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f�g[hi�j=ilknmporqEsti�u1vKw�syx{z|q g z7j�j=i1}Yj�v�w g x{qNi7~
x{j�v��|i���~|�Sz|qNq��i�i��]~Hw�z7qNqIvKx{�y��vKqSw�i��

� uyz]�1i�s������i�u�v
� vK�S�Iz7uts��Ni�uti�w g i�utw g i�q����7�|�7k=m m��|�n�Iv��|i��

���������K�I�K�7�
f�g i(uti�w�i�qEs�v��N�|vKqSw�i���x{qdj��S� syx{j�i��Nx¡v=�t¢E�tsyi�j���~�stz7�|i�s g i�u3£�x{s g s g i¤vK�N�7i�qEs�zK¥ g x{� g �y�Ii�i��

qNi�sr£Qz7ut¦E�]~��Iv��7i��ds g i§£�v�¢¨stz¨v©qNi�£8�|i�qSi�u�v�stx{z|qdz�¥ªvK�S�N�{x w�vKstx{z7qN�]«¬orqd�Iv�utstx{w��S�v�u]~�vK�Ns g z|uyx{qN�
i�qE�Ex{utz7qNj�i�qEsy� g v��7i�¥Cz7�NqN�=x q=j��N�{stx{j�i��Nx¡v;s g i�j�i�vKqN�®zK¥�x qSw�uti]v��tx{qN�*s g i�uyx w g qSi��t�;zK¥x{qE¥ez|utj3vKsyx z7q
w�z7qEs�vKx{qNi���x{q3i��{i�w�syutz7qNx{w��NzEw��Nj=i�qEst�]«
�;qNi=zK¥�s g i��7z�vK�{��zK¥�s g i��;�Hi�u�v)sti�vKj¯x{���Ni��tx{�|qNx{qN�¤vKqZvK�Ss g z7utx{qN�(i�qE�Ex{utz7qNj�i�qEs;¥Cz7u�j��N�{stx°}

j=i��Nx¡v��NzEw��Sj�i�qEst��~Vw�vK�{�{i��²±�³l´�µ�¶l·_~[£ g x{w g j=i�i�st�ns g i*¥Cz7�{� zK£�x{qN��uyi�¸E�Nx{uti�j=i�qEst��¹�v g x � g �{i��7i��
z�¥�i�º��Suti��y�tx{�|i�qSi��t�n¥Cz|u�»Hz|s g �t�HvKstx¡v��vKqS��syi�j��Hz|u1vK�¼�Nx{j�i�qN�yx{z|qN��½Nv*�N�ti�u¾}C¥eutx{i�qN�N�{¢3x{qEsti�u¾¥YvKw�i�vK�{�{zK£®}
x{qN� g x{� g �{¢*x{q�syi�u�v�w�stx{�7il�Si��tx{�|q=�NutzEw�i��t�]~H�yw�utx{�Nsy� i��t�lv�qN���ystuy�Nw�st�Suti��E}r»Iv��ti��¤i��Nx{stx{qN��vKqS��vK�Sstz|j3vKsyx w
�NuyzE�N�Nw�syx z7q�z�¥¿�y�IvKsyxv��¿v�qN�*sti�j=�Iz7u�vK�S�v�¢7z|�Ns�½Ks g i��Hz|uts1vK»Nx{�{x{sr¢ÀvKqS��w�utz7�t�r}r�N�¡vKs¾¥Cz|uyjÁx qEsyi�utw g v�qN�|i�z�¥
j��N�{syx j=i��Nx¡v��Sz�w��Nj�i�qEsy�]«
f z�vKw g x{i��7i�s g x{�;uti��yi]vKuyw g �|zEvK�[£®i�ÂIuy�ts�¥ez�w��N��z7q�ÂHqN�Nx{qN��v*�|zEzE�3uti��Suti��yi�qEs�vKsyx{z|q¤zK¥�stx{j�i�¥Cz|u

j��N�{syx j=i��Nx¡v;�NzEw��Nj=i�qEst�]« f�g x{�;uti��Nuyi��ti�q�s1vKsyx z7q§x{�;uti�¸E�Nx{uti��(stz=w]vK�Nsy�Nuti*s g i�sti�j=�Iz7u�v��V�Nx{j�i�qN�tx{z|q
z�¥j�i��Nx¡v�z7»|�1i�w�sy���{x{¦|i��Ex{�Ni�zH~�v��N�Nx{zI~7i�stw7«QvKqS��x{�Ãv��{�tz*�N�ti��3syzÀsyi�j��Hz|u1vK�{�{¢�z|uy��vKqSx Ä�i�z|»|�ai�w�st��£�x{s g
uyi��t�Hi�w�s®stz�i]v�w g z|s g i�u�« f x{j�iÅuti��Nuyi��ti�q�s1vKsyx z7q�x{�Vw��{i]v�ut�{¢�s g iQj3vKx{q��Nx°Æ[i�uti�qNw�i�»Hi�sr£®i�i�q�j��N�{syx j�i��Nx¡v
v��Ns g z7utx{qN��i�qE�Ex{utz7qNj�i�qEsQv�qN�3stu1vK�Nx{stx{z7qIvK�Hi��Nx{stx{qN��i�q��Ex{utz7qNj�i�q�sy�]«
Ç i��Nuyi��ti�q�snx q)s g x{���HvK�Hi�u�z|�Nu;ÂIuy�ts�x{q��7i��tsyx{��vKsyx{z|qIv��[uti��y�N�{st��x{q(z|�Nu;i�ºE�Ii�utx{j�i�qEs1vK��vK�Ns g z|uyx{qN�

i�qE�Ex{utz7qNj�i�qEs�±3³�´�µ�¶l·[«H³¬�v�ut�7i��IvKuys�z�¥�s g i��yiÀuyi��t�N�{sy�	v�uti*»IvK�yi��(z7q(s g ini�ºE�Ii�uyx{i�qNw�i�v�w�¸E�Nx{uti��
x{q3x{j��N�{i�j=i�qEstx{qN��s g iÀ±3³�´�µ�¶l·=�Nuyz|stz7sr¢E�Ii
È=ÉEÊHË�Ì�ÍH�|Î��K� vK�Ns g z|uyx{qN�Ài�q��Ex{utz7qNj�i�q�s�~Nsyx{j�i�uti��Nuti��yi�qEs�v�stx{z|qV~Hsyx j=i�j3vKqIv��|i�j=i�qEs
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��É ������É¨� ��� i�º��S� z7�tx{z|q)�Ni��*w]vK�Iv�w�x{sN�i��*�Ni�syu�vKx{syi�j�i�qEsy�lj��S� syx{jd�i��Nx¡v*�Ni��*z|uy�Nx{qIvKsyi��Nut�nuti�qN� �{i
»Hi��tz7x{q�i�q�i�qE�Ex{utz7qNqNi�j=i�qEst��� � �i��Sx syx{z|q*�Ni��NzEw��Sj�i�qEst�Åj��N�{stx{j �i��Nx¡v®�Ni;�N�{�N��i�q��N�{�N���¿vK�7u�vKqEs�« ��� �Sq
�Ni��Àz7»|�1i�w�syx ¥e�À�N�©�Sutz]�1i�sª�;���i�u1v(i��ts*�Ni�w�z|qSw�i��|z7x{uÀ�Nq©syi��®i�qE��x{uyz|qNqNi�j�i�qEs�¸E�Nx®w�z|qSw�x{� x{i*�{i��Àsyutz7x �
i�ºEx{�|i�qNw�i����y�Nx{�|vKqEsti��Ã¹¼�Nq g vK�Ns��Ni��7uN�i®� � i�ºE�Nuti��t�tx{�Ex{sN�i��Hz|�Nu�i�ºE�Nuyx{j�i�u¼� � z7ut�Nz7qNqIvKqSw�i�j�i�q�s¼sti�j=�Iz7uti��
i�s�� � z|uy��vKqSx �1vKsyx z7q��t�Iv�stx¡vK�7� � �Nq��NzEw��Sj�i�qEs]½��NqSi�x{q�syi�ur¥rvKw�i�� � �i��Nx{stx{z|q�x{qEsti�u1vKw�syx �7i�i�s����i�w��v�u�v�stx{�|i�� �IvK�
� � �Nsyx{� x{�1vKstx{z7q��Ni��tw�utx{�Nst����~S¸��SxN�Nuti�qNqNi�i�q�w g vKut�7i��{i���¥ez|qNw�syx{z|qN���Ni�¥Cz|uyj�vKs1vK�7i��t�Iv�stx¡vK�Si�s�sti�j��Hz|uti��Y½
�Nq�i�q��Ex{utz7qNqNi�j=i�qEs��Iz7uts�v�»N�{i�i�s��Ni��Q�NzEw��Sj�i�qEst�Å�Iz7�N�|vKqEs�i�stuyi��Nsyx{� x{�N�i����IvKu�� � v��Nstuyi��Qv��N�N�{x{w]vKsyx z7qN�]«
� z7�Nu�w�i��¡vS~|qNz7��i1Æ[z|uyst�®z|qEs�stz7�Ns�� � v�»Iz7ut�*�Iz7utsN�i;�t�Nu®�¡v;�Ã�i1ÂIqNx{syx z7q�� � �NqNi�»Hz|qNqSi�uti��NuN�i��ti�q�s1vKsyx z7q

�Ni=�¡v��Sx j=i�qN�yx z7q§syi�j��Hz|uyi��{�{iÀ� � �Nq©�Sz�w��Nj�i�qEs�j��S� syx{j �i��Nx¡vN«��®i��{�{i1}rw�x��Nz7x s hv3�¡v�¥ez|x{���Nuyi�qN�Nuyi�i�q
w�z7j��Nsyi��{i����Sx Æ��i�uyi�qEsti���w�vKu�v�sN�i�uyx{�tstx{¸E�Ni��nsti�j=�Iz7uti��{�{i����Si���z|»|�1i�sy���Ni�»Iv��ti*� � �Nq(�NzEw��Nj=i�qEs�j��N�{stx°}
jd�i��Nx¡v=i�s��{i��*�Nx°Æl�i�uyi�qEst�*sr¢E�Ii��*�Ni=w�z|j=�Iz7�tx{stx{z|q)�Iz7�t�tx{»N�{i��*i�qEstuyi�w�i��Àz7»|�1i�st��«§´;i��N�{�N��~Vi��{�{i��Nz7x s
�yi�ut�Ex{u��Ni��y�N�N�Hz|uts hv*�Ni���jd�i�w]vKqSx �yj�i��®�Ni��NuN�i��ti�qEs1vKstx{z7q(i���w]v�w�i��]«

� z|�N���NuN�i��ti�q�syz|qN�*�Iv�qN��w�i�u�v��N�Iz7uts�qSz|���Nuti�j�x{i�ut��uN�i��t�N�{s1vKst��«*¶�qNi��7u�vKqS�NiÀ�HvKutsyx{i��NiÀw�i��Nº7}Yw�x
z7q�s3�i�sN�i�i�ºE���i�utx{j�i�qEsN�i���vK�3�ti�x q3�N�3�Nuyz|syz|sr¢E�Ii*±3³l´�µ�¶�·[«
�%ÍH� �aËa��� �É¤� i�qE�Ex{utz|qSqNi�j�i�q�s®� � �i��Nx{syx z7qV~7�NzEw��Nj�i�q�sy��j��N�{stx{j¨�i��Nx¡vS~K�NuN�i��ti�qEs�v�stx{z|q3j��N�{syx j¨�i��Nx¡v
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f�g i®uti�w�i�qEs�vK�N�|v�qNw�i��¼x qnj��N�{stx{j�i��Nx¡v¼�t¢E�tsyi�j���~Kstz7�|i�s g i�u¼£�x s g s g iQvK�N�7i�qEsVz�¥ g x � g �t�Hi�i���qNi�sr£®z|uy¦E�]~
�Iv��7i��¤s g i*£Ãv�¢3syz�v�qNi�£¬�|i�qNi�u�vKsyx{z|q¤zK¥Ãv��N�N�{x{w]vKsyx z7qN�]«;orq¤�IvKuystx{w��N�¡vKu�~VvK�Ss g z7utx{qN��i�q��Ex{utz7qNj�i�q�sy�
g v��7i�¥Cz7�NqN�3x{q(j��N�{stx{j�i��Nx¡v�s g i�j=i]vKqN��z�¥Qx{qNw�uyi]vK�yx qS��s g i�utx{w g qNi��y��zK¥�x{qE¥Cz|uyj�v�stx{z|q�w�z7qEs�vKx{qNi��(x{q
i��{i�w�stutz7qNx{w��NzEw��Nj=i�qEst��«
�;qNi®zK¥Hs g i®�|zEvK�{�Vz�¥Is g i��;�Hi�u�v;syi]vKj¬x �¼�Ni��yx �7qNx{qN�lv�qªv��Ns g z|utx{qN�;i�qE�Ex uyz|qNj=i�qEs[¥Cz7uVj��N�{syx j�i��Nx¡v

�NzEw��Sj�i�qEst��~Nw]v��{� i���±3³�´lµ�¶l·[~S£ g x{w g j=i�i�st��s g i;¥Cz|�{�{zK£�x{qN��uti�¸E�Nx{uyi�j�i�qEsy�]¹
� v g x{� g � i��|i��¼zK¥ É������KÉN�]���
	IÉ���ÉN�]� ¥Cz7uQ»Hz|s g �t�Iv�stx¡vK�Vv�qN�3sti�j=�Iz7u�vK�H�Nx{j�i�qN�tx{z|qS�]½
� v ���ÉE��Ë�t���eÉ��Î �¡Ê��
�V��ÉE���t�I�KÉ v�� �{zK£�x{qN� g x{� g �{¢�x{qEsti�u�vKw�stx{�|i*�Ni��yx �7q§�SutzEw�i��y�]~��tw�utx{�Nst�{i��y�ÀvKqS�
�tsyut�Nw�sy�Nuti��E}Y»HvK�ti��©i��Nx{stx{qN��vKqN�(v��Nstz7j�vKsyx{w��NutzE�N�Nw�stx{z|q3zK¥��t�Iv�stx¡vK�Vv�qN�3sti�j=�Iz7u�v��[�v�¢7z|�Ns�½

