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Abstract :
We present Frame, a simple language which facilitates structured expression of imperative parallelism. Programs

are described at two levels. The top level captures the main parallel algorithmic structure (which may be nested) and is
independent of the language used in the lower level to describe the building blocks of sequential or unstructured parallel
code which it coordinates. In the current instantiation of Frame the lower level code is expressed in C with calls to
MPI. Frame exists as a simple demonstration of the principle of combining nested imperative parallel control structure
with properly contained ad-hoc parallelism. Subsequent languages in the Frame family should augment it with further
control constructs, more sophisticated interfaces to the ad-hoc level and optimised implementation strategies.
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CEDGFIH�D?J�DLK(MONQPSRUTWVYX�Z[J�\^]_F;` D�`^ZaKIb�cdZab�DGegfd\ihjflkmZ�hL\^`i\ M=ZaM/D?JnJ�M/H�c;hoM�cIH�D�pqD?rsFBH/D?J�J�\ t�K%t#k

\^]_FuDLH�ZvM�\ w�DxF;ZvH�Z�`i` Ds`^\ J�][y�z�H�t�b�H�Z�]_J{ZaH/D.pYD?J�hoH�\ |#Dsp}ZaM~Moe~t5` D?w�Ds` J�y��0fID�M/t�F�` DLw�D�`#h?ZvFBM/cBH�DLJ
M/fBDO][Z�\ K%F;ZvH�Z�`i` Ds`"Z�` b�t�H�\ M/f;][\^h�J�M/H�c;hoM�cIH�D���egfd\ihjf�][Z���|uD}KID?J�M/DspI��ZvK;p%\ J5\ KdpUD?F#D?KdpUDLK(M
t)k�M/fBD5`^ZaKBb�c;Zvb�DncIJ�DspO\ KOM�fID5` t�e�D?H.` D?w�Ds`BM�t�pYD?J�hoH�\ |#DnM/fBDn|Bcd\i`^pB\ KIb9|d` t�h��sJ_t)k�J�Ds�?cBDLK(M=\^Z�`
t�HncIKBJ�M/H�cdh�M/cBH�D�p�F;ZaH=Z�`^` Ds`~hot�pYDGe�f;\^h�f�\ M9h�tst�H�pI\ K;ZaM/DLJYy9��K2M/fBD�hocBH/H�D?KsM9\ KIJ�M�ZvK(M=\^ZaM=\ t�K%t#k
NQPSRYT�V.M/fBD�` tYe�DLH�` D?w�Ds`�h�t�pUD�\ J�DLr(FIH�D?J�J�D�p+\ K���eW\ M/f�hLZ�`^` J�M�t��Oz��ayxNQP^RYT�V�D?r�\ J�M/J�ZaJ�Z
J�\^]_Fd` DWpYDs]_t�KBJ�M/H�ZaM=\ t�K.t#k�M/fIDgFIH�\ K;hL\ Fd` Dgt)k#hot#]�|d\ Kd\ KIb{KBDLJ�M�D�p.\i]_F#D?H�ZvM�\ w�D�F;ZaH=Z�`^` Ds`Ihot�KsM�H/t#`
J�M/H�cdh�M/cBH�D[eW\ M/fEFBH/t�FuDLH�` ��h�t�K(M=Z�\ KBD�p%���������=��F;ZvH�Z�`^` Ds`^\ J�][y5�UcB|IJ�Ds�?cBDLK(M}`^ZaKIb�cdZab�D?J}\ KEM/fBD
NQPSRYT�V.kmZ�][\^` �5J�fIt�cd`ip�ZvcBb#]�D?KsM�\ Mxe�\ M/f+k cIH�M/fBD?H�hot�KsM�H�t)`;hot�KBJ�M/H�cdh�M/J�X�]_t�H�D�J�t�FBf;\ J�M=\ihLZaM/Dsp
\ K(M/DLH�kmZ�h�DLJgM�t[M/fBD}Z�pU¡¢fBt�h�` D?w�D�`�ZvK;p�t�FBM=\i].\ J�D�p�\i]_Fd` Ds]_DLK(M=ZaM=\ t�K�J�M�H=ZaM/D?b)\ DLJ�y
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��fBD®FBcBH/Fut�J�D�t#k�M/f;\ J¯F;ZvFuDLH�\ J¯M�t[ZaH/b�cBD®M/fBD�h?ZvJ�DWk°t�HgZ�KID?e±hL`^ZaJ�J¯t)k�FdZaH�Z�`^` D�`�FBH�t�b�H�Z�][][\ KBb
`^ZaKIb�cdZab�DsylCED�|uD�`i\ D?w�D�M�fdZaM�Z%h?ZvH�Dsk°c;`xhot#]�|d\ KdZaM=\ t�K²t#k�M/fBD�FBH�Zvb#][ZvM�\ J�]³t)k{h�cIH�H�DLK(M=` �
F#t�FIc;`^ZaH{`iZvKBb�c;Zvb�DLJ®J�cdh�f�ZaJ{�Oz���´ µ�¶v·�Xu¸®FuDLK;�Oz�´ µ�¹v·¯ZaKdpWM�fIH�DsZ�pW|;ZvJ�DspWJ��(J�M/Ds]_J�e�\ M�fGM/fBD
FIH�\ K;hL\ Fd` DLJGt#k®M/fBDOJ���Ds` DLM�Z�`"FBH/t�b�H�Z�][][\ KIblZaFIFBH�t)Z�hjfºh?ZvK»FBH�t�pUcdh�D�Z2k°H�Z�]_D?e~t�H���e�f;\^h�f
|#D?KID?¼BM/J�k°H�t#]
M/fBD�M/fID�Fut�FBcd`iZvH�ZaFIFuDsZ�`Bt)kuM/fBDGk t�H�]_DLH�ZaKdp[M�fID9hot�K;hoD?FIM/c;Z�`IJ�\^]_F;`^\ihL\ Mo�5t)k
M/fBD�`^ZaM/M/D?H�y�C½D[|#D?b)\ KEe�\ M/f»Z�|BH=\ D�kdH�DLw�\ D?e
t#kdDLr�\ J�M�\ KIb2ZvFBFIH�t#Z�h�fID?J�y.CED[M/fBDLK»pYD?J�hoH�\ |uD
NQPSRYT�VYXdZ�w�D?H��9J�\i]�F;` D9\ KBJ�M=ZaKdh�DWt#k#M�fID9hL`^ZaJ�Jxt#k0`^ZaKIb�cdZab�DLJxe�DWD?Ksw�\ J�Zab�Dsy�CEDWJ�M�H/D?J�J�k°H�t)]
M/fBD_t�cBM/J�D?M®M/f;ZvM.NQP^RYT�VW\ J�]_D?H�D�` ��\ KsM�DLK;pYDsp9ZaJ�Z�h�t�K;hoH�D?M/D_FBH/t(t)kIt#kdhot�Kdh�DLFBM=y��¾c;hjf½]_t�H�D
e~t�H��±\ JGH�D��=cd\ H/DspEM/tlpYD?w�Ds` t�F²M/fBD�J�cdh?hoD?J�J�t�H�`^ZaKIb�cdZab�DLJGegfd\^h�f¿][Z���fIt�F#DOM/t%b#Z�\ K²M/fBD
Z�h?hoD?FIM�ZvK;hoD�t#kBM�fID�F;ZvH�Z�`^` Ds`(FBH�t�b�H�Z�][][\ KBb�hot#][]�cIK;\ M��sy
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�OZvK(�EFBH/D?wIZ�` D?KsM�J��sJ�M�D�]_J�k°t�HnF;ZvH�Z�`^` Ds`dFIH�t�b�H�Z�][][\ KBb#X�egfID?M/fBDLH�|dZaJ�Dsp2ZvH�t�cIK;p2]_D?J�J�Zvb�D
FdZaJ�J�\ KBb�t�H�J�f;ZvH�Dsp%]�Ds]_t�H��sXdf;Z�w�D�Z�hot#].]_t�K%e�D�Za�sKBDLJ�J�â�M/fBD}t�w�DLH�Z�`^`~hot�Kdh�DLFBM/c;Z�`~Z�` b�t�¡
H=\ M/f;][\^h�J�M/H�cdh�M/cBH/D5h?ZvKBKIt�Mx|uD5pI\ J�hoD?H/KBDsp[|(�½\ KIJ�FuD�h�M=\ t�KOt#kuM/fBDnJ�t�cBH�hoD5hot�pYDsyg��M�DLr�\ J�M�J.ZvJ
ZGhot�fBDLH�DLK(M�egfIt#` Dnt�Kd` �%\ K�M/fBDnFIH�t�b�H�Z�].]_D?H�ã J_fIDsZ�pBX0ZvK;p¾|uD�h�t)]_D?J�Ds]�|#DspIpUDspO\ KOJ�t�cBH=h�D
hot�pYD�\^]_Fd`i\^h?\ M=` ��XUe�\ M/f;\ K.M�fID�]g�(H�\^Z�p.\ K(M/D?H�Z�h�M=\ t�KBJ¯|uD?M�e�DLD?Kqh?Z�`^` JàM/t¾h�t)][]�cBKd\ihLZaM=\ t�K.FBH�\^]_¡
\ M=\ w�D?J�X�M/fBH�D�Z�p9t�FuD?H=ZaM=\ t�KBJ�X�J�Ds][ZvFBfIt�H�DLJ�X"` t�h��sJGZvK;p9J�t�t�Kdy��0f;\ JG].\ihoH�t�¡�][ZvK;Zab�Ds]�D?K(M{t#k
FdZaH�Z�`^` D�`QJ�M/H�c;hoM/cBH�D}hLZacIJ�D?JgJ�D?w�D?H�Z�`QFIH�t�|d` D�]_J�â
ä Fut�H�M=Za|;\^`^\ M��º\ J2\ KBf;\ |d\ M/DspIX�J�\ K;hoD²\ M%\ J2\^]_F#t�J�J�\ |;` DEM�t�J��sJ�M�D�][ZaM=\ihLZ�`^` �»M�H�ZvKBJ�k°DLHqM/fBD
D?J�J�DLK(M=\^Z�`�Z�` b�t�H=\ M/f;][\^h[J�M�H�cdh�M/cBH/DOt#k{ZqFBH/t�b�H=Z�]³M/tlZqKBDLeåJ�t#k°M�e{ZaH/DOD?Ksw�\ H�t�K;]_DLK(M
��k°t�H{DLr�Z�]_F;` DsX0k°H�t#]æ�Oz���M/tEç�Z�wQZ�M�fIH�DsZ�pUJ��~|#DshLZacIJ�D�M�fdZaM_J�M/H�cdh�M/cBH�D5\ J[\i]�Fut�J�J�\ |;` D
M�t�pI\ J�D?KsM�ZvKBb#` D}k°H�t)]ºM/fBD�FIH�\^][\ M�\ w�DLJ�t)k)M/fBD�t)`ipnD?Ksw�\ H�t�Kd]_D?KsM�è

