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VLE�[¸qHSlVhEH^dVhqHILbf\�o½DFS*DFZHS*SUbd\UbaGJSU^wv>VLE3VhEWilbdIhILVL[JbdE.itERGaÎ�VL[FG_ikVhDFEÚO�u�v�bXZ�\lb¯DJo7SlbaG_^fikV¥ÎFb¯^dDJEWilSlDFI
ikv�SlDFZH[Jv­g@bdvRGaÎ�VLDFSlGJI«KHbd^fDFp�q�DF\UVhilVLDFEHÛ�qHSlD�Î�VLK�bd\AG(^dDJEWilb4Ö�iAo½DFS
ikv�b7^wvHDJVL^db7DJoÚSUDFg@DJikVh^�q@bdSU^dbfq�~
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vHbdG�Î�VhIhm¶DJEÍG�Ï&VhKHb*SkG_EH[Fb*DJo-q@bdSl^fbdq�ilZRGJI�^dGJqRGJgHVhILV¥ikVLbf\dO(u�vWZH\�Vhicg@bd^fDFp$bf\cVLp�q�DJSUiwG_EWi7ikD¯g@b
GJgHIhb1ikD¹Slbf^dDFE�ØR[FZHSUb�\UbdEH\UDFS�\UikSlG_ikbf[FVLbf\�æ·q@bdSU^dbdq�ikZRGJI²\U^wvHbdp$GJ\kç�GJ\AilvHb(SlDFg@DJi&p�D�ÎFbd\�ilvHSlDFZ�[Fv
ikv�bNÏ¡DFSlIhKÚOªu�vHb¶×WZHbf\UikVhDFE>D_oXè�Ï&vRG_i$ikDÑq�bfSl^dbfVhÎJb¶GJEHKÐÏ&vHbdE>ilD�q@bdSU^dbdV¥ÎFb¶V¥i�éaê ptZH\�i¼g@b
GJEH\�ÏnbfSlbfK¸VLE#DJSlKHbfS7ikD$qHSlD�Î�VLK�b;ikVhp$bfIhm­SlDFg@DJikVh^(Slbd\Uq�DJEH\lbtVhE¶G�K�m�ERGJp�VL^;GJEHK¶DFE�Ihm¯qRGJS�ikVLGJILI¥m
p�D�KHbfILbfKÑÏ¡DFSlIhKÚO¶u�vHVh\tGJS�ikVL^fILb�\lq@bd^fVhØR^dGJILI¥m�G_KHKHSlbf\l\Ubd\tikv�VL\�q�SlDFgHIhbdpXë*^dD�DFSlK�VLERG_ilVLEH[Xp�DJikDFS
^dDJEWilSlDFIÚÏ&V¥ikv¯ptZHI¥ikVhqHILb7\lZHqHq@DFS�ikVhÎJb(q�bfSl^dbfq�ikZHGJIBGJIL[FDJSlVhilvHp�\dO

QìgHSUVLbfoBSUbfÎ�VLb4ÏíD_o�SUbd^fbdE.i�ÏnDJSlT­VhE¼\lbfILbf^fikV¥ÎFbcq@bdSU^dbdq�ikVLDJE¯GJEHK�SlbdGJ^filVhÎJb1SlDFg@DJilVL^P^fDFE.ikSUDFI§Vh\
qHSUbd\lbfE.ikbdK�VhE�ilvHb�EHb4Ö�iA\Ubd^4ikVLDJEÚO!u�vHb7ZHEHKHbfSlIhm�VhEH[;q�vHVLIhDF\lDFq�vWm�G_EHK­p�bfilvHD�K�DFILDF[_mtDJo§DFZHS-qRGJS�~
ikVh^dZHILGJSAG_qHqHSlDFGJ^wvXo½DJILILD�Ï&\fO!u�vHb1ØRSU\Ui�VLEH\�iwGJE.ilVxG_ilVLDFE¼D_oBilvHVL\�p�bfilvHD�KHDFILDJ[Jm�VL\nilvHbdEXqHSlbf\lbfEWilbdK
VLE�ikvHbP^dDFE.ikb�Ö�i�DJo�G�p�DFgHVhILb&SlDJg�DJi¡KHD�^wTWVLEH[�Ï&V¥ikv­G;ÏnDJSlTW\UikG_ikVhDFEÚO�îRDFZHS¡KHVhï�bdSUbdE.iAq@bdSU^dbfq�ikZRG_I
GJIh[FDFSlV¥ikvHp�\cGJSUb¹\lbd×WZHbfEH^dbfKÁikDNGJ^d^fDFp�qHILVh\lv¸ikvHVh\ciwGJ\UT¶o½SlDFpðG¯SkG_EH[Fb¹DJo�G_g�DFZ�i;ñF|¯o½bfbfi(ikDNG
ØRERG_I�q�DF\UVhilVLDFE�Ï&V¥ikvHVhE:\lb4ÎFbdSlGJI�VLEH^wvHbf\¹DJo7ilvHb�KHD�^wT«OÐò<Ö�q@bdSlVhp$bfE.iwGJI�SUbd\lZ�Ihik\¹G_Slb¯qHSlbf\lbfEWilbdK
ZH\UVLEH[¼DJZHS7p�DFgHVhILb(SlDJg�DJi r bdDFSU[FbJO�Q¨\Ubd^dDJEHK¸VLp�qHILbfp$bfE.iwG_ilVLDFE�ikvHG_iPÏnGJ\PK�bfÎFbfILDFq@bdK¶o½DJS7ikv�b
r bdDFSU[FVxGXu�bf^wvÕbfE.ikSUm�VLEÁilvHb¼QPQ7QPs Ý�óFó }Np$DJgHVLIhb$SUDFg�D_it^dDJp$q@bfilVhikVhDFE�à·Ü1Vh\*GJIh\lD¶qHSUbd\UbdE.ikbfKÚO
u�vHSUbdb*q@bdSl^fbdq�ilZRGJI�G_IL[FDFSUVhilvHp$\�GJSUbtZH\UbdK¸ikD¼[JZHVLKHb�ikvHb*SUDFg@DJiPilD�G¼\lq@bd^fVhØR^tq�IxGJ\�ikVL^;q�DJILbJOPQ
\lZ�p$p$GJSUm¼GJEHKX^dDFE�^dILZ�\lVLDJEH\�\lbf^fikVhDFEX^dDFp�qHILb4ikbf\AikvHb�GJS�ikVL^fILb_O

ôAÃ õªöB÷�ø<ÆHö�Éúù È-ÇRû

Y1bfÎJbdILDJqHp$bfE.ik\-VLE¹ikvHb7GJSlbdGJ\-DJoÚSUbaGJ^4ikVhÎJb7SUDFg@DJikVh^�^dDFE.ikSUDFI@GJEHK�\lbfILbd^4ikV¥ÎFbPq@bdSU^dbfq�ikVhDFE$\UbdS�ÎFb
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C�bdGJ^filVhÎJb¶^dDFE.ilSlDFI�VL\$GJEªGJq�qHSlD.G_^wv>ikDÁSUDFg@DJikVh^d\¹ikvRG_i$bdIhVLp�VLERG¦ikbd\*ilvHb#ZH\Ub¶DJocVhE.ikbdS�ÎFbfE�~
VLE�[#SlbfqHSlbf\lbfEWikG_ikVhDFE3GJEHK:SUbaGJ\UDFEHVhEH[#KHZ�SlVLE�[#ikvHb­b4Ö�bd^fZ�ikVhDFE:DJo&G#SUDFg@DJi � \tp�VL\l\UVLDFE§OXQ ikVL[JvWi
^dDJZHqHILVhEH[�g@bfi�Ï¡bdbdE�q�bfSl^dbfq�ikVhDFEÑGJEHKµp$DJilDFScGJ^4ikVhDFEÍVL\cqHSUbd\lbfE.iaO­u�v�VL\(\UilSkG_ilbd[Jm¸q�SlD�Î�VLKHbf\(o½DJS
SlbdGJI¥~/ikVhp$b�Slbf\lq@DFEH\lb;GJEHK¯Vh\�qRGJSUilVL^fZHIxGJSUIhm*Ï¡bdIhI¥~�\UZHVhilbdK�o½DFSAK�m�EHGJp$Vh^cGJEHKXZHEHp�D�KHbdIhbdKµæ·DJS�qRGJS�~
ikVLGJILI¥m¯p$D�KHbfILbdKRç7bdE.Î�VLSUDFEHp�bdE.ik\fO*QPKHKHV¥ikVhDFERGJIhIhm¯SlDJg�DJilVL^�GJ^filVLDFEH\(G_Slbti�m�qHVL^dGJILI¥mXKHbd^fDFp$q@DF\UbdK
VLE.ilD­G�^dDFIhILbd^4ikVhDFE¯DJo!qHSUVLp�VhilVhÎFbPp$DJilDFS&g�bfvRGaÎ�VLDFSU\dy@baGJ^wvNDJo!Ï&vHVh^wv#VL\&^dGJqRGJgHIhb;D_o<o½ZHEH^4ikVhDFEHVLE�[
p�DFSlbcDFS�Ihbd\U\�VhEHKHbfq�bfEHKHbdE.ilIhmFO

u�vHbdSUbXGJSlb¼E�D�Ï p$GJE.m�SUbdqHSUbd\UbdE.iwG_ilVhÎJbXb�Ö�GJp$q�ILbd\�DJo�SlbaG_^fikV¥ÎFb¼^fDFE.ikSUDFIA\Um�\�ikbdp�\dOµu�vHbf\lb
VLE�^dILZ�KHb�ilvHb�\UZHgH\UZHp$q�ikVLDJE¸GJSl^wv�Vhikbf^filZHSlb�à·Ûlßáà��4y«ikv�b�ZH\UbtDJo!Î�VLS�ikZRG_IBg@bdvHG�Î�VhDFSl\Uâ��4y�GJEHKNÏnDFSUT¯gWm
GtÎ_GJSlVhbfi�m�DJo�DJilvHbdS&Slbf\lbdGJSl^wvN[FSlDFZ�qH\;æ·bJO [HO¥yHâ�âlß Û��lßáà��Uç4O
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VLE#G­^dDJEH^dZHSUSlbfEWi(p$GJEHE�bdS&ikD­m�VLbfILK#G­[FILDJgRGJILI¥m¼bfp$bfSl[FbfEWi1g�bfvRGaÎ�VhDFS7Ï&v�VL^wv¶\�ikSlV¥ÎFbf\PikD¼\lG_ikVh\Uo m
ikv�b7SUDFg�D_i � \-[JD.GJIL\fO�]#G_EWm�KHV¥ï§bfSlbfEWi¡\l^wv�bdp$GJ\¡vHG�ÎJbPg@bdbfE­KHb4ØREHbdK$o½DFS-G�Î_GJSlVhbfi�m*D_oÚ\lV¥ikZRG¦ikVLDJEH\dO
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\Um�\�ikbdp�\dOís�EH\UilbaGJKªD_oc^dDFE�KHZH^filVLEH[�IxGJSU[Fb4~ä\l^aG_ILb¯\l^fbdEHbÍGJEHGJIhm�\lVh\dynikGJ\lTF~ä\lq@bd^dV¥ØR^#\UbdEH\UDFS�GJIh[FD_~
SlV¥ikvHp�\
^aGJE$g�b�^dDJEH\UilSlZH^4ikbdK¯G_EHK­SUZHE¼VLE�qRGJSlGJILIhbdI�ilD�\UZHqHq@DFSUi¡baGJ^wv­VLEHKHV¥Î�VLKHZRG_IRp$DJilDFS�g@bdvRGaÎ.~
VLDJSl\ � EHbfbdKH\fO-u�v�VL\AqHv�VLILDJ\lDFqHv.m�Ï&vHVL^wv�[JD�bf\nZHEHK�bdSAikv�b1ERGJp�bPDJoBG_^fikVhDFE�~äDFSlVhbdE.ikbfK¼q�bfSl^fbdq�ilVLDFEÚy
iwG_\lTF~�\Uq�bf^dVhØH^�q�bfSl^dbfq�ikVhDFEÚyWGJE�K�\UbdIhbd^filVhÎJb�q�bfSl^dbfq�ikVhDFE¹GJIhI�\UilSlV¥ÎFbAikDc^wvHGJEHEHbfIRq�bfSl^dbfq�ikZHGJIRG_iUikbdE�~
ikVhDFE¯GJEHK�bfEHbdSU[Jm�b4ï§bf^fikV¥ÎFbfIhmFO
QìSUbd^fbdE.i�QPQPQ7s-ÞÑDFSUT�\UvHDFqXDFE�\lbfILbf^fikV¥ÎFbcq@bdSU^dbdq�ikVLDJEXVhEH^dIhZHKHbf\
\lb4ÎFbfSkGJI�SlbfqHSlbf\lbfEWikG_ikV¥ÎFb�GJqHqHSUD.GJ^wvHbf\�ilD¹ilvHVL\�q�SlDFgHIhbdp;�kO
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s�E¶DFSUKHbdS�ikD­g@bd\�i1Z�ilVLIhVLedb(IhVLp�VhikbfK¯^dDFp�qHZ�ikG_ikVhDFERGJI²SUbd\lDJZHSl^fbd\1V¥iPVh\7Vhp$q@DFSUikGJE.i�ikD¼^wvHGJEHEHbfI
q@bdSl^fbdq�ilZRGJI¡qHSlD�^dbf\l\lVhEH[¶b4ï§bf^fikV¥ÎFbfIhmFOBA7\UVLEH[¶GNg@bdvRGaÎ�VLDFS�~�gRG_\lbdKÁGJqHqHSUD.GJ^wv�o½DFS(ikv�b¼KHbd\UVL[FEÑDJo
SlDJg�DJilVL^¼\�m�\Uikbfp$\�bdEHGJgHILbf\*ikvHb�o½D�^dZH\UVLEH[ÍDJo7q�bfSl^fbdq�ilZRGJI&qHSlD�^dbf\l\UVLEH[ÍVLE:ÏnGam�\¹ikvHG_i$GJSlb¼o½ZHE�~
KRGJp�bdE.ikGJILI¥m3KHVhï�bdSUbdE.i¼o½SlDJp ilvHDF\Ub#Ï&vHDF\Ub¸bfï�DFSUil\�GJSlb#^dDFEH^fbdE.ikSlG_ikbfK VLE.ikDÁg�ZHVLIhKHVLEH[µ[FIhDFgRGJI
SlbfqHSlbf\lbfEWikG_ikVhDFEH\�DJoBikvHbcÏ¡DFSlIhK�æ½bJO [HO¥y§à·âlß â�Ûlß â��lç�O

u�vHbdSUb�G_Slb(\lb4ÎFbdSlGJIBGJ\lq@bd^4ik\&ikD*ikv�VL\&GJqHq�SlD.GJ^wv&�4ë

z



Ý O : bfEH\lDJS¼ØR\l\UVLDFEÚëµ\lq�ILVhiUikVhEH[ÑD_ï q@bdSU^dbdq�ikZRGJIPqHSlD�^dbf\l\lVhEH[:VLEÐikvHb¶^fDFE.ikb�Ö�i¯D_o;qHGJSUilVL^dZ�IxGJS
p�DJikDJSniwGJ\UTW\PGJE�KXSUZHEHEHVhEH[¹ikvHbf\lb(q�bfSl^fbdq�ilZRGJIBGJ[FbfEWil\;æ·\l^wv�bdp$GJ\wç�VLE¯qRGJSlGJILIhbdI´O

}�O&Q7^fikVhDFE�~äDFSlVhbdE.ikbfKÁ\lbfEH\lDFSto½Z�\lVLDJEÚë$Z�ikVLIhVLefVLEH[XptZHI¥ikVLq�ILb¹q�bfSl^fbdq�ilZRGJI�GJIh[FDFSUVhikv�p$\�^dDFE�^dZHS�~
SUbdE.ikI¥m¼ikD¹gHZHVhILK�ZHqDCFEHG$IHJLK�M�N�M%O�K�M%O�C§SlbfqHSlbf\lbfEWikG_ikVhDFEH\�DJoBikvHbcÏ¡DFSlIhKÚO�â�Ü

z�OQPBbdSl^fbdq�ilZRGJI¡\lbd×WZHbfEH^dVhEH[3æ½\lbdE�\lDFS�o·GJ\lvHVhDFE«ç�ë�Z�ilVLILVhedVhEH[�KHVhï�bdSUbdE.i;q�bfSl^dbfq�ikZHGJI¡\�ikSlG_ikbf[FVLbf\
G_i&K�Vhï�bdSlbfE.i7q@DFVhEWil\�VLE�ikVhp$b1GJEHKX\lqRGJ^fbcikD�qHSlD�KHZH^fb;G*ZHE�Vho½DFSUp p�DJikDFSAGJ^filVLDFEÚO

u�vHb�Slbdp$GJVhEHKHbdSnDJo�ilvHVL\&G_SUikVh^dIhb1DFZ�ilILVLE�bd\nilvHb(ERG_ikZ�SkGJIÚ\UbaGJp�\&g.m¼Ï&vHVL^wvXq@bdSl^fbdq�ilZRGJI�GJIh[FD_~
SlV¥ikvHp�\A^dGJENg@b(SlbdGJKHVLI¥m¼^fD�DFSUKHVLEHG_ikbfK¯GJEHKX^dDFEH^fbdE.ikSlG_ikbf\7DJENV¥ikbdp æ´z.çAG_g�D�ÎFb_O

