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i/Uceb���cH��Q9w=/P�LV9w=/UcTAJ�Uc�/=se^Pwh�hKHIPweb<|UXi/Jf<>eb�b=�LN9;=/<gt\bLV=OP,LNUceb���cH�9we^TN<|��R;����\bTfLV9;=O<>JV=/�c�b=-JQ\bTfLV9;=OU�T
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�5- R;P�\,R�g;�cRwJ�Uc=/RwTNJ"hK=Ci/=OJ"i�TNU«LN:/TN=OJ�J�\,P,L"�IU�\,��S-J/�60�=OJ"J�HKJ�LV:O<|=-J�Pw=®JV\bPYL�hK\,PwiCgwebJ�J"�;TjJ"h;e^PwJ��c=CJV=/PwJ
\87��9- \bP�Pw=fgt=ORKL�gtebJ2}Ye^Tje^PYLVUcT[WYR;=AhK=-J�i�\,���cUXJ�Uc\bPwJ[P;=Ag$\bR;TNTN\bPYL2gwebJ�J�R;TN�b=OP;UcTOv^=/L"i/=fP;\^Lje^<><>=/PYL�=OP
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TNS/g$\bPtJ�=CLV9;SO\bTNUcWYR;=�ebR�gwTV\,r;��:O<>=�h;=®�Xe>J"�wTV=/LVS�hK=�<>\bR;�,=/<>=/PYL-�
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\b��ebRKLV\,P;\b<>\bRtJ�Pte4�YUc},e^LVUc\bP�JVij9;=O<>=OJ"LV9te!Lf9we4�,=Cr$=/=OP�gwTV\,gt\YJ�=-h�UXJ�9IR;}b=,�

§P�}b=OP;=/Tje^�*vbLN9;=OJV=®Pwe4�IU�}Ye!LVUc\bP�JVij9;=O<>=OJ"e^Uc<>J�e^L���R;���w�c��UcP;}|LM�"\��b=OH�g;R;TNgt\YJ�=-J0/�TN=Oebij9wU�P;}se�},\,e^�
�Q9wU��c=�e4�,\bUXhKU�Pw}¬i�\,���cUcJVUc\bP��QU�LV9 LN9;=�\brK]M=-i�LNJ�\^�fLN9;=�=OPI�YUcTN\bP;<>=/PYL-�&. 9;=OP¹U�L>i/\b<>=OJ�LV\�i�\b�c�cUcJVU�\,P
e4�,\bUXh;e^Pti�=bvY\bPti�=�e^},ebU�P	vY<�ebPYH�i�\b�c�cUcJVU�\,P�e4�,\bUXh;e^Pwi/=CJNij9;=/<>=-J�9te4�b=®rt=O=/P�g;TN\bg$\,JV=Oh¬�N£¨��L �,���[8�9;=OU�T
ebU�< \b�"i/\bR;TjJ�=sUcJCLN\�=OPwJ�RwTV=sLV9;=>TN\br$\^LNUci|J�HKJ�LV=O<>J�-�JVe^��=�LMH,� #f\!�"=/�,=/TCe�iOe^TN=���R;�(e^Pweb��HKJVUcJ®\b�[LV9;=-J�=
i/\b�c��UXJVU�\,P�e4�,\bUXh;e^Pti�=�JVij9w=/<>=OJ�JV9;\!�fJ�LN9we!L-v(U�P�<>\,J�LsiOebJV=OJ�ebPwh�=OJVgt=-i�UXe^�c��H�U�PªhKHIPwe^<>UXi�=/PI�IU�TN\bP;_
<>=OP,LjJ/v �O�@� À � Á �¨� � Ä � ) ���K�!� � � ÀIÀ Å �¨U�P�LN9;=�JV=/PwJV=�LN9we!LAU�LAUXJQTN=/�Xe!LVUc�b=O��H�=Oe,J�H�LV\>�wPwhaJVU�LVRwe^LVUc\bPwJ
�Q9w=/TN=®i/\b�c��UXJ�Uc\bPtJ��QUc����=O�b=OP,LNRwe^�c�cH|\KiOi�R;T����28²\|JV\b<>=®= �ILV=OP,L-vILV9;UXJ�UXJ"h;R;=®LV\sLV9;=®�¨ebi�L�LN9we!LfJNe!��=/LMH�UcJ
e|i�\,Pwi�=OgKL�LV9we^LQUcJ"Lje^�b=OP���\,T"},TNebPYLV=Oh°�²§P�\^LN9;=/T��"\bTjh;J/vYLN9;=�<|=-e^P;UcP;}|\^�(JVe^��=�LMH�UXJ�P;=/�,=/T"��\bTN<�e^�c��H

MON*:AMQP
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J�LNe^LV=-h¹e^Pth�v�ebrt\!�,=�eb���*v[LN9;=�\bg$=/Tje!LVUc\bPte^��i�\bPthKU«LNU�\,PwJ|\^��J�Rwij9 i�\,���cUcJVUc\bPªe4�,\bUXh;e^Pti�=�JNij9;=O<|=-J>e^TN=
JV=/�XhK\,<E��U���Pw=/�b=OTj�"JVgt=O���c=Oh�\,RKLO�

8�9;UXJ|gwe^g$=/T>UXJ>e^Pªe^L�LN=/<>gKL>LV\�ij9we^Pw}b=�LN9;UXJ|J�LNe^LV=�\^�Ce^¾¯ebU�T-� 8²\�r$=/},U�Pª�QU«LN9°v[LN9;TV=O= �-��� À � Á
�b����� À ���¨� e^TN=�g;TN\bg$\,JV=Oh°�²8�9;=-J�="i�TNU«LN=/TNUceA9;=/�cgwJ�U�PsR;PwhK=OTNJ�LNebPwhKUcP;}�efPIR;<�r$=/T(\b�w�b=OH�e,J�g$=Oi�LNJ�TN=/�Xe!LV=-h
LN\|LV9;=�JNe!��=/LMH�UcJNJVR;=�� Lju,���[8�9;=OPaesPIR;<srt=OTQ\^��gt\,g;R;�Xe^TQ= �KUXJMLNU�Pw}>i/\b�c��UXJVU�\,P�e4�,\bUXh;e^Pwi/=CJNij9;=/<>=-JQe^TN=
=O�!e^�cRwe!LN=Oh��QU«LN9qTN=OJVgt=-i�LfLN\�LV9;=-J�=sJVe^��=�LMH�i/TVU�LV=OTVUXe;��8�9;=���\b�c��\!�QUcP;}�WYR;=OJ�LVUc\bP�UXJAe,J��,=Oh /�UcJCi�\b�c�cUcJVU�\,P
e4�,\bUXh;e^Pti�=�}bRte^Tje^PYLV=O=Oh�v�=OJVgt=-i�UXe^�c��H��Q9;=OP�LV9w=/H e^TN=�RwJV=Oh U�P hKHIPwe^<>UXi�=/PI�IUcTV\,P;<>=/PYLNJ � `LsLVR;TNPwJ
\,RKL�LN9we!L�<>\YJML��¨U«�fPw\^Lseb���¦��i�\,���cUXJ�Uc\bP�e4�b\,Uchwe^Pwi/=>JNij9;=O<|=-J�e^TN=�P;\bLsJVe^��=��Q9;=OP�RwJ�=-h�U�P h;HYPte^<>Uci
=OPI�YUcTN\bP;<>=/PYLjJ�� L �b���f8�9;=si�\bPti�=/g;LA\^� ��� À43 ���-�K��> À �sÄ > > �¨��� Ä �8� �O�K� À � UcPYLVTN\Ih;Rwi�=-h�UcP H u J²UXJQLN9;=/P
iOe^�c��=-h�R;g$\bP ebJ|e^P e^PwJV��=OT�LN\¬LN9;=�JVe^��=�LMH�UcJNJVR;=b� ©APª§P;=O�IU«Lje^r;�c= 0�\,���cUXJ�Uc\bPªFILNe!LN=OJ����0�Fw����\,T|e
TN\br$\^LNUci�J�HKJ�LV=/< UXJCe�JMLje!LV=���\bT®�Q9;UXij9°vtPw\�<�e!LVLV=/T®�Q9we^LALV9w=���RKLNR;TV=sLVTje!]M=-i�LN\bTNH�\^�2LN9;=sJVHKJMLN=/< UXJ/v
e�i�\,���cUXJ�Uc\bP�=/�,=/PYLVRweb���cHa\Ki/i/R;TNJO��`L�UXJ�J�9w\!�QP�9;\!� LV9;=>�0�F�i�\,Pwi�=OgKL®=O<�r$\KhKU�=-J®LV9;=>LN9;TN=/=�e^r$\!�b=/_
<>=OP,LNU�\,P;=Oh�i�TNU�LV=/TNUXe|ebPwh�9;\!� U�Lf\^¾¯=/TjJQesLV9;=O\bTN=�LVUXi/eb��e^PwJV��=OT�LV\|LV9w=�JVe^��=�LMH�UXJVJVR;=�� L �Y���

� �>�� !�"�t# � ���j���������

#C=Oi/Uch;U�P;}�\,P;=?- J���RKLVRwTV=fi/\bR;TjJ�="\^�¯ebi�LVUc\bP|UcJ2e®g;TN\Ki�=OJNJ²LV9we^L[U�<>g;�cUc=OJ2e�i�=OT�Lje^UcP|eb<|\,R;PYL2\^�tTN=Oe,J�\,P;UcP;}
ebrt\,RKL[LN9;=f��RKLNR;TN= /�Hb\bR�h;=Oi�UXhK=fPw\!�ª�Q9we^L�H,\bR>�QU��c�¯hK\�P;=4�YL-�2±;\bT�e�TV\,rt\bLVUXifJVHIJ�LV=O<�v^LV9w=ChK=-i�UXJ�Uc\bPK_
<�eb�YUcP;}ªg;TV\Ki/=OJNJ�UXJ�RwJVRwe^�c��H rwe,J�=-h1\,P eª<|\KhK=O��\^��LN9;=�TV\,rt\bLVUXi�JVHKJMLN=/< U�LNJV=/������RtJ�Rweb���cH }bUc�b=OP
eqg;TVUc\bTNU¦��v2e^Pwh¹ea<>\Ih;=/�"\^�fU�LNJs=/PI�IU�TN\bP;<>=OP,L-�¬8�9;=�=/PI�IU�TN\bP;<>=OP,Ls<|\KhK=O�"iOe^P i/\b<�rwU�P;=�eag;TNU�\,TVU
UcPK��\,TV<�e!LNU�\,P �N *)><�e^gwJj��v	JV=/PtJ�\,T®<>=-ebJVR;TV=O<>=/PYLNJOv°\bT�i/\b<>g;RKLje!LNU�\,P�TN=OJVR;��LNJ��V *)>gwTV=-hKUci�LVUc\bP�\^�"LV9;=
��R;LVR;TN=-��� ��=-J�UXhK=-J®LV9;=�gwebT�LNUci/R;�Xe^TjJC\b��LN9;=�hK=Oi/UcJVUc\bPK_`<�e^�IU�Pw}�g;TN\Ki�=-JVJ®U�LNJV=/���Mv	LN9;=�<>\Ih;=/�XJ®LV9we^L�e^TN=
i/\bPwJVUXhK=/TN=Oh�9we4�b=�e>hKUcTV=-i�LQU�<>gwe,i�Lf\,P�LN9;=�hK=Oi/UcJVUc\bP��Q9;Ucij9�UXJ"LNeb�b=/P	�

8�9;UXJ[JV=Oi�LVUc\bP>= �;e^<>UcP;=OJ�LN9;TN=/=fi�\,<><|\,P|JV=/PtJ�=fi/TVU�LV=OTVUXe®�Q9;Ucij9	v^U«���IUc\b�Xe!LV=-h�v^<�e4H�gwRKL2LV9;=Cebi�LNRwe^�
TN\br$\^LNUcisJ�HKJ�LV=O< U�PYLV\�h;ebP;}b=OT®ebPwhqHIUc=/�Xh¬e�i�\b�c�cUcJVU�\,P¬e!L�JV\b<>=�g$\bUcPYL®UcP�LV9;=|��RKLNR;TV=,��8�9;=-J�=>JVe^��=�LMH
i/TVU�LV=OTVUXe�ebTV=�TN=OJVg$=Oi�LNU��,=/�cH�TN=/�Xe!LN=Oh�LN\�LN9;=�<>\KhK=/��\^��LV9;=sTV\,rt\bLVUXi�JVHIJ�LV=O<�vwLN9;=s<>\KhK=O�²\b�2LV9;=|=/PI�IU«_
TN\bPw<|=OPYL"e^Pth>LV9;=�hK=-i�UXJ�Uc\bP;_*<�e^�IUcP;}�g;TN\Ki�=-JVJO�²§P�e^�c�¯iOebJV=OJOv,U�L�UcJ�ebJNJVR;<>=Oh>LN9we!LQe�i/\b<>g;�c=�LV=®<>\KhK=/�
\b�QLV9;=�=/PI�IUcTV\,P;<>=/PYL�UXJse4�!e^Uc�Xe^r;�c=bv2i�\,<>g;��=/LV=�LV\qLN9;=�gt\,U�PYL�LN9we!L>U�L>eb�cJV\¬i�\,<>g;TVUXJV=OJ�UcPK��\,TV<�e!LNU�\,P
ebrt\,RKL|LV9;=���RKLVRwTV=�<>\^LNU�\,P¹\^�ALV9;=�<>\!�IU�P;}�\brK]M=-i�LjJ/� 8�9;=�Tje!LVUc\bPte^�c=�r$=/9;UcPwh¹LV9;UXJ|UcJsLV9te!L�U«�CLV9;=
JNe!��=/LMH¬i�TNU�LV=/TNUXe�ebg;g;�cU�=-J��QU�LV9�gt=OT���=-i�L�UcPK��\,TV<�e!LNU�\,P°v°U�L�UXJ�= �Kg$=Oi�LN=Oh�LV9w=/< LV\ar$=�e^�XJ�\�TN=/�c=/�!e^PYL�UcP
LN9;=�UcPwi�\,<|gw��=/LV=�U�P;��\bTN<>e^LVUc\bP�i/e,J�=,�

8�9;=®JVe^��=�LMH�i�TNU�LV=/TNUXe�e^TN=Ae^�c�tUc�c��RwJ�LVTje!LN=Oh>RwJVUcP;}�LN9;=A=4�Keb<>g;��=C\^�	e�\,P;=�_§hKUc<>=/PwJVU�\,Pwe^�tgt\,U�PYL"TV\,rt\bL
A
�QU�LV9�hK\,R;r;�c="UcPYLV=O}bTje!LV\,T2hKHIPwe^<>UXi/JQ�¨JVR;rK]M=-i�L2LV\��,=/�c\Ki�U�LMH�e^Pwh>ebiOi�=O��=OTNe^LVUc\bP�r$\bRwPwh;Jj��v,ebPwhs�Q9;Ucij9

UXJ(<>\!�IU�P;}�e^�c\bPw}®e®�cU�P;=-e^T2gwe^LV9°�
A
UXJ[ij9webTNe,i�LN=/TNUcJV=Oh�rIH�U�LNJ(g$\,JVU�LVUc\bP

p
eb��\,P;}CLV9;=Qgwe^LV9°vbU«LjJ2�b=O��\Ki�U�LMH

|v| ≤ vmax

v;e^Pwh�U�LNJfe,i/i/=/�c=/Tje!LVUc\bP
|a| ≤ amax

�

1 
�	 � ��8@��"F#G�����	� "F?�
�������9����
 #G���
0�\,PwJVUchK=OTs±�Uc}w�cz��Q9;=/TN=�eqgt\,U�PYLs\,rK]M=Oi�L

B
UXJse^Lsg$\,JVU«LNU�\,P

pb

e^�c\bP;}
A
- Jsgwe^LV9°�

A
J�9;\,R;�Xh�P;=/�,=/T

h;=Oi�UXhK=®LV\�\KiOi�R;gIH�g$\,JVU«LNU�\,P
pb

JVU�Pwi/=�U«Lf�"\bR;�Xh�rt=�UcPai�\b�c�cUcJVU�\,P��QU�LV9
B
�

:;:=<�>@?BABC�D



y � �����°¤V�!¥¨£ �;�^¤�'

A B

(p, v) pb

d(v)

d(v, vb)

±�Uc}bR;TN=>z / �CP;=/_`hKUc<>=/PwJVUc\bPweb��gt\,U�PYLQTV\,rt\bLQ= �;e^<>g;�c=b�

A B

t

p

v/amax

d(v) pb

±�Uc}bR;TN=�uF/�8�9;=>Z(\,JVU«LNU�\,P
×
8�U�<>=>J�gtebi�=|\^�"LV9w=|\,P;=�_§hKUc<>=/PwJVU�\,Pwe^�(g$\bUcPYL�TN\br$\^L

A
�Q9;=/P�U«L�rwTNeb�b=OJ

h;\!�QP�e^Pth¬J�LV\bgtJs�¨r;��Rw=>i/R;TN�b=�\,PqLN9;=>��=/�¦Lj���|8�9;=|}bTN=/=/P�i�R;TN�b=s\bP¬LV9;=>TNU�},9,L�i�\,TVTN=OJVgt\,Pwh;JfLV\�LV9;=
� �I=-h�\,rK]M=Oi�L

B
�

MON*:AMQP
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�"=OiOe^RwJV=Q\^��U�LNJ�hKHIPwe^<>UXi/JOvbU�L[LNeb�b=OJ
A
e�<>UcP;Uc<�R;< LVUc<>=

v/amax

LV\sJ��c\!� h;\!�QP>ebPwh�J�LV\bg	��8�9;=
h;UcJ�LNebPwi�=®LVTje4�b=O���c=Oh�UcJ /

d(v) = v2/2amax.
�Mz-�

`�
A
hKUcJVTN=/},ebTNhwJ�U�LNJ�\!�QP�hKHIPwe^<>Uci�ij9webTNe,i�LN=/TNUcJ�LVUXi/JOv,U�Lfi�\,R;�ch�hK=-i�UXhK=®LV\>\Ki/i�RwgYH�e�g$\,JVU«LNU�\,P��QU�LV9wU�P

LN9;=
[pb − d(v), pb[

TNebP;}b=AJVUcPwi�=�J�Rtij9�gt\YJ�U�LVUc\bPtJ�ebTV=®i�\b�c�cUcJVU�\,PK_*��TV=O=b�2FI9;\bRw�ch�LV9;UXJ"9we^g;g$=/P	v
A
��\,R;�ch

r$=�U�PsLVTN\bRwr;��="r$=Oi/ebRwJV=�U�L2��\,R;�ch�=/�,=/PYLVRweb���cH�i�TjebJV9�UcPYLV\
B
��P;\®<�e!LVLV=/T2�Q9te!L(U«L[hK\I=OJ�UcP�LN9;="��RKLVRwTV=4���

8�e^�IUcP;}|U�PYLV\�e,i/i/\bR;PYL"LV9;=�hKHIPweb<>UciOJ�\^�
A
vKLV9;=�Tje^Pw}b=

[pb − d(v), pb]
r$=Oi/\b<>=OJQ��\bTNr;UchwhK=/P°�

8�9;="JVeb<>=[i�\bPti��cRwJ�Uc\bP�iOe^P�r$=�hKTje4�QP�rIHC�c\I\b�IU�Pw}fe!L°LN9;=�g$\,JVU«LNU�\,P
×
LVUc<>=�J�gtebi�=�\^�

A
ebJ²hK=/gwUci�LV=Oh

UcP¬±�Uc}w� uI�Q`LCUXJCe,JVJVR;<>=Oh�LN9we!L-v¯e^LfLVUc<>=sxwv
A
UXJCe^LAgt\YJ�U�LVUc\bPqx��QU«LN9q�b=O��\Ki�U�LMH

v
� . 9w=/P

A
rwTNeb�b=OJ

h;\!�QP e^Pwh�J�LV\,gwJ�e^Ls<�e �KUc<�R;< hK=Oi/=/�c=/Tje!LNU�\,P°v²U�L�LNTNe,i�=-J�eagwebTNebrt\,��UXi�e^Tji>UcP�LV9;=�gt\YJ�U�LVUc\bP
×
LNU�<>=

JVgwe,i�=b���CPti�=�U�L®9tebJAJ�LV\,g;g$=Oh�v$U«LCLVTjebi/=OJAe��b=/TVLVUXi/eb�	�cU�Pw=��¦LN9;=�rw��R;=|i�R;TN�b=�U�P¬±�Uc}w� u^���C8�9;=��,=/TVLVUXi/e^�
},TV=O=/P���UcP;=�i�\,TVTN=OJVgt\,Pwh;JALV\�LV9w=s� �I=-h¬\,rK]M=Oi�L

B
� . 9;=/P�LN9;=�hKUcJ�LNebPwi�=>r$=�LM�"=/=OP

A
e^Pwh

B
UXJC�c=OJNJ

LN9we^P
d(v)

v;LV9;=Cr;��Rw=®ebPwh�},TV=O=/P�i�RwTV�,=AUcP,LN=/TjJ�=-i�L"=Oebij9�\bLV9;=OT�<>=-e^P;UcP;}�LN9we!LQe�i/\b�c��UXJVU�\,P��QU��c�¯\Ki/i�RwTO�
8�9;UXJ�=4�Keb<>g;��=aUc�c��RwJ�LVTje!LN=OJ|LN9;=��¨ebi�L�LV9we^LOv��Q9;=/Pw=/�b=OT�e�TV\,rt\bLVUXi�J�HKJ�LV=/< hKUXJ�TN=/}Ye^Tjh;J�U�LNJ�\!�QP

h;HYPte^<>Uci|ij9webTNe,i�LV=OTVUXJ�LVUXi/JOvwU�L�<�e4HqhK=-i�UXhK=|\bP�e���RKLVRwTV=�i�\,R;TjJ�=s\^��e,i�LVUc\bP¬��\bT®�Q9;UXij9�JNe!��=�LMHaUXJ®P;\^L
},Rwe^Tje^PYLN=/=Oh�e^Pwh�i�\,���cUXJ�Uc\bP�<�e4H>LNe^�,=�g;�ce,i�=�=/�,=/PYLVRte^�c��H,vK9;=/Pwi/=�LV9;=��tTNJ�LfJVe^��=�LMH�i/TVU�LV=OTVUc\bPA/

� ��� À � Á � ����� À ��� Ä �  ¡`º 'b j£/¥ 'b >¥¦¡6��� �K¡ �K¤V ��>º^¡6¥¨º^´�����¤Vº,¶jº!¡*¥¨£s�j¢4��¡§ ��� �;º �K· 'a£jº!´w�j¥ ', �¤s¥¦¡¨�����	�

�� ���������� �

1 
21 � �5$9#%���5� 
 ?��5" B 8�� ?�� " � ���9� "��9��? �?���� $9#%�����
��e,ij�¹LN\ª±�U�}t��z¬r;RKLaebJNJ�R;<>UcP;} P;\!� LN9we!L

B
UcJ�<>\!�YUcP;}�LN\ LN9;=¬�c=��¦L��QU«LN9 eªi�\bPtJMLje^PYL��b=O��\Ki/U«LMH

vb ≤ vmax

�|§P�LV9wUcJ�JVU«LNRwe!LNU�\,P°v°U�L�LNeb�b=OJ®<>\bTN=sLV9webP�J�LNe4HIUcP;}�\bRKL�\^��LV9;=
[pb − d(v), pb]

g$\,JVU«LNU�\,P
Tje^Pw}b=�LN\�},Rwe^Tje^PYLN=/=�LN9;=�JVe^��=�LMH�\^�

A
� §PwhK=O=Oh�v�R;P;�c=OJNJ

A
JV9;U��¦LNJ>UcPªTN=/�,=/TjJ�=�RwP,LNU��QU�L�TV=-ebij9;=-J�e

�,=/�c\Ki�U�LMH�e!Lf�c=OebJ�LQ=OWYRweb�¯LV\
vb

vwe>i�\b�c�cUcJVU�\,P��QU�LV9
B
�QUc�c�°\Ki/i�RwTO�

© J�LVTje^Uc}b9YL���\,TV��e^Tjh>e^Pweb��HKJVUcJ"i/ebTVTNU�=-h�\bR;L�UcP�LN9;=�Z(\,JVU«LNU�\,P
×
8�U�<>=�J�gtebi�=C\^�

A
e^�c��\!�fJ�LV\�hK=/LV=OT�_

<>UcP;=sLV9;=|TNebP;}b=�\^�[��\,TVr;UXh;hK=OP¬g$\,JVU«LNU�\,PwJCU�P¬LV9;UXJ�i/ebJV=b��±�Uc}w� ��hK=Og;Uci�LNJCLV9w=sZ(\,JVU�LVUc\bP
×
8�Uc<>=sJVgwebi/=

\b�
A
��`L|UXJ>ebJNJ�Rw<|=-h�LV9we^LOv�e^LsLNU�<>=�x;v

A
UXJ|e!L>gt\YJ�U�LVUc\bP¹x¬�QU«LN9¹�,=/�c\Ii/U«LMH

v
��8�9;=�r;�cR;=�i�R;TN�b=

TN=/gwTV=-J�=OP,LjJQLN9;=|LVTje!]M=Oi�LV\,TVH���\b�c�c\!��=-harIH
A
�Q9;=/P�U�L�JV��\!�fJ®hK\!�QP°v°J�LV\,gwJ�e^Pwh�J�9wU«�¦LjJCUcP�TV=O�b=/TjJV=�e!L

<�e �IUc<�Rw< e,i/i/=/�c=/Tje!LVUc\bP>R;PYLNU��$U«L�TN=Oebij9w=OJ2�,=/�c\Ii/U«LMH
vb

��U�L"UXJ�<>e,hK=fR;g�\^��LM�"\�gwebTNebrt\,��UXife^Tji/J�e^Pwh�e
�cUcP;=�J�=O}b<>=/PYL�����8�9;=�},TV=O=/P�i�R;TN�b=�TN=/gwTV=-J�=OP,LjJ�LV9;=�LNTNe^]M=Oi�LV\bTNH>��\b�c�c\!��=-h�rIH

B
<>\!�YUcP;}�e!LAi/\bPwJ�LNebPYL

�,=/�c\Ki�U�LMH
vb

� . 9;=/P�LV9w=>h;UcJ�LNebPwi�=|rt=/LM��=O=/P
A
ebPwh

B
UXJ��c=OJNJALN9we^P

d(v, vb)
v°LV9;=>r;�cR;=�e^Pwh�}bTN=/=OP

i/R;TN�b=®U�PYLV=OTNJV=Oi�LQ=Oebij9�\^LN9;=/TQ<>=-e^P;UcP;}|LV9we^LAe>i�\b�c�cUcJVU�\,P��QUc�c��\IiOi�R;T-�2`LAi/ebP�r$=�=OJ�LNebr;�cUcJV9;=Oh�LV9te!L /

d(v, vb) = (v + vb)
2/2amax.

�6ub�

8�e^�IUcP;}�U�PYLN\ ebi/i/\bR;PYL�r$\^LN9ªLN9;=¬hKHIPweb<>UciOJ�\^�
A
e^PwhªLV9w=¬hKHIPwe^<>UXi�U�LMH¹\b�

B
v"LV9;=¬TNebP;}b=

[pb −
d(v, vb), pb]

r$=Oi/\b<>=OJ"��\,TVr;UXh;hK=OP��¨±�U�}t��z-���
8�9;UXJ(= �;eb<|gw��=�Uc���cRwJ�LVTje!LV=-J²LV9;=��¨e,i�L(LV9we^LOv^�Q9w=/P;=O�b=/T2e®TN\br$\^LVUXi"J�HKJ�LV=/< hKUcJVTN=/},ebTNhwJ°LN9;="�¨ebi�L2LN9we!L

ebP�\brK]M=-i�LAUXJAe,i�LVRte^�c��H�<|\!�IUcP;}wvwU«L®<>e4H�hK=Oi/Uch;=�\bPqe|��RKLNR;TN=si�\,R;TjJ�=�\^�[e,i�LVUc\bP���\,TA�Q9;UXij9qJVe^��=�LMH�UcJ
Pw\^LQ}bRwebTNebPYLV=/=-h�ebPwh�i/\b�c��UXJVU�\,P�<�e4H�Lje^�b=�g;�Xebi/=�=/�b=OPYLVRweb���cHbvK9;=OPwi�=®LN9;=�J�=-i�\,Pwh�JNe!��=/LMH�i�TNU�LV=/TNUc\bPA/

:;:=<�>@?BABC�D
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A B

t

p

t1

t2

p1p2 d(v, bb) pb

±�Uc}bR;TN= ��/|8�9;=�gt\YJ�U�LVUc\bP
×
LNU�<>=�J�gwe,i�=�\b�QLV9;=�\bP;=/_`hKUc<>=/PwJVUc\bPweb�[gt\,U�PYL�TN\br$\^L

A
�Q9;=/P U�LsrwTNeb�b=OJ

h;\!�QP°v°JMLN\bgwJ�ebPwh�JV9;U��¦LNJ�UcP�TN=/�,=/TjJ�=sR;PYLVUc�2U«L�TN=Oe,ij9;=OJC�b=O��\Ki�U�LMH
vb

��rw��R;=�i/R;TV�,=s\,P¬LN9;=>��=/�¦Lj���|8�9;=
},TV=O=/P�i�R;TN�b=�\bP�LV9w=�TVUc}b9YLfi�\,TVTN=OJVgt\,Pwh;J�LV\|LN9;=�\brK]M=-i�L

B
<>\!�IUcP;}|e^LAi�\,PwJMLje^PYL��b=/�c\Ki�U�LMH

vb

�
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� ��� À � Á � ����� À ��� Ä � � �wº 'b j£/¥ 'b s¥¦¡6��� �K¡ �K¤V  �>º^¡6¥¨º^´��"��¤Vº,¶Nº^¡6¥¨£���¢4��¡`  ��� �wº��K· '�£jº!´w�j¥ ', �¤�¡ �w  � ���
� ��� � � � � �����
	�� � �� ������������� � 	 ��� � � ������� �

t

p

B

pb

te

tl

th

A ������������� ��! ��"

A # ����������� ��! ��"

±�Uc}bR;TN=/��/2dfe^Pw}b=�\^��gt\YJVJVU�rw��=®LVUc<>=�LV\�i/\b�c��UXJ�Uc\bP	�

1 
 $ %4# 
 ?'& ���7#�( ���
`��P;=/=-hK=Ohar$=bv¯LN9;=|g;TV=O�IU�\,RwJQLM�"\�= �;eb<|gw��=-JA9we4�,=�TN=/�b=-e^�c=Oh�LN9;=��¨e,i�L®LV9we^L®JNe!��=/LMH�UXJCP;\^L�J�Uc<>g;�cH�e
<�e^L�LV=OTA\b�[�b=/=Og;UcP;}>LV9;=sTV\,rt\bLVUXi�JVHIJ�LV=O<e4��e4H���TN\b< i�\,���cUXJ�Uc\bPqJ�LNe^LV=OJO�Q`LCUXJQ��RwPwh;e^<>=OP,Lje^�²LV\��,=/=Og
LN9;=>TV\,rt\bLVUXisJVHKJMLN=/< e4��e4H���TV\,< JMLje!LV=-J®LV9we^L®=O�b=OP,LNRwe^�c�cHaHYUc=/�Xh�e�i/\b�c��UXJ�Uc\bP�e!L�JV\b<>=sg$\bUcPYL�U�P�LV9;=
��R;LVR;TN=b�f8²\�LV9te!LC=OPwh�v$TV=-ebJV\bP;UcP;}�e^r$\bR;LfLV9;=���RKLVRwTV=sUcJATV=-W,RwU�TN=Oh�� 0�\,<|UcP;}�i/TVU�LV=OTVUc\bPa=4�Igw��\,TV=-J�LV9;=
Uc<>gwebi�LQ\^��LV9;=�=4�YLN=/PYLQLV\>�Q9;UXij9�LV9;=���RKLNR;TN=�UcJQ=4�Kg;��\,TV=-h��

� =�L�RwJ�i�\bPtJ�UXhK=/T(LN9;=fJVU«LNRwe!LNU�\,P|�Q9w=/TN=
A
9we,J�LV\�hK=-i�UXhK=Q�Q9;=/LV9;=OT2LV\�\Ki/i/R;gIHse®g$\,JVU«LNU�\,P|�c\Ki/e^LV=Oh

�QU�LV9wU�P¬LV9;=>Tje^P;},=
[pb − d(v, vb), pb]

\b��gt\YJ�U�LVUc\bPtJf��\,TVr;UXh;hK=OP*)2¤�¡²LV9;=><>\!�IU�Pw}�\brK]M=-i�L
B
��§PqLV9wUcJ

iOebJV=bvYi�\b�c�cUcJVU�\,P�hK\I=OJ�P;\^L[Lje^�,=fg;�Xebi�=ATVUc}b9YL�P;\!��v,U«L"9we^gwgt=OPwJ[�Xe!LN=/T�e^L"e�LNU�<>=CU�PwJ�LNebPYL[LV9we^L"hK=Ogt=OPwh;J
\,P�LV9;=���RKLVRwTV=�rt=O9we4�IU�\,R;T�\^�

A
vQ¥¨ ��Q9;=/LV9;=OT�U�L|ebiOi�=O��=OTNe^LV=OJ�\bTsh;=Oi�=O��=OTNe^LV=-J��¨±�Uc}w� �Y��� � =/L

[te, tl]r$=qLN9;=�TNebP;}b=q\b��LVUc<>=�UcPwJ�LNe^PYLjJ��Q9;=OP i�\,���cUXJ�Uc\bP1�QUc�c�ALje^�b=�g;�Xebi�=,� �"\^LN9
te
ebPwh

tl
ebTV=¬=OebJVUc��H

h;=�LV=OTV<>UcP;=Oha�¨TV\I\bLNJ[\b�°e�WYRwebhKTje!LNUcif=OWYRwe!LNU�\,Pt���(©AJNJVR;<>U�P;}�P;\!� LV9we^L
A
hK=-i�UXhK=OJ�U«LjJ2��RKLNR;TV=C<>\^LVUc\bP

rIH�TV=-JMLNTVUXi�LNU�Pw}�U«LjJATN=Oe,J�\,P;U�Pw}sLN\�e>�tP;U«LN=�LNU�<>=�_`9;\,TVUc�/\,P
th < tl

LN9;=/P
A
<�e4H��b=OTVH���=O���(hK=-i�Uch;=�LV\

\KiOi�R;gIH�LN9;UXJfg$\,JVU«LNU�\,P�r$=OiOe^RwJV=bv;��TV\,<�U�LNJQg$\bUcPYLA\^�2�IUc=/��v;U�LAUXJfg$\,JNJ�Ucr;�c=�LV\�e4�b\,Uch�i�\,���cUXJ�Uc\bP��QU�LV9
B�¨R;g�LN\

th
vILV9w=�h;=Oi�=O��=OTNe^LVUcP;}�LNTNe^]M=Oi�LN\bTNH>UcJ�i�\,���cUXJ�Uc\bPK_*��TN=/=-���²§Pti�TN=OebJVUcP;}�LV9w=CLNU�<>=®9;\bTNUc�/\bP�hK\I=OJ"P;\^L

JV\b�c�b=sLV9w=|gwTV\,r;��=O< r$=Oi/ebRwJV=bv°UcP�}b=/Pw=/Tje^�*v¯LV9;=|��RKLNR;TV=�i/\b�c��UXJVU�\,P�i�\,R;�Xh¬9webg;g$=/P�e!L�e�LVUc<|=�UcPwJ�LNebP,L

