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`no�edc}j[cdjl]_mnz:s_jl®,Tfm�cdWbTpVkaDe}edTfmic:�[],]_` `no�edc}j[cdjl]_mnz±ZnoNmnq�c}WDT ; otVXà�`DWnotz|Tp`n],zdz�j ; � < V�Wno�mDs_T�z�c}WDT
�l],]_`@`{oNedc}j[c}j[]_m{z�s_j[®,T�m�cdWDTpmDT��1� < q=T�cdTfe}^�j[mDT�q�qDo�c�o
`noNe}cdjlcdj[]tmnzkP

ë�ìbó 7 �p��0��@" ���õô4� ï �2�$�������
�����Ý�

R�WDT WDT�aDedj¡z|cdj¡V z|T�o�e�V�WI^�Tfc}WD]iq `DedT�z|TfmicdT�q jlmIcdWbjwz
��]_e}à�Wno_z ; TfTfmIjl^�`D�lTf^�T�m=c}Tfq*j[m
]_aDe
Vk]t^�`Djl�[Tfe©~¢]te1cdWDT§�*u�RÉ���[Tf�1j¤~¢T�^Ýo_V�WDj[mDTho�mnq@z�]_^�T�edT�z�aD�[c¦z�cd]�£nmnq�jlc�z�Tkû­T�Vkc}j[®,TfmbT�zdz4Wnof®,T
; TfTfm�V±]_�[�lT�Vkc}T�qBPUâ�Th�1j[�l�nq=T�z}Vkedj ; T1cdWDThj[^�`b�[Tf^�Tfmic�oNc}j¤]_m
o�mnq�`De}T�z|T�m=c:z�]_^�T1e}T�z|ab�[c�z4anz�j[mDs§o
`no�edc1]�~:cdWDT�giu��*�:�Urê`De}]_s_e¦oN^*P�R�WDT§��â ��z|j[^�aD�¡oNcd]te6á I�â ~¢]te1cdWDT2���[Tf�1j¤~¢T�^Ýo_V�WDj[mDT�Wno_z
; TfTfm*a{z|T�q*j[m*c}WDjwz�`bed]iVkT�z}zkP
â9T
`DedT�z�TfmicQcdWDT
jl^�`De}]N®,T�^�Tfmic�jlm��l]iVfoN�lj[c < o_V�WDj[T�®,T�q@otzÜ�'Tf�[�
otz�cdWDTpj[^K`no_Vkc']_mx]N®,T�e�oN�l�B`nTfe�~¢]_ed^ÝoNmnVkT�P

ë�ìzö îoï �p� ï ���'ð ���R÷Æ���:6������

uvcQ��o_z�~¢]_aDm{q�cdWno�cpcdWDT
WDT�aDedj¡z|cdj¡V�^�Tfc}WD]iq@`Ded]�®ijwq=T�q*z|j[stmDjß£¿VfoNmic§z|`nTfT�q=ab`�]�®,TfeQa{z|j[mbs�c}WDT
^�T�cdWD]iq
q=T�zdVke}j ; T�q
j[moá ��â Z_�1WbjwV�W�jlc�z|T��ß~­Wno_qKz|j[stmDjß£¿VfoNmic'z|`nTfT�q=ab`�]�®,Tfe4a{z|j[mbs�e�o�mnq=]t^.qDo�c�o
`no�edc}j[cdjl]_mnz��1j[cdW Vfo_V�WDTfÙ¢]_`bcdj[^Kj[ãfT�q9�[],]_`É`no�edcdjlcdjl]_mnz±PÍ�{abedcdWbTfefZ1j[c��1otz�~¢]_abmnq c}WnoNc�~¢]_e o
^ otVXWbj[mDT§�[j[à,T2���[T��1jß~¢T�jlm��1WbjwV�W�e}Tf^�]_c}T�o_VfV±T�zdz�T�zpoNedT�^�anVXWx^�]_e}T
Tfüi`¿T�mnz|jl®,T
cdWno�m �[]iVfo��
otVfVkT�z}z|T�z±ZBcdWDT ; TfmDTk£{cQ]N~5Vfo_V�WDT
�[]iV�oN�[jlc < ]_`bcdj[^Kj[ã�o�cdj[]tm@j¡zQz|^ o��[�ÞZBedTf�¡oNc}j[®,Tpcd]xcdWno�c)]�~hqDo�c�o
�l]iVfoN�lj[c < ]_`Dc}j[^�jlã�oNc}j[]tmUP@¨h]N�'Tf®,Tfe�Z ;i< VXWno�mDs_jlmDs@c}WDTxoNe¦VXWDjlcdT�V±cdaDe¦oN�:`noNe¦oN^�T�cdTfe¦zÜjlmD`DaDc§cd]
c}WDTpVk]�z|c1^�]iq=T��vZ,cdWDT ; TfmDT±£nc�]�~'Vfo_V�WDTQ]t`Dcdjl^�j[ã�oNcdjl]_m��1otz1z|TfTfmKcd]
j[m{VkedT�otz|T§o_z��l]iVfoN�ØotVfVkT�z}z
c}j[^�T ; T�VfoN^�ThV±�[],z�Tfe4c}]�edT�^�]_c}Tho_VfVkT�zdz4cdjl^�T,PUuvm�cdWDTQT�ü=c}edTf^�T'Vfotz|TQ]�~Uc}WDT�c��'] ; Tfj[mbs)T�¥�ano��
� aDmDjß~¢]ted^ ^�Tf^�]te < otVfVkT�z}zÝ^Ýo_V�WDj[mDT�z � Z1c}WDT V±],z|c ^�]iqiTf�Q`De}T�q=jwV±cdT�q�o ; TfmDTk£{cÝ~¢]texVfo_V�WDT
]t`Dcdjl^�j[ã�o�cdjl]_m�]_mD� < Zno_z�Tfüi`nT�Vkc}T�qBZ=�1Wbj[�[T§qDo�c�o
`noNe}cdjlcdj[]tmDj[mbs ; T�VfoN^�T�j[ede}Tf�[T�®_o�m=c�P

ë�ì�ø îoï �p� ï ���'ð ���Í��0�� ÷Æ���$�Û�����:0*� ù.0����:�N�

R�WDT'edT�z�c©]�~­cdWDT'cdWDT�z�jwz©j¡z�]teds�oNmDjlãfT�q
o_zU~¢]_�[�l]��hzkP�\:W{oN`Dc}Tfe � q=T�zdVke}j ; T�zUedTf�¡oNcdT�qÜ�']_e}àBP:\:WnoN`DÙ
c}Tfe � q=T�z}Vkedj ; T�z©cdWDT1~¢e�o�^�Tf�']_edà§o�mnq�mD]tc�oNc}j[]tm�anz�T�q ;=< á �Jâ Z,�1WDjwV�W
��T ; abj[�wq�]tmUP�\:Wno�`DcdTfe «

��ë



q=T�zdVke}j ; T�z4cdWDTÜVk],z�c�^�]iq=T��vP�\:W{oN`Dc}Tfe�,�q=T�zdVke}j ; T�z�c}WDTQWDT�aDedj¡z|cdj¡V5^KTfcdWD]iq­P�\:Wno�`DcdTfe \ �[],]tàDz
o�c�c}WDT
edTf�¡oNc}j[®,T ; TfmDT±£nc�z�]�~}ZUoNm{q@cdWDT§cde�otq=Tf]�ûUz ; T�c|�'TfTfmUZn]_`bcdj[^Kj[ãfjlmDs)~¢]tepVfo_V�WDT2oNmnq*qDo�c�o
�l]iVfoN�lj[c < P�\:Wno�`DcdT�e I q=T�zdVke}j ; T�zpz|]t^�T
Tfüi`¿T�edj[^KTfm=c¦oN�Ue}T�z|aD�lc�z±PÝ\:W{oN`Dc}Tfe L Vk]tmnVk�[a{q=T�zpoNmnq
z�aD^�^ o�edj[ã�Tfz4cdWbT)c}WDT�z�jwzkZboNmnq �[],]tàDzhoNch`n],zdz�j ; �lTQ~¢aDcdaDe}Tp��]_e}àBP
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R�WDT1`bed] ; �[Tf^½]�~ØqDo�c�o�o�mnq
�[],]_`K`noNe}cdj[c}j[]tm�Wnotz ; T�Tfm��l],]_à,T�q�oNc ;i< ^ oNm < edT�z�T�oNe¦VXWbTfe�z±P��hmDT
o�`D`Ded]�o_V�W�cd]*z�]_�l®,T�cdWDj¡z)`De}] ; �lTf^&jwz�cd]x�[T�of®,T�j[c§cd]*cdWbT�anz|T�e
cd]*z�`nT�Vkjß~ < qDo�c�o@`no�edcdjlcdjl]_mnz
Tfüi`D�ljwVkjlcd� < j[m*cdWbT�`De}]_ste�oN^�Z©otz)jlm �D]_e}cde¦oNmDÙÞ�
á ��ë Z �?\�â PK�B],]_` `no�edc}j[cdjl]_mnz§oNe}T�anz�anoN�l� < q=TfÙ
c}Tfed^�jlmDT�q ;i< c}WDT�]��1mDTfe�V±]_^�`DabcdT�zQedab�[T,P9R�WD]taDs_W z|j[^K`D�[T
c}]*j[^�`D�lTf^�Tfm=c�ZBcdWbjwz�edT�¥�aDjledT�z
c}WDTpanz|Tfe�cd]�cdWD]ted]_abs_WD� < aDmnqiTfe�z�c�oNm{q@cdWDT2o_VfVkT�zdz1`noNc}cdTfe}mnz�]N~�cdWDT§`Ded]ts_e�o�^*Z­o�c�otz|à �1WDjwV�W
j¡z�mD]_cQc}edjl®=j¡oN�BT�®,Tfm�~¢]_e�z|^ o��[�B`bed]_ste�o�^ zkP1�D]te�e}T�oN�Ø^�T�q=jlaD^�ÙÞz|jlãkT�q
]_eh�wo�edstT�`De}]_s_e¦oN^ z±Z¿c}WDT
c¦o_z|àxjwzho�®,Tfe < qijßáÝVkaD�[c1]tmDT,Pp�4edT�z|TfmnV±T)]�~:~¢aD�[� < stTfmDTfe¦oN�$o�áKmDT�~¢aDmnV±cdj[]tm*otVfVkT�z}z|T�z5~¢abedcdWbTfe
Vk]t^�`D�ljwVfo�cdT�z�c}WDT�`bed]iVkT�z}zkPK�{abedcdWbTfefZUcdWbT
anz|Tfep�']_aD�¡q°mDT�T�q°c}] ; T
~ÞoN^Kj[�[j¡oNeh�1j[c}W�^ otVXWbj[mDT
o�e�V�WDj[c}T�VkcdabedT�oNmnqxoNe�V�WDjlcdT�Vkc}aDe�o��B`no�e�o�^�TfcdT�e�z�c}]�abmnq=Tfe¦z|c�o�mnq�c}WDTpcde¦o_q=TfÙ¢]NûYz1j[mi®,]_�l®,T�qBP
�hoN^ o�m=a_ú}o�^+oNm{q�gio_qDo < o�`D`noNmÿá �±« â q=T�o��©�1jlcdW*qboNc�o�`no�edc}j[cdjl]_mDjlmDs�j[m@^�aD�lcdjwV±]_^�`DaDcdT�e�z