ä h�t)]_F;\^` D?Hqt�FBM=\^][\ J�ZaM=\ t�KBJ+ZvH�D»\ KIf;\ |;\ M�D�pBX_J�\ K;hoD½M�fID%FIH�t�b�H�Z�][]_D?H�ã J�DLr(FuDLH�MqcBKdpUDLH�¡
J�M�ZvK;pI\ KIb�t#k�M/fBD[FIH�t�b�H�Z�][ã JWt�w�DLH�Z�`i`uJ�M�H/c;hoM�cIH�D�ZvK;pE\ K(M/DLH�Z�hoM�\ t�KBJ�|uDLMoe~D?DLK²\ M�J}h�t)]_¡
Fut�KBDLK(M/J�ZaH/D¾` t�J�MW�/\ K½kmZ�hoM�M/fBDL��ZaH�D{KID?w�D?H�DLr(F;`^\^h�M=` �}J�M=ZvM�D�pB��ZvK;p5ZaH/D¾\i]_F#t�J�J�\ |;` DsX�\ K
b�DLKBDLH�Z�`^XQM/t[H�D�h�t�KBJ�M/H�c;hoMg|s��\ KIJ�FuD�h�M=\ t�K�t#kBM�fID�J�t�cIH�h�D¾h�t�pYDsè

ä pUDLw�D�` t�F;]_DLK(M0M�\^]_DW\ J�\ Kdh�H/DsZvJ�DspIXUJ�\ Kdh�D®M�fID�FBH/t�b�H=Z�][]_DLH¯f;ZvJ¯M�t{e�H�D?J�M=` D�e�\ M�f�M�fIDW\ KB¡
M�DLH�Z�h�M=\ t�KBJ0|uDLM�e�D?DLK�FIH�\i].\ M=\ w�D?J0e�f;\^h�f5h�t#`^` DshoM�\ w�Ds` �WDLr(FBH/D?J�J0M/fBD®|d\ b_F;\^h�M/cBH/Dsy��0fdZaKIb�¡
\ KBb[M/fBD�t�w�DLH�Z�`^`�Z�` b�t�H=\ M/f;][\^h®J�M/H�cdh�M/cBH�D}\ JgD?H�H/t�H�¡¢FIH�t�KIDsy

�Yc;hjfª\ J�J�cBDLJ¾ZaH/D.FdZaH�M=\^Z�`^` �2Z�pIpUH�DLJ�J�Dsp}|(�2]_Dshjf;ZvK;\ J�]_J{J�c;hjf�ZaJ{M/fBD�h�t)`i` DshoM�\ w�Dqhot#][]gcBK;\ ¡
hLZaM=\ t�K�t�FuD?H=ZaM=\ t�KBJgt#k;�Oz��aXQ|IcBMgM/fBDLJ�D�t�Kd` ��ZaJ�J�\ J�M�\ K;pB\ w�\^pYc;Z�`(FBH�t�b�H=Z�]¿J�M�DLFBJ�y

Ì�ÍÏÌ éêÙ.Ù�ÔxÜ#×�Ü#ÑÏÔxÙ�áë×�Ù.ìîíïÑÏÓ�ÛàÒ¯Ü#ÑÏð�Û"á
��fBDgFBH/t�b�H�Z�]
ZaKIKBt�M�ZvM�\ t�KBJ"t)ku¸®F#D?K;�Oz½ZaH�D�X)k°H�t#]�t�cBHàFuDLH�J�FuD�h�M=\ w�DsXBZ®Fut�J�\ M=\ w�DgJ�M�DLF;y��0fBD
FIH�t�b�H�Z�][]_D?H½][Za��D?J½h�t�K;h?\ J�D�J�M=ZaM/Ds]_DLK(M/J%h�t�K;hoD?H�Kd\ KBb�M�fIDª\ KsM�DLK;pYDsp2F;ZvH�Z�`^` Ds`�J�M/H�c;hoM/cBH�D
e�f;\^h�fqM�fID9hot#]_Fd\i` D?H�f;ZvJ�M/fBDWM�ZvJ��5t)kuH/DsZ�`i\ J�\ KBb�\ K2pUD?M=Z�\i`^y{�0fID�cIJ�D�t)kuJ�D��=cBDLK(M=\^Z�`dh�t�pUDG\ K
kmZ�].\i`^\^ZaH�`iZvKBb�c;Zvb�DLJ_ZvJ~M/fBD�M=ZaH�b�D?M"t)ksM�fIDnZaKIKBt�M�ZvM�\ t�KIJ_\ J_hL` D�ZaH=` ��ZvFBFuD�Z�`^\ KBb)y�¸�K¾M�fIDxt�M/fBD?H
fdZaKdpBX
ä M�fID"t�FuDLH�ZvM�\ t�KIJ®ZvK;p�J�Ds][ZvK(M=\ihoJ®ZvH�D�pUD�`i\ |uDLH�ZvM�D�` �_M=\ D�p�M�tnZ¯J�f;ZvH�DspW]_D�]_t�H��_DLr(D�h�cIM�\ t�K
]_t�pYDs`^X�H�DspYc;hL\ KIb�M/fBD�D�ZaJ�D�eW\ M/fnegfd\ihjf5Z�` b�t�H�\ M/f;][\^hdJ�M/H�c;hoM�cIH�D{hot�cd`ip�|#D�Fut�H�M/Dspn]_t�H�D
e�\^pUD�` ���/k°t�HgDLr�Z�]_Fd` D�M�t��Oz��a��è

