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Z[TN\^]M=�LQ=/_`Ba\bLVUc\bP

dfebg;g$\bTVLQh;=�TV=-ij9;=/Tjij9;=kP$l2m4m4m4mnDGFI=OgKLV=O<po$=/TCqYrIstqbububv�DxwOyzgteb{b=-J

|~}��O�/�!�;�b�b� B�\^LVUc\bPaJNe!��=/LMH���\bTQTN\bo$\^LNUci�JVHKJMLN=/<�JQ\,g�=OTNe^LVUcP;{>U�P�LN9;=�TN=Oe^���"\bTN�Xh�UXJfi/TVU�LVUXi/eb����=-J�g$=�_
i/Uceb���cH~�Q9t=/P�LV9t=/UcTAJ�Uc�/=�e^Pth�hKHIPteb<zUXi/Jf<>eb�b=�LN9;=/<g�\bLV=OP,LNUceb���cHn9te^TN<z��R;����\bTfLV9;=O<>JV=/�c�b=-JQ\bTfLV9;=OU�T
=OPI�YUcTN\bP;<>=/PYL�����Ba\bLVUc\bP�JVe^��=�LMH�UXJ�enLje^�b=OPK_*��\bTV_*{,TNebP,LN=Oh�ebPth�U��c��_`hK=/�tP;=-h�Pt\^LVUc\bP�UcP�LV9;=�dQ\,o�\bLVUXi/J
�cU�LV=/Tje!LNR;TN=Ae^Pth�LV9;=Cg;TVUc<�e^TNHzi/\bPYLVTNUco;RKLVUc\bP�\b��LV9;UXJ�gte^g$=/T"UcJ�LV\pg;TV\,g�\YJ�=fLV9;TN=/=p�������� *¡�¢�£�¤¥ ¦��£�¤§��LN9te!L
9t=/�cgtJ�U�PzR;PthK=OTNJ�LNebPthKUcP;{CeCPIR;<po$=/T2\b�t�b=OH�ebJVg�=-i�LjJ	TN=/�Xe!LN=Oh�LN\ALN9;=�<>\^LVUc\bPzJVe^��=�LMH�UXJVJVR;=,��¨©PIR;<po$=/T
\b�tPte4�IUc{,e!LNU�\,PpJNij9;=/<>=OJ�RtJV=OhpoIH�TV\,o�\bLVUXi�JVHKJMLN=/<�J�\bg$=/Tje!LVUcP;{CU�P�LV9;=�TN=Oeb�ª_`��\,TV�Xh�e^TN=[LN9;=/Pz=/�!eb��Rte^LV=-h
�QU�LV9«TV=-J�g$=Oi�LfLV\�LN9;=OJV=�JNe!��=/LMHni/TVU�LV=OTVUXe;��¬`LUcJA=OJ�LNe^ot��UXJ�9t=OhnLV9�e!LOs®UcP�e^�c��iOebJV=OJOsKLV9t=/H��IU�\,�ce^LV=�\,P;=�\bT
JV=/�,=/Tje^�(\^��LV9;=O<��~¨Qi/i/\bTjhKU�Pt{b�cHbs¯<>\^LNU�\,P�JNe!��=/LMHbs¯=-J�g$=Oi/Uceb���cH�UcP�LV9;=�g;TN=OJV=/P�i�=>\^��<>\!�YUcP;{n\boK]M=-i�LjJ/s
iOe^P;Pt\^L�o�=~{bRtebTNebP,LN=/=-h©�§U�P�LV9t=~J�=OPtJV=>LV9te^L�LV9;=-J�=�TN\bo$\^LNUci�JVHKJMLN=/<�J�<�e4H«=/P�h�Rtg�U�P�eaJVUªLNRte!LNU�\,P
�Q9t=/TN=Cepi/\b�c��UXJVU�\,P�U�Pt=/�IUªLje^o;�cH�\Ki/i/R;TNJ��ce^LV=OT�UcP�LN9;=A��R;LVR;TN=-���[°±UcPteb���cHbsIU�L�UXJ"J�9;\!�QP�LV9te^L�LN9;=i/\bPti/=/gKL
\b��²�³$�/´O¤¥ ¦�bµ/¶��¸·2¹^¶¥¶º¤X��¤§¹!³¼»� ¦�! ¦���nhK\I=OJ�TV=-J�g$=Oi�LzLN9;=�LV9tTV=O=�ebo�\!�,=�_`<>=/PYLVUc\bP;=-h¸JNe!��=/LMH¸i�TNUªLN=/TNUce�e^P�h
LN9;=/TN=���\,TV=\^½®=/TjJQe�LV9;=O\bTN=�LNUciOe^�¯e^P�J��"=/T"LV\zLN9;=�<>\^LVUc\bPaJNe!��=/LMH�UcJNJVR;=b�
¾a¿YÀ®ÁNÂpÃ �!Ä��b� ebRKLV\,P;\b<>\,RtJ�Pte4�IU�{Ye!LNU�\,P¯s,<>\bLVUc\bPaJVe^��=�LMH,s;i�\b�c�cUcJVU�\,P�e4�,\bUXh;e^Pti/=b�
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��� ����� � ��� e>J��;TV=/LVS�hK=�<>\bRt�b=/<>=OP,LQg$\bR;TChK=OJQJVHKJMLN:/<>=OJ�TN\bo$\^LNUcWYR;=-J�\bg$S/Tje^PYL�hte^PtJ��c=�<>\bPthK=
TNS/=O�[=OJ�Lpi�TNU�LVUXW,Rt=�hK:OJ��c\bTjJ�WYR;=��c=/R;TjJLNebU��c�c=OJ�=/Lp��=OR;TjJ�hKHIPte^<>UXWYR;=OJ��c=OJ�TN=/P�hK=/PYLph;ebP;{b=OTV=OR��«g$\bR;T
=OR��I_*<��O<z=-J�\bR��c=/R;Tp=/PI�IU�TN\bP;Pt=/<>=/PYLNJO�! [P�TN\bo$\^LNUcWYR;=,s	�Xe�P;\^LNU�\,P�h;=~J"�tTV=/LVS�hK=�<>\bRt�b=/<>=OP,L�=-JML
�c=�g;��R�JnJV\bRt�b=/PYL�i/\bPtJVUXhKS/TNS/=�i�\b<><>=�eb���Xe^PYLahK=�J�\,U6�$#C=«�§ebUªL-sA=/�c�c=�=-JML�TNebTV=O<>=/PYLnhKS/�tP;Uc=b� � e
gtTV=O<zUc:/TN=�i�\,P,LNTVUco;RKLNU�\,Pnh;=�i�=�TNebg;g$\bTVL�=-JMLAh;=�g;TV\,g�\YJ�=OT"LVTN\bUXJ�¢�£�¤¥ &%�£N���('b���*)K£V�/ ,+�WYR;U¯�§ebi�Uc�cUªLN=/PYLf�ce
i/\b<>g;TNS/9;=OPtJVU�\,P�h.- RtP�i�=OT�Lje^UcP�P;\b<�o;TN=�hK=�g�\,U�PYLNJ(i/��S-J	�cU�S-J	/A�ceCJ"�tTV=/LVS�h;=�<>\bR;�,=/<>=/PYL-�10�=OJ�i�TNU�LV:/TN=OJ
JV\bPYL�=/P�J�R;U�LV=>RKLNU��cUXJ�S-J�g�\,R;T�S/�!eb��R;=OT�R;P�i�=/TVLNebU�P�P;\,<po;TN=�hK=�JVij9;SO<�ebJ�hK=>Pte4�IUc{,e!LNU�\,P�ebRKLV\,P;\b<>=OJ
WYR;U$\bPYL"S�LVSC<>UcJ�=/P32�Rt�YTN=AJVR;T�hK=OJ�J�HKJ�LV:/<>=-J�TN\bo$\^LNUcWYR;=-J[TNS/=/�XJO�±¬¦�®J4- e4�b:OTV=fWYR;=,sYhte^PtJ�LV\,RtJ��c=OJ"i/e,J/s
�5- R;P~\,R�g;�cRtJ�Uc=/RtTNJ"hK=Ci/=OJ"i�TNUªLN:/TN=OJ�J�\,P,L"�IU�\,��S-J/�60�=OJ"J�HKJ�LV:O<z=-J�Pt=JV\bPYL�hK\,PtiCgtebJ�J"�;TjJ"h;e^PtJ��c=CJV=/PtJ
\87��9- \bP�Pt=fg�=ORKL�g�ebJ2{Ye^Tje^PYLVUcT[WYR;=AhK=-J�i�\,���cUXJ�Uc\bPtJ[P;=Ag$\bR;TNTN\bPYL2gtebJ�J�R;TN�b=OP;UcTOs^=/L"i/=fP;\^Lje^<><>=/PYL�=OP
=OPI�YUcTN\bP;P;=O<>=/PYLNJ2hKHIPteb<>UcWYR;=-J/�(°�U�Pteb��=O<>=/PYLOs,U���=OJ�L[<z\,PYLVTNSQ=/P�WYR;\bU;�c=Ai/\bPti/=/gKL:'�; +� ¦�! 6'b��¢j¹^¶¥¶º¤X��¤§¹!³
¤¥³<+�´-¤¥ ¦�bµ/¶����bS/TNU��t=a��=-J>LVTN\bUXJ�i/TVU�LV:OTV=-J�hK=«J��;TV=/LVSa<>=/PYLNU�\,P;P;SOJ�g;TVS-i�S-hK=/<><>=/PYL�=�L�\^½®TV=�hK\,Pti�R;P;=
TNS/g$\bP�J�=CLV9;SO\bTNUcWYR;=�ebRngtTV\,o;��:O<>=�h;=�Xe>J"�tTV=/LVS�hK=�<>\bR;�,=/<>=/PYL-�
= Ã �-� Á �?> � ��� Pte4�IUc{,e!LNU�\,P~e^R;LV\bPt\b<>=bs;J��;TN=�LVS�hK=�<>\,R;�b=O<z=OPYLOsKS/�IU�LV=O<z=OPYLAhK=�i�\b�c�cUcJVU�\,P¯�
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¬¦P�i�TN=OebJVUcP;{b�cHbs4<>\bo;Uc�c="TN\bo$\^LNUci"JVHIJ�LV=O<�J�ebTV="�c=Oe4�IU�Pt{fLV9t=fJ�\,<z=O�Q9te!L2e^TVLVU���i/Uceb�,�"\bTN�chp\^��LV9;=�TN=OJV=Oe^Tjij9
�Xe^o$\bTje!LN\bTNU�=-J/��8�9;=OH�ebTV=pP;\!�¼LVTNHYUcP;{�LN\�\bg$=/Tje!LN=�UcPaLV9;=�TV=-e^�±��\,TV�Xh��  �;e^<>g;�c=OJA\^��JVRtij9aTN\bo$\^LVUXi/J
JVHKJMLN=/<�J	iOe^P�o$=2��\bRtPth�UcPthK\I\bTjJ�\bT±\bRKLjhK\I\bTjJ¯hK\,U�P;{fLV9;=OU�T±o�=-JML±LV\AiOe^TNTVHC\bRKL±ebRKLV\,P;\b<>\,RtJ��cHfLjebJV�KJ	ebJ
h;U��,=/TjJ�=�ebJ�JV��=O=/g;UcP;{('t\I\bTjJ��V�*)Z[TN\bo$\^LVUXi/J 0�H,=�_MFKd�s�+=-ij�b\30"e^TN=/o$\^LOsIUXdQ\bo$\^LfdQ\I\,<poteY��sK<>\!�QU�Pt{
�Xe4�QPtJ��N�,)�°;TNU�=OPthK�cH�dQ\,o�\bLVUXi/J�dQ\,o�\YBa\!�"=/T-s $fRtJNWY�4ebTVP�e�¨ARKLV\,<z\!�"=/T���s±<>\!�YUcP;{�{b\I\Kh;JUcP��"ebTV=/_
9t\bRtJV=OJOsb�§e,i�LN\bTNU�=-J�ebPth�g$\bTVL�LN=/TN<zUcPteb�cJ�V�*)�FI=O=/{bTNUXh~FI<�e^TVLN8±TVR�ij�$s.��8 ¬¦PthKRtJ�LVTNUc=OJ�¨fRKLN\bg;Uc�c\^LOsK°tTV\,{
0�\,PYLNe^UcP;=OT:0"e^TNTVUc=/TjJN��sILV\,R;T�_`{bRtUchKUcP;{>g$=/\bgt��=�UcPa<pR�J�=OR;<�JQ\bTAJV9;\!�fJ��N�,)pdQ9;UcP;\ts$BaUcP;=/TN�!e;s�df\bo$\ �®s
dAebij�I9te^<���s	9;=O��g;UcP;{ag$=/\,g;��=��QU�LV9 h;UcJNe^o;Uc�cUªLNU�=-J��V�*)-+RtUchK= 0"e^P;=,s�B«¨fUXht��s(hKTNU��IUcP;{ag�=O\bg;�c=�e^TN\bRtPth
�N�*)�°;TN\b{nZ2e^TN�KFK9YR;L�LV�c=�e^Pth 0�HIo�=OT*0"ebo���s±e^Pth�=/�,=/P«LNe^�IUcP;{�gte^TVL�U�P�Tjebi/=OJ>�V¢6�fLN9;=3#e^TNgte.+Tje^P�h
0�9�e^�c��=OP;{b=4���

#C=OJVU�{,P;UcP;{�e^P�ebRKLV\,P;\b<>\bR�J(TV\,o�\bLVUXiQJ�HKJ�LV=/< TV=-WYR;U�TN=OJ�LN\pJV\b�c�b=Qe�PIR;<po$=/T[\b�¯ij9te^�c��=OP;{bUcP;{�g;TN\boK_
�c=/<�J�UcP�h;\b<�e^UcPtJ�ebJ�hKU�½®=/TN=/PYL�ebJg�=OTNi/=/gKLNU�\,P¯s¯�c\Ki/e^�cUXJVe^LVUc\bP¯s�=OPY�IUcTV\,P;<>=/PYL�<z\KhK=O���cUcP;{ts¯TN=Oe,J�\,P;UcP;{
ebPthnhK=Oi/UcJVU�\,PK_`<>eb�IU�P;{�sKi�\bPYLNTV\,�6s¯�/ `¢^� $f\!�"=/�b=OTOsI�Q9te^LV=O�b=/T"LN9;=�TV\,o�\bLVUXiCJVHKJMLN=/< ebPth��Q9te!LN=/�b=OT�LV9;=
�IUcPthz\^�®LNe,J��KJ(U�L�UXJ[= �Kg$=Oi�LV=Oh�LN\pi/ebTVTNH�\bRKL-sYe^L�J�\,<>=Qg�\,U�PYLOs,UªL�9tebJ(LN\�<>\!�b=b�(Ba\bLVUc\bP>UcJ2LV9;=OTV=/��\bTN=�e
��RtPth;e^<>=OP,Lje^�;UXJNJ�R;=QUcP�dQ\,o�\bLVUXi/JO��Ba\bLVUc\bP�JNe!��=�LMH�UcJ[=/�b=OP><z\,TV="��R;P�h;e^<>=/PYLje^�*�(¨CJ[JV\Y\,P�ebJ(LN9;=fJ�Uc�/=
ebPth�hKHIPteb<>UciOJ�\b�±e�TN\bo$\^LNUciCJ�HKJ�LV=O< <>eb�b=-J�U�L"g$\^LN=/PYLVUXe^�c�cHz9�e^TN<���Rt����\,T�UªLjJ�=O�ª�	\,T�U�LNJ"=OPY�IUcTV\,P;<>=/PYLOs
LN9;=�JVHIJ�LV=O< JV9;\bR;�XhnJMLNTVUc�b=LV\�e4�,\bUXh~i�\,���cUXJ�Uc\bPn�QUªLN9nLV9;=�\,oK]M=Oi�LNJ�\^�(U�LNJ�=/PI�IUcTV\,P;<>=/PYLO�

?A\!��s^�QUªLN9�TV\,o�\bLVUXi�J�HKJ�LV=/<�J2hK=-J�Uc{bPt=OhpLV\�\bg$=/Tje!LN="UcPzLV9;=QTN=Oeb�K��\,TV�Xh�s^eb<z\,P;{�9IR;<�e^Pzo�=OU�P;{YJ2UcP
<�ebPYHzi/e,J�=-J/s^<>\bLVUc\bP�JNe!��=�LMH�o�=-i�\,<z=-J[i�TNU�LVUXi/e^�*����=/��\bTN=Q��=/L�LNU�P;{pTV\,o�\bLVUXi"LV\bRtT�_`{bR;UXhK=-J2\bT�ebRKLV\,<�e!LV=-h
iOe^TjJ�\bg$=/Tje!LN=>ebRKLV\,P;\b<>\,RtJ��cHbs±UªL�UXJ��IU�LNe^��LV\�e,JVJV=/TVL�LV9;=OU�T�\,g�=OTNe^LVUc\bPteb�[JVe^��=�LMH,s�¤§��LN9;=/UcTpebo;U��cU�LMH�LV\
e4�,\bUXh«i/\b�c��UXJ�Uc\bP��QU�LV9�LV9;=�\,oK]M=Oi�LNJ�\b��LN9;=/UcT�=/PI�IUcTV\,P;<>=/PYLO��8�9;=>��\Ki�R�J�\^�"LV9;UXJ�gtebg�=OT�UcJ�gtTV=-i�UXJ�=O��H
\,P~<>\^LNU�\,P�JNe!��=/LMHz�QU�LV9�ezJ�g$=Oi/Uceb�$=O<>g;9tebJVUXJ�\,P�JNe!��=�LMH�UcP�h;HYP�e^<>UciC=/PI�IUcTV\,P;<>=/PYLNJ�§JVU�P�i�=CLV9;=�TN=Oe^�
�"\bTN�Xh�s(U�P©<z\YJML�i/e,J�=-J/s[i/\bPYLNebU�P�J�<>\!�IU�P;{�\boK]M=-i�LjJ0/�9IR;<�ebP o�=OU�Pt{,JOs�e^P;Uc<�e^�XJ/s2�,=/9;UXi��c=OJ�\bTz\^LN9;=/T
TN\bo$\^LNUci�JVHKJMLN=/<�JN���

	�
21 34���5"6�7#%8��9"�#%���:�;��� <=�;>@?A�CBD�9"FEG#���?
B�\^LVUc\bP e^RKLN\bP;\,<pH�UcJ>e���\,P;{�JMLje^PthKUcP;{�UcJNJ�Rt=�UcP¸<>\botU��c=�TN\bo$\^LNUciOJ/�¸FKU�Pti/=�FK9te^�,=/H<- J�g;Uc\bP;=O=/TNU�Pt{
e^L�LN=/<>gKLNJQe^L"P�e4�YUc{,e^LVUcP;{�ebTV\,R;Pth�e^RKLN\bP;\,<z\,RtJV��H>UcP~LN9;=��ce^LV=�J�U �ILVUc=OJIHcwKJ`sILV9;=�PIR;<po$=/TQebPth~�!ebTVUc=�LMH
\b��ebRKLV\,P;\b<>\bR�J�P�e4�YUc{,e^LVUc\bPnJVij9;=O<>=OJ"LV9�e!Lf9te4�,=Co$=/=OPngtTV\,g�\YJ�=-h~UXJ�9IR;{b=,�

¬¦Pn{b=OP;=/Tje^�*sbLN9;=OJV=Pte4�IU�{Ye!LVUc\bP�JVij9;=O<>=OJ"e^Uc<>J�e^L���R;���t�c��UcP;{zLM�"\p�b=OH�g;R;TNg�\YJ�=-J0/�TN=Oebij9tU�P;{�ep{,\,e^�
�Q9tU��c=�e4�,\bUXhKU�Pt{«i�\,���cUcJVUc\bP��QU�LV9 LN9;=n\boK]M=-i�LNJp\^�fLN9;=~=OPI�YUcTN\bP;<>=/PYL-�'/ 9;=OP¸U�L>i/\b<>=OJpLV\�i�\b�c�cUcJVU�\,P
e4�,\bUXh;e^P�i�=bsY\bP�i�=�e^{,ebU�P	sY<�ebPYH�i�\b�c�cUcJVU�\,P�e4�,\bUXh;e^Pti/=CJNij9;=/<>=-J�9�e4�b=o�=O=/P�g;TN\bg$\,JV=Oh«�N¢§��L �,���[8�9;=OU�T
ebU�< \b�"i/\bR;TjJ�=�UcJCLN\�=OPtJ�RtTV=�LV9;=>TN\bo$\^LNUcizJ�HKJ�LV=O<>J�-�JVe^��=�LMH,� $f\!�"=/�,=/TCe�iOe^TN=���R;�(e^Pteb��HKJVUcJ\b�[LV9;=-J�=
i/\b�c��UXJVU�\,P�e4�,\bUXh;e^P�i�=�JVij9t=/<>=OJ�JV9;\!�fJ�LN9te!L-s(U�P�<>\,J�L�iOebJV=OJ�ebPth�=OJVg�=-i�UXe^�c��H�U�P©hKHIPte^<>UXi�=/PI�IU�TN\bP;_
<>=OP,LjJ/s �O�B� ¿ � À �§� � Ã � * ���K�!� � � ¿I¿ Ä �§U�P�LN9;=pJV=/PtJV=�LN9te!LAU�LAUXJQTN=/�Xe!LVUc�b=O��H�=Oe,J�H~LV\>�tPthaJVU�LVRte^LVUc\bPtJ
�Q9t=/TN=i/\b�c��UXJ�Uc\bP�J��QUc����=O�b=OP,LNRte^�c�cHz\KiOi�R;T����28±\zJV\b<>== �ILV=OP,L-sILV9;UXJ�UXJ"h;R;=LV\�LV9;=�§ebi�L�LN9te!LfJNe!��=/LMH�UcJ
ezi�\,Pti�=OgKL�LV9te^LQUcJ"Lje^�b=OP���\,T"{,TNebPYLV=Oh¯�±¬¦Pn\^LN9;=/T��"\bTjh;J/sYLN9;=�<z=-e^P;UcP;{z\^�(JVe^��=�LMH�UXJ�P;=/�,=/T"��\bTN<�e^�c��H

MON+<AMQP



� »��;¹^£� ��C���t¹!£� ��bµj¹��K 
	«¹! *¤§¹!³�»®������ *¡ "

J�LNe^LV=-h¸e^P�h�s�ebo�\!�,=neb���*s[LN9;=�\bg$=/Tje!LVUc\bP�e^��i�\bP�hKUªLNU�\,PtJz\^��J�Rtij9 i�\,���cUcJVUc\bP©e4�,\bUXh;e^P�i�=�JNij9;=O<z=-J>e^TN=
JV=/�XhK\,<E��U���Pt=/�b=OTj�"JVg�=O���c=Ohn\,RKLO�

8�9;UXJzgte^g$=/T>UXJ>e^P©e^L�LN=/<>gKL>LV\�ij9te^Pt{b=�LN9;UXJzJ�LNe^LV=n\^�Ce^½®ebU�T-� 8±\�o$=/{,U�P©�QUªLN9¯s[LN9;TV=O= �-��� ¿ � À
�b����� ¿ ���§� e^TN=�g;TN\bg$\,JV=Oh¯�±8�9;=-J�="i�TNUªLN=/TNUceA9;=/�cgtJ�U�P�R;PthK=OTNJ�LNebPthKUcP;{�efPIR;<po$=/T(\b�t�b=OH�e,J�g$=Oi�LNJ�TN=/�Xe!LV=-h
LN\zLV9;=�JNe!��=/LMH�UcJNJVR;=�� Ljq,���[8�9;=OPae�PIR;<�o�=OTQ\^��g�\,g;R;�Xe^TQ= �KUXJMLNU�Pt{>i/\b�c��UXJVU�\,Pne4�,\bUXh;e^Pti/=CJNij9;=/<>=-JQe^TN=
=O�!e^�cRte!LN=Ohn�QUªLN9�TN=OJVg�=-i�LfLN\�LV9;=-J�=�JVe^��=�LMH�i/TVU�LV=OTVUXe;��8�9;=p��\b�c��\!�QUcP;{�WYR;=OJ�LVUc\bP�UXJAe,J��,=Oh /�UcJCi�\b�c�cUcJVU�\,P
e4�,\bUXh;e^P�i�=�{bR�e^Tje^PYLV=O=Oh�s�=OJVg�=-i�UXe^�c��H��Q9;=OP�LV9t=/H e^TN=�RtJV=Oh U�P hKHIPte^<>UXi�=/PI�IUcTV\,P;<>=/PYLNJjm�¬`L�LVR;TNPtJ
\,RKL�LN9te!Lp<>\YJML��§Uª�fPt\^L�eb���¥��i�\,���cUXJ�Uc\bP�e4�b\,Uchte^Pti/=>JNij9;=O<z=-J�e^TN=�P;\bL�JVe^��=��Q9;=OP�RtJ�=-h�U�P h;HYP�e^<>Uci
=OPI�YUcTN\bP;<>=/PYLjJ�� LI�b���f8�9;=�i�\bP�i�=/g;LA\^� ��� ¿65 ���-�K}�> ¿ ��Ã > > �§��� Ã �:� �O�K� ¿ � UcPYLVTN\Ih;Rti�=-h�UcP H q J±UXJQLN9;=/P
iOe^�c��=-h�R;g$\bP ebJze^P e^PtJV��=OTpLN\«LN9;=�JVe^��=�LMH�UcJNJVR;=b� ¨AP©¬¦P;=O�IUªLje^o;�c= 0�\,���cUXJ�Uc\bP©FILNe!LN=OJ���¬�0�Ft����\,Tze
TN\bo$\^LNUcipJ�HKJ�LV=/< UXJCe~JMLje!LV=p��\bT�Q9;UXij9¯s�Pt\~<�e!LVLV=/T�Q9te^LALV9t=���RKLNR;TV=�LVTje!]M=-i�LN\bTNH~\^�2LN9;=�JVHKJMLN=/< UXJ/s
eni�\,���cUXJ�Uc\bP�=/�,=/PYLVRteb���cHa\Ki/i/R;TNJO�p¬`L�UXJ�J�9t\!�QP�9;\!� LV9;=>¬�0�F�i�\,Pti�=OgKL=O<po$\KhKU�=-JLV9;=>LN9;TN=/=�e^o$\!�b=/_
<>=OP,LNU�\,P;=Ohni�TNU�LV=/TNUXezebPth�9;\!� U�Lf\^½®=/TjJQe�LV9;=O\bTN=�LVUXi/eb��e^PtJV��=OT�LV\zLV9t=�JVe^��=�LMH�UXJVJVR;=�� L �Y���

� �>�p !�"��# � ���j���������

#C=Oi/Uch;U�P;{�\,P;=?- J���RKLVRtTV=fi/\bR;TjJ�="\^�®ebi�LVUc\bPzUcJ2eg;TN\Ki�=OJNJ±LV9te^L[U�<>g;�cUc=OJ2e�i�=OT�Lje^UcPzeb<z\,R;PYL2\^��TN=Oe,J�\,P;UcP;{
ebo�\,RKL[LN9;=f��RKLNR;TN= /�Hb\bR�h;=Oi�UXhK=fPt\!�©�Q9te^L�H,\bR>�QU��c�®hK\�P;=4�YL-�2°;\bT�e�TV\,o�\bLVUXifJVHIJ�LV=O<�s^LV9t=ChK=-i�UXJ�Uc\bPK_
<�eb�YUcP;{©g;TV\Ki/=OJNJ~UXJ�RtJVRte^�c��H ote,J�=-h1\,P e©<z\KhK=O��\^�pLN9;=�TV\,o�\bLVUXi�JVHKJMLN=/< U�LNJV=/���n��R�J�Rteb���cH {bUc�b=OP
e�g;TVUc\bTNU¥��s2e^Pth¸ea<>\Ih;=/�"\^�fU�LNJ�=/PI�IU�TN\bP;<>=OP,L-�«8�9;=�=/PI�IU�TN\bP;<>=OP,L�<z\KhK=O�"iOe^P i/\b<potU�P;=neag;TNU�\,TVU
UcPK��\,TV<�e!LNU�\,P �N�*)><�e^gtJj��s	JV=/P�J�\,T<>=-ebJVR;TV=O<>=/PYLNJOs¯\bT�i/\b<>g;RKLje!LNU�\,P�TN=OJVR;��LNJ��V�*)>gtTV=-hKUci�LVUc\bP�\^�"LV9;=
��R;LVR;TN=-��� ��=-J�UXhK=-JLV9;=�gtebT�LNUci/R;�Xe^TjJC\b��LN9;=�hK=Oi/UcJVUc\bPK_`<�e^�IU�Pt{�g;TN\Ki�=-JVJU�LNJV=/���Ms	LN9;=�<>\Ih;=/�XJLV9te^Lpe^TN=
i/\bPtJVUXhK=/TN=Oh~9te4�b=�e>hKUcTV=-i�LQU�<>gte,i�Lf\,P~LN9;=�hK=Oi/UcJVUc\bPn�Q9;Ucij9�UXJ"LNeb�b=/P	�

8�9;UXJ[JV=Oi�LVUc\bP>= �;e^<>UcP;=OJ�LN9;TN=/=fi�\,<><z\,PzJV=/P�J�=fi/TVU�LV=OTVUXe�Q9;Ucij9	s^Uª���IUc\b�Xe!LV=-h�s^<�e4HpgtRKL2LV9;=Cebi�LNRte^�
TN\bo$\^LNUci�J�HKJ�LV=O< U�PYLV\�h;ebP;{b=OTebPth�HIUc=/�Xh«eni�\b�c�cUcJVU�\,P«e!L�JV\b<>=pg$\bUcPYLUcP�LV9;=z��RKLNR;TV=,�p8�9;=-J�=>JVe^��=�LMH
i/TVU�LV=OTVUXe�ebTV=�TN=OJVg$=Oi�LNU��,=/�cH�TN=/�Xe!LN=Oh�LN\�LN9;=p<>\KhK=/��\^��LV9;=�TV\,o�\bLVUXipJVHIJ�LV=O<�stLN9;=�<>\KhK=O�±\b�2LV9;=z=/PI�IUª_
TN\bPt<z=OPYL"e^P�h>LV9;=�hK=-i�UXJ�Uc\bP;_*<�e^�IUcP;{�g;TN\Ki�=-JVJO�±¬¦P�e^�c�®iOebJV=OJOs,U�L�UcJ�ebJNJVR;<>=Oh>LN9te!LQepi/\b<>g;�c=�LV=<>\KhK=/�
\b�QLV9;=n=/PI�IUcTV\,P;<>=/PYLpUXJ�e4�!e^Uc�Xe^o;�c=bs2i�\,<>g;��=/LV=~LV\�LN9;=ng�\,U�PYLpLN9te!L>U�L>eb�cJV\«i�\,<>g;TVUXJV=OJ�UcPK��\,TV<�e!LNU�\,P
ebo�\,RKLzLV9;=���RKLVRtTV=�<>\^LNU�\,P¸\^�ALV9;=�<>\!�IU�P;{�\boK]M=-i�LjJ/� 8�9;=nTje!LVUc\bP�e^�c=~o$=/9;UcPth¸LV9;UXJzUcJ�LV9�e!L�Uª�CLV9;=
JNe!��=/LMH«i�TNU�LV=/TNUXenebg;g;�cU�=-J��QU�LV9�g�=OT���=-i�LpUcPK��\,TV<�e!LNU�\,P¯s¯U�LpUXJ�= �Kg$=Oi�LN=Oh�LV9t=/< LV\ao$=�e^�XJ�\�TN=/�c=/�!e^PYL�UcP
LN9;=�UcPti�\,<zgt��=/LV=�U�P;��\bTN<>e^LVUc\bP�i/e,J�=,�

8�9;=JVe^��=�LMH�i�TNU�LV=/TNUXe�e^TN=Ae^�c��Uc�c��RtJ�LVTje!LN=Oh>RtJVUcP;{�LN9;=A=4�Keb<>g;��=C\^�	e�\,P;=�_¦hKUc<>=/PtJVU�\,Pte^��g�\,U�PYL"TV\,o�\bL
A
�QU�LV9�hK\,R;o;�c="UcPYLV=O{bTje!LV\,T2hKHIPte^<>UXi/JQ�§JVR;oK]M=-i�L2LV\��,=/�c\Ki�U�LMH�e^Pth>ebiOi�=O��=OTNe^LVUc\bPpo$\bRtPth;Jj��s,ebPth��Q9;Ucij9

UXJ(<>\!�IU�P;{�e^�c\bPt{e�cU�P;=-e^T2gte^LV9¯�
A
UXJ[ij9tebTNe,i�LN=/TNUcJV=Oh�oIH�U�LNJ(g$\,JVU�LVUc\bP

p
eb��\,P;{CLV9;=Qgte^LV9¯sbUªLjJ2�b=O��\Ki�U�LMH

|v| ≤ vmax

s;e^PthnU�LNJfe,i/i/=/�c=/Tje!LVUc\bP
|a| ≤ amax

�

1 
�	 � ��8@��"F#G������� "F?
	�������9����	 #G���
0�\,PtJVUchK=OT�°�Uc{t�cw��Q9;=/TN=�e�g�\,U�PYL�\,oK]M=Oi�L

B
UXJ�e^L�g$\,JVUªLNU�\,P

pb

e^�c\bP;{
A
- J�gte^LV9¯�

A
J�9;\,R;�Xh�P;=/�,=/T

h;=Oi�UXhK=LV\�\KiOi�R;gIH�g$\,JVUªLNU�\,P
pb

JVU�Pti/=�UªLf�"\bR;�Xh�o�=�UcPai�\b�c�cUcJVU�\,P��QU�LV9
B
�

<=<?>�@BA�CEDGFIH�JGK�LIMGN



v � �����¯£V�!¤§¢I�;�^£�'

A B

(p, v) pb

d(v)

d(v, vb)

°�Uc{bR;TN=>w / �CP;=/_`hKUc<>=/PtJVUc\bPteb��g�\,U�PYLQTV\,o�\bLQ= �;e^<>g;�c=b�

A B

t

p

v/amax

d(v) pb

°�Uc{bR;TN=�qF/�8�9;=>Z(\,JVUªLNU�\,P
×
8�U�<>=>J�g�ebi�=z\^�"LV9t=z\,P;=�_¦hKUc<>=/PtJVU�\,Pte^�(g$\bUcPYL�TN\bo$\^L

A
�Q9;=/P�UªL�otTNeb�b=OJ

h;\!�QP�e^P�h«J�LV\bg�J��§o;��Rt=>i/R;TN�b=p\,P�LN9;=>��=/�¥Lj���z8�9;=z{bTN=/=/P�i�R;TN�b=�\bP«LV9;=>TNU�{,9,L�i�\,TVTN=OJVg�\,Pth;JfLV\nLV9;=
� �I=-h~\,oK]M=Oi�L

B
�

MON+<AMQP



� »��;¹^£� ��C���t¹!£� ��bµj¹��K 
	«¹! *¤§¹!³�»®������ *¡ r

�"=OiOe^RtJV=Q\^��U�LNJ�hKHIPte^<>UXi/JOsbU�L[LNeb�b=OJ
A
e�<>UcP;Uc<pR;< LVUc<>=

v/amax

LV\�J��c\!� h;\!�QP>ebPth�J�LV\bg	��8�9;=
h;UcJ�LNebPti�=LVTje4�b=O���c=Oh~UcJ /

d(v) = v2/2amax.
�Mw-�

¬`�
A
hKUcJVTN=/{,ebTNhtJ�U�LNJ�\!�QPnhKHIPte^<>Uci�ij9tebTNe,i�LN=/TNUcJ�LVUXi/JOs,U�Lfi�\,R;�chnhK=-i�UXhK=LV\>\Ki/i�RtgYH�epg$\,JVUªLNU�\,P��QU�LV9tU�P

LN9;=
[pb − d(v), pb[

TNebP;{b=AJVUcPti�=�J�R�ij9�g�\YJ�U�LVUc\bP�J�ebTV=i�\b�c�cUcJVU�\,PK_*��TV=O=b�2FI9;\bRt�ch�LV9;UXJ"9te^g;g$=/P	s
A
��\,R;�ch

o$=�U�P�LVTN\bRto;��="o$=Oi/ebRtJV=�U�L2��\,R;�chp=/�,=/PYLVRteb���cH�i�TjebJV9�UcPYLV\
B
��P;\<�e!LVLV=/T2�Q9�e!L(UªL[hK\I=OJ�UcPpLN9;="��RKLVRtTV=4���

8�e^�IUcP;{zU�PYLV\�e,i/i/\bR;PYL"LV9;=�hKHIPteb<>UciOJ�\^�
A
sKLV9;=�Tje^Pt{b=

[pb − d(v), pb]
o$=Oi/\b<>=OJQ��\bTNo;UchthK=/P¯�

8�9;="JVeb<>=[i�\bP�i��cRtJ�Uc\bP�iOe^P�o$=�hKTje4�QP�oIHC�c\I\b�IU�Pt{fe!L¯LN9;=�g$\,JVUªLNU�\,P
×
LVUc<>=�J�g�ebi�=�\^�

A
ebJ±hK=/gtUci�LV=Oh

UcP«°�Uc{t� qI�Q¬`LCUXJCe,JVJVR;<>=Oh�LN9te!L-s®e^LfLVUc<>=�uts
A
UXJCe^LAg�\YJ�U�LVUc\bP�u��QUªLN9��b=O��\Ki�U�LMH

v
� / 9t=/P

A
otTNeb�b=OJ

h;\!�QP e^Pth�J�LV\,gtJpe^L�<�e �KUc<pR;< hK=Oi/=/�c=/Tje!LNU�\,P¯s±U�LpLNTNe,i�=-JpeagtebTNebo�\,��UXi�e^Tji>UcP�LV9;=�g�\YJ�U�LVUc\bP
×
LNU�<>=

JVgte,i�=b���CP�i�=�U�L9�ebJAJ�LV\,g;g$=Oh�s$UªLCLVTjebi/=OJAe��b=/TVLVUXi/eb�	�cU�Pt=��¥LN9;=pot��R;=zi�R;TN�b=pU�P«°�Uc{t� q^���C8�9;=p�,=/TVLVUXi/e^�
{,TV=O=/P���UcP;=�i�\,TVTN=OJVg�\,Pth;JALV\nLV9t=�� �I=-h«\,oK]M=Oi�L

B
� / 9;=/P�LN9;=�hKUcJ�LNebPti�=>o$=�LM�"=/=OP

A
e^Pth

B
UXJC�c=OJNJ

LN9te^P
d(v)

s;LV9;=Co;��Rt=ebPth�{,TV=O=/P�i�RtTV�,=AUcP,LN=/TjJ�=-i�L"=Oebij9�\bLV9;=OT�<>=-e^P;UcP;{�LN9te!LQepi/\b�c��UXJVU�\,P��QU��c�®\Ki/i�RtTO�
8�9;UXJ�=4�Keb<>g;��=aUc�c��RtJ�LVTje!LN=OJzLN9;=��§ebi�L�LV9te^LOs��Q9;=/Pt=/�b=OT�e�TV\,o�\bLVUXi�J�HKJ�LV=/< hKUXJ�TN=/{Ye^Tjh;JpU�LNJ~\!�QP

h;HYP�e^<>Ucizij9tebTNe,i�LV=OTVUXJ�LVUXi/JOstU�L�<�e4H�hK=-i�UXhK=z\bP�e���RKLVRtTV=�i�\,R;TjJ�=�\^��e,i�LVUc\bP«��\bT�Q9;UXij9�JNe!��=�LMHaUXJP;\^L
{,Rte^Tje^PYLN=/=Oh�e^Pthni�\,���cUXJ�Uc\bPn<�e4H>LNe^�,=�g;�ce,i�=�=/�,=/PYLVR�e^�c��H,sK9;=/Pti/=�LV9;=���TNJ�LfJVe^��=�LMH~i/TVU�LV=OTVUc\bPA/

� ��� ¿ � À � ����� ¿ ��� Ã �   `¹ 'b�j¢/¤ 'b�>¤¥ 6���I�K  �K£V���>¹^ 6¤§¹^³�����£V¹,µj¹! *¤§¢��j¡4�� ¦���� �;¹ �K¶ 'a¢j¹!³t�j¤ ',��£�¤¥ §�����	�

�� ���������� �

1 
21 � �5$9#%���5� 	 ?��5" B 8�� ?�� " � ���9� "��9��? �?���� $9#%�����
��e,ij�¸LN\©°�U�{���w«o;RKLaebJNJ�R;<>UcP;{ P;\!� LN9te!L

B
UcJ�<>\!�YUcP;{�LN\ LN9;=«�c=��¥L��QUªLN9 e©i�\bP�JMLje^PYL~�b=O��\Ki/UªLMH

vb ≤ vmax

�z¬¦P�LV9tUcJ�JVUªLNRte!LNU�\,P¯s¯U�L�LNeb�b=OJ<>\bTN=�LV9tebP�J�LNe4HIUcP;{n\bRKL�\^��LV9;=
[pb − d(v), pb]

g$\,JVUªLNU�\,P
Tje^Pt{b=�LN\�{,Rte^Tje^PYLN=/=�LN9;=�JVe^��=�LMH�\^�

A
� ¬¦PthK=O=Oh�s�R;P;�c=OJNJ

A
JV9;U��¥LNJ>UcP©TN=/�,=/TjJ�=�RtP,LNU��QU�L�TV=-ebij9;=-Jpe

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

ste>i�\b�c�cUcJVU�\,P��QU�LV9
B
�QUc�c�¯\Ki/i�RtTO�

¨ J�LVTje^Uc{b9YL���\,TV��e^Tjh>e^Pteb��HKJVUcJ"i/ebTVTNU�=-h�\bR;L�UcP�LN9;=�Z(\,JVUªLNU�\,P
×
8�U�<>=�J�g�ebi�=C\^�

A
e^�c��\!�fJ�LV\�hK=/LV=OT�_

<>UcP;=�LV9;=zTNebP;{b=p\^�[��\,TVo;UXh;hK=OP«g$\,JVUªLNU�\,PtJCU�P«LV9;UXJ�i/ebJV=b��°�Uc{t� �~hK=Og;Uci�LNJCLV9t=�Z(\,JVU�LVUc\bP
×
8�Uc<>=�JVgtebi/=

\b�
A
��¬`LzUXJ>ebJNJ�Rt<z=-h�LV9te^LOs�e^L�LNU�<>=�u;s

A
UXJze!L>g�\YJ�U�LVUc\bP¸u«�QUªLN9¸�,=/�c\Ii/UªLMH

v
��8�9;=~o;�cR;=�i�R;TN�b=

TN=/gtTV=-J�=OP,LjJQLN9;=zLVTje!]M=Oi�LV\,TVHn��\b�c�c\!��=-haoIH
A
�Q9;=/P�U�L�JV��\!�fJhK\!�QP¯s¯J�LV\,gtJ�e^Pth�J�9tUª�¥LjJCUcP�TV=O�b=/TjJV=pe!L

<�e �IUc<pRt< e,i/i/=/�c=/Tje!LVUc\bP>R;PYLNU��$UªL�TN=Oebij9t=OJ2�,=/�c\Ii/UªLMH
vb

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

B
<>\!�YUcP;{�e!LAi/\bPtJ�LNebPYL

�,=/�c\Ki�U�LMH
vb

� / 9;=/P�LV9t=>h;UcJ�LNebPti�=zo�=/LM��=O=/P
A
ebPth

B
UXJ��c=OJNJALN9te^P

d(v, vb)
s¯LV9;=>o;�cR;=�e^Pth�{bTN=/=OP

i/R;TN�b=U�PYLV=OTNJV=Oi�LQ=Oebij9n\^LN9;=/TQ<>=-e^P;UcP;{zLV9te^LAe>i�\b�c�cUcJVU�\,P��QUc�c��\IiOi�R;T-�2¬`LAi/ebP�o$=�=OJ�LNebo;�cUcJV9;=Oh~LV9�e!L /

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

�6qb�

8�e^�IUcP;{�U�PYLN\ ebi/i/\bR;PYL�o$\^LN9©LN9;=«hKHIPteb<>UciOJ�\^�
A
e^Pth©LV9t=«hKHIPte^<>UXi�U�LMH¸\b�

B
s"LV9;=«TNebP;{b=

[pb −
d(v, vb), pb]

o$=Oi/\b<>=OJ"��\,TVo;UXh;hK=OP��§°�U�{���w-���
8�9;UXJ(= �;eb<zgt��=�Uc���cRtJ�LVTje!LV=-J±LV9;=��§e,i�L(LV9te^LOs^�Q9t=/P;=O�b=/T2eTN\bo$\^LVUXi"J�HKJ�LV=/< hKUcJVTN=/{,ebTNhtJ¯LN9;="�§ebi�L2LN9te!L

ebP�\boK]M=-i�LAUXJAe,i�LVR�e^�c��H�<z\!�IUcP;{tstUªL<>e4HnhK=Oi/Uch;=�\bP�ez��RKLNR;TN=�i�\,R;TjJ�=�\^�[e,i�LVUc\bPn��\,TA�Q9;UXij9�JVe^��=�LMH�UcJ
Pt\^LQ{bRtebTNebPYLV=/=-h~ebPth�i/\b�c��UXJVU�\,P�<�e4H�Lje^�b=�g;�Xebi/=�=/�b=OPYLVRteb���cHbsK9;=OPti�=LN9;=�J�=-i�\,Pth�JNe!��=/LMH~i�TNU�LV=/TNUc\bPA/

<=<?>�@BA�CEDGFIH�JGK�LIMGN
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A B

t

p

t1

t2

p1p2 d(v, bb) pb

°�Uc{bR;TN= ��/z8�9;=~g�\YJ�U�LVUc\bP
×
LNU�<>=nJ�gte,i�=�\b�QLV9;=�\bP;=/_`hKUc<>=/PtJVUc\bPteb�[g�\,U�PYLpTN\bo$\^L

A
�Q9;=/P U�L�otTNeb�b=OJ

h;\!�QP¯s¯JMLN\bgtJ�ebPth�JV9;U��¥LNJ�UcP�TN=/�,=/TjJ�=�R;PYLVUc�2UªL�TN=Oe,ij9;=OJC�b=O��\Ki�U�LMH
vb

��ot��R;=�i/R;TV�,=�\,P«LN9;=>��=/�¥Lj���z8�9;=
{,TV=O=/Pni�R;TN�b=�\bP�LV9t=�TVUc{b9YLfi�\,TVTN=OJVg�\,Pth;J�LV\zLN9;=�\boK]M=-i�L

B
<>\!�IUcP;{ze^LAi�\,PtJMLje^PYL��b=/�c\Ki�U�LMH

vb

�
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� ��� ¿ � À � ����� ¿ ��� Ã � � �t¹ 'b�j¢/¤ 'b��¤¥ 6���I�K  �K£V� �>¹^ 6¤§¹^³��"�~£V¹,µN¹^ 6¤§¢p��¡4�� `� ���E�t¹��K¶ 'n¢j¹!³t�j¤ ',��£p  �t�������
� ��� � � �����	����
��� ��� ����������������
���� � � ������� �

t

p

B

pb

te

tl

th

A ������ �!" �#$�%$ �&

A '  ��� �!" �#$�%$ �&

°�Uc{bR;TN=0��/2dfe^Pt{b=�\^��g�\YJVJVU�ot��=LVUc<>=�LV\�i/\b�c��UXJ�Uc\bP	�

1 
$( )4# 	 ?+* ���7#�, ���
¬`��P;=/=-hK=Ohao$=bs®LN9;=zg;TV=O�IU�\,RtJQLM�"\�= �;eb<zgt��=-JA9te4�,=�TN=/�b=-e^�c=OhnLN9;=p�§e,i�LLV9te^LJNe!��=/LMHnUXJCP;\^L�J�Uc<>g;�cH�e
<�e^L�LV=OTA\b�[�b=/=Og;UcP;{>LV9;=�TV\,o�\bLVUXi�JVHIJ�LV=O<e4��e4H���TN\b< i�\,���cUXJ�Uc\bP�J�LNe^LV=OJO�Q¬`LCUXJQ��RtPth;e^<>=OP,Lje^�±LV\��,=/=Og
LN9;=>TV\,o�\bLVUXi�JVHKJMLN=/< e4��e4Hn��TV\,< JMLje!LV=-JLV9te^L=O�b=OP,LNRte^�c�cHaHYUc=/�Xh�e�i/\b�c��UXJ�Uc\bP�e!L�JV\b<>=�g$\bUcPYL�U�P�LV9;=
��R;LVR;TN=b�f8±\�LV9�e!LC=OPth�s$TV=-ebJV\bP;UcP;{�e^o$\bR;LfLV9;=p��RKLVRtTV=�UcJATV=-W,RtU�TN=Oh�� 0�\,<zUcP;{�i/TVU�LV=OTVUc\bPa=4�Igt��\,TV=-J�LV9;=
Uc<>gtebi�LQ\^��LV9;=�=4�YLN=/PYLQLV\>�Q9;UXij9�LV9;=���RKLNR;TN=�UcJQ=4�Kg;��\,TV=-h��

� =�L�RtJ�i�\bP�J�UXhK=/T(LN9;=fJVUªLNRte!LNU�\,Pz�Q9t=/TN=
A
9te,J�LV\�hK=-i�UXhK=Q�Q9;=/LV9;=OT2LV\�\Ki/i/R;gIH�eg$\,JVUªLNU�\,Pz�c\Ki/e^LV=Oh

�QU�LV9tU�P«LV9;=>Tje^P;{,=
[pb − d(v, vb), pb]

\b��g�\YJ�U�LVUc\bP�Jf��\,TVo;UXh;hK=OP.-2£� ±LV9;=><>\!�IU�Pt{�\boK]M=-i�L
B
��¬¦P�LV9tUcJ

iOebJV=bsYi�\b�c�cUcJVU�\,P�hK\I=OJ�P;\^L[Lje^�,=fg;�Xebi�=ATVUc{b9YL�P;\!��s,UªL"9te^gtg�=OPtJ[�Xe!LN=/T�e^L"e�LNU�<>=CU�PtJ�LNebPYL[LV9te^L"hK=Og�=OPth;J
\,P�LV9;=~��RKLVRtTV=�o�=O9te4�IU�\,R;T�\^�

A
sQ¤§�p�Q9;=/LV9;=OTpU�LzebiOi�=O��=OTNe^LV=OJ�\bT�h;=Oi�=O��=OTNe^LV=-J��§°�Uc{t� �Y��� � =/L

[te, tl]o$=�LN9;=�TNebP;{b=�\b��LVUc<>=�UcPtJ�LNe^PYLjJ~�Q9;=OP i�\,���cUXJ�Uc\bP1�QUc�c�ALje^�b=�g;�Xebi�=,� �"\^LN9
te
ebPth

tl
ebTV=«=OebJVUc��H

h;=�LV=OTV<>UcP;=Oha�§TV\I\bLNJ[\b�¯e�WYRtebhKTje!LNUcif=OWYRte!LNU�\,P����(¨AJNJVR;<>U�P;{pP;\!� LV9te^L
A
hK=-i�UXhK=OJ�UªLjJ2��RKLNR;TV=C<>\^LVUc\bP

oIHnTV=-JMLNTVUXi�LNU�Pt{�UªLjJATN=Oe,J�\,P;U�Pt{�LN\�e>��P;UªLN=�LNU�<>=�_`9;\,TVUc�/\,P
th < tl

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

\KiOi�R;gIH�LN9;UXJfg$\,JVUªLNU�\,Pno$=OiOe^RtJV=bs;��TV\,<�U�LNJQg$\bUcPYLA\^�2�IUc=/��s;U�LAUXJfg$\,JNJ�Uco;�c=�LV\�e4�b\,Uchni�\,���cUXJ�Uc\bP��QU�LV9
B�§R;g�LN\

th
sILV9t=�h;=Oi�=O��=OTNe^LVUcP;{�LNTNe^]M=Oi�LN\bTNH>UcJ�i�\,���cUXJ�Uc\bPK_*��TN=/=-���±¬¦P�i�TN=OebJVUcP;{�LV9t=CLNU�<>=9;\bTNUc�/\bP�hK\I=OJ"P;\^L

JV\b�c�b=�LV9t=zgtTV\,o;��=O< o$=Oi/ebRtJV=bs¯UcP�{b=/Pt=/Tje^�*s®LV9;=z��RKLNR;TV=�i/\b�c��UXJVU�\,P�i�\,R;�Xh«9tebg;g$=/P�e!Lpe~LVUc<z=�UcPtJ�LNebP,L

<=<?>�@BA�CEDGFIH�JGK�LIMGN
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ebTVotUªLNTNebTVUc��H��§e^T�e4��e4H�UcPYLV\�LV9t=���RKLNR;TV=��§hK=Og�=OPthKUcP;{�\,P�LV9;=nhKHIPte^<>UXi�i/e^g�e^o;Uc��U�LVUc=OJp\^�
A
e^P�h�LV9;=

��R;LVR;TN=�o�=O9te4�IU�\,R;T�\^�
B
���

¬¦P�LN9;UXJ�TN=OJVg�=-i�L-s,U�L�UXJ�ebTV{,R;=Oh�LN9te!L-sY�Q9t=/P;=O�b=/T�e�TV\,o�\bLVUXifJVHIJ�LV=O< hK=Oi/UchK=-J[U�LNJ���RKLVRtTV=C<z\bLVUc\bP�oIH
TN=OJ�LVTNUXi�LVUcP;{QU�LNJ±TV=-ebJV\bP;UcP;{"LV\Ce��tP;U�LV=�LVUc<z=/_*9t\bTNU��O\bP¯s4i�\,���cUcJVUc\bP�<�e4HCg$\^LN=/PYLVUXe^�c��H9tebg;g�=OP�o$=/Hb\,PthLV9tUcJ
LNU�<>=/_*9;\,TVUc�/\,P�ebPth�JVe^��=�LMH~iOe^P;P;\bLQo�=�{,Rte^Tje^PYLV=O=Oh�e,i/i/\bTjhKU�Pt{b�cHbsI9;=/P�i�=�LV9t=�LV9;UcTNhnJNe!��=�LMH�i�TNUªLN=/TNU�\,PA/

� ��� ¿ � À � ����� ¿ ��� Ã � % �t¹ ',�N¢/¤ 'b�n¤¥ 6�A�I�K  �K£V� ��¹! *¤§¹!³ �p��£V¹,µj¹! *¤§¢��j¡4�� ¦��� � �;¹ �K¶ '�£V�j�4�/¹!³ ¹!´!�/£n�!³
� ���	� ���� � � ������ ������� ����� �

8�9;=-J�=�LN9;TN=/=�i�TNUªLN=/TNUce ebTV=�{b=OP;=/Tje^��ebPth�s�hK=Og�=OPthKUcP;{ \bP¼LV9t= i�UcTNi/R;<�JMLje^Pti/=OJOse Pte4�IUc{,e^LVUc\bP
JNij9;=O<z=a<�e4H \,T�<�e4H¸P;\bL�9te4�b=nLV\ LNe^�,=nLV9;=O< UcPYLV\ ebiOi�\,R;PYLO� °t\bT�UcPtJ�LNe^P�i�=bs"�Q9;=OP1e�TV\,o�\bLVUXi
JVHKJMLN=/<�UcJQ<>\!�IUcP;{�e!LCJV��\!�¼J�g$=/=-h�stU�LNJChKHIPte^<>UXi/JQiOe^P�o�=pU�{,P;\bTN=Oh�� 0�TVU�LV=OTVUc\bP�q>e^gtg;��Uc=OJfUª��LV9;=p=/PK_
�IUcTV\,P;<>=/PYL���=Oe^LVR;TN=OJ�<>\!�IU�Pt{z\,oK]M=Oi�LNJO� � Uc�b=O�QUcJV=bsKUcPae�JMLje!LVUXi=/PI�IU�TN\bPt<z=OPYLOs;ez�tP;U�LV=�LNU�<>=/_*9;\,TVUc�/\,P
i/\bTNTV=-J�g$\bP�hKU�Pt{�LV\zLN9;=�TV\,o�\bLVUXiJVHKJMLN=/< - J"J�LV\,g;g;UcP;{zLVUc<>=�iOe^P�JVe^��=/�cH�o�=�R�J�=-h�� $f\!�"=/�,=/T-s,U�LfJ�9;\,R;�Xh
o$=�=/<>g;9�ebJVUcJV=Oh«LV9te^LOs±U�P�{b=OP;=/Tje^�Q��¤§��§ebJ�L�_`<>\!�YUcP;{nTV\,o�\bLVUXi>J�HKJ�LV=/<�s�hKHIPte^<>UXi�=OPI�YUcTN\bP;<>=/PYL���s	eb���
LN9;TN=/=fi�TNU�LV=/TNUXeebg;g;�cH�ebPthz�YUc\b�Xe!LNU�Pt{=OUªLN9;=/T�\bP;=�\^�®LN9;=/< <>e4H�g;RKL2LN9;=fTN\bo$\^LVUXi�J�HKJ�LV=O< UcP,LN\�h;e^Pt{b=/T
ebPth�HYUc=/�Xh�e>i�\b�c�cUcJVU�\,Pne^LfJ�\,<z=�g$\bUcPYLfU�PnLV9t=C��R;LVR;TN=b�

� ������
	�� �¯�±����� 
��������±�0� �>#��¯�±��� � ���� !��

¨CJ2<>=/PYLVUc\bPt=Oh>UcP�LN9;=fUcPYLVTN\Ih;Rti�LNU�\,P¯s^LN9;=/TN=Q9tebJ[o�=O=/P�e��Xe^TN{b=�PIR;<po$=/T�ebPthz�!e^TNU�=/LMHp\^��e^R;LV\bPt\b<>\bRtJ
P�e4�YUc{,e^LVUc\bPaJNij9;=/<>=OJALV9�e!LC9�e4�b=�o$=/=OP�g;TN\bg$\,JV=Oh�JVU�P�i�=�LN9;=�=-e^TN��H�h;e4HKJf\b�[<>\bo;Uc��=�TV\,o�\bLVUXi/JO�FIR�ij9
P�e4�YUc{,e^LVUc\bP«JNij9;=O<z=-JRtJ�R�e^�c��H�i/\b<potU�P;=-J�4ebTVUc\bR�JCg$=/Tji�=OgKLVUc\bP	s¯<>\Ih;=/�c��UcP;{ts	TV=-ebJV\bP;UcP;{�ebPth«i/\bPYLVTN\b�
��RtPti�LNU�\,PtJ/��¨ TN=/�IUc=/� \^�"e^�c�¯LV9t=OJV=zJNij9;=/<>=-JfUXJChK=/�tP;U�LV=O��Ha\,RKLC\b�2LV9;=zJVi/\bg$=p\^�2LN9;UXJCg�e^g$=/T��!�8�9tUcJ
g�e^g$=/TfUXJQUcP,LN=/TN=OJ�LV=-h�\,PnLV9;=pi/\b�c��UXJVU�\,P�e4�,\bUXh;e^P�i�=�i�\b<>g$\bP;=OPYLNJQ\b�(JVRtij9�Pte4�IU�{Ye!LNU�\,PnJNij9;=/<>=-J/� � =��¥L
e,J�UXhK=«ebTV=«LV9;=��M�Xe^o$\bTje!LN\bTNH���TN\bo$\^LNUci�JVHKJMLN=/<�JOsQLV9;=���\Ki�RtJ�UXJ~\,P1<>\bo;Uc��=�TV\,o�\bLVUXi/JnJ�HKJ�LV=O< LN9te!L
\,g�=OTNe^LV=�UcPzTN=Oeb�ª_`�"\bTN�ch�e^g;g;�cUXi/e!LNU�\,PtJO���A�®gte^TVLVUXi�R;�Xe^T2UcPYLV=OTV=-JML�ebTV="LV9t=QTV\,o�\bLVUXi/J2JVHIJ�LV=O<�J2�Q9;\,JV=QJ�Uc�/=
ebPth�hKHIPteb<zUXi/J�<�e^�,=>LV9;=O< g�\bLV=/PYLNUceb���cH�9�e^TN<���Rt����\,T�LV9t=/<�J�=O���,=OJp\bT�LN9;=/UcTz=/PI�IU�TN\bP;<>=OP,Ln��{bUc�b=OP
LN9te!L-s�U��[e 't\I\bTV_¦J��"=/=Og;U�Pt{zTN\bo$\^LAJVRtij9�e,JfdQ\I\b<�ote>o;R;<>gtJCU�PYLN\~e>g�=/LC\,TAe�g;Uc=Oi/=�\^�(��R;TNP;U�LVR;TN=bs$UªL
UXJ�TN=Oe^�c�cH�P;\>o;Uc{>h;=Oe^�¥���

8�9;=��tTNJ�L��§eb<zUc�cH«\^�Q<>\botU��c=�TN\bo$\^LVUXi�JVHIJ�LV=O<�J�i�\,PtJ�UXhK=OTV=-h�ebTV=�hK=-J�Uc{bPt=Oh�LV\�LNTNebPtJVg�\,T�L�{,\Y\Kh;J
�§gte^�c=�LVLV=-J/s¯o$\ �K=OJOs	i�\,PYLNe^UcP;=OTNJOs��� ¦¢/�\,T�g�=O\bg;�c=a�¥��\bT�LN9;=�<>\,J�L�TV=-i�=/PYL�\bP;=-JN����8�9;=/H«ebTV=>i�\,<><z=OT�_
i/Uceb��g;TN\KhKRti�LNJpebPth�JV\b<>=�\^��LN9;=/< 9te4�,=�o�=O=/P \,g�=OTNe^LVUcP;{a��\bTp\!�b=/T�e�hK=OiOebhK=,��8�9;=/H�\bg$=/Tje!LN=�UcP
��e^TN=/9t\bRtJV=OJOsb�§e,i�LN\bTNU�=-J��§°�U�{�� "b��s;g$\bTVL�LV=/TN<>U�P�e^�XJ��§°�U�{�� vY��s;\,TQTV\Yebh~P;=�LM�"\bTN�KJ�6°�U�{�� r!���

8�9;=OHae^�c�±\,g�=OTNe^LV=�eb��\,P;{�LN9;=�JNe^<>=pgtTVUcPti�Ucg;�c= /fe 't=/=/L\b��e^RKLN\bP;\,<z\,RtJf�,=/9;UXi��c=OJA<>\!�b=OJCe^o$\bRKL
e�P;=/LM��\,TV��\b�Cg;TN=OhK=/LV=OTV<>UcP;=Oh©TV\,RKLV=-J��§°�U�{YJ/� v4_`��=/�¥L~e^Pth rO_`��=/�¥Lj��� 8�9t=/UcT�=/PI�IU�TN\bP;<>=OP,LjJ>i�\bRt�ch©o�=
�Xe^o$=/�c�c=OhnebJ��MgtTV\bLV=Oi�LV=-h��CUcP~LN9;=�J�=OPtJV=ALN9te!LfR;Pt= �Kg�=-i�LN=Oh�\boK]M=-i�LNJQebTV=P;\bLQJVR;g;g$\,JV=Oh�LV\>o$=�g;TV=-J�=OPYL
\,P�LN9;=�TV\,RKLV=zP;=/LM��\,TV� �§= �;i�=OgKL���\bTLV9;=�\Kh;h�g$=OhK=-JMLNTVUXe^P�\bT�§e^�c��=OP�o$\ �t���z¬`L�= �Kg;�Xe^UcPtJ�Q9IH«i�\,���cUª_
JVUc\bP�e4�b\bUXh;ebPti�=�UcJ��,=/TNH���Uc<>UªLN=Oh�UcP�JVRtij9�J�HKJ�LV=O<>JO� ��=-J�UXhK=-J�o;R;<>g�=OTNJ~�¥LV9�e!L�UcP;UªLNUce^LV=�e�JMLN\bg;gtU�P;{
<�ebP;\I=/R;�ITN=�R;g�\,P�i�\,P,Ljebi�Lj��stTNebP;{b=��tP�hK=/TjJfe^TN=�RtJV=OhnLN\�<>\bP;U�LV\,TQLV9;=p=/PI�IU�TN\bP;<>=OP,LAeb9;=Oe,hn\^�(LV9;=

��� #��%�!" ���&$%� �������! %�� %�  �%�!#"  	#$ ��$�%!"#  ' %�� #  ����& %�  (')� ��! &$% �%$ +*���& &��,"-! > ' %�  �')� ��! & % �%$ (!"&�& �/.  ×0/1   �#  �� '  �#2!"& #  �.  �#$#  ' %��3� >  (��.�%�  (45�$�)6 & %� �%	� ' ' #$ �& & %� %!"&�%��)7%!"�)*98;:3< F/= ×
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°�Uc{bR;TN= "F/�¨ARKLV\,<>e^LV=-h��\bTN�Y�cU��¥LNJ /¯°;TN\b{�Z2e^�c=�L�LN=�Ba\!�,=/T2���c=��¥L��¯e^P�h ��8�¬¦PthKRtJ�LVTNUc=OJ¯¨ARKLV\,g;U��c\^L"��TNU�{,9,L����

°�Uc{bR;TN=�v�/2°;TN\b{30�\bPYLNebU�Pt=/T 0"e^TNTVUc=/TjJ�\^�	LN9;=  [R;TN\bg$=(0�\b<�o;U�Pt=Oh~8±=/TN<>U�P�e^��UcP~LN9;=�g�\,T�LQ\b��dQ\bL�LV=OT�_
hte^<E�6? � ���

<=<?>�@BA�CEDGFIH�JGK�LIMGN



w4q � �����¯£V�!¤§¢I�;�^£�'

°�U�{,R;TV=prF/(°tTV\,{>Z(ebTV�;FI9IRKLVLV�c=OJ�UcPnLV9;=�o;R�J�UcP;=OJNJ�gtebTV��\b�(dQUc�IU�Rt< �§? � ���

�,=/9;UXi��c=b��/ 9;=OP�ebP�R;P;=4�Ig$=Oi�LV=-h~\,oK]M=Oi�L�UXJ"h;=�LV=-i�LN=Oh�s;e�JMLN\bg;g;UcP;{�<>ebP;\I=/R;�ITN=AUXJ"U�P;U�LVUXe!LN=Oh����b=O=/TNU�Pt{
\b½�LN9;=zg;TV=-hK=�LN=/TN<>U�P;=-haTN\bRKLN=pUXJAP;\bLebP�\bgKLNU�\,P�����8�9;=>JMLN\bg;gtU�P;{�<�e^P;\I=/Rt�YTN=�RtJVRteb���cHnLNe^�,=OJAU�PYLV\
e,i/i/\bR;PYLALN9;=�hKHIPte^<>UXi/J\^��LV9;=>�b=O9;UXi��c=po;RKL�hK\nP;\bLLje^�,=pUcP,LN\ne,i/i/\bR;PYLLV9;=zg�\YJVJVUco;��=>hKHIPteb<zUXi�U�LMH
\b�	LN9;=�\boK]M=-i�Lf�Q9;UXij9n<z=-e^PtJ"LN9te!LAi/\b�c��UXJVU�\,PniOe^P��§e^P�h�hK\I�"9te^gtg�=OP¯�

8�9;=CJ�=-i�\bP�hp�§eb<>U��cH�\b��<z\,o;Uc��=fTN\bo$\^LNUciOJ2J�HKJ�LV=O<>J�i�\,PtJ�UXhK=OTV=-h�ebTV=Q9IR;<�e^P;_`JVU��O=fe^Pth�h;=OJVU�{,P;=Oh�LV\
P�e4�YUc{,e^LV=e^<>\bP;{�\bT�UcP,LN=/Tjebi�L"�QU�LV9n9IR;<�e^Pno�=OU�P;{YJ/�28�9;=OH~e^TN=ATN\bo$\^LNUciALV\,R;TV_*{,R;Uch;=OJ�H ��sB"Is;vKs�r J`sK\bT
ebRKLV\,<�e!LV=-h��Q9;=/=O�cij9�e^UcTNJ@H � J`�A8�9;=OHnebTV=�Pt\^LCi/\b<><>=/Tji�UXe^�¯g;TN\KhKRti�LNJCHb=�LCo;RKLC9�e4�b=�o$=/=/P�hK=/g;�c\!Hb=-h
UcPaTN=Oe^�	=/PI�IU�TN\bP;<>=OP,LjJ���\bTCe�J�Uc{bPtUª��iOe^PYLfg$=/TNU�\Kh�\^�(LNU�<>=b�Q8�9;=-J�=pTV\,o�\bLVUXi�J�HKJ�LV=/<�JCe^TN=�U�PYLV=OTV=-JMLNU�Pt{
o$=OiOe^RtJV=(LV9t=/UcT	=/PI�IUcTV\,P;<>=/PYLNJ¯ebTV=2=4�ILVTN=/<>=/�cHij9�e^�c��=OP;{bUcP;{Q�QU�LV9�eQg$\,JNJ�Uco;�cHA�Xe^TN{b=2PIR;<�o�=OT	\^�K<>\!�IU�Pt{
\,oK]M=Oi�LNJCU�PYLN=/Tjebi�LNU�Pt{��QUªLN9«\,P;=zebP;\^LN9;=/Te^Pth«�Q9;\,JV=���RKLNR;TN=�o$=/9te4�IUc\bR;TUXJA9;Uc{b9t��H�R;Pti/=/TVLNebU�P¯��8�9;=
9�e^TjhK�"ebTV=�ebPth�J�\b�¥LM�"ebTV=�ebTNij9;U�LV=-i�LNR;TV=�\b��LV9;=-J�=�TN\bo$\^LNUci~J�HKJ�LV=/<�J�ebTV=�\b�Ai�\,R;TNJV=�WYR;UªLN=�hKU�½®=/TN=/PYLO�
°tTV\,< LV9;=Qi/\b�c��UXJ�Uc\bPze4�b\,Uch;ebPti�=�g�\,U�PYL2\^���YUc=/�©9;\!�"=/�b=OTOs-LN9;=/Hpeb���ITN=/�cH�R;g$\bPz\bP;=�\^�tLV9;=���=O�¸g$\bg;R;�Xe^T
i/\b�c��UXJVU�\,P�e4�,\bUXh;e^P�i�=�e^g;g;TN\,e,ij9;=OJ"LN9te!LC9te4�b=�o$=/=OPag;TV\,g�\YJ�=-h~oIH�LV9;=pTV\,o�\bLVUXi/Jfi/\b<><pR;PtUªLMH,�"8�9;=-J�=
ebg;g;TN\,e,ij9;=OJ�e^TN=�TN=OJVg�=-i�LVUc�b=O��H~LV9;=�?f=OebTVPt=OJNJ�#AUXe^{,TNeb<�sKLV9;= #AHIPteb<zUXi / UcPthK\!� e^PthnLN9;=#12=O��\Ki�U�LMH
�Co�JMLjebi��c=�e^g;g;TN\,e,ij9;=OJO�	8�9;=OHpe^TN="TV=-J�g$=Oi�LVUc�b=/�cH�TN=/�IU�=O��=-hpUcP>J�=-i�LVUc\bP�J �;�cw^s �;� qAebPth �;� �K�[FI=Oi�LVUc\bP �;� �
ebPte^�cHKJ�=-J�LV9;=OU�TQg$=/TV��\bTN<�e^Pti/=UcPnLV=OTV<�J�\^�(JVe^��=�LMH,�

( 
�	 � ?A�;����?
� � �C#��&����� 	
dAebij�I9te^< H v JfUXJze«LV\,R;TV_*{,R;Uch;=~TN\bo$\^LpLN9te!L�\,g�=OTNe^LV=OJ�UcP LV9t=aFKgtebi/=�_"0�UªLMH�<pR�J�=OR;< U�P 8±\bR;�c\bRtJV=bs
°tTNebPti�=��§°�Uc{t� � _`��=/�¥Lj���!0�\b�c��UXJVU�\,P�e4�b\,Uchte^Pti/=�UcJ�e,ij9;Uc=/�b=-h�LV9�e^P;�KJCLV\�LV9;=�?A=Oe^TNP;=-JVJ #AUXe^{,TNeb< �§?:#�
ebg;g;TN\,e,ij9 H y J*�28�9;UXJ(TV=-ebi�LVUc�b=�ebg;g;TN\,e,ij9�UcJ2JVUc<zUc�Xe^T(U�P�JVg;UcTVU�L(LV\CLV9;=Q=-e^TN��Uc=/T+12=Oi�LV\bT[°�Uc=/�Xh $AUcJ�LV\,{bTje^<
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°�Uc{bR;TN= � /28�9;=�dfebij�I9teb< LN\bR;TV_`{bR;UXhK=TV\,o�\bL���c=��¥L��"TV=O��Uc=OJ"R;g$\bP�LV9t=?A=Oe^TNP;=-JVJ #CUceb{bTje^< e^g;gtTV\Yebij9
��\,Tfi�\,���cUcJVUc\bP�e4�,\bUXh;e^P�i�=>��TNU�{,9,L-s;J�\,R;Tji�=(H y J¥���

ebg;g;TN\,e,ij9 H�w-u J*/(e�<>\^LNU�\,PnhKUcTN=Oi�LNU�\,P~UXJ�J�=O��=-i�LV=-h~R�J�UcP;{>ep<>\KhK=/��\b�	LN9;=�=/PI�IU�TN\bP;<>=OP,L�J�RtTVTN\bR;P�hKU�Pt{
LN9;=aTN\bo$\^LVUXi�J�HKJ�LV=O<n� 8�9;UcJ���\Ki/eb�Q<>\Ih;=/�fUXJ�o;R;Uc��L�RtJ�UcP;{ JV=/PtJV\bT�h;e^LNe�ebPth©LNe^�,=nLV9;=���\,TV< \b��e
g$\b�Xe^T�hKUXJ�LNe^P�i�=�9;UXJMLN\b{bTje^< UcP©�Q9tUcij9©��TV=O=ae^P;{,R;�cebTzJV=Oi�LV\,TNJ>e^TN=�i�\b<>g;R;LV=Oh¼�§°�Uc{t� � _`TVUc{b9YL����©8�9tUcJ
ebg;g;TN\,e,ij9p9te,J���R;T�LN9;=/T�o�=O=/P>= �ILV=OPthK=-hzJV\�ebJ�LN\�e^�c��\!��LN9;=fRtJV=�\^��e�{b�c\boteb�I<z\KhK=O�6s�¤§�[e<�e^g¯s,\^�$LV9;=
=OPI�YUcTN\bP;<>=/PYL�H�w,w J*�(8�9;=QJ�LVTN=/P;{bLV9p\b��? #1g;TVUc<�e^TNU��cH���Uc=OJ�UcPpLN9;=QJ�U�LVR�e!LVUc\bPze^Pteb��HKJVUcJ��Q9;UXij9pUXJ(i/ebTVTNU�=-h
\,RKL	UcP�\bTjhK=/T¯LV\fJV=/�c=Oi�L	LV9;=�<z\bLVUc\bP�hKUcTV=-i�LNU�\,P¯�±8�9;UXJ	JVU�LVRte^LVUc\bP�e^P�e^�cHIJVUXJ®9;=/�cgtJ¯UcP�TN=OhKRti/U�Pt{Ae�PIR;<po$=/T
\b��g;TV\,o;�c=/<�J>LV9�e!Lne^½$=-i�LjJ�TN=Oebi�LVUc�b=aPte4�IUc{,e^LVUc\bP JVij9;=O<>=OJOsQPte^<>=/�cH©h;=Oebh;��\Kij�KJ�e^P�h \,JNi�Uc���Xe!LNU�\,PtJ/�
df\bo;RtJ�LQ? #A_*ote,J�=-h�Pte4�IUc{,e!LNU�\,P�9te4�b=Co�=O=/P�hK=/<>\,PtJMLNTNe^LV=-h�U�P��b=OTVH�hK=OPtJ�=,sKi��cRKL�LN=/TN=Oh~ebPth�i/\b<>g;�c= �
=OPI�YUcTN\bP;<>=/PYLjJ/�
$A\!��=O�b=/T-s��Q9te!LN=/�b=OTpU�LNJzJMLNTV=OP;{^LN9¯s(UªL>UXJpUc<>g�\,T�Lje^PYL�LV\�P;\^LN=�LN9te!L�LV9;=�<z\KhK=O��LN9te!L�? #�RtJV=OJ

LN\�Lje^�b=�UªLjJ<z\bLVUc\bP�hK=Oi/UcJVU�\,P�UXJCJ�LNe^LVUXi /Ae�<>\!�YUcP;{�\,oK]M=Oi�LUXJi�\bP�J�UXhK=/TN=Oh«ebJJMLje!LVUc\bP�e^TNHb�¬¦P«\^LN9;=/T
�"\bTjh;JOs$JNe!��=/LMHai�TNUªLN=/TNU�\,P�q��§=/PI�IU�TN\bP;<>=OP,L\boK]M=-i�LjJ4-$��RKLNR;TV=zo$=/9te4�IUc\bR;T��QUXJ�YUc\b�Xe!LN=Oh /fJNe!��=/LMH�U�P�LV9;=
gtTV=-J�=OPti�=\^�(<>\!�YUcP;{>\bo;]M=Oi�LjJQi/ebP;P;\^LQo$=�{bRtebTNebPYLV=/=-h��

( 
21 � � ��� 	 #G��� #G���9���
B�U�P;=OTV�!e H�w4q J*s^df9;U�Pt\ H � J;e^P�h�dQ\bo$\ � H r J;e^TN=�TN\bo$\^LVUXi2LN\bR;TV_`{bR;UXhK=OJ¯LV9te^L�9�e4�b=�\,g�=OTNe^LV=-h���\bT(hKU�½$=OTV=OP,L
LNU�<>=Qg$=/TNU�\KhzUcP>h;Uª½®=/TN=/PYL[g;�Xebi/=OJ(UcP�LN9;=f@fPtUªLN=Oh�FYLje!LV=-J/s6+=/TN<�e^PIH�e^Pth�FI�QU�LV�O=/TN�cebPth��(BaUcP;=/TN�!eC��ebJ
e^L[LV9t=CFI<>UªLN9tJV\bP;UXe^P - J�?Ce!LNU�\,Pte^�tB�RtJ�=OR;< \^�¯¨f<>=OTVUXi/ebP $AUcJ�LV\,TVH,sYdf9;U�Pt\pe!L[LN9;=�+=OTV<�e^P�B�RtJ�=OR;<
UcP ��\,P;P�e^Pth�dQ\bo$\ ��e!LLV9t=~FI�QUcJNJPte!LNU�\,Pte^�2=4�K9;U�otUªLNU�\,P  �Kg$\t� u,q��§°�Uc{t� y,���30�\b�c�cUcJVU�\,P�e4�,\bUXh;e^Pti/=
UXJ>ebij9;Uc=/�,=Oh�LN9te^Pt�IJ�LN\«LN9;= #AHIPteb<zUXi / U�P�hK\!�E� # / ��ebg;g;TN\,e,ij9CH " J*� 8�9;UcJzTN=Oe,i�LVUc�b=ne^g;gtTV\Yebij9
\,g�=OTNe^LV=-J�UcP LV9t=��,=/�c\Ii/UªLMH�JVgtebi/=~\^�QLN9;=nTV\,o�\bLVUXi~JVHIJ�LV=O< i�\bP�J�UXhK=/TN=Oh¯��¨ �b=/�c\Ki�U�LMH�UcJzebhK<>UXJVJVUco;��=
U���U�L�e^�c��\!�fJALV9;=z�b=O9;UXi��c=pLN\nJ�LV\,g«o$=���\bTN=z9;UªLVLVUcP;{ae^P�\,oK]M=Oi�L>�N¢§�°�U�{�� y!_*o$\^LVLV\b< TNUc{b9YLALN9te!L�hK=Og;Uci�LNJ
LN9;=p�cUcP;=OebTA�b=O��\Ki/UªLMHY_¦e^P;{,R;�cebTQ�b=O��\Ki�U�LMH�JVgte,i�=�\b�2LV9;=�TV\,o�\bLVUXi�J�HKJ�LV=O<n�C8�9;=p�cU�{,9YLA{bTN=/HnTV=O{bUc\bPtJAe^TN=
e,hK<>UcJNJVU�o;�c=��b=O��\Ki/UªLNU�=-JN����¨AP¸ebh;<zUXJNJ�Uco;�c=��b=/�c\Ki�U�LMH«\,gKLVUc<>UcJVU�Pt{«ea{bUc�b=OP�i�\,J�L���R;P�i�LVUc\bP�UXJpJV=/�c=Oi�LV=-h
e^LQ=Oebij9~LVUc<>=�J�LV=Og¯�[dQ\,o;RtJ�L # / _*ote,J�=-h~P�e4�YUc{,e^LVUc\bP�9�e4�b=o�=O=/P�hK=/<>\bP�JMLNTNe^LV=Oh�e!LQTN=/�Xe!LVUc�b=O��H�9tU�{,9

<=<?>�@BA�CEDGFIH�JGK�LIMGN
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°�Uc{bR;TN=ay�/a8�9;=aBaUcP;=/TN�!e �¥LV\,gK_`��=/�¥Lj��sQdQ9tU�P;\1��LV\,gK_*TNUc{b9YLj�ze^P�h©dQ\,o�\ �¼��o$\^L�LN\b<z_`��=/�¥Lj��LV\,R;TV_*{,R;Uch;=
TN\bo$\^LjJ~TN=/�cH R;g$\bP LV9;= #CHYP�e^<>Uci7/ UcPthK\!�Eebg;g;TN\,ebij9 ��\,Tai�\b�c�cUcJVU�\,P e4�b\,Uchte^Pti/=¸��o$\^LVLV\b< TVUc{b9YLOs
JV\bRtTNi/= H " J����
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JVg$=/=OhtJz�§R;g�LN\
1 m/s

�AUcP�i�\,<>g;��=4�a=/PI�IU�TN\bP;<>=OP,LjJ/��8�9;UXJ�e^g;gtTV\Yebij9�9tebJC��R;TVLV9t=/To�=O=/P�= �ILV=OPthK=Oh
JV\�ebJ"LN\>i/\bPtJVUXhK=/Tfe,h;hKU�LVUc\bPteb�$UcPK��\,TV<�e!LNU�\,Pnebo�\,RKLAi�\,P;P;=-i�LVUc�IUªLMH�LV\zLV9;=�{,\,eb�&Hcw9� J*�

# / UcJnJ�Rtg�=OTVUc\bT~LV\¸?:# UcP LN9;=�JV=/P�J�=aLN9te!LnLV9t=«�IU�Pt=/<�e!LNUciOJ�ebPth hKHIPte^<>UXi/J�g;TN\bg$=/TVLVUc=OJ�\b�
LN9;=pTN\bo$\^LNUcipJ�HKJ�LV=/< i�\,PtJVUchK=OTV=-hae^TN=�= �Kg;�cUXi�U�LV�cH~Lje^�b=OPaU�PYLN\�ebiOi�\,R;PYLO�AFKe^��=�LMHai�TNUªLN=/TNU�\,P�w���TN\bo$\^L - J
h;HYP�e^<>UciOJN��UXJ�TN=OJVg�=-i�LV=-h�� $A\!��=O�b=/T-s[�cU��,=�? #�s[LN9;=a<>\Ih;=/�QLN9te!L�# / RtJV=OJzLN\�LNeb�b=�UªLjJ�<>\^LNU�\,P
h;=Oi�UXJVU�\,P�UcJ�J�LNe^LVUXi /2ep<>\!�IUcP;{p\,oK]M=Oi�L�UXJ"i/\bPtJVUXhK=/TN=Oh�e,J�JMLje!LVUc\bP�e^TNHb��F;e!��=�LMH�i/TVU�LV=OTVUc\bPnq�UXJ"�YUc\b�Xe!LN=Oh /
JNe!��=/LMH�UcP�LN9;=�g;TN=OJV=/Pti/=\b��<>\!�IUcP;{�\,oK]M=Oi�LNJQiOe^P;P;\bLQo�=�{,Rte^Tje^PYLV=O=Oh��

( 
$( � ?�E%� � # " � B 8 � "F��� E%?

