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acS�U}ac_`dnS�s<O*��ir^bs�sn[)xY¦rS�svacV`S�^`dn[ ? xmS<]ù[rw àWárâbãMätêrîmé�árú�à�î�ûrñ`árïÕî�èMâ X îÕüÕå�ü X¶V`[�|	au[4jbgmsnaudug ? _bacSÊj`i+aWi
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ir]�[rh`l)sna*iÂ] @ dugqi+jÞ[rw�^�[rsusug ? gmxYgYaugmS�s<X�irh`jßstaWi+auS�gYa*gYhÞ[)h`S�[rdØap|\[�snS�hAacS<h`U�S<s�OÛQ�V`S<duS�V�i�¦)S
? S<S�hÒgmh`h�_`]�S�dui ? xmS*gYh`snacirh`U<S�sÊ|=V`S�hÒo�V�i�¦)SD|�irxYôrS<j×gYh�au[õV`gmsÊ[=<�U<SrX9j`S�^`dnS�snsuS�jÞi ? [r_ba�su[)]�S
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
o�|\[)_bxmjÒxmgmô+S*ac[õacV�irhbô?:Âirx�acS<d��¶S<SrX�] @ U�[)xYxqi ? [)dui+ac[)d�gmhÒj`S�sngml)hbgmh`løirh`jÒgm]�^`xYS�]�S�hAacgYh`l

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$[rwPacV`S4�{i�| U<[)]�^bgmxmS<d��=V`gYs�gYj`S�irs�V�i�¦)S�xmS<wða�auV`S�gYd�]�irduô¡[rh×¦Ggmdtac_�irxYx @ S}¦)S<d @
irsu^�S�U}av[rw/acV`gYsPacV`S<sugYs�OvQ�V`[)_`lrVB:5irx�acS�d�|�i+s ^`dugY]Øirdngmx @ duS<su^�[)h`sug ? xmS�w�[)dPacVbS ? irUWô)ÓpS<h`jøsu^�irU<S}Ó
acgm]�S�snUWV`S�j`_bxmS�d<XTirh`j�o=w�[)dPacVbS�w�du[)hAanÓÈS�h`j�]�S�]�[)d @ s @ stacS<]4X�|;SÊU�[)xYxqi ? [)dciMacS�j4S}ÑGacS<h`sug�¦)S<x @ [)h
? [rauVÂ^�irdtacs<O�ophÂacVbgmsvacV`S<sugms<XC:Âi+xYacS<d��`dusna�su_`lrl)S�stacS�j�]�ir^`^`gYh`l%S�irUWV�irxYgqirsvS<�G_bgY¦+irxmS<h`U�S�U�xmirsus
ac[�i%sugmhbl)xmS�h`[Gj`S @ gYS�xmjbgmh`l%S���_`g�¦ri+xmS�hbU�SØU<xqirsns�_`hbgY��U�i+acgY[)h-OD:5irxYauS�dv|�irs�gmhA¦+irxm_`i ? xmS�gYh�]�irh @
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�4gmU<du[)^`dn[fU<S�snsu[)dns$[�¦)S�d�acV`S4xqirsta�ap|;[Âj`S<U�irjbS�s$V�i�¦rS�]�irj`S%l)duS�i+aØstacdngmj`S<sØgmhÒacV`S<gmd�i ? gYxmgYa @ ac[
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[$suU�irxmS�V�irdnjb|�i+duS}Ó ? irsnS�j�_`h`g���S�j4]�S<]�[rd @ X�irhbj�V`gmlrV`xmgYl)VAacs=[)^`^�[)dnau_`h`g�acgmS<s
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i�¦+irgYxqi ? xmS gmhDacVbS�U�[r]�^`gYxmS<d�ac[ØgY]�^bdu[�¦)S�suU�irxqi ? gmxmg�a @ irhbj�^�S�dnw�[rdu]�irh`U�S+O�efS�U}acgY[)h5�)O ��irjb¦)[GU�iMacS�s
acV`S ? irh`ô)ÓpSÀÑb^�[)snS�jÒU�xqi+sus�[+w�irduUWV`g�acS<U<ac_bduS�s]�\sn_`UWVÒirduUWV`g�acS<U<ac_bduS�sÊdnS�x @ [rh¡i�U�[r]�^`gYxmS<dtÓpjbgmduS<U<auS�j
ir^`^`dn[AirUWVDac[Êgm]�^`dn[ ¦rS ]�S<]�[rd @ ^�S<dnw�[)dn]Øi+h`U�S+O9efS�U}acgm[rhø�rO � snV`[�|=s�|=V @*? i+h`ôØj`gYscir] ? gml)_`i+acgY[)h
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MJ²ON Æ¶É ³È¾�²�´¶« «bÆ�©/³t²n¸�¹ Ç�©"µ�º�ÁÂ©"µ�´1·9P�©"«b´¶º É ¸ ²OQv´¶º °±´T°Ü¯;µ`»
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xYS�xYgmsu] dnS���_`gYduS�sv]�[)duS��9k"s�au[ ? SÊU<[)h`h`S<U<acS<jøau[*acV`S�ird ? gYaudci+augm[)h4xm[)lrgmUvac[Dgmsnsu_`SÊdnS���_`S�stacs�irh`j
]�[)dnS�]�S�]�[)d @õ? irh`ô�s�U<[)h`h`S<U<acS<jÂac[4sci+augmsnw @ auV`SØdnS���_`S�stacs<O� {hbw�[rdnac_bh�i+acS<x @ X6l)dnS�i+auS�d�U<[)h`h`S<U}Ó
augY¦GgYa @ |=gYauVDauV`S�ird ? gYacdui+acgY[)h$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
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& OÚ��[)h`l�|=gmduS<sØdnS�su_bxYa
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VbgYa�|=gmxYx ? S�U�[r]�S�i�]�_`xYaug�ÓÈU @ U�xYS�[)^�S�dciMacgm[rh$w�du[)] auV`Sv|=gmduSvj`S<xqi @ irxY[)h`S+O;�'gml)_`dnSÊ�)O � gYxmxm_bsnacdui+acS<s
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hbS�U�S<susuird @ |=VbS�h ? [+acV$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
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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
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Vbgms ���)� I U�[)xY_`]�hWF ��¤LH ?A@ sui @ gYh`l`§
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÷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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*q = . . .
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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
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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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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
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(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
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   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  [ ]
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1

A  [ ]

B  [ ]
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3
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kìä0ûlgwêìä�khg�í�gsk�ê�ä½êìë$g_æ�ç2îqgwã[ä â çmêjf[ä á óHälk â ç á?á ä2ê4å
kìä0ûlg_ê�ä�kCg�í�gsk�ê�ä¡é$f��Vgskhg á ê4ã[ä â çmêjf[ä á æ ð
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  "�~¥��w¦���� ?�� �¨§�������§��;©��_§��+�«ª�©p�
0 á?á g â g²æAæ�çmk�ö é$g²åog á é
g á?â g�g²é?úmg²æqkhg²æ�êjkCf â ê X{�+� ólæCf á?â g³êìë$g�ö�f[îKå?ãqö æCg,:Nè$g á êhfhç2ãif[ê�ö}ämí_ç â�â g²æAæhg�æ
ç á é ê�ëNè?æ~kCg²æAêhkhf â ê æ â ë$g²é?è�ãnf á ú¨í�khg5g�é?äkî ð H'älk�æ â fng á êjfiJ âÄâ äHé$g²æ â ä á êdçmf á f á ú ç<� á g çmkCk�ç]ö ç â �
â g²æAæhg²æ�ó/êìë$khgsg�æCf�î�å?ãngekAè?ãng�æ~æAè
� â g�êìä�é$f[æ�ç2î£õ$f�úkè?çmêjg_î�äkæAêQîqg²î�älkAö�f á æ�êjkìè â êjf[ä á æ4ê�ë?çmê â ç á õrg
é
f�æ�çmî½õ$f�ú2è'çmêjg�é ð HzfnkAæAê]ó'å&älf á êhg5kQç á çmã[öHæhf[æQå
kìä0ûlg�æ-ê�ë'ç*ê�f á æAêhkìè â êjf[ä á æ/khg í�g5khkCf á ú�ê�äKé$f£�rg5kCg á ê~è á �
çmãnfhçmæhg²éÛç<khk�ç]öHæ~çmkhg)îqg²î�älkAö � f á é$g�årg á é$g á ê ð ��g â ä á éÉó+îPg�îKälk�ö�f á æAêhkìè â êjf�ä á æ4ê�ë'çmê~çmkCg_í�äkè á éÛê�ä
kCg�í�gskuêìä×é$f£�rg5kCg á ê�õ'ç á$L æ½õTöÏîKäHé?è?ã[ä³è á kìäkã[ãnf á ú³çmkhg�ç2ã ò ç]ö�æ�îPg�îKämkAö � f á é$g²åog á é$g á ê ð Hzf á ç2ã[ã[ökóg ûlg á ç2î�ä á ú îqg²î�älk�ö�f á æAêhkìè â êjf�ä á æekhg í�g5khkCf á ú êìäÃê�ë$g�æ�çmîPg¡õ'ç á$L óvf á æAêhkìè â êjf[ä á æ_õog²ã�ä á úlf á ú�ê�ä
êìë$g�æ�ç2îqgKè á f[í�älkAîKãqö×úlg á g5kìçmêjg�é¨æhg êh�8ó<ç á é é
f£�rg5khf á ú³õNöÏç á ä á � ÿ5g5kAä â ä á æAê�ç á ê¡çmkCgKîqg²î�älk�ö ���f á é$g�årg á é$g á ê ð
� 	�	�# ¨��mu�¦ 	 x &��
#z� w{-|� �
	�# ���
��- 	 x #z� w{-|�
�HäkîPg êjf[îPg�æKî�ä�é�è?ã�äþè á kAäkã�ãif á úþè á kAäkã�ã[æ�êìë$g×äkè�êhg5kKã�äHäkå�f á ç ã�äHäkå á g²æ�êÛç á é á ämê�ê�ë
g�f á?á g5k
ã[ä�ä2å ð 0 á kìäkã[ãnf á úKä á ã[ö³ê�ë$g£äkè�êjgskwã�äHäkå�f�æ�f á g;�rg â êjfqûlg�f á êjg5kAîKæ~ä2íOg ø�å&äkæhf á ú X{�+� ò fqê�ë$f á õ'ç2æCf â
õ�ã�ä â�L æ�óÉõog â çmè?æhg½êìë$g¡õ'ç2æCf â õ?ã[ä â�L æ_ç<khg£ûmg5kAö×æìîKç2ã�ã ð-÷ ë$g�çmkCk�ç]ö � åog5kAî½è�êdç*êjf�ä á êjkìç á æAí�ämkìîKçmêjf[ä á
f[æ)çÛêhk�ç á æAí�älkAî�çmêhf�ä á êìë'çmê!khg�å?ãhç â g²æ�çmkCk�ç]ö\khg í�g5kCg á?â g²æNf á é?è â f á úÛäkè�êhg5k)ã�äHäkå è á kAäkã�ãif á ú õTöKkCg�í �gskhg á?â g�æ-ê�ä ç�årgskìî½è�êjg²é×çmkhkìç0ö³æAè â ë×ê�ë'ç*ê-ê�ë
g á g ò kCg�í�gskhg á�â g²æef á é?è â g£è á kìäkã[ãnf á ú�ä á ê�ë$g�f á?á g5k
ã[ä�ä2å ð © årgskìî½è�êjg²é×çmkhkìç0ö�f[æ~ä á guêìë'çmê~ë'ç2æQê�ë$g�æ�ç2îqg á è?î£õrgsk-ç á éôæhf[ÿ5g�ä2í#é$f[îPg á æhf[ä á æ~ç2æËê�ë$g
ämkhf�úmf á ç2ã#çmkhkìç0ö2ó<õ?è�êNf á ç åog5kAî½è�êhg²é¨älkAé$g5k ð H�ë$g á ç2ã[ã#ê�ë$gKã�äHäkå?æ�f á ç å$kAäkúlkìç2î)khg;:Hè
g²æAê£ê�ë$g
æìç2îqg³åog5kAî½è�ê�çmêjf[ä á í�älk�ç á çmkCk�ç]ökóZê�ë$g³älkhf[úlf á ç2ã�çmkCk�ç]ö�f�æqkhg�å?ãhç â g²é õTö�ê�ë$g³årgskìî½è�êjg²é çmkhkìç]ö ð
H�ë
g á é$f��Vgskhg á ê~ã�äHäkå?æ/kCg,:Nè$g²æ�ê â ä á
� f â êjf á úKåog5kAî½è�ê�çmêjf[ä á æ²ó�fqê~îKç]öÛõrguå$kAämJ?êdçmõ?ãng)ê�ä â äkåTö³ä á g
åog5kAî½è�êhg²é³çmkhkìç]öÃê�ä�ç á ämê�ë$gsk�f á õrg ê ò gsg á ã[ä�äkå�æ ð

