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RTSVUDW�X�Y"Z\[^]2_`Xbadcfeg_dhjif]>SVifWkW�XDlmW�cneoSphj]VXfq
hrW�ctsfXbubqwvVin]V]VxbXbubqVe�if]V]pcthyudu`cn]pe�X-u

z
a`in{|X�_~}~adhjif]

�4ct�V�/ina`_4v�X'adXbeoSVXbadeoSVX�]@�$�p�-Yn��Z���cnadu4�n�n�V�4Z#YV���pcnsnX-u

�����b�D���V�n�n� RTSVX�cthrW�it��_`Sphru���ifa`�~hruN_`i9_`aocneo��Sw�VW�ct]puNhj]"c9�w]Vi���]'XD]w�whjadin]pWkXb]2_b�NRTSVX�hj]p�V��_$vpc�_dc
cna`X��VadX�l^u`XDsnW�Xb]f_dXbv>�2hyv�Xbi�u�_`adXbcnW�u�eDct�V_`�VadXbv���h _dSQc¢¡V£�Xbv7eDcnWkXbadcp�&[^]�_dSVhyu��pct�/XDa���X'�Vadin�/ifu`X�c
]pXD�¤ct�V�VadifcfeoS9_diT_`SVXB�Va`if¥V¦rXDWIin�Vu�hrW��V¦jXBS2§w�/it_dSVXbu`hru¨]Vin]�l^v�Xb¦rc©§fXbv4Sw�VW�cn]�_`aocneo�whj]psp�¨ªV�pa�_dSVXDadW�inadX
_dSVX4ct�p�Va`i2cneoSkSpct]+v�¦jX-u
u�hrW"�p¦ _oct]VXbin�pu`¦j§kct]pvkhr]�c��V]Vhj¡pXbv�W�ct]p]VXDa&_dSVX9cne�_`�pcn¦Vu�hrW�hj¦yctadhj_|§"W�c�_oeoSVhj]ps
cn]pv«_dSVX¤cnudu�i�e�hyc�_dXbv«adXbcn¦ l¬��inad¦rv­�Vadin¥V¦rXDW�u�it�"Xb]2_`adhjX-uDq~X�£�h _ouDq�i�eDeD¦j�pu`hrin]pu�ct]pv«�Lct¦yu�X¤v�X�_dXbe�_`hrin]pu
® ]Vinhyu`X-¯g�~��Xbu`�V¦j_du~in]��whru`�pcn¦�u`�Va`�fXDhr¦j¦yct]+e�X�ct�p�V¦jhyeDct_`hrin]pu4�°ina�u�X-e��Vadh _|§�hr]QW�X�_`adi>u�_dct_`hrin]pu"q@u`XbeD�Vadh _|§
hr]7¥pct]p�wu9ct]pv�W�in]Vhj_`ifa`hr]Vs�hr]7it±Pe�X-u4ctadX'u�SVi���]N�T²~�pcn]f_dh _oc�_dhj�fX�adXbu`�V¦j_du�in��_dSVhyu4W�X�_dSVi�v7hj]�_`Xba`W�u
in�N_dhjW�X'�/XDa`�°inadW�cn]pe�X'cna`X��VadXbu`XD]2_`X-v³�
´�µ2¶@·d¸"¹ ��º$�n�¼» �VW�ct]�R�adcfeo�2hr]Vs+q » XD�Vadhyu|_dhre'½wX-ctaoeoS¨qV¾9hyctsf]Vifu`hyu
