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~�gb�P��_csof���S0stSRd�MkSes�d�MPS�[��b�c�P���#VX��_��cSeQ�pks�ST�R�c�b�|V�Uh�T�kghacSRl

�����R�e���P�b�b� LNMP\`l��kgb��SRs��PstSRl�Se[Hf�l�g*jkloSRso����st\]�cSe[|^igh[PacjkghacS��9^]SR�bSe^cgh�P�Pst_cgcd�MZf�_�ftMPSNd�MPSRd��?�4_b\`[cft\][ka
_b�k�cg ��g
�ks�_cabs�ghQ¡le¢m£�\`stlofR¤ ¥�S���S�l�des�\`p4S¦MP_�¥§f�_Zlon�lof�SRQ!ghf�\idegb^]^`nZgcl�l�_�d�\ig�ftS=\][�d�stSeQ!Se[Hftgb^cd�MPS�d��?��_c\][Hftl
¥
\]f�M¨�Hg ��g0d�^igbltloS�le¢�©�MP\`^]S+p�SR\][Pa�l�gh�ªSb¤hftMPS*acSe[PSRs�\id�\]fvn�_b��f�MP\il¦l�_b^`j�f�\`_b[¡\`[k��j�d�SRl�g0lojkpklvf�gh[Hf�\igh^�S�«�S��
dej�f�\`_b[�_��bSRs�MPS�gb�¬¢­{?S�d�_b[��¬¤Hf�_!lo_c^]�cS�f�MkS|�P\]^`SeQ!Q¡gTp�Sefv¥�SRSe[�acSe[PSRs�\id�\]fvn¡gh[k���4Ses��ª_bstQ!gb[kd�Sc¤c¥�SZjkloS
gbj�f�_cQ¡g�f�\id¨�ks�_cabs�ghQ®lo�4SRde\`gb^]\`¯Rghf�\`_b[°ft_±ftstgb[klo�ª_bstQ²ftMPS³abSR[PSest\`d�d�MPSRd��?�4_b\`[Hf�\`[Pa±�Pst_�d�S���jPstSRl�\][Hf�_
Mk\]acMP^]n!_c��f�\`Q!\]¯RSR�¡_c[PSRlR¢/{���S�d�\igh^`\]¯�g�f�\`_b[�S�«��P^`_b\]ftl­fv¥�_'�?\`[k�Pl�_h�m\`[��ª_bstQ¡g�f�\`_b[�´�µ¶\i·�lvfts�j�d¸f�jkstgb^k�Pst_b���
SRsoft\]S�l�ghp4_bjPf�f�MPS��Ps�_cabs�ghQ¹de^`gcl�l�SRlR¤�µª\`\º·N�?[P_�¥
^]S���abS0_b��jk[PQ!_?�P\¼»kS��z�Pghftg¡lof�stjkd¸ftjPs�S�l
\`[zg¡lo�4SRde\¼»�d
�ks�_cabs�ghQ½�PMkgcloSc¢¨LNMPS¡^`ghfoftSes0\`[��ª_bstQ¡g�f�\`_b[;gh^`^`_�¥�l|jklZf�_DacSe[PSRstghf�ST�PMkgbl�S���l���S�d�\]»�d!d�MPSRd��?�4_b\`[cft\][ka
�ks�_�d�S���jPstSRlR¢#©§S³Se��gh^`jkghf�S�_cjPs!gh�P�Pst_cgcd�M°_b[¾fv¥�_#p�SR[kd�MPQ¡ghst��le¤=g#s�S�gh^`\`lof�\id�gb�P�P^`\`dRg�ft\]_c[¿¥
MP\id�M
de_b[kl�\ilvf�l=_h��g'�Pst_bacstgbQÀgb[kgh^`n�lo\il=SR[Pab\`[PSb¤�gb[k�¨g�l�n?[Hf�MPSef�\id*�Pst_bacstgbQ�¥
MP\id�M�dRgh[�l�Sest�bS+gbl�g'Q!S�fts�\idh¢
{���S�d�\igh^`\]¯�g�f�\`_b[§ab\`�bS�l0g³lo�4SeS���jP�;�Pst_b�4_bs�f�\`_b[kgb^�ft_³f�MPS¨de_bQ!�P^`S�«�\]fvnz_h�N_bp�uvS�d¸f�lof�stjkd¸ftjPstS!gb[k�#f�MPS
Q!_���\]»�deghf�\`_b[%�kg�f�f�SRs�[m¢=yzSRgbl�jPstSR��lo�4SeS���jP�kl�gbs�SZjP�%f�_D� Á�¢
ÂDÃHÄ�ÅtÆ�Ç ��È��b� \`[kdes�SRQTSR[Hftgh^md�MkSRd��?��_c\][Hft\][Pa�¤P�cg ��gk¤H�ks�_cabs�ghQÉlo�4SRde\`gb^]\`¯Rghf�\`_b[
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 � w�S�f
ghs�f�\id�^`S��PstYRl�Se[Hf�S+jP[PSZgh�P�Pst_�d�MPS�j�ft\]^`\il�ghf�Sejks���^`g�d�stYRg�ft\]_c[¨��SZ��_c\][Hftl���S+s�SR�Ps�\il�S
�4_bjks�^`SRl��Pst_babs�ghQ!Q!SRl��cg ��gP¢ L�_bj�f³��� gbp�_cst� [P_bjkl%��Y�d�st\]�c_b[kl�d�_bQ!Q!Se[Hf³gbltlo_�d�\`Ses%��S§Q!gb[P\`OestS
l�n�lvftYeQ¡g�ft\`qHjPS���SRlT�4_b\`[cf�l��PS�stSe�Pst\`l�S¨\`[kd�stYeQ!SR[cf�ghj�«��±jP[PS�de^`gcl�l�S��Hg ��gP¢���\`Se[ qcjkS�l��Ps�Sc¤=d�Sefof�S
l�_b^`j�ft\]_c[ SR[Hf�s�g��º[PSDjP[ l�jPstde_���f%��� Se«�YRd�jPf�\`_b[�lojkpklvf�gh[Hf�\`Se^+Se[�s�gh\ilo_c[ �PS±l�g;acYe[PYRs�\id�\]f�Yc¢���»k[ ��S
stYRl�_bj���s�S�^`S�d�_b[��k\¼f­SR[cfts�SNacYe[PYRs�\id�\]f�YNS�f=�4Ses��ª_bstQ¡gh[kdeSb¤h[k_bjkl/�Pst_b�4_cl�_b[�l�� � j�ft\]^`\iloSRs=^`g|l���Y�d�\igh^`\`ltg�ft\]_c[
