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S}Ñf^�S<dugY]�S<h�aPh`[raPl)[)gmhbl�|;S�xYx9�zacV`S<h�i+wðacS<dPV`S�irdugYh`lØ]�S�[)_ba�X�V`S���h`j`s i�|�i @ [)_ba�X�[)d{su_`lrl)S�stacs i
h`S<|Ùj`gmdnS�U<augm[)h�>�i+h`j�su_`j`jbS�h`x @ XAacV`S=^`dn[ ? xYS�] suS�S<]�s/]�[)duS;acdci+U<aWi ? xmS+O��{gYs6w�S�S<x`w�[)d6|=V�iMa/]Øirô+S�s
w�[)d$iõ|\[)dtacVA|=V`gYxmS%j`gmdnS�U<augm[)h×[rw dnS�suS�irduUWV gYs�_bh`^�irduirxmxYS�xmS<j-Oß�{gYs ? [)_`hbj`xmS<susØS<h`S�dnl @ X=^�[)sug�acg�¦)S
i+auaugYac_bj`Svirh`jDwÕirhAaWirstacgYU ^�S<[)^`xmS snô�gmxmxYs�V�i�¦)S�]Øi+j`S gYa=i�^`xYS�irsn_`duS ac[Ê|;[)duô�|=gYacVDV`gY]4O
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acV`S���i�|	U�[)]�^`gYxmS�d<O�o{V�i�¦)SÊ¦)S<d @ ]�_bUWV�S<h � [ @ S�jø|\[rduô�gmh`l*|=g�acV@:Âi+xYacS<d�OA:5SÊ|;[)duô+S�j5U<xm[)snS�x @
[)h irxYx=irsu^�S�U}acs$[rwPacV`S4�{i�| U<[)]�^bgmxmS<d��=V`gYs�gYj`S�irs�V�i�¦)S�xmS<wða�auV`S�gYd�]�irduô¡[rh×¦Ggmdtac_�irxYx @ S}¦)S<d @
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S}Ñf^`xm[rgYa�gYh`snaudu_`U}acgY[)hfÓpxYS<¦rS�x�^�irdci+xmxmS<xmgYsu] ÔÕo��¶�9Ö}Ob~�_`dugYh`l�auV`S sci+]�S{^�S<dugm[Gj-XfV`[�|\S}¦)S�d<X�^�irduirxmxYS�xmgYsu]
gmh�i+U�U�S<susngmh`l ^`dngm]�ird @ ]�S<]�[)d @ V�irs'gm]�^`du[�¦rS�jÊi+a6i{]�_`UWV�suxY[�|\S<d6dciMacSrO�Z\[)h`snS���_`S�hAaux @ XA]�S�]�[)d @
V�irs ? S<U�[)]�S%iø]�i � [)d ? [ranacxmS<h`S�UWô¡gYh�^`du[GU�S<susu[rd�j`S<sugYl)hÙi+h`jÒauV`duS�i+acS<h`s�ac[ ? S<U�[)]�S%irh×S}¦)S<h
? gml)lrS�d�^`du[ ? xmS�]%Oß~�gmUWôÒeGgYacS<s�X�auV`S4UWVbgmS<wvjbS�sugYl)h`S<dØ[rw �{xm^`V`iø]�gmU<du[)^`dn[fU<S�snsu[)dns$i+a�acV`S%acgY]�S+X
|�irdnh`s�gYh�V`gYs����r� I U<[)xm_`]�hDacgYauxmS<j-X.÷noÈa�ø s{auV`S�]�S�]�[)d @ Xzsnac_b^`gmj;QúùBF � H¶acV�iMaPw�_bau_`duS�^�S<dnw�[)dn]ØirhbU�S
lAirgmhbs{i+duS�gmh � S�[)^`irduj @ _bh`xmS<sus�]�S<]�[)d @ ^�S�dnw�[rdu]�irh`U�SvgY]�^`dn[�¦)S�s<O��6gYl)_`dnSÊ�)OY��suVb[ |=s�acV`SvacdnS�h`j
[ ¦rS�dÊacVbS$xqirsta�ap|;[øjbS�U�i+j`S�s/F �=HòO�Q�V`S$�`l)_`duSØsuV`[�|=sÊacV�iMaÊo��¶� dciMacS�s�V�i�¦)SDgm]�^`du[�¦rS�jÂw�du[r] �
gmh`stacdu_bU<acgY[)h�^�S�d{U @ U�xYS�gYh4acVbS�S�i+dux @ ���n�)¤rs<X�au[$��au[ I gYh`snaudu_`U}acgm[rh`s{^�S�d{U @ U�xYS�au[fj�i @ O=�9S}a�XzacV`S
hG_b] ? S<d�[rwTgmh`jbS�^�S�h`j`S<hAa�|;[)dnj`s�acV�iMa�U�irh ? S irU<U�S�snsuS<j�^�S�d�U @ U<xmS�w�dn[)]�^bdugm]�ird @ �"� U�irUWV`SvV�irs
duS�]�irgYh`S�j�¦fgYdnau_�irxmx @ _`h`UWV`irh`l)S<j-Xbw�du[r] �P^�S<d;U @ U<xmS�gYh�auV`SPS�irdux @ ���n�)¤rs<XGau[Ø�)XG[)d�iMa\]�[)sna���^�S�d
U @ U�xYS{ac[Gj�i @ O��z[rd9SÀÑbir]�^bxmSrX�acVbS{�{xm^`V�i��f� �=I �DFú�fX I HòX�S}Ñf^�S<U<auS�j$ac[�suV`gY^ØgYh�]�gmjfÓ��r¤)¤)¤fX)su_`^b^�[)dtacs
_`^%au[ I gYh`snaudu_`U}acgm[rh`s=irh`j���U�irUWV`S�irU<U�S�snsuS<sP^�S�d=U @ U�xYSrO
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�6gml)_bduS �)O��)§������KÙaÜ�äAÔ*Õ#Ô*ÏaÖ�× Ø�Ù�ÖÀÙaßåßÛÕ#ßÝÚÝÐ�Ô�Ó�ÏaÖ
	�Ù�ÖÀÚÛÏcã�Ð)Ô ÚÝÞMÖ�ÏaØ�ÖÀÏ=ÞMÕ#Ð�Ð�ÏaÖÀÐ}Ï�	aÕ�ÖhÑ�wÕ.ßÝÙaÐÒÑ}Ñ�èhÏ äwÕ#Þ�ÙaäwÕ#Ð��
��ÏcÚÝÜNÑ�Ð8ÚÝÜ*Ñ�wÕ.éaÖÀÙ�Ø�� ÖÀÕ�Ø�Ö�Õ#ÐÒÕ#ÜNÑhÞMÏcÔ Ô Õ�ÖÀÞ�ÚÝÙaß�ÔAÚÝÞMÖ�ÏaØ�Ö�ÏnÞMÕ#Ð�ÐÒÏaÖâÐ}Ó�Ö�ÏcÔ Ñ��Ù�Ñh×aÕ#Ù�Ö��}à)ÙaÞ���ÔAÚÝÞMÖ�ÏaØ�Ö�ÏnÞMÕ#Ð�ÐÒÏaÖ
ÞMÏcÜNÑÒÖÀÚ���ãwÑÒÕ#Ð;Ñ
è8Ï�ØEÏcÚÝÜLÑ�Ð��aÏcÜwÕCÓ�ÏaÖ}ÚÛÑ�Ð;Ô Ù�áwÚÝÔæã�Ô¦ÜNã�Ô��EÕ�Ö;ÏaÓ�ÚÝÜ�ÐÒÑÒÖÀã�ÞMÑ�ÚÛÏcÜ�ÐqØEÕ�ÖeÞM×=Þ�ßÛÕ������������aÙaÜ�äæÏcÜwÕ!Ó�ÏaÖ
ÚÝÑ�ÐPÔ Ù�áwÚÝÔ�ã�Ô�ÜNã�Ô��EÕ�ÖCÏaÓ_Ø�ÖâÚÝÔ Ù�Ö�×AÞ�ÙaÞ��wÕ����� !�8ÙaÞ�ÞMÕ#Ð�ÐÒÕ#Ð.ØEÕ�ÖPÞM×=Þ�ßÛÕ"� Ô Õ#Ô*ÏaÖ�×�Ø�Ù�ÖÀÙaßÝßÛÕ#ßåÚÝÐ�Ô#���%$³Õ#Ô ÏaÖ�×
Ø�Ù�ÖÀÙaßÝßÛÕ#ßÝÚåÐ�Ô&��ÙaÐ!Ö�Õ#Ô ÙaÚåÜwÕ#ä%Ù�Ñ� �ÏaÖ(' ÙaÞ�ÞMÕ#Ð�ÐÒÕ#Ð.Ø�Õ�ÖPÞM×nÞ�ßÛÕ)��è(��ÚÝßÛÕ*�����+��ÙaÐPÚÝÔ*Ø�ÖÀÏ!	aÕ#ä%Ôæã�Þ,�'Ô*ÏaÖ�Õ)�
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k�¦)S<hØacVb[)_`l)V�]�gYU�dn[)^`du[GU�S<susn[)dus/V�i�¦)S ? S<U�[)]�S=gmh`U<duS�irsugYh`l)x @ U�[)]�^`xmSÀÑÊ[�¦)S<d;auV`S{xmirsna/jbS�U�i+j`SrX

auV`S�i ? snaudcirU}acgY[)h5]�gmU<du[)^`dn[fU<S�snsu[)dns�^`dn[ ¦GgYj`S�au[4acVbSØsu[+wðap|�irdnSØV�i+s�duS<]Øi+gmh`S<j�acVbSØsci+]�S+O��%[)sna
]�gmU<du[)^bdu[GU�S�snsu[)dnsÊ^`du[�¦GgmjbSDauV`S%i ? stacdci+U<acgY[)h�[rwPiøsngmh`l)xYS$^`dn[fU<S�susngmh`løS�xYS�]�S�hAa4Ôò�/k9Ö�irU�U<S�susngmh`l
i�sngmh`l)xYS$]�S�]�[)d @5? irh`ôzO�Q�V`gmsÊsngm]�^`xmS�¦fgYS<| gmh�su[rwðap|\irdnSrX\Vb[ |;S<¦rS�d<X�U�[)]�S�s�i+a�i�^`dngmU<Sr§ ïðí�å
èMþrå}ëcí�åuáAê�è���áÊç�ëcèMþ�îÕêrîðâGû4áDíbárënê=	9árëWå}ätàWáMé�åuê*ñGâ�î ��åuê%þ�î�åÅ	 è���úØå}úØèMë#&*íbáMé�ëcåWé}ñfÿ ïpåuê4îðâ5úØå}úÊä
èMë#&*çbárënárÿðÿmå}ÿ îmé}úÝëcå}ú�árîðâ�îðâGûõé}ïÈá�ûrâ�árâ�ï�èMþrå}ëDï�í�å%ÿ�áMé}ï�ï�	\è5êGåWìuáAêGåWé�ü efS�U}acgY[)hÚ�)O��%suV`[�|=sØ|=V @
V`irdujb|\irdnS}Ó ? irsuS<j¡_`h`gY�`S�j5]�S�]�[)d @ s @ snauS�]�s�xmgY]�g�av]�S<]�[)d @ ^�irduirxmxYS�xYgmsu] irh`jÂ^bduS<¦rS�hAa�suU�irxmgYh`l
au[�i�xmirdulrS�d�h�_`] ? S�d=[rw ? irhbôGs<O
�{xYacVb[)_`l)V�gYa�gYs'jbS�sugYdci ? xmSrX+w�[)d'S�irsuS�[+w�^`du[rl)dcir]�]�gmh`l`X�au[�^`du[�¦GgmjbS�iP_`h`g���S�j�¦fgYS<|Ò[rw�]�S�]�[)d @

au[�auV`S�^`dn[)l)dci+]�]�S�d<XzauV`S�V�i+dujb|\irduS�h`S�S<j�h`[ra�^bdu[�¦Ggmj`S�acV`S�_bh`gY��S<j�¦GgmS}| �-gmh`stacS�irj�acVbgms{auV`S�sngms
SÀÑf^`xm[)dnS�s{V`[�|�acV`S ìWèMúPç�îðÿmå}ë U�irh�^`du[�¦Ggmj`S�i�_`hbgY��S<j4¦GgmS}| [rw"]�S�]�[)d @ au[�acVbS�^`dn[)l)dci+]�]�S�d=[)h
au[)^*[rwTj`gYsnacdng ? _facS�j*]�S�]�[)d @ V�i+dujb|\irduS+O/Q�V`S ^�S<dnw�[)dn]Øi+h`U�S�[+wTauV`SvirdnUWV`gYauS�U<au_`duS U�irh ? S�¦+irstacx @
gY]�^bdu[�¦)S<j�g�w�gYa�j`[GS�s�h`[ra�h`S<S�j5au[4^`dn[�¦fgYj`S$iD_`h`g���S�jø¦GgmS<|Ü[+w�]�S�]�[)d @ OØQ�V`S�V�irdujf|�irdnSØU�irh-X
gYh`snauS�irj1X-S}Ñf^�[)suS�gYaus�]�_`x�acgY^`xmS�]�S<]�[rd @4? irh`ô�s�ac[$auV`SÊxm[�|�ÓÈxmS<¦rS�x�sn[rwðap|\irduS ?A@ S<xmgm]�gmh`i+acgYh`lÊacV`S
_bh`gY��S<j�]�S<]�[)d @ V�i+dujb|\irduS+OÞeG_`UWVÞirdnUWV`gYauS�U}ac_`dnS�s�|=gYacVÒS}Ñf^�[)suS<jÙ]�S�]�[)d @5? irh`ô�s�irduSDU�irxmxYS�j
àWárâbãMäuånæ<ç�è�é�åuê*árëcìWíGîðïpåWì}ïòñGëcåWé O{oph�sn_`UWVõirdnUWV`gYauS�U<au_`duS<s�X1auV`S�i ? snaudcirU}acgm[rh�^`duS<suS<h�auS�j�ac[Øxm[�|�ÓpxYS<¦)S<x
sn[rwðap|\irduS�gms=h`[ra=auV�i+a�[rw"i�]�[)h`[)xYgYacVbgmUP]�S�]�[)d @ ��gYh`snauS�irj4xm[Ai+j76+snau[)duS gYh`snaudu_`U}acgY[)h`s�aWirdnl)S<a�^�i+dtÓ
augmU<_`xqird�]�S�]�[)d @�? i+h`ô�s*S�h`U<[fj`S<jßgmhÙauV`S�su[+wðap|�irdnSrO Q�V`S�_`snS�d*U<[)hAacgmh�_`S<s$ac[Â^bdu[)l)duir] gmh i
U<[)hA¦)S<h`gmS<h�a{suS<��_`S�hAacgmirxT]�[Gj`S�xq>*snS���_`S�hAaugqirxT^`du[rl)dcir]�s=irdnS�jbS�sugYdci ? xmSvsugYh`U�S acVbS @ irdnS�S�irsugYS�d�ac[
|=dngYauSrX`j`S ? _`l�irh`j%^�[rdna�ac[�j`g�ó1S<duS<h�a{irdnUWV`gYauS�U}ac_`dnS�s�O
Q�V`gYsTauV`S�sngms'^`duS<suS�hAaus�U�[)]�^`gYxmS�d-auS�UWV`hb[)xm[)l @ acV�i+a'^`dn[ ¦GgYj`S�s6i{_`h`g���S�j�¦GgmS<|�[+w`]�S�]�[)d @�îðâ�ïðí�å

ìWèMúPç�îðÿmå}ë [)h4au[)^�[rw�auV`S�jbgmsnaudug ? _bacS<j�]�S�]�[)d @ V`irdujb|\irdnS�[rw ? i+h`ô)ÓpS}Ñf^�[)suS<j�]Øi+UWV`gmh`S<s�O�N�irhbôGs
i+duS�SÀÑb^�[)snS�j�au[$acV`S�xY[ |�ÓÈxmS}¦)S�x'su[rwðap|\irdnSrX ? _ba�h`[raPac[*acV`SÊ^bdu[)l)duir]�]�S<d�O�Q�V`S���ir^`s U<[)]�^bgmxmS<d
s @ snacS<]Ü^`duS<suS�hAauS�j*gmh�acV`gYs"acV`S<sugms;^`du[�¦GgmjbS�s;i�U�[rh�¦rS�h`gYS�hAa�snS���_`S<h�augqirx�^`dn[)l)dci+]�]�gmh`l ]�[Gj`S�xòX @ S<a
g�a�S}Ñf^`xY[)gYaus=iÊV`gml)VDj`S<l)duS<S�[+w6]�S�]�[)d @ ^�irduirxmxYS�xYgmsu]Ü[)h%i ? irh`ô)ÓÈS}Ñf^�[rsuS�j�irduUWVbgYacS<U<au_`duS+O
:�S{snV`[�| acV�iMa àWárâbã�êrîmé�árú�à�î�ûrñbárïòî�èMâ gms"acVbS{]�irgmh�U<[)]�^bgmxmS<d�acS<UWV`h`gm��_`S�w�[)d9[ ? aWi+gmh`gYh`lvl)[f[Gj

^�S�dtw�[)du]�irh`U<S�[)h ? i+h`ô)ÓpS}Ñf^�[)suS<j�irduUWVbgYacS<U<au_`duS<s�O*�±]�S<]�[)d @ duS}w�S�duS<h`U�S�gmh`stacdn_`U<augm[)høgmh�i4^`dn[+Ó
lrdcir] gms�suirgmj�au[ ? S ? irh`ô)Ópj`gYscir] ? gml)_`i+acS<j�|=V`S�hÊauV`S�U�[)]�^`gYxmS�d'l)_�irduirhAacS<S�s�acV`i+a/S<¦rS�d @ j @ h�ir]�gmU
gYh`snacirh`U<S�[rwzacV�iMa/gmh`stacdu_bU<acgY[)h�dnS<w�S�dnS�h`U<S�s/acV`S�suir]�S�U�[)]�^`gYxmS}Ó�acgY]�SÀÓpô�h`[�|=h ? i+h`ôzO8:5S�snV`[�|ÙauV�i+a
? irh`ô�j`gYscir] ? gml)_`i+acgY[)h�irxYxm[�|=s/irU<U�S�snsuS<s\[)h ? irhbôAÓÈS}Ñf^�[)suS<j*irduUWVbgYacS<U<au_`duS<s/au[�i�¦r[)gmjÊacVbS�U<[)]�^`xmSÀÑ
V`irdujb|\irdnS=auV�i+a9^`dn[ ¦GgYj`S�s;i _`h`gY�`S�j�¦GgYS<|Þ[+w1]�S�]�[)d @ X�irh`j�duS<j`_`U�S<s;auV`S�|=gYduS�j`S<xqi @ gYh`U�_`dnduS<j ?A@
]�S�]�[)d @ duS}w�S�duS<h`U�S<s�O�Q�Vbgms{auV`S�sngms{^`duS<suS�hAaus�ap|\[$]�S<auV`[Gj`s{w�[)d ? irhbô%jbgmsci+] ? gmlr_�i+acgY[)h-§ úØè�êrñfÿmè
ñGâ�ëcèMÿðÿ îðâGû i+h`j åuý�ñGîðþMárÿmå}â1ìWå}äuì}ÿ�áMéWé ñGâ�î ��ìuárïòî�èMâ O\N�irh`ô*jbgmsci+] ? gmlr_�i+acgY[)h$]�i @ h`[ra�j`gmsuir] ? gYl)_�i+auS
i+xmx=irU<U�S�snsuS<s�§õacV`gYs�auV`S�sngmsØsnV`[�|=s$V`[�| h`[)hGÓpj`gYscir] ? gml)_�iMacS�j×irU<U�S�snsuS<s*U�irh ? S%V�irh`j`xYS�j-OßQ�V`S
]�i � [)d/UWV�i+xmxmS<h`l)S=w�[)d9h`[)hfÓÈj`gmsuir] ? gYl)_�i+auS�j�irU�U<S�susnS�s�gYs9auV�i+a�X�w�[)d9l)[G[fj�^�S<dnw�[)dn]Øi+h`U�S+XGauV`S�gYd;xY[)h`l
i+U�U�S<sus*xmi+acS<h`U�gYS�s�suV`[)_bxmj ? S�[�¦)S<duxqi+^`^�S<jÞ|=gYauVÞU�[)]�^`_baci+acgY[)hÞi+h`jÞ[rauV`S�d�U�[)]�]�_`h`gYU�i+augm[)h×irs
]�_`UWV�irs"^�[)susng ? xYSrXr|=V`gYxmS�dnS�sn^�S<U<acgYh`lvirxYxbj`S<^�S<h`j`S�hbU�S�s<O/Q�V`gms�auV`S�sngms"^`dnS�suS<hAacs9i�l)S�hbS�dci+x`suUWV`S<]�S
w�[rd{[�¦)S<duxmir^`^`gYh`l*irU<U�S�sns�xqiMacS�hbU�gmS<sP[rw/hb[)hfÓpjbgmsci+] ? gmlr_�i+acS<j�i+U�U�S<susnS�svU�irxYxmS<j é�è��Àï
	9árëWåvé�å}ëÀîÕárÿ"èMë}ä
êGå}ëÀîðâGû OÊQ�|;[�[)^facgm]�g���i+acgY[)h`s{[)hõsu[rwðap|\irduS�suS<dugmirx"[)dujbS�dugYh`l`X�h�i+]�S<x @Âîðâ�êGåpç�å}â�êGå}â�ï�åpç�è�ìWíAé irh`j
ñ�çbêAárïpåWé X�irduS�irxYsu[Ê^`dnS�snS�hAacS<j-O
�{h4[)_facxmgYh`S�[rw'acV`gYs�UWV�ir^bauS�d=w�[)xmxY[�|=s�O9efS<U<acgY[)hø�)OY�vU<[)]�^`irduS<s=auV`SvV�irdnjb|�i+duS�irh`j%U�[)]�^`gmxYS�d�Ó

jbgmduS<U<auS�j�ir^`^`dn[AirUWV`S<sTau[�^bdu[�¦Ggmj`gYh`l�i=_bh`gY��S<j�¦GgYS<|¡[rwf]�S�]�[)d @ ac[�acV`S/^`dn[)l)duir]�]�S�d<O¶oÈa'SÀÑf^`xqirgYh`s
|=V @ gYa{gms�j`gå<�U<_`xYa=au[$suU�irxmS�V�irdnjb|�i+duS}Ó ? irsnS�j�_`h`g���S�j4]�S<]�[rd @ X�irhbj�V`gmlrV`xmgYl)VAacs=[)^`^�[)dnau_`h`g�acgmS<s
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i�¦+irgYxqi ? xmS gmhDacVbS�U�[r]�^`gYxmS<d�ac[ØgY]�^bdu[�¦)S�suU�irxqi ? gmxmg�a @ irhbj�^�S�dnw�[rdu]�irh`U�S+O�efS�U}acgY[)h5�)O ��irjb¦)[GU�iMacS�s
acV`S ? irh`ô)ÓpSÀÑb^�[)snS�jÒU�xqi+sus�[+w�irduUWV`g�acS<U<ac_bduS�s]�\sn_`UWVÒirduUWV`g�acS<U<ac_bduS�sÊdnS�x @ [rh¡i�U�[r]�^`gYxmS<dtÓpjbgmduS<U<auS�j
ir^`^`dn[AirUWVDac[Êgm]�^`dn[ ¦rS ]�S<]�[rd @ ^�S<dnw�[)dn]Øi+h`U�S+O9efS�U}acgm[rhø�rO � snV`[�|=s�|=V @*? i+h`ôØj`gYscir] ? gml)_`i+acgY[)h
gmsPauV`SÊôrS @ U�[)]�^`gYxmS�d=acS<UWV`h`[)xY[)l @ h`S�S<j`S�jõw�[)d ? irh`ô)ÓpSÀÑb^�[)snS�j�irduUWV`g�acS<U<ac_bduS�s<X¶irh`j�[)_facxmgYh`S�sP[)_`d
ap|\[�auS�UWV`h`gY��_`S�s�w�[rd ? irhbôøjbgmsci+] ? gmlr_�i+acgY[)h-O$Q�VbSØsuS<U<augm[)hÂ^bduS<¦GgYS<|=s�dnS�su_bxYacs�suV`[�|=gYh`l�^�S�dnw�[rdtÓ
]ØirhbU�S�gY]�^`dn[�¦)S�]�S�hAaus\w�du[)]±_`sngmh`lÊ[)_bd;acS<UWV`h`gY�G_bS�s�w�[)d ? irh`ôØjbgmsci+] ? gmlr_�i+acgY[)h�[)hDi�^�irdtacgYU�_`xmird
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irxm[)hbSrO*eGS�U<augm[)hÒ�)O �4gYxmxY_`snaudci+auS�sPauV`S�UWV`irxmxYS�h`l)S�gYh�SÅ<�U<gmS<h�aux @ V`irh`j`xYgmh`l%irU<U�S�snsuS<s�acV�iMa�i+duS�h`[ra
j`gmsuir] ? gYl)_�i+auS�j ?A@ø? irhbô�j`gYscir] ? gml)_`i+acgY[)h-XTirh`j�[)_bacxYgmh`S<s�[r_`d�auS�UWV`h`gY��_`S�s�w�[rd�V�irhbj`xmgYh`l4hb[)hfÓ
j`gmsuir] ? gYl)_�i+auS�j�irU�U<S�susnS�s<O�efS<U<augm[)h4�)Oµ� suVb[ |=s\[)h`S�^�[)snsug ? xmS=U�[r]�^`gYxmS<dCm�[�| w�[)d9i ? irhbôAÓÈS}Ñf^�[)suS<j
irduUWV`g�acS<U<ac_bduSrO�efS�U}acgY[)h5�)O I ^bdu[�¦Ggmj`S<s irh ? dugmS}w"[�¦)S<dn¦GgmS}| [+w�acV`S�acV`S<sugYs ?A@ [r_bacxYgmh`gYh`lÊacV`S�suU�[r^�S
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]�gYU�du[r^`du[GU�S<susu[rdus�Xbirh`j*j`gYsuU<_`susnS�s�V`[�|ßacV`SPj`S�sngml)h*^`dnS<¦rS�hAacs=suU�irxmgYh`l�au[Êi�V`gYl)V`S<d\xmS}¦)S<x1[rw¶]�S�]ÊÓ
[)d @ ^�i+dcirxYxmS�xYgmsn]4O��6gYl)_`duS*�rO��DsuV`[�|=s�auV`S�a @ ^bgmU�i+x9[rdulAirhbg���iMacgm[rh�[rw=iDV�irdujf|�irdnS}Ó ? irsuS<jÂ_`h`g���S�j
]�S<]�[)d @ s @ snauS�].gYh*i�U�[rh�¦rS�hAacgY[)h�irx1]�gYU�du[r^`du[GU�S<susu[rd�O"�"du[GU�S<susngmh`lÊS<xmS�]�S�hAausvÔò�/k"sWÖ\dnS<w�S�d;ac[ÊS�x÷Ó
S�]�S�hAaWird @ �P�T �s�^`duS<suS<h�a�[)h$auV`S UWV`gY^;�bacVbS�]�S<]�[rd @�? irh`ô�s�Ôò�"� Ö9duS<w�S<d\ac[�auV`S ]�_`x�acgY^`xmS ? irhbôGs
gmh�auV`S�^`dngm]�ird @ xmS<¦rS�x÷ÓW��U�irUWV`S+O �6gmlr_`duS��)O ��j`[GS�s â1èMï snV`[�| auV`S�U<[)]�^bxmS<auS�xmi @ [)_baP[rw�auV`S�UWV`gY^-X
[)h`x @ auV`SPgYh�auS�dtwÕirU�S ? S}ap|\S<S�h*acVbSP^`dn[fU<S�susngmh`l�S�xmS<]�S<hAacs�i+h`jØ]�S�]�[)d @ O��3_`h`gY�`S�jØ¦GgmS}|ß[rw�]�S�]ÊÓ
[)d @ gms{^`du[�¦GgmjbS�j ?A@ i�xqi @ S�dP[+w/V�irdujf|�irdnS�|;S�U�i+xmx árë<à�îðïòënárïÕî�èMâ�ÿmèuûrî�ì O�Q�V`S�]�S�]�[)d @ suS�]�irhAacgYU�s
^`du[�¦Ggmj`S<j ?A@ auV`S*ird ? gYaudci+augm[)hõxm[rl)gmU�gms�acV�iMa�[rw�i%sugmhbl)xmS�]�[rh`[)xmg�acV`gYUÊ]�S<]�[rd @õ? irhbô5irU<U�S<susuS<j
suS���_`S<hAacgqi+xmx @ X�irxYauV`[)_`l)V*auV`S�i+d ? g�acdciMacgm[rh*xm[)l)gYUvirU<au_�irxYx @ U<[)h`h`S<U<aus{ac[�]�_`x�acgY^`xmS�]�S�]�[)d @$? irhbôGs
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]�S<]�[)d @ duS���_`S<snaus�O�QT[*irUWVbgmS<¦rSÊsuS<�G_bS�hAacgmirx�]�S�]�[)d @ suS<]Øi+h�augmU<s�X1auV`SÊird ? gYaudci+augm[)h4xm[)l)gYU�stac[)dnS�s
irxmx"[)_facsnacirh`j`gYh`l�dnS���_`S<snacs<X�du[r_bacS<s�S�i+UWVÂduS<�G_bS�sna�ac[%acV`S ? irh`ô�[rh�|=V`gYUWV�acVbSØduS<��_`S�stacS�j¡j`i+aWi
duS�sngmj`S<s�XfS�h`sn_`duS<s�suS<�G_bS�hAacgmirxmg�a @�? S<ap|;S�S<hDirU�U<S�snsuS�s�au[�auV`SPsuir]�S ? i+h`ôzX`irh`j�du[)_facS�s ? irUWô�duS<su_`x�acs
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:ßV`gYxmS;_`h`gY�`S�j�]�S<]�[rd @ V�irdujf|�irdnS=sugm]�^`xYgY��S<s'acVbS�U�[)]�^`gmxYS�d]øRsTaWirsnô�X�sn_`UWV�V`irdujb|\irdnS�V`irs�ap|\[
U<[)snaus�irsnsu[GU�gmi+acS<j4|=gYauV�snU�irxYgmh`l�acV`S�]�S<]�[rd @ s @ stacS<]4O{�6gmdnsna�X�_bh`gY��S<j�]�S�]�[)d @ V`irdujb|\irdnS�j`[GS�s
hb[ra�suU�i+xmS |\S<xmx�|=gYauV%auV`Svj`S�lrduS�S�[rw�]�S�]�[)d @ ^�irduirxmxYS�xYgmsu]±j`S<sugmdnS�j-O;oph`U�dnS�irsngmh`l�]�S<]�[rd @ ^`irdcirx÷Ó
xYS�xYgmsu] dnS���_`gYduS�sv]�[)duS��9k"s�au[ ? SÊU<[)h`h`S<U<acS<jøau[*acV`S�ird ? gYaudci+augm[)h4xm[)lrgmUvac[Dgmsnsu_`SÊdnS���_`S�stacs�irh`j
]�[)dnS�]�S�]�[)d @õ? irh`ô�s�U<[)h`h`S<U<acS<jÂac[4sci+augmsnw @ auV`SØdnS���_`S�stacs<O� {hbw�[rdnac_bh�i+acS<x @ X6l)dnS�i+auS�d�U<[)h`h`S<U}Ó
augY¦GgYa @ |=gYauVDauV`S�ird ? gYacdui+acgY[)h$xY[)l)gmUPgmh`U<duS�i+suS�s�gYaus�j`S�xmi @ O;efgmhbU�S acV`S�ird ? gYaudci+augm[)h*xY[)l)gYU�j`S�xmi @ gms�i
^`irdna/[rw�acV`S=V`g�a"acgY]�S�[rw�acVbS{^`dngm]�ird @ U�i+UWV`SrXGacV`S=j`S<xqi @ ]�_`sta ? S=su]�irxYx�OTQ'[�]�gYh`gm]�g��<S;auV`S�ird ? g÷Ó
audci+augm[)hØxm[)l)gYUPj`S<xqi @ X`irxmx�U�[)]�]�S�duU<gqirx�]�gmU�dn[)^`dn[fU<S�susn[)dus�au[fj`i @ xmgY]�g�a9auV`S�gYd�]�S�]�[)d @ ^�irduirxmxYS�xmgYsu]
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�"dn[fU<S�susngmh`l�S�xYS�]�S�hAacs�irh`j×U�irUWVbS ? irhbôGs<X�U�[rh`h`S�U}acS<jÞacV`dn[)_`l)V�acV`S4ird ? gYaudci+augm[)h¡xY[)l)gmU+X\i+duSDgmh
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S�irUWV�|\i @ O�oph�i ? gmxmxYgm[)hGÓÈacduirh`sngmsnau[)d�XbsuS<¦rS�duirx�ÓÈl)gmlAi+V`S�dtaM��^`du[GU�S<susu[rd�[rw"acVbS�w�_bau_`duS+X-su_`UWVõi�U�irUWV`S
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]�[)hb[)xmg�acV`gYUPU�i+UWV`S�|=gYxmx1irxmsn[�lrdu[�|Ji+s�U�irUWV`S�sug���S�s=l)dn[�|Ú|=gYauVon �Tefo\lrS�h`S<dci+augm[)h`s<O
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�6gYl)_`dnS��)O �Øw�_`dtacV`S<dPgYxmxm_bsnacdui+acS<s�|=V @ ird ? gYacdui+acgY[)h%xm[)l)gYUvj`[fS<s�h`[raPsuU�irxmS�|=gYacV4acV`S�jbS�l)dnS�S�[rw
]�S<]�[)d @ ^�irduirxmxYS�xmgYsu]3j`S�sngmdnS�j-O"��S}a�u ? S/acV`S;h�_`] ? S�d6[+wz�/k(6M�Pj`j`d'gmhvacV`S;U�[)hA¦rS�hAacgY[)h�irxf]�gYU�du[MÓ
^`du[GU�S<susu[rd\j`S<sugmlrhØgmh���l)_bduS��rO�����U<[)h`suS<��_`S�hAacx @ u gms9irxYsu[vacV`S�h�_`] ? S�d\[+w-]�S�]�[)d @ gYh`snaudu_`U}acgY[)h`s
acV�i+a/U�irhÊgmsnsu_`S�gYhÊ^�irduirxmxYS�x�gmhÊ[)hbS�U @ U�xYSrO"�6gYl)_`dnSP�)O �zÔòi)ÖTsuVb[ |=s9i�suir]�^bxmS�U<[fj`S�|=g�acVBu ]�S�]�[)d @
duS<w�S<duS<h`U�S�gmh`stacdn_`U<augm[)h`s<X`S�i+UWV4[rw¶|=V`gYUWV4]�i @Ø? S S�g�acV`S<d=iÊxm[Airj*[rd�iÊsnac[rduSrO/�{susu_b]�S�auV�i+a�acVbS�suS
u dnS<w�S<duS�hbU�S�s;irdnS�gYsusn_`S�j�gmh�^�i+dcirxYxmS�x�ac[ auV`S�ird ? g�acdui+acgY[)h�xY[)l)gmU\[)h�i�]ØirUWVbgmh`S�|=g�acVIu �9k=6+�{j`j`d
_`h`gYaus�OP�6gml)_bduS��)OR��Ô ? Ö=suV`[�|=s�acVbS�U�[rh`j`gYaugm[)h%acV�iMaPh`S<S�j`s�au[ ? S�V�irdnjb|\irduSÀÓpS}ÑfS<U�_bauS�jøgmh4auV`S�i+dtÓ
? gYaudci+augm[)h*xY[)l)gmUPi+a�dn_`hfÓÈaugm]�S ? S<w�[)dnS duS<w�S<duS<h`U�S áAêAêrë)v Ôxw:yÃF �3z�u/HqÖ�U�irhD^`dn[fU<S�S<j%au[�g�acs�]�S�]�[)d @
? irh`ôzO=Q�V`S�U<[)h`j`g�acgY[)h4snV`[�|=s{auV�i+a�w�[)d�i�duS}w�S�dnS�h`U<S�ac[�^`du[GU�S<S�j-X�gYa�]�_`staPU<[)]�^�irduS�gYaus�irj`j`dnS�sus
|=gYacVØirxmxbduS<w�S<duS<h`U�S<s�gmsnsu_`S<jØgmh�acVbS�suir]�S{U @ U<xmS=acV�iMa\i+duS�S�irdnxmgmS<d"gmh�^`dn[)l)dci+]Û[)duj`S<d�O"y�[�UWVbS�UWô�gms

{O|~}��!�d�����!� �:}����)�,��}������5�e���,�!�=�m}��d}��d�*�S�����,���!� ���m�j�b�)}���j}��!�����!������������ ��¡d}����)�,¢��U�5�!�����j�m���d���e�,�����x���7���b���j�m�j�
�j}��,��£¥¤�¦¨§�}©��¡W�j¡m��ªe����}�����m�)�m��j����«��a�!�)�5����� �
�d�j�b�)}��O�j}��!�F�����
���b�����d�j�(�x}��,�:���,���x�V�i�!�b���=£ ¬U¦����S���j���!�=���j�j�d�*���
��¡m�����!�i���������d���=�x}��,�b�i�����)�V��!V§�}������
§�}�¢�¢~�V�b��!�*�®��¡d}��d�d�,�b9}��m�,�j�b�!�j}��m�*�j¡d��}��X�j�b�x}��x�����V��:���V�F¡d�,�m�,�(�)��¢��U����¯i�
�!¢��j�=���j�j�d�*���¨��¡m���°�¢��e���*��)�,¢�����}��*�b�7§�}�¢�¢V�j�b�)�m��
§�}©��¡5�������j�d���
�j}����
�!�k�m�j�b�)}���j�b�±!��¡e�m�k���d�j�j¡m�,��}��m�,�j�b�!�j}��d����¡d�
�e�d�(�V���i���¨��)�¢����°�����i���e�5²d³)�b��§�}������d�,¢��U�!�
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hbS�U�S<susuird @ |=VbS�h ? [+acV$acVbS duS<w�S<duS<h`U�S�irh`j$auV`S ^`dnS<¦Ggm[)_bs�duS}w�S�duS<h`U�SvgYh*U�[)h`sngmj`S<dci+augm[)h$irduS�xY[Airj`s<O
� dnS<w�S<duS�hbU�S�^`du[GU�S<S�j`s/[)h`x @ |=V`S<hØi+xmxbg�acs"^`dnS�U<S�j`gYh`l�dnS<w�S<duS�hbU�S�s9gmhÊ^bdu[)l)duir]	[rduj`S<d/auV�i+a/U<[)h�m�gYU<a
|=g�acV$g�a\V`i�¦rS U�[)]�^`xYS<acS<j¨´�O/ �hbw�[)dnau_`h�i+auS�x @ XfauV`S�gY]�^`xYS�]�S�hAaWiMacgm[rh�[+w�acV`gYs�UWV`S�UWôØgmhØV`irdujb|\irdnS gms
hb[ra=suU�irxqi ? xmS |=gYauVEuøO\oph%^�irdtacgmU<_`xqi+d�XbauV`Sv]�gYh`gm]�_b]�j`S<xqi @ auV`du[)_bl)V4auV`Svxm[)l)gYU�gms�µØÔÕxm[rl3u�Ö ?A@
auV`S=acgm]�S�irxmx`auV`S�u duS}w�S�dnS�h`U<S�s�V�i�¦rS�gmsnsu_`S<j-O"Q'[�suS<S{acVbgms�XGU�[rh`sugYj`S�d/acV�iMa;w�[)d/acVbS{xmirsna;duS}w�S�duS<h`U�S
au[�^`dn[fU<S�S<j-Xbg�a;]�_`sna\^�S<dnw�[)dn]Üi ? gYh�ird @ gYh`U�xY_`sug�¦)S/¶m·v[rw-auV`S�duS�sn_`xYaus\[rw�irj`j`dnS�sus\UWV`S�UWô�s�|=gYauV*irxYx
u¹¸ ��^`duS}¦fgY[)_`s�duS}w�S�duS<h`U�S<s��1irhºµØÔÕxY[)lzÔju¹¸ � ÖnÖ�»<µ$ÔÕxY[)l3u�Ö=[r^�S<dci+augm[)h-O;��_`dnauV`S�d<X�acV`S�sugYxmgmU<[)h
i+duS�i$[+w\i+d ? g�acdciMacgm[rh�xm[)lrgmU�gmh`U<duS�i+suS�s |=g�acV¼u�X¶dnS�j`_`U<gmh`l*snU�irxmi ? gYxmgYa @ �-g�a gmsP^�[)snsug ? xmS�au[DirUWV`gYS<¦)S
µØÔÕxY[)l3u�Ö9j`S<xqi @ |=gYauV½µ$Ôxu�Ö"sugYxmgmU<[)h�irduS�i�_`sngmh`l�i�^`dnS<�bÑ�acdnS�S{suUWV`S<]�SªF �NHòXf[rd9|=g�acV½µØÔju ´ Ö;irdnS�i
_bsugmhbl�irxYx�Ó�ac[+ÓpirxmxTUWV`S�UWô�s�auV�i+a�gm]�^`du[�¦rS�auV`S�jbS�xqi @õ?A@ i4U<[)h`snacirhAa�wÕi+U<ac[rd�O$ophÂS<gYauV`S�dvU�i+suSrX'acV`S
]�gmhbgm]�_`] i+duS�i gYs:µ$Ôju�Ö�irh`jÊacVbS�]�gYh`gm]�_b] jbS�xqi @ gms:µ$Ô�xm[)l9u�Ö#�GauVG_bs/auV`S=irdnS�ivirh`j�j`S<xqi @Ê? [racV
gYh`U�dnS�irsnS�|=gYauV�y�O)Q�V`S�|=gmdnS�j`S�xmi @ irh`j�^�[�|\S<d9U<[)h`sn_`]�^facgm[rh�irxmsn[ gmh`U<duS�i+suS�|=gYauV¾u.gYh�irh @ su_bUWV
snUWV`S�]�SrO

  if  (addr  == addr  )i

 wait for reference *addr  to completej

j

*addr

*addr

.

.