÷ 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

¥C¦W§ Ó Ç�¨�æ¤>�©�>�© Ó Æ?ª 2 æ<=bÖ Æ�«¤¬ Ö 2 Ó æ¤=�Ç Æ > 2 æ�Ö�­¤>�=ÚÇ�©�> « æ 2 ÒÄÓ Æ ©�È ªp® >ãæ7> Æ Ç5Ö�>�Û�=�>ãÖ 2 Ò Ö�­7> ª Ç ¬C¬ >C=?=hÖ?­7>�=ÚÇ�©�>Ç ÆÚÆ Ç ª Ð�Ç5æ�Û
Ö�­7> 2 Æ 2 æûÛ¯>{°�>{°¯@ Æ >C=?= 2 Ó æ¤=(Û 2²± > Ær³�ª Ç7ÖV© Ó =�Ö�Ç ¬ Ó æ¤=�ÖÚÇ�æ,ÖsÞ$´ Ó Æ >{°OÇ^©|@�È²>;Ð5µ�Ê ¶�Î�Ç5æ�Û/µ�Ê ¶tåCÕ7Î]Ç Æ > 2 æ
Ö?­7>=*Ç^©|> « æ 2 ÒÄÓ Æ ©�È ª/® >sæ7> Æ Ç7Ö?>sÛ�=�>§Ö�Ð ³7« Övµ�Ê ¶�ÎeÇ�æ�Û�µ×Ê ¶�å�·�Î�Ç Æ >1æ Ó Ö×Ê 4 Ý�Î�Þ



¸ ¹ º¼» ½Y¾À¿ Á

Â ÃÅÄÇÆqÈ É"Ê ºÌË Í É�Î,Ï ºÐ½Y¾ È Ã ¿ ÈÒÑ Ä ºÌË É"Ó
º ÓÔÓ ¾ ÊYÊ ¾ Ê

÷ 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$g â ë'ç2å�êhg5k ð
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Ûmà{ßhØvõVÛmÚoØ ñ ä^à?Ûmà�Ý?Þ�õ � Ö ä2êìëÏæCg�ê�æ£ä2í�êhg5kìîqf á äkã�äkúmfng²æwçmkhg
îKçmf á ê�çmf á g²é�ç2æ�ç é$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



. �onø� úL5E3%Q%pgO���� ú
���%7qO��F5/���e���%791p� í M
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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P1 P2

M1 M2

P1 P2

M1 M2

T

(a) (b)

loadstore

loadstore
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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

=�[?= ÂÄÃea¦Ã
ÅrÆAÃ
ÅrÇwÃecÉÈgÇ%�<ÊPczc cVÇ£`AÃ
Æ\¡rt�Ë�ÅAÌ ¡rÅrË�Í%c
ÎEÏ$fmÐ
ÐCg�Ñ�ÒhfmÓ\ÔrÐ�ÏlÓ�ÕwÐ
ÕwÏ�ÖGÐ-Ó�×ØÒqÕSÙmkCgeÚqÐCg5kCf±Ù�ÛVÓmk-Ü$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�Ð
Ó\Ô
ggÕ�Ù�ÖGÒ-Ó�g�Ô�×àÓlk�Ñ5g�Ð�ÞlÑIÏ¦Ü
g�âog�ÔlÜ$g�ÔlÑ5g�ÐgÙ�Ñsk-Ó\Ð�Ð
Ð-ÑIÏ$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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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)
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Dependence edge

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

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

A[B[i]] += . . . 
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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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ü �¡�¨�=m~Ãy«8��¤���¤���ª/¤1ª(�¨�¨ª¦½¿¸.�	�¡ Ò¬µª(¢C��ÃÓ©���«8�"¤�¢���£�¤®¢���Ô"�&ÕÖ�¨�Sm�¬µª1lH�"¢}�¡ ���¬µª(¢C�:©��	«��H¤�¢¨�	£�¤®¸.�	�¡ ±�y¸·£
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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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��Ý æ�çbßàÛ�ì5ï;å�ãcÞÆö;î^ì5Û�� Û`è�Ý ß�Ü5Ý ì�í)ìnå�öjä9å)á�Û�ãcÞàÜ5ï�Ý"îDö;Û[Ý ä`ä9Ûxì5ì�ÛxìDôµïð�º�V÷_êK�µÜ5Ý ßÆÞÆä`ìnÝ~è5Û
ä9å�ægæ�Ûxö¶Ü5ìxêiô�Ý¶÷��Kö;ÞàÜ5ÞÆÝ ßuä9å)á�Û ê�ô��B÷6ñXõGÜ�Û`èYóbö�è5å�ßÆßÆÞ�ö�î�ñ�ç;è5å)á;ó;ä`Þ�ö�î�æ�å)á)òfè5Û`î�Þàå�övÝ ì5ì�Û`è5Ü5ÞÆå�ö;ì`êvô�ä�÷�ñXõ=Ü�Û`è
ì5Ü�è�Þàç�ò æ[Þ�ö;ÞÆö�î�êgô�áI÷·ñXõGÜ�Û`èdì�Ü�è5Ûxö�î Ü5ï)òfè�Ûxá;ó;ä`ÞÆö�î�á;Þò��å çMÛ`è�Ý~Ü�å è�ì`ê�ôGÛS÷·ñcõGÜ�Û`è�ÞÆö;õ=Û`è5è_ÞÆö�îDæ[å1á&�~Ý ßÆó�Ûxìnó;ì5Þ�ö�î
æ[å1á)òfè�Û`î�Þàå�ö�Ý ì5ì�Û`è�Ü5Þàå�ö;ì`êcôGõ_÷�ñXõGÜ�Û`ècè5Û`çbß�Ý ä`ÞÆö�î�á;ÞÆì5Ý æ��bÞàî�óbÝ~Ü�Ûxá�Ý ä`ä9Ûxì5ì�ÛxìXÜ�ågó;ì�Ûdßàå)ä`Ý ß�Ý á;á;è5Ûxì5ì�Ûxì`ê
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¤��H¸ô©���«8�"¤�¢���£�¤�¢h£/­@¢¨�	Ô"�H¢¾õ�ÕÀö"¯z÷(ø�ª/¤�©Û¯±¥·�	¤Â�¨ Tª/�8£���©��"�H�Û�T£��h�s§�ª/«2m�¬	�(¥À¢��¨�¨�Gm²Ãy«8��¤��	¤��¿ª(¤
ª/�¨�¡ª¦½�ùhúû>/üÓú Ø { ÿ ü�­�£(�6¯ýt oh°Tª(¤Bh²¢nl� �ª(¤����H¢P�¡ ��uª(���¡ª¦½8�¡£hùhúû>/üÓú ÿ ×/üyú o(üþ��ÿNª1l� ¼ª(�¨�¨ª¦½&���H­��"���"¤MlH�u��¢
lH£��¨���"¢_m�£�¤�©���¤��(¬	½z«8£~©��#�T�"©�þ�­�£(���s§�ª/«2m�¬	�(¥Zùhú 'þüÓú � ü���¢�l� Tª(¤����H© �¡£�ùhú 'þüÓú � ©��#¶Mo(üÓú � «�£²©�o(üþ� ü �¨�¨�=m~Ã
«8��¤���¤��u¬��"ª(©�¢À�¡£:�¨ ��@¢¡ª/«����¨�"¢���¬	�Pª(¢·¸. ��H¤G�¡ �� ¬µª(¢C�·©��	«��H¤�¢¨�	£�¤&£/­
�¡ ��Kª/�¨�¡ª¦½8��¢XmTª(©�©��"©G�¡£��¡ ��
¤��^§²�� ����( ��"�<«:��¬	�¨�Gm�¬	��£(­�¯±¥À­�£�¬	¬�£¹¸ �"©?°�½1¢C�¡�¨�=m~Ãy«8��¤���¤��������"¤Bl"�z¢��¨�¨�Gm²Ãy«8��¤��	¤��vlH£�¤Ml"�Sm��¡��ª(¬�¬#½
mZ�"�C­�£��¨«8¢YmTª/©�©���¤��Mþ�mTª(©�©���¤��G�¨ ��h¬µª(¢C�@©��	«��H¤�¢¨�	£�¤¿��¢ �¨�"�q���	�¨�H©®­�£(� �¡ ���m�ª(©�©��	¤���£)m��¨��«8��Ô¦ªb�¡��£(¤
©��"¢FlH�¨�	°��H©!�	¤¼¢��%l^�¡��£(¤/o��³o��
���	�������^×�� o � l¦� ¢¨ �£¹¸.¢K�¡ ��h�¨�"¢���¬	�¨¢K£(­À¢��¨�¨�Gm²Ãy«8��¤��	¤��&ª/�¨�¡ª¦½4ùë­�£�� �¨ ���l"£²©��h��¤ �������¨��×~�³o � °��

­�£(�6¯ýt�o�°Tª(¤Mhq¢"�Nù<ú Ø {({/ü
��¢·�¨�%m�¬µª1lH�"©¼°q½Gùhú ÿ �büÓú o(üþ¥Tª(¤�©z�¨ ��K�¨�^­��"���"¤MlH�"¢@ª/�¨�K¢��¨�¨�=m~Ãy«8��¤��H©G¢¨�Bl� 
�¨ Tª/�"¥
��¤®���"¤��"�¡ª/¬a¥*ùhú UTüN��¢K���%m�¬�ª1l"�H©Ò°�½®ùhú U�©��#¶Mo(üÓú U&«�£²©�o(ü½þ�«�£²©±��¢u¢¨ �£¹¸.¤Eª(¢�x ��¤®ª(¬	¬'l"£²©��
¢¨ª(«-m�¬��H¢"�

ü �¨�¨�=m~Ãy«8��¤��	¤��}��¢6��¢��H­���¬³­�£��Zl"£²©��K���"¤��"�¡ªb�¡��£(¤ Ù ­�£��6ª(¤�½Gª(�¨�¨ª¹½&�¨�^­��"�¨�H¤Ml"��ª/­M�¨�"�6¢��¨�¨�=m~Ãy«8��¤��	¤���¥
�¨ ��<¤��^¸ë¬�ª(¢��@©���«8�"¤�¢���£�¤4�¨�%m��¨�"¢��"¤��¡¢K�¨ ��h°Tª(¤Mh!¤q��«<°Z�"�@£(­N�¨ ���ª(�¨�¨ª¦½4�H¬��"«8�"¤��uªVl%l"�H¢¨¢��"©³¥,ª(¤�©
�¨ ��:���"«�ª(��¤���¤���©��	«��H¤�¢¨�	£�¤�¢��¨�%m��¨�"¢��"¤��K�¡ ��:¬�£bl¦ª/¬,£/»o¢��H�@£/­��¡ ���¬�£bl¦ª(¬,ª(���¡ª¦½¼£�¤4�¨ ��:°Tª/¤Mh���´6 ��
lH£�«-m���¬	�"�³�	¤�¬�ª/�¡�H�*�¡ª(¢Fhq¢�ª(��«8¢
�¡£��¨�"©��Ml"�À�¡ �� ¤��H¸1¬�ª(¢��CÃy©��	«��H¤�¢¨�	£�¤K¶/ª(¬�����­�£��,ª(¤�½�ª(���¡ª¦½u�¨�^­��"�¨�H¤Ml"�
�¨£uªglH£�«-m���¬	�^ÃÓ�¨��«8��l"£�¤�¢C��ª(¤��%þ~�#­��#�N¢¨�MlSl"�H�"©�¢H¥~�¡ ��"¤��¡ ���ª(���¡ª¦½<���H­��"���"¤MlH���	¢�°Tª(¤Mh:©���¢¨ª(«<°��	���Tª/�¨�"©
�¨£h�¡ ��u°Tª(¤BhG¤q��«<°Z�"�.���	¶(�"¤¼°�½G�¡ ��[lH£�¤�¢��¡ª(¤��¦�
�P���¡ ��	¢+mZ£���¤��¦¥b�¡ �� ¢¨�Sl"£�¤�©h£/­T�y¸·£K�s§~�¨�"¤�©��"©��^§�ª(«-m�¬��H¢��	¢��	¤q�¨�¨£²©��MlH�"© Ù �T�������n×��Ù���	¬�¬���¢��¡�¨ª/�¡�H¢

¢��H¶(�"�¡ª/¬,¢���°�¢��"�q���"¤���lH£�«-m���¬	�"�·�¡ª(¢Fhq¢�£�¤¼ª-lH£~©��K­��¨ª(��«8�"¤��6¸.�	�¨ ¼©~½~¤�ª(«��=l}ª1l%lH�"¢¨¢��"¢H¥Z­�£��.¯ t�o
°�ª(¤Mhq¢"�º�����������/×�� � � ª��<¢¨ �£A¸.¢8�¡ ��¼��¤��	�¡��ª(¬ZlH£~©��1þ6�T�������v×~� � � °��h¢¨ �£¹¸.¢��¨ ��/l"£²©��4ªb­M�¡�"��¢C�¡�¨�=m~Ã
«8��¤���¤����·´6 ��:©��#»o�H�¨�H¤Ml"�}¸.�	�¡ !�T�������^×�� o&�	¢��¨ Tª/���¡ ��:ª(�¨�¨ª¹½!ª1lSl"�H¢¨¢¨�H¢uª(�¨��¤�£�¤~ÃyªVý8¤�� Ù U����zª(�¨�
¶/ª(���µª(°�¬��"¢·£(�¡ ��H�6�¡ Tª(¤z¬	£~£)m��	¤�©��Ml^�¡�	£�¤�¶(ª/�¨�µª/°�¬��H¢"�

Ä�Å¹ÆAÌ²Ë	�TÅ�
³É¨ÆbÌ²Í,Ð
��Ì4Ê��
ÍÛÑ�Ë�ÍdÍ,Ç�����È�ÌqÆAÑ�Å���ÆbÎ � ¤��¨�"���H�����"«�ª(��¤�©��"� � «�£²©��·ª/¤�©z��¤��¡�H���"�6©��òÃ
¶²�	¢¨��£(¤ � ©��#¶��}£)m��H�¡ª/�¨��£�¤�¢hª(�¨�z�	¤q�¨�¨£²©��MlH�"©Â��¤��¡£ �¨ ��kl"£²©��z°�½1¢��¨�¨�=m~Ãy«8��¤��	¤���¥,�¡ ��z��«8«8�"©���ª/�¡�H¬	½
m��¨�%lH�"©��	¤��vlH£�«-m���¬	�"�@��ª/¢Fh�� ü ��¤MlH��«8£²©Eª(¤�©E©��#¶±ª(�¨�8�^§ImZ�"¤�¢��	¶��&£)m��H�¡ª/�¨��£�¤�¢�ªb�:����¤��¡��«8�(¥*�¡ ���¢
�¡ª(¢Fh®�¡�����H¢:�¡£¿£)m~�¡��«8��ÔH�8�¨ ��"« ª¦¸Pª¦½��Ò�ô¤��^¸ô¢��¨�¨�H¤��(�¡ ²Ãy�¨�H©��Ml^�¡��£(¤?�¡�%l� �¤����q���Òúû��>bü6�	¢:��¢��"©Â�¡£
£1m��¡�	«��	Ô"�<ª¦¸·ª¦½®©��	¶®ª/¤�©®«�£²©®£)m��H�¡ª/�¨��£�¤�¢@¸. ��"¤��^¶��H�EmZ£�¢¨¢���°�¬	�(�����	�����¨��×~�³o � ©�� ¢¨ �£A¸.¢}�¡ ������^Ã
¢���¬	��£(­NªVmMm�¬	½²�	¤��&¢C�¡�¨�H¤��(�¨ ~Ãy���"©��Ml^�¡�	£�¤ £�¤4�¨ ��ElH£~©��:��¤¼�T�������^×�� o � l¹�^��´6 ��<©��	¶z£)mZ�"�¨ª/�¡�	£�¤�¢�ª(�¨�
£1m��¡�	«��	Ô"�"©¼ª¦¸·ª¹½¼°�½z��¤��¨�¨£²©��MlH�¨��£�¤¼£(­�ª�¤��^¸ ¶(ª/�¨�µª/°�¬��K'���þZ'�����¢.��¤MlH�¨�H«��H¤q�¨�"© °�½ Ø �H¶��H��½¼�¡�	«��K'
�	¢6��¤MlH�¨�H«��H¤q�¨�"©¼°�½ko���´6 ��}«�£²©�£)mZ�"�¨ª/�¡�	£�¤�¢.ª(���}¤�£(�.£)m��¨��«8��Ô"�H©zª¦¸Pª¦½z��¤��¨ ���¢nl"ª(¢¨�/�

� Ë��ÓÌqÆzÊ��
Í���Ñ��_Ð,Ì²Î�Ð�Î¦Ç_Ë��ÁÊ��
Í
É¨ÆAÌ���Ç��ZËºÑTÎ¦Î"ÌqÆ¹ÅAÇ���Ë,Î ´6 ���¢.��ª(¢_hz¢¨��«-m�¬	�	�T�H¢�©�£A¸.¤ �¨£TlH£�¤~Ã
¢C��ª(¤��¨¢"¥o�¨ ��<«8£~©!£)m��H�¡ª/�¨��£�¤�¢��	¤q�¨�¨£²©��MlH�"©¿°�½4¢C�¡���Gm~ÃÓ«��	¤���¤�����´6 ��<¢¨�	«2m�¬	�	�?l"ª/�¡�	£�¤z��¢�©�£�¤��:¸.�#�¡ 
�¨ ��N ��"¬=m�£/­~�¨ �� «8£²©~Ãy���"���	£�¤Kª(¢�¢¨�"�C�¡�	£�¤�¢,��¤��¡��£~©��Bl"�"©}°�½u��¤���£�¬�¬	��¤���¥¦�.�¡ª(¢Fhq¢,°��^­�£��¨���¡ ���¢*£�¤��/��´6 ��
«8£²©~Ãy���"���	£�¤uª(¢¨¢��"�C�¡��£(¤�¢"¥(ª1mMm�¬	���"©K�¨£�¬	£~£)mu°Z£~©����"¢H¥(ª/¬	¸·ª¹½²¢� Tª¦¶�� �¨ ��N­�£��¨«�ª/�Ncbe(f/xGVMXT] �¼tut VMXT]�!�¥
¸. ��"�¨�Kx|�	¢À�¨ ��G«8£~©E£)m��H�¡ª/�¨£��"� � ¤&�¡ ��	¢Zl"ª(¢¨�/¥~�¡ �� «8£~©~ÃÓ�¨�H����£�¤8ª(¢�¢¨�H���¡�	£�¤G�	¢ '*«8£~©�o:t {�� O ¢CÃ
�	¤��®�¡ ��¼��¤�­�£(�¨«�ª/�¡�	£�¤?�¡ Tªb�&'*«8£~©�oÁt {�¥À�¡ ��	¢8�¡ª(¢FhÂ¢���«-m�¬��#�T�"¢<�¨ ��!«8£²©¾¶/ª(¬	���"¢�ª(¢�­�£(¬�¬�£¹¸.¢ Ù
'Óx^o4¢¨�	«2m�¬��	���"¢@�¡£4{�¥�ª/¤�©Ò�¨ ��&���"¢��<ª(�¨�8¢¨�	«2m�¬��	���"©®��¢¨�	¤��!�¨ ��Gª/¢¨¢¨£bl"��ª/�¡�#¶��8�¨��¬	�8­�£(��«8£~©Ò£¹¶��"�
ª/©�©��	�¨��£�¤4ª(¤�©¿¢���°��¡�¨ª1lH�¨��£�¤ Ù � n -#" ��«8£~©8put � n}«�£²©8p -$" «�£²©8p"��«8£~©8pA� O ¢¨�	¤��&�¨ ���¢@����¬��/¥
ª/¬�¬�o¼«8£~©®�^§Im����"¢�¢¨��£(¤�¢����"©��Bl"�u�¡£�l"£�¤�¢���ª/¤q�¨¢"�

%�&('�)+*�,.-�/102,.34025�,768,.9;:<9;->=?/A@B025�,DC>/FEG0�9<-�=IHJ/A9<-K0�-ML�NPOQ,.RS'UT
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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]

���������¨�2×�� � Ù:

��Ý æ�çbßÆÛ[ì5ï�å�ãXÞÆö�î-ì�Û�� Û`è_Ý ß3Ü5Ý ì�í)ìOå�ö/ä9å)á�ÛgãcÞÆÜ5ïjá�ð)ö;Ý æ[ÞÆä�Ý ä`ä9Ûxì5ì5Ûxì^ôµï � �V÷_êh�µÜ5Ý ßÆÞÆä`ì
Ý~è�ÛTä9å�æ[æ[Ûxö¶Ü5ìGV��¾ÞÆì[Ü5ï;Û^æ[å1áiå çMÛ`è�Ý~Ü�å èxê ô�Ý¶÷K�Kö;ÞàÜ5ÞÆÝ ßcä9å1á�Û ê ô��B÷KñXõ=Ü�Û`è�ì�Ü�è_Þàç�ò æ[ÞÆöbÞÆö�î�ê§ô�ä�÷}ñXõ=Ü�Û`è
æ[Ûxæ�å è5ðVò á�Û`çMÛxö;á�Ûxö;ä9ÛgÝ öbÝ ßàð1ì�ÞÆì`ñ�á�å Ü�Ü�Ûxátß�ÞÆö�Û[ÞÆìdá;Û`çBÛxöbá�Ûxö;ä9Û[Ûxá�î Û ê/ô�áB÷6ñXõ=Ü�Û`èYä9å�öb� Û`è�Ü5ÞÆö�îTÜ�å-î�ßàå¹�bÝ ß
Ý ábá�è5Ûxì5ì�Ûxìxê�ôGÛS÷.ñcõGÜ�Û`èOá�ð)ö;Ý æ[Þ�äFò Ý ä`ä9Ûxì5ìdî Ûxö�Û`è_Ý~Ü5Þàå�ö?êXW�YKYAZ�� �P[MW�\Ó�DÞÆìdÝ2á�ð)ö;Ý æ[ÞÆä�ì�Ü�å è�Û9òfè5Û1]Vó;Ûxì�Ü�ãcÞÆÜ5ï
çIÝ~è�Ý æ�Û`Ü�Û`è�ì+W�YKYAZ�� �P[FW�\Ó�Vô^\�W_�M��_a` bdc1eGf gih fjg^k(e�_mlJn/�^Z���_�[A�G\2ZU[¦� \2W_�M�S÷_ê���ï�Û�Ü ã+å[è5Û1]1ó�Ûxì�Ü5ì�Ý~è�Ûdì�Û`è�ÞÆÝ ßÆÞ(o`Ûxá
å�ö^Ü5ó;è�ö;ì�Ü5ÞÆßÆÛ·�pV�Ü5ï�Û.�¨�jqMrts uvqF[ �+[MW�\y�¶ôf÷�ã'Ý ÞàÜ5ì'õGå è�Ü5ï�Ûnì�Ü�å è5Û9ò Ý ä�í1ö�åSãcßàÛxá�î�æ[Ûxö¶Ü5ìXå�öEè5Û`Ü5ó�è�öEÜ5ÞÆßàÛxì7w|Ý ö;á
x ê���ï�ÛnçbÝ~è�Ü5ÞÆä`ó;ßÆÝ~è�Ü5ÞÆßÆÛ�ö1ó;æ��MÛ`è�ì�ì5ï�åSãcö�Ý~è5Û.�)Þàè5Ü5óbÝ ßMÜ5ÞÆßàÛnöVóbæ��MÛ`è�ì`ê*�cï�ÛxÞàè�ä�ï�å�Þ�ä9ÛOÞÆì�ÞÆöbä`ÞÆá�ÛxöVÜ5Ý ß�V)Ü5ï�Û`ð
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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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// 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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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 Ü
Þ 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
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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 Ü
Þ�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�ç
X 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�ç
X 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�Ý1Ü
Z$ë.Z�D ä Ü
Ý�M ã C Û X å ä è�Z�C ã Þ�Þ X Ý1_
Ü�C ä[X á X é�ã+ä�X Ü�Ý�ß�Þ�Z Û D�\ X æ Z$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
å ã Ý ã \�\ ã�ç Z â Z�á"Z�Ý ä Þ1Ü4Z Û Ý�Ü ä
D�è ã Ý�_�Z�ê�è�Z$Ý ä è�Z ã \�\ ã�çPX Û \]Z Û è ã C.Z$Þ K�è�Z�Ý#D�Z
ß�ádÜ�Þ�` â Ü)`�Ý�\]Ü âcâ X Ý�_"C�\�Ü�Þ�`�D$Z Û ä è�Z Û ã ádZ æaã Ý�O
Ýh`�á æ Z$\ ã Ý�ÞdÜ+ë Û Z ä åbÜ�\ ã Ý"Z â Z$ádZ$Ý ä8ã D�\�Ü Û�Û Þ X ë.Z�\]Z�Ý ä \]Z Û è ã C^Z Û ßhê X ä è�Ü�` ä�ã Ý ç Û C.ZGD X¹ã+â è ã Ý�Þ â X Ý�_1e
d8Ü
Ý Û ZGb�`1Z�Ý ä[âÂç ßaê X ä è�Ü�` ä C ã Þ�Þ X Ý1_�ß�\�Z Û è ã C.Z Û Þ�Ü"Ý�Ü ä	ã ë�ZGD ä M ã C Û e

  XÂä è ä è1Z�C ã Þ�Þ X Ý�_gÜ�C ä�X á Xcé�ã�ä[X Ü
Ýkßjè�Ü�ê8Z ð Z�\$ß ã \�\ ã�ç \�Z Û è ã C^Z Û á ã O
Z ä è1Z
Þ�Z$å ã ` â ä è ã Ý�Þ âcX Ý�_
Ü+åkÞ X Û ä \ Xcæ ` ä Z�Þ ã \�\ ã�ç Û X Ý#D�Ü�\]\�Z�D ä e'ôtè�Z¡C ã Þ�Þ X Ý�_�Ü�C ä�X á Xcé�ã�ä[X Ü
Ýkß ã C#C âcX Z�Þ"Ü�Ý�Þ X Û ä \ Xcæ ` ä Z$Þ ã \]\ ã�ç Û ß
â Ü�ê!à£Ü�\]Þ�Z�\ X Ý ä Z�\ â Z ã�ð Z Û ä è�Z ã \�\ ã�ç5æaã Û Z�Þ�`�C^Ü�Ý ä è�Z âcã Û ä Þ X á"Z�Ý Û X Ü�Ý ð+ã
â `�Z ã
â Ü�Ý�Z+e;�¡D�\]Ü Û�Û Þ X ë�Z$\�Z�Ý ä
\]Z Û è ã C^Z Û ßa` Û X Ý1_ ä è�Z âcã Û ä Þ X á"Z�Ý Û X Ü�Ý ð+ã
â `�Z�åbÜ�\ i Ý�Þ X Ý1_ ä è�Z æaã Ý�O�Ýh`�á æ Z�\ ã Ý1Þ ä è�Z(\�Z$á ã+X Ý X Ý�_
Þ X á"Z�Ý Û X Ü�Ý Û åbÜ
\ i Ý�Þ X Ý1_ ä è�Z	Ü
ë Û Z ä ê X ä è X Ý ä è1Z æ�ã Ý�O X Û X Ý�D�Ü�\]\�ZGD ä ß Û X Ý�D$Z	åbÜ�\'Þ X ë.Z�\�Z$Ý ä \]Z Û è ã C.Z Û ß
Þ X ë.Z�\�Z$Ý ä�æaã Ý�O�Ýh`�á æ Z$\ Û ã Ý�Þ�Ü
ë Û Z ä Û X Ý�D�Ü
\�\�ZGD ä�â ç \]Z Û ` â ä åbÜ�\ ä è�Z Û ã á"Z ã \�\ ã�ç Z â Z�á"Z�Ý ä e

