
HAL Id: inria-00072605
https://inria.hal.science/inria-00072605

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Tracking Multiple Objects with Particle Filtering
Carine Hue, Jean-Pierre Le Cadre, Patrick Pérez

To cite this version:
Carine Hue, Jean-Pierre Le Cadre, Patrick Pérez. Tracking Multiple Objects with Particle Filtering.
[Research Report] RR-4033, INRIA. 2000. �inria-00072605�

https://inria.hal.science/inria-00072605
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

33
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Tracking Multiple Objects with Particle
Filtering

Carine Hue , Jean-Pierre Le Cadre , Patrick Pérez

N˚4033

Octobre 2000

THÈME 3





���������
	������������	����������
��� �!��"$#$	%��&(')�*����	��+���-,.	/�%���0��	���

132547698�:<;�=�:?>A@!BC:D2C8�E�F*6G:D474H:?IJ:?1325K�47:ML�@NFO25PQ4H69RTSUFWVD4H:DXMY
Z0[]\/^3_�`ba�cedDfg_Hhjilk�fjmonldp[]nl^q^3_/r9^
isk%[tmod]_lu

mv^
ixwl_HyHuAz]nsd]d]{H_HyHu]k�nld]dtixm|yjygisdtk�_7y
}!hjnx~�_/f �Wm|y�f%i

�Jis�]�Cnshgf z]_*hg_7k%[]_/h%k%[]_�db�s�l�s`l`Ma���k�fjns�]hj_*�x�s�l�*a��s�q�tixwl_Hy

�p���H�/�T�]�s�s� � _pisz]z]hg_7ygy�fj[]_
�]hjns�]�v_/^�nx�0^b�]�ofgmofjishgwl_�f*fgh%isk%�Amvd]w�_/dtk/ns�]dDfj_/hj_HzMmod�^
ixdA�Mygmofg��r
ixfgmvnsdtyOmvdMygmowldtix��nshOmo^
ixwl_b�]hjn�k�_7ygygmodtwt� � _3k�nldty m|z�_Hh�y fgn�k%[tily�fjmvk�z]�Dd5ix^3mvkqyg�Ay fg_H^
yOz�_/fg_7k�fg_7z<�A�
nl�tyg_/hj¡Qixfgmvnsd¢�thgn�k�_7ygyg_HyH��Z0[]_*z�m¤£¢k/�]�¤f��p�omv_Hy0nldpfj[]_��¥isk�f0fj[tiTf0fg[t_*_Hy fgmv^3ixfgmvnsd�nx�¦fj[]_�y fjiTfj_Hy+d]_H_Hz]y
fjnO�Ad]nT§¨fg[]_ isyjygmowldtiTfjmonld�nx�5fg[]_0ns�5y _Hhg¡TiTfjmonldty©fjn�fg[]_0^b�t�¤fjmo�]�v_+fjishgwl_�fjyH� � _0�]hjns�Cnlyg_ªixd«_�¬Afg_Hdtygmonld
ns�0fg[]_k��|isyjy m|k/is�N�tixhgfgm|k��v_
®t�ofg_Hhb§ []_Hhg_
fj[]_py fgn�k%[tily�fjmvk
¡l_Hk�fgnshbnx�Jisyjy mvwsd5iTfgmvnsd�m|y�_Hy fgmv^
iTfj_Hz��A��i
¯ mv�]�tyWygis^q�t�o_HhH�!Z0[]m|yJis�owlnshjm¤fj[]^�mvyJ�ty _7z�fgn3_Hy fgmv^
iTfg_°fj[]_°fgh%iT~�_7k�fjnshjmo_7yªns��^«�]�ofgmv�]�o_�fjixhjws_/fjyª�±hjns^
fj[]_/mvh�d]nsm|y ��C_Hixhjmvd]wlyHutfj[A�tyOyg[]nT§ mvd]w¢mofjy�ix�]mv�vm¤f���fgny nl�o¡l_*fg[]_3z]ixfji¢ilygygn�k�m|iTfgmvnsd��]hjns�t�o_H^��²³nshj_�r
nT¡l_/h´fg[]m|y0ix�vwsnshjmofg[]^µk/isdp_Hily mv�v�q�C_�_�¬Afg_Hdtz�_Hz¢fgn«^b�]�ofgmvhg_7k�_Hmo¡l_/h+ns�tyg_/hj¡TiTfgmvnsd5y!§ []_Hhg_Wfg[]_�hg_7k�_Hmo¡l_/h%y
kHixd�]hjnAz]�tk�_°^3_Hily �]hj_/^3_Hdlf%y+nx��¡Qishgmvns�5yªd5iTfg�thg_°§ mofg[³z�mo¶C_Hhg_HdlfJ�C_/hjmvnAz]mvk/m¤fjmo_7y/�
·³¸D¹»ºj¼b½ �T¾��s� ²³�t�¤fjm¤f%ixhjws_�f3fjhjilk%�Dmvd]w5u!�tixhgfgm|k��v_®t�ofg_/h7u ¿0iQ�s_Hygm|ixd¨_7y�fjmo^
iTfjmonld�u ¯ mo�]�5y¢ygis^3�]�o_HhHu
^«�]�ofgmvhg_7k�_/mv¡s_HhHuA�C_Hishgmvd]wly rÀnsd]�v�3fgh%isk%�Amvd]wt�

Á|Â©ÃgÄÀÅHÆ0Ã Ç�ÈvÄÀÉ9Ê�Ë

Ì!Í±Î¦Í¥ÏHÐ?Ñ»Ò¦ÓQÔ Õ�Ö�×GØGÔ Ù9ÚNÛ7Ö!Î¦Ö�ÓQÓQÖ�Ø´Ü�ÝxÞ©ß%×GÔàÓ7Ö�á â¦ãQÖgä�Ôà×GÔàØ9ß7á åv×æ Í±Î¦Í¥ÏHÐ?Ñ©Þ©ç�Î�ÏsÝ7èàÖ�égß%Û7×GÖgä�Ôà×¥ÔàØÀß7á åo×êNë Ôàé ×¥ì�Ø9ì%å¤Ù�Î¦Ö�ØGÖgß%×¥éÀíbÞ»Ö�Ó/ÙGÖ�× ÝxÞ�ß%îªïQ×¥ÔàÛQð�Ö�ÝTñQñxÖ�×GÖ�ògä�î Ôàé�×Gì�ØGì%åoÙ á é�ì�î

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



� ��	��
	��������
���+��"
	-��%��	������ " ��*������¦���b�� ��*����	��+�����	����
�� ����� � ��� nl�tyªfgh%ixmofgnldtyªztixdty0k�_�h%ix�]�Cnshgfª�v_O�thgnl�]�o\H^3_Oz���y �tmo¡Am©z�_��]�o�5y mv_/�]h%yªns��~�_/fjy0y nl�]¡s_HdDf
hj_/d5k�nsdDfjhg{!_Hd�fjhjism¤fj_/^3_/dDf�z]�«ygmowldtix�D_�f�_/d«mo^
ixwl_/hjmo_l� � nl�ty�k�nsd5y m|z�{/hjnsd5y¦z�_7y�yg��y�fj\/^3_Hy�z��Adtis^qm��D�]_Hy
z]{�fg_7k�fj{Hy
�tish¢z�_Hy¢�]hgn�k/_Hyjy �ty
z�� nl�ty _Hhg¡TixfgmvnsdtyH���¦i��]hjmvdtk�mv�tix�v_<z�mo£¢k��]�ofg{³hj_/�Cnlyg_<y �th
�o_³�¥ism¤f��D�]_
��� _Hy fgmv^3ixfgmvnsd z�_Hyq{�f%iTf%y«dt{Hk�_7ygygmofg_�z�_k/nsd]d5i��|fghj_��v_Hy3isyjygnAk/mvixfgmvnsdty«z�_Hyqnl�ty _Hhg¡Tixfgmvnsdtyqix��¬ nl��~�_�f%y/�
� ns�ty��]hgnl�5nDy nldty�mvk/m!�]d]_p_�¬Afg_Hdty mvnsd�z���®t�ofghj_
�tish fjmvk/�]�vismohj_
k��|isyjy m��D�]_
z]ixd5y°�o_ �l�t_/�!�v_¢¡s_7k�fj_/�]h�z�_
�thgnl�tix�]mv�vm¤fj{z�_7y
isyjy n�k/mvixfgmvnsdty«_Hy f
_Hy fgmv^q{��tish3�]d.{7k%[tixdDfjmo�v�onld]_/�thqz�_ ¯ mv�]�tyH�!�"� is�owlnshjm¤fj[]^3_�_7y�f
�]fgmv�om|y {��5nl�]hq_Hy fgmv^q_Hhb�v_Hybfgh%iT~�_7k�fgnlmohj_Hybz�_p�]�v�tygmo_H�]h%ybnl��~�_�f%y��]d]m��D�]_/^3_Hdlfqwsh$#sk/_�%³�v_/�]h%yb^3_7y �]hj_Hy
z�� isd]ws�v_Hy�_�f*�]hjns�t¡s_«yjik/ix�5isk�mofg{&%hg{7y nl�tz�hj_b�v_3�]hgnl�]�v\/^3_qz�� ilygygn�k�m|iTfgmvnsd¦�('W_3�]�v�tyHu���� is�owlnshjm¤fj[]^3_
�C_/�]f*)�fghj_3{�fj_/dtz���ix��k/ily°z+� nl�tyg_/hj¡Qixfgmvnsdty�m|ygyg�ty*z�_
kHix��fj_/�]h%y°z�m¤¶»{/hj_/dDf%y°�5nl�]¡TixdDf*�]hgn�z��tmohj_3�o_H�]hjy
^3_7y �]hj_Hy0iQ¡l_Hk°z�_Hy0�C{/hjmvnAz]mvk/m¤fj{Hy yg_/^b�t�vis�]�o_7y0ns��z�mo¶C{Hhg_Hdlfj_HyH�
, ½ �7� º �.- � �
/ �]mv¡Am�^b�]�ofgmor9nl��~�_�f%y/ux®t�¤fjhjisws_+�tixhgfgm|k��t�vismohj_suQ_Hy fgmv^
iTfjmonldq¿0iQ�s{7y mv_/dtd]_suQ{Hk%[5ixdDfgmv�o�vnsdtd]_/�]h
z]_ ¯ mv�]�tyHu]^«�]�¤fjmohj{Hk/_/��fj_/�]h7u��]m|y�f%ixwl_��5ixh ^3_Hyg�]hj_°z�� isd]ws�v_HyH�



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� `

1 2 �«�¦� � ����´��	 ���
²<�]�¤fjm¤f%ixhjws_/fªfjhjilk%�Dmvd]w43�5�6�6870z�_7ix�|yª§ mofg[³y fjixfg_�_Hy fgmv^3ixfgmvnsdnx��isd��td]�Ad]nT§ dpdA�]^«�5_Hh nx�93¥^qnT¡Amvd]w�7
f%ixhjws_/fjyH�9:�¡Qismo�|ix�t�o_�^3_7isyg�]hg_H^3_/dDfjy0^
iQ�[tiQ¡s_°nshjmvwsmvdtiTfj_Hz��±hgnl^$fj[]_�f%ixhjws_�f%y0m¤�Nfj[]_/��ixhj_�z�_/fg_Hk�fg_7z
nlh0nx��iqyg�5_7k�m|ix�»^3nAz]_/��k/is�o�v_Hz<;�k/�o�]f fg_Hh=;x�/>ª�o��fgfg_Hh mvy+ws_Hd]_/h%ix�v�v�¢k�nsd5y m|z�_/hj_Hzpisy0iq^qn�z�_H��z�_Hyjk�hjmv�]modtw
�¥is�vyg_°ix�|ixhj^3yH��cÀfjy'3¥yg�tixfgmvnxr9fg_/^3�Cnsh%ix��7!y fjixfgm|y�fjmvkHix�©�]hjns�C_/hgfgmv_Hy+ixhj_ �D�]mofg_*z�mo¶»_/hj_/dDf0�±hgnl^µfjixhjws_/f+nld]_Hy
§ [tmvk%[^
ix�s_7y+�5nDygygmo�t�o_�fg[t_�y _H�tixh%iTfjmonldpnx��fjishgwl_�f0fgh%isk%��y+nsd�fg[]_*nld]_°[tixd5z�isdtz�k/�o�]f fg_HhJ^3n�z�_/�©nld
fj[]_°y _7k�nsd5z©�NZ¦n«�5_Hh �±nlhg^µ^b�t�¤fjm¤f%ixhjws_�fªfgh%isk%�Amvd]w�fj[]_Onl�tyg_/hj¡s_/h´[tisy+iTf0m¤f%y0z�mvyg�Cnlyjix�»i�[A�]ws_�ix^3ns�tdlf
ns�»ztiTfjitus�Cnlyjy mv�]�v�«k/ns�v�o_7k�fg_7zbnld3^b�]�ofgmv�]�v_Jhg_7k�_Hmo¡l_/h%y/�@?!�o_H^3_/dDfjishg��^3_7isyg�]hg_H^3_/dDfjy!ishg_0hj_Hk/_/mv¡s_/h�nl��f r
�t��fjyHu]_s� wt�vu��C_Hixhjmvd]wlyHuAhjisd]ws_7y/uDfgmv^3_�rez�_/�|iQ��y/u 'Ons�t�]�o_HhjyHu�_�f%kx�
¿+��f�fg[]_+^
ixmvdbz�mo£¢k��]�of���k�nl^q_7y©�±hjns^ fg[t_+ilygygmowld]^3_/dDf¦ns�5i wsmv¡s_Hd�^3_Hily �]hj_/^3_Hdlf¦fgnOiJfjishgwl_�f�^3n�z�_H�G�
AtnshWk/hgmofgm|k/is��y mofg�5iTfgmvnsd5y/u�fj[]_Hyg_bilygygmowld]^3_/dDfjy ishg_°�]dt�DdtnT§ d�utisyWixhj_Ofj[]_*fjhg�]_°f%ixhjws_/fJ^qn�z�_H�vyH�ªZ0[tmvy
m|y+i�d]_7iTf+z]_/�tish fj�]hg_J�±hgnl^µk/�vilygygm|k/ix�t_Hy fgmv^3ixfgmvnsd¢�thgnl�]�o_H^
y/��Z0[A�ty/uDf�§+nbz�m|y�fjmod5k�f0�]hgnl�]�v_/^
y![tiQ¡l_ fgn
�C_�ygns�v¡s_HzB "CD	��E����FHG!z]ixfji3isyjygnAk/mvixfgmvnsdixdtz�_Hy fgmv^
iTfgmvnsd¦�
Z0[t_�y mv^3�]�o_HhJix�]�thgnDisk%[mvy0�]hjns�5ix�]�v�
fg[t_ � _7ixhj_Hy f � _/mvws[A�CnshJix�t�]hgnDisk%[��(IOy mvd]w
nsdt�o�
fj[]_�nl�ty _Hhg¡Tixr
fjmonld�fj[]_+k/�onDy _7y�f�fgnOfg[]_+�]hj_Hz�m|k�fj_Hz«y�f%iTfg_luQfg[]_0ix�vwsnlhgmofg[t^ m|y�d]nxf�hgnl�]�ty f�_Hd]ns�]wl[�mvdb^
ixdA�*y mofg�5iTfgmvnsd5y/�
²<nshj_J_/�|ix�Cnsh%iTfj_Hz©ulfg[]_KJlnsmvdlfª}"'�:LAM3ON PDQ!7�uA_�¬Afg_Hdtygmonld¢nx�©fj[]_O}´hgnl�tix�]mv�vmvy fgm|k '�iTfjiR:WyjygnAk/mvixfgmvnsd�A�mv�¤r
fj_/h��±nlhN^b�]�ofgmv�]�v_ ns��~�_7k�fjy,3SN�T"Q�7�us_7y�fjmo^
iTfj_Hy�fj[]_Jy�f%iTfj_Hy��A�bi°y �t^ nT¡s_Hh�is�o�Afj[]_JisyjygnAk/mvixfgmvnsdty�§+_/mvws[Dfg_7z
�A�pfg[]_��thgnl�tix�]mv�vm¤fjmo_7y+fg[tixfOi3^3_Hisyg�]hj_/^3_/dDfJm|yJisyjygnAk/mvixfg_7z¢fjnpiqfjishgwl_�fH� �Od]�v�¢fg[t_bisyjy n�k/mvixfgmvnsdty0iTf
nld]_«fgmv^q_3�C_/hjmon�z�ixhj_bfj[]_/hj_3k�nsd5y m|z�_/hj_Hz��«Z0[]_3²³�]�ofgmv�]�v_�UJ�A�5nsfg[]_7y m|y°Z¦h%isk%�l_/h�hg_7k��]h%ygmo¡l_/�v��t�]mo�|z]y
fj[]_
isyjy n�k/mvixfgmvnsd?[A�A�Cnxfg[t_Hygmvy*isdtzMilygyg�]^3_HyOfj[tiTf*_Hilk%[M^3_7isyg�]hg_H^3_/dDf°kHixd��5_3m|ygyg�]_7z<�±hjns^ id]_H§
ygns�thjk/_s�¦¿+_HkHix�tyg_Nfj[]_Hyg_´f�§+nOis�owlnshjm¤fj[]^
y¦ilygyg�]^3_Nfg[5iTf�nsd]_´fjixhjws_/f��]hjn�z��tk/_Hy�nsd]�v�°nsd]_ª^q_7isyg�]hj_su7fg[]_
yg_�f�nx�´ilygygn�k�m|iTfgmvnsd5y0fgn��5_«_/dA�]^3_/h%iTfj_Hz³wlhgnT§Jy _/¬��5nld]_/dDfgm|ix�v�v�isdtz³�C_Hk�nl^3_Hy �l�tmvk%�A�v��mvdDfgh%isk�f%ix�]�v_s�
Z�n
k�nl�5_°§ mofg[fg[]m|y �]hjns�t�o_H^u��thg�]dtmod]w
isdtzpwDiTfjmod]wq_/�vmv^qmvdtixfg_°fg[t_*�o_7ygy0�vmo�l_/�v�¢[A�A�5nsfg[]_7y _7yª�t��fWk/isd
fjnAnq_H�omv^3mod5iTfg_*wlnAnAzk��v�]_7y/�
Z0[tmvyb�]hgnl�]�v_/^ m|y�dtn<^3nshj_ � }NrÀ[tixh%z isyby nAnsd ily*fg[t_pisyjy n�k/mvixfgmvnsdty°¡Tixhjm|ix�]�v_Hy�ishg_¢k/nsdtygm|z�_/hj_Hz�isy
y fgn�k%[tily�fjmvk3¡Tishgm|ix�]�v_Hybixdtz�^3nshj_/nT¡l_/h�y fjixfgm|y�fjmvkHix�v�o��mod5z�_/�C_/dtz]_/dDf«�vmo�l_¢mvd�fg[]_�}!hgnl�tix�tmo�vmvy fgm|k¢²VUOZ
3¥}´²VUOZ�7��=A]nsh¦_�¬]ix^3�]�v_!mvdWN �s�=QlnlhXNZY=Q9uHfg[t_ªix�vwsnlhgmofg[t^)mvy¦�]hj_Hyg_/dDfg_7z�ily¦isd�mvdtk/ns^3�]�v_�fg_ªz]iTf%i �]hjns�]�v_/^
ygns�v¡s_7z
�A�pixd�?´² ix�vwsnshjmofg[]^��NZ0[]_�hg_7y �]�ofjy ishg_Wfg[]_HdyjiTfjmvy �¥isk�fgnlhg�3§ []_Hdpfj[]_°^q_7isyg�]hj_/^3_/dDf0_��D�tiTr
fjmonld�mvy0�vmodt_HixhJisdtz§ []_/dfj[]_°fgh%iT~�_7k�fgnlhgmv_Hy0ishg_*z�_/fg_/hj^3modtmvy fgm|kx�!ced<Nà��T-Q¦fg[]_�is�owlnshjm¤fj[]^$m|y _�¬Afg_Hdtz�_7z
fjn�fj[]_Wfjhjilk%�Amod]wbnx��^
ixd]_H�]¡s_Hhgmvd]w*f%ixhjws_/fjy!§ mofg[ixd�[]mvztz�_/dH[�^3n�z�_/�orey § mofjk%[]\J�]hjn�k�_7ygyªk�nsdDfjhgnl�o�v_Hz3�A�
i
²?ixhj�snT¡
�]hjns�tis�]mv�omof���y fghj�tk�fj�]hj_s�9: k�ns^3�tishgm|ygnsdnx��fg[]_�}ª²VUWZ § mofg[³fj[]_^Js} '�:LA m|yJz�_Hyjk�hjmv�5_7z
mvdpi*�thjilk�fgm|k/is��f�§+nxr9fjixhjws_/f´ygk/_/dtishgmvn*mvdVN�T7�=QÀus�±n�k��5y mvd]w�nld
fg[]_O^3_Hixd]rÀy �D�tixhj_0_Hy fgmv^3ixfgmvnsd¢_Hhghjnsh%yNixd5z
fj[]_��C_/h%k�_Hdlf%ixwl_*nx�!�vnly f fgh%isk%��y/�,UWnT§ª_H¡s_/h7u�fj[]_Hyg_bix�vwsnlhgmofg[t^3yWz�n¢d]nsfOk�nl�5_�§ mofg[?d]nsd³�vmodt_HixhOy�f%iTfg_
nlh0^q_7isyg�]hj_/^3_/dDf ^3nAz]_/�|yJixdtz�d]nld ¯ is�tygygm|ixd�y�f%iTfg_°nlh ^q_7isyg�]hj_/^3_/dDf d]nsm|yg_HyH�
IWdtz�_Hh¢y �tk%[ isyjy �t^q�]fgmvnsdty_3¥y fgn�k%[tily�fjmvky fjiTfj_�_��D�tiTfjmonld.isdtz dtnsd �vmvd]_Hish3y fjixfg_�nsh3^3_Hily �thg_H^q_HdDf
_ �D�tiTfjmonld�uTd]nsd ¯ ix�tyjy m|ixdbd]nsm|y _7y�7�uQfg[]_0�tish fjmvk/�o_´®t�ofg_/h7uxix�|ygnWdtis^q_7z��CnAnxfjy fgh%ix��®t�¤fj_/h7uxm|y¦�tish fjmvk/�]�|ixhj�o�
ilz]ix�]fg_Hz��WcÀfO^
ismod]�v�³k�nldty m|y fjyJmvd<�]hjns�5ixwlixfgmvd]w¢i¢§+_/mvws[Dfj_Hz³yg_�fOns�!�tixhgfgm|k��v_HyW§ []m|k%[?ix�]�thgnQ¬�mv^3ixfg_7y
fj[]_+�]hgnl�tix�tmo�vm¤f��*z�_Hdtygm¤f��*ns�]fg[]_0y fjiTfj_+k/nsdtz]m¤fjmonldtix�v�o��fjnWfj[]_0ns�tyg_/hj¡TiTfgmvnsd5y/��cÀfNk/isdb�C_+is�]�]�vmo_7z��]d5z�_/h
¡l_/hj�3§ª_7ix�
[A�A�5nsfg[]_7y _7y+isdtz¢m|y+¡s_Hhg�
_7isyg�3fgnqmo^3�]�v_/^3_/dDf7�Nced��tish fjmvk/�]�|ixh7usfj[]_°^q_7isyg�]hj_/^3_/dDf0_��D�tiTr
fjmonld³k/ixd��C_*d]nsd��vmodt_HixhJisdtz�fg[]_«z��Adtix^3m|k*ixdtzns�5y _Hhg¡TiTfjmonldpd]nlmvyg_Hy kHixd��C_�d]nsd ¯ is�tygygm|ixd�� / �5k%[
®5�¤fj_/h%y�[tiQ¡s_+�5_H_/dq�tyg_Hzqmodq¡s_Hhg�*¡Tishgmvns�ty�ishg_7isy¦�±nsh!¿0iQ�s_7y m|ixd*®5�¤fj_/hjmod]w5ux�]dtz]_/h!z�mo¶C_Hhg_HdDf!dtix^3_Hy`G�fg[]_
�CnAnxf%y�fjhjis��®t�ofg_Hh��±nlh�fjixhjws_/f�fjhjilk%�Amod]wOmod4N aDQÀuTfg[]_L>ªnldtz�_/d5ygixfgmvnsdbis�owlnshjm¤fj[]^�mod3k�nl^3�]��fg_Hh�¡Dm|ygmonld+NbTcT-Q

