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TVUXWZY\[^] _@`ba c.de[bfX[bg^h ]Zi\j c `�k [bgba lbmna gb`#j go] a p p j qoa go] a c r+sXtbW ] a mnani\j an`bUXWZY\u\s"W j gb`lba [^] aZvea c a j ] WwW a p vbW ] xXa c W ] yUogb`bp j z lerZ{wUXWwa p a fo] c _Xgbj W z lba.sX] UXvbj p j ] yU ] W |bc _Xqoc UXmnmE}=s^~�j W ]a j g.i�a j ] a c a W�� gb`bj k�h y[bc0`bj a W a g��!c a gb`er0{wa c0UX`bUo|^] j xXa\�!a mn|�_XmnU ] �^`ba c=`bj a\a j qXa gbaw��a W z lXi\j g^�`bj qofoa j ]ZUog�`bj an��a W z lXi\j gb`bj qofoa j ].`ba W�xX_oc UX[bW h Uolbc a gb`ba g#��Uolbc k a [bqXWZUogb|bUX� ] �3v�a W ] yU ] j qo]Z`ba g�!c a gb`�k [�mna lbc=� gX] a p p j qXa gbk�j m�Y\[^] _br3Ywp W3i=a j ] a c awsX] [^h a�i�a c `ba g�Y\W W j W ] a gbk W tbW ] a mnawh y[bc0`bUoWY\[^] _"Uo[^h\`ba g#�@Uoc fX].fo_Xmnmna ge�3`bj an`ba g���Uolbc a cZj mnmna c�mna lbc�xX_Xg�W a j gba g���Uolbc UX[^h qoUXv�a ga gX] p UoW ] a ger=s^_Xp z lbaZsXt^W ] a mna�Uoc vea j ] a g+[bgX] a c\Uogb`ba c a m>mnj ]���Uomna c UoW a gbW _oc j f�r{wj a\{wj W W a c ] U ] j _Xg.vea W z l9yUoh ] j q ]�W j z lnmnj ]=`ba mEu=j p `^xXa c W ] a lba gnxX_og+sX] c Uo�Xa gbW k a gba ge�b`bj a\UX[^hs^a gbW _Xc `bU ] a g@a j gba WwsX] a c a _ � ��Uomna c UoW tbW ] a mnW\vbUoW j a c a ger={�j aw�wUo[b|^] UXgoi�a gb`b[bgbq�k j a p ]\UX[^h3a j gUo[^] _Xgb_omna W=��Uolbc a g�j m�sX] _o|^� Uogb`^� qo_o� �=a c foa lbc=Uover0� mE�\Uolbmna g�`ba c�{wj W W a c ] U ] j _Xg.i\j c `�a j gbas^j ] [bU ] j _XgbW UogbUXp t^W a.`ba cZsX] c UX�oa gbW k a gba.h y[bc�a j g
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image acquisition
sensor input

object detection

planning and decision

control 

actuators

vehicle motion

t := t + dt
images

objects

desired motor torque, brake pressure, steering actuator current

actual  motor torque, brake pressure, steering actuator current

new position, velocity, steering angle

leader vehicle position, relative velocity and acceleration
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?�@ A�@ BDC�E F�G	E F�HJI�K�F�LNMOK�PRQ�E F�H�S
T�U VXWXU VXY.Z [�VX\7].[�^ _�U VXY�`�U `�[a` b [cVXWX[�^ WedX^ f�g \ WXhX^ \�U VeU Vcb \ Z Z U Yc\ Vcb�i�\ jXU g Z \�[cdXdXZ U g [ b U f�VX`7k ` \ \
\ l Y�lRm n	U g _�].[�VXVX`�\ b1[�Z l�o�p q r l�TRf�^�f�hX^�dXhX^ dRf�` \�s�\�hX` \�tcnud,fcU V�b `�\ v�b ^ [�g b \ W�s�U b j7f�hX^�` b \ ^ \ f
g [�].\ ^ [a` wX` b \ ]x[cVXWyd,\ ^ z f�^ ]�[a{�fchXY�jeb ^ [cVX` z f�^ ]�fcz�[�Z Z�tcnJd,fcU V�b `�b jX[cb	Z U \�g Z fc` \�b f$b jX\
Yc^ f�hXVXWadXZ [�VX\ l�|�VXZ wa` b ^ [cU Y�jcb�Z [�VX\�].[�^ _�U VXY�`�[�^ \	g f�VX` U WX\ ^ \ WaU V$b jX\	g hX^ ^ \ V�b�].f�WX\ Z l
} hX].].[c^ U ~ U VXY��Rb jX\�WX\ b \ g b U f�Ve[�VXW�b ^ [cg _�U VXY$fcz�` b ^ [cU Y�jcb	Z U VX\ `�f�V�b jX\7Y�^ fchXVXWes�f�^ _�`	[c`

z fcZ Z f s�` �

� l�n�\ b \ g b�` b ^ hXg b hX^ \ W�t�n�d,fcU V�b `�U V$b jX\	g hX^ ^ \ Vcb�z ^ [c].\cl