<�ÃUÂ 7#ö�ÇRË²ö397ÆRÊ1ø
÷R6�ö0S7Ê1öBÅ1Ë�Ì�ÅUT
QP\¹KHVh\l^dZ�\l\lbfK>qHSUbfÎ�VLDJZH\lI¥mFy
g.m3GaÎFDFVhKHVLEH[¶ilvHb¯^dDFE�\UikSUZH^filVLDFE3DJo&ikGJ\lTF~�VhEHKHbfq�bfEHKHbdE.i$SlbfqHSlb�~

\lbfE.iwG_ilVLDFEH\¹DJo7ikvHb�Ï¡DFSlIhKÚy-Vhi¹VL\*bfEH\lZ�SlbdKÕikvRG¦i$DJEHIhm�SlbdIhbfÎ_GJE.i�\lbfEH\lDFS�m3qHSlD�^dbf\l\UVLEH[µVL\¹g@bdVLE�[
q@bdSUo½DJSlp�bdKÚOÍsäi*ptZ�\Ui¹GJIh\lD¶g@b¼SUbd^dDJ[FEHVLefbdK:ikvHG_i¹G#\UVLEH[FIhb­q@bdSU^dbdq�ikZRGJIAGJIL[FDJSlVhilvHp æ·DJSt\lVhEH[FILb
GJ[F[JSlbd[FG_ikb�DJo²^fDFEH^dZ�SlSlbfE.i�q�bfSl^fbdq�ilZRGJIÚG_IL[FDFSUVhilvHp$\kç�Ï&VLIhIRDJo ikbfE¼EHDJing�b7GJgHIhb7ikD;\kG_ilVL\�o m�ilvHbPb�ÖW~
ikbfEHKHbfK#p�DJikDFSnEHbdbfKH\7D_o!G¹\lVhEH[FILbPg�bfvRGaÎ�VhDFS;æ·\U^wvHbdp$G.ç4O-îRDFSAb�Ö�GJp$q�ILbJyRV¥i�VL\AÏnGJ\�ikbfo½Z�I�ilD$vHG�ÎJb
ILDJEH[_~�SlGJEH[Fb&[FDFGJI�SUbd^fDF[FEHV¥ikVLDJE­GJIh[FDFSUVhikv�p$\
VLE$DFq@bdSkG¦ikVLDJE$Ï&vHbfE¼ikvHb7SlDFg@DJiAVh\¡^fILDF\Ub7ilDtVhil\¡[FDFGJI/O
u�vHb*\lGJp$b;vHDFIhKH\Po½DFS�ikvHb�Î_GJIhZHb�D_o¡^fILDF\Ub�SlGJEH[Fbtq@DF\UVhikVhDFEHVhEH[­G_IL[FDFSUVhilvHp$\�Ï&vHbfE¸ikvHbtSUDFg@DJi1Vh\
o·GJS1o½SUDFp Vhil\1iwGJSU[FbfidO¼]XZHIhilVLqHIhbtq�bfSl^fbdq�ilZRGJI-GJIL[JDFSlV¥ikvHp�\1GJSUb¹^aGJIhILbdK¸o½DFSfy²Ï&VhikvµG¯p$bf^wvRGJEHVh\lp
o½DFS�\Ubd×WZHbdE�^dVLE�[$ikv�bdp KHZ�SlVLE�[¹ilvHb(q�bfSUo½DFSUp­G_EH^dbcDJo!G*p$DJilDFSAg@bdvRGaÎ�VLDJSdO

P�bfSl^dbfq�ikZHGJI¡\Ubd×WZHbfEH^dVhEH[¶VL\�G�p�bfikv�D�KHDJILDF[Jm#g.m¸Ï&vHVL^wvÑptZHIhilVLqHIhb�q@bdSU^dbdq�ikZRGJI¡GJIh[FDFSlV¥ikvHp�\
^aG_EÑg@b¹\l^wvHbfKHZHILbfKÑÏ&V¥ikvHVhE¶ikvHb¹^dDJEWilb4Ö�i;DJoAG�\UVLEH[FIhb*p$D_ikDFS1g@bdvHG�Î�VhDFSdO*u�vHb¹[FDFGJI!VL\1ilDNvHG�ÎJb
ikv�b�SUVL[Fv.i&q@bdSU^dbdq�ikZRGJIBGJIh[FDFSUVhikv�p G_^fikV¥ÎFb�G_i&ikv�b�SUVL[Fv.i�ilVLp�bJO�j²VhiUikIhb1qHSlb4Î�VLDFZH\�Ï¡DFSlT�vHGJ\&g�bfbdE
q@bdSUo½DJSlp�bdK3VLE3ikvHbXGJSUbaGÍDJo7q�bfSl^dbfq�ikZHGJI&\lbd×WZHbfEH^dVhEH[�VhE:ikvHbX^dDFE.ilb4Ö�i­D_o1GÍSlbdGJ^filVhÎFb¯SUDFg�D_ikVL^
\Um�\�ikbdpXO
]NDJ\Ui�qHSlb4Î�VhDFZH\BSlbf\lbaG_Sl^wvtvRG_\�bfVhikv�bdSBg�bfbdEt^fDFEH^dbfSlEHbfK�Ï&Vhilv�o½Z�\lVLE�[7ikDJ[FbfilvHbdS�ptZHI¥ikVhqHILb
DFgH\UbdS�ÎJG¦ikVLDJEH\<D�ÎFbfS<ikVhp$bPæ½ilSkGJK�VhikVhDFERGJIJ\lbdE�\lDFS!o½ZH\UVLDFERç�DFS�ZH\lVhEH[1G7\lVLE�[FILb-q�bfSl^fbdq�ilZRGJIHG_IL[FDFSUVhilvHp
ikD¹^fDFE.ikSlDJI�G¹\Uq�bf^dV¥ØR^;SUDFg@DJikVh^1g�bfvRGaÎ�VLDFS�æ½^dDFE.ÎFbfE.ikVLDJERGJI�SlbdGJ^filVhÎFb(\�m�\�ikbfp$\kç4O

QÐo½SlGJp$b4ÏnDJSlT(ptZH\�i<g@bnKHb4ÎFbfILDFq@bdKtilDPb4Ö�qHSUbd\U\!ikvHb¡SlbdILG_ikVhDFEH\UvHVLqH\�g@bfi�Ï¡bdbfE¹ilvHbnq@bdSU^dbfq�ikZRG_I
qHSUD�^fbd\l\Ubd\fO�säi
EHbdbfKH\�ikDcVLE�^dILZ�KHb¡ilvHb�EHDJilVLDFEtD_o�q@bdSU^dbfq�ikZRG_IH\UikG_ikb&GJE�K$G1p�baG_EH\<o½DFS!b�Ö�qHSlbf\l\lVhEH[
ikv�b(ilSkGJE�\lVhilVLDFE�\Ag�b4i�ÏnbfbdE#ilvHbd\Ub;\�iwG_ilbd\fO

u�SUVL[F[JbdS&bfÎJbdE.ik\cG_Slb�\lq@bd^dV¥ØRbdKXÏ&vHVL^wv#Slbdq�Slbd\UbdE.iPilvHbd\Ub;ilSkGJEH\UVhilVLDFEH\fOnu�vHb�ERG_ilZHSlb�DJo!ilvHbd\Ub
ikSUVL[F[JbdSl\�^dGJEXg�bc×WZHV¥ikbcÎ_GJSlVhbdKÚë

� u�vHb4m3^aGJE3g@b¯KHbdSUVhÎFbfKÕo½SUDFp \UqRG_ilVxGJI¡ZHEH^dbfSUikGJVLE.i�m:VhE�o½DFSlp$G_ilVLDFE:G_EHK:ikvHb¯SlDJg�DJi � \*b�ÖW~
q@bd^4ikbdKXq@DF\lV¥ikVLDJE�SlbdILG_ikV¥ÎFb1ilD$G¹q@bdSl^fbdq�ilVLgHIhbcDFg��Ubf^fiwåwO

ñ



� u�vHb4m¯^aGJEXg@bcgRGJ\lbfK#KHVhSlbf^fikI¥m¼DFE¯bfIxGJqH\UbdK¯ikVhp$bc\UVLEH^fb(ilvHb(g�bf[FVLE�EHVLEH[*D_o!GJE¯b4ÎFbdE.idO
� u�vHb4m¯^aGJEXg@bcVLE¯Slbf\lq@DFEH\lb(ikD¹ikv�b�\UZH^d^fbd\U\Uo½ZHIB^dDFp�qHIhbfikVhDFE¼DJo!G*q�bfSl^dbfq�ikZHGJI�GJIL[JDFSlV¥ikvHpXO
� u�vHb4m¯^aGJEXSlbf\lZHI¥i�o½SlDFp o·GJVLIhZHSlb7^dDFEHK�VhikVhDFEH\�KHb4ikbf^fikbfK#KHZ�SlVLE�[�q@bdSU^dbfq�ikZRG_IBq�SlD�^dbd\U\lVhEH[HO

� u�vHb4m¯^aGJEXD�^d^dZ�S�K�ZHbcikD*ikbfSlp�VLERG_ilVLDFE­DJo!G¹p�DJikDFSAGJ^filVhÎ�Vhi�mJO
îRDFSlp$GJILVhedVhEH[�ilvHb*GJq�qHSlD.G_^wvÚy�G­ØREHV¥ikb*\UikG_ikbtGJ^d^fbdq�ilDFS�æ´î : Qcçwàn^aG_Eµg@btKHb4Î�VL\lbfKµilD�SlbfqHSlb�~

\lbfE.itikvHbf\lb¼SUbdILG_ikVhDFEH\lv�VLqH\fONî�VLEHV¥ikb¹\UikG_ikb$p$D�KHbdIh\(vRGaÎFb¼g@bdbfE:qHSlb4Î�VhDFZH\UIhmµZH\lbfKÁikDNSlbdq�Slbd\UbdE.i
SlbfIxG_ilVLDFE�\lvHVhqH\�VhEtSlDJg�DJilVL^-^dDFE.ilSlDFI´OWVnSUD�DFTW\!Z�\lbd\!ØHEHVhilbn\UikG_ikbnp­GJ^wv�VLEHbf\<ikD1q�SlD�Î�VLKHbAb�Ö�qHSlbf\l\lVhDFE
o½DFS�p�DJikDJSA^dDFE.ilSlDFI²VhE¯ilvHb(\lZHg�\lZHp�q�ikVhDFENGJSl^wvHV¥ikbf^fikZ�Slb¦à·Û�O�u�GJ^wvHVBGJEHKN`cDFp�DFSlV¥m.GJâ��
vRGaÎFb�ZH\UbdK
GJE$GJZ�ilDFp­G¦ikDFE�p­G_q�SUbdqHSUbd\UbdE.iwG_ilVLDFE­VLE¹ikvHbP]#ò
j�Y(Ó r \�m�\UikbfpNO
î : QP\-vRGaÎFbPGJIL\UD�g@bdbfE¼ZH\UbdK
o½DFS7qRG_ikv#^dDFE.ikSUDFI<D_o�Î�Vh\lVhDFE�~�gHGJ\lbfK¶p$DJgHVLIhb�SUDFg@DJi1ERGaÎ�VL[FG_ikVhDFEHÛlà�ßáà��kO(Ó1ZHSPZH\lbtD_o-î : QP\PKHVhï�bdSU\
KHbf^dVLK�bdKHI¥m*o½SlDFp�G_ILIHDJo�ikvHbf\lb7p$b4ikvHD�KH\dyWg@DJikv�VLE$GJqHq�ILVL^dG_ikVhDFE¯æ½q�bfSl^dbfq�ikZHGJI�^fD�DJSlKHVhERG_ikVhDFE«ç<G_EHK
b4Ö�qHSUbd\U\lVLDJEÚO

QÔØREHVhilbc\UikG_ikb�GJ^f^dbdq�ikDFSYX ^dGJEXg�bc\Uq�bf^dVhØHbdK#g.m¯G¹×WZRGJKHSUZHqHIhb­æ�Z;[*\'[�] � [$^;ç¡Ï&VhilvÚë

� Z>SUbdqHSUbd\UbdE.ikVhEH[�ilvHb
GJIhILD�ÏAG_gHILb�\UiwG¦ikbd\-æ½VLE1ilvHVL\²^dGJ\lb_y�ilvHb-GJILIhD�ÏAGJg�ILb<q@bdSU^dbfq�ikZRG_IF\l^wvHbfp­GFç4y
� \1g@bdVhEH[�G(ikSlGJEH\lV¥ikVhDFE*o½ZHEH^filVLDFE�p$GJqHqHVhEH[cikvHb7q�bfSl^dbfq�ikZHGJI«VLEHqHZ�iAGJE�K�ilvHbP^fZHSlSUbdE.iA\�iwG_ilb
ilDÑG_EHDJikv�bdSdy¡DFS¹q�bfSlvRG_qH\*ikvHbX\kGJp�bJy-\UikG_ikbÑæ½^aGJq�ilZHSlVhEH[¸ikvHb¯ikSUVL[F[JbdStp�bd^wvRG_EHVL\Up$\¹KHb�~
\U^dSlVhg�bfK#G_g�D�ÎFbaç4y

� ] � Vh\AikvHb(\UikGJSUilVLEH[¹\UbdEH\UDFSUm¯^fDFE�ØR[FZ�SkG_ilVLDFEÚyHGJEHKÚy
� ^ìVh\¡G�\lb4inDJo²GJ^d^fbdq�ilVLEH[�\UikG_ikbf\dyHG(\lZ�gH\lb4i�DJo_Z¹y�VLEHKHVh^aG_ilVLEH[c^fDFp�qHILb4ikVLDJE�D_o§ikv�b7\UbdEH\UDFSlV�~
p�DJikDJSniwGJ\UT«O

\�^aG_EXg@bcSlbfqHSlbf\lbfEWilbdK¶VhE¯GtiwGJgHZ�IxGJSno½DJSlp Ï&vHbdSUb(ilvHb�GJSl^f\�VLE¼ilvHb�î : Q æ½bJO [HOhy«î�VL[HO Ý çAGJSUb
VLE.ÎJDFTJbfK#g.m�\lbfEH\lDJSUmXVLE�o½DJSlp$G_ikVhDFE$ilvRG_i&^aG_ZH\lbf\7ikv�b(ilSlVh[F[FbdSn^dDFEHK�VhikVhDFE¼ikD¹b�Ö�Vh\UidO

QÔ\lVhp$qHIhb1b4Ö�GJp�qHIhbcVL\A[FV¥ÎFbfE¯o½DJSAikvHbcZ�ilVLIhVLeaG¦ikVLDJE­DJo�i�Ï¡D$KHVh\UilVLEH^4i�\lbfEH\lDFS�mXGJIL[JDFSlV¥ikvHp�\-o½DJS
G*\lVhEH[FILbcp�DJilDFSAiwGJ\UT«O-u�v�b�ØRSU\UiQ] � VL\&ZH\UbdKXo½DFS�KHVL\�iwGJE.i&q@bdSU^dbdq�ikVLDJEÚyHikvHb(\Ubd^dDJEHK`] à o½DFS�^fILDF\Ub
VLE¯ERGaÎ�VL[FG_ikVhDFEÚO

u�vHb;î : Qìo½DFSAilvHVL\&b4Ö�GJp�qHIhb�æ´î<Vh[HO Ý ç¡Ï¡DFZHIhKNg@bcSlbfqHSlbf\lbfEWilbdK¶g.m�ilvHb(×�ZHGJKHSlZ�qHILb_ë
æ�a'] � [*] à [*] â [�] Û1b [$\�[*] � [1a'] â [*] Û1b ç

Ï&vHbfSlbc] â SUbdqHSUbd\UbdE.ik\
EHDFSUp­G_I�\UZH^d^fbd\l\�o½ZHIHikbfSlp�VLERG¦ikVLDJEÚy)] Û SlbfqHSlbf\lbdE.il\¡G_gHEHDFSUp­GJI.ilbdSlp�VLEHG_ikVhDFEÚO
d7bfSlbe\�y�ilvHbcikSlGJEH\lV¥ikVhDFE¼o½ZHEH^4ikVLDJEÚyHVL\�\Uq�bf^dV¥ØRbdKNgWm@ë
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q 1

0 : long-range perceptionq

: close-range perception

q
q 2 : normal termination

3 : abnormal termination

q q

q 3

0

n
n q 2

a

a
f

fr

t t

1

n : normal
t : terminal

r : recoverable error
f : fatal error

a : all

g �.�ih04'�kj�l : Vhp$qHIhb1b4Ö�GJp�qHIhbcDJo!G*q@bdSU^dbdq�ikZRGJIBî : Q

\ E�DFSlp$GJI ilbdSlp�VLEHGJI SUbd^dD�ÎJbdSkG_gHILb�bdSUSlDFS o·G_ikGJIÚbfSlSlDJS
] � ] � ] à ] à ] Û] à ] à ] â ] � ] Û] â ] â ] â ] â ] â] Û ] Û ] Û ] Û ] Û

u�vHb�^dDFIhZHp$E�DJE¯ilvHb(ILb4o i�KHbdq�VL^fil\�ikvHb(^dZ�SlSlbfE.i7\�iwG_ilbcÏ&Vhikv�ilSkGJEH\UVhilVLDFEH\nD�^f^dZHSUSlVLE�[¹ilD¹EHbfÏ
\UikG_ikbf\cGJ\1K�bfikbfSlp�VLEHbfK¶g.m¶G_EWmNDJo�o½DFZ�SPKHV¥ï§bfSlbdE.i1i�m�q@bd\cDJo!VLEHqHZ�i¹æ·E�DFSlp$GJI/y«ikbfSlp�VLERG_I/yRSlbf^dD�Î.~
bdSlGJgHIhbcbdSlSUDFSdy«G_EHK�o·G_iwGJI§bdSlSUDFSwç�O

