FHG�Z�k-c § FQs,FHD*IXCMstP~G�OUJ § Õ/G�CEPwCML,aXIXCEIXIXCQ�{mMoQoQò i ¨X¨��<���|�n�����|�����|� ô�

ôl�]m p kWC�\]L-IXCEG�FQZ^I�\bOUL�OQPyI�kWG�CEC�g]FQL,s,a�ZEFHD�CMaf\]L�F�a�\]J�DygbC«�QCMLWCEI�\]Z�FQg]�QOQG�\bI�k,Jt� h s*FHD,IXCMs�P~G�OUJ
§ ÒQOUL,CMaE�¬mMoQoQÿ i ¨����|�����|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� ÿHý

õW�]m �«G�Ols,V*Z^I�\bOULtaXc[aXIXCMJ \]L-IXCEG�FQZ^I�\bOUL$j�\bI�kvI�kWC�D*G�O i gbCMJÑsWOUJKFQ\uL��W���|�����|�n�����|�����|� ÿQo
õW�óò RTG�OUa�aXO¯`QCEG/OQPf��V,gbCMaE�	���|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� ãHý
õW�óô RTG�OUa�aXO¯`QCEG/OQPf��V,gbC	YlCEI�aM�¬�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� ã[m
õW�öõ Ê�CE`QCMgzm�Z^G�OUa�a�O¯`QCEGM� p jTO�D*FHG�CML-IrG�V,gbCMa�FHG�CnaXCMgbCMZ^IXCMs�P~G�OUJ¹I�kWC�D�OQD*V,g]FHI�\]OUL § g]CEP~I�¨qFQL*s
FHG�CnZ^G�OUa�aXCMs$Oº`QCEG�FQL,s�FQs,sWCMstIXOKI�k,C|D�OQDyV,g]FHI�\bOUL § G�\]�UkNIE�,a�k,O¯j�L$\uL i OUgusy¨��¶���|�����|� ãUü

õW�óÿ RTG�OUa�aXO¯`QCEG/OQPf��V,gbCMa�YlCEI�aM�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� ãQo
õW�óã p kWC�¾zL,Z^O[s,\]LW��OQPSB/CEIXCMZ^IXOQG/¼£CMa�a�FH�QCMaE�����|�n�����|�����|�n�����|�����|�n�����|�����|� üHÿ
õW�Ýü ¼£CMFQL��fCEG�PwOQG�JKFQL,Z^CQ�T���|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� üHo

ÿl�]m p kWC�a�CEI�Z^O¯`QCEG�\uLW�dFQgb�QOQG�\bI�k,JþV,aXCMs i cvJKFQL-cdG�V*gbC|\]L,s,V,Z^I�\]OUL3a�claXIXCMJ¡aE�	�n�����|�����|� oQò

ãl�]m YlCED*FHG�FHI�\bOULtOQPSs,FHI�F[�����|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®mEýQý

°[\



ãl�óò p kWC�¾V1�±�Ê m�FQgb�QOQG�\bI�k,Jt�[�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®mEýUÿ
ãl�óô p kWCvFQgb�QOQG�\]I�k,J´PwOQG�ZEg]FQV,aXCvZ^G�OUa�a�O¯`QCEG¡\]L¸¾21/±�Ê m § F i O¯`QCº¨�� h L¸C^°WFQJ�D*gbC3OQP�ZEg]FQV,a�C
Z^G�OUa�a�O¯`QCEG § i CMgbOºj/¨��n¾zFQZ�k)ZEg]FQV*aXC�\]L�I�k,C�g]OQ�U\]Z�D,G�OQ�QG�FQJ k,FQa|FvZ^OQG�G�CMaXD�OUL,s,\]LW�3LWO[sWC
\]LdI�kWC�ZEguFQV,aXC�IXG�CECQ�TY[V i IXG�CECMa5FHG�C/C^°[Z�k,FQLW�QCMstV,L*sWCEG«I�kWC�\]L,s,\uZEFHIXCMs¡Z^G�OUa�a�O¯`QCEG�D�OU\]L-I�aE�
p kWC|G�CMa�V,gbI�\]L,��O�;�aXD,G�\]LW��IXG�CECMa�Z^OQG�G�CMaXD�OUL,svIXOKI8jzO3LWCEj gbOQ�U\]Z�D*G�OQ�QG�FQJKaE�*�����|�����|�®mEýUã

ü-�]m ¾S°WFQJ�D*g]CMa�OQPfg]CE�UFQg�FQL,s$\]gugbCE�UFQg�D�OUa�\bI�\bOUL,aM�T�|�n�����|�����|�n�����|�����|�n�����|�����|�®mQmMò
ü-�óò h ZEZEVWG�FQZ^c�OQP	ZEg]FQV,aXC^²7aXCEI�atZ^OUL*aXIXG�V,Z^IXCMs�V,a�\uLW��¾21/±�Ê5m ²7µ«Y §^] ²7F@°W\]a�¨KD*gbOQIXIXCMs�FH�UFQ\]L,a�I
FQZEZEVWG�FQZ^c�OQP�ZEguFQV,aXC^²7aXCEI�a3Z^OUL,aXIXG�V*Z^IXCMs i c�¾V1�±�Ê5m ²7Ô|Y §^_ ²7F@°W\]a�¨����¦OU\uLNI�a3F i O¯`QC�I�k,C
g]\]L,C ] `�_ G�C^Ð*CMZ^I�FQL£\]J�D,G�Oº`QCMJ�CML-Irs,VWC|IXO�x*I�L,CMa�a�D,G�OQD�OQG�I�\]OUL,FHIXC�aXCMgbCMZ^I�\bOUL��������|�®mQm¯ü

ü-�óô p CMaXI�aXCEI�FQZEZEV,G�FQZ^ctP~OQG�ZEg]FQV,aXC|C^°WZ�k,FQL,�QC §^] ¨qFH�UFQ\]L,aXI�LWOKZEg]FQV,aXC|C^°WZ�k*FQLW�QC §^_ ¨��è���|�®mQma

ü-�öõ p G�FQ\]L,\]L,�£aXCEIKFQZEZEVWG�FQZ^c�D*g]OQIXIXCMs¸FH�UFQ\uL,aXI�L-V*J i CEG�OQP��QCMLWCEG�FHI�\bOUL,a § FN¨	j�\bI�k,OUVWI�FQL*s
§ i ¨Tj�\bI�ktZ^G�OUa�aXOº`QCEGM�����|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®mMòHý

ü-�óÿ RTOUJ�DyFHG�\]aXOUL�OQP�IXCMaXItaXCEIvFQZEZEVWG�FQZE\bCMavPwOQGvI�kWCcb6b�I�FH��PwOQGv¾V1�±�Ê5m ²7µ«Y §^] ²7F@°[\]a ¨¡FQL*s
¾21/±�Ê5m ²7Ô|Y §^_ ²7F@°W\]a�¨��¦���|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®mMò�


ü-�óã p CMaXI�aXCEI�FQZEZEV,G�FQZ^ctP~OQG�ZEg]FQV,aXC|C^°WZ�k,FQL,�QC §^] ¨qFH�UFQ\]L,aXI�LWOKZEg]FQV,aXC|C^°WZ�k*FQLW�QC §^_ ¨��è���|�®mMò�

h �]m p kWCS�QCML,CEI�\]Z«FQgb�QOQG�\]I�k,J FQa¬F��Ug]O i FQgHG�FQL,sWOUJ aXCMFHG�Z�k	J�CEI�kWO[s��ºFQs*FHD,IXCMs|PwG�OUJ<�fCMZ�� § �fCMZ��

d B�k,F¯jTFQL��fmMoQoQÿU¨�� ���|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®m^õ�


°W\]\



C D ë�ç åFE e fhg izé ë

òl�]m h RTOUJ�D*FHG�\]aXOUL i CEI7jTCECML�¾qY��,¾5�f�yÕ h FQL,s£Õ|�¦�ª�|�����|�n�����|�����|�n�����|�����|� ü
òl�óò h Y[V,JKJ¡FHG�c¡OQP«Õ/CMLWCEI�\]ZEaX² i FQaXCMs�¼·FQZ�k*\]LWCnÊ¬CMFHG�L,\]LW�¡Ylc[aXIXCMJKaM�5�|�����|�n�����|�����|� õQõ

õW�]m Y[V,J¡JKFHG�c¡OQPSB�Ê�²7Ê{RrY��Ñ�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|� ülm
õW�óò �rCEjqFHG�s,a�P~OQG�FQZ^I�\bOUL,ar\]LvI�k,CnÔ�OUV,�UkNI�a�FQL,s£RTG�OUa�aXCMar�«G�O i gbCMJ �|�����|�n�����|�����|� üHô
õW�óô �{FHG�FQJ�CEIXCEG�a�PwOQGrI�kWCn¾«°lD�CEG�\]JKCMLNIE� �|�����|�n�����|�����|�n�����|�����|�n�����|�����|� üQü

ü-�]m h IXIXG�\ i VWIXCMa�\]LvI�k,C p FHG��QCEI/�«G�CMs*\]ZEFHIXC �����|�n�����|�����|�n�����|�����|�n�����|�����|�®mQmQm
ü-�óò p CMaXI�aXCEI/FQZEZEVWG�FQZ^c$OUL£Z�kWCMa�a�CML,s,�UFQJ�CnD,G�O i gbCMJÑj�kWCML£\]L-IXG�Ols*V,ZE\]LW��ZEg]FQV,a�CnV,L,\bOULtFHI
s,\j;�CEG�CML-I�P~G�CM}-VWCML*ZE\bCMaE�¶�|�����n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®mQm¯ü

ü-�óô p CMaXIraXCEIrFQZEZEVWG�FQZ^c3OULtZ�k,CMa�aqCML,sW�UFQJ�C|D*G�O i gbCMJ�j�kWCMLv\]L-IXG�O[s,V,ZE\]LW��ZEg]FQV,aXC|Z^G�OUa�aXO¯`QCEG
FHI�s*\j;�CEG�CMLNIqPwG�CM}-V,CML,ZE\bCMaE� ���n�|�����|�����|�n�����|�����|�n�����|�����|�n�����|�����|�®mQmMo

ü-�öõ B�\]aXIXG�\ i VWI�\bOUL3OQP{C^°[FQJKD*gbCMa�PwOQGrI�kWC"b�bvI�FH�3\]LvI�kWC��{FHG�IrOQP5YlD�CECMZ�k$B�FHI�Fê�����|�����|�®mMòQÿ
ü-�óÿ �{FHG�FQJ�CEIXCEG�a�PwOQGrC^°lD�CEG�\uJ�CMLNI�DyFHG�I�±�±5OUL�I�FH�Q�U\]LW�¡s*FHI�F[�/�|�n�����|�����|�n�����|�����|�®mMòQã
ü-�óã �{FHG�FQJ�CEIXCEG�a�PwOQGrC^°lD�CEG�\uJ�CMLNI�DyFHG�I�±�±�±zOULtI�FH�Q�U\]LW�¡s*FHI�F[�ª�n�����|�����|�n�����|�����|�®mMòUü
ü-�Ýü �rCMa�V,gbI�a�PwOQGrC^°[D�CEG�\]J�CML-I�D*FHG�I�a�±qFQL,st±�±zOULtI�kWC	¤f¤�I�FH�W���n�����|�����|�n�����|�����|�®mMòQo
ü-�k
 ¾21/±�Ê5m�Z^OUJ�DyFHG�CMs$FH�UFQ\]L,a�I��«G�OQ�QOUg¬\]Lt�{FHG�I�²:OQPu²ÌY[D�CECMZ�k�D*G�O i gbCMJt�3�����|�n�����|�����|�®mMòQo
ü-�óo ¾21/±�Ê5m ²ÌRrR<Z^OUJ�D*FHG�CMs$FH�UFQ\uL,aXI�¾V1�±�Ê�²7µ«Y3OUL$�{FHG�I�²:OQP~²ÌYlD�CECMZ�k£D,G�O i gbCMJt�3�����|�����|�®mMôHý
ü-�]mEý��{FHG�I�²:OQP~²ÌYlD�CECMZ�k¶I�FH�Ua § �{FHG�IKm¯¨���RTOUg]V,JKL*arG�CED,G�CMaXCMLNI�I�kWC�s,\uaXIXG�\ i V,I�\bOULtOQP«C^°WFQJ�D*gbCMaMâ
I�kWC£D,G�\bOQG¡s*\]aXIXG�\ i VWI�\bOUL¸OQP|I�kWC�IXCMa�I3aXCEIEâ�FQZEZEVWG�FQZ^c�OQP|I�kWC$I�kWCEOQG�\]CMad\]L*s,V,Z^CMsÀV,a�\]LW�
�S²7�5G�OQ�QOUg i c�RqV*a�aXCML,a § RqV,a�a�CML,aE�	mMoQoUüQ¨�â�FQZEZEVWG�FQZ^c�V,a�\uLW�¸¾V1�±�Ê m>j�\bI�k�s,\j;�CEG�CML-I
Z^G�OUa�a�O¯`QCEG/P~G�CM}lVWCML,ZE\]CMaE�«LyË@FK\]L*s,\]ZEFHIXCMa�\]L,a�V[ÅdZE\bCML-I�s,FHI�F�IXO¡gbCMFHG�LvG�V,gbCMaE�������|�����|�®mMô[m

°[\]\u\



ü-�]mQm��{FHG�I�²:OQP~²ÌYlD�CECMZ�k¶I�FH�Ua § �{FHG�InòU¨���RTOUg]V,JKL*arG�CED,G�CMaXCMLNI�I�kWC�s,\uaXIXG�\ i V,I�\bOULtOQP«C^°WFQJ�D*gbCMaMâ
I�kWC£D,G�\bOQG¡s*\]aXIXG�\ i VWI�\bOUL¸OQP|I�kWC�IXCMa�I3aXCEIEâ�FQZEZEVWG�FQZ^c�OQP|I�kWC$I�kWCEOQG�\]CMad\]L*s,V,Z^CMsÀV,a�\]LW�
�S²7�5G�OQ�QOUg i c�RqV*a�aXCML,a § RqV,a�a�CML,aE�	mMoQoUüQ¨�â�FQZEZEVWG�FQZ^c�V,a�\uLW�¸¾V1�±�Ê m>j�\bI�k�s,\j;�CEG�CML-I
Z^G�OUa�a�O¯`QCEG/P~G�CM}lVWCML,ZE\]CMaE�«LyË@FK\]L*s,\]ZEFHIXCMa�\]L,a�V[ÅdZE\bCML-I�s,FHI�F�IXO¡gbCMFHG�LvG�V,gbCMaE� ���|�����|�®mMôQò

h �]mßYlOUJ�CnC^°[FQJ�DygbCMa�OQP{a�Z�kWCMJ¡FHI�F¡FQL,stI�k,CM\bG�D,G�OQD�CEG�I�\bCMaM� �|�n�����|�����|�n�����|�����|�®m^õNÿ

°[\]`
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p kWC�I�kWCEOQG�c£OQP5CE`QOUg]V,I�\bOUL>\]a/I�kWC�V,L,\bPwcl\uLW�KI�kWCEOQG�c£OQP i \]OUgbOQ�QcQ�|±8I|\]a/�QOº`QCEG�LWCMs i c�OULWC�P�V,L,s,FQJ�CML-I�FQg
D,G�\uL,ZE\bD*gbC�OQG�g]F¯j�ÂKFQg]gTg]\bPwC¡CE`QOUgb`QCMa i c)I�kWCvs,\j;�CEG�CML-I�\]FQgTa�VWG�`[\b`HFQgSOQP�G�CEDyg]\]ZEFHI�\]LW��CMLNI�\bI�\]CMa § B�F¯jr�l\uL,aE�
mMoUüHãl�WD*FH�QC�mMoQòU¨�� p k,\ua5g]F¯j�\]azZ^OUJKJ�OUL,g]c�G�CEP~CEG�G�CMs¡IXO�FQa"�%���M�[Ù��HÜ����^Ü������M��Ú��,� h ZEZ^OQG�s,\]LW�	IXO�B�FHG�j�\]L�ÉÈa
I�kWCEOQG�cvOQPfCE`QOUg]VWI�\bOUL�I�kWG�OUVW�UktL*FHI�VWG�FQg�aXCMg]CMZ^I�\bOUL § B�FHG�j�\]L���ma
QÿQoU¨���FQL�CMLWOQG�J�OUV,a�FQJ�OUV,L-IrOQP¦�QCML,CEI�\]Z
`HFHG�\]FHI�\bOUL�\]aKD*G�Ols*V,Z^CMs�\]L�CE`QCEG�cÀ�QCML,CEG�FHI�\bOUL�� i VWI¡OUL,g]cÀF�PwCEj'a�VWG�`[\b`QOQG�aKOQPnI�kWC�`HFQaXItL-V*J i CEG¡OQP
O�;�aXD,G�\]L,�¶j�\]g]gTI�kWCMJKa�CMgb`QCMa¡G�CED,G�O[s,V,Z^CQ��±�L,s,\]`l\]s*V,FQg]a	I�k,FHI¡FHG�C i CMa�I¡FQs,FHD,IXCMs�IXO�I�kWC$CML-`[\bG�OUL,J�CML-I
k,F¯`QC�I�kWC/k,\b�UkWCMaXISD*G�O i F i \]gu\bI7c	OQP�a�VWG�`[\b`l\uLW�|FQL,sKD,G�Ols,V*ZE\]LW�/I�kWC�LWC^°[I«�QCMLWCEG�FHI�\bOUL § ¼·FMclGM��mMoQoUü-�[D*FH�QC
m¯üHãU¨��
Ô/FHI�VWG�C�k,FQa i CECML$I�kWC	aXOUVWG�Z^C�OQPS\]L*aXD*\bG�FHI�\]OULdPwOQG�J¡FQLNcvOQPSI�kWC�DyFHG�FQs,\b�UJKa�\]L$JKFQZ�k,\]LWC�gbCMFHG�L,\]LW�W�

a�V,Z�k FQa$J�O[sWCMg]a i FQaXCMs<OUL�I�kWC)LWCMVWG�OUL FQL*s \]JKJ�V,LWC>aXcla�IXCMJt�ª»�O¯jTCE`QCEGM�n\uL�I�k*\]avjzOQG���jTC�FHG�C
Z^OUL,Z^CEG�L,CMs£OUL*gbc$j�\bI�k·JKFQZ�k,\]LWC�gbCMFHG�L,\uLW�¡I�kWG�OUVW�Uk�I�k,C�a�\]J	V*g]FHI�\bOUL$OQPTL,FHI�VWG�FQg¦CE`QOUg]VWI�\]OUL�� p kWC�\]sWCMF
I�k,FHInF�gbCMFHG�L,\]L,�dD,G�OlZ^CMa�anZ^OUV,g]s i CKZ^OUL,aXIXG�V,Z^IXCMs¶I�kWG�OUV,�Uk¶I�kWCKa�\]J�V,g]FHI�\]OUL>OQPzCE`QOUg]V,I�\bOUL)s,FHIXCMa i FQZ��
IXOvI�kWC�CMFHG�g]\bCMa�I/s,F¯cla|\uL£Z^OUJ�DyVWI�\]LW�3CQ�ö�W� § p VWG�\]LW�W�SmMoQÿHýN¨���»�OºjzCE`QCEGM�f\bI/jTFQa|LWOQI|V,L-I�\]g¬I�kWC�g]FHIXCKÿHýQa
I�k,FHI3I�kWC£x*G�aXIKCE`QOUguVWI�\bOUL,FHG�cÀg]CMFHG�L,\]LW��aXcla�IXCMJKa3jzCEG�C>Z^OUL,aXIXG�V,Z^IXCMs § ÆTO¯°���mMoQÿUü-â�µWG�\bCMs i CEG��W��mMoQÿ�
lâ
ÆTG�CMJKJ�CEG�JKFQL���mMoQÿ�
U¨�� h L3C^°[Z^CMgugbCMLNIrk*\]aXIXOQG�cKOQP¦CE`QOUg]VWI�\bOUL*FHG�cdZ^OUJ�DyVWI�\]LW��JKFMc i C�PwOUV,L,sv\]L § µWOQ�QCMg:�
mMoQo�
HFN¨��

m



±�LvI�kWC�P~OQG�I7c3cQCMFHG�a�a�\]L,Z^C�I�kWCMa�C|IXCMLNI�FHI�\b`QC i CE�U\uL,L,\]LW�UazF�j�\]sWC�G�FQLW�QC|OQP¦CE`QOUg]VWI�\bOUL,FHG�cdFQgb�QOQG�\]I�k,JKa
k,F¯`QC i CECML�sWCE`QCMgbOQD�CMs�FQL*s�JKFQL-c/G�CMFQgÄ²:jzOQG�g]s|D,G�O i gbCMJKa�aXOUgb`QCMs § Õ/OUg]s i CEG��W�[mMoQo@õWâ-Õ h Ê¬¾TY[± h oQÿl�WmMoQoQÿlâ
µWOQ�QCMg �rmMoQoQÿlâqÆ3�FQZ����a�3�HÜj�u��mMoQoUüQ¨�� h a�F�G�CMa�V,gbIE�fCE`QOUg]VWI�\bOUL,FHG�c>Z^OUJKD*VWI�\]LW�·k,FQa�j�\bI�LWCMa�aXCMs��QG�O¯j�\]LW�
\]L-IXCEG�CMaXIv\]L�I�kWC¶JKFQZ�k,\uLWC·g]CMFHG�L,\]LW�¸Z^OUJKJ�V,L,\bI8c § h guFQL,sWCEGM�nmMoQoQÿU¨�� p kWC>a�V,ZEZ^CMa�avOQP�CE`QOUguVWI�\bOUL,FHG�c
FQgb�QOQG�\]I�k,JKa�\]arF�a�IXG�OULW�¡\]L*s,\]ZEFHI�\bOUL3I�k,FHI�a�OUJ�C�`HFQg]V,F i gbC|F i a�IXG�FQZ^I�\bOUL,ark*FM`QC i CECML$J¡FQsWCQ�
h gbI�kWOUVW�Uk	j�\]s,CMgbc/a�I�V,s,\bCMs��@CE`QOUg]VWI�\]OUL,FHG�c�Z^OUJ�D*V,I�\]LW��\ua¬aXI�\]gugNsWCE`QOU\]s	OQP*F�j�\]sWCMg]c/FQZEZ^CED,IXCMs�I�k,CEOQG�cQ�

p kWC¸I7clD�CMa·OQP¡FQL,FQgbc[a�\]a£\]L,ZEg]V,s,C�a�Z�k,CMJKF�I�kWCEOQG�cQ��¼£FHG��QOº`®Z�k,FQ\]L,aM�	s,\]JKCML,a�\bOUL,FQgnFQL,FQgbc[a�\]aE��OQG�sWCEG
aXI�FHI�\]a�I�\]ZEaKFQL,s�aXI�FHI�\uaXI�\]ZEFQgqD*k-cla�\]ZEa�FQJ�OULW�¶OQI�kWCEG�a § ¾5\ i CML d ��V,sWOUgbD*k��rmMoQoQolâ�Æ3�FQZ�����mMoQoQãU¨��  LWC
OQPqI�kWCKJKFQ\]L>D*G�O i gbCMJKa|a�IXCMJKa|PwG�OUJ I�kWC¡Z^OUJKD*gbC^°>G�CMg]FHI�\bOUL,a�k,\bD i CEI7jTCECML�aXCMFHG�Z�k i CMk,F¯`l\bOQG�FQL*s¶I�kWC
G�CED,G�CMaXCMLNI�FHI�\]OUL i CM\]LW�)J¡FQL,\bD*V,guFHIXCMs��  L,C�a�Z�k,O-OUg�OQP|I�kWOUVW�Uk-Idk,FQa i CECML�IXO�F i a�IXG�FQZ^I3F¯jTF¯cÀPwG�OUJ
G�CED,G�CMaXCMLNI�FHI�\]OUL��[CQ�ö�W� § ��FQs,ZEgu\j;�C d Y[VWG�G�cQ��mMoQo@õ i ¨��5»�O¯jTCE`QCEGM�*\uL¡I�k,\ua5I�kWCMa�\]aE�ljzC�FQsWOQD,ITI�kWC�OQD,D�OUa�\bIXC
FHD,D,G�OUFQZ�k�FQL*stZ^OUJKJK\bIrOUV,G�aXCMgb`QCMa�IXO¡OULWC�I7clD�C|OQP{G�CED,G�CMaXCML-I�FHI�\bOUL$guFQLW�UV,FH�QCQ�
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h ZEZ^OQG�s,\]LW��IXO § ÆTV,G��laM��mMoUüHÿU¨��

Õ/CMLWCEI�\]ZdaXIXG�\]L,�Ua�FHG�Cda�CM}-VWCML*Z^CManOQPr\]L*aXIXG�V,Z^I�\bOUL*a|FQL,s i CMk,F¯`QCd\]L�I�kWC¡OQG��UFQL*\]a�J g]\]�QC
Z^OUJKD*VWIXCEG$D,G�OQ�QG�FQJKaE�Ñ¼�OQG�CEO¯`QCEGM�|�QCMLWCEI�\uZ)aXIXG�\]L,�Uad�U\]`QC¶G�\]aXC>IXOÀLWCEj �QCML,CEI�\]Z¶aXIXG�\]L,�Ua
i c£a�V,Z�k>OQD�CEG�FHI�\bOUL*a|FQa|aXD*g]\bIXI�\uLW�W��s,VWD*g]\uZEFHI�\]LW�W�*DyFQ\bG�\]LW�W��Z^G�OUa�a�\]LW�3O¯`QCEGM�f\]L-`QCEG�a�\bOUL���FQL,s
J�VWI�FHI�\bOUL�� p k,\]a�D*G�OlZ^CMa�a¦\]afFQL,FQgbOQ�QOUV*a¦IXO|sWCMs*V,Z^I�\bOUL�Â[¿�V,aXIfFQaf`@FHG�\]OUV,a¦Z^OUL*ZEg]V,a�\bOUL*a�PwOUg]gbO¯j
s,CMs,V,Z^I�\b`QCMgbc/PwG�OUJ Fra�CEI¬OQP[D,G�CMJK\uaXCMa i c�I�kWCzG�V,gbCMa�OQPW\]L,P~CEG�CML*Z^CQ�@aXO�`@FHG�\]OUV,a��QCMLWCEI�\]ZzaXIXG�\]L,�Ua
J¡FMc i CqZ^OUL,aXIXG�V,Z^IXCMs�P~G�OUJ®F/�U\b`QCML�a�CEIfOQP�aXIXG�\]L,�Ua i cnI�k,OUaXCq�QCMLWCEI�\]ZTOQD�CEG�FHI�\bOUL,aE�{ÆTCMZEFQV,aXC
OQPzI�k,\]a�FQL,FQgbOQ�QcQ�¬�QCMLWCEI�\]Z�aXIXG�\]L,�Ua/ZEFQL i C�IXG�CMFHIXCMs)g]\]�QC	PwOQG�J�V,g]FQa/OQPzFvsWCMs,V*Z^I�\b`QC	PwOQG�JKFQg
guFQLW�UV,FH�QCQ�*� �b�b� � p k-V*a�L,FHI�VWG�FQg�CE`QOUguVWI�\bOUL$\]a�F¡Z^OUJ�D*gbC^°tsWCMs,V,Z^I�\]`QC^²7\]L,s,V,Z^I�\]`QC/D*G�OlZ^CMa�aE�

e�k,\]gbCrÆqVWG��laEÉ-FQL,FQgbOQ�QcK\]azFHI i CMaXI5gbOlOUaXC § k,C�FHD,D�CMFHG�aSIXO�Z^OULWP�V,aXC�s,CMs,V,Z^I�\bOUL�j�\bI�kK\]L,s*V,Z^I�\bOULy¨��QjTC
FQsWOQD,I¦I�kWC5`[\bCEj¸I�k,FHI¬CE`QOUguVWI�\bOUL	G�CMaXCMJ i gbCMafF�Z^OUJ�D*g]C^°nsWCMs,V,Z^I�\b`QC^²7\uL,s,V,Z^I�\b`QCSD*G�OlZ^CMa�aE�fÔ�CEj¸�QCMLWOQI7clD�CMa
FHG�C/Z^OUL@¿�CMZ^I�V,G�CMs § FQLd\]L*s,V,Z^I�\b`QC�D,G�OlZ^CMa�a ¨SFQL,sdFHG�C/\uLNIXCEG�D*G�CEIXCMsKIXO�P~OQG�JÃF	D*kWCMLWOQI8c-D�C i cKFnsWCMs*V,Z^I�\b`QC

ò



D,G�O[Z^CMs,VWG�C § I�k,FHI�\]a�FQg]J�OUaXI�Z^CEG�I�FQ\]L*gbc)LWCM\bI�kWCEG�aXOUV,L*s�LWOQG�Z^OUJ�D*g]CEIXCº¨�� p k-V,a�F£�QCMLWCQ�5J�V,Z�k�g]\b�QCvF
aXCML-IXCML,Z^C¶\]L�FQL-c�PwOQG�JKFQg/g]FQLW�UV,FH�QCQ�rC^°Wk,\ i \bI�a�I7jTO�gbCE`QCMg]adOQP�\]L-IXCEG�D,G�CEI�FHI�\bOUL��®YlCML-IXCML,Z^CMaE��j�kWCEI�kWCEG
\]L�I�kWC£g]FQLW�UV,FH�QC$OQP��QCMLWCMa¡OQGKPwOQG�JKFQgrgbOQ�U\uZH�TFHG�C£s,FHI�F¶I�k,FHI3JKFMc i C$JKFQL,\bDyV,g]FHIXCMs�FQL,s��TI�kWCEc�FHG�C
\]L,a�IXG�V,Z^I�\bOUL,aTI�k,FHI�JKFMc i C�\]L-IXCEG�D,G�CEIXCMs § `QOUL£Ô�CMV*JKFQL,L���mMoQãQãU¨��
 L�I�k*\]a{D,G�CEIXC^°[IE�UjTC�`l\bCEj�CE`QOUguVWI�\bOULKFQa«FQL�\uL,s,V,Z^I�\b`QCTD,G�O[Z^CMa�aE� h L,s�� i c�a�\]J	V*g]FHI�\bOUL	OQPyCE`QOUg]V,I�\bOUL

IXO|Z^OUL@¿XCMZ^I�VWG�C�aXCML-IXCML,Z^CMaSOQPWx*G�aXI¦OQG�sWCEGSgbOQ�U\]ZH�QjTCqFQ\uJ IXO i V*\]g]s�gbCMFHG�L,\]LW�/FQgb�QOQG�\bI�k,J¡a¬I�k,FHISZEFQL�FQs,s,G�CMa�a
I�kWC�D*G�O i gbCMJKaTOQPSZEg]FQa�a�\ÄxyZEFHI�\bOULtFQL,s�Z^OULNIXG�OUg¬OQD,I�\]JK\ua�FHI�\bOUL��
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p k,\uaqjzOQG��vFQs,sWG�CMa�aXCMa�I8jzOdD,G�O i gbCMJ¡aT\uLtJKFQZ�k,\uLWC�gbCMFHG�L,\uLW�WÂ

?	 �¤�î¯�º ��T *�¦îº�M���w� ù î@�~ �¤���¤�ïf�w�MñU�@�-î¯�7��î@�^����ï8�¬¤ ù ���wñ ù �5�����Mî¯�����Q� p kWCSCML-`[\bG�OUL,J�CML-I�OQP[FQLnFH�QCML-I
J¡FMc�\]L�aXOUJ�C)a�\bI�V*FHI�\bOUL,a i C>Z�k,FHG�FQZ^IXCEG�\uaXCMs<FQa$F�s,\ua�Z^G�CEIXC^²:I�\]J�C¶sWc[L,FQJK\uZEFQg/a�claXIXCMJ$�þY[V*Z�k
a�claXIXCMJ¡a�FHG�C	G�CED,G�CMa�CMLNIXCMs·FQa�FdL-V*J i CEG�OQP«a�I�FHIXCMa/FQL*s$IXG�FQL,a�\bI�\bOUL,a i CEI8jzCECML£I�kWCMaXC�aXI�FHIXCMaE�/Æzc
a�CMgbCMZ^I�\]LW� i CEI7jTCECMLÀF>L-V*J i CEG�OQP�FQZ^I�\bOUL*a�FQL�FH�QCMLNIKZEFQLÀZEFQV*aXCvI�kWCvCMLN`[\bG�OUL,JKCMLNI�IXO)Z�k*FQLW�QC
a�I�FHIXCQ�qÕ�\b`QCML3I�k,FHI�CMFQZ�ktaXI�FHIXC�k,FQa�F�Z^OQG�G�CMa�D�OUL*s,\]LW��VWI�\]g]\bI8c § OQG�D*FMcQO�;T¨��yZ�kWOlOUaXC�P~G�OUJªF�a�CEITOQP
FQZ^I�\]OUL,arIXOKOQD*I�\]JK\]aXC�D*F¯cQO�;f�

?�� ù �M�º��A{ñ ù î@�~ �¤«�	Õ|\b`QCML�IXG�FQ\]L,\]L,�)C^°[FQJKD*gbCMa3OQP�I�kWC·P~OQG�J�� §^� [�� ] [ ¨ ��������� §^�	� � ]�� ¨��·PwOQGtaXOUJ�C¶V,L[²
�[LWOºj�LKP�V,L,Z^I�\bOUL ]�`��S§^� ¨��lj�kWCEG�CrI�kWC �	� `HFQg]VWCMazFHG�C�`QCMZ^IXOQG�aTOQP�I�kWC�P~OQG�J � _B�^¡ [�� _B�^¡ ¢ �������a� _%�+¡ £¥¤ �
FQL*s ] `@FQguVWCMaKFHG�C·sWG�FMj�L�P~G�OUJ F�s*\]a�Z^G�CEIXC$aXCEIdOQP�ZEg]FQa�aXCMa'�Nm ����������¦ �Uâ�xyL,s�F�s,C^xyL,\bI�\bOUL�OQP
P�V,L,Z^I�\]OUL � a�V,Z�kÀI�k,FHI¡I�kWC ] `HFQg]VWCtPwOQGdFQL-c �	� P~G�OUJ I�kWC£a�FQJKC�s,\]aXIXG�\ i VWI�\bOUL�\]a¡FQZEZEVWG�FHIXCMgbc
D*G�CMs,\]Z^IXCMs § B�\bCEIXIXCEG�\]Z�k��¦mMoQoUüQ¨��

p k,CMaXCvD,G�O i gbCMJ¡a�k*FM`QC�F>j�\usWCdG�FQLW�QCvOQP/FHD,Dyg]\]ZEFHI�\bOUL���µWOQGd\]L*aXI�FQL,Z^CQ�«I�kWC$Z^OUL-IXG�OUg�OQP/Z^OUJ�D*gbC^°
D,G�O[Z^CMa�aXCMatFQL*s��[LWOºj�gbCMsW�QC)s,\ua�Z^O¯`QCEG�c�\]L�s,FHI�F i FQaXCMaM��±�L�Z^OULNIXG�OUg�CMLW�U\]LWCECEG�\uLW�W�rOULWC)\]avZ^OUL,Z^CEG�LWCMs
j�\bI�k�I�kWC>Z^OULNIXG�OUg/OQP�Z^OUJ�DygbC^°���\]LNIXCEG�G�CMg]FHIXCMs�aXcla�IXCMJKada�V,Z�k�FQadIXG�F@ÅdZ·Z^OULNIXG�OUg�aXc[aXIXCMJKaM��Z�kWCMJ¡\]ZEFQg
D,G�O[Z^CMa�aXCMaM�«FQL,s¸G�O i OQI�\]Z¡aXc[aXIXCMJKaM�  LWC3FHD*D,G�OUFQZ�k�\]a	IXO¶V,aXCvF£ZEg]OUaXCMs[²7gbOlOQD¸Z^OUL-IXG�OUg�aXc[aXIXCMJ&j�k,\uZ�k
V,aXCMa�F3J�CMFQa�VWG�CMJ�CMLNI�OQP«I�k,C	OUVWIXDyVWI/FQL*s£PwCECMs i FQZ���OQP«I�k*\]a�a�\b�UL,FQg¦IXOvZ^OUJKD*FHG�C�\bI�j�\bI�k�I�k,C�sWCMa�\bG�CMs