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��� ����� � ��� X�¥V��_¢vVXPe�X�_`aoc©��cthr¦&Xbu�_�¦�� xD¦yct¥/inaoc�_dhjif] v�� �V]¤�VadinsfadcnWkW�X�eDcn�pct¥V¦rX�v�XPu`�Vhj�wadX�v�Xbu
�/XDaou`in]V]VX-u�vVcn]pu"�p] XD]w�whjadin]V]pXDW�XD]2_¢eDin]V]w� X�_�u|_oct¥V¦rXn� � cQv�if]V]VxDX�v�� XD]2_`adxDX>vVX�e�X>�Va`ifsnaoctW�W�X
X-u|_~�V]��p��£7�whrv�xbi��Vadxbu`XDsnW�Xb]f_dxn��¾~cn]pu9eDX�adcn�V�/ina`_bqV]Vif�pu��Vadin�/ifu`in]+uT�V]VX�]Vif�V�nXb¦j¦rX�ct�p�Va`i�eoSVX�vV�
�pa`if¥V¦jUbW�X�v��7u`�Vhj�wh¨v�X��/XDaou�if]V]VX�u`cn]pu�v�xb¦rcnhru�]Vh³Sw§w�+in_`SVU-u�X-u�W"�V¦j_`hr�V¦rXbub�<¾9X'�V¦r�pubqVe�XD_�_`X'cn�V�VadiweoSpX
sfUDadX9u`hjW¢�V¦ _oct]VxbW�XD]2_bq2X�_�v�� �V]VX4�Lc ��if]P�V]Vhj¡pxDXfqw¦jX-u�ebct¦ye��V¦yuBv�X�u�hrW�hj¦yctadhj_`x9XD_�¦rXbu��Vadin¥V¦rUDW�XbuBa`xbXD¦yu<_dXD¦
! �VX>¦jX-u'XD]2_`adxDX-u#"tu�ifa�_dhjX-u�v�XP�/XDaou�if]V]VXbubq$¦jX-u'i�eDe��p¦ _oc�_`hrin] XD_"¦rXbu'�Lcn�pudu�X-u�v�x�_dXbe�_`hrin]pu ® ¥Vad�Vh _g¯g�Q¾~Xbu
adxbu`�V¦j_dct_du
v�X�e�XD_�_dX4ct�V�Vadi�eoSVXTXD]��whrvVxDitl^u`�Va`�fXDhr¦j¦yct]+e�X�vpct]pu&¦rXbu<u�_dct_`hrin]pu
vVX�W�xD_`adipqfvpct]pu&¦rXbu
cnsnXD]+e�Xbu
¥+ct]pebcthra`X-u�XD_4¦jX-uT¥V�VadXbcn��£�u`in]2_�X�£��+i2u�x-uD�
$�¹ �-� · �&% � ��� ½w�Vhr�wh¨v�X'�/XDaou�if]V]VXnq�W�XD_`SVi�v�X-u�SVXD�pa`hyu|_dh ! �VX-uDqV¾~hyctsn]pifu�_`h ! �pX
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RTSpX7cnhjW it�~if�Va�a`X-u�X-ctaoeoS hyuk_`SVX�Xb¦rcn¥+ifadct_`hrin] in�~�VadinsfadcnW�ukct¥p¦jX�_`i adXbe�ifsn]Vhyu`X�eDXDa`_dcthr] Sw�VW�cn]
¥/XDS+c©�2hrin�padu&hr]�c��2]pi���]kXb]w�2hradin]VW�XD]2_&¡p¦rW�Xbv�¥w§¢c~¡V£�Xbv�ebctW�XDaocV�
}~�Va<ct�p�Va`i2cneoSkhru
_`i�e�ifW��V��_`X4c