îRDFS�ikvHVh\�qHGJSUilVL^dZ�IxGJS�b�ÖHG_p$qHIhbJyREHDJSlp$GJI²\lbfEH\lDFS�mXVLEHqHZ�i7p$GJVhEWikGJVLE�\nikvHb�VLE�VhikVLGJI§q@bdSU^dbfq�ikZRG_I
\l^wv�bdp$G�VLE¼V¥ik\-b4Ö�VL\�ikVhEH[�^fDFE�ØR[FZ�SkG_ilVLDFE$KHSlV¥Î�VhEH[(ikvHb1SUDFg@DJinVhE¼GJ^f^dDFSUKRGJEH^fbPÏ&Vhilv$ilvHbPSUbd\lZ�Ihik\¡DJo
ikv�b¹GJIL[FDJSlVhilvHpXO�Þ vHbfEÍEHbfÏý\lbfEH\lDFS�m¸VLE�qHZ�ic^dGJZH\lbf\cikvHb�ØHSl\Ui(q@bdSU^dbfq�ikZRG_I�GJIL[JDFSlV¥ikvHp æ.] � ç�ilD
ikbfSlp�VLERG¦ikbPE�DFSlp$GJILI¥mXæ·b_O [�OhyHSUbd^fDF[FEHV¥ikVLDJEÚyWDFSA\lDJp$b7DJikvHbfSnikSUVL[F[JbdSnb4ÎFbfEWiwç4yHilvHb1\lbf^dDFE�KXq@bdSU^dbfq�~
ikZHGJI§G_IL[FDFSUVhilvHp æ�] à ç¡VL\¡VLE.ÎFDJTJbdK§O-u�v�bc\lbd^fDFEHKXGJIh[FDFSlV¥ikvHp¨qHSlD�^dbfbdKH\&GJ\nILDFEH[�GJ\nÎ_GJIhVLK�\lbdE�\lDFS�m
VLE�qHZ�i;VL\(Slbf^dbdV¥ÎFbfKÚOXÞ v�bdEÁ\UZH^d^fbd\l\�o½ZHIA[FDFGJI�^dDFp�qHIhbfikVhDFEÍD�^f^dZHSU\dy!V¥i(ikSkG_EH\lV¥ik\(ikD¯ikvHb$EHDFSlp$GJI
ikbfSlp�VLERG¦ikVLDJEN\�iwG_ilb�æ�] â ç4O7säo-GJE¶bdSUSlDFS7D�^f^dZHSU\PikvHG_i1Vh\7KHbfbdp�bdK¸SUbd^dD�ÎJbdSkG_gHILb_yÚVhi7SlbfVLE.ÎFDFT_bd\cikv�b
ØRSU\Ui7q�bfSl^dbfq�ikZHGJI<G_IL[FDFSUVhilvHp æ.] � çAikD�\UikGJSUi7D�ÎFbdS�Vho<q�DJ\l\lVhgHILb_yRDJikv�bdSUÏ&Vh\lb�Vhi�KHbfEHDJikbf\1GJg�EHDFSlp$GJI
ikbfSlp�VLERG¦ikVLDJEÍæ�] Û ç4O

]NDFSUb¶^dDFp�qHSUbdvHbfEH\lV¥ÎFbÍb4Ö�GJp�qHILbf\¼GJSUb¶qHSUbd\lbfE.ikbdKÙVLEÐikvHb¶b�Ö�q�bfSlVLp�bdE.ikGJIP\Ubd^filVLDFEªD_ocikvHVh\
qRGJq@bdSfO

u�vHb�VL\U\lZHb�D_o�^fDFp�qHILb�Ö�V¥i�m(o½DFS!î : QP\!Ï&vHVh^wv�p$Gam�vRGaÎFb&ptZHI¥ikVLq�ILb�ikSlGJEH\lV¥ikVhDFEH\�ilDcEHbfÏÐ\UikG_ikbf\

m



o½SlDJpÔG�\lVLE�[FILb�\�iwG_ilb¡Vh\�GJE;Vhp$q@DFS�iwGJE.i²DFE�bJO<Ócq�q�DFS�ikZHE�VL\lp ^aGJE�g�b
SUbdqHSUbd\lbfE.ikbdK*VhEcikvHVh\Bp�bfilvHD�K
g.m¸vRGaÎ�VLEH[�ilvHb¹SlDFg@DJicvRGaÎJb�ilvHb*q�D_ikbdE.ilVxGJI<ilD¯Slbd^fDF[FEHVhedb*DFE�b*DJonp$GJE.m¶q@DF\U\lVLg�ILb*^aG_EHKHVLKHG_ikbf\
o½DFS�GJ^4ikVLDJEÚO
QPEXb4Ö�GJp�qHILbcp�VL[Fv.i&g@b�GJ\PG*SUDFg�D_i7Vh\�p$D�Î�VLE�[¹ilvHSlDJZH[FvNG�gHZ�VLILK�VLEH[Hy�Vhi&^fDFZHILKXg@b
DFE¸ikv�b�IhD�DJTJDFZ�ico½DJS(G¯SUbd^wvRG_Sl[FVhEH[¯\UiwG¦ikVLDJEÚy�GJEÍDFg��Ubf^fi�ikD¯Slb4ikSlVhbfÎJbJy�DFSc\lDJp$b4ikvHVhEH[�ikD¯^dIhbaGJEÚO
QP\�\U^wvHbdp$G¦~ägRGJ\lbfKN^fDFE.ikSUDFI²VL\AVhEHvHbfSlbdE.ilIhm¼qHGJSkGJIhILbfI�Ûwy�ilvHVL\�q�Slbd\UbdE.ik\�EHD¹qHSUDFgHILbfp Ï&vHG_ik\UD�b4ÎFbdSfO
]NZHI¥ikVhqHILb¼q@bdSU^dbfq�ikZRG_I�qHSlD�^dbf\l\lbf\­p$GamÁg@b�SlZHEHE�VLEH[ÍVLE:ilvHb¯^dDFE.ikb�Ö�i$D_o1G¸[FV¥ÎFbdEÕ\UikG_ikb_y¡bdGJ^wv
q@bdSlvHGJqH\¡G�ÏnGJV¥ikVLE�[�SUbd^fDF[FEHV¥ikVLDJE*DJo²G(qRGJS�ikVL^fZHIxG_S!bfÎJbdE.inilD;VhEWÎJDFTJbPGc\UiwG¦ikb&ikSkG_EH\lV¥ikVLDJE$G_EHK�ilvWZH\
^aG_SlSUm#DFZ�i1ilvRG_i(qRG_SUikVh^dZHILGJSPg@bdvHG�Î�VhDFSkGJI�\UilSlbaG_p æ·b_O [�O�^dIhbaGJE�VLEH[Hy�Slbf^wvRGJSl[JVLEH[Hy²DJS1Slb4ikSlVhbfÎ�VLE�[Wç4O
säo�p$DFSUbnikvHGJE¹DFEHbAikSUVL[F[JbdS<Vh\!\kG¦ikVL\�ØRbdK�G_i�ilvHb�\kG_p$b�b�ÖHG_^fi�ikVhp$bcæ½Ï&vHVh^wv�Vh\![FbfEHbdSlGJILI¥m�ZHE�ILVLT_bdI¥mHç
bdV¥ikvHbfS�GPqHSUVLDFSUVhi�m�gRGJ\UbdK¹\l^wv�bdp�b�^dDFZHIhK*g�bnZH\lbfK¹Ï&V¥ikvtDJEHbAq@bdSl^fbdq�ilZRGJIH^fZHbAiwG_T�VhEH[1qHSUbd^fbdKHbfEH^db
D�ÎFbfSAGJEHD_ikvHbfSdy�DJSnG�EHDFE�~äKHbfilbdSlp�VLE�VL\UilVL^&î : Qí^fDFZHILK$g�b�ZH\UbdK¼ikD;Slbf\lDFI¥ÎFb7ilvHbP^fDFE&nRVh^fi¡g�b4i�ÏnbfbdE
ikv�bdpXO5d7Vh[FvHbdS�IhbfÎJbdI«qHSlD�^dbf\l\Ubd\A^fDFZHILK�GJIh\lD�K�m�ERGJp�VL^dGJILI¥mtG_ï�bd^4i
ikvHb7î : QÙGJ\
ÏnbfILI´y.\lD(ikvRG_i-ikv�b
q@bdSl^fbdq�ilZRGJI¡qHIxGJEÑ^dDFZ�ILKÁg@b­p�D�K�VhØRbfK�gRGJ\UbdK:DFE�DJikvHbfS�^fDFEHKHV¥ikVLDJEH\¼æ½bJO [HO¥y�\lZH^wv3GJ\�GaÎJG_VLIxG_gHILb
bdE�bdSl[_m(Slbd\UDFZHSU^dbd\<bdERGJg�ILVLE�[�DJSBK�VL\kG_gHILVhEH[AikvHb-q@bdSl^fbdq�ilZRGJIW\UilSkG_ilbd[Jm(o½DFSÚØHEHKHVLE�[�ilvHb¡SUbd^wvRG_Sl[FVhEH[
\UikG_ikVhDFE«ç�O�u�vHVL\�Vh\&GJE#G_SlbaG*Ihbfo i�o½DFSAo½Z�ilZHSlb(SUbd\lbdGJSl^wv§O
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Q EHG_ikZHSlGJI
KHbd^fDFp�q�DF\UVhilVLDFEµGJSUVL\lbf\�o½SUDFp�ilvHb$b�Ö�VL\UilbdEH^fb¼DJo¡i�ÏnDNKHVL\�ikVLE�^fi�i�m�q@bd\;DJoAp�D�ÎFb�~

p�bdE.i�DJo ilbdEto½DFZHE�KtÏ&Vhikv�VLE�ilvHbA^dDJEWilb4Ö�i
DJo@G1\UVLEH[FIhbng@bdvRGaÎ�VLDJSkGJIWiwGJ\UT«ë<gRGJIhILVh\UikVh^-GJEHK*^dDJEWilSlDFIhILbfK
p�DJikVhDFEÚOPu�v�bdSlb�VL\P\�ikSUDFEH[�qHv.m�\lVhDFILDF[JVL^aG_IBb4Î�VLKHbfEH^dbto½DFS�ikvHb�b4Ö�VL\�ikbdE�^db*DJo�ilvHbd\Ubti�ÏnD�KHVh\l^fSlbfilb
i�m�q�bf\7D_o!p�DJikDFSn^dDFE.ikSUDFI²VLE¯gHVhDFILDJ[FVL^dGJI�\�m�\Uikbfp$\�à½ãkß âlàwOvVAGJIhILVh\UikVh^Pp�DJikVhDFEÚy�G¹^fD.GJSU\lb�vHVL[Fv�~�\lq@bdbfK
DFq@bdSlG_ikVhDFEÚy§Vh\Pi�m�qHVL^dGJILI¥mX\lZHqHq@DFS�ikbdKµg.m#o½bfbdK�o½DFS�ÏAG_SlKÍq�bfSl^fbdq�ilVLDFEÚO�MnDFE.ikSUDFILIhbdK¸p�DJikVhDFEÚy@[FbdE�~
bdSlGJILI¥m�\lIhD�ÏnbfScGJEHK¶p�DFSUb;qHSUbd^fVL\lb_y§ZH\UZRGJIhIhm¯VLE.ÎJDFIhÎJbd\1VhEWilbdEH\UVhÎJb�\lbfEH\lDJSUm#o½bfbdKHgHGJ^wT«O1u�vHb�Vh\l\UZHb
DJoBvHD�Ïíq�bfSl^dbfq�ikZHGJI²\UilSkG_ilbd[FVhbd\�^aG_EXg@bcbfï�bd^4ikV¥ÎFbdI¥m¼VhEWilbd[FSlG_ikbfK¼ikD¹\lZ�qHq�DJSUi&gRGJIhILVh\UikVh^�GJEHK¯^dDFE�~
ikSUDFILIhbdK;p$DJilVLDFE�VLEtERGaÎ�VL[FG_ikVhDFEtVL\�DJo@qHSlVhp­G_SUm�^dDFE�^dbdSUE¹VLE�ilvHbAo½DFILIhD�Ï&VLEH[�KHVL\U^dZH\U\lVhDFEÚy.gHZ�i�ilvHbd\Ub
[FbfEHbdSlGJI²qHSlVhEH^dVhqHILbf\�^aGJE¯g@b(b4Ö�ikbfEHKHbdKNikD¹SlDFg@DJilVL^1p$GJEHVhqHZHIxG¦ikVLDJE$iwG_\lTW\PG_\&Ï¡bdIhI/O

Þ VhilvHVLE�ilvHVL\<^dDFE.ikb�Ö�iay�G_i�IhbaGJ\�i!ikvHSUbdbAi�m�q@bd\
DJo@KHVL\�ikVhEH^fi<q�bfSl^dbfq�ikZHGJIRGJ^4ikVhÎ�V¥i�m�qHSUD�ÎFb&ZH\lb4o½ZHI/ë

� VAG_ILILVh\UilVL^&o½bdbdK�o½DFSUÏnGJSlK
j²DFEH[XSkG_EH[Fb�\lbdE�\lDFS�m�^fZHbd\�ikvRG_i�GJSUb$Z�ilVLIhVLedbfK¸ikD#VhEHVhilVxG_ilbtp�DJikVhDFEÍVLEÑGNqRGJS�ikVh^dZHILGJScKHV¥~
SUbd^filVLDFE§O : bdEH\UDFSUm#o½bdbdK�gRGJ^wT#Vh\1EHDJi1Slbd×WZHVhSlbfK¶ikD�g@btSkGJq�VLK3æ½DFS1qHSUbd\lbfE.i�G_i(GJIhIBo½DFS�ikvRG¦i
p$G_ililbdSkç4y<g�Z�i¹G#gHSUD.GJKÁIhDFEH[_~äSkGJE�[Fb�GJEHK:\lDJp$b4Ï&vRG_it\Uq�bf^dZHILG_ikV¥ÎFb¼p�DJilVLDFE>æ·VhEÁSlbf[.GJSlK�\
ilDtikvHb1[JD.GJI§g@bdVhEH[¹GJ^wvHVhbfÎJbdK«çnVh\AZHEHKHbfSUikGJTJbfEÚO¡u�v�VL\ni�m�q@bcDJoBq�bfSl^dbfq�ikVhDFE�vRGJ\&G_IL\lD�g�bfbdE
SUbfo½bdSUSlbfKXilD$G_\�g@D�DJik\�ikSkG_qHqHVLE�[FâkO

� ò<Ö�ikbfSlD�^dbdq�ikVhÎJb;^fZHbdVhEH[
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\UDFp$bnq�DFVhE.i!KHZHSUVLEH[1ilvHb�SlDJg�DJi � \�ikSkGaÎJbdI/yWGPilSlVh[F[FbdS�ptZH\�i
VLE.ÎFDFT_b�ikvHbnilSkGJE�\lVhilVLDFE;o½SlDFp
gRG_ILILVh\UilVL^cikD�^fDFE.ikSlDJILILbfK¶p�DJikVhDFEÚOcu�vHVh\1ikSlVh[F[FbfSP^aG_E¸g�b¹GJSUgHVhilSkGJSUVLI¥m�\lq@bd^fVhØRbfKµVhE¶ikbfSlp�\
DJo-bfIxGJqH\UbdK¸ikVhp$b;DFS1b�Ö�q@bd^4ikbfK�\lqHG_ikVLGJI<qHSUDaÖ�Vhp$V¥i�mFy�DFS1Vhi1^aGJEÍg@b*g�btgHGJ\lbfKÑDFE¸b�Ö�qHILVh^dVhi
q@bdSU^dbdq�ikZRGJI§Slbd^fDF[FEHV¥ikVhDFEÚO<s�E¼ilvHb1^dGJ\lbcDJoBG;\lq@bd^dZ�IxG_ilVhÎFbPq�bfSl^dbfq�ikZHGJIÚ^dZ�b1g�bfVLEH[�ZH\lbfK¯ilD
VhEHVhilVxG_ilbAgRGJIhILVL\�ikVh^Ap$D_ikVLDJEÚyWG;\UZHgH\lbf×WZHbdE.i&Slbf^dDF[JEHVhilVLDFE¹qHSUD�^fbd\l\¡^aGJE$g�b7ZH\lbfK­ikD�^dDJE�ØRSlp
DFS&G_EHEWZHI²ikvHbciwG_Sl[Fb4i&vWm�q@DJikv�bd\lVh\�ilvRG_i&VhEHVhilVxG_ilbdK¼ikv�b�gHGJILIhVL\UilVL^7p$DJilVLDFE§O!u�vHb(Slbf\lZHI¥ik\&DJo
ilvHb1Slbf^dDF[JEHVhilVLDFE$DFq�bfSkG_ilVLDFE$^aGJE�bfVhilvHbdSAp$GJT_bPikvHbP\UÏ&Vhil^wv¼ikDt^fDFE.ikSUDFILIhbdK¼p�DJikVhDFE­VhE­ikv�b
^dGJ\lb1D_oBG�q�DJ\lVhilVhÎJbPVLK�bdE.ikV¥ØR^aG_ilVLDFE$DFSnbfIL\UbPikbfSlp�VLERG_ilVLEH[�gRGJIhILVh\UikVh^�p$D_ikVLDJE­VLE�ikvHbP^aGJ\Ub1DJo
VhERGJ^d^fZHSkG¦ikb1o½bdbfK�o½DFS�ÏAGJSUK#KRG¦iwG�O

