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lDy(v+�;s�o!v"q-�>npo
qwn�§�s&�
¼½�H¾pv&y�{�x"�}v&�H{��Cn$z(vDnpo
q;y(vD� s�¿wnpuNx_n$z�x_v"u7z��Ànpo
q;y(vDspÁ(qwn$��npq;{}¾pvK{�z�§�Á��wqwu;�pÂC« n�§(v"u7z
x"s�u7�ts�u;v4v&Ã'Á�{}Ä�Ä�v&§ ��npu;v¨spz�§ ��npu;vKrK{}q;y ¾pv&y�{�x"�}v4sp�;�;{��wq;spz�x_v4oÅÁ�z�x_q;{}n$z��²{�z npu7§(v"utqwn>{�z�x_u;v&sp�wv4¾pv&y�{�x"�}v
�;s�o!v"q-� ÆÇ¯"��È¶Â ÉÀv&y�{�x"�}v sp�;�;{��wq;spz�x_v oÅÁ�z�x_q;{}n$z��>s�u;v u;v&sp��{��wv&§ Á��;{�z(� v&�}v&x_qwu;n$z�{�x x_n$z�qwu;n$�DÁ�z�{}q;� Ê ~ ©tË4�ÍÌ7�
rKy�{�x7y s�u;v v&�9¬�v&§�§(v&§ �w���wqwv&� �"�H§(v&�;{}�$z(v&§ o!npu>q;y(v Á��wv {�z s ¾pv&y�{�x"�}vpÂ Î¥q�{��9npoKx_u7{}q;{�x"sp�N{���Ä�npu;q;spz�x_v
q;y�s�qHq;y(v ~ ©tË4�HÁ��wv&§ {�z�¾pv&y�{�x"�}v&�ÀnpÄ�v"u7s�qwvDÄ�u;npÄ�v"u7�}�pÂÏlDy'Á��"�pq;y(vKy�{}�$y Ã'Á�sp��{}q-��npo�q;y(v ~ ©tË9¼½�N�wnpo!q-rts�u;v
{��4spz {���Ä�npu;q;spz�q4u;v&Ã'Á�{}u;v&��v&z�q4o!npuÐs x_npu;u;v&x_qÐ¾pv&y�{�x"�}v>sp�;�;{��wq;spz�x_v>oÅÁ�z�x_q;{}n$z�ÂÐËKÄ qwn z(n�rS��n$z(v>npoNq;y(v
��n$�wq¨{���Ä�npu;q;spz�q¨��v&sp�;Á(u;v&�4qwn v&z��;Á(u;v��wnpo!q-rts�u;v Ã'Á�sp��{}q-� {��Kv_Ñ�qwv&z��;{}¾pv>qwv&�wq;{�z(�(��¬�Á(q4qwv&�wq;{�z(� {��Kq;{���v_�
x_n$z��;Á�� {�z(� spz�§ x_n$�wq;�}�pÂ lDy�{��S{��"�C¬�v&x"spÁ��wv qwv&�wq;{�z(� u;v&Ã'Á�{}u;v&�Ðq;y(v §(v_Ò
z�{}q;{}n$z spz�§ v_Ñ�v&x"Á(q;{}n$z npotqwv&�wq
x"sp�wv&��spz�§ q;y(v v"¾�sp��Á�s�q;{}n$z npoKq;y(v qwv&�wq�u;v&�;Á��}q;�"Â « spz'Á�sp�t§(v_Ò
z�{}q;{}n$z npoKqwv&�wq�x"sp�wv&��{��>§�{ÇÓ x"Á��}q9spz�§
q;{���v_�-x_n$z��;Á�� {�z(�(Â ~ ¾pn$��Á(q;{}n$z�s�u;� qwv&�wq;{�z(� y�sp�+q;y(vSÄ�npqwv&z�q;{�sp��qwn spÁ(qwn$� s�qwv9qwv&�wqKx"sp�wv�§(v&�;{}�$z�Â

ª qwv&�wq4v&z�¾�{}u;n$z���v&z�q4o!npu¨spz v"¾pn$��Á(q;{}n$z�s�u;� oÅÁ�z�x_q;{}n$z�sp��qwv&�wq4npoNs ¬�u7s�|pv>sp�;�;{��wq;spz�x_v>oÅÁ�z�x_q;{}n$z rK{����
¬�v>§(v&�;x_u7{}¬�v&§ {�z q;y�{��4r²npu;|
Â9ÔÏ{}u7�wq"��q;y(v>¬�u7s�|pv�sp�;�;{��wq;spz�x_v>oÅÁ�z�x_q;{}n$z {��¨§(v&�;x_u7{}¬�v&§��
rKy�{�x7y {��¨�;Á(¬�¿wv&x_q
qwn qwv&�wq;{�z(� sp� s�Ä�Ä���{�x"s�q;{}n$z {�z s ¾pv&y�{�x"�}vpÂ k'v&x_n$z�§��Ðspz {�z�qwu;n�§�Á�x_q;{}n$z qwn v"¾pn$��Á(q;{}n$z�s�u;� qwv&�wq;{�z(� {��
�${}¾pv&z�ÂHÔ�Á(u;q;y(v"u7��npu;vp�'q;y(v¨q;y(v"npu;� spz�§ s�u7x7y�{}qwv&x_q;Á(u;v4o!npu+spz v"¾pn$��Á(q;{}n$z�s�u;� oÅÁ�z�x_q;{}n$z�sp��qwv&�wqtnpoCs9¬�u7s�|pv
sp�;�;{��wq;spz�x_vÐoÅÁ�z�x_q;{}n$z {��²Ä�u;v&�wv&z�qwv&§�ÂNªKo!qwv"uDq;y�s�q"��q;y(vÐÄ�u7spx_q;{�x"sp��v_Ñ�Ä�v"u7{���v&z�q;�trKy�{�x7y r²v"u;vSx"s�u;u7{}v&§ n$Á(q
spz�§ q;y(v np¬�q;sp{�z(v&§ u;v&�;Á��}q;�9s�u;v �;y(n�rKz�Â ÔÏ{�z�sp���}�p�Ïs x_n$z�x"��Á��;{}n$z {���§(u7s&rKz spz�§ �wn$��v Ä�u;n$�wÄ�v&x_q;��o!npu
Ä�n$�;�;{}¬��}v4oÅÁ(q;Á(u;v¨r²npu;| s�u;vÐ�${}¾pv&z�Â
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ª ¬�u7s�|pv�sp�;�;{��wq;spz�q ÊÅ±tªÐÌDnpoNq;y(v9Ò�u7�wq4�pv&z(v"u7s�q;{}n$z {��4s ¾pv&y�{�x"�}v>sp�;�;{��wq;spz�x_v>oÅÁ�z�x_q;{}n$z qwn y(v&�}Ä §(u7{}¾pv"u7�
{�z x_u7{}q;{�x"sp�H�;{}q;Á�s�q;{}n$z��¨qwn �;�}n�r §(n�rKz spz�§ �wqwnpÄ q;y(v&{}uS¾pv&y�{�x"�}v&�Sy�s�u7§ spz�§ oÅsp�wq"Â ª4z v_Ñ(sp��Ä��}v x_n$Á���§
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¬�v¨s>�;{}q;Á�s�q;{}n$z��'rKy(v"u;vÐspz np¬�¿wv&x_qD�;Á�§�§(v&z��}��s�Ä�Ä�v&s�u7�t{�z q;y(v¨Ä�s�q;y npo�q;y(vÐx"s�u&�(spz�§ q;y(vÐ§(u7{}¾pv"u�¿;Á���Ä��
n$z q;y(v¨¬�u7s�|pv&�"ÂHÎ�z � spz�� x"sp�wv&�+q;y(vÐ§(u7{}¾pv"u&¼½�N¬�u7s�|�{�z(�>{��²z(npqDy�s�u7§ v&z(n$Á(�$y��(spz�§ {�z q;y(v&�wvÐ�;{}q;Á�s�q;{}n$z��"�
s §(u7{}¾pv"u>�${}¾pv&� s&rts&� ¾�sp��Á�s�¬��}v ��v"qwv"u7�>npoK¬�u7s�|�{�z(� §�{��wq;spz�x_vpÂ l�n �;Á(Ä�Ä�npu;q�q;y(v §(u7{}¾pv"u�{�z �;Á�x7y spz
v&��v"u;�pv&z�x_� ¬�u7s�|�{�z(� �;{}q;Á�s�q;{}n$z��Àq;y(v ±tª ��v&sp�;Á(u;v&�>q;y(v ¾pv&�}n�x"{}q-� npoKq;y(v ¬�u7s�|pv Ä�v&§�sp�²spz�§ §(v&x"{�§(v&�
rK{}q;y�{�z s o!u7spx_q;{}n$z npoDs �wv&x_n$z�§ rKy(v"q;y(v"u9q;y(v §(u7{}¾pv"u�{�z�qwv&z�§��Ðqwn � s�|pv spz v&��v"u;�pv&z�x_� �wqwnpÄ�Â Ý¨z�x_v
q;y(v ±tª y�sp�Ðu;v&x_np�$z�{}Þ"v&§ spz v&��v"u;�pv&z�x_� ¬�u7s�|�{�z(� �;{}q;Á�s�q;{}n$z���{}qÐ{�� ��v&§�{�s�qwv&�}� {�z�{}q;{�s�qwv&�¨oÅÁ����C¬�u7s�|�{�z(�
Ä�u;v&�;�;Á(u;vp�Ïu;v"�$s�u7§��}v&�;��npoKq;y(v §(u7{}¾pv"u7�9¬�u7s�|pv Ä�v&§�sp�²Ä�n$�;{}q;{}n$z�Â lDy(v v_ß�v&x_q {��"�Àq;y�s�q>rK{}q;y�{�z q;y(v Ò�u7�wq
�wv&x_n$z�§ npo�q;y(vKv&��v"u;�pv&z�x_��¬�u7s�|�{�z(�S�;{}q;Á�s�q;{}n$z���q;y(vDoÅÁ����(¬�u7s�|�{�z(�ÐÄ�u;v&�;�;Á(u;vD{��Hv&�wq;s�¬���{��;y(v&§���Á�x7y oÅsp�wqwv"u
q;y�spz�rK{}q;y(n$Á(q�q;y(v+sp{�§9npo
s¨±tª9ÂplDy�{����;s&¾pv&�À¾�sp��Á�s�¬��}vN¬�u7s�|�{�z(�4§�{��wq;spz�x_vts�qHs4y�{}�$y9¾pv&y�{�x"�}vt�wÄ�v"v&§�o!u;n$�
q;y(v�¬�v"�${�z�z�{�z(� npo²q;y(v �;{}q;Á�s�q;{}n$z���rKy�{�x7y x_n$Á���§ Á��}q;{�� s�qwv&�}� ¬�v>v&�;�wv&z�q;{�sp�H{�z s&¾pn${�§�{�z(� npuS� {}q;{}�$s�q;{�z(�
s x_n$����{��;{}n$z�ÂtÎ�z s Ä�u7spx_q;{�x"sp��¾pv"u7{ÇÒ
x"s�q;{}n$z v_Ñ�Ä�v"u7{���v&z�qKx_n$z�§�Á�x_qwv&§ ¬'� q;y(v �4v"u7� spz ª4�DªK© ÆÇ¯p¯_ÈÏrK{}q;y
s&¾pv"u7s��pvS§(u7{}¾pv"u7�"�'n$z oÅÁ����(¬�u7s�|�{�z(�9o!u;n$� s>�wÄ�v"v&§ npoN¯"�p��|�� à�y���{�z � spz�� x"sp�wv&�tq;y(v4¬�u7s�|�{�z(��§�{��wq;spz�x_v
rtsp�Du;v&§�Á�x_v&§ ¬'� �wv"¾pv"u7sp����v"qwv"u7�"Â