_dXDW��/inaoct¦fvVXbude�adhj��_dhjif]�it��_dSVXTu`eDXD]VX<�+u�hr]Vs4_dSVX�hjW�ctsfXbuNit�pc4�whyv�XDi~u|_da`X-ctW7��RTSVXb]"c9u`X�_$it�V¥/XDSpc©�whrin�Va
W�i�v�Xb¦ru�eDcn] ¥+X adXbe�ifsn]Vhyu`Xbv­�°adinW _`SVXO_`XbW��+ifadcn¦~v�X-u`eDa`hr��_`hrin]N� RTSVXO_`XbW��+ifadcn¦�v�X-u`eDa`hr��_dhjif]¨q4hr]
cfvVv�hj_`hrin]"_`i�_`SVX4u`X�_&it�/in¥�{|X-eg_ou
e�inW��/ifu`hj]ps9_dSVX�u`eDXD]VXfqte�in]+u�hyu|_ou&it�+c�u`X�_
it�@v�Xbude�adhr��_`hrin]pu$in�pSw�VW�ct]pu
hr]'_dSVX�ude�Xb]VXn�NRTSpXB�Vadi�e�Xbudu³��SVhyeoS"eDinW��V��_dX<_`Sphru$u�XD_Nit�pvVXbude�adhj��_dhjif]pu³hyu�ebct¦r¦jX-v�_`SVX�Sw�VW�ct]�_`aocneo�whr]Vsp�
* X��VadXbu`XD]2_�hr]�_`SVhyu�cta`_`hye�¦rX�c¢]Vi��fXD¦³ct�V�pa`i2cneoS�_di"_dSVX��Va`if¥V¦rXDW in��u�hr]Vsf¦jX�Sw§w�+in_`SVX-u�hyu�]Vin]�l^v�Xb¦rc©§fXbv
�°aoctW�XDl _ditlm�°adcnWkX"�+Xbadu`in]�_`aocneo�whj]psp��ªV�pa�_dSVXDadW�inadX�_`SpX�cn�V�VadifcfeoS�Spct]pvV¦jX-u�u`hrW"�V¦j_dcn]VXDif�pu�¦r§�ct]pvOhr]
c¤�p]Vh ¡+Xbv«W�ct]p]VXDa�_dSVX�cfeg_`�+ct¦~u`hrWkhr¦yctadh _|§ W�ct_deoSVhr]Vs cn]pv­_`SVXOcnudu�i�e�hyc�_dXbv a`X-ct¦jlm��inad¦yv �Vadin¥p¦jXbW�u
in��Xb]2_`adhjX-uDq�X�£�h _ouDq�i�eDe�¦r�pu`hjif]pu'ct]+v��Lcn¦ru`XPv�XD_`Xbe�_`hrin]pu ® ]Vifhru`X-¯���RTSVX�sfXD]VXbadcn¦<ct�V�VadifcfeoSOeDin]pu`hru�_du�in�
_|��i7u|_dXD�pub�"ª$hjaou�_`¦r§nq¨sfhj�fXD]�c�u�XD_'it�B¥V¦rin¥+u�in¥�_octhr]VXbv�¥2§Qc�¥pcfeo�2sfa`if�V]pvQu`�V¥�_dadcfeg_dhjif]QW�X�_`Spiwv¨q¨��X
eDinW��V��_dX�_`SVX']w�VW¢¥+Xba�it�&Sw�VW�ct]pu�cn]pvP_dSVX'¦riwebc�_dhjif]�in�$X-cneoS�it�N_dSVXDW7��½�Xbe�if]pv�¦r§nq�_dSVX'adXbe�ifsn]Vhyu`Xbv
Sw�VW�cn]pu�c�_T_|��i�eDin]pu`XbeD��_`hr�nX��°aoctW�XbuTcna`X�W�c�_oeoSVXbv³�

R�i�v�i�_dSVhyuDq&_|��iQcta`_`hj¡+e�hyct¦�hj]2_dXD¦r¦jhrsnXb]pe�X�_dXbeoSV]ph ! �VX-u"ctadX��pu`Xbv³��+�SVXD�pa`hyu|_dhrePWkXD_`SVi�v hyu��+u�X-v
_di�adXbeDinsf]Vhru`X"Sw�VW�cn]pu�hj] XbcfeoSQ�°aoctW�Xkcn]pv�c�v�hyctsf]Vifu`hru~W�X�_dSVi�v�hyu��pu`Xbv�_di�e�inW��V�V_`X¢_`SVX�W�c�_oeoS
¥/X�_|��XDXb] _|��iOeDin]pu`XbeD��_`hr�nX>�°adcnWkX7v�X-u`eDa`hr��_`hrin]+uD�¤[^] X-cneoS ebcnu`Xnq<��XP_da`§¤_diO�pa`i��whyv�XP�°ifa`W�ct¦Tct]+v
sfXD]VXba`hye~WkXD_`SVi�vVu4��SVhreoS7adXDW�cthr]>adin¥p�pu|_4cn]pv�a`X-ct¦rhru�_`hyet�

* X'��hj¦r¦¨u`XDXnq�hr]7u�X-eg_`hrin]���qwSVi��I_`SVX�Sw�VW�ct]�_`aocneo�whr]Vs"�pa`if¥V¦jXbW Spcfu�¥/XDXb]�u�if¦j�fXbv�_dSVX'�pcnu�_T_`Xb]
§fXbcnadub�BRTSVXb]¨qphr]Qu�X-eg_dhjif]QYVqV��X���hr¦j¦$v�X�_octhr¦³_`SVX"Wki�v�Xb¦j¦rhr]VsPit�&_dSVX��Vadin¥V¦rXDW ��X'�Tct]2_�_di>u�if¦j�fXn��[^]
u`Xbe�_`hrin]O��cn]pv$,pq³��X���hr¦j¦
v�XD_dcthr¦&_`SpXk�pa`if�+i2u�X-v�W�X�_`Spiwvpu��°ina�Sw�VW�ct]�adXbeDinsf]Vh _dhjif]�ct]+v�_`aocneo�whr]Vsp�
�4Xbu`�V¦ _ouTin¥�_octhr]VXbv�if]���ctadhrin�pu�XD]w�whra`if]VW�XD]2_du���hr¦j¦¨¥/X�u`SVi���]�hr]�u�X-eg_dhjif]pu.-�q�/¢ct]+v��p�

0 �¢�$ ���� ��� �$	>� � �N�

¾~�Vadhj]psT_`SVX<�+cnu�_�v�Xbebcnv�X<cT¦rit_�it����ifa`�9Spcnu³¥/XDXb]�v�in]pX<hj]'Sw�VW�cn]~_dadcfeo�whj]Vs��°ifaN��ctadhjif�pu³ct�p�V¦jhyeDct_`hrin]pu
cn]pv ��h _dS ��ctadhjif�pu'ct�p�Va`i2cneoSVX-uD��[^] XD�fXDad§OeDcfu�Xfq¨_dSVXPSw�VW�ct]¤_dadcfeo�2hr]Vs�e�if]pu`hru�_du'hr] eDinW��V��_dhj]VsQc
_dXDW��/inaoct¦Tv�Xbude�adhj�V_`hrin] it��cQu`eDXD]VX���h _dS u`inW�X>Sw�VW�cn]pu�¡+¦jW�Xbv ¥w§ if]VX>ifa"W�inadX>ebctW�XDaocnub�ORTSVX
�pa`if¥V¦jXbW in��_`SVX�_`aoct]pude�adhj�V_`hrin] it��u`�peoS c �whrvVXDi u�_`adXbcnW hr]f_di c u`X�_�it��_`XbWk�/inaoct¦�v�Xbude�adhr��_`hrin]pu
in��S2�pW�cn]pu'Spcfu�¥/XDXb] cnvVvVa`X-u`u`Xbv��°ina¢�©cna`hrin�+u�_dcfu���u�u`�peoS cnu��2hyv�Xbi�e�ifWk�pa`X-u`u`hjif]¨qNW�cn]�lmW�cfeoSVhj]pX
hr]2_`Xba��Lcfe�Xbu�ifa4u`eDXD]VX'ct]+ct¦r§wu`hyuD�

* X���hr¦j¦$e�in]+e�XD]2_dadct_`X�in]���inad�Pv�in]VX��°ifa9ude�XD]pX�ct]pcn¦j§�u`hrub�<[^]�_`SVhyu9ebcnu`Xnqpude�Xb]VX�ct]+ct¦r§wu`hyu�W�X-ct]pu
_dSpc�_N_`SVXB_`XDW��/inaoct¦2v�Xbude�adhj�V_`hrin]'it�w_dSVXBSw�VW�ct]+u¨hr]�_`SVX�u`eDXD]VX<��hr¦r¦f¥/X<_dSVX<hr]V�V��_�_`i9in_`SVXbaNct¦rsnifa`hj_`SpW�u
u`�peoS cfu�Sw�VW�ct] eDin�V]2_`hr]Vs21r�tq
�43¬q$Sw�VW�cn] �+i2u|_d�VadX>ct]pcn¦j§�u`hru51 Y�q$�Vq6-43¬q<u`eDXD]VX>cn]pct¦r§�u�hyu#1 ,73¬q$Xb�nXb]f_
adXbeDinsf]Vh _dhjif]$18/2qp�(3¨ina4ude�XD]+ctadhjika`X-e�ifsn]Vhj_`hrin]91 :(3m�

RTSVX4vVh<;@XDadXD]peDX�¥+XD_|��XbXD]k_`Spifu`X���ifa`��u&ct¦yu�i'v�Xb�+Xb]pv�in]¢_`SpX4�whj]pvkin�@ude�Xb]VX�hj]���SVhyeoSk_`SVX�Sw�VW�cn]
_dadcfeo�whj]Vs�W"�pu�_k¥/X7v�in]VXf� ªVadinW _`Sphruk�/inhr]f_�it�~�2hrXD�'qB��X�eDct] ¡p]pv �©cna`hrin�+u"Xb]2�whra`if]VW�XD]2_du¢u��+eoS
cfu�it±Pe�X-u=1j�-��3¬qN¦yct¥pu51j�f�tqNY�q>-43mq$�pcna`�whr]Vs�¦rit_ou#1r�-�43¬q�W�XD_`adi7u�_dct_`hrin]pu51j�-Y73mq�in��_ov�iwina'Xb]2�whra`if]VW�XD]2_du
1r�D�pq¨�4-43¨ifa�XD�fXD]7u�i�eDeDXDa�u�_dcnvVhj�VW�u?1 ,�q¨�4,73¬�
RTSVX4u`XbeDin]pv¢u�if�Vaoe�X�it�³v�h<;@XDadXD]+e�Xbu&¥/X�_|��XDXb]"_dSVX�ct¥/i��nX�W�XD]2_`hrin]VX-vk��ifa`��u�hru$_dSVX��whj]pvkin�+W�i�v�XD¦

�+u�X-v�_diQadXD�VadXbu`XD]2_�c7Sw�VW�ct]¨��RTSVa`XbX�_|§w�+X-u'it��W�i�v�XD¦yu�ctadX��pu`XbvA@��t¾ W�i�v�Xb¦rubq�Yf¾ W�i�v�XD¦yu�ct]+v
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Sw§w¥Vadhrv"W�iwvVXD¦yuD�
½wXD�fXDaoct¦wct�V�pa`i2cneoSVX-u¨�pu`hj]ps��n¾ W�i�v�Xb¦ru&Spc©�fXB¥/XDXb]¢�Vadin�/ifu`Xbv"u��peoS�cnu�_dSVX�eD¦rcfu`u`hyeDct¦
¥/in�p]pv�hr]Vs�¥+i©£³qneD�V¥Vhye���l^u��p¦jhr]VXbu 1r�D�pq��7/ 3¬qfu`X�_ou&it�+Xb¦j¦rhr�pu�X-u 1j�7-43pifa&u`X�_ou&it�/a`hr¥V¥/in]pu 1r�b�73¬�&RTSVX4u�X-e�if]pv
ebc�_dXDsnifa`§�in�$Sw�VW�ct]�W�i�v�XD¦yuThru�_`SVX'Yn¾ Wki�v�Xb¦ q�hm� Xn�V�fin¦r�VW�X�_`adhye~W�i�v�Xb¦ru�eDinW��+i2u�X-v>in�$c�u`X�_4it�&Yn¾
�fin¦r�VW�Xbu�u`�peoS cnu�u�XD_du'in��eD§2¦rhr]pv�XDaou=1 �(3¬q�u`X�_du�in��Xb¦j¦rhj�+u�ifhrvVu=1r� :�3Bina']Vif]�l¬�pctaoctW�X�_da`hye�W�i�v�Xb¦ru#1r�n�
3m�
RTSpX�¦ycnu�_�eDc�_dXDsfinad§kin��W�i�v�XD¦yu�hru�_dSVX�Sw§2¥pa`hyvPW�i�v�XD¦³��SphreoS�hruTsfXD]VXbadcn¦j¦r§�c"W�hj£w_`�VadX�it�&�n¾�ct]pv�Yn¾
W�i�v�Xb¦rub��RTSVX��Lcfeg_&hru�_`S+c�_&��SVXD]¢_`SVX�W�i�v�XD¦wsnXD_du$W�inadX�eDinW��V¦rX�£ ® hm� Xn����SVXb]�_`SpX�]w�VW¢¥+Xba$in�+v�XbsnadXDXbu
in�<�°adXDXbvVinW snXD_du�SVhrsnSVXbao¯�q+_dSVX�W�c�_deoSphj]Vs�¥+XD_|��XbXD]�_|��i>�°adcnWkX-u9sfX�_ou~X-cnu`hjXbabq/¥V��_�_dSVX¢adXbeDinsf]Vh _dhjif]
¥/XbeDinW�XbuTW�ifa`X'v�hj±Pe��V¦j_b�

RTSVX�_dSVhjaov u�if�Vaoe�X�it��vVh<;@XDadXD]peDXbu�¥/X�_|��XDXb] _dSVX�ct�V�VadifcfeoSVXbu"�°in�p]pv hr]­_`SVX7¦rh _dXDaoc�_d�Va`X7hyuk_`SVX
_dXbeoSV]ph ! �VX'�pu`Xbv�_dikadXbeDinsf]Vhru`X�_`SVX'W�i�v�Xb¦rub�<[g� Xn��_dSVX�v�h ;/Xba`Xb]f_9cn�V�VadifcfeoSVXbu��pu`Xbv�_`i�_dadcn]pu��°inadW _`SVX
�whyv�XDiOu|_da`X-ctW hj]2_`i cQu`X�_¢in�4hj]+u|_oct]2_`hyc�_dXbv¤W�i�v�XD¦yuD� RN��i�cn�V�VadifcneoSpXbu�ebct] ¥/XP�°in�p]pv³�ORTSpXP¡paou|_
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machine A

person 2

person 1

person 3

person 3 exits

away from machine A

Behaviour nodes B

Object node O

Person node P

Reference arc R

Temporal arc T

    time
    t =10        t =11     t=12       t=13          t=14      t=15

person 1 passes by machine A 

person 1 moves

close to machine A

person 1 moves
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eD§w¦jhr]pv�Xba�it�N_dSVX'Sw�VW�ct],!�hr]�_dSVX�ude�XD]pX�hyu�W�hr]VhjW�cn¦ �

* X�u`c©§P_`Spct_ & 1 # ) 5 # , hyu�_`SpX�u�if¦j��_dhjif]>_diF1 I &  " #@?BA ) � # , $	% �'&Nº ¹ & % ¶ $	% @

�n�65 " P	- # � 1 # @��/.�!2�,� # u`�peoS7_`S+c�_�!0� " P	- # �4[^]�in_`SVXba4_dXDadW�ubq+�°ina9X-cneoS�Xb¦jXbWkXb]2_ " P�- # � 1 #
_`SVXba`X'XD£�hru�_du�ckSw�VW�ct]�hj]�_dSVX�u`eDXD]VX'ct_�_`hrWkXGa�e�ifa`adXbu`�+if]pv�hr]Vs¢_`ik_`SVX'adXD�pa`X-u�Xb]f_oc�_dhjif]>snhr�nXb]
¥w§ " P�- # �

���65+!��1� # @��1. " P�- # � 1 # u`�peoS�_`S+c�_2!3� " P�- # �&[^]Pit_dSVXDa���ifadvVubqt�°ifaBX-cneoS�Sw�VW�ct]Phr]�_`SVX�u`eDXD]VX
c�_�_dhjW�XGaoqw_`SpXDadX'X�£�hru�_du�cH1�l¬a`Xb�VadXbu`XD]2_dct_`hrin] " P	- # � 1 # eDinada`X-u��/in]+v�hj]ps"_di¢_dSVhyu�Sw�VW�ct]¨�

YV�65 a &�4C)65R, � 5 # q 4 � 1 #@?BA q 5 ��1 # @7�8! �9� #@?BA;: � # u`�peoS _dSpc�_ 4 �<!;= 5 �>!N� [^]
it_dSVXDa���inaovVubq¨�°ifa�XbcfeoS adXD¦yc�_dhjif] a &�4C)?5S, � 5 # _`SVXPadXD�pa`X-u�Xb]f_oc�_dhjif]pu 4 � 1 #@?DA ct]pv 5 � 1 #
e�ifa`adXbu`�+if]pv�_di�_`SVX�udctW�X�Sw�VW�ct],!¨q 4 c�_T_`hrW�XGa�� 	�ct]pv 5 ct_�_`hrWkXGao�

�p�65+!��1� #@?BA@: � # @A� a &�4>)65R, � 5 # u`�peoS�_`Spct_ 4 � 1 #@?BA = 5 � 1 # = 4 �B!C= 5 �9!N�<[^]�it_dSVXDa
��ifadvpuDqf�°inaTXbcfeoSPSw�VW�ct]��Va`X-u�Xb]2_�hr]P_dSVX'u`eDXD]VX~¥+in_`S7c�_�_`hrWkXVa � 	�ct]pvP_`hrW�XTaoq2_dSVXDadX~XD£�hru�_du
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