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ô�÷�çÛè U ç±è ð ÷ ì äî ê î½U ç±æ9æ î òPöÄõî çÛêE÷ î ì î C¢ëeéÛêPë b ÷ ò�ë#òÏ÷ çÛè�C¢ëKòÏö õî ç±êÏ÷ î ì î C¢ëeé±ê�ë b ÷ ò�ë¥òP÷ ç±è5í"êEçÛí�ç ð õîñî ívë#ê _�î ; òPçÛè ï
çÛè b ë:ívç�? b çÛ÷ êeìÄõî ò î êEæ9÷ è î ê�ì î k ë%ÁU ç±è�ì�÷ ê î�U ò î C¢ë:ì�÷ ð òPêE÷u@A?
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ò<ì î ð ì�ç±è"èÄõîñî ð äë5òPê äî ð övë�?
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õî íNë�êEòÏ÷ òP÷ ç±è î òcC¢ëSì<[
èvë#æ9÷]\	? î ì*? éºë��
ë¥òPç±æ9÷]\	? î ìNë#è ð C¢ë¯é§ë�C¢ë3G
÷ î±ï è�ç±ò�ë#æ9æ î è§ò<ìNë#è ð C îñð ívë�êwòP÷ îñð<î G�ò î êEè î ðóï ë�?Iì î C äë¯ìB?Sì�÷ ð \	? î ç±í�òÏ÷]\	? î�s�t�î
U çÛèºòP÷ è<?B?"æTê�ë�ì�÷ ç äë�� i{U æhëSõî éºë�C î æ î è§òMõî ò"õî ç�@ ðEî ê b õî ë b î�U C î-��t å ï k½ç�?�êÏè�÷ ðPð ë#è§ò ì î ð ÷ èAk½ç±êÏæ¯ë¥òP÷ ç±è ð­ð ?�êCYXwõî æ9÷ ðÏð ÷ çÛè ð [
è U ö"êEç±òPêEçÛèYì î ð õî C î�U òÏêÏç±è ð ê î C¢ë#òP÷ b ÷ ð ò î ð õî T î�U ò"õîñð C çÛê ð ì î CYXwõî b äî è î æ î èºò ð ?"í î êEè"ç b ë s¨<ë�è ð C î ì
çÛæ¯ë#÷ è î çÛí
òP÷]\	? îÛï ç�?
òPê î C îñð ì�çÛè�è õîóî ð ìB?´=|ô<q ï è"ç�? ð í�ç ðÏð õî ì
çÛè ð ì î ð ì�ç±è"è õîóî ð ì"ë�è ð C î ð@Në�è"ì î ð9oeï��@ï ��ç�@
ò î è	? îñð ë b î�U C î ò"õî C îñðZU çÛí î ì î �Äæ8ì î CYX f @ ðEî ê b ë#òÏçÛ÷ ê î ì î =<ë�?
ò î l6êEç b î è U�î2D =bõî ê�ë�?"ì î ë�?
î ò<ô�÷ æ9÷ î è H�J�J�K^L�ï æ¯ë#÷ ð ë�? ðÏð ÷p?"è î ÷ æ¯ë�é î3î è�@vë#èNì î ¬�ç�@�ò î è	? î ë b î�U C î ò"õî C î ðZU ç±í î � _ qTS3ì î � s²� æ�ì îCYX f @ ðEî ê b ë#òÏçÛ÷ ê î ì î ð S ë#èvë�êE÷ î ð4s : è z èSè�ç�? ð í�ç ðÏð õî ì�ç±è ð ì îñð ÷ æ¯ë#é îñð<î ò ð í î�U òPê î ð<î è±@vë�è"ì î õî òPêÏç±÷ ò î±ïÍî è
íNë�êwòP÷ U ?BC ÷ î ê-=VU D l çÛé±é îvH�J  J^L$s

: èM÷ èAkÐê�ë h êÏç�?"é î í"êEç U ö î è"ç�? ð ë b çÛè ð ê�õî ë�C ÷ ð õî ë�? U ç�?"ê ð ì î CYX ë#è"è õîóî � i�i �3ì î ð ç�@ ðEî ê b ë¥òP÷ çÛè ð ì î C¢ë3ê�ë#÷ î
ì î =2� î òeìB? U çÛèºòP÷ è	?A?"æ � ë b î�U C î ò�õî C îñð/U çÛí î{oµî êÏèNë�êÏì t [ºç±ò�ì î CYX f @ ðÏî ê b ë#òPç±÷ ê î ì*?ml�÷ U ìB?���÷ ì
÷ s

t�î ð ÷ æ¯ë#é î ð ì î ���%å<ô"ôXW ï�î è�@Në�èNì î ð}�"ï = î ò �Gï ë#÷ è ð ÷,\^? î C îñð ç�@ ðEî ê b ë¥òP÷ ç±è ð ì î qÄö"çÛêEèAC î [ DZH4J�J�K^L
î è�@vë�è"ì î�� X ð çÛè§ò�õî é§ë�C î æ î è§ò äë5è�ç±òÏê î ì�÷ ð í�ç ð ÷ òP÷ çÛè s

_ ç�? ð í�ç ðÏð õî ì
çÛè ð íNë�êeë�÷uCuC î ?"ê ð ?"è ð í î�U òPê î
U çÛæ9íBC î ò�ìNë#è ð CYX ÷ èBk½êPë h êEç�?�é î C çÛ÷ èºò�ë�÷ è ï ì î ` ÿ äë H  J�� æ ï
ë b î�U CYX�÷ è ð òPê5?"æ î è§ò t�Â ô DØt ç±è"é Â ë b î C î è"é�òPö ô�í î�U òÏêÏç±æ î ò î ê L ì*?bò"õî C îñðZU çÛí î �Eô f % D�o ê�ë#÷ è îRî ò2=�?"éÛö î ð
H4J�J�J^L!s¨<ë�è ð C î ì
çÛæ¯ë#÷ è î3ð ?B@"æ9÷uCuC ÷ æ�õî òPêE÷]\	? îÛï�_�F S�`�` H ` ëyõî ò�õî ç�@ ðEî ê b õîóî íNë�ê o ê�ë#÷ è î=î ò1ë�C s9D � i�i�ÿ^L äë ` ��i
î ò� ��i�� æ ë b î�U CYX ÷ è ð òÏêZ?"æ î è§ò¯ô S ¿ o å D ô	?A@"æ:÷uCuC ÷ æ î òÏê î S ç±æ9æ9ç±è h ¿ ðEî ê o ç�C çÛæ î ò î ê:å�êÏêPë�[ L5ð ?�êcC î
ò�õî C îñð/U çÛí î ì î�H�� æ � S �>qTY Ë C î @A?
ò5ì îWU�î ð ç�@ ðEî ê b ë#òÏ÷ çÛè ð õî ò�ë#è§ò{CYXwõî ò/?"ì î ë�í�í"êÏç�k½ç±èNì�÷ î ì î CYXwõî æ9÷ ðÏð ÷ çÛè
òÏö î êÏæ9÷]\^? î ì î C¢ë5í�ç�? ðÏð ÷ äî ê î ìNë#è ð CYX ÷ èBk½êPë h êEç�?�é î òPê äî ð C çÛ÷ èºò�ë�÷ è s¨{X�?�è9ívçÛ÷ èºò­ì î b ? î�ð ÷ æ:íAC î æ î è§ò6ç�@ ðEî ê b ë¥òP÷ çÛè�è î C _�F S�`�` H ` î ð ò|?"è:ç�@<T î òµ÷ ì­õî ë�C s*F ê��ë Uóî äë ð ë|öNë�?
ò îC¢ë¥òP÷ òZ?Nì î é§ë�C¢ë U òP÷]\	? îcD  ÿ*�4L çÛè î ð ò½C çÛ÷ è�ìB?áíAC¢ë�è¯é§ë�C¢ë U òÏ÷]\	? î±ïBUóî \	?"÷�æ9÷ è"÷ æ9÷ ðEî C¢ë U çÛèAk.? ð ÷ çÛè ð ò î CuC¢ë#÷ ê î<î òCYXUë�@ ð ç±êÏí
òP÷ çÛèbì*? î ë�?Yæ9÷uC ÷ î ?�÷ è§ò î ê ð ò î CuC¢ë�÷ ê î ì î è"ç±òÏê î é§ë�C¢ë3G
÷ î�sq~ç�?�ò î ðÄUóîñð ì
çÛè"èÄõîñîñð ç±è§ò�í î êÏæ:÷ ð CYXEõî ò/?Nì î ë�í"í�êÏç�k½çÛè"ì�÷ î ì î C¢ëeé§ë�C¢ë�G�÷ î}_2F S(`�` H ` ï ì î ð ë1ì<[
èNë�æ9÷]\^? îÛï
Z\[P]=^6_a`cbd`ce�`gf6hXi�jkf6bmlon�_a`cpal\^6l\qobmhXrsbdtmtmbmqvuhw`cpabmx�e6hyz[&{Chwp�|V}!jkpa~\hXn�papcj&|��[P]=_�j\jk�X��hw�g`cl\^��#h�tmh�_a��l\�"h� [P�/�
lErsbd��pal\^�n�tmt#�z��|��ze6p��-hw|�z[P]=^6��pcjkpah�fs�z��j\�wh����6_ah�p��kjk`cl\p�|��[���jkqoh�_���t�jkpa�Vrsj��z�
h�tmt��#h�tmh�_a��l\�"h
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òP÷ çÛè s
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lÊç�?"ê ð ç±èNì î ê|C î æ9÷uC ÷ î ?9÷ èºò î ê ð ò î CuC¢ë�÷ ê î±ïºî òAíACu? ð ívë#êEòÏ÷ U ?AC ÷ äî ê î æ î èºò�C¢ë U ç±æ9í�ç ð ë�è§ò î éºë�� î ? ðEîÛï
ì î ?*G5òPêPë Uóî ?"ê ðµð çÛèºò ð ç�? b î è§ò|?
òP÷uC ÷ ð õî ðAî è9ê�ë�ì�÷ ç§ë ð òPêÏç±è"ç±æ9÷ î�s�t ë|êPë�÷ î äë
� H}U æ�ì î CYX�ö	[
ì�êÏç±é äî è î ë¥òPçÛæ:÷]\	? î
D =�Ñ L<î ò{C î ð êPë�÷ îñð êÏç±ò�ë#òÏ÷ çÛè"è î CuC îñð ì*?�æ9ç±è"ç�G<[�ì î ì îWU ë�êZ@vçÛè îmD Sgf L ìNë�è ð C î ì�ç±æ¯ë�÷ è î æ9÷uCuC ÷ æ õî òÏêÏ÷]\^? î�s¨<ë�è ð�UóîcU övë�í�÷ òPê î è�ç�? ð ë�CuC ç±è ð b çÛ÷ ê|ívç�?"êZ\	?�çÛ÷ çÛèSç�@ ðEî ê b î C î Sgf íACu?
ò��ç±ò
\^?�X�?"è î ë�?
òPê î æ9ç�C�õî�U ?AC î ç�?\^? î CYX�ö	[�ì
êÏç±é äî è î�s�_ ç�? ð b î êÏêÏç±è ð ë�? ðÏð ÷ Uóî \^?"÷ î è�k]ë�÷ òn?�è9ì î ð æ î ÷uCuC î ?�ê ðóï±ð ÷ U�î è�X î ð ònC î æ î ÷uCuC î ?"ê ï òPê�ë Uóî ?"ê
ì î C¢ë:ì<[
èNë�æ9÷]\^? î ìpX�?"èYì�÷ ð \	? î éºë�C¢ë U òP÷]\^? î�s
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t�î æ9ç�? b î æ î è§ò|ì î ð æ9ç�C�õî�U ?AC îñðóï êEç±ò�ë¥òPç±÷ ê î:î ò b ÷u@�ê�ë#òÏçÛ÷ ê îÛï ê î \^?"÷ î êwò=ì îñð õî è î êÏéÛ÷ îñð íBCu? ð k]ë#÷u@AC î ð \	? î
U�î CuC îñð ë ðÏð ç U ÷�õîóî ð ë�?BGGòPê�ë#è ð ÷ òP÷ ç±è ð õî C î�U òPêEçÛè"÷]\^? îñð�s<t ë ð ÷ é±èvë#òZ?"ê î<ð í î�U òPêPë�C î ì î2Uóîñð æ9ç�? b î æ î è§ò ð6ðEî òÏêÏç�? h
b î êPë=ì�çÛè U íACu?
ò��ç±òÄì"ë�è ð CYX ÷ èAkÐê�ë#êÏç�?�é î±ï C î1ð ?B@"æ9÷uCuC ÷ æ�õî òPêE÷]\	? î ç�?EC î æ9÷uCuC ÷ æ õî òÏêÏ÷]\^? î�s	t�îVU ë ð C î íBCu? ðµð ÷ æ:íAC î
îñð ò U�î Cu?"÷�ì0X�?�è î æ9ç�C�õî�U ?AC î ì�÷¢ë#òÏçÛæ9÷]\^? î ë ð [
æ�õî òPêE÷]\	? îÛï S}f ívë�ê î G î æ9íAC î�s S î CuC î4hjU ÷ví�ê�õîñðÏî è§ò î ?�èMæ9çÛæ î è§ò
ì
÷ í�ç�C¢ë�÷ ê î õî C î�U òPêE÷]\	? î í î êÏæMë�è î è§ò è"ç±èYè<?BC î ò�?"èYæ9ç±æ î èºòKìpX�÷ è î êEòP÷ î � sAt ë�\	?vë#è§òÏ÷ z U ë¥òP÷ ç±èbì îñð è"÷ b î ë�?*G
ì0XEõî è î êEéÛ÷ î êÏç±ò�ë#òÏ÷ çÛè"è î CuC î±ï ì î è�çÛæ�@�ê î \	?Në�èºòP÷]\	? î
�NïAU çÛèNì*?"÷ ò äë�?"è î õî è î êEéÛ÷ î�É
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t�î ð òPêPë�è ð ÷ òÏ÷ çÛè ð í î êÏæ9÷ ðEî ðw�¬« ��h!H#ï ì�÷ ò îñð ì î êEç±ò�ë#òP÷ ç±è:íA?"ê îÛï b çÛèºòAí�êÏç
ì*?"÷ ê î ì î ð í"ö�ç±òÏçÛè ð ì0XEõî è î êEéÛ÷ î�P­�®\¯��° s%t ë:æ9ç�C�õî�U ?BC î S}f í�ç ðPð äî ì î ì î è"ç±æ�@"ê î ? ðÏîñð òPêPë�è ð ÷ òÏ÷ çÛè ð êÏç�ò�ë¥òP÷ çÛè�è î CuC î ð ì"ë�è ð C î ì�ç±æ¯ë�÷ è î ê�ë�ì�÷ ç ï

è�ç±ò�ë�æ9æ î è§òVC¢ë9òPêPë�è ð ÷ òÏ÷ çÛè�k½çÛè"ìNë#æ î èºò�ë�C î��<Ç�H±« �<Ç�i äë H�H���F =-�@ç�?(� s�K æ9æ ï ë�÷ è ð ÷n\^? î òPç�?
ò îñð C î ð
òÏê�ë#è ð ÷ òP÷ ç±è ð¯ð ?"í õî êÏ÷ î ?"ê îñð¯ð Xwõî ò�ë�C¢ë�èºòáìB?�æ9÷uCuC ÷ æ õî òÏêÏ÷]\^? î T5? ð \	?�X äë´CYX�÷ èAkÐê�ë�êEç�?�é î C ç±÷ è§ò�ë�÷ è ï òÏç�?�Twç�?�ê ð ì"ë�è ðCYXwõî ò�ë#ò b ÷u@"êPë#òP÷ ç±è"è î C�ì î @vë ðEî�s ¨ î æ��î æ î±ï ì î òPê äîñð è"çÛæy@"ê î ? ðEî ð æ9ç�C�õî�U ?BC î ðµî òÄêPë±ì�÷ U ë�?*GEC ÷u@�ê îñð ì*?¯æ9÷uC ÷ î ?
÷ èºò î ê ð ò î CuC¢ë�÷ ê îED = S _Rï ô f � ïps]sus²L çÛèºòeì î ð òPêPë�è ð ÷ òÏ÷ çÛè ð ìNë�è ð C î ì
çÛæ¯ë#÷ è î æ9÷uCuC ÷ æ�õî òPêE÷]\	? î�s
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t�î ò�ë�@BC î ë�?>�=æ9çÛèºòPê î C î ð ì î ?BG¯êPë�÷ îñð C î ð íBCu? ð ÷ èºò î è ðEî ð ìB?áæ9ç±è"ç3G	[�ì î ì î�U ë#êZ@�ç±è î<î òKì î�Uóîñð ì î ?*G
÷ ð ç�òPç±í î ðÍ. S S . Y f î ò . � S .�¾ f s�t X ÷ èºò"õî ê4�î òeì îñð ÷ ð ç±òÏçÛí îñð î ð ò-\	?�X�÷uC ð í î êEæ î òEò î èºò�ì0X ë b çÛ÷ ê}?"è î ÷ èBk½çÛêEæ¯ë#òÏ÷ çÛè
íACu? ð í"ê�õî�U ÷ ðEîáð ?�ê�C¢ë�ì î è ð ÷ ò�õî ì*?té§ë��Mæ9ç�C�õî�U ?BC¢ë�÷ ê îMî ò ð ?"ê{C¢ë ð òÏêZ? U ò/?�ê î ì î ð è	?vë#é î ð æ9ç�C�õî�U ?AC¢ë�÷ ê î ðyU ë#ê
÷uC ð|ð ç±è§ò|ìNë b ë#è§ò�ë#é î ç±í�òÏ÷]\	? î æ î èºò<æ9÷ è Uóîñð�Ë CYXEõî ívë�÷ ðÏðEî ?�ê<çÛí
òP÷]\^? î ì îcU�î ð ÷ ð ç±òÏçÛí î ð1î ð ò1òPê äîñð ÷ èBk äî êÏ÷ î ?�ê î äë
Uóî CuC î ì î S}f s �%ë#÷ ð C î ?"êeë�@vçÛèNì"ë�è Uóî3î ð ò�æ9çÛ÷ è"ì�ê î�Ë C îñð ê�ë#÷ î ð ì î
Uóîñð ÷ ð ç�òPç±í î ðKð ç±è§òeì�ç±è U íACu? ð ì�÷�� U ÷uC î ð
äë5ç�@ ðEî ê b î ê s

l ç�?�ê/\^?"çÛ÷�ç�@ ðEî ê b î ê}C î Sgf î ò�ívë ð ì�÷ ê î�U ò î æ î è§ò�C î = � Ê t�î = � î ð ò�?"è î æ9ç�C�õî�U ?AC î3ð [
æ õî òPêÏ÷]\^? î±ï ívë#ê
U çÛè ð õî \	? î èºò ïóî CuC î è î í�ç ðPð äî ì î íNë ð ì î æ9çÛæ î è§ò�ì�÷ ívç�C¢ë�÷ ê î í î êÏæ¯ë#è î è§ò s ¨ î|Uóî k]ë#÷ ò ïóî CuC î èpX#ëÄíNë ð ì îµð í î�U òÏê î
ì î êÏç�ò�ë#òÏ÷ çÛèGíA?"ê îÛïºðEî ?BC î ð C î ð êPë�÷ îñð ì î b ÷u@�ê�ë¥òP÷ çÛè h êEç±ò�ë¥òP÷ ç±è ð ç±è§òAç�@ ðEî ê b ë�@AC î ð ìNë�è ðnUóî êwò�ë#÷ è î ðnU çÛè"ì�÷ òÏ÷ çÛè ð
í"ö	[ ð ÷]\	? îñð íNë�êEòÏ÷ U ?BC ÷ äî ê îñð4s f è�í î ?
ò î è î � î ò:ç�@ ðEî ê b î ê U�î ð òÏê�ë�è ð ÷ òP÷ çÛè ð ì"ë�è ð C î ì
çÛæ¯ë#÷ è î ÷ èAk½êPë�êEç�?"é î
í"êÏç U ö î�D ë�?�òÏç�?�ê­ì î � � æ L C çÛê ð \^?�X î CuC î ðµð çÛè§ò î G U ÷ ò�õîñî ð ívë#ê­ì îñð çÛèNì î ð ì îVU ö"ç U ívë#ê î G î æ9íAC î�s	t XUë�@ ðÏî è U�î
ì î òPê�ë#è ð ÷ òP÷ ç±è äë±@vë ðÏðÏî õî è î êEéÛ÷ î ëIívç�?"êMê
õî ð ?AC ò�ë#òW\^? î è"ç�? ð è î í�ç�? b çÛè ð íNë ð ì­õî ò î�U ò î êMì
÷ ê î�U ò î æ î èºòCYX ö	[
ì�êEçÛé äî è î æ9ç�C�õî�U ?AC¢ë#÷ ê î ë�?BG¯ò î æ9íÄõî ê�ë¥ò/?�ê î ð òj[
í�÷]\	? îñð ìB?Yæ:÷uC ÷ î ?Y÷ è§ò î ê ð ò î CuC¢ë�÷ ê îEDZH�i3h���i��{L!s

t�î æ9çÛè�ç3G<[
ì î ì î´U ë�ê5@�çÛè îSîñð ò�C¢ëyì î ?BG�÷ äî æ î æ9ç�C�õî�U ?AC î C¢ëtíACu? ð ë�@vçÛèNì"ë�èºò î ë�í"ê äî ð CYX�ö	[�ì
êÏç±é äî è î
æ9ç�C�õî�U ?AC¢ë#÷ ê îmDØ_�D S}f L � _�D =V� L¼Î H�i#, W L!s : CuC îMî ð ò@ì
çÛè U k]ë U ÷uC î æ î èºòRç�@ ðEî ê b ë�@AC î é±ê��ë U�î äë ð çÛèÂæ:çÛæ î è§ò
ì�÷ í�ç�C¢ë�÷ ê î�D'�4Îxi#�.H ¨ î @	[ î�L�ïvî ò2C î ð ê�ë#÷ î ð ç�@ ðÏî ê b õîñî ðeð çÛè§ò1÷ èºò î è ðEî ð4s%t XEõî æ:÷ ðPð ÷ ç±è�æ9÷uCuC ÷ æ�õî òPêE÷]\	? î ì î S}f
í î ?
ò|�î òPê î|U çÛè ð ÷ ìÄõî ê
õîñî|U ç±æ9æ î ?�è3òÏê�ë Uóî ?�ê~ìB?=éºë��6æ9ç�C�õî�U ?BC¢ë�÷ ê î ì"ë�è ð C î ì
÷ ð \^? î�s3t�î ð è<?vë#é îñð æ9ç�C�õî�U ?BC¢ë�÷ ê îñð
ð ç±è§ò ð ?�� ð ë#æ9æ î è§ò�ì î è ðEî ð í�ç�?�ê�\	? î C î S}f ð çÛ÷ ò U ç�CuC ÷ ð ÷ ç±è"è î CuC î æ î è§ò î G U ÷ ò�õî�s ¨ î íACu? ð C î Sgf î ð ò
í"ö"ç�òPç�ì�÷ ðÏð ç U ÷¢ë�@AC î�U ç±æ9æ î =2� D b ë#èE¨e÷ ð ö"ç î�U ¯ î ò o C¢ë U ¯ H4J  G L�ïÛî ò­ë�÷ è ð ÷ ð ?B@ ð ÷ ð ò î êPë2C äë|ç ä?v=2� ð ?A@ ð ÷ ð ò î ê�ë
ë�? ðÏð ÷ s,t ë�ì
÷u�eõî ê î è Uóî ë b î�U C¢ë�êPë�÷ î äë�� HcU æ ì î CYX ö	[
ì�êEçÛé äî è î è î ?�òÏê î:î ð ò{\	? î C¢ë¯òPê�ë#è ð ÷ òP÷ ç±èÂö	[�í î ê z è î
î ð ò}?"è î òPê�ë#è ð ÷ òP÷ ç±èY÷ èºò î êÏì�÷ ò î ë�? ðEî è ð ì îñð ê
õî é�C îñð ì î3ð õî C î�U òP÷ ç±èYì î C¢ë5æ õî�U ë�è�÷]\	? î \	?Në�è§òÏ÷]\	? î�Ë ë�C ç±ê ð \	? îC î ð ê�ë#÷ î ð ì î Sgf æ9÷uCuC ÷ æ õî òÏêÏ÷]\^? î ð�ð çÛèºòeí î êÏæ9÷ ðEî ð4s ¨<ë�è ð C îñð è<?Në�é îñð æ:ç�C�õî�U ?AC¢ë#÷ ê î ð ì î è ðÏîñð�î ò-k½êEçÛ÷ ì ðñï C î ð
ê�ë�÷ îñð ì î ðGîñð í äî�U�î ð ÷ ð ç±òÏçÛí�÷]\	? îñð í�êÏ÷ è U ÷ ívë�C î ð æ¯ë#÷ ð ë�? ðPð ÷ ì îñðGî ð í äî�Uóîñð ÷ ð ç±òPç±í"÷]\^? î ð ê�ë#ê î ðGð çÛè§ò:íNë�ê5k½çÛ÷ ð
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ð ë¥ò/?"ê
õîñîñð�s S X î ð ò½C î2U ë ð ì î C¢ë=æ9ç�C�õî�U ?AC î S}f s*t�î ð êPë�÷ î ð­ð ë¥ò/?�ê�õîñîñð ì�çÛè�è î è§ò½C¢ë3ò î æ:í õî êPë#òZ?"ê î-U ÷ èÄõî òÏ÷]\	? î ì îC¢ëGæ¯ë¥òP÷ äî ê î3î è ð ?"ê5k]ë UóîÛï æ¯ë#÷ ð çÛèYè�X ë5ívë ð ë�C ç±ê ð ìpX�÷ èNì�÷ U ë#òÏ÷ çÛè ð ?�ê�C¢ë:ì î è ð ÷ ò"õî ì î{U ç�C çÛè"è î�s7t�î í�êÏ÷ è U ÷ ívë�C
í�êÏç�@AC äî æ îRîñð òeì î ê î æ9çÛèºò î ê äëcC¢ë9ì î è ð ÷ ò�õî ì îyU ç�C ç±è"è î ì î =V� äëGívë�êwòP÷ ê1ì î ð ç�@ ðEî ê b ë#òÏ÷ çÛè ð ì î CYX ÷ èºò î è ð ÷ ò"õî
ì î S}f s �~C î G�÷ ð ò î òPêEçÛ÷ ð<ð ç�Cu?�òP÷ ç±è ð í�ç�?"ê U ë�C ÷u@"ê î ê2C î ê�ë�í�í�ç±êEò Sgf ��=2� î ò3ë�÷ è ð ÷ îñð òÏ÷ æ î ê-C î ð æ¯ë ðÏðEî ð ì îñð
è	?vë#é î ð æ9ç�C�õî�U ?AC¢ë�÷ ê î ð
D S çÛæ�@ î ð�H�J�JBH�L$É

Ó t ë5æ�õî òPö�ç
ì î ì*? � ÷ êÏ÷ î C s: CuC îcU ç±è ð ÷ ð ò î äë U ç±è ð ÷ ìÄõî ê î ê2\	? î òPç�? ð C î ð è	?vë�é î ð<ð çÛè§ò=ë�í�í"êEç3G
÷ æMë#òP÷ b î æ î è§ò î è�õî \	?"÷uC ÷u@�ê î
ì*? � ÷ êE÷ î C ï C îñð C¢ë�êÏé î ?�ê ð ì î ê�ë�÷ î ì îñð è<?Në�é îñð ÷ è"ì�÷ b ÷ ìB? î C ð@ð çÛèºò@ì�÷ ê î�U ò î æ î è§ò3ê î C ÷�õîñî ð äë�C¢ë�æ¯ë ðÏðEî
ì î ð è<?vë#é îñð î ò äëyC î ?"ê�ì î è ð ÷ ò"õî�sAt X ÷ ì­õîñî í�êÏ÷ è U ÷ ívë�C î=îñð ò�\	? î C î ê�ë#í"í�ç±êEò Ô2Õ ¯°�Ö�×#ØcÙ�Ú î ð òg?"è î�U ç±è ð ò�ë#è§ò î?�è"÷ b î ê ðEî CuC î�s�t~îñð ç�@ ðEî ê b ë#òÏ÷ çÛè ð ìB?�é§ë��Yæ9ç�C�õî�U ?AC¢ë#÷ ê î ìNë#è ð C î ð éºë�C¢ë3G
÷ î ð9î G�ò î êÏè î ðóïAî è�ê�ë�ì�÷ ç§ë ð�h
òÏêÏç±è"çÛæ:÷ îÛï�ðEî kÐçÛè§ò=ë b î�U ì îñð ò"õî C îñðZU çÛí î ð ì�ç±è§ò�C î C ç�@ îGîñð ò ð ?]� ð ë�æ9æ î è§ò1é±ê�ë�è"ì í�ç�?"ê�\	? î ì"ë�è ð
U�î Cu?�÷ hjU ÷vç±è9òPêEç�? b î ?"èMéÛê�ë#èNì9è"çÛæy@"ê î ì î è	?vë#é î ð æ9ç�C�õî�U ?BC¢ë�÷ ê îñð2D ¨1÷ U ¯�æ¯ë#è î ò ë�C spH�J  K<Ë ô�ç�C ç±æ9çÛè
î ò@ë�C s�H4J  þ�L!s ô§ò�ë#òÏ÷ ð òÏ÷]\	? î æ î è§ò U�î ð è	?vë#é î ð3ð ç±è§ò ð ?�í"í�ç ð õî ð ÷ ì î è§òÏ÷]\	? î ðóï ë b î�U ?"è î ò î æ9í õî ê�ë¥ò/?"ê î
î ò2?�è î ì î è ð ÷ ò�õî�U ë�ê�ë U ò�õî êÏ÷ ð òÏ÷]\	? îñð4s%t X�÷ è§ò î è ð ÷ ò"õî Sgf \	? î CYX�çÛè b ë9æ îñð ?"ê î ê<ë b î�U C î ò"õî C î ðZU ç±í î5ðEî ê�ë
í�êÏç±í�çÛêwòP÷ ç±è"è î CuC î ë�?tè�çÛæ�@�ê î ì î è<?Në�é î ð ì"ë�è ð C î C ç�@ î´D �%ë�C çÛè î [ î ò o C¢ë U ¯ H�J  � L$s å b î�UWU�î òEò î
æ�õî òPö�ç
ì î ô U ç b ÷uCuC îeî òÄë�C s0D5H�J  þ�L çÛèºòµòÏêÏç�? b õî ì î ð êPë�í�í�çÛêwò ð Ô2Õ ¯°�Ö�×#Ø�Ù�Ú ì î CYX�çÛêÏì�ê î ì îVÿ!� K $ H4i � ¿ ì"ë�è ð
è�ç±òÏê îyF ë�C¢ë�G�÷ î�s

Ó t XEõî æ9÷ ðÏð ÷ b ÷ ò"õî ì îñð ê�ë�[ÛçÛè ðEÛ9s¿ è î éÛêPë�èNì î ívë�êwòP÷ î ì î CYXwõî æ9÷ ðÏð ÷ çÛè Û é§ë�C¢ë U òÏ÷]\	? î í�êÏç b ÷ î èºò6ì î CYX�÷ è§ò"õî ê�ë U òP÷ ç±è î è§òÏê î C î ð ê�ë�[ÛçÛè ð
U ç ð æ9÷]\^? î ð î òVC î é§ë��=÷ è§ò î ê ð ò î CuC¢ë�÷ ê î�D ë¥òPçÛæ:÷]\	? î|î òeæ9ç�C�õî�U ?BC¢ë�÷ ê î3L!s�t X î æ:÷ ðPð ÷ ç±è Û îñð ò�?"è î G Uóî CuC î èºò
òÏê�ë Uóî ?�ê­ìB?Mé§ë��e÷ èºò î ê ð ò î CuC¢ë�÷ ê î±ï äë U çÛèNì
÷ òP÷ ç±èáì îVU ç±è"èvë#÷ òPê î C¢ëRì�÷ ð òÏêÏ÷u@A?
òP÷ ç±è�ì î ð ê�ë�[ÛçÛè ð�U ç ð æ9÷]\	? î ð
ì"ë�è ð C¢ëYéºë�C¢ë�G�÷ îÛï éÛê3�ë Uóî äëYì î ð æ:ç
ìÄõî C ÷ ð ë#òP÷ ç±è ð4s å b î�UvUóî òÏò î æ õî òÏö"ç�ì î C¢ë b ë�C î ?"ê � ð ò�ë�èNì"ë�êÏì � ì*?
êPë�í�í�çÛêwòÜÔ2Õ ¯°�Ö�×#Ø�Ù�Ú ívç�?"êAè"ç�òPê î�F ë�C¢ë�G�÷ îeî ð ò î è b ÷ êEçÛè�� � ÿ $ H�i � ¿ U æ , � DY��s ¯�æ s ð�,/.ZL�,/.VD ô§òÏêÏç±è"é î òÄë�C s
H4J  G Ë7o C ç î æ î è î ò1ë�C sIH�J  K�L!s

Ó t�î ð êPë�÷ î ð æ9ç�C�õî�U ?AC¢ë�÷ ê î ð çÛí
òP÷]\^? î æ î è§òKæ:÷ è Uóîñð î ò�CYXEõî æ9÷ ðÏð ÷ çÛèYì î C¢ë5í�ç�? ðÏð ÷ äî ê î�s
t X ç�@ ðEî ê b ë¥òP÷ çÛè9ì î êPë�÷ î ð ç±í�òÏ÷]\	? î æ î èºòAæ9÷ è U�î ð-D ívë�ê î G î æ9íBC îs. � S .�¾ f L í î ?
ò-�î òÏê î ?�òÏ÷uC ÷ ð õîóî ívç�?�ê îñð òÏ÷ æ î êC îñð ì î è ð ÷ ò"õîñð ì îWU ç�C çÛè�è î ì î = � ï ð ÷|C¢ëáò î æ:í õî êPë#òZ?"ê î ì*?�éºë�� îñð ò U çÛè�è<? îMî ò{CYX ë�@�çÛè"ìNë#è Uóî ê î C¢ë¥òP÷ b î ì îC¢ë5æ9ç�C�õî�U ?AC î ívë#êKêPë�í"ívçÛêwò äë�=2� î ð òP÷ æ�õîñî�Ë ç�?�@"÷ î è ð ÷pCYX î æ9÷ ðÏð ÷ çÛè ð ?A@�æ9÷uCuC ÷ æ õî òPêÏ÷]\^? î ì î C¢ë5í�ç�? ðÏð ÷ äî ê î|î ð ò
æ î ð ?"ê
õîñî|î ò}C î ê�ë�í�í�ç±êEò�éºë�� h í�ç�? ðÏð ÷ äî ê î3î ð òÏ÷ æ õî äë5íNë�êEòÏ÷ ê�ì î ð ë�@�çÛè"ìNë#è Uóîñð4s
¼�©½¼ � » ¸:¬ Ãª´�® ¿ï¬ ±²®�Ä·Ã¥±¶� » ÃÝ  µeÁz¿ ® ± ¿ ± µ ³ Áz¿ ®

t�î ð í"êE÷ è U ÷ ívë�?*G9òPêPë U�î ?"ê ð ì î C¢ëRì<[
èvë#æ9÷]\	? î ì0X�?"è¯ì�÷ ð \	? î éºë�C¢ë U òP÷]\^? î<ð çÛè§ò�C î é§ë��<ë#òÏçÛæ9÷]\^? îÛï C î éºë��
÷ ç±è"÷ ð õîÄî òwC î é§ë��­æ9ç�C�õî�U ?AC¢ë�÷ ê î�s�t�î æ:çÛè"ç�G<[
ì î ì î½U ë�ê5@�ç±è î­î ð òÄ?"è î G Uóî CuC î è§òÊòPê�ë Uóî ?"ê ì î C¢ë1ì<[
èvë#æ9÷]\	? î ì*?
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ì�÷ ð \	? î ìpX�?�è î é§ë�C¢ë�G
÷ îKð í�÷ ê�ë�C î�s�t~î éºë��Äæ9ç�C�õî�U ?BC¢ë�÷ ê î í"ê
õî ðEî èºò î C¢ë1ívë#êEòP÷ U ?AC¢ë#êÏ÷ ò"õî ìpXu�î òPê î íBCu? ð ì î è ðEî î ò6íACu? ðk½êÏç±÷ ìc\^? î C î é§ë���ë#òÏçÛæ9÷]\^? îÛï ÷uC ðEî ê�ë<ì�ç±è U íBCu? ð í�ê�õîñð ì*?:íBC¢ë�è:é§ë�C¢ë U òÏ÷]\	? î�s^t�î ì
÷ ð \	? î ì î é§ë��Kæ9ç�C�õî�U ?AC¢ë�÷ ê î
î ð ò|í î ?�õî ívë#÷ ðñï \	? î C]\	? î ð�Uóî è§ò�ë�÷ è îñð ì î íNë�ê ðÏî�Uñð ívç�?"ê2?"è î éºë�C¢ë3G
÷ î�U çÛæ:æ î C¢ëMè9�ç�òPê î�D À ê îóî æ¯ë#è H4J  þ�L
ç�? b ? î íNë�ê½C¢ëRòPêPë�è U ö îcD ì î{F êE÷ T ðÄî ò b ë�èYì î ê � ê5?"÷ ò H�J�J�K�L!s ¨ î íBCu? ðóï çÛèáè î3ð ç�?A��ê î íNë ð ì î í�êÏç�@BC äî æ îñð
ìpX î G�òÏ÷ è U òÏ÷ çÛè�C ÷�õîñð äë{C¢ëRí"ê�õîñðEî è U�î ì î í�ç�? ðÏð ÷ äî ê î�U çÛæ9æ îVU X îñð ògC î�U ë ð ívç�?�êgC îñð ç�@ ðEî ê b ë¥òP÷ ç±è ð ì"ë�è ð C¢ëRê�ë�÷ î=�U äë K^��K è"æ sÄF ê3�ë Uóî ë�?*GÂ÷ è§ò î ê5k¥õî êEçÛæ äî òPê î ð æ9÷uCuC ÷ æ õî òPêE÷]\	? îñðóï ç±è ë U�U äî ì î äë�C¢ëYòPê äîñð övë�?
ò î ê�õî ð ç�Cu?�òP÷ ç±è
ð íNë#òÏ÷¢ë�C î3î ò ð í î�U òPê�ë�C îÛï èÄõî�UóîñðÏð ë#÷ ê î í�ç�?�ê b çÛ÷ ê}C îñð æ9ç�? b î æ î èºò ð è�çÛè U ÷ ê U ?AC¢ë#÷ ê îñð ìB?Yé§ë��3æ9ç�C�õî�U ?AC¢ë�÷ ê î�s
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t~î òPêPë�÷ ò î æ î èºò�ì îñð ì
çÛè�è õîñîñð ì*?Yò�õî C îñð/U çÛí î=ð ívë¥òP÷¢ë�C�=-?B@A@AC îED =|ô*q L­îñð ò}?"è î ò��ë U ö î íACu?
ò��ç�òk ë ð òP÷ ì
÷ î ? ðÏî±ï ë�? ðÏð ÷�T4XUë�÷ b ç�?BCu?±\	? î�Uóî òÏò î íNë�êEòÏ÷ îGð çÛ÷ ò�C¢ë9íACu? ð2U ç±æ9íAC äî ò î í�ç ðÏð ÷u@AC î�spt X ë ð í î�U ò<ì�÷ ì"ë U òÏ÷]\	? î
ë�õî ò"õî æ9÷ ð�î è ë b ë#è§ò ï7Uóî òÏò î ívë#êEòP÷ î í î ?
ò|ë�í"íNë�êPë��e òPê îyU ç±æ9æ î C çÛè�é�? îRî òeòÏê äîñð í�ç±÷ è§òZ? î æ¯ë�÷ ð C î í�êÏ÷ è U ÷ í î
îñð ò�C î æ��î æ î ívç�?"êyC¢ëbê�õî ìB? U òP÷ ç±èyì î ð ì
çÛè"èÄõîñîñð ç±í�òÏ÷]\	? îñðóï ë b î�U í î ?�òW�î òPê î ?�è�ì î é±ê�õîáð ?"í"íBC�õî æ î è§ò�ë�÷ ê î
ì îyU ç±æ9íAC î G
÷ ò"õî ìNë�è ð C îyU ë ð ìpX ç�@ ðEî ê b ë¥òP÷ çÛè ðeð ívë#òÏ÷¢ë�C îñð�s�_ ç�? ð ë�CuC çÛè ð b ç±÷ ê-C î ð õî ò�ë#í î ð ì î C¢ë U ë�C ÷u@�ê�ë#òÏ÷ çÛè\^?"÷ î ð ò=ë�?�òÏçÛæ¯ë¥òP÷]\^? îÛï íA?�÷ ð è"ç�? ð b î êÏêEçÛè ð C î ð ì
÷u�eõî ê î èºò îñð õî ò�ë�í î ð ì î C¢ë¯ê
õî ìB? U òÏ÷ çÛè ï C¢ë U çÛêEê î�U òP÷ ç±èIì îñð
êPë�[ÛçÛè ð�U ç ð æ:÷]\	? îñðóï ì î ð æ¯ë�? b ë�÷ ð í"÷ªG î C ðóï CYXUë�C ÷ é±è î æ î è§ò|ì î ð ÷ æ¯ë�é î ðóï C îñð æ9ç ð ë4d e]\	? î ðóï�î ò�C¢ëáê
õî ë�C ÷ ð ë¥òP÷ ç±è
ì î CYX ÷ æ¯ë#é î�U ç�?AC î ?"ê s : è z è ï è"ç�? ð b î êÏêEçÛè ð î èbì­õî ò�ë�÷uC�?�è î õî ò�ë�í î ÷ æ9ívçÛêEò�ë�èºò î \	?pX îñð ò}C¢ë5í�ö"ç±òÏçÛæ õî òPêE÷ î�s

t�î òÏê�ë b ë�÷uCBC î íACu? ð ÷ æ9ívçÛêwò�ë�èºòµë�õî ò�õî C¢ë<ê�õî ìB? U òP÷ ç±è9ì î ì�çÛè�è õîóî ð ì î ð ì î ?BG U övë�æ:í ð ìpX�ç�@ ðÏî ê b ë#òP÷ ç±è ð ì*?
ì
÷ ð \	? î ì îV_2F Sa`�` H ` ï ?�è U övë�æ:í9è"ç±êPì î ò�?"è U övë�æ:í ð ?Nì U çÛæ9æ î è�ç�? ð í�ç�? b çÛè ð C î b çÛ÷ ê ð ?�ê�C¢ë z é�?"ê î
ÿ<s ¨ î ?BGIë�?
òPê îñð
U öNë�æ9í ð ç±è§òIõî ò"õî ê�õî ìB?�÷ ò ðóï ë�?Iè"ç±êPìIì î C¢ëáéºë�C¢ë�G�÷ îÛï C ç±÷ è�ìB?Âì
÷ ð \^? î çÛí
òP÷]\^? î æ¯ë�÷ ð ç ä?CYX�ö	[
ì�êÏç±é äî è î ë#òÏçÛæ9÷]\^? î=î ð ò î è U çÛê î í"ê�õîñðEî è§ò s S î ð ì î ?*G U öNë�æ9í ð ë4[�ë�èºò�õî ò�õî ç�@ ðEî ê b õîñð òPê äî ð ê
õî�U�î æ9æ î è§ò ïT î è�X î èbíNë�ê5C î ê�ë#÷ íNë ð ìNë#è ð-Uóî òÏò î íNë�êwòP÷ î�s ¨ î íACu? ðñï T4XUë�÷ î � î�U ò/? õî C¢ë:ê
õî ìB? U òÏ÷ çÛè�ì î ð ì�ç±è"èÄõîñî ð =|ô<q{ívç�?�êC¢ëGé§ë�C¢ë�G�÷ î � �*H�s7t ë5æ õî òÏö"ç�ì î3îñð ò î G�ë U ò î æ î è§ò}C¢ëGæ��î æ î±ï ë�? ðÏð ÷ ï T î è î í"ê
õî ðEî èºò î ê�ë�÷,\^?�X�?�èYê�õî ð ?�æ õî ì î
U�î òEò î ê
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F¹�»�¼6ÔHÀHÇE»�ÇÉ¾ÑÅ0¹ � ÛE;×Ë�ÈÉÀHÍ »BÚ�½¿¹��QO È �¿
F¹�»�¼�Ì�Í À0Î�Ï¿¹rÅ0¹ � Ût
UÆUÀH¾�»�¹Ù»�Ç�¼ ½¿¹
Å0ÀH¾¿ÎÑÅ�Ë�¾�»4ÈßËÁ¼ Í�ËU¾¿Î�Ï�¹,S R�� È ���/T Û 2 ¾ Î�Ï¿ÀPÇE» ÇÉÍ�ËsÅ0ÀH¾¿ÎPÆFÌ�ÀH½¿Í4ÈßËsÎ.ÀH¾�ÔH¹$Í » ÇÉÀP¾ª¹$¾^Ð'ËUáP¾¿Ç�¼�½¿Å�¹8AHÀHÏ¿¾¿»�ÀH¾"Æ
½�¾¿¹ºÔPËUÈÉ¹$½�Í4ÐÑÀUM�¹�¾¿¾¿¹x¹$¾�¼ Í ¹ºÈÉ¹�»*¼NM�Ì%¹$»×» Ì�¹�Î�¼�Í�Ë�½�â ��� ¹�¼ R�� Æ;ÝËê»�Ë$ÔHÀHÇÉÍ×ÈÉ¹$»×Ì%ÀPÇÉ¾�¼�»�3�Ä¹�Í À4AHÀHÏ�¾�»�ÀH¾ � Û S�S
¹�¾dÂ�ËU¾¿Å�¹��zÆ � ¹$¾dÂ�ËU¾�Å0¹��\¹�¼ È 
�Û � ¹�¾dÂ�ËU¾�Å0¹ � Û¼
ÇÉ¾�Ë�ÈÉ¹$ÐÑ¹�¾�¼�Æ�ÀP¾'Ì%¹$½0¼ë¹$»�¼ ÇÉÐÑ¹$Í;ÈÉ¹$»åÇÉ¾�Î.¹$Í�¼�Ç�¼�½¿Å�¹$»ë»�½�ÍëÈÉ¹	»�½�âÑÐÑ¹�»�½�Í�Ä¹èÅ�ËU¾¿»åÈÉ¹�»B¼�Í ÀPÇE»;Â�ËU¾¿Å�¹$» �zÆ=�ºÆ � Æ
Î$ËUÈEÎ.½¿È.Ä¹$¹$»xÝËºÌ�ËUÍ�¼�ÇÉÍÙÅ�¹4È>Ò�Ä¹$Ú�½�Ë�¼�ÇÉÀP¾$F�B