:;:=<�>@?BABC�D



z-x � �����°¤V�!¥¨£ �;�^¤�'

ebTVrwU«LNTNebTVUc��Hq�¨e^Tse4��e4HqUcPYLV\�LV9w=���RKLNR;TV=��¨hK=Ogt=OPwhKUcP;}q\,P�LV9;=�hKHIPwe^<>UXi�i/e^gte^r;Uc��U�LVUc=OJ�\^�
A
e^Pth�LV9;=

��R;LVR;TN=�rt=O9we4�IU�\,R;T�\^�
B
���

§P�LN9;UXJ�TN=OJVgt=-i�L-v,U�L�UXJ�ebTV},R;=OhsLN9we!L-vY�Q9w=/P;=O�b=/T�e�TV\,rt\bLVUXifJVHIJ�LV=O< hK=Oi/UchK=-J[U�LNJ���RKLVRwTV=C<|\bLVUc\bP�rIH
TN=OJ�LVTNUXi�LVUcP;}QU�LNJ²TV=-ebJV\bP;UcP;}"LV\Ce��wP;U�LV=�LVUc<|=/_*9w\bTNU��O\bP°v4i�\,���cUcJVUc\bP�<�e4HCg$\^LN=/PYLVUXe^�c��H®9webg;gt=OP�r$=/Hb\,Pwh®LV9wUcJ
LNU�<>=/_*9;\,TVUc�/\,P�ebPwh�JVe^��=�LMH�iOe^P;P;\bLQrt=�},Rwe^Tje^PYLV=O=Oh�e,i/i/\bTjhKU�Pw}b�cHbvI9;=/Pti�=�LV9w=�LV9;UcTNh�JNe!��=�LMH�i�TNU«LN=/TNU�\,PA/

� ��� À � Á � ����� À ��� Ä � $ �wº ', N£/¥ 'b �¥¦¡6�A� �K¡ �K¤V  ��º!¡*¥¨º!´ ���q¤Vº,¶jº!¡*¥¨£��j¢4��¡§ �� � �;º �K· '�¤V j�4�/º!´ º!µ! /¤��!´
� ���	� ��� � � � � � � � ������� ����� �

8�9;=-J�=�LN9;TN=/=�i�TNU«LN=/TNUce ebTV=�}b=OP;=/Tje^��ebPwh�v�hK=Ogt=OPwhKUcP;} \bP½LV9w= i�UcTNi/R;<�JMLje^Pwi/=OJOv®e Pwe4�IUc},e^LVUc\bP
JNij9;=O<|=a<�e4H \,T�<�e4H¹P;\bL�9we4�b=�LV\ LNe^�,=�LV9;=O< UcPYLV\ ebiOi�\,R;PYLO� ±w\bT�UcPwJ�LNe^Pti�=bv"�Q9;=OP1e�TV\,rt\bLVUXi
JVHKJMLN=/<�UcJQ<>\!�IUcP;}�e!LCJV��\!�½J�g$=/=-h�vwU�LNJChKHIPwe^<>UXi/JQiOe^P�rt=�U�},P;\bTN=Oh�� 0�TVU�LV=OTVUc\bPqu>e^gwg;��Uc=OJfU«��LV9;=�=/PK_
�IUcTV\,P;<>=/PYL���=Oe^LVR;TN=OJ�<>\!�IU�Pw}|\,rK]M=Oi�LNJO� � Uc�b=O�QUcJV=bvKUcPae�JMLje!LVUXi®=/PI�IU�TN\bPw<|=OPYLOv;e|�wP;U�LV=�LNU�<>=/_*9;\,TVUc�/\,P
i/\bTNTV=-J�g$\bPthKU�Pw}�LV\|LN9;=�TV\,rt\bLVUXi®JVHKJMLN=/< - J"J�LV\,g;g;UcP;}|LVUc<>=�iOe^P�JVe^��=/�cH�rt=�RtJ�=-h�� #f\!�"=/�,=/T-v,U�LfJ�9;\,R;�Xh
r$=�=/<>g;9tebJVUcJV=Oh¬LV9we^LOv²U�P�}b=OP;=/Tje^�Q��¥¨ ®�¨ebJ�L�_`<>\!�YUcP;}�TV\,rt\bLVUXi>J�HKJ�LV=/<�v�hKHIPwe^<>UXis=OPI�YUcTN\bP;<>=/PYL���v	eb���
LN9;TN=/=fi�TNU�LV=/TNUXe®ebg;g;�cHsebPwh|�YUc\b�Xe!LNU�Pw}®=OU«LN9;=/T�\bP;=�\^�¯LN9;=/< <>e4Hsg;RKL2LN9;=fTN\br$\^LVUXi�J�HKJ�LV=O< UcP,LN\�h;e^Pw}b=/T
ebPwh�HYUc=/�Xh�e>i�\b�c�cUcJVU�\,P�e^LfJ�\,<|=�g$\bUcPYLfU�P�LV9w=C��R;LVR;TN=b�

� ������
	�� �°�²����� 
��������²�0� �>#��°�²��� � ���� !��

©CJ2<>=/PYLVUc\bPw=Oh>UcPsLN9;=fUcPYLVTN\Ih;Rwi�LNU�\,P°v^LN9;=/TN=Q9webJ[rt=O=/P�e��Xe^TN}b=�PIR;<�r$=/T�ebPwh|�!e^TNU�=/LMH�\^��e^R;LV\bPw\b<>\bRwJ
Pte4�YUc},e^LVUc\bPaJNij9;=/<>=OJALV9te!LC9te4�b=�r$=/=OPqg;TN\bg$\,JV=OhqJVU�Pti�=�LN9;=s=-e^TN��H�h;e4HKJf\b�[<>\br;Uc��=sTV\,rt\bLVUXi/JO�®FIRtij9
Pte4�YUc},e^LVUc\bP¬JNij9;=O<|=-J®RwJ�Rte^�c��Hqi/\b<�rwU�P;=-J®�4ebTVUc\bRtJCg$=/Tji�=OgKLVUc\bP	v°<>\Ih;=/�c��UcP;}wv	TV=-ebJV\bP;UcP;}�ebPwh¬i/\bPYLVTN\b�
��RwPwi�LNU�\,PwJ/��© TN=/�IUc=/� \^�"e^�c�°LV9w=OJV=|JNij9;=/<>=-JfUXJChK=/�wP;U�LV=O��Ha\,RKLC\b�2LV9;=|JVi/\bg$=�\^�2LN9;UXJCgte^g$=/T��!�®8�9wUcJ
gte^g$=/TfUXJQUcP,LN=/TN=OJ�LV=-h�\,P�LV9;=�i/\b�c��UXJVU�\,P�e4�,\bUXh;e^Pti�=�i�\b<>g$\bP;=OPYLNJQ\b�(JVRwij9�Pwe4�IU�}Ye!LNU�\,P�JNij9;=/<>=-J/� � =��¦L
e,J�UXhK=¬ebTV=¬LV9;=��M�Xe^r$\bTje!LN\bTNH���TN\br$\^LNUciqJVHKJMLN=/<�JOvQLV9;=���\Ki�RwJ�UXJ�\,P1<>\br;Uc��=�TV\,rt\bLVUXi/J�J�HKJ�LV=O< LN9we!L
\,gt=OTNe^LV=�UcP|TN=Oeb�«_`�"\bTN�chse^g;g;�cUXi/e!LNU�\,PwJO���A�¯gwe^TVLVUXi�R;�Xe^T2UcPYLV=OTV=-JML�ebTV="LV9w=QTV\,rt\bLVUXi/J2JVHIJ�LV=O<�J2�Q9;\,JV=QJ�Uc�/=
ebPwh�hKHIPweb<|UXi/Js<�e^�,=>LV9;=O< gt\bLV=/PYLNUceb���cH�9te^TN<s��Rw����\,T�LV9w=/<�J�=O���,=OJ�\bT�LN9;=/UcT|=/PI�IU�TN\bP;<>=OP,L���}bUc�b=OP
LN9we!L-vtU��[e 'w\I\bTV_§J��"=/=Og;U�Pw}|TN\br$\^LAJVRwij9qe,JfdQ\I\b<srwe>r;R;<>gwJCU�PYLN\�e>gt=/LC\,TAe�g;Uc=Oi/=�\^�(��R;TNP;U�LVR;TN=bv$U«L
UXJ�TN=Oe^�c�cH�P;\>r;Uc}>h;=Oe^�¦���

8�9;=��wTNJ�L��¨eb<|Uc�cH¬\^�Q<>\brwU��c=�TN\br$\^LVUXi�JVHIJ�LV=O<�J�i�\,PwJ�UXhK=OTV=-h�ebTV=�hK=-J�Uc}bPw=Oh�LV\�LNTNebPwJVgt\,T�L�},\Y\Kh;J
�¨gwe^�c=�LVLV=-J/v°r$\ �K=OJOv	i�\,PYLNe^UcP;=OTNJOv� �¡§£/�®\,T�gt=O\bg;�c=a�¦��\bT�LN9;=�<>\,J�L�TV=-i�=/PYL�\bP;=-JN����8�9;=/H¬ebTV=>i�\,<><|=OT�_
i/Uceb��g;TN\KhKRwi�LNJ�ebPwh�JV\b<>=�\^��LN9;=/< 9we4�,=�rt=O=/P \,gt=OTNe^LVUcP;}a��\bT�\!�b=/TseqhK=OiOebhK=,�q8�9;=/H�\bg$=/Tje!LN=�UcP
��e^TN=/9w\bRwJV=OJOvb�¨e,i�LN\bTNU�=-J��¨±�U�}t� mb��v;g$\bTVL�LV=/TN<>U�Pte^�XJ��¨±�U�}t� yY��v;\,TQTV\Yebh�P;=�LM�"\bTN�KJ®�6±�U�}t� p!���

8�9;=OHae^�c�²\,gt=OTNe^LV=seb��\,P;}�LN9;=sJNe^<>=�gwTVUcPwi�Ucg;�c= /fe 'w=/=/L®\b��e^RKLN\bP;\,<|\,RwJf�,=/9;UXi��c=OJA<>\!�b=OJCe^r$\bRKL
e�P;=/LM��\,TV��\b�Cg;TN=OhK=/LV=OTV<>UcP;=OhªTV\,RKLV=-J��¨±�U�}YJ/� y4_`��=/�¦L�e^Pwh pO_`��=/�¦Lj��� 8�9w=/UcT�=/PI�IU�TN\bP;<>=OP,LjJ>i�\bRw�chªrt=
�Xe^r$=/�c�c=Oh�ebJ��MgwTV\bLV=Oi�LV=-h��CUcP�LN9;=�J�=OPwJV=ALN9we!LfR;Pw= �Kgt=-i�LN=Oh�\brK]M=-i�LNJQebTV=®P;\bLQJVR;g;g$\,JV=Oh�LV\>r$=�g;TV=-J�=OPYL
\,PqLN9;=�TV\,RKLV=|P;=/LM��\,TV� �¨= �;i�=OgKL���\bT®LV9;=�\Kh;h�g$=OhK=-JMLNTVUXe^P�\bT®�¨e^�c��=OP�r$\ �w���|`L�= �Kg;�Xe^UcPwJ®�Q9IH¬i�\,���cU«_
JVUc\bP�e4�b\bUXh;ebPwi�=sUcJ��,=/TNHq��Uc<>U«LN=Oh�UcP�JVRwij9�J�HKJ�LV=O<>JO� ��=-J�UXhK=-J�r;R;<>gt=OTNJ��¦LV9te!L�UcP;U«LNUce^LV=�e�JMLN\bg;gwU�P;}
<�ebP;\I=/R;�ITN=�R;gt\,Pqi�\,P,Ljebi�Lj��vwTNebP;}b=��wPthK=/TjJfe^TN=�RwJV=Oh�LN\�<>\bP;U�LV\,TQLV9;=�=/PI�IU�TN\bP;<>=OP,LAeb9;=Oe,h�\^�(LV9;=

