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dgfXa��g�rYznñq�[�izo$�t�rYk_*uGvjw$xzyI��Ógx���ö�|{~��c�

ë£WgY%dgfha$�g�rYznúacb7nAa@_@Yk��i�WgYji�»�qrTg�Aqr[£TZacV)iQa�TZ[Xqr_@YkfXYj_�qrT�VXWgq�[£dZo$d�Ykfk�
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á�o$i�Vhqta�TZ[µocVµVhWgY'[]Vho$f]VGocTZ_·VhWgYzT izocTòd�YzfXb�a$fhn�a$Tg�r`·a$TgY'acb\íAa$f52���_@Ykd�YkTZ_@qrTg�
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fha$TgnGYzT�V:¦�l5Yko$»0�gq�[]qrnµ^g��o�Vhqta�TRYj��^gqts�o$�tYkTZiQY£q�[KocTAYQ¢gocnGdg�rY�a$b¥[X^Zi�WRYk��^gqrs�o$�tYkTZiQY�´����g^@VKVXWZYk[XY5Yj��^gqts�o$�tYkTZiQYj[
ocfhY%TgacV:_@q�[hiQ^Z[h[]Yj_�qrT�VXWgq�[�dZo$d�Ykfk�

E FHGJIIPzOºLLKNM
D�P�FKPQJRDOI

PRQTS ULVRW*X�Y�Z\[�]�^`_�]�a
ë£WgYkfXYGq�[0Tgab>]fhqr�$W�Vc?'Yk��^gqrs�oc�rYzTZizY$�ed\q� ¥YzfhYzT�VµYj��^Zqts�oc�rYzT�iQYk[0ikocT·��Y�^Z[]Yzb�^g�Kb�a�f�_@q� ¥YzfhYzT�V�dg^ZfXd�a�[XYk[0o$TZ_
qtVR_@Yzd�YzT�_g[�a�T*VhWgY2dgfha@iQYj[X[XYk[0o$TZ_·dgfXa�d�Ykf]VhqtYj[%l�Ypl£ocT�V0VhaN[mVh^Z_@`$�7l�Wgq�i�W�a$TgYpq�[�o$dgdgfha$dgfhqrocVXY��D05^@VµqtV

«



Bisimulation equivalence

2-nested simulation equivalence

Ready simulation equivalence

Ready trace equivalence

Readiness equivalence

Failures equivalence

Completed trace equivalence

Trace equivalence

Simulation equivalence

Possible-futures equivalence

Failure trace equivalence

/Iqt��^gfXY�«gî7ë£WZY0�tqrTgYko$f£VXqrnGY
f��Zfho$TZi�WgqrTg�µVhqtnGY�[Xd�Yji�VhfX^gn

VX^ZfXTZ[Ga�^@VAVXWZocVG�Zqr[XqtnR^g��o�VXqra$T Yk��^gqrs�oc�rYzTZizY$�([Xqrnµ^g��o�Vhqta�T�Yk��^gqrs�oc�rYzTZizY�ocTZ_¹VXf�o$iQY�Yk��^gqrs�oc�rYzTZizY�ocfhY�s$YkfX`
qrnAd�a$fXVho$T�Vk��ë£WgYkqtf:_@Yz�ZTgqtVXqra$TZ[�b�a$�r�ta�l0î
¾�¿�À7ÁIÂ�ÃkÂ§Ä�ÁhgEÇ�Å@i�jAÂ�kjÂ�lnm(o�p@ÃjÂ�Ä�Á�¿3q+m>Â�rspso�¿�Á(t$¿su·È¼ôQ|{~¥����vG�Xxzyt����|�v�~=wùv�~�É��U���Ux�É0vmÖ0�A���X��~ZÉ�|{��|�v�~�É�v�É�x
�UxQu¸|�É����cy{ytx�w����gq�[]qrnµ^Z�rocVXqra$Tò| y¹ÖQvc�R��~)v2Ì�Þ�Î]à>Ñ£âzw ��Ò(v:ÖQvcy{ytv�ÒK|{~����hvc~�wc|{�§|�vc~gÉ+Ógvcytw$Ô
Õ|{ Ö�Þ ßÏ�ÐºÞ�B�ÖQv��0ÉzvcuGx\á2â
È\�Q���{ÓZxQ~2à ßÏ�Ð�à�B¥ÖQv��%Ézv�upx:à�B(É�ÊZ��Ó���Óg�c��Ì�Þ(B�Î]à�B{Ñ5âzw*Ú
Õ|{ Ö£à ßÏ�Ð à�B�ÖQv���ÉQvcuGx\á2âNÈ\�Q���{ÓZxQ~�Þ ßÏ�Ð�Þ(B¥ÖQv��%Ézv�upx)Þ(B�É�ÊZ�hÓ��{ÓZ����Ì§Þ�B�ÎXà�B{Ñ5â}w*Ú

