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R�SUTVAW�V1X'Y[Z]\_^`VAacbBd.^cegf_\ S f_W�W�V�hMWibjd S ek\lVBm
enWib�ojVAp�mrqrfB\r\tsV�VGpGmld.f_\r\rb�enpupcbB\rd.VAp

v acf�w]VG^�x S bjauy
z bjyry$fBac^�qlV
acVGd S VAacd S V{\
|jX_}�~j~�Y[�_�r\lV'}B�lmU�A�j�_��Y�XB}�yrbjojVAp

���3�G���K�r�j�j�
^ S ekp�yrbBy?VAa�qrVGpud�acek�$VGp�bj\�� �u�����.�l�5���K�¡ ¢�K�?�£�¤�K¥r¦r§�¨ª©¡«�¬­eg^�ekp�^ S V�®jV�¯�d.f_W�y$fB\rVG\_^�fj°ªb�W�fj^cegf_\

d�fB\_^cacfj±ObBacd S eg^cVGd.^u�racVi°²fBa'b�³BV S end.±kV�W�fK³�ek\ro�ek\´b;qr¯�\?bjW�ekd�bj\rq¡yrbBa`^cekbj±g±k¯µ®�\lfK¶-\µVA\B³�ena`f_\rW�VG\_^�·
¨9©¸VA\rqlfK¶-pt^ S V�³BV S end.±kV�¶�ek^ S ^ S V�acVGbBd.^ceg³BV�d�bByrbj�reg±keg^cegVAp�a`VA¹_�rekacVGq�ek\ºbj\»�r\rd.VAa`^ub�en\CVA\B³�ena`f_\rW�VG\_^�·
Z¤^upQyr�rauy?f_p`V�enpQ^`f�oBVG\lVAacbj^`Vt^ S V-d�fBWiWibj\rqrp3°²f_a�^ S V-pcVGac³jfjhMpc¯lp`^cVGWip¼f�°$^ S V�³jV S end.±kV�pcf1bjp�^cf�°²fj±k±gfK¶%b
oBeg³BVG\
\rfBW�ek\?b�±�^caubKw]VAd.^`f_a`¯�¶ S ek±kVtacVGbBd.^`en\lo�ek\�a`VAb�±gh5^cekW�Vt^`f��r\lV�½ly$VGd�^`VAq'VG³jVG\_^up�·¼¨ª©¾enp�qlVGpcekoB\lVAq'bjp
b�°��r¿�¿�¯�d.f_\B^ua`fB±g±kVGaGm�e5· VB·jb1d.f_\_^cacfj±rpc¯�pc^`VAW*�rbBp`VAqi�ry?f_\�°��l¿�¿G¯'±kfjoBekdjm�^ S �rp9y?VAacW�ek^`^`en\lo'bByryracfN½lekWib�^cV
acVGbBp`f_\len\lo�bB\rq�b S �rWibj\�hM±gen®�V1qlVApcdGa`enyl^cegf_\ºfj°3^ S V
³BV S end.±kVjÀ p-acVGbjd�^`ek³jV��?V S bN³�egf_�raG· R�S V
Wib�en\�d.f_W'h
y$fB\rVG\_^cp�f�°�¨ª©)bjacV
bj\»en\�°²VGacVG\?d.V
VA\lojen\lV'bB\rq�bCp`VG^-f�°tÁ ±gen\loB�rekpc^`end
au�l±gVAp�Àk· R�S V1oj±kfB�?b�±"�$V S bN³�ekfB�ra
fj°U^ S V�³jV S ekd�±gV�acVGpu�l±k^cpO°�a`f_W*^ S V�d�fBW'�rek\rbj^`ekfB\�f�°"pcV�³BVGaub�±r�rbBp`end-�$V S bN³�ekfB�raup�§7^caubKw]VGd�^`f_a`¯'°²fj±k±gfK¶�en\lo?m
f_�rpc^cbjd�±gV»bN³jfBekqrbB\rd.VBm¼VG^cdj·Â«ÃmOVGbBd S f�°�¶ S ekd S enp�VG\rd�flqlVGqÄ�B¯´b�pcy$VGd�eÆÅ$d»pcV�^�f�°�au�l±gVAp�·¡¨9©ÇqlegÈÉVAacp
°�acfBWÊd.±nbjpupcekdGb�±Ë°��r¿�¿�¯�d.f_\_^cacfj±k±gVAacp�en\�^¤¶tf�\lfK³BV�±"¶�bN¯lp�ÌªÅ$aup`^GmÉek^�en\_^cacflqr�rd.VAp�bC\rV�¶ÍqlV�°��l¿�¿GeÆÅ$dGb�^cegf_\
^cVGd S \rek¹��lVBmr^ S V�Î�Ï�¥ÃÐj�u���?�5¥c�i�]Ñ'�£Ò?�CÓO���?�5¥c�.ÔiÕUÑ�Ö�¥u�uÏ�m?^ S b�^-y$VGauW�eg^up-^`fC�$V�^c^`VAa-^cbB®�V1en\_^`fCbjdGd.f_�r\_^
^ S V�ek\l×$�lVG\?d.V1f�°3VGbBd S bB\rq�VG³jVAa`¯Cau�l±kVj·ªx_VGd�fB\rqËmr¶9VGego S en\lo�d�f�V.ØCd.ekVG\_^cp�bBa`V�b�^c^cbBd S VGqº^`fi^ S V
ac�l±kVGp
^ S �rp'y$VGauW�eg^c^`en\lo�b;Å$\lVC^u�r\len\lo=fj°-^ S Vºek\�×É�lVG\rd�V�fj°�VAbjd S �rbBp`endC�$V S bN³�ekfB�raG·�Ù$�?a`^ S VGauW�fBacV¢eg^�ekp
p S fK¶-\ S fK¶Úpu�ry$VGac³_enpcVGqC±kVGbBac\rek\lo$m�e7· Vj·r±kVGbBac\rek\lo�^ S a`f_�lo S pcbBW�yr±gVAp�mrdGbj\��$V
�rpcVGqº^`f¢bj�r^`fBWibj^`V�^ S V
qrV�^`VAacW�en\rb�^cegf_\=fj°t^ S VGpcV¢¶tV�eko S ^cp1^ S �rp
pu�ryryracVGpup`en\lo»^ S V�V�³jVAa1qlV�±kend�b�^cVCyracfB�l±kVGWÛfj°9ÅÉ\rqlen\lo;pc�?d S
d�f�V.ØCd.ekVG\_^cpt§7^ S V�enqlVG\_^`egÅ$dGb�^`ekfB\�yracfB�l±kVGWC«Ã·"¨ª© S bBp3�$V�VA\'enWiyl±kVGW�VG\_^`VAq�bB\rq�^`VGpc^`VAq'f_\'bB\
V�±kVGd�^cacekd
dGbja`h5±ken®�Vª³BV S end.±kV�yracfj^`fB^¤¯ly?VB· v acfBW�enp`en\lo�a`VApc�r±g^up�f�°Éy?a`VG±genW�ek\rbBa`¯1V�½ry?VAa`enW�VG\_^cp3°²VAb�^c�?a`en\lo�^caubKw]VAd.^`f_a`¯
°²fB±g±kfK¶�en\lo�bB\rq��r\lV�½ly$VGd�^`VAqºf_�rpc^cbjd�±gV1bN³Bfjenqrbj\rd�V�bBa`V1yracVGpcVG\_^`VAqU·
Ü�Ý_Þ­ßuà'á �Kâ3�j� W�fB�lek±gV
acfB�$fj^Gmrd.f_\B^ua`fB±Ubjaud S eg^cVGd�^c�racVjmrW�fj^cegf_\�V�½lVGd��r^`ekfB\Um�°��l¿G¿�¯º±gfBojend
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Unité de recherche INRIA Rhône-Alpes
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���Ý ����� �Ý � d.V�yrbjylekVGa�qtsVAd�aceg^��?\´ i���?�£�¤�.�l¥��Ë¦ �u��������l�7������§7©;¨�«Ã¬ÉdjÀ VAp`^�±7À]sV�±�sVAW�VA\_^-d.±.sV'qUÀ �r\lV�bjaud S eÆh
^cVGd�^c�racV1qlVGpc^`en\tsVGV Tbid�fB\_^ca��fj±kVGat±kVGp�W�fB�l³BVGW�VG\_^up�qUÀ �?\º³9sV S end��l±kV=sV�³Bfj±n�rbj\_^9q?bj\rp��r\»VA\B³�ena`f_\r\lVAW�VA\_^
qr¯�\?bjW�ek¹��lVtV�^Oy?bjac^`ekV�±k±gVAW�VA\_^3d�fB\r\��U·3©;¨¡qlfj^cVt±kV�³ªsV S end��r±gV�qlVGpQdGbjyrbBd.ek^lsVAp¼qrV�arsVAbjd.^cegf_\
\tsVAd.VApcpub�ena`VAp
q?bj\rp��r\ºVG\_³�ekacfB\?\lVGW�VG\_^tek\?d.VGac^cbjek\Ë·Oxlb�^��bjd S V�VGpc^�qlV1qtsVG^`VGauW�ek\rVGa9±gVAp�d.fBWiWibj\?qlVGp Tb�VG\_³jfK¯BVGaªbB��½
bBd.^cegf_\r\lVG�?acp�qr��³ªsV S ekdG�l±gV�qlVt°�b��d.fB\ Tb1pu�leg³lacVt�?\lV�^caubKw]VAd.^`fBekacV�\lfBW�en\rb�±kV�qlfB\r\tsV�V�^`f_�l^QVG\�alsVGbjojenpcpubj\_^
VA\�^`VAWiyrp�alsVGV�±3bj��½ sVG³ªsVG\lVAW�VG\_^cp�enWiyralsV�³l�rpG·�©;¨ acVGy$fBpcV'pc�?a�±5À �r^`ek±genpcbj^`ekfB\�qlV�±nbC±kfjoBek¹��lV'×?fB�rV�d.V
¹��le3y?VAacW�VG^-±gV�acbjekpcfB\r\rVGW�VG\_^-bjy?yra`fN½lenWib�^`eg°�V�^�±nb¢puy9sVGd�eÆÅÉd�b�^cegf_\»VG\�^`VAacW�V S �rWibjek\�qlVAp�dGbjyrbBd.ek^lsVAp
qrVºalsVGbBd.^`ekfB\µqr�´³9sV S end��l±kVj·�©;¨{d.fBWiy$fBac^`VCVApcpcVG\_^cegVG±g±kVGW�VG\_^'�?\ W�fj^`VA�ra�qUÀ en\�°NsVAa`VA\rd.Vi×$fB�´VG^��r\lV
�?bjpcV-qlV1ÁÂa TVGoj±kVGp3±kek\lo_�lenp`^cek¹��lVAp�Àk·��"V-d.f_Wiy?f_a`^cVGW�VG\_^Qoj±kfB�?b�±?qr�i³9sV S end��l±kV-alsVGpu�l±g^cV�qlV-±nb1d.fBW��len\rb�enp`f_\
qËÀ �r\»VA\rp`VAW'�l±kV1qlV
d.f_Wiy?f_a`^cVGW�VG\_^cp�qlV
�?bjpcV�§5pc�reg³�eËqlV1^uacb�w]VGd.^cfjena`VBmªsV�³�ek^`VGW�VA\B^�qUÀ fB�?p`^ubjd.±kVGpGm�V�^ud�· «�m
d S bj¹��lV�d�fBWiy$fBac^`VGW�VA\B^�qlVi�rbjpcV´sVG^cbB\B^�a`VAyralsVGpcVG\_^lsV
yrbja��r\;VA\rpcVGW'�r±gViyrbjac^`end��r±gekVGa�qlVia TVGoj±kVGpG·�©;¨
qreÆÈ TVGacV�qlVGpªd.fB\_^ua �fB±gVA�racp¼×?f_�rpOd�±kbBpcpcek¹��lVApQqlV�qlVA��½�WibB\le TVGacVGptÌ¼^cfB�l^OqËÀ bB�?f_acqUmBeg±$ek\_^ua`flqr�lek^O�r\lV-\rfB��h
³BV�±k±gV�^cVGd S \rek¹��lV-qlV�qlV.°��l¿G¿�egÅ$d�bj^`ekfB\¢¹��lel°�bN³BfBacekpcV��r\lV�W�VGeg±k±gVA�racV-yra`enpcV�VG\¢d.f_Wiyl^`V-qlV�±7À ek\l×$�lVG\?d.V�qlV
d S bj¹��lV1a TV�oj±kVj·ª¨9\rpu�lek^`Vjm$qlVGp-y$fjenqrp�p`f_\B^�bBpcpcfld.e.sVGp Tb¢d S bB¹_�rV
a TVGoj±kV�b�Å$\�qlV'y$VGauW�V�^`^ua`V
�?\�W�VGeg±k±kVG�ra
b�w`�rpc^`VGW�VA\B^ËqrVO±7À en\�×$�lVA\rd.Vta`VApcy$VGd�^`ek³jVOqlVAp"qlegÈ�sVGacVG\_^cpUd�fBWiy?f_a`^cVGW�VG\_^"qrVª�rbjpcVj·"¨9\�Å$\ËmAek±jVAp`^¼W�f_\_^calsV
¹��lV�±5À bByryracVG\_^`enpupcbjojV�pu�ry$VGac³�ekplsVjm�e5· VB·?yrbBatqrVGp�V�½�VAWiyl±gVAp�mry$VG�r^!�V�^ua`V��l^`ek±kekplsV1y?f_�ra�qtsVG^`VAacW�en\lVGa�bj�r^`f�h
Wibj^`en¹_�rVGW�VG\_^ªd�VGpOy$fjenqrpGmBpu�ryryracekWibB\B^9qlV-d.V�°�bjeg^ª±gV�y?a`f_�l± TVGW�V�^`fB�Kw]fB�raupOqtsVG±gend�bj^QqlV-±5À enqlVG\_^ceÆÅ$dGb�^cegf_\
qrV-d.V-^¤¯ly$V�qlV�d�f_V�ØCd.ekVG\_^cpG·¼©=¨ b=sV�^lsV�ekWiyl±nbj\_^lsV�V�^Q^`VAp`^lsV-pu�raO�r\¢yracfj^cfj^¤¯ly$V-qlV-³jfBeg^u�racV�sV�±kVGd.^ua`en¹��lVj·
�¼VGp�alsVGpu�l±g^ub�^up�qlViyracVGW�e TVGacVGp�V.½rytsVAa`ekVG\rd�VGp�pc�ra�±kVipu�lek³�e3qlVi^uacb�w]VGd.^cfjena`V'V�^�±7À]sV�³�ek^`VAW�VA\_^�qUÀ fB�?p`^ubjd.±kVGp
enWiyralsV�³l�rp�pcfB\_^�yralsVGpcVG\_^lsVAp�·
"Íá �A� ß �$# �Ý � acfB�$fj^QW�fB�lek±kVjmBbBacd S eg^cVGd.^u�racVtqlV-d�fB\_^ca��fj±kVjmjV.½9sVGdG�l^`ekfB\�qlV-W�fB�l³BVGW�VG\_^Gm�±gfBojen¹��lVt×?fB�lV
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}r·g� R ¯ly?VAp�f�°%$9fB\_^cacfj±'&�acd S ek^`VAd.^u�ra`VApÊ·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· (
}r· } )��?a*$9fB\_^cacfj±'&�aud S ek^`VAd.^c�?a`V�·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �

+,�! Ý � �K�.- Ý �j� á � Þ0/ #�� �1� Ý �32 � /!4 5

67�! Ý38*9ËÝ �$�¼�:� á � "�á � ��� á �;2 8 "<4 =
> ·g� ÙÉ�l¿�¿G¯?$9f_\B^ua`fB±g±kVGaup¢·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �
> · } ©�b�en\ºÙ$VGbj^c�racVGp�fj°¼¨ª© ·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �B�
> · X &A@�fK³jVG±'B�V�°��l¿�¿GeÆÅ$dGb�^cegf_\º©=V�^ S f�q;·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �N}
> · > C V�eko S ek\loD$9f�V�Ø¢d�egVA\_^cp�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �AX
> · � ¨9© À pFE
\lfK¶�±gVAqlojVHG�bjpcV ·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· � >

> · �r·g� R aubKw]VAd.^`f_a`¯¢Ù$fj±k±gfK¶�en\loF·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· � >
> · �r· } )��rp`^ubjd�±gVI&-³Bfjenqrbj\?d.V ·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· ��(
> · �r· X &�qrqlek^`ekfB\?b�±JG�V S bN³_ekfB�?acp%·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· ��K

> · ( xl�ry?VAa`³�enp`VAq �"VGbBac\rek\lo ·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }j~
> · (?·g� �"en\lVGbBa v acfjoBaubjWiW�en\lo ·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }j~
> · (?· } R�S V �"VAbjau\lek\ro v a`f_�l±gVAW ·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }j~
> · (?· X �"VGbBac\rek\lo z VApc�l±k^cp*·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }r�
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�r·g� R�S V v aubK½leg^ TV�±kV v a`fBoBaubjWiW�V�·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }jX
�r· } R�S V1¨O½ry?VAa`enW�VG\_^cbj±'NQV S end.±kV ·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }jX
�r· X R aubKw]VGd�^`f_a`¯¢Ù$fj±k±gfK¶�en\lo C eg^ S )��rp`^ubjd�±gVI&-³Bfjenqrbj\?d.V�·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }B�
�r· > ÙÉ�l^c�?a`VIB�V�³BV�±kfByrW�VG\_^up
·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }.K

#O"�á � � # �3�:� á � � =

PQP �SR:T�U�V�V



> � Ò����-ÏK¥Ã�$���.¥�ÏK� ���­Ò��1�"¥cÏK����ÒrÏ�¥ �

#Ä���"�Ê�'� �J�
	������*�

� ^ S V
d.f_\_^cacfj±Ëbjaud S ek^`VAd.^c�?a`V�f�°3^ S V1³BV S end.±kVj· ·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· K
} §5b_«tyrbj^ S yl±nbj\r\rek\lo¢bB\rq=§5�$«t³BV�±kf�d�eg^¤¯ºyl±kbB\r\len\lo?·3·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �
X ^ S V
bjaud S ek^`VAd.^c�?a`V�f�°�b�°��l¿�¿G¯ºd.f_\_^cacfj±k±gVAa�·Q·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �A~
> ^ S V�^ S acV�V»°��l¿G¿�¯%pcV�^up�m9±kbB�?VG±gVAq���
��Um���
������������;bj\?q���� ���­mª^ S bj^ibBa`V�bjpupcf�d�ekbj^`VAq

¶�ek^ S ^ S V
pcy$V�VAq»³NbBa`enbj�r±gVB·J·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �A~
� bB\=V�½rbjWiyl±kV�fj°ª°��l¿G¿�¯;en\�°²VGacVG\?d.Vi¶�eg^ S au�l±kV��jÌ�^ S V¢bjd�^`ek³Kb�^`ekfB\µqlVGoBacV�V'fj°9^ S VCac�r±gV

enp»^ S V´W�en\lekW��rW
§`Á bB\rqUÀ�fBy$VGaub�^cfBaÃ«if�°�^ S V¡W�VGW'�$VGaup S ekyÚqlV�o_a`VGVGpºf�°'^ S Vµek\ry?�l^
³KbBa`enbj�l±kVGpCf�°1^ S V=±gV�°²^]h S bj\rq pcenqlV;f�°�^ S V�au�l±gVB· &�yryl±k¯�ek\lo%©=bjWiqrbB\le7À p¢en\�°²VGacVG\?d.V
¯�ekV�±nqrp�^ S Viyrbjac^-fj°O^ S V�°��l¿�¿G¯�p`VG^�bjpupcf�d�ekbj^`VAq�¶�eg^ S ^ S V'fB�r^cyr�l^�³KbjacekbB�l±kV
^ S bj^�±kegVAp
�$VG\rVGb�^ S ^ S V
bBd.^`ek³Kb�^cegf_\ºqlVGoBacV�Vi§�o_a`VG¯�bjacVGb�«�·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �N}

( acVGpu�l±k^cp�fj°3^ S V
qlegÈÉVAa`VA\B^-qrV.°��l¿G¿�egÅ$d�bj^`ekfB\»W�VG^ S flqrpG· ·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �AX
� dG�raua`VA\B^9bj\rq¢qlVAp`enacVGq¢d.f_\�Å?o_�racbj^`ekfB\rpOf�°U^ S V�³jV S ekd�±gV�b�^ª^cekW�V"!Ã·t§$#&%G§'!c«)(+*�%G§$!c«,(+-.%G§'!c«c«

qrVG\lfB^`VGpË^ S VªdG�raua`VA\B^Ëy$fBpcek^`ekfB\�bj\rq�f_a`ekVG\_^cbj^`ekfB\�f�°�^ S Vª³jV S ekd�±gVBmG¶ S VAa`VAbjp�§$#&/B§'!c«)(+*�/B§'!c«)(+-./B§'!c«c«
qrVG\lfB^`VGp-^ S V
qlVAp`enacVGqºfB\lVB· ·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �N�

K ^uacb�w]VGd�^`fBac¯i°²fj±k±kfK¶�ek\loi¶�ek^ S ¨ª© bj\?qDE
bB\rbN¯BbBWibrÀ pªd.f_\_^cacfj±k±gVAa�· ·1·�·1·1·�·1·�·1·�·1· ��(
� ^ S V1V�eko S ^�y$fj±nbja�acV�ojekfB\?p9fj°3^ S V1³jV S end.±kVjÀ p�±gfld�bj±UVG\_³�ekacfB\?W�VA\_^�· ·1·�·1·1·�·1·�·1·�·1· �K�
�A~ b�d�fj±k±genpcegf_\µbN³Bfjenqrbj\?d.V�^`VGpc^�Ì10�2%§5a`VApcyU·30�4�«1qlVG\lfB^`VAp1^ S VC\rfBW�ek\?b�±-§5a`VApcyU·¼bjd.^u�rb�±²«
^uacb�w]VGd�^`fBac¯¢f�°�^ S V1³jV S ekd�±gVB·-·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· ��K

�B� bB\»ek\_^`VAacpcVGd�^`ekfB\ºd�acfBpup`en\loipcd�VG\rbBa`ekf?·J·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· �A�
�N} biqlVAbjql±kfldÃ®Cpceg^u�rb�^cegf_\ºbB\rq»eg^up-a`VAp`fB±k�r^`ekfB\C^ S bj\?®_p�^cfCbj\=Á bN³BfjenqC^cf¢^ S V1±kV.°²^GÀ?y?fB±gend.¯B· �A�
�AX ¨9© À p��$V S bN³_ekfB�?a�qr�?a`en\lo¡bj\´fK³BVGac^cbj®_en\lo=Wibj\�5
�l³la`VBÌC¶�eg^ S �?\leg^�¶tV�eko S ^cp»§�^cfBy$«Ãm
VAWiylekacend�b�±U¶tV�eko S ^up�§7W�ekq?ql±gVK«�bj\?q�±kVGbBac\lVAq�¶tV�eko S ^up�§5�?fB^`^cfBWC«�·�·1·�·1·1·�·1·�·1·�·1· }B}

� > d�fB\_³jVAa`oBVG\rd�V�fj°3^ S V1±gVAbjau\lVGqº¶tV�eko S ^cpG·�·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }jX
�N� ^ S V �"ekojekVGa�y?a`fB^`fj^¤¯ly$Vj·i·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· } >
��( ^ S V
�l±k^caubjpcfB\lend�p`VA\rpcfBaup9±nbN¯jf_�l^�·*·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· } >
�K� b�^uacb�w]VGd.^cfBac¯i°²fj±k±gfK¶�en\loiV.½ry$VGacekW�VA\B^G· ·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }B�
��K bB\Cf_�rp`^ubjd�±gV�bN³Bfjenqrbj\?d.V-V�½ly$VGacenW�VA\_^�Ì�^caubjd�V�f�°Ë^ S V�V.½ry?VAa`enW�VG\_^�§�^`f_y$«�mlbB\rq�bBd.^c�?b�±
³BV�±kfld.ek^¤¯�yracf�Å?±kV�°²fj±k±gfK¶tVGqº�B¯º^ S V1³BV S end.±kVi§7�$fj^c^`fBWC«Ã· ·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }.(