gbj�f�_cQ¡g�f�\iqHjPSN��SN�Ps�_cabs�ghQ!Q!SRl���_cjPs�f�s�gh[klo�ª_bstQ!Ses/^`SRl�Q!Y�f�Mk_?�PSRl/abYR[PYest\iqcjkSRl/��S
d�stYRghf�\`_b[��PS��4_b\`[Hftl
�PSzs�SR�Pst\`l�SDSe[ ��S�l¨Q!Y�ftMP_���SRl%l���Y�d�\]»�qHjPSRl�_b��ft\]Q!\iloYRSRlR¢"!�g¿l���Y�d�\igh^`\`ltg�ft\]_c[ ft\]stSz�Pst_h»kf���S±��SRj�«
l�_bs�f�S�l���� \][P�ª_bstQ!ghf�\`_b[kl�´'µª\º·���S�l*�ks�_c�Ps�\`Y�ftYRl+lvfts�jkd�f�jPstSe^`^`SRl*l�jPs+^]S�l+de^`gcl�l�SRl��Pjz�Pst_babs�ghQ!Q!Sb¤�µª\`\i·�^`g
de_b[P[�gh\il�ltgh[kdeS'��S�^ig¡[P_c[��9QT_���\]»�dRg�f�\`_b[z�PS�lof�stjkd¸ftjPs�S�l*��ST��_b[k[PYeS�l�^`_bs�l*��� jP[PS��PMkgbl�S���� S�«�Y�d�j�ft\]_c[
�ks�Y�d�\iloS
��j!�Pst_bacstgbQTQ!Sc¢���_cjkl=g �c_b[kl�Ye��gb^]jPY
[k_hf�stS
gh�P�ks�_�d�MPS
l�jPs=��SejP«��Pst_bacstgbQTQ!S�l��PSNf�SRlofR¤HjP[PS
gb�P�P^`\`dRg�ft\]_c[#stYRgb^]\ilvftS¡d�_b[�lo\ilvf�gh[Hf0Se[°jP[;Q!_hftSejPs���� gb[kgh^`n�loS¡��S¡�ks�_cabs�ghQ!Q!SRlR¤¬S�f'jP[PS�gh�P�P^`\ideg�ft\]_c[
l�n?[Hf�MPYef�\iqcjkS!l�Sest��gh[Hf'��S¡Q!Y�fts�\iqHjPSb¢¡��_Hl0stYRl�jP^¼f�g�f�l+Q!_c[cfts�SR[Hf0qHjPS¡^ig³lo�4YRde\`gb^]\iltg�f�\`_b[;gh�k��_csoftSTjk[
aHgh\`[�SR[�ftSeQ!�kl=��� S�«�Y�d�j�ft\]_c[��Pst_b�4_bs�f�\`_b[k[PSe^#�+^`g|d�_cQ!�P^]Se«�\¼ftYN�PS�^ig|lvfts�j�d¸f�jks�SN_bpPuvS�f=��jT�Ps�_cabs�ghQ!Q!S
Sef*ghjzdRgh[PSR� gcl
��S0Q!_���\¼»4deg�ft\]_c[D��SRl*_bp�uvSeftlR¢�{?jPs*[P_cl
Se«���YRs�\`Q!Se[Hftghf�\`_b[klR¤�[P_bj�l�g �b_c[klNQ!SRl�jPs�Y0jk[
aHgh\`[%� � jP[%�¶gcd¸f�SRjPs�gh^`^igh[Hf/uvjkl�qHj � �%��ÁTl�jPs
^]S|ftSeQ!�kl�� � Se«?Y�d�j�ft\]_c[%�PS0^`g!ltghjP�cSeacgbst�PS+��� jP[³��_c\][Hf*��S
stSe�ks�\iloSc¢
$�Ç ��� Å ��% 
 � �4_b\`[Hftl
��S0stSe�ks�\iloS|\`[kd�stYeQ!SR[cf�ghj�«¬¤��Hg � gk¤Plo�4YRde\`gb^]\iltg�f�\`_b[%��S0�Pst_bacstgbQTQ!S�l
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w�MkSRd��?��_c\][Hft\][PaZ\il­�?[P_�¥
[�ft_|\][Hf�st_���jkdeS�_��cSestMPSRgc�'�Pst_b�4_bs�f�\`_b[�gh^cf�_|f�MkSNl�\`¯eS
_h��f�MPS�d�MkSRd��?��_c\][Hf54`��U?¤
U76989¢¦L�s�gb�P\¼ft\]_c[kgh^`^]nc¤�_b��ft\]Q!\`¯Rghf�\`_b[klN_b��ftMPS'd�MPSRd��?�4_b\`[Hf�\`[Pa!�Ps�_�deSRltl
ghstS+f�ghstabSef�SR��f�_�¥Nghs���ltd�\`Se[Hft\¼»�d
�ks�_cabs�ghQ¡l/¥
s�\]foftSe[¨\`[�£k_bs�f�s�gh[!_bs
w+¢?{?j�d�M¡�Ps�_cabs�ghQ¡l­_b�ºf�Se[�Mkg �bS
ac_H_��!^`_�degh^`\]fvnTgb[k�!^`gbs�acS�stSeab\`_b[�l
_b��stSRgc�?�E_c[P^`n³�kg�ftgk¢2:�[§f�Mk\`l|SR[H�?\`s�_c[PQ!Se[HfR¤mgb[#S�;4S�d¸ft\]�cS�_c��f�\`Q!\]¯�g�f�\`_b[#f�S�d�MP[P\iqHjPS!\`l��#	<�
�����=�
	��>�0�
���������! �"��#	��$�#	&%h¤�\`[�¥
Mk\`d�M�l�n�lvftSeQT�9^]SR�bSe^��¶gbde\]^`\]f�\`SRl�ghstS*jkl�SR�!ft_��cSeSe�¨f�s�gbd��!_h�¬ftMPS+Q!_���\]»kSR���?\]s�f�jkgb^¼�
Q!SRQT_cs�n#�kghacSRl?4A@H¤��R��8E¢z}�gbd�M¿d�MPS�d��H�4_b\`[Hf�d�_c[Hftgh\`[kl0_c[P^`n±ftMPS��kgbabS�l0f�M�g�f�Mkg �cS¨p4SeSe[¾QT_���\]»kS��
l�\`[kd�SZf�MkS0�Ps�SR�?\]_cjklNd�MPSRd��?�4_b\`[cf�¢