~ �U���UxQÉ\Þ"��~¥wGà ���Xx2�gq�[]qrnµ^g��o�Vhqta�TNYk��^gqrs�oc�rYzT�V'v��'�gq�[]qrnGqt��ocfkã5ÒK��|{���UxQ~NÞ���àKã�| y¼¦�Þ�Î]àI´0ânwõÖQvc�AÉQvcuGx
ôz|�É�|{uAÊ@yt�c�§|�vc~Dw*Ú
¾�¿�À7ÁIÂ�ÃkÂ§Ä�ÁhgEÇ�g�i.��Â�lnm(o�p@ÃjÂ�Ä�Á�¿3q+m>Â�rspso�¿�Á(t$¿su�È ôz|{~��c��v��Xxzyt����|�v�~�w v�~�É��®�c�®xQÉ)vmÖ)�µ�§�h��~gÉ�|{��|�v�~�É�v�É��UxQu
|�Éµ����y{ytx�w��'[Xqrnµ^g��o�Vhqta�Tò| y¹ÖQv��R�c~�v2Ì§Þ(ÎXà>Ñ£â}w �{ÓZx(ÖQvcy{ytv�ÒK|{~��N��v�~�wc|{�§|�vc~�ÓZv�ytw�ÉQÔ

{ Ö�Þ ßÏ¥Ð�Þ�B�ÖQv���ÉQvcuGx\á2â
È\�Q���{ÓZxQ~�à ßÏ�Ð à�B¥ÖQv��%Ézv�upx)à�B�É�ÊZ��Ó���Óg�c��Ì§Þ�B�Î]à�B�Ñ5âzw*Ú
~ �U���Ux:ÞÆ|�ÉR[Xqrnµ^g��o�VhYk_�ô�vGÉ��®�c�®x)àKã(ÒK��|{���®xz~'Þ��*��à�ã(| y"¦§Þ(ÎXà>´�âzwúÖQv���ÉQvcuGxµÉ�|{uAÊ@yt����|�v�~}w*Ú ~ �U���Ux�É

Þ-��~�w�à½���hxG[]qrnµ^g��o�Vhqta�T'Yj��^gqts�o$�tYkT�Vkã�ÒK��|{�§�Uxz~�Þ�����àKã�| y1Þ��*��à½�c~�w�àn�*�5Þ£Ú
¾�¿�À7ÁIÂ�ÃkÂ§Ä�ÁhgEÇ9��i��!��pst$¿*¿3q+m>Â�rspso�¿�Á(t$¿su { Ö�Þê|�Éµ�pÉ��U���Uxµv]Ö��p���X��~ZÉ�|{�§|�vc~�É�v�É��Uxzuµã�Ò(xAw$x§��~¥x0��Ógx�ÉQxz�5v]ÖVXf�o$izYk[zã(w$xz~�v��Ux�wJ���@¦�Þ7´�ã���Éµ�2ÉQxz�5v]Öµ��y{y@Ëgv�ÉhÉ�|�ôzytxRÉzx�óQÊZxz~���xQÉ0v]Öµ�$�z�§|�vc~gÉ�Ö��Xvcu¸��Ógx+�c|{��xz~
É��U���Ux�ãgÖQv���up��y{y�v$Ô

���@¦�Þ7´!���kç-â�È\�z�{èJ�"�@Þ�B�É�ÊZ��Ó��{ÓZ���7Þ æÏ�Ð�Þ(B��
�¥ÓgxµÉ��®�c�®xQÉ�ÞÆ�c~�w0à-���XxµVhfho�iQY%Yk��^gqrs�oc�rYzT�VzãKÒK��|{���®xz~'Þ��`���£à�ã�| yb���@¦�Þ7´!�h����¦�à>´zÚ
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±:�r��VXWgYj[]Y5Yk��^gqrs�oc�rYzTZizYk[IiQa$^Z�r_0��Y£oc��[]a:Yj��^gqts�o$�tYkT�Vh�t`0i�WZo$fho�i�VhYzfhq�8kYk_%^Z[XqtTZ�A��Óg���h�$�z�®xz��|�É��§|��5���cuGxQÉ��7©@^Zi�W
��o$nGYk[�o$fXYpdg��o�`$Yj_���`
Vml5a�dg��o�`$Yzf�[k�>_@YkTgacVhYk_¹¤(�ro�`�Yzf0S0ocTZ_ò¤(�ro�`�Yzf0SXS0qtT�VhWgY2b�a��t�ra�l�qtTZ�Z��ë£WgY2��a�oc�(acb
¤���o�`$YkfKS7qr[7Vhaµ[XWga�l�VhWZo�V(VXWgY:��qts�YzTAVml5aµ[mV�o�VhYk[�o$fXY�Tga$V(Yk��^gqrs�oc�rYzT�V(ocT�_AVXWgY:��a�o$�gacbE¤���o�`$Ykf7S]S7qr[�VXaµ[XWga�l
VXWZY�iQa$T�Vhfho$fX`��Ië£WgY�[]VhocVXYj[�ocfhY\Yj��^Zqts�oc�rYzT�V:qtb>VhWgYzfhY%qr[)o'ÒK|{~�~Z|{~��pÉ����X���Ux®��vGb�a�f:¤���o�`$Yzf5S]S��

/ga�f�Yz¢@o$nGdg�tY(VXWgY£i�WZo$fho�i�VXYkfXq�[]VXq�iK��o$nAY�b�a$fI�gqr[Xqrnµ^g��o�Vhqta�T�Yk��^gqrs�oc�rYzTZizY\¦��Zqr[XqtnR^g��o�VXqra$Tµ��ocnGY�´eq�[I_gYQ�ZTgYj_
[X^Zi�W�VXWZocVµqrTòYzs$YkfX`*nGa�s$Y2¤���o�`$Ykf%S%ikocT¹i�Wga�a�[]Y2o�dgfha@iQYj[X[0WZY2l5o$T�Vh[%VhaNdg��o�`
l�qtVXWE�7WgY2d�YzfXb�a$fhnp[0a$TZY
VXf�ocT�[]qtVXqra$T*acb�VhWgqr[%dZfXa@iQYj[X[%o$TZ_�VhWgqr[+Vhfho$TZ[Xq�Vhqta�T
nµ^�[mV0��YAnpocVhi�WgYj_NqrT
VhWgYGacVXWZYzf%dgfha�izYk[h[)��`N¤(�ro�`�Yzf+S]S
��`2oRVXf�ocTZ[Xq�Vhqta�T�l�qtVXW'VXWgY0[hocnGY+�ro$��Yk�§�Kë£WgY%��o$nGY+iza$T�VXqrT�^gYk[5^gT�VXqr�ea$TZY\a$b�VXWZY+dZ�ro�`�Yzf�[�ikocT�TZacV�d�Ykf]b�a�fXn
ocT�`pVhfho$TZ[Xq�Vhqta�Te� VhWgYzT�VhWgY0dg��o�`$Yzf�VXW�o�V:q�[:[mVh^Zi�»2�ra�[XYk[k�7S®b>VhWgY0��o$nAY%TgYks$Ykf5YkTZ_g[k�Z¤���o�`$Ykf�SXS�l�qrTZ[k�

ë£WgY�i�WZo$fho�i�VhYzfhqr[]VXq�i)��ocnGY%b�a$f£VhWgYµ[XqtnR^g��o�VXqra$T�Yj��^Zqts�oc�rYzT�iQYp¦�[XqtnR^g��o�VXqra$T���ocnGYj´5q�[:_@Yz�ZTgYk_�[XqrnAqr��ocfh�t`��
�g^@V5¤���o�`$Yzf7SKizo$Tpi�Wga�a�[XY�VhWgY:dgfha@iQYj[X[KWZY�l5o$T�V�[7VXa0dZ�ro�`Rl�q�VhWpa$Tg�r`RocV�VXWgY)��Yk�$qrTgTgqrTg�Z��ocTZ_RVXWZYzTpWgY:nR^Z[]V
oc�rl£o�`�[5dg��o�`2l�qtVXW�VXWZY�i�Wga�[XYzT'dgfXa@izYk[h[z�

PRQ�P �n[TZ�a3a�]�a��¡ D¢`£s�N_�]�a3a¤]�a
û:a�l0�@qtb>l5Y%l5o$T�V�VhaG[Xa$�rs$Y)VXWgY0Yj��^gqts�o$�tYkTZiQY+dgfha$�g�rYzn b�a�f�[]a�nAY\VXf�ocT�[]qtVXqra$T�[]`@[]VXYknG[k��VXWgYkfXY%q�[�oR��^gYj[mVhqta�T
VXa
l�WZo�VµYz¢�VXYzT�_�l�Y�ikocT¹o$^@VXa�nGocVXYGVhWgqr[�VXYj[mVhqtTg����S®VR[XWga$^g��_���Y�iQ�rYko$f0VXWZocVRqtVµq�[�Tga$Vµd�a�[X[Xqr�g�tY2VXa�VhYk[]V
oc�r�$a�fXqtVXWZnAq�izo$�t�r`2Yj��^Zqts�oc�rYzT�iQY�a$b7[X`@[mVhYznp[�VhWZo�V)W�o�s$Y+b�^g�r�Ië>^gfhqtTg�pd�a�l5Yzfj�g��Yjizo$^Z[]Yµl�Y�ikocT�Yko�[]qr�r`�fhYk_@^ZizY
VXWZY0WZoc�tVXqrTg�Gdgfha$�g�rYzn Vha2[]^�i�W�o$T'Yj��^Zqts�oc�rYzT�iQY0dgfha$�g�rYzn��

¥ T·VXWgYpa$VXWgYkf�WZo$TZ_e�Iq�b�l5Y2iQa$T�[]q�_@Yzf�[X`@[mVhYznp[0l�qtVXW��ZTZq�VhYz�r`*npocT�`·[mV�o�VXYj[z�Ioc�r�KVXWZY2Yk��^gqrs�oc�rYzTZizYk[0qrT
VXWZYµWgqrYzf�ocf�i�W�`�ocfhY�_@Ykizqr_Zoc�g�rY�¦�[Xa$nGY�a$b7VXWgYkn qrTNd�a$�r`�Tga$nGq�oc�eVhqtnGYj´Q�eo�V)�rYko�[mV)��`�[]a�nGY0»�qrTZ_�a$bJ>]TZo$qts�Y¦?
oc�r�$a�fXqtVXWZn �Zo$[XYk_�a$T�YQ¢@WZo$^Z[]VXqrs$Y%[]Yjocf�i�WE�

û:a�l-VhWgYzfhYAqr[%o'TZo�Vh^gfho$�I��^gYj[mVhqta�TE�el�WgYkfXYRYQ¢go$iQVX�r`��tqrYk[\VXWZYR��a$^gT�_gocfh`���YzVml�YkYzT·[]`@[]VXYznp[\b�a$f+l�Wgq�i�W
Yk��^gqrs�oc�rYzTZizYRdZfXa��g�tYkn q�[0_@Ykizqr_go$�g�rYAo$TZ_*[X`@[mVhYznp[\b�a$f%l�Wgq�i�W*qtV�q�[\^ZTZ_@Ykizqr_Zoc�g�rY$��o$TZ_*l�WZo�V0q�[)VhWgY2iQa�nA�
dg�rYQ¢@qtVm`2acbIVXWgY0dZfXa��g�tYkn ¦�qrT�VXWgY�iko$[XY+VXWZocV:q�V:q�[�_@Ykizqr_Zoc�g�rYj´Xð