ôtè�ZFD�`�\]\�Z�Ý ä(X á�C â Z�á"Z�Ý ä[ã+ä[X Ü�ÝgÜ
å^M ã C Û `�Ý X åbÜ
\�á â çgã C#C âcX Z Û ä è�ZNC ã Þ�Þ X Ý�_�Ü�C ä[X á Xcé�ã+ä[X Ü�Ý ä Ü
ã+âcâ*ã \]\ ã�ç Û ß ã Ý1ÞP` Û Z Û ä è1Z â¹ã Û ä Þ X á"Z�Ý Û X Ü�Ý ð+ã
â `1ZdåbÜ�\ â Ü�ê!à£Ü
\�Þ�Z$\ X Ý ä Z�\ â Z ã�ð�X Ý1_�e�d8Ü�Ý Û Z�bh`�Z�Ý ä�â ç ß
ã Û C ã Þ�Þ X Ý�_/á ã O
Z Û \]Z Û è ã C.Z Û X Ý�D$Ü�\�\]Z�D ä ß ã Ý çUã \�\ ã�çmä è ã+ä&X Û C ã Þ�Þ1Z�Þ X Ý ã Ý ç Ü
å X ä Û \�Z Û è ã C^Z ÛX Û Ý1Ü ä Þ X Û ä \ X æ ` ä Z$Þ£¢ XÂä"X Û C â¹ã D$Z�Þ7Z$Ý ä[X \]Z âÂç Ü�Ý7Ü�Ý�Z�Ý�Ü�Þ�Z ã Ý�Þ7è ã Ý1Þ â Z$ÞÖ` Û X Ý�_PZGbh` X ð+ã
â Z�Ý�D$ZÈà
D â¹ã Û]Û `�Ý Xmi D ã�ä[X Ü
Ýke�A ã Þ�Þ X Ý1_ X Û ã+â ê ã�ç Û ã C�C âcX Z�Þ Û X Ý�D$Z
Ý�Ü ä C ã Þ�Þ X Ý�_�Þ X Û ä \ Xcæ ` ä Z�Þ ã \�\ ã�ç Û Z X ä è1Z�\
X Ý�D�\]Z ã Û Z Û ä è�Z�D�Ü�Þ�Z Û X é Z ã Ý�ÞBD$Ü4Þ1Z�_�Z$Ý�Z�\ ã+ä[X Ü�Ý�D�Ü�á�C â Z�ñ X ä£ç
X Ý�D ã Û Z�Þ X Û ã á æ�X _�` ã+ä�X Ü�Ý X Û Þ�Z Û X \�Z$Þkß
Ü
\�á ã O
Z Û ã
âcâ�ä è�Z ã \�\ ã�ç \�ZÈåbZ�\]Z�Ý�D$Z Û Þ ç Ý ã á X D+e¥¤�Z XÂä è�Z$\ Û D$Z�Ý ã \ X ÜPåbÜ
\�Ý�Ü ä C ã Þ�Þ X Ý�_ X Û ð Z$\ ç
ã�ä�ä \ ã D ä�X ð Z
ß ã Ý1Þ%è ã�ð Z,Ý�Ü ä�æ Z$Z�Ý Û ä `1Þ X Z$Þ X Ý�Þ1Z ä�ã+XcâkX Ý ä è�Z�ò ã ê¦D�Ü�á�C Xcâ Z�\$e
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� Û X á X â¹ã \�D$Ü�Ý�D$Z�C äYä Ü ã \]\ ã�ç \�Z Û è ã C^Z Û X Û ä è�Z�C ã Û�Û X Ý�_#Ü
å ã \]\ ã�ç Û Z�D ä[X Ü�Ý Û e���Ý ã \�\ ã�ç Û Z�D ä�X Ü�Ý
X ÛqÛ ã
X Þ ä Ü æ ZeC ã Û]Û Z�ÞUê�è�Z$Ý ä è�Z ã D ä ` ã
â!ã \]_�`�á"Z�Ý ä åbÜ
\ ã Ý ã \]\ ã�ç C ã \ ã ádZ ä Z�\ X Û ã C.Ü X Ý ä Z�\ ä Ü
ä è�Z"á X Þ�Þ â Z&Ü
å ã Ý ã \]\ ã�ç ß�\ ã+ä è�Z�\ ä è ã Ý X ä Û æ Z�_ X Ý�Ý X Ý�_�e�ôtè X Û á ã O+Z Û á"Ü�Þ�` â Ü�`�Ý�\]Ü âcâ X Ý�_1ßÓ` Û Z$Þ
åbÜ
\�Þ X Û ä \ Xcæ ` ä Z�Þ ã \�\ ã�ç Û ß X Ý�D�Ü
\�\�ZGD ä åbÜ
\ ä è�Z,åbÜ âcâ ÜÃê X Ý�_�\]Z ã Û Ü�Ýke�ôtè�Z�D�Ü�Þ�ZY_
Z�Ý�Z$\ ã+ä�X Ü�ÝoC�è ã Û Z
Ü
å
á"Ü�Þ�` â Ü�`�Ý�\�Ü âcâcX Ý�_ ã Û]Û `�á"Z Û ä è ã+ä0ä è�Z
åbÜ�\]á ã
âÌã \�\ ã�çwX Û â Ü�ê!à-Ü�\�Þ�Z$\ X Ý ä Z$\ â Z ã�ð Z$Þkß�ê XÂä è ä è�Z i \ Û äZ â Z$ádZ$Ý ä Ü
å ä è�Z ã \]\ ã�çYã+âcX _
Ý�Z�Þ ä Ü ã O�Ý1ÜÃê�Ý æaã Ý�Ojß�ê�è X D�è ä è�Z�Ý ã+âcâ Ü�ê Û ä è�Z æaã Ý�O�Ýh`�á æ Z�\�åbÜ�\ ã Ý ç
Z â Z$ádZ$Ý ä�ä Ü æ Z�D�Ü�á�C�` ä Z�ÞkeNd8`�\�\]Z�Ý ä[âÂç ß�ò ã ê^D�D ã
â ê ã�ç Û ã
â X _�Ý Û ä è�Z i \ Û ä Z â Z�á"Z�Ý ä Ü+å ä è�Z ã \]\ ã�ç
ä Ü æ Z
Ü
Ý æ�ã Ý�Oo�1ef�-å ä è�Z ã D ä ` ã
â C ã \ ã á"Z ä Z�\ X Û ã C.Ü X Ý ä Z$\ ä Ü ã Ý/Z â Z�á"Z�Ý ä(ä è ã+ä0X Û Ý1Ü ä OhÝ�Ü�ê�Ý
ã�ä D$Ü�á�C Xcâ Z ä[X á"Z
ß ä è�Z ã Û�Û `1á�C ä�X Ü�Ý�Ü
å ä è�Z�D�Ü�Þ�Zq_�Z$Ý�Z�\ ã+ä[X Ü�Ý�C�è ã Û Z X Û ð�X Ü â¹ã+ä Z�Þketfa`�\ ä è�Z$\�á"Ü�\�Z+ß
Z ð Z$Ý X å ä è�Z ã
âcX _�Ý�á"Z�Ý ä Ü
å ä è�Z ã D ä ` ã
âjX Û OhÝ�Ü�ê�Ýkß1Þ X ë.Z�\�Z$Ý ä D ã
âcâ à Û XÂä Z Û á ã�ç è ã�ð Z�Þ X ë.Z�\]Z�Ý ä8ã D ä ` ã
â
ã+âcX _
Ý�ádZ$Ý ä Û e�  è�Z�Ýwå ã D�Z�Þ�ê X ä è ã \]\ ã�ç Û ZGD ä[X Ü�Ý Û Ý�Ü ä�ã
âcX _�Ý�Z�Þ ä Ü ã OhÝ�Ü�ê�Ý æaã Ý�Ojß ä è1ZfD$Ü�á�C Xcâ Z$\
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Z ä è�Z
åbÜ�\]á ã+âÌã DGD�Z Û]Û Z Ûä Ü X ä Þ ç Ý ã á X D
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\ ã
âcâ Ü.D ã+ä Z ä è�Z
Z$Ý ä[X \]Z ã \�\ ã�ç#ä Ü�Ü
Ý�Z æaã Ý�O%\�Z ä�ã
X Ý X Ý�_�Þ X Û ã á æ�X _�` ã+ä Z�Þ ã DGD�Z Û]Û e
ò ã ê^D�D�D�`�\]\�Z�Ý ä�â ç�ã
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â à£Þ X ádZ$Ý Û X Ü�ÝNC ã Û]Û X Ý�_ X Ýed�e#¤	Ü ä Z ä è ã�ä8X Ýcd�ß
ã áY` âÂä[X à-Þ X á"Z�Ý Û X Ü
Ý ã
â.ã \�\ ã�ç�X Û \]Z ã
â â çgã Ü�Ý�ZÈà-Þ X á"Z�Ý Û X Ü
Ý ã
â�ã \]\ ã�ç Ü
å Û á ã
â â Z�\ ã \]\ ã�ç Û ß^Z ã D�èwê XÂä è
Ü�Ý�Z â Z Û]Û Þ X á"Z�Ý Û X Ü�Ýke� mZ	Þ�Z i Ý�Z�C ã \ ä�X¹ã
â à£Þ X ádZ$Ý Û X Ü�ÝNC ã Û�Û X Ý�_ ä Ü æ Z�ê�è�Z�Ý ä è�Z ã D ä ` ã
â^ã \]_�`�á"Z�Ý ä
è ã Û åbZ$ê�Z�\0Þ X á"Z�Ý Û X Ü
Ý Û ä è ã Ý ä è�Z ã D ä ` ã
â*ã \]\ ã�ç ß ã Ý�Þ ä è�Z"åbÜ
\�á ã
â C ã \ ã á"Z ä Z�\�D�Ü
\�\�Z Û C^Ü�Ý�Þ X Ý�_ âÂç
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å ã Ý ç C ã \ ä�X¹ã
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æaã Ý�O�� X Û á ã
X Ý ä[ã
X Ý1Z�Þke