� ����É���ÍH�K�]�S��� �
�¡��Ê(����Î¨�K�KÍ[���1Ë�� �e�N���tÍI� �����¼�]ÉE�|���������HÉ zK¥�j��N�{stx{j�i��Nx¡v��NzEw��Nj=i�qEst��½
f z�vKw g x{i��7i�s g x{�;uti��yi]vKuyw g �|zEvK�[£®i�ÂIuy�ts�¥ez�w��N��z7q�ÂHqN�Nx{qN��v*�|zEzE�3uti��Suti��yi�qEs�vKsyx{z|q¤zK¥�stx{j�i�¥Cz|u

j��N�{syx j=i��Nx¡v;�NzEw��Nj=i�qEst�]« f�g x{�;uti��Nuyi��ti�q�s1vKsyx z7q§x{�;uti�¸E�Nx{uti��(stz=w]vK�Nsy�Nuti*s g i�sti�j=�Iz7u�v��V�Nx{j�i�qN�tx{z|q
z�¥j�i��Nx¡v�z7»|�1i�w�sy���{x{¦|i��Ex{�Ni�zH~�v��N�Nx{zI~7i�stw7«QvKqS��x{�Ãv��{�tz*�N�ti��3syzÀsyi�j��Hz|u1vK�{�{¢�z|uy��vKqSx Ä�i�z|»|�ai�w�st��£�x{s g
uyi��t�Hi�w�s®stz�i]v�w g z|s g i�u�« f x{j�iÅuti��Nuyi��ti�q�s1vKsyx z7q�x{�Vw��{i]v�ut�{¢�s g iQj3vKx{q��Nx°Æ[i�uti�qNw�i�»Hi�sr£®i�i�q�j��N�{syx j�i��Nx¡v
v��Ns g z7utx{qN��i�qE�Ex{utz7qNj�i�qEsQv�qN�3stu1vK�Nx{stx{z7qIvK�Hi��Nx{stx{qN��i�q��Ex{utz7qNj�i�q�sy�]«
Ç i��Nuyi��ti�q�snx q)s g x{���HvK�Hi�u�z|�Nu;ÂIuy�ts�x{q��7i��tsyx{��vKsyx{z|qIv��[uti��y�N�{st��x{q(z|�Nu;i�ºE�Ii�utx{j�i�qEs1vK��vK�Ns g z|uyx{qN�

i�qE�Ex{utz7qNj�i�qEs�±3³�´�µ�¶l·[«H³¬�v�ut�7i��IvKuys�z�¥�s g i��yiÀuyi��t�N�{sy�	v�uti*»IvK�yi��(z7q(s g ini�ºE�Ii�uyx{i�qNw�i�v�w�¸E�Nx{uti��
x{qZx{j=�N�{i�j�i�qEsyx qS��s g i(±3³�´lµ�¶l·©�Sutz|syz|sr¢E�Hi|«©±3z|uyi��Nuyi�w�x{�ti��{¢E~�s g i=ÂIut�ysÀ�yi�w�stx{z7q x{�*�Ni��7z|sti��Zstz
s g iªv�qIvK�{¢E�tx{�;zK¥Q£ g v�slv�uti*s g i*uti�¸E�Nx{uyi�j�i�qEsy��¥ez|ulv��|zEzE�(uti��Nuti��yi�qEs�v�stx{z|q©z�¥Qstx{j�i�x{q(j��N�{syx j�i��Nx¡v
�NzEw��Sj�i�qEst��«�³�s�s g ini�qN�3zK¥�s g x{���ti�w�stx{z|q¼~N£®il�Suti��yi�qEs�s g iÀvK�N�Sutz�v�w g �N�yi��(x{q�±3³�´�µ�¶l·=£ g x{w g x �
»Iv��ti��¤z|q(v�q�i�º�syi�qN�yx z7q(zK¥�syi�j��Hz|u1vK�Vw�z|qN�ystu�v�x{q�s�qSi�sr£Qz7ut¦E�]«�orq(s g in�ti�w�z7qN�(�yi�w�stx{z7qV~H£Qi�¥ez�w��N��z7q
s g iQ�Si��tx{�|q�vKqS�ÀvKuyw g x syi�w�sy�Nuti�x{�t�y�Ni���zK¥Hs g iQ±�³l´�µ�¶l·*vK�S�N�{x w�vKstx{z7ql£ g x w g�g vKqN�N�{i��¼»Iz7s g vK�Ns g z|uyx{qN�
v�qN�3�Nuti��yi�qEs�v�stx{z|q(�ys�v��|i��;zK¥j��S� syx{j�i��Nx¡v;�NzEw��Nj�i�q�sy�]«
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���! "$#%'&)(�&�*+(�&�,�&.-0/�1./�#20-3(4&�5768#!(�&�%'&�-9/:,
orq(z7ut�Ni�u�stz=j�i]v��t�Nuyi�s g i�¸E�Iv��{x sr¢�z�¥Qv��|x{�7i�q3stx{j�i;uti��Nuyi��ti�q�s1vKsyx z7q§�S�ti��¤stz�j=z��Si��[s g insti�j=�Iz7u�vK�
z7ut��v�qNx{Ä]vKsyx{z|q*zK¥[j��N�{stx{j�i��SxvÅ�NzEw��Nj=i�qEst�Qv�qN��stzni��|vK�{�Iv�sti®w�z|j=�IvKu1vKstx{�7i��{¢ls g z|�yi��N�yi���x{q��Nx°Æ¿i�uti�qEs
�NzEw��Sj�i�qEs��t¢E�tsyi�j��+; ��<; k�<;>=]��<t~K£®iQqNi�i���syzl�Si1ÂIqNi��yz|j�i®w�uyx syi�utx¡vS«Vorq�£ g v�s¼¥Cz|�{�{zK£��]~�£®i��Nuti��yi�qEsQ¦7i�¢
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x{qN�ts1vKqEst�®£ g i�q�s g i��Nx°Æ[i�uti�q�s®z|»|�ai�w�st��v��N�Hi]vKu®z|u��Sx �1vK�N�Hi]v�u�¥Cuyz|j¬s g i;�tw�uyi�i�q3x{qN�Ni��Hi�qN�Ni�q�sy�{¢
¥Cutz7j#s g i�x{u*�N�¡v�¢§syx{j�i|« f�g x{��z7�Ii�qN��s g i=utzEz|j8¥Cz7uÀs g i��Si��|i��{z7�Nj�i�qEs�z�¥��t�Iv�stx{zK}rsti�j��Hz|u�v��
w�z|j=�Iz7�tx{stx{z7q�vKqN�3�¡vKqN�7�IvK�7i��®£ g x{w g v�uti��tsyx �{�[�¡vKw1¦Ex{qN�*x q=j��N�{stx{j�i��Nx¡v�vK�Ss g z7utx{qN�*�t¢E�tsyi�j���«

� »IvK�yx{w�z|»|�1i�w�st��zK¥Nsr¢E�Hi g ¢��Hi�uy� x{qN¦E� g v��7i�»Hi�i�q�vK�N�Ni��	v��Vsyi�j��Hz|u1vK�Kx{qEsti�uy�|vK�{�Vw�z7utuyi��t�Hz|qN�Sx qS��stz
s g i;�Ii�utx{zE��zK¥Vsyx{j�i®£ g i�uti�s g i�x{uÃv�w�stx{�|v�stx{z|q*x{��i�qIv�»N�{i��V« f�g x{�®uti��Nuyi��ti�q�s1vKsyx z7q3zK¥ g ¢E�Ii�uy�{x qS¦��

C.CED0F�G�HAI�J



�

8[1,    ]

[4, 6]
c

u[5, 12]

8[0,     ]
c

[4,6]
c

[20, 30] c

c
[2,2][2,2]

c [0, 8]

B

A

I
D

[0, 8]
u

c u

C

Causality relations

endD => endC,
endD => endI, endI => endD

Spatio-temporal actions
mapA, mapB unmapA, unmapB mapD unmapD

�¼x{�|�Suti��N¹ f�g i�w�z7qN�tsyu�v�x qEs�qNi�sr£Qz7ut¦3zK¥��tw�i�qHvKutx{z =

x{� g z|j=z|�|i�qNi�z|�S��£�x s g s g i�uyi��Nuyi��ti�qEs1vKstx{z7q§z�¥�s g i�z7s g i�u;sr¢E�Ii���z�¥z|»|�ai�w�st��x{q3s g insti�j=�Iz7u�vK�
w�z|qS�tstu1vKx{qEs�qNi�sr£®z|uy¦¿«

orq©vK�S�Nx{stx{z|q¤stz(s g x{��w�z|qN�ystu1vKx{qEs�qNi�sr£®z|uy¦��*�tsyut�Nw�st�Nuyi|~�£®i��Ni1ÂIqSi�v g x{i�u�v�utw g x{w]v��Q�ystut�Sw�st�Nuyi�z�¥
qNi��tsti��§w�z7j��Hz|qNi�q�sy�Q£ g i�uti*�{i]v��|i���v�uti�»Iv��tx{w���j=i��Nx¡v�z7»|�1i�w�sy�lvKqS��qSz��Si��lv�uti�w�z|j=�Iz7�tx{sti;z|»|�1i�w�st��«
orq)¥YvKw�s]~Hi]vKw g w�z|j=�Iz7�tx{stinz|»|�1i�w�slx{���Ni1ÂHqNi��¤»�¢¤vKq(i�ºEsyi�qN�Ni��©w�z|qN�ystu�v�x{q�s�qNi�sr£Qz7ut¦3»N�Nx{�{s�¥Cuyz|j�x{st�
i�qSw��{z|�tx{qN�*w�z7j��Hz|qNi�qEsy�Q»E¢�vn�ti�s�z�¥uti��v�stx{z|qHvK�Nz7�Ii�u1vKsyz|ut��«�ors®x{�Q£®z|uys g qNz|syx{qN��s g vKs®s g i g x{i�u1vKutw g x°}
w]v��Vz7ut��v�qNx{Ä]vKsyx{z|q�z�¥s g i��NzEw��Nj=i�qEs��NzEi���qSz|s�uti��tstuyx{w�s�s g i��Ni��7uti�inzK¥�i�ºE�Nuti��t�tx{�7i�qNi��y��zK¥�sti�j=�Iz7u�vK�
�yw�i�qIv�utx{z|��«�³;�	v=uyi��t�N�{s�z�¥Ãs g i�z|uys g z7�|z7qIvK�{x{sr¢�z�¥Ãs g i�sti�j=�Iz7u�v���Sx j=i�qN�yx z7q(£�x{s g uti��y�Ii�w�sÀsyz3s g i
�{z|�7x{w]vK�Ez|uy��v�qNx{Ä]vKsyx z7qV~Kj=i��Nx¡v�z7»|�1i�w�sy�Qw]v�q�»Ii;x{q��7z|�{�|i���x{q��ti��7i�u�v��Iuyi��¡vKstx{z7qN�]«VwQi�w]vK�N�yi�z|qNi�w]v�q�qNz|s
�Nuyi��Nx{w�s g zK£dz|»|�ai�w�st��vKuyilx{qN�yi�utsyi��3x{q�s g il�yw�i�qIv�utx{zI~Ss g i g x{i�u1vKuyw g x w�vK�V�ystuy�Nw�st�Suti��NiaÂIqNi��;sti�j=�Iz7u�vK�
»Hz|�NqS�IvKuyx i���stz(�y�N»E}rw�z|j=�Iz7qNi�qEst�n�ti�uy��x{qN�(v��ÀvKq¤zK�|i�u1vK�{��»Hi��|x{q©vKqN�©i�qN�©zK¥�s g i��y�N»E}r�tw�i�qNi|« f�g i
qNi�sr£Qz7ut¦�v��t�yz�w�xv�sti��=£�x{s g w�z|j��Hz|�yx{sti�z7»|�1i�w�sy��w�z|qS�tstx{sy�Nsti���s g i�j�v�x q*»N�Nx{�{�Nx{qN��»S� zEw1¦*zK¥z7�Nu®x qEsyi�ur}
qIv���uti��Nuti��yi�qEs�v�stx{z|q¨zK¥�v=j��N�{stx{j�i��Nx¡v*�NzEw��Sj�i�qEs]«�µ�v�w g w�z|j=�Iz7�tx{sti*uti��Suti��yi�qEstx{qN�Zv=�{i��|i��ÅzK¥�s g i
g x{i�u1vKuyw g ¢©�NiaÂIqNi���v3qSi�£Á� i��|i��®zK¥�w�z7qN�tsyu�v�x qEs�qSi�sr£Qz7ut¦[« f�g utz|�S� g s g x � g ¢E�Hi�ur}r�|u1vK� g ~�sti�j=�Iz7u�vK�
w�z7qN�tsyu�v�x qEsy��w]vKq=»Ii;�Nutz7�IvK�EvKsti����N�E}r�tsyuti]v�j z|u®�NzK£�qE}r�tsyuti]v�jÁ�Ni��Hi�qN�Nx{qN��z7q�£ g i�s g i�u�s g i;i��Nx{stx{qN�
z7�Ii�u1vKsyx z7qN��j�zE�Nx°¥C¢)s g i=sti�j=�Iz7u�vK�®�Iv�u�vKj=i�sti�ut�*zK¥	v)»Iv��tx{w�z7»|�1i�w�s�z7uªv)w�z|j=�Iz7�tx{sti�z7»|�1i�w�s�v��ªv
£ g z7�{i|«
f�g iÀi�ºEsyi�qN�Ni�� w�z|qS�tstu1vKx{qEs�qNi�sr£®z|ut¦E�Àv��t�yz�w�xv�sti��¤£�x{s g s g i��yw�i�qIv�utx{z =*�N�Nutx{qN�3s g i�vK�Ns g z|uyx{qN�

�ys�vK�7i�x{�®�|x{�|i�q�x{q3�¼x{�I«E�N«¼³��®�Ni��yw�utx{»Hi��(x{q�s g i;i�ºNvKj=�N�{i|~K�tz7j�i�x{qEsti�uy�|vK�{��z�¥Vs g x{�®�tw�i�qHvKutx{z*»Ii�w�z|j=i
�NqSw�z|qEstuyz|�{�¡vK»N�{i�»E¢3x{q g i�uyx{s�vKqSw�i � �{x ¦7i � vKqS�§´¬�N�Ni�syz�s g i�x{u�x{qEsti�u�vKw�stx{z|q(£�x{s g o ��« f�g x{���yw�i�qIv�utx{z
x{�®sti�j=�Iz7u�vK�{�{¢*w�z|qN�yx{�tsti�q�s��yx{qNw�i�x{sQx{�®�Iz7�t�tx{»N�{i�stznÂIqN�=�IvKuystx{w��N�¡v�uQ�N�Su�vKsyx{z|q��|v��{�Ni��®zK¥w�z|qEstuyz|�{�¡vK»N�{i
x{qEsti�uy�|vK�{�]~7�t�Sw g s g vKs�~|£ g vKsti��|i�u®�|vK�{�Ni®s g i��S�Nu�v�stx{z|q�z�¥¿s g i��NqSw�z|qEstuyz|�{�¡vK»N�{i®x{q�syi�ut�|v��NoVs1vK¦7i��Ãv�s�s g i
�Nuyi��ti�q�s1vKsyx z7q��ys�vK�7i|~7s g i;�v��ts�w�z|qEstuyz|�{�¡vK»N�{i®x qEsyi�ut�|v��Nw]vKq�»Hi��N¢EqIv�j�x{w]vK�{�{¢lv��]�1�N�ysti��=stz�w�z|j��Hi�qN�1vKsyi
s g i�z|»S�ti�uy�|i��(x{qN�Si�sti�uyj�x{qNx{�tjE;>= =!<t«
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orq¨s g x �*�ti�w�stx{z|q¼~Q£®i��Suti��yi�qEs�s g i�v��N�|vKqEs1vK�|i��Àz�¥�s g i3i�ºEsti�qN�Ni��dsyi�j��Hz|u1vK�®w�z|qS�tstu1vKx{qEsÀqSi�sr£Qz7ut¦E�
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A equals B
D kills C

Scenario1<DOC>
<COMP>Scene1

<DECL>

<TEMP_REL>

<SPATIO_TEMP_REL>

...