� l���\ ].f i�\	t�n�d,fcU V�b `�Z f�g [cb \ Wa[��Rf i�\�b jX\	^ f�[cW$z ^ f�]Jb jX\	tcn�d,fcU V�b�Z U ` b l

tXl�T�U VXWaZ U VX\	` b ^ hXg b hX^ \ `��cw�d,\ ^ z f�^ ].U VXY�[${�f�hXYcjab ^ [�VX` z fc^ ]�f z1[cZ Z�` \ Z \ g b \ Wetcn�dRf�U Vcb ` l
��jXU `�wXU \ Z WX`�[cZ Z�Z U VX\ � Z U _c\	` b ^ hXg b hX^ \ `	[c�,f i�\7[$g \ ^ b [�U Vab jX^ \ ` jXfcZ We[�VXWawXU \ Z WX`�b jX\ U ^�tcn
Z f�g [cb U fcVX`���w.hX` U VXY7[	Z U VX\��Xb�z fc^1[�Z ZXg f�Vcb ^ U �Xh�b U VXY	t�n�d,fcU V�b ` l���jXU `1[�dXdX^ fc[�g j.U `1��hXU b \
[cg g hX^ [cb \�[�VXW.\ �$g U \ Vcb1z f�^�b jX\�tcn�d,fcU V�b `�f�V�b jX\�Y�^ fchXVXW,l1{�f�hXYcj�b ^ [cVX` z f�^ ]N[�VXW.Z U VX\
�Xb�dX[�^ [c].\ b \ ^ `�WX\ b \ ^ ].U VX\�b jX\	��hX[�Z U b waf z�b jX\�z f�hXVXWaZ U VX\ ` l

pXl�|�VXg \�U V�b ^ [cg _�U VXY�].f�WX\ �cfcVXZ w	[�VX[c^ ^ f s�dX[�^ b�[c^ f�hXVXW�b jX\�[c^ \ [�s�jX\ ^ \1b jX\1Z [c` b�Z U VX\�` \ Yc�
].\ V�b�jX[�`��,\ \ V$z fchXVXWaU `�` \ [c^ g jX\ W$z f�^1b jX\�Z [�VXWX].[c^ _Rl���jX\	f b jX\ ^�[�^ \ [�`�[�^ \�` \ [�^ g jX\ W
z fc^�VX\ s�Z U VX\ ` l1��jX\	` \ [c^ g j�[�^ \ [.U `�dX^ \ WXU g b \ Wai�U [.�	[cZ ].[�V.�RZ b \ ^ l

�=\7hXd,WX[ b \7Z U VX\	WX[cb [$U Vcb f$fchX^�].[cdaz ^ f�]Jb jX\�Z [cVX\7].[c^ _�U VXYc`�\ i�\ ^ w�z ^ [c].\7hX` U VXY$fcVXZ w
b jX\	` b \ \ ^ U VXY�[�VXYcZ \	[cVXW$b jX\�i�\ Z f�g U b waU V.b jX\��R^ ` b�` b \ d=k b U ].\�hXdRWX[cb \ r l�� Vab jX\	` \ g fcVXW�` b \ d,�
s�\7].[ b g j�b jX\7fcZ W�Z [�VX\	U V�z f�^ ].[ b U f�VaU Vab jX\7].[�das�U b j�fchX^�g hX^ ^ \ Vcb	Z [�VX\	U V�z f�^ ].[ b U f�Va[cVXW
g f�^ ^ \ g b�f�hX^�\ Ycfc� d,fc` U b U f�V$[cg g f�^ WXU VXYcZ wek ].\ [c` hX^ \ ].\ V�b�hXd,WX[ b \ r l
��jX\�` wX` b \ ]�[cVXWadX^ f�g \ ` `�WX\ ` g ^ U d�b U fcVX`�f z�b jX[ b�[cdXdX^ f�[cg ja[�^ \�U WX\ V�b U g [�ZXb f7b jX\	dX^ \ iXU fchX`

fcVX\cl�|�VXZ w$b jX\	].\ [�` hX^ \ ].\ Vcb�WX\ ` g ^ U d�b U fcVag jX[�VXYc\ ` l