Distance, CV

Brake Pedal Angle

Brake Momentum
ACC

Sensor

Pedal
Brake

Brake
VehicleBrake Assistence

System

ÔÏ{}�$Á(u;v ¯�áNâHu7{�z�x"{}Ä��}v4npoÏspz Î���Ä�u;n�¾pv&§ ±²u7s�|pv9ª4�;�;{��wq;spz�x_v>k'���wqwv&� Â

�4u7{}¾�{�z(� sp�;�;{��wq;spz�x_v �w���wqwv&� �>npo¨q;y(v �wv&x_n$z�§ �pv&z(v"u7s�q;{}n$z � s�|pv Á��wv npo4q;y(v {�z�qwv"u7x_n$z�z(v&x_q;{}n$z npo
�wv&z��wnpu7�"��spx_qwnpu7�Sspz�§ ~ ©tË4�"ÂÐlDy(v&�wv�x"spz sp�}u;v&sp§(� ¬�v�Ä�s�u;q4npoNq;y(v>¾pv&y�{�x"�}v>sp�Ðx_n$��Ä�n$z(v&z�q;�4npo²�;s�o!v"q-�
spz�§ x_n$��o!npu;q��w���wqwv&� �"Â ª4z {���Ä�u;n�¾pv&§ ¬�u7s�|pv sp�;�;{��wq;spz�q"�Ïsp���;y(n�rKz {�z ÔÏ{}�$Á(u;v ¯��Àx"spz Á��wv vpÂã�(Â q;y(v
{�z(o!npu7� s�q;{}n$z o!u;n$� s �}n$z(���¶u7spz(�pv �wv&z��wnpuÐnpotq;y(v sp§�s�Ä�q;{}¾pv x_u7Á�{��wv�x_n$z�qwu;n$�KÊÅªK©D©DÌ4qwn §(v"qwv&x_q9x_u7{}q;{�x"sp�
qwu7s�Ó x4�;{}q;Á�s�q;{}n$z��"ÂÀlDy(v&z q;y(v¨ªK©D© �wv&z��wnputÄ�sp�;�wv&�²q;y(v¨{�z(o!npu7� s�q;{}n$z u;v"�$s�u7§�{�z(��§�{��wq;spz�x_v¨spz�§ x"�}n$�;{�z(�
¾pv&�}n�x"{}q-� Ê¶©²ÉSÌNnpoÏq;y(vÐnp¬�¿wv&x_qDoÅÁ(u;q;y(v"u+n$z {�z q;y(v9��spz(vp�(qwn q;y(vÐ¬�u7s�|pv9sp�;�;{��wq;spz�q"Âtk'n�q;y(vS±tª x"spz u7s�qwv
q;y(v �;{}q;Á�s�q;{}n$z ¬�sp�wv&§ n$z q-r²n �wn$Á(u7x_v&��npo¨{�z(o!npu7� s�q;{}n$z�Â Î�z sp§�§�{}q;{}n$z qwn q;y�s�q"�tÁ��;{�z(� q;y(v §�{��wq;spz�x_v
spz�§ ©²É ¾�sp��Á(v&�>o!u;n$� q;y(v ªK©D© �wv&z��wnpu&�Nq;y(v ±tª x"spz x"sp��x"Á���s�qwv s �;Á(�p�pv&�wqwv&§ ¾�sp��Á(v o!npu spz {�§(v&sp�
§(v&x_v&�}v"u7s�q;{}n$z npo+q;y(v ¾pv&y�{�x"�}vp�Ï{�z npu7§(v"u9qwn s&¾pn${�§ s x_n$����{��;{}n$z�Â Ý¨z q;y(v npq;y(v"u>y�spz�§��Cq;y(v sp§�§�{}q;{}n$z�sp�
�wn$Á(u7x_v&�9npoK{�z(o!npu7� s�q;{}n$z §�Á(v qwn q;y(v {�z�qwv"u7x_n$z�z(v&x_q;{}n$z npoK�wv&z��wnpu7�"�Àspx_qwnpu7�>spz�§ npq;y(v"u ~ ©tË4��� s�|pv&�
q;y(v {���Ä�u;n�¾pv&§ ¬�u7s�|pv sp�;�;{��wq;spz�x_v �w���wqwv&� ��Á�x7y ��npu;v x_n$��Ä��}v_Ñ��+x_n$��Ä�s�u;v&§ qwn s ¬�u7s�|pv sp�;�;{��wq;spz�q
npoSq;y(v Ò�u7�wq �pv&z(v"u7s�q;{}n$z�Â ª4z sp§�§�{}q;{}n$z�sp�K�wn$Á(u7x_v npo9{�z(Ä�Á(q ��v&spz�� sp§�§�{}q;{}n$z�sp�K§(v"Ä�v&z�§(v&z�x"{}v&� spz�§
{�z�x_u;v&sp�wv&�Nq;y(v¨z'Á��9¬�v"uNnpo�{�z(Ä�Á(qN�;{}q;Á�s�q;{}n$z��Hqwn�¬�v4y�spz�§��}v&§�¬'� q;y(v4{���Ä��}v&��v&z�q;s�q;{}n$z npo�q;y(vKoÅÁ�z�x_q;{}n$z�Â
lDy�{��tx_n$��Ä��}v_Ñ({}q-� spz�§ q;y(vÐÄ�u7spx_q;{�x"sp��u;v&�}v"¾�spz�x_vÐnpoCq;y(vS�;Á(¬�¿wv&x_qD� s�|pv&�Dq;y(vÐ¬�u7s�|pvSsp�;�;{��wq;spz�x_vS�w���wqwv&�
spz {�z�qwv"u;v&�wq;{�z(� s�Ä�Ä���{�x"s�q;{}n$z o!npuÐs �wq;Á�§(� s�¬�n$Á(q¨q;y(v>o!v&sp�;{}¬�{���{}q-� npo²spz v"¾pn$��Á(q;{}n$z�s�u;� oÅÁ�z�x_q;{}n$z�sp��qwv&�wq
v&z�¾�{}u;n$z���v&z�q"Â
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lDy(vN�w���wqwv&� s�q;{�xNqwv&�wqC{���spz�{�z(v"¾�{}q;s�¬��}vÀÄ�s�u;q�npo(q;y(vN¾pv"u7{ÇÒ
x"s�q;{}n$z�spz�§S¾�sp��{�§�s�q;{}n$zÐÄ�u;n�x_v&�;��o!npu�v&�9¬�v&§�§(v&§
�w���wqwv&� �"ÂHl�v&�wq;{�z(� {��tsp{���v&§ s�qtÒ
z�§�{�z(��v"u;u;npu7�+{�z q;y(vS�w���wqwv&� Á�z�§(v"utqwv&�wqKspz�§ �${}¾�{�z(�>x_n$z�Ò
§(v&z�x_vÐo!npu
{}q;�4x_npu;u;v&x_q4¬�v&y�s&¾�{}n$Á(uK¬'� v_Ñ�v&x"Á(q;{�z(� q;y(v��w���wqwv&� rK{}q;y �wv&�}v&x_qwv&§ {�z(Ä�Á(qD�;{}q;Á�s�q;{}n$z��"ÂKÔ(u;n$� sp����npoÀq;y(v
qwv&�wq9spx_q;{}¾�{}q;{}v&�"��qwv&�wq9x"sp�wv §(v&�;{}�$z {��Ssp�;�;{}�$z(v&§ §(v&x"{��;{}¾pv {���Ä�npu;q;spz�x_vpÂ l�v&�wq9x"sp�wv §(v&�;{}�$z §(v"qwv"u7� {�z(v&�
q;y(v�Ã'Á�sp��{}q-� npoÀq;y(v9qwv&�wq"���;{�z�x_vSq;y(v��wv&�}v&x_q;{}n$z npoÀq;y(v9qwv&�wq¨§�s�q;s���qwn ¬�v�Á��wv&§ qwn qwv&�wq4q;y(v9qwv&�wq4np¬�¿wv&x_q"�
v&�wq;s�¬���{��;y q;y(vÐ|�{�z�§��(�;x_npÄ�vSspz�§ q;y'Á��+q;y(vSÄ�v"u;o!npu7� spz�x_v¨npoÏq;y(vSqwv&�wq"Â
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~ ¾pn$��Á(q;{}n$z�s�u;�9qwv&�wq;{�z(�S{��Ïx7y�s�u7spx_qwv"u7{}Þ"v&§ ¬'��q;y(vDÁ��wvtnpo���v"q;s��-y(v&Á(u7{��wq;{�xt�wv&s�u7x7y qwv&x7y�z�{�Ã'Á(v&�Ïo!npuÀqwv&�wq
x"sp�wv��pv&z(v"u7s�q;{}n$z�Â>lDy(v>qwv&�wqSsp{�� x_n$z��;{�§(v"u;v&§ {��4qwu7spz��wo!npu7��v&§ {�z�qwn spz npÄ�q;{�� {}Þ&s�q;{}n$z Ä�u;np¬��}v&� Â9lDy(v
qwv&�wq�np¬�¿wv&x_q;�>{�z(Ä�Á(qS§(n$� sp{�z o!npu7� �9q;y(v �wv&s�u7x7y �wÄ�spx_v {�z rKy�{�x7y qwv&�wq>§�s�q;s q;y�s�q�oÅÁ��ÇÒ
���¨q;y(v u;v&�wÄ�v&xÍ�
q;{}¾pv�qwv&�wq9sp{�� {��Ð�wv&s�u7x7y(v&§ o!npu&Â��¨Á(v qwn q;y(v z(n$z��-��{�z(v&s�u7{}q-� npot�wnpo!q-rts�u;v ÊÅ{}o��-�wq;s�qwv&��v&z�q;�"�Ï�}n'npÄ��¨v"q;x�ÂæÌ
q;y(v>x_n$z�¾pv"u7�;{}n$z npoHqwv&�wq¨Ä�u;np¬��}v&� �K{�z�qwn npÄ�q;{�� {}Þ&s�q;{}n$z q;sp�w|��¨��n$�wq;�}� u;v&�;Á��}q;�4{�z x_n$��Ä��}v_Ñ���§�{��;x_n$z�q;{�z��
Á(n$Á��"��spz�§ z(n$z��-��{�z(v&s�uÐ�wv&s�u7x7y �wÄ�spx_v&�"Â>lDy(v"u;v"o!npu;vp����v"q;s��-y(v&Á(u7{��wq;{�x>�wv&s�u7x7y ��v"q;y(n�§��¨s�u;v�v&��Ä��}n��pv&§��
vpÂã�(Â v"¾pn$��Á(q;{}n$z�s�u;� sp�}�pnpu7{}q;y�� �"�À�;{���Á���s�qwv&§ spz�z(v&sp��{�z(� npu>q;s�¬�n'n �wv&s�u7x7y�Â Î�z n$Á(u>r²npu;|
�Àv"¾pn$��Á(q;{}n$z��
s�u;� sp�}�pnpu7{}q;y�� �Ds�u;v9Á��wv&§ qwn �pv&z(v"u7s�qwv9qwv&�wq4§�s�q;s ¬�v&x"spÁ��wvSq;y(v&{}uDu;np¬�Á��wq;z(v&�;�Dspz�§ �;Á�{}q;s�¬�{���{}q-� o!npuKq;y(v
�wn$��Á(q;{}n$z npoD§�{Çß�v"u;v&z�qÐqwv&�wq9q;sp�w|���y�sp�9sp�}u;v&sp§(� ¬�v"v&z Ä�u;n�¾pv&z {�z Ä�u;v"¾�{}n$Á��Ðr²npu;|
��vpÂã�(Â ç v"�pv&z(v"u�spz�§
�4u;n�x7y�q;� spz�z Æ½��È¶Â