� Q7KRGJq�ilVhÎFbco½bfbdKHgRG_^wT
Ó1EH^fb1ikvHb1ikGJSl[Fb4i�DFg��Ubf^fi&vRG_\Ag�bfbdEXVLKHbfE.ikVhØHbdKÚy�bd\lq@bd^fVxGJIhIhm�VhoBIhD�^dG_ikbfK¼g.m�Gtp�DFSlb1^fDF\UilIhm
p�D�K�bdI¥~ägRGJ\UbdK:Slbf^dDF[JEHVhilVLDFEÁilbd^wvHEHVh×WZHbJy¡Vhi*Vh\¹GJK�Î_GJE.iwGJ[JbdDFZH\*ilDÑG_gRGJEHKHDJE3ilvHb¯qHSlbf^dDFE�~
^fbdVhÎJbdK¶E�DJikVhDFEND_o!Ï&vRG_i�ikvHb;DFg��Ubf^fi1IhD�DJTJbdKNILVhTJb$æ·V´O b_Ohy«ikvHb�p�D�KHbfI ç�GJEHKXikSlGJ^wT¯Vhi�gRGJ\UbdK
DFE�Vhik\�b4Ö�ilSkGJ^4ikbdK3G_qHq�bdGJSkG_EH^db�o½SlDFpúVLE�\UiwG_EWi;ikDNVLEH\�iwGJE.iaOBV¡mÑZ�ikVhILVhedVLE�[�DFEHIhmÍilvHb­SUbdI¥~
b4ÎJG_EWi(\lGJILVhbdE.ico½baG¦ikZHSUbd\cDJo-ikvHb*DJg��Ubd^4iay�SkGJq�VLK¸\lbfEH\lDJSUm¸o½bdbfKHgRGJ^wT¸^dGJEÍg�b*q�SlD�Î�VLKHbfKÍo½DJS
ilvHb$^fDFE.ikSUDFILIhbdKÍp$D_ikVLDJE¸qHvRGJ\Ub$qHSUD�Î�VhKHVLE�[Xo½DFScq�Slbd^fVL\Ub�ØREHGJI
q�DF\UVhilVLDFEHVhEH[¼DJo¡ikvHb�SlDJg�DJi
SUbdIxG¦ikVhÎJb1ikD*ikv�b(ikGJSl[Jbfi&DFg��Ubf^fidO

u�vHbnT_bfm�ikD&ikvHb-D�ÎFbfSkGJIhI�q�SlD�^dbd\U\<IhVLbd\�VhE;KHbf\lVh[FEHVLE�[7IhD�ÏA~ä^dDF\�i�æ·GJEHK;ZH\lZRG_ILIhm1ILD�ÏA~�^fDFE�ØRKHbfEH^dbaç
q@bdSl^fbdq�ilZRGJI<GJIL[FDJSlVhilvHp�\AikvRG_i7VLE�VhikVLG_ikbcgHGJILIhVL\UilVL^cp�DJikVhDFE"xRqHSUD�Î�VhKHVLE�[­vHVh[Fv�~�^fDFE�ØRK�bdEH^fb�p�D�KHbfI¥~
gRGJ\UbdK Slbf^dDF[JEHVhilVLDFEªG_IL[FDFSUVhilvHp$\¹ikD:q@DF\UVhikV¥ÎFbfIhmÐVLKHbfEWilVho mÕikvHb¶ikGJSl[Jbfi�DFgy�Ubd^fi$z_q@DF\lV¥ikVLDJE"xPikv�bdE
ikSlGJEH\UVhikVhDFEHVhEH[­ikD¯^fDFE.ikSlDJILILbfKÍp$DJilVLDFE#ZH\lVhEH[�ikSkG_^wTJbdKµo½baG_ilZHSlb¹KRG¦iwG�KHVLSUbd^4ikIhm#b4Ö�ikSlGJ^filbdKµo½SlDFp
ikv�b7\UbdEH\UDFSUm�VLE�qHZ�i-\UilSlbaG_pNO�u�vHVL\-qHSlD�^dbf\l\-VL\
KHbfp$DFE�\UikSlG_ikbfK­VhE�i�Ï¡D�\Uq�bf^dVhØH^7b�ÖHG_p$qHIhbd\
VLE¹ikv�b
EHb�Ö�i&i�Ï¡D­\Ubd^filVLDFE�\dO
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Þ�bXvRGaÎFbN^wvHDF\UbdE>ilD�KHbfp$DFE�\UikSlG_ikb�ilvHbd\Ub#q@bdSl^fbdq�ilZRGJI�qHSlVhEH^dVhqHILbf\*VLEÐGÑ\U^dbdEHGJSlVhDµÏ&V¥ikvHVhE
Ï&vHVh^wvÁÏnb�vRGaÎJb�DJo ikbfE�ÏnDJSlTJbfKÚë¼KHD�^wTWVLEH[#VLE:G#p$GJEWZ�o·GJ^4ikZHSUVLEH[#bdE.Î�VLSlDJEHp$bfE.iaO¸u�vHb¼K�bfiwG_VLIL\
o½DFS�ikvHb;KHD�^wTWVhEH[¼p�DJikDFS�\l^wv�bdp$G�GJSlb;qHSlD�Î�VLKHbfK¶VLE@à��wO : ZHp�p$GJSlVhedVLE�[HyHikvHbfSlb*G_Slb;i�Ï¡D�KHVh\UikVhEH^fi
Slbf[FVLDJEH\dë�ikvHb*gRG_ILILVh\UilVL^(^dDFp�q@DFEHbdE.i1Ï&v�bdSlb*ilvHb*SlDFg@DJiPp$D�ÎFbf\(KHVLSUbd^filIhmXikD�ÏnGJSlK¸ikv�b�ÏnDJSlTW\UikG¦~
ikVhDFE#K�D�^wTXZH\lVhEH[­SUbdILG_ikV¥ÎFbdI¥m¯VLERG_^d^dZ�SkG_ilbtGJEHK#\lq@bd^dZ�IxG_ilVhÎFb;o½bdbdK�o½DFSUÏnGJSlK¸q@bdSU^dbfq�ikVhDFEÚy�GJEHK¶ikv�b
^dDJEWilSlDFIhILbfKX^fDFp�q�DFE�bdE.i�Ï&vHbdSUb�ilvHb(SlDFg@DJi&p�D�ÎFbd\&p�DFSlbc^dGJZ�ilVLDFZH\UIhm­ZH\lVhEH[­G_KRGJq�ilVhÎFb1ilSkGJ^wTWVhEH[
ikbf^wvHEHVh×�Z�bd\nilDtGJ^wvHVhbfÎJbPØRERGJI«q@DF\lV¥ikVhDFEHVLE�[�SUbdILG_ikV¥ÎFb&ikD;ilvHb7Ï¡DFSUT�\�iwG_ilVLDFE§O!u�vHbPilSkGJEH\UVhilVLDFE¹edDJEHb
VL\-Ï&vHbdSUb1ikvHbPb4Ö�ikbfSlD�^dbdq�ikVhÎJbc^dZHbPqHSlD�Î�VLKHbf\AikvHbP^wvRGJEH[Fb7o½SlDFp gRGJIhILVh\UikVh^�ikDt^fDFE.ikSlDJILILbfK¼p�DJikVhDFEÚO
Þ VhilvHVLE�ilvHb;^fDFE.ikSUDFILIhbdK¯Slbf[FVLDFE�ilvHbdSUb�GJSUb�i�Ï¡D$i�m�q@bd\�DJo!p�DJilVLDFEÚë��$��M%�*�%����M4y�Ï&v�bdSlb�ikvHb�SlDJg�DJi
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p�D�ÎJbd\PGJSlDFZ�EHK#ikv�b�KHD�^wTXGJEHK¶VhEWilD�ilvHbRE%N�N��*�1E��$�¹efDFEHb�Ï&vHbdSUb�ikvHb�SlDJg�DJi7VL\�^wvRGJE�EHbdIhbdK¸VLE.ilD
ikv�b(ØHERGJIÚikSlG'�Ubd^4ikDFS�m¼o½DFS�KHD�^wTWVLEH[�O

îRSlDFpúGXq�bfSl^dbfq�ikZHGJI¡\�iwGJE�KHq�DJVLE.iayBikvHb$Slbd×WZHVhSlbfp$bfEWi�o½DFS(ikvHb$ILDFE�[_~�SlGJEH[Fb*gRG_ILILVh\UilVL^t^fZHb­Vh\
\UilSkGJVh[Fv.ilo½DFS�ÏAG_SlKÚë�ikvHb*[FbfEHbdSlG_ikVhDFE¸DJo¡G¼v.m�q�DJilvHbd\UVL\co½DFSPilvHb*ILD�^aG¦ikVLDJE#DJo
ikv�b*KHD�^wTWVhEH[�ÏnDFSUTF~
\UikG_ikVhDFEÚO!uAÏ¡Dtikbf^wvHEHVh×�Z�bd\�GJSlbPGaÎJG_VLIxG_gHILb_ë�DFE�b1gRGJ\UbdK�DFE­ilvHbcGJ\U\lZHp�q�ilVLDFE­ilvRG_i¡ÏnDFSUTW\UiwG¦ikVLDJEH\
vRGaÎFb&G7vHVL[Fv;KHbd[JSlbdb�D_o«p$DJilVLDFE;GJ\U\lD�^dVxG¦ikbdK;Ï&Vhikv;ikvHbfp¨GJE�KtikvHb¡DJikvHbfS!Z�ilVLILVhedVhEH[�GPILVh[Fv.i<\UDFZHSl^fb
GJ\PilvHb*VLE�VhikVLGJI²KHVhSlbd^4ikVhDFE¶VLE�KHVL^dG_ikDFSUâäãwO(Q ^dDJEH\UilSkGJVhEHbdK�d�DFZH[Fv¶ilSkGJEH\�o½DFSlp GJIh[FDFSlV¥ikvHp Vh\1ZH\UbdK
o½DFSAb�Ö�qHILVh^dVhinKHD�^wT­Slbf^dDF[JEHVhilVLDFEHÛ�â-GJE�K¯GJKRGJq�ilVhÎJbcSlbd[JVLDFE�~ägRGJ\UbdK¼Î�VL\UZRGJI�ilSkGJ^wTWVhEH[tikbf^wvHEHVL×WZHbf\PG_\
Ï¡bdILI�G_\�Z�IhikSlGJ\lDJEHVL^1K�VL\UikGJEH^fb�p�baG_\lZHSUbdp�bdE.ik\�GJSUb�Z�\lbdKXo½DFSAØRERG_IÚq�DJ\lVhilVLDFE�VLEH[Fâ�å�O
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: qRGJ^fb¯^dDFEH\�ikSlGJVLE.ik\¹qHSUbd^fILZHKHbXG¸KHb4iwGJVhILbdK:K�bd\l^fSlVhq�ikVhDFE3DJo�baGJ^wvÕDJo�ikvHb¯q@bdSl^fbdq�ilZRGJI&GJIh[FD_~

SlV¥ikvHp�\�KHbf\l^dSUVLg@bdK$g�bfILD�Ï(O!u�vHb�KHbfikGJVLIh\
GJSlb�GaÎ_GJVLILGJgHIhbAVLE¹DJilvHbdS-\lZHq�q�DFS�ikVhEH[(qRGJq@bdSl\
Ï&vHVh^wv¼GJSUb
^dV¥ikbfK$Ï&vHbfSlb7GJqHqHSUDFqHSlVLG_ikb_O!u�vHb�VLE.ikbfSlbf\UikbfK¼SlbdGJKHbfS¡Vh\¡SUbfo½bdSUSlbfK$ikD(ikv�DF\lbPGJSUilVL^dIhbd\�V¥oÚVLE.ilbdSlbf\UilbdK
VLE�VLp�qHIhbdp�bdE.ikVhEH[1ikvHb�Î�VL\lVhDFE$GJIL[FDJSlVhilvHp�\dOBsäin\UvHDFZHIhK­g@b7SUbdp�bdptg@bdSUbdK­V¥i-VL\
ikvHb�VLE.ikbfE.iADJo�ikvHVh\
qRGJq@bdS�ilD$KHbfp$DJEH\UilSkG_ilb�ilvHb(^dD�DFSlKHVhERG_ilVLDFE�DJo�ikvHbf\lb�q�bfSl^fbdq�ilZRGJIB\UikSlG_ikbf[FVLbf\dOnMnbdS�iwGJVhEHIhm�D_ikvHbfS
Î�VL\UVLDFE:G_IL[FDFSUVhilvHp$\(^dGJE3GJEHK:vHDJq�b4o½ZHILI¥mµÏ&VhILI
g@b¼^dSUbaG_ilbdK:ikD#Ï¡DFSUT�VLE�^dDFEH�UZ�EH^filVLDFEÁÏ&V¥ikvÚy!DJS
VLEÍIhVLbdZ¸D_o�yÚikvHb¹DFEHbf\(KHbd\U^dSlVhg�bfKÑg@bdIhD�Ï(O*u�vHb$T_bfmÍq@DFVLE.i1ilvRG_i(ptZ�\Ui�g�b¹SUbdp�bdptg@bdSUbdKÍVL\cEHD_i
Ï&vHVh^wv#GJIh[FDFSUVhikv�p$\nGJSlb(ZH\UbdKÚyRgHZ�i7SlG_ikv�bdS&vHD�Ï ilvHbfmXGJSUbcZH\lbfK#VhEXSUbdILG_ikVhDFE¼DFEHbcilD$G_EHDJikv�bdSdO
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u�vHb�ILDJEH[#SlGJEH[Fb$q�bfSl^dbfq�ikZHGJI�GJIh[FDFSlV¥ikvHp�\�GJSlb$Slbf\lq@DFEH\lVhgHILb$o½DFS�G¦ilikSlGJ^filVLEH[NikvHb¼SUDFg@DJi;ilD

ikv�b­[FbfEHbdSlGJInG_SlbaGNDJoAikv�b­KHD�^wT«O#u�vHb4mÁGJSUb­EHD_i�b�Ö�q@bd^4ikbfK3ilD#g@b­b�ÖHG_^fi*DFS�SlDJgHZH\UitGJEHK�Ï&VhILI
o·GJVhI-Z�EHKHbdS¹GXÎJG_SlVLb4i�m�D_o&^dDFEHK�VhikVhDFEH\fO#säi*Vh\;ikv�b��UDFgÁDJo�G¶v�VL[Fv�~äILb4ÎFbdI-qHILGJEHEHbfS;ikD#KHbfilbdSlp�VLE�b
ikv�bdVLS�GJq�qHILVh^aGJgHVhILV¥i�mµGJEHK>\UbdIhbd^filVhÎJbdIhmÁbdERGJg�ILb�ikvHbNGJIh[FDFSlV¥ikvHp�\;ilvRG_i�\lv�DFZHILKÕqHSUD�ÎJb#ZH\Ubfo½ZHI&VhE
\lDJIhÎ�VLEH[¶ilvHbX^dZHSUSlbdE.i�[FD.G_I/OÁuAÏ¡D�\UZH^wv>q@bdSU^dbdq�ikZRGJI�GJIh[FDFSUVhikv�p$\�vRGaÎFbXg�bfbdEÐ\lbdIhbd^4ikbdK3ikDµg@b
VLE�^dILZ�KHbdK¹VLE¹DFZ�S-^fZHSlSUbdE.i¡b4Ö�q�bfSlVhp$bfEWikGJIHVhp$qHIhbdp�bdE.iwG¦ikVLDJEtgRGJ\UbdK­DJE¹ilvHbdVhS�\lVhp$qHIhVL^fVhi�m�GJEHK¹ILD�Ï
^dDJp$qHZ�iwG_ilVLDFERG_I§Slbf×WZHVLSUbdp�bdE.ik\fO
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u�vHbAqHv�DJikDJilSlDFq�VL^7æ·IhVL[Fv.iB\lbfbdTWVLEH[.çBq@bdSl^fbdq�ilZRGJI�GJIL[FDJSlVhilvHp�âäã§G¦ilikSlGJ^fil\�ilvHbnSUDFg�D_i�ilD1GJSUbaGJ\BDJo

vHVh[Fv¯ILVL[JvWiAVLE.ikbfEH\lV¥i�mFO
u�vHVL\&gHSUVL[Fv.i�ILVh[Fv.i�^dDJZHILK¯g@b;G*ERG¦ikZHSlGJILI¥m¼D�^d^dZ�SlSlVhEH[*ÏnDJSlTW\UikG_ikVhDFENIhVL[Fv.i
DFS¹GJEÕGJS�ikV¥ØR^dVLGJIng@baGJ^fDFEÕqHIxGJ^fbdKÕG_i*ilvHb¯VLE.ikbfEHKHbdKÕKHbf\UikVhERG_ilVLDFEÚO�u�DÍVLE�VhikVLG_ikb�ikSlGJ^wTWVLEH[Hy
ikv�b
^aG_p$bfSkG¹\lbaG_Sl^wvHbf\7o½DFS�G$g�SlVL[JvWi&IhVL[Fv.i�GJE�KNikv�bdE#q�SlD�Î�VLKHbf\7\UZHqHq@DFSUi�o½DFS�ikvHb�gRGJIhILVh\UikVh^PqHvHGJ\lb�DJo
ikv�b7KHD�^wTWVLEH[�\l^wv�bdp$G�O!QP\
ikv�b7SUDFg�D_i
p$D�ÎFbf\-ilvHSlDJZH[Fv$ilvHb�ÏnDJSlILK§yWilvHb�qHvHDJilDJikSUDFqHVL^&G_IL[FDFSUVhilvHp
[FbfEHbdSlG_ikbf\nGJE�G_iUikSlGJ^filDFS!ØRbdIhK¹\lZHSUSlDFZHE�KHVLEH[(ikv�b�IhVL[Fv.i�Z�EWilVLIHV¥i
VL\�KHbdGJ^filVhÎ_G_ilbdKÚO!u�v�b7G_IL[FDFSUVhilvHp
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o½ZHEH^4ikVhDFEH\�\lVLp�qHI¥m¶g.mÍØREHKHVhEH[XilvHb­IhD�^dG_ikVhDFE¸VLEÍikv�b$Vhp­GJ[JbtÏ&VhikvµikvHb�vHVh[FvHbd\�i�VhE.ikbdE�\lVhi�mµG_EHK
o½Slbf×WZHbdE.ikI¥m¯Slbf\kGJp�qHILVhEH[�ilvHbcÏnDFSUILKNGJ\�Vhi&p�D�ÎFbf\&ilD�ÏAGJSUK#V¥ik\�[FD.G_I/O
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u�vHb$GJ^filVhÎ�Vhi�m#KHbfilbd^filVLDFEÐæ½p$DJilVLDFE#\lbdbfTWVLEH[Wç1q@bdSU^dbdq�ikZRGJI-GJIh[FDFSUVhikv�p K�bfikbfSlp�VLEHbf\�GJSlbdGJ\cDJo