?�@ A�@ ��MOL�K�SR��PRL���L�F1�u��L�SX��PRE ���RE ��F
�=\�].\ [c` hX^ \�b jX\	WXU ` b [cVXg \�fcz�\ [cg jaZ U VX\�b f7b jX\�` \ VX` fc^�g \ V�b \ ^ �R��� � � �R[cVXWaU b `�f�^ U \ V�b [ b U f�V,��� � � � �
b jX\�dX[�^ [c].\ b \ ^ `�fcz�\ [cg j�Z [cVX\�].[�^ _�U VXY�U V.b jX\	Z f�g [�Z,^ \ z \ ^ \ VXg \�z ^ [c].\�WX\ ` g ^ U �,\ W��cw$b jX\	Z U VX\
dX[c^ [�].\ b \ ^ ` l1��jX\ U ^�g f�hXVcb \ ^ dX[c^ b `�� � [cVXW�� � U V$b jX\	YcZ f��X[cZ,^ \ z \ ^ \ VXg \	z ^ [c].\	[c^ \	^ \ Z [ b \ W$i�U [

� � � �X� � �R =¡$¢ g fc` k � � r  �£	¢ ` U V�k � � r ¤ k ! l ��� r

� � � � � � �  �¥�¦ k ! l �c� r
§ fcVX` hXZ b�T�U Y�hX^ \ ! l � z f�^1b jX\�Yc\ fc].\ b ^ U g [�ZR^ \ Z [cb U fcVX` l�¨�Yc[�U V,��\ i�\ ^ wa[cWXWXU b U f�VX[cZRZ [cVX\�].[c^ _�U VXY
w�U \ Z WX`�b s�f.[cWXWXU b U f�VX[cZ,].\ [�` hX^ \ ].\ Vcb�\ ��hX[ b U f�VX`�© hX` b�Z U _c\	U V$ª1��hX[ b U f�V ! l � p�z fc^�b jX\	g [c` \	fcz
i�\ ^ b U g [cZRZ [cVXWX].[�^ _�` l���jX\�g f�].dXh�b [ b U f�V�f z,b jX\�«c[�g f��XU [cV.¬­fczRb jX\�].\ [�` hX^ \ ].\ Vcb�\ ��hX[cb U fcVX`
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my b c d r mn b s�ezp�{@|} a b c d e#f g�~ mn b o0j p mn bl l mn b o0j p mn b l l�� mn b i0j p mn bl l mn b i&j p mn b l l �@� r R�N �Ls
3�4&; 8�>&B9F AC7L6 ; \ 5 ?@G B9F < 5C5 >&8 Q&F 5 8�: 4&5E8 7LAC5E7 XLBL; ?&79>&< 5C=05 4&7 X�; BLF�; >&?&5 H(5 >&?&5 >9:EB G�: 4&5C=&79>&?6 5 >&K9: 4(N
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: 79>&KL5 >L: ; 796�: B@: 4&5,5 6 798 : ; <,=&79>&?(N 3�4&5CG BLF < 5D; 8^< BLACH&Q�: 5 ?W=L_ H&F B � 5 < : ; BL> B9G�: 4&5,5 �L: 5 F >&796G B9F < 5�796 BL>&K^: 4&5�5 6 7L8 : ; <�=&79>&?(Y

my g � c � d ��ezpD� my � � d q m���l m� � l¡  m� q r R�N ��s
J�4&5 F 5 � q � ?&5 >&B9: 5 8�: 4&5�8 < 796 7LF�H&F B�?&Q&< : N
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Obstacle
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External Force
Constraint Force
Total Force
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Elastic band model
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@BA C�A DFEHG�IKJML N�O�PRQ SUTVN�W�XZY�L [�\B]RQ PRG�^
_�`7aba c d�e f g h'i7d#j7klg e	e g m�n7c d f a kpo	g f `lq a k7n7h a kMk�r�j7d�msg h e	e g j7h a't�j7c rpf `7aba u�n7g c g i7q g n7mve f d#f a
g e't#w�g j�f a q a e f'w t�q't�i7e f d#h c asd x�t#g k7d�j7h a#y{zRt�q'a x�a q r|f g msase f a },~�f `7asd�c �#t�q g f `7m�g e'q a }Ra d f a k,y
_�`7a�}7d#f `|g e�q a }7q a e a j#f a kHi#r|}7d�q f g h c a el�� � d�j7kMf `7a e as}7d�q f g h c a e�d#q ase n7i�� a h f a k|f tpf `7abf t#f d#c
w t#q h a