ä M�fID�J��sK(M=Zar½ZvK;p.J�Ds][ZvK(M=\ihoJxt#k#KBDLJ�M�D�p�pB\ H�D�h�M=\ w�DLJ.ZvH�DGh�t)]_F;` D?rEZaKdp[Futst�H�` �½pYD?¼IKBD�pBX
D?Kdh�t�cBH�Zvb#\ KBb[Z�FBH/t�b�H=Z�][][\ KBb_J�Mo��` D�\ K.e�f;\^h�fqhot�Kdh�DLFBM/c;Z�`YJ�M/H�c;hoM/cBH�DW\ J¯ñ;ZvM�M/D?KIDsp.ZvK;p
][Z�pYD}\^]_F;`^\ihL\ M�\ K%` t�e�DLH�` DLw�D�`�\ K(M/D?H=Z�h�M=\ t�KIJ�è

ä M�fID9hot�KIJ�M�H/c;h�M/J�ZaH/D�H�ZvM�fID?H�`^\^][\ M�D�pBX;hot�KIJ�\ J�M=\ KBb}t)k�òsósôO` tst�F2pB\ J�M�H�\ |IcBM=\ t�K+ZaKdp�ZvH�|;\ ¡
M�H=ZaH���hot�Kdh�cIH�H�DLK(M"J�D�h�M=\ t�KBJ"M�t�b�DLM�fID?H"e�\ M/fOZaKOZ�pY¡jfIt�hLX�¼BrsDsp{J�D�` D�h�M=\ t�K¾t)ksH�DspYc;hoM�\ t�KBJ�y

õ
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�Y��D�` DLM�Z�`;FIH�t�b�H�Z�][][\ KIb�]_t�pYDs` J%´ û�X®¶�X�ü�X®µvý#X�µ�þv·�ZaH/D9|(�»pUDL¼BKd\ M=\ t�K+J�M/H�t�KIb�\ K+M�DLH�]_J.t)k
kmZ�hL\^`i\ M=\ DLJ[k°t�H_DLr(FIH�D?J�J�\ KIbGf;\ b�fI¡Ï` D?w�Ds`BJ�M�H�cdh�M/cBH/Dsyn�0fIDnK;ZvM�cIH�Z�`;`iZvKBb�c;Zab�DnF;ZvH�Z�pI\ b#]êe�\ M�fd\ K
e�f;\^h�f�M/t[DLr(FBH/D?J�JgJ�c;hjf�J�M�H/c;hoM�cIH�D}\ J�k cIK;hoM�\ t�KdZ�`^ygÿ"t�e�D?w�D?H=X�\ M�\ Jn\ KsM�DLH�D?J�M=\ KBb[M/t[KBt�M/D�M�fdZaM
M/f;ZvM¯M/fBD®J���D�` DLM�Z�`YFIH�t���D�h�M/J¯egf;\^hjf.f;Z�w�D�ZaH�b�c;Zv|;` �9][Z�pUDW]�t�J�M0b�H�t�cBKdp�t�K�Z�e�\^pUDLH¯J�M=Zab�D}´ µ�X
ý)X#üv·#Ds\ M/fBDLH~cBJ�D�`^ZaKIb�cdZab�DLJ~egf;\^h�f�ZvH�D�\^]_FuDLH�ZvM�\ w�Dn\ K}J��sK(M=Z�hoM�\^hàñdZ�w�t�cBH=Xu\^k(KIt�M~KIDshoD?J�J�ZaH=\i` �
J�D�][ZaKsM�\^hoJ�X0t�H�DLK;hot�cIH�Zab�D�\ KsM�DLb�H=ZaM=\ t�K2t#kgk°H�Zab)]_D?KsM/J�t#k0J�D��=cID?KsM�\^Z�`�\^]_FuDLH�ZvM�\ w�D�hot�pYDsX�t�H
|#t�M/f;y��¿wQZ�`^\ipqhoH�\ M�\^hL\ J�]ºt)k#M�fIDWJ���D�` D?M=Z�`dZvFBFIH�t#Z�h�f2\ J�M�fdZaM�J�t)]_DWF;ZvH�Z�`i` Ds`�Z�` b�t�H�\ M�fd]_J�ZvH�D
H/Ds`^ZaM=\ w�Ds` �¾cIKBJ�M/H�c;hoM�cIH�D�pBXsDs\ M�fID?H�\ KEh�t)ZaH/J�D_t�H®¼BKID[pUDLM�Z�\i`uZaK;p�M/f;ZvM�Z�]_DLM�fIt�pUt)` t�b��¾e�f;\^h�f
FIH�t�fd\ |;\ M�JgD?rsFBH�DLJ�J�\ t�K�t)k)J�c;hjf%h�t)]_FBcIM�ZvM�\ t�KIJn\ J�\ KIfBDLH�D?KsM=` �GH�DLJ�M/H�\ihoM/Dsp�\ K%ZaFIF;`^\^h?ZaM=\ t�Kdy
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CED�KBt�eët�cBM=`i\ KBD�M/fBD5hjf;ZvH�Z�h�M/D?H�\ J�M=\ihoJ�t#k¯Z�KBDLeë|BH=ZaKdh�f�t#kuM�fIDnJ���Ds` D?M=Z�`;kmZ�][\^` ��M/H�DLDsyW¸®cBH
Z�\i] \ J�M�t�FIH�t�w�t���D9H�DLJ�DsZvH�hjf�\ KsM�t�ZOh?`^ZaJ�J�t#kg`iZvKBb�c;Zvb�D?J�egfd\ihjf�][Z��»k cIH�M/fBDLH.F#t�FIc;`^ZaH=\ J�D
M/fBDxFIH�\ K;hL\ Fd` DLJ~t#k(J���Ds` D?M=Z�`�F;ZvH�Z�`^` Ds`^\ J�][y��Bt9ZaM/M�H=Z�hoM~M�fID�\ KsM/D?H�J�M~t)k(M/fBD�\^]_FuDLH�ZvM�\ w�D�F;ZaH=Z�`^` D�`
FIH�t�b�H�Z�][]_D?H=X;e�D¾J�FuD�h�c;`^ZvM�D}M/fdZaM�e~D�]�cBJ�MWDs]�|#Dsp�J���Ds` D?M=Z�`"\^pUD�ZaJ9\ K»k�Z�][\^`i\^ZaH�J��sK(M=Z�hoM=\ih
ZvK;pOJ�Ds][ZvK(M=\ih5k°H�Z�]�D?e�t�H��(J�ZvK;pOM�fdZaM.e�D½]�cBJ�M.t��#D?H.M�fID�t�FBM=\ t�K�t)k�pYH�t�FBF;\ KBbª\ K(M/tEM/fBD
cIKBJ�M/H�c;hoM/cBH�D�pge�t�H=`ipg|#D?KBD�ZaM/f;y~�0fscBJ�e~D_ZaH�b�cBD~fID?H/D_k t�H;KBD?e�\ KBJ�M=ZaKsM�\^ZvM�\ t�KIJ�t)kYM�fID~J���D�` DLM�Z�`
ZvFBFIH�t#Z�h�fdX�hjf;ZaH=Z�hoM�DLH�\ J�Dsp�|s�
ä F;ZvH�Z�`^` Ds`�h�t�K(M/H�t)`�hot�KIJ�M�H�cdh�M/J�pUD�Z�`^\ KIb[FIcBH�D�` �}e�\ M�f5F;ZaM/M/D?H�KIJgt#k;h�t�K(M/H�t#`���H�ZaM/fBDLHgM�fdZaK
pBZvM�Z���X�k cd`i`^` �GKBDLJ�M�Zv|;` D}\ K�|;` t�hj�GJ�M�H/c;hoM�cIH�Dsp�J�M���` D�è