ª z'Á��9¬�v"u+npoCÄ�s�Ä�v"u7�+y�s&¾pv9¬�v"v&z Ä�Á(¬���{��;y(v&§ {�z q;y(vS��sp�wq+�pv&s�u7�DrKy�{�x7y y�s&¾pv9�;Á�x"x_v&�;�woÅÁ����}� s�Ä�Ä���{}v&§
v"¾pn$��Á(q;{}n$z�s�u;� sp�}�pnpu7{}q;y�� �4o!npuÐqwv&�wqS§�s�q;s �pv&z(v"u7s�q;{}n$z�Â�lDy(v"� y�s&¾pv�Ä�Á(u7�;Á(v&§ ¾�s�u7{}n$Á��Kqwv&�wqÐ�pn$sp���ÐrK{}q;y
§�{Çß�v"u;v&z�q�qwv&�wq���v"q;y(n�§��"á ç npu;| n$z q;y(v spÁ(qwn$� s�q;{}n$z npoKqwv&�wq�§�s�q;s �pv&z(v"u7s�q;{}n$z o!npu �wqwu7Á�x_q;Á(u;v qwv&�wq;�
{�����n$�wq�rK{�§(v&�wÄ�u;v&sp§���vpÂã�(Â èpn$z(v&��v"q"ÂÏsp�éÂ+ÆëêpÈ¶�Hl�u7spx_v"� Æã®�È¶�Àç v"�pv&z(v"u�v"q"ÂÀsp�éÂtÆã�È¶Â Ô�Á(u;q;y(v"u�r²npu;| §(v_�
Ä��}n����tv"¾pn$��Á(q;{}n$z�s�u;� sp�}�pnpu7{}q;y�� �to!npuDqwv&�wq;{�z(� z(n$z��¶oÅÁ�z�x_q;{}n$z�sp��Ä�u;npÄ�v"u;q;{}v&�"�(�;Á�x7y sp�D�;s�o!v"q-� x_n$z��wqwu7sp{�z�q;�
ÊÅl�u7spx_v"� Æã®�ÈÅÌ¨npu9q;{�� {�z(� x_n$z��wqwu7sp{�z�q;� Ê!ç v"�pv&z(v"u�spz�§ « Á(v&���}v"u Æãì�È¶�H�4u;n$�;�Sv"q"ÂCsp�éÂ²Æã��È¶�ÏâNÁ��;x7y�z(v"u9spz�§
í n$�;�;sp�ÀÆã°�ÈÅÌ7ÂNlDy(vDÒ�q;z(v&�;�²oÅÁ�z�x_q;{}n$z��²s�u;v¨¬�sp�wv&§ n$z q;y(vÐx"sp��x"Á���s�q;{}n$z npo�s>§�{��wq;spz�x_v4qwn>q;y(v¨¾�{}n$��s�q;{}n$z npo
q;y(vK�;s�o!v"q-� x_n$z�§�{}q;{}n$z��Ànpu&��o!npuHq;y(vKqwv&��Ä�npu7sp�(¬�v&y�s&¾�{}n$Á(uÀqwv&�wq"�'n$z q;y(vK��v&sp�;Á(u;v&��v&z�qNnpo�q;y(vDv_Ñ�v&x"Á(q;{}n$z
q;{���v&�+o!npuDq;y(vÐqwv&�wq4§�s�q;s��pv&z(v"u7s�qwv&§�Â

lDy(vÐs�Ä�Ä���{�x"s�q;{}n$z npo�v"¾pn$��Á(q;{}n$z�s�u;� qwv&�wq;�+o!npuDoÅÁ�z�x_q;{}n$z�sp��Ä�u;npÄ�v"u;q;{}v&�t{��+z(npqtrK{�§(v&�wÄ�u;v&sp§�ÂNk�{�z(�$Á���s�u
r²npu;| ¬'� u;v&�wv&s�u7x7y(v"u7�S�;Á�x7y sp�Sèpn$z(v&�¨v"q"Â�sp�éÂHÆëêpÈHs�Ä�Ä���{}v&�Kv"¾pn$��Á(q;{}n$z�s�u;� sp�}�pnpu7{}q;y�� �4qwn �pv&z(v"u7s�qwv�qwv&�wq
§�s�q;s o!npuSo!npu7� sp���}� �wÄ�v&x"{ÇÒ�v&§ qwv&�wq9x"sp�wv&�"Â Î�z�{}q;{�sp�Cr²npu;| rKy�{�x7y sp���}n�rK�Ðx_n$��Ä��}v"qwv spÁ(qwn$� s�q;{}n$z npo²q;y(v
oÅÁ�z�x_q;{}n$z�sp�Ïqwv&�wq"�ÏrK{}q;y(n$Á(qÐÁ��;{�z(� o!npu7� sp�H�wÄ�v&x"{ÇÒ
x"s�q;{}n$z qwv&x7y�z�{�Ã'Á(v&�Ðrtsp�SÄ�u;v&�wv&z�qwv&§ ¬'� ±tÁ(v&y��}v"u9spz�§
ç v"�pv&z(v"u ÊwÆÇ¯_ÈHspz�§ Æã��ÈÅÌ7Â�Î�z q;y(v>o!n$���}n�rK{�z(�(��r²v�Ä�u;v&�wv&z�qÐspz z(v"r s�Ä�Ä���{�x"s�q;{}n$z s�u;v&s o!npuÐv"¾pn$��Á(q;{}n$z�s�u;�
oÅÁ�z�x_q;{}n$z�sp��qwv&�wq;{�z(�(áHspÁ(qwn$� s�q;{}n$z npoÏq;y(vÐoÅÁ�z�x_q;{}n$z�sp��qwv&�wqDnpoÏq;y(vÐ¬�u7s�|pv9sp�;�;{��wq;spz�x_v9�w���wqwv&� Â

î 1 243457698�:;34<>=+?�@ A�6�<>BC8�:;34<>=D5 E FHG�8 3KJ 8�M>F O ?�=+PKF Q G
G�:;G�8�=D<48

ª4��x_n$z��;{�§(v"u;v&§S{�z¨q;y(vHÄ�u;v"¾�{}n$Á����wv&x_q;{}n$z��"��q;y(vNs�Ä�Ä���{�x"s�q;{}n$z¨npo�q;y(vH¬�u7s�|pvNsp�;�;{��wq;spz�x_vN�w���wqwv&� {���x_n$��Ä��}v_Ñ
¬�v&x"spÁ��wv>npo²s y'Á(�pv�z'Á��9¬�v"u¨npo²Ä�n$�;�;{}¬��}vSqwv&�wqS{�z(Ä�Á(q;�"��§�Á(v�qwn q;y(v {�z�qwv"u;oÅspx_v&�¨qwn � spz�� �wv&z��wnpu7�Ðspz�§
~ ©tË4�"ÂHlDy(vÐ§(v&� spz�§(v&§ Ã'Á�sp��{}q-� npo�q;y(v ~ ©tË9¼½�D�wnpo!q-rts�u;vSu;v&Ã'Á�{}u;v&�²v_Ñ�qwv&z��;{}¾pvÐqwv&�wq;{�z(��npoCq;y(vS�w���wqwv&� Â
ï n�r²v"¾pv"u&�4qwv&�wq x"sp�wv §(v&�;{}�$z {�� §�{ÇÓ x"Á��}q"�tq;{���v_�-x_n$z��;Á�� {�z(� spz�§ x_n$�wq;�}�pÂ k'n q;y(v np¬�¿wv&x_q;{}¾pv npoSq;y(v
v"¾pn$��Á(q;{}n$z�s�u;� oÅÁ�z�x_q;{}n$z�sp��qwv&�wq¨{��+qwn spÁ(qwn$� s�qwv�qwv&�wq4x"sp�wv>§(v&�;{}�$z�ÂNÎ�z npu7§(v"uDqwn spx"x_n$��Ä���{��;y q;y�{��Dsp{�� �
q;y(v²Ä�u;np¬��}v&� npo�qwv&�wqÀx"sp�wv+§(v&�;{}�$z9o!npuÏq;y(vts�Ä�Ä���{�x"s�q;{}n$z9{���qwu7spz��wo!npu7��v&§>{�z�qwn¨spz9npÄ�q;{�� {��;s�q;{}n$z9Ä�u;np¬��}v&� Â
l�n §(n q;y�{��"��q-r²n Ä�u;np¬��}v&� �Dy�s&¾pv�qwn ¬�v9�wn$�}¾pv&§�ÂDÔÏ{}u7�wq"�
s u;v"Ä�u;v&�wv&z�q;s�q;{}n$z npoÀqwv&�wq4{�z(Ä�Á(q;�D{�z s �wv&s�u7x7y
§(n$� sp{�z y�sp�Kqwn ¬�v>§(v&�;{}�$z(v&§�ÂÐk'v&x_n$z�§���spz sp§(v&Ã'Á�s�qwv�Ò�q;z(v&�;�KoÅÁ�z�x_q;{}n$z qwn v"¾�sp��Á�s�qwv�q;y(v>qwv&�wq¨u;v&�;Á��}q;�
y�sp�+qwn ¬�v¨o!n$Á�z�§�ÂHÔÏ{�z�sp���}�p��q;y(v&�wv9x_n$��Ä�n$z(v&z�q;�Dy�s&¾pvSqwn ¬�vSx_n$�9¬�{�z(v&§��(rK{}q;y q;y(vS{���Ä��}v&��v&z�q;s�q;{}n$z npo
spz v"¾pn$��Á(q;{}n$z�s�u;� sp�}�pnpu7{}q;y�� �(qwn q;y(vÐqwv&�wqKv&z�¾�{}u;n$z���v&z�q"Â