o�mnqIanz|T9o ^ o�cde}j[ü�~¢]ted^�aD�wo�cdj[]tm�ò�c}WDTfjle�e}T�z|aD�lc�z�qi]êmb]_c o�`D`D� < cd]�^�aD�[c}j[`De}]iVkT�zdz�]_e¦z��1jlcdW
VfotVXWbT�zkPÚR�WDTfj[e§cdWDT�]_e < `Ded]iq=a{VkT�z�Vk]_^�^�aDmDj¡Vko�cdjl]_mDÙw~¢edTfT
W < `¿T�ed`D�¡oNmDT `no�edcdjlcdjl]_mnz)~¢]te
�[],]_`{z
�1jlcdWpofá�mDT:jlmnq=TfühTfüi`DedT�z}z|jl]_mnzB�1WDT�m�z�anV�WQ`noNe}cdjlcdj[]tmnzBTfüijwz�cfPØ¨�]���Tf®,T�efZ��1WDTfm§Vk]t^�^�abmDjwVfo�cdjl]_mDÙ
~¢e}TfT�`no�edc}j[cdjl]_mnz:q=]pmD]tc:Tfü=j¡z|c�Z_cdWDT < q=T�o��D]_mb� < �1j[c}W
j[mnqiTfü�Tfüi`De}T�zdz�j[]_m{z©]N~YcdWDT�~¢]ted^½®toNe}jwo ; �[T
`D�lanz1o
Vk]tmnz|c¦oNmicfP
� ; e¦oNWno�^&oNmnq9¨�anqboNà>á ��â �[],]_à9o�c�c}WDT�`bed] ; �[Tf^!]N~ho�aDcd]t^ oNc}jwV��l],]_` `no�edc}j[cdjl]_mDjlmDs�~¢]_e

VfotVXWbT
�[]iVfo��[j[c < ]tmD� < ~¢]te�cdWbT�Vfotz|T��1WbTfm�oNe}e�o < o_VfVkT�zdz|T�zÜW{o�®,TKz|jl^�`D�lT�j[m{q=Tfü*Tfüi`DedT�zdz|jl]_mnz±P
R�WDT�j[e�^KTfcdWD]iq�anz�T�z1o
�[]iVfo��U`¿T�edÙ¢�[],]_`�oNmno�� < z|j¡zkP

���



�½^�]_e}T
s_TfmDT�e�oN�:~¢e�o�^�Tf��]tedàx�1o_zp`DedT�z|TfmicdT�q ;i< ��s�oNe}�1oN�:Tfc�P@o��vP�á �Jâ ~¢]te�]t`Dcdjl^�j[ãfjlmDs
~¢]teQVfotVXWbT)�l]iVfoN�lj[c < P'R�WDT < Wno�mnq=�[T�qÝ~¢aD�l� < s_TfmDT�e�oN�$o�áKmDT2o_VfVkT�zdz�~¢aDmnVkc}j[]_m{zkZDjvP T,P'o_VfVkT�zdz|T�z5]�~
c}WDTQ~¢]_ed^!�Dá � j���ú±Z ú â oNmnqx�Dá ��ë_ë Ù¢jvZ ú â ��Tfe}TpWnoNmnqi�[T�qBP'â�T ; ]_e}ed]��ÍcdWDT§Vk]tmnVkTf`Dch]N~�aDmDjß~¢]ted^�� <
stTfmDTfe¦oNcdT�q)edT±~¢TfedTfm{VkT�z¿~¢ed]t^ÍcdWDTfjle©�']_e}àBZ��1WDjwV�W���o_z©a{z|T�qpT�oNe}�[j[T�e©jlm�â9]_�ß~¿oNmnq
�Uo�^ á ��I?â oNmnq
��oNmbmD]_m§TfcfPØoN�ÞPGá LJâ oN�¡z|]bP4¨�]���T�®,TfefZ±cdWDT < ~¢]_abmnq)�l]iVfoN�t^�j[mDjl^ o�~¢]teUT�o_V�Wp�[],]_`§j[mnqiTf`nTfmnq=Tfmicd� < Z
stj[®ij[mDs§`¿]�zdz�j ; � < V±]_meênj¡VkcdjlmDs�qDo�c�o
`noNe}cdj[c}j[]tmDj[mDs
e}T�¥,aDT�z|c¦z1o_Vke}],z}z5�l],]_`nz±P
R�WDT1�']_edà§]N~Y��mnqiTfe�z�]_m�oNm{q��Uo�^oá « â q=],T�z:oQs_�l] ; o��noNm{oN� < z|j¡z4o_V±ed],z}z4�[],]_`{zkZ ; aDc4Wnotz�c}WDT

~¢]t�[�[]��1jlmDs
q=j¤û­TfedTfm{VkT�z��1jlcdW ]_abe�^�T�cdWD]iqB¯ �d��� uvc1qi],T�z5mb]_chc�oNà,T�j[micd]�o_V�Vk]_aDmic1cdWbT)T±ûBT�Vkc�]�~
st�[] ; oN�[� < Vk]tWDTfedT�m=cØVfotVXWbT�zkPØ�*oNm < mDTf�9^�ab�[cdjl`Ded]iV±T�zdz�]_e�zBW{o�®,T:c}WDjwzB~¢T�oNc}aDedT�P �Þ��� uvc4o�cdcdT�^�`Dc�z
c}]�£nmnq9o Vk]_^�^�aDmDj¡VfoNc}j[]tmÝ~¢e}TfT
`no�edcdjlcdjl]_m ;i< zdo�cdj¡zy~ < j[mDsxo z < z|c}Tf^Û]�~hVk]tmnz|c}e�oNjlm=c¦zkZB~ÞoNjl�[jlmDs
�1WDj¡VXW§j[c4e}T�z|]tedc¦z©cd]pedT�Vkc�o�mDs_aD�¡oNe ; �[]iV�à=jlmDsDP:��abe4^�Tfc}WD]iq�]N~­Wnof®ij[mDspopVk]�z|c4^K]iq=Tf�bVfoNm�Tf®toN�lÙ
ano�cdTKq=jßû­Tfe}TfmicpVk]_^K`¿T�cdj[mbs oN�lcdTfe}mnoNc}j[®,T�z±ZBT�o_V�W9Wnof®=jlmDs z|]t^�T�oN^K]_aDmicp]N~hV±]_^�^�aDmDj¡VfoNc}jß]tmUZ
o�mnq VXWD],]�z|T ; T�c|�'TfTfm�c}WDTf^*P � � � â9Tps_ano�e�oNmicdT�T�o
�[]�o_q ; o��woNm{VkT�q@z�]_�laDcdjl]_mUP
�haD`Dc¦oêo�mnq�O1o�mDTfeþú�T�Tká ��â Wnof®,T9q=Tf®,T��[]_`nT�q�o�m�o��[st]_edjlcdWD^ ~¢]te `noNe}cdj[c}j[]tmDj[mDs
q=]tj[mDs
o

st�[] ; oN�Uo�mnoN� < z�jwz1otVked]�zdz��[],]t`nzkP'R�WDT < oN�l�[]��Éz|jl^�`D�lT1j[mnq=T�ü�Tfüi`De}T�zdz�j[]_mÝo_VfVkT�zdz|T�z�]N~$cdWbT�~¢]_e}^
������� � ��	 Z ; abcQmD]_c�s_TfmDT�e�oN�$o�áKmDT�~¢aDm{Vkcdjl]_mnz±PQR�WDT < q=]�mD]tcpoN�l�[]�� ~¢]teQcdWDT
`n]�zdz|j ; j[�lj[c < ]�~
W < `nTfe}`noNe¦oN�l�[Tf�lTf`Dj[`nT�q�qDo�c�o
cdj[�lT�zkZboNmnqxq=]�mD]_chotVfVk]_abm=c�~¢]teQVfotVXWbT�zkP
R�WDT
�']_edà ]�~�â9]_�¤~�oNmnq9�UoN^ á �?L�â Vk]t^�`D�[T�^�Tfmic�z:]_aDe¦zkP§R�WDT < q=T�o��4�1j[c}W@c}WDT
`Ded] ; �[T�^

]�~:c�o�à=jlmDs�z�T�¥,aDTfmicdjwo��U�[],]t`nzQoNm{q*oN`D`D� < jlmDs�cde�o�mnzy~¢]ted^ o�cdjl]_mnz1cd]�c}WDTf^.c}] Vk]tm=®,Tfe}c1cdWDT�^.cd]
oxz|Tfc§]N~�`noNe¦oN�[�lTf�:�[],]t`nz��1j[c}W�oNc
^�]�z|cp]_mbT�]taDcdT�e
z|T�¥�aDT�m=c}jwoN�:�l],]_`UP9R�WDj¡z)cdT�VXWDmbjw¥,aDT�VfoNm
; Tpanz|T�q ; Tk~¢]tedTp`no�edcdjlcdjl]_mDjlmDs
�1WDTfmxcdWDTQ`bed]_ste�o�^�^�j[mbs�^�]iq=T��Bjwz1z�T�¥,aDTfmicdjwo��Bc}]�Vk]_mi®,Tfedc'cd]
`no�e�o��[�[T��B�[],]t`nzkP