��� ����!�������" !������ ��� !�� !� ��!�!#" ��� ���$�%!�� � # !�� � �����& !� �(')� ��� " ! ��! �+* ��" "��,"-! < ' !� ��')� ��� " ! ��! �(!�"�" �/. � Ø0/1  ��� ��� # ���2!�" � ��. ��� � � # !��3� < �(��.�!� �(45�$�)6 " !� ��!�� # # � ��" " !� %!�"�!��)7%!��)*98;:3< =/> Ø
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±�Uc}bR;TN=�mF/�©ARKLV\,<>e^LV=-h®��\bTN�Y�cU��¦LNJ /°±;TN\b}�Z2e^�c=�L�LN=�Ba\!�,=/T2���c=��¦L��°e^Pth ��8�§PwhKRwJ�LVTNUc=OJ°©ARKLV\,g;U��c\^L"��TNU�},9,L����

±�Uc}bR;TN=�y�/2±;TN\b}30�\bPYLNebU�Pw=/T 0"e^TNTVUc=/TjJ�\^�	LN9;=  [R;TN\bg$=(0�\b<sr;U�Pw=Oh�8²=/TN<>U�Pte^��UcP�LN9;=�gt\,T�LQ\b��dQ\bL�LV=OT�_
hwe^<E�6? � ���
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±�U�},R;TV=�pF/(±wTV\,}>Z(ebTV�;FI9IRKLVLV�c=OJ�UcP�LV9;=�r;RtJ�UcP;=OJNJ�gwebTV��\b�(dQUc�IU�Rw< �¨? � ���

�,=/9;UXi��c=b��. 9;=OP�ebP�R;P;=4�Ig$=Oi�LV=-h�\,rK]M=Oi�L�UXJ"h;=�LV=-i�LN=Oh�v;esJMLN\bg;g;UcP;}s<>ebP;\I=/R;�ITN=AUXJ"U�P;U�LVUXe!LN=Oh����b=O=/TNU�Pw}
\b¾�LN9;=|g;TV=-hK=�LN=/TN<>U�P;=-haTN\bRKLN=�UXJAP;\bL®ebPq\bgKLNU�\,Pt����8�9;=>JMLN\bg;gwU�P;}�<�e^P;\I=/Rw�YTN=�RwJVRweb���cH�LNe^�,=OJAU�PYLV\
e,i/i/\bR;PYLALN9;=�hKHIPwe^<>UXi/J®\^��LV9;=>�b=O9;UXi��c=�r;RKL�hK\�P;\bL®Lje^�,=�UcP,LN\�e,i/i/\bR;PYL®LV9;=|gt\YJVJVUcr;��=>hKHIPweb<|UXi�U�LMH
\b�	LN9;=�\brK]M=-i�Lf�Q9;UXij9�<|=-e^PwJ"LN9we!LAi/\b�c��UXJVU�\,P�iOe^P��¨e^Pth�hK\I�"9we^gwgt=OP°�

8�9;=CJ�=-i�\bPth��¨eb<>U��cHs\b��<|\,r;Uc��=fTN\br$\^LNUciOJ2J�HKJ�LV=O<>J�i�\,PwJ�UXhK=OTV=-hsebTV=Q9IR;<�e^P;_`JVU��O=fe^Pwh�h;=OJVU�},P;=OhsLV\
Pte4�YUc},e^LV=®e^<>\bP;}s\bT�UcP,LN=/Tjebi�L"�QU�LV9�9IR;<�e^P�rt=OU�P;}YJ/�28�9;=OH�e^TN=ATN\br$\^LNUciALV\,R;TV_*},R;Uch;=OJ�H �tvwmIv;yKvtp J`vK\bT
ebRKLV\,<�e!LV=-h��Q9;=/=O�cij9te^UcTNJ@H o J`�A8�9;=OH�ebTV=�Pw\^LCi/\b<><>=/Tji�UXe^�°g;TN\KhKRwi�LNJCHb=�LCr;RKLC9te4�b=�r$=/=/P�hK=/g;�c\!Hb=-h
UcPaTN=Oe^�	=/PI�IU�TN\bP;<>=OP,LjJ���\bTCe�J�Uc}bPwU«�tiOe^PYLfg$=/TNU�\Kh�\^�(LNU�<>=b�Q8�9;=-J�=�TV\,rt\bLVUXi�J�HKJ�LV=/<�JCe^TN=�U�PYLV=OTV=-JMLNU�Pw}
r$=OiOe^RwJV=(LV9w=/UcT	=/PI�IUcTV\,P;<>=/PYLNJ°ebTV=2=4�ILVTN=/<>=/�cH®ij9te^�c��=OP;}bUcP;}Q�QU�LV9�eQg$\,JNJ�Ucr;�cHA�Xe^TN}b=2PIR;<srt=OT	\^�K<>\!�IU�Pw}
\,rK]M=Oi�LNJCU�PYLN=/Tjebi�LNU�Pw}��QU«LN9¬\,P;=|ebP;\^LN9;=/T®e^Pwh¬�Q9;\,JV=���RKLNR;TN=sr$=/9we4�IUc\bR;T®UXJA9;Uc}b9w��H�R;Pwi/=/TVLNebU�P°��8�9;=
9te^TjhK�"ebTV=�ebPwh�J�\b�¦LM�"ebTV=�ebTNij9;U�LV=-i�LNR;TV=�\b��LV9;=-J�=�TN\br$\^LNUci�J�HKJ�LV=/<�J�ebTV=�\b�Ai�\,R;TNJV=�WYR;U«LN=�hKU�¾¯=/TN=/PYLO�
±wTV\,< LV9;=Qi/\b�c��UXJ�Uc\bP|e4�b\,Uch;ebPwi�=�gt\,U�PYL2\^�t�YUc=/�ª9;\!�"=/�b=OTOv-LN9;=/H�eb���ITN=/�cH�R;g$\bP|\bP;=�\^�wLV9;=���=O�¹g$\bg;R;�Xe^T
i/\b�c��UXJVU�\,P�e4�,\bUXh;e^Pti�=�e^g;g;TN\,e,ij9;=OJ"LN9we!LC9we4�b=�r$=/=OPag;TV\,gt\YJ�=-h�rIH�LV9;=�TV\,rt\bLVUXi/Jfi/\b<><�R;PwU«LMH,�"8�9;=-J�=
ebg;g;TN\,e,ij9;=OJ�e^TN=�TN=OJVgt=-i�LVUc�b=O��H�LV9;=s?f=OebTVPw=OJNJ�#AUXe^},TNeb<�vKLV9;= #AHIPweb<|UXi . UcPwhK\!� e^Pwh�LN9;="02=O��\Ki�U�LMH
�CrtJMLjebi��c=�e^g;g;TN\,e,ij9;=OJO�	8�9;=OH�e^TN="TV=-J�g$=Oi�LVUc�b=/�cH�TN=/�IU�=O��=-h�UcP>J�=-i�LVUc\bPtJ �;�cz^v �;� uAebPwh �;� �K�[FI=Oi�LVUc\bP �;� �
ebPwe^�cHKJ�=-J�LV9;=OU�TQg$=/TV��\bTN<�e^Pwi/=®UcP�LV=OTV<�J�\^�(JVe^��=�LMH,�

$ 
�	 � ?A�;����?�� � �C#��&����� 

dAebij�I9we^< H y JfUXJ|e¬LV\,R;TV_*},R;Uch;=�TN\br$\^L�LN9we!L�\,gt=OTNe^LV=OJsUcP LV9w=aFKgwebi/=�_"0�U«LMH�<�RtJ�=OR;< U�P 8²\bR;�c\bRwJV=bv
±wTNebPwi�=��¨±�Uc}w� o4_`��=/�¦Lj���!0�\b�c��UXJVU�\,P�e4�b\,Uchwe^Pwi/=�UcJ�e,ij9;Uc=/�b=-h�LV9te^P;�KJCLV\�LV9;=�?A=Oe^TNP;=-JVJ #AUXe^},TNeb<{�¨?:#®�
ebg;g;TN\,e,ij9 H n J*�28�9;UXJ(TV=-ebi�LVUc�b=�ebg;g;TN\,e,ij9�UcJ2JVUc<|Uc�Xe^T(U�P�JVg;UcTVU�L(LV\CLV9;=Q=-e^TN��Uc=/T*02=Oi�LV\bT[±�Uc=/�Xh #AUcJ�LV\,}bTje^<

MON*:AMQP



� ¼��;º^¤�¡��C ��wº!¤�¡��b¶jº��K¡
	¬º!¡*¥¨º!´�¼¯���� �¡*¢ z��

±�Uc}bR;TN=�o�/28�9;=�dfebij�I9web< LN\bR;TV_`}bR;UXhK=®TV\,rt\bL®���c=��¦L��"TV=O��Uc=OJ"R;g$\bP�LV9w=®?A=Oe^TNP;=-JVJ #CUceb}bTje^< e^g;gwTV\Yebij9
��\,Tfi�\,���cUcJVUc\bP�e4�,\bUXh;e^Pti�=>��TNU�},9,L-v;J�\,R;Tji�=(H n J¦���

ebg;g;TN\,e,ij9 H�z-x J*/(es<>\^LNU�\,P�hKUcTN=Oi�LNU�\,P�UXJ�J�=O��=-i�LV=-h�RtJ�UcP;}>e�<>\KhK=/��\b�	LN9;=�=/PI�IU�TN\bP;<>=OP,L�J�RwTVTN\bR;PthKU�Pw}
LN9;=aTN\br$\^LVUXi�J�HKJ�LV=O<�� 8�9;UcJ���\Ki/eb�Q<>\Ih;=/�fUXJ�r;R;Uc��L�RwJ�UcP;} JV=/PwJV\bT�h;e^LNe�ebPwhªLNe^�,=�LV9;=���\,TV<{\b��e
g$\b�Xe^T�hKUXJ�LNe^Pti�=�9;UXJMLN\b}bTje^< UcPª�Q9wUcij9ª��TV=O=ae^P;},R;�cebT|JV=Oi�LV\,TNJ>e^TN=�i�\b<>g;R;LV=Oh½�¨±�Uc}w� o!_`TVUc}b9YL����ª8�9wUcJ
ebg;g;TN\,e,ij9�9we,J���R;T�LN9;=/T�rt=O=/P>= �ILV=OPwhK=-h|JV\�ebJ�LN\�e^�c��\!��LN9;=fRwJV=�\^��e�}b�c\brweb�I<|\KhK=O�6vt¥¨ [e®<�e^g°v,\^�$LV9;=
=OPI�YUcTN\bP;<>=/PYL�H�z,z J*�(8�9;=QJ�LVTN=/P;}bLV9�\b�t? #1g;TVUc<�e^TNU��cH���Uc=OJ�UcP�LN9;=QJ�U�LVRte!LVUc\bP|e^Pweb��HKJVUcJ��Q9;UXij9�UXJ(i/ebTVTNU�=-h
\,RKL	UcP�\bTjhK=/T°LV\fJV=/�c=Oi�L	LV9;=�<|\bLVUc\bP�hKUcTV=-i�LNU�\,P°�²8�9;UXJ	JVU�LVRwe^LVUc\bP�e^Pte^�cHIJVUXJ¯9;=/�cgwJ°UcP�TN=OhKRwi/U�Pw}Ae�PIR;<�r$=/T
\b��g;TV\,r;�c=/<�J>LV9te!L�e^¾$=-i�LjJ�TN=Oebi�LVUc�b=aPwe4�IUc},e^LVUc\bP JVij9;=O<>=OJOvQPwe^<>=/�cHªh;=Oebh;��\Kij�KJ�e^Pth \,JNi�Uc���Xe!LNU�\,PwJ/�
df\br;RwJ�LQ? #A_*rwe,J�=-h�Pwe4�IUc},e!LNU�\,P�9we4�b=Crt=O=/P�hK=/<>\,PwJMLNTNe^LV=-h�U�P��b=OTVH�hK=OPwJ�=,vKi��cRKL�LN=/TN=Oh�ebPwh�i/\b<>g;�c= �
=OPI�YUcTN\bP;<>=/PYLjJ/�
#A\!��=O�b=/T-v��Q9we!LN=/�b=OT�U�LNJ|JMLNTV=OP;}^LN9°v(U«L>UXJ�Uc<>gt\,T�Lje^PYL�LV\�P;\^LN=�LN9we!LsLV9;=�<|\KhK=O��LN9we!L�? #�RwJV=OJ