ä Z�k�Z�h?\^`^\ M��[k°t�H�\ Ksw�t���\ KBb�t�FuD?H=ZaM=\ t�KBJ�k H/t#]±ZaKWcBKdpUDLH�` ��\ KBb�F;ZvH�Z�`i` Ds`aJ�t#k°Moe_ZaH/D_k°H�Z�]_D?e~t�H��
��k°t�H�DLr�Z�]_F;` DsX��Oz��L�0eW\ M/f;\ K%hLZaH�D�k cd`^` ��hot�KsM�Z�\ KBDsp�hot�Kdh�DLFBM/c;Z�`Q|ut�cBKdpBZvH�\ DLJ�è

ä Z�J�D�][ZaKsM�\^h�J[k°t�H�M�fID�hot�K(M/H�t)`0hot�KIJ�M�H/c;h�M/J_egfd\ihjf�\ J_t�H�M/fBt�b�t�K;Z�`#M/t9M/fBD�J�D�][ZaKsM=\ihoJ_t#k
M�fID}` tYe�DLH�` DLw�D�`�k°cBKdh�M=\ t�K%hLZ�`^` J�y

����e_Z���t)k�D?r�Z�]_Fd` D�X;e�D�pYD?J�hoH�\ |uD�Z[w�DLH���J�\^]_F;` D�`^ZaKIb�cdZab�DsX�NQPSRUTWVnegf;\^hjf%FBH�t�w�\^pUDLJ
�mcBJ�MxJ�c;hjf�Z}kmZ�hL\i`^\ Mo��X)|Bcd\i`^pI\ KIbGt�K������Oz��WZvJ�M�fIDnJ�cIFBFut�H�M=\ KIb�Z�pU¡¢fBt�h�F;ZvH�Z�`i` Ds`;`^Z���D?H=ygCED
D�]_FBfdZaJ�\ J�DxM/f;ZvM~M/fIDxf;\ b�f�` D?w�Ds`�J�DshoM=\ t�KBJ~t)k(t�cBH"FBH�t�b�H�Z�]_J_ZaH/D�\ K;pYD?F#D?KdpUDLK(M"t#ksM�fd\ J_h�fBt)\^h�D
ZvK;p.e�t�c;`^p.|uDGpB\ H�D�h�M=` �9F#t�H�M=Za|d` D�M/tO\i]�F;` Ds]_DLK(M=ZaM=\ t�KBJ�t�Kqt�M/fID?H�J�cBFIFut�H/M�\ KBbO`^Z���D?H�J�y�¸®cBH
FIH�t�F#t�J�Z�`g\ J¾H�D�`iZvM�D�p�M�tEe~t�H��2|s����H�t(t���D�´ �a·WZaK;p��OZvH�H+´ µ�ûa·ge�fBt²\ Ksw�DLJ�M=\ b)ZaM/Dsp�M/fBD%\ KB¡
M/D?b�H�ZvM�\ t�K�t)k"J���Ds` DLM�Z�`�k H=Z�]_DLe�t�H/�(J[e�\ M/f�\^]_FuDLH�ZvM�\ w�D5|dZaJ�D½`^ZaKBb�c;Zvb�DLJ�ZaKdp�\ K�M�fID½`iZvM�M/D?H
hLZaJ�DOZ�`^` t�e�D�p5M�fIDO\ KsM�H/t�pYc;h�M=\ t�K½t)k®h�t�K(M/H�t)`i` Dsp½Z�pU¡¢fBt�h{F;ZvH�Z�`^` Ds`^\ J�][yOÿ"t�e�DLw�D?H=Xd|#t�M/f½J��(J�¡
M/Ds]�JOh�fdZaH�Z�h�M/D?H=\ J�D�p�J���D�` DLM�t�KBJOZvJOk°cBKdh�M=\ t�KBJOZvFBFd`i\ D�p�M/t»hot�pYD%ZaK;p�pBZvM=Z½ZvK;p�H�D?M/cBH/K;\ KBb
pIZaM=Z�y}�oK»h�t�K(M/H�ZvJ�M�XdM/fBD¾J���D�` DLM�t�KBJ�t)k�NQP^RYT�V9ZaH�D¾J�M/H�Z�\ b�fsM=k t�H�e{ZvH�p%hot�KsM�H/t#`"h�t�KBJ�M/H�cdh�M/J9\ K
M/fBD�M/H�Z�pB\ M=\ t�K;Z�`�\i]�FuD?H=ZaM=\ w�D�J�DLKBJ�Dsy
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��t�Ksw�D?KsM=\ t�K;Z�`=J�t)k M�e{ZvH�D~D?KIb#\ KBDLD?H�\ KBb�hot�KsM�\ K(cID?J�M/txFBH�t�b�H�DLJ�J�ZvK;pgJ�M�H�cdh�M/cBH/DspgFBH�t�b�H�Z�][][\ KBb
ZvK;pq`iZvKBb�c;Zab�D?J�ZvH�D�t)`^p[f;ZvM�y{ÿàtYe~D?w�DLH�XBe�f;\^` DGh�cIH�H�DLK(Mn]_D?M/fBt�pUt)` t�b#\ DLJ.k°t�h�cBJxt�K+\ J�J�cBDLJxt#k

 



FIH�t�b�H�Z�][][\ KBb.\ KI¡¢M�fID?¡�`iZvH�b�DsXYM/fBD{hot#]_F#t�KBDLK(M/J0M/fBDL��t�H�b)ZaKd\ J�D{hot�KsM�\ K(cID�M�t�|uD{hot�pUD�pn\ KI¡¢M�fID?¡
J�][Z�`^`�eW\ M/f5k�Z�][\^`i\^ZaH�h�t�KBJ�M/H�cdh�M/Jg��hot�KIJ�\ipYD?H�ç�Z�wQZ�ã J0J��(KsM�Z�h�M=\^h;H/Ds`^ZaM=\ t�KBJ�fd\ F�M/t[����y(�0fID?H/D�\ JgZ
FIH�t�F#D?H�Fd`iZ�h�D.k°t�H{pYD?w�Ds` t�Fd]_D?KsM�t#k�\ KB¡¢M/fBDL¡Ï`^ZaH/b�D.]_DLM�fIt�pYt#` t�b)\ DLJ�k°t�H�FdZaH�Z�`i` D�`i\ J�]ï� FIH�t�|dZa|d` �
M/fBDL�¾ZvH�D~M/fBD"J�Z�]_D�ZaJ®k°t�H;M/fBD"J�Ds�?cBDLK(M=\iZ�`shLZaJ�D���y~ÿ"DLH�D�X�e~D~t��#D?H;J�t)]_D~M/fBt�cBb�f(M/J;t�K�M=Z�h���`^\ KBb
M/fBD}�?cBDLJ�M�\ t�K�t#k)¼IK;pI\ KIb�Z[h�t�H�H�D�h�M=` �}J�M�H�cdh�M/cBH/Dsp�\ KB¡¢M�fID?¡¢J�][Z�`i`�k°H�Z�]_D?e~t�H/��y