.
1

N

i
Condition for reference *addr  to proceed:

Forall j<i

(a) (b)

if (either *addr   or  *addr   is a store)
j i

�'gml)_`dnS4�rOR�`§B�«ßÝßÝã�ÐÒÑÒÖâÙ�Ñ�ÚÛÏcÜ4ÏaÓJè(�L× Ù�Ö��ÚÛÑÒÖÀÙ�Ñ�ÚÛÏcÜ�ßÛÏaécÚÝÞ�äwÏ=Õ#Ð�ÜwÏaÑ*Ð�Þ�ÙaßÝÕ)�¿� Ùm� Î8ÏnäwÕ�Ó�ÖÀÙ�écÔ Õ#ÜLÑ èJÚÛÑ�ºÀ
Ô*Õ#Ô*ÏaÖ�×6Ö�Õ�Ó�Õ�Ö�Õ#Ü�ÞMÕ�ÚåÜ�ÐÒÑÒÖÀã�ÞMÑ�ÚÝÏcÜ�Ð���ÙaÐ�Ð�ã�Ô*Õ#äªÚÝÐ�ÐÀãwÕ#ä%ÚÝÜ%Ø�Ù�ÖâÙaßÝßÛÕ#ß�ÑÒÏ Ñ��Õ�Ù�Ö��ÚÝÑÒÖÀÙ�Ñ�ÚÛÏcÜªßÛÏaécÚåÞ®ÚÝÜ%ÙAÞMÏcÜV	aÕ#Ü3T
Ñ�ÚÛÏcÜ�ÙaßEÔ ÚÝÞMÖ�ÏaØ�Ö�Ï=ÞMÕ#ÐÀÐÒÏaÖ!èJÚÛÑ�ÁÀÂ�)àX^a`Gä�äwÖ�� ÐÒÕ�Õ�Ã�écãwÖ�ÕW e�©'d�������¨�!Î8ÏcÜ�ä�ÚÛÑ�ÚÝÏcÜAÓ�ÏaÖ�ÄdÅdÅeÆ v ��Ç
ÈÊÉ� eËÀIÌ��CÑÒÏ
Ø�Ö�ÏnÞMÕ�Õ#ä ÑÒÏ ÚÛÑ�ÐhÔ Õ#Ô*ÏaÖ�×W��ÙaÜ±Y~�eàeánÕ#Þ�ãwÑ�ÚÝÜwé�Ñ�wÕîÞMÏcÜ�ä�ÚÛÑ�ÚÛÏcÜAÚÝÜ"��Ù�Öâäwè8Ù�ÖÀÕJÖ�Õ�Í=ã�ÚÛÖ�Õ#ÐhäwÕ#ßÝÙÅ× ÙaÜ�ä�Ù�ÖÀÕ#Ù�Ñ��Ù�Ñ
ÚÝÜ�ÞMÖ�Õ#ÙaÐÒÕ�è.ÚÛÑ�\ÀÊ�

Q�V`S�h`[)hfÓÈsuU�i+xqi ? xYSvj`S�xmi @ irh`j�xqi+auS�h`U @ [+w"_`h`g���S�j�]�S�]�[)d @ s @ snacS<]�s{acV`dnS�i+auS�h`s�U<[)hAacgYhG_bgmh`l
gY]�^bdu[�¦)S<]�S<h�aus=gmhD]�gYU�dn[)^`du[GU�S<susn[)d�^�S<dnw�[)dn]Øi+h`U�S+O;�{xmduS�irj @ X`acV`SvS<ó�S�U}acsPirduS ? S�U�[r]�gYh`lÊ¦fgYsug ? xmS+O
Q�VbS�^bdugm]�ird @ U�irUWV`S�V`gYa�augm]�SPw�[)d�auV`Sv�Pxm^bV�i��f� � I �/F I H¶V�i+s�gYh`U�dnS�irsnS�jDac[���U @ U�xYS�s<X�_b^%w�dn[)] �
U @ U�xmS�w�[rdPacV`S��f�r� I �`X ? S�U�ir_`snS�[+w\gYh`U�dnS�irsnS�j�|=gmdnSÊj`S�xmi @ gmh ? i+h`ô�irU<U�S�sns�OÊ��avacVbSÊscir]�S�acgY]�S+X
auV`S�h�_`] ? S�d"[rw�U<[)h`U�_bduduS<hAa;]�S�]�[)d @ irU<U�S<susuS<s�irxYxm[�|;S�jÊV�irs"staWirlrh�i+acS<j�i+a=��[)d9�P^�S�d"U @ U<xmSrO�N\gmxYx
~ i+xmx @ [rw'eGaWi+hbw�[)dujD �h`gY¦rS�dnsugYa @ duS<U�[)lrh`g��<S�j*acV`SP]�S<]�[)d @ ÓpxmgY]�g�acS<jÊh�i+ac_bduS�[rw�au[fj`i @ ø s�j`S�sngml)hbs�gmh
Vbgms ���)� I U�[)xY_`]�hWF ��¤LH ?A@ sui @ gYh`l`§

÷cZ\[)]�^`_bauS�dns{gYh��+¤)¤ I |=gmxYx ? S�]�S�]�[)d @ X`h`[ra�^`dn[fU<S�susn[)d�X�j`[)]�gmh`i+acS<j-O;Z\[)sna�|=gmxYx ? Svj`dngY¦rS�h
?A@ ]�S�]�[)d @ U�ir^�i+U�gYa @ Xzirh`j%^�S<dnw�[)dn]Øi+h`U�S ?A@ ]�S�]�[)d @ xqi+auS�h`U @ irh`j ? i+h`jb|=gmjfacV-Oúù
ÎbÏ��d�j}���}������j}��!�m���������9�����x}��d¢���}��¾����x����}��B�,���x�b�,~���!���³d�!���m¢���~§�¡m�,�I�"¢��a�!�����!¢�¢���§i�(�S�x�j���j��}��¾�d�j���!�����

�!���)�,�b)���m���j¡m�,������������j����¡d�=�����*��¢��)�,���j}��!�c��Ð��i}����9�����j}��d¢����j�*}��*�d¢����*�,�a���*¡m�!���)§%����������¡d�����®}��F§�¡d}���¡���¡d�
¢��a�!�Á�d�����\�d�!�(§%��}��=�����=��¡d���x�j���j���j�#�,�!�*�d¢�����!Ñ�}��m�x�j�b�!�Á��¡d��¢������\�j�,�j�d���m�:�j¡d�/����¢��d���9�,}��d�#�x�j���j�b�Á�e�#��¡d�
�����!���!±§�}��j¡d���)�®�!�!}��d���j�F�*�,�*�!���!��Òi���!�,�j�j¡m�,¢������,±���!�,�#§�}©��¡\�x�m��¡#�!�)��}��*}������j}��!�m��±�j¡m���e�d�(�V���®���%��¡d�����)��}��
²m�!�d�����!� ÓVÔ��9Õ%�)�e���%�d�!�
�)���,�j�b�!�j�!�
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~�gmUWô4efgYauS�s<X�auV`S�UWV`gYS<w/j`S<sugYl)h`S�d{[rw"�{xm^`V�i�UWV`gm^bs i+a�acV`S�acgm]�SrX�acirôrS<sPacV`S�scir]�S�^�[)sngYacgY[)h%gmh�Vbgms
���)� I U�[rxm_`]�hWF � H ?�@ U<[)h`U<xm_`j`gYh`l`§

÷c�P¦)S<d*acV`S�U<[)]�gYh`l¡j`S<U�irj`S+X�]�S�]�[)d @ su_ ? s @ snauS�] j`S�sngml)h |=gYxmx ? S�acVbS èMâ�ÿÛ& gm]�^�[)dtaWirhAa
j`S<sugmlrh4gYsusu_bSvw�[rd�]�gYU�du[r^`du[GU�S<susu[rdus�Oúù

Ö ª ª�¯;µb¾`É ¸ ²p¾`²�´T«Þ²n¸ù«f¯;¿c¾)Á5©"µ�´
ophbw�[)du]�i+augm[)hÊj`gYsuU<[ ¦rS�dnS�j ?A@ acVbS{U<[)]�^bgmxmS<d�^`dn[ ¦GgYj`S�s;irh�[)^`^�[)dnau_`h`gYa @ ac[�gm]�^`du[�¦rS�]�gmU<du[)^bdu[GU�S�s�Ó
su[)d�^�S�dtw�[)du]�irh`U<SrX�gmh`U<xm_`j`gYh`l�]�S<]�[)d @ ^�S<dnw�[)dn]ØirhbU�SrO�Z\[)]�^`gmxYS�dus�V�i�¦)SÊVbgml)V`x @ j`S<acirgmxYS�j4gmhbw�[)d�Ó
]Øi+augm[)h$i ? [r_ba�o��¶�'Xb]�S<]�[)d @ ^�irdci+xmxmS<xmgYsu]Ûirhbj%xY[fU�irxmg�a @ acV`i+a�gmhbsnacdn_`U<augm[)hØsuS<aus=[rw¶U�[)hA¦rS�hAacgY[)h�irx
]ØirUWVbgmh`S<s'wÕirgYx)ac[{acirôrS\irjb¦+irhAaWi+l)S;[+w�O���[)d¶gmh`staWirhbU�SrXrsu_`^�S�dnsuU�i+xqird'irduUWVbgYacS<U<au_`duS<s�j`gmsnU�[�¦)S<d6o��¶��gmh
V�irdujf|�irdnSrX�|=V`gYxmSv^`duS<suS<h�augmh`l�i�sugmhbl)xmSÀÓpgmsnsu_`S gYh`snaudu_`U}acgY[)hfÓpstacdnS�ir]�gmhAacS<dnwÕirU<Svau[�sn[rwðap|\irduS+O�Z\[)]ÊÓ
^`gmxYS�dus/[rwðauS�h�ô�h`[�|Þ|=V`gmUWV�gmh`stacdn_`U<augm[)h`s/U�irh�SÀÑfS�U�_facS�gYh�^`irdcirxYxmS<x�X ? _ba;auV`S�dnS{gYs/h`[�|\i @ w�[)d"acV`S<]
ac[øU�[)hA¦)S @ acV`gYs�o��¶�	gYhbw�[)dn]Øi+augm[)h�ac[�acV`S%V�irdnjb|\irduS*acVbdu[)_`lrVÙiõsu_`^�S�dnsuU�irxqird�gYh`snaudu_`U}acgm[rhfÓpsnS<a
irduUWV`g�acS<U<ac_bduSõÔ�otef� ÖÀOT�{s�i%duS�sn_`xYa�X�su_b^�S<dusuU�irxqi+d�V�i+dujb|\irduS�]�_`sta�duS<j`gmsnU�[�¦)S<d�o��¶��gmhbw�[)dn]ØiMacgm[rh
i+a�acV`S U<[)sna=[+w'U<[)h`sngmj`S<dci ? xYS irdnS�ibX`jbS�xqi @ X�irh`jD^�[ |;S�d<O®n ��o«:ßs�S}Ñf^�[)suS acVbS�gmd\gmh`stacdu_bU<acgY[)hfÓÈgmsusn_`S
suxm[+acsvac[DacV`S�su[rwðap|\irdnSrX�i+h`j5U�irh�SÀÑf^`xm[)g�a�su[)]�S<|=V�iMa�]�[)duSÊU<[)]�^`gmxYS�d gmhfw�[)du]�i+acgY[)h-OÊ�{xYacVb[)_`l)V
n ��o«:ßs{jb[�h`[+a{SÀÑf^`xm[)g�a�U�[r]�^`gYxmS<dtÓpô�h`[�|=hD]�S�]�[)d @ ^�irdci+xmxmS<xmgYsu]Ügmhbw�[rdu]�i+acgY[)h-X�acV`S @ j`[�SÀÑf^`xm[)g�a
U�[)]�^`gmxYS�d�Ópô�h`[�|=h×o��¶� gYhbw�[)du]�i+augm[)h-O5oph�auS�dnS�snaØgmh×n ��o«:ßs�V�irs�duS�sn_`dulrS�jÙdnS�U<S�hAacx @ X\w�_`S<xmS<j ?A@
acV`S<gmd9i�¦)[)gYj�irh`U<S�[+w-U�[rsnacx @ o��¶�6Ópj`gYsuU�[�¦rS�dugYh`l�V�irdujf|�irdnSrX�U�[r] ? gmhbS�j�|=gYacVÊauV`S{gYh`U�dnS�irsngmh`lvsn[)^`V`gYstÓ
acgmU�i+acgY[)hØ[+w'U<[)]�^`gmxYS�dus<O��=S�U<S�hAa5n ��o«:ÞÓpxYgmô+SP^`dn[fU<S�susn[)dus�gYh`U�xY_`j`S�acV`S ophAacS<x 6r�{�×k/�"otZßirduUWV`g�acS<U}Ó
ac_`dnS³F÷�)�rX1� �LHòX`QTdcirhbsu]�S<aWi�øRs;Ñ�� I UWV`gY^ F÷� � H�XbQ'S<h`sugYxmgmU�i�ø s(ØPauS�h`suiÊS�] ? S�j`jbS�j�Z��9  F ���=HòX�irhbj$acV`S
�4� £AZ UWVbgm^Dw�du[)].ef_`h��4gmU<du[)s @ stacS<]�s�F÷�a�cHòO
k�¦)S<hÙn ��o«:ßs�X"V`[�|;S<¦rS�d�X9U�i+h`h`[ra�S}Ñf^`xm[rgYa�]�_`UWV¡[rw�auV`SØgYhbw�[)du]�i+augm[)h�acV`i+a�U<[)]�^bgmxmS<dus�U�irh

^`du[�¦Ggmj`S+X`irhbjØU�[r]�^`gYxmS<dus/U�irh�^�[+acS�hAaugqirxYx @ jbgmsuU<[�¦)S�d;wÕird/]�[)dnS{gYhbw�[)dn]Øi+augm[)h1OToph�^�irdtacgmU<_`xqi+d�XAacV`S @
U�irh [)^facgm]�g��<S%w�[rd ? [racV ]�S�]�[)d @ ^`irdcirxYxmS<xmgmsn] irh`j [rhfÓpUWV`gY^Þxm[GU�i+xmgYa @ OÚ�'gmdusta�X�U<[)]�^bgmxmS<dus�U�irh
^`du[�¦Ggmj`SDgYhbw�[)du]�i+augm[)h�i ? [)_baÊ|=V`gYUWVÒ]�S�]�[)d @ gYh`snaudu_`U}acgm[rh`s�U�i+h×SÀÑbS<U�_bauSDgmh¡^�irduirxmxYS�xòO¼n���o«:
irh`jÂsn_`^�S<dusnU�irxmird�]�irUWV`gYh`S�s�U�i+h`h`[ra�S}Ñf^`xm[rgYa�]�S<]�[rd @ Óp^�i+dcirxYxmS�xYgmsn] gYhbw�[)dn]Øi+augm[)h1X¶irs�sn_`UWV¡]�iMÓ
UWV`gmh`S<s�_`suS V`irdujb|\irdnS}Ó ? irsuS<j%_bh`gY��S<jfÓp]�S�]�[)d @ s @ snacS<]�s�auV�i+a�jb[Êh`[ra�snU�irxYSrO9efS<U�[)h`j1X`U�[)]�^`gYxmS�dns
U�irh�^bdu[�¦Ggmj`S�gmhbw�[rdu]�i+acgY[)hDi ? [)_ba�j�i+aciØirU<U�S�snsP^�iMauacS<duh`s<O��PU<U�S�snstÓÈ^�i+auauS�dnh�gmhbw�[)dn]ØiMacgm[rh*U�irh ? S
_`suS<j�ac[ØjbS�dug�¦)S�j`i+aWi�xqi @ [)_facs�i+h`j�gYh`snaudu_`U}acgm[rh�suUWVbS�j`_`xYS�s�auV�i+a{[)^bacgY]�g���S w�[)d�[)hfÓÈUWV`gm^4xm[GU�irxYgYa @ O
Z\[)hA¦)S�hAaugm[)h�i+x'i+duUWV`g�acS�U}ac_`dnS�s=wÕirgmx�ac[�S}Ñf^`xY[)gYa=[rhfÓpUWV`gY^Dxm[GU�irxYgYa @�? S<U�ir_bsuSvacV`S @ _`suSvxm[rh`l�|=gmdnS�s�O

Ã%ÄPª�¯9«`²t¸�¹ µ�´¶«b¯;É�µ�Æ�´¶«Ò¾b¯�«f¯;¿c¾)Á5©"µ�´
Q�V`Svgmh�i ? gmxmg�a @ [rwTU�[)hA¦rS�hAacgY[)h�irx¶irdnUWV`gYauS�U}ac_`dnS�s�ac[Ê_`snS�irxmx1i�¦+irgYxqi ? xmS�U�[)]�^`gmxYS�d;gmhbw�[)dn]ØiMacgm[rh�^`dn[+Ó
¦fgYj`S�s6irh�[r^`^�[rdnac_bh`gYa @ au[Pgm]�^`dn[ ¦rS;^�S�dtw�[)du]�irh`U<S/gYw`hbS<|�ô�gmh`jbs6[rwzi+duUWV`g�acS�U}ac_`dnS;U�irh�w�_`xYx @ SÀÑf^`xm[)g�a
U�[)]�^`gmxYS�d gYhbw�[)du]�i+augm[)h-OØ��h`S�|�i @ ac[%S}Ñf^`xY[)gYa�]�[)duS�U�[r]�^`gYxmS<d ôGhb[ |=xYS�j`lrSØgms au[�S}Ñf^�[)suS�]�[rduS
V�irdujf|�irdnSØdnS�su[r_`duU<S�s�au[%auV`S�sn[rwðap|\irduS+O4�=S�sn[)_`dnU�S�s�acV�iMa�U�irh ? S�SÀÑf^�[)snS�jÂgYh`U�xY_`j`S�^`dn[fU<S�susngmh`l
S�xmS<]�S<hAacs�Xb]�S<]�[)d @�? irh`ô�s=irhbj$acV`S�U<[)]�]�_`h`gYU�i+augm[)h�h`S<ap|;[)dnô�Ô�|=gYduS<sWÖ;[)hØUWV`gm^-O"�{duUWV`g�acS<U<ac_bduS�s
acV�i+a�S}Ñf^�[)suSØauV`S�gYd�dnS�su[r_`duU<S�s�au[�su[rwðap|\irdnS*irduS�l)g�¦)S�h�acV`S$lrS�h`S<dugmU�h�ir]�S�[+w é�è��Àï�	9árëcå}äuånæ<ç�è�é�åuê
árëWìWíGîðïpåWì}ïÕñfëcåWé F ��HòO*n ��o«:ßs�irdnS�^`irdnaugqirxYx @ su[rwðap|\irduSÀÓpSÀÑb^�[)snS�jõsugYh`U�SvacV`S @ S}Ñf^�[rsuS�^bdu[GU�S�snsugYh`l$S�x÷Ó
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S<]�S<hAacs�acVbdu[)_`lrV%]�_`xYaugm^`xYS{gYh`snaudu_`U}acgm[rhfÓpgYsusu_bS�suxY[racs<O"ophDauV`gms;acV`S<sugms�|;S w�[fU<_`s�[)h ? irhbôAÓÈS}Ñf^�[)suS<j
i+duUWV`g�acS�U}ac_`dnS�s<O

GBH�Ú Û ���¿Ü����{24�5���6� � ���/8\:��}&�� 8�&">��"� �

Q�VbgmsØsnS�U}acgm[rh irjb¦r[fU�i+acS<sØacV`S ? irh`ô)ÓpSÀÑf^�[)snS�jßU�xmirsus�[rw�irdnUWV`gYauS�U<au_`duS+X�i5U�xmirsus�[rw�irduUWVbgYacS<U<au_`duS
auV�i+aDSÀÑb^�[)snS�s�g�acs*]�S�]�[)d @Ù? irh`ô�sDac[¡acVbSøxY[�|�ÓpxmS}¦)S<x su[rwðap|\irduS+O�Q�VbSøsnS�U}acgm[rh SÀÑb^bxqirgYh`sDV`[�|
? irh`ô)ÓpSÀÑb^�[)snS�j*irdnUWV`gYauS�U}ac_`dnS�s�S<h�i ? xYS{snU�irxYgmh`lvac[�i�V`gYl)VØjbS�l)dnS�SP[+w�]�S<]�[rd @ ^�i+dcirxYxmS�xYgmsn]4O¶y�S}ÑGa�X
SÀÑbir]�^bxmS�s�[+w ? i+h`ô)ÓpS}Ñf^�[)suS<j�j`S<sugYl)h`s�w�du[)]±acV`Sv^�i+sna�irdnS�^bduS�snS�hAacS<j-O\Q�VbS��%opQJ��i�|Ú]Øi+UWV`gmh`S+X
i ? i+h`ô)ÓpS}Ñf^�[)suS<jJirdnUWV`gYauS�U}ac_`dnS ? S�gYh`l�j`S�sngml)hbS�j3gmh [)_`dDdnS�suS�irduUWV l)du[r_`^-XPgYsDirxmsn[¡^`duS<suS<h�auS�j-O
�'gmh�irxYx @ X;i�U�[)]�^�irdngmsu[rhÒ|=g�acVÙ]�_`xYaugm^`dn[fU<S�susn[)dus�gms�]�irj`SrX�snV`[�|=gmh`løacV`S4j`gYó�S�dnS�h`U<S�s$[+w ? irh`ô)Ó
SÀÑf^�[)snS�j4]�gYU�du[r^`du[GU�S<susu[rdus�|=gYauVD]�_`xYaugm^`dn[fU<S�snsu[)dns�acV�i+a�i+xmsu[�SÀÑb^�[)snS�auV`S�gYd�]�S<]�[)d @$? i+h`ô�s�O
Q�V`S�]�gYh`gm]�_`] i+duUWV`g�acS�U}ac_`duirx�w�S�i+au_`duS�duS<�G_bgmduS<j4au[ØS}Ñf^`xY[)gYa�auV`S�U<[)]�^`gmxYS�d�]�S<acVb[fj`s�gmhDacVbgms

auV`S�sngms{gms=acV�i+a{acV`S�irduUWVbgYacS<U<au_`duS ? SÊi àWárâbãMäuånæ<ç�è�é�åuê*árëcìWíGîðï�åWì}ïÕñfëcå O�� ? i+h`ô)ÓpS}Ñf^�[)suS<jøirduUWV`g�acS<U}Ó
au_`duS�gmsPi�su[+wðap|�irdnS}ÓÈS}Ñf^�[rsuS�j�irdnUWV`gYauS�U<au_`duS�|=gYauV�ap|\[*jbS<��h`gYh`lØw�S�i+ac_`dnS�s<§=�`dusna�X-suS}¦)S<dcirx�jbgms � [rgmhAa
sn[rwðap|\irduSÀÓÈ¦Ggmsng ? xYS$irj`jbduS�snsÊsu^�i+U�S�s<X/U�[)dnduS�sn^�[rh`j`gmhbl�ac[�j`g�ó1S<duS<h�a�]�S<]�[)d @õ? irh`ô�s]��irh`j¡snS�U<[)h`j-X
]�S�]�[)d @ duS}w�S�dnS�h`U<S�s�auV�i+a�U�irh ? S4j`gYduS<U<acS<jÞi+a�U<[)]�^bgmxmSÀÓÈaugm]�S�au[�^�i+dnacgYU�_`xmird�irj`jbduS�snsØsn^�irU�S<s�O
Z\[r]�^`gYxmSÀÓÈacgY]�S�duS�sn[)xm_facgm[rhÂ[rw�acVbS ? irh`ôøh�_`] ? S�d�gYs�auV`SØô+S @ UWV`irdcirU}acS<dugmstacgYU$[rw ? irhbôAÓÈS}Ñf^�[)suS<j
]�irUWV`gYh`S�s<O��=_`hfÓ�acgm]�S�duS<su[)xY_bacgY[)h-X6gYhÂU�[rh�audcirsta�X"gY]�^`xYgmS<svi�V�irdnjb|�i+duS}Ó ? irsnS�j�_`h`g���S�jÂ]�S�]�[)d @
s @ snacS<]4O
�6gYl)_`dnS �)Oµ� U�[r]�^�i+duS�sõacVbS×]�S�]�[)d @ s @ snauS�] [rw$i ? irhbôAÓÈS}Ñf^�[)suS<jÛirduUWVbgYacS<U<au_`duS�|=gYauV	i

V`irdujb|\irdnS}Ó ? irsuS<j5_`h`g���S�jø]�S�]�[)d @ s @ snauS�]%O$�6gYl)_`duS*�rOµ�`ÔÕiAÖPsuVb[ |=s�i%V`irdujb|\irdnS}Ó ? irsuS<j5_`h`g���S�j
]�S�]�[)d @ s @ stacS�]%O�k�¦rS�d @ irU<U�S<susPlr[fS<s=auV`du[r_`l)VDacV`S�ird ? gYacdui+acgY[)h*xm[rl)gmU+O/�6gml)_bduSÊ�)Ol�`Ô ? Ö�snV`[�|=s�i
? irh`ô)ÓpSÀÑb^�[)snS�j�irdnUWV`gYauS�U<au_`duS+O��6gYl)_`dnS�s9�)Oµ�bÔòiAÖ¶irh`jDÔ ? ÖTjb[Ph`[ra6suV`[�|�acVbS\U�[r]�^`xYS<auS\irdnUWV`gYauS�U}ac_`dnSrX
? _ba�[rh`x @ auV`SØgYh�auS�dtwÕirU�S ? S}ap|\S<S�h��/k"sÊirh`j�]�S<]�[rd @ O*oph���l)_`dnS��)Ol�`Ô ? Ö}X¶acV`S<duS$i+duS�ap|;[�|\i @ s
au[�irU<U�S<susÊ]�S�]�[)d @ O��6gYdusna�X6]�S�]�[)d @ dnS<w�S<duS�hbU�S*gmhbsnacdn_`U<augm[)hbs�irU<U�S�snsugYh`l�U�[)]�^`gYxmS}Ó�acgY]�SÀÓpô�h`[�|=h
? irh`ô�s6acdui�¦)S�xb[ ¦rS�d/irh�[)hfÓpUWVbgm^ÊU�[r]�]�_bh`gmU�i+acgY[)h�hbS<ap|;[)duôzXGi�¦)[)gYj`gmh`l{du_`hGÓÈacgY]�S;ird ? gYaudci+augm[)h-O'efS<U}Ó
[rh`j-X=]�S<]�[rd @ gmh`stacdn_`U<augm[)h`s�ac[¡U�[r]�^`gYxmSÀÓÈacgY]�SÀÓp_`hbôGhb[ |=h ? irh`ô�s*h`S<S�jßdu_bhfÓÈaugm]�S�ird ? gYaudci+augm[)h-X
i+h`jõV`S�h`U<SÊacV`S @ l)[$acVbdu[)_`lrVõauV`S�suxY[ |;S�dvi+d ? g�acdciMacgm[rh�xm[)lrgmU*Ô�h`[ravsnV`[�|=hzÖ}O�N�i+h`ô)ÓpS}Ñf^�[)suS<j5i+dtÓ
UWVbgYacS<U<au_`duS<s�irdnSPirjf¦ri+h�acirl)S<[)_`s9[)h`x @ gYw-]�[)sta;]�S�]�[)d @ gmh`stacdn_`U<augm[)h`s/dnS<w�S�dnS�h`U<S ? irhbôGs;ô�h`[�|=h*i+a
U<[)]�^`gmxYS}ÓÈaugm]�SrO'Q�V`S�U<[)]�^`gmxYS}ÓÈaugm]�S{acirsuô*[rw'j`gYsuU�[�¦rS�dugYh`l$i ? irhbô*hG_b] ? S<d�w�[)d=S�irUWV4duS<w�S<duS<h`U�S�gms
U�irxmxYS�j àWárâbã�êrîmé�árú�à�î�ûrñbárïÕî�èMâ Xf|=V`gYUWV4gYs�j`gmsnU�_`snsuS�j�gmhDsuS<U<acgY[)hõ�)O � O
� ]�[raugY¦+i+acgYh`l$i+jb¦+irhAaWirl)S�w�[)d ? irhbôAÓÈS}Ñf^�[)suS<j5j`S<sugmlrh`s gmsPauV�i+a�auV`S @ U�irh�^�[racS<hAacgqi+xmx @ [�¦)S<dtÓ

U<[)]�S�auV`S�ap|\[4U�[)stacs�[rw�V�i+dujb|\irduSÀÓ ? i+suS�j5_`h`gY�`S�j5]�S�]�[)d @ §vh`[rhfÓpsnU�irxmi ? xmSÊjbS�xqi @ auV`du[)_bl)V5i+dtÓ
? gYacdui+acgY[)h5xY[)l)gYUØirhbj¡^�[G[)d�[)hGÓpUWV`gY^¡xm[GU�irxYgYa @ O�Q�V`S�snS4i+jb¦+irhAaWirl)S<s�irduSØlAirgmhbS�j-X"V`[�|;S<¦rS�d�X;[)h`x @
|=VbS�hÂ]�[)sna�]�S�]�[)d @ gYh`snaudu_`U}acgY[)h`s�irU�U<S�sus�U�[)]�^`gmxYS}Ó�acgm]�S}ÓÈô�h`[�|=h ? irh`ô�s�O%Q�V`S$i+jb¦+irhAaWirl)S<s�[rw
sn_`UWVÒirU�U<S�snsuS�sÊau[�ô�h`[�|=h ? irh`ô�s�X/[�¦)S<d�irU�U<S�susnS�s�gmh¡i4U�[)hA¦)S<hAacgm[rh�irx�]�S�]�[)d @ s @ stacS<]4X/irdnS*irs
w�[rxmxm[�|=s<O6�6gYdusta�X�irU<U�S�snsuS<s;ac[vU<[)]�^bgmxmSÀÓÈaugm]�S}Ópô�h`[�|=h ? irh`ô�s\i�¦r[)gmj�l)[)gYh`l�acVbdu[)_`lrV�auV`S�ird ? g�acdui+acgY[)h
xY[)l)gYUrX�irh`jØsu[�acVbS @ j`[�h`[+a�su_fó1S<d\acV`SPxm[)l)gYU=ø s/j`S�xmi @ O9Z\[)h`snS���_`S�hAaux @ X`auV`SPh�_`] ? S<d�[rw ? i+h`ô�s�U�irh
? S�gmh`U<duS�irsuS<j5|=gYauV`[)_ba�gmhbU�duS�irsugYh`lDacV`S�U�irUWVbSØV`g�a�augm]�S�w�[)d�xm[GU�irx"i+U�U�S<susnS�s�O�efS<U�[)h`j1X�irU<U�S�snsuS<s
au[�U�[)]�^`gmxYS}Ó�acgm]�S}ÓÈô�h`[�|=h ? irh`ô�s�U�irh%S}Ñf^`xY[)gYa=[)hGÓpUWV`gY^4xY[fU�irxmg�a @ X`i+s=auV`S�U�[)]�^`gmxYS�d�U�irh%^`xqirU<S acV`S
]�S�]�[)d @ dnS<w�S�dnS�h`U<S�U<xm[)snS�ac[�acV`S ? irhbôØ|=V`S�dnS�auV`SvduS}w�S�duS<h`U�SNøRs{j�i+aci�dnS�sngmj`S<s�O9oph%auV`S ? S<sna�U�irsnSrX
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auV`S U�[r]�^`gYxmS<d\^`xmirU�S<s�acV`Svxm[)irj76+stac[)dnS�gmh`stacdn_`U<augm[)h*[)h*auV`S��9k×xm[GU�irxzac[ÊacVbS ? irh`ôØ[rhD|=VbgmUWVDacV`S
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*q = . . .
*p = . . .

int  a,b,c;

q = &c;

 

p = cond ?  &a : &b;

int  *p, *q;

boolean  cond;

p = cond ?  &a : &b;
q = &c;

*p = . . .
*q = . . .

(a) (b)

int a int c

int b

bank 1bank 0
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(a)
ordering constraint
static message

p = &A[x]
dynamic message

*q = . . .

*q = . . .*p = . . .

*p = . . .
p = &A[y]

*p = . . .(b) (c)

bank 0 bank 1

turnstile

*q = . . .

bank 0 bank 1
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ordering constraint

*p = . . .

*q = . . .

dynamic message

p = &A[x+1]
p = &A[x]

*p = . . .

(b)

bank 0 bank 1

*q = . . .(a)
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ü�KJ\]ef\o^Vþ#l@QTS��fw

HJI�þ!K/þ#Mnef\]U�XTK�þ!eRp�Q�e�üL\	S'þ	ýcOR\POR[$��K�üLKPüLKQü�\�x~}��¥gyU�þ#KVM�ý/üLW%þ#UZüL\qK/þ#MnS�üLef\ú¡Tw�·owºHJI�þ!SuI�ü�ýbU
XTK�þ�pre�ý�Q�e"üL\	S'þ	ý�OR\POR[$�oK/üLK.üLK�ü�\©�T�]öQ¹��]�]öûX]K/þ#K�þ�îYX�ü�ìZOR[�þ#\]M	þ�M#[aOZKbK�þnK�SbemOZKbK�ü�vf\�OcSbX�ýb\TKVS'ü�[�þ�Q%þ�ý
Mn[aORKVK#"pþ	îYX�ü�ìZOR[�þ#\]M	þ�M#[LORKbK/þ#K�O"ý/þ�U�þ	ý�ü�ì"þ#U©pnýVefl�Q�e�ü�\	S'þ�ý�OR\POR[$��K�üLK�üL\Tpre"ýbl�OZS'ü�ef\cü�\�xi}���w��]�]ö�üLK
UWþ#KbM	ý�ü�WOþnUcü�\�K/þ#M_S'üLeR\�¿�wª�]w

«�¬� üAý!þ�°nÿ¥´�¶#³z±���³�����¶#´�·�· þ�±�°�����´�²�°#¯@± � ³�²	�©¯�

HJIWüLK�K/þ#M_S'üLeR\!U�þ#KVM�ý�ü�WOþnK-þ�îYX�ü?ìZOR[�þn\]M�þ^�M#[LORKbK�X]\�ü�d]M�OZS�üLef\�g	SbI�þ�d:ýVKVSJeRp�S��~ejWPOR\Ts�U�ü�KuORl�W�üLvfX]OZS'ü�ef\
KVMNI�þ#l�þ#K�Q�ý/þ#K�þn\	S'þ#U�üL\�SuIWüLKJSuI�þnK�ü�K#w

�� á_âwè�Ù��"Ù9×Fè}Ù9×FØ9Ù/Ô�� Ù9Õ��OÙ/Ù9×RÖ|â`âVÖ'ß�â`Ù���Ù9â`Ù9× Ø�Ù/Ô����mÙJØ/Ö|×Rè�á��"Ù�ÕhÕhÙ/â�����á	Óê×�Õ`Ù9âeÖ_×FÖ|ç�ß�ÔbÓ�Ôeè�á�Ù�ÔS×}á_Õwè�Ó�ÔnÕ`Óê×�� �}Ó�Ô"!� Ù9Õ��OÙ/Ù9×PâhÙ���Ù9â`Ù9×FØ9Ù/ÔzÕháAè�Ó$#"Ù/âhÙ/×�ÕiÙ9ç�Ù9à-Ù9×�Õ`ÔxÓ�×KÖ|×QÖ|â`â`Ö'ß��7ÔbáGÕ%! Ö�Õiâ`Ù���Ù9â`Ù9× Ø�Ù&�FÖ|Ó�â`ÔCÔ%�FØ'!QÖ_Ô)(+*gÛ�,%Ö|×Fè-(.* Ü/,OÖ_âhÙ
Ö|×FÖ_çêß109Ù�èAÕ`á2�"Ù�è�Ù��"Ù9× è�Ù9×�Õ��  á_âiÖ|â`âVÖ'ßGâ`Ù���Ù/âhÙ/×FØ�Ù�Ô��43�Ö5�FÔ��LÓ�×PÖ	è}è�ÓêÕhÓ�á_×4�4� ÔbÙ�ÔwÕhâVÖ_è�ÓêÕhÓ�á_×FÖ_ç:Ö|â`â`Ö'ßAè�Ù�� Ù/×Fè�Ù9× Ø�Ù
Ö|×FÖ_çêß�ÔhÓ�ÔOÕhá-á���Õ`Ö_Óê×26F×}Ù/â7�_âVÖ|Ó�×}Ù/è�è�Ù��"Ù9× è�Ù9×FØ9ÙCÓê×8��á_â`à-Ö|ÕhÓ�á_×9* Ý�ã�,:�
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malloc.y (6) malloc.z(7)(c)

(d)

*q=33f.y=11 *r=44 p->x=22

malloc.z(7)

pf->y=55

malloc.y (6)malloc.x (5)f.x (1)ctr (4)f.z (3)f.y (2)

pf->y = 55

pf->y=55

malloc.x (5)ctr (4)f.z (3)f.y (2) f.x (1)

f.y=11 *q=33 p->x=22*r=44

void  fn  (int  cond)  {

    

    int   x, y, z;
struct  foo  {

};

    struct foo f;
    int ctr; 
    struct foo *pf, *p;
    int  *q, *r;

    pf = (struct foo *)
             malloc (sizeof (struct foo));

    p = cond  ?  &f  : pf;

    q = cond  ?  &f.y : &f.z;

    r = cond  ?  &f.x : &ctr;

}

// ref : 2    f.y = 11;

    p->x  = 22; 

    *q = 33; 

    *r = 44;
    pf->y = 55;

void  fn  (int  cond)  {

    

    int   x, y, z;
struct  foo  {

};

    struct foo f;
    int ctr; 
    struct foo *pf, *p;
    int  *q, *r;

    pf = (struct foo *)
             malloc (sizeof (struct foo));

    p = cond  ?  &f  : pf;

    q = cond  ?  &f.y : &f.z;

    r = cond  ?  &f.x : &ctr;

}

    f.y = 11;

    p->x  = 22; 

    *q = 33; 

    *r = 44;
    pf->y = 55;

// ref : 1,4
// ref : 6

 // assign : 1,2,3

// assign : 5,6,7

// assign : 4

// ref : 1,5

// ref : 2,3

(a) (b)

Equiv. class 2Equiv. class 1 Equiv. class 4Equiv. class 3

(e)

f.x (1)

malloc.x(5)

ctr (4)

malloc.y(6)f.y (2)

f.z (3)

malloc.z(7)

Bank 0 Bank 1 Bank 2 Bank 3

p = cond ? &f : pf
p->x = 22
r = cond ? &f.x : &ctr
*r = 44

q = cond? &f.y : &f.z
*q = 33

f.y = 11

PE 0 PE 1 PE 2 PE 3

ÙwüLvfXWý�þ�¡Tw�¢"¹?>A@�¼�¿AÈ$Å�É�Ç�Ë7¾	ÊJÃ�»7Ï�É|Í ÎLÃCB�¼�Å�É|»0Ä'Éu�bÄ�Å�¼�Ç�Ç�Î0»LÃED$Ä�¼�½�Ã�¾}»¥ÆGFU¼�HJI`»LÃ�½�Ã�¼�ÅxÈLÌ�¾�Ï�Ì9¼�¿(ÆKF�ÑLHAºHÁ�½�É�Ì
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¾�Ì9Àd¾�ÑPOVÉ|Ä'½�Ço¼�»LÂ@Ã?»LÇ�½�Ì9ÎLÄ'½�Ã�¾}»LÇ\Ì�É�ÈLÌ�É|Ç�É|»F½�É|Â<¼�ÇRÑ0Ã �nÈ$¼�Ì�½�Ã�½�ÉKÏ�Ì9¼�È0Ë¥ÆQFUÂRHTSw¾}»L»7É|Ä'½�É|Â<Ä'¾}¿AÈ�¾}»7É|»F½�Ç�¾�Á
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[ih�`}Æ&F�É�HpºJÁ�½�É�ÌeÄ'¾�Â7ÉCÏ�É|»7É�Ì9¼�½�Ã�¾}»:Æ7j�>lkmjeÌ�¾�Ä'É|Ç�Ç�Ã�»7Ï-É|Å�É|¿RÉ|»F½�Æ7>e¼�Ä/ËT>	S�Ã�Ç*¿R¼�ÈLÈ�É|ÂG½�¾�¼�Ç�Ã�»LÏ}Å�ÉxÑ0¼�»	�on
½�ËLÉGÄ'¾�Â7É\Ã�ÇHÂ0Ã�Ç�½�Ì9Ã�Ñ$Î7½�É|Â(¼�¿A¾}»7ÏP½�Ë7É\ÂLÃEp�É�Ì�É|» ½+j�>zÇNÊJËLÃ�Å�É�É|»0Ç�Î7Ì9Ã�»LÏR½�ËL¼�½NÌ�É�Á�É�Ì9É|»LÄ'ÉGÃ?»LÇ�½�Ì9ÎLÄ'½�Ã�¾}»LÇJ¼�Ì�É
Å�¾"Ä�¼�Å:½�¾�½�Ë7É.Ñ0¼�»	�P½�Ë7É�ÀQ¼�Ä�Ä'É|Ç�Ç�Æ
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WTXTS'ü�ef\qSueºORMNI�ü�þ	ì�þ�WPOR\TsqU�üLKbORl�W�ü�vfXPOZS�üLef\�w¤ÙwüLvRX�ý�þ�¡Tw$¢�I�þ#[�Q]K(üL[L[�X]KVS�ýuOZS�þ�SbI�þ�KkS'þnQ]K1ü�\7ìfef[?ì�þ#U
ü�\|xi}��FSbI�ýbeRX]vfI,OR\>þ_�TORl@Q][�þZw � K¥O�d:ýbKkS�KkS'þnQ�g�x~}���ýVX]\]K¥Q�e�ü�\	S'þ�ýzOR\POR[$�oK/üLK	¹zdPvfX�ý/þ�¡ow�¢Y{rW��
KVI]e ��KBSuIWþ-ý�þnKbX][$SuKBeZp�Q�e�ü�\	S'þ�ý9OR\POZ[���K�ü�KBef\�SbI�þ�QWýbefv�ýbORl�üL\¥dPvfX�ý/þJ¡Tw$¢Y{ÆO	�wBx»ORMNIjU]OZSNOzOZ[L[Le�M�O¸S'üLeR\
K/ü�S�þPüLKzOR\]\]eRSuOZS'þnU©�.ü�SbI�O�[Le�M�OZS�üLef\�^�K�þ_S�[�üLKkS�g���I�þ�ý/þ�þ#ORMNI�[Le�M�O¸S'üLeR\o^�K/þnS�M#e�ý/ý�þ#KVQ�eR\]U]K�Sue!O�U]OZSNO
eRW�Â/þ#M_SJOR[�[Le�M�OZS�þ#U@WY�@SuI]OZS�K/ü�S'þZw»x»ORMNI!l1þnl�e"ýV�(üL\TKVS'ýVX]MnS�üLef\1üLK~OR\]\]eZSNOZS�þ#U!W	��SbI�þ�[�eoM#OZS'ü�ef\o^`K�þnSbK
Mne�ý�ý/þ#KVQ�ef\TU�üL\]v�Sbe!SuI�þcUPOZSuO�efW�Â/þnMnSuK�SuIWþKüL\]KkS'ýbXTMnS'ü�ef\|M�OR\>ý/þnpnþ�ý/þ#\]M	þRwrq\þnQOþn\]U�þ#\TM�þ�þ#U]v�þnK¥O"ý�þ
OZ[LKbejMnefl@Q]XTS'þnU�XTK�üL\Tv@Q�e�ü�\YS�þ�ý�OR\]OR[���K�ü�K#wÃ þ_��S�g�xi}���ý�þ#QWý�þ#K/þ#\	SuK¥SuI�þcQ�e�üL\	S�þ�ý�OR\POZ[���K�ü�K\üL\Tpre"ýbl�OZS'ü�ef\�ORK�O!W�ü�QPO"ýVS�ü�S�þ�v�ýuOZQ]I|eRp�U]OZSNO
eRW�Â/þ#M_SuK�OR\]Uml1þnl�e�ýk��ý�þnpnþ	ý�þn\]M�þnK#w~ÙwüLvfXWý�þz¡ow�¢Y{rM �~KVI]e ��K�SuI�þ�W�üLQPO ýVS'ü$S'þ�v�ýuORQTImpre�ý�SbI�þzQ�ýVefv�ýuOZl
ü�\ºd]vfX�ý�þ�¡Tw$¢Y{�WP�_w � \]e�U�þ�üLK¥M#ef\]KkS'ýVX]MnS�þ#U¤pre�ýRþ#ORMNIqORW]KkS'ýbORMnS�efW�Â/þnMnS�gBOR\]Uºpre�ýoþ#ORMNI¤l�þ#l@e�ýk�
ý/þnpnþ	ý�þ#\TM�þQü�\]KVS�ýbX]M_S'üLeR\�wG÷�\�SbI�þ�dPvRX�ý�þZg�SuIWþ�X]Q]Q%þ�ý\ýVe � KbI]e ��KzSuIWþjORW]KkS'ýuOZMnSzeRW�Â/þ#M_SuK#g��.ü�SuI�SuI�þ
[�eoM#OZS'ü�ef\o^`K�þnS»\YX]l�WOþ	ý�pre�ýJþ�ORMNI!efWYÂ/þ#MnS-üL\mQ]O"ý�þn\YSbI�þ#K/üLKngPOR\]UmSbI�þz[�eø�Hþ�ýHýbe �óKbITeø��K�SbI�þ�l�þ#l@e�ýk�
ý/þnpnþ	ý�þ#\TM�þ�üL\]KkS'ýbXTMnS'ü�ef\]Knw~xyU]v"þ#K�O"ý�þ�M#eR\]KVS�ýbX]M_S'þ#U�pnýbeflyþ�ORMNI�l1þnl�e�ýk�4ý/þnpnþ�ý/þ#\]M	þ¥Sbe@SbI�þ¥OR[L[�SuI�þ
OZW]KVS�ýuORM_S�efW�Â/þ#M_SuK���I]efK/þ�\YX]l�W%þ�ýVK�O"ý�þRüL\!SbI�þRý�þnpnþ	ý�þn\]M�þasªK�[Le�M�OZS�üLef\o^`K�þ_S�[�ü�KVS#w

�oXTW]K�þ	î�XWþ#\	Su[$�fgYxi}���U�þ_dP\�þ#K9SuI�þ~M#ef\]M	þ#QTS�eRp�ÜRÚå��Ü¸à��ut#áo�wv¸ÜRÚL�_ÞyxN�zx_Ú$Ü¸àNà �Nà�X]K/üL\]v�SuI�þ~W�ü$^`QPO"ýkS'ü�S�þ
v"ýuORQ]Ihw � [�üaORKeþ�îYX�ü?ìZOR[�þn\]M�þ�Mn[aORKVK�þnKBpre�ýbl§SbI�þ�dP\�þnKVSyQPO ýVS'ü$S'ü�ef\�eRpPSbI�þ�[�eoM#OZS'ü�ef\�K/þnSy\YX]l�WOþ	ýbKyKbXTMNI
SbIPOZS�þ�OZMNI©l1þnl�e"ýV��ORMnM�þnKbKGý/þnpnþ	ýbK�Sbem[�eoM#OZS'ü�ef\o^�K/þnSJ\YX]l�WOþ	ýbKGü�\�eR\][��!eR\�þ�Mn[aORKVK#wJÙwü�vfX�ý/þ�¡ow�¢Y{rU��
KVI]e ��K�SuI�þ�WWü$^�Q]O"ýVS�ü�S'þ�v�ýuOZQ]IdüL\©dPvRX�ý�þj¡ow�¢Y{rM ��QPO ýVS'ü$S'ü�ef\�þ#UcüL\	Sue!�!þ	îYX�ü�ìZOR[�þ#\]M	þjM#[aOZKbK�þnK#w� �ORQ]K
UWþ�ý�ü?ì�þnK�SuI�þ�þ�îYX�ü?ìROZ[�þ#\TM�þzMn[aORKVK�þ#K�WY��M#eRl�Q]XoS'üL\Tv¥SbI�þzM#eR\]\�þ#M_S'þnU�Mnefl@Q�ef\Wþ#\	SuK~eRp�SuI�þ�W�ü$^`QPO"ýkS'ü�S�þ
v"ýuORQ]Iqpre�ý�SuI�þ�Q�ýVefv�ýuOZl�w,HJI�þ�[Le�M�OZS�üLef\o^`K�þ_Sj\YX]l�W%þ�ýbK(ü�\tþ�ORMNIúM#ef\T\�þ#M_S'þ#UÐM#efl@Q�ef\�þ#\	Scpre�ýVl
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S�üLef\hw� �ORQ]Q�ü�\]v>þ�ORMNIÐM#[aOZKbKjSue,OºK/üL\]vR[�þ!WPOR\TsqU�üLKbORl�W�ü�vfXPOZS�þ#KcOR[�[�l1þnl�e"ýV�kü�\]KVS�ýbX]M_S'ü�ef\]K#g~ORK
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Bank3Bank2 Bank 1Bank 0

PE  2 PE  3PE  1PE  0

(c)

     A[i+1]  =    A[i+1]   +   B[i+2]
     A[i+2]  =    A[i+2]   +   B[i+3]
     A[i+3]  =    A[i+3]   +   B[i+4]

for    i    =    0   to  99   step  4   do
     A[i]      =    A[i]       +   B[i+1]

(d) i’   =    0
for    i    =    0   to  99   step  4   do

   i’ = i’ + 1

00

0

1

2

3

1

1

2

3

2

3

   A  [i’]  =   A  [i’]   +       B  [i’]
   A  [i’]  =   A  [i’]   +       B  [i’]
   A  [i’]  =   A  [i’]   +       B  [i’]
   A  [i’]  =   A  [i’]   +       B  [i’+1]

Code

Data

     A[i]     =    A[i]    +    B[i+1]

B[ ]

(a)
for    i    =    0   to  99   do

A[ ]

     A[i]     =    A[i]    +    B[i+1]

(b)
for    i    =    0   to  99   do

A  [ ] A  [ ] A  [ ] A  [ ]

B  [ ]B  [ ]B  [ ]B  [ ]

0 1 2 3

3210

A  [ ] A  [ ] A  [ ] A  [ ]

B  [ ]B  [ ]B  [ ]B  [ ]

0 1 2 3

3210

A  [ ] A  [ ] A  [ ] A  [ ]

B  [ ]B  [ ]B  [ ]B  [ ]

0 1 2 3

3210

Edge from memory access to possible bank
Scalar dependence edge (register communication)

A  [i’]=A  [i’] +tmp1 A  [i’]=A  [i’] +tmp2 A  [i’]=A  [i’] +tmp3 A  [i’]=A  [i’] +tmp0
0

tmp0  =  B  [i’+1] tmp1  =  B  [i’] tmp2  =  B  [i’] tmp3  =  B  [i’]

0

1 2 3

33221 10

(e)

A  [ ]

B  [ ]

0

0

A  [ ]

B  [ ]

2

2

A  [ ]

B  [ ]

1

1

A  [ ]

B  [ ]

3

3
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÷ ë$g�çmkhkìç]ö � årgskìî½è�êdçmêhf�ä á êjkìç á æ�í�älkìîKçmêjf[ä á f�æ â è
khkhg á ê�ã[öuåog5k�í�älkìîqg²é�õNöuë'ç á épf á å?ã�ç â g�æ ò ë
g5khg
fqêpîqf�úkëTêpõoglå$kìämJ�êdç2õ?ãig ð�÷ ë$glêjk�ç á æAí�älkAî�ç*êjf�ä áwâ ç á õogZçmè�ê�äkîKçmêhg²é)õTö_é$f�æ â ä0ûlgskhf á ú~åog5kAî½è�ê�çmêjf[ä á æ
é
g²æhfikhg�éÉó+ç á éÛõTöÛè?æhf á ú�ç â äkæ�ê~î�äHé$g²ã�êìäKé
g�êjgskìîqf á g ò ë
g áôâ äkåTö�f á ú�f�æ4å
kìämJ?ê�ç2õ?ãig ð

Z�[��  �¡�¾ ¾ Ý�»"d
÷ ë
f�æ â ë'ç2å�êhg5k�é
g²æ â khf[õrg�æ�î�ä�é?è�ã�ä)è á kAäkã�ãif á ú?ómê�ë$g~æhg â ä á éÃämípäkè$klê ò ä£îPg ê�ë?äHé?ælí�älklõ'ç á$L é$f[æ�ç2î �
õ
f�úkè'ç*êjf�ä áÉð � äHé?è?ã�ä�è á kìä2ã�ãnf á úQf[îKå
kìä0ûlg�æ_è?å/ä á ê�ë$gNJ�kAæAê)îqg�êìë?ä�é�óWg,:Nè$fqû2çmãng á�â g � â ã�ç2æìæwè á fiJ â ç �
êhf�ä á ó�õTö~g ø�å?ã[älf[êhf á ú¡îqg²î�älk�ö�å'ç<k�ç2ã[ãng²ãif�æAî ò fqê�ë$f á çmkhkìç]ö�æ�ó ò ë$f�ãigwå$kAä8û�f[é$f á ú�õ'ç á$L é$f[æ�ç2î½õ
f�úkè'ç �
êhf�ä á í�älk~ç<� á g¡çmkCk�ç]ö³ç â�â g²æAæhg�æ ð_÷ ë$g�îPg ê�ë?äHéôí�älkQîKäHé?è?ã[ä�è á kìä2ã�ãnf á ú�f�æ�J�kìæ�êwæAê�çmêjg�éÉó/êìë$g á ê�ë$g
í�ämkìî½è?ã�ç�í�älk~ê�ë$g¡è á kìäkã[ã;í9ç â ê�älkwæ�êdçmêhg²éKf�æ-é$g5kCf[ûlg�é ð£÷ ë
g�å?ç2é?é$f á úÃäkå�êhf�îqf�ÿ²çmêjf[ä á ë
g²ã�å�æ â ä á êjkAäkã
êìë$g â ä�é
gôæhf[ÿ5g�f á?â khg]çmæhg2óËç á é æhf[îKå�ãnfiJ$g²æ â äHé$gôúmg á gsk�çmêhf�ä áÉð � äHé?è?ã[ä è á kìäkã[ãnf á ú¢f[æKæAë?ä ò á ê�ä
ò älk L í�älk-ç<kìõ$fqêjk�ç<kAöÛç<� á guí�è á?â êjf�ä á æ²ó�f�î�åog5kAí�g â êìã[ö á g�æAêhg²é×ã[ä�äkå�æ~ç á éôè á
LHá ä ò á ã[ä�ä2å õ&äkè á é�æ ð
�³äkæAê£f�î�å/ämkAêdç á êìã[ö2ókîKäHé?è?ã[ä_è á kAäkã�ãif á ú â ä á êjf á è$g�æZêìä ò älk L í�älklã[ä�äkå�æ ò f[ê�ëKç<� á g-ç â²â g²æìæCg²æ�g ûlg á
ò ë
g á ê�ë
g�ö}çmã�æìä â ä á êdç<f á¨á ä á � ç<� á gÃç â²â g²æìæCg²æ ð ÷ ë$f[æ½õrg�ë'ç]û�f�älkNf[æ£è á ãnf L gÃîKç á ö ç¤� á g � õ?ç2æhg�é
å?çmk�ç2ã[ãng�ãnf�ÿ²çmêjf[ä á æ â ë$g�îPg�æ~æAè â ë×ç2æ4êìë?äkæhg_í�älk4î£è?ã[êhf�å$kAä â g²æìæAälk4ç á é³ûmg â êìälk â äkî�å$f�ãig5kAæ ð
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÷ ë$f�æ â ë?ç2å�êjgsk_é$g²æ â kCf�õog²æwê�ë
g½îPg â ë'ç á f[æìî�æ��ôçmå?æ_å$kìä0û�f�é
g²æ-í�älk â älkCkhg â ê�ãqö×ç á é\gs� â fig á ê�ãqöôë?ç á �
é?ãnf á ú á ä á � é$f�æìç2î½õ$f[úkè'çmêhg²éÄîqg²î�älkAö � kCg�í�gskhg á�â g�f á æ�êjkAè â êhf�ä á æ)ä á õ'ç á
L � g ø�å&äkæhg�é¨çmk â ë$f[êhg â êìè$khg�æ ð
Õ~ä á � é$f�æìç2î½õ$f[úkè'çmêhg²é ç â�â g�æìæhg�æ½çmkCg½ê�ë?ä2æhg¡ê�ë'ç*êuçmkhg á ämê)é$f�æìç2î½õ$f[úkè'çmêhg²é×ê�ä³çÃå'ç<kAêjf â è?ã�çmkwõ'ç á$L
õNöÃõ'ç á$L é$f�æìç2î½õ$f[úkè'çmêhf�ä áÉð�Ö ç á
L é$f[æ�ç2î£õ$f�úkè?çmêjf[ä á é$f[æ�ç2î£õ$f�úkè?çmêjg�æ|g�ûmg5k�ö îPg�îKämkAöqf á æ�êjkAè â êhf�ä á
ê�ë'çmê�f�æ LNá ä ò á ê�ä ç â�â g�æìæ_ê�ë$g¡æìç2îqg â äkî�å$f[ãng � êjf[îPg � LNá ä ò á õ?ç á$L f á g�ûmg5kAö×é�ö á ç2îqf â f á æAê�ç á?â g ð
Õ~ä á � é$f�æìç2î½õ$f[úkè'çmêhg²éKkhg í�g5kCg á?â g²æ²ó;õTö é$gsJ á f[êjf[ä á ópîKç]ö×úkäÛê�äÛé$f��Vgskhg á êuõ'ç á
L æ!f á é$f��Vgskhg á êué�ö �
á ç2îqf â f á æAê�ç á?â g�æ5×4ë$g á?â g á ä á � é$f[æ�ç2î£õ$f�úkè?çmêjg�éBkhg í�g5khg á?â g�æ â ç á?á ämê�õrgÛæ â ë
g²é?è?ãig²é�çmê â ä2îKå$f[ãng �
êjf�îqg ð ��f á�â g â äkîKå
f�ãngsk � æ â ë$g�é?è?ãnf á ú¢f�æ á ä2êÃå&äkæìæCf�õ?ãig2óËç æCg²å'ç<k�çmêhg�kìè á � êjf[îPg�kìä2è�êjg�é á g�ê ò älk L ó
â ç2ã[ãng²éuç!ØmÙ¤ÚoÛmÜ�Ý?ÞOÚVß^à*u|á¤â�¿*ó8î½è?æ�ê;õogså$kAä8û�f[é$g²éuä á ê�ë$glõ'ç á
L � g ø�å&äkæhg�é½çmk â ë$f[êhg â êìè$khgsêìä â äkî�å?ãng êjg
á ä á � é$f�æìç2î½õ$f[úkè'çmêhg²é�khg í�g5kCg á?â g²æ ðl÷ ë$gËé�ö á çmîPf â�á g�ê ò älk L î�ç]ö½õog/g5fqê�ë$gsklç)ë?çmkìé ò çmkCg � îKç á çmúlg²é
â g á êhk�ç2ãif�ÿ5g�é á g�ê ò älk L ó+älkQç¡é$f�æ�êjkhf[õ?è�êhg²é á g�ê ò älk L è á é$gsk~æAä2í ê ò ç<khg â ä á êhkìäkã ð