LN\�Lje^�b=sU«LjJ®<|\bLVUc\bP�hK=Oi/UcJVU�\,PqUXJCJ�LNe^LVUXi /Ae�<>\!�YUcP;}�\,rK]M=Oi�L®UXJ®i�\bPtJ�UXhK=/TN=Oh¬ebJ®JMLje!LVUc\bPte^TNHb�®§P¬\^LN9;=/T
�"\bTjh;JOv$JNe!��=/LMHai�TNU«LN=/TNU�\,P�uq�¨=/PI�IU�TN\bP;<>=OP,L®\brK]M=-i�LjJ4-$��RKLNR;TV=|r$=/9we4�IUc\bR;T��QUXJ®�YUc\b�Xe!LN=Oh /fJNe!��=/LMH�U�P�LV9;=
gwTV=-J�=OPwi�=®\^�(<>\!�YUcP;}>\br;]M=Oi�LjJQi/ebP;P;\^LQr$=�}bRwebTNebPYLV=/=-h��

$ 
21 � � ��� 
 #G��� #G���9���
BqU�P;=OTV�!e H�z4u J*v^df9;U�Pw\ H � J;e^Pth�dQ\br$\ � H p J;e^TN=�TN\br$\^LVUXi2LN\bR;TV_`}bR;UXhK=OJ°LV9we^L�9te4�b=�\,gt=OTNe^LV=-h���\bT(hKU�¾$=OTV=OP,L
LNU�<>=Qg$=/TNU�\Kh|UcP>h;U«¾¯=/TN=/PYL[g;�Xebi/=OJ(UcPsLN9;=f@fPwU«LN=Oh�FYLje!LV=-J/v6+®=/TN<�e^PIH�e^Pwh�FI�QU�LV�O=/TN�cebPwh��(BaUcP;=/TN�!eC��ebJ
e^L[LV9w=CFI<>U«LN9wJV\bP;UXe^P - J�?Ce!LNU�\,Pwe^�wBqRwJ�=OR;< \^�°©f<>=OTVUXi/ebP #AUcJ�LV\,TVH,vYdf9;U�Pw\�e!L[LN9;=�+®=OTV<�e^P�BqRwJ�=OR;<
UcP ��\,P;P�e^Pwh�dQ\br$\ ��e!L®LV9w=�FI�QUcJNJ®Pwe!LNU�\,Pwe^�2=4�K9;U�rwU«LNU�\,P  �Kg$\w� x,u��¨±�Uc}w� n,���30�\b�c�cUcJVU�\,P�e4�,\bUXh;e^Pwi/=
UXJ>ebij9;Uc=/�,=Oh�LN9we^Pw�IJsLN\¬LN9;= #AHIPweb<|UXi . U�PthK\!�E� # . �sebg;g;TN\,e,ij9CH m J*� 8�9;UcJ|TN=Oe,i�LVUc�b=�e^g;gwTV\Yebij9
\,gt=OTNe^LV=-J�UcP LV9w=��,=/�c\Ii/U«LMH�JVgwebi/=�\^�QLN9;=�TV\,rt\bLVUXi�JVHIJ�LV=O< i�\bPtJ�UXhK=/TN=Oh°��© �b=/�c\Ki�U�LMH�UcJ|ebhK<>UXJVJVUcr;��=
U���U�L�e^�c��\!�fJALV9;=|�b=O9;UXi��c=�LN\�J�LV\,g¬r$=���\bTN=|9;U«LVLVUcP;}ae^Pq\,rK]M=Oi�L>�N£¨�®±�U�}t� n!_*r$\^LVLV\b< TNUc}b9YLALN9we!L�hK=Og;Uci�LNJ
LN9;=��cUcP;=OebTA�b=O��\Ki/U«LMHY_§e^P;},R;�cebTQ�b=O��\Ki�U�LMH�JVgwe,i�=�\b�2LV9;=sTV\,rt\bLVUXi�J�HKJ�LV=O<��C8�9;=��cU�},9YLA}bTN=/H�TV=O}bUc\bPwJAe^TN=
e,hK<>UcJNJVU�r;�c=��b=O��\Ki/U«LNU�=-JN����©AP¹ebh;<|UXJNJ�Ucr;�c=��b=/�c\Ki�U�LMH¬\,gKLVUc<>UcJVU�Pw}¬ea}bUc�b=OP�i�\,J�L���R;Pti�LVUc\bP�UXJ�JV=/�c=Oi�LV=-h
e^LQ=Oebij9�LVUc<>=�J�LV=Og°�[dQ\,r;RwJ�L # . _*rwe,J�=-h�Pte4�YUc},e^LVUc\bP�9te4�b=®rt=O=/P�hK=/<>\bPtJMLNTNe^LV=Oh�e!LQTN=/�Xe!LVUc�b=O��H�9wU�},9
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±�Uc}bR;TN=an�/a8�9;=aBaUcP;=/TN�!e �¦LV\,gK_`��=/�¦Lj��vQdQ9wU�P;\1��LV\,gK_*TNUc}b9YLj�|e^PthªdQ\,rt\ �½��r$\^L�LN\b<|_`��=/�¦Lj�sLV\,R;TV_*},R;Uch;=
TN\br$\^LjJ�TN=/�cH R;g$\bP LV9;= #CHYPte^<>Uci5. UcPwhK\!�Eebg;g;TN\,ebij9 ��\,Tai�\b�c�cUcJVU�\,P e4�b\,Uchwe^Pwi/=¹��r$\^LVLV\b< TVUc}b9YLOv
JV\bRwTNi/= H m J����
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JVg$=/=OhwJ|�¨R;gqLN\
1 m/s

�AUcP�i�\,<>g;��=4�a=/PI�IU�TN\bP;<>=OP,LjJ/��8�9;UXJ�e^g;gwTV\Yebij9�9webJC��R;TVLV9w=/T®rt=O=/P�= �ILV=OPwhK=Oh
JV\�ebJ"LN\>i/\bPwJVUXhK=/Tfe,h;hKU�LVUc\bPweb�$UcPK��\,TV<�e!LNU�\,P�ebrt\,RKLAi�\,P;P;=-i�LVUc�IU«LMH�LV\|LV9;=�},\,eb�&Hcz7� J*�

# . UcJ�J�Rwgt=OTVUc\bT�LV\¹?:# UcP LN9;=�JV=/PtJ�=aLN9we!L�LV9w=¬�IU�Pw=/<�e!LNUciOJ�ebPwh hKHIPwe^<>UXi/J�g;TN\bg$=/TVLVUc=OJ�\b�
LN9;=�TN\br$\^LNUci�J�HKJ�LV=/< i�\,PwJVUchK=OTV=-hae^TN=�= �Kg;�cUXi�U�LV�cH�Lje^�b=OPaU�PYLN\�ebiOi�\,R;PYLO�AFKe^��=�LMHai�TNU«LN=/TNU�\,P�z���TN\br$\^L - J
h;HYPte^<>UciOJN�sUXJ�TN=OJVgt=-i�LV=-h�� #A\!��=O�b=/T-v[�cU��,=q? #sv[LN9;=a<>\Ih;=/�QLN9we!L�# . RwJV=OJ|LN\�LNeb�b=�U«LjJ�<>\^LNU�\,P
h;=Oi�UXJVU�\,P�UcJ�J�LNe^LVUXi /2e�<>\!�IUcP;}�\,rK]M=Oi�L�UXJ"i/\bPwJVUXhK=/TN=Oh�e,J�JMLje!LVUc\bPte^TNHb��F;e!��=�LMH�i/TVU�LV=OTVUc\bP�u�UXJ"�YUc\b�Xe!LN=Oh /
JNe!��=/LMH�UcP�LN9;=�g;TN=OJV=/Pwi/=®\b��<>\!�IUcP;}s\,rK]M=Oi�LNJQiOe^P;P;\bLQrt=�},Rwe^Tje^PYLV=O=Oh��

$ 
 $ � ?�E%� � # " � B 8 � "F��� E%?

±�Uc}bR;TN=QzOx�/°8�9;=�B¬©fUXh�e^RKLN\b<�e!LN=Oh��Q9;=O=/�Xij9we^UcT��¨��=/�¦Lj��TN=/�cUc=OJ°Rwgt\,P�LV9;=
02=/�c\Ii/U«LMH"�CrwJ�LNe,i��c=�e^g;gwTV\Yebij9
��\,Tfi�\,���cUcJVUc\bP�e4�,\bUXh;e^Pti�=>��TNU�},9,L-v;J�\,R;Tji�=(H o J¦���

Bq©AUch H o J$UXJ�ebP�e^RKLN\b<�e!LN=Oh>�Q9;=O=/�Xij9we^UcT[LN9we!L"9we4�b=Qr$=/=OP�JVRwi/i/=OJNJM��R;�c�cHsLN=OJ�LV=-h�U�P�LV9;=®i�\bPti�\bRwTNJV=
\b��LV9w=�i/=/PYLVTje^��JMLje!LNU�\,P1U�P½@f�c< � #: ���e^Pth hKR;TNUcP;} LN9;=�+®=OTV<�ebP = �K9;Ucr;U�LVUc\bP #Ae^Pw\!�b=/T�±we^UcT - n,o
�6±�U�}t��z-x4_*�c=��¦L���� 0�\b�c��UXJVU�\,P1e4�b\bUXh;ebPwi�=aUXJ�ebij9;Uc=/�,=OhªLV9webP;�KJ�LN\ LN9;=502=O��\Ki/U«LMH �CrwJ�LNe,i��c=¹� 0�����e^gK_
gwTV\Yebij9=H�z7� J`�(8�9wUcJ�TV=-ebi�LNU��,=fe^g;gwTV\Yebij9>e^�XJ�\�\,gt=OTNe^LV=-J2U�P�LV9;=f�,=/�c\Ki�U�LMH|JVgwebi/=Q\^��LN9;=ATN\br$\^LNUciQJVHKJMLN=/<
i/\bPwJVUXhK=/TN=Oh��(@fPw��Uc�b= # .kv-0�� LNe^�,=OJ�U�PYLV\|ebiOi�\bRwP,L�LV9;=®�b=O��\Ki�U�LMH|\^�°LN9;=A<>\!�IU�Pw}�\br;]M=Oi�LjJA�6ebJNJ�R;<>=-h
LN\�rt=�<>\!�IU�P;}®�QU�LV9�eCi/\bPwJ�LNebPYL(�cUcP;=OebT��,=/�c\Ki�U�LMHK���� �e,ij9s\,rK]M=Oi�L2HYUc=/�Xh;J2e�JV=�L2\^�t��\bTNr;UchwhK=/P|�b=O��\Ki�U�LVUc=OJ
�Q9w\,JV=|JV9we^g$=|UcJCLV9te!L�\^��e�i�\,P;=��V£6�C±�Uc}w�czOx4_`TVUc}b9YLCLV9we^L�h;=/g;UXi�LjJALN9;=>��UcP;=-e^T��b=O��\Ki�U�LMHaJ�gtebi�=|\^��LV9;=
TN\br$\^LNUci�J�HKJ�LV=/<��f8�9;=|h;e^TN��},TV=OH�i/\bP;UXi/eb�°TN=/}bUc\bPa\,P�LV9;=sTVUc}b9YLAUXJQLN9;=sJV=�L®\^�(��\bTNr;UXh;hK=OPq�b=O��\Ki�U�LVUc=OJ
LN9we!L|��\,R;�Xh�HYUc=/�Xh eqi/\b�c��UXJVU�\,P�rt=/LM��=O=/P�LN9;=�TN\br$\^L