°�Uc{bR;TN=QwOu�/¯8�9;=�B«¨fUXh�e^RKLN\b<�e!LN=Oh��Q9;=O=/�Xij9te^UcT��§��=/�¥Lj��TN=/�cUc=OJ¯Rtg�\,P�LV9;=
12=/�c\Ii/UªLMH#�CotJ�LNe,i��c=�e^g;gtTV\Yebij9
��\,Tfi�\,���cUcJVUc\bP�e4�,\bUXh;e^P�i�=>��TNU�{,9,L-s;J�\,R;Tji�=(H � J¥���

B�¨AUch H � J$UXJ�ebP�e^RKLN\b<�e!LN=Oh>�Q9;=O=/�Xij9te^UcT[LN9te!L"9te4�b=Qo$=/=OP~JVRti/i/=OJNJM��R;�c�cH�LN=OJ�LV=-h�U�P�LV9;=i�\bP�i�\bRtTNJV=
\b��LV9t=�i/=/PYLVTje^��JMLje!LNU�\,P1U�P¼@f�c< � #: ��ne^P�h hKR;TNUcP;{ LN9;=�+=OTV<�ebP = �K9;Uco;U�LVUc\bP $Ae^Pt\!�b=/T�°te^UcT - y �

�6°�U�{���w-u4_*�c=��¥L���� 0�\b�c��UXJVU�\,P1e4�b\bUXh;ebPti�=aUXJ�ebij9;Uc=/�,=Oh©LV9tebP;�KJ�LN\ LN9;=712=O��\Ki/UªLMH �CotJ�LNe,i��c=¸� 1�����e^gK_
gtTV\Yebij9=H�w9� J`�(8�9tUcJ�TV=-ebi�LNU��,=fe^g;gtTV\Yebij9>e^�XJ�\�\,g�=OTNe^LV=-J2U�P�LV9;=f�,=/�c\Ki�U�LMHzJVgtebi/=Q\^��LN9;=ATN\bo$\^LNUciQJVHKJMLN=/<
i/\bPtJVUXhK=/TN=Oh��(@fPt��Uc�b= # /ks.1�� LNe^�,=OJ�U�PYLV\zebiOi�\bRtP,L�LV9;=�b=O��\Ki�U�LMHz\^�¯LN9;=A<>\!�IU�Pt{p\bo;]M=Oi�LjJA�6ebJNJ�R;<>=-h
LN\�o�=�<>\!�IU�P;{�QU�LV9�eCi/\bPtJ�LNebPYL(�cUcP;=OebT��,=/�c\Ki�U�LMHK���� �e,ij9�\,oK]M=Oi�L2HYUc=/�Xh;J2e�JV=�L2\^����\bTNo;UchthK=/Pz�b=O��\Ki�U�LVUc=OJ
�Q9t\,JV=zJV9te^g$=zUcJCLV9�e!L�\^��eni�\,P;=��V¢6�C°�Uc{t�cwOu4_`TVUc{b9YLCLV9te^L�h;=/g;UXi�LjJALN9;=>��UcP;=-e^T��b=O��\Ki�U�LMHaJ�g�ebi�=z\^��LV9;=
TN\bo$\^LNUcipJ�HKJ�LV=/<��f8�9;=zh;e^TN�~{,TV=OHni/\bP;UXi/eb�¯TN=/{bUc\bPa\,P�LV9;=�TVUc{b9YLAUXJQLN9;=�JV=�L\^�(��\bTNo;UXh;hK=OP��b=O��\Ki�U�LVUc=OJ
LN9te!Lz��\,R;�Xh�HYUc=/�Xh e�i/\b�c��UXJVU�\,P�o�=/LM��=O=/P�LN9;=~TN\bo$\^L

A
e^Pth�LV9;=�<z\!�IUcP;{a\bo;]M=Oi�L

B
����FI9;\,R;�ch�LV9;=

TN\bo$\^LNUciAJ�HKJ�LV=/< JV=/�c=Oi�L"e���\,TVotUch;h;=/P��,=/�c\Ii/UªLMH,s,U�L��"\bRt�ch�i/\b�c��UXhK=C�QUªLN9�LV9;=<>\!�IU�P;{p\boK]M=-i�L"e^L"ep�ce^LV=/T
LNU�<>=���g$\,JNJ�Uco;�cH�UcPK�tP;U�LV=4��UcP�LN9;=���RKLNR;TN=b�«¬¦P¸g;TNe,i�LNUcJV=bs��b=O��\Ki�U�LVUc=OJpHIU�=O�chKUcP;{«e�i�\,���cUcJVUc\bP�\Ki/i�RtTVTNU�Pt{
e^�¥LV=OTCe�{,U��,=/PnLVUc<>=p9;\,TVUc�/\,P�e^TN=�i�\bP�J�UXhK=/TN=Oh�e,JAebh;<zUXJNJ�Uco;�c=b� � e^LV=OTOstLV9;=ze^g;g;TN\,e,ij9���ebJA= �ILV=OPthK=-h
LN\�i�\bP�J�UXhK=/TfebTVotUªLNTNebTVH>�b=O��\Ki/UªLMH�gtTV\b�t��=-J���\bT�LV9t=�<z\!�IUcP;{>\boK]M=-i�LjJ H�w4" J*�
1���UXJpJVR;g$=/TNU�\,T�LV\�o�\bLV9 # / e^Pth ?:# UcP LN9;=�JV=/P�J�=�LN9te!Lzo�\bLV9�LN9;=~�IUcP;=/<�e^LVUXi/J��!hKHIPteb<zUXi/J

gtTV\,g�=OT�LNU�=-J�\^�"LV9;=�TN\bo$\^LNUci>JVHKJMLN=/< i/\bPtJVUXhK=/TN=Oh�e^P�h«LN9;=�<>\!�IU�P;{a\,oK]M=Oi�LNJ�-®��RKLVRtTV=�o$=/9�e4�YUc\bRtT�e^TN=
=4�Kg;��UXi�U�LV�cH�Lje^�b=OP¸UcPYLV\�ebi/i/\bR;PYLa�§JNe!��=/LMH¸i�TNUªLN=/TNUce¸wnebPth qb��� $f\!�"=/�,=/T-s(LV9;=�UcP,LNTV\KhKR�i�LVUc\bP \^�CLV9;=

<=<?>�@BA�CEDGFIH�JGK�LIMGN
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LNU�<>=�9t\bTNU��O\bPn�YUc\b�Xe!LN=OJQJNe!��=/LMH�i�TNU�LV=/TNUc\bP �F/�JNe!��=/LMH~UcP�LN9;=�g;TN=OJV=/P�i�=�\^�2<>\!�IU�P;{>\,oK]M=Oi�LNJfiOe^P;P;\bLfo�=
{,Rte^Tje^PYLN=/=Oh¯�

( 
�� � # �6� � � �6#%���
8�9t=~hKU�½$=OTV=OP,LzTV\,o�\bLVUXi/J�JVHKJMLN=/<�J�gtTV=-J�=OP,LN=Oh�ebo�\!�,=�9te4�b=�eb����o�=O=/P R;g©e^Pth�TNR;P;P;UcP;{�UcP¸i/TV\!�fhK=-h
=OPI�YUcTN\bP;<>=/PYLjJ���\bT�e�J�Uc{bPtUª��iOe^PYLzeb<>\bR;PYL�\b�fLVUc<>=��QUªLN9;\bRKL�e^PIH�P;\bLVUXi�=Oebo;�c=ni/\b�c��UXJ�Uc\bP¸g;TV\,o;�c=/<�J/�
�[=/LOsKU�LQ9tebJ�o�=O=/P�J�9t\!�QP�LV9�e!L"LV9;=OH�e^�c�$�IUc\b�Xe!LN=Oh�\,P;=\bT�J�=O�b=/Tje^�$\^�	LV9;=�JNe!��=�LMH�i/TVU�LV=OTVUXe�UcPYLVTN\Ih;Rti�=-h
=-e^TN��Uc=/T�� #C\Y=-JpU�L�<>=-e^PtJ�LV9te^LpLV9t=OJV=�i�TNU�LV=/TNUXe�e^TN=�<>=Oe^PtU�P;{,��=-JVJjm�?A\^L>W,RtUªLN=�JV\t�«¨"L�LV9;=�TVUXJ���e!L
o$=/UcP;{�gtTV\!�,\IiOe!LNU��,=bs^U�L�UXJ�i/\bP!]M=-i�LVRtTV=-hzLV9te^L[LV9;=C\bP;�cHzTV=-ebJV\bP>�Q9IHzi/\b�c��UXJ�Uc\bP>o$=�LM�"=/=OP>LV9;=-J�=CTV\,o�\bLVUXi
JVHKJMLN=/<�J(e^PthpLV9t="g$=/\,g;�c=�JVR;TNTV\,R;PthKUcP;{ALV9;=O< hKUXhpP;\bL29te^g;g$=/PzUXJ(o�=-i/e^R�J�=�e^Pth�\bPt��H�o$=OiOe^RtJV=
�;�j¹ �®¶��
 ¦¹-¹���¢j�!£V��¹M��  �t�n¢j¹^¶¥¶º¤X��¤§¹!³1�!´!¹!¤ ',�!³$¢j�/�7$Cebh�LV9t=OJV=�TV\,o�\bLVUXi�J�HKJ�LV=O<>J�o�=O=/P g;�Xebi/=Oh�eb<z\,P;{�o;�cU�Pth
g$=/\,g;�c=f��\bT"UcPtJMLje^Pti/=bsKi�\,���cUXJ�Uc\bP�i/\bR;�Xh�9te4�,=f9tebg;g�=OP;=Oh¯�/�/�N8�9;UXJ�JNe!��=/LMHzUXJNJ�R;=CUcJ"\b�	i�\bRtTNJV=fTN=/�Xe!LV=-h>LV\
LN9;=�g;TN=OJV=/Pti/="\b��<>\!�IU�Pt{C\,oK]M=Oi�LNJ(UcPpLN9;=Q=/PI�IU�TN\bPt<z=OPYLNJO�±dQ=-J�=-e^Tjij9;=/TjJ¯UcPzLV9;=fdQ\,o�\bLVUXi/J(i�\,<><pR;P;U�LMH
ebTV=�UcPti/TV=-ebJVU�P;{,��H�e4�"ebTV=>\b��U�LzebPth�TN=Oi�=OPYLV�cHbs(P;\!�b=O��i�\,���cUXJ�Uc\bPK_¦e4�b\,Uchte^Pti/=zJNij9;=/<>=-J�e!LVLV=/<>gKLNU�Pt{�LV\
h;=Oe^��= �Kg;�cUXi�U�LV�cHa�QUªLN9�LV9t=���R;LVR;TN=�<>\bLVUc\bP�\b�[LV9;=z<>\!�IU�P;{�\boK]M=-i�LjJA9te4�,=�ebg;g�=-e^TN=Oh�s2�*)�H�w-v J*��8�9t=/H
TN=/<�ebU�P;=-h�LN\>o�=�LN=OJ�LV=OhnUcP�TV=-e^��J�U�LVR�e!LVUc\bP�J/�

� � �n� ���j�±��� ��� � � �4��� �	�/��� �z�±����� �

¨AP«¤¥³®��´-¤¥ `�,µ�¶c��¢j¹!¶¥¶ª¤X�j¤§¹^³��� ¦�! ¦�>��¬�0�F;����\bT�e�TV\,o�\bLVUXiAJVHIJ�LV=O< UcJ�e�JMLje!LV=C��\bT"�Q9;UXij9¯sKP;\�<>e^L�LN=/T��Q9te!L
LN9;=Q��RKLNR;TN=�LVTje!]M=Oi�LV\,TVH���\,���c\!�"=Oh�oYHpLV9;=CJ�HKJ�LV=/< UcJOs,e�i/\b�c��UXJVU�\,Pz�QU�LV9�ebP>\boK]M=-i�L[\^�$LV9t=f=/PI�IU�TN\bPt<z=OPYL
=O�b=OP,LNRte^�c�cH\KiOi�R;TjJ/�±8�9;=�TN=Oe,hK=/T�UXJ±TN=���=OTVTN=Oh�LV\ H q JI��\,T�ehK=�Lje^Uc��=-h�g;TN=OJV=/PYLje!LVUc\bPp\^�;LN9;=�¬�0�Fpi�\,Pti�=OgKLO�
8�9tUcJfJV=Oi�LVUc\bP�<>=/TN=/�cH~TN=OiOe^�c�cJ"LN9;=phK=/�tP;U�LVUc\bP�\^�[e^P�¬�0�F�� L �t�cw-����8�9;=OPaUªLCJV9;\!�fJ�9;\!� LV9tUcJfi/\bPti/=/gKL
=O<po$\KhKU�=-J(LV9t=QLV9;TN=/=fJNe!��=/LMH�i/TVU�LV=OTVUXeU�PYLVTN\KhKRti/=Ohz=OebTV�cU�=OTf� L �t� q^��sIe^Pthz9;\!�©UªL"i/e^P>o$=fRtJV=Oh�LV\�h;=OJVU�{,P
LNTVRt��H~JNe!��=�i/\b�c��UXJ�Uc\bP�e4�b\,Uchte^Pti/=CJNij9;=/<>=OJ��%L ��� �b���
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� =�L[RtJ�ebJNJ�R;<>="LV9�e!L[LN9;=Q<>\^LVUc\bP>\b��LN9;=QTV\,o�\bLVUXi�J�HKJ�LV=/<

A
UcJ2{,\!�b=OTVP;=-h�oIH�e�hKU�½®=/TN=/PYLVUXe^�;=-WYRte!LNU�\,P

JVRtij9�e,J0/
ṡ = f(s, u)

