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� E_`a�?Z?K�T%b>KVô\HJT%]�`aW�`a�7K,[7EGILKVU�`aE_W%bdW�gJ`a�7KsYJILKVm\E_W%HJX¤XL`aKVY¤OH�hW%`aK,`a�7T%`�X^�7T%ILY K�I3`^HJI^b7X¤T�I^KsW   XLKVILm%K�[ � �JKVb?`a�7K
XL`aT%b7[JT%IL[1[JKVm\E_T%`^EGW�b1W%gø`a�7K£`aH7I^bJE_bJF>T%bJF�]GK   KVU�W%ZfKVXs]GT�I^F�K�O0D�EGF�HJI^K£M)O O�YJILKVXLKVb\`aXsT%béK���T�ZfYJ]GK£W%gøUVW�I^ILKV]_T%`^KV[
ILT%bJ[JW�Z � T%]_Ô1EGb8TfM%õ�÷�XLYJT%U�K�O
W�EGW�]GW�F%E_X^`^X0T�bJ[dK�UVW%]_W%F�EGXL`aX3�JT¢m%KsX^�7W � b�`a�JT�`3T�bJE_Z?T�]�`^I^T�XaKVU�`aW%ILE_KVX0T�I^K � K�]G]\[JK�X^U�I^E   KV[dH7X^E_bJF£T�UVW�I^ILKV]_T%`^KV[

ILT%bJ[JW�Z � T%]_Ô¡Z?W\[JK�]kæ çP� ¥3�PM�èxOZY,HJIhEGb\`^HJEG`^EGW�bÝE_Xh`^�JT%`hT½XLEGZfE_]GT�IhU�W%ILI^K�]GT�`aK�[¡ILT%b7[JW%Z � T�]GÔ8ZfW\[JKV]¤UVT�b   K
T%Y7YJ]GE_KV[½`aWdILKVT�UV`^EGm�K�¥%Z?W   E_]GKhI^W   W�`aE_U£XLi�XL`aK�ZfXnO0D7W�IsE_bJXL`aT%b7UVK�¥ � �JK�bé`a�7KhZfW¢m%K�ZfKVb\`uYJT�`a`aK�I^b½W%g:`^�JK£T�F%KVb\`^X
E_XN[JK�X^E_F%b7KV[ `^WeILKVXLKVZ   ]GK"TlI^T�bJ[JW�Z � T%]_ÔcgpW%I¡YJT%IL`aE_UVHJ]_T%INYJHJILY W�X^K�Xn¥,K\O FPOG¥kX^H7I^gpT�UVK"U�W¢m%KVILT%F�K�¥�`aWcT¢m%W�EG[
YJILKV[JT�`aW�I^XkW�I   KVE_bJF½`^I^T�UÔ%KV[¤¥\KV`^U�O[K£b7W%`a�7KVI�K��\T%ZfYJ]_K�E_X£`a�7KdUVT�X^K � �7KVILK�[JE_I^K�UV`aE_W%b'U�7T%bJF�K(�JT%YJY)KVb7X£W%b7]Gi

� �JK�b"`a�JK>T%F�KVb\`kT¢m%W�EG[7X�T%b"W   X^`^T%U�]GK\O,öxb"`a�JE_X�UVT%XLK�¥ � KdUVT%bÝ]GW\W%ÔNT%`h`a�JK>[JEGXL`aT�bJUVKd`aILT¢m%KV]_KV[   i¡`a�JK>T%F�KVb\`
  KV` � KVKVbe` � W"U�W%bJXLKVU�HJ`aE_m%KNKVbJU�W%HJb\`^KVILX � E_`a�×W   X^`^T%U�]GK�XdT%b7[×`a�JK¡`aH7I^bJE_bJF<T%bJF�]GKéT�Xd`^�JKNXL`aK�Y×]_KVbJF�`a�×T�bJ[
`a�7K�`^HJILbJEGb7F?T�bJF%]_K&W%g3T>U�W%ILI^K�]GT�`aKV[NI^T�bJ[JW�Z � T�]GÔH\�EGb8XLHJU�¡T>XLi\X^`^KVZ"¥�`a�JK(T¢m�KVILT%F�KkX^`^KVY¡]GK�bJF%`^�NE_X�[JE_I^K�UV`^]Gi
ILKV]_T%`aK�[1`aW>`a�JK�[JKVb7X^E_`xifW%gøT%F�KVb\`aX�T%X,`a�JKhT%F%K�b\`aõ�T%F%K�b\`¼YJ�\i�XLE_UVT%] EGb\`^KVILgpKVILKVbJU�K£ILT%`aK£EGbJU�I^K�T%XLKVX � E_`a�N`a�JKh`aW�`aT%]
b\HJZ   KVI�W�g3T�F%K�b�`^X�T%bJ[8T%F�KVb\`aX�`^I^T¢m�KV]PX^�7W%IL`aKVI�[7EGXL`aT�bJUVK�X   K�` � K�KVb¡` � WfUVW�bJXLKVUVH7`aE_m%K&KVbJU�W%HJb\`^KVILXnO] Ü\ÅqÀ7Í)^ ÉsÆ�ÎpÉ.Ì\ÅqÃÉ�Ú%Ð ápâ_Y,b7K,E_b\`aK�I^K�X^`^EGbJF&U�JT�I^T�UV`^KVILEGXL`aE_UsW�g T(ILT%b7[JW%Z � T%]_Ô�E_Xu`a�7K�[JEGXLY)KVILX^T�]ÊW%g)`a�JK�T�F%KVb\`^X
gpILW%Z�T&XL`aT%IL`aE_bJF�I^K�F%E_W%b3O:öxb>W�`a�JK�I � W�I^[7Xn¥ � �JK�b>T�b>T�F%K�b�`�XL`aT�I^`^X¤W�HJ`�T%`¼T�F%E_m%K�b>Y)W%XLEG`^EGW�b3¥nE_`aX¼[JE_XLYJ]GT�UVK�Z?K�b\`
W¢m%K�I�T%b\i1W   XLKVILmnT%`^EGW�b½Y)KVILEGW\[¡[JKVY)KVbJ[7XkW%b¡`a�JK([7KVF%ILKVK�`aW � �7EGU�¡EG`^X�YJT%`^�8EGX�XL`aILT%E_F%�\`qO3öxb¡gpT%U�`q¥\`^�JK(�JE_F%�JK�I
`a�7KÝ`aH7I^bJE_bJF×T�bJF%]_K'W%g&`^�JKÝT�F%KVb\`1E_Xn¥,`^�JKÝZfW�I^K'`^�JKÝT�F%KVb\`1`^KVbJ[JX¡`aWeI^K�Z?T�EGb E_b `a�7K"X^T�ZfK"I^K�F%E_W%b W¢m%K�I
`aE_ZfK�O�o0KV`a`P~@b��   K·`a�JK<YJILW   T   EG]_E_`xil[JE_XL`aILE   H7`aE_W%b W�g(`a�JK<]GK�bJF%`^�cbkW%g(K�T%U� ZfW¢m%KÝX^`^KVY T�bJ[ed0~gf��^¥�`a�7K
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¾ E_`a�8`a�JK(T�[J[JE_`aE_W%bJT�]:T%XLXLHJZfYJ`aE_W%b¡`a�JT�`�d:~@f���E_X�X^i\ZfZfKV`aILE_U�T   W�HJ`�f��×�N��¥��e~�X^E_b�f��u�×�1T%bJ[
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� �0�
$ A �
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¾ �JK�b1`a�JK�U�W%ILI^K�]GT�`aKV[>I^T�bJ[JW�Z � T%]_Ô�UVW�bJX^E_XL`aX¼W%g)YJT�`a�JXuW�g T(U�W%bJXL`aT�b\`¤]_KVb7F%`a�¤¥¢XLT¢i
� ¥{`a�JK�bC��ô\HJT�`aE_W%b'~pM)O M)���

  KVUVW�ZfKVX
� � �� �r� � � ÖÝM � � �e~pU�W%XHf��

� � �e~pU�W%XHf�� � � � � �e~pUVW�XHf�� �
� � �e~pU�W%XHf�� ~pM)O M%MP�

öx`�UVT�bdKVT�X^E_]_i   K�XL�JW � b¡~   i(T�YJYJ]_i\EGbJF���^ �fÂ%É.Ì)ÎpÍ�Ú%Ð�� XuILHJ]_K�� `a�JT�`�T%X,�e~pU�W%XHf��uú �&~pExO K\OG¥¢`a�JK�[JE_X^`^I^E   HJ`^EGW�b
W%g�f&T%ILW%HJbJ[¡`a�7K�[7EGILKVU�`aE_W%b¡W%g¤`a�JK&YJILKVm\E_W%HJX�XL`aK�YN�JT�X�ÕVK�I^WfZfKVT�bNT�bJ[NTfXL`aT�bJ[JT%IL[½[7KVm\EGT�`aE_W%b¡T%YJY7I^W�T%U�JE_bJF
ÕVK�I^WP�a¥�� � �� ú � � � � � �JE_U�NU�W%ILI^K�X^Y)W%bJ[7X,`^WfT1X^`^I^T�EGF���`,YJT�`a�8ZfW¢m%KVZfK�b�`nO
���\Y)KVU�`aKV[½X^ô\HJT�I^Kk[7EGXLYJ]_T%UVK�ZfKVb\`�ILKVYJILKVXLKVb\`^X�`a�7K£ZfW%ILK£U�W%b\m%K�bJEGK�b\`uYJT%ILT%ZfK�`aKVI � EG`^� � �JE_U�é`^Wdô\HJT%b\`^EGgpi

[JE_X^Y)KVILXLT%]¼~pT%X�W�YJY W�X^K�[½`^W>K���Y)KVU�`aK�[N[JE_XLYJ]GT�UVK�Z?K�b\`q�   K�UVT%H7X^K�`a�JK&gpW�I^ZfKVI,E_X,K�T%XLEGK�Is`^W>K�X^`^EGZfT�`aK�¥�ZfW�I^K�W¢m%KVI¢¥
T%X3X^K�KVb&E_b�`a�JK�]GE_`aK�I^T�`aHJILKuW%b(ILT%b7[JW%Z � T�]GÔ\Xs~�T%bJ[(¾ E_KVbJK�I0YJILW\UVK�X^XLKVX:E_b�F�KVbJK�I^T�]��øæ �%� ¥�M%M{èx¥�gpW%I3]GT�I^F�K¼b�H7Z   KVILX
W%g�`^EGZfK�XL`aK�YJXn¥J`a�JKdK��\Y K�UV`^KV['XLô�H7T%ILK([JEGXLYJ]_T%U�KVZfKVb\`�E_X£Té]_EGb7KVT%I£gpHJbJUV`^EGW�b'W%g�`a�7K�`aE_ZfK�X^Y)KVb\`kZfW¢m\E_bJF)¥\K\O FPOG¥
`a�7Khb\HJZ   K�IsW�g:X^`^KVYJX¢¥

�
�JKVILKVT�Xs`^�JK�K��\Y K�UV`^KV[½[7EGXLYJ]_T%UVK�ZfKVb\`�E_X�bJW%`nO0¾·K

�
EG]_]PKV]_T   W%ILT%`aK£Z?W�I^KhW%bé`^�JE_X,E_[JK�T

E_b¡XLKVU�`aE_W%b¡M)O Q)O ()O
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öxbé`^�JEGX,XLKVUV`^EGW�b � KkW%bJ]_ifKV]_T
  W%ILT%`^K�W%béU�W%ILI^K�]GT�`aKV[fILT%bJ[7W%Z � T�]GÔ\X � E_`a�½Tdî��\KV[½X^`^KVYé]_KVbJF�`a� � O3ã��JE_XsZfW\[JKV]

`aT�Ô%K�X�EGb\`aWfT�UVUVW�HJb\`�`a�JK(gpT�UV`�`a�7T%`�`a�JKdT%ILKVT?KVñ)KVUV`^EGm�KV]_iéUVW¢m�KVILKV[   i½`a�JK(T�F%KVb\`�E_X�I^K�[JHJUVK�[8[JHJK(`aWfW¢m�KVIL]GT�Y3O
öxbe`^�JK¡gpW%]_]GW � E_bJF � K½K�X^`^EGZfT�`aK¡`a�JK¡W¢m%K�I^]_T%YjT%ILKVT<UVW¢m�KVILKV[   ijT%b×T�F%KVb\`>T%bJ[l[JKV[JH7UVK¡`a�JK¡KVñ)KVU�`aE_m%K¡T%ILKVT
X � K�YJ`�W%HJ`�E_b8X^K�T%ILU�½W%g3KVm�KVb\`aX¢O