ó�z�z �ÌË�Í5Î�Ï�Ð*ÑK��ÒX�ÓÍ�ÔY�"Õ�Í���ÐÖÍ5Ô�×WÐ*Ô���Ø�Ñ(ÙtÔ5Ú#Ð*Ô
Ï��ÌÐ'Í�Ï�Õ�Ñ	Ð^�



§ ¨ ©~ª «@¬®­ ¯

° ¬WV²± ³U«PV

ôtè X Û D�è ã C ä Z�\�C�\]Z Û Z$Ý ä Û�Û Ü�á"Z�Ü+å ä è�Z0\�Z Û ` â ä Û åbÜ�\ ä è�ZfM ã C Û D$Ü�á�C Xcâ Z�\ Û ç Û ä Z$á X á�C â Z�á"Z�Ý ä Z�Þ ã ÛC ã \ ä Ü
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Ý ä è�Z
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Xcâ Z�Þ"Ý�`1á æ Z$\ Û ã \�Z�D�Ü â â Z�D ä Z$ÞdåbÜ�\EC�\�Ü
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Ýke a C^Z�Z�Þ1`�C Û ã \�Z�á"Z ã Û `�\]Z�ÞUåbÜ�\ ã#ð+ã \ ç4X Ý�_)Ýh`�á æ Z�\
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âcã Ý�D�Z ã Ý�Þ ã _�_�\]Z�_ ã+ä Zdá"Z�á"Ü�\ ç
æaã Ý�Þ1ê X Þ ä è ã \�ZfC�\�Z Û Z�Ý ä Z�Þke¡�£Ý ä è�Z ä è X \�Þ ã Ý�Þ i Ý ã
â Û Z ä Ü
å'\]Z Û ` â ä Û ß ä è�ZFC^Z�\³åbÜ�\�á ã Ý�D$Z æ Z�Ý�Z i�ä ÛÜ
å ä è1Z Û Z â ZGD ä[XÂð Zd` Û ZdÜ
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ádÜ�Þ�Z�\ ã+ä Z â ç�X á�C1\�Ü ð Z Û C^Z�\]åbÜ
\�á ã Ý�D�Z X Ý Û Ü
ádZLD ã Û Z Û e¡��Þ�Þ XÂä[X Ü
Ý ã
â \]Z Û ` â ä Û�Û è�Ü�ê ä è ã+ä�X Ý�Þ�ZGC.Z$Ý4à
Þ�Z�Ý ä Z�C^Ü�D�è Û D ã Ý æ Z ð+ã
â ` ã
æ�â Z
ß æ ` ä Ü�Ý â ç åbÜ�\ ã è X _�èmÝ�`1á æ Z$\YÜ
å ä�Xcâ Z Û ß ã Ý�ÞPåbÜ�\ ã \�Z Û ä \ X D ä Z�Þ
D â¹ã Û�Û Ü
å´C�\�Ü�_
\ ã á Û ä è ã�ä è ã�ð Z�á ã Ý ç�X Ý�Þ�ZGC.Z$Ý�Þ�Z�Ý ä ádZ$ádÜ
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ã+â ` ã+ä�X Ü�Ývåb\ ã ádZÈê8Ü
\gO ã Ý1Þ ã C#C âcX D ã+ä�X Ü�Ý Û ` X ä Z ã \�Z
Þ�Z Û D�\ X æ Z$Þke
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X Ý�Z�Þ,` Û X Ý�_�M ã C Û X á�C â Z�á"Z�Ý ä Z$Þ ã Û C ã \ ä Ü+åjò ã ê^D�D+ß ä è�Z
ò ã ê»D�Ü�á�C Xcâ Z�\ æaã Û Z�Þ)Ü�Ý ä è�Z a#¼ ��f�D�Ü�á�C Xcâ Z�\ X Ý1åb\ ã Û ä \�`�D ä `�\]Z $ z � %�eL½ ð+ã
â ` ã+ä�X Ü�Ý X Û C^Z�\³åbÜ�\�á"Z�Þ
Ü�Ý ã D ç D â Z�à ã DGD�`�\ ã+ä Z Û X áY` â¹ã�ä Ü�\'Ü
å ä è�Z�ò ã êvá X D$\�Ü�C�\]Ü.D$Z Û]Û Ü�\$ß ¾�¿�À
eÌôtè�ZN¾�¿�À Û X áY` â¹ã+ä Ü�\*ádÜ�Þ�Z â Ûã Ý X Ý ä Z�\]ádZ$Þ X¹ã�ä Z�Þ�Z Û X _
ÝÁC^Ü X Ý ä åbÜ
\dò ã ê0ß�\]Ü�`�_�è â ç á"Ü�Þ�Z â âcX Ý1_ ä è�ZgÞ�Z Û X _�Ý ã Û Ü+å�Z ã \ âÂç ó,+�+�+1e
ôtè�Z i Ý ã
â Þ1Z Û X _�Ý)åbÜ�\ ä è1Z&ò ã ê»D�è X C�C�\]Ü ä Ü ä£ç C^Z X Û(Û ä[Xcâ â�X Ý)Z ð Ü â ` ä�X Ü�Ý�eqôtè�Z&Þ�Z Û X _
Ý Û X áY` â¹ã+ä Z�Þ
åbÜ�\ ä è�Z0\]Z Û ` â ä Û D$Ü�Ý Û X Û ä Û Ü
å�Ü�Ý�Z Û ä�ã+ä�X D(Ý�Z ä ê8Ü�\VO ã Ý�ÞgÜ�Ý�Z0Þ ç Ý ã á X D(Ý�Z ä ê�Ü�\gOje^½ ã D�è ä�Xcâ Z�` Û Z Û ã
M"�
A a ò � ����� X Ý Û ä \�`�D ä[X Ü
Ý Û Z ä'ã C�C^Z�Ý1Þ�Z�ÞYê XÂä èYÝ�Z ä ê8Ü
\gO ã D�D�Z Û�Û X Ý Û ä \�`�D ä[X Ü
Ý Û åbÜ
\ ä è1Z:C�\]Ü.D$Z Û�Û X Ý�_
Z â Z$ádZ$Ý ä e�ôtè�Z�Þ ã+ä�ã/ã Ý1Þ X Ý Û ä \�`�D ä[X Ü
Ý�á"Z�á"Ü�\ X Z Û Ü�Ý�Z ã D�è ä[Xcâ Z ã \]Z ã Û�Û `1ádZ$Þ X Ý i Ý XÂä Z�K:D ã D�è�Z
æ Z$è ã�ð4X Ü�\ X Û Ý�Ü ä Û X áY` âcã+ä Z$Þke/ôtè�ZcÂaÜ ã+ä�X Ý�_�C.Ü X Ý ä `�Ý XÂä ÛYÛ X áY` âcã+ä Z$Þ ã \�Z�Ý�Ü ä C X C.Z âcX Ý1Z�Þke)ôtè�Z
Û X áq` â¹ã+ä Ü�\�å ã+X ä è4åb` âcâÂç ádÜ�Þ�Z â Û æ Ü ä è ä è1Z Û X Ý1_ â Z Û ä�ã�ä[X D ã Ý�Þ Û X Ý1_ â Z�Þ ç Ý ã á X D(Ý�Z ä ê8Ü�\VOjß X Ý�D â `�Þ X Ý�_
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å�D ç D â Z Û åbÜ�\ Û ä�ã�ä[X D ã Ý�Þ
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ôtè�Z�Þ�Z Û X _
Ý,åbÜ�\ ä è1Z8ò ã êçC�\]Ü ä Ü ä£ç C^Z�è ã Û C1\�Ü�_�\]Z Û]Û Z�Þ æ Z ç Ü�Ý�Þ ä è ã+ä�X Ý ä è�Z�¾�¿�À Û X áY` â¹ã+ä Ü�\ ã Ý�Þ
X Û5Û ä�Xcâ â Z ð Ü â ð�X Ý�_�K ã ádÜ
\�ZY\]Z�D�Z$Ý ä Þ1Z Û X _�Ý�C.Ü X Ý ä D ã Ý æ ZYåbÜ�`�Ý�Þ X Ý $è��� %¢eFn5Z Û X _�Ý�D�è ã Ý�_
Z Û0Û X Ý�D�Z
¾�¿�À X Ý�D â `�Þ�Z�è ã�ð�X Ý�_ ä ê8Ü X Þ�Z$Ý ä[X D ã
â Û ä�ã+ä�X D�Ý�Z ä ê8Ü�\VO Û ã Ý1Þ ä ê�Ü X Þ�Z�Ý ä�X D ã+â Þ ç Ý ã á X D�Ý1Z ä ê�Ü�\gO Û ß
X Ý Û ä Z ã Þ�Ü
å�Ü�Ý�Z�Z ã D�èke!ö ã�ð�X Ý�_ ä ê8ÜdÝ�Z ä ê�Ü�\VO Û Ü
å ã O X Ý�Þ X Ý Û ä Z ã Þ%Ü
å�Ü�Ý�Z X Ý�D$\�Z ã Û Z Û ä è1Z,\]Ü�` ä[X Ý�_
\]Z Û Ü�`�\gD$Z Û ã�ð
ã+Xcâ¹ã+æ�â Z	Ü�Ý ä è�Z�D�è X CkßUé7ê7ë�êcß ä ê�Ü ð+ã
â `�Z Û D ã Ý æ Z(\]Z�D�Z X ð Z�Þ ã�ä	ã
ä�Xcâ Z�C.Z$\kD ç D â Z0\ ã+ä è�Z�\
ä è ã ÝgÜ�Ý�Z+e��8Ü ä è�Ý1Z ä ê�Ü�\gO Û ã \�Z(\�Z$_ X Û ä Z$\³à£á ã C�C^Z�ÞìK ä ê�Ü ð+ã
â `�Z Û D ã Ý æ Z(\�Z ã Þ X Ý ä Ü ã D�è X C X Ý�Ü�Ý�Z
D ç D â Z ã Û ä è1Z ä ê�Ü X Ý#C�` ä Ü�C^Z�\ ã Ý�Þ Û Ü
å ã � à£Ü�C.Z$\ ã Ý�Þ�M"�
A a ò � ����� X Ý Û ä \�`�D ä[X Ü
Ýke:��Ý ã Þ1Þ X ä�X Ü�Ý ã+â
á"Ü ä�X ð+ã+ä[X Ü�ÝgåbÜ�\ ã Û Z�D�Ü
Ý�Þ?Þ ç Ý ã á X DqÝ�Z ä ê8Ü
\gO X Û æ Z ä�ä Z�\�C^Z�\]åbÜ
\�á ã Ý�D�Z�åbÜ�\5Þ�Z ã Þ â Ü.DPO�à ã�ð Ü X Þ ã Ý�D�Z
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Ý X Û ä è ã+ä
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ß
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ä è�ZLC�\�Ü ä Ü ä£ç C^Z
ßa\ ã�ä è�Z$\ ä è ã Ý�è ã \]Þ1ê ã \�ZLD ã D�è�Z Û e

�¡C�C âcX D ã+ä�X Ü�Ý Û C.Z$Z�Þ�`�C X Û Þ�Z$\ XÂð Z�Þdåb\�Ü�á¹D�Ü
á�C ã \ X Û Ü�Ý&ê X ä è ä è�Z¡C.Z$\]åbÜ�\]á ã Ý#D�Z	Ü
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ã Û X Ý�_ â Z�ò ã ê ä�Xcâ Z
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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 D
M�@�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�HVR
Y 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
o N J RnNPM��LK @KHQM�NnR�N J QRM,Q�DLN T R�@C@PKU�WN[QRM,N�H�Y ` N(H	M�NKQS@nD�PsRhc,DWQhb-RSNPKM@CD�N�EVKgHIBwi(Rdb[@,e�@QK N6c�M�HIB�MQnM^HIB[D J K N Ó FSÍ3Õ K @Ñc,DWN6c]M@b�HQT-R�X X T @PKMQRKMX	RDNuHIDfHIB�M�QRM�HCB[D J K N Ó FD�dÕ e[HIB�M�@IR�QnMnc,D�Q8b-RDNQKM@KDWN¶c,DWQ 2QnM�N*HC@ PZDLN Ó FD�sÕ EVKgHIBhi1Rsb[@sRdb6b[X T HCD�HIB�M¸c�DWQ8b[RSNQK @CDWNYD�P Ó FSÍsÕ EVK HCBpi(Rdb[@�Y z B�M3DWN[X T R J�J K HQKMDWN-R�XDWL[@QM]N / R�HQKMDWNHK @�HCB-R�HAi1Rdb[@Ab|M�N`PZDLNCQ�@ J R�HVR(R�N J K N[@KHQNQT6c^H	KMD�NÁb[X	Rsc�M,QRM,N�Htm / KUN`H	T-R�X 2 HCD 2 b�B T @PK*c&R�XQdRdb0b�KMN���o>@QKMQÏT[X HIR�N�M,DST[@CX T e�R�@xKMN Ó FSÍ3Õ e�KMNAHIB�MS@tb-Rdc�M 2 HQKMQRM�@tcVB�M J T[XUM]N�Y z B�K @xK @yLzMec&RST[@PM}1pR&EB-R�@�B�M�H	M]NCDL�SM,N�M�DLT[@Ac�DWN[N�Mec�H	K / K H T{Z NQM]�LKM@`H	M]N o XfM,@�RSNQM J KfNQM@c^HIX T c,DWN[N�M@c�HQM J DWN�X T HCD(HIB�M�KUN�XMDgc&R�XQnM�QSDLN T L[R�N�O*@,e\QdRDO�K N���KgHÊb�NCD o HVR�L�XUM HCD·c�DWN[@PK J M]N J R�HVRxR�N J KMN[@`H	NQT0c�H	K DWNzb[XMRdc�M�QnM�N*H HCDL�LM^HIB�M]N�Y

�\T @`HIDWXfK*c�RSNQNCR T @�B-R / M�M ] b�DW@QM J QRM,Q�DLN T L[R�N�O*@,e=B�DFEiM / M�N�e=HIB�M]KUN c,DWQhb�T�HIR�H	K DWNaQSD J M�XXKM@
M,N�H	KfNQM,X TiJ K I M]NQM,N�HGP�NCD�Q DLT�N3Q�D J M,X�Y � M@c^H	K DWN_?�6�Y Í Y J KM@tc�T[@K@QM�@>@ T @`HIDWXfK*cµc,D�Q8b�K XUM]NC@�Y
8:9{â�ã Ñ í�ÒËå+èÐ<�ë�ð&ê&ì çÔÓÖæ åAæ çKèDé ê&ë�ì@ñ�æ î&ë�>|ïËñ�í�ë�ç|ð
Õ HIXUM,R�@KHdPZDLT�N J K I M]NQM�N*H�O�K N J @tD�PyQnM�QSDLN TOJ KM@CR�QYL�Kf�LT-R�HQKMDWNle D�HIB�M]NdHIB[R�NbL-R�N�O J K @IR�QYL�KU�LT-R 2H	KMD�NlejB-R / MfL|M�M,N b�NKDfb�D�@QM J KMNkHCB�MfXUKgH	M�NCR�H	T�NQMSY z B�M,@PM�RSNQMÔNQM�X	R�HQK / MYQnM�QSDSN T(J KM@CR�QYL�Kf�LT-R�HQKMDWNle
NQT[N 2 H	K QnM J KM@CR�QYL�Kf�LT-R�HQKMDWN�e J T N[R�QnKHcSQRM,Q�DLN TAJ KM@CR�QYL�Kf�LT-R�HQKMDWNle�R�N J R | N�M 2 QnM�QSDSN TAJ K @IR�Q 2L�KU�LT[R�H	K DWNvY[Ö~RscVB�D�P�HCB�M PZDLT�N¥KM@ J KM@qc]T[@C@PM J KMN�HCB�KM@{@QM@c^H	K DWNle×KMN�HIB�M3DLN J M�N XfKM@`H	M J Y z B�M J KM@qc]T[@C@PKMDWN@KHVR}H	M,@nEGB-R�H>HCB�M T RSNPM�e�B[DqE HIB�M T c�DWQ8b[RSNQMyHIDSL-R�N�O J KM@CR�QYL�Kf�LT-R�HQKMDWN�e-R�N J KgP{HCB�M T RSNQMxT[@PM�P�T[XPZDLN i1Rdb[@VKMN�R�N T E R T Y