Î�Î Ó(d"egf-h-h



� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

ishg_bf�§ªnp_�¬]ix^3�]�v_Hy°ix^3nld]w¢nxfj[]_/h%yH�K:+f�fg[t_«�C_/wlmod]dtmod]wDyWns�´�tish fjmvk/�o_b®t�¤fj_/hjmodtwtuCfg[]_3ix�vwsnlhgmofg[t^ §0isy
nld]�v�3k/ns^3�Cnlyg_Hz
ns��f�§ªn«�5_Hhgmvn�z]y G�fg[]_��tixhgfgm|k��v_Hyª§+_/hj_W�]hj_Hz�m|k�fj_Hz�isk/k/nsh%z�mvd]w*fgn«fg[t_�y fjixfg_�_��D�tiTfjmonld
z]�]hgmvd]w°fj[]_W�]hj_Hz]mvk�fgmvnsd¢y fg_/���sfj[]_/d
fj[]_/mvh´§+_/mvws[Df%yN§ª_Hhg_JkHix�|k��]�|iTfj_Hz3§ mofg[3fj[]_W�vmo�l_/�vmo[tnDn�zqnx�»fj[]_Wd]_H§
nl�tyg_/hj¡Qixfgmvnsd<k/ns^b�tmod]_7z³§ mofg[³fj[]_b�±nlhg^3_HhO§+_/mvws[DfjyH� : hg_7ygis^3�]�omvd]wy�fj_/�<[tilyWh%ix�tmvz��v��5_H_/dMilz]z�_7z
fjn«z�m|yg^qm|yjy!fj[]_W�tish fjmvk/�o_7y!§ mofg[��onT§+_/h!§+_/mvws[Df%y´ixd5z¢iQ¡snlmvzqfj[]_Oz�_Hws_Hd]_/h%isk/�bnx�©fj[]_��tixhgfgm|k��v_Wyg_�fª§ mofg[
ip�]d]m��D�]_«�5ixhgfgm|k��v_bnx�![tmowl[?§+_/mvws[Df 3ON aDQ!7��*²<isdA�§0iQ��yJ[tiQ¡l_b�C_/_HdMz�_H¡s_/�vns�C_Hz³fgn�ilk/k/ns^3�]�vmvyg[³fg[tmvy
hj_Hyjix^3�]�vmvd]wW§ []nDy _ª®tdtis��wsnDix�Amvy�fjn�_Hd��±nsh%k�_+�tish fjmvk/�o_7y�mvd3ixhj_Hisy�nx�C[]mvws[q�omv�s_H�omv[]nAn�z©��Z0[]_0�C_/hjmon�z�m|k�mof��
ns��fj[]m|y hg_7ygis^3�]�omvd]wq[tisyWix�|y nq�5_H_/d<y fg�tz]mo_7z©�´²³nlhg_HnT¡s_/hªfg[t_*�ty _*ns���l_/hjd]_/�|y+®t�ofg_/h%y^3SN�T7�=Q�7+[5isy �C_/_Hd
mvdDfghjn�z��tk�_7z�fjn°hg_Hws�]�|ixhjm��H_!fj[]_Jy �t^ nx�+'Wmvh%isk0z�_/d5y mofgmv_Hy�hj_/�]hj_Hyg_/dDfj_Hz��A�*fj[]_ �tish fjmvk/�o_7y�§ [t_/dqfg[]_ z��Dr
d5ix^3mvkªd]nlmvyg_0nx�tfj[]_ y�f%iTfj_ª_ �l�5iTfgmvnsdq§0isy¦fgnAn°�onT§M3Gy _H_cNbT=Y Q!7�� : � fj_/h´is�o�Dfj[]_Hyg_ y�fj�tz�mv_HyHuxm¤f!yg_/_H^3y �D�]mofg_
fj_/^3��fjmod]w�fgny�fj�tz��fg[t_«�Cnlyjy mv�]�v_�_�¬Afj_/dtygmonldtyOnx�Nfg[t_«�tish fjmvk/�o_�®t�¤fj_/h�fgn�^b�]�ofgmv�]�v_bnl��~�_Hk�fWfgh%isk%�Amvd]wt�
ced¨k/ns^3�]��fj_/h�¡Am|y mvnsd¨i��thgnl�tix�]mv�vmvy fgm|k3_�¬]k��v�tygmonld �]hjmodtk/mo�t�o_¢[5isy*�C_/_Hd¨z�_/¡l_/�vns�C_Hz�mvd N�T P=Q´fjn³fgh%isk%�
^«�]�ofgmv�]�o_«ns��~�_7k�f%yW�]�]fWfg[t_«ix�vwsnlhgmofg[t^ m|yW¡l_/hj�z]_/�C_/dtz�_HdDfOnx�Nfj[]_bnl�tyg_/hj¡Qixfgmvnsd³^3n�z�_/��ixd5z³mvyWnsd]�v�
is�]�]�vmo_7z
�±nlhªf�§+nbnl��~�_Hk�fjyH� � _°�]hjns�Cnlyg_W[]_Hhg_°i �l�tm¤fj_Owl_/d]_Hhjis�Cis�owlnshjm¤fj[]^ �±nsh0^b�]�ofgmofjishgwl_�f+fgh%isk%�Amvd]w
mvdfg[]_*�5isyjy mv¡s_°y nldtixh k/nsdDfg_/¬Df7�
Z0[tmvy*§+nshj�<m|y�nlhgwDixd]m��/_7zMily°�±ns�v�onT§JyH�pced yg_Hk�fgmvnsd c c�u�§ª_¢z]_Hyjk�hjmo�C_3fg[]_p�tisygmvk3�5ixhgfgm|k��v_3®t�¤fj_/h�§ mofg[
f�§+n
¡s_Hhjygmvnsdty0�±nlhJfj[]_�hj_Hyjix^3�]�vmod]w¢y fg_H�<§ []m|k%[<k/isd³�5_qy ��y fg_/^
ixfgm|k°nshOilz]ix�]fgmv¡s_s� Z0[]_«y �]�C_/hjmvnshjm¤f��
ns�´isz]is��fgmv¡s_bhg_7ygis^q�t�omvd]w3fgnT§0ixh%z]yJyg��y�fj_/^
iTfjmvk�hg_7ygis^q�t�omvd]w¢m|yOk/�o_7ixhj�o��z�_H^qnldty fgh%iTfg_7z�modMi
�tisyjygmo¡l_
ygnsd5ixh3ix�]�]�vm|k/iTfjmonld mvd yg_Hk�fgmvnsd.c c c�� / _Hk�fjmonld.ce�«u�fg[]_³k/_/dDfgh%ix�0�tish f3nx�Ofg[]m|yq§ªnlhg�»u´z�_7ix�|yq§ m¤fj[ isd
_/¬Afg_/d5y mvnsd
ns�©fg[]_O�tisygmvk ®t�¤fj_/h´fgnb^«�]�ofgmv�]�o_Ons��~�_7k�f%y/��Z0[]_Wdt_/§)ix�vwsnlhgmofg[t^ k�nl^b�]mvd]_7yNfg[t_Jf�§+n�^
iT~�nsh
y fg_H�ty+nx�¦�thg_7z�mvk�fgmvnsdixdtzp§ª_Hmowl[lfjmodtwbnx�¦fg[]_*k��|isyjygmvkHix�C�tixhgfgm|k��v_J®t�ofg_Hh § m¤fj[ ¯ mv�]�ty yjix^3�]�v_/h0k�nl^q�t��f r
mvd]w¢isd³_Hy fgmv^3ixfgmvnsd�nx��fj[]_�¡s_7k�fjnshJns��fj[]_bilygygmowld]^3_/dDfJ�]hjns�tis�]mv�omofgmv_HyH� � _�mvdlfjhgn�z��5k�_*f�§+n¢z�mo¶C_Hhg_Hdlf
¡l_/h%y mvnsd5yJnx�ªfg[]m|y ¯ mo�t�ty*ygis^3�]�o_Hh°§ []mvk%[?fjis�s_qmodDfgn�iskHk�nl�]dDfWfg[t_q�5isy f�mvd��±nshj^
iTfjmonld?mvd�iz�mo¶C_Hhg_Hdlf
§0iQ�s� :Jd�ix�]�]�vm|k/iTfjmonld
fgn«�5_7ixhjmodtwly r9nld]�o�q²<Z Z _/d5ix�]�v_Hyª�ty´fgn«k/ns^3�tishg_ fj[]_Whj_Hyg�]�ofjyªns��f%ixmvd]_Hz3§ mofg[
fj[]_Hyg_3f�§+n�¡l_/h%y mvnsdtyH�3ced�_Hisk%[�k/ily _lu©fg[t_¢z]iTf%iilygygn�k�m|iTfjmonld?�]hjns�]�v_/^ mvy*nT¡l_/h%k�nl^q_7z?isdtz<fj[]_3®th%y�f
¡l_/h%y mvnsdMmvybk��v_Hixhj�v�<y �]�C_/hjmvnsh7��:Jd�_�¬Afg_Hdtygmonld?fjn³^b�]�ofgmor9hj_Hk/_/mv¡s_Hh°ztiTfjimvd�fg[]_¢k/nsdDfg_/¬Df�ns�ª^«�]�¤fjmo�t�o_
f%ixhjws_/fjyO_/dtz]y�fj[]m|y*y _7k�fgmvnsd�ixdtz?[]mvws[]�vmowl[DfjyOfg[]_3wlnDn�z?¡s_/h%yjiTfgmv�vm¤f���nx�+ns�]h*is�]�]hjnlisk%[¦�^:Wy°k�nldtk�_Hhgdty
fj[]_*d]nsfjiTfjmonldtix��k/nsdA¡s_HdDfgmvnsdtyHuA§ª_*ix�v§0iQ�Ay+�tyg_�fg[]_*mvdtz�_/¬��´fgn3hg_/�±_/h0fjn
nsd]_*ix^3nld]wqfg[]_���fgh%isk%�s_7z
nl��~�_Hk�fjyH��Z0[t_Wmvdtz�_�¬��«z�_Hygmvwsdtixfg_Hy´nsd]_Wnx�©fg[t_�� ��nl�tyg_/hj¡Qixfgmvnsdty!ns��f%ixmvd]_Hz
ixfªmvdty�f%ixdDf�!��NZ0[]_Omodtz]_�¬
" m|y hg_7y _Hhg¡l_Hzp�±nsh0fj[]_�# �tixhgfgm|k��v_HyWz�_/d]nsfg_7z��A�%$s�`A�modtis�o�v�'&�m|y �tyg_Hz��±nshWmodtz]_�¬�modtw3fg[]_�mofg_Hhjixfgmvnsdty
mvdfg[]_ ¯ mv�]�ty / ix^3�]�v_/hJixd5z�(«mvyJ�ty _7z¢�±nlh0fg[]_�z]m¤¶»_/hj_/dDfJhj_Hk�_Hmo¡l_/h%y/�

) ��&������"�	�� ���*����	��+��� ���%���0�
AtnshOfg[]_3yjix�s_«nx�ªk/ns^3�]�v_�fj_/d]_7ygyHuCfg[]_q�tisygm|k��tish fjmvk/�o_«®t�ofg_/h�m|yOdtnT§��]hgmv_+*5�³hg_H¡Dmv_/§+_Hz���Z0[]_qws_Hd]_/h%ix�
�thgmvdtk�mv�]�v_Wns�¦ygis^q�t�omvd]w�mof+hj_/�vmv_Hy!nld¢§ mv�o�»�C_W�tyg_Hz3fj[]hjns�]wl[]ns��fªfg[]_O�tix�C_/h7� � _�k�nldty m|z�_Hhªibz]�Dd5ix^3mvk
yg��y�fj_/^$hj_/�thg_7y _Hdlfj_Hzp�D�3fj[]_�y fgn�k%[tisy fgm|kO�]hgn�k/_Hyjy
,.-/�1032 4657§ []nDy _Ofg_H^3�5nlhjis�©_/¡snl�o�]fgmvnsdpm|y0wsmv¡s_Hd
�A�
fj[]_�y fjiTfj_°_��D�tiTfjmonld G

-/�98;:<�=,>-/�@?BADCFEG�H0=I 3OT 7

� _�§+isdlffgn _Hy fgmv^
iTfj_?fj[]_�y fjixfg_�¡s_7k�fgnlhJ,.-/�10ixf�z�m|yjk�hj_�fg_?fgmv^3_Hy�§ mofg[)fj[]_�[]_/�v� ns�«yg�Ay fg_H^ � y
nl�tyg_/hj¡Qixfgmvnsdtyb§ []m|k%[ ixhj_phj_His�om��Hixfgmvnsdtybnx�Jfj[]_y fgn�k%[tily�fjmvkp�]hjnAk/_Hyjy',LK � 0�2M4 5DN wsnT¡l_/hjd]_Hz��A��fg[]_

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� �
^3_7isyg�]hg_H^3_/dDf+_ �D�tiTfjmonld G

K�� 8�� �=,>-/�=C�� �H0=I 3G�c7
Z0[t_*f�§ªnp�]hgn�k/_Hyjy _7y�,LE � 0�2J4 5�� ixdtz ,�� � 0�2 4 5	� ishg_*nld]�v�yg�]�]�Cnlyg_Hzfjn¢�5_«mod5z�_/�C_/dtz]_/dDfO§ []mofg_
dtnsm|y _7y/�N²³nlhg_HnT¡s_/h7uDm¤fJm|y+fgn3�C_*d]nxfj_Hz�fg[tixfJd]n3�omvd]_7ixhjm¤f��¢[A�A�Cnxfg[t_Hygmvy0nld :<�ªisdtz
� �ªmvy z]nsd]_l�
� _¢§ mv�o�+z�_/dtnxfg_
�A�JK��� �Wfj[]_pyg_��D�]_/d5k�_
nx�0fj[]_¢h%ixdtz�nl^ ¡Tixhjmvis�]�v_Hy ,LK�� C I I I C K��H0*ixd5z��D���	�� �Onsd]_
hj_His�om��Hixfgmvnsd�nx�¦fj[]m|yJy _ �D�]_/dtk/_s�
�O�th*�]hgnl�]�v_/^ k/nsdtygmvy fjy°mvd¨k�nl^3�]��fgmvd]w³iTf�_7isk%[Mfgmv^3_ !Wfj[]_¢k�nldtz�mofgmvnsdtis�!z�_/d5y mof������Wnx�+fg[t_¢y�f%iTfg_
-/��wsmv¡s_Hdpix�v�5fg[]_Ons�tyg_/hj¡TiTfgmvnsd5y´iskHk��]^«�]�|iTfg_7z
�]�
fjn�!�uAm9� _l�ou�� �98�� ,>-/��� K���8��	�C I I IBCFKG� 8���10ªixd5z
is�vygn
mvd<_Hy fgmv^
iTfgmvd]wixdA�p�±�tdtk�fjmonldtix��nx�Nfg[t_«y fjiTfj_��B,>-/�H0 �A�fg[]_«_�¬��5_7k�f%iTfgmvnsd
��,�� ,.-/� 0�� K��� �10��OZ0[]_
�J_Hk��thjygmo¡l_«¿0iQ�s_7y m|ixd�®5�¤fj_/h7u�ix�|y n�dtix^3_Hz �O��fjmo^
ix�(A�mv�¤fj_/h7u©hg_7y nl�o¡l_HyJ_/¬]isk�fj�o��fj[]m|yO�thgnl�]�o_H^ modMf�§+n
y fg_H�ty iTfJ_7isk%[pfgmv^q_�!��
/ �]�]�Cnlyg_�§+_*�Ad]nT§����@?BAQ�!Z0[t_ � �����D	%�"� 	%CD� $#� � �?mvy z�nld]_*iskHk�nsh%z�mvd]w«fgnqfg[]_°�±nl�o�vnT§ mvd]w3_��D�tiTfjmonld G

�<,.- �98������ K��  �@? A38��	�� �@?BA 0 8"!�#%$
7
�<,.-/�68������ -/�@? A38�� 0&� �@? A ,'� 0&()��I 3¥`�7

IOy mvd]w ,&* 0�u]§+_*k/isdkHix�|k��]�|iTfj_+� ,>-/�68��G��� -/�@?BA38�� 0-G
�<,.- � 8�� � � - �@? A 8�� 0 8 !�# $ � �<,>- � 8�� � � - �@?BA 8���C�E � 8�, 0-� ,LE � 8�,%� - �@?BA 8�� 0.(�, 3±��7

8 ! # $ �0/ ,��G�21 :��=,'��C., 0 0��<, E � 8�, 0.(�, 33�c7
§ [t_/hj_ / ,'� 0 z]_/d]nsfg_Hy+fj[]_*'Omoh%isk°z�m|y�fjhgmv�]��fjmonld��
Z0[t_/d�u]mvd�fg[]_+�#CD�-�����"� 	%CD�V$-� �0�»u�fg[t_�¿+iQ�l_Hy�� y+hj�]�v_�_Hdtix�t�o_7y0�ty+fgn¢k/ns^3�]��fj_4� � G

� �=,'�G� 0 8 �<,.K��68��D��� - �98����H0-�<,.-/�98��G��� K��� �@?BA�8��	�  �@? A+0�<,.K � 8�� � � K �� �@?BA 8�� �  �@? A 0 I 3%P�7

� _�k/isd�hj_/§ hjmofg_5�<,LKG�98��D��� -/�68��G�H0+§ m¤fj[fg[]_*^3_Hily �thg_H^q_HdDf0_ �D�tiTfjmonldJ,�60-G
� ,.K��98��D� � -/� 8���� 0 8"! # $ �7/ ,���018� ��,'�G�=C:9�0 0��<,3� ��8�9�0.(�9�I 3 Y
7

²<nshj_/nT¡s_HhHulfg[t_�d]nshj^
ix�vm��Hmodtw3z]_/d]nl^qmvdtixfgnsh;� ,.K � 8�� � � K �  �@?BA 8�� �  �@?BA 00m|y wsmv¡s_Hd��A�¢fj[]_*�±nl�o�vnT§ modtw
mvdDfg_Hwsh%ix� G

�<,.K � 8�� � � K �� �@?BA 8�� �  �@? A 0 8 ! #<$
7
� ,.K � 8�� � � - � 8�� 0-�<,.- � 8��=� K �� �@?BA 8�� �� �@? A 0.(��<I 3¥��7

Z0[t_Hyg_!_��D�tixfgmvnsdty�k/ixd*�C_ªis�]�]�vmo_7z�isy¦§ hgmof fj_/d�mo�]§+_´isyjy �t^q_´hg_7y�fjhgm|k�fjmo¡l_![A�D�Cnxfj[]_Hygm|y¦yg�tk%[�isy0>*ix�v^3isd
A�mv�¤fj_/h � yªnsdt_HyH��Z0[t_J�±�]dtk�fgmvnsdty :<�!ixdtz@? �!ixhj_ fg[t_/d�yg�]�]�Cnlyg_Hz¢fgn«�5_��omvd]_7ixh0ixdtz3fj[]_�d]nsm|y _7y EG�!ixd5z� �Ofgn³�C_ ¯ ix�tyjygmvisd���IJd��±nlh fj�]dtixfg_/�v�Mfg[]m|y*^3n�z�_/�vmodtw³mvy*dtnxf«is�]�]hjns�]hjmvixfg_qmod ^
isdD�?�]hgnl�]�v_/^
y*mvd
ygmvwsdtis��isdtz<mv^
ixws_q�]hjn�k�_Hyjygmod]w5u5§ [tmvk%[Mhg_Hdtz�_/h%yOfg[]_3k/is�vk/�]�|iTfgmvnsd5yWns�!fg[]_3mvdDfg_/wlhjis�vyOmvd ,�A 0�ixdtz ,'B 0

Î�Î Ó(d"egf-h-h



P �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

mvd��±_7isygmo�]�v_W3±d]n¢k/�onDy _7zAr9�±nshj^W7��
Z0[t_+�5ixhgfgm|k��v_ª®5�¤fj_/h7usdtis^q_7z«is�vygnB>ªnsdtz]_/dtyjiTfjmonld«ix�vwsnlhgmofg[t^ nsh / is^q�t�omvd]w*ce^3�5nlh f%ixdtk/_ � _Hyjix^3�]�vmodtw
3 / c��L7+ix�vwsnlhgmofg[t^uD�]hjns�Cnlyg_Hy!fgn3ix�]�]hjnQ¬�mo^
ixfg_Jfj[]_°z�_/dtygmofgmv_Hy ,'���10H�!�A�
i�®tdtm¤fj_�§+_/mvws[Dfj_Hz¢yg�]^�nx� #
'Omvhjilk�z]_/dtygm¤fjmo_7y k�_Hdlfj_/hj_Hz�nsd�_/�v_/^3_Hdlf%y0nx�64 5 7 u�dtis^3_Hz�tixhgfgm|k��v_HyH�
Z0[t_°is�]�]�vmvkHiTfjmonld�ns��fj[]_*�tixhgfgm|k��v_�®t�ofg_/h hj_��D�]mvhj_Hyªfg[tixfJnsd]_°�Ad]nT§Jy0[]nT§'G

� fgn¢yjix^3�]�v_��±hgnl^$modtm¤fjmvis���]hjmonlh+^
ishgwlmodtis� �<,>- � 0=�
� fgn¢yjix^3�]�v_��±hgnl^ �<, E � 0ª�±nlhJix�v�B!=�
� fgn¢k/ns^3�]��fj_+� ,.K � 8�� � � - � 8�� � 0ª�±nshJix�v�B!ªfg[]hjns�]wl[iq�Ad]nT§ d��±�]dtk�fgmvnsd�� � yg�tk%[fg[tixf� � ,����.� 0���� ,.K � 8�� � - � 8�� 00§ [t_/hj_�^3m|ygygmvd]w3d]nshj^
ix�vm��7iTfgmvnsd�^b�ty f d]nxfWz]_/�C_/dtznsd �¦�

Z0[t_�®th%y�fO�tixhgfgm|k��v_byg_�f�� � m|yOk/hg_7iTfg_7z��A��z]hjiQ§ mvd]w #-mvdtz�_H�5_Hdtz�_/dDf�hg_7ix�vm��7iTfgmvnsd5y0�±hgnl^ �<,>- � 0Jixd5z
ilygygmvwsd]mvd]w
�]d]mo�±nshj^ §ª_Hmowl[Df *
	+# fgn�_Hisk%[³ns�Nfg[]_H^���Z0[]_Hd�u©y �t�]�5nDy _«§ª_«z�mvyg�Cnlyg_«iTfOfgmv^3_ !;1�*bns�
fj[]_*�tish fjmvk/�o_°y _/f�� �@?BA 8 ,L$ 5�@?BA C� 5�@?BA 0 5�� A���������� � § []_Hhg_�� �

5�� A � 5�@?BA 8 *s�N}�nly fg_Hhgmvnshjm5^
ishgwlmodtis�%� �@?BA
m|y+fg[t_/d�_Hy fgmv^
iTfg_7z�D�¢fg[]_*�]hjns�5ix�]mv�omof��pz�_Hdtygm¤f�� ��������� 8 � �

5 � A � 5�@?BA /"! $����� �Z0[t_L�������D	%�"��	%C
� $-� �0�Mk/nsdtygm|y�f%y0mod��]hjns�tiswlixfgmvd]wb_7isk%[�tixhgfgm|k��v_°nx�#� �@?BAJfg[5ixd]��y0fjn«fj[]_*_��D�tixfgmvnsd
_H¡snl�o��fjmonld ,.* 0��
Z0[t_ª§+_/mvws[Df�nx�t_7isk%[b�5ixhgfgm|k��v_ªm|y��]�CztiTfg_7z«z]�]hgmvd]wOfg[]_^�#CD�-�����"� 	%CD�W$-� �0�»� IW�bfjn°i�k�nldty fjixdDf7uT_��D�tiTfjmonld
,%$ 0pk�ns^3_7y�z�nT§ d)fgn iszQ~��ty fpfj[]_�§ª_Hmowl[lfnx�b�thg_7z�mvk�fgmvnsdtyp�A�U^b�]�ofgmv�]�v�Dmvd]w.m¤f��A� fg[]_M�omv�s_H�omv[]nAn�z� ,�� � � � � 0��!Z0[]_*ix�vwsnshjmofg[]^$m|y z�_7ygk/hgmv�5_7zpmvd�:J�vwsnlhgmofg[]^ T*�5_H�onT§*�
��-�& ½ ��'¥�)(��+* ¿0isygmvkO�tixhgfgm|k��v_�®t�ofg_/h
}!hj_Hz�m|k�fjmonld, ½ � " 8 *C I I IBCF# ¾ ½
¯ _/d]_Hhjixfg_*iqhjisdtz�ns^$yjix^3�]�v_�, 5� �±hjns^ � ,LEG� 0=�
>ªns^3�]��fj_�$ 5� 8 :<�+,L$ 5�@? A C., 5� 0��

¸.- ¾/, ½ �
>ªnshjhj_Hk�fjmonld, ½ � " 8 *C I I IBCF# ¾ ½
>ªns^3�]��fj_�� 5� 8 0 ��1324�65 !

$��7�8 $�����
9;:$)< � 0 �=1324�65 ! $� 7�8 $�>��� �¸.- ¾/, ½ �

?´y fgmv^
iTfgmvnsd
?´y fgmv^
iTfg_7�<�B,�� � 0+�A�@?�;� ,'� � 0 8A� �

5�� A � 5� �B,L$ 5��B �@?BA 0��
¿+�3k�nsd5y�fjhg�tk�fgmvnsd�usfg[]_O�tixhgfgm|k��v_Hy´ixhj_ modtz]_/�C_/dtz�_HdDfH�!Z0[]_J§+_His�«k/nsdA¡s_Hhgwl_/dtk/_ªns�©fg[]_J�thgnl�tix�]mv�vm¤f��

z]_/dtygm¤f�� ������fgnT§0ixh%z]y ����§ []_/d'#DCFE § mofg[¢h%iTfj_ *�	 G # k/isd¢�5_O�]hjnT¡s_Hz�� UWnT§ª_H¡s_/h7uTfj[]_O_Hhghjnsh´mvy
dtnxfª�td]m¤�±nlhg^3�v�
�5nl�]dtz�_7z¢mvd¢fjmo^3_s�!Z0[t_Oz�_Hdty mof�� �H���!m|y´ns� fg_/d�^b�]�ofgmorÀ^qn�z]is�©isy+y _H¡s_/h%ix�5[A�D�Cnxfj[]_Hyg_Hy
is�5nl��f�fg[]_+�5nDy mofgmvnsdbnx�]fj[]_ªnl��~�_Hk�f�kHixd��C_0^
isz�_+iTf�nsd]_´fgmv^q_l��cÀfNm|y��±nlh�modty fjisdtk�_´fg[]_0k/ily _ª§ []_/d«nsd]_
nl��~�_Hk�f�m|yOfgh%isk%�l_Hz³§ mofg[�ixdMmo^3�CnshgfjixdDf*k��v��f fj_/h7� / _H¡s_/h%ix��[A�A�5nsfg[]_7y _7y�is�5nl��f�fg[]_3ns�]~�_Hk�f°�Cnlygm¤fjmonld
kHixd�fj[]_/d³�C_b�l_/��fWmo�Nfg[t_by _/fOns���5ixhgfgm|k��v_HyJyg�]�vm¤f%yWmvdDfgnpyg_/¡l_/h%ix��yg�]�tyg_�fjyH��Z0[tmvyWmvyW§ []_/hj_*fg[t_�wshj_Hixf
y fghj_/dtwxfg[nx��fg[]m|y0®t�ofg_HhJ�vmo_7y/�

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� Y

Z0[t_«�tish fjmvk/�o_qy _/fjyO_/dtis�]�v_HyWfgn_Hy fgmv^3ixfg_qixdA��±�]dtk�fjmonld]dtis��ns��-/� modM�tixhgfgm|k��t�vishJfg[t_bf�§+n¢®th%y f�^3nxr
^3_Hdlf%y*§ mofg[8�B,�� 0 8 � ixd5z �B,�� 0 8 ���
hg_7y �C_Hk�fgmv¡s_H�o�l�pZ0[]_
^3_Hisd�kHixd��C_
�ty _7zMfgn³_Hy fgmv^
iTfj_
fg[]_
�Cnlygmofgmvnsd
nx��nld]_Jnl��~�_Hk�fª�]��f+m¤f0k/isd
�5_°i*�tilz3_Hy fgmv^3ixfgnlh´mo�©fg[]_O�viQ§ m|y´[]mvws[t�o�q^b�]�ofgmv^3n�z]ix�9��cedpy �5k%[
kHisyg_Hy!fg[]_Omvz�_7ix�C§ªnl�]�|z3�5_Ofgnqk/ix�|k��t�vixfg_ fj[]_O^3_7ixd
nsdt�o�3nT¡s_HhNfg[t_O�tish fjmvk/�o_7yNfj[tiTf0k�nsdDfjhgmv�]��fj_Jfgnbfg[]_
�thgmvdtk�mv�tis�©^qn�z�_°�]�]fOy �5k%[isd�_7y�fjmo^
iTfjnsh [tily0d]nxf �C_/_Hd�z]_/¡s_H�onl�5_7z¢�±nlh0fg[]_*^3nl^q_HdDfH�
ced �thjilk�fgm|k�_lu¦fj[]_p�5ixhgfgm|k��v_py _/fbm|y*®td]mofg_ixdtz�fj[]_p^
ix~�nshbz�h%iQ§ �tilk%�<nx�0fg[tmvy«ix�vwsnshjmofg[]^�mvybfg[]_�z�_�r
wl_/d]_Hhjilk��
ns�¦fg[t_*�tixhgfgm|k��v_�y _/f'G!nsd]�v�
�±_H§ �tish fjmvk/�o_7y0�s_H_/�[]mowl[�§+_/mvws[Df%y ixdtz�fg[t_*nxfg[t_/h%y0[tiQ¡s_�¡s_Hhg�
yg^
ix�v��nsd]_7y/�qZ0[]_b®5hjy f�k/ixhjhj��fj[]_3mod]�±nshj^3ixfgmvnsdM�]��f°fg[]_
yg_Hk/nsdtzMixhj_«�tyg_/�v_HyjyH�bZ0[]_3hg_7ygis^3�]�omvd]w�mvy
i?wsnAn�z¨§0iQ��fgn�hg_H^q_7z���fg[]m|y
z�h%iQ§ �tisk%���C_Hk/is�tyg_pmof
kHixdtk/_/�|y�fj[]_��tixhgfgm|k��v_Hy«nx��y ^
ix�v�v_Hy fq§+_/mvws[DfH�
Z0[t_Jy�fjnAk%[5isy fgm|kªhj_Hyjix^3�]�vmvd]w*k�nsd5y m|y�f%y�mod
yjix^3�]�vmodtw # �tish fjmvk/�o_7yN§ mofg[3hg_H�]�|isk�_H^3_/dDfNmodqfg[t_J�tixhgfgm|k��v_Hy
yg_�f�§ mofg[�fj[]_¢�]hjns�tis�]mv�omof�� � 5Mfgn<z�h%iQ§ $ 5©�pZ0[]_
dt_/§ �tixhgfgm|k��v_Hy°[tiQ¡l_3�]d]mo�±nshj^ §+_/mvws[Dfjy°_ �l�5ix��fgn*�	=# �+Z0[]_�hj_Hyjix^3�]�vmodtw3kHixd��C_�mo^3�]�v_/^3_Hdlfj_Hz³§ mofg[<i
k/ns^3�]�v_�¬�mof��pmvd��/,.# 0Jmod³i
§0iQ�pz�_/fjixmv�v_Hz�mvd
is�]�C_/dtz�mo¬43�P]�à�c7���Z0[t_ hg_7ygis^q�t�omvd]w*y�fj_/�¢z�nA_7yNd]nxfª^qn�z�mo�±�«fg[]_0fj[]_/nlhg_/fgm|k/ix�5k�nsdA¡l_/hjws_/d5k�_0isy�fj[]_ f�§+n
�5ixhgfgm|k��v_°yg_�f%y+�±ns�v�onT§ isyg�A^q�]fgnxfjmvkHix�v�o�3fj[]_�yjix^3_*z�_/dtygmof��s�
:)®th%y�f0y nl�o��fjmonld�uAisz�nl��fg_7z3mod N a=QC�±nsh+_�¬]is^q�t�o_luDk/nsdtygmvy fjy´mod�ix�]�]�v�Amodtw�fg[t_Whj_Hyjix^3�]�vmod]w«y�fj_/�pixfª_Hilk%[
fjmo^3_¢�C_/hjmvnAz���Z0[]_pk/nshjhg_7y �Cnsd5z�modtw�is�owlnshjm¤fj[]^ ns�+�tish fjmvk/�o_3®5�¤fj_/hb§ mofg[¨yg��y�fj_/^
iTfjmvk3hj_Hyjix^3�]�vmvd]w�mvy
z]_Hyjk�hjmo�C_Hz�mod�:W�owlnshjm¤fj[]^ ���
Z¦n«^q_7isyg�]hj_ fg[]_�z�_/wl_/d]_Hhjilk��«nx��fj[]_Ois�owlnshjm¤fj[]^�usfj[]_W_/¶C_7k�fgmv¡s_�ygis^3�]�o_�y m��/_
#������b[tisyª�C_/_/dpmodDfghjnxr
z]�tk�_7z�mod NbT7� QÀu N�TH�DQ�mvd�fg[]_b^qnlhg_*wl_/d]_Hhjis�¦k�nldDfg_�¬AfJns��mv^3�5nlh f%ixdtk/_�hj_Hyjix^3�]�vmod]w5� � _«kHixd�_Hy fgmv^
iTfg_
fj[]m|y �l�5ixdDfgmof��
�A� ?#�������8 *
	#� �

5�� A ,�� 5� 0���§ []m|k%[^q_7isyg�]hj_Hy´fg[]_°dA�]^b�C_/h ns�¦^3_Hisd]modtwx�±�]�©�tish fjmvk/�o_7y/�Z0[t_*hg_7ygis^q�t�omvd]wqmvy0fj[]_/d³z�nld]_*nsdt�o�¢mo�@?# �����
	 # ���� � ! ��� 0�� �NcÀfW_/dtis�]�v_Hy+fg[t_*�tixhgfgm|k��v_*y _/f fgn
�C_�f fj_/h�v_Hishgd<fg[]_q�]hjnAk/_HyjyWisdtz³fjn��l_/_/�?m¤f%yO^3_H^qnlhg�³z��thgmvd]w¢fj[]_qmodDfg_Hhg¡Tis��§ [t_/hj_bd]n�hg_7ygis^q�t�omvd]wpn�kHk��]h%y/�

��-�& ½ ��'¥�)(���� }Nixhgfgm|k��v_O®5�¤fj_/h § mofg[³y ��y fg_H^3ixfgm|k�hg_7ygis^q�t�omvd]w
}!hj_Hz�m|k�fjmonld, ½ � " 8 *C I I IBCF# ¾ ½
¯ _/d]_Hhjixfg_*iqhjisdtz�ns^$yjix^3�]�v_�, 5� �±hjns^ � ,LEG� 0=�
>ªns^3�]��fj_�$ 5��B �@? A 8;:<�+,L$ 5�@?BA C., 5� 0��¸.- ¾/, ½ �

>ªnshjhj_Hk�fjmonld, ½ � " 8 *C I I IBCF# ¾ ½
>ªns^3�]��fj_�� 5� 8 0 ��1324�65 !

$��� ����� 7�8 $�����
9;:$)< � 0 �=1324�65 ! $��� �>��� 7�8 $����� �¸.- ¾/, ½ �

?´y fgmv^
iTfgmvnsd
?´y fgmv^
iTfg_7�<�B,�� � 0+�A� ?�;� ,'�G� 0 8 � �

5�� A � 5� �B,L$ 5��B �@?BA 0��� _7ygis^q�t�omvd]w, ½ � " 8 *C I I IBCF# ¾ ½
'Wh%iQ§M$ 5� �±hjns^ � �

� � � � �� / !����� ����� �/ _�f � 5� 8 *
	+# �
¸.- ¾/, ½ �

Î�Î Ó(d"egf-h-h



� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

'O_�f%ixmv�vyOk/isd³�5_*�±nl�]dtz³mvd NbT7� QÀu@NbT/�
Q�nlh^N �=Q9��:W�]�5_Hdtz�mo¬ 3%P]�à�c7 �]hg_7y _HdDfjy0fj[]_b�]h%isk�fgm|k/is��§+iQ���tyg_Hzfgn
hj_Hyjix^3�]�v_Ofg[]_*�tish fjmvk/�o_*yg_�f7�
��-�& ½ ��'¥�)(���� }Nixhgfgm|k��v_O®5�¤fj_/h § mofg[³isz]is��fgmv¡s_°hj_Hyjix^3�]�vmodtw
}!hj_Hz�m|k�fjmonld, ½ � " 8 *C I I IBCF# ¾ ½
¯ _/d]_Hhjixfg_*iqhjisdtz�ns^$yjix^3�]�v_�, 5� �±hjns^ � ,LEG� 0=�
>ªns^3�]��fj_�$ 5��B �@? A 8;:<�+,L$ 5�@?BA C., 5� 0��¸.- ¾/, ½ �

>ªnshjhj_Hk�fjmonld, ½ � " 8 *C I I IBCF# ¾ ½
>ªns^3�]��fj_�� 5� 8 0 ��1324�65 !

$��� ����� 7�8 $�����
9 :$)< � 0 � 132 � 5 ! $��� �>��� 7�8 $����� �¸.- ¾/, ½ �

?´y fgmv^
iTfgmvnsd
?´y fgmv^
iTfg_7�<�B,�� � 0+�A� ?�;� ,'� � 0 8 � �

5�� A � 5� �B,L$ 5��B �@?BA 0��?N¶»_Hk�fgmv¡s_�ygm��H_�_7y�fjmo^
ixfgmvnsd
>+ix�|k��t�vixfg_ ?#�������8 A9 :$)< � 1 8 $� 7�� �� _7ygis^q�t�omvd]w
'�, ?# ����� 	 # ���� � ! ��� 0�� �)( ¸�-
, ½ � " 8 *C I I IBC # ¾ ½

'OhjiQ§ $ 5� �±hjns^ � �
� � � � �� / !����� �>��� �/ _/f � 5� 8 *�	=# �

¸�- ¾/, ½ �
¸ -¥� ¸, ½ � " 8 *C I I IBC # ¾ ½

$ 5� 8M$ 5��B �@? A¸�- ¾/, ½ �
¸.- ¾/'%,

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� a

� � ������	��+�°��	 �b� ��� ��� �*��	���b"�� ������ ��� �*����� 	 "
Z�nJmv�o�v�ty fgh%iTfj_�fg[]_ª�]hg_H¡Amonl�ty�ix�vwsnlhgmofg[t^3yHu/§+_N®th%y f�z�_His�x§ mofg[bk/�vilygygmvkHix�x�C_Hishgmvd]wDy�rÀnsd]�v�J�]hjns�t�o_H^3yH�¦Z0[]_
nl��~�_Hk�fOm|yJfj[]_/d�iR[ �Cnsmvdlfgr9nl��~�_Hk�fO\�mvd<fg[t_ � 1��³�]�visd]_s��ced<fj[]_«k/nsdDfg_/¬Af�ns�´ipyg�onT§ �v��^3isd]_/�t¡s_/hjmvd]w
f%ixhjws_/fHux§+_ [tiQ¡s_ k%[]nDy _Hdqi�d]_7ixhj�o�Drek�nldty�f%ixdDf rÀ¡s_H�on�k/m¤f��°^3n�z�_/� 3Gy _H_cNbTH`=Qt�±nsh´i°hj_/¡Amv_/§ ns�5fj[]_ �]hjmod5k�mv�tix�
z]�Dd5ix^3mvkHix�©^3n�z�_/�|y0�tyg_Hzmvdpfj[]mvyWz�ns^
ixmvdE7�����
	 ��������������
Z0[t_°y fjixfg_°¡s_7k�fjnsh -/�!hg_H�]hj_Hyg_/dDfjyªfg[t_�k�nAnsh%z�mvdtiTfj_Hy+ixdtzpfg[]_*¡l_/�vn�k�mofgmv_Hy0mvdpfj[]_�� 1 �¢�t�visd]_HG9- �98
,'�G�=C:�D��C., �G��C., �D�H0��´Z0[t_°z]mvyjk�hj_�fjm��H_Hzy�f%iTfg_*_ �D�tiTfjmonldilygygn�k�m|iTfg_7z¢§ mofg[fgmv^3_*�5_Hhgmvn�z�� !+mvy G

-/�����6�68�� � ( � � ! � ( �! � ( � " -/�$#%� �6� �� � ( �� ! � ( � " EG��C 3%a�7

§ [t_/hj_ � ( � m|y�fg[]_3m|z�_/dDfjm¤f��³^
iTfjhgmo¬?mvd�z]mo^3_/d5y mvnsd86pisdtzJEG�Jm|y*i ¯ is�tyjy m|ixd �/_/hjnxrÀ^3_Hisd<¡s_7k�fgnlhOns�
k/nT¡Tixhjmvisdtk�_¢^
ixfghjm¤¬'&�( 8*),+ �- !! + �2/. � ��_�f ?-/�*�5_�fg[t__7y�fjmo^
ixfgmvnsd¨ns��-/�bk�nl^q�t��fg_7z¨�A��fg[]_
�5ixhgfgm|k��v_O®5�¤fj_/h%y0§ m¤fj[@�B,�� 0�8���utm9� _lu©� ?-/�68 � �

5�� A � 5� $ 5��B �@?BA �Z0[t_�nl�tyg_/hj¡Qixfgmvnsdty0ishg_*iQ¡Tixmv�vis�]�v_�ixf z]mvyjk�hj_�fj_Ofjmo^3_7yJiskHk�nsh%z�mvd]w«fgn G

K�� 8103254�65037�, � � 1 � �98 !���01 � �:8 !� 0�# � �=C 3STH��7

§ [t_/hj_ � �+mvyOi/�/_Hhgnsr9^3_Hisd ¯ is�tyjy m|ixd�d]nlmvyg_*nx�Nk�nT¡Tixhjm|ixdtk/_ + �; mvdtz�_H�5_Hdtz�_HdlfOnx��E �%�5���98 ! ixdtz
� �98 !ishg_Ofg[t_ >+ixhgfg_Hygm|ixd�k/nAnsh%z�mod5iTfg_7y0nx��fg[]_*nl�ty _Hhg¡l_/h7ul§ [tmvk%[³ixhj_��DdtnT§ d��

���=< >?��@BAC�EDF@G�IHKJMLONPDFQ
R$�
�TSU�VDP��NW@X'QVDP�Y@[Z�@[DB�\�]L^DFQ
RTLO_C�`La��LOJ�DFQVbc�dNF��@eLa�gfJU�
Q:_�hiNW��@eJj��RkDFQEbc���VZ
Z0[t_�mvd]mofgm|ix���Cnlygmofgmvnsdnx��fg[]_°f%ixhjws_�fJisdtzpns��fj[]_°ns�tyg_/hj¡s_Hh ixhj_

- � 8mlnno 6 !p! ^*rq ![! ^* I ! ^
y ? A1 ! Isqb^
y ?BA
tvuuw � - �98 !� 8mlnno 6 !p! ^1�x ![!p! ^*I 6«^
y ? A# ! Isq�^
y ?BA

tvuuw I
Z0[t_*ns�tyg_/hj¡s_Hh mvy0�±nl�o�vnT§ mvd]w¢i3�o_Hw
�A�p�v_/w3fgh%iT~�_7k�fjnshj�s�´cÀf%y ¡s_H�on�k/m¤f���¡s_Hk�fgnlh mvyOk�nsd5y�f%ixdDf nsd³_Hilk%[��v_/w
isdtz�^qn�z�mo®t_7zixf fg[]_��±nl�o�vnT§ modtwqmvdty fjisdlf%y"G� , � �98 !� �:�,)� �98 !� ��� " 8 � 1 ! I $! I x " � � , � �98 !y ���, � �:8 !y �:� " 8 � 6 I !! I x " � � ,)� �:8 !z ���,)� �98 !z ��� " 8 � 1 ! I $! I x "
Î�Î Ó(d"egf-h-h