÷ ë$f[æ â ë'ç2å�êjg5kQf�æÃälkAúTç á f[ÿ5g�é ç2æ�í�äkã[ã�ä ò æ ð ��g â êjf[ä á ñ�ð M×õrg�úlf á æÃõTö æAë?ä ò f á ú¨êìë$g á gsg²é í�älk
é�ö á ç2îqf â ç â�â g²æAæhg�æ ð ��g â êhf�ä áÏñ�ð�ã f�ã[ã�è?æ�êjk�ç*êjg²æ-ë?ä ò �ôç2å�æ!g á í�älk â g²æué$f��Vgskhg á ê L f á é�æ_ä2í�îqg²î�älk�ö
é$g²åog á é
g á?â g²æ ð ��g â êjf[ä á¨ñHð · æìë�ä ò æuë?ä ò êìë$g L f á éþä2íZé�ö á ç2îqf â½á g�ê ò älk L è?æCg²éYf á
� è
g á?â g²æuë?ä ò
é$g²åog á é
g á?â g²æ�çmkCgqg á í�älk â g²é ð~X ê£çmã�æìä³æìë�ä ò æ ò ëTöYfqê�f�æuç â ë'ç2ã�ãig á úmg�êìä�g^� â fng á ê�ã[öKg á í�älk â g�é$g �
årg á é$g á�â g²æ-ä á é$f�æ�êjkhf[õ?è�êhg²é³é�ö á ç2îqf â_á g ê ò älk L æ~ê�ë?çmêËé?ä á ä2êËê�ë$g�îKæCg²ãqûlg²æQå$kAä8û�f[é$g)é$g²åog á é
g á?â g
älkQêhf�îqf á ú¡ú2è'çmk�ç á êhg5g�æ ð4÷ ë$g!khg�æAêwämí<ê�ë
f�æ â ë'ç2å�êhg5k�f�æËé$g�û2ä2êjg�éôê�äKäkå�êhf�îqf�ÿ]ç*êjf�ä á æ�å&äkæìæCf�õ?ãig)ä á ç
é$f�æ�êjkhf[õ?è�êhg²éþé�ö á ç2îqf â¡á g ê ò älk L ózf á â ç2æhg�ä á g�f�æ_è�æhg²é ð ��g â êjf[ä á ñ�ðEï é$g�æ â khf�õog²æ�ä¯á{å�à�uOÛmâ�ßpä¯ß^â^Ý�Ûmæ
á¤âhØ�ß^â�ÝçÚ�è�éÚ�À� à�ê ó'ç á äkå�êjf�îqf�ÿ²çmêjf[ä á îPg ê�ë?äHéÃí�älk4ç2ú2úlkhg�æìæhfqûlg�ã[öÃä0ûmg5kìã�ç2å?å$f á ú¡é�ö á ç2îqf â ç â²â g²æìæËã�ç �
êjg á�â fng�ælä á çwé$f�æ�êjkCf�õ?è�êhg²é á g ê ò ämk L ó ò ë$f�ãig â ämkhkhg â êìã[öNg á í�älk â f á ú_é$g²åog á é
g á?â g²æ�õrg ê ò gsg á é�ö á ç2îqf â
ç â²â g²æìæCg²æ ð ��g â êjf[ä áÄñHð�ñ é$g²æ â khf[õrg�æ-ë?ä ò é$g�årg á é$g á?â g�æ)ç â kAäkæìæ~æ â ë$g�é?è?ãnf á ú�è á f[êìæ-çmkCg�îKçmf á ê�çmf á g²é
ò ë$f�ãig£è?æCf á ú.�À� à órfikhkhg�æìåog â êjf[ûmg½ä2í ò ë?çmê L f á éôä2ísé�ö á ç2îqf â�á g�ê ò älk L f�æQè?æCg²é ð ��g â êhf�ä á ñHð� é$g �
æ â kCf�õog²æËäkå�êhf�îqf�ÿ²çmêjf[ä á æsê�ë'ç*ê�f�î�å$kìä0ûmg_årgskAí�älkAî�ç á�â gwõTö�kCg²é?è â f á ú�êìë$g)ç2î�äkè á ê4ä2í�é$g�årg á é$g á?â g�æ
ê�ë'çmê á g5g�éÛêìä½õog�g á í�ämk â g�é ðl÷ ò ä�äkå�êjf�îqf�ÿ²çmêjf[ä á æ�óëf á é$g�årg á é$g á ê/g�å/ä â ë?æËç á é îPg�îKälk�ö�è?å/é?çmêjg�æ²ó
çmkhg×å
khg²æCg á êjg�é ð�÷ ë$g��Qç ò î�ç â ë
f á g è?æhg�æ ç é$f[æAêjkCf�õ?è�êjg²é é�ö á ç2îqf âôá g�ê ò älk L ó~ç á é êìëHè�æ â ç á
õrg á gsJ?ê)í�kAäkî �À� à ç á é\f[ê�æ-äkå�êjf[îPf[ÿ]çmêhf�ä á æ ð ��g â êjf[ä áþñ�ð�ì é$g²æ â kCf�õog²æ_í�è�ê�è
khg ò älk L+ð ��g â êhf�ä áþñHð�í
æìè?î�î�ç<khf�ÿsg²æ�êìë$g â ë'ç2å�êhg5k ð

îVâjá¤Üïà�k�Ýnä9m�á¤ÝçÚ�àb�|àbk�ßpàðß^â^Üpä\ñ ÚVá¤Ú�o�ØmÝnä5ÛmÜqò5Ýóèmô
Ûmà{ßhØvõ
ÛmÚoØöñ÷ØmÙ<ÚoÛmÜ�Ý?Þ�õ$Ûmâjßpôøä¯ßhØ~ÝçÚ�à{ß^âjÞ7k
ÛmÚ�è�ß�o

ìlì
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Ûmà{ßhØvõVÛmÚoØ ñ ä^à?Ûmà�Ý?Þ�õ � Ö ä2êìëÏæCg�ê�æ£ä2í�êhg5kìîqf á äkã�äkúmfng²æwçmkhg
îKçmf á ê�çmf á g²é�ç2æ�ç é$f�æ�êjf á�â êjf[ä á õrg ê ò gsg á â ä á?â g²å�ê�ç á é f�î�å?ãng�îPg á ê�çmêjf[ä á G á ä á � é$f�æìç2î½õ$f[úkè'çmêhg²é
ç â²â g�æìæCg²æwç<khg�f�î�å?ãng�îPg á êjg²é³ç2æËé�ö á çmîPf â ç â²â g�æìæCg²æ5×&é$f[æ�ç2î½õ
f�úkè'ç*êjg²é³ç â�â g�æìæhg�æ_çmkCg!f[îKå�ãng²îqg á êhg²é
çmæ4æAêdç*êjf â ç â²â g�æìæCg²æ ð

¸~[�� � c<Ö�c��kÙ��ÔÚ�d³Õ×Ý
	 ß]Ø��sÖ��kÖ�sÖ_ÕÄØËÖec
÷ ë
f�æ�æhg â êjf[ä á î�ä2êjfqû2ç*êjg²æ«ê�ë
g á gsg²é½í�älk á ä á � é$f�æìç2î½õ$f[úkè'çmêhg²é�ç â²â g²æAæhg²æsõTö�æìë?ä ò f á ú-ê�ë?çmêsç2ãqê�ë?ä2è?úkë
êìë$g�ö�ç<khgQæìã�ä ò g5klê�ë'ç á é$f[æ�ç2î½õ
f�úkè'ç*êjg²é�ç â�â g�æìæhg�æ²ó?æCg²ãig â êhf[ûmg~è?æCg-ä2í á ä á � é$f�æìç2î½õ$f[úkè'çmêhg²é�ç â�â g²æAæhg�æ
â ç á f�î�å$kìä0ûmguåog5k�í�älkìîKç á?â gef áÛâ gskAê�çmf áÛâ çmæhg²æ ð

� â äkî�å$f�ãig5k â ç á õ'ç á$L é$f[æ�ç2î£õ$f�úkè?çmêjg�ç2ã�ã«ç â²â g�æìæCg²æ_ê�ë$kAäkè?úkë�g��Nè$f[ûmç2ãig á?â g � â ãhçmæìæ-è á fiJ â çmêjf[ä á
çmã�ä á gmókç á é½îKäHé?è?ã[ä-è á kìäkã[ãnf á úQë
g²ã�å�æ"f�î�å$kìä0ûmg�îqg²î�älkAöuå'çmkìç2ã�ãig²ãif�æìî í�è$kAêìë$g5k ð#÷ ë$gskhg4çmkCg�æhg ûlgsk�ç2ã
kCg]ç2æAä á æ�ó?ë?ä ò g ûlgsk²ó ò ëNö�f[ê�îKç]öÃõogwè á é
g²æhfik�ç2õ�ãngwê�ä¡é
f�æ�çmî½õ$f�ú2è'çmêjg-ç2ã�ã�ç â²â g²æAæhg²æ ð�� äkîPgekCg]ç2æAä á æ
ç<khg_ãnf[æAêhg²éÛë$g5kCg��

��� äHé?è?ã�äËè á kìäkã[ãnf á ú4æìäkîqg�êhf�îqg²æ.khg��Nè$fnkCg²æ�è á kìä2ã�ãnf á ú�ä2í�î�älkhgsê�ë?ç á ä á glé$f�îqg á æCf�ä á ä2í�î½è?ãqêjf �
é$f�îqg á æhf�ä á ç2ã�ã[ä�ä2å?æ ð#÷ ë
f�æ4è á kAäkã�ãif á ú â ç á ãng²ç2éÃê�ä�g`ø â g²æAæhfqûlg â ä�é
geg ø�å'ç á æCf�ä á�ð�÷ ä�khg�é?è â g
ê�ë$g)è á kìäkã[ãnf á úNkhg��Hè
fnkhg�îPg á ê]ó'æìä2îPguç â�â g²æAæhg�æ�f á êìë$g²æCg�ã[ä�äkå�æ â ç á õoguîKç2é$g_é�ö á ç2îPf â2ð

� Ö ç á$L é$f[æ�ç2î½õ
f�úkè'ç*êjf�ä á îKç]ö�æìäkîqg�êhf�îqg²æ�õrg-ç â ë$fng ûlg�éÛçmê�êìë$g�g`ø�åog á æhg)ä2ípîqg²î�älkAö�å?çmk�ç2ã �
ãng�ãnf�æAî ð H'älk�g ø�ç2î�å?ãngmóWf á é$fnkCg â ê_çmkhkìç0öôç â�â g²æAæhg�æ�ä2ílêìë$g½í�älkìî�������� �"!#! â ç á?á ä2ê)õog½é$f[æ�ç2î �
õ$f�ú2è'çmêjg�é×è á ãig²æAæ~ê�ë
g½çmkCk�ç]ö$��� !zf[æ~å?ã�ç â g�é�g á êhfnkhg�ã[öÛä á çKæhf á úkãig�õ'ç á$L+ð-÷ ë$f[æ-å?ã�ç â g�îPg á ê²ó
ë?ä ò g ûlgsk²ó�ö�fng�ã�é?æ á äKîPg�îKälk�ö å'çmkìç2ã�ãig²ãif�æìî í�älk%��� ! ð�X�á æAêjg²ç2éÉó � ç2å?æ â ç áôâ ë?ä�ä2æhg�êìä�í�ämkìúkä
õ'ç á$L é
f�æ�çmî½õ$f�ú2è'çmêjf[ä á ç á é�é$f�æ�êjkCf�õ?è�êhg ê�ë$g çmkhkìç]ö ð�X�á é$fnkCg â ê�ç â�â g²æAæhg�æ�ê�ä ê�ë$g�æhgôçmkhkìç0öHæ
ò ä2è?ã�é õogNf�î�å?ãng�îPg á êjg²éôé�ö á ç2îqf â çmã�ã[ö2ó ò ë
f â ëÄö�fng²ã[é?æwõog�êAêjg5k-å'çmk�çmã�ãng�ãnf[æìî çmê~ê�ë$g â äkæAê)ä2í
ë$f�ú2ë$g5kËç â�â g�æìæ-ã�çmêjg á?â ö ð

� }-ö á ç2îqf â ç â�â g²æAæhg�æ â ç á f[îKå
kìä0ûlglåog5kAí�ämkìîKç á?â gsõTö á ä2ê�é$g²æ�êjkìä0ö�f á ú â äkîKå
f�ãng � êhf�îqg�îqg²î�älk�ö
å'çmkìç2ã�ãig²ãnf[æìî f á�â khf[êhf â ç2ã�å'ç<kAê�ælä2í/ê�ë$gËå$kAäkúlkìç2î ð'& f[êìë?äkè�êlé�ö á ç2îPf â ç â²â g²æAæhg²æ�ó'çmkCk�ç]öHæ ò fqê�ë
îKä2æAê�ãqö¨ç¤� á gÛç â²â g²æìæCg²æ�õ?è�ê�çôí�g ò fikhkhg�úkè?ã�çmk½ç â�â g�æìæhg�æ²ó£g�ûlg á f á¨á ä á � â kCf[êjf â ç2ã�å&älkAêhf�ä á æ�ó
ò ä2è?ã�é�ë'ç]ûlgËê�ä)õog4î�çmå?årg�é¡ê�ä)ä á g4õ'ç á$L óNêìëNè?ælã�äkæCf á ú)ç2ã[ã�å&ä2êjg á êjfhçmã�îqg²î�älkAö�å'çmkìç2ã�ãig²ãnf[æìî
ê�ä�ê�ë$guçmkCk�ç]öHæ ð

� � æZé$g²æ â khf[õrg�é~f á æhg â êjf[ä á�(�ð)( óHé�ö á ç2îqf â ç â�â g²æAæhg�æ â ç á f á?â kCg]ç2æCg~êìë$g�kCg²æìä2ã�è�êhf�ä á ä2í.g��Hè
f[ûmç �
ãng á?â g â ã�ç2æìæ4è á fiJ â çmêjf[ä áÉð � í�g ò f[æìäkã�çmêjg�é+*Aõ'ç2é�khg í�g5kCg á?â g²æ-,Kî�ç]ö â ç2è?æCg�å&älf á êhg5k4ç á ç2ã[öHæCf�æ
ê�äuö�fig²ã[é�ûmg5kAö�í�g ò g��Nè$f[ûmç2ãig á?â g â ãhç2æAæhg�æ ðOÖ ö�æhg�ãng â êjfqûlg�ã[ö�khg�îKä0û�f á úuêìë$g²æCg�khg í�g5khg á?â g�æ�í�kìä2î
é$f�æìç2î½õ$f[úkè'çmêhf�ä á¡â ä á æCf�é$gsk�çmêhf�ä á óTî�älkCg�g��Nè$f[ûmç2ãig á?â g â ãhç2æAæhg�æ â ç á õogËé$f�æ â ä0ûlgskhg²é�ó
g á ç2õ?ãnf á ú
õrg êìêhg5kËé'çmê�ç�é
f�æAêhkhf[õ?è�êjf[ä á ç á é�f[îKå$kAä0û�f á ú½îqg²î�älkAö�å'çmkìç2ã�ãig²ãnf[æìî ð«÷ ë$g�îqf�æAõrg�ë'ç]û�f á ú�kCg�í �g5kCg á?â g²æ â ç á ê�ë$g á õog�f�î�å?ãng�îPg á êhg²éÛç2æËé�ö á çmîPf â ç â²â g²æìæCg²æ ð

H'älk_ê�ë
g²æhgPkhg²ç2æìä á æ²ó"fqê�f[æ�f�î�å/älk�êdç á ê_êìäôë'ç]ûlg�ç úkäHäHéþí9ç2ã[ã � õ'ç â�L îqg â ë?ç á f�æAîÔí�älk)é�ö á ç2îqf â
kCg�í�gskhg á�â g²æ ð � ämkhg!f�î�å/älk�êdç á ê²ó&æAè â ëÄç�îqg â ë?ç á f�æAî î½è?æ�ê�f á êhg²úlkìçmêjg ò g�ã�ã ò f[êìë êìë$g£æ�êdçmêhf â é9é$f[æ �
çmî½õ$f�ú2è'çmêjg�é ê îqg â ë'ç á f�æAî ð#÷ ë
g á g øHê-æCg â êjf�ä á g`ø�å?ãhçmf á æ4ë?ä ò êìë$g²æCg)úkäTç2ã[æ4çmkhguç â�â äkî�î�ä�é'ç*êjg²é ð
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H'älk�ç½úlf[ûmg á îqg²î�älkAöKç â�â g²æAæ²ó?êìë$g â ë?älf â gwämí ò ë
g�ê�ë
g5k�ê�ä£è?æhg)ç½æ�êdçmêhf â ämk4ç£é�ö á ç2îqf â ç â²â g²æìæ

f�æ á ä2ê~ç2ã ò ç]öHæ~ä2õNû�f[äkè?æ ð£Ö g â ç2è?æCg�ämí<ê�ë
guæCf�ú á fiJ â ç á ê�ã[ö�ã�ä ò g5kËä0ûlg5kAë$g]çmé×ä2í#æ�êdçmêhf â ç â�â g�æìæhg�æ²ó&ê�ë$g
â è$kCkhg á ê � ç2å?æËæAöHæ�êjg²î îKç L g�æ~î�äkæ�êQç â²â g²æìæCg²æwæ�êdçmêhf â õTöÛé$g í9ç2è?ã[ê²ó ò f[êìë ä á g�g ø â g�å�êjf[ä áÉð � khkìç]ö�æ
ò f[ê�ëÃç á öÃç<� á g-ç â²â g²æAæhg²æQçmkCgwç2ã ò ç]öHæ�é
f�æAêhkhf[õ?è�êjg�éÉó�ç á éÃê ò ä£ê�öHårg�æ4ä2í«ç â�â g²æAæhg�æËêìä�êìë?äkæhgwçmkhkìç0öHæ
çmkhg£f�î�å?ãng�îPg á êhg²é�ç2æ�é�ö á ç2îqf â ç â²â g²æìæCg²æ�� á ä á � ç<� á g�ç â²â g�æìæCg²æ²óHç á é½ç<� á g�ç â²â g²æìæCg²æ#êìë'çmê�khg��Nè$fikhg
g ø â g�æìæhfqûlg~è á kìä2ã�ã�í9ç â ê�ämkìæ<í�älksõ?ç á$L é
f�æ�çmî½õ$f�ú2è'çmêjf[ä áÉð � è�ê�äkîKçmêjf â é$g êjg â êjf[ä á ä2í&ä2ê�ë
g5ksæhfqê�è'ç*êjf�ä á æ
ò ë$f â ë â ç á õog á gsJ?êËí�kìä2î é�ö á çmîPf â ç â²â g²æAæhg²æQë'ç2æ á ä2êËõrgsg á f�î�å?ãig²îqg á êjg�é ð<; ä ò g�ûmg5k²ó+æCg â êhf�ä á$:
æìë?ä ò æKê ò äþå$kìäkúmk�ç2î�æ²óO0 á æAêjkAè â êìè$khg�é ç á é � äkã[é�ö á ó ò ë?äkæhg³åog5kAí�ämkìîKç á?â g â ç á õrg�f�î�å$kAä8ûmg²é
ò ë$g á é�ö á ç2îqf â ç â�â g²æAæhg�æwçmkCguæCg²ãig â êhf[ûmg²ã[öÃè?æhg�é ð

=�[?> @ ÕA�kÙ��lØ~ß]Õ×Ü Ú×Öea Ö_ÕÄÚ×Ö_ÕÄØËÖec
÷ ë$g�f[æìæAè$g)ä2í"f[îKå?ãig²îqg á êjf á ú£é�ö á ç2îPf â ç â²â g²æAæhg²æ�gs� â fig á ê�ãqö~f�æ â ã�äkæCg²ã[öKêjfig²é ê�ä�ê�ë$g�g á í�älk â f á ú�ä2í
å/äkæAæhf[õ?ãngËé$g�årg á é$g á�â g²æ�õrg ê ò gsg á îqg²î�älkAö½ç â²â g²æìæCg²æ ðZ÷ ë$f[ælæhg â êjf[ä á é
g²æ â khf[õrg�æ�ë?ä ò é$g�årg á é$g á?â g�æ
õrg ê ò gsg á é$fCBrg5kCg á ê â äkî½õ
f á çmêhf�ä á æQämísæAê�çmêjf â ç á éôé�ö á ç2îqf â khg í�g5kCg á?â g²æ_çmkCg�g á í�älk â g²é ð%& g�æAë?ä ò
ê�ë'çmêQé�ö á çmîPf â � é�ö á ç2îPf â é$g�årg á é$g á�â g²æ-çmkhg_êìë$g)ë'çmkìé
g²æAêËêìäqg á í�älk â g!gs� â fig á ê�ãqö ð

}�g�årg á é$g á�â g�å?çmfnkAæpä á çËæìämí ê ò çmkCg � g ø�å/ä2æhg²é½çmk â ë$fqêjg â ê�è
khg â ç á õrg â ãhç2æAæhfiJ$g²é!f á ê�ä4ê�ë
khg5glê�öHårg�æ��
ê�ë?äkæCgôõog�ê ò g5g á ê ò ä¨æ�êdçmêhf â ç â²â g²æAæhg²æ�ó4ê�ë?äkæCgôõog�ê ò g5g á çÏæAê�çmêjf â ç á é çþé�ö á ç2îqf â ç â²â g²æAæ²óËç á é
ê�ë?äkæCg)õrg ê ò gsg á ê ò ä�é�ö á ç2îqf â ç â²â g�æìæCg²æ ðZ÷ ë$geJ�kìæ�ê4ê ò ä¡ê�öHåog²æ â ç á õogegs� â fig á ê�ãqö�g á í�älk â g²é�f á ç
æAêjkìçmf�ú2ëNêAí�älk ò çmkAé³îKç á?á g5kËç2æ�í�äkã[ã�ä ò æ ð HzfnkAæAê]ó�é$g²åog á é
g á?â g²æ-õog�ê ò g5g á æ�êdçmêhf â ç â�â g�æìæhg�æwçmkCgeg]ç2æCf�ãqö
g á í�älk â g�é ðED g�í�g5kCg á?â g²æ~î�ç2å�årg�é³êìäKé$f#BVgskhg á êQîqg²î�älkAö�õ'ç á$L æ-çmkhg á g â g²æAæ�çmkCf�ãqö á ä á � â ä á
� f â êhf á ú ðH+ämk�khg í�g5khg á?â g�æËî�ç2å�årg�éÃê�ä½ê�ë
gwæ�ç2îqgwõ'ç á$L ó�ê�ë$g â äkî�å$f�ãig5k á g5g�é³ä á ã[öPg á æAè$khg_êìë'çmê�êìë$g5fik�älkAé$g5k
f á ê�ë$g~J á çmã â ä�é
g�f[æ¡ê�ë$gÛæ�çmîPg³ç2æqf á ê�ë
g älkCf�úlf á ç2ã�æìäkè
k â g ðF� f á?â gÛæAê�çmêjf â ç â²â g²æìæCg²æ�çmkhg í9ç2æ�ê]ó
ê�ë$gskhg!f�æËãnfqêìê�ãigwäkå?å&älk�ê�è á fqê�ö älk á gsg²é í�ämkQä0ûmg5kìã�ç2å³ä2í#ã�çmêjg á?â ö ð�� g â ä á éÉó�ç�é$g�årg á é$g á�â g£õog�ê ò g5g á
ç³æ�êdçmêhf â ç á é ç é�ö á ç2îqf â ç â²â g�æìæCg²æpf[æ)ç2ã�æAä~g á í�ämk â g�éYf á çÛæ�êjkìçmf�úkëTêAí�älk ò çmkìé îKç á?á gsk ð � æ�êdçmêhf â
æAö á?â ë$kAä á f�ÿ²çmêjf[ä á îqg²æAæ�ç2úlg â ç á õrg�è?æhg�é×ê�ä â äkîKî£è á f â çmêjg_êìë$g â äkîKå�ãng�êhf�ä á ä2í#êìë$g�J$kìæAê_ç â²â g²æìæ
ê�ä êìë$gQf á f[êhfhçmêhf�ä á ämí�ê�ë$g�é$g�årg á é$g á ê�ç â�â g�æìæ ðG� f á?â gKæAêdç*êjf â îqg²æìæìç2úlg�æ½çmkCg�í9ç2æ�ê]ó�ê�ë$f[æ�æ�ö á�â ë$kìä �
á f�ÿ²çmêjf[ä á ë'ç2æ)ãnfqêìêìãng£ä0ûmg5kìë
g]ç2é ð�X í�ç é�ö á ç2îqf â æAêìälkhg�f[æwí�äkã�ã[ä ò g²éÄõTö ç é$g�årg á é$g á ê£æAê�çmêjf â ã�äTç2é�ó
ê�ë$f[æKæ�ö á�â ë$kìä á f�ÿ]ç*êjf�ä á khg��Nè$fnkCg²æÃç á g`ø�êhk�ç é�ö á ç2îPf â æAê�ämkhg ç â�LNá ä ò ãng²é�úkîPg á êÃîqg²æìæìç2úlg çmê�ê�ë$g
â äkî�å?ãng êjf[ä á ä2í;êìë$guæAê�ämkhg2ó'æAäKêìë'çmê~ç â ãng²çmk â äkî�å?ãig�êjf[ä á å&älf á ê4í�älk4ê�ë
gué�ö á ç2îPf â æAê�ämkhg�g ø�f�æ�ê�æ�f á
ê�ë$g â äHé$g ð

H'älk_é$g�årg á é$g á?â g�æ£õog�ê ò g5g á å'çmfnkAæ_ä2íZé�ö á ç2îqf â îqg²î�älkAö�khg�í�gskhg á?â g�æ²ó<ë�ä ò g�ûmg5k�ó#çÛæAêjkìçmf�ú2ëNê �
í�älk ò çmkìéKf[îKå?ãig²îqg á êdç*êjf�ä á êìë'çmê_æCg5khf�ç2ãnf[ÿ5g�æ-ê�ë$gpkhg�í�gskhg á?â g�æ�f[æwæìã[ä ò ð }-ö á ç2îqf â ç â²â g²æìæ)ã�çmêjg á?â fig²æ
çmkhg½ã[ä á ú â äkî�å'çmkhg�é×ê�äÃæ�êdçmêhf â ç â²â g²æìæ)ã�çmêjg á?â fig²æ ðuù ä2îKå?ãig�êhg£æhgskhf�ç2ãnf[ÿ]çmêhf�ä á í9çmf�ã[æQêìäÃä0ûlgskìãhçmå×ê�ë$g
é�ö á ç2îqf â ç â²â g�æìæ_ã�çmêjg á?â fig²æ5×�ë$g á?â g£êjg â ë á fC�Hè
g²æ_ê�äÃë?ç á é?ãig£é�ö á ç2îqf â ãhç*êjg á�â fng�æ~í�ä â è?æ-ä á êjk�ö�f á ú
ê�ä�ä8ûmg5kAãhç2å ê�ë
gué�ö á ç2îPf â ãhçmêhg á?â fng�æ~çmæ4î½è â ë ç2æËå/äkæAæhf[õ?ãng ò ë$f[ãng_îKçmf á ê�çmf á f á ú â älkhkCg â ê á g�æìæ ð

=�[IH @ ÕA�kÙ��lØ~ß]Õ×Ü Ú×ÖeaÏÖ_ÕÄÚ×Ö_ÕÄØËÖec�JÏÖ-ÞLK Ö-Ö_Õ Ú�d³Õ×Ý
	 ß]Ø Ý£Ø~ØËÖec"c<Ö�c
÷ ë$f�æQæhg â êjf[ä á æìë?ä ò æ-ë�ä ò g á í�älk â f á ú�é$g²åog á é
g á?â g²æwõog�ê ò g5g á é�ö á ç2îqf â ç â�â g²æAæhg�æwé$g²åog á é?æ~è�å/ä á
ê�ë$g L f á é ä2í~é�ö á ç2îqf âÛá g�ê ò älk L è?æhg�é ðNMsá í�älk â f á ú é$g²åog á é
g á?â g²æÃõog�ê ò g5g á å'çmfikìæ�ä2í~é�ö á ç2îqf â
ç â²â g²æìæCg²æ â ç á õog�ûmg5kAöYg ø�åog á æCf[ûmgm×lí�älkAêìè á çmêhg²ã[ö2ó;ä2å�êjf[îPf[ÿ]çmêhf�ä á æ)ç<khg�å/äkæAæhf[õ?ãng ð ÷ ë$g â äkæAêìæ½ç á é
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ä2å�êjf[îPf[ÿ]çmêhf�ä á æ~å/ä2æìæhf[õ?ãng�é$g�årg á é¨è?å&ä á ê�ë$g á çmêìè$khg�ä2íZê�ë$g�é�ö á ç2îqf â�á g ê ò älk L f[ê�æCg²ãqí ð Hzf á ç2ã[ã[ökó
êìë$g�æhg â êjf[ä á æìë?ä ò æ�êìë$g â ë'ç2ã[ãng á úlg�f á g á í�ämk â f á úÛé$g²åog á é$g á?â gÃä á ç é$f�æ�êjkhf[õ?è�êhg²é á g�ê ò älk L êìë'çmê
é�ä�g�æ á ä2ê/f[êìæhg²ãqí�å$kìä0û�f�é$guç á ö é
g²åog á é$g á?â g�älk4êjf[îPf á ú£úkè?çmk�ç á êhg5g²æ ð
tÔw9W
X 	 X�� �NY w���'e��-O��'�Z�� # x¼w{( ��X �\[ - 	]Y �
÷ ë
g5khgþçmkCgÄî�ç á ö�é$f#BVgskhg á ê L f á é�æ ä2í á g�ê ò älk L æ^� : !wê�ë'ç*ê â ç á õogÄè?æhg�écä á ç}õ'ç á
L � g ø�å&äkæhg�é
îKç â ë$f á g ð }-ö á ç2îqf â�á g�ê ò älk L æ â ä á?á g â ê½ê�ë
g�êjf[ãng²æuä á õ'ç á$L � g ø�å&äkæhg�é çmk â ë$fqêjg â ê�è
khg²æs×Zå&äkæAæhf�õ�ãng
êìäkå&äkã�äkúmfng²æ�f á?â ã�è?é$g�õ?è?æCg²æ�ó#ãnf á g]çmk)ç<khk�ç]öHæ²ó<îPg�æìë$g�æ²ó;êhkhgsg²æ²ó<ëNöHåog5k â è?õog²æ�ósõ?è�êìêhg5k � fng�æ²ó#ç á é á g ê �
ò älk L æ â g á êjkìç2ãnf[ÿ5g²é çmêQç¡æhgskhf�ç2ã«çmkìõ
f[êjkìçmê�ämk ð

H'älk-êìë$g¡å?è$kAå/ä2æhg²æuä2íOg á í�älk â f á úÛé$g�årg á é$g á�â g²æ�ó ò g�Þ^æóÛ¤ä�ä^Ý å�Ù�ØmÙ<ÚoÛmÜ�Ý?ÞNÚVß^à"_|á¤âa`¯ä�ÝçÚ�àðá�àçþ�â�ß�ß
à�ÙIb�ß�äËç2æËí�äkã�ã[ä ò æ ð�÷ ë$g%c�âjä^à â ã�ç2æìæËä2í á g�ê ò älk L æwçmkhg_ê�ë�äkæhg)ê�ë'ç*ê�g á í�älk â g�é
g²åog á é$g á?â g�æ�f á ë'çmkAé �
ò çmkCg ðöX�á ê�ë
f�æ â ã�ç2æìæ�ä2í á g�ê ò älk L ó�êìë$gÛë'çmkAé ò ç<khg�g á æAè$khg�æKê�ë?çmêKç â²â g²æìæCg²æ�ê�ë'çmêKçmkCg�f�æìæAè$g²é f á
å
kìäkúlkìç2î älkìé
g5k â äkî�îPfqê�êìä×îPg�îKämkAö¢f á älkìé$gsk ð\X�á æAè â ë á g�ê ò älk L æ¡ê�ë
g�êdç2æ L ämíËä8ûmg5kAãhç2å?å
f á ú
ã�çmêjg á?â ö í9çmã�ã�æ4êìäKê�ë
g£ë'çmkAé ò çmkhgmóÉç á é³ê�ë$gskhgNf[æ á äQkìä2ãng)í�älkQêìë$g â äkî�å$f�ãig5k�f á ê�ë$f[æ-çmæìåog â ê ð � äkæAê
îqf â kìäkå
kìä â g²æAæìälksîqg²î�älk�ö£õ?è�æhg²æ ò f[êìë�çmæìæìä â f�çmêjg�é�çmkìõ$fqêjkìçmêjf[ä á ã�ä2úlf â í9çmã�ã
f á ê�ë$f[æ â ãhç2æAæ ð#÷ ë
geä¯ß�Þed
á¤ÚoØ â ã�ç2æìæQä2í á g�ê ò älk L æ)çmkCguêìë?äkæhg!f á ò ë$f â ë³ê�ë$guë'çmkAé ò çmkhg�é?ä�g�æ á ämê-úkè?çmk�ç á êhg5g)ê�ë'çmê-ç â�â g²æAæhg�æ
êìë'çmê�f[æìæìè
g�f á å
kìäkúlkìç2î ämkìé$gsk â äkî�îPfqê�f á älkAé$g5k�óZölg ê]ó�ê�ë$g á g ê ò älk L úkè'çmkìç á êjg5g�æ�êìë$g êjf[îPf á ú
õog�ê ò g5g á ê�ë$g�f�æAæìè$g£ç á é â äkîKîqf[êËämílçPkCg��Nè$g²æ�ê_îqg²æìæìç2úlgmóVfnkCkhg�æìåog â êhf[ûmg£ä2í á g�ê ò älk L³â ä á êhg á êjf[ä áÉð
� è â ë á g ê ò älk L æ�f á?â ã�è?é
gËí�è�ã�ã â kAäkæìæAõ'çmkìæ�ó ò ë$g ê�ë$gsk|f[îKå?ãig²îqg á êjg�é�çmæZæCf á úkãig � æAêdçmúlgËälkZî£è?ã[êhf � æ�êdç2úmg
á g�ê ò älk L æ ðS� è â ë á g ê ò älk L æ²óvÝ � ß � ê�ë?äkæCg_ë'ç]û�f á ú�úkè'ç<k�ç á êjgsg²é êjf[îPf á ú½õog�ê ò g5g á f�æAæìè$guç á é â äkî�îPfqê
ämípîPg�îKämkAöqkhg í�g5khg á?â g�æ²ó+ç2ã[ã�ä ò êìë$g â ä2îKå$f[ãngsklêìäNg á í�älk â gwé$g²åog á é$g á?â g)õNöPg á æìè$kCf á ú½ê ò ä¡å$kìä2årgsk �
êhfng�æ��#ä á g2ó?õTö æ�êdçmêhf â çmã�ã[ö�æ â ë$g²é�è?ãnf á ú�khg��Nè$g�æAêìæ~æAè â ë³êìë'çmê4ä á ã[öKä á gekCg��Nè$g²æ�ê�khg]ç â ë$g²æ/g]ç â ë õ'ç á$L
åog5k â ö â ãngmó?ç á é�ê ò ä�ó�õTöqg á æAè$khf á ú�êìë'çmêlê�ë
g�khg��Nè$g²æ�ê�æ�kCg]ç â ë�ê�ë$g~õ'ç á$L æOf á å
kìäkúlkìç2î älkAé$g5k�ó�g ûlg á
fqíOf�æìæAè$g²éÏäkè�êuä2í�älkìé$gsk ðf� è â ë æAêdç*êjf â æ â ë$g²é�è?ãnf á ú ämí�ê�ë
g á g�ê ò älk L f�æ)å&äkæìæCf�õ?ãig¡è?æhf á ú³îPg ê�ë?äHé?æ
æCf�îqf�ã�çmk�êìä¡ê�ë?äkæCg�f á ê�ë$g D ç ò æìå?ç â g � êjf[îPg_æ â ë$g²é�è?ãngskg� ãkñ !pí�ämk�ê�ë$g)æAê�çmêjf â_á g�ê ò älk L&ð

÷ ë$gþê�ë$fikìé L f á é ä2í½é�ö á ç2îPf âÏá g�ê ò älk L f�æÛä á gYf á ò ë$f â ë á ämêôä á ã[ö é?ä�g²æÛê�ë
g ë'çmkAé ò çmkhg
á ä2ê-ú2è'çmk�ç á êhg5g�é$g²åog á é
g á?â g2óÉõ?è�ê�f á ç2é?é$fqêjf[ä á êìë$g�êhf�îqf á ú¡õog�ê ò g5g á ê�ë$g�f�æìæAè$g½ç á é â ä2îKîqf[êËä2í
ç~kCg��Nè$g²æ�ê£îqg²æAæ�ç2úmgqf[æ á ä2êuúkè'ç<k�ç á êjgsg²éÉó;ç á é é$g�årg á é?æ�è?å/ä á êìë$g á g�ê ò älk LÄâ ä á êjg á êhf�ä á�ð � äkæAê
é
f�æAêhkhf[õ?è�êjg�é � îqg²î�älk�ö�î£è?ã[êhf�å$kAä â g²æìæAälk á g�ê ò älk L æ²ó�æìè â ëKç2æsîqg²æAë$g²æ�óHêhkhg5g�æ²óHç á é�õ?è�æhg²æZçmkCg�f á ê�ë
f�æ
â ãhç2æAæ4ä2í á g�ê ò älk L+ðZ÷ ë$g D ç ò îKç â ë$f á geg ø�å?ã[älkhg�æ~æAè â ë×ç á g ê ò ämk L ò f[êìë á ä�êhf�îqf á ú£úkè'çmkìç á êjg5g�æ ð
÷ ë
g_îKä2êhf[ûmçmêhf�ä á í�älk D ç ò ê�ä�g`ø�å�ã�älkCguæAè â ë ç á g�ê ò älk L f[æ�ê�ë'ç*ê á g�ê ò älk L æ ò f[êìë á ä�é$g²åog á é
g á?â g
â ë
g â�L f á ú£ç á é á ä)êjf�îqf á úwúkè'çmkìç á êjgsg²æOf�æsê ò ä � í�äkã[é ð Hzfikìæ�ê]óTæìè â ë á g�ê ò älk L æ�çmkhgËî�älkhg4æ â ç2ã�ç2õ?ãig2óNç2æ
êìë$g�ö³ë'ç]ûmg á ä â g á êhk�ç2ãif�ÿ5g�éôé$g�årg á é$g á?â g � â ë$g â�L f á ú³ë'çmkìé ò çmkCg ðP� g â ä á é�ó/æAè â ë á g�ê ò älk L æ�khg��Nè$fikhg
ãig²æAæ ò fnkhg�æ4ê�ë'ç á úkè'ç<k�ç á êjgsg²é � êjf[îPf á ú á g ê ò älk L æ²ó/ç á éÛê�ëNè?æQçmkhg�g²ç2æhfig5k�ê�äqf�î�å?ãig²îqg á ê ð
h ����- 	 (+w���i¼'Xvu
Xv��'Xv��(jX+��w�� �lk XÀ(.-£xyuewC*9X 	
X�á�á g ê ò ämk L æ ò fqê�ë á ä é$g²åog á é
g á?â g â ë$g â�L f á úÿf á ë'çmkìé ò çmkCg³ç á é á äþêhf�îqf á úôúkè'çmkìç á êjg5g�æ²ó�ê�ë$g
ê�ç2æ L ä2í/g á æìè
khf á ú×é$g²åog á é$g á?â gÃí9ç2ã�ã[æ_ê�äôêìë$g â äkîKå
f�ãngsk ðÛ÷ ë$gÃã�ç â�L ä2í4é$g�årg á é$g á?â g úkè?çmk�ç á êhg5g²æ
ä2årg á æ4è?å á g ò â ë'ç2ã[ãng á úlg²æ�f á ê�ë$g â äkîKå
f�ãngsk5×�ë?ä ò g ûlg5k�ó'ê�ë$g_æ â ç2ã�ç2õ$f�ãif[ê�ö�ä2í�é$f[æAêjkCf�õ?è�êjg²é á g ê ò ämk L
f[îKå�ãng²îqg á ê�çmêjf[ä á æ�äkårg á æsè?å á g ò äkå?å&älk�ê�è á fqêjfig²æ#çmæ ò g�ã�ã ð�X í â äkî�å$f�ãig5k;êhg â ë á fm�Nè$g²æ�çmkCg�g�Brg â êjf[ûmg2ó
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ê�ë$g ö â ç á g`ø�å?ã�älfqêËí9çmkËîKälkCg)å'çmk�çmã�ãng�ãnf[æìî ê�ë'ç á â ç á â g á êhk�ç2ãif�ÿsg²é çmkìõ$fqêjkìçmêjf[ä á ã�äkúlf â2ð�÷ ë$gpkCg²æ�ê-ä2í
ê�ë$f[æ â ë?ç2å�êjgsk/f�æ4é$g�é$f â çmêjg�é³êìäKæAè â ë êhg â ë á fC�Nè$g²æËí�älk4é$f[æAêjkCf�õ?è�êjg²éÛé�ö á çmîPf â_á g�ê ò älk L æ ð

÷ ä�æCg5g4ê�ë
gQé
fi� â è?ãqê�ö�f á û2äkã[ûmg²éqf á g á í�ämk â f á ú)é$g²åog á é$g á?â g²æ�g^� â fng á ê�ã[ö½ä á�á g�ê ò älk L æ ò f[ê�ë á ä
ë'çmkìé ò çmkCgwé$g�årg á é$g á�â g�g á í�älk â g²îqg á ê4ç á é á äuêjf[îPf á ú � ú2è'çmk�ç á êhg5g�æ²ó ò gwõrg�úlf á ò f[êìëÃç á g ø�ç2î�å?ãng ð
ù ä á æhf[é$g5kÛê�ë
g â ç2æhgþä2í¡ç�é$g�årg á é$g á�â gÏêìë'çmê³älkAé$g5kAæôç�é�ö á ç2îqf â æAêìälkhg õog�í�älkCg ç�å&ä2êjg á êhfhç2ã[ã[ö
â ä á
� f â êhf á ú é�ö á ç2îqf â ã�äkç2é ð~Ö g â ç2è�æhgÃä2íZê�ë$gKé$g²åog á é$g á?â g2ó%fqê ò äkè?ã[é á ämê£õog â älkhkCg â ê£ê�ä�f�æAæìè$g
ê�ë$g³ê ò äYkhg��Nè$g�æAêìæ�f á å'çmk�çmã�ãng�ã�í�kìä2î é$fCBrg5kCg á ê�êjf�ãig²æ ð H'è$kAêìë$g5kAîKälkCg2ó£f[ê ò ä2è?ã�é á ä2ê�æìè
� â gôê�ä
æAö á?â ë$kAä á f�ÿsg ê�ë$gPf�æìæAè$g²æ¡ämí4ê�ë$g�kCg��Nè$g�æAê�æ¡ä á é$fCBrg5kCg á ê£êhf�ãng�æ ðrD ç ò�� ãif L g�é$f[æAêjkCf�õ?è�êjg²é é�ö á ç2îqf â
á g�ê ò älk L æ4ë'ç]ûmg á ä�êhf�îqf á ú_ú2è'çmk�ç á êhg5g�æ��%g�ûmg á fqí�ê�ë
g-îqg²î�älkAö¡ä2årgsk�çmêhf�ä á æZçmkCg�f[æìæìè
g²é�f á�â ämkhkhg â ê
älkìé$gsk²ósê�ë
g�ö}îKç]ö æ�êjf�ã[ãZõog é$g�ãnf[ûmg5kCg²é}ê�ä ç×îqg²î�älkAöÏõ'ç á
L f á f á?â ämkhkhg â ê¡ämkìé$gsk ð à_á g äkõTû�f[äkè?æ
æìäkã[è�êjf[ä á f[æ â äkî�å?ãng êjg æhgskhf�ç2ãnf[ÿ]çmêhf�ä á ç2æÛæAë?ä ò á f á J'úkè$kCg ñHð Møé9ç ê ó ò ë
g5khg ê�ë
g ãhç*êjg5k îqg²î�älk�ö
khg�í�gskhg á?â g â ç á?á ä2ê�f á fqêjfhç*êjgôè á êhf�ã-êìë$g¢g]çmkAãnfngsk�khg í�g5kCg á?â gYf[æ LHá ä ò á ê�ä â äkî�å?ãig�êjg ð ù äkî�å?ãng êjg
æhg5kCfhç2ãif�ÿ²çmêjf[ä á ó&ë?ä ò g ûlg5k�ó�f[æ�g ø�åog á æCf[ûmgKõog â ç2è?æhg�fqê_æhgskhfhçmãnf�ÿsg²æQê�ë$g¡æAã�ä ò kAäkè á é � êjkCf�åÄã�çmêjg á?â fig²æwä2í
ê�ë$gué�ö á ç2îqf â kCg��Nè$g�æAê�æ ð