! "$#�%'&)( Â ¨%¥�¬�Ä*�O¦_Ë

�ºNQPSRYT�V;FBH/t�b�H=Z�]�f;ZvJdMoe�t�J�D�h�M=\ t�KIJ�y���fBD"¼IH�J�M�pYD?J�h�H=\ |#D?JdM/fBD"M/t�FI¡ÏpYtYegKWFdZaH�Z�`^` D�`LJ�M/H�c;hoM�cIH�D
t)k�M/fBD²\ KsM�DLK;pYDsp�h�t)]_FBcIM�ZvM=\ t�K;y ��fBDEJ�D�h�t�K;p�\ J2Z�h�t)`i` DshoM=\ t�K�t#k�k cIK;hoM�\ t�KêpUD?¼IK;\ M=\ t�KBJ�X
e�H�\ M/M/D?K�\ K%M�fID,+ |dZaJ�D.-[F;ZvH�Z�`^` Ds`~`^ZvKBb�cdZab�DsX;e�f;\^h�f�hLZaK%|uD�hLZ�`^` Dsp%k°H�t)]�M/fBD}¼BH/J�M�J�DshoM�\ t�Kdy
��fBD5|;ZvJ�D½`^ZaKBb�c;Zvb�D½\ J�ZGJ�M=ZaKdpBZvH�pOF;ZvH�Z�`^` Ds`;FBH�t�b�H�Z�][][\ KBbª`^ZaKIb�cdZab�DsXxZvcBb)]_D?KsM/DspOe�\ M�f
Z�J�].Z�`^`�Ksc;]�|#D?H�t#k�H�D?J�DLH�w�DspE\^pUDLK(M=\ ¼BD?H/JG�/h?ZvFBM/cBH=\ KIb%h�t�K;hoD?FIM�J�t#kdFIH�t�h�DLJ�JG\^pUDLK(M=\ ¼BD?H}ZvK;p
b�H�t�cIF�]_Ds]g|uD?H/J�f;\ F;�_ZvK;p}H�DLJ�M�H=\ihoM�D�p}M/t5DLK;k°t�H�h�D�M/fBD�FIH�\ K;hL\ Fd` D�t)k�e�D�`^` ¡�h�t�K(M=Z�\ KIDsp�Z�pY¡jfIt�h
FdZaH�Z�`^` D�`i\ J�][y5��KlZ�`iZvM�DLHnJ�D�h�M=\ t�K;X;e�D}e�\^`^`�\^`^` cIJ�M�H=ZaM/DGM/fBD�ZaFIFBH/t#Z�hjf2eW\ M/fl�'���Oz��¾ZaJnM/fBD
|dZaJ�D}`^ZaKIb�cdZab�Dsy

�.`^`"M/f;ZvMGe~DOH�D��=cd\ H/DOt)k{Zq|dZaJ�D+]_t�pUD�`x\ JGM/f;ZvM�\ M}f;Z�w�D+Zqe~Ds`^`�pYD?¼IKBD�p»hot�K;hoD?FIMGt)k
FIH�t�hoD?J�J�y/� ¼BrsDsp»��Fut�e�DLHGt#k®M�e�t)�WK(cd]�|uDLHGt#k�FBH�t�h�DLJ�J�D?J�ZaH/D�h�H/DsZvM�D�p»ZaM}M�fIDOJ�M�ZvH�MGt)k
Z�H�cBK
ZaK;p%H�Ds][Z�\ Kê\ KlD?r�\ J�M/D?Kdh�D�cBKsM�\^`�FIH�t�b�H�Z�] M�DLH�][\ K;ZvM�\ t�Kdy �0fBDLH�Dª\ J5KBt�pU�sK;Z�].\ih
FIH�t�hoD?J�J}hoH�D�ZaM=\ t�K²�/ZaM¾` D�ZaJ�M{KBt�KBD.M�fdZaM¾\ J�w�\ J�\ |d` D.M�t5M�fID[cIFBFuDLH}`^Z���D?H��/y�NQPSRYT�VWFIH�t�b�H�Z�]_J
\ KBfID?H=\ MWM/fBD�\ HGpUD�h?`^ZaH=ZaM=\ t�K�ZvK;p½\ K(M/D?H�Z�h�M=\ t�K»]_Dshjf;ZvK;\ J�]_J9k°H�t#] M�fID}|dZaJ�DO`iZvKBb�c;Zvb�D�y��0fBD
cIFBF#D?H[`^Z���D?H[Z�pBpYJ¾ZGk�Z�h?\^`^\ M��2k°t�H�J�M�H�cdh�M/cBH=\ KIb9M/fBD�FdZaM/M�DLH�KIJ¾ZvK;p}b�H�t�cIF;\ KBb�J_e�\ M�fd\ K�e�f;\^h�f
M/fBDLJ�DG\ K(M/D?H�Z�h�M=\ t�KIJxM=Za��DWF;`^Z�hoDsy��Bt¾M�fIDWFBH�t�b�H�Z�][]_DLH�XIM/fBD?�EZvH�DWJ�fIt�H�M/f;ZvK;pqk°t�H=]_J�k°t�H�M/fBD
FdZaM/M�DLH�KIJ�t#kI\ K(M/D?H�Z�h�M=\ t�K�egf;\^h�f�e�t�c;`^p�t�M�fID?H/e�\ J�D~f;Z�w�D~M/t�|#D{Z�h�fd\ DLw�D�p�M/fBH/t�cBb�f5pI\ J�hL\ F;`^\ KIDsp
cIJ�D�t#kBM�fID�|;ZvJ�D}` DLw�D�`QFIH�\^][\ M=\ w�DLJ�y