� �



� Ù ÚoÛ �Ü
 s 


l �W�
Û � Ú s � m � m � 	 m 	 q � 
 
 s�
 m 
��

R�WDj¡zQV�WnoN`Dc}Tfeps_jl®,T�zQo ; edjlTk~�z|aD^K^ oNe < ]�~1c}WDT
^�Tfc}WD]iq�~¢]_e§�[],]_`9`no�edcdjlcdjl]_mDjlmDs cd] j[mnV±edT�otz|T
VfotVXWbT@edT�anz|T*stj[®,Tfm
j[m6á ��â PÍâ�T*a{z|T*cdWbjwz�^�T�cdWD]iq
o_z�cdWDT9z�c�o�edcdjlmDs�`n]_j[mic�~¢]te��l],]_`GoNmnq
qDo�c�o@`no�edc}j[cdjl]_mDjlmDsDP9R�WDT ^�T�cdWD]iq�W{oNmnq=�lT�z)`bed]_ste�o�^ z��1j[c}Wê�l],]_`�mDT�z�c�z��1WDT�edT�c}WDT oNe}e�o <
jlmnq=Tfü
Tfüi`De}T�zdz�j[]_m{z�o�edTpofá�mbT�~¢aDmnVkc}j[]tmnz�]�~ØcdWDTQ�l],]_` ®toNe}jwo ; �[T�z±P:uym�]_c}WDTfe'��]_e¦qDzkZDc}WDThj[mnq=T�ü
~¢aDm{Vkcdjl]_mxVfoNm ; TpTfüi`DedT�z}z|T�q otzkZ

�� � � � ��� ���� � �� � � P �N�
�1WDT�edT � jwz§o������*^ o�cdedjlü@�1jlcdW jlm=c}Tfs_TfepTfmicde}j[T�zpo�mnq �� jwz�o�m�j[micdTfstTfe§Vk]_mnz�c�o�m=c§®,T�Vkcd]te
]�~Q�lTfmDs_c}W��DZ:cdTfe}^�T�q*cdWDTÚå �"!$#�é&%'#}äkéÞåGæ�P � � j¡z�cdWDT ®,T�Vkc}]_e§]N~��[],]_`�®toNe}jwo ; �[T�z±Z�o�mnq �� � � � � j¡z
c}WDT
®,T�Vkc}]_eh]N~�oNe}e�o < j[mnqiTfü Tfü=`bedT�z}z|j[]tmnzkP§R�Wianzpo�áKmDT�~¢aDmnVkc}j[]tmnzQoNe}T�c}WD],z�T
�1WDjwV�W9Vfo�m ; T
Tfüi`De}T�zdz�T�qIotzÝ�lj[mDT�oNeKVk]_^ ; j[m{oNcdjl]_mnz
]N~§�l],]_`É®_o�edj¡o ; �lT�z�`D�lanz�o�Vk]_m{z|c�o�m=c�P��D]te�TfüboN^�`D�lT,Z
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mDT�z|cdT�qÝ�l],]_`xj[mnq=a{Vkcdjl]_m�®toNe}jwo ; �[T�z±P
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R�WDT�] ; ú�T�Vkc}j[®,T1]�~$Vfo_V�WDTh�[]iVfo��[j[c < ]t`Dcdjl^�j[ã�o�cdjl]_m�jwz�c}]�Wnof®,Th^ oNüij[^�aD^ÍedT�anz|TQ]�~$qDoNc¦o�j[m�c}WDT
VfotVXWbT,P uþ~1cdWbT�cd]tc�oN�'m=ab^ ; TfeQ]�~hedTk~¢T�edTfmnV±T�z�j[mÚcdWDT�`Ded]ts_e¦oN^Æ�l],]_`nz�j¡z�£{ü=T�q­Z©cdWbTfm cdWbjwz)j¡z
otVXWDjlTf®,T�q ;=< ^�j[mDjl^�jlãfj¤mDshcdWDThz�aD^½]N~YcdWDT�VkaD^�aD�wo�cdjl®,T©~¢],]_c}`Dedjlm=c¦z�]N~�oN�l�DcdWDT�oNe}e�o < zkP:R�WDj¡z�j¡z
; T�Vfo�anz|T�oN�l�DqDo�c�oQTf�lTf^�Tfmic�znj[m�c}WDT1V±aD^�ab�woNc}j[®,T©~¢],]tcd`De}j[mic�z©W{o�®,T']_mD� < cdWDTfjle�£{e�z|c$cdj[^KT�otVfVkT�z}z
mD]tcpj[m9VfotVXWDT�ZUo_z}z|aD^�jlmDs o��wo�edstT�Tfmb]_aDstW VfotVXWbT,ZUoNm{q°mD] jlm=c}Tfe|~¢Tfe}TfmnVkT�P�á �Jâ z|WD]��hz)Wb]N� :
Vfo�m ; TpV�WD]�z|Tfm�c}]�^�jlmDj[^�j[ã�T�c}WDTQmiaD^ ; T�e4]N~$VfotVXWbT�^�j¡zdz�T�zkPØuvm�qi]_j[mbs�z|]DZij[c'z|Wb]N�hz�Wb]N��c}WDT
Vk]t^ ; j[mDT�qQ~¢],]_c}`Dedjlm=c¦z�]N~$o
z|T�c�]�~4abmDjß~¢]ted^�� < j[micdT�e�z|T�VkcdjlmDsQedT±~¢TfedTfm{VkT�z:VfoNm ; TÜVXWno�e�otVkcdTfe}j[ãfT�q
;i< opz|jlmDs_�lT�]�ûYz|Tfc:®,T�Vkc}]_e^e� P:R�WDj¡z�®,T�Vkcd]te4jwz©a{z|T�q
j[m�cdWDT�Vk]�z|c:^�]iq=Tf�b`DedT�z�TfmicdT�q�jlm
cdWDThmDTfüic
V�WnoN`bcdTfe�P4R�WDTQ®,T�Vkcd]te�j[mÝo�z|T�mnz|Tpjwz:cdWDTÜz|aD^�^ÝoNe < ]N~$o��[�Bc}WDTQ]�ûUz�Tfc1®,T�Vkc}]_e¦z�j[mÝo�aDmDjß~¢]ted^�� <
jlm=c}Tfe�z�T�VkcdjlmDs z�TfcfP­á �Jâ `De}T�z|T�m=c¦z)o cdWDT�]_edT�^Ñs_j[®ij[mbs@cdWbT�z�j[ãfT
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R�WDT§o ; ]�®,T < jlTf�wqbz�oNmxTfüi`DedT�z}z|jl]_m�~¢]te�c}WDT§VkaD^�aD�wo�cdj[®,T:~¢],]_c}`Dedjlm=c1~¢]_e1]tmDT��l],]_`�~¢]te1T�o_V�W

o�ede�o < P$R�WDTpz�aD^½]N~Øc}WDT�z|ThTfüi`DedT�zdz|jl]_mnz4~¢]_e'oN�l�ncdWDTpo�ede¦o < z4j[m oQ�l],]_` < jlTf�wqbz©cdWDThcd]tc�o��UVkaD^�aDÙ
�¡oNcdjl®,T5~¢],]tcd`De}j[mic1]N~$cdWDT��[],]_`YP�R�WDj¡z1VfoNm c}WDTfm ; Tp^�j[mbj[^�j¤ãfT�q ;=< Vk]_mi®,Tfmicdj[]tmnoN�n^�T�cdWD]iqDz:cd]
] ; c�o�j[m@c}WDT��l],]_`*`no�edc}j[cdjl]_mDjlmDs��1j[cdW ; T�z|c�Vfo_V�WDT§�[]iVfo��[j[c < P'��V±]_^�`D�lTfcdTÜq=T�zdV±edj[`bcdj[]tm ]N~'cdWDj¡z
c}T�VXWbmDjw¥,aDT�oN`D`nT�o�e�z1j[m�á ��â P
uvm
cdWDThV±],z|c:^�]iqiTf�=�'ThoN�¡z|]pedTk~¢T�e©c}])c}WDThqDo�c�oQ`noNe}cdjlcdj[]tm ` P ` edT�`DedT�z�Tfmic�z©WD]��
cdWDThqDo�c�o