ô



OUVWIXD*V,I § B/OQG�P d ÆT\ua�kWOQD���mMoQoQÿU¨�� h D*FHG�I�\]ZEV,guFHGzI8c-D�C/OQP¦ZEgbOUaXCMsW²7gbO-OQDvPwCECMs i FQZ��dZ^OUL-IXG�OUg�aXc[aXIXCMJþ\]aTI�kWC
s,\]a�Z^G�CEIXC^²:I�\]J�C�sWc[L,FQJK\]ZEFQg{aXc[aXIXCMJt����LWOºj�gbCMsW�QC�s,\]a�Z^O¯`QCEG�c·\]L>s,FHI�F i FQaXCMa�\ua�I�k,C�L,OUL[²:IXG�\b`[\]FQg¦D,G�O[Z^CMa�a
OQP5\]s,CMLNI�\bPwc[\]LW��`HFQg]\]s��*L,O¯`QCMg ��D�OQIXCMLNI�\uFQg]gbctV,aXCEP�V,g �*FQL*s£V,g]I�\]JKFHIXCMgbctV,L,s,CEG�aXI�FQL,s,F i gbC|D*FHIXIXCEG�L,a/\]L£s,FHI�F
§ µ,F¯c-cUFQs)�a�§�HÜ¨�]�SmMoQoQãU¨�� p jTOdD*G�\]JKFHG�c3I�FQaX�[a|\]L$�[LWOºj�gbCMsW�QC�s,\]a�Z^Oº`QCEG�c�\]L£s,FHI�F i FQaXCMa|FHG�C	D,G�CMs,\]Z^I�\bOUL
FQL,s$s,CMa�Z^G�\bD,I�\]OUL�âlFQL*stOULWC�OQPfI�kWCnJ�OUa�I�Z^OUJKJ�OUL$FHD*D,G�OUFQZ�k,CMarIXOKI�kWCMa�Cn\]arZEg]FQa�a�\ÄxyZEFHI�\bOUL��

z&{ª© « �����r�
����T��
��� � !�¬ � # ��
��

Rqk,FHD*IXCEGtò�a�VWG�`QCEcla3D,G�CE`[\bOUV,adjTOQG��ÀOUL�CE`QOUgb`[\]LW��gbOQ�U\]Z£P~OQG�J�V,g]FHCQ�Ï�«G�CE`l\bOUV*a¡jTOQG���J¡FMc i C>aXD*g]\bI
\]L-IXO>I7jTO�ZEFQJ�D*aE��±ÌL�OULWCtFHD,D*G�OUFQZ�k��zI�kWCvD�OQD*V,g]FHI�\bOUL�G�CED,G�CMaXCMLNI�a�F¶a�CEI�OQP�Z^OUL@¿XCMZ^I�VWG�CMs�PwOQG�J�V,g]FHCQ�
j�k,\ugbC�\]L�I�kWC£OQI�k,CEGvFHD*D,G�OUFQZ�k�CMFQZ�k J�CMJ i CEG3OQP�I�kWC·D�OQD*V,g]FHI�\bOUL�\]a¡F�a�\uJ�D*gbCEGKPwOQG�J�V,g]F[�ra�V*Z�k�FQa
F>D,G�OQD�OUa�\]I�\bOUL,FQgzG�V,gbCQ�5FQL*s�Z^OUL,aXCM}lVWCMLNI�g]c�I�kWCvCML-I�\bG�CtD�OQD*V,guFHI�\bOUL�G�CED,G�CMaXCML-I�aKF¶a�\]L,�UgbC3k-clD�OQI�k,CMa�\]aE�
Rqk,FHD*IXCEG�ô�C^°[FQJ¡\]LWCMa�kWO¯jÑI�k,\]a	Z�kWOU\uZ^C3F;�CMZ^I�a�CE`QOUg]VWI�\bOUL*FHG�c�aXCMFHG�Z�k i c)sWCE`QCMg]OQD*\]LW�£I�kWC3L,OQI�\bOUL�OQP
aXCMFHG�Z�k<gbO[ZEFQg]\bI8c�PwOQG$P~OQG�J	V,guFHCQ��±�LWPwOQG�JKFQg]gbcQ��OULWC)FHD,D,G�OUFQZ�k<V,aXCMavI�k,C¶CE`QOUg]VWI�\bOUL,FHG�c�FQgb�QOQG�\bI�k,J�IXO
D�CEG�PwOQG�JþF¯®XgbO[ZEFQg�°�aXCMFHG�Z�k$j�k,CEG�CMFQa�I�kWC�OQI�k,CEG�F�J�OQG�C:®��UgbO i FQg�°Ka�CMFHG�Z�k��
h ZEZ^OQG�s,\]L,�KIXO p �OQG�L�FQL,s²±³�\]g]\]L*aX�@FQa § p �OQG�L d ±³�\]g]\]L,a��@FQaE��mMo�
QoU¨�FQLNcvOQD,I�\uJK\]a�FHI�\bOUL�J�CEI�kWO[s § a�V,Z�k

FQa5F	gbCMFHG�L,\uLW�|FQgb�QOQG�\bI�k,J3¨¦I�k,FHI5OQD�CEG�FHIXCMaT\]L�Fna�D*FQZ^CrIXOlO	g]FHG��QC�IXO	aXCMFHG�Z�k¡C^°Wk,FQV,a�I�\b`QCMgbc�G�CM}-V*\bG�CMa i OQI�k
F3gbOlZEFQgfFQL,s£F¡�UgbO i FQg¦aXIXG�FHIXCE�QcQ� p k,\]arJ�OQI�\]`@FHIXCMa/I�kWC�V,aXC	OQP5FKI8jzOH²7gbCE`QCMgugbCMs>aXCMFHG�Z�k¶Z^OUJKD,G�\]a�\uLW��OQP5F
gbO[ZEFQg�aXIXG�FHIXCE�QctFQL,s$�UgbO i FQg�aXIXG�FHIXCE�QcQ�5±�L£Rqk,FHD,IXCEG�õW�*F�I7jTOH²:I�\bCEG�CMs�CE`QOUg]VWI�\bOUL*FHG�c3g]CMFHG�L,\]LW��FQgb�QOQG�\bI�k,J
\]a�D,G�CMa�CMLNIXCMs�� h Z^OULN`QCML-I�\bOUL,FQg��QCML,CEI�\]ZtFQgb�QOQG�\bI�k*J \]a�V,aXCMs�IXO)aXCMFHG�Z�k�PwOQG�P~OQG�J�V,g]FHCtFHIKI8jzO)g]CE`QCMg]a
a�\]J�V,gbI�FQL,CEOUV,a�gbcQ�  L,CKgbCE`QCMg«aXCMFHG�Z�kWCMa	I�kWC¡aXD*FQZ^C¡OQPTD*G�OQD�OUa�\bI�\bOUL,FQgfG�V*gbCMaE��j�k*\]gbC�I�kWCKOQI�kWCEG�aXCMFHG�Z�k,CMa
I�kWC�aXD*FQZ^C�OQPzG�V,gbC�aXCEI�aE� p kWC�g]CMFHG�L,\]LW�3aXc[aXIXCMJ \]a/CE`@FQguV,FHIXCMs>OUL>F3a�\]J�D*gbC�s,\]a�Z^G�CEIXC^²:I�\]J�C�sWclL*FQJK\]ZEFQg
aXc[aXIXCMJµ´NI�kWCnI7jTO¡D*g]F¯cQCEGr�UFQJ�C	OQPfLWOUV,�UkNI�a�FQL,stZ^G�OUa�aXCMaM�
±�L$Rqk,FHD,IXCEGrÿl�[I�kWC|}-V,CMaXI�\bOULv\]azD�OUa�CMs3k,O¯j ZEFQLvOULWC|V,aXC/CE`QOUg]VWI�\bOUL*FHG�c¡FQgb�QOQG�\]I�k,JKazIXOKgbCMFHG�L3gbOQ�U\]Z

PwOQG�J	V*g]FHC�C^ÅdZE\]CMLNI�gbcQ� p kWC·FQL,aXjTCEGt\]ada�IXG�FQ\b�Uk-IXP~OQG�jqFHG�s�Â)FQL�CE`QOUg]VWI�\]OUL,FHG�c�FQgb�QOQG�\bI�k,J Z^OULH¿�CMZ^I�VWG�CMa
JKFQL-c�aXclL-I�FQZ^I�\]ZEFQg]g]c�\uLN`HFQg]\]s�FQL,s�aXCMJKFQL-I�\]ZEFQg]gbc�\]L-`@FQgu\]s�P~OQG�J	V,guFHC�FQL,sÀI�klV,adaXCMFHG�Z�k,CMadF)a�D*FQZ^C�P�FHG
g]FHG��QCEG	I�k,FQL¸\]anLWCMZ^CMa�a�FHG�cQ�te�k,\]gbC¡a�\]J�D*gbC�IXO>\]sWCML-I�\bPwcQ�¬I�k,\]anD,G�O i g]CMJ \]anL,OQI	aXO·aXIXG�FQ\b�Uk-IXP~OQG�jTFHG�s�IXO
G�CMaXOUg]`QCQ�

õ



±�L¸Rqk*FHD,IXCEG�ãtF£ZEg]FQa�a�\bxyZEFHI�\bOUL)FQgb�QOQG�\bI�k,J´\ua�sWCMa�Z^G�\ i CMs�� p kWCdFQgb�QOQG�\bI�k,J´Z^OUL,aXIXG�V,Z^I�a�ZEg]FQa�a�\Äx*CEG�a
G�CED,G�CMaXCMLNIXCMs�\]L�ZEg]FQV,a�FQg�P~OQG�J i c�D�CEG�P~OQG�J¡\]LW�¶F�I8jzOH²:I�\]CEG�CMs�aXCMFHG�Z�k�� h aXCMFHG�Z�k�FHIvZEg]FQV,a�C£gbCE`QCMg/\]a
Z^OUL,s,V*Z^IXCMs i c>FQL�\]L,s,V*Z^I�\b`QCKgbOQ�U\]Z�D*G�OQ�QG�FQJKJK\uLW�$FQgb�QOQG�\bI�k*J § �«G�OQ�QOUgw¨�� p k,\]a�\]a�`l\bCEjTCMs�FQa	F�gbO[ZEFQg
aXCMFHG�Z�k��¡±�L)FQs,s*\bI�\bOUL���FQL�CE`QOUg]VWI�\bOUL,FHG�c·FQgb�QOQG�\bI�k,JêD�CEG�PwOQG�JKa|Ft�UgbO i FQg«aXCMFHG�Z�k��d¾zFQZ�k�\uL,s,\b`[\]s,V,FQg¦\]L
I�kWC�D�OQD*V,guFHI�\bOUL	\uaSF|ZEg]FQV,a�FQg[I�kWCEOQG�c�FQL,s�F|Z^G�OUa�aXO¯`QCEGzOQD�CEG�FHI�\bOUL�FQg]gbOºj�a{C^°WZ�k,FQLW�QC�OQP�ZEg]FQV*aXCMa i CEI7jTCECML
I�kWCEOQG�\]CMaE� h a�F�G�CMa�V,gbIE�{I�kWC3CE`QOUg]VWI�\bOUL,FHG�c�FQgb�QOQG�\bI�k*J´s,\bG�CMZ^I�anI�kWCvZ^OUJ�D*V,I�FHI�\bOUL,FQgTC�;�OQG�I	C^°[D�CML,sWCMs
i c¡I�kWC/±ÌÊ¦��aXCMFHG�Z�k$FQgb�QOQG�\bI�k*Jt�5Rqk,FHD,IXCEG�ü	sWCMa�Z^G�\ i CMazCMJ�D*\]G�\]ZEFQg*\uLN`QCMaXI�\]�UFHI�\bOUL,aqOQP¬I�k,C/FQgb�QOQG�\bI�k,JªOUL
P�F i G�\]ZEFHIXCMsvFQL,stL,FHI�V,G�FQg]gbc-²:OlZEZEV,G�G�\]LW�	s,FHI�F[�«±�LtR�k,FHD,IXCEG§
nxyL,s,\]L,�Ua5FHG�C�a�V*JKJKFHG�\]a�CMs¡FQL,svs,\bG�CMZ^I�\bOUL,a
PwOQGrPwV,G�I�kWCEGr\]L-`QCMaXI�\b�UFHI�\bOUL£FHG�C�\]sWCML-I�\Äx*CMs��

ÿ
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¾5`QOUg]VWI�\bOUL k,FQa i CECML�I�k,C)\]L,aXD*\]G�FHI�\bOUL�P~OQG$JKFQL-c�gbCMFHG�L,\]L,��FQg]�QOQG�\bI�k,JKaM� h atG�C^Ð*CMZ^IXCMs i c�I�kWC
g]\bIXCEG�FHI�VWG�CQ�¦a�V,Z�k�J�CEI�kWO[s,ank,F¯`QC i CECML)V*aXCMs)IXO·aXOUgb`QCdJ¡FQLNc>I7clD�CManOQPqD,G�O i gbCMJ \]L�F$j�\]s,C�G�FQLW�QC¡OQP
sWOUJKFQ\uL,aE� p k,\]a5jzOUV*g]svaXIXG�OULW�UgbcKa�VW�Q�QCMaXI�I�k,FHI�aXOUJ�C�`HFQg]V,F i g]C�D,G�OQD�CEG�I�\]CMa5OQP¬L*FHI�VWG�FQg�CE`QOUg]VWI�\bOULvk,F¯`QC
i CECML>F i aXIXG�FQZ^IXCMs)FQL*s>G�CED,G�O[s,V,Z^CMs�� p k,\]a/\]L·I�VWG�L>k,FQa|J�OQI�\]`@FHIXCMs¶I�k,C�V*aXC�OQPzZ^CEG�I�FQ\]L>CE`QOUguVWI�\bOUL,FHG�c
FQgb�QOQG�\]I�k,JKaqPwOQG�JKFQZ�k*\]LWC�gbCMFHG�L*\]LW��I�FQaX�[aE�
p k*\]aqZ�k,FHD,IXCEG i CE�U\]L*azj�\bI�kvF	G�CE`l\bCEj<FQL*stZEg]FQa�a�\Äx�ZEFHI�\bOUL3OQP¬CE`QOUg]VWI�\]OUL,FHG�cdFQg]�QOQG�\bI�k,JKaM� p kWCML��[I�kWC

jqFMc[a�\]Lvj�k*\]Z�kvI�kWCMa�CnFQgb�QOQG�\bI�k*JKa�ZEFQL i C�FHD,D*gu\bCMs3IXOKI�kWC�I�FQaX�vOQP{JKFQZ�k*\]LWC�gbCMFHG�L*\]LW��FHG�Cna�V,G�`QCEcQCMs��
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¾«`QOUguVWI�\bOUL,FHG�ctFQgb�QOQG�\bI�k,JKa�G�CEP~CEG/IXO3I�kWC	ZEg]FQa�a�OQP«FQgb�QOQG�\bI�k,JKa�I�k,FHI�ZEFHD,I�V,G�C�F i aXIXG�FQZ^I�\bOUL,a�OQPSI�kWC	D,G�OH²
Z^CMa�aXCMa¦OQP,L,FHI�VWG�FQgQCE`QOUg]VWI�\bOUL�� p kWCEc i CMgbOULW��IXO�I�kWCzZEguFQa�a�OQPWD,G�O i F i \]g]\uaXI�\]Z¬k,CMVWG�\]aXI�\uZSaXCMFHG�Z�k�FQgb�QOQG�\]I�k,JKaE�
 P/I�kWCMaXCQ�TI�kWC�J�OUa�IKj�\]sWCMg]c�aXI�V,s,\]CMs�FHG�C-��ÁHÚHÜÛ�.�M� Ú��¥�|����Ù����ª�:Û7�Ü��� § ¾TY,¨��SCE`QOUg]V,I�\bOUL,FHG�c¸D,G�OQ�QG�FQJ¡JK\]LW�
§ ¾5�q¨��y�QCML,CEI�\]Z	FQg]�QOQG�\bI�k,JKa § Õ h ¨rFQL,s>Õ/CMLWCEI�\]Z��«G�OQ�QG�FQJKJK\]L,� § Õ��T¨�� p k,C�P~OUV,G/ZEFHIXCE�QOQG�\]CMa/s*\j;�CEG/\]L
P�V,L,s,FQJ�CML-I�FQgzjTF¯claE� p kWCM\bG�a�\]JK\]guFHG�\bI�\bCMa�FQL*s�s,\¨;�CEG�CML*Z^CMa�FHG�C3a�V*JKJKFHG�\]a�CMs�\]L p F i gbCvòl�]m § FQs,FHD*IXCMs
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p F i g]Cnòl�]mHÂ h RTOUJ�D*FHG�\uaXOUL i CEI7jTCECML�¾TY��,¾5�f��Õ h FQL,s£Õ��f�

PwG�OUJ § Æ3�FQZ�� d Y[Z�kNjTCEP~CMg:��mMoQoQôU¨X¨��  P�I�kWCMaXC|ZEFHIXCE�QOQG�\]CMaE�WI�kWC/�QCMLWCEI�\]Z�FQgb�QOQG�\bI�k*JÃ\]azD�CEG�k,FHD*azI�kWC�J�OUaXI
D�OQD*V,g]FHGzFQL,s¡J�OUa�IzaXI�V,s*\bCMs¡FQL,sd\bIz\ua«I�kWC/ZEFHIXCE�QOQG�c¡jTC�V,a�C�IXO�D,G�CMaXCML-I5I�kWC��QCMLWCEG�FQg�\]sWCMFQazV,L,sWCEG�g]cl\]L,�
CE`QOUg]VWI�\]OUL,FHG�cvFQgb�QOQG�\bI�k,J¡aE�
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Õ/CMLWCEI�\uZ�FQgb�QOQG�\]I�k,JKaE�l\]LNIXG�Ols,V*Z^CMs i cKÒUOUk,L¡»�OUg]g]FQL,s¡\]L$mMoUüHÿ § »�OUgug]FQL,s��*mMoUüHÿU¨��,FHG�C�sWOUJKFQ\uLK\]L,sWCED�CML[²
sWCML-I�aXCMFHG�Z�k)FQgb�QOQG�\bI�k*JKa|\]L,aXDy\bG�CMs i c·D,G�\]L,ZE\]D*gbCMarOQPTD�OQD*V,g]FHI�\]OUL£�QCML,CEI�\]ZEaE��_�a�\]LW�vOUL,gbc£`QCEG�c·a�\]J�D*gbC
J�CMZ�k,FQL,\]a�J¡aE�N�QCMLWCEI�\uZ�FQgb�QOQG�\]I�k,JKa5s*\]aXD*g]F¯c�Z^OUJKD*gbC^°¡aXCMFHG�Z�k i CMk,F¯`l\]OUVWGzFQL,sdk,FM`QC i CECML¡V,a�CMsKIXO�aXOUgb`QC
aXOUJ�Cvs,\ÄÅ3ZEV,gbI�D,G�O i gbCMJKaE� h a�I�kWCEc�G�CM}-V*\bG�Cdgu\bIXI�gbC¡�[LWOºj�gbCMsW�QC3OQPrI�kWC3I�FQaX� i CM\]L,�$I�FQZ��[gbCMs��«�QCML,CEI�\]Z
FQgb�QOQG�\]I�k,JKa�FHG�C�FHD,D*g]\uZEF i gbC�IXO$F3j�\]s,Cn`HFHG�\bCEI7c£OQP5D,G�O i gbCMJKaE�nYlCEC�PwOQG�C^°[FQJ�DygbC § B�C¯ÒUOULW� d YlD�CMFHG�aE�
mMo�
Qolâ¡Õ h Ê¬¾TY[± h oQÿl��mMoQoQÿlâKÕ�OUg]s i CEG��W��mMoQo@õ-¨�� h Z^OUJ�D*G�CMkWCML,a�\]`QC)a�VWG�`QCEc�OQP	D,G�CE`l\bOUV*adjTOQG���OUL
�QCMLWCEI�\]Z�FQg]�QOQG�\bI�k,JKa�JKF¯c i C�PwOUV,L,s>\]L h guFQL,sWCEGMÉÈa/C^°[IXCML,a�\b`QC i \ i g]\bOQ�QG�FHDykNc § h g]FQL,sWCEG¯�{mMoQo@õ-¨��fj�k,\uZ�k
D,G�Oº`l\usWCMa5D�OU\]L-IXCEG�a5IXO�I�k,C/g]\]IXCEG�FHI�VWG�C�P~OQGqF�j�\]sWCrG�FQLW�QC�OQP¬I�kWCEOQG�CEI�\]ZEFQg�\]a�a�VWCMaE�l`@FHG�\uFHI�\bOUL,azOQP�I�kWC i FQa�\]Z
FQgb�QOQG�\]I�k,Jt�,FQL,stFHD,Dyg]\]ZEFHI�\bOUL,aqIXO¡G�CMFQgÄ²:jTOQG�g]svD,G�O i gbCMJKaE�
p k,CEG�CTFHG�CqLlV,J�CEG�OUV,a¬`HFHG�\]FHI�\]OUL,afOUL	I�k,Cz�QCMLWCEI�\uZTFQg]�QOQG�\bI�k,J i VWI¦jzC�Z^OUL,Z^CML-IXG�FHIXCrOUL�I�kWC�aXI�FQL*s,FHG�s

OQG|ÇóZEFQLWOUL*\]ZEFQg É,�QCMLWCEI�\uZ�FQgb�QOQG�\bI�k*Jt� p kWC	Õ h JKF¯c i C�sWCMa�Z^G�\ i CMsvF i aXIXG�FQZ^I�gbctFQa�P~OUg]g]O¯j�aE�
B�VWC/IXO	I�k,CM\bG5OQG�\]�U\]L��N�QCML,CEI�\]Z�FQg]�QOQG�\bI�k,JKaTFHG�C�I7clD*\]ZEFQg]gbcKs,CMa�Z^G�\ i CMsKV,a�\]LW��IXCEG�J¡\]LWOUgbOQ�QcKaXIXCMJ¡JK\]LW�

PwG�OUJ i OQI�k�CE`QOUg]VWI�\bOUL*FHG�c i \bOUgbOQ�Qc	FQL*sKZ^OUJ�D*VWIXCEGza�ZE\bCML,Z^CQ� h JKFHD,D*\]L,�/\]aSs,C^xyLWCMs i CEI7jTCECMLKI�kWCra�D*FQZ^C

ü



OQP«ZEFQL,s,\us,FHIXC�a�OUg]VWI�\bOUL,arIXOdI�kWC�I�FQaX��s,OUJKFQ\]L�FQL*s i \uL,FHG�c-²:`@FQg]V,CMs$aXIXG�\]L,�UaE� p kWC	G�CED,G�CMaXCML-I�FHI�\bOUL£OQP5F
aXOUg]V,I�\bOULt\]aqG�CEPwCEG�G�CMstIXOdFQa�\bI�arÛ����yÚ��M¼�7¥��FQL,s�\bI�a�\]L-IXCEG�D,G�CEI�FHI�\bOUL�\]a�G�CEPwCEG�G�CMsvIXO¡FQa�\bI�a87BÀ¥���yÚ��M¼�7¥�E�
B�VWG�\uLW��I�kWCnOQD�CEG�FHI�\]OUL$OQPSI�kWC	�QCMLWCEI�\]ZnFQg]�QOQG�\bI�k,J FKD�OQD*V,g]FHI�\]OULvOQP«aXIXG�\]LW�Ua�\]arJKFQ\uLNI�FQ\]L,CMs�� p k,\]a

Z^OQG�G�CMa�D�OUL*s,aSIXOnF	a�FQJ�D*gbC�OQP�I�kWC�aXD*FQZ^C�OQP�ZEFQL,s*\]s,FHIXC�aXOUguVWI�\bOUL,aE�f±ÌPyI�kWC/FQgb�QOQG�\bI�k*JÁ\]a«a�V*ZEZ^CMa�aXP�V,g �UOº`QCEG
F|LlV,J i CEGSOQP�\bIXCEG�FHI�\bOUL*aSI�k,\]a{D�OQD*V,guFHI�\bOULnj�\]g]g[Z^OULN`QCEG��QC�OUL�OULWC�OQGzJ�OQG�CraXIXG�\uLW�Ua{I�k,FHI«G�CED*G�CMaXCML-IS�QO-O[s
aXOUg]V,I�\bOUL,aqIXOKI�kWC|I�FQa��y�
p k,C·FQgb�QOQG�\bI�k,J�JKFMc i C>sWCMa�Z^G�\ i CMs�\]LWPwOQG�JKFQg]g]c¸FQa3PwOUg]gbO¯j�aE� p O i CE�U\uL�j�\]I�k���I�kWC·D�OQDyV,g]FHI�\bOUL

\]aK\uL,\bI�\]FQg]\uaXCMs�j�\bI�kÀaXIXG�\uLW�UaKZ�k,OUaXCML�FHI¡G�FQL,sWOUJ P~G�OUJ FQg]g�D�OUa�a�\ i gbCtaXIXG�\]LW�UaM� p kWC�a�CMFHG�Z�k�P~OQGd�QO-O[s
ZEFQL,s,\us,FHIXC£aXOUguVWI�\bOUL,ad\]LN`QOUg]`QCMa3\]IXCEG�FHI�\]LW�¸F)D,G�O[Z^CMs,VWG�CQ��j�kWCEG�C£CMFQZ�k \bIXCEG�FHI�\]OUL�\]a¡G�CEPwCEG�G�CMs�IXO¸FQavF
®��QCMLWCEG�FHI�\]OUL0°[�/¾zFQZ�k£�QCMLWCEG�FHI�\bOUL>Z^OUJ�D*G�\]aXCMa�OQP5F¡LlV,J i CEG�OQP5aXIXCED*aM��Ô�CEjÏaXIXG�\uLW�Ua�FHG�C�sWCEG�\]`QCMs$PwG�OUJ
C^°W\]aXI�\]LW�ra�IXG�\]LW�Ua�V,a�\]LW�qOQD�CEG�FHIXOQG�a�I�k*FHI¬gbOlOUaXCMgbc�J�Ols,CMgQ�QCMLWCEI�\]ZSG�CMZ^OUJ i \uL,FHI�\bOUL�FQL,snJ	VWI�FHI�\]OUL��{YlIXG�\]LW�Ua
FHG�C)Z�kWOUaXCML�D,G�O i F i \]g]\]a�I�\]ZEFQg]gbc¸P~G�OUJ(I�kWC>D�OQDyV,g]FHI�\bOUL i FQaXCMs�OUL�I�kWCM\]Gvx*I�LWCMa�aE� p kWCMaXC¶aXIXG�\uLW�UatFHG�C
G�CEPwCEG�G�CMsnIXO�FQa"®�D*FHG�CML-I�a�°�FQL,s	FHG�CzV*aXCMsn\]L�I�kWCzZ^OUL,a�IXG�V,Z^I�\bOULnOQP[L,CEj�aXIXG�\uLW�UaE�¦¼·VWI�FHI�\bOUL�FQL,s�Z^G�OUa�aXO¯`QCEG
OQD�CEG�FHIXOQG�a § j�k,\]Z�kÀFHG�C£CMg]F i OQG�FHIXCMsÀOUL i CMg]O¯j/¨�Z^G�CMFHIXC·LWCEjJ®�O�;�a�D,G�\]LW�7°�aXIXG�\]LW�Ua¡sWCEG�\b`QCMs�P~G�OUJ I�kWC
D*FHG�CML-I�aE�5¾zFQZ�k$a�IXG�\]LW��\]LvI�kWC|D�OQD*V*g]FHI�\bOUL3\]aqI�kWCMLtCE`HFQg]V,FHIXCMs$FQZEZ^OQG�s,\]LW��IXOKaXOUJKC|O i ¿�CMZ^I�\]`QC�PwV*L,Z^I�\bOUL
I�k,FHI�Z�k,FHG�FQZ^IXCEG�\uaXCMa$I�kWC�aXIXG�\]LW�WÉÈavD�CEG�PwOQG�JKFQL*Z^C¶j�\bI�k,\]L�I�kWC)I�FQa���CML-`[\bG�OUL,J�CML-IE� Y[V i aXCM}-V,CMLNI�gbcQ��F
D,G�OQD�OQG�I�\]OUL£OQPqaXIXG�\uLW�Ua|FHG�C¡Z�kWOUaXCML¶IXO�®Xa�VWG�`[\b`QCa°vIXO$I�kWCKLWC^°[I|�QCMLWCEG�FHI�\]OUL��dYlIXG�\]L,�Ua�I�k*FHInk,FM`QCdk,\b�Uk
O i ¿XCMZ^I�\b`QC�P�V,L,Z^I�\bOUL�`HFQg]VWCMafj�\bI�k�G�CMaXD�CMZ^ISIXO�I�kWC�D�OQD*V,guFHI�\bOUL	JKCMFQL�x*I�LWCMa�afj�\]gug-k,F¯`QCrF�D,G�OQD�OQG�I�\bOUL*FQg]gbc
k,\b�Uk·Z�k*FQL,Z^C�OQPzZ^OUL-IXG�\ i V,I�\]LW�3IXO3I�k,C�L,C^°lI��QCMLWCEG�FHI�\]OUL�� p k,\ua�CE`HFQg]V,FHI�\bOUL>OQPzFtaXIXG�\]LW�3\]a/G�CEPwCEG�G�CMs·IXO
FQa�\]I�a�®Ìx*I�LWCMa�a�°[� h gb�QOQG�\bI�k,J òl�]m�\ug]g]V,aXIXG�FHIXCMazI�k,C i FQa�\]Z|FQg]�QOQG�\bI�k,Jt�
B�VWG�\uLW�tI�k,\]a|aXCMFHG�Z�k�D,G�O[Z^CMa�aE�¦a�OUJ�C¡aXIXG�\uLW�Ua�j�\]g]g{JKFHD�OULNIXO·aXOUg]VWI�\]OUL,a�OQP�k,\b�Uk·x*I�LWCMa�aE�¬j�k,CEG�CMFQa

OQI�kWCEG�a/j�\ug]g¬LWOQIE� p k,Cn�QCMLWCEI�\]Z�FQgb�QOQG�\bI�k,J'FQs,FHD,I�\b`QCMgbc£aXCMFHG�Z�k,CMa�I�kWC�a�D*FQZ^C�OQP5ZEFQL,s,\]s*FHIXC�aXIXG�\]LW�UaE� i c
i \]FQa�\]LW��aXCMgbCMZ^I�\bOUL�OQP«aXIXG�\]L,�Ua�IXO i C|G�CED*guFQZ^CMs�FH�UFQ\]L,a�IrI�kWOUaXC	j�\bI�ktD�OlOQG�x*I�LWCMa�aM� h a�FKG�CMa�V,gbIrF¡IXG�CML,s
IXO¯jqFHG�s,a�k,\b�UkWCEGqxyI�LWCMa�a�`HFQg]VWCMar\uaqD�OUa�a�\ i gbCQ�lI�kWOUVW�Uk�LWOQIr�UV,FHG�FQL-IXCECMs��
Ô�CEj aXIXG�\]LW�Ua�FHG�CnZ^G�CMFHIXCMs�V,a�\uLW��I�kWC�PwOUg]gbO¯j�\]LW��I7jTO¡OQD�CEG�FHI�\bOUL,aMÂ

Ïð�î ù îº�w y¤ÃI�FH�QCMatFQL�C^°[\]a�I�\]LW��aXIXG�\]LW��FQL*s�sWCEG�\b`QCMadF¸LWCEj'OULWC i c�D�CEG�PwOQG�JK\]L,�)F i \]I�²:G�CE`QCEG�a�FQg/FHI
a�OUJ�CKG�FQL,s,OUJ D�OUa�\bI�\bOUL���FQa	a�kWOºj�L)\]L¶µ{\b�UVWG�C¡òl�óòl� p k,C�P~G�CM}lVWCML,Z^c·j�\bI�k>j�k,\]Z�k¶J�VWI�FHI�\bOUL�\]a
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µ{\b�UV,G�Cnòl�]mHÂ p k,C	RqFQLWOUL,\]ZEFQg¬Õ�CMLWCEI�\]Z h gb�QOQG�\bI�k*Jt�

D�CEG�PwOQG�J�CMs¶\ua�I7clD*\]ZEFQg]gbc·`QCEG�c>gbO¯jn�KÆTV,In\bI|CML,F i g]CMa|Ft`QCEG�c¶a�JKFQg]gSFQJKOUV,LNI|OQPqG�FQL*sWOUJ aXCMFHG�Z�k
I�k*FHIr�UV,FHG�FQL-IXCECMa�I�k*FHI�LWO�D�OU\]L-Ir\]LvI�kWC�aXCMFHG�Z�k�aXDyFQZ^Cnk,FQa\[ECEG�OdZ�k,FQL,Z^C	OQP i CM\]L,��IXG�FM`QCEG�aXCMs��

Par] ent

Offsp^ ring

µ{\b�UVWG�Cnòl�óòlÂ p kWC�J�VWI�FHI�\bOUL�OQD�CEG�FHIXOQGM�

?	�@ *�M�¯ 6$��-�¸I�FH�QCMa�I7jTO�D*FHG�CML-Iva�IXG�\]LW�Ua3FQL,s�aXCMgbCMZ^I�atF¸G�FQL,s,OUJèD�OU\]L-IvFQgbOULW��I�kWCM\bGtgbCMLW�QI�k�� p k,\]a
s*\b`l\usWCManI�k,CtD*FHG�CML-I�a�IXG�\]LW�Ua�\]L-IXO>I7jTO�kWCMFQs�D*FHG�I�a�FQL,s�I7jTO¶I�FQ\]gqD*FHG�I�aM� p kWCML�I�k,C3I�FQ\ug]a�FHG�C
C^°WZ�k*FQLW�QCMs���aXOvI�k,FHI/I�kWC�kWCMFQs·OQP«D*FHG�CML-I�m�\ua�Z^OUL,ZEFHIXCML*FHIXCMs¶j�\bI�k£I�FQ\]g¦OQP«D*FHG�CML-I�ò¡FQL,s·`[\]Z^C^²
`QCEG�a�F[� h anF$G�CMa�V,gbI|I8jzO£O�;�a�D,G�\]LW�$a�IXG�\]LW�Ua|FHG�C3Z^G�CMFHIXCMs¸FQan\]g]guV,aXIXG�FHIXCMs>\]L)µ{\b�UV,G�C¡òl�óôl� p kWCEG�C
C^°W\]aXIdJKFQLNc�`HFHG�\]FHI�\]OUL,a�OULÀI�k,C£Z^G�OUa�a�O¯`QCEGvOQD�CEG�FHIXOQGdFQL,s�I�kWC�G�CMFQsWCEGd\]aKG�CEP~CEG�G�CMsÀIXO § B/F¯`l\uaE�
mMoQo[mH�*D,D��{õNã�´lÿHýN¨TPwOQGqFQL3Oº`QCEG�`l\]CEj�� p kWC/OQD�CEG�FHIXOQG�I�k,FHIqk,FQa i CECMLvsWCMa�Z^G�\ i CMs¡\]azG�CEPwCEG�G�CMs3IXO�FQa
OUL,C^²:D�OU\uLNIrZ^G�OUa�aXO¯`QCEGM�
e�k,\]g]C�I�kWCEG�C�FHG�C�JKFQLNc�I�kWCEOQG�CEI�\]ZEFQgyFQL*s�CMJ�D*\bG�\]ZEFQg[aXI�V,s,\bCMa«OULKI�kWCrC�;�CMZ^I5OQP�Z^G�OUa�aXO¯`QCEGM�[I�kWCEG�C�\]a
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µ{\b�UV,G�Cnòl�óôlÂ p k,C�Z^G�OUa�aXOº`QCEG�OQD�CEG�FHIXOQGM�

a�I�\]g]g�LWO�j�\]sWCMgbc�FQZEZ^CED,IXCMs$I�kWCEOQG�c¡IXO�C^°[D*g]FQ\uLd\bI�a i CMk,F¯`l\bOUV,GzOQG�CE`QCMLvIXOK\]L*s,\]ZEFHIXC/j�kWCMLdI�kWC|V,aXC
OQPqI�kWCdOQD�CEG�FHIXOQG	JKF¯c i CKFQsW`@FQL-I�FH�QCEOUV,aE�  LWCK\]LWPwOQG�JKFQg{`[\bCEj�\ua|I�k,FHInZ^G�OUa�aXO¯`QCEG�D,G�OQDyFH�UFHIXCMa
L,CEj®aXIXG�\]LW�UarI�k,G�OUVW�Uk$I�k,CnD�OQD*V,g]FHI�\]OUL i c i G�\]LW�U\]L,��IXOQ�QCEI�k,CEG|�QO-O[s$D*FHG�I�\]FQg¬aXOUguVWI�\bOUL,a�IXO¡PwOQG�J
a�VWD�CEG�\bOQGKOULWCMaM� p k,\]aK\ua¡ZEFQg]gbCMs�I�kWCOÂ��.�~Ü¨¿��^�-Û@Â^ÜbÚa��Ä À�¼�7[Ú��^À.���|�+� § Õ/OUg]s i CEG��W��mMo�
QoU¨�� p k,\uaK\]a
s,CMa�Z^G�\ i CMstJ�OQG�C|PwOQG�JKFQgugbcd\]Lt»�OUg]g]FQL*s�ÉÈa�Y[Z�k,CMJKF p kWCEOQG�CMJt�,aXCEC h D,D�CML,s,\Ä° h �óòl�

µ{\]L,FQgugbcQ�qOUL,Z^C£I�k,C�D�OQD*V,g]FHI�\]OUL�OQPnaXIXG�\uLW�Ua¡k,FQa i CECML�CE`HFQg]V,FHIXCMs�FQZEZ^OQG�s,\uLW��IXO�aXOUJ�C·O i ¿XCMZ^I�\b`QC
P�V,L,Z^I�\bOUL��@\bI¬J�V,aXI i C«sWCEIXCEG�JK\]LWCMs|j�k,\]Z�kna�V i aXCEI¦\]a�IXO�a�VWG�`[\b`QCSIXO�I�kWCTLWC^°[I��QCMLWCEG�FHI�\bOUL�� p k,C5FHD,D,G�OUFQZ�k
V,aXCMsn\]L|I�kWCzOQG�\b�U\]L,FQgH�QCML,CEI�\]Z5FQgb�QOQG�\bI�k,J<D*G�OQD�OUaXCMs i c�»�OUg]g]FQL*s|jTFQa¬IXO�aXCMg]CMZ^I¦aXIXG�\uLW�Ua�D,G�O i F i \]g]\]a�I�\]ZEFQg]gbc
i FQaXCMs>OUL·O i ¿XCMZ^I�\b`QC�P�V,L,Z^I�\bOUL·`HFQg]VWC�j�\bI�k£G�CMaXD�CMZ^I�IXOtI�kWC�FM`QCEG�FH�QC¡P�V,L,Z^I�\bOUL£`@FQguVWC�O¯`QCEGnFQg]g{aXIXG�\]LW�UaE�
¼£OQG�C�D,G�CMZE\uaXCMgbcQ�W�U\b`QCML£aXIXG�\]LW�lk � \]arFKJ�CMJ i CEGrOQP{D�OQD*V,g]FHI�\bOULnmÀFQL,stO i ¿XCMZ^I�\b`QCnP�V,L,Z^I�\]OUL � ÂMkporq��
I�kWCTD,G�O i F i \]g]\bI8c/OQP�F�a�IXG�\]LW� i CM\]LW��Z�kWOUaXCML�IXO i CT\]L	I�kWCTD�OQD*V,g]FHI�\bOUL	FHI{I�kWC�LWC^°lIf�QCMLWCEG�FHI�\]OUL�\]a¦s,C^xyLWCMs
FQa

s § k � ¨ ` �S§ k � ¨
t3uGv=w�x �S§ kzy¯¨ �

�������G� { =1#�AW*N2Ï1dAC'�9�=,AC0Q47=*?|'�}~->=/%5=�0U4�*�2¶654�'�A-4�0U2(6�?

p kWC>�QCMLWCEI�\uZ¶FQgb�QOQG�\bI�k,J(k,FQatF�LlV,J i CEG3OQP�FHIXIXG�FQZ^I�\b`QC)D*G�OQD�CEG�I�\bCMaE�Á±ÌIt\]atF i gbC·IXO�G�FHD*\us,gbcÀgbO[ZEFHIXC
aXOUg]V,I�\bOUL,a/j�\bI�k·k,\b�Uk£x*I�LWCMa�a|\]L·`QCEG�c£g]FHG��QCQ�¬Z^OUJ�D*gbC^°>FQL,s·D�O-OQG�g]c�V,L,sWCEG�aXIXO-O[s·aXCMFHG�Z�k�aXD*FQZ^CMaE� p kWC

mEý



g]\bIXCEG�FHI�VWG�C|sWCMa�Z^G�\ i CMa�F¡Z^OUL,a�\]sWCEG�F i gbC|FQJ�OUV,L-IrOQPfCMJ�D*\bG�\uZEFQgyCE`[\]sWCML*Z^C|IXOda�VWD*D�OQG�IzI�k,\uaE�
±ÌI�\uanV,L,s,CEG�aXIXOlOls¶I�k*FHI	I�kWC$Õ h aXCMFHG�Z�kWCMa i c¶C^°lDygbOU\bI�\]LW�$FQZEZEV*J	V,guFHI�\]LW�£\uLWP~OQG�JKFHI�\bOUL�F i OUVWI�FQL

\]L,\]I�\]FQg]gbc�V,LW�[LWOºj�Lda�CMFHG�Z�k$a�D*FQZ^CQ� p k,\uazFQZE}lV,\bG�CMsv\]L,P~OQG�J¡FHI�\bOULd\uazI�k,CMLtV,aXCMsv\]L3OQG�sWCEG�IXO i \uFQaTa�V i aXC^²
}lVWCMLNI�aXCMFHG�Z�k>\]LNIXOvV,aXCEP�V,g¦a�V i aXDyFQZ^CMaE��¾5`QCML£I�k,OUVW�Uk£FQL·O i ¿XCMZ^I�\b`QC�P�V,L,Z^I�\bOUL£JKFMc i C�s,\]a�Z^OUL-I�\]LlVWOUV,a
FQL,sÏJ�V,gbI�\Ä²7J�O[s,FQg �nI�kWC�Õ h \]a£G�O i V*aXI·FQL*s®g]CMa�a>a�V,a�Z^CED,I�\ i gbC�IXO gbO[ZEFQg�OQD,I�\]JKF�j�kWCMLÏZ^OUJ�DyFHG�CMs
IXO)OQI�kWCEGdIXCMZ�k,L*\]}-V,CMa i FQaXCMs�OUL�k,\]g]gÄ²7ZEgu\]J i \]LW�$FQL,syËºOQG¡�QG�FQs,\bCML-I�² i FQaXCMs�aXCMFHG�Z�k���µ,VWG�I�k,CEG�J�OQG�CQ�TI�kWC
�QCMLWCEI�\]Z�FQgb�QOQG�\bI�k,Jª\]a5\]L*kWCEG�CML-I�gbc�D*FHG�FQg]g]CMg �NFQL,s3CMFQa�\]g]cKgbCML,s,az\bI�aXCMgbP�IXO�s,\]aXIXG�\ i VWI�\bOULKO¯`QCEGrF�L-V,J i CEGzOQP
D,G�O[Z^CMa�aXOQG�aE�
p k,CEG�CnFHG�CnF¡L-V,J i CEGrOQPSZ�k,FHG�FQZ^IXCEG�\]aXI�\]ZEa�I�k,FHI�s*\]aXI�\]LW�UV*\]a�kdCE`QOUg]VWI�\bOUL,FHG�c3FQgb�QOQG�\bI�k,JKa�PwG�OUJ OQI�kWCEG

§ ZEg]FQa�a�\]ZEFQg~¨zOQD,I�\]J¡\]a�FHI�\bOULvD,G�OlZ^CMs,V,G�CMaEÂ

mH� p G�FQs,\]I�\bOUL,FQgfOQD,I�\]JK\ua�FHI�\bOUL>J�CEI�kWO[s,a|J�Oº`QCKP~G�OUJ Fta�\]LW�Ug]C	D�OU\]L-I�IXOtI�kWCKLWC^°[I�\]L>I�kWC�aXD*FQZ^CKOQP
ZEFQL*s,\]s,FHIXC|aXOUg]V,I�\bOUL,aE� p kWC/�QCMLWCEI�\]Z|FQg]�QOQG�\bI�k,J�OULvI�kWC�OQI�kWCEGrk,FQL,svJKFQ\uLNI�FQ\]L*aTF�D�OQD*V,guFHI�\bOUL¡OQP
D�OU\]L-I�aE�

òl� p G�FQs,\]I�\bOUL,FQg{OQD,I�\]J¡\]a�FHI�\bOUL¶J�CEI�k,Ols,anJKFH�QCdFQa�a�V,J�D,I�\bOUL*aE��a�V,Z�k�FQa�I�k,CKZ^OULNI�\]LlV,\bI8c>OQPTI�k,CKO i ²
¿XCMZ^I�\b`QC/PwV*L,Z^I�\bOUL��UOQGTI�kWC�C^°[\]a�IXCML,Z^C�OQP�sWCEG�\b`@FHI�\]`QCMa5OQGTV,L,\Ä²7J�O[s,FQg]\]I7cQ� p kWCMaXC�FQa�a�V,J�D,I�\]OUL,a5gbCMF¯`QC
a�V,Z�k�J�CEI�k,Ols,a�DyFHG�I�\]ZEV,g]FHG�gbc)a�V,a�Z^CED*I�\ i gbC3IXO)gbO[ZEFQgTJ¡F@°[\]J¡F·\uL¸J�V,gbI�\b²7J�Ols*FQg § J¡FQLNc-²:D�CMFH�QCMsy¨
a�CMFHG�Z�k£aXD*FQZ^CMaE�

ôl�/Y[CMFHG�Z�k>FQgb�QOQG�\]I�k,JKa�I8c-D*\uZEFQg]gbcvG�CM}lV,\bG�CnFQVW°[\]gu\]FHG�cv\]LWPwOQG�JKFHI�\bOUL��q±�L�Z^OUL-IXG�FQaXIE��I�kWC	�QCMLWCEI�\]Z�FQgb�QOH²
G�\bI�k,JÑG�CM}lV,\bG�CMa�L,O�PwVWG�I�kWCEGr\]LWPwOQG�JKFHI�\bOULvOQI�k,CEG�I�kWC|O i ¿XCMZ^I�\b`QC	PwV,L*Z^I�\bOULv`@FQguVWCMaE�
»�O¯jTCE`QCEGM�qI�kWCv�QCMLWCEI�\]Z$FQg]�QOQG�\bI�k,J \]a�LWO>D*FQL,FQZ^CMF[� p O i CE�U\]L¸j�\bI�k�\bI�\]a�Z^OUL[xyLWCMs¸IXO)D*G�O i gbCMJ

sWOUJKFQ\uL,aTj�kWCEG�C/I�kWC|Z^OUaXIE�*Z^OUJ�DyVWI�FHI�\bOUL,FQg�OQG�OQI�kWCEG�j�\]aXCQ�[OQP¬CE`HFQg]V,FHI�\]L,��ZEFQL,s*\]s,FHIXC|aXOUg]VWI�\]OUL,azZEFQL*LWOQI
i C�k,\b�UktFQa�I�k,C�Õ h G�CM}lV,\bG�CMa�F�P�FQ\bG�gbc3k,\b�Ukta�FQJKD*g]\]LW��G�FHIXCQ�
YlCMZ^OUL*s,gbcQ�,FQgbI�kWOUV,�Ukt�QO-O[s�FHI�aXCMFHG�Z�k*\]LW�KaXD*FQZ^CMa�j�kWCEG�C|I�k,C�O i ¿XCMZ^I�\b`QCnP�V,L,Z^I�\bOULt\uars,\]a�Z^OUL-I�\]LlVWOUV,a

FQL,s3Z^OUJ�D*gbC^°��lI�kWC��QCMLWCEI�\uZ/FQg]�QOQG�\bI�k,J�aXI�\]g]gWG�CM}-V,\]G�CMa5F�LWOUL[²5[ECEG�O��QG�FQs,\]CMLNIq\]LKI�k,C�O i ¿XCMZ^I�\b`QC/PwV*L,Z^I�\bOUL��
h aXD*\b�QCr\uaSLWOQI«CMFQaXc�IXOngbCMFHG�L��SRqOUL,aXCM}lVWCMLNI�g]cQ�NI�kWC�a�CMgbCMZ^I�\bOUL�OQP�FQL�O i ¿XCMZ^I�\b`QCrP�V,L,Z^I�\]OULKFQL,sKF|a�V*\bI�F i gbC
D,G�O i gbCMJÑCML,Z^O[s,\]LW��j�\]gug�ZEg]OUaXCMgbc3�QO¯`QCEG�L�I�kWC�C^ÅdZE\bCML*Z^cdOQP{I�k,\]a�FQg]�QOQG�\bI�k,Jt�

mQm



p k*\bG�s,gbcQ�-\bP8�lFQaqa�VW�Q�QCMaXIXCMs i cKI�kWC i V,\]g]s*\]LW� i gbO[Z��Kk-c-D�OQI�kWCMa�\uaE�-I�k,C�D�O¯jTCEGqOQP�I�kWC�Õ h aXIXCMJKazPwG�OUJ
I�kWCtZ^OUJ i \]L,FHI�\bOUL¸OQPr�QOlO[s i V,\]g]s*\]LW� i gbO[Z��[aE�SI�kWCML¸I�kWCtZ�kWOU\]Z^CvOQP�F>a�V,\]I�F i gbC¡D*G�O i gbCMJßCML,Z^O[s,\]LW�>\]a
Z^CML-IXG�FQg¬IXOdI�kWC	a�V,ZEZ^CMa�aXP�V,g�FHD,Dyg]\]ZEFHI�\bOULtOQPSI�k*\]arFQgb�QOQG�\]I�k,Jt�q±8I�Z^OUV,g]s��yI�kWCEG�CEPwOQG�CQ� i CnFHG��UV,CMs�I�k,FHI�I�kWC
Z�k,OU\]Z^C�OQP¬G�CED,G�CMaXCMLNI�FHI�\]OUL3\uaTF�jqFMcdOQP i G�\uLW�U\]LW�n\uJ�D*g]\]ZE\]IS�lLWOºj�gbCMsW�QC/IXO i CMFHGzOULtF�D,G�O i gbCMJt�«RqkWOlOUaXC
I�kWC�j�G�OULW��CML,Z^O[s,\]LW��FQL,s�LWOKaXOUg]VWI�\]OULvj�\]g]g i C�P~OUV,L*s��
B/CMaXD*\]IXC3I�k,CMaXCta�kWOQG�I�Z^OUJK\uLW�UaE�«I�kWCvD,G�OQD�CEG�I�\bCManOQP�I�kWCv�QCMLWCEI�\]ZvFQgb�QOQG�\]I�k,J k,FM`QC$gbCMs¸IXO¶I�kWC$Õ h

§ FQL,s	OQI�kWCEGfCE`QOUg]VWI�\bOUL,FHG�c�FQgb�QOQG�\bI�k,J¡a�¨ i CM\]LW�ra�V*ZEZ^CMa�aXP�V,g]gbc�FHD,D*g]\]CMs|IXO/F�j�\]sWC5`@FHG�\]CEI7c|OQP,a�ZE\bCML-I�\ÄxyZzFQL,s
CMLW�U\]L,CECEG�\]LW�rD*G�O i gbCMJKaM� p k,\]a¬Z^OULNI�\]LlVWCMs�a�V,ZEZ^CMa�a{aXIXG�OULW�Ugbc|a�VW�Q�QCMaXI�afI�k,FHIf�QCMLWCEI�\]ZTFQgb�QOQG�\]I�k,JKa¬ZEFHD*I�VWG�C
aXOUJ�C>`HFQg]V,F i g]C£D,G�OlZ^CMa�avPwG�OUJ(L,FHI�VWG�CQ� p k,\uadF i a�IXG�FQZ^I�\bOUL��/CMJ i O[s,\bCMs�\]L�I�kWC>�QCMLWCEI�\]Z¶FQgb�QOQG�\bI�k,Jt�
Z^OQG�G�CMa�D�OUL*s,aqIXO¡FKk,\]�Uk,gbcKC^ÅdZE\]CMLNI�FQL*stG�O i V,a�Iqa�CMFHG�Z�k�IXCMZ�k,L,\u}-VWCQ�
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e�k,\]gbC�I�kWCnÕ h \]aTOQPwIXCMLvD�CEG�Z^CM\b`QCMsvFQa¦¿XV*aXITF�P�V,L,Z^I�\bOUL3OQD,I�\uJK\]a�FHI�\bOUL3J�CEI�kWO[s��W\bIqk,FQaqFQg]aXO i CECMLvV,aXCMs
PwOQG�F·`HFHG�\bCEI8c�OQP�OQI�k,CEG�D,G�O i gbCMJ¡aE�·µ,OQG�C^°[FQJ�DygbCQ�«I�kWCtZ�k*FQg]gbCMLW�U\]L,��I�FQaX��OQP�s,\]a�Z^O¯`QCEG�\]L,�·Z^OUJ�DyVWIXCEG
D,G�OQ�QG�FQJKaE� p k-V*avOULWC)ZEFQL<aXD�CMFH��OQP�I�kWC¶�QCMLWCEI�\uZ¶FQgb�QOQG�\bI�k,J FQa�F�JKFQZ�k,\uLWC¶gbCMFHG�L,\]L,��IXCMZ�k,L,\]}lVWC
§ ¼·\bI�Z�kWCMgug �SmMoQoUü-�fRqk,FHD,IXCEG�oU¨�� p kWC�FQ\uJ OQP5I�kWC�G�CMJKFQ\]L,s,CEG�OQPzI�k,\]a/Z�k,FHD,IXCEG�\ua�IXOvD,G�CMaXCMLNI�Fva�VWG�`QCEc
FQL,s�ZEg]FQa�a�\ÄxyZEFHI�\bOUL	OQP*FHD,D,G�OUFQZ�kWCMa{IXO|V,a�\uLW���QCMLWCEI�\uZTFQg]�QOQG�\bI�k,JKa¦IXO|I�kWCTD,G�O i g]CMJ OQP*J¡FQZ�k,\]L,CTgbCMFHG�L,\]LW�W�
¾5`QOUg]VWI�\bOUL,FHG�c3FQgb�QOQG�\bI�k,JKa�ZEFQL i C�V*aXCMstPwOQG�JKFQZ�k,\]LWC�gbCMFHG�L,\]LW��\]L$FK`@FHG�\]CEI7cvOQP{jTF¯claE�ysWCED�CML,s,\]LW�

OUL�I�kWC$s*FHI�F)aXIXG�V,Z^I�V,G�CMa�I�kWCEc�FHG�C�V,aXCMs�IXO�JKFQL,\bD*V*g]FHIXCQ��B/C¯ÒQOUL,� § B/C¯ÒQOULW�W�|mMo�
�
U¨�\usWCMLNI�\bx*CMa�I�kWC
PwOUg]gbO¯j�\]LW��I�kWG�CEC�ZEFHIXCE�QOQG�\]CMaEÂ

� ù � ù ���-î¯�l�º�Q� h a�CEI3OQP	D*FHG�FQJ�CEIXCEG�atFHG�C·\usWCMLNI�\bx*CMs�I�k*FHIvZ^OUL-IXG�OUg�I�kWC>aXc[aXIXCMJtÉÈa i CMk,F¯`l\bOUV,GM�½Æzc
JKOls,\]P~c[\]LW�|I�kWCMa�C�`HFQg]VWCMaE�lI�kWC�aXc[aXIXCMJtÉÈaTD�CEG�P~OQG�JKFQL,Z^C�ZEFQL i C�FQg]IXCEG�CMs�� p kWC�G�OUgbC/OQP�I�kWC��QCML,CEI�\]Z

mMò



FQg]�QOQG�\bI�k,JÁ\ua{IXOns,\]a�Z^Oº`QCEGzaXCEI�a5OQP�D*FHG�FQJ�CEIXCEG«`HFQg]VWCMa«I�k,FHI«OQD,I�\]J¡\]aXCqI�kWCrO i ¿XCMZ^I�\b`QCrP�V,L,Z^I�\]OULKFQL,s
Z^OQG�G�CMaXD�OUL,svIXOds,CMa�\bG�F i g]C/aXc[aXIXCMJ i CMk*FM`[\bOUVWGM�

?	 ����{�w� � ï ù î ù �Eî¯�Hð¦ñQîºð¦�º�l�Q��µWOQG�aXOUJ�CKD*G�O i gbCMJKaM��\bI�\]a�LWOQI	a�V[ÅdZE\bCML-I|IXO£s,CMa�Z^G�\ i C�aXOUg]VWI�\]OUL,a|FQa
F�aXCEI$OQP�D*FHG�FQJ�CEIXCEG�aM�¹±ÌL�D*G�O i gbCMJKata�V,Z�k<FQa$I�kWC)IXG�F¯`QCMg]g]\]LW��a�FQg]CMa�JKFQL�� i \]LW²:D*FQZ��[\]LW�W��FQL,s
a�Z�kWCMs,V*g]\]LW�W�@J�OQG�CqZ^OUJ�D*gbC^°�s,FHI�F/aXIXG�V,Z^I�V,G�CMa¦FHG�C5G�CM}lV,\bG�CMs�� h s,FHI�F/aXIXG�V,Z^I�VWG�CzJKF¯c|P~OQGfC^°[FQJKD*gbC
i CtF¶aXCEI�OQP�CMgbCMJ�CML-I�aKa�V,Z�k�FQaKFQL�FH�QCML,s,F[�TOQGKF¶}-V,CMVWCQ� p kWCv�QCMLWCEI�\]ZtFQgb�QOQG�\]I�k,J&I�kWCEG�CEPwOQG�C
a�CMFHG�Z�kWCMa�I�kWC�aXDyFQZ^C�OQP{D�OUa�a�\ i gbC�`@FQguVWCMa�I�k,FHIrI�k,CnZ^OUJ�D*gbC^°ts,FHI�FKa�IXG�V,Z^I�VWG�CMa�ZEFQL$FQsWOQD,IE�

���@ *¥y� ù ���Q��µWOQG/aXOUJ�C|D,G�O i gbCMJKaE�[CE`QCML-I�I�kWC�a�OUg]VWI�\bOUL,aqI�k*FHI�ZEFQL i C|C^°lD*G�CMa�aXCMs i cvs,FHI�FKaXIXG�V*Z^I�VWG�CMa
\uaK\]L,a�VWÅdZE\bCML-IE��¾«°lD*G�CMa�a�\b`QCML,CMa�a�ZEFQL i CtC^°lIXCML*sWCMs�P�VWG�I�kWCEG¡a�I�\]g]g i c�aXCMFHG�Z�k,\]LW�¶I�k,C�aXD*FQZ^C$OQP
p VWG�\uLW�tZ^OUJ�D*gbCEIXCdD,G�O[Z^CMs,VWG�CMa�OQG	D,G�OQ�QG�FQJKaM�dB�\]a�Z^Oº`QCEG�\]LW��a�OUg]VWI�\bOUL,a|\uL¶I�k,\]a|aXCEI�\]a|I�kWCdJ�OUaXI
Z�k,FQg]gbCML,�U\]LW��OQP�I�kWCMaXC|ZEFHIXCE�QOQG�\bCMa�FQaqI�kWC|aXD*FQZ^C�OQP¦Z^OUJ�DyVWIXCEGqD,G�OQ�QG�FQJKaq\]aTI8c-D*\uZEFQg]gbc�CMLWOQG�JKOUV,aE�
\]PfLWOQIr\uL[xyL,\bIXCQ�

p k,CvV*aXCdOQP�CE`QOUg]VWI�\bOUL*FHG�c�FQgb�QOQG�\bI�k,JKa�IXO¶s,\]a�Z^Oº`QCEGKD*FHG�FQJKCEIXCEG�a�FQL,s�Z^OUJ�D*gbC^°�s,FHI�F¶aXIXG�V*Z^I�VWG�CMa
FHG�C>LWOQIvFQs,sWG�CMa�a�CMs�\]L�I�k,\]adI�kWCMa�\]aM� p k,\uaKjTOQG���Z^OUL,Z^CEG�L*a¡OUL,g]c�I�kWC·guFQaXIdOQPnI�kWCMaXC>ZEg]FQa�aXCMaEÂ)V*a�\]LW�
CE`QOUg]VWI�\]OUL,FHG�cvFQgb�QOQG�\bI�k,J¡aqIXO¡s,\]a�Z^Oº`QCEG�D,G�OQ�QG�FQJKaE�

���G���G� ;>=,9zAU=*?@=/%�0	#;0Q4�')% � ?H?��«=*?£4�%���#&*N2z4�%5=���=1#�AW%54+%�4

ÆTCEP~OQG�C	C^°WFQJK\]L,\uLW��I�kWC	V*aXCnOQPSI�kWC	�QCMLWCEI�\]Z�FQgb�QOQG�\bI�k*J FQa/F¡JKFQZ�k,\]LWC�gbCMFHG�L,\]L,��IXCMZ�k,L,\u}-VWCQ��I�kWC�J�OQG�C
�QCMLWCEG�FQgS\ua�a�VWC�OQP5�[LWO¯j�gbCMsW�QC�G�CED,G�CMa�CMLNI�FHI�\bOUL¶\ua/FQs*sWG�CMa�aXCMs�� h IXG�CMFHI�J�CML-I|OQPTI�kWC�G�CMg]FHI�\b`QC�J�CEG�\]I�a�OQP
s,\j;�CEG�CML-I�D,G�OQ�QG�FQJKJ¡\]LW�>D*FHG�FQs,\]�UJKa�ZEFQL i C3PwOUV,L,s�\uL¸JKOUaXI��QO-O[s�D,G�OQ�QG�FQJKJK\]L,�>guFQLW�UV,FH�QCtIXC^°[I�aE�
»�O¯jTCE`QCEGM�WI�kWC�DyVWG�D�OUaXCrOQP�I�k,\ua5aXCMZ^I�\bOUL3\]aTLWOQI5IXO�G�CED,G�Ols,V*Z^CrI�k,\]azJKFHIXCEG�\]FQg � i VWIzIXO�Z^OUL,a�\]sWCEG5G�CMgbCE`@FQL-I
\]a�a�VWCMaqj�\bI�ktF�`[\bCEj IXOdC^ÅdZE\bCML-I�gbc3Z^OUL*aXIXG�V,Z^I�\]L,�KkNclD�OQI�kWCMaXCMarF i OUVWI�I�kWC|D*G�O i gbCMJþsWOUJ¡FQ\]L��
h D,G�OQ�QG�FQJ ZEFQL i Cn`l\bCEjTCMs�FQa�F¡JKFHD*D*\]LW� i CEI7jTCECML£FdaXCEI�OQPS\]L,D*VWIq`@FQguVWCMa�FQL,s�F¡aXCEI�OQPfOUV,IXD*VWI

`HFQg]VWCMaE� h D*G�OQ�QG�FQJKJK\uLW�3guFQLW�UV,FH�QC¡sWC^x�LWCMa/I�kWCKaXCEI�OQPTgbCE�UFQg«JKFHD,Dy\]LW�UaE��¾«`QCEG�c>g]FQLW�UV,FH�QCKk*FQa|I7jTO
Z^OUJ�D�OULWCML-I�aEâS\bI�a�aXc[L-I�F@°¶FQL*s�aXCMJKFQL-I�\]ZEaE� p kWCX��¼�%�T���dOQPqF$D,G�OQ�QG�FQJKJ¡\]LW�$g]FQLW�UV*FH�QC¡\]a�Z^OUL,Z^CEG�LWCMs

mMô



j�\bI�knI�kWCÕÅEÚHÙ�¾ÀOQPWD,G�OQ�QG�FQJKaE�Q\ �öCQ�b�QkWO¯j¸C^°[D,G�CMa�a�\]OUL,aE�ºZ^OUJ¡JKFQL,s,aE�QsWCMZEguFHG�FHI�\bOUL,aE�@CEI�ZH�b�UFHG�CzD*VWI�IXOQ�QCEI�kWCEG
IXOÀPwOQG�J(D,G�OQ�QG�FQJKaE� p kWC-�a��¾ ���B�M�Ü��� �|OUL I�kWC¶OQI�kWCEG·k,FQL,s���\]atZ^OUL,Z^CEG�L,CMs j�\bI�k�I�kWCO¾#�����0�^�-Û)OQP
D,G�OQ�QG�FQJKaE�,\ �öCQ�b�*k,O¯j<I�kWCEc i CMk,F¯`QC�j�kWCMLvC^°[CMZEVWIXCMs£OUL$Z^OUJ�D*VWIXCEG�a § e)FHIXIE�fmMoQoHý[�yD*FH�QC	ôU¨��
p k,C�g]FQLW�UV,FH�QCMa�\]Lvj�k,\]Z�k$aXOUg]V,I�\bOUL,a�FHG�C�IXO i C|C^°[D,G�CMa�aXCMs$ZEFQL i C i G�OUFQs,gbcdZEguFQa�a�\Äx*CMst\uLNIXOdØ�Ù�Úa���^×

¿��[Ù��HÜ,FQL,s�¿����EÜ¨�HÙ����M�+Á���g]FQLW�UV,FH�QCMaE�

���@ �ñU�lïfð¦� ù �q���º y¥*� ù �-����¤¦¥¯� ù ¤¬¥�ð ù ¥y�-�
±�L>D,G�O[Z^CMs,VWG�FQg{D,G�OQ�QG�FQJKJK\]L,�W��F$Z^OUJ�D*VWI�FHI�\]OUL)\]a�C^°[D,G�CMa�aXCMs i c·I�kWC¡\]L,P~OQG�J¡FQgfZ^OUL*Z^CED,I�OQPqFQL��HÜöÛNÚH×
Ù��^�^À�¾��KYlI�FHIXCMJ�CML-I�a�FHG�C�C^°[CMZEVWIXCMs)aXCM}lVWCML-I�\]FQg]gbctj�\bI�k>FQa�a�\b�UL,JKCMLNI|FQa�I�kWC i FQa�\uZ�FQZ^I�\]OUL�� h a�D*VWI i c
e)FHIXIEÂ

p kWCvJKFHD,D*\uLW��PwG�OUJ \]LWDyVWInIXO¶OUVWIXDyVWI�\ua�FQZ�k,\bCE`QCMsÀ\uL,s,\bG�CMZ^I�g]c i c�Z^OUJ¡JKFQL,s,a�I�k,FHI
G�CMFQs \]LWD*VWI3`HFQg]VWCMaE�/JKFQL,\bD*V*g]FHIXC�I�kWCMJ$�/FQL,s�j�G�\bIXC·OUVWIXD*VWIv`HFQg]VWCMaE� p kWC¶Z^OUJKJKFQL,s,a
OQP|F>D,G�OQ�QG�FQJ \]LWÐyVWCML,Z^C3OULWC�FQLWOQI�k,CEG i c�J�CMFQL*a�OQP�`HFHG�\]F i gbCMa�kWCMg]s�\]L�a�IXOQG�FH�QCQ� p k,C
G�CMg]FHI�\bOUL,a�k*\bD i CEI8jzCECMLÏI8jzO<�U\]`QCML½Z^OUJKJKFQL,s,a>ZEFQL i C�Z^OUJ�D*gbCEIXCMg]c V,L,sWCEG�aXIXO-O[s®OUL,gbc
j�\bI�k�G�CEPwCEG�CML,Z^C£IXO²�HÜwÜSI�kWC$`HFHG�\]F i gbCMa�I�k,FHI3I�kWCEc i OQI�k�FQZEZ^CMa�aE��FQL,sÀj�\]I�k�G�CEPwCEG�CML,Z^C�IXO
FQgug«I�kWCdOQI�kWCEG�Z^OUJ¡JKFQL,s,anI�k,FHI	FQZEZ^CMa�a�I�kWCMa�Cda�FQJ�Cd`@FHG�\]F i gbCMaE�t_/L,gbCMa�a�I�kWC¡D,G�OQ�QG�FQJß\ua
j�G�\bIXIXCML	j�\bI�k�ZEFHG�C�FQL,s	s*\]a�ZE\bD*gu\]LWCQ�MI�kWCMa�CTG�CMg]FHI�\bOUL,a�k*\bD*a i CEI7jTCECML�Z^OUJKJKFQL*s,a{ZEFQL i Cz`QCEG�c
Z^OUJKD*g]\]ZEFHIXCMs$FQL*s$k,FHG�svIXO3V,L,sWCEG�a�I�FQL,s § e)FHIXIE�fmMoQoHý[�yD*FH�QC�òQôHýN¨��

B�\ÄÅdZEV*gbI�\bCMa3FHG�\]aXC·j�kWCML�V,a�\]L,���QCMLWCEI�\]Z>FQgb�QOQG�\bI�k,JKadIXO�CE`QOUgb`QC)Z^Ols,C·\]L�D,G�O[Z^CMs,VWG�FQg�g]FQL,�UV,FH�QCMa
i CMZEFQV,aXC�OQP�I�kWC�G�CMg]FHI�\bOUL i CEI8jzCECML3I�kWC�aXc[LNI�F@°KOQP�I�k,C�g]FQLW�UV*FH�QC/FQL,sd\bI�aTaXCMJKFQL-I�\]ZEaE�«�«G�OlZ^CMs,V,G�FQg*Z^O[sWC
\]a�OQG�sWCEG�sWCED�CML,s,CMLNIE�T±ÌL-IXCEG�Z�k,FQLW�U\]LW�¡I7jTO3g]\uLWCMa�OQPSZ^Ols,C	ZEFQL$G�CML,sWCEG�FKD,G�OQ�QG�FQJ'J�CMFQL,\]L,�UgbCMa�aE��Y[\]L,Z^C
D,G�O[Z^CMs,VWG�FQgfZ^O[sWC¡\ua|Z^OULNIXC^°[I�a�CML,a�\bI�\b`QCQ�¬I�kWCKJ�CMFQL,\]L,�tOQPTF$a�CMZ^I�\bOUL)OQPqZ^Ols,C¡ZEFQL i CKsWCEIXCEG�JK\uLWCMs i c
JK\]L,OQG�Z�k,FQLW�QCManIXOtD,G�CMZ^CMs,\]L,�vZ^O[sWCQ��µWOQG�C^°WFQJ�D*g]CQ�¬FvD*V,L,Z^I�V*FHI�\bOUL>aXclJ i OUg{ZEFQL)Z�k,FQL,�QCKI�kWC�CML-I�\bG�C
J�CMFQL,\uLW��OQPfa�V,ZEZ^CECMs,\]LW�KZ^O[sWCQ�

m^õ



p k,CEG�Ct\]a�FQLÀV,L,ZEg]CMFHG�G�CMg]FHI�\bOUL i CEI7jTCECML�I�kWC$Z�k,FQLW�QC�\]L�F>D,G�OQ�QG�FQJ FQL,s�I�kWCtC�;�CMZ^I�aKI�k*FHI�I�k,\]a
Z�k*FQLW�QCtk,FQa�s,VWG�\]L,�tI�kWCdD*G�OQ�QG�FQJtÉÈa�C^°[CMZEVWI�\bOUL�� p kWCdC�;�CMZ^I�OQP�F>Z�k,FQLW�QCvOUL�F·D,G�OQ�QG�FQJt� i C3\bI i c
J�VWI�FHI�\bOUL��WZ^G�OUa�a�O¯`QCEGrOQGrFQL-c¡OQI�kWCEGqOQD�CEG�FHIXOQG�j�\ug]g*k,F¯`QC|O i a�ZEVWG�C�C�;�CMZ^I�aE� p kWOUVW�UkdD,G�OQ�QG�FQJKaqJKF¯c i C
a�V,ZEZ^CMa�aXPwV*g]gbc·CE`QOUgb`QCMs��Sa�V,Z�k�FQL�FHD,D,G�OUFQZ�k�sWOlCMa�LWOQI	gbCML*s)\bI�aXCMgbPqIXO>FQL,FQgbc[a�\]a�FQL*s)P�VWG�I�kWCEGna�I�V,sWcQ�SFQa
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» Ü Û-ÚHÙ|�M�^À�¾½¼ à¬Ú�Û��Ü�¿¾�ÖSÚ��%��Ù�ÚHÜ § �|O¯jqFQg]aX�[\ ��mMo�
Hý[��D*FH�QC¡mMòQÿU¨�� p kWC�aXCMJKFQL-I�\]ZEa�ZEFQL i C�FQg]IXCEG�CMs
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p k,CqF i Oº`QCrsWC^xyL,\bI�\]OUL,a¬G�CED,G�CMaXCML-I{OUL,gbcnF|aXCMg]CMZ^I�\bOUL�OQP*I�kWC i FQa�\]ZTZ^OUL,Z^CED,I�aSOQP�JKFHI�kWCMJKFHI�\]ZEFQg*gbOQ�U\]ZH�

h J�OQG�CtC^°[IXCML,a�\b`QC£\]LNIXG�Ols,V*Z^I�\bOUL�JKFMc i CvP~OUV*L,sÀ\]L § ¼£CML,sWCMg]a�OUL���mMo�
Uü-â�Ê¬gbOºcls��/mMo�
@õWâ/Ô�\bCML*k-VWc[a�²
RqkWCML,� d sWC|e¶OUgbPÌ�¬mMoQoUüQ¨��

òQô
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p O�G�C^²7ZEFHD3I�k,C�FHG��UV,J�CML-ITaXO�P�FHGMÂSCE`QOUg]VWI�\bOUL*FHG�cKFQgb�QOQG�\bI�k*JKazk*FM`QC i CECMLd\uLNIXG�O[s,V,Z^CMs3FQL,sdI�kWCM\bGqaXCMFHG�Z�k
D,G�OQD�CEG�I�\]CMazk,F¯`QC i CECMLvsWCMa�Z^G�\ i CMs��«Y[V i aXCM}lVWCML-I�gbcQ�NI�k,C�JKOls,V*g]FHGzaXCMJ¡FQLNI�\]ZEaTOQPfsWCMZEg]FHG�FHI�\b`QC|g]FQL,�UV,FH�QCMa
J�OQI�\b`HFHIXCMa/I�kWCM\bG/V,aXCnPwOQG�sWCMa�Z^G�\ i \]LW�Kk-c-D�OQI�kWCMaXCMaM� p k,\uargbCMs$IXOvF i G�\bCEP{G�CE`[\bCEj OQP5D,G�OQD�OUa�\bI�\bOUL*FQg�FQL,s
D,G�CMs*\]ZEFHIXC�ZEFQg]ZEV,g]\:�
±�L�I�k,C	PwOUg]gbOºj�\]LW�¡a�CMZ^I�\bOUL,aE��jTC	C^°WFQJK\]LWC�kWO¯jÏCE`QOUg]V,I�\bOUL,FHG�c$aXCMFHG�Z�k¶FQL,s£I�kWC�gbOQ�U\]ZEFQgfaXCEIXI�\]LW�vZEFQL

i C3Z^OUJ i \]L,CMs��>±ÌL�OQG�sWCEG�IXO¶V,aXCvFQL�CE`QOUg]VWI�\bOUL*FHG�c�FQgb�QOQG�\]I�k,J´IXO¶aXCMFHG�Z�k�I�kWG�OUV,�Uk¸F>aXDyFQZ^C3OQP�gbOQ�U\]Z
PwOQG�J	V*g]FHCQ�WI�kWC�PwOUg]gbOºj�\]LW��Z�k,OU\]Z^CMa�J�V,aXI i C�JKFQsWCQÂ

mH��a�CMgbCMZ^I�FKa�V*\bI�F i gbC�G�CED,G�CMaXCMLNI�FHI�\]OULtIXOKC^°[D,G�CMa�a�PwOQG�J�V,g]FHCQâ
òl��a�CMgbCMZ^IrOQD�CEG�FHIXOQG�a�I�k,FHIrC^ÅdZE\bCML-I�gbcvaXCMFHG�Z�k$I�kWC�aXDyFQZ^C�OQP{P~OQG�J�V,g]FHCQâ
ôl�rCMa�I�F i g]\]a�ktF¡J�CEI�kWO[stOQP¦CE`HFQg]V,FHI�\uLW��P~OQG�J	V,guFHCQ�

p k,CzI�k,\]G�s�D�OU\]L-I¦\]L-`QOUgb`QCMafCMaXI�\]J¡FHI�\]LW�/I�kWCTV,I�\]g]\bI8c|OQP*FQL�kNclD�OQI�kWCMa�\]afFQL,s�\]afF�D,G�O i gbCMJ®Z^OUJKJ�OUL�IXO
FQg]g[JKFQZ�k,\]LWCqgbCMFHG�L,\uLW��DyFHG�FQs,\b�UJKaM�¬e¶CrFQs,sWG�CMa�afI�k,\]a{\]a�a�V,CT\]L�YlCMZ^I�\bOULKòl�óãl�«µ{\bG�aXIE�QI�kWOUVW�Uk�jTC�P~O[ZEV,afOUL
I�kWC�x*G�aXIzI7jTO�D�OU\uLNI�azj�k,\]Z�kdFHG�C/\]L,C^°lIXG�\uZEF i gbc�G�CMg]FHIXCMs��«�5G�CE`[\bOUV,a«jTOQG��¡\uLdZ�kWO-OUa�\]LW��FnG�CED*G�CMaXCML-I�FHI�\bOUL
PwOQGrP~OQG�J	V,guFHC�k,FQa�I�FH�QCML£OULWC|OQP{I7jTOds,\bG�CMZ^I�\bOUL,aEÂ

mH�re�k,\]g]C�jzCdjTFQL-InIXO·JKFQL,\bD*V*g]FHIXC�gbOQ�U\]Z�PwOQG�J�V,g]FHCQ�¬I�k,CdZEFQLWOUL,\uZEFQgS�QCMLWCEI�\]ZdFQgb�QOQG�\bI�k,J OQD�CEG�FHIXCMa
OUL¡x,°[CMs[²7gbCMLW�QI�k i \]L*FHG�c�a�IXG�\]LW�UaE�  L,C�FHD,D,G�OUFQZ�kvk,FQa i CECML¡IXO	IXG�c�IXO�J¡\]L,\]JK\ [ECqZ�k,FQLW�QCMaqIXO�I�kWC
�QCML,CEI�\]Z�FQgb�QOQG�\bI�k*J i c�D,G�CMaXCEG�`[\]LW��I�kWC i \]L*FHG�c|G�CED,G�CMa�CMLNI�FHI�\bOUL�� h JKFHD,D*\uLW�/\uafs,C^xyLWCMs i CEI7jTCECML
i \]L,FHG�c¡a�IXG�\]LW�UaqFQL,svgbOQ�U\]Z/PwOQG�J�V,g]FHCQ� p k,\uaT\uaTFHD*D�CMFQgu\]LW�	FQarI�kWC��QCMLWCEI�\]Z�OQD�CEG�FHIXOQG�arZEFQLvG�CMJKFQ\]L
guFHG��QCMgbc>V,L,Z�k*FQLW�QCMs�FQL,s)I�kWCEG�CEPwOQG�CKI�kWCKD*G�OQD�CEG�I�\bCMa�OQPqI�kWC3Õ h j�\ug]g i C�D*G�CMaXCEG�`QCMs��3»�OºjzCE`QCEG¯�
I�k,C/I�FQa��¡OQP¦Z^OUL*aXIXG�V,Z^I�\]L,��F�a�V,\]I�F i gbC�J¡FHD,D*\]LW�	P~G�OUJ�PwOQG�J�V,g]FHC�IXO i \]L,FHG�cKaXIXG�\]LW�UaT\]aqLWOQIqCMFQa�\]g]c
G�CMaXOUgb`QCMs��)YlCMZ^OUL,s,g]cQ�fI�k*\]anFHD,D*G�OUFQZ�k�\]L-`QOUgb`QCMa�sWCE`[\]a�\]LW�$F·LWOº`QCMgTJ¡FHD,D*\]LW��P~OQG�CMFQZ�k�D*G�O i gbCMJ
I�FQZ��lg]CMs��

ò@õ



òl� p kWCnFQgbIXCEG�L*FHI�\b`QC	FHD,D*G�OUFQZ�k£k,FQa i CECML$IXO3F i FQL,sWOUL$I�kWC i \uL,FHG�c¡G�CED,G�CMaXCML-I�FHI�\bOUL�� p k,\uaqG�CM}-V*\bG�CMa
I�k*FHIfI�k,CzOQD�CEG�FHIXOQG�a i CTa�V,\bI�F i g]c�J�Ols*\Äx*CMs�IXO�jTOQG���C�;�CMZ^I�\b`QCMgbc	OUL�Z^OUJKD*gbC^°	LWOULW²7aXIXG�\]LW��O i ¿XCMZ^I�aE�
e�k,\]g]C¡I�k,\]a�JKF¯c i C3FHD,D�CMFQg]\uLW�$PwOQG�J�OUa�I�J¡FQZ�k,\]L,CdgbCMFHG�L*\]LW��D*G�O i gbCMJKaM�¦I�kWCEG�C3\]a	I�kWC3G�\]aX�¶OQP
g]OUa�\]LW��I�kWC�C^Å3ZE\bCMLNI�aXCMFHG�Z�k�D,G�OQD�CEG�I�\bCMaqOQPfI�kWC�Õ h �

p k,CMaXC|I7jTOdFHD,D*G�OUFQZ�kWCMa�FHG�C�G�CE`[\bCEjTCMs$\]L�YlCMZ^I�\]OUL,a�òl�óô�FQL,s£òl�öõW�

�Z{�� ~ ��8�8�
���ß%������ ����� # ���&%)
:9 # .	+l� # ��r��� ³ ����
�����
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e�kNc�a�kWOUV*g]s�OULWC�IXG�c¸IXO¸JKFHDÀPwOQG�J�V,g]FHC$IXO i \]L,FHG�c¸aXIXG�\]L,�Ua<;´±8IKjqFQa i CMgu\bCE`QCMs�I�k,FHIKI�k,C$C^ÅdZE\bCML-I
aXCMFHG�Z�kÏOQPK�QCMLWCEI�\]Z�FQgb�QOQG�\bI�k,JKa�jTFQa¶s,V,C�IXO�I�kWC i \]L,FHG�c�G�CED*G�CMaXCML-I�FHI�\bOUL�� »�OUgug]FQL,s FHG��UVWCMs®I�k,FHI
CE`QCEG�c¸CE`@FQguV,FHIXCMsÀaXIXG�\uLW�£O�;�CEG�a�DyFHG�I�\]FQg�\]LWPwOQG�JKFHI�\]OUL�F i OUVWI�I�kWCvC^°[D�CMZ^IXCMs�x*I�LWCMa�a�OQP/OQI�kWCEGK�QG�OUVWD*a
OQP«a�V i aXIXG�\]LW�Ua § a�Z�kWCMJ¡FHI�FN¨��/±�L�k*\]a|á���À.��¾ �3ÓÕÀ¥��ÚHÙ���¾ § »�OUg]g]FQL,s��¦mMoUüHÿU¨��¬kWC	s,CMJ�OUL,aXIXG�FHIXCMs£I�k,FHI/I�kWC
LlV,J i CEG�OQP{a�Z�k,CMJKFHI�FKD,G�OlZ^CMa�a�CMsts,VWG�\]L,�	CMFQZ�k�aXIXG�\uLW��CE`@FQg]V*FHI�\bOUL$\]aqOQD,I�\uJKFQg�P~OQG�F i \]L,FHG�c3FQgbD*k,F i CEIE�
YlO�IXOKOQD*I�\]JK\]aXC|CE`QOUguVWI�\bOUL,FHG�c3aXCMFHG�Z�k£\bIqjqFQarj�\usWCMgbc i CMg]\]CE`QCMstF i \]L,FHG�c3aXIXG�\]L,��a�kWOUV,g]s i C|V,aXCMs��
ÆqVWI�\]I�k,FQa�a�\]L,Z^C i CECML<FHG��UVWCMs I�k,FHI£J¡F@°[\]J¡FQg�\]J�D*gu\]ZE\bI3D*FHG�FQg]gbCMgu\]a�J(\]a$LWOQI£Z^OUL[xyLWCMs IXO i \Ä²

L,FHG�c£aXIXG�\]LW�3G�CED,G�CMaXCMLNI�FHI�\]OUL,a § h L-IXOUL,\]a�aXCQ�«mMo�
QoU¨��	±�L>F3�QCMLWCEG�FQg]\]a�FHI�\bOUL·OQPTY[Z�k,CMJKF h L*FQgbcla�\]aE��ZEFQg]gbCMs
=�ÚQÙ|¾ � » �%�HÜÛ¼������ § ��FQs,ZEg]\j;�CQ�qmMoQo@õ-¨��z��FQs*ZEg]\j;�C¡a�kWOºj�anI�k*FHI	OQD,I�\uJKFQgz\uJ�D*g]\]ZE\]I/DyFHG�FQg]gbCMg]\ua�J ZEFQL�aXI�\]g]g
i C¡FQZ�k*\bCE`QCMs¸D,G�O¯`[\]s,\uLW�vI�kWC¡G�CED*G�CMaXCML-I�FHI�\bOUL�a�FHI�\]a�x*CMa�F�LlV,J i CEGnOQPraXD�CMZE\ÄxyZKZ^OUL,s*\bI�\bOUL,a § ��FQs,ZEg]\j;�CQ�
mMoQo[m¯¨��
Ô�CE`QCEG�I�kWCMgbCMa�aE� i \]L,FHG�c-²7JKFHD,D�CMs�FHD*D,G�OUFQZ�k,CMatG�CED,G�CMa�CMLNItF�a�\b�UL,\bxyZEFQLNI3D,G�OQD�OQG�I�\]OUL�OQP	I�kWC¶FQgb�QOH²

G�\bI�k*JKaqP~OQG�CE`QOUgb`l\uLW�KgbOQ�U\]Z�PwOQG�J�V,g]FHC�FQL,s$Z^OUL-I�\]LlVWC|IXO i C�sWCE`QCMgbOQD�CMs��

òQÿ
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 LWC|ZEFQLtPwOQG�JKFQgu\]aXC/I�kWC|G�CMg]FHI�\bOUL i CEI8jzCECML$a�IXG�\]LW�Ua�FQL,svPwOQG�J�V,g]FHC i c3sWC^x�L,\]LW��F�g]FQLW�UV,FH�QC|IXCMJ�Dyg]FHIXCQ�
Õ�\b`QCML£F�xyL,\]IXC�FQgbD*k,F i CEI L �*FX����Ù��^�-Û�k�OQPSgbCMLW�QI�k�>t\]a�I�k,CnZ^OUL,ZEFHIXCML,FHI�\bOULðø [ ø ¢ ������ø ' j�kWCEG�CnFQL-c|ø �
\]a�FQL�CMgbCMJ�CML-IrOQP L �

�t�6A{¤f�~îº�w y¤ ÷ � ÷ � Ê � ù ¤¬¥�ð ù ¥*�£î¯�����{� ù î¯�1ÌÀÞã�^Á����:�\Ô«Ù|���zÚHÙ�¿6�^Ù�Ü¨���-Û7�¥�¯Û6��å\à2���%¿ �^À.�Z�a���)m Ú�ÅZ�QÜ~Ü
����Ù��^�-Û��	Ú�Å|Ü����lÛ7�^À?>�Ú�Á��^Ùû�HÜ 7BÀ��6Â���� L à>��g]FQLW�UV,FH�QC|IXCMJ�Dyg]FHIXCQ¿����yÚ��ª��¿�@ § å � m«¨3�+�û�QÂ��+���HÙ|¼dÙ��EÜj�7�M��Ú��
Â��a�MÈ>�����½�^À¥�û�����qÚ�Å2ÅEÚHÙ�¾\�lÜ¨���µ�^�¿å ���%¿Q�^À.�û���a�TÚ�Å3����Ù��+�lÛ��pm �

�t�6A{¤f�~îº�w y¤ ÷ � ÷ � Ê�� î¯�º �¤¬¥��+�ÀñU %���f�w�-î¯�/Ì » Ü¨���-Û7�¥�¯Û6� �ª��¾³7yÜj�7�ª�A@ § å � m«¨ �+��a�IXG�OULW�Ugbc)Z^OUJ�DygbCEIXC
� ÅÇÅ^ÚHÙµ���0¼"Å^ÚHÙ�¾\�[Üj�~ßçïãå ���%¿ ���0¼ ����Ù|�^�-Û~k.ïðm § ß � kH¨8ïB@ �
»�O¯jTCE`QCEGM��Z^OUL,aXIXG�V*Z^I�\]LW�¡FdaXIXG�OULW�UgbctZ^OUJ�DygbCEIXC	g]FQL,�UV,FH�QCnIXCMJ�Dyg]FHIXC	\]a�OQP~IXCML·s,\ÄÅ3ZEV,gbIE�  LWCnOQPwIXCML

xyL,s*azI�k*FHI�P~OQGraXOUJKC/PwOQG�J�V,g]FHC�I�kWCEG�C�\uaTL,O�Z^OQG�G�CMaXD�OUL,s,\]L,��aXIXG�\]LW�WâWFQL,svZ^OULN`QCEG�aXCMgbcQ�,PwOQGraXOUJ�C�aXIXG�\]LW�Ua
I�kWCEG�C	\]a�LWOKZ^OQG�G�CMa�D�OUL*s,\]LW��PwOQG�J	V*g]F[�

� ù ¤¬¥�ð ù ¥*�£î¯�����{� ù î¯�-��� ù �M�lï� �¤��f�@ *�« y�¯�~îº�w y¤ ù ���w *¥y�wñ
p kWC£CMFHG�g]\bCMa�Idg]FQLW�UV*FH�QC£IXCMJ�Dyg]FHIXCMa3jzCEG�C>sWCE`QCMgbOQD�CMs i cÀ»�OUg]g]FQL*s�FQL,s��rCM\bI�J¡FQL § »�OUg]g]FQL,s���mMo�
QãU¨��
p kWCM\]GfFHD,D*G�OUFQZ�kK\ua i FQaXCMs�OUL�JKFHD,D*\uLW��D,G�OQD�OUa�\bI�\bOUL,FQg-P~OQG�J	V,guFHCzIXO|IXCEG�L*FHG�c	aXIXG�\]LW�Ua § \ �öCQ�SFQL�FQgbD*k,F i CEI
j�\bI�k�I�kWG�CEC�CMgbCMJ�CML-I�a�¨�� p k,\]a�FHD,D,G�OUFQZ�k·k*FQa/a�V i aXCM}lVWCML-I�gbc i CECML·V,aXCMs·FQL,s·sWCE`QCMgbOQD�CMs·\]L�F3L-V*J i CEG
OQI�kWCEG$CE`QOUguVWI�\bOUL,FHG�c�gbCMFHG�L*\]LW��aXcla�IXCMJKa § Y[JK\]I�k��	mMo�
Hý[â�e�\]g]aXOUL���mMo�
Uü-â�¼£Z¯R�FQg]g]V,J d YlDyFQZ��[JKFQL��
mMoQoHý[â{B�C¯ÒUOULW� d YlD�CMFHG�aE�SmMoQo[mHâ{B�C¯ÒUOULW� ���*�HÜj�u�«mMoQoQôlâ«Õ/G�CECMLWC d Y[JK\]I�k��fmMoQoQôlâ«Õ/G�CECML,C d YWJK\bI�k��
mMoQo@õ-¨��5±�LWCE`[\bI�F i gbcQ�[CMFQZ�k�aXc[aXIXCMJÑ`HFHG�\bCMa�\]LvsWCEI�FQ\]g:� i VWIzI�k,C�V,L,sWCEG�g]cl\]L,��D,G�\]L*ZE\bD*gbCMa5OQP¬I�kWCM\bG�IXCMJKD*g]FHIXC
g]FQLW�UV*FH�QCMa�a�k,FHG�C�aXOUJ�CnZ^OUJKJKOULtP~CMFHI�V,G�CMaE�
h PwOQG�J	V*g]Féß>\]a�FKs,\uaw¿XV*L,Z^I�\bOUL3OQP{G�V,gbCMa�ß `C% [ R %�¢ R�������R %a� �T¾5FQZ�k$G�V,g]C %�� k*FQarI�kWC|PwOUg]gbOºj�\]LW�

PwOQG�J L [ NcL"¢§N ����� N,L&£ o U [ N U4¢ãN ����� N U �[�fj�kWCEG�CKCMFQZ�k L&� FQL*s¶CMFQZ�k U>� \]anFQL�FHIXOUJ´OQG�F

òQã



s,\]a�¿XV,L*Z^I�\bOUL$OQPqFHIXOUJKaE� p kWC�gbCEPwI�k*FQL,s>a�\]sWC�OQPzI�k,C�G�V,gbC�\]a/G�CEP~CEG�G�CMs·IXO$FQa|I�kWC'���B�ª���|��¿6���B���fFQL,s>I�kWC
G�\b�Uk-Irk,FQL,sta�\]sWC�\]aqI�kWCQ��Ú��¥�a�,�a�0���B���
±�LKOQG�s,CEGzIXO�JKFHD¡PwOQG�J�V,g]FHC�OQP�I�k,\]a«�[\]L,sKIXO�aXIXG�\]LW�UaE�NFHIXOUJ¡azOQP�I�k,C�D,G�O i gbCMJÃsWOUJ¡FQ\]L¡FHG�C��QG�OUVWD�CMs

IXOQ�QCEI�kWCEGr\]L-IXO�OULWC�OQGqJ�OQG�C�aXCEI�aE�«¾zFQZ�ktaXCEITOQP¬FHIXOUJKaq\]aTJKFHD,D�CMs¡IXO�F i \]L*FHG�c�aXIXG�\]LW�	FQL,s¡I�k,C/aXIXG�\]LW�Ua
Z^OUL,ZEFHIXCML,FHIXCMs�� h arF�G�CMa�V,gbI�FKaXIXG�\uLW��G�CED,G�CMaXCML-I�a�F�LlV,J i CEG�OQP{Z^OULH¿XV,L*Z^I�a�OQPSFHIXOUJKaE�
p O�G�CED,G�CMa�CMLNI�J�OQG�C|�QCML,CEG�FQg�P~OQG�J	V,guFHC�FQL�FQs,s,\bI�\bOUL*FQgyaXc[J i OUg�\]a�FQs*sWCMs3IXOKI�kWC i \]L,FHG�c¡FQgbD*k,F i CEIE�

p k,\ua�aXclJ i OUgQ\]a�ZEFQg]gbCMs�I�kWCqÇósWOUL�ÉöI¬ZEFHG�CQÉb�Hs,CMLWOQIXCMs�D�FQL,snFQg]gbO¯j�a�\]L-IXCEG�L,FQgQs,\]a�¿XV,L*Z^I�\bOUL�IXO i CSC^°[D,G�CMa�aXCMs��
YlIXG�\uLW�Ua�FHG�C�I�kWCEG�CEP~OQG�C�s,C^xyLWCMstOº`QCEG�I�kWCnFQg]D*k,F i CEI"�¯ý � m � D �U�

� � ù ���f�w� ÷ � � à8���&è ` � Ñ\�,E\� m � ë � �,F ` �HG �<I � Â|� �^À¥�Z�a���^��Ú�Åû���:Ú�¾µ�|Ù���7yÙ��������B�M�^�-Û ���B�ª���|��¿6���B�^�
���%¿ J ` �LK ��Mc�,N>�<O ���^À.�½��Ú��¥���/���B���B�^��� àÕ�a�Ã�^À¥�£Üj���lÛ��0�MÛ6�,�ª��¾³7yÜj�7�ª�¯Â��lè N F o J ÈÇ�^�^À��^À¥�
ÅEÚHÜ~ÜbÚ�ÈÇ�^�-ÛX¾ ��7C7��+�-Û:Â����MÈ>�|���,����Ù��^�-Û��Ã����¿ ���:Ú�¾µ�Í

PQP Õ Ñ P Õ G PQP Õ K
PSR Õ E R Õ I PSR Õ M
RLP Õ m RLP Õ N
RQR Õ ë RQR Õ O

Ü �M�^À'�^À��+�û�ª��¾³7yÜ¨���ª�µ�M�V�+�Ð7[Ú�|�|�TÂ^Ü��µ�:Ú ��Ú��¥����Ù|�0���&7yÙXÚ�7[Ú��|�M�M��Ú����HÜ¥Å^ÚQÙ|¾\�[Üj�6����2ÅEÚHÜ~ÜbÚ�ÈÉ�=Í
PQP R RQR Ñ N I o O
PSRTP RLP E N G o N
RLP R PQP m N I oUK

=	�lÙ��^À.�EÙZà½Â�¼��^�B��ÙXÚa¿��0���^�-Û��^À.� ¿NÚ��;Ù � ���HÙ�� �|¼�¾#Â�ÚQÜÃ�:Ú�Ù���7yÙ��������B�'¿��+�Gô��.�%�a�M� Ú�� �M� �+�¿7[Ú�����ÜÂEÜ¨�O�:Ú
Ù��+7yÙ����a���B�4¾KÚHÙ��|Û6�����^Ù��HÜ�ÅEÚHÙ�¾\�lÜ¨����Í

P�P D RQR Ñ § GOR I ¨�o O
D P P RQR § Ñ Rnm«¨ N GÝo O
DAD P RQR § Ñ Rnm'R E R ë�¨ N G o O
DAD D PQP § Ñ Rnm'R E R ë�¨ N¶§ GOR I ¨�oVK
P�P P D?D Ñ N G o § KJR M R N R O ¨
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p k,C/g]FQL,�UV,FH�QC/ZEFQL i C�J¡FQsWC�cQCEI�J�OQG�C�C^°[D,G�CMa�a�\b`QC i c¡FQg]g]O¯j�\]L,�nLWCE�UFHI�\bOUL3IXO i C�C^°[D,G�CMa�aXCMs�� p k,\]a
JKF¯c i C�FQZ�k,\bCE`QCMs i cvFQs,s,\]LW��FQLWOQI�k,CEG i \bIqIXOKI�k,C�IXCMJ�D*g]FHIXCnP~OQGrCMFQZ�k�FHIXOUJ'FQL,syËºOQG�Z^OULH¿XV,L*Z^IE�
Y[\uL,Z^CrI�kWCMaXC/aXIXG�\]L,�Ua«ZEgbOUaXCMgbc�G�CMa�CMJ i g]CrI�kWC i \]L,FHG�c�aXIXG�\]LW�Ua5OQP�F��QCMLWCEI�\]Z�FQgb�QOQG�\bI�k*Jt�-J�VWI�FHI�\bOUL3FQL,s

Z^G�OUa�a�O¯`QCEGnZEFQL>JKFQL,\]D*V,g]FHIXC	I�kWCMaXC�aXIXG�\]L,�Ua�\]L£I�kWC�Z^OULN`QCML-I�\bOUL,FQg5JKFQL,LWCEGM� h LWOQI�kWCEG�\]J�D�OQG�I�FQL-I�\ua�a�VWC
\]a�j�k,CEI�kWCEG�FtaXIXG�\]L,�va�kWOUV,g]s·G�CED,G�CMaXCMLNI�FQL)CMLNI�\bG�C�PwOQG�J�V,g]FvOQGT¿�V,aXI�FvG�V*gbCQ� p k,\]a�Z�kWOU\uZ^CKF;�CMZ^I�a	I�kWC
G�OUgbC|OQPSZ^G�OUa�aXO¯`QCEGM��FQL,st\]arFQs*sWG�CMa�aXCMst\uLv�QG�CMFHIXCEG/s,CEI�FQ\]g�\]L£YlCMZ^I�\]OUL�òl�óãl�

� � î¯�[¤¬ï{��¤¬¥¸� ù ¤¬¥�ð ù ¥y��îº�����f� ù îº�-��î¯ ��¦�@�-ï{�wñ ù î¯�>�w *¥��~ñ
p kWC/g]FQLW�UV,FH�QC�IXCMJ�Dyg]FHIXC/s,CMa�Z^G�\ i CMs¡\uL¡I�kWC/D,G�CE`[\bOUV,aTaXCMZ^I�\bOUL3OUL,g]cKFQg]gbO¯j�a5D,G�OQD�OUa�\bI�\bOUL,FQg*P~OQG�J�V,g]FHC�IXO
i CqG�CED,G�CMaXCML-IXCMs�� h IXCMJ�D*g]FHIXC�IXOnk*FQL,s,gbCqJ�OQG�C�C^°[D,G�CMa�a�\b`QC�P~OQG�J	V,guFHC�jTFQaSD*G�OQD�OUaXCMs i cKÕ�\bOQG�s*FQL,F|FQL,s
Y[FQgbC § Õ|\bOQG�s,FQL,F d Y[FQgbCQ��mMoQoQòU¨�FQL,stk,FQaraXCECML�PwV,G�I�kWCEGrsWCE`QCMgbOQDyJ�CMLNI�FQL,stFHD,D*g]\uZEFHI�\bOULt\]L § Õ�\bOQG�s,FQL,F
d Y[FQ\bIXI�F[��mMoQoQôlâqÕ�\]OQG�s,FQL,F ���Z�HÜj�u�rmMoQo@õWâz»�CE�HFQL,FQkWOW�rmMoQoQãHF[âq»�CE�HFQL,FQkWOW��mMoQo�
U¨��·±ÌL�I�kWC¡PwOUg]gbOºj�\]LW�
s,\]a�ZEV,a�a�\bOUL��lFKa�\]J�D*g]\bx*CMsK`QCEG�a�\bOULtOQP{I�k,\]a�g]FQL,�UV,FH�QC�IXCMJ�D*guFHIXCn\]a�sWCMa�Z^G�\ i CMs��
h a�\]LdI�kWC�D,G�OQD�OUa�\bI�\bOUL*FQg*aXCEIXI�\]L,�W�[F�PwOQG�J�V,g]F�ß$\]aqF�s,\]aw¿�V,L,Z^I�\]OULKOQP¬G�V,gbCMaE�,ß `W% [ R %�¢ R.�����aR %�� �

¾5FQZ�k$G�V*gbC|Z^OUL,a�\]aXI�arOQPfFKa�\]LW�UgbC^²:D,G�CMs,\]ZEFHIXC|Z^OUL,aXCM}lVWCML-I�FQL,stFQL$FQL-IXCMZ^CMsWCML-I�I�k,FHI�\]a�F�Z^OUL@¿�V,L,Z^I�\bOULtOQP
D,G�CMs*\]ZEFHIXCMa

%��	`CX+- Ï [ N Ï ¢VN ����� N Ï £ �
¾5FQZ�k�OQPWI�kWCMaXCTD,G�CMs,\]ZEFHIXCMaf\]a¦\]LNIXCEG�L,FQg]gbc�s,\]aw¿�V,L,Z^I�\]`QC5FQL,sns,CMLWOQIXCMsVÏ § MX[��������a��M £ � � û6[a� ����� �Pû � �w¨�j�kWCEG�C
I�kWC M � arFHG�Cn`@FHG�\uF i gbCMaE�WFQL,s¯� û�[a���������Pû � ��G�CED,G�CMaXCML-I�a�I�kWC	s,\]aw¿�V,L,Z^I�\bOUL û�[ R �����R û � OQP{Z^OUL,aXI�FQL-I�a û � �
±�L�FQs,s*\bI�\bOUL��{\bP�I�kWC3aXCEI�OQP û6[a�Pû ¢ �������a�Pû � sWOlCMa�LWOQI�Z^Oº`QCEG¡FQg]g5D�OUa�a�\ i gbC¡`@FQg]V,CMaE�{I�kWC¡G�CMJ¡FQ\]L,sWCEG�FHG�C
G�CED,G�CMaXCMLNIXCMs i c�I�kWCraXc[J i OUgSYU�{±�L�C�;�CMZ^IE�lI�k,\]aSZ^OQG�G�CMaXD�OUL,s,afIXO�I�kWC�C^°[D,G�CMa�a�\bOUL S û�[ N S û ¢¥N ����� N S û � �
p k,C3g]FQL,�UV,FH�QCvIXCMJ�D*g]FHIXCt\]a�F>Z^OUL@¿XV*L,Z^I�\b`QC3P~OQG�J�V,g]F·aXD*gu\bIn\]L-IXO>D�OUa�\bI�\b`QC § ß�¨	FQL,s�LWCE�UFHI�\b`QC § á�¨

D*FHG�I�a
ß §^_ [ �������a� _ £ ¨ NcS � ] [ ��������� ] � � á §^_ [ ��������� _ £ � ] [ ��������� ] � ¨ª�

j�kWCEG�C i OQI�klßvFQL,séá�FHG�C/F�Z^OUL@¿�V,L,Z^I�\bOUL�OQP�D,G�CMs,\]ZEFHIXCMaE� p kWC�IXCMJ�D*g]FHIXC�Z^OUL-I�FQ\]L,aTFQg]g,gu\bIXCEG�FQg]aSFQL,sdFQLNc
PwOQG�J	V*g]F	J¡FMc i C�O i I�FQ\uLWCMs i c3sWCMgbCEI�\]LW��g]\]IXCEG�FQg]azP~G�OUJþ\]IE� h aXIXG�\uLW�	G�CED,G�CMaXCML-I�a�F�P~OQG�J	V,guF	FQa�PwOUg]gbOºj�aE�
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µWOQG|CMFQZ�k i \bI�\uL�I�kWC�aXIXG�\uLW�¡I�kWCEG�C�\ua�F3Z^OQG�G�CMaXD�OUL,s*\]LW�¡g]\]IXCEG�FQg¦\uL�I�kWC�IXCMJ�D*guFHIXCQ� p kWC	`HFQg]VWC	OQP5F i \bI
sWCEIXCEG�J¡\]LWCMaqI�kWC�D*G�CMaXCML,Z^C|OQG/F i aXCML,Z^C�OQP{FKg]\]IXCEG�FQg�`@FQguVWC�\]LvI�kWC|PwOQG�J�V,g]F[�
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�����/���Z�,���,�+�H�¯�/�����i���������±�"�)¢��Zü����i¢2^cb \edouH\Sd �,�3���Z�¡���±�b�±���H���i�H���°�����H¢��n�����Z�,�{�/�����H���������H�"���/�n���)�{�
�n�n�/�3�n�����ý���i���H�,~������<�3���{���gf+�{��³1�3�3���i�n�$�i���Z�v¢��3���{�&�H�����H�/�����3�n�	�,���/~��H�$���,���i�Á���3�/�������H�i�·�$�,~��3�$���,�H�����i�
�i�����{�H���,���H�h�Q�{�b���,���{���������i¢»���H���S�.�Z�{�vü����i¢����µ� ü�¿v�i¢»�����/���Z�,���/�H  �������A�i���H¢��H�����H�»�n�,�������/�n�/�
�,~��n�"���H��¢ �,�a���H�²´��,�{�,�,���H���i ©~��z�±���H���� ¯�������(�"���,�����,�n�����¤�H�������,�i¢ï�¥}«�,���Z³]���H���i¢��i���Z�v¢��3����~��H�)�"���i�
�"�H�����3�n�<�3���i¢ �����H�i�����,�3�����,�H�H�/�H�A�A�b��� yji ���i�v �þiÚHÚHÙ |  $�+~����,���i�H�/~����Q¢����b� �,~��A���,�����,�����,�i���i���,�²�
 �b���2��³]�Z¿v���,�i�/�,���{�ï�	¹º���,���Z³]���H���i¢ �n�����,�{�H�<~B���.�3��¢������3���A���H�{�3�²���H�<�����b�n�¥���H�¡¢����H�i�3�H�S�i¢ �Q� O �{���
�H��¢  �i����� ykO �{��� �  �i������ ÁþiÚHÚ:?l� O �{��� �  �i������  þiÚHÚ�Gn� | ��}�~��A¸)�i�����,�3�  �H�{�3�NmÁ�,�H�H�/�H�?�A�3���
�Q�v�����i� y ¸  m_� | �3��¢����Z�i�(���H�{�3�����H�<�����b�n���3� �,~������H�/�ö�H�Á�o�����Z�,�3�{�v³]���/���¥ü��/�,�+�H�/¢��������H�{�b�¥���,�H�H�<�H�A�
���,�b���¡���H�{�3���,���{���n�/���H���H�H�<���,~��A���&¹C���H�{�3�ý���,�H�H�<�H� y �H�í�����Á�H�"���3�H���,�i� | �3�$�,�����,�i���i�����i¢A�H�í���Z�{�3�3�i�Z�,���{�
y �x�H�,�i��� | �H�$¹cf)ú(³onpU÷���/���i�� ��+~����/�)�,~��²���i�i�H�i�(�Z�H�,�,�i���"�{��¢����A�,~������,�i¢��3���n�������v���S�{�b�	�H��¢.�����/�A�	�H�
�,~��²¢��{�A�H�3�ï�
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�*�����S��  yk¡"|£¢ ¤ ��� �*¥H¦�¦¨§ � � yk¡ï|
�*�����S��  yk¡"|£¢ �S§:�o�o§:© yk¡ªR�«�| ��¬ �j�'� yk«�|
�*�����S��  yk¡"|£¢ �S§:�o�o§:© yk¡ªR�«�| �X §:®  �H¯�  yk«�|
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concave(y)
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���n�/�H¢����{�A�� ��H�Ô��� y ´��{~��i�ï «þiÚHÚ:? | ��¹)�(�H�B�Z¿v�H�A�����H ��Z�{���/�3¢����+�,~��¥���,�H���3�i�ê�H�$���,�i¢��3�Z�,�b���A�MÚ��Q�{���i�H�
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á ´ý�3�H�,�,��ü����³â À�Àã� á úpfcZ�â
á ú�f�Z�â À�Àã� á }«���/�Eâxä á úpf�Z�â�å ájæªç&è³é â
ájæ¹ç&è³é â À�Àã� á ¹ê¶ë ç&è³ì�í âx� ájæªç&è³é â�å á ¹êaë ç&è³ì�í â
á ¹êaë ç&è³ì�í â À�Àã� á T ì�è ê ì�î¨íaç â�ålï á T ì�è ê ì�î�íaç â
á T ì�è ê ì�î�íaç â À�Àã� +På Ü åð0Lå Ý