�� � � ��� �� � � �R� �� � � �7� �� � � � � � � � � � y ���
��g f `pt�n7qB}7e a n7k7t � e f d f g h'e g mbn7c d#f g t#j,~�f `7a�}7d�q f g h c a eBd�q a�mst x�a k{d�c t#j7�bf `7a	f t f d�cRw t#q h a	f t

f `7a'j7a o�},t#e g f g t�j
�� � � � � � � �� � � � � � �V�l� �� � � � � �� � � � � � y ���

�	g ��`7a qpt�q k7a qpf a q mse{iRa r�t#j7k�}7d�q f g h c ald�h h a c a q d f g t�j�d#q aMj7a �#c a h f a k�`7a q a y¡ �}7}7c r�g j7�Hf `7g e
}7q t�h a k7n7q abg f a q d f g x�a c rpr7g a c k7e	dpc g j7a d#q	h t�j#x�a q �#a j7h asd#j7kM}7q t x�a kMf tsi,abe n�¢sh g a j�f c r{w d�e f	w t�q
t#n7qBq a d#c � f g msa�d�}7}7c g h d#f g t#j,y�_�`7a�j7a oKh t�j�£R�#n7q d#f g t#j7eBd�q a	q a h t�ms}7n�f a k{n7j#f g cRf `7a	f t f d�c7w t#q h a
t w,d#c c�h t�j�£R�#n7q d#f g t#jb},t#g j�f e�g e�e n�¢sh g a j�f c rbe msd�c c ~ g y a y#n7j�f g c�f `7a�w t�q h aBa u�n7g c g i7q g n7mKg e�q a d�h `7a k,y
¤�d#f `7t#c t��#g h d#c�e g f n7d#f g t#j7e'e n7h `Hd�e�f oBtMt#i7e f d�h c a e'c t�h d f a k|h c t�e a c rMf tpf `7asc a w fbd#j7kHq g �#`�f

t w�f `7a�g j7g f g d�cR}7d f `{msg ��`#fBr7g a c k{d#j{t�e h g c c d#f t#q rpiRa `7d x�g t�q y��Ha�q a k7n7h a�f `7a'mst x�g j7�bw d#h f t#q �
d w f a q�dsh a q f d#g j{j�n7mbi,a q	t w�g f a q d f g t�j7e�f tsq a k7n7h a�f `7a e a't�e h g c c d#f g t#j7e y
¥ ¦ q a j�f � § ¨ g j#f q t�k7n7h a e'd�jMt�}�f g msg © d#f g t#jld�c �#t�q g f `7mªf `7d#f'msg j7g msg © a e�dpw n7j7h f g t�jMt#wBt�j7a

x#d#q g d�i7c a�o	g f `7t#n�f�h t#ms}7n�f g j7��k7a q g x#d f g x�a e�d�j7k�}Ra q w t#q mse�x�a q r�w a o�a x#d�c n7d f g t�j7e�t#wRf `7d f�w n7j7h �
f g t#j,y�_�`7g e�}7q t�h a k7n7q a'g e�n7e a klg jsf `7a't#q g ��g j7d#c,d#}7}7q t�d#h `pf tb£Rj7k{f `7a	w t�q h a'a u�n7g c g i7q g n7m¡i7n�f
g f	g e�c a e e	a ¢ph g a j#f	w t#q�e g f n7d#f g t#j7eBo	`7a q abt#j7c rpx�a q rlc g f f c a	}7d#f `{mst�k7g £Rh d f g t�j7eBt�h h n7q y
« jlf `7a't�q g �#g j7d�c,a c d#e f g h'i7d�j7kld�}7}7q t#d�h `,~Rf `7abmst x�g j7�s}7q t�h a k7n7q abg e	e n7}7}7c a msa j#f a klo	g f `