vHVh[Fv#p�DJikVhDFEXGJ^filVhÎ�Vhi�mJO�u�vHVL\7p$D_ikVLDJE¯Ï¡DFZHIhK#g@b�b�Ö�q@bd^4ikbfK¶ikD­^fDFVLE�^dVLK�b�Ï&V¥ikv#q�VL^wTF~�GJE�K�~�qHILGJ^db
SlDJg�DJil\;DJq�bfSkG_ilVLEH[¯EHbdGJS�ilvHb�VLE.ikbfEHKHbdK�KHbd\�ikVLEHG_ikVhDFEÑDJS�D_ikvHbfS;SUbdIxG¦ikbdKµÏnDJSlTW\UikG_ikVhDFEÁGJ^4ikV¥Î�V¥i�mFO
uBSkGJ^wTWVLE�[¼VL\7VLEHV¥ikVxG¦ikbdKXg.m#K�VLSlbf^filVLEH[�ikvHbt^dGJp�bdSkG�ikD�ÏAG_SlKH\PilvHb�ikGJSl[Fb4iaO : qRG_ilVxGJI�^dDJEH\UilSkGJVhEWil\kå
bdEHGJgHILb1ilvHb(g�D�DJil\UikSlGJqHqHVhEH[¹DJoBikvHb�GJIh[FDFSlV¥ikvHp�ilD�g@b(\UilSkGJVh[Fv.ilo½DFS�ÏAGJSUKÚO

u�vHVL\nGJIL[JDFSlV¥ikvHpýgHZHVLIhKH\
ZHq­p�DJilVLDFE¹VLE.ilbdEH\UVhi�m�qHIxG_EHbd\-g.m$K�Vhï�bdSlbfEH^dVhEH[;GJEHK¼EHDJSlp$GJILVhedVLE�[cG
^dDJILILbf^filVLDFE¼D_o<\UZH^d^fbd\l\UVhÎJb;Î�VLKHbfD¹VLp$GJ[Fbd\fO!uAÏ¡D�Î_GJSUVxG_ilVLDFEH\nGJSlb1o½bdGJ\lVhgHILb_ë<ikv�b(ØHSl\Ui&Vh\�gRGJ\UbdKXDFE
ikv�b�GJg�\lDFIhZ�ikb�VLE.ikbfEH\lV¥i�m¯KHVhï�bdSUbdEH^fb;g@bfi�Ï¡bdbfE¶ikvHb�VLp$GJ[Fbf\dyHÏ&vHVhILbcikv�b;\Ubd^dDJEHK¶VL\&ZHE�^dDFEH^fbdSUEHbdK
Ï&VhilvÁ^dDJEWilSkGJ\�i*ILb4ÎFbfIL\*GJE�K3GJ\l\UVL[FEH\�G#\lVhEH[FIhb$ÎFD_ikb­ilD¶baGJ^wv3qHV�Ö�bdI¡Ï&v�DF\lb¼K�Vhï�bdSlbfEH^db­b4Ö�^dbfbdKH\
G:\lq@bd^fVhØR^ÍikvHSUbd\UvHDFILK§O�d�VL[Fv�~�ILb4ÎFbfI1qHIxG_EHEHVLE�[ÁÏnDFZ�ILK KHbfilbdSUp$VhEHb¸Ï&vHVL^wv Î_GJSlVLG_ikVhDFE+VL\¯p�DF\Ui
GJqHq�SlDFqHSUVxG_ilb1o½DFS&G*[FVhÎJbdE¯ÏnDJSlTW\UikG_ikVhDFEÚO
Y1bfikGJVLIh\ADJoBikvHb�GJIh[FDFSUVhikv�p GJq�q�bdGJS�VLE�à�à�O
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Q�\lqRG¦ikVxG_ILIhm¯^fDFEH\�ikSkG_VLEHbfK«d�DFZH[Fv¸ilSkGJEH\�o½DFSlp Û�â VL\1Z�\lbdK¸ilD�q�bfSUo½DFSUp�p�D�KHbfI¥~ägRGJ\lbfK¶Slbf^dDF[¦~

EHV¥ikVLDJEµD_o¡ilvHb$K�D�^wT«O¼u�vHVh\(Slbd^fDF[FEHV¥ikVhDFEÍqHvRGJ\Ub$\UbdSUÎJbd\*G_\(ilvHb�vRGJEHK�~äDJï3q@DFVLE.i(g@bfi�Ï¡bdbdE�gRGJI¥~
ILVh\UilVL^�p�DJikVhDFEÕGJEHK>^fDFE.ikSUDFILIhbdKÕp$DJilVLDFE§O>u�vHb#GJIL[FDJSlVhilvHp VL\$GJ\l\UVL\UilbdK+g.m3TWEHD�Ï&ILbfKH[Fb#G�Î_GJVhI¥~
GJgHIhbPo½SlDJp Gt\UqRG_ikVLGJI@ZHEH^dbfSUikGJVLE.i�m¼p$GJq¼Ï&vHVh^wv¯b4Ö�qHSlbf\l\Ubd\�g�DJilv�q�DJ\lVhilVLDFEHGJI@GJEHK¯DFSlVhbdE.iwG¦ikVLDJERGJI
ZHEH^fbdS�iwGJVhEWi�m�åwy§^fDFEH\�ikSkG_VLEHVhEH[$ilvHbtq@DF\l\UVLgHIhb�ILD�^aG¦ikVLDJEH\&DJo�ikvHb�KHD�^wT«OcîRbfbdKHgRG_^wTNo½SlDJp K�VL\UikGJEH^fb
ikSlGaÎFbdIhbdKÚy-bdILGJqH\UbdK3ikVLp�bJy
DFS�bd\UilVLp$G_ikbfK:ÎFbdv�VL^dIhb�q�DJ\lVhilVLDFE3G_ILIn^dGJEÕ\lbdS�ÎFbNGJ\tikSUVL[F[JbdStp�bd^wvRG�~
EHVh\lp�\dO�Þ vHbdEÁilSlVh[F[FbdSUbdKÚyBikvHb­GJIL[JDFSlV¥ikvHp K�bfikbfSlp�VLEHbf\�ilvHb¼p�DF\Ui;qHSUDFgRGJgHIhb$IhD�^dG_ikVhDFEÍDJo�ikv�b
KHD�^wT¼Ï&VhilvHVLE¯ikvHb�^dZ�SlSlbfE.i1VLp$GJ[Fb_O¡säi7[FbfEHbdSlG_ikbf\1G$q�SlbdK�VL^filbdKNILD�^aG_ilVLDFE¯GJ\&Ï¡bdILIBGJ\7G$p�baG_\lZHSUb
DJoc^fbdS�iwGJVhEWi�m3ilvRG_i$^aGJEÐg�bXZH\lbfK+ikDÑbfÎ_GJILZHG_ikb�ikv�b#p$G_ik^wvÚOªu�v�VL\¼G_IL[FDFSUVhilvHp \UbdSUÎJbd\�G_\$ikv�b
b4Ö�ilbdSlD�^dbfq�ikV¥ÎFb�^dZHbfVLEH[�p�bd^wvRGJE�VL\lp VLE¯DFZHS&b�Ö�q@bdSUVLp�bdE.iwG_IÚb4Ö�GJp�qHILbcK�bd\l^fSlVhg�bfK#g@bdILD�Ï(O
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u�vHb¹VLE.ÎFbfSl\Ub�q@bdSU\lq@bd^4ikVhÎJb*ikSkG_EH\Uo½DFSUp Vh\cGJqHq�ILVLbfK#ikD¯G¼ikGJSl[Fb4icSlbf[FVLDJE¶DJo-TWEHD�Ï&EÑ\UVLedb¹G_EHK

q@DF\lV¥ikVLDJE¼SlbfIxG_ilVhÎFb7ikDtikv�b�K�D�^wT«O�u�vHbciwG_Sl[Fb4i&Slbd[JVLDFE¼Vh\�b4Ö�ikSlGJ^filbdKXZH\lVhEH[¹GJEXGJKRG_q�ikV¥ÎFb1o·GJ\�i�Slb�~
[FVhDFE¹\lbd[Jp$bfEWikG_ikVhDFE$GJIL[FDJSlVhilvHp�â�å²GJqHqHIhVLbdK*ilD�ilvHb7Vhp­G_[FbJOBu�vHVL\-Slbf[FVLDJE�\Ubd[Fp�bdE.ikG_ikVhDFE$p�bfilvHD�K
VL\-Slbf\lVhILVLbfE.i¡ilD�^wvRGJE�[FVLEH[;VLE.ikbfEH\lV¥ikVhbd\¡GJ^dSUDF\l\nilvHbPSUbd[FVhDFEÚO!u�v�bPSlbf\lZHI¥iAVh\nG�p$bdGJ\lZHSUbPDJo²ilvHbPK�VL\�~
iwG_EH^dbPGJEHK¼G_qHqHSlDFGJ^wv¼GJE�[FILb�DJo§ilvHb7ÎJbdvHVh^dIhb7SUbdIxG¦ikVhÎJb�ilD�ilvHb7ikGJSl[JbfiaO<u�vHVL\¡GJIL[JDFSlV¥ikvHpýqHSlD�Î�VLKHbf\
ikv�b�E�bd^dbf\l\lGJSUm¯Î�VL\UZRGJIÚo½bdbfKHgRGJ^wT¼o½DJSAikvHb(^dDJEWilSlDFIhILbfK�q�DFS�ikVhDFE¯DJo�ilvHb(KHD�^wT�VhEH[¹p­G_EHbdZ�ÎJbdSfO
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Þ vHbdEÕikvHb�SUDFg@DJi¹[Fbfil\¹^dILDJ\lb�bdE�DFZH[FvÕ\lDÍikvRG¦i*ikvHb¼ikGJSl[Fb4i¹ZH\lbfKÐo½DFS¹G_KRGJq�ilVhÎFb¼ilSkGJ^wTWVhEH[

[FD�bd\(DFZ�i(D_o¡ilvHb*ØRbdIhKµD_o¡Î�VLb4Ï(y<G¼ØREHGJI�q�DJ\lVhilVLDFE�VLEH[­GJIL[FDJSlVhilvHp ZH\lVhEH[¯ZHIhilSkGJ\UDFEHVL^�\lbdE�\lDFSU\;Vh\
bdp�qHIhD�mJbdKÚO�u�vHVL\<bdERGJg�ILbd\BikvHbnSlDFg@DJiBikD1p�D�ÎFb¡ilDPikv�bnØRERGJI�KHD�^wTWVLEH[1IhD�^dG_ikVhDFE(Ï&vHbdSUbA^aGJSU[FD1^dGJE
g@b�ilSkGJEH\�o½bdSUSlbdK§ONu�vHVh\�G_IL[FDFSUVhilvHp�\UVLp�qHIhm¸v�DFILKH\(ikv�b$ÎFbfvHVL^fILb�vHbaG_KHVLEH[NZHE.ikVhI
ilvHb�Slbdp$GJVhEHVLEH[
KHVh\UiwG_EH^dbcikD*ilvHb(KHD�^wT­vRGJ\&KHbd^fSlbdGJ\lbfK#ikD*ikv�b(ØHERGJI²[FD.G_I§Î_GJILZHb_O
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QPEµb4Ö�q@bdSlVhp$bfE.iwGJI�\U^dbdEHGJSlVhDXvHGJ\(g�bfbdE�^fDFEH\�ikSlZ�^fikbfKÑilDXK�bdp�DFEH\UilSkG_ilb*ikvHb¹qHSUVLEH^fVLqHIhbd\cKHb�~

ÎFbfILDFq@bdKµbaG_SlILVhbdS1VhEµilvHVL\cqHGJq�bfSdO¹u�vHb�[FD.GJI<VL\1ikDXKHbfp$DFE�\UikSlG_ikb*ilvHVL\cp�bfilvHD�K�DFILDF[_m#VhEÍÏ&v�VL^wv
^dDJvHbdSUbdE.i�^dDFE.ikSUDFI²g@bfi�Ï¡bdbdENq�bfSl^fbdq�ilZRGJI�GJIh[FDFSlV¥ikvHp�\-^aGJE¯g@b�DJg�iwGJVhEHbdK§yHGJEHK¯EHD_i�ikD¹IxGam$^dIxG_VLp
ikvHG_i�ikvHbf\lb(VLE�KHVhÎ�VLK�ZRGJI§q@bdSU^dbfq�ikZRG_I�GJIL[FDJSlVhilvHp�\AGJSUbcEHbd^fbd\l\lGJSlVhIhm¼ilvHbcg@bd\Ui&o½DFSAilvHVL\�qHGJSUilVL^dZ�IxGJS
iwG_\lT«O!Þ�b7VLE.ikbfEHK$ilD�KHb4ÎFbfILDFq¼p�DFSUbPGJIh[FDFSUVhikv�p$\!ilD�\lZ�qHqHILbfp$bfE.inikv�b7b�Ö�Vh\UilVLEH[;DFEHbd\¡KHbd\U^dSUVLg@bdK
g@bdILD�Ï(O u�vHVh\$\�ikZHK�mÐVLEÕq@bdSl^fbdq�ilZRGJI�\lbf×�Z�bdEH^fVLEH[:Vh\­GJK�bd×WZRG_ilbdIhmÕ\UbdSUÎJbdKÚy&vHD�Ï¡bfÎJbdSdy�g.m3ikvHVh\
gRG_iUikbfSUm�DJo�q@bdSl^fbdq�ilZRGJI²ikD�DFIh\dO
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u�vHb1î : Q \lvHD�Ï&E¼VhE$î�VL[FZHSUb�}�SUbdqHSUbd\lbfE.ik\¡ilvHb�^dDFE.ikSUDFI�nRD�ÏªVLE¹DFZ�S¡b�Ö�q@bdSUVLp�bdE.iwG_IR\Um�\UilbdpXO

u�vHb;î : QìÏ¡DFZHIhKNg@bcSlbfqHSlbf\lbdE.ilbdK¶g.m�ikv�b�×WZRG_KHSlZHq�ILb
æ�a'] � [�] à [*] â [*] Û [�] ã [*] �1b [$\�[*] � [1a'] ã [�] �1b ç

Ï&vHbfSlbµ] ã SlbfqHSlbf\lbfEWil\;E�DFSlp$GJI<\UZH^d^fbd\U\Uo½ZHI
ikbfSlp�VLERG_ilVLDFE#GJEHK�] � SUbdqHSUbd\lbfE.ik\;GJgHEHDFSUp­G_I�ikbfSlp�V¥~
ERG_ilVLDFE§O

d7bfSlbe\�VL\�\Uq�bf^dVhØHbdK#g.m@ë
\ E�DFSlp$GJI ilbdSlp�VLEHGJI SUbd^dD�ÎJbdSkG_gHILb�bdSUSlDFS o·G_ikGJIÚbfSlSlDJS
] � ] � ] à ] � ] �] à ] â ] â ] � ] �] â ] â ] Û ] à ] �] Û ] Û ] ã ] Û ] �] ã ] ã ] ã ] ã ] ã] � ] � ] � ] � ] �

: iwG¦ikb¶] � VLEHK�VL^aG¦ikbd\AG¹IhDFEH[_~äSkGJE�[Fb1gRGJIhILVh\UikVh^7q@bdSU^dbfq�ikZRG_I�GJIL[FDJSlVhilvHp ZH\lbfKNilD�[JbdEHbfSkG_ilbcgRGJI¥~
ILVh\UilVL^¯p$D_ikVLDJEÚO u�vHVL\$\UiwG¦ikb#SUbdqHSUbd\UbdE.ik\¯bdV¥ikvHbfS$ilvHb#qHv�DJikDJilSlDFq�VL^XDFS¼GJ^4ikV¥Î�V¥i�m3KHbfilbd^4ikVLDJE GJI¥~
[FDFSUVhilvHp$\fO�u�vHb­^wv�DFVL^fb$Ï¡DFZHILK�g�b�p­G_KHb$g.m�GNvHVh[FvHbfS;IhbfÎFbfI¡q�IxGJEHE�bdSUã(g@bfo½DJSlb�VLE.ÎFDFTWVhEH[#ikv�b
KHD�^wTWVLEH[�\U^wvHbdp$G�Ots�E¸ikv�b*b4Ö�q�bfSlVhp$bfEWi(K�bd\l^fSlVhg�bfKµg@bdIhD�Ï(yÚikvHb*qHv�DJikDJilSlDFq�VL^tp�bfilvHD�K¸Vh\1ZH\UbdK
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Ballistic Controlled

g �.��h34'� £ l ò<Ö�q�bfSlVhp$bfEWikGJI�î : Q

o½DFS(\UikG_ikbµ] � O$u�vHbB·¸�H��M%J�Cq�HJ�¹��1E�º�yvE����H��K�JFG%CFE�C��F�%J���»%G%CªE��%º¼M$G4y�GJE�K�O½�H�¼G�MPp$D_ikDFSc\U^wvHbdp$GJ\;Ï¡bdSUb
GJ^4ikVhÎJb(VLE�ikvHVh\�\UikG_ikb_O