� g â êhf�ä áÏñ�ðÈï å$khg�æhg á êìæ½ç á g ò êjg â ë á fm�Nè$g â ç2ã[ãng�éÄæìä2í ê ò çmkhg�æhgskhf�ç2ã#älkAé$g5kCf á ú ê�äÛäkå�êjf�îqf�ÿsg½õog �
ökä á é â äkîKå�ãng�êhgwæhgskhf�ç2ãnf[ÿ]çmêhf�ä áÉð8� ä2í ê ò çmkCgwæhgskhfhçmã�älkAé$g5kCf á ú½é
g²åog á é?æËè?å&ä á êìë$g_å$kìä2årgskAêjfig²æZä2í«ê�ë$g
é$f�æ�êjkhf[õ?è�êhg²é á g ê ò älk L è?æCg²é ð¢X�á å'çmkAêhf â è?ãhçmkuæìämí ê ò çmkCgÛæhg5kCfhç2ã�älkAé$g5kCf á úÄãig�ûlgsk�ç2úmg²æ½ê�ë
g�ÝçÚ]dhá¤âCØ�ß^â
îPg�æìæ�çmúlf á ú�å$kìäkåog5k�ê�öôå
kìä0û�f�é$g�éÄõNöôî�ç á ö³é�ö á çmîPf â£á g ê ò älk L æ ð)÷ ë$g�f á � älkAé$g5kQå$kìä2årgskAê�ö×æ�êdçmêhg²æ
ê�ë'çmê�fqí4ê ò ä älk£îKälkCgÃîqg²æìæìç2úlg�æ�çmkhg æCg á ê�õrg ê ò gsg á ê�ë$g æìç2îPg�æìäkè$k â gÛç á é é
g²æAêhf á ç*êjf�ä á ó#ê�ë$g ö
ç2å?åog]çmk�çmê£ê�ë$g é$g�æAêhf á çmêhf�ä á êjf�ãigQf á ê�ë$g æìç2îPg�älkìé$gsk�ç2æ£êìë$g�ö ò g5kCg ãhç2è á?â ë$g²é çmê£ê�ë$g æAäkè$k â g ð
� ä2í ê ò çmkhguæhgskhfhçmãÉälkìé
g5khf á ú�f�æ4é$g�æ â khf�õog²é�f á æCg â êhf�ä áôñ�ðÈï?ð

=�[�Z   Ùs�2ÞLK Ýg�sÖ c<Ö�lß²Ýgt�Ùf�lÚ×Ö�lß]Õ×Ü

÷ ë$f�ælæhg â êhf�ä á é$g²æ â kCf�õog²æ�ç á g ò êhg â ë á fm�Nè$g â ç2ã[ãng²éQä¯á{å�àu_OÛmâjß�ä¯ß^â�Ý�ÛmæVá¤âCØ�ß^â^ÝçÚ�è�é �l�?à�ê ê�ä�gs� â fig á ê�ãqö
g á æAè$khgËé$g�årg á é$g á�â g²ælõog�ê ò g5g á é�ö á çmîPf â ç â�â g²æAæhg�æ�ä á½á g�ê ò älk L æsêìë'çmê#ävBVgsk á ä_ë'çmkAé ò çmkhg�é
g²åog á �
é$g á?â g�g á í�älk â g²îqg á ê-ç á é á ä¡êjf[îPf á ú½úkè'ç<k�ç á êjgsg²æ ðOX êËêìë$g á f�ã[ã�è?æ�êjk�ç*êjg²æ �l�?à è?æCf á ú�ç á g ø�ç2î�å?ãig ð

Hzf[úkè$kCg ñ�ð Møé9õ ê f�ã�ã[è?æAêhk�çmêhg²æ �l�?à½ðw�l�?à ãng ûlg5kìç2úlg�æÃê�ë$g\f á � älkAé$g5k�é$g²ãif[ûlgskAö ä2íuîPg�æìæ�çmúlg²æÛä á
ê�ë$gKå/älf á ê � êìä � å&älf á ê á g�ê ò älk L õog�ê ò g5g á ç á ö æìäkè$k â g � é$g�æAêjf á çmêhf�ä á å'çmfnk)ä2íZêjf[ãng²æ ð��l��à ò älk L æ½ç2æ
í�äkã�ã[ä ò æ ðVM ç â ëPg��Nè$f[ûmç2ãig á?â g â ãhçmæìæ�f�æ�ç2æAæhf�ú á g²éKçqà�ô�â^Ú
ä^à�Ýçænß á ä�é$g ð#÷ ë$g�kìäkãig4ä2í�êìë$g4ê�è$k á æAêhf�ãig�f�æsê�ä
æhg5kCfhç2ãif�ÿsg-ê�ë$g�kCg��Nè$g²æ�ê-å&älk�êjf�ä á æ�ä2í�ê�ë$g)îqg²î�älkAöPkhg í�g5kCg á?â g²æ�f á ê�ë$g â älkhkCg²æìå&ä á é
f á ú�g��Nè$fqûmç2ãng á?â g
â ãhçmæìæ ðl÷ ë$g)çmé?é$khg�æìæ â äkîKå�è�êdçmêhf�ä á æZí�älk�ê�ë$g_é$f#BVgskhg á ê4ç â²â g²æìæCg²æ/f á ä á g â ã�ç2æìæ�çmkhg á ä2ê4æhgskhf�ç2ãnf[ÿ5g²é�ó
ä á ã[öKê�ë$gekCg��Nè$g�æAê�æ~çmkCg_æhg5kCfhç2ãif�ÿsg²é ð � älkhg�ä8ûmg5k�ó+êìë$g)ç2é?é
khg²æAæ â äkî�å?è�ê�çmêjf[ä á æ â äkîKî£è á f â çmêjg~ê�ë$gsfnk
ç2é?é$kCg²æìæCg²æ4ê�ä½êìè$k á æAêjf[ãng�æ�è?æCf á úNkCg²úlf[æAêhg5k � ãng ûlg²ã"é9æ�êdçmêhf â¯ê îPg�æìæìç2úlg²æ ðZà_á�â gwîqg²î�älkAöqkCg�í�g5kCg á?â g²æËúkä
ê�ë$kAäkè?úkë)ê�ë$g#êìè$k á æAêjf[ãng"f á ê�ë$g%kCf�úkëTê«älkAé$g5k�ó â älkhkCg â ê;õog²ë?ç0û�f[älk.f�æWg á æìè
khg²éuí�kìäkî ê�ë$kCg5gsí9ç â ê�æ ð HzfikìæAê²ó
khg��Nè$g�æAêìæwé$g²æ�êjf á g²é³í�älkËé$fCBrg5kCg á ê~êhf�ãig²æ4î½è?æ�ê á g â g²æìæìçmkhf[ã[ö�kCg�í�g5kËê�ä�é$f#BVgskhg á ê~îPg�îKämkAöÃã[ä â çmêjf[ä á æ�ó
æìä á äKîqg²î�älk�öÃé$g�årg á é$g á�â g á g5g²é�æQêìä�õog�g á í�ämk â g�é ðS� g â ä á éÉó�khg��Nè$g²æ�ê�æ-é
g²æAêhf á g�é³í�ämk�ê�ë$guæ�ç2îqg
êjf�ãig¡çmkCg�é
g²ãnfqûlgskhg²é¢f á ämkìé$gskuõTö×êìë$g�é�ö á ç2îqf â¡á g ê ò ämk L ó<çmæuú2è'çmk�ç á êhg5g�éÏõTö×êìë$g á g�ê ò älk Lyx æpf á �
älkìé$gsk-é$g�ãnfqûlg5k�öÛå$kìä2årgskAê�ö ð H�f á ç2ã[ã[ö2ó�ê�ë$guîqg²î�älkAöÃêhf�ãiguë?ç á é?ãig²æ�khg��Nè$g�æAêìæ�f á ê�ë$guälkAé$g5kQê�ë$g ö³çmkhg
é$g²ãif[ûlgskhg�é ð

X�á ämkìé$gsk�êìä½úkè'çmkìç á êjgsg â ämkhkhg â ê�älkìé$gskhf á ú£ä2íÉå$kìä â g�æìæhf á ú£ämí«îPg�îKälk�ö�khg��Nè$g²æ�ê�æ²ó'æCg5kCfhç2ãif�ÿ]ç*êjf�ä á
f�æNf á g�û�f[ê�ç2õ?ãig ðG�l�?à æhg5kCfhç2ãif�ÿsg²æ£ä á ã[ö ê�ë
g�îqg²î�älkAö¢khg��Nè$g²æ�ê�æ²óZç á é¨ç2ã�ã[ä ò æuê�ë$gQg ø�å?ã�ämf[êdç*êjf�ä á ä2í
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å'çmk�çmã�ãng�ãnf[æìî ç]ûmçmf[ãhç2õ?ãigNf á ç2é?é
khg²æAæ â ä2îKå?è�êdçmêhf�ä á æ�ó;ã�çmêjg á?â ö ämí�îqg²î�älkAöKkCg��Nè$g²æ�ê�æ¡ç á éÿkCg²å?ãifng²æ�ó
ç á éÄå$kAä â g²æìæCf á úKêjf�îqguä2ísîqg²î�älkAö�kCg��Nè$g²æ�ê�æ_ê�äKé$fCBrg5kCg á êwêhf�ãng�æ ð H'älk�g^� â fng á?â ö2óÉæìämí ê ò çmkCg½æhgskhf�ç2ã
älkìé$gskhf á úÛè?æhg�æuêìë$g¡æAê�çmêjf â¡á g�ê ò älk L êìäÛë'ç á é?ãig¡æAö á?â ë$kAä á f[ÿ]çmêhf�ä á ç á é é'ç*êdçÃêjkìç á æAí�gsk ò ë$g á g ûlgsk
å/äkæAæhf[õ?ãng ð H+è
kAê�ë
g5kìî�älkCg2ó-é
fCBrg5khg á ê�g��Nè$f[ûmç2ãig á?â g â ãhç2æAæhg�æ è?æCg é$fCBrg5kCg á êÛê�è$k á æAêhf�ãng�æÛç á é f�æAæìè$g
khg��Nè$g�æAêìæ�f á å'çmkìç2ã�ãig²ã ð X�á êjgskhg�æAêjf á úkãqökówê�ë�äkè?úkë �l�?à g á í�älk â g²æôé
g²åog á é$g á?â g�æ â ämkhkhg â êìã[ö ò ë$f[ãng
ç2ã�ã[ä ò f á ú¡å&ä2êjg á êhfhç2ã[ã[öKé$g²åog á é$g á êwé�ö á ç2îPf â ç â²â g²æìæCg²æ-êìä�õrguå$kìä â g�æìæCg²é�f á å?çmk�ç2ã[ãng�ã ó
fqêËé?ä�g²æ á ä2ê
è?æhg�ç¡æhf á úkãngeg`ø�å�ãnf â f[ê â ë
g â�L ä2í�kìè á � êjf[îPg_çmé?é$khg�æìæCg²æ ð
h$· # x¼ue*9X -O���
-O� �\[B#%	 X ��X 	 w # *P- 	 'X 	 w���i
Hzf�úkè
khg ñ�ð ã g ø�å?ãhç<f á æ �l�?à ê�ë
kìäkè?ú2ë}ç á g`ø?çmîKå?ãig ð³÷ ë$g�f á f[êhfhç2ã â ä�é
gQf á J'úkè$kCg ñ�ð�ã é9ç ê ë?ç2æ¡ç á
���������u!C!�khg�í�gskhg á?â g\f á æhf[é$g×ç^¸®¹»ºþã�äHäkå ðc÷ ë$g�kCg�í�g5kCg á?â g×ê�ä¼�g� !�f�æ á ä á � ç¤� á g ð � æìæìè�îPg×êìë'çmê
f á älkAé$g5kuê�ä�g`ø�å?ã�älfqê£îqg²î�älk�öÏå?çmk�ç2ã[ãng�ãnf�æAî õog�ê ò g5g á ç<� á g�ç â²â g²æAæhg²æ¡êìäA��� !�g�ã�æhg ò ë$g5kCg~f á ê�ë$g
å$kìäkúmk�ç2î³ó�ê�ë
g�ç<khk�ç]ö��g� !Wf�æ4é$f[æAêjkCf�õ?è�êjg²é³è?æCf á ú�ã�ä ò�� älkìé$gsk�f á êjgskìãig]ç]û�f á ú ðHzf[úkè$kCg ñ�ð�ã é�õ ê æAë?ä ò æwê�ë$g â äHé$g½ç*í êjg5k~õ'ç á$L é$f[æ�ç2î£õ$f�úkè?çmêjf[ä á ç á é �l��à¡ð&÷ ë$g���� !<ç â²â g²æAæef�æ
é$f�æìç2î½õ$f[úkè'çmêhg²é×è?æCf á ú î�äHé?è?ã�ä�è á kAäkã�ãif á ú
×/ë$g á?â gmópê�ë$gg¸®¹»º�ã�äHäkå�f�æwè á kìäkã[ãng²é õTöÄç�í9ç â ê�älk~ä2í ï?ð
÷ ë$g
�g� !vkhg í�g5kCg á?â g²æ�f á êìë$guè á kìä2ã�ãng�éÛã�äHäkå�khg²îKçmf á³á ä á � é
f�æ�çmî½õ$f�ú2è'çmêjg�éÉó'ç2æËê�ë
g�kCg�í�g5kCg á?â g²æ-çmkhg
á ä á � ç<� á gQç á éKçmkhkìç0ög��� !�f�æsé$f[æAêjkCf�õ?è�êjg²é ðlù ä á æCg��Nè$g á êìã[ökóHê�ë$g ï ��� !�khg í�g5kCg á?â g²æ|f á J'úkè$kCg ñHð ã é�õ ê
çmkhgwë?ç á é?ãig²é è?æCf á ú �l��à¡ð�÷ ë$gekhg��Nè$g²æ�ê�æQçmkhg-î�ç2é
g-ê�ä£êìë$g-êìè$k á æ�êjf[ãngwè?æCf á ú â äkî�å$f�ãig5k � æ â ë
g²é?è?ãig²é
â äkî�î½è á f â çmêhf�ä á�ð Õ�g øHê]ómê�ë$glê�è$k á æAêhf�ãigOf[æìæAè$g²æ<êìë$g ï-á ä á � õ?ã[ä â�L f á ú�kCg��Nè$g²æ�ê�æ<êìä-îqg²î�älkAöwæhg5kCfhç2ã[ã[ö2ó
ä á êìë$g�é$f�æ�êjkCf�õ?è�êhg²éþé�ö á ç2îqf â¡á g ê ò ämk L+ð�÷ ë$g�æ�ê�älkCgPkCg��Nè$g²æ�ê�æ�khg]ç â ëÏîqg²î�älkAöôõ'ç á$L æ)ê�ë'ç*êuçmkhg
è á$LNá ä ò á çmê â äkî�å$f[ãng � êjf[îPgmó ò ë$gskhguê�ë$g ö³çmkhguæhgskAû�f â g²éÉó/ç á é æAê�ämkhg�ç â�LNá ä ò ãng²é�úkîPg á ê�æwç<khg)æhg á ê
õ'ç â�L ê�äKç �2M ò çmf[êhf á ú¡í�älk4ê�ë
g²î³ó&é
g â f[é$g²éôçmê â äkî�å$f�ãig � êjf�îqg ð H�f á ç2ã[ã[ö2ó ò ë$g á ç2ã�ã/ê�ë$g�ç â�LNá ä ò ã �g²é?úkîqg á êìæ�ç<khgNkCg â gsf[ûmg²éÉópê�ë
g â ä á êjkAäkã#î�ä0ûlg²æwêìäÃê�ë$g á g øHê)æhg â êjf[ä á ä2í â äHé$g�çmí êhg5k-êìë$g¡è á kAäkã�ãig²é
ã�äHäkå õ&ä�é�ö ðôù älkhkCg â ê á g²æAæ�f�æ�g á æAè$khg�é}õrg â ç2è?æCg~khg��Hè
g²æAê½îPg�æìæ�çmúlg²æ£í�kAäkîÔê�ë$g�ê�è$k á æAêhf�ãig�êìäÄç á ö
ä á g�îPg�îKämkAö õ'ç á$L ç<khkhfqûlg�f á å
kìäkúlkìç2î ämkìé$gsk5×+f á � älkìé
g5k_é$g�ãnf[ûmg5k�öôí�äkã[ã�ä ò æ-í�kìä2î ê�ë
g�å?çmfnk ��ò f�æCgf á � älkìé$gsk4å$kìä2årgskAê�ö ä2í�ê�ë
g á g�ê ò älk L+ð�÷ ä�æhgsg�ë�ä ò �l�?à ò älk L æ²ó+æìè?å�å/äkæCguêìë'çmê²ó$f á J'úkè
khg ñ�ð�ã é9õ ê ó
�����4½³���u¾¿!#!Ëç á é¼�g�À�§Á�� �"¾0!C!Ëç â²â g�æìæCg²æqkhg²æAäkã[ûmgÛçmê�kìè á � êhf�îqgKê�ä×êìë$g æ�çmîPgÛç2é�é$khg�æìæ�é�Ý � ß � ósêìë$g�ö¨çmkhg
êjkìè�ã[öKé$g²åog á é
g á ê ê`ðZ÷ ë$g á ê�ë$g�kCg��Nè$g�æAê�æ4í�älk�ê�ë$gwê ò ä�ç â�â g²æAæhg�æ²ó'í�kìäkî ê�ë
g-ê�è$k á æAêhf�ãig~ê�ä½êìë$gwõ'ç á$L
â ä á êdç<f á f á ú½ê�ë$guç â�â g�æìæhg�é×ã�ä â ç*êjf�ä á ó�ç<khkhfqûlgef á å
kìäkúlkìç2î ämkìé$gsk²ó�g á æìè$kCf á ú¡ê�ë?çmê4ê�ë$g ò kCf[êjg�æ â äkî �
îPfqê�f á ämkìé$gsk ð Hzf[úkè$khg ñ�ð ã é â¯ê æìë?ä ò æËä á g_å&äkæìæCf�õ?ãig�khg�æìè?ãqêËçmí êhg5k â ä�é$g_úmg á gsk�çmêhf�ä á �;ê�ë$gwêìè$k á æ�êjf[ãng
f á ê�ë$f[æ â ç2æCg!f[æ4å?ãhç â g²é³ä á��2M U ð
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ÎEÏ$fmÐÐCg�Ñ�ÒhfmÓ\ÔrÐ�ÏlÓ�ÕwÐÕwÏ�ÖGÐ-Ó�×ØÒqÕSÙmkCgeÚqÐCg5kCf±Ù�ÛVÓmk-Ü$gskhfmÔ�Ý�Ó\Ô\fCÒ-Ð�Ó�ÕwÔKfmÐ4Ô�Ó�Òeg�Ô�Ó\ÞlÝ\ÏW×TÙ�Ð�ÑIÏ$g�ßqgg×àÓlk
g�Ô�×àÓlk�Ñ5fCÔlÝ4Ð�ÒIÙvÒhfmÑeÚáÜ�ÖRÔ]Ù�ßqfmÑ<Ü$g�ârg�ÔlÜ$g�ÔlÑ5g�Ð2Ù�Ñ5k�Ó\Ð-Ð}Ð-ÑIÏ$g�ÜlÞlÛnfCÔlÝ4Þ�Ô$fCÒ-ÐvfCÐ}Ô
g5g�Ü
g�ÜLã�ä¢ß^ÜQá¤â�Ù�ò�Ûmâ�â�Ý?ß^â�ä
Ùmkhg�â$kCg�ÐCg�Ô�Òjg�ÜåÙ�ÐÓ\Ô
ggÕ�Ù�ÖGÒ-Ó�g�Ô�×àÓlk�Ñ5g�Ð�ÞlÑIÏ¦Ü
g�âog�ÔlÜ$g�ÔlÑ5g�ÐgÙ�Ñsk-Ó\Ð�ÐÐ-ÑIÏ$g�ÜlÞlÛifmÔlÝ°ÞlÔ$f#ÒaÐ�ã
æzfCÔ]Ù�ÛCÛCÖ\ç
Ñ�Ù�ÐCg�ÐwÕwÏ$g�Ô¢ßPg�ßfÓlk�Ö�è]Ù<khkhfig5k�ÐEÑ�Ù�Ô$èrg�Ó\â¡Òjfmßqfmésg�Ü�Ù�ÕSÙ�Ö$Ùmkhg�Ü$g�Ð-Ñ5kCfmèog�ÜLã

M ÔlÐ�Þ$khfCÔlÝGÜ$g�ârg�ÔlÜ$g�ÔlÑ5g�Ð�èrgeÒqÕ|gsg�Ô¼Ð�ÒaÙvÒjfCÑ�ÙvÔlÜ^Ü�ÖRÔ]ÙvßPfCÑfÙvÑ�Ñ5g�Ð-ÐCg�ÐsÙ�Ñsk-Ó\Ð�Ð�Ð�ÑIÏ$g�ÜlÞ�ÛnfmÔ�ÝAÞlÔ$f#ÒaÐ
âêÓ\ÐCg�ÐTÙ�Ô�geëRÒhkaÙEÑIÏ]Ù�ÛCÛng�Ô�Ýlg�ç¯fikhkhg�Ð-âog�ÑeÒjfCìmg2Ó�×�ÕwÏ$g�Ò-Ï$g5kTÙ�Ï]Ùmk�Ü�ÕSÙmkhg?ÚqßfÙ�Ô]Ù�Ýlg�Ü�ÓlkLÐ-Óv×ØÒqÕ�ÙmkCgeÚáÑ�Ó\Ô�Òjk�Ó\ÛmÛig�Ü
Ü�ÖRÔ]Ù�ßqfmÑ�Ô$geÒqÕSÓmk-ígîCÐ8ÞlÐ�ï�ÜLã � ä¯Þ�þ�ßhØmô�æüÝçÚ�è!ô�Ú�Ýçà�îCÐ8ÒaÏ�ï�Ý\ðaÙvÔRÞ�Û±Ù�ð�îCÒqÖ§Ó�×yÑ�ÓRÜlïEÓ\ÔgÕwÏ�îmÑIÏgÒaÏ�ïEÐ-â]Ù�Ñ�ïeÚ
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A  [ ]A  [ ]0 2

Bank 0

A  [ ]A  [ ] 31

0B  [ ]

Bank2 Bank 1

2

Bank3

A  [ ]

Scalar dependence edge (register communication)

0B  [ ]

1

1A  [ ]

1

2A  [ ]

B  [ ]

0

3B  [ ]2B  [ ]

B  [ ]

PE  0 PE  1 PE  3PE  2

3

B  [ ]

3

B  [ ]

A  [ ]

Code

Data

for    i    =    0   to  99   do
     A[B[i]]  =  . . .

A[ ]

B[ ]

(b)

Non-disambiguated (dynamic) access request
Non-disambiguated (dynamic) access acknowlegdement

1

1

i’   =    0
for    i    =    0   to  99   step  4   do

   A[B  [i’]]  =  . . .
   i’ = i’ + 1

   A[B  [i’]]  =  . . .

0

3

2

   A[B  [i’]]  =  . . .

   A[B  [i’]]  =  . . .

(a)

Edge from memory access to possible bank or serialization point

Memory dependence edge

  
  A[B  [i’]]  = . . .  A[B  [i’]]  = . . .  A[B  [i’]]  = . . .  A[B  [i’]]  = . . .(c)

3210

Turnstile

Turnstile
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Òaîmß�ïÐ-ÑIÏ�ï�ÜlÞlÛCï�ðg� ã þ�!'âêï�ð�×àÓ\ð�ßfÐwîCÔlÐ�Ò-ð-ÞlÑeÒaîmÓ�Ô$Ð�ÑIÏlï�Ü�ÞlÛmîCÔlÝ�ÙvÔlÜGÑ�Ó¡Ülï�Ý\ï�Ôlï�ð-ÙvÒaîCÓ\ÔW×lÒ-Ïlï�Ð-â]Ù�Ñ�ïeÚ®Òaîmß�ï
Ð-ÑIÏlï�ÜlÞlÛmï�ð�îCÐ4ÒaÏ�ï�â�Ï]Ù�Ð-ï�×àÓ\ÛCÛmÓ�ÕwîmÔ�Ý � Ù�â�Ð§îCÔAÒaÏlï D Ù�Õ Ñ�Ó\ß�âlîmÛCï�ð�ã � ÑIÏlï�ÜlÞlÛCîmÔlÝ°ÞlÔlî#ÒaÐ�Ù�ð�ï�è]Ù�Ð�îmÑ
èlÛmÓRÑIí�Ð
Ó\ð§Û±Ù�ð�Ý\ï�ðs×8Ñ�Ó\Ô�Òað-Ó�Û#ÚqÛCÓ¡Ñ�Ù�ÛmîCé�ÙvÒ-îmÓ\Ôå� ã þ³!6ïeëRÒaï�ÔlÜlÐgÒaÏ�ï�ß ÒaÓ$×àÓ\ð�ÕSÙ�ð�Ü¡ÚqÑ�Ó\Ô�Òað-Ó�Û#Ú)(lÓ�Õ ð-ï�Ý�îmÓ\ÔlÐ�ã
� ÒIÙvÒ-îmÑ?ÚqÐ�ÒaÙvÒaîCÑ�Ù�Ô�Ü�Ü�ÖRÔ]Ù�ß�îmÑeÚáÜ�ÖRÔ]Ù�ß�îmÑ%Ülï�â»ï�Ô�Ülï�ÔlÑ�ï�ÐPÙ�ð-ïPï�Ô�×àÓ�ð-Ñ�ï�Ü°îmÔ�ÙgÐ�ÒaðaÙvîmÝ\Ï�Ò�Ú®×àÓ\ð�ÕSÙ�ð�Ü�ß�ÙvÔ¡Ú
Ôlï�ð��}ÒaÏ�ï�Ð�ÒaÙvÒaîCÑ�Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð�Ùvð-ï�Ó\ð�Ülï�ð�ï�Ü�îCÔgâlð-Ó�Ý\ðaÙ�ß Ó\ð�Ülï�ð8Ó\Ô
ÒaÏ�ï�îmð}Ó�ÕwÔlï�ðVÒ-îmÛmïvç�ÙvÔlÜgÒaÏlïSÜ�ÖRÔ]Ù�ß�îmÑ
Ù�Ñ�Ñ�ï�Ð-Ð�ï�Ð
Ù�ð-ïgÓ�ð-Ülï�ð-ï�Ü îmÔrâ�ð-Ó\Ý\ð-Ù�ß�Ó\ð-Ülï�ðÓ\ÔrÒaÏlïgÒ-Þlð-Ô�Ð�ÒaîCÛmïvã+*qÔ Ñ�Ó�Ô�Ò-ðaÙ�Ð�Ò�çjÐ�ÒIÙvÒ-îmÑeÚáÜ�ÖRÔ]Ù�ß�îmÑ�ÜlïeÚ
âêï�ÔlÜlï�Ô�Ñ�ï�Ðsð�ï���Þlîmð�ï�â»Ó\îmÔ�Ò�ÚáÒaÓ³Úqâ»Ó\îmÔ�Ò�Ð�ÖRÔlÑIÏ�ð-Ó\ÔlîCé�ÙvÒ-îmÓ\Ô^ßfï�Ð-ÐaÙvÝ\ï�Ð�èêïeÒqÕSï�ï�Ô Ð-ÞlÑ�Ñ�ï�Ð-Ð-î#ì\ï$Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð
ÒaÓ�ï�Ô�Ð-Þlð�ïÐ-ï�ð�î±Ù�ÛCîmé�ÙvÒaîCÓ\Ô�Õwî#ÒaÏlîCÔfÒ-Ïlï�ÐaÙvßfï�ï���ÞlîCìvÙ�ÛCï�ÔlÑ�ï�Ñ�ÛmÙ�Ð-Ð�ã-,}Ó\îCÔ�Ò�ÚáÒ-ÓvÚqâ»Ó\îmÔ�Ò6Ð�ÖRÔlÑIÏ�ð-Ó\ÔlîCé�ÙvÒ-îmÓ\Ô
ßfï�Ð-ÐaÙvÝ\ï�Ð�Ùvð-ï�ï�Ù�Ð-îCÛCÖ Ð�ÑIÏlï�ÜlÞ�Ûmï�Ü¼Õwî#ÒaÏlîCÔåÙ¢Ð�ÑIÏlï�Ü�ÞlÛmîCÔlÝrÞlÔlî#Ò�ã � Ñ�ð-Ó\Ð�ÐgÐ-ÑIÏlï�ÜlÞlÛCîmÔlÝrÞlÔ�îCÒaÐ�ç8ÏlÓ�Õ�Ú
ï�ì\ï�ð�ç]â»Ó\îmÔ�Ò�ÚáÒaÓ³Úqâ»Ó\îmÔ�Ò�Ð�ÖRÔlÑIÏlð�Ó\Ôlîmé�ÙvÒaîCÓ\Ô�ß�ï�Ð-Ð-Ù�Ý\ï�ÐEÑ�Ù�ÔlÔ�Ó�ÒEè»ï�Ñ�Ó\ß�âlîCÛmï�ð9ÚqÐ�ÑIÏlï�ÜlÞ�Ûmï�Ü�è»ï�Ñ�Ù�ÞlÐ�ï�ÒaÏlï
âlð-ï�Ülï�Ñ�ï�Ð-Ð�Ó\ðP×àÓ�ðwÙ�Ð�ÑIÏlï�ÜlÞ�ÛmîmÔ�Ý�Þ�ÔlîCÒwîCÐ%Ô�Ó�Òwí�ÔlÓ�ÕwÔAÙvÒwÑ�Ó\ßfâ�îmÛmï?ÚáÒ-îmß�ï�ã

. X'/10�2lZ43�5627298�X:27;
ÎEÏlï D Ù�ÕNÑ�Ó�ßfâlîCÛmï�ð<Ù�ÜlÓ\â¡ÒaÐ=<?>@<?ACB@DFEHG�BIBIJK>@BHL<Ù�Ð6Ù§Ð�îmß�âlÛmïEÐ�Ó\ÛmÞ¡ÒaîmÓ�ÔgÒaÓ�ÒaÏlï%âlð-Ó�èlÛmï�ß Ó�×Lï�Ô�×àÓ\ð�ÑeÚ
îmÔlÝfÐ�ÒIÙ³ÒaîmÑ?ÚqÜ�ÖRÔ]ÙvßfîCÑÜlï�â»ï�ÔlÜ�ï�ÔlÑ�ï�Ð§Ù�Ñ�ð�Ó\Ð-ÐPÐ-ÑIÏlï�ÜlÞlÛCîmÔlÝfÞlÔlîCÒ-Ð�ã D ÞlÔAè»ï�ÒqÕ�ï�ï�ÔrÐ-ÑIÏlï�ÜlÞlÛmîCÔlÝ�ÞlÔ�îCÒaÐ�ç
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èêï�ð%Óv×8Ñ�Ù�Ð-ï�Ð%ÕwÏlï�ÔGîCÔlÜlï�â»ï�Ô�Ülï�Ô�ÒPï�â»Ó¡ÑIÏlÐ%Ù�ð�ï§Ù�âlâlÛCîmÑ�ÙvèlÛmïvã

½�¤�¾X   XM¤�¾X'¤ ¢ X   0=¿ k ;
*qÐ-Ó\ÛmÙvÒaîCÔlÝrÒaÏlï°ß�ï�ß�Ó\ð�Ö^ð-ï�×àï�ð-ï�ÔlÑ�ï�Ð�îmÔ Ülî#B´ï�ð-ï�Ô�Ò�Ð�ÑIÏlï�ÜlÞ�ÛmîmÔ�Ý¦ÞlÔ�îCÒaÐ�çSÙvÐfîCÔ+Ð�ï�ÑeÒaîmÓ�ÔNþ¡ã0þ¡ç6Ó\â»ï�ÔlÐ
Þlâ Ò-Ïlï�âêÓ\Ð�Ð-îCèlîmÛCîCÒqÖ$Ó�×�ÞlÐ-îCÔlÝ°ÜlîCBêï�ð�ï�Ô�Ò§Ülï�â»ï�ÔlÜ�ï�ÔlÑ�ï�Ð�Ò-ðaÙvÒ-ï�Ý\îCï�Ð�îmÔ Ülî#B´ï�ð-ï�Ô�Ò§Ð�ÑIÏlï�ÜlÞ�ÛmîmÔ�Ý¢ÞlÔ�îCÒaÐ�ã
*qÔ¢â]Ùvð�ÒaîCÑ�ÞlÛmÙ�ð�çRß�Ó\ð-ïÙvÝ\Ý\ð-ï�Ð-Ð�îCì\ï�Ð�ÑIÏlï�ß�ï�ÐwÒaÏ]ÙvÔ$Ð�Ó�×ØÒqÕSÙ�ð-ï?ÚqÐ-ï�ð-îmÙ�ÛLÓ\ð�Ülï�ð�îmÔlÝsÙ�ð�ïâêÓ�Ð-Ð-îCèlÛmïP×àÓ\ð�Ñ�ï�ð�Ú
ÒIÙ�îCÔ^Ð-ÑIÏ�ï�ÜlÞlÛCîmÔlÝGÞlÔlîCÒ-Ð§Õwî#ÒaÏåÐ�âêï�Ñ�îmÙ�Û2âlð-Ó\â»ï�ð�ÒaîCï�Ð�ç8îmÔ^Ñ�Ù�Ð-ï�ÙGÜlîCÐ�Òað�îmèlÞ¡Òaï�Ü´ç8Ð-Óv×ØÒqÕ�Ù�ð�ïeÚáÑ�Ó\Ô�Òað�Ó\ÛmÛCï�Ü
Ü�ÖRÔ]Ù�ß�îmÑ�ÔlïeÒqÕSÓ\ð�íåîmÐ
ÞlÐ-ï�ÜLã¼ÎEÏlï°Ó\â�Ò-îmß�îmé�Ù³ÒaîmÓ�ÔlÐ§Ù�ð-ï°Ù�â�âlÛmîCï�Ü¼Ó\ð�ÒaÏlÓ\Ý�Ó\Ô]Ù�ÛCÛCÖr×àÓ\ð�ï�Ù�ÑIÏ ï���ÞlîCì�Ú
Ù�Ûmï�ÔlÑ�ïAÑ�Û±Ù�Ð�Ð�ã & ïAÜlï�Ð-Ñ�ð�îmè»ïAÓ\ÔlïGÓ�×ÒaÏlï�Ð-ïrÓ\â¡Òaîmß�îmé�ÙvÒaîCÓ\ÔlÐ�ç�Òaï�ð-ß�ï�ÜNÒ-ÏlïAîmÔ�Ülï�â»ï�ÔlÜ�ï�Ô�Ò°ï�â»Ó¡ÑIÏ
Ó\â�ÒaîCßfîCé�ÙvÒ-îmÓ\Ô´ç¡è»ï�ÛCÓ�Õ�ã

ÎEÏlïfîmÔlÜ�ï�â»ï�ÔlÜlï�Ô�Ò�ï�â»Ó¡ÑIÏ^Ó\â�ÒaîCßfîCé�ÙvÒ-îmÓ\Ô ÙvâlâlÛmîCï�Ð�ÒaÓ¢Ñ�ÓRÜlï�ð�ï�Ý\îCÓ\ÔlÐ§îmÔ¦ÕwÏ�îmÑIÏ^Ò-Ïlï�Ñ�Ó\ßfâ�îmÛmï�ð
Ñ�Ù�Ô¼ÜlïeÒaï�ð-ß�îmÔlïsÒaÏ]Ù³ÒgÙ�ÛCÛ6Ù�Ñ�Ñ�ï�Ð-Ð�ï�ÐgÕwî#ÒaÏlîCÔåÙ¢Ð�îmÔlÝ�Ûmï�ï���ÞlîCìvÙ�ÛCï�ÔlÑ�ï�Ñ�Û±Ù�Ð�ÐgÙ�ð�ï�îmÔ�Ülï�â»ï�ÔlÜ�ï�Ô�Òg×àð-Ó�ß
ï�Ù�ÑIÏ°Ó�Ò-Ïlï�ð�ã & ï�Ñ�Ù�ÛmÛ»Ð-Þ�ÑIÏ¢Ù�ð-ï�Ý�îmÓ\Ô�ÙvÔÀJÁ¬pÂ�>qb7>@¬pÂ�>@¬7¨�>qb7Ay«Hª�×àÓ\ð6ÒaÏ]ÙvÒSÑ�ÛmÙ�Ð-Ð�ã � ÞlÑIÏ°Ñ�ÓRÜlï�ð�ï�Ý\îCÓ\ÔlÐ
Ù�ð-ïwÔlÓ�Ò6ð�ï�Û±Ù³Òaï�Ü�Ò-Ó�Ò-Ïlï%Ð-ÑIÏlï�ÜlÞlÛmîCÔlÝ§ÞlÔlîCÒ-Ð<ÞlÐ-ï�Ü�è�Ö�ÒaÏ�ï%Ð�â]Ù�Ñ�ïeÚáÒ-îmß�ïEÐ-ÑIÏlï�ÜlÞlÛCîmÔlÝ§Ñ�Ó\ß�âlîCÛmï�ð}âlÏ]Ù�Ð�ï�Ã
îmÔlÜlï�âêï�ÔlÜlï�Ô�Ò�ï�âêÓRÑIÏlÐ�ßfÙ�Ö$èêïgÐ�ß�ÙvÛmÛmï�ðEÒaÏ]Ù�Ô´ç´ï���Þ]ÙvÛ}ÒaÓ�çêÓ\ðPÛ±Ù�ð�Ý\ï�ðwÒaÏlÙ�ÔGÒaÏ�ïgÐ-ÑIÏlï�ÜlÞlÛCîmÔlÝ�ÞlÔ�îCÒaÐ�ã
NPÓ\ð�ß�Ù�ÛCÛCÖ§îmÔ�Ð�Ó�×ØÒqÕSÙ�ð-ïwÐ-ï�ð-îmÙ�Û�Ó\ð�Ülï�ð�îmÔlÝ�ç�Ù�ÛmÛ¡Ü�ÖRÔ]Ù�ß�îmÑ�ß�ï�ß�Ó\ð�Ö
ð�ï���Þlï�Ð�ÒaÐ6îmÔsÙÐ-îCÔlÝ\ÛCï�Ù�ÛCî±Ù�Ð}ï���ÞlîCì�Ú
Ù�Ûmï�ÔlÑ�ï�Ñ�Û±Ù�Ð�ÐSÏ]Ù�ì�ï�ÒaÓgÝ\Ó�ÒaÏlð�Ó\ÞlÝ\Ï�Ù§ÒaÞlð�ÔlÐ�Ò-îmÛmï%×àÓ\ð2ÒaÏlï�ï�Ô�Òaîmð�ï�ÜlÞlð-ÙvÒaîCÓ\Ô�Óv×jÒaÏlï�â�ð-Ó\Ý\ð-Ù�ß$ã�*qÔlÐ�îmÜlï
Ù�Ô^îCÔlÜlï�â»ï�Ô�Ülï�Ô�Ò�ï�â»Ó¡ÑIÏLç}Ù�ÛCÛ<Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð
îmÐ-Ð�Þlï�îmÔ â]Ù�ð-Ù�ÛmÛCï�Û®çêÕwîCÒaÏ�Ó\Þ�Ò§Ý\Ó\îCÔlÝ�ÒaÏlð�Ó\ÞlÝ\Ï¦Ù�ÒaÞlð�ÔlÐ�Ò-îmÛmïvã
,8Ù�ð-Ù�ÛmÛCï�Û�îCÐ-Ð-Þ�ï¢îCÐ�Ñ�Ó\ð�ð-ï�ÑeÒ�èêï�Ñ�Ù�ÞlÐ�ï¢Ò-Ïlï$Ù�Ñ�Ñ�ï�Ð-Ð�ï�Ð�Ù�ð-ï°îmÔ�Ülï�â»ï�ÔlÜ�ï�Ô�Ò�ã æyÞ�ð�ÒaÏ�ï�ð�ç6âlð�Ó\âêï�ðsÐ-ï�ð�î±Ù�Û�Ú
îmé�Ù³ÒaîmÓ�Ô¦ÕwîCÒ-Ïåß�ï�ß�Ó\ð�Ö¦Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð�Ó�Þ�ÒaÐ�îmÜlï�ÒaÏlï�îCÔlÜlï�âêï�ÔlÜlï�Ô�Òsï�âêÓRÑIÏ¼îmÐ�Ý\Þ]Ù�ð-Ù�Ô�Òaï�ï�Ü¼è�Ö^âlÛmÙ�Ñ�îCÔlÝ
ßfï�ßfÓ\ð�Ö�è]Ù�ð�ð-îCï�ð-Ð6è»ï�×àÓ\ð�ïPÙvÔlÜ�Ùv×ØÒ-ï�ð2ÒaÏlï%îmÔ�Ülï�â»ï�ÔlÜ�ï�Ô�Ò�ï�âêÓRÑIÏLã � ï�ßfÓ\ð�Ösè]Ù�ð�ð-îmï�ð-Ð6Ù�ð�ïPÜlï�Ð-Ñ�ð-îmè»ï�Ü
îmÔ Ð-ï�ÑeÒaîCÓ\Ô¼þ¡ã0þ¡ã � ï�ß�Ó\ð�Ö èlÙ�ð-ð�îmï�ð�Ð§Ù�ð-ï�Ôlï�ï�Ülï�Ü^èêïe×àÓ\ð-ïfÙ�ÔlÜ^Ùv×ØÒaï�ð�Ò-Ïlï�îmÔlÜlï�âêï�ÔlÜlï�Ô�Ò
ï�â»Ó¡ÑIÏ¦îmÔ
Ù�ÛmÛjÑ�Ù�Ð-ï�Ð�ç»ð-ï�Ý\Ù�ð-ÜlÛCï�Ð�ÐPÓ�×}ÕwÏlï�Ò-Ïlï�ð%è]Ù�ð�ð-îCï�ð-ÐPÙ�ð�ï§Ô�ï�ï�Ü�ï�ÜAî#×}Ò-Ïlï�Ð-Ù�ß�ï§Ð�ÑIÏlï�Ü�ÞlÛmîCÔlÝ�ÞlÔ�îCÒwÕSï�ð-ï�îmß�Ú
âlÛmï�ßfï�Ô�Ò-ï�Ü ÞlÐ�îmÔlÝ�Ð�Ó�×ØÒqÕSÙ�ð-ï?ÚqÐ-ï�ð-îmÙ�Û8Ó\ð�Ülï�ð�îmÔlÝ�ã � Òað�îCìRî±Ù�ÛTïeë�Ù�ß�âlÛCï
Ó�×6Ù�ÔrîCÔlÜlï�âêï�ÔlÜlï�Ô�Ò�ï�âêÓRÑIÏ îmÐ
Ù°ð�ï�Ý\îCÓ\ÔrÕwÏlÓ\Ð�ï�Ü¡Ö¡ÔlÙ�ßfîCÑ�Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð�ÒaÓ$Ù�Ô ï��RÞ�îCìvÙ�Ûmï�ÔlÑ�ï�Ñ�Û±Ù�Ð�Ð§Ù�ð-ïsÙ�ÛCÛ8ÛCÓ�Ù�ÜlÐ�ã ¼ ÒaÏlï�ð�ÕwîCÐ-ïsîmÔlÜ�ïeÚ
âêï�ÔlÜlï�Ô�Ò4Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð4Ù�ð-ï�×àÓ�ÞlÔlÜ$ÞlÐ-îCÔlÝsÜlï�â»ï�ÔlÜ�ï�ÔlÑ�ïgÙ�Ô]ÙvÛCÖRÐ-îCÐ���Ä � !KÃ]Ü�ï�â»ï�ÔlÜlï�ÔlÑ�ï�Ù�Ô]ÙvÛCÖRÐ-îCÐEîmÐwÙ�îCÜlï�Ü
è�Ö°â»Ó\îCÔ�Ò-ï�ðwÙ�ÔlÙ�ÛCÖRÐ-îCÐ�ç]Ùvð-ðaÙ�Ö�ÚqîCÔlÜlï?ë$Ù�Ô]Ù�Û#ÖRÐ-îmÐ�Ù�ÔlÜ$Ü]ÙvÒIÙC(]Ó�Õ Ù�Ô]ÙvÛCÖRÐ-îCÐ�ã

æ8îCÝ\Þlð�ïwþ¡ã ñ Ð�ÏlÓ�ÕwÐ�Ù�Ôsï?ëlÙvßfâlÛCïEÓ�×´Ù�ÔfîCÔlÜlï�âêï�ÔlÜlï�Ô�Ò6ï�â»ÓRÑIÏLã2æ8îmÝ�Þlð-ïwþRã ñ9P Ù�Q8Ð-Ï�Ó�ÕwÐ2ÒaÏ�ï%îCÔlîCÒ-î±Ù�Û
Ñ�ÓRÜlï
ÕwîCÒ-ÏrÙ�ÔA�g���%ÅÇÆ]!Vð�ï�×àï�ð-ï�Ô�Ñ�ï�îmÔ�Ð-îmÜ�ï
Ù�ÛCÓ¡Ó�âLã � Ð-Ð�Þlßfï�ÒaÏ]ÙvÒPÒaÏlï§ìvÙ�ð-îmÙ�èlÛmï�Æ îmÐPÔlÓ�Ò�Ù�ÛmÓRÓ\â
îmÔlÜlï?ësìvÙ�ð-îmÙ�èlÛmï�Ù�ÔlÜ�ÜlÓ¡ï�Ð�Ô�Ó�Ò6Ï]Ù�ì\ïPÙ§í�ÔlÓ�ÕwÔ�Ñ�Ó\ÔlÐ�ÒIÙ�Ô�Ò6ì�ÙvÛmÞlï�ÃRÏ�ï�ÔlÑ�ïPÒaÏ�ï%�g����Å�Æ]!êÙ�Ñ�Ñ�ï�Ð-ÐSîCÐ2ÔlÓ�Ò
Ù�È�Ôlï�ã2æ]Þlð�ÒaÏlï�ð�ÙvÐ-Ð-Þ�ßfïEÒaÏlÙvÒ2ÒaÏlï%Ù�ð�ðaÙ�Ö���� !yîmÐ2ÜlîCÐ�Ò-ð-îmè�Þ�Òaï�Ü�Þ�Ð-îmÔ�Ý�ÛCÓ�Õ�ÚáÓ\ð-Ü�ï�ð<îmÔ�Ò-ï�ð-ÛCï�Ù�ìRîmÔlÝ�ã}ÎEÏlï
��� !Sð�ï�×àï�ð�ï�ÔlÑ�ï�îmÐ§ÔlÓ\ÔRÚqÜlîCÐaÙ�ßgè�îmÝ\Þ]Ù³Òaï�Ü è»ï�Ñ�Ù�ÞlÐ-ï�îCÒ§îmÐ�Ù¢ÔlÓ�Ô¡Ú9Ù�È�Ôlïfð-ïe×àï�ð-ï�ÔlÑ�ïfÒaÓAÙ$ÜlîmÐ�Òað�îmèlÞ�Ò-ï�Ü



��� òVó O�ô4Q}õ2ö .�÷ 1
5E1��®ø�7��ROù��S7eú�ûTO4Q}õ2øU5wöüøsýV1POù$7 ò O òEò õ�����õ��
Ùvð-ðaÙ�Ö�ãFæ8îmÝ\Þ�ð-ï¢þ¡ã ñ9P è9Q�Ð-Ï�Ó�ÕwÐfÒaÏlï¢ÛmÓRÓ\â+Ùv×ØÒaï�ðfÞlÔ�ð-Ó\ÛCÛmîmÔ�Ý è�Ö�Ù ×uÙvÑ�ÒaÓ�ðfÓ�× ñ çEÙ�ÔlÜ Ù�âlâlÛCîmÑ�ÙvÒaîCÓ\Ô
Óv×wîmÔlÜlï�âêï�ÔlÜlï�Ô�Òsï�âêÓRÑIÏlÐ�ã¦ÎEÏlï�ÛmÓRÓ\âåîmÐ�ÞlÔlð�Ó\ÛmÛCï�Ü^Ò-ÓAïeë¡â»Ó\Ð-ï°ß�ï�ß�Ó\ð�Ö â]Ù�ð-Ù�ÛmÛCï�ÛCîmÐ-ß îmÔ^Ò-Ïlï���� !
ÙvÑ�Ñ�ï�Ð-Ð�ã´É�ï�â»ï�ÔlÜlï�ÔlÑ�ï�Ù�Ô]Ù�Û#ÖRÐ-îmÐ�Ð�ÏlÓ�ÕwÐ�ÒaÏlÙvÒ�ÒaÏlï ñ ÙvÑ�Ñ�ï�Ð-Ð�ï�ÐsÙv×ØÒ-ï�ð�ÞlÔlð�Ó\ÛmÛCîmÔlÝ°Ù�ð�ïsîmÔlÜlï�âêï�ÔlÜlï�Ô�Ò
è»ï�Ñ�Ù�ÞlÐ�ïgÒaÏlïeÖrÙ�ð�ïgÐ-ï�â]Ù�ðaÙ³Òaï�Ü è�ÖAÑ�Ó\ÔlÐ�ÒIÙ�Ô�Ò�Ó�BêÐ-ïeÒaÐ�ãFÊSÓ\ÔlÐ�ï���Þlï�Ô�Ò-ÛCÖ�ç'Ò-Ïlï ñ ð-ïe×àï�ð�ï�ÔlÑ�ï�Ð×àÓ\ð-ß Ù�Ô
îCÔlÜlï�âêï�ÔlÜlï�Ô�Ò6ï�â»ÓRÑIÏ�Ù�Ô�ÜfÙvð-ïEîmÐ�Ð-Þlï�ÜfîCÔ�â]Ù�ð-Ù�ÛmÛCï�Û¡Õwî#ÒaÏlÓ�Þ�Ò6Ù4ÒaÞlð�ÔlÐ�Ò-îmÛCï�ã�,}Ù�ðaÙvÛmÛmï�Û�Ü�ÖRÔ]ÙvßfîCÑwÙ�Ñ�Ñ�ï�Ð-Ð
Ùvð-ï§Ð-ÏlÓ�ÕwÔrîmÔ�§]Ý\Þlð�ïsþ¡ã ñ9P è7QeçêÙ�ÔlÜAÙ³×ØÒaï�ðPÑ�ÓRÜlï
Ý�ï�Ôlï�ðaÙvÒ-îmÓ\ÔLç»îmÔ�§]Ý\Þlð�ï�þ¡ã ñ9P ÑyQeã � ï�ßfÓ\ð�Ö$è]Ù�ð-ð�îmï�ð-Ð
è»ï�×àÓ�ð-ïÙ�Ô�Ü°Ùv×ØÒaï�ðSÒaÏlïîCÔlÜlï�âêï�ÔlÜlï�Ô�Ò%ï�â»ÓRÑIÏ P ÔlÓ�ÒEÐ�ÏlÓ�ÕwÔ9QSï�Ô�Ð-Þlð�ï§Ñ�Ó\ð-ð�ï�ÑeÒwÓ\ð-Ülï�ð-îCÔlÝgÕwîCÒ-Ï�ð-ï�Ý\Ù�ð-Ü
Ò-Ósð-ï�×àï�ð-ï�ÔlÑ�ï�ÐPÓ\Þ¡ÒaÐ-îCÜlï�îCÒ�ã

A  [ ]0 1A  [ ]

A[i+x+3] = . . .