¤ Â%ÃÃ}ÅqÐ Ú�Í.Å�ÆÝÃaÚ%À7Æ�Â%Ä¦¥¼Ú%Ð¨§�¥¼ÎpÍ�Û"ÚÝÐ ÂP¥�Í.ÈÊÃÀ ÎpÀ¢Ü<Ú�À¢ÜÊÐ Å½ÞqÚ%ÃÎpÚ�À7Ë�Åqápâ ¾<KfîJILX^`&U�W%bJXLEG[7KVI(`a�7K?U�T%XLK � �JKVILK
`a�7K�`^HJILbJEGb7F?T�bJF%]_K&W%g3`a�JK&UVW�I^ILKV]_T%`^KV[éILT%b7[JW%Z � T%]_Ô1E_X�X^ZfT%]_]PX^H7U�N`^�JT%`�`a�7K(T%F%K�b\`s[JW\K�X�bJW%`�`aK�bJ[¡`aWf]GE_ZfEG`
E_`�UVW¢m�KVILT%F%K>T%ILKVT8`aW'T'm�KVILiÝXLZfT%]_]uI^K�F%E_W%b   HJ`�ILT%`^�JKVI(�7T%X�T']_T%ILF%Kf[JE_X^Y7]GT�UVKVZfK�b�`(W¢m�KVI(]_W%bJF'W   XLKVILmqT�`aE_W%b
  W%HJ`^XnO

¾ �JK�bN`^�JK(mnT%ILEGT�bJUVK�W%g3`a�JK&`aH7I^bJE_bJFfT%b7F%]_K   KV` � KVK�bN` � WfUVW%b7X^K�UVHJ`^EGm�KhXL`aK�YJX�EGX�XLZfT%]_]�¥ � K�UVT%b¡T%Y7YJI^W2�\E_õ
ZfT%`^K£`a�7KhW¢m�KVIL]GT�YJY K�[1T%ILKVT�[7HJI^E_bJF>`a�JK�UVW�HJI^XLKkW�gøT%béK�m%KVb\`sT%X,`a�JK�UVHJZ>HJ]_T%`aE_m%KhW¢m%K�I^]_T%YJY)KV[fT�I^K�T%X   KV` � KVK�b
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T%b7UVK�W%g)`a�7K�`aHJILbJE_bJF(T%bJF�]GK\O:�£EGF���`nR:o3T%ILF%K,mnT%ILEGT�bJUVK�ILKVXLHJ]G`^EGb7F(EGbfXL�JT%ILY K�I¼`aHJILbJXuT�bJ[f]GE_ZfEG`^KV[1[JE_XLYJ]GT�UVK�Z?K�b\`
W¢m%K�I�`aE_Z?K\O

UVW�bJXLKVUVH7`aE_m%KkXL`aK�YJXnO0ã��JE_XsU�T%b   K£E_b\`aHJE_`aE_m%K�]GifK��\YJ]_T%E_bJK�[   i?`a�7K£gpT%U�`�`^�JT%`sKVm%K�b1`a�JW�HJF%�1`^�JK£T�F%K�b�`±� XsYJT%`^�1EGX
bJW�`�XL`aILT%E_F%�\`q¥{EG`^X�[JE_X^Y7]GT�UVKVZfK�b�`�W¢m%KVI�`aE_Z?KhEGX,]_T%ILF%K�¥¢E�O K�O_¥�`a�JKhT%F%K�b\`¼`aKVb7[JXs`^W�ZfW¢m%KkT � T¢i�gpILW%ZðE_`aX�Y7I^K�m�E_W%H7X
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`a�7K>K�Z   W�[7EGK�[ÝZfW\[JKV]x¥ � K>UVW%b7X^E_[JKVILKV[ÝT%b"T�I   E_`aILT%ILi½U�W%]_]GE_XLEGW�b"T¢m%W�EG[JT�bJUVK([7HJI^T�`aE_W%b"W�gh��½`aE_Z?K?HJbJE_`aX&T�bJ[
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E_b"T%b"T�I^K�bJTéW�g¼I^T�[JEGH7X � �½� ���%�%�1[7EGXL`aT�bJUVK>HJbJE_`aX�T%bJ["H7X^E_bJF½T�b"T%I   E_`aILT%ILi½U�W%]_]GE_X^E_W%bÝT¢m%W%E_[JT�bJUVK([JH7I^T�`aE_W%b
<nwlk�z��Ù���`aE_ZfKsHJb7EG`^XnO3öxb   W%`^�>U�T%XLKVX¢¥ � K,X^`^T%IL` � E_`a�?ThXLT%ZfK,EGb7EG`^EGT�]�gpILT%U�`aE_W%b>W%gJE_bJgpW%ILZfKV[>T%F%K�b\`aX��x�d�×�7� �)��O
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Non−embodied model
Embodied model    
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Embodied model    

D�EGF�HJILK1M)O_�)()Rþ~¤W%ZfYJT%ILE_bJF'bJW%b7X^YJT�`aE_T%]uZfW\[JK�]GX>W%g,KVZ   W\[JE_KV[×T�bJ[jbJW%bJõ�KVZ   W\[JE_KV[¦T�F%K�b�`^X�E_b¦EGbJgpW�I^ZfT�`aE_W%b
XLYJI^K�T%[ `^�JI^W�HJF%� ]_W\UVT�]£UVW�ZfZdHJbJE_UVT�`aE_W%b3O o3KVgp`nRr��Z   W\[JE_KV[ T%F�KVb\`aXN�JT¢m%K'TlI^T�[JE_HJX½W�g�QlHJbJE_`aX¢O��kE_F%�\`qR��Z   W\[JE_KV[8T�F%KVb\`^X,�7T¢m%K�T1I^T�[JEGH7X,W�g����fHJbJE_`aX¢O

D7ILW%Z D¤E_F%H7I^K�M)O_�)(&E_`¼T%YJY)KVT�I^X¼`^�JT%`n¥¢T�XuW%YJY)W%XLKV[?`aW(`^�JK�KVm�KVb\`¼[JE_X^U�W¢m%K�I^i(U�T%XLK�¥n`^�JK�EGb�éJHJKVb7UVK�W%g)KVZ   W\[Jõ
E_Z?K�b\`�W%b8`a�JK(Y)KVILgpW%ILZfT%bJU�K&W%g0`^�JK�T�F%KVb\`^X,E_XkbJW�`�T%] � T¢i\X�[JK�X^`^I^HJU�`aE_m%K\O¤ó£KVILK�¥�T�]G`^�JW%H7F%�¡gpI^K�ô�H7KVb\`�UVW�]G]_EGXLE_W%b
T¢m%W�EG[7T%bJU�K>XL]GW � X(E_bJgpW�I^ZfT%`^EGW�b<XLYJILKVT�[3¥ø`^�JK1KVZ   W\[JE_ZfKVb\`�W%g,`a�7K1T%F%K�b\`q¥   i"E_bJU�I^K�T%XLEGbJF8`^�JK1]GE_Ô%K�]GE_�JW\W\[jW%g
T%F�KVb\`aõ�T%F�KVb\`£K�bJUVW�HJb\`aK�In¥)E_bJUVILKVT�X^K�Xh`^�JT%`&W�g�E_bJgpW%ILZfT%`aE_W%b<K��\U�JT�bJF%K   K�` � K�KVb<T%F%K�b\`aX&T%X � KV]_]�Odã��\HJXn¥)T�X&T
gpHJbJU�`aE_W%b'W�g¤`^�JK�U�JT�I^T�UV`^KVILEGXL`aE_UVX�W�g¤`^�JK�XLi\X^`^KVZ"¥ÊW�bJK(W%g�`a�7KVXLK�` � W1E_b\`aK�I^ILKV]_T%`^KV[8KVñ)KVU�`aX?~�W%bJKdY W�X^E_`aE_m%K(T�bJ[
`a�7KdW%`^�JKVIhbJKVF�T%`^EGm�K��¤W%g¼K�Z   W\[JEGZfK�b�`hUVT�b   K>[JW%ZfE_bJT%b\`qO,D W%IhEGbJXL`aT�bJUVK\¥JgpW�I£XLZfT%]_]0mnT%]_HJKVXhW%g¼`^�JK�T%F�KVb\`aX2� X
ILT%[JE_HJXN~�E�O K�O_¥3X^ZfT%]_]   W\[Ji<XLE_ÕVK���T%bJ[¦Te~�I^K�]GT�`aE_m%KV]_i:��]_T%ILF%KfUVW�]G]_EGXLE_W%bjT¢m%W�EG[JT�bJUVKf[JH7I^T�`aE_W%b3¥:`a�JKN[JKVXL`aILHJUV`^EGm�K
KVñ)KVU�`fEGX1[JW�ZfEGbJT�b\`?T�bJ[e`^�JK'KVZ   W\[JE_KV[c`aK�T%ZûY)KVILgpW%ILZfT%bJU�KNE_X � W�I^XLK½`^�JT%bc`a�7T%`fW%gh`a�JK8bJW�bJõ.K�Z   W\[JEGK�[
T%F�KVb\`aX�`^KVT%Z"O¤ã��JE_XkU�T%b   K(XLKVK�b¡E_b¡D¤E_F%H7I^K&M)O_�)( � �JK�I^Ké~�gpW%I�`a�7K(X^T�Z?K&U�W%]_]GE_X^E_W%b¡T¢m%W�EG[7T%bJU�K£[JHJILT%`^EGW�b3�¤`a�7K
]_KVgp`uF�I^T�YJ�>XL�JW

�
Xu`^�JT%`¼`^�JKkILT%`^K�W%g)EGbJgpW�I^ZfT�`aE_W%bfX^Y7I^K�T%[fEGbf`^�JKkbJK�`

�
W�I^Ô�W�gPKVZ   W\[JE_KV[fT%F�KVb\`aXuE_Xu]_W

�
K�I¼`a�JT�b

`a�7T%`�E_bé`^�JK£bJK�` � W�I^Ô>W%gPbJW�bJõ.K�Z
  W\[JEGK�[éT%F�KVb\`aX¢¥ � �7KVILKVT%X�EGbé`^�JK£ILE_F%�\`uF%ILT%Y7�3¥¢`^�JK£]_T%ILF%K�I¼KVZ

  W\[JE_KV[éT�F%KVb\`^X
W%H7`aY)KVILgpW%ILZ `a�JK(b7W%bJõ�KVZ   W\[JE_KV[¡T%F�KVb\`aX¢O
K£]_`a�7W%HJF��·TÝgpHJI^`^�JKVIdZ?T�`a�JK�ZfT%`aE_UVT�]�E_b\m%KVXL`aE_F%T�`aE_W%b·ZfT¢iÝILKVm%K�T%] � �JK�`a�JK�IdW�I�bJW%`d`a�JK�I^K1K���E_XL`aXdT'î���K�[

  E_gpHJILUVT%`^EGW�b>Y)W%E_b\` � �JKVILK�W%bJK�W�g7`a�7K�` � W&KVñ)KVU�`aX
  KVU�W%ZfKVX¼[7W%ZfEGb7T%b\`q¥n`^�JK�gpT%U�`¼`a�JT�`�W%bJ]_i�KVZ   W\[JE_KV[fT�F%KVb\`^X

