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çKèjGIHTí´N¶ðTLEètV5é·L;ïTG`H2V5[tG`LWè�\Yî^LMè¶ûTG`N¶L<_ÈV5[tíZL»îTGsvzL�[tL�HKJ�LMè�GIH@ðKVZ[tîTë;VZ[¶L ûK[¶ê^J�LWè¶è�V5H2î6î^LWèjGIíZH�Q
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w�x]y{z�|mz�< ù�1´V5NtV å VOJ0ðTL�VZHKî å ò-�¡ï�L�ð2VYXlGIêZ[�üÃêZ[ ced'f>geh ��ï2LMðKVYX¦G`êO[�GÈè�çKHTG�üÃêO[¶é NtðT[¶êOçTíZðTæ
êZç^NW\TëEG�Ntð�êZHTLfûTðKVOèjLf[tL�ûT[tLMè¶L�HlNtG`HTí@N¶ðKL�L�HlN¶GI[¶LfûT[têZíO[tVZé�Q
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w�x]y{z�}�z{< ù�1%VmNtV å VZJ0ðKL@V5H2î å ò-�#ï2LMðKVYX¦G`êO[*üÃêZ[Eikj h ��è¶L�XOL�[0V5_�[tLMJ�çT[t[¶GIHTícûKðKVZè¶LMè%V5[tL
L�X¦GIîTL�HlNMQ

ý�ê~íOL�HTLM[tV5N¶L%N¶ðTL$èjGIé6çK_IV5N¶GIêZH�û2êOG`HlN0èEüÃêZ[´V·ûT[¶êOíZ[0V5é�\¦N¶ðKL@]¦GIé·ò�êOG`HlNENtêlêO_�HTLMLMîTè#V
(;VOèjGÈJ�(;_Iê¦J0ñ
F&LMJ�N¶êO[a	+(�(;F��*î^LWè¶J�[¶GIïTGIHTí~N¶ðKL$J�ê¦îTL�~ è*L.�^LWJ�ç^NtG`êOH�Qm1´a¦HKV5é·GÈJ�L��¦LWJ�ç^NtG`êOH
GIè�è¶ûT_IG�N�GIHONtê�G`HlN¶LM[¶XmVZ_Iè�	ÃêZü¬N¶LMH��'�¦LWîUè¶G#"�LZ\¡VZ_�NtðTêZçTíOðÂNtðKVmN�GÈèfHTê5N�èjN¶[tGIJ�N¶_Ia!HTLMJ�LMètè¶VZ[¶aG��Q
�vHONtL�[tXmV5_fèjG#"�LËGIè8é·LMVOèjçT[tLMî ïla�H¦çTé@ï2LM[8êZü@J�êOé·é$G`NjNtLMî G`HKèjN¶[tçKJ�N¶GIêZHKèM\»ç2èjçKVZ_`_Ia ùMP!æ
�ZöZöOPÑGIHKèxNt[¶ç2J.N¶GIêZH2è�Qm]¦é~V5_I_`LM[�è¶G#"�LMè�LMHKV5ïT_IL-�2HTL�[�íZ[0V5GIHTLWîfûTðKVZè¶L<î^L�NtLMJ.NtG`êOH�&Y_IVZ[¶íOL�[�èjG#"�LWè
é$G`N¶GIíOV5N¶L%ë;VZ[¶é@çTû~L�[t[têZ[�ëEðKL�H?ü×VOèxN¶æÆüÃêO[¶ë<V5[0î^GIHTí�	ÃëEG`N¶ðKêZç^N<L.�^ûT_IGIJ�G�NEèjNtVmNtL´ë<V5[té6çKû��&GIH
V�èjGIé6çT_ÈVmNtêZ[WQ5SËL*çKè¶L�ùMöZöOPþG`HKèjN¶[tçKJ�N¶GIêZH·G`HlNtL�[tXYVZ_IèM\5ëEðTGÈJ0ð·GIè»V�J�êOé$é·êOH·J�êZé·ûT[têZé·GÈèjLOQ
1#çT[tGIHTí*L.�^LWJ�ç^NtG`êOH�\WV*_`GÈèxN�GIèºñZLMû^N�êZüKV5_I_ZïKVOèjGÈJ&ïT_Iê^J0ñ¦è�L.�^LMJ�ç^N¶LWî¡\YV5_IêZHTí*ëEG`N¶ð@V*J�êOçTHlN

ê5ü ðTêmë é~V5H¦a8N¶GIé$LWè%LMVZJ0ð!ïK_`ê^J0ñ
GIè´L.�^LMJ�ç^N¶LWî¡Qzý<ðTL6ïT_Iê^J0ñ
J�êZçTHlN%GIè´ë»LMG`íOðlN¶LMî�ï¦a
N¶ðKL
HlçKé6ï�L�[;ê5ü�GIHKèxNt[¶ç2J.N¶GIêZH2è�GIHcLWVZJ0ð~ïT_Iê^J0ñ@Ntê6LMHKèjçK[¶LENtðKVmN<GIHKèxNt[¶ç2J.N¶GIêZH2è�GIHcè¶é·VZ_`_IL�[;ïKVOèjGÈJ
ïT_`ê^J0ñ^è�VZ[¶L´HTê5N;íZGIXZLMH?î^GIè¶ûT[têZû�êZ[¶N¶GIêZHKV5N¶L*è¶G`íOHTG��2J�VZHKJ�LOQOS�ðTLMH~N¶êZNtVZ_2GIHKèjN¶[tçKJ.NtG`êOHcJ�êOçTHlN
[¶LWVZJ0ðTLWè;N¶ðTL�GIHlN¶L�[tXmV5_�è¶G#"�LZ\TN¶ðTL�ï2VZè¶GIJ%ïT_Iê^J0ñc_IGIèjN´V5H2îcüÃ[tL�$lçTLMHKJ�a8J�êZçKHON#VZ[¶L�VZûTû�L�HKî^LWî
N¶êfN¶ðKL8(0(»F��2_`LOQOý<ðTL#]¦GIé~ò�êZGIHlN�é·L�N¶ðTê^î^êO_`êOíZa6ç2èjLWè�N¶ðTL8(0(;F��K_ILEN¶ê��2HKî~èjGIé6çK_IV5N¶GIêZH
û2êOG`HlNtè#ê5ü&GIHONtL�[tLMèjN#ï¦a
e%æÄé·LMVZHKè*J�_IçKèjN¶LM[¶GIHTíKQ2ý<ðTL@VZ_`íOêZ[tG�NtðTé�è¶L�_ILMJ�NtèEêOHTL�[tL�ûT[tLMè¶L�HlNtV5æ
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1%VmNtV å VZJ0ðTL�V5H2î å ò-��ï�L�ð2VYXlGIêZ[@üÃêZ[almj4j=q3n4p4p���N¶ðKGIè$ûT[têZíO[tVZé�L��¦ðKG`ïTG`Ntè
J�êZé·ûT_IL.�8ï2LMðKVYX¦G`êO[»NtðKVmN*GÈèEðKVZ[tîcN¶ê~JMV5û^NtçT[¶LfëEG`N¶ð�ûTðKVOèjL�î^L�N¶LWJ.N¶GIêZH�Q

N¶GIXZL�GIHONtL�[tXmV5_¡üÃ[têZé�LMVZJ0ð�ûTð2VZè¶L�GIî^LMHlN¶G��KLMî�ï¦a8J�_`ç2èxNtL�[tG`HTí2Q'�*çKé6ï�L�[*êZü�ûKðKVZè¶LMè*JMV5H�ï�L
èjû�LMJ�Gs�KLWîcî^GI[tLMJ.Nt_`aO\¦êZ[»N¶ðTL´N¶ê¦êZ_¡JMV5H8è¶LMVZ[tJ0ð~ëEG`N¶ðKG`H�V�íOG`XOL�H?[0V5HTíOL*üÃêO[;VZH8V5ûKûT[¶êOûT[tGIV5N¶L
HlçKé6ï�L�[$ê5ü#ûTð2VZè¶LMèMQºý<ðTL��KHKVZ_;èjN¶LMûÕGIHRçKè¶G`HTí ]¦GIé~ò�êZGIHON@GIè@N¶êUíOV5N¶ðTLM[@èjNtVmNtGIèjN¶GÈJ�è@üÃêO[
V5_I_�J0ðTêOè¶L�H
èjGIé6çT_ÈVmNtG`êOH8û�êZGIHlNtèMQ � êO[Eé6çT_`N¶GIûT_IL�èjGIé6çT_ÈVmNtG`êOHcû�êZGIHlNtèM\¦N¶ðTL6]¦GIé~ò�êZGIHlN;Ntê¦êZ_ÈèíZL�HKL�[0VmN¶L´ë»LMG`íOðlNtè�N¶ê·V5ûTûT_Ia·N¶ê6N¶ðTLfGIHlN¶L�[tXmV5_Èè2	ÆV5HKî8èjLMXZLM[tVZ_�]¦GIé~ò�êZGIHON0è;é6çKèjN;ï�L%é$ê^î¦æ
L�_ILMî$üÃêZ[»VZJ�J�çT[0VmN¶L<[tLMè¶çT_`Ntè9�.Qe(;a$è¶JMV5_IG`HTífNtðTL#èjNtV5N¶GÈèxNtGIJMè&ï¦a�N¶ðKL#J�êO[¶[tLMè¶û2êOHKî^GIHTífë»LMG`íOðlNtèM\
V5HcVOJ�J�çK[tV5N¶L#VZûTûT[tê��¦GIé~VmNtG`êOH~ê5ü�L�HlNtG`[tL´ûK[¶êOíZ[0V5éôï�L�ð2VYXlGIêZ[;J�VZH?ï2L%LMèjN¶GIé~VmNtLMîo$lçTGÈJ0ñ¦_`a
	ÃëEG`N¶ðTGIHdV·èjé~V5_I_züÃ[0VZJ.NtG`êOH8êZü�ëEðKêZ_IL�ævV5ûTûT_IGÈJ�VmNtG`êOH8è¶G`é@çT_ÈVmN¶GIêZH8N¶GIé·L:��Q

}?z+| �a�)���7�4�{���R�>�:x]�m�
ý<ðTL�(0(»F��K_ILfüÃêZ[té~VmNE_IêlêOñ^è<_`GIñZLe�

�����G�;��� p4n �����:�4�;�3�4���e�G�
�����4�k�3���4�4�4�������;���:�4�4���3�4�-���
�������;���>����� n ���:�4�4�4�4���3�4�;� �4�D�¡�����¢�G� n � n �4�
b � èjGIíZHTG��KLWè#NtðTL~èxN0V5[¶N%êZü;VZHÂGIHONtL�[tXmV5_�\�V5HKîÂGIè%üÃêO_`_Iêmë»LWîdï¦adV�èjLM[¶GILMè´ê5ü<J�êO_`êOHUè¶L�ûKV5æ
[tV5N¶LMî$ûKVZG`[0è�&5N¶ðKL��K[0èxN�GÈè V�çKHTG#$lçTL#HlçKé6ï�L�[»è¶û�LMJ�G`üÃa¦G`HKí6V�ïKVOèjGÈJ<ïT_Iê¦J0ñz\ZVZHKî$N¶ðKL´è¶LMJ�êOHKî
GIè´N¶ðKL·ètJ�VZ_`LWî�üÃ[tL�$lçTL�H2J�adJ�êOçTHlNMQ¡ý<ðTLM[¶L·V5[tL6é~V5H¦a!é·L�NtðTê^îTè´üÃêZ[fíOV5N¶ðTLM[¶GIHTí8G`H^üÃêO[¶é~V5æ
N¶GIêZH�HTL�LWî^LMî
Ntê?J�[tLMV5N¶L�èjç2J0ð
(0(;F£�K_ILMèMQ � L:$OçKG`[tL�é·L�HlN0è*V5[tL%N¶ðKV5NEN¶ðTL�Ntê¦êZ_�J�êZçTHlNEN¶ðKLHlçKé6ï�L�[Eê5ü�J�êOé$é·G`NjNtLMî
G`H2èxNt[¶çKJ�N¶GIêZHKèEVZHKîcN¶[0VZJ0ñ~L�HlNt[¶GILMè<GIHlN¶ê·L�XOL�[ta$ï2VZè¶GIJ%ïT_Iê^J0ñ�QTý<ðKL
]¦G`é~ò�êOG`HlN?ë;L�ïKè¶G�NtLdêZHK_`a ûT[¶êmX¦GÈî^LMè�(0(;FDíOL�HTLM[tV5N¶GIêZH N¶ê¦êZ_Èè~çKè¶G`HKíRb&ý8�%P ø�ù�¤5ú´VZHKî
]¦G`é·ûT_ILW]TJ�V5_ÈV5[?ø`ù�ú�è¶GIé@ævV5_IûTðKVKQ�ý<ðTLMè¶L?V5[tL·çKè¶L�üÃçT_&üÃêO[�L.�^û�L�[tG`é·L�HlN0èfG`H¦XZêO_`X¦GIHTí
N¶ðTL?b#_�æ
ûTðKV$ûT[tê¦J�LMètèjêO[M\OïTç^N<N¶ð2VmN*V5[0J0ðTG`N¶LMJ�N¶çT[tL%ðKVZè<î^LWJ�_IG`HTLWîcGIH�èjGIíZHTG��2JMV5HKJ�LZQ^ý<ðTL�[tL%[¶LMé·VZG`H2è
V@HKL�LMî8üÃêO[<N¶ê¦êZ_Èè;N¶ê~íOL�HTLM[tV5N¶L�(�(;F%è<êZH!V$ëEGIî^LM[E[tVZHTíZL%ê5ü�ûT_ÈVmN¶üÃêZ[té·èMQ
�´çT[;�2[tèjN<V5NjNtL�é·û^NEçKè¶LMîo1´a¦HG�vHKèjN�ø �5ú�\¦ëEðTGÈJ0ð
è¶çTûTû�êZ[¶Ntè;é~V5H¦a·ûT_ÈVmN¶üÃêZ[té·èM\¦êZû�L�[0VmN¶æ