� È ¼ æ�� �z� � È ¼ S�S�S � � È ¼�;.
 æ �V åå W ;0Û �
X W � Û S X W ��Û æYX
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ÜF¹$»;ÇÉ¾�¼�¹$Í�ÊZÄ¹�Í ÀHÐdÝ¹�¼�Í�¹�»�Ã�ÀP½¿¹$¾�¼å½¿¾RÍzÏÀHÈÉ¹zÌ�ËUÍ�¼�ÇEÎ�½�ÈÉÇÉ¹$Íå¹$¾RÍ�ËUÅ�ÇÉÀ�ËU»�¼�Í ÀP¾¿ÀPÐÑÇÉ¹zÎ$ËUÍ;ÇÉÈE»åÌ�¹$Í�ÐÑ¹�¼�¼�¹$¾�¼
Å0¹RÌ%ÀH» Ç�¼ ÇÉÀH¾�¾¿¹$Í­ÀP½ Å�Ò ÇÉÐ'ËUáP¹$Í­Å�¹�»�Í�ËPÅ0ÇÉÀ�»�ÀH½�Í�Î�¹$»ºË�Ô�¹�ÎÑ½�¾¿¹RáPÍ�ËU¾¿Å�¹ÑÌ¿Í0Ä¹�Î�ÇE»�ÇÉÀP¾ ÀH½ ½�¾¿¹RáPÍ�ËU¾¿Å�¹���¾¿¹�» »�¹HÛ
ÜDËÁÎ.ÀH¾¿»�¼ Í ½¿Î.¼�ÇÉÀP¾ªÅ0¹�Í�Ä¹$»�¹ZËU½0â Å�ÒIËU¾�¼ ¹$¾�¾¿¹�»*Ê~ÀPÍ Ð'Ë�¾�¼4Å�¹�»×ÇÉ¾�¼�¹$Í�ÊZÄ¹�Í ÀHÐdÝ¹�¼�Í�¹�»×ËêÌ%¹$Í�ÐÑÇE»4Å�ÒjËZ¼ ¼�¹�ÇÉ¾�Å0Í ¹HÆ"Å¿ËU¾¿»
ÈÉ¹$»åÅ0ÀHÐ'Ë�ÇÉ¾¿¹�»BÎ�¹�¾�¼ ÇÉÐàÄ¹�¼ Í ÇEÚ�½�¹�»�¹.¼åÐ�ÇÉÈÉÈÉÇÉÐàÄ¹�¼ Í ÇEÚ�½�¹�»�Æ�Å0¹�»BÍ�Ä¹$»�ÀHÈÉ½�¼ ÇÉÀH¾¿»ëËU¾�áH½�ÈßËUÇÉÍ ¹$»åÚ�½¿¹è» ¹�½¿ÈE»BÈÉ¹�»�¼¿Ä¹�ÈÉ¹�» Î�ÀPÌ%¹$»
ÀPÌ�¼ ÇEÚ�½¿¹$»RË�¼�¼�¹�ÇÉáH¾�Ë�ÇÉ¹$¾�¼×Ã�½¿» Ú�½¿¹ È ÈOÝË�ÛBÜ�ÒÓÇÉ¾�¼ ¹$Í�ÊZÄ¹$Í�ÀHÐàÄ¹.¼�Í�ÇÉ¹Á¹�¾ »�M�¾�¼�Ï�Ý¹�»�¹sÅ�ÒÓÀP½�Ô�¹�Í�¼ ½¿Í ¹dÎ�ÀP¾�»�ÇE»�¼�¹ ÝËcÅåÄ¹$Ì¿ÈßËUÎ�¹�Í
Å0¹�»éÌ�Ë�ÇÉÍ ¹$»ÑÅ�ÒIËU¾�¼ ¹$¾�¾¿¹�»º¹�¼§ÝËcÌ�Í À���¼�¹�ÍÑÅ�¹dÈßË Í�ÀP¼�ËZ¼�ÇÉÀP¾à¼ ¹$Í�Í ¹�»�¼ Í ¹ÁÌ%ÀP½¿ÍÑ»�M0¾�¼�Ï�Ä¹.¼�ÇE»�¹$ÍéÈ>Ò�Ä¹$Ú�½¿Ç�ÔPËUÈÉ¹�¾�¼RÅ�Ò ½¿¾
¼�Ä¹$ÈÉ¹$»�Î.ÀHÌ�¹dÌ�Ë�Í�Ë�Â%ÀHÈÉÇEÚ�½¿¹bÅ0ÀH¾�¼ÑÈßË§¼�Ë�ÇÉÈÉÈÉ¹b»�¹$Í�Ë�Ç�¼àÄ¹$Ú�½¿Ç�ÔPËUÈÉ¹�¾�¼�¹ ÝË§È>ÒÓ¹�»�Ì�ËPÎ�¹�ÐÑ¹$¾�¼�ÐRË�â0ÇÉÐx½¿Ð Ë�¼�¼�¹�ÇÉ¾�¼Ñ¹�¾�¼ Í ¹
Å0¹$½0âsË�¾�¼ ¹$¾¿¾�¹�»�Å�½dÍ�Ä¹$» ¹�ËU½ÁÇÉ¾�¼�¹�Í Ê�Ä¹$Í ÀPÐàÄ¹�¼ Í ÇEÚ�½¿¹HÛ

ã§Ë�¼ Ï�Ä¹�Ð'Ë�¼ ÇEÚ�½¿¹�ÐÑ¹$¾�¼�Æ�»�Ç�½�¾¿¹*Ì�ËUÇÉÍ ¹4Å�ÒjË�¾�¼�¹�¾¿¾�¹�»å¹$»�¼�ÅëÄ¹$Ì�ÈßËPÎ%Ä¹$¹×Å�¹*Ð'ËU¾�Ç>Ý¹$Í ¹�ÝËxÎ�¹×Ú�½�¹z¼�ÀP½�¼�¹$»ëÈÉ¹$»ëÈÉÀH¾ È
áP½¿¹�½¿Í�»z¹�¼*ÈÉ¹$»*ÀPÍ ÇÉ¹$¾�¼�ËZ¼�ÇÉÀH¾¿»*Å�¹xÈßËRÈÉÇÉáH¾�¹éÚ�½�ÇÞÈÉ¹�»zÍ�¹$ÈÉÇÉ¹4�nÈÉÇÉáP¾¿¹éÅ0¹ºÂ�ËU» ¹z
rÍ�¹$Ì¿Í�À0Å0½¿ÇE»�¹$¾�¼*¼�ÀP½�»zÈÉ¹$»×Î�Ï¿¹$Ð�ÇÉ¾�»
Ì�À�» »�ÇÉÂ¿ÈÉ¹$»;» ½�ÍB½¿¾�¹ÙÌ�Ë�Í�Ë�Â%ÀHÈÉÀU� äEÅ�¹PÆ�È>Ò ÇÉ¾¿Ê~ÀPÍ Ð'ËZ¼�ÇÉÀP¾ÑÊ¡ÀH½�Í ¾¿ÇÉ¹ÙÌ%¹�½�¼@Ï¹.¼�Í�¹èÎ�ÀPÐºÂ¿ÇÉ¾ëÄ¹$¹rÌ�ÀH½�ÍåÅ0ÀH¾¿¾�¹$ÍB¹.â¿ËUÎ.¼�¹�ÐÑ¹$¾�¼
ÈÉ¹$»ÙÐ�Ï¹$Ð�¹�»�Ì�¹$Í�Ê~ÀHÍ�Ð'ËU¾¿Î�¹$»ÙÚ�½¿¹­Î�¹�ÈÉÈÉ¹�»èÅ�½dÌ�ËUÍ�ËUÂ�ÀHÈÉÀ/� äEÅ0¹ªÄ¹�Ú�½¿Ç�ÔHË�ÈÉ¹$¾�¼�Û��*ËU¾¿»ÙÈßËéÌ¿Í�Ë�¼�ÇEÚ�½¿¹PÆ�¼ ÀH½�¼ ¹�»ÙÎ.¹�»rÈÉÀH¾ È
áP½¿¹�½¿Í�»­¾¿¹Á»�ÀH¾�¼ºÌ�ËP»ºÎ�ÀH½0Ô�¹�Í�¼�¹$»�ÛÞÜ"¹�»ºËU¾�¼�¹$¾�¾¿¹$»x¾¿¹'Ì%¹�½�ÔH¹$¾�¼ Ï¹.¼�Í ¹êÎ.ÀH¾³��áH½�Í�Ä¹$¹$»xÚ�½¿¹ê» ½�Ç�ÔHË�¾�¼éÎ�¹�Í�¼�Ë�ÇÉ¾¿¹$»
Ì�À�»�Ç�¼�ÇÉÀP¾�»­Ì¿Í�Ç�Ô0ÇÉÈ.Ä¹�áHÇ.Ä¹$¹$»º»�½¿Ç�ÔPËU¾�¼ºÚ�½�¹RÈ>ÒÓÀH¾ ÅëÄ¹$» ÇÉÍ�¹'½�¾ áHÍ�ËU¾¿Å Ì%ÀP½�ÔHÀHÇÉÍº»0Ä¹�Ì�ËUÍ�Ë�¼ ¹$½¿Í­ÀP½ ½�¾¿¹RáHÍ�ËU¾¿Å�¹ê»�¹�¾ È
»�ÇÉÂ�ÇÉÈÉÇ�¼¿Ä¹HÛ � ÒÓ¹$»�¼ºÈ>Ò ½¿¾ Å�¹�»xÌ¿Í�ÀHÂ�È>Ý¹$ÐÑ¹$»xÍ ¹�¾�Î�ÀP¾�¼ Í�Ä¹ê¹�¾AÇÉ¾�¼ ¹$Í Ê�Ä¹$Í�ÀHÐàÄ¹.¼�Í ÇÉ¹PÆÞÎ�ËUÍxÌ¿ÈÉ½�»ºÀP¾AÔH¹$½0¼�Å�¹êÍ0Ä¹�»�ÀHÈÉ½0¼�ÇÉÀP¾
Ð�ÀHÇÉ¾�»*ÀH¾c¹�»�¼�»�¹$¾�»�ÇÉÂ�ÈÉ¹RËU½^»�ÇÉáH¾�Ë�È�Í�¹.>Î�½�Û L ÀP½¿Í×½¿¾�»�½�â Å�ÀH¾�¾�Ä¹PÆ�ÈßËd»�¹�¾�»�ÇÉÂ¿ÇÉÈÉÇ�¼�Ä¹�¹$¾cÂ¿Í�ÇÉÈÉÈßËU¾�Î.¹ � ØA�zÔPËUÍ�ÇÉ¹
¹�¾ 
U���A�zÀ"Ý½,���z¹�»�¼zÈÉ¹ºÈÉÀHÂ�¹é»�M�¾�¼�ÏëÄ¹�¼ ÇE»�Ä¹���¹$ÈÉÈÉ¹º¹$»�¼×Å�ÒIËU½0¼�ËU¾�¼*Ì�ÈÉ½�»zÌ�¹�¼�Ç�¼ ¹ºÚ�½¿¹xÈßËRÍ�Ä¹$»�ÀHÈÉ½�¼ ÇÉÀH¾§¹�»�¼záHÍ�Ë�¾�Å0¹HÛ
L ËUÍ�ËUÇÉÈÉÈÉ¹$½�Í�»�Æ0Ì�ÈÉ½�»åÈ>Ò�Ä¹�Î$ËUÍ�¼�¹$Ð�¹$¾�¼åÐRË�â0ÇÉÐx½¿Ð ¹�¾�¼ Í ¹×ËU¾�¼�¹$¾�¾¿¹$»å¹�»�¼ëáHÍ�ËU¾�Å�Æ�Ì¿ÈÉ½�»ëÀP¾ÁËxÅ�¹×Å0Ç�5ÑÎ�½¿È�¼�Ä¹�ÝË­Â¿ÇÉ¹�¾
Î.ÀH½0Ô0Í ÇÉÍº¼ ÀH½0¼�¹�»xÈÉ¹�»ºÊ¡Í�Ä¹$Ú�½¿¹�¾�Î.¹�»º» Ì�Ë�¼ ÇßËUÈÉ¹�»ºÅ�½AÌ¿ÈßË�¾��n½�Æ ÔO
��nÌ¿ÈßË�¾àØ ¼XÅ�¹�»ºÂ�Í ÇÉÈÉÈßË�¾�Î�¹$»H
�Û6Ü
Ë§Å�M�¾�ËUÐ�ÇEÚ�½¿¹
Å0¹�»ÑÇÉÐ'Ë�áH¹$»Ñ¹$»�¼êËUÈÉÀPÍ�»ÑÐÑÀHÇÉ¾¿»ÑÂ�ÀH¾¿¾�¹§Ú�½�¹§Å¿ËU¾�»ÑÈÉ¹§Î$ËP»ÑÀ�Ý½ Â%¹ZË�½�Î.ÀH½¿Ì Å�¹sÊ~Í0Ä¹�Ú�½¿¹$¾¿Î�¹$»R» Ì�Ë�¼ ÇßËUÈÉ¹�»R»�ÀP¾�¼
Î.ÀH½0Ô�¹$Í�¼�¹$»$Û 2 ¾ Ì%¹�½�¼ºÅ�ÀP¾�Î�ÔHÀHÇÉÍx½�¾ ÇÉ¾�¼ ¹$Í Ê�Ä¹$Í�ÀHÐsÝ¹.¼�Í ¹ÑÎ�ÀHÐ�ÐÑ¹�½¿¾9�¿È�¼ Í ¹'Å�¹�»�Ê¡Í�Ä¹$Ú�½¿¹�¾�Î.¹�»­»�Ì�ËZ¼�ÇßËUÈÉ¹$»�Û
ÜF¹$»
Â�ËP» »�¹�»åÊ¡Í�Ä¹$Ú�½¿¹�¾�Î.¹�»�Æ0ÎPÒÓ¹$»�¼ È ÝË È Å0ÇÉÍ ¹zÈÉ¹$»ëÍ�Ä¹�áHÇÉÀH¾¿»'Ä¹.¼�¹�¾�Å�½�¹�»ë»�½�Í�ÈÉ¹×Î.ÇÉ¹$È>Æ¿ËU½�Í ÀH¾�¼ë¼�¹�¾�Å¿ËU¾�Î.¹�ÝË�Ï¹�¼ Í ¹£��È�¼�Í�Ä¹�¹�»ëÎ�Ë�Í
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Å�ËU¾¿»rÈÉ¹�Ì�ÈßËU¾9�n½�Æ ÔO
åÈÉ¹$»rÈÉÇÉáH¾�¹�»ÙÅ�¹4Â�ËU» ¹�Î.ÀH½¿Í�¼�¹$»rÀH¾�¼Ù¼ ¹$¾¿Å�ËU¾¿Î�¹RÝË�Ï¹�¼ Í ¹4ÐÑÀHÇÉ¾¿»�Â¿ÇÉ¹$¾{Ä¹$Î�Ï�Ë�¾�¼ ÇÉÈÉÈÉÀH¾¿¾ëÄ¹$¹$»$Û�ÜDË
Í�ËUÇE»�ÀP¾c¹$»�¼z¼ Í$Ý¹�»*»�ÇÉÐÑÌ¿ÈÉ¹PÆ�ÈßËÑ¼�ËUÇÉÈÉÈÉ¹�Å�¹$»4Ë�¾�¼ ¹$¾¿¾�¹�»*ÅëÄ¹C�¿¾¿Ç�¼*È>Ò�Ä¹�Î$ËUÍ�¼�¹$Ð�¹$¾�¼zÐÑÇÉ¾¿ÇÉÐRËUÈ
¹�¾�¼ Í ¹éÅ0¹$½�â§ËU¾�¼ ¹$¾�¾¿¹�»�Æ
Å�ÀH¾¿ÎRÈßËsÅ�ÇE»�¼�Ë�¾�Î�¹RÐÑÇÉ¾¿ÇÉÐRËUÈÉ¹RÅ�ËU¾¿»­ÈÉ¹êÌ�ÈßËU¾ �n½"Æ ÔO
�Û¥Oè¾AÅ�¹$»­ÐÑÀUM�¹$¾¿»­Å�¹RÍ�Ä¹�»�ÀP½�Å�Í�¹'ÈÉ¹'Ì¿Í�ÀHÂ�È>Ý¹$ÐÑ¹R¹$»�¼ºÅ0¹
Î�ÀHÐxÂ¿ÇÉ¾¿¹�Í;ÈÉ¹�»åÅ�ÀP¾¿¾ëÄ¹$¹�»BÇÉ¾�¼ ¹$Í Ê�Ä¹$Í�ÀHÐàÄ¹.¼�Í ÇEÚ�½¿¹$»ëË$ÔH¹�ÎÙÈÉ¹$»ëÅ0ÀH¾�¾�Ä¹$¹$»;¹$¾ÁË�¾�¼ ¹$¾¿¾�¹z»�ÇÉÐÑÌ¿ÈÉ¹zÅ�½'Ð4Ï¹$ÐÑ¹ÙÀPÂ0Ã�¹�¼�Û 2 ¾
Í�Ä¹�Î.½¿Ì�Ý¹$Í ¹êË�ÇÉ¾�»�Çå½�¾¿¹RÂ%ÀH¾�¾¿¹RÌ�ËUÍ�¼ ÇÉ¹êÅ0½ »¿½0â Å0¹'È>ÒÓÀPÂ0Ã�¹�¼xÌ¿Í�ÀZÔH¹$¾�Ë�¾�¼ºÅ0¹'È>Ò�Ä¹�ÐÑÇE» »�ÇÉÀH¾ Ä¹�¼�¹�¾�Å0½¿¹HÛ¥OÙ¾ Ë�½�¼�Í�¹
ÇÉ¾�¼¿Ä¹�Í�Ï¹.¼èÅ�¹×È>ÒÓÇÉ¾�¼�¹$Í�ÊZÄ¹�Í ÀHÐdÝ¹�¼�Í�¹×Ì�ËUÍrÍ�Ë�Ì¿Ì�ÀHÍ�¼xÝËº½�¾¿¹­Ë�¾�¼ ¹$¾¿¾�¹4½�¾¿ÇEÚ�½�¹�Å�¹4áPÍ�Ë�¾�ÅdÅ0ÇßËUÐsÝ¹.¼�Í�¹×¹�»�¼ÙÈßËxÌ¿Í�Ä¹$Î�ÇE»�ÇÉÀH¾
Å�¹�»�ÀPÂ�»�¹$Í�ÔHË�¼ ÇÉÀH¾¿»$Û

Ü"¹éÅ0ÀHÐ'Ë�ÇÉ¾¿¹ºÐÑÇÉÈÉÈÉÇÉÐ Ä¹�¼�Í�ÇEÚ�½�¹ºÌ¿Í0Ä¹�»�¹$¾�¼�¹ºÅ�¹º¾¿ÀPÐºÂ¿Í�¹$½�âsÇÉ¾�¼¿Ä¹$ÍCÏ¹�¼�»*Ì�ÀH½¿Í*È>ÒÓÀPÂ�»�¹$Í�ÔHËZ¼�ÇÉÀH¾�Û � È$McË'Å�Ò ¹�â�Î.¹$È È
ÈÉ¹$¾�¼ ¹�»xÊ~¹�¾(Ï¹�¼ Í ¹$»éË�¼ ÐÑÀ�»�Ì¿ÏëÄ¹$Í�ÇEÚ�½¿¹$»�ÆÞÅ�Ë�¾�»ºÎ�¹ÁÅ0ÀHÐ'Ë�ÇÉ¾¿¹êÅ�¹'ÈÉÀH¾¿áP½¿¹�½¿ÍéÅ�ÒÓÀP¾�Å0¹êÈ>ÒjËZ¼�ÐÑÀH» Ì�Ï"Ý¹�Í ¹ÁË�Â�»�ÀHÍ�Â%¹ê¹.¼
Å�Ç�Ð%½¿»�¹ÑÂ�¹ZË�½�Î�ÀP½¿Ì^ÐÑÀPÇÉ¾�»×ÈÉ¹Ñ» ÇÉáP¾�Ë�ÈBÚ�½�¹ÑÅ�ËU¾¿»4ÈÉ¹ÑÅ�ÀPÐ'ËUÇÉ¾�¹�ÀHÌ0¼�ÇEÚ�½¿¹�ÀH½^ÇÉ¾¿Ê¡Í�Ë È Í ÀP½¿áP¹ÑÌ�ËUÍ4¹�â�¹$ÐÑÌ�ÈÉ¹HÛ"ÜDË
Ð'ËZÃ�¹$½¿Í�¹ÙÌ�Ë�Í�¼ ÇÉ¹*Å�¹èÈ>Ò¦OÙ¾¿Ç�Ô�¹�Í�»;¹�»�¼åÊ¡Í ÀHÇEÅ0¹HÛ�Ü�Ò�Ä¹�ÐÑÇE» » ÇÉÀP¾RÅ�Ò ½¿¾'Î�ÀHÍ�Ì�»B¾¿ÀHÇÉÍ×ÝË 
 ��R Ë�»�ÀP¾'Ð'ËZâ0ÇÉÐº½�Ð¬Å�Ë�¾�»;ÈÉ¹
Å�ÀHÐRËUÇÉ¾¿¹å»�½¿Â¿Ð�ÇÉÈÉÈÉÇÉÐàÄ¹�¼ Í ÇEÚ�½�¹HÛ � Ò ¹�»�¼Þ½¿¾éÅ0ÀHÐ'Ë�ÇÉ¾¿¹;Ì¿Í Ç�Ô�ÇÉÈ.Ä¹$áPÇ.Ä¹�Ì%ÀH½�ÍÞÈ>Ò�Ä¹.¼�½¿Å�¹�Å0½ºÐ�ÇÉÈÉÇÉ¹$½ºÇÉ¾�¼�¹$Í »�¼�¹$ÈÉÈßË�ÇÉÍ ¹PÆHÅ0¹ëÈßË
Î�ÀHÐ�Ì%À�»�Ë�¾�¼�¹èá�Ë73$¹$½¿»�¹*¹$¾êÌ�Ë�Í�¼�ÇEÎ.½¿ÈÉÇÉ¹�Í$Û¿Ü"¹�»åÐÑÀHÈ.Ä¹$Î�½¿ÈÉ¹$»åÈÉ¹�»ëÌ�ÈÉ½�»rËUÂ%ÀP¾�Å¿ËU¾�¼ ¹�»��n¹PÛÓá¿Û � 2 Æ0Õ �ë¸ 
;ÀH¾�¼rÈÉ¹�½¿Í�»
Í�ËUÇÉ¹$»
Í ÀU¼�ËZ¼�ÇÉÀH¾�¾¿¹�ÈÉÈÉ¹�»
Ê¡ÀH¾�Å¿ËUÐÑ¹�¾�¼�ËUÈÉ¹�»DÅ�Ë�¾�»
ÈÉ¹ëÅ�ÀPÐ'ËUÇÉ¾�¹åÐÑÇÉÈÉÈÉÇÉÐ Ä¹�¼�Í�ÇEÚ�½�¹HÛ§��¾³�¿¾�Æ�È>Ò�Ä¹$Ð�ÇE»�»�ÇÉÀP¾ºÅ�¹$»DÐÑÀHÈ.Ä¹$Î�½¿ÈÉ¹$»
¹�»�¼ÙÀPÂ�»�¹$Í�ÔHËUÂ�ÈÉ¹�Å¿ËU¾�»�ÈÉ¹$»rÈÉÀH¾�áH½¿¹�½¿Í »ÙÅ�Ò ÀH¾�Å0¹×ÐÑÇÉÈÉÈÉÇÉÐàÄ¹.¼�Í ÇEÚ�½¿¹PÆ�Î�ÀPÐÑÌ�¼ ¹ È ¼�¹$¾�½ÁÅ�¹$»�Â�ËP» »�¹�»ë¼ ¹$ÐÑÌëÄ¹$Í�ËZ¼�½�Í ¹�»�Û
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 g¤�ÒcÙfÒ�×F¥úÝ3ÞlÚ�Ò�ÛaÛYýB	�9�C�	T�YÒ�×]ä�ÝéÜEÖØÕSÖØÕ 0 Ý3Ûá×_ÜLÙ�ñÒ 0 Ò�Ù�×?çéÜLÞFACÝ^ÛaÛaÒ�Þ�Ò�×��7ãQÞ�×�ý�	V9�C�	T�:ß^ÜLÙ^ÖðÙ3ãE×$Þ$Ò=ò�ÜHÛ�ÜHÔ(ÕaÒ ÆÛ�ÜLÙ�¦ÚcÜLÙ�×�Ý3Ù^ÒYÙ^ãEÝ3êQÒcÛaÛaÒ 2ÒcÞØÒ7ßéÜHÙéÖSÛ�ÜðÞVÜLß3Õaã�ÜEÖ�×lÞØãQÙ^ã 0 ÕaÒQí�ô�ÒYûa�Ý(× §[ãQè-ÒcÞ�×VÖ7ý�	V9 Ç H�� ä�Ý^Õ Æ ÛaÒYç3Þ$Ò 0 ÕaÒcÞ Æ ß�ñÒ\×lÒuÚ_×_ÜÛ�Ü"ç3Þ3ñÒcÖ$Ò�ÙéÚ\Ò�ß	Ñ 7¢� ß3Þ$ãEò 2Ò�Ù^Ò�ÜH×$ã 0 ÕUä�Ý^Òðß^ÜLÙéÖXß(ÒuÖXò�ÜLÛ�ÜHÔ�ÕaÒuÖ[ç^ÞØã(Ú 7 ÒuÖXÚ�ã 0;0 Ò!�!�ðô Ç H ( ãQÝ��!��ô¨H
����©(íÐ�ÜðÛaãQÙ3òQÝ3ÒcÝ^Þ�ß	ÑÓãQÙéß(Ò7Ú�ãEÞ$Þ$ÒcÖØç.ãQÙ^ßéÜHÙ�× 2Ü]Ú�Ò\×$×$ÒCñÒ 0 ÕUÖ$Ö$ÕaãEÙgÒcÖ�×�H�	Líª	�Ú 0 Æ Ö$ãEÕá×�Ý^Ù3ÒYû�Þ3ñÒcä�Ý3ÒcÙéÚ\Ò7ß3Ò�	a�6H:��í«�
A¬#�ÿ Æ ß	Ñåã 2ÝzÛ�Ñ�ÜLç3ç.Ò�ÛaÛ�ÜH×lÕaãEÙ5ß3ÒOÞlÜLÕaÒ 2Ü'H�	]Ú 0 í.Ð�Üiç3ÛaÝ^ç-ÜHÞØ×ðß(ÒOÛ�Ñ 7¢� ß3ÞØãQò 2Ò�Ù^ÒàßéÜHÙéÖYÛ�ÑåÒcÖØç-ÜEÚ\ÒOÒuÖ�×?ß^ÜLÙéÖ7Ö$ãEÙñÒ�×_Ü9×Xû�ãEÙéßéÜ 0 ÒcÙ�×_ÜHÛ	ß	Ñ�ñÒcÙ^Ò�Þ$òEÕaÒQí^Ð0ÒuÖXÖØç3ÕaÙéÖXß3Ò?Û�ÑØñÒcÛaÒcÚ\×$Þ$ãQÙóÒ�×�ß3ÝZç3Þ$ãL×lãQÙóç-ÒcÝ(ê�ÒcÙ�×7ÜHÛaãQÞlÖXÖØãQÕá×Xç.ãEÕaÙ�×lÒ�Þ�ß^ÜLÙéÖÛ�Ü 0 �Ò 0 Ò]ß3ÕaÞØÒuÚ\×$ÕaãQÙ�ýMÚ�ãEÙ^ü^òEÝ^ÞlÜH×lÕaãEÙzçéÜLÞVÜHÛaÛ 2ÒcÛaÒ�� Æ ÖØãQÕá×:ç-ãQÕaÙ�×$ÒcÞ:ßéÜHÙéÖ:ß(ÒuÖ:ß(ÕaÞ$ÒcÚ\×lÕaãEÙéÖ7ãEç^ç-ã�Ö(ñÒcÒcÖ"ýMÚ�ãEÙ^ü^òEÝ��ÞVÜH×$ÕaãQÙ¤ÜLÙ�×lÕaçéÜLÞVÜHÛaÛ 2ÒcÛaÒ��_í ÐúÑØñÒ�Ù^ÒcÞØòQÕaÒ�ß3Ò�Û�ÑØñÒ\×_ÜH×Oã 2ÝëÛ�ÑØñÒ�ÛaÒuÚ_×lÞ$ãEÙëÒ�×àÛaÒ�ç^Þ$ãL×lãEÙøãEÙ�×àß3ÒuÖOÖ$ç3ÕaÙéÖ"ÜHÙ�×$Õaç-ÜLÞlÜLÛaÛ 2Ò�ÛaÒuÖÒuÖ�×:Û\ñÒcò 2Ò�Þ$Ò 0 ÒcÙ�×?ç3ÛaÝéÖ7è-ÜLÖlÖØÒàä�Ý3ÒàÛ�ÑØñÒ�Ù^Ò�Þ$òQÕaÒ"ß3ÒOÛ�ÑØñÒ�×VÜH×:ã 2ÝzÛaÒuÖ:Ö$ç3ÕaÙéÖ?ÖØãQÙ�×:ç-ÜLÞlÜLÛaÛ 2Ò�ÛaÒuÖ�í3�7Þ Æ ãEÙ5ÖlÜLÕá×ðä�Ý^ÒàÛ�Ü
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ÈwÎ�ÈVÑ�ÁeÀÄÈ�É�¿;ÎOÒwÊd¿MÃ¢¿;ÊÓ¿�Ô:Ç7È!ÕIÖw¾b×�×@ØV×@Ù

��ÕaÒcÙzÖ��Ý3Þ7Û�Ñ 7¢� ß(Þ$ãEò 2ÒcÙ3ÒàÜH×$ã 0 ÕUä�Ý^Ò]ÒuÖ�×7ÛaÒOÚ�ã 0 ç.ã�ÖlÜHÙ�× 0 ÜuìØãEÞ$Õá×_ÜHÕaÞ$ÒOß(Ò]Û�ÜgÚ�ã 0 ç.ãQÖlÜLÙ�×$Ò�ò�ÜHÿcÒ�ÝéÖØÒàÜH×$ã:�
0 ÕUä�Ý^Ò Æ 0 ÜLÕUÖ�ÕaÛ	û�ÜLÝ(×óñÒ�ò�ÜHÛaÒ 0 Ò�Ù�× � ÜuìØãQÝ(×lÒ�Þ[Û�Ñ 7 ñÒ�ÛaÕaÝ 0 ÜH×lã 0 ÕUä�Ý3ÒQíéô�ÒcÛaÝ3Õ_�ïÚ�Õ	ÞØÒcç3Þ3ñÒuÖØÒ�Ù�×lÒ:Ý^Ù3Ò?û�ÞlÜEÚ\×$ÕaãQÙkÙ^ãEÙÙ�ñÒcòEÛaÕaòQÒ9ÜHè^ÛaÒ�ß3Ò�Û�ÜYÚ\ã 0 ç-ã�ÖlÜLÙ�×lÒ�ÜH×lã 0 ÕUä�Ý3Ò:ý�ÒcÙ�ê(ÕaÞ$ãEÙ$	V��Ú ÒcÙ]Ù^ã 0 è^Þ$Ò Æ H È Ú�ÒcÙ 0 ÜEÖ$ÖØÒ
�_í�¥�ãEÝ^ÞR����ô`���
	��Ù3ãQÝ^Ö[ÜcêQãQÙéÖ�ÞØÒV��Þ(ñÒuß(Ý^Õá×�ÛaÒuÖ�ß(ãQÙ3Ù[ñÒcÒcÖ�ß3Ò�% 7 ãEÞ$Ù^ÛaÒ � Ò�× ACÝ^Ùéß � ý�	�9:9 È è��úãEè3×$ÒcÙ�Ý3ÒuÖ�ÜcêQÒuÚ�ÛaÒ = Ð3± Ü�ê�ÒuÚ�Ý^Ù3ÒÞ(ñÒuÖØãQÛaÝ(×lÕaãEÙCß3ÒE	V©�Ûª	�Ü Ü�Ý�	�H6ÛXC
Ü Ü Æ ÜHü^ÙCß(Ò 0 ÕaÒcÝ(Ôg×$ÒcÙ3ÕaÞXÚ�ã 0 ç3×lÒ:ß3ÒuÖ�ãQè^Ö$Ò�ÞØêEÜH×lÕaãEÙéÖ�Ò�ÙCÚ�ãEÙ^ü3òQÝ^ÞlÜH×$ÕaãQÙCö ä�Ý^Õç-ã�Ö$Ö 2Òuß(ÒcÙ�×=Ý3Ù^ÒóòEÞVÜLÙ^ß3ÒZÖ$Ò�ÙéÖØÕaè^ÕaÛaÕá×3ñÒhÜLÝ3ÔëûMÜLÕaè3ÛaÒuÖ"è^ÞØÕaÛaÛ�ÜLÙéÚ\ÒuÖiß(ÒCÖØÝ^ÞØû�ÜLÚ�ÒZÚuÜHÞVÜLÚ\×^ñÒ�Þ$ÕUÖ�×lÕUä�Ý^ÒcÖ=ß3ÒcÖ"Þ(ñÒcòQÕaãEÙéÖÒ\Ô�×$ÒcÞ$Ù3ÒuÖ�ßbÑåÝ^Ù3Ò�ò�ÜHÛ�ÜHÔ�ÕaÒ7Ö$ç3ÕaÞVÜHÛaÒYÙ^ãQÞ 0 ÜLÛaÒEí�Ð�Ü?ü^òEÝ^Þ$Ò�	 Ç 0 ãQÙ�×$Þ$ÒXÛ�Ü�ÚuÜHÞØ×$Ò7ß(ÒYÛ�Ñ�ñÒ 0 ÕUÖ$ÖØÕaãQÙgß(ÒYÛ�Ñ 7¢� ß3Þ$ãEò 2Ò�Ù^ÒÜ9×lã 0 ÕUä�Ý3Ò 2Ü²H�	"Ú 0 ãEè3×$ÒcÙ�Ý3Ò=çéÜLÞ>% 7 ãEÞ$Ù^ÛaÒ � Ò�×MACÝ^Ùéß � ýB	�9�9 È è@�_í0Ð�ÜóÚ�ã 0 ç.ãQÖlÜLÙ�×$ÒiÜ9×lã 0 ÕUä�Ý3Ò=ÖcÑ�ñÒ�×$ÒcÙéßÖØÝ3ÞXç^Þ 2ÒuÖ[ß3ÒE	TH�Ñ^ÖØÝ^Þ[ÛaÒðòEÞVÜHÙéßCÜ9Ô(Òðß(Ò?Û�Üàò�ÜHÛ�ÜHÔ�ÕaÒ Æ ÛaÒ�ß(ÕUÖ$ä�Ý^Òðß3Ò?ò�ÜLÿ�ÜH×$ã 0 ÕUä�Ý^Ò?Ö�ÑØñÒ�×$ÒcÙ^ßóÖØÝ^Þ�×$Þ$ãEÕUÖXû�ãQÕUÖ�ÛaÒß(ÕUÖ$ä�Ý^ÒðãEç3×lÕUä�Ý^ÒEíÐ�Ü"ß(ÒcÙéÖØÕá×3ñÒ�ß3ÒðÚ\ãQÛaãEÙ^Ù^Ò 0 ÜHÔ�Õ 0 Ý 0 ß3Òw# - ÒcÖØ×�ß(ÒF©�Ý�	�� f�u�Þaß ¯ f í@�7ÙZç-ÜHÞ$ÛaÒðß3Ò�ß(ÒcÙ^Ö$Õá×3ñÒ�ß(ÒðÚ�ãQÛaãEÙ^Ù3ÒÚcÜLÞ�Û�ÑÓÕaÙ^û�ãQÞ 0 ÜH×lÕaãEÙ�û�ãQÝ^ÞØÙ^ÕaÒ7ç-ÜHÞ�ÛaÒuÖ�ãQè^ÖØÒcÞØêEÜH×$ÕaãQÙéÖ�ÕaÙ�× 2ÒcòEÞ$Ò:Û�Ü]Ú�ã 0 ç.ã�ÖlÜHÙ�×lÒYß3Ý�ò�ÜLÿ:ÖØÝ^Þ�Û�Ü]ÛaÕaòEÙ^Ò?ß3ÒYê(ÕUÖ(ñÒ�ÒQí



È H à )�´,+�-/.4á4¸ji�³lkg¸�·W-nâ�-n¸�mc-n24.4¸Oá�oV.�¸Oâ�â�´�-ná4¸qp�´,23oIr�s à t�t,0;t

ÐwÒcÖ�Þ3ñÒcÖØÝ^Ûá×_Ü9×VÖ�ãQè(×lÒ�Ù�ÝéÖ�ç-ãQÕaÙ�×
çéÜLÞ�ç-ãQÕaÙ�× ç-ÒcÞ 0 Ò�×Ø×lÒcÙ�×
ß(Ò�ÞØÒuÖ�×lÕá×$Ý^ÒcÞ�Ý^Ù3Ò�Õ 0 ÜLòQÒ�ÞlÜEß(Õaã 2Ü�ß3Ò�Ý3Ô]ß3Õ 0 Ò�ÙéÖØÕaãQÙ^Ö�íÐ�Ü=ß3Ò�ÙéÖØÕá×^ñÒOß(ÒOÚ�ãQÛaãEÙ^Ù3Ò]ÒuÖ�×:ß(ãQÙ^Ú�Û�Üiß3ÒcÙ^ÖØÕá×^ñÒ]Þ3ñÒ�ÒcÛaÛaÒ]Ò�Ô(ç3Þ$Õ 0 ñÒ�Ò�ÒcÙhÙ3ã 0 è3Þ$Ò]ß3Ò]çéÜLÞØ×$ÕUÚ�Ý3ÛaÒuÖYçéÜLÞYÝ3Ù^Õá×^ñÒOß(ÒÖ$Ý3Þ$ûMÜEÚ�Ò Æ ç3Ý^ÕUÖ$ä�Ý	ÑåÕaÙ�×^ñÒcòEÞ3ñÒ�Ò=Ö$Ý3ÕáêQÜHÙ�×�Û�Ü�ÛaÕaòQÙ3Ògß(Òàê(ÕUÖ(ñÒcÒEí0Ð�Ü 0 ÜEÖ$ÖØÒO×$ãE×_ÜHÛaÒiß(Ò"ò�ÜLÿiÜH×$ã 0 ÕUä�Ý^Ò Æ 7¢� ß(Þ$ãEò 2ÒcÙ3Òç^ÛaÝéÖ 7 ñÒcÛaÕaÝ 0 ÜH×$ã 0 ÕUä�Ý^ÒcÖ Æ ÒuÖ�×�ß3Ò ( Û«�EÝj	V�:ãVä^å Æ ÖØãQÕá×�Ò�Ù�ê�ÕaÞ$ãQÙb	�H�Ú�ß3ÒðÛ�Ü 0 ÜEÖ$ÖØÒ7ê(ÕUÖØÕaè^ÛaÒEí
�7Ý(×lÞ$Ò]Û�ÜgÚ�ãQÙ3Ù-ÜHÕUÖlÖlÜHÙéÚ�ÒOß(ÒOÛ�Ü 0 ÜLÖlÖØÒ�Ò�×:ß3ÒOÛ�Ügß(ÕUÖØ×$Þ$Õaè3Ý3×lÕaãEÙ5ß3Ò]Û�Ñ 7�� ß3ÞØãQò 2ÒcÙ^ÒàÜH×$ã 0 ÕUä�Ý^Ò Æ Û�ÜgÚ�ãEÝ^Þ$è-Òß3ÒkÞØãE×_Ü9×lÕaãEÙ�ß(Ýæ# - Ù^ãEÝéÖOÕaÙ�×^ñÒ�Þ$ÒcÖlÖØÒZÜHÝ¤ç3ÛaÝéÖ 7 ÜLÝ3×àç.ãQÕaÙ�×uíSô7ÑÓÒuÖ�×àÒcÛaÛaÒZä�Ý3Õ�êQÜhÙ^ãEÝéÖOÞ$Ò�ÙéÖØÒcÕaòEÙ^ÒcÞ"ÖØÝ^ÞàÛ�ÜÚ�ãQÙ�×lÞØÕaè^Ý3×$ÕaãQÙ ß3ÒóÛ�Ü 0 ÜH×$Õ 2ÒcÞ$ÒóÙ3ãQÕaÞØÒ Æ Ú�ã 0 ç.ãQÖVÜHÙ�×$ÒZß(ã 0 ÕaÙéÜLÙ�×$ÒZß3Ý�ç.ãL×lÒ�Ù�×lÕaÒ�Û[òQÞlÜcê(Õá×VÜH×$ÕaãQÙ^Ù3ÒcÛXßéÜLÙ^Ö=ÛaÒuÖÞ3ñÒcòEÕaãQÙ^ÖOÒ�Ô�×lÒcÞØÙ^ÒcÖàß(ÒuÖOò�ÜLÛ�Ü9Ô(ÕaÒuÖàÖØç^ÕaÞlÜLÛaÒuÖOÖ$Õ�ãEÙøÒ�ÙøÚ�Þ$ãEÕá×àÛaÒuÖ]×lÞ 2ÒcÖ]Ù^ã 0 è^Þ$Ò�ÝéÖØÒuÖ�ãQè^Ö$Ò�ÞØêEÜH×lÕaãEÙéÖàß(ÒkÚ�Ò�×Ø×lÒÞVÜLÕaÒ 2ÜIH�	?Ú 0 íO¥�ãEÝ^Þ<����ô?���
	��=Û�Ü"Ú\ãQÝ^ÞØè.Òðß3ÒðÞØãE×VÜH×lÕaãEÙCß�ñÒuÚ�ÞØãQÕá×Yß3ãEÝéÚ\Ò 0 Ò�Ù�× 2Üàç-ÜHÞØ×$ÕaÞYß(Ò ( �Eâ"Ò�Ù�ê�ÕaÞ$ãQÙ ÆÚ�ã 0;0 Ò:ÛaÒ 0 ãQÙ�×lÞØÒ?Û�Ü"ü3òQÝ3Þ$ÒD	 È í

» -e¹Q³806çD½éèO¿;ÀaÇJ¿:ÁeÇ7Â;Î`É�È>Êd¿IêTÇeÁNÈ�ÒÄÒVÈ�É�È>À�Â:ÁN¿:ÁeÇJÂ
Î`É;ÑDÃ¢¿�ëF¿:ÁNÂ;Ï�ÇJÐ�Ñ
ÈMÈ�Î�ì�Â;Î�í�ÁeÇ7Â;Î�É;ÑîÀ�¿;Ì�Â;Î$Ã¢¿:Êd¿�íVÁNÂTí�ÈVÎ
ï
ÁeÀ�Ç7ÐVÑOÈ>É�¿;ÎOÒ*ÊÓ¿wÃ�¿:Êd¿TÔ;ÇJÈWÕIÖ!¾�×�×@ØV×@Ù4ð�¿MÀRñÈ�ÒVÂ:ÊXÑ�ÁeÇ7Â;Î¬¿
Î�Ã;Ñ�Êd¿;Ç/ÀÄÈwÈVÒ�Á8É�È 	V©�Û/	aÜ Ü�Ý$	TH¢ÛKC
Ü Ü Ù�ò<Ñ�í�È�Î
ÁeÀÄÈIó7ÀÄ¿;Ì�Â;Î
ô]õ�ö@÷Nø Â;Î
Á¬ñÈVÁ�ñÈ>ÀÄ¿YùVÂ;Ñ�Á�ñÈTÈVÒ!ÊdÈ�Ò>É�Â;ÎOÎ>ñÈTÈVÒI¾ ú!óYØ
ï ö�ø Ù