K��\E_X^`�E_bÝ`a�7K>ILKVT�] � W%IL]G["XLE_Z?Y7]Gi'XLHJF%F�KVXL`aXh`a�JT�`h`^�JK   KVXL`�T%YJYJILW%T�U�'EGb<[JKVXLE_F%bJE_bJF½`^�JK?X^i\XL`aKVZ�T   W¢m�KdE_Xh`^W
E_bJUVILKVT�X^K1`^�JK½T�F%KVb\`   W\[JijX^E_ÕVK � �7EG]_KéZfEGb7EGZfE_ÕVE_bJFÝ`^�JK½U�W%]_]GE_X^E_W%bjT¢m�W%E_[JT%bJU�K1[JHJILT%`^EGW�b ~ � �JKVbeT%]_]�KV]_XLKéT%ILK
KVô\HJT�]��^O:SÝW%ILKVW¢m%K�In¥VbJW�`aK,`a�JK�ILKVXLHJ]G`^X�T%bJ[>T%bJT�]Gi\XLEGX¤T   W¢m%KsT%ILK�UVW�bJ[JE_`aE_W%bJK�[dU�W%bJ[JE_`aE_W%b7KV[   i(`^�JK�T%XLX^H7Z?Y7`aE_W%b
`a�7T%`¡T%F%K�b\`aX½U�W%ZfZdH7bJEGU�T%`^KÝW%b7]Gi HJY)W%bÙ[JKV`^KVUV`^EGb7FlK�T%U� W�`a�JK�In¥�ExO K�O_¥�T%F�KVb\`aõ�T%F�KVb\`1KVb7UVW%H7b�`^KVI¡I^K�X^H7]G`^XNE_b
UVW�]G]_E_X^E_W%b×T¢m�W%E_[JT%b7UVK1gpW%I?`a�7KNU�T%XLKVXdE_bJgpW�I^ZfKV[7õ.E_bJgpW%ILZfKV[×T�bJ[×XLHJXLUVKVY7`aE   ]GK�õ.XLHJXLUVK�YJ`aE   ]_K½KVb7UVW%H7b�`^KVILX>T�bJ[×E_b
]_W�U�T%]:E_bJgpW�I^ZfT%`^EGW�b'EGb'`^�JK�U�T%XLK(EGbJgpW�I^ZfK�[Jõ.XLHJXLUVK�YJ`aE   ]_K�KVbJU�W%HJb\`^KVI¢O3KhX£XL`aT%`^KV['YJILKVm\E_W%HJXL]_i½E_b'X^K�UV`aE_W%b8MPO QPOG��¥
E_g � KhT�X^XLHJZfK£[JE_ñ)KVILKVb\`sU�W%ZfZdH7bJEGU�T%`^EGW�b½T%b7[½UVW�]G]_E_X^E_W%bé[7KV`aK�UV`^EGW�bNILT%bJF�KVX¢¥��sô\HJT%`^EGW�b<~pMPO QP()� � E_]_]øU�JT%bJF�K£T�X
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�
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�
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�
KVKVb'`^�JKdb7W%bJXLYJT%`^EGT�]:KVZ   W\[JE_KV['ZfT�UVILW%XLUVW%Y7EGU&ZfW\[JKV]_X£T�bJ[

`a�7KdZfEGU�I^W�X^U�W%YJE_U(ZfW\[JKV]¤YJILKVXLKVb\`aK�[¡E_b"XLKVU�`aE_W%b'M)O çéT�X£E_]G]_HJXL`aILT%`aK�[   iND�E_F%HJILK�M)O_�çPOsã��JKdILKVXLHJ]_`aX£E_b"D�E_F%HJILK
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Microscopic simulation    
Embodied macroscopic model

D�EGF�HJILKkM)O_�çPR�~¤W�Z?Y7T%ILEGXLW%b   KV` � KVKVb·~pbJW�bJX^Y7T%`aE_T%] KVZ   W\[JE_KV[3�0ZfT%U�I^W�X^U�W%YJE_U�ZfW�[7KV])YJI^K�[JE_UV`aE_W%b7X�T%b7[éZfEGU�I^W�õ
XLUVW%Y7EGU&XLEGZ>HJ]GT�`aE_W%bJX�W�g0E_bJgpW%ILZfT%`^EGW�bNXLYJILKVT%[¡`a�7I^W�HJF%�¡]GW\U�T%]øUVW�ZfZdHJbJE_UVT�`aE_W%b   K�` � K�KVb¡T%F�KVb\`aX¢O

465�_574 869;:=<?>@:=ACGHBdc�D,F;>@G�F�BED,F6GHA
ã��JK'E_[JKVT¦`^�JT%`1ZfTP��E_ZfEGÕ�EGb7F¦`a�JK"ILT%`^K8W%g�EGbJgpW�I^ZfT�`aE_W%b X^Y7I^K�T%[cEGb T¦bJK�` � W�I^Ô×W�ghZfW   EG]_K'ILW   W%`aX1U�T%b   K
~pgpT�EGIL]_icT�UVU�HJI^T�`aK�]Gi:�&[JW�bJK   i ZfT	�\EGZfE_ÕVE_bJFe`^�JKÝT¢m�KVILT%F�K¡Y7I^W   T   E_]_EG`xicW%g(]_W\UVT%]x¥�Y)KVK�I^õ�`aW�õ.Y)KVK�In¥sXLHJUVU�KVXLX^gpHJ]
E_bJgpW%ILZfT%`aE_W%bÙK��\U�JT�bJF%K   K�`

�
K�KVb `^�JKjI^W   W�`aX

�
T�XNî7I^XL`NE_b\`aILW\[JHJUVK�[   i�t¼W%XL�JE_[JTcT%bJ[ÙUVW

�
W%ILÔ%KVILX<æ_���ç{è�O

ó£W � KVm�KVI¢¥:`^�JKVE_I?Z?W\[JK�]sE_X?bJW%bJXLYJT�`aE_T%]�T�XdE_`>ZfT�Ô%KVX>bJW"T�UVUVW�HJb\`dW�g�`a�JKN`aILT2XaKVU�`aW�I^E_KVX�W�Id`^�JKNY)W%XLE_`aE_W%bJX>W%g
`a�7K½T%F�KVb\`aX>W¢m%K�I�`aE_ZfK�O8öxb×`^�JK½gpW�]G]_W � E_bJF)¥ � KéK��\`aK�bJ[×`^�JK½ZfW\[JKV],E_b�`^W"TÝXLYJT�`aE_T%]�ZfW\[JK�]�T%b7[×YJILW%Y)W%XLK1T
F%K�bJKVILT%],ZfKV`^�JW\[lgpW�I1F%E_m�E_bJF ~pZfT%`^�JKVZfT%`^EGU�T%]_]Gi:�hT·[JKVXLEGF�blY7T%ILT%ZfKV`^KVI'~p`a�7K¡U�W%ZfZdH7bJEGU�T%`^EGW�beILT%bJF�K��£`a�JT�`
ZfT	�\E_Z?E_ÕVK�X�`^�JKkT¢m%K�I^T�F%K,YJILW   T   EG]_E_`xidW%gøXLHJU�UVKVXLXLgpHJ]JE_bJgpW%ILZfT%`aE_W%b1K��\U�JT%bJF�K�~pXLKVKkT�]GXLWNæ Q{è��^O/K£]_`a�JW�HJF%�1E_béW%H7I
ZfW\[JKV] � K([JW1b7W%`�XLY K�UVE_îJUVT�]G]_i½`^T%Ô%K(E_b\`aW1T�UVUVW�HJb\`�`a�JKd`aILT2XaKVU�`aW�I^E_KVX�W%g�`^�JK�T%F�KVb\`aX¢¥ � K(UVW%b7X^E_[JKVI£X^YJT�`aE_T%]_EG`xi
`a�7I^W�HJF%�"`^�JKd[7EGXL`aILE   HJ`aE_W%b<`a�JT�`£ILKVXLHJ]G`^XhgpILW%Z�`^�JKdZfW¢m%K�ZfKVb\`£YJT�`a`^KVILb"W%g¼`^�JK>T�F%K�b�`^XnO�¾<K?EG]_]_HJX^`^I^T�`aK>`a�JT�`

� �JK�b½UVW�ZfYJT%ILKV[ � E_`a��t¼W%XL�JEG[7T�� X�ZfW\[JKV]x¥�`a�JK�YJILKV[JE_UV`^EGW�bJXsT�I^K£Z?W�I^KhT%U�UVHJILT%`^K � �JKVbN`a�JKhZfW�[7KV]P`aT�Ô%KVXsEGb\`^W
T%U�UVW�HJb\`�`a�7K�[7EGXL`aILE   HJ`aE_W%bNW%g0`^�JK�T%F%K�b\`aX¢O0D�E_bJT%]_]_i�¥ � K�mnT%]_EG[7T%`aK�W%H7I,ZfW\[JK�]

  i1U�W%ZfYJT%ILE_bJFd`^�JK&YJI^K�[JE_UV`aE_W%b7X

� E_`a�8X^K�bJXLW%ILõ   T�X^K�[éXLEGZ>HJ]GT�`aE_W%bJX¢O
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K�[JK�bJW%`^K   i��×`a�JKdT¢m%KVILT%F�Khb\HJZ   K�I£W�g¤XLKVb7X^W�I^X

�
E_`a�JE_b"`^�JK�`aILT%b7X^ZfE_X^XLEGW�b8I^T�[JEGH7X

W%gsT%b\i"F�EGm�KVb·X^K�bJX^W�In¥�� E_X(UV]_KVT%IL]_i'T%bjEGb7UVILKVT%XLE_bJFNgpH7bJUV`^EGW�b·W�g�`^�JK1I^T�[JE_HJX(T%bJ[·ZfT¢i"T%]_XLWN[JK�Y K�bJ[jW%bj`a�7K
]_W�U�T%`^EGW�b1W%gP`a�JKh�JW%XL`q¥{YJILW¢m�E_[JK�[1`a�JT�`u`a�JKhX^K�bJXLW%IuU�T%b1ILKVUVK�EGm�K�EGb7gpW%ILZ?T�`aE_W%bfgpILW%Z T%`uZfW%XL`)��~�I^K�gpKVILI^K�[1`aW�T�X
`a�7K¡ÎpÀLÁqÂ�ÃÄ>Ú�Í.ÎpÂ�À¦Ã}Å�ËLÅaÌ)Í�ÎpÂ%À·Ë�ÚÌÊÚ%ËqÎpÍ.ßéW%g�`^�JKdT�F%KVb\`n�¤W%`a�7KVI£XLKVb7X^W�I^X�T�`kT%b\i½F�EGm�KVb'`^EGZfK�¥

�
K(X^K�K�`a�JT�`k`a�7KVILK

ZdH7X^`hK��\EGXL`£T�b"W%Y7`aE_Z?T�]3mnT�]GHJKdW%g¼`a�7K>`^I^T�bJX^ZfE_X^XLE_W%b8I^T�[JE_HJXn¥
�
�JE_U�"ZfT	�\E_Z?E_ÕVK�Xh`^�JKdW   `aT�EGb7T   ]_K�XLHJUVU�KVXLX^gpHJ]

`aILT%b7X^ZfE_X^XLEGW�b¦I^T�`aKNT%bJ[×�7KVbJU�K½`a�7KNE_bJgpW%ILZfT%`^EGW�b¦K��\U�JT%b7F%KéILT%`^K�O'ã��7EGX?UVT�X^KNX^`^HJ[JijKV]_T   W%ILT%`^KVXdW�b×`a�7KVXLK
E_[JKVT�XnO

öxb·`a�JK1gpW�]G]_W � EGb7F � KfT%XLX^HJZfK?`a�JT�`(X^K�bJXLW%ILXhT�I^KfUVT�YJT
  ]GK?W%gs`aILT%bJXLZfEG`^`aE_bJF'T%bJ[·ILKVUVK�EGm\E_bJF¡EGbJgpW�I^ZfT�`aE_W%b
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ZfT	�\E_Z?E_ÕVK�Xh`^�JKdE_bJgpW�I^ZfT%`^EGW�b"K��\U�JT�bJF%KdI^T�`aK   KV` � KVK�b"`a�7KdZfW   E_]_K>XLKVbJXLW%ILX¢O�ã��JKdY7I^W�Y W�X^K�["ZfW�[7KV]¤Z?T�Ô%K�X
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  KVUVT�HJXLK � �JKVbÝW   XaK�UV`aX�T%ILK�ILT%bJ[7W%Zf]GiN[JE_X^Y)W%XLKV["W�b'T½YJ]_T%b7K�`a�JK?b\HJZ   KVIhW%g¼W   XaKVU�`aX£E_b"TNUVKVIL`aT�EGb'T�I^K�T1EGX
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T¢m%W�EG[7T%bJU�KuI^K�X^H7]G`^EGbJF�gpILW%Z�YJ�\i\X^E_UVT�]\EGb\`aK�I^gpK�I^K�bJUVK\O%»�E_bJT%]_]Gi\¥qEGg `a�JK�U�W%b\`aILW%]_]GK�I3W�gJ`a�7K,T�F%K�b�`^X3E_X�[JKVXLE_F%bJK�[dXLHJU�
`a�7T%`,T%F%K�b\`aX�ZfW¢m�K£T � T¢idgpILW%ZòKVT�U�1W%`^�JKVI,T%gp`^KVI�K��\U�JT�bJF%E_bJF(E_bJgpW%ILZfT%`aE_W%b·~pK�O F)O_¥�Të�hõ.`^HJI^bN`aW?[JKVU�I^K�T%XLKk`a�7K
]_EGÔ�KV]_EG�JW\W\[�W�gÊUVW%b7X^K�UVHJ`^EGm�K�E_bJgpW%ILZfT%`aE_W%b(K��\U�JT%bJF�K � E_`a�d`^�JK,X^T�Z?KsT%F�KVb\`aX¢�a¥�`a�7KVbdY7HJI^KsT%F�KVb\`aõ�T%F�KVb\`øUVW�]G]_EGXLE_W%b
T¢m%W�EG[7T%bJU�K � E_]G]ø�7T%YJY)KVb8ILT%ILKV]_i�O