ðHñ-ò ó4ô�õ�ö ÷ ø
öpø ù ô�úHô�û$ø
ö$ü¶ý�ú

« n�§(v&���9o!npu>qwv&�wq�§�s�q;s �pv&z(v"u7s�q;{}n$z y�s&¾pv qwn �wn$�}¾pv q;y(v Ä�u;np¬��}v&� �Ïy(n�r {�z�§�{}¾�{�§�Á�sp���Ðx"spz ¬�v Á��wv&§ qwn
u;v"Ä�u;v&�wv&z�qÀqwv&�wq²{�z(Ä�Á(q;�"ÂÀk'v"¾pv"u7sp��§�{Çß�v"u;v&z�qH��n�§(v&���Às�u;vDÄ�n$�;�;{}¬��}v²o!npuHq;y(v+¬�u7s�|pvKsp�;�;{��wq;spz�qHqwnSqwu7spz��wo!npu7�
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{�z�§�{}¾�{�§�Á�sp���²{�z�qwn qwv&�wq¨{�z(Ä�Á(q;�"Â²lDy(v9��n�§(v&���Dy�s&¾pv�qwn v&z��;Á(u;vp��q;y�s�q¨sp����Ä�n$�;�;{}¬��}vÐ{�z(Ä�Á(qD�;x_v&z�s�u7{}n$�Kx"spz
¬�vÐ�pv&z(v"u7s�qwv&§�Â

egos egov

ego−vehicle

target
vtargets

target−vehicle

sbrake

ÔÏ{}�$Á(u;v9�'áN¦Dv&s�uw� ~ z�§ ªKÄ�Ä�u;n$spx7y�{�z(� k�x_v&z�s�u7{}n(Â

ÉÀv"u;� x_n$��Ä��}v_Ñ ��n�§(v&���"�'rKy�{�x7y x"spz Ä�u;n�§�Á�x_v4spz v&z(npu7��n$Á��²¾�s�u7{�spz�x_v4npo�§�{Çß�v"u;v&z�q²�;x_v&z�s�u7{}n$�ty�s&¾pv
q;y(vSÄ�u;np¬��}v&� �(q;y�s�qKq;y(v9z'Á��9¬�v"uDnpoÏ¾�s�u7{�s�¬��}v&�+u;v&Ã'Á�{}u;v&§ ¬'� q;y(v&�wv���n�§(v&���D{�z�x_u;v&sp�wv&�KÃ'Á�{�x;|��}� �}v&sp§�{�z(�
qwn s ��Á��}q;{�§�{���v&z��;{}n$z�sp�À�wv&s�u7x7y �wÄ�spx_vpÂ lDy(v"u;o!npu;vp�Ào!npu>q;y�{��>�wq;Á�§(� r²v x7y(n'n$�wv s �;{���Ä���{ÇÒ�v&§ ��n�§(v&�é�
rKy�{�x7y n$z��}� u;v&Ã'Á�{}u;v&�tq;y(u;v"vS¾�s�u7{�s�¬��}v&�+sp�DÄ�s�u7sp��v"qwv"uK�wv"qwq;{�z(�$�Do!npuKs x_n$����{��;{}n$z � spz(v&Á(¾pv"u&Â

lDy(vSq;y(u;v"v�¾�s�u7{�s�¬��}v&�D{�z q;y�{��K��n�§(v&��y�s&¾pv>q;y(v9o!n$���}n�rK{�z(� �wv&� spz�q;{�x"�"ÂKÔÏ{}u7�wq"��q;y(v9¾pv&�}n�x"{}q-� ÿ�� ��� npoq;y(v¨v"�pn ¾pv&y�{�x"�}vp�(�wv&x_n$z�§ q;y(v¨¾pv&�}n�x"{}q-� ÿ����
	 � ���ÏnpoCq;y(v¨q;s�u;�pv"qD¾pv&y�{�x"�}vp�(spz�§ q;y�{}u7§ q;y(v¨qwu7{}�p�pv"uK§�{��wq;spz�x_v�� 	������ � s�u;|�{�z(�>q;y(vS{�z�{}q;{�sp����n$��v&z�qDnpoÏ¬�u7s�|�{�z(�>o!npuDq;y(vÐv"�pn ¾pv&y�{�x"�}vp��sp�K�;y(n�rKz {�z ÔÏ{}�$Á(u;v9�'Â

ðHñ�� ÷ ô�õ�ü���ú ý��9ø �Ðüéö$úHô�õ�õ ���Nú��'ö$ü¶ý�ú
lDy(v9§(v&�;{}�$z npoHs �;Á�{}q;s�¬��}vÐÒ�q;z(v&�;�KoÅÁ�z�x_q;{}n$z���Á��wv&§ qwn v"¾�sp��Á�s�qwv9q;y(v��pv&z(v"u7s�qwv&§ �;x_v&z�s�u7{}n$�KnpoÀq;y(v9qwv&�wq
u7Á�z��"�N{��>s ¾�{}q;sp�+x_n$��Ä�n$z(v&z�q�npo4q;y(v qwv&�wq v&z�¾�{}u;n$z���v&z�q>¬�v&x"spÁ��wv {}q;��§(v&�;{}�$z §(v"qwv"u7� {�z(v&��y(n�r r²v&���
q;y(v��wv&s�u7x7y x_n$z�¾pv"u;�pv&�¨qwn�rts�u7§��¨�;Á�x"x_v&�;�woÅÁ���qwv&�wq¨x"sp�wv&�"��rKy�{�x7y u;v"¾pv&sp�Cv"u;u;npu7�K{�z q;y(v>{���Ä��}v&��v&z�q;s�q;{}n$z
npotq;y(v Á�z�{}qSÁ�z�§(v"uÐqwv&�wq"Â Ô(npu�q;y�{��Ss�Ä�Ä���{�x"s�q;{}n$z���q;y(v Ò�q;z(v&�;�SoÅÁ�z�x_q;{}n$z {��Ð¬�sp�wv&§ n$z q-r²n Ã'Á�spz�q;{}q;{}v&�"�
q;{���v_�¶qwn��-x_n$����{��;{}n$z spz�§ ¬�u7s�|pvS��n$��v&z�q;Á�� Â

lDy(v ���� !�"#��$�"�%�$�&�&'�)(*�+$�, ÊÅlDl4©DÌ {�� s Ã'Á�spz�q;{}q-� rKy�{�x7y {�� npo!qwv&z x_n$z��;{�§(v"u;v&§ {�z q;y(v x_n$z�qwv_Ñ�q npo
x_n$����{��;{}n$z x_u7{}q;{�x"sp���;{}q;Á�s�q;{}n$z��"ÂtÎ¥q¨§(v&�;x_u7{}¬�v&�+q;y(v9q;{���v9q;y�s�qKu;v&� sp{�z��D¬�v"o!npu;v9s x_n$����{��;{}n$z y�s�Ä�Ä�v&z��"Â+l�n
x"sp��x"Á���s�qwvS{}q;�t¾�sp��Á(vp�(q;y(vSx_n$z��wq;spz�q4�wÄ�v"v&§ npoÏsp����np¬�¿wv&x_q;�D{�z�¾pn$�}¾pv&§ {��+sp�;�;Á���v&§�ÂHÔ(npuDv"¾pv"u;� ��n$��v&z�q.-
npoDq;y(v �;{}q;Á�s�q;{}n$z��Cq;y(v §�{��wq;spz�x_v ��/�0�1 � Ê�-;ÌÐ¬�v"q-r²v"v&z q;y(v ¾pv&y�{�x"�}v&��spz�§ q;y(v x"�}n$�;{�z(� ¾pv&�}n�x"{}q-� ÿ�2+3'Ê�-;Ì54
ÿ�� ��� Ê�-;Ì76 ÿ����
	 � ���ÍÊ�-;Ì²x"spz ¬�vSx_n$z��;{�§(v"u;v&§�ÂÏç {}q;y ÿ�2+398;: 0=< 4 �?>½�p�$� : 1 ��q;y(vSlDl4© {��+x"sp��x"Á�sp�}qwv&§ sp�

@.@BA Ê�-;ÌC4 ��/�0�1 � Ê�-;ÌD EGF Ê!ÿ�2+3'Ê�-;Ì�Hwÿ�2+398;: 0=< Ì Ê�¯�Ì

spz�§Sx"spz9¬�vH�wv"v&z9sp��sK§(v"�pu;v"vHnpoJI?$�K %9L*�����+%�M�&(sD�;{}q;Á�s�q;{}n$zS{���{�zÐq;y�s�q���n$��v&z�q�npo�q;y(vN�;x_v&z�s�u7{}n(ÂÏlDy(v
y�{}�$y(v"uÏq;y(vKx"�}n$�;{�z(�¨¾pv&�}n�x"{}q-�>spz�§>q;y(vD�}n�r²v"uNq;y(vD§�{��wq;spz�x_vt¬�v"q-r²v"v&z v"�pnS¾pv&y�{�x"�}vDspz�§>q;s�u;�pv"qN¾pv&y�{�x"�}v+{��"�
q;y(vNy�{}�$y(v"u�q;y(vN¾pv&y�{�x"�}vHu;v"q;s�u7§�s�q;{}n$z9y�sp��qwn4¬�vH{�zÐnpu7§(v"u�qwn¨s&¾pn${�§9sKx_n$����{��;{}n$z�Â�lDy(vÀ¾pv&y�{�x"�}vNu;v"q;s�u7§�s�q;{}n$z
{��Ku;v&��s�qwv&§ rK{}q;y q;y(v>¬�u7s�|pv���n$��v&z�q;Á�� u;v&Ã'Á(v&�wqwv&§ o!u;n$� q;y(v>¾pv&y�{�x"�}vpÂSª y�{}�$y ��n$��v&z�q;Á�� u;v&Ã'Á(v&�wq
o!u;n$� q;y(v ¾pv&y�{�x"�}v ¬�u7s�|pv �;y(n$Á���§ u;v&�;Á��}q {�z s y�{}�$y ¾pv&y�{�x"�}v u;v"q;s�u7§�s�q;{}n$z�Â lDy(v ¬�u7s�|pv ��n$��v&z�q;Á��
u;v&Ã'Á(v&�wqwv&§ o!u;n$� q;y(vK¾pv&y�{�x"�}vON  	������
8;3��QP 0 2�RS� �'x"spz ¬�v4�wv"v&z sp�Nq;y(v4�;Á�� npo�q-r²n>x_n$��Ä�n$z(v&z�q;�"�'q;y(vK¬�u7s�|pv
��n$��v&z�q;Á�� u;v&Ã'Á(v&�wqwv&§ ¬'�>q;y(vK§(u7{}¾pv"u�N  	������
8 / 	 0 3���	 spz�§�q;y(vD¬�u7s�|pvK��n$��v&z�q;Á�� sp§�§(v&§�¬'��q;y(vD¬�u7s�|pv
sp�;�;{��wq;spz�x_v9�w���wqwv&� N  � 1 8T� /
/ Â

N  	������
8;3��QP 0 2�RS� Ê�-;Ì�4 N  	������
8 / 	 0 3���	 Ê�-;Ì�U N  � 1 8T� /
/ Ê�-;Ì Êé�$Ì
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ª4x"x_npu7§�{�z(�>qwn�q;y(vÐu;v&Ã'Á�{}u;v&��v&z�q;�²npoCq;y(vSs�Ä�Ä���{�x"s�q;{}n$z��'q;y(vÐ¬�u7s�|pvÐsp�;�;{��wq;spz�x_vS�w���wqwv&� �;y(n$Á���§ �;Á(Ä(�
Ä�npu;qÏq;y(vD§(u7{}¾pv"uH{�z>sSx_u7{}q;{�x"sp���;{}q;Á�s�q;{}n$z>rK{}q;y�sÐy�{}�$y>¾pv&y�{�x"�}vt¬�u7s�|pv+u;v"q;s�u7§�s�q;{}n$z�ÂNÝ¨z>q;y(v+npq;y(v"uNy�spz�§��
q;y(v9¬�u7s�|pv>sp�;�;{��wq;spz�x_v��w���wqwv&� ��Á��wq4z(npqKv&z�y�spz�x_v�q;y(v�§(u7{}¾pv"u&¼½�D¬�u7s�|pv>��n$��v&z�q;Á�� rKy(v&z q;y(v>�;{}q;Á�s��
q;{}n$z {��¨z(npqSx_u7{}q;{�x"sp�éÂSlDy(v>{�z�qwv&z�q;{}n$z npoNq;y(v>qwv&�wqS{��4qwn Ò
z�§ �;{}q;Á�s�q;{}n$z��4rKy(v"u;v>q;y(v>¬�u7s�|pv�sp�;�;{��wq;spz�x_v
�w���wqwv&� §(n'v&�Ïz(npqCoÅÁ��ÇÒ
�${}q;�Cu;v&Ã'Á�{}u;v&��v&z�q;�"ÂCÔ(npuÀq;y(v²¬�u7s�|pv+sp�;�;{��wq;spz�x_vt�w���wqwv&� �po!u;n$� sKqwv&�wqwv"u&¼½�ÏÄ�n${�z�q�npo
¾�{}v"rS��q-r²n>|�{�z�§��Ànpo��;{}q;Á�s�q;{}n$z��Ns�u;v¨{�z�qwv"u;v&�wq;{�z(�(ÂÀÔÏ{}u7�wq"��rKy(v&z q;y(vK¬�u7s�|pv¨sp�;�;{��wq;spz�x_v¨�w���wqwv&� §(n'v&�²z(npq
v&z�y�spz�x_v9q;y(v�¬�u7s�|pv9u;v"q;s�u7§�s�q;{}n$z��
v"¾pv&z q;y(n$Á(�$y q;y(v>�;{}q;Á�s�q;{}n$z {��Kx_u7{}q;{�x"sp�éÂ¨k'v&x_n$z�§���rKy(v&z q;y(v9¬�u7s�|pv
sp�;�;{��wq;spz�x_v>�w���wqwv&� §(n'v&�Kv&z�y�spz�x_v�q;y(v�¬�u7s�|pv�u;v"q;s�u7§�s�q;{}n$z {�z s �;{}q;Á�s�q;{}n$z rKy�{�x7y {��Kz(npq¨x_u7{}q;{�x"sp�éÂ4l�n
Ä�Á(q+q;y�{��+{�z�qwn s>Ò�q;z(v&�;�+oÅÁ�z�x_q;{}n$z q;y(vSo!n$���}n�rK{�z(��s�Ä�Ä�u;n$spx7y {��DÁ��wv&§�áNlDy(vSlDl4© {��Ds ��v&sp�;Á(u;vSnpoÏy(n�r
x_u7{}q;{�x"sp��s��;{}q;Á�s�q;{}n$z {��SÊÅ{�z q;y�s�qD��n$��v&z�qÍÌ7��rKy(v"u;vÐs y�{}�$y lDl4© ¾�sp��Á(vSx_npu;u;v&�wÄ�n$z�§��tqwn spz Á�z�x_u7{}q;{�x"sp�
�;{}q;Á�s�q;{}n$z spz�§ s9�}n�r lDl4© ¾�sp��Á(vKu;v"Ä�u;v&�wv&z�q;�²s9x_u7{}q;{�x"sp���;{}q;Á�s�q;{}n$z�ÂÏlDy(vD¬�u7s�|pv¨��n$��v&z�q;Á�� sp§�§(v&§ ¬'�
q;y(vÐ¬�u7s�|pv9sp�;�;{��wq;spz�x_vS�w���wqwv&� {��Ds���v&sp�;Á(u;vÐnpoÏq;y(vÐv&z�y�spz�x_v&��v&z�qDnpoCq;y(vÐ¬�u7s�|pvSu;v"q;s�u7§�s�q;{}n$z {�z q;y�s�q
��n$��v&z�q"�ÏrKy(v"u;v s y�{}�$y sp§�§(v&§ ��n$��v&z�q;Á�� �;y(n�rK�9spz {�z�qwv&z��;{}¾pv v&z�y�spz�x_v&��v&z�q�spz�§ s �}n�r sp§�§(v&§
��n$��v&z�q;Á�� u;v"Ä�u;v&�wv&z�q;�4z(n v&z�y�spz�x_v&��v&z�qKnpoÀq;y(v9¬�u7s�|�{�z(�(Â+lDy(v9�;{}q;Á�s�q;{}n$z��+npoH{�z�qwv"u;v&�wq4x"spz z(n�r ¬�v
v_Ñ�Ä�u;v&�;�wv&§ Á��;{�z(�>q;y�{��+��v&sp�;Á(u;v&�"Â

« v&sp�;Á(u;v&��o!npuC¬�npq;y9�;{}q;Á�s�q;{}n$z���x"spz9¬�vNqwu7spz��;��s�qwv&§So!npuÏsK�;{�z(�$�}vN��n$��v&z�qÏ{�z�qwnKq;y(vN¬�u7s�|pv²sp�;�;{��wq;spz�x_v
sp§�§(v&§ ��n$��v&z�q;Á�� N  � 1 8T� /
/ ����Á��}q;{}Ä���{}v&§ ¬'� q;y(v�q;{���v_�¶qwn��-x_n$����{��;{}n$z ¾�sp��Á(v @.@BA ÂDl�n �pv"q4n$z(v>�;{�z(�$�}v
Ò�q;z(v&�;�+¾�sp��Á(v¨o!npuKq;y(vÐn�¾pv"u7sp�����;{}q;Á�s�q;{}n$z��(sp����¾�sp��Á(v&�+s�u;v9{�z�qwv"�pu7s�qwv&§ n�¾pv"u4q;y(vÐq;{���vpÂ

ÿWV 0 � < � 1Q1 4 X @.@BA Ê�-;ÌZY N  � 1 8T� /
/ Ê�-;Ì\[W- Êé�$Ì

ç y(v&z r²v u;v"Ä���spx_v @.@BA spz�§ N  � 1 8T� /
/ ¬'� q;y(v x_npu;u;v&�wÄ�n$z�§�{�z(� v_Ñ�Ä�u;v&�;�;{}n$z��"�H¬�sp�wv&§ n$z ¾�sp��Á(v&�
��v&sp�;Á(u7s�¬��}v¨rK{}q;y�{�z q;y(vSqwv&�wqDv&z�¾�{}u;n$z���v&z�q"�(r²v9x_n$��vSqwn

ÿWV 0 � < � 1Q1 4 X ��/�0�1 � Ê�-;ÌD EGF Ê!ÿ�2+3�Ê�-;Ì�Hwÿ�2+398;: 0=< Ì Y Ê�N  	������
8;3��QP 0 2�RS� Ê�-;Ì]6 N  	������
8 / 	 0 3���	 Ê�-;ÌwÌ\[W- Ê!ê'Ì