z�`no_VkTpj¡z�cdj[�lT�qBP:R�WDj¡z5j¡z�edTf`bedT�z�Tfm=c}T�q�otz�o
cdjl�[Tpo�c�c}WDTp]_edjls_jlm@]N~$cdWbT
qDo�c�o�z|`notVkT�ú�anz�c1�[jlà,T :
j¡z�edTf`bedT�z�Tfm=c}T�q*o_zpo�cdjl�[T�o�c)c}WDT�]_edjls_jlm*]N~1c}WDT�j[cdT�e�oNc}j[]tm9z|`notVkT,P���mÚoNede¦o < edTk~¢Tfe}TfmnVkT§j[m9o
�l],]_`@�1jl�[�­Wnof®,TQs_],]iq@�l]iVfoN�lj[c < �1WbTfm : � � ` P
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R�WDTfe}T�o�edT�c��']@aDmDj¤~¢]_e}^�� < j[micdTfe¦z|T�Vkc}j[mDsÝVk�wotzdz|T�z)]N~he}Tk~¢Tfe}TfmnVkT�z±ZU]_mDT�~¢]te
o�ede�o < ��ZØoNmnq
]tmDT)~¢]tepOQPnO�T�Vfo�anz|T2��Wnotz�]_mD� < ]_mDT
e}Tk~¢TfedT�mnVkT,Zij[c�z�~¢],]_c}`Dedjlm=cÜz|j[ã�T)j¡z�j[m{q=Tf`nTfmnq=T�m=c1]�~�c}WDT
�l],]_`*`no�edcdjlcdjl]_mUZns_jl®,Tfmxo�£nüiT�q�c}]_c�o��:z|jlãfT�]�~:cdWbT��[],]t`�c}j[�lT,ZnoNmnq@c}WDTfe}Tk~¢]_e}T)mbTfT�q�mb]_c�£nstaDedT
jlm�cdWDTp]t`Dcdjl^�j[ã�o�cdjl]_m�`De}]iVkT�z}zkP
â9T�^ o < jlm*]_aDeQjl^�`D�lTf^�T�m=c¦oNcdjl]_m V�WD],]�z|T
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c}j[]_m{z���T�anz|TKo Vk],z�cQ~¢aDmnVkc}j[]_m*c}]xVk]_^�`{oNedT�qijßû­TfedT�m=cpz�]_�laDcdjl]_mnz±P�R�Wbjwz�~¢aDmnVkc}j[]tm*c�oNà,T�zkZØo_z
o�eds_ab^�Tfmic�zkZbo��l],]_`*`no�edc}j[cdjl]_mUZnqboNc�o�`noNe}cdj[c}j[]tmnz�~¢]_ehT�o_V�W*o�ede¦o < otVfVkT�z}z|T�q�j[m c}WDT��l],]_`UZ­oNmnq
o�e�V�WDj[c}T�Vkcdabe�oN�n`no�e�o�^�TfcdT�e�z4cdWno�chq=Tfc}Tfed^�jlmDT1cdWbT)e}Tf�wo�cdjl®,ThVk],z�c1]N~�Vfo_V�WDTQ^�j¡zdz�T�z:oNmnq�edT�^�]_c}T
^�T�^�]te < o_VfV±T�zdz�T�zkP$uyc:e}TfcdaDe}mnz:oNm�T�z|c}j[^ o�cdjl]_m
]N~YcdWDT�Vk]�z|c:]N~�oNede¦o < edTk~¢Tfe}TfmnVkT�z�~¢]_e:cdWbT��l],]_`UP
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uvm
cdWbjwz:z|T�V±cdj[]tm
��Thz�WnoN�l�BqiTk£nmDThcdWDThV±],z|c4~¢]ted^�aD�wo�jlm
cdTfe}^ zU]N~Uc}WDTh®_o�edj¡o ; �lT�z4anz|T�q
cd]§q=T±£nmDT
`no�edc}j[cdjl]_mnz�jlm�á �Jâ P�â9T§z|Wno��[� ; Tfs_jlm�jlmxz|T�Vkc}j[]tm « P � P � ;=< z|c�o�cdjlmDs�o ; otz|jwV�~¢]ted^�aD�woQ~¢]_ehcd]_c¦oN�
otVfVkT�z}z5c}j[^�TQjlm*o��l],]_`UZ­j[m@c}Tfed^Ýz�]N~'c}WDT�miaD^ ; T�e1]N~'VfotVXWbT,Z¿�l]iVfoN�$oNm{q@edTf^�]tcdT§o_V�VkT�zdz�T�z1j[m
c}WDT��[],]t`UP R�WbTfm�j[m�z�T�Vkcdjl]_m « P � P � Z4��TÝz|Wno��[�hq=Tk£{mDT VkTfe}c�o�j[m�~¢aDm{Vkcdjl]_mnz±Z4�1j[cdW o@®=jlTf�½cd]
anz�j[mDsKcdWDTf^!cd] Tfüi`DedT�zdzQcdWDT
c}]_c¦oN�:m=ab^ ; Tfeh]N~5o_VfVkT�zdz|T�z�cd]xq=j¤ûBT�edTfmicQ�[T�®,Tf�wz�]�~1^�Tf^K]_e < j[m
c}Tfed^ zB]�~Uc}WDT1®toNedj¡o ; �lT�z4anz|T�q�cd]§q=Tk£nmbT1`noNe}cdj[c}j[]tmnzkP:�©jlmnoN�l� < j[m�z�T�Vkc}j[]_m « P � P � �'Thz|Wno��[�nz�WD]��
WD]��ÍcdWbT
m=aD^ ; Tfeh]N~�o_VfV±T�zdz�T�z�cd]xq=j¤û­TfedTfmich�[Tf®,Tf�¡z5]�~'^�Tf^�]te < Vfo�m9o_Vkc}anoN�l� <x; T
T�ü=`De}T�zdz�T�q
jlm�cdTfe}^ z�]�~:cdWbT�z|TQ~¢aDmnV±cdj[]tmnzkP
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®°¯4±�¯£± Ç µ)¶:Ã¿º}Ë�¾k´'¸BÐ Îp³}¶

â9T'VfoNmpTfüi`DedT�zdzUcdWDT'Vk]�z|c$q=aDT:cd]h^�Tf^�]te < edTk~¢Tfe}TfmnVkT�z¿j[m§cdTfe}^ z¿]�~no�e�V�WDj[c}T�Vkc}aDe�o��_`no�e�oN^KTfcdTfe¦z
jlm�cdWDTQ~¢]t�[�[]��1jlmDs
T�¥,anoNc}j[]_mY¯

²�³m´(³ �£µ �4¶h¶h·�¸(¸ � ² � ��¹�º ·u» ´(³ · � �¼²�½ ��¹ µ ´ ¶h�£µ � �¼²�¾ ��¹ ¶h�£¶h¿y· �
�1WDTfe}TÀ² � by²�½Rby²R¾�o�edT:cdWDT'edTf^K]_cdT�Zk�[]iV�oN�boNmnq§Vfo_V�WDT:^�Tf^�]te < otVfVkT�z}z�c}j[^�T�zDe}T�z|`nT�Vkc}j[®,Tf� < Z

o�mnq ¹�º ·h» ´�³ · b ¹ µ ´ ¶h�£µ b ¹ ¶h�4¶h¿y· oNe}T cdWDT miaD^ ; Tfep]�~pedTk~¢T�edTfmnV±T�z)c}WnoNc�edT�z�aD�[c§j[m�WDjlc�z
cd]*edT�^�]_c}T
^�T�^�]te < Z,�[]iV�oN�Ø^�Tf^�]te < oNm{q*Vfo_V�WDTp^�Tf^�]te < P@²�¾ o�mnq�²k½xoNedTp£nüiT�q ;=< cdWbT
oNe¦VXWbj[cdT�VkcdaDe}T,Z
�1WDjl�[T�² � jwz q=Tfc}Tfed^Kj[mDT�q ; ]_c}W ;i< cdWbT ; otz|T9edTf^K]_cdT*�¡oNc}TfmnV < ]N~
c}WDTÚoNe�V�WDjlcdT�Vkc}aDedT�oNmnq
`n],z}z|j ; �[T�Vk]tm=c}Tfmicdj[]tm@j¤~:cdWDT�edT
o�edT
^ o�m < e}Tf^�]_c}TpedTk~¢Tfe}TfmnVkT�zkPv² � ^Ýo < oN�wz�] ®_o�e < �1j[cdW*c}WDT
miaD^ ; T�e�]�~:`De}]iVkT�zdz�]_e¦z ; otz|T�q ]_mxcdWDTpj[micdT�e�Vk]tmDmDT�Vkc:c}]_`n]_�l]_s < P

¹ ¶h�£¶h¿y· Z ¹ µ ´ ¶h�4µ oNmnq ¹�º ·h» ´(³ · q=Tf`nTfmnq�]tm�c}WDT��l],]_`KoNmnq�qDo�c�oQ`noNe}cdjlcdj[]tmnzkP$R�WDT1c�otz|à
�'T�Wnof®,T
j¡z�cd]Úq=Tk£nmDTxcdWDT�z|T cdWDe}TfT ®toNedj¡o ; �lT�z
j[mIc}Tfed^Ýz)]N~ÜcdWDTxmD]_c¦oNcdjl]_m
`DedT�z�TfmicdT�q�~¢]_e�`no�edcdjlcdjl]_mnz
q=T±£nmDT�q�jlmI\:Wno�`DcdTfe � P9RU]9q=]*cdWbjwz�Tfübo_Vkc}� < j¡z�o@®,Tfe < Wno�e�q `De}] ; �lTf^*Px¨�]���Tf®,Tfe�Z©�1jlcdW
o�m9oN`D`De}]�ü=jl^ oNc}j[]_m*�1WbjwV�W@jwzpo��[^�]�z|c�oN�[��o < z�c}edaDT�ZBj[cQj¡zQcde�otVkc�o ; �[T�P)â9T�z|WD]���WD]���j[m*c}WDT
e}Tf^ oNjlmnq=Tfe:]�~4c}WDjwz1V�WnoN`bcdTfe�P

®°¯4±�¯�Á Â ´5Ð!ÀÍÅ�ÀHÃ�»pº�¹Bº}´1»�Ã
â9Thq=Tk£nmbT�c}WDT5~¢abmnVkcdjl]_mnzNÄvÅ£byÆ/ÇQo�mnqzÆ@ÅdZ,�1WDjwV�W�oNe}TpoN�l�=~¢aDmnVkc}j[]tmnz4]N~ØcdWbT��l],]_`�`noNe}cdj[c}j[]tm��4Z
qDo�c�o
`noNe}cdjlcdj[]tm*�ÍoNm{q@edTk~¢Tfe}TfmnVkT�^ oNc}edj[ü��Í�1jlcdWxcdWDTp^�T�o�mDj[mbs,z�s_jl®,Tfm�jlm�\:Wno�`DcdTfe � P'�D]_e
z�j[^�`D�ljwVkj¤c < Z_�'T§oN�wz�]�anz�T�Ä Å b�Æ Ç o�mnq�Æ Å ZDcd]Kq=TfmD]tcdT�c}WDT�®to��[aDTpedT�cdaDe}mDT�q ;=< c}WDTpedT�z�`¿T�Vkcdjl®,T
~¢aDm{Vkcdjl]_mnz�~¢]te1cdWDTp`no�edcdjlcdjl]_m ; TfjlmDs
Tf®toN�lanoNc}T�qBP
uvm*]_e¦q=Tfepcd]xq=Tk£{mDT�c}WDT�z�T�~¢aDmnVkc}j[]_m{zkZU��T�mDTfT�q@c}WDT�Vk]tmnVkTf`Dcp]�~ho ; o_z�T�]�ûYz|Tfcp~¢]_epT�o_V�W