T7� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

� , � �98 !� �:�,)� �98 !� ��� " 8 � 6 I !! I x " � � ,)� �:8 !� ���, � �:8 !� �:� " 8 � 1 ! I $! I x " I
Z0[t_py _ �D�]_/dtk/_¢nx�J_7y�fjmo^
ixfg_Hz�f%ixhjws_/fb�5_7ixhjmodtwly�ishg_
�]hj_Hyg_/dDfj_Hz�mvd ®tws�thg_�Tl�?Z0[]_/��ixhj_¢ygmo^«�]�vixfg_7z
§ mofg[ i ¯ ix�5ygygmvisdUd]nsm|yg_<nx��¡Tixhjm|ixdtk/_ + �; 8 ! I ! q�h%isz�m|ixdty 3¥ix�Cns�]f�x z]_/wshj_/_7y�7
_/¡s_Hhg� fgmv^3_M�C_�rhjmvnAz�u©mG� _3_/¡s_Hhg��$�yg_Hk�nldtz]yH�bZ0[]_
z��Adtis^qm|kqd]nsm|yg_«m|y°i�dtnshj^3is�<�H_/hjnxrÀ^3_Hixd ¯ ix�tyjy m|ixdM¡s_7k�fgnlhO§ mofg[+ �- 8 + �2 8 ! I !p! */^
y ? A � � _*�ty _°fj[]_*ygis^3_°z]�Dd5ix^3mvk°dtnsm|y _�fgn3�]hj_Hz]mvk�f fg[]_*�tish fjmvk/�o_l�A�mvhjy fHut§ª_*k/isd³k/ix�|k��t�vixfg_�fg[]_b_Hy fgmv^3ixfg_7zpfjhjix~�_Hk�fgnshj�3�±nsh nld]_*�tish fjmvk/�]�vish0hg�]d�ns��fj[]_��tish fjmvk/�o_�®t�ofg_HhH�
Z0[t_Jfghj�]_�ixdtz
_7y�fjmo^
ixfg_Hz
fgh%iT~�_Hk�fgnlhgmv_HyNnl��fjismodt_Hz3§ mofg[ * !p![!p! �tixhgfgm|k��v_Hy+ixhj_J�]�vnxfgfg_7z
�tygmod]wqy ��y fg_H^«r
ixfgm|k�hg_7ygis^q�t�omvd]w3mod®twl�]hj_*�3isdtzisz]is��fgmv¡s_°hj_Hyjix^3�]�vmod]w3mvd®tws�]hj_*`]�!Z0[]_°fj[]hj_Hyg[]ns�|z�#����� � ! ��� 0�� mvy®t¬A_7z�fgn ! I �]�!Z0[]_�iQ¡l_/h%ixwl_J�±hj_��D�]_/d5k��¢ns��hj_Hyjix^3�]�vmodtw«�±nlhJy �5k%[iqfj[]hg_7y [tns�|zpm|y ! I * x 6*�±nlh�� 8 * ![!
z]m¤¶»_/hj_/dDf*hg�tdty*nx�ªfg[]_3®5�¤fj_/h�§ mofg[ isztix��fjmo¡l_«hj_Hyjix^3�]�vmodtwt�
Z0[]_
¡Tix�v�]_Hy°ns� ?# ����� ixhj_3�]hg_7y _HdDfg_HzMmvd
®5ws�]hj_°�«�±nlhJiq�tixhgfgm|k��]�|ixh0hj�]d��
Z�n³isyjy _7ygyOfj[]_¢iskHk��]h%isk/�³nx�+fg[]_3f�§+n®t�¤fj_/h%y/u�§ª_3[tiQ¡l_
k�ns^3�]�]fg_HzMfj[]_
�]m|isy*ixd5zMy fjisdtz]ixh%z�z�_�r

-0.5

0

0.5

1

1.5

2

0 100 200 300 400 500 600 700 800 900 1000

be
ar

in
gs

 in
 r

ad
ia

ns

time in seconds

Noisy Bearings Measured 

(t,y)

A�mvws�]hj_RTcGN¿+_Hixhjmvd]wlyª^3_Hisyg�]hj_Hz�iTf0_Hisk%[pfgmv^3_*�5_Hhgmvn�z
�±nsh0fj[]_*y mvd]wl�o_Ofjishgwl_�f0�5_7ixhjmod]wDy�rÀnsdt�o�3_�¬��C_/hjm¤r
^3_Hdlf

¡Am|iTfjmonld³§ m¤fj[�� 8 * ![! z�m¤¶»_/hj_/dDf�hg�]d5yJnx�N_7isk%[�®t�ofg_HhJ�±nshWfg[]_b�±ns�]h�k�nl^q�Cnsdt_/dDfjyWnx�Nfg[t_�¡s_7k�fgnlh�-¨�
Z�ix�t�o_WT�k/nsdDfjismodty fg[]_�hj_Hyg�]�ofjyH�`:+fO_Hisk%[�fgmv^3_�!ªfg[]_b�]mvily �±nlh fg[]_ � ��� k/ns^3�5nld]_/dDfJns�6- m|yWz�_/®td]_7z
�A�

� ��� $ � � 0 8
*
�

	

 � A
, ?- � � 0 1J-/� � 0 0=C 3STcT 7

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� T�T

-2500

-2000

-1500

-1000

-500

0

500

1000

1500

0 1000 2000 3000 4000 5000 6000 7000 8000

y-
co

or
di

na
te

 in
 m

et
er

s

x-coordinate in meters

True and estimated trajectories 

target trajectory
estimated target trajectory

A�mvws�]hj_���G Z�hj�]_�isdtz _Hy fgmv^3ixfg_7z fgh%iT~�_7k�fjnshjmo_7y nl��fjismod]_7z § mofg[ TH�l�s�s� �tixhgfgm|k��v_Hy ixd5z
yg��y�fj_/^
iTfjmvk�hj_Hyjix^3�]�vmodtw

isdtzpfg[]_�y fjisdtz]ixh%zz�_/¡Am|iTfgmvnsd G

$ !&( � � 0 8 *
�

	

 � A

?- � � 0
� 1 , *� 	


 � A
?- � � 0 0 � I 3ST7�c7

Z�n°iQ¡snsm|z�k/ns^3�5_HdtyjiTfgmvnsd«nx�C_/�v_/^3_/dDfjishg�*�tmvily`3¥nx�Cns�]�Cnlygm¤fj_+ygmvwsdty#7�ux§+_0iQ¡s_/h%ixwl_Nfg[t_0is�tygns�v��fg_+¡Tix�v�]_Hy
ns�¦fj[]_*�]m|isy � � � $ � � 0 �!Z0[]_/d�u�§+_�z�_/®td]_

� � � $ 0 8
*

�

�

� � A

� � � � $ � � 0 � C 3STH`�7

isdtz�§ª_*iQ¡s_Hhjisws_Wfg[]_�y fjisdtz]ixh%zpz]_/¡Amvixfgmvnsdty

$ !&( 0 8 *
�

�

� � A
$ !&( � � 0 I 3ST/��7

Z0[]_¢z�mo¶»_/hj_/dtk/_Hy*�C_�f�§+_/_HdMfj[]_
�]m|isyg_Hy�ishg_3d]nsf�¡s_Hhg�?ygmvwsd]mo®5k/isdDfW3Gy�fjmo�v�9u�mof�mvyby �vmowl[Dfg�v�?�vnT§ª_Hh�§ mofg[
ilz]ix�]fgmv¡s_bhj_Hyjix^3�]�vmvd]w�7�uC�t��fOfj[]_
y�f%ixdtztixh%z<z�_/¡Am|iTfjmonld<mvy°ygmowld]mo®5k/isdlfj�o��[]mvws[t_/h�mod?fg[]_
k/ily _«nx�ªyg��y�r
fj_/^
iTfjmvk0hj_Hyjix^3�]�vmvd]wt��Z0[]_ _Hy fgmv^
iTfg_7y��]hjnT¡Dm|z�_7zb�A��nld]_ �tixhgfgm|k��t�vish�hj�]d
ixhj_+fg[]_Hd3�o_7ygy�hj_/�vmvis�]�v_+§ mofg[
yg��y�fj_/^
iTfjmvk3hj_Hyjix^3�]�vmvd]w�fg[tisd § m¤fj[¨isz]is��fgmv¡s_
nld]_s�_: z]is��fgmv¡s_
hj_Hyjix^3�]�vmodtw³§ mo�v�!fj[D�5y��C_¢�tyg_Hz�mvd

Î�Î Ó(d"egf-h-h



TQ� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

-2500

-2000

-1500

-1000

-500

0

500

1000

1500

0 1000 2000 3000 4000 5000 6000 7000 8000

y-
co

or
di

na
te

 in
 m

et
er

s

x-coordinate in meters

True and estimated trajectories 

target trajectory
estimated target trajectory

A�mvws�]hj_ `�G Z�hj�]_�isdtz _Hy fgmv^3ixfg_7z fgh%iT~�_7k�fjnshjmo_7y nl��fjismod]_7z § mofg[ TH�l�s�s� �tixhgfgm|k��v_Hy ixd5z
ilz]ix�]fgmv¡s_�hg_7ygis^q�t�omvd]w

Z�ix�t�o_4TcG'>ªns^3�tixhjm|y nld<�5_/f�§ª_H_/dM�tixhgfgm|k��v_b®5�¤fj_/hjmod]w�C_/hg�±nshj^3isdtk�_«§ m¤fj[�yg��y�fj_/^
iTfjmvkqixd5z?isztix��fjmo¡l_
hj_Hyjix^3�]�vmvd]wtuAmvd�fj[]_�ygmod]wl�o_/r9nl��~�_Hk�f+�C_Hishgmvd]wDy�rÀnsd]�v�¢yg�DdDfj[]_�fjmvk�_�¬]is^q�t�o_

¿+m|isy / f%z
yg�Ay fg_H^
iTfgm|k isz]is��fgmv¡s_ yg��y�fj_/^
iTfjmvk��Tisztix��fjmo¡l_ yg��y�fj_/^
iTfjmvk ilz]ix�]fgmv¡s_ yg��y�fj_/^
iTfjmvk��Tilz]ix��fjmo¡l_� a�Tl��T �x` �s`]� P)�cP Tl� �l�ca Tl� al�l� �t�ZY
aca ��� `�Y� P Ts� �)� �x�]� �x�]Y Tl� �s�l` �t� a]Y]T/� �t� �D��T7� ��� �]Y, - �]� �s�]YDa �]� �s�)�ca Tl� �D�x` �]� �s�l�cal� �]� �s�l�s`�as� ��� ��P,�2 �]� ��Y�YT`l` �]� ��YT` TH� Ts� �)� �]� �s�l��Y�Y �t� �l�s�s`s� ���à�
P

fj[]_*hj_Hy f0ns�¦fj[]mvyJ§ªnlhg�»�
cÀfOmvyJfgn¢�C_bd]nsfg_7zfg[tixfWmod�fj[]_«kHisyg_*nx�Nhj_Hix��z]iTf%i3fg[]_b¡Qishgm|ixd5k�_*nx��fj[]_«y fjixfg_�d]nlmvyg_�z�nA_HyWd]nxfOd]_/_7z
fjn��C_W�Ad]nT§ d
�]hj_Hk/mvyg_/�v��G�mo��m¤f+mvyªnT¡s_Hhg_7y�fjmo^
iTfj_Hz©uxfg[]_O�tixhgfgm|k��v_Hyªixhj_ �]hg_7z�m|k�fg_7z
mvd¢i��|ixhjws_/h!ishg_7i°�]��f
ishg_Jis�vygn�^3nshj_J_H�omv^3modtixfg_7z
mod¢fg[]_Ohg_7ygis^q�t�omvd]w�y fg_/�¦��}´hjilk�fgm|k/is�o�v�qm¤f+mvy+i*wshj_Hixfªy fghj_/d]wsfg[
nx���5ixhgfgm|k��v_
®5�¤fj_/hjmod]w5�
Z0[t_O�]�thg�Cnlyg_Ons�¦fj[]mvy0yg_Hk�fgmvnsdp§0isyªfjn«�]hjnT¡Amvz]_Oiqws_Hd]_/h%ix�Chg_H�]hj_Hyg_/dDfjixfgmvnsd
nx���tixhgfgm|k��v_J®5�¤fj_/hjmod]w5� � _
kHixdd]nT§)fj�]hjd�fjn3m¤f%y _�¬Afg_Hdtygmonldpfjnq^«�]�ofgmorGf%ixhjws_�f0fjhjilk%�Dmvd]w5�

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� T7`

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

0 100 200 300 400 500 600 700 800 900 1000

ef
fe

ct
iv

e 
sa

m
pl

e 
si

ze

time in seconds

Effective sample size

A�mvws�]hj_
� GqZ0[]_¢¡Tix�v�]_7y*nx�0fg[t_¢_�¶»_Hk�fgmv¡s_pyjix^3�]�v_¢y m��/_ ?#������³nl��fjismodt_Hz�§ m¤fj[ TH�l�s�l�p�tish fjmvk/�o_7y�ixd5z
ilz]ix�]fgmv¡s_�hg_7ygis^q�t�omvd]w

� ��������	%���*����+� ���*����	��+��� ���%���0��"

�M�
	 � �aDPL^DFQV�c_C@
�¦_�f � �5_0fj[]_JdA�]^«�5_HhNnx�»ns��~�_7k�fjyNfgn°fgh%isk%��3¥isyjyg�]^3_Hzbfgn*�C_J�Ad]nT§ dqisdtz«®]¬�_Hz 7���Z0[t_Jy�f%iTfg_ ¡l_Hk�fgnsh
§+_3[tiQ¡s_«fgn�_7y�fjmo^
iTfj_
mvy°^
ilz�_3�D�Mk�nsd5k/iTfj_/dtixfgmvd]w�fg[]_¢y fjixfg_3¡s_7k�fgnlh°nx�0_Hisk%[Mns��~�_7k�f7�H:+f*fjmo^3_�!�u
- � 8 ,>- A� C I I I C -��� 0ª�±ns�v�onT§Jyªfg[t_�y�f%iTfg_°_ �l�5iTfgmvnsd ,&* 00z�_Hk/ns^3�Cnlyg_Hz�mod ���5ixhgfgm|ix�©_��D�tixfgmvnsdty G

-��� 8 :��� ,.-���@?BA CFE��� 0 �
� 8 * C I I IBCF� I 3ST �c7
Z0[t_�d]nlmvyg_Hy ,LE �� 0«ixd5z ,LE �
	� 0qixhj_pnsdt�o� yg�]�]�Cnlyg_Hz fjnM�C_�§ []mofg_�5nsfg[¨fj_/^3�Cnsh%ix�v�o�¨isdtz yg�tiTfjmvis�o�v�su
mvdtz�_H�5_Hdtz�_Hdlf �±nlh3���8 ��G�
Z0[t_³ns�tyg_/hj¡TiTfgmvnsd ¡s_7k�fjnsh¢iTf
fjmo^3_ !qm|y¢z�_/dtnxfg_7z �D� �D��8 ,'� A� C I I IBC.��� �� 0�� Atns�v�onT§ mvd]w�fg[]_<yg_/^qr
mvdtis�Om|z�_Hilypns�«�*� / fjhg_Hm¤f³ixdtz Z°� �¦�]wsmvdA�]�][]�RNà�x�=QÀuW§+_MmvdDfghjn�z��tk�_?fg[]_�y fgn�k%[tisy fgm|k<¡l_Hk�fgnsh���� 2
� *C I I I C���� � � yg�tk%[ fg[5iTf����� 8 �°mo� ���� mvy«m|ygyg�]_Hz �±hgnl^�fj[]_ � ��� ns�]~�_Hk�f7�Mced fg[]m|yqk/isyg_su;���� m|y«i
hj_His�om��Hixfgmvnsd�nx�¦fj[]_�y fgn�k%[tisy fgm|k��]hjnAk/_Hyjy"G

K��� 8�� �� ,>- �� C����� 0+mo������ 8;��I 3ST P�7

:Wwlismod�u¦fg[]_pd]nsm|y _7y ,3���� 0�ixdtz ,���� 	� 0*ishg_
nld]�o��y �t�]�5nDy _7zMfgn<�C_¢§ []mofg_¢dtnsm|y _7y/u�modtz]_/�C_/dtz�_HdDf��±nsh
���8 �  � � _°isyjy �t^q_Ofg[5iTf+fg[]_O�±�]dtk�fgmvnsdty � �� ixhj_Oyg�tk%[pfg[tixfªfj[]_/�¢kHixdp�C_°isyjy n�k�m|iTfj_Hz3fjnb�±�tdtk�fjmonldtix�
�±nlhg^
y � �� z]_�®td]_7z�D� � �� ,����.� 0#��� ,.K��� 8�� � ���� 8 ��C - �� 8�� 0��

Î�Î Ó(d"egf-h-h



TH� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

� _?^
is�s_³fj[]_Milygyg�]^3��fgmvnsd)fg[tixf�nsdt_<^3_Hisyg�]hj_/^3_/dDf�kHixdUnlhgmvwsmvdtiTfj_³�±hjns^�nsd]_Mns��~�_7k�fpnlh¢�±hjns^
fj[]_?k/�o��fgfg_Hh�ixd5z fj[tiTfnsd]_³nl��~�_Hk�fpk/isdU�]hgn�z��5k�_ �/_Hhgn nlhpyg_/¡s_Hhjis� ^3_Hisyg�]hj_/^3_/dDf%y
iTfpnld]_�fgmv^3_s�
Atnsh«fg[tixfHu!§+_�z]_Hz�m|k/ixfg_�fg[]_^3nAz]_/� ! fjn<�¥ix�|yg_is�vishg^
yH��Z0[]_p�¥ix�|y _�ix�|ixhj^
ybishg_y �]�t�5nDy _7z�fgn��5_
�td]m¤�±nlhg^3�v�¨z�m|y�fjhgmv�]��fj_Hz.mod fg[]_�ns�5y _Hhg¡TiTfjmonld ixhj_Hit�¨Z0[]_/mvh3dA�]^b�C_/h3m|yqilygyg�]^3_Hz¨fgn�ixhjmvyg_¢�±hjns^ i
}�nlmvyjy nld³z�_/dtygmof��pnx�N�tishjis^3_�fg_Hh�� Eµ§ []_/hj_�Eµm|y fj[]_�¡snl�o�t^q_*ns��fg[]_qy �]hj¡s_Hmo�v�|ixdtk/_°ishg_7i3ixdtz��<fg[]_
dA�]^«�5_HhNnx�5�¥ix�|y _ ix�|ixhj^
y��D�b¡sns�v�]^3_0�]d]mof��s�!�W�»k/ns�]h%yg_suT§+_0z]n�dtnxf!isyjy n�k/mvixfg_0ixdA���Amodt_/^
iTfjmvk+^3n�z�_/�
fjn3�¥ix�|y _�is�vishg^
y isdtzfg[]_Hd³d]n
�tish fjmvk/�o_7y hg_H�]hj_Hyg_/dDf0fg[]_Hmoh�z�_/dtygmof��s� �¦_�f�� � 2�� ! C%*�� � � A z�_�®5d]_Hz��A�� �� 8
	 , ���� 8 �H0?�±nshJis�o� � 8 * C I I IH� � ��Z0[]m|y�z�_�®tdtm¤fjmonldbmv^q�t�om|k�mofg�v��isyjy �t^q_7y�fj[tiTf�fg[t_ª�]hjns�5ix�]mv�omofgmv_Hy� �� ixhj_ mod5z�_/�C_/dtz]_/dDfªns�Cfj[]_W^3_7isyg�]hg_H^3_/dDfjy!ily�fg[t_/mvh´mvdtz�_�¬]ixfgmvnsd
m|y´ixhj�]mofgh%ixhj�s��Z0[]_Hyg_Wisyjyg�]^3��fgmvnsdty
mv^3�]�v��fj[tiTf
���0^
iQ��z�m¤¶»_/hO�±hjns^ �(ixdtz�fj[tiTfOfg[]_qisyjy n�k/mvixfgmvnsd³m|yJ_�¬]k/�o�tygmv¡s_bisdtz³_�¬�[tis�ty fgmv¡s_s�Wced
�5ixhgfgm|k��]�|ixh7u � �

� � � � �� 8 *s� At�]hgfg[]_Hhg^3nshj_su´m¤f3mvy3ilygyg�]^3_Hz¨fg[tixfqfj[]_�isyjy mvwsd]^3_Hdlfq¡s_7k�fgnlh � ��[tisy
mvdtz�_H�5_Hdtz�_HdlfWk/ns^3�Cnsd]_Hdlf%y'3¥yg_/_�N �s�=Q�ixd5z Nà��T-Q!7��
��_/f0�5y0®th%y�fJy fg�tz��pfg[]_0~�nlmodDfWz�_Hdtygm¤f��4� ,>-/��C K���C����=C ���10K3±mv^q�t�om|k�mofg�v�k/nsdtz]m¤fjmonldtix�v�o�3fjn�-/�@?BAg7��

�
�

�
����� �

�

�

�



A�mowl�]hg_���GNced5z�_/�C_/dtz]_/dtk/_*wsh%ix�][�nx��fg[]_�- CFK�C � C�� y fgn�k%[tily�fjmvkO¡Tixhjmvis�]�v_Hy
� _*§ mv�o�¦z]hgnl�¢fg[t_�y �]�5ygk/hgmv��f�!!�±nlhJi«�±_/§ �omvd]_HyH�

�<,.- C K C���C � 0 8 �<,LK � � C���C - 0��<, � � ��C - 0��<,�� C -J0 3ST=Y
7
8 �<,LK � � C - 0 � , � � ��0 � ,���0��<,.- 0 3STH��7

§ [t_/hj_Ofj[]_*�|isy f0_ �D�tix�vm¤f��pmvy0�tily _7zpnldfg[]_°�±nl�o�vnT§ modtw«mvdtz�_H�5_Hdtz�_/d5k�_�isyjyg�]^3��fgmvnsdty

� �<,LK@� � C -J068��
�
� ,.K � � � � C - 098��

�

� � � ,�� � � � � 0 § mofg[%�68 � � 2 � * I I I ��� �*
	E mo� � � 8 ! I
� �<, � � ��0�8 ��� �.!1� "�� � � �.� , " , � 0 � � �HC��
00§ mofg[ " � , � 0��8! � �#" � � 8 � �Du�mG� _s�vuAfg[]_*¡l_Hk�fgnsh
, " � , �J0=C I I IBC " � , � 0 05�±ns�v�onT§Jy�i0^«�]�ofgmvd]ns^3m|ix�x�|iQ§?ns��ygm��/_9� �5ixd5zOns���tixh%ix^3_�fj_/h%y6,�� � C I I I C�� � 0=�

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� T �
� �<,���0'8 �<,�� � 0-�<,��
ADC I I IBC�� � � � � 0«§ []_/hj_ �<,��
A C I I I C�� � � � � 0«mvy3�]dtm¤�±nlhg^-nld fj[]_ � ! C%*41
��� � � � y0[A�D�C_/hj�]�|ixd]_ � �

� � A � � 8 * 1 ���s� ���*mvyWiqk/nsdty fjisdDf+fj[tiTfWkHixd�5_�k/ns^3�]��fj_Hz8G
��� 8 	 , ���� 8 ! 0 3ST a�7

8 �
�




0 � � 	 , ���� 8 ! � # �� 8 �L0 	 ,.# �� 8 �L0 39�x��7

8 �
�




0 � �
�
� � ����� 1�� E , ��E 0 0��� 39��T 7

� �<,.- 0�u]m9� _s�vu �<,>-/��� -/�@?BA+00k/nsdtz]m¤fjmonldtix�v�o�3fjn�-/�@?BAQ�
Z0[tmvy0mvdtz�_H�5_Hdtz�_/d5k�_�y fghj�tk�fj�]hg_°ns��fj[]mvyWz�mvy fghjmv�]��fgmvnsdm|y mo�v�v�ty�fjhjixfg_7zpmvd®tws�]hj_4���
Z0[t_�z]_/dtygm¤f�� � ��m|y
d]nT§$^«�]�ofgmv^qn�z]is�Jmvd i�ws�vns