Ô(npu q;y(v Ò�u7�wq��;{}q;Á�s�q;{}n$z npo¨{�z�qwv"u;v&�wq"�NrKy(v&z q;y(v ¬�u7s�|pv sp�;�;{��wq;spz�x_v �w���wqwv&� Ä�u;n�¾�{�§(v&���}n�r npu z(n
¬�u7s�|pv9v&z�y�spz�x_v&��v&z�q¨s�q¨sp���C{�z s x_u7{}q;{�x"sp���;{}q;Á�s�q;{}n$z���q;y(v�u;v&�;Á��}qDnpoÀq;y(v9Ò�q;z(v&�;�K¾�sp��Á(v9�;y(n$Á���§ ¬�v9�}n�rS�
¬�v&x"spÁ��wv z(n npu �}n�r ¾�sp��Á(v&� npoBN  � 1 8T� /
/ s�Ä�Ä�v&s�u x_n$�9¬�{�z(v&§ rK{}q;y �}n�r ¾�sp��Á(v&� npo @.@BA o!npu s �}n$z(�
Ä�v"u7{}n�§�npo
q;y(vK�;{}q;Á�s�q;{}n$z�ÂCÉ¨{�x_v+¾pv"u7�;s��'o!npuHq;y(vD�wv&x_n$z�§ �;{}q;Á�s�q;{}n$z��prKy(v"u;v+q;y(vD¬�u7s�|pvKsp�;�;{��wq;spz�x_vD�w���wqwv&�
v&z�y�spz�x_v&�tq;y(vÐ§(u7{}¾pv"u7�²¬�u7s�|�{�z(��{�z spz Á�z�x_u7{}q;{�x"sp�
�;{}q;Á�s�q;{}n$z��'q;y(vÐx_npu;u;v&�wÄ�n$z�§�{�z(�SÒ�q;z(v&�;�t¾�sp��Á(v¨�;y(n$Á���§
¬�v s y�{}�$y ¾�sp��Á(vp�Ï¬�v&x"spÁ��wv §�Á(u7{�z(� y�{}�$y ¾�sp��Á(v&�Snpo @.@BA s y�{}�$y ¾�sp��Á(v npo.N  � 1 8T� /
/ s�Ä�Ä�v&s�u7�9o!npu>s
�}n$z(�pv"utÄ�v"u7{}n�§ npo�q;{���vpÂHª u;v&�wqwu7{�x_q;{}n$z o!npu+q;y�{��²|�{�z�§ npo�Ò�q;z(v&�;�tx"sp��x"Á���s�q;{}n$z {��²q;y�s�q+{}qtoÅsp{����NrKy(v&z q;y(v
¬�u7s�|pvSsp�;�;{��wq;spz�x_vS�w���wqwv&� {��+z(npqDspx_q;{}¾�s�qwv&§ §�Á(u7{�z(��q;y(vÐ�;{}q;Á�s�q;{}n$z s�qDsp���éÂHl�n�v&z��;Á(u;v4q;y�{��+§�Á(u7{�z(�9q;y(v
npÄ�q;{�� {��;s�q;{}n$z Ä�u;n�x_v&�;�"��¬�sp§ Ò�q;z(v&�;�D¾�sp��Á(v&�Ks�u;v>sp�;�;{}�pv&z�§ qwn �;{}q;Á�s�q;{}n$z��DrKy(v"u;v9q;y(v9¬�u7s�|pv�sp�;�;{��wq;spz�x_v
�w���wqwv&� rtsp�Kz(npqKspx_q;{}¾�s�qwv&§ §�Á(u7{�z(��q;y(v9�;{}q;Á�s�q;{}n$z�Â

^ 1 _>Ö FH?�:7T FN<48�G =D<>» ` FHG�6�5�8�G

ç {}q;y q;y(v x_n$��Ä�n$z(v&z�q;� §(v&�;x_u7{}¬�v&§ {�z q;y(v Ä�u;v"¾�{}n$Á�� �wv&x_q;{}n$z��¨s qwv&�wq v&z�¾�{}u;n$z���v&z�q o!npu spz v"¾pn$��Á��
q;{}n$z�s�u;� oÅÁ�z�x_q;{}n$z�sp�Ïqwv&�wq9npotq;y(v�¬�u7s�|pv sp�;�;{��wq;spz�x_v �w���wqwv&� rtsp�9x_n$��Ä�n$�wv&§�Â lDy(v�qwv&�wq9v&z�¾�{}u;n$z���v&z�q
x_n$��Ä�u7{��wv&�Àspz {���Ä��}v&��v&z�q;s�q;{}n$z>o!npuNsÐ¬�u7s�|pvKsp�;�;{��wq;spz�x_vD�w���wqwv&� �'sS�;{���Á���s�q;{}n$z�v&z�¾�{}u;n$z���v&z�qÀo!npuHu;v&s�uw�
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v&z�§ s�Ä�Ä�u;n$spx7y�{�z(� �;x_v&z�s�u7{}n$�"�Nq;y(v Ä�u;v"¾�{}n$Á��;�}� §(v&�;x_u7{}¬�v&§ ��n�§(v&�²o!npu��pv&z(v"u7s�q;{�z(� qwv&�wq §�s�q;s spz�§ spz
{���Ä��}v&��v&z�q;s�q;{}n$z npoCq;y(vÐÒ�q;z(v&�;�+oÅÁ�z�x_q;{}n$z Ä�u;v&�wv&z�qwv&§ {�z q;y(vSÄ�u;v"¾�{}n$Á��+�wv&x_q;{}n$z�Â

lDy(v¨v"¾pn$��Á(q;{}n$z�s�u;� sp�}�pnpu7{}q;y�� Ä�v"u;o!npu7� �²q;y(vS�wv&s�u7x7y spz�§ Ä�sp�;�wv&�tq;y(vS� í ª ¾�sp��Á(v&�to!u;n$� {}q;�D{�z�§�{Ç�
¾�{�§�Á�sp���²qwn q;y(vÐqwv&�wqK§�s�q;s��pv&z(v"u7s�qwnpu&Â²lDy(vS� í ª ¾�sp��Á(v&�Ds�u;vÐqwu7spz��;��s�qwv&§ {�z�qwn �;{���Á���s�q;{}n$z Ä�s�u7sp��v"qwv"u
¾�sp��Á(v&�"��ÿ�� ��� ��ÿ����
	 � ���Kspz�§ �� 	������ Â lDy(v&�wv Ä�s�u7sp��v"qwv"u9¾�sp��Á(v&�Ss�u;v �${}¾pv&z qwn q;y(v �;{���Á���s�q;{}n$z v&z�¾�{}u;n$z��
��v&z�q"��rKy�{�x7y x_n$��Ä�u7{��wv&�²x_n$��Ä�n$z(v&z�q;�²o!nputq;y(v4v&z�¾�{}u;n$z���v&z�q;sp�Ç�;�'¾pv&y�{�x"�}v_�Àspz�§ §(u7{}¾pv"uw�-�;{���Á���s�q;{}n$z spz�§
spz {���Ä��}v&��v&z�q;s�q;{}n$z npoNq;y(v>¬�u7s�|pv�sp�;�;{��wq;spz�x_v��w���wqwv&� ��q;y(v�Á�z�{}q4Á�z�§(v"u4qwv&�wq ÊÅË4Ë4l4Ì7Â�ç {}q;y q;y�s�q"��{}q
Ä�v"u;o!npu7� �Sq;y(v �;{���Á���s�q;{}n$z npo+q;y(v u;v&s�uw�¶v&z�§ x_n$����{��;{}n$z � spz(v&Á(¾pv"u7�"�Àspx"x_npu7§�{�z(� qwn q;y(v �${}¾pv&z �;{���Á���s��
q;{}n$z Ä�s�u7sp��v"qwv"u7�"ÂNlDy(vS�;{���Á���s�qwv&§ ¬�u7s�|�{�z(� �;x_v&z�s�u7{}n {��tÄ�u;v&�wv&z�qwv&§ qwn q;y(vÐÒ�q;z(v&�;�+oÅÁ�z�x_q;{}n$z���rKy(v"u;vSs
Ò�q;z(v&�;�¨¾�sp��Á(v�{��Ðx"sp��x"Á���s�qwv&§ o!u;n$� ��x_npu;u;v&�wÄ�n$z�§�{�z(� qwn v&Ã'Á�s�q;{}n$z Ê!ê'Ì7Â lDy(v��;x_v&z�s�u7{}n$�Ð{�z q;y(v �;{���Á���s��
q;{}n$z v&z�¾�{}u;n$z���v&z�qtsp�}rts&���+�wq;s�u;q²rK{}q;y q;y(v4�pv&z(v"u7s�qwv&§ ¾pv&�}n�x"{}q;{}v&�²ÿ�� ��� o!nputq;y(v4v"�pn>¾pv&y�{�x"�}v¨spz�§ ÿ����
	 � ���o!npuÐq;y(v�q;s�u;�pv"qS¾pv&y�{�x"�}v>rK{}q;y s Ò�Ñ�v&§ §�{��wq;spz�x_v�¬�v"q-r²v"v&z q;y(v�¾pv&y�{�x"�}v&�"Â>�¨Á(u7{�z(� q;y(v �;x_v&z�s�u7{}n(��rKy(v&z
q;y(v §�{��wq;spz�x_v ¬�v"q-r²v"v&z v"�pn spz�§ q;s�u;�pv"q>¾pv&y�{�x"�}v oÅsp������Á�z�§(v"u9q;y(v �${}¾pv&z Ä�s�u7sp��v"qwv"u�¾�sp��Á(v �� 	������ �Hs
Ä�u;v&§(v_Ò
z(v&§ spz�§ Ò�Ñ�v&§ x_n$Á(u7�wvÐnpoÀ§(u7{}¾pv"u+¬�u7s�|�{�z(����n$��v&z�q;Á�� {��D�wq;s�u;qwv&§�Â

Evolutionary
Algorithm

Test−Data
Generator

Fitness
Function

System
Assistance

Brake

Environmental−, Vehicle− and
Driver−Simulation

simulation
parameter

simulated
braking
scenario

fitness
value

UUTDNA

ÔÏ{}�$Á(u;v9�'áNl�v&�wq ~ z�¾�{}u;n$z���v&z�qto!npuKq;y(vS±²u7s�|pv�ª4�;�;{��wq;spz�x_v�k'���wqwv&� Â