...

...
...

...

<OBJECT>
<NAME>

<MOTIONSTYLE>
<POS>
<FORMAT>

A

252,108
1

<URL>

<TEMP_REL>

...

<SPATIO_TEMP_REL>

http://opera.inrialpes.fr/Logo.Mpeg1

</OBJECT>

</DECL>

</TEMP_REL>

</SPATIO_TEMP_REL>
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�¼x{�|�Nuyi�kN¹�±3³l´�µ�¶�·3�|u1vK� g x{w;�N�ti�u;x{q�syi�ur¥rvKw�iÀv�qN�3�t¢Ej�»Hz|�{x{w��NzEw��Nj�i�q�s®uti��Nuti��yi�qEs�v�stx{z|q

x{q�syi�ut�|v��{�]« f�g x{��z|�Hi�u1vKstx{z7q�x{�V�Hi�ur¥Cz7utj=i���stz;i�qN�y�Nuti�s g iQ�S¢�qHvKj�x{w_¥Cz|uyj�vKsystx{qN�®£ g x{w g x{�V»Iv��ti��
z|q(vKq=z|»N�yi�ut�7iÀvKqS��uyi��Iv�x u�v��N�Nuyz�vKw g zK¥�s g inx qS�Ni�sti�utj�x{qNx{�yj � �ti�i*�ti�w�stx{z|q(kS« �S« k ��«

³;qNz|s g i�u�vK�N�|v�q�s1vK�7i�£®il�SutzK�Ex{�Ni�£�x s g z|�Nu�x{qEsti�uyqIvK�[uyi��Nuyi��ti�qEs1vKstx{z7q§z�¥�s g i��NzEw��Nj=i�qEs�x ��s g vKs
x{s�x{�;�t�Nx{s�v�»N�{iÀvK��v*�t�N�S�Iz7uts;¥Cz|u;»Iz7s g i��Nx{stx{z|q(vKqS�(�Nuti��ti�qEs�v�stx{z|q¤�t�S�N�Iz7uts�« f�g �N��~Is g i�±3³l´�µ�¶�·
v��N�N�{x{w]vKsyx z7q�i�qN�7x{qNi��NzEi���qNz7s�uti�¸E�Nx{uti�vKqE¢��tsyut�Nw�sy�Nu�v��[stu1vKqN�y�v�stx{z|qn»Ii�sr£®i�i�q=s g i�i��Nx{stx{z|q*� g v��ti�vKqS�
s g i��Nuyi��ti�qEs1vKstx{z7q(z|qNi7«

�;ÍH�K�]�N� � ��� ��Ê3����ÎZ�K�KÍ[���1Ë�� �e�N���tÍI� �¯Î¼ÍV� ��©É��V� ���¼�]ÉE�|���������HÉ �;qNi�z�¥Vs g i�j�v�x{qªv��N�|vKqEs�v��|i��
z�¥z|�SuQsyx j=i�uti��Suti��yi�qEs�vKsyx{z|q(x{�®s g v�sQx{s®x �®x{qEsti�u¾¥YvKw�i���£�x{s g vn�t¢Ej�»Iz7�{x w®�Ni�w��v�u�v�stx{�|i;uti��Nuyi��ti�q�s1vKsyx z7q
£ g x{w g w]v�q�»Hi��Nx{uti�w�sy�{¢À�N�yi���v��Ãv�qÀx{qEsti�utw g vKqS�|i�¥ez|utj3vKs�«[³��{�tzH~Kx{s�w]v�q�»Ii;i]vK�yx �{¢�syu�v�qN�t�¡vKsyi���x{q�vKqE¢
z7s g i�u�¥Cz|uyj�v�s��N�ti��(»E¢�vKqNz7s g i�u�vK�N�S� x{w]v�stx{z|q��7x{�|i�q3x{st� g x{� g i�u�� i��|i��¼zK¥i�º��Suti��y�tx{�|i�qSi��t��«

����� � -+1.���8,�#, 2�� 2 /��8&�( /�#%3&)(4&�*8(4&�,�&�-9/�1�/�#!20-8,
f x{j�i�� x{qNiÅi��Nx{stz7ut�®� x{¦7iÃ´;x{uti�w�stz|u+; � <t~E�;»|�1i�w�s �®z|j=�Iz7�tx{stx{z|q � i�syutx � i�st� ; =���<¿vKqS� ��±3o/��µ�´ ; k�<Isyx{j�i
uyi��Nuti��ti�qEs�v�stx{z|qS��v�uti3vKqIv�� ¢EÄ�i��Zuti���vKuy�Nx{qN� g zK£ s g i�¢Zj=i�i�s*s g i3uti�¸��Sx uyi�j�i�q�sy�À�Suti��yi�qEsti��%x{q©s g i
�Nuyi��Ex{z|�N���yi�w�stx{z7qV«M�¼x{ut�ys�zK¥�v��{�Y~7�{i�s��N��qNz7sti�s g vKs®qNz|qNi�z�¥s g i�j �Sx �ystx{qN�7�Nx{� g i���w�� i�vKut�{¢�s g i��t�Iv�stx{zK}
syi�j��Hz|u1vK��vK�y�Ii�w�st��zK¥�v�j��S� syx{j�i��Nx¡vn�Nuti��ti�qEs�v�stx{z|q¤¥eutz|j8s g i�syi�j��Hz|u1vK��z|qSi��]« f�g �N�ns g i�¦Ex{qN�(z�¥
�Hz|�y�tx{»N�{i�£�utx{systi�q3�tw�i�qIvKuyx{z|��x{���{x{j�x{sti��À»E¢�w�z|j��HvKutx{�yz|q�£�x{s g z|�Su�vK�N�Nuyz�v�w g «
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�É i��Nx{stz7ut�]¹�s g i�i�ºE�Nuyi��t�yx �7i�qNi��y��z�¥Vstx{j�i��{x{qNi�x{��qSz|s��7i�ut¢*utx{w g �tx{qNw�i;x{s��NzEi��®qNz|s�w�vK�E}
st�Nuyi�s g i�� g utx{qN¦�vKqN���ystuyi�stw g w]vK�HvK»Nx{�{x{stx{i���zK¥V�N¢EqIv�j�x{w�z7»|�1i�w�sy�]~E�NqNw�z|qEstuyz|�{�¡vK»N�{i�z|»|�ai�w�st��vKqS�
g ¢��Hi�uy� x{qN¦E�Qv�uti�qNz7s�i]vK�y¢Àsyzlx{qEsti��|u�v�sti � �N�ti;zK¥¿v��yw�utx{�Nsyx{qN���v�qN�|�HvK�|i �v�qN�*z|qN�{¢�¸E�Iv�q�syx{s�vKsyx{�|i
�IvKsyx{qN���tw g i�j=i�x{���t�N�S�Iz7utsti��V«�orqEsyi�ur¥Yv�w�i���»Iv��ti��(z7q3stx{j�i��{x{qNi�vKutinu�vKs g i�u�x{qEst�Nx{stx{�7i�»N�Ns;qNz|s
�tw]v��¡vK»N�{i*¥Cz7u��¡vKut�7i��NzEw��Nj=i�qEst�]« f�g i��¡vKw1¦¤zK¥��tsyut�Nw�st�Nuyi�x{�Àv��{�tz(z7qNi�zK¥�s g i��Nu1v�£�»IvKw1¦E��z�¥
stx{j�i�� x{qNi;i��Nx{stz7ut��«�ors;�N�Nst��v g i]v��E¢�»N�Sut�Ni�q¤z|q)s g i�vK�Ns g z|uyx{qN���NutzEw�i��t�Àv�qN�(x{��i�utuyz|u��Nuyz|qNi
�tx{qNw�i�vKqE¢�j=z��Sx ÂHw]vKsyx z7q�zK¥[s g i��yw�i�qIv�utx{z g v��7i�stz�»Ii��Sutz|�HvK��v�sti���»E¢ g vKqN��syzls g i�uyi��tsÅzK¥[s g i
�NzEw��Nj=i�qEs]«Ez�zK£®i��7i�u]~�s g i��yx j=�N�{x{w�x{sr¢�z�¥Ãs g i�syx{j�i*uti��Nuyi��ti�q�s1vKsyx z7q¨i]vK�yi��Às g i�v��N�N�{x{w]vKsyx{z|q
w�z|qS�tstuy�Nw�syx z7qV« f�g i��NzEw��Sj�i�qEs�x{q�syi�utw g v�qN�|i�uyi�¸E�Nx{uti�j=i�qEst��vKuyi�qNz|s���v�stx{�rÂHi��Z�yx qSw�i�vKq©i�º7}
g vK�S�tstx{�7i��IvKsyx qS��zK¥[s g i�z|»|�1i�w�st���Nuyi��ti�q�s1vKsyx z7q��NzEi���qNz7s�w]v��Nst�Nuyi�s g i�x uÅj��Nst�Iv��|uyi��¡vKstx{z7qN� g x{�N�
�¡s g i�uti*x{�QqSz�� z7�|x{w]v��Isyx j=i ��«

���3� ��� ¹Vs g x{��j�zE�Ni�� g vKqS�N�{i����{z|�7x w�vK��vKqN�©¸E�Iv�qEstx{s�v�stx{�|i*stx{j�i*»N�Nsn�NzEi��ÀqSz|s��t�N�S�Iz7uts*s g i
w]vK�S��vK�Ez7qNi|«Vz�zK£®i��|i�u�~�¥Cutz7j z7�NuV�NqS�Ni�ut�ys�v�qN�Nx{qN��x{s[x{�VqSz|s[�ts1vKsyi�� g zK£§qE�Nj=i�utx{w]v��Kw�z|qN�ystu1vKx{qEst�
vKuyi�j�v�qIvK�7i���v�qN�3�Nutz7�IvK�EvKsti��V«®¶�qNw�z7qEstutz7�{�v�»N�{i�z|»|�1i�w�st��vKqN� g ¢E�Ii�ut�{x{qN¦E�lvKuyi�qNz7s��t�N�N�Hz|u¾}
sti��¼«.��u1vK� g x w�vK��v��Ns g z|utx{qN��x{qEsti�ur¥Yv�w�i�»Iv��ti���z7q��Hi�stuyx }rqNi�sy��vK�{�{zK£�x qS� g x{i�u�v�utw g x{w]v����ystuy�Nw�st�Sutx{qN�
w]vKq=»Ii;�Ni1ÂIqSi��V«	z;zK£Qi��|i�u�~Es g x{��syi�j��Hz|u1vK�Nj=z��Si��{� x{qN�;zK¥Vj��N�{syx j=i��Nx¡v®�NzEw��Nj=i�qEst��x{�®qNz|s®vK�E}
�Nutz7�Nutx¡v�sti�vK��vKq�vK�Ns g z|uyx{qN���Iv�u�v��Nx{�|j§« f�g i�syi�j��Hz|u1vK�EvK�{x{�|qNj=i�qEs[zK¥Ij=i��Nx¡v®z|»|�1i�w�st�Qv�qN�*s g i
�NzEw��Nj=i�qEs��Iv�u�vK�Sx �7j��¡i�qEsyx sr¢¤vKstsyutx{»N�NsyiÀi��Nx{stx{qN� ���Nx{��v��N�Ii�vKu�x{q(¥Yv��7z|�Nu;zK¥Qs g i*stu�v�qN�tx{syx z7qIvK�
vK�y�Ii�w�s�zK¥��Hi�stuyx°}YqNi�st�]«