G`HTí
èja^èjN¶LMé·èM\2VZHKî!V5[0J0ðTG`N¶LWJ.N¶çK[¶LWè�Q�ì*H^üÃêO[jNtçTHKVmNtL�_IaZ\KN¶ðTL@N¶ê¦êZ_ºGIè´HTêZN´î^LMè¶GIíZHTLWî�üÃêZ[´íZL�HTæ
L�[0VmN¶GIHTí�(0(;F´èM\lVZHKî·é·L�é·êZ[ta$êmXZL�[tðTLWVZî6üÃêZ[�GIHKèjN¶[tçTé·L�HlN¶GIHTí6è¶êZé·L*êZüzN¶ðTL´ï2LMHKJ0ðTé~V5[tñ^è
L.�TJ�LMLMîTè¥¤4¦�(´Q � çT[¶N¶ðTLM[¶é·êO[¶LO\YN¶ðTLENtê¦êZ_Të;êZ[tñ^èºëEG`N¶ð?îTalH2V5é·GIJMV5_I_`a6_`GIHTñZLWî·V5ûTûT_IGÈJ�VmNtG`êOHKèMQ



Pin Valgrind

Qemu

itanium

arm

x86
x86_64

ppc

m68k
mips

sh4
sparc
hppa

alpha

cris

w�x]y{z�§{z�b*[0J0ðTG`N¶LMJ�N¶çT[tLMè´èjçKûTû2êO[jNtLMî�ï¦a�ò GIH�\?@´LMé6ç�\�V5HKî�F VZ_`íO[¶GIHKî?���xb8�lõ·GIè*N¶ðTL@GIîTLMV5_
ûT_IV5NjüÃêO[¶éÑüÃêO[*J�êOé$û2V5[tGIè¶êZH�\^VOè<G�N*GÈè*è¶çTûTû�êZ[¶N¶LMî8ï¦acV5_I_�êZü�N¶ðK[¶LMLfN¶ê¦êZ_Èè�Q

SUL@ðTêZû�L6Ntê?çKè¶L�üÃç^NtçT[tL@XOL�[0èjGIêZHKèM\KVZHKî!ë;êZ[tñ8ëEG`N¶ð!NtðTLW1´a¦HG�vHKèjNfîTL�XZLM_`êOû2LM[tè*N¶ê8íZL�HTæ
L�[0VmN¶L�(�(;F%è6ëEG`N¶ðTêOç^N@çKHKî^çTL8êmXZL�[tðTLWVZîTèMQ��vHÕJ�êZHlN¶[0VZèjNM\=@´LMé6ç ø õYú<V5HKîRF V5_IíZ[tG`HKî�ø ¨mú
V5_I[¶LWVZî^aÒûT[têmX¦GIî^L�J�VZûKV5ïKG`_IG�NtG`LWè$HTL�LWî^LMîÕëEG�Ntð VOJ�J�LMû^NtVZïT_IL8êmXOL�[tðTLMVOî¡\�VZHKîRë;L�é·ê¦îTG�üÃa
N¶ðTLWèjL·Nxë;ê©12(��´N¶ê¦êZ_ÈèfNtê!íZL�HKL�[0VmN¶L�(0(;F´èMQ�ýºê!XYVZ_`GÈîTV5N¶L~êZçK[�é·L�N¶ðKê¦îKè�\�ë;L?J�êOé·ûKV5[tL
[¶LWèjçT_`Ntè&N¶ê�NtðTêOè¶L<üÃ[¶êOéÇNtðTL#ò GIHdøª�WúTNtêlêO_ÆQ � GIíZçK[¶L�¤�è¶ðTêmë*è VZ[tJ0ðTG`N¶LWJ.NtçT[¶LWè&èjçKûTû2êO[jNtLMî$üÃêO[LMVZJ0ð8N¶ê¦êO_+&Tè¶G`H2J�L�V5_I_¡[tçTH8êOH
�vHONtL�_¡ûT_ÈVmN¶üÃêZ[té~è�\^ë;L�çKè¶L´NtðTL�éþVZèEV·J�êOé·é$êOH�[¶L�üÃL�[tL�HKJ�LZQ

}?z
} «*x+�
ò GIH�øª�Wú�GIè�V�î^a¦HKV5é·GÈJ<ïTG`H2V5[ta6GIHKèxNt[¶çKé$LMHlNtVmNtG`êOH$N¶ê¦êZ_KN¶ðKV5N [¶çTH2è êZH��vHlN¶LM_KV5[0J0ðTG`N¶LWJ.N¶çK[¶LWè
	ÃGIHKJ�_IçKî^GIHTíE�xb2�Oõ^\��xb8�Oõ ÷[¤K\��ÄNtV5HKG`çTé�\�VZHKî��´ètJ�VZ_`L��.\�VZHKî%G�N�èjçTûKû2êO[jN0è�<�GIH¦ç>�¡\�S�G`H2î^êmë*è�\
V5HKîËPdVZJ�G`HlNtêOè¶ð¬�f]4� êOû2LM[tV5N¶GIHTí
è¶a^èxNtL�é~èMQ¡SUL~çKè¶L$N¶ðTL?ò�G`H2ò�êZGIHON~ø`ùMömú-(0(;F íZL�HKL�[¶æ
VmN¶GIêZHdN¶ê¦êZ_�ïTçTHKîT_`LWîdëEG`N¶ðÂXOL�[0èjGIêZH!ûKG`H^æxõ^Q ömæ0ùMö�!ZõZömæÄíOJ�JZQ ¤2Q öKQ ö5æ�GÈV[�lõWæ�_IGIHlçG�zQlò GIHÂV5H2V5_Ia¦è¶GÈè
[¶êOç^N¶GIHTLMèºV5[tL�ëE[tG�N¶N¶LMH�G`H å�­*­ \WVZHKî%N¶ðTL;GIHKèxNt[¶çKé$LMHlNtVmNtG`êOH�ðKVZûTû2LMHKè'®xçKèxN¶æ�GIH^æ�N¶GIé·LZ\WëEG�Ntð
N¶ðTL%[¶LWèjçK_�NtG`HTí$GIHKèxNt[¶çKé$LMHlN¶LMîcJ�ê^î^LfJ�VZJ0ðKLMî·üÃêO[;û�L�[¶üÃêZ[té~V5HKJ�LZQlý<ðTL%J�êZ[tL#êZüºò GIH?GÈè»ûK[¶êZæ
ûT[¶GIL�N0V5[taZ\5è¶êfG`HlN¶LM[¶H2V5_Èè�é6çKèjN ï2L<Nt[¶LWVmNtLMî$VZè&VfïT_ÈVZJ0ñ�ï�ê��¡Q5ò GIHKò�êZGIHlN�VZHKV5_Ia^èjLWè�[¶çKH6üÃ[têZé
ùZQª!�	�¯ d r.i¡��N¶ê·õ5öo	]° f�±4cG²e³ �ºN¶GIé$LWè<èj_Iêmë»LM[ NtðKV5H~NtðTL%ïTG`H2V5[ta$[tçTH?êOH?HKV5N¶GIXZL#ð2V5[0î^ë;VZ[¶LOQ

}?zu� ´���µt¶
@´L�é6çdø õYú�GIè;V�û�êZ[¶NtVZïT_`L´î^a¦HKV5é·GÈJEN¶[0V5H2èj_ÈVmNtêZ[WQR�ÄN»GÈè»J�êZé·é·êZHT_Ia@ç2èjLWî$N¶ê6[tçTH?VfüÃçK_`_zêZûTæ
L�[0VmN¶GIHTífèja^èjN¶LMéÇçTHKî^LM[�ðKV5[0î^ë<V5[tL�L�é@çT_ÈVmN¶GIêZH�\mïTç^N&G�N�VZ_Iè¶ê#ð2VZè&V`<�GIHlçG�6çKè¶L�[¶æÄè¶ûKVZJ�L�LMé@æ
çT_IV5N¶êO[�NtðKVmN;[¶çTH2è»èjNtVZHKî¦ævV5_IêZHTL8<�G`H¦ç>�~ïTGIHKVZ[¶GILMè»çKè¶G`HTí$èja^èjN¶LMé@ævJ�VZ_`_KN¶[0V5HKè¶_ÈVmN¶GIêZH�Q4@´L�é@ç
èjçTûKû2êO[jN0è#NtðTL~b*_IûTðKVK\¡]Tò¡b � å \�ò�êmë»LM[tò å \Kè¶ðG¤K\¡�xb8�lõ^\¡�xb8�lõ ÷[¤2\�P©�xò»]z\¡é~÷��Zñz\�VZHKîb � PDVZ[tJ0ðKG�NtLMJ.NtçT[tLMèMQZý<ðTL*çKè¶L�[¶æÄé$ê^î^L<Nt[tVZHKè¶_IV5N¶GIêZH·ë»L#çKèjL#GIè»J�çT[t[¶LMHlN¶_Ia@è¶çTûTû�êZ[¶N¶LMî·êOH
<�GIHlçG�zQ¥�´HTíZêOG`HTí�ë;êZ[tñdëEGI_`_�è¶çTûTû�êZ[¶N�é·êZ[tL~êZû�L�[0VmNtG`HTí!è¶a^èxNtL�é~è�Q{@´LMé6çÒçKè¶LMè*lmj4j?Ntê
J�êZé·ûTGI_IL@J�ê^î^L@J�êZ[t[tLMè¶û2êOHKî^GIHTí·N¶ê8LMVZJ0ð!GIHlN¶LM[¶é·LMîTGIV5N¶L6_ÈV5HKíZçKVZíZL�é·GIJ�[¶êZæ�êOû2LM[tV5N¶GIêZH�Q2b;N
N¶[0V5HKè¶_IV5N¶GIêZH NtG`é·LO\ºNtðTLMè¶L
ûT[¶L�æÄJ�êZé·ûTGI_`LWî é·GIJ�[¶êZæ�êOû2LM[tV5N¶GIêZHKè6V5[tL8J0ðKVZG`HTLWîÒN¶êOíZL�N¶ðTLM[6Ntê
J�[tLMVmNtL%N¶[0V5HKè¶_IV5N¶LWî?ïKVOèjGÈJ%ïT_`ê^J0ñ^è;N¶ð2VmN#V5[tL�J�VOJ0ðTLMî¡Q
@´L�é6çUGIè�HTê5N�î^LWèjGIíZHTLWîdüÃêO[�12(��.Q�ì´èjGIHTí�G�N�üÃêO[�êZçT[fûTçK[¶û�êOè¶LMèf[tL�$lçTGI[¶LWè%G`HlN¶[tçKè¶G`XOL

J0ðKV5HTíOLMè;Ntê�@´L�é6ç�è¶êZçT[0J�LOQ��´çT[*J�ê^î^L�GÈè*V·ûKV5NtJ0ð�V5ûTûT_IGILMî
êZH
N¶êOû�ê5ü�N¶ðTLa@´LMé6ç�öTQ ¨TQ ö
[¶LM_`LWVZè¶LZQTSËL6VZîKî!V·çTHTGu$OçKL�GIîTL�HlN¶G��KL�[8�KL�_Èî
N¶ê?N¶ðTL�GIHlN¶LM[¶HKVZ_�·�YR¸+¹�º�Z
»EX�\:¼,½�ïKVZè¶GÈJ�ïT_Iê¦J0ñ



èxNt[¶çKJ�N¶çT[tLZ\¦ëEðTGÈJ0ð
GIèEè¶L�N;N¶ðTL`�K[0èjN;NtG`é·L�Va(�( GIè;Nt[tVZHKèj_ÈVmNtLMî¡Q¦b;NEN¶[0V5H2èj_ÈVmNtG`êOH~N¶GIé·LZ\^ë;L
G`HKèjN¶[tçTé·L�HlNfL�XOL�[ta
GIHKèjN¶[tçKJ.NtG`êOHÂNtê
JMV5_I_�êZçT[�(0(»F3N¶[0VZJ0ñ¦GIHTíc[têZçTN¶GIHTL6Ntê8çKû�îTV5N¶L�(0(;F
J�êZçKHON0èfV5HKîdN¶ê5N0V5_�GIHKèxNt[¶ç2J.N¶GIêZHËJ�êOçTHlNMQk�´HKJ�L@N¶ðKL$GIHlN¶LM[¶XmV5_&è¶G�"ML@GÈè%[¶LWVZJ0ðTLWî¡\2N¶ðTL�(0(;F
�K_`L$GÈè#çTûzîTV5N¶LMî�\zVZHKîdVZ_`_�J�êOçTHlN¶L�[0è#VZ[¶L@[¶LWèjL�NMQ?@´L�é6çÂ[¶çTH2è*üÃ[têZé ï�L�Nxë;L�L�Hb¤�	+¾ ±4c �<Ntê
¤Oö 	¿° fe±4cG²�³ ��N¶GIé·LMè%èj_Iêmë;L�[<N¶ð2V5H!HKV5N¶GIXZL�L��¦LWJ�ç^NtG`êOH�QKý<ðTGÈè*é~VZñZLMè*G�Nfèj_Iêmë»LM[<N¶ðKVZHdò GIH
ïTç^NEü×VZèjN¶LM[<N¶ðKVZH�êZçT[EF VZ_`íO[¶GIHKî8G`é·ûT_IL�é·L�HlN0VmN¶GIêZH�Q
�*ê5NtL<N¶ðKV5N�lmj4j#çKè¶LMè»V5H·L.�¦N¶[tL�é·LM_`a$_IVZ[¶íOLEèxN0VZJ0ñzQ�(;a@î^L�ü×V5çT_`N�@´LMé6ç·êZHK_`a$L�é@çT_IV5N¶LWè

Vo!^ùYõ5e*( èjNtVOJ0ñz\KïTç^N´N¶ðTL�ÀG¯·J�êZé·é~V5HKî¦æÄ_IG`HTL@êZû^NtG`êOH!L�HKVZïT_ILMè#V5N´_ILMVOèxN2�OP©(9ê5ü�èjNtVZJ0ñ
èjûKVOJ�LO\^ëEðTGIJ0ð�V5_I_Iêmë*èEV5_I_?l�j4j�ï�L�HKJ0ðKé·VZ[¶ñ^è;Ntê~[¶çTH8N¶ê~J�êZé·ûT_IL�N¶GIêZH�Q