�A� pu\rbByrp S fj^cp�fj°¼^ S V1V.½ry$VGacekW�VG\_^-qlVAylend.^`VAq»ek\»Ù�ego$·U�:K?· ·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }_�
}j~ bB\»fBpud.ek±g±nb�^cfBac¯i�$V S bN³_ekfB�?a�·t·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1·1·�·1·�·1·�·1· }.K
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&�p�\lfj^cVGq»�_¯ �¼bj^`fBW��?V��Æ�A���MmrW�fj^cegf_\ºyl±nbj\?\lek\ro?mle5· VB·rd.fBWiyr�r^`en\loi^ S V
pcVG¹��lVA\rd.V�f�°Qd.f_\�Å?oB�?acbj^`ekfB\rp��
bj±g±kfK¶�en\lo;b=acfB�$fj^
^cf�W�fK³jVC°�a`f_W S VGacVC^`f�^ S VAa`VBmQekp�b;d.VA\_^caub�±9y?a`f_�l±gVAW ek\´^ S V�qlV�³BV�±kfByrW�VG\_^
fj°
bB�l^`f_\lfBW�f_�rp�acfB�$fj^up�· R�S enp�enp�^cau�lVien\rqlV�VAqUm"�r�r^�¶ S VG\�^ S V¢VA\B³�ena`f_\rW�VG\_^�fj°9^ S V¢a`f_�?fB^��$VGd�fBW�VGp
d�fBWiyl±kV.½Um�e5· VB·��r\rd�VGac^cb�en\Umjy?bjac^`enb�±k±g¯
®�\lfK¶-\Umj¶�eg^ S W�fK³�ek\ro�f_�rpc^cbjd�±gVAp3fBa3fj^ S VGa�acfB�$fj^cpGm�VG^cd�·km�ek^Q^cbB®�VGp
W��rd S W�fBacV
^ S bj\;W�fB^`ekfB\�yl±nbj\r\rek\loº^`f»bjd S ekV�³BV
W�fB^`ekfB\;bB�l^`f_\lfBW'¯j·-Z]\;^ S enp�dGbjpcVjmÉ^ S V�bj�lek±keg^¤¯�^`f
qrV�^`VAd.^-�r\rV.½ry?VAd.^cVGq»V�³BVG\_^cp�bB\rqºacVGbBd.^�bjdGd.f_acqlen\loB±g¯C�$VGd�fBW�VGp�VApcpcVG\_^`enb�±5·
©;fB^`ekfB\µbj�l^cfB\lf_W
¯Bm$°²f_a�d�bja`hM±gen®�V�³jV S ekd�±gVAp�en\µyrbjac^`end��l±nbjaGm­ekp�f_\lV�f�°9f_�ra�W�bjek\µacVGpcVGbjaud S ojf_b�±np�·

Z¤^ S bBp��$V�VA\Äyr�?acpu�lVGq%p`en\rd.Vµ�G��K.(�¶�ek^ S ek\Ä^¤¶9fµqlegÈÉVAa`VA\B^iacVGpcVGbjaud S yracfjo_acbBW�W�VAp
fB\%a`f_bjq´^uacbB\rp]h
y$fBac^�Ì v a`f_W�VG^ S VA�rp	��bj\?q v aubK½leg^ TV�±kV�
N· R�S V»a`f_bjq¡\lV�^¤¶tfBau®�ekp�b=y$VGa`°²VGd�^'V.½rbBW�yr±gVºf�°�b;d�fBWiyl±kV.½
VA\_³_enacfB\rW�VG\_^G¬reg^-°²VGb�^u�racVGp-W�fK³�ek\ro¢fB�rpc^cbBd.±kVGp�§�fB^ S VAa-³BV S end.±kVGpGm?y$VGqlVAp`^ua`enbj\rpGmrVG^cd�· «C^ S bj^�d�bB\»W�fK³BV
°�bBp`^�bj\rq´¶ S fBpcVi°��l^c�racVº�$V S bN³_ekfB�?a'd�bB\r\lfB^'�?V»®�\lfK¶�b=yra`ekfBaceª±kV�^�b�±kfB\lVCy?a`VAqlekd�^`VAq a`VG±genbj�r±g¯B·�Z]\
^ S enp-°�aubjW�V�¶tfBau®Émr¶tV S bN³jV�qlV�³BV�±kfBy$VGq�bCd�fB\_^cacfj±3bjaud S eg^cVGd�^c�racV
qlVGpcekoB\lVAq�^`f�yr±kbB\;bj\rq�d�fB\_^cacfj±¼^ S V
W�fB^`ekfB\»f�°Qb¢d�bBa]hM±gen®�V�³BV S end.±kV1W�fK³�en\lo¢en\»b¢qr¯�\?bjW�ekd1bB\rq�yrbjac^`enb�±k±k¯º®�\lfK¶-\ºVG\_³�ekacfB\rW�VA\B^-pu�rd S bjp
^ S V�acfBbBqi\lV�^¤¶tfBau®�§5p`VGV�� ��mÉ�G~lmÉ�j����«�· R�S enptd.fB\_^ua`fB±?bjaud S ek^`VGd�^c�racV-enpªyracVGpcVG\_^cVGqien\�
�}r¬_ek^9acV�±kekVGpª�?y?f_\
^¤¶tf
Wib�en\¢d.f_W�yr±gVAW�VA\_^cbjac¯�W�flqr�l±kVGpGÌ�b¢�7¥uÏ������.�¤�K¥ÃÐ��M�gÏ��?�­�.¥Q^ S b�^ªd�fBWiyr�l^cVGp9b
\lfBW�en\rb�±$^caubKw]VAd.^`f_a`¯
�$V�^¤¶tV�VA\ ^ S V;dG�racacVG\_^¢d.f_\�Å?o_�racbj^`ekfB\Äf�°�^ S V�³BV S end.±kV;bj\?q%ek^cp�ojfBbj±7mtbj\rq bB\ �u�����.�l�5���K�  ¢�K�$�£�M��¥
¶ S fBpcV�y?�racy$fBpcV�ekp�^cfCylek±gfB^t^ S V1³jV S end.±kV�bB\rq»VG\rqrfK¶ ek^�¶�eg^ S ^ S V
acVG¹��lena`VAqºacVGbBd.^`ek³jV�d�bByrbj�reg±keg^cegVAp�·
R�S enp'y?bjy$VGa1°²fldG�rp`VAp1fB\¡^ S VCV�½�VAd��l^cegf_\´W�fB\lek^`f_a�·»e7· Vj·¼^ S VºW�flqr�r±gVC^ S b�^�bjd�^c�rbj±g±k¯�ylek±kfj^cp'^ S V

³BV S end.±kVj·�Z¤^ S bBp�^`fi°��l±gÅ?±k±Ë^ S V�°²fj±k±gfK¶�en\lo�°��r\rd�^`ekfB\rpGÌ
��� VG\lVAacbj^`en\loi^ S V1d�fBWiWibj\rqrp9°²f_a�^ S V1bjd�^c�rbj^`f_acptf�°3^ S V�³BV S end.±kV1p`fibjp�^cf�°²fB±g±kfK¶J^ S V1\lfBW�en\rb�±
^caubKw]VAd.^`f_a`¯CbBp�d.±kfBpcV�±k¯�bjp�y$fBpupcek�l±kVj·

� ©;fB\reg^cfBacek\loi^ S V1V.½lVGdG�l^`ekfB\ºf�°�^ S V1^caubKw]VGd�^`f_a`¯B·
� z VGbBd.^cek\lo�ek\�a`VAb�±gh5^cekW�V-^cf��r\lV�½ry?VAd.^`VAq¢V�³BVG\_^cp9�_¯�±kfld�bj±g±k¯�bBqrbjyr^`en\lo
^ S V�^caubKw]VAd.^cfBac¯�bBd.^c�?b�±k±g¯
°²fj±k±gfK¶tVGq»�_¯C^ S V1³jV S ekd�±gVB·

&�qrqlek^`ekfB\rbj±g±k¯»^ S V
V�½lVGd��r^`ekfB\�W�fB\lek^`f_a-WibN¯»bj±kpcf S bN³jV1^cf�a`VGek\_³BfB®�V�^ S V
^caubKw]VAd.^`f_a`¯»yl±nbj\r\lVAa�¶ S VA\
ek^-�$VGd.f_W�VGp�enW�y$fBpupcek�l±kV1^`f¢dGb�^cd S �ry»¶�ek^ S ^ S V
\rfBW�ek\?b�±U^caubKw]VAd.^cfBac¯j·
R�S V�V�½�VAd��l^cegf_\�W�f_\leg^cfBa3enpQqlVGpcego_\lVGq�bjp�b�°��l¿G¿�¯'d�fB\_^cacfj±k±gVAa�mNe5· VB·�b�a`VAbjd.^ceg³BV9pc¯lp`^cVGWÍ�rbBp`VAq��?y?f_\

°��r¿�¿�¯»±kfjojend��Æ�:(��M·-Z¤^up�Wib�en\;d.f_Wiy?f_\lVG\_^cp�bjacV
bj\�en\�°²VGacVG\?d.V'VA\lojen\lV'bB\rq�bCpcV�^�f�°�Á ±ken\loB�lenpc^`end
ac�r±gVAp�À
^ S b�^ªVG\rd�f�qrV�^ S V�acVGbBd.^ceg³BV-�?V S bN³�egf_�ra�f�°U^ S V-³jV S ekd�±gVB· R�S VGpcV-ac�l±kVGp9bjacV�f�°U^ S V�^¤¯�y$V ������
����&� ���.
��
��� ��� ��� �&�.
��U· R�S V
d�fB\rqreg^cegf_\ºbB\rqºbBd.^cegf_\ºyrbBa`^uptf�°Qb�au�l±kV�ek\rd�±k�?qlV�Á pc¯lW'�$fj±kekd�³KbjacekbB�l±kVGpGÀrpc�rd S bjp
� ��
��Um���� � �­mjVG^cdj·gm�^ S b�^ªbBa`V�acVGy?a`VAp`VA\B^cVGqi�_¯�°��l¿�¿G¯�pcV�^up! B·��¼ek\roB�lenp`^cekd�ac�r±gVApªy$VGauW�ek^ª^cf'qlVApcdGa`en�?V�^ S V
" öU÷Nø-ý$# ��%�&�'Nù5ò	(5ó)# ��# �3ò1ù*#�+,#-(5óÂý/.�ú�.0(5ø]ñ�ó).9ò �¢ó��NþNø$1�ø �AþNø �2(3.7ø�(4# �51Kò�ùMò�ñ�ø�(7ù5ø$.6(7÷Kò	(4' �Nó)7�'Aø`ô ú8.*1�ø]ý]ó �gú9(5÷Aø
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�$V S bN³_ekfB�?a�f�°U^ S V�³jV S ekd�±gV�^ S V-¶�bN¯�b S �rWibj\�V.½ry$VGac^O¶tfB�l±nqiqlf
ek^�·S&�d�^c�rbj±g±k¯�^ S V-oB±gf_�rb�±r�$V S bN³�ekfB�ra
fj°U^ S V�³jV S ekd�±gV�acVGpu�l±k^cpO°�a`f_W*^ S V�d�fBW'�rek\rbj^`ekfB\�f�°"pcV�³BVGaub�±r�rbBp`end-�$V S bN³�ekfB�raup�§7^caubKw]VGd�^`f_a`¯'°²fj±k±gfK¶�en\lo?m
f_�rpc^cbjd�±gV�bN³jfBekq?bj\rd�Vjm�V�^ud�· «�mrVAbjd S f�°�¶ S ekd S enp�VG\rd�flqlVGq»�_¯�b¢pcy$VGd�eÆÅÉd�pcV�^�fj°�au�l±kVGpG·
&�pQ¶9V�¶�ek±k±?p`VGV�°��rac^ S VAaQqlfK¶-\Umj^ S V�V.½lVAd��l^cegf_\�W�f_\leg^cfBaQqlegÈ­VGaup�°�a`f_WÍd.±nbjpupcekdGb�±�°��l¿G¿�¯�d�fB\_^cacfj±k±kVGaup

en\;^¤¶tf�\lfK³jVG±¼¶�bN¯lp�Ì�^ S V�Å$acpc^�fB\lV�ekp�b»�leg^�^cVGd S \lend�bj±Qbj\rq�a`VGoBbjauqrp�^ S Vip`fjhMdGb�±k±gVAq;qlV�°��l¿�¿GeÆÅ$dGb�^cegf_\
y?a`fld.VApcpG· &�^i^ S enpiy?fBek\_^Gm9pu��ØCd.V�eg^i^cfµpubN¯¡^ S bj^�mª^ S bj\?®_p�^cfµ^ S V�\lfK³jVG±�qrV.°��l¿G¿�egÅ$d�bj^`ekfB\%y?a`fld.VApcp
¶tV S bN³BV�en\_^cacflqr�rd.VAqUmr^ S V
en\�×$�lVA\rd.V1fj°3VAbjd S bj\rq»VG³jVGac¯�au�l±kV1ekp-�$V�^c^`VAa-^cbB®�VA\�en\_^`fCd.f_\rpcekqlVAacbj^`ekfB\U·
R�S VºpcVGd.f_\rq%qreÆÈ­VGacVG\rd�V�±kegVAp�ek\%^ S Vº°�bjd�^'^ S b�^�¶9VGego S ek\ro�d.f�V�Ø¢d�egVA\_^cp�bjacVºb�^c^cbBd S VGq´^cf=^ S V�ac�l±kVGp
^ S �rp
y$VGauW�ek^`^cek\ro=b»Å$\lVC^u�r\len\lo�f�°�^ S V¢ek\l×$�lVG\?d.VCfj°tVAbjd S �rbjpcend¢�?V S bN³�egf_�ra�· C VC�$fBaua`fK¶tVGq�^ S ekp
enqlVAbC°�acfBW � }j���ª�r�l^1^`f�f_®�eg^1b�pc^`VGy=°��rac^ S VAa1�_¯;�rp`en\lo�pu�ry?VAa`³�enp`VAq=±kVGbBac\rek\lo � (��O^`f�bj�r^`fBWibj^`Vi^ S V
qrV�^`VAacW�en\rb�^cegf_\=fj°t^ S VGpcV¢¶tV�eko S ^cp1^ S �rp
pu�ryryracVGpup`en\lo»^ S V�V�³jVAa1qlV�±kend�b�^cVCyracfB�l±kVGWÛfj°9ÅÉ\rqlen\lo;pc�?d S
d�f�V.ØCd.ekVG\_^cpG·
� �"� #
� � Ý»á�� �  Ý / � L9Ý ��� R f��$V�oBek\�¶�eg^ S 
Ã}1oBeg³BVGptb�p S fBac^9y?a`VAp`VA\B^ub�^cegf_\¢f�°"^ S V�fK³jVGaub�±k±$d�fB\_^cacfj±
bBacd S eg^cVGd.^u�racV;f�°
^ S V�³BV S end.±kVj· R�S V�^caubKw]VGd�^`f_a`¯ yl±nbj\r\lVAa�enpº^ S VA\ pu®�V�^ud S VGqJek\ 
�Xr· &�°²^cVGac¶tbBacqrp
^ S V'V�½lVGd��r^`ekfB\;W�fB\reg^cfBa-enp�yra`VAp`VA\_^`VGq;ek\;qrV�^cbjeg±3en\ 
 > ·�Ù�en\rb�±k±g¯�V�½ly$VGacenW�VA\_^cb�±3a`VApc�r±g^up�bB\rq�°��l^u�ra`V
qrV�³jVG±gf_yrW�VG\_^cp�bBa`V�yracVGpcVG\_^`VAq�en\ 
��r·

� � +�� �����i������� �¸��,9+����3��,t�������

R f��$V�oBek\C¶�eg^ S m�^ S enp�p`VAd.^`ekfB\��ra`ekV.×$¯iacV�³�ekV�¶-pª^ S V�Wib�en\¢^¤¯ly?VApªfj°"d.fB\_^ua`fB±$bjaud S ek^`VAd.^c�?a`VApQ°²fBatacfB�$fj^cp
^ S b�^»d�bB\J�?V�°²fB�?\rqJen\ ^ S V�±keg^cVGaub�^u�ra`VB· R�S VA\Jek^ºpu®�VG^cd S VApC^ S Vµd�fB\_^cacfj±�bjaud S eg^cVGd�^c�racV;¶tV S bN³BV
qrV�³jVG±gf_y?VAqºbB\rqº¶�eg^ S ek\�¶ S ekd S ekp-VGW'�$VGq?qlVGq»^ S V1V.½lVGdG�l^`ekfB\»W�fB\lek^`f_a�·

�
	�� 
������������������ ��!"��#%$&!�'"(*)��+��',�.-/!.���
R�S a`VGV
W�bjek\º°��r\?d.^`ekfB\?p�bjacV�^`fC�$V1°²fB�?\rq�ek\�bB\_¯�d.f_\B^ua`fB±Ëbjaud S ek^`VGd�^c�racVjÌ9y?VAacd�VGyl^cegf_\Um?qlVAd.enp`ekfB\�bj\?q
bBd.^cegf_\º§ S VG\?d.V-^ S V�Á y$VGaud.VAyl^`ekfB\lhMqlVAd.enp`ekfB\lhMbBd.^`ekfB\ËÀ�yrbjaubjqlekoBWC«Ã·Q&�°²^cVGa9b1d�bjacV.°��r±rV.½rbjW�en\rb�^cegf_\�f�°U^ S V
V�½lekpc^`en\lo¢d.f_\B^ua`fB±Ëbjaud S ek^`VGd�^c�racVGpGmlek^�bjyry$VGbBacpt^ S b�^Gm?^`fCpcfBW�V�V.½l^cVG\_^�m$^ S V
qlegÈ­VGacVG\rd�V
�?VG^¤¶9VGVG\»^ S VAW
±kekVGp�en\º^ S V
qlVAd.enp`ekfB\�°��r\rd�^`ekfB\U· R�S �rp�ek^�enp�y?f_pcpcek�r±gV1^cfiqreÆÈ­VGacVG\_^`enb�^cV
�?VG^¤¶9VGVG\UÌ

� �µ���B��� 
10�ÏKÔ.� �CÏ����É¥c�GÏB�uÒ?�ÃÔ329en\¢^ S enp9^¤¯�y$V�fj°"bjyry?a`f_bjd S m_d.fBWiyl±kV.½¢W�flqlV�±npªfj°Ë^ S V�VG\_³�ekacfB\?W�VA\_^
f�°"^ S V�a`f_�?fB^9bjacV��r�reg±k^t°�a`f_W�pcVG\?p`f_a`¯iqrb�^ub
f_a9b�yra`ekfBace$®�\lfK¶�±kVGqrojVj· R�S VAp`V�W�flqlVG±kp�bBa`V-^ S VG\
�rpcVGq ^`f y$VGa`°²fBauW S eko S h5±kV�³BV�±-acVGbjpcfB\rek\lo$mªe5· VB·ªyl±nbj\r\rek\lo$· ©=bjek\_^ub�en\lek\roµ^ S VGpcV;W�flqlV�±npCbj\?q
a`VAbjpcfB\len\lo�bj�$fB�r^1^ S VAW enp�m3ek\¡W�fBpc^
d�bBp`VAp�m¼b�^`enW�V�hMd�fB\rpu�rW�en\lo;yracf�d�VGpup�^ S bj^'Wibj®�VAp�^ S VAp`V
W�V�^ S f�q?p��?\rbj�l±kV'^cfºqlVAb�±3¶�eg^ S ql¯l\rbBW�ekd�bj\rq;�?\rd.VAa`^ub�en\�VG\_³�ekacfB\?W�VA\_^cpG·8�Æ�:K��Qbj\rq � }.K��QbjacV
ojf�flq�V�½rbjWiyl±kVGp�f�°�^ S ekp�^¤¯ly$V�f�°Qd.fB\_^ua`fB±­bBacd S eg^cVGd.^u�racVGpG·

�54 ���rÔ��K¥�
10�ÏKÔ.� �CÏ����É¥c�GÏB�uÒ?�ÃÔ329^ S V�y S eg±kfBpcfBy S ¯¢fj°"^ S ekp�^¤¯ly$V�fj°3bjy?yra`f_bjd S enp¼w`�rp`^�^ S V�fByry$fBpceg^cVjÌ
^ S VG¯=°�bN³BfBa1acVGbBd.^`ek³�eg^¤¯B· R�S V�qlVGd�ekpcekfB\�°��r\rd�^`ekfB\¡enp'acVGqr�rd�VGq¡^cf;b;W�ek\lenW'�?Wº· R�S �rp
bBd.^cegf_\
°²fj±k±gfK¶-p�y$VGaud.VGyr^`ekfB\;d�±gf_p`VG±g¯BmÉbj±kW�fBpc^-±kek®jV�bºa`V�×?V.½U· R�S ekp�^¤¯ly?V�f�°ªbByryracfBbjd S enp�W�f_p`^�bjyryracf�h
yracekbj^`V�^`f�ql¯l\rbjW�end�bB\rqµ�r\rd.VAa`^ub�en\;VA\B³�ena`f_\rW�VG\_^cp�pcek\rd�V¢�r\lV.½ry$VGd�^`VGq�V�³BVG\_^cp�dGbj\=�$V¢qlVGbj±g^
¶�eg^ S bBpªpcf_f_\¢bjpª^ S VG¯CbjacV-qlV�^cVGd.^cVGqº�B¯�^ S V�pcVG\rpcfBaupQfj°Ë^ S V�a`f_�?fB^�·%)�\lV�qraubN¶-�rbBdÃ® S fK¶tV�³BVGaGm

6871P96;:
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S eko S hM±gVG³jVG±Oa`VAbjpcfB\len\lo»ekp1³BVGac¯=qlegØCd��l±k^1^`f;bBd S egVG³jV�§�eg°-\lfj^�enWiy?f_pcpcek�r±gVK«�ek\µ^ S VGpcVCW�V�^ S f�q?p�·
� X,�Ëekp�^ S V
d�bB\lfB\rekdGb�±­p`VA\rp`f_a]h¤�rbBp`VAqCd.f_\B^ua`fB±Ubjaud S eg^cVGd�^c�racVj¬�fj^ S VGa�V�½rbjWiyl±kVGp�bjacV�oBeg³BVG\�ek\ �Æ�GX��
fBa � Xr���M·

��� Ð 0�¥Ã� �
Ï-� �$¥c�AÏj��Òr�.Ô323ek\'bj\1b�^c^`VAW�yr^"^`f�d.f_W'�len\lVO^ S V9bBql³Kbj\_^cbjojVGp­fj°?�?fB^ S W�flqlVG±Bbj\?q
p`VA\rpcfBa`h
�rbjpcVGq�bByryracfBbjd S VGpGm_ek^ S bBp-�$V�VG\�pu�lojoBVGpc^`VAqº^cfCyr�l^-^cfjoBV�^ S VGa S eko S bj\?qº±kfK¶�hM±gVG³jV�±ËacVGbBp`f_\len\lo
°��r\rd�^`ekfB\rp3¶�ek^ S en\
b�pcen\loj±kVªd.f_\_^cacfj±jbBacd S ek^`VAd.^u�ra`V�§7�rpu�rb�±k±k¯�^ S V�¯1au�r\1en\
yrbBacbj±g±kV�±�¶�ek^ S qlegÈÉVAa`VA\B^
^`enW�V�°�acVG¹��lVA\rd.ekVGpÃ«�· R�S enp�ekqlVAbºy$VGauW�eg^up�^`f»fB�l^ub�en\�d�fB\_^cacfj±�bjaud S ek^`VAd.^c�?a`VAp�¶�ek^ S �?fB^ SµS eko S h
±gVG³jVG±"a`VAbjpcfB\len\loid�bByrbj�lek±keg^cegVAp-bj\rq�acVGbBd.^`ek³�eg^¤¯B· z V.°�pG·5�Æ�P�¼bB\rq � } > �¼bBa`V1acVGyracVGpcVG\_^cbj^`ek³jV�f�°�^ S ekp
^¤¯ly?V1fj°�d�fB\_^cacfj±Ubjaud S ek^`VAd.^c�?a`VAp�·

�
	 � ��-*! ����� ��!"��#%$&!�'"(*)��+��',�.-/!.�

©=fj^`ekfB\�bj�l^cfB\lf_W
¯�en\=b»ql¯l\rbjW�end�bB\rq=yrbBa`^cekbj±g±k¯;®�\lfK¶-\�VA\B³�ena`f_\rW�VG\_^�acVG¹��lenacVGp��?fB^ SµS ego S hM±gVG³jV�±
acVGbBp`f_\len\lo=d�bByrbj�reg±keg^cegVApibj\rqÄa`VAbjd.^ceg³�ek^¤¯ §7pcf�bjp�^cfµ�$V»bB�l±kVº^cfµqlVAb�±�¶�ek^ S �r\lV.½ry$VGd�^`VGq%V�³BVG\_^cp�en\
q?�lV'^cekW�VN«Ã·!&�dGd.fBauqlen\loj±k¯»¶9V�fByl^cVGq�°²f_a�b S ¯��?a`enq;d.f_\_^cacfj±¼bBacd S eg^cVGd.^u�racVj·�Z¤^�Å?^up�^ S VCÁÂy$VGaud.VGyr^`ekfB\�h
qrVGd.enpcegf_\�hMbBd.^cegf_\UÀ.yrbjaubjqrego_WJbj\rq�enpËqlVAylekd�^`VAq�ek\�Ù�eko?·��B· R�S V�°²fld��?pËen\�^ S enp"pcVGd.^cegf_\�ekpUf_\�^ S VOqrVGd.enpcegf_\
y?bjac^�bB\rqº^ S V
acVGbBqlVGatenp-a`V�°²VGaua`VAqC^cf � �A~��Ë°²fBa�bid�fBWiyl±kV�^`V1yracVGpcVG\_^ub�^`ekfB\ºf�°3^ S V
bBacd S eg^cVGd.^u�racVj·
R�S V�qlVGd�ekpcekfB\;yrbBa`^�d.f_W�y?a`enp`VAp�^¤¶tfºWib�en\;W�flqr�l±kVGp�^ S bj^�bjacV'd�fBWiyl±kVGW�VG\_^cbBa`¯­Ì�^ S V��5¥cÏ��������M��¥ÃÐ