©�a�nAYRacb�VhWgYAnAa�[mV%qrnAd�a$fXVho$T�V+iQ��o$[h[XYk[:a$b(dgfha@iQYk[h[XYk[�VhWZo�V0ocfhYR[]VX^�_@qtYj_NqrTNVhWgYA�ZYz��_
o$fXY�¦§[]YkYRY�� ���IªØ°j­
b�a$f:_gYQ�ZTgqtVXqra$T�[h´Qî

Õ /7©g±§� �ZTgqtVXY�[]VhocVXY0oc^@Vha$npo�V�o
Õ 05¤e±¨� ��o$[Xqri+dgfha@iQYk[h[£oc�r�$Yk�gfho�[
Õ 05¤�¤A� �Zo$[Xqri+dZo$fho$�t�rYz�¥dgfha@iQYj[X[XYk[
Õ ¤©d:±¨� dg^�[]WZ_ga�l�T�o$^@VXa�nGocVho
Õ ¤(û¨� ¤7YQVhfXq¥TgYzVh[
Õ ¥ ¨5±h� a$TgYz�®iza$^gT�VXYkf�oc^@Vha$npo�V�o
Õ ¥ ¨5ûh� a$TgYz�®iza$^gT�VXYkf£TgYQV�[
SUT'VXWgY0dgfha�acb�[£qrT�VXWgq�[�dZo$d�Ykf�a$Tg�r`�iQ��o$[h[XYk[R/K©@±�� ¥ ¨5±Æo$TZ_ ¥ ¨5û-ocfhY%iza$TZ[Xq�_@YzfhYk_e�
/K©@±¼q�[�o�iQ��o$[h[%acb�dZfXa@iQYj[X[XYk[%l�qtVXW·�ZTZq�VhYz�r`
npocT�`
[]VhocVXYk[k�pS®V�q�[0�Zo$[Xq�izoc�r�r`�VXWgYpl5Yz�r�K»�Tga�l�T�iQ��o$[h[%acb

Tga�TZ_@YQVhYzfhnGqtTgq�[]VXq�i+�ZTgqtVXY�oc^gVXa$npocVhog�
¥ ¨5± ¦§oc��[]a·izoc�r�rYk_�a$TZYQ�UiQa$^ZT�VhYzfRnGo�i�WgqrTgYk[�´+b�a$fhnºoNdgfha$d�YzfA[]^Z��iz�ro�[X[µacb)¤©d)±��7¤©d:±úqr[Ao
iz�ro�[X[µacb

dgfha@iQYk[h[XYk[£VhWZo�V)W�o�s$Y�oG�ZTZq�VhYRiQa�T�VXfha$�E^gTZq�VG¦�o$[`/K©@±\´:Yk��^gqrdgd�Yj_�l�qtVXW
o$T�qtT@��Tgq�VhYR[]Vho�i�»���q§� Y$�£VhWgYR[]VhocVXYj[
acb7¤©d:±-o$fXY+Yz�rYznGYzT�V�[�acb\ªJ« è �gl�WgYzfhYJª q�[�oR�ZTgqtVXY�[XYQV�acb7iQa$T�VhfXa��¥[]VhocVXYj[�ocTZ_z«·qr[�oR�ZTgqtVXY�[XYQV�a$bI[]Vho$i�»
[X`�nR��a��r[k�%ë£WgYzfhYµq�[%_@YQ�ZTZYk_
o2�ZTgqtVXYG[]YzV+a$bKVXf�ocTZ[XqtVXqra$TNfh^g�rYk[\acb�VhWgYµb�a�fXn­¬¯® ßÏ�Ð±°�Þ��el�WgYzfhY*¬>Î.°'â²ªG�
®õâb«1ocT�_·Þ"â�« è ��ë£WgY2d�a�[h[Xqt�g�rYGVXf�ocT�[]qtVXqra$TZ[µocfhYpacb5VXWgYpb�a�fXn³¬)®)à ßÏ�Ð´°�Þ>à��7l�WgYzfhYpà�â�« è o$TZ_
¬)® ßÏ¥Ðµ°�Þòq�[:oRVXf�ocTZ[Xq�Vhqta�T'fh^g�rY$�

¥ ¨5± qr[µo�[]^g�¥iQ��o$[h[%acb�¤©d)±¼l�q�VhW*VhWgY2fhYk[]VXfhqriQVXqra$TZ[\VhWZo�V0VhWgY�[XYQV�acb�[]Vho$i�»*[]`�nµ��a$��[%q�[1«h�¶��·:Î.¸��
ocT�_�VXWgYGoc�r�ra�l�Yj_�VXf�ocTZ[Xq�Vhqta�T�fX^Z�tYj[\o$fXY�a$bKVXWgYRb�a$fhn­¬)¸ ßÏ�Ð¹°�¸ è a$fº¬�· ßÏ�Ð±°�¸ è ·�l�WgYkfXY`¬�Îc°2âAªG�+±)�t�
fhYko$i�W�oc�g�rYA[]VhocVXYj[�ocfhYGacb5VXWgYpb�a�fXn¶¬)¸�¸N»�»¦».¸¼·0�I[]a�VhWgY2[]Vho$i�»*��YkWZo�s$Yj[%qtT·b�o�i�V��rqt»�Y2o�iQa$^ZT�VhYzfj�E��Ykizo$^Z[XY
a$TZ�t`RVXWgY\T�^gnµ��Yzf5acb�¸�[�q�[(qrnGd�a�f]V�ocT�Vk�Ié·Y\^Z[XY:nGa$fhY)iza$T�s$YkTgqtYkT�V(TgacV�o�Vhqta�TJ¬>¦�½m´Kb�a$f�[]VhocVXYj[z��l�WgYzfhY¡¬�âLª
ocT�_D½�â=¾ fhYzdgfhYk[XYzT�Vh[�VhWgY0T�^gnµ��Yzf�a$b�¸�[£a$T'VXWgY�[]Vho�i�»¥�

S®V)izo$T'��Y�[XWga�l�T�VhWZo�V:Yks$YkfX` ¥ ¨5±-dgfha@iQYj[X[�ikocT���Y0fhYzdgfhYk[XYzT�VhYk_·¦�^gd�VXaGVhWgY0��oc��Yz�r�tqrTg�GacbK[mV�o�VhYk[�´(��`
o�dgfha�izYk[h[\VXWZocV�WZo$[0ocV%nGa�[mVµ«z¸�[�qtT*VXWgYpfhqr�$W�V0WZocTZ_·[Xqr_@Yj[%acb5VXf�ocTZ[XqtVXqra$T·fX^g�rYk[k�Eq�� Y��AVXWgYps�oc�r^gYGacb5VXWZY
iQa�^gT�VXYkf:izocT�qrTZiQfhYko�[]Y+a$f:_@YjiQfhYko�[]Y%o�V:nGa�[]V���`N¯0qtT�a$TZY�[mVhYzdE�
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¥ ¨5± o$fXY4>h[mVhfXa�Tg�¤?AqrT�VXWZYR[XYzTZ[XY0VXW�o�V)VhWgYz`�o$fXY�o$�g�tY�VXa2VhYk[]V)b�a�f*8zYkfXa��gVhWgYz`�izo$T�d�Ykf]b�a�fXnõ_@qt �YkfXYkT�V
o$iQVXqra$TZ[£qtbIVXWgY0s�oc�r^gY%acbIVXWZY�iQa$^ZT�VhYzf�q�[R8zYkfXapocT�_�qtbIqtV:q�[�Tga$Tg�%8kYzfhaZ�

¥ ¨5ûÆqr[)oµb�o$nGqt�r`�a$b`>]l5Yko$»¼? ¥ ¨5±ÆVhWZo�V)o$fXY+TgacV)o$�g�rY%VXaAVXYj[mV�b�a�fN8zYzfhaZ�7S®b7VXWZYzfhY+q�[:[Xa$nGY+VXf�ocTZ[XqtVXqra$T
d�a�[h[]qr�g�rY:l�WgYzTGVhWgY:s�oc�r^gY:a$b¥VXWgY+iQa$^ZT�VhYzf�q�[¡8kYzfhaZ��qr[(qr[(d�a�[X[Xqt�Z�tY)o$�r[Xa0qtb¥qtV�q�[�TZa$T@�¿8zYkfXa���/ga�fXnpo$�t�r`$��q�b¥VXWZYzfhY
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± d�ocqrf\a$b)¦�dZo$f]Vhqro$��´�b�^gTZi�Vhqta�TZ[�2 ü Îc2 
 î�¸�Ð±¸'qr[\^Z[XYk_NVXa�Yz¢@dgfXYj[X[\_@Yzd�YzT�_@YzTZizYR��YQVml5YzYkTN��ocVXYj[z�\S®b(o
��ocVXY�.
':_gYzd�YzTZ_g[%a�T*��o�VhYk[!. � ocTZ_¾. 7 �El�WgYzfhY=½qe|c-e�2�VhWgYzT²2 ü ¦�½m´��¿c�o$TZ_n2 
 ¦�½m´`��2¥�GS®bi.�'£qr[0o$TqrTgdg^@V:��o�VXY���VXWgYkT�s�o$�t^ZYk[�a$b(2 ü ¦�½m´�Îc2 
 ¦�½m´�o$fXY%^gT�_@YQ�ZTZYk_e�ë£WgY0b�^ZTZi�Vhqta�ToÀ�î¼¸pÐ �j¶gÎk¯��0q�[:^Z[XYk_�Vha�_@YzTZacVXY�VXWgYµo�i�Vh^Zoc�>s�o$�t^ZYk[�a�T���o�VhYk[k�Zq�� Y��£À�¦�½U´:qr[:VXWgYµs�o$�t^ZY
a$T'VXWZY0��o�VhYq. ' �

é·Y�l�qt�r�>iza$TZ[]VXfh^ZiQV)oGVXf�ocTZ[XqtVXqra$T�[]`@[]VXYkn _@YkTgacVhYk_�Z'�¥ocTZ_5¬ ¶ Î.° ¶ l�qr�t�>��Y0Vml5a2_@qt �YkfXYkT�V\[mV�o�VhYk[:a$bbZ��
ë£WgY0dgfha@iQYj[X[5l�qtVXW�VXWgYR[mV�ocfXV�[]VhocVXYR¬ ¶ ¦�fXYj[]d��¡° ¶ ´5l�qr�r�E��Y�ikoc�r�tYj_'VXWgY0dgfha@iQYj[X[(¬ ¶ ¦�fXYj[]d��7VXWgY0dgfha@iQYj[X[R° ¶ ´��
ë£WgY�[XYQV�acbKo$iQVXqra$TZ[£a$b�Zñl�qt�r�E��Y=�j¶gÎk¯$Î�Á+���

ë£WgYN[XYk��^gYkTZiQYj[pacb�o$iQVXqra$TZ[k�5VXWZocV'iQa�^g��_���Y
d�YzfXb�a$fhnGYk_ ��`���acVhW�dgfXa@izYk[h[]Yj[z�5l�qt�r�)��Y
a$b\VhWgY�b�a�fXn
á ü á 
 »¦»�»XáE1
l�WgYzfhYGYko$i�W·áE'�iQa$fhfhYk[Xd�a�TZ_g[)VXa�VXWgYps�o$�t^gYGa�T
VhWgYp��ocVXY�.
'X�AS®b£.
'£q�[0ocT·qrTgdg^@V���o�VXY��Eq�� Y��Aqtb�Q¦�½m´<�¸¶�a�f1�Q¦�½m´<� ¯��>VhWgYzT¹áE')nµ^Z[]VR��YpVXWZY�s�oc�r^gY2a�T�VXWgY2qrTgdg^gVA��o�VXY��>q�� Y$�NáE'`�H�Q¦�½m´%qtbÓ�Q¦�½m´<�¸¶�a�f
�Q¦�½m´Ó� ¯��\S®bN.�'5qr[)VXWgYRa$^@Vhdg^@V%��ocVXY$��VXWZYzT*áE'�nµ^Z[]V\��Y�¯$��q§� Y$�%á ü � ¯$�+SUT
oc�r�IacVXWZYzf%izo$[XYk[\áE'�npo�`���YA¶
a$f0¯��

ë£WgY�_@qt ¥YzfhYzTZizY���YzVml�YkYzT�VXWZY�dgfha�izYk[h[]Yj[�¬�¶µo$TZ_O°v¶�q�[�VhWZo�V)VXWgY�dZfXa@iQYj[X[�¬
¶µizo$T�oc�rl5o�`@[£d�YzfXb�a$fhnñVXWZY
o$iQVXqra$ToÁ�o�b{VhYzf�VhWZo�V:[XYk��^gYzT�iQY$�Z�g^@V�VXWZY0dgfXa@izYk[h[º°l¶�izo$T'd�YzfXb�a$fhn VXWZY�o$i�Vhqta�TxÁ�ocb{VXYkf�VXWgY0[XYk��^gYkTZiQY%a$TZ�t`
qtb5VhWgY2[XYk��^gYzT�iQYpq�[L>]l�fha$Tg��?�qrT�VXWZY2[]YkTZ[]YGVhWZo�V�qtVR_@a�Yj[0TgacVµiza$fhfXYj[]d�a$T�_NVha�VXWgY2o�i�VX^�oc��s�oc�r^gYj[0a$T·VXWZY
��ocVXYj[z�

ë£WgY+[]Yj��^ZYzTZizY\q�[�iza$TZ[Xq�_@YzfhYk_GVhaR��YAÒK�Xv�~��pqtb�q�V�iQa�T�VhocqrTZ[5[]a�nGY)l�fha$Tg�Ao$i�Vhqta�T�á ' ¦�l�WgYkfXYR¯9O|½NO�Ê�´��
ë£WgY%o$iQVXqra$T�á ' qr[+ÒK�Xvc~��GqtbIá ' ��¯+o$TZ_2Ykq�VhWgYzfº�Q¦�½m´©� � o$TZ_2o�V£�rYko$[]V£a$TgY\acb>áH�$ÎXá 7 qr[£¶g��l�WgYkfXY£c��¨2 ü ¦�½m´ocT�_L2Ç�¨2v
$¦�½U´Q�ga$fN�Q¦�½m´¡� � ocTZ_'��acVXW�áH�$ÎXá 7 ocfhY0¶g�é·Y£ikoc�r��VXWgY:o�i�VXqra$TAá ' �hÓZxh�c�§|{~���qtbeá ' � ¯$�$�g^@V�À�¦�½m´©��¶Z�I±\[KizocTR��Y�Yjo$[Xqt�r`�i�WgYji�»$Yk_E��q�b¥á ' q�[Ki�WgYjo�VXqrTg���
VXWZYzT�YzqtVXWZYzf\á ' q�[:l�fha$TZ�Z�ga�f)o�V)�rYko�[mV:a�TgY0acb�áH�$ÎXá 7 q�[:i�WgYjo�VXqrTg���£©�a�q�b�op[XYk��^gYzT�iQYµiza$T�Vho$qtTZ[�o�i�WgYkocVXqrTg�o$iQVXqra$TE��VXWZYzT2qtV5nR^Z[]V���Y)l�fha$Tg���$��Ykizo$^Z[XY*½be_c�ÎA2po$TZ_GVXWZY\o$iQVXqra$TZ[(VXW�o�V5iza$fhfXYj[]d�a$T�_µVha�VhWgY)qrTgdg^@V£��ocVXYj[
izo$T'TZacV:��Y�i�WgYkocVXqrTg�Z�

û:a$VXq�iQY��7VXWZocVRqtb�À�¦]¯j´=� ¯*¦�q§� Y$�·qtb:VXWgYkfXY'qr[µVXWZY�s�oc�r^gY·¯2a$TòVhWgY�a$^@Vhdg^@VG��o�VhYj´Q�7VXWgYkT�o�VG�tYjo$[]Vµa$TZY
[XYk��^gYzT�iQY�VhWZo�V+qr[+Tga$V\l�fha$Tg��YQ¢@qr[]Vh[A¦{VhWgYAa$TgYRl�WgYzfhYµáE'!�¿À¥¦�½m´�b�a$f+Yko$i�W�¯�O§½aO¨Ê�´Q�eocTZ_
q�bNÀ¥¦m¯�´Ó��¶g�
VXWZYzT�Yzs�Yzfh`2[]Yj��^ZYzTZizY0qr[£l�fha$Tg���

ë£WgY0[XYQV:acb7[mV�o�VhYk[�a$b�VXWZY%VXf�ocTZ[Xq�Vhqta�T�[X`@[mVhYznÂZñl�qt�r�E��Y%VXWgY0^ZTgqta�T�acb�VhWgY%b�a$�r�ra�l�qtTg�p[XYQV�[zî
Õ �.¬
'¡�c¶�O�½bO|Ê����
Õ ��° ' �c¶�O�½bO|Ê����
Õ �¦�/' � � �
½bO_cIe�2 
 ¦�½U´��%b�a$f�Yko�i�W*¯9O|½bO�ÊK�g[]^�i�W'VhWZo�VN�Q¦�½U´!� � �
Õ �¦�/' � � �
½bO_cIe�2 ü ¦�½U´���ocTZ_��¦��B' � � �
½iO-cIe�2 
 ¦�½m´��0b�a�f�Yko$i�W*¯9O|½bO|ÊK�Z[X^Zi�W'VXWZocVÓ�Q¦�½m´¡� � �

¯j¶
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�¦�½m´ ¶Ï�Ð ¬C� ¶Ï�Ð³¬G� ¶Ï�Ð³¬C�
S®b��Q¦�½m´¡� � î

�/' � �vÃ ü qtb(½ie_c3e|2 ü ¦�½m´ ¶ � üÏ¥Ðù�/' � � ¶ � üÏ�Ðù�;' � � ¶Ï�Ðù�/' � � üÏ�Ðµ�/' � �
a$fÓ2 ü ¦�½m´�e_c3e|2 
 ¦�½m´qtb�c5�h2 ü ¦�½m´ ¶Ï¥Ðù� ' � � ¶Ï�Ðù� ' � � ¶Ï�Ðù� ' � �
qtb�c5�h2 
 ¦�½m´ ¶Ï�Ð ¬ � ¶Ï�Ð³¬ � ¶Ï�Ð³¬ �

¨�a�nGnAa�TEî
o$T�`'[mV�o�VXY+b�fha$n VhWgY�[XYQV üÏ�Ðµ°g� üÏ¥Ðµ°�� üÏ�Ðµ°��
�.¬ �vÃ ü Î.° �vÃ ü Î.�/' � �vÃ ü ÎT��B' � �vÃ ü � üÏ�Ðù� �0� � üÏ�Ðù� �A� �

üÏ¥Ðù� B �A� �
ëIoc�g�rYG¯$î�ë£WgY+Vhfho$TZ[]qtVXqra$T�[£acbIVXWgY%Vhfho$TZ[]qtVXqra$T�[]`@[]VXYknÅZ

é·Y�[Xo�`GVhWZo�V:VhWgY�[]Vho�VhY0Þ¹q�[£a$T�VXWgYN¬Z���rqrTgY$�gqtbKÞn�@¬
'Ib�a$f\[]a�nAY�½���VXW�o�V)qtV:qr[£a�T�VXWgY1°j�®�tqrTgY��gq�bKÞn�¨°l'
b�a$f:[Xa$nGYJ½��gocT�_�VhWZo�V:qtV:q�[�a$T'VXWgY<�k�®�rqtTgY��gqtb7Þ²�b�;' � � b�a$f:[Xa$nGY�½�Î)c��Ké·Yµ[Xo�`GVhWZo�V�VhWgYµ[]VhocVXY0Þòq�[�a$T�VXWZY
�rYzs$Yk��cpqtb7Þ¹qr[�¬G�$��°��$�s� ' � �0a$fN��B' � � b�a$f:[Xa$nGY�½��

ë£WgY+VXf�ocT�[]qtVXqra$TZ[5a$b�Zño$fXY%_@Yj[XizfXqr��Yj_�qrT'VXWgY%V�oc�g�rYG¯$�K±:�r�eVXf�ocT�[]qtVXqra$TZ[£o$fXY+acbIVXWgY+b�a�fXnúÞ �vÃ ü �Ï�Ð à � �
l�WgYkfXY�¯�ORc¾O�ÊK��Þ �vÃ ü q�[0o'[]VhocVXYGa$T
VXWgYG�rYzs$Yk��cAÏ1¯$�eà � q�[0o'[]VhocVXYGa$T
VXWgYG�rYzs�Yz��c�ocT�_{. â��j¶ZÎz¯����ë£WgY+fXa�l:[�qrT�VhWgY)V�oc�g�rY0iQa�fXfhYk[Xd�a�TZ_AVXaRVXWZY%_gq� ¥YzfhYzT�V£d�a�[X[Xqt�Z�tY+s�oc�r^gYk[5acbIÞ �vÃ ü ��VhWgY0iQa$�r^gnGTZ[£iQa�fXfhYk[Xd�a$TZ_VXa2VXWgYµ_gq� ¥YzfhYzT�V)s�oc�r^gYj[�acb\�Q¦Vc�´)ocTZ_'VXWZY0�ZYz��_g[)qtT�VhWgY�V�oc�g�rY�ocfhY0acb7VXWZY0b�a$fhn �Ï¥ÐºàG�$�£©�a�nGY0�ZYz��_g[)nGo�`
iQa�T�VhocqrT�nGa$fhYGVXWZo$Tòa$TgYGVhfho$TZ[]qtVXqra$T��'ë£WgY2TZacVhocVXqra$T ¶ � üÏ�Ð à � []Vho$TZ_g[�b�a$f0Vml5a�VXf�ocTZ[XqtVXqra$TZ[p¦ ¶Ï�Ð à � o$TZ_
üÏ�Ð à � ´���ë£WgY0��o$[]V�fXa�lêqtT�VXWZY%Vhoc�Z�tY�iza$T�Vho$qtTZ[�Vhfho$TZ[]qtVXqra$T�[5VXWZocV)ocfhY\d�a�[h[]qr�g�rY0qtT�o$T�`2Þ �vÃ ü �ë£WgYkfXY\qr[�a$TgY\YQ¢giQYkd@VXqra$T2VXaRVXWgY\VXf�ocTZ[XqtVXqra$TZ[�_@Yk[hiQfhqt��Yk_2qtT�VXWgY\Vho$�g�tY�îKû:a�Vhfho$TZ[Xq�Vhqta�TZ[(��oc��Yz�r�rYk_pl�qtVXW�¶
ocfhY%d�a�[X[Xqr�g�tY%qrT�VXWgY�[]VhocVXYk[�¬
¶�ocTZ_z°v¶��

ë£WgYkfXY%q�[£a$TgY+VXf�ocT�[]qtVXqra$T�TgacV:nGYkT�Vhqta�TgYk_'qrT'VhWgY%Vho$�g�rY�� VXWgY%Vhfho$TZ[]qtVXqra$T5¬
1ÇÆÏ�Ð³¬�1¥�
ë£WgY0iQa�TZ[]VXfh^Zi�Vhqta�T�ikocT���Y�_@Yj[XizfXqr��Yk_�qtTgb�a$fhnGo$�t�r`2o$[5b�a��t�ra�l:[kî
Õ é*Y�[]Vho$f]V:l�qtVXW�VhWgYN¬g�®�tqrTgY�o$TZ_O°j���rqtTZY$��±)T�YQ¢gocnGdg�rY0acbIVXWZqr[\iQa$T�[mVhfX^ZiQVXqra$T�qr[:qtT�VhWgY%�Z�$^ZfXY17Ab�a�f:oiQqrfhiz^gq�V�l�WgYkfXY�Ê4�hÔZ�C.
È0o$TZ_L.
É0ocfhY%qtTZdg^@V:��ocVXYj[�ocTZ_'s�oc�r^gYk[£a�TL.�È0ocTZ_­.
ÉµocfhY+¶po$TZ_
¯��
Õ /ga$f%Yks$Yzfh`���ocVXY�. ' �>[X^Zi�W*VXWZocV��Q¦�½m´�� � l�Ypo$_Z_
a�TgY=�k�®�rqtTgYpqrT�o'l£o�`N_@YkdgqriQVXYj_
qrT·VXWgYA�Z��^gfXYA³Z�ë£Wgqr[1�k�®�rqtTgY'izocT���Y2^Z[XYk_*b�a$f�VXYk[]VXqrTg���>l�WgYzVXWgYkf0VXWZY�o$iQVXqra$Tòá ' qr[�l�fXa�Tg�Z�2S®b£qtVµqr[R[]a��EVhWgqr[1�k�®�rqtTgY
oc�r�ta�l:[�VXWZY0dgfXa@izYk[h[º° ¶ VXapfhYko�i�W2VXWZY�[Xo$nAY0[]VhocVXY0o$[£dgfha@iQYj[X[�¬ ¶ �

Õ /ga$f\Yzs�Yzfh`'��o�VXY�.
'X�e[]^Zi�WNVXWZocV��Q¦�½U´Ó� � l5YRo$_Z_�Vml�a}�j���rqtTZYk[+qtT*o2l£o�`�_@Ykdgq�i�VXYj_NqrTNVhWgYµ���$^gfhY�Ë@�ë£WgYk[XY��k�®�rqtTgYj[:izo$T'��Y0^Z[XYk_'b�a$f£VhYk[]VXqrTg�Z�Zl�WgYQVhWgYzf�VhWgY�o$iQVXqra$T�áE'7qr[�l�fha$TZ�Z�7S®bIqtV:q�[:[]a���VXWgq�[N�j�®�tqrTgYk[
oc�r�ta�l�VhWgY0dgfha@iQYk[h[R°v¶%VhapfXYjo$i�W2VhWgY�[hocnGY0[mV�o�VXY�o�[£dgfha�izYk[h[(¬�¶$�

Õ ë�a%[mV�o�VhYk[Ia$TRVXWgY�¬Z���rqtTZY5o$TZ_�Vha+[]VhocVXYj[7a$T<�j�®�tqrTgYj[7l�Y�o$_Z_0VXf�ocT�[]qtVXqra$TZ[I��oc��Yz�r�tYj_µl�qtVXW�¯�VXa0oc�r�@[mV�o�VXYj[z�VXaGl�Wgq�i�W�[X^Zi�W'VXf�ocTZ[XqtVXqra$TZ[�b�fha$nñVhWgY�[]Vho�VhYk[£a�T�VhWgY1°j���rqrTgY0YQ¢@q�[mV�a$T'VXWZY�[Xo$nAY%�rYzs�Yz���
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izo$T
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��YGfXYjo$i�WgYj_�b�fXa�n o
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