db}7q t�h a k7n7q a	t#w�d�k7k7g j7�bd#j7kpq a mst x�g j7�b}7d#q f g h c a eBg jst#q k7a q�f tbmsd#g j�f d#g jsdbh t�c c g e g t#j�� w q a a�}7d f `
d f	d�c cRf g msa e � e a ab¬�a h f g t�j � y ­�� yB¬�t � h d�c c a k{i7n7i7i7c a e	mst�k7a c,f `7a'd x#d#g c d�i7c a	w q a a'e }7d�h a'd�q t#n7j7k
dMh t�j�£R�#n7q d#f g t#j,y| �k7k7g j7�M}7d#q f g h c a e�iRa h t�msa e�j7a h a e e d#q rVo	`7a jHf oBt|d#k � d�h a j#fsi7n7i7i7c a e�k7t
j7t fBt x�a q c d#}sd�j#r7mst#q a#y ¦ n7i7i7c a eBd#q a	h g q h c a e�o	g f `sd'q d�k7g n7e�t w,f `7a	msg j7g mbn7mUk7g e f d#j7h aBf t'f `7a
h c t�e a e f�t#i7e f d�h c a�w t#q	t#n7qBf oBt#� k7g msa j7e g t#j7d�c,h d�e a y
_�tbe }Ra a kpn7}ph t#j�x�a q ��a j7h a�t w,f `7a�a c d�e f g h�i7d�j7ksd�c �#t�q g f `7m{~ f `7a	£Rj7d#cRh t#j�£R��n7q d f g t�j�w q t#m

f `7a�c d�e fBf g msa	e f a }{h d�jpi,a�n7e a kld#eBf `7a�g j7g f g d#cRh t#j�£R��n7q d f g t�jsw t#qBf `7a�j7a ®�f�f g msa	e f a },y�¤�d f `
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' ( )&*�+ , -.( /0) ' 1 -.*�+�2�) 3.4 ' -6574 894 ( , -.( /04 :;' -6)&< < -.=�*&'>, -&(�' 2�4 1 *&' 4 ( , ( )&/04 4 ?&-&@ /0-&' 1 -&*9A�B�2�4
( 4 C�=�1 ( 4 :D/0-�:�1 E7< )&' 1 -&*�+>-&,�' 2�46-.( 1 ?&1 *�).F�).8�8�( -&).< 2G, -&(>' 2�403.4 2�1 < F 4 @ , -&F F - H�1 *�?�+ < 4 *�).( 1 -;).( 4
:�4 ' ).1 F 4 :�1 *6' 2�4>*�4 I�'	+ 4 < ' 1 -&*9A

J0K LNMPO;Q#R;S
Q S�T U0V!WYX&U6Z\[^]>_!T `�a ]cb�U0a a U d\T V;e

f�g h�g ikjml	npoDq�r�s tpu.v>nwq
B�2�4�4 F )&+ ' 1 <�5�).*�:>).8�8�( -&).< 2>1 +w).:�)&8�' 4 :	' -�' 2�4�3.4 2�1 < F 4 @ , -.F F - H�1 *�?�+ < 4 *�)&( 1 -�2�4 ( 4 A�B�2�4�8�)&' 2>-&,
' 2�4�F 4 ).:�4 (w3.4 2�1 < F 4�< -.*�+ ' 1 ' =�' 4 +
' 2�4�1 *�1 ' 1 )&F&8�)&' 29A�x	5�+ ' )&< F 4 +�1 *	' 2�4�4 *&3�1 ( -&*�/04 *&'�4 I�4 ( '�, -&( < 4 +
-&*G' 2�405�)&*�:m)&*�:m/0- 3.401 ' 1 *&' -;)6E7*�).F�< -.*�E7?&=�( )&' 1 -&*9A6B�2�1 + 1 +	' 2�408�)&' 2!' 2�404 ?&-&@ 3.4 2�1 < F 4
' ( )&< y�+�+ =�5�+ 4 C�=�4 *.' F z&A�B�2�4 ( 4 )&( 4>< -&*�E7?.=�( ) ' 1 -.*�+�H�2�4 ( 4	' 2�4	E7*�).Fw8�) ' 2�1 +�+ ' 1 F F91 *�, 4 ).+ 1 5�F 4	1 *
< -.*&' ( ).+ '>' -�' 2�40-&( 1 ?.1 *�)&F
4 F )&+ ' 1 <05�)&*�:G).8�8�( -&).< 29A6{ *m-&( :�4 (	' -6E7*�:G' 2�4 + 46< -.*�E7?&=�( )&' 1 -&*�+ |
)mE7*�).F>< F 4 )&( ).*�< 4G< 2�4 < y}).F -&*�?m' 2�4G4 *&3�1 + 1 -&*�4 :}4 ?&-&@ 3.4 2�1 < F 4G8�) ' 2}1 +�894 ( , -.( /04 :9A�{ , ' 2�4
< F 4 )&( ).*�< 4 < 2�4 < y�, )&1 F + |�' 2�4 )&=�' -.*�-&/0-.=�+�:�( 1 3�1 *�?0/0-�:�4>1 +�+ H�1 ' < 2�4 :;-&~G).*�:�' 2�4>:�( 1 3.4 (�2�)&+
' - ' ).y&4>- 3.4 (�' 2�4>< -&*.' ( -&Fw-&,
' 2�4	3.4 2�1 < F 4>/0)&*�=�)&F F z.A
� ( 1 3�1 *�?0+ 1 ' =�) ' 1 -.*�+�' 2�)&'	*�4 < 4 + + 1 ' )&' 4>' 2�1 +�:�z�*�)&/01 < /0-�:�1 E7< )&' 1 -&*�- ,�' 2�4 F 4 )&:�4 (�3.4 2�1 < F 4