§�¨2ä ¸P´1´�å7¬:´%¶�°p²8´{ª7¯

»�EGF�HJILK<MPOG�#"×]GK�gp`8X^�JW � X¡TcX^E_ZdHJ]_T%`^KV[3¥kZfW   E_]GK\¥kT�HJ`aW�bJW%ZfW�HJXNT�F%K�b�`NKVbJ[7W � K�[ � EG`^�Ù]_W\UVT�]hY)KVK�I^õ�`aW�õ.Y)KVK�I
`aILT%b7X^ZfE_X^XLEGW�b>U�T%YJT   E_]GE_`aE_KVXh~�E�O K�O_¥%T   ILW%T%[7UVT%XL`�UVW�Z?Z>HJbJE_UVT�`aE_W%bfT%b\`aK�bJbJTP�)EGb1¾·K   W%`^X�T%b7[À»�E_F%HJILK�M)O_�)"(ILE_F%�\`
YJILKVXLKVb\`aX�TfbJK�` � W�I^Ô1U�W%bJXLE_X^`^EGbJFfW�g,��fT�F%KVb\`^XnO»�EGF�HJILKNMPOG��Q<E_X1TjX^Ô�KV`aU�7EGbJF·W%gh` � WjT�F%KVb\`^X � E_`a�7EGb UVW�ZfZdHJbJE_UVT�`aE_W%bcI^T�bJF%K\O¦öxbJgpW�I^ZfT�`aE_W%bcK��\U�JT%b7F%K
W\UVU�HJI^X   K�` � K�KVb×`^�JK½ZfW   EG]_KéT�F%KVb\`^XdHJY)W%b×K�bJUVW�HJb\`aK�InO8óhW � K�m%K�In¥:[JHJK½`^WÝU�W%ZfZdHJb7EGU�T%`aE_W%b¦E_b\`aK�I^gpK�I^K�bJUVK\¥
T%b8T�F%KVb\`�UVT�bNILKVU�KVE_m%K&ZfKVXLX^T�F%K�X,W�bJ]_i½gpILW%Z T1ZfT	�\E_ZdHJZ b\HJZ   KVI�W�g3W�`a�JK�IkT%F�KVb\`aX�T%`�T1`^EGZfK½~�I^K�gpKVILI^K�[N`^W
T%X(`^�JKfT%F�KVb\`ê� X(EGb7gpW%ILZ?T�`aE_W%b<I^K�UVKVY7`aE_W%b·UVT%Y7T%UVE_`xi�¥2�d�^OÀ»7W�I(EGbJXL`aT�bJUVKfT�b<E_bJgpW%ILZfT%`^EGW�bÝILKVUVK�YJ`aE_W%b·UVT�YJT%U�EG`xi
�NUVW�I^ILKVXLY W�bJ[JXf`aW¦`^�JK'UVT�X^K � �JK�I^K'T�]G]�`^I^T�bJX^ZfE_X^XLE_W%bJXfILKVUVK�EGm�KV[cgpI^W�Z�ZfW%ILK8`a�JT�bcW�bJK8T%F�KVb\`fT%`fT¦`aE_ZfK
T%ILKéT�] � T¢i\X(]GW�X^`8~p[JHJKN`aW"U�W%ZfZdH7bJEGU�T%`^EGW�b¦EGb\`aK�I^gpK�I^K�bJUVK\¥3X^E_F%bJT�]NXaT%ZfZfE_bJF)¥¤]_W � UVW%ZfYJH7`aT%`^EGW�bJT%]sY W � KVIdW%g
E_bJ[JE_m�E_[JHJT�]:bJW\[JK�Xn¥�K�`aU�O_�

R&¨�æ ´{«¹P±p¯�«
»7W�I�`a�JE_X¼K��\Y)KVILEGZfKVb\`n¥qTh`^KVT%Z W%g3���hZfW   EG]_KsT�F%K�b�`^X � T�X3HJXLKV[?E_b¡����;�N���%�hUVZ � T%bJ[8�ç%M6�N�ç�M£U�Z � T�I^K�bJT%X¢¥
T%b7[NQ��>¾·K   W%`^XkX^E_ZdH7]GT�`aE_W%bJX�ILHJbJX � KVILKhU�W%bJ[JH7UV`aK�[3O���ILILW%I   T%ILX,ILKVY7I^K�X^K�b�`,XL`aT%b7[JT%IL[½K�I^ILW%ILXsT�ZfW%bJF?I^H7bJXnO
öxb¦`a�7KéZfKV`a�7W�[7W%]_W%F%iÝ[JKV`^T%E_]GK�[¦EGb¦`^�JKéZfT%`^�JKVZfT%`^EGU�T%]uT�bJT%]_i\X^E_X(T   W¢m%K\¥ø`^�JKéîJILX^`(XL`aK�Y¦EGX>`aW'K�X^`^EGZfT%`^Ké`a�7K
[JE_X^`^I^E   HJ`^EGW�b>W�g7`^�JK�T%F%K�b\`aX�EGb?`a�7K,K�b\m�E_ILW%bJZfKVb\`nOø¾·K�W   `^T%E_bJKV[>`a�JT�`¼[JEGXL`aILE   HJ`aE_W%b   i(UVW�Z?Y7HJ`aE_bJF&`a�JK�ZfKVT�b
gpILT%UV`^EGW�bjW%g�`a�JK½`aKVT�Z E_b¦T"XLKV`(W%g�YJT�I^`^EG`^EGW�bJE_bJF'I^K�F%E_W%bJX(W�g�`a�JKéK�b\m�E_ILW%bJZfKVb\`(W¢m�KVI(`aE_ZfK�O½ã��JKVXLKéILKVF�EGW�bJX
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»�EGF�HJILK£M)O_�)"PR:o3KVgp`nRó~¤]GW�X^K�õ.HJY½W%g:T?X^E_ZdH7]GT�`aKV[½Z?W   E_]GK�X^K�bJXLW%I,KVô\HJE_YJY K�[ � E_`a�¡T   I^W�T%[JU�T%XL`uUVW�Z?Z>HJbJE_UVT�`aE_W%b
T%b\`^KVbJbJTjZfW%H7b�`^KV[ W%b `^W%Y T%`1E_`aXéU�KVb\`aK�InOc�£EGF���`nR�K bJK�` � W�I^Ô¦W�gf���·XLE_ZdHJ]_T%`^KV[ ZfW   E_]GK'XLKVb7X^W�I^XfE_bcT�b
KVb7UV]_W%XLKV[¦�ç%M-�·��ç%M?UVZ � ILKVF%E_W%b¤O
UVW�I^ILKVXLY)W%bJ[¦`^W<T<X^K�`>W�gkUVW�bJUVK�b�`^I^E_U½ILE_bJF%X?W%g � E_[J`^���·UVZûUVK�b\`aKVILKV[eT%`?`a�JK¡ZfEG[J[7]GK8W%g�`^�JK8T%ILKVbJTPO"ã��7K

� E_[J`a�3¥�~�E�O K�O_¥/�"UVZ"� � T%X�U�7W%XLKVb ~pT�I   E_`aILT%ILE_]Gi:�   KVUVT�HJXLK1T%b¦T%F�KVb\`½~pExO K�O_¥0TSç(�7KVY)KVILT'I^W   W�`q��E_XdQPO Q'U�Z E_b
[JE_T%ZfKV`^KVI>T%bJ[×`^I^T¢m�KV]_X�T%`>T%b¦T¢m�KVILT%F%KfXLY K�KV[×W�gó""UVZ���Xn¥¤`^��H7Xn¥3UVT�YJT   ]GKéW�g�ZfW¢m�E_bJF"gpILW%ZïW%b7K½ILKVF%E_W%bj`^W
T%b7W%`a�7KVI¢¥�W%b¡T¢m%KVILT%F�K�¥%KVm�KVILi1X^K�UVW%b7[3O3¾<K(U�JW�X^K&T � E_[J`a�8W%g��fUVZí~pE_bJX^`^KVT�[!"fUVZ gpW%I�E_bJXL`aT%b7UVK��¤`^Wf]GK�T¢m%K�T
XLZ?T�]G]¤ZfT%ILF%E_b'gpW%Ih`a�JK'��7è�bJW�EGXLKdK�Z   KV[J[7KV[ � E_`a�<`a�JK>W%HJ`^YJHJ`aX&W�g¼`a�JK>T%UV`^HJT%`^W%ILX?~�K�O F)O_¥7ZfW�`aW%ILX¢��W%g¼K�T%U�
XLEGZ>HJ]GT�`aK�[ÝILW   W%`?~�X^K�K8æ�Mç%è��^O�~¤W%bJXLKVU�HJ`aE_m%K>X^b7T%YJXL�JW%`^XhW�gu`a�7K>K�b�m\E_I^W�bJZfKVb\` � KVILKd`^T%Ô�KVbÝK�m%K�I^i¡X^K�UVW�bJ[ÝgpW�I
W%b7K��7W%HJI�T�bJ[8I^K�Y K�T%`aK�[NQ��f`aE_Z?K�XnO

ã��JKN�JEGXL`aW�F%ILT%ZfXdE_b¿»�E_F%HJILKVX?M)O_�)�"T�bJ[×MPO M��"X^�7W
�
`a�JK¡[JE_X^`^I^E   HJ`^EGW�b×W%gkT�F%K�b�`^X¡~�EGblgpI^T�UV`aE_W%beW%g�`aK�T%Z

XLEGÕ�K��£EGbl`a�JK¡[JE_ñ K�I^K�b�`?XLYJT%`^EGT�],ILKVF�EGW�bJXdZfK�b�`^EGW�bJKV[lT   W¢m%KégpW�If`aKVT�ZfX>W�g>�éT�bJ[Ù���ÝT%F�KVb\`aX?E_b ����u� ����
T%b7[���ç%M.� ��ç%MjUVZ � T�I^K�bJT%X¢O ã��JK'XLEGZfE_]GT�I^E_`xi   KV` � KVK�bc`^�JK"F�I^T�YJ�JX1W   `aT%E_bJK�[ � E_`a� �NT�F%KVb\`1T�bJ[ `a�JT�`
W   `aT%E_bJK�[ � E_`a�¦��?T%F�KVb\`aX�UVW�bJîJILZfX,`^�JT%`   W%`^�NF�I^T�YJ�JX�T%]_XLW>ILKVYJILKVXLKVb\`s`a�JK(T¢m�KVILT%F%K£YJI^W   T   EG]_EG`xi1W�g0îJb7[JEGb7F
T"YJT�I^`^EGU�HJ]_T%IdT�F%K�b�`¡~pU�JT�I^T�UV`aK�I^E_ÕVK�[   i·`a�7EGX?X^Y)KVU�EGî7U½ZfW¢m%K�Z?K�b\`�YJT%`^`aK�I^b¦T�bJ[×KVZ   W\[JE_ZfKVb\`q� � EG`^�JE_be`a�7K
XLYJT%`^EGT�]ÊI^K�F%E_W%bJX¼[JK�îJbJK�[?T   W¢m�KsT�`¼T%b\i�F�EGm�KVb?`aE_Z?K\O3öxb?K�T%U�?W%g)`a�JK�X^K�Y7]GW�`aX¢¥¢`a�7K�X^W�]GE_[Jõ�]GE_bJK�UVH7I^m�K,ILKVY7I^K�X^K�b�`^X
`a�7K<T�bJT%]_i\`aE_UVT%]hgpHJbJU�`aE_W%b T�YJYJILW2��E_ZfT%`^EGW�b W%g(`a�7KÝZfKVT�X^HJILKV[ X^YJT�`aE_T%]h[JEGXL`aILE   HJ`aE_W%bÙW%g(`^�JKÝT�F%KVb\`^X½E_b `a�7K
T%ILKVb7T)ONã��JK½[7EGXL`aILE   HJ`aE_W%b×W�g�`a�JKN`aKVT�ZfZ?T�`aK�XdT%Y7Y K�T%ILXd`aWÝgpW%]_]GW � T�é,T�HJX^XLE_T%bJõ�]GE_Ô%K1Y7T%`a`^KVILb ~pT�]G`^�JW%HJF��×E_`
XLKVKVZfX�XL]GE_F%�\`a]_iéT�X^i\ZfZfKV`aILE_U��0T%X�EG]_]_HJX^`^I^T�`aK�[½E_bNK�T%U�½Y7]GW�`   ié`^�JK&F%W\W\[½T�F%ILKVKVZfK�b�`   K�` � K�KVb¡`a�JK�é,T�HJX^XLE_T%b
T%Y7YJI^W2�\E_ZfT%`aE_W%bNT%bJ[8`^�JK�ZfKVT�X^HJILKV[¡[JE_X^`^I^E   HJ`^EGW�b3OÔ�hW%`^K(`a�JT�`�`a�JE_XÀé,T�HJX^XLE_T%b¡T%YJYJILW2�\EGZfT�`aE_W%b½U�W%ILI^K�X^Y)W%b7[JX
`aWN`a�JK��0~�� �¼ZfK�b�`^EGW�bJKV[ÝEGb"XLH   XLKVU�`aE_W%b4ê�T%bJ['`^�JKdY7]GW�`aX�EGbj»�E_F%HJILKVXhM)O_�)�1T�bJ["M)O M%�1[7WébJW%`hI^K�YJILKVXLKVb\`k`a�7K
YJILW   T   E_]GE_`xi¦[JE_X^`^I^E   HJ`^EGW�begpHJbJU�`aE_W%bcEG`^X^K�]Gg   HJ`f`^�JK8EGb\`aK�F%ILT%`^KV[×mnT%]_HJK�X1W%gk`^�JK8gpHJbJUV`^EGW�blW¢m�KVI?UVW�bJX^K�UVHJ`^EGm�K
E_b�`^KVILmnT%]_X�W%g � E_[J`^���?U�Zï~�E�O K�O_¥\`a�7K(UVW%b7UVKVb\`^I^E_UhILE_bJF%X¢�aO

