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<�W j\qCYVHXs9U¬§d gbGIUKJKW�HXab]9iwL\JSPRiVULVZpW�HX^_YVHX`APV]9d W�PV]9PRgbjOUXabU

® ¯V°$±O²9³$´nµn¶o±O·�³E°
8�PViVU	s9W�UXd�HXabTpWkZ9eOjOUKahd�U-¸OG9PV]OJSahJSahW�U-JSe9PRJ¹PVHXWk^_HXW�¸OG9W�]OJKgbj¦G9UXW�sºJSY»UKW gbW d�J¹W mVW ]\JKU¹^_YVH-PV]9PRgbjOUXabU¼©8�e9W�j
`APVah]OJSPVah]½P�ghYViVahd�PRg§d�YR]9]9W d�JSahYV]�JKY�JSeIW¹s9PVJKP�q�e9ahdfe�JSe9W jcUXG9`A`APVHXabUXW¹PR]9s�JSeOG9UQPVghgbYq�¾VW W�Z9ah]9ikJSeIW�`
d�YR]9UXabUXJSW ]\J�q�ahJSe©JSe9ahU�sIPVJSPw¼§=?]©PVs9s9ahJSahYV]�L�JKe9W�j'UKGIZ9Z«YRHKJEJSHXPV]9UXZ9PVHXW�]OJ�]9PmOahiVPRJSahYV]AJSY¹JKe9WnYRHKahiVah]9PRg�s9PVJKP
PV^_JKW�H�PAUXW�ghW�d�JKabYR]ceIPVU�TpW�W�]½ZpW�HX^_YVHX`AW�s[¼

8�e9W-¿nW Z[:CNQÀ$ÁÂ7ÄÃhÅzÆ¤JSPVicab`AZ9ghW�`AW ]\JKPVJKabYR]ÈÇ_TIPVUXW�sÂYR]È:CTOÉSW d�JSahmOabJ?j§Ê¡q�e9abdfe»`AYVUXJn^_HXW�¸OG9W�]OJKgbj
G9UXW�U¹UXYVËÌd�PRgbghW�s¦ÍViRW�]9W HKahdAJSPRiVUXÍ�d�ghG9UKJKW�HXU¹PVghg¡PRJSJSHXahT9G9JSW U	YR^CP�ZIPVHXJSahd�G9ghPVH¹W mVW ]\J�JKYViRW�JSeIW�HcÇ�W�mVW ]OJSËÌq�abUXW
d�ghG9UXJSW HKah]9ipÊK¼$ÎIYRHnd W�HXJSPVah]�UXW�ghW�d�JKabYR]ÂJ?jOZ«W UMLIa?¼ WO¼�UXW�ghW�d�JKabYR]9Unq�eIabdfeÂYR]9ghjcHXW�^_W HKW ]9d�W¹PcUK`APRgbg[]\GI`	TpW�HlYV^
PVJKJSHXabTIG9JSW UC^_HXYV`ÏP'JSPRipLRP	sIabÐpW�HXW�]OJ$d�ghG9UXJSW�HXah]9i	UXJSHXPVJKW�iVjA`APjkHXW�UXG9gbJCah]©TpW�JSJKW�H�ZpW�HX^_YVHX`APV]9d W\¼[Ñ»Wld�PRgbg
JSeIabU�ÍRUKghabd W�s¦JSPRiVÍªUKah]9d�WkahJ�d�ghG9UXJSW�HXU�PVghg�mMPVghG9W�U�YR^�P½iRabmRW�]ÒPRJSJKHKahT9G9JKWkd�ghYVUXW-JKYViVW JSe9W H©Ç_PRJSJSHXahT9G9JSW Ë�q�ahUXW
d�ghG9UXJSW HKah]9ipÊK¼[Ñ»W�ah`AZ9gbW `AW�]OJSW sªJKe9W�UXgbahd�W scJKPViAab]ªUXG9dfe½P'qCPjkJSeIPVJ$abJ�eIPVU�JSeIW�UKPR`'W�ah]OJSW�HX^_PVd W�PVU$JSe9W
iVW ]9W�HXahd¹JSPRicPR]9sÂd�PR]ÒJKe\GIUlTpW'W�PVUXahgbj½G9UXW�s»T\j�ZIe\jOUXabd abUXJSUlq�e9Yªd�G9HXHXW�]OJSghj½G9UKW-iVW ]9W�HXabd-JSPRiVUl^_YVH�JSe9W abH
PV]IPVghj\UXahUM¼

Ó Z9HXW�mOahYVG9U¤ZpW�HX^_YVHX`APV]9d W�UXJSG9sIj	ah]�Ã Ô�Æ9sIW�UXd�HXabTpW�s'P�T«W ]9dfe9`APVHX¾¹q�ahJSeAP�Õ Ó ÑÄËÌ]OJSG9Z9ghW�YV^«ÖpÅRL ×RØV×
JSPRiVU�q�ahJSeÙÔV×RÚªPRJSJKHKahT9G9JKW�U¼	8�eIWkHKW UKG9ghJSU�UXe9YqÛJSe9PRJ�JSe9Wkd YVghG9`A]9Ë�q�ahUXW']OJKG9Z9ghWÒÇ_W�¸OG9ahmMPVghW�]OJ�JSY�UXgbahd�W s
JSPRipÊEabU�`AYVHXW'W�ÜAd�ahW�]OJ�JSe9PR]»JKe9WAHKYq�ËÌq�ahUKW-]\JKG9Z9ghWÂÇ_W�¸OG9ahmMPVghW�]OJlJSY½iVW ]9W�HXabd-JSPRipÊ�ab^�gbW UKU�JKe9PV]ÄÅf×wÝÞYV^
PVghgCJSe9W½PVJKJSHXabTIG9JSW U'YR^�PÒJKPVi¦PVHXW©UXW�ghW�d JSW�s�¼¦=?]+JKe9WcqCYVHXUXJ	d�PRUKWOL�a�¼ W\¼ºq�e9W�]+PVghgCPRJSJKHKahT9G9JKW�UAYV^�P»JSPRi
PVHXWlUKW gbW d�JSW s[L\JSeIWlHXW�UXZpYV]9UXWQJKab`AW�^_YRHCJKe9W�d�YRgbGI`']IË�q�ahUKWl]OJSG9ZIgbW�ahU�PVTpYVG9J$ßRË�à'JSah`AW�U�e9ahiVe9W H$JSe9PR]ª^_YRH$P
HXYq�Ë�q�ahUKWQ]OJSG9Z9ghW\¼

á âªã�²9äz³¡²9åÞæ�°Q¶oãèçÄ°næ¤é�ê$ëO·�ë
:CG9H¦ì�T9PVUXabd Í½ab`AZ9ghW�`AW�]OJKPVJSahYV]ÙYR^�UXgbahd�W sÙJSPViRU¹ah]¦¿QW�Z[:CNlÀ$ÁÂ7ºUXe9Yq�U�P½mVW�HXjÒUXah`'ahghPVH�TpW�e9PmOahYVG9H�JKY
JSeIWlHXW�UXG9ghJSU$Z9HXW�UXW�]OJSW s©ah]ÙÃ Ô�Æ?¼�¿nYqCW�mRW�HL�TOjkG9UXab]Ii'ZIHKW ^_W�JSdfecYVZ9JKab`AahUKPRJSahYV]ÙÇ_HXW�PVsIË�PRe9W�PRs[ÊSLRJSeIWlHXW�ghPVJKabmRW
ZpW�HX^_YVHX`'PR]9d�WcYV^QJSe9W�UXgbahd�W s+JKPVi¦abUkah`AZ9HXYmVW�s+TOjíP»^_PRd�JKYVHAYV^QJ?q�Yw¼í8�eOG9UL�JKe9W½UKghabd W�sÈJSPRi¦ahUk`AYVHXW
W�ÜAd abW ]\JlJSeIPV]ÒJKe9W'iVW�]IW�HXabd-G9ZÒJKYcPR]ÒPVJKJSHXabTIG9JSW'UKW gbW d�JKabmOahJ?jªYR^¡ÚVàwÝ�Ç_a?¼ WO¼�ÚVàwÝîYR^¡PVghg�PVJSJKHKahT9G9JKW�U�YV^EP
JSPRikPVHXW�PVd�d W�UXUKW s[Ê�HXPVJSeIW�H�JKe9PV]íÅf×wÝïq�ahJSe9YRG9J�Z9HXW�^_W JSdfe�YRZ9JSah`AabUXPVJKabYR][¼nÇ�Ñ»W-iVahmVW�P�T9HXabW ^[sIW�UXd�HXabZ9JKabYR]
YV^$JKe9W©Z9HXW�^_W JSdfeºYRZ9JSah`AabUXPVJKabYR]ºT«W gbYq	¼hÊÈÑÄe9PVJ-abU-`AYVHXW\L[ab]1JSe9Wcq�YRHKUXJ�d�PRUKWOL�JKe9W�UXgbahd�W síJSPRiÂahU	YV]Igbj
Úp¼ à1JKab`AW U�UKghYq�W H©JKe9PV]�JSe9WÙiRW�]9W HKahdÒJKPVip¼ÏÕEahd�JSGIHKWðÅÂPwÊ	UXe9Yq�UªJSe9WÙHXW�UXZ«YR]9UXWÒJSah`AWÙYV^¹PRd�d�W UKUXah]9i
mMPVHXabYRG9U�]OG9`	TpW�HXU¡YR^«JKPVi�PVJKJSHXabTIG9JSW UET9PRUKW s'YR]AiVW�]IW�HXabd$JSPRiVUL�ì�T9PVUXabd Í�UKghabd W�sAJSPRiVU¡PR]9sAUKghahd�W�skJKPViRU�q�abJKe
Z9HXW�^_W JSdfeÒYRZ9JSah`AabUXPVJKabYR][¼ Ó ghg�YVG9H�JSW UKJKU�q�W HKW'ZpW�HX^_YVHX`'W s»PRJ�;�PVghJSW�dfe�ñ U�ÍVJKabW HKÚRT9Í©`APRdfe9ab]IW�Ç�NQGIPVg�òVÔRÔ
ÁÂ¿QrlÕ�W ]OJSahG9`ó=K=S=Cô�ah]\GIõ�UKW HKmRW�HLRòV×V×'ÁÂÀöD Ó Á+L�G9UKah]9iAPkØV×R×½@CÀFÔVqCPVHXWQD Ó =?Nî×APVHXHXPjoÊK¼

Ñ¦WAT9PVUXW�s¦YVG9H�ZIHKW ^_W�JSdfe¦YVZIJSah`'ahUXPVJSahYV]¦YV]¦÷9]9sIab]9iRU�Z9HXW�UXW�]OJSW s»ah]ðÃ ÚVÆ?¼-=?]ÙUKe9YRHKJMLpHKPRJSe9W H�JSe9PR]
^_W�JKdfe9ah]9iÒUXab]IiVghW©s9PRJSPVTIPVUXW�Z9PViRW�U-YV^�Z9PRHKPRgbghW�g�s9PVJKPÒUXJSHXW�PV`AUL�a�¼ W\¼Ò`	GIgbJKabZ9ghWªPVJSJKHKahT9G9JKW�UL�q�WcZ9HXW�^_W�JKdfe
`	GIgbJKabZ9ghWÒsIPVJSPRT9PVUXW�Z9PRiVW�U©ab]ødfeOG9]I¾\U©YV^©Å½ÁÂÀ¹¼¡8�e9WÒPRs9mMPV]OJSPRiVW�YV^�JKe9abUªPVZIZ9HKYRPVdfeÈYmVW H�^_W�JKdfe9ab]Ii
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a) b) 

Î¤abiRG9HXWnÅV¬wD�W UKZpYV]IUKW¡JKab`AW U�^_YVH[UKW gbW d�JKab]9inPVJSJKHKahT9G9JKW�U[T9PVUXW�s�YR]�m�PRHKahYVGIU�s9ahÐ«W HKW ]OJ§JSPRi�ab`AZ9ghW�`AW ]\JKPVJKabYR]9UM¼
PpÊ[ÖwÅVL ×VØV×-JSPRiVU�q�ahJSe½ÔV×RÚ-PRJSJSHXahT9G9JSW U�T[Ê�ÅRL ×R×V×pL ×V×R×¹JSPRiVU�q�ahJSe½ÚVàAPRJSJSHXahT9G9JSW UM¼

UXab]9iRgbWAs9PRJSPRT9PVUXWAZ9PViRW�U�ahU¹JSe9WkHXW�sIG9d�W s¦]OG9`-T«W H¹YV^Cs9ahUK¾»e9W�PRsÙ`'YmRW�`AW�]OJKUl^_YRH¹HXPV]9s9YR`ùPVd d�W UKU�PR]9s
d�YR]9UXW�¸OG9W�]OJKgbj�HXW�s9GId�W�s¦HXW�UXZ«YR]9UKW'JSah`AW�U¼-Î�ahiVGIHKW'Ú½UKe9Yq�U�JKe9WAJ?j\ZIabd PVg�Z9PRJSJSW HK]¦YV^�JSe9WksIabUX¾ÂPVHX`ú^_YVH
HXPV]9s9YR`ÏPVd d�W�UXU�YV^[J?q�YAZ9PRHKPRgbghW�gwUXJSHXW�PR`'U�q�ahJSeIYVG9J�PwÊ�PR]9s½q�abJKe½T[Ê�Z9HXW�^_W�JKdfe½YVZ9JKab`AahUKPRJSahYV][¼

Î¤abiRG9HXW�Úp¬ Ó d�d W�UXU©Z9PRJSJKW�HX]9U©YR^�s9abUX¾Èe9W�PRsÄ`'YmRW�`AW�]OJKU�^_YVHcHKW PVs9ah]9iºZ9PRHKPRgbghW�gQUKJKHKW PV`AU�PpÊ�q�abJKe9YVG9J
Z9HXW�^_W JSdfeªYVZ9JKab`AUXPVJSahYV]ªT[Ê�q�ahJSe½Z9HXW�^_W JSdfe½YVZ9JKab`AahUKPRJSahYV][¼

Ñ¦WnPRgbUXY¹d�PRHKHXahW�sAYVG9J�UKYR`AW�Z«W HK^_YRHK`APR]9d�W�TpW�]9dfeI`'PRHK¾OU�^_YVHlÅRL ×R×V×wL ×R×V×�JSPRiVUEq�ahJSe©ÚVà¹PRJSJSHXahT9G9JSW UM¼
=?]½JSe9ahUnd PVUXW\L9JSe9W¹PRs9mMPV]OJSPRiVW�YV^�UXgbahd�W s�JSPViRU�YmVW H�iVW ]9W�HXabd�JKPViVUnabUQW�mVW ]½`'YRHKW�UXahiV]9ah÷9d�PR]OJ	Ç_UXW�W�Î¤abiRG9HXW
ÅnT[ÊSÊK¼�8�e9WQUXghabd W�s©JKPVi'YVG9JKZ«W HK^_YRHK`AU$JSeIWliRW�]9W HKahdnJKPVi'G9Z©JKYAPV]©PRJSJKHKahT9G9JKWQUXW�ghW�d JSahm\ahJ?jkYV^[ÖV×wÝ'¼[8�e9ahU$abU
s9G9W�JKY�JSe9WnHKW gbPRJSahm	T9PRs'ZpW�HX^_YVHX`APV]9d W�YV^�:CTOÉSW�d JSahmOabJ?j-^_YVH¡e9PR]9s9ghab]Ii�UK`APVghg9YRTOÉSW�d JSU¡UXG9dfeAPVU¡JKe9W�iRW�]9W HKahd
JSPRiAq�abJKeªÚRà-PRJSJKHKahT9G9JKW�U¼

û üí³¡°n¶oéSµnëO·�³¡°Që
8�e9WÂUXghabd W�sÄJSPRiíq�ahJSeøZ9HXW�^_W JSdfe9ah]9iíahUªÍVYVZIJSah`'ahPVghÍºG9ZøJKYýÚVàwÝúPRJSJSHXahT9G9JSW»UKW gbW d�JKabmOahJ?j+Ë-PVTpYmVWÂJKe9abU
JSeIHKW PVUXe9YVghs�JSeIWQiRW�]9W HKahdQJKPVi-Z«W HK^_YRHK`AU$T«W JSJKW�H¼�=?]©UXe9YVHXJ�LR^_YVH$ÍRgbPRHKiRW�Í�JSPRiVU$q�ahJSeª`'PR]Oj'PRJSJKHKahT9G9JKW�U$JSe9W
UXgbahd�W scJKPViAabU�JKYkT«W�ZIHKW ^_W�HXW�sªab^�YV]9ghj�PAUXG9T9UXW�J	Ç_GIZªJKYkÚVàwÝ'Ê[YR^�JSeIW�PVJSJKHKahT9G9JKW�U�ahU�UXW�ghW�d�JKW�s[¼

þ ã§äzã§²9ã§°Q¶oã§ë
ÃhÅfÆ ¿nW Z[:CNlÀCÁÒ7[LOeOJSJKZ[¬ ÿRÿVq�q�q�ah]9^_Yp¼ d�W HK]�¼ dfe9ÿRs9T9ÿRYVTOÉSW d�JSahmOabJ?jOÿRs9YOd�UXÿVe9W Z«YOs9T9`AU
Ã ÚVÆ <�YOW�]�¿QYVghJS`APV][LIÕEHXYVJKYVJ?jOZ9ah]9ikYV^�;�ÁÂ7Ò79JSYRHKPRiVW�ÁÂPR]9PViRW�`AW�]OJ�L9ÕEe[¼ Nk¼�JSeIW�UXabUkÇ_Z9HXYOW�^_YR]\J?qCW�HXZ[ÊKL

ÁÂPj�ÚR×V×R×pLRBEah]9s9e9YmRW�]��n]9ahmVW HKUXabJ?j©YV^�8�W�dfeI]9YVghYViRj\LR=?79À$>ïòV×RË�ÔRÖVØVËÌ×����VÅ|Ë��
Ã ÔVÆ D�NlßVàwL��nUXab]9iªPV]ð:CTOÉSW�d JQNlPVJKPVT9PRUKW'PV]IsÒÁÂPRUKUl79JSYRHKPRiVW-79jOUKJKW�`ú^_YVH�Õ�e\jOUXabd U Ó ]9PVghjOUKahUL Ó Z9HXabg

ÅfòRò��RLVeOJKJSZ[¬ ÿVÿRq�q�q�ab]9^_Yw¼ d W�HX][¼ dfe9ÿVPRUKs9ÿRHKsIßVàVÿRHKW Z«YRHKJKUM¼ eOJS`