�Q9;=OTV=
s ∈ S

UXJ2LN9;=CJ�LNe^LV=f\b�
A
s
ṡ
UªLjJ[LNU�<>=AhK=OTVUc�!e!LNU��,=Ae^Pth

u ∈ U
e�i�\,PYLVTN\b�*�

S
ebPth

U
TN=OJVg�=-i�LVUc�b=O��HzhK=/Pt\^LV=fLV9;=p�j ¦�! ¦�A� �;�,¢N�ebPthzLV9;=z¢N¹^³t *£V¹!¶�� �;�,¢j�A\b�

A
� � =�L

φ : [0,∞] −→ Uh;=/P;\bLV=�e«¢j¹!³� 6£N¹!¶¯¤¥³ � �K *��FYLje^TVLVUcP;{>��TN\b< e^P�U�PtUªLNUceb�±J�LNe!LN=
s
�6e!LfLNU�<>=puY�Qe^PthnR;P�hK=/TALV9;=pe,i�LNU�\,Pn\b�

e�i�\,P,LNTV\,��UcP;g;R;L
φ
sYLV9t=�J�LNe^LV=\^�

A
e!L"LVUc<z=

t
UXJ�hK=/Pt\^LV=-h�oIH

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

LNTNe^]M=Oi�LV\bTNHz��\bT
A
�28�9;=�JV=�LQ\^��g�\YJVJVU�ot��=�i�\,PYLVTN\b�$U�P;gtRKLNJQUXJ�hK=/Pt\^LV=-h~oIH

Φ
sKU�LQTV=Og;TN=OJV=/PYLNJ�LV9t=�JV=�LQ\b�

��R;LVR;TN=�LVTje!]M=-i�LV\,TVUc=OJ�LV9�e!L
A
i/e^P���\b�c�c\!���(¨AP�¬�0�F~UXJ���\,TV<�e^�c�cH�hK=��tPt=Oh�ebJ /

�n¿ �� 
s
¤X���^³n²^·±»�¤ �

∀φ ∈ Φ, ∃t, φ(s, t)
¤X�p��¢N¹^¶¥¶º¤X��¤§¹!³��� `�^ `���! " 6¤ ���

t
�

��
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�"H�hK=���P;UªLNU�\,P¯s$o�=OU�P;{~U�P«ebPa¬�0�Fn<>=Oe^P�JQLV9�e!LCeb���	��RKLVR;TN=�LNTNe^]M=Oi�LV\bTNUc=OJ�HIU�=O�chae~i�\b�c�cUcJVU�\,P�e!LCe��ce^LV=/T
LNU�<>=�U�PaLN9;=���RKLVR;TN=b�8�9;=�LNTNe^]M=Oi�LV\bTNUc=OJfi/\bPtJVUch;=/TN=OhnTV=-J�Rt�ªLC��TV\,< LN9;=zebg;g;�cUciOe!LNU�\,Pa\^��e�i/\bPYLVUcPIR;\bRtJ

MON+<AMQP



� »��;¹^£� ��C���t¹!£� ��bµj¹��K 
	«¹! *¤§¹!³�»®������ *¡ w!r

JV=OWYR;=OPti�=p\^��ebh;<zUXJNJ�Uco;�c=pi�\,P,LNTV\,�cJQLV\
A
�@fP;TN=Oeb��UXJ�LVUXi�LVTje!]M=-i�LV\,TVUc=OJAJ�Rtij9�e,JAJ�LV\,g;g;UcP;{�\bP�LV9;=zJ�g$\^L

eb�ªLN9;\bRt{b9
A
UXJCi/R;TNTV=OP,LN��H�LVTje4�b=O���cU�Pt{�e!L

50 mph
�QUc�c�±P;=O�b=OTAo$=�i�\,PtJVUchK=OTV=-h��f¬¦PaLN9;UXJATN=OJVg�=-i�L-s�LN9;=

¬�0�F�i�\,Pti�=OgKLAhK\I=OJ"Lje^�,=UcPYLV\�ebiOi�\,R;PYL"LN9;=�hKHIPteb<zUXig;TN\bg$=/TVLVUc=OJ�\^�
A
�6JVe^��=�LMH~i/TVU�LV=OTVUc\bP�wO���

0�9tebTNe,i�LN=/TNUcJVU�Pt{�e^P�¬�0�F~UcJQh;\bP;=�oIH~ij9;=-ij�IU�P;{z�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=OJ±�QUc���Yo�=�i�\,���cUXJ�Uc\bPK_*��TN=/=�e^L�ef�Xe!LN=/T	LVUc<z="UcPtJMLje^PYL±UcP�LN9;=���RKLVR;TN=b��8	\
g$=/TV��\bTN< JVRtij9>eLV=OJ�L[UcP�LN9;=Qg;TN=OJV=/Pti/=�\b�$<>\!�IUcP;{�\boK]M=-i�LNJOs^�IP;\!�Q�c=OhK{,=�\b��LN9;=/UcT2��RKLNR;TN=Qo�=O9te4�IU�\,R;T(UcJ
Pt=Oi�=-JVJNe^TNHb��8�9IRtJ�LV9;=¬�0�F�i/\bPti/=/gKL�hK\I=OJ�LNe^�,=AUcPYLV\>ebi/i/\bR;PYL�LV9;=C��RKLVRtTV=o�=O9te4�IU�\,R;T�\b�¯LV9t=C<>\!�IU�Pt{
\,oK]M=Oi�LNJ��6JVe^��=�LMH~i/TVU�LV=OTVUc\bPaq^���

°�UcPte^�c��H~UªLAebg;g�=-e^TjJ[LN9te!L�LN9;=�¬�0�F~i/\bPti/=/gKLfhK\I=-J�Pt\^L�LNeb�b=U�PYLV\�e,i/i�\,R;PYL�e��tPtUªLN=CLNU�<>=/_*9;\,TVUc�/\,P
�§TV=-i/eb����LN9te!L

φ
UcJ�e�LNU�<>=«JV=OWYR;=OPti�=�\^�>¤¥³���³t¤¥ ¦��hKRtTNe^LVUc\bP����1¨Qi/i�\,TNh;U�P;{,��H JNe!��=/LMH©i/TVU�LV=OTVUc\bP:��UcJ

TN=OJVg$=Oi�LN=Oh��

��
$( ��3���� �� � ? � � � $9#����&"F#����
FKR;g;g$\,JV=Pt\!�1LV9�e!LQLV9t=�i/\bPYLVTN\b��ebTNij9;U�LV=-i�LNR;TV=�\b�

A
U�PYLV=O{bTje!LN=OJ�LV9;=�¬�0�Fni�\,Pti�=OgKLfe^Pth�TN=OJ�LVTNUci�LNJ�U�LNJ

��R;LVR;TN=f<>\^LNU�\,P>LV\�J�LNe^LV=-J2LV9�e!L�ebTV=QP;\bL�¬�0�F®� /�\,R;�Xh>LV9;=JVe^��=�LMH�\^�
A
o�=C{bRtebTNebPYLV=/=-htm�8�9;=Ae^P�J��"=/T

UXJ�i/��=-e^TN��HpHb=OJO��¬¦PthK=/=-h�sIebJ[g$=/T #A=/�M�tw,s,P;\bL�o$=/UcP;{�UcP�e^P�¬�0�Fz<>=OebPtJ(LV9�e!L�LN9;=/TN=Q= �KUXJMLjJ�e^L���=-ebJ�L[\bP;=
LNTNe^]M=Oi�LV\bTNH�\^�$U�PK��P;UªLN=fhKR;Tje!LNU�\,P��Q9;UXij9zUcJ(=OP,LNU�TN=/�cHpi/\b�c��UXJ�Uc\bP;_6��TN=/=���QU�LV9>TV=-J�g$=Oi�L(LV\LV9;=QUcPK��\,TV<�e!LNU�\,P
ebo�\,RKLQLV9t=p=/PI�IUcTV\,P;<>=/PYLQ�Q9;Ucij9aUXJAe4�!ebU��Xe^o;�c=-����8�9;UXJfgtTV\,g�=OT�LMH�UXJQ��RtPth;e^<>=OP,Lje^��e^PthnUXJQLV9t=��b=OH�LV\
LN9;=�JVe^��=�LMH>\^�

A
���"H�J�LNe4HIUcP;{pe4�"e4H���TN\b< ¬�0�F®s

A
�QUc���®P;=O�b=OT�=OPth�R;g�U�Pne�J�LNe^LV=A�Q9t=/TN=Ci�\,���cUXJ�Uc\bP�UXJ

=O�b=OP,LNRte^�c�cH�U�P;=O�IUªLje^o;�c=b�
8�9;=�¬�0�F i�\,Pti�=OgKL~9te,J�eb��TN=Oe,hKH¸o$=/=OP1RtJV=Oh UcP e PIR;<�o�=OT~\b�pe^g;g;�cUXi/e!LNU�\,PtJO� 8�9;=��tTjJ�L~\bP;=

i/\bPti/=/TNPtJ(e�<>\bo;Uc��=QTN\bo$\^L[JVR;oK]M=-i�L2LV\�JV=/P�J�UcP;{�i�\,PtJMLNTNebU�PYLjJ/sK¤§��eC�cUc<zU�LV=-hz�t=/�Xhz\^�®�IU�=O��sbe^Pthz<>\!�IU�Pt{
UcP e�gte^TVLVUXe^�c�cH �IP;\!�QP JMLje!LVUXi�=/PI�IUcTV\,P;<>=/PYL H q J*�¼8�9;=�J�=-i�\,Pth¸\,P;=�i�\,Pti�=OTVP�J�e�i/e^TV_`��Uc�b=n�b=O9;Uci/��=
<>\!�IUcP;{AUcP�eCTV\YebhK��e4HY_*�cUc�b=(=/PI�IU�TN\bPt<z=OPYL5Hcw4r J`��B�\!�YUcP;{C\boK]M=-i�LNJ�e^TN=�hK=Oeb�ªL��QUªLN9�o;R;LOs!LNTVRKLN9po$="LV\b�Xh�s
e�LVUc<>=�_`9;\bTNU��O\bP�UXJ"RtJV=Oh���\,T�LN9;=�JVeb�b=A\b�	=���i/U�=OPti�H��§U�P��YUc\b�Xe!LNU�\,P�\^��JVe^��=�LMH�i�TNUªLN=/TNU�\,P �b���[dQ=Oi/=/PYLV�cHbs
Hcw � J±9te,Jfg;TN\bg$\,JV=OhaebPa¬�0�FY_`ij9t=Oij�b=OTOs	¤§�AebP�e^�c{b\bTNU�LV9;<e^o;�c=�LV\nhK=�LN=/TN<>U�P;=p�Q9;=�LN9;=/T�e�{bUc�b=OPaJMLje!LV=
UXJAebPa¬�0�F�\bTCP;\^L-�f¬`LCi/\bPti/=/TNPtJAe�iOe^TV_*�cUc�b=��b=O9;UXi��c=�<>\!�YUcP;{�eb<z\,P;{>� �K=Oh�\bTA<>\!�IUcP;{�\boK]M=-i�LjJAe^P�h
��Rt���cHaU�<>g;�c=/<>=OP,LjJfLN9;=z¬�0�F�i�\,Pti�=OgKLOs(¤§�CP;\~LVUc<z=z9;\,TVUc�/\,P¯� � U��,=�e~i/\b�c��UXJVU�\,PK_`ij9t=Oij�b=OTOstUªL�i�\,R;�ch«o�=
R�J�=-h~=OUªLN9;=/TQ��\,TQTV=-ebi�LVUc�b=�i�\b�c�cUcJVU�\,PK_¦e4�b\bUXh;ebPti�=f\,TQgte^TVLVUXe^�®<>\^LNU�\,P�g;�cebP;P;UcP;{�e^g;gt��UXi/e^LVUc\bPtJIHcw4r J`�
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B�\^LVUc\bP�JVe^��=�LMH���\bT�TN\bo$\^LVUXi�JVHKJMLN=/<�J±\bg$=/Tje!LVUcP;{CU�PpLV9;=�TN=Oe^�Y�"\bTN�ch�UXJ(i�TNUªLNUciOe^�®��=OJVg$=Oi�UXe^�c�cH��Q9;=/PpLV9;=OU�T
JVUc�/=�e^P�h©hKHIPteb<>UciOJ�<�e^�b=nLN9;=/< g�\bLV=OP,LNUceb���cH¸9�e^TN<���Rt�Q��\bT>LN9;=/<�JV=/�c�b=OJ�\bT>LV9t=/UcT�=/PI�IU�TN\bPt<z=OPYLj���
B�\^LVUc\bP JNe!��=/LMH�UXJzeaLNeb�b=OPK_6��\,T�_`{bTje^PYLN=Oh«ebPth�Uc����_¦hK=��tPt=Oh�P;\bLVUc\bP�UcP�LV9t=ndQ\,o�\bLVUXi/Jp��U�LV=OTNe^LVR;TN=~e^P�h
LN9;=�g;TNUc<>ebTVH�i�\bPYLNTVUco;RKLNU�\,Pa\^��LV9;UXJfgtebg�=OTA9te,JQo$=/=/P�LN\�g;TN\bg$\,JV=LV9;TN=/=��/������ *¡�¢/£�¤¥ `�/£�¤§�~LV9te^LA9;=/�cgtJ
UcP R;P�hK=/TjJMLje^Pth;U�P;{�e�PIR;<�o�=OT�\b�f�b=/H�e,J�g$=Oi�LNJ�TV=O�ce^LV=Oh�LN\�LN9;=�<>\bLVUc\bP¸JNe!��=/LMH�UXJNJ�R;=,��¨ PIR;<po$=/T
\b��Pte4�IUc{,e!LNU�\,P�JVij9t=/<>=OJCRtJV=Oh�oIH�TN\bo$\^LVUXipJVHKJMLN=/<�J\bg$=/Tje!LNU�P;{�U�P«LV9;=zTN=Oe^��_`��\,TV�Xhn9te4�b=pLV9;=OP�o$=/=OP
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