A
e^Pwh�LV9;=�<|\!�IUcP;}a\br;]M=Oi�L

B
����FI9;\,R;�ch�LV9;=

TN\br$\^LNUciAJ�HKJ�LV=/< JV=/�c=Oi�L"e���\,TVrwUch;h;=/P��,=/�c\Ii/U«LMH,v,U�L��"\bRw�ch�i/\b�c��UXhK=C�QU«LN9�LV9;=®<>\!�IU�P;}�\brK]M=-i�L"e^L"e��ce^LV=/T
LNU�<>=���g$\,JNJ�Ucr;�cH�UcPK�wP;U�LV=4��UcP�LN9;=���RKLNR;TN=b�¬§P¹g;TNe,i�LNUcJV=bv��b=O��\Ki�U�LVUc=OJ�HIU�=O�chKUcP;}¬e�i�\,���cUcJVUc\bP�\Ki/i�RwTVTNU�Pw}
e^�¦LV=OTCe�},U��,=/P�LVUc<>=�9;\,TVUc�/\,Pqe^TN=�i�\bPtJ�UXhK=/TN=Oh�e,JAebh;<|UXJNJ�Ucr;�c=b� � e^LV=OTOvwLV9;=|e^g;g;TN\,e,ij9���ebJA= �ILV=OPwhK=-h
LN\�i�\bPtJ�UXhK=/TfebTVrwU«LNTNebTVH>�b=O��\Ki/U«LMH�gwTV\b�w��=-J���\bT�LV9w=�<|\!�IUcP;}>\brK]M=-i�LjJ H�z4m J*�
0���UXJ�JVR;g$=/TNU�\,T�LV\�rt\bLV9 # . e^Pwh ?:# UcP LN9;=�JV=/PtJ�=�LN9we!L|rt\bLV9�LN9;=��IUcP;=/<�e^LVUXi/J��!hKHIPweb<|UXi/J

gwTV\,gt=OT�LNU�=-J�\^�"LV9;=�TN\br$\^LNUci>JVHKJMLN=/< i/\bPwJVUXhK=/TN=Oh�e^Pth¬LN9;=�<>\!�IU�P;}a\,rK]M=Oi�LNJ�-¯��RKLVRwTV=�r$=/9te4�YUc\bRwT�e^TN=
=4�Kg;��UXi�U�LV�cH�Lje^�b=OP¹UcPYLV\�ebi/i/\bR;PYLa�¨JNe!��=/LMH¹i�TNU«LN=/TNUce¹z�ebPwh ub��� #f\!�"=/�,=/T-v(LV9;=�UcP,LNTV\KhKRti�LVUc\bP \^�CLV9;=
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LNU�<>=�9w\bTNU��O\bP��YUc\b�Xe!LN=OJQJNe!��=/LMH�i�TNU�LV=/TNUc\bP �F/�JNe!��=/LMH�UcP�LN9;=�g;TN=OJV=/Pti�=�\^�2<>\!�IU�P;}>\,rK]M=Oi�LNJfiOe^P;P;\bLfrt=
},Rwe^Tje^PYLN=/=Oh°�

$ 
�� � # �6� � � �6#%���
8�9w=�hKU�¾$=OTV=OP,L|TV\,rt\bLVUXi/J�JVHKJMLN=/<�J�gwTV=-J�=OP,LN=Oh�ebrt\!�,=�9we4�b=�eb����rt=O=/P R;gªe^Pwh�TNR;P;P;UcP;}qUcP¹i/TV\!�fhK=-h
=OPI�YUcTN\bP;<>=/PYLjJ���\bT�e�J�Uc}bPwU«�tiOe^PYL|eb<>\bR;PYLs\b�fLVUc<>=��QU«LN9;\bRKL�e^PIH�P;\bLVUXi�=Oebr;�c=�i/\b�c��UXJ�Uc\bP¹g;TV\,r;�c=/<�J/�
�[=/LOvKU�LQ9webJ�rt=O=/P�J�9w\!�QP�LV9te!L"LV9;=OH�e^�c�$�IUc\b�Xe!LN=Oh�\,P;=®\bT�J�=O�b=/Tje^�$\^�	LV9;=�JNe!��=�LMH�i/TVU�LV=OTVUXe�UcPYLVTN\Ih;Rwi�=-h
=-e^TN��Uc=/T�� #C\Y=-J�U�Ls<>=-e^PwJ�LV9we^L�LV9w=OJV=�i�TNU�LV=/TNUXeqe^TN=�<>=Oe^PwU�P;},��=-JVJ � ?A\^L>W,RwU«LN=�JV\w�¬©"LsLV9;=�TVUXJ���e!L
r$=/UcP;}�gwTV\!�,\IiOe!LNU��,=bv^U�L�UXJ�i/\bP!]M=-i�LVRwTV=-h|LV9we^L[LV9;=C\bP;�cH|TV=-ebJV\bP>�Q9IH|i/\b�c��UXJ�Uc\bP>r$=�LM�"=/=OP>LV9;=-J�=CTV\,rt\bLVUXi
JVHKJMLN=/<�J(e^Pwh�LV9w="g$=/\,g;�c=�JVR;TNTV\,R;PwhKUcP;}ALV9;=O< hKUXh�P;\bL29we^g;g$=/P|UXJ(rt=-i/e^RtJ�=�e^Pwhs\bPw��H�r$=OiOe^RwJV=
�; jº �¯·� 
¡§º-º���£j�!¤V �ºM��¡ �w �£jº^·¦·»¥X��¥¨º!´1�!µ!º!¥ ',�!´$£j /�5#Cebh�LV9w=OJV=�TV\,rt\bLVUXi�J�HKJ�LV=O<>J�rt=O=/P g;�Xebi/=Oh�eb<|\,P;}�r;�cU�Pwh
g$=/\,g;�c=f��\bT"UcPwJMLje^Pwi/=bvKi�\,���cUXJ�Uc\bP�i/\bR;�Xh�9we4�,=f9webg;gt=OP;=Oh°�/�/�N8�9;UXJ�JNe!��=/LMH|UXJNJ�R;=CUcJ"\b�	i�\bRwTNJV=fTN=/�Xe!LV=-h>LV\
LN9;=�g;TN=OJV=/Pwi/="\b�t<>\!�IU�Pw}C\,rK]M=Oi�LNJ(UcP�LN9;=Q=/PI�IU�TN\bPw<|=OPYLNJO�²dQ=-J�=-e^Tjij9;=/TjJ°UcP|LV9;=fdQ\,rt\bLVUXi/J(i�\,<><�R;P;U�LMH
ebTV=�UcPwi/TV=-ebJVU�P;},��H�e4�"ebTV=>\b��U�L|ebPwh�TN=Oi�=OPYLV�cHbv(P;\!�b=O��i�\,���cUXJ�Uc\bPK_§e4�b\,Uchwe^Pwi/=|JNij9;=/<>=-J�e!LVLV=/<>gKLNU�Pw}qLV\
h;=Oe^��= �Kg;�cUXi�U�LV�cHa�QU«LN9qLV9w=s��R;LVR;TN=s<>\bLVUc\bPq\b�[LV9;=|<>\!�IU�P;}�\brK]M=-i�LjJA9we4�,=sebg;gt=-e^TN=Oh�v2 *)�H�z-y J*��8�9w=/H
TN=/<�ebU�P;=-h�LN\>rt=�LN=OJ�LV=Oh�UcP�TV=-e^��J�U�LVRte!LVUc\bPtJ/�
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©AP¬¥¦´¯ �µ-¥¦¡`�,¶�·c s£jº!·¦·«¥X�j¥¨º^´q��¡§�!¡§ >���0�F;����\bT�esTV\,rt\bLVUXiAJVHIJ�LV=O< UcJ�esJMLje!LV=C��\bT"�Q9;UXij9°vKP;\s<>e^L�LN=/T��Q9we!L
LN9;=Q��RKLNR;TN=�LVTje!]M=Oi�LV\,TVH���\,���c\!�"=OhsrYH�LV9;=CJ�HKJ�LV=/< UcJOv,e�i/\b�c��UXJVU�\,P|�QU�LV9�ebP>\brK]M=-i�L[\^�$LV9w=f=/PI�IU�TN\bPw<|=OPYL
=O�b=OP,LNRwe^�c�cH®\KiOi�R;TjJ/�²8�9;=�TN=Oe,hK=/T�UXJ²TN=���=OTVTN=Oh�LV\ H u JI��\,T�e®hK=�Lje^Uc��=-h�g;TN=OJV=/PYLje!LVUc\bP�\^�;LN9;=��0�F�i�\,Pwi�=OgKLO�
8�9wUcJfJV=Oi�LVUc\bP�<>=/TN=/�cH�TN=OiOe^�c�cJ"LN9;=�hK=/�wP;U�LVUc\bP�\^�[e^P��0�F�� L �w�cz-����8�9;=OPaU«LCJV9;\!�fJ�9;\!� LV9wUcJfi/\bPwi/=/gKL
=O<�r$\KhKU�=-J(LV9w=QLV9;TN=/=fJNe!��=/LMHsi/TVU�LV=OTVUXe®U�PYLVTN\KhKRwi/=Oh|=OebTV�cU�=OTf� L �w� u^��vIe^Pwh|9;\!�ªU«L"i/e^P>r$=fRwJV=OhsLV\�h;=OJVU�},P
LNTVRw��H�JNe!��=�i/\b�c��UXJ�Uc\bP�e4�b\,Uchwe^Pwi/=CJNij9;=/<>=OJ��%L �t� �b���
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� =�L[RwJ�ebJNJ�R;<>="LV9te!L[LN9;=Q<>\^LVUc\bP>\b�tLN9;=QTV\,rt\bLVUXi�J�HKJ�LV=/<

A
UcJ2},\!�b=OTVP;=-h�rIHse�hKU�¾¯=/TN=/PYLVUXe^�;=-WYRwe!LNU�\,P

JVRwij9�e,J0/
ṡ = f(s, u)

�Q9;=OTV=
s ∈ S

UXJ2LN9;=CJ�LNe^LV=f\b�
A
v
ṡ
U«LjJ[LNU�<>=AhK=OTVUc�!e!LNU��,=Ae^Pwh

u ∈ U
e�i�\,PYLVTN\b�*�

S
ebPwh

U
TN=OJVgt=-i�LVUc�b=O��H|hK=/Pw\^LV=fLV9;=��j¡§�!¡§ A� �;�,£N ®ebPwh|LV9;=|£Nº^´w¡*¤Vº!·t� �;�,£j A\b�

A
� � =�L

φ : [0,∞] −→ Uh;=/P;\bLV=�e¬£jº!´t¡6¤Nº!·°¥¦´ � �K¡*��FYLje^TVLVUcP;}>��TN\b< e^P�U�PwU«LNUceb�²J�LNe!LN=
s
�6e!LfLNU�<>=�xY�Qe^Pwh�R;PthK=/TALV9;=�e,i�LNU�\,P�\b�

esi�\,P,LNTV\,�tUcP;g;R;L
φ
vYLV9w=�J�LNe^LV=®\^�

A
e!L"LVUc<|=

t
UXJ�hK=/Pw\^LV=-h�rIH

φ(s, t)
�
φ
=-W,RwU��!e^�c=/PYLN��H�TN=/g;TN=OJV=/PYLjJ�e

LNTNe^]M=Oi�LV\bTNH|��\bT
A
�28�9;=�JV=�LQ\^��gt\YJVJVU�rw��=�i�\,PYLVTN\b�$U�P;gwRKLNJQUXJ�hK=/Pw\^LV=-h�rIH

Φ
vKU�LQTV=Og;TN=OJV=/PYLNJ�LV9w=�JV=�LQ\b�

��R;LVR;TN=�LVTje!]M=-i�LV\,TVUc=OJ�LV9te!L
A
i/e^P���\b�c�c\!���(©AP��0�F�UXJ���\,TV<�e^�c�cH�hK=��wPw=Oh�ebJ /

��À �� 
s
¥X���^´�³^¸²¼�¥ �

∀φ ∈ Φ, ∃t, φ(s, t)
¥X����£Nº^·¦·»¥X��¥¨º!´���¡`�^¡` s�!¡"¡6¥ �� 
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�"H�hK=��tP;U«LNU�\,P°v$rt=OU�P;}�U�P¬ebPa�0�F�<>=Oe^PtJQLV9te!LCeb���	��RKLVR;TN=�LNTNe^]M=Oi�LV\bTNUc=OJ�HIU�=O�chae�i�\b�c�cUcJVU�\,Pqe!LCe��ce^LV=/T
LNU�<>=sU�PaLN9;=s��RKLVR;TN=b�®8�9;=�LNTNe^]M=Oi�LV\bTNUc=OJfi/\bPwJVUch;=/TN=Oh�TV=-J�Rw�«LC��TV\,< LN9;=|ebg;g;�cUciOe!LNU�\,Pa\^��e�i/\bPYLVUcPIR;\bRwJ