Þ vHbdEÁilvHb­ÎJbdvHVh^dILb$p$D�ÎJbd\t\UZ�Ò�^dVLbfE.ikIhmÑ^dIhDF\lb­\lD#ilvRG_i�ilvHb¼\�ikSlZ�^fikZ�Slb¼DJo�ilvHb­K�D�^wTµVhil\lbdI¥o
\lv�DFZHILKXg@b�K�VL\l^fbdSUEHVLgHIhbJyRGtilSkGJEH\UVhilVLDFE�D�^d^fZHSl\fy@p�D�Î�VLEH[¹q@bdSl^fbdq�ilZRGJI²^fDFE.ikSlDJI�ilD¹\UiwG¦ikb¶] à O
u�vHVh\
\UikG_ikb�SlbfqHSlbf\lbfEWil\¡ilvHb7b�Ö�ikbdSUD�^fbdq�ilVhÎJbP^dZ�bdVLE�[;qHSUD�^fbd\U\-Ï&vHVh^wv­\UbdqRGJSlG_ikbf\-ilvHb�gRGJILIhVL\�ikVL^nGJEHK�^dDFE�~
ikSUDFILIhbdK�p$D_ikDFS�qHvRG_\lbd\fO!s�EtDFZ�S<b4Ö�q@bdSUVLp�bdE.iay¦ikvHb¡p$D�KHbdI�~�gRG_\lbdK�Slbf^dDF[JEHVhilVLDFEed7DFZ�[Fv�ikSlGJEH\�o½DFSlp
p�bfikv�D�K¹VL\�Z�\lbdK�ikD(KHb4ikbdSUp$VhEHb�ikvHb&qHSUbd\UbdEH^fbPDJo@ikvHb&KHD�^wT�Ï&V¥ikvHVhE¹ilvHb&VLp$GJ[FbAÛ�â�OAæ·u�vHbYd7DFZ�[Fv
ikSlGJEH\�o½DFSlpýâ��<VL\
Gcp�bfilvHD�K*o½DFS<Slbd^fDF[FEHVhedVhEH[(GJSlg�VhikSlGJSUm�\lvRG_q�bf\
Ï&V¥ikvHVhE¹GJE¹VLp$GJ[Fbaç4OBsäo§ikv�b�KHD�^wT
VL\�IhD�^dG_ikbfKÚy�ilvHbdEX^dDFE.ilSlDFI²qRG_\l\lbf\�ilD¹\UiwG¦ikb¶] â yRDJilvHbdS�Ï&VL\Ub�^fDFE.ikSUDFI²Slb4ikZHSUEH\�ikD�\UiwG¦ikb¶] � O

: iwG¦ikb�] â Slbdq�Slbd\UbdE.ik\(ikv�b*GJKRGJq�ikVhÎJb;ilSkGJ^wTWVLE�[¯GJIL[FDJSlVhilvHp Ï&vHVh^wv¸\lZHq�q�DFS�ik\1ilvHbt^dDJEWilSlDFIhILbfK
p�DJikVhDFEÚOµu�vHVL\*\�iwG_ilbXSUbdp$GJVLE�\*GJ^filVhÎJb�ZHE.ikVLInbdVhilvHbdS¹G¶q�SlDaÖ�VLp�Vhi�mµikSlVh[F[FbfStp$D�ÎJbd\¹^dDFE.ilSlDFInilD
\UikG_ikb�] Û DJS¯G:o·G_VLILZ�Slb¶DJo(ilvHb¸ikSkG_^wT�VhEH[ÕGJIL[JDFSlV¥ikvHp Slb4ikZHSUEH\¯^dDFE.ilSlDFIcgRG_^wT>ikD3\UikG_ikb�] à o½DJS
Slb�~�SUbd^dDJ[FEHVhilVLDFE§O

: iwG¦ikb;] Û ^dDFp�qHILb4ikbf\(ilvHb¹ØRERGJI�q@DF\lV¥ikVhDFEHVLE�[�ZH\lVhEH[�ikvHb�ZHIhilSkGJ\UDFEHVh^*\lbdE�\lDFSU\;ikD��UZHK�[Fb$K�VL\�~
iwG_EH^db_Otu�vHbu·¸�H��M%J�Cq�HJ�¹��1E�ºRp�DJilDFS1\l^wv�bdp$G�ÏnGJ\(ZH\UbdKÍikD�[FbfEHbdSlG_ikb*ikv�VL\1p�DJikVhDFEÚO(Þ vHbdEÍikv�b
SlDJg�DJi(SUbaGJ^wv�bd\;ilvHb¹ØRERGJI�qRG_SlTWVLEH[Xq@DF\lV¥ikVLDJEÚyÚ\UikG_ikb;] ã VL\(GJ^4ikV¥ÎJG¦ikbdKÍikDX\lVh[FERGJI<^dDFp�qHILb4ikVhDFE¸DJo
ikv�b�K�D�^wTWVLE�[�ikGJ\lT«O
QPE.m�o·GJVhILZHSUb1VLE�ikv�VL\AØRERG_I²qHvRGJ\Ub(ilvRG_i�ILbdGaÎFbd\&ikv�b�SUDFg@DJi�ikD�D*^dIhDF\lbcikD¹ikv�b
KHD�^wTµilD¸GJIhILD�Ï GJE.mµo½ZHSUilvHbdS;p$D�ÎFbfp$bfE.i*VL\;KHbdbfp$bfK�o·G_iwG_I/ONî@G¦iwGJI-bdSUSlDFSU\�æ·E�DFE�~�SUbd^fD�ÎJbdSlGJgHILbaç
VLE3G_EWmÁDJo7ilvHb�q@bdSl^fbdq�ilZRGJI&\UilSkG_ilbd[FVhbd\*SUbd\lZ�Ihi¹VLE3G¶ilSkGJEH\UVhilVLDFEÁilDD] � y
Ï&vHVL^wv3ÏnDJZHILK3Slbf×WZHVLSUb

Ý }



g ����h04H� ¬ l ò<Ö�q@bdSUVLp�bdE.iwG_I : bfi�~�ZHq

VLE.ÎJD�^dG_ikVhDFE­DJo²ilvHbPv�VL[Fv�~äILb4ÎFbdI@qHILGJEHEHbfS¡ikD�Slbd^fDFE�ØR[JZHSlbPilvHb1p�DJikDJS¡G_EHK�q�bfSl^fbdq�ilZRGJI§\�ikSlG_ikbf[FVLbf\
ikD¹^fDFq�bcÏ&V¥ikv�ikvHb(ZHE�o½DFSlbf\lbdbfE#b4ÎFbdE.idO

�0�¤£_�¤£ ¥ ��#¦h,���'#
Ó1ZHSNb�Ö�q�bfSlVLp�bdE.ikGJI(bdE.Î�VLSlDJEHp$bfE.i#Vh\X\UvHD�Ï&EìVLEíî<Vh[FZHSlbµz�O u�vHbÑK�D�^wTWVLE�[>g@bdvRGaÎ�VLDFS¯Vh\

VLE�VhikVLG_ikbfK�Ï&Vhilv*ikvHb&qHvHD_ikDJilSlDFqHVh^AKHb4ikbd^4ikVhDFE�GJIL[FDJSlVhilvHp{g�bfVLEH[(\UbdILbf^filbdK$GJ\
\UiwG¦ikbc] � æ·q@DFVhEWi Ý VhE
î<Vh[FZHSlb�ñWç�O7î�VL[FZHSUb f \lvHD�Ï&\PilvHb�SUbd\UZHIhil\PDJo!ilvHb�q�vHDJikD_ikSlDJqHVL^;GJIL[JDFSlV¥ikvHpXOnu�vHb�SlDFg@DJiPG�ÎJDFVLK�\
DFgH\�iwGJ^fILbf\¡G_\�Vhi
p�D�ÎJbd\�ikD�ÏnGJSlK�\-ilvHb&gHSlVh[Fv.i�ILVh[Fv.i�ZH\lVhEH[(ZHIhilSkGJ\UDFEHVh^AKRG_ikG(VhE¹^dDFEH�UZ�EH^filVLDFE*Ï&Vhilv
ikv�b ��
����! "����+,#-����(���� g�bfvRGaÎ�VhDFSdO
u�vHb(SUDFg�D_i&Slbdp$GJVhEH\�VLE�\�iwG_ilb�] � ZHE.ilVLIÚq@DFVLE.i7}tVL\�SUbaGJ^wv�bdKÚO

: iwG¦ikb?] à ilvHbdE¯Vh\�GJ^filVhÎ_G_ilbdKÍæ½q�DFVhE.i�};VLE¼ØH[FZHSlbPñWç4y�gRGJ\lbfKNDJEDE?N�� �F�H� �@\UqRG_ilVxGJI@TWEHD�Ï&ILbdK�[Fb
DJoRilvHbnÏ¡DFSlIhK*GJEHK¹GJE�ZHEHKHbfSl\UikGJEHKHVhEH[cDJoRilvHbAp�DJikVhDFE�ilvRG_i!ilvHbnSUDFg@DJi!vRG_\�GJILSUbaGJK�m;Z�EHKHbdS�iwGJT_bdE
åkO!u�vHbQd�DFZH[Fv*ikSlGJEH\�o½DFSlp Z�\lbdK¹o½DFS�p�D�K�bdI¥~ägRGJ\UbdK*KHD�^wTtSlbf^dDF[JEHVhilVLDFE*Û�â�VL\!VhEWÎJDFTJbfK­DFE�Ihm�Ï&v�bdE
ikv�b$SUDFg�D_i(VL\c^dIhDF\lb�bdE�DFZH[FvÍikD¯ikvHb¹KHD�^wT¶ikDXSlbf^dDF[JEHVLefb�V¥i(ZH\lVhEH[¯ikvHVh\�p�bfilvHD�K>æ½VLE¸ikv�VL\(^aGJ\Ub
GJqHq�SlDaÖ�VLp$G_ikbfIhm Ý�f o½bdb4i­q�ILZH\�DFS¹p$VhEWZH\�o½DJZHS*o½bdbfiwç4OªQAi�ikvHVh\¹q�DFVhE.iayAGµ\lbfSlVLbf\$D_o1ØHÎFbNILVhEHb4~
gRGJ\UbdK¯p�D�KHbfIL\¡DJo�ikvHbcKHD�^wT¼G_Slb1[FbfEHbdSlG_ikbfK�o½SlDFp ikvHbcb�Ö�q�bf^fiwG¦ikVLDJEH\�DJoB\l^dGJILbcG_EHK¯DFSlVhbdE.iwG_ilVLDFE
GJ\¯^dDJEH\UilSkGJVhEHbdKígWmªilvHbÍZHEH^fbdSUikGJVLE.i�m VhEÙilvHbÍSlDFg@DJi � \¯q�DJ\lVhilVLDFEÙGJE�K GJSUbÍZH\lbfKíÏ&VhilvHVLE ikv�b
d7DJZH[Fv$ilSkGJE�\Uo½DFSUpNO�QPILIRD_o§ikv�b�ÎJDJikbf\nSlbf\lZHI¥ikVhEH[co½SlDFp ilvHbd\Ub�ilSkGJEH\�o½DFSlp$G_ilVLDFEH\
G_Slb�^aGJ\�i¡Ï&V¥ikvHVhE
G�\UVLEH[FIhb+è�^dDFp�qHSlbf\l\UbdKHê¢d�DFZH[Fvª\UqRGJ^db#VLE+Vhp­GJ[JbX^fD�DJSlKHVhERG_ikbf\­qHSUVLDFS¹ikD�p­G¦Ö�Vhp­GÍILD�^aG_ilVLDFE
o½DFStSUbd^fDF[FEHV¥ikVLDJEÚO¶u�vHb�EHb4i¹Slbf\lZHI¥i*VL\�ikvRG_i�ikvHb�p�D�K�bdI¥~ägRGJ\UbdK¾d�DFZH[FvÁilSkGJEH\�o½DFSlp qHSUD�^fbdKHZHSUb
\lZ�^d^dbf\l\�o½ZHILI¥m¯Slbd^fDF[FEHVhedbf\&ilvHb(KHD�^wTÍæ´î<Vh[HO m ç4O
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g ����h04H� � l C�bf\lZHI¥ik\&DJo<C�DJg�DJi�C&ZHE

g �.��h34'�®¿_l C�bf\lZHI¥ik\&DJo�P
v�DJikDJilSlDFq�VL^cQPIh[FDFSUVhikv�p æ.] � ç
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g �.�ih04'�³À"l : Z�^d^dbf\l\�o½ZHI<C&bd^fDF[FEHV¥ikVhDFE�DJo<Y1D�^wT¼g.mud�DFZH[FvXuBSkGJEH\�o½DFSlpðæ�] à ç

: iwG¦ikb;] â Vh\(EHD�Ï GJ^filVhÎ_G_ilbdKµGJEHKÑ^dDFE.ikSUDFILIhbdKÍp�DJikVhDFEÍg�bf[FVLEH\(ZH\UVLEH[¯ikv�b$G_KRGJq�ilVhÎFb�Slbf[FVLDJE
\lbf[Fp�bdE.ikbfSdO u�vHbµiwGJSU[FbfiXSUbd[FVhDFEívHGJ\Ng@bdbfE ^fDFSlSUbd^filIhm IhD�^dG_ikbfK æ·î<VL[HO w G.ç�GJEHKÙp$D�ÎJbdp�bdE.i
^dDJEWilVLEWZHbf\dO�s�E¼î�VL[FZHSUb w gÚy.ikv�bPGJKHGJq�ikV¥ÎFb�ikSlGJ^wTJbfSnvRG_\¡IhDF\Ui�ilvHb�ikGJSl[Jbfi¡GJ[.GJVhE¹KHZHb&ikD�D�^f^dILZ�\lVLDJE
g.m¯G¹p$D�Î�VLEH[*DJg��Ubd^4i*æ½q�DFVhE.i&z�VhE¯î<VL[�O�ñWç�O

MnDFE.ikSUDFI²EHD�ÏìSUbfikZ�SlEH\�ikD¹\�iwG_ilb�] à GJEHK¯ikvHb�d7DJZH[Fv�ikSlGJEH\Uo½DJSlp G¦ilikbfp$q�ik\AikD¹SUbdILD�^aG¦ikb1ikv�b
KHD�^wT¼gHZ�i&ilvHb(D�^f^dILZ�KHVLEH[*DJg��Ubd^4iPVh\�\UikVhILI�gHILD�^wTWVLEH[tilvHbcÎ�VhbfÏ(O¡MnDFE.ikSUDFI²Slb4ikZHSUEH\�gRGJ^wT­ilD$\�iwG_ilb
] � æ½qHvHDJilDJikSUDFqHVh^1GJIh[FDFSlV¥ikvHp¨~<o½SlDFp q@DFVLE.iAz�ikDtñWç�O�u�vHb1SUDFg�D_iAp�D�ÎJbd\&GtgHV¥i¡ilD*DFg�ikGJVLE�G;EHbfÏ
VLp$GJ[Fb_y§ikv�bdEÍSlb4ÎFbdS�ik\�gRGJ^wT¶ilD�\UiwG¦ikbµ] à æ·q@DFVLE.icñ.ç4Otu�vHb¹D�^d^fILZHKHVhEH[�DFg��Ubf^fi�vRGJ\cE�D�Ï¨p$D�ÎJbdK
DFZ�i�DJo¡ikvHb¹ÏnG�mJy!\lD¯ikv�b¸d�DFZH[FvÑ\lZH^f^dbd\U\Uo½ZHIhIhmµSlb�~�SUbd^dDJ[FEHVLefbd\(ikvHb�KHD�^wTÕæ´î<Vh[HO²�.ç�O¼î<Vh[FZHSUb¹�FG
\lv�D�Ï&\�ikvHb¹DFSUVL[FVhERGJI�KHD�^wT«O$j²VLEHbf\�b�Ö�ikSkG_^fikbfKÑo½SUDFp�ikv�b�Vhp­G_[Fb¯æ´î�VL[HO²�_g«çcGJSlb¹qRGJ\U\lbfKÑikD¯ikv�b
d7DJZH[Fv¯ikSkG_EH\Uo½DFSUpNO<s�E#î<Vh[FZHSUb(�J^cEHDJilb(ilvRG_i�ilvHb(KHD�^wT¼ÏnGJ\&^dDJSlSlbf^filIhm�IhD�^dG_ikbfKÚO

u�vHbt\�m�\�ikbfp SUb4~�bfE.ikbdSU\P\�iwG_ilb�] â y@GJ\7\lbfbdE¶VhE¶î<Vh[FZHSlb ó G�y<æ o½SlDFp q@DFVhEWil\7ñ�ikD f VLENî<Vh[HORñWç4y
ikSlGJ^wTWVLEH[¹\UZH^d^fbd\l\�o½ZHILI¥mFO

s�E î<VL[JZHSlb ó g{æ·q@DFVhEWi f VLE+î<VL[HO
ñWç�y�ikvHb#ÎJbdvHVh^dIhb¶VL\$EHD�Ï ilD�D�^dILDJ\lbNilD:bfï�bd^4ikVhÎJbdI¥m>ZH\Ub
GJKRG_q�ikV¥ÎFb$ilSkGJ^wTWVhEH[¶GJE.mµp�DFSlb#æ½ilvHb$ilSlVL[J[FbdS(VL\�gRGJ\UbdK:DFEµikvHb$\lVhedb­D_oAikvHb$Slbf[FVLDFEÑb4Ö�^dbfbdKHVhEH[
G¶qHSUbdKHb4ØREHbdK3ikv�Slbd\UvHDFIhK«çtGJEHK:^fDFE.ikSlDJIAEHD�Ï qHGJ\l\Ubd\*ikD¸\�iwG_ilbÁ] Û Ï&vHVh^wvÕq@bdS�o½DFSlp�\�ilvHb¼ØRERGJI
q@DF\lV¥ikVLDJEHVLEH[$ZH\lVhEH[�ZHI¥ikSkG_\lDFZHE�KÕæ·q@DFVLE.ik\ f ikD m VLEÍî�VL[HO@ñWç4O;MnDFE.ilSlDFI<ØHERGJILI¥mXqRGJ\l\Ubd\cikD¯\�iwG_ilb
] ã æ·q@DFVLE.i m ç¹GJEHK>ilvHbNÎJbdvHVh^dILbX\UilDFqH\$VLEÐilvHbNØHERGJI&q�DJ\lVhilVLDFEÕ\lv�D�Ï&E>VLE+î�VL[FZHSUb Ý |�OíÓPikvHbfS
b4Ö�q@bdSUVLp�bdE.iwGJI�SUZHEH\¹ÏnbfSlbN^dDFEHK�ZH^filbdKÐÏ&V¥ikvÕ\lVhp$VhIxGJS;Slbd\UZHIhil\dy-ikbd\�ikVhEH[µilvHbNî : Q p$bf^wvRGJEHVh\lp
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æ´GFçÃÂ7DFSUp­GJI§Slbd[JVLDFE�b�Ö�ilSkGJ^4ikVhDFE æ·gRç&C&bd[JVLDFE�IhDF\Ui�G_i&q@DFVhEWi&ñ
g �.��h34'�DÄil Q7KRGJq�ilVhÎJb(ilSkGJ^wTWVhEH[¶æ.] â ç