}?z#§ �*�GÁ+y'�Rx]�=Â

F V5_IíZ[tG`HKî ø ¨mú&GIè�V�î^a¦HKVZé·GIJ$ïTGIHKV5[tadGIHKèjN¶[tçTé·L�HlNtV5N¶GIêZHdNtê¦êZ_�üÃêZ[fNtðTL~ò�êmë»LM[tò å \��xb2�OõT\
V5HKîa�xb8�lõ ÷[¤�VZ[tJ0ðTG`N¶LWJ.NtçT[¶LWè�QR�ÄN ë<VZè�êO[¶GIíZGIHKVZ_`_Ia�î^LMè¶GIíZHTLWî�Ntê�î^L�NtLMJ.N;V5ûTûT_IGÈJ�VmNtG`êOH@é·LMé@æ
êZ[ta6V5_I_`ê^JMVmN¶GIêZH·LM[¶[têZ[0è�\YïTçTN�G�N»ðKVZè îTL�XZLM_`êOû2LWî$G`HlN¶ê�VfíOL�HTLM[¶GÈJEV5H2î)Ã2L.�^G`ïK_`L81`(��ºçTN¶GI_`G`NxaZQ
F V5_IíZ[tG`HKî6N¶[0V5H2èj_ÈVmNtLMè�HKVmNtG`XOL»ûK[¶ê^J�LWè¶è¶êZ[�J�ê^î^LEGIHlN¶ê�V � �j] å æÄ_`GIñZL<GIHONtL�[té·LMî^GÈVmNtL<J�ê^î^LZQR�vH^æèxNt[¶çTé·LMHON0VmNtG`êOH!ê¦JMJ�çT[0èEêOH�N¶ðTGÈè#GIHlN¶LM[¶é·LMîTGIV5N¶L6J�ê¦îTLZ\KëEðKGIJ0ð!GÈèENtðTL�Hd[tLMJ�êZé·ûTGI_`LWî�ïKVZJ0ñ
N¶ê·N¶ðKL%H2VmN¶GIXZL�GIHKèjN¶[tçKJ.NtG`êOH
è¶L�NWQKýº[tVZHKèj_ÈVmNtLMîcïT_`ê^J0ñ^èEV5[tL�J�VOJ0ðTLMî¡Q
�´çT[o(0(;FDíZLMHTL�[0VmNtG`êOH J�ê¦îTLdGIècV ûT_IçTíZGIH N¶êRF VZ_`íO[¶GIHKî��TQ�õ^Q �TQ-(;a î^L�ü×VZçT_`NM\�F VZ_�æ

íZ[tG`HKî GIHKèjN¶[tçTé·L�HlNtè8VmN8VDQ9V:_'º�¸TÄ3Å.X�\:¼9½!_IL�XOL�_#[0VmNtðTL�[?N¶ðKVZH�N¶ðTLÂïKVZè¶GIJdïT_`ê^J0ñ _`LMXZLM_ÆQ;b
èjçTû�L�[¶æÄïT_`ê^J0ñUêZHT_IaUð2VZè�êOHTL?LMHONt[tVZHKJ�LO\�ïTçTN$J�VZH ðKVYXZL~é@çT_`N¶GIûT_`L8L.�^G`N@û�êZGIHON0è�QºSUL8çKè¶L
N¶ðTL�À4À[° ²e³ À�leÆ ² ¯ c À>j�Ç'¾'¯ ² À c Ç ±>² ¯�ÇGÈ4p´êZû^NtG`êOH~N¶ê6üÃêZ[0J�L#F VZ_`íO[¶GIHKî$Ntê@çKè¶L#ï2VZè¶GIJ#ïT_`ê^J0ñ^èM\
V5_`N¶ðTêOçTíZð êZçT[$L.�^û�L�[tG`é·L�HlN0è$è¶ðTêmëÑNtðKVmN~çKè¶GIHTíËè¶çTû�L�[¶æ�ïK_`ê^J0ñ^è6a¦GIL�_ÈîTè·èjGIé·G`_ÈV5[$[tLMè¶çT_�N0è�Q
F V5_IíZ[tG`HKî�GIé·ûT_IL�é·L�HlNtè�®xçKèjNjæÄGIH^æÆNtG`é·L6N¶[0V5HKè¶_IV5N¶GIêZH!êZü&N¶ðTL$ûT[têZíZ[0V5é�ï2LMG`HKíc[tçTH�Q�SUL@G`H^æ
èxNt[¶çTé·LMHON&LMXZL�[ta�GIHKèjN¶[tçKJ.NtG`êOH6NtêfJMV5_I_TêZçK[¥(0(;F�íZLMHTL�[0VmNtG`êOH6[têZç^NtG`HKLZQR�ÄN ë;êZçT_Èî6ï�LEé·êZ[tL
L.%?J�GIL�HlN�N¶êfJ�V5_I_¦êZHT_Ia%N¶ðTL;[têZç^NtG`HTL;êZH2J�L�û�L�[�ïT_Iê^J0ñz\WïKç^N�GIH$êZ[0î^L�[�N¶ê%ë»êO[¶ñ�V5[têZçKHKî�è¶êZé·L
ûT[¶êOïT_IL�é~è&ëEG`N¶ð~NtðTLoÉ¶[¶LMû'Ê%G`HKèjN¶[tçKJ�N¶GIêZH~ûT[tL.�G� 	×îTLMètJ�[tG`ï�LMî·_ÈVmNtL�[T��ë»L#é6çKèjN�GIHKèxNt[¶çKé$LMHlN
L�XZLM[¶acG`HKèjN¶[tçKJ�N¶GIêZH�Q2S�ðTL�HdJMV5_I_`GIHTí~êZçK[EG`HKèjN¶[tçKJ�N¶GIêZH![têZç^NtG`HTLO\Të;L�_`ê¦êZñ8çTû�N¶ðKL6J�çT[t[tL�HlN
ïKVZè¶GIJ;ïT_Iê^J0ñ6GIH~V´ð2VZè¶ð@N0V5ïT_IL;N¶ê��KH2î$V�îKVmNtVfèjN¶[tçKJ.NtçT[tL<N¶ðKV5N ðTêZ_ÈîTè�N¶ðKLE[¶LM_`LMXYVZHlN�èxN0VmN¶GÈèjæ
N¶GÈJ�èMQ�SËLcGIHKJ�[tL�é·L�HlN�NtðTLcï2VZè¶GIJ·ïT_Iê^J0ñËJ�êZçTHlNtL�[@VZHKîËN¶ðKL~N¶êZNtV5_»G`H2èxNt[¶çKJ�N¶GIêZHÕJ�êZçTHlNWQk�Äü
ë»L��KHTGÈèjð�VZHÕGIHONtL�[tXmV5_<ï¦aRêmXZLM[3ÃKêmëEGIHTí!NtðTL!J�êOé$é·G`NjNtLMî G`HKèjN¶[tçKJ�N¶GIêZH J�êZçKHONW\&ë»L
çTû^æ
îTVmNtLa(0(;F3GIH^üÃêO[¶é~VmNtG`êOHÂV5H2îÂJ�_ILMVZ[%VZ_`_&J�êZçTHlNtèMQ�F V5_IíZ[tG`HKîd[¶çTH2è#üÃ[têZéË!b	+¾ ±4c �ENtêÂùZù�¤
	¿° fe±�cG²e³ �&NtG`é·LWè#è¶_`êmë;L�[;N¶ð2V5H!HKV5N¶GIXZLfL.�^LMJ�ç^N¶GIêZH�\Té~V5ñ¦G`HKí~G�NENtðTL6è¶_`êmë;LMèjNEê5ü�N¶ðTL�Ntê¦êZ_Èè
ë»LfL�XmVZ_`çKV5N¶LOQ

Ì Í7Î¥F¥M¶âEF�ÞTäxà�Ý

ý�êRLMXmV5_IçKVmNtL�N¶ðTLb(0(;FDíOL�HTLM[tV5N¶GIêZH N¶ê¦êZ_Èè�\»ë»L!ç2èjL!NtðTLU]^ò»ó åþå ò�ì%õ5öZöOö ø�ù�!Yú´VZHKî
å ò�ì´õZöZöO÷%ø`ùM÷5ú5ï2LMHKJ0ðTé~V5[tñ^è¡ëEG`N¶ðfüÃçT_I_O[tL�üÃLM[¶LMHKJ�L�GIHTûTç^N0è�QMSUL;J�êOé$ûKG`_IL�N¶ðTL�ï2LMHKJ0ðTé~V5[tñ^è
êZHR]¦ç2]^ó�<�GIHlçG� ùMöKQ õ8ëEG`N¶ðRílJ�J�¤2Q`ù~V5H2î£Éxæ3�fõ[Ê8êZû^NtG`é·G#"MVmNtG`êOHD	ÃL.�TJ�L�û^N�üÃêO[�° fe±�cG²e³ \
ëEðTGIJ0ðÂë»L6J�êZé·ûTGI_`L6ëEG�NtðTêZç^N%êZû^NtG`é·G#"MV5N¶GIêZHdï�LMJMV5çKè¶L�G`N%J�[0VZè¶ðTLWè�\TêZN¶ðTLM[¶ëEGÈè¶L:�.Q2SUL@_`GIHTñ
ïTG`H2V5[tG`LWèEèxN0VmN¶GÈJ�VZ_`_Ia~Ntê?VYXZêZGÈî8_`GIïT[0V5[tacî^G�v�LM[¶LMHKJ�LWè<êZH
N¶ðTL�é~VOJ0ðTG`HKLMèEë;LfçKèjLfNtê~íOV5N¶ðTLM[
îTVmN0VTQ2ý<ðKL6J0ðTêZGÈJ�L�N¶ê?çKè¶L6èjNtV5N¶GÈJ�_IG`HTñ¦GIHTí?GÈè*HTêZN´î^çTL6N¶ê~Ntê¦êZ_ºîTL�û�L�HKî^LMHKJ�GILMè�&zV5_I_�N¶ðK[¶LML
ðKV5HKîT_`L�ï�ê5Ntð�îTalH2V5é·GIJfVZHKî8èjNtV5N¶GÈJfL.�^LMJ�ç^NtVZïT_ILMèMQ



ÏmÐ¢Ñ�Ò�Ó Ô¢Õ Ö�× Ø,Ñ]Õ+Ù#ÙuØ3× Ï�Õ�Ï�Ø3× Ú Û9Ü�Ý ÞLß ÛLà ÞLÛLákâ:Ð¢Ñ¢Ò�Õ Ö3Õ¢× ã Ø3×äÏmÐ3Ô�Ñ]Õ�Ñ]Ø,åLÔçæ�Õ�× Ù�å¢ÙuÕ+è
Ô¢Õ+Ù�æ
é Õ ê ë ëTì{í�îmïTÕ¢ÔçæuÓ å3ÏoÝ Ý à�ð3ñTìkò Ü¢ñLó�ò�ÞLÜ¢ñ,óeò ð,Ü¢à,óeò Ó Ô¢Ù#æ × Õ]æ#Ó × Õ+è.ôÑ�Ö3å Ñçé õ å3ÔLÒ�Ð é æ�Õ+èÙ]Ö�×äå¢Õ�Ô¢öLé Ó ð ð ëTì{í�î¡ïTÕ¢Ô¢æ#Ó å3Ï�Ý Ý Ý ð,Ü¢àTìkò Ü¢ñLó�ò�ÞLÜ¢ñ,óeò ð,Ü¢à,óeò Ó Ô¢Ù#æ × Õ]æ#Ó × Õ+è.ôÑ�Ö3å Ñçé õ å3ÔLÒ�Ð é æ�Õ+èÓ æ#Ð3Ô Ó å3Ï ÷�ë3ëTì{í[î?Ý æuÐ3Ô�Ó å3Ï Ü ø�ò Ü¢ñLó�ò�ÞLÜ¢ñ,óeò ù3ñLóeòRÞ á9ì{ò Ó Ð�á à Ó Ô¢Ù#æ × Õ]æ#Ó × Õ]è�ôÑ¢ÖLå Ñ¿Ú¢Ñçé Õ]ÙÑ¢Ò¢Ø,Ñ]Ø ú¢Ó Ñ ÜLû ñ ñ3ø�í�îmâ�Ø3× Õkß>å¢Ø Ü ø�ò á àLó�ò�Þ á à,óeò ÜLì{ò Ó Ô¢Ù#æ
×så¢Ñ¿æuÓ Ø,Ô¢Ù × Õ¿æuÓ × Õ]è.ôå3ÔLÒ�Ð é æ�Õ+è Ñ]Ø3× Õ Ñ]ÚçÑ¢é Õ]ÙÏmÓ é õ¿Ð ÜLû ü á3á9ì{í[î�ý:æ
Ò é Ø,Ôþì{ï ð,Ü¢àTìkò ñ�ê,ó�ò�Þ ñ�ê9óeò à�ð3ñ,óeò × Õ]æ#Ó × Õ]è Ó Ô�Ù#æ
×äå�Ñ¿æ#Ó Ø,Ô�ÙçôÑ�Ö3å Ñçé õ å3ÔLÒ�Ð é æ�Õ+èö3Ð é é Ð�Ó Ù ÜLû ÷3ø�í�î¡ïTÕ¢ÔçæuÓ å3Ïaê à�ð3ñTìkò Ü¢àLó�ÿRÞLÜ¢ñ,óeò à�ð3ñ,óeò Ó Ô¢Ù#æ
× × Õ]æ#Ó × Õ]è�� Ô�� Ø3ö,å¢Ù]ÔçæuÐ¢öTôöLé Ø�� Ð é Ö3Ø��[Õ¢× Õ¿ú¢Õ¢Ô¢æ�Ù�� ×äåLÔ3Ô Ó Ô�ö� Õ¢ÔLÔ�Ó ãªÕ¢× à3ø�í�î'ý:æ¿Ò é Ø,Ô�ñ ê	�eà Ü ø�ò ñ�ê,ó�ò�Þ ñ�ê9óeò ð,Ü¢à,óeò × Õ]æ#Ó × Õ]è Ó Ô�Ù#æ
×äå�Ñ¿æ#Ó Ø,Ô�ÙçôÑ�Ö3å Ñçé õ å3ÔLÒ�Ð é æ�Õ+èÙ
Ð3Ï?Ö�Ð3õ]Ð3Ü¢à à9û ÷3ø�í�î¡ïTÕ¢ÔçæuÓ å3Ïaê àLø�ò Ü¢àLó�ÿRÞLÜ¢ñ,óeò ð,Ü¢à,óeò Ó Ô¢Ù#æ
× × Õ]æ#Ó × Õ]è�� Ô�� Ø3ö,å¢Ù]ÔçæuÐ¢öTôöLé Ø�� Ð é Ö3Ø��[Õ¢× Õ¿ú¢Õ¢Ô¢æ�Ù�� ×äåLÔ3Ô Ó Ô�öè3Ø,Ï�Ø3× Ó à�ð áTû ê3ñ3øeí[î?ï9Õ�Ôçæ#Ó åLÏoß ê,ø�ò Ü¢àLó�ÿRÞLÜ¢ñ,óeò à9ì{ò Ó Ô¢Ù#æ
× × Õ]æ#Ó × Õ]è�� Ô�� Ø3ö,å¢Ù]ÔçæuÐ¢öTôöLé Ø�� Ð é Ö3Ø��[Õ¢× Õ¿ú¢Õ¢Ô¢æ�Ù�� ×äåLÔ3Ô Ó Ô�ö
 ���=Á+�¬|mzzPÂVZJ0ðTGIHTLMè;çKè¶LMî