��ãQÝ^Ö[êQÒcÞØÞ$ãQÙ^Ö[Ý^ÙZç-ÒcÝóç3ÛaÝéÖXÛaãEÕaÙCÚ�ã 0%0 Ò�Ù�×[Û�Ñ�ñÒ�×lÝ^ß3ÒðÚ\ãQÝ^ç3Û\ñÒcÒðß3ÒðÚ�Ò\×$×$ÒðÚ�ãQÝ3Þ$è-Ò�ß3Ò?ÞØãE×VÜH×lÕaãEÙZÒ\×Yß3Ò?Û�ÜÚ�ã 0 ç.ã�ÖlÜHÙ�×lÒ[ê�ÕUÖ$Õaè3ÛaÒ:ß(ÒYÛ�Üðò�ÜLÛ�Ü9Ô(ÕaÒYç.ÒcÝ(×�Ù3ãQÝ^Ö�ç.Ò�Þ 0 Ò\×$×$Þ$Ò�û 2ÜðÛ�Üðû�ãQÕUÖ�ß(Ò7Ú�ãEÙ�×lÞlÜLÕaÙ^ß3Þ$ÒYÛ�Ü�Ú�ãEÙ�×lÞØÕaè^Ý(×lÕaãQÙ�ß(ÒÛ�Ü 0 ÜH×$Õ 2ÒcÞØÒiÙ3ãQÕaÞØÒ�ÜLÝ+ç-ãE×$ÒcÙ�×$ÕaÒcÛúòQÞlÜcê�Õá×_ÜH×$ÕaãQÙ3Ù^ÒcÛ7û 0 ÜLÕUÖ�ÜLÝ^Ö$Ö$ÕSß(ÒiÞ$ÒcÖØ×$Þ$Ò�ÕaÙéß3ÞØÒgß3Ò 0 ÜLÙ3Õ 2ÒcÞ$ÒiÖØÕaòQÙ3ÕaüéÚcÜH×lÕáêQÒÛaÒuÖ[ç.ãQÖlÖØÕaè3ÕaÛaÕá×^ñÒuÖ�ß3Òðß3ÕUÖ�×lÞØÕaè^Ý(×lÕaãQÙCß3Ò�Ú\Ò�×Ø×lÒ 0 Ü9×lÕ 2ÒcÞØÒðÖØã 0 è3Þ$ÒQí
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ö:ÜLÙ^ÖàÛaÒcÖàÞ(ñÒcòQÕaãEÙéÖOã 2Ý¤Ú�ã�Ò�Ô�ÕUÖØ×$ÒcÙ�×"ÛaÒ�ò�ÜLÿóÜ9×lã 0 ÕUä�Ý^ÒgÒ�×"ÛaÒcÖ�ìØÒ�Ý^Ù3ÒuÖdñÒ\×lãQÕaÛaÒcÖ"Ú 7 ÜHÝéß3ÒcÖVû�× � ç^ÕUä�Ý^Ò 0 ÒcÙ�×
� Ò\×'�WûSß(ÒuÖ"ç^ÞØã(Ú\ÒuÖ$ÖØÝéÖ=ß	ÑÓÕaãQÙ^ÕUÖlÜ9×lÕaãQÙ�Ò\×gß3ÒZÞØÒuÚ�ã 0 è^ÕaÙéÜLÕUÖØãQÙ�ÖØãEÙ�× 2ÜæÛ�ÑÓã�ÒcÝ(ê(ÞØÒZÒ�×iÛ�ÑÓãQÙ�ãEèéÖØÒcÞ�ê�Ò�ÞVÜ5ß3ÒcÖÞ(ñÒcòEÕaãQÙéÖ*# -e- í0ö:ÜLÙ^Ö7Ú�ÒuÖYÙ�ñÒcè^Ý3ÛaÒcÝ^Ö$ÒcÖ7Ú 7 ÜHÝéß(ÒuÖVû.Û�Ñ 7¢� ß(Þ$ãEò 2ÒcÙ3Ò]êEÜ²�Ò\×lÞØÒOÕaãQÙ3ÕUÖ(ñÒàçéÜLÞ7ÛaÒMþ^Ý(Ôzß(ÒuÖYÞVÜ � ãEÙéÖ�ÿ =ç3Þ$ãuê�ÒcÙéÜLÙ�×�ß(ÒuÖbì�ÒcÝ3Ù^ÒuÖàñÒ�×lãEÕaÛaÒuÖ ×lÞ 2ÒuÖúÛaÝ 0 ÕaÙ^Ò�ÝéÖØÒuÖ�í�÷�ÒcÝ3ÛaÒuÖSß(ÒuÖSÚ\ãQÛaÛaÒuÚ_×lÕaãEÙéÖSß	ÑØñÒ\×lãEÕaÛaÒuÖ ×$Þ 2ÒuÖúÚ 7 ÜHÝéß(ÒuÖSß(ÒX× � ç.Ò
�ÎãEÝ^� ÖØãQÙ�×]ÖØÝéÖ$Ú�Ò�ç3×$Õaè^ÛaÒuÖðßbÑåÕaãQÙ3ÕUÖØÒcÞ�ß3ÒcÖðÞ(ñÒcòEÕaãQÙéÖðß3Ò"×VÜLÕaÛaÛaÒgÖØÝ3èéÖ�×_ÜHÙ�×lÕaÒ�ÛaÛaÒ 2ÜkÛ�ÑØñÒcÚ 7 ÒcÛaÛaÒiß(ÒuÖ?è^ÞlÜEÖ�ßbÑåÝ3Ù^Òò�ÜLÛ�Ü9Ô(ÕaÒQí 2±Î×lÕá×$Þ$Òkß(Ò�Ú�ã 0 ç-ÜHÞVÜLÕUÖØãEÙ�ûwÝ3Ù^Ò ñÒ�×$ãQÕaÛaÒ�ß3Òi× � ç.Ò$� È ûRH:�:����ñÒ\×lãQÕaÛaÒcÖOß3Òi× � ç.Ò'�Q©ZÒ�×IC 0 ÕaÛaÛaÕaãEÙéÖßbÑØñÒ\×lãQÕaÛaÒcÖðß(Òà× � ç-ÒI±<�ÎÕaãEÙ^ÕUÖØÒcÞØãQÙ�×ðÛaÒ 0 �Ò 0 Ò]ê�ãEÛaÝ 0 ÒZý�÷�×lÞ��ã 0 òEÞ$ÒcÙ1	�9;� ( �Ví�ô�Ò�×$×$Ò"ÕaãQÙ3ÕUÖVÜ9×lÕaãEÙfß3Ý 0 ÕaÛaÕaÒ�ÝÒ�Ù�×$ãQÝ^ÞlÜLÙ�×"Û�Ñ�ñÒ�×$ãQÕaÛaÒgêQÜhß3ãEÙ^Ù3ÒcÞOÙ-ÜHÕUÖlÖlÜHÙéÚ�Ò 2ÜCÝ^Ùëç3Û�ÜEÖ 0 ÜhÚ\ã 0 ç-ã�Ö(ñÒgÒuÖ$ÖØÒcÙ�×lÕaÒ�ÛaÛaÒ 0 Ò�Ù�×àß	Ñ�ñÒcÛaÒcÚ\×lÞØãQÙ^ÖOÒ\×"ß(Òç3Þ$ãL×lãQÙ^ÖOÒ�×OÛaÒ�ÞVÜ � ãQÙ3Ù^Ò 0 ÒcÙ�×àß(ÒkâEû�ÞØÒcÕaÙéÜLòQÒcâzß(ÒuÖdñÒ�ÛaÒuÚ\×$Þ$ãEÙéÖOß3ãEÙ^Ù^Ò�ÛaÕaÒ�Ý 2ÜCÝ3ÙøÞlÜ � ãQÙ^Ù3Ò 0 Ò�Ù�×OÞlÜEß3Õaãæß(Ò× � ç-Ò]âEÚ�ãEÙ�×lÕaÙ�Ý^Ý 0 â"è3ÕaÒcÙCãEèéÖØÒcÞ�êQÜLè3ÛaÒðÒcÙZãQÙ^ß3Ò]Ú\ÒcÙ�×$Õ 0 ñÒ�×$Þ$ÕUä�Ý^ÒðãEÝCß�ñÒuÚ\Õ 0 ñÒ�×$Þ$ÕUä�Ý^ÒQí
¥ ÜHÞYÜLÕaÛaÛaÒcÝ3ÞlÖVûéÛaãEÞlÖ$ä�Ý3ÒÛ�Ñ�ñÒcÛaÒcÚ\×lÞØãQÙóÒ\×XÛaÒðç^ÞØãE×$ãQÙkê�ãEÙ�×�ÖØÒ?Þ$ÒcÚ�ã 0 è^ÕaÙ3ÒcÞ�ç.ãQÝ3Þ[û�ãEÞ 0 Ò�Þ[Ý3ÙCÜH×lã 0 Ò?ßbÑ 7¢� ß3ÞØãQò 2Ò�Ù^Ò?ÕaÛ � ÜHÝ^ÞVÜdñÒ 0 ÕUÖ$ÖØÕaãQÙßbÑåÝ3Ùhç 7 ãE×$ãQÙhß�ñÒ�×$ÒuÚ\×VÜLè3ÛaÒ�ÒcÙCãQç(×lÕUä�Ý3Ò�ãQÝCÒcÙCÞVÜLß3Õaã3í�¥ ÛaÝéÖØÕaÒcÝ3ÞlÖ�ÞlÜLÕaÒuÖYß(Ò]ÞØÒuÚ\ã 0 è3ÕaÙ-ÜLÕUÖØãEÙZ×$ã 0 è-ÒcÙ�×7ß^ÜLÙ^ÖÛaÒ]ß3ã 0 ÜLÕaÙ3Òðê(ÕUÖØÕaè3ÛaÒ�ûéÙ^ãE×VÜ 0%0 ÒcÙ�×XÛ�Ü"ÞVÜHÕaÒOß3ÒM��ÜLÛ 0 ÒcÞW# � 2Ü Ç C Ç û ©"Ù 0 ä�Ý3Õ�ß3ãEÙ^Ù^Ò]Ú�Ò\×$×$Ò]Ú\ãQÝ3ÛaÒcÝ^Þ�Þ$ãEÝ^òEÒÚcÜLÞlÜEÚ\×3ñÒcÞØÕUÖØ×$ÕUä�Ý3Òðß3ÒuÖ�Ù[ñÒ�è^Ý^ÛaÒ�ÝéÖØÒuÖ�Ò�Ù²ñÒ 0 ÕUÖ$ÖØÕaãQÙ	íO#�ÕUÖ�×lãQÞØÕUä�Ý3Ò 0 Ò�Ù�×Tû(ÚEÑåÒcÖ�×XÒ�Ùj	 (�( �àä�Ý^Òw#�ÕaòQòQÕaÙ^ÖYÜàß�ñÒ\×lÒcÚ\×^ñÒÛaÒðç^Þ$Ò 0 ÕaÒcÞXÛ�ÜàÞVÜHÕaÒ]ß3ÒF�[ÜHÛ 0 ÒcÞXß3ÒðÛ�Ñ 7�� ß3ÞØãQò 2ÒcÙ^Ò>#��¤ß^ÜLÙéÖ[ÛaÒ]ÖØç.ÒuÚ_×lÞØÒ�ß3ÒðÙ[ñÒcè3Ý^ÛaÒ�ÝéÖØÒuÖ�í.ô�Ò�ÞVÜ � ãEÙ^Ù^Ò 0 ÒcÙ�×ÒcÖ�×Yß3ãEÙéÚ:Ý^ÙZÒ�Ô(Ú�ÒcÛaÛaÒ�Ù�×�ÕaÙéß(ÕUÚuÜ9×lÒcÝ3Þ�ß3ÒuÖ[Þ(ñÒcòQÕaãEÙéÖXß3Òðû�ãQÞ 0 ÜH×lÕaãEÙZß	Ñ�ñÒ�×lãEÕaÛaÒuÖ�íÐ�ÜCü3òQÝ^ÞØÒ�	 ( 0 ãEÙ�×lÞØÒgÛ�Ñ�ñÒ 0 ÕUÖ$ÖØÕaãQÙ^# � ß^ÜLÙ^ÖOÛaÒ�ß3ÕUÖ$ä�Ý3Òkß(Ò'�!�ðô®���
	��3í ô�ÒuÖ]ãEèéÖØÒcÞ�êQÜH×$ÕaãQÙ^Ö]ãQÙ�×ëñÒ\×^ñÒÞ(ñÒ9ÜHÛaÕUÖ3ñÒ�ÒuÖYç-ÜHÞ�¥�ãEòQòEÒký�	�9 ( 9��XßéÜLÙ^ÖYÛaÒOÚuÜEß(Þ$ÒOßbÑåÝ^Ù3Ò+ñÒ�×$Ýéß3ÒOß(ÒuÖ�Þ3ñÒcòEÕaãQÙ^ÖYÙ�Ý^Ú�Û\ñÒuÜLÕaÞ$ÒcÖ7ß3Ò]ò�ÜHÛ�ÜHÔ�ÕaÒuÖ7ÖØç^ÕaÞVÜHÛaÒuÖç3Þ$ã�Ú 7 ÒcÖ�íúÐSÑ ÜLèéÖØÒ�ÙéÚ�Òóß3Òóò�ÜHÿCÜLÝ Ú\ÒcÙ�×lÞ$ÒZß(ÒZÛ�Üzò�ÜLÛ�Ü9Ô(ÕaÒdýMçéÜEÖ"ß3Òhô��Mû ç-ÜEÖ"ß3Òî# - û ç.Ò�Ý ß(ÒZç.ãEÝéÖ$ÖØÕ 2ÒcÞØÒ
�Ò\Ô(ç3ÛaÕUä�Ý^Ò[ç-ãQÝ3Þlä�Ý3ãQÕ(ãEÙ"Ù	ÑåãEèéÖØÒcÞ�ê�Ò�çéÜEÖ
ß3Ò�Þ3ñÒcòEÕaãQÙ^Ö ß	ÑåÕaãEÙ^ÕUÖlÜH×$ÕaãQÙ"ßéÜHÙéÖ
ÛaÒuÖ ä�Ý^Ò�ÛUä�Ý^ÒcÖ Ú\ÒcÙ�×_ÜLÕaÙ3ÒuÖ
ß3Ò�ç-ÜHÞlÖØÒuÚ�ÖÜHÝ3×$ãQÝ^Þúß3Ý=Ú\ÒcÙ�×$Þ$Ò[ò�ÜLÛ�ÜEÚ_×lÕUä�Ý^ÒQí�öYÒXç3ÛaÝéÖ ÛaÒuÖ
Þ3ñÒ�òQÕaãQÙ^Ög# -e- Ù^ÒXÖØÒ 0 è3ÛaÒcÙ�×úçéÜEÖúß�ñÒuÚ\Þ$ÕaÞ$Ò[Ý^Ù3Ò�Ö�×lÞØÝéÚ\×$Ý^ÞØÒXÖ$ç3ÕaÞVÜHÛaÒß(Ò?× � ç-Òðè3ÞVÜEÖXÖØç^ÕaÞlÜLÝ(Ôóè3ÕaÒcÙ 0 ÜHÞlä�Ý�ñÒuÖ�í
�P�N�4��� �<�^�����^�?����ý�
	����J�4�J���

�7ÙhÜ"ÜLÝHìØãQÝ3ÞlßbÑ 7 Ý3Õ	Ý^Ù3ÒðòQÞlÜLÙ^ß3Ò�ä�Ý-ÜHÙ�×lÕá×3ñÒðß	ÑÓÕaÙ^û�ãEÞ 0 Ü9×lÕaãEÙéÖ[ÖØÝ^Þ[Û�Ü"ç 7 ÜLÖ$Ò 0 ãQÛ\ñÒuÚ\Ý^Û�ÜHÕaÞ$Ò�ß(Ý 0 ÕaÛaÕaÒ�ÝZÕaÙ��×$ÒcÞ$ÖØ×$ÒcÛaÛ�ÜHÕaÞ$ÒQíQÐ�ÜYç 7 ÜLÖØÒ 0 ãEÛ\ñÒuÚ\Ý^Û�ÜLÕaÞØÒ[ÒcÖ�×SßbÑåÝ^Ù3Ò[Õ 0 ç.ãQÞ�×_ÜHÙéÚ�Ò�ÚuÜLç3Õá×_ÜHÛaÒ[ç.ãQÝ3Þ Û�ÑØñÒ\ê�ãQÛaÝ(×lÕaãEÙ=ß3ÒuÖ
ò�ÜLÛ�Ü9Ô(ÕaÒuÖVûEÚuÜHÞÒ�ÛaÛaÒYÒcÖ�×=ñÒ�×$Þ$ãEÕá×lÒ 0 ÒcÙ�×�ÜEÖ$ÖØã(Ú\Õ\ñÒcÒ 2Ü:Û�Ü?û�ãEÞ 0 Ü9×lÕaãQÙ=Ö�×lÒcÛaÛ�ÜHÕaÞ$ÒEí6¥ ÜHÞ�ÜLÕaÛaÛaÒ�Ý^Þ$Ö�ûQÛ�ÑØñÒ�×$Ýéß(ÒYß(ÒuÖúÙ�Ý-ÜHòQÒuÖ 0 ãQÛ\ñÒcÚ�Ý^Û�ÜHÕaÞ$ÒcÖÒcÖ�×�Þ3ñÒcÚ�Ò�Ù�×lÒ:�^ÖØÒuÖXß�ñÒ�è^Ý3×lÖ[Þ$Ò 0 ãQÙ�×$ÒcÙ�× 2Ü 0 ãEÕaÙéÖXß(ÒF©:�iÜHÙéÖ�í
2± ç^Þ$Ò 0 Õ 2ÒcÞØÒ�ê(Ý3Ò�ûLÛ�ÑåÒ\Ô(ÕUÖ�×lÒ�ÙéÚ�Ò[ß3ÒcÖ 0 ãEÛ\ñÒuÚ\Ý^ÛaÒuÖ
ßéÜHÙéÖ
Û�Ñ  SÖ$çéÜEÚ\Ò�ç-ÜHÞVÜLÕUÖ$ÖlÜLÕá× 7 ÜLÝ(×lÒ 0 ÒcÙ�×
Õ 0 ç^ÞØãQè-ÜHè^ÛaÒ:ûLÛaÒuÖß(ÒcÙ^Ö$Õá×3ñÒuÖCñÒ�×VÜLÙ�×7×lÞØãQçzû�ÜHÕaè^ÛaÒcÖ7ç-ãQÝ3Þ?ä�Ý^Òàß3ÒcÖ 0 ãQÛ\ñÒcÚ�Ý^ÛaÒcÖ7Ö$Ò]û�ãEÞ 0 Ò�Ù�×YÒcÙæä�ÝéÜLÙ�×$Õá×^ñÒ]Ù^ãE×VÜLè3ÛaÒQí	öYÒOç^ÛaÝ^Ö�û-ÛaÒuÖß(Õáê�Ò�ÞlÖYÞVÜ � ãQÙ3Ù^Ò 0 ÒcÙ�×VÖóñÒcÙ^Ò�Þ$ò
ñÒ�×lÕUä�Ý^ÒcÖOý7ÿ = ��ÖØÒ]ç^ÞØãQçéÜLòQÒuÜLÙ�×:ßéÜLÙ^ÖYÛaÒ 0 ÕaÛaÕaÒ�ÝzÕaÙ�×lÒcÞ$Ö�×lÒcÛaÛ�ÜHÕaÞ$ÒOÖ$ãEÙ�×:ÖØÝéÖ$Ú\Òcç��×$Õaè^ÛaÒcÖ�ß(Ò�ß�ñÒ�×lÞØÝ^ÕaÞØÒðÛaÒuÖ 0 ãEÛ\ñÒuÚ\Ý^ÛaÒuÖ[ä�Ý^Õ0Ö$ÒðÖØÒ�ÞVÜLÕaÒ�Ù�×Xû�ãQÞ 0 ñÒcÒcÖ�íéôYÑåÒcÖØ×Xè3ÕaÒcÙCßéÜHÙéÖ[Ú�Ò�×XÒcÖØç^Þ$Õá×�ä�Ý	Ñ  Sß^ß3ÕaÙ3òE×$ãQÙñÒ�Ù^ãEÙ�¦ÚuÜHÕá×úÒcÙî	�9:© È ä�Ý0Ñ Ü7ç3Þ$ÕaãEÞ$Õ7û�#*f�ç.ãEÝ3êEÜLÕá×úÒ�Ô�ÕUÖ�×lÒcÞ ßéÜHÙéÖ
ÛaÒ 0 ÕaÛaÕaÒ�Ý"ÕaÙ�×$ÒcÞlÖ�×$ÒcÛaÛ�ÜLÕaÞØÒ�û 0 ÜHÕUÖ ä�Ý0ÑÓãQÙàÙ^ÒXÖlÜcêEÜLÕá×çéÜEÖSÚ�ã 0%0 ÒcÙ�×úÕaÛ^ç-ãQÝ3êEÜLÕá×�ÖØÒ�û�ãQÞ 0 ÒcÞ�ý7 Sß^ß3ÕaÙ3òE×$ãQÙ²	�9:© È �Ví¢¥ ÜHÞ�ÖØÕ 0 ç3ÛaÒXÞ$ÒcÙ^Ú�ãEÙ�×lÞØÒ�ß3ÒX× � ç.Ò���þ
�����If�û
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i�³e0O³lk�´"µ�¶3·*+O¶PoV´,24.4¸�¹,´3º:¸�m,o�¸ È C
Û�ÜhÖ$ÒcÚ\×$ÕaãQÙëÒV�iÚuÜEÚ\Ò�ÒcÖØ×àÖØÕ�ûMÜLÕaè3ÛaÒóä�Ý^Ò�ÛaÒg×lÒ 0 çéÖ]ÚuÜLÞlÜEÚ_×^ñÒcÞØÕUÖ�×lÕUä�Ý3Ò�ÒuÖ�×"ß(ÒkÛ�ÑÓãQÞ$ß3Þ$Òkß(Ò`	V� f�u ÜLÙéÖOß^ÜLÙéÖ]ÛaÒ
0 ÕaÛaÕaÒcÝZÕaÙ�×$ÒcÞlÖ�×$ÒcÛaÛ�ÜLÕaÞØÒ�ûéÚEÑÓÒuÖ�×�� 2Ü
��ß3ÕaÞ$Ò:ç^ÛaÝ^ÖØÕaÒcÝ^Þ$Ö�ãEÞlß(Þ$ÒuÖXß(ÒðòQÞlÜLÙ^ß3ÒcÝ3ÞlÖYÜHÝ���ß3ÒcÛ 2Üàß3ÒðÛ�Ñn�ÜHòQÒðß3ÒðÛ�Ñ«ÿYÙ3Õáê�ÒcÞ$Ö�íô�Òcç.Ò�Ùéß^ÜLÙ�×�ûEÛ�Ü?ä�Ý^ÒuÖ�×$ÕaãQÙiß(Ò[Û�Ü:ç^Þ3ñÒcÖØÒcÙéÚ\ÒXß3Ò�#*f�ÒcÖØ×úÞØÒuÖ�×^ñÒ�Ò[ÛaãQÙ3òE×lÒ 0 çéÖ
Ý3Ù 0M� Ö�× 2ÒcÞ$Ò:ûLÛaÕ\ñÒXÒcÙ"çéÜLÞØ×$ÕaÒYÜHÝûMÜLÕá×�ä�Ý	ÑåÕaÛ^Ù0Ñ � Ü?ç-ÜLÖSß3ÒXÞVÜHÕaÒYÖØç.ÒcÚ\×lÞlÜLÛaÒ�ßéÜHÙéÖúÛaÒcÖ�ß(ã 0 ÜHÕaÙ^ÒcÖ ê�ÕUÖØÕaè^ÛaÒ�Ò\×�ÞlÜEß(Õaã�ç.Ò�Þ 0 Ò\×$×_ÜHÙ�×Sß(ÒYß�ñÒ\×lÒuÚ_×lÒ�Þ8#�fû�Þ$ãEÕUßgß(ÕaÞ$ÒuÚ_×lÒ 0 ÒcÙ�×uí� úÙ¬	V9 Ç ©6ûQÛ�Ü 0 ãEÛ\ñÒuÚ\Ý^ÛaÒ���#¦û�Ý3×SÛ�Üðç3Þ$Ò 0 Õ 2ÒcÞØÒYß�ñÒ\×lÒuÚ_×^ñÒ�Ò�ßéÜHÙéÖúÛ�ÑåÒcÖ$çéÜEÚ\ÒOýJ��ÜLÞØÞ$Ò�×Ø×SÒ�×�ÜHÛ�í
	V9 Ç �6�XÒ�Ù¶ñÒ 0 ÕUÖ$ÖØÕaãQÙ 2Ü=Ý^Ù^ÒOÛaãEÙ^òQÝ3ÒcÝ3Þ?ßbÑåãEÙéß3ÒOß3Ò'	 ( Ú 0 íéî Û�Ö�Ñ�ÜLòEÕUÖ$ÖVÜHÕá×?ßbÑåÝ^Ù3ÒdñÒ 0 ÕUÖ$Ö$ÕaãEÙzß3Ò�× � ç-Ò�AzÜEÖØÒ�ÞcíÐúÑåÕUß(ÒcÙ�×lÕaüéÚcÜH×$ÕaãQÙzß3Ò���# 0 ãQÙ�×lÞlÜLÕá×7ß(ãQÙéÚ]ä�Ý^ÒOß(ÒuÖ 0 ãEÛ\ñÒuÚ�Ý3ÛaÒuÖ�Ò\Ô(ÕUÖ�×_ÜHÕaÒcÙ�×7ßéÜHÙéÖ�ÛaÒ 0 ÕaÛaÕaÒcÝhÕaÙ�×lÒcÞ$Ö�×lÒcÛaÛ�ÜHÕaÞ$ÒEí
±¶ç^Þ$ÕaãEÞ$Õ7ûéÛ�Üàç3ÛaÝéÖYÜLè.ãEÙéß^ÜLÙ�×$Ò�ß(Ò�ê(ÞlÜLÕá×>�Ò�×$Þ$Ò>#�f9í^î Û	û�ÜLÝ^ß3ÞlÜiÜ9×$×$ÒcÙéß(Þ$Ò?ÛaÒuÖYÜHÙ^Ù[ñÒ�ÒuÖF	V9 È �"ç-ãQÝ3Þ�Û�Ü"ß�ñÒ�×lÒcÚ\×$ÒcÞý ô[ÜHÞ$Þ$Ý(× 7 ÒcÞlÖ�	�9 È ����û.òQÞ��ÜEÚ\Ò=ÜHÝ3ÔZãQèéÖØÒ�ÞØêQÜ9×lÕaãEÙéÖ:ÖØç-Ü9×lÕ�ÜHÛaÒuÖ7ß3ÒcÖY×lÞlÜLÙéÖØÕá×$ÕaãQÙéÖ7ß3ÒàÐ �G0 ÜLÙzß^ÜLÙ^Ö7ÛaÒàß3ã 0 ÜLÕaÙ^ÒÝ3Ûá×lÞlÜcê(ÕaãEÛaÒ�×cí�ô�Òcç-ÒcÙéß^ÜLÙ�×Tû�ÚLÑåÒcÖØ×kß^ÜLÙ^Ö�Û�Ü 0 �Ò 0 ÒCç�ñÒcÞ$Õaã�ß3Òæä�Ý3ÒzÛ�ÑÓãQÝ3×$ÕaÛ7û�ãQÙéß^Ü 0 Ò�Ù�×VÜLÛYß(ÒæÛ�Ñ�ñÒ�×$Ýéß3Òzß3ÒhÛ�Üç 7 ÜLÖ$Ò 0 ãEÛ\ñÒuÚ�Ý3Û�ÜLÕaÞØÒgû�Ý3×Oß�ñÒcÚ�ãEÝ3ê�Ò�ÞØ×ký�÷�ãQÛaã 0 ãQÙ+Ò\×"ÜHÛ�íQ	�9 È 	T�Víwî Û�Ö�Ñ�ÜLòEÕá×àß(ÒgÛ�ÜZÞVÜHÕaÒ�ß3Òóô��"ýB	a�����:Ò�Ô(Ú�Õá×3ñÒcÒçéÜLÞ7Ú�ãQÛaÛaÕUÖØÕaãEÙfÜ�ê�ÒcÚF# f ãEèéÖØÒcÞ�êQÜLè3ÛaÒOßéÜHÙéÖYÛaÒOß3ã 0 ÜLÕaÙ3Ò]ÞlÜEß3Õaã3í��YãEÝéÖ:ÜcêQãQÙéÖXê(Ýzß^ÜLÙéÖ�Û�Üiç3Þ$Ò 0 Õ 2ÒcÞ$Ò�ç-ÜHÞØ×$ÕaÒç-ãQÝ3Þlä�Ý3ãQÕ	ÛaÒàô � ÒuÖ�×XÛaÒ 0 Ò�ÕaÛaÛaÒcÝ^Þ[×$ÞVÜEÚ\ÒcÝ3Þ�ß3ÝZò�ÜLÿ 0 ãQÛ\ñÒuÚ\Ý^Û�ÜHÕaÞ$ÒQíö:ÜLÙ^Ö�ÛaÒuÖ�ò�ÜHÛ�ÜHÔ�ÕaÒuÖ[ÖØç^ÕaÞlÜLÛaÒuÖVû3ä�Ý3Õ	ÖØãQÙ�×[ß3ÒuÖ�Ö � Ö�× 2Ò 0 ÒuÖ�Ò�ÙóÞØãE×_Ü9×lÕaãEÙZß(ÕaùYñÒcÞØÒcÙ�×lÕaÒcÛaÛaÒ:û3ÛaÒ:ò�ÜHÿ 0 ãQÛ\ñÒuÚ\Ý^Û�ÜHÕaÞ$ÒÒcÖ�×"ò
ñÒcÙ�ñÒcÞVÜHÛaÒ 0 Ò�Ù�×àÚ\ãQÙ^ü3Ù[ñÒ�ßéÜLÙ^ÖOÝ^Ùøß(ÕUÖlä�Ý^Òkß3Ò�ûMÜLÕaè^ÛaÒ�ñÒcç-ÜHÕUÖ$Ö$Ò�Ý^Þóý�ß(Ò�Û�ÑÓãQÞlß(Þ$Òóß(ÒîH;���CçbÚgç.ãEÝ^ÞàÙ3ãE×$Þ$Ò
�?ÜLÛ�ÜHÔ�ÕaÒ
��Ò\×Sß � ÙéÜ 0 ÕUä�Ý^Ò 0 ÒcÙ�× û�Þ$ãEÕUß	í�± ç-ÜHÞØ×$ÕaÞSß3ÒcÖ ãEèéÖØÒcÞ�êQÜH×$ÕaãQÙ^Ö ß3Ò[Û�ÑØñÒ 0 ÕUÖ$ÖØÕaãQÙ"ß3Ýgô��MûLãQÙiÜ7ç3Ý 0 Ò\×$×lÞØÒÒ�Ù ñÒ\ê(ÕUß3Ò�ÙéÚ\Òóä�Ý^ÒgÛaÒkò�ÜLÿ 0 ãQÛ\ñÒcÚ�Ý^Û�ÜHÕaÞ$Ò�ßéÜLÙ^Ö]ÛaÒ 0 ÕaÛaÕaÒcÝëÕaÙ�×lÒ�ÞlÖ�×lÒ�ÛaÛ�ÜLÕaÞ$ÒkÖØÒkÚ\ãQÙ^Ú�ÒcÙ�×lÞlÜLÕá×"ß^ÜLÙ^Öàß(Ò�òQÞVÜHÙéß3ÖÚ\ã 0 ç3ÛaÒ�Ô�ÒuÖSÜHç^ç-ÒcÛ\ñÒuÖg��Ý-ÜLòEÒuÖhACãEÛ\ñÒuÚ�Ý3Û�ÜLÕaÞØÒuÖh�zñÒ9ÜHÙ�×lÖYýJ�wAæô��Ví� SÙ 0 ã � ÒcÙ^Ù3Ò[ÛaÒuÖh�wAæô�ÖúÖØãQÙ�×�ÚcÜLÞVÜLÚ\×3ñÒcÞ$ÕUÖ(ñÒcÖçéÜLÞ7ß3ÒuÖYß(Õ 0 ÒcÙ^ÖØÕaãQÙéÖ�ÕaÞØÞ-ñòEÝ^ÛaÕ 2ÒcÞØÒuÖ7Ò\×Y× � ç3ÕUä�Ý^ÒcÖ7ß(Ò�H:� 2Ü H:�:�=çbÚT�aûéÝ^Ù^ÒOß(ÒcÙ^Ö$Õá×3ñÒOß3ÒM#*fðß3Ò]Û�ÑÓãQÞlß(Þ$ÒOß3Ò'	����Ú 0 ¯ � û�Ý^Ù3ÒX×lÒ 0 ç[ñÒ�ÞVÜ9×lÝ^ÞØÒ 0 ã � Ò�Ù^Ù^Ò�×lÞ 2ÒuÖúè-ÜEÖ$ÖØÒ�û�ß(Ò�Û�ÑåãEÞlß3ÞØÒ7ß(ÒM	����YC;�w&�ûQÒ�×SÝ^Ù^Ò 0 ÜEÖ$ÖØÒ�ß(ÒW# f ß3ÒXÛ�ÑåãQÞ$ß3ÞØÒß(ÒD	�� ° 0 ÜLÖlÖØÒcÖ[Ö$ãEÛ�ÜLÕaÞØÒuÖ]ý7��ÛaÕá×$ÿD	�9:9����_í