A  [ ]

Bank3

A[i+x+1] = . . .

A  [ ]

A[i+x+2] = . . .

PE  3PE  2

Bank2 

A[i+x] = . . .

3

Bank 1

2

Bank 0

PE  0 PE  1

for    i    =    0   to  99   step  4   do

Non-disambiguated (dynamic) access request
Non-disambiguated (dynamic) access acknowlegdement

Code

Data

for    i    =    0   to  99   do
(a)

A[ ]

     A[i+x]  =  . . .

(b)
        A[i + x] = . . .

        A[i + x + 1] = . . .

        A[i + x + 2] = . . .

        A[i + x + 3] = . . .

0 1 2 3A  [ ] A  [ ] A  [ ] A  [ ]

(c)

æ}îmÝ\Þlð�ï6þ¡ã ñ �'ÿ:�\��~��R�o�T�9��|e{6�����6���P�#�����I�l�?�����?�v�]�I�l|����]�V¯±�³²yá���o�9�������a|\�����Lz2���'	�� ����I�a�?�9�L��|����u��Ë������
¯m��²����C�q�I�<¤����9|�����������ª����I���?�R���?���a�����R���o�������T�����§�9�����������I�l�?�����?�v�j�I�l|����§|��R�9��~��o¬?���9�o|��y�%ÌS�I�l�?�����?���a�
�������o�\�9���ÎÍ¡���R���9�����w�9������	�� }���I�a�?���q�?�P�����§�������I�l�?�����?�³�Iªy�����$���?���a���9���I�����9�����9�9¤��?�����P���$���R�����
���?�R���?�³�V�I�l|\���]ª�{6���9��|�¤��2�q�I���#�����o¬?���9�o|��]�2¯±�e²����m�q�I���a|\���w���?���I�����9��|��]�



.�÷¯®\÷ ø�ý<1PO�ù¢7 ò 5Eô4QT7�ù¢7�°´O4QT7e5E1�� � :
Ï   ¾}5 ¢ X:;
Î}Ó ÞlÔlÜ�ï�ð-Ð�ÒIÙ�Ô�Ü Ò-ÏlïrÞlâ»Ü]ÙvÒaïGÓ\â�ÒaîCßfîCé�ÙvÒ-îmÓ\Ô´ç�Ñ�Ó\Ô�Ð-îmÜ�ï�ð�Ò-Ïlïrïeë�Ù�ß�âlÛmïGîmÔÐ§]Ý\Þ�ð-ï þ¡ã0þ P Ù�Qeã Î�ÕSÓ
ð-ï�ÙvÜ9Ñvß�Ó¡Ülî#×ØÖ�Ñ³Õwð-î#ÒaïSÓ�âêï�ðaÙvÒ-îmÓ\ÔlÐ<Ó�Ô�Ü�îCBêï�ð-ï�Ô�Ò2ï�Ûmï�ßfï�Ô�ÒaÐ<Ó�×´Ù�ð-ð-Ù�Ög��� !yÙ�ð�ïEÐ-ÏlÓ�ÕwÔLã � Ð<ÒaÏlïEìvÙ�ÛmÞ�ï�Ð
Ó�×<ÒaÏlï���� !VÙvð-ðaÙ�Ö¢Ù�ð�ï
Ù�Ð�Ð-Þlß�ï�ÜrÞ�Ôlí�ÔlÓ�ÕwÔLçêÒ-Ïlï�ÒqÕ�Ó����ÓÒyÒyÒ !8ÛCÓ¡Ñ�ÙvÒaîCÓ\ÔlÐwÙ�ÛCî±Ù�ÐwîmÔ$ÒaÏlï�Ñ�Ù�Ð�ïg��� �"!:Ô
������ÅtÕ�!~ÃlÏlï�ÔlÑ�ïPÒaÏlï%ÒqÕSÓ�Ð�ÒaÓ\ð�ï�Ð�Ò-Óg���ÓÒyÒyÒ !LÙvð-ï4â»Ó�Ò-ï�Ô�ÒaîmÙ�ÛmÛ#ÖgÜlï�âêï�ÔlÜlï�Ô�Ò%Ù�Ô�Ü�ßgÞlÐ�Ò�è»ï4Ð-ï�ð-îmÙ�ÛmîCé�ï�Ü´ã
ÎEÏlï�Ülï�âêï�ÔlÜlï�Ô�Ñ�ï�è»ï�ÒqÕ�ï�ï�Ô°Ò-ÏlïwÒqÕSÓgÐ�ÒaÓ\ð�ï�Ð�îCÐ2Ð-ÏlÓ�ÕwÔ�è�ÖsÒaÏlïPÜlï�â»ï�ÔlÜ�ï�ÔlÑ�ï�ï�ÜlÝ�ï4è»ï�ÒqÕ�ï�ï�Ô�Ò-Ïlï�ß$ã

Dependence edge

A[B[i]] += . . . 

A[B[i+1]] += . . . A[B[i+1]] += . . . 

A[B[i]] += . . . 

æ8îmÝ\Þ�ð-ï þ¡ã0þ×Ö¼ÿ�����~�R�����a|\�����l�?����ÍR�9�����¢�m�9|�~ ¤��]�����q�?�I� ¯±�³²
á���o�9�����S�a|������ µ �?���×Ø�~|\���o�m��Ø�{2���o�q�
|��l�I�����9��|����g���9�f�l�I�9�m|���~�?�¦|��^�9�����u{8|Ù	��zÚHÚHÚÛE�o|\�I���9�o|����I� z2�����u{8| �q�q|��9�?�
�q|»	��zÚHÚHÚÜE���9�f�l|��q�?���
�9�#�����o�¢���I���?�R���?�³������r~4¤��q��l���q�I���#�����o¬I�?�]�¼¯m��²}Ý8|\���s���m�q�I���9���s¤��]�����q�g|����9��~§�o¬?���9�o|��]�rz2���g�"{}|
���?���×Ø�~|\���o�m��Ø�{2���o�q�w|��l�I�����9�o|��������9��~|e¶��?�����v�q|����q|�~��#�P~�?���9�����4�R�������o�I���2�C|������\����~����w~��?�9�9�����?�I�
ÝV|����q�?£�¤��?�³�9����ª³�9�����u{8|%��Þl�?�a�9�o¶��?�o�����e¶�����|%���I���?�R���?���a��ª³�9�#���a�2�������o�9��|������'���9�9|��I�����9��¶��6�����§�a|�~§~P¤��
�9���9��¶����Mß��?���a���9�����"{}|��9�?���×Ø�~�|������C��Ø�{2���o�q�?�}�I���g�l�6��¤������V���
�#�����I�l�?�����?�v�'�I�l|����]ª\���8�#�����?���a���o�l�?�
�?�������o�I�6���g�9�R���<�q�?�a�9�o|��]�

*áÒ§îmÐ�â»Ó\Ð-Ð�îmèlÛCïgÒaÓ$îmß�âlð-Ó�ì�ïgÒaÏlï�âêï�ð�×àÓ\ð�ß�ÙvÔlÑ�ï�Ó�×�ÒaÏlï�Ñ�ÓRÜlïsîmÔ»§]Ý�Þlð-ï�þ¡ã0þ P Ù�Q4îCÔrÒaÏlïs×àÓ\ÛmÛCÓ�Õ�Ú
îmÔlÝ�ßfÙ�ÔlÔlï�ð�ã ¼ è�Ð-ï�ð�ì\ï�ÒaÏlÙvÒ�îC×<Ò-ÏlïgÒqÕSÓ°ð�ï�Ù�Ü9Ñ³ßfÓRÜlîC×ØÖ�Ñ³Õwð�îCÒ-ï
Ó\â»ï�ð-ÙvÒaîCÓ\ÔlÐÙ�ð�ïgï�ÙvÑIÏ¦â»ï�ð�×àÓ\ð-ß�ï�Ü
ÙvÒaÓ\ß�îmÑ�Ù�ÛmÛ#Ö\ç»ÒaÏlï�Ô Ò-Ïlï�ÒqÕ�Ó$Ó\âêï�ðaÙvÒ-îmÓ\Ô�Ð�Ù�ð-ïsîmÔ�Ülï�â»ï�ÔlÜ�ï�Ô�Ò�çTÐ-îCÔlÑ�ï�Ù�ÜlÜ�îCÒaîCÓ\ÔrîmÐè»Ó�Ò-Ï^Ù�Ð�Ð-ÓRÑ�îmÙvÒaî#ì\ï
Ù�ÔlÜsÑ�Ó\ß�ßgÞ�ÒaÙvÒaî#ì\ïvã8ÎEÏlïEÞlâ»Ü]ÙvÒ-ïEÓ\â�Ò-îmß�îmé�Ù³ÒaîmÓ�Ô
Ù�îCßfÐTÒaÓè»ï�Ôlï@§lÒ<×àð-Ó�ß îCÔlÜlï�â»ï�Ô�Ülï�ÔlÑ�ïPè�Ö
îmß�âlÛmï?Ú
ßfï�Ô�Ò-îmÔlÝsÒaÏ�ï�ð�ï�Ù�Ü9Ñ³ßfÓRÜlîC×ØÖ�Ñ³Õwð�îCÒ-ï�ÙvÒaÓ\ß�îmÑ�Ù�ÛmÛ#Ö\ã6*qÔ¢â]Ù�ð�Ò-îmÑ�ÞlÛ±Ù�ð�çlÞlâ»Ü]ÙvÒ-ï�Ð�Ùvð-ï§ßfï�ßfÓ\ð�Ö�Ï]ÙvÔlÜlÛmï�ð-Ð
ÒaÏ]ÙvÒ�îmß�âlÛmï�ßfï�Ô�Ò�Ð�îmß�âlÛmï¢ð-ï�ÙvÜ9Ñvß�Ó¡Ülî#×ØÖ�Ñ³Õwð-î#Òaï°Ó\â»ï�ðaÙ³ÒaîmÓ�ÔlÐ�Ó\Ô ßfï�ßfÓ\ð�Ö+ï�Ûmï�ßfï�Ô�ÒaÐ�ã æ]Ó\ðfï�Ù�ÑIÏ
ð-ï�ÙvÜ9Ñvß�Ó¡Ülî#×ØÖ�Ñ³Õwð-î#Òaï�Ó\â»ï�ðaÙ³ÒaîmÓ�ÔLç´Ù�Ü�ÖRÔ]Ù�ß�îmÑ�ßfï�Ð-ÐaÙvÝ\ï
îCÐ4Ý\ï�Ôlï�ð-ÙvÒaï�ÜAÒaÏ]ÙvÒPîmÐPÐ-ï�Ô�Ò4ÒaÓ�Ò-Ïlï
ß�ï�ß�Ú
Ó\ð�Ö
è]Ù�Ôlí§Ñ�Ó\Ô�ÒaÙ�îmÔlîCÔlÝ4Ò-Ïlï�Ü]ÙvÒaÙ4Ó\â»ï�ð-ÙvÒaï�Ü�ÞlâêÓ�ÔLã�*qÔgÒaÏ�îmÐVÑ�Ù�Ð-ïvç�ï�Ù�ÑIÏs���ÓÒyÒyÒ !ÁÅàÔáÒyÒyÒ³Ó\âêï�ðaÙvÒ-îmÓ\Ô
îmÐ
Ñ�Ó\Ô�ì\ï�ð�Ò-ï�ÜAÒaÓ�Ù�Ü¡Ö¡ÔlÙ�ßfîCÑ�ßfï�Ð-ÐaÙvÝ\ï�ãEÎEÏlï
Ù�Ñ�Ò-Þ]Ù�Û'ð-ï�Ù�Ü9Ñvß�ÓRÜlîC×ØÖ�Ñ³Õwð�îCÒaï4Ó\âêï�ðaÙvÒ-îmÓ\Ô$îmÐwâ»ï�ð�×àÓ\ð-ß�ï�Ü
îmÔrÒaÏlïsÜ�ÖRÔ]ÙvßfîCÑ�ßfï�Ð-ÐaÙvÝ\ïsÏ]Ù�ÔlÜlÛCï�ð�ã ; Ù�ÔlÜ�Ûmï�ð�Ù³ÒaÓ\ß�îmÑ�îCÒqÖ$Ý\Þ]Ù�ð-Ù�Ô�Òaï�ï�Ð§ÞlâêÜlÙvÒaï�ÙvÒ-Ó\ßfîCÑ�î#ÒqÖ\ãSâ%â¡Ú
Ü]ÙvÒaï�Ð2Ù�ð-ïSâêÓ\Ð�Ð-îCèlÛmï�Ó�ÔsÙ�Ô�ÖgÐ-Óv×ØÒqÕ�Ù�ð�ïeÚáïeë¡âêÓ�Ð-ï�ÜfÙ�ð�ÑIÏlîCÒ-ï�Ñ�Ò-Þlð-ï�ÕwÏ�Ó\Ð-ïEÜ�ÖRÔ]ÙvßfîCÑ�Ôlï�ÒqÕ�Ó\ð�ígÐ-Þlâ�âêÓ\ð�ÒaÐ
âlð-Ó\Ý�ðaÙ�ß�ß�ÙvèlÛmï4Ù�Ñ�Ò-îCì\ï�ß�ï�Ð�ÐaÙ�Ý\ï�Ð�çyÐ-Þ�ÑIÏAÙ�Ð D Ù�Õ�ã

æ8îCÝ\Þlð�ïsþ¡ã0þ P è9Q�Ð�ÏlÓ�ÕwÐ§Ò-ÏlïsÑ�ÓRÜlï�Ùv×ØÒaï�ð�ÒaÏlïsÞlâ»Ü]ÙvÒ-ï�Ó�â�ÒaîCßfîCé�ÙvÒ-îmÓ\ÔLãã*qß�âlÛmï�ßfï�Ô�Ò-îmÔlÝ�Ò-Ïlï�ÒqÕSÓ
ð-ï�ÙvÜ9Ñvß�Ó¡Ülî#×ØÖ�Ñ³Õwð-î#Òaï�ÐLÙ�Ð'ÙvÒaÓ�ßfîCÑ8Þlâ»Ü]ÙvÒ-ï�Ðjï�ÛCîmß�îmÔ]Ù³Òaï�Ð»ÒaÏlï<Ü�ï�â»ï�ÔlÜlï�ÔlÑ�ï6è»ï�ÒqÕ�ï�ï�Ô§ÒaÏlï�ß¢ãMâPâ»Ü]ÙvÒ-ï�Ð
îmß�âlð-Ó�ì\ïsâ»ï�ð�×àÓ\ð-ßfÙ�ÔlÑ�ï�îCÔ ÒqÕ�Ó¢ÕSÙ�ÖRÐ�ã�æ8îCð-Ð�Ò�çTÙ�Ô^Þ�âêÜ]Ù³ÒaïsÑ�Ó\ÛCÛ±Ù�â�Ð-ï�ÐÒqÕ�ÓGï?ë�â»ï�Ô�Ð-îCì�ï�Ù�Ô�Ü^Ð-ï�ð-îmÙ�Û
Ü�ÖRÔ]Ù�ß�îmÑGß�ï�ß�Ó\ð�Ö Ó\âêï�ðaÙvÒ-îmÓ\Ô�Ð�çEÙ^ÛCÓ�Ù�Ü�Ù�ÔlÜ Ù¦Ð�ÒaÓ�ð-ï�çEîCÔ�ÒaÓåÓ\Ô�ï�ãàä¡ï�Ñ�Ó\ÔlÜLçEÒaÏ�ïrÙ�Ð-Ð�Ó¡Ñ�î±ÙvÒ-îCìRîCÒqÖ
Ù�ÔlÜüÑ�Ó\ß�ßgÞ�ÒIÙ³ÒaîCìRî#ÒqÖ Ó�×�ÒaÏlï Þlâ»Ü]ÙvÒ-ï�Ð$ï�Bêï�Ñ�Ò-îCì�ï�ÛCÖFð�ï�ß�Ó�ì\ï�Ð¢Ülï�â»ï�Ô�Ülï�ÔlÑ�ï�ÐAè»ï�ÒqÕ�ï�ï�Ô Ülî#B´ï�ð-ï�Ô�Ò
ÞlâêÜlÙvÒaï�Ð�ãåÉ�ï�âêï�ÔlÜlï�Ô�Ñ�ïGï�ÛmîCßfîCÔ]ÙvÒaîCÓ\Ô^Ï�ï�Ûmâ�ÐfîCÔlÑ�ð�ï�Ù�Ð�ï$Ò-Ïlï°Þ�ÒaîCÛmîCÒqÖ^Ó�×�îCÔlÜlï�âêï�ÔlÜlï�Ô�Òfï�â»Ó¡ÑIÏ�Ð�è�Ö
§]ÔlÜlîCÔlÝfð�ï�Ý\îCÓ\ÔlÐ�Õwî#ÒaÏ°îmÔlÜ�ï�â»ï�ÔlÜlï�Ô�Ò4Þlâ»Ü]ÙvÒ-ï�ÐEÒaÓ�Ù�Ô¢Ù�ÛCî±Ù�Ð�ï
æ�ÞlîCìvÙ�ÛCï�ÔlÑ�ïÑ�Û±ÙvÐ-Ð�ã



:�ç òVó O�ô4Q}õ2ö .�÷ 1
5E1��®ø�7��ROù��S7eú�ûTO4Q}õ2øU5wöüøsýV1POù$7 ò O òEò õ�����õ��
ÎEÏlï�Ñ�Ó\ß�âlîCÛmï�ðEß�îmÝ�ðaÙvÒ-ï�Ðwß�ÙvÔ�Ö°Ü�îCBêï�ð-ï�Ô�Ò4Ð�îmß�âlÛmïð�ï�Ù�Ü9Ñ³ßfÓRÜlîC×ØÖ�Ñ³Õwð�îCÒ-ïßfï�ßfÓ\ð�Ö�Ó\â»ï�ð-ÙvÒaîCÓ\ÔlÐ

×àð�Ó\ß Ò-ÏlïfßfÙ�îCÔ â�ð-Ó\Ý\ð-Ù�ß ÒaÓ°ÒaÏ�ï�ß�ï�ß�Ó\ð�ÖGÏ]Ù�ÔlÜlÛCï�ð�Ð�ã�ÎEÏlïfßfÓRÜlîC×ØÖGÓ\â»ï�ðaÙ³ÒaîmÓ�Ô îCÐ�ð-ï�æ�ÞlîCð-ï�Ü^ÒaÓ
è»ï4è»Ó�Ò-Ï�Ù�Ð-Ð�Ó¡Ñ�î±ÙvÒ-îCì�ï�Ù�ÔlÜ�Ñ�Ó\ß�ßgÞ�ÒIÙ³ÒaîCì�ï�ã-ÊSÓ�ßfß�Ó\Ô�ï?ë�Ù�ßfâ�Ûmï�Ð�îmÔlÑ�ÛmÞlÜ�ï4îmÔ�Ñ�ð-ï�ßfï�Ô�ÒIÑvÜlï�Ñ�ð�ï�ß�ï�Ô�Ò�ç
ÙvÜlÜLçlßgÞ�ÛCÒaîCâlÛCÖ�ç�ÙvÔlÜ¢ßfÙ³ë�Ñvß�îmÔLã

*qÔsÑ�ÙvÐ-ïq(]Ó�ÙvÒ-îmÔlÝ4âêÓ\îCÔ�Ò<Ð�ÒaÙ�èlîmÛCîCÒqÖ�îmÐVð�ï�æ�ÞlîCð-ï�Ü´çRÞ�âêÜ]Ù³Òaï�Ð<Ñ�Ù�ÔlÔlÓvÒ2èêïwÙ�â�âlÛmîCï�ÜgÒaÓ}(]Ó\ÙvÒaîCÔlÝ�â»Ó\îmÔ�Ò
ÙvÜlÜlîCÒ-îmÓ\Ô ÙvÔlÜ ßgÞlÛCÒ-îmâlÛCîmÑ�ÙvÒaîCÓ\ÔLã¦æ8ÛmÓ�Ù³ÒaîmÔ�ÝAâêÓ�îmÔ�Ò�Ù�ÜlÜlî#ÒaîCÓ\Ô Ù�ÔlÜ+ßgÞlÛ#Òaîmâ�ÛmîmÑ�ÙvÒaîCÓ\Ô¦Ù�ð-ï°ÔlÓ�ÒsÒ-ð-ÞlÛ#Ö
ÙvÐ-Ð-ÓRÑ�îmÙvÒaî#ì\ïvã¼æ]Ó\ð�Ð-ÞlÑIÏ�Ó\â»ï�ðaÙ³ÒaîmÓ�ÔlÐ�ç2ÞlÐ�îmÔlÝ Þlâ»Ü]ÙvÒ-ï�Ðsð-ïeÒIÙ�îCÔlÐ�Ñ�Ó\ð�ð-ï�Ñ�ÒaÔ�ï�Ð-ÐfèlÞ�Ò�ÔlÓ�ÒsÔ�Þlß�ï�ð�îmÑ�Ù�Û
Ð�ÒIÙ�è�îmÛmî#ÒqÖ\ã´èUÑ�Ó\ß�âlîmÛCï�ð}(yÙ�ÝAîCÐ
âlð�Ó�ì¡îCÜlï�Ü¦ÒaÏ]ÙvÒ
ÜlîmÐ-Ù�èlÛCï�Ð
Þ�âêÜ]Ù³Òaï�Ð�×àÓ\ðã(lÓ�ÙvÒaîCÔlÝGâ»Ó\îCÔ�Ò
Ù�ÜlÜ�îCÒaîCÓ\Ô
ÙvÔlÜ°ßgÞlÛCÒ-îmâlÛCîmÑ�ÙvÒaîCÓ\ÔfÞ�âêÓ\Ô$ÞlÐ�ï�ðwð-ï
æRÞ�ï�Ð�Ò�ã

â%âêÜ]Ù³Òaï�ÐVÙ�ð-ïSÙ4Ð-â»ï�Ñ�î±Ù�ÛRÑ�Ù�Ð�ï�Ó�×lÒ-Ïlï�Ý\ï�Ôlï�ð-Ù�Û�Òaï�ÑIÏ�Ôlîbæ�ÞlïEÓ�×�<?ACéyJÁ¬�êS«HAC<4bpë�¨)G�¨�JKAC¬?¨XA}<?>@<?ACBID³ã
ì$Ó�ìRîCÔlÝPÑ�Ó\ß�âlÞ�ÒIÙ³ÒaîmÓ�Ô�Ò-Ó4ß�ï�ß�Ó\ð�Ö�ç�âêÓ\Ð�Ð-îCèlÛmï2Ó\Ô
Ù�Ô�Ö�Ð-Ó�×ØÒqÕSÙ�ð-ï?Úqï?ë�â»Ó\Ð�ï�ÜsÙ�ð�ÑIÏlîCÒ-ï�Ñ�Ò-Þlð-ï2ÕwÏlÓ\Ð�ïSÜ�Ö�Ú
ÔlÙ�ßfîCÑ2Ôlï�ÒqÕ�Ó\ð-í§Ð-Þ�âlâêÓ�ð�ÒaÐ}âlð-Ó�Ý\ðaÙ�ß�ßfÙ�èlÛmïVÙ�Ñ�Ò-îCì\ï�ßfï�Ð-Ð-Ù�Ý\ï�Ð�ç\ð-ïe×àï�ð�Ð}ÒaÓ%ÒaÏlï�âlð-ÓRÑ�ï�Ð-ÐVÓv×]ßfîCÝ\ðaÙ³ÒaîmÔ�Ý
Ù�Ñ�Ó¡Ülï�×àðaÙvÝ\ßfï�Ô�ÒwÔlÓ\ð-ßfÙ�ÛCÛCÖfîmÔ°ÒaÏlï�ßfÙ�îmÔ°âlð�Ó\Ý\ðaÙvßÉîmÔ�ÒaÓ�Ù�Ô¢Ù�ÑeÒaîCì�ï�ß�ï�Ð�ÐaÙ�Ý�ï§ÏlÙ�ÔlÜlÛCï�ð�ãÎì¢Ó�ìRîmÔlÝ
Ñ�Ó\ß�âlÞ�ÒIÙ³ÒaîmÓ�Ô�ÒaÓsß�ï�ß�Ó\ð�Öfß�Ù�Ö�èêïâlð�Ó�§lÒaÙ�èlÛmïP×àÓ\ðEÜ�ÖRÔ]Ù�ß�îmÑ�ß�ï�ß�Ó\ð�Ö�Ù�Ñ�Ñ�ï�Ð-Ð-ï�Ð4î#×TÒ-Ïlï�Ö�ð-ïe×àï�ðEÒaÓ
Ò-Ïlï§ÐaÙ�ß�ï�ÛCÓ¡Ñ�ÙvÒaîCÓ\Ô�ßgÞlÛ#ÒaîCâlÛmï�Ò-îmß�ï�Ð�çlÕwî#ÒaÏ¢Ñ�Ó\ß�âlÞ�ÒaÙvÒaîCÓ\Ô°èêïeÒqÕSï�ï�ÔrÐ-Þ�Ñ�Ñ�ï�Ð-Ð�îCì\ïsÙvÑ�Ñ�ï�Ð-Ð�ï�Ð�ã & Ïlï�Ô
â�ð-Ó�§lÒaÙ�èlÛCï�ç}Ò-Ïlï�Ü¡Ö¡ÔlÙ�ßfîCÑ�Ù�Ñ�Ñ�ï�Ð-Ð-ï�ÐgÕwîCÒ-Ï¼Ù�Ð-Ð�Ó¡Ñ�î±ÙvÒ-ï�ÜåÑ�Ó\ß�âlÞ�ÒIÙ³ÒaîmÓ�Ô^Ù�ð�ï�â]ÙvÑIívÙvÝ\ï�Ü¼îCÔåÙGÐ�îmÔlÝ\ÛCï
ÙvÑ�Òaî#ì\ï?Úqß�ï�Ð-Ð-Ù�Ý\ï�Ï]Ù�ÔlÜ�Ûmï�ð
ÃVÒaÏlï�Ï]Ù�Ô�ÜlÛmï�ð�ß�Ó�ì\ï�Ð
Ñ�Ó\ß�âlÞ�ÒaÙvÒaîCÓ\Ô ÛmÓRÑ�Ù�ÛVÒ-ÓGß�ï�ß�Ó\ð�Ö Ù�Ô�Ü^Ó\è�ìRî±ÙvÒ-ï�Ð
Ò-Ïlï�Ôlï�ï�Ü$×àÓ�ðEÛmÓ\ÔlÝ³ÚqÛ±Ù³Òaï�Ô�Ñ�ÖfÑ�Ó\ß�ßgÞlÔlîCÑ�ÙvÒ-îmÓ\Ô�èêïeÒqÕSï�ï�ÔAÐ�ÞlÑ�Ñ�ï�Ð-Ð�îCì�ïgÙ�Ñ�Ñ�ï�Ð�Ð-ï�Ð�ã

=©³@í î�ïGÍ�ï»ð<Ã KUÊ�ð-ñ

& Ï�îmÛmï§Ð-Óv×ØÒqÕ�Ù�ð�ïeÚáÐ-ï�ð�î±Ù�ÛTÓ\ð�Ülï�ð�îmÔlÝfÏ]Ù�Ð�è»ï�ï�ÔA×àÞlÛmÛ#Ö°îmß�âlÛmï�ßfï�Ô�Ò-ï�Ü¢îmÔ¢Ò-Ïlï D Ù�Õ Ñ�Ó\ß�âlîmÛCï�ð�çyÒ-ÏlïgîCÔ¡Ú
Ü�ï�â»ï�ÔlÜlï�Ô�Ò�ï�â»ÓRÑIÏ Ù�ÔlÜ�ÞlâêÜlÙvÒaï$Ó\â�Ò-îmß�îmé�Ù³ÒaîmÓ�ÔlÐgÏ]Ù�ì\ïGÔlÓ�Ò�ã ÎEÏlïGïeì�ÙvÛmÞ]ÙvÒ-îmÓ\Ô+Ó�×4îmÔlÜlï�âêï�ÔlÜlï�Ô�Ò
ï�âêÓRÑIÏlÐEÙvÔlÜ�Þlâ»Ü]ÙvÒaï�Ð�îmÔfÒaÏlï�ð�ï�Ð�ÞlÛCÒ-Ð�ÑIÏ]Ù�â�Ò-ï�ð P ÑIÏ]Ù�â�Ò-ï�ð : Q2îmÐ�ÜlÓ\Ôlï�Þ�Ð-îmÔ�ÝsÙ
Ï]Ù�ÔlÜRÚqÑ�ÓRÜlï�Ü�îmß�âlÛmï?Ú
ß�ï�Ô�ÒaÙvÒaîCÓ\ÔLã�æ]Þ�Ò-Þlð-ïgÕ�Ó\ð-í¢ÕwîmÛmÛVÙ�Þ�ÒaÓ�ß�ÙvÒ-ï
ÒaÏ�ï�îCßfâ�Ûmï�ß�ï�Ô�ÒaÙvÒaîCÓ\ÔLçLÙvÔlÜ Ó\è�ÒIÙvîmÔ ßfÓ�ð-ïgï?ë¡Ò-ï�ÔlÐ�îCì�ï
ð�ï�Ð�ÞlÛCÒ-Ð�ãSÎEÏ�ï�Ñ�Ó\Ð�Ò%×àÓ\ðwßfï�ßfÓ�ð�Ö�èlÙ�ð-ð�îmï�ð�ÐEÕwîmÛmÛ´èêï§ßfï�Ù�Ð-Þ�ð-ï�Ü´çêÙvÔlÜ¢Ð�Ó\âlÏlîCÐ�Ò-îmÑ�Ù³Òaï�Ü¢Ð�Ò-ðaÙvÒ-ï�Ý\îCï�ÐE×àÓ\ð
ÕwÏ�ï�Ô°ÒaÓsÞlÐ-ï§Ü�ÖRÔ]Ù�ß�îmÑ�ÙvÑ�Ñ�ï�Ð-Ð�ï�ÐPÕwîCÛmÛêèêï�îmÔ�ì�ï�Ð�Ò-îmÝ�Ù³Òaï�Ü´ã

=©³Hò ó´ï»ô ô ÈSð�¶

è Ð�ÞlßfßfÙ�ð�Ö¼Ó�×�Ò-ÏlîmÐsÑIÏ]Ù�â¡Òaï�ð�×àÓ\ÛmÛCÓ�ÕwÐ�ã+ÎEÏlïGÑIÏ]Ùvâ�Òaï�ð�è»ï�Ý\îCÔlÐsè�Ö+Ð�ÏlÓ�ÕwîmÔlÝ¦Ð-îCÒ-Þ]ÙvÒ-îmÓ\ÔlÐgÕwÏ�ï�ð-ï
Ü¡Ö¡ÔlÙ�ßfîCÑ�Ù�Ñ�Ñ�ï�Ð-Ð-ï�Ð�Ù�ð-ï�Þ�Ð-ï�×àÞ�Û®ãÙõ�È�Ñ�îmï�Ô�ÒaÛCÖ^îmß�âlÛmï�ßfï�Ô�ÒaîmÔ�Ý¢Ü�ÖRÔ]ÙvßfîCÑ�Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð�îCÐ
Ñ�ÛmÓ\Ð�ï�ÛCÖ ÒaîCï�Ü
Ò-Ófï�Ô�×àÓ\ð�Ñ�îmÔ�Ý�Ülï�âêï�ÔlÜlï�Ô�Ñ�ï�Ö%Ð-ÑIÏ�ï�ß�ï�Ð4×àÓ\ðwîCßfâlÛCï�ß�ï�Ô�ÒaîCÔlÝsÜ�ÖRÔ]Ù�ß�îmÑ�Ù�Ñ�Ñ�ï�Ð�Ð-ï�Ð�Ù�îmßÉÒ-Ó�Ó�ì\ï�ð-Û±ÙvâAÙ�Ð
ß
ÞlÑIÏ
Ó�×�ÒaÏlï�Ü�ÖRÔ]Ù�ß�îmÑ6Û±ÙvÒ-ï�ÔlÑ�îmï�Ð}Ù�ÐTâêÓ�Ð-Ð-îCèlÛmï2ÕwÏlîCÛmï2ð-ï�Ð-â»ï�Ñ�Ò-îmÔlÝ�Ù�ÛmÛ�Ülï�âêï�ÔlÜlï�ÔlÑ�ï�Ð�ã6ö^ï�Ð-ÏlÓ�Õ¼ÕwÏ�Ö
Ü�ï�â»ï�ÔlÜlï�ÔlÑ�ï�ÐEèêïeÒqÕSï�ï�Ô�Ü�ÖRÔ]ÙvßfîCÑPÙvÑ�Ñ�ï�Ð-Ð�ï�ÐwÙ�ð�ïPÏ]Ùvð-ÜfÒ-Ó
ï�Ô�×àÓ\ð-Ñ�ï4ï@ÈfÑ�îmï�Ô�Ò-ÛCÖ�ã�ä¡Ó�×ØÒqÕSÙ�ð-ï%Ð-ï�ð-î±ÙvÛ»Ó�ð�Ú
Ü�ï�ð-îCÔlÝîmÐ8âlð-ï�Ð-ï�Ô�Ò-ï�Ü�ÙvÐ2Ù�Ð-ÑIÏlï�ßfïwÒaÓï@ÈfÑ�îmï�Ô�Ò-ÛCÖ
ï�Ô�×àÓ\ð�Ñ�ïwÜlï�âêï�ÔlÜlï�Ô�Ñ�ï�Ã¡îCÒ<Þ�Ð-ï�Ð6Ù�Ñ�Ó\ßgèlîCÔ]ÙvÒaîCÓ\ÔgÓ�×
Ð�ÒIÙvÒ-îmÑ�Ù�ÔlÜrÜ�ÖRÔ]ÙvßfîCÑ�ß�ï�Ð�ÐaÙ�Ý\ï�Ð4ÒaÓ�ï�Ô�×àÓ\ð�Ñ�ïgÜ¡Ö¡ÔlÙ�ßfîCÑeÚáÜ�ÖRÔ]Ù�ß�îmÑ�Ülï�â»ï�Ô�Ülï�ÔlÑ�ï�Ð�ãSä¡Óv×ØÒqÕ�Ù�ð�ïgÐ-ï�ð-îmÙ�Û
Ó�ð-Ülï�ð-îmÔ�Ý¢îCÔ�ì�Ó\ÛCì�ï�Ð§Ð-ï�ð-î±ÙvÛmîmé�îmÔlÝ�Ò-Ïlï�Ô�Ó\Ô¡Úqè�ÛmÓRÑIíRîCÔlÝ°ð-ï
æRÞ�ï�Ð�Ò-Ð
ÒaÓ¢ßfï�ßfÓ�ð�Ö ÙvÒ
Ù°ÔlÓ¡Ü�ïfÑ�Ù�ÛmÛCï�Ü ÒaÏlï
Ò-Þlð-Ô�Ð�ÒaîCÛmï�Ã6Ó�ÔlÛCÖ ð-ïe×àï�ð�ï�ÔlÑ�ï�Ð�ÕwîCÒ-ÏlîmÔåï�Ù�ÑIÏ¼ï�æ�Þlî#ìvÙ�Ûmï�ÔlÑ�ï�Ñ�Û±Ù�Ð�Ð�ç<Ñ�Ó�ßfâlÞ¡Òaï�Ü¼è�Ö¦ï�æ�Þlî#ì�ÙvÛmï�Ô�Ñ�ïeÚáÑ�ÛmÙ�Ð-Ð
Þ�Ôlî"§]Ñ�ÙvÒaîCÓ\ÔLç�Ô�ï�ï�Ü Ò-Óåèêï¢Ð-ï�ð-î±ÙvÛmîmé�ï�ÜLãàÉ�î"÷êï�ð�ï�Ô�Ò�ï
æRÞ�îCìvÙ�Ûmï�ÔlÑ�ïGÑ�Û±ÙvÐ-Ð-ï�Ð�ÞlÐ�ïrÜlî"÷êï�ð�ï�Ô�Ò�Ò-Þlð-ÔlÐ�ÒaîCÛmï
Ô�Ó¡Ülï�Ð�ã-õ<Ô�×àÓ\ð�Ñ�îCÔlÝ
Ülï�âêï�ÔlÜlï�ÔlÑ�ï�ÐPÙvÑ�ð-Ó�Ð-Ð�Ð�ÑIÏlï�ÜlÞ�ÛmîmÔ�Ý�ÞlÔlîCÒ-Ð�îCÐSÜlÓ�Ôlï�è�Ö�Þ�Ð-îmÔ�Ýgßfï�ßfÓ�ð�Ösè]Ù�ð�ð-îCï�ð-Ð
Ã



ø�÷Óù�÷ �Vû}ùAùeú�ö%ý û�Õ
îmÔ
Ð�Ó\ß�ï�Ñ�Ù�Ð-ï�Ð8ÒaÏlï�è]Ù�ð�ð-îmï�ð-ÐTÑ�Ù�Ô
èêï6Ó\â�Ò-îmß�îmé�ï�Ü
Ù�ÕSÙ�Ö\ã ¼ â�Ò-îmß�îmé�îCÔlÝwÙ�Õ�Ù�Ö§ÒaÏlï2ÒaÞ�ð-ÔlÐ�ÒaîmÛCï�Ð�ï�ð�î±Ù�ÛCîmé�Ù�Ú
ÒaîmÓ�ÔAîmÐ%Ð-Ó\ß�ï�Ò-îmß�ï�Ð%âêÓ�Ð-Ð-îCèlÛmï�ÞlÐ-îCÔlÝ�Ò-Ïlï
îCÔlÜlï�â»ï�Ô�Ülï�Ô�Òï�âêÓRÑIÏrÓ\â�Ò-îmß�îmé�Ù³ÒaîmÓ�ÔLãEÎEÏlïgï@÷´ï�Ñ�Òaî#ì\ï�Ôlï�Ð�Ð
Ó�×VîCÔlÜlï�â»ï�Ô�Ülï�Ô�Ò%ï�â»Ó¡ÑIÏ�ÐPîCÐEîmÔlÑ�ð-ï�ÙvÐ-ï�Ü$îmÔ°Ð�Ó\ßfï�Ñ�Ù�Ð-ï�Ð%è�Ö�Ò-Ïlï�ÞlâêÜlÙvÒaï�Ó\â�Ò-îmß�îmé�ÙvÒaîCÓ\ÔLã



û�Ä òVó ú�ô�ü}õ2ö ø�÷¡ýFþqý �®ø�ÿ���úù��Îÿeú�û'ú�ü}õ2ø þ öüøsý ý úù�ÿ ò ú òEò õ�����õ��



� � ��� ���	� 


��� � �� � ����� ��������������

ÎEÏlï^Ôlï?ëRÒGÒaÏ�ð-ï�ï ÑIÏ]Ù�â¡Òaï�ð�ÐAÜlîCÐ-Ñ�Þ�Ð-ÐGîCßfâ�Ûmï�ß�ï�Ô�Ò-îmÔlÝtì¢Ù�âlÐAÙvÐ¢â]Ùvð�Ò¢Ó�×�Ù Ñ�Ó\ß�âlÛCï�Òaï Ñ�Ó\ßfâ�îmÛmï�ð
Ð�ÖRÐ�Ò-ï�ß$ã�ä¡ï�ì�ï�ðaÙvÛ»Ñ�Ó\ß�âlÛmï?ësÑIÏ]Ù�ÛCÛmï�Ô�Ý\ï�Ð2Ù�ð�Ó\Ð-ïwîCÔsÒ-Ïlïwîmß�âlÛmï�ßfï�Ô�ÒIÙvÒ-îmÓ\ÔgÓv×êÒ-ÏlïwÑ�Ó\ß�âlîmÛCï�ð8×àÓ�ð��PÙ�Õ�ã
ÎEÏlï�ð�ï
îmÐ%Ûmî#Ò-Ò-Ûmï�îCÔ$Ò-Ïlï�ÛCîCÒ-ï�ðaÙ³ÒaÞlð�ïÓ\ÔGÏlÓ�Õ Ò-Ó�Ñ�Ó\ßfâ�îmÛmï�×àÓ�ð%èlÙ�Ôlí\Úqï?ë�â»Ó\Ð�ï�ÜrÙ�ð�ÑIÏlîCÒ-ï�ÑeÒaÞlð�ï�Ð�ç»Ð-Ó�ÕSï
ÕSï�ð-ï�×àÓ\ð-Ñ�ï�ÜåÒ-ÓrÜlï�ìRîmÐ�ï�Ó\ÞlðgÓ�ÕwÔ¼Ð�ÒaðaÙ³Òaï�Ý�îmï�Ð
îmÔ¼ßfÙ�Ô�Ö^Ð�îCÒaÞlÙvÒaîCÓ\ÔlÐ�ãGÎEÏlï�ÔlïeëRÒ�Ò-Ïlð-ï�ï�ÑIÏ]Ù�â�Ò-ï�ð-Ð
ÜlÓ¡Ñ�Þlß�ï�Ô�Ò�Ó�ÞlðsÐ-Ó\ÛCÞ�ÒaîCÓ\ÔlÐ�ã *qÔ Ð�Ó\ß�ï$Ñ�Ù�Ð-ï�Ð�çEÓ\Þ�ð�Ð�Ó\ÛmÞ¡ÒaîmÓ�ÔlÐ�Ù�ð-ï°ÔlÓ�ÒsÒ-Ïlï¢Ó�ÔlÛCÖ¼Ó�Ôlï�Ð�âêÓ�Ð-Ð-îCèlÛmï�Ã
Ôlï�ì�ï�ð�Ò-Ïlï�ÛCï�Ð�Ð�çjÒaÏlï
ÑIÏ]Ù�â�Ò-ï�ð-Ð4ÜlÓ¡Ñ�Þlß�ï�Ô�Ò�ÒaÏ�ïgîmÐ�Ð-Þlï�Ð4ÒaÏ]Ù³Ò�Ôlï�ï�ÜAÒaÓ�èêïgÑ�Ó\ÔlÐ�îmÜlï�ð-ï�Ü´çjÙ�ÔlÜAâ�ð-Ó�ìRîmÜlï
Ó\Ôlï�Ð�ï�Ò<Ó�×]Õ�Ó\ð�ívÙvèlÛmïEÙvÔlÜgÑ�Ó�ÔlÐ-îCÐ�Òaï�Ô�Ò<ÒaðaÙvÔlÐ�×àÓ\ð�ß�Ù³ÒaîmÓ�ÔlÐ8ÙvÔlÜ�Ù�Ô]ÙvÛCÖRÐ-ï�Ð�ãVÎEÏlïSÔlïeëRÒ<ÒaÏ�ð-ï�ïSÑIÏ]Ù�â�Ò-ï�ð-Ð
Ð-ÏlÓ\Þ�ÛmÜgè»ï�ìvÙ�ÛCÞ]Ù�èlÛCï2Ò-Ó�Ù�Ô�Ö�Ó\ÔlïSÕSÙ�Ô�ÒaîCÔlÝ�Ù%Ülï�ï�âêï�ðVÞlÔlÜlï�ð-Ð�ÒIÙ�ÔlÜ�îmÔlÝ�Óv×]Ñ�Ó\ß�âlîCÛ±ÙvÒ-îmÓ\Ô�×àÓ\ðTÐ-Óv×ØÒqÕ�Ù�ð�ïeÚ
ïeë¡âêÓ�Ð-ï�ÜGß�Ù�ÑIÏ�îmÔlï�Ð�çlÓ\ðEÐ�Ó\ß�ï�Ó\Ôlï�îCÔ�ì�Ó\ÛCì�ï�Ü$îmÔ°îmß�âlÛCï�ß�ï�Ô�ÒaîCÔlÝgÐ-Þ�ÑIÏAÙ�Ñ�Ó\ß�âlîCÛmï�ð�ã

ÎEÏlï�ÔlïeëRÒPÒaÏlð�ï�ï
ÑIÏlÙ�â�Òaï�ð-Ð�çêÑIÏ]Ùvâ�Òaï�ð-Ð � ç ± Ù�ÔlÜ � çêÙvð-ï§Ó\ð-Ý�ÙvÔlîmé�ï�Ü¢Ù�ÐP×àÓ\ÛCÛmÓ�ÕwÐ�ã�ÎEÏlîmÐ%ÑIÏ]Ù�â¡Òaï�ð
Ülï�Ð�Ñ�ð-îCèêï�Ð�ÒaÏlï4âlÛ±ÙvÒ�×àÓ\ð-ß ÞlÐ�ï�Ü$Ù�ÔlÜfÒIÙ�Ð�í�(]Ó�Õ Ó�×jÒaÏ�ï��PÙ�Õ�Ñ�ÑÑ�Ó\ßfâ�îmÛmï�ð�ã}ÎEÏlïÐ-Ó�×ØÒqÕSÙ�ð�ïâlÛ±ÙvÒ�×àÓ\ð-ß
ÞlÐ-ï�Ü�îmÔ�ÜlîmÐ�Ñ�ÞlÐ�Ð-ï�Ü�îCÔfÐ�ï�ÑeÒaîmÓ�Ô � ã¯Õ\ã�è Ülï�ÒaÙ�îmÛCï�Ü�Ñ�Ó\ß�âlîCÛmï�ð6(]Ó�Õ�ç�ÒIÙ�í�îCÔlÝ�Þ�â�ßfÓ�Ð�Ò6Ó�×LÒ-ÏlïPÑIÏlÙ�â�Òaï�ð�ç
îmÐ%âlð-ï�Ð-ï�Ô�Ò-ï�ÜAîCÔ¢Ð�ï�Ñ�Ò-îmÓ\Ô � ãzÄ¡ã�õ2Ù�ÑIÏGÒaÙ�Ð-í�îCÔ$Ò-Ïlï§Ñ�Ó\ß�âlîmÛCï�ð�îCÐPï?ë¡âlÛ±Ù�îCÔlï�Ü���Ð-Ó\ß�ï§ÒaÙ�Ð-í�ÐwÒaÏ]Ù³Ò4ð�ïeÚ
æRÞ�îmð-ï4ßfÓ\ð�ï4îCÔ�ì�Ó\ÛCì�ï�Ü°ïeë¡âlÛmÙ�Ô]ÙvÒ-îmÓ\Ô�Ð�Ù�ð�ï�ïeë¡âlÛmÙ�îmÔlï�Ü�îmÔfÒaÏlï4×àÓ�ÛmÛmÓ�ÕwîCÔlÝ§ÒqÕ�ÓsÑIÏ]Ù�â�Ò-ï�ð�Ð�ã�ÊSÏ]Ù�â�Ò-ï�ð ±
ÜlîmÐ�Ñ�ÞlÐ�Ð-ï�Ð4îmÐ-Ð�Þlï�Ð%ð-ï�Û±ÙvÒ-îmÔlÝgÒ-Ófß�ï�ß�Ó\ð�Ö�Ù�ÛCÛmÓRÑ�ÙvÒ-îmÓ\Ô�ÙvÔlÜGÙvÜlÜlð-ï�Ð-ÐPß�Ù�ÔlÙ�Ý\ï�ß�ï�Ô�Ò�ãÎÊSÏlÙ�â�Òaï�ð � ÜlîCÐ�Ú
Ñ�ÞlÐ�Ð-ï�Ð�ÒaÏlïwîmß�âlÛCï�ß�ï�Ô�ÒIÙvÒ-îmÓ\Ô
Ó�×LÑ�ï�ð�ÒaÙ�îmÔ�Û±ÙvÔlÝ\Þ]Ù�Ý�ïeÚqÐ�âêï�Ñ�î¯§]ÑwÙ�ÔlÜ�ï�Ô�ìRîmð�Ó\Ôlß�ï�Ô�Ò�ÚáÐ-â»ï�Ñ�î¯§]Ñw×àï�ÙvÒ-Þlð-ï�Ð�ã