� �gÏK�$�É��¥�§ R�v «tbB\rq�^ S V��u�_�����l�7�����; ¢�K�?�£�¤�K¥�§7¨ª©µ«Ã·
R�S V�yr�rauy?f_p`V�f�° R�v enpQ^`f
d�fBWiyr�l^cV-b1\lfBW�en\rb�±r^uacb�w]VGd�^`fBac¯�°²fBaO^ S V�³BV S end.±kVjmBe7· Vj·jb�^cekW�V�h5f_acqlVAa`VAq

pcVG¹��lVA\rd.V�fj°¼§7d�fB\�Å$oB�raub�^cegf_\UmK³jVG±gfld.ek^¤¯?«¼d.fB�?yl±gVAp��?VG^¤¶9VGVG\�^ S V�dG�racacVG\_^Qd.f_\�Å?o_�racbj^`ekfB\1fj°É^ S V�³jV S ekd�±gV
bB\rqºeg^up�ojf_b�±5· R�S V�qrV�^`VAacW�en\rb�^cegf_\�fj°3^ S enp�^caubKw]VAd.^`f_a`¯CacV�±kekVGp��ry$fB\UÌ

� & yra`ekfBaceÉek\�°²f_acWibj^`ekfB\¢f_\C^ S V�VA\_³_enacfB\rW�VG\_^9f�°"^ S V�³jV S ekd�±gV�§�VB· o$·�y$fBpcek^`ekfB\Cfj°"^ S V�pc^cbj^`ekfB\rbBa`¯
fB�rpc^cbBd.±kVGpÃ«�·

� x_VG\?p`f_a`¯�q?b�^cb»§7Vj· o?·ry$fBpceg^cegf_\»bB\rqº³jV�±kfld.ek^¤¯Cf�°3^ S V
W�fK³�en\loifB�rpc^cbBd.±kVGpÃ«�·
��� ¯ly$fj^ S VGpcVGp-bB�?f_�l^�^ S V�°��r^c�racV1V�³Bfj±n�l^`ekfB\ºf�°�^ S V1¶tfBau®�pcy?bjd.V�§�VB· o$·?yracVGqlend.^cegf_\ºfj°¼^ S V1°��l^u�ra`V
�?V S bN³�egf_�ra�f�°3^ S V
W�fK³�en\loifB�rpc^cbBd.±kVGpÃ«�·

)�°Qd.f_�racpcV�^ S V
yracVGqrekd�^`ekfB\rp�WibjqlV1WibN¯�\lfB^��?V
acV�±kekbB�l±kVjmlek^�ekp�^ S VGacV.°²f_a`V�\lVGd�VGpupcbBa`¯¢^cfiojek³jV�^ S V
³BV S end.±kV�^ S V
bB�lek±gek^¤¯C^`fCqrVGb�±U¶�ek^ S �r\?yra`VAqlend.^`VAq»V�³jVA\_^cpG· R�S ekp�enp�^ S V
yr�rauy?f_p`V�f�°�¨ª©%mleg^�oBVG\lVAacbj^`VGp
d�fBWiWibj\rq?p"°²f_a�^ S V-bBd.^u�rb�^cfBaup¼fj°$^ S V�³jV S ekd�±gV�pcf�bBp�^`f�°²fj±k±kfK¶ ^ S V-\rfBW�ek\?b�±l^caubKw]VAd.^cfBac¯
bjp�d.±kfBpcV�±k¯'bjp
y$fBpupcek�l±kV�¶ S eg±kV
acVGbjd�^`en\lo�ek\»a`VAb�±gh5^cekW�V�^`f¢�r\lV�½ry?VAd.^`VAq»V�³jVA\_^cp��_¯C±gfldGb�±k±g¯CbBqrbjyl^cek\ro�^ S V1^caubKw]VAd.^`f_a`¯
bBd.^u�rb�±k±g¯C°²fj±k±gfK¶tVGqº�B¯º^ S V1³BV S end.±kVj· R�v enp-pc®jV�^ud S VGq�ek\ 
uX�¶ S ek±kV1¨ª© ekp-qrV�^cbjeg±kVGq»en\ 
 > ·

� � +�� � �����"�-,t�3���3�	���.�
��������
 � �
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&*qlV�^ub�ek±gVAq�yra`VAp`VA\_^cb�^cegf_\»f�° R�v enp��$V�¯jf_\rq»^ S V�pcd�fBy$V1f�°Q^ S ekp�yrbjy$VGaG¬?ek^-enp-f_\l±g¯�pu®�V�^ud S VGq»en\�^ S ekp
pcVGd�^`ekfB\U· R�S V»acVGbBqlVGa�ekpiacV.°²VAacacVGq´^cf � K���bB\rq � ����°²fBaiW�fBacVºqlVG^cbjeg±np�· R�S V»y?�racy$fBpcV�fj° R�v ekp�^`f
d�fBWiyr�l^cV�b�\lf_W�en\rbj±É^uacb�w]VGd�^`fBac¯i�?VG^¤¶9VGVG\º^ S V�d��rauacVG\_^td�fB\�Å$oB�raub�^cegf_\if�°"^ S V�³jV S ekd�±gV�bj\rq�eg^uptojfBbj±7·
R�S Vº\lf_W�en\rbj±9^uacb�w]VGd.^cfBac¯=enp�b=^`enW�V.hMfBauqlVGacVGq´pcVG¹��lVA\rd.Vºf�°�pc^cb�^cVGpGm�e7· Vj·�§7d�fB\�Å$oB�raub�^cegf_\Um�³jV�±kfld.ek^¤¯?«
d�fB�ryr±gVAp�mlek^ S bjp�^cf¢a`VApcy$VGd�^-qleÆÈ­VGacVG\_^�^¤¯ly?VAp�f�°Qd.f_\rpc^caub�en\B^up�Ì
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World Modelling

Sensor-Systems

Trajectory Planner

Prediction

Execution Monitor

Perception ActionDecision

Actuators

Nominal Trajectory

Commands

Ù�ego_�racV��BÌQ^ S V
d�fB\_^cacfj±UbBacd S ek^`VAd.^u�ra`V�f�°�^ S V1³jV S ekd�±gVB·

��� �£�É�� iÏ��7�������K�rÔÃ�5¥cÏK�£�$��Ô32ªb�dGbja`h5±kek®jV�³BV S end.±kV S bjp�b�±genW�eg^cVGq�p`^cV�VAa`en\loiacbB\lojV�^ S bj^�acVGpc^cacend.^�^ S V
ojVGfBW�V�^ua`end�p S bBy?V�fj°3ek^cp�W�fj^cegf_\U·

��� ÐK�­ÏK ����������rÔÃ�7¥uÏK�£�?�7Ô32¼^ S VAp`V�d.f_\rp`^uacbjek\_^up¼qr�rVt^cf�VA\lojen\lV�y?fK¶tVGaGmKoBacfB�?\rq�hM¶ S V�VG±Ben\_^`VGaubjd�^`ekfB\Um
V�^ud�·km?a`VAp`^ua`end.^�^ S V
bjdGd.V�±kVGaub�^cegf_\rp�bj\rqº³jVG±gfld�eg^cegVAp�^ S bj^-d�bj\»�$V
bjyryl±kekVGq»^`fi^ S V1³jV S ekd�±gVB·

� ÓO���	� �nÔÃ���K� Ï��N��� �jÏK�­���¢�u���rÔÃ�5¥cÏK�£�$��Ô32Qd�fj±k±genp`ekfB\�¶�eg^ S ^ S V1pc^cb�^cegf_\rbjac¯Cbj\?qºW�fK³�ek\ro�f_�rp`^ubjd�±gVAp9fj°
^ S V1VA\_³_enacfB\rW�VG\_^�bjacV�°²fBau�lenqrqlVG\Ë·

� ek³jVA\'^ S b�^Qb�^caubKw]VGd�^`f_a`¯1d�bB\��$V�a`VAyracVGpcVG\_^`VAq
b�±np`f��_¯
b�ojV�f_W�V�^cacendªyrbj^ S bj\rq�b�³BV�±kfld.ek^¤¯
yra`fjÅ?±kV
bj±gf_\lo�^ S enp-yrbj^ S m R�v bBqrqracVGpup`VAp9^ S V
yracfB�l±kVGW¾b�^ S bB\rq�en\»^¤¶9f¢d�fBWiyl±kVGW�VG\_^cbBa`¯Cpc^`VAyrpGÌ
�j· � ÏK�²Ò�� �gÏK�$�?�£��� 29b
ojVGfBW�V�^ua`end�y?b�^ S ±gVAbjqlen\lo�^ S V�³jV S end.±kV�^`f�ek^cptojf_b�±Éekp�d.f_Wiyr�l^`VAqU· R�S V�±gV�°²^]h
S bj\?q»pcenqlV1f�°3Ù3eko?·É}�qrVGylend.^up-bj\»V.½rbBW�yr±gV�f�°Qpu�rd S b¢y?b�^ S ÌQeg^�enp-bid.f_\B^cek\��lf_�rp�d��?a`³BV�¶ S fBpcV
d��rac³Kb�^u�ra`V¢enp'�?yry?VAa]h¤�$fB�r\rqrVGq §7pcf=bjp�^cf=acVGpuy?VAd.^1^ S V�®_ek\lVAWib�^`endCd�fB\rpc^caub�en\_^cp�f�°-b�dGbja`h5±kek®jV
³jV S ekd�±gVK«�·SG�VGpcenqlVGp�ek^�ekp�d�fj±k±genpcegf_\�h7°�acV�V�¶�ek^ S ^ S V
p`^ub�^`ekfB\?bjac¯¢fB�rpc^cbBd.±kVGptf�°�^ S V1VA\_³_enacfB\rW�VG\_^G·
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Ù3ekoB�?a`V
}lÌ�§5b_«tyrbj^ S yl±nbj\r\len\lo¢bj\?q=§5�$«t³jVG±gfld�eg^¤¯Cyl±nbj\?\lek\ro?·

}l·?�$���g�G���£�5Ð9� �gÏK�$�?�£��� 2�^ S V�³BV�±kf�d�eg^¤¯�yracf�Å$±gV�f�°ª^ S V�³BV S end.±kV�bj±gf_\lo�ek^cp�yrbj^ S enp�d.f_W�y?�l^`VAqU¬Ë^ S ekp
yracf�Å?±kV1a`VApcy$VGd�^cp�^ S V�qr¯�\?bjW�ekd1d�fB\rpc^caub�en\_^cp9f�°�^ S V�³BV S end.±kV1bj\rqº¯�egVG±kqrp�\lf¢d.fj±k±kekpcegf_\��$V�^¤¶tV�VA\
^ S Vi³BV S end.±kV�bB\rq;^ S V�W�fK³�en\lo�f_�rp`^ubjd�±gVAp�fj°ª^ S ViVA\B³�ena`f_\rW�VG\_^�· NQVG±gfld.ek^¤¯;yl±nbj\r\rek\lo»a`VA¹��lekacVGp
^ S V;®�\lfK¶�±kVGqrojV�fj°�^ S V»°��l^c�racV��?V S bN³�egf_�ra�f�°�^ S V;W�fK³�ek\lo�fB�rpc^cbBd.±kVGpG¬�^ S enpiek\l°²fBauW�bj^`ekfB\%ekp
yracfK³_enqlVAqC�_¯ib'yra`VAqlend.^`ekfB\�W�flqr�r±gVB· R�S V�acego S ^]h S bj\rq¢pcenqlV�fj°"Ù�ego$·�}
eg±k±k�?p`^uacbj^`VGpª^ S V�³jVG±gfld�eg^¤¯
yl±nbj\r\len\lo$Ì¼ek^OqlVGyrekd�^cpOb1puyrbjd�V.hM^`enW�V�qrekbjoBaubjW §7^ S V S f_a`ek¿�f_\_^cb�±rb�½lekpQ�$V�en\lo1^ S V-y?f_p`ek^`ekfB\ib�±kfB\ro
^ S Viyrbj^ S bB\rq�^ S V�³BVGac^`end�bj±"fB\rV'^ S V'^`enW�V�qrekW�VG\?p`ekfB\$«Ã· R�S V�dG�ra`³BV�acVGyracVGpcVG\_^up�^ S ViW�fj^cegf_\
f�°"^ S V�³jV S ekd�±gV�^ S acfB�lo S ^`enW�V�¶ S VGacVGbjpª^ S V�^ S ekdÃ®¢�l±nbjdÃ®�±kek\rVGptbjacV�^ S V�^uacbBd.VGpª±gV�°²^��B¯¢W�fK³�ek\ro
fB�rpc^cbBd.±kVGp�¶ S VA\»^ S VG¯�d�acfBpupt^ S V
yrbj^ S f�°�^ S V1³jV S ekd�±gVB·

� � +������º��,-�º���.��� 	 ������������
��Ú	 �

&�p�W�VG\_^cegf_\lVGq VAbjac±gekVGaGm�^ S V=y?�racy$fBpcV;fj°�¨9© ekp�^`f oBVG\lVAacbj^`V;d.f_WiW�bB\rqrpi°²f_aC^ S V=bjd�^c�rbj^`f_acp¢fj°
^ S V�³BV S end.±kVºpcf=bBp
^`f=°²fj±k±gfK¶ ^ S Vº\rfBW�ek\?b�±t^caubKw]VGd�^`f_a`¯µbjp'd�±gf_p`VG±g¯´bBp'y$fBpup`en�l±kV�¶ S ek±gV»a`VAbjd�^`en\lo;en\
acVGbj±ÆhM^`enW�V'^cf»�r\rV.½ry?VAd.^cVGq�V�³jVA\_^cp��B¯�±kfld�bj±g±k¯;bjqrbByl^`en\loº^ S Vi^caubKw]VAd.^cfBac¯»bBd.^c�?b�±k±g¯�°²fB±g±kfK¶9VAq;�_¯�^ S V
³BV S end.±kVj·�¨9© ekp�qlVAp`ekoB\lVAq�bjp�bi°��l¿�¿G¯�d.fB\_^ua`fB±g±kVGaGmre5· VB·ÉbCd�fB\_^cacfj±3p`¯lpc^`VAW �rbBp`VAq��ry$fB\�°��l¿G¿�¯�±kfjojend�·
G�V�°²fBacV�qlVG^cbjeg±kek\ro¢¨ª© bj\rqºeg^up-Wib�en\º°²VGb�^u�racVGpGml±gVG^-�rp��racegV�×?¯ºacVGdGb�±k±É¶ S b�^-b�°��l¿�¿G¯ºd�fB\_^cacfj±k±gVAaªenpG·

�*	�� � -	�
� � ����� ��!"��#1#1� !"�

©�bjWiqrbj\re7À p�ylekfB\lVGVGacek\lo¢acVGpcVGbBacd S fB\�°��l¿�¿G¯ºd.f_\_^cacfj±k±gVAacp �Æ�N���"¶�bjp�W�fB^`ek³Nbj^`VAq»�_¯��­bjqlV S À p�¶9f_ac®if_\
^ S V1^ S V�fBac¯�fj°¼°��r¿�¿�¯»p`VG^cp	
�� XB~��M·O¨ª³BVGa�pcek\rd�Vjml°��r¿�¿�¯»d.f_\B^ua`fB±g±kVGaup�§�ÙS$tp�« S bN³jV1�?VAd.f_W�V1en\rdGa`VAbjpcek\loB±g¯
y$fBy?�l±kbBa1§�^ S V�acVGbBqlVGa-ekp�a`V�°²VGaua`VAqº^cf �Æ�:(��¼°²fBa�b�a`VG³_ekV�¶FfB\�^ S enp-^`f_ylendA«�· R�S V
ojVA\lVGaub�±"bBacd S eg^cVGd.^u�racV
fj°"b
ÙS$ ekptqlVAylekd�^`VAqCen\CÙ�ego$·_X?·�Z¤^9enp9b�d.f_\B^ua`fB±$pc¯lp`^cVGW ¶ S f_p`V-en\ryr�r^tenp9^ S V�fB�l^uyr�l^tf�°Ë^ S V�y?a`fld.VApcp
^cfC�?V
d�fB\_^cacfj±k±kVGq�§7pcVG\rpcfBac¯�qrbj^cbrm?ek\_^`VAac\?b�±"pc^cbj^`VN«Ã·ªZ¤^up�fB�l^uyr�l^up-bjacV
d.f_W�WibB\rqrpt°²fBa-^ S V
bBd.^c�?b�^`f_acp
fj°¼^ S V
yracf�d�VGpup�·S& ÙS$ enp-WibjqlV1�ry»f�°3°²fB�?a�d.fBWiy$fB\lVA\_^cpGÌ
�j· R�S V��K�­��
F�g� � �_� 0uÏKÔ�� 2Oeg^tVG\rd�flqlVGpt^ S V�qrVGpcekacVGqC�$V S bN³_ekfB�?aªfj°"^ S V1yracfld.VApcpGmBek^�ekp�WibjqrV��ryºf�°]Ì

� ÙÉ�l¿�¿G¯ºpcV�^up�bjpup`fld.enb�^cVGq�¶�eg^ S ^ S V1en\ryr�l^�bB\rqºfB�l^uyr�l^�³KbjacekbB�l±kVGp�f�°3^ S V
y?a`fld.VApcpG·

PQP �SR:T�U�V�V
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Inference

Fuzzification

Defuzzification

Sensors

Actuators

Fuzzy Controller

ProcessKnowledge
Base

Ù�ego_�ra`V1X?Ì3^ S V
bjaud S ek^`VAd.^c�?a`V�f�°Qb�°��l¿�¿G¯ºd.f_\_^cacfj±k±gVAa�·

low moderate high

0.7

0.1

1

5 m/s Speed0

Membership degree

Ù�ekoB�racV > Ì1^ S V¢^ S acV�Vi°��r¿�¿�¯µp`VG^cpGm"±nbj�$V�±kVGq���
��­m&�&
������������»bj\?q ��� ���­m"^ S bj^
bjacVibBpcpcfld.enb�^cVGq;¶�ek^ S
^ S V
puy?VGVGq»³KbjacekbB�l±gVB·

� �¼ek\roB�lenp`^cekd�au�l±kVGpGmle7· Vj·?au�l±kVGp�fj°3^ S V1^¤¯ly?VBÌ ��� ��
,���&� ��� 
�� ��� �,� ��� ���.
,�U·
}l· R�S VQÑ������.� �t��ÏK�5���K�» i� �K� �g� 23ek^3^u�rau\rpQa`VAb�±�en\ryr�l^Q³Kb�±n�lVAp�ek\_^`f�°��l¿G¿�¯'³Kbj±k�lVAp�mje7· Vj·�b�p`VG^�f�°¼§�°��l¿�¿G¯
p`VG^�±kbB�?VG±7m$W�VAW'�$VGaup S eky»qlV�o_a`VGVN«9d.f_�ryl±kVGpG·

Xr· R�S V=�£�AÑ.�.¥u�.�­�u�������j�£�É� 2¢ek^�ekp'^ S V»®�VGau\lVG±ªf�°-^ S V�ÙS$�·QG�¯´�rpcek\ro;^ S V»®�\lfK¶�±gVAqlojVº�rbjpcV�bj\?q
°��l¿�¿G¯�±kfjoBekdjmleg^-qlVG^`VAacW�en\lVGp�^ S V�°��l¿�¿G¯ºd�fBWiWibj\rqrp�^cfCbjyryr±g¯C^cfi^ S V
yracfld.VApcpG·

> · R�S V �B��Ñ�������� �9��ÏK�5���K�  ¢����� �g� 2ieg^'^c�rau\rp1°��r¿�¿�¯¡d.f_WiW�bB\rqrp'ek\_^`f;bBd.^u�rb�±td.fBWiWibj\?qrp�°²fBa'^ S V
bjd�^c�rbj^`fBauptf�°�^ S V
y?a`fld.VApcpG·
R�S Vºek\_^cVGacVGpc^
f�°-pu�rd S bj\´bByryracfBbjd S enp
^¤¶tf�°²fj±nqUÌ»�N«�°��r¿�¿�¯´pcV�^up'bj\?qµ°��l¿�¿G¯�en\�°²VGacVG\?d.V�y$VGauW�eg^

bByryracfN½lekWib�^cV�acVGbBp`f_\len\lo?mlbj\?q�}_«tb¢d.f_W�yr±gVG^`V
W�flqlV�±Ëfj°3^ S V
d.f_\_^cacfj±k±gVAqºyracfld.VApcp�enp-\lfB^-\lVGd�VGpupcbBa`¯Bm
biqlVApcdGa`enyl^cegf_\�fj°3^ S V1¶tbN¯¢ek^�¶tfBau®_pten\ S �?W�bB\�hM±gen®�V�^`VAacWip�enp��rpcVGq»ek\?p`^cVGbjqË·

�¼V�^��?p��racekV.×?¯�ek±g±n�rpc^caub�^`V�^ S V�¶tbN¯�bCd�±kbBpcpcekdGb�±¼Ù�$Ú¶tfBau®_p-^ S acfB�lo S ^ S V�V.½rbBW�yr±gV
fj°ªb�dGbja`h5±kek®jV
³BV S end.±kV1¶ S f_p`V1f_�l^cyr�r^�³KbjacekbB�l±kVGp�bjacV
puy?VGVGq�bj\?q�qlekpc^cbB\rd.VBm?e5· VB·?^ S V�qlenpc^cbj\?d.V1^`f�^ S V'dGbja�en\»°�acfB\_^�·
bB\rqº¶ S fBpcV�ek\ry?�l^-³KbjacekbB�l±kVGp�bjacV�bBd�d�V�±kVGaub�^`ekfB\ºbj\rq��raubj®_en\lo?·
R�S acV�V-°��l¿�¿G¯�pcV�^upO±nbj�$V�±kVGq ��
��Um ��
�������������bB\rq ��� ���ibjacV-bjpup`fld�ekbj^`VGq�¶�ek^ S ^ S V�puy$V�VGqi³KbBa`enbj�l±kVjm

bB\rqCpcekW�ek±kbBa`±k¯i¶�eg^ S ^ S V1qlekpc^cbB\rd.VBmlbjd�d�V�±kVGaub�^cegf_\¢bj\rqC�?acbB®Ben\lo�³NbBa`enbj�r±gVAp�·3Ù�ego$· > qlVGyrekd�^cpt^ S V�°��l¿G¿�¯
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pcV�^up¼bBpcpcfld.enb�^cVGq�¶�eg^ S ^ S V9puy?VGVGq'³NbBa`enbj�r±gVB·1$9±kbBpcpcend�b�±k±k¯jmA^ S VG¯�bBa`V9a`VAyra`VAp`VA\_^`VGq1�_¯�^caubjy$V�¿Gfjenq1a`VGojekfB\rp
en\»^ S V
puy$V�VGqº³lp�·OW�VAW'�$VGaup S eny»qlV�o_a`VGV�puyrbBd.Vj·

� ek³jVA\�^ S V�bBd.^c�?b�±rpuy?VGVGq�f�°­^ S V�d�bjaGm�^ S VOÑ������.� �t��ÏK�5���K�'W�flqr�l±kV-¯�egVG±kq?pQb1p`VG^Qf�°�§²°��l¿G¿�¯ip`VG^Q±kbB�?VG±7m
W�VAW'�$VGaup S eny¡qlV�o_a`VGVN«�d.f_�ryl±kVGpG·CÙ?f_a�ek\?p`^ubj\rd�VCb;�������¢puy?VGVGqµenp ��
������������º¶�ek^ S b�W�VGW��?VAacp S eny
qrV�oBacV�V1fj°ª~r· �ibj\?q ��� ���º¶�ek^ S bCW�VGW'�$VGaup S eky=qlV�o_a`VGV1f�°ª~r·k�jmÉW�VGbj\rek\lo�^ S bj^�^ S ekp�pcy$V�VAq�enp�d.±kfBpcVGa
^cf �&
�������������^ S bj\ ��� ���;§�Ù�eko?· > «�·
Z]\=fBauqlVGa�^`f�pcy$VGd�eÆ°²¯;bºp`enWiyl±kV��$V S bN³�ekfB�ra�°²fBa�^ S V�dGbjaGm­\?bjW�V�±k¯�^ S bj^�ek^�p S f_�l±nq;\lfj^�qraceg³BV'^cf_f

d�±gf_p`V�^cf�^ S V
d�bBa�ek\�°�acfB\_^�mr^ S V�°²fj±k±kfK¶�ek\lo�±kek\lo_�lenp`^cekd1au�l±kVGp�d.f_�l±nq;ÁÂ\rb�^u�raub�±k±g¯­Àr�$V1¶-a`ek^`^cVG\UÌ
z �l±kV¢�jÌ ��� � �&� � ���,�l��� � � ��
.��� �����

� �
	 ����� � � ��
��������������
��� ������
������������ � � ��
����

z �l±kV'}lÌ ��� � �&� � ���,�l��� � � ��
.��� �����
� �
	 ����� � � ��� �����

��� ������
������������ � � ��� �����
z �l±kV
XrÌQVG^cd�·

@�fK¶1m?^ S V�Ñ�������ÐC�£�GÑ.��¥c���É���-¶tfBau®�p�^ S V1°²fj±k±gfK¶�en\lo¢¶�bN¯­Ìª^ S V�bjd�^c�rbj±Ëen\ryr�l^�³NbBa`enbj�r±gVAp�mre5· Vj·­pcy$V�VAq
bB\rq=qrekpc^cbB\rd.VBmËbjacV'Å$aupc^�°��l¿G¿�egÅ?VGq�en\B^cf»b»pcV�^�f�°�§�°��l¿�¿G¯=pcV�^�±kbB�?VG±7mËW�VAW'�$VGaup S enyµqlV�o_a`VGVN«�d�fB�ryr±gVAp�·
R�S VG\µ^ S V�ÁÂbjd�^`ek³Kb�^`ekfB\¡qlVGoBacV�VBÀUf�°�VGbjd S au�l±gV¢enp1d.f_Wiyr�l^`VAqU¬�eg^'ekp
bº°��r\?d.^`ekfB\¡fj°t^ S VCW�VGW��?VAacp S eny
qrV�oBacV�VAp¢f�°1^ S V=en\ryr�l^º³KbjacekbB�l±gVApCyracVGpcVG\_^Cen\ ^ S Vµd.f_\rqlek^`ekfB\ yrbBa`^Cfj°1^ S Vµac�l±kVj¬�°��r\rd�^`ekfB\ ¶ S fBpcV
qrV.Å$\lek^`ekfB\µqlVAy?VA\rqrp�fB\�^ S V�f_y?VAacbj^`f_acp��rpcVGq�^`f�d.f_W'�len\lV�^ S V¢en\ryr�l^�³Kbjacenbj�l±kVGpGmUVj· o?·�ÁÂbj\rqËÀ­W�VAbj\rp
^ubj®_en\lo�^ S VCW�en\lenW'�rW f�°�^ S VCW�VAW'�$VGaup S eky´qlVGoBacV�VAp�· R�S VCbjd.^ceg³Kbj^`ekfB\¡qlV�o_a`VGVif�°-b»ojek³jVG\¡au�l±kV¢ekp
^ S VG\��rpcVGq�^cfºd.f_Wiyr�l^`V�^ S ViacVGpu�l±g^�f�°O^ S V'°��r¿�¿�¯�en\�°²VGacVG\?d.V
°²f_a�^ S V�au�l±kV�d�fB\rpcekqrVGacVGqU· R�S ekp�acVGpu�l±g^
enp�bi\lV�¶Ú°��l¿G¿�¯ºpcV�^�bB\rq»^ S V1^¤¶tf¢W�bjek\º^`VAd S \len¹��lVGp-�?p`VAq�^cf¢fB�l^ub�en\�ek^-bjacVjÌ

� ©=bjWiqrbB\le5À pQen\�°²VAa`VA\rd.V1§5br· ®$· br·�W�en\lenW'�rW{ek\l°²VGacVG\rd�V9� �K���²«�ek\�¶ S end S ^ S V�acVGpu�l±k^Op`VG^QekpO^ S V-yrbBa`^
f�°�^ S Vi°��r¿�¿�¯µp`VG^1bjpup`fld.enb�^cVGq=¶�eg^ S ^ S V¢f_�l^cyr�r^1³NbBa`enbj�r±gV�^ S bj^1±gekVGp1�$VG\rVGb�^ S ^ S VCbBd.^`ek³Kb�^cegf_\
qlV�o_a`VGVi§�Ù�ego$·$�B«Ã·

� �¼bBacpcVG\UÀ pOen\�°²VAa`VA\rd.V�§7br· ®É· b?·_y?a`flqr�rd�^ªen\�°²VGacVG\?d.V8�Æ� > �²«Qek\�¶ S end S ^ S V�acVGpu�l±g^tp`VG^ªenpªf_�l^cbjek\rVGqC�_¯
pcdGb�±kek\ro1^ S V�°��r¿�¿�¯ipcV�^ªbBpcpcfld.enb�^`VAq�¶�eg^ S ^ S V-f_�l^cy?�l^ª³Kbjacenbj�l±kV�¶�eg^ S a`VApcy$VGd�^Q^`f
^ S V�bBd.^`ek³Kb�^cegf_\
qlV�o_a`VGVj·
Ù�en\rb�±k±g¯Bm­ojek³jVG\=b�±k±¼^ S V
°��l¿G¿�¯;pcV�^up�en\�°²VGauacVGq»°²fBa�bCoBeg³BVG\�f_�l^cyr�r^�³Kbjacenbj�l±kVjmÉe7· Vj·­bjdGd.VG±gVAacbj^`ekfB\�fBa

�?acbB®Ben\lo$mBek^9enpt�ryC^cf�^ S V �B��Ñ�������� �9��Ï��7�����iW�flqr�l±kV�^`f�qrV�^`VAacW�en\lV�^ S V�bjd�^c�rbj±Éd�fBWiWibj\rqºp`VA\B^9^`f�^ S V
dGbjaG· R�S ekp�y?bjac^`end��l±nbja�y$fjen\_^tenp-qlVG^cbjeg±kVGqºek\ 
 > · Xr·

�*	 � ��� ) � �/��� �.-/!.� � �������

¨9©)enp�qlVAp`ekoB\rVGq�bjp�b¢ÙS$Fbj\rqUmUbBp�pu�rd S mÉeg^�en\rd.±n�rqlVAp�^ S V
°²f_�ra�d�fBWiy$fB\lVA\B^up�qrVGpud�acek�$VGq;bB�?fK³BVj·-Z¤^
bByryl±kegVAp�©=bjWiqrbB\le5À p�en\�°²VGacVG\?d.Vj· � fK¶9VG³jVAaªek^-qlegÈÉVAacp�°�acfBW¾d.±nbjpup`end�bj±ÉÙS$tp�en\�^¤¶tf¢\lfK³jVG±U¶tbN¯lpGÌ

� R f1�$V�oBek\�¶�ek^ S mB¶9Vtek\_^ua`flqr�rd�VGq�b�\lV�¶ qlV.°��r¿�¿�egÅ$dGb�^`ekfB\�W�V�^ S flq�^ S b�^Qy$VGauW�eg^upQ^`f1�$V�^`^cVGaQ^ubj®jV
ek\_^cf�d�fB\rpcenqlVGaub�^cegf_\
^ S V�ek\�×É�lVG\rd�V�f�°­VGbjd S bj\rq�V�³BVGac¯1±gen\lo_�lekpc^`end�au�l±gV�fj°$^ S V-®_\rfK¶�±gVAqlojV��rbjpcVj·R�S enp-\lV�¶ W�V�^ S flqºenp�d�bj±g±kVGq 0�ÏK¥ÃÐj�����?�5¥c���`Ñ1�²Òr���u���?�5¥c�.Ô1�`Ñ
ÏK¥c��Ï�§5p`VGV 
 > · X_«Ã·

PQP �SR:T�U�V�V
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low1

0 Distance8 m

0.5

moderate

0.7

1

5 m/s0 Speed

low1

0 Braking

and 0.5if then

Ù�ekoB�racV
�lÌQbj\ºV.½rbBW�yr±gV�f�°¼°��l¿�¿G¯�en\�°²VGacVG\?d.V�¶�eg^ S ac�l±kVi�jÌQ^ S V
bjd�^`ek³Nbj^`ekfB\»qlV�o_a`VGV�fj°¼^ S V
ac�r±gV�enp�^ S V
W�en\lenW'�rW�§`Á bB\rqUÀ_fBy$VGaub�^`f_a�«�f�°Ë^ S V�W�VGW��?VAacp S enyCqlV�o_a`VGVGpªf�°Ë^ S V�en\ryr�l^t³KbjacekbB�l±gVApOfj°Ë^ S V�±gV�°²^]h S bj\?q
pcenqlV�fj°ª^ S Viau�l±kVj·�&�yryl±k¯�ek\lo�©=bBWiqrbj\le5À p�en\�°²VAa`VA\rd.V�¯�egVG±kqrp�^ S V¢yrbjac^�fj°ª^ S V�°��r¿�¿�¯�p`VG^�bBpcpcfld.enb�^`VAq
¶�ek^ S ^ S V1fB�l^uyr�l^�³Kbjacenbj�l±kV�^ S bj^t±kekVGp-�$VG\lVAb�^ S ^ S V
bjd�^`ek³Kb�^`ekfB\»qlVGoBacV�V�§�oBacV�¯ºbjacVGb_«Ã·

� R�S VG\Ëm�¶9V�bj^`^cbBd S VGq 
ª�.� �NÒ��£� �i�u�A��� �����.�$��Ô¼^`f�^ S V�±kek\lo_�lenp`^cekd�au�l±gVAp�· R�S VGpcV�¶9VGego S ^cp3a`VAyra`VAp`VA\_^
^ S V�ekWiy$fBac^cbj\?d.V¢f�°�VGbBd S ac�l±kVi¶�eg^ S a`VApcy$VGd�^1^`f�^ S VCfj^ S VGaup
bB\rq¡y?VAacW�ek^
b»Å$\lVGa
^c�r\len\lo;fj°
¨ª©
§5dÃ°]·k
 > · > «Ã· C Vº�$fBaua`fK¶tVGq=^ S enp
enqlVGb»°�acfBW � }j�����r�l^
^cf_f_®;ek^'b;pc^`VAy=°��?a`^ S VGa��B¯µ�rpcek\lo
ÔÃ���l��¥ �G�nÔ�� � �g��ÏK¥Ã�$�£��� � (��?^cf
bj�l^cfBWib�^cV�^ S V�qrV�^`VAacW�en\rb�^cegf_\'fj°É^ S VGpcV�¶tV�eko S ^cp�^ S �?p�°�bjd�eg±keg^ub�^cek\lo
^ S V
qrVGpcego_\�fj°3¨9© · R�S enp-y?fBek\_^�enp�qlV�^ub�ek±gVAq»ek\ 
 > · (?·

&�qrqlek^`ekfB\rbj±g±k¯jmB¶9V�fByr^`VGq�°²f_aQb1W�flqr�r±kbBa�fBacoBbj\reg¿Ab�^`ekfB\
f�°­^ S V-�rbBp`V�fj°$±kek\lo_�lenp`^cekd�au�l±kVGpG·¼Z]\�fj^ S VGa
¶tfBauqrpGmË^ S V¢oj±kfB�rbj±��$V S bN³_ekfB�?a�f�°�^ S V¢³BV S end.±kViekp1f_�l^cbjek\rVGqµ^ S acfB�ro S ^ S VCd�fBW'�rek\rbj^`ekfB\�f�°�p`VG³jVAacbj±
0�ÏKÔ�����0���ÒrÏ��G�����l¥�Ô�mlVAbjd S f�°U¶ S end S enpOVG\?d.flqlVGqi�_¯ib
pcy$VGd�eÆÅÉd-p`VG^Of�°U±kek\roB�lenp`^cekd�ac�l±kVGpG· R�S ekp9bjyry?a`f_bjd S
y$VGauW�eg^up�bj\¢en\rd�acVGW�VA\B^ub�±­d.f_\rp`^uac�?d.^`ekfB\ifj°"^ S V�®�\lfK¶�±kVGqloBV��rbBp`V�bj\rqºb�±np`f
^cf�qlVG³jVG±gf_yCbj\rq�^`VAp`^t^ S V
�?bjpcekdº�?V S bN³�egf_�racp�pcVGyrbBacbj^`V�±k¯j· R�S V�qlegÈ­VGacVG\_^��?bjpcekdº�?V S bN³�egf_�racp�yracVGpcVG\_^�ek\%¨ª©[bBa`V»qlVGpud�acen�?VAq
en\ 
 > · �r·

�*	�� $�� ������#�� � � - �
� )
	 '�� �.)�� � � � �.(/���
z VGd�bj±g±­^ S b�^�^ S V
yr�rauy?f_p`V�f�°�qlV.°��l¿G¿�egÅ$d�bj^`ekfB\ºekp�^cf�d�fBWiyr�l^cV1bj\»bjd.^u�rb�±­³Kb�±n�lV�°�acfBW ^ S V�°��l¿�¿G¯�p`VG^cp
en\�°²VAacacVGqC°²fBa�b'oBeg³BVG\ºd.fBWiWibj\?qC³KbjacekbB�l±kVj·Ox_V�³BVGaub�±UqlV.°��r¿�¿�egÅ$dGb�^`ekfB\ºW�V�^ S f�q?p�d�bj\º�?V�°²f_�r\rqºek\º^ S V
±kek^`VGaub�^u�racV¢§7pcV�V �Æ�:(���«�· R�S V��rbjpcend�ekqlVAb¢enp�^`f�d�fBWiyr�l^cV
^ S V��r\lekfB\�fj°Q^ S VAp`V1°��r¿�¿�¯�pcV�^cpGm?^cf�ylendÃ®º�?y
biy$fjen\_^�ek\»^ S V
a`VApc�l±k^`en\lo�°��l¿G¿�¯�pcV�^-bB\rq�^cf¢^cbB®�V�eg^up-bj�?pcd�ekpupcb�bjpt^ S V
bjd�^c�rbj±"d.f_W�WibB\rqU·
¨ª½�enpc^`en\lo�qlV�°��l¿�¿GeÆÅ$dGb�^cegf_\;W�V�^ S f�q?p�qlegÈÉVAa�W�f_p`^c±g¯»ek\;^ S V�¶tbN¯º^ S VG¯�yrekdÃ®»�ry�^ S V�y$fjen\_^�en\�^ S V

ÅÉ\rb�±ª°��l¿�¿G¯µpcV�^G· R ¶9f;Wib�en\´bjy?yra`f_bjd S VAp1p`^ubj\rq¡f_�l^ S fK¶tV�³BVGaGÌ
^ S VC©;VGbB\ )�°�©=bK½lenW�b §�© )�©µ«
bB\rqC^ S V!$9VG\_^cacVI)�°1&�acVGbº§ $ )*&�«�·�© )�© d.f_\rp`enqlVAacptb�±k±­^ S V�y?fBek\_^up9¶ S fBpcV�W�VGW��?VAacp S eny�qlVGoBacV�V�ekp
Wib�½�enW'�?W{bB\rq¢p`VG±gVAd.^upO^ S V�W�VGbB\if�°U^ S VAp`V�y?fBek\_^cpG·%$ ) & ylekdÃ®�p9�ry¢^ S V�d.VA\B^cVGaªf�°ËbjacVGb�fj°­^ S V-ÅÉ\rb�±
°��r¿�¿�¯µp`VG^�· &�\lfj^ S VGa
ek\_^`VAa`VAp`^cek\ro;qlV.°��l¿G¿�egÅ$d�bj^`ekfB\¡W�V�^ S flq�enp
yracfBy$fBpcVGq�en\ � }��,�5m¼^ S V?$9VG\_^cacf�
 �nq;fj°
�3bjacojVAp`^S&�acVGbi§ $ �Q&�«�·_Z]\rp`^cVGbBq�fj°Ëd.fB\?p`enqlVGacen\lo1^ S V��r\lekfB\if�°U^ S V�°��l¿G¿�¯ip`VG^cpQ°²f_aOb�ojek³jVA\id.fBWiWibj\?q
³KbBa`enbj�l±kVjm�ek^�^cbB®�VGp�^ S V1±nbjacojVGpc^tfB\lV1bj\?q»bByryl±kegVAp*$ ) &F^cf¢^ S enp-pcV�^�·
© )�© bj\rq?$ ) &Fd.f_\rpcekqlVAaª^ S V��r\lekfB\ºf�°"^ S V�°��r¿�¿�¯CpcV�^up�d.fBauacVGpuy?f_\rqlen\lo
^`fib�ojek³jVG\�d.fBWiWibj\?q

³KbBa`enbj�l±kVj·*Gt¯�qlfBek\roºpcf?mÉ^ S VG¯�W�VAa`oBV
^ S V�°��l¿G¿�¯�p`VG^cp�¶�eg^ S ^ S V�pubjW�V'±nbj�$V�±np�bj\rq�^ S �rp�ekoB\rfBacV
^ S V
°�bBd.^
^ S b�^�^ S VG¯´W�bN¯ S bN³BVCa`VApc�l±k^`VAq¡°�acfBW ^ S V»bjd.^ceg³Kbj^`ekfB\¡f�°-pcV�³BVGaub�±ªau�l±kVGpG· $ �Q& f_\´^ S V�fj^ S VGa
S bj\rq�qlekpud�bBacq?p�pcfBW�V�°��l¿�¿G¯;p`VG^cpG·'Z]\µb�±k±Qd�bjpcVGpGmU^ S ekp�d�bB\�bBql³jVAacpcV�±k¯�bKÈ­VGd.^�^ S V¢d.fBWiWibj\?q�Å$\rbj±g±k¯
pcV�±kVGd�^`VAqº�_¯�oBeg³�en\loibj\��r\Nw`�rpc^`egÅ?VAqºenWiy?f_a`^ubj\rd�V�^`fCb�ojek³jVA\ºau�l±kVj·

6871P96;:
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low moderate1

0 Braking

CA

CLA

COA

BCOA

B

MOM

Ù�ekoB�racVI(rÌQa`VApc�r±g^up�f�°�^ S V
qlegÈ­VGacVG\_^�qlV.°��l¿G¿�egÅ$d�bj^`ekfB\�W�V�^ S flqrp�·

R�S enpienpieg±k±k�?p`^uacbj^`VGqÄen\%Ù�eko?· (µ^ S bj^¢qlVGylend.^up¢bj\ÄV.½rbjWiyl±kV»¶ S VGacV�^ S acV�V�qlegÈÉVAa`VA\_^iau�l±kVGp S bN³BV
�$V�VA\;bjd�^`ek³Kb�^`VAq=acVGpu�l±k^`en\loCen\;^ S a`VGV�qlegÈÉVAa`VA\_^-°��l¿G¿�¯;pcV�^cp�§�±nbj�$V�±kVGq��
m�� bB\rq��
«�°²fBa�^ S V��raubj®_ek\ro
d�fBWiWibj\rq�³KbjacekbB�l±gVB· R�S V�®jV�¯¢^ S ek\loien\C^ S ekp�V�½rbjWiyl±kV�enpt^ S bj^�� bj\?q���fK³BVGac±kbByU· R ¶tf�au�l±kVGp S bN³BV
³Bfj^cVGq�°²f_a¼b�W�flqlVAacbj^`Vt�racbB®_ek\lo��r�l^Gm�¶ S VG\�bjyryr±g¯�en\lo�© )�©%m�$ )*&%f_aËVG³jVG\ $ �Q&'mA^ S enp¼en\�°²f_acWib�^cegf_\
enp�±gf_p`^�bj\rq�bj\;�?\Nw`�rpc^`egÅ?VGq�ekWiy$fBac^cbB\rd.V�ekp�ojek³jVA\�^`f�bC±kfK¶Í�raubj®_en\lo?· R f�acVGW�fK³jV
^ S enp�q?acbN¶-�rbBdÃ®Ém
¶tV¢qlf;\lfB^
�rp`Vi^ S V��r\lekfB\µfj°9^ S V¢°��l¿�¿G¯�pcV�^up�m¼ek\rpc^`VAbjqµ^ S V�Î�Ï�¥ÃÐj�u���?�5¥c�»�]Ñi�²Òr�=ÓO�.�$�7¥c�.Ô�Õ­Ñ'Ö�¥u�uÏ
§ G*$ ) &�«Ufj°r^ S V�qlegÈÉVAa`VA\_^"°��l¿G¿�¯
pcV�^up"enp�d.fBWiyr�r^`VGq�p`f�bjp3^`f��?VG^`^cVGa�^cbB®�V9ek\_^`f�bjdGd.fB�?\B^¼^ S V�en\�×$�lVA\rd.V
fj°3VAbjd S bj\rqºV�³BVGac¯�au�l±gVB·QZ]\»^ S V1V�½lbBWiyl±gV1fj°3Ù�eko?· (?mrfB\lV�¶tfB�l±nq»V.½ry$VGd.^-W�flqlVAacbj^`V1�raubj®_ek\ro�^cfC�?V
^ S V�a`eko S ^9qrVGd.enpcegf_\Cp`en\rd�V�^¤¶tf�au�l±gVApªf_�l^ªfj°"^ S a`VGV S bN³BV�³jfB^`VAqi°²fBa9eg^G¬ G*$ ) & ekp9^ S V�qlV�°��l¿�¿GeÆÅ$dGb�^cegf_\
W�VG^ S flq»^ S bj^�ojek³jVAp9^ S V
�$VGpc^-a`VApc�l±k^�·
Ù$fBauW�bj±g±k¯jm_^ S V G*$ )*& qlV�°��l¿�¿GeÆÅ$dGb�^cegf_\CW�V�^ S f�q�ekptqlV�Å$\lVGqºbjpª°²fj±k±gfK¶-pGÌ3±gVG^��
	 � (��
���
(�	������?V�^ S VpcV�^ªf�°U°��l¿G¿�¯¢p`VG^cpªek\�°²VAacacVGq�°²f_aªb1oBeg³BVG\¢d�fBWiWibj\rqi³Kbjacenbj�l±kVjmB^ S V�bjd.^u�rb�±$³Kb�±n�lV�qlVG±gek³jVAa`VAqi�B¯ G*$ )*&

enpGÌ �� �
� �
Ï�¥c��Ï�§�	 � «����GÏj§�	 � «
�� �
� �
Ï�¥c��Ï�§�	 � «

§`�N«

¶ S VGacV¢Ï�¥c��ÏK§�	Ë«tqlVG\lfB^`VAp�^ S V1bBa`VAb�fj°¼^ S V�°��l¿�¿G¯ºpcV�^�	3mrbB\rqµ���AÏ�§�	Ë«9eg^up�d.VA\B^ua`V�fj°�bBa`VAbr·
�*	 � � ��)�� (*)1��� � � ��� ' )�� ���.�

Ù$fj±k±gfK¶�en\lo � }B���Mm"¶tVibj^`^ubjd S VAq 
ª��� �AÒl�£���¡���G��� �.�����?�7Ô�^cf»^ S V¢±kek\lo_�lenp`^cekdiau�l±gVAp�· R�S VAp`Vi¶tV�eko S ^cp1acV.h
y?a`VAp`VA\B^1^ S VCenWiy?f_a`^ubj\rd�VCf�°�VGbBd S ac�l±kV¢¶�ek^ S acVGpuy?VAd.^
^cf;^ S V�fj^ S VGaup�·»Ù?f_acWib�±k±k¯jm3^ S VG¯µbBa`V¢^ubj®�VA\

PQP �SR:T�U�V�V
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en\_^`f¢bjdGd.f_�r\_^ten\»^ S VIG*$ )*& qlV.°��l¿G¿�egÅ$d�bj^`ekfB\»W�V�^ S f�q»^ S b�^-\lfK¶FqlV�±kek³jVGaup�^ S V�°²fj±k±gfK¶�en\lo�³Nbj±k�rVjÌ
�� �
� �
ÏK¥c��Ï�§�	 � «.���AÏ�§�	 � «�� �
�� �
� �
Ï�¥c��Ï�§�	 � «

§5}B«

¶ S VGacV��
�
enp�^ S V1¶9VGego S ek\roid�f�V.ØCd.ekVG\_^�b�^c^cbjd S VGqº^`f¢^ S V
ac�l±kV�^ S bj^�ek\l°²VGaua`VAq�^ S V�°��l¿�¿G¯ºpcV�^�	 � ·

)�\i^ S V�fB\lV S bj\rqUm_^ S V-¶9VGego S en\lo1d.f�V.ØCd.ekVG\_^upOy?VAacW�ek^ªb�Å$\lVAaQ^c�?\lek\ro
f�°­^ S V�qlVGpcekacVGqi�$V S bN³�ekfB�ra
fj°�¨9©
�r�l^�m�f_\ ^ S V�fB^ S VAa S bj\?qUm�^ S VGeka¢VAWiylekacend�b�±�qlV�^cVGauW�en\rbj^`ekfB\ ekpC^`VGqregf_�rp¢VGpuy$VGd.enb�±k±k¯%¶ S VA\
^ S V=\��rW��?VAaCf�°1±kek\roB�lenp`^cekd�ac�r±gVAp¢ek\?d�acVGbjpcVGpG·FÙ?fBa�^ S enp»a`VAbjpcfB\Umt¶9V�qlVGd�ekqlVAq ^`f%bB�l^`f_Wib�^`V=^ S VGeka
qrV�^`VAacW�en\rb�^cegf_\�^ S acfB�lo S ^ S V
�rpcV�fj°�pu�ry$VGac³�ekpcVGqº±gVAbjau\len\lo�� (��9· R�S ekp�y$fjen\_^�ekp�qlV�^ub�ek±gVAq�en\ 
 > · (r·