¥�ãQÝ3Þ �!��ôæ���@	a�Oû6% 7 ãEÞ$Ù3ÛaÒ � Ò\×<ACÝ3Ùéß � ýB	�9�9 È è@�SãEÙ�×�ÕUß3Ò�Ù�×$Õaü[ñÒI	V©OÚ\ã 0 ç3ÛaÒ�Ô�ÒuÖ 0 ãQÛ\ñÒcÚ�Ý3Û�ÜLÕaÞ$ÒcÖ�ò ñÒ9ÜHÙ�×lÖß(ãQÙ�×ðÛ�Üg×VÜLÕaÛaÛaÒ 0 ã � ÒcÙ3Ù^ÒOÒuÖ�×ðßbÑåÒ�Ù�ê(ÕaÞØãQÙjC�C;��ç.Ú:ûbÒ�×?Û�Ü 0 ÜLÖ$Ö$Ò]êEÜLÞ$ÕaÒ"Ò�Ù�×$Þ$Òî	V�� MA¬å Ò�×>©q	��"!�A¬å�íwô�ÒuÖÚ\ã 0 ç3ÛaÒ�Ô�ÒuÖ�Þ$ÒcòEÞ$ãEÝ^ç.Ò�Ù�×Xß3Ò?Ù3ã 0 è3Þ$ÒcÝ(ÔgÙ�ÝéÜLòEÒuÖ 0 ãEÛ\ñÒuÚ�Ý3Û�ÜLÕaÞØÒuÖ[ÖØÝéÖ$Ú�Ò�ç3×$Õaè^ÛaÒuÖ[ß(Ò?û�ãQÞ 0 ÒcÞ[ß(ÒuÖ�ñÒ�×lãEÕaÛaÒuÖ�íé÷�ÕbÛaÒÙ�Ý-ÜHòQÒOÒuÖ�×?ÖØÝ��gÖlÜ 0%0 ÒcÙ�×7ß3Ò�ÙéÖØÒOÒ\×:û�Þ$ãEÕUß4û-ÕaÛ
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 úÙb	V9O	V9�û3Û�Ñ�ÜHÙ-ÜHÛ � ÖØÒ�ß(ÝCÖØç.ÒcÚ\×lÞØÒðß3ÒðÚ�ÒuÖ[Ù�ñÒcè^Ý3ÛaÒcÝ^Ö$ÒcÖPùiãQÙ�×lÞVÜOä�Ý3ÒÚ�ÒcÛaÝ3Õ_�ïÚ\Õ�ñÒ�×_ÜHÕá×7ÕUß3Ò�Ù�×lÕUä�Ý^Ò��ÜgÚ�Ò�ÛaÝ^Õ�ß(ÒuÖCñÒ\×lãEÕaÛaÒuÖYÒ�Ô(Ú�Õá×_Ü9×lÞØÕUÚ�ÒuÖ�í	ô�ÒuÚ�Õ�ÖØÕaòEÙ^Õaü-ÜHÕá×?ä�Ý^ÒOÛ�Ü"×_ÜHÕaÛaÛaÒàß3ÒcÖYç-ÜLÞ�×lÕUÚ\Ý^ÛaÒuÖÞ3ñÒ�þ�ñÒuÚHú^ÕUÖ$ÖlÜLÙ�×�Û�ÜóÛaÝEùiÕ��ÒcÞØÒ¤ñÒ\×_ÜLÕá×OÜLÝõùiãQÕaÙ^ÖæñÒcò�ÜHÛaÒ��ÜZÖlÜkÛaãQÙ3òQÝ^Ò�Ý^Þ]ßbÑåãEÙéß3ÒEí, úÙdß	Ñ ÜLÝ(×lÞ$ÒcÖ:×lÒcÞ(ùiÒuÖVû0ÚLÑØñÒ�×VÜLÕá×ß3ÒhÛ�Ü�ùgÜH×lÕ��Ò�Þ$ÒhÖØãQÛaÕUß3ÒEíXô�Ò�×$×$Ò\ú � ç.ãE×�ú��ÒcÖ$Òhû�Ý3×�Ú�ãEÙ^ü^Þ(ù�ñÒcÒCÒcÙ 	�9�H:©�ûSÛaãQÞ$Ö$ä�Ý^ÒhÛ�Ü+ç3Þ$ÒcÝ(ê�Òhû�Ý3×kÜLç3ç.ãEÞØ×^ñÒ�Òä�Ý^ÒðÛ�Ñ�ÜLè^ÖØãQÞ$ç(×lÕaãEÙCÕaÙ�×$ÒcÞlÖ�×$ÒcÛaÛ�ÜLÕaÞØÒOß3Ý3Ò��Ü=Ú�ÒcÖ�ç-ãQÝ^ÖlÖØÕ��Ò�Þ$ÒuÖXÙ^Ò�Ú;ú-ÜHÙ^òEÒ9ÜLÕá×�ç-ÜEÖXÛ�Ü=Ú�ãQÝ3ÛaÒcÝ3Þ7ß(ÒuÖóñÒ\×lãQÕaÛaÒcÖ�íéî ÛwÙ3Òç.ãQÝ(êQÜHÕá×Yß3ãEÙéÚ?ç-ÜLÖXÖcÑ ÜLòEÕaÞ�ß	Ñ ÜH×$ã�ùiÒcÖ�û(ÚuÜLÞ�ÖØÕaÙ^ãEÙZÛ�Ü=ß(Õaù.Ý^Ö$ÕaãEÙCß3ÒðÛ�ÜàÛaÝ=ùiÕ��Ò�Þ$Ò]ÜHÝ^ÞlÜLÕá×XêEÜLÞØÕ\ñÒ�Ò�Ùb	uõ����LíÐ0ÒuÖ7ç.ãEÝéÖ$ÖØÕ��ÒcÞØÒuÖ7ÕaÙ�×lÒ�ÞlÖ�×lÒ�ÛaÛ�ÜLÕaÞØÒuÖ?ÖØÒ�ùàè3ÛaÒcÙ�×ðÚ\ã�ùiç-ã�Ö(ñÒcÒcÖ7ß	ÑåÝ3Ù�ù�ñÒ�Û�ÜLÙ^òEÒ"ß3ÒàÖ$ÕaÛaÕUÚcÜH×$ÒuÖ?ß3ÕáêQÒcÞ$Ö=ý�ÖØÕaÛaÕUÚuÜ9×lÒuÖß	Ñ�ÜHÛaÝ=ùiÕaÙ3ÕaÝ=ù�ûQß3Ò�û�ÒcÞVû�ß3Ò¨ù�ÜLòEÙ[ñÒcÖ$ÕaÝEùCíUíaíK��ûEß3ÒYÚcÜLÞØè.ãQÙ3ÒàýMÖØãQÝéÖúû�ãEÞ�ùiÒXß3Ò�òQÞlÜLç=ú3Õá×lÒ��
Ò�×�ß(ÒYòEÛ�ÜEÚ\ÒuÖSß3Õáê�Ò�ÞlÖØÒuÖýMÒ9ÜHÝ�û�Ü�ù�ùiãQÙ3Õ�ÜEÚ;û�ù�ñÒ\×HúéÜLÙ^Ò��_íQ�7Ù¦ç.Ò�Ý3×�Þ$Òcç3Þ3ñÒcÖ$Ò�Ù�×$ÒcÞ�Ý3Ù¦òQÞVÜHÕaÙ¦ÕaÙ�×lÒ�ÞlÖ�×lÒ�ÛaÛ�ÜLÕaÞØÒ5Ú�ã"ù�ùiÒCÝ3Ù²Ù3ã � ÜLÝ²ß(ÒÖ$ÕaÛaÕUÚcÜH×$ÒuÖ"ÞØÒuÚ\ãQÝ3êQÒcÞ�×iß(ÒóòQÛ�ÜEÚ\ÒuÖ"ä�Ý^Õ[Ö$ÒZÖØãEÙ�×=Ú�ãQÙ^ß3Ò�ÙéÖ(ñÒcÒcÖ��ÜzÛ�ÜæÖØÝ^ÞØû�ÜLÚ�ÒQí Ð�Üh×VÜLÕaÛaÛaÒCß(ÒZÚ\ÒuÖàòEÞVÜLÕaÙ^ÖàêQÜLÞØÕaÒß3Òàä�Ý^Ò�ÛUä�Ý^ÒcÖYÙ-ÜLÙ3ã�ù��Ò\×lÞØÒuÖ��Ü=Ý^Ù ùiÕUÚ\Þ$ãQÙhÒ�Ù�ê�ÕaÞ$ãQÙ¤ý7AæÜ9×Hú3ÕUÖ7Ò\×ðÜHÛ�í�	�9 ÈQÈ �aûé×_ÜHÕaÛaÛaÒàç^ÞØã(ÚHú^Òàß(ÒOÛ�ÜiÛaãQÙ3òQÝ3ÒcÝ^Þß	ÑåãEÙéß(Òkß3Ýëè3ÛaÒcÝ�ýJ��í«�¬L*ù �_í�ÐSÑÓÒcù.Ò\×àß3ÒkÚ�Ò\×$×$Ògç.ãQÝ^Ö$Ö$Õ��Ò�Þ$ÒkÖØÝ^Þ]ÛaÒkÞVÜ � ãQÙ3Ù^ÒgùiÒcÙ�×àß(ÒuÖ+ñÒ�×$ãQÕaÛaÒuÖ�êQÜj�Ò�×$Þ$Òkß(ÒÛ�Ñ�ÜLè^ÖØãQÞ$è-ÒcÞSßéÜHÙéÖúÛaÒcÖúÛaãQÙ3òQÝ3ÒcÝ^Þ$Ö�ßbÑåãEÙéß3Ò[ç^ÞØã(Ú;ú3Ò�ß3ÒXÛ�Ü:×_ÜHÕaÛaÛaÒYß3ÒcÖúòQÞlÜLÕaÙ^Ö�û�ÚLÑåÒuÖ�×úç.ãQÝ3Þlä�Ý^ãQÕ^ãEÙ=êEÜ:ç-ÜLÞØÛaÒcÞ�ß(ÒÞ$ãQÝ3òQÕUÖ$ÖØÒ�ùiÒ�Ù�×�ß��Ý��ÜðÛ�Üðç.ãEÝéÖ$ÖØÕ��ÒcÞ$ÒEí�Ð0Ò�Þ$ãQÝ3òQÒYÒcÖØ×�ùiãEÕaÙéÖ�ÜLè^ÖØãQÞ$è�ñÒ7ä�Ý^ÒYÛaÒYè3ÛaÒcÝ�û�ÛaÒcÖ�ÿ�ãQÙ^ÒcÖSã��ÝgÛ�Üðç-ãQÝéÖ$ÖØÕ��ÒcÞØÒÒuÖ�×
ç^Þ3ñÒcÖØÒcÙ�×$Ò�ÖØÒ�ß3ÕUÖ�×lÕaÙ3òQÝ3ÒcÞ$ãEÙ�×úß(ãQÙ^Ú�çéÜLÞ
Ý3ÙàÒ�Ô(Ú��ÒcÖ
ß^ÜLÙ^Ö
ÛaÒ�ÞØãQÝ3òQÒ?ýMçéÜLÞ
ÞlÜLç^ç-ãQÞ�×��Ü�Û�Ü7Ú�ãEÝ^ÛaÒcÝ3Þ&ùiã � ÒcÙ3Ù^Ò��_íÐ�Ü�û�ãQÞ(ù�ÜH×$ÕaãQÙðß(Ò�Ú\ÒuÖ	òQÞlÜLÕaÙ^Öwß3Ò ç.ãQÝ^Ö$Ö$Õ��Ò�Þ$ÒSÖØÒúûMÜLÕá×�ß^ÜLÙ^Ö0ÛaÒuÖwÚ\ãQÝ^Ú;ú^ÒcÖ	Ò\Ô�×lÒ�Þ$Ù3ÒuÖ0ß3ÒcÖ?ñÒ\×lãEÕaÛaÒuÖ0ò
ñÒ9ÜLÙ�×lÒcÖ0ÞØãQÝ3òQÒuÖVûÕaÛUÖ�ê�ãQÙ�×XÒ�ÙéÖØÝ^Õá×$Ò��Ò�×$Þ$Ò?ß3ÕUÖØç.Ò�ÞlÖ(ñÒuÖ�ßéÜHÙéÖ�ÛaÒwùiÕaÛaÕaÒcÝkÕaÙ�×$ÒcÞ$ÖØ×$ÒcÛaÛ�ÜHÕaÞ$Ò?ç-ÜHÞ[ÛaÒcÖ�ê�Ò�Ù�×VÖ�ê(ÕaãEÛaÒcÙ�×VÖ[ä�Ý3Õbç^Þ(ñÒuÚ��Òuß3Ò�Ù�×[Û�Üç=ú-ÜLÖØÒ]ß(ÒðÙ[ñÒcè3Ý^ÛaÒ�ÝéÖØÒðç^Û�ÜLÙ�ñÒ�×VÜLÕaÞ$Ògý�÷3ÜHÛaç.Ò\×lÒcÞF	V9 ÈQÈ �_íOÿYÙ^Ò5ñÒ�×lãEÕaÛaÒ�Ú�ã�ùaùiÒ?ÛaÒ�Ö$ãEÛaÒcÕaÛ	êQÜ"Ö � Ù�×Hú�ñÒ�×lÕUÖØÒ�Þ�Ò�ÙCÖ$ãEÙÚ��ðÝ^Þ ß(ÒuÖOñÒ�Û\ñÒ�ùiÒ�Ù�×VÖ�ß3Ò�ç^ÛaÝéÖ
ÒcÙàç^ÛaÝ^Ö ÛaãQÝ3Þlß"ÜLÝ"û�Ý^Þ
Ò�×��Ü�ùiÒcÖØÝ^Þ$Ò�ß(ÒXÖØãQÙëñÒ�êQãQÛaÝ(×lÕaãQÙ4ûEÛ�Ñòú[ñÒ�ÛaÕaÝ=ù�ûLÛaÒXÚcÜLÞØè.ãQÙ3Ò�ûÛ�Ñåã9Ô � ò��ÒcÙ^Ò:û^ì�ÝéÖ$ä�Ý	Ñ�ÜHÝdû�ÒcÞcí
ô�ÒcÖ+ñÒ�Û\ñÒ�ùiÒ�Ù�×VÖ?ê�ãEÙ�× �Ò\×lÞ$Òiè^ÞlÜEÖ$Ö(ñÒuÖ��ÜZÛ�ÑåÕaÙ�×3ñÒcÞØÕaÒcÝ^ÞOß(ÒgÛ�ÑØñÒ\×lãQÕaÛaÒgòQÞ��ÜEÚ�ÒkÜHÝ3Ôfû�ãQÞØ×lÖ
ùiãQÝ(ê�Ò�ù=ÒcÙ�×lÖúÚ�ãQÙ�ê�ÒcÚ\×lÕaû�ÖSÕaÙ�×lÒ�Þ$Ù^ÒcÖ�Ò\×[ÜLÕaÙéÖØÕéç.ãEÝ3ê�ãEÕaÞ[Ü9×$×lÒ�ÕaÙéß(Þ$Ò�ÛaÒuÖ�ÿ�ãQÙ3ÒuÖ�Ò\Ô�×$ÒcÞ$Ù3ÒuÖ�ß(ÒYÛ�Ñ�ñÒ�×lãEÕaÛaÒQí(ö:ÜLÙ^Ö�ÛaÒuÖÜLÙ^Ù�ñÒcÒcÖ ( ��ûcÛ�Ü�Ù^ãL×lÕaãQÙ�ß3Ò ×lÒgùiç[ñÒ�ÞVÜH×$Ý^ÞØÒúß	ÑØñÒcä�Ý3ÕaÛaÕaè^Þ$ÒSß3ÒuÖ	òEÞVÜLÕaÙ^Ö�Ü�ñÒ\×^ñÒúÞØÒ�ùiÕUÖØÒ ÒcÙ�ÚuÜHÝéÖØÒ�ûcÖ$Ý3Õá×lÒ�ÜLÝ(ÔwùiÒuÖØÝ^ÞØÒuÖß3ÝgÖlÜH×$ÒcÛaÛaÕá×$ÒYß	ÑÓãQèéÖØÒ�ÞØêQÜ9×lÕaãEÙiîY§<±:÷ u í�ô�Ò�ÛaÝ^Õ_�ïÚ\Õ-ß�ñÒ\×lÒcÚ\×_Ü:Ò�ÙiÒ�ù.Ò\×�Ý3ÙiÒ�Ô(Ú��ÒcÖSß	Ñ�ñÒ�ùiÕUÖ$ÖØÕaãQÙàê�ÒcÞ$ÖSÝ3Ù^ÒXÛaãQÙ3òQÝ3ÒcÝ^Þß	ÑåãEÙéß(ÒXß(Ò>	��*L ß ý7¥úÝ3òQÒ�× Ò�×�ÜHÛ�í
	�9 ( C��Ví�ô�ÒuÚ\Õ3Ù^Ò[ç.ãEÝ3êEÜLÕá×úç-ÜLÖúÚ\ãQÞ$ÞØÒuÖØç.ãEÙéß(Þ$Ò��Ü7Û�ÑØñÒ�ù=ÕUÖlÖØÕaãEÙà×�ú^ÒcÞ(ùiÕUä�Ý3ÒXß(Òç-ÜLÞ�×lÕUÚ\Ý^ÛaÒuÖ��ÜàÛ�Ñ�ñÒuä�Ý3ÕaÛaÕaè^ÞØÒ��ÜI©�CM&�û^ÚcÜLÞ[ÒcÙk×lÒ�Û0ÚcÜEÖVû3ãEÙZÙ3Òðß3Ò�ê�ÞVÜHÕá×XÞ$ÕaÒcÙZß�ñÒ\×lÒuÚ_×lÒ�Þ��ÜOÝ^Ù^Ò?ÛaãEÙ^òEÝ^ÒcÝ3Þ�ßbÑåãQÙ^ß3Òç^ÛaÝéÖOÚ�ãQÝ3ÞØ×$Òkä�Ý3Ò Ç ��L ß íR±�ÝøÚ�ãQÙ�×lÞlÜLÕaÞ$Ò:û
Ú\Ò�×àÒ\Ô3Ú��ÒuÖOÖØÒgùàè^Û�ÜHÕá×àÚ�ãQÞØÞ$ÒcÖ$ç-ãQÙ^ß3Þ$Ò��ÜZÛ�ÑØñÒ�ù=ÕUÖlÖØÕaãEÙ+×Hú^Ò�Þ�ùiÕUä�Ý^Òß3ÒZç-ÜHÞØ×lÕUÚ\Ý^ÛaÒcÖgß(ãQÙ�×iÛ�Üæ×$Ò�ùiç�ñÒcÞlÜH×lÝ3Þ$Ò²ñÒ�×_ÜHÕá×gß3ÒZç^ÛaÝ^Ö$ÕaÒ�Ý^Þ$ÖgÚ\ÒcÙ�×VÜLÕaÙ3ÒuÖiß(Ò²&?ÒcÛáê(ÕaÙ^Ö�íhÿ�Ù©ùiã�ß �ÒcÛaÒZß3Õá×�ß(Ò
!#"%$'&)(+*-,/.�0214365�7-*�8/&)8/9;:=<2,/>@?A,B7-0C>=>=:D7-0
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ÚHú-ÜHÝ^ù	ÜHòQÒàÕ[ùiç^Ý3ÛUÖØãQÙ^Ù3ÒcÛ ß(ÒuÖ:òEÞVÜLÕaÙ^ÖðÜ�ñÒ\×^ñÒ"ß�ñÒ\ê�ÒcÛaãEç^ç�ñÒ"ç-ãQÝ^Þ?Ò\Ô(ç3ÛaÕUä�Ý^Ò�ÞðÚ�Òàû�ÜHÕá×gý ÷�ÒcÛaÛaòEÞ$Ò�Ù"	�9 ( �O�0öYÒuÖØÒ�ÞØ×Ò\×�ÜLÛ�í4	�9 (EÇ �Ví3ÐúÑåÕUß�ñÒcÒ7ÒuÖ�×[ä�Ý3Ò:Û�Ñ�ÜHèéÖØãQÞØç3×$ÕaãQÙóßbÑåÝ^ÙkÖØÒcÝ3Û.ç=ú^ãL×lãEÙkç-ÜHÞ�Ý^ÙkòEÞVÜHÕaÙóç-ÒcÝ3×2ùiã"ùiÒcÙ�×_ÜHÙ[ñÒ�ù=ÒcÙ�×SÛaÝ3Õß(ãQÙ3Ù^ÒcÞ]Ý^Ù3Òg×lÒgùiç[ñÒ�ÞVÜ9×lÝ^ÞØÒkÜHÝéÖ$ÖØÕiñÒcÛaÒ\ê�ñÒcÒ�ä�Ý3Òkä�Ý3ÒcÛUä�Ý^ÒuÖOÚ\ÒcÙ�×VÜLÕaÙ3ÒuÖOß(Ò'&?ÒcÛáê�ÕaÙéÖVû Ü�êQÜHÙ�×àä�Ý3ÒkÚ\ÒcÛaÛaÒV��Ú�Õ�Ù3ÒÞØÒuß(ÒuÖ$Ú�Ò�Ùéß3Ò"ÞVÜHç^ÕUß3ÒgùiÒcÙ�×uí�¥ ÜHÞ�Ú\ãQÙéÖ(ñÒcä�Ý^Ò�Ù�×�û0ß^ÜLÙéÖðÚ\ÒcÞØ×VÜLÕaÙ3ÒuÖ?Þ3ñÒ�òQÕaãQÙ^ÖVû0ÕaÛúÙ	ÑåÒ\Ô(ÕUÖ�×lÒ"ç-ÜEÖ?ß3Ò"×lÒgùiç[ñÒ�ÞVÜ9×lÝ^ÞØÒßbÑØñÒcä�Ý^ÕaÛaÕaè3Þ$ÒXß(ÒuÖ�òQÞVÜHÕaÙéÖ�í��:ÙOç.ÒcÝ(× ÒcÙ^ÖØÝ^Õá×lÒ[ÚuÜHÛUÚ�Ý3ÛaÒcÞ
Û�ÜY×VÜLÕaÛaÛaÒXä�Ý3ÒXß(ãQÕáêQÒcÙ�×úÜcê�ãEÕaÞúÚ�ÒcÖ
òEÞVÜLÕaÙ^Ö
ç.ãEÝ^Þ
ç.ãQÝ(ê�ãEÕaÞ
�Ò\×lÞØÒOÚ;ú-ÜHÝ^ù�ñÒuÖ�ç-ÜHÞYÝ^ÙzÖ$Ò�Ý^Ûwç=ú3ãE×lãEÙ0í��7ÙC×$Þ$ãQÝ(ê�Ò]Ý3Ù^Ò�×_ÜHÕaÛaÛaÒàß(ÒOä�Ý^Ò�ÛaÝ^ÒcÖ7ß3ÕaÿuÜLÕaÙ3ÒuÖ7ßbÑ ±�Ù^ò�Ö�×$Þ$ã�ù»ý�ö7ÞlÜLÕaÙ3ÒÒ\×W±�Ùéß3Ò�ÞlÖØãQÙb	V9 ( C:�aû^Ú\Ò�ä�Ý3Õ0ç-ã�ÖØÒðÛ�Ü"ä�Ý3ÒuÖ�×lÕaãEÙCß(Ò�Û�ÜàÙéÜH×lÝ3Þ$Òðß3Ò�Ú\ÒuÖ[òQÞlÜLÕaÙ^Öcí^Ð�ÜOè.ãEÙ^Ù^ÒðÕ[ù�ÜHòQÒðß(Ò?×lÒ�ÛaÛaÒuÖçéÜLÞ�×lÕUÚ�Ý3ÛaÒuÖ�ÒcÖØ×]Ú�ÒcÛaÛaÒgß	Ñòú � ß3Þ$ã�ÚuÜHÞ$è^Ý3Þ$ÒcÖðç.ãEÛ � ÜLÞØã�ù�Ü9×lÕUä�Ý^ÒuÖ?ãQÝ^¥�±W#7Ö�í
ô�ÒcÖ]Ú\ã�ùiç-ã�Ö(ñÒuÖðÖØãQÙ�×]ÒcÙ+ä�Ý^Ò�ÛUä�Ý3ÒÖØãEÞØ×lÒ5ÕaÙ�×$ÒcÞ�ù¤ñÒuß3Õ�ÜHÕaÞ$ÒcÖóÒcÙ�×lÞØÒfß3Ò+ÖØÕ[ùiç3ÛaÒuÖFùiãQÛ\ñÒcÚ�Ý^ÛaÒcÖkÒ�×Cß3ÒuÖkòQÞlÜLÕaÙéÖZß(ÒfòQÞlÜLçEú^Õá×lÒEí*�7Ù�ç.Ò�Ý3×ZÛaÒuÖkê�ãEÕaÞÚ\ã�ù�ù=Ò=ß(ÒuÖ]ÜLÖlÖØÒgùàè^Û�ÜHòQÒuÖ:ç^Û�ÜHÙéÖ�ß	ÑåÝ3Ùfç.Ò�×$Õá×�Ù^ã�ùOè^Þ$Ò=ß3ÒgÚ � Ú\ÛaÒuÖðè-ÒcÙ^ÿbñÒcÙ3ÕUä�Ý^ÒcÖcú^Ò\Ô^ÜHòQãQÙéÜLÝ(ÔfÚ\ã�ùiç-ã�Ö(ñÒuÖß(Ò Ç ÜH×$ã�ùiÒcÖ]ß(Òóô[ÜLÞØè.ãEÙ^ÒQí
öYÒcç3Ý^ÕUÖVû�Û�ÑåÒ\Ô(ÕUÖ�×lÒ�ÙéÚ\Ò�ß(Ò�Ú�ÒuÖ4ù=ãQÛ\ñÒuÚ\Ý^ÛaÒcÖOÜ�ñÒ�×^ñÒ�Ú\ãQÙ3ü^Þ�ù¤ñÒcÒuÖVû0ÒcÙdçéÜLÞ�×lÕUÚ�Ý3ÛaÕaÒcÞòEÞ
�ÜLÚ�Ò[ÜLÝO×3ñÒcÛaÒcÖlÚ\ãQç-Ò�îØ÷O�MûLä�Ý^Õ3Ü7Ú\Û�ÜLÕaÞ$ÒgùiÒcÙ�×
ÕUß(ÒcÙ�×$Õaü[ñÒ�ÛaÒ�Ý^Þ ÖØç-ÒuÚ\×$Þ$Ò�ß	Ñ�ñÒ�ùiÕUÖ$ÖØÕaãQÙOßéÜHÙéÖ�Û�ÑÓÕaÙ^û�ÞlÜLÞØãQÝ^òEÒ�ç^ÞØã(ÚHú^Ò×$ÒcÛ-ä�Ý	ÑåÕaÛXñÒ�×_ÜHÕá×�ç^Þ(ñÒ�ê(ÝzýJ��ÒcÕaÙ�×lÒgù�Ü?Ò�×�ÜLÛ�í�	V9�9 Ç �(÷(Ú;ú�Ý3×Ø×lÒ�Ò\×[ÜLÛ�í�	�9�9 ( �Ví�Ð0ÒuÖ�¥�±*#YÖ�Ú�ãEÙéÖ�×lÕá×$Ý^Ò�Ù�×�Ý3Ù^ÒYç=úéÜEÖØÒ×$Þ
�ÒcÖSÕ[ùiç-ãQÞ�×_ÜLÙ�×lÒXß3Ò�Û�ÜðÚ�ã"ùiç.ãQÖVÜHÙ�×$ÒXÖ$ãEÛaÕUß3ÒYß3Ý�ù=ÕaÛaÕaÒcÝiÕaÙ�×lÒcÞ$Ö�×lÒcÛaÛ�ÜHÕaÞ$ÒEí�Ð0ÒcÝ3ÞSû�ãEÞ�ù�Ü9×lÕaãQÙ"Ù0ÑÓÒuÖ�×Sç-ÜEÖúÒcÙ^Ú�ãEÞ$Ò×$Þ
�ÒcÖ[è^ÕaÒ�ÙCÚ\ãQÙ^Ù�Ý^Ò:ûEù�ÜLÕUÖ�ÛaÒuÖXÖØÕá×$ÒuÖ[ç^Þ(ñÒcû9ñÒ�Þ$Ò�Ù�×lÕaÒ�ÛUÖ[ç-ãQÝ^Þ[ÛaÒcÝ3ÞXû�ãEÞ�ù�Ü9×lÕaãEÙZÖØãQÙ�×XÛaÒuÖ[Ù[ñÒ�è^Ý3ÛaÒcÝéÖØÒcÖ[ç^Û�ÜHÙ[ñÒ\×_ÜLÕaÞØÒuÖßbÑØñÒ\×lãQÕaÛaÒcÖOÞ$ÕUÚHú^ÒcÖOÒcÙ ô�ÜLÞØè.ãQÙ3Ò�û�ã��ÝëÛaÒcÖ]×lÒgùiç[ñÒ�ÞVÜH×$Ý^ÞØÒuÖOÖØãEÙ�×"ÖØÝO�iÖlÜ�ù�ùiÒ�Ù�×fñÒcÛaÒ\ê�ñÒ�ÒuÖOç-ãQÝ^ÞOç.ÒcÞ(ùiÒ�×Ø×lÞØÒgÛ�ÜÚ\Þ$ãEÕUÖlÖlÜHÙéÚ�Òðß3ÒcÖ§ù=ãQÛ\ñÒuÚ\Ý^ÛaÒcÖXçéÜLÞ[Þ$ÒcÙ^Ú�ãEÙ�×lÞØÒ�ßbÑ�ÜH×$ã�ùiÒcÖ�ãQÝCß	ÑÓÕaãQÙ^Ö�ß(ÒOô�ÜLÞ$è-ãQÙ3Ò�ÕaÙ^ß3Õáê�ÕUß3Ý^Ò�ÛUÖ�íÐ�ÜCç.ãQÝ^Ö$Ö$Õ��Ò�Þ$ÒgêQÜ"ì�ãQÝ^Ò�ÞOÝ3ÙøÞ��ãQÛaÒkÕ[ù=ç.ãQÞ�×_ÜHÙ�×dñÒcò�ÜLÛaÒgùiÒcÙ�×àßéÜLÙ^ÖOÛ�Ühû�ãQÞ�ùgÜH×lÕaãEÙëß3ÒcÖ�ùiãQÛ\ñÒcÚ�Ý3ÛaÒuÖVû�Û�ÑÍú � �ß(Þ$ãEòE�ÒcÙ3Ò\ù=ãQÛ\ñÒuÚ\Ý^Û�ÜHÕaÞ$Òëý7#�fV�àÙ^ãE×VÜ�ù�ù=ÒcÙ�×hý ÷�ãEÛaã�ùiãEÙ Ò\×'&?ÛaÒgùiç.Ò�Þ$ÒcÞ²	�9 È H��Ví�ÐwÒcÖiòEÞVÜHÕaÙéÖ�ß(Òhç-ãQÝ^ÖlÖØÕ��Ò�Þ$ÒêQãQÙ�×?ç.Ò�Þ�ùiÒ\×$×lÞØÒ"ÜHÝ3ÔæÜH×lã"ùiÒuÖ7ßbÑÍú � ß3ÞØãQòE�Ò�Ù^Òàß3ÒàÖ$ÒàÚ�ã�ùOè^ÕaÙ^Ò�Þ7òQÞ
�ÜLÚ�Ò��ÜgÝ^Ùzç^Þ$ã�Ú�ÒcÖlÖØÝ^Ö?ßbÑ�ÜEß3ÖØãQÞ$ç(×lÕaãEÙ5ÖØÝ3ÞÛaÒ?òEÞVÜHÕaÙ�û3Ú�ÒcÛaÝ3Õ_�ïÚ\Õ�ì�ãQÝ-ÜHÙ�×[ÛaÒ?Þ��ãQÛaÒðß(ÒðÚcÜH×_ÜHÛ � ÖØÒcÝ3Þ[ç3Ý^ÕUÖ$ä�Ý	ÑåÕaÛbç.Ò�Þ�ùiÒ\×Xß	Ñ ÜLè-ÜHÕUÖ$Ö$Ò�Þ�Û�ÑØñÒ�Ù^Ò�Þ$òQÕaÒ?Ù�ñÒuÚ\ÒuÖ$ÖlÜLÕaÞ$ÒF�Ü]Û�Üû�ãQÞ(ù�ÜH×$ÕaãQÙZß3Ò?Û�Ü�ùiãEÛ\ñÒuÚ\Ý^ÛaÒQí-ôYÑåÒcÖØ×Xç-ãQÝ3Þlä�Ý3ãQÕ	ÛaÒuÖXß3ÕUÖ�×lÞØÕaè^Ý(×lÕaãQÙ^Ö�ß3Ýóò�ÜHÿcùiãEÛ\ñÒuÚ�Ý3Û�ÜLÕaÞØÒðÒ�×�ß3Ò?Û�Ü"ç-ãQÝ^ÖlÖØÕ��Ò�Þ$ÒÖØãEÙ�×:ÖØãQÝ(ê�ÒcÙ�×:Ú�ãEÞ$Þ3ñÒ�Û\ñÒcÒcÖ�û.Ú\ÒcÛaÛaÒ��ïÚ�Õ^ì�ãQÝéÜLÙ�×YÝ^ÙhÞ
�ãEÛaÒàß3Ò]è.ãEÝéÚ�ÛaÕaÒ�Þ7ç3Þ$ãE×3ñÒcòEÒ9ÜLÙ�×7ÛaÒuÖ¨ùiãQÛ\ñÒcÚ�Ý^ÛaÒcÖ7ß(Ò]Û�Üiç=ú3ãE×$ã:�ß(ÕUÖ$Ö$ã�Ú�Õ�Ü9×lÕaãQÙCß(ÒuÖ[ÞVÜ � ãQÙ3Ù^ÒgùiÒcÙ�×VÖ[ß3ÒcúéÜLÝ3×$Ò5ñÒ�Ù^ÒcÞØòQÕaÒEíÐ�Üøç-ãQÝéÖ$ÖØÕ��ÒcÞØÒfÒcÖØ×Zç^ÞØÕaÙéÚ�ÕaçéÜLÛaÒgùiÒcÙ�×óê(ÕUÖØÕaè^ÛaÒfÕaÙéß(ÕaÞ$ÒcÚ\×lÒgùiÒcÙ�×Zç-ÜHÞZÛ�Ñ�ÜHèéÖØãQÞØç3×$ÕaãQÙ ß(ÒfÛ�ÜøÛaÝ=ù=Õ��ÒcÞ$Òfß3ÒcÖñÒ\×lãEÕaÛaÒuÖVû�ùgÜLÕUÖiÒcÛaÛaÒhÒcÖ�×�ñÒ�ò�ÜLÛaÒgùiÒcÙ�×iãQèéÖØÒ�ÞØêQÜHè^ÛaÒzß(ÕaÞ$ÒuÚ_×lÒgùiÒcÙ�×gòEÞ
�ÜLÚ�ÒG�Ü+Ö$ãEÙ�ñÒgùiÕUÖ$ÖØÕaãQÙ�×�ú^ÒcÞ(ùiÕUä�Ý3Òzß^ÜLÙ^ÖÛ�ÑÓÕaÙ^û�ÞVÜLÞØãQÝ3òQÒðÛaãQÕaÙ�×_ÜLÕaÙZÒ\×YÛaÒ�ÖØÝ^è���ùiÕaÛaÛaÕ[ù¤ñÒ�×lÞØÕUä�Ý3ÒQíÐ0ÒuÖ�ç.ãQÝ^Ö$Ö$Õ��Ò�Þ$ÒcÖYû�ÞØãQÕUß(ÒuÖVû.ÚEÑÓÒuÖ�×��/�Ü
�ïß(ÕaÞ$Ò]ß(ãQÙ�×7Û�Ü=×lÒgùiç[ñÒ�ÞVÜ9×lÝ^ÞØÒðêQÜHÞ$ÕaÒ]ÒcÙ�×$Þ$Ò'	�C"Ò�×!©��E& ûéê�ãEÙ�×7ÞVÜ � ãEÙ��Ù3ÒcÞ�×Hú^Ò�Þ�ùiÕUä�Ý^ÒgùiÒcÙ�×Oß^ÜLÙ^ÖOÛaÒ�ÖØÝ^è��_ùiÕaÛaÛaÕ[ù�ñÒ\×lÞ$ÕUä�Ý^ÒEí�ÐwÒcÖ]ü3òQÝ^ÞØÒuÖ�H�	cÜZÒ�×IH�	\è7ù=ãQÙ�×$Þ$Ò�Ù�×OÚ\Ò�×$×$Ò ñÒ�ùiÕUÖ$ÖØÕaãQÙÖØÝ3è���ù=ÕaÛaÛaÕ[ù�ñÒ�×$Þ$ÕUä�Ý3ÒgßéÜHÙéÖ�Û�ÜZò�ÜLÛ�ÜHÔ�ÕaÒ �!��ô �:�@	a�hãEèéÖØÒcÞ�ê�ñÒcÒ��Ü$�6C:�óÒ�× ( C;�Kù=ÕUÚ�Þ$ãEÙéÖ]ÜcêQÒuÚ=Û�ÑåÕaÙéÖ�×$Þ$Ý=ù=ÒcÙ�×÷3ôQÿ*�Q±¤Ö$Ý3Þ�ÛaÒ�×3ñÒcÛaÒuÖ$Ú\ãQç.ÒhS�ô A²%?íLô�ã"ù�ùiÒúç.ãEÝ^Þ�ÛaÒ�ò�ÜLÿ}ùiãQÛ\ñÒcÚ�Ý3Û�ÜLÕaÞ$Ò:û9ÛaÒ�ò�ÜHÿ�ÜH×lã"ùiÕUä�Ý3Ò�ûuã �Ý]Û�ÜXû�ãEÞ�ù�Ü9×lÕaãQÙßbÑØñÒ\×lãQÕaÛaÒcÖVû^ãQÙóãQè^Ö$Ò�ÞØêQÒðÝ^Ùó×$Þ$ãQÝZÚ�Ò�Ù�×lÞlÜLÛ0ßéÜLÙ^Ö[Û�Ü=ß(ÕUÖ�×lÞ$Õaè3Ý3×$ÕaãQÙhß(ÒðÛ�Üàç.ãEÝéÖ$ÖØÕ��ÒcÞ$ÒEí
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ö7Ò�ç^Ý3ÕUÖ�ÛaÒuÖú×lÞlÜcêQÜHÝ3Ôiß(Ò:ö7Ò = ÜLÝ^Ú�ãEÝ^ÛaÒcÝ3ÞlÖSÒ�Ùq	�9 È C6û�ìØÝ^Ölä�Ý0Ñ ÜLÝD#?÷�%¡&?Ò � ¥úÞØãLìØÒcÚ\×�û�Û�ÑåÒcÖØ×$Õ[ù�Ü
�×$ÕaãQÙ+ß3Ò=Û�Üóß3ÕUÖ�×VÜLÙéÚ\Òiß3ÒuÖ?ò�ÜLÛ�ÜHÔ�ÕaÒuÖðç^ÞØã(Ú;ú3ÒuÖ�Ükè.ÒuÜLÝéÚ\ãQÝ3çjñÒ�êQãQÛaÝ�ñÒ�û0ÒcÙfÞVÜHÕUÖØãQÙ+ß3ÒcÖ?×$ÒuÚHú^Ù^ÕUä�Ý^ÒcÖðÝ(×lÕaÛaÕUÖ(ñÒcÒcÖVû
ùgÜLÕUÖ�ÜHÝéÖ$ÖØÕ òEÞ
�ÜLÚ�ÒgÜHÝ3ÔzÙ3ãQÝ3êQÒ9ÜHÝ3ÔæÕaÙ^Ö�×lÞ$ÝEùiÒcÙ�×VÖ:ä�Ý3Õúç.Ò�Þ�ùiÒ\×$×$ÒcÙ�×?ß	Ñ�Ü
�=Ù^ÒcÞ:ÛaÒuÖðÚcÜLÛUÚ�Ý3ÛUÖ�íwÐ0ÒuÖ?ç3Þ$ÒgùiÕ��ÒcÞØÒuÖ
ù¤ñÒ�×Hú3ã(ß(ÒuÖ Ý3×$ÕaÛaÕUÖ3ñÒ�ÒuÖSçéÜLÞ�öYÒ = ÜLÝéÚ\ãQÝ3ÛaÒcÝ^Þ$ÖSÒ�×[÷(ÜLÙ^ßéÜLòEÒ�ßéÜLÙ^ÖSÛaÒuÖ�ÜLÙ3Ù[ñÒcÒcÖ*	V9 È C?Ú�ãEÙéÖØÕUÖ�×_ÜLÕaÒ�Ù�×g�ÜæñÒ�×_ÜHè^ÛaÕaÞ�ß3ÒcÖÞØÒcÛ�Ü9×lÕaãQÙ^Ö�Ò�ùiç3ÕaÞ$ÕUä�Ý3ÒuÖSÒ�Ù�×lÞØÒYÛ�Ücù�ÜLòEÙ^Õá×$Ýéß3Ò7ÜLè^ÖØãQÛaÝ^Ò7ßbÑåÝ3Ù^Ò�ò�ÜLÛ�Ü9Ô(ÕaÒYÒ�×�ÖØÒuÖSç3Þ$ãQç3Þ$Õ\ñÒ\×^ñÒuÖSÕaÙ�×$Þ$ÕaÙéÖ��Òcä�Ý^ÒcÖ�í�ÐwÒcÖÚ\Û�ÜEÖ$ÖØÒuÖ�ß3ÒðÛaÝ=ù=ÕaÙ^ã�ÖØÕá×3ñÒOÜcêEÜLÕaÒcÙ�×�ç.ãQÝ3ÞYè3Ý3×7ßbÑ�ÜLÖlÖØã�Ú�ÕaÒcÞXÛ�Ü�ùgÜLòQÙ3Õá×lÝ^ß3Ò�ß3Ò�Û�Üàò�ÜLÛ�Ü9Ô(ÕaÒ]ÖØç^ÕaÞVÜHÛaÒ]Ò\×YÖVÜ"ÖØ×$Þ$Ý^Ú��×$Ý^ÞØÒ"ß3Òàè^ÞlÜEÖ:Ö$ç3ÕaÞVÜHÝ3Ô�ûbÚEÑåÒcÖ�×?Ý3ÙæÕaÙéß(ÕUÚuÜ9×lÒcÝ3Þðß(Ò=ß(ÕUÖ�×_ÜLÙ^Ú�Òàß3Õá×?ç^ÞØÕ[ù�ÜLÕaÞØÒ�û	ß(Ò�ù��ÒgùiÒ]ãQÙæç-ãQÝ(êQÜLÕá×æñÒ�×VÜLè3ÛaÕaÞÒgùiç^ÕaÞØÕUä�Ý3Ò�ùiÒ�Ù�×�Ý^Ù3Ò?ÞØÒcÛ�ÜH×$ÕaãQÙóÒ�Ù�×lÞØÒ?Û�Ü�ùgÜLòQÙ3Õá×lÝ^ß3ÒðÜHèéÖØãQÛaÝ3Òðß(Ò?Û�ÜOò�ÜLÛ�ÜHÔ�ÕaÒ?Ò�×XÚ�Ò�ÛaÛaÒðß(ÒuÖ�ñÒ�×$ãQÕaÛaÒcÖ[ÛaÒuÖ�ç3ÛaÝéÖè3Þ$ÕaÛaÛ�ÜHÙ�×lÒcÖVûéÛaÒðç3Þ$ãQè3Û��Ò�ùiÒæñÒ\×_ÜHÙ�×Yß(Ò�ß3ÕaùYñÒ�Þ$Ò�ÙéÚ�ÕaÒ�ÞXÛaÒuÖóñÒ\×lãQÕaÛaÒcÖ[è^Þ$ÕaÛaÛ�ÜHÙ�×$ÒuÖ�ß3ÒuÖ�Ü�ù�ÜEÖ[Ö�×lÒ�ÛaÛ�ÜLÕaÞØÒuÖ�Ú\ã�ùiçéÜEÚ\×lÖ�í

ÿ�Ù^ÒóÜLÝ(×lÞ$ÒZù�ñÒ\×Hú3ã(ß3Ò:û�ß(Ý^Ò��Üæ÷(ÜLÙ^ßéÜLòEÒ�û�Ú�ãQÙ^ÖØÕUß �ÒcÞØÒkä�Ý^ÒgÛ�Ü
ù�ÜLòEÙ^Õá×lÝ^ß3ÒkÜHèéÖØãQÛaÝ3Òóß(Ò�Û�Ühò�ÜLÛ�Ü9Ô(ÕaÒ�ÒuÖ�×ÞØÒcÛaÕ\ñÒ�ÒgÜLÝ(Ôæß3Õ�Ü�ù��Ò�×$Þ$ÒuÖ:ß3ÒcÖ:Þ3ñÒ�òQÕaãQÙ^Öw# -7- ÛaÒuÖ:ç^ÛaÝéÖ:è^ÞØÕaÛaÛ�ÜLÙ�×$ÒuÖ�í3¥ ÛaÝéÖ:ÕaÛ � Ükß(Ò"û�ãEÞ�ù�Ü9×lÕaãQÙæß	ÑØñÒ\×lãEÕaÛaÒuÖVû	ç3ÛaÝéÖÛ�Ü�ò�ÜLÛ�Ü9Ô(ÕaÒ:ÒcÖ�×[è3Þ$ÕaÛaÛ�ÜHÙ�×lÒ:û(ÛaÒuÖ�Þ3ñÒcòEÕaãQÙ^Ö # -7- Ö$ãEÙ�×�ç^ÛaÝ^Ö�è3Þ$ÕaÛaÛ�ÜHÙ�×lÒcÖ�Ò\×�ç^ÛaÝéÖgñÒ�×$ÒcÙ^ß3Ý^ÒcÖ�ù�ÜLÕUÖ�ÒcÙZùiãEÕaÙéÖ�òQÞlÜLÙ^ßÙ3ã�ùàè3Þ$ÒEí^ö7Ò = ÜHÝéÚ�ãEÝ^ÛaÒ�Ý^ÞlÖ�ÒuÖ�×lÕ[ùgÜLÕá×[Û�Üàß3ÕUÖ�×_ÜHÙéÚ�Òðß(Òw�!��ô¡�:�@	a�"ÒcÙj	�9 È C��Ü$	V�(íKCMACçbÚ=ýMß3Ò = ÜLÝ^Ú�ãEÝ^ÛaÒcÝ3ÞlÖ
	V9 È C��_í

�7Ùàç.ÒcÝ(×�ÜHÝéÖ$ÖØÕqùiÒuÖØÝ^ÞØÒcÞ
Û�Ü7ß3ÕUÖ�×VÜLÙéÚ\ÒXßbÑåÝ3Ù^Ò�ñÒ\×lãQÕaÛaÒ�ÛaãQÕaÙ�×_ÜHÕaÙ^Ò[Ò�× è^ÞØÕaÛaÛ�ÜLÙ�×lÒ[ÒcÙàÒuÖ�×$Õ[ù�ÜLÙ�× ÖlÜ7ÛaÝEùiÕaÙ^ãQÖØÕá×^ñÒÜHèéÖØãQÛaÝ3ÒfÒcÙ û�ãEÙéÚ\×$ÕaãQÙ ß3Òõùiã(ßh�ÒcÛaÒcÖk×Hú�ñÒcãEÞ$ÕUä�Ý3ÒuÖVûXç3Ý^ÕUÖZÒ�Ù Ú�ã�ù=ç-ÜLÞlÜLÙ�×ZÛaÒuÖZÛaÝEùiÕaÙ^ãQÖ$Õá×3ñÒuÖCÜLç3ç-ÜHÞ$ÒcÙ�×lÒ5Ò�×ÜHèéÖØãQÛaÝ3Òkç.ãEÝ^ÞàÒ�Ù¤ß�ñÒcß3Ý3ÕaÞ$ÒkÛ�Üzß3ÕUÖ�×_ÜHÙéÚ\ÒQíRÿYÙ3ÒóÚuÜ9×^ñÒcòEãQÞØÕaÒóß	Ñ�ñÒ�×lãEÕaÛaÒuÖ]êEÜLÞØÕ�ÜLè^ÛaÒcÖàè^ÕaÒ�Ù�ÜEß^ÜLç3×3ñÒcÒ��ÜzÚ\Ò�× � ç.Òß(ÒaùiÒuÖØÝ^ÞØÒ"ÒuÖ�×�ÛaÒcÖàôiñÒcçEú[ñÒcÕUß(ÒuÖ�íwÐ0ÒuÖ]ôiñÒcç=ú�ñÒcÕUß(ÒuÖgýMß3ÝfÙ^ã"ù ß3ÒFi ¾gÈYÅOÆ�ÈVÇ û	Ý^Ù3Ò�ñÒ\×lãEÕaÛaÒ=× � ç^ÕUä�Ý3Òiß3ÒiÚ\Ò�×Ø×lÒÚcÜH×3ñÒcòQãEÞ$ÕaÒ���ÖØãEÙ�×Xß(ÒuÖgñÒ\×lãQÕaÛaÒcÖ�êEÜLÞØÕ�ÜLè^ÛaÒcÖ�ÞlÜLç3ÕUß3ÒuÖ�í3Ð0ÒcÝ3Þ�ÛaÝ=ùiÕaÙ3ã�ÖØÕá×^ñÒ*þ^Ý^Ú\×$Ý^Ò:ÖØÒcÛaãQÙ�Ý^Ù^Ò7ç[ñÒcÞØÕaã(ß(Ò:Þ3ñÒ�òQÝ^ÛaÕ��Ò�Þ$ÒEí
�7Þ�ÕaÛ	Ò\Ô(ÕUÖ�×lÒ7Ý^Ù^Ò:Þ$Ò�Û�ÜH×$ÕaãQÙóÒ�ù=ç^ÕaÞ$ÕUä�Ý^Ò:Ò�Ù�×$Þ$Ò:Û�ÜOç�ñÒcÞ$Õaã�ß3Ò:ãQè^Ö$Ò�ÞØê�ñÒcÒ:Ò�×[Û�ÜOÛaÝEùiÕaÙ^ãQÖ$Õá×3ñÒðÜLè^ÖØãQÛaÝ^Ò?ß3Ò:Û�ÑØñÒ\×lãEÕaÛaÒQí
±�ÕaÙéÖØÕ7û.ÒcÙ ùiÒcÖ$Ý3ÞVÜHÙ�×YÛ�Ügç�ñÒcÞØÕaã(ß3Ò:û.ãEÙzÞ$ÒgùiãQÙ�×lÒ��Ü=Û�Ü¤ùgÜLòQÙ3Õá×lÝ^ß3ÒàÜLè^ÖØãQÛaÝ^Ò:û.Ò\×:ç-ÜHÞ:Ú\ã�ùiçéÜLÞVÜHÕUÖØãQÙæÜcêQÒuÚ�Û�Ü
ùgÜLòQÙ3Õá×lÝ^ß3ÒYÜHç^çéÜLÞ$Ò�Ù�×$ÒYß3ÒXÛ�ÑØñÒ\×lãEÕaÛaÒ�û�ãEÙiÒcÙiß�ñÒcß3Ý3Õá×�ÖlÜðß3ÕUÖ�×_ÜHÙéÚ\ÒQí�ÐwÒcÖ�ôgñÒ�ç=ú�ñÒcÕUß3ÒcÖ�ÖØãEÙ�×�ß3ãEÙéÚXß3ÒXê�ñÒcÞØÕá×_ÜLè3ÛaÒuÖ
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âEè.ãEÞ$Ù3ÒuÖ�U�ÕaÛaã�ù¤ñÒ�×lÞØÕUä�Ý3ÒuÖ$âOÕaÙ�×$ÒcÞ$ÖØ×$ÒcÛaÛ�ÜHÕaÞ$ÒuÖ�í3ÐúÑØñÒ\×lÝ^ß3Ò:ß3ÒcÖ[ß3ãQÙ3Ù[ñÒ�ÒuÖQ#?÷�%¦ÒcÙ�	�9�9�C6û3ß^ÜLÙ^Ö�ÛaÒ?ÚuÜLß3Þ$Ò?ß3Ý'#?÷�%
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Í 6 g '5Ç7K¸Î�çe×të:Ñ�î×"Û"×EÕ:ÓÚÐNÓ1Ò&Ô	Õ ÓML�î×iÔ	Ñ�Ò�ð"Ý:×�Ö¦×�ØJÐÀÖ¦×"Õ(ÛLÒÆÓ�î×�Ù	ÔNØ Ýoê�Ò�ð"Ý:×PÖ¦×�ØJÐPÞhÐNØJÐiß	Ò�×;à¿á âïã¦ã^äEãºÛ�ÝoÒ¹ÙNÐ	Õ:ÓÝoÕ^×4Û"×LÜIÓ1Ò&Ô	Õ�êïî×"Ñ"Ò&Ö	Ò�Ô´ÕAÐ	Ø¡×�èyØON ÝoÕ(Ò1Ó�î×¿×"ÛLÓ �QPSR T#�2U C ÷�V Ý:ÐNÓ1Ñ�× Þ	Ñ�Ô	Ý´ë�×"Û�Ö¦×¿ÜLÔ	ê�ë�Ô	ÛEÐ´ÕBÓÚ×"Û4Ô	Õ:Ó¾î×EÓ�î×4Ý�Ó1ÒÆØñÒ¹Ûéî×i×"Û�èÜLÔ	Ñ�Ñ�×EÛ�ë�Ô	Õ^Ö¦Ð	Õ:Ó Ð	Ý¦ß�ë�Ð	Ñ"Ó1Ò�×"Û�ÜL×"Õ:Ó1Ñ�ÐNØJ×EÛ�è�ÒÆÕ:ÓÚ×EÑ�êïî×½Ö´Ò�Ð	Ò¹Ñ�×EÛ�×EÓ�×LßNÓÚ×"Ñ"Õ^×"Û�ÖS×�ÜL×IÓ&ÓÚ×©Þ¦ÐNØJÐißNÒ&×½÷� ¤+¯N¥P¯ µ ¤��J�I¥¦¤+� ± ���E¥: }�j¤(¨�� �£ ® ¶ ± §E�¡¢¦£(� � °¦¯N� ®W� ÃS£ ® � ! � 
 �E¥P�J¥h¤�¨�IÃ ®B± ¥¦¤ �  }£(�j° ± ¥¦¤+� ± �J�JÃS¥������©°o�¡ o¨�I� �
X � þ@ O� 
 � YZ

U Y
� � þ! "�# �$
\[\� �"- % 
Å ± �J�J¥�¨� ±´® �j¤(¨�R�����&ª}¨�I¢h£ ± ¤��J¯N¥·��� k ¯S�¡ � }¯S¥ �I¥ [ �"¤ � ¥(¯N£: 4­B� ®}� �E¤��o�R��¨�I§E¯ � ­^¯S �� ® � ± ���I¥( }�j¤(¨���E¥­(�J£: }�J�E£ ®   §"¯ � ­B¯¦  ± ¥¦¤��I ©§ ±	®¨± §"¤�¨� ® �¡ �¨�E�i �­ ±	® �J�i ©­ ±	®B±´��
�E¤ ® �I  ' K % �"¤ � ²/Å ± ���E¥: }�j¤(¨�� }£ ® ¶ ± §E�¡¢¦£(�4¤�¯N¤ ± �J� Iªû� ³ ­ ® � � � ®B± §"¯ �;� �  }¯ �;� �©���i e�o�I¥: }�j¤�¨�i e }£ ® ¶ ± §"�¡¢h£(�I e����§ U�± ¢h£(��§E¯ � ­^¯S  ± ¥h¤�� �

XS]_^`] Tba � þ! "� 
 � Xdc � þ! "� 
 � X ÿ � þ! "� 
 � ReR_R_ReR � Xgf � þ@ O� 
 � ! D 
Å���§ U ¯N� ³ �o�i �§"¯ � ­B¯¦  ± ¥¦¤��i  ± ¨�"¤(¨��§E¯S¥¦¤ ®¨± �J¥h¤�­ ±´® � ± §"¯S£ ®�µ ����� ® ¯N¤ ± ¤��J¯N¥ 
±�U�± £�¤�� ® ¨�i }¯S�J£o¤��J¯S¥¸�o£
/Wh �"- 0 D 
 ��± �¡  ± £( � ���­ ±´® �J��­ ® ¯ � � �����J£ � �J¥(¯¦ }�j¤�¨���I¥ µL± ¥(���Hi©�o£Fj©�lk�­B¯S£ ® � ±R® ¨�IÃN�J¯S¥¼§"�I¥¦¤ ®B± �J�S²�Å��
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Í 6 g '�Ç : Îoq�Ô½Ö�î×IØ ÒÆÛ"ÐNÓ1Ò&Ô	Õ�Ö¦×�ØJÐ�Ö¦×"Õ(ÛLÒÆÓ�î×+Ö¦× ÛLÝÁÑ&å"Ð¦ÜL×-ë�Ô	ÝoÑyØJÐeÞ¦ÐNØJÐiß	Ò�×Oà¿á â�ãSã^äEãoè/ÔsrÝ¿ð"Ý:ÐNÓ1Ñ�×eÜLÔ	ê�ë(Ô´ÛEÐ	Õ:ÓÚ×"ÛÖS×�ë(Ô	ÓÚ×EÕ:Ó1Ò�×EØ/Þ	Ñ�Ð	ÙiÒ1ÓÚÐ	Ó1Ò�Ô	Õ(Õ^×IØ�Ô´ÕBÓ�î×IÓ�î×4Ý�Ó1Ò1Ø ÒÆÛ-î×i×EÛ"÷ut(N Ò¹Õ^ÜIØ ÒÆÕ^Ð	Ò¹ÛEÔ´Õ¸×EÓ�ØON Ð´ÕoÞNØJ×¿Ö¦×�ë�Ô	ÛLÒÆÓ1Ò�Ô	ÕÀÛ"Ô	Õ:Ó�ØJ×EÛ�êQv×"ê�×"Ûð"Ý:×eë�Ô	ÝoÑ�à¿á�â ã¦ãBäEãoè ÜwN ×"Û�Ó&ôprÐNôtÖ´ÒÆÑ�×yx
x Ä ×EÓ�ä
x7z Ä Ñ�×"Û�ë(×LÜEÓ1ÒÆÙ	×Eê;×"ÕBÓÚ÷¥�¯ Q@± £ì�i t¤�­ ± £�° ® ���E¥ìÃ ± Â��"¤��I¥ì­B¯S£: � }� 
� ® � K ­ ±	® §"¯S¥( �¨�I¢h£��I¥h¤ K � ± �J£ � � 
� ® � ® �l{§E£(��¥/ª«�I }¤�¢h£���¶ ± � µ �J� � �I¥h¤±´µ  }¯ ®}µ ¨�E��§"��¢h£��/° ± ¥(¯N£: e­^� ®}� �E¤}¤ ® ����� ® �E¤ ® ¯S£o°¦� ® �J��­ ® ¯ � �-�o� � ±  � }� 
± ­ ±´® ¤�� ® ��£P­ ® ¯ � �-�����J£ � � 
� ® �S²Å ª«�I � ��E¥h¤��J�I�A�o� � ± �J£ � �J¥(¯¦ }�j¤�¨� � ± ¥( �§"�E¤�¤�� µ�± ¥:�o�©­ ® ¯½°¦�E¥ ± ¥h¤e�o�©� ± °Á�J�I�J�J�J� ­B¯S­(£�� ± ¤��J¯S¥� }¤��I�J� ± � ® � K §E�E�J�J��0Ú§E��o¯ � �J¥ ± ¥¦¤��J�©­B¯N¤��E¥h¤��J�I�^Ã ®¨± °o�j¤ ± ¤��J¯S¥(¥��I�A� ± ¥: �§"�E¤}¤�� ® ¨�IÃN�J¯S¥ K ¯S¥�° ± ­B¯S£o°¦¯S� ® ��¨�E¤�� ®}� �J¥(� ® �J�i y­ ±	®¨±	� ¨�"¤ ® �i �Aª«�I§ U �E�J�J�4���I �§E¯ � ­^¯S  ± ¥h¤��i +§E�E¥h¤ ®¨± �J�I �����¥�¯N¤ ® � � ¯Á� 
�I�J����� ® �i§�¤�� � �I¥h¤5Ã ®}|± §"� ± £ì­ ® ¯ � �é���4�J£ � �J¥(¯S }�j¤(¨�S²
~g± ¥( ��J�i  ® ¨�IÃS�J¯N¥: �� ³ ¤�� ® ¥(�I e����� ± Ã ± � ±´³ �J�i  K §	ª«�I }¤O0 
± 0 ��� ® � ± £P���I� 
± �o���&ª ± ¥(¥�� ± £ � ¯S�"¨�I§E£�� ± � ® � �E¤+��¯S¥(§��o�¥�¯¦ �¯ µ  }� ® ° ± ¤��J¯N¥: ��J¥h¤�� ® ¶½¨� ® ¯ � ¨�"¤ ® �¡¢h£(�I  K ¥(¯	¤ ® � � ¯o� 
�E�J� ± ¨�E¤�¨��§E¯N¥h¤ ®¨± �J¥¦¤4­ ±	® �J��¶ ± �j¤�¢¦£(�����I �¯ µ  �� ® ° ± 0¤��J¯S¥(  
± ­(�J£:  µ�±  � }� ® ¨�I �¯N�J£�¤��J¯S¥Ë }­ ± ¤�� ± �J� � ¯S¥h¤ ®B± �J�I¥h¤+£(¥(�4�o� � �J¥Á£o¤��J¯N¥Ë§"¯S¥: o¨�I¢h£(�E¥h¤�������� ± ¢¦£ ± ¥¦¤��j¤�¨�4�o�­B¯S£( � }� 
� ® �4�E¤©���4Ã ± Â4­ ±´®�®B± ­�­^¯ ® ¤ ± £ ³�® ¨�EÃS�J¯N¥: ��J¥¦¤�� ® ¥(�I I²*�5¯N£:  ± °¦¯S¥( 5£�¤��J�J�¡ o¨�4� ±�µ�® �J�J� ± ¥(§E���o�� }£ ® ¶ ± §E��E¥ µ�± ¥(���4iO��£�j �\k ­^¯S£ ® ���I£ ³;®B± �¡ }¯N¥:  ­ ® �J¥:§"�J­ ± �J� � �E¥h¤��h� ± �J£ � �J¥(¯¦ }�j¤�¨� ® �l{§E£����i t¤ � ¯N�J¥:  §"¯S¥¦¤ ±	� �J¥�¨�I�­ ±	® � ±d� �E£(¥(� ­B¯S­�£(� ± ¤��J¯S¥� t¤��E�J� ± � ® ��¢¦£(� ® �I­ ® ¨�i }�E¥h¤�� £�¥P¶ ± � µ �J��­B¯S£ ® §E�E¥h¤ ± ÃS������� ±���±  � �� �/ªû£(¥���Ã ± � ±´³ �J� }­�� ®B± �J� K �E¤+�&ª ±	µ  �¯ ® ­o¤��J¯S¥P­ ±	® � ± ­B¯S£: � }� 
� ® ���i t¤ � ¯N�J¥: �� � ­^¯ ® ¤ ± ¥h¤�� �I¥ µL± ¥(����i�¢¦£�ª«�E¥ µL± ¥:�o�i �� ¯S£���²

i ¥(�j¤�� ± �J� � �E¥h¤����I£ ³ §"¯ � ­B¯¦  ± ¥¦¤��i O¥�¯S£(  ¯N¥h¤�­^� ®�� �¡ y��� ® �E­ ® ¨�i }�I¥¦¤�� ® �J��­^¯N¤��I¥¦¤��J�I�BÃ ®B± °o�j¤ ± ¤��J¯N¥(¥(�E�A�o�



% ! c43/.!57698Ad 7;: '=<e0!8 77> 8*6 7(f�g dA.�?@698h.78A610 >B>�7(fDC87FEHG c :7:!IJ:� ± Ã ± � ±½³ �J� K £�¥�­B�E¤��j¤ µ £�� µ �5�"¤ £�¥��o�¡ �¢¦£(� � ¥�­B¯S£ ® �J� ® �I t¤��S²¦Å8�+­ ® ¯ � �B���+�J£ � �J¥(¯¦ }�j¤�¨� ± £�§"�I¥h¤ ® �+�i t¤O¤ ®I
�i ­(�¡¢h£�¨� K½± £: � }�B¥�¯S£:  ± °¦¯N¥: y�E£ µ �I �¯N�J¥������o�I£ ³ §E¯ � ­^¯S  ± ¥h¤��i  ­^¯N£ ® �J� ® �E­ ® ¯o��£�� ® � KÁ��|� � �+ }�^§E�"¤�¤�� ® ¨�EÃS�J¯S¥¥�ª«�I t¤�­ ±  �§E¯N¥h¤ ®¨± �J¥¦¤���­ ±´® ¥�¯¦ ��o¯S¥�¥�¨�I�I  �J¥h¤�� ® ¶i¨� ® ¯ � ¨�E¤ ® �¡¢¦£(�i �­(£��¡ �¢h£�ªû�J� ¥/ª Q�± ­ ±   ���¿Ã ± Â � ¯N�"¨�i§"£(� ± � ® �� ± ¥( 5�J��¥(¯ Q@± £/² ~�± ¥: 5�J��¤ ±´µ �J� ± £ - ! � ÃS£ ® �E¥h¤©�J�I �§"¯ � ­B¯¦  ± ¥¦¤��i  � ¥ ± �J�I �£o¤��J�J�¡ o¨�I�I 5­^¯S£ ® ¥(¯	¤ ® � � ¯o� 
�I�J� K�J�i �° ± �J�I£ ®  e¯S¥¦¤P¨�"¤(¨� ±2� ¥�¨�I�I �­ ±	®�®B± ­(­^¯ ® ¤Ë¨± ¥�¯N¤ ® ��­ ® ¨�i§A¨�I���E¥h¤ � ¯Á� 
�I�J� � � ± �J�J� � ¯¿�"¤ ± �&² ! DSD ! ± 
L²Å��i e§"¯ � ­B¯¦  ± ¥¦¤��i �§"�I¥¦¤ ®B± �J�i e }¯S¥¦¤5§E¯N¥ � ¥�¨�I�I e� ± ¥: �� ±�® ¨�IÃN�J¯S¥ ± ­�­ ± £o° ® �J���E¥PÃ ± Â��"¤+�E¥�­B¯S£( � }� 
� ® ���"¤ �£��j°¦�E¥h¤ µ �J�I¥��J�y­ ® ¯ � �Á�o�y�J£ � �J¥�¯¦ }�j¤(¨�N²´Å ± ¢h£ ±  }�¦¤�¯N¤ ± �J�j¤(¨� �o�y� ±e��±  � }� °o�¡ }� µ �J� �i t¤�� ± ¥: 8£�¥(�  }�I£��J� §E¯ � ­^¯J0  ± ¥h¤�� ® �I­ ® ¨�i }�I¥¦¤ ± ¥h¤��J���o�¡ �¢¦£(� K �I � }�E¥h¤��J�E�J�J� � �E¥h¤e t¤��I�J� ± � ® � ��± �¡  ± £( � ��AÃ ± ÂI�E£: }�S² � ¥ � ¥�£�¥(��§"¯ � ­B¯¦  ± ¥¦¤��¥�¨�IÃ ± ¤��j°¦� K   ± ¥: � }�JÃS¥(� � § ± ¤��J¯S¥Ë­ UhQ  }�¡¢¦£(� Kh± ¨�"¤(¨� ±�� ¯N£�¤(¨�E��­^¯N£ ®�® �I¥(� ® ��§"¯ � ­o¤�����£Ë­ ® ¯ � ���o�4�J£ � �J¥�¯¦ }�j¤(¨�� ± ¥( ©�J�i  ® ¨�IÃS�J¯N¥: ©�J¯S�J¥h¤ ± �J¥��i  ��£À�o�¡ �¢h£(��¯S­o¤��¡¢¦£(�S²!/ �E­^�E¥:� ± ¥h¤ �&ª«� � ­ ± §�¤�����§E�"¤�¤���§E¯ � ­^¯¦  ± ¥h¤��� }£ ® �J�i °o�j¤��I � ��I e�o� ® ¯N¤ ± ¤��J¯N¥P�I }¤�¤ ®E
�i �¶ ± � µ �J� K �J¥�¶½¨� ® �J�I£ ®�
±o�
� ²
/ ¯ � ­^¯S  ± ¥h¤�� ± � ­^§}
 µ � ­^§}
 � �O- DJ� �QP 
�5¯ QÐ± £ � D ! D ! ² ��5¯ QÐ± £ F . D F D F ² .~ �¡ �¢h£(� Ã ± Â � ¨�E¤�¯S�J�J�i  ! � DSD - � D .7-/ ¯ � ­^¯¦  ± ¥h¤��©¥�¨�EÃ ± ¤��j°¦� -�- DNDSD � DND - �

� .8Ìé' I Ç�Î â Ô	ê�ë�Ô	ÛEÐ´ÕBÓÚ×"Û+Ö	Ý©ë(Ô	ÓÚ×EÕ:Ó1Ò�×EØ¦Þ	Ñ�Ð	ÙiÒ1ÓÚÐNÓ1Ò&Ô	Õ(ÕA×EØ(Ö¦×WqìÒ¹æ¦Ð	ê;ÔNÓÚÔ4×IÓAà�ÐiÞ¦Ð	ÒOò?ä
�7z}x�ö�ë�Ô	ÝoÑeØJÐ�Þ¦ÐNØJÐiß	Ò�×à¿á�âýã¦ã^äEã:÷�t�Ðºê;Ð	Û�ÛE×ÀÓÚÔNÓÚÐNØJ×¸Ö¦×¼ØJÐºê;ÐNÓ1Ò�r×"Ñ�×�ÙiÒÆÛ�Ò�íEØ¡× ×"ÛLÓ�Ö!N ×"Õ(Ù½Ò¹Ñ�Ô	Õ � R !N! ��- D c ] � P ÷�t(N�î×?ë�Ð	ÒÆÛ�ÛE×"ÝoÑòJë�Ð	Ñ�Ð	ê�r×EÓ1Ñ�× % ö�ÖS×4ØJÐ�ÜLÔ	ê�ë(Ô	Û"Ð	Õ:ÓÚ×�Õ�î×�ÞhÐNÓ1Ò¹ÙN×�ÕAN ×"Û�Ó�ë(Ð´Û�í"Ò�×"ÕÀÜLÔ	Õ:Ó1Ñ�Ð´ÒÆÕ:ÓÚ÷Å ± ¶¹¯ ®}� � �o� � ± ­(�J£( �­^�"¤��j¤��O§E¯ � ­^¯S  ± ¥h¤�� K ­��J£: 8 }­ U ¨� ® �¡¢h£��O¢h£�� �J�i  ± £o¤ ® �I  K �i t¤8£�¥(�¡¢h£�� � �E¥h¤8� ¨�E¤�� ®�� �J¥�¨�I�­ ±	® �J��­ ® ¯ � �8�����J£ � �J¥(¯S ��j¤�¨�S² � �J�J���i t¤e¤��E�J�J� � �E¥h¤+­B�E¤��j¤�� � ± � D ² �J� 
 ¢h£���  ± �o�¡ t¤ ® � µ £�¤��J¯S¥�¥�ª ±Ò± £:§E£�¥�� � 0­ ± §�¤  }£ ® �J�i é°Á�j¤��i � }�i ��o� ® ¯	¤ ± ¤��J¯S¥�� ± ¥: ��J�I �­ ® � � � 
� ® �i � }�i§E¯N¥:�o�i ��/ª ±´® § K  }�I£(�J��  ±�� ±  � }� ± £(¥(���J¥p��£(�E¥:§E�N²Å8�I ©���E£ ³ §E¯ � ­^¯S  ± ¥h¤��i �§"�I¥¦¤ ®B± �J�i  � ± � D ² �J� �E¤ ± ��� � 
e­^� ®}� �E¤}¤��E¥h¤©��� ® �I¥:� ® ��§"¯ � ­o¤��4�o��� ±�µ(® £: �¢h£��± £(Ã � �I¥¦¤ ± ¤��J¯S¥R��� � ± °Á�j¤��I � }���o� ® ¯N¤ ± ¤��J¯S¥�� ± ¥( �� ±�® ¨�IÃN�J¯S¥�§"�I¥¦¤ ®B± �J�S² ~ �E£ ³ §"¯ � ­B¯¦  ± ¥¦¤��i ����©¤ Q ­B����0��¯S¥h¤�¨�"¤(¨�5£o¤��J�J�¡ o¨�I�I  ­B¯S£ ® ® �E­ ® ¨�i }�I¥¦¤�� ® �J�©�o�¡ �¢¦£(���/ª}¨�"¤�¯N�J�J�i y�"¤����5Ã ± Â��h¯S¥�­^�I£o¤ �J�i  §E¯N¥: }�¡��¨� ® � ® §E¯ �;� �e£(¥�� ��E£(�J�e t¤ ® £:§�¤�£ ® �e�o� ��±  � }�W� R � �H- D c ] ��P �o¯S¥h¤�� ± �o�I¥( ��j¤�¨�e��¨�I§ ® ¯ | � ¤ ­(�J£(  ®¨± ­��¡��� � �I¥h¤�¢h£(�e }��¥�¯S£:  ± °Á�J¯S¥: £�¤��J�J�¡ o¨� £(¥(�� }�E£(�J��§"¯ � ­B¯¦  ± ¥¦¤��(��0�� � ± � ! � DSD ­A§}
L²#/ �����¡ �¢h£�� ® �I­ ® ¯Á��£(�j¤ 
± � ± ¶¹¯S�¡ �� ± §E¯N£ ®�µ ����� ® ¯N¤ ± 0¤��J¯S¥;�J¥h¤�� ® ¥(� ��± �¡  ± £: � }�:�J�5­ ® ¯ � �B���+�J£ � � 
� ® � 
± Ã ®B± ¥(� ®B±EQ ¯S¥ K � 
± ¯ 
£;�&ª«¯ µ  t¤ ® £:§�¤��J¯S¥;­ ±´® � ± ­^¯N£: � }� 
� ® �+�i t¤� ¯S�J¥( �� � ­B¯ ® ¤ ± ¥¦¤��N²w/y� � ¯o� 
�E�J�©­ ® ¨�i }�I¥¦¤�� ± £: � }�A�&ª ± ° ± ¥h¤ ± ÃS� �o� ® �I­ ® ¯o�o£(� ® � �&ª}¨�I­ ± �¡ � }�I£ ® �"¤��&ª«�J¥(§E�J�J¥ ± �¡ }¯S¥¯ µ  }� ® ° ¨�E�i ���£����¡ �¢h£��S²H � ¥À��� � �J�I£ ³ §"¯ � ­ ±	® � ® ¥(¯N¤ ® � � ¯o� 
�I�J� 
± � ± §E¯N£ ®�µ �;�o� ® ¯	¤ ± ¤��J¯S¥�/Wh K ¥(¯N£:  ± °¦¯N¥:  � 1 �i§�¤�£�¨��£�¥�J�¡ �  ± ÃS��Ã ± £: � }�J�I¥ì�I¥ì£�¤��J�J�¡  ± ¥h¤��J�i  ��|� � �i e­ ±	®¨±	��
�"¤ ® �I 5¢¦£(�4§"�I£ ³ �o£Ë�J¯ µ ��  Q ¥h¤ U ¨�E¤��¡ �¨��¯ µ ¤��E¥Á£ì�J¯ ®  ����i ¯ µ  }� ® ° ± ¤��J¯N¥: �/�h �"- 0 D 
 
±   ± °S¯S� ® £�¥��J¯ µ �©�o� F ² ! . � � F ² DND ��± °¦�I§5£(¥ ± ¥�ÃS�J�©���5­^¯¦ }�j¤��J¯S¥ � k ² H ²�
���� F �	Ä ²Å ± §E¯S£ ®�µ ����� ® ¯N¤ ± ¤��J¯N¥P¯ µ  }� ® °y¨�I� �E¤5§"�I�J�J� � ¯Á��¨�I�J�¡ o¨�E�� �¯N¥h¤ � ¯S¥¦¤ ® ¨�E�i �� ± ¥( �� ±H� ÃS£ ® � !N! ²�+¯N¤ ® � � ¯Á� 
�E�J�Ë¥(�¾§E¯S¥¦¤��J�E¥h¤�¢h£����o�i R§"¯ � ­B¯¦  ± ¥¦¤��I ���� ��±  � }��°o�¡ }� µ �J� K §E�¾¢h£(�© }� �4µ �J�¾�o¯ � �J¥�� ®



: '¡ÇA'�È 77> 2m698 67 2E,8d/É".�Ê#61*8, 7Ë7 8ºÊA0-,�d/Ì 7;C87 dA0B8Á.78A610 >QC-7nEoG c :p:BI�: % F
� £: �¢h£/ª 
± �E¥h°o� ® ¯S¥ - D�� ­A§ � �I¥¦°o� ® ¯N¥ - DSD � 
L²�/ �i§"�é¥�¯S£:  ± ­^� ®�� �¡ 5������¨�"¤�� ®�� �J¥�� ® �J� ®B± ­(­^¯ ® ¤ ��±  � }�4 }£ ®�J£ � �J¥(¯S }�j¤(¨��� ± ¥( e�J���o�¡ �¢¦£(��¯S­o¤��¡¢¦£(���o���(��/ �S� - � ²
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%
�

� �����¡ p¢�£�¤ ¥

¦ §©¨ ª&«s¬ ­¯®S§©¨ ­ °=± ² °´³µ­�² °�ª¶±·®�¸©°�­ ¹ °
«»º*¼½³�±¾®Sª&«S° ² ³ ¿°�­�°À¨Á± ¿° ¹ ¼Â¨ ­ «Ãº�Ä ¨ ¨ °ÆÅÇ° Ä È

É ¥��ï¨�E¤�£:�o� ± ­(­ ® ¯S¶¹¯S¥:�o�J���o£ ®B± ­�­^¯ ® ¤ ��±  � }�� }£ ® �J£ � �J¥(¯¦ }�j¤�¨�P t¤��E�J� ± � ® ��� ± ¥: �� ± Ã ± � ±´³ �J� }­�� ®B± �J���¡ }¯S�"¨�E���(��/ �S� - � ¥(¯N£:  ± ­B� ®}� �¡ e�/ª ±´µ ¯N£�¤�� ®q± £ ³ §"¯S¥(§E�J£: }�J¯N¥: e }£(�j° ± ¥h¤��i E²Å�� � ¯o� 
�I�J����� ��±  � ���¢h£(��¥�¯S£(  ± °¦¯N¥:  ��¨�E°S�I�J¯N­(­�¨���I t¤�§"¯S¥h¤ ®B± �J¥h¤�­ ±´® � ± �o�¡ }¤ ® � µ £�¤��J¯N¥¼�o���J£ � � 
� ® �� ± ¥( ��J�I  � � §"�I¥¦¤ ®B± �J�i 4�"¤ 
± Ã ®B± ¥(� ®B±IQ ¯S¥ K §Nªû�i t¤"0 
± 0 �o� ® � ± £·���E� 
± ���R�&ª ± ¥�¥(� ± £ � ¯N�"¨�i§E£�� ± � ® � 
±;� D �oK �E¤­ ±	® � ± §"¯S£ ®}µ ����� ® ¯	¤ ± ¤��J¯S¥ 
±�UL± £o¤�� ® ¨�i }¯N�J£�¤��J¯N¥ ± £ ³Ë®¨±IQ ¯N¥: ©�J¥¦¤�� ®}� ¨�i�o� ± � ® �i E² É ¥��¿ }�I£(�J��§E¯ � ­^¯S  ± ¥h¤���o¯ � �J¥���� ±���±  � }��� ± ¥: e�J��¤�¯S£o¤5�J�����¡ �¢h£�� Kº± £: � }� K �&ª ± §I§E¯ ® �P�I¥¦¤ ® ��� ± �o�¡ }¤ ® � µ £�¤��J¯N¥Ë�o���J£ � � 
� ® ��� ± ¥: e�J�i ® ¨�IÃN�J¯S¥: �� ³ ¤�� ® ¥(�i ��"¤+� ± §E¯N£ ®�µ ���o� ® ¯N¤ ± ¤��J¯N¥�� ± ¥: ��J�I  ® ¨�EÃS�J¯S¥( e�J¥h¤�� ® ¥(�i �¥/ª«�i t¤e­ ±  �¶Æ¯ ® ¤�£��j¤i²
/y¯ �;� �e�J�I  ¢h£��I�¡¢¦£(�i y§E�E¥h¤ ± �J¥(�I y���5­ ±´®  }�i§E y��£�§"�I¥h¤ ® �5���+� ± Ã ± � ±´³ �J�5¥(�� }¯S¥¦¤ ­ ±  O¯ µ  �§E£ ® §E�¡ O­ ±´® � ±­B¯S£( � }� 
� ® � K ¥�¯S£(  ­^¯N£�°S¯S¥:    ± ¥:  ±´��µ �JÃN£$Ê� ¤�¨� � ¯N¥h¤ ® � ® ¢h£/ª«£�¥ ®B± ­�­^¯ ® ¤ ��±  � }�� }£ ® �J£ � �J¥�¯¦ }�j¤(¨�¿§"¯S¥: t¤ ± ¥h¤� ± ¥( ©�J�i  µ�± ¥:�o�i (� ¯N£Ë���i t¤ ¶¹¯ ® ¤�� � �I¥h¤��J¥:§"¯ ®�® �i§�¤ 
± § ± £: }�����4�&ª«� ³ ¤��J¥(§"¤��J¯N¥À� ± ¥( ©� ±�® ¨�IÃS�J¯N¥ ® �¡§ U ���E¥Ã ± Â � ¯S�"¨�I§E£(� ± � ® ���E¤4�I¥ ­^¯N£: � }� 
� ® � � �}Ì ÌWÍÏÎFÍ&� D Ì Ì 
L² É ¥���¶ ± � µ �J�;° ± �J�I£ ® �o���;Ð	Å �O- ¯N£ ! 
 ¥�¨�i§"�i � }�j¤��£�¥(�4Ã ®¨± ¥(����¢¦£ ± ¥h¤��j¤�¨����� � ± ¤�� 
� ® ��¥�¯S� ® � ± £��o�I� 
± ��� - �2� �O- ² � � ­A§�
 K §E��¢h£��é�I¥¦¤ ®¨± �J¥(��£(¥�� ® ¨�I­ ±	® ¤��j¤��J¯N¥�o� ��± ¤�� 
� ® �R¥(¯N� ® ��¥(¯N¥º­ U¦Q  }�¡¢h£���­(£(�¡ �¢¦£(��� ± §E¯ � ­^¯S  ± ¥h¤��R }¤��I�J� ± � ® ���o¯ � �J¥��R­ ® �i �¢h£��R¤�¯	¤ ± �J� � �I¥¦¤��J�­B¯N¤��I¥h¤��J�I��Ã ®¨± °o�j¤ ± ¤��J¯S¥(¥��I��� ± ¥:  �J�I  ® ¨�IÃS�J¯N¥: ©�J¥h¤�� ® ¥��i  ��£À�o�¡ �¢h£(��Ã ± � ± §"¤��¡¢¦£(�N²-�h��¯S¥¾­ ® �E¥:�¾£�¥(��° ± �J�I£ ®­��J£: �¨�I�J�"° ¨�I�©�o£ ®¨± ­�­^¯ ® ¤��;Ð	Å � ­ ±	® � ³ � � ­(�J� F 
 ¯N¥���¯N¥(¥(� ± �J¯ ®   µ � ± £:§"¯S£(­�¤ ® ¯S­R��� ��±  � }� 
± � ±�® ¨�EÃS�J¯N¥µ�® �J�J� ± ¥h¤�� §E�E¥h¤ ®B± �J� K �o��¤��I�J�J�© }¯ ® ¤��©¢h£��©�J�I y°o�j¤��i � }�i  ��� ® ¯N¤ ± ¤��J¯N¥�¢¦£(�^�I¥R� ¨�i§E¯N£(�J�E¥h¤� }¯S¥h¤ µ � ± £:§"¯S£�­R­��J£: Ã ®B± ¥:���I e¢h£(��§"�I�J�J�i �¯ µ  }� ® ° ¨�E�i E²Å�� ®B± ­�­^¯ ® ¤��;Ð	Å K §E¯ �;� �O�J� � ¯S¥¦¤ ® �y� ±�� ÃS£ ® � ! �hK�± ¤�¤��E�J¥h¤����I 8° ± �J�E£ ®  é°S¯S�¡ }�J¥(�I ���� � � ± ¥: -� ±5® ¨�EÃS�J¯N¥¤ ®I
�I �¯ µ  �§E£ ® §"�J�4­ ±´® � ± ­^¯S£( � �� 
� ® � � � Ì Ì Í¾ÎÑÍ�� D Ì Ì 
+� ± ¥: 5�J�i  µL± ¥:�o�i 4�Z�"¤4� KB��± �¡ +�J�-�i t¤©�J¥�¶½¨� ® �J�I£ ®¿
± !� ± ¥( O� ±�® ¨�IÃN�J¯S¥�§"�I¥h¤ ®B± �J�5�"¤�� ± ¥: O�J�I  ® ¨�IÃS�J¯N¥: O� ³ ¤�� ® ¥��i E²hÅ�� ®¨± ­(­B¯ ® ¤��ÒÐ´Åì�I¥ µ�± ¥(����i � ¯S¥h¤ ® �+� ±���|� � � t¤ ® £:§�¤�£ ® �©� ± ¥( � }¯S¥�­ ® ¯ � �A¢h£/ª«�I¥ µ�± ¥:���+� ¯S£Ñ� Kh��± �¡ y�J�^¥(�+° ±´® �J�©¢h£�� �o� - ² � 
± ! ²�Å�¯ ®  �¢h£�ªû¯S¥ ® �IÃ ±´® �o�
± ­(�J£(  Ã ®B± ¥:�����J¯S¥�ÃS£(�E£ ® �/ª«¯N¥:�o� K �I¥ µ�± ¥:���WÓ�ª � ! ² -ÕÔ � 
 K �J� ®B± ­(­B¯ ® ¤S�;Ð	ÅP�I }¤ ­ ®B± ¤��¡¢h£�� � �E¥h¤O§"¯S¥: t¤ ± ¥h¤
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%S��"¤ °S¯S�¡ }�J¥À��� D ² � � Pba%c PHd e2f ²B/ �I­B�I¥(� ± ¥¦¤��J�I  ­B�E¤��j¤��i �° ±	® � ± ¤��J¯N¥:  ���o�;Ð	Åº¯ µ  }� ® °y¨�I�I ©�E¥�¶¹¯S¥:§�¤��J¯N¥À�o£®¨±IQ ¯S¥� �¯N¥h¤e }�JÃS¥(� � § ± ¤��j°¦�I ��E¤��I¥ µL± ¥:�o��Ó�ªo¯N¥�¯ µ  }� ® °¦�©�J�i  ��|� � �i  ® ¨�IÃS�J¯N¥: ��Aª ±	µ  }¯ ® ­o¤��J¯N¥P¢¦£(� � ± ¥( ��J�i µL± ¥(���i �¯N­�¤��¡¢¦£(�I d� K � ¯N£�iL²
� ± ¥(��� �;Ð	ÅÀ¯ µ  }� ® °y¨� g�h5i�j k �;Ð	Å¼§E¯ ®}® �JÃ�¨����2Ì Ì�l�Îml � D Ì Ì� - ² � D ² � D ² � � D ² . �� - ² % D ² � � D ² � . - ² -i - ² � D ² F D ² FSF - ² Dn�Ì D ² � � D ² D � D ² D � D ² � !� .8Ìé' I K�Î`oOÛ�Ó1Ò¹ê�ÐNÓ1Ò&Ô	Õ¼Ö	ÝPÑ�ÐLë¦ë(Ô´ÑEÓ�q-pptºÒÆÕ:Ó1Ñ�ÒÆÕ(Û*r×½ð"Ý:×�ÖSÐ	Õ(Û�à¿á�â ã¦ã^ä"ãB÷Å�� ®¨± ­(­B¯ ® ¤Õ�;Ð	ÅP�J¥h¤ ® �J¥:  
�I¢h£(� K §	ª«�i t¤O0 
± 0Ú��� ® �e§"¯ ®�® �JÃ�¨�e���e�&ªû� ³ ¤��J¥:§�¤��J¯N¥ K �I t¤ ­ ® ¯Á§ U �+�����&ª«£�¥(�j¤(¨�e� ± ¥: ��J�i µL± ¥(���i W� K � �E¤�i K �E¤e ��E£(�J� � �I¥¦¤e�o� D ² � �I¥¦°o� ® ¯N¥��I¥ µ�± ¥:����Ó�ª � °¦¯N� ® ¤ ±	µ �J� ± £ - F 
�²w/ �E­^�E¥:� ± ¥h¤ K �J�A¶ ± £�¤°S¯S� ® §"��§ ± �¡§E£��y�o� ®B± ­�­^¯ ® ¤��J¥¦¤ ® �J¥(  
�i¢h£���§E¯ �;� ��£(¥��;­ ® � � � 
� ® � ± ­(­ ® ¯o§ U �;­�£(�¡ �¢h£�� K ­^¯N£ ® � ¨�E¤�� ®�� �J¥(� ®�&ªû� ³ ¤��J¥:§�¤��J¯N¥�­��J£: e­ ® ¨�i§E�¡ o¨� � �I¥¦¤ K �J�8¶ ± £o¤5 Eª ±21^®B± ¥:§ U � ® ����� ±   Qo� ¨�E¤ ® �J� ± ÂE� � £�¤ ± �J���"¤ ® �IÃ ±´® �o� ® � ± Ã ± � ±´³ �J�­B¯S�J¥¦¤�­ ±	® ­B¯S�J¥¦¤i²*�5¯N£: +¥�ª ± °¦¯N¥: +­ ±  +¤��I¥Á£ì§E¯ � ­�¤��������&ªû� ³ ¤��J¥:§�¤��J¯N¥ì­ ±	® �J��Ã ± Â � ¯N�"¨�i§"£(� ± � ® �S² ~ ��­��J£:  K£�¥(�¸¨�E¤�£:��� ± ­(­ ® ¯N¶Æ¯S¥(���J���o�i    Q ¥¦¤ U/
�i }�i ©�o��­^¯N­(£�� ± ¤��J¯N¥�­^� ®�� �"¤�¤ ®¨± �j¤©����§E¯S¥¦¤ ®¨± �J¥:� ® ���J�i ©§E¯N£(�J�I£ ®  ©�J¥l0¤ ® �J¥(  
�I¢h£��i ¿�o£ ���¡ �¢h£��P�����(��/ �S� - � K ��� ��|� � ��¢h£(���J�I  ®¨± ­(­B¯ ® ¤L ��;Ð´ÅZ�J¥¦¤ ® �J¥:  
�i¢¦£(�i ��I¥º£o¤��J�J�¡  ± ¥¦¤§"¯ �;� �4° ± �J�E£ ®  ��o�¿��¨�I­ ±	® ¤�§E�I�J�J�I �¢h£(��¥�¯S£(  ± °S¯S¥( �§ ± �¡§E£��"¨�I�i E²�Å��i ©�J¥(§E� ® ¤��j¤�£:���I � }£ ® �J� ®¨± ­(­B¯ ® ¤»�ÒÐ´Å }¯N¥h¤y¥�¯N¤ ±´�;� �E¥h¤ �J�"¨�I�I  
± � ± � ¨�i§"¯S¥(¥ ± �¡ �  ± ¥(§E�+�o�5� ± ���¡ t¤ ± ¥:§"�5���e�&ª«¯ µ\� �"¤;¨�E¤�£:���"¨�N²o�Á�(� ± �o�¡ }¤ ± ¥(§E�+�I }¤�� � ¨�I�­B¯S£ ® �+��/ �S� - � ­ ±	®Jq:® �I�I� ��± ¥¸�E¤ ± �&² � ! DSD - 
��i t¤¿§"¯ ®}® �i§�¤�� K+
±   ± °¦¯N� ® -×. ��­^§ K �J�I  ®¨± ­(­B¯ ® ¤L H�ÒÐ´Å�o¯S¥�¥�¨�i ��¡§"�-�o¯S�j°S�I¥h¤ |�E¤ ® � ® �E°Á£:  
± � ±�UL± £( � }����� . ² �H� ²Å ± §E¯N¥(¥ ± �¡ �  ± ¥:§"�e����� ± �o�¡ t¤ ® � µ £�¤��J¯S¥;�o��� ±©��± ¤�� 
� ® � °Á�¡ �� µ �J�+� ± ¥( ��+��/ �S� - � ° ± ¥�¯S£( �­^� ®�� �"¤�¤ ® ���o�� �J�I£ ³ §E¯S¥¦¤ ®¨± �J¥:� ® ��� ± ���¡ t¤ ® � µ £o¤��J¯S¥¿�o��� ±�� ± ¤�� 
� ® � ¥(¯N� ® �N²$h�¥4° ± ¥(¯N¤ ±	�;� �I¥h¤� Eªû�J¥h¤(¨� ® �I � }� ®�± £ ³4� ¯Á� 
�E�J�i ­ ® ¯N­^¯¦ o¨�I ©­ ±	® � ± ° ±	®}® ¯R�E¤ ± �&² �O- %S% ��
+�"¤���¯Á¯ ® ���"¤ ± �&² �"- %S% . 
5��¨�I��£��j¤L ©���� �� � £(� ± ¤��J¯S¥(  �o��¶Æ¯ ®���± ¤��J¯S¥�o�4Ã ± � ±´³ �J�i �� ± ¥: 5£(¥ì£(¥��j°¦� ®  ���¯ � �J¥�¨��­ ±´® � ±;��± ¤�� 
� ® ��¥�¯S� ® ��¶ ® ¯N�¡��� � / ~ � ¯N£sr�/ ~ �;
L²A�5¯N£:  ± °S¯S¥( ¨�EÃ ± �J� � �E¥h¤ ® �EÃ ±	® ��¨�O�J�I  � ¯o� 
�I�J�I 8�o� � ± ¤�� 
� ® � ¥(¯N� ® � 
± ���¡ t¤ ® � µ £o¤��J¯N¥ ±½³ �¡  Qo� ¨�"¤ ® �¡¢h£(�O§"¯ �;� � §E�E�J£(�¦­ ® ¯S­B¯¦ o¨�­ ±	® k ¶¹�I¥�¥(�JÃS� ® �E¤ ± �&² �"- %N% � 
�²2i?� ¨�"¤ ± �j¤�¨�IÃ ± �J� � �I¥h¤��J¥¦¤(¨� ® �i �  ± ¥¦¤ �o� ® �IÃ ±	® �o� ®  }�o� ±(~+Q ¥ ±	� �¡¢¦£(�����s�5��t�¤�¯N¥��¯Á��� � ¨�E� � �;h+� ~ 
 K ��¨�"°¦�I�J¯N­(­�¨�I��­ ±´® ���J�JÃ ® ¯ � �"- % . F 
 K ­^� ®}� �E¤}¤ ± �j¤ �/ªû� ³ ­��J�¡¢h£�� ® � ± §E¯N£ ®�µ �e��� ® ¯N¤ ± ¤��J¯N¥�o£;j 6 ²AÅ�� µ £o¤ì¨�E¤ ± ¥h¤ K �J¥ � ¥(� K ����°¦¯S� ®  }�é§E� ® ¤ ± �J¥:  � ¯Á� 
�E�J�i 5��� ��± ¤�� 
� ® ��¥�¯S� ® �4­B�I£�°S�I¥¦¤ |�E¤ ® � ¨�E�J� � �J¥�¨�I Ã ®2|± §E� ± £ ³ ¶Æ¯ ® ¤��i 4§E¯N¥h¤ ®¨± �J¥¦¤��i 4¢¦£(��¥(¯N£:  ± ­�­^¯ ® ¤�¯N¥: 4 }£ ® �J� ®B± ­�­^¯ ® ¤o�;Ð	Å  }¤��I�J� ± � ® ���E¤�� ± §E¯N£ ®�µ �R�o�® ¯N¤ ± ¤��J¯N¥���£PÃ ± Â ± ¤�¯ � �¡¢¦£(� �����(��/ �N� - � ²Å ±�� ÃS£ ® � ! � � ¯S¥¦¤ ® ���J�i  ® ¨�I �£��j¤ ± ¤L  ¯ µ ¤��I¥Á£( �� ± ¥: ©�J�;§ ±  ��o�Ñ�;h+� ~�K §"�E¤}¤���¤ U ¨�I¯ ® �J�;¢¦£(��­ ® ¯S­B¯¦ }��Aª}¨�E�J� � �J¥(� ® �J�e­ ® ¯ µ � 
� � �e����� ±©��± ¤�� 
� ® ��¥�¯S� ® �+�E¥; }£(­�­^¯S  ± ¥h¤O¢¦£(�e� ± �J¯N�:���e� ± Ã ®B± °o�j¤ ± ¤��J¯N¥;§ U�± ¥(ÃN�+ }���&ª«¯N¥± ¤�¤��I�J¥h¤�£(¥���§"� ® ¤ ± �J¥�� ± §I§^¨�I�"¨� ®B± ¤��J¯S¥¼���j¤��;§ ® �j¤��¡¢¦£(��¢¦£(���i t¤��J�� }�E£(��­ ±´®B±´��
�E¤ ® ���J� µ(® ����£ � ¯Á� 
�E�J�S²B�5¯N£: ± °¦¯N¥:  �o¯S¥(§�¤��I t¤(¨�W�Òh+� ~ ­^¯N£ ® �o� 1 ¨� ® �I¥¦¤��I  ± §E§A¨�E�"¨� ®B± ¤��J¯N¥:  § ® �j¤��¡¢h£(�I  ± ] ²vu©£��I�J�J�e¢h£(�e }¯N�j¤ �&ª ± §E§A¨�E�"¨� ®B± ¤��J¯N¥
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Í 6 g '/ÇUw¿Î Ï(Ð	Ñ�Ò�ÐNÓ1Ò&Ô	ÕìÖ¦×"ÛeÙiÒ1ÓÚ×"ÛLÛ"×"Û�Ü"ÒÆÑ�Ü"Ý�ØJÐ	ÒÆÑ�×EÛ+×"Õ åEÔ	Õ^ÜEÓ1Ò�Ô	Õ�Ö	Ý�Ñ�Ð	æSÔ	Õ�Þ¦ÐNØJÐ¦ÜEÓÚÔ½ÜL×"Õ:Ó1Ñ�Ò�ð"Ý:×©Ö¦Ð	Õ(Û+ØJ× ÜLÐ	Û�ÖS×q·óOàyx�÷éà�Ô	ÝÁÛ�Ð	Ù	Ô	Õ(Û�ÓÚ×EÛLÓ�î×;Ö	Ò zÀî×EÑ�×"Õ:ÓÚ×EÛ�ÜLÔ	Õ(Û�ÓÚÐ´ÕBÓÚ×"Û�Ö!N Ð¦ÜLÜ�î×EØ	î×"Ñ�ÐNÓ1Ò&Ô	Õ(Û;òtõN÷|{ìäSõB} Í Ð ] Í äS÷ ~ìä¦õ>}�ö�ê;Ð	Ò¹ÛÜL×�Ó1æ�ë�×�Ö¦×�ê�ÔiÖ�r×EØ¡×�Õ^×eë(×"Ñ�ê�×EÓ�ë�Ð	Û�Ö¦×�íEÒ&×EÕìÑ�×të:Ñ�Ô½Ö´ÝoÒÆÑ�×�ØJÐRÜLÔ´ÝoÑIíL×4Ö¦×�Ñ�ÔNÓÚÐNÓ1Ò&Ô	ÕÀÖ¦Ð	Õ(Û ÓÚÔ	Ý�ÓÚ×�Ø¡Ð4ÞhÐNØJÐiß	Ò�×i÷§ U ¯N�¡ }�J� K ¯S¥¿¥�ª ±	®}® �j°¦�e­ ±   
±©µ �J�I¥ ® �I­ ® ¯Á��£(� ® �e� ± §E¯N£ ®�µ �+��� ® ¯	¤ ± ¤��J¯S¥;���W�(��/ �S� - � ²�� �J�E¥;�E¥h¤��I¥:�o£¿­^¯S£ ®¨�i§ ±´® ¤�� ® �;h+� ~�K �J�B¶ ± £(� ®¨± �j¤ ® ¨�E�j¤(¨� ® � ® ¥(¯	¤ ® �+¤ ®B± ° ± �J�^ }£ ® �/ª ± £�¤ ® �i OÃ ± � ±´³ �J�I  �o£ ��|� � ��¤ Q ­B� K §	ª«�i t¤O0 
± 0Ú��� ® ����i ©Ã ± � ±´³ �J�I  ±IQ@± ¥¦¤�£(¥(��¶Æ¯ ® ¤�� ±´³ �¡  QÁ� ¨�E¤ ® �J���E¤��¡ �¯N�"¨�I�I  K �E¤ ± �J¥: }� Ã�¨�I¥�¨� ®B± �J�¡ �� ® �J� ® ¨�I }£(�j¤ ± ¤�¯ µ ¤��E¥Á£�­^¯S£ ®
�(��/ �N� - � ²g/�ªû�i t¤�£(¥(�����I �­^� ®  }­^�I§"¤��j°S�i �¢¦£(�R¥(¯S£( ��I¥¦°o�¡  ± ÃN�I¯S¥(  Kc± °¦�i§�¥(¯N¤ ±	�;� �I¥h¤����I ���� � ± ¥:�o�i �/ª«¯ µ  }� ® ° ± ¤��J¯S¥( +�J¥¦¤�� ® ¶½¨� ® ¯ � ¨�E¤ ® �¡¢h£��i e­B¯S£ ® �J�I 5Ã ± � ±´³ �J�i d�(��/ � D ��� �"¤4�(��/ F � ! - K �o�I£ ³ Ã ± � ±½³ �J�I 5 �­�� 0®B± �J�I W�(¯Á§E£��J�I¥h¤��i  ±IQÐ± ¥h¤+���i e§ ±	®¨± §�¤(¨� ® �¡ t¤��¡¢h£��i ��J¥h¤ ® �J¥:  
�i¢¦£(�I �¤ ®E
�i �­ ® ¯o§ U �i e�����+��/ �N� - � ²�+¯S£(  ± °¦¯N¥: ©¨�IÃ ± �J� � �I¥h¤/¤��i t¤(¨� �o�i  � ¯Á� 
�I�J�I /��� U�± �J¯¦ � }­ U ¨� ® �¡¢¦£(�I  K �¡ � �£( ����i � }� � £�� ± ¤��J¯N¥: A¥Á£ � ¨� ® �¡¢¦£(�I  K¢h£(��¯N¥h¤�¨�"¤(¨�e­ ® ¯N­^¯¦ o¨�I  
± � ±+� ¥¿�o�i  ± ¥�¥�¨�I�I  % D � ± ¥( ��J�+§ ± � ® �e���+ }� � £�� ± ¤��J¯S¥: �§E¯S  � ¯S�J¯SÃN�¡¢h£��i ���� � ± ¤�� 
� ® �¥(¯S� ® ��¶ ® ¯N�¡��� � / ~ �;
 