��� �n{��[ÉNÎ uti��Nuyi��ti�q�s1vKsyx z7q(zK¥�syx j=i|¹¼z|qN�{¢�sr£®z*w]vK�N�1vK�¼stx{j�i;z|�Hi�u�v�stz|uy�lv�uti��NiaÂIqNi��(x{q ��±3oe}
�Ni��V~�s g i§�yi�¸E�Ni�qNw�i©z7�Ii�u�vKsyz|u(vKqS�ds g i)�IvKu1vK�{�{i���z7qNi§£ g i�uti¤s g i)�v��ts=stz©ÂHqNx{� g i�qS�N�3s g i
sti�j=�Iz7u�v��Nw�z|qS�tstuy�Nw�syx z7qV« f�g i���±3o/�Ni���i��Nx{syz|u g v��Ãv	�N�ti�uÅ¥Cuyx i�qN�N�{¢Àx{qEsti�ur¥Yv�w�i�»Iv��ti��=z|q�v��{z�}
�|x{w]v����ystuy�Nw�st�Sutx{qN��z�¥Is g i®�NzEw��Nj=i�qEsv���v g x{i�u�v�utw g ¢�«Vz�zK£®i��7i�u]~7s g x{� g x{i�u�v�utw g ¢�x{�j=x{º�i��l£�x{s g
s g i�syi�j��Hz|u1vK�N�ystut�Sw�st�NuyiÀz�¥Vs g i��NzEw��Sj�i�qEs�£ g i�uti�i]vKw g w�z7j��Hz|�tx{syi�i��{i�j�i�qEs�x{�®�Ni1ÂIqSi��3»�¢�v
sti�j=�Iz7u�v��Nz|�Hi�u�v�stz7u]« f�g i�uyi1¥Cz7uti|~Es g i�sti�j=�Iz7u�v��Nz|uy��vKqSx Ä�vKstx{z7q�zK¥[s g i;�NzEw��Nj=i�qEsx{��uyi��tsyutx{w�syi��
stz�vnstuyi�iÀ�ystuy�Nw�st�Suti|~H£ g x{w g stz|�7i�s g i�u�£�x{s g s g ini�ºEw��{�N�tx{�|i�� ¢�w�vK�N�1vK�Vuyi��Nuyi��ti�qEs1vKstx{z7q(zK¥�stx{j=i|~
�{x j=x{st�Vs g i�qE�Nj�»Hi�u�zK¥[i�ºE�Nuyi��t�yx »S� i;�tw�i�qIvKuyx z7�]« f z�zK�7i�utw�z7j�i®s g x{���Sutz|»S� i�j§~K�y¢�qSw g utz|qSx Ä�vKstx{z7q
vKuyw�� g v��|i�»Hi�i�q(v��N�Ni��=»N�Ns®x qSw�z|qN�yx{�tsti�qNw�x{i���w]v�q�»Hili�vK�tx{�{¢*x qEsyutzE�N�Nw�i��V«�³ uyi�w�i�qEs�i1Æ[z|uys g vK�
»Ii�i�qZ�NqS�Ni�uts1vK¦7i�q¨stz(j=i�i�s�s g i��Iz7uts1vK»Nx{�{x{sr¢(uti�¸E�Nx{uyi�j�i�qEsy�ªv�qN�Zv3stu1vKqN�y�¡vKstx{z7q§z�¥ ��±3o/�Ni��
�NzEw��Nj=i�qEst��x{qEstzJz�¢ f x{j�i g vK��»Hi�i�q(�y�Nw�w�i��y�r¥C�S� �{¢(vKw g x{i��7i��V«
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orq(s g x{���ti�w�stx{z|qV~S£Qi	¥CzEw��N��z|q3s g i��Ni��yx{�|q(vKqN�(v�utw g x{sti�w�st�NuyiÀx{�t�y�Ni���zK¥�s g i*±3³l´�µ�¶�·�v��N�N�{x{w]vKsyx{z|q
£ g x{w g¨g vKqS�N�{i���»Hz|s g v��Ns g z|utx{qN�©vKqS� �Suti��yi�qEs�vKsyx{z|qd�ys�vK�7i���z�¥�j��N�{stx{j�i��Nx¡v=�NzEw��Nj=i�qEst�]« � v�utstx°}
w��S�v�ut�{¢E~�£Qi)�Ni�s�v�x{�ls g i¤�Nuti��yi�qEs�v�stx{z|q%�ti�uy�Ex w�i��(uti��v�sti��%stz s g i¤�tw g i��N�N�{x{qN�Zx{�t�y�Ni���~�qIvKj=i��{¢©s g i
�yw g i��N�N�{i�uÀv�qN�3s g i*i�ºEi�w��Sstx{z|q(j=i��Nx¡vKsyz|u��{i��7i��{�]~N£ g x w g v�uti�»HvK�ti��§z7q�s g i g x{i�u�v�utw g ¢�z�¥�i�ºEsti�qN�Si��
syi�j��Hz|u1vK�[w�z7qN�tsyu�vKx{qEs�qNi�sr£®z|uy¦E�]«
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�¼x{�|�Nuyi � ¹���i�qSi�u�v��VvKutw g x{syi�w�st�Suti*zK¥�±�³l´�µ�¶l·��t¢E�tsyi�j

�7�! � ( � �8# /�& � /:6+(�& 2���&.(��8#&�� 2.� �����
	���
f�g i*�|i�qNi�u�v���vKutw g x{syi�w�st�Suti�zK¥®s g iÀ±�³l´�µ�¶l·)�t¢E�ysti�j#vK��� g zK£�q(x{q*�¼x{�I« � ~N�Si��Ii�qN�N��z7q(�Nx°Æ¿i�uti�qEs
�{i��7i��{��zK¥Àv�»N�tsyu�vKw�stx{z|qV« f�g i g x{� g i��ts=� i��|i��;x �=s g i �A��ÉN� ���Q�K�S���eÍ � �eÉ�	IÉ � ~�£ g x{w g ¥C�NutqSx � g i��=s g i
�y¢��ysti�j<£�x{s g v©�tx{j=�N�{i��Si�w��¡vKu1vKstx{�7i§�y�Ii�w�x ÂHw]vKsyx z7q��¡vKqN�7�IvK�7i�z�¥ g x{� g �IzK£®i�u3zK¥Ài�º��Suti��y�tx{�|i�qSi��t�
syz(�t�Hi�w�x°¥C¢©s g i�uyi�¸E�Nx{uti�� sti�j=�Iz7u�vK�Åuti��¡vKsyx{z|qN� g x{�N��»Hi�sr£Qi�i�q¨�Nx°Æ¿i�uyi�qEsÀj��S� syx{j�i��Nx¡v*z|»|�1i�w�st��« f�g i
uyi��t�N�{syx qS�(�ti�snzK¥Q�Ni�w��¡vKuti��©j��N�{stx{j�i��Sxvnz|»|�ai�w�st�nstz|�7i�s g i�u�£�x{s g s g i�syi�j��Hz|u1vK��uti��v�stx{z|qS��»Hi�sr£Qi�i�q
s g i�j§~Sw�z|qS�tstx{sy�NstiÀv*�y¢Ej�»Iz7� x{w;uti��Nuyi��ti�q�s1vKsyx z7q§z�¥�s g i�j��S� syx{j�i��Nx¡v��NzEw��Nj=i�qEs]«Å³ ��S�|��ÉE� x ���S�ti��
syz§syu�vKqS�r¥Cz7utj¯s g i��y¢�j�»Hz|�{x{w*uti��Nuyi��ti�q�s1vKsyx z7qd� g zK£�q©x qZ�¼x �H«k�x q©z7ut�Ni�u�stz¤z|»Ns1vKx{q©s g i=x{q�syi�utqHvK�
uyi��Nuti��ti�qEs�v�stx{z|q©�ys�v�utstx{qN��¥Cutz7j £ g x w g £®i�w]v�q(w g i�w1¦(w�z7qN�tx{�ysti�qNw�¢§vKqN�)j�z|qSx syz|u®s g in�Nuti��yi�qEs�v�stx{z|q
z�¥Qs g i*j��N�{stx{j=i��Nx¡v��NzEw��Nj=i�qEs]« f�g i�vK�Ns g z|u�w]v�q(x{qNw�uti�j�i�qEs�v��{� ¢3i��Sx s�vKqN�)j�zE�Nx°¥C¢�s g i*�t¢Ej�»Iz7�{x w
uyi��Nuti��ti�qEs�v�stx{z|q3z7u�s g i�x{qEsti�utqIv��Iuyi��Nuti��ti�qEs�v�stx{z|q=zK¥[s g i;�NzEw��Nj=i�qEs�Ex¡v�v ��u1vK� g x{w]v��N¶��yi�u®orq�syi�ur¥rvKw�i
�0��¶�o ��«|orq�v��N�Nx{stx{z|q¼~Ks g i�uti�x{�Qv �]�K�4�����e�N�]ÍH� £ g z7�ti�uyz|�{i�x{��stznw�z|qE�|i�uts�s g i�x{qEsti�uyqIvK�Suti��Nuyi��ti�q�s1vKsyx z7q
x{qEstz�s g i��t¢Ej�»Hz|�{x{w�z|qNi;£ g x{w g x{��s g i�¥ez|utj3vKs¼x q=£ g x{w g s g i;�NzEw��Nj�i�q�s®£�x{�{�N»Ii;�tsyz|uti���z7q�s g i��Nx{�y¦¿«
f�g i �]����ÉNÎ ��CÉE� �eÉ�	IÉ � �¥C�Nuys g i�uy�{¢l�Si��tw�uyx{»Ii���x{q��ti�w�stx{z|q*kN« � � g v�qN�N�{i��¼s g i��y¢EqNw g utz7qNx{Ä]vKsyx z7q�»Ii�s¾}

£®i�i�q(syi�j��Hz|u1vK�{�{¢�uti��¡v�sti��(x{qN�ys�v�q�sy��zK¥��Nx°Æ[i�uti�qEs;j��N�{stx{j�i��Nx¡v;z|»|�1i�w�st��~I�{x{¦|i;¥Cz7uQi�º v�j��N�{i;s g i��ys�v�uts
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z�¥Qs g i*�Nuyi��ti�qEs1vKstx{z7q©zK¥Qs g iÀ£ g z|�{i��NzEw��Nj=i�qEs]~Hs g iÀw�z�}Y�ys�v�utstx{qN�=zK¥Ãv=qE�Nj�»Hi�u�zK¥®x qEsyi�ut�|v�� �;�tx{j��N�°}
s1vKqNi�z7�N�t�{¢E~[s g iÀw]v��N��v��{x sr¢3uyi��¡vKstx{z7qN� g x{�N��»Hi�sr£®i�i�q©w�z7qNw��Nuyuti�qEs�z7»|�1i�w�sy�]~¼�N�ti�unqIv��Ex �EvKsyx z7q3s g uyz|�N� g
s g i g ¢E�Ii�uy�{x qS¦���~Ei�stw7«
f�g i É��[ÉN� ����CÍ � �©ÉNÎ.�e�N�]ÍH� �CÉ�	HÉ � �{¥C�Suts g i�ut�{¢¤�Ni��tw�utx{»Ii��Zx{q§�yi�w�syx z7qZkN« k � g vKqS�N�{i���s g i��ts�v�sti

syu�vKqS�tx{stx{z|qS��z�¥Às g i§j��N�{syx j�i��Nx¡v(z7»|�1i�w�sy��v��3qNi�i��Ni���»�¢¨s g i©�tw g i��S�N�{i�u§vKqS�duti�¸E�Ni��tst�)s g i©w�z7ur}
uyi��t�Hz|qN�Sx qS� vKw�stx{z|qN��syz§»Hi(�Nz7qNi3»E¢Zs g i�i�º�i�w��Nstx{z7qIvK�;� zK£®i�u��{i��7i��r« f�g x{���{i��7i����7�IvKu1vKqEsti�i���s g i
x{qN�Ni��Ii�qS�Ni�qNw�i�z�¥s g i�x{j��N�{i�j=i�qEs�v�stx{zKq��¡v�¢|i�u�«�³��{�tzH~Ex s��7x{�|i���vn¥Ci�i��N»Iv�w�¦3syz�s g i��tw g i��N�N�{i�u�vK»Hz|�Ns
s g i�w��Nuyuti�qEs;�ts�v�sti�z�¥s g i�j��N�{stx{j�i��Sxv;z7»|�1i�w�sy���N�Nuyx{qN�Às g i�x{u��Suti��yi�qEs�vKsyx{z|q3�{x ¥ei�stx{j=i|«
f�g i ÍH� ? ÉN�K� �eÉ�	IÉ � �Nx°Æ[i�uti�qEsyxv�sti���»Hi�sr£®i�i�qds g i3�Nx°Æ¿i�uti�qEs�sr¢E�Ii���zK¥�z|»|�ai�w�st��£ g x �{i=s g i�¢Zv�uti

g x{�N�Si�q©x{q²v�� ��z�¥Ãs g i�vK»HzK�|i��{i��7i��{�]«�oe¥�v=w�i�uts1vKx{qZvKw�stx{z|q¤x{��stz3»Hi��Nz|qNi�z7q²v�q©z|»|�1i�w�s]~¼s g i�q©s g i
£�v�¢�z�¥�vKw g x{i��Ex{qN��x{s®£�x �{�[»Hi��Ni��Hi�qN�Ni�qEs�z|q3s g i�sr¢E�Ii�z�¥�s g x{��z|»|�1i�w�slv�qN�3x sy��x{j��N�{i�j�i�qEs1vKstx{z7qV~K�tz
s g iÀz7»|�1i�w�s��{i��7i�� g i�� �S��x{q(�NuyzK�|z|¦Ex{qN�*s g i*utx{� g s��SutzEw�i��N�Suti�stz=i�ºEi�w��Nsyi�s g x{��vKw�syx z7q3»IvK�yi��§z7q3s g i
z7»|�1i�w�s � �Åsr¢��Hi|«�³;� �yzI~Ks g x{���{i��|i��Nj�v�qIvK�7i��Vs g i��¡v�¢|z|�SsVzK¥[s g i�j��N�{stx{j�i��Nx¡vÅz|»|�1i�w�st�®z|q*s g i�x{u��y�Nx{s�v�»N�{i
�Nuyi��ti�q�s1vKsyx z7q(�Ni��Ex{w�i���~H�t�Nw g vK��v��N�Nx{zÀw g v�qNqNi��{��~N�tw�uti�i�q¼~[i�stw7«
f�g i �ÉE��ÌnÍI� � ���KÍI��ÍV�KÍ ���eÉ�	IÉ �®g vKqS�N�{i���s g i��IvKs1v�v�w�w�i��y�Àz�¥Ãj��S� syx{j�i��Nx¡vnz|»|�1i�w�st��«��¼x{ut�yst�{¢�~

x{s�x{��syz�»Hi��y�Ii�w�x°ÂIi��Zx°¥�s g i�z7»|�1i�w�s*stz)»Ii�v�w�w�i��y�ti��¨x{���{zEw]vK��z7u�uti�j�z|syi|« f�g x{��x{��vKw g x{i��7i��Z»E¢§v
¶ ��� �¡¶;qNx°¥Cz|uyj � i��y�tz|�Sutw�i � zEw]vKsyz|u����{x{¦|i*z|»|�ai�w�s�qIvKj=x{qN���tw g i�j=iÀ£ g i�uti=s g i*�Nutz7stzEw�z7�QvK�N�Hi]v�ut�
v���v(�Nuyi1ÂIº[«©³;���tz|j=i�j�i��Sxv�z|»|�1i�w�st��w]v�q syz|�{i�u1vKsti=�{z|�t��z�¥��IvKs1v(�{x{¦|i=�Ex �Si�z§vKqS� vK�S�Nx{z���´ � ~
��f�� vKqN��¶�´ � »Iv��ti��3�Nuyz|stzEw�z7�{�Ãv�uti�j=z|uyi�vK�Iv��Nsti��¼~E£ g x{� i�z7s g i�ut��w]v�qNqNz|s®stz7�{i�u�v�sti�s g x{�®�{z|�t�®�{x{¦|i
s g i��tz|�Sutw�i��NzEw��Nj=i�qEs�uti��Nuti��yi�qEs�v�stx{z|qV~Ssti�ºEs�~Ex j3vK�7iÃv�qN���7u�vK� g x{w��Q�yz#z f�f�� £ g x{w g x{�Qv f � ��� o �
»Iv��ti��3�Nuyz|syz�w�z|�[x{���N�ti��V« Çdg i�s g i�u;s g i�j��N�{stx{j�i��Sxv�z|»|�1i�w�s�x{�Q�{zEw]vK�[z7uQuyi�j�z7sti|~7x{q�»Hz|s g w�vK�ti���s g i
z7»|�1i�w�s�x{�lv�w�w�i��y�ti�� ��x¡v�v��tstuyi]vKj�z�¥Q�Iv�s�v�j3vKqIv��|i��=x{qN�Ni��Hi�qN�Ni�q�sy�{¢3¥Cutz7j s g i*z|»|�1i�w�sl�{i��7i��r« f�g i
qNi�sr£Qz7ut¦¤� i��|i���j3vKqIv��|i��;z|�Hi�u�v�stx{z|qS�l�{x{¦|i*z|�Hi�qNqSx �H~[w��{z|�yx{qN�I~[»S�EÆ¿i�utx{qN�3s g i�qSi�sr£Qz7ut¦¤w�z|qSqNi�w�syx z7qN�
v�qN�3w]vK�{�{»IvKw1¦E�®¥Cz7uÃv�w�stx{�Ex{stx{i���x{q�s g i�z|»|�ai�w�s��{i��|i��Y«

