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��âV�! s� ��oVj���h<o�zVj4mio�jFl�c�jFtuhrf�f�eTvTeTjXx���npk�mioVeTl�jdlZ�:g]j���eTo:xphrk�e�h<o8l�fBq�npk�npk�z�ewo]h<k��K�Vk4h<eTzVfM�8�Kk�jX´8�VeTk�eToV~Kl�c]h<l

l�cVjXeTkMjX£8l�jXoVf�eTnsoVful�n	f�eToV~p��v°hrkB�Vk�hrewz�fMxph<oVeTf�c'nso'f�ewo�~p�Vv�h<kB�Vk4h<eTzVfBcih}x8eToV~	�6nsk�j|l�cihro�� `�­¶zVnp�V��vwj|g]npeTo8l�f�¢s{dcVjXk�j�ÈewfBl�cVjdzVjX~sk�jXjdnrqÉl�cVjdeTo:xphrk�e�h<o8l}�@¥8eToV�Xj|l�cVjdg��Vk�jd�Vk4h<eTzVfuhrk�jdzVeTf�l�eToV~p��ewf�cVjXzK�8�	mioVeTl�j|lZ�8gijdeTo8xph<k�e�h<o8l�fDewlDq�nsvTvwn<{df
�8��h�f�l�k�hreT~pc8lZq�nsk�{dh<k�z!h<k�~p�V��jXo8lul�cih<ldnsk�zVeToihrk����Vk�hrewz�fFh<k�j�hrvwf�n'�yv°hrf�f�e m]jXz@�

��âV�T­}� P�n<{ujyxpjXkMl�cVjXk�jFeTfuh<oKeT�6g]npk�l�h<o8lDzVe[ZÉjXk�jXoV�Xj	eTo�l�c�jd��h<f�jFn<qanpk�zVeToih<k����Vk4h<eTzVf��Bbdc�jdf�h<��jªhrgVgVk�n:h<�4c
hrfdeTo!l�cVj�gVk�jXx8eTnp�Vfdf�jX�Xl�eTnso�q)h<eTvTf|�ijX�}h<�Vf�j�¯¶�!c]h<fFo�nplFhK�XnscVnp��npvTnp~s��k�eToV~�v�h<k�~pj	jXoVns�V~pc�cVjyoV�XjKl�cVj	cVnsvwnsoVnp���
��npk�gVcVeTf�� gVk�n<x8eTzVjXz1�:���|cVjyo@� f�l�cVjXnsk���eTf@o�nplBeTo�²4jX�Xl�eTxpjp�abdc�ewfB��h}�d�ij|k�jXg�cVk�hrf�jXz��8��f4h}�:eToV~dl�cih<lB���VvTl�ewg�vweT��hrl�eTx<j
t|h<f�f�eTvweTjXx�eTo8xph<k�e�h<o8l�f|zVnKoVnpld�Xv�hrf�f�e q���nsk�zVeToihrk����Vk�hrewz�f��

��âV�`¬s� ��jdf�cih<vTv]�Vf�j�cVn<{|jXxpjXk|l�c�jFgVk�jXx8ewns�VfM�XnsoVf�l�k��V�yl�eTnpo�q�nskMzVj4mio�ewo�~'h	v�h<k�~pjXkdh<vT~pjy�Vk�h1¼���¯d�]���'{dc�ew�4c
{|j���hrvTvFl�c�j�tuhrf�f�ewvTeTjXx�h<vT~pjX��k�h�q¿npk6¯d��� h<f�l�cVj��Xk�npf�f�jXz±gVk�n:z��V�Xlgq��¿½a�KÀ�Á]�@¢¶{dcVjXk�j�Á]�(eTf6l�cVj�~sk�np��g(n<q
g]jXk����Vl�hrl�eTnpoVfdeTo�½�vTjXl�l�jXk�f}�Fbdc�j�jX£8l�jXo�f�eTnpo�nrqul�c�j�cVnp��np��n<k�gVcVeTf�� � ÊV� � � q���½a�¶ewfFh%�!hrgVgVeToV~@�»Ê8¯ � �
¼K��¯ � �B{dcVnsf�j|q)hreTvw��k�jdl�n	�]j�h	~sk�ns�Vg�k�jXg�k�jXf�jXo8l�h<l�eTnpo6��h}�	�ij�zVjXf��yk�eT�ijyz!�8�'h/f�npk�lunrqÅ¬Ï¡)�yn:�y�:�yvwjs�BbdcVeTfu¬}¡Z�Xn8�X�8�XvTj
q¿�Vk�oVeTf�c!o�nplFh1k�jXgVk�jXf�jyo:l4h<l�ewnso�nrq�hK~sk�np��g6jX£8l�jyoVf�eTnpo�n<q�¯ � �V�Vldnpo�j�nrq�hK~sk�np��ginsewz�jX£8l�jXo�f�eTnpo@�

��âV�`âs� A¶jX�!hrk�¤	m]k�f�l|l�c]h<ldÁ]�!h<�yl�f|npod"K���8��gijyk����Vl4h<l�eTnsoVfBn<q@l�c�j��yn:nsk�zVeToihrl�jXfdh<o�zd+ - �C"K��CpÁ]�]��¾ ¯d�D�
O�o8q�nsk�l���oih<l�jXvT�6l�c�j���oVeTxpjXk�f�h<v.6Éh<ld�ynpoVoVjy�Xl�eTnpo fÌeTfdoVnplFÁ � ¡ZeTo8xph<k�e�hro:l}�

�Fo�l�cVj	nsl�cVjXkdc]h<oVz�l�cVj�Á � ¡�h<�Xl�eTnpo�eTo6l�cVj	cVnp��npvTnp~s��nrq " � eToVzV���XjXfFhKÁ � ¡Îhr�Xl�eTnso6h<l|l�cVj	l�jyoVf�nskFh<vT~pjX��k�h
Y��3'$)p�*" � ���|vTjXxpjyv)�M¥§gijX�ye m]��h<vTvT��l�cVeTfFhr�Xl�eTnpo�gihrf�fdl�n�l�cVj�´8�Vnsl�eTjXo8l�q���½a�dh<o�z!nsoVj	�!h}�K�Xnp��gV�Vl�j
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�
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{dc�jXk�j � ) eTfdl�cVj�~pk4h<zV�]h<l�eTnso6�8��zVjX~sk�jXj�nrq�q���½a�X�Bbdc�ewfdg�k�n<x8eTzVjXf�q���½a�|{deTl�cÂhKÁ]�8¡Z�6n8zV�VvTj�f�l�k��V�Xl��Vk�jp�
��j�z�j4mioVj	oVn<{ l�cVj	tuhrf�f�ewvTeTjXx6hrvw~sjX�Vk4h

¼��¿¯d�i�M¾ q���½a�|À�Á]��=
¥§gijX�ye m]��h<vTvT�!hrf(X]¡)��n:z��VvTj	¼��¿¯ � �|eTf�q���½a�a� XM¦`Á � ¨��BbdcVj	gVk�n8zV�V�ylFeTfd~peTxpjyo6�8�
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��âV� s8� ÄÅjXl6o�n<{ ��� � 9 �s��zVjyoVnpl�j�l�cVj�f�jXl�n<q�cVns�6npl�npg8���Xv�h<f�f�jXf�nrq'f���n:nsl�c�gihrl�cVf�ewoj"'��q¿k�np� �Ìl�n���6bdc�j��XnpvTvTjX�Xl�ewnso�4Ï��� ��9 �p�:9 � 9 �W8J" � ; q�nsk��6f�l�cVjKq¿�VoVzihr�6jXo8l�hrvB~pk�ns�Vg]npeTz�nrq " � ¢D�ijyewo�~!jyoVzVn<{|jXz&{deTl�c�h
����vwl�eTgVvTew�}h<l�eTn<oK�!hrg

��� � 9 �s� � ��� ��9 � �M�a� ��� ��9 � �
hroVz�h���l�hr¤:eToV~Kl�c�j�eTo8xpjyk�f�j��6�!hrg