SUL$J0ðTê¦êOè¶L��xb8�lõ~VZè´êZçT[#N¶LWèxN%ûT_IV5NjüÃêO[¶é ï�LMJ�VZçKè¶L6G`N´GÈè#ëEGÈî^L�_Ia�çKè¶LMîdVZHKî!ï�LMJ�VZçKè¶L
V5_I_2NtðT[tL�L%N¶ê¦êZ_Èè<èjçKûTû2êO[jNEG`NMQ^SËLfçKèjL´N¶ðKLfò�LM[jüÃé·êOH2õ?ø !Yú�GIHlN¶L�[¶ü×VZJ�L#Ntê@ílVmNtðTL�[<ðKVZ[tî^ë<V5[tL
û2LM[jüÃêO[¶é~V5H2J�L�J�êOçTHlN¶L�[<[tLMè¶çT_`Ntè;üÃêZ[<NtðTL�ûT_ÈVmN¶üÃêZ[té·èEîTLMètJ�[tG`ï�LMî
GIH�ý�V5ïK_`L·ùZQ

ý<ðTL�û�L�[¶üÃêZ[té~V5HKJ�L�J�êOçTHlN¶L�[0è�VZ[¶L;èjL�N�Ntê#ëE[tG�NtL�êZçTN�N¶ðKL�NtðTL»[tL�_IL�XmVZHON�èxN0VmN¶GÈèjN¶GÈJ�èºL�XZLM[¶a
ùMöZöOP�GIHKèxNt[¶ç2J.N¶GIêZH2è�Q¡ý<ðTL·îTVmN0V8J�êZ_I_`LWJ.NtLMîÂVZ[¶L@çKè¶LMîdGIHÒJ�êZH[®xçTHKJ.NtG`êOHÂëEG`N¶ðÒèjGIé6çK_IV5N¶GIêZH
û2êOG`HlNtè%V5H2î!ë»LMG`íOðlNtè*íOL�HTLM[tV5N¶LWî8ï¦ad]¦GIé~ò�êZGIHON#N¶ê8JMV5_ÈJ�çT_ÈVmNtL�LMèjN¶GIé~VmNtLMî å ò;�.Q2SËL@JMV5_`æ
J�çT_ÈVmNtL·VOJ.NtçKV5_ å ò;�*üÃêZ[%NtðTL~ï2LMHKJ0ðTé~V5[tñ^è%ïlaÂçKèjGIHTí
N¶ðKL~û2LM[jüÃêO[¶é~V5H2J�L·J�êZçKHONtL�[�îTV5NtVT\
V5HKî8çKè¶L´NtðTGÈèEVZèEV$ïKVZè¶GÈè�üÃêO[EêZçT[<LM[¶[têZ[<J�VZ_IJ�çT_IV5N¶GIêZHKèMQ>�*êZN¶L%N¶ðKV5N#J�VZ_IJ�çT_IV5N¶LWîcèjNtVmNtGIèjN¶GÈJ�è
V5[tL$GÈî^LWV5_�\¡ëEG�NtðUüÃçK_`_»ë;VZ[¶é@çTû�Q¡�Äü;ë;L~ë;L�[tL·VZHKV5_Ia4"�GIHTí
XlGÈV�V�èjGIé6çT_ÈVmNtG`êOH�\zN¶ðKL?[¶LWèjçK_�N0è
ë»êOçT_Iî6_`GIñZLM_`a6XYVZ[¶a�GIH·VZJ�J�çT[0VZJ�a�î^LMû2LMHKî^GIHTífêZH@ðTêmëÕV5[0J0ðTG`N¶LWJ.N¶çK[tVZ_¦èjNtV5N¶L;GIè�ë<V5[té·LMî6çTû
Vmü¬N¶LM[�ü×VZèjNjæ�üÃêZ[të<V5[0î^G`HKí
ï�L�Nxë;L�LMH èjGIé6çT_ÈVmNtG`êOHÒû2êOG`HlNtèMQ�SËL?çKè¶L8]¦GIé~ò�êZGIHlN�XZL�[0è¶G`êOHt�KQ õT\
N¶ðTLEHTLMë»LWèxN�XZLM[tè¶GIêZH�üÃ[têZéÇN¶ðTL*]¦GIé~ò�êZGIHON�ë;L�ïKè¶G�NtLZ\YNtê%íOL�HTLM[tV5N¶L;êZçT[&è¶G`é@çT_ÈVmN¶GIêZH$û�êZGIHON0è�Q

��z+| 
�
 � ±G²�� «��������

S�ðTL�H$XmV5_IGIîTV5N¶GIHTí�V5ílV5GIHKèxN�VZJ�N¶çKVZ_^ðKV5[0î^ë<V5[tLZ\�Ntê5N0V5_^[tL�N¶GI[tLMî�GIHKèjN¶[tçKJ.NtG`êOH$J�êZçTHlN0è�J�_`êlèjLM_`a
é·V5NtJ0ð�ò GIH�[tLMè¶çT_�N0è�\�ïTç^N¥@´LMé6ç�V5HKî%F VZ_`íO[¶GIHKî%[¶LWèjçK_�N0è�î^GIXZL�[tíZL�êOHfJ�L�[¶NtVZG`Hfï�L�HKJ0ðTé~VZ[¶ñ^èMQ
SUL8�KHKî·NtðTL#J�VZçKè¶L*ê5üzN¶ðKGIè»ûT[têZïT_IL�é3N¶ê�ï�L*NtðTLE�xb2�Oõ ±G²�� ûT[tL.�'�zQlý<ðTGÈè ûT[tL.�G�~V5ûKû2LWV5[0è
ï2L�üÃêZ[tL?èxNt[¶GIHTí�G`H2èxNt[¶çKJ�N¶GIêZHKè�	×ëEðTGÈJ0ðUNxa¦ûTGÈJ�VZ_`_IaÂGIé·ûT_IL�é·L�HlN6V
é·L�é·êZ[taÂêOû2LM[tV5N¶GIêZHdüÃêO_�æ
_`êmë;LMî
ï¦a
V?û2êOG`HlN¶LM[´VZç^N¶êZæ�GIHKJ�[tL�é·LMHONT�.Q�ý<ðTL�ûT[tL.�G�!J�VZçKè¶LMèENtðTL6èjN¶[tG`HKí?G`H2èxNt[¶çKJ�N¶GIêZH�Ntê
[¶LMû2LWVmNM\¦î^LWJ�[tL�é·L�HlN¶GIHTí�NtðTL ² j ³ [¶LMíZGÈèxNtL�[ çKHONtG`_zG`N»[tLMVOJ0ðTLMè;"�L�[têKQlb HKVZG`XOL*GIé$ûK_`LMé$LMHlNtVmæ
N¶GIêZH·ê5ü2N¶ðTL ±G²�� ûT[tL.�G�6N¶[tLMVmN0è�LMVOJ0ð�¸Lº�_'º.ZçS
Z+S]\[^6VZè&VfJ�êZé·é·G�N¶N¶LMî$GIHKèjN¶[tçKJ.NtG`êOH�Q[�vH~VZJ�N¶çKVZ_
ðKV5[0î^ë<V5[tLZ\lN¶ðTGÈè*GIHKèjN¶[tçKJ.NtG`êOH8GÈèEíO[¶êOçTû2LWî
G`H�é6çK_�NtG`ûT_ILMè#ê5ü¥¤Oöe¨Z÷T\^è¶ê·êZHT_IacLMXZL�[ta�¤lö�¨Z÷����
[¶LMû2L�N¶G`N¶GIêZHÂJ�êZçTHlNtè´VZèEêOHTL@J�êZé·é·G�N¶N¶LWî!G`H2èxNt[¶çKJ�N¶GIêZH�Q�ý<ðTL�û�L�[¶üÃêZ[té~V5HKJ�L6J�êOçTHlN¶L�[0è*VZHKî
ò GIHUï�ê5NtðËè¶ðTêmë NtðTGIè�ï2LMðKVYX¦G`êO[MQk�´çT[fF V5_IíZ[tGIHKîÂVZHKî @´LMé6çËûT_IçTíZGIHKè�V5[tL$é$ê^î^G��KLWîdNtê
J�êZé·û�L�HKètVmNtLEüÃêZ[»N¶ðKGIèM\lè¶ê�NtðKVmN;ë»L%VZJ0ðTGIL�XOL*J�êZH2èjGÈèxNtL�HlN;J�êZé·é·G�N¶N¶LWî~G`H2èxNt[¶çKJ�N¶GIêZHcJ�êZçTHlN0è
VZJ�[têOètè<V5_I_¡ê5ü�N¶ðTL*(0(;F íZLMHTL�[0VmNtêZ[0è»VZHKî�VZJ.NtçKV5_¡ð2V5[0î^ë;VZ[¶LOQ



nestle 
Pentium II

spruengli 
Pentium III

itanium 
Itanium 

chocovic 
Pentium M

milka 
Athlon

gallais 
Pentium 4

jennifer 
Athlon 64

sampaka12 
Pentium 4

domori25 
Pentium D

0

10

20

30

40

C
P

I E
rr

or
 (

%
)

first 100M
ffwd 1Billion, 100M

Pin, one SimPoint
Qemu, one SimPoint
Valgrind, one SimPoint

Pin, up to 10 SimPoints
Qemu, up to 10 SimPoints
Valgrind, up to 10 SimPoints

Pin, up to 20 SimPoints
Qemu, up to 20 SimPoints
Valgrind, up to 20 SimPoints

46.7%
40.3%

50.1% 40.6% 44.9% 82.6% 50.8% 69.1% 55.3% 54.4% 54.7% 43.1% 46.2%

w�x]y{z���z<b#XZLM[tVZíZL å ò-�$L�[t[¶êO[@üÃêO[ å ò�ì%õ5öOöZöUëEðTL�H çKè¶G`HKí �K[tèjNM\&ïK_`GIHKî ü×VZèjNjæ�üÃêZ[të<V5[0î¡\
V5HKî�]¦GIé·ò�êOG`HlN*è¶L�_ILMJ.NtLMî8G`HlNtL�[tXYVZ_Iè;êOH8XmV5[tGIêZçKè��xb8�lõ�é~VOJ0ðTG`HKLMè��^ëEðTL�H
çKè¶G`HTí·çTû
Ntê
ùWö
èjGIé6çT_ÈVmNtG`êOH?û�êZGIHON0è�û�L�[<ï�L�HKJ0ðKé·VZ[¶ñz\lVYXZL�[0V5íOLEL�[t[¶êO[ GÈè0!TQ �4�ÇüÃêZ[»ò�G`H�\>!TQ ö4� üÃêO[�@´LMé6ç�\
V5HKî
!^Q ¤4�3üÃêO[EF V5_IíZ[tG`H2î¡Q

��z
} 
�
 �b¾ ±4c �W�4��� 
 µ �>���

ì*HKî^LM[�F VZ_`íO[¶GIHKî¡\ZN¶ðTL�¾ ±4c ÃKêOV5N¶GIHTí�û2êOG`HlN;ï2LMHKJ0ðTé~V5[tñ��KHKGIè¶ðTLMè�ëEG�Ntð?ðKVZ_�ü¡NtðTL*H¦çTé6ï�L�[
ê5üTGIHKèxNt[¶ç2J.N¶GIêZH2èºJ�êZé·é·G�N¶N¶LMî6ï¦afVOJ.NtçKV5_lðKV5[0î^ë<V5[tLZQ�F VZ_`íO[¶GIHKî�ç2èjLWèº÷�¤5æÄïTG�NkÃKêOV5N¶GIHTí#û�êZGIHlN
V5[tG�NtðTé·L�N¶GÈJfüÃêO[#û�êZ[¶NtV5ïKG`_IG�Nxa
[tLMVZè¶êZH2è�\TïKç^N´ï¦a�î^L�ü×VZçT_�N%êZH©<�G`H¦ç>�
�xb8�lõ^\KûK[¶êOíZ[0V5é~è<çKè¶L
�ZömæÄïTG`N�ÃKêlVmN¶GIHTídû�êZGIHlN$êOû2LM[tV5N¶GIêZHKèMQ�ý<ðTL
¾ ±�c ï�L�HKJ0ðTé~VZ[¶ñËçTH¦ëEGIè¶L�_IaÒçKè¶LMè�NtðTL É����`Ê
å êOû2LM[tV5N¶êO[<N¶êcJ�êZé·ûKV5[tL%Nxë»ê�Ã2êOVmNtG`HKí~û2êOG`HlN#H¦çTé@ï2LM[tèM\2VZHKî�î^çTL�Ntê~[¶êOçTHKî^GIHTí~LM[¶[têZ[0è
ï2L�Nxë»LML�H8N¶ðTL*�Zö5æ�ïKG�NEV5HKî8÷[¤Zæ�ïTG`N<XZL�[0è¶G`êOHKè�\ON¶ðKL�÷[¤5æÄïTG`N;XOL�[0èjGIêZH8J�V5Ho�KHTGÈèjð
LMVZ[¶_IaZ\¦ëEðTGI_IL
èxNtG`_I_�íZLMHTL�[0VmNtG`HKí6NtðTL�ûT[têZû�L�[E[tL�üÃL�[tL�H2J�L%êZç^NtûTç^NMQ
�#VYX¦G`HKíRXmVZèjN¶_Ia î^GsvzL�[tL�HlN
HlçKé6ï�L�[0ècêZü@J�êOé$ûK_`L�N¶LMî G`H2èxNt[¶çKJ�N¶GIêZHKè8GIHONtL�[¶üÃL�[tLMècëEG�Ntð