�0fBD�cBFIFuD?H�`iZ���DLHGt#k�NQP^RYT�V�\ JG|d` t�h��s¡jJ�M/H�cdh�M/cBH�D�p»ZvK;p»\^]_FuDLH�ZaM=\ w�D�y �UM=ZaM/Ds]_DLK(M/JGJ�D?¡
�?cBDLK;hoD?JOhot�KsM�Z�\ K�\ KIJ�M�ZvK;hoD?J¾t#k"M/fBD�M�fIH�D?DªNQP^RYT�VOh�t�K(M/H�t)`�hot�KIJ�M�H�cdh�M/JOZaKdpªh?Z�`^` J¾M/t½|dZaJ�D
` D?w�Ds`~k°cIK;hoM�\ t�KIJ�y½¸®FuDLH�ZaM=\ t�KdZ�`^` ��X®Z�`^`�FBH/t�h�DLJ�J�D?J�|uDLb#\ Kl\ K�Z[J�\ KIb#` D}b�H�t�cBFdX�DLr(D�h�cIM�\ KBb�M/fBD
¼IH�J�M"J�M=ZaM/Ds]_DLK(Mx\ K¾M/fBDgFBH�t�b�H=Z�][y®�0fID?H�D�\ J"|;ZvH�H�\ DLH"J��(K;hjfBH/t�Kd\ J�ZvM�\ t�K¾|#D?M�e�DLD?K¾J�M=ZaM/Ds]�D?K(M/J�y
��fBD103254qJ�M=ZaM/D�]_D?KsM9\ KdpB\^h?ZvM�DLJ�M/f;ZvM�M/fBDOZvJ�J�t�hL\iZvM�D�p5|;` t�hj��J�fBt�cd`ip5|#D}DLr(D�h�cIM�D�p5|(��FBH/t�¡
hoD?J�J�DLJ�\ K�\ KdpUDLFuD?KdpUDLK(M�b�H/t�cIFBJ®t)kQJ�\ 6LD�t�KIDsy��0fID87=ó925�/k t�H8:vh�t�K;�=cID?H;-���hot�KBJ�M/H�cdh�M{pB\^hoM�ZvM�DLJ
Z�FdZaM/M�DLH�K�\ K�egf;\^hjfOFIH�t�hoD?J�J�DLJ.ZaH/D�¼BH�J�Mxb�H/t�cIFuDsp�\ KOFdZ�\ H�J�XBM�fID?K+k t�cBH/J�X)Ds\ b�fsM�J�ZaK;p[J�t}t�K
cIK(M=\^`0Z�`^`#FBH�t�h�DLJ�J�D?J[ZaH/D�\ Ksw�t)` w�Dsp�\ K�Zn¼IK;Z�`#b�H/t�cBFdy{��K�h�t�K(M/H�ZvJ�M�XuM/fBD<4=03>E��k°t�H�:apI\ w�\^pUD.-��
hot�KIJ�M�H/c;h�M�H�DLw�DLH�J�DLJ_M�fd\ J_F;ZvM�M/D?H�KdX#J�M�ZvH�M=\ KIb9eW\ M/f�ZWb�H�t�cIF�\ K�e�f;\^h�f�Z�`^`)FBH/t�h�DLJ�J�D?J.ZaH�D5Z�ho¡
M=\ w�D�XQM�fID?K�M�e�t�hot�Kdh�cBH/H�D?KsMgb�H�t�cIFBJgt#k)fdZ�`^k)M/fBD�J�\ 6?D�XQM/fBDLK%k t�cBHgt#k;Z[�=c;ZvH�M/D?HgM/fBD�J�\ 6?D}ZvK;p
J�t9t�K;XucIK(M=\i`0Z�¼IK;Z�`#J�M�DLF�e�\ M�f�b�H�t�cIFBJ{t)k�J�\ 6?D�M�e�t)y¾�0fID�h�t�KBJ�M/H�c;hoM/J¾ZaH/D�k H/D?D�` �qKID?J�M=Za|;` D
ZvK;p[t�FuD?H=ZaM/D�e�\ M�f�H�DLJ�FuD�h�MxM/t}M�fID�b�H/t�cBF�t)kuFBH/t�h�DLJ�J�t�H/J.hocBH�H�DLK(M=` �½\ K+hot�KsM�DLr(M=yW�I\^][\i`^ZaH=` ��X
|dZaJ�DO` D?w�Ds`"k°cBKdh�M=\ t�KBJ9ZvH�DOh?Z�`^` D�p�eW\ M/f½H�D?J�F#DshoMWM�tqM/fBDOh�cIH�H�DLK(MWb�H/t�cIF;\ KBb)y��)tqM�fID�hLZ�`^` Dsp
k°cBKdh�M=\ t�KdXQM�fID}h�cIH�H�DLK(Mgb�H�t�cBF%ZvFBFuD�ZaH/J�M/t[|uD�M/fBD�e�fBt)` D}][Z�h�fd\ KBD�y
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�ºh�t)]_F;` D?M/D�FIH�t�b�H�Z�]ê\ K;hL` cdpUDLJ"M�DLr(Mx\ K[|ut�M�f[M�fID�|dZaJ�D�` DLw�D�`B`iZvKBb�c;Zvb�D�ZaKdp{M/fBDgKBD?e�cBFIFuD?H
` D?w�Ds`�hot�KIJ�M�H�cdh�M/J[FBH�t�w�\^pYDsp�|s�¿NQPSRYT�VO\ M�J�D�`^k�Xàe�\ M/f�Z9J��sK(M=Z�hoM�\^hLZ�`^` �%D?Kdk t�H�hoDsp�J�DLF;ZvH�ZvM�\ t�K
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|#D?M�e�DLD?K�M/fBD�M�e�t)yg�0fBD¾\ KsM�DLH�kmZ�hoD�|uDLMoe~D?DLK�M�fID?J�D}`^Z���D?H/Jn\ J�pB\ J�h�cIJ�J�Dsp�\ K�J�DshoM�\ t�K½þ�y
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i5j PkW�[�l;Pmabaon h
pbqsrut WYX\PZX\[�Q][�^_Xwv h
xKy qut WYX\PZX;[YQ][�^_Xwv h
r�p{z|t WOX;PZX\[�Q][Y^}Xwv h
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�0fBDàJ��(KsM�Zvr_t#k#NQPSRUTWV®\ JdFBH�DLJ�D?KsM�D�pW\ KW¼Bb�cBH/D�µ�y~��fBD�� �.���;��� �.�Z�;�;hot�KIJ�\ J�M/Jdt#k(Z�hot#`^` D�h�M=\ t�K
t)kàk°cBKdh�M=\ t�K�ZaKdpOpBZvM�ZGpYDshL`^ZaH�ZvM�\ t�KIJ.\ KOM/fBD�|;ZaJ�D9`iZvKBb�c;Zvb�D�yn�B\^][\^`iZvH�` �sX��Ï�����Ï���.����\ KdpB\^h?ZvM�DLJ
Z[hLZ�`^`QM/t[t�KBD�t)k)M�fID�|;ZvJ�D}`^ZaKIb�c;Zvb�D}k°cIK;h�M=\ t�KIJ
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çLcIJ�M[ZaJ�NQPSRYT�V¾h�tst�H=pB\ K;ZaM/DLJ¾Z�hoM=\ w�\ M=\ D?J{DLr(FIH�DLJ�J�D�p�\ K�M/fBD�|dZaJ�D�`^ZaKBb�c;Zvb�D�XuJ�tEZnJ�D�][ZaKsM=\ihoJ
k°t�H�M/fBD[cBFIFuDLHG`^Z���D?H}]�cIJ�MW|#D�pUDL¼BKBD�p9t�KEM�t�FEt#kdM/fBD[J�Ds][ZvK(M=\^h�JWt)kdM�fID[|;ZvJ�DO`^Z���DLH�y.CED
|#D?b)\ K+|(�%J�M=ZvM�\ KBb�M�fID5FBH/t�F#D?H�M=\ D?J.e�D9H�Ds�?c;\ H�D9t#k�ZGJ�cd\ M=Za|d` D9|;ZvJ�D5J�D�][ZaKsM�\^h�J�yECED9f;Z�w�D
Z�` H/DsZ�pU�OKBt�M�D�p9M�fdZaM�FBH/t�b�H�Z�]-D?rsDshocBM=\ t�KEe�\^`i`àZ�h�M=\ wIZaM/D�Z�¼BrsDsp9K(cd]�|uDLHWt)kdFBH�t�h�DLJ�J�D?J�X �#y