�%� � 9 �s�|�i� ��� ��9 �i�:=
bdc�j�g]h<k�hrvTvwjyval�k�hroVf�g]npk�lFeToVzV���XjXz��8�6l�c�jH6ah<ld�XnsoVoVjX�Xl�eTnpoaf q��Vk�oVeTf�c!hKf�jXk�eTjXf�n<qM�!hrgVgVeToV~sf

� ��� Ês��� � 9 �s���i�rq���½a�
{dc�ew�4c�eTfªhro�h<o8l�e ¡Zk�jXgVk�jXf�jyo:l4h<l�ewnso�n<qBl�cVj�q���oVzih<��jXo8l�hrvi~sk�np��ginsewzD�BbdcVeTfu��j�h<oVfdl�cih<l

� � � �f���p�|¾0� ��� �f�]��� � � �\�p� e q ��8���� � 9 �s�p9��/8���� ��9 � �
� � � �f� K - ��� ��� �f�]�M¾J� ��� �f�]��� � � �f� K - ��¾Æ­�8$q���½a�p=

ÇZldeTfd�XvTj�hrkdl�cihrl � ��� ��h}�'�]j	�Xnp��gV�Vl�jyzÂhrvTf�nK�:��eTl�jXk4h<l�jyz!eTo8l�jy~pk�hrvTf��

��âV�@�s� ��j�zVjyf��Xk�ew�]j�oVn<{ l�cVjÂmik�f�l!xphrk�e�h<o8lKl�n�zVjXk�eTxsj�l�cVj��VoVeTxsjXk�f4h<vF�	nso:l�f�jXx8eT�4c8¡Ztuh<f�f�eTvTewjyx&eTo8xph<k�e�hro:l
� Êp¯ � ��¼���¯ � �X�

�|npoVf�ewz�jXk � 8 "'���ij�h/mi£8jXz��ih<f�j�g]npeTo8luhroVz�� 	�9 �]�B� � ��zVjyoVnpl�j�l�cVj�Á]�8¡�h<�Xl�ewnso6nsod"K�@�B��jF�XnsoVf�eTzVjyk
l�cVj�q��VoVz]h<�6jyo:l4h<v]~pk�np�Vg]npeTz�{deTl�c6l�cVj�f�jXldn<qM�ihrf�j	ginseTo:l�fFÁ]� � ¢�_ Ý`×<Ý
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� � 9 � � �p=
bdc�jXoW-Æ�ynpo8l�hrewo�fdf�jXxsjXk�hrv@�XnsgVeTjXfdn<qu¯ � ��AdjX��hrvTval�cihrld{uj	cih}xsj/hro6jX£Vhr�XlFf�jX´8�VjXoV�Xj

 ��i� �@���É� ¯d� ��É� Á]���É�l �=
�|c�n:nsf�j�f�np��j<� 8 ¯¶�&h<oVz���f�ns�6jKvwn8nsg�eToW"K��CpÁ]��k�jXgVk�jyf�jXo8l�eToV~9���]h<f�jyz&npo&Á]� � 8 "K��CsÁ]�@��bdcVjXo�l�cVjXk�j
eTf�h<o��Vo�ew´8�Vj��Vg&l�n�c�np�6nsl�nsg:��vTe q�l�nrq���l�n�h��X�Vk�xsj '�&eToN"K�6²4npeToVeToV~ � h<oVz ��. � 2 � f�n�zVj4mioVeToV~�h<o�jyvwjy�6jXo8l3� 8���� � 9 ��. � 2 � �y�M��j�zVj4mioVj/q��Vk�l�cVjXk��6npk�j

�1�f�]��¾ � � � u�
���
�� � ��3�]�p9�	B�f�]� � 8�¼'�¿¯d�i�:=

��âV� +s� ��jKcih}xsj�oih<l��Vk�hrvu��npk�g�cVeTf��6fF¯ � � ¯
��� ¯ � T ��np�Vl4h<eToVjXz��8��g��Vl�l�ewo�~�l�cVj�f�l�k�h<o�zVf'l�np~sjXl�cVjyk
hroVz!hK��npk�gVcVeTf�� ¼��¿¯d�i� � ¼'��¯ � �M��¼K��¯d� T � �|jX£8l�jXoVzVeToV~�l�cVj	�Xnpk�k�jXf�ginsoVzVeToV~6��npk�gVcVeTf���f�hrlul�cVj(q���½a�)¡)vTjXxsjXvZ�� 