�7� �  � �8&��86 �&�(
f�g i*�tw g i��N�N�{i�u�w]vKq)»Ii*w�z|qS�tx{�Ni�uyi��²v���s g iÀj3vKi��ystuyz�zK¥�s g i*�Nuyi��ti�qEs1vKstx{z7q(� g v��ti*zK¥Qv�j��N�{syx j�i��Nx¡v
�NzEw��Sj�i�qEs]«nors��NzEi���qNz7slz7qN�{¢ g vKqN�S� i*s g iÀsyi�j��Hz|u1vK���t¢EqNw g uyz|qNx{Ä]v�stx{z|q¤»Ii�sr£Qi�i�q©j��N�{stx{j�i��Sxv	z|»E}
�1i�w�st��~V»N�Sslx{s g vKqN�S� i��ls g i*�N¢EqIvKj=x w�w�z7j��Hi�qN�1vKstx{z7q3¥Cz|u;x{qN�Ni�syi�utj=x qSx �yj v���£Qi��{�r«;ors	v��{�tz g vKqN�N�{i��
syi�j��Hz|u1vK� g ¢E�Ii�ut�{x{qN¦E�QvKqN��uyi1¥Ci�uyi�qNw�i���»E¢�j�v�x{q�s1vKx{qNx{qN��w�z7qEsti�ºEst�®zK¥Vs g i��NzEw��Nj=i�qEs � ���Nuyi��ti�q�s1vKsyx z7qV«

�������! ���KÉN��É��V���N���CÍ �©�KÍ �V��ÉB�[�*����Î ���KÉ ��É��V���N���¡Í �Z�����I���
³ �Suti��yi�qEs�vKsyx{z|q©w�z7q�syi�ºEs]~�vKs�v=�|x{�|i�q§x{qN�ys�vKqEs�~[x{�ls g i�x{qE¥Cz7utj�v�stx{z|q3vK»Hz|�Nsns g i*w��Nuyuti�qEs�vKw�syx �Ex{stx{i��
z�¥�v�ut�NqNqSx qS���Suti��yi�qEs�vKsyx{z|qV« f�g i*�Nuti��ti�qEs�v�stx{z|q©w�z|qEsti�ºEs�x{�;j�vKx{qEs�v�x{qNi��3x{q(s g i*¥ez|utj�z�¥Ãv=�{x �ys�z�¥
v�w�stx{�Ex{sr¢§x{�Ni�qEsyx ÂHi�ut��«§oe¥�£®i�x{j3vK�|x{qNins g v�sÀ£®i g v��|i3v3�Nuyi��ti�qEs1vKstx{z7q vK�*� g zK£�q©»�¢©s g i��7u�v�� g x{q
�¼x{�I« � ~[v�qN�(£®iÀj3vK¦|i�v�sti�j=�Iz7u�vK�¼�{z|�|x{w]v��Vw��Sslx{q(s g x{���Nuti��yi�qEs�v�stx{z|q¤uti��Suti��yi�qEsti��¨»E¢3s g i*w��Nuy�|i��
�{x{qNi � ��v�¢dvKs�syx j=i3s ��« f�g i�qds g i§�Suti��yi�qEs�vKsyx{z|qdw�z7qEsti�ºEs3£�x{� ��w�z|qEs�v�x q x q ¥Cz|uyj�vKsyx{z|qZvK»Hz|�Ss�s g i
v�w�stx{�Ex{stx{i���z�¥Qs g iÀw��Sututi�q�sy�{¢§vKw�syx{�|i�z7»|�1i�w�sy� �¡³*~@w�~ ��~Iv�qN�²´ ��«N³��{�yz�£®iÀw]v�q(�N�yiªv��Nuti��yi�qEs�v�stx{z|q
�ys�vKw1¦©x{q©z|uy�Ni�u*stz(�y£�x{stw g »Hi�sr£®i�i�q¨�Nx°Æ¿i�uti�qEs*�Nuti��yi�qEs�v�stx{z|q¨w�z7q�syi�ºEst�*»E¢§�ystz|uyx{qN�(s g i�z|qSi�stz)»Ii
�y�N�t�Hi�qN�Ni��Zx{q(s g iÀ�ys�vKw1¦ �ev�¥Csyi�u��t�N�y�Ii�qN�Nx{qN�§v�� �¼x{st��vKw�syx{��x{syx i�� ��« f�g x ��¥YvKw�x �{x{sr¢�i�qIvK»N�{i��n�N��stz�¥euti�i
s g i�uti��tz|�Sutw�i��*vK�{�{z�w�vKsti���»E¢�v*�y�N�t�Hi�qN�Ni��§�Nuyi��ti�q�s1vKsyx z7q(w�z7q�syi�ºEslv���£Qi g v��7i	v��{�[s g i�x{qE¥ez|utj3vKsyx z7q

C.CED0F�G�HAI�J



= �

A

B

C
D

t

t

X (composite)

�¼x{�|�Suti � ¹�³�syi�j��Hz|u1vK�[�{z|�7x w�vK�Hw��Ns�x{q(v�j��N�{syx j�i��Nx¡v��Suti��yi�qEs�vKsyx{z|q

qNi�i��Ni��¤stz*uti]v��{� zEw]v�sti�uti��tz|�Sutw�i���x{q3z|uy�Ni�u�stz�uyi��t�Sj�i�s g x{�®w�z|qEsyi�ºEslvKs�v�qE¢�stx{j�i � i|« �I«�s g ilw��Nutuyi�qEs
¥Cu1vKj=i�q��Sj�»Ii�un¥Cz7uÀs g i��Ex{�Ni�z ��« f�g x{�*¦Ex qS�ZzK¥��yx{j��N�{i�w g i�w1¦Z�Hz|x{qEst�*w�zK�7i�ut��j=z|�tsnzK¥ls g i3w]vK�yi��
i�ºEw�i��Ns*¥Cz|u��Nuyz|�7u�vKj#i�ºEi�w��Nstx{z|qS� �evK�N�N�{i�sy� ��£ g i�uti=x snx �n�Ni1ÂIqNi��Z»E¢(s g i��t¢E�ysti�j¯uy�NqE}rstx{j�in�ts�v�w1¦
x{st�yi��°¥�«

��������� � ����ÉNÎ ����
������������� �����¡ÉN�
f�g in�tw g i��N�S� i�ul�S�ti��;s g i�x{qEsti�utqIv��Vuti��Nuti��yi�qEs�v�stx{z|q¤stz�j=z|qNx{stz7u�s g i��NzEw��Nj=i�qEs � ���Nuti��ti�qEs�v�stx{z|q¼«Q³�s
i��7i�ut¢=qNzE�Ni�x{q=s g i;w�z|qN�ystu1vKx{qEsQqNi�sr£Qz7ut¦�»Hi�x{qN��uyi]vKw g i��(»E¢ªv�q�i�qN�Sx qS�Àx{qEsti�uy�|vK�r~Ks g i��tw g i��N�S� i�u�vK�E}
�N�{x{i���vn�tx{j��S� i�vKqN�=�tsyu�vKx{� g s¾¥Cz|uy£Ãv�ut�=ut�N�{i g v��Ex{qN�Às g i;¥Cz|�{�{zK£�x{qN���ts1vKsti�j�i�qEs]¹��7x°¥vK�{�[s g i�x{qNw�z7j�x{qN�
x{qEsti�uy�|vK�{��zK¥Qs g x{��qNzE�Ni g v��|i�uyi]vKw g i��©s g i�x{u�i�qN�V~_s g i�q©i�º�i�w��Nsti�v��{�s g i*�t�Iv�stx{zK}rsti�j=�Iz7u�v��vKw�stx{z|qN�
v�qN���ts1vKuts�vK�{�Ns g i�z7�Nst�7z|x{qN��x{qEsti�uy�|vK�{���H« f�g x{��¦Ex{qN��zK¥[�tw g i��S�N�{x qS�Àx{���Nz7qNi�»E¢Às g i g i��{��zK¥[�t¢EqNw g utz�}
qNx{Ä]v�stx{z|q)w�z|�NqEsyi�ut� �evKs;i]vKw g qNzE�Ni ��¥Cz|u �= ��s g iÀqE�Nj�»Hi�u�zK¥®x qSw�z|j=x qS�ªv�qN�(z|�Sst�|z7x{qN��x{q�syi�ut�|v��{�lvKs
s g x{�lqSz��Si|~[vKqN� �C� ��s g iÀqE�Nj�»Hi�u�zK¥®x qEsyi�ut�|v�� �;uti�j3vKx{qNx{qN�*stz=sti�uyj�x{qIvKsyiÀvKs;s g x{��qNzE�Ni��S�Nutx{qN�=s g i
�Nuyi��ti�q�s1vKsyx z7qV« f�g i��|vK�{�Ni���zK¥�s g i��ti*w�z7�NqEsti�uy�ÀvKqN�3s g iÀuyi��¡vKsyi��(x{qEsti�uy�|vK�{�lv�uti��ystz|uyi��¤x q3s g i�qNzE�Ni
�ystut�Sw�st�Nuyi�vK��� g zK£�q*x{qi�¼x{�I«!�S«V³;� �yz�x{q*s g x{���tsyut�Nw�sy�Nuti7~N£®iQj3vKx{qEs�vKx{q;s�vK»S� i���uti��Suti��yi�qEstx{qN�*s g i®¦Ex qS�
z�¥��Si��Ii�qN�Ni�qNw�x i�� � i�¸E�IvK�{x{sr¢�vKqS��w�vK�N�1vK�{x{sr¢ �Å»Hi�sr£Qi�i�q(x{qN�ts1vKqEst��z�¥s g i�x{qNw�z7j�x{qN��vKqN�3z7�Nst�7z|x{qN�*x q }
syi�ut�|v�� �®vKs�s g x{��qNzE�Ni|« f�g i�i�¸��HvK�{x{sr¢��Ni��Hi�qN�Ni�qNw�¢�z�¥Vx{qN�ts1vKqEst��x{j=�N�{x i��Vs g i�x{u�sti�j=�Iz7u�v��Nw�z|x{qNw�x �Si�qNw�i
£ g x{w g j��N�ts�»Hi��|i�uyx°ÂIi��(»E¢�s g i�syi�j��Hz|u1vK�[w�z7qN�tx{�tsyi�qNw�¢3w g i�w1¦Ex{qN��� g vK�yi|«M�Sz|u�i�ºNv�j��N�{i�x{q��¼x{�I«&�N~
s g i�i�qS�Zx{qN�ts1vKqEs*zK¥]w w�z|x{qNw�x{�Ni���£�x{s g �ts�v�uts*x{qN�ts1vKqEs�zK¥�x{qEsti�ut�|vK��´*~VvKqS�Zs g i�i�qN� x{qN�ts1vKqEs�zK¥�³
w�z7x{qNw�x{�Ni��;£�x s g s g vKs�zK¥ ��« f�g i�w]v��N��v�� x{sr¢=�Ni��Hi�qN�Ni�qSw�¢(zK¥�x{qN�ys�vKqEsy��x{j��N�{x{i���s g vKs;s g inz�w�w��Nutuyi�qNw�i
z�¥ÃvKq¤x{qN�ts1vKqEs��{i]v��N��stz�s g i*z�w�w��Nutuyi�qNw�i=zK¥Qs g i*z|s g i�u�x qS�ts�v�qEs]« f�g inÂIi��{�¤w]vK�{�{i��(syx j=i��ts1vKj=��vKqS�
x{st��uyz|�{i�x{q��S¢�qHvKj�x{w�w�z7j��Hi�qN�1vKstx{z7q�¥Cz7uQx{qN�Ni�sti�uyj�x{qNx{�tj¤~K£�x{� �[»Hi�i�ºE�N�¡vKx{qNi��3x{q�v*�¡v�ststi�u��ti�w�syx{z|qV«
f�g iQ�NzEw��Sj�i�qEs � ���Nuyi��ti�qEs1vKstx{z7qÀ�ys�vKuyst��¥eutz|j¬s g i®�ts1vKuystx{qN��qNzE�Ni�zK¥Hs g i��7u�vK� g vKs�s g i�utzEz|s�zK¥Hs g i

g x{i�u1vKuyw g x w�vK���tsyut�Nw�sy�Nuti7«�³ w�z7j��Hz|�tx{syi�z|»|�1i�w�s�x{���ys�v�utsti��§»E¢3uti�w��Nut�yx �E�{¢3�ts1vKutsyx{qN��x{st�;w�z|j=�Iz7qNi�qEst�
�NqEsyx �[»HvK�tx{w�j�i��Nx¡v�z7»|�1i�w�sy�]«�ors�x{��i�qS�Ni��3£ g i�q(x{s®uti�w�i�x{�|i���i�qN�3�yx �7qIvK�{�®¥Cuyz|j v��{�Ix{st��w�z|j��Hz|qSi�qEst�]«
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�¼x �7�Nutid�S¹ f�g i��tstuy�Nw�sy�Nuti*zK¥�v*qNzE�Ni�x q3s g i�w�z|qN�ystu1vKx{qEs�qNi�sr£®z|ut¦