aDmbjß~¢]_e}^�� < jlm=c}Tfe�z�T�Vkc}j[mDsxz|T�cfP�� aDmbjß~¢]_e}^�� < jlm=c}Tfe�z�T�Vkc}j[mDs�z|Tfc
^ o < Vk]tm=c¦oNjlmIz�Tf®,Tfe¦oN��e}Tk~¢Tfe}Ù
Tfm{VkT�zkZtT�o_V�W��1jlcdWKz|�lj[s_Wicd� < q=j¤û­TfedTfmic4~¢],]_c}`Dedjlm=c¦z�qiaDTQcd]§q=j¤û­TfedTfmic:]NûYz|T�c�z�jlm�c}WDT�oNede¦o < j[mnq=T�ü
Tfüi`De}T�zdz�j[]_m{zkP©â9Th`DjwV�à
]_mDT�oNm{q�V�oN�[�bj[c�c}WDT ; o_z�TQ]NûYz|T�cfZ=]te � È P©â�WDT�mDTf®,Tfe:��Thj[m{q=anVkT�o�qDo�c�o
`no�edc}j[cdjl]_m*~¢ed]t^&o��[],]t` `no�edcdjlcdjl]_mUZU��TKz|W{oN�[�:^ o�à,T�c}WDT�qboNc�o `noNe}cdjlcdj[]tm�Vk]tj[mnVkj¡q=T
�1j[c}W�c}WDT
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~¢],]tcd`De}j[mic1]N~:c}WDT ; o_z�T)]�ûYz|TfchedTk~¢T�edTfmnV±TQj[m cdWbT)abmDjß~¢]ted^�� < j[micdTfe¦z|T�Vkc}j[mDs2z|Tfc�P

` /Gf ��!Ø�E!4�#�V� ÄvÅ çr!­åp.�èiæDäkéÄçwå,æÉxSiTçwäyiL0DåOä�!�Ê s � å,æDç f éÞå éuik#�æDèC0�}o#�æ@å .�æn#�0
å_é3#
æy#l.$#�æn#XæDäo#4!péhiTå_é�æn#4!�èGãSék.�ædåP0Kå`!�çwæ�è ãl#�çwæDç>#£q�#4q äÐæn#4!y!�çwå,æ*ç>#l|�æ�#}ç�}71 f å,æDç�éhik#&}bå'!$#§å �"!$#�é� È s çwæ&å,ä�äo#£!y!�çwæ èp� �
uvm
]_c}WDTfe:��]te�qDz±Z>Ä°Å�e}TfcdaDe}mnz4cdWDT1miaD^ ; Tfe©]�~Ue}Tf^�]_c}T1otVfVkT�z}z|T�z4cdW{oNc:edT�z�aD�[cØ~¢ed]_^ opz�j[mDst�[T

`De}]_ste�oN^+e}Tk~¢TfedT�mnVkThj[mxo�`{oNe�o��[�lTf�B�l],]_`UZn�1WDTfe}T)c}WDT§qDoNc¦o�`{oNedc}j[c}j[]_mbj[mDs
j¡z1z|`nT�Vkj¤£nT�q ;=< ��P
RU] z|jl^�`D�[j¤~ < cdWbT
Vk]t^�`DaDc¦oNcdjl]_m*]�~"Ä°Å���T
^ o�à,T�o�m9oN`D`bed]�ü=jl^ oNc}j[]tmU¯1â�T�otzdz|ab^�T�c}WnoNc

]tmDTp]N~$cdWDTpc���]
~¢]_�l�[]��1j[mDs�V�o_z|T�z1oN`D`D� < cd]��[],]t`*o�mnq@qDo�c�o
`noNe}cdjlcdj[]tmnzkP

� PhR�WnoNch�[],]t` `noNe}cdj[c}j[]tm@�*^ o�c�V�WDT�z4cdWDTÜqDoNc¦o�`no�edc}j[cdjl]_m ��`nTfe�~¢T�Vkcd� < Z,j[m��1WbjwV�W Vfo_z�Tp��T
o_z}z|aD^�Tpc}WnoNc°ÄvÅ �Éë Z

� P1]_e1c}WnoNc���q=],T�z�mD]_c'^ oNc¦VXWK��Z,j[m��1WbjwV�W�Vfotz|TQ�'Tpo_z}z|aD^KTQo��[�Be}Tk~¢Tfe}TfmnVkT�z:o�edTQe}Tf^�]_c}T,P

R�WDT��wo�cdcdT�e�V�o_z|TKedT�z�aD�[c¦zÜjlm�c}WDT�^ oNüij[^�aD^.®toN�laDT�]N~°ÄvÅ�P��h]_cdTKcdWno�c��I^ÝoNc�V�WDT�z�� jß~
�©� � �.o�mnq�c}WDT�]tedjls_j[m9]N~�� jwzpo�^ o�`D`DjlmDs ]N~1c}WDT�]tedj[stj[m9]N~��I�1jlcdW9cdWDT�s_jl®,Tfm otVfVkT�z}z
~¢aDm{Vkcdjl]_mUP:R�Wno�c1jwz±¯

Ä Å �Éë j¤~:�©� � �ÍoNmnqÌË �$�u�E� ¹©��Í���� Ë �$�u�E� ¹©� ] �£Î � �È
� , �hTfch��, ]tcdWDTfe}�1jwz�T

�1WDTfe}T,ZPË �$�u�E� ¹©��Í�� jwzUcdWDT1]�ûYz|Tfc4®,T�Vkcd]teU]N~­cdWDThqboNc�ohcdj[�lT:j[m�c}WDThqDo�c�oQz�`no_VkTho�c4`De}]iVkT�zdz�]_e
ãfT�ed]DZ�oNmnqÏË �'�h�E� ¹©� ] � jwz�c}WDT@]�ûUz�Tfc ®,T�Vkc}]_e�]N~§cdWDT*�l],]_`�c}j[�[Txj[m
cdWDT*jlcdTfe¦oNcdjl]_m z|`notVkT9oNc`De}]iVkT�z}z|]_ehãfTfe}]DP�Ë �$�u�E� ¹Ø� ] �4Î � �È j¡z�cdWDTp^ o�`D`DjlmDs
]N~:c}WDTp�[],]t`@cdjl�[TQ]�ûYz|Tfch®,T�Vkc}]_e1j[micd]
c}WDT
qDo�c�o�z|`notVkTp®=j¡o�cdWDT§otVfVkT�z}z�^ oNc}edj[ü �§P
R�WDT§edT�otz|]_m9cdWbjwz�j¡z�o�st],]iq oN`b`Ded]�üij[^ o�cdj[]tm@j¡z5c}WnoNc ; ]tcdWÚ�êo�mnq9��edTf`De}T�z|T�m=c1e}Tfs_aD�¡oNe

c}j[�[jlmDsh]N~Uc}WDTfjle4z�`no_VkT�zkP:R�WDj¡z©^�T�o�mnz©cdW{oNc:jß~­�xoNmnq���`noNe}cdjwo��[� < ]�®,Tfe}�wo�`�oNc:cdWDT1]tedjls_j[mYZ_cdWDT�edT
�1jl�[� ; TQ�lT�zdz:]N®,T�ed�wo�`�]tm�]_c}WDTfe'`Ded]iVkT�zdz|]te�z±P��D]_e�o)e}T�o_z�]_mno ; � < �¡oNe}s_Thm=aD^ ; Tfe:]N~Ø`De}]iVkT�z}z|]_e¦zkZ
z�]_^�Tp�1j[�l�©T�mnq@aD`*�1j[c}W*mD] ]�®,Tfed�¡oN`*otzpz|WD]��1m*j[m*c}WDT
TfüboN^�`b�[Tpj[m��©j[staDedT « P � P
g,jlmnVkT�c}WDT
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Rectangles : Footprints for A[i,j]

Parallelograms : Footprints for A[i+j,j]

Processor 7’s footprints have no overlap

(Numbering for footprints of A[i,j]
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� ; � ��oNc�o�z|`{o_VkTQ~¢]_e���e}e�o < � �|L `De}]iVkT�zdz�]_e¦z �

�©j[staDedT « P � ¯'��j¤ûBT�edTfmic�aDmbjß~¢]_e}^�� < jlm=c}Tfe�z�T�Vkc}j[mDs2z|Tfc¦z�Wnof®,T)mb]�]�®,Tfe}�woN`

TfüiT�Vkabcdj[]tm cdj[^KTÜ~¢]tepo�`no�e�o��[�[T��©�l],]_`*mDT�z�cQjwz1�[jl^�j[c}T�q ;i< cdWDT�z��[]���T�z�c�`bed]iVkT�z}z|]tefZUj[ch�1j[�l� ; T
c}WDT1z}oN^�T'o_zØjß~­o��[�i`Ded]iVkT�zdz|]te�z4Wnotq�mD]Q]�®,Tfed�¡oN`UPØ¨�T�mnVkT,Zfc}WDjwzUjwz4o1®,Tfe < st],]iq�o�`D`De}]Nüij[^ÝoNcdjl]_mUP
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å �"!$#�é �È ��ß #±æDäo#7à

Æ Å � ,[��#�éNÊ�,
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éhik#-#4qJå,äkéØç>#�éÄåGçÍãê!hå .ÀibåPxBÆ Ç çr!�ä�åP0+ä­è,é #}ç'çr!�æDå_é�çh0+äbåGæ�é|å,æ=é­évåpèiæDç>#�æ4!±é|å,æbçGçwæ è
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Æ Ç � � ��4� � ,���#�é Í �4�^�� ,xSik#�æy#©e� çr!Üéuik#v!wäÐæy#zå,ç�%'#}äkéÞåGæ�å .(æy#l.$#�æn#XæDäo#4!(å'!í0z#±æ=éÄçwå,æ�#}ç çwæ�h¢iTåOäné #Àævî s å,æDç ç>#l|'æk#}ç
çwæ ë æ4ì �
®°¯4±�¯�ï ð Ì�Àòñ º�»�¶�³Bñh´�¸BÐ+Îp³}¶
Õ(M�/ �#� / j .ôó ik#�äfèC0
è]ã~å_éÄçh%'#Qå,ä�äo#4!y!2é|çh0z#N.�åGæDå ãÍãdå,ä�äo#£!y!$#4!Qçwæ å ã¤å�åOä�x³ç[éhi0äTåGæ�é|ç[éÄçwå,æ8çwæ è
Ê s å,ä�äo#4!y!�çwæ èQå,æ&åGæ�æ�åP1-iTåP%?çwæ èKçGå_é|åéäTåGæXéÄç[é|çwå,æz��x»ç[éui æy#l.$#�æy#±æDäo#°0Då_é|æ�çrq f çwæ å�èiæ8ç .�åGæ�0*ã21
çwæ=é3#�æ4!$#}äkéÄçwæ èp!$#¦é s çr!