r=st_bacstgbQ¡l�¥
st\¼f�f�Se[§\`[#gh[#_bp�uvS�d¸f��E_cs�\`Se[Hf�S��³^`gb[Pabj�ghabSc¤¬lojkd�M#gbl|�cg ��gk¤4�k^`gcd�S�[kSe¥���SRQ¡gh[k�PlZ_c[
d�MkSRd��?��_c\][Hft\][Pa�´

B x+p�uvSRd�fo�9_bst\]SR[Hf�SR� �Pst_bacstgbQTQ!\`[Pa°lvfvn?^`SDSe[kde_bjPs�ghacSRl�f�MkS±d�stSRghf�\`_b[�_h�|Q¡gh[?n l�Q¡gh^`^�_bp�uvS�d¸f�le¢
}¦gbd�M§_bpPuvSRd¸f|Q¡g nDMkg �bS!l�_bQ!S�»�Se^i�PlZf�Mkghf|gbs�STstSRgb���E_c[P^]nc¤¬gh[k�#_hftMPSes�l+f�Mkghf0gbs�S��ªs�S�qHjPSe[Hf�^`n
Q!_?�P\¼»kS��¬¢/LNMHj�le¤�_cp�uvSRd�f�SR[kdegb�klojk^`ghf�\`_b[�de_b[#�k\id¸f�l�¥
\]f�MT�Pst_bacstgbQTQ!SRso�9pkgbl�SR�Z�Pghftg��k^`gcd�SeQ!SR[cf
lvftstghf�SRab\`SRlR¢

B LNMPS��Hg ��g
�Pst_bacstgbQTQ!SRsmMkgbl�[P_+de_b[Hf�st_b^c_��bSRs¬f�MPS�^]_�dRg�f�\`_b[�_h�P_bpPuvSRd¸f�le¢�LNMHj�le¤�\]f�\il�\`Q!��_Hl�l�\`pP^]S
f�_�SR[kl�jPs�S/ftMkg�f��ªs�S�qcjkSe[Hf�^`n*Q!_���\]»kSR�|_cp�uvSRd�ftlmgbs�S=gb^]^blof�_cs�S��Z\][|ftMPS¦ltghQ!S­�kghacSb¢�£kjPs�f�MPSRs�Q!_bstSb¤
g!lo\`[Pab^`S0�kgbabS|degh[³d�_c[Hftgh\`[%p�_bf�M³^]\`�bS|_cp�uvSRd�ftlR¤Pgh[k�%_bpPuvSRd¸f�l
g ¥�gb\¼ft\][ka�aHghstpkghacS+d�_c^]^`SRd�f�\`_b[m¢

B �cg ��g
�ks�_cabs�ghQ¡lmghstS¦stjP['_c[�g��?\`softjkgh^HQ¡gbd�MP\`[PSc¢�{?_cQTS�\][HftSest[kgh^?lvf�g�ftS¦_h�kf�MPS��?\]s�f�jkgb^bQ¡gbd�Mk\][PS
\`l¦[P_hf=[kSeSR�PSR�Tf�_�s�S�d�_b[�lvfts�jkd�f/f�MPS*loftghf�S
_b�4ftMPS��Pst_bacstgbQ³¢ � l�n?lof�SRQT�E^`Se�cSe^kgb�P�Pst_cgbd�MTdegb[P[P_hf
SRgclo\`^]n�Q!gb�bSZf�Mk\`l��P\`lof�\`[kd¸ft\]_c[m¢