ª4���tv_Ñ�Ä�v"u7{���v&z�q;��r²v"u;v Ä�v"u;o!npu7��v&§ Á��;{�z(� s qwv&�wq v&z�¾�{}u;n$z���v&z�q�rK{}q;y q;y�{���x_n$z�Ò��$Á(u7s�q;{}n$z�Â lDy(v
Ò�q;z(v&�;�9oÅÁ�z�x_q;{}n$z rtsp��x_n$z�Ò��$Á(u;v&§ qwn sp�;�;{}�$z �pn'n�§ Ò�q;z(v&�;�9¾�sp��Á(v&�So!npu�y�{}�$y ¾�sp��Á(v&�SnpoDÿWV 0 � < � 1Q1 o!u;n$�
v&Ã'Á�s�q;{}n$z Ê!ê'Ì7ÂNlDy(v¨v"¾pn$��Á(q;{}n$z�s�u;� �wv&s�u7x7y rtsp�+x_n$z�Ò��$Á(u;v&§ rK{}q;y s>Ä�npÄ�Á���s�q;{}n$z �;{}Þ"v¨npoÏì���{�z�§�{}¾�{�§�Á�sp���
spz�§ sS�wv&s�u7x7y �}v&z(�pq;y�npoH¯"�p�9�pv&z(v"u7s�q;{}n$z��Nsp�²�wqwnpÄ�Ä�{�z(�Sx_u7{}qwv"u7{�s�ÂÀlDy(vD¬�npu7§(v"u7�Ào!npuNq;y(vK�wv&s�u7x7y §(n$� sp{�z
r²v"u;v�¬�v"r²v"v&z ¯"� spz�§ °�� � o!npu �� 	������ ��¬�v"q-r²v"v&z �¥°�� spz�§ �¥� � à��Ko!npu¨q;y(v>x"�}n$�;{�z(� ¾pv&�}n�x"{}q-� ÿ�2+3>spz�§
¬�v"q-r²v"v&z � spz�§ ��� � à��+o!npuDq;y(vS¾pv&�}n�x"{}q-� npoÏq;y(vSq;s�u;�pv"qK¾pv&y�{�x"�}v¨ÿ����
	 � ���;Â

lDy(vS�wv&s�u7x7y Ò
z�sp���}� x_n$z�¾pv"u;�pv&§ qwn n$z(vÐ|�{�z�§ npoÏ�;x_v&z�s�u7{}n(���;y(n�rKz {�z ÔÏ{}�$Á(u;v¨ê(ÂNlDy(v¨Ò��$Á(u;vS�;y(n�rK�
q;y(v¨q;{���vÐ{�z �wv&x_n$z�§��tn$z q;y(vbaK�-s�Ñ({��+spz�§ q;y(vÐ�;x"sp�}vÐnpo�q;y(v¨¬�u7s�|pvÐ��n$��v&z�q;Á�� {�z í v"rDqwn$z ��v"qwv"u7�tn$z
q;y(vdc4�-s�Ñ({��"��v_Ñ(x_v"Ä�q4o!npu4q;y(v>�;{}�$z�sp�é�
��s�¬�v&�}v&§ sp�9¼ã¬�u7s�|pv>sp�;�;{��wq;spz�q¨spx_q;{}¾pvp¼}��rKy�{�x7y {��4s ¬�n'n$�}v&spz q-�'Ä�vpÂ
lDy(v�§(npqwqwv&§ ��{�z(v>�;y(n�rK�BN  	������
8 / 	 0 3���	 ��q;y(v�¬�u7s�|pv ��n$��v&z�q;Á�� {�z�{}q;{�s�qwv&§ ¬'� q;y(v §(u7{}¾pv"u&����s�¬�v&�}v&§ sp�
¼½§(u7{}¾pv"ut¬�u7s�|pvÐ��n$��v&z�q;Á�� ¼}ÂHlDy(v¨�wn$��{�§ ��{�z(v4�;y(n�rK�eN  	������
8;3��QP 0 2�RS� �(q;y(v¨¬�u7s�|pvÐ��n$��v&z�q;Á�� u;v&Ã'Á(v&�wqwv&§
o!u;n$� q;y(vÐ¾pv&y�{�x"�}vSx"s�uK¬�u7s�|pv&�"����s�¬�v&�}v&§ sp�S¼ã¾pv&y�{�x"�}vÐ¬�u7s�|pv9��n$��v&z�q;Á�� ¼}Â

ÔÏ{}�$Á(u;v ê �;y(n�rK�9q;y�s�q�q;y(v §(u7{}¾pv"u&¼½�9¬�u7s�|�{�z(� �wq;s�u;q;�>s�Ä�Ä�u;n&Ñ({�� s�qwv&�}� s�q�°'Â ° ��spz�§ {�z�x_u;v&sp�wv&��Á(Ä
qwn ê$�p�p� í � s�q>s�¬�n$Á(q�®'Â � �"Â lDy(v ¬�u7s�|pv sp�;�;{��wq;spz�q�spx_q;{}¾�s�qwv&��s�q�®'Â � �"�Hspz�§ o!u;n$� q;y(v&z n$z sp§�§��
¬�u7s�|pv9��n$��v&z�q;Á�� s�qKq;y(v9§(u7{}¾pv"u&¼½�+u;v&Ã'Á(v&�wq"��qwn spz {�z�{}q;{�sp�
¾�sp��Á(vSnpoN°��$p� í � o!npuKq;y(vS¾pv&y�{�x"�}vS¬�u7s�|pv
��n$��v&z�q;Á�� N  	������
8;3��QP 0 2�RS� �DrKy�{�x7y §(v&�;x_v&z�§�� qwn q;y(v �}v"¾pv&�KnpoSq;y(v §(u7{}¾pv"u7� u;v&Ã'Á(v&�wq n�¾pv"u q;y(v z(v_Ñ�q
¯�Â � �"Â¨ªKo!qwv"u¨q;y�s�q"��q;y(v�¾pv&y�{�x"�}v�¬�u7s�|pv>��n$��v&z�q;Á�� N  	������
8;3��QP 0 2�RS� x_npu;u;v&�wÄ�n$z�§��Dqwn q;y(v>§(u7{}¾pv"u4¬�u7s�|pv
��n$��v&z�q;Á�� N  	������
8 / 	 0 3���	 o!npu>q;y(v z(v_Ñ�q�� �"Â k'n oÅs�u&�Àv"¾pv"u;�'q;y�{�z(� �}n'np|��SÒ
z(vpÂ ±tÁ(q>q;y(v&z��H�wq;s�u;q;{�z(�
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ÔÏ{}�$Á(u;vÐê(áN±²u7s�|pv�« n$��v&z�q;Á�� npoHk�{}q;Á�s�q;{}n$z Ô(n$Á�z�§ �¨Á(u7{�z(� k'v&s�u7x7y�Â

s�q9q;{���v {�z�§(v_Ñ 'Â ° �"�Ïq;y(v ¬�u7s�|pv sp�;�;{��wq;spz�x_v �w���wqwv&� s��$sp{�z �wq;s�u;q;�9qwn sp§�§ ¬�u7s�|pv ��n$��v&z�q;Á�� �Àspz�§
{�z�x_u;v&sp�wv&�tq;y(vÐ¾pv&y�{�x"�}v¨¬�u7s�|pvÐ��n$��v&z�q;Á�� N  	������
8;3��QP 0 2�RS� qwn s��}v"¾pv&��npoÀ°p®pì�� í � s�q+q;{���vÐ{�z�§(v_Ñ ¯&�>�"Â
lDy�{��N{��²spz {�z�s�Ä�Ä�u;npÄ�u7{�s�qwvDu;v&spx_q;{}n$z npo�q;y(v4¬�u7s�|pv¨sp�;�;{��wq;spz�x_vÐ�w���wqwv&� {�z q;y�s�qt�;{}q;Á�s�q;{}n$z��'¬�v&x"spÁ��wv4q;y(v
�;{}q;Á�s�q;{}n$z rtsp�Ksp�}u;v&sp§(� Á�z�x_u7{}q;{�x"sp�
¬'� q;y�s�qDÄ�n${�z�q"Â