µ�³ � !#"%$§Í'&)( ð-ô ï»º+*�,
ÎEÏlîmÐ�Ð-ï�Ñ�Ò-îmÓ\Ô Ülï�Ð�Ñ�ð�îmè»ï�Ð�ÒaÏlïsÐ-Óv×ØÒqÕ�Ù�ð�ïfâ�Û±ÙvÒ�×àÓ\ð-ß�ÞlÐ-ï�Ü¦×àÓ\ð�Ò-Ïlï-�PÙ�Õ�Ñ�Ñ�îmÔ�×àð-Ù�Ð�Ò-ð-ÞlÑeÒaÞlð�ï�ã-�%Ù�Õ�Ñ�Ñ
îmÐîmß�âlÛCï�ß�ï�Ô�Òaï�ÜrÞlÐ-îCÔlÝ�ÒaÏlï ä�â=*9æFì�ï�ð�Ð-îmÓ�Ô Õ�ãvÄ�Ñ�Ó�ßfâlîCÛmï�ð4îmÔ¡×àðaÙ�Ð�Òað-Þ�Ñ�ÒaÞ�ð-ï/.`Ä ñ10 ã ä�â�*9æFâlð�Ó�ìRîCÜlï�Ð
ÙfÛ±ÙvÔlÝ\Þ]Ù�Ý�ïeÚqîCÔlÜlï�âêï�ÔlÜlï�Ô�Ò%îmÔ�Ò-ï�ð-ß�ï�Ü�î±ÙvÒ-ï�×àÓ\ð-ßfÙvÒE×àÓ\ðwîmÔ�âlÞ�Ò%âlð-Ó�Ý\ðaÙ�ß�Ð�çyÙvÔlÜAÙsÐ-ïeÒ4Ó�×}ÒaÓRÓ\ÛmÐEÒ-Ï]ÙvÒ
îmß�âlÛmï�ßfï�Ô�Ò�Òað-Ù�Ülî#ÒaîmÓ�Ô]Ù�ÛEÑ�Ó�ßfâlîCÛmï�ðsÒaÙ�Ð-í�Ð�Ñ�Ó\ßfß�Ó\Ô+ÒaÓåß�Ó\Ð�Ò�Ù�ð�ÑIÏlîCÒ-ï�Ñ�Ò-Þlð-ï�Ð�ãáä�â=*9æ Ù�ÛmÐ�Ó^âlð�ÓvÚ
ì¡îCÜlï�Ð�Ù�Ð�ï�Ò�Ó�×2Ò-Ó¡Ó\ÛCÐPÒ-Ó�â]Ù�ðaÙvÛmÛmï�ÛmîCé�ï�Ñ�ÓRÜlïg×àÓ\ð�ß
ÞlÛCÒ-îmâlð�Ó¡Ñ�ï�Ð-Ð�Ó\ð-Ð
ÃLÏlÓ�Õ�ï�ì\ï�ð�ç'ÕSï�Þ�Ð-ï�ÔlÓ\Ô�ï�Ó�×2ÒaÏlï
ä�â�*9æ â]Ù�ðaÙvÛmÛmï�ÛmîCé�ÙvÒ-îmÓ\Ô
Ò-Ó¡Ó�ÛmÐ�ã}ÎEÏlï%Ó\ÔlÛCÖ�ä×â�*9æ Ò-Ó¡Ó�ÛmÐ<ÞlÐ�ï�Ü�è�Ö2�PÙ�Õ�Ñ�Ñ4Ù�ð-ï%ð-ï�Û±ÙvÒ-ï�ÜsÒaÓ�Ò-ðaÙ�Ü�îCÒaîCÓ\Ô]Ù�Û
Ð-îmÔ�Ý\Ûmï?Úqâlð�Ó¡Ñ�ï�Ð-Ð�Ó\ð8Ñ�Ó\ß�âlîmÛCï�ðjÒIÙ�Ð�í�Ð3��Ù�ÛCÛ�*54:, Ù�ÔlÜ
ßfï�ßfÓ\ð�Ö�â]Ù�ð-Ù�ÛmÛCï�ÛmîCé�ÙvÒ-îmÓ\Ô�ÒaÙ�Ð-í�ÐVÏlÙ�Ü
ÒaÓPèêï�Õwð-îCÒ�Ú
Òaï�Ô�îmÔRÚqÏlÓ\Þ�Ð-ï�ç�Ñ�ÞlÐ�ÒaÓ\ß�îmé�ï�Ü�×àÓ\ðVÐ�Ó�×ØÒqÕ�Ùvð-ïeÚáïeë¡â»Ó\Ð-ï�Ü�Ù�ð�ÑIÏlîCÒ-ï�Ñ�Ò-Þlð-ï�Ð�ç�ðaÙ³ÒaÏlï�ð8ÒaÏ]ÙvÔ�ß
ÞlÛCÒ-îmâlð�Ó¡Ñ�ï�Ð-Ð�Ó\ð-Ð�ã
ÊSÓ\ÔlÐ-ï
æ�Þlï�Ô�ÒaÛ#Ö\ç6Õ � Ó\Þ�Ò4Ó�×�Ä16-7981:-í;:�î=<e§?>1@lð-ï �BA ÕDCSï�ð-ïECwð�î=7F7-ï%<¢îG<IHKJML)@M:�ï AON L1PO79JBQEPFQSRT8VUG<MU=<M>
þIWICXQYCZQSPFQ[81\B]GQO7FL^@M:_Q�:_7`8V<Ma?81P_a�ä�â�* N 7FLIL1]G:%WbL)Pc79LbL)]G:cCdPFU=7_79QS<�Q%]=:FQSCdJBQ%PFQ�ÃMefL)PX7FJMQ%:_Q§þg7`8V:Fh;:%W
79JMQ[79LbL)]G:Z@M:FQSai81P_Q�R2QS<;7FUGL)<BQ%ajUG<k79JBQ[7981:FhTaMQ%:_l%PFU=mB79U=L)<M:dUG<k7FJMUG:n:_Q%lS7FUGL)< A

û)6



ûVo p'q�úYr�ü�s2ö ®�÷ ù�úYr��´ÿ�ùtr�&us6ùvs ý ü�ú�ü'ÿ þqý
µ´³xw yz*|{+$^}~"S*�, �d(�ô ¸�}%"%*}ð���([� $^��, ,i*�º'��ð�}�¸v{'}%(-�
�nJBUG:n:FQSlS7FUGL)<j]GU=:_7F:nL)@B7n79JBQ[7981:Fh;:dL1e379JMQg��8~CZlSlglSL)R-mMUG]=Q%P A õc8Vl`J/7981:Fh�U=:naMUG:_l%@M:_:FQSa�Ã�RT81<���81PFQ
U=]G]=@M:_7FP98V7FQ%aT7FJMPFL)@B>)JtP_@M<M<MU=<M>�Q��B81R-mM]GQS: A

N U=>)@MP_Q �BA Õ�:FJBL�Cd:�7FJMQ�(?L C�L1e�79JBQ��O8~CXl%l�lSL)R2mBUG]GQSPXU=<�aMQ�7`81U=] A ¼ <M]���79JMQ|7981:Fh;:nP_Q%]GQ��V81<�7�79L
lSL)R-mMUG]=UG<M>�efL)Pn8^:_L1e�7�CZ81PFQxH�Q��Im�L):FQSav8VPFl`JMU�79Q%l�79@MP_Q[81PFQ|:FJML Cd<�ÃM7FP981aMU�79U=L)<?81]�l%L1R2mMU=]GQSPc7981:Fh;:n:F@Bl`J
8V:Om?8VPF:FU=<M>MW?79PF81aMU�79UGL1<?81]�lSLIaBQEL)mB7FUGR-UG�%8V79U=L)<M:n81<Bav\?81l`h)HKQ%<MailSLIaBQE>)QS<MQ%PF8V79U=L)<v8VPFQg<ML17O:FJML Cd< A
õ�81l`Jk7981:Fh�U=<�79JMQ�§M>)@MPFQ[U=:�aMQ%:_l%P_UG\�Q%a/UG<�79JBUG:�:_Q%lS7FUGL)<jU=<j7FJMQ�L)P_aMQ%PnL1e3Qx�BQSl%@B7FUGL)< A �3P98VaMU=7FUGL)<?8V]
lSLIaBQTL)mB7FUGR-UG�%8V79U=L)<M:Ym�Q%P�efL)PFR-Q%a�UG<�7FJMQk��8~C�l%L)R-mMU=]GQ%P[U=<Ml%]=@MaMQ-l%L)<M:�7`81<�7�mBPFL)m?8V>�8V79U=L)<�W3]GLbL)m
U=<��18VPFU�8V<;7�l%LbaMQ�R2L17FUGL)<�W :_79P_Q%<M>V79JEP_Q%aM@BlS79U=L)<D81<MagaMQ~81abH�l%LbaMQcQ%]=UGR-UG<?8V7FUGL)<%Ã%79JMQS:FQX81PFQ�m�Q%P�efL)PFR-Q%a
\�L17FJ/\�QSefL1PFQ[81<Mat8Ve�7FQ%P=ìv81mB: A

õ�81l`JjL1eu79JBQ�l%L)R-mMUG]=Q%P�7`81:_h;:�U=<O§?>)@MP_Q �BA Õ�UG:�aBQ%:FlSPFU=\�QSat\�Q%]=L�C[WIUG<�7FJMQ�L)PFaBQ%PZ7FJMQY7`81:_h;:d81PFQ
m�Q%P�efL)PFR-Q%a A
�j� �~¡�¢?£�¤�¥ ¦§¢M¨�¨�©�¦;¨�¢B¤ ¦)ªF«�¬�%¦b®1¤¯®)«�°��f¦I� �nJMU=:-7981:Fh�aBUG:FR281<�79]=Q%:�l%L1mMUGQS:2L1e�81>)>)P_Q%>�8V7FQjL)\IH
± QSlS7F:%W3:F@Ml`J�8V:g:�79P_@MlS7F@MPFQS:^81<Ma�81P_P98~�b:%W3UG<�79LjQ%]=Q%R-Q%<�7_HK\��;HKQ%]=Q%R-Q%<�7gl%L)mMU=Q%: A ÊZQ%P�7`81U=<�mMPFL)>1P981R�H
R-UG<B>/]G81<M>)@M81>)Q%:D81]=]GL C�81>1>)PFQS>�8V79Q�L)\ ± Q%lS7F:E79Lt\�Q-l%L1mMUGQSa�79LtL179JBQ%P^8V>)>)PFQS>�8V7FQ2L)\ ± Q%lS7F:EL1eZ79JMQ
:F81R-Qd7��bm�Q|\���@M:_UG<M>g79JMQO81:F:_UG>)<BR2QS<;7XL)m�Q%PF8V79L)P A'N L)P�Q��B81R-mM]=Q1W�è�N�ä×*�Ê§81]=]GL Cd:�l%L)m��bUG<B>EL1e�Q%<IH
7FUGP_QX:�79PF@BlS79@BPFQ%:+UG<^8O:FUG<B>)]GQ�:_798V79QSR2QS<�7~W)\M@I7'<ML17+Q%<�79U=PFQZ81PFPF8 �b: A NOL1PFR281]G]��)W 79JMQXl%L)R-mMU=]GQ%PS²³:3\?81l`h)H
QS<Ma�aBUG:FR281<�79]=Q%:�Q%81l`J´81>1>)PFQS>�8V79Q�lSL)m���U=<�79L/81<�QS]GQSR2QS<;7�H�\���H�QS]GQ%R-Q%<�7gL)P�CXL)PFaIHK\��;HµCZL1PFa�lSL)m�� A
N L)P�ìv81mM:SW�JML CZQ��)QSP%WI81]G]bUG<MaBU=�bUGaM@M81]I]=L�81a9Ñ¶:_79L1PFQ%:+R^@M:_7'\�Q��bUG:_UG\M]=QX7FLY79JMQ�\M81<Mh)H�aMU=:981RE\MUG>)@M8V79U=L)<
R-QS7FJMLbaM:�:FLD7FJ?8V7cQ~8Vl`JT]GL)81a9ÑV:�79L)P_Q�R28~��\�QOmM]G81l%QSaTL)<�79JBQ�7FUG]GQ�CdJBQ%PFQOU=7F:caM8V7`8[PFQS:FUGaBQ%: A�· Q%<MlSQ1W
8V>)>)PFQS>�8V7FQYl%L)mBUGQ%:�81P_Q�aMUG:_RT8V<;7F]GQSak\�Q�efL)PFQ[\?81<Bh�aMUG:F81R^\MU=>)@?8V7FUGL)<�WbU=<M:_7FQ~81a/L1e379JMQ�U=<k79JMQ[\?81l`h)H
QS<Ma A

�nJMQ[aMU=:FR281<�79]=UG<M>DL1e+Q%81l`Jt81>)>)P_Q%>�8V7FQ�l%L)m��kU=<�79JMU=:�7`81:_hTmMP_LIaB@Ml%QS:|81<jQS]GQ%R-Q%<�7�H�\���H�Q%]=Q%R-Q%<�7
lSL)m��)W�<MLV7�8tCXL)PFabH�\���HKCXL)PFa�lSL)m�� A è�CXL)P_aIH�\���HKCXL)PFa�lSL)m���P_Q%:_@M]=7F:^UG<¸7��Im�Q�lSL)<��)Q%P_:FU=L)<M:�81<Ma
@B<IHK7��bm�Q%a¹l%L)mBUGQ%:
ÃZ7��bm�QjlSL)<��)Q%P_:FU=L)<M:-81<Ma¹@M<IHµ7��bm�QSa¯lSL)mMUGQS:^�bUGL)]G8V79Q�L1@MPE7��bm�QxH�lSL)<��)Q%P_:FU=L)<§P_Q�H
:�79P_UGlS7FUGL)<B:%WB:�7`8V7FQ%atUG<k:FQSlS7FUGL)< ±IA Õ A
º�»3� ¥½¼¾�S¤ ©¶»3®1¤�»3©�¦b¼�®)«�£�¤~©¶«�¥�ªF¿�«IÀ ÁK©�«�¡ »3£��S¤~©V»3®1¤�»u©�¦I¼ �nJBUG:t7981:FhÂ\M@BUG]GaB:/:�79P_@MlS7F@MPFQSa
lSL)<�79P_L)]�HK(?L C	efP_L)RÃ@M<B:_79P_@MlS7F@MPFQSa�lSL)<�79PFL1]�H)(ML�C A �nJMQ2:�7`81<Ba?81PFaZä�â=* N mM81:F:YÄ7ACB9ÅCD�UG:Y@B:FQ%a¸efL)P
7FJMUG:'7981:FhDCdU=79J�79JBQx(?81>):�efL)P�l%L1<;7FPFL)]ÆH�:_UGR-mM]GU¯§?l~8V7FUGL)<D81<Ma-@M<M:�79P_@MlS7F@MPFQSaIH�lSL)<�79PFL1]�H)(ML�C§L)mB7FUGR-UG�~8�H
7FUGL)<E:FQS7 A ìtLbaM@M]=LY@M<MP_L)]G]=UG<M>O\�QS<MQ
§M7F:�efPFL)R	ÁK«�©O]=LIL1mM:%W181<�Q��B81R-mM]GQ�LVe�:_79P_@MlS7F@MPFQSa2lSL)<�79P_L)]�(?L C A
�nJBUG:�l%L1R2mMU=]GQSP�7`8V:Fh^\M@BUG]GaB:+À2Ç�� ¥ ¦g]GLbL)mM:SW)<ML17�Áµ«�©|]GLbL)mM:%WVefPFL)RÈ@M<M:_7FPF@Ml�79@MP_Q%aIHKl%L)<�7FPFL)]7(?L C�Ã;ÁK«�©
]=LIL1mM:n81P_Qg\B@MUG]�7nUG<�7FJMQ[<MQ��b7�7`81:_h A
É «�£�Ê�¦;© ¤^À2Ç�� ¥ ¦j¥f«�«�°��D¤ «¸ÁK«�©2¥f«�«�°�� ,3Q%P�efL)PFR-:nUG<MaB@MlS7FUGL)<IHµ�V81PFUG81\M]GQdP_Q%l%L1>)<MU=7FUGL)<�W;efL1]G]GL CXQ%a
\��jlSLIaMQ�7FP981<M:�efL)PFR28V7FUGL)<�WI79L-l%L)<��)QSP_7OÀTÇ3� ¥ ¦2]GLbL)mM:�79L-ÁK«�©^]=LIL)mB:dCdJBQ%PFQ��)QSP|m�L):F:_UG\M]=Q A ìtLIaB@M]GL
â�<MPFL1]G]GU=<M>�\�Q%<MQ@§M79:gefPFL)R�ÁK«�©�]GLbL)mM: A �nJMQ2:_7981<Ma?81P_a ä×â�* N mM81:F:�Ä7ACB9ÅCD�UG:[@M:FQSa�efL)P�79JBUG:�7`81:_h
CdU�79Jk79JBQ�(?81>�efL)P�§?<MaMU=<M>-81<Ma/\M@MU=]GaMU=<M>^ÁK«�©^]=LIL)mB:�:FQ�7 A
Ë�«�© À^¢M©¶¼�ª9°3©�«�°�¢M¨�¢B¤~¦Ì¤ «Â¢M©�©�¢�Í	�½£3¼3�½®)¦b� N L)P_CZ81P_aIH�mMP_L)m?81>)8V79U=L)<�U=:E8/:_7981<Ma?81P_a�lSL)R2mBUG]GQSP
7981:Fhj79JM8V7�R-L��1Q%:�Qx�BmBPFQ%:_:FU=L)<M:[@M:FQSa�UG<v7FJMQ�l~81]=l%@M]G8V79U=L)</L1ec]GLbl~81]u�V81PFUG81\M]GQS:OU=<�79Lk@M:_Q%:�L1e�79JBL):FQ



®�ÎÐÏIÎ§Ñ s�ü�ú�ÿ�&us Ñ p þdÒ r6ÿ�&3s�ÓÕÔ�& þgÖ ú ýOÑ#Ñ s���p'Óxÿ5r�ü'ÿ þxý û�þ

loopsforloops towhileConvert

unstructured
Build structured control-flow from

Dismantle aggregate-object copies

Forward-propagate to array indices

Pointer analysis

Handling array reshapes

Handling library calls with pointer
arguments

Strip-mine distributed arrays

Equivalence-class unification

computation

Affine-access detection

Dynamic-access generation

Communication generation

Memory-dependence analysis

Epoch detection and handling

Instruction partitioning

Thread generation

Raw executable

Sequential C or FORTRAN program

Unroll loops, producing mod-region

Infer mod values using mod-region
annotes

annotes

creation sites to global address

Replace accesses disambiguated with 
modulo unrolling to use local address

Data and instruction placement

Modulo unrolling unroll-factor

Strength-reduce mod and div
operators

Convert distributed-array address-
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    . . .

    A[2*i + 3] = 11;
    A[2*i + 4] = 22;

for  i = . . .

int x;int x;

for  i = . . .
    x = 2*i + 3;
    . . .

    A[x] = 11;
    A[x+1] = 22;

(a) (b)
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(a) (b)
for  i = x  to  99  do
    A[i] = i

int new_lb;

if (x % 4 == 0)
   new_lb = x
else

for  i = x  to (new_lb-1)  do
     A[i] = i

for  i = new_lb to 99  step 4 do

     A[i+1] = i+1
     A[i] = i

     A[i+3] = i+3
     A[i+2] = i+2

   new_lb = (x div 4)*4 + 4

//mod-region  i % 4 == 0
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(a)

    A[i] = i
for  i = 0  to  99  do
int  A[100]

(b) int  A[100]

int  A[25][4]

for  i = 0 to 99  step 4 do

int  A[25][4](c) (d)

     A[i div 4][i%4] = i
     A[(i+1) div 4][(i+1)%4] = i+1

     A[(i+2) div 4][(i+2)%4] = i+2
     A[(i+3) div 4][(i+3)%4] = i+3

int  A[25][4]int  A[25][4] (f)(e)

     A[i+1] = i+1
     A[i] = i

     A[i+3] = i+3
     A[i+2] = i+2

for  i = 0 to 99  step 4 do

i’ = 0
for  i = 0 to 99  step 4 do

     A[i’][i%4] = i
     A[i’][(i+1)%4] = i+1
     A[i’][(i+2)%4] = i+2
     A[i’][(i+3)%4] = i+3

i’ = i’ + 1

i’ = 0
for  i = 0 to 99  step 4 do

     A[i’][0] = i
     A[i’][1] = i+1
     A[i’][2] = i+2
     A[i’][3] = i+3

i’ = i’ + 1

i’ = 0
for  i = 0 to 99  step 4 do

i’ = i’ + 1

// bank 0
// bank 1
// bank 2
// bank 3

//mod-region  i % 4 == 0

//mod-region  i % 4 == 0 //mod-region  i % 4 == 0

//mod-region  i % 4 == 0//mod-region  i % 4 == 0

0     A  [i’] = i
     A  [i’] = i+1

     A  [i’] = i+3
     A  [i’] = i+2

1

2

3
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issue_write( ((addr_y>>2)&3),  ((addr_y>>4)<<2),  22, 3) // turnstile 0

block_for_write() // tile 2
block_for_write() // tile 3

// turnstile 0issue_write( ((addr_x>>2)&3),  ((addr_x>>4)<<2),  11, 2)

A[y] = 22

A[x] = 11

A[y div 4][y%4] = 22 A[y div 4][y%4] = 22

A[x div 4][x%4] = 11

int  A[100]

int  A[25][4]

int  A[25][4]

(c)

(a)

int  A[25][4]

A[x div 4][x%4] = 11

local_addr_x = &A[x div 4]

addr_y = (local_addr_y<<2) | ((y%4)<<2)
local_addr_y = &A[y div 4]

addr_x = (local_addr_x<<2) | ((x%4)<<2)

(b)

(e)

(d)
addr_x = (local_addr_x<<2) | ((x%4)<<2)

addr_y = (local_addr_y<<2) | ((y%4)<<2)

*addr_x = 11

*addr_y = 22

local_addr_y = &A[y div 4]

local_addr_x = &A[x div 4]

int  A[25][4]
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    float  D[100];

    return b;

     . . .

r = foo(3);
}

(a)

    int a,b,c;

{

     . . .

}

    float  D[25];

foo_1(3);

void  foo_1(int x)
{

     . . .

{

    int a;

foo_0();
}

int  r;

{

     . . .

    return b;
}

    int b;
    float  D[25];

r = foo_2();

int  foo_2()
{

     . . .

}

    float  D[25];
    int c;

foo_3();

void  foo_3()

int  foo( int x)

    float  D[25];

int  r;

void  foo_0()

(b)
Tile 2 Tile 3Tile 0 Tile 1
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X ád� â Z�á"Z�Ý ä[ã+ä[X Ü�Ý&Ü
å âcX æ \ ã \ ç � ã+âcâ Û e%Ô4Z$� ä[X Ü�Ý�x1e{z4eÂó�Þ�Z Û �$\ Xcæ Z Û ä è�ZTÕ�\ Û ä!X á"� âcX � ã+ä�X Ü�Ýkß9È�É�Ê�Écß4�^Ü X Ý ä Z�\
ã Ý ã
â ç Û X Û0Û ä ` æ Û e7Ô4Z$� ä[X Ü�ÝPx4e¡z4e{z�Þ�Z Û ��\ X æ Z Û ä è�Z Û Z���Ü
Ý�Þ X á"� âcX � ã+ä�X Ü�Ý�ß"È�É�Ê�Écß�è ã Ý�Þ â X Ý�_gÜ
å â Xcæ \ ã \ ç
� ã
âcâ Û ê X ä èg�.Ü X Ý ä Z�\ ã \�_�`�á"Z�Ý ä Û ã Ý�Þg\�Z ä `�\�Ý ð+ã
â `�Z Û e

÷tø-ùtø³ú û%ü8ý³þ8ÿ������*þ����
	��1ý���hÿ������
faÜ�\ â Xcæ \ ã \ ç åb`�Ý1� ä[X Ü�Ý Û è ã�ð�X Ý�_ ã \�_�`�á"Z�Ý ä Û Ü�\	\�Z ä `�\]Ý ð
ã+â `�Z Û ä è ã+ä(ã \�Zq�^Ü X Ý ä Z�\ Û ß.ò ã ê����YÝ�Z$Z�Þ Ûä Üw�hÝ�Ü�ê ã Û `�á"á ã \ ç Ü+å ä è�Z X \q�^Ü X Ý ä Z�\ æ Z�è ã�ð�X Ü
\ ã+ä �$Ü�á"� Xcâ ZÈà ä�X á"Z
e#fjÜ
\qZÈñ ã á"� â Z
ß'��Ü
Ý Û X Þ�Z�\
ä è�Z ä Z$ád� â¹ã+ä ZYÜ
å ä è�Z����
������4ÒÃÖ�åb`1Ý�� ä�X Ü�Ý X Ý2Õ�_�`�\�Z&x4e¡z�Ò ã ÖÈe����
�������ÒËÖ�\�Z ä `�\]Ý Û ã Û ã�â Ü�Ý�_ X Ý ä Z�_
Z�\
ä è�Z ð+ã
â `�Z&\]Z���\]Z Û Z$Ý ä Z�Þ æhç)ä è�Z"��è ã \ ã � ä Z$\ Û ä \ X Ý�_g�^Ü X Ý ä Z$Þ ä Ü æ�ç ���
��edôtè�Z Û ä \ X Ý�_ X Û0Û � ã Ý�Ý�Z$Þ
`1� ä Ü ä è1ZEÕa\ Û ä ��è ã \ ã � ä Z�\ X Ý1��Ü�Ý Û X Û ä Z�Ý ä ê XÂä è������� �eiôtè�Z ã Þ1Þ�\�Z Û�Û Ü
å ä è1Z�\�Z�á ã
X Ý X Ý�_ Û ä \ X Ý1_�ß
ã å ä Z�\ ä è�ZgÝh`�á æ Z�\�ß X Û \]Z ä `�\�Ý�Z$Þ X Ý ä è�Z�!��
�w� ã \ ã á"Z ä Z�\$e�fjÜ
\ ä è�Z"���
������4ÒÃÖqåb`�Ý1� ä[X Ü�Ýkß�ò ã ê����
Ý1Z�Z�Þ Û ä Ü��hÝ�Ü�ê ã+ä ��Ü�á"� X â ZÈà ä[X ádZ ä è ã+ä�ä è1Z â Ü4� ã+ä[X Ü�Ý4à Û Z ä \]Z ä `1\�Ý�Z$Þ æ�ç&ä è�Z�!��
�0� ã \ ã ádZ ä Z$\ X Û ä è�Z
Û ã á"Z â Ü�� ã�ä[X Ü
Ý4à Û Z ä � ã Û�Û Z�Þ X Ý ä è�\�Ü
`�_�è ä è�Z����
��� ã \ ã á"Z ä Z�\�e�  X ä è�Ü�` ä \�`�Ý�Ý X Ý�_(�^Ü X Ý ä Z�\ ã Ý ã
â ç Û X ÛÜ
Ý ä è�Z â Xcæ \ ã \ ç åb`�Ý�� ä[X Ü
Ýkß ä è�Z â Ü�� ã+ä�X Ü�Ý�à Û Z ä \�Z ä `�\]Ý�Z�Þ æhç !#�
� X Û Ý�Ü ä �hÝ�Ü�ê�Ýke�ò	`1Ý�Ý X Ý1_d�^Ü X Ý ä Z�\
ã Ý ã
â ç Û X Û Ü�Ý ä è�Z âcX æ \ ã \ ç åb`�Ý�� ä�X Ü�Ý Û X Û X Ý���Ü�Ý ð Z�Ý X Z�Ý ä ß ã Û ä è�Zt��\�Z�à£�$Ü�ád� Xcâ Z$Þ âcX æ \ ã \ X Z Û ê�Ü�` â ÞÝ�Z�Z$Þ
ä Ü æ Z(\�ZÈà-��Ü�á"� X â Z�Þ ä è�\]Ü�`�_�è��^Ü X Ý ä Z�\ ã Ý ã
â ç Û X Û eÌò	Z�à£��Ü
ád� X â¹ã+ä�X Ü�Ý X Û ä[X ádZ���Ü�Ý Û `�á X Ý�_�ß ã Ý�Þgá ã�ç
Ý1Ü ä ê�Ü�\�� X å ä è�Z â Xcæ \ ã \ ç åb`�Ý1� ä[X Ü�Ý ð�X Ü âcã+ä Z Û ä è�Z ä£ç �.Z�à£��Ü
Ý ð Z�\ Û X Ü
Ýd\]Z Û ä \ X � ä[X Ü�Ý Û Ü+å�ò ã ê8�$�0ß Û ä�ã�ä Z�Þ
X Ý Û Z$� ä[X Ü�Ý#�4e ó
e

��Ü X Ý ä Z$\ ã Ý ã
âÂç Û X Û�Û ä ` æ Û ã \�Z ã Ý X Ý�Ý�Ü ð+ã+ä�X ð Z Û Ü â ` ä[X Ü�Ýkß^Õa\ Û ä ��\�Ü��^Ü Û Z�Þ æ�ç ò	Ü æ Z$\ ä   X â Û Ü
Ý X Ý
è X Û ä è1Z Û X Û�$ ����%¢ß ä è ã+ä ��\�Ü ð�X Þ�Z ã Û `�á"á ã \ ç Ü
å ä è�Z��.Ü X Ý ä Z�\ æ Z�è ã�ð�X Ü
\'Ü
å â Xcæ \ ã \ ç åb`�Ý�� ä[X Ü
Ý Û ß�ê X ä è4à
Ü
` ä8ä è�Z�Ý�Z$Z�Þ�åbÜ�\�\�ZÈà-��Ü�á"� X âcX Ý1_ ä è�Z�á ä è1\�Ü�`�_
è��.Ü X Ý ä Z$\ ã Ý ã+â ç Û X Û e�Ù �.Ü X Ý ä Z�\ ã Ý ã
âÂç Û X Û�Û ä ` æ åbÜ�\
ã,âcXcæ \ ã \ ç åb`�Ý�� ä�X Ü�Ý X Û ã Û è�Ü�\ ä ��\�Ü���Z$Þ�`�\]Z5è ã�ð�X Ý�_ ä è�Z Û ã ádZ ä Z�á"� âcã+ä Z ã Û ä è1Z âcX æ \ ã \ ç åb`�Ý�� ä[X Ü
Ýkß
ä è ã+ä Û `�á"á ã \ X é Z Û ä è1Z8�^Ü X Ý ä Z$\ ã Ý ã
â ç Û X Û X Ý1åbÜ�\]á ã�ä[X Ü
Ý�Ü+å ä è�Z âcXcæ \ ã \ ç åb`�Ý�� ä[X Ü
Ýke���Ü X Ý ä Z�\ ã Ý ã
â ç Û X Û
Û ä ` æ Û ã \�Z�&���'Ó��Ü
\�\�Z$� ä�X ád� â Z�á"Z�Ý ä�ã�ä[X Ü
Ý Û Ü
å ä è1Z0åb`1Ý�� ä�X Ü�Ýke'ôtè1Z çgã \]Z âcX Ý1�
Z�Þ X Ý ã+ä	ã ��� â X � ã+ä[X Ü�Ý
�$Ü�á"� Xcâ ZÈà ä�X á"Z
ß ã Ý�ÞdÞ X Û � ã \]Þ�Z�Þ ã å ä Z$\��^Ü X Ý ä Z�\ ã Ý ã+â ç Û X Û eÌf X _�`�\]Z�x1e{z�Ò æ Ö Û è�Ü�ê Û ä è1Z��^Ü X Ý ä Z�\ ã Ý ã
â à
ç Û X Û'Û ä ` æ åbÜ�\ ä è1Z âcXcæ \ ã \ ç åb`1Ý�� ä�X Ü�Ý ä Z�á"� â¹ã+ä Z X Ý=Õ�_�`�\�Z�x4e¡z�Ò ã ÖÈe�ôtè�Z��.Ü X Ý ä Z$\ ã Ý ã
âÂç Û X Û�Û ä ` æ"ä Z âcâ Û�^Ü X Ý ä Z�\ ã Ý ã
â ç Û X Û ä è ã�ätä è�Z â Ü�� ã�ä[X Ü
Ý4à Û Z ä �^Ü X Ý ä Z�Þ ä Ü æ�ç !��
� X Û ä è�Z Û ã á"Z â Ü�� ã�ä[X Ü
Ý4à Û Z ä ÒbÜ æ Ä]Z�� ä Ö
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// Pointer analysis stub for strtol()

long strtol(char *str, char **ptr, int base)

{

    *ptr = str;

}

// return any bogus number     return 1;

// to by str.  str is scanned up to the first

// character inconsistent with base.  The

// remaining string is returned through the

// parameter ptr.

// strtol() returns as a long integer the value 

// represented by the character string pointed

long  strtol(char *str, char **ptr, int base);

(b)(a)
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ã Û ä è ã+ä�X Ý@���
��eBA�Ü X Ý ä Z$\ ã Ý ã
âÂç Û X Û(Û ä ` æ Û ã \]Z"` Û ` ã
â â çwð Z�\ ç Û X á�C â Z
ß ã Ý�Þi\ ã \�Z âÂç ZÈñ.D$Z�Z�Þ ã åbZÈê
âcX Ý1Z Û Ü
åED$Ü4Þ�Z+eFA�Ü X Ý ä Z�\ ã Ý ã+â ç Û X Û \�ZGD�Ü�_�Ý Xcé Z Û ä è�Z�Hg�I�8�8� � åb`�Ý�D ä�X Ü�Ý ã Û ã Û C^Z�D Xcã
â D ã Û Z ä è ã+ä \]ZÈà
ä `�\]Ý Û ã Ý�Z$ê â Ü�D ã�ä[X Ü
Ý4à Û Z ä Ý1Ü ä�ã
â X¹ã Û Z�Þ�ê XÂä è ã Ý ç Ü ä è�Z$\tÜ æ�J ZGD ä�X Ý ä è�Z�C�\]Ü�_�\ ã á"K�è�Z$Ý�D�ZLHg�I�8�7� �è ã Û Ý�Ü Û ä ` æ eNM ã
âcâ Ü.D,á ã�ç%æ Z` Û Z�Þ X Ý ä è�Z�C^Ü X Ý ä Z�\ ã Ý ã
â ç Û X Û5Û ä ` æ Û Ü
å�Ü ä è�Z�\ â Xcæ \ ã \ ç D ã+âcâ Û ä Ü
ZÈñ.C�\�Z Û�Û ã Ý�ZÈê â ç à ã+âcâ Ü�D ã�ä Z�Þ æ�â Ü�DPO�Ü
å�ádZ$ádÜ
\ ç e

÷�ø-ùtø-ù Q"ý�����R��	TSU���V�
�XWÖý£ÿ�Y[Zqü8ý³þ8ÿ����\�R��]^��_`��þ8ÿ#�
a X Ý�D$Z âcXcæ \ ã \ ç åb`�Ý�D ä[X Ü�Ý Û ã \]Z Û Z�bh`�Z$Ý ä�X¹ã
â ß XÂä(X Û ã Û]Û `�á"Z�Þ ä è ã+ä C ã \ ã ádZ ä Z�\ Û ã Ý�Þi\�Z ä `�\]Ý ð+ã
â `1Z Ûä è ã+ä"ã \�ZcC^Ü X Ý ä Z$\ Û C^Ü X Ý äYä Ü)Þ ã+ä[ã Ü
Ý ã Û X Ý�_ â Z ä�Xcâ Z+e@d8Ü�Ý Û ZGbh`�Z�Ý ä[âÂç ßtò ã ê:DGDgáY` Û ä Z$Ý Û `1\�Z ã+ä
ã C�C â X D ã�ä[X Ü
ÝeD�Ü�á�C X â ZÈà ä[X ádZ ä è ã+ä�ã
â â C^Ü X Ý ä Z$Þ4à ä ÜÞ ã+ä[ã åbÜ�\tZ ã D�è â Xcæ \ ã \ ç D ã
â â \]Z Û X Þ�Z Û Ü
Ý ã Û X Ý�_ â Z
ä[Xcâ Z
e a X Ý1_ â Z�à ä[X â Z�Þ ã+ä�ã åbÜ�\�Z ã D�è âcX æ \ ã \ ç D ã
âcâ�X Û Z�Ý Û `�\�Z$Þ ã Û åbÜ âcâ Ü�ê Û e�faÜ�\�Z ã D�è âcXcæ \ ã \ ç D ã+âcâ ß ä è�Z
â Ü�D ã+ä�X Ü�Ý4à Û Z ä Û Ü
å ã
â âkä è�ZfC.Ü X Ý ä Z�Þ�à ä ÜdÜ æ�J ZGD ä Û ã \�Z�åbÜ�\gD Xcæ�âÂç á"Z�\�_
Z�Þ X Ý ä Ü�Ü�Ý1Z,ZGb�` X ð+ã
â Z$Ý�D�ZfD âcã Û�ÛÞ�`�\ X Ý�_0Z�bh` XÂð
ã+â Z�Ý#D�ZÈàhD âcã Û�Û `�Ý Xji D ã+ä[X Ü�Ýke�ôtè1Z�\�ZÈåbÜ�\�Z+ß Û X Ý#D�Z�Z ã D�è"Z�bh` XÂð+ã
â Z$Ý�D�ZkD â¹ã Û]Û X Û á ã C�C^Z�Þ ä Ü
ã Û X Ý1_ â Z ä[Xcâ Z æ�ç ZGbh` X ð+ã
â Z�Ý�D$ZÈàlD â¹ã Û]Û `�Ý Xmi D ã�ä[X Ü
Ýkß ã
â â C^Ü X Ý ä Z�\ ã \�_�`�á"Z�Ý ä Û ã Ý�Þ\]Z ä `1\�Ý ð+ã
â `�Z Û \�ZÈåbZ�\
ä Ü0Þ ã+ä[ã Ü
Ý ä è�Z Û ã ádZ ä�Xcâ Z+e�f X Ý ã
â â ç ß ä è�Z âcXcæ \ ã \ ç D ã
âcâ1X Û C âcã D�Z$Þ&Ü�Ý ä è�Z ä�Xcâ Z�ê�è�Z�\]Z XÂä Û C^Ü X Ý ä Z�Þ4à ä Ü
Þ ã+ä�ã \�Z Û X Þ�Z Û eon X ë�Z$\�Z$Ý ä D ã+âcâ Û ä Ü ä è�Z Û ã á"Z â Xcæ \ ã \ ç åb`�Ý#D ä[X Ü�Ýmá ã�ç \�Z Û X Þ�ZdÜ�ÝPÞ X ë�Z$\�Z$Ý ä,ä[X â Z Û ß
Z�Ý ã
æ1âcX Ý1_�C ã \ ã
â â Z âcX Û á æ Z ä ê8Z$Z�Ý ä è�ZLD ã
â â Û e

|�}Pp q ��� �sr � ��t3uw�Nvm��tI§�¦ wyx{z}|~z����
ôtè X Û�Û ZGD ä[X Ü�Ý�Þ�Z Û D�\ X æ Z Û ê�è ã�äÌã \]\ ã�ç \]Z Û è ã C.Z Û X Ýqltn"o�pqoYr"s ã \]Z
ß ã Ý�Þ0ê�è ç0ä è�Z ç Ý�Z$Z�Þ Û C^Z�D Xcã
â
è ã Ý�Þ â X Ý�_ X Ý"M ã C Û eE��\�\ ã�ç Û Z�D ä[X Ü�Ý Û ß�ê�è X D�è�D�Ü�` â Þ�Ü.DGD�`�\ X Ý�d ã Û ê�Z âcâ ß ã \]Z ã
â Û ÜÞ�Z Û D�\ X æ Z$Þkß ã Ûä è�Z ç�ã \�Z0è ã Ý1Þ â Z$Þ X Ý ã á ã Ý�Ý1Z�\ Û X á X â¹ã \ ä Ü ã \]\ ã�ç \�Z Û è ã C.Z Û e

��\�\ ã�ç \]Z Û è ã C.Z Û X Ýwltn"o�pqoYr"sGè ã�ð Z X á�C âcX D ã+ä�X Ü�Ý Û Ü�Ýgê�è�Z ä è�Z�\ ä è�Z�C ã Þ�Þ X Ý�_"Ü�C ä�X á Xcé�ã à
ä[X Ü
Ý"åbÜ�\*á"Ü4Þ1` â Ü0`�Ý�\]Ü âcâ X Ý�_sD ã Ý æ Z ã C�C â X Z$Þke���Ý ã \]\ ã�çX Û�Û ã+X Þ ä Ü æ Z�\�Z Û è ã C.Z$Þ X å X ä*X Û ã DGD�Z Û�Û Z$Þ
X Ý�Þ X ë.Z�\�Z$Ý ä C ã \ ä Û Ü
å ä è�ZsC�\]Ü�_�\ ã áRê X ä è ã Þ X ë.Z�\�Z$Ý ä Ýh`�á æ Z�\�Ü
åÓÞ X ádZ$Ý Û X Ü�Ý Û ßhÜ�\�Þ X ë�Z$\�Z�Ý ä Û Xcé Z Û
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Ü+åÓÞ X á"Z�Ý Û X Ü
Ý Û e'faÜ�\�ZÈñ ã á�C â Z+ß X å ã Ý ã \]\ ã�ç�� Ü
å*ó,���qZ â Z�á"Z�Ý ä Û X Û ã D�D�Z Û�Û Z�Þ X Ý ä è�Z�C�\]Ü�_�\ ã á ã Û à
Û `�á X Ý�_Þ X ádZ$Ý Û X Ü�Ý ã
â X ä£ç�� $ ó,����%¢ß æ ` ä	ã D�D$Z Û�Û Z�ÞwZ â Û Z$ê�è�Z$\�Z ã Û�Û `1á X Ý�_&Þ X á"Z�Ý Û X Ü�Ý ã
âcXÂä£ç�� $ z���% $�� %�ßä è�Z�Ý ä è�Z ã \�\ ã�ç��KX Û�Û ã
X Þ ä Ü æ Zq\]Z Û è ã C^Z�Þke���\]\ ã�ç \�Z Û è ã C^Z Û D ã Ý%è ã C�C^Z�Ý X Ýwltn"o�pqoYr"s X Ý
ä è�\�Z$Z,ê ã�ç Û -sC ã \ ã á"Z ä Z�\�\]Z Û è ã C^Z Û ß�Z�bh` X ð+ã
â Z�Ý�D$Z Û ã Ý�ÞwÞ X ë�Z$\�Z�Ý ä D$Ü�á"ádÜ�Ý æ�â Ü.DPOgÞ�ZGD â¹ã \ ã+ä�X Ü�Ý Û e
faÜ�\tÞ1Z ä�ã+Xcâ Û ß Û Z$Z $�� +�%¢eE��Ý�ZÈñ ã á�C â Z0Ü
å ã \�Z Û è ã C^Z X Û ê�è�Z�Ý ã Ý ã \�\ ã�ç�X Û æ ZLC ã Û�Û Z$Þ ã Û ã Ý ã \]_�`4à
á"Z�Ý ä5ä Ü ã C�\�Ü�D�Z$Þ�`�\]Z ä è ã+ä0ã D�D�Z Û�Û Z Û X ä ê XÂä è/Þ X ë�Z$\�Z�Ý ä Þ X á"Z�Ý Û X Ü�Ý ã+âcX ä£ç e��£Ý ã Ý ç \�Z Û è ã C.Z+ß ä è�Z
D$Ü�\�\]Z Û C.Ü�Ý1Þ�Z�Ý�D$Z�Ü+å ä è�Z�Z â Z$ádZ$Ý ä Û æ Z ä ê8Z$Z�Ý�Þ X ë.Z�\�Z$Ý ä'ð Z�\ Û X Ü�Ý Û Ü
å ä è�Z Û ã á"Z ã \]\ ã�çX Û Ü
Ý�ZÈà ä Ü+à-Ü�Ý�Z
ã Ý�Þ X Ý4à-Ü�\�Þ�Z$\tÜ�Ý ä è�ZLD$Ü â `�á"Ý4à-á ã�J Ü
\8Ü�\]Þ�Z�\ X Ý�_&Ü
å ä è�Z ã \]\ ã�ç e

��\�\ ã�ç \�Z Û è ã C^Z Û è ã�ð Z�Ý1ÜZ$ë.Z�D ä Ü
Ý�M ã C Û X å ä è�Z�C ã Þ�Þ X Ý1_Ü�C ä[X á X é�ã+ä�X Ü�Ý�ß�Þ�Z Û D�\ X æ Z$Þ X Ý Û ZGDÈà
ä�X Ü�Ý � e � ß X Û Ý�Ü ä(ã C�C â X Z�Þ�e�  X ä è�Ü�` ä C ã Þ�Þ X Ý�_�ß ä è�Z ã \�\ ã�ç Z â Z�á"Z�Ý ä Û ã \�Z â Ü�ê!à£Ü�\]Þ�Z�\ X Ý ä Z$\ â Z ã�ð Z�Þ
æ�ã Û Z$Þi`#C.Ü�Ý ä è�Z ä Ü ä[ã
â Ü
ë Û Z ä Ü
å ä è�Z ã \]\ ã�ç Z â Z$ádZ$Ý ä�� X Ý)\]Ü�ê!à£á ã�J Ü�\5Ü�\�D$Ü â `1ádÝ4à-á ã,J Ü�\�Ü
\�Þ�Z$\³à
X Ý�_�ß ã Û ä è1ZeD ã Û Z�á ã�ç?æ Z��Èe�� ç Þ�Z i Ý X ä�X Ü�Ý�ß ä è�Z ä Ü ä[ã
â Ü+ë Û Z ä Ü
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Ü�C ���[ã+ä�� Ü�Ý Û ã���� D�Ü
Ý ð��i�³ä�� Þ ä Ü Û � Ý ¢�â�� C ��� D � Û � Ü�Ý^�

a Ü
á � Ü
å ä è ��ã C�C â � D ã�ä�� Ü
Ý Û ã���� ádÜ�Þ �ji
� Þ ä Ü�D$Ü�á�C �câ��"ä è � Ü-� ¢ è ä è � ò ã ê^D�D�D�Ü�á�C �câ �i� �@�
Û ��á"á ã��³ç Ü
å ä è � ádÜ�Þ �mi D ã+ä�� Ü�Ý Û åbÜ âcâ Ü�ê Û � a � Ý�D � ò ã ê:DGD(Þ�Ü � Û Ý1Ü ä8ç��$ä è ã�ð-�5ã � ä Ü
á ã+ä�� Þ â �cæ
��ã��]ç
Û ��C�C^Ü �]ä åbÜ � �³ì�íYß ä è � �³ì
í¹D ã
âcâ Û � Ý ä è �Yã C�C â � D ã�ä�� Ü
Ý Û ã}��� ��� C âcã D � Þ æhç Û � á�C â � ß â Ü�ê!à â �$ð���â �³ì
í
C ��� á � ä�� ð�� Û8Û ��C�C^Ü �]ä�� Þ æ�ç�ä è � Û � á¡� â¹ã+ä Ü � � a Ü�á � Ü
å ä è �0ã C�C â�� D ã+ä�� Ü�Ý Û � Ý�ê�è � D�è�D�Ü�Ý ä�� Ü â àËÂaÜ�ê � ÛÝ1Ü ä Þ � C � Ý1Þ � Ý ä �#C.Ü�Ý�Þ ã+ä[ãYð
ã+â � � Û ßaÞ ã+ä[ã£� Ý � ä��¹ã
â �cé�� Þ¤� Û � Ý ¢£� Ý�C
� ä¥� Û � Ý �Âä��¹ã+â��cé�� Þ�� Û � Ý ¢¦�[ã Ý�Þ1Ü�á
Þ ã+ä�ã¤� Ý Û ä���ã Þ^���³ì�í Û ��C#C.Ü �³äj� Û Di� ����� Ý ä�â ç§� Ý ä è � C � Ü.D � Û]Û Ü
å æU��� Ý ¢�ã � ä Ü
á ã+ä�� Þ � Ý ä è � ò ã ê^D�D
D$Ü�á�C �câ �i� �g�aÜ � á ã Ý ç Ü+å ä è ��ã C�C â � D ã+ä�� Ü�Ý Û ß ä è � C � Ü æ1â�� á Û �cé�� Û ã}������� Þ���D � Þ�å � Ü�á ä è � Û ä�ã Ý1Þ ã�� Þ
Û �cé�� Û åbÜ �'ä è �	æ�� Ý�D�è�á ã�� O^ß � Ý&Ü � Þ �i�*ä Ü ��� Þ
��D � Û � á � âcã+ä�� Ü�Ý ä�� á � K Û ����ä�ã+æ�â�� +��S�5åbÜ �'ä è � C � Ü æ�â�� á
Û �cé�� Û � Û � Þ � Ý ä è �)�$ð+ã
â � ã+ä�� Ü�Ý8� a Ü
á � Ü
å ä è �qæ�� Ý#D�è�á ã}� O Û è ã Þ%Þ ã+ä[ã�� Ý � ä��cã
â�� é�ã+ä�� Ü�Ý ã Û�Û Ü.D �¹ã+ä�� Þ
ê �Âä è/Þ ã+ä[ã Þ � D âcã��[ã�ä�� Ü
Ý Û ¢)Þ ã+ä�ã¨� Ý �Âä��cã
â�� é�ã+ä�� Ü�Ý � Û Ý�Ü ä D�� ����� Ý ä[âÂçiã � ä Ü
á ã+ä�� Þ � Ý@M ã C Û KÌè � Ý�D �
ä è �d� Ý �Âä��cã
â�� é�ã+ä�� Ü�Ý Û ã}���d��� C â¹ã D � Þ � Ý ä è � Û Ü-� � D � àlD�Ü�Þ � ê � ä è � ñ.C â�� D � ä Þ ã+ä�ã&ã Û]Û � ¢ Ý�á � Ý ä Û �

ôtè �¤��� Û ä Ü
å ä è � Û D�è ã C ä���� � Û Ü ��¢�ã Ý �cé�� Þ ã Û åbÜ âcâ Ü�ê Û � a � D ä�� Ü�Ý +m� óeD$Ü�á�C ã���� Û ��� Û � âÂä Û ê �Âä è
ã Ý�Þ#ê � ä è�Ü-� ä�æaã Ý�O�Þ � Û ã á æ���¢ � ã�ä�� Ü
Ý8��M%Ü ��� Þ �$ä[ã��câ � Þ ��� Û � â ä Û ê � ä è æaã Ý#O%Þ � Û ã á æ
��¢ � ã+ä�� Ü�Ý ã����
ã+â Û Ü�C ��� Û � Ý ä�� Þ8� a � D ä�� Ü�ÝX+m�x�oC ��� Û � Ý ä Û�Û ä�ã+ä�� Û ä�� D Û Ü
Ý�á � á"Ü �]ç Þ � Û ä����cæ � ä�� Ü�Ý ã Ý1Þ©� ä��câ �cé�ã�ä�� Ü
Ý
åbÜ � Þ � ë ����� Ý äYã C�C â � D ã+ä�� Ü�Ý Û D�Ü�á�C � â�� Þiê � ä è æaã Ý#O?Þ � Û ã á æ
��¢ � ã+ä�� Ü�Ý8� a � D ä�� Ü�Ý +�� � C ��� Û � Ý ä Û ��� à
Û � â ä Û D�Ü�á�C ã���� Ý ¢ á �$ä è1Ü4Þ Û åbÜ � è ã Ý�Þ â�� Ý ¢ Ý�Ü�Ý4à-Þ � Û ã á æ
� ¢ � ã+ä�� Þ ã DGD � Û]Û � Û ê � ä è�á �$ä è�Ü4Þ Û ä è ã+ä
Þ � Û ã á æ
��¢ � ã+ä���ã
âcâkã D�D � Û�Û � Û � a � D ä�� Ü�Ý�+�� �dÛ ��ádá ã����céi� Û ä è � D�è ã C ä���� �

ª¨«J¬ ¯® °²± ³²´ t ® µ ¶²´i·£¸�®y¹<´iº£° »<¼ t ¸²½�¹ t
ôtè � Û!Û � D ä�� Ü�Ýgá ��ã Û � ��� Û ä è � C �i� åbÜ � á ã Ý�D � Ü
å�Ü-� ��ã C�C â�� D ã+ä�� Ü�Ý Û ê � ä è ã Ý�Þ�ê � ä è1Ü-� ä � Û � Ý ¢&æaã Ý�O
Þ � Û ã á æ
��¢ � ã+ä�� Ü�Ý8�R�£Ý �i� ä è �i� D ã Û � ß^å�� â â D�Ü
á�C � â���� à � ñ.C â Ü �Âä�� Þc�¾�;A � Û � Û � Þ8�k¤ � ñ ä ß^ádÜ ��� Þ �$ä[ã��câ � Þ
ã C�C â�� D ã+ä�� Ü�Ý ��� Û � âÂä Û ã���� C ��� Û � Ý ä�� Þ�åbÜ �Ìã C�C â � D ã�ä�� Ü
Ý Û D$Ü�á�C �câ�� Þqê � ä è æaã Ý�OYÞ � Û ã á æ
��¢ � ã+ä�� Ü�ÝkßÃåbÜ �
ã�ð+ã��³ç_� Ý ¢ Ý���á æ��i� Ü
å�á � á"Ü �]ç%æaã Ý�O Û �ôtè � C ��� åbÜ � á ã Ý#D � Ü
å�á ã Ý ç�� Ý1Þ � ð_� Þ�� ã
âÌã C�C â�� D ã+ä�� Ü�Ý Ûã}���j� ñ.C âcã�� Ý � Þ8�

�£Ý ä è ��i'� Û ä Û �Èä Ü+å ��� Û � â ä Û ß i
¢ � ��� +��Âó&á ��ã Û � ��� Û ä è �"æ�� Ý �Gi�ä Û Ü
å:� Û � Ý ¢gä è �&æaã Ý�OwÞ � Û ã áà
æ���¢ � ã�ä�� Ü
Ý Û D�è � á � Û Ü
å ä è � Û ä è � Û � Û Ü�ÝUÜ ð-���[ã
â â Û C ��� Þ
��C Û � � ä D�Ü
á�C ã}��� Û ä è � Û C ��� Þ
�#C Û Ü�Ý � �ä��câ � Û åbÜ �0ä è ���i� Û ä���ã+ä���¢-��� Û - � Û � Ý ¢¿� Ý Û ä�� �#D ä�� Ü�Ý4à â��$ð���â C ã}�[ã
â â���â � Û á � �¾��AE��D$Ü�á�C �câ �i�5ä�� D�è�Ý � b_� � Û ß
�¾��A Û ��C�C â � á � Ý ä�� Þ"ê �Âä è � b�� �Âð
ã+â�� Ý#D � àhD âcã Û�Û ��Ý �ji D ã+ä�� Ü�Ý � ½Ed ¼ ��ß ã Ý�Þ��¾�;A Û ��C�C â�� á � Ý ä�� Þdê �Âä è
æ Ü ä è�½^d ¼ ã Ý�Þ/ádÜ�Þ
� â Ü���Ý � Ü âcâ � Ý ¢ �(ôtè �æaã Û �$â�� Ý � åbÜ �(ã+âcâ�ä è ����� Û ä��[ã+ä��i¢-� � Û � Û ä è � Û � b�� � Ý ä��¹ã
â
C � Ü ¢-��ã á � ��Ý�Ý � Ý ¢ Ü
Ý�Ü�Ý ��ä�� â�� ê �Âä è ã Û C �i� Þ
��C�Ü
å�Ü�Ý � �'ôtè � D$Ü�á�C �câ �i�Ìä�� D�è�Ý � b_� � Û åbÜ �>� ñ ä��[ã D ä à
� Ý ¢ �¾�;A ã���� Þ � Û D ��� æU� Þ � Ý $ ����%¢ß ã Ý�Þ ã}��� D�Ü�Ý�D � C ä � ã
â â ç Û � á � â¹ã���ä Ü ä è�Ü Û � � Û � Þ�åbÜ � �¾��AÌà � ñ.C^Ü Û � Þ
D$Ü�Ý ð-� Ý ä�� Ü�Ý ã
â á ã D�è � Ý � Û�Û ��D�è ã Û �j�U�GÀ Û �*ôtè � �¾�;A ã
â Ü�Ý � Ý_�1á æU��� Û ß4ê�è � â�� � Û � Ý ¢ � �FA�½ Û ßm� Û �Ü
Ý â ç Ü�Ý � Ü+å ä è � á � á"Ü �]çiæaã Ý#O Û Ü�Ý�ò ã ê0ß ã Û ä è �Èç è ã�ð�� Ý1Üwê ã�ç Ü
å	Þ � Û ä����cæ � ä�� Ý ¢ á � á"Ü �]ç �
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b�DLK N*H 2 HCD 2 b�DLKMN�HuN�M�HrEuDLNPO]c,DWN[N�M@c�HQKMNÇRK HC@ / RSNQK DLT[@=H	K XUM�@,e�M,RdcVB(EVKgHIBWK HC@XM ] b�DW@QM J QRM,Q�DLN T L-R�N�OZY
È[KM@CB�M�N\NPM@c,D�ÇWN�K*)]M J HIB�M:K Q8b�DLNKHIR�N6c]M�D�P�L-R�N�O J KM@CR�QYL�K�ÇLT-R�HQKMDWNdPZDSN3@QT6cVB(R9QdRdcVB�KMN�MDY z B�M Ü_^a`ø2
F ?cb b�NCD / K J M J HrEuD_E R T @dHCDURsc@c�M�@C@tQRM,Q�DLN T Z HIB�NCDLTÇ�BbR P�R�@KHHd`P�NCD�N*H J D\DLNPe"HCD J KfNQM@c^HIX T HIDRkQRM,Q�DLN T L-R�N�O_EGB�M�NOHCB�M Rdcec�M,@K@QM J L-R�N�OgKM@hO*N[DqEGN R�Hzc�DWQ8b�KMXUM 2 HQKMQRM�e�DLNfRk@CX DFEiM�N%dKL[RdcjOJ D DLNPeSPZDLNnRdcec�M,@K@QM�@yPZDSNnEGB�KHcVB1HIB�MYRdc@c]M,@C@PM J L-R�N�OkK @lT[N�O\N�DFEGNmY z B�M,@PM9QnMecVB-R�N�K @CQ�@oK J M,N�H	KgP THCB�MYRDNqcVB�KgH	M@c^H	T�NPM9R�@nL-R�N�O 2 M ] b�DW@PM J Y·i�DW@KH.7 ^a`]Þ @>HID J R T e�B[DqE�M / M�N�e�T[@QM�Ç�XMDWL-R�X�L�T[@QM�@xR�N J R
T�N�K o M J QnM�QSDLN T @ T @`H	M�QpNIR�HCB�M�N3HIB[R�N b�DLK N*H 2 HCD 2 b�DLKMN�HuN�M�HrEuDLNPO\@]Y

i(D J T[X DqT[N�NCD�XMXUK NÇ5KM@WNPM,X	R}H	M J HID R�N DWL[@PM�N / R�HQKMDWN QSR J MAL T È.KM@KB�M�N Ó ?�Ô Õ YvÆJM_DWL�@QM�N / M�@HCB-R�H�T[N�NCD�XMXUK NÇºc,R�Ni@CD�QnM^H	KMQRM,@uB�M,XHb J KM@CR�QYL�K�ÇLT-R�HQM�Rdcec�M�@C@QM�@�Yir=R�@PM J DWNtHIB�KM@=DWL�@QM�N / R�H	K DWNle�B�KM@
c�DWQhb�KMXfM�NsNPM,XUKfM,@�DWNtT[@QM]NtR�N[N�D�HVR�HQKMDWN�@fHCD J M^H	M]NCQRKMN�MiHIB�MuT[N�NKDWXMXfKMNÇkP�Rsc�HIDSN�N�M�M J M J PZDLNf@QT0cVBJ KM@IR�QYL�KGÇST-R�H	K DWNvY ` N]c,DWN�HQNIR�@`H&e�Q�D J T[XMDwT[N�NKDWXMXfKMNÇxKM@3R�P�T[XMX T RDT�HIDWQSR�HQM J R�N J PZDLNCQSR�XfK*)�M J HQM@cVB 2N�KGÎyT�MYHIB[R�H·c,DWQhb�T�HQM,@xHIB�MfN�Mec�M�@C@IRDN T T[N�NKDWXMXfKMNÇdP�Rsc�HIDSNC@yN�M�M J M J HID¶bzM]NKPZDLNKQ J K @IR�Q�L�KGÇLT[R�H	K DWNPZDSN J M�N[@QM9QSR�H	NPK ] c�D J M�@�Y ` H{K N6c,XfT J M,@>R}b�NQMec�K @QMY@tbzMec�K o c&R�HQKMDWN D�P HCB�MY@tc,Dfb|M9D�P HIB�M�H	MecVB[N�KGÎyT�MR�N J R9HCB�M,DSN T HID b�NPM J KHc�H3HCB�MyQnK N�KMQSR�X|NQM�ÎyT�KfNQM J T[N�NCDWX X}Y

Å�R7ÇWB�KUN�e Ý B[DqE R�N J~^ M]M Ó FD�sÕ B-R / M J M / M�XMDfb|M J R"QnM^HIB[D J PZDSNnM ] b�XMDLKgH	KMN�Ç J T[R�X 2 QnM�QSDLN T52L[R�N�O J KGÇLKgHVR�X 2 @PKGÇWN-R�Xjb�NKD[c]M,@C@PKMNÇOm v Å��~o·cVB�KHb[@�Y i(R�N TÁv Å�� cVB�KHb[@�HCD J R T B-R / MtHrEuD=M ] b�DW@QM JQRM,Q�DLN T L-R�N�O*@�e c&R�X XUM J�� R�N Jk� QnM�QSDLN T e|@QT0cVBAR�@oK N(HIB�Mzi(D�HCDLNCD�X	R v:� � F ÔL6L6L6fP�R�QRKMX TwÓ ? m ÕR�N J HIB�M�� Ü�Ý~� � v�×^× 6 ? ] P�R�QnK X T]Ó FfF3Õ Y z B�M>QnM^HIB[D J KMN Ó F��dÕ�J K / K J M�@uHCB�M J R�HIRwK N Ý b�NCDS�LNIR�Q�@R�QSDWN��"HCB�M1HrEuDcL-R�N�O*@�K NbR_E R T HCB-R�HdDfb�H	K QnKH)�M�@fPZDSNdQRM,Q�DLN T b-RDNIR�X XUM,XfKM@KQkY z B�MkQRM�HIB�D J
c�DWN[@PKM@KHC@nD�P{HrEuDd@KHQM@b[@]YX�.KfNC@KH,e|R�NuK N�H	M�N`P�M�NPM,N6c]Mw�LNCRdb[BkKM@GL�T�K X H3EGB[DW@PM�N�D J M�@>RDNQMyHIB�M / RSNQKMR�L[XUM�@
K N HCB�M b�NKDL�LNIR�Q(eGR�N J M&RdcVB�M J �LM�NPM@b�NPM,@QM�N�HI@iHIB�M b-RSNIR�XMXUM�XUK @CQ b|M,N[R�X H T D�Pnb�T�HKH	K N��UHIB�M1HrE D
/ RSNPK	R�L�XUM,@jc,DWN[N�M@c�HQM J L T HCB�MVM J �SMpD�N�HCB�MG@IR�QRM3L-R�N�OZY z B�MÑb|M,N-R�X H T K @�KMN�KgH	K	R�XUK*)]M J HIDn)�M]NCD[e\R�N J
K N6c�NPM,QRM,N�H	M J PZDLN�M / M�N T b[RSKUN D�PzNQM^P�M�NPM,N6c]M,@sHIB-R�Hkc,R�NRKM@C@PT�MVKMNzb-RDNIR�X XUM,X�Y z B�MlK N6c�NPM,QRM,N�H~R�Q�DLT[N�H
K @�HCB�M1X D Ddb 2 N�M�@KHQKMN�� J M@b HIB D�P�HCB�M�NPM�P�M�NPM,N6c]M,@�elNKDLT��WB[X T Rdb6b�NKD ] K QdR}H	KMN��"HCB�MuK Q8b�DLNKHIR�N6c]M(D�P
b�X	Rdc]KMN��tHCB�MnNPM�P�M]NQM,N0c�M,@�DWN J K I M�NPM,N�H�L[R�N�O*@�Y ` N_HIB�MS@PM@c,D�N J @`H	M@b�e5HIB�MnK N*HQM�N`P�M�NQM�N6c�MR�LNCRdb[B�KM@
b[RSNKHQK H	K DWN�M J R�Q�DWN���HIB�M�HrE D L[R�N�O*@sT[@PKMN��1Ru�LNQM]M J�T R�Xf�WDLNQKgHIB[Q HIB-R�H�RSK QS@yHID(QnK N�KMQRK*)]MYHIB�MHCD�HVR�X c�DW@KHGD�P�HCB�M{M J �SM,@3EVK HCB�KMN�M,RdcVB L-R�N�OZY ` NiHIB�K @ E R T e[HIB�MEb-RSNIR�XMXUM�XUK @CQ b|M,N-R�XgH T K N6c�T�NQNQM J KM@QRKMN�KMQRK*)�M J Yz B�MyQRM�HCB[D J K N Ó FD�dÕ e J M�@qc�NPKML|M J KMNiHIB�M·b�NQM / K DLT[@Ñb-RSNCRS�LNIRsb[Ble�K @3L-R�N�O 2rJ KM@IR�QYL�KU�ST-R�H	K DWNle�KMNHCB-R�H:KgH�R�@C@PKU�WN[@:M / M�N T / RDNQK	R�L[XUM�HCD�R�L-R�N�OZY ` HxK @x@QT6b|M�N o c�KMR�XMX T @QK QnK X	RSNpHID Ü�Ý Ú�e�B[DqEiM / M]N,e[K H
K @nc,DWQhb[XUM�QnM�N�HVRSN T HID�DLT�NyE DSNQOZY z B�MdQRM�HCB[D J K N Ó FD�sÕ K @�Q�DLNQM�RSOyK N"HCD / KUN`H	T-R�X 2 HCD 2 b�B T @PK*c&R�XL[R�N�O R�@K@QKf�WN[QRM,N�H&e_NIR�HCB�M�NYHCB-R�N Ü�Ý ÚwYÊ7�KfNKH	T[R�X 2 HID 2 b[B T @PK*c,R�XuL[R�N�OcQSRdb6b�K N��=KM@ J DWN�M L T HIB�M@tb-Rdc]M 2 HQKMQRM @qcVB�M J T[XfM�N Ó b F«Õ e�HCB�M_@PM@c�DWN J b�B-R�@QM"D�PA1nR&E�c@ccR}P H	M�N i1Rsb[@,e{K N RaQdR�N[N�M�NiHCB-R�H
b�X	Rdc]M,@ J R�HVR�DWN J K I M�NQM�N�HYL-R�N�O\@wK P=HCB�M�NPMtRSNPMSQSR�N T b-RSNCR�XMXfM,X,b-RDKUNC@�D�PGRsc@c�M�@C@PM,@YHID�HIB�M J R�HIR�Yz B�M J K I M�NPM,N6c]M,@9D�PEi1Rsb[@�EVK HCB Ó F��dÕ RSNPMtR�@�PZDWXMX DFEG@]Y��.KUNK@KH,e Ü�Ý Ú J M�NPK / M,@9HIB�M / KfNKHQT-R�X 2 L-R�N�O
b[RSNKHQK H	K DWN(R�@>HIB�MsT[N J M]NCX T K N���T6b0bzM]N 2 L�DLT[N J DWNkHIB�MAb-RSNCR�XMXfM,XUK @CQ R / RSK X	R�L[XfM�e[EGB�K XUM Ó FD�sÕ HIRSNQ�LM^HI@RAb[RSNKHQK*c�T�X	RSNuN�T�QYLzM]N3D�P°b[B T @QK*c,R�XjL-R�N�O\@�e[HVRSOyK N��hKMN�HIDfRsc@c,DST[N�H3HIB�M�Rdc^H	T-R�X b-RSNCR�XMXfM,X|NQM�P�M]NQM�N6c�M�@
b�NQM,@PM,N�H ú Y � M@c,D�N J e Ü�Ý Ú B[R�N J XfM,@·b�NCDL�SNIR�Q�@xEVK HIBURSNCL�K H	NCRSN T b�DLK N�H	M�NK@,e�EGB�KMXfM Ó FD�sÕuJ DM�@�N[D�H�Y
Ü�Ý Ú�eaKMNAP�Rdc�H,e�T�@QM,@·b�DLKMN�H	M]NyR�N-R�X T @QKM@xHCD��ST�K J M9HCB�M b[X	Rdc]M,QRM,N�H�D�P J R�HVRY z B�KUN J e Ó FD�dÕ R�X E R T @
���[���v���c�]�������¡ \¢£�c¤¥�§¦L¨m©mª«���] \¬�§�}�P®¯���V° ±j²j³�¢´�����Dj�|¨m©mª«�}	µ7���c�§�}�c¢¶��¤¯§·S�¡¸7���c�j¹n \¡¬c¬c¢£�c¤¥���¥¬c��µ7��¢£�P§º·�§�c»7�l¢£�o®7�]�c�¡¼5¨m©mª@®7��º£��¤�j�}�P®��}�c�w�}�P��¬S�¡����¢¶·�¢¶º£¢½��µ¾¦¿�]�lÀ�¢£���}¸�§º¶Áf�}�§ÁÂ¬c��µ7��¢´��¡º� X§¬c¬c¢£�c¤n���R���c�s��¬D¡����Áf�}¢¶ \������c�Q®7¸cº£���Q¼�Ãv�c����¬�]����Áf�}¢¶ \���������P®7¸cº£���QÄ7¢£�l�}¸c�}�yÄ����]¸cº´®J¸�����§�{§¬�¬c����¡���J��¢£ �¢£º´§�v���:° ±j²§³U¼
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b[X	Rdc]M,@:M&RscVB J R�HIRiDWL ß M@c^H�DWN"R�@PKMN��WXfMYL-R�N�O�e�KMN0c,XUT J KMN��tRSNQNCR T @�R�N J @KHQNQT6c^H	T�NPM,@]Y ` N c,DWN�HQNIR�@`H&eQSD J T[X D5T[N�NCD�XMXUK N�� J KM@KHQNQK L�T�H	M�@�RSNQNCR T @�e�R�N J5Ü�Ý\Ë J KM@`H	NQK L�T�HQM,@i@KHQNQT6c^H	T�NPM,@�e�HIByT[@�M ] H	NCRdc�HQKMN��
b-RSNIR�XMXUM�XUK @CQ EVK HCB�KMNUDWL ß M@c^HI@]Y%�-DLN�QdR�N T_J M,N�@QM 2 QdR}H	NQK ] R�N J @QKf�WN-R�X 2 b�NKD[c]M,@K@QKMN��kRdb6b�XUK*c,R�H	K DWN[@�e
M ] H	NCRdc�HQKMN�� b-RSNIR�XMXUM�XUK @CQ EVK HCB�KMN�RSNPNIR T @[T[@PKMN��pQ�D J T�XMDXT[N�NKDWXMXfKMN��X�SNQM&R}HIX T KMQhb�NCD / M,@°bzM]NKPZDLNKQdR�N0c�Mm�@QM]MxcVB[Rdb�H	M]N Í o¡Ì Ó FD�dÕ B[R�@GN[DdR�N-R�XMDS�YPZDLN3QSD J T[X DsT[N�NKDWXMXfKMN���Y

� T J RSNC@CR�N-R�Q R�N J i1R�XfKUO Ó FSÍsÕ eSK NYR�NsM,RSNCXfKUM]N�EuDLNPO�edb�NQM�@QM,N�HsRn@CDWXfT�H	K DWN�HCDnHCB�M @CR�QnM�b�NCD�L[XUM�QR�@sKMN Ó F��sÕ Y z B�M�K N[N[D / R�H	K / MfP�M&R�HQT�NQMtR�L�DST�H�HCB�MdQRM�HCB[D J KMN Ó FSÍ3Õ K @�HCB-R�HsKgH�B-R�N J XfM,@sNPM��LK @KHQM�NR�XMX D[c,R�H	K DWNfR�N J QRM,Q�DLN T L-R�N�O�R�@K@QKf�WN[QRM,N�H @PKMQsT�X HVR�N�M,DLT�@CX T eyKMN[@`H	M&R J D�PaK NdR J M 2 c,DLT0b[XUM J QdR�N 2N�M�N]Yµi(DW@`H�D�HCB�M�N v:� � c,DWQhb�K X	R�HQKMDWNi@`H	NIR}H	M��SKUM,@ Ó F�� e FLÎ e Fdm Õ bzM]NKPZDLNKQFNQM��SKM@KHQM�NnR�XMX D[c,R�H	K DWN R�N JQnM�QSDLN T L-R�N�O"R�@K@QKf�WN[QRM,N�H�@PM@b-RDNIR�HQM,X T Y � KMQÏT[X HIR�N�M,DST[@yB-R�N J XfKMN���D�PXNPM��LK @KHQM�N�R�XMX D[c,R�H	K DWN R�N JQnM�QSDLN T L-R�N�OxR�@C@PKU�WN�QnM�N*H�K @ / R�XfT-R�L[XfM¥KMN�RSNtcVB�K HQM@c^H	T�NPM,@5EGB�M�NQMsHIB�M�NQMuRSNPM(c�DWN[@`H	NIRDKMN�HI@�DWNyEGB�K*cVB
NQM��SKM@KHQM�NK@Ac&R�NULzMnT[@QM J HCD1@`HIDLNPM J R�HIR�P�NCD�Q R b-RSNKHQK*c]T[X	RSN J R}HVR1L-R�N�OZY i1R�N T v:� �;RSNqcVB�KgH	Mec 2H	T�NPM,@ Ó ? msÕ b�X	Rdc]M=@QT6cVB c�DWN[@KHQNIRSK N�HI@ L|M@c,RST[@QMGD�P-HCB�M�KfN XUK QnKgH	M J c�DWN[N�Mec�H	K / K H T Y z B�M3QRM�HIB�D J K N Ó FDÍ ÕQSD J M,X @�HIB�M b�NKDWL[XfM,QÐT[@PKMN���R¼c,DWN�@KH	NCRSKMN�H:�LNCRdb[Ble�DWNAEGB�KHcVB%�LNCRdb[BAX	R�LzM�XUKMN���KM@nb|M�NKPZDSNCQRM J HID
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b�T�NQM�X T @KHIR�H	KHc J MebzM�N J M�N6c�M 2 R�N-R�X T @QK @�P�RSKMX HCD b�NCD / M�KMN J M@b|M,N J M�N6c�M�esR�@sNPT[N 2 HQKMQRM cVB�M@cjO*@ÔKMN6c]T�ND / M�NCB�M&R J e{R�N J HIB�M�NyT[QYL|M�N�D�P cVB�MecjO*@s�LNCDqEG@xNIRdb�K J X T EVK HCB_HCB�MSNyT[Q�LzM]N�D�PXKMN[@`H	NPT6c�HQKMDWN[@:NPM 2DSN J M]NQM JÙZ KgP�â<XMDWR J @3L T b-R�@C@BØA@KHCDLNQM�@,eZâ]Ø�NQT[N 2 cVB�M@cjO*@>RSNQMxN�M]M J M J Y
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� K N6c�M J�T N-R�QRK*c�QnM�QSDLN T�J KM@CR�QYL�Kf�LT-R�HQKMDWN�KM@n@QKMQRKMXMRSN=HID¾NQT[N 2 H	K QnM J KM@CR�QYL�Kf�LT-R�HQKMDWNWKMN(HIB�MHVR�@PO b|M�N`PZDLNCQRM J ezKMN c,DWQhb-RSNPKMN���EVK HIB1L-R�N�O J K @IR�QYL�KU�LT-R}H	KMD�Nle[HIB�M�@IR�QRMºc�DWQSQRM,N�HC@�Rdb6b�X T PZDLNJ�T N-R�QRK*c"QnM�QSDLN TbJ K @IR�Q�L�KU�LT[R�H	K DWN R�@ PZDLNWNQT[N 2 H	K QnM J K @IR�QYL�KU�LT-R}H	KMD�NvY z B-R�HkKM@,e J�T N-R�QRK*cQnM�QSDLN T�J KM@CR�QYL�Kf�LT-R�HQKMDWN�@CDWX / M�@yR J K I M�NPM,N�Hµb�NKDWL[XfM,Q P�NCDWQ L-R�N�O J K @IR�QYL�KU�LT-R}H	KMD�NvÌ J�T N-R�QRK*cQnM�QSDLN TtJ K @IR�Q�L�KU�LT[R�H	K DWN J D�M,@GN[D�HlM�N[@QT�NQMxHIB-R}H>Rsc@c�M�@C@PM,@o��DYHID�R�@PKMN���XUM�L-R�N�OZY ` N�@KH	M,R J eZK H\KM@
c,DWQhb[XUM�QnM�N�HVRSN T HID9HCB�MyL-R�N�O J KM@IR�QYL�KU�ST-R�H	K DWNdQRM�HCB[D J @XKMN i1Rdb�@ ZsJ�T N-R�QRK*cxQRM,Q�DLN TSJ K @IR�Q 2L�KU�LT[R�H	K DWN�QSR T LzMiT[@QM J HIDlNQM 2 DLN J M�N{N�DWN 2rJ KM@IR�QYL�KU�ST-R�H	M J Rsc@c�M�@C@PM,@,e�DSN Rdcec�M,@K@QM�@ J KM@CR�QYL�Kf�LT-R�HQM JHIDfHIB�My@IR�QnMxL-R�N�OZY

Õ | N�M 2 QRM,Q�DLN T(J KM@IR�QYL�KU�ST-R�H	K DWNle|RSHQM�NKQþT[@PM J L T i(R T\J R�N Ó½ÍS�sÕ PZDLNpB�KM@nE DLNPO|evKM@ T M�HxR�N 2D�HIB�M]NlOyK N J D�P QRM,Q�DLN TiJ KM@IR�QYL�KU�ST-R�H	K DWNiRdb0bzM,RSNQK N��ÔKMN HIB�M�XUKgH	M�NCR�H	T�NQMSY Õ c,D�Q8b�K XUM 2 H	K QnM>R�N-R�X 2T @PKM@�e[R | N�M 2 QRM,Q�DLN TfJ K @IR�Q�L�KU�LT[R�H	K DWNÔKM@=R·b�NQMec�K @QMnPZDSNCQ$D�P J MebzM�N J M�N6c�MyR�N[R�X T @QK @�Y z NIR J K HQKMDWN-R�XJ M@b|M,N J M,N6c]MSR�N-R�X T @PKM@ Ó½Í5F e ÍLÍ e Í×Î«Õ RDKMQ�@pHCD}b�NCD / M�HIB-R}H.b-RSKfNC@pD�P¯NQM^P�M�NPM,N6c]M,@yRSNPMÏKMN J M@b|M,N J M,N�H&eP�RSKMXfKMN���EGB�K*cVBuKgHÑc,DWN�@QM�N / R�H	K / M,X T R�@K@QT[QRM,@GHIB-R}HpHCB�M:NQM^P�M�NQM�N6c�M�@>QSR T LzM J MebzM�N J M�N*H,ezM / M�N�K P{R�H
NQT[N 2 H	K QnM�HIB�M T H	T�NKNADLT�H�HCDiLzMfR�XgE=R T @{KMN J M@b|M,N J M,N�H�Y Õ | N�M 2 QnM�QSDSN T(J KM@CR�QYL�Kf�LT-R�HQKMDWN1RSKMQ�@HID(R�N[@KEiM�N�HIB�MÔØyT�M�@KH	K DWN"D�P J MebzM�N J M�N6c�MSQSDLNPM b�NQMec�KM@PM,X T Ì õ ç�å�çMe�K Hnb[XMRdc�M�@�R J MebzM�N J M�N6c�M�M J �LM
K P3R�N J D�N[X T KgPuHCB�M�NPM¾K @yR�NcRdc^H	T-R�X J�T N-R�QRK*cÔKMN[@`HVR�N0c�MSR�HxNQT[N 2 H	K QnMYPZDLNxEGB�KHcVB_HCB�MÔNQM�P�M]NQM�N6c�M�@Rdc@c]M,@C@uHIB�Mn@IR�QRM>R J[J NQM�@C@]Y(i1R T J R�N ÓÛÍS�dÕ c,XMRSKMQ�@ HIB-R}H&e*PZDLN~R�XMX²c,R�@QM�@3Rdb6b|M&RSNPKMN��xKMNhb�NCRdc�HQK*c�M�e B�KM@R�N-R�X T @PKM@XK @XM ] Rdc�H�Y

Õ | N�M 2 QRM,Q�DLN TiJ KM@CR�QYL�Kf�LT-R�HQKMDWN J K I M�NC@GP�NCD�Q L-R�N�O J K @IR�QYL�KU�LT-R}H	KMD�NvY_r=R�N�O J K @IR�QYL�KU�LT-R 2H	KMD�N b�NPM J KHc�HI@pHIB�M�L-R�N�O NyT[QYL|M�NpPZDLNnR�N T NPM�P�M]NQM,N0c�MSÌlR | N�M 2 QnM�QSDLN T J KM@CR�QYL�Kf�LT-R�HQKMDWN�e-RSPZDLNKQD�P J M@b|M,N J M,N6c]M�R�N-R�X T @PKM@,e[b�NCD / M,@3HIB-R}H¸b-RSKfNC@ D�P�NQM�P�M]NQM�N6c�M�@nRDNQM�K N J M@b|M,N J M,N�H�Yri1Rdb�@,e[XfKUOSMnQSD�@KH
c,DWQhb�KMXfM�NK@,eFLzM�N�M o HI@5P�NKDWQ J MebzM�N J M,N0c�M=R�N-R�X T @PKM@�Y Õ | N�M 2 QRM,Q�DLN T�J KM@CR�QYL�Kf�LT-R�HQKMDWNµc,R�N�L|M¯T[@QM JPZDLN J M@b|M,N J M,N6c]MYR�N-R�X T @QK @\KMN i1Rdb�@,eZKMN[@`H	M,R J D�P5HCB�MyQSDSNQM�H	NCR J KgH	KMD�N-R�X�QRM�HCB[D J @XT[@QM J Y
8:9�ÿ:9 ä ç�ê&ï&ò�ç ñ�ê&ê&è�å+ìDìDë�ð�> ñ�ð&ê ìfí�è�åAñ�æ ë�ð�> ñ����&ò�ë@<#ñ�í�ë�ç|ð&ì
i(D J T[XMDSR J[J NPM,@K@QKMN�� Ó½Ídm e Í ÍsÕ KM@3HCB�M�N[R�QnM�D�P RSB-RSN J E RSNQM 2 @QT0b6b�DSNKH	M J R J[J NQM,@K@QK N��dQ�D J M�D�P H	M,N
b�NQM�@QM,N�HÔK N v:� � cVB�K*b�@,e @QT0cVB R�@�HIB�M«�oÖ_ä � � v:ÎLÎ 6�? ] Ó FfF«Õ Y i�D J T�XMDkR J[J NQM�@C@PKMN�� QSRdb[@�HIB�M@CD�P HrE RSNQM 2 R J�J NQM�@C@��������AHCDUR�X E R T @nKMQhb[XUKHc�K HCX T NPM�P�M�N�HID"XMDgc&R�HQKMDWN	������� 4�
 e EGB�M�NQM 
 KM@SR�N
KMN�H	M]�LM�N�eiT[@PT-R�X X T Rwb�DqE�M]N�D�PnHrEuD�Y ` NqM I M@c�H,e Q�D J T[XMD 2 R J[J NPM,@K@QKMN���KMQhb[XUM�QnM�N�HI@�HCB�M�R J[J NPM,@C@@qb-Rdc]McR�@(Rßc�KUNtc�T[XMRSNiL�T I M�N]Y i(D J T[X D R J�J NQM�@C@QK N��tKM@�T[@QM^P�T[X:KMNwRdb6b[XfK*c&R}H	KMD�N[@t@QT0cVB R�@k� ` 1
o X HQM�N ÓÛÍfm Õ e�EGB�M]NQM9DWN�X T Rd@CXfK J K N��fEVKMN J DqE D�P~RtXMRSNQ�LM�@KHQNQM,R�Q<D�P J R�HVR¾K @oODM@b�HyDWN cVB�K*bAR�H>DWN�MH	KMQRMSY Ù K HIB�DLT�HyQ�D J T�XMD 2 R J[J NPM,@C@PKMN���e�HIB�MRM�N�H	KUNPMfRSNQNCR T N�M�M J @yHID LzM9@KB�K P HQM J L T DWN�MÔM,XfM,QRM,N�H
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M / M]N T H	KMQRM�RdN�M�E'M�XUM,QRM,N�HEc,DWQRM,@lKMN(P�NKDWQ HIB�M�@KH	NPM&R�Q�Y Ù K HIB1QSD J T[X DdR J�J NQM�@C@QK N��[e�N[Dt@CB�K P H
K @{NQM]Ø�T�KUNQM J e R�@yHCB�M�N�M�E/M�XUM�QnM�N*H�@PKMQhb[X T D / M�N`EVNQK HQM,@�HIB�MfDWX J M,@`HtmZDLT�HQ�WDLKMN��*ooM,XfM,QRM,N�H�R�HyHIB�M
M�N J D�P5HCB�Mnc�KfNqc�T�X	RSN=L�T I M]N�Y

i(D J T[X DUR J[J NQM�@C@PKMN��%KM@fQnM�N�H	KMD�N�M J B�M�NPM�PZDSN�HrEuDgNPM&R�@KDWN[@�Y��[KUNC@`H&esHID c,XMRSNQKgP T HIB-R}HSQ�D J[2
T�XMD�R J[J NPM,@K@QKMN��1B-R�@�N[D�HCB�KMN���HCD J D�EVK HCB_Q�D J T[XMDWT[N�NKDWXMXfKMN���e�EVK HCB_EGB�KHcVBgK HyL|M&RDNC@�R(@QK QnK X	RSNN[R�QnMDY � M@c�DWN J e�HIB�M]NQMsK @>R�NuKMN�HQM�NQM�@KHQKMN��8b�DW@K@QK L�KMXfK H T D�P¥T[@QK N��d@KD�P HrE=RDNQM 2 KMQhb[XUM�QnM�N�H	M J Q�D J T�XMDR J[J NQM�@C@PKMN��nKMN 1pR&E PZDLNVNQM,R�X 2 H	KMQRMx@KHQNQM,R�QnK N��SRdb6b[XfK*c&R}H	KMD�N[@�Y z B�Ms� ` 1 2èo XgH	M]NJM / R�XUT-R}H	M J KMN�HIB�M
NPM,@PT[X HC@(cVB[Rdb�H	M]NxmÜcVB-Rdb�HQM�N Í o¥KMQhb[XUM�QnM�N*HC@sR / M�NK@QKMD�NSEGB�M]NQMnHCB�MJM,N�H	KfNQM J R�HIR 2 @`H	NQM,R�Q/KM@sQSRdb6b|M JHCD«T[N�KfØ�T�MfR J[J NPM,@C@ 2 @tb-Rdc�MfX D[c,R�H	K DWN[@�R}Hµc,DWQhb�K XUM 2 H	K QnMDY��-DLNxR�NPM&R�X 2 H	K QnM�e b�D�HQM,N�H	KMR�XMX T KMN o N�K H	M�e@`H	NPM&R�QRKMN�� / M�NC@PKMDWNdD�Pa� ` 1ye�QSRdb6b�K N���HCB�MJM,N�H	KfNQM J R�HVRy@KHQNQM,R�Q HIDxT[N�KUØyT�MnXMDgc&R�HQKMDWN�@�KM@sN[D�H�b�D�@ 2@PKML[XfMSYw��N J K N-RSNPKMX T e�R�NPM&R�X 2 HQKMQRMw� ` 1 DWN 1pRqE'NPM�ØyT�KUNPM,@{M ] b�XUK*c]K H J R�HVR 2 @CB�K P HI@nHID Rdcec,DWQ�QSD J R�HQMN�M�E*M,XUM�QnM�N�HI@,e�XUM&R J KMN��SHID RdEGB[DWXfMYN�M^Eyej@KH	NPM&R�QRKMN��}c,DWQhb�K X	R�HQKMDWN�QSD J M�X[K N6c,DWQhb-R�HQKML[XfM�EVKgHIB
1pR&ErcecSY Ù KgHIBUQ�D J T[XMD1R J[J NPM,@K@QKMN��[e B[DqE�M / M]N,esN[D @CB�K P HwKM@ÏNPM�ØyT�KfNQM J esR�@�HIB�MdN�M^E M�XUM,QRM,N�HÏKM@QSRdb6b|M J HID R�N�M ] K @KH	K N��tX D[c,R�H	K DWNkR�H>HIB�M9QRK J[J XUM�D�P HIB�MfRSNPNIR T elEGB�M�NQMYHCB�M9DLT�HQ�WDLK N���M,XfM,QRM,N�H
T�@QM J HIDRNQM,@PK J MDYBi(DLNPM,D / M]N,e�EVKgHIB(@CQSR�XMXjQ�D J K o c,R�H	K DWN[@,e HIB�K @nQ�D J T[XMD�R J[J NQM,@K@QK N��pc�DWQ8b�KMX	R}H	KMD�NQ�D J M,XVKM@ òjï�î ù�èSæ õ ö�éUå9EVK HCBy1pRqE�c@cDYÆr�M^PZDLNQM1Rdc@c]M,@K@,eJNQM�P�M]NQM�N6c�M�@tHID_HCB�M J R}HVR_@`H	NPM&R�Q EuDLT[X J
b|M�N`PZDLNCQ R Q�D J Dfb|M�NCR�H	K DWN(D�P HIB�M�RSNPNIR T KMN J M ] EVK HCB(HIB�Mxc]KUNqc]T[X	RDNpL�T I M]N>@PK*)�M�e�HCByT[@>QSRdb6b�K N��R�N«KMN o N�K H	M>@KH	NPM&R�Q HID�R o N�KgH	M�L�T I M]N�Y z B�Mnc�KfNqc]T[X	RSNuL�T I M�NG@QKH)�M�N�M�M J N[D�HGL|M{M�ØyT-R�X�HID�_e HIB�MNyT[Q�LzM]N�D�PGL-R�N�O*@�Ì_KMN[@`H	M&R J K Hxc&R�N L|MtR�N T b�DFEiM�N 2 D�P 2 HrE D Z Q�D J Dfb|M�NIR}H	KMD�N[@�EVKgHIBÁb�DqE�M]NC@9D�PHrEuDSRSNQMµcVB�M,Rdb[X T KMQhb[XUM�QnM�N*HQM J K N�@KD�P HrE RSNQM�R�@GL�KgH 2 EVK @QMRè ó úxDfb|M�NIR}H	KMD�N[@�Y
8{9�ÿ�� � �������������¼<��������� <�� � ���!�!�"�#�
�>HCB�M�NWNQM�@QM,RSNqcVB�M]NC@(B-R / M b-RSNIR�XMXUM�XUKH)�M J @CDWQRMAD�P�HCB�MALzM�N6cVB[QSRSNQO*@�KMN HIB�K @¼b-Rdb|M�NiPZDLNiQsT[XgH	K 2
b�NCDgc�M,@K@CDLNK@�Y Õ T�HIDWQSR�HQK*c b[RSNIR�X XUM�XUK*),R�H	K DWNaB-R�@ L|M�M,N J M�QSDWN�@KH	NCR�H	M J HIDcEuDLNQO EiM,X X>PZDLN J M�N[@QMQSR�HQNQK ] @tc�KUM�N�H	K o c·c�D J M,@ Ó bSb eZb ÚsÕ Y ` N(R J[J KgH	KMD�Nle @KDWQRM{KUNQNPM��LT�X	RSN=@tc�KfM,N�H	K o cyRdb6b[XfK*c,R�H	K DWN[@ c,R�N LzM
b[RSNIR�X XUM�XUK*)]M J T�@QKMN���HIB�MlK N[@qb|M@c^HIDLN 2 M ] Mec�T�HCDLN QRM�HCB[D J Ó½Î 6 Õ Y z~T b�KHc&R�X X T HCB�M,@PMnHQM@cVB[N�KfØyT�M,@iKMN / DWX / M
T�@QM�N 2 K N[@QM]NKH	M J c&R�XMXM@ HCDYRxNQT[N�H	K QnMGXfKML�NCRSN T @PT6cVBiR�@�ä%$ Õ � � Ó½Î ? Õ e R�N J RDNQMpN[D�H RST�HID�QdR�HQK*cDY z B�M
b�NCDL�LNCR�Q�QnM]N¥KM@�NPM,@qb�DWN[@PKML[XfM=PZDLN¯NQMec,DL�WN�K*)�K N��µc&R�@QM,@uR�QRM,N-R�L[XUM=HCD�@PT6cVBpb-RDNIR�X XUM,XfK*),R�H	K DWNleFN-R�QRM,X THCB[DW@PM�EGB�M�NPMYHIB�M9@CR�QRMAc,DWQ�QsT[N�K*c&R}H	KMD�N b-R}HCH	M]NCN=K @�NQMebzM,R�H	M J PZDSNnHIB�MsM,N�H	KfNQM J T�NIR�HQKMDWN D�P HIB�MX D Ddble[R�N J K N[@QM]NKHQKMN��f@QM / M]NIR�X�XUK L�NIRDN T c&R�X XM@�Y

` N8c,DWN�H	NCR�@KH,e HCB�M.i(Rdb[@=Rsb6b�NCDWRdcVB�KM@~Q�DLNQMV�LM�N�M�NCR�X�R�N J NPM�ØyT�KUNPM,@uN[DÏT[@PM�NiKMN�H	M]N / M�N�H	KMD�NvY ` HI@
�SM,N�M]NIR�XfK H T @`H	M,Q�@5P�NKDWQÇK HC@�M ] b[XMDSK HVR}H	KMD�N�D�P `�^ ��NIR�HCB�M�N�HIB-R�Nxc,D�RDNC@QM 2 �LNCRSKMN·b-RSNCR�XMXfM,XfKM@CQ HVRDNQ�LM^H	M JL TÔÓ½Î 6 Õ R�N J Ó bSb Õ YzikT[X HQK*b�NKD[c]M,@K@CDLNK@yRSNQMfQ�DW@KHCX T NQM,@`H	NPK*c�HQM J HIDi@PT6cVB c�D�RSNC@PM 2 �LNIRSK Nwb-RSNCR�XMXfM,XUK @CQL|M@c,RST[@PM=D�P-HIB�M�KUN�NQM�X	R�HQK / M,X T B�KU�WBAc�DWQ�QsT[N�KHc&R�HQKMDWN�R�N J @ T N6cVB�NCD�N�K*),R�H	K DWNAc,D�@KHI@]Y Ë N PZDLNKHQT[N-R�HQM,X T e
o N J KMN��]c,D�RSNK@QMÔ�LNCRSKMN b[RSNIR�X XUM�XUKM@KQ D�P H	M�N�NPM�ØyT�KfNQM,@�EGB�DWXUMzb�NKDL�LNCR�Q R�N[R�X T @QK @�L T HIB�Mzc,DWQhb�KMXfM�N�eEGB�K*cVByE DLNPO*@5EiM,XMX�D�N[X T K N:NQM,@`H	NPK*c�HQM J�J DWQSRSKMN[@]Y Õ @KD�P HrE=RDNQM 2 M ] b�DW@QM J QdRscVB�KMN�Mkc,R�N�@PT6c@c]M,@K@KP�T[X X T
M ] b[XMDLKgH `�^ � LzMec&RST[@PMdD�PuHIB�Mhb�NPM,@QM�N6c�MdD�P P�R�@`HÏNPM��LK @KHQM�N 2 XUM / M,XÊc�DWQ�QsT[N�KHc&R�HQKMDWNvYR�-DLNxHIB�Mp1pR&EQSRdcVB�K N�M�e�HIB�K @ÏK @�HIB�Mt@KHIR�H	KHcdN�M^HrE DLNPOZY���PÑc�DLT�NK@QM�e @KD�P HrE RSNQM 2 M ] b�DW@QM J QSRdcVB�K N�M,@xc&R�N5M ] b[XMDLKgH
c�D�RSNK@QM 2 �LNIRDKMN]b-RSNCR�XMXfM,XfKM@CQ R�@=EiM,X XaK P�HIB�Mnc�DWQ8b�KMXUM]N @KD8cVB[D\DW@PM,@�Y