CED�ZaJ�J�c;]_D�M�fdZaM{M/fBDLJ�DqZaH/D.FuDLH�][ZvKBD?KsM=` �+\ K;pYD?rsDsp�k°H�t)]¢¡�M�t*��£Gµ�y�� �Ï�.¤�¥§¦\¨5���.©«ªm�.¤¾t#k
M/fBDLJ�D[FIH�t�hoD?J�J�DLJ}\ J}ZaKª\ KdpB\^h?ZvM=\ t�KEt)kdM/fBD.e{Z��OM/fBDL��ZvH�D.b�H�t�cBFuD�p9M/t�b�D?M/fID?H�XàZaKdp9t#k�M/fBD�\ H
Z�h�M=\ w�\ Mo�Gt�H�\ KdZ�hoM�\ w�\ M��syg�YDs].ZaK(M=\^h?Z�`i` ��X�h�t�KB¼Ib�cIH�ZaM=\ t�KBJgf;Z�w�D�M��sFuD8¬
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��fBD�\ K(M/DLH�kmZ�h�DO|uDLMoe~D?DLK NQP^RYT�VEZaKdp��Oz��O\ J9J�\i]_Fd` D�y �Oz��¾f;ZvJ9KBt�hot�Kdh�DLFBMGt#k®b#` t�|dZ�`
pIZaM=Z�J�M�H�cdh�M/cBH/D?J�X�ZvK;p%J�t�pBZvM�Z+pUD�h?`^ZaH=ZaM=\ t�KBJEZaM9M/fBD�|;ZvJ�D�` D?w�D�`_hLZacBJ�D�M/fBD�hoH�DsZvM=\ t�K�t#k
wQZaH�\^Zv|;` D?J%\ K Z�`^`®FIH�t�hoD?J�J�DLJ2\ K�M/fBDEcIJ�c;Z�`®e{Z��syï�oK�t�H�pUDLH�M�t�DLK;k°t�H�h�DEt�cBH�FIH�\ K;hL\ Fd` D�t#k
hot�KIJ�M�H=Z�\ K;\ KBb%Z�pU¡¢fBt�h{FdZaH=Z�`^` D�`^\ J�][X�e�D[H/Ds�?c;\ H�D�hLZ�`^` J�M�t%�Oz��.hot#][]gcBK;\^hLZaM=\ t�KBJ}k cIK;hoM�\ t�KIJ
M/t9cIJ�D�M�fID�FBH/D?¡�pUDL¼BKIDsp�hot#][]�cIK;\^h?ZvM�t�H
ü5ý=7?ó9ü9ü#y.�0fBD�\^]_Fd` D�]_D?KsM=ZaM=\ t�K�e�\^`i`)D?KIJ�cBH�DnM�fdZaM
M/f;\ J{D?Kdh�t)]_F;ZvJ�J�D?J{FIH�DshL\ J�Ds` ��M/fBD�h�cIH�H�DLK(M_b�H�t�cBF�ZaKdp�][Z�\ KsM�Z�\ KIJ{M�fID.H/D?J�DLH�w�D�p�\^pUDLK(M=\ ¼BD?H/J
ü9ý9þsô5ÿ��90����9ZvK;p ü9ý=0;4WM�t�FIH�tYw�\ipYD�\ M/J~J�\ 6LD�ZaKdp}ZgFBH�t�h�DLJ�J�D?J_\ KdpUDLr[eW\ M/f;\ K�\ M�X#pU�(KdZ�][\^hLZ�`^` ��y
�xK%�Oz��~J�M�ZvM�cIJ�wQZaH�\^Za|d` D ü9ý����	�	��\ JgFIH�tYw�\ipYDsp�J�\^][\^`iZvH�` �sy
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CED_pYDs]�t�KBJ�M/H�ZvM�D~t�cBH®ZvFBFIH�t#Z�h�f�|s�{D?rsFBH�DLJ�J�\ KBbxM/fBD~e~Ds`^` ¡¢�(KItYe�K�|;\ M�t�K;\^h~]_DLH�b�DLJ�t�H/M;J�t�H/M�\ KBb
Z�` b�t�H=\ M/f;][ynCED[|#D?b)\ K�|(�OFIH�DLJ�DLK(M=\ KBb�M/fBD.J�\i]_Fd` D[Ds` D�]_D?KsM�¡¢FuDLH�¡¢FBH�t�h�DLJ�J�t�H}Z�` b�t�H=\ M/f;] ´ Äa·�X
|#Dsk°t�H/D.h�t�KBJ�\^pUDLH�\ KIbnM�fID.]_t�H/D�H�DsZ�`^\ J�M=\^h"|;` t�hj�(¡¢|;ZvJ�DspG�/][ZaKs�O\ M/Ds]_J�FuDLH®FIH�t�h�DLJ�J�t�H��dwQZaH�\^ZvK(M
´ µ�Äv·�y+��fBD�Z�` b�t�H�\ M/f;] \ J5ZO]_D?H�b�D?J�t�H�M5��fBDLK;hoDGM�fIDGt�cBM/DLH A��mÓ �n\ K2egf;\^hjf+M/fBD�]_DLH�b�D?J�M/D?F
\ K(w�t#` w�D?JnJ�t#]_D�pIZaM=Z¾H�D?¡¢t�H�b#ZvK;\ J�ZaM=\ t�Klk°t#`^` tYe�D�pq|(�²ZOpI\ w�\ JY\ t�K2FBH�t�h�DLJ�J�\ K2egfd\ihjf2J�][Z�`i` D?H
ZvK;pGJ�][Z�`i` D?H{J�cI|B¡¢J�Ds�?cBD?Kdh�DLJ}ZvH�D.J�D?FdZaH=ZaM/DspGt�cIM¾� fID?Kdh�D.M/fBDq\ KBKID?H��_Î��0�/y9��f;\ J�J�M/H�c;hoM/cBH�D
hLZaKE|#D¾DLr(FIH�D?J�J�D�pE\ K±NQPSRYT�VGk t)`^` t�e�\ KBb�M�fID�ZaKdZ�` �(J�\ JG][Z�pUD�\ K¿´ ¹v·�y��0fID[M�t�F»` DLw�Ds`ut#kdM/fBD
D�` D�]_DLK(M/¡jF#D?H�¡¢FBH/t�hoD?J�J�t�H;FIH�t�b�H�Z�]�\ J;FIH�D?J�DLK(M/DspW\ KW¼Bb�cBH�D�û�X=e�\ M/fGk°c;`^`�h�t�pUD�\ K�M/fBD�ZvFBF#D?K;pI\ r�y
�àt�M=\ihoD�M/f;ZaM�M�fID�J�Ds][\ ¡�h�t)` t�KBJ�ZaKdp�F;ZaH/D?KsM�fID?J�DLJ�|#Ds` t�KIb[M�t[M/fBD{|;ZaJ�D¾`iZvKBb�c;Zab�D�J��(KsM�Zvr�y
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�0fBD¾pU�sK;Z�].\ihLZ�`^` �}D?w�t#` w�\ KBb.b�H/t�cBF5J�M�H/c;h�M/cBH/D}hoH�DsZvM�D�p�|s� A���Ó ZaK;p>�_Î���J�\i]�F;`^\ ¼ID?JgM/fBD
DLr(FIH�D?J�J�\ t�Knt)kUM�fID���DL�GZ�` b�t�H=\ M/f;][\^hdJ�M/D?FBJ�y~�0fBDgô	�5>	K	L	�	M(ò�t�FuD?H=ZaM=\ t�KnH�D?w�D?H/J�D?J0M/fID®t�H�pUDLH�t#k
\ M/Ds]_J�J�M�t�H�Dsp5\ K5M�fID�cIFBF#D?H�f;Z�`ikBt)kBM/fBD{b�H�t�cBFdX(egf;\^` D�N5ü���K��O�	�9ÿQP�R�S�\ J�M�fID¾k cIK;pIZ�]_DLK(M=Z�`
|d\ M/t�Kd\^hnh�t)]_F;ZvH�D?¡¢D?r�h�fdZaKIb�D�y��oK�ZGhot�Ksw�DLK(M=\ t�KdZ�`)ñ;ZvM.pYD?J�hoH�\ FIM�\ t�K�� D�y b)y5´ µ�Äa·��"M/fBDnFdZaM/M/D?H�K
t)k�FIH�t�hoD?J�J[\ K(M/D?H�Z�h�M=\ t�K�\ J[h?ZaFIM�cIH�D�p}|(�2hot#]_Fd` DLr2ZaKdp}cBKID?Kd`i\ b�f(M/D?Kd\ KIb9|;\ M_t�F#D?H=ZaM=\ t�KBJ_t�K
FIH�t�hoD?J�J�t�H�\ipYD?KsM�\ ¼ID?H�J�y