ã��JK¥é,T�HJX^XLE_T%b¡T%YJYJILW2�\EGZfT�`aE_W%b½gpH7bJUV`^EGW�b¡H7X^K�[¡`^W1îJ`�`a�7K�ZfKVT%XLHJILKVZfKVb\`^X�EGb8`a�7K½��%���j��%�?UVZ � T�I^K�bJT
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»�EGF�HJILK>MPOG�#�)R * YJT%`^EGT�]�]GW\UVT�`aE_W%b·W%gh�>T�F%KVb\`�W¢m%K�Ih`^EGZfK�¥:X^W�]GE_[Jõ�]GE_bJK?UVHJILm%K?ILKVYJILKVXLKVb\`aX�T¿é,T%HJXLXLEGT�bÝT%Y7YJI^W2�\E_õ
ZfT%`^EGW�bNîJ`^`aE_bJF1`a�7K(Z?K�T%XLHJILKVZfKVb\`qO3o3KVgp`qR£��%�-�·���%�?UVZ � T%ILKVb7T)¥��kE_F%�\`qR���ç%M-�<�ç�M?U�Z � T%ILKVbJTPO
�JT�XdYJT�I^T�Z?K�`aK�I^X¢R�ë � Q��"UVZíT%b7[ïð ���)(l~�X^K�K¥»�EGF�HJILKVXdMPOG�#�']GK�gp`>T�bJ[¦M)O M%�Ý]GK�gp`q�aO"ã��JT%`>HJXLKV[¦gpW%I?`a�7K
�ç�Më�Ý��ç%M�U�Z � T�I^K�bJTd�JT�XsY7T%ILT%ZfKV`^KVILXnR%ë×� M%�£UVZòT�bJ[uð'�Ù�PMd~�X^K�K�»�E_F%HJILKVX�M)O_�)�dI^E_F%�\`,T%bJ[NM)O M%��ILEGF��\`q�aO
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»�EGF�HJILKhMPO M��)R * YJT�`aE_T%]P]GW\U�T%`aE_W%b¡W%g���?T%F�KVb\`aX�W¢m%K�Is`^EGZfK\¥�X^W�]GE_[Jõ�]GE_bJK&UVHJILm%K�ILKVYJILKVXLKVb\`aX,Tjé,T%HJXLXLEGT�b½T%Y7YJI^W2�\E_õ
ZfT%`^EGW�bNîJ`^`aE_bJF1`a�7K(Z?K�T%XLHJILKVZfKVb\`qO3o3KVgp`qR£��%�-�·���%�?UVZ � T%ILKVb7T)O0�kEGF��\`qR��ç�MZ�j�ç�M>U�Z � T�I^K�bJT)O

Y,bJU�Kd`a�7K>[JE_XL`aILE   H7`aE_W%bÝgpH7bJUV`^EGW�b � T%X�KVXL`aE_ZfT%`aK�[3¥ � K?YJILW\UVKVK�[JKV[ÝHJX^E_bJF¡`a�JK?ZfKV`^�JW\[Ý[JK�`aT%E_]_KV[ÝE_bÝXLH   õ
XLKVUV`^EGW�b¿ê `^W¦îJbJ[ `a�7K¡U�W%ZfZdH7bJEGU�T%`^EGW�blILT%bJF�KN`^�JT%`1ZfTP��E_ZfEGÕ�KVX1`^�JK'T¢m%K�I^T�F%KéYJILW   T   E_]GE_`xi×W�g£XLHJUVU�KVXLX^gpHJ]
`aILT%b7X^ZfE_X^XLEGW�b3¥%`a�JK�b � KhU�W%ZfYJT%ILKV[1`^�JK�YJI^K�[JE_UV`aE_W%b � EG`^�½`^�JKhZfK�T%XLHJI^K�[éUVW�ZfZdHJbJE_UVT�`aE_W%béILT%b7F%K£`^�JT%`,ZfT	�\E_õ
ZfEGÕ�KVX�`^�JK&b�H7Z   KVI�W%g3ZfKVXLX^T�F%KVX,XLHJUVU�KVXLX^gpHJ]_]_i1I^K�UVKVE_m%K�[½Y)KVI�T�F%KVb\`,YJT%I�`^EGZfK(HJbJE_`�gpW%I�T?`aK�T%Z W�g,��?ZfW   E_]_K
ILW   W%`aX£T%bJ['[JE_ñ)KVILKVb\`kmnT%]_HJKVXhW%gE�dO,ó£K�I^K\¥Ê`^�JKdb\HJZ   K�I£W%g�ZfKVXLXLT%F%K�X�X^H7UVUVK�X^XLgpHJ]_]Gi¡ILKVUVK�EGm�KV[8Y)KVI£T�F%K�b�`�Y)KVI
ZfEGb\HJ`^K(YJILW¢m�E_[JK�X,TfXLEGZfYJ]_K � T¢iéW%g3T%XLX^K�X^XLEGb7F>`^�JK(EGb7gpW%ILZ?T�`aE_W%b¡K��\U�JT�bJF%K�I^T�`aK&E_b¡`^�JK(bJK�` � W�I^Ô:O»�EGF�HJILKVX?M)O M)�f]_KVgp`fT%b7[eM)O M%MÝ]GK�gp`?Y7I^K�X^K�b�`>`a�JK8YJILKV[7EGU�`aE_W%bJX?W%gk`^�JK¡T¢m%KVILT%F�KéYJILW   T   E_]GE_`xi<W�gkXLHJUVU�KVXLX^gpHJ]
E_bJgpW%ILZfT%`aE_W%b K��\U�JT%bJF�K"T%XNT×gpHJbJU�`aE_W%bÙ`a�JK<UVW%ZfZ>HJbJE_UVT%`^EGW�b I^T�bJF%KÝEGb ���%�l�����%�¦UVZ � T%bJ[ ��ç%Ml���ç�M
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UVZ � T�I^K�bJT%X¢¥\ILKVXLY K�UV`^EGm�KV]_i�Os»¤E_F%H7I^K�XkM)O M)�hILEGF���`£T%bJ[8M)O M%M1ILE_F%�\`�X^�7W

�
`^�JK�ZfKVT�X^HJILKV[8b\HJZ   K�I£W%g�ZfKVXLXLT%F%K�X

XLHJUVU�KVXLX^gpHJ]_]_iéI^K�UVK�EGm�KV[¡Y K�I�T%F%K�b\`,Y)KVI�ZfE_b\HJ`aK(E_b8`a�JK(XLT%ZfK&bJKV`
�
W%ILÔ\Xn¥�ILKVXLY K�UV`^EGm�KV]_i�O
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»�EGF�HJILK1M)O M)�%R�hKV` � W%ILÔ"W%g(��'T�F%K�b�`^X(EGb¦Te���%���c���%�8UVZ � T�I^K�bJT)O1o0KVgp`nR(rsI^K�[JEGU�`aE_W%b·W%g,`a�JK½YJI^W   T   EG]_EG`xi
W%gsX^H7UVUVK�X^XLgpHJ]u`^I^T�bJXLZ?E_XLX^E_W%b<W   `^T%E_bJKV[·HJXLEGbJF��0~��7�&� �ò � � Ã K��\Y3~��0�

� ��ìq� Ë� ò Ë � � E_`a��ë���Q��¡U�Z T%b7[ ð � �)(PO
�kE_F%�\`qR * EGZ>HJ]GT�`aE_W%b¡I^K�X^H7]G`^X�W%g¤`a�JK(b\HJZ   K�I�W%g¤Z?K�X^XLT%F�KVX�XLHJUVU�KVXLX^gpHJ]_]_iéI^K�UVK�EGm�KV[½Y)KVI£T%F%K�b\`sY)KVIkZfE_b\HJ`aK\O
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»�EGF�HJILKdM)O M%MPR,�£K�` � W�I^Ô¡W%g���½T�F%K�b�`^XhE_b·T·�ç�Mþ�e��ç%MéU�Z � T�I^K�bJT)O£o0K�gp`qR�rsI^K�[JE_UV`aE_W%b<W%g¼XLHJUVU�KVXLX^gpH7]¤`^I^T�bJXLõ
ZfEGXLXLEGW�b"W   `^T%E_bJKV[ÝHJX^E_bJF��0~�� �k� �ò � � Ã K��\Y3~��0�

� ��ìq� Ë� ò Ë � � EG`^�Së �EM��&UVZ T�bJ[lð×� �PM%O£�kEGF��\`qR * E_ZdHJ]_T%`^EGW�b
ZfKVT�X^HJILKVZfK�b�`^X�W%g¤`a�JK(b\HJZ   K�I�W%g¤Z?K�X^XLT%F�KVX�XLHJUVU�KVXLX^gpHJ]_]_iéI^K�UVK�EGm�KV[½Y)KVI£T%F%K�b\`,Y)KVI�ZfE_b\HJ`aK\O

»�EGF�HJILKVX�M)O M)�hT%b7[NMPO M�M>U�]GK�T%IL]GiéXL�JW � `a�JT�`�`a�JK(YJILW%Y)W%XLKV[NZfKV`a�7W�[7W%]_W%F%i½T%UVU�HJILT%`aK�]Gi1Y7I^K�[JEGU�`aX�`^�JK(W%YJ`^EGõ
ZfT%]¼U�W%ZfZdHJb7EGU�T%`aE_W%b<I^T�bJF%K?gpW%I&ZfT	�\E_ZfEGÕ�EGbJF8`^�JKfEGbJgpW�I^ZfT�`aE_W%b·K��\U�JT%b7F%KdILT%`^KfEGb·`a�JK1[7EGñ)KVILKVb\`&bJKV` � W%ILÔ\X
YJILKVXLKVb\`aK�[jT   W¢m%K�O-�hKVm�KVIL`a�JK�]GK�X^X¢¥ø`^W'T%XLX^K�X^X(`^�JK1EGb�éJHJKVb7UVKéW�gs`^�JKéXLYJT%`^EGT�]¼[JEGXL`aILE   HJ`aE_W%bjW�g,`^�JK1T%F�KVb\`aX(W�b
`a�7K?Y7I^K�[JEGU�`aE_W%b3¥ � K>U�W%ZfYJT�I^K�["`a�JKfYJILKV[7EGU�`aE_W%bJX�W%guT¡HJbJE_gpW%ILZ XLYJT%`^EGT�]¤[7EGXL`aILE   HJ`aE_W%b<T%XLX^HJZfYJ`^EGW�b"`aW¡`a�7W%XLK
W%gs`a�JK1�7KV`aK�I^W�F%K�bJKVW�HJXh[7EGXL`aILE   HJ`aE_W%b ~pExO K�O_¥ø`a�7KSé,T�HJXLX^E_T%b·T%YJY7I^W2�\E_Z?T�`aE_W%b3�uT%bJ[j`^�JKfZ?K�T%XLHJILKVZfKVb\`&I^K�X^H7]G`^X
YJILKVXLKVb\`aK�[8T   W¢m%K�O¼ã��JK(HJbJE_gpW%ILZ [7EGXL`aILE   HJ`aE_W%b8T%XLXLHJZfKVX�`a�7T%`kT�F%KVb\`^X��JT¢m%K(`^�JK(X^T�ZfK(YJI^W   T   EG]_EG`xiNW%g   K�EGb7F
T%`sT%b\if]GW\U�T%`aE_W%b1W�bé`a�7KhYJ]_T%b7K£T%`sT%b\i?F%E_m%KVb½`aE_Z?Kf~pgpW�IsE_bJXL`aT%b7UVK�¥��0~��7��� ��

�
gpW%I�T>UVE_I^U�HJ]_T%I�T�I^K�bJT�W�gøI^T�[JEGH7X



ç�M
� ��¥�`a�\HJX¢¥

�
KhT�YJYJILW2��E_ZfT%`^KV[1`a�7K�XLô\HJT%ILK£T�I^K�bJTdW�g:XLEGÕ�KCí·T%X,T>U�EGILUV]_K�W%g:ILT%[JE_HJXïî� Ã �aO9»�E_F%HJILKhMPO MP(dYJILKVXLKVb\`^X

`a�7K'YJI^K�[JE_UV`aK�[lT¢m�KVILT%F�K½YJILW   T   E_]GE_`xi¦W%ghX^HJU�UVK�X^XLgpHJ]�`aILT%b7X^ZfE_X^XLEGW�beE_b T·b7KV`
�
W%ILÔ¦W%g?���<ZfW   EG]_K'T%F�KVb\`aXfE_b

T%ILKVb7T%X�W%g¤X^E_ÕVK�Xd����Z�<���%�?UVZ � T%b7[¦��ç%M-�·��ç%M?UVZ � ¥\ILKVXLY)KVUV`^EGm�KV]_iégpW%I�TfM�õ.÷�E_X^W�`aILW%YJE_U&[JE_X^`^I^E   HJ`^EGW�b3O
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»�EGF�HJILK�MPO MP()R0r�ILKV[JE_UV`^EGW�b � E_`a�8T%XLXLHJZfYJ`aE_W%b¡W%g3HJbJE_gpW%ILZ [JE_X^`^I^E   HJ`^EGW�b3¥ø��fZfW   EG]_K&T%F%K�b\`aX¢O:o3KVgp`qR¼r�ILKV[JE_UV`^KV[
YJILW   T   E_]GE_`xi<W�g�X^H7UVUVK�X^XLgpHJ]s`aILT%bJXLZfEGXLX^E_W%b¦E_b×Tl���%��� ����"UVZ � T%ILKVbJTPO¡�kEGF��\`qR>r�ILKV[JE_UV`^KV[¦YJILW   T   E_]GE_`xi·W%g
XLHJUVU�KVXLX^gpHJ]ø`^I^T�bJXLZ?E_XLX^E_W%b¡EGb¡TÝ�ç�MZ�·�ç%MfU�Z � T�I^K�bJT)O

»�EGILXL`0E_`3E_X � W%IL`a�dbJW%`^EGbJFh`a�JK,ô\HJT%]_E_`aT%`^EGm�K�XLEGZfE_]GT�I^E_`xi   K�` � K�KVb�`^�JK,Z?W\[JK�]\YJI^K�[JE_UV`aE_W%bdT%bJ[>`a�JK,X^E_ZdH7]GT�`aE_W%b
UVH7I^m�KVX0E_b�»�E_F%HJILKVX3M)O M)��T�bJ[�M)O M%M � �JKVILKVT�X0`a�7K�UVH7I^m�KVX0E_b�»�E_F%HJILK�MPO MP(�YJI^K�X^K�b\`0Tk[JE_ñ)KVILKVb\`3XL�JT�Y K\OøS"W�I^K�W¢m%KVI¢¥
`a�7KVILK?E_X&T   KV`^`aK�I�ô\HJT%b\`aE_`aT�`aE_m%K?T%F�I^K�KVZfKVb\`   KV` � KVK�b<`^�JKfYJILKV[JE_UV`^EGW�bJX&W%g�`^�JKjé,T%HJXLXLEGT�b"[JE_X^`^I^E   HJ`^EGW�b<T�bJ[
`a�7K'X^E_ZdHJ]_T%`^EGW�blILKVXLHJ]_`aX1`^�JT%b   KV` � KVKVb `^�JW%XLK8W%g�`a�JK'HJb7EGgpW�I^Z [JEGXL`aILE   HJ`aE_W%b T�X^XLHJZfYJ`aE_W%bcT%b7[c`^�JK'XLT%ZfK
XLEGZ>HJ]GT�`aE_W%b8ILKVXLHJ]G`^XnO�»7W%I£EGbJXL`aT�bJUVK(E_b'`a�7K½�ç%M��¦�ç�M?U�Z � T%ILKVbJTP¥\gpI^W�Zð»�E_F%HJILK&M)O M	(fI^E_F%�\`�E_`kT%Y7Y K�T%ILX�`a�JT�`
`a�7K>U�W%]_]GT   W�I^T�`aE_W%b8I^T�`aK>gpW%I�T½UVW�ZfZdHJbJE_UVT�`aE_W%b'ILT%bJF�K�W%g¼Q�Q½U�Z E_X � W�I^XLK(`a�7T%bÝ`^�JT%`�W%g¼TNUVW�Z?Z>HJbJE_UVT�`aE_W%b
ILT%bJF�K�W%gh��Q½U�Z'¥

�
�JK�I^K�T%X�`a�JK?XLEGZ>HJ]GT�`aE_W%b"ILKVm�KVT�]GXh`a�JK?W%YJY)W%XLE_`aKdT�bJ[ÝILT%`^�JKVIhT%F�I^K�KVX

�
E_`a�<`a�JK?YJILKV[JE_UV`^EGW�b

W%g2»�EGF�HJILK�MPO M�M>]_KVgp`nO

ã¤T   ]_K&M)O_�%R3r¼KVILgpW%ILZfT%bJU�K£XLHJZfZ?T�I^i

� w � | r�ILKV[7EGU�`aE_W%bþ�sI^ILW%I
�£KVXLHJ]G` K£ILKVbJTP���� KhI^K�bJT)��ç%M K£ILKVb7T)���� K£ILKVbJTP�ç�M

é,T�HJXLX^E_T%b¡[JE_X^`^I^E   HJ`^EGW�b��� � MP�hUVZ (��>U�Z ��PO Q7è M%O_�yè���¦M MP"fUVZ (P">U�Z ()O�Myè M)O�Myè
öxX^W�`aILW%YJE_U�[JEGXL`aILE   HJ`aE_W%b��� � �#"fUVZ M�Q>U�Z Q)O M�è M�M)O M�è���¦M MP�hUVZ (��>U�Z ��PO�Mªè �#")O ��è* EGZ>HJ]_T%`aE_W%b��� � ñ�ò vy� ó�ônvª� õ õ���¦M ó�ö�vy� ÷�önvª� õ õ

öxbÝã¤T   ]GK>M)O_�(T%ILKVb7T%X£U�T%]_]GK�[uKhI^K�bJT)���%�1T%b7[uK£ILKVb7T)�ç�MéXL`aT%b7["gpW%I&`a�7K8���%���e���%�éU�Z � T�bJ[l�ç�Mþ�×�ç�M



ç	"
UVZ � T%ILKVbJT�Xn¥{I^K�X^Y)KVU�`aE_m%K�]Gi?T%bJ[���w � |0E_X,`a�JK�W%YJ`^EGZfT�] U�W%ZfZdHJb7EGU�T%`aE_W%b1ILT%b7F%KkT�XsYJILKV[7EGU�`aKV[½HJX^E_bJF>`a�JKhZ?T�`a�Jõ
KVZfT�`aE_UVT%]£Z?W\[JK�]hW�IéZfKVT�X^HJILKV[

�
E_`a� XLEGZ>HJ]_T%`aE_W%b¤O ã¤T   ]GK'MPOG�¡XL�JW

�
Xé`^�JT%`

�
�7EG]_KÝT�]G]kY7I^K�[JEGU�`aK�[ W%YJ`^EGZfT%]

UVW�ZfZdHJbJE_UVT�`aE_W%b¦ILT%bJF�KVX(W   `aT�EGbJK�[¦HJXLEGbJFÝ`a�JKN�JKV`^KVILW%F%K�bJKVW�HJX([JE_X^`^I^E   HJ`^EGW�b×gpHJbJU�`aE_W%b×T�I^K
�
E_`a�7EGb×MÝUVZïW%g

`a�7K½ZfKVT�X^HJILKVZfK�b�`n¥3`a�JKNYJI^K�[JE_UV`aE_W%b7XdW   `aT%E_bJK�[×HJXLEGbJFÝ`a�JKNT%I   EG`^I^T�I^i<HJbJE_gpW%ILZí[JEGXL`aILE   HJ`aE_W%beT%ILK1W%ñ   ijT�X
ZdH7U�"T%X�M%M � M7è�ILKV]_T%`^KV["`^W½`a�7K>ZfKVT�X^H7I^K�['W%YJ`^EGZfT%]¤UVW�ZfZdHJbJE_UVT�`aE_W%b"ILT%b7F%KVX£EGb   W�`a�Ý`^�JK'��%�þ�¦���%�éU�Z �
T%b7[j��ç%M��<�ç�M>U�Z � T%ILKVbJT�X,gpW�I�EGb7gpW%ILZ?T�`aE_W%b¡I^K�UVK�YJ`aE_W%b¡UVT�YJT%U�EG`^EGK�X�W%g��£T�bJ[¡M)¥�ILKVXLY K�UV`aE_m%K�]Gi\O

»�EGb7T%]_]Gi\¥¤EG`?T%YJY)KVT�I^X>`a�JT�`d`^�JKN[7EGXL`aILE   HJ`aE_W%blgpHJbJUV`^EGW�b×ILKVXLHJ]G`^EGb7FÝgpILW%Zí`a�JK¡ZfW¢m%K�Z?K�b\`�YJT%`^`aK�I^b×W�gk`a�7K
T%F�KVb\`aXf~pT�bJ["`a�7K   W%HJbJ[7T%ILiNU�W%bJ[JE_`aE_W%b7Xn�uYJ]GT¢i\XhTéZfT2XaW%IhI^W�]GKdEGb"Y7I^K�[JEGU�`aE_bJF½`^�JKdW�YJ`aE_ZfT%]¤UVW�Z?Z>HJbJE_UVT�`aE_W%b
ILT%bJF�KéT%X>`a�JK¡ZfW%ILKéUV]_W%XLKV]_i<E_`?T%YJYJILW2�\EGZfT�`aKVXd`a�JKN[JEGXL`aILE   HJ`aE_W%beW%g�`a�7KNT�F%KVb\`^XdE_b×`a�JK¡KVb\m\E_I^W�bJZfKVb\`q¥3`a�7K
ZfW%ILK&T%UVU�HJILT%`aK�`a�7K(YJI^K�[JE_UV`aE_W%b7X�T%ILK�O

FHGTø ùúOHûSLN^\üSP2R\OCû

¾·K��JT¢m�K¼YJI^K�X^K�b\`aKV[dTkX^K�`:W%gÊZfT�`a�JK�Z?T�`aE_UVT�]%ZfW\[JKV]_Xn¥�E_bJXLYJEGILKV[   i�XL`aHJ[JE_KVX¤E_b   E_W%]_W%F%i\¥�K�UVW�]GW�F%i�¥�T%bJ[dI^W   W�`aE_UVX¢¥
gpW%I£[JKVXLUVILE   EGbJFfT�bJ[8T%bJT�]Gi\ÕVE_bJF?KVm�KVb\`�[JE_X^U�W¢m%KVILi1T%b7[¡E_bJgpW�I^ZfT%`^EGW�bN[7EGXLX^K�ZfEGbJT�`aE_W%b8E_b¡X � T%ILZ?õ