MON*:AMQP
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JV=OWYR;=OPwi�=�\^��ebh;<|UXJNJ�Ucr;�c=�i�\,P,LNTV\,�cJQLV\
A
�®@fP;TN=Oeb��UXJ�LVUXi�LVTje!]M=-i�LV\,TVUc=OJAJ�Rwij9qe,JAJ�LV\,g;g;UcP;}�\bPqLV9;=|J�g$\^L

eb�«LN9;\bRw}b9
A
UXJCi/R;TNTV=OP,LN��H�LVTje4�b=O���cU�Pw}�e!L

50 mph
�QUc�c�²P;=O�b=OTAr$=si�\,PwJVUchK=OTV=-h��f§PaLN9;UXJATN=OJVgt=-i�L-vtLN9;=

�0�F�i�\,Pwi�=OgKLAhK\I=OJ"Lje^�,=®UcPYLV\�ebiOi�\,R;PYL"LN9;=�hKHIPweb<|UXi®g;TN\bg$=/TVLVUc=OJ�\^�
A
�6JVe^��=�LMH�i/TVU�LV=OTVUc\bP�zO���

0�9webTNe,i�LN=/TNUcJVU�Pw}se^P��0�F�UcJQh;\bP;=�rIH�ij9;=-ij�IU�P;}|�Q9;=/LV9;=OT�LVTje!]M=Oi�LV\,TVUc=OJ�e^TN=�i�\b�c�cUcJVU�\,PK_*��TV=O=b�1#A\,U�P;}
JV\fTN=OWYR;UcTV=-J�LN\fLV=-JML(�Q9;=/LV9;=OT�J�LNe^LV=OJ²�QUc���Yrt=�i�\,���cUXJ�Uc\bPK_*��TN=/=�e^L�ef�Xe!LN=/T	LVUc<|="UcPwJMLje^PYL²UcP�LN9;=���RKLVR;TN=b��8	\
g$=/TV��\bTN< JVRwij9>e®LV=OJ�L[UcPsLN9;=Qg;TN=OJV=/Pwi/=�\b�$<>\!�IUcP;}�\brK]M=-i�LNJOv^�IP;\!�Q�c=OhK},=�\b�tLN9;=/UcT2��RKLNR;TN=Qrt=O9we4�IU�\,R;T(UcJ
Pw=Oi�=-JVJNe^TNHb��8�9IRwJ�LV9;=®�0�F�i/\bPwi/=/gKL�hK\I=OJ�LNe^�,=AUcPYLV\>ebi/i/\bR;PYL�LV9;=C��RKLVRwTV=®rt=O9we4�IU�\,R;T�\b�°LV9w=C<>\!�IU�Pw}
\,rK]M=Oi�LNJ��6JVe^��=�LMH�i/TVU�LV=OTVUc\bPau^���

±�UcPwe^�c��H�U«LAebg;gt=-e^TjJ[LN9we!L�LN9;=��0�F�i/\bPwi/=/gKLfhK\I=-J�Pw\^L�LNeb�b=®U�PYLV\�e,i/i�\,R;PYL�es�wPwU«LN=CLNU�<>=/_*9;\,TVUc�/\,P
�¨TV=-i/eb����LN9we!L

φ
UcJ�e�LNU�<>=¬JV=OWYR;=OPwi�=�\^�>¥¦´���´w¥¦¡§ qhKRwTNe^LVUc\bPt���1©Qi/i�\,TNh;U�P;},��H JNe!��=/LMHªi/TVU�LV=OTVUc\bP8��UcJ

TN=OJVg$=Oi�LN=Oh��
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FKR;g;g$\,JV=®Pw\!�1LV9te!LQLV9w=�i/\bPYLVTN\b��ebTNij9;U�LV=-i�LNR;TV=�\b�

A
U�PYLV=O}bTje!LN=OJ�LV9;=��0�F�i�\,Pwi�=OgKLfe^Pwh�TN=OJ�LVTNUci�LNJ�U�LNJ

��R;LVR;TN=f<>\^LNU�\,P>LV\sJ�LNe^LV=-J2LV9te!L�ebTV=QP;\bL��0�F¯� .�\,R;�Xh>LV9;=®JVe^��=�LMHs\^�
A
rt=C}bRwebTNebPYLV=/=-h � 8�9;=Ae^PtJ��"=/T

UXJ�i/��=-e^TN��H�Hb=OJO��§PwhK=/=-h�vIebJ[g$=/T #A=/�M�wz,v,P;\bL�r$=/UcP;}�UcP�e^P��0�F|<>=OebPwJ(LV9te!L�LN9;=/TN=Q= �KUXJMLjJ�e^L���=-ebJ�L[\bP;=
LNTNe^]M=Oi�LV\bTNH�\^�$U�PK�tP;U«LN=fhKR;Tje!LNU�\,Ps�Q9;UXij9|UcJ(=OP,LNU�TN=/�cH�i/\b�c��UXJ�Uc\bP;_6��TN=/=®���QU�LV9>TV=-J�g$=Oi�L(LV\®LV9;=QUcPK��\,TV<�e!LNU�\,P
ebrt\,RKLQLV9w=�=/PI�IUcTV\,P;<>=/PYLQ�Q9;Ucij9aUXJAe4�!ebU��Xe^r;�c=-����8�9;UXJfgwTV\,gt=OT�LMH�UXJQ��RwPwh;e^<>=OP,Lje^��e^Pwh�UXJQLV9w=��b=OH�LV\
LN9;=�JVe^��=�LMH>\^�

A
���"H�J�LNe4HIUcP;}�e4�"e4Hs��TN\b< �0�F¯v

A
�QUc���¯P;=O�b=OT�=OPwh�R;g�U�P�esJ�LNe^LV=A�Q9w=/TN=Ci�\,���cUXJ�Uc\bP�UXJ

=O�b=OP,LNRwe^�c�cH�U�P;=O�IU«Lje^r;�c=b�
8�9;=��0�F i�\,Pwi�=OgKL�9we,J�eb��TN=Oe,hKH¹r$=/=OP1RwJV=Oh UcP e PIR;<srt=OT�\b��e^g;g;�cUXi/e!LNU�\,PwJO� 8�9;=q�wTjJ�L�\bP;=

i/\bPwi/=/TNPwJ(e�<>\br;Uc��=QTN\br$\^L[JVR;rK]M=-i�L2LV\�JV=/PtJ�UcP;}�i�\,PwJMLNTNebU�PYLjJ/vK¥¨ �eC�cUc<|U�LV=-h|�w=/�Xh|\^�¯�IU�=O��vbe^Pwh|<>\!�IU�Pw}
UcP e�gwe^TVLVUXe^�c�cH �IP;\!�QP JMLje!LVUXi�=/PI�IUcTV\,P;<>=/PYL H u J*�½8�9;=qJ�=-i�\,Pwh¹\,P;=qi�\,Pwi�=OTVPtJ�e�i/e^TV_`��Uc�b=��b=O9;Uci/��=
<>\!�IUcP;}AUcPseCTV\YebhK��e4HY_*�cUc�b=(=/PI�IU�TN\bPw<|=OPYL5Hcz4p J`��Bq\!�YUcP;}C\brK]M=-i�LNJ�e^TN=�hK=Oeb�«L��QU«LN9sr;R;LOv!LNTVRKLN9�r$="LV\b�Xh�v
e�LVUc<>=�_`9;\bTNU��O\bP�UXJ"RwJV=Oh���\,T�LN9;=�JVeb�b=A\b�	=���i/U�=OPwi�Hq�¨U�P��YUc\b�Xe!LNU�\,P�\^��JVe^��=�LMH�i�TNU«LN=/TNU�\,P �b���[dQ=Oi/=/PYLV�cHbv
HczOo J²9we,Jfg;TN\bg$\,JV=OhaebPa�0�FY_`ij9w=Oij�b=OTOv	¥¨ AebPqe^�c}b\bTNU�LV9;<e^r;�c=�LV\�hK=�LN=/TN<>U�P;=��Q9;=�LN9;=/T�e�}bUc�b=OPaJMLje!LV=
UXJAebPa�0�F�\bTCP;\^L-�f`LCi/\bPwi/=/TNPwJAe�iOe^TV_*�cUc�b=��b=O9;UXi��c=�<>\!�YUcP;}�eb<|\,P;}>� �K=Ohq\bTA<>\!�IUcP;}�\brK]M=-i�LjJAe^Pth
��Rw���cHaU�<>g;�c=/<>=OP,LjJfLN9;=|�0�Fqi�\,Pwi�=OgKLOv(¥¨ CP;\�LVUc<|=|9;\,TVUc�/\,P°� � U��,=se�i/\b�c��UXJVU�\,PK_`ij9w=Oij�b=OTOvwU«L�i�\,R;�ch¬rt=
RtJ�=-h�=OU«LN9;=/TQ��\,TQTV=-ebi�LVUc�b=�i�\b�c�cUcJVU�\,PK_§e4�b\bUXh;ebPwi�=f\,TQgwe^TVLVUXe^�¯<>\^LNU�\,P�g;�cebP;P;UcP;}�e^g;gw��UXi/e^LVUc\bPwJIHcz4p J`�
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Bq\^LVUc\bPsJVe^��=�LMH���\bT�TN\br$\^LVUXi�JVHKJMLN=/<�J²\bg$=/Tje!LVUcP;}CU�P�LV9;=�TN=Oe^�Y�"\bTN�ch�UXJ(i�TNU«LNUciOe^�¯��=OJVg$=Oi�UXe^�c�cH��Q9;=/P�LV9;=OU�T
JVUc�/=qe^PthªhKHIPweb<>UciOJ�<�e^�b=�LN9;=/< gt\bLV=OP,LNUceb���cH¹9te^TN<s��Rw�Q��\bT>LN9;=/<�JV=/�c�b=OJ�\bT>LV9w=/UcT�=/PI�IU�TN\bPw<|=OPYLj���
Bq\^LVUc\bP JNe!��=/LMH�UXJ|eaLNeb�b=OPK_6��\,T�_`}bTje^PYLN=Oh¬ebPwh�Uc����_§hK=��wPw=Oh�P;\bLVUc\bP�UcP�LV9w=�dQ\,rt\bLVUXi/J���U�LV=OTNe^LVR;TN=�e^Pth
LN9;=�g;TNUc<>ebTVH�i�\bPYLNTVUcr;RKLNU�\,Pa\^��LV9;UXJfgwebgt=OTA9we,JQr$=/=/P�LN\�g;TN\bg$\,JV=®LV9;TN=/=��/���� �¡*¢�£/¤�¥¦¡` /¤�¥¨��LV9we^LA9;=/�cgwJ
UcP R;PthK=/TjJMLje^Pwh;U�P;}�eqPIR;<srt=OTs\b�f�b=/H�e,J�g$=Oi�LNJsTV=O�ce^LV=Oh�LN\qLN9;=�<>\bLVUc\bP¹JNe!��=/LMH�UXJNJ�R;=,��© PIR;<�r$=/T
\b��Pwe4�IUc},e!LNU�\,PqJVij9w=/<>=OJCRwJV=OhqrIH�TN\br$\^LVUXi�JVHKJMLN=/<�J®\bg$=/Tje!LNU�P;}�U�P¬LV9;=|TN=Oe^��_`��\,TV�Xh�9we4�b=�LV9;=OP�r$=/=OP
=O�!e^�cRwe!LN=Ohs�QU«LN9|TN=OJVg$=Oi�L(LN\CLN9;=OJV=QJVe^��=�LMH�i/TVU�LV=OTVUXe;�²`L[9webJ�r$=/=OP|=-JMLje^r;�cUXJ�9;=-h�LN9we!L-vbUcP|eb���;iOebJV=OJOv!LV9w=/H
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