8�) ' 2;)&( 4
� 8�)&+ + 1 *�?#)#< z�< F 1 + '�-&(�874 :�4 + ' ( 1 ).*6).F -&*�?>' 2�4>( -&).:0H�2�1 F 4�, -&F F - H�1 *�? )#F 4 ).:�4 (�3.4 2�1 < F 4&|�-.(
� :�( 1 3�1 *�? ' -�-0< F -.+ 4�' -08�).( y.1 *�?0< ).( +�:�=�4	' -#' 2�4>+ /0)&F F 4 (�+ 1 � 4>- ,
' 2�4>F 4 )&:�4 (�3.4 2�1 < F 4 |7-.(
� :�( 1 3�1 *�? )&( -.=�*�:0) < )&(�' 2�) '�< -./04 +�' - )>+ ' -.86+ F 1 ?&2.' F z#1 *�+ 1 :�4�' 2�4�( -&).:01 *.' 4 ( + 4 < ' 1 -.*9|�-.(
� :�( 1 3�1 *�?#).( -&=�*�:;)#894 :�4 + ' ( 1 )&*�' 2�) '�/0- 3.4 :�-.*�4>+ ' 4 8;1 *.' - ' 2�4>( -&).:9A

� ).*&z}/0-&( 4!+ < 4 *�).( 1 -&+�< )&*}574G1 :�4 *.' 1 E74 :9A�{ *})&:�:�1 ' 1 -.*9|�, =�( ' 2�4 (�4 I.' 4 *�+ 1 -&*�+�-&,>' 2�4G)&=�@
' -&*�-./0-&=�+�:�( 1 3�1 *�?0< ).8�)&5�1 F 1 ' z6-&,�+ =�< 2!)#3.4 2�1 < F 4 :�4 E7*�1 ' 4 F z�*�4 4 :;' 2�1 +�:�z�*�)&/01 <>8�)&' 2;8�F ).*�@
*�1 *�?#< -&/089-&*�4 *&' A
B�2�40, -&F F - H�1 *�?�+ =�5�+ 4 < ' 1 -.*�+ < - 3.4 (#4 I�' 4 *�+ 1 -.*�+>' -�' 2�46+ 4 *�+ -.( :�) ' )!)&< C.=�1 + 1 ' 1 -.*9|
:�4 ' ).1 F +

-&*#' 2�4�:�1 + ' )&*�< 4�< -./08�=�' ) ' 1 -.* ' -	-.5�+ ' )&< F 4 + |�).F ?&-.( 1 ' 2�/01 <�/0-�:�1 E7< )&' 1 -&*�+w' -	' 2�4�4 F )&+ ' 1 <�5�)&*�:
)&8�8�( -.)&< 29|�87-&' 4 *.' 1 )&F�+ 2�)&894 +>, -.(>-&5�+ ' ).< F 4 +>).*�:GF )&*�4 + |
).*�:!' 2�40).< ' =�).F�1 *.' 4 ?.( ) ' 1 -.*!-&,�' 2�4
)&8�8�( -.)&< 2;1 *6' 2�4>4 I�1 + ' 1 *�?#+ z�+ ' 4 /�A