èjGIé6çT_ÈVmNtG`êOH·û2êOG`HlN íZLMHTL�[0VmNtG`êOH�\5è¶G`HKJ�LEG�N _IGIé$G`Ntè;]¦GIé·ò�êOG`HlN GIHlN¶L�[tXmV5_Èè�N¶ê�êOHT_`a@ûKV5[¶N&ê5üzN¶ðKL
J�êZé·ûT_IL�NtL»L��^LMJ�çTN¶GIêZH�Q:�vH6êO[tî^LM[�Ntê´ðKVYXOL&N¶ðKL»ï�L�HKJ0ðKé·VZ[¶ñ`�KHKGIè¶ð6ëEG`N¶ð6N¶ðTL<è¶VZé·L�H¦çTé6ï�L�[
ê5üºGIHKèjN¶[tçKJ.NtG`êOHKèM\lë;L%é$ê^î^G`üÃa�¾ ±4c N¶ê·L.�^LMJ�ç^N¶LfV5H7�xb8�lõ�VOè¶è¶L�é@ïT_`a~GIHKèjN¶[tçKJ.NtG`êOH?Ntê@üÃêO[tJ�L
N¶ðTL � ò�ì�NtêËç2èjLd÷�¤5æÄïTG�N~V5[tG`N¶ðTé·L�NtGIJZQ�ý<ðTGÈè~èjé~VZ_`_*J0ðKVZHTíZL
é~V5ñOLMè@N¶ðTL!û�L�[¶üÃêZ[té~V5HKJ�L
J�êZçKHONtL�[W\^ò GIH�\TV5HKî8F V5_IíZ[tGIHKîc[tLMè¶çT_`Ntè;é~VmN0J0ð�QTì*H^üÃêO[jNtçTHKV5N¶L�_IaZ\TN¶ðTGÈèEî^ê¦LMè<HTêZNEë»êO[¶ñ·üÃêO[
@´L�é6ç�\^ëEðTGIJ0ð�GIíZHTêO[¶LWè»N¶ðTL�è¶L�N¶N¶GIHTíOèEVZHKî�V5_Ië;VYa^è»çKèjLWè��Zö5æ�ïTG`NEêZû�L�[0VmNtG`êOHKè�Q

ý<ðTL�[tL�V5[tLfè¶êZ_Iç^NtG`êOHKè;N¶ê$N¶ðKGIèEûK[¶êOïT_`LMé�Qm�´HTLfGIèEN¶ê~çKè¶L%N¶ðTLaÀ:ik¯4¯ ² n@êOû^N¶GIêZH
ê5ü¥lmj�j
N¶êdçKè¶L~NtðTL8÷�¤5æÄïTG�N@]K]^ó»õ
çTHKG�N$G`HKèjN¶LWVZîÒêZü;NtðTL��OömæÄïTG`N*�>�4�oÃKêOV5N¶GIHTídû�êZGIHlN6çTHTG`NMQ¥�*êZN
V5_I_¡ê5ü�êOçT[<é·VOJ0ðTGIHTLMè<è¶çTûTû�êZ[¶N*]K]^ó»õT\¦è¶ê@N¶ðKV5N<ë;êZ[tñmV5[têZçTH2î~GIè<HKê5N*VYXmV5GI_IVZïT_`LOQlb#HTê5NtðTL�[
êZû^NtG`êOH�GIè�N¶ê*ç2èjL;V5HTêZN¶ðTLM[�J�êOé$ûKG`_IL�[W\Mè¶çKJ0ð�VZè�N¶ðTL��vHlN¶L�_ åÒå êZé·ûTGI_`LM[M\MëEðTGÈJ0ð�ðKVZèºèjû�LMJ�Gs��J
J�êZé·ûTGI_IL�[�êOû^N¶GIêZH2è�N¶ê@L�HKVZïT_`L´÷[¤5æÄïTG`NþÃKêOV5N¶GIHTí�û�êZGIHlNMQOý<ðKGIè»î^ê¦LMè HKê5N»ë;êZ[tñ6ëEG`N¶ð�@´LMé6ç�\
ëEðTGIJ0ð çKè¶LMèa�ZömæÄïTG`N@êOû2LM[tV5N¶GIêZHKè@[¶LMíOVZ[tî^_ILMètèMQ�ý<ðTL�[tL�üÃêO[¶L8ë»L8é·ê¦îTG�üÃaÒNtðTL�ï2LMHKJ0ðTé~V5[tñz\
V5HKî8_`L�N`@´L�é@ç
íOL�HTLM[tV5N¶LfèjñOL�ë;LMîc[¶LWèjçT_`NtèMQ

�  �CkP¦â8MxÞGP

� GIíZçK[¶L¬!Õè¶ðTêmë*è8[¶LWèjçK_�N0è?üÃêO[8NtðTLR]^ò�ó å å ò�ì%õ5öZöOö ï�L�HKJ0ðTé~VZ[¶ñ^èMQ;S�ðKL�H9VZ_`_IêmëEGIHTí
]¦G`é~ò�êOG`HlN&N¶ê@J0ðTê¦êOè¶LEçTû~N¶êcùMö�è¶G`é@çT_IV5N¶GIêZH~û�êZGIHlNtè û�L�[»ï2LMHKJ0ðTé~V5[tñz\mN¶ðKL´VYXZLM[tVZíZL;L�[t[¶êO[



ammp.default

applu.default

apsi.default
art.1

10
art.4

70

equake.default

facerec.default

fma3d.default

galgel.default

lucas.default

mesa.default

mgrid.default

sixtra
ck.default

swim.default

wupwise.default
-10

-5

0

5

10

C
P

I E
rr

or
 (

%
)

-10

-5

0

5

10

C
P

I E
rr

or
 (

%
)

Pin Qemu ValgrindFP Results, up to 20 SimPoints, Pentium D

-15.5

10.817.5

w�x]y{z"!kz2ò�L�[0J�LMHlN�L�[t[¶êO[�GIH å ò;�&êZHcV$ò�L�HlN¶GIçTé�1 ëEðTL�H8çKè¶G`HTí@çTû?Ntê·õZö@]¦GIé~ò�êZGIHlNtè êOH
å ò�ì´õZöZöOö � ò8�¡N¶ðTL8L�[t[¶êO[�ëEG�Ntð h ¾Gj ²e±G² jcV5HKî h i¡¾ �$# GIè�îTçTL~N¶êÂL.�¦N¶[tL�é·Lcè¶ëEG`HKíOè�GIHN¶ðTL�ûTð2VZè¶L%ï�L�ð2VYXlGIêZ[;NtðKVmN´]¦GIé~ò�êZGIHlN<ð2VZè;N¶[têZçKïT_`L�JMV5û^NtçT[¶GIHTí2Q

bzip2.graphic

bzip2.program

bzip2.source

crafty.default

eon.cook

eon.kajiya

eon.ru
shmeier

gap.default

gcc.expr

gcc.integrate

gcc.scilab

gcc.166

gcc.200

gzip.graphic

gzip.log

gzip.program

gzip.ra
ndom

gzip.source

mcf.default

parser.d
efault

perlbmk.diffm
ail

perlbmk.makerand

perlbmk.perfe
ct

perlbmk.535

perlbmk.704

perlbmk.957

perlbmk.850

twolf.d
efault

vorte
x.1

vorte
x.2

vorte
x.3

vpr.ro
ute

vpr.p
lace

-10

-5

0

5

10

C
P

I E
rr

or
 (

%
)

-10

-5

0

5

10

C
P

I E
rr

or
 (

%
)

Pin Qemu ValgrindInteger Results, up to 20 SimPoints, Pentium D

19
.8

22
.8

19
.3

10
.7

-1
09

11
.8

12
.9

19
.9

w�x]y{z�%�z2ò�L�[0J�LMHlN�L�[t[¶êO[�GIH å ò;�&êZHcV$ò�L�HlN¶GIçTé�1 ëEðTL�H8çKè¶G`HTí@çTû?Ntê·õZö@]¦GIé~ò�êZGIHlNtè êOH
å ò�ì´õZöZöOöW� �´ý��KGIðTL6_ÈV5[tíZLfLM[¶[têZ[*ëEG`N¶ð�NtðTL)lmj4j@ï�L�H2J0ðTé~V5[tñ¦è*GIè´î^çTL�NtêcèjûKG`ñOLMèEGIH!N¶ðKL
ûTðKVZè¶Lfï2LMðKVYX¦G`êO[;N¶ðKV5N´]¦G`é~ò�êOG`HlN*î^ê¦LMè<HTêZN#J�VZû^N¶çT[tLfë»LM_`_�Q



VZJ�[têOètè�V5_I_lé~VOJ0ðTG`HKLMè�üÃêZ[ å ò;��GIè-!TQ �lõe� üÃêZ[ ò�G`H�\R!TQ ö�¤4� üÃêO[-@´LMé6ç�\5VZHKîW!TQ �e��� üÃêO[�F VZ_�æ
íZ[tG`HKî�QKò GIH!J0ðTê¦êOè¶LMè0�e![¤~]^G`é~ò�êZGIHlNtèM\m@´L�é@ç7�O÷��K\TV5HKî
F V5_IíZ[tGIHKî
�[¤O÷'&¦N¶ðTGÈèE[tL�ûT[tLMè¶L�HlN0è
êZHT_Ia~öTQ ¤4�Çê5ü�NtðTL*Ntê5NtVZ_2L��^LMJ�çTN¶GIêZH?_IL�HTíZN¶ð�\¦é~V5ñ¦GIHTí�NtðTL%è¶GIé6çT_ÈVmNtG`êOHKèþ�KHKGIè¶ð
õe!5öfNtG`é·LMè
ü×VZèjN¶L�[�NtðKV5H$G�ü�[¶çKH6Ntê%J�êZé·ûT_IL�N¶GIêZH�QR�ÄN�GÈè�[¶LWVZètèjçK[¶GIHTí*NtðKVmN VZ_`_lN¶ðK[¶LML0(0(;F é$L�N¶ðTê^îTè�ûKGIJ0ñ
V$è¶GIé$GI_ÈV5[EH¦çTé6ï�L�[EêZü�GIHlN¶LM[¶XmV5_ÈèM\TV5HKî8G`H�é~V5H¦acJMVZè¶LMè;NtðTL�a?ûKGIJ0ñcN¶ðTL�ètV5é·LfG`HlNtL�[tXYVZ_IèMQ
� GIíZçK[¶LE!%V5_Èèjêfè¶ðTêmë*è�[¶LWèjçK_�N0è�ëEðTL�H?]¦GIé~ò�êZGIHON&GÈè&V5_I_`êmë;LMî6N¶êfûTGÈJ0ñ6çKû@Ntê�õ5öfèjGIé6çK_IV5æN¶GIêZH
û2êOG`HlNtèMQTý<ðTLf[tLMè¶çT_�N0è<V5[tL´ï�L�N¶N¶L�[:�^L�[t[têZ[;GIè0¤2Q ¨O÷��ôüÃêZ[Eò�G`H�\G�KQ öOö��ÇüÃêZ[2@´LMé6ç�\^VZHKî

¤KQ ¤�!e�ôüÃêO[EF V5_IíZ[tG`H2î¡Q^ý<ðTGIè*[¶L:$OçKG`[tLMè»_`LWè¶è;NtðKV5H8NxëEGÈJ�L�VZè;é@çKJ0ð
è¶GIé6çT_ÈVmNtG`êOH'&
VZ[¶êOçTHKî
öTQä��� êZü�NtðTL<N¶êZNtVZ_TL.�^LMJ�ç^N¶GIêZH·_IL�HTíZN¶ð�QOý<ðTLEG`H2J�[tLMVZè¶L<G`H·LM[¶[têZ[�üÃêZ[0@´L�é6ç$GÈè î^çTLENtê�û2ê¦êO[
]¦G`é~ò�êOG`HlN%J0ðKêZGÈJ�LMè´GIHdN¶ðKLalmj4j·ï2LMHKJ0ðTé~V5[tñ�ëEG�NtðÂNtðTL ���4� qTr@GIHTûTç^N:�¡êZHdé~VZHla!êZü N¶ðKL
V5[0J0ðTG�NtLMJ�N¶çT[tLMèM\^J0ðTêOè¶L�H
G`HlNtL�[tXYVZ_Iè<íOG`XOL´êmXOL�[fùMöOö��ØLM[¶[têZ[WQ
�vH VOîTî^G`N¶GIêZH N¶êÒNtðTLÂî^LMíZ[tL�L�ê5üfL�[t[têZ[·ëEðTL�H�ç2èjGIHTí é6çK_�NtG`ûT_ILdè¶G`é@çT_IV5N¶GIêZH û�êZGIHON0è�\