�*	�� ����� ��� �/�
	 #�� ������� � � �

&�piW�VA\_^`ekfB\lVAqÄbB�?fK³BVjmQ^ S V»oB±gf_�rb�±��$V S bN³�ekfB�ra�f�°�^ S V�³jV S ekd�±gV»enp�f_�l^cbjek\rVGq ^ S acfB�lo S ^ S V�d�fBW��leÆh
\?b�^`ekfB\µfj°�pcV�³BVGaub�±Q�rbjpcend��$V S bN³_ekfB�?acpGm"VAbjd S f�°�¶ S ekd S enp1VG\?d.flqlVGq¡�_¯�b�puy$VGd.egÅ$d¢pcV�^1fj°t±kek\roB�lenp`^cekd
au�l±kVGpG· z VGdGb�±k±Ë^ S bj^�^ S V'Wib�en\�yr�rauy?f_p`V'f�°Q¨ª© enp-^`fC°²fj±k±gfK¶ ^ S V'\lfBW�en\rb�±¼^caubKw]VAd.^`f_a`¯ºyra`fK³�enqlVGq��_¯
^ S V�^caubKw]VAd.^`f_a`¯¢yl±nbj\?\lVGat¶ S ek±gV�acVGbjd�^`en\lo�ek\ºa`VAb�±gh5^cekW�V�^`f¢�r\lV�½ly$VGd�^`VAq�VG³jVG\_^up�m�e5· VB·�W�f_p`^c±g¯��_¯CbN³Bfjegh
qrek\lo�d.fB±g±kekpcekfB\¢¶�ek^ S �r\lV�½ly$VGd�^`VAqCfB�?p`^ubjd.±kVGpG·�&�d�d�fBauqlen\loj±k¯jm_^¤¶9f��rbjpcend��$V S bN³�ekfB�raupª¶tVGacV�qlVG³jVG±gf_y?VAq
ÅÉacpc^�Ì-�5¥cÏ$���u���¤�K¥ÃÐ�Ñ.� �	�g��
Q�£� ��bB\rq � 0.ÔÃ�MÏB���k��Ï��N��� �jÏ��É���.· R�S V�¯�bjacV�acVGpuy$VGd.^ceg³BV�±k¯ºyracVGpcVG\_^cVGq»ek\ 
 > ·Â�l·k�
bB\rq 
 > ·Â�l·Â}l· )�^ S VAai�rbjpcekd��$V S bN³�ekfB�raup�¶9VAa`V�bjqrqrVGq bK°²^`VAa`¶�bjauqrpG¬9^cf´W�VGV�^¢^ S V�a`VA¹_�rekacVGW�VG\_^up�fj°
^ S V S ego S ¶�bN¯¡d.flqlV�en\ yrbBa`^cekdG�l±nbjaC§5p`VGV 
 > ·Â�l· X_«�·�¨ª©Çd�fBWiWibj\rq?p
^ S Vº±kfB\loBeg^u�rqlen\rb�±�bjdGd.VG±gVAacbj^`ekfB\
bB\rq�^ S V'p`^cV�VAa`en\loC³BV�±kf�d�eg^¤¯ºf�°Q^ S V'd�bBa]hM±gen®�V1³BV S end.±kV
d.f_\rpcekqlVAa`VAqU·�¨9bBd S �?bjpcekd1�$V S bN³�ekfB�ra�
�^cbB®�VAp�bjp
en\ryr�r^tb�yrbjac^`end��l±nbja9pc�?�rp`VG^9fj°Ë^ S V�fB�r^cyr�l^t³KbjacekbB�l±kVGpOfj°"^ S V�³BV S end.±kV'§5p`VA\rp`f_a`¯iqrbj^cbrm_en\B^cVGau\rb�±­pc^cb�^cVjm
VG^cdj·Â«Ã· R�S V
en\ryr�l^�f�°QVGbBd S �?bjpcekd
�$V S bN³_ekfB�?a�ekp�yracVGpcVG\_^`VAq»bj±gf_\lo¢¶�ek^ S ^ S V'�$V S bN³�ekfB�ra�en\�^ S V�\lV�½�^
pcVGd�^`ekfB\rpG· R�S V-±kek\lo_�lenp`^cekd-au�l±kVGp9d.fBauacVGpuy?f_\rqlen\lo�^`f
VAbjd S �rbjpcend-�?V S bN³�egf_�raupQbjacV-\lfj^9ek\rd�±k�?qlVGq S VAa`V���·
Z]\?p`^cVGbjq¡^ S V�yracen\rd.enyl±kVGp'�?\rqlVGac±k¯_en\lo;^ S VºqreÆÈ­VGacVG\_^'�rbBp`endC�$V S bN³�ekfB�raup
bBa`V¢f_�l^`±kek\rVGq´bj\?q´^ S V�¶tbN¯
^ S V�¯º¶9f_ac®ienp�ek±g±n�rpc^caub�^cVGq»�B¯»a`VApc�r±g^up�fB�l^ub�en\lVGqºfB\�bid�bBa]hM±gen®�V�³jV S end.±kV�pcenW'�l±nb�^cfBa��N· R�S enp-p`enW'�r±kbj^`fBa
¶�bjp'VGpup`VA\_^`enb�±ªen\´^ S V»qrVGpcego_\´f�°-¨9© ¬"ek^�¶�bjp��rpcVGq bBp'b=y?a`enWibjac¯�^cVGpc^�bj\?q qlVG�?�lojoBek\lo=^`f�fj±5·�Z¤^
bj±g±kfK¶tVGq�b�Å$aupc^t³Kbj±genqrb�^cegf_\»f�°¼¨9© �$V.°²f_a`V1^ S V1V.½ry$VGacekW�VA\B^up�fB\º^ S V
acVGbj±U³jV S ekd�±gVi§5p`VGV 
��B«Ã·
6 � � � � � �K�.- Ý ��� á � Þ��Ëá # # á�à � ���
R�S V»yracenW�bBa`¯´yr�?acy$fBpcVºfj°�¨ª©[ekp�^cf�VA\rpc�?a`Vº^ S bj^�^ S V»³jV S ekd�±gVº°²fj±k±gfK¶-p�^ S V�\rfBW�ek\?b�±�^caubKw]VAd.^`f_a`¯
y?a`fK³�enqlVGqÄ�B¯%^ S V�^caubKw]VAd.^cfBac¯ yl±kbB\r\lVAa�· R aubKw]VAd.^`f_a`¯¡°²fB±g±kfK¶�en\lo�enpi^ S VGacV.°²fBacV»^ S V»Å$aup`^¢�$V S bN³�ekfB�ra
¶tV¢qlVGpcekoB\lVAqU¬"ek^
d.f_\B^ub�en\rp�^¤¶9VA\_^¤¯;±gen\lo_�lekpc^`endiac�r±gVAp�· R�S VC\lf_W�en\rbj±Q^caubKw]VGd�^`f_a`¯�enp1bº^cekW�V�h5f_acqlVAa`VAq
pcVG¹��lVA\rd.V�fj°­pc^cbj^`VAp�mBe7· Vj·r§5d.f_\�Å?oB�?acbj^`ekfB\��KmB³jVG±gfld.ek^¤¯?«3d.f_�ryl±kVGpG·1&�^QVAbjd S ^`enW�V�p`^cVGyUmB¨ª©�enpObjd�^`ek³Nbj^`VAq
� [a#Ãù7ø_1Nù5ø]ý]ó).5ø]ô úPj�(7÷NøOôÂó���&�'Nó).0(5óÂý3ù*'NôÂø$."ò-.*.=#Gý]ó ò	(7ø`þ<^¼ó (7÷�ó (`û
� öU÷NøQù7øcò�þAø`ù"ó).Ëù5ø �gø`ù7ù5ø]þ3(*# o H V	q �\#Ãù"òtñ3#Ãù7ø3þNø�(5ò�óÂôÂø]þa1Nù5ø$.7ø �P(5ò	(5ó)# �a# �?ðJ[8c .VD ��#!^"ôÂø`þ�&Ãøn+Nò-.5øÃû
� öU÷Nó).V.5óÂñ6'Nô ò	(=#Ãùl^Ëò-.¼þAø$;.ø]ô)#�1�ø]þa' �NþAø`ùV(7÷Nø :�� ö»ù=#�+,#-(5.7óÂñh'Nô ò	(7ó)# ��1Kò�ý D�ò-&ÃøÃû
� 6 �4(7÷Nø"ýcò-.7ø5# �_ò�ý`ò�ù=G£ôÂó)DÃøi;.ø]÷NóÂý]ôÂø�jGòOý$# ��%�&�'NùMò	(7ó)# �-ó).$þNø�% �Aø`þ/+.ú�ò_(7ù5ó)1NôÂøYr�� p! �p#"Pv�jP^"÷Nø]ù5øYr�� p# �v?ó).?(7÷Nø51,#�.7ó (5ó)# �

# �?ò6;.ø]÷NóÂý]ôÂøPc ."ù5ø �gø]ù5ø �Ný]ø@1,#Ãó��2(¼ò �Nþ�"6(5÷Aø_;.ø`÷AóÂý`ôÂø�c .>#Ãù5óÂø �P(Mò	(7ó)# �_û
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# % §'!c«

*�%G§'!c«
- %G§$!c«

# / §$!c«

* / §'!c« -./B§'!c«

� §'!c«
� §$!c«

Ù�ekoB�racV
��ÌOd��?acacVG\_^�bj\rq»qlVGpcena`VAqºd�fB\�Å?o_�raub�^`ekfB\?p9fj°¼^ S V�³jV S ekd�±gV1b�^�^cekW�V !Ã·�§'#�%A§'!c«)(+*�%G§'!c«)(+-.%G§'!c«c«tqlV.h
\rfj^`VAp�^ S V-dG�raua`VA\B^Qy$fBpceg^cegf_\�bB\rq�fBacegVA\B^ub�^cegf_\'fj°$^ S V�³jV S ekd�±gVBm�¶ S VGacVGbBpt§'# / §$!c«,( * / §'!c«,( - / §$!c«`«3qlVA\lfj^cVGp
^ S V
qlVAp`ena`VAq�f_\lVj·

bB\rq»p`VG±gVAd.^cp�^ S V'd�fBWiWibj\rqUmle5· Vj·?bB\=§5bjd�d�V�±kVGaub�^cegf_\Umlp`^cV�VGacen\loi³jV�±kfld.ek^¤¯?«ªd�fB�ryr±gVBml^ S bj^-W�en\lenW�eg¿GV
^ S V
VAacacfBa'�?VG^¤¶9VGVG\´^ S VºdG�racacVG\_^'pc^cbj^`Vºf�°-^ S Vº³BV S end.±kV�bj\?q´^ S V�qlVAp`ena`VAq¡fB\lVB· R�S enp�W�en\lenW�eg¿Ab�^`ekfB\ ekp
bBd S ekV�³jVAq�^ S bB\r®�p�^`f�^ S acV�Vip`VG^cp�f�°9au�l±kVGp�¶ S fBpcV�acVGpuy?VAd.^ceg³BV�yr�rauy$fBpcVGp�bBa`V�^`f�W�ek\lenW�eg¿GV�^ S V�VGaua`f_a
en\�y?f_p`ek^`ekfB\ËmlfBacegVA\B^ub�^cegf_\�bj\?qº³BV�±kfld.ek^¤¯j·
R�S V»Å$aupc^�pcV�^�f�°�ac�l±kVGpibjekWipib�^iW�ek\lenW�eg¿Gek\roµ^ S V�VGaua`f_a
en\Äy$fBpcek^`ekfB\U· Z¤^i^ubj®�VApibjp�ek\ry?�l^¢^ S V

bB\loB�r±kbBaOVGauacfBa � §$!c«ªbB\rqC^ S V1qlenp`^ubj\rd�V � §'!c«9�$V�^¤¶tV�VG\�^ S V1dG�racacVG\_^ty?f_p`ek^`ekfB\�f�°"^ S V�³jV S ekd�±gV�bj\rqº^ S V
qrVGpcekacVGq�f_\lV�bj^�^cekW�V !1§�Ù�eko?·"�j«Ã·�Z¤^�fB�r^cyr�l^up�bjd�d�V�±kVGaub�^cegf_\»bB\rq=pc^`VGVGacek\ro�³jVG±gfld�eg^¤¯�d.f_W�WibB\rqrpG·�Z¤^
en\rd�±k�rqrVGp�au�l±gVAp�f�°3^ S V�°²fB±g±kfK¶�en\loi^¤¯�y$VjÌ

Y ��� � � §'!c«�� ��	 
 � � ������������
.���
��� �,��� � �������&����� � � ��� ��������
.���

Y ��� � � §'!c«�� ��	 
 � � ���������.��� �����
��� �,���,��� �������������&�.
�� � ��	 
 � � ���������.��� �����

¶ S VGacV 	 
 � � ������������
.�Um���� ��������
.�UmlVG^cd�·km$qrVG\lfB^`V1°��l¿G¿�¯�pcV�^cp�bjpup`fld�ekbj^`VGq»¶�ek^ S ^ S V�qlegÈ­VGacVG\_^-en\ryr�l^
bB\rqºfB�l^uyr�l^�³KbjacekbB�l±kVGp�f�°3^ S V1³BV S end.±kVj·
R�S V�pcVGd.f_\rq pcV�^�f�°�au�l±kVGp�b�enW�p�b�^�W�ek\lenW�eg¿Gek\ro�^ S VºVAacacfBa'�?VG^¤¶9VGVG\ ^ S V�d��raua`VA\_^
fBacegVA\_^cb�^cegf_\

fj°ª^ S V�³BV S end.±kV�bB\rq;^ S V�qrVGpcekacVGq=fB\lVB·�Z¤^�^ubj®�VAp�bBp�en\ryr�r^��1-r§$!c«�mUe5· VB·U^ S ViqlegÈÉVAa`VA\rd.Vi�$V�^¤¶tV�VG\=^ S V
dG�raua`VA\B^3fBacekVG\_^cbj^`ekfB\�f�°$^ S V�³jV S end.±kV�bB\rq�^ S V-qrVGpcekacVGq�fB\lV�bj^3^cekW�V !t§�Ù�eko?·_�B«�·3Z¤^QfB�l^uyr�l^cpªb�pc^`VGVGacek\ro
³BV�±kfld.ek^¤¯Cd.fBWiWibj\?qº^ S bj\?®_p�^cf¢ac�l±kVGp�pu�rd S bjpGÌ

Y ��� �	�1-r§$!c«�� � 	 
 � � ���
��������
����
��� �,��� � �������&����� � � ��� ��������
.���

R�S V�^ S enauqCbj\rqC±kbBp`^tp`VG^ªf�°Ëau�l±kVGptb�enW�p9b�^tW�en\lenW�eg¿Gek\lo�^ S V�VGauacfBaO�$V�^¤¶tV�VA\i^ S V�d��rauacVG\_^O³jVG±gfld�eg^¤¯
fj°ª^ S V�³BV S end.±kV�bB\rq;^ S V�qrVGpcekacVGq�f_\lVj·�Z¤^�^cbB®�VAp�bjp�en\ryr�l^��
�$§$!c«�mËe5· Vj·­^ S ViqlegÈÉVAa`VA\rd.Vi�$V�^¤¶tV�VG\=^ S V

PQP �SR:T�U�V�V
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Kanayama’s controller

Fuzzy controller

Fuzzy controller

Kanayama’s controller

Ù�ekoB�racVIKrÌQ^caubKw]VAd.^cfBac¯�°²fB±g±kfK¶�en\loi¶�eg^ S ¨9© bB\rq E
bj\rbN¯_bjWibrÀ pªd�fB\_^cacfj±k±kVGaG·

dG�raua`VA\B^�³jVG±gfld.ek^¤¯¡f�°�^ S V�³jV S ekd�±gV»bj\rq%^ S V�qlVAp`ena`VAq f_\lV»bj^'^cekW�V !Ã·´Z¤^ifB�l^uyr�l^cpibB\%bjdGd.VG±gVAacbj^`ekfB\
d�fBWiWibj\rqº^ S bj\r®�p�^`fCau�l±kVGp�pu�rd S bjpGÌ

Y ��� �	�
�É§'!c«�� � � �������&�
��������
����
��� �,���,��� �������������&�.
�� � � ��������������������
.���

)�°id.fB�?acpcV=^ S VGacV�enp�\lf ¶tbN¯ ^`f ^ S V�fBacV�^cekdGb�±k±g¯ yracfK³jV�^ S V¡d.f_\_³jVGacojVA\rd.V=fBa»p`^ubj�lek±gek^¤¯ f�°�^ S V
^uacb�w]VGd�^`fBac¯i°²fj±k±kfK¶�ek\lo¢�$V S bN³�ekfB�ratfj°3¨9© · � fK¶tV�³BVGaGm�ek\�bj\»b�^c^`VAW�yr^-^`fi³Kb�±kekq?b�^`V1¨9© mrek^�¶tbBp�d.f_W'h
y?bjacVGq
¶�ek^ S b�^caubKw]VGd�^`f_a`¯�°²fj±k±kfK¶�ek\lo�d.f_\_^cacfj±k±gVAa¼�rbBp`VAq'�ry$fB\�b�d.fB\_^ua`fB±_^ S V�f_a`VG^`end9bByryracfBbBd S mK\rbjW�V�±k¯
E
bB\rbN¯BbBWibrÀ p�d�fB\_^cacfj±k±kVGa��Æ�A}��M· G�fj^ S d.fB\_^ua`fB±g±kVGaup1¶tVGacV¢ekWiyl±kVGW�VG\_^cVGq bB\rq¡^`VAp`^cVGq´en\´p`enW'�r±kbj^`ekfB\U·
Ù�eko?· K'qlVAylend.^cp�b'^¤¯�yrekdGb�±­p`enW'�l±nb�^cegf_\CacVGpu�l±g^GÌ¼oBeg³BVG\Cb�p`^uacbjego S ^ª\lfBW�en\rb�±É^caubKw]VAd.^cfBac¯�^cf��$V�°²fB±g±kfK¶9VAq
bj^�d�fB\rpc^cbB\B^�pcy$V�VAqUmªbj\?q bj\´en\lek^`enb�±�d.f_\�Å?oB�?acbj^`ekfB\¡VGauacfBa1en\%y$fBpceg^cegf_\ bj\?q´fBacegVA\_^cb�^cegf_\Um�^ S V»^¤¶tf
d S bjac^cp�p S fK¶*^ S V¢VG³jfj±n�l^cegf_\;f�°9^ S V¢VAacacfBa�ek\¡qlenp`^ubj\rd�V�bB\rq�ek\�fBacegVA\_^cb�^cegf_\U·�&�p�fB\lV¢d�bB\=pcV�VBmË^ S V
acVGpu�l±k^cp�bjacV�acbj^ S VAa¼pcekW�ek±kbBa�· � fK¶tV�³BVGa¼fB�ra�d.f_\_^cacfj±k±gVAa S bBp3^¤¶9f�bjql³KbB\B^ub�oBVGp¼fK³jVGaQE
bj\?bN¯BbjWib?À pGÌUb_«"eg^
dGbj\�°²fj±k±gfK¶Fb�^caubKw]VGd�^`f_a`¯¢en\rd.±n�rqlen\loCpc^`f_yrp�bj\rq»�$«9ek^-d�bB\ºVAbjpceg±k¯¢en\rd.f_acy$fBaub�^cV�fB^ S VAa��?V S bN³�egf_�racpG·

6 � � � � �i�����A�r�$# Ý ��� á �7â¼� � � Ý
z VGd�bj±g±U^ S b�^�^ S V
\lf_W�en\rbj±Ë^caubKw]VAd.^`f_a`¯CacV�±kekVGp��ry$fB\ S ¯�y$fj^ S VGpcVGp�WibBqlV
bj�$fB�l^�^ S V�°��l^u�ra`V1VG³jfB±k�l^cegf_\
fj°t^ S V�VA\_³_enacfB\rW�VG\_^1bj\?qUm�ek\´yrbBa`^cekdG�l±nbjaGm"^ S V¢°��l^c�?a`V��$V S bN³_ekfB�?a1f�°�^ S VºW�fK³�en\lo�fB�?p`^ubjd.±kVGpC§$
uX�«�·
x�ek\rd�V�W�fK³�en\lo
fB�?p`^ubjd.±kVGptWibN¯»Á W�enpc�$V S bN³BVjÀkm_bN³Bfjenqlen\lo'd.fB±g±kenp`ekfB\i¶�ek^ S ^ S VAW ekptb�±npcf�b1°��?\rqrbjW�VA\B^ub�±
y?bjac^tfj°¼¨9© À p-^cbjpu®Ém S VG\?d.V�^ S V1f_�rpc^cbjd�±gV1bN³Bfjenqrbj\rd�V��rbBp`end��?V S bN³�egf_�raG·
)��rpc^cbBd.±kV9bN³Bfjenqrbj\rd�VªacVG¹��lena`VAp¼b�W�flqlVG±�f�°?^ S VtbBd.^u�rb�±�VG\_³�ena`f_\rW�VG\_^"fj°r^ S V�³jV S end.±kVj· R�S ekp�W�flqlV�±

dGbj\;�$V¢�r�lek±g^�°�acfBW�b»yra`ekfBace3ek\�°²f_acWibj^`ekfB\´§5W�bByrp�f�°ª^ S Vip`^ub�^`ekfB\?bjac¯»f_�rpc^cbjd�±gVAp�·�VG^cd�· «�mUf_a�pcVG\?p`f_a`¯
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RA

FA

RL RR

SL SR

FL FR

Ù�ego_�ra`V1�?Ì3^ S V1V�eko S ^-y$fj±nbja�acV�ojekfB\?p9fj°3^ S V1³jV S end.±kVjÀ p�±gfld�bj±UVG\_³�ekacfB\?W�VA\_^�·

q?b�^cbif_�l^cbjek\rVGq�fB\lh5±kek\rVC§�en\�°²fBauWib�^cegf_\�bj�$fB�l^-^ S V'W�fK³�ek\ro¢fB�rpc^cbBd.±kVGpÃ«�·*)�°Od.fB�?acpcVjml°²f_a-^ S V'pubj®�V1fj°
pubK°²VG^¤¯jml^ S ekp�W�flqlVG±"W'�?p`^��$V
�ry$q?b�^`VAq�b�^�VGbBd S ^cekW�V
pc^`VAyU·
x_en\rd�VCojVG^`^`en\lo;b�d�fBWiyl±kV�^`Vºbj\rq¡bjdGd��raub�^cV¢W�flqlVG±ªfj°�b�oBeg³BVG\�VG\_³�ekacfB\?W�VA\_^
a`VAW�bjek\?p1b;d.f_p`^c±g¯

y?a`fld.VApcp��KmU^ S V�f_�rpc^cbjd�±gVibN³jfBekq?bj\rd�V'�?V S bN³�egf_�ra�¶tbBp�qlVAp`ekoB\rVGq=pcfºbBp�^`f�a`VG±g¯�fB\�bºacV�±nb�^ceg³BV�±k¯�y?f�fBa
�?�l^�VAbjpc¯º^cf�oBV�^�W�flqlVG±¼fj°O^ S V�±gfldGb�±"VA\_³_enacfB\rW�VG\_^-fj°ª^ S V'³jV S end.±kVj· R�S ekp�W�f�qrV�±�ekp�ek±g±n�rpc^caub�^`VAq�en\
Ù�eko?·É�r· R�S V�±gfld�bj±"VA\B³�ena`f_\rW�VG\_^�f�°Q^ S V'³BV S end.±kV
enp�qlek³�ekqrVGq�en\�V�eko S ^3�r���gÏ�¥�¥u� �j���K�?ÔÃmÉbB\rq�^ S V
fB\l±k¯
en\�°²f_acWib�^cegf_\C�rpcVGqº�B¯i^ S V�f_�rpc^cbjd�±gV�bN³jfBekqrbB\rd.V��?V S bN³�egf_�raOenpt^ S V�qlenp`^ubj\rd�V�^`f�^ S V�d�±gf_p`VAp`^9fB�rpc^cbBd.±kV
en\
^ S V�a`VGojekfB\U· v f�fBa"bBp3eg^QWibN¯1p`VGVGW»m�^ S ekpQW�flqlV�±lyracfK³jVAq
pu��ØCd.ekVG\_^¼^cf�VG\rpu�racVªfB�?p`^ubjd.±kV�bN³jfjenqrbB\rd.VB·
R�S V�f_�rpc^cbjd�±gV-bN³Bfjenqrbj\?d.V��?V S bN³�egf_�raQd.f_\B^ub�en\rp�^¤¶tVG\_^¤¯
±kek\lo_�lenp`^cekd�au�l±kVGpQ^ S b�^Q^ubj®�VApQbjpQen\ryr�r^O^ S V

dG�raua`VA\B^�pc^cbj^`V
fj°3^ S V
³jV S end.±kV
bj\rq»^ S V'W�f�qrV�±"fj°3ek^cp�±gfldGb�±ËVA\B³�ena`f_\rW�VG\_^�·ªZ¤^-fB�l^uyr�l^up�bjdGd.VG±gVAacbj^`ekfB\
bB\rq»p`^cV�VGacen\loi³jV�±kfld.ek^¤¯�d.f_WiW�bB\rqrpG·�Z¤^�ek\rd�±k�?qlVGp-au�l±kVGp�pu�rd S bjpGÌ