�������������\��� �����¿¹Bk�n8zV�V�yldq�nsk����Vv�h¶q�npkF¯ � �*��� � × � ! R × ! ÑXÔrÚ6ÚW�VÛ ! Û _7R ×uØ _ ! Ù "�! Ú

¯ � � ¯
� �i� ¯ � T ���� � �� �� �¼��¿¯ � � � ¼'�¿¯
�:� �i� ¼��¿¯ � T �:�p=

� " Ô8Ô���ÝiÞ bdc�j�~sjXnp��jXl�k�eT�FgVk�n:nrqMewo�¹Bk�nsginsf�eTl�eTnso (K{|npk�¤8fFhrfd{ujXvTvaeTo�l�cVeTfdf�jXl�l�ewo�~i�

��âV��5s� O�npkdhK�Xns�6gVvTjXl�jFzVjXf��Xk�eTgVl�eTnpo�n<q � {uj	oVjXjyz!l�n�¤8oVn<{(eTl�fd�]jXcih}x8eTnpk|{deTl�c6k�jXf�g]jX�Xl	l�n�l�cVj	���VvTl�eTgVvTe ¡
�}h<l�eTnso6eTo�¯ � �Bº mik�f�l�f�l�jyg!l�n<{ªhrk�zVfdl�cVeTfdeTfdgVk�n<x8eTzVjXz��8�aÊ
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�������������\��� � �M�=� ÐFÜ�Ü#�<Ú!×KÛ � ! Û 	B�\�i� 	B�f�p�|¾ 	B�f�p� 	B�f�]� Ý ��� ×4Ó�Õ�× � ! R ×
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� " Ô8Ô���ÝiÞ ��j��4cVn8npf�j � - hroVz%��h	lZ{un�vTn8npg�fueTo^"'��CpÁ]�6k�jXgVk�jXf�jXo8l�ewo�~ ��hroVzW�V�uÄÅjXl�� - h<oVz �gh/�ij	l�c�jXeTk
k�jXf�g]jX�Xl�eTxpj�vTe q�l�fdeTo " � f�l4h<k�l�eToV~!hrl � ��ÄÅjXl�� � �]j'l�cVjKvwe q�ldnrq � h f�l�hrk�l�ewo�~!h<l ��.���2 � ��bdcVjXk�j4q�npk�j '��- � � eTf�hKvTe q�ldn<q��- � h f�l4h<k�l�eToV~6h<l � hroVz6{|j	cih}xpj

�1�f���p�|¾ � � � 
���� 
�� � � '��- � � �:9
	B�\�p� 	B�f�]� � ¾ � � � 
���
�� � � '��-X�p9�	B�f�]� � � � 
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�� � 
���� 
�� � � � � �p9�	B�f�s� � =
A¶jX�!hrk�¤�l�cih<l�{ujdcih}xsjFh<o�eToVzV���XjXz!Á � ¡Îhr�Xl�eTnpo�nso�l�cVj¶q��VoVz]h<�6jyo:l4h<v8~pk�np�Vg]npeTz 	�Êp��� � 9 �p�B� ��� � � 9 � �s�X��O�k�np�
l�cVj	cVnp��npl�npg8���VoVeT´8�VjXo�jXf�fdnrq�l�c�j�vTe q�lM{|jFz�jXk�eTxpj	l�cih<l 	B�f�]� '��hF¾ � � eTo!� � ��. � 2 � ��. � " 2 � � �VoVzVjykdl�cVj�h<f�f��V��gVl�eTnso
l�cih<l 	B�\�i�dhroVz 	B�f�s�d�Xns�6���Vl�jXfM{deTl�c�j�h<�4c�nsl�cVjXk}�BbdcVeTfdeT�6gVvTeTjXfMl�cih<l �1�f���p�M¾J���\�i�#���f�s�	h<oVz�{uj'hrk�j	zVnsoVjp�

ÇZo6gihrk�l�eT�X��v°hrkM{|jFk�jy�Xn<xpjXkdl�cih<lH� � � X ewfdh1~pk�ns�Vg�k�jygVk�jXf�jXo8l�hrl�eTnpo@¢�{dcVnpf�j	ew��h<~sjuvTeTjXfMeTo!h/�Xnpg8��n<q�q��¿½a�MeTo
¼K��¯ � �X�

��������_�[cV�]D_�Y`V �U� � ��ef_ ��[	�E_��*[oT�Y9T � ]�[\Y ����e\_ ��[\Y���� � ��_�e7]U�
�Csi�! s� ��j|{deTf�cKl�n	k�jyv°hrl�jdoVn<{?�1�f���p�:9 �1�f�]�Mh<oVzQ���\�p��eTo'l�cVju~sjXoVjXk4h<v]��h<f�jdn<qaoVnplBoVjy�XjXf�f4h<k����Xnp�����Vl�eToV~

	B�\�i�	hroVz 	B�\�p�y��bdcVj�f�l�k�hrl�jX~s���XnsoVf�eTf�l�f�eTo�gV�Vf�cVeToV~<¡ZnUZ&l�cVjK�ih<f�j'g]npeTo8l�f	l�c�k�np��~pc�ewo§mioVeTlZ�:��
B´8�VeTxph<vTjXo8l�f�l�hrl�j4¡
��jXo8l�fM{|jXk�jFnp��l�h<eToVjyz'�8��Äaj�hroVz6���Vk4h<¤phr�6eZ¢X©dh<kÎ¡)«	h<l�hro@¢8�dh<k�l�eTjXk��¸f�jXjK¦`Äaj4¡����8¨�¢]¦ ©|«�¬Ï¨�¢V¦`�dh<kZ¨��y�@��j|f�cihrvTvif�¤:eTg
n<xsjXkMl�cVjFzVjyl�h<eTvTfM{dcVeT�4c�{deTvTvV�ij��Xnpo�f�eTzVjXk�jXz�ewoKl�c�jFf�jy�XnpoVz�gihrgijykunrqÉl�cVeTfuf�jXk�eTjXf}�M�F��kªhrew� eTfMl�nKjX£8gVv�h<eTo�h	f��V��l�vTj
g]npeTo8ldh<k�ns�VoVz�l�c�j����VvTl�eTgVvTe �}h<l�eTx8eTlZ��n<qBeTl�jXk4h<l�jyz!eTo8l�jy~pk�hrvTfFh<oVz�l�c�jXeTkdk�jX~s�Vv�h<k�eTÃ�hrl�eTnpo�f��

�Csi�T­}� º±g]npeTo8l|ewfdf4h<eTz6l�n��ij�hrldewo§mioVeTlZ��e q�eTluf�eTl�fdnpo � �
� " � ¾ � � �BbdcVeTfd�Xnsk�k�jyf�g]npoVzVf	l�n�h�½�¡Zf�l�k�eToV~
{dc�npf�j|g]npeTo8l�fB�ijy�Xnp��jM�XvTnpf�jul�n�j}h<�4c'nsl�cVjyk�z�jXgijyoVzVeToV~	npoKl�cVj|f�l�k�hrl�h�n<q �K�1{dcVjXk�j|l�c�jdvweT��ewl�f�eTl�f}�BÇZoV�Xnpk�ginsk�hrl�eToV~
g]npeTo8l�fFhrlueTo8m]oVeTlZ��{uns�VvTz6cih}xsjFl�c�j�j/ZajX�XlFnrq�k�jXgVv�h<�XeToV~�l�cVj	xph<k�ewns�Vf|�ih<f�j�ginseTo:l�fªÁ]� � �:��h<o��VoVeT´8�Vj	�ih<f�j�g]npeTo8l� k�vT�:eToV~�eToL4 � -6¾ � h ¾ 010�0 ¾ � � ; � � � ��bdcVeTf'nrqF�Xnp��k�f�j�eT�6g�vweTjXf	l�cVj�ewl�jXk�hrl�jXz�eTo:l�jX~pk4h<vTfK�Xnp��gV�Vl�eToV~�l�cVj
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=   lim
0ε ε

ε
(regularization term in  ε )
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u v
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A: real trajectory B: what the regularized term computes
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