¹Fñkò è³é�ó�í¶ìAô&ì�õ>î�çVè¼ç&öðè³ç*÷�ç*õ ë ç*øMì�÷�ì�ølç&è êaù ì ë¼ê ò õ ë è¼ç&ç#ú ê¶ë¼û è¼ç*÷�ö�ç*ô ë´ë ò ìAü�èSì�é>é>ì�è*ý Zlò è7ç ¿ ì�é>ö�íaç�þ
ü êaù ç*õ-ü�è³ì�é>é>ì�è ß\� ì�õ�ø ë¼û ç ñ�ò èSé�óðízì ÿ + � Ü � ä ÿ ï�0C� Ý �Sþ ë¼û ç�ô ò è¼è³ç*÷�ö ò õðø ê õlü>øðç&è êaù ì ë¼ê ò õ ë è¼ç&ç ê ÷
÷ û ò ú�õ ê õ Z ê ü�óðè¼ç Ù ý J ý ú ç&è êaù ì ë¼ê ò õ ë è¼ç&ç*÷pô&ì�õ
î�ç\é>ì�õ ê ö¨óðí¶ì ë ç*ø�î�� ì ë è¼ç&ç�� ë ��ö�çIô�è ò ÷¼÷ ò ù ç&è ò ö�ç&èSì ë¼ê ò õ
÷ ê é ê í¶ì�è ë ò ë¼û ç ò ö�ç&è³ì ë ò è ê õXü�ç*õlç ë¼ê ôAö�è ò ü�è³ì�é>é ê õlü�ÿ i ò�� ì�þ þiÚHÚHÙ �Sý
æ ò ü�óðì�èSì�õ ë ç&çAô ò è¼è¼ç*ô ë õðç*÷¼÷ ò�ñxò�K ÷�ö�è ê õlü�÷ ò ízó ë¼ê ò õð÷&þ'ô�è ò ÷¼÷ ò ù ç&è#ì�õðøMé\ó ë ì ë¼ê ò õ ò ö�ç&è³ì ë¼ê ò õMì�è³çcé ò ø��

ê ü ç*øXì�÷ ñkò í¶í ò ú�÷&ý ù ó ë ì ë¼ê ò õ�é>ì�� ò õðí��Mè¼ç&ö�í¶ì�ô�çAìI÷	��é î ò í¨ú êaë¼ûEë¼û çA÷¼ì�éIç ë ç&èSé ê õðì�í ò è#õ ò õ�� ë ç&è³é ê õðì�í�ý

 õ�ô�è ò ÷¼÷ ò ù ç&è*þ¨ô�è ò ÷¼÷ ò ù ç&è���ö ò ê õ ë ÷cì�è¼ç ô ò õð÷ ë èSì ê õlç*ø ë ò ë¼û ò ÷¼ç ò�ñ ë¼û ç�÷¼ì�éIç õ ò õ�� ë ç&è³é ê õ�ì�í�ý
� ì�è³í��2ì ë�ë ç*éIö ë ÷ ë ò ú_ì�è³øð÷\ô ò õð÷ ë è³ì ê õ ê õlü�÷�ç*ì�è³ô û ú ê¶ë¼û ì�õàç���ö�í ê ô êaë ü�è³ì�éMé>ì�è ê õ�ô&í¶óðølç����� ù-ê õlç&è

ÿ U ì�ø�ô&í ê K ç �Y� ólè³è���þ þ����:? ì��Sþ � æ� m ÿ ù ò õ ë ì�õðì�þ þ����:?l��� ì���õlç*÷ [*]�^ Áa` þ þ�����J �Sþ�ì�õðø  n  � f�m�U#n
ÿ O ò õlü �  ç*óðõlülþ þ�����G ø � O ò õlü �  ç*ó�õlülþ þ�����G î � O ò õlü �  ç*ó�õlülþ þ�����G ì � O ò õlü �  ç*ó�õlülþ þ�����J �
ì�õðø%ÿ OÎûðê ü û ì�é�þ þ�����G�� OFû�ê ü û ì�é�þ þ�����J�� �è³óðì�ó þ þ�����J �Sý � óðô&ô�ç*÷¼÷ ñ óðíxì�ö�ö�í ê ô&ì ë¼ê ò õ�÷ ê õðô&í¶óðøðçpé>ç*ø ê ô&ì�í
ø ò é>ì ê õð÷#ÿ f ü�ì�õ [&]g^ Áa` þ þ����Hÿ��lf ü�ì�õ [&]g^ Áa` þ þ������ ��ì�õðø>ç*ô ò í ò ü ê ô&ì�í�é ò øðç*í¶í ê õlüIÿ OÎûðê ü û ì�é ��� è³ì�öðö�ç&è*þ
þ������ �Sý
æ û ç%ü�è³ì�é>éMì�è	��î�ì�÷�ç*ø9ì�öðöðè ò ì�ô û|û ì�÷ ë¼û çhì�ø ù ì�õ ë ì�ü�ç ò�ñ ì�í¶í ò ú ê õlüCø ò é>ì ê õ���õ ò ú�íaç*ølü�ç ë ò î�ç

ê õðô ò è³ö ò èSì ë ç*ø ê õ6ì2ølç*ô&í¶ì�èSì ë¼êaù ç ñ ì�÷ û�ê ò õxý3æ û çXóð÷�ç ò�ñ ÷¼ó�ô û ç���ö¨í ê ô êaë ü�è³ì�é>é>ì�è³÷Nì�í¶í ò ú�÷Nì�õ ç*íaç&ü�ì�õ ë
ì�öðöðè ò ì�ô û�ë ò ô ò õð÷ ë è³óðô ë¼ê õlü ñ�ò èSé�óðízì�ç ë¼û ì ë ç*õð÷¼óðè¼ç*÷ ë¼û ç ê è�÷���õ ë ì�ô ë¼ê ô�íaç&ü�ì�í êaë ���:ý

ÆgÇ�È�Ç�Æ Ê3Ñ�Ò�ÑðË�Ì���Ó�ÐÙÌ�Ô�Ó�×ªÒ|ÌxÒ! #"%$VÑ'&lÓ�Ì(��Ó�Ð:Ì�Ô�Ó�×¹Ò*)+$VÑðË�Ì�Ô�× ËHÐ
� ÷�ç*ô ò õðøh÷ ê ü�õ ê ü ô&ì�õ ë øðç ù ç*í ò ö�éIç*õ ë�û ì�÷ î�ç&ç*õ ë¼û ç ê õðô ò è¼ö ò è³ì ë¼ê ò õ ò�ñVò ö�ç&è³ì ë ò èS÷ ë¼û ì ë ü�ç*õlç&è³ì�í ê ÷¼ç ò è
÷�ö�ç*ô ê ì�í ê ÷�çcö�è¼ç ù�ê ò óð÷Vølç*÷¼ô�è ê ö ë¼ê ò õð÷&ý�æ û ç&è¼ç�ì�è¼ç ë¼û è³ç&ç ë ��ö�ç*÷ ò�ñ ì�ö�öðè ò ì�ô û-,
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Z ê ü�óðè¼ç^]�ý J , ú ç&è êaù ì ë¼ê ò õ ë è³ç&ç ñ�ò è ë¼û ç ñkò è³é�ó�í¶ì�ÿ +�� Ü � ä ÿ ï´0 � Ý ��ü êaù ç*õ�ü�èSì�é>é>ì�è ßN� ý
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_a`b`dc�e:u�fhg�i¨ukjlgEm;`onqpMnrgsmbt�w n õlç�ì�öðöðè ò ì�ô ûQû ì�÷�î�ç&ç*õ ë ò ÷¼óðöðö�íaç*éIç*õ ë�ë¼û ç�ü�ç*õlç ë¼ê ô ò ö�ç&è³ì ë ò è³÷7ú êaë¼û
ò ö�ç&è³ì ë ò èS÷ ë¼û ì ë ì�øðø ò èAè¼ç*é ò ù ç>öðè ò ö ò ÷ êaë¼ê ò õð÷ ñ è ò éYì ñ�ò è³é\óðí¶ì�ý\æ ûðê ÷ ê ÷ ê õ2ìX÷ ê é ê í¶ì�è ù ç ê õ ë ò
ë¼û ç ò ö�ç&è³ì ë ò è³÷\ølç*÷¼ô�è ê î�ç*ø ê õ ÿ ù
ê ô û ì�í¶÷	� ê þ þ��Hÿ�B �Sý�æ û�ê ÷ ê ÷ ë¼û çQì�öðöðè ò ì�ô û ì�ø ò ö ë ç*ø ê õh�� Ú 
o
ÿ ú ç û�ò õlü � � ö�ç*ì�è³÷&þ þ����vþ���ú ç û�ò õlü [&]�^ ÁW` þ þ�����B �SþE 
� ÿ û ì�õ ê � ò ú þ þ�����B �Sþ � � ù-	��� ÿ=�è¼ç ñ ç*õ��
÷ ë ç ë�ë ç�þ þ��Hÿ����I� ô û ó�í ë �2� pè¼ç ñ ç*õ�÷ ë ç ë�ë ç�þ þ�������� �è³ç ñ ç*õð÷ ë ç ë�ë ç�þ þ���� ]�ô � �è³ç ñ ç*õð÷ ë ç ë�ë ç�þ þ���� ]�ì �
pè¼ç ñ ç*õ�÷ ë ç ë�ë ç�þ þ���� ]:îE�Sþ � 
 � ��þ ÿu��ólü ê ç&è [&]>^ Áa` þ þ�����G �SþAì�õðø U � ��  ÿ= ê ò è³ø�ì�õðì � � ì êaë�ë ì�þ
þ�����B��  ê ò èSøðì�õðì [&]�^ Áa` þ þ����:?l��f ç&è ê þ þ������ �Sý

vEu�mªuweGx�tunrt�num;y-c�t*s´u�j�nrx�tunrt�num;yzjleGg't�t�g�i¨u�eHw � ç ù ç&è³ì�í�ì�íaü ò è ê¶ë¼û é>÷ ê õðô&ízóðø ê õlü úAn  ù � ÿ � çX�:ì�õ�ì û ò þ
þ�����J ì ��� çX��ì�õðì û ò þ þ������'��� çX�:ì�õðì û ò þ þ����Hÿ �Sþ����� � ù � U æ ÿ= ê ò è³øðì�õðì �,� ì�í¶ç�þ þ���� ]l�Sþ#ì�õðø
U � ��  ÿ= ê ò è³øðì�õðì �@� ì êaë�ë ì�þ þ�����B��  ê ò è³ø�ì�õðì [*]ª^ Áa` þ þ����:?l��f ç&è ê þ þ������ �gó�÷�ç�÷¼ö�ç*ô ê ì�í ê ÷ ê õðü�ì�õðø
ü�ç*õðç&è³ì�í ê ÷ ê õlü>ô�è ò ÷¼÷ ò ù ç&è ò ö�ç&èSì ë ò è³÷&ý��ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õ�î�ç&ü ê õð÷#îw�Xè³ì�õðø ò é>í��X÷�ç*íaç*ô ë¼ê õlüQì>õ'ó�é î�ç&è
ò�ñ öðè¼ç*ø ê ô&ì ë ç*÷�ì�õðøI÷�ç*íaç*ô ë¼ê õlü ë ú ò ö�ì�è¼ç*õ ë ñ�ò è³é\óðí¶ì�ç�ý 
 ñ ì�õw� ò�ñ ë¼û ç_è³ì�õðø ò éMí�� ô û ò ÷�ç*õIöðè¼ç*ø ê ô&ì ë ç*÷
ê ÷�ô ò é>é ò õ ë ò î ò ë¼û þ ë¼û ç*õ ê¶ë è¼ç*é>ì ê õ�÷�óðõðô û ì�õlü�ç*øxþ û ò ú�ç ù ç&è*þ ê ñ êaë ç�� ê ÷ ë ÷ ò õðí�� ê õ ò õlç�ö�ì�è¼ç*õ ë þ
ê¶ëQê ÷Qølè ò öðö�ç*ø ñ è ò é ë¼û ç ò�K ÷�öðè ê õlülý ��ò õ ù ç&èS÷�ç*í���þ ñkò èE÷¼ö�ç*ô ê ì�í ê ÷¼ì ë¼ê ò õ þ ê ñ ì%öðè¼ç*ø ê ô&ì ë ç ò ô&ô&óðè³÷
ò õ�í�� ê õ ò õlçIö�ì�è¼ç*õ ë þ êaë ú ê í¶í ò ô&ô&óðè ê õ ë¼û ç ò�K ÷�öðè ê õlülýIæ ûðê ÷ û ç*óðè ê ÷ ë¼ê ôNì�öðö�è ò ì�ô ûàê ÷�ølç ù ç*í ò ö�ç*ø
ñ ólè ë¼û ç&è ê õ{ 
� ÿ û ì�õ ê � ò ú þ þ�����B �Sý 
 õ| 
� þ ë ú ò è³óðíaç*÷Vì�è¼ç�÷�ç*íaç*ô ë ç*ø ì ë è³ì�õðø ò é�ý´æ ò ô ò õð÷ ë è³óðô ë
ì ü�ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õxþ ë¼û çX�Nì�è³ç#è¼ç&ö�í¶ì�ô�ç*øMú êaë¼ûIë¼û ç ê è�é ò ÷ ë ÷�ö�ç*ô ê ü ô_ü�ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õxý ��ò õ ù ç&è³÷�ç*í�� ñkò è
÷¼ö�ç*ô ê ì�í ê ÷¼ì ë¼ê ò õ þ ë ú ò ö�ì�è¼ç*õ ë è³óðíaç*÷Vì�è³ç�è¼ç&ö�í¶ì�ô�ç*øXú êaë¼û�ë¼û ç ê è#é ò ÷ ë ü�ç*õlç&è³ì�í¹÷�ö�ç*ô ê ì�í ê ÷¼ì ë¼ê ò õxý

_}p�pMeGnr~o�-p"u'c�s%e:uw`onrjlx�p"uk�bnku�eMx�eGjO�bnku�t æ ò ì ê ø�ü�ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õ�ì�õðø ÷�ö�ç*ô ê ì�í ê ÷¼ì ë¼ê ò õxþ ì õ�óðé�î�ç&è ò�ñ
ì�í¶ü ò è êaë¼û é>÷�ì�í¶í ò úFø ò é>ì ê õ���õ ò ú�íaç*ølü�ç ë ò î�çc÷�ö�ç*ô ê ü ç*ø ê õ ë¼û ç ñkò è³é ò�ñ ì�õXì ë�ë è ê î�ó ë ç ûðê ç&è³ì�è³ô û ��ý
� ë�ë è ê î�ó ë ç*÷�ì�è¼ç ò è³øðç&è¼ç*ø>î��Iü�ç*õlç&è³ì�í ê¶ë ��ý���÷�ì�è³ç*÷¼óðí ë þH÷¼ö�ç*ô ê ì�í ê ÷¼ì ë¼ê ò õNè³ç&ö�í¶ì�ô�ç*÷�ì ù ì�í¶ólçVú êaë¼û ò õlç
ñ ólè ë¼û ç&è�ø ò ú�õ ë¼û ç û�ê ç&è³ì�è³ô û ��þ�ú ûðê íaç�ü�ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õ
é ò ù ç*÷Aóðö ý���õ
ç���ì�éIö¨íaç ò�ñ ì�õ2ì ë�ë è ê î�ó ë ç
û�ê ç&è³ì�è³ô û � ê ÷�÷ û ò ú�õ ê õ Z ê ü�óðè¼ç�]�ý � ý���íaü ò è êaë¼û éM÷cì�ø ò ö ë¼ê õlü ë¼û�ê ÷cì�ö�öðè ò ì�ô û2ê õ�ô&í¶óðølç � � ù
	c�7
ÿ=pè¼ç ñ ç*õ�÷ ë ç ë�ë ç�þ þ��Hÿ����I� ô û óðí ë �3� �è¼ç ñ ç*õð÷ ë ç ë�ë ç�þ þ�������� pè¼ç ñ ç*õ�÷ ë ç ë�ë ç�þ þ���� ]�ô � �è³ç ñ ç*õð÷ ë ç ë�ë ç�þ
þ���� ]�ì � pè¼ç ñ ç*õ�÷ ë ç ë�ë ç�þ þ���� ]:î(�Sþ[���� ù|
 f � U ÿ U ì�øðô&í ê K ç �P� ólè¼è���þ þ����:? ì �´Z í ò ô�� û ì�è ë � U ì�ø��
ô&í ê K ç�þ þ�����G���Z í ò ô�� û ì�è ë � U ì�øðô&í ê K ç�þ þ�����J �Vì�õðø � 
 � ��þ ÿu��ólü ê ç&è [*]�^ ÁW` þ þ�����G �Sþ
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Z ê ü�óðè¼ç^]�ý � , ��õ�ì ë�ë è ê î¨ó ë ç ûðê ç&è³ì�èSô û �2ÿjì�øðì�ö ë ç*ø ñ è ò é ÿ=�è¼ç ñ ç*õð÷ ë ç ë�ë ç�þ þ���� ]:îE�	�Sý

 õ-ì�ø�ø êaë¼ê ò õ ë ò ÷ ë è³ó�ô ë ólè¼ç*ø ì ë�ë è ê î�ó ë ç*÷&þ � 
 � n�þ ì�íz÷ ò ç�� ë ç*õðøð÷cü�ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õ
ì�õðø ÷�ö�ç*ô ê ì�í ê ÷¼ì ë¼ê ò õ

ò ö�ç&è³ì ë ò è³÷ ë ò óð÷�çXì öðè³ç*ø ê ô&ì ë ç ûðê ç&è³ì�è³ô û ��ý m è³ç*ø ê ô&ì ë ç*÷Né>ì��%î�çEølç ü õlç*ø ê õ6ì ûðê ç&è³ì�è³ô û�ê ô&ì�í7éMì�õðõlç&è
ì�ô&ô ò è³ø ê õlü ë ò ë¼û çMöðè ò î¨íaç*é,ø ò é>ì ê õxý Zðò è ê õ�÷ ë ì�õðô�ç�þ ò õlçMé ê ü û'ë ÷�ö�ç*ô ê ñ � » [e� dj�*Á [ ÷¼ólî¨÷¼óðéIç*÷ � ^ ¿ ý+�
ü�ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õ ò ö�ç&è³ì ë ò è�è¼ç&ö�í¶ì�ô�ç*÷ ë¼û ç ò ô&ô&óðè¼è¼ç*õðô�ç ò�ñ ì>÷�ö�ç*ô ê ü ôcö�è¼ç*ø ê ô&ì ë çAî��EìMé ò è¼ç�ü�ç*õlç&èSì�í ò õlç�ý
n ë¼û ç&èg÷���÷ ë ç*éM÷ ò�ñ ö�ì�è ë¼ê ô&ó�í¶ì�è ê õ ë ç&è¼ç*÷ ë ì�è¼ç����� � 
  n  ÿq��ì�é>ì�é ò ë òX[&]¹^ Áa` þ þ�����G �5ì�õðø OFû�ê ü û ì�é

ì�õðø ù ô i ì�� � ÷#óðõ ê éIö�íaç*éIç*õ ë ç*øM÷���÷ ë ç*é ú ûðê ô û ú ê ízíðî�çcè³ç ñ ç&è¼è³ç*ø ë ò ì�÷ O � ù ÿ OÎûðê ü û ì�é � ù ô i ì���þ
þ����:? �Sý OÎûðê ü û ì�é ì�õðø ù ô i ì�� ò î�÷�ç&è ù ç�ìNô&í ò ÷¼ç�÷ ê é ê ízì�è êaë �Iî�ç ë ú7ç&ç*õ�ô�è ò ÷¼÷ ò ù ç&è ê õEü�ç*õlç ë¼ê ôpöðè ò ü�è³ì�é}�
é ê õðüEì�õðø
è¼ç*÷ ò í¶ó ë¼ê ò õ ê õ
í ò ü ê ô\öðè ò ü�èSì�é>é ê õlüXì�õðø ê õ ù ç&è³÷�çNè¼ç*÷ ò ízó ë¼ê ò õ ê õ ê õðøðóðô ë¼ê¶ù ç�í ò ü ê ô\öðè ò ü�è³ì�é}�
é ê õðülý ��ò ú7ç ù ç&è"þ�õ ò2ñ ólè ë¼û ç&èNú ò è�� û ì�÷Nî�ç&ç*õ ø ò õðç ê õ ë¼û�ê ÷Nø ê è¼ç*ô ë¼ê ò õ ý����� � 
  n  é>ì�õ ê ö�óðí¶ì ë ç*÷
î êaë ��÷ ë è ê õlü�÷Eì�õðø óð÷�ç*÷Xì��� ê õFì�ô ò õ ù ç*õ ë¼ê ò õðì�í é>ì�õðõlç&è*ý Ú ó ëEë¼û ç2÷ ë è ê õlü ê ÷Xõ ò ë é>ì�öðö�ç*ø ë ò ì
ñkò è³é�ó�í¶ì�þ ê õð÷ ë ç*ì�ø êaë ô ò è¼è³ç*÷�ö ò õðøð÷ ë ò ìN÷�ç���ólç*õðô�ç ò�ñ ê õðø�óðô ë¼êaù ç ê õ ñ ç&è¼ç*õ�ô�çc÷ ë ç&ö�÷ ë ò ö�ç&è ñ�ò èSé ò õXì\÷�ç&ç*ø
ç��lì�éIö�íaç�ýXæ û ç>÷¼óðî�÷ ë è ê õðü�÷Aølç*õ ò ë ç ë¼û ç ê õ ù ç&è³÷�ç>è¼ç*÷ ò í¶ó ë¼ê ò õ ò ö�ç&è³ì ë ò èS÷ ë è³óðõ�ô&ì ë¼ê ò õxþgì�î�÷ ò è¼ö ë¼ê ò õàì�õðø
ê õ ë è³ìG��ô ò õð÷ ë èSóðô ë¼ê ò õxý
æ û ç ñ�ò è³é\óðí¶ì-ô&ì�õhî�çEô ò õð÷ ë è³ó�ô ë ç*ø6î��%ì�öðö¨í�� ê õlü ë¼û ç ê õðøðóðô ë¼ê¶ù ç ê õ ñ ç&è¼ç*õðô�ç*÷ ë ò
ë¼û ç ÷¼ç&ç*øxý

� í¶ç*ì�è³í���þ ë¼û ç�ç ù ò í¶ó ë¼ê ò õðì�è@� ñ è³ì�éIç&ú ò è�� ê ÷ ù ç&è�����ç�� ê î�íaç�ýz�cø�ø êaë¼ê ò õðì�í ò ö�ç&è³ì ë ò è³÷Qé>ì��hî�ç�óð÷�ç*ø
ë ò ô ò õ � ç*ô ë ólè³ç6ô&ì�õðø ê øðì ë ç%÷ ò í¶ó ë¼ê ò õð÷&ý �cò ú�ç ù ç&è*þ ë¼û ç%õlç&ç*ø ñ�ò è
÷¼óðô û ì é\óðí ë¼ê ��÷ ë è³ì ë ç&ü��@ì�öðöðè ò ì�ô û
ê õðø ê ô&ì ë ç*÷ ë¼û ì ë ø ê K ç&è¼ç*õ ë ò ö�ç&è³ì ë ò è³÷ û ì ù çàø ê K ç&è¼ç*õ ë é>ç&è êaë ÷&ý Z ólè ë¼û ç&è³é ò è¼ç�þ ë¼ûðê ÷ ê ÷E÷���éIö ë ò é>ì ë¼ê ô
ò�ñ ì�õ ê õðì�øðç��'óðì ë ç ë¼û ç ò è�� ò õ ë¼û ç�ô ò õð÷ ë èSóðô ë¼ê ò õ ò�ñ ô&ì�õðø ê øðì ë ç�÷ ò í¶ó ë¼ê ò õð÷&ý
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ÆgÇq��Ç�É � �!��Ñ�ÐXÕªÑðËHÐO��Ð{�¡�!��Ñ�ÏM"5ÑlÔ�Ð
� ç*ô ë¼ê ò õ�÷o]�ý B ì�õ�øS]�ý ? û ì ù ç#ølç*÷¼ô�è ê î�ç*ø ë¼û çVóð÷¼ç ò�ñ ç ù ò í¶ó ë¼ê ò õ�ì�è�� ì�íaü ò è ê¶ë¼û é>÷ ë ò ÷�ç*ì�è³ô û ñ�ò ègú�ç*í¶í¢� ñkò è³éIç*ø
ñkò è³é�ó�í¶ì�ç�ý U ç*ô&ì�ízí ë¼û ì ë ò õðçMì�öðöðè ò ì�ô û%ê ÷pî��3é>ì�öðö ê õlü ñ�ò è³é\óðí¶ì�ç ë ò î ê õðì�è��
÷ ë è ê õðü�÷�ì�õðø ë¼û ç ò ë¼û ç&è
ê ÷ ë ò é>ì�õ ê ö�óðí¶ì ë çN÷	��é î ò í ê ô è¼ç&ö�è¼ç*÷�ç*õ ë ì ë¼ê ò õð÷�ø ê è¼ç*ô ë í���ý ��ò ú7ç ù ç&è*þgì�õ ò ö�ç*õ ê ÷¼÷³ólç\ô ò éMé ò õ ë ò î ò ë¼û
ì�öðöðè ò ì�ô û ç*÷ ê ÷cú û ì ë ÷ û ò óðí¶ø ë¼û çNö ò ö�óðízì ë¼ê ò õ è³ç&öðè¼ç*÷�ç*õ ë Ø@n õlçIì�öðö�è ò ì�ô û3ê ÷ ë ò ó�÷�ç ë¼û çNö ò ö¨óðí¶ì ë¼ê ò õ
ë ò è³ç&öðè¼ç*÷�ç*õ ë ì ÷ ê õlü�íaç ñkò è³é�ó�í¶ì � ì�õ��2ö�ì�è ë ò�ñ ë¼û ç ñkò è³é�ó�í¶ì�é�ó�÷ ë ô ò éIö�ç ë çMú êaë¼û ì�í¶í ò ë¼û ç&è ö�ì�è ë ÷ ë ò
ç*õð÷¼óðè¼ç êaë è¼ç*é>ì ê õ�÷ ê õ ë¼û ç ñkò è³é\óðí¶ì�ý���í ë ç&è³õ�ì ë¼êaù ç*í���þ ë¼û ç ö ò ö�óðízì ë¼ê ò õ�è¼ç&ö�è¼ç*÷�ç*õ ë ÷cìE÷�ç ë ò�ñ ô ò éIö�ç ë¼ê õlü
ñkò è³é�ó�í¶ì�ç �¨ñkò è³é\óðí¶ì�ç\é�óð÷ ë ô ò éIö�ç ë ç\ú êaë¼û ò õðç�ì�õ ò ë¼û ç&è ë ò é ò ølç*í ë¼û ç�öðè ò î�í¶ç*éLø ò é>ì ê õxý#æ ûðê ÷�é>ì��
î�çAç���ö�è¼ç*÷¼÷�ç*ø�é ò è¼çAè ê ü ò è ò ó�÷¼í��Qì�÷ ñ�ò í¶í ò ú�÷&ý
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æ û ç ü èS÷ ë ú ò è�� ò õCç ù ò í ù�ê õðü øðç*ô&í¶ì�è³ì ë¼êaù ç2è¼ç&öðè³ç*÷�ç*õ ë ì ë¼ê ò õð÷Xú�ì�÷�ó�õðølç&è ë ìO��ç*õFî�� ��ò ízí¶ì�õðøÎì�õðø
U ç ê¶ë é>ì�õ|ÿ �cò í¶í¶ì�õðø �,U ç êaë é>ì�õxþ þ����nÿ�����ò ízí¶ì�õðøxþ þ��Hÿ�J � ê õ�ú ûðê ô û ë¼û çX�hç ù ò í ù ç*øCö�è ò ö ò ÷ êaë¼ê ò õð÷ ò�ñ
ü è³÷ ë ò è³øðç&èpí ò ü ê ô�ý ��ò ízí¶ì�õðø � ÷p÷	��÷ ë ç*éYì�ø ò ö ë ç*ø ë¼û çNè³ó�íaç���é>ì�öðö ê õlüMì�öðöðè ò ì�ô û ý � ólî�÷�ç���ólç*õ ë í���þ � é êaë¼û
ÿ � é ê¶ë¼û þ þ��Hÿ����l� é êaë¼û þ þ��Hÿ:? �góð÷�ç*øNì�è³óðíaç���÷¼ç ë éMì�öðö ê õlü ê õ ûðê ÷  � � þ ÷	��÷ ë ç*é�ý[��÷5ì�è¼ç*÷³óðí ë ò�ñ ë¼ûðê ÷ªç*ì�è³í��
ú ò è��¨þ´ì
÷	��÷ ë ç*é ë¼û ì ë ì�ø ò ö ë ÷Nì è³ó�íaçMé>ì�öðö ê õlü ê ÷ ë ç&è³éIç*øhì ¿ d�� � da¾ ^�~ ^eb�b ¿ ª*^ � � þ7ú û�ê íaçMì
÷	��÷ ë ç*é
ë¼û ì ë ç*é>ö�í ò ��÷#ìIèSóðíaç���÷�ç ë é>ì�ö�ö ê õlü ê ÷#ô&ì�í¶í¶ç*ø�ì �_d ]�]�^eb�b ¿ ª*^ � � ÿ ú ç û�ò õlülþ þ��HÿHÿ �Sý
æ û çpø ê ÷ ë¼ê õðô ë¼ê ò õMî�ç ë ú�ç&ç*õ�óð÷ ê õlü\ç ù ò í¶ó ë¼ê ò õðì�è@�Qì�íaü ò è ê¶ë¼û é>÷_ú êaë¼ûEë¼û çpè³ó�íaçAé>ì�öðö ê õðü�ì�õðøXè³ó�íaç���÷�ç ë

é>ì�öðö ê õlü ê ÷ ò�ñ ö¨ì�è ë¼ê ô&óðí¶ì�è ê éIö ò è ë ì�õ�ô�ç � ë¼û ç�è ò í¶ç ò�ñ ë¼û ç�ç ù ò í¶ó ë¼ê ò õðì�è�� ò ö�ç&è³ì ë ò èS÷ ê õ ç*ì�ô û ì�öðöðè ò ì�ô û
ê ÷D��ó êaë ç�ø ê K ç&è¼ç*õ ë ì�õðø�ü ò ù ç&è³õð÷ ë¼û ç í ò ü ê ô ñkò è³é\óðí¶ì�ç�ô ò õ � ç*ô ë ólè¼ç*ø ý


 õ é ò ÷ ë öðè ò î�íaç*é@ø ò éMì ê õð÷ ò�ñ ê õ ë ç&è¼ç*÷ ë þ�ì�÷ ò í¶ó ë¼ê ò õ�ô ò õð÷ ê ÷ ë ÷ ò�ñ ìc÷�ç ë ò�ñ è³óðíaç*÷&ý ��ò õð÷�ç���ólç*õ ë í���þ:ú êaë¼û
ìpè³óðí¶ç���÷�ç ë é>ì�öðö ê õðülþ:ç*ì�ô ûMê õ�ø êaù�ê øðóðì�í ê õ ë¼û çVö ò ö�ó�í¶ì ë¼ê ò õ�è¼ç&öðè¼ç*÷�ç*õ ë ÷�ìAô ò éIö�í¶ç ë ç#ô&ì�õðø ê øðì ë çV÷ ò ízó ë¼ê ò õxý
��õ ê éIö ò è ë ì�õ ë ì�ø ù ì�õ ë ì�ü�ç ò�ñ ë¼ûðê ÷7ì�öðöðè ò ì�ô ûMê ÷ ë¼û ì ë�ë¼û ç ü ë õlç*÷¼÷ ò�ñ ì�õ ê õðø êaù�ê øðó�ì�í ë ìO��ç*÷ ê õ ë ò ì�ô&ô ò óðõ ë
è³óðí¶ç ê õ ë ç&è³ì�ô ë¼ê ò õð÷&ý �cò ú�ç ù ç&è*þ ë¼û ç´÷ ò í¶ó ë¼ê ò õpç*õðô ò ø ê õðü ê ÷ é ò è¼ç´ô ò éIö¨í ê ô&ì ë ç*ø�ì�õðø í ò õlü�ç&è*ý Z ólè ë¼û ç&èSé ò è¼ç�þ
ü�ç*õlç ë¼ê ô ò ö�ç&è³ì ë ò è³÷ û ì ù ç ë ò î�ç�ì*ú_ì�è¼ç ò�ñ ë¼û ç�î ò ó�õðøðì�è ê ç*÷�î�ç ë ú7ç&ç*õ\è³óðí¶ç*÷&þÙú ûðê ô û è¼ç���ó ê è¼ç*÷ªé ò ø ê ü ô&ì ë¼ê ò õ
ò�ñ ë¼û ç�÷ ë ì�õðø�ì�è³ø�ü�ç*õlç ë¼ê ô ò ö�ç&èSì ë ò è³÷&ý


 õ ë¼û ç�è³ó�íaç���é>ì�öðö ê õlü>ì�öðöðè ò ì�ô û þ ë¼û ç\ç*õðô ò ø ê õlü ò�ñ ë¼û ç ê õ�ø êaù�ê øðóðì�í ê ÷cî ò ë¼û ÷ ê éIö�íaç&è�ì�õ�ø-÷ û ò è ë ç&è
ì�õðøI÷ ê õðô�ç ë¼û ç#÷ ê � ç ò�ñ ë¼û ç#÷�ç*ì�èSô û ÷¼ö�ì�ô�ç ê ÷gç���ö ò õðç*õ ë¼ê ì�í ê õ ë¼û ç#íaç*õlü ë¼û ò�ñ ë¼û ç#÷ ë è ê õlülþ ë¼û ç#÷¼ç*ì�è³ô û ÷¼ö�ì�ô�ç
ú ê ízí¨ì�í¶÷ ò î�çA÷¼éMì�í¶íaç&è*ý �cò ú�ç ù ç&è*þ ë¼û çAö�è ò î�íaç*é ò�ñ ô ò õð÷ ë è³óðô ë¼ê õlüIìIô ò éIö�íaç ë ç�÷ ò ízó ë¼ê ò õ ê ÷V÷ ûðê ñ ë ç*ø ñ è ò é
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ü õðø ê õlü ë¼û çAè ê ü û'ë ÷ ò í¶ó ë¼ê ò õ ê õ ë¼û ç ÷�ç*ì�è³ô û ÷�ö¨ì�ô�ç ë ò é>ì ê õ ë ì ê õ ê õðüNìNö ò ö�ó�í¶ì ë¼ê ò õ ò�ñ ö¨ì�è ë¼ê ì�íx÷ ò í¶ó ë¼ê ò õð÷&ý
æ ûðê ÷Vô&ì�óð÷�ç*÷ ë¼û è³ç&ç�öðè ò î�í¶ç*é>÷&ý