Y ��� � ������
?��� ��� � ��	 
 � � ���
�����.��� �����
����� �,
 
 � ��������� ������� � � � ����� �
����� �,
 
 � ��������� ������� � � � ����� �
����� �,
 
 � ��������� ������	 � � � ����� �
��� �,���,��� �������������&�.
�� � � �����������������.��� �����

&-°²^`VGa�^ S Vºf_�rpc^cbjd�±gV»bN³jfBekqrbB\rd.Vº�?V S bN³�egf_�ra
¶�bjp�qlV�³BV�±kfBy$VGqUmQek^i�?VAd�bjW�V�y?f_pcpcen�l±gVº^`fµ^`VAp`^�^ S V
dGbjyrbB�lek±gek^`ekVGp'f�°-¨ª©[a`VGoBbjauqlen\lo�±gfldGb�±�bjqrbByl^cbj^`ekfB\¡f�°-^ S Vº\rfBW�ek\?b�±ª^uacb�w]VGd�^`fBac¯¡p`f=bBp
^cf�acVGbjd�^
^`f
�?\lV.½ry$VGd.^cVGq�V�³jVA\_^cpG·¼Z]\�fBauqlVGa9^`f�qlf�pcf?m�pcV�³jVAacbj±?VA\B³�ena`f_\rW�VG\_^cpª¶9VAa`V�d.f_\rp`enqlVAa`VAqU· R fi�?VGojen\¢¶�eg^ S m
¨9© ¶tbBp
^cVGpc^`VGq fB\ pcekWiyl±kV�VA\_³_enacfB\rW�VG\_^up'pu�rd S bjp�^ S VºfB\lVºqlVGylend.^cVGq%ek\´Ù�eko%�A~�^ S bj^�d�fB\_^cbjek\rp
°²f_�ra�pu¹��rbjacV;f_�rp`^ubjd�±gVAp�·<& d.±kfj^ S f�
 �nq d��?a`³BV;^`f �?V=°²fj±k±gfK¶tVGq bj^ºd.f_\rpc^cbj\_^�puy$V�VGqJ¶tbBp�yracfK³�ekqlVAq
^cf�¨9©[bBp�bµ\lf_W�en\rbj±t^uacb�w]VGd�^`fBac¯j· R�S ekpi^uacb�w]VGd.^cfBac¯¡¶tbBp'en\_^`VGaupcVGd.^cek\ro�f_\lVºfj°�^ S V�pu¹��rbjacVGp�bj\?q
Ù�eko��G~�ek±g±n�rpc^caub�^`VAp S fK¶F^ S V1³BV S end.±kV
bN³jfBekqlVAq�^ S V
d.fB±g±kenp`ekfB\U· R�S VG\Um?¶9V
d�fB\rpcekqrVGacVGq»W�f_a`V1d�fBWiyl±kV.½

 ð�.*1�ø]ý`ó ò�ôÂô ú3^"÷Nø ��ý`ò�ñ�ø]ùMò-."ò�ù7ø_'�.5ø]þ_û
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Ù�ekoB�racV%�A~rÌ´b%d�fj±k±genpcegf_\JbN³jfBekqrbB\rd.V�^cVGpc^�Ì�0�2 §5a`VApcyU·�094�«¢qlVA\lfj^cVGpº^ S V¡\lf_W�en\rbj±�§5a`VApcyU·�bjd�^c�rbj±£«
^uacb�w]VGd�^`fBac¯¢f�°3^ S V1³BV S end.±kVj·

VA\_³_enacfB\rW�VG\_^up-pc�?d S bjp-^ S V'acfBbBq�\lV�^¤¶tfBau®É·�x_VG³jVAacbj±"pcd�VG\rbBa`ekfBp-ek\rd�±k�?qlek\ro�W�fK³_en\loCf_�rpc^cbjd�±gVAp�¶tVGacV
qrVGpcego_\lVGqUmKVB· o$·AdGa`f_pcpcen\lo�bj\'ek\_^cVGaup`VAd.^`ekfB\ËmKfK³jVGac^cbB®_ek\lo-bB\
fB^ S VAa"³BV S end.±kVjmKVG^cd�· )�\lVtf�°?^ S VGpcV�pcd�VG\rbBa`ekf
enp�eg±k±n�rp`^uacbj^`VAq;en\=Ù�eko?·��j�B· R�S a`VGV�³BV S end.±kVGp�bjacVibjyryracfBbBd S en\lo�bj\=ek\_^cVGaup`VAd.^`ekfB\Ë· R�S V�¶ S eg^cV�f_\lV�ekp
d�fB\_^cacfj±k±kVGq¡�_¯�¨9©
§]Á fB�ra1³BV S end.±kVjÀ «�¬ª^ S Vºfj^ S VGa1^¤¶tf=bjacVCacV�oBbBacqrVGqµbjp'W�fK³�en\lo�fB�rpc^cbBd.±kVGpG·?G�bBp`VAq
�?y?f_\=b�y?a`VAqlekd�^`ekfB\=f�°ª^ S V�W�fB^`ekfB\�fj°ª^ S V�^¤¶tf�fj^ S VGa�³BV S end.±kVGp�§7d�fB\rpc^cbB\B^�pcy$V�VAq$«�mU^ S Vi^caubKw]VAd.^`f_a`¯
yr±kbB\r\lVGa�d�fBWiyr�l^cVGp�b�\rfBW�ek\?b�±­^caubKw]VAd.^`f_a`¯¢pu�rd S ^ S b�^�f_�rat³jV S ekd�±gV�ojek³jVApª¶�bN¯i^`fi^ S V�³BV S end.±kV�f_\Cek^cp
±kV.°²^tbj\rq¢dGa`f_pcpcVGp�^ S V-en\_^`VGaupcVGd.^cegf_\¢�?V�°²fBacV�^ S V�³jV S ekd�±gV�fB\�eg^up9aceko S ^�· � fK¶tV�³BVGaGm�ek\i^ S V�d�fB�raupcVtfj°Ë^ S V
V�½lVGd��r^`ekfB\�f�°O^ S V'^uacb�w]VGd�^`fBac¯jm$eg^�^c�rau\rp�fB�l^�^ S bj^�^ S V'³BV S end.±kV'f_\�^ S Via`eko S ^�pu�rqrqrVG\l±k¯�bjd�d�V�±kVGaub�^cVGpG·
&�pªpcf�fB\ibjpª¨ª© acVGb�±kek¿�VGpO^ S bj^O^ S VAa`V�ekp9b
a`enpu®
f�°Ëd�fj±k±genp`ekfB\i¶�ek^ S ^ S V�bBd�d�V�±kVGaub�^`en\lo�³jV S end.±kVjm_fB�rpc^cbBd.±kV
bN³Bfjenqrbj\?d.V-�$VGd.f_W�VGptW�f_a`V�ekWiy$fBac^cbj\_^9^ S bB\C^caubKw]VAd.^cfBac¯
°²fj±k±kfK¶�ek\lo�bj\rq¢f_�ra9³jV S ekd�±gV�¶�eg±k±Épc^`f_yCpcf�bjp
^cf�oBeg³BV�¶�bN¯¢^`f�^ S V�bBd�d�V�±kVGaub�^`en\lo�³jV S ekd�±gV�bj\rqº^ S VG\º¶�eg±k±Ëa`VAbjdGd.V�±kVGaub�^cV�pcf�bBpt^`fid�b�^ud S �ryº¶�ek^ S ^ S V
\rfBW�ek\?b�±U^caubKw]VAd.^cfBac¯j·

6 � � � + ��â3âQ���:� á � � #�� Ý  � �J� á �¼�N�
¨9© ek\?d.±n�rqlVGp�bjqrqreg^cegf_\rb�±t�rbjpcekd��?V S bN³�egf_�racpG·3)�\lVCfj°�^ S VGW en\ yrbBa`^cekdG�l±kbBa
W�fB\lek^`f_acp
¶ S V�^ S VGa�eg^
acVGWibjek\rp3y$fBpup`en�l±kV9^cf�dGb�^cd S �ry
¶�ek^ S ^ S V�\rfBW�ek\?b�±�^caubKw]VAd.^`f_a`¯B·ËZM°$\lfB^�m�e5· Vj·NeÆ°É^ S V�qlegÈ­VGacVG\rd�Vt�$V�^¤¶tV�VA\
^ S V�dG�raua`VA\B^Cpc^cbj^`V=bB\rq ^ S V�qlVAp`ena`VAq fB\lV��?VAd.fBW�VApC^`f�f enWiy?f_a`^ubj\_^�m�^ S V=^uacb�w]VGd�^`fBac¯%yl±nbj\?\lVGa�ekp
acV�en\_³jf_®�VGq�p`f¢bjp�^cf¢ojVG^�bi\lVG¶F\rfBW�ek\?b�±U^caubKw]VAd.^cfBac¯j·
B�acbN¶�en\lo%�?y?f_\ �ÉV�o S b�±5À pCV.½ry$VGacegVA\rd.V=ek\ ^ S VµqlfBWib�en\ f�°'d�fj±k±genpcegf_\ bN³jfjenqrbB\rd.V;�$V�^¤¶tV�VA\Jb�ena]h

dGacb�°²^cp8� X_}��5mUbB\¡Á bN³Bfjenq»^`f�^ S V�±gV�°²^�ÀUy?fB±gend.¯»¶�bjp�bBqrqlVAq�^`fº^ S V�fB�rpc^cbBd.±kV'bN³jfBekq?bj\rd�V
�?V S bN³�egf_�ra�·�Z]\
fB^ S VAa�¶9f_acq?p�mU¶ S VA\µ^ S V¢³BV S end.±kV�°�bjd.VAp1b�W�fK³�en\lo�fB�rpc^cbBd.±kVjmËek^1^cacekVGp�^`f�oBV�^1acfB�r\rq�ek^1fB\�^ S V¢±kV.°²^
pcenqlVj· &�au�leg^uacbBa`¯µbjp�eg^�WibN¯µpcV�VAWºmQ^ S enp�y$fj±kekd�¯¡ekp�\lfB\rV�^ S V�±kVGpup'�rpcV.°��l±�^cf=a`VAqr�rd�V�^ S VºqlVAbjql±kfldÃ®_p
^ S b�^tWibN¯�bBa`enp`V�ek\ºp`ek^c�rbj^`ekfB\rp9pc�?d S bjpª^ S V�fB\lV�qlVGyrekd�^`VGqCek\¢^ S V�±gV�°²^]h S bj\rq�p`enqlV�fj°ËÙ�ego$·$�N}l·3Z]\C^ S ekp
pcek^c�rbj^`ekfB\UmrVAbjd S ³jV S end.±kV S bjp�\lfCd S fjend.V
�r�l^�^`fCbN³jfBekqº^ S V
fj^ S VGa�³BV S end.±kV1�_¯�^c�?ac\len\loC^cf¢^ S V�a`eko S ^�·
ZM°Ë^ S V�¯i�$fj^ S qlf�pcf1^ S VA\Cb
qlVAbjql±kfldÃ®'fldGd��raup�· )�\i^ S V�fj^ S VGa S bj\?qUmBeg°Ë^ S V�¯¢�?fB^ S §7fBaGmBbj^ª±kVGbjpc^�mBfB\lV
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Ù3ekoB�?a`Vi�j�BÌQbj\ºek\_^`VAacpcVGd�^`ekfB\»d�acfBpup`en\loipcd�VG\rbBa`ekf?·

Ù�ego_�racV��N}lÌQb¢qlVAbjql±kfldÃ®¢p`ek^c�rbj^`ekfB\�bj\?q�ek^cp-acVGpcfj±n�l^cegf_\C^ S bj\r®�p�^cfibB\;ÁÂbN³jfBekq�^`f¢^ S V1±gV�°²^�À?y$fj±kend.¯j·

fj°3^ S VGWC«ª°²fB±g±kfK¶ÚbB\=ÁÂbN³jfBekq�^`f¢^ S V1±gV�°²^�À?y$fj±kend.¯�^ S VG\»^ S V
d.f_\�×?end.^�¶�ek±g±"�$V
pcfj±k³jVGq»bjp�ek±k±k�rpc^caub�^cVGq»en\
^ S V
acego S ^`h S bj\rqºp`enqlV1f�°3Ù�ego$·Ë�A}r·
Ù�en\rb�±k±g¯Bmj¶tV S bN³jV�bBqrqlVGqi�$V S bN³�ekfB�raup3^ S bj^QekWiyl±kVGW�VA\B^9d.VGac^cbjek\ S eko S ¶�bN¯Bh¤d.flqlV�acV�oB�r±kbj^`ekfB\rpGmKVj· o?·

oBeg³BV�¶�bN¯i^`fi^ S V�³jV S end.±kV�d�fBW�ek\ro�^cf�¯BfB�rata`eko S ^Gm_f_at^ S bj^9^ubj®�V�bjqr³NbB\_^cb�oBV�fj°"^ S V1dG�racacVG\_^td.fB\_^cV.½l^�m
VB· o$·rd�acfBpup`en\lo¢bj\ºen\B^cVGaup`VAd.^cegf_\U· R�S VAp`V
�$V S bN³�ekfB�raup�bjacV1pcy$VGd�eÆÅ$d
^`fi^ S V�d�bjpcV�f�°Qbi³jV S ekd�±gV�VG³jfj±k³�ek\ro
f_\µ^ S V»a`f_bjqµ\lV�^¤¶tfBau®;bj\?q¡^ S VG¯�¶�ek±g±t\lfj^��?V�qrV�^cbjeg±kVGq S VGacV�§�^ S VºacVGbjqrVGa�enp'acV.°²VGauacVGqµ^`f �Æ�G~��9°²fBa
W�f_a`V1qlVG^cb�ek±np�«Ã·
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�*	�� ��-/��� ! ��) � � ��� ��� !"� )1���
&�pªW�VG\_^cegf_\lVGq�VGbBa`±kekVGaQen\ 
 > · > m 
ª�.� �NÒ��£� �C���G��� �.�����?�7ÔObjacV�bj^`^ubjd S VAqi^`f1^ S V-±gen\lo_�lekpc^`end-au�l±kVGpG· R�S VAp`V
¶tV�eko S ^up
a`VAyracVGpcVG\_^�^ S VºekWiy$fBac^cbj\?d.V¢f�°�VAbjd S ac�r±gV¢¶�ek^ S acVGpuy$VGd.^1^cf;^ S VCfj^ S VGaup�· R�S VG¯µy$VGauW�eg^'b
ÅÉ\lVGa�^c�r\rek\lo�f�°-^ S V»qrVGpcekacVGq �$V S bN³_ekfB�?a
f�°-¨9© · � fK¶tV�³jVAa1^ S V�ena'VAW�yrekacekdGb�±�qlV�^cVGauW�ek\rbj^`ekfB\ WibN¯
y?a`fK³BV
^`VAqlegf_�rp�VGpuy?VAd.enb�±k±g¯�¶ S VA\;^ S V�\��rW��?VAa�fj°O±gen\loB�rekpc^`end�au�l±kVGp�ek\?d�acVGbjpcVGpG·�Ù$fBa�^ S enp�a`VAbjpcfB\Um$¶9V
qrVGd.enqlVAq¢^`f�bj�l^cfBWib�^cV�^ S V�ena9qlVG^`VAacW�en\rb�^cegf_\¢^ S acfB�ro S ^ S V��?p`V�f�°"pu�ry?VAa`³�enp`VAq¢±kVGbjau\len\lo � (���·�Z]\C^ S ekp
^¤¯ly$V'fj°�±kVGbBac\rek\lo$mÉpubjWiyl±kVGp�f�°O^ S V
°²f_acW §�en\ryr�l^GmËqlVGpcena`VAq�fB�l^uyr�l^�«-bjacV'yracVGpcVG\_^`VAq�^`fº^ S V�±gVAbjau\lek\ro
y?a`fld.VApcpª¶ S fBpcV�yr�?acy$fBpcV�enpª^ S VG\�^`f�qlV�^cVGauW�en\lV�^ S V�³Nbj±k�rV�f�°¼^ S V�¶9VGego S ^upO^ S b�^�W�ek\lenW�eg¿GVjm_°²fBa9VGbBd S
pubjWiyl±kVjml^ S V1VGauacfBa��?VG^¤¶9VGVG\º^ S V
qrVGpcekacVGqºfB�l^uyr�l^-bB\rq»^ S V1f_�l^cyr�r^-bjd.^u�rb�±k±k¯�d.f_W�y?�l^`VAq»�_¯C¨9© ·
&�p�¶9V�¶�eg±k±ËpcV�V�ek\º^ S V�\rV.½l^�^¤¶9fip`VAd.^cegf_\rp�m�ek^�ekp�y$fBpup`en�l±kV�^cf¢d�bjpc^t^ S V1yracfB�l±kVGW fj°¼±kVGbBac\len\lo�^ S V

¶tV�eko S ^up�ek\_^cfC^ S V'°�acbBW�V�¶tfBau®¢f�°Q±kek\lVAbja�yra`fBoBaubjWiW�ek\roibB\rq�^ S VGacV.°²fBacV
^cf��rpcV'bCd.±nbjpupcekdGb�±3x_enWiyl±kV.½
bj±goBfBaceg^ S W ^`fCpcfj±k³jV�^ S V
yra`f_�l±kVGW bj^ S bj\rqºV.ØCd�egVA\B^c±g¯ � > �5·

6 � # � � � � � Ý �l� / � á � �K� � � � ���

& ±ken\lVGbBa�yra`fBoBaubjW�enp-bj\ºfByl^cekW�ek¿Gbj^`ekfB\»yra`f_�l±kVGW en\»¶ S ekd S Ì
�j· R�S V;�r\r®�\lfK¶-\ ³Kbjacenbj�l±kVGpifj°�^ S V;yracfB�l±kVGW S bN³jV�^`f pub�^cekp`°²¯%b´pcV�^¢fj°�±kek\rVGbjaCVG¹��rb�^cegf_\rpifBa
ek\rVG¹��rb�^cegf_\rp�§�^ S Vº���K�?ÔÃ�7¥cÏ��£�?�7Ôc«�·

}l· R�S V'³Kbj±k�lV�f�°ªb�±gen\lVGbBa�°��r\?d.^`ekfB\%§�^ S V»� 0M�������7� �K�-Ñ��l�­�.�5���K�l« S bBp�^cf��?V�fByr^`enW�ek¿�VAqUm­e7· Vj·­W�ek\reÆh
W�eg¿GVGq»fBa�WibK½lenW�eg¿GVGqU·

R ¯lylend�b�±k±k¯jmrb�±gen\lVAbja�yracfjo_acbBW{enp�°²f_acW��l±kbj^`VAqºbBp�Ì
� � #��
	
W�ek\"§�	3§'#U«`«

¶ S VGacV�� ekpOb ����
ºWibj^caceÆ½Um�	tb �ºh5³BVGd�^`fBaGm #�bB\�
­hM³jVAd.^cfBa�bj\rq 	ºbj\�fB�lw]VGd.^ceg³BV�°��r\rd�^`ekfB\ � } (��M·�#�ekp
^ S V1³jVAd.^cfBa�f�°Q�r\r®�\lfK¶-\º³KbjacekbB�l±kVGp�bj\?qº^ S V1ojf_b�±Uenp�^`fiÅ$\?q #;p`fi^ S b�^-ek^-pcbj^`enp]Å$VGp�^ S V
d.fB\?p`^uacbjek\_^cp
¶ S eg±kV�fByl^cekW�ek¿�en\lo�^ S V�fB��w]VAd.^ceg³BV�°��r\?d.^`ekfB\Ë· )�\rd.V1b�yra`f_�l±kVGW enpt°²fBauW'�l±nb�^cVGq�bBp�b'±kek\rVGbja�yracfjo_acbBW»m
ek^�enp�y?f_pcpcek�r±gV1^cfi�?p`V�^ S V�x_ekWiyl±kV.½�b�±kojf_a`ek^ S W ^`f¢p`fB±g³BV�eg^�V�Ø¢d�egVA\_^`±k¯ � > �5·

6 � # � � �! Ý � Ý �l� � � ��� / � á ��# Ý �
�¼V�^ �

�
�?V�b
pubjWiyl±kVjm �

�
� §��

�
(��

�
«�¶ S VAa`V��

�
enp9^ S V�ek\ry?�l^9qrbj^cb1fj°Ë¨ª© bB\rq��

�
^ S V�qlVAp`ena`VAqifB�l^uyr�l^

q?b�^cb?· �"V�^����$V¢^ S VCpcV�^�f�°�¶tV�eko S ^cp1bj^`^cbBd S VGq�^`f�^ S V¢±gen\lo_�lekpc^`end¢au�l±gVAp�f�°�¨ª© · �¼V�^1¨9©´§��
�
(��Í«

qrVG\lfB^`V�^ S V1f_�l^cy?�l^-qrb�^ubibjd.^u�rb�±k±k¯Cd.fBWiyr�r^`VGq��_¯C¨9© ¬leg^-qrVGy$VG\rqrp-fB\º^ S V1en\ryr�l^-q?b�^cb��
�
bB\rq»^ S V

¶tV�eko S ^up���·QÙ$fBa�b�ojek³jVA\ºpubjWiyl±kV �
�
��§��

�
(��

�
«Ãmreg^�enp�^ S VG\�y$fBpup`en�l±kV�^cfi¶-a`ek^`VBÌ

¨9© §��
�
(��Í«����

�
� �

�
§7X_«

¶ S VGacV��
�
a`VAyra`VAp`VA\_^cpQ^ S V�VAacacfBaO�$V�^¤¶tV�VA\¢^ S V�bjd�^c�rbj±$bB\rqi^ S V�qlVGpcena`VAq¢fB�l^uyr�l^tqrb�^ubr·1@�fj^cV�^ S b�^�§7X_«

enp�±kek\rVGbja-¶�eg^ S a`VApcy$VGd�^�^`f!�
�
bj\rq»^ S V
¶9VGego S ^cp�fj°"��§7pcV�V1¨t¹É·Ë§5}_«9ek\ 
 > · > «�¬?eg^�WibN¯»�?V
³�ekV�¶tVGq�bjp

b�±kek\rVGbja�y?a`fBoBaubjWiW�ek\lo�d.f_\rp`^uacbjek\_^G·
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� ek³jVA\ 
 pubjWiyl±kVGpGm � � � (�� � (
���
�
( � 2 �=ekp�^ S Vµp`VG^Cf�°1VAacacfBaup¢�?VG^¤¶9VGVG\ ^ S V�bBd.^c�?b�±�bB\rq qlVGpcena`VAqf_�l^cy?�l^tq?b�^cb?¬leg^tenp9^ S V1p`VG^9fj°"³Kb�±n�lVGpt^ S b�^�bjacV�^cf��$V�W�en\lenW�eg¿GVGq»�B¯CbB\�bByryracfByracekbj^`V�d S fjend.V�f�° ��·
Z]\»f_acqlVAat^`f¢qlfCpcf?ml^ S V�°²fj±k±gfK¶�en\lo�fB��w]VAd.^`ek³jV�°��r\?d.^`ekfB\»enp-qlV�Å$\lVGqËÌ