� GIíZçK[¶LW!cèjðKêmë*è*L�[t[têZ[EüÃêO[#ê5NtðTL�[fJ�êOé·é$êOH!é·L�N¶ðKê¦îKè#êZü G`HlN¶LM[¶XmVZ_�è¶L�_ILMJ�N¶GIêZH�Q�ý<ðTL��K[0èjNJ�êZ_IçTé·H è¶ðTêmë*è6L�[t[¶êO[6ëEðTLMHÕ[tçTHTHTGIHTíËêZHT_IaËN¶ðTL��K[0èxN�ùMöOöZP GIHKèxNt[¶ç2J.N¶GIêZH2è�üÃ[têZé�LWVZJ0ð
ï2LMHKJ0ðTé~V5[tñzQzý<ðKGIè%é·L�NtðTê^îÂêZü�ûTGÈJ0ñlGIHTí
û2êOG`HlN0èfGIè%û�êlêO[��zLM[¶[têZ[%VYXZL�[0V5íOLMè*VZ[¶êOçTHKît!R¤4�
üÃêZ[ å ò-�.Qzb*HTêZN¶ðTLM[�J�êZé·é·êZHUé·L�N¶ðKê¦îUGÈè#ü×VOèxN¶æÆüÃêO[¶ë<V5[0î^GIHTí!ù�( GIHKèjN¶[tçKJ.NtG`êOHKèfV5HKî!N¶ðTLMH
èjGIé6çT_ÈVmNtG`HKí@V5HcG`HlN¶LM[¶XmVZ_2ï�L�íOG`HTHKG`HTí@N¶ðKL�[tLW	¬NtðTGÈè»GÈè;L�$lçTGIXmV5_IL�HlN�Ntê$VZ_`ë<VYa^è J0ðTê¦êOè¶G`HKí�N¶ðKL
ùMömNtð8GIHlN¶LM[¶XmV5_�VOèEV·èjGIHTíZ_IL�]¦GIé·ò�êOG`HlNT�.QTý<ðTGÈè<ûT[tê¦îTçKJ�LWè<ï2L�NjN¶LM[*[tLMè¶çT_�N0è;N¶ðKVZH�çKèjGIHTí$N¶ðKL
�K[tèjN6GIHlN¶L�[tXmV5_�\�ïTç^N$VmNW�4���c\¡N¶ðKLcL�[t[têZ[�GÈè�èxNtG`_I_;_IVZ[¶íOLZQ�ì#è¶GIHTíU]¦GIé~ò�êZGIHON6VZHKV5_Ia^èjGÈèfïTç^N
êZHT_IaËJ0ðKêlêlèjGIHTí!êOHTLc[tL�ûT[tLMè¶L�HlN0VmN¶GIXZL·GIHlN¶L�[tXmV5_»GIè$V!ë<VYadN¶êUçKè¶L~N¶ðTL
è¶VZé·LcV5é·êZçKHON@ê5ü
èjGIé6çT_ÈVmNtG`êOH N¶GIé$LdVOè·N¶ðKLdûT[tL�X¦G`êOçKè$Nxë;êËé·L�N¶ðTê^îTèM\�ïTçTN8VmN¶N¶L�é·û^N0è·N¶êÕé·VZñZL!VÒé·êZ[tL
G`HlN¶LM_`_IGIíZL�HlNcJ0ðTêOGIJ�L!ê5ü�ëEðTGÈJ0ð G`HlN¶LM[¶XmVZ_EN¶êR[tçTH�Q»b#è~NtðTLdíO[tVZûTð�èjðTêmë*èM\�N¶ðKGIècï2LMðKVYXZLWè
é6çKJ0ð~ï�L�N¶N¶L�[»N¶ð2V5H~NtðTL#ïT_IGIHKî~é·L�NtðTê^îTè�\lïTç^N»N¶ðTL´L�[t[¶êO[ GÈè&NxëEGÈJ�L´VOè&_ÈV5[tíZL#VOè&N¶ð2VmN üÃ[têZé
çKèjGIHTí·çTû
N¶ê!ùWö$]^G`é~ò�êZGIHlNtèMQ
� GIíZçK[¶LWè�÷dV5H2î/��èjðKêmëôNtðTL å ò;�´LM[¶[têZ[�üÃêO[�N¶ðKLcGIHKî^GIXlGÈî^çKVZ_�ï�L�HKJ0ðKé·VZ[¶ñ^è6êZHÒN¶ðKL

ò�L�HlN¶GIçTé 1�èja^èjN¶L�é�Q � êZ[�Ã2êOVmNtG`HKíËû�êZGIHlN8V5ûKûT_`GÈJ�V5N¶GIêZHKèM\ h ¾'j ²e±G² jdV5HKî h i¡¾ ��# ðKVYXOLèjGIíZHTG��2JMV5HlN¶_Ia·é$êO[¶L%L�[t[têZ[ NtðKV5HcN¶ðTLfêZN¶ðTLM[tèMQlý<ðKGIè<GÈè;ï2LWJ�V5ç2èjL´N¶ðTêlèjL´ûT[têZíZ[0V5é~è üÃLMVmNtçT[tL
ûTðKVZè¶LMè;ëEðTGÈJ0ð
L.�^ðTGIïTG�N*L��¦N¶[tL�é·L%è¶ðTG`ü¬NtèEGIH å ò-�&üÃ[têZé GIHlN¶LM[¶XmV5_�Ntê$GIHlN¶LM[¶XmV5_�\TV@ï2LMðKVYX¦G`êO[
N¶ðKV5N?]^G`é~ò�êZGIHlN$êZü¬N¶LMHÕðKVOè6Nt[¶êOçTïT_IL
JMV5û^NtçT[tG`HTí2Q&ý<ðTL8GIHlN¶LMíZL�[·ï�L�HKJ0ðKé·VZ[¶ñ^è@ðKVYXZL8N¶ðKL
ïTG`íOíZLWèxN�è¶êZçT[0J�L<êZüzLM[¶[têZ[W\YëEðTGÈJ0ð~GIè�NtðTLElmj4j´ï�L�HKJ0ðKé·VZ[¶ñ^èMQ5ý<ðTL*[tLMVOèjêOHWlmj4j#ï�L�ðKVYXOLMè è¶ê
û2ê¦êZ[t_IacGÈèEN¶ð2VmN*NtðTL�[tL�V5[tL�G`HlNtL�[tXYVZ_Iè#î^çT[tG`HTícG�N0è*L.�^LWJ�ç^NtG`êOH
ëEðKL�[tLfN¶ðTL å ò-�<V5HKî�êZN¶ðTLM[
é$L�N¶[tGIJMè&èjûKG`ñOLZQmý<ðTLMè¶L<ð¦çTíZLEè¶ûTG`ñOLMè�î^êfHTêZN�[tL�û�LMV5NM\5VZHKî6êOHT_Ia�ðKV5ûKû2LMH6üÃêO[&êZHTL<GIHONtL�[tXmV5_ç&
ï2LWJ�V5ç2èjL·ê5ü;N¶ðKGIèM\º]¦GIé~ò�êZGIHON6îTêlLWèfHTê5N�ë;L�GIíZðlNfN¶ðKL�é�VOè�ï�L�GIHTí!G`é·û�êZ[¶NtVZHONW\�V5HKîUNtðTL�a
N¶ðTLM[¶L�üÃêZ[tL@V5[tL6êOé·G�N¶N¶LMîÂüÃ[têZéþN¶ðTL~J0ðTêlèjLMHÂè¶G`é@çT_IV5N¶GIêZHdû�êZGIHlNtèMQ¡ý<ðTLMè¶L@ðKG`íOðÂû�LMV5ñ^è%V5[tL
ëEðKVmN*J�VZçKè¶L*N¶ðKLfVOJ.NtçKV5_�VYXOL�[0V5íZLE[tLMè¶çT_`Ntè»N¶ê·ï�Lfé6çKJ0ð8ðTG`íOðTL�[;NtðKV5H
ëEðKVmN<GÈè<ûT[¶LWî^GÈJ.N¶LWî
ïlaË]¦G`é~ò�êOG`HlNMQ?�ÄN�é·GIíZðlN�ï�L~û2êlè¶è¶G`ïK_`L$N¶ê�ë;êZ[tñÂV5[têZçKHKî!NtðTGIè�ûT[¶êOïT_IL�éDï¦aÂJ0ðTê¦êlèjGIHTí�V
èjé~V5_I_IL�[*GIHlN¶L�[tXmV5_�è¶G�"MLZ\2ëEðTGIJ0ð�ë;êZçT_Èî
ïT[tLMV5ñ?N¶ðTL�ûK[¶êOïT_`LMé~VmN¶GÈJfGIHONtL�[tXmV5_Èè<G`HlN¶ê~é@çT_`N¶GIûT_`L
èjé~V5_I_IL�[EêZHKLMè;N¶ð2VmN*ë;êZçT_Èîcï�L�é·êZ[tL´LWVZè¶G`_Iacè¶L�LMH
ï¦a8]^G`é~ò�êZGIHlNMQ

SUL�V5_Èè¶ê6çKè¶LfêZçT[�(0(;F9Ntê¦êZ_Èè»êOH?NtðTL6]^ò�ó å�å ò�ì%õ5öZöO÷�ï�L�HKJ0ðKé·VZ[¶ñ^èMQ^ý<ðTLMè¶L´[tçTHKè
çKèjL<NtðTL#ètV5é·L<N¶ê¦êO_Iè&VOè�üÃêZ[ å ò»ì´õZöZöZöK\YëEG�NtðTêZç^N;V5H¦a�é·ê^î^Gs��J�VmNtG`êOHKèMQZý<ðTLMè¶L<N¶ê¦êO_Iè&a¦GIL�_Èî
íZê¦ê^î?[tLMè¶çT_�N0è<ëEG�NtðTêZçTN<[tL�$lçTGI[tG`HTí·V5H¦a?è¶û2LWJ�GÈV5_¡ñ¦HTêmëE_ILMî^íOL#êZü�N¶ðKL�HTL�ë;L�[<ï�L�HKJ0ðTé~VZ[¶ñ^èMQ
SUL î^ê HTê5N�ðKVYXOLÂ[tLMè¶çT_�N0è8üÃêZ[
N¶ðTL)( ² Æm¯�i � ï2LMHKJ0ðTé~V5[tñ¡�;G`N!ë»êOçT_Èî HTêZN
[tçTH çKHKî^L�[
V5H¦aÂêZü;NtðTL�1`(��%N¶ê¦êZ_Èè�Qºì*HT_IG`ñOL~N¶ðKL å ò�ì%õ5öOöZö
[¶LWèjçK_�N0è�\�ë;L?êOHT_`aUðKVYXZL~û�L�[¶üÃêZ[té~V5HKJ�L
J�êZçKHONtL�[
îTVmN0VÒüÃ[¶êOé üÃêOçT[cêZü�N¶ðTLUé~VZJ0ðTGIHTLMèMQ»PÂV5H¦a êZü�N¶ðTL å ò�ì%õ5öZöO÷Ëï2LMHKJ0ðTé~V5[tñ^è
ðKVYXZL%ë»êO[¶ñ¦GIHTí·èjL�NtèEêZüºêmXZLM[fù:¦�(%\TV5HKî
é~V5H¦a?êZüºêOçT[Eé~VZJ0ðTGIHTLMè<ð2VYXZLf_`LWè¶è � b#P�N¶ðKVZH
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Pin Qemu ValgrindFP Results, up to 20 SimPoints, Pentium D
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Pin Qemu ValgrindInteger Results, up to 20 SimPoints, Pentium D
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õ5ö
]¦GIé·ò�êOG`HlN0è
êZH å ò»ìØõZöZöZ÷�� �#ý���N¶ðTL$_ÈV5[tíZL�LM[¶[têZ[´ëEG�NtðdN¶ðKLalmj4j~V5HKî;:�(mr � n~ï�L�HKJ0ðKé·VZ[¶ñ^è´GIèfî^çKL
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N¶ðKV5NMQ��´H@N¶ðTêlèjL<é~VZJ0ðKG`HTLWèºN¶ðTLEï�L�HKJ0ðKé·VZ[¶ñ^èºNtVZñZL<é·êZHlN¶ð2è�N¶êf[¶çKH�\5ëEG`N¶ð@N¶ðTLEêOû2LM[tV5N¶GIHTí
èja^èjN¶L�é û2V5íZGIHTí
J�êZH2èxN0V5HlN¶_Ia
N¶ê�î^GIè¶ñzQ¡ý<ðTL å ò»ì´õZöZöZ÷?[¶LWèjçT_`Ntè%è¶ðTêmëEHÂGIH � GIíZçT[tLW�
V5[tLVZè#ü×VYXZêZ[0V5ïK_`L�VOè*NtðTL å ò»ì´õ5öOöZö~[tLMè¶çT_`NtèMQKS�ðTLMHUVZ_`_IêmëEG`HKí8]¦GIé·ò�êOG`HlN´N¶ê8J0ðKêlêlèjL6çTûdNtê
ùMö6è¶GIé6çT_ÈVmNtG`êOH?û2êOG`HlN0è�û�L�[;ï2LMHKJ0ðTé~V5[tñz\ZNtðTLfVYXZL�[0V5íOLEL�[t[¶êO[&üÃêZ[ å ò-�&GÈè�!^Qª![�4� üÃêO[;ò�G`H�\
!^Q �Zö�� üÃêZ[7@´LMé6ç VZHKîD!^Q�õ[��� üÃêZ[8F V5_IíZ[tG`HKî�Q�ò GIH J0ðTê¦êOè¶LMè�¤¦õ5ö è¶G`é@çT_IV5N¶GIêZH û�êZGIHON0è�\
@´L�é6ç�¤����T\5VZHKî·F V5_IíZ[tGIHKî¡QZý<ðTGÈè&ë;êZçT_Èî$[¶L:$lçTG`[tL*è¶G`é@çT_IV5N¶GIHTí�êZHK_`a$öTQ öe!5÷4� ê5ü�N¶ðKLEN¶êZNtV5_
ï2LMHKJ0ðTé~V5[tñUè¶çTG`N¶LZQ�ý<ðTGÈè�GIè@V5HÒGIé$ûK[¶LWè¶è¶G`XOL~èjû�L�LWî^çTû�\�J�êZH2èjGÈî^L�[tGIHTí�N¶ðTLc_`êOHTí�[¶çTHKHTG`HKí
N¶GIé$LÂê5ü%N¶ðTLWèjL!ï�L�HKJ0ðKé·VZ[¶ñ^èMQ � G`íOçT[¶L©�ÒVZ_Iè¶ê èjðTêmë*è$NtðTLd[tLMè¶çT_`Ntè·ëEðTLMH ]¦G`é~ò�êOG`HlN~GIè
V5_I_`êmë;LMî·Ntê·ûTGIJ0ñ~çKû8Ntê·õZö@è¶GIé6çT_ÈVmNtG`êOHcû�êZGIHON0è�\^ëEðKGIJ0ð
[¶L:$lçTG`[tLMè;è¶G`é@çT_IV5N¶GIHTí$êZHT_IacöTQIù��
ê5ü^N¶ðKL�Ntê5NtVZ_Oï�L�H2J0ðTé~V5[tñ¦èMQMb#XZLM[tVZíZL LM[¶[têZ[¡üÃêO[ å ò;�zGIè¥�TQ ��¨4� üÃêO[ºò�G`H�\�¤2Q ö�¤4��üÃêZ[¥@´LMé6ç�\
V5HKî7�TQ ÷��4�3üÃêZ[EF VZ_`íO[¶GIHKî¡Q