Z ê è³÷ ë í���þ�÷ ê õðô�ç\è³óðíaç*÷�é�ó�÷ ë ô ò é>ö�ç ë ç ë ò ÷¼ólè ù�êaù ç ê õ ë¼û çNö ò ö¨óðí¶ì ë¼ê ò õxþ êaë�ê ÷�õðç*ô�ç*÷¼÷¼ì�è�� ë ò ç*÷ ë¼ê é>ì ë ç
ë¼û çMó ë¼ê í êaë � ò�ñ ì�è³ó�íaç�ý OÎû ç*õà÷�ç ù ç&è³ì�í7è³óðí¶ç*÷Aì�è¼ç>è¼ç���ó ê è¼ç*ø ë ò�ò ö�ç&è³ì ë ç ê õ3ô ò õ � óðõ�ô ë¼ê ò õxþ û ò ú�÷ û ò óðí¶ø
ò õlçIølç ë ç&è³é ê õlç ë¼û ç ê è ê õðø êaù�ê øðóðì�í ó ë¼ê í êaë � Ø æ û ç\ü�ì�éIç ò�ñ ô û ç*÷¼÷ ê ÷�ìXóð÷¼ç ñ óðígì�õðì�í ò ü���ý fcò ê õðø ê¶ù�ê ø�óðì�í
é ò ù ç ê ÷pì�í ò õlçNè¼ç*÷�ö ò õð÷ ê î�íaç ñ�ò èAú ê õðõ ê õlü ò è í ò ÷ ê õðü ë¼û çNü�ì�éIç � êaëpê ÷ ë¼û çI÷�ç���ólç*õðô�ç ò�ñ é ò ù ç*÷ ë¼û ì ë�ê ÷
ølç*ô ê ÷ êaù ç�ý´æ ûðê ÷ ê ÷Vì�õ ê õð÷ ë ì�õ�ô�ç ò�ñ ë¼û ç�ú7ç*ízí¢�=��õ ò ú�õ�ô�è¼ç*ø êaë ì�÷¼÷ ê ü�õ�éIç*õ ë ö�è ò î�íaç*é�ý
� ç*ô ò õ�øðí���þ�ç ù ò í¶ó ë¼ê ò õðì�è@��ì�íaü ò è êaë¼û éM÷ ë ç*õðø ë ò ô ò õ ù ç&è¼ü�ç ò õ
ìEóðõ ê ��ólç ÷ ò ízó ë¼ê ò õxý OÎûðê í¶ç ë¼ûðê ÷cé>ì��

î�ç#÷¼ó êaë ì�î¨íaç ñ�ò è�éMì�õ��Nöðè ò î¨íaç*é ø ò é>ì ê õ�÷&þ ñ�ò è7è³óðíaçVø ê ÷¼ô ò ù ç&è��Nî�ì�÷¼ç*ø ò õ ë¼û çVèSóðíaç���é>ì�öðö ê õlüpì�öðöðè ò ì�ô û þ
ô ò õ ù ç&è¼ü�ç*õðô�ç ê ÷ û�ê ü û í��>óðõ�ølç*÷ ê è³ì�î¨íaç�ý%��÷Vì�õXç��lì�éIö�íaçAô ò õð÷ ê ølç&è#ìNô&í¶ì�÷¼÷ ê ü ô&ì ë¼ê ò õXöðè ò î�í¶ç*é�þ'ú û ç&è¼ç ë¼û ç
ë ì�è¼ü�ç ë ô&í¶ì�÷¼÷ ê ü ç&è ê ÷´è¼ç&öðè³ç*÷�ç*õ ë ç*øEî�� ë¼û çcø ê ÷ � óðõðô ë¼ê ò õ ò�ñ ë ú ò�ò èVé ò è¼çcè³óðíaç*÷*ý ��ò õ ù ç&è¼ü�ç*õðô�ç ë ò ì ÷ ê õlü�íaç
À ò ö ë¼ê éMì�í � è³óðíaçAô ò è¼è³ç*÷�ö ò õðøð÷ ë ò ì>÷³ólî ò ö ë¼ê é>ì�í�ô&í¶ì�÷¼÷ ê ü ç&è ÿkè³óðí¶ç���÷�ç ë �Sý ��ò õð÷¼ç��'ólç*õ ë í���þðì�õ�ç ù ò ízó ë¼ê ò õðì�è��
ì�íaü ò è ê¶ë¼û é é\óð÷ ë ç*õðô ò ólè³ì�ü�ç ë¼û çXí ò ô&ì ë¼ê ò õ6ì�õ�ø%é>ì ê õ ë ç*õðì�õðô�ç ò�ñ é\óðí ë¼ê ö¨íaçIö�ì�è ë¼ê ì�í7÷ ò í¶ó ë¼ê ò õð÷ ê õ ë¼û ç
ö ò ö�óðí¶ì ë¼ê ò õxý 
 õ�ç ù ò í¶ó ë¼ê ò õðì�è��Xì�íaü ò è êaë¼û é>÷ ë¼ûðê ÷ ê ÷Vô&ì�í¶íaç*ø ~ d�� � d ~ ¾ ý
Z ê õðì�ízí���þlì�õ ò ë¼û ç&è�ö�è ò î�íaç*é ë¼û ì ë ì�è ê ÷�ç*÷Vú û ç*õ ë¼û ç�ç ù ò í¶ó ë¼ê ò õðì�è��Xì�íaü ò è êaë¼û éPé�ó�÷ ë é>ì ê õ ë ì ê õ�é\óðí¢�

ë¼ê ö�í¶çAö�ì�è ë¼ê ì�íx÷ ò ízó ë¼ê ò õð÷Vô ò õðô�ç&èSõð÷ ë¼û ç�ô�è ò ÷¼÷ ò ù ç&è ò ö�ç&è³ì ë ò è"ý � è ò ÷³÷ ò ù ç&è ò�ñ ø ê K ç&è¼ç*õ ë ö¨ì�è ë¼ê ì�í ÷ ò ízó ë¼ê ò õð÷
ÿ ê ý ç�ýIø ê ÷ � óðõ�ô ë ÷3�Vú ê í¶í ê õ
ü�ç*õlç&è³ì�í´íaç*ì�ø ë ò ÷ ò í¶ó ë¼ê ò õ�÷ ò�ñ í ò ú7ç&è ü ë õlç*÷¼÷ ë¼û ì�õ ë¼û ì ë ò�ñ ë¼û çIö�ì�è³ç*õ ë ÷&ý���÷
ì ô ò õ�ô�è¼ç ë çQç��lì�éIö�í¶ç�þ5ô ò õð÷ ê ølç&è ë¼û çQöðè ò î�í¶ç*é ò�ñ íaç*ì�è³õ ê õðü ë¼û ç Ú�ò�ò íaç*ì�õ ñ óðõðô ë¼ê ò õ ¬ �ÂÁ¡ÃÅÄ ÿ ¡¹R�« �Sþ
ú û ç&è³ç}ÆEÇNì�õðøzÇMÆ�ì�è³ç\÷ ò ízó ë¼ê ò õð÷cú êaë¼û-ûðê ü û ü ë õlç*÷¼÷&þ�ú ûðê íaçÈÆ�Æ�ì�õðøzÇwÇNì�è¼çI÷ ò ízó ë¼ê ò õð÷ ò�ñ í ò ú ü ë õðç*÷¼÷&ý

 õ ë¼ûðê ÷�ô&ì�÷�ç êaë7ê ÷�ô&íaç*ì�è ë¼û ì ë ô�è ò ÷¼÷ ò ù ç&è ò�ñ ë¼û ç ë ú ò ü ò�ò øE÷ ò í¶ó ë¼ê ò õð÷´ú ê í¶ílè¼ç*÷¼ó�í ë�ê õ ë¼û ç�ö ò�ò è7÷ ò í¶ó ë¼ê ò õð÷&ý
��í ë¼û ò ólü û�ë¼ûðê ÷ªç���ì�é>ö�íaç ê ÷¹èSì ë¼û ç&è�ô ò õ ë è ê¶ù ç*øxþ ê õ�ü�ç*õlç&è³ì�í ë¼û ç&è¼ç ê ÷5ì�õNì�ø ù ì�õ ë ì�ü�ç ò�ñ í ê é êaë¼ê õlü#ô�è ò ÷¼÷ ò ù ç&è
ì�é ò õlü ë¼û ç ê õðø êaù�ê øðóðì�íz÷ ò�ñ ë¼û çQ÷¼ì�éIçQö�ì�è ë¼ê ì�í7÷ ò í¶ó ë¼ê ò õxýEæ ûðê ÷ ê ÷�ô&ì�í¶íaç*ø ¿ [�}e] ¿edj� ]�[¼º3�>^�] d ~ ¾ ý 
 õ ë¼û ç
õlç�� ë ÷�ç*ô ë¼ê ò õ�÷&þlú7ç�ø ê ÷¼ô&óð÷³÷ û ò ú ë¼û ç*÷�ç í ê é êaë ì ë¼ê ò õ ò�ñ ë¼û çAè³óðíaç���éMì�öðö ê õlüNì�öðöðè ò ì�ô û ì�è³ç�ì�øðølè¼ç*÷¼÷¼ç*øxý

ÆgÇq��Ç�Æ ÖE×¹ÒªÕ¹ÑðËlÉ Ñ¨Òd&�Ñ ÌxÒd *ÊàÓ�Ð5ËG�7Òd&�Ô�Ó�ÕªÑÍÌ�× Ë'Í¹�d��Ì�Ñ
�cöðöðè ò ì�ô û ç*÷ ë ò õ ê ô ûðê õlüCì�è¼ç ë �'ö ê ô&ì�í¶í��Îî�ì�÷�ç*ø ò õ|ì�í ë ç&è ê õlü ç ê¶ë¼û ç&è ë¼û ç%ç ù ò í¶ó ë¼ê ò õðì�è��@ì�íaü ò è ê¶ë¼û é � ÷
÷�ç*íaç*ô ë¼ê ò õ ò ö�ç&èSì ë ò è#ì�÷ ê õ �*¿ ª � º d ~ ¾ ò è ë¼û ç ü ë õlç*÷³÷ ñ óðõ�ô ë¼ê ò õQì�÷ ê õÈÎ ]j~�[e}S}c}S��^ ¿ed ~ ¾ ÿ ù ì û ñ�ò óðø þ þ������ �Sý
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æ û ç&è³ç ì�í¶÷ ò ç�� ê ÷ ë ì�öðöðè ò ì�ô û ç*÷ ë¼û ì ëcê õ�ô ò è¼ö ò è³ì ë ç õ ò õ���ü�ç*õðç ë¼ê ô ò ö�ç&è³ì ë ò è³÷ ë ò ü�è ò ólö ö�ì�è ë¼ê ì�í¹÷ ò ízó ë¼ê ò õð÷
ë ò ü�ç ë¼û ç&è*ý O ç è¼ç ñ ç&è ë ò ë¼û ç*÷�ç ì�öðöðè ò ì�ô û ç*÷cì�÷ ¾�¿ ª � b d ~ ¾ ªSbl[ ¿ ^�]=ª ¿ } ý
À ¿ ª � º d ~ ¾ ÿ ú ç û�ò õlülþ þ�����G � ê ÷�î�ì�÷�ç*ø ò õXóð÷ ê õðü�ìNé ò ø ê ü ç*øE÷�ç*íaç*ô ë¼ê ò õ ò ö�ç&è³ì ë ò è ë¼û ì ëVê õ�÷�ç&è ë ÷�õlç&ú

÷ ò í¶ó ë¼ê ò õð÷ ê õ ë ò ë¼û ç-ö ò ö¨óðí¶ì ë¼ê ò õhî��hè³ç&ö�í¶ì�ô ê õlüà÷ ê é ê í¶ì�èI÷ ò ízó ë¼ê ò õð÷&ýCæ ûðê ÷>éMìO��ç*÷M÷�ç*íaç*ô ë¼ê ò õ öðè¼ç*÷³÷¼ólè¼ç
ûðê ü û ç&èEì�é ò õðü�÷ ë ÷ ê é ê í¶ì�èM÷ ò í¶ó ë¼ê ò õð÷Eì�õðø ë¼û ç&è¼ç&î�� ç*õðô ò ólèSì�ü�ç*÷ ë¼û ç ñ�ò è³éMì ë¼ê ò õ ò�ñ ÷¼ólî�ö ò ö¨óðí¶ì ë¼ê ò õð÷*ý
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ç Ï ô ê ç*õ ë í��A÷�ç*ì�è³ô û ízì�è¼ü�ç�ì�õðø�ô ò éIö�íaç���÷�ö�ì�ô�ç*÷*ý5æ û�ê ÷�öðè ò ö�ç&è ë � û ì�÷¹é ò ë¼êaù ì ë ç*ø ë¼û ç�óð÷�ç ò�ñ ç ù ò ízó ë¼ê ò õðì�è��
ì�íaü ò è ê¶ë¼û é>÷ ñ�ò èVé>ì�ô ûðê õlçAíaç*ì�èSõ ê õlü�öðè ò î�íaç*éM÷&þ'é ò è³çp÷¼ö�ç*ô ê ü ô&ì�í¶í���þ�ø ê ÷¼ô ò ù ç&è ê õlüN÷ ò í¶ó ë¼ê ò õð÷ ê õ ë¼û çp÷¼ö�ì�ô�ç
ò�ñ ô ò éIö�ó ë ç&è�öðè ò ü�è³ì�é>÷*ý


 õ ë¼û�ê ÷ ô û ì�ö ë ç&è*þ ë¼û çX÷¼ó ê¶ë ì�î ê í êaë � ò�ñ ó�÷ ê õlü�ç ù ò ízó ë¼ê ò õðì�è��àì�í¶ü ò è êaë¼û é>÷ ë ò ç ù ò í ù çXô ò é>ö�ó ë ç&è\öðè ò �
ü�è³ì�é>÷2ú_ì�÷3ô ò õð÷ ê ølç&è¼ç*øxý  ì�õðü�óðì�ü�ç*÷3ú û ò ÷¼çh÷	��õ ë ìG�9ô&í ò ÷�ç*íJ� é ê è¼è ò è ë¼û ç ê è2÷¼ç*é>ì�õ ë¼ê ô&÷3ì�è¼ç�é ò è¼ç
ì�éIç*õðì�î¨íaç ë ò é>ì�õ ê ö�ó�í¶ì ë¼ê ò õxý%æ ûðê ÷\÷ ë è ò õlü�í��hé ò ë¼êaù ì ë ç*÷ ë¼û ç�óð÷¼ç ò�ñ ølç*ô&í¶ì�èSì ë¼êaù ç�í¶ì�õlü�óðì�ü�ç*÷Nú û ç&è¼ç
ìhô û ì�õlü�ç ê õ öðè ò ü�è³ì�é ÷���õ ë ìG��ÿkü�ç*õlç&èSì�í¶í���� û ì�÷Xìhô ò è¼è¼ç*÷�ö ò õðø ê õlü6ô û ì�õlü�ç ê õ ë¼û ç2÷�ç*é>ì�õ ë¼ê ô&÷ ò�ñ ì
öðè ò ü�èSì�é�ý �_ò õð÷�ç���ólç*õ ë íJ��þ ë¼ûðê ÷ ë¼û ç*÷ ê ÷ ñ�ò ô&óð÷�ç*÷ ò õ ë¼û çXó�÷�ç ò�ñ ç ù ò í¶ó ë¼ê ò õðì�è��hì�íaü ò è êaë¼û éM÷ ë ò ç ù ò í ù ç
ñkò è³é�ó�í¶ì�ç ò�ñ&ü è³÷ ë � ò è³øðç&è#í ò ü ê ô�ý
� ��ì�é ê õðì ë¼ê ò õ ò�ñ öðè¼ç ù�ê ò óð÷_è¼ç*÷¼ç*ì�è³ô û-ê õðø ê ô&ì ë ç*÷ ë¼û ì ë#ë¼û ç&è¼ç�ì�è¼ç õ�óðé î�ç&è ò�ñ ølç*÷ ê ü�õ�ølç*ô ê ÷ ê ò õ�÷ ë¼û ì ë

õlç&ç*ø ë ò î�çXé>ì�ølç , ÿ þ � ë¼û çXè¼ç&öðè¼ç*÷�ç*õ ë ì ë¼ê ò õ ízì�õlü�óðì�ü�ç�þcÿK]l� ë¼û ç ò ö�ç&è³ì ë ò èS÷Iì�õðø ÿ B �Nì�õhç ù ì�í¶ó�ì ë¼ê ò õ
ñ óðõðô ë¼ê ò õ ñkò è ñkò è³é�ó�í¶ì�ç�ý�æ û ç*÷¼ç�ô&ì�õ�î�ç�ô&í¶ì�÷¼÷ ê ü ç*ø�ì�í ò õlü ë¼û ç ñkò í¶í ò ú ê õlüIø ê éIç*õð÷ ê ò õ�÷ ,

þ ý � û ò óðí¶ø ë¼û çcö ò ö�óðízì ë¼ê ò õ>ô ò è¼è¼ç*÷¼ö ò õ�ø ë ò\ò õlç�í ò ü ê ô ñkò è³é\óðí¶ì�þ ò è�é\óðí ë¼ê ö¨íaç#ô ò éIö�ç ë¼ê õlü ñ�ò è³é\óðí¶ì�ç Ø

]�ý � û ò óðí¶ø ñkò è³é\óðí¶ì�ç î�ç�é>ì�ö�ö�ç*ø ë ò ìMî ê õðì�è��E÷ ë è ê õðülþ ò è�÷ û ò óðí¶ø ë¼û ç�ç ù ò í¶ó ë¼ê ò õ�ì�è�� ò ö�ç&èSì ë ò è³÷�î�ç
é ò ø ê ü ç*ø ë ò é>ì�õ ê ö�óðí¶ì ë çpí ò ü ê ô ñkò è³é\óðí¶ì�ç Ø

B ý � û ò óðí¶ø|ç ù ò í¶ó ë¼ê ò õ�ì�è�� ò ö�ç&è³ì ë ò è³÷2î�ç�÷¼ólöðö¨íaç*éIç*õ ë ç*ø ò è3è¼ç&ö¨í¶ì�ô�ç*ø9ú êaë¼û ü�ç*õlç&è³ì�í ê ÷¼ì ë¼ê ò õ�ì�õðø
÷¼ö�ç*ô ê ì�í ê ÷¼ì ë¼ê ò õ ò ö�ç&è³ì ë ò è³÷ Ø

? ý �cò ú9ô&ì�õ ë¼û ç ü ë õlç*÷¼÷ ò�ñgñkò è³é�ó�í¶ì�çAî�ç�ølç ë ç&è³é ê õðç*ø Ø
�C÷¼óðé>é>ì�è@� ò�ñ ç ù ò í¶ó ë¼ê ò õ�ì�è�� íaç*ì�è³õ ê õlüc÷���÷ ë ç*éM÷5ø ê ÷¼ô&óð÷¼÷¼ç*ø ê õ ë¼ûðê ÷gô û ì�ö ë ç&è ê ÷5÷ û ò úcõ ê õ�æ5ì�î�íaçD]�ý9]�ý

?HG



ÆgÇuã5Ç�É )+$VÑ�Ò Ó�Ð�ÐO�´Ñ�Ð

þ ý 
 õ ë¼û ç�÷�ç ë�ë¼ê õlü ò�ñ íaç*ì�è³õ ê õðü
í ò ü ê ô ñkò è³é\óðí¶ì�ç�þ ê ÷ êaë ö ò ÷¼÷ ê î¨íaç ë ò ølç ë ç&è³é ê õlçEú û ç ë¼û ç&èIì2î ê õ�ì�è��
éMì�öðö ê õlü ê ÷Vì�ø ù ì�õ ë ì�ü�ç ò óð÷ ò ù ç&è�÷	��é�î ò í ê ô�ç ù ò í¶ó ë¼ê ò õ Ø

]�ý�æ û ç&è¼ç ê ÷>÷ ò éIç ô ò õ ë è ò ù ç&è³÷�� è¼ç&ü�ì�è³ø ê õlü2ú û ç ë¼û ç&è ë¼û ç�ç ù ò í¶ó ë¼ê ò õ�ì�è��hì�í¶ü ò è êaë¼û é � ÷>ö ò ö¨óðí¶ì ë¼ê ò õ
÷ û ò óðí¶ø�ô ò õð÷ ê ÷ ë ò�ñgò õlç ÷¼ç ë ò�ñ è³óðíaç*÷ ò è�ì>ö ò ö�óðízì ë¼ê ò õ ò�ñ èSóðíaç�÷�ç ë ÷&ý 
 ÷ ë¼û ç&è¼ç\ì�õ�ì�õð÷�ú�ç&è ë ò ë¼ûðê ÷
��ólç*÷ ë¼ê ò õ Ø

B ý ��ù ò í¶ó ë¼ê ò õ�ì�è�� ì�íaü ò è ê¶ë¼û é>÷Eì�è¼ç2ü�í ò î�ì�í ò ö ë¼ê é ê ÷¼ì ë¼ê ò õCöðè ò ô�ç*øðólè¼ç*÷3ÿ m ç*ô�� �¶ú û ì*ú_ì�õxþ þ�����G �Sý
�cò ú�ç ù ç&è*þ�ì�õ ò ö ë¼ê é ê ÷¼ì ë¼ê ò õ�é\óð÷ ë ô ò éIö�è ê ÷�ç ò�ñ î ò ë¼û í ò ô&ì�í#ì�õðø�ü�í ò î�ì�í#÷ ë è³ì ë ç&ü ê ç*÷
ÿjæ^äò èSõ �
åæxê í ê õð÷��:ì�÷&þ þ��Hÿ�� þ�ö�ì�ü�ç þ�? �Sý6æ û çXóð÷�ç ò�ñ û ��îðè ê øhí ò ô&ì�í7ì�õðøhü�í ò î¨ì�í�÷ ë è³ì ë ç&ü ê ç*÷ ñkò èIõ'óðé>ç&è ê ô&ì�í
ò ö ë¼ê é ê ÷¼ì ë¼ê ò õ û ì�÷Aî�ç&ç*õ3÷ û ò ú�õ ë ò î�ç ù ç&è��3÷¼óðô&ô�ç*÷¼÷ ñ óðí#ÿ ú ì ù�ê ÷*þ þ����vþ��[� ì�è ë � Ú ç*íaç&ú�þ þ�����J �Sý
� ì�õ ë¼û çIíaç*ì�è³õ ê õðü ò�ñ í ò ü ê ô ñ�ò è³é\óðí¶ì�ç\î��-ô ò õ ù ç*õ ë¼ê ò õ�ì�í�ç ù ò í¶ó ë¼ê ò õ�ì�è�� íaç*ì�è³õ ê õlüXì�íaü ò è êaë¼û éM÷cî�ç
ê éIöðè ò ù ç*ø�îw� ë¼û ç ê õ ë è ò øðóðô ë¼ê ò õ ò�ñ ì>í ò ô&ì�íx÷�ç*ì�èSô û ÷ ë è³ì ë ç&ü�� Ø

? ý ��ù ò í¶ó ë¼ê ò õ�ì�è��àì�íaü ò è êaë¼û é>÷ ì�è¼ç�÷�ç*ì�èSô û öðè ò ô�ç*øðólè¼ç*÷ ë¼û ì ë ì�è¼çEì�î¨íaç ë ò ÷�ç*ì�è³ô û ô ò éIö�íaç��6÷¼ö�ì�ô�ç*÷
ú êaë¼û ò ó ë è¼ç��'ó ê è ê õlü�ö�è ê ò èÅ��õ ò úcíaç*ølü�ç ò�ñ ë¼ûðê ÷\÷�ö�ì�ô�ç�ý �cò ú�ç ù ç&è*þ ê õ%é>ì�õw�3öðè ò î¨íaç*é ø ò éMì ê õð÷&þ
ö�è ê ò èD��õ ò ú�í¶ç*ølü�ç ê ÷#ì ù ì ê ízì�î�íaç�ý � ì�õ ë¼û�ê ÷_öðè ê ò èD��õ ò ú�íaç*ølü�çAî�ç�óð÷�ç*øXç K ç*ô ë¼êaù ç*í�� ê õ�ø ê ÷¼ô ò ù ç&è ê õlü
í ò ü ê ô ñ�ò èSé�óðízì�ç Ø
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ç èêé¦ë�ìSíïî ð

ñóòõô÷öùø�ú û üýøþô ÿ������

� óðô&ô�ç*÷³÷ ñ ó�íªì�öðö¨í ê ô&ì ë¼ê ò õ ò�ñ é>ì�ô ûðê õlçNíaç*ì�è³õ ê õlüMì�íaü ò è ê¶ë¼û é>÷ ûðê õlü�ç*÷ ò õ ë¼û çN÷�ö�ç*ô ê ü ô&ì ë¼ê ò õ ò�ñ ë¼û ç\è ê ü û'ë
÷�ö�ì�ô�ç ò�ñ û ��ö ò ë¼û ç*÷�ç*÷ ë ò î�ç>÷�ç*ì�èSô û ç*øxý Z ê õðø ê õlü ë¼û�ê ÷�÷�ö�ì�ô�ç ê ÷�ì�ô û ì�í¶íaç*õlü�ç ë¼û ì ë é>ì�ô ûðê õlçMí¶ç*ì�è³õ ê õlü
öðè³ì�ô ë¼ê¶ë¼ê ò õlç&è³÷>é\óð÷ ë è³ç&ü�óðí¶ì�è³í�� ì�øðølè³ç*÷¼÷&ý 
 õ ë¼û ç ê ølç*ì�íVô&ì�÷�ç�þ ò õlç�ú ò óðí¶ø ÷�ö�ç*ô ê ñ �hì%í¶ì�è³ü�ç�÷�ö�ì�ô�ç ò�ñ
û �'ö ò ë¼û ç*÷�ç*÷5ì�õðø ö�ç&è ñ�ò è³é|ìcô ò é>ö�íaç ë ç7÷¼ç*ì�è³ô û ÿjì�÷¼÷¼ó�é ê õlü ë¼û ç&è¼ç ê ÷¹÷¼ó Ï ô ê ç*õ ë¹ë è³ì ê õ ê õðü�øðì ë ì��Sý ��ò ú7ç ù ç&è
ñkò è�é ò ÷ ëAê õ ë ç&è¼ç*÷ ë¼ê õlüXöðè ò î�íaç*é>÷�ì�õ2ç�� û ì�óð÷ ë¼êaù çI÷�ç*ì�è³ô ûàê ÷pô ò éIö�ó ë ì ë¼ê ò õðì�í¶í�� ê õ ë èSì�ô ë ì�î�íaç�ý � ç*ì�è³ô û ò�ñ
í¶ì�è¼ü�ç&è û ��ö ò ë¼û ç*÷ ê ÷g÷�ö�ì�ô�ç*÷ ê ÷ ò õ�í�� ë è³ì�ô ë ì�î¨íaç ê ñðò õlç#÷³ì�éIö�íaç*÷ û ç*ólè ê ÷ ë¼ê ô&ì�í¶íJ� ò è7÷ ë ò ô û ì�÷ ë¼ê ô&ì�ízí���ý n õlçVô&ì�õ
ë¼û ç*õàõ ò í ò õlü�ç&è�ü�óðì�è³ì�õ ë ç&ç ü õ�ø ê õlü ò ö ë¼ê é>ì�í û ��ö ò ë¼û ç*÷�ç*÷&ý Z ólè ë¼û ç&è³é ò è¼ç�þ ú û ç*õ3÷�ç*ì�è³ô ûðê õlü�÷ ë ò ô û ì�÷5�
ë¼ê ô&ì�í¶íJ� ë¼û çMöðè ò î�ì�î ê í êaë � ò�ñ ç��lì�é ê õ ê õlü�ì�õ�� ò õlçQ÷ ò í¶ó ë¼ê ò õ3øðç*ô�è¼ç*ì�÷�ç*÷\ì�÷ ë¼û çMõ�óðé�î�ç&è ò�ñ û ��ö ò ë¼û ç*÷�ç*÷
ü�è ò ú�÷-ÿjì�÷¼÷³óðé ê õlü3ì3óðõ ê ñ�ò èSé ÷³ì�éIö�í ê õðü ò ù ç&èE÷ ò ízó ë¼ê ò õð÷3�Sýï� ë>ë¼û�ê ÷Nö ò ê õ ëIêaë>ê ÷Ióð÷�ç ñ óðí ë ò ølè³ì"ú ò õ
ô&í¶ì�÷¼÷ ê ô&ì�í ò ö ë¼ê é ê ÷¼ì ë¼ê ò õXú û ç&è³ç�÷ ë ò ô û ì�÷ ë¼ê ô ÷¼ì�éIö�í ê õlü ê ÷Vô ò é>é ò õxý

���	� 
 ÄÕ�,ò	ðSð(�,è ò���� ì�ñ(�<å �,ðSò�ñ(�@��ß�¦��ëd�+î"ä���ëÁîïð"ì°ëíè&ñ(�	�)ë
æ û ç\öðè ò î¨íaç*é ò�ñ ÷�ç*ì�è³ô ûðê õlü ë¼û è ò óðü û ìX÷�ö¨ì�ô�ç ò�ñ í ò ü ê ô ñkò è³é�ó�í¶ì�ç\ô&ì�õ2î�ç ñ�ò èSé�óðízì ë ç*ø
ì�÷Aì�õ ò ö ë¼ê é ê �
÷¼ì ë¼ê ò õ�öðè ò î�íaç*é�ý 
 õ ñkò è³é>ì�í¶íJ��þ ë¼û ç�öðè ò î�í¶ç*é ò�ñ íaç*ì�èSõ ê õlü ñkò è³é�ó�í¶ì�ç�é>ì��Eî�ç�÷ ë ì ë ç*ø ì�÷ , ü êaù ç*õ ìI÷¼ö�ì�ô�ç
ò�ñ û ��ö ò ë¼û ç*÷�ç*÷�ÿ ë¼û ç ñ ç*ì�÷ ê î�íaçA÷�ö�ì�ô�çM�#ì�õðø�ì�õ ò î � ç*ô ë¼êaù ç ñ óðõðô ë¼ê ò õxþlølç ë ç&è³é ê õðç ë¼û ò ÷�ç û �'ö ò ë¼û ç*÷�ç*÷ ë¼û ì ë
é>ìG� ê é ê ÷¼ç ë¼û ç ò î � ç*ô ë¼êaù ç ñ óðõðô ë¼ê ò õxý>æ ûðê ÷ ñ�ò èSé>ì�í ê ÷¼ì ë¼ê ò õ ê ÷Aóð÷�ç ñ óðígî�ç*ô&ì�óð÷�ç ë¼û çMè¼ç*÷¼óðí ë ÷ ò�ñ ô&í¶ì�÷³÷ ê ô&ì�í
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ò ö ë¼ê é ê ÷¼ì ë¼ê ò õ û ì ù çIìQî�ç*ì�è ê õlü ò õ ë¼ûðê ÷ ë ì�÷	��ý���ô&ô ò è³ø ê õlü ë ò ÿjæ^äò è³õ � åæ�ê í ê õð÷	��ì�÷&þ þ��Hÿ���� æ�ûðê ü�í � ì ù ÷��w��þ
þ����vþ �Sþ�ì�õ�ç K ç*ô ë¼ê¶ù ç ò ö ë¼ê é ê ÷¼ì ë¼ê ò õXöðè ò ô�ç*øðóðè¼çA÷ û ò óðí¶ø ë ìO��ç ê õ ë ò ì�ô&ô ò óðõ ëcë ú ò ô ò éIö�ç ë¼ê õlü>÷ ë è³ì ë ç&ü ê ç*÷ ,
vXtrgs~bx�tYe:u�tunrx�~onjtrnqp��ðw æ û çcü�í ò î�ì�í¨é>ìG� ê é�óðé ô&ì�õQî�ç ñ�ò ó�õðøMì�õw�'ú û ç&è¼ç ê õ ë¼û ç ñ ç*ì�÷ ê î�íaç�÷¼ö�ì�ô�ç�þ ë¼û ç&è¼ç��

ñkò è¼çNõ ò ö�ì�è ë ò�ñ ë¼ûðê ÷c÷�ö�ì�ô�çIô&ì�õ
î�ç\õlç&ü�í¶ç*ô ë ç*ø ê ñ ë¼û ç\ü�í ò î�ì�í5é>ìG� ê é�óðé ê ÷ ë ò î�ç ñ�ò ó�õðøxýpæ ûðê ÷
ç*õ�ô ò ólè³ì�ü�ç*÷�ìI÷ ë è³ì ë ç&ü�� ñkò è�óðõ ê ñkò è³é>íJ�Mø ê ÷ ë è ê î�ó ë¼ê õðü ë¼û ç�ö ò ê õ ë ÷ ò ù ç&è ë¼û ç ñ ç*ì�÷ ê î�íaç�÷¼ö�ì�ô�ç�ý

� g�jlx�tYeÙuw¤[m¹u�f%u�mEp�w æ û ç&è³ç ê ÷�ì û�ê ü û ç&è�ô û ì�õ�ô�ç ò�ñ�ü õðø ê õlücìAõðç&ú�î�ç*÷ ë ö ò ê õ ëgê õ ë¼û ç#õlç ê ü û î ò ólè û ò�ò ø
ò�ñ ì ö ò ê õ ë ú êaë¼û ì�è¼ç*í¶ì ë¼ê¶ù ç*í��Mí¶ì�è¼ü�ç ñ óðõðô ë¼ê ò õ ù ì�ízólç�ý�æ ûðê ÷7íaç*ì�øð÷ ë ò ì�÷ ë èSì ë ç&ü�� ê õMú ûðê ô û ö ò ê õ ë ÷
ì�è³ç õ ò õ���óðõ ê ñ�ò èSé>í��>ø ê ÷ ë è ê î�ó ë ç*ø þ�ì�õðø ì�è¼ç�ô ò õðô�ç*õ ë è³ì ë ç*ø2ì�è ò óðõðø ë¼û ç�ô&óðè¼è¼ç*õ ë î�ç*÷ ë ö ò ê õ ë ÷*ý


 õ@ô&í¶ì�÷¼÷ ê ô&ì�í ò ö ë¼ê é ê ÷¼ì ë¼ê ò õxþ ë¼û ç%ølç*÷ ê ü�õ ò�ñ ì éIç ë¼û ò ø ê õ ù ò í ù ç*÷ ÷�ç*í¶ç*ô ë¼ê õlü�î�ç ë ú�ç&ç*õ ë¼û ç*÷¼ç ë ú ò
÷ ë è³ì ë ç&ü ê ç*÷&ý �cò ú�ç ù ç&è*þlè³ì ë¼û ç&è ë¼û ì�õE÷�ç*íaç*ô ë¼ê õlü ò õlç�÷ ë è³ì ë ç&ü��Mì ë�ë¼û çcç��lô&í¶óð÷ ê ò õ ò�ñ ë¼û ç ò ë¼û ç&è*þ�æ^äò è³õEì�õðø
åæ�ê í ê õð÷	��ì�÷ ì�è¼ü�óðçzÓ�î�ç*ô&ì�óð÷¼ç�î ò ë¼û ü�í ò î¨ì�í7è³ç*í ê ì�î ê í êaë �3ì�õðø�í ò ô&ì�í�è¼ç ü õlç*é>ç*õ ë ì�è¼ç ê éIö ò è ë ì�õ ë ñ ç*ì ë óðè¼ç*÷
ò�ñ ìàéIç ë¼û ò ø�é ò ÷ ë ü�í ò î�ì�í ò ö ë¼ê é ê ÷¼ì ë¼ê ò õ�éIç ë¼û ò øð÷Iô ò õð÷ ê ÷ ë ò�ñ î ò ë¼û ìàü�í ò î�ì�íVì�õðø í ò ô&ì�íV÷ ë èSì ë ç&ü���þ
ì�õðø2õ ò ÷�ç&è ê ò ó�÷céIç ë¼û ò ø2ô&ì�õ3í¶ì�ô@� ë¼û ç\ü�í ò î�ì�íg÷ ë è³ì ë ç&ü���Ôàÿjæ^äò è³õ � åæ�ê í ê õð÷	��ì�÷&þ þ��Hÿ�� þ ö¨ì�ü�ç þ�? �Sý�æ û ç
ô û ò ê ô�ç î�ç ë ú�ç&ç*õ-ü�í ò î�ì�í è³ç*í ê ì�î ê í êaë �Mì�õ�ø í ò ô&ì�í è¼ç ü õlç*éIç*õ ë�ê ÷�ì ë è³ì�ølç�� ò�K ý 
 õ ë¼û ç ü�ç*õlç ë¼ê ô ì�íaü ò è ê¶ë¼û é>÷
í êaë ç&èSì ë ólè¼ç�þ ë¼ûðê ÷ ë èSì�ølç�� ò�K ê ÷�ô&ì�í¶íaç*ø ë¼û ç [@Ðeb Á ª ¿ ^�] d ª�~ » [ ¿ } � }�[@Ðeb Á ª d ]�^�] d ª�~-º dkÁ [&�N�I^ ÿ= ò í¶ølî�ç&è¼ülþ þ��Hÿ�� �Sý