��������� � Ê���� � �r� �tÍH� �©�N�����
� �
�;qNi®�Nutz7»N�{i�j�s g vKsVvKuyx{�ti���x{q�s g i®�Nuti��ti�qEs�v�stx{z|q*zK¥Iv�j��N�{stx{j�i��Nx¡v��NzEw��Sj�i�qEs[x{�Vs g iQvK»Sx �{x{sr¢�stz g vKqS�N�{i
s g i�syi�j��Hz|u1vK�Ex{qN�Ni�syi�utj=x qSx �yj�s g v�s�zEw�w��Nuy�Q�S�Nutx{qN��s g i��Nuyi��ti�qEs1vKstx{z7qV«�orq�z|uy�Ni�u�syz��Ni]v��N£�x{s g s g i��yi
�yx sy�IvKsyx{z|qN��v�qN�3stz�j=i�i�s®s g inw�z|qN�ystu1vKx{qEst���y�Ii�w�x°ÂIi��¤x q3s g i��tw�i�qIvKuyx{z|�]~Hw�i�uts�v�x{q(x{qE¥Cz|uyj�v�stx{z|q�vK»Hz|�Ns
syi�j��Hz|u1vK� �Hi�ºEx »Sx �{x{sr¢E~|x{qN�Ni�sti�uyj�x{qNx{�tj�vKqN�3i��7i�qEs��IvKsyi��]~Hj��N�ys�»IiÀv��|v�x{�v�»N�{ilv�s�i��7i�ut¢3i�qN� }Yz�¥¡}Y�S�v�¢
x{qN�ys�vKqEs�¥ez|u�i��7i�ut¢¤x{qEsti�uy�|vK�r« f�g x{�lx{qE¥ez|utj3vKsyx z7q3x ��w]v��{� i��©s g i=stx{j�i��ys�v�j��Nx{qN�=zK¥�x qS�ts�v�qEst�]« f�g i��ti
x{qN�ys�vKqEsy��w�z7ututi��t�Hz|qN�(syz�s g i�qNzE�Ni���zK¥�s g insti�j=�Iz7u�vK�Hw�z7qN�tsyu�vKx{qEs�qNi�sr£®z|uy¦E�]«
f�g i�syx{j�i��ts1vKj=�Zx{qE¥Cz7utj�v�stx{z|q¤vKs�i]v�w g qNzE�Ni3w]v�q¨»Ii3uti��Nuti��yi�qEsti���x{q s g i=¥Cz7utj¯z�¥	v¤st�S�N�{i

> � ��� ~No � ´*~N´�³ f µ���~|£ g i�utiÀ´�³ f µ©x{�®s g i��Iv�sti�zK¥�sti�uyj�x{qIv�stx{z|q*zK¥�s g i��¡vK�ys�x qSw�z|j=x qS�lx{qEsti�ut�|vK�
v�s�s g x{��qSz��Si|~X� ��� x{��s g i�v�j�z7�NqEsVzK¥ �Ii�ºEx{»Nx{�{x{sr¢Àv��|vKx{�¡vK»N�{i�s g vKs�w]v�q�»Ii��SutzK�Ex{�Ni���»E¢Às g i�z|�Sst�|z7x{qN�
x{qEsti�uy�|vK�;zK¥�s g x{�=qNzE�Ni§vKqS� vK�{z|qS�Zv¤�IvKuystx{w��N�¡vKu=sti�j=�Iz7u�v���w g vKx{qV~�vKqN� o � ´8x{��s g i©vKj=z|�NqEs�z�¥
�NqSw�z|j=�Ii�qS��vKsyi���x{qN�Ni�syi�utj=x{qNx{�tj x{qEsti�utw�i��Ssti��=x q*s g i�w��Nutuyi�qEsQw g v�x{q��NqEstx{�Es g i�x{qN�ys�vKqEsQ´�³ f µ�« f�g i
�|v�� �Si�z�¥lx{qN�Ni�sti�uyj�x{qNx{�tj¯z�¥	v�q �SqNw�z|qEsyutz|�{�¡vK»S� i=z|»|�1i�w�s�x{��s g i��Sx Æ[i�uyi�qNw�i¤»Ii�sr£Qi�i�qdx{st��i1Æ[i�w�syx �7i
�N�Su�vKsyx{z|q v�qN�dx{st�=�ts�v�stx{w(z7qNi(�Ni�syi�utj=x{qNi��d»E¢¨s g i)�ts�v�stx{w¤�Nuti1}e¥Cz7utj�v�stsyi�u]« f�g i)ÂIi��{� ´�³ f µ¬x �
w]v��{w��N�¡vKsyi���£�x{s g uti��y�Ii�w�s�syz�i�x{s g i�u�v��|�{z|»HvK�N�NzEw��Sj�i�qEs � ���Suti��yi�qEs�vKsyx{z|q3w��{zEw�¦�s g vKsÅj�i]v��t�Nuyi��Qsyx{j�i
¥Cuyz|jÁs g il�ys�v�utstx{qN�nx qS�ts�v�qEsQz�¥Vs g i;�Nuti��yi�qEs�v�stx{z|q=zK¥Vs g il�Sz�w��Nj�i�qEs�z7u��tx{j=�N�{¢Àv�stx{j=i1}Yz�¥¡}r�Iv�¢�w��{z�w1¦[«
f�g x{��w��{zEw1¦�x{�Vi�ºNvKj=x{qNi���z7qN�{¢l£ g i�qªv�q�i��7i�qEs g vK�S�Ii�qS�x{q*s g i®�tw�i�qIvKuyx{zl�yz�s g v�ss g i®w�z|uyuti��y�Iz7qN�Nx{qN�
w g v�x q � �nw��{z�w1¦¤w]vKq »Ii=w g i�w1¦|i��¨vK�EvKx{qN�tsns g i=w��{z�w1¦E��z�¥�s g i=w�z|qNw��Nutuyi�qEs�w g vKx{qN�]« f�g x �n�IvKuystx{w��N�¡vKu
�Hz|x{qEs�z�¥�syx{j�i�uyi��Nuyi��ti�qEsyi��©»E¢��=x{q��¼x �H« �*x{�lv*�Hz|x{qEs�zK¥��Ni�w�x{�tx{z|q(£ g i�uti*i1Æ[i�w�stx{�7iÀ�N�Su�vKsyx{z|q3zK¥�º
w]v�q©»Ii*�Ni�syi�utj=x{qNi��¤»Ii�x{qN�3s g iÀ�Sx Æ[i�uyi�qNw�i=»Ii�sr£®i�i�q©s g i�´�³ f µ ÂIi��{�N�Àv�s�s g x{�lqSz��Si�vKqN�¤s g v�s�z�¥
s g i��ts1vKuystx{qN��qNzE�Ni�zK¥�º[«
³�s�syx j=i�x{qN�ts1vKqEs��[~7v�s1vK»N�{i�z�¥¿w g v�x q*x{qE¥Cz7utj�v�stx{z|q;x{� g vKqS�N�{i��À£ g i�uti;£Qi g v��7i�¥ez|u�i]vKw g w�z7qNw��Nu¾}

uyi�qEs�w g vKx{q3sr£®zÀi�qEsyutx{i��]¹
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�¼x{�|�Nuyi �S¹�´;¢�qHvKj�x{w®¥Cz7utj3vKstsyx{qN�

=|«®s g in�|vK�{�Ni�z�¥�NqSw�z|j=�Ii�qS��vKsyi��3x{qN�Ni�syi�utj=x qSx �yj � {���Î uti��y�N�{stx{qN�*¥Cuyz|j � «
�N«®s g i*v��|vKx{�¡vK»N�{i��Ii�ºEx{»Nx{� x{sr¢E� � ��� vKs�s g i�qNi]v�uti��ys�¥C�Nsy�NutinqNzE�Ni�z|q�s g i�w g v�x q¼«
orqSx syx¡vK�{�{¢�~�s g i#� {���Î ÂIi��{�=zK¥i�vKw g w g vKx{q g vK��vnÄ�i�uyz��|vK�{�Ni�vKqN�o� � �
� ÂIi��{�=x �®x{qNx{stx¡vK�{x{Ä�i���£�x{s g

s g i(vKj�z7�NqEs�zK¥�v��|vKx{�¡vK»N�{i �Ii�ºEx{»Nx{�{x sr¢¤z|q i]vKw g w g vKx{q �NqEstx{��s g i3qNi�º�s��y¢EqNw g utz7qNx{��vKsyx{z|qZ�Hz|x{qEs ? «
f�g x{�®x{qE¥Cz|uyj�v�stx{z|q�x{���Ni1ÂHqNi���v��{�tz��ys�vKsyx{w]vK�{�{¢�»Hi1¥Cz|uyi��ts�v�utsyx qS��s g i;�Nuti��ti�qEs�v�stx{z|q¼~E»N�Ns�x{s�x{���N�H�Iv�sti��
�N¢EqIv�j�x{w]v�� �{¢¤�N�Nuyx qS�Zs g i(�Nuti��ti�qEs�v�stx{z|q%£ g i�q �N�ti��%stz©w�z|j��Hi�qN�1vKsyi3¥Cz|u=x{qN�Ni�syi�utj=x qSx �yj§«¨ors=x �
i��y�ti�qEsyxv��Vsyz�j�vKuy¦�s g iÀvKj=z|�NqEs�zK¥ �Ii�ºEx{»Nx{� x{sr¢*�N�ti���¥ez|u®w�z|j=�Ii�qS��vKsyx{z|q�v��Qsyz�»Ii�uyi��ti�uy�|i��)x q=z|uy�Ni�u
qNz7s�stz©»Hi(�N�yi�� vK�EvKx{q©»E¢ v�qNz|s g i�u��Ni�syi�w�syi���x{qN�Ni�syi�utj=x qSx �yj#x q¨s g i=¥C�Nst�Suti|« orq s g i��¼x{�I« �©v�q
v�j�z|�Sq�s¼zK¥Vx{qN�Ni�sti�uyj�x{qNx{�tj�� g v���»Ii�i�q��Ni�sti�w�syi��(vK�{z|qS�ls g i�w g vKx{qE�  «�· x qSw�i�s g i�uti�x{��qSz|s�i�qSz|�N� g
�Ii�º�x{»N�{x{sr¢ �  vK�{z|qN�*s g x ��w g v�x{q ��� � �  ��~Ns g i�z|s g i�u�w g v�x{qN�lv�utiÀv��t¦|i����Ex¡v*s g i�s�v�»N�{ilz�¥�w�z|qNw��Nutuyi�qEs
w g v�x qS�Qsyz�uti�w�zK�|i�uÅ¥Cutz7j s g x{�Q�Ni��v�¢E« f�g i;w g vKx{qE� � qNz7stx{w�i��®s g x{��uyi�¸E�Ni��ys�vKs�s g i�i�qS��zK¥[s g i�z|»|�ai�w�s
Ê £ g i�uyi�x{st�ni�qN�©x{���Ni��¡v�¢|i���� �ts1vKstx{w�z7»|�1i�w�s���£ g x{�{i�s g i�z7»|�1i�w�sy���(vKqS� Ì vKuyi��tsyuti�syw g i��¨»�¢)s g i
v�j�z|�Sq�s��À�NuyzK�Ex �Si��3»�¢=s g i�x u �Hi�ºEx »Sx �{sr¢ � � vKqS� ��� uyi��t�Hi�w�syx �7i��{¢�«
Ç i;w]vKq=w�z|qSw��{�N�Ni�s g vKs®s g i�±3³�´�µ�¶l· � ��i�ºEsyi�qN�Ni��)sti�j=�Iz7u�vK�Hw�z7qN�tsyu�vKx{qEs�qNi�sr£®z|uy¦��NuyzK�Ex �Si��Ãv

�yi��°¥�v��IvK�Ns1vKsyx �7i�j�i�w]vKqNx{�yj g vKqN�S� x{qN���SqN�Nuti��Nx{w�s�v�»N�{i�sti�j=�Iz7u�vK�¼»Ii g v��Ex z7�Nu]«n³���£®i g v��7i��ti�i�q©x{q
s g iÀi�º v�j��N�{i|~Es g x{��j�i�w]v�qNx{�tj x{�;»IvK�yi��§j3vKx{qN�{¢*z|q(s g i�z|uy��v�qNx{Ä]vKsyx z7q3zK¥Qs g i�sti�j��Hz|u�v��V�ystut�Sw�st�Nuyi
v���v*�|u�v�� g £ g x{w g x{q3st�Nuyq�x{��z7ut��v�qNx{Ä�i��(vK��w g v�x{qN�]«

������� � " � � �©�������IÉ �©É��V�
w®¢ f ³�� � f x{j=iÀ³;w�w�i��y� �®z|qEstuyz|� ��j�v�qIvK�7i�j�i�qEs�£®i�j�i�vKq©vK�{�QvKw�stx{z|qN�ns g v�s�j�v�¢3»Hi�uti�¸��Si��tsyi��
»E¢¤s g i��N�yi�u�vKqN�©�{i]v��§syz§v3w g vKqS�|i�zK¥��ts1vKsyi�zK¥�v=w��Nuyuti�qEst�{¢©�Nuyi��ti�q�syi��¨j��N�{stx{j�i��Nx¡v*�NzEw��Sj�i�qEs]«
µ�ºNv�j��N�{i��¼zK¥Is g i��ti�vKw�stx{z|qN��v�uti®�ts�v�uts�~Kuti��ys�v�uts]~7�Iv��N�ti|~�uti��y�Nj�i|~�¦�x{�{�r~1¥Yv��ts¼¥Cz7ut£�vKut�¼~ v�qN��¥Yv��ts�uti�£�x qS�
z�¥�v�j��N�{stx{j�i��Nx¡vn�NzEw��Nj�i�q�s � ���Nuyi��ti�qEs1vKstx{z7qV« f z g vKqN�N�{i�vK�{�Vs g i��yi�vKw�stx{z|qN�;i���w�x{i�qEst�{¢E~[s g iÀ�yw g i1}
�N�S� i�u g v�qN�N�{i����Nuyi��ti�qEs1vKstx{z7q§w�z7qEsti�ºEst� g z|�{�Nx{qN�*x{qE¥Cz7utj�v�stx{z|q�vK»Hz|�Ss�w��Nutuyi�qEst�{¢§v�w�stx{�|i�j��N�{syx j�i��Nx¡v
z7»|�1i�w�sy�lvKqS��s g i�x{u�vK�y�tzEw�x¡vKsyi��(�y¢��ysti�j!v�w�stx{�Ex{stx{i�� �¡s g uti]v��V~H�NutzEw�i��t�]~Hsyx j=i�u]~7i�syw|« ��«
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AActivity
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Resume of Presentation 1(3)
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End of Presentation 2(2)
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Presentation Context