ó [t[¶êO[8ëEðTLMH èjGIé6çT_ÈVmNtG`HKí NtðTL �K[0èxNRùWöZöOP�GIHKèjN¶[tçKJ.NtG`êOHKè!VYXZLM[tVZíZLMèUùMölõe�c\EèjðKêmë<æ
G`HTídN¶ðKV5N�N¶ðTGÈè$J�êZHlNtG`H¦çTLWèfN¶êdï�L8V�û�ê¦êZ[@ë;VYaÂN¶êÂJ0ðTê¦êlèjL?è¶G`é@çT_ÈVmN¶GIêZHÒGIHlN¶L�[tXmV5_Èè�Q � VZèjNjæüÃêZ[të;VZ[tî^GIHTí·ù�(ÕG`H2èxNt[¶çKJ�N¶GIêZHKè»V5HKî$NtðTL�H?è¶GIé6çT_ÈVmNtG`HTícùMöZöOPþûT[¶ê^î^ç2J�LMè�V5H?VYXZLM[tVZíZL;L�[t[¶êO[
ê5ü*�Tù��cQ ì´èjGIHTíÒêZHT_IaÕVÒè¶G`HTíO_`L!è¶G`é@çT_ÈVmN¶GIêZH û�êZGIHlN~VZíOVZG`H ðKVZè·LM[¶[têZ[$êmXZLM[$NxëEGIJ�L�N¶ðKV5N
ê5ü<çKèjGIHTí!çTûÒNtê ùMö!]¦GIé~ò�êZGIHON0è�Q � GIíZçK[¶LWè*¨!V5HKî ùMö!è¶ðTêmë å ò-�%L�[t[¶êO[tè´üÃêZ[6G`HKîTG`X¦GÈî^çKV5_
ï2LMHKJ0ðTé~V5[tñ^è�êZH�N¶ðTL<ò�L�HlN¶GIçTé£1 é·VOJ0ðTGIHTLZQ � êO[�ÃKêlVmN¶GIHTí*û�êZGIHlN�VZûTûT_IGIJMVmNtG`êOHKè�\�N¶ðTLM[¶L;V5[tLêZç^Nt_`a¦GIHTí8[tLMè¶çT_`Ntè´üÃêZ[Wj�¾'j c Æ¡¯=<?>�@z\ # ² ¾ gBA�A \�V5HKîDC ² ik¯=E?> � >zQ � êZ[%N¶ðTLWèjL$ï�L�HKJ0ðTé~VZ[¶ñ^èM\N¶ê5N0V5_¡H¦çTé@ï2LM[Eê5üºJ�êZé·é·G�N¶N¶LMî
GIHKèjN¶[tçKJ.NtG`êOHKè<é·LMVZè¶çT[tLMîcïla·NtðTL�1`(���N¶ê¦êZ_Èè<î^G�v�LM[tè;üÃ[têZé
N¶ðKV5N;é·LMVOèjçK[¶LWî?ëEG`N¶ð?NtðTLfû2LM[jüÃêO[¶é~VZHKJ�L%J�êZçKHONtL�[0è�Q��vé·ûT[têmXlGIHTí�NtðTL*(0(»F9N¶ê¦êO_Iè;èjðKêZçT_Èî
�G�cNtðTLMè¶LfêZç^Nt_`GIL�[0è�Q

b#èEëEG`N¶ð!NtðTL å ò»ì´õ5öOöZö@[¶LWèjçK_�N0è�\^NtðTL�ïTGIíZíOLMèjN#èjêOçT[0J�L�ê5ü�L�[t[têZ[EGÈèEüÃ[têZéJlmj4j@GIH�N¶ðKL
G`HlN¶LMíZLM[?ï2LMHKJ0ðTé~V5[tñ^è�Q;ý<ðTLd[tLMVOèjêOHKè~V5[tL!N¶ðKLÂè¶VZé·LÂVZè8î^LMètJ�[tG`ï�LMî ûK[¶LMXlGIêZç2èj_Ia¡�»]¦GIé@æ
ò�êZGIHON�JMV5HTHKê5N�ðKVZHKî^_ILEN¶ðKL#èjûKG`ñOLMè&GIH~N¶ðKL*ûTðKVOèjL*ï�L�ð2VYXlGIêZ[WQ5ý<ðTLF:�(mr � nfï�L�HKJ0ðTé~VZ[¶ñ^è&GIH
å ò�ì´õZöZöO÷´L��^ðTG`ïKG�N»N¶ðTL%è¶VZé$L#ûT[¶êOïT_IL�é3N¶ðKV5N�lmj4j´ðKVOè�Q��vHTûTç^N0è�ç2èjLWî·G`H å ò»ì´õZöZöZ÷%ðKVYXOL
èjûTGIñ¦a~ï2LMðKVYX¦G`êO[;N¶ðKV5N;NtðTL å ò�ì%õ5öZöOö�GIHTûTç^N0èEî^ê·HTê5NWQ^ý<ðTLfê5N¶ðKL�[EêZçTN¶_IG`LM[tèM\ �G²e±'g : ²HG j�Ç
V5HKî
¾'¯ c ¾ ± [tL�$lçTGI[¶L%üÃçT[¶N¶ðTLM[EG`H¦XOLMèjN¶GIíOVmNtG`êOH�Q

I  �CkM3FºÞ>C�áKJ à ßML

]¦ðTL�[të;êlê^î¡\2ò�L�[tL�_Ié·VZH�\KVZHKî å V5_Èî^L�[6ø`ùWõmú�GIHONt[¶ê^î^ç2J�L�NtðTL�çKè¶L�ê5ü&ïKVOèjGÈJfïT_Iê^J0ñ8î^GÈèxNt[¶GIïTç^æ
N¶GIêZHRNtêÂGIH¦XZLMèjN¶GIíOV5N¶L?ûKðKVZè¶Lcï�L�ðKVYX¦GIêZ[WQºý<ðTLMa çKè¶L
]¦GIé·ûT_`LY]^J�VZ_IVZ[
ø ¤5ú;N¶êUíZLMHTL�[0VmNtL?N¶ðKL
(�(;F%è�\�VZè*ë;L�_I_�VOèEN¶êcL�XmV5_IçKVmNtL�N¶ðKL�[¶LWèjçK_�N0èEüÃêZ[#N¶ðTL@b*_IûTðKVcVZ[tJ0ðKG�NtLMJ.NtçT[tLZQKý<ðTLMa
è¶ðTêmë
ûT[¶LM_`GIé·G`H2V5[ta$[tLMè¶çT_`Ntè�üÃêZ[»N¶ðT[tL�L´ê5ü¡NtðTLf]Tò�ó å ¨�!fï�L�HKJ0ðTé~VZ[¶ñ^è;V5HKî·NtðT[tL�L#êZü�N¶ðKLf]^ò»ó å
å ò�ì´õZöZöOö�ï2LMHKJ0ðTé~V5[tñ^è�Q¦ý<ðTLMa$ïKçTG`_Èî8êZH~NtðTGIè;ë;êZ[tñ$VZHKî?GIHlN¶[tê^î^çKJ�L#N¶ðTLfêO[¶GIíZGIHKV5_z]¦GIé@æ
ò�êZGIHON´N¶ê¦êZ_<ø`ù��múÄQzý<ðTL�a!çKè¶L@b&ý8�%P
ø�ù�¤5ú�N¶ê�J�êO_`_ILMJ�N#N¶ðKLa(0(;F´èfV5H2îÂ]¦GIé$ûK_`LY]^J�VZ_IVZ[#Ntê
L�XmV5_IçKVmNtL6NtðTL$[¶LWèjçT_`Ntè´üÃêO[#NtðTL?]^ò�ó å å ò�ì´õZöZöOö~ï2LMHKJ0ðTé~V5[tñ!èjçKG�NtLZQ¡ý<ðTL�a!ç2èjL·V5HUG`H^æ
N¶L�[tXmV5_EêZü@ùMöOP GIHKèjN¶[tçKJ.NtG`êOHKè�\ VZHKî/�KHKî V5H VYXZL�[0V5íOLÂù:��� �xò å L�[t[¶êO[6üÃêO[~çKè¶G`HTíËêZHKL
èjGIé6çT_ÈVmNtG`êOH!û2êOG`HlN´üÃêZ[#LWVZJ0ð!ï�L�HKJ0ðKé·VZ[¶ñz\zV5HKî �4�J�xò å L�[t[¶êO[*çKè¶G`HKí?ï2L�Nxë»LML�HÂ÷~N¶êÂùWö
èjGIé6çT_ÈVmNtG`êOHÂû�êZGIHlNtèMQzý<ðKLMè¶L@[tLMè¶çT_`Ntè%[¶êOçTíZðK_`a�é~VmN0J0ðÂêZçK[tèMQ�ý<ðKL@ï�L�HKJ0ðKé·VZ[¶ñ^è#N¶ðKV5N�[¶L�æ
$OçKG`[tL·N¶ðTLcé$êlèxN$èjGIé6çT_ÈVmNtG`êOHÒû2êOG`HlNtè6V5[tLbYRUaUE_ V5HKîDÅ�N.S _POZ\�ëEðTGÈJ0ð GIè@î^GsvzL�[tL�HlN�üÃ[têZé
N¶ðTL�¹e¼9¼´ï�ê5NjNt_`LMHTLMJ0ñ�ë;L��KH2îdêZHdN¶ðTLa�xb8�lõ?V5[0J0ðTG`N¶LWJ.N¶çK[¶LOQ2ý<ðTGÈè#GÈè´é$êlèxNf_IG`ñOL�_Ia�îTçTL�Ntê
N¶ðTL�î^G�vzL�[tL�HlNE�j]^b#èM\KVOè<ë»LM_`_�VOèEî^GsvzL�[tL�H2J�LMè<GIH
N¶ðTL�é·LMé$êO[¶acðTG`LM[tVZ[tJ0ð¦aOQ

ò�L�[tL�_Ié·VZH�\-�#VZé·L�[t_`a V5HKî å V5_Èî^LM[Âø�ùOù�ú#GIH¦XZLWèxNtG`ílVmN¶L7�KH2î^G`HKí ÉjLWV5[t_`a>ÊÒèjGIé6çK_IV5N¶GIêZH
û2êOG`HlNtèEN¶ðKV5N´J�VZH
é·GIHTGIé$G#"�L�ü×VZèjNjæ�üÃêZ[të;VZ[tî^GIHTí$G`H�NtðTL6è¶G`é@çT_ÈVmN¶êO[MQTý<ðKGIè#ûKV5û�L�[#îTêlLWèEHTêZN



G`H¦XZLWèxNtG`ílVmNtL
LWV5[t_`a û2êOG`HlN0è~ï2LWJ�VZçKèjL�NtðKVmNcüÃçTHKJ.NtG`êOHKV5_IG`Nxa GÈè~HTêZN8VYXmV5GI_IVZïT_`L�GIH J�çT[t[tL�HlN
XZL�[0è¶G`êOHKèfê5ü<N¶ðKL8]¦GIé·ò�êOG`HlN�ç^NtG`_IG`NxaZQ�S�ðKL�H NtðTL�aË_`ê¦êOñUVmN$V!J�êZHG�KíZçT[0VmNtG`êOHËè¶GIé$GI_ÈV5[�Ntê
êZçT[0è�\KëEG�Ntð7¤��·ê5ü�N¶ðTL$]^ò�ó å õ5öZöOö6[tL�üÃLM[¶LMHKJ�LfGIHTûTç^NfJ�êOé6ïTGIHKVmNtG`êOHKèM\¡ùMöZöOP�GIHKèjN¶[tçKJ.NtG`êOH
G`HlN¶LM[¶XmVZ_IèM\ºVZHKî çTû NtêÕùWödèjGIé6çK_IV5N¶GIêZHKè6û2LM[@ï�L�HKJ0ðKé·VZ[¶ñz\�N¶ðTLMa��2HKîÕVZHRVYXZL�[0V5íOL å ò-�
L�[t[¶êO[%êZü#õ^Q ÷��cQ�ý<ðTGÈè�GIè6ï2L�NjNtL�[�NtðKV5H êOçT[�[¶LWèjçK_�N0è�\�ïKç^N@V5ílV5GIHÂNtðTGÈè�ë;VOè�î^êOHTL~êZHËN¶ðKL
b*_IûTðKVÒV5[0J0ðTG`N¶LMJ�N¶çT[tLZ\�ëEðTGÈJ0ð VZûTûKVZ[¶LMHONt_`aÒ_ÈVZJ0ñ^è6N¶ðTL©¹�¼,¼$ï�L�H2J0ðTé~V5[tñ ûT[¶êOïT_IL�é~è@N¶ðKV5N
V5ûTû�LMVZ[EêZH
N¶ðTL)�xb8�Oõ$VZ[tJ0ðTG`N¶LWJ.NtçT[¶LWè�QTý<ðKL�a8J�êZ_I_`LWJ.NE(0(;F´è*VZHKî
L�XmV5_IçKVmNtL�[¶LWèjçK_�N0è<ëEG�Ntð
]¦G`é·ûT_ILW]TJ�V5_ÈV5[W\2è¶ðTêmëEGIHTí~NtðKVmN´N¶ðTL@[¶LWèjçT_`Ntè#êZH!êOHTL@VZ[tJ0ðTG`N¶LWJ.NtçT[tVZ_�J�êOH>�KíOçT[tV5N¶GIêZH
N¶[0VZJ0ñ
N¶ðTL$[¶LWèjçK_�N0è#êOHdê5NtðTL�[%J�êZHG�KíZçT[0VmNtG`êOHKè*ëEðKG`_IL6çKè¶GIHTí?NtðTL$ètV5é·L$èjGIé6çT_ÈVmNtG`êOH!û2êOG`HlN0è�QzSËL
V5_Èèjê7�KHKîËNtðTGÈè�N¶ê!ï�L~Nt[¶çTLO\�ïTç^N@G`H êOçT[6J�VOèjL·ë;L?J�êOé$û2V5[tL·N¶ðTL~[tLMè¶çT_`NtèfüÃ[têZé�XYVZ[¶GIêZç2è
[¶LWV5_¡ðKVZ[tî^ë<V5[tL#ûK_IV5NjüÃêZ[té~è�Q