�Ue�\ M=h�fd\ KIb[M/t.M�fID{|;` t�hj�G|dZaJ�D�p�Z�` b�t�H=\ M/f;][X(FIH�D?J�DLK(M/Dsp5\ K�¼Ib�cIH�D{ý#X�\ JgJ�\^]_F;` D{J�\ Kdh�D{M/fBD
Z�` b�t�H=\ M/f;][\^hàJ�M�H�cdh�M/cBH/D.\ J{\ipYD?KsM�\^h?Z�`^y�CED�t�K;` �[fdZ�w�D�M/t5Z�pIpGZvK�\ K;pUDLFuDLK;pYD?KsM{\ K;\ M�\^Z�`�FIf;ZvJ�DsX
\ K5egfd\^h�f5|d` t�h��sJ�ZvH�D{J�t�H�M/Dsp5\ K(M/DLH�K;Z�`i` �}e�\ M/f5J�Ds�?cBDLK(M=\iZ�`�T	U=097OV	K��?ó(ô	�)X�ZaKdpnM�t�Z�]_DLK;pnM/fBD
H/D?w�D?H�J�\ KBbqZaK;p�hot#]_FdZaH/D?¡¢D?r�h�fdZaKBb)\ KBb[J�M/D?FIJ�M/t[e�t�H��Ge�\ M�f�|d` t�h��sJ�y
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�Bt�hot#]_Fd` DLM/Dnt�cBHxFBH�tst#k°¡¢t#k°¡Ïhot�Kdh�DLFBMxe�D�f;Z�w�D�|Bcd\^` M�Z�J�\i]�F;` D5�'���Oz��W\i]�F;` Ds]_DLK(M=ZaM=\ t�K�t#k
NQPSRYT�VYy��0fBDg��D?�nD�` Ds]_DLK(Mx\ Ksw�t#` w�D?Jàb�DLKBDLH�ZaM=\ KBb}hot�pUD�M�t}][Z�\ KsM=Z�\ K�Z�pU�sK;Z�].\ihLZ�`^` ��D?w�t#` w�\ KBb
J�M=Z�hj��t)k®h�t)][]�cBKd\^h?ZvM�\ t�K»h�t�K(M/D?rsM�J�XdD�Z�hjf�hot�KIJ�\ J�M=\ KBbqt#k®ZaK»�Oz��[h�t)][]�cBKd\ihLZaM/t�HWf;ZvK;pI` D
ZvK;p{M�fID�hocBH/H�D?KsM"wIZ�` cID?J_k°t�H"M�fIDxH/D?J�DLH�w�D�p}\^pYD?KsM�\ ¼BDLH�J�y;CEDxfdZ�w�DxJ�cdh?hoD?J�J�k°c;`^` �.FIH�t�b�H�Z�][]_Dsp
ZvK;p¾H�cBK�Z�Ksc;]�|#D?H_t)k�J�][Z�`^`#DLr�Z�]�F;` D?J�y��0fBDLH�D�\ J[hot�KBJ�\^pYD?H�Zv|;` D�J�hot�F#D�k°t�H_t�FBM=\^][\ J�ZvM�\ t�K;y
��KGFdZaH/M�\^h�cd`iZvH�X�e~D�KIt�M/D�M/f;ZvM{k°t�H{Z�b)\ w�DLKGKsc;]�|#D?H�t)k(FBH�t�h�DLJ�J�t�H�J{ZvK;p}k t�H�M/fBDxJ�\^]_F;` D�J�DLM~t#k
hot�KIJ�M�H/c;h�M/Jx\ K.M�fIDgw�D?H�J�\ t�K[t)k�M�fID�`^ZaKIb�cdZab�D�pYD?J�hoH�\ |uD�p_fID?H�D�XUM�fIDgDLK(M=\ H�DgDLw�t)` cBM=\ t�K[t)k�b�H�t�cBF
J�M/H�cdh�M/cBH�D�hLZaK�|uD�pYD?M/D?H=][\ KIDspxJ�M=ZaM=\^h?Z�`i` �sy��Bt�b�D?M/fBDLH¯e�\ M/f�ZaK;Z�` �(J�\ J�ZaKdp�Z�]_DLK;pI]_D?KsM0t#k�M/fBD
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Z�pU¡¢fBt�h_FdZaH�Z�`^` D�`¯h�t�pUDsX�M/f;\ J}h�t�c;`^p9|#D[DLr(Fd` t)\ M/D�p9M/t�H/Ds]_t�w�D.J�t#]_D.t�H¾Z�`^`ut#k�M/fBDqpU�sK;Z�].\ih
J�M=Z�hj��\ KBb�ZaKdpncBKIJ�M�Z�h���\ KIb.t)k;hot#][]�cIK;\^h?ZvM�\ t�KEh�t�K(M/D?rsM�J�y��oK9M�fID{D?rsM�H/Ds]_D�X(e~D{e�t�c;`^pnfBt�FuD
M/t9|uD5Za|;` D�M/t9J�M=ZaM=\ihLZ�`^` �qb�DLKBD?H=ZaM/D�Z9hot#][]�cIK;\^h?ZvM�\ t�K�J�M/H�cdh�M/cBH�D5\ipYD?KsM�\^h?Z�`#M/t9M�fdZaM_e�f;\^h�f
e~t�cd`ip�|uD_DLr(FBH/D?J�J�D�pnDLr(Fd`i\^hL\ M=` �O\ KEZ.hot�Ksw�DLK(M=\ t�KdZ�`�ZaFIFBH�t)Z�hjfE��\ K9t�M/fBDLH�e�t�H�pYJYXsM/f;ZvM�M/fBDLH�D
e~t�cd`ip�|uD�KBt½tYw�D?H/fBD�Z�pªZvMOZ�`^`¯M/t½F;Z���k t�H¾t�cBHOZ�pBpYDspªZa|IJ�M�H=Z�hoM�\ t�Kd��y]��h�M=\ w�\ M��+b�H=ZaFIfBJ�X
Z9hLZaKdpB\^pBZvM�D5`iZvKBb�c;Zab�D�\ K;pYD?FuDLK;pYD?KsM_KBt�M�ZvM�\ t�Kªk°t�H{H/D?FIH�D?J�DLK(M=\ KBbEZvK;p�][ZvK;\ FBcd`iZvM�\ KBb9J�cdh�f
J�M/H�cdh�M/cBH�DLJ�ZaH�D+h�t�KBJ�\^pUDLH�Dsp²\ K ´ þv·�y �YM�cdpUDLK(MGFIH�tk�mD�h�M/J9fdZ�w�D�\ K(w�D?J�M=\ b)ZaM/DspEFut�J�J�\ |d` D�KBD?e
hot�KIJ�M�H/c;h�M/J9´ µR¡�X�µ�µv·~ZaKdp�ZaK%Z�` M/D?H/K;ZvM�\ w�D}\^]_Fd` D�]_D?KsM�ZvM�\ t�K�M�ZvH�b�DLM�\ KIbgf�t�H���ü�¶Ø´ µ�µa·�y
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��tR�uD?H�]��5M�fdZaKI�(J�M/t���KdpUH/DsZAk�Z�wQZaKIDs`^`^ZGk°t�Hxf;\ J.hot�KsM�H�\ |IcBM=\ t�KBJ�M/tGt�cBHxe�t�H/��t�K�Z�h�M=\ w�\ Mo�
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