` N�R J[J K H	K DWNdHCDYHIB�M�R J0/ R�N�HIRS�LM,@3D�P `�^ ��e²cVB�M&Rdb|M�NG@ T N0cVB�NCDWN�K*)&R}H	KMD�N«KM@GR�N[D�HIB�M]N3LzM�N�M o HGD�P RP�R�@KH,c�DWQhb�KMXfM�N 2 @qcVB�M J T[XfM J N�M�HrEuDLNQOwKMNY@KD�P HrE=RDNQM 2 M ] b�DW@QM J RDNqcVB�KgH	M@c^H	T�NPM,@ @PT6cVB�R�@,1pR&E:Y ` N9QsT[XgH	K 2
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b�NCDgc�M�@C@CDSNC@,e5@CB-RDNQKMN��(R / RSNQKMR�L[XfM9Rdc�NKDW@C@ J K I M]NQM,N�HyH	K XUM�@{NQM�ØyT�KfNQM�@�B�M&R /*T 2 J T�H T @ T N6cVB�NCDWN�KH)&R�HQKMDWNQnMecVB-R�N�K @CQ�@>@QT0cVB_R�@>XMDgcjO*@nHCD¾M,N�@QT�NPMzc,DLNPNQM@c^H�@PM�NQKMR�X�DLN J M]NQK N���Y Ù B�M,NARhc,DWQhb�KMXfM�N 2 @qcVB�M J T[XfM JN�M�HrEuDLNQO%KM@xb�NQM�@QM,N�H,e B[DqE�M / M�N�e HIB�MtDSN J M]NQKMN��u�LT-RDNIR�N�H	M]M,@Ab�NCD / K J M J L T HCB�MtN�M^HrE DLNPO b�NCD / K J M
c,DLNPNQM@c^HIN�M�@C@�e�EVKgHIB[DLT H3HIB�MyN�M]M J PZDSN3QnMecVB-R�N�K @CQ�@3@QT6cVB1R�@GXMDgcjO\@]Y

�-DLNxQRM,@K@IRS�LM 2 b-R�@C@QK N���QsT[X HQK*b�NKD[c]M,@K@CDLNK@,eaK H:K @µb�NCD o HVR�L�XUMYHID�O*N[DqE HIB�M�L[R�N�OkNyT[QYL|M�NK@�Rsc 2
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U�Pv@vBdb0b�KHE��|O�M@b|M!EWO�M!E6c]MxcDCRBDKHEWG%>SE�=?>�G,PqG,=?>7KUKHc.c!>7@@sTWE�K*c�B`=	KH>SEpcDCRBSELE�M!KFG%]^>LN b�N,>L�LNNBV@ G)dVKM=NC
B | E�MT«¬]�TLE6c�=QKH>7E_Bdc@c]M!G,GQM!G]Y(i~Bdb6b�KHE��ZO�M@b|M!EWO�M!E6c]M¸cDCRBSKHELG�=?>�B�G,PqG,=?>7KUKHc)BSNPNNB�P:KHG°b�N,> o =DBVUWKUM�d�C�M�E
KF>7E��8O�MebzM�EWO�M�E6c�M(cDCRBSKFEWG�BSNQM�B�VBSKHKHBSUWKUM�BSEWOxNQM4« TWGPM!Or]^>LN�O�KM°mM]NQM!E�=�ORBV=NBXM!KUM�@nM�E�=NG�Y�¯VMT« TLGQM#>S]q=NC�M
O�M@b|M!EWO�M�E6c�M4«îcDCRBDKHEWGlKHGVOSMTPzÌp>S=NC�M�N,dVKFGQMVY�EL>8b�KHbzM�KUKFE�M!O¼bRBSN?BSKHKfM!KfKHG?@BKHG�B�VBSKHKHBSUWKfMSY#¯VKHURBSG�O�MT=	Mec�=NG
=?C�MvO�M@b|M!EWO�M�E6c�M]cDCWBSKHEWGwTWGQKFE��~C�KHG}>�d�EzO�M@b|M!EWO�M�E6c�MeBVERBSKFPqGPKHGr=	M@cDCLE�KUØyT�MVY�d�C�K*cDC{]^>SN?@sTWKHBV=	M�G
o EWO�KHE��cO�M@b|M!EWO�M!E6c]M�BSG�BcKUKFE�M�BDN\KHE�=	M]�LM�N¸b�N?>L�LN?BS@@nKFE��ºb�N,>7UWKfM!@�Y��8C�M:NQM�GQTWKM=	KHE��cO�M@b|M!EWO�M!E6c]M
bWBV=?=QM�N?ELG_BDNQMÔNQMeb�NQM�GQM!E�=QM!OzBSGrO�MebzM�EWO�M�E6c�MLM@cT=N>LN,G�Yv¯JKFURBSG"G?CL>�d�Gr=NCWBV=}O�M@b|M!EWO�M!E6c]M!Gºc!BSE�UzM
@ Bdb6b|M!O�=?>wGQPqG,=N>SKUK*c�BDNQNNB�PqGrd�C�M!E�=NC�MO�MebzM�EWO�M!E0c�M SM@cT=N>LN,G|BSNPMzc!>7ELG,=DBVE�=�Y¾�R>LN"G,>7@RM�B | E�MT«
]�TLE6c�=QKH>7EAc�>XO�M!G!Y7=?C�M%O�MebzM�EWO�M�E6c�M8LMec�=?>LN?G#BSNPM%EW>S=jc!>7ELG,=DBVE�=�Ìq¯JKFURBSG�G,CW>sd�G#BSOWO�KM=	KF>7ERBSK b�N,>L�LNNBV@
=QNNBSELG,]^>LN,@vBV=QKH>7ELG!Y�=NCRBV=�]^>LN�G,>7@nM)>S]�=NC�M�GQM8EW>7Eq«îc!>SEWG,=NBSE�=Êc�BSGPM!G�Y�NPM!GPTWKF=�KFEAc!>SEWG,=NBSE�=#O�M@b|M!EWO�M!E6c]M
SM@cT=N>LN,GoBV]�=QM�N%=QNNBSEWGQ]^>LN?@ BV=QKH>7EvY

� PqGQ=N>7KfK*c c�>7@8b�KHKUM]N?G�=NBdcjO�KUM�B"O�KM°mM]NQM!E�=kb�N,>7UWKfM!@�]�N,>7@ inBdbWG Z d�C�KHKfM%G,PqG,=?>7KUKHc c!>S@8b�KFKUM]N?G�O�M!BSK
dVKM=NCcO�Mec!>7@hb�>7GQKFE��µc!>7@hb�TL=NBV=	KF>7EsKFE�=?>µb�K*b|M!KfKHE�M�G!Y inBdbWGÊb|M�N,]^>SN?@G�URBSE�O|O�KHG?BS@�U�Kf�LTRBV=QKH>7EwKHE�BSE
`�^ ��« M4J[bWKH>LKM=	KFE��8]�NNBS@RM�dA>LNQOZY � PqG,=N>SKUK*c#@ Bdb6b�KFE��7G�OW>ZEW>S=�O�KHG,=QNQKFU�TL=	M�=?C�M�KfN�b�NPKH@ BSN,P�ORBV=DBZBS@>7E��
O�KF°zM�NQM�E�=8G,PqG,=?>7KUKHc.c�M�KHKFG�Ì�KFEWG,=QM�BSOj=?C�M�KFE6b�TL=8OWBV=DBsKFG%G,=QNQM�BV@nM�O«KHEv]�N,>7@6>SE�M{M!EWOe>S]�=?C�M"G,PqGQ=N>7KfK*c
BDNQNNB�PxBSEWO�>LTL=¹b�TL=�ORB`=DBkKFGºb�N,>XO�T6c�M�O�BV=_=?C�Mj>S=?C�M�N]YwikM�@ >SN,P�CRBSG_EW> o JM!OzCL>7@nM URBSE�O�>7E
=?C�M|GQPqG,=N>SKUK*c_BSNPNNB�P|ÌuC�M�E6c�M|=?C�MsØyT�M�G,=	KF>7E<>S]�O�KHG?BS@�U�Kf�LTRBV=QKH>7EeOW>�M!GZEW>S="BDNQKHGPMSY ` E~=	M]N?@Go>S]�=NC�M
GQPqG,=N>SKUK*c(c!>S@8b�TX=DBV=QKH>7E_@ >qO�M!K�KF=?GQM�KF]0Y�KF=[KHGjb�N?> o =NBSUWKfM)>7EWKMPr]^>LN�b�N?>L�LN?BS@G�dVKF=?C|KF>7E��WYDNQM��STWKyBSN�BSEWO
NPMT«�TWGQM�OxO�MebzM�EWO�M�E6c�M}cDCWBSKHEWG]Y��8C�M `�^ ��«îc]M!E�=	NPK*cBdb6b�N?>�BdcDC%KHE�>LT�Nµc�>7@hb�KHKfM�N�KFG}@>LNPMh�LM!E�M]NNBSK±Y
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�LKF�KHE�� c!>S@8bRBDNNBSUWKfM�Gqb|M�M!O�T6bWG�=N>nG,PqG,=?>7KUKHcvBDNQNNB�PqG_]^>SN_GQPXGQ=N>7KfK*c8b�N?>L�SNNBS@G!Y�d�C�KHKfM GPT6c@c]M!G,G,]�TWKFKFP
bRBSNNBVKHKUM�KUKF®�KHE��w>V=NC�M]N?GcBSG_d�M�KHK}Yn�8C�Me¯�Bsdm@ BdcDC�KFE�M¾KM=NGQM�KF]¸c!BSEzU|M}b�N?>S�LNNBS@@RM!O{BVGcB~G,PqGQ=N>7KfK*c
BSNQN?BsP�KF]�O�M!GPKUNQM�OlYRCW>sdiM�LM]N!Y|KF=XKFG�EW>S=VNQM�G,=QNQK*cT=	M�Ow=?>�=?CRBV=Bb�N,>L�LNNBV@ @RKHE��_@ >qO�M�K}Y

Ù C�KFKUM%=?C�M�O�M!GPKU�7E�M]N?G�>S]pG,PqG,=?>7KUKHcZBDNQNNB�Pc@ BdcDC�KFE�M!G#KfKUOSM Ù BSNtb Óùm�© Õ BSELOnK Ù BSNtb ÓªfcÎ3Õ KHE�=	M�EWO�M!O
=NC�M�@µ=?>~U|MnTWGPM!O{dVKM=NC{BwG,PqG,=?>7KUKHc8c�>7@hb�KHKHBV=	KF>7E�@ >qO�M�KbY�KF=xKHG·c!>SE6c�M]KFVBSUWKfM=?><Bdb6bLKFP�BSE `�^ ��«
c�M!E�=QNQK*c�@>XO�M!KX=?>"=NC�M�@nY�KfKUOSMA=NCRBV=¥TWGQM�O¾KHEhinBdbWG�Y ` EhbWBSN,=QK*c�TLKyBSN�Y `�Ù BDNqb�G?CRBDNQM!G#@ BSE�P|]�M!BV=	T�NPM!G
dVKF=NC�=NC�MBi ` ��¯�Bsd£@vBscDC�KHE�MVY�GQT6cDC BSG¯MTJ[b�>7GQM�O¾KFEWG,=QNQT6cT=	KH>SEX« KFG?GQT�M8G?KH>V=NG#BSEWOÔM4J0b�>7GPM!Ov@RM!@>LNQP
URBSE�O�G!YuBSEWO�Bhc!>7@hb�KFKUM�N0« N,>LTL=	M�O¼c!>7@@sTWE�KHc�BV=QKH>7EeE�MT=id)>SNQOZYorA>S=NC~BSNQM}>LNQ�7BSE�KH®]M!O~BSG�=QKHKfM!G�>7E<B
b�« v @RM!G,ClY�dVKM=NCgM!BdcDC�=QKHKUMhc!>SE�=NBSKHE�KHE��¶b�N?>gc�M�G?GPKHE���BVEWO{@RM!@>LN,PSY Ù C�KHKfMdiMvCRB�SMjEW>S=|OW>7E�M
BjO�M�=NBSKHKfM!O<GQ=	TWOLPSYaKF=ZGQM]M!@G�=NCRBV=ni~BdbWG�KFG"Bdb6bLKUK*c!BSUWKfMr=?> ` d%BDNqb=KHE b�NQKFE6c�KHbWKUMDY ` d%BDNqb�GNBV=QKHG o M!G
=NC�M�=idA> b�NPM�NPM�ØyT�KHGPKF=QM!G�]^>LNhi~BsbWGc=N>�Bdb6bLKFP Z B�URBSE�O7«�MTJ[bp>SGQM!O£BSNqcDC�KF=	Mec�=QT�NQMVY)BSELOtB�E�MT=id)>SNQO
=NCRBV= b�N,>��KFO�M!G c!>7@hb�KHKfM�N0«i>LN,O�M�NPKHE��c>S]�@nM�G?G?BS�LM!G]Yl�"E�M|G?>ST�Nqc]M|>S]jbp>7G,GQKFUWKUMnb|M�N,]^>SN?@ BSE6c�M}KH>SG?GJKHG
=NCRBV= ` d)BSNqbmá¶G�E�M�=idA>LNPO«KHG8>fbL=QKH@RKH®]M!Oj]^>LN8GQ=	NQM!BS@RKHE���ORBV=NB�BSEWOeEW>S=�=NC�M}Gtc�BSKHBSN¸c!>S@ @sTLE�K*c!BV=	KF>7E
NQM�ØyT�KfNQM�OvU�Ppi~BdbWG]ÌKFE8bRBDN,=	KHc�TWKHBSN!Y×KM=�=DBSODM!G � cTP[c�KUM�G�=?>_GPM�=\T0bvBnc!>7@@sTWE�K*c�B`=	KH>SEzcDCRBSEWE�M�KbYqU�TL=
B f cTP[c�KUM�=NC�N,>LT��7C6b�TL=�KFG�b�>7G,GQKHULKUMSY Õ KF>�diM�NAGQMT=	T6bv=QKH@RM8d)>LTLKHOvC�M!K*bpbzM]N,]^>LN,@vBSE0c�M�>S]Ãi~BsbWG%>7E
` d%BSNtbvY
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�8C�KHGc=NC�M!GQKFG b�NQM�GQM!E�=?GjB<d%B�P5KF@8b�N?>sLMj=?C�Me@nM�@ >LNQPÁbRBDNNBSKFKUM!KfKHG,@¥>S]o@RK*c]N?>fb�N?>gc�M!G,G?>LNcO�M!GQKf�7EWG
U�P�TLGQKHE���Bßc�>7@hb�KHKfM�NQ«èc�M�E�=QNQKHc�Bdb6b�N,>�BdcDCvY in>7G,=w@RK*c]N?>fb�N,>[c]M!G,G?>LN,Gj=N>qORB�Pyb�NPM!GQM�E�=<B5TWE�K o M!O
KfM�d�>S]�@RM!@>LNQP=TWGQKFE��<CRBDN?OLd)BSNQMDÌ¯TWEL]^>LNQ=	TWERB`=	M!KMP�GQT6cDCzCWBSN?OLd)BSNPM�KHG}O�K | c]TWKF=}=N>nGqc�BVKUM�=N>�B
C�KU�7CvO�M��LNPM�M�>V]�@nM�@ >LNQP bRBSN?BSKHKfM!KUKFG?@�Y��%d)>�]kBdcT=N>LN,G�KFEWC�KHU�KF=�Gqc!BSKyBSU�KHKUKM=iP Z BSKFKM«b=N>V«iBSKHKXO�M@b|M!EWO�M!E6c]M
cDC�M@cjO�G\NPM�ØyT�KUNPM!OU�PhTWE�K o M!O@nM�@ >SN,P_CRBSN?OXd%BSNPMSYXBSEWOc=NC�MJTLGQM�>S]uKF>7E���dVKfNQM!G¯KFEGPT6cDCCRBSN?OXd%BSNPMSY
ä)>7EWGQM]ØyT�M!E�=NKMP7YÑc!>SE�SM!E�=	KF>7ERBSK�@RK*c]N?>fb�N,>[c]M!G,G?>LN,GnM4J0bLKH>LKM=�>7EWKFPzB�KfKH@RKF=	M�O�BS@>LTWE�=�>S]�@RM!@>LNQP
bRBSNNBVKHKUM�KUKFG?@wYiTWGPTRBSKFKFP�EW>x@ >LNPMw=?CRBSE f >LN«b�@nM�@ >SN,PqKHELG,=	NPT6c�=QKH>7ELGpb|M�Nhc�Pgc!KfMSY��8C�KHG =?C�M!GPKHG
MTJ[bWKH>SNQM!G_BSExBSKF=QM�N,ERBV=	KMLMcBsb6b�N?>7BdcDC Z M!KUKF@nKFERBV=QM_=NC�MRTLE�K o M�Ox@RM!@>LNQP<CRBSN,OLd)BSNQMVY�BSELO�KFEWG,=QM�BSO
CRB�LM�=NC�M]c�>7@hb�KHKfM�N·b�N?>s�KHO�MeB�TLE�K o M�OzKfM�dm>S]�@RM!@>LN,P�=N><=?C�M}b�N,>L�LNNBV@ @RM�N]Y%Ö�KfKH@RKHERBV=QKHE��
TWE�K o M!O�@RM!@>LNQP<CRBSN,OLd)BSNQMRKH@hbWKUKfM!Go=?CRBV=}GQT0cDCzBSNqcDC�KF=	Mec�=QT�NQM�G|CRB�LM@sTWKM=	KHbWKUM�@RM!@>LNQP<URBSE�OqG
KFGQKFUWKUM�=N>w=NC�M G?>S]�=id)BSNQMDY~�8C�M�GQM�BDNqcDC�KM=	M@cT=	T�NPM!GcBDNQMhc�BSKFKUM!O~öjè ó�ü`½ å,¾]ù ïs\ åQú�è ð	òjû�õ æ�å ò æ�÷ ð å \ Ye�8C�M
b�N?>L�SNNBS@@nM]NAc!>SE�=QKHEyT�M�G�=?> b�N?>L�SNNBS@ KHE�Bwc!>7E�SM!E�KfM!E�=vGPM�ØyT�M�E�=QKyBSK8@>qO�M!K�Ì�=?C�M¼c!>7@hb�KHKfM�N|BSTX«
=N>7@ BV=	KHc�BSKFKFP c!>SE�SM�NQ=NGjGPM�ØyT�M!E�=QKyBSKÑb�N,>L�LNNBV@ Gc=N> b�N,>L�LNNBV@ G�=NBSNQ�LMT=	KFE���@vBSE�P5M4J[bp>7GPM!O�UWBSE�O�G�Y
ikM!@>LN,PhbRBDNNBSKFKUM!KfKHG,@-KHG#=NCyTWGiKH@hb�N?>sSM!O dVKM=NCW>STL=�KFE6c�NPM�BSGPMoKFEpb�N,>L�LNNBV@ @RKHE��{MT°u>SN,=A>LNA@RM!@>LNQP
KyBV=QM!E6cTPLY
�8C�KFG�=NC�M�GQKFG"G?CW>sd�Gr=NCRBV=nöjè ó�ü ú õH\ è î ö õ aS÷�èSæ õ}ï�ó KHG�=?C�MhOSMTP c!>7@hb�KFKUM�N�=	MecDCWEW>7KF>L�SP�NPM�ØyT�KfNQM!O]^>LNh�7>q>XOÁb|M�NQ]^>LN?@ BSE6c]M�>7EzURBSE�O�«�MTJ[b�>7GQM�O�BSNtcDC�KF=QM@c�=QT�NQM�G�Y5r)BSE�O�O�KHGNBV@�U�KU�STRBV=	KF>7EgKFG|=NC�MeBdc�=

>S]:M!EWGPT�NQKFE���=?CRBV=vBx@RM!@>LN,PqNPM�]�M�NPM!E6c]M�KHELG,=	NPT6c�=QKH>7EÜ�7>�M!G =?>{B�GPKHE��SKUM¼c!>7@hb�KFKUMT«b=	KF@nM4« O�EW>sd�E
URBSE�O%KHEHMTLM�NQP{OLPqERBV@nKHc¾KHELG,=DBVE6c�MDY���>SN|@>7G,=|ORBV=DBnO�KHGQ=	NQKFU�TL=QKH>7EWG�Y�URBVE�OxO�KHGNBV@�U�KU�STRBV=	KF>7E�KHG
EW>S=WM�SM!E bp>SG?GQKFUWKUMn]^>LN�B{@ B ý >LNQKM=iP£>V]}=?C�M=NQMT]�M�NPM!E6c]M!G!Y�BSG«NQMT]�M�NQM�E6c�M�Gn@ B�P�Bsc@c�M�G?GeO�KM°mM]NQM!E�=
URBSE�O�GrO�T�NPKHE��jO�KF°zM�NQM�E�="OLPqERBS@RK*csKFEWG,=NBSE6c]M!G�Y � T0c@c�M�G?GQ]�TWK#URBSE�OnO�KHG?BS@�U�Kf�LTRBV=QKH>7EwGqcDC�M�@nM�G{TWGQM
c�BSNPM�]�TWKFKFPwGQM�KUM@cT=	M�O�OWBV=DBjO�KFG,=QNQKHU�TL=	KF>7EWG�GQT6cDC�=NCRB`="@ >SG,=�NPM�]�M]NQM!E0c�M!G}Bdcec�M�G?G}BvGQKFE��7KfM|URBSE�O�YpPLM�=
BnC�Kf�7CxO�M��LNPM�Mv>V]8@nM�@ >SN,PwbRBDNNBSKFKUM!KfKHG,@þM4J�KFG,=?G|U|M�=idiM�M!EzO�KF°zM�NQM�E�=ÏNPM�]�M�NPM!E6c]M!G]YuÖ�J[bzM]NQKF@nM�E�=NBSK
NQM!GPTWKF=?G%O�M�@ >7ELG,=	N?BV=	MZ=NCRBV=\TWGQKFE��|=NC�M�URBSE�OO�KFGNBS@�U�KU�LTRB`=	KH>SE @RM�=?CW>XOLG�KHE =NC�KFGA=NC�M!GQKFG\KH@hb�N,>�SM!G
bzM]N,]^>LN,@vBSE0c�MSY�KFEe@vBSE�Ppc�BSGPM!G!Y�U�PwB�]kBdc�=?>LN8>S] Ú =N> © >sSM�N�EW>S=VTWGPKHE���URBSE�OjO�KHG?BS@�U�Kf�LTRBV=QKH>7EmY

r%BVE�O�O�KHG?BS@�U�Kf�LTRBV=QKH>7Epb�N?>s�KHO�M�GEb|M�NQ]^>LN?@ BSE6c]M_BVOLVBSE�=DBS�LM�GoBVG�diM!KFK�BVGBb�>sd�M]N�BSOXSBVE�=NBS�LM�G�Y
Õ b|M�NQ]^>LN?@ BSE6c]M�BSOLVBSE�=DBD�LMhKHE���BSKFE�M!O�KFE<=id)>ed%B�PqG�Yn�.KfN?G,=!Y�GQKFE6c�McO�KFGNBS@|U�KU�LTWBV=	M�O=NQM�]�M]NQM�E6c�M�G
OW>�EW>S=oE�M�M�O�=?>��7>v=?C�N?>ST��7C=TWE�K o M!O~@nM�@ >LNQPwCRBSN?OXd%BSNPMSYu=?C�M�P<B�7>LKFO�KF=?GoEW>7Eq«iGqc!BSKyBVUWKUM}O�M!KHB�P7Y
=NCyTWG#@vBDO�KFE���NPM�]�M�NPM!E6c]M!G�]kBSGQ=	M�N�Y�BSEWO�BSKFKH>sdVKHE��Z=NC�M8E�TL@�UzM]N�>S]�URBSE�OqG�=?>"UzM\KFE6c�NPM�BSGPM!OvY � M@c�>7EWOlY
GQKHE0c�M|O�KHGNBV@�U�KU�STRBV=	M�OuNPM�]�M�NPM!E6c]M!G"Bsc@c�M�G?G�O�EW>sd�E�URBVE�O�G!Yp=?C�Mºc�>7@hb�KHKfM�NÑc�BSE bWKyBdc]MwKFEWG,=QNQT6cT=	KF>7EWG
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c�KH>7GPM�=N>�ORBV=DBXY�=?C�TLG @RKHE�KF@nKF®�KFE��n=?C�MnO�KHG,=NBSE6c]Me=QNNB�LM�KUM�O£>7EÔcDC�K*b	=N>�@RM!@>LN,PzUWBSE�O�G�Yt�8C�KHG
NPM!O�T0c�=	KF>7E¾KFE dVKfNQM�O�M!KHBsP�dVKFKHKRU|M@c!>S@nMlKHE6c]NQM�BVGQKHE��7KFPhKF@8b�>LNQ=DBSE�=�>sLM�N�=NC�MZE�MTJq=8O�M@c�BVO�M�BSG�dVKUNPMT«
O�M!KyB�PeBsc�N?>SG?GEcDC�K*blY�@RM�BSGPT�NQM�O�KHE¶c�Pgc!KfM!G�YzKFG b�N,> ý M@cT=	M�O~=N>RNNBdb�KHOWKMP«NQKFGQMSY\r�M!GPKHO�M�GEb|M�N,]^>SN?@ BSE6c�MVY
UWBSE�O|O�KHGNBV@�U�KU�STRBV=	KF>7E_BSKHG,>{NQM!O�T6c�M�G(b�>sd�M]Nkc!>7EWGPTW@hbL=	KF>7EvY¥��>sd�M]N�G?B�KFE��7G#BSNPMXNQM!BSKUKF®�M!O�]^>SN�=id)>
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�søcÎ4ûsûsûSî
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Í	�sý�Ïj:Lî�o�ß?n6�VáY�SÑMã��SÒ^Ú!Þ8î&\)ß0Ó�ã0ã4Úsç�î��AÝ4×�×�Ý4ã0ã��sÚ�4Zî!ç�Ó�â �X� Ò^Ú�Ös×�Ù��)î�ì�ÓTê�Ý4×Rîd%ß0Ø�Ös×�ÒZn4Ö�Ô0Ò�Ó�×oÖs×�Ù�ä)åz:SïRïbé"æ
� Ñ�Ý4é"Ý4×VÔ0Ö�Ô0Ò�Ó�×cÓsð�= ï�o9:Lî ®��õ7÷E+7�&���CRr· ° ��ò ��+3S ô �&�('Lõ7öt#D÷ � V�$Nöt#���$ ÚuÎ�úi��ü,ñªÎ��!ù��Y��ù�ýSÚ�à)Ý4ÛNÝ4é�áWÝDßÎ4ûsýWL�î

Í	�sû�Ï|è8Ý4Ò�Ô0Ürà%Ò�ÝDðHÝ4×�Ù�Ósß��lîWè>�G��ÜqÖsÑªÑ�Ý4×�ØsÝ4ã�ï¬×VÔiÝ4Ñ�î -h)i0D÷��E'X÷��a0E#�$?$��s÷kFH#c'I�s÷?ö Ú�Îa��ú¬Î�LVü,ñªÎ�Ú7d%ÛNÔiÓsáWÝDß9�sÿrÎ4ûsûsýSî
Í ø�ù!Ï�çsÓ�Ü�×���Ý4×�×�Ý4ã0ã��sÚ�4�Ósß,érÖs×~ç�Ó�â �X� Ò^Úpë�Ósß0Ý4ã0Ô�
�Ösã��sÝDÔiÔDÚ�Ös×�Ùnç�Ó�Ü�×b\%ÒMÑªÑ�îj= Ò � ãDñ�8 [SÑªãQÒ � ß0Ó7ÛNÝ4ã0ãiÓsßÖ�ßQÛQÜ�ÒªÔiÝ4ÛNÔ0â�ß0Ýsî�ÞpÝ4ÛQÜ�×qÒªÛDÖsÑ�ì#Ý � Ósß0Ô(�&�søSÚA:SÔ0Ös×�ðHÓsßQÙjv)×�ÒZ[sÝDßQã0ÒªÔt�sÚ3:SÔ0Ös×�ðFÓsßQÙ�ÚX��8�ÚXç`â�×�Ý"Î4ûsýsøSî
Í ø7Î?Ï|ì#ÓsáWÝDß0ÔGouîq��Ó�Ñ�ê�Ý4ÑªÑ�Úpì�ÓsáWÝDß0Ô>ouîz4AÒ¸�WÚ�çsÓ�Ü�×~ç�îzd�< àAÓ�×q×�Ý4ÑªÑ�Úlà%Öa[7ÒªÙ�ouîzolÖ � ê�Ósß0Ô0ÜRÚ�Ös×�ÙbolÖsâ�Ñ�èrîì#Ó7Ù�érÖs×Rî_8�ä)å�ï±Õ Ö�ßQÛ,Ü�Ò�ÔiÝ4ÛNÔ0â�ßQÝ�ðFÓsß_Ö�ÔißQÖsÛNÝ ãQÛQÜ�Ý4Ù�âqÑªÒª×�Ø�ÛNÓ�é � ÒMÑ�ÝDß4î<ïb× � ÷��a0E#E#�S�),+%��$h�CR�ö,1I#

� #�0E��+7S ò +qöt#N÷D+7�sö*)i��+7��� ô ��+aRa#N÷�#�+70D#k�&+�y)÷�0�1")yöt#�0Töyõ7÷C��� � õ�'�'I��÷Nö"R6��÷ � ÷�����÷C������),+%� ° �&+%�sõX�a�Y#D$H��+7S
´p'#N÷��sö*),+%� � VW$?öt#6��$ Ú � Ö�ØsÝ4ãZÎ4ý�ù��XÎ4û&�SÚAouÖsÑªÓ.8AÑªÔiÓ�Ú3��ÖsÑªÒ�ðHÓsßQ×�ÒMÖ7Úd%ÛNÔiÓsáWÝDßkK��SýSÚuÎ4ûsý��Vî

Í ø&��Ï�çsÓ�Ü�×b��Ý4×q×�Ý4ã0ã��~Ös×�Ù<à)Ö�[SÒMÙbolÖ�ÔiÔiÝDßQã0Ó�×Rî ô ���k'Xõ�öt#D÷ y%÷C061")Höt#?04öyõ7÷�#wyº¹�õX��+qö*)yö��sö*)2µ&#.y9'�'X÷��a��061 î
=Ósß0Ø�Ös× è�Ösâ�ðyérÖs×�×RÚolÖsÑ�Ó.8)Ñ�ÔiÓ�Ú3��8�Ú�ãiÝ4ÛNÓ�×qÙcÝ4Ù�Ò�Ô0Ò�Ó�×�Ú�Î4ûsûsÿSî

Í øsø�Ï|å�Òª×�ÑªÝ6�j\)ê�Ý4×�×�Ö � î98e=và�\)ÝDÔ0ã)Ô0Ü�Ý�ïQï0ï±ß,ÙcàAÝDØsßQÝDÝsî -h)i0D÷��E'X÷��a0E#�$?$6��÷�FH#�'I��÷Nö ÚlÎ4ø�ú�ø�ü,ñ��&�SÚp= Ö�ßQÛ,ÜvýÎ4ûsûsûSî
Í øWL�Ï�= ÒªÛ,Ü�Ö�Ý4Ñ�
)îqÞuÖa�7Ñ�Ósß4î�à)Ý4ã0Ò�Ø�× àAÝ4ÛDÒMã0Ò�Ó�×�ãAÒª×�Ô0Ü�Ý�ï¬é � ÑªÝ4é"Ý4×`Ô0Ö�Ô0ÒªÓ�×cÓsð�Örì�ÖTê`8AßQÛQÜqÒ�ÔiÝ4ÛNÔ0â�ß0Ý�Õ�Ósß?�`æãiÔ0Ö�Ô0Ò�Ó�×Rîe= ÖsãiÔiÝDß�< ãAÔ0Ü�Ý4ã0ÒªãDÚP= ÖsãQã0ÖsÛQÜSâ�ãiÝDÔiÔ0ã%ï¬×�ãiÔ0Ò�Ô0â�ÔiÝ�Ósð�ÞpÝ4ÛQÜ�×�Ó�ÑªÓsØ&�sÚ�àAÝ � Ö�ß0Ô0é"Ý4×VÔ)Ósð�Ð�Ñ�Ý4ÛNÔißQÒªÛDÖsÑÐ�×�Ø�Òª×�ÝDÝDßQÒª×�Ø�Ös×�Ùr��Ó�é � â�ÔiÝDße:7ÛDÒªÝ4×�ÛNÝsÚ7:SÝ � ÔiÝ4éZáWÝDß�Î4ûsûsûSî
Í ø&K�Ï|ì�îsì�â�Ø�ÒM×�Ö%Ös×�Ù�=wî�ìAÒª×�Ö�ßQÙ�îXopÓ�ÒM×`ÔiÝDß�8)×�ÖsÑZ�7ã0ÒªãuðHÓsßq= âqÑ�Ô0Ò�Ô0Ü�ß0Ý4ÖsÙ�Ý4Ù�o�ß0ÓsØsßQÖsérã4îqï¬× � ÷��a0E#E#�S�),+%��$~�CR

ö,1I# �7òW¯ ��° ye±�» ¤"¤ ô ��+aRa#N÷�#�+70D#{��+ � ÷C�?�s÷���� ° ��+Y�sõX�a�%# � #D$E)Z�&+���+3S ò �k'7�Z#6�.#�+qö��sö*)i��+ ÚX8�Ô0ÑMÖs×`Ô0Ö7Ú
\~8�Ú7= Ö��jÎ4ûsûsûSî

Í øsÿ�Ï�= Ö�ß���Ösé�Ð�é}ÖsérÒ�ÚVìAÖ��sÝ4ã0Üj\%Ü�ÒZ��Ö7Ú7Ös×�Ù}åpÖsâ�ßQÒ�Ý�ç�î%�AÝ4×�Ù�ß0Ý4×�îA��Ó�×VÔiÝ��7Ô¬ækãiÝ4×�ã0Ò�Ô0Ò�[sÝ)Òª×VÔiÝDß � ßQÓSÛNÝ4Ù�â�ßQÖsÑ
� Ó�ÒM×`Ô0ã¬æ^ÔiÓ�Ös×qÖsÑZ�SãQÒªã8Òª×jÔ0Ü�Ý � ßQÝ4ãiÝ4×�ÛNÝrÓsð�ðHâq×�ÛNÔ0Ò�Ó�× � Ó�Òª×VÔiÝDßQãDî�ïb× � ÷��a0E#E#�S�),+%��$m�CRrö,1I#�y ô - �7òW¯ x
��° ye±¼» ¤6� ô ��+�R6#D÷�#6+70E#.��+ � ÷�����÷C������),+%� ° ��+%��õX�a�%#�$ � #D$D)¸��+B�&+7S ò �k'7��#��.#�+qö���ö*)*��+ Ú�d)ßQÑªÖs×qÙ�Ó�Úëuå�Úqç�â�×�ÝrÎ4ûsûWL�î

Í ø��TÏ|àZî�Ð�î�= Ö��SÙ�Ös×�Ú�ç�î�å�îq��Ý4×�×�Ý4ã0ã��sÚ�Ös×�Ùf=nî�:Lî�å�Ösé�înÐ�½|ÛDÒ�Ý4×`Ô"Ös×�Ù<Ðq�7ÖsÛNÔ}à%Ö�Ô0Ö�à)Ý � Ý4×�Ù�Ý4×�ÛNÝ
8A×�ÖsÑ��Sã0ÒMãDî"ïb× � ÷��a0E#E#�S�),+%��$j�CR}ö,1I# ��òW¯ ��° ye±ª» ¤�� ô ��+aRa#N÷�#�+70D#m��+ � ÷�����÷C��� ° ��+%�sõX�a�Y# � #D$E)Z�&+
��+7S ò �k'7�Z#6�.#�+qö��sö*)i��+ ÚWÞpÓsß0Ó�×`ÔiÓ�ÚWç�â�×�ÝrÎ4ûsû7Î�î



fs©Y¾ �k���~��� G Ê�����³#·RÉ
Í øsý�Ï�:7ÖsérÖs×^8AérÖ�ß,Ösã0Òª×�Ø�Ü�ÝsÚ�ÕeÖsÑ�ÔiÝDß�å�ÝDÝsÚ)Ös×�Ù�
�Ý4×�\)ß0ÝDÝ4×Vê�ÖsÑªÙRî¿:SÔiß0Ý4×�ØsÔ0Ü�ì#Ý4Ùqâ�ÛNÔ0Ò�Ó�×xÓsð�ïb×VÔiÝDØsÝDß

à)Ò�[SÒªãQÒ�Ó�×"Ös×�Ù = ÓSÙqâ�Ñ�Ó>d � ÝDßQÖ�Ô0Ò�Ó�×qãDî - ò&À ° �%!���÷��sö���÷DV(R6��÷ ô �&�('Lõ7öt#D÷ � 06)�#�+70D# À #?0�1"+X)i0?�&�I-/#6� �W|
- ò&À x ° ô � x À -hx � ��� ÚX4AÓ�[sÝ4éZáWÝDßZÎ4ûsûsûSî

Í øsû�Ï�:7ÖsérÖs×�8)érÖ�ßQÖsã0Òª×�Ø�Ü�Ýsî¿olÖ�ßQÖsÑªÑ�Ý4ÑMÒZn4Òª×�Øf��Ó�é � ÒªÑªÝDß|ÞpÝ4ÛQÜ�×qÒ�ÁVâ�Ý4ãj
�Ösã0Ý4ÙzÓ�×zå�Òª×�Ý4Ö�ß|ï¬×�ÝaÁSâ�ÖsÑªÒ�Ô0ÒªÝ4ãDîïb× � 1YT �ÂÀ 1I#�$E)2$?| � ö���+aR6��÷�S�Ã�+X),µ�#N÷E$E)yö*V�T(ye�N$��¶�E'�'X#���÷E$B��$ À #?0�1")i0?���HFH#�'I��÷Nö ô � ° x À Fex�¤�6x����6� Úç�Ös×Sâ�Ö�ß��jÎ4ûsû��Vî
Í L�ù!Ï.8A×�Ös×VÔk8AØ�Ö�ß0ê�ÖsÑ�ÚXà%Ö�[SÒªÙvè8ßQÖs×XnsÚqÖs×�Ù�ä�Ý4×X�!Ö�Ô~4AÖ�Ô0Ö�ß,Ö�íiÖs×RîH8)â�ÔiÓ�érÖ�Ô0ÒMÛ>olÖ�ß0Ô0Ò�Ô0ÒªÓ�×�Òª×�Ø"Ósð�olÖ�ßQÖsÑªÑ�Ý4Ñ

å�ÓSÓ � ã�ðHÓsßu��ÖsÛ,Ü�ÝNæ���Ó�Ü�ÝDßQÝ4×`Ôe= â�ÑªÔ0Ò � ß0Ó7ÛNÝ4ã0ãiÓsßQã4î�ï¬× ����+7S ò +qöt#N÷D+7�sö*)i��+7��� ô ��+�R6#D÷�#6+70E#��&+ � ��÷����,�Z#6�
� ÷��a0E#�$?$E),+%� Ú � Ö�ØsÝ4ã�ûWL`ø��Sûsÿ&�SÚ5:SÔDî"��ÜqÖ�ßQÑ�Ý4ãDÚsï¬å�Ú&8)â�Ø�â�ãiÔ#Î4ûsûsøSî�ï¬Ð�Ð�Ð#î58)ÑªãiÓ8Òª×oï¬Ð�Ð�ÐeÞ�ß,Ös×�ã0ÖsÛNÔ0Ò�Ó�×�ãÓ�×�olÖ�ßQÖsÑªÑ�Ý4ÑRÖs×�Ùà)ÒMãiÔißQÒ�áqâ�ÔiÝ4Ùj:I�SãiÔiÝ4é}ãDÚX[sÓ�Ñ�ÿSÚ �5� ûWL`ø�æ±ûsÿ7Î�ÚJ:7Ý � ÔiÝ4é�áWÝDß�Î4ûsû&KSî

Í L�Î?Ï_çsÝ4Ös×�×�Ý8ë�ÝDßQßQÖs×`ÔiÝsÚLè�Ö�ßQÑRç�î7d%ÔiÔiÝ4×�ãiÔiÝ4Òª×RÚ�Ös×�Ù�ç�ÓVÝ�àoî�ÕeÖ�ß0ßQÝ4×Rî�Þ#Ü�Ý � ß0ÓsØsß,Ösé Ù�Ý � Ý4×�Ù�Ý4×�ÛNÝ%ØsßQÖ � ÜÖs×�ÙcÒ�Ô0ã#â�ã0Ý�Òª×�Ó � Ô0ÒªérÒ�n4Ö�Ô0Ò�Ó�×Rî ö��E'7�Z�W$ ÚpÎ4ûsý��Vî
Í L"��Ï.= ÒªÛ,Ü�Ö�Ý4ÑWàoîX:�érÒ�Ô0ÜRî�Ðq�SÔiÝ4×�ÙqÒª×�Ø�:v�ï¬ëwðHÓsß�= ÖsÛ,Ü�Òª×�ÝNækÙ�Ý � Ý4×qÙ�Ý4×`ÔHd � Ô0ÒMérÒZn4Ö�Ô0Ò�Ó�×�ã4îRïb× � ÷��a0E#E#�S�),+%�&$

�CR�ö,1I# � )H÷?$Nö � Ã ò � ô �&�('3)2��#N÷¢¦;��÷EU�$?1I�E' Ú � Ö�ØsÝ4ã�Î�LW�Y�&KSÚJ:SÔ0Ös×�ðHÓsßQÙRÚ7�98ZÚqç�Ös×Sâ�Ö�ß��jÎ4ûsûsÿSî
Í L`ø�Ï.
�í0Ö�ßQ×�Ý.:SÔiÝDÝ4×qãiØ�ÖsÖ�ßQÙRî�ouÓ�Òª×`Ô0ãiæ^ÔiÓÖs×�ÖsÑZ�7ã0Òªã%Òª×jÖsÑªé"Ó�ã0Ô%ÑMÒª×�Ý4Ö�ß%Ô0Òªé"Ýsî�:SÔDîJouÝDÔiÝDßQãiáqâ�ßQØm
�Ý4ÖsÛ,ÜRÚpëlå�Ú

ç�Ös×Sâ�Ö�ß��jÎ4ûsûsÿSî
Í L&L�Ï}ì#ÓsáWÝDß0ÔHouîqÕ{ÒªÑªãiÓ�×�î�Ð�½_ÛDÒªÝ4×`Ôe��Ó�×`ÔiÝ��7Ô¬æ�:SÝ4×�ã0ÒªÔ0ÒZ[sÝGouÓ�Òª×VÔiÝDßk8)×�ÖsÑZ�7ã0Òªã�ë�Ósß{�Äo�ßQÓsØsßQÖsérãDî�ïb× � 1YT �

À 1I#D$D)Å$E| � ö���+aR6��÷�S¶Ã�+X)2µ&#N÷E$E)yö*VW| ô ���k'Xõ�öt#N÷ � V�$Nöt#���$ ° �%!���÷��sö���÷DV Ú�àAÝ4ÛNÝ4éZáWÝDßZÎ4ûsû��Vî
Í L"K�Ï�:SÔ0Ös×�Ù�Ö�ßQÙ opÝDßQðFÓsßQé}Ös×�ÛNÝÅÐ�[!ÖsÑªâqÖ�Ô0Ò�Ó�× ��Ósß � Ósß,Ö�Ô0Ò�Ó�×Rî Þ#Ü�ÝÆ:Io�Ð9� áWÝ4×�ÛQÜqérÖ�ß�� ã0â�Ò�ÔiÝ4ã4î

1Vö�öN'POlQ�Q5Ç�Ç�Ç�T�$�'#?0�T,��÷*�6Q î
Í L`ÿ�Ï.= Ö�ß0Ô0ÒM×��)î�ìAÒª×�Ö�ßQÙ�Ös×�Ù�=Ó�×qÒªÛDÖr:Lî�åpÖsécî_Þ�Ü�Ý}à)Ý4ã0Ò�Ø�×RÚpïbé � Ñ�Ý4é"Ý4×VÔ0Ö�Ô0Ò�Ó�×RÚuÖs×�ÙeÐq[�ÖsÑªâ�Ö�Ô0ÒªÓ�×�Ósðç�ÖsÙ�Ýsî y ô - À ÷���+$6��04ö*)i��+$���+ � ÷C����÷C�&����),+%� ° ��+%��õ���%#D$m��+7S � VW$Nöt#���$ Úq��ù�ú�ø�ü,ñ	L`ýsø��YKWL"KSÚ9= Ö��Î4ûsûsýSî
Í L%�TÏ��)îLå�ÝDÝsÚ�=nîPouÓsÔ��sÓ�×!í0Ö��LÚ�Ös×�ÙjÕ£îP�ZîA= Ös×�Ø�Ò�Ó�×�ÝNæ�:7érÒªÔ0ÜRî{=Ý4ÙqÒªÖ&
�Ý4×�ÛQÜRñ~8ÁÞpÓSÓ�ÑpðHÓsß8Ðq[�ÖsÑªâ�Ö�Ô0Òª×�Ø

Ös×�Ù¶:I�S×VÔ0Ü�Ý4ã0ÒZn4ÒM×�Ø;=vâ�Ñ�Ô0Òªé"Ý4ÙqÒªÖcÖs×�Ùf��Ó�éréoâ�×�ÒªÛDÖ�Ô0Ò�Ó�×qã�:Y�7ãiÔiÝ4érãDî ïb× � ÷��a0D#?#�S&)2+%�&$j��R_ö,1I#�È%��ö,1
ye+X+�õX��� ò +Xöt#N÷D+7�sö*)i��+7��� � V��k'I�W$D)FõI�É��+�-B)*04÷C�a�s÷C061")Höt#?04öyõ7÷�#_¡*- ò ô F>´9x�ÈY�E£ Ú#ì�Ý4ãiÝ4Ö�ßQÛQÜ{ÞpßQÒªÖs×�Ø�ÑªÝ
ouÖ�ß?�XÚ54u�)Ú�à)Ý4ÛNÝ4éZáLÝDßoÎ4ûsû��VîXï¬Ð�Ð�Ð���Ó�é � â�ÔiÝDße:SÓ7ÛDÒ�ÝDÔt�sî

Í L`ý�Ï}å�Ö4ê�ß0Ý4×�ÛNÝ{8Zîqì#Ó�ê�ÝsÚqè�Ý6[SÒª×;\%Ó�×�Ø�ÚqÐ�â�ØsÝ4×�Ý{�Aâq×�Ø�Ú�è8ÝDÔ0Ös×�olÖ�ÔiÝ4Ñ�Ú3:7ÔiÝ6[sÝ�:7é"ÓSÓsÔDÚ�Ös×�Ùcà%Ös×�ÕeÖsÑ'æ
ÑªÖsÛQÜRîq
�ÝDß��sÝ4ÑªÝ6��=ro�Ð}\�ÞpÓVÓ�ÑMãDî 1Vö�öN'POlQ�QP!6�o÷�0�T*!?#D÷?U�#���#�V�T*#�S�õWQ�R?÷C�&� #CQq÷�#D$6#E��÷�0�1�Q5�e'X#t��Q î

Í L`û�Ï���ÓsßQÒª×�×qÖ å�ÝDÝ Ös×�Ù = Ö�ß?� :SÔiÓSÓ7Ù�Ñ�Ý6�sî v)Þ#à{:Io 
�Ý4×�ÛQÜ5= Ö�ß�� :7â�ÒªÔiÝsî
1Vö�öN'POlQ�Q5Ç�Ç�Ç�T*#?#�0c�"TFö���÷���+qö���T*#�S�õWQ�0E��÷E),+X+7��Q �{� � Q5),+aR?÷C��$?öy÷?õ0Töyõ7÷�#CQ�Ã ÀA�{� � TZ1Sö*��� Ú�Î4ûsû&�Sî

Í	K�ù!Ï_çsÓSÝ4Ñz:7ÖsÑªÔ�nsÚLìAÖa[7Ò�ouÓ�×�×Sâ�ã0Ösé>�sÚ�:7Ü�ÖsérÒ���:�Ü�Ö�ßQérÖ7ÚP
�Ó�×�Ø&�SÒ�= ÓVÓ�×RÚ3¥�â�Ös×�æ�:7Ü�Òª×r��ê�Ös×�Ø�ÚA= âqãiÔ0Ö�ðHÖ
v(�7ã0ÖsÑ�Ú�Ös×�Ùxì�Ö�í0Önà%ÖsãDî�8�=vÖs×VâqÖsÑ#ðHÓsß_Ô0Ü�ÝB�9�e8(d{:�ìAâ�×`Ô0ÒMé"Ýå�Òªá�ßQÖ�ß��LîxÞpÝ4ÛQÜ�×qÒªÛDÖsÑ�ßQÝ � ÓsßQÔDÚ
vA×�Ò�[sÝDßQã0Ò�Ôc�}Ósð�= Ö�ß?�SÑªÖs×qÙRñ�à)Ý � Ö�ß0Ô0é"Ý4×VÔ#Ósð���Ó�é � â�ÔiÝDßk:7ÛDÒ�Ý4×�ÛNÝ�Ös×�Ù;vk= ï�8(�(:LÚ5=vÖ�ßQÛQÜnÎ4ûsû&KSî

Í	K7Î?Ï.
�ß,â�ÛNÝ�:�ÛQÜ�×�Ý4ÒªÝDß4î y9'�'7��)i#?S;0D÷DVE'Lö�����÷C�E'71"V�O~'X÷��sö��a0E���N$?|~�&� �%��÷E)yö,1"��$?|k�&+7Sm$6��õ7÷C0D#.0E�aS"# )2+ ô î%çsÓ�Ü�×Õ�ÒªÑªÝ6�sÚX4�ÝDê²¥�Ósß��XÚXãiÝ4ÛNÓ�×�ÙcÝ4Ù�ÒªÔ0Ò�Ó�×RÚRÎ4ûsûsÿSî
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