S�ðTG`_IL*é~V5H¦a$û2LMêZûT_IL#ç2èjL´]^G`é~ò�êZGIHlN�GIH·N¶ðTLMG`[;[¶LWèjLWV5[0J0ð�\mê5ü¬NtL�H?HKê�é·L�HlN¶GIêZH~GÈè é~VZîTL
ê5ü<ðTêmëÇNtðTL�(0(»F �K_ILMè6V5[tL$J�êZ_I_`LWJ.N¶LWî¡Q��Äü<HTê5N�è¶û2LWJ�G��KLMî�\�G�N�GÈè�çKè¶çKVZ_`_IaÂVZètè¶çTé·LMîÂN¶ðKV5N
N¶ðTL8êZ[tG`íOG`HKVZ_ é·L�NtðTê^îÕî^LWè¶J�[¶GIï2LWîÒï¦a ]^ðTL�[të»ê¦ê^îÒL�N·V5_�Q»ø`ù��5ú;GÈè�çKè¶LMî�\ºëEðTGÈJ0ðRGIH¦XZêZ_IXZLWè
b&ý8�%P�ø`ù�¤Zú¦êO[�]¦GIé$ûK_`LY]^J�VZ_IVZ[<ø ¤5úÄQ5b*_`N¶LM[¶H2VmN¶GIXZLM_`aO\WN¶ðTL*]¦GIé~ò�êZGIHON&ë;L�ïKè¶G`N¶L<ðKVZè�V%ñ¦HTêmëEH
èjL�N<êZüºè¶G`é@çT_IV5N¶GIêZH
û2êOG`HlN0è»ûK[¶êmX¦GÈî^LMî?üÃêZ[<ûT[tL�ævJ�êZé·ûTGI_ILMîcb#_`ûKðKV~]^ò�ó å å ò�ì%õ5öZöOö�ïTGIHKVmæ
[¶GILMèM\Wè¶ê*NtðKVmN�[tLMJ�VZ_IJ�çT_ÈVmN¶GIHTí*ç2èjGIHTí�]¦G`é~ò�êOG`HlNºGÈèºHTê5N�HTLMJ�LMètè¶VZ[¶aOQ��#NtðTL�[�ë»êO[¶ñfè¶êZé·L�NtG`é·LMè
é$LMHlN¶GIêZHKè`(0(»FØíZLMHTL�[0VmNtG`êOH!ïT[tG`L�ÃKaZ\zëEG`N¶ðÂHKêcGIHKî^GÈJ�VmNtG`êOHÂêZü�V5H¦a�XYVZ_`GÈîTV5N¶GIêZH�Q � êO[%L��¦æV5é·ûT_ILZ\��´V5íOûTçT[tñYVZ[*V5HKî!ef[tGIHON,"?ø �5ú�GIé$ûK_`LMé$LMHlN`(0(;FÇJ�êZ_I_ILMJ.NtG`êOH!G`HdV·é·ê^î^G��KLMîRQlVYXmV
F#GI[jNtçKV5_�PdVZJ0ðTGIHTL*GIH?êO[tî^LM[&N¶ê$V5HKVZ_`a4"ML.QOVYXmVfûTðKVOèjL#ï2LMðKVYX¦G`êO[M\5ïKç^N;î^ê6HTê5N<èjû�LMJ�G�üÃa$N¶ðKL
VZJ�J�çT[0VZJ�a~êZü�NtðTL�[¶LWèjçK_�NtG`HTí·ûTð2VZè¶L�î^L�NtLMJ.NtG`êOH�Q

ò&VmN¶GI_ L�N$V5_�Q#~ è�ë;êZ[tñÂêOHRò GIHKò�êZGIHlNtè?ø`ùMö5ú�GÈè�é·êOèjN@è¶G`é·GI_IVZ[�N¶êÂêZçT[0è�Qºý<ðTL�aÒçKè¶L~N¶ðKL
ò GIHÂø �YúzN¶ê¦êZ_2N¶ê$íOV5N¶ðTLM[�(0(;F´èM\¦VZHKî·NtðTL�H8XYVZ_`GÈîTV5N¶L´N¶ðTL%[¶LWèjçK_�N0è�êOH~N¶ðTL`�ÄNtVZHTGIçTé V5[0J0ðTG`æ
N¶LMJ�N¶çT[tL%çKèjGIHTí$û2LM[jüÃêO[¶é~VZHKJ�L%J�êZçKHONtL�[0è�Q¦ý<ðTGÈè<ë»êO[¶ñ$ûT[tLMîTV5N¶LWè�NtðTL%L.�^GIèjN¶LMHKJ�L%ê5ü�ò GIH?üÃêO[
�xb8�OõT\�è¶ê
HTêo�xb2�Oõ~[tLMè¶çT_`NtèfV5[tL6è¶ðTêmëEH�Q¡ý<ðTLMG`[%[¶LWèjçK_�N0è´è¶ðTêmë N¶ð2VmN�¨e!�� êZü N¶ðKL·]^ò»ó å
å ò�ì´õZöZöOö�ï2LMHKJ0ðTé~V5[tñ^è;ðKVYXZL´çTHKî^LM[0�4� å ò-� LM[¶[têZ[»ëEðTL�H
çKè¶G`HKí@çTûcN¶ê@N¶LMH�õe!5öZPDG`H^æ
èxNt[¶çKJ�N¶GIêZH8G`HlN¶LM[¶XmVZ_IèMQ^b*_I_zN¶ðTLMG`[<ï�L�HKJ0ðTé~VZ[¶ñ^è<J�êOé$ûK_`L�N¶L%ëEG�Ntð8çTH2î^L�[�ùYõe�ôL�[t[¶êO[M\lëEðTGÈJ0ð
GIè$é·êZ[tL8VOJ�J�çK[tV5N¶L?NtðKV5H êZçT[·[tLMè¶çT_`NtèMQþ�´HTL
[tLMVZè¶êZHRüÃêZ[@N¶ðTGÈè·GIè@NtðKVmN$N¶ðTLMa çKè¶L8é@çKJ0ð
_`êOHTíZLM[<è¶GIé6çT_ÈVmNtG`êOH8û�êZGIHlNtèM\Kèjê@N¶ðKL�a8VZ[¶L�è¶G`é@çT_ÈVmN¶GIHTí·é·êZ[tL´êZü�LWVZJ0ð8ï2LMHKJ0ðTé~V5[tñzQTý<ðTL�a
V5_ÈèjêËG`H¦XOLMèjN¶GIíOVmNtL
J�êZé·é·L�[0J�GÈV5_<ï�L�HKJ0ðTé~VZ[¶ñ^èM\ V5HKî/�KHKîÕN¶ðKV5N~N¶ðTL�[tLMè¶çT_`Ntè~V5[tL
HTê5NcVOè
VZJ�J�çT[0VmN¶LfVZè;NtðTL�]^ò�ó å [tLMè¶çT_`NtèMQTý<ðTLMè¶L��ÄNtV5HKG`çTé [¶LWèjçT_`NtèM\TVZè<GIH
ê5N¶ðKL�[EûT[tL�X¦GIêZçKè<èjN¶çKî¦æ
G`LWè�\�îTê!HTê5N6è¶ç>vzL�[�üÃ[têZéDN¶ðTL?ð¦çTíOL~L�[t[¶êO[tè%ë;L��KHKîÒGIHËN¶ðTL�¹�¼9¼fï�L�HKJ0ðTé~VZ[¶ñ^èMQ�ý<ðTGÈè�GIè
ûT[¶êOïKV5ïK_`a·î^çTL#N¶ê�NtðTL´XmVOèxNt_`a·î^G�v�LM[¶LMHON<V5[0J0ðTG`N¶LMJ�N¶çT[tLMè�V5HKî~é·LMé$êO[¶a$ðTGIL�[0V5[0J0ðTGILMèMQZó XOL�H
üÃêZ[ NtðTL*é·GIHTG`é~VZ_`_Ia$J�êZH>�2íZçT[tLMî$é~VZJ0ðTGIHTLENtðTL�a$çKè¶LZ\ZN¶ðTL#JMVZJ0ðTLEGÈè é@çKJ0ð~_ÈV5[tíZL�[�NtðKV5H~êOH
é$êlèxNEêZüºêZçK[»NtLMèjN*é~VZJ0ðTGIHTLMèMQ^ý<ðTL�ï�L�HTL��TNEê5ü�êZçT[EèjN¶çKî^acGIè;NtðKVmN*ë;L´GIH¦XZLWèxNtG`ílVmN¶L´N¶ðK[¶LML
î^GsvzL�[tL�HlN;é$L�N¶ðTê^îTè»ê5ük(0(;F íOL�HTLM[tV5N¶GIêZH�\OëEðTL�[tLMVOè�N¶ðKL�a~êZHK_`a$_`ê¦êOñ$V5N��ÄNtVZHTGIçTéÑ[¶LWèjçK_�N0è
íZL�HKL�[0VmN¶LWî?ëEG`N¶ðdò�G`H�Q

S TUà»Ý#ã?Mjâ2P¦äxà�Ý2P¬F&Ý#áVU*â*Þ^â#ßGCWJ,à ßBL

SULdð2VYXZL!î^L�XOL�_IêZû Nxë;ê HTL�ë (0(;F íZL�HKL�[0VmN¶GIêZH N¶ê¦êO_Iè?VZHKî�è¶ðTêmë NtðKVmN?NtðTL�a î^LM_`GIXZLM[
èjGIé·G`_ÈV5[Eû�L�[¶üÃêZ[té~V5HKJ�L#Ntê@NtðKVmN*êZü�L��^GIèjN¶GIHTí�(0(»F íOL�HTLM[tV5N¶GIêZHcé·L�N¶ðTê^îTèMQm�´çT[EF VZ_`íO[¶GIHKî
V5HKîW@´LMé6ç6J�ê^î^L;JMV5H�ûK[¶êmX¦GÈî^L�V5H@VYXZL�[0V5íOL�ê5üKçTH2î^L�[�÷�� å ò-�¡LM[¶[têZ[ºëEðTGI_`L»êZHT_Iaf[¶çTHKHTG`HKí
öTQ ¤4� ê5ü�N¶ðTL�N¶ê5N0V5_�]^ò�ó å9å ò»ì´õ5öOöZö·è¶çTG�NtL6êOH�üÃçT_`_�[tL�üÃL�[tL�H2J�L�GIHTûTç^N0è�Qzý<ðTGÈè*GÈè#è¶G`é·GI_IVZ[
N¶ê�[¶LWèjçK_�N0è#üÃ[têZé NtðTL·L.�^GÈèxNtG`HTí!ò�G`HKò�êOG`HlN0è*NtêlêO_ÆQk�´çT[�J�ê^î^L@íOL�HTLM[tV5N¶LWè#çTH2î^L�[�÷4� å ò-�



L�[t[¶êO[�ëEðTLMH6[tçTHTHTGIHTí%çTHKî^LM[�öKQ öO÷�� ê5ü�]Tò�ó å å ò»ì´õZöZöZ÷)	ÃL.�TJ�L�û^NtG`HTíX( ² Æm¯�i � �zëEG`N¶ð�üÃçK_`_
[¶L�üÃL�[tL�HKJ�L´GIHTûTç^N0è�Q2ý<ðTL å ò�ì%õ5öZöO÷�[tLMè¶çT_`NtèEV5[tL%êZï^N0V5GIHTLMî8ëEG�NtðTêZçTN#V5H¦acè¶û2LWJ�GÈV5_zN¶çKHTG`HKí
üÃêZ[ENtðTêOè¶L�ï�L�HKJ0ðTé~VZ[¶ñ^èM\TëEðTGÈJ0ð
GIHKî^GÈJ�V5N¶LWèEN¶ð2VmN*NtðTLMè¶L�é·L�NtðTê^îTè#è¶ðTêZçK_Iî�ï�L6VZîKV5û^N0V5ïT_IL
N¶ê~ê5NtðTL�[Eï�L�H2J0ðTé~V5[tñ~ë»êO[¶ñ¦_IêOVZîKè�Q

SUL%èjðTêmë NtðKVmN;êZçT[»[¶LWèjçT_`Ntè;V5[tL*ï�L�N¶N¶L�[»N¶ð2V5H~NtðTêOè¶L#êOï^NtVZG`HTLWî~ëEG`N¶ð?êZN¶ðTLM[;J�êZé·é·êZH
è¶VZé$ûK_`GIHTí!é·L�NtðTê^îTè�\�èjç2J0ðÒVOè�è¶G`é@çT_IV5N¶GIHTí�N¶ðKL?ï2LMíZGIHTHTGIHTídêZüEV�ûK[¶êOíZ[0V5é�\�èjGIé6çK_IV5N¶GIHTí
Vmü¬N¶LM[�ü×VOèxN¶æÆüÃêO[¶ë<V5[0î^GIHTí´ù:(ÂGIHKèjN¶[tçKJ.NtG`êOHKèM\�êZ[�êOHT_Ia%è¶G`é@çT_ÈVmN¶GIHTíEêOHTL�è¶G`é@çT_IV5N¶GIêZHfû�êZGIHONWQWb#_`_
ê5ü�êZçK[�[tLMè¶çT_�N0è»VZ[¶L#XYVZ_`GÈîTV5N¶LMî?ëEG�Ntðcû�L�[¶üÃêZ[té·VZHKJ�L´J�êZçKHONtL�[0è êOH?V�[0V5HTíOL*ê5ü��xb2�Oõ*<�G`H¦ç>�
èja^èjN¶L�é~èMQ��vHUVZîTî^G`N¶GIêZH�\2êOçT[#ë;êZ[tñ8XmVOèxNt_`a
G`H2J�[tLMVZè¶LMè*N¶ðTL@H¦çTé6ï�L�[%ê5ü�VZ[tJ0ðTG`N¶LWJ.NtçT[¶LWèEüÃêO[
ëEðTGIJ0ð·L�%~J�G`LMHlN;(�(;F�íOL�HTLM[tV5N¶GIêZH$GIè&HKêmë VYXmV5GI_IVZïT_ILZQmS�G`N¶ð~F V5_IíZ[tGIHKî¡\më;L*J�V5H$íZLMHTL�[0VmNtL
ò�êmë»LM[tò å (0(;F´èMQþ@´LMé6çRé~VZñZLMè6G�N·û�êOètèjGIïT_ILcNtêÂíZLMHTL�[0VmNtLo(0(;F´è6üÃêZ[$é·÷e�5ñz\�P �xò»]z\
èjðG¤2\ å � �j]z\T]^ò¡b � å \^V5H2î��´ò�ò¡b V5[0J0ðTG�NtLMJ�N¶çT[tLMèMQOý<ðTGÈè<é·LMVZHKè NtðKVmNEé~V5H¦a~LMé6ï�LMîTî^LWî
ûT_IV5NjüÃêO[¶é~èEJ�VZH8HKêmë é~V5ñOL%ç2èjLfê5ü ]¦GIé~ò�êZGIHONEé·L�NtðTê^î^êZ_IêZíOG`LWè�Q

ý<ðTL´û�ê5NtL�HlN¶GÈV5_¡ï�L�HKL.�TN0è<ê5ü¥@´LMé6ç8è¶ðTêOçT_Iî8ï�L´üÃçK[jNtðTL�[<L.�^ûT_IêZ[tLMî�\¦è¶GIHKJ�L%G�N*JMV5H8è¶GIé@æ
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