  T�X^K�[½ZfW   E_]_K
XLKVbJXLW%I:b7KV` � W%ILÔ�X¢ONKh]G`^�JW%HJF��(ZfW%XL`0W%g\`^�JK�T�bJT%]_i\X^E_X:E_b�`a�JE_X¤U�JT%YJ`^KVI � T%X3EG]_]_HJX^`^I^T�`aK�[ � EG`^��K��\Y)KVILEGZfKVb\`^X0HJXLEGb7F
bJK�` � W�I^Ô\X¼W%g)ILKV]_T%`aE_m%K�]Gi>X^ZfT�]G]JXLE_ÕVKVX¢¥¢`^�JKkXLUVT�]GT

  EG]_E_`xi�W%gP`a�7KkYJILW%Y)W%XLKV[?Z?W\[JK�]GX�F%HJT�I^T�b�`^KVK�X¼`a�JT�`u`a�JK�i>U�T%b   K
T%Y7YJ]GE_KV['`^WébJK�` � W�I^Ô\X�UVW�bJXLEGXL`aE_bJF1W%g��\HJbJ[7I^K�[JXkW%I£`a�JW�HJX^T�bJ[JXkW�g�Z?W

  E_]GK�XLKVb7X^E_bJF1T%F�KVb\`aX¢OÔ�sm%K�b�`�[7EGXLUVW¢m�KVILi
W%IsEGb7gpW%ILZ?T�`aE_W%béXLYJILKVT�[1EGbéXLHJU�éb7KV` � W%ILÔ�X��JT¢m%KkXLE_Z?E_]_T%I,U�JT%ILT%U�`aKVILE_X^`^EGU�X£~pK�O F)O_¥�W\UVUVH7I^ILKVbJU�K�¥{[JEGXLXLKVZfEGb7T%`aE_W%b¤�
T%X   EGW�]GW�F%E_UVT%]�YJ�7KVbJW�Z?K�bJT8W%gsF%KVW�F%ILT%YJ�7EGU�T%]¤X^YJILKVT�[ ~�K�O F)O_¥PE_bJgpKVU�`aE_W%HJX�[7EGXLKVT�X^K�X�W�I(F%K�bJKfX^YJILKVT�[ÝE_bj��H7Z?T�b
Y)W%YJHJ]_T%`^EGW�bJX¢�JT�bJ[dgpW�I^T�F%E_bJFkT%b7[�X^U�W%HJ`^EGb7FhE_bdE_bJXLKVUV`¤UVW�]GW�bJE_KVX¢Oø¾·Ks�JT¢m�K�XL�JW � b�`^�JT%`

  W�`a�>UVT%b   K,[JK�X^U�I^E   K�[
HJXLEGb7F?XLE_Z?E_]_T%I�ZfT%`^�JKVZfT%`^EGU�T%]øK�ô�H7T%`aE_W%b7XnO

¾·K?�7T¢m%K?YJI^W�Y W�X^K�[Ý`
�
WNZfT�EGbjUVT�`aK�F%W%ILE_KVX�W%g�ZfW\[JK�]GX¢RhbJW%bJõ�KVZ   W\[JE_KV[<T%bJ[·KVZ   W\[JE_KV[jZfW\[JKV]_X¢O��sT%U�

UVT�`aK�F%W%ILi·W%gkZfW\[JKV]_X1UVW�bJXLEGXL`aX?W%gk`
�
W·X^H   X^K�`aX¢RfX^Y7T%`aE_T%]�T�bJ[ebJW�bJXLYJT%`^EGT�]sZfW\[JKV]_X¢Ojöxbe`^�JK8îJI^XL`?UVT%`^KVF�W%ILi

W%g,ZfW\[JKV]_X � K1[JKVXLUVILE
  K1`a�7KéT%F�KVb\`aX(T�X�ZfW   E_]GK   W\[JE_]GK�X^X�Y)W%E_b\`aX¢¥ � �7EG]_KéE_b·`^�JKéXLKVU�W%bJ[jUVT�`aK�F%W%ILi � K1`aT%Ô�K

E_b�`^WdT�UVUVW�HJb\`u`a�7KhYJ�\i\XLEGU�T%]7E_b\`aK�I^gpK�I^K�bJUVK   KV` � KVK�béT%F�KVb\`aXsI^K�X^H7]G`^EGbJF>gpI^W�ZðKVZ   W\[JE_Z?K�b\`qO3öxbé`a�7KhbJW�bJXLYJT%`^EGT�]
ZfW\[JKV] � K&T%XLX^HJZfK&`a�7T%`�T%F�KVb\`aX��JW�YNT�I^W�HJbJ[NI^T�bJ[JW%Zf]_iéT%b7[NW\UVU�HJY\iéE_bJ[JKVY)KVb7[JKVb\`�Y)W%XLEG`^EGW�bJX�W¢m%K�IsU�W%bJXLKVU�õ
HJ`^EGm�Kk`aE_ZfK£XL`aKVY7XnO3ã��JKkXLYJT�`aE_T%]JZfW\[JKV]_X�W�gp`aK�béÔ%K�KVY1`aILT%UÔ>W%gP`a�7Kk`aILT2XaK�UV`aW�I^i>W%gPKVT�U�fT%F%K�b\`q¥%`a�JKkU�W%ILI^K�]GT�`aE_W%b
  KV` � KVKVb1`^�JKkY)W%XLEG`^EGW�bJX�W\U�UVHJYJE_KV[

  i?`a�JK£T%F%K�b\`aXuW¢m�KVI¼UVW�bJXLKVUVH7`aE_m%K�`aE_ZfK£XL`aK�YJXuW%IsZfT%Ô%K�H7X^K�XuW%gP`a�7K£XLYJT%`^EGT�]
[JE_X^`^I^E   HJ`^EGW�b8I^K�X^HJ]_`aE_bJFfgpILW%Z `^�JK(ZfW¢m%KVZfK�b�`�YJT�`a`^KVILbNW�g3`^�JK(T%F�KVb\`aX¢O

¾·K��JT¢m%K&YJILW%Y)W%XLKV[8XLEGZfYJ]_K�ZfKV`^�JW\[JX£gpW�IkUVT�]GU�HJ]_T%`aE_bJFf`a�7KdYJT�I^T�Z?K�`aK�I^X�W�g3`^�JK�YJILW%Y)W%XLKV[8ZfW\[JKV]_XkHJXLEGb7F
`a�7K&~�F%KVW�ZfKV`aILE_UVT%]x�ÊU�7T%ILT%UV`^KVILEGXL`aE_UVX3W%gJ`^�JK,KVb\m\EGILW%bJZfK�b�`�~pK\O FPOG¥qILT%[JE_HJX¤W%gJ`^�JK,T%ILKVbJTP¥VT�bJ[d`^�JW%XLK�W�gJ`a�7KsT�F%KVb\`^X
~pK\O FPOG¥   W\[JiéXLE_ÕVK�¥ÊUVW%ZfZ>HJbJE_UVT%`^EGW�bNILT%b7F%K�¥�XLKVbJXLE_bJFfI^T�bJF%K\OG�

¾ �JE_]GK1`^�JKéT�bJT%]_i\X^E_X(W%g,bJW%b7õ.K�Z   W�[7EGK�[·ZfW\[JK�]GX � T%X(ZfW�X^`^]Gi<`a�JK�W%ILKV`aE_UVT�]�¥:EGbj`^�JKéT%b7T%]_i�XLE_X(W%g,`a�JK1K�Z?õ
  W�[7EGK�['Z?W\[JK�]GX � K(�JT¢m�K&YJI^K�X^K�b\`aKV[¡T1UVT�X^K&XL`aHJ[7iNE_b � �JEGU� � K(�JT¢m%K&E_b\`aILW�[7HJUVK�[¡T1ZfT�`a�JK�Z?T�`aE_UVT�]:[JKVXLE_F%b
ZfKV`^�JW\[ gpW%IéZfT	�\E_ZfEGÕ�EGbJF¦`^�JK"E_bJgpW%ILZfT%`^EGW�bcK��\U�JT%bJF�K8I^T�`aK'E_b T¦gpHJ]G]_i�Ú%ÆcÛ%ÂqË8bJK�` � W�I^Ô×W�g&Z?W   E_]GK"XLKVb7õ
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�
K�KVbÝ`^�JKf`aK�T%ZfZfT%`aK�XnO�¾·K?�JT¢m%K>mqT�]GE_[JT�`aKV[<`a�JKfYJILW%Y)W%XLKV[ÝZ?W\[JK�]GX   i'UVW�ZfYJT%ILEGb7F½`a�7K

`a�7KVW%ILKV`^EGU�T%]\YJILKV[JE_UV`^EGW�bJX
�
EG`^�>ILKVXLHJ]_`aX�W   `aT%E_bJK�[dHJXLEGb7FhT(%õ�÷ X^K�bJXLW%ILõ   T�X^K�[(X^E_ZdH7]GT�`aW%I¤W%g I^K�T%]\ZfW   E_]_KsILW   W%`^X

T%b7[é�JT¢m%K£EG]_]GH7X^`^I^T�`aKV[1`^�JK�EGb�é7HJKVbJU�K£W�gø`a�JKhX^YJT�`aE_T%])[JE_X^`^I^E   HJ`^EGW�bégpHJbJU�`aE_W%b   ifX^�7W
�
EGbJFd`a�JT�`�`a�7K   KV`a`^KVI�`a�7K

gpHJbJU�`aE_W%bNT%F%ILKVK�X
�
E_`a�N`a�JK�T%F�KVb\`�XLYJT%`^EGT�] [7EGXL`aILE   HJ`aE_W%bNW¢m%KVIs`aE_ZfK�¥�`a�JK&ZfW%ILKkT�UVUVH7I^T�`aK£`^�JK�YJI^K�[JE_UV`aE_W%b7XsT�I^K\O
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öxb¡`a�JE_X�U�JT%Y7`aKVI¢¥ � K&YJILKVXLKVb\`�TfZfT%U�I^W�X^U�W%YJE_UkZfW\[JKV]ø`^�JT%`,UVT�YJ`aH7I^K�X,`^�JK&[Ji\bJT%ZfE_UVX�W%g3T>b7W%bJõ�UVW�]G]_T
  W%ILT%`^EGm�K�¥

[JE_X^`^I^E   HJ`^KV['ZfT%b7EGYJH7]GT�`aE_W%b'K��\Y)KVILEGZfK�b�`�T�bJ['T1XLHJEG`^K�W%g¤`a�7I^K�X^�JW�]G[7õ   T�X^K�[3¥\XLUVT�]GT   ]GK\¥\T%b7[¡gpH7]G]_i8[JEGXL`aILE   HJ`aK�[
T%]_F%W�I^E_`a�7Z?X1gpW�IéT%]_]_W�U�T%`^EGbJF¦`^�JK � W%ILÔ%K�I^Xf`aWe`a�JK"`^T%XLÔ � �JW�X^K'[7KVZfT%bJ[ K�m%W�]Gm�KVX1[Ji\bJT�Z?E_UVT�]G]_ieW¢m�KVI1`^EGZfK�O
öxb `^�JKjT%]_]GW\U�T%`aE_W%b T%]_F%W%ILE_`a�JZ"¥�E_bJ[JE_m\EG[JH7T%](ILW   W%`aX¡KVXL`aE_ZfT%`^K<`^�JKjT¢mqT�EG]_T   EG]_EG`xi W�g � W�I^Ô