²�³m´(³ �£µ �4¶h¶h·�¸(¸ � ² � � ÄvÅ���Æ/Ç � �¼²�½ � Æ/Å�õ�ÄvÅ � ��²�¾ ��¹ �ö�d÷ õ � Æ/Ç��¼Æ/Å �d�
xSik#�æy# ¹ �O�d÷ çr!�éuik#héÞå_é|å ãYæDèC0�}o#�æpå .'æy#l.$#�æn#XæDäo#4!í0Då,ç>#v}d1Dåºã¤å�åOäxé|çÍãm#¢.�åGæ�éhik#pèiæ8ç .�åGæ�0*ã21

çwæ=é3#�æ4!$#}äkéÄçwæ èp!$#¦é �
R�WDj¡zÜe}T�z|ab�[cpVfo�m ; T�qiTfedjl®,T�q@otzÜ~¢]_�l�[]��hzkPKR�WDT�m=aD^ ; Tfeh]N~1e}Tf^�]tcdT�o_V�VkT�zdz�T�z ¹�º ·h» ´(³ · j¡z

c}WDTpm=aD^ ; Tfe1]N~�edTf^�]tcdTpotVfVkT�z}z|T�z1�1j[c}W@c}WDT ; otz|T§]NûYz|Tfc�ZB�1WDj¡VXW jwzøÄvÅ�ZD`D�lanz5c}WDT
z�j[ãfTp]�~�c}WDT
`nTfe}j[`DWDT�e�oN�4~¢],]tcd`De}j[micùÆ/Ç,Z4s_j[®ij[mbs ¹�º ·u» ´(³ · � ÄvÅ��ãÆ/Ç_P9R�WDT m=ab^ ; Tfep]N~h�l]iVfoN�1e}Tk~¢Tfe}TfmnVkT�z
¹ µ ´ ¶h�£µ jwz4c}WDT ; o_z|T1~¢],]_c}`Dedjlm=c�Z=�lT�zdz4cdWbT�e}Tf^�]_c}T�`n]_e}cdjl]_mUZijvP T�P¢Æ@Å>õtÄvÅdP4R�WbT�miaD^ ; T�e4]N~�Vfo_V�WDT
WDjlc�z ¹ ¶h�4¶h¿y· jwz1V±�[T�o�ed� < ¹ �O�d÷ õ ¹�º ·u» ´(³ · õ ¹ µ ´ ¶h�4µ �1WDjwV�W jwz�T�¥,ano��Ucd] ¹ �O�d÷ õ � Æ/Ç���Æ@Å � P

ö_ì�í � ��8 ���4�
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R�WDT§Vk]�z|c1^�]iqiTf�Bj¡z�j[mnVk]t^�`D�lTfcdT1jlm�c}WDTQ~¢]_�l�[]��1j[mDs§c���]
�1o < zkP'��Vk]t^�`D�[j¡VfoNc}j[]tm�o�edjwz�T�z��1WDTfm
]tmDT�aDmbjß~¢]_e}^�� < j[micdT�e�z|T�VkcdjlmDs�z|Tfchj[m2ênaDTfmnV±T�z1oNmD]tcdWDT�efPhR�WDjwzh^ o < Wno�`D`nTfm*�1WDTfmxc���]��[],]_`{z
otVfVkT�z}z�c}WDT*z}oN^�TxoNe}e�o < �1jlcdW
cdWDT�zdoN^KT@edT±~¢TfedTfm{VkT ^ oNc}edj[ü��!edT�z�aD�[c}j[mDs9j[m ¹ ¶h�4¶h¿y· cd] ; T
WDjls_WDT�e1cdWno�m*`DedT�qijwVkc}T�q o ; ]�®,T,PhR�WDjwz�j¡z ; T�V�oNanz�T�^�anVXWK]N~'cdWDT2qDoNc¦o�^ o <�; T
jlm cdWDT2Vfo_V�WDT
q=abT)c}]
cdWDTpT�o�ed�lj[Tfe'�[],]_`x�1WDTfmx��TQTfüiT�VkabcdTQc}WDTp�woNc}Tfe1�[],]t`UP
���¡z|]DZno��[j[mbT�oNe;ên]���]�~'Vk]tm=c}ed]_�ØcdWbed]_abs_W*cdWbT��[],]t`*mDT�z�c�z1]N~:c}WDT�`De}]_ste�oN^!Wno_z ; T�Tfm*otz|Ù

z�aD^�T�qBPUâ�WDjl�[T1c}WDjwz4jwz:o§Vk]_^�^K]_m
V�o_z|T�Z=V±]_mnq=jlcdjl]_mno��BV±]_micded]t�eên]��Éz|c}j[�l�nz|WD]taD�wq ; ThWno�mnq=�[T�qBP

��«



���lcdWD]taDs_W*c}WDjwz�Vfo_z�T
jwz�mD]tcQWno�mnq=�[T�q@mD]��pZ��'T�jlm=c}Tfmnq@cd]KWnoNmnqi�[T
cdWbjwz ;i< otzdz|jls_mDjlmDs `Ded] ; Ù
o ; j[�lj[cdjlT�z�c}]�T�otVXW �[],]t`*mDT�z�cfZn`¿T�edWno�`nz ; o_z�T�q�]tm*`Ded]�£n�[T2qDoNc¦o=PQR�Wbjwz1`Ded] ; o ; jl�[jlc < VfoNm*c}WDTfm
; Tp^�ab�[cdjl`D�[jlTfq ;i< c}WDTp�[],]_`�z|jlãfTpcd]
s_T�cQo�m�T±ûBT�Vkcdjl®,TQ�[],]t`*z|jlãfT�~¢]te�c}WDT§oN�[st]_e}j[cdWb^.cd]
anz�T,P
u�W{o�®,T�mD]_c < Tfc�jl^�`D�lTf^�T�m=c}Tfq�z|]t�[aDc}j[]_m{z�cd]�cdWDT�z�Tpc|�']
`Ded] ; �[T�^ z�otz < Tfc�P

� ,
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uvm9cdWDj¡z)V�Wno�`DcdTfep�'T�`De}T�z|T�m=cpcdWbT�WDT�aDedj¡z|cdj¡V
z|T�o�e�V�W o��[st]_edjlcdWD^Ñ~¢]_ep£nmnq=jlmDs �[],]t`Io�mnq qDo�c�o
`no�edc}j[cdjl]_mnz±P�â�T ; T�s_j[m ;=< z�c�oNc}j[mDsÚcdWDT ; jl`noNe}cdj[c}T@ste�oN`bWÉqDoNc¦o z|c}edanVkc}aDedTx��Txanz|Txj[mIc}WDT
]t`Dcdjl^�j[ã�o�cdjl]_mp`Ded]iV±T�zdz4j[m�z�T�Vkc}j[]_m ,=P � P:��TfüicØ��T1`De}T�z|Tfmic4c}WDT1^�Tfc}WD]iq�j[c¦z|Tf�¤~nj[m�z�T�Vkcdjl]_m ,=P � P
g,T�Vkcdjl]_m ,=P � P � q=Tf^�]tmnz|c}e�o�cdT�z�c}WDT
^�Tfc}WD]iq ;i< oNmÚTfüDo�^�`D�lT,ZnoNmnqÚz|T�Vkc}j[]tm ,=P � P � `bedT�z�Tfm=c¦z
VkT�edc�o�j[m q=Tfc�o�j[�¡z�]�~�c}WDT*^�Tfc}WD]iqBPÍ�©jlmnoN�l� < z�T�Vkc}j[]_m ,iP � z�WD]��hzÝc}WnoNcKcdWDT9o��[s_]tedjlcdWD^ Wno_z
`n]_� < mb]_^�j¡oN�Bc}j[^�T�Vk]t^�`D�[T�ü=jlc < P

ø ì�ë �Æ�'�
� 0 �,���58 6����
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�+Vk]t^�^�]_mb� < a{z|T�q�mnoNc}aDe�o���e}Tf`DedT�z|Tfmic�o�cdj[]tm�]N~Üo°`De}]_ste�oN^ �1j[c}Wê^ÝoNm < �l],]_`nz�otVfVkT�z}z|jlmDs
^ o�m < o�ede¦o < z�jwz1o ; j[`no�edcdjlcdTps_e¦oN`DW9� � � ü µ b ü � byý � Zbo_z1j[m�á « â P4â9Tp`DjwV±cdaDe}TQcdWDTp�l],]_`nzho_z1o
z�Tfc�]�~:mD]iq=T�z ü µ ]tm@cdWbT)�lTk~¢c�W{oNmnqxz|jwqiT,ZDo�mnq�c}WDT§qDoNc¦o
oNede¦o < zho_zho
z|Tfc1]�~4mb]iq=T�z ü � ]_m@c}WDT
e}j[s_WicfP:�hm@T�q=stTpTPþØr ; T�c|�'TfTfmxo
�[],]_`�oNmnqxoNe}e�o < mD]iq=T�j¡z5`bedT�z�Tfm=c1j¤~:o�mnq�]tmD� < jß~$cdWDT§�[],]_`
otVfVkT�z}z|T�zQcdWbT�o�ede�o < PxR�WDT�T�q=s_T�zpo�edT��¡o ; Tf�[T�q ;i< cdWDTKaDmDjß~¢]ted^�� < j[micdTfe¦z|T�Vkc}j[mDsÝz|Tfc � z � cdWDT <
e}Tf`DedT�z|TfmicfP