2� �
� �
§ � �
�
� ��
1WibK½­§ � �

�
� «c« § > «

R�S enp�fB�lw]VGd.^ceg³BVt°��r\rd.^cegf_\Umj^ S b�^�enp�^`f1�$V-W�en\lenW�eg¿GVGqUmBekp�^ S V-d.f_W'�len\rb�^cegf_\
fj°$^¤¶tf�\lf_acWip�¶-aceg^c^`VA\
en\¢±kek\rVGbjaO°²fBauW»mBVAbjd S f�°Ë¶ S end SCS bBpªbB\iek\_^`VAa`VAp`^cek\ro'yracfBy$VGac^¤¯ÉÌ¼^ S V�±gV�°²^]h S bj\?qCp`enqlV�f�°Ë^ S V�pu�rW{bjekWip
bj^
W�ek\lenW�eg¿Gek\ro�VGbjd S VGauacfBa�ek\?qleg³�enqr�rbj±g±k¯=¶ S ek±kV¢^ S V�aceko S ^]h S bj\?q=pcekqlV¢VA\rpu�ra`VAp1b�W�ek\lenW�eg¿Ab�^cegf_\�fj°
^ S V1¶tfBaup`^tVGaua`f_a � ���M·
G�¯ d S f�fBpcek\lo ^ S V%VAacacfBaup ���%bj\rq ^ S V ¶tV�eko S ^cp;f�°�� bjp;�r\?®_\rfK¶-\ ³NbBa`enbj�r±gVAp�mi§7X�«�bjp=^ S V

d�fB\rpc^caub�en\_^cpGmªbj\?q § > «�bjp�^ S V�fB��w]VAd.^`ek³jVº°��r\rd�^`ekfB\Umtek^�enp¢y$fBpup`en�l±kV»^cf´d�bjpc^�^ S V;yracfB�r±gVAW f�°�±kVGbBa]h
\rek\lo�^ S V�¶9VGego S ^cp�en\_^`f�^ S V
°�aubjW�VG¶9f_ac®�f�°Q±gen\lVAbja�y?a`fBoBaubjWiW�ek\lo�§5\lfj^cV'^ S b�^�ek\�^ S enp-°²f_acW��l±kbj^`ekfB\Um
^ S V-f_��w]VGd�^`ek³jVt°��r\rd�^`ekfB\Cpcfj±kV�±k¯'qlVAy?VA\rqrpOf_\�^ S V-VAacacfBaupÃ«�·Q&�d�d�fBauqlek\roj±k¯
^ S V�x_ekWiyl±kV.½¢b�±kojf_a`ek^ S WÍd�bB\
�$V1�rpcVGqC^cf�pcfj±k³jV�^ S V1yracfB�r±gVAW b�^ S bj\rqËmrW�VAbj\len\lo�^ S bj^�mlojek³jVA\�b�p`VG^9fj°¼pubjWiyl±kVGp �

�
m�ek^tenp�y?f_pcpcen�l±gV

^cf;� � �.�����?� � Ð1bj\?qµÏ��l�M�� iÏ��7����Ï��	�ÆÐ
d.fBWiyr�r^`V�^ S V1¶tV�eko S ^up�f�°�^ S V1±kek\roB�lenp`^cekd�au�l±kVGp�f�°�¨ª©%·
6 � # � + � Ý �l� � � ��� �CÝ ����#²�A�
R VGpc^`en\lo¡^ S V;pc�ry$VGac³�ekpcVGqÄ±kVGbjau\len\lo¡b�±kojfBacek^ S W acVG¹��lena`VApibµq?b�^cb¡�rbBp`V�fj°�±kVGbjau\len\lo´pcbBWiyl±gVAp �

�
�

§��
�
(��

�
«�m¼e7· Vj·Ëd�fB�ryl±kVGp�fj°�§7ek\ry?�l^�m�qlVGpcena`VAq=f_�l^cyr�r^�«�· C VCqlVAd.enqlVGqµ^`f�au�r\�¨ª©�§�¶�ek^ S VGWiylenacekdGb�±k±g¯

qrV�^`VAacW�en\lVGqµ¶tV�eko S ^cpÃ«�fB\�^ S VCqreÆÈ­VGacVG\_^
pud.VG\?bjacegf_p�qrV�³jVG±gf_y?VAq=f_\µfB�ra1dGbja`h5±kek®jV�³BV S end.±kV¢p`enW'�r±kbj^`fBa
en\»fBauqlVGa�^cf¢ojVA\lVGaub�^cV�^ S V
acVG¹��lena`VAqºqrbj^cb¢�rbBp`VB· R�S VA\º^ S V
¶tV�eko S ^cp�fj°3^ S V1±kek\lo_�lenp`^cekd
au�l±kVGp�fj°3¨9©
¶tVGacV�a`VAp`VG^9^cf�f_\lV1bj\rq�^ S V1pubjWiyl±kVGpt¶9VAa`V�°²VGqº^`fi^ S V�±gVAbjau\lek\ro�bj±goBfBaceg^ S W»¬_ek^�¶tbBpO°²f_�r\rq»^ S b�^�^ S V
±kVGbBac\rVGq�¶9VGego S ^up�¶9VAa`V¢d.±kfBpcVi^`f�^ S V¢VGWiylena`end�bj±OfB\lVApi§�¶ S end S ekp1en\¡p`f_W�V�¶�bN¯;acVGbjpupu�ra`en\lol«�· @�V�½�^
¶tV¢ac�?\=¨9© ¶�ek^ S qlegÈÉVAa`VA\_^1¶9VGego S ^up�§7�r\lek^�m3VGWiylenacekdGb�±Qbj\rqµ±kVGbBac\lVAq$«�fB\µp`VG³jVAacbj±3pud.VA\rbjacegf_p�p`f�bjp
^cf¢qlVGW�fB\?p`^uacbj^`V�^ S V�enW�y$fBac^cbB\rd.V�fj°¼^ S V1¶9VGego S ^uptek\º^ S V1oB±gf_�rb�±U�$V S bN³�ekfB�ra9f�°3^ S V1³BV S end.±kVj· R�S VAp`V
V�½ry?VAa`enW�VG\_^cp�p S fK¶tVGq»ÅÉacpc^-^ S b�^�m­VG³jVG\�¶�ek^ S �r\lek^�¶tV�eko S ^cpGm$^ S V'³BV S end.±kV'�$V S bN³BVGp�pcbj^`enp]°�bBd.^`f_a`ek±k¯�en\
^ S V�pcVG\?p`V�^ S b�^9eg^9ekp9bj�l±kV-^`f�bN³jfBekqid.fB±g±kenp`ekfB\rpO¶ S eg±kV�°²fB±g±kfK¶�ek\ro
eg^upª\lf_W�ek\rbj±?^uacb�w]VGd.^cfBac¯�§5p`VGV�Ù�ego��GXrm
^cfBy$«Ã·�x_VAd.fB\?q�^ S VG¯�p S fK¶tVGq»^ S b�^�VAWiylekacend�b�±¼fBa�±kVGbBac\rVGq�¶tV�eko S ^cp�qlfCenW�y?a`fK³BV1¨ª©)�_¯»puW�f�fj^ S ek\lo
^ S V1oj±kfB�?b�±U�?V S bN³�egf_�ra�f�°3^ S V1³BV S end.±kVi§7pcV�V1Ù�eko»�AXrmrW�enqrql±kV
bj\rq��$fj^`^cfBWC«�·
Ù�en\rb�±k±g¯¢^ S V1d.f_\B³BVGacojVA\rd.V-fj°"^ S V�±kVGbBac\len\lo�yra`fld�VGpupª¶�bjptp`^u�rqlekVGqU·9x�V�^cp��

�
fj°"ek\?d�acVGbjpcen\lo�pceg¿GV�fj°

±kVGbBac\rek\loCpubjWiyl±kVGp�acbB\rqlfBW�±k¯ºpcV�±kVGd�^`VGq»°�acfBW ^ S V�qrbj^cb¢�rbBp`V
¶tVGacV�°²VGq;^`fC^ S V
±kVGbjau\len\loCb�±kojf_a`ek^ S Wº·
R�S V�°²fB±g±kfK¶�en\lo¢d�aceg^cVGacegf_\�¶�bjp�d S f_p`VA\�^cfip S fK¶Ú^ S V
pc^cbB�leg±kek¿Gb�^cegf_\�fj°¼^ S V1±gVAbjau\lVGqº¶tV�eko S ^cpGÌ

�
�
� �

�
� �� � �

�
� � §5�B«

¶ S VGacV �
�
� ekp�^ S V	��

�»±kVGbBac\rVGq;¶tV�eko S ^�°²fBa�^ S V¢p`VG^��

�
fj°9±kVGbBac\len\lo�pcbBWiyl±gVAp�·�Ù�ego$·Q� > qlVGylend.^up�fB\lV

V�½rbjWiyl±kV9fj°$^ S V�V�³jfB±k�r^`ekfB\
fj°$^ S ekpQdGa`ek^`VAa`ekfB\
°²fBa�pcV�^cp��
�
f�°Épcek¿�V��G~j~�^`f
}j~j~j~?·3x_VG³jVGaub�±_V.½ry$VGacekW�VA\B^ub�±

au�r\rp�p S fK¶tVGqºb¢d.fB\_³BVGacojVG\?d.V�fj°¼^ S V1±gVAbjau\lVGqº¶tV�eko S ^cp�b�°²^`VGa�bB�?f_�l^1�j�A~j~�pcbBW�yr±gVAp�·
R�S V�f_�l^cd�fBW�V�fj°¼^ S VGpcV�V.½ry?VAa`enW�VG\_^cptenp�b�y?a`enWibjac¯¢³Nbj±genqrbj^`ekfB\Cfj°¼^ S V�±gVAbjau\lek\ro�yracfld.VApcpG· R�S V�¯

p S fK¶J^ S b�^�^ S V�¶9VGego S en\lo¢d.f�V.ØCd.ekVG\_^up�f�°¼¨9© À p�ac�l±kVGp�dGbj\»�?V
qlVG^`VAacW�en\lVGq»bj�l^cfBWib�^cekdGb�±k±g¯�^ S acfB�lo S
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Ù�ekoB�racV'�AXrÌ3¨ª© À pt�?V S bN³�egf_�raªqr�?a`en\lo�bB\¢fK³jVAa`^ubj®_en\lo
Wibj\�5
�l³lacVjÌ3¶�eg^ S �r\reg^t¶9VGego S ^cp-§7^`f_y$«�mlVAW�yreÆh
acend�b�±­¶tV�eko S ^cp�§5W�ekqrqr±gVK«�bj\rqº±kVGbjau\lVAq�¶tV�eko S ^cp�§5�?fB^`^cfBWC«�·

pu�ry$VGac³�ekpcVGq¢±kVGbBac\rek\lo$· � fK¶9VG³jVAaªW�fBacV�V�½ly$VGacenW�VA\_^cptbjacV�\lVAd.VGpupubjac¯j·"Z]\ºyrbjac^`end��r±kbBa9bBd.^c�?b�±É±gVAbjau\lek\ro
pubjWiyl±kVGp�fB�l^ub�en\lVGq;^ S bB\r®�p�^cfºbCacVGbj±"³jV S end.±kV'VG¹��lenyry$VGq=¶�eg^ S p`VA\rpcfBaup�p S fB�l±nq;�$V��rpcVGq;^`fC°��?a`^ S VGa
^cVGpc^�^ S V1±kVGbBac\rek\loiyracfld.VGpupG·

� ��� �����Q��� �����3�
���Û� �������1�

� yJ�r\_^`ek±�\lfK¶1m�¨ª© S bBp��$V�VA\ qlV�³BV�±kfBy$VGqJbB\rq ^`VAp`^cVGq f_\ b d�bBa]hM±gen®�V�³BV S end.±kV=pcekW��l±nb�^`f_a�· R�S V
\rV.½l^1p`^cVGy;¶�bjp�^cf»�rpcV¢bºacVGbj±�³jV S ekd�±gVB· C V S bN³BV�pc^cbBa`^cVGq�^`f»¶9f_ac®»¶�ek^ S bj\�V�±kVGd.^ua`end�d�bja�^ S b�^�¶9V
bBa`VºqlV�³BV�±kfBylen\lo=¶�ek^ S ek\%^ S Vº°�acbBW�V�¶tfBau®=fj° v aubK½lek^ TVG±gVBm3b=Ù$acVG\rd S a`VAp`VAbjaud S y?a`fBoBaubjWiW�VCfB\ acfBbBq
^uacbB\rpuy?f_a`^G· R�S Vº\lV�½l^
°²fB�?a'pcVGd.^cegf_\rp
¶�ek±k±tacVGpuy?VAd.^ceg³BV�±k¯µyracVGpcVG\_^
^ S V v acb�½leg^ TV�±kV¢yra`fBoBaubjWiW�Vjm3^ S V
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c

200

150

100

50

100 500 1000 1500 Number of
samples

Ù�ego_�ra`Vi� > ÌQd.f_\B³BVGacojVA\rd.V�f�°¼^ S V1±kVGbjau\lVAq�¶tV�eko S ^cpG·

V�½ry?VAa`enW�VG\_^cbj±"³jV S end.±kV'�rpcVGqUm­^ S V'V.½ry$VGacekW�VA\B^up�dGbjaua`ekVGq�f_�l^�pcfC°�bja�bj\rq�^ S V�°��l^c�racV�qrV�³jVG±gf_yrW�VG\_^cp
yr±kbB\r\lVGqË·

�
	�� 
�(/��� ! ����)������#���� !.� ��! ���	� �
v acb�½leg^ TV�±kV�ekptb
ÙÉa`VA\rd S acVGpcVGbBacd S yracfjo_acbBW�W�V�^ S b�^tek\_³BVGpc^`ekoBb�^cVGpª^ S V�d.fB\?d.VGyr^ªf�° v �r�l±kend-Z]\rqlek³�ekq?�rb�±
R aubj\rpuy?f_a`^G·9Z¤^�ekp�bC\lfK³BV�±Ë^uacbB\rpcy$fBac^cbj^`ekfB\�pc¯�pc^`VAW �?bjpcVGq��ry$fB\;b�×?VGV�^�f�°OpcWibj±g±3yr�r�l±kekd�d�bBacp�^ S b�^
bBa`Vtpc�?y?VAa`³�enp`VAq
�_¯
b�d�VG\_^caub�±�d.f_W�y?�l^`VAa4� }j}lmK}lmj}l���M·¼Z¤^up�b�enW ekp3^`f�qlVG³jV�±kfBy'b�d.f_Wiyl±gVAW�VG\_^�^`f�y?�r�l±kekd
^uacbB\rpuy?f_a`^�¶ S end S ¶9f_�l±nqµ�$V�b��$V�^c^`VGa�b�±k^`VAac\rbj^`ek³jVi^`f�^ S V��rpcV¢f�°-yracek³Nbj^`VCbB�l^`f_W�f_�lek±gVAp1ek\¡�rau�rbB\
bBa`VAbjpQen\¢^cVGauW�pªf�°"d�fB\loBVGpc^`ekfB\Um_y?fB±g±n�l^`ekfB\�bj\rq¢VAbjpcV-f�°"�?p`VB·Qx��?d S b'yr�?�l±gend-^uacbB\rpuy?f_a`^ub�^`ekfB\ipc¯lp`^cVGW
dGbj\»�?V�bj\»V.½l^`VA\rpcegf_\�fj°�b¢yr�?�l±gend1\lVG^¤¶9f_ac®¢¶ S VGacV1^ S V
qlVAWibj\rq�qlf�VGp�\lfj^�w`�rpc^`eg°²¯»^ S V1en\_³jVGpc^cW�VA\B^
bB\rqi^ S V�fBy$VGaub�^cegf_\�f�°Ë±nbjacojV-d�bByrbjd�eg^¤¯�p`¯lpc^`VAW�pG·�Z¤^ªd�bB\¢b�±np`f��?Vªw`�rp`^ceÆÅ$VGqi°²f_aO±kf�dGb�±$^cacekyrpªek\�pcy$VGd�eÆÅ$d
\rV�eko S �?f_a S f_flqrpGmlfBa�bjp�bj\�bj±g^cVGau\rb�^ceg³BV1^`f¢^ S V'qlV�³BV�±kfByrW�VA\B^�fj°9ÁÂyrbBac®ºbj\rq�acekqlVBÀ?pc¯�pc^`VAWip�· C eg^ S ek\
pu�rd S b ^caubj\rpuy?f_a`^ºp`¯lpc^`VGW»m-^ S V¡d�bjaup�bBa`V�qra`ek³jVA\ �_¯ ^ S V�ena»�rp`VAacpº�r�l^»^ S VGekaºfBy$VGaub�^cegf_\ ¶�eg±k±1�?V
bB�l^`f_Wib�^`VAq%en\ d.VGac^cbjek\ d.enaud��rWipc^cbj\?d.VGpGmªVB· o$·Q^`f´W�fK³jV»VGWiyl^¤¯%dGbjaup�¶ S VGacV�^ S VG¯ÄbjacV�\lV�VAqlVGqUmtfBa
¶�ek^ S ek\Äpcy$VGd�eÆÅ$d�VG\_³�ekacfB\?W�VA\_^cpGm3VB· o$·3y?bjau®Ben\lojhMWib�en\_^`VA\rbj\rd�VCp`^ub�^cegf_\rp�mOpuy$VGd.enb�±t^caubjdÃ®�pGm�V�^cdj· R�S ekp
y?a`fBoBaubjWiW�Vjm�^ S bj^ºenp S ego S ±k¯ W��l±k^`enqlekpud.enyl±kek\?bjac¯jm-enp�b y?VAa]°²VAd.^»fByry$fBac^c�?\leg^¤¯ °²f_aº�rpº^`fÄ^`VAp`^»fB�ra
W�fB^`ekfB\»d.fB\_^ua`fB±­bBacd S eg^cVGd.^u�racV�en\�a`VAb�±Upceg^u�rb�^cegf_\rp�·

�
	 � 
�(/� �
����� !")�� � ��� � #
� ��(*) ' #��
R�S V¢V.½ry?VAa`enW�VG\_^cbj±Q³Kb�±kekqrbj^`ekfB\�f�°�fB�ra1d�fB\_^cacfj±ObBacd S eg^cVGd.^u�racVjmË¨9© en\rd.±n�rqlVAqUm3ekp
dGbjaua`ekVGq=fB�l^1f_\�b
y?a`fB^`fj^¤¯ly$V'�rbBp`VAq��ry?f_\;b�d�fBWiW�VGaud.enb�±ËVG±gVAd.^ua`end'dGbjaGm$\rbBW�VG±g¯�b �"ekojekVGa )�yl^cekWib=§�Ù�ego$·¼�N�B«Ã·-Z¤^�enp�b
}r· ��W ±kfB\lo;bB\rq �j· > W ¶�ekqrVC³jV S ekd�±gV�^ S bj^'¶tV�eko S p
bBa`f_�r\rq (B�j~�®_o?·�Z¤^�dGbj\´bjdGd.f_W�W�flqrbj^`V¢^¤¶tf
y$V�f_yl±kVj· �¼ek®jV�b�acV�oB�r±kbBa�d�bBa�mUek^ S bjp�^¤¶tf»acVGbBa�¶ S V�V�±np�bj\rq=^¤¶9f�qlena`VAd.^cegf_\rb�±3°�acfB\_^�¶ S V�V�±np�¶�eg^ S b
Wib�½�enW'�?W{pc^`VGVGacek\lo�bj\loB±gV-fj°¼}�X1qlVGo?·�Z¤^ªenpOVA¹��leky?y?VAqC¶�ek^ S b¢�N}1®_¶ bjpc¯�\?d S a`f_\lfB�?pQV�±kVGd�^cacekd-W�fB^`fBa
y$fK¶tVGacVGq;�_¯;±kVGbBq=�rbj^`^`VAa`ekVGp�^ S b�^1dGbj\=q?a`ek³jV�^ S V¢dGbja��ry�^`f=�K~»®�W�� S ¶�ek^ S bj\µbN³jVAacbjojV'aubj\rojV'fj°
KB~�®�W»·
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Ù�ego_�racV��N�lÌ�^ S V �"ekojekVGa�yracfj^cfj^¤¯ly?VB·

             

	��



�����

����

���

����

����

���

��

���

����

Ù�ego_�racV���(rÌ�^ S V
�l±g^uacbBp`f_\lend�pcVG\rpcfBaupt±kbN¯BfB�l^G·

R�S V�d.fB\_^ua`fB±rp`¯lpc^`VGW*f�°U^ S V-³jV S ekd�±gV�en\rd�±k�rqrVGpOb1©=fj^`f_a`fB±kb N�©=¨%�r�rpQ¶�ek^ S b�©3N�©;¨J��(B}I$ v �
�$fBbBacq»§ (.Kj~ > ~�yracfld.VGpupcfBaÃ«�· R�S enpª�$fBbBacqiqracek³jVGpO^ S acV�V�pcVGac³jfjhMW�fB^`fBaup�bj\rqib1^ S acV�V.h¤y S bBp`V-d�fB\_^cacfj±k±kVGaG·
)�\rV�pcVGac³jf�h¤W�fj^cfBaQd.f_\_^cacfj±npO^ S V�pc^`VGVGacek\lo�¶ S V�VG±7m�^ S V�fB^ S VAaª^¤¶tf�bBa`V�ek\ºd S bjacojV-fj°Ë^ S V��raubj®jVGpG· R�S V
^ S acV�V.h¤y S bBp`V�d.f_\B^ua`fB±g±kVGa�qraceg³BVGp�^ S ViVG±gVAd.^cacend�W�fj^cfBaG·�&�p�°�bBa�bBp�yra`f_yracegfld.VAyl^`ekfB\;ekp1d�fB\rd�VGau\lVGqUmUbB\
f_yl^`end�bj±$VA\rd.flqlVAaªW�VGbBpc�?a`VApª^ S V�pc^`VGVGacek\lo�bj\loB±gV�¶ S eg±kV�^¤¶9f�fByl^cekdGb�±ÉVG\rd�f�qrVGaupªW�fB�r\_^cVGqCf_\¢^ S V�acVGbja
¶ S V�V�±np�yracfK³�ekqlV�^ S V1±gf_\lojek^c�?qlek\?b�±U³jVG±gfld�eg^¤¯¢fj°3^ S V
d�bBa�bj\rq»biy?f_p`ek^`ekfB\»VGpc^`enWib�^cegf_\=§7f�qrfBW�V�^ua`¯?«�·
R�S Vi±kegoBegVAa�ekp�VA¹��leky?y?VAq=¶�ek^ S b�acbB\lojV�W�VGbjpu�racVGW�VG\_^�p`¯lpc^`VAWÛf�°9°²fB�rac^`VGVG\ v fj±nbjacfjenq;�j~B~j~��r±Æh

^uacbBp`f_\lend
p`VA\rpcfBaup�¶ S fBpcV'±nbN¯jf_�l^-enp�qrVGylend.^cVGq;en\;Ù�eko?·3�:(?· R�S VAp`V�p`VA\rp`f_acp�d�bB\;qlV�^cVGd�^�f_�rp`^ubjd�±gVAp-en\
b»aubj\loBV'f�°��G~ºWº·�¶�ek^ S b=�id�W»·�acVGpcfj±n�l^cegf_\U· R�S VG¯;bjacV�qracek³jVG\�bj\rq�p`¯l\rd S a`f_\leg¿GVGq=^ S bB\r®�p�^cf»b

6871P96;:



Ö��Ë������Ð������7�����ÄÓO���?�5¥c���	�g��¥ªÑ.��¥�Ï�ÓOÏK¥�

�O���j���$��Ò������g� }B�

-10

-5

0

5

10

0 5 10 15 20 25 30 35

y 
[m

]

x [m]

Nominal Trajectory

Ù�ekoB�racVi�N��ÌQb�^caubKw]VAd.^cfBac¯i°²fj±k±gfK¶�en\lo�V.½ry?VAa`enW�VG\_^�·

dG�rpc^`fBW�h¤WibjqlV'�$fBbBacq�en\rd�±k�rqrek\lo�bC\lVG^¤¶9f_ac®ºf�°Q°²f_�ra�^caubj\rpuyr�l^cVGaup�ql¯l\rbBW�end�bj±g±k¯»±gen\r®�VAq;�_¯�bD$t~j~ >
en\_^`VGoBaub�^`VAq�yracfjo_acbBWiW�bB�l±kV�d�ekaud��lek^�·
&�p"°�bBa¼bBp¼pcf�°²^¤¶�bjacVOenp¼d�fB\rd�VGau\lVGqËmA^ S V ) z $ $ &*B ���tp`fj°²^¤¶tbBa`V<� }B��� S bBp¼�$V�VA\'�rpcVGq'^`f�ekWiyl±kVGW�VG\_^

^ S V
qlegÈÉVAa`VA\_^�d�fBWiy$fB\lVA\B^up�f�°3fB�ra�d�fB\_^cacfj±UbBacd S ek^`VAd.^u�ra`VB·

�
	�� 
 ! ��� ��',�+��!.� �/��# #��
	 )1��� � ) �.( ��� � � � ' #1� $ ����) � � �*' �

G�VAd�bj�?p`V�^`VAp`^cek\ro��?V S bN³�egf_�raup�pc�rd S bBp�^ S ViÁÂbN³jfBekqº^`f�^ S V
±kV.°²^GÀ?f_a�Á oBeg³BV1¶tbN¯C^cfC^ S V
a`eko S ^�À$y?fB±gend.ekVGp
acVG¹��lenacVGp
bj^
±gVAbjpc^
^¤¶tf�³jV S ekd�±gVAp�m3fB�ra'V.½ry$VGacekW�VG\_^up S bN³BVi°²f�dG�rpcVGq´yracekWibBa`ek±g¯�fB\¡^cVGpc^`en\lo;^ S V�^caubKh
w]VAd.^cfBac¯=°²fB±g±kfK¶�ek\ro=bj\rq fB�rpc^cbBd.±kV�bN³jfBekqrbB\rd.VC�$V S bN³_ekfB�?acpG· R�S Vº±genW�eg^cVGq%aubj\rojVCfj°-^ S V»�l±g^uacbBp`f_\lend
pcVG\?p`f_acp¼°��rac^ S VAaOacVGpc^cacekd�^`VGq��rpQ^cf
p`±kfK¶Äpuy$V�VGq»§7f�°U^ S V�f_acqrVGa�f�°���W �KpÃ«�·�&�\¢bjd�^c�rbj±ryrbjau®_ek\ro�±kfj^Q¶�bjp
d S fBpcVG\;^cf�d�bjauac¯�fB�l^�^ S V¢V.½ry?VAa`enW�VG\_^cpG· & > ~�W»·�±kfB\ro�\rfBW�ek\?b�±OyrbBac®_en\loº^uacb�w]VGd�^`fBac¯�¶tbBp1d.f_W'h
y?�l^`VAq=bj\?q�°²VGq=^`f�¨9© ·'&�^-Å$aupc^�^ S V'^uacb�w]VGd.^cfBac¯�°²fB±g±kfK¶�en\loº�$V S bN³�ekfB�ra�¶tbBp-^cVGpc^`VGq�b�±kfB\lVB·�Ù�eko=�K�
p S fK¶-p�bi�lenacq»³�egVG¶ fj°3^ S V1^caubjd�V�fj°¼^ S V1V.½ry$VGacekW�VG\_^G·
R�S VA\=�r\rV.½ry?VAd.^cVGq;f_�rpc^cbjd�±gVAp�¶tVGacV'en\_^cacflqr�rd.VAq�en\;fBauqlVAa-^`f»^`VAp`^�^ S V�f_�rp`^ubjd�±gV'bN³Bfjenqrbj\?d.V'�$V.h

S bN³_ekfB�?a�ek\=³Kbjacegf_�rp�pceg^u�rb�^cegf_\rpG· R�S V�fB�l^ud.fBW�V�f�°ªbj\;V.½ry?VAa`enW�VG\_^�¶�ek^ S bj\;�?\lV.½ry$VGd.^cVGq=fB�rpc^cbBd.±kV
aceko S ^�f_\=^ S V¢yrb�^ S fj°9^ S V¢³jV S ekd�±gV�enp1qlVGylend.^cVGqµen\=Ù�ekoµ��Kr· R�S V¢�?fB^`^`f_W yrbBa`^�Ù�ego¡��Kºp S fK¶-p�^ S V
bBd.^u�rb�±Ë³BV�±kfld.ek^¤¯C°²fj±k±kfK¶9VAq»�_¯º^ S V�³jV S ekd�±gVB· NObBa`ekfB�rp�pu\rbByrp S fj^cp-f�°Q^ S enp-V�½ry?VAa`enW�VG\_^�bjacV
yracVGpcVG\_^`VAq
en\»Ù�ego$·U�G�r·
"�� Z 1�ø � P #�+,#-( � # �P(5ù=#ÃôÂôÂø`ù � #Ãñ31�'�(7ø]ù=G : óÂþNø]þ	�¼ø!.7ó)& �_û
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Ù�ekoB�racV��:K?Ì�bB\¡fB�rpc^cbBd.±kVCbN³jfBekqrbB\rd.ViV�½ly$VGacenW�VA\_^CÌ�^uacbBd.VCfj°�^ S VºV.½ry?VAa`enW�VG\_^C§7^`fByÉ«�mQbj\rq´bBd.^u�rb�±
³BV�±kfld.ek^¤¯Cyra`fjÅ?±kV�°²fB±g±kfK¶tVGq»�B¯�^ S V1³BV S end.±kVi§7�$fj^`^cfBWC«�·
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Ù�ekoB�racVi�G�rÌQpu\rbjy?p S fB^cp�fj°¼^ S V1V.½ry?VAa`enW�VG\_^-qlVAylekd�^`VAqºen\»Ù�ego$·U�:Kr·
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Ù�ego_�racV1}j~rÌQbj\ºfBpud.ek±k±kbj^`fBac¯C�$V S bN³�ekfB�raG·

�
	 � � -��.-/!.� � � ����#���� � ��� �.�

&�pOW�VG\_^`ekfB\rVGq�VGbBa`±kegVAa�mK^ S V-±kekW�ek^`VAq�aubj\rojV�f�°­^ S V-�r±g^uacbBp`f_\lekd�pcVG\rpcfBaup�W�fB�r\_^`VAq�fB\�fB�ra�V�½ry?VAa`enW�VG\�h
^ub�±r³BV S end.±kV-acVGpc^cacekd�^`VGqi�rpO^`f'pc±gfK¶ pcy$V�VAq�§�fj°­^ S V-f_acqlVAa�f�°��-W �KpÃ«�· R�S V-\lV�½�^9p`^cVGy�ekpª^`f1^cVGpc^O¨ª©Ûb�^
S ego S VGaQpuy?VGVGqU·3Z]\�fBauqlVGa�^cf1qlf
p`f$mjpcVG\rpcfBaup3¶�eg^ S b1�$V�^c^`VAaOacbB\lojV�bjacV�a`VA¹��lekacVGqË· C V�bjacVtd�fB\rpcenqlVGacek\ro
^ S V��?p`V
fj°ObC±kek\lVAbja-dGbjW�VGaub¢d.f_�ryl±kVGq�¶�ek^ S bj\�en\�°�acbBa`VAq»×$bjp S ±kego S ^�· v acfK³�ekqrVGqº^ S bj^�^ S V'fB�?p`^ubjd.±kVGp
bBa`V�VG¹��lenyry$VGqº¶�eg^ S acV.×?VAd.^cfBaup�§7eg^�enp9^ S V1d�bBp`V�°²fBa9fj^ S VGa�d�bBacpÃ«�m�ek^�¶�eg±k±U�?V1y$fBpup`en�l±kV�^cfiqrV�^`VAd.^t^ S VAW
°�acfBW biqlenpc^cbj\?d.V�f�°��ry�^cf¢Xj~jW»· R�S �rpGm_ek^-p S fB�l±nqºVG\rbB�l±gV��rp�^cfidGbjaua`¯if_�l^�V.½ry?VAa`enW�VG\_^cp�bj^ S ego S VGa
puy$V�VGqµ§7f�°¼^ S V1fBauqlVAa�f�°3XiW �KpÃ«�·
z VGoBbBacqlen\lo�^ S VCV.½ry$VGacekW�VG\_^up'd�bBacacekVGq�fB�l^
pcf�°�bjaGm¼^ S VCfK³BVGaub�±k±O�?V S bN³�egf_�ra�f�°�¨ª© yracfK³jVAq�pubKh

^cekp`°�bjd�^`f_a`¯B· � fK¶tV�³BVGa�b�yracfB�l±kVGW�bByry?VAbjacVGq�en\=d�VGac^cb�en\�pceg^u�rb�^cegf_\rp�· R�S enp�yra`f_�l±kVGWÊekp�qlVAylekd�^`VAq;en\
Ù�eko?·$}j~�¶ S VGacV1fB�ra�³BV S end.±kV S bjp-^`fCbN³jfBekq»b�³jV S ekd�±gV1¶ S ekd S enp-qlena`VAd.^`±k¯�f_\�ek^cp�\lfBW�en\rb�±U^uacb�w]VGd�^`fBac¯j·
Z]\�^ S V-d.f_�racpcV�f�°­^ S V�fK³BVGac^cbB®Ben\lo�W�bB\�5
�l³lacVjmjb�d.f_Wiy?VG^`ek^`ekfB\¢bjacenp`VAp3�$V�^¤¶tV�VA\�^caubKw]VGd�^`f_a`¯�°²fB±g±kfK¶�ek\ro
bB\rq;f_�rpc^cbjd�±gV�bN³jfBekqrbB\rd.VB· R�S V�acVGpu�l±k^�fj°ª^ S enp�d.f_W�y$V�^ceg^cegf_\;enp�bj\;f_pcd�eg±k±nb�^`f_a`¯��$V S bN³�ekfB�raGÌ-b�^�fB\lV
^cekW�V�p`^cVGyUmK¨9©¾qlVG^`VGd�^cp�bj\
fB�rpc^cbBd.±kVOfB\'eg^up¼acego S ^¼bj\?q
qlVGd�ekqrVGp3^`f�p`^cV�VGa¼^`f�^ S Vt±kV.°²^3ek\'fBauqlVGa"^`f�bN³Bfjenq
ek^�·HG��l^�b�^�^ S V�\rV.½l^�^cekW�Vip`^cVGyUm­^ S V'f_�rp`^ubjd�±gV��?VAd.fBW�VAp�±kVGpup�qrbB\lojVAa`f_�rp�pcfC¨9© qlVGd�ekqrVGp�^`f�p`^cV�VGa
^cf¢^ S V�a`eko S ^�en\�fBauqlVGa�^cf�d�bj^cd S �ry»¶�eg^ S ^ S V'\lfBW�en\rb�±"^caubKw]VGd�^`f_a`¯�bB\rq�p`fi°²f_a`^ S ·-x_V�³BVGaub�±ËacVGbjpcfB\?p
bBd�d�fB�r\_^�°²f_a�^ S ekp�f_pcd�eg±k±kbj^`ekfB\�yracfB�r±gVAW §7±genW�eg^ub�^cegf_\;f�°O^ S Vip`VA\rp`f_a`¯�qrbj^cbrmUdGac�rqrV�d S bBacbBd.^`VAa`ek¿Gbj^`ekfB\
fj°O^ S V�°��l¿G¿�¯�p`VG^cp�bjpup`fld�ekbj^`VGq�¶�ek^ S ^ S Vipc^`V�VAa`en\lojhMbBd�d.VG±gVAacbj^`ekfB\»d.f_W�WibB\rqrpÃ«��r�l^�ek^�enp�W�f_p`^c±g¯�qr�lV
^cfi^ S V
acV.×?V�½º\rbj^c�racV�f�°�¨ª© ·
R f�qlVAb�±"¶�ek^ S ^ S enp�y?a`f_�l±gVAW»m$¶tV S bN³BV
qlVGd�ekqlVAq�^`fºek\_^cacflqr�rd�V'bj\�en\_^`VGauW�VGqlenb�^cV
±kV�³jVG±¼�$V�^¤¶tV�VA\

^ S V�^caubKw]VAd.^`f_a`¯¢yl±nbj\?\lVGa�bj\?q�¨9© Ì�^ S V �g�A��Ï��Ë�­Ï �A� �BÏ��M��¥a� }�~,�5· R�S V1yr�rauy$fBpcV�fj°¼^ S V�±kfld�bj±­\?bN³_ekoBbj^`f_a
enp�^`fºd�fBWiyr�l^cV�bºp`VG^�fj°ªp`fjhMdGb�±k±gVAqµÁ VApcdGbjy$V.hM±gen\lVAp�Àkm$e5· Vj·­^caubKw]VAd.^`f_a`ekVGp�fB�l^ub�en\lVGq=�B¯�bByryl±k¯_en\lo»p`enWiyl±gV
d�fBWiWibj\rq?p�§�^¤¯lylend�bj±g±k¯�d�fB\rpc^cbB\_^�«3^cf
^ S V�³jV S ekd�±gV�fK³jVGaQb1År½lVGqCy$VGacegflqifj°­^cekW�VB· R�S VGpcV-VGpud�bBy?V-±ken\lVGp
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bBa`V'^ S VA\=d S VAdÃ®�VGq»°²f_a�y$fBpupcek�l±kV�d�fj±k±genpcegf_\�¶�eg^ S ^ S V�f_�rpc^cbjd�±gVAp�qlVG^`VAd.^`VAq=�_¯�^ S V�³jV S end.±kVjÀ p�pcVG\rpcfBaupG·
Ù�en\rb�±k±k¯C^ S V1�$VGpc^�§�^¤¯lylend�b�±k±k¯C^ S V1d�±gf_p`VAp`^t^`fi^ S V�\rfBW�ek\?b�±U^caubKw]VAd.^cfBac¯r«Od.fB±g±kekpcekfB\�h5°�a`VGV�VApcdGbjy$V�±ken\lV�ekp
pcV�±kVGd�^`VAq¢bjpQ^ S V-^caubKw]VAd.^cfBac¯
^`f'�$V-°²fB±g±kfK¶tVGqi�_¯'¨ª©ÛfK³BVGa�^ S V�\lV�½�^9y?VAa`ekflqif�°U^`enW�Vj· R�S V�bBd.^`ek³Kb�^cegf_\
°�acVG¹��lVA\rd.¯�f�°¼^ S V1±kf�dGb�±Ë\rbN³�ekoBbj^`fBa9enp�fB\lV�f_acqlVAatf�°3WibjoB\lek^c�rqrV1±gfK¶tVGat^ S bj\º^ S bj^�f�°¼^ S V1V.½lVAd��l^cegf_\
W�f_\leg^cfBa1pcf�bjp�^`f�VA\rpc�?a`VCd�fB\_^`en\��leg^¤¯=ek\µ^ S V¢³jV S ekd�±gVBÀ p1�$V S bN³�ekfB�ra�bB\rqµ^`f�bN³jfBekq�fBpud.ek±g±nb�^cegf_\rpG· &
qrV�^cbjeg±kVGq�yra`VAp`VA\_^cb�^cegf_\¢f�°Ë^ S V�±gfld�bj±É\?bN³_ekoBbj^`f_aObj\rq�b'acVGy$fBac^ªfB\�yra`VG±genW�ek\?bjac¯�V�½ly$VGacenW�VA\_^cptd�bj\º�?V
°²f_�r\rq»en\ �Æ�G���5·
Z]\µbjqrqreg^cegf_\UmU¶9V S bN³BV�pc^cbjac^`VAq�^`f»V.½ry$VGacekW�VA\B^�¶�ek^ S ^ S V¢d.f_\rd.VAyl^�f�° �_�.�­�.¥Ã���C iÏ����9� �A¥c�ÃÔÃ·�&

oBVG\lVAa`endOWibj\�5
�l³la`VOenp�b�yrbBacbBW�V�^`VAa`ek¿�VAq�^caubKw]VGd�^`f_a`¯BmA±kfld�bj±Ben\
\rbj^c�racVjmK^ S b�^3d�bj\'�?V��rpcVGq1en\'acVGpuy?f_\rpcV
^cf;b;puy?VAd.egÅ$dCpceg^u�rb�^cegf_\U· R�S ekp
d�fB\rd�VGyl^�p`VGVGWip1³jVAa`¯µbjyry?a`f_yra`enb�^cVi^`f;b;pc^cau�rd.^u�racVGqµVG\_³�ekacfB\?W�VA\_^
pu�rd S bjp-^ S V�a`f_bjq»\lV�^¤¶tfBau®É·ªZ]\�^ S ekp�d�bBp`VBmreg^�ekp�ek\rqrV�VGq�pc^caub�eko S ^`°²fBac¶tbBacq�^`f�d�fB\rpcekqrVGa�Wibj\�5
�r³�acVGp
pu�rd S bjp�±nbj\rV�°²fj±k±gfK¶�en\lo?ml±nbj\rV�d S bj\loBek\lo$mlfK³jVAa`^ubj®_ek\ro?mlyrbjau®_ek\ro?mlV�^ud�· R�S VGpcV
W�bB\�5
�l³lacVGp�d�bB\�^ S VG\
�$V��rp`VAq´¶ S VA\lV�³BVGa�^ S V�d��rauacVG\_^�pceg^u�rb�^cegf_\ acVG¹��lena`VAp
ek^�· R�S enp�d�fB\rd�VGyl^�b�±kfB\lo�¶�eg^ S yracV�±kenW�en\rbBa`¯
acVGpu�l±k^cp�bBa`V�yracVGpcVG\_^`VAq�en\ � }jX��5·

� ������,-���?���.���

R�S ekp�yrbjy$VGa S bjp�yra`VAp`VA\_^`VGq¡^ S Vµ�u�����.�l�5���K�Ä i���?�£�¤�K¥ÃmQe5· VB·¼^ S V�acVGbjd�^`ek³jV�d�fBWiy$fB\lVA\B^'f�°-b;W�fj^cegf_\
d�fB\_^cacfj±­bjaud S ek^`VAd.^c�?a`V�°²f_a�b�dGbja`h5±kek®jV-³jV S end.±kVj· R�S V�V.½lVGdG�l^`ekfB\ºW�f_\lek^`fBa�§�¨9©µ«O°��l±gÅ?±g±npt^ S V�°²fB±g±kfK¶�ek\ro
°��?\rd.^cegf_\rp�Ì

��� VG\lVAacbj^`en\lo�^ S VCd�fBWiWibj\rq?p�°²f_a�^ S VCbBd.^u�rb�^cfBaup�fj°t^ S Vi³jV S ekd�±gV¢pcf�bBp�^`f»°²fj±k±kfK¶*b�\lfBW�en\rb�±
^caubKw]VAd.^`f_a`¯CbBp�d.±kfBpcV�±k¯�bjp�y$fBpupcek�l±kVj·

� ©;fB\reg^cfBacek\loi^ S V1V.½lVGdG�l^`ekfB\ºf�°�^ S V1^caubKw]VGd�^`f_a`¯B·
� z VGbBd.^cek\lo�ek\�a`VAb�±gh5^cekW�V-^cf��r\lV�½ry?VAd.^`VAq¢V�³BVG\_^cp9�_¯�±kfld�bj±g±k¯�bBqrbjyr^`en\lo
^ S V�^caubKw]VAd.^cfBac¯�bBd.^c�?b�±k±g¯
°²fj±k±gfK¶tVGq»�_¯C^ S V1³jV S ekd�±gVB·

¨9©[enp¢qlVAp`ekoB\lVAq bjp¢b�°��l¿�¿G¯%d.f_\_^cacfj±k±gVAa�m9e7· Vj·ªb¡acVGbBd.^`ek³jV�pc¯�pc^`VAW)�rbBp`VAqÄ�ry$fB\Ä°��l¿G¿�¯Ä±gfBojend �Æ�:(��5·
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pcV�^�f�°ªau�l±gVAp�·�¨9©)qleÆÈ­VGaup�°�acfBW d.±nbjpup`end�bj±U°��l¿G¿�¯�d.f_\B^ua`fB±g±kVGaup�en\
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W�end-³BV S end.±kVj·ÉZ]\ � ¥c�A� �¼�]Ñ��£Ò?� �Ã�?� � 4 ÐK ����"�K� �O�2�r�.¥Ã�£ ¢�.�$�MÏ � ��� 0��K�5���.Ô�m G�bjaud.VG±gf_\rb�§�¨�x?«�mB�_�r\lV
�A�j����·
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X_} � Ò����-ÏK¥Ã�$���.¥�ÏK� ���­Ò��1�"¥cÏK����ÒrÏ�¥ �

� } > �HB�· C · v bN¯�^cfB\U·1&�\?&�aud S ek^`VGd�^c�racV�°²fBa z V�°²V.½leg³BVI&��l^cfB\lf_W�f_�rpFNQV S ekd�±gV�$9fB\_^ua`fB±7·3Z]\ � ¥c�A� �Q�`Ñ
�²Òr����� ��� �.�?� �ªÓO���GÑ
�ª��� ��� 0��K�5���ÃÔ'ÏK����Ö��l�¤�K ¢ÏK�5���K�$m$x�bj\ºÙ$aubj\?d.enp`f�§ $ &�«�m &�yraceg±O�A�.K�(r·

� }j����Ù�· � · v ek\Um � · C b�^cbB\rbj�$Vjm��$·�x_¯lW�fB\Um�bj\?q z ·�xÉ· v b�^c^cbN¯j·?&��r^`fB\rfBW�fB�rp!@�bN³�ego_b�^cegf_\=fj°�b
©=fB�lek±gV z f_�?fB^ � p`en\lo $t�rpc^`fBW�h B�VAp`ekoB\rVGq����?b�±keg^ub�^`ek³jV z VGbBp`f_\len\lo�N ��x_Z $ S eky?ptbB\rqDGtf_bjauqrpG·
� ¥c�G� �O�`Ñ1�£Ò?�����������.�?� �tÓO�K�GÑ
�ª�K����� 0��K�5���.Ô
Ï�� ��Ö��l�M�� iÏ��7�����?mU�G�B�B}r·

� } (,��©%·Éx�bj®NbBa`fK¶�ek^cd S ·S�Q�£�­��ÏK¥3�É¥c� �j¥cÏ� � ��£���j·9x�yracek\rojVGaFNQVAa`±nb�o$m­�G�.KBXr·
� }B���HB�·?x_enW�f_\Um G�·_¨9puylenbj�Um�E¢· $tbBp`^ceg±k±kf?mBbB\rq E¢·�E
bjy$V�±k±gf_p�· $9fBWiyr�r^`VGa`h¤b�enqlVGq¢qlVAp`ekoB\ifj°"b1ojVA\lVGacend
acfB�$fj^-d�fB\_^cacfj±k±kVGa S bB\rql±kek\loCacVGbBd.^ceg³�ek^¤¯�bj\rq�acVGbj±ÆhM^`enW�V
d.fB\_^ua`fB±Uekpupc�rVGpG· ����� � �r¥cÏK�?Ô �tÓQ���?�5¥c���
4 ÐNÔÃ�M�� 'Ô �$���uÒl�É���k� �jÐKm$yrbjojVAp-}l�GX 	 }B}��rm�B�VAd.VAW'�$VGa��G�B�jX?·

� } K,� &'·$©%· C bK½rWibj\UmÉ�?· �"V
©;fBego_\lVjm$bj\rq?G�·­xla`en\lek³NbBpcbB\U· N�enpc�rbj± @�bN³_ekoBbj^`ekfB\ºf�° z f_bjql¶�bN¯lp�·9Z]\
� ¥c�G� �O�`Ñ��£Ò?�����������.�?� �ªÓO���GÑ
�O��� ��� 0u���7���.Ô'ÏK����Ö��l�¤�K ¢ÏK�5���K�?mry?b�ojVApFK.(B} 	 K�(_��mlx�b�en\_^ �"f_�lekp
§7©;Zc«�m¼�G��KB�l·

� }��,���$· � VG\ bB\rq @'· v ×É�lojVAa�· & ÙÉ�l¿�¿G¯ �"fjoBekd G�bBp`VAq¡¨O½l^`VA\rpcegf_\¡^`f v bN¯�^`f_\¡bj\rq z fBpcVG\��l±nb�^`^GÀ p
$9f_WiW�bB\rqµÙ$�rpcekfB\�©;V�^ S flqµ°²fBa�©;f_�leg±kV z fB�$fj^I@�bN³�ego_b�^`ekfB\Ë· ������� �r¥cÏ��rÔ�Ïj���7�����rÔ��K� 4 ÐNÔ�

�¤�� 'Ô,�1�µÏK� �tÏK����Ó�Ð 0��.¥Ã�­�.�5���ÃÔÃm­}j�l§ (_«ÃÌ ����� 	 �_� Krmj�_�r\lV¢�A�j�B�r·

� Xj~,� �9· &
· �­bBqlV S · )��l^c±gen\lV�f�°�b;@�VG¶ &�yryracfBbjd S ^`fµ^ S V?&�\rbj±g¯lpcekp�f�°I$9fBWiyl±kV.½ x_¯lpc^`VGWipibj\?q
B�VGd�ekpcekfB\�hM©=bj®_en\lo &�yryracfBbBd S · ������� �l¥cÏ��rÔ ���K� 4 ÐNÔ��¤�� 'Ô,� �µÏK� �iÏ�� � Ó�Ð 0��.¥Ã�­�.�5���.Ô 4 ���F

������� m$yrbjojVAp�}.K 	 > �lml�_bj\��rbBa`¯��G���KX?·

� Xr�2� z · �­bByrb�^ubrm G�·B�BfB�l³BVG\rd�V�±5m_bB\rq v · �¼VGylen\rbN¯B·Ëx�VG\rpcfBa`hM�?bjpcVGq�©;fj^cegf_\D$9fB\_^ua`fB±l°²fBaªÙ$bjpc^ª©=fB�lek±gV
z fB�$fj^cpG·UZ]\���� �����Ã�?� �����K¥ �KÔcÒr�-�¡�K� �Ã�?�¤���	� � �B���?�Q�µ���7�����´ÓQ���?�5¥c���Æm_Z]pc^cbBW'�r�r±"§ R�z «�m &��lo_�rp`^
�A�j�B~r·

� XB}��HE¢· �­V�o S b�±�bj\rq��?·UÙ$VGau�?VAa�· $ z &*&�x � ÌJ& $9f�fBauqlen\rb�^cVGq�$9fB±g±kenp`ekfB\�&-³jfBekq?bj\rd�Vix_¯lpc^`VGW»·�Z]\
���l¥c�-�r��ÏK� 4 �£ �� �kÏK�5���K�;�;� �Æ�7�����K�AÑ.�.¥u�.�­�u��m �¼¯jfB\�§�Ù z «Ãm?�_�r\lV¢�G�B�jX?·
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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