����Â à ëÁè[�(å ìa�+ð(�:ñ(�@��ßá�(ó��Í�����/õ�ñ(�@��ß�ò	î"ä �²ëÁò	îïè;�
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¸£µAµ�W ¦A²A� §�ä � �7�
F�rvuKr_t SÃ|v¼�ÏE}2½0¾3» T¨}VUXW }VY0|vÏE{lÎ[Z�}K»EG x/Î�{�¾
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¢¥¤3W&è	W ®×¬ è WÃ¥ � ª�¤ �C� © ¦ © ¦A² ' � §8§ ·È¬�² W1° ´Å²A� ¯�W&è � ¦ © ®Í�A¦³² © · W ¦¨§ ©+° Æ ©ËÊ+� Ä?¦%§ ¤eW ®×¬ è · W&è ¼ § ¤eW
µ ¬ µ � ° © §«� ¬)¦ ª ¬ è¼è	W ´ µ ¬)¦³²A´Õ§8¬ © ´«�¶¦Ç� °-W�è � °-W ´ W § � Å W Æ è � °-W ´ ©�è W¥ª ¬)¦A´8§ è � ª § W ² ¿6Ê § ¤eW � W ¦ W §«� ª ¬ µ@W&è	© §8¬ è ´-¼
© ¦A² ´ W1°-W1ª §«�C¬)¦ ² W § W&è · � ¦ W ´ÈÆ ¤ � ª	¤�è � °YW ´È®×¬ è · § ¤eW ¦Â¦ ©+°Vè � °YW ´ W § � Ä?¦ § ¤3W ° © §8§ W&è ¼�§ ¤eW µ ¬ µ � ° © §«�C¬)¦
ª ¬ è¼è	W ´ µ ¬)¦³²A´ §8¬ © ¦6�A· ¿�W&è ¬+® ª ¬)· µ�W §«� ¦Ç� è � °-W ´ W §«´ � ¢ ¤eW � W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ ª ¬)¦A´8§ è � ª §�¦ W Æ è � °-W p
´ W §«´-¼ © ¦³² § ¤3W ´ W1°-W1ª §«�C¬)¦ µðè ¬ ª�W ´«´ �+¬Ln W&è ¦A´�Æ ¤ � ª�¤ Æ � ° °�è � °-W pû´ W §«´'Æ£� ° °A¿�W ²A� ´ ª-©�è ² W ² © ¦A²ÌÆ ¤ � ª	¤ Æ � ° °³¿�W
Æ W-µ §¥§8¬ ®×¬ è · ´«� ¿ ´ WRÇ � W ¦¨§�� W ¦ W&è�© §«�C¬)¦³´ �

� ¬)¦³´ WRÇ � W ¦2§ °CÊ ¼Õ§ ¤eW ´ W1©�è�ª�¤ ° ¬ ª-©+° �C§ Ê ®Í¬ è § ¤eW � W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ � ¦ § ¤eW §ûÆ ¬· ©7µ³µ � ¦Ç�)´ ©�è	W ª ¬)¦Ep
´«� ² W&è�©7¿³°CÊ ²A� ¯@W&è	W ¦¨§ º È W1ª §«�C¬)¦ �6� �)Á	��ä ¬+§ ¤Ï©7µAµðè ¬ ©+ª	¤eW ´ ¤A© n W § ¤eW � è · W&è � §«´�� ¦ ª�è �C§ W&è � © Æ ¤eW&è W § ¤3W ¬+§ ¤eW&è
� ´£² W ¦ ª � W ¦¨§ � Ä ¦ § ¤ � ´ ´ W ¦A´ W ¼³§ ¤3W ©7µAµðè ¬ ©+ª�¤eW ´ · ©1Ê ¿@W ª ¬)· µ³°-W · W ¦¨§ ©�è«Ê ¼ © ¦A² © ª ¬)· ¿ � ¦ © §«�C¬)¦ ¬+®�§ ¤eW � è
© ²en © ¦2§ © � W ´�� ´�² W ´«� è�©7¿Ú°-W+� ¢¥¤ � ´ è	© � ´ W ´ § ¤eW�Ç � W ´«§«�C¬)¦ " ²Ç¬ W ´ñ§ ¤3W ´«� ·±� ° § © ¦ W ¬)�³´ ´ W1©�è�ª�¤ § ¤lè ¬)�A� ¤ § ¤eW
´ µ³©+ª�W ¬+® è � °-W ´ © ¦A²Å§ ¤eW ´ µ³©+ª�W ¬+® è � °-W pû´ W §«´ °-W1© ²Å§8¬ �¶· µðè ¬on W ² °-W1©�è ¦A�¶¦Ç� µ@W&è ®×¬ è · © ¦ ª�Wb´ $
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á © ¦Ç� ï-ú£é+çGþ º á © ¦Ç� ï-ú£é+çGþ ¼ �1½+½�ç)Á ¼�² W ´ ª�è � ¿�W�© � W ¦ W&è�©+° ·È¬�² W1° ¬+®�·±� ° §«�gp °-W n W1° � W ¦ W §«� ª ©+° �+¬ è � § ¤ · ´-¼
Æ ¤ � ª�¤ § ¤eW-ÊAè W ® W&è §8¬ © ´ © ¦ ê � ¸ ��� n+¬ ° �Ç§«� ¬)¦ § © Æ W ´ µ³° ©+ª�W ¬)¦ ´ W n W&è�©+°6°-W n W1° ´ © ¦A²�´ ª-©+°YW ´ ´«� ·±� ° § © ¦ W ¬)�A´ °CÊ+�
Ä?¦ § ¤ �¶´£·È¬�² W1° ¼Â§ ¤eW�° ¬ËÆ W ´8§ °-W n W1°�ºÎ°-W n W1° �ËÁ � ´ æ �A´8§ ©Ìª ¬)¦±n W ¦¨§«�C¬)¦ ©+° � W ¦ W §«� ª±©+° �+¬ è �C§ ¤ · �?Ê ¬ØÆ W n W&è ¼ � ¦
§ ¤eW ¦ W�§ § °-W n W1° � µ"ºÎ°YW n W1°z�)Á ¼ W1©+ª�¤ � ¦A²A�-n�� ²A� ©+° � ´ © ¦ W ¦¨§«� è	W�°-W n W1° � � W ¦ W §«� ª ©+° �+¬ è �C§ ¤ · � Ä § ª ¬)· µðè � ´ W ´
¬+® § ¤eW µ ¬ µ � ° © §«� ¬)¦F¼ µ³©�è�© · W § W&è ´1¼K¦³§«¦ W ´�´ ®Í�A¦ ª §«�C¬)¦ © ¦A² © ¦ Ê ¬+§ ¤3W&è&W1°-W · W ¦¨§«´ è	WRÇ �A� è W ²¹§8¬ è	W-µðè	W ´ W ¦¨§
§ ¤eWÈ°-W n W1° ¬)¦ W � W ¦ W §«� ª±©+° �+¬ è �C§ ¤ · � È ¬Ç¼ W�¯@W1ª §«�-n W1° Ê ¼ ©ø°-W n W1°<� � W ¦ W §«� ª�©+° �+¬ è �C§ ¤ · �¶´ ©Ìµ ¬ µ � °¶© §«�C¬)¦ ¬+®
� W ¦ W §«� ªÅ©+° �+¬ è �C§ ¤ · ´ � È �¶· � ° ©�è�° Ê ¼ © °YW n W1° � � W ¦ W §«� ªÅ©+° �+¬ è �C§ ¤ · � ´ ©�µ ¬ µ � °¶© §«�C¬)¦ ¬+® °-W n W1°º� � W ¦ W §«� ª
©+° �+¬ è � § ¤ · ´-¼ © ¦A²Å´«¬ ®×¬ è § ¤F� Ä ¦Ï§ ¤eW Æ'¬ è ²A´�¬+® º á © ¦Ç� ï1ú'é7çCþ ¼ �1½+½�ç)Á ¼
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ÐÅÑ¨Ò�ÓÕÔ×ÖØÔÍÙÚÓÒ, Ü*�2� Þ8à ÑEÛÂÑ�4�� ã 6 ã 4ÍÑAå 7 ý�ï °-W n W1°¯� ªJÊ�ª-°-W îÚù��Ëí	ï�ï�ëÀì;åÀì����+ç×ç-�7÷�ì¢ç

á þoè�çéå2í	ï5å7çÍçK� ï�ì	ì¢å1ü6ï�ì���ù���� úÍý�ï õÍê7î��Çú'õ×ê³úûï-ù_�nå)í�ï#�7ê úÍý�ï�í���ù�ù8ï-ê³ú/� ïJì�ìnå1ü¨ï ç õ¶ìJúöþ
â þ#êc��� îëå7ù8ï*å7çÍç^� ï�ì	ì¢å1ü6ï�ì�ú��ìå7çÍç í �7êÂë7õÍúÎõ*�7êÇì�å7êÚë ù«ï«í �+ù?ë0å+ç×çK�;å+úöí-ý�ï�ì-þ
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ã þoí^�7ù�ïQå)íJý��;å+úöí-ý ü¨ïJê ïJù(å+úûï5å�� ïJì�ìnå1ü¨ï����7ù�úÍýÇï êÂïJ÷<� ï�ì�ìnå1ü¨ï ç õ×ì�úöþ
ä þoî ï îÚç£å)í	ïÈúÍý�ï�í���ù�ù8ï-ê³ú�� ïJì�ìnå1ü¨ï ç õ¶ìJú ó�( úÍý�ï êÂï-÷Ò� ïJì�ì¢åËü¨ï ç õ¶ìJúöþ
ï þoè�ù��Ëë��Aí	ï úÍýÇï"êÂïJ÷ ���Çú î��Çú"� ïJì�ìnå1ü¨ï ç õ×ì�úÌúÍý2ù����+ü+ý úÍý�ïð����ú î@��úÌõÍê³úûïJù5�nå)í	ï ú���îÚù'�1ë��Aí�ï ì�(ÀìJúûï��

����ú î@��úöþ
ð þ�÷�õÎúÍý�îÚù'�2ó)å¨óJõÍç õÎú)(²ñ �Á îÇï-ù_���7ù+� ç ïJô+ïJç á í-ù'�Àì	ì��7ô+ïJù
ò þ�÷�õÎúÍý�îÚù'�2ó)å¨óJõÍç õÎú)(²ñ �� îÇïJù5���+ù�� çCï-ô7ï-ç á �A�Çúrå+úÎõ*�7ê
ó þ±í��7êÇìJúÎù��Aí1ú êÂï-÷ ç ïJô+ïJç á îE�	î@�6ç£å+úÎõ*�7ê ó�( îÇï-ù_���7ù+�±õÍê¨üÏçCï-ô7ïJç á ì1ïJç ï«í1úÎõ*�7ê
ô þoî ï-ú)��ù	ê�ú�� ìJúûï î á þ
¢¥¤3W±°-W n W1° ��°-W1©�è ¦³� ¦Ç� ª-°¶© ´«´«�g¦ W&è ´ Ê ´8§ W · � ¦¨§ W&è�©+ª §«´ Æ �C§ ¤ �C§«´ W ¦n6� è ¬)¦A· W ¦¨§£Æ ¤ � ª�¤ � ´£§ è	W1© § W ² © ´ ©

²A� ´ ª�è	W § W pö§«� · W ² Ê ¦ © · � ª-©+° ´ Ê ´8§ W · ��¸ §�§ ¤3W�¿@W �)�¶¦A¦A� ¦Ç�£¬+® W1©+ª	¤ §«� · W ´«§ W-µ ¼)§ ¤eW¥°-W n W1° � � � È ¬ ¿ ´ W&è n W ´ ©
è	W-µðè W ´ W ¦2§ © §«� ¬)¦ ¬+® § ¤eW�W ¦n�� è ¬)¦A· W ¦¨§-É ´ ª � è¼è	W ¦¨§'´«§ © § Wñ© ¦A² ´ W1°-W1ª §«´ ¬)¦ W ¬+® © ¦Â¦A�C§ W ¦6�A· ¿�W&è ¬+® ©+ª §«�C¬)¦³´-¼
¿³© ´ W ² ¬)¦Ï§ ¤eW�µðè ¬�²A� ª §«�C¬)¦ è � °-W ´ � ¸ ´ ©Mè	W ´«� ° §-¼Ç§ ¤3W�W ¦n6� è ¬)¦A· W ¦¨§ W ¦2§ W&è ´ © ¦ W ÆL´8§ © § W © ¦³² è	W §«� è ¦A´ ©
n ©+° � W ºkè	W ® W&è¼è	W ² §8¬ © ´ § ¤eW ù«ïJ÷2å+ù?ë Á Æ ¤ � ª�¤ ª ¬ è¼è	W ´ µ ¬)¦A²A´¯§8¬ © · W1© ´«� è	W ¬+® ¤ ¬ËÆ�² W ´«� è�©7¿Ú°-W § ¤eW ¬)�A§ ª ¬)· W
Æ © ´ �

È �¶¦ ª�W © ¦¨�³· ¿�W&è ¬+® è � °-W ´ ª-© ¦ ª ¬)¦¨§ è � ¿ �Ç§ W §8¬�§ ¤eW�W1° � ª �C§ © §«�C¬)¦"¬+® è	W Æ ©�è ²F¼�§ ¤eWì� �lpv� � È ®Í¬ ° ° ¬ØÆ ´
§ ¤eW&¥ � ª�¤ �C� © ¦ ©7µAµðè ¬ ©+ª	¤ ¬+®Õ�³´«� ¦Ç� ©\è	W � ¦Ç®Í¬ è�ª�W · W ¦¨§ ©+° �+¬ è �C§ ¤ · º § ¤3W&ä � ª Æ W § ä�è �C� © ² Wñ¸£° �+¬ è �C§ ¤ · Á §8¬
²A� ´«§ è � ¿ �Ç§ W�ª�è	W ²³�C§¯§8¬±§ ¤eW�è � °-W ´ ��¢¥¤eW#è	W Æ ©�è ² ©+ª-ª �A· � ° © § W ² ¿6ÊIè � °YW ´¯� ´ è W ® W&è¼è W ² §8¬ © ´'§ ¤eW ì�úÎù«ïJê¨ü2úÍý ¬+®
© ª-° © ´�´«�g¦ W&è�© ¦A²Ï�¶´��A´ W ² © ´ © · W1© ´«� è	W ¬+®9¦³§«¦ W ´«´�®Í¬ è § ¤eW � W ¦ W §«� ª�©+° �+¬ è �C§ ¤ · �<��W § © � ° ´�¬+®Õ§ ¤eWñ¿ � ª Æ W §
¿ðè � � © ² Wpè	W � ¦Ç®Í¬ è�ª�W · W ¦¨§ ©+° �+¬ è � § ¤ · · ©1Êø¿�W ®Í¬)�A¦A²Å� ¦ ¸£µAµ�W ¦A²A� §"ä£� �6�

¸ � W ¦ W §«� ª¥©+° �+¬ è �C§ ¤ · � ´��³´ W ²�§8¬�´ W1©�è�ª	¤ § ¤eW ´ µ³©+ª�W ¬+® è � °-W ´ � � � °YW ´�¬+® ¤ � � ¤eW&è ¦³§«¦ W ´«´�Æ£�C§ ¤Nè	W ´ µ�W1ª §
§8¬È· W1© ¦"¦³§«¦ W ´�´ ©�è W �³´ W ²Ì§8¬ ² W&è �-n W ¦ W Æ è � °-W ´1¼¨Æ ¤ � ª�¤Qè	W-µ³° ©+ª�W § ¤ ¬)´ W ¬+® µ ¬¨¬ è ¦³§«¦ W ´�´ ��â µ�W&è�© §8¬ è ´ §8¬
ª ¬)¦A´8§ è � ª § ¦ W Æ è � °-W ´�� ¦ ª-° �A² W · �Ç§ © §«� ¬)¦F¼ ª�è ¬)´«´8¬on W&è ¼ © ¦³²Å§ ¤lè	W�W ¦A¬)¦Epö� W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ �
ÐÅÑ¨Ò�ÓÕÔ×ÖØÔÍÙÚÓÒ, Ü*�6Ý Þ8à ÑEÛÂÑ�4��²FÚÑ6Ó Ñ¨ÖØÔ ã Ù³ä¯Ñ��ÀáÇÖËÙ2� â å 7 ýÇï °-W n W1°¯� � W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ å7ù«ï«ç
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ö'úÎêÂï�ì	ìJþ æLîE�7õÍê³ú[å+çg�7ê6üÏúÍý�ï ù���ç ï�ì±õ¶ì±í-ý��Àì1ïJê�ù(å7êÚë±����ç¸( ú��ÅìöîÚç õÎú£ï)å)í-ý ù+�6ç ï�õÍê³ú��0åÅý�ï)å2ë�å7êÚëÅå
úrå+õ×çCþ 7 ÷��ñêÂïJ÷ ù+��çCïJì�å+ù8ï£í-ù«ï)å+úûï�ë±ó�( ï �2í-ý¾å7ê¨ü)õ×ê¨ü úÍý�ï¥úrå7õ×çØî©å+ù�úÍì ��� úÍý�ï¥ù���ç ï�ìJþ 7 ý2õ×ì õ×ì'õÍç×ç �6ì�úÎù(å+úûï«ë
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Rule Set at Generation N+1

í õGü$��ù8ï ä þ ä ç � ï-ô7ïJç á í-ù'�Àì�ì��7ô7ï-ùJþ 7 ÷�� î©å7ù«ïJê³ú'ù+�6ç ï�ì@å7ù«ïñì-ïJç ï«íËúûï«ë �	ù'��� úÍý�ï�îE��î���çéå+úÎõ*�7êúÕöç ï)�Jú Ö å7êÚë#å7ù8ïí-ù'�Àì	ì-ï«ë��+ô7ïJùXå7êÚë!å)ë)ë¨ï«ëÅú��ÌúÍý�ï¥îE��î���çéå+úÎõ*�7ê�Õûù	õCü7ý6ú5�¯ì�ý��+÷�ê�õ×ê�ó	�+çGë Ö þ
à ÑEÛÂÑ�4?�&ÍFÑE4×Ñ ã ÖØÔÍÙÂÓ¯Ü5õ ï-çCï�í1ú�åÅù���ç ï îÚù'�2óQå2óJõÍç õ×ì�úÎõ�íQå+ç×ç (Øå2í�í �+ù?ë7õÍê¨üú��ÅõÎúÍìuö úÎêÂï�ì	ì�å+êÚë�å)ë2ë ú�� úÍý�ïÈê ïJ÷

îe�	î���çéå)úÎõ)�7êÂþ�î¥ï îAï)å+ú0��ê³úÎõ×çAúÍýÇï¥ê ïJ÷Åîe�	î���çéå)úÎõ)�7ê í��7êÇì�õ¶ìJúÍì����¥úÍý�ï¥ìöîÇï�í-õ ö ï«ëRö0�6ï«ë�ê3�E� ó�ïJù �'��ù���ç ï�ìJþ
Ä?¦ © ²A²A� §«�C¬)¦ø§8¬ § ¤eW ´ W � W ¦ W §«� ª ¬ µ@W&è	© §8¬ è ´¥§ ¤eW&è W�©�è	W�© ¦¨�A· ¿�W&è ¬+® © ²A²A�C§«�C¬)¦ ©+° ¬ µ@W&è	© §8¬ è ´¥§ ¤A© § ©�è	W

¿³© ´ W ²�¬)¦�§ ¤eW ¬ µ�W&è�© §«�C¬)¦�¬+® § ¤eWÈµðè ¬�²A� ª §«�C¬)¦�´ Ê ´8§ W · �È¢¥¤3W-Ê¹©�è	W § ¤eW úÎù�õCüËü¨ï-ù8ï�ë�í �7ô+ïJù ë2ï1úûï«í1ú��+ù ¼Õ§ ¤eW
úÎù�õGüØü¨ïJù«ï«ëÌí �+ô7ïJù�ï*� ï«íËú��7ù © ¦A²Ì§ ¤eW úÎù	õCüËü6ïJù«ï«ë íJý¾å7õÍêAõÍê¨ü"�	îÇïJù(å+ú��7ù � ¢¥¤eW ´ W ¬ µ�W&è�© §8¬ è ´ ©�è	W ¦Ç¬+§ ² W ´ ª�è � ¿�W ²
� ¦�§ ¤eW °YW n W1°��ÈªJÊ6ª-°-Wº���W ® �KÖÇ� �+�ËÁñ© ´ § ¤eW-Ê�©�è	W § è �C�+� W&è	W ² ¿¨Êµðè ¬�²A� ª §«�C¬)¦´ Ê ´8§ W · ¬ µ�W&è�© §«�C¬)¦ ��¢ ¤eW ´ W
¬ µ�W&è�© §8¬ è ´ ©�è	W�© ²Ç¬ µ § W ² ® è ¬)· § ¤eW�¥ � ª	¤ �C� © ¦ ª-° © ´�´«�g¦ W&è ´ Ê ´8§ W · © ¦A² ¤A© n W ¦Ç¬+§ ¿@W�W ¦ ©+° § W&è	W ² ����W § © � ° ´
· ©ËÊÌ¿�W ®Í¬)�A¦A²Å� ¦ ¸£µAµ�W ¦A²A� §hä£�¹ÖÇ�

¢¥¤ � ´ ª ¬)¦ ª-° �A² W ´ø§ ¤3W ² W ´ ª�è � µ §«�C¬)¦�¬+® § ¤eW Æ W-Ê%ª ¬)· µ ¬)¦ W ¦¨§«´Å¬+®±§ ¤eW�°-W n W1° � °YW1©�è ¦A� ¦Ç� ª-° © ´«´��g¦ W&è
´ Ê ´8§ W · � � W n W1° ��W ´«´ W ¦¨§«� ©+° ° Ê ®×¬ °¶° ¬ËÆ ´ Ê ¬ ° ° © ¦A² É ´ ¥ � ª�¤ �C� © ¦ð� � È �Õ¢¥¤3W · © � ¦ ²A� ¯�W&è	W ¦ ª�Wø° � W ´�� ¦ �C§«´
è	W1° © §«� ¬)¦Å§8¬ § ¤eW ´ W1ª ¬)¦³² °-W n W1°��
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F�r_qcr_t W ¾e½^¾2Î&t

Ä?¦�§ ¤eW ´ W1ª ¬)¦A² °-W n W1° ¬+® § ¤eW*� �lpv� � È ¼ W1©+ª�¤ � ¦A²A�Yn6� ²³� ©+° ª ¬ è¼è	W ´ µ ¬)¦³²A´ §8¬ ©�è � °-W ´ W § � � ¬)¦A´ WRÇ � W ¦¨§ °CÊ ¼
§ ¤eW&è	W � ´ ©Iè	W ´ W · ¿³° © ¦ ª�W §8¬ § ¤eW¸' �C§8§ °-W1©�è ¦³� ¦Ç� ª-° © ´«´«�-¦ W&è ´ Ê ´8§ W · º È · �C§ ¤ ¼ �1½ �7Ã2Á	� �A� è § ¤eW&è ·È¬ è	W ¼ W1©+ª	¤
°-W n W1°H� õÍêÚë7õÍôËõ�ë��%å7ç � ´ © °YW n W1°¯� îE�	î���ç£å+úÎõ*�7ê ��� ©+ª	¤ ´8§ è � ¦A���¶¦ø§ ¤eW�°-W n W1°�� µ ¬ µ � ° © §«�C¬)¦ø� ´ ª ¬)¦ ª-© § W ¦ © § W ²
§8¬ ®Í¬ è · ¬)¦ W ° ¬)¦Ç� ´8§ è �¶¦Ç� �
ÐÅÑ¨Ò�ÓÕÔ×ÖØÔÍÙÚÓÒ, Ü*�¨Û�Þ8à ÑEÛÂÑ�4 Ý�ÔÎÓËÊÕÔÜÛ Ô ÊsH á24ûå�� ï-ú � �PfÒ �R� Ò ��������� Ò  3U ó	ï�å�ç ïJô+ïJç á îE��î���çéå+úÎõ*�7ê¨���
í-ç£åÀì	ì	õ ö ïJù	ìJþ æ � W n W1°©� � ¦A²A�Yn6� ²³� ©+°ED õ×ì'úÍý�ï í �7êÂíQå+úûï-êå+úÎõ*�7ê8����ïQå)íJý õ×êÚë+õ×ôØõÎë��%å7ç�õÍê*å ç ïJô+ïJç á îE�	î���ç£å+úÎõ)�+êe�
D �
Ò � Ò � ����� Ò   þ�êc�7êÇì1ïGFR�Aï-ê³úÎç ( õÎú¯õ×ìÃå ì�úÎù�õ×ê¨üøúÍý©å+ú ù8ï îÚù8ïJì-ï-ê³úÍìXå ì-ï1ú����±í-ç£åÀì�ì�õ ö ï-ù�ì#Õ �7ùñù+��çCï�ì1ï-ú Ö þ
ÐÅÑ¨Ò�ÓÕÔ×ÖØÔÍÙÚÓÒ, Ü*�±, Þ8à ÑEÛÂÑ�4 Ý�ä Ù³äsH04ÍáÇÖØÔÍÙÂÓ�å æ � W n W1°o� µ ¬ µ � ° © §«� ¬)¦ í �+êÇì	õ×ì�úÍì �'��å"ì-ï1úO�'� � ï-ô7ïJç â
õÍêÚë7õÍôËõ�ë��%å7ç ì���P D � �GD � ��������D   U õ�þÎï1þoåñîE�	î���ç£å+úÎõ)�+êË���ñù+��çCï�ì1ï-úÍìJþ

¢¥¤3W ¦³§«¦ W ´«´Ì¬+® ©hè � °-W ´ W §Å� ´ § ¤3W §8¬+§ ©+°pè W Æ ©�è ² ©+ª-ª �A·±� ° © § W ² § ¤ðè ¬)�Ç� ¤ � ¦2§ W&è	©+ª §«�C¬)¦ Æ �C§ ¤ § ¤eW
W ¦n6� è ¬)¦A· W ¦¨§ � Ä?¦ °-W n W1°Å� ¼ W ´8§«� · © §«�¶¦Ç� § ¤3W ¦³§«¦ W ´«´�¬+® ©Îè � °-W Æ © ´ ª ¬)· µ³° � ª-© § W ² ¿6Ê § ¤3W ª�è W ²A�C§
© ´«´«� �)¦A· W ¦¨§ µ�è ¬ ¿³°-W · º � �¹W+� ² W § W&è · � ¦A� ¦Ç�¹Æ ¤ � ª	¤hè � °-WÅ°-W ² §8¬ ©2è	W Æ ©�è ² Á	� ¢¥¤ �¶´ µ�è ¬ ¿³°-W · ²Ç¬ W ´ ¦Ç¬+§
W�§ � ´8§ © § °-W n W1°Ë��® § ¤eW §8¬+§ ©+°¹è	W Æ ©�è ² ©+ª-ª �A·±� ° © § W ² �¶´ © �+¬¨¬�² W ´8§«�¶· © § W ¬+® ©Iè � °YW ´ W §-É ´ µ�W&è ®Í¬ è · © ¦ ª�W+�

¢¥¤3W � W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ © §¥§ ¤ � ´ °YW n W1° ²A� ¯�W&è ¬)¦ °CÊ ® è ¬)· °-W n W1°¯� � ¦ø§ ¤³© §¥§ ¤eW ´8§ è � ¦Ç�)´ § ¤eW-Ê ¬ µ�W&è�© § W
¬)¦ ©�è	W ° ¬)¦Ç� W&è1�¯¢¥¤3W&è	Wñ©�è	W ¦Ç¬ ¦A¬)¦Epö� W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ �
ÐÅÑ¨Ò�ÓÕÔ×ÖØÔÍÙÚÓÒ, Ü*��B Þ8à ÑEÛÂÑ�4 ÝÔFÚÑ6Ó Ñ¨ÖØÔ ã Ù³ä¯Ñ��ÀáÇÖËÙ2� â å 7 ýÇï � W n W1°Ë� � W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ å7ù«ï«ç
à ÑEÛÂÑ�4�Ý � H ÖËáÇÖØÔÍÙÂÓ¯ÜXõ ï-çCï�í1úuå ù+��çCïñì-ï1ú îÚù'�2óQå2óJõÍç õ×ì�úÎõ�íQå+ç×ç (�å)í�í��7ù8ë7õ×ê6üÅú��[ö úÎêÂï�ì	ì �¯ù(å7êÚë$���±ç (��°�1ë7õ ��(!å

ó-õÍú'õÍêúÍý�ï�ìJúÎù	õÍê¨ü!å7êÂë!å)ë)ëøúÍý�ï êÂï-÷ßìJúÎù	õÍê¨üøú��ÌúÍý�ï¥îE��î���çéå+úÎõ*�7êÚþ
à ÑEÛÂÑ�4�ÝùÉO�ØÙ â1â Ù¾ÛÚÑ��2Ü 7 ÷��Ïù���ç ï±ì1ï-úÍì5å+ù8ï úrå�H+ï-ê å7êÚëÅåÏí-ù'�Àì�ì��7ô7ï-ù�J¶îE�7õÍê³ú íJý��Àì1ïJê å)ú�ùvå+êÚë$���O��ì-ï î©å�J

ù(å+úÎõÍê¨ü�ï)å)í-ý ù+�6ç ï�J ì-ï1ú õ×êÚú��@å ý�ïQå)ëÃå+êÚëñúrå7õÍçCþ 7 ÷�� ê ïJ÷Ã����ìûîÚù�õ×ê¨üXå7ù«ï í��7êÇìJúÎù��Aí1úûï�ë±ó�(�ï	�2í-ý¾å7ê¨ü)õ×ê6ü
úÍýÇï�ý�ï)å)ë�îëå7ù�úÍì#�7ù�úÍý�ï±úrå+õ×çAî©å7ùJúÍìJþ õ ï	ï í õGü$�6ù«ï ä þ ï þ

à ÑEÛÂÑ�4�ÝùÍFÑE4×Ñ ã ÖØÔÍÙÂÓ¯Ü5õ ï-çCï�í1ú å�ù+��çCï ì1ï-ú îÚù'�2ó)å¨óJõÍç õ×ì�úÎõ�íQå7çÍç ( å)í�í��7ù8ë7õ×ê6ü"ú��õÎúÍì[ö'úÎêÂï�ì	ì#å7êÚë å2ë)ë�ú�� úÍýÇï
ê ïJ÷ îe�	î���çéå)úÎõ)�7ê Õöç ïJô7ï-ç â Ö þ#î¥ï îAï)å+ú?��ê³úÎõÍç¯úÍý�ï êÂïJ÷ îE�	î���ç£å+úÎõ)�+ê í �7êAì	õ×ì�úÍì���� úÍý�ï ìûîÇï«í1õ ö ï�ëÃö0�¨ï�ë
ê2��� ó	ïJùj����ù���ç ï�ì-ï-úÍì-þ

ç �



bbbbbbbbbb

zzzzzzzzzz

AAAAAAAAAA

BBBBBBBBBB

ZZZZZZZZZZ

aaaaaaaaaa

aaaaaaaaaa

aaaaaaaaaa

AAAAAAAAAA

BBBBBBBBBB

ZZZZZZZZZZ

NNNNNNNNNN

mmmmmmmmmm

zzzzzzzzzz

MMMMMMMMMM

nnnnnnnnnn

nnnnnnnnnn

mmmmmmmmmm

NNNNNNNNNN

MMMMMMMMMM

Offspring Rule Set 1 Offspring Rule Set 2

Parent Rule Set 1 Parent Rule Set 2

Crossover Point

Crossover Point

í õGü$��ù8ï ä þ ï ç;êÕù'�Àì	ì��7ô+ïJùO�'�²î �6ç ï�ì õ ï-úÍìJþ

ç+½



ÐÅÑ¨Ò�ÓÕÔ×ÖØÔÍÙÚÓÒ, Ü*�X 7 ý�ï °-W n W1°H� ªJÊ6ª-°-W îÚù'�1í	ï	ï«ëÀì;åÀì����7çÍçg�7÷�ìnç
á þoí^�7ù�ïQå)íJýÅç ïJô+ïJç â õÍêÚë7õÍôËõ�ë��%å7ç

Õyå Ö ï �¨ï�í��Çúûï çCï-ô7ï-ç á íR()í-ç ï � úÎõ_� ï�ì�� ÷�ý�ï-ù8ï±ù�õ¶ìñúÍý�ï�íR(+í1çCïJì�J¶îÇïJù+J�ü¨ïJê ïJù(å+úÎõ)�+êÌî©å7ù(å�� ï-úûïJù-þ
â þ�÷�õÎúÍý�îÚù'�2ó)å¨óJõÍç õÎú)(²ñ �Á îÇï-ù_���7ù+� ç ïJô+ïJç â í-ù'�Àì	ì��7ô+ïJù
ã þ�÷�õÎúÍý�îÚù'�2ó)å¨óJõÍç õÎú)(²ñ �� îÇïJù5���+ù�� çCï-ô7ï-ç â �A�Çúrå+úÎõ*�7ê
ä þ±í��7êÇìJúÎù��Aí1ú êÂï-÷ ç ïJô+ïJç â îE�	î@�6ç£å+úÎõ*�7ê ó�( îÇï-ù_���7ù+�±õÍê¨üÏçCï-ô7ïJç â ì1ïJç ï«í1úÎõ*�7ê
ï þoî ï-ú)��ù	ê�ú�� ìJúûï î á þ
� W n W1°Ë�Nè	W ´ W · ¿³°YW ´ ©;' �C§8§�pû´«§ Ê�°-W�°-W1©�è ¦³� ¦Ç� ª-° © ´«´«�-¦ W&è ´ Ê ´8§ W · �

F�r_qcr_q Ícx2G9G<{�» T
¸ò¤¨Ê6¿ðè � ² °-W1©�è ¦³� ¦Ç� ©+° �+¬ è �C§ ¤ ·Å¼ è W ® W&è¼è W ²�§8¬ © ´ § ¤eW;� � ©+° pv� ¬ ª-©+° �C§ Ê¹°-W1©�è ¦A� ¦Ç� ª-° © ´«´«�-¦ W&è ´ Ê ´«§ W · º�� �Kp
� � È Á ¼ ¤³© ´ ¿�W�W ¦�² W ´ ª�è � ¿�W ²�Æ ¤ � ª�¤ � ¦ ª ¬ è«µ ¬ è�© § W ´Õ® W1© §«� è	W ´�¬+® ¿ ¬+§ ¤A¥ � ª�¤ � � © ¦Ep © ¦A² ' �C§8§�pû´8§ Ê6°YW °YW1©�è ¦A� ¦Ç�
ª-° © ´«´��g¦ W&è ´ Ê ´8§ W · ´ � ¢¥¤3W5� �Kpv� � È �³´ W ´ © � W ¦ W §«� ªÈ©+° �+¬ è �C§ ¤ · §8¬ ´ W1©�è�ª�¤"© § §ûÆ ¬ °-W n W1° ´ ��¸ § °-W n W1°�� ¼
´ W1©�è�ª	¤ � ´ ª ¬)¦E¦Â¦ W ² §8¬±§ ¤eW ´ µ³©+ª�W ¬+® è � °-W ´ ®6© § °YW n W1°_� § ¤eW � W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´ ´ W1©�è�ª�¤ § ¤eW ´ µ³©+ª�W ¬+® è � °-W
´ W §«´ �/Ê W ¦ ª�W ë��%å7ç J ç-�1íQå+ç õÎú)( ´ W1©�è	ª�¤F� ¢ ¤eW �A´ W ¬+®�§ ¤eW � W ¦ W §«� ªñ©+° �+¬ è �C§ ¤ · ºÎ© ¦A² © ²A²³�C§«�C¬)¦ ©+° ¦Ç¬)¦Epö� W ¦ W §«� ª
¬ µ�W&è�© §8¬ è ´ Á � ´�´«�A· · ©�è � ´ W ²Å� ¦ø§ ¤3W@� �Kpv� � È ¢ ©7¿³°YW�ÖÇ� �7�

ãÀÃ



� W n W1°¯� � W n W1°Ë�
Ä?¦A²A�-n�� ²A� ©+° � � °YW �£� °-W ´ W §
� ¦ ª ¬6²A�¶¦Ç� ¢0W&è ¦ ©�è«Ê ´8§ è � ¦A� ¢0W&è ¦ ©�è�Ê ´8§ è � ¦Ç�

� W�W ² ¿³©+ª ÆÏ® è ¬)· W ¦±n�� è ¬)¦³· W ¦2§���C§«¦ W ´«´¥®Í�A¦ ª §«�C¬)¦ ²A� ´«§ è � ¿ �Ç§ W ² ¿6Ê � W�W ² ¿³©+ª ÆÅ® è ¬)· W ¦n�� è ¬)¦A· W ¦¨§
ä � ª Æ W § ä�è � � © ² W�©+° �+¬ è � § ¤ ·