��\



ø ì�í ôØ�4�p���
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R�WDT ; o_z�jwV�^�T�cdWD]iq�j¡z�c}WDT�~¢]_�l�[]��1j[mbsDP4â9T ; Tfs_jlm��1j[c}W oNm j[mbj[cdj¡oN�n�[],]t` `noNe}cdj[c}j[]tm@o�ede}j[®,T�q�oNc
;i< cdWDT�z�j[mDst�[T
�[],]t`�]t`Dcdjl^�j[ã�oNcdjl]_mx^�TfcdWb]iq@q=T�z}Vkedj ; T�q@j[m \:Wno�`DcdT�e � P
R�WbTfm*��T�~¢]t�[�[]���oNm
jlcdTfe¦oNcdjl®,TQj[^K`Ded]�®,Tf^�Tfmic�^KTfcdWD]iq �1j[c}W*T�o_V�W@jlcdTfe¦oNcdjl]_mxWnof®=jlmDs�c���]�`bWno_z�T�zk¯hcdWDTp£ne�z�c � ~¢]tedÙ
��oNe�q � `DW{o_z|T:£nmnqDzUcdWbT ; T�z|c$qDo�c�o�`no�edc}j[cdjl]_mnzUs_jl®,Tfmp�[],]t`�`no�edcdjlcdjl]_mnz±Z,oNmnqpcdWDT�z|T�V±]_mnq � ; otVXà �
`DW{o_z|TÝq=TfcdT�ed^�jlmDT�z�c}WDT�®toN�laDT�z)]�~hcdWDTK�[],]_`�`no�edc}j[cdjl]_mnz§oNs�oNj[mYZ4s_j[®,T�m cdWDTKqDo�c�o@`no�edcdjlcdjl]_mnz
ú�anz�chq=Tfc}Tfed^�jlmDT�qBP
g,`nT�Vkj¤£­Vfo��[� < Z�jlm cdWbT�~¢]_e}�1oNe¦q `DWno_z�T ��T z�Tfc�c}WDT qDo�c�o@`no�edcdjlcdjl]_m�]N~hT�otVXW oNede¦o < cd] ; T

]tmDT�]�~ØcdWDTÜqDoNc¦o)`no�edcdjlcdjl]_mnz:j[mnq=a{VkT�q ;=< cdWDTh�[],]t`nz1o_V�VkT�zdz�j[mDspjlcfP:R�WDT�VXWb]_jwV±T�j¡z�c}]�`Dj¡VXà
c}WDT
qDo�c�o�`no�edcdjlcdjl]_m*j[m{q=anVkT�q ;i< c}WDT
�wo�edstT�z|cp�[],]t` otVfVkT�z}z|jlmDs j[cfP§R�WDTfe}T�oNe}T�z�]_^�T2q=Tfc�o�j[�¡zQoNmnq
V�WnoNmbs_T�z�c}] cdWDj¡z ; o_z|j¡V
z|c}e�oNc}Tfs < �1WbjwV�W*��T�q=j¡zdVkanz}zQj[m g,T�V±cdj[]tm�,iP � P � P2uym*c}WDT ; o_V�à@`DW{o_z|T
�'TQz�Tfc1cdWDT��[],]_` `no�edc}j[cdjl]_m�]�~4T�o_V�W��l],]_` cd] ; Tp]_mDT�]N~$cdWDTQ�l],]_` `no�edcdjlcdjl]_mnz:j[mnq=a{VkT�q ;i< c}WDT
o�ede�o < z�otVfVkT�z}z|T�q ;=< c}WDT��l],]_`UPhâ�T§anz|T§cdWDT2Vk],z�c�^�]iqiTf�Ucd]�T�®_o��[ano�cdT§cdWDT2oN�[c}Tfedm{oNcdjl®,Tp�[],]_`
`no�edc}j[cdjl]_mnz1o�mnq�`bjwV�à�c}WDTp]_mDTp�1j[c}W cdWDTp^�jlmDj[^
aD^ Vk],z�cfP
R�WDT�z�T5~¢]ted��oNe�q o�mnq ; otVXài�1o�e�q�`DW{o_z|T�z1oNedThedT�`¿T�oNcdT�qBZ=T�otVXW�cdjl^�T1anz�j[mDs§cdWDTpV±],z|c'^�]iq=Tf�

c}]�qiTfcdTfe}^�j[mbT�c}WDT1T�z�cdj[^ÝoNcdT�q�oNe}e�o < edT±~¢TfedTfm{VkT1Vk]�z|c4~¢]_e:c}WDThVkaDe}edTfmic4`no�edcdjlcdjl]_mnz±P:�5~¢cdTfe�z|]_^KT
miaD^ ; T�e�]N~'jlcdTfe¦oNcdjl]_mnz±ZBcdWbT ; T�z|c�`noNe}cdj[c}j[]tm@~¢]_aDmnq9z|]�~ÞoNeQj¡z5`Dj¡VXà,T�q�otzQcdWDTp£nmnoN�$`noNe}cdj[c}j[]tmUP
RUTfed^Kj[mno�cdj[]tm�j¡z�q=j¡zdVka{zdz|T�qÝjlm@g,T�V±cdj[]tm ,=P � P � P:uvm `De�otVkcdj¡VkT�c}WDjwz�WbTfaDedj¡z|c}jwVhz|TfTf^Ýz�c}]
`nTfe|~¢]ted^
¥,aDj[c}TQ��T��[�vP

ÿ�¯ Áø¯£± Ç�» À � ¶�Ð!Â2³yÀ

â9T q=Tf^K]_mnz�cde�o�cdT cdWbT��']_e}à=jlmDs,z�]�~pcdWDT WDT�aDedj¡z|cdj¡V�]_m o*z|jl^�`D�[T�TfüboN^�`b�[T,P \:]_m{z|jwqiTfe�c}WDT
~¢]t�[�[]��1jlmDs
Vk]iqiT)~¢e�o�s_^�T�m=c�¯

` � 3T141 57698�:N<4=>=@?ùA>8�:�<�=C=�D
F~G 6¢?£A>Iè8 6���A

U ����` � 381"1
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(loop  spaces)

�©j[staDedT(,=P � ¯'uvmDj[c}jwoN�Yz|]t�[aDc}j[]_m c}]��l],]_`@`{oNedc}j[c}j[]_mbj[mDs �¢« `De}]iVkT�z}z|]_e¦z �

i , j

i , j

j , i
�X

�

Y
�

A
�

B0
	

1

2



3
�

0
	

1

2



3
� i , j

i , j

j , i
�X

�

Y
�

A
�

B0
	

1

2



3
�

0
	

1

2



3
�

i , j

i , j

j , i
�X

�

Y
�

A
�

B0
	

1

2



3
�

0
	1

2

3
�i , j

i , j

j , i
�X

�

Y
�

A
�

B0
	

1

2



3
�

0
	

1

2



3
�

0
	

1

2



3
�

0
	

1

2



3
�

0
	

1

2



3
�

0
	1

2

3
�

0
	

1

2



3
�

0
	

1

2



3
�

0
	

1

2



3
�

0
	1

2

3
�

Iteration  1

Iteration 2

forward phase
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back phase

forward phase
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back phase

(changed)

(optimal solution)

(loop spaces) (data spaces)
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p  data locality dominates q  cache locality dominates 
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�  total cache access time�  total local access time�  total remote access time
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JX[�QSÆ_IqÏFÈ&WTlFÅ~Æ_Lb[�YSI�[pf_ÎNQn[�LNPFÊvJcPRÏ�ÊmWZYSI�YSI�ÊOWXQSI�YSI5ÇgI�YSI�Px\*I�[*lÙØºPFÇ�JZ\*Q�ÒhWZf_Y�ÊOI�JYª
[af_Y]I�ÊmI�PRQ"[�JcY]I,[aLVÊmLNÎbJcY�QSW�Ì	ÆKJcQ�QSÆ_IqÏ�[pÆ_W�Ì�Ì	Æ_I�PÚQSÆ_IqÏHÈ&W�P_WXQ ÈRW�Q]Æ_IzÈ&Ï&PxJcÊmLb\
ÊmW%V$I�ÊmI�P$Qql

Ø�Q [aQ]LNÎVÎMJcÑ_ÑKI�J�Y"[mQSÆxJcQ^WZf_Y ÊmI�Q]Æ_WRÈ}[aLVUXP_LÄÍy\�JcPRQSÎVÏÚÈ&I�\*Y]I�JX[pI�[mQSÆ_I,PRf_Ê�Ë�IqY�W�Ç�YSIqÊmWXQ]I
Y]I*ÇgI�YSIqPK\*I�[KI9V$I�PMQSÆ_WZf_UXÆ�Q]Æ_I~W%V$I�YnJcÎVÎXÑKI�YaÇgWZYSÊ J�PK\*I�LNÊOÑKJX\*Q6ÈRI�ÑKI�PKÈ_[.WXP�Q]Æ_I�[aI�WZQSÆ_I�Y.Ç�JX\5QSWXYn[*l