± Ã ®¨± ¥(��� ¨�I§ U �I�J�J�S²�Å ± ­��J£(­ ±´® ¤�����§E�I  � ¯o� 
�E�J�i  � � ± ° ±´®�® ¯Ë�"¤ ± �&² - %S% �\�u��¯Á¯ ® ��E¤ ± �&² - %N%S% �
Ó � Q ­��J¥¿�"¤ ± �&² ! DSD - 
 ® �E­ ® ¯Á��£��¡ ��E¥h¤ µ �J�I¥��J�i �§E¯N£ ®�µ �i ���� ® ¯	¤ ± ¤��J¯S¥( ����I �Ã ± � ±´³ �J�i E²SÅ��i �­ ® ¯ � �¡ ���� }­ U/
� ® ���¡ }¯	¤ U � ®�� � � / ±	® �JÃS¥ ± ¥¾�"¤�� � ± £��J�J�I£ - % . % �B° ± ¥ H � µ�± � ± �E¤ ± �&² - % . � 
+¯N£����H� £ ® � � ® ¤ � � £ ® 0� � ® ¤ - %S%
� 
 ® �I­ ® ¯o�o£(�¡ }�I¥¦¤ µ �J�E¥¾�I£ ³�± £( � ��é�J�I  §"¯S£ ®}µ �I ©��� ® ¯N¤ ± ¤��J¯N¥����I ©Ã ± � ±½³ �J�i © }­(� ®¨± �J�i  ��|� � �4 }� KO
±�&ª«¯ ® �JÃS�J¥�� K �J�¡ e¯S¥¦¤P¨�"¤(¨��£o¤��J�J�¡ o¨�i �­^¯S£ ® �J�i eÃ ± � ±´³ �J�i e¥ ± �J¥��i E²Å��i ��o�¡ �¢¦£(�I ©�o� ��± ¤�� 
� ® ��¥(¯N� ® �4¶ ® ¯S�¡�o� µ�±´®}Q ¯S¥(�¡¢¦£(�� }¯S£( �� ± ¶¹¯ ®�� �4�Aª UhQ � ® ¯SÃ 
�E¥(� � ¯S�"¨�I§E£(� ± � ® ��¶ ® ¯N�¡�
� k ¶Æ�I¥�¥(�JÃN� ® �E¤ ± �&² - %N% � � k ¶Æ�E¥(¥(�JÃN� ® �"¤Ã/y¯ ��µ �i  - %N% � 
 K ¯N£À �¯N£:  �Aª ± £o¤ ® �i �¤ Q ­^�I  ��� µ�±´®}Q ¯S¥:  � H �¡§E¯o§ ��E¤ ± �&² - %S% . �
/ ® ¨�IÂ/¨� �E¤ ± �&² - %S% . 
 ® �I­ ® ¨�i }�I¥¦¤��E¥h¤�£�¥(� ± �j¤�� ® ¥ ± ¤��j°S���J¥h¤�¨� ® �I �  ± ¥h¤�� ± £�­ ® ¯ µ � 
� � � ����� ±5� ± ¤�� 
� ® �



%N%¥�¯S� ® �S² � ¥�� 1 �E¤�� ± ¥: é�J��§ ±  é����¥�¯ ��µ�® �I£( }�i -Ã ± � ±½³ �J�i � }­(� ®¨± �J�i �£�¥(�� }� � ­(�J� U ¯ � ¯	¤ U ¨�"¤��J� ��£��o�¡ �¢¦£(�����sj 6­B� ®}� �E¤e�o� ® �E­ ® ¯Á��£�� ® ��­ ® ¨�I§E�¡ o¨� � �E¥h¤�� ± §"¯S£ ®�µ � ��� ® ¯N¤ ± ¤��J¯N¥ K �J�� }�I£(�A­ ±´®B±´��
�E¤ ® �©�J� µ�® ��¨�"¤ ± ¥h¤��J� ¶ ± §�¤��E£ ®� £(�j¤��J­��J�¡§ ± ¤��J¶A����� ± � ±  � }�e����j 6 ²��5¯S£(  ± °¦¯N¥:  ± �J¥: }��¤��i t¤(¨�e�o�I£ ³ �o�¡ �¢h£(�I  K £(¥º¨�E­ ± �¡  K �&ª ± £o¤ ® � � ¥ K �"¤y¥�¯S£( ±´®�® �j°¦¯S¥(  
± £(¥�¶ ± §"¤��I£ ®©� £(�j¤��J­(�J�¡§ ± ¤��J¶O¤ ®I
�I Ë¨�E�J�E° ¨� K ­�£(�¡ �¢h£���� ±���± ¤�� 
� ® ��¥(¯N� ® � ® �E­ ® ¨�i }�I¥¦¤�� ®¨± �j¤ -�. ¶Æ¯N�¡ ©� ±�o�I¥( ��j¤�¨���o�4§E¯S�J¯N¥(¥������Ãj 6 ²#i?�-¥(¯N£: +¶ ± £o¤©���I  � �i }£ ® �i +­(�J£( 5­ ® ¨�I§E�¡ }�i +�E¤�­(�J£: 5­ ® ¯S¶¹¯S¥(���i 5��£Ëj 6 
± ¤ ®I
�I Ã ®B± ¥:� ®¨±IQ ¯N¥Ë­^¯S£ ®;
± � ± ¶Æ¯N�¡ ©��¨�"¤�� ®�� �J¥�� ® � ± ¢h£ ± ¥¦¤��j¤(¨���o� � ± ¤�� 
� ® ��¥(¯S� ® � K^��± �¡  ± £( � }� ±J� ¥(� ® � ± ¯S£Ë�J�i �o�¡ t¤ ® � µ £�¤��J¯S¥: +�J�i  � �J�I£ ³	± � ± ­o¤(¨�E�i E²A/�ªû�i t¤�§E��¢h£(� ±¿� ¯	¤��j° ¨��£(¥(����� ��± ¥(�����o��¤�� � ­: +�o��¤(¨�E�J�i �§E¯N­^� ± £
�©Å H ­B¯S£ ®e® �i§ U � ® § U � ® £�¥(��¨� � �¡ � }�J¯S¥�j 6 
± ­(�J£: �Ã ®B± ¥:� ®B±EQ ¯N¥ ± °S�i§©£(¥(��Ã ®B± ¥(���� ��E¥: }� µ �J�J�j¤�¨�S²
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� ¼ ­�± ³�¬ ªð±·¬ ³¾° ­�² ®g³¾¼ «g° ¹ ° «S¼ � ¼ «g¼ Å ®g°
� ¦ ��� È��





- D F
� �����¡ p¢�£�¤ �

� ±¯³�¬ ªð±·¬ ³¾° ­�² ®g³¾¼ «g°

~�± ¥: ©§"��§ UL± ­��j¤ ® �4¥(¯S£(  ± �J�J¯N¥:  ±´µ ¯ ® ��� ® �J��­ ® ¯ µ ������;�4����� ±  t¤ ® £:§�¤�£ ® �����I �Ã ± � ±´³ �J�I   }­�� 0®¨± �J�I I² ~g± ¥: ©£�¥�­ ® ���;�J� ® ¤����;­( �¥(¯N£: �°S� ®�® ¯S¥(  §E��¢¦£(� ±�± �;�I¥�¨���J�I  ±  t¤ ® ¯S¥�¯D�;�I ��± �¿�E¤�¤ ® �4�I¥¾¯Á�E£�° ® �£�¥(��¤ U ¨�I¯ ® �J� ± £: � }��§E¯%�;­(�J� ³ ��¢¦£(��§E�E�J�J�P�o�i �¯S¥(���I ��������I¥( }�j¤(¨� K ­(£(�¡ �¥(¯N£: �°¦� ®}® ¯N¥: �¢h£��I�J�J�I ¿ }¯S¥¦¤��J�i ± £�¤ ® �i  ± �j¤�� ® ¥ ± ¤��j°¦�I e­^¯S � �� µ �J�i  K ¥�¯N¤ ± ���;�E¥h¤�� ± ¥: ��J��§ ±  +�o�i eÃ ± � ±½³ �J�i e�o�j¤��i  � �(¯Á§E£��J�I¥h¤��i  � ²
�+rL� � x��4vyz �4v��4vyx�zB{}|¿~v�zG��{��/�'��vOz

~ �e¥(¯D� µ(® �E£ ³ ¤ Q ­^�I  ���+ t¤ ® £:§�¤�£ ® �i   }­(� ®¨± �J�I O }¯S¥h¤ ¯ µ  }� ® ° ¨�I O� ± ¥(  �J�I O���¡ �¢¦£(�i  �o�+Ã ± � ±½³ �J�i E²SÅ8�I  ­��J£:  }­B�i§"¤ ± §"£(� ± � ® �i 5 �¯N¥h¤��J�I 5Ã ± � ±´³ �J�i ����j¤��i  � Ã ®¨± ¥:�ì�o�i }�JÃS¥ � §"¯D���;�»� � - Kº± °S�i§��J�E£ ®  t¤ ® £:§�¤�£ ® ���±���µ(®¨±  ¤ ® ��I  µ �J�E¥����I � }�J¥�¨�i  K � ± �¡ y�J�i  ­��J£: �§"¯D����£�¥(�I y �¯N¥h¤ �J�i  Ã ± � ±½³ �J�I ����5¤ Q ­^�4�(¯Á§E£��J�I¥h¤�§"¯D���;�d�(��/��D� - ��o¯S¥¦¤�� ±  t¤ ® £:§"¤�£ ® ���I t¤;¶ ± �j¤��ì�o�P¥(¯D� µ(® �E£ ³ ­^�E¤��j¤L  µ�®B±  � }­(� ®¨± £ ³ ²s/5ª«�i t¤��y�=t+�J¥¯j5£ µ�µ �J�ì¢¦£(��°¦¯N£(�J£o¤�J�¿­ ® ���¿�J� ® §"� ±  � }� � � ® �J�I �Ã ± � ±´³ �J�i �­ ±	® �J�E£ ® �;¯ ® ­ U ¯S�J¯SÃN�J� K  �£��j° ± ¥h¤��&ªû�I¥ ® ¯S£��J���;�E¥h¤��o�i  µ�®B±   K � ± ¤ ± �J�J�J��o£ µ £�� µ ���"¤4� ± ­ ® ¨�i }�I¥(§E�;¯S£ ¥(¯N¥¸�/ªû£(¥(� µ�±´®�® � � q �JÃ(² �D� 
�²-ÅOªû¯ ® �JÃS�J¥(���"¤4� ± ¥ ± ¤�£ ® �����I  µ(®B±  4 }­(� ®¨± £ ³�I t¤����I­�£(�¡ ��J¯S¥(Ã	¤����;­: �£�¥ ­ ® ¯ µ ������;�S²-Å ± §"¯D�;­��J� ³ �j¤(¨������� ±  t¤ ® £:§�¤�£ ® �� �­�� ®B± �J�R���I �Ã ± � ±´³ �J�i �¥�ª ± ­ ±  �o�4 }¯N�J£�¤��J¯N¥ì£�¥(�¡¢¦£(�S² ~ ��¥(¯%� µ(® �I£: }�I �¤ U ¨�E¯ ® �J�I +� ³ �¡ }¤��I¥¦¤5�"¤ K  }£��j° ± ¥¦¤��J��¤ Q ­^���o�� t¤ ® £:§"¤�£ ® �� }­(� ®B± �J� K �J�i 
�º¨�i§ ± ¥(�¡ ��;�I ��E¥ � �I£�¥(�� }� ® ¯S¥¦¤+­ ±  ��J�i P� |���;�I I²Å��i ¿Ã ± � ±½³ �J�i  � Ã ®B± ¥:� ���I ��JÃN¥ �  }¯N¥h¤� }¯S£�°S�I¥¦¤¿¤ ®¨± �j¤�¨�I�i ¿� ± ¥( ¿�J�ì§ ± � ® ������� ± ¤ U ¨�E¯ ® �J���o�ìÅ8�J¥l0t� U £
� Å8�J¥ �E¤�� U £ -�� ���$
�¢h£��+��¨�i§ ® �j¤�� ±  t¤ ® £:§"¤�£ ® �ì }­�� ®B± �J�ì§E¯%���;��� ± � ± ¥��J¶Æ�I }¤ ± ¤��J¯S¥±�Aª«¯N¥:���I ;�������I¥( }�j¤(¨�¤�¯S£ ® ¥ ± ¥h¤+�J�I¥¦¤����;�I¥¦¤+� ± ¥( +�J�����¡ �¢h£����E¥ ® ¯N¤ ± ¤��J¯S¥��"¤5� ³ ­��J�¡¢h£ ± ¥h¤5� ± ­�¨� ® �I¥�¥(�¡  ± ¤��J¯S¥�����§"�E¤}¤��� t¤ ® £:§�¤�£ ® � }£ ® ­��J£: }�J�I£ ®   ® ¯N¤ ± ¤��J¯N¥: �Ã ± � ± §�¤��¡¢h£��i E² kÁ±	®q± �J�J�J�E£ ®   K � ±  t¤ ® £:§�¤�£ ® �� }­(� ®B± �J�����I �Ã ± � ±½³ �J�I W�(¯Á§E£(�J�E¥h¤��i ��i t¤ K�E¥�Ã�¨�I¥�¨� ®¨± � K °o£��©§E¯%���;�P¨�E°S¯S�J£ ± ¥h¤ ± £R§"¯S£ ®   ��£�¤����;­:  K �J�i  µ(®B±    �­�� ®B± £ ³  }��¶¹¯ ® � ± ¥¦¤ �E¤��o�¡ }­ ±	®¨± �¡ �  ± ¥¦¤§"¯S¥( }¤ ± ���¿�I¥h¤I²
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Í 6 g2  Ç4¥;Î;t�Ð�Û-î×iðEÝ:×"Õ^ÜL×�Ö¦×y¦©Ý:í½íEØJ×�ÖS×�ÜIØJÐ	Û�ÛLÒ §yÜLÐNÓ1Ò�Ô	ÕËÖ¦×EÛ�Þ¦ÐNØJÐiß	Ò�×"ÛE÷]¨ Þ¦Ð	Ý:ÜéL�×�ØJ×"Û�ÞhÐ	Ø¡ÐIßNÒ&×EÛ ×EØÆØ Ò ëBÓ1Ò�ð"Ý:×EÛëBÝoÒÆÛ4ØJ×"Õ:Ó1Ò�Ü"Ý�ØJÐ	ÒÆÑ�×"Û�ò�©/õLöiè;rÐ�Ö	Ñ�Ô	ÒÆÓÚ×¿ØJ×"Û ÞhÐ	Ø¡ÐIßNÒ&×EÛ�ÛÚë:ÒÆÑ�ÐNØJ×"ÛE÷ut�×EÛ Þ¦ÐNØJÐiß	Ò�×"Û�Û�ëBÒ¹Ñ�ÐNØJ×EÛ�Û"×�Ö	ÒÆÛLÓ1ÒÆÕÁÞ	Ý:×EÕ:Óéë(Ð	Ñ�ØJÐëBÑ�î×EÛ"×EÕ^ÜL×4Ö!N ÝoÕ^×�íLÐ	Ñ�Ñ�×4Ô	Ý�Õ^Ô	Õ�è�Ð´ÒÆÕ(ÛLÒyðEÝ(×eë(Ð´Ñ�ØJÐ�ÓÚÐ	ÒÆØÆØJ×�Ö	ÝËí"Ý�ØJíL×�×EÓyØON ×�ßSÓÚ×"Õ(ÛLÒ&Ô	ÕÀÖ¦×"Û�í"Ñ�Ð	Û©Û�ëBÒ¹Ñ�Ð	Ý¦ß¦÷
ª8«#ªA«#ª ¬L­	®Q¯4°%±]²�³D´�µV¶!®

i � � ³ �¡ t¤��¾£(¥���Ã ®B± ¥:���¾° ±	® �"¨�E¤(¨��� ± ¥: R� ±  }¤ ® £(§"¤�£ ® � ± ­(­ ±	® �E¥h¤��À�o�i RÃ ± � ±´³ �J�i P }­�� ®B± �J�I E² ~�± ¥: R£(¥��
� |���;�¿§E� ±  � }���o��Ã ± � ±½³ �J�i �·�¤��E�J�J��¢¦£(�;�J�i  ± ��¨� � ¥(�J�I ¸�y�=t+�J¥Qj5£ µ(µ �J�D·8¯S¥¼­^�I£o¤��o�¡ t¤��J¥(ÃN£(� ® �o� 1 ¨� ® �I¥¦¤��i 
�;¯ ® ­4¹(¯N�J¯SÃN�J�i E²¦Å ±+� ÃS£ ® � � . �;¯N¥h¤ ® ��¤ ® ¯S�¡ �Ã ± � ±½³ �J�I y }­(� ®¨± �J�I �·$� � - ·\�»ºDº©�E¤S�(��/¼º
� � - ²\/ �I OÃ ± � ±½³ �J�i ­ ® ¨�I }�I¥h¤��I¥¦¤��o�i 5�o� 1 ¨� ® �I¥(§E�i + t¤ ® £:§"¤�£ ® �I�J�J�i �¨�E°Á�¡���E¥h¤��I E²BÅ8���;¯ ® §E�I�J�J���;�I¥¦¤�·��J�i e� ³ ¤��I¥( ��J¯N¥: �·:�"¤5� ± � ±´® ÃN�I£ ®���i  µ�®B±  e �­�� ®B± £ ³ ° ±	® �J�E¥h¤5�/ªû£(¥���Ã ± � ±´³ �J���± �&ª ± £o¤ ® �S²*/y�i +�o� 1 ¨� ® �I¥(§E�I + }¯S¥h¤e¯ µ  �� ® °y¨�I�i e� ± ¥: ��J���o¯D� ± �J¥(�°o�¡ }� µ �J���E¤+­B¯S£ ®}®B± �J�I¥h¤�° ±´® �J� ® � ± ¥( e�/ª ± £�¤ ® �i ���¯%� ± �J¥��i e�o���J¯S¥(ÃN£(�E£ ® �/ªû¯S¥:�o�S²�h£(�j° ± ¥h¤�¢h£(�¿�&ª«¯S¥¼ Iªû�J¥h¤�¨� ® �I � ��½�± � ± °Á�J�I�J�J�J��­^¯N­(£�� ± ¤��J¯N¥  t¤��E�J� ± � ® �%· ± £ ³D� �E£(¥��i �¨�"¤�¯S�J�J�I �· ± £¼Ã ± Â ± ¤�¯�0
�;�¡¢h£��y¯N£¸�;¯S�"¨�I§E£(� ± � ® �%·½�J�I -�J¯S¥�ÃS£��I£ ®  é�Aª«¯S¥(���y�/ªû¯ µ  }� ® ° ± ¤��J¯N¥�° ±	® �J�E¥h¤��o£4��¯D� ± �J¥(�O¯S­o¤��¡¢¦£(� ± £4�o¯D� ± �J¥(�§E�I¥¦¤��¾� ¨�"¤ ® �¡¢h£(� �E¥P­ ±  �  ± ¥h¤e­ ±´® �&ª«�J¥�¶ ®¨± 0 ® ¯S£�ÃS���E¤e�J�6�¿�J�J�J�¾� ¨�E¤ ® �¡¢h£��S²Å��i �§E�J�¡§(¹�¨�I  ® ¨� ± �J�¡ o¨�i �­ ±´® � ± ¥(� ± ÃN�R�E¤¿ }�i �§E¯N�J� ±	µ ¯ ®B± ¤��I£ ®   � � ± ¥(� ± ÃS� -�� � - �O� ± ¥:� ± ÃS���E¤�� ® £(§ ± ¤�¯
-�� � � �½� ± ¥(� ± ÃS� �E¤!k ± ��� ± ¥�¥ -��
.7- 
B­^� ® �;� ® �E¥h¤8���O§E¯%�;­ ±´® � ® ��� ¥(¯%� µ(® �I£( ��I AÃ ± � ±´³ �J�I - }­�� ®B± �J�I �­ ® ¯o§(¹(�i �I¥h¤ ® � �I�J�J�i �·��E¤ ± �J¥: }�8���O�;�J�I£ ³ §E¯%�;­ ® �I¥(� ® �©�J�i e��� 1 ¨� ® �E¥:§E�I e }¤ ® £(§"¤�£ ® �E�J�J�i +�o��§E�I �Ã ± � ±½³ �J�I I²

� ¥¸­ ±	® ¤��¡§E£��J�J� ® ·�� ± ¶¹¯ ® �¿�D·8� ± ��£��j¤��J­(�J�¡§"�j¤(¨���E¤��J�� }�I¥: 4�Aª«�I¥ ® ¯N£(�J���¿�I¥h¤4���I  µ(®B±  4 �­�� ®B± £ ³  }¯N¥h¤�¶ ± 0§E�J�J���¿�I¥h¤�¯ µ  �� ® ° ±	µ �J�I �� ± ¥( ��J���o¯D� ± �J¥(��°o�¡ }� µ �J�S² É ¥(�;Ã ± � ±´³ �J� ±�¿Ð± ¥h¤ ê µ�®B±   ± £ ®B± £�¥(��  ¿ � ¨�E¤ ® �J�;�o�® ¯N¤ ± ¤��J¯S¥��o� ÿÁÀÂ ² ~ ��­��J£: �·A�J�� }�I¥(  �Aª«�E¥ ® ¯N£(�J���;�I¥¦¤ ���4� ±  t¤ ® £:§�¤�£ ® �����i  µ(®¨±  © }­(� ®B± £ ³ ­^�E£�¤ |�E¤ ® ��� ± ¥: �J�¸� |���;�� }�I¥: 5¢¦£(��� ±¿® ¯	¤ ± ¤��J¯S¥ì��£Ë�o�¡ �¢¦£(�%·B¯N¥Ë�o�j¤©¢h£(���J�¸�;¯	¤��J¶� }­(� ®¨± �8�i t¤ Ó1Ñ�Ð	Ò1Ø Ò¹ÕoÞ ·: }¯S�j¤©� ± ¥: +�J�4 }�I¥( §E¯S¥¦¤ ®¨± � ® �%·(¯S¥P­ ±´® �J� ± �J¯ ®  +�����;¯N¤��J¶ ØJ×LÐ¦Ö	Ò¹ÕoÞ ²(Å��i e¯ µ  }� ® ° ± ¤��J¯S¥( e¯S¥¦¤F�¿¯S¥h¤ ® ¨��¢h£(��� ± ¢¦£ ±  �� 0&¤�¯	¤ ± �J�j¤�¨�����i 
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Í 6ÌË   ÇÃÍ¾Î�q xhäièsqÎ~�~Ë×EÓ�à¿á âÏ~UÐ�Ñ�ä½è5ÜL×"Û4Ó1Ñ�Ô	Ò¹Û�Þ¦ÐNØJÐißNÒ&×EÛ�Û�ëBÒ¹Ñ�ÐNØJ×EÛ�Ô´ÕBÓ5Ö¦×"Û4ÛLÓ1Ñ�Ý:ÜEÓ1ÝoÑ�×"Û�Ö	Ò zÀî×"Ñ�×EÕ:ÓÚ×"ÛE÷qÂxhä¿×"ÛLÓ�Ñ�×?ëBÑ�î×EÛ"×"ÕBÓÚÐ	Ó1ÒÆÙ	×�ÖS×EÛ�ÞhÐ	Ø¡ÐIßNÒ&×EÛ©Ö	Ò1ÓÚ×"Û�Ò�Þ	Ñ�Ð	Õ^Ö¿Ö¦×"ÛLÒJÞNÕNÒ�è Ü#N ×EÛLÓ&ôprÐNôtÖ	Ò¹Ñ�×�Ö¦Ô	Õ:Ó�Ø¡Ð4Û�Ó1Ñ�Ý:ÜEÓ1ÝoÑ�×�ÖS×EÛ©íEÑ�Ð	ÛÛ�ëBÒ¹Ñ�Ð	Ý¦ß�×"Û�Ó5Ó1Ñ�r×EÛ�íEÒ&×EÕ¸ê;Ð	Ñ�ð"Ý î×½×i÷gqÓ~�~À×"ÛLÓ�Ð´ÝoÛLÛ�ÒeÝoÕ^×�ÞhÐ	Ø¡ÐIßNÒ&×;ÛÚë:ÒÆÑ�ÐNØJ×�ë(Ô´ÛLÛ-î×½ÖSÐ	Õ:Ó�ÖS×EÝ¦ß�í"Ñ�Ð	Û�Û�ëBÒÆÑ�Ð´Ý¦ßê;Ð	Ò¹ÛìÜL×"Ý¦ßNôtÜEÒ Û"Ô	Õ:Ó�ê�Ô	Ò¹Õ(Ûìí"Ò�×"Õ�ê�Ð	Ñ�ðEÝ î×"Û�ð"Ý:×¿ë�Ô	ÝoÑ�q xhäiè�Ö¦×¿ë^Ø ÝoÛ�è4Ö¦×ìÕ^Ô	ê�í"Ñ�×"ÝoÛ"×EÛ�Ñ�Ð	ê�Ò §yÜLÐNÓ1Ò&Ô	Õ(ÛÐLë¦ë(Ð´Ñ�Ð	ÒÆÛ�Û"×EÕ:ÓÆè;×EØÆØJ×¼×EÛLÓZî×LÞ¦ÐNØJ×"ê�×"Õ:Ó�ë^Ø ÝoÛ¾Ðiß	ÒÆÛ�æ	êïî×IÓ1Ñ�Ò�ð"Ý:×i÷IoyÕ�§�Õ(è�à¿á�â¢~=ÐÔÑ�ä ×EÛLÓ�ÝoÕ^×ìÞ¦ÐNØJÐiß	Ò�×¼Ö¦×ÀØJÐÜEØJÐ	Û�ÛE×�Ö¦×"Û�ÒÈÕeÔiÜ"Ý�ØJ×EÕ:ÓÚ×"Û�Ò�èéÛEÐ´Õ:Û5Û�Ó1Ñ�Ý:ÜEÓ1ÝoÑ�×�Ö¦× Ó1æ�ë�×4í"Ñ�Ð	Û+ÛÚëBÒ¹Ñ�Ð	Ý¦ßZî×"ÙiÒ�Ö¦×"Õ:ÓÚ×½÷GÖ�Ø�×EÛLÓyÖ´Ò ×±Ü"Ò1ØJ×�ÖS×�Ó1Ñ�Ð¦ÜL×"Ñ�ÝoÕí"Ñ�Ð	Û©Û�ëBÒÆÑ�Ð	ØAÛLÝoÑ�ÝoÕ^×eë(Ð´ÑEÓ ÒÆê�ë�Ô	Ñ"ÓÚÐ	Õ:ÓÚ×�Ö¦×�ÓÚÔ	ÝoÑ4Ö¦×©Þ¦ÐNØJÐiß	Ò�×i÷Ã�Ø	� Ø ³ �J�i � }­�� ® Ø	�J�I � }¯S¥h¤��o��¤ ¿ ­^� Ó1Ñ�Ð´Ò1Ø ÒÆÕÁÞ � §"¯D���¿�Õ�(��/W�D� - �\
L²��O¥ � ¥8·	����¥�¯D� µ�® �I£( }�i -ÃvØ´� Ø ³ �J�I � }­(� ® Ø´�J�i 
�¿¯S¥h¤ ® �E¥h¤�£(¥��Ù��£(�j¤��j¤�£:�o������­^�"¤��j¤�  µ(® Ø	 � }­(� ® Ø´£ ³ ·S§"¯D���;�Õ�(��/ � . � -(� � �J¯Á§ � �E¤�Ø	�&² -��%� �

>·��+��/�º
� � -
� � ® �i }¯S�J�J¥��"¤!Ø´�&² � ÊDÊ7- 
8¯S£��I¥(§E¯ ® ���(��/ � º%º -(� j+£(Ã%¹(�i ��"¤!Ø´�&² -��D��. 
�²
/ �i �ÃvØ´� Ø ³ �J�I b�;¯S¥¦¤ ® �I¥h¤�£(¥�ØN }­^�I§"¤¤ ® ��I �§�¹GØ´¯N¤��¡¢h£(�%·-�J�I 4 t¤ ® £:§�¤�£ ® �i ��o�;¤ ¿ ­^� µ(® ØN � �¯N¥h¤�¥(¯%� µ(® �I£: }�I ��E¤4�I � }�E¥h¤��J�E�J�J���;�E¥h¤���£( ;Ø´£ ³ ¨�E¤�¯N�J�J�i ® ¨�i§"�����;�E¥h¤�¶Æ¯ ® � ¨�E�i �·V� |���¿�� ����y�J¯o§ � �"¤�Ø	�&² �"-��%� �

>·é­B¯S£ ® �(��/ � . � - ·é¯S£�kÙ¹(¯ ® ¥��J� ¿ �"-��%� �

>·é­B¯S£ ®�+��/ � Ê �
� ·�¯S¥¦¤'�;¯N¥h¤ ® ¨� �&ª«� ³ �¡ t¤��E¥:§E������ }¤ ® £(§"¤�£ ® �I +§�ØN§(¹�¨�I�I ¸�Ø4­(�J£: �Ã ® Ø´¥:�o�À¨�I§�¹��I�J�J�S²
ªA«#ªA«ÈÚ Û'¯TÜ!°Dµ8­	Ý(Þ¯1ßà¯âá�¯�Ý�ã^¯1¶�°DµVä!Ý�¯Gßå¯G¶V³Å�¯ ®  �¢¦£�ªû£(¥����¡ �¢h£������O��Ø½¤����� ® �©�i t¤e�E¥ ® ¯N¤>Ø½¤��J¯N¥P��� 1 ¨� ® �E¥h¤��J�E�J�J�D·�£(¥(�� t¤ ® £:§�¤�£ ® �  �­�� ® Ø´�J�6Ø	­(­1Ø ® Ø | � ¤i²(Å��­ ® ¯ µ ������¿� ¢¦£(�/ }�©­B¯¦ }�©�I }¤�§"�I�J£(�A���©� Ø��J¯S¥�Ã�¨�E°Á�j¤(¨� �Aª«£�¥(��¤��I�J�J�  }¤ ® £(§"¤�£ ® ��­GØ ®�® Ø	­�­^¯ ® ¤¸�Ø�� Ø4��£ ® ¨�I�©����°Á�J��o��� Ø�ÃvØ´� Ø ³ �J��¤�¯S£o¤�� �I¥¦¤����� ® �S²4�O¥�� 1 �E¤�·�£�¥(�©¤��I�J�J�� t¤ ® £:§�¤�£ ® �6Ø	£ ® Ø4¤��E¥:�1Ø´¥:§"�-�Ø ® Ø´­(�¡�o���;�E¥h¤+���¡ }­1Ø ® Ø | � ¤ ® �
�Ø §�Ø	£: }�+��£¿­ ® ¯ µ ������;�e���e�&ª«�E¥ ® ¯S£(�J���;�I¥¦¤i²SÅ���¤����¿­: �­^¯N£ ® ¯ µ ¤��I¥(� ® £�¥;�E¥ ® ¯S£(�J���;�I¥¦¤O�I }¤O§E¯N£ ® ¤y§"¯D�;­1Ø ® ¨�
�Ø��&ªæØ´ÃS�ì�o�ì� Ø�ÃvØ´� Ø ³ �J�S²gi?�+¶ÌØ	£�¤���¯S¥(§�¶ÌØ	� ® �sØ´­(­^�E�;�ØÀ�o�i � }¯S�J£o¤��J¯S¥( ;­(�J£( �§E¯D�¿­(�J� ³ �i �­^¯N£ ® � ³ ­(�J�¡¢h£�� ®� Ø� t¤ ® £:§�¤�£ ® �;¯ µ  }� ® ° ¨�E���o�i  µ(® Ø	 � }­(� ® Ø´£ ³ ²bç �J£( ��J�E£ ®  4 }¯S�J£o¤��J¯S¥( �¯S¥¦¤ ¨�E¤(¨�;­ ® ¯S­B¯¦ o¨�I�I �­^¯S£ ®�® ¨�I �¯N£:� ® �;�J�­ ® ¯ µ ������¿����� �&ª«�E¥ ® ¯N£(�J���;�I¥¦¤i²Å����;¯N¤��J¶� }­(� ® Ø	� ­^�E£�¤ |�E¤ ® ����Ø	�J¥¦¤��E¥Á£À�1Ø´¥: �£�¥ý¨�E¤�Ø´¤� }¤�Ø´¤��J¯S¥(¥1Ø	� ® �D·��¾�;­(�J�¡¢¦£GØ´¥h¤����I  µ(® ØN � }­(� ® Ø	£ ³
� �I£�¥(�i E²l/y�i y }¤ ® £(§"¤�£ ® �I y }¯S¥¦¤�§"¯S¥¦¤��J¥Á£��I�J�J���;�I¥¦¤ § ® ¨�/¨�i y�4Ø	¥( O� Ø�ÃvØ	� Ø ³ �J�%·h­1Ø ® �J¥: t¤�Ø µ �J�J�j¤�¨�5Ã ® ØI°o�j¤�Ø´¤��J¯S¥(¥��I�J�J�



-�Ê � è 3A�@5l698AÇA� I4 ¢¡ 8AÇ�£8Ê#8]£HÇA��¤×576ÈÇ]�HÉ���J¯o§�Ø´�J��¶¹¯ ® �-Ø	¥h¤y�J�i ;¨�"¤�¯S�J�J�I y­GØ ® � ³ ���;­��J�D·¦­(£(�¡  ��¨�I¶¹¯ ® � ¨�I�I O�E¥R }­(� ® Ø	�J� � £( �¢¦£�ª|�Ø�§"�©¢h£����J�I  � �I£�¥(�i ¿¨�E¤�¯S�J�J�i �J�i �­(�J£(  µ(® �J�J� Ø	¥h¤��i �¢h£(�O�J�i �¯N¥h¤��I¥�ÃS�I¥(� ® ¨�I�i ��;�E£ ® �E¥h¤I²uh�¥¼­B�I£o¤��o¯S¥:§¿�¾��Ø´ÃS�J¥(� ® ¢¦£(���1Ø´¥: �§E� ® ¤>Ø´�J¥(�i ÃvØ	� Ø ³ �J�I ;�J�)�;¯N¤��J¶© �­�� ® Ø´�IØ´­(­GØ ® �E¥h¤�¯N£±�J�½�¿¯N¤��J¶© }­(� ® Ø	�+�E¥ �	µ(® Ø	¥:§(¹(�I  �  �¯N�j¤�� |£é�Ø�­��J£: }�J�I£ ®  ����ì§E�I  }¤ ® £(§"¤�£ ® �I I²w/�ªû�i t¤e§E��¢¦£(� �&ªû¯S¥�­^�E£�¤e¯ µ  }� ® °¦� ® �1Ø´¥: e§"� ® ¤>Ø	�J¥��i �ÃvØ	� Ø ³ �J�I �¤ ® ��I ��(¯Á§E£��J�I¥h¤��i �¢h£(�/¥/ª«¯N¥h¤�­GØN �����¿¯N¤��J¶-ÃN�J¯ µ Ø	�/¤ ® ��I e­ ® ¯N¥(¯S¥(§A¨����Ø´�¡ e��� ¥(¯%� µ(® �I£ ³ ­B�E¤��j¤L  µ(® ØN + }­(� ® Ø	£ ³ ²
É ¥(��­B� ® ¤�£ ®}µ Ø½¤��J¯S¥PÃ ® ØI°Á�j¤>Ø½¤��J¯S¥�¥(�E�J�J���¾�;­^¯ ® ¤�Ø	¥h¤���­B�I£�¤ |�E¤ ® ���Ø��&ª«¯ ® �JÃS�J¥��4�o£)�¿¯N¤��J¶é }­�� ® Ø	�8�4Ø	¥: e§E� ® 0¤>Ø	�J¥( �§�Ø	 �·�¥(¯N¤�Ø����¿�I¥h¤��J¯ ®  ��/ª«£�¥(�;�J¥¦¤�� ® ØN§�¤��J¯N¥�ØE°¦�i§¿£(¥���­B�E¤��j¤��;Ã�Ø	� Ø ³ �J��§E¯%�;­GØ´ÃS¥(¯N¥ � §E¯%���;��­^¯S£ ®

�êº - ¯S£ � � - 
L²*/y�E¤�¤���¶¹¯ ® ¤����J¥¦¤(¨� ® ØN§�¤��J¯S¥PÃ ® ØI°Á�j¤>Ø½¤��J¯S¥�¥(�E�J�J��­B� ® �;�E¤+�Aª«� ³ ­(�J�¡¢¦£(� ® � Ø¿ t¤ ® £:§�¤�£ ® �� }­�� ® Ø	�J�%·�I�J�J��­^�I£o¤¸Ø´£: � }�é� ³ ­��J�¡¢h£�� ® � Ø�­�¨� ® �I¥�¥(�¡ (Ø´¤��J¯S¥���£¾­4¹�¨�E¥(¯%�)��I¥��D·^¥�¯N¤�Ø����;�E¥h¤�­1Ø ® �&ªæØ��¿­(�J� � §�Ø´¤��J¯S¥��Aª«£(¥��¯S¥:�o���o���o�I¥( ��j¤�¨�� }­(� ® Ø	�J� � k8¯Á¯%� ® � -�� �D� 
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Abstract. We present high resolution CO(1–0) interferometric observations and deep HST B − V − I images of
the flocculent isolated Sc type spiral NGC 4414. The goal is to determine the stellar mass-to-light (M/L) ratio
in a galactic disk. NGC 4414 is an ideal object for this kind of study, as it is an unperturbed object at high
galactic latitude with very extended atomic gas (Hi). Many Cepheid light curves were measured in NGC 4414 so
its distance is known to be about 19.2 Mpc. NGC 4414 is quite axisymmetric, with no bar and poorly defined
spiral structure, and the center is seen unobscured (no CO, HI, Hα, or thermal dust emission near the nucleus),
as in many isolated spiral galaxies. Not only does this result in minimal non-circular velocities but also, and this
is a key to our success, the central light profile traces the total mass. The stars are seen without a dust screen,
the central gas mass is very low (undetected), and we show that the dark matter is negligible in the central
regions. We have developed an axisymmetric analytical gravitational potential model to account for the central
light (mass) profile, the dynamics of the molecular gas in the highly obscured molecular ring, and the stellar light
profile outside the highly obscured region. A single dominant disk component reproduces the disk dynamics and
outer stellar light profile such that even if other disk components were present they would not affect our results.
The contribution of dark matter is constrained by the extremely extended HI rotation curve and is small, possibly
negligible, at distances less than 5–7 kpc from the center. Furthermore, the M/L ratios we derive are low, about
1.5 in I band and 0.5 in K ′ band. The B and V band M/L ratios vary greatly due to absorption by dust, reaching
4 in the molecular ring and decreasing to about 1.6–1.8 at larger radii. This unequivocally shows that models, like
most maximum disk models, assuming constant M/L ratios in an optical waveband, simply are not appropriate.
We illustrate this by making mock maximum disk models with a constant V band M/L ratio. The key is having
the central light distribution unobscured such that it can be used to trace the mass. The K ′ band M/L ratio is
virtually constant over the disk, suggesting that the intrinsic (unobscured) stellar M/L ratio is roughly constant.
A primitive attempt to determine the intrinsic M/L ratio yields values close to unity in the B, V, and I bands
and slightly below 0.5 in K ′.

Key words. galaxies: individual: NGC 4414 – galaxies: spiral – galaxies: evolution – galaxies: ISM –
galaxies: kinematics and dynamics – cosmology: dark matter

1. Introduction

The presence and nature of Dark Matter (hereafter DM)
is one of if not the major problem in modern Astrophysics.
There is evidence for DM at the scale of individual galax-
ies, in clusters, and in the universe as a whole (see re-
views by Ashman 1992; Sofue & Rubin 2001, and ref-
erences therein), although a cosmological constant may
replace DM at the largest scale. Recent results (Alcock
et al. 1998; Renault et al. 1998) make it appear unlikely
today that all dark matter could be baryonic, although a
large fraction if not all of the DM currently “observed”
in galaxies could be baryonic. Estimating the content and
distribution of DM in spiral galaxies is actually very diffi-
cult. The first essential step to understand the role of DM

Send offprint requests to: O. Vallejo,
e-mail: vallejo@observ.u-bordeaux.fr

in galaxies is to successfully identify the mass contribu-
tions of the visible – stellar and gaseous – components.
That is the subject of this work.

To do this properly, one must measure the rotation
curve in a spiral with extended atomic hydrogen (HI).
The rotation curve must be observed with high spatial
resolution near the center to avoid beam-smearing effects.
Because the visible matter dominates the mass in the cen-
tral regions of spiral galaxies (even in Cold Dark Matter,
hereafter CDM, simulations), the central part of the ro-
tation curve can be used to estimate the mass-to-light
(M/L) ratio of the stellar component. To minimize stellar
confusion and galactic absorption, our galaxy of interest
should be as far as possible from the galactic plane. The
last requirement is that the galaxy be at a well known
distance. An Sc type would be ideal because they are the
most numerous and the mass and luminosity of the bulge
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Table 1. Basic properties of NGC 4414.

reference

RA2000 12h26m27.15s a

Dec2000 +31◦13′24.0′′ a

Inclination 55◦ a

Position Angle 157◦ a

Morphological Type Sc b

Optical Diameter D25 4′ c

Distance 19.2 ± 2 Mpc d

Systemic Velocity 716 km s−1 e

a: This paper, position of nucleus determined from HST ob-
servations of northern field. b: De Vaucouleurs et al. (1991).
c: This paper. d: Turner et al. (1998), Thim (2000). e: Braine
et al. (1993)

are low compared to the disk, making mass-modeling in
principle simpler. The galaxy presented here, NGC 4414,
satisfies all of these criteria. NGC 4414 is an isolated ob-
ject and its dynamics are not perturbed by gravitational
encounters with other visible galaxies.

One of the most important questions to resolve is the
value of the stellar mass-to-light ratio (M/L) of the galac-
tic disk. In order to model rotation curves of spiral galax-
ies, the stellar light distribution in a given band is often
scaled by the highest M/L ratio possible without generat-
ing higher rotation velocities than are actually observed
in the inner disk – the so-called maximum disk model.
This underlines the need for spatial and spectral resolu-
tion. Carbon Monoxide (CO) is an ideal tracer of the ro-
tation curve in the disk because the CO emission comes
from the cool dense gas which is naturally closer to the
galactic plane and dynamically cold. The lines are much
narrower than the Hα (or Hβ etc.) lines and do not suf-
fer from extinction. The molecular gas, traced by the CO
lines, has higher column densities than the HI and can
be observed at higher angular resolution. We present high
resolution observations of the CO lines obtained with the
IRAM interferometer. Earlier interferometric CO obser-
vations of NGC 4414 were presented by Sakamoto (1996)
and Thornley & Mundy (1997b). The large scale molecular
emission has been discussed in Braine et al. (1993, 1997);
Braine & Hughes (1999), in which the N(H2)/ICO ratio
and its variation with galactocentric radius have been es-
timated. The Hα emission, tracing star formation and ion-
ized gas, was measured by Pogge (1989).

Our goal is to strongly constrain the M/L ratio in the
disk of NGC 4414 using a combined interferometric CO
(inner part) and HI (outer part) rotation curve. NGC 4414
was part of the Hubble Space Telescope (HST) Cepheid
key project (Turner et al. 1998) and thus very deep and
detailed images are available in the B, V, and I bands. In
addition the distance is known to within about 10%. We
have chosen the I-band (∼0.8 µm) as our reference stellar
brightness because the longer wavelength should better

Table 2. Dates and total observing times per filter for the
northern and southern parts of NGC 4414.

Optical Obs. Total Observing

Band Date Time

North F439W (4311.85 Å) Ap. 1996 5000 s

North F555W (5442.23 Å) Ap. 1996 32 430 s

North F814W (8001.59 Å) Ap. 1996 10 230 s

South F439W (4311.85 Å) Ap. 1999 2080 s

South F555W (5442.23 Å) Ap. 1999 1600 s

South F814W (8001.59 Å) Ap. 1999 1600 s

trace the stellar mass and is less affected by extinction
than the B or V bands.

An absolute distance D is a necessary parameter to
estimate the M/L ratio. The luminosity is determined as
L = S × 4π × D2, where S represents a flux, whereas
the mass M is proportional to the galactocentric distance:
M ∝ R × V 2 ∝ θ D × V 2 where θ is the angular distance
to the point whose rotation velocity is V . Thus, M

L
∝ D−1

so D must be known.
In Sect. 2 we present the new observational data – the

HST B − V − I data and the CO(1–0) Plateau de Bure
observations. In Sect. 3 we describe our gravitational po-
tential model, based on the interferometric CO observa-
tions and the HST light profiles, to calculate (Sect. 4) the
M/L ratio in the B, V, and I bands after subtraction of
the gaseous mass. Our results are compared to the rather
rare literature estimates of stellar M/L values and to the
so-called “maximum disk” method.

In a companion paper we discuss the dark mat-
ter distribution in NGC 4414 based on our knowledge
of the underlying visible mass and on various spheri-
cal and disk DM distributions, particularly those pro-
posed by Navarro et al. (1996) and Moore et al. (1998,
1999) derived from simulations of galaxy formation in a
CDM (or ΛCDM) universe. Whether Modified Newtonian
Dynamics (MOND, Milgrom 1983) can explain the rota-
tion curve of NGC 4414 without DM is also addressed in
the companion paper.

2. Observations and data reduction

2.1. HST BVI observations

2.1.1. Data reduction

The optical observations presented in this paper have been
retrieved from the HST public archive (see Table 2 and
Turner et al. 1998).

We used WFPC2 automatic calibrated data corrected
for ADC errors, bias and superbias levels, superdarks, ob-
turation and pixel surface. The classical reduction proce-
dure was applied using the IRAF software. We first cor-
rected all the images for hot pixels, then cosmic rays were
eliminated by combining consecutive exposures of a same
field.
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Fig. 1. True color image of the flocculent spiral galaxy NGC 4414 derived from HST B, V, and I band images. Coordinates are
J2000. The dynamic range in the image is slightly over 104, making the faint emission covering the entire field difficult to see.
Some of the individual background galaxies seen through the disk of NGC 4414 are highlighted. They are generally quite red
due to the interstellar medium in NGC 4414.

After this corrective stage, a mosaic of the 4 fields
could be retrieved, or we could treat each field separately.
Our goal was to obtain a complete mosaic of the galaxy,
with the North (1996 HST Key Project) and South (1999
Hubble Heritage Project) part processed independently.

The next step was to estimate the shift between each
image before adding them. The procedure is quite sim-
ple, only requiring selection of a few stars in each band.
Because we calculate the shift and the rotation simulta-
neously, the stars must be sufficiently bright and homoge-
nously spread over the whole image. This calculation was
made using the GEOMAP procedure which models a poly-
nomial transfer function between the reference image and

each of the other images. All images in each band were
then combined and rotated to obtain the B − V − I mo-
saics (see Fig. 1).