Presentation 1

�¼x �7�Nuti��S¹�±(vKqIv��|i�j=i�qEsQz�¥�Nuyi��ti�q�s1vKsyx z7q(w�z7q�syi�ºEs

�Sz|u�i�ºNv�j��N�{i|~�£ g i�q�s g i��N�yi�uQuyi�¸E�Ni��yst��v;�IvK�S�ti�zK¥[s g i��Nuyi��ti�qEs1vKstx{z7qV~|s g i��t¢E�ysti�j �y�N�t�Hi�qN�S�Ãv�� �
z�¥s g ilw�z|qNw��Sututi�q�sy�{¢�uy�NqNqNx{qN��vKw�stx{�Ex syx{i��]«¼ors��tsyz|uti���s g i��|vK�{�Ni;zK¥�s g i�x{u�x{qEsti�uyqIvK�[w�� zEw1¦�uti��Nuti��yi�qEsti��
»E¢�s g ilw��Nutuyi�qEs��Nuyi��ti�qEs1vKstx{z7q��ysti��(v�qN���N�S� g i��;s g i;w��Nuyuti�qEs��Suti��yi�qEs�vKsyx{z|q3w�z|qEsyi�ºEs�x q=s g i;�Nuti��ti�qE}
s1vKstx{z7q��ts�v�w1¦¿« Ç g i�q�s g i��S�ti�u®uti�¸E�Ni��tst��v�uti��t�Nj=i�zK¥Vs g i��Suti��yi�qEs�vKsyx{z|qV~Es g i��Nuyi��ti�q�s1vKsyx z7q�w�z7qEsti�ºEs
x{���Iz7�N�Hi��§z7�Ns;¥Cutz7j�s g i*�ts1vKw1¦§v�qN�§vK�{���t�S�t�Hi�qN�Ni��Zv�w�stx{�Ex{stx{i���»Hi��{z|qN�7x qS��stz3s g x{��w�z7q�syi�ºEs�vKuti*stz
»Hi�uti��y�Nj�i��§z7qNw�i�vK�EvKx{qV«�³;� �yzI~[s g i*z|�Hi�u�v�stx{z|qN��z�¥Q¥Yv��ts;¥Cz7ut£�vKut�¤vKqN�)¥YvK�ys�uti�£�x{qN�©vKuyi�vKw g x{i��|i��
�yx j=x{�v�ut�{¢�»E¢�j=zE�Nx°¥C¢Ex qS�ls g i��t�Hi�i��§v�qN�3�Nx{uti�w�stx{z|q3zK¥�s g i�v�w�stx{�Ex{stx{i���x{q�s g i�w��Nuyuti�qEs;w�z|qEsti�º�s�«Q�;»E}
�1i�w�st�;£�x s g�g x{�N�Si�q3x qEsyi�utqIv��[w��{zEw�¦E��j=z��Si��{� i���»�¢=�NqNw�z7qEstutz7�{�v�»N�{i�x{q�syi�ut�|v��{�Ãv�uti��tx{j��S� ¢*x{�|qNz7uti��=x{q
s g i��¡vK�ys�sr£Qz*z|�Hi�u�v�stx{z|qS�]«

��������� " É � ��ÍH�K� � �VÊ���ÉE� �
��� �V�
f i�j=�Iz7u�vK� g ¢E�Hi�ut�{x{qN¦E�*j�i]v�qN�À�{x{qN¦Ex{qN�3»Ii�sr£Qi�i�q �Sx Æ[i�uyi�qEs��Nuti��yi�qEs�v�stx{z|qN��x{q¨v(w�z7qEsti�ºEs*�ti�qN�yx{stx{�|i
£�v�¢��Ni��Hi�qN�Nx{qN�*z|q=s g i;�ti�j3vKqEstx{w���vK�y�tzEw�x¡vKsyi���£�x{s g s g x �®�{x{qN¦[« f�g i;�{x qS¦|i����Nuyi��ti�q�s1vKsyx z7qN��j�v�¢n»Ii
x{q*s g i��1vKj�iÅj��N�{stx{j�i��Nx¡vÅ�NzEw��Nj�i�q�s �¡x{qEsti�uyqIvK�Suti1¥Ci�uti�qNw�i�� �®z7ux{q*�Nx°Æ¿i�uti�qEs�j��N�{syx j�i��Nx¡v��NzEw��Sj�i�qEst�
� i�ºEsti�uyqIvK�Nuyi1¥Ci�uyi�qNw�i�� ��« f�g i��yw g i��N�N�{i�u g v�qN�N�{i��Vs g x{�[¦Ex qS��zK¥Euti1¥Ci�uti�qNw�x qS�l»E¢�j�v�qIvK�7x{qN��s g i®�ts1vKw1¦�z�¥
�Nuyi��ti�q�s1vKsyx z7q�x{q�v��7i�ut¢*�tx{j��S� iÅ£Ãv�¢E«�;qNw�ilv��{x{qN¦�x{��vKw�syx{�|vKsti��V~|s g i�w��Nutuyi�qEsQ�Nuyi��ti�q�s1vKsyx z7q�w�z7qEsti�ºEs
� xY« i|«¼s g i��Nuti��ti�qEs�v�stx{z|q*w�z7q�syi�ºEsVz�¥ s g i®�tz|�Sutw�i�vKqNw g z7u �_x �[�S�N� g i��Àx{q�s g i®�ts1vKw1¦�zK¥N�Nuyi��ti�qEs1vKstx{z7qV~|vKqS�
s g i��Nuti��yi�qEs�v�stx{z|q3w�z7q�syi�ºEs�zK¥Vs g i��Ni��tsyx{qIvKsyx z7q�»Hi�w�z7j�i��®s g i�w��Sututi�q�s�z7qNi|«��;qNw�i�s g i��Nuti��yi�qEs�v�stx{z|q
z�¥Qs g i*�Ni��ystx{qIv�stx{z|q3ÂHqNx{� g i���~[s g i�q§s g i*�Nuti��yi�qEs�v�stx{z|q¤w�z|qEsyi�ºEslz�¥�s g i*�tz7�Nutw�i*x{���Iz7�N�Ii��§z7�Ns�¥Cuyz|j
s g i��ts1vKw1¦�z�¥�Nuyi��ti�q�s1vKsyx z7q3x q=z|uy�Ni�u�syzÀuyi��t�Sj�i��ts1vKutsyx{qN�*¥Cutz7jÁs g i�syx{j�i��Hz|x{qEsQz�¥�{x{qN¦�vKw�syx{�|vKstx{z7qV«
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�¼x{�|�Nuyi��N¹�·Es1vKsti�syu�vKqS�tx{stx{z|q=�Nx¡vK�7u�vKj zK¥j��S� syx{j�i��Nx¡v�z|»|�1i�w�st�

�7��� 	 �8& � 67/�#20-'%3& �+#1./�20(
f�g i=i�ºEi�w��Nsyx{z|q¨j�i��Sxv�stz7ulj3vKx{qEs�v�x qS��s g i��ts1vKsyi���zK¥�s g i�z7»|�1i�w�sy��vKqN� g v�qN�N�{i��*s g i�x u*stu1vKqN�yx{stx{z|qN�
»Hi�sr£®i�i�q�s g i��yil�ys�v�sti��Qv���� g zK£�q�x qF�¼x{�I«|�S« f�g i�j=i��Nx¡vKsyz|u¼stuti�vKst��vK�{�E¦Ex{qN�N��z�¥¿j��N�{syx j�i��Nx¡v®z|»|�1i�w�st�
x{q�s g iQ�1vKj=i£�v�¢E« f�g iQj3vKx{q��ys�vKsyi���zK¥Ns g iQz7»|�1i�w�sy��v�uti|¹¼�NqNj3vK�N�Hi��V~�j�v��N�Ii��V~KvKw�syx �7i|~�sti�uyj�x{qIv�sti��V~
�y�N�t�Hi�qN�Ni��V~[vKqN���ystz|uyi��V« f�g i��NqNj3vK�N�Hi����ts1vKsyi�x{�Qs g i�x{qNx{syxv��E�ts�v�sti;zK¥vK�{�Hz|»|�1i�w�st��~ExY« i|«¼s g i�z|»|�ai�w�s
g v���qNz7s�¢7i�slv�� �{zEw]v�sti��(x{sy��uti�¸��Sx uyi��¤uti��yz|�Nuyw�i��]«�orq)s g i*j�v��N�Ii����ys�v�sti|~Hs g iÀz7»|�1i�w�s g vK��vK�{�{z�w�vKsti��
x{st��uyi�¸E�Nx{uti�� uti��yz|�Nuyw�i��3»N�Ns=x sy���Nuti��ti�qEs�v�stx{z|q g v���qNz|s�»Hi�i�q ¢|i�s��ys�vKuysti��¼« orq¨s g i(vKw�syx �7i3�ts�v�sti
s g i��t¢E�ysti�j�vKw�syx{��x{syx i���qNi�w�i��y��v�ut¢3¥Cz7uQs g i�z|»|�1i�w�s � ���Suti��yi�qEs�vKsyx{z|qV~HvKuti��ys�vKuysti��¼«�orq3s g i�syi�utj=x qHvKsti��
�ys�vKsyi|~�s g i(z|»|�ai�w�s � ���Nuyi��ti�q�s1vKsyx z7q g v���w�z|j=i�stzZv�q¨i�qN�dvKqN�¨x{s�x{�Àuyi]vK�S¢ syz¤¥Cuti�i�x{sy��vK�{�{z�w�vKsti��
uyi��tz7�Nutw�i��]« f�g i��t�N�y�Ii�qS�Ni��¨�ts1vKsti�j=i]vKqS�ls g vKs�s g i��t¢E�tsyi�j&v�w�stx{�Ex{stx{i���vK�y�tzEw�x¡vKsyi��©stz(s g i�z|»|�ai�w�s
v�uti��y�N�t�Hi�qN�Ni��V~HxY« i|«�x{sy���Nuti��yi�qEs�v�stx{z|q3x{���t�N�y�Ii�qN�Ni��¤»N�Ns�qNz7s�¢|i�s�i�qN�Ni��V«
³;w�st�HvK�{�{¢�~7£Qi g v��7i��Nx°Æ¿i�uyi�qEs�¦Ex{qN�N��z�¥uti��tz|�Sutw�i���s g vKs�w]v�q3»Ii�w��v��t�yx ÂHi��(vK�®¥Cz7� �{zK£���¹
� �t�Iv�stx¡vK�¼uti��yz|�Nuyw�i����y�Nw g v���£�x{qN�NzK£���~N�Nx{ºEj�v��N�®£ g x{w g vKutin�|x{�|i�q3�NqSx ¸E�Ninx �Si�qEstx°ÂIi�uy�l»E¢=s g i
£�x{qN�NzK£dj3vKqIv��|i�u�vKqN�=s g inw�z|�{z|u®uti��tz|�Sutw�i|«

� g vKuy�N£�vKuti�uyi��tz7�Nutw�i����t�Nw g vK���Ex{�Ni�z��Si�w�z|j=�Nuti��t�tx{z7q�w�vKut�S�lvKqS��vK�S�Nx{zÀ�Ni���x{w�i��]«
� �t¢E�tsyi�j�uti��tz|�Sutw�i����y�Nw g vK���NuyzEw�i��t�yi��]~_s g uyi]vK�N��vKqN�=stx{j�i�ut�]«
�;qNw�iªv g ¢E�Ii�ut�{x{qN¦3x ��v�w�stx{�|v�sti��V~Hs g i�w��Nuyuti�qEsy� ¢)ut�NqNqSx qS��z|»|�1i�w�st��zK¥Qs g iÀv�qNw g z|u;�Nuti��yi�qEs�v�stx{z|q

i�qEsyi�ut�*x{q§s g i��tsyz|uti��©�ts�v�sti�£ g i�uti�s g i�x{u�w��Nuyuti�qEs*�ts�v�st�N�nx q ¥Cz|uyj�vKsyx{z|q�v�qN�¤w��{z�w1¦§v�uti��ystz|uyi��V~_¥Cz|u
i�ºNv�j��N�{i�s g ilj3vK�N�Hi����ys�vKsyi�zK¥v�q�z7»|�1i�w�s�z7uQs g i�w��Nutuyi�qEs�¥Cu1vKj=i�q��Sj�»Ii�uÅzK¥�vn�Ex{�Ni�zI«¼³���vnuti��t�N�{s
z�¥l�tsyz|uyx qS�§s g x{�Àx{qE¥Cz7utj3vKstx{z7qV~[s g i��t¢E�ysti�j w]vKq ¥Cuti�i�s g i3uti��yz|�Nuyw�i��3vK�{�{z�w�vKsti��Z»E¢©s g i��ti3z|»|�1i�w�st��~
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�yz§s g vKs�£ g i�q v3uyi�st�Sutq©¥eutz|j#s g i��{x{qN¦(s1vK¦|i��À�N�¡v�w�i|~�s g i��t¢E�ysti�j¯w�vKq©uti�vK�{�{z�w�vKsti=s g i=qNi�w�i��t��v�ut¢
uyi��tz7�Nutw�i���x q©z7ut�Ni�u�stz(�S�v�¢3s g i�z|»|�1i�w�st�*�ts1vKutsyx{qN�3¥Cuyz|j!s g i�x{u��ys�vKsy�N�Àv�qN�©x{q�syi�utqHvK��w��{zEw1¦²v�s�s g i
syx j=i�z�¥�{x{qN¦�vKw�syx{�|vKstx{z7qV«
f�g il�S�v�¢ z|qNi �tsti��(stu1vKqN�yx syx{z|q3� g zK£�q3x{q��¼x{�I«N�S~Euti��Suti��yi�qEst��s g i�w]v��ti�z�¥s�v�¦Ex qS�Àx{qEstz�vKw�w�z|�NqEs

s g i��|u1vKqE�N�¡vKuyx sr¢3z�¥�v=j��N�{stx{j�i��Sxvnz|»|�ai�w�s �¥Cz|u�i�ºNvKj=�N�{i�¥Cu1vKj�i��lz�¥�v=�Ex{�Ni�z3z|»|�ai�w�s �	£ g i�uti�£�x{s g
i]v�w g �NqSx s;zK¥Q�7u�v�q��S�v�utx{sr¢�z�¥Qs g i�z|»|�1i�w�s�s g i��t¢E�tsyi�j#w]vKq)j�vK¦7i��ti��7i�u�v��QvKw�syx{z|qN��~¿v���¥Cz7u�i�ºNv�j��N�{i
j=zK��x{qN�ns g i�i�qNw�� z7�tx{qN��»HzKº�zK¥�v��Ex{�Ni�z�z7q�s g i��tw�uyi�i�qV~Hw g v�qN�|x{qN�*s g i��Ni��|uti�i�zK¥�»Nuyx � g stqNi��y��zK¥�s g i
�Nx{�y�N�¡v�¢|i��*�Ex �Si�zI~��Nx{�t�S�v�¢Ex{qN��v®¥Cu1vKj�iÅzK¥[s g x{���Ex �Si�zI~KvKqS�À�Ex{�t�Iv��Ei1Æ¿i�w�st�®�{x ¦7i��tsyx{�N�N�{x{qN�lv�qN�À»S� �Sutx{qN�I«
f�g x{���ts1vKsyi�stu�v�qN�tx{syx z7q§w�vKq©»Hiªv�� �yz3�N�ti��©syz3i�ºE�Iz7uts�x{qEsti�uyqIvK��i��7i�qEst�*zK¥Ãv�q²v�w�stx{�7iÀz7»|�1i�w�s�syz3s g i
�yw g i��N�N�{i�u�« f�g i��yi(i��7i�qEst��w�vKq¨»Ii3�y¢�qSw g utz|qSx Ä�i��d£�x{s g z|s g i�u�j�i��Sxv�z|»|�1i�w�st��z�¥ls g i3�NzEw��Nj�i�q�s
� sti�j=�Iz7u�vK�[�Sutz]�1i�w�stx{z|qS� ; ��< �®x ¥�s g i�x u��Si��tw�uyx{�Nstx{z|q3x{���NuyzK��x{�Ni���»E¢=x qS�Ni�ºNvKsyx z7q�syz�z7�{�]«
orqns g x{���ti�w�stx{z|qV~�£Qi®�Nuti��ti�qEsti���s g i®�Nx°Æ¿i�uti�qEs��¡v�¢|i�ut� g vKqN�N�{x{qN��v�j��N�{stx{j�i��Sxv��Nuti��yi�qEs�v�stx{z|qV« f�g i