  T�X^K�[ XLW%]_KV]_icW�b
`a�7KVE_I�]_W\UVT�]¤Y)KVILUVK�YJ`aE_W%b7XnO&¾·KfUVW�Z?Y7T%ILKd`a�7K?Y7I^K�[JEGU�`aE_W%bJX&W�gu`a�JKfZfW\[JKV] � E_`a�·`a�7W%XLK>[JK�]GE_m%K�I^K�[   i'¾·K   W%`aX
~pXLKVK8�%O ()O ç½gpW�IhTN[JKVXLUVILEGY7`aE_W%b"W�g¼¾<K   W�`aX¢�aO�öxbJXL`aK�T%["W�g¼UVW%ZfYJH7`aE_bJFN`^I^T�XaKVU�`aW%ILE_KVXkT�bJ[ÝXLKVbJXLW%ILi¡EGbJgpW�I^ZfT�`aE_W%b
]_EGÔ�K1T%b¦KVZ   W\[JE_KV[¦XLE_ZdHJ]_T%`^W%I � W%HJ]_[3¥0`a�JKéZfW\[JK�]�ILKVYJILKVXLKVb\`aX(`^�JKéU�W%]_]GK�UV`aE_m%K1[7i�b7T%ZfEGU�X�W%g,`a�7KéX^i\XL`aK�Z T�X
T·X^K�`?W�g£[JE_ñ)KVILKVb\`aE_T%]_õ.[7EGñ)KVILKVbJU�KNK�ô\HJT%`^EGW�bJX � �JW%XLK8YJT%ILT%ZfKV`^KVILX>T�I^K¡W   `aT%E_bJK�[eHJXLEGb7F·XLE_Z?Y7]GK8F%K�W%ZfKV`^I^E_UVT�]
UVW�bJXLEG[JK�I^T�`aE_W%bJX?T%b7[lXLi\X^`^KVZfT%`^EGU¡`aK�X^`^X � EG`^�lW�bJK8W%I?` � WjKVZ   W\[JE_KV[cT%F�KVb\`aX¢Ojã��JK8YJILW%Y)W%XLKV[lZfW�[7KV]��JT�X
  KVKVb   HJE_]G`éH7Y EGb7UVILKVZfKVb\`aT�]G]_i�¥s`^�JKÝZfT%`^U�JE_bJF   KV` � KVKVb ZfW\[JK�]£T%b7[ KVZ   W\[JE_KV[ XLEGZ>HJ]GT�`aE_W%bJXNm%K�I^E_îJKV[ T�`
KVT�U�'X^`^KVY3Okã��JE_XhE_b"`aH7I^b"T�]G]_W � XkHJX�`aWNUV]_KVT�I^]_i½[JK�îJbJK>�JW � `aWéU�T%]_UVHJ]_T%`^Kd`^�JKd[JE_ñ)KVILKVb\`£YJT�I^T�ZfKV`aK�I^X£W%g¼`a�7K
ZfW\[JKV]:T�bJ[¡T¢m%W%E_[¡`a�JK(E_b\`aILW�[7HJUV`^EGW�bNW�g3T�b�i½gpI^K�K�Y7T%ILT%ZfKV`^KVI�EGb\`^W1`a�JK(ZfW\[JKV]xO¤¾·K(X^HJY7Y W�I^`�`^�JK([JE_X^U�HJX^XLE_W%b

� E_`a�eTÝUVW%b7UVILKV`aKNUVT�X^KéXL`aH7[JijUVW%b7UVKVILbJK�[ � EG`^�e`a�7K½F%T�`a�JK�I^E_bJF"T�bJ[×U�]GHJXL`aK�I^E_bJF"W�gkXLZ?T�]G]sW   XaK�UV`^X>E_bJE_`aE_T%]_]Gi
XLUVT%`^`aK�I^K�[ EGbÙT%bÙKVbJU�]GW�X^K�[ T%ILKVbJTPOc���\Y K�I^E_ZfKVb\`aX � K�I^K<UVT�I^ILEGK�[ W%HJ` � E_`a� `aKVT�ZfXNU�W%bJXLEGXL`aE_bJFlW%g�W�bJKÝ`^W
`aK�bjEGbJ[7EGm\E_[JHJT%]_X(E_b·K�EG`^�JKVI(W�I   W�`a�j`a�JK1ZfT�UVILW%XLUVW%Y7EGU>Z?W\[JK�]¼T%bJ[jK�Z   W�[7EGK�[<XLEGZ>HJ]_T%`aE_W%b7XnO>�kK�X^HJ]_`aX(XL�JW �
`a�7T%`f`aK�T%ZfXfHJX^E_bJF<T<b\HJZ   K�I?W�g£T�UV`aE_m%K � W�I^Ô�KVILXd[Ji\bJT�ZfEGU�T%]_]GijUVW�b\`aILW%]_]GK�[   i¦`a�JK8T%]_]_W�U�T%`^EGW�b×T%]_F%W�I^E_`a�JZ
T%U�7EGK�m%K(XLEGZfE_]GT�IkW%I   K�`a`aK�I£Y)KVILgpW%ILZfT%bJU�KVXkE_b"T%F�F%ILKVF�T%`aE_W%bN`a�JT�b"`a�7W%XLK�U�JT%ILT%U�`aK�I^E_ÕVK�[   i¡TéUVW�bJX^`^T%b\`�`aK�T%Z
XLEGÕ�K � �JEG]_K1HJXLEGb7F)¥0W%bjT¢m%K�I^T�F%K�¥)gpK � K�I(I^W

  W�`aX�W¢m�KVI&`a�7K � �JW%]_K1T%F�F%ILKVF�T%`aE_W%bÝYJI^W\U�KVXLXnOfSÝW%ILKVW¢m%K�In¥)]_E_Ô%K1`a�7K
ZfW\[JKV]_X&YJI^K�X^K�b\`aKV[ÝEGb·`a�JK?YJILKVm\E_W%HJX�U�JT%Y7`aKVI¢¥ I^K�X^H7]G`^X�XL�JW � `^�JT%`�`a�JK?ZfT%U�I^W�X^U�W%YJE_U�ZfW\[JKV]¼YJILW%Y)W%XLKV[Ý�JKVILK
ILKVYJILKVXLKVb\`aXfTjHJXLKVgpHJ]£`aW\W%]�gpW�I1F%KVb7KVILT%]_EGÕ�EGbJF<`a�JK'[7i�b7T%ZfEGU�X1W%gh�JEGF��J]_ieXL`aW\U�JT%XL`aE_U¡T%bJ[cbJW%b7]GE_bJKVT�I1I^W   W�`aE_U
XLi�XL`aK�ZfXn¥�[JK�]GE_m%K�I^E_bJF   W%`a�8ô\HJT�]GE_`aT�`aE_m%KV]_iéT�bJ[Nô\HJT�b\`aE_`aT%`^EGm�KV]_iéUVW�I^ILKVU�`sY7I^K�[JEGU�`aE_W%bJX�E_b8`aE_ZfK(]GT�YJX^K�X�`a�JT�`�T%ILK



Q)�

T%`�]_KVT�X^`�gpW�HJI�W%IL[JKVILX�W%g3Z?T�F%bJE_`aH7[JK(X^ZfT�]G]_KVI�`a�7T%b8`a�JW�X^K&ILKVô\HJE_I^K�[   iéK�Z   W\[JEGK�[8X^E_ZdHJ]_T%`^EGW�bJX¢O »�E_bJT%]_]_i�¥
�
K

UVW�bJUV]_HJ[JK�`a�7K�U�7T%YJ`^KVI   i1YJI^K�X^K�b\`aE_bJFdT?X^`^HJ[JiéW�g:gpW%H7I,`^�JILKVXL�JW%]_[Jõ   T%XLKV[éT�]G]_W\UVT�`aE_W%b½T�]GF�W%ILEG`^�JZfXsT�YJYJ]_EGK�[½`^W
`a�7K(T%F%F�I^K�F%T�`aE_W%b1K��\Y)KVILEGZfK�b�`n¥�UVW�Z?Y7T%ILEGbJF?`a�7KVE_I�K�JfUVE_KVbJU�i½T�bJ[NILW   HJX^`^bJKVXLX�EGb8`^�JK&YJI^K�X^K�bJUVK&W�g0XL`aT%`^EGU&T�bJ[
[Ji\bJT�Z?E_U&Y K�I^`^HJI   T%`^EGW�bJX�T%bJ[   iéYJILW%Y)W%XLE_bJF>TfgpK

�
XLHJF%F�KVXL`aE_W%bJX�gpW�I�gpHJ`aHJILK

�
W%ILÔøO

��� G !l:=I?GÉ86<�$;F��
ã��JKkU�T%XLK�X^`^HJ[Ji?YJILKVXLKVb\`aK�[1EGb1`^�JEGXsU�JT%Y7`aKVI   K�]GW�bJF%Xu`^W�`a�7K£UVT�`aK�F%W%ILi�W�g)K��\Y K�I^E_ZfKVb\`aXuE_b

�
�JE_U�1KVm�KVILi�`^�JE_bJF

E_X   T%XLKV[éW�bé]GW\U�T%])EGb\`aK�I^T�UV`^EGW�béT%bJ[½]GW\UVT�] U�W%ZfZdH7bJEGU�T%`^EGW�béX^`^I^E_UV`^]GifgpW�]G]_W � EGb7Fd`a�7KhX � T�I^Z E_b�`^KV]_]GE_F%K�bJUVK�YJILEGb7õ
UVE_YJ]_KVXéæ_�%�{¥)ç�ç ¥ Q%Q{èxO&ã��JKfK��\Y)KVILEGZfK�b�`�YJILKVXLKVb\`aK�[Ý�JK�I^K?E_X�`^�JK?gpW%]_]GW � õ�HJYÝW�guK��\Y)KVILEGZfK�b�`^X&UVW%b7[JHJUV`^KV[ � EG`^�
ILKVT%]PILW   W%`^XsYJILKVXLKVb\`^KV[   i1S"T�I^`^EGb7W%]_EuÅqÍuÚ�Ð á£æ O%M)¥LO	( ¥PO%ç%èøT%bJ[NI^K�YJI^K�X^K�b\`�T?UVW%Z   E_bJT%`^EGW�b½W%g0X^K�bJX^E_bJF'~pW   XaKVU�`
XLKVT%ILU�·T%bJ[j[JE_X^U�W¢m%K�I^i:�sT%bJ[jZfW%ILK1E_Z?Y)W%IL`aT�b\`a]_iÝZfT%bJE_YJHJ]_T%`^EGW�b ~pW   XaKVUV`^X�T%ILK1[JE_X^Y7]GT�UVKV[jT�bJ[jF%T%`^�JKVILKV[jE_b
UV]_HJXL`aK�I^X¢�aO�ã��JK?`aT�X^Ô'E_X&`aW¡UVW�]G]_KVU�`hXLZfT%]_]3W   XaKVU�`aX&I^K�gpKVILI^K�["`aW¡T%XéÉ�Å�ÅLÆ�É(E_bÝT¡XLô�H7T%ILK�T%ILKVbJTNT%bJ[<`aW¡F%T�`a�JK�I
`a�7KVZ E_bjT8X^E_bJF%]_KfUV]_HJXL`aKVI � HJXLEGbJF	�éÛ�Å}ÌÊÅ�ÃaÚ8ILW   W%`aXéæ�M)"{è�KVô\HJE_YJY K�[ � EG`^�·F�I^E_YJY)KVILX&T%bJ[jUVT�YJT   ]GK?W%g,[JE_X^`^EGbJõ
F%H7EGXL�JE_bJF(`a�JK�XLKVK�[JX � E_`a�1`^�JKVE_IugpILW%b\`aT�]ÊX^K�bJX^W�I^X¢Oøã��7K�I^W

  W�`aXu�JT¢m�K�]GW\UVT�]ÊX^K�bJXLEGbJF(U�T%YJT   E_]GE_`aE_KVXuW�bJ]_i�¥¢XLW&`a�JK�EGI
KVb7UVW%H7b�`^KVILX � EG`^�'X^K�KV[JX�T�bJ[8UV]_HJXL`aKVILXkW�g3XLKVK�[JX��JT%Y7Y K�b¡ILT%b7[JW%Zf]_i�O�S"W�I^K�W¢m%K�In¥%T%Xk`^�JK(ILW   W%`aX�[7W1bJW%`��JT¢m�K
TfF%]_W   T�]PY K�I^U�KVYJ`^EGW�b½W%g3`a�JK(K�b\m�E_ILW%bJZfKVb\`n¥%`^�JKVi½[JWfbJW%`�Ô\bJW � � �JK�b8`a�JK&`aT�X^Ô1E_X�îJbJE_XL�JKV[3¥ÊZ?W�`aE_mnT%`aE_bJFf`a�7K
bJK�KV[·gpW%I&TN[7EGXL`aILE   HJ`aK�[<`^T%XLÔ'T%]_]GW\UVT�`aE_W%b"ZfK�U�JT%bJE_XLZ ~   KVU�T%HJXLK>W�gu`a�7K?X � T%ILZ?õ

  T�X^K�["T%YJY7I^W�T%U�3�u`aW¡T%]_]GW �
KVT�U�NE_bJ[JE_m\EG[7HJT%]:`^WfX^`^W%Y � W�I^Ô\E_bJF

  T%XLKV[¡W%b8EG`^X�W � bNK�X^`^EGZfT�`aK(W%g3`a�JK(T¢mnT�EG]_T   E_]_EG`xiéW�g � W%ILÔ:O
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