1VM,XMR�H	K / MyQnM�QSDSN TiJ K @IR�Q�L�KU�LT[R�H	K DWN Ó F Í3Õ K @pRnOyKMN J D�P QRM,Q�DLN TtJ KM@CR�QYL�Kf�LT-R�HQKMDWNWT[@PM�P�T[X�PZDLNR�N T QSRdcVB�KMN�M�EVK HCBkQsT[XgH	K*b�XUM�QnM�QSDLN T L-R�N�O*@�HIB[R�HyR�X XMDqEG@>QsT�X H	KHb[XUMyDLT HI@KHIR�N J K N��«NQM]ØyT�M,@`HI@xHIDQnM�QSDLN T Y z B�M EuDLNPOHKMN Ó F ÍsÕ HIRSNQ�SM�H	M J L�T[@ 2 L-R�@PM J 7 ^a`�Ù QSRdcVB�K N�M,@f@QT0cVB R�@YHCB�M ikT[XgH	K u DFEz NCRdc�M ÓÛÚ ? Õ Y·1JM�X	R�HQK / M�QnM�QSDLN T�J KM@CR�QYL�Kf�LT-R�HQKMDWN(RSKMQ�@nHCD J KM@tc,D / M]Nµc&R�@PM,@xEGB�M]NQMYHrEuD�QRM,Q�DLN TRdc@c]M,@C@PM,@iN�M / M]N�NQM^P�M�NfHID_HCB�M1@CR�QRM(QRM,Q�DLN T XMDgc&R�HQKMDWNvY � T6cec�M,@K@KP�T[X J KM@CR�QYL�Kf�LT-R�HQKMDWN5K Q8b[XfKUM�@HIB-R�HdHIB�MARdcec�M�@C@QM�@¼c&R�N L|M=M ] M@c]T�H	M J K Nyb-RSNCR�XMXfM,X�Y 1VM,X	R}H	K / M1QRM,Q�DLN TOJ K @IR�Q�L�KU�LT[R�H	K DWNÜT�@QM,@J M@b|M,N J M,N6c]M(R�N-R�X T @PKM@,e�b�DSKMN�H	M]NYR�N-R�X T @QK @�R�N JcJ R�HIR u DqE R�N-R�X T @PKM@yH	MecVB[N�KUØyT�M�@YHID J KM@qc�D / M�N�HIB�M
NQM,XMR�H	K / MGD I @QM^HI@~D�P J K I M�NQM�N�HiNPM�P�M]NQM,N0c�M,@]Y_�|DSN_M ] R�Q8b�XUM�e×NPM,XMR�H	K / M3QRM,Q�DLN T9J KM@IR�QYL�KU�ST-R�H	K DWNYQSR TLzM9R�L[XUM�HID]b�NKD / MYHIB-R}H>HIB�MsNQM^P�M�NQM�N6c�M�@sÝ§Þ"R�N J Ý�mßÞÔà ?FonR�X E R T @���DdHID J K I M]NQM�N*H�L-R�N�O*@�KgP HIB�MJ R�HVR�K @>X DFE 2 DLN J M�NJKMN�H	M]NCXUM,R / M J Y z D J Di@CD[e�HIB�MAc�DWQhb�KMXfM�N3E DST[X J N�M]M J HCD}b�NCD / MYHIB-R�HiÞ�KM@nN[D�H
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Q�D J K o M J K N(L|M�HrEiM�M�N HIB�MyHrE DtRdc@c]M,@C@PM,@]Y v R�HVR u DqE;R�N-R�X T @QKM@pQSR T L|M�R�L[XUMyHID8b�NCD / M�HIB-R}HiÞuKM@N�D�HGQSD J K o M J Y

1VM,XMR�H	K / M�QnM�QSDLN T J K @IR�QYL�KU�LT-R}H	KMD�N J D
M�@�N[D�H�@qb|M@c]K P T HIB�MdRdc�HQT-R�X~L-R�N�O HCB-R�H�RuNQM^P�M�NQM�N6c�MRsc@c�M�@C@PM,@,e DLN¯�LT-RSNCR�N�H	M]MpHCB-R�H~HIB�MGL-R�N�OfRdc@c]M,@C@PM J K @sHCB�Mp@IR�QRMVKMNSR�XMX J T N[R�QnKHcVKMN[@`HVR�N6c]M,@�e B�M�N6c�M
NPM,XMR�H	K / MdQRM,Q�DLN T_J KM@IR�QYL�KU�ST-R�H	K DWN"@CDWX / M,@fR J K I M�NQM�N�Hzb�NCD�L[XUM�Q P�NKDWQ L[R�N�O J KM@CR�QYL�Kf�LT-R�HQKMDWNvY
�JM / M�NKHCB�M,XfM,@K@,eyNQM�X	R�HQK / M~QRM,Q�DLN TyJ K @IR�Q�L�KU�LT[R�H	K DWNwK @.T[@PM�P�T[X
KMNAi1Rdb[@¥K N�HIB�M�KMN J M@b|M,N J M,N�H¯M@b�D[cVBDdb�H	K QnKH)&R�HQKMDWN PZDLNYN�DWN 2rJ KM@IR�QYL�KU�ST-R�H	M J Rdcec�M�@C@QM�@�Y Õ N ` N J MebzM�N J M,N�HnM@b�D[cVB QSR T L|M«T[@PM J PZDLNR_@QM�HtD�PyN[DWN 2 J KM@CR�QYL�Kf�LT-R�HQM J Rdc@c]M,@C@PM,@iEGB�M�N R�XMXGHIB�M1Rdc@c]M,@K@QM,@�RSNPM�KMN J M@b|M,N J M,N�H�Y 1VM,XMR�H	K / MQRM,Q�DLN TdJ K @IR�Q�L�KU�LT[R�H	K DWN�KM@GR�L[XUM�HCDhb�NCD / MxKMN J M@b|M,N J M�N6c�M�D�P{Rdc@c]M,@K@QM,@lKMN @CD�QnMnc&R�@QM,@]Y

1VT[N 2 H	KMQRM J KM@CR�QYL�Kf�LT-R�HQKMDWN�e²b�NCDfb�DW@PM J L T �JK*c�DWX	RST ÓÛÍ 6 Õ emKM@nR�N[D�HIB�M]NoOyKMN J D�PsQnM�QSDSN T J K @ 2R�QYL�KU�ST-R�H	K DWNvYÔ�JK*c,D�X	RSTvá @xQRM�HIB�D J T[@QM�@�@KD�P HrE=RDNQMSR J[J NPM,@C@ 2 c�DWQ8b[RSNQK @CDWN cVB�M@cjO*@,e.KMN[@PM�NKHQM J KMN�HIDHCB�M c�D J MkL T HCB�M c�DWQ8b�KMXUM]N,e HCB-R�Hpc,DWQhb-RSNPMkR J[J NQM,@K@QM�@tPZDLN J K I M]NQM�N*HdQnM�QSDSN T NQM^P�M�NQM�N6c�M�@ R�H
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Í'Î4û�Ï_çsÝ��Wß0Ý6��è�â�ã��7Òª×RÚAà%Ö�[SÒªÙ`d)ðFÝ4ÑªÔDÚe=vÖ�ß�����Ý4ÒM×�ßQÒªÛ,ÜRÚ)ç�Ó�Ü�×��AÝ4Òª×�Ñ�Ý4Òª×�Ú�ì�ÒªÛ,Ü�Ö�ßQÙ]:�Òªé"Ó�×�Ò�ÚAè8Ó�â�ß0Ó�ã0Ü

\%Ü�Ö�ßQÖsÛ,Ü�ÓsßQÑ�ÓSÓ�Ú�çsÓ�Ü�×m��Ü�Ö � Òª×�ÚVà%Öa[7ÒªÙm4AÖ���ÖsÜ�Ò�ß,Ö7Ú7ç�ÓVÝ4Ñ3
�ÖW�SÔiÝDß4Ú
=vÖ�ß��w�AÓsß0Ó�ê�Ò�Ô�nsÚ
8A×�ÓVÓ � \%â � Ô0Ö7Ú
=
Ý4×�Ù�Ý4Ñ�ì#Ó�ãiÝ4×VáqÑªâqécÚpÖs×�Ù~çsÓ�Ü�×/��Ý4×�×�Ý4ã0ã��sî�Þ#Ü�Ý�:SÔ0Ös×�ðFÓsßQÙnëlå�8u:I� = â�ÑªÔ0Ò � ß0Ó7ÛNÝ4ã0ãiÓsß4î_ïb× � ÷���x
0E#?#?S�),+%��$w�CR|ö,1I#w�%�W$NöHye+X+�õX��� ò +Xöt#N÷D+7�sö*)i��+7��� � V��k'I�W$E)HõI�M��+ ô ���k'Xõ�öt#N÷ y)÷C061")yöt#�04öyõ7÷�#¢¡ ò?� ô y�£
��¤�¤6� ÚA��Ü�ÒªÛDÖ�ØsÓ�Úqïbå�ÚX8 � ß,ÒªÑlÎ4ûsûWL�îXï¬Ð�Ð�Ð#î