±3³�´�µ�¶l·n�Nutz7stz7sr¢��Hi g v��V»Hi�i�q�x{j��S� i�j�i�qEsti��;z|qÀ·E�Sq�£Qz7ut¦E�ts1vKsyx z7qN�V£�x{s g �¤�¡vKqN�7�IvK�7i|«[ors g vKqN�N�{i��
j=i��Nx¡v*�tsyuti]v�j���z�¥��|vKutx{z7�N�®¥Cz|uyj�v�sQ�{x{¦|iÀ±��Ii��=�Ex �Si�zI~[±3�Hi���³;�N�Nx{zI~S�tsyx �{�¼�Nx{w�st�Nuyi�� �0��o/�®~�� � µ���~
«{« �(vKqS�3¥Cz|uyj�v�ststi���syi�ºEs]« Ç i g v��7i�w�uti�vKsti��ZvKqN�(syi��tsyi��Zv*�|vKuyx{i�sr¢3zK¥Qsyi��tsyx qS��vKqS�(�Ni�j=z|qN�ys�vKsyx{qN�
�NzEw��Sj�i�qEst��v�qN�3�Ii�ur¥Cz7utj�v�qNw�i�i�q g vKqNw�i�j�i�qEst��v�uti�w��Nutuyi�qEst�{¢��NqS�Ni�s�v�¦|i�q¼«
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Ç i g v��7i��Nuyi��ti�qEsyi��§x{q=s g x{���Iv��Ii�u�v	¥Cu1vKj�i�£Qz7ut¦n¥Cz|u�syi�j��Hz|u1vK�Huti��Nuyi��ti�q�s1vKsyx z7q§vKqS���y¢EqNw g utz7qNx{Ä]v�}
syx z7q(zK¥�j��N�{syx j�i��Nx¡v��NzEw��Nj=i�qEst�]« Ç i g v��|inz|�Nsy� x{qNi����yz|j=ilw�utx{sti�uyx¡v�stz=w�z|j=�IvKuyi�z|s g i�u��Nutz7�Iz7�ti��
syx j=i�uti��Suti��yi�qEs�vKsyx{z|qN��vKqN�=s g i�x{u®�{x j=x{s�vKsyx{z|qN��« Ç i g v��|i�v��{�tz*� g zK£�q=s g v�sQs g i�i�ºEsti�qN�Si��3sti�j=�Iz7u�vK�
w�z7qN�tsyu�v�x qEs¼qNi�sr£®z|ut¦E��x{j��N�{i�j�i�q�syi���x{q�±3³�´lµ�¶l·�v�uti��HzK£Qi�ur¥C�N�Nv�qN���t�Nx{s�v�»N�{i�¥Cz7u[»Iz7s g j��N�{syx j�i��Nx¡v
v��Ns g z7utx{qN��v�qN���Nuyi��ti�q�s1vKsyx z7qV«
³;j�z7qN��s g i�w g vKu1vKw�syi�utx{�tsyx{w���zK¥�s g iÀ±3³�´lµ�¶l·=�Nutz7stz7sr¢��Hi|~H£®i g v��|i�v��N�Nuti��t�ti��§s g i�¥Cz7� �{zK£�x{qN�

v��t�Hi�w�st��¹
� s g i®i�ºE�Nuyi��t�yx �7i�qNi��y�Qz�¥Is g iQsyi�j��Hz|u1vK�|uyi��Nuyi��ti�qEs1vKstx{z7qÀ£ g x{w g w]vK�Nsy�Nuti��s g i®¸��HvK�{x{s�vKsyx{�|i|~�¸��HvKqE}
stx{s�v�stx{�|i7~Ew]vK�N�1vK��vKqN�=x qS�Ni�sti�utj�x{qNx{�ystx{wlv��t�Hi�w�st��z�¥j��N�{stx{j=i��Nx¡v�z7»|�1i�w�sy�lvKqS���Suti��yi�qEs�vKsyx{z|qN��«

� v¤�¡v�¢|i�uyi�� vK�S�N�{x w�vKstx{z7q vKuyw g x{sti�w�sy�Nuti©£ g x w g vK�{�{zK£��*s g i¤�NutzE�N�Sw�stx{z|q¨z�¥	syi�j��Hz|u1vK�;�v�¢7z|�Ns�~
sti�j=�Iz7u�v��[qIv��Ex �EvKsyx z7q�s g utz7�N� g(g ¢E�Hi�ut�{x{qN¦E�lv�qN�3ut�NqE}rstx{j=ilj=z|qNx{syz|utx{qN�nzK¥�s g in�Nuti��yi�qEs�v�stx{z|q
»E¢�vn�N¢EqIvKj=x w�¥Cz|uyj�v�ststi�u]«

�Sutz7j s g i*x j=�N�{i�j�i�q�s1vKsyx z7q�i�ºE�Ii�utx{i�qNw�i�z�¥Ã±3³�´lµ�¶l·[~H£®iÀw]v�j�i�stz3s g iÀw�z|qNw��{�N�yx{z|q(s g vKs;s g i
»Hz|syst�{i�qNi�w1¦(z�¥Q�Hi�ur¥Cz7utj3vKqNw�inx ���S�NiÀsyz��Nuyi��ti�q�s1vKsyx z7q§�¡v�¢7z|�Ns�«Ã�;�Hi�u�v�stx{z|qS�l�{x{¦|i��Ex{�Ni�z=�Ni�w�z7j��Nuyi��r}
�yx z7qV~[�7u�vK� g x{w���uti�qN�Si�utx{qN�(vKqS�§w�z7�{z|u�¸E�Iv�qEstx{Ä]vKsyx{z|q§v�uti*s g i�j3vKx{q��yz|�Nuyw�i�zK¥Qsyi�j��Hz|u1vK���Ni��Ex¡vKsyx{z|q
¥Cuyz|j v¤�N�¡vKqNqSi��d�tw�i�qIvKuyx{zI« f�g x{�*¥YvKw�s�� g zK£���s g vKs�stuyi]vKsyx{qN�Zsyi�j��Hz|u1vK���NqNw�i�uts1vKx{qEsr¢ »E¢¨v¤�ti��°¥¡}
v��IvK�Ns1vKsyx �7i�j�vKqHvK�|i�j�i�qEs�zK¥�sti�j=�Iz7u�vK�[�y¢EqNw g utz7qNx{Ä]vKsyx z7q3x ��v*w�i�qEsyu�vK�¼x{�t�t�Si|«
f�g x �®£®z|ut¦�x{�®w��Nuyuti�qEst�{¢=i�ºE�Ii�uyx{j�i�qEsti���x{q=s g i��;�Ii�u�v*�Nuyz]�1i�w�s�« f�g i��7z�vK�HzK¥�s g x{�®�Nutz��1i�w�s;x �®stz

�Ni��|i��{z|�3vKq�i��Sx syz|uyxv��Ii�q��Ex{utz7qNj�i�q�s¼¥Cz7u�s g i�w�z7qN�tsyut�Nw�syx{z|qV~Sj�vKqSx �S�N�¡vKstx{zKqÀv�qN���tsyz|u1vK�|i;zK¥Vw�z7j��N�{i�º
j��N�{syx j=i��Nx¡v��Sz�w��Nj�i�qEsy�]«
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; = <�³ � � µ � �I«x�®« ~���±)vKx{qEs�vKx{qNx{qN����qNzK£��{i��N�|i�vK»Hz|�Ns f i�j��Hz|u�v��NorqEsti�uy�|vK�{���H~ Y	�69#9J8:%&�B,������B�6%: �l.
����� "JY[
op �7z|�r« ��z|�r«N���S~EqE�Nj§« � zH«�= =|~E�S�V«N�|k7��}t� � kS~|qSzK�|i�j�»Hi�u =]�|�7kN«

; � <dwQ¶ �Nz�³ � ³ � ±©« ��« ~��[µ � ��Ç µ���µ � � « f «{~��t³��Sstz|j3vKsyx w f i�j��Hz|u1vK� � v�¢|z7�Ns�±3i�w g v�qNx{�tj=���I~
Lt2/��,��I���6�B%�C- 3�/.3�4�&���M��2� +�M"JY[
 h�%&����2+%������B��%&�-? Y	�6%+.+��2/��%&,�����%f
�86?����B9J�I�6�B�!p �N�V«�k � =1}tk � yS~
³�qIv g i�x{j§~ ��vK�{x°¥Cz|uyqNx¡vN~|v��N�|�S�ts =]�7�|kS«

; k <dwQ¶ �Ef µ � ±�³ � ´*« ��« ³À«{~ �¼³ �d� ��·N·E¶�± ��«{~ �V³ ��� otµ � µ � «{~	�y³ ·Esyut�Nw�st�Nuyi®¥Cz|u f u1vKqN�y�Iz7ur}
s�vK»S� i7~ ´;¢EqIv�j�x{w±3�S� syx{j�i��Nx¡v�´;zEw��Nj=i�qEst� �I~ S[<�
�7h�� Y	�6%+.+��2/��%&,��+p �S�V«�=]k � } = � � �N~ � v�� g �Ex{� �{i|~
f � ~��1�NqSi =��|�4=|«

; � <À´lµ��Nz f µ �¬� «{~I±(µ�o � o�o�«{~ � µ�³ ��� �I«{~�� f i�j��Hz|u1vK���®z|qN�ystu�v�x{q�s;qNi�sr£®z|uy¦�� �I~ "720�1� W>,��B�-?[h�% �
�1�0?B?�� C���%&,��+p �|z7�Y« � �S~[~E�N�V«=��=1}t� � ~ =��|�4=|«

; � <À´�o � µ � f � �b� «xyN~��t¶��yi�u � �����Nx{�Ni �H~N±(vKw�uyz|j=i��Nx¡vN«
; � < ��� � ´7�7³ � w ��«&�Q«{~ jk���d<��	
����H��%&�6G�����q!p �;º7¥Cz7ut�3¶�qNx{�7i�ut�yx sr¢ � uti��t�]~[�;º7¥Cz|uy�V~�=]�7��yS«
; � <�ot·N� � otµ � =�y � � kS~ �dA&jT��9#�7h�%+.+�62+9#�6�1����%Uj=��,I��%&�!?4�IC6A��dAl&��2+9#���6�B���TjT�B9#� �/G��! +���J<@��2+8:,���8:2+�B%�C

�[�6%�C�8:��C�� % �dA&jT��9#� /!p qNzK�7i�j�»Ii�u =��|�|�S«
; � <�ot·N� � otµ �E= ��� �|��}A=|~ hI%0.+��2+9J�����B�6% L 2/��,I�0 � +�B%�C�<@A� +����9H ��ZY	�69tk8:�1��2��a2l��&�&�B,0 ��6%&�fh�9#��C��

Lt2/��,��+ � +�B%�C���Lt2/�0 +��%��1�6�1�B�6%�
t%&���B2/�6%&9#��%&�� d.+��2E9J8�?4�1��9#���������aG0-+��,��B % L !
	
"� /!p qE�Nj§« =|~
j�v�¢�=]�|�6�N«

; � <�ot·N� � otµ � =]k � � � } =7~ h�%+.+�62+9#�6�1����%*j=���&%&�-?���C�APY	���6�I�# t�  2l�+ +��%&�1�6�1����%3�l.	
�8�?4�1��9#�������#�6%&�$�HA �
K��2+9J�I�6�B�JhI%0.+��2+9J�����B�6%��tG -+��,�� % 
��%
&� /Fp q��Sj§« =|~EzEw�stz7»Ii�u =]�7� � «

;>=�y <�� z;³ � �|³ � � ³]zZzÀ«{~'��³ � ±)��¶ �Nz¨³À«{~��t³�q*vKutw g x{syi�w�st�Suti�vKqS�Àv��Iv�s�v�j�zE�Ni���¥Cz|u[x{qEsti��7u�v�sti��
j��N�{stx{j�i��Nx¡v��Sz�w��Nj�i�qEsy�Ãv�qN���Nuyi��ti�q�s1vKsyx z7qIvK�Vv��N�N�{x{w]vKsyx{z|qN� �I~ 
�86?����B9J�I�6�B�J<@A� +����9H �p �N�V«N�7k|� }
� � yS~ �Åz|�r«NkN~�=��|� � «

;>= = < � ³�(Q³�) ot´�³ � «{~E·E³]w � (;}Yot·N±�³�o � � «{~��1±(vKx{qEs�v�x{qNx{qN� f i�j=�Iz7u�vK� �®z|qN�yx �ysti�qSw�¢�zK¥±3�S� syx{j�i��Nx¡v
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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