Ï&VhilvÙGJEHK Ï&Vhikv�DFZ�i�Î_GJSlVhDFZH\¼bfSlSUDFS¯^dDFEHK�VhikVhDFEH\fy7VhEÙDJSlKHbfS¼ikD3\lvHD�Ï ilvHb¸ÎFbfSl\kG¦ikVLIhVhi�mÐDJo�ikvHVh\
p�bfikv�D�KÚO

ÅAÃ =>=Æ= ÄÐÿ�È¯��9�öÚÆHÌ�ÆHÌ�È¡Å~���7ø���9c÷�ö

u�vHb r bfDFSl[FVLG¼u�bf^wv�bfEWilSUm¸VhE¸ikvHb Ý�óFó }�Q7QPQ7sPp�DFgHVLIhb�SUDFg�D_i(^dDFp�q�b4ikV¥ikVLDJE�à·Ü&ZH\lbfKÑikbfp¹~
q@DFSkGJI@^dD�DFSUKHVLERG¦ikVLDJE$DJo�ilvHb1q@bdSl^fbdq�ilZRGJI§GJIL[FDJSlVhilvHp�\-K�ZHSlVhEH[�i�Ï¡D�q�vRGJ\lbf\�DJo²ikv�b1^dDFE.ilbd\UidO
u�vHb
^dDJp$q@bfilVhikVhDFE(Slbf×�Z�VLSlbfK�bdGJ^wvtSlDJg�DJi�ilDPSlbf^dDF[JEHVLefbJyJVhKHbdE.ilVho mFy_GJEHK�Î�VL\lV¥iBbaGJ^wvtD_oHikbfE�q@DFILbf\�qHILGJ^dbfK
VLE�ZHEHTWEHD�Ï&E¹ILD�^aG_ilVLDFEH\²Ï&V¥ikvHVhEtGJE*G_SlbdEHG�O
MnDFp�q�b4ikV¥ikDFSU\BÏ¡bdSUbAbdEH^fDFZHSlGJ[FbdK*ilD1GJKHK*q@bdSU^dbfq�ikZRG_I
^dZ�bd\&ikD*ikvHb(q@DFILbf\AikD¹baG_\lb(ikvHb(Slbf^dDF[JEHVhilVLDFE�SUbd×WZHVLSUbdp�bdE.ik\fO

Þ vHbdE+GÇ·¸�H��M%J�C��HJ¼N��Hº¼Mtg@bdvHG�Î�VhDFS*ÏAGJ\­GJ^filVhÎJbJycæq·¸�H��M%J�Cq�HJ¼N��Hº¼M�VL\¹\UvHDFSUi�o½DFS*ikv�b 	���
����
������������� p$DJilDFSn\U^wvHbdp$G¹VLEH\�iwGJE.ikVLG_ikbfK¼Ï&Vhilv¼ikvHb?È /, "�*25���.� q@bdSl^fbdq�ilZRGJI²\U^wvHbdp$G.ç4y�ikvHb(SlDJg�DJi
ILD�^aG¦ikbdK¯ikv�b�KHbf\lVLSUbdKNq�DFIhbJy«p�D�ÎJbdK#ilD�ÏAGJSUKH\PV¥i7GJEHKNilvHbdE#qRGJSlT_bdK¶E�b4Ö�iPilD­VhidOAu�vHVh\�ikGJ\lT�ÏnGJ\
\lVhp$VhIxGJS
ikD*ilvHb(KHD�^wTWVhEH[�Ï¡DFSUT¼KHbd\U^dSUVLg@bdK#VhE¼ikvHb(qHSUbfÎ�VLDJZH\&\lbd^4ikVhDFEÚO
u�vHb�SlDFg@DJi�Z�ilVLIhVLedbfK�ILDFE�[
SkG_EH[Fb�q�bfSl^dbfq�ikZHGJInG_IL[FDFSUVhilvHp$\7ikD¯o·GJ^dVhILVhikG_ikb�gRGJILIhVL\�ikVL^�p$DJilVLDFEµGJE�K�\lv�DFSUi;SkGJE�[Fb$q@bdSU^dbfq�ikVhDFE
o½DFSAilvHbc^dDFE.ilSlDFIhILbdK�q�vRGJ\lb(DJo�p�DJikVhDFEÚO<uBbdp�q@DFSkGJI�^dD�DFSlK�VLERG_ilVLDFE­DJo�ilvHb(GJIh[FDFSlV¥ikvHp�\¡ÏnGJ\&ZH\UbdK
ikDNGJ^4ikVhÎ_G_ilb¹GJIL[JDFSlV¥ikvHp�\PDFE�Ihm¶Ï&vHbfEÑilvHbfm¸Ï¡bdSUb$EHbfbdKHbfKÁGJE�KÑikD¯qHSUD�Î�VhKHb¹SlDFg�ZH\UilEHbd\U\�VLEÍikv�b
^aG_\lb(DJo!q@bdSU^dbfq�ikZRG_IÚo·GJVLIhZHSlbf\dO

Ý�m



æ´GFç�ÓcSUVL[FVhERGJI�VLp$GJ[Fb

æ·gRç&ò<Ö�ikSlGJ^filbdKXILVhEHbd\ æ·^aç�C�bf^dDF[FE�VLedbfKNK�D�^wT¼\UZHq@bdSlVhp$q@DF\UbdK¯DFEXVLp$GJ[Fb
g ����h04H�®É"l C�b�~�Slbf^dDF[JEHVhilVLDFE¼D_o!KHD�^wT�G_o ilbdSAikSlGJ^wTWVLEH[¹o·GJVhILZHSUb

Ý w



æ´GFçÃÂ7DFSUp­GJI§Slbd[JVLDFE�b�Ö�ilSkGJ^4ikVhDFE æ·gRç&j�GJ\�i&Slbf[FVLDFE¯\Ubd[Fp�bdE.iwG¦ikVLDJENG¦i&q�DFVhE.i f
g ����h04'�³Ê"l C�b�~�VhEWÎJD�^dG_ikVhDFE�DJo<GJKRGJq�ikVhÎJbcikSkG_^wT�VhEH[

g ����h04'�kjyË_l î<VLERG_I"P�DJ\lVhilVLDFE¯DJo<C&DFg�D_i&G_i7ò�EHKND_o!C&ZHE
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ÅAÃUÂ 7#ö�ÇRË²ö397ÆRÊ1ø
÷�ø
÷LT-È-Ç«Ì�Æ�@?��p
u�vHb¶IhDFEH[_~äSkGJEH[JbXq@bdSU^dbfq�ikZRG_IPGJIh[FDFSUVhikv�p$\¹GJSUb#SUbd\lq@DFEH\UVLgHIhbXo½DJS$VhKHbdE.ikV¥o m�VLEH[ÍikvHbNKHbd\UVLSUbdK

q@DFILb � \
ILD�^aG¦ikVLDJEÚO�u�v�bPZHEH^fbdS�iwGJVhEWi�m�VhE�ilvHb7q�SlbdK�VL^filbdK$ILD�^aG_ilVLDFE*Vh\¡bf\UikVhp­G¦ikbdK¹ikD�VLE�^dSlbdGJ\lb&Ï&Vhilv
KHVh\UiwG_EH^dbcikD*ilvHb(q�DFIhbJO

¿ � j � j �v��/0����4'��/0���D���������!#-���!(R��h0��#
uAÏnD$VLEHK�bdq@bdEHKHbfE.iay«ILDFE�[�SlGJEH[Fb(q@bdSU^dbdq�ikZRGJIBGJIh[FDFSUVhikv�p$\-ÏnbfSlb�KHbfÎJbdILDJq�bfKÚOÍÌPVL\lZHGJIÚSlbf^dDF[¦~

EHV¥ikVLDJE¸DJonilvHb¹q�DFIhb*qHSlD�Î�VLK�bdKµKHVL\�iwGJEH^fbJyBvHbaG_KHVLEH[XGJE�KÑikv�b�q@DFIhb � \c^dD�KHb$EWZHp�g�bfSdO�Q \Ubd^fDFEHK
SlbfKHZHEHKHGJE.iP\�m�\�ikbfp ZH\lbfK#VLE�o½SkG¦~äSlbdKµæ½s�CPçAg@baGJ^fDFEH\�ikD¹SUbfikZ�SlEX\lVLp�VLILGJSnVhE�o½DFSUp­G_ilVLDFE§O

Î �!#1h3���Í4H����4'����4H��Ï,��(��'�.
��u����4'������4'��(�����/,���'�.�i/
ò
GJ^wv¯q�DFIhbPÏnGJ\�SlVh[F[FbdK$Ï&Vhikv¼ilvHSlbfbcSlVhEH[F\ADJo�SUbfilSlD_~äSlb-nHbd^filVhÎJb1iwGJq@bJO�QÔIhVL[Fv.i¡p$DFZ�EWilbdK�ikv�b

SlDJg�DJi�VhILILZ�p$VhERG_ikbfKNilvHb�ikGJq@bJO­u�v�b�Î�VL\UVLDFEÍ\�m�\�ikbfp KHb4ikbfSlp�VLEHbfKµilvHb¹ILD�^aG_ilVLDFEH\cD_onikv�b$SUVLEH[F\
VLE¼ilvHbcVLp$GJ[Fb_O!u�vHbcKHVh\UikGJEH^db(g@bfi�Ï¡bdbfEXilvHbcikDFq¯GJE�KXg@DJiUikDFp SlVLE�[F\nÏnGJ\&ZH\lbfKXilD*Slbd^fD�ÎFbdS&ikv�b
KHVh\UiwG_EH^dbcikD*ilvHb(q�DFIhbJO!u�v�b�p�VLK�KHILb1SUVLEH[tÏnGJ\�qHIxG_^dbdK¯\UZH^wvNilvRG_i&VhiAZHEHVL×WZHbfIhm�VhKHbdE.ilVhØRbfKXbdGJ^wv
q@DFILb1Ï&V¥ikvXG*^dD�KHb(E�Z�ptg�bfSdO

Ð ¥ ���&4H�����;4'�Ñ(�����/3�.�'�.��/
ò
GJ^wvªq�DJILb¯ÏAGJ\$ØHililbdK+Ï&VhilvªG�SUDJiwG_ilVLEH[µs�C g�bdGJ^dDFE>DFE>ikDJqÚO Q KHbfilbd^filDFS�GJ\U\lbfptgHIhmRà´å

p�DFZHE.ikbfKÙDJE+ikvHb¸SUDFg�D_i¼Slbfq�DJSUikbfKªikvHb¸KHVh\UikGJEH^db_y7v�baGJKHVhEH[Hy�GJEHK ^fD�KHb#E�Z�ptg�bfS¼Ï&vHbdE ikv�b
g@baGJ^fDFEXÏnGJ\�Î�VL\UVLgHIhbJO
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]ND�ÎFbfp$bfEWinikD;ilvHb�q�DFIhb�ÏnGJ\¡[FZHVLK�bdK­g.m¹ikv�b�ÎJbdvHVh^dILb � \¡q�DJ\lVhilVLDFE�bdE�^dD�KHbdSU\dO�u�vHVh\nVLE�o½DFSlp$G¦~

ikVhDFE�ÏAG_\PZH\UbdK#ilD$^fSlbaG¦ikb;GJE#G¦ilikSlGJ^filVLDFE�ilD�ilvHb;IhD�^dG_ikVhDFE�o½DFSAikv�b 	���
������������������ G_\�Ï¡bdIhI�G_\
ikv�b(ilSkGJE�\lVhilVLDFE¼ilD¹^dDFE.ikSUDFILIhbdK¯p�DJikVhDFEÚO
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´ �.�¦4H��#1��h,/3 
u�vHb¼SUDFg�D_i�b�Ö�bf^dZ�ilbdKÁilvHb­^fDFE.ikSlDJILILbfK�qHvHGJ\lb$DJo&p$D_ikVLDJEÚy�qRGJSlTWVhEH[#EHbdGJS;ilvHb­q@DFIhbJyBZH\lVhEH[

ZHI¥ikSkG_\lDFEHVh^¹\lbdE�\lDFSU\dO¯u�vHb�SlDFg@DJi(ÏnDJZHILKÑp$D�ÎFb¹ikD�ÏnGJSlK�\;ikv�b­q@DFILbXæ½DFg��Ubd^4it^fILDF\Ubd\Ui�ikDXÏ&vHbdSUb
ikv�bPq@DFILb7\lvHDFZ�ILK¼g@b�ç
ZHE.ikVLI@Vhi-ÏnGJ\nÏ&VhilvHVLE­G�ilvHSlbf\lvHDFIhK�KHVL\�iwGJE�^dbJO�säi¡ikvHbfE¼\UilDFqHq@bdK¼ilvHb1SlDJg�DJi
GJEHKX\lVh[FERGJIhbdK�\UZH^d^fbd\l\fO
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÷¸}íö0pHÌqTnÅ
î<VL[JZHSlb ÝFÝ \UvHD�Ï&\<ikvHb r bfDFSl[FVLG�uBbd^wv*SUDFg@DJi!KHZ�SlVLE�[7ikv�bA^dDFp�q@bfikV¥ikVhDFE¶�wO : DFp�bnK�bd\UilVLERG¦ikVLDJE

q@DFILbf\PGJSUb�Î�Vh\lVLg�ILb(VLEXikvHb;VLp$GJ[Fb(GJ\PGJSlb�^aGJSUKHg@D.GJSlKNg�DaÖ�bd\PZH\lbfK#o½DFS�DFgH\UikGJ^dIhbd\fO�u�v�Slbdb�SlbfilSlD_~
Slb%nRbd^4ikV¥ÎFb*\UilSlVhqH\cGJEHK¶G¼SlDJikG_ikVhEH[­s�C{g�bdGJ^dDJEÍGJSlbtp�DFZHE.ilbdK¶DFE¸bdGJ^wv¸q@DFILb�GJILDFE�[HOPu�vHb*IhVL[Fv.i
ZH\UbdK ikD:VLIhILZHp�VLEHG_ikb�ikv�b¸Slb-nHbd^filVhÎJb¸\UikSUVLqH\fy7ilvHb¶Î�VLKHbfD:^aGJp�bdSlG�yPG_EHK+ikvHb¸s�C KHbfilbd^filDFS¯GJSUb
p�DFZHE.ikbfKNDFE�ilvHbcikDFqXDJoBikvHb(SlDJg�DJidO

Q3\l^wvHbfp­G&GJ\U\lbdp�gHIxGJ[Jb!ÏAGJ\�^fSlbaG¦ikbdK(ikvHG_i�^dDFE.ilSlDFIhILbdK1ilvHb
SlDFg@DJi � \²vHVh[FvcILb4ÎFbfI.q�bfSUo½DFSUp­GJE�^dbJO
u�vHVh\�p�D�KHZHILb;ÏAGJ\(SUbd\lq@DFEH\UVLgHIhb*o½DFSc\lbdGJSl^wvHVhEH[¯o½DFScq�DJILbd\fy²\lbfILbd^4ikVhEH[XG�ikGJSl[Jbfi�q�DJILb�o½SUDFp�ikv�b
ILVh\Ui�DJo<^aGJEHK�VLKRG_ilbd\fy§GJE�K#VLE�\UiwG_EWilVxG_ilVLEH[*ilvHb�·¸�H��M%J�C��HJ¼N��Hº¼M�g@bdvHG�Î�VhDFSdO�u�vHb;DFq@bdSkG¦ikVLDJEH\&DJo!ikv�b
GJ\U\lbdp�gHIxGJ[Jb-Ï¡bdSUbnVLp�qHIhbdp�bdE.ikbfK;G_\BilvHb-ØHEHVhilb-\�iwG_ilbnG_^d^dbfq�ikDJS<\lv�D�Ï&E�\l^wvHbfp­G_ilVL^dGJILI¥m1VLE;î<Vh[FZHSlb
Ý }�O�u�vHb�q�bfSl^dbfq�ikZHGJI«^dD�DFSlKHVhERG_ilVLDFEt\�m�\Uikbfp VL\
SlbfqHSlbf\lbdE.ilbdK¼VhE¹ilvHb&KHDJiUikbdK�^dVhSl^fILb�\lZ�SlSlDJZHEHKHVhEH[
ikv�b;·¸�H��M%J�C��HJ¼N��Hº¼M¡DFq@bdSkG¦ikVLDJEÚO