× o
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Å~Æ_Lb[mQSÆ_I�[pL`[�ÆxJX[uÑTYSI�[pI�P&Q]I�È}JíÊOI�QSÆ_WRÈ}J�PKÈîJ�ÎNUXWZYSLVQSÆ_Ê ÇgWZY^J�f_QSWZÊ JcQ]L`\�J�ÎNÎVÏíÑxJcYSQ]LNQ]LNWXPTLNP_U
Ê�f_ÎNQ]LNÑ_ÎVIMÎNW$WXÑx[�JcPxÈFÈ_JcQnJ^Ë&ÏzI�ïZJcÎVfKJcQ]LNP_UzQSÆ_IO\*WXPRÖKL`\*QMËKI�QpÌ~IqI�PF\qJX\"Æ_I�ÎNWR\�J�ÎNLVQaÏ�J�PKÈFÈ_J�Q"J
ÎVWR\�JcÎVLNQpÏ$lzð~Ï�Ê J�Ð&LVP_U QSÆ_IvJcÑ_Ñ_Y]W�ñ&LVÊ JcQ]LNWXP�QSÆxJcQ�JcPÚJ�YSY"J�ÏFY]I*ÇgI�Y]I�PK\*I�LVP�J ÎNW$WZÑ�ÑKJ�YSQSLVQSLVWXP
Ì	LVÎNÎhÆKJ�ï$I J�ÎNÎeJX\q\*I�[S[MÎNWR\�J�Î~WZY�JcÎNÎ�Y]I�ÊmWXQ]I$Ò.Ì~I \qJcPFfK[pI J^[pLNÊmÑTÎNI�\*W�[aQ�ÇgfTPK\*QSLVWXPFQ]W,UXf_LbÈ&I
J,Æ_I�f_Y]L`[pQSL`\O[aI�J�Y"\"ÆíQ]Æ_YSWZf_UXÆ}Q]Æ_I UXÎVWXËKJ�Îd[pÑKJX\*IzWcÇMÎVW$WXÑrJ�PKÈ�È_J�Q"J,ÑKJcY]QSLVQSLNWZPK[*lÿº�I ÆKJ�ï$I
LVÊmÑ_ÎNIqÊ�I5P&Q]I�È�QSÆ_Lb[�ÊmI�Q]Æ_WRÈmLNP,WXfTYd\*WZÊmÑ_LVÎNI�YtJ�PKÈ,[aÆ_W�Ì	P,Y]I�[af_ÎVQ"[~ÇgWXYMJ�YSWXfTQSLNPTI�WcÇ�J�ÎbJcY]UXI
J�Ñ_Ñ_ÎNLb\�JcQ]LNWZP.l
�tË_Q"J�LNP_I�È�YSI�[pf_ÎNQn[m[aÆ_W�Ì�Q]ÆKJcQ UXÎVWXËKJ�Î�È_JcQnJ>ÑxJcYSQ]LNQ]LNWXPTLNP_UHL`[OJcPrLNÊmÑKWXY]Q"J�P&Q�Ç�JZ\*QSWZY LNP

UZI�QSQ]LNP_U UXW$WRÈFÑKI�YpÇgWXYSÊvJcPK\*I�luòeJX\"Æ_I�ÎNWR\�J�ÎNLVQaÏzWXÑ_Q]LNÊmLVó�JcQ]LNWZP,L`[M[aWZÊmI�Ì	ÆKJ�Q�ÎVI�[S[dLVÊmÑKWXYSQnJcPRQ
ÇgWZY�Ê JZ\ôÆTLNP_I�[KÎNLVÐ$I�Ó�ÎNIqÌ	L¼ÇgI$Ò�LVP�Ì	Æ_Lb\ôÆMYSIqÊmWXQ]IhÎ`J�QSI�PK\5Ï�Lb[.[aLVUXP_LÄÍy\�JcPRQSÎVÏMÊmWXY]IhI�ñRÑ�IqPK[aLVï$I�Q]ÆKJcP
ÎVWR\�JcÎhÎbJcQ]I�PK\*Ï$l�Ô�W�Ì~I�ï$I�YtQSÆTI�Y]I�Î`J�QSLNï$I�LNÊmÑKWZYSQ"J�PK\*I�WcÇtÈRWXLNPTU,\�JZ\ôÆ_I�ÎVWR\�JcÎVLNQpÏ WXÑ_Q]LNÊmLVó�JcQ]LNWZP
LVPK\*YSI�JX[aI�[~JX[~ÎVWR\�JcÎ�JX\�\5I�[S[~Q]LNÊmItËKI�\*WXÊOI�[�J�Î`JcY]UXI�Y~ÇgYnJX\*Q]LNWZPmWcÇ�YSI�ÊOWXQSIjJX\q\*I�[S[~Q]LNÊmI�l.Ø�PuQ]Æ_I
I�ñRQSY]I�ÊmIt\�JZ[aIMÌ	Æ_I�P Q]Æ_I�Ï J�YSIMI% $fKJcÎ�õ3»�¾,Ó�ÊvJX\"Æ_LNP_I�[ôö"Ò�È_JcQnJÕÎVWR\�JcÎVLNQpÏ�ÆTWXÎ`ÈT[�P_W�ÊOI�JcP_LVP_U_Ò
J�PKÈmWXP_ÎVÏ \�JX\"Æ_IMÎNWR\qJcÎNLVQpÏ�WZÑ_QSLVÊmLNó�J�QSLVWXP�Ñ_YSW�ïRL`È&I�[~U�JcLVPK[*l
Óî\*WZP&Q]YSLVË_f_QSLVWXPmW�ÇhQ]Æ_L`[~Q]Æ_I�[pL`[�Lb[~QSÆKJ�Q	QSÆ_Lb[~ÊmI�Q]Æ_WRÈmJcQ]QSI�ÊOÑ_Q"[hQSW�ÈRW�Q]Æ_IdËKI�[aQ	ÑKW�[S[aLVË_ÎNI

LVYSYSI�[aÑKI�\*Q]LNï$ItWcÇ�QSÆ_IMQpÏ&ÑKIMWcÇ�Ê JZ\ôÆ_LVP_I$l

× ¯
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Ø�PFWZY"È&I�Y�QSW,IqïXJ�ÎNfKJ�QSI QSÆTI�[aI QSI�\ôÆ_PTL`þ$f_I�[�Çgf_ÎNÎVÏÿÇgfTQSf_Y]IuÌeWXY]ÐFÌ	LNÎVÎ~LNPx\*ÎNfKÈRImYSf_Px[ÕWZP�Î`J�YSUZI�Y
PRf_Ê�Ë�IqY"[dWcÇMÑTYSWR\*I�[][aWZY"[�Ì	LVQSÆHÊmWXY]I JcÑTÑ_ÎNLb\�JcQ]LNWXPx[*l�ò�f_Y]YSI�PRQ�YSI�[pf_ÎNQn[�LNPKÈRL`\�J�QSI QSÆKJ�Qm\5WXÊ��
Ë_LVP_LNPTU�ÎNW$WZÑ,J�PKÈ^È_J�Q"J�ÑKJcY]QSLVQSLNWZP_LNPTU�L`[~LNÊOÑ�WZYSQnJcPRQ~LNPOWXË_QnJcLNPTLNP_U�QSÆ_IMËKI�[pQ	Ñ�IqYaÇgWXY]Ê JcPx\*IdWXP
\�JZ\ôÆTI���\5WXÆ_I�Y]I�PRQ~ÈRL`[aQ]YSLVË_f_QSI�ÈvÊOI�ÊmWXY]Ï�Ê�f_ÎNQ]LNÑ_Y]WR\*I�[][aWXYn[*l
+hYSI*ÇgIqQ"\"Æ_LNP_U�L`[ JíÑ_Y]WXÊmLb[aLVP_UHQSI�\"Æ_P_Lbþ�f_I^ÇgWZY Î`JcQ]I�PK\*Ï}Y]I�È&fK\5QSLNWZP�LVP�Ê�f_ÎVQSLNÑTYSWR\*I�[][aWZY"[*l

� W�ÇgQpÌ	JcY]I���\*WXPRQSY]WXÎNÎVI�ÈmÑ_YSI5ÇgI�Q"\"Æ_LNPTU i |RÒ�{Z{$Ò�{��_Ò�{��Xk�LVP&ï$WZÎNï$I�[~ÑTÎ`JX\5LNP_U�Ñ_YSI5ÇgI�Q"\"Æ^LVPK[aQ]YSfK\*Q]LNWZPK[
LVPuQ]Æ_I�\*WZÊmÑ_LNÎVI�Y�UXI�PTI�Y"J�QSI�È,\*WRÈRI$lt®xfTQSf_Y]I�\*WZÊmÑ_LNÎVI�Y~LVÊmÑ_ÎVI�Ê�IqP&QnJcQSLVWXPK[e\*WXfTÎ`ÈuLVPK\*WZYSÑKWXYnJcQSI
Ñ_Y]I*ÇgI�Qn\ôÆ_LVP_UtJcPxÈ�WXfTYhÑKJcY]QSLVQSLNWZP_LNPTUd[]\ôÆ_IqÊmI$Ò�JcPxÈ�ÊmI�JZ[af_Y]I�Æ_W�ÌíÌeI�ÎNÎ$Q]Æ_I�Ï�\*WZÊmÑ_ÎNIqÊ�I�PRQKI�JX\"Æ
WZQSÆ_I�Yql

º�I�Ì~WZf_Î`È ÎNLVÐ$I�Q]W JXÈTÈ^QSÆ_I�Ñ�W�[S[pLNË_LVÎNLNQpÏ WcÇ�\*WZÑ&ÏRLNPTUmÈ_J�Q"JmJ�QdYSfTP&Q]LNÊmIdQ]W J�ï$WXLbÈuYSIqÊmWXQ]I
Y]I*ÇgI�YSIqPK\*I�[.JZ[�LNPzi × k�l�Å~Æ_L`[.Ç�JX\*Q]WXY�\*WZf_Î`ÈMËKItJXÈ_È&I�ÈÕQ]WdWXf_Y \*W$[pQhÊmWRÈ&I�Î�llº�ItÈ&WjÆ_W�Ì~I�ï$I�Y�[afx[��
ÑKI�\*Q6QSÆxJcQeÈ_JcQnJdYSI�ÎVWR\�JcQ]LNWXP�Lb[ ÑTYSWXËxJcË_ÎVÏ�ÎNI�[][�LNÊmÑKWZYSQ"J�P&Q6LNP�\�JX\"Æ_I���\*WZÆ_I�YSIqP&Q�[aÆKJ�YSI�È�ÊOI�ÊmWXY]Ï
Ê JZ\ôÆTLNP_I�[hQ]ÆKJcPzLNPmÊmI�[S[SJ�UXIMÑKJZ[S[aLVP_U�Ê JX\"Æ_LNPTI�[*l

×	�
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i |ck�ÉdJ�ïRL`È�òeJ�ÎNÎ`J�ÆKJcP�ÒM�/IqPî�dI�P_PTI�È&Ï$ÒjJcPKÈrÓ�ÎNÎbJcPr+�WZYSQ]I�YaÍKIqÎ`Èol � WcÇgQpÌ	J�YSI�+ Y]I*ÇgI�Qn\ôÆ_LVP_U_l
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