Í	��ù!Ï.8A×�Ös×VÔ�8�Ø�Ö�ßQê�ÖsÑ�Ú�à%Ö�[SÒªÙ¢��Ü�ÖsÒZ�sÝ4×RÚ5\)Ó7Ù�ðHß0Ý6�}à�<N:SÓ�â
n4Ö7ÚXè�Ò�ß��_ç�Ó�Ü�×�ãiÓ�×�ÚSà%Öa[7ÒªÙcè8ß,Ös×
nsÚqçsÓ�Ü�×�è�â�æ
áqÒªÖ�ÔiÓTêAÒªÛ�nsÚ�è�ÒZ�sÓ�ã0Ü�Ò�è�â�ßQÒªÜqÖ�ßQÖ7Úp
�Ý4×�Ø�æt�AÓ�×�Ø�å�Òªé�Úz\%Òª×�Ór=vÖsÖ7Ú�à)Ös×b4)â�ã0ãiáqÖsâqécÚ�=vÒZ�sÝ�ouÖ�ß?�SÒª×�Ú
Ös×�Ùrà)Ó�×�ÖsÑªÙ�¥�Ý4âq×�Ø�îRÞ#Ü�ÝH= ïbÞ�8AÑ�ÝDêAÒ�ðFÝ�=vÖsÛQÜ�ÒM×�Ýsñ�8�åpÖ�ß0ØsÝNæ�:7ÛDÖsÑ�Ý)à%ÒªãiÔißQÒ�áXâ�ÔiÝ4Ù7æt= Ý4é"Ósß��>=vâ�Ñ�Ô0Ò�æ
� ß0Ó7ÛNÝ4ã0ãiÓsß4îVïb× � ÷��a0E#E#�S�),+%�&$H��R�¦;�s÷?U�$?1Y�E';��+ � 0?���Z�"!6�Z# � 1Y�s÷�#?Se-�#�� ��÷DVk-jõI�2ö*)�'X÷��a0E#�$?$6��÷?$ î�è�ÑªâVê�ÝDß
8AÛDÖsÙ�Ý4é}ÒªÛ9o�â�áqÑMÒªã0Ü�ÝDßQã4ÚSÎ4ûsû7Î�î38A×�Ý��7ÔiÝ4×�Ù�Ý4Ù�[sÝDßQãQÒ�Ó�×�ÓsðXÔ0ÜqÒªã � Ö � ÝDßlÖ �5� Ý4Ö�ß,ã�Ösã�=
ï¬Þk§!å��(:�=
Ý4é"ÓÞH=�æ�L"KWL�ÚuÎ4ûsû7Î�î

Í	�7Î?Ï}Þ#ÒªÑªÖ��B8AØsÝDß0ê�ÖsÑMÖ7Ú�çsÓ�Ös×�×�Ý�= Ö�ßQÔ0Òª×RÚ�ç�ÖsérãQÜ�Ý4Ù/�Zî�=vÒ�ß�n4Ö7Ú�à%Öa[7ÒªÙf:7ÖsÙ�Ñ�ÝDßTÚuà%Ös×<à%ÒªÖsãDÚ�Ös×�Ùb= Ö�ßQÛ
:7×�Ò�ß4î.:Io}�;:Y�7ãiÔiÝ4é¨8AßQÛ,Ü�Ò�ÔiÝ4ÛNÔ0â�ß0Ýsîcò�© - ô �s÷�'I�s÷C�sö*)i��+_FH#D$a#���÷�0�1BFH#c'I�s÷?ö ò�© -hx�F ô xc�Y�"�&��� Ú�ç�Ös×Î4ûsû&KSî

Í	�&��Ï.=wîXÕtîP�AÖsÑMÑ�ÚXç�î3=wî38A×qÙ�ÝDßQãiÓ�×RÚA:Lî5ouî78)érÖ�ßQÖsãQÒª×�Ø�Ü�ÝsÚ3
AîWì�î3= â�ß � Ü%�sÚ3:Lî æ^Õ£îLåpÒªÖ�Ó�ÚXÐ�î7
�â�Ø�×�Ò�Ó�×�ÚÖs×�Ùj=wîP:Lîqå�Ösé�îq= ÖW��ÒªérÒZn4ÒM×�Ø�= â�ÑªÔ0Ò � ß0Ó7ÛNÝ4ã0ãiÓsßHouÝDß0ðHÓsßQérÖs×�ÛNÝ�ê�Ò�Ô0Ü�Ô0Ü�Ý�:
v�ï¬ë_��Ó�é � ÒªÑªÝDß4î�òió�ó�óô ���k'Xõ�öt#N÷ Ú3�sû�ú¬Îa��ü,ñþýWLW�SýsûSÚ�à)Ý4ÛNÝ4é�áWÝDß�Î4ûsûsÿSî
Í	�sø�ÏrÕ�ÒªÑMÑªÒªÖséª
�Ñªâ�é"ÝsÚ8ì�âqÙ�Ó�Ñ�ðZÐ�Ò�ØsÝ4×�érÖs×q×RÚ)è�Ý4Ò�Ô0Ü�ë�ÖsÒ�Ø�ÒM×RÚ�çsÓ�Ü�×]\%ß0Ó�â�ÔDÚ�ç�Ö�����ÓSÝ�«XÒª×�ØsÝDßTÚ)à%Öa[7ÒªÙ

ouÖsÙqâ�Ö7ÚGolÖsâ�ÑGouÝDÔiÝDßQã0Ý4×RÚG
�ÒªÑªÑ{ouÓsÔiÔiÝ4×�ØsÝDßTÚoåpÖ4ê#ß0Ý4×qÛNÝnì�ÖsâqÛQÜVê�ÝDß0ØsÝDßTÚ>ouÝ4×�ØxÞuâRÚ�Ös×�Ù¬:SÔiÝ � Ü�Ý4×Õ�Ý4Ö�Ô0Ü�ÝDß0ðHÓsßQÙRîcÐ��WÝ4ÛNÔ0ÒZ[sÝm8Aâ�ÔiÓ�é}Ö�Ô0ÒªÛ.olÖ�ßQÖsÑªÑªÝ4ÑªÒZn4Ö�Ô0Ò�Ó�×�êAÒ�Ô0Ü­ouÓ�ÑªÖ�ßQÒªã4î�ò +qöt#D÷E+7��ö*)*��+3���9®I��õ7÷D+7���9�CR
� ��÷����,�Z#6� � ÷�����÷C������),+%� ÚP= Ö���Î4ûsû&KSî

Í	�WL�Ï}ì#ÓsáWÝDß0Ô�Õ{ÒªÑªãiÓ�×RÚVì#ÓsáWÝDß0Ô�ë�ßQÝ4×�ÛQÜRÚX��Ü�ß,ÒªãiÔiÓ � Ü�ÝDß�Õ{ÒªÑªã0Ó�×RÚY:7ÖsérÖs×.8AérÖ�ß,Ösã0Òª×�Ø�Ü�ÝsÚ7çsÝ4×�×qÒ�ðFÝDßq8)×�Ù�ÝDß0æãiÓ�×RÚ�:SÔiÝ6[sÝ|Þuí0ÒªÖs×�Ø�Ú�:7ÜqÒªÜ7æ^Õ�Ý4Òlå�ÒªÖ�Ó�Ú���Ü�Ösâ7æ^Õ�Ý4×nÞ#ãiÝ4×�Ø�Úp= Ö�ß��B�)ÖsÑªÑ�Ú�= Ó�×�ÒªÛDÖ
å�ÖsécÚuÖs×�ÙeçsÓ�Ü�×
��Ý4×�×�Ý4ã0ã��sî�:IvAïbë�ñX8)×cï¬×�ðFß,ÖsãiÔißQâ�ÛNÔ0â�ßQÝ)ðHÓsß#ì#Ý4ã0Ý4Ö�ßQÛQÜ
Ó�×�olÖ�ßQÖsÑªÑ�Ý4ÑªÒ�n4Òª×�Ø�Ös×�Ùrd � Ô0ÒMérÒZn4Òª×�Ø���Ó�é � ÒMÑ'æÝDßQãDî y ô - �7òW¯ ��° yk±�±>�sö*)i0E#�$ Ú7�sû�ú¬Îa��ü,ÚWà)Ý4ÛNÝ4é�áWÝDßZÎ4ûsûsÿSî
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Í	�&K�Ï_ÕeÖsÑ�ÔiÝDßvå�ÝDÝsÚZìAÖ�í¬ÝDÝ6[�
�Ö�ßQâ�Ö7Ú�= Ö�ÔiÔ0Ü�ÝDê ë�ß,Ös×
�XÚoà)Ý6[!Ö�áqÜqÖ�Ô0â�×�Ò>:Sß,ÒZ�Vß,Òªã0Ü�×�Ö7Ú8çsÓ�×qÖ�Ô0Ü�Ös×²
�Ö�á�á�Ú

ä)ÒZ[sÝ6��:7Ö�ß���Ö�ß4Ú�Ös×�Ù¢:7ÖsérÖs×�8)érÖ�ßQÖsã0ÒM×�Ø�Ü�Ýsî�: � ÖsÛNÝNækÞ�Òªé"Ý>:7Û,Ü�Ý4Ù�â�ÑªÒM×�ØZÓsðuï¬×�ãiÔißQâ�ÛNÔ0ÒªÓ�×7ækå�Ý6[sÝ4ÑJolÖ�ßiæÖsÑªÑ�Ý4ÑªÒªãQé	Ó�×rÖ8ìAÖ4ê³=vÖsÛQÜqÒª×�Ýsîqï¬× � ÷C�a0D#?#?S�)2+Y��$e�CRAö,1I# ó )Z��1Vö,1>y ô - ô ��+aRa#N÷�#�+30E#u��+.y)÷�0�1%)Höt#?04öyõ7÷C�&�
� õ�'�'I��÷NöAR6��÷ � ÷C�?�s÷�������),+%� ° �&+%�sõX�a�Y#D$��&+7S­´p'
#D÷C��ö*)2+%� � VW$?öt#6�>$ Ú � Ö�ØsÝ4ãeL`ÿ��YK��VÚp:7Ös×vç�Ó�ãiÝsÚJ�98�Ú
d%ÛNÔiÓsáWÝDß�Î4ûsûsýSî

Í	�sÿ�Ïj:SÔiÝ6[sÝ4×�:Lî%=vâ�ÛQÜq×�ÒªÛ��Lî ykS�µW�&+70E#?S ô ���k'7),�Z#D÷ � #D$E)Z�&+;�&+7S ò �k'7��#��.#�+Xö��sö*)*�&+ î�= Ósß0Ø�Ös×cè�Ösâ�ðHérÖs×q×RÚ
:7Ös×cë�ßQÖs×�ÛDÒMã0ÛNÓ�ÚP�98ZÚ�Î4ûsû��Vî

Í	���TÏ�opî�olÖsâ�ÑªÒM×RÚ��%îlåpÒ�Ý4écÚq=nî���ÓsßQ×�ÝDß0Ó�Ú�ë�î�4)ÖsÛDÖ�áqÖsÑ�Ú�Ös×�Ù_\oî�\)ÓSÓ�ã0ãiÝ4×qãDî�Ð�éZáLÝ4ÙqÙ�Ý4Ù¶:7ÓsðFÔ±ê�Ö�ß0Ý�ÒM×
ì#Ý4ÖsÑ'ækÞ#ÒMé"Ý9:7ÒªØ�×�ÖsÑ"o�ß0ÓSÛNÝ4ãQã0Òª×�Øu:Y�Sã0ÔiÝ4érãDñp8 �X� ÑMÒªÛDÖ�Ô0Ò�Ó�×�Ös×qÙ>8AßQÛQÜqÒ�ÔiÝ4ÛNÔ0â�ß0Ý�Þpß0Ý4×�Ù�ãDî�ò +Xµ�)yöt#�S9'I�E'
#D÷?|
� ÷��a0E#E#�S�),+%��$��CR�ö,1I# òió�ó�ó�Úqý&K�ú�ø�ü,Ú3= Ö�ß,ÛQÜ~Î4ûsû��Vî

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×Rî
d%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×�ÒMÖ7Ú
d%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×�×RÚ
olÖsÑ�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
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