}J|



Wander

Start Choose
Goal

Return
to Start

Center End

No poles
found

Lost
pole

if done

Visible pole
chosen

Time out

Success

Success

Failure

Lost
pole

Start
move-to-

pole

Monitor
move-to-

pole

Reacquire
pole

Hidden pole
chosen

Move-to-pole

g �.��h34'��j £ l : ^wv�bdp$G�Q7\l\lbfptgHILGJ[Fb�î : Q

} Ý



1q
0q

q

q 2

3

: visual perception

: IR perception

: shaft encoders

: Ultrasonic positioning
q 4 : normal termination

n : normal
t : terminal
r : recoverable error
a : all

n

q q q q q

an,r n

0 21 3 4
t r,t

Ballistic Controlled

at

r

g �.�ih04'�kj ¬ l ]ND�ÎFb�~äikD¦~�q@DFILb(î : Q
ÅAÃª< Ó ÈBünö½Ô�Æ�È5Ô�9�È¡÷�ö8Õ`6Y=

î<VL[JZHSlb Ý z�\lvHD�Ï&\nilvHbPî : QíZ�\lbdK­VLE$ilvHb&ikbdp�q@DFSkGJIR^fD�DJSlKHVhERG_ikVhDFE¹DJo§ilvHbPq@bdSU^dbfq�ikZRG_I§GJIh[FD_~
SlV¥ikvHp�\no½DFSAilvHb(QPQ7QPsA^fDFp$q@bfilVhilVLDFEÚO<îRDFSlp$GJILI¥mFy.ikv�b;î : Q{VL\�SlbfqHSlbf\lbfEWilbdK¶g.m¼ilvHb(×WZRGJKHSUZHqHILb

æ�a'] � [*] à [*] â [�] Û [*] ã¦b [$\�[*] � [1a'] ã¦b ç
Ï&vHbfSlbv] ã SUbdqHSUbd\UbdE.ik\�EHDFSlp$GJIF\UZH^d^fbd\U\Uo½ZHI�ikbdSUp$VhERG_ilVLDFEcG_EHK�ilvHbdSUb¡Vh\�EHD�GJgHEHDFSUp­G_IJikbfSlp�VLERG_ilVLDFE
\UikG_ikb_O
u�vHbcikSkG_EH\lV¥ikVLDJE¼o½ZHEH^filVLDFE§y�\�yHVh\�\lq@bd^fVhØRbfK#g.m@ë

\ E�DFSlp$GJI ilbdSlp�VLEHGJI SUbd^dD�ÎJbdSkG_gHILb�bdSUSlDFS
] � ] � ] à ] �] à ] â ] â ] â] â ] â ] Û ] �] Û ] Û ] ã ] ã] ã ] ã ] ã ] ã

: iwG¦ikbÖ] � SlbfqHSlbf\lbfEWil\;ilvHbtÎ�VL\lZHGJI<iwG_Sl[Fb4i(Slbd^fDF[FEHV¥ikVhDFE¶q@bdSl^fbdq�ilZRGJI
GJIh[FDFSUVhikv�pNO(u�vHb¹SlDJg�DJi
GJ^4ikVhÎJbdI¥m­\UbaGJSU^wvHbdK¯o½DFSAGt[JVhÎFbfE�q�DJILbPg.m­\UÏ¡bdbdq�VLEH[*ikv�bc^aGJp�bdSlG�y�\�ikDFqHq�VLEH[�Ï&v�bdE¯Vhi¡o½DFZHEHK�ikv�b
q@DFILb_O<u�vHVh\nVL\
SUbdqHSUbd\lbfE.ikbdK¯VhE�ilvHbPKHVLGJ[FSlGJp�GJ\
ikvHb7Slbf^dD�ÎFbfSkGJgHIhbPbfSlSlDJS¡qRG¦ikvÚO
ò
GJ^wv­ilSkGJE�\lVhilVLDFE
SlD_iwG_ilbdK¹ikvHb�^aGJp�bdSlG�DJEHb7vHGJIho@ikvHb&ØRbfILK­D_o§Î�VLb4ÏªGJEHK�ikD�DFT*G(EHbfÏ Vhp­G_[FbJO<Ó1EH^db&ikvHb�q@DFILb�ÏnGJ\
ILD�^aG¦ikbdK§y�ikv�b¼^aGJp�bdSlGXÏnGJ\t\UbdSUÎJD�bfK:ikD#^fbdE.ikbfStikvHb$q�DJILb�vHDFSlVhedDFE.ikGJILI¥m¸VLE�ilvHb$ØHbdILK�DJo�Î�VLbfÏ(O
u�vHVh\cVLEH^fSlbaG_\lbdKµKHVhSlbd^4ikVhDFERGJI<GJ^d^fZHSkGJ^4m¶Ï&VhilvHDFZ�i1Slbd×WZHVhSlVhEH[�^aGJIhVLgHSlG_ikbfK¸^aGJp�bdSlG¼DFq�ilVL^d\fOtu�vHVh\
^dbfE.ikbdSUVLEH[cq�SlD�^dbd\U\!VL\�SlbfqHSlbf\lbdE.ilbdK�gWm�ikv�bAEHDFSUp­GJI.ilSkGJEH\UVhilVLDFEÚO�Ó1EH^fbnikvHbnq�DFIhb¡ÏnGJ\�GJ^f^dZHSlG_ikbfIhm
ILD�^aG¦ikbdK§yRGtikbdSUp$VhERGJI@ikSkG_EH\lV¥ikVLDJE¼ÏAGJ\�p$GJKHb1ikD¹\�iwG_ilb�] à O
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: iwG¦ikb�] à SUbdqHSUbd\UbdE.ik\cikv�b*s�Cýg@baGJ^fDFE¶iwGJSU[Fbfi1ILD�^aG_ilVLDFEXq�bfSl^fbdq�ilZRGJI�GJIh[FDFSUVhikv�pNO1ÓcE�^dbtikv�b
SlDJg�DJi�ÏnGJ\<q@DFVhEWilVLEH[�ilD�ÏnGJSUKH\!G&q�DJILbJy�ikv�b¡s�C:KHb4ikbd^4ikVhDFEtGJIh[FDFSUVhikv�pÙÏnGJ\!G_^fikV¥Î_G_ikbfKÚO�u�v�bnSlDJg�DJi
Ï¡DFZHILK¶ilvHbdE¸ÏnGJVhi1ILDFEH[­bdEHDFZ�[Fv¸ikvRG_iPikvHb*SUDJiwG_ilVLEH[­g�bdGJ^dDFE¸\UvHDFZHIhKÍvRGaÎFb*g@bdbdE¸Î�VL\UVLgHIhbJO(säo¡G
SlbdGJKHVhEH[;ÏnGJ\nDJg�iwGJVhEHbdK§y�ilvHbdE¼V¥i¡ÏnGJ\A^fDFptgHVhEHbdK�Ï&Vhilv$ikv�b7Î�VL\UZRGJI@VLE�o½DFSUp­G¦ikVLDJE*KHbfilbdSlp�VLE�bdK¼VhE
\UikG_ikb�] � ikD�VLE�^dSlbdGJ\lb;GJ^f^dZHSlGJ^fmJO�ÓPikvHbfSUÏ&Vh\lbJyRilvHb;Z�EHp$D�KHV¥ØRbdK�Î�VL\UZRGJI�VLE�o½DJSlp$G_ikVhDFE­ÏnGJ\7Z�\lbdK§O
s�EXbdVhilvHbdS�^dGJ\lb_y@G*ilSkGJE�\lVhilVLDFE¼ÏnGJ\�p­G_KHb1ikD¹\UikG_ikb¶] â O

: iwG¦ikbµ] â SlbfqHSlbf\lbdE.il\�p�D�ÎJbdp�bdE.i;DJo¡ilvHb¹SlDFg@DJidy²ZH\lVhEH[�ikvHb¹\lvHG_o i�bdEH^fD�KHbfSl\fyBilDXilvHb¹q�DFIhbJOA7\UVLEH[¸ilvHb�TWEHD�Ï&ILbdK�[Fb¯DJo&Ï&vHbdSUbXilvHb�q�DJILb­ÏnGJ\¹ILD�^aG_ilbdKÚy�ilvHb�SlDFg@DJitÏ¡DFZHIhK3p$D�ÎFb�ilD�ÏnGJSUKH\
ikvHG_i&ILD�^aG_ilVLDFE§O
]NDJilDFS�\l^wvHbfp­G_\PGJ^4ikV¥ÎFb(KHZHSUVLEH[*ikv�VL\&qHSlD�^dbf\l\&VLE�^dILZ�KHbdKD·¸�H��M%J�Cq�HJ�¹��1E�º�y"E����H��K�J
G%CFE�C!�F�%J���»%G%CFE��%º¼M4y&N��*��»%M4y�E����H��K�J¼N&EHG%C·yRGJE�K�O½�H�¼G�M4Onu�v�bd\lb�GJILI²^fDFptgHVhEHbdK¯ikD$[FbdE�bdSkG¦ikb(ikvHb�D�ÎFbdS�i
·¸�H��M%J�C��HJ¼N��Hº¼Mng@bdvHG�Î�VhDFSdO

Þ vHVLIhb*VLE¸\�iwG_ilb;] â y�\lvRG_o i�bfEH^dD�KHbdSU\cÏnbfSlb�ZH\lbfKÑikD¯p�DFEHV¥ikDFSPilvHb*SlDJg�DJi � \(qHSUDF[FSUbd\l\fO¹u�vHb
p�DJikDFS�~�\U^wvHbdp$Gtp­G_ERGJ[FbfS � \�p$DFE�VhikDJSn^fm�^fILb(VL\�SUbdqHSUbd\lbfE.ikbdK#gWm­ikvHbcEHDJSlp$GJI§ikSlGJEH\UVhikVhDFEÚO�säo<ikv�b
SlDJg�DJi�KHVhK#EHD_iP[Fb4i7ilD$ilvHb;q@DFIhb�g@bfo½DJSlb;G�ikVhp$bfS&b4Ö�qHVLSUbdKÚy@p�D�ÎJbdp�bdE.i�ÏAGJ\7vRGJI¥ikbdK§O�u�vHb�q@DFILb
Ï¡DFZHILKtilvHbdE¹g@b�Slb�~�GJ^f×�Z�VLSlbfKtikDc^fDFE�ØRSUp Vhil\<ILD�^aG¦ikVLDJEÚy_ilvHbdSUbdg.m*Slbfp$D�Î�VLE�[1\lqRG¦ikVxG_I�ZHEH^fbdS�iwGJVhEWi�m
ikvHG_i<vHGJKtgHZHVhIhi�ZHq�KHZHSlVhEH[Pp�D�ÎFbfp$bfEWidO<u�vHVh\<qHSUD�^fbd\U\<VL\BSlbfqHSlbf\lbfEWilbdK¹VLE�ikvHb¡Slbf^dD�ÎFbfSkGJgHIhbnbfSlSlDJS
ikSlGJEH\UVhikVhDFE¼gRG_^wT­ikD¹\UikG_ikb?] � O!Þ vHbdE�ilvHb(SlDFg@DJi&GJSUSlV¥ÎFbdK�Ï&V¥ikvHVhE�GtikvHSUbd\lv�DFILK¯KHVh\UiwG_EH^dbcDJoBikv�b
q@DFILb_y�gHGJILIhVL\UilVL^Ap�DJilVLDFE*ÏnGJ\¡ilbdSlp�VLEHG_ikbfK¼GJEHK­G�ilSkGJEH\UVhilVLDFE*ikD;^dDFE.ilSlDFIhILbdK�p�DJikVhDFE*ikD�DFT*qHIxG_^dbJO
u�vHVh\�Vh\�\lvHD�Ï&ENVLE�ikvHbcilbdSlp�VLEHGJI�ilSkGJEH\UVhilVLDFE¼ilD�\�iwG_ilb¶] Û O

: iwG¦ikbQ] Û SUbdqHSUbd\UbdE.ik\-ØRERGJI«q@DF\lV¥ikVLDJEHVLEH[PZH\lVhEH[;Z�IhikSlGJ\lDJEHVL^�\UbdEH\UDFSl\fO-u�v�be·¸�H��M%J�C��HJ�¹��1E�º�p$D_~
ikDJS¡\U^wvHbdp$G;ÏnGJ\AGJ^4ikV¥ÎFbPVhE�ilvHVL\-\UikG_ikb_O�u�vHbPSUDFg@DJinp�D�ÎFbfK­ikD�ÏnGJSlKH\-ikvHb7q�DJILb&ZHE.ikVhI@V¥inSUbaGJ^wv�bdK
ikv�bNKHbf\lVhSlbdK>KHVL\�iwGJEH^fbJOªu�vHVh\�ØHERGJI&p$D�ÎJbdp�bdE.i­Vh\$SUbdqHSUbd\UbdE.ikbfKªgWm3ilvHb#EHDJSlp$GJInikSlGJEH\UVhikVhDFEÚO
Þ vHbfEÁVhi;SlbdGJ^wvHbdKÁilvHb­K�bd\lVhSlbfKÁq�DJ\lVhilVLDFEÑGXilbdSUp$VhERGJI!ikSlGJEH\UVhikVhDFEÍÏAGJ\�p­GJK�b�ilD#\UikG_ikb�] ã O¯säo
GJE�bfSlSlDJSnD�^d^dZ�SlSlbfK¯KHZHSlVhEH[�ilvHVL\Aq�vRGJ\lb_yH\lZ�^wvNG_\AILD�DF\lVhEH[;ilvHb1q@DFILb_y�E�D¹G_ililbdp�q�inÏnGJ\�p$GJKHb7ilD
Slbf^dD�ÎFbfS�\lVhEH^dbnilvHbnSUDFg@DJi<Ï¡DFZHIhKtg�b-ikD�DP^fILDF\UbnikD�ikvHbAq@DFIhb-ilD1KHVL\U^dbfSlE*VhidO�s�E�\UikbdGJKÚyWG7ilSkGJE�\lVhilVLDFE
ÏnGJ\7p$GJKHb1ilD¹\UiwG¦ikb¶] ã VLE¯g@DJikv�ikv�b�\UZH^d^fbd\U\1GJEHK¯o·GJVhILZHSUb1^aGJ\UbJO

: iwG¦ikb�] ã SlbfqHSlbf\lbfEWil\AikvHb�ØRERGJI@\UikG_ikb_y�Ï&vHbfE­ikv�bPSlDJg�DJi¡vRGJ\¡SlbdGJ^wvHbdK¼ilvHbP[JD.GJI/O�QP^4ikVhÎ_G_ilVLDFE
DJoBikvHVh\�\UikG_ikb(Slb�~�VhEWÎJDFTJbfKNilvHb(g�bfvRGaÎ�VhDFS&GJ\U\lbdp�gHIxGJ[JbJO
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u�vHb�\�m�\Uikbfp qHSlD�ÎFbfK¶vHVh[FvHIhm­SlDFg�ZH\Ui7VLEXEWZHp$bfSlDFZ�\�ilbd\Ui7SlZ�EH\PG_EHKNK�ZHSlVhEH[$q�vRGJ\lb�}�D_o<ikv�b

^dDJp$q@bfilVhikVhDFEÚO¹s�EÑilvHb�^dDFp�q�b4ikV¥ikVLDJEµV¥ik\UbdIho�y�V¥i(\lZH^f^dbd\U\Uo½ZHIhIhmÍo½DFZHE�KÁ�¯DJonilvHb Ý |Nq@DFILbf\�VhEÑIhbd\U\
ikvHGJEXilvHb�GJILIhD�ÏnbfKX}J|�p�VLEWZ�ilbd\fyHqHIxG_^dVLE�[*\lbd^fDFEHKNVLEXGtØRbdIhKXD_o�ilbdENG_i&ikvHb(bdE�KNDJoBikv�VL\�KRGamFO

u�vHbdSUb�GJSlbt\UDFp�b¹GJSlbdGJ\1Slbfp­G_VLEHVhEH[$o½DFS7o½Z�ikZHSUbtÏnDJSlTNÏ&v�VL^wv¸ÏnDJZHILK¸bfEHvRGJEH^fb*ikvHb*\�m�\�ikbfp
bfÎJbdE¼o½ZHS�ikvHbfSdO�u�vHb�·¸�H��M%J�Cq�HJ¼N��Hº¼M�î : Q�y�GJ\-VLp�qHILbfp$bfE.ikbdK§y�E�bd[FIhbd^filbdK¼ilD�vRGJE�KHILb&o·G_iwG_I@bfSlSUDFSl\fO
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Q p�DFSlb$^dDFp�qHIhbfikb­VLp�qHILbfp$bfEWikG_ikVhDFEµptZH\UitKHbaGJI-Ï&Vhilv3GJILI
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