g h 34<>BH576>G�:;34< =D<>» A�698�6>?�F i 3K?�P

Î�z q;y�{��4r²npu;| v"¾pn$��Á(q;{}n$z�s�u;� oÅÁ�z�x_q;{}n$z�sp��qwv&�wq;{�z(� rtsp�¨s�Ä�Ä���{}v&§ o!npu¨q;y(v�qwv&�wq;{�z(� npoNs ¬�u7s�|pv�sp�;�;{��wq;spz�x_v
�w���wqwv&� �ÀrKy�{�x7y �;Á(Ä�Ä�npu;q;�Sq;y(v §(u7{}¾pv"u&¼½�S¬�u7s�|�{�z(� � spz(v&Á(¾pv"u7��¬'� {�z�x_u;v&sp�;{�z(� q;y(v ¬�u7s�|pv ��n$��v&z�q;Á��
{�z x_u7{}q;{�x"sp�H�;{}q;Á�s�q;{}n$z��"Â Ô(npu>q;y(v ¬�u7s�|pv sp�;�;{��wq;spz�x_v �w���wqwv&� s ��n�§(v&�Ào!npu9qwv&�wq>§�s�q;s �pv&z(v"u7s�q;{}n$z spz�§
Ò�q;z(v&�;�9v"¾�sp��Á�s�q;{}n$z rtsp�>§(v"¾pv&�}npÄ�v&§ spz�§ s qwv&�wq�v&z�¾�{}u;n$z���v&z�q9rtsp�>§(v&�;{}�$z(v&§ qwn v&z�q;{}u;v&�}� spÁ(qwn$� s�qwv
q;y(v>qwv&�wq"Â9lDy(v�qwv&�wq¨v&z�¾�{}u;n$z���v&z�q¨rtsp�Ðx"s�Ä�s�¬��}v�npo²spÁ(qwn$� s�q;{�x"�}� Ò
z�§�{�z(� �;{}q;Á�s�q;{}n$z��"�
rKy(v"u;v�q;y(v�{��>�
Ä��}v&��v&z�q;s�q;{}n$z�¼½�H¬�v&y�s&¾�{}n$Á(uN§(v"¾�{�s�qwv&§ o!u;n$� q;y(vK§(v_Ò
z(v&§�oÅÁ�z�x_q;{}n$z�sp�(u;v&Ã'Á�{}u;v&��v&z�q;�Ào!npuNq;y(v4�w���wqwv&� ÂÏÎ¥q
q;Á(u7z(v&§ n$Á(q²q;y�s�qtq;y(v¨{���Ä��}v&��v&z�q;s�q;{}n$z Á��wv&§ o!nputq;y(v¨�;{���Á���s�q;{}n$z x_n$z�q;sp{�z(v&§ v"u;u;npu7�"ÂHlDy(v4s�Ä�Ä���{�x"s�q;{}n$z
�;y(n�r²v&§ q;y�s�q>q;y(v qwv&�wq>v&z�¾�{}u;n$z���v&z�q�rK{}q;y q;y(v x7y(n$�wv&z Ò�q;z(v&�;��oÅÁ�z�x_q;{}n$z x_n$z�¾pv"u;�pv&§ s��$sp{�z��wq��;{}q;Á�s��
q;{}n$z��9rKy(v"u;v sp§�§�{}q;{}n$z�sp�À¬�u7s�|�{�z(� Ä�v"u;o!npu7��v&§ ¬'� q;y(v sp�;�;{��wq;spz�x_v �w���wqwv&� {���{�z�s�Ä�Ä�u;npÄ�u7{�s�qwvpÂ lDy(n$�wv
�;{}q;Á�s�q;{}n$z��¨o!n$Á�z�§ ¬'� q;y(v v"¾pn$��Á(q;{}n$z�s�u;� oÅÁ�z�x_q;{}n$z�sp�Ïqwv&�wqSr²v"u;v z(n ¬�n$Á�z�§�s�u;� �;{}q;Á�s�q;{}n$z��"��rKy�{�x7y s�u;v
q-�'Ä�{�x"sp��x"spz�§�{�§�s�qwv&�Do!npuKx_n$z�¾pv&z�q;{}n$z�sp��qwv&�wq4x"sp�wv�§(v&�;{}�$z�Âtk'n(��{}qDr²n$Á���§ ¬�vSÁ�z���{}|pv&�}� qwn�Ò
z�§ q;y(v&�wvSv"uw�
u;npuK�;{}q;Á�s�q;{}n$z��+rK{}q;y x_n$z�¾pv&z�q;{}n$z�sp��qwv&�wqKqwv&x7y�z�{�Ã'Á(v&�"ÂNÔ�Á(q;Á(u;vSr²npu;| n$z q;y�{��D�;Á(¬�¿wv&x_qDr²n$Á���§ x_n$��Ä�u7{��wv
v_Ñ�Ä�v"u7{���v&z�q;�ÐrK{}q;y v_Ñ�qwv&z�§(v&§ spz�§ ��npu;v x_n$��Ä��}v_Ñ ��n�§(v&���Ðqwn �pv&z(v"u7s�qwv qwv&�wq�§�s�q;s�Â Î�z sp§�§�{}q;{}n$z qwn
q;y�s�q"��oÅÁ(u;q;y(v"u²r²npu;| n$z q;y(v¨§(v&�;{}�$z npo�Ò�q;z(v&�;�NoÅÁ�z�x_q;{}n$z��No!nputq;y�{��N|�{�z�§ npo�s�Ä�Ä���{�x"s�q;{}n$z {��²x_n$z�x_v&{}¾�s�¬��}vpÂ
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ÆÇ¯ÍÈ>±tÁ(v&y��}v"u&�(Ý�Â}�(spz�§ ç v"�pv&z(v"u&��è(Â�Êé���p�$�$Ì7áZk ~ ¾pn$��Á(q;{}n$z�s�u;� Ô�Á�z�x_q;{}n$z�sp�
l�v&�wq;{�z(��npo�spz ª4Á(qwn$� s�qwv&§
âÏs�u;|�{�z(� k'���wqwv&� k�Â�âHu;n�x_v"v&§�{�z(�$�DnpoHq;y(v�Î�z�qwv"u7z�s�q;{}n$z�sp�Ï©²n$z(o!v"u;v&z�x_v�n$z ©²n$��Ä�Á(qwv"u&��©²n$� ��Á�z�{Ç�
x"s�q;{}n$z spz�§ ©²n$z�qwu;n$�²l�v&x7y�z(n$�}np�${}v&� Ê¶©D©D©tl ¼½�$�$ÌSspz�§ q;y(v �q;y�Â�Î�z�qwv"u7z�s�q;{}n$z�sp�+©²n$z(o!v"u;v&z�x_v n$z
Î�z(o!npu7� s�q;{}n$z k'���wqwv&� �Dª4z�sp�}���;{��+spz�§ k'��z�q;y(v&�;{��SÊ!Î;k�ªÐk ¼½�$�$Ì7�
ÔÏ�}npu7{�§�s���ËÐk�ª9Â

Æã��È>±tÁ(v&y��}v"u&�+Ý�Â}�²spz�§ ç v"�pv&z(v"u&�Dè(ÂKÊé���p��ê'Ì7á kpª4Á(qwn$� s�q;{�x l�v&�wq;{�z(� npoÐspz ª4Á(qwn$z(n$��n$Á�� âÏs�u;|�{�z(�
k'���wqwv&� Ë4�;{�z(� ~ ¾pn$��Á(q;{}n$z�s�u;� ©²n$��Ä�Á(q;s�q;{}n$zlk��²s�q�q;y(v ���p��ê k�ª ~ ç npu7��§ ©²n$z(�pu;v&�;�"�N�4v"qwu;n${}q"�
« {�x7y�{}�$spz���ËÐk�ª9��« s�u7x7y ì��7¯p¯������p��ê(Â�k�ª ~ l�v&x7y�z�{�x"sp��âÏs�Ä�v"u¨k'v"u7{}v&�D���p��ê��-�(¯Í�-��ê�°p'Â

Æã��È �4u;n$�;�"� ï Â ����Â}��èpn$z(v&�"��±4Â}�
spz�§ ~ �'u;v&�"����ÂCÊé���p�p��Ì7ámk�k'qwu7Á�x_q;Á(u7sp��Ä�v"u;o!npu7� spz�x_v9��v&sp�;Á(u;vÐnpo ~ ¾pn��
��Á(q;{}n$z�s�u;� l�v&�wq;{�z(� s�Ä�Ä���{}v&§ qwn r²npu7�wq��-x"sp�wv q;{�� {�z(� npotu;v&sp�Ç�¶q;{���v �w���wqwv&� �
k�Â�Î ~N~ âHu;n�x�Â ��k'npo!q-rSÂ}�
¾pn$�éÂ�¯_ê'���
z(n(Â
�'��Ä�Ä�Â��p° ���

Æëê�È�èpn$z(v&�"�À±4ÂÀÔ²Â}� ~ �'u;v&�"�H��Â ~ Â}�Hspz�§ k'q;y�sp��v"u&� ï Â � ï ÂDÊ�¯&ppì$Ì7á kpª k'qwu7s�qwv"�p� o!npu�Á��;{�z(� �4v&z(v"q;{�x
ª4�}�pnpu7{}q;y�� �Dqwn ª4Á(qwn$� s�qwv�±²u7spz�x7y spz�§ Ô�spÁ��}q��¶¬�sp�wv&§ l�v&�wq;{�z(�Wk�Â�lDy(v�©²n$��Ä�Á(qwv"uÐèpn$Á(u7z�sp�é��¾pn$�éÂ
ê�¯���z(n(Â
�'��Ä�Ä�Â�pì ¯"���

Æã°�È>âNÁ��;x7y�z(v"u&��âCÂ}�$spz�§ í n$�;�;sp�é�p¦SÂ(Ê�¯&ppì$Ì7áCkpl�v&�wq;{�z(�4q;y(vt¦Dv&�;Á��}q;��npo
k'q;s�q;{�xNç npu7�wq���©tsp�wv ~ Ñ�v&x"Á(q;{}n$z��
lD{���vÐª4z�sp�}���;{��
k�Â(âHu;n�xÐnpoCq;y(v ¯&�q;y ¦Dv&sp�Ç�-lD{���v9k'���wqwv&� �4k'����Ä�n$�;{�Á�� �'Ä�Ä�Â�¯&��ê ¯_ê��

Æã®�È>l�u7spx_v"�p� í Â4Êé���p�(¯�Ì7á kpª k'v&s�u7x7y��-±tsp�wv&§ ª4Á(qwn$� s�qwv&§ l�v&�wq��-�¨s�q;s �4v&z(v"u7s�q;{}n$z Ô(u7sp��v"r²npu;| o!npu
k�s�o!v"q-����©²u7{}q;{�x"sp��k'npo!q-rts�u;vnk�Â��¨{��;�wv"u;q;s�q;{}n$z���Ë4z�{}¾pv"u7�;{}q-��npoocHnpu;|
�(�4v"Ä�s�u;q;��v&z�qNnpoC©²n$��Ä�Á(qwv"u+k�x"{Ç�
v&z�x_vpÂ

Æ½�&È�ç v"�pv&z(v"u&�Ïè(Â}��spz�§ �4u;n�x7y�q;� spz�z���« ÂNÊ�¯&ppì$Ì7á5k�ÉÀv"u7{}o!��{�z(� lD{�� {�z(� ©²n$z��wqwu7sp{�z�q;�¨npot¦Dv&sp�Ç�-lD{���v
k'���wqwv&� �D¬'� ��v&spz��Knpo ~ ¾pn$��Á(q;{}n$z�s�u;� l�v&�wq;{�z(�Wk�Â�¦Dv&sp�Ç�-lD{���vp��k'���wqwv&� �"�
¾pn$�éÂC¯&°'��z(n(Â��'�opS��Á�r²v"u
ª4x"sp§(v&� {�xÐâNÁ(¬���{��;y(v"u7�"�'Ä�Ä�Â��$��° �ppì

Æãì�È�ç v"�pv&z(v"u&��è(Â}��spz�§ « Á(v&���}v"u&�'Ô²Â�Êé���p�(¯�Ì7áZkpª ©²n$��Ä�s�u7{��wn$z npoCk'q;s�q;{�xKª4z�sp�}���;{��Hspz�§ ~ ¾pn$��Á(q;{}n$z�s�u;�
l�v&�wq;{�z(� o!npuÐq;y(v>ÉÀv"u7{ÇÒ
x"s�q;{}n$z npo²lD{�� {�z(� ©²n$z��wqwu7sp{�z�q;�
k�Â�¦Dv&sp�Ç�-lD{���v k'���wqwv&� �"��ÉÀn$�éÂ���¯�� í n(Â��'�pS��Á�r²v"uDª4x"sp§(v&� {�xSâNÁ(¬���{��;y(v"u7�"��Ä�Ä�Â���ê�¯Ð�t�p®pì

Æã�È�ç v"�pv&z(v"u&�Ïè(Â}��±ts�u;v&�wv&�é��ª9Â}�Cspz�§ k'q;y�sp��v"u&� ï Â²Êé���p�(¯�Ì7áqk ~ ¾pn$��Á(q;{}n$z�s�u;� l�v&�wq ~ z�¾�{}u;n$z���v&z�q¨o!npu
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