f�g h�g �������.n
t9���	���9��q
�7s ���
x	=�(�( ).*�?&4�+ 4 *�+ -.(�:�4 F 1 3.4 ( +�) F 1 + '�-&,w-&5�+ ' ).< F 4 +�).+�:�4 + < ( 1 594 :61 *6��4 < ' 1 -&* % A % A �.A��	- H�4 3.4 ( |�' 2�4
4 F ).+ ' 1 <05�)&*�:m).F ?&-.( 1 ' 2�/0+	1 *!' 2�1 + < 2�).8�' 4 ( ).( 40).8�8�F 1 < ).5�F 4 ' -;).*&zm+ 4 *�+ -.( :�4 F 1 3.4 ( 1 *�?;( )&*�?.4
:�) ' )�A
� 4>)&+ + =�/04>)#�7) '�4 *&3�1 ( -&*�/04 *&'	)&*�:�=�+ 4>-.*�F z0' 2�4	�!)&*�:;�0< -�-.( :�1 *�) ' 4 +�- ,
' 2�4>-&5�� 4 < ' +

, -&(�< -&F F 1 + 1 -.*6) 3.-&1 :�).*�< 4&A
x	*�4	-.5.� 4 < '�< -&( ( 4 + 87-.*�:�+�' -#-&*�4	< F =�+ ' 4 ( 4 : %&� 87-.1 *&'�< F -&=�:�8�( - � 4 < ' 4 :6' - ' 2�4	��@ � @ 8�F )&*�4

( 4 8�( 4 + 4 *.' 4 :D5&zm1 ' +>< -&*.3.4 Im2�=�F F
, -.(>< -&F F 1 + 1 -.*!) 3.-&1 :�).*�< 408�=�( 89-&+ 4 + A����.�7�9�9�&� �w¡
¢ ¢�-&,�)
+ 4 '�- ,w89-&1 *.' +�1 +�:�4 E7*�4 :6).+�' 2�4�+ /0)&F F 4 + '�< -&*.3.4 I687-.F z�?.-&*0< -.*&' ).1 *�1 *�?	' 2�4�87-.1 *&' + A�£�)&+ 1 < )&F F z.|
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D+E#F G�D=H�I+JKH LAM N+O PQE#R+R+S H�E#F NTO P�M N+JKS J R+S J P J I�M E M O H�ITH LAL S J J�P R+E�F J�U	N+O F NTO PQI+H#MQE�R+R+V O F E�D+V J
M HWM N+J�X�J N+O F V J Y L H�V V H U	O I+ZWP F J I+E�S O H�[
\�HKUAJ�]+J F O ]+J ]^M H_E#V V H U�F S H�H�G#J ]`R+E#M N+P�O aKR+V b�O I+Z�M c+S I+P�D=J V H UdM N+J�aKO I+O aWc+aeM c+S I+O I+Z

S E#]+O c+PAE�I+]_V J MAM N+J�X�J N+O F V J�]�b+I+E#aKO F P�P aKH�H#M N_H#c�MAM N+J�R+E M NB[�f�O M N_P J I+P O D+V J�R+E#S E�aKJ M J S O g E#Y
M O H#I_H L�M N+J�O I�M J S I+E�V=J V E#P M O F	D+E�I+]KL H#S F J h+EWL J E�P O D+V J	R+E#M NKL H#SAE�V V+M b+R+O F E�V+M S E#iKF�P O M c+E#M O H#I+PAO P
H#D�M E�O I+J ]B[�j I`E�]+]+O M O H#IBhBM O Z�N#MQM c+S I+P�E�S J�P c+R+R+S J P P J ]kD�b^M N+J�V E#M J S E�V�F H�I#M S H�V V J S�E�I#b�UAE b`M H
R+S H X�O ]+JQP c�iKF O J I�M	S O ]+J�F H�a�L H#S M [�f�N+J I_M N+J�X�J N+O F V J�O P�L H�S F J ]KM H�E�IlO I�L J E�P O D+V J�M c+S Il]+c+J	M H
H#D+P M E�F V J P h�M N+J�]+J X+O E M O H�I+P�M HQM N+J�R+V E#I+I+J ]_R+E#M N_E#S J�I+H M O F J ]lO aKaKJ ]+O E#M J V b�P O I+F J	M N+J	J V E#P M O F
D+E#I+]lE#V Z�H#S O M N+amS c+I+P�O IKS J E#V Y M O aKJ [�n�PAE�F H�I+P J o�c+J I+F J h=M N+J�F H�I#M S H�VBH L�M N+J	X�J N+O F V J�O PAZ�O X�J I
D+E#F G_M HWM N+JQ]+S O X�J S [