�?W ¦ W §«� ª ¬ µ�W&è�© §8¬ è ´
p ª�è ¬)´�´8¬Ln W&è � � °-Wñª�è ¬)´«´8¬on W&è �£� °-W ´ W § ª�è ¬)´«´8¬Ln W&è
p'·±�Ç§ © §«�C¬)¦ ' ¬)�¶¦2§ ·±�Ç§ © §«�C¬)¦ ' ¬)� ¦¨§¥· �A§ © §«�C¬)¦
p'´ W1°YW1ª §«�C¬)¦ ¦³§«¦ W ´�´ µðè ¬ µ ¬ è §«�C¬)¦ ©+° ¦Ú§«¦ W ´«´ µðè ¬ µ ¬ è §«�C¬)¦ ©+°

¢¹è � �+� W&è	W ² ª ¬Ln W&è ² W § W1ª §8¬ è¸ ²A²A�C§«�C¬)¦ ©+° ¬ µ�W&è�© §8¬ è ´ ¢¹è �C�+� W&è	W ² ª ¬on W&è�W�¯�W1ª §8¬ è Å£¬)¦ W¢ªè �C�+� W&è W ² ª�¤A© �¶¦A� ¦Ç�

¢ ©7¿Ú°-W�ÖÇ� �7¡ È �³· · ©�è«Ê ¬+® � �lpv� � È �

ã6�



+ Ù + IKJ 1º8 Þ51�A�Û ß�à

¢¥¤ �¶´ ´ W1ª §«�C¬)¦Ï² W ´ ª�è � ¿�W ´ © ¦Ï�¶¦±n W ´8§«� � © §«�C¬)¦ø§8¬ ² W § W&è · � ¦ W Æ ¤eW § ¤eW&è § ¤eW ´�� · � ° § © ¦ W ¬)�A´ �A´ W ¬+®Õ· � ° §«� µ³°-W
´ W1©�è�ª	¤ ° ¬ ª-©+° �C§«� W ´ � ¦¹§ ¤eW�� �Kpv� � È � · µðè ¬Ln W ´ °-W1©�è ¦A� ¦Ç� µ@W&è ®×¬ è · © ¦ ª�W ¬on W&è�©øª ¬)¦±n W ¦¨§«�C¬)¦ ©+°c¥ � ª�¤ �C� © ¦
� � È � ¢¥¤eW ¬ ¿Eæ�W1ª §«�Yn W ¬+®�§ ¤eW�W�§6µ�W&è �¶· W ¦2§ñ�¶´ñ§8¬ W�§�© · �¶¦ W § ¤eW�W�¯@W1ª §±¬+®¥�A´«� ¦A�Å§ûÆ ¬´ W1©�è	ª�¤ ° ¬ ª-©+° �C§«� W ´
¬Ln W&è�æ �A´8§ © ´«� ¦A� °-W ° ¬ ª-©+° �C§ Ê+�

¢¥¤ � ´ � ´ ²Ç¬)¦ W±¿6Ê�W�§�© · �¶¦A� ¦Ç� § ¤eW±©7¿ � ° �C§ Ê ¬+® § ¤eWX� �Kpv� � È §8¬ °-W1©�è ¦¹§ ¤eW±©7µ³µðè ¬ µðè � © § W ©+ª §«�C¬)¦A´ ®Í¬ è
´8§ © § W ´ñ�¶¦ © ²A� ´ ª�è	W § W pö§«� · W ² Ê ¦ © · � ª-©+° ´ Ê ´8§ W · ��¢ ¤eW±© �¶· � ´ §8¬Å¬ µ §«� · � ´ W § ¤eW ® W�W ² ¿³©+ª Æ º ¬ èAè	W Æ ©�è ² Á
¿6Ê µ�W&è ®Í¬ è · � ¦A� § ¤eW ©7µAµðè ¬ µðè � © § W ©+ª §«�C¬)¦Ï�)�-n W ¦Ï§ ¤eW ´8§ © § W ¬+® § ¤eW ²A� ´ ª�è	W § W pö§«�¶· W ² Ê ¦ © · � ª-©+° ´ Ê ´8§ W · �

¢¥¤3W § © ´	Æ ª	¤ ¬)´ W ¦��¶´ § ¤eW ¦Ç¬)�Ç� ¤ §«´�p © ¦A²Ep ª�è ¬)´«´ W ´ º §«� ª pö§ ©+ª pö§8¬ WØÁñµðè ¬ ¿³°-W · ® è	W Æ ©�è ² � ´ ¬ µ §«� · � ´ W ² ¿¨Ê
´ W1°-W1ª §«�¶¦Ç�È§ ¤eW�è � � ¤ §¥·È¬on W �)�-n W ¦Ï§ ¤eWñª � è¼è	W ¦¨§ ¿ ¬ ©�è ²Å´8§ © § W+�

Ä?¦ § ¤3WjW�§�µ�W&è � · W ¦¨§ ¿�W1° ¬ØÆñ¼Ú§ ¤3WX� �lpv� � È � ´ ª ¬)· µ³©�è	W ² © � © � ¦A´8§ © ´«� ¦Ç� °-Wj¥ � ª	¤ �C� © ¦ � � È © ¦A²¹§8¬
W ¦A´«� è	W�© ® © � è ª ¬)· µ³©�è �¶´8¬)¦ ¿ ¬+§ ¤ ©+° �+¬ è �C§ ¤ · ´£� ¦¨§ W&è�©+ª §£Æ£�C§ ¤ § ¤eWjW ¦±n�� è ¬)¦³· W ¦2§£®×¬ è © ¦ WRÇ � ©+° ¦¨�³· ¿�W&è
¬+®�� © · W ´ �
F�rÞF�rvu wí{�z�¾3»|�{lÎv¼

´&�ÀÙ21s4ÍÑ�[�ÐÅÙ�["á³ÔÎÓ
Å£¬)�Ç� ¤ §«´ © ¦A² � è ¬)´«´ W ´ ºÎ¢ � ª p ¢Õ©+ª p ¢ ¬ WØÁ�è	W-µðè	W ´ W ¦¨§«´ © è	W1° © §«�-n W1° Ê ´�� · µ³°-W ²A�¶´ ª�è	W § W pö§«� · W ² Ê ¦ © · � ª-©+°
´ Ê ´8§ W ·Å¼ Ê�W § °-W1©�è ¦A�¶¦Ç� § ¤eW\è � °-W ´£§8¬ ª�¤A©�è�©+ª § W&è � ´ WÈ© �+¬¨¬�² µÚ° ©1Ê � ¦Ç�Ì´8§ è�© § W � Ê �¶´£¦Ç¬)¦epö§ è �-n�� ©+°�� Å£¬)�Ç� ¤ §«´
© ¦A² � è ¬)´«´ W ´¥�¶´ © §ûÆ ¬�p µ³° ©ËÊ�W&è » W&è ¬�pû´«�A· � © · W+� â ¦ W µÚ° ©1Ê�W&è �¶´ è	W ® W&è¼è	W ²Å§8¬ © ´ Å ¬)�Ç� ¤ §«´ º	L¨Á ¼ © ¦³²Å§ ¤eW
¬+§ ¤eW&èñ© ´ � è ¬)´«´ W ´ º�M�Á	�V�'©+ª�¤�µ³°¶©1Ê�W&è § © Æ W ´ §«� è ¦A´ §8¬ø´ W1°-W1ª § ©Ìµðè	W n��C¬)�A´ °CÊ �³¦Ç¬ ª-ª � µ � W ² ª�W1°¶° ¬)¦ ©Å�o§A�
� è � ² � ¢ ¤eW ¬ ¿eæ�W1ª §«�-n W ¬+® W1©+ª�¤ µ³°¶©1Ê�W&è � ´£§8¬ÅÆ � ¦ ¿¨Ê ¬ ª-ª � µ6Ê � ¦Ç�Ì§ ¤lè	W�WÈª�W1° ° ´ W �C§ ¤eW&è � ¦ ©Eè ¬ËÆñ¼ ª ¬ ° �A· ¦
¬ è ²A� © �+¬)¦ ©+° ¿@W ®Í¬ è	W § ¤3W ¬ µAµ ¬)¦ W ¦¨§ � Ä ®�¦ W � § ¤eW&è µ³°¶©1Ê�W&è Æ � ¦A´ © ¦³² ©+° ° µ ¬)´��C§«�C¬)¦A´ ¤³© n W±¿@W�W ¦ ¬ ª-ª � µ � W ²F¼
§ ¤eW ¦Å§ ¤3W � © · W � ´�² W�W · W ² © ² è	© Æ �

¢¥¤3W ²³� ´ ª�è	W § W pö§«� · W ² Ê ¦ © · � ª-©+° ´ Ê ´«§ W · � ´ © µðè	W p µ�è ¬+� è�© · · W ²�¬ µAµ ¬)¦ W ¦¨§ÅÆ �C§ ¤ § ¤eW ®Í¬ ° ° ¬ØÆ � ¦Ç�
ºkè�© § ¤eW&è ¦ © �-n WØÁ'¿�W1¤A© n6�C¬)� è1¡

ã��



NPO2Q	R�S�T�U*V�W
S9RYX�Z�[�\
]_^ V&`>Q
aEb7Q�a_TcWed[�fPg�NPO�S ]E] S?UEb�U�Q�a_V�hCQ	R,S�T�U*V�W
S9RYX�Z�[�\
]_^ V&`>Q
aEb7Q�a_TcWed[�fPg�[
]_^ V&`@V�i�W
b"b ] S�h�TjQ
TcS�U[�\�klN�O

á ¤eW ¦¹§ ¤eW&è	W ©�è W ´ W n W&è�©+° µ ¬)´«´«� ¿Ú°-W °-W �)�C§«� · © § W±ª�¤ ¬)� ª�W ´£Æ£�C§ ¤ � ¦ø§ ¤eW±©7¿ ¬Ln W ´ W §8§«� ¦Ç�Ç¼Ú¬)¦ W �¶´ ª�¤ ¬)´ W ¦
© § è�© ¦A²A¬)· §8¬ W ¦ ª ¬)� è�© � W ª ¬Ln W&è	© � W ¬+® © Æ£� ² W\è�© ¦Ç� W ¬+®'´ ª�W ¦ ©�è �C¬)´ �±¢¥¤ � ´ ª ¬ è¼è	W ´ µ ¬)¦³²A´ §8¬ © ´�� · µ³°-W
¬)¦ W pû·È¬on W±° ¬¨¬�Æ ©+¤eW1© ² ¿�W1¤A© n6�C¬)� è1�

Ä?² W1©+° °CÊ ¼Õ§ ¤eW ¬)¦ °CÊ ® W�W ² ¿Ú©+ª Æ §8¬§ ¤eW °-W1©�è ¦ W&è ´ ¤ ¬)� ° ² ¿�W § ¤eW ¬)�A§ ª ¬)· WÌ© §±§ ¤eW°W ¦³²�¬+®�§ ¤eW � © · W+¡
Æ � ¦ ¼ ² è�© Æò¬ è ° ¬)´ W6m7�"Ê ¬ËÆ W n W&è ¼�® W�W ² ¿³©+ª Æ Æ © ´ ´«� µAµ³° � W ² W1©�è�° � W&è �¶¦ § ¤eW � © · W ¿6Ê�© ´�´8¬ ª � © §«� ¦Ç� W1©+ª	¤
©+ª §«�C¬)¦ DØ¿ ¬ ©�è ²ep µ ¬)´��C§«�C¬)¦ µ³© � è Æ �C§ ¤Ï©Mè	W Æ ©�è ² � ¢ ¤eW�è	W Æ ©�è ²A´ ©�è W ´ ¤ ¬ØÆ ¦Ï� ¦ ¢ ©7¿³°YW&ÖÇ�s�6�¥¢¥¤eWñ©7¿ ´«¬ ° �Ç§ W
n ©+° � W ´ ©�è	W ¬+®'¦Ç¬ µÚ©�è §«� ª � ° ©�è ´«�C�)¦A�-¦ ª-© ¦ ª�W ¼ ¿ �Ç§ § ¤3W � ècè W1° © §«�-n W±µðè ¬ µ ¬ è §«�C¬)¦A´ ©�è	W+� �Ç¬ è�W�§�© · µ³°-W ¼ÂÆ �C§ ¤
§ ¤eW#è W Æ ©�è ²³´ ª�¤ ¬)´ W ¦ ®Í¬)� è °-W � ©+° ·È¬Ln W ´ ©�è	Wsæ �A²Ç� W ² WRÇ � ©+° §8¬ µðè	W n W ¦¨§«� ¦Ç�ñ§ ¤eW ¬ µ³µ ¬)¦ W ¦2§¯® è ¬)· Æ£� ¦A¦A� ¦A�
º � �¹W+� © ¿³° ¬ ª Æ�� ¦Ç�È·È¬Ln WØÁ	�

â �Ç§ ª ¬)· W � W Æ ©�è ²Ä ° °YW � ©+°K¥ ¬on W Ã
� W � ©+°^¥ ¬Ln W ¾7Ã
Å ¬)¦Ep ä ° ¬ ª Æ�� ¦Ç� ¥ ¬on W Ã
ä ° ¬ ª Æ6� ¦A� ¥ ¬on W �7Ã+Ã
á�� ¦³¦A� ¦Ç� ¥ ¬Ln W Ö)Ã+Ã

¢Õ©7¿³°-W�ÖÇ�s�6¡ � W Æ ©�è ²A´�®Í¬ è ©+ª §«�C¬)¦³´ � ¦ø§ ¤eW Å£¬)�Ç� ¤ §«´ © ¦A² � è ¬)´«´ W ´ '´è ¬ ¿³°YW ·
¸ �+¬¨¬�²�´8§ è	© § W � Ê � ´ ¬)¦ W § ¤A© §�´ W1°-W1ª §«´ ©+ª §«�C¬)¦A´�Æ �C§ ¤�¤ �C� ¤2è W Æ ©�è ²��)�-n W ¦ § ¤eWÈ¿ ¬ ©�è ² ´8§ © § W+� ¢¥¤eW

§ © ´'Æø¬+®Õ§ ¤eW�°-W1©�è ¦³� ¦Ç� ©+° �+¬ è �C§ ¤ · � ´�§8¬ ¬ µ §«�¶· � ´ Wpè	W Æ ©�è ² ¿6Ê ²³� ´ ª ¬Ln W&è � ¦Ç� ´«� ª	¤ ´8§ è�© § W �)� W ´ �
n ¡ |Âgse%aé^Qq_|r¥
�Bqr^�k��V^-aø|r¥J�po_cbt�qz�y|hª °bqrgij¢p-�
�Bq5�vgi`bad^-qrt��y}\�v`n|BpQksj-^-qrgx|r¥f} |r^L�{gse�|hqrgi°bcb|5�~|r¥J�&�v`f�bj�p-}\�Bq5�y®BpQqP��p-}�^-`fjz|r¥
�qrcfk��veë|r¥fpQ|%tv^-`«|hqrgi°bcb|5�(�<|r^Ë|r¥J�_^�cb|rty^�}\���srË^(®��v¯��q(m�±{q5�vkigs}�gi`fpQqhl(�yÈ{±	�yqrgi}\�v`n|re¾q5�v¯�vp-k��(�R|r¥fpQ|ë|r¥fgieë|Pp-e%q<±{q5�ve��v`n|5�(�Reh^-}\��bgut�tycfkx| l |r^o° ^Q|r¥Ãty^�`«¯�v`n|rgi^�`fp-kwv²git�¥bgsj�p-`5tyk pQehehgxw��yqRe�l{e�|5�v}Áp-`f�¸|r¥
�2xL¨øª ¨¾]~¤ø� ¡ |�gse<± ^-ehehgs°bk��u|r¥�pQ|<}�^Qq5�8�yÈ«|5�v`behgi¯�gi`«¯�ve�|rgij¢p)|rgs^-` ^-a©|r¥
��±�p)qPp-}\�y|5��qËe���|h|rgs`bj�e~aé^QqË|r¥
��o_cbt�q��|hªÜ°{qrgij¢p����Lp-kij-^-qrgx|r¥f} tv^-cfks�²¥�p(¯�Ëq5�veh^�ki¯�(��|r¥fgieV±bqr^�°bk��v}o�

ã7�



��45F³Ù2�7Ô×ÖoG9[ â
¢¥¤eW § Æ'¬ °-W1©�è ¦A�¶¦Ç� ©+° �+¬ è �C§ ¤ · ´¥§8¬ ¿�W ª ¬)· µ³©�è	W ² ©�è W+¡
É ÙÂÓÂÖL�ØÙ@4 Ü ¸ ¦ W ¦A´ W · ¿³°YW ¬+® Ê ¬ ° ° © ¦³²FÉ ´ ¥ � ª�¤ �C� © ¦epû´8§ Ê�°-Wñ°-W1©�è ¦³� ¦Ç� ª-° © ´«´«�-¦ W&è ´ Ê ´8§ W · �
.��ØÑ6áÇÖo["Ñ�ÓÂÖ)Ü ¢ ¤eW ²A� ©+° p ° ¬ ª-©+° � § Ê °-W1©�è ¦A� ¦Ç� ª-° © ´«´��g¦ W&è ´ Ê ´8§ W · ² W ´ ª�è � ¿�W ²ø� ¦ È W1ª §«�C¬)¦ ÖÇ� �6�
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�!��è"���!� � ¼|¶2���QèG�9Ð��6��µ��6�²� �4�s�&èG�º¶2�&èG�Ç�K� � ½@ÅÊ�&èÉ���Aè � µ��6�*�G�-���QèG�6�&� � � � �!�6�|¶4�s�6�|�(¶2� · ��è"� � � � µ���è
· �E� � � � �E�Ã��¶2�&èG�¯�0�9� �s·Ã� �6�ä�G�s�¯�G� � è��l�G�s� � µ��ÂÅÊ� · µ��?¼��6�²��Ï � ���º���
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���AèG� · èG�6�G�6�_���G� � �,�G��è"���!� � ¼*�&�E½ · µ��9�!�6µ�¼�èG�6× �-� èG�6��û��¯� � ���Nè � µ��6�6�,�Ó� � �;�G� � � � � � � � ���*�>µ���è � ��� � ½¸Í
ÅÊ�&è7���,�!�Eµ � � � �E�-� � �ä� · � ·Ã� µ���� � �E� � �7� �6� � � µ��<ÅÊ�6�9� � �G�>���/�G�s�>�!�6�-�-�6�-�&¼Ä�����9Ð��Eµ � � � �E�-��è"¼Æ��µ � ��è � �G�-½É�
�!���&�E�;Ð��&è � �Â�E�ð� � � � µ��¸�G�Eµ � � � �E�-� þ ���@� � �"� � �G�!�6� � �ÑÏ0�6�&� � �E�Ñû��j���äÏ � ½ � µ���è�µ�¼ þ �s�º�&�E½ · µ��&¹ü�!��è"���!� �E� �6�
� � ���º���A�´��èGú � � � ¶2�&èG�@µ��6��è"�-�6� þ � � � � �lÅÊ�6�9� � �!�>���C�G�s�Aè"� · èG�6�!�6�;�G��� � �E�²�

Áe���G�-��èG� · èG�6�!�6�;�G��� � �E� � �!�6� � �º�G� � �4�&¹ · �&è � ½*�6�_� þÊà �E��è"� · �E� � � � �E� � ��èG� · èG�6�!�6�;�!�6� � ½ · µ � � � �Gµ�¼��2Á
�
� ��è"� · èG�6�!�6�;�!�6� � ½ · µ � � � �Gµ�¼>Å;¼ · �E� � � � �E�¸�E�Ä�G�-�4�!��è � � �sþ �G�s�&èG�9�´��èG� � � � �<�-��� · �E�G� � Åwµ��7�!� � �6�s�&è"��µ � �!�A��Ð��&è
ÅÊ�E��è"� · �E� � � � �E�-�6�/÷|½*��è"�2� �Ã� �G��ÅÃµ��7èG� · èG�6�!�6�;�G��� � �E�¸¶2� � µ��Ë�-�6Ð����&¹ · èG�6�"�!�6�ËÅ��E��è�� · �E� � � � �E�¯�&¹ · µ � � � �Gµ�¼
���-�l�G�-�&èG�9Å;¼ä��µ�µ���¶��6��½*��èG� � �6�s�&è"��µ è � µ��6��� � �"�º���87 � ����¶�� · �E� � � � �E�-� � �l�IèG��¶Ø��èG�¯�0�9� �s·Ã� �6�äÅ;¼Â�G�s�
� ·-· �E�s�6�;�����-�@�G�s�2�G� � è"� � �p�kèG�9�<�G�s�6� · µ��?¼>�G� � � · �E� � � � �E��90�,Ïs�"� �-� è"½É���Ã�/���-�¸Ï0�"�-���&âÊ�&èA¿	Ï0�"� �-� è�½É���-�
: Ï0���-���&â��&è þ ¾<;�=�; À � �!�6� �ü� � ½ � µ���è�è"� · èG�6�!�6�;�G��� � �E� �!�ð�G�s�ä�E�s� � �!�6� � �Y�G� � �Ë�&¹ · �&è � ½*�6�;�9�K�A�s�9¼
�6�-�&� � �;�!�&èG�6�Ç�É� � ½@ÅÊ�&è����C� � ½ � µ���è7µ � ½ � �G��� � �E�Ã��¶�� � �"�ä�G�-�9¼ä� � �G� � �G�7���4µ��6� � �G�²�

á �?¶2�9Ð��&è þ �G�-�>�?Ð��&è"��µ�µ · �&è"�P��è"½Ä���-�&�>�E�ä�G�s�¯�s� �s� �;�G�A���-�l��è"�E�G�!�6� · èG��ÅÃµ��6½ � ���!�6�&�E�Ã�-��èG¼Ä�!�Ä�G� � �
� �;Ð��6�!� ��� ��� � �E�p�Ç�A�s�QèG� · èG�6�G�6�_�G��� � �E�K���#è � µ��6� � �Ë�&�E½É½*�E�K�!�ü� � � � µ��Ä���-�Y� � ��µ�Í(µ��0�9��µ � ��¼Ó� ·Ã· èG�E���"�-�6�
���-� � �¦�6× � ��µ�µ�¼¸�-�9��è � ½*�6�;�G��µÃ�!�ËÅÊ���G�Æ� ·Ã· èG�E���"�-�6�9�¦�A�s��� � ½ ���/�G�s�4�&¹ · �&è � ½*�6�;�<¶7���<�!�¸�&¹s��½ � �s���G�s�
�&âÊ�6�&����� � � � � � �(¶2�Æ�!�6��è��"�Óµ����9��µ � � � �6����Ð��&è?> � �!�4�Ä� � � � µ��¯µ����9��µ � �(¼��A@A�6� � µ��G� � �-� � �9���!�¯�G�-���A�G�s� � �!�¯���
�(¶2�Æµ����9��µ � � � �6��èG�6� � µ��!�6� � � � èG�6���!�&è����9× �-� è"�6��èG�9¶7��è"�l�6���"� � �6�s�&è"��� � �E�p�
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�C���E� èG�>�s�   �����6���Çô��&è"�P��è"½Ä���-�&���

CED"F G$HJILK?MONLP&Q�HRI

à ¼Ç½É� ·Ã·Ã� � � µ�� �E� �Ö�P��è"½ � µ����Ë�!�äÅ � �-��è"¼º�!��è � � � � þ �G�s�*�9���s�E� � �9��µ � �6�s�9� � �¸��µ � ��è � �G�Ã½ �9���ÕÅÊ� � �!�6�Ó�!�
» �-� è � µ��6�6�7ô�èG�9Ð � � � �A¶2��èGú��Ã�������s� · �!�6���E�s�Ö���¦�(¶2�ä� ·-· èG�E�����s�6�9��� � �G�s�&è���� � �-� � Ð � � � ��µ � ���Ä� � � � µ��
è � µ�� þ ���Ã�*� · � ·Ã� µ���� � �E��èG� · èG�6�!�6�;�G����è � µ��7�!�9� þ ��è��6����� � �-� � Ð � � � ��µ � �Ë�G�s� · � ·Ã� µ���� � �E�Ö�&��è³èG�6� · �E�-�-���!�
�cè � µ��<�G�9�9�C÷��Ë� ·-· èG�E�����Ö�!�>�&�E½ÖÅ � � � � � è � µ��<���-�\è � µ��&Í(�G�9��� ·-· è"�E���"�s�6�,¶7���,�-�6�G��è � ÅÊ�6�²�/÷ ú��9¼¯�P�6��� � èG�
���Ã�G�-�2��µ � ��è � �G�-½ � ���G�-���¦���Ë�9Ð��Eµ � � � �E�-��è"¼@�!�6��è"���¸�G��ú��6� · µ����&������½ � µ�� ��· µ���µ����9��µ � � � �6�,� � ½ � µ��G���s�9� � �"µ�¼w�
�-��½*�6µ�¼Â��Ð��&è��G�-�Ö� · ���&�Ö���gè � µ��6�@¿���� � �º� � ��� ��� ����µ��6��è"� � � � �9µ����G� ��» �&è��!¼��G�!�6½É��À7���-���?Ð��&è��G�s�@� · ���&�
���gè � µ��>�!�9�G�Ö¿���� � �lô � �!�4µ��6��è"� � � � �9µ����G� ��» �&èA�!¼��G�!�6½É��À��

÷��Â�6½ ·Ã� è � �9��µ � �;Ð��6�!� ��� ��� � �E�Â¶7��� · �&èG�P��è�½*�6�Ä�!�*�&�E½ · ��èG���G�s��µ��6��è"� � � �Ö· �&èG�P��è�½É���-�&�4�����G�s��ó�ÌpÍ
Ì,Î4Ïð¶ � �G� �Ó�&�E�;Ð��6�;� � �E�-��µA� � �"� ��� ��� µ��6��è"� � � � �9µ����G� ��» �&è¸�!¼0�!�!�6½l�S@A�6� � µ��G� � �-� � �9���!�6�K�G�-��� � �G�Â���
�(¶2�ä�!�6��è"�"�Õµ��0�9��µ � � � �6�A�9��� � �-��èG�6���!�¯�G�-� · �?¼���â%èG�6�&� � Ð��6�Ó�G�lèG� �-� � � �;�!�&è"���&� � �E��¶ � �G���Æ� � �G��è"�9�!�&Í	� � ½*�
�s¼0�-��½ � �9��µ;�!¼0�!�!�6½l� á ��¶��9Ð��&è þ �(¶2��� �6� � � µ�� � �6�²¶��&è"���6�-�&� � �_�!�&èG�6�p�2¿ ¾ À��A�s�2�"�s� � �&�2���ðèG� · èG�6�!�6�;�G��� � �E�
� �?Ð��&è��-�7�G�s�4ú � �-�Ä���/�!��è"���!� � ¼Ä�G�-���2�9���ÂÅÊ��� � �G�&�?Ð��&è"�6�²�UT � �G�Ä�G�s���6�-�&�0� � � �Ö� �!�6� þ �E�-µ�¼¸Ð��&èG¼Ä� � ½ · µ��

  ;



�!��è"���!� �E� �6�2�&� � µ��ÄÅÊ���P��è"½ � µ����!�6�p��¿%ûEÀ à ���G�ä� � ��� ��� ���Â���-�Â� � ��µÃµ����9��µ � �(¼Éµ��6��è"� � � � �9µ����"� ��» �&è2�!¼��G�!�6½É�
¶2�&èG�A�&¹0��èG�6½*�6µ�¼É�Gµ��?¶ �9Ð��6�Æ�P��è��G�s�4½*�0�s�6�!�<�G���!ú¸���Êµ��6��è"� � � � �G�-�#è � µ��6�<���-�É�!��è"���!� � ¼*���²�s� �-� �_�G�2���-�
��èG�E�G�G�6�9�¦�A�s�A�&�E½ ·w� �G��� � �E�-��µw�&�E�!�<���Ê�G�s�6�!��� ·-· èG�E�����s�6�¦¶ � µ�µ · èG�E� � Å � �C� ·-· µ � �9��� � �E�¸�!�Ö½*��è"�4�&�E½ · µ��&¹
· èG��Åwµ��6½É�9�

� ��è��G�s�ü� � ��Í	�G����Í	�!��� · èG��Åwµ��6½ �G�s�ð�!¼0�_�G�s�6� � �Â����è � µ��Ó�G�6��è"�"� ���-�Fè � µ��&Í(�!�9�º�G�6��è"�"� Å�¼ � �6�-�9� � �
��µ � ��è � �G�-½É�4� � �ºµ��6�����!� � ½ · èG�?Ð��6�Çµ��6��è"� � � �É· �&èG�´��è"½É���-�&�Æ¿�½É�6��� � èG�6�ÇÅ;¼l� � ½ � µ���� � Ð�� èG�9¶7��è"�wÀ þ Å � �
�E�s�Õ�9���-�s��� � �6�s�&è"��µ � �!���G�s�6�G� èG�6� � µ��G�Ä�!�Y���G�s�&è · èG��ÅÃµ��6½ �s�E½É� � �-�9�Ø÷7�ÂÅÊ�6�!�Ä�E�s�Õ�9��� ��èG�6���Â�G� � �
���¯� · èG�E½ � � � � �Æ· èG�6µ � ½ � �-��èG¼XèG�6� � µ��9� �Ã� èG�G�s�&è"½É��èG� þ ÅÊ���G�ð��µ � ��è � �G�-½É�>��èG�*ÅÃ���G�6�ü�E�ü�G�s�É� � �"� ��� ���
µ��6��è"� � � � �9µ����G� ��» �&èÄ�!¼0�!�!�6½ ¶4� � ��� � � � � � �G�!�6µ����Ñ�&�E½ · µ��&¹ µ��6��è"� � � � ��µ � ��è � �G�-½º� �A�-�&èG����èG�Ó½É���_¼
· èG�0�&�6�G�!�6� � �_Ð��Eµ�Ð��6� þ � � �"�ä�����G�s���&¹0�6� � � � �E�ä�����G�s���P��èG¶7��è"�0Í(���-� � � � � �@· è"��� � �&� � �E�Æ�G¼��!�!�6½ þ �G�s�pè � µ��&Í
èG� � �-�P��è"�&�6½É�6�_�2��µ � ��è � �G�-½ ���-�Ä��µ��!�@�G�s� � �6�s�9� � ����µ � ��è � �G�Ã½l�,�4�s�6�!� · èG���&�6�"�!�6� � �_�!�&è"���&� � �Ä�Ö�&�E½ · µ��&¹
���-� · �;��è�µ�¼>�s� » �s�6�Ë½É���-�s�&è?�VT � � µ��7èG�6� � µ��G��� �-��� �6�!�C�G�-����µ��6��è"� � � � �9���¸ÅÊ� � ½ · èG�?Ð��6�ËÅ�¼ · �&èG�´��è"½ � � �
���Ó�9Ð��Eµ � � � �E�Ã��èG¼���µ � ��è � �G�-½ �!�l�!�6��è��"�Ó�P��èpè � µ��6�����Ã� è � µ��&Í(�!�9�G� þ²� ���9���-�s����ÅÊ�Ö�G� � �Ó�´��è��&�&è"�G� � �Ó�G�-���
�G� � � � �-��èG�6���!� � � · �&è"�P��è"½Ä���-�&�>½É�6¼äÅÊ�¯�!�Eµ��6µ�¼Â���!��è � Å � �!�6�l�!�É�G�s�¯��¶���Í	� � �&èG�6���!�6��è��"�²�
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�A�s�2� � �G� ·Ã· � � �_� � � � �6½ ·Ã���"� �9��µ � �6� � µ��G�p��Å-�G� � �s�6� � �¯�G�s� ·�� �9Ð � � � �,�"�Ã� · �!� ��� � � �!���G�s�2× � �6�!� � �E�Ö¶��s�9�G�s� �
�9Ð��Eµ � � � �E�-� � ¼ ��µ � � �"� �G�Ã½É�l� � � � �6��µ�µ�¼ � �-� �!�6� �!� µ��6� � � � � � µ�� �E� �ü�´� � ½ � µ������ Ï��9Ð�� � ��µ@�&�E�;� �"� Å � �!� � ¼
�����&�!� � �4� � � � �s�6�;� ��» �6�ÂÅÊ�6µ��?¶¯�

¾ �AÁe�K�G�s�Æ�!�9�!� � � � ���4�&�E�;� � �Eµ2� · � � ½ � �G��� � �E� � �Ñ� � �"� � �9�!�&Í	� � ½*�Â�s¼��Ã��½ � �9��µ<�G¼��!�!�6½Ä� � � � �@� �6� � � µ��
�!� � �6���!�E�Ó��ÅÊ� � �A�G�s�@µ�� �E� �9��µ ·�� � · � � � � �6�����C�P� � ½ � µ������2�A�-� � � � ���G�-�Ö���-� � � � �E�-��µ²�&�E½ · µ � �9��� � �E�
���C�!�6½ · � � ��µ�� � �6� � �A���"� ��� �-½*�6�;� þÃ� �u���2�s�9�!� � ½ � � � � � �G�s� � � � µ � ��¼Æ��� � �-� � Ð � � � ��µ ��� µ��6� �E� Ð��6���G�-���
�E�-�¯ú��-�?¶4���G�-� � � � µ � �(¼É���C�G�s� ��� µ��>�!�9�9�

û��4÷�� � ½ · � � �G���;� ·%� � · � � �(¼É���,�¸µ��6� � � � � � ��µ � � �"� �G�-½ � ���G�-��� � ½ · µ � � � �(¼¸¶ � �G�Æ¶4� � �"�Â�Ë�;¼ · ���G�-�6� � �
� · ���&�Æ�9���KÅÊ�É� · �6� ��» �6�ð���-�ð�G�s�Ä�&¹0�!�6�_�Ë�!��¶�� � �"�Ñ�!�6� � �"� � � � �6�!� �"� �&�!�6�Ñ�!���G�-���Ë� · ���&����� · Í
� � ½É��µ��G�6� � �"� · � � �´� � ½É���-�&�ä�9���Y�E�-µ�¼üÅÊ�ä���"� � �9Ð��6� ¶��s�6�Ñ�G�-�Â�G��½ · µ � � � � � �!� �"� Å � � � �E�-�¯���4���
�9Ð��Eµ � � � �E�-� � ¼ä��µ � � �"� �G�-½ � � �>�E�-µ�¼Æ��Ð�� � �G�s�¯� · ���&�¯���CÐ���µ � �ä�!�Eµ � � � �E�Ã�9�

���Y���Ã� � �6�G�Æ�G�s� »%� �!� ·%� ��ÅÃµ��6½ þ �´� � �G�s� � �6½É� � �-�s� � ���>�G� � �Æ�G�s�6� � �Â�&�E�-� � �s� � ��� � �E� � �Æ�&�E� » �s�6�
�!�Y�G�s� ·�� ��ÅÃµ��6½ ���Ö�9µ����G� ��» �9��� � �E�²� �A� � �É��µ�µ���¶4�Ä�G�-�Ç� � �6� � �Æ���G� ��� �-½*�6�;� ·�� ��Åwµ��6½ �!�YÅÊ���6Ð�� � �-�6�
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C11: class(A,mammal) :-has_legs(A,2), homeothermic(A).
C12: class(A,reptile) :- has_legs(A,4).
C13: class(A,fish) :- has_gills(A), habitat(A,water).
C14: class(A,bird) :- habitat(A,land).

C2: class(A,reptile) :- has_covering(A,scales), habitat(A,land).
C3: class(A,bird) :- has_covering(A,feathers).

C5: class(A,reptile) :- has_covering(A,scales), has_legs(A,4).
C6: class(A,fish) :- has_eggs(A).

C1: class(A,mammal) :- has_milk(A).
C2: class(A,reptile) :- has_covering(A,scales), habitat(A,land).
C15: class(A,mammal) :- habitat(A,caves).
C4: class(A,fish) :- has_gills(A).

C4: class(A,fish) :- has_gills(A).

C12: class(A,reptile) :- has_legs(A,4).

C15: class(A,mammal) :- habitat(A,caves).

C10: class(A,bird) :- has_legs(A,2), has_eggs(A).
C11: class(A,mammal) :-has_legs(A,2), homeothermic(A).

C13: class(A,fish) :- has_gills(A), habitat(A,water).
C14: class(A,bird) :- habitat(A,land).
C3: class(A,bird) :- has_covering(A,feathers).
C5: class(A,reptile) :- has_covering(A,scales), has_legs(A,4).
C6: class(A,fish) :- has_eggs(A).

C1: class(A,mammal) :- has_milk(A).

C10: class(A,bird) :- has_legs(A,2), has_eggs(A).
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