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p8_l^ZqWY	Ssrb^Z`ut�fWv�w8girx`xY	SUynRzg

{�|P}�~#�N���*� hnRTSURWVXVZY&V�yd^Xrb\�SbY	`xY�Y	qWY _a`�rb^mg#jlVXRT`b^Zfa_��nhNY	SUvEfWSsgiRz_l\�Y�g�f]ylY&VX^m_]�l�nh;Y	Sbv�fWSsg�Rz_n\�Y�Y	qTRWVmjlRT`b^Zfa_

�n�8�=�������#���=�U���
��RTSU�WY#yd^Xrb\�SbY	`xY�Y	qWY _a`�rb^mg#jlVXRT`b^Zfa_lr/RTSbY#�l_]f ��_�`xf�\�fa_lrUjdg�Y#rb^Z�a_l^Zcd\	Rz_a`�Rzg�fajn_a`br8fWv�`b^mg�YHfa_?rxY&�]j]Y _a`b^XRWV
g�RW\C�l^m_]Y&r	����_]Y��nRWrU^X\�RWhnhlSUfzRW\s� `xfJ`U�lY�hlSbfz�dVZY g¡fWv�SbY&yNjl\	^m_]�.`U�]Y�SbY&�]jl^ZSbY&y¢rb^mg#jlVXRT`b^Zfa_£`b^mg�Y�^Xr�`U�]Y
Y�¤lhnVZfz^Z`bRT`b^Zfa_JfWv¥hnRTSURWVXVZY&VX^XrUg'�-¦�f ��Y	qWY	S&�,^m_.hdRTSURWVXVZY&VX^Z§&^m_]�¨`U�]Yirb^mg#jlVXRT`b^Zfa_"_]Y	��hlSUfz�nVZY g�r�RTSs^XrxYW��©ªjlY�`xf
`U�]Y«yd^Xrx`xSU^X�dj]`xY&y#�WY _lY	SURT`b^Zfa_�fWv=Y	qWY _a`br�\	RzjnrbRWVX^Z`ut�Y	SbSUfWSUr,\	Rz_�f]\	\&j]S&�¬w8r,R/SbY&rsjlVZ`¬`U�]Y«rxY&�]j]Y _l\�Y�^m_#���l^X\C�#`xf
hlSbf]\�Y&rbr¬`U�lY¥Y	qWY _z`br�^Xr,Y&rUrxY _z`b^XRWVXVZt�^m_lylY	`xY	Ssgi^m_lRT`xYW��[+Y	qWY	SURWVNg�Y	`U�]f]ynr,�lR&qWY8�;Y	Y _�ylY	qWY&VZfzh;Y&y�`xf
R qWfz^XyifWS�`xf
\	^ZSU\&jngHqWY _a`«`U�]Y&rbYH\	RzjlrbRWVX^Z`­t�Y	SbSUfWSUr	�«�/_]Y�fWv¬`U�lYAg�Y	`U�lf+ynr¥���l^X\s��rxY	Y gir$`xf�fT®=Y	S8`U�]Y
�WSbY&RT`xY&rb`8h;fW`xY _a`b^XRWV
RWr«R#�WY _lY	SURWV�hdjlSUh;fzrxY8rU^mgAjnVXRT`b^Zfa_�g�Y&\C�lRz_l^XrUg¯^Xr$`U�]Y
°¥^mg�Yª±.RTSUh�hnRTSsRWyn^Z�ag³²Z´�µ¶�

°*f/hlSbY&yn^X\�`�`U�]Y·hNY	SUvEfWSsgiRz_l\�Y�g�Y	`xSU^X\	r�fWvdhnRTSURWVXVZY&V+Y�¤]Y&\&j]`b^Zfa_#fWvdyn^XrU\�SbY	`xY·Y	qWY _z`¬rb^mg#jlVXRT`b^Zfa_lr&�W`xfPfzVXr,�lR qWY
�;Y	Y _-ylY	qWY&VZfzh;Y&y�`xf�Rz_lRWVZt+§	Y/`U�]Y/rxY&�+jlY _z`b^XRWV�Y�¤]Y&\&j]`b^Zfa_4fWv*`U�]Y&rxY�rb^mg#jlVXRT`b^Zfa_nr$Rz_ly-`xf��z^ZqWY
�;fajn_lynr�fa_-`U�]Y
h;Y	Sbv�fWSsg�Rz_l\�YW��°*fA`U�nRT`�Y _ny��+Rz_-R qWY	SURT�WY
hnRTSURWVXVZY&VX^Xrsg�Y	q:RWVmjlRT`b^Zfa_�`xfPfzV=^Xr·ylY	qWY&VZfzh;Y&y�Rz_ly-^mg�hnVZY g�Y _z`xY&y�`xf
fz�l`bRW^m_2R�\�fa_n\�Y&hl`UjlRWV,rb^mgihnVZYW���djl`8qWY	SUt?g�Y&Rz_l^m_]�Wv¸jlV*\C�lRTSURW\�`xY	SU^Z§&RT`b^Zfa_JfWv�`U�]Y�rxfWv�`u�·RTSbY�rbt+rx`xY g³Rz_ly?`U�]Y
�;fajn_lynr8fa_?`U�lY�hNY	SUvEfWSsgiRz_l\�YW�H°��]Y&rxY�h;Y	Sbv�fWSsg�Rz_l\�Y�g�Y	`xSs^X\	r�\	Rz_2RWVXrxf��;Y�RWhnhnVX^ZY&y�RWr�R'g�Y&RWrUjlSbY�^m_?`U�]Y
Y	qTRWVmjlRT`b^Zfa_�fWv¬Y�®;Y&\�`b^ZqWY _]Y&rUr/fWv¬`U�]YH°«^mg�Y�±.RTSUh¨hnRTSURWyd^Z�ag¹^m_�hnRTSURWVXVZY&V�rb^mg#jlVXRT`b^Zfa_=�«wª_'^mgihnVZY g�Y _a`bRT`b^Zfa_
fWv8`U�]Y'°¥^mg�Y4±.RTSUhºhnRTSURWyn^Z�ag¡^Xr#SUY&RWVX^Z§	Y&y£fa_5`U�]Y'Q�RTSUrbtP`xY&\�o
e�Y&V¼»­½z¾T¿]´&À�RWr���Y&VXV¥RWr�fa_5`U�]Y'Q�RTSUrxt+`xY&\
Q�f ��Y	SbÁªhnVZfWSbY	S/jn_lylY	S$`U�]Y�Q=w8Â¥ÃÄÁ�fzhNY	SsRT`b^m_]�irxt]rx`xY g��
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±2Y�RTSbY4rbh;Y&\	^Zcd\	RWVXVZt�^m_a`xY	SbY&rx`xY&yÓ^m_J`U�]Y4RWhnhnVX^X\	RT`b^Zfa_"fWv$`U�]Y4°¥^mg�Y�±.RTSUhÓg�Y	`U�]f]y.`xf2yltl_lRzgi^X\�\�fag�hnVZY�¤
rxt]rx`xY g�r
`U�lRT`�\	Rz_��;Y4g�f]ylY&VXVZY&y���^Z`U��w8rxtl_l\s�]SUfa_]fajlr�e�Y&VXVmjlVXRTS#w8j]`xfagiRT`bR"ÔÕw«e$w�Öi²×À:µ¶��ÃØ_JRWynyn^Z`b^Zfa_�`xf
`U�]Y/g�f]ylY&VXVX^m_]�
Rz_ny�hnRTSsRWVXVZY&VNrb^mg#jlVXRT`b^Zfa_�fWvÍw«e·wH�+��YªRTSbYªRWVXrxfA^m_a`xY	SbY&rx`xY&y�^m_i`U�]Y8hNY	SUvEfWSsgiRz_l\�Y«hlSUY&yn^X\�`b^Zfa_
Rz_ly�Y	q:RWVmjlRT`b^Zfa_�fWv$`U�]YirU^mgAjnVXRT`b^Zfa_�rxt]rx`xY g'��°*f�`U�lRT`HY _ly�����Yiv�fWSsg#jlVXRT`xY&y.R��;Y _l\s�ngiRTSb��Y _aq]^ZSbfa_ng�Y _a`
`U�lRT`·hlSbf�q+^XylY&r�RAhnVXRT`xvEfWSCg(v�fWS�Y�¤lh;Y	SU^mg�Y _a`bRT`b^Zfa_��«^Z`U��w«e·w
�]°«�]Y��NY _n\s�ngiRTSb�#Y _zq]^ZSbfa_ng�Y _z`	�]RWrb^XylY�fWvÍ`U�]Y
w«e·wÙ\�fag�hdj]`bRT`b^Zfa_nRWV¥g�f]ylY&V�Rz_ny5`U�]Y�°¥^mg�Y-±.RTSUhÓhlSbfW`xf]\�fzVÕ�·^Xr�\�fag�h;fzrxY&y"fWv«`U�]Y4v�fzVXVZf �«^m_l��hnRTSb`br	Ú4R
h;Y	Sbv�fWSsg�Rz_l\�Y�g�f+ylY&VÕ�lR�hdRTSURWVXVZY&VX^XrUg¯Rz_nRWVZt+rb^Xr«`xfPfzVÕ�;Rz_ly'h;Y	Sbv�fWSsg�Rz_n\�Yªg�Y&RWrUj]SbY g�Y _z`·`xf+fzV�ÔÕrxY	YHÛ�^Z�l��´:Öb�

wÜh;Y	Sbv�fWSsgiRz_l\�Y«g�f]ylY&VlfWvÍ`U�lY�w«e·wÜRz_ny�`U�]Yª°¥^mg�Y«±.RTSUh�g�Y	`U�]f]y�^Xr·\�fa_lrx`xSsjn\�`xY&yiv�fWS�`U�lY8hlSUY&yn^X\�`b^Zfa_
fWv,`U�]YAhnRTSURWVXVZY&V�h;Y	Sbv�fWSsg�Rz_l\�Y
fWv¬`U�]YAw«e$wÝ�«^Z`U��`U�]YA°«^mg�Y�±.RTSUh2g�Y	`U�]f+yÍ�¥±2Y�ylY&rb\�SU^X�;Y�`U�]Y#rx`xf]\s�lRWrb`b^X\
\s�nRTSURW\�`xY	SU^Xrx`b^X\	r
fWv�`U�]Y�\�fagihNfa_lY _z`br8fWv�`U�lY#rbt+rx`xY gÞ��^Z`U�¨jnrxY#fWv�ß�RTSb�Wf q.g�f]ylY&VXVX^m_]�4Rz_ly2g�Y&RWrsj]SbYA`U�]Y&^ZS
SbY&rbh;fa_lrbY8`xf���Y&VXV�ylY	cN_]Y&y�rx`b^mg#jlVX^Õ�

°«�lY
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\�SU^Z`b^X\	RWV*hnRT`U��Rz_lRWVZt]rb^Xr¥`xf+fzVÍ^Xr«`u��fWvEfzVXy���Û�^ZSUrx`	�d^Z`«\	Rz_'�NY
jnrxY&y4�«^Z`U�l^m_4`U�lY�q:RWVX^XydRT`b^Zfa_
Rz_ly�qWY	Ss^Zcd\	RT`b^Zfa_�fWv�`U�lY
rx`bRz_lynRWVZfa_lY
w«e·w�h;Y	SbvEfWSCg�Rz_l\�Y�g�f]ylY&VÕ��°��]Y�w«e·wÝh;Y	Sbv�fWSsg�Rz_l\�Y�g�f+ylY&V;�z^ZqWY&rªR
hlSbY&yd^X\�`b^Zfa_�RW�;faj]`8`U�]Y#hnRTSURWVXVZY&V¬h;Y	Sbv�fWSsg�Rz_n\�YW�NRz_ly�`U�]Y�\�SU^Z`b^X\	RWV¬hnRT`U�¨Rz_lRWVZt]rb^Xr8`xfPfzV�RW\�`UjlRWVXVZt?ylY	`xY	Ssgi^m_]Y&r
`U�]Y�h;fW`xY _a`b^XRWV�hnRTSURWVXVZY&VX^Xrsg��*^Õ�×YW�X�*`U�]YihnRTSsRWVXVZY&VX^XrUg³^m_n�lY	SbY _z`/`xf�`U�]YiRWhnhnVX^X\	RT`b^Zfa_��-[+Y&\�fa_ly���`U�l^XrHg�Y&RWrUj]SbY&y
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Û�^Z�aj]SUYi´TÚ�°«�]Y�rU^mgAjnVXRT`b^Zfa_�Y _aq+^ZSbfa_dg�Y _a`	�

^m_n�]Y	SUY _z`�hnRTSURWVXVZY&VX^Xrsg�^Xr'jlrxY&yÇ^m_ `U�]Y2Y	qTRWVmjlRT`b^Zfa_ÇfWv
`U�lY¨Y���\	^ZY _l\�t¢Rz_ny Y�®=Y&\�`b^ZqWY _]Y&rbr�fWv
`U�lY?hdRTSURWVXVZY&V
rb^mg#jlVXRT`b^Zfa_£g�Y	`U�]f]y��"°��]Y'h;Y	SbvEfWSCg�Rz_l\�Y�g�Y	`xSU^X\	r�g�Y&RWrUj]SbY&yÓRTv�`xY	S�Y�¤]Y&\&j]`b^Zfa_ºfWv�`U�]Y'w«e$w¹�«^Z`U�£°¥^mg�Y
±.RTSUh'\	Rz_'�NY/\�fagihnRTSbY&y4�«^Z`U�-`U�]Y/SUY&rUjlVZ`br$fWv*`U�]Y�\�SU^Z`b^X\	RWV�hdRT`U�4Rz_lRWVZt+rU^Xr¥`xf+fzVÕ�,ÃØ_-`U�n^Xr$��R t-^Z`�^Xr$hNfzrUrb^X�nVZY
`xf�rxY	Y��]f���g#jl\s��fWv�`U�lYªh;fW`xY _a`b^XRWVÍhnRTSURWVXVZY&VX^Xrsg ^m_-`U�]Y/RWhnhnVX^X\	RT`b^Zfa_�^Xr$RW\�`UjnRWVXVZt-SUY&RWVX^Z§	Y&y���°«�l^Xr$RWVXVZf��«r$v�fWS
cN_]Y/`Ujd_l^m_]��fWv�`U�]Y
rb^mg#jlVXRT`b^Zfa_4Y _aq]^ZSbfa_ng�Y _a`$`xf�`U�]YHhnRTSURWVXVZY&VÍhnVXRT`xv�fWSsg'�

°«�lYHh;Y	Sbv�fWSsg�Rz_l\�YAg�f]ylY&VÍfWv¬`U�]Y#w«e·w(Rz_ny�`U�]Y#°¥^mg�Y�±.RTSUh2g�Y	`U�]f]y�\	Rz_�`U�lRz_¨�;Y
qWY	Ss^ZcnY&y��Pt�h;Y	Sx»
v�fWSsg�Rz_l\�Y�g�Y&RWrUj]SbY g�Y _z`br�Y�¤]`xSURW\�`xY&y'v�Sbfag�`U�]Y/Y�¤]Y&\&j]`b^Zfa_�fWv�`U�]Y/rb^mg#jlVXRT`b^Zfa_�rbt+rx`xY g'�,°«�l^Xr·�«^XVXV=SUY&rUjlVZ`$^m_
R
�;Y	`x`xY	S$jn_lylY	Ssrx`bRz_lyn^m_]�/�8�]Y	`U�]Y	S�Rz_�RWhnhnVX^X\	RT`b^Zfa_-\	Rz_��;Y¥Y�®;Y&\�`b^ZqWY&VZt-rxfzVZqWY&y4�at�Rz_�w«e·w ^m_�\�fagH�d^m_lRT`b^Zfa_
�«^Z`U�4`U�lY
°¥^mg�Yª±.RTSUh¨g�Y&\C�lRz_l^XrUg'�
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Ãx_Jh;Y	Sbv�fWSsgiRz_l\�Y-Rz_nRWVZt+rb^XriRz_ly"Y	q:RWVmjlRT`b^Zfa_£fWv�Q�RTSURWVXVZY&V¥©ª^Xrb\�SUY	`xY,+,qWY _a`�[]^mg#jlVXRT`b^Zfa_ ÔÕQ�©-+·[NÖ�hlSbfW`xf]\�fzVXr
��YH_]Y	Y&y�R�g�Y&RWrUj]SUY/`xf�\�fag�hdRTSbY/`U�]Y�Y�®=Y&\�`b^ZqWY _]Y&rbrªfWv�`U�]Y
yd^¼®;Y	SbY _a`«hlSUfW`xf+\�fzVXr	�·w/.10�243�5'687*0#\�SU^Z`xY	SU^Zfa_�\	Rz_
�;Y
fz�l`bRW^m_¨�Pt�\�fag�hdRTSU^m_]��`U�]Y�g�Y&RWrsj]SbY&y'Y�¤]Y&\&j]`b^Zfa_¨`b^mg�Y
fWv,`U�]Y#yn^¼®=Y	SbY _a`8hlSUfW`xf+\�fzVXr	�ª°«�l^Xr8RWVXVZf ��rªvEfWS/R
SURz_]�]^m_]�4fWv�`U�lY�yn^¼®;Y	SUY _z`�hlSUfW`xf+\�fzVXr	�*�dj]`ªylfPY&r�_lfW`�Rz_lrx��Y	S/`U�]Y��+jlY&rx`b^Zfa_=Ú:9x¦«f���g#jl\s��fWv�`U�]Y�^m_n�]Y	SbY _a`
hnRTSURWVXVZY&VX^Xrsg ^Xr�RW\�`UjnRWVXVZt2SbY&RWVX^Z§	Y&yJRz_ny2���lRT`
^Xr�`U�]YiVZf ��Y	S#�Nfajd_ly?fa_?`U�]Y�Y�¤]Y&\&j]`b^Zfa_�`b^mg�Y<;>=(°«�l^Xr
VZf ��Y	S
�;fajn_ly-fa_-`U�]Y/Y�¤]Y&\&j]`b^Zfa_�`b^mg�Y�^Xr$`U�]Y
jlVZ`b^mgiRT`xY/�WfzRWV�`U�lRT`$`U�]Y�Q�©-+�[4hlSUfW`xf+\�fzVXr¥rb`xSU^ZqWY�`xfl�dRz_ly'_lfW`$`U�]Y&^ZS
SbY&VXRT`b^ZqWY4h;fzrb^Z`b^Zfa_2Rzg�fa_l��`U�]Y�fW`U�]Y	SUr&�iw8_?3�@BA�C*2ED�5�04g�Y&RWrUj]SbY�`U�lRT`
Y�¤]hlSUY&rbrxY&r/`U�]Y�RW�n^XVX^Z`ut2fWv·`U�]Y�Q�©F+·[
hlSbfW`xf]\�fzV�`xf4Y�¤]hdVZfz^Z`/`U�]Y�R&qTRW^XVXRW�nVZYihnRTSURWVXVZY&VX^Xrsg ��fajnVXy2�NYAqWY	Sbt?jlrxY	v¸jlV*^m_¨`U�lYAY	qTRWVmjlRT`b^Zfa_?fWv�`U�]Y#q:RTSs^Zfajlr
hlSbfW`xf]\�fzVXr	�

wÙyn^Xrb\�SbY	`xY�Y	qWY _a`�rb^mg#jlVXRT`b^Zfa_5\	Rz_5�;Y�ylY&rb\�SU^X�;Y&y5�atJR2hlSbfW�WSURzg ylY&h;Y _lylY _n\�t.�WSURWhd�=��RWVXrxf2\	RWVXVZY&yºR
rbhnRW\�Y�»¶`b^mg�Y�yn^XRT�WSURzg�ÔÕrxY	Y�Û�^Z�l��ÀPÖb�.Ãx_.`U�]Y�hlSUfW�WSURzg ylY&h;Y _lylY _l\�t2�WSURWhN�=�¬`U�]Y�\�fa_l\&j]SbSUY _z`AY _z`b^Z`b^ZY&r�RTSbY
^XylY _a`b^ZcnY&yiRz_ny#`U�]Y&^ZS�^m_a`xSUR:»*Rz_lyi^m_z`xY	SUynY&hNY _nylY _l\	^ZY&r,ylY&rU\�SU^X�;Y&y��at#yn^ZSbY&\�`xY&y�RTSU\	r,^m_�`U�]Y$�WSURWhd�=�¬°«�lY¥VZf ��Y	S
�;fajn_ly�fa_4Y�¤]Y&\&j]`b^Zfa_�`b^mg�Y�ÔÕRz_ny4`U�]Y�^m_n�]Y	SbY _a`$hnRTSURWVXVZY&VX^XrUg�Ö�\	Rz_��;Y/\�fag�hdj]`xY&y-v�Sbfag�`U�]Y�\�SU^Z`b^X\	RWV�hnRT`U�4^m_
`U�]Y
rUhnRW\�Y�»¶`b^mg�Y
yd^XRT�WSURzg³²×½:µ¶�
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ÛlfWS�faj]S,Y�¤lRzg�hnVZYW�P��Y«�«^XVXVdVZf+fW��^m_z`xfH`U�]Y¥`u��fT»uyn^mg�Y _lrb^Zfa_lRWVdqWY	SUrb^Zfa_�fWv=`U�]Y�ÃÄrU^m_]��rbhn^m_�rbt+rx`xY g'�¬°«�]Y«g�f]ylY&V
^Xr·\�fag�hlSs^XrxY&y�fWvÍRz_�������rb�]jlRTSbY8VXRT`x`b^X\�Y�^m_��8�l^X\s��Y&RW\s�-VXRT`x`b^X\�Y�rb^Z`xY��lRWr�Rz_�RT`x`xSU^X�dj]`xY/\	RWVXVZY&y A���6��l�]���l^X\C�
\	Rz_A`bRT�WY$fa_AY&^Z`U�]Y	S¬fWvn`U�lY�qTRWVmj]Y&r$´/Ô��l_]f ��_ARWr,jlh#rbhd^m_;Ö;fWS�»U´�Ô��l_]f �8_HRWr¬ynf ��_Arbhn^m_=Öb�¬[]hd^m_lr�fa_ARWy	�xRW\�Y _a`	�
_]Y&RTSbY&rb`Ø»­_]Y&^Z�a�a�;fWS�rb^Z`xY&r#^m_a`xY	SURW\�`�^m_�R�hnRW^ZSx»¶�«^XrxY�g�Rz_d_]Y	S��«^Z`U�JR�rb`xSbY _]�W`U��� Ô��]_lf ��_JRWrA`U�]YiY�¤l\s�lRz_l�WY
Y _]Y	Sb�WtNÖb�'°«�]Y	SUY-g�R t2RWVXrxf¨�;YiRz_.Y�¤+`xY	SC_lRWV�cdY&VXy.fWv¥rx`xSbY _l�W`U��� Ô��l_]f �8_�RWrH`U�]Y�giRT�a_]Y	`b^X\icdY&VXy=Öb��°«�]Y
g�RT�a_lY	`b^Z§&RT`b^Zfa_5fWv¥`U�]Y4rxt]rx`xY g ^XrH`U�lY-yn^¼®=Y	SbY _l\�Y��;Y	`u��Y	Y _J`U�]Y�_PjngA�;Y	S
fWv8jlhJRz_nyJylf���_"rbhn^m_lrHfa_J`U�]Y
VXRT`x`b^X\�YW�

°«�lY
hnRTSURWVXVZY&V�^mg�hnVZY g�Y _z`bRT`b^Zfa_'fWv¬`U�]Y
ÃØrb^m_]��rbhn^m_'rbt+rx`xY g¯Y�¤]hdVZfz^Z`br8ydRT`bRihnRTSURWVXVZY&VX^XrsgÙR q:RW^XVXRW�dVZYA^m_�`U�]Y
rxt]rx`xY g��4°«�]Y�VXRT`x`b^X\�Y-^XrArUjl�=yn^Zq]^XylY&y2^m_.rsjl�]»uVXRT`x`b^X\�Y&rHfWv$Y&�+jlRWV�rb^Z§	Y&r	�¬Rz_ly.yd^Xrx`xSU^X�dj]`xY&y�f qWY	SA`U�]Y�hdRTSURWVXVZY&V
hlSbf]\�Y&rbrxfWSsr	�

� ��
�� ���! "
 #$# �'��� �����'��� ��� � � ����� !$#)���'&)(*��(&%'�(� �

ÛlSbfag¯`U�]Y�Y�¤]Y&\&j]`b^Zfa_�fWv�`U�]Y/ÃØrb^m_]��rbhn^m_4rxt]rx`xY g ��^Z`U�4`U�]Y�°¥^mg�Y/±.RTSUh�hlSUfW`xf+\�fzV�fa_'rb^¼¤+`xY	Y _¨_]f]ylY&r·fWv�`U�]Y
Q�RTSUrxt+`xY&\
Q�f ��Y	SbÁªhnVZfWSbY	S&�N��YA�lR&qWY�Y�¤]`xSURW\�`xY&y�`U�]Y/v�fzVXVZf �«^m_]��`xSURW\�YHydRT`bR]�

Ãx_�Û�^Z�l�Í½lÔÕR+Ö$`U�]Y#hlSbfWcdVZYHfWv¬`U�]YHY�¤]Y&\&j]`b^Zfa_¨fWv,`U�lYHrb^mg#jlVXRT`b^Zfa_¨^XrªrU�]f���_=�«©/j]SU^m_l�i`U�]YAY�¤+Y&\&jl`b^Zfa_=��`U�]Y
_+jngA�NY	S�fWv=RW\�`b^ZqWY�hlSbf]\�Y&rbrxfWSsr�q:RTSbt#�;Y	`u��Y	Y _#fa_]Y¥Rz_ly�rU^¼¤+`xY	Y _=����_]Y$\	Rz_�\	VZY&RTSUVZt�^XylY _a`b^ZvEt#Rz_�^m_l^Z`b^XRWVX^Z§&RT`b^Zfa_
hd�lRWrbY,^m_ª`U�]Y��;Y	�z^m_n_l^m_l��fWv]`U�]Y,rU^mgAjnVXRT`b^Zfa_=��°��l^Xr�\�fWSbSbY&rbh;fa_lydr=`xf¥`U�]Y,Y�¤l\s�lRz_l�WY�fWv]�Nfajd_lynRTSbt«^m_lvEfWSsgiRT`b^Zfa_=�
SbY&�]jl^ZSbY&y��Pt�`U�lY8ÃØrb^m_]��rUhn^m_4^mg�hnVZY g�Y _z`bRT`b^Zfa_��,w«v�`xY	S¥`U�]Y�^m_l^Z`b^XRWVX^Z§&RT`b^Zfa_�hd�lRWrbYW�l`U�]Y�rb^mg#jlVXRT`b^Zfa_�\�fa_a`b^m_PjlY&r
�«^Z`U�iSURz_lylfagiVZt#jnh;ydRT`b^m_]�
VXRT`x`b^X\�Y�h;fz^m_z`br&�PRz_ly�Y�¤]\C�lRz_]�z^m_]��g�Y&rUrbRT�WY«���lY _��;fajn_lynRTSUtAh;fz^m_a`br�RTSbY*)d^Xhnh;Y&y��

Û�^Z�aj]SbY-½lÔÕ�=Ö�^Xr
R��l^Xrx`xfW�WSURzg³fWv�`U�]Y�ylY	�WSbY	Y�fWv$hnRTSURWVXVZY&VX^Xrsg ydjlSU^m_]�4`U�]Y�Y�¤]Y&\&j]`b^Zfa_.fWv·`U�]YiÃÄrb^m_l�'rbhn^m_
rb^mg#jlVXRT`b^Zfa_=�,ÛnSbfag `U�]Y/rU�lRWh;YªfWv�`U�lY8Y�¤]Y&\&j]`b^Zfa_=�dfa_]Y/\	Rz_�rxY	Y/`U�lRT`/´&½,+ fWv*`U�]Y/`b^mg�Yªfa_lVZt�fa_]Y/hlSbf]\�Y&rbr$^Xr
RW\�`b^ZqWYAÔ¸g�fzrx`¬hlSbfagi^m_]Y _z`�^m_A`U�]Y¥^m_l^Z`b^XRWVX^Z§&RT`b^Zfa_-hd�nRWrxY·fWvd`U�]Y¥rb^mg#jlVXRT`b^Zfa_=Öb��°��]Y·fW`U�]Y	S,qTRWVmj]Y&r,RTSbY¥\	Vmjlrb`xY	SbY&y
RTSbfajn_ny�`U�]Y«ylY	�WSUY	Y«fWv�hnRTSURWVXVZY&VX^XrUg�fWv=`xY _=�,°«�l^Xr�\�fWSbSbY&rbh;fa_lynr,�«^Z`U��`U�]Y�rxY&\�fa_lyihN�lRWrxY¥fWv=`U�]Y¥Y�¤]Y&\&j]`b^Zfa_�^m_
Û�^Z�l�N½lÔÕR+Öb��°«�lYªR qWY	SURT�WYHhdRTSURWVXVZY&VX^XrUg��.-H�lv�fWS$`U�l^Xr$rb^mg#jlVXRT`b^Zfa_-Ssjn_-^Xr0/+�1/WÀ+�d���l^XVZYª`U�]Y
g�Y&RWrsj]SbY&y4rbh;Y	Y&ydjlh��
2 �d^Xr
´T�13	4]�

°«�lY�RW�nrx`xSURW\�`b^Zfa_HfWv]`U�]Y�hnRTSURWVXVZY&VzY�¤]Y&\&j]`b^Zfa_H`xf«`U�lY�rbhnRW\�Y�»¶`b^mg�Y�yn^XRT�WSsRzgÜRz_ly
`U�]Y�\�SU^Z`b^X\	RWV+hnRT`U�
Rz_lRWVZt+rU^Xr
hlSbf�q+^XynY&r�^m_]v�fWSsg�RT`b^Zfa_�vEfWS�h;Y	SbvEfWSCg�Rz_l\�Y 9xylY&�Nj]�W�z^m_]��=ARz_lyiyn^ZSUY&\�`br�jlrxY	Ssr,`xfH�;fW`x`bVZY _]Y&\U�+r·^m_�`U�]Y�hlSUfW�WSURzg��
°«�l^Xr¬\	Rz_i�;Y$qWY	Sbt#jnrxY	vÕjnVl^m_�\�fag�hnRTSs^m_]��yn^¼®=Y	SbY _z`,ynY&\�fag�h;fzrb^Z`b^Zfa_lr¬fWv;`U�]Y«rURzg�Y¥hlSbfz�dVZY g��at�rU�]f��«^m_]�
�]f��

½



0

2

4

6

8

10

12

14

16

0 40000 80000 120000 160000

de
gr

ee
 o

f p
ar

al
le

lis
m

time (usec)

���������
	���
���	����
���������������
� 	�!#"

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

fr
ac

. e
xe

cu
tio

n 
tim

e

degree of parallelism

�%$&�(')����*+�,	����
���������������
��	�!#"
Û�^Z�aj]SbYH½+Ú�°�SURW\�Y
faj]`bhdj]`$fWv�ÃØrb^m_]��rbhn^m_'rb^mg#jlVXRT`b^Zfa_=�

g#jl\s�4\�fa_n\&j]SbSbY _l\�t�^Xr¥R q:RW^XVXRW�dVZYA^m_4Y&RW\C�'ylY&\�fagih;fzrb^Z`b^Zfa_=�

- È Ï È � È �#� È)�
²Z´CµH©A�NÂ
�/.WY�®=Y	SUrxfa_��%9108^ZSU`UjlRWVÍ°¥^mg�YW� =32547698 .13 ��A�3&: 5'6 C ��A C �<;�.1C�=�. 3+>?>
6��#=A@ 3 �#= D 3�= 0BA 3 �CBEDCF<AB5�0)>�AC�

qWfzVÕ�HGP�N_]fl�N½+�dhdh���I 4�IKJLIaÀW¿+�H.PjlVZt?´ 3 /W¿+�
²×À�µNM8�O.l���8qWY	SbY&^m_nylY	S/Rz_ly?Q*��ß��=wH��[]VZf+fW`	� 9xw�hnhdVX^X\	RT`b^Zfa_?fWv�°¥^mg�YH±.RTSUh¨`xf�hnRTSURWVXVZY&V¬rU^mgAjnVXRT`b^Zfa_lr8�«^Z`U�

RWrxtl_l\C�]Sbfa_]fajlr«\�Y&VXVmjlVXRTS8Rzjl`xfag�RT`bR]� =�^m_<; . C�: 0 0�B 6��#= A C1P�5RQ�05S�TLT&UAV�D�.1C � 0 3 �WD 6R> D 2 3 5'6 C �XDCF�>0��C AB6 D�>A�
ÔÕ©8Y&VZv�`	�;°«�lYZY�Y	`U�]Y	SUVXRz_nynr�Öb�dhnhÍ�d½ 3&G)JLI 4zÀ+�Í�/\�`	��´ 3 3W½+�

²×½�µNM8��.l�¬�8qWY	SbY&^m_lylY	S�Rz_ly"Q���ß��¬w
�,[]VZf+fW`	� 9xQ�RTSURWVXVZY&V$h;Y	SbvEfWSCg�Rz_l\�Y�Y	qTRWVmjlRT`b^Zfa_"`U�]SUfaj]�a�"\�SU^Z`b^X\	RWV·hnRT`U�
Rz_lRWVZt]rb^Xr	� =�^m_X; . C�: 0 0�B 6��#= A C1P
5RQ�0\[];^4O_`V�D�.1C � 0ATLab4 C �cP�0 .10 �C: 0	��Ô¸ß�^XVXRz_��ÍÃ­`bRWVZtNÖb�*[]hlSs^m_]�WY	S]0¬Y	SsVXRT�l�
ß�R&t.´ 3 3W¿+�

� �8�8� Ë ��� Ë ����� È)���
e�fa_a`bRW\�`	Ú M��d.l�N�8qWY	SbY&^m_nylY	S
Ãx_lrx`b^Z`Uj]`b^Zfa_=Ú Q�RTSsRWVXVZY&V�[]\	^ZY _a`b^Zcd\He·fag�hdj]`bRT`b^Zfa_�k�[]^mg#jlVXRT`b^Zfa_�o8SUfajlh

©�Y&hdRTSb`Ug�Y _a`¥fWv,e�fag�hdjl`xY	S�[]\	^ZY _l\�YW�dpª_l^ZqWY	SUrb^Z`­t�fWv¬w8girx`xY	SUynRzg
ß�RW^XVÕÚ M��d.l�N�8qWY	SbY&^m_nylY	S

Q�RTSsRWVXVZY&V�[]\	^ZY _a`b^Zcd\He·fag�hdj]`bRT`b^Zfa_�k�[]^mg#jlVXRT`b^Zfa_�o8SUfajlh
e/Ssjl^XrbVXRWRz_fI 4z½+�*´ 4 3 /�[�.�wªg�rx`xY	SUydRzg��]°«�]YgY�Y	`U�]Y	SUVXRz_lynr

Q��lfa_]YWÚ h/½]´
À	4�¿WÀW¿3G�ILiW½
ÛnR:¤=Ú h/½]´
À	4�¿WÀW¿3G�I 3	4
+�giRW^XVÕÚ � �Äf#jªvE�«^Õ� jlq:R]� _lV
±¢± ± Ú �z`x`bh�Ú ¾W¾��«�¥���×v��«^Õ� j]qTR]� _lVO¾�vE��^O¾�SbY&rxY&RTSU\C�d¾�qP�+IP¾:hP�¥SUrC¾

I