pKq rtsmu v�w`w`x w^yzv�w`{}|�~Q�	x ��x �_w��#�_����u v�����x ����v�w`{`�

� N+JWJ V E#P M O FWD+E#I+]^L S E�aKJ U�H#S GlO P	O I�M J Z�S E M J ]^J E#P O V b^c+P O I+ZKM N+JWR+E#M N�Y D+E�P J ]T�A� � E#V Z�H#S O M N+a
R+S J P J I#M J ]^O I^�AN+E�R�M J S	��[
��I+V blM N+J�V J E�]+J S	X�J N+O F V J�R+E M N`H#L�M N+JK�A� � E#V Z�H#S O M N+a�N+E#P	M HlD=J�J �+F N+E#I+Z�J ]`U	O M N^M N+J

R+E M N^S J P c+V M O I+ZWL S H�aeM N+JQJ V E�P M O F�D+E�I+]lE#V Z�H#S O M N+al[ � N+JWJ V E�P M O F�D+E#I+]^E#V Z�H#S O M N+aeO P�O I�X�H#G#J ]
S O Z#N�MAE#L M J S�M N+J��A� � E�V Z#H�S O M N+a�N+E�PAZ#J I+J S E#M J ]KM N+J�V J E�]+J S�X�J N+O F V J�R+E M NB[ � N+J�V H#I+Z�O M c+]+O I+E#V
F H�I#M S H�V�S J aKE�O I+P�c+I+F N+E#I+Z�J ]BhBO [ J#[�U�JQP M O V V=L H�V V H U�M N+JQV J E�]+J S�X�J N+O F V J�E#M	EKP E L JQ]+O P M E�I+F J#[
� N+J�J V E�P M O F�D+E�I+]WR+E#M N�O P�E�V P H	c+P J ]WM H�F N+J F GWL H#S�H X�J S V E�R+P�U	O M N�H#D+P M E�F V J P�P O I+F JAUAJ�]+S O X�J

E#V H�I+Z_M N+E MWR+E M NB[_�	J I+F J#h�U	N+J IkP aKE#V V�O I�M J S P J F M O H�I+P�U	O M NTE#ITH�D+P M E#F V J�H�F F c+S h�M N+J�J V E#P M O F
D+E#I+]lE�V Z#H�S O M N+amD=J I+]+PAM N+J�R+E#M NlP c+F N_M N+E M	I+H�O I�M J S P J F M O H�IKU	O M N_M N+J�H�D+P M E#F V J�H�F F c+S P�E#I+]
EWF H#V V O P O H�I�Y L S J JAR+E#M N_O PAH#D�M E�O I+J ]B[�n	PAE�P E L J M b_aKJ E#P c+S J	M N+J�D=J I#M�H#L�M N+J	J V E#P M O F	D+E�I+]_R+E M N
O P�aKH#I+O M H�S J ]B[�j IlE�]+]+O M O H#IBh�U	N+J I^]+J X+O E M O H�I+P�H L�M N+JQV J E�]+J SAX�J N+O F V JQR+E M NlE�I+]lJ V E�P M O F�D+E#I+]
R+E M NlD=J b�H#I+]lEWF J S M E�O IKM N+S J P N+H#V ]_H�F F c+S h+M N+J	F H#I�M S H#VBO PAS J M c+S I+J ]_M HWM N+J�]+S O X�J S [�n�V M N+H#c+Z�N
M N+J_J V E#P M O F_D+E#I+]�R+E#M N�O PWP M O V V�L J E�P O D+V JKO I�P c+F N�E`F E#P J#h�M N+J_DBJ N+E X+O H#S�H L	M N+J_J Z#H#Y X�J N+O F V J
U�H#c+V ]lE�V S J E�]�b_DBJ	L E�SAL S H#aeM N+E#M	H L�E�M b�R+O F E#VBX�J N+O F V J Y L H#V V H U	O I+Z�P b�P M J al[
� N+JQO I+O M O E�V=]+J M J F M O H#IlH#L�M N+JQV J E�]+J S�X�J N+O F V J�S J aKE#O I+P�c+I+F N+E�I+Z#J ]B[
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MJK L Uba�q=P F�D�DEL UJG HJIQC VJHJO L G D:H^I:VJKEB K:HEL A A P5L UJKEL5L UJA�W A KERJA B�d:A UJG O W A�MJKEL U^G P�C A KEP G [JW A%C DEB5L UJA
A I:D Z d:A UJG O W A a
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K:B KEF�A L A B%L VJHJG HJIXg�K:P
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