LNMPS�loS+ghstabjPQ!Se[Hf�l­lojPacabS�lvf­ftMkg�f�g|j�loSRso����st\]�cSe[T^`gb[PabjkgbabSe�E^`Se�cSe^Pgh�k�Ps�_Hgbd�M�Q!g nTp4S*gh�P�ks�_c�Ps�\ig�ftS
�ª_cs=�cg ��g+�Pst_babs�ghQ¡lR¢ !�gb[Pabj�ghabSe�E^`Se�cSe^?d�MPSRd��?�4_b\`[Hf�\`[PaZgbjPabQ!SR[cf�l�f�MPS�l�_bjkstdeS��ks�_cabs�ghQ.¥
\¼ftM¨d�_���S�f�_
stSRde_bs��|f�MkS
�Ps�_cabs�ghQ�loftg�ftSC4]�D6�¤��9@H¤bU0E�89¢F:�[�f�MP\il­stSRl���S�d¸f�¤�f�MPSNQ!_clof­\]Q!�4_bs�ftgb[cf­\il�l�jPS�\`l­ltg��ªSefvn�´mf�Mk\`l
d�MkSRd��?��_c\][Hft\][PaDde_?�PS�loMk_bjP^i�§p�S¨\`[Hf�st_���jkd�S��;lon�lof�SeQ¡ghf�\idegh^`^`nb¤/gh[k�§\`[cftSes��ªSestS¨gbl0^`\]fof�^`S�gcl0��_Hl�l�\`pP^]S
¥
\]f�M³ftMPS�loftgb[k�Pghs��%p�SRMkg �?\]_cs
_h��f�MPS��Ps�_cabs�ghQ³¢�x+[PS�gh�P�Pst_cgcd�M�\il
ft_¨gb�P�³Q!S�ftMP_��Pl
ft_¡SRgcd�M³de^`gcl�l
ft_'l�g �cS
gh[k�TstSRlof�_bstS�f�MPS�^`_�degb^klvf�g�ftSb¢=w�MPSRd��?�4_b\`[cft\][kaZ\il/ftMPSe[¡�4Ses��ª_bstQ!SR�Tp?n�gZabSR[PSest\`dHGJI7K0GJLDMON�PJQ0R
Q!Sef�MP_��¡ftMkg�fN\`[H�c_b�cSRl/ftMPSZd�MkSRd��?��_c\][Hft\][Pa�Q!S�f�Mk_?�kl¦_b��SRgcd�M�d�MPSRd��?�4_b\`[Hftghpk^]S�_cp�uvSRd�fR¢�:�[kdes�SRQTSR[Hftgh^
d�MkSRd��?��_c\][Hft\][Pa|degb[�p4S
\]Q!�P^`SeQ!SR[cftSR��p?n�gbltlo_�de\`ghf�\`[PaZg ��gba+¥
\]f�M!SRgcd�M�_cp�uvSRd�fR¤h\`[k��\ideghf�\`[Pa|¥
MPS�ftMPSes
ftMPS¡_bpPuvSRd¸f'M�gbl0p4SeSR[°QT_���\]»kS��§l�\`[kd�S!ftMPS¨�PstSe�?\`_bjkl0d�MPS�d��?��_c\][HfR¢�LNMP\`l�d�MPSRd��?�4_b\`[cft\][ka³de_���S¨degb[
SR\¼ftMPSes¦p�S*gc�P��S��!Q!gb[?jkgh^`^]n�_bs­acSe[PSRstghf�SR�!gbj�f�_cQ!ghf�\idegb^]^`n'jkl�\][ka�g|�PstSe�Pst_�d�SRltl�_bsS4]�D6�¤k��@T89¢F:�[¡SR\¼ftMPSes
dRgbl�Sb¤H^]_�dRgh^`\]¯R\][Pa'f�MPSZd�_���S��ª_cs�ltg �?\][ka�gh[k�¨s�S�lvft_bst\][Pa|ftMPS|lvf�g�f�S+_h��gb[¨_bp�uvS�d¸f�\][¨\]ftl�d�^igbltl���S�»k[k\¼ft\]_c[
stSRl��4SRd¸f�l�Se[kdRgh�kl�jP^ig�f�\`_b[�¤ f�M?jkl­SR[PMkgh[�d�\`[Pa+�ks�_cabs�ghQ�l�gh�ªS�fvnc¤bgh[k�Tl�\]Q!�P^`\¼»�SRl/�Pst_bacstgbQCQ¡gb\][Hf�SR[kgh[�d�Sb¢

�*Se�bSRsoftMPSe^`SRltlR¤�f�MP\il+abSe[kSest\`d|�Pst_bacstgbQ!QT\`[PaTQ!_?�PSe^�\`[Hf�st_���jkd�S�l
_��bSRs�MkSRgb�kle¢�£�\`s�lvf�¤kp4SRdegbjkl�S0f�MPS
GJI7K0GJLDMON�PJQ0RTQ!Sef�MP_��³\il�\`[k��Se�4Se[���Se[Hf*_b��ftMPS'_bpPuvSRd¸f�l
p4Se\`[Pa�d�MPS�d��H�4_b\`[Hf�S��¬¤�\¼f+Q�jklof*\`[cftSes�gbd�fN¥
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XFX ã�YTZ¸ò�öoó



E *��,� ���������F��� �0�#� �0	
	��S�#�#� �
1�
��,�#� ���

LNMP\il�d�MPS�d��?��_c\][Hf�\`[Pa!lvftstghf�SRabn�de_bjP^i��p4S0_b�Pf�\`QT\`¯eS��%pHn�Q¡gh[?jkgh^`^`n¨d�stSRg�ft\][ka!l��4SRd�\igh^`\`¯eSR�%d�MPS�d��c�
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\¼ftM¿s�S�lo�4SRd�f�ft_±stSRd�jks�st\][kazlvfts�jkd�f�jPs�gh^
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B ©�MPSe[¿g³�ks�_cabs�ghQ ��Se»k[PS�l0Q¡gh[?n#d�MPS�d��?��_c\][HftgbpP^`S!de^`gcl�l�SRlR¤mftMPS�de^`gcl�l|_b��ftMPS�d�MPS�d��?��_c\][Hf�S��
_bp�uvS�d¸f+dRgh[P[k_hf�p4S���S�ftSestQ!\][PS��%¥
MPSe[zde_bQ!�P\`^]\`[Pa!f�MkS GJI0K0GJL9MON9PJQ0R¡Q!S�ftMP_��¬¢�LNM?jklR¤�ftMPS'jkl�SRl
_h��f�MPS [9K0GDN%[.\`]�_�¤ G0N (%\^]�_�¤/gb[k� a�KTR%"�I7K0G�L9MON�PJQ�RYFJQ<G0N ]�_%QTSef�MP_��Pl'Q�jklof'p�S�\]Q!�P^`SeQ!Se[HftSR�°gbl
�?\]s�f�jkgb^mdegb^]^ile¤�¥
Mk\`d�MDghstS|��\ W¨dejP^¼f*f�_!_b��ft\]Q!\`¯eSc¢
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£�\`abjPstS'U�´=LNMPS �DQ0R7[��!gh[k� ��� �DQ�R.[��!d�^igbltloS�l

B ©�\¼ftMP\`[%gTlo\`[Pac^]S+\][?�b_�dRg�f�\`_b[�_h�mftMPS+GJI7K0GJLDMON�PJQ0R�Q!S�ftMP_��¬¤Hf�MPSRs�S|ghstS+l�Se�cSes�gh^��H\`s�f�jkgb^�dRgh^`^`l¦f�_
Q!S�f�Mk_?�klN_h�mftMPS0l�gbQTSZ_bpPuvSRd¸f�¢­LNMPS|[HjkQ�p4SesN_h���?\`softjkgh^¬dRgh^`^`lNd�_cjP^i�¨p4SZstSR�Pjkd�S��¨p?n¨loMk\¼�ºft\][Pa
Q!_bstS�_b�Pf�MPSNd�MPS�d��H�4_b\`[Hf�\`[Pa+de_���S�\`[Hf�_+f�MPSNjkl�Ses­de^`gcl�l�SRlR¤ pPj�f=g�f�f�MPSNd�_Hlvf/_h�4d�_���SN��jP�P^`\`dRg�ft\]_c[
gh[k�%stSR��j�d�SR��Q¡gh\`[Hftgh\`[kgbpP\]^`\]fvnb¢

B :�[kd�stSeQ!SR[cf�gh^4d�MPSRd��?�4_b\`[cft\][ka0\`l¦\]Q!�P^`SeQ!Se[HftSR�¡p?n�f�SRlof�\`[Pa�f�MPS4h&N%\7P@G0PTK7\0»kSR^`�!_b�mSRgcd�MT_cp�uvSRd�fR¢
©�MP\`^]S�f�MP\il�gb�P�Pst_cgcd�M§\il��Ps�S�d�\iloSc¤�\]f!\][Hf�st_���jkdeSRl'Q¡gb[Hn§pPs�gh[kd�MkSRlR¤�¥
MP\id�M¿ghstS�l�^]_�¥�Ses'f�Mkgb[
lvftstgb\]acMHfo�9^]\`[PS|d�_���Sb¢

LNMPS�loS
\`[PS�W¡de\]SR[kd�\`SRl­dRgh[Tp�S
SR^]\`Q!\][�g�f�S��TpHn�d�stSRg�ft\][ka|l��4SRd�\]»�dNd�MPS�d��H�4_b\`[Hf�\`[Pa|s�_cj�f�\`[PS�l��ª_bs­SRgcd�M
�?\`[k�T_h�¬_bpPuvSRd¸f=\`[Tf�MPS*�Ps�_cabs�ghQ³¢ :�[!ftMPS
[PS�«?f�l�SRd�f�\`_b[m¤c¥�S�l�MP_�¥¾f�Mkghf¦¥�S�dRgh[¡ltg��ªSe^`n'acSe[PSRstghf�S
loj�d�M
_c��f�\`Q!\]¯RSR�%\`QT�k^]SRQTSR[Hftg�ft\]_c[klNjkl�\][ka!gbj�f�_cQ¡g�f�\idZ�Pst_babs�ghQÉl���S�d�\igh^`\]¯�g�ft\]_c[m¢
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r¦s�_cabs�ghQJl��4SRd�\igh^`\`¯Rg�ft\]_c[0\`l�f�MkS¦_b�Pf�\`QT\`¯Rghf�\`_b['_b�Pg��Pst_bacstgbQ pkgcloS��|_b[�l�jP�P�P^`SeQ!SR[cf�ghstn+\`[��ª_cs�Q¡g�ft\]_c[
gbp�_cj�f­\¼f�l­\`[P�Pj�f�¢�©§SN»ks�lvf=��S�l�des�\`p�S�ftMP\`l­f�SRd�Mk[P\`qHjPSc¤bgh[���ftMPSe[!d�_c[kl�\`��SRs­MP_�¥°ft_0jkloSN\]f­f�_|_b�Pf�\`QT\`¯eS
ftMPS'd�MPS�d��H�4_b\`[Hf�\`[PaT�Ps�_�deSRltle¢
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r¦s�_cabs�ghQ l���S�d�\igh^`\]¯�g�f�\`_b[ _b��ft\]Q!\`¯eS�l¨g§�Ps�_cabs�ghQ f�_¿g;l���S�d�\]»�d³jkltghacS%de_b[Hf�Se«Hf�¢�LNMP\`l¡f�SRd�Mk[P\`qHjPS
stSRlof�st\id¸ftl'f�MPSDgb�P�P^`\`dRghpP\`^]\]fvn;_h�*g#�Pst_babs�ghQ³¤�\][ S�«Pd�Mkgb[PabS��ª_bs!gzQ!_bstS�S�W¡de\]SR[HfT\`Q!�P^]SRQ!Se[Hftghf�\`_b[m¢
{���S�d�\igh^`\]¯�g�f�\`_b[!_b�m�Ps�_cabs�ghQ¡l/¥
st\¼f�f�Se[¡\`[¡\`QT�4Ses�g�ft\]�cS�^igh[PacjkghacSRlR¤bloj�d�M¨gbl�w gb[k�¡£P_csoftstgb[m¤cgcd�MP\]SR�bS�l
_c��f�\`Q!\]¯�g�ft\]_c[kl*l�jkd�M±gcl+de_b[kloftgb[cf*�ª_b^i��\][ka�gh[��D^]_?_c�zjP[Pst_b^`^]\`[Pa 4ÙU�¤���¤/�b�
8E¢0{?�4SRd�\igh^`\`¯Rg�ft\]_c[D_h�¦�Hg ��g
�ks�_cabs�ghQ¡l�Mkgcl*p4SeSR[§l�MP_�¥
[±f�_%s�S���jkd�S�f�MkS�_��cSestMPSRgc�³_h���kg�ftg�Se[�degh��lojP^ig�ft\]_c[m¤��?\]s�f�jkgb^­degh^`^ile¤¬gh[��
stjP[��Ef�\`Q!S|fvn?��S'gb[k�³ghststg nH�9p�_cjP[k�Pl�d�MPSRd���lC4ÙUbÁD89¢�x+jPs*\]Q!�P^`SeQ!Se[Hf�g�f�\`_b[³_b�/d�MPS�d��?��_c\][Hf�\`[PaTp�SR[PS�»kftl
�ªst_bQ¹f�MPS�loS0_c��f�\`Q!\]¯�g�f�\`_b[�le¢

:�[;ftMPS�d�_c[Hf�S�«?f'_b�Ngb[§_cp�uvSRd�fo�9_bst\]SR[Hf�SR�#^igh[PacjkghacSb¤�l�jkd�M°gbl��cg ��gP¤mf�MPS¨j�l�gbabS¡d�_c[cftS�«?f�degb[°p�S
�PSRltd�st\]p4SR�³p?n 1  ���������� ���D��� ��"�	��
� ��1�1
�
1 4 �b�989¢ � lo�4SRde\`gb^]\`¯Rghf�\`_b[zde^`gcl�l+��SRltd�st\]p4SRl*MP_�¥ g¨de^`gcl�l+loMP_cjP^i�
p4S
lo�4SRde\`gb^]\`¯eS��¬¤�p?n'��SRde^`gbs�\`[Pa+�Ps�_c��SRsoft\]S�l�_h��gZlojkpkloSef­_h�PftMPS�»kSe^i�Pl/gh[k��Q!S�f�Mk_?�kl/_h�kftMPSNlo�4SRde\`gb^]\`¯eS��
de^`gcl�lR¢ � »�Se^i��_cs�Q!S�ftMP_�����ghs�ghQ!S�ftSesNdegh[�p�S0��S�d�^ighstSR�!ft_�M�g �bS+g�Q!_bstS+stSRlof�st\id¸f�S��¡fvn?�4S*ftMkgh[�f�MPS
_cs�\`ab\`[kgb^m��SRde^`gbstghf�\`_b[m¤P_cs�degb[Dp�S��PSRd�^ighstSR��ft_¡Mkg �bS'g¡l���S�d�\]»�d0��gh^`jPSc¢�LNMPS���SRde^`gbs�S���Q!Sef�MP_��Pl+ghstS
ftMPSe[%lo�4SRde\`gb^]\`¯eS��!¥
\¼ftM�stSRl���S�d¸f�f�_'ftMP\il�\`[��ª_cs�Q¡g�ft\]_c[m¢­{?��S�d�\igh^`\]¯�g�ft\]_c[�d�^igbltloS�l¦gbs�S*de_bQ!�P\`^]S��¨p?nTf�MPS
*,�0-9��
0 ����
���0� ���D��� ��"�	 ��� �91�1?� "0�  <�#� �
��µ¶�?{kw
wN·N\`[cft_¨��\`s�S�d¸f�\`�bS�lN�ª_bs�f�MPS'�ks�_cabs�ghQ�l���S�d�\igh^`\]¯RSes�¤kgh[��
gbs�S+f�M?jkl�[P_hf��kgbsof
_b��f�MkS0�Ps�_cabs�ghQÉSe«?S�d�j�ft\]_c[m¢

©§S'lo�4SRde\`gb^]\`¯eS+f�MkS'd�MPSRd��?�4_b\`[cft\][ka��Pst_�d�S�l�l�jkl�\][ka�ftMPS|�Pst_babs�ghQÉl���S�d�\igh^`\]¯RSes
���
�H �"+�ª_cs+w��Pst_h�
acstgbQ¡le¤h��SR�bSR^]_c��S��'p?n0f�MkS�w�_cQ!��_HloSNabst_bjk��g�f�:v~5:o{�� 4`�b�
8E¢­L�SeQ!��_|Mkgcl�p�SRSe[¡gb�Pgb��f�S��'ft_|��SRso�ª_cs�Q
l��4SRd�\igh^`\`¯Rg�ft\]_c[�_b���Hg � g��Pst_babs�ghQ¡lR¤cp?n¡»�stlof�ftstgb[kl�^`ghf�\`[PaT�Hg ��g�p?nHf�S�d�_���SZ\][Hft_¨w�jkl�\][Pa�f�MkS "*ghst\il�ltg
p?nHf�S�d�_���Se�7ft_h�ow°d�_cQ!�P\]^`Ses54ÙU��
8E¤?gh[k��ftMPSe[¨l���S�d�\igh^`\]¯R\][ka+ftMPS�stSRl�jP^]f�\`[Pa�w¿de_���S+4 UcÁD89¢/LNMkS�lo�4SRde\`gb^]\`¯eS��
w�d�_���S�dRgh[#p�S!d�_cQT�k\]^`SR�±jklo\`[Pa%gh[?n±w.d�_cQT�k\]^`Ses�¤¬gh[k�³ftMPSe[§S�«�S�d�j�ftSR�z\`[zftMPS�"*ghst\il�ltg¡stjP[��Ef�\`QTS
SR[?�H\`st_b[PQ!Se[Hf�¢ ��fZf�MPS¨wC^`Se�cSe^E¤�ftMPS¡lo�4SRde\`gb^]\`¯eS��zd�_���S!degb[zS�«��PstSRltl�_c��f�\`Q!\]¯�g�ft\]_c[klZ_h�­f�MkST�?\`softjkgh^
Q¡gcd�MP\][kSb¤Pl�jkd�M�gcl�f�MPS|Se^`\`QT\`[kghf�\`_b[%_h��gbs�s�g nH�Ep4_bjk[k�Pl�d�MPSRd���lR¤cftMkg�f�dRgh[P[P_bf
p�S|S�«��PstSRltl�SR�¨\`[³�cg ��gP¢
�*^¼ftSest[kg�ft\]�cSe^`nb¤��ª_bsZ��_csof�ghpP\`^`\¼fvnc¤�ftMPS!lo�4SRde\`gb^]\`¯eS��#wCd�_���STdegh[±p�S!d�_c[H�cSes�f�S��³pkgbd���f�_³gh[z_cst�P\][kgbs�n
�Hg ��g��ks�_cabs�ghQ½jkl�\][Pa�f�MkS "*ghst\il�ltg¡ft_H_c^�� 1�1J�#���T��¢¡LNMP\`l0gb�P�Pst_cgcd�Mzf�_%ftMPS¡lo�4SRde\`gb^]\`¯Rghf�\`_b[±_b���Hg ��g
�ks�_cabs�ghQ¡l¦\ilN\`^]^`jklof�s�g�f�S��%\][D£�\]acjPstSZ�k¢
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LNMkS0\]Q!�P^`SeQ!Se[Hf�g�f�\`_b[D_b�/d�MkSRd��?��_c\][Hft\][Pa!_7;4SRstlNfv¥�_¡lo\`ab[k\¼»�dRgh[Hf�_b�k��_csoftjP[P\]f�\`SRlN�ª_cs*lo�4SRde\`gb^]\`¯Rghf�\`_b[m´
l��4SRd�\igh^`\`¯Rg�ft\]_c[!¥
\¼ftM¨s�S�lo�4SRd�f=f�_'f�MPS*lof�stjkd�f�jPstS�_h��ftMPS*d�MPS�d��H�4_b\`[Hf�S��¡�Pg�f�g0gh[k�¡l���S�d�\igh^`\]¯�g�ft\]_c[T¥
\]f�M
stSRl��4SRd¸fZf�_�f�MkS!�kg�ftg�Q!_���\¼»4deg�ft\]_c[±�kghfoftSest[±_h�¦f�MPS!�Pst_bacstgbQ%¢|©§S![P_�¥ ��SRltd�st\`p�S�f�MPS!p4Se[PSe»Pftl|_b�
ftMPSRl�SZfv¥�_!�?\`[k�Pl
_b��l���S�d�\igh^`\]¯�g�f�\`_b[��ª_bsNftMPS'd�MPS�d��H�4_b\`[Hf�\`[PaT�Ps�_�deSRltle¢

©�MPSR[�f�MPSRs�Szgbs�S³stSRdejPs�st\`[Pa§de_bQ!�4_bjP[k� _cp�uvSRd�ftl¡Mkg �?\`[Pa§f�MPSzltghQ!Szlof�stjkd¸ftjPstSb¤�¥�SDdegb[�lo�4S��
de\`gb^]\`¯eS%ftMPS GJI0K0GJL9MON9PJQ0R§QTSef�MP_�� f�_;ftMP\il¨lvfts�j�d¸f�jks�Sc¢�{���S�d�\igh^`\]¯�g�f�\`_b[ stSe�P^igbdeSRl�f�MPSD�?\`softjkgh^�dRgh^`^`l
ft_Df�MkS�Q!S�ftMP_��Pl�_b�Nf�MPS�"
I7K0GJL9M7N�PJQ0R%$ &)(DKz\`[Hf�SRso�¶gcd�S¨p?n;��\]stSRd�f�degb^]^ilR¢zLNMPSRl�S���\`s�S�d¸f!degh^`^il'degb[¿p�S
\`[P^`\][kSR�¬¤=_cs�_bf�MPSRs�¥
\iloS�_b��ft\]Q!\`¯eS��°p?n#ftMPS³d�_bQ!�P\`^`Ses�¢°w�_c[kd�stS�ftSe^`nb¤­\`[P^]\`[P\`[Pa±stSe�k^`gcd�SRl'f�MPS³degb^]^�f�_
a�KDR%"�I0K0GJL9MON9PJQ0RYFJQ8G0Nc]�_�p?n³g¡��\]stSRd�f�»kSR^`�³stS��ªSRs�SR[kd�Sc¤�gh[���SR^]\`Q!\][�g�f�S�l
ftMPS�_��cSestMPSRgc�¨_h�=dRgh^`^]\`[Pa¨l�Se���
gbstghf�S)[�K�GDN%[.\^]
_'gb[k� G0N (%\^]
_|Q!S�ftMP_��Ple¢

LNMPS
j�loSN_h�4f�MkS?h N%\7P@G7P�K7\+»kSe^i�!degb[Tgb^`l�_|p�S
_c��f�\`Q!\]¯RSR�Tp?n�lo�4SRde\`gb^]\`¯Rghf�\`_b[m¢/{?jP�P�4_cl�S�gZ�Pst_babs�ghQ
\`[P\]f�\igh^`\]¯RSRl�g0loSef¦_h�¬_bpPuvSRd¸f�l=\`[¡_b[PS*�PMkgbl�Sb¤Hgh[k�¡l�jPpkl�SRqHjPSR[Hf�^`n�_b[k^]nTs�S�gb�Pl­f�MPSR\]s�� gb^]jkSRlR¢�©�MPSR[¡f�Mk\`l
p4SeM�g �H\`_bs+degh[Dp4S���Sef�SRs�Q!\`[PSR�Dp4S��ª_cs�S�S�«�SRdej�f�\`_b[m¤kf�MPSTd�MPSRd��?�4_b\`[Hf�\`[Pa¡�Pst_?deSRltl�degb[Dp�S�lo�4SRde\`gb^]\`¯eS��
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X-specialized.c

Tempo

JSCCjavac+Harissa

X.java

Harissa run-time

javac

Java bytecode
application

Binary
application

gcc

Java files

C files
Specialization
directives

Assirah

X.sc

£�\`abjPstS0�P´={Hfts�jkd�f�jPstS0_h��f�MPS0�ks�_bf�_hfvn?�4Sb¤Pl���S�d�\igh^`\]¯�g�ft\]_c[�_h�­d�^igbltl��

ft_¡f�MkS0�¶gbd�f�f�Mkghf*\`[³f�MPS'^ig�ftSes+�PMkgbl�SRl
f�MPS0h&N%\7P@G0PTK7\!»kSR^`�³_b�­l�jkd�M³_bpPuvSRd¸f�l
\il*gh^`¥Ng n?l�G%$%(��TKc¢�LNMk\`l
_c��f�\`Q!\]¯�g�ft\]_c[�Se^`\]Q!\`[kg�ftSRl¡ftMPSDftSRlof�\`[�f�MPS GJI7K0GJLDMON�PJQ0R¿Q!S�f�Mk_?�m¤
¥
MP\`d�M \][�ftjPs�[�SR^]\`Q!\][�g�f�S�l�gb^]^
stS��ªSRs�SR[kd�S�f�_;ftMPS "�I0K0GJL9MON9PJQ0RYFJQ8G0N;lof�stjkd¸ftjPstSb¤¦¥
Mk\`d�M�[P_;^`_b[PacSes![PSeS��PlTf�_;p4SzgbdRd�SRltl�SR�¬¢ ©�MPSe[
de_bQ�pP\][kSR�'¥
\]f�M¡l���S�d�\igh^`\]¯�g�ft\]_c[0f�_Zf�MkSNlof�stjkd�f�jPstSN_h��de_bQ!�P^`S�«�_cp�uvSRd�ftlR¤ f�MP\il/_b��ft\]Q!\`¯Rghf�\`_b[T�Ps�_���j�d�SRl
lof�s�gh\`abMHf��E^`\][kS±d�_���Sc¢ L�_bacS�ftMPSes�¤Nf�MPS�loS§_b�Pf�\`QT\`¯Rghf�\`_b[kl%degb[ Se^`\`QT\`[kghf�S;gh^`^*ftstg �cSes�l�gb^�_h��de_bQ!�P^`S�«
_cp�uvSRd�ftl�ftMkg�f*gbs�S|d�_cQT�k^]Sef�Se^`n�jk[PQ!_?�P\¼»kS��%p�Sefv¥�SRSe[³d�MPSRd��?�4_b\`[cf�le¢
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