2.1.2. Luminosity in the outer part of the galaxy

A bias problem appeared in the HST photometry data as
the surface brightness observed far away from the center
of the galaxy was abnormally strong. Such a luminosity
could not have a physical meaning as it was more than an
order of magnitude higher than expected. Because of the
size of the galaxy it was not possible to calculate the sky
background directly from the HST images.
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Table 3. Surface brightness corrections. Zero points are given
in the Johnson-Morgan photometric system, the value corre-
sponds to average of the corrections from all the spectral types,
even if the difference between F2 and M0 are small.

True brightness Biased brightness Zero point

mag sec−2 mag sec−2 Johnson

B − F439W 24.15 22.88 +0.55

V − F555W 23.59 22.27 +0.00

I − F814W 22.58 21.28 −1.30

Optical observations of numerous spiral galaxies, in-
cluding NGC 4414, were made by Héraudeau & Simien
(1996) in order to determine reliable luminosity profiles.
Conveniently, they deduced luminosity profiles in the B, V

and I bands. We chose to calculate the surface brightness
µ (in mag s−2) 100 arcsec from the center on the ma-
jor axis of the galaxy. We subtracted a constant value to
set the brightness in each band of the HST data at 100′′

to the surface brightness given by Héraudeau & Simien
(1996). The uncertainties for their photometry are quite
low and the HST brightness profile after subtraction shows
no odd bumps nor negative values. At higher brightness
this problem becomes irrelevant and the agreement be-
tween the Héraudeau & Simien (1996) and the uncorrected
HST data is good.

The conversion of instrumental magnitude to physi-
cal magnitude in the V band is immediate because it
corresponds to the Johnson-Morgan photometric system
(Holtzman et al. 1995). In the other bands we have to take
into account the galaxy colors, presented as the colors of
specific stellar populations. To identify the most represen-
tative spectral type of stars in the galaxy we compared the
B − V and U − B colors of NGC 4414, B − V ≈ 0.8 and
U −B ≈ 0.1, to the colors of the stellar populations given
in Table 3–3 of Mihalas & Binney (1981). Around these
values, the corrections remain small for stars of spectral
types between roughly F2 and M0; it is only for the spec-
tral types O5 and M6 that the corrections can reach 0.1
or 0.2 mag. For G0 and K0 the corrections remain nearly
constant and we adopt these values (Table 3).

2.1.3. Solar luminosity

To determine the solar luminosity in each WFPC2 optical
band we integrated a synthetic solar spectrum (Hauschildt
et al. 1999) over the bandpass of each HST filter. The re-
sults are given in Table 4. We can now express the surface
brightness for each band from the flux per unit wavelength
or per unit frequency.

2.2. IRAM Plateau de Bure interferometer CO(1–0)
observations

We observed the J = 1 → 0 emission line of the 12CO
in NGC 4414 using the IRAM Plateau de Bure inter-
ferometer between May 1996 and April 1997. The five

Table 4. Solar luminosity in each HST band.

Filter Pivot Bandwidth Solar

Wavelength Luminosity

F λc ∆λ L� (erg s−1)

439W 4311.85 Å 404.60 Å 1.97592 × 1032

555W 5442.23 Å 1044.65 Å 5.66221 × 1032

814W 8001.59 Å 1297.07 Å 4.27211 × 1032

Fig. 2. CO(1–0) rotation curve near the major axis as derived
from the interferometer data and excluding points further than
5◦ from the major axis. The observed velocities shown here are
not corrected for inclination.

antennas of the array were equiped with dual-band SIS
receivers yielding SSB receiver temperatures around 40 K
at the observing frequency. The spectral correlator back-
end was centered at 114.996 GHz with a total bandwith
of 360 MHz. The system temperature varied from about
300 K to 400 K (Table 5).

The phase and amplitude calibrations were done in the
antenna based mode using the strong quasars 3C273 and
1156+295 (Table 5). The data were corrected for residual
atmospheric phase fluctuations. The flux density of the
calibrators was determined from IRAM measurements and
used to derive the absolute flux density scale in our map.
The accuracy of the flux density scale was around 10%.

A mosaic map was made from our observations of six
fields separated by 21′′ and covering the CO-bright disk
of the galaxy. The image reconstruction was done using
the GILDAS software. Several visibility tables were cre-
ated each 2.5 MHz wide; the channel separation was thus
6.5 km s−1. Natural weighting was used with no taper to
Fourier transform the visibilities into images.

The six maps were combined to a single dirty mosaic
(256 × 256 pixels with 0.45′′ sampling), then deconvolved
and corrected from primary beam attenuation. The final
dirty mosaic was cleaned with the CLARK method and
restored with a 3.28′′× 3.0′′ Gaussian beam (PA = 35◦).
To reduce contamination of adjacent fields in the cleaning
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Table 5. CO(1–0) observing parameters with the IRAM Interferometer.

Obs. Date 1996 May 5 1996 Oct. 27 1996 Nov. 15 1996 Dec. 15 1997 Apr. 6

Hour Angle −0.9 to 2.9 −1.0 to 4.9 −0.6 to 3.8 −3.8 to 0.6 −5.0 to −0.8

Configuration D D C C D

Calibrator Flux density (Jy) 3C273, 23.7 1156+295, 1.6 3C273, 24.4 3C273, 22.0 3C273, 23.0

Primary Beam 43.8′′

Restoring Beam 3.28′′× 3.00′′

Velocity Resolution 6.5 km s−1

Total Bandwidth 360 MHz

Typical TSYS 300–400 K

Table 6. Pointing centers of each of the six fields observed
as part of the CO(1–0) mosaic with respect to 12h26m27.09s ,
+31◦13′22.0′′(J2000).

Cardinal Position RA Offset Dec Offset

North −11.8′′ 25.4′′

North-East −13.6′′ 5.0′′

North-West 5.0′′ 13.6′′

South-East −5.0′′ −13.6′′

South-West 13.6′′ −5.0′′

South 11.8′′ −25.4′′

phase due to border effects, each field was truncated where
the primary beam power reaches a level of 10%.

2.2.1. Rotation curve

The rotation velocity of the molecular gas was calculated
from the first moment of the Plateau de Bure interferom-
eter CO(1–0) data cube (Fig. 2). Rather than using all
channels in our calculations of the velocity at each posi-
tion, a process which brings in noise because the signal is
typically only present in a few channels at any given po-
sition, we used the fact that the rotation velocities were
roughly known in advance.

The circular velocity Vm given by our initial mass
model gives us the approximate central velocity at each
position and we have integrated the data over a total of
21 channels (136 km s−1) surrounding the model velocity.

V (x, y) =

i=Vm+10
∑

i=Vm−10

Si≥S0

ViSi

i=Vm+10
∑

i=Vm−10

Si≥S0

Si

· (1)

The validity of this method was checked by looking at a
very large number of spectra “by hand”. The linewidths
are much smaller than 21 channels so we are sure that we
have included all possible velocities where emission could
be present and thus that our moment calculation is not
biased towards the model. In the central regions where
the line widths are broad we have integrated over a much
larger range.

2.3. The large-scale gaseous component

Before comparing the model mass density with the stellar
luminosity profiles, we should subtract all of the visible
non-stellar mass; namely the gas. In Paper II, we pre-
sented CO(1–0) and CO(2–1) observations over almost
the entire optical disk of NGC 4414. 13CO observations
were also made over a large part of the disk in both lines.
Using the CO( 2−1

1−0
) line ratio to estimate the gas exci-

tation temperature, we used the Virial theorem to esti-
mate the N(H2)/ICO factor to convert CO intensities into
H2 mass densities. As explained in detail in Braine et al.
(1997), our estimates were also supported by the 13CO and
1.2 mm thermal dust emission maps. We use these results,
corrected slightly by the results of our ISO LWS observa-
tions (Braine & Hughes 1999), to derive the molecular gas
surface density. The total molecular gas mass (including
the He in the molecular clouds) is about 6.5 × 109 M�.

To determine the atomic gas surface density, we have
re-reduced the Thornley & Mundy (1997b) HI observa-
tions made with the VLA in the C and D configurations.
Using uniform weighting the C configuration data were
Fourier transformed and cleaned retaining high angular
resolution, θfwhp = 13.1′′×12.5′′. The D configuration data
were naturally weighted to obtain high surface brightness
sensitivity. The C and D configuration data were combined
in the image plane in a flux-conserving way to maintain
high angular resolution where the signal is strong and re-
tain the sensitivity to low surface brightness features in
the outer regions where angular resolution is not as im-
portant. A very simple method was used: when the bright-
ness of the low resolution map exceeded a certain value,
the output map was a linear combination

S = (1 − η) × C + η × D (2)

for each pixel where η = 1 below the threshold and
η = exp−aND where C and D are the C and D array
maps and ND is the HI column density of the pixel in the
D configuration map and a is a constant chosen such that
the C array dominates (η ∼ 0.1) in the highest bright-
ness regions. The maximum HI column density in the
C array map is 3 × 1021 cm−2 and the total mass of
the atomic gas (HI plus associated He) is 8.4 × 109 M�.
The total neutral gas mass (HI + H2 and associated He)
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Fig. 3. HI, H2, and HI + H2 gaseous surface mass densities
corrected to face-on. He is not included in the figure to make
it more easily comparable to previously published data.

is then 1.5× 1010 M�, which we have taken to be the to-
tal gaseous mass, neglecting the likely insignificant mass
of ionized gas.

The HI and H2 column density maps were then used
to construct the radial surface density profile shown in
Fig. 3. With the gaseous surface density known at each
radius, we could easily subtract its contribution to the
total mass. The high-resolution Plateau de Bure data are
not used here because such high angular resolution is not
necessary for azimuthally averaged surface densities while
it is important not to resolve out flux as is the case for
interferometric CO maps of galaxies.

3. Gravitational potential model

In this section we describe the axisymmetric part of the
gravitational potential of the flocculent galaxy NGC 4414.
Axisymmetry is a good approximation given the morphol-
ogy of NGC 4414. The asymmetries are relatively small,
reaching 20% in the K ′ band image of Thornley & Mundy
(1997a) over only a very small fraction of the disk; this
justifies our approach.

To characterize the gravitational potential, we have
used the Miyamoto & Nagai (1975) potential which is a
particularly flexible and simple analytic potential-density
pair. We compared with an exponential disk which allows
us to retrieve the rotation curve as well as our model, but
not better. However the exponential disk model has two
dimensions, whereas our model is in three dimensions and
can mimic an exponential disk or more spherical forms.

The Miyamoto-Nagai (hereafter M-N) gravitational
potential is:

Φ(R, z) =
−GM

√

R2 + (a +
√

z2 + b2)2
· (3)

The M-N potential is free from any singularities and com-
posed of elementary functions. The linearity of Poisson’s

Fig. 4. CO(1–0) interferometric rotation curve as above but
corrected for inclination shown with low-resolution HI rotation
curve from Thornley & Mundy (1997b).

equation allows us to sum several components correpond-
ing to different regions of the galaxy, such as the nucleus
and disk.

Φ(R, z) = Φ1(R, z) + Φ2(R, z) + ...

= Σ
−GMi

√

R2 + (ai +
√

z2 + b2
i )

2

(4)

a = 0 and b = 0 correspond to the spherical Plummer
potential and the thin-disk Kuzmin potential cases, re-
spectively. To estimate the mass M and to calculate the
density ρ(R, z), the Laplace equation has to be solved:

1

R

∂

R

(

R
∂Φ

∂R

)

+
∂2Φ

∂z2
= 4πGρ(R, z)· (5)

Yielding

ρ(R, z)=
b2M

4π

aR2 + (a + 3
√

z2 + b2)
(

a +
√

z2 + b2
)2

(z2 + b2)
3

2

(

R2 +
(

a +
√

z2 + b2
)2

)
5

2

·(6)

The parameters for this kind of model are a, b and M ,
where a is the dimension of the galaxy (or given compo-
nent of the galaxy), b the thickness, and M the mass of
the galaxy or component described by a and b. The ra-
tio a

b
is a measure of the flatness of the component which

becomes a sphere for a
b

= 0.
The in-plane circular velocity vc(R) of a single compo-

nent is then given by:

vc(R, z = 0) =
R
√

GM
(

R2 + (a + b)2
)

3

4

(7)

or, for several components Φi as in all real cases:

v2
c (R) =

∑

i

(

R
∂Φi

∂R

)

z=0

=
∑

i

[

R2GMi

(R2 + (ai + bi)2)
3

2

]

. (8)
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Table 7. NGC 4414 components according to the gravitational
potential model of Miyamoto & Nagai (1975). The factor a

b

indicates the flatness of the component. The total visible mass
is about 7.65 × 1010 M�. The thickness (b) of the negative
component is not well constrained.

Component a (pc) b (pc) M (109 M�)

Nucleus 70 20 2.5

Nucleus 380 30 4.0

Stellar+Gaseous Disk 2500 150 86

Negative component 11 000 500 16

If the disk is now inclined by an angle α from the line of
sight, we could integrate the volumic density ρ along the
line of sight, to obtain the surface density. As the volu-
mic density is proportional to the mass of the component
under consideration, the surface density is too.

Our choice of components was guided by the CO(1–0)
high-resolution rotation curve and by the fact that the
mass profile should follow the HST I-band light in the
center, which is relatively unobscured by gas and dust. In
the outer regions, beyond the interferometer observations,
we have been guided by the fact that the lower resolution
observations show a much lower amount of gas and dust.
We chose the I-band (F814W) surface brightness because:
(a) the light is less biased to the young stellar population,
which represents a small fraction of the mass in a spiral
galaxy, and (b) the absorption of light by dust is less than
in the B or V-bands (F439W and F555W).

Initially, two components were chosen to represent the
dynamics of the galaxy, a small bulge component and a
thin disk component for the rest. The very high central
peak brightness required us to have two central compo-
nents in the end, even if we could not constrain this region
dynamically because no molecular gas is present in the
nucleus. We would like to stress that the decomposition
into M-N components provide mainly convenient analytic

expressions for the potential and density following the ro-
tation curve and light profiles in the appropriate regions.
The components adopted for the “best” model are given in
Table 7. The central components occupy the region with
little or no gas and dust and follow the stellar brightness.
Virtually all of the visible mass is in a single component
which represents the disk, essentially stellar but including
the gas as well. A “negative” component with obviously no
physical meaning was added in order to make the model
fit to the stellar luminosity better in the outer disk; the ef-
fect of this component on the velocities within the visible
disk is negligible (less than 5%) and is of course included
in the calculations.

All of the components are disk-like although the light
distribution is slightly “thicker” in the inner few arcsec-
onds. The shape of the smallest component is influenced
only by the light because it is so small (a = 0.7′′) that at
radii r >∼ few arcseconds the rotation velocity is affected
only by its mass and not shape. The two inner components
(a = 0.7′′ and a = 4′′) enable us to fit the steep rise of the

Fig. 5. Variation of the circular velocity in the galaxy
NGC 4414 with respect to radius and comparison with inter-
ferometric CO(1–0) observational data. The velocities are sky
velocities not corrected for inclination.

Fig. 6. Projected surface density of the Miyamoto-Nagai model
after projection to the same inclination and position angle as
NGC 4414. The ellipses represent circles inclined by 55◦.

rotation curve. Two M-N components are used to model
the stellar + gaseous disk but this should really be viewed
as a single structure of mass 7×1010 M� whose mass den-
sity drops off more quickly with radius than a single M-N
component (a = 2500 pc). This disk simultaneously repro-
duces the inner rotation curve and the luminosity profile
at larger radii, where the dust obscuration is known to
be lower. It also reproduces the observed disk thickness
and inclination. While other, probably more complicated,
mathematical formulations could certainly be used, they
would have to yield the same result.

To better compare our model to the CO data, we
smoothed the model rotation curve using the CO synthe-
sized beam parameters, a 3.28′′×3.0′′ Gaussian beam with
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Fig. 7. B, V, and I band HST luminosity profiles of NGC 4414 with projected model mass density superposed as a function
of radius. Ordinate is in L� pc−2 where L� is the solar luminosity in each of the B, V, and I bands respectively. Solid line is
the mass model after subtraction of the gas mass as described in Sect. 2.3, including helium, and scaled assuming M/L� = 1.5.
Note how insignificant the gas mass is at small radii.

a position angle of 35◦. The observed and model rotation
curves are shown in Fig. 5. An image of the projected sur-
face density of the mass model we have adopted is shown
in Fig. 6. Comparison with the observed HST light profiles
is shown in Fig. 7.

At this stage, our model only contains visible mass
components and these are shown to dominate at radii
less than about 10 kpc (100′′). This enables us to deter-
mine the mass-to-light ratio within the optical disk (next
section).

4. The M/L ratio

The mass in the central regions of a spiral galaxy is com-
pletely dominated by the stellar mass. For NGC 4414 this
can be readily seen by taking the dark mass necessary
to fit the outer point in the HI rotation curve – roughly
1.5 × 1011 M� within the last radius and for a spherical
distribution – and assuming a shape for the halo. For a
rather concentrated “CDM” ρ ∝ r−1 halo (Navarro et al.
1996), ρ(R) = Mtot/2πR3 ∼ 6× 10−4 M� pc−3 where R
is the outer radius of the rotation curve (Fig. 4). At a ra-
dius of 10 pc, the density is then about 2 M� pc−3 and the
mass at r < 10 pc is about 104 M�. The stellar luminosity
is about 105 L� pc−2, yielding a luminosity in the same

region of 3 × 107 L�. Even for an M/L of unity, the dark
matter provides less than 0.1% of the mass in the nucleus.
For ρ ∝ r−1.5 in the halo (Moore et al. 1998, 1999), the
dark mass is still only a few percent of the luminous mass.
Clearly, with less centrally concentrated haloes, as is typ-
ically suggested by observations (Côté et al. 2000; Salucci
2001; de Blok et al. 2001), the central contribution of the
dark matter will be even less.

All the conditions are therefore met to derive the stel-
lar M/L ratio in NGC 4414: (a) the distance is known
to within ∼10%; (b) the central stellar luminosity is well
known and not greatly obscured (we know this from the
CO, HI, and SCUBA observations); (c) all of the other
mass components – dark matter, neutral gas, ionized gas,
have been shown to be negligible compared to the stellar
mass. For all halo profiles yielding the observed outer ro-
tation curve, the luminous mass dominates out to beyond
10 kpc (about 100′′), enabling the stellar M/L ratio to be
determined as for the center, the gaseous component be-
ing sufficiently well quantified. Following the same calcula-
tion as in the previous paragraph, ρ ∝ r−1 and r−1.5 dark
matter profiles yield dark masses of 3–4 × 109 M� and
6–8 × 109 M� within radii of 5 and 7 kpc respectively.
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Fig. 8. Cuts across the major and minor axes of the center of
NGC 4414 as seen in a 160 s exposure with the HST PC in the
F606W filter. For comparison, a cut across a nearby star and
the radial I-band profile used in the mass model are shown.

This is much less than the stellar mass and thus can not
significantly affect our estimates of M/L.

The stellar M/L ratio is then the mass model (after
subtraction of the small gaseous component – Sect. 2.3),
which is dominated by a single component of scale length
2.5 kpc, divided by the stellar luminosity and is shown
in Fig. 9. In the B and V bands the M/L ratio is be-
tween 1.5 and 2 except for radii 5′′ < r < 50′′ where it
reaches about 4 in solar units. The same structure is seen
in the I band but with lower amplitudes – M/L is about
1.5 reaching slightly over 2. It is immediately apparent
that the high M/L ratios in the B and V bands at radii
5′′ < r < 50′′ are due to extinction by the very abundant
dust (Papers I, II, III and Braine et al. in prep.). The in-
trinsic M/L ratio is about or over unity in each of these
bands. The gas mass has been subtracted from the mass
model before calculating the M/L. This has no effect in
the central regions but becomes important at larger radii
(compare gas-subtracted and total mass model curves in
Fig. 7 for M/L=1.5 in the I band).

The increase in M/L at very small radii is not signif-
icant. The HST images of the nucleus of NGC 4414 are
all, or nearly all, saturated. When combined and reduced
to a common 0.1′′ pixel size, the central flux is underesti-
mated. To illustrate this, we compare the central portion
of the I-band profile shown in Fig. 7 with a cut across
the nucleus in a single relatively short F606W filter image
where the nucleus falls in the PC portion (Fig. 8). For sim-
ilar fluxes at 1′′ from the center, the short exposure has
5 times the central flux. Even in this 160 second image,
the two central pixels are identical and only 8% below the

Fig. 9. The variation of the stellar mass to light ratio (Mmodel−

Mgas)/L∗ ratio in NGC 4414 as a function of radius. Note
the much greater variation in the B and V bands due to the
extinction by dust. In the lower panel we show the variation
of the mass to light ratio in the K ′ band (observations by
Thornley & Mundy 1997b) with a very small range in M/L
in order to show the variations which are much smaller than
in the shorter wavelength bands. The central region cannot be
fairly compared as the K ′ band resolution is much lower than
the HST images.

saturated flux of the star about 11′′ away so this image
may be slightly saturated as well.

The fact that we see the nucleus of NGC 4414 is an
important aid because one is then not tempted to in-
voke an unknown bulge component which, although only
a small contributor over the whole disk could well change
the shape of the rotation curve in the inner few kpc. The
inner region is crucial because it is where we are sure that
the stellar mass dominates the dark mass and where our
new high-resolution data provide the necessary informa-
tion. If the center were covered by dust, it would be very
difficult to estimate the bulge component because beyond
the central region the bulge light would have to be sep-
arated from disk light, introducing serious uncertainties.
Seeing the rapid decline in the central luminosity allows
us to determine the central light profile.

4.1. Comparison with other estimates of M/L

Few reliable M/L values are available. Pryor & Meylan
(1993) studied the mass-to-light ratios for 56 Galactic
globular clusters using King-Michie dynamical models.
They found a median value of the M/LV ratio of 2.3.
Dubath & Grillmair (1997) derived a similar medium value
for 9 globular clusters in M 31. This value is slightly higher
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Fig. 10. Model rotation curve for a maximum disk model com-
pared with the high resolution CO(1–0) interferometric data
(full triangle). We present here a maximum disk model with
two possible values of the stellar mass-to-light ratio to account
the rotation velocity curve in the first 10′′ (M/LV = 1.7) and
farther than 20′′ (M/LV = 3.5). The gas mass is negligible in
this zone as can be seen in Fig. 7. We include a ρ ∝ r−1.5 DM
spherical halo which accounts for the Hi rotation velocity in the
outer part of the galaxy but has no effect on our conclusions
here (dashed lines).

than ours (M/LV ≈ 2) in the region where dust is less
obstructing, and clearly consistent with ours because the
stellar population of globular clusters is older than that of
the galactic disk.

In Fig. 9 we show K ′ band mass to light ratio vari-
ations in the galactic disk. The value is nearly constant,
M/LK′ ≈ 0.5, and close to the near infrared mass to light
ratio given by Olling & Merrifield (2001) for the Milky
Way disk, 0.3 < M/LK < 0.7 in solar units, and well
within the range found by Bell & de Jong (2001) through
population syntheses. The K ′ band M/L ratio is low be-
cause of the contribution of giants which have a particu-
larly strong effect due to intrinsically low M/L and their
very red colors. The K ′ band variations are the same as in
the optical bands, but with weaker amplitudes, about 10%
in the K ′ band, 40 % in the I band and reaching factors of
2–2.5 in the V and B bands. These variations result from
absorption of the starlight by dust so fluctuations appear
in the same regions of the galaxy for each band. The longer
wavelength emission suffers less from the extinction so the
variations decrease with wavelength.

The mass to light ratio we show in Fig. 9 can be com-
pared with estimates for other spiral disks, typically ob-
tained through mass modeling with a constant M/L (usu-
ally B band) and yielding results equivalent to maximum
disk (next subsection). Hoekstra et al. (2001) find B band
M/L ratios from 1.2 to 5.8, with an average of 3.5 for full-
sized spirals. The extreme values are not outliers but the
whole range is covered, which intrinsically would not be
expected for spiral disks. We suspect that the large range
mostly reflects the different coverage by dust.

4.2. Comparison with maximum-disk model

In a maximum disk model (van Albada & Sancisi 1986;
Palunas & Williams 2000) the mass distribution follows
the light distribution, the M/L ratio being constant along
the luminous disk. The disks are called maximum be-
cause as much mass as possible is attributed to the stellar
disk without generating circular velocities greater than
observed. Typically, the band used is either B or V. To
compare with our gravitational model we made a maxi-
mum disk model by fitting the HST V-band luminosity
curve. We used four Miyamoto-Nagai components to fit
the V-band luminosity curve. A very similar fit is ob-
tained in B band. We tested two different values of M/LV .
M/LV = 1.7 fits the inner part of the rotation curve at
about 5′′ (a true maximum disk model) and M/LV = 3.5
fits the peak of the rotation curve at about 35′′. To cor-
rectly compare model and observations, we smoothed the
velocity field with the same parameters as described in
Sect. 3, i.e. a 3.28′′ × 3.0′′ Gaussian beam with a position
angle of 35◦. To complete this study of the maximum disk
we included a ρ ∝ r−1.5 spherical halo of Dark Matter.
The mass of the halo was calculated from the Hi data
taking a 1.6 × 1011 M� (M/L = 1.7) or 1.1 × 1011 M�

(M/L = 3.5) sphere with an outer radius of 33.5 kpc (i.e.
360′′). A ρ ∝ r−1 provides a worse fit but the results in
this section are quite independant of the dark matter halo.

It appears clearly that the velocities generated by a
maximum disk (M/L = 3.5) are too high from about 5′′

to 15′′ (500 to 1500 pc) and that the dark matter halo pro-
vides no solution to the problem. The difference is much
greater than the observational uncertainties. Lowering the
M/L ratio to fit the velocities at small radii (M/L = 1.7),
say 500 pc, requires a very unphysical dark halo shape.

This shows that a constant M/L ratio, particularly in
a short wavelength band such as B or V , is inappropriate.
Were the nucleus covered or partially covered by dust, and
thus less luminous, we might not have been able to show
that M/L cannot be constant.

4.3. The intrinsic M/L ratio

The near constancy of M/L at 2.1 µm suggests that the
underlying M/L ratio is single-valued over the disk. This is
supported by the fact that the increases in K ′ band M/L
occur at the same positions as in the B and V bands,
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Table 8. Intrinsic stellar mass to light ratios, corrected for
extinction by dust. First column specifies the band, where
B refers to the 439W filter, V the 555W, and I the 814W as
given in Table 4. Second column is M/L before correction; third
column is extinction expressed as optical depth and in mag. in
Col. 4. Last column gives our estimate of the intrinsic M/L.

Band Observed M/L τext A corrected M/L

55′′ >∼ r >∼ 70′′

B 1.7 0.7 0.76 0.85

V 1.9 0.54 0.58 1.1

I 1.4 0.3 0.33 1.0

K′ 0.46 0.05 0.05 0.42

with a much lower amplitude as expected for extinction,
so the overall K ′ band M/L is very close to its value where
less extinction is present, about [M/L]K′ ≈ 0.5. Below we
attempt to estimate the intrinsic M/L ratio of the stellar
population of the disk of NGC 4414.

The M/L ratios in all bands reach roughly constant
levels at radii r >∼ 50′′, outside of the star-forming molec-
ular ring. Without prior knowledge of the intrinsic (unred-
dened) colors, the best way to estimate the extinction is
through the atomic gas column density. The HI column
density at these radii is about 2× 1021 cm−2 (Thornley &
Mundy 1997b), such that on average the stellar light will
be extincted by about 1021 cm−2. From Fig. 8 of Draine
& Lee (1984), we estimate τext ≈ 2.3× 10−26NH/λ at the
wavelength of the F814 filter and with λ expressed in cm,
NH in cm−2. This leads to an I band (F814) extinction of
about 0.3 in the regions where the I band M/L reaches a
plateau at 1.4.

From Draine & Lee (1984) we estimate the extinction
ratio between the HST I and V bands to be about 0.56,
between the values given by Rieke & Lebofsky (1985) and
Cohen et al. (1981). Similarly, the HST B to V band ex-
tinction ratio should be about 1.3, again between the val-
ues given by Rieke & Lebofsky (1985) and Cohen et al.
(1981). We estimate the ratio between K ′ and V band
extinctions to be about 0.09, slightly lower than in Rieke
& Lebofsky (1985) and in agreement with Cohen et al.
(1981). Using these extinctions to correct the observed
mass to light ratios leads to M/L ratios of roughly unity
in the B, V, and I bands. The results are summarized in
Table 8.

These values should be viewed as upper limits, al-
though they are likely quite close to the reality, because
extinction due to molecular gas has not been included.
Molecular clouds are smaller denser objects that HI clouds
and are closer to the galactic plane. Thus, they may very
strongly obscure a small fraction of the starlight, causing
a minor overestimate of the mass to light ratio. At smaller
radii the covering fraction of the clouds is certainly signif-
icantly higher.

In the molecular ring, the extinction is roughly 1.6 mag
in B, 1.3 in V, 0.9 in I, and 0.2 in K ′, assuming
that the corrected M/L ratios given above are accurate.

In upcoming papers we plan to determine the extinction
more accurately by avoiding the azimuthal symmetry hy-
pothesis and studying the whole galaxy point by point.
Population syntheses may also help to constrain the in-
trinsic colors and M/L ratios, using the values here as a
starting point. These issues are beyond the scope of this
paper.

5. Conclusion

This work leads to the following conclusions:

– The mass model is constrained by the light distribu-
tion in the central few hundred parsecs (r <∼ 4′′) and at
large radii (r >∼ 50′′) and by the high-resolution rotation
curve at intermediate radii. A single component dominates
the mass over the whole disk so the agreement between the
outer light distribution and rotation curve at smaller radii
is natural.

– Because the central few hundred parsecs are not cov-
ered by dust, we are able to unambiguously show that a
constant M/L ratio in the B or V bands is highly incorrect
due to extinction at radii of 5′′<∼ r <∼ 50′′. A low M/L (1
or 2) requires an enormous, unphysical, DM contribution
at radii greater than 15′′(1.5 kpc). A higher M/L (e.g. 3)
gives far too much mass to the bright central region such
that the calculated rotation velocities are far greater than
observed at 5′′<∼ r <∼ 20′′.

– The M/L ratio, shown in Fig. 9, reaches about 4
in the highly obscured radii 5′′<∼ r <∼ 50′′in the B and
V bands but is below 2 in the center and the less obscured
outer regions. The I band M/L ratio shows the same struc-
ture as in B and V but only varies between 1.4 and 2. At
the longer K ′ (2.1 µm) wavelength, the M/L ratio is al-
most constant at about 0.5 M�/L�,K′ but again shows
the same absorption regions as in B, V and I.

– The intrinsic stellar M/L ratio, corrected for extinc-
tion, is close to unity in the B, V, and I bands, and only
0.4 or so in K ′ band (Table 8). If the recent Freedman
et al. (2001) distance is correct, then the M/L given here
should be raised by 8.5%, well within the uncertainty of
this work.

All of our conclusions deal with the optical disk of
NGC 4414 where the visible matter dominates the rota-
tion velocities, such that the uncertainties linked to the
DM distribution have no effect on these conclusions. In
a companion paper we use our knowledge of the visible
mass distribution to constrain the shape of the dark mat-
ter envelope.
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Abstract. We investigate the process of galaxy formation as can be observed in the only currently forming galaxies
– the so-called Tidal Dwarf Galaxies, hereafter TDGs – through observations of the molecular gas detected via
its CO (Carbon Monoxide) emission. These objects are formed of material torn off of the outer parts of a spiral
disk due to tidal forces in a collision between two massive galaxies. Molecular gas is a key element in the galaxy
formation process, providing the link between a cloud of gas and a bona fide galaxy. We have detected CO in
8 TDGs (two of them have already been published in Braine et al. 2000, hereafter Paper I), with an overall
detection rate of 80%, showing that molecular gas is abundant in TDGs, up to a few 108 M�. The CO emission
coincides both spatially and kinematically with the HI emission, indicating that the molecular gas forms from the
atomic hydrogen where the HI column density is high. A possible trend of more evolved TDGs having greater
molecular gas masses is observed, in accord with the transformation of HI into H2. Although TDGs share many
of the properties of small irregulars, their CO luminosity is much greater (factor ∼100) than that of standard
dwarf galaxies of comparable luminosity. This is most likely a consequence of the higher metallicity ( Í 1/3 solar)
of TDGs which makes CO a good tracer of molecular gas. This allows us to study star formation in environments
ordinarily inaccessible due to the extreme difficulty of measuring the molecular gas mass. The star formation
efficiency, measured by the CO luminosity per Hα flux, is the same in TDGs and full-sized spirals. CO is likely
the best tracer of the dynamics of these objects because some fraction of the HI near the TDGs may be part of
the tidal tail and not bound to the TDG. Although uncertainties are large for individual objects, as the geometry
is unknown, our sample is now of eight detected objects and we find that the “dynamical” masses of TDGs,
estimated from the CO line widths, seem not to be greater than the “visible” masses (HI + H2 + a stellar
component). Although higher spatial resolution CO (and HI) observations would help reduce the uncertainties,
we find that TDGs require no dark matter, which would make them the only galaxy-sized systems where this is
the case. Dark matter in spirals should then be in a halo and not a rotating disk. Most dwarf galaxies are dark
matter-rich, implying that they are not of tidal origin. We provide strong evidence that TDGs are self-gravitating
entities, implying that we are witnessing the ensemble of processes in galaxy formation: concentration of large
amounts of gas in a bound object, condensation of the gas, which is atomic at this point, to form molecular gas
and the subsequent star formation from the dense molecular component.

Key words. stars: formation – galaxies: evolution – galaxies: formation – galaxies: interactions – galaxies: ISM –
cosmology: dark matter

1. Introduction

Tidal Dwarf Galaxies (TDGs) are small galaxies which are
currently forming from material ejected from the disks of
spiral galaxies through collisions. They allow us to ob-

Send offprint requests to: J. Braine,
e-mail: braine@observ.u-bordeaux.fr

serve processes – galaxy formation and evolution – similar
to what occurred in the very early universe but in very lo-
cal objects. As a consequence, they can be studied with a
sensitivity and a resolution unimaginable for high-redshift
sources. Because galactic collisions can be well repro-
duced through numerical simulations, it is possible to ob-
tain good age estimates for the individual systems (e.g.
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Duc et al. 2000). The formation of TDGs is not exactly
the same as what happened during the major episode of
galaxy formation in that the material which TDGs are
made from is “recycled”, as it was already part of a galaxy.
In particular, the presence of metals, both in gas and
as dust, facilitates the cooling of the gas and the forma-
tion of H2 molecules. Nevertheless, both for TDGs and in
the early universe, the galaxy formation process involves
clouds of atomic hydrogen (HI) gas gradually condensing
through their own gravity, becoming progressively denser,
fragmenting, forming molecular gas from the atomic ma-
terial, and then forming stars. How this occurs in detail
at high redshift is unknown and is one reason for studying
TDGs.

Perhaps the least well known of these processes is
the transformation of atomic into molecular gas because
of the difficulty of observing molecular gas in very low-
metallicity environments (e.g. Taylor et al. 1998). Because
TDGs condense from matter taken from the outer disks
of spiral galaxies, the metallicity of the gas they contain is
typically only slightly subsolar as opposed to highly subso-
lar for small dwarf galaxies (Duc et al. 2000). The metal-
licity dependent CO lines can thus be used as a probe of
the molecular gas content as in spiral galaxies.

Using the word “Galaxy” implies belief that they are
kinematically distinct self-gravitating entities (Duc et al.
2000) and indeed this has remained one of the major ques-
tions about these small systems. The detection of large
quantities of molecular gas, formed in all likelihood from
the conversion of HI into H2, indicates that the central re-
gions are gravitationally bound entities, dynamically dis-
tinct from the tidal tails (Duc & Mirabel 1998). Not all
of the material in the vicinity is necessarily bound to the
condensing region, however, nor are we sure that TDGs
will not fall back onto the parent merger at some time. The
CO belongs to the bound regions and as such could be an
excellent tracer of total (dynamical) mass, either through
a rotation curve or through the size and linewidth. TDGs
form at the ends of tidal tails and as such are made of
the parts of spiral disks with the most angular momen-
tum – the exterior. This is also where the need for dark
matter in spirals is greatest. If dark matter in spirals is in
a halo, then little of it should be projected out, and into
TDGs, due to the lack of angular momentum (Barnes &
Hernquist 1992). This should make TDGs the only known
galaxies without significant quantities of dark matter. On
the other hand, if TDGs are shown to contain dark matter
as other dwarf galaxies, then the unseen material presum-
ably lies in the outer disks of spirals, not following con-
ventional cold dark matter (CDM) wisdom (e.g. Peebles
1982; Blumenthal et al. 1984).

TDGs, and dwarf galaxies in general, contain lots of
gas, a highly varying amount of star formation, and usu-
ally an older stellar component (Weilbacher et al. 2000).
They are found at the ends of tidal tails which can reach
100 kpc from the nuclei of the parent galaxies. Hα emis-
sion, showing that young stars are present, is typically
found at or very near the peak HI column density. The

first detections of molecular gas in TDGs (Braine et al.
2000, hereafter Paper I) showed that there was a tight link
between the CO and the HI. In this paper, we present fur-
ther detections of molecular gas, via the CO lines, in tidal
dwarf galaxies. Table 1 lists the systems we have observed
along with the TDG coordinates.

The study of TDGs influences three areas of astron-
omy: star formation, dark matter, and galaxy formation.
We adopt this as the layout for this article. After present-
ing the observations (Sect. 2), we explore the unique pos-
sibility provided by TDGs to study star formation in the
dwarf galaxy environment, due to the metallicity which
allows us to detect molecular lines as in spirals (Sect. 3).
The following section describes the phase of collapse
and the ensuing transformation of atomic into molecular
gas. The link between dynamical and “visible” masses, the
need for dark matter, and the consequences are dealt with
in Sect. 5. TDGs are not the only systems where molecu-
lar gas is detected in unusual places and we present these
cases briefly in Appendix A. Appendix B provides new
data for the central galaxies.

2. Observations and results

Our sample consists of interacting systems for which an
extensive set of optical and radio (HI) data already ex-
ist in the literature. They are listed in Table 1 and their
properties presented in Table 2. Further optical observa-
tions, some of which are still unpublished, are described
in Table 3.

During observing runs in June and November 1999,
and March and September 2000 we observed the CO(1–0)
and CO(2–1) lines at 115 and 230 GHz with the 30 me-
ter antenna on Pico Veleta (Spain) run by the Institut de
Radio Astronomie Millimétrique (IRAM). Dual polariza-
tion receivers were used at both frequencies with, typi-
cally, the 512 × 1 MHz filter backends on the CO(1–0)
line and the autocorrelator for the CO(2–1). Pointing
was monitored on nearby quasars every 60–90 min and
found to be accurate to ≈3′′ rms. Before observing each
source of interest (the TDG), we checked the frequency
tuning by observing the Orion RC2 or Sagitarius B2 for
which observations and line identifications are available
(Turner 1989; Sutton et al. 1985) over the entire frequency
range. System temperatures were typically quite good,
150–200 K and 200–300 K at 115 and 230 GHz respec-
tively on the T ∗

a scale. IRAM forward (main beam) effi-
ciencies are 0.9 (0.72) and 0.84 (0.48) at 115 and 230 GHz
respectively. IRAM half-power beamsizes are 21′′ and 11′′

at 115 and 230 GHz respectively. All CO spectra and in-
tensities are given using the main beam temperature scale.

In observations performed in a very similar way,
NGC 5291 and the associated TDGs were observed at
the SEST1 15 m telescope in July 1998; NGC 2992/3

1 Based on observations collected at the ESO, La Silla, Chile.
Num 61.A-0602; 64.N-0163.
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Table 1. Coordinates, velocities, and distances (H0 = 75 kms−1 Mpc−1) of observed systems. The 4th column gives the velocity
as vopt = cz where z is the redshift. The Arp 105 and Arp 245 systems were presented in Braine et al. (2000). Stephan’s Quintet
is Hickson Compact Group 92 (Hickson 1982).

Source RA Dec Vopt Dist. Short description

J2000 J2000 cz, km s−1 Mpc

NGC 7252W 22 20 33.6 –24 37 24 4822 64 advanced merger, spiral + spiral

NGC 4038S 12 01 25.6 –19 00 34 1660 22 early stage merger, spiral + spiral

NGC 4676N 12 46 10.5 +30 45 37 6700 90 early stage merger, spiral + spiral

NGC 5291N 13 47 20.5 –30 20 51 4128 58 collision of spiral + lenticular

NGC 5291S 13 47 23.0 –30 27 30 4660 58

NGC 7319E 22 36 10.3 +33 57 17 6600 90 Stephan’s Quintet: tail from spiral NGC 7319

NGC 2782W 09 13 48.5 +40 10 11 2553 33 advanced merger?

IC 1182E 16 05 42.0 +17 48 02 10090 135 advanced merger, spiral + spiral?

UGC 957 01 24 24.4 +03 52 57 2145 28 NGC 520 system, spiral + spiral

Table 2. Sample of Tidal Dwarf Galaxies and related objects. CO observations (and thus molecular gas masses) are from this
paper except for Arp 245N and Arp 105S which were presented in Paper I. Except where noted, the CO data are in the CO(1–0)
line. We have attempted to estimate the HI column density (Col. 6) over an area similar to that of the CO beam. Data for
NGC 4676N includes both positions observed (ICO and NHI are averages, SCO and Mmol are total).

System TDG ICO SCO Mmol NHI LHα metallicity

K kms−1 Jy kms−1 108 M� 1020 cm−2 1039 erg s−1 12+log(O/H)

Arp 245 Arp 245N 1.3 ± 0.1, 2.0 ± 0.5a 6.2b ∼1.5(1) 23(2) 7.4(2) 8.6(2)

Arp 105 Arp 105S 0.3 ± 0.05 1.5 2.2(1) 3.2(3) 10–20(4) 8.4(4)

NGC 4676 NGC 4676N 0.13 ± 0.02 1.2 1.1 9.5(5) 10–20(6)

NGC 7252 NGC 7252W 0.27 ± 0.05a 1.3 0.2 Î 5(7) 1.0(8) 8.6(8)

NGC 4038 NGC 4038W 0.2 ± 0.06a 1.0 0.02 ∼10(9) 1.7(10) 8.4(10)

NGC 2782 NGC 2782W Ï 0.1 Ï 0.5 Ï 0.06 Î 10(11)

IC 1182 IC 1182E Ï 0.06 Ï 0.27 Ï 0.5 ∼9(12) 8.4(13)

NGC 5291 NGC 5291N 0.3 ± 0.07 5 1.9 13(14) 8.9(15) 8.4(15)

NGC 5291 NGC 5291S 0.4 ± 0.1 8 2.9 7(14) 4.4(15) 8.5(15)

Stephan’s Quintet NGC 7319E 1.1 ± 0.06 5.2 4.5 Î 7(16) 13.6(17)

NGC 520 UGC 957 Ï 0.07 Ï 0.33 Ï 0.03 2.5(18)

a CO(2–1) measurement.
b Extended source, central flux only.
In addition to this paper, references are: 1 = Paper I; 2 = Duc et al. (2000); 3 = Duc et al. (1997); 4 = Duc & Mirabel (1994),
Hα flux is estimated from the long slit data; 5 = Hibbard, priv. comm.; 6 = estimated from Hibbard & van Gorkom (1996);
7 = measured from Hibbard et al. (1994) HI observations, expressed as lower limit because CO beam is smaller; 8 = Duc (1995);
9 = van der Hulst (1979), Hibbard, priv. comm.; 10 = Mirabel et al. (1992); 11 = Smith (1994), expressed as lower limit because
CO beam is smaller than the rectangle for which the average column density is given; 12 = Dickey (1997), where IC 1182E is
called ce-061; 13 = estimated from spectrum in Bothun et al. (1981); 14 = Malphrus et al. (1997), estimated for SEST CO(1–0)
resolution; 15 = Duc & Mirabel (1998); 16 = Shostak et al. (1984), expressed as lower limit because CO beam is much smaller;
17 = Xu et al. (1999), corrected for NII contamination but not extinction; 18 = estimated from Hibbard & van Gorkom (1996)
Fig. 16.

(Arp 245) was observed at the SEST in Nov.
1999. Acousto-optical spectrometers were used as back-
ends for both the CO(2–1) and CO(1–0) transitions.
SEST beamsizes are respectively 43′′ and 22′′ at 115 and
230 GHz. Pointing was found to be reliable to ≈4′′ rms
and beam efficiencies are similar to those at IRAM.

The data reduction was simple. Spectra were summed
and a very small continuum level, corresponding to the av-

erage difference between the atmospheric emission in the
ON and OFF positions, was subtracted. For NGC 5291N
and NGC 4676N CO(2–1) a first order (i.e. linear) baseline
was subtracted.

CO detections were obtained for the NGC 7252
West (hereafter NGC 7252W), NGC 4676 North (here-
after NGC 4676N), NGC 5291 North and NGC 5291
South (hereafter NGC 5291N and NGC 5291S), Stephan’s
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Fig. 1. V -band image of the NGC 7252 “Atoms For Peace” system with two tidal dwarfs, NGC 7252W and NGC 7252E,
the latter of which was not observed in CO. The image is saturated to show the stars in the tidal tails. The green contours
represent HI column densities (Hibbard & van Gorkom 1996) of 2, 3, 4, 5 ×1020 cm−2 at 27′′ × 16′′ resolution. Circles show
the positions observed in CO; the size of the circle is that of the CO(1–0) beam. Above the image the spectra of the Western
TDG, NGC 7252W, and the center of the merger are shown and color coded as follows: HI as thick dotted green, CO(1–0) as
black and CO(2–1) as dashed red. The velocities are in kms−1 and the left vertical scale gives the intensity in mJy per beam
for the HI and mK for the CO(1–0). The right vertical scale indicates the CO(2–1) line strength in mK. CO observations are
presented on the main beam temperature scale.

Quintet source “B” (hereafter NGC 7319E), and very
probably the NGC 4038/9 South (“The Antennae”,
hereafter NGC4038S) TDGs. Figures 1–7 show opti-
cal images of these galaxies with contours showing the
HI emission. All coordinates are given in the J2000
coordinate system. No detection was obtained of the tidal
dwarf associated with the IC 1182 system. The western

tail of the NGC 2782 (Arp 215) system was also observed
with no CO detection, confirming the Smith et al. (1999)
non-detection. The western HI tail of NGC 2782 has pre-
sumably not had time to condense into H2 and for star for-
mation to begin (see below). UGC 957, possibly a TDG
linked to the NGC 520 merger (Arp 157), was not de-
tected in CO. The compact tidal dwarf associated with
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Fig. 2. The NGC 5291 system: R band image (Duc & Mirabel 1998) with HI contours (Malphrus et al. 1997) superimposed.
First HI contour and contour spacing is 5× 1020 cm−2; the spatial resolution is 26′′ × 15′′. Spectrum is color coded as in Fig. 1;
for the top spectrum, the left scale indicates both CO(1–0) and CO(2–1) intensity in mK. HI spectra are in arbitrary units.
The circles mark the positions observed in CO and their spectra are adjacent.

the NGC 3561 (Arp 105) system, Arp105S, and the tidal
dwarf of the NGC 2992/3 (Arp 245) system, Arp245N,
were detected in the first run and described in Paper I.
The immediate result is that almost all sources were de-
tected in CO.

In Figs. 1–7 we present the CO spectra of the detected
TDGs with the HI spectrum, when available, superim-
posed in order to illustrate the great similarity. The fig-
ures are color-coded such that HI, when present, is al-
ways a full green contour on the optical images and a
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Fig. 3. The Arp 245 (NGC 2992/3) system: V band image with HI contours (Duc et al. 2000) superimposed in green. HI
contours are 2, 4 (full), 8 (dashed), 12 (dotted), 16 (thick), and 20 (thick dashed) ×1020 cm−2. The black circles show the
CO(1–0) beamwidth, small for IRAM and large for SEST, and mark the positions observed in CO. The top six spectra are of
the TDG at the positions of the circles from North to South and below are the spectra of the centers of NGC 2992 and 2993
(bottom), where the scale indicates CO(1–0) intensity in mK; HI spectra are in arbitrary units. The new CO spectra have been
added to the data presented in Paper I.

thick dotted green line on the spectra, in arbitrary flux
units except when specified otherwise in the figure cap-
tion. CO spectra are in milliKelvins (mK), take a full black

line, and follow the left y-axis scale. When both CO(2–1)
and CO(1–0) are present, the CO(1–0) takes a full black
line and follows the left y-axis scale while the CO(2–1)
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Fig. 4. UK Schmidt Digital Sky
Survey image of The Antennae
(NGC 4038/9). Middle panel shows
overall optical view and lower panel
shows a close-up of the TDG with
HI (green) contours of 2, 4, and
6 × 1020 cm−2 at 46 × 33′′ reso-
lution on optical. All HI here is
from Hibbard et al. (in prep); see
also published HI observations by
van der Hulst (1979). The circle
marks the position observed in CO.
The CO(2–1) spectrum (black line,
left scale) and high resolution HI
spectrum (dotted green, arbitrary
units) are shown in the top panel.
The tentative detection of a wide
CO line in the TDG with a peak
at v ≈ 1600 kms−1 by Gao et al.
(2001) is not confirmed.
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Fig. 5. The NGC 4676 “The Mice” system: R band image with
green HI contours (Hibbard & van Gorkom 1996) superim-
posed. First HI contour and contour spacing is 2.5×1020 cm−2;
the spatial resolution is 12′′. The circles mark the positions ob-
served in CO and the TDG spectra are at the top right and and
the spectra of the center of NGC 4676a (Northern spiral) at
the top left. The TDG CO spectra are the sum of the two po-
sitions towards the end of the tidal tail. The CO(2–1) spectra
(red, dashed) follow the red right scale and the HI spectrum is
in arbitrary units.

Fig. 6. Hubble Space Telescope V -band mosaic of Stephan’s
Quintet. Spectrum is CO(1–0) emission and the circle marks
the position observed in CO, which is the HI column density
peak as observed by Shostak (1984). The zero velocity corre-
sponds to cz = 6600 kms−1. NGC 7320 is a foreground galaxy.

Table 3. Optical observations of TDGs.

System Date Tel./Instr. Reference

Arp 245 Mar. 95 NTT/EMMI Duc et al. (2000)
NGC 4038/9 DSS
NGC 4676 Feb. 94 CFHT/MOS this paper
NGC 5291 Jul. 94 NTT/EMMI Duc & Mirabel (1998)
NGC 7252 Jul. 94 NTT/EMMI Duc (1995)
IC 1182 Jun. 99 INT/WFC this paper
Steph. Quint. Jun. 99 HST/WFPC Gallagher et al. (2001)

takes a red dashed line and follows the right y-axis scale
if different from the CO(1–0). For the CO non-detections,
the resulting (1σ) limits to the molecular gas mass have
been calculated assuming that the CO line is as wide as
the HI line and for detections and non-detections alike we
used a N(H2)/ICO factor of 2 × 1020 cm−2 ( Kkm s−1)−1

(e.g., Dickman et al. 1986).
Thus

MH2
= Ico N(H2)/ICO D2Ω 2mp (1)

where Ico is the average CO line intensity expressed in
K km s−1, D the distance, mp the proton mass, and Ω
the solid angle over which the source emission is averaged.
In order to obtain the total mass within the molecular
gas clouds, Helium must be included such that Mmol =
MH2

/fH where fH is the hydrogen fraction by mass,
fH ∼ 0.73. For a single pointing with a Gaussian beam of
full width at half power θFWHM , Ω = 1.13θ2

FWHM . This
is generally sufficient for our observations but becomes
quite complex when attempting a comparison with data
on nearby dwarf galaxies given the variety of sizes, tele-
scopes, sampling intervals, and even temperature scales.
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Fig. 7. R band image of the IC 1182 system. Triangles mark the positions observed and the circles show the CO(1–0) beamsize
on the TDG (yellow) and merger remnant (white). Green contours indicate the HI column density (Dickey 1997) and are
at 3, 4, 6, and 8 × 1020 cm−2. The zero velocity corresponds to cz = 10 090 km s−1 which is the HI velocity of the TDG.
The TDG spectrum (left) is a sum of the CO(2–1) and CO(1–0) in order to get the best sensitivity possible. We treat this
as a non-detection whose integrated intensity, or upper limit, is that of the vague “line”, real or not, at the 1.5–2σ level at
a velocity of about 20 km s−1. The spectra seen to the right show the large quantity of molecular gas in the merger remnant,
Mmol Ð 5×109 M� with the CO–H2 factor as used throughout this work. The gas is in rotation with the approaching (Eastern)
side at the HI velocity of the TDG.

Therefore we translate all tabular data into line fluxes ex-
pressed in Jy km s−1, as opposed to K km s−1. In this way,
one need not worry about telescope, beamsize, etc.

Sco = Ico Ω 2kν2c−2 Jy−1 (2)

where Sco is in Jy km s−1. Jy−1 = 1023 erg−1 s cm2 Hz
serves only to convert flux to Jy km s−1. Then

Mmol = D2 Sco
2mp

fH
N(H2)/ICO

c2Jy(1 + z)2

2kν2
0

· (3)

For D in Mpc, N(H2)/ICO = 2×1020 cm−2( K km s−1)−1,
ν0 = 115.273 GHz (the CO(1–0) transition), and z ≈ 0,
this becomes

Mmol = 1.073× 104 D2
Mpc Sco M�. (4)

For NGC 7252W and NGC 4038S, only the CO(2–1) line
was detected and so this was used to estimate the H2 mass
via Eq. (3) but with ν0 = 230 GHz instead of 115 GHz
and assuming an intrinsic CO( 2−1

1−0 ) line ratio of 0.75. In
these two sources the CO emission may well be optically
thin so the molecular gas mass should be viewed as an
upper limit. In NGC 4676N, the two areas (see Fig. 5)
were added together, so the molecular gas mass refers to
the sum of the two positions. All derived molecular gas
masses are given in Table 2; they range from 2 × 106 M�

to 4.5× 108 M� with an average value of 1.8× 108 M�.

3. Star formation in TDGs and other dwarf

galaxies

The most striking difference between TDGs and dwarf
galaxies not identified as tidal is their high CO luminosi-
ties (see Fig. 8), roughly a factor 100 higher than for other
dwarf galaxies of similar luminosity and star formation
rate. The most important factor responsible for this dif-
ference is certainly the metallicity. As the metallicity in-
creases, the CO lines become optically thick over a larger
area and larger velocity range. Furthermore, the shielding
against UV radiation due to both CO molecules and dust
increases as well. For this reason, a change in metallicity
is expected to have a stronger effect in a UV-bright en-
vironment (e.g. Wolfire et al. 1993; Braine et al. 1997,
Sect. 7.3).

The metallicities of TDGs are (from [OIII]/Hβ line ra-
tios) clustered around 12 + log(O/H) = 8.5 independent
of luminosity (Duc et al. 2000) whereas non-TDGs obey
a luminosity-metallicity relation (Skillman et al. 1989).
Inspection of the available CO data on dwarf galaxies (see
Table 4 and Taylor et al. 1998 and references therein), re-
veals that up to now, there are probably no real CO detec-
tions at 12 + log(O/H) < 8, corresponding to MB & −15
(the reported detection of CO in I Zw 36 was not con-
firmed by Arnault et al. 1988). The detection of several
TDGs at MB > −15 confirms that metallicity is indeed a
key element and that luminosity is not a problem for the
detection of molecular gas in TDGs as long as sufficient
HI is present.
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We illustrate some of the differences between TDGs,
standard dwarf galaxies, and normal spirals in Fig. 8,
where we show the molecular gas content derived from
the CO luminosity, normalized by the star formation rate
(from Hα flux) or the HI mass, as a function of luminos-
ity and metallicity. Assuming that star formation can be
traced via the Hα line, we estimate the star formation rate
(SFR) as

SFR = 5 × 10−8LHα/L� M� yr−1. (5)

(Hunter & Gallagher 1986). The CO/Hα flux ratio, ex-
pressed as a gas reservoir divided by star formation rate
(SFR) is thus equivalent to a gas consumption time. We
have assumed that close to half of the ionizing photons are
lost to dust. Note that these calculations are for a Salpeter
(1955) IMF (N(m) ∝ m−2.35) from 0.1 to 100 M�. For an
“average” spiral we have assumed LB ∼ 2×1010 LB,� and
taken the Kennicutt (1998) sample for which the average
Mmol/SFR = 1.5 × 109 yrs with a dispersion of a factor
three. In this calculation, we have converted Kennicutt’s
values back to the observables (CO, Hα fluxes) and then
used the SFR/Hα and N(H2)/ICO values used in this
paper.

The top panel of Fig. 8 shows that while the lumi-
nosity range of TDGs is indeed typical of dwarf galaxies,
their Mmol/SFR ratio (equivalent to CO/Hα) is rather
typical of spirals and much higher (about a factor of 100)
than in dwarf galaxies. The middle panel of Fig. 8 presents
the Mmol/SFR ratio as a function of oxygen abundance
and the lower panel the Mmol/MHI ratio. TDGs appear to
have more molecular gas than other dwarf galaxies even
if they are of the same metallicity – the reason for this
is unclear and might indicate that metallicity is not the
only parameter. A higher HI surface density in TDGs that
would enable molecular gas to form more easily can be ex-
cluded as a possible reason: The dwarf galaxies of Table 4
for which HI observations with sufficient resolution exist
(NGC 1569, NGC 4449 and NGC 6822) show HI surface
densities above 1021 cm−2 in the CO emitting region –
values that are of the same order as found in the TDGs
(Table 2). Some lower metallicity dwarf galaxies with no
detected CO emission (Taylor et al. 1998) have very high
HI column densities – e.g. DDO 210 and DDO 187 (Lo
et al. 1993), Sextans A (Skillman et al. 1988), or UGC 4483
(Lo et al. 1993).

The current observations show that in TDGs, as in
spiral galaxies, CO is likely a good tracer of H2 and the
N(H2)/ICO conversion factor does not seem to be rad-
ically different in TDGs and in spirals. The similar gas
consumption times also indicate that star formation pro-
ceeds in a similar way in both spiral disks and small irreg-
ular systems as TDGs.

What can we learn about star formation from the ap-
parent similarity of TDGs and spirals? Star formation in
spiral disks can be well described by a Schmidt (1959)
law (SFR ∝ (Mgas/surface area)n), with a constant ex-
ponent n, when including a threshold for the onset of
star formation (Kennicutt 1989). The similarity of the

SFE in TDGs and spirals provides evidence that a sim-
ilar discription might be valid in TDGs. From our data
we cannot say anything about the threshold for the on-
set of star formation because we lack spatial resolution.
Kennicutt (1989) derived coherent results when applying
the Toomre (1964) “Q” criterion Q =

vgasκ
πGΣgas

– where κ is

the epicyclic frequency, vgas the velocity dispersion of the
gas, and Σgas the gas surface density – to a sample of spi-
rals. This is, however, no definite proof that the large-scale
elements in “Q” are indeed those that determine whether
the star formation, which is small-scale physics, occurs.
The Toomre criterion as it stands is by definition not ap-
propriate in systems which are not clearly rotating. If the
threshold for the onset of star formation would be found to
be similar in spirals and in TDGs, then the “Q” criterion
is likely not the appropriate controlling factor in spirals.
It is, however, remarkable that the gas consumption time,
the inverse of the SFE, appears not very different in spiral
disks, dominated by the stellar mass, and dwarf galaxies
which are dominated by the gaseous mass.

4. TDG Formation and the transformation

of HI into H2

We argue here that it is now possible to follow the TDG
formation process from ejection to gravitational collapse
to the conversion of HI into H2 and the subsequent star
formation.

4.1. Ejection and collapse

The formation of tidal tails from disk galaxies has been
studied in detail through numerical simulations (e.g.
Barnes & Hernquist 1992; Hibbard & Mihos 1995; Springel
& White 1999). Every collision is unique because of the
number of important parameters of the collision – spin
and orbit directions, angle of disks with respect to orbit
plane – as well as the unknown initial properties of the
galaxies involved in the collision, which greatly vary from
one system to another judging from the variety seen in
non-interacting galaxies. Relatively thin tidal tails, as are
typically observed in systems where TDGs are present, can
be readily reproduced (Hibbard & Mihos 1995) by simu-
lations. A fairly typical tail width is of the order of 3 kpc,
or 1022 cm (see figures in Mihos 2001). Typical collision
ages are 1–5 ×108 yrs, setting an upper limit to the age
of the forming galaxy. We must then have

age > tfree−fall =
√

R3/GM ≈ 5 × 107 n−1/2 yrs (6)

where n is the gas density in cm−3. We have not included
the mass of stars ejected from the spiral disk, which may
reduce the free-fall time slightly in some cases, but the
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Fig. 8. (Top): comparison of gas consumption time,
Mmol/SFR, which is the inverse of the frequently used Star
Formation Efficiency (SFE), as a function of blue luminosity
for the different categories of galaxies. Small filled triangles
represent the TDGs (data from Tables 2 and 5), open tri-
angles the regular dwarf galaxies (data from Table 4), and
the star an average spiral as taken from Kennicutt (1998),
similar in position on the diagram to the Milky Way. For
Arp 245N values are for the CO-detected area, not just the
center. The smaller stars give the range for “average” spirals.
(Middle): as above but as a function of oxygen abundance.
(Bottom): molecular to atomic gas mass ratios as a function
of oxygen abundance. NGC 4214 has been moved slightly to
the right to make it visible and the up arrow is because the
HI mass is for a substantially greater area than covered by the
CO observations. The same N(H2)/ICO value has been used
for all galaxies, irrespective of metallicity or other influences,
so Mmol is likely underestimated by a varying factor for the
non-TDG dwarf galaxies.

current stellar luminosity from TDGs is generally domi-
nated by the new (formed in situ) population (Weilbacher
et al. 2000). Although the ratio differs greatly from one
TDG to another (e.g. Fig. 10), the gas masses are fre-
quently greater than the stellar masses. Furthermore, only
the gaseous component will contract and cool.

In order to form a galaxy, the relevant part of the tidal
arm must then have a density of n & 0.1 cm−3. This co-
incides very well with typical column densities towards
tidal dwarf galaxies, N(HI) ∼ 1021 cm−2, whereas most
tidal arm material has substantially lower gas column den-
sities. Such a column density criterion could also explain
why, such as is perhaps the case for the NGC 4038/9 TDG,
several “hotspots” are present but the future galaxy is not
yet well-defined.

4.2. CO emission and H2 formation

In our paper presenting the first CO detections in TDGs
(Braine et al. 2000), Arp 105S and Arp 245N, we ascribed
the CO emission to the formation of molecular gas from
the HI. Below we give a more detailed justification and
show problems with other possibilities.

The transformation of HI into H2 occurs on dust grains
at a rate of

R = 1/2 γ ndnHI < vH >< σd > H2 cm−3 s−1 (7)

where γ represents the fraction of hydrogen atoms land-
ing on dust grains which form H2 molecules, nd and nHI

refer to the number densities in cm−3 of dust and atomic
hydrogen, < vH > is the average relative dust-gas velocity
(thus roughly thermal), and < σd > is the dust cross-
section. The factor 1/2 is introduced because it takes 2
hydrogen atoms to form H2. γ < vH > is expected to be
about 5× 104 cm s−3 (see Hollenbach et al. 1971, and ref-
erences therein). Assuming a standard distribution of dust
grain sizes (Mathis et al. 1977) from 100 Å to 0.3 µm with
dN(a)

da ∝ a−3.5 where a is the grain radius and grains are
assumed spherical, a gas-to-dust mass ratio of 140 (equiv-
alent to 100 when He is disregarded), and a grain density
of 2 g cm−3, we obtain nd < σd >≈ 1.4 × 10−20 nH cm2

where nH = nHI + 2nH2
. The value is sensitive to the

lower limit in dust size; allowing smaller dust grains re-
sults in even higher cross-sections or, put differently, in-
creasing the lower bound on the grain size spectrum
decreases the effective dust cross-section such that the
rate is lower. Since we are interested in the start of the
HI → H2 conversion process, the gas can be considered to
be atomic such that nH ≈ nHI. Substituting into the above
equation, one finds R ≈ 3.5×10−16 n2

HI cm−3 s−1 where n
is in cm−3. The corresponding time to transform 20% of

the atomic hydrogen into H2 is t20% ≈
107

nHI
years. In the

outer regions of spiral galaxies the gas-to-dust mass ratio
may be somewhat lower, reducing the number of H-grain
collisions, but calculations with non-spherical grains will
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Table 4. From our assessment of the literature, this is the entire sample of dwarf galaxies with reliable published detections
both in CO and Hα. Distances are from Mateo (1998) for local group galaxies, from Israel (1988) for NGC 1569, and from
Hunter et al. (1993) for NGC 4214 and NGC 4449. Except for the LMC and SMC, Hα data are from Hunter et al. (1993) and
blue luminosities are from RC3 (de Vaucouleurs et al. 1991). The Hα data from Hunter et al. (1993) has been corrected for
Galactic extinction. We have looked through the ensemble of CO observations of these systems. In general, IRAM 30 meter
data were preferred, followed by SEST 15 m and then the NRAO 12 m. The total fluxes (or H2 masses, taking into account
the N(H2)/ICO factor used by the authors) were converted into Jy kms−1 and then H2 mass as explained in Sect. 2. The HI
masses refer – where such an estimate was possible – to roughly the areas for which CO was measured. All values have been
recalculated when necessary using the distances in Col. 2.

Galaxy Dist. metallicity Sco LHα Mmol LB MHI

Mpc log(O/H)+12 Jy kms−1 1039 erg s−1 106 M� 108 LB,� 108 M�

LMC 0.049 8.4(2) 26(11) 13(1) 21(3) 3.3(1)

SMC 0.058 8.0(2) 4.0(11) 1.2(4) 4.9(5) 4.3(4)

IC 10 0.825 8.2(16) 11 3(6) 5.7 1.5(12)

NGC 6822 0.49 8.2(16) 121(7) 3.7 0.3 1.6 0.6(13)

NGC 1569 2.2 8.2(17) 23(8) 48 1.2 12 0.7(14)

NGC 4214 5.4 8.2(18, 19) 31(9) 26 9.7 40 19(15)

NGC 4449 5.4 8.6(19, 20) 280(10) 71 88 47 9(10)

References are: 1 = Cohen et al. (1988) find 1.4 × 108 M� of molecular gas assuming M(He) = 0.4 M(H2), N(H2)/ICO =
1.68×1021 and D = 55 kpc, such that M(H2) with our distance and conversion factor is 108×(49/55)2×2/16.8 = 9.45×106 M�.
With our He fraction, this becomes Mmol = 1.3 × 107 M�. MHI derived by taking the rough H2/HI ratio of 30% given
by Cohen et al. (1988) and their H2 mass of 108 M�; 2 = Dufour et al. (1982); 3 = de Vaucouleurs & Freeman (1972);
4 = Rubio et al. (1991) find M(H2) = 3 × 107 M� with N(H2)/ICO = 6 × 1021 and D = 63 kpc. Working backwards,
Mmol = 0.73−1 (58/63)2 2/60 × 3 × 107 M� = 1.16 × 106 M�. MHI derived by taking the rough H2/HI ratio of 7% given by
Rubio et al. (1991) and their H2 mass of 3 × 107M�; 5 = Bothun & Thompson (1988); 6 = Becker (1990); 7 = Israel (1997a)
sum 15 positions observed with the SEST and find ICO = 6.4 ± 1.2 Kkm s−1 on the main beam scale, yielding 121 Jy kms−1.
They note that the total CO emission of NGC 6822 may be about twice this; 8 = Taylor et al. (1998) find ICO = 0.655 Kkm s−1

on the T ∗
R scale or 23 Jy kms−1 for the cited 34 Jy/K efficiency; 9 = Taylor et al. (1998) find ICO = 0.9 K kms−1 on the T ∗

R

scale, yielding 31 Jy kms−1; 10 = We estimate that the sum of the CO emission observed by Hunter et al. 2000 and Hunter
& Thronson (1996) corresponds to about 280 Kkm s−1 (4.2 K kms−1 by summing the eight positions in Table 1 of Hunter
& Thronson 1996 at 34 Jy/K and about the same for the non-redundant positions in Hunter et al. 2000). The HI mass was
determined for the same area, such that the CO/HI ratio is an upper limit because HI was detected in several positions where
CO was not; 11 = Kennicutt et al. (1995), who take distances of 50 and 60 kpc for the LMC and SMC respectively; data not
corrected for galactic extinction; 12 = Huchtmeier & Richter (1986). 13 = estimated from Gottesman & Weliachew (1977), for
a region about 6′ by 6′; 14 = Stil & Israel (priv. comm.). 15 = Melisse & Israel (1994), their source 71 of Sm sample, corrected
for our assumed distance but covers a much larger area than the CO observations; 16 = Mateo (1998); 17 = Kobulnicky &
Skillman (1997); 18 = Kobulnicky & Skillman (1996); 19 = Hunter et al. (1982), who find 12+log(O/H) = 8.6 for NGC 4214
and NGC 4449; 20 = Talent (thesis in 1980), cited by Hunter & Thronson (1996), finds 12+log(O/H) = 8.3 for NGC 4449.

tend to produce higher dust cross-sections. The most sen-
sitive parameter is the size of small dust grains.

t20% is an appropriate indicator because most of the
HI gas is still in atomic form, with 20% being a typical
H2 fraction. The HI will become molecular in the densest
parts, staying atomic in less dense regions. The timescale
for the HI → H2 conversion is thus much shorter than
the other galaxy interaction and formation timescales, of
order Myr for typical densities (after some contraction) of
nH & 10 cm−3. The HI → H2 conversion is thus not able
to slow down the gravitational collapse.

The average HI column density is probably not very
relevant in and of itself. Rather, once the surrounding ma-
terial is gravitationally contracting, the HI clouds come
closer together and provoke the transformation of HI

into H2, which is what allows star formation to pro-
ceed. This is what we see in the TDGs. An interest-
ing counterexample is the western tidal arm (or tail) of
NGC 2782. It clearly stems from NGC 2782 and is very
HI-rich with many condensations with average column
densities of NHI ∼ 1021 cm−2 over regions several kpc
in size (Table 4 of Smith 1994). The HI is accompanied
by a weak cospatial stellar plume of surface brightness
about µB ∼ 25 (Smith 1991) or perhaps slightly weaker
(from comparison with Jogee et al. 1998). Neither we
nor Smith et al. (1999) detected CO despite the high HI
column densities and the presence of disk stars.

NGC 2782 has no single big (TDG-sized) HI conden-
sation at the end of the western tidal tail and indeed the
lack of CO provides a coherent picture: the HI here is not
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condensing because the tail is not gravitationally bound
and thus H2 is not forming so star formation has not
started. In fact, the interaction has certainly added some
energy to the tail so we expect that the clouds may sepa-
rate further. In the cases where CO is detected, the large
(TDG) scale is gravitationally bound and even though
large amounts of H2 do not form in the outer disks of spi-
rals, H2 forms here because the HI clouds become closer
to each other with time, pushing them to form H2. At any
rate, the western tail of NGC 2782 is straightforward ob-
servational evidence that CO is not brought out of spiral
disks.

4.3. Evolution and morphology

Assuming TDGs are not short-lived objects, they con-
dense from the tidal tail, the unbound parts of which
slowly separate from the TDG. TDGs can then be ar-
ranged in a morphological evolutionary sequence which
follows (a) their degree of detachment from the tidal tail,
which can be roughly defined as the density enhancement
with respect to the tidal tail, and (b) the compactness of
the object, which is a measure of the degree of condensa-
tion of the gas (stars are non-dissipative so the old stellar
population, if present, will not “condense”). The classifi-
cation (evolved, intermediate, young) is simple for a num-
ber of objects. Arp 105S is clearly very compact and, at
the opposite end, NGC 4038S and NGC 4676N are only
just condensing from the tidal tail, being non-compact and
with only a small density (light or HI) enhancement with
respect to the tail. NGC 7252W is clearly more enhanced
and compact than either NGC 4038S or NGC 4676N but
nothing like Arp 105S. The same is true for the much more
massive Arp 245N. For the NGC 5291 TDGs the stellar
enhancement is total and the HI enhanced by a factor of
a few, although it is still extended; they are clearly more
evolved by these criteria than Arp 245N. NGC 7319E is
not currently classifiable because we do not know whether
it belongs to an extended optical structure or not. The
sequence represents evolution, not necessarily age; sim-
ulations show, for example, that the NGC 7252 merger
is much older than the Arp 245 interaction (Hibbard &
Mihos 1995; Duc et al. 2000).

The conversion of HI into H2 during contraction sug-
gests that the H2 to HI mass ratio may also be a tracer
of evolutionary state. While a real starburst may blow
the gas out of a small galaxy, the Hα luminosities do
not suggest that this is the case for the TDGs here. In
Fig. 9 we plot the molecular-to-atomic gas mass ratio as
a function of class, where increasing class indicates less
evolved objects. Within the criteria defined in the preced-
ing paragraph, objects can be moved around somewhat
but the main subjectivity is where the NGC 5291 TDGs
are placed between Arp 105S and Arp 245N, showing in
all cases that the two evolutionary tracers behave in a
similar fashion. That no known objects occupy the up-

per right part of the figure is further evidence that the
H2 (or CO) does not come from pre-existing clouds in
spiral disks but rather formed in a contracting object.
New high-resolution VLA HI and Fabry-Perot Hα data
should allow subtraction of the tail contribution and en-
able dynamical, and not purely morphological, criteria to
be taken into account (work in progress). We will then
be able to check and quantify the qualitative evolutionary
sequence proposed here.

4.4. Other scenarios

In the disks of spiral galaxies, the HI emission is typically
very extended, reaching 1.5–3 times the optical radius,
whereas the CO emission is from well within the optical
disk. At the scales sampled by the CO and HI observa-
tions, 1–10 kpc, the CO is detected at the HI column den-
sity peak and shares (see spectra) the same kinematics in
terms of observed line velocity and width. In this context,
given the greatly differing CO and HI emission distribu-
tions in spiral galaxies, the molecular gas which we detect
has not come from the CO-rich inner parts of the par-
ent spiral disks. The other possibilities are that (1) diffuse
molecular gas containing CO but not detected in emission
in spirals is present in the outer disk and that this gas
is projected out of the spiral with the HI and some stars
and becomes denser as the TDG forms, becoming visible
in CO; or (2) that very low-metallicity H2 is present in the
outer disks of spirals (Pfenniger et al. 1994) in large quan-
tities (Pfenniger & Combes 1994) and, once in the TDG,
forms stars and the CO is detected only after sufficient
enrichment of the gas.

4.4.1. Diffuse molecular gas from parent spirals

The CO brightness of galaxies decreases strongly at large
galactocentric radii to the point that CO emission is not
detected at or beyond the optical radii of external galaxies
(Garćıa-Burillo et al. 1992; Neininger et al. 1996; Braine
et al. 1997). Could there be a substantial reservoir of dif-
fuse molecular gas present at large radii but nearly unde-
tectable in emission?

At CO column densities of a few 1014 cm−2, CO be-
comes self-shielding and starts to approach its normal
abundance in molecular clouds (Liszt & Lucas 1998).
This corresponds to typical H2 column densities of sev-
eral 1020 cm−2. Depending on the size (i.e. density) of the
cloud, this is close to the atomic – molecular gas transi-
tion. From absorption measurements toward stars, when
the total hydrogen column density (NH+2NH2

) is of order
a few 1020 cm−2 or less, the molecular hydrogen fraction
is very small (Federman et al. 1979). This means that if
the gas is dense enough to form molecular clouds, it is also
dense enough to have a normal CO content. The molecular
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Fig. 9. Comparison of the H2/HI mass ratio with the evolutionary order of the TDGs. NGC 7319E was not included due to its
unclear morphology (see Fig. 6). The single non-detection, IC 1182E, was also left out. The errorbars indicate the uncertainty
in the evolutionary order based on the criteria described in the text. The source names are to the right of their positions.

gas we observe in TDGs is not drawn from pre-collision

diffuse molecular gas.

The observations of molecules, particularly CO, in
emission and absorption towards quasars by Liszt & Lucas
(1998 and earlier) have shown that CO is detected in
emission in virtually all cases. This shows that there is
not a substantial population of molecular clouds in the
Galaxy where the CO is present but too cold (T . 6 K)
to be detected in emission. The CO emission in TDGs
therefore does not come from cold molecular clouds heated
through the collision. We have no cases of clouds capable
of hiding a substantial molecular gas mass through low
CO emission.

Molecular gas detected by UV absorption in the
Galactic thick disk (or lower halo) at roughly the solar
circle has extremely low column densities and high ioniza-
tion fractions (e.g. Richter et al. 2001). It clearly cannot
play a role here.

It has been suggested that in low-metallicity environ-
ments like the LMC diffuse H2 could be present with-
out CO (in emission or absorption), which would be pho-
todissociated (Israel 1997b). The lower metallicity would
allow H2 to become self-shielding at lower column den-
sities than the CO. A similar picture was proposed by
Madden et al. (1997) to explain the CII intensities ob-
served in IC 10. Such schemes may be realistic in strong
radiation fields, where small dense CO-emitting clumps
are surrounded by larger masses of diffuse molecular gas

in which CO is photodissociated, but certainly not in the
outer parts of a spiral galaxy. In the low ambient radiation
fields in the outer parts of spirals there is no indication
that CO emission is from a reduced portion of the molec-
ular cloud. This can be simply seen as the competition
between the metallicity gradient in spiral disks, of order
0.2 dex per disk scale length (see Table 3 of Zaritsky et al.
1994) and the brightness gradient, 0.43 dex per disk scale
length. Only when the metallicity decreases by close to an
order of magnitude such that the CO(1–0) line becomes
optically thin will H2 be efficiently hidden from CO ob-
servations in spiral disks (Wolfire et al. 1993; Braine et al.
1997).

4.4.2. Rapid enrichment of molecular gas through star

formation

Star formation is occuring in many dwarf galaxies of sizes
comparable to TDGs (Taylor et al. 1998; Hunter et al.
1993) at rates at least as high as in our TDG sample.
Were star formation capable of enriching gas sufficiently
to render the CO emission as strong as in TDGs, many
blue dwarf galaxies would emit very strong CO lines. As
examples, NGC 1569 and NGC 4449 have star formation
rates of about 0.6 and 0.9 M� yr−1 (Table 4, Eq. (5))
and have presumably been forming stars for a period at
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least as long as in the TDGs yet their metallicities and
CO luminosities are substantially lower than in TDGs.

CO is detected in the M 81 group tidal debris (in IMC,
Brouillet et al. 1992), where no star formation nor de-
tected old stellar population is present so clearly no post-
interaction enrichment has taken place. This is confirmed
by the presence of detectable 13CO in IMC1 (work in
progress) which is chiefly synthesized in evolved stars of
intermediate masses (Wheeler et al. 1989). That TDGs
share a roughly common metallicity (Duc et al. 2000)
regardless of luminosity suggests that the material is glob-
ally enriched such that as the post-interaction star forma-
tion is inefficient at increasing the metallicity, the metal-
licity stays at its original spiral-disk level.

5. CO linewidths and Tidal Dwarf Galaxy masses

While data are still sparse, we believe there is a correla-
tion between CO line widths and mass indicators. Because
CO is found in the condensed parts of TDGs, it is a bet-
ter mass indicator than the HI linewidth, for which the
contribution of the tidal tails or other unbound material
(not TDG) cannot be easily assessed. Clearly, a regular
HI (or CO) rotation curve would be extremely useful and
convincing as a measure of mass. So far, regular rotation
curves have not been observed in TDGs although velocity
gradients, possibly rotation, in the ionized gas have been
detected (Duc & Mirabel 1998).

In order to trace the mass of a system, the material
used as a tracer must be (a) gravitationally bound and (b)
roughly as extended (or more) as the mass distribution.
We believe that CO fulfills these conditions for TDGs.
The fact that the CO is found where the HI column den-
sity is high, and that it formed from the condensation of
the HI, is good evidence for condition a. The second con-
dition is more problematic given the large distance and
small angular size of most of our sources but nonetheless
several considerations lead us to think it is justified. The
only extended TDGs, with respect to the resolution of our
observations, are NGC 4038S and Arp 245N. Arp 245N
is roughly as extended in CO as at other wavelengths;
NGC 4038S was only observed at one position. No abun-
dance gradient has been detected or is expected in current
TDGs so one may reasonably expect CO to be visible
wherever HI has condensed into H2. Many dwarf galaxies
have very extended HI distributions, up to several times
the size of their optical extent. In TDGs, the evidence
points to relatively co-spatial dense gas and old stellar
populations although the relative distributions in the par-
ent disk and collision parameters condition the mass ra-
tio. The diffuse, unbound, HI in tidal tails is unlikely to
form H2 so the molecular component should yield a com-
plete but less confused picture of the dynamics. Possibly
for the reason suggested in Sect. 6, dwarf galaxies have
rather dense dark matter (DM) haloes, such that they
have a discernible dynamical influence even within the

Table 5. CO linewidths of detected TDGs. ∆V is full width
at half maximum. R (Col. 4) is half the CO beamsize except
for Arp 245N where R is estimated to be 27′′ and NGC 4676N
where R is taken to be 21′′ (half the extent of the observed
region). NGC 4676N is still a tidal tail and the LB and M(HI)
values are for the whole North tail. The : indicates an uncertain
value – both the CO(2–1) and HI line widths are lower than
the CO(1–0) width for NGC 5291N.

TDG ∆VCO Luminosity R∆V 2/G MHI

kms−1 108 LB,� 108 M� 108 M�

Arp 105S 35 9.0a 17 5b

Arp 245N 49 9.2c 22.6 9c

NGC 7252W 12 1.2d 0.6 10:e

NGC 4038S 8 0.8f 0.1 3g

NGC 5291N 130: 4.7h 243 25i

NGC 5291S 70 2.2h 70 9i

NGC 7319E 30 1.0j 10 9k

NGC 4676N 45 66l 43 22m

References: a: Duc & Mirabel (1994); b: Duc et al. (1997);
c: Duc et al. (2000); d: Duc (1995); e: estimated from Hibbard
et al. (1994); f : estimated from Mirabel et al. (1992) using
B − V = 0.2 as for both NGC 7252 TDGs; g: estimated from
van der Hulst (1979); h: Duc & Mirabel (1998); i: Duc &
Mirabel (1998); estimated from Malphrus et al. (1997); j: Xu
et al. (1999); k: estimated from Shostak et al. (1984); l: this
paper; m: estimated from Hibbard & van Gorkom (1996).

optically bright regions (Côté et al. 2000). The old stellar
population of TDGs varies greatly but is in general quite
dim, furthering the expectation that were DM present in
TDGs, we would see it in the gas dynamics.

In Table 5 we give the line widths of the de-
tected TDGs, their blue luminosities, the so-called
“Virial masses” Mvir ≈ R∆V 2/G, and HI masses and the
same are plotted in Fig. 10. The apparent, although very
rough, correlation is an indication that the line widths are
indeed related to mass, analogous to the Tully-Fisher rela-
tion for spirals. We infer this principally from the unpop-
ulated lower right (high mass, low linewidth) and upper
left (low mass, high linewidth) corners of the panels. In
turn, this implies that (a) the objects are kinematically
distinct from the parent galaxies and (b) the linewidths
can be used as an indicator of mass. We say indicator of
mass as opposed to measure of mass because of the great
uncertainties, factor 2 or more, in the geometry as well as
in the degree of relaxation of the objects. The uncertainty
is not symmetric, however, as lines can be widened more
easily than narrowed. Low values of R∆V 2/M�G are thus
significant.

Figure 10 shows the variation of the “Virial mass” with
total gas mass, molecular gas mass, Blue luminosity, and
our best estimate of the total mass. Tidal features are not
a homogeneous class – some have virtually no pre-existing
stellar component (e.g. NGC 5291N) while others (e.g.
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Fig. 10. Virial masses derived from CO line widths as a function of HI and total gas mass (top left), H2 mass (top right), Blue
luminosity (lower left), and a combination of all of the above. Ordinate axis expresses the Virial masses as R∆V 2/G. In the first
panel the dark triangles joined by a line represent the HI masses within the area observed in CO and total HI masses. Open
triangles give total gas masses within the CO beam(s) – these are dominated by the HI. An idea of the uncertainty and whether
the value is an overestimate or underestimate is given by the presence of arrow. A downward arrow is caused by a beam which
is large compared to the source size – such that RTDG < Rbeam (Arp 105S, NGC 5291S, NGC 5291N) – or that ∆V is likely
an overestimate (NGC 5291N). NGC 4038S is larger than the beam but only one position was measured – hence the up arrow.
The position of the end of the arrow is our best estimate, based on source size or line widths in other lines, of where the point
should really be placed in the figure.

Arp 245N) have a significant contribution from disk stars.
To take this into account, we tried to sum the masses
of the gaseous and stellar components in the last panel
and indeed the trend shows a smaller dispersion. Although
the mass to light ratio, M/LB, certainly varies within the
sample we chose a ratio of M/LB = 2M/LB,�, midway
between that of young and evolved stellar populations.

The “Virial masses” of the sample span a larger range
than the gas + star masses. Some of this may be due
to the uncertain line width of NGC 5291N. Given the
uncertainties in line widths and geometry it is too early
to make definite statements but so far no dark matter is
required to explain the observed CO line widths. It will

be interesting to see whether this remains true when more
objects and more precise measurements are available.

If indeed TDGs do not contain DM, then
– they are the only DM-free galaxies identified so far;
– DM is found in the haloes of spiral galaxies;
– TDGs are not representative of the population of Dwarf
Galaxies with measured rotation curves as these are quite
DM-rich.

6. Conclusions

We report the second series of CO detections in Tidal
Dwarf Galaxies, raising the number of detections from two
to eight and showing that molecular gas is abundant in
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these objects. The molecular gas is formed from the con-
densing atomic gas, which in turn condenses to form stars,
responsible for the Hα emission observed. The CO/Hα
flux ratio, akin to a gas consumption time, is much higher
than in “standard” dwarf galaxies and about the same as
what is found in spiral galaxies despite the very different
environments.

A correlation is present between the dynamical masses,
determined from the sizes and CO line widths, and mass
estimators like HI mass and optical luminosity. In addi-
tion to the fact that CO is found where the HI column
density is high, and thus most likely to be gravitationally
bound, the mass-linewidth correlation reinforces the idea
that the CO emission comes from a gravitationally bound
entity. Comparing the dynamical masses with estimates of
the gas+stellar mass reveals no need for dark matter. The
uncertainties linked to the small sizes of the objects, obser-
vational noise, and particularly the unknown geometry, do
not enable us to firmly exclude the presence of dark mat-
ter, although with the current sample of eight objects it
appears increasingly unlikely that large quantities of DM
are present. Large quantities of DM are not expected to
be present in TDGs if the DM in spiral galaxies is found
in haloes.

Our tentative conclusion that TDGs contain little or
no dark matter strongly implies that most dwarf galaxies
are not old TDGs. This can be understood in the CDM
hierarchical structure formation framework (e.g., White
& Rees 1978; Kauffmann et al. 1993) where concentra-
tions merge to form larger and larger systems, becoming
full-fledged galaxies. This process continues to the present
but collisions become much less frequent with time due to
the decreasing galaxy density (expansion of the universe).
Non-tidal dwarf galaxies formed on average at higher red-
shift in this picture and thus have more concentrated dark
matter haloes than spirals. Hierarchical clustering thus re-
produces an important observation: that larger galaxies
require less dark matter within the optically visible part
(Casertano & van Gorkom 1991). Our results fit into this
picture.
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Appendix A: other cases of molecular gas outside

of spiral disks

Several examples of molecular gas being detected in “non-
traditional” places have been reported in the literature.
We describe them briefly below.

M 81 – IMC 1 & 2: The first intergalactic molecular
clouds (hence the name IMC) were discovered by Brouillet
et al. (1992) as part of the M 81 group tidal material. So
far, no stellar emission has been detected from this object
(Henkel et al. 1993). A similar object was recently found
by Walter & Heithausen (1999) near NGC 3077 in the
same group, again with no sign of a stellar component.
These objects may well be small “future TDGs”, using
the definition of a TDG as containing a stellar compo-
nent. Like our sources, the molecular gas is found at the
HI column density peak and must have formed from the
atomic gas.

NGC 4438: In this HI poor galaxy near the center of the
Virgo cluster Combes et al. (1988) detected large quanti-
ties of molecular gas significantly out of the plane of the
spiral disk. They suggest the material was torn out of the
disk in molecular form, along with some stars, through an
interaction with nearby NGC 4435. Little HI is present so
HI → H2 conversion appears very unlikely.

NGC 660: Combes et al. (1992) detected CO in the polar
ring near the HI maxima. Given the size of the ring, the
CO is likely to have been formed from the HI. Nonetheless,
the result of a major fusion, producing a polar ring, is a
rather confused object so we chose not to include it in our
sample.

NGC 2782 (Arp 215): Smith et al. (1999) detected CO
in what appears to be the base of the eastern tidal tail. The
tail seems dynamically separate from the main galaxy but
interpretation of the CO emission requires much higher
angular resolution.

NGC 5128 (Centaurus A): Molecular gas was recently
detected by Charmandaris et al. (2000) in the gaseous
shells of Centaurus A, a galaxy which also contains sev-
eral stellar shells. It is widely accepted that the forma-
tion mechanism for stellar shells can result from a minor
merger (Quinn 1984; Dupraz & Combes 1987) while the
details of the dynamical behavior of the gaseous compo-
nent in minor mergers is still an open issue. Since TDGs
seem to form as a result of major interactions/mergers
and Centaurus A is a rather unique object so far, we do
not include it in our sample.

UGC 12914/5: We have mapped CO(1–0) and CO(2–1)
in the bridge linking the two spirals (work in progress).
Given the collision (Condon et al. 1993; Jarrett et al.
1999), it is quite possible the molecular gas was taken
out of the inner parts of the spiral(s) in molecular form,
closer to the situation in NGC 4438 than in TDGs.
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Table B.1. CO(1–0) fluxes and estimated molecular gas
masses in the centers of the observed systems. The actual
spectra are shown in the figures given in Col. 5. The galaxy
classification (morphological type in Col. 2) is only a rough
indication of their properties given the changes induced by the
tidal forces. The first type given comes from the RC3 catalog
(de Vaucouleurs et al. 1991) and the others from the refer-
ences below. NGC 7252 was also observed at lower resolution
by Dupraz et al. (1990). For IC 1182, as this object is resolved,
we give first the central flux and Mmol followed by our estimate
of the total based on the CO spectra shown in the figure.

Galaxy type SCO Mmol Fig.

Jy km s−1 109 M�

NGC 2992 Sa, Sa?a 137 1.4 3

NGC 2993 Sa, Sa?a 132 1.4 3

NGC 5291 E, E?a 48 1.7 2

NGC 4676a S0, Sab 59 5.1 5

NGC 7252 S0, E-S0a 82 3.6 3

IC 1182 S0-a 25, 35 5, 7 7

a Prugniel & Héraudeau (1998); b Karachentsev (1987).

Appendix B: Molecular gas in the galactic centers

To our knowledge no CO observations of the main galax-
ies in several of these systems has been published and
in others only lower resolution data is available. The
same fairly standard factor N(H2)/ICO(1−0) = 2 ×

1020 cm−2 (K km s−1)−1 has been used as for the TDGs.
We give CO(1–0) fluxes and estimated molecular gas
masses for the central 22′′ of these galaxies in Table B.1.
All spectra are shown in the figures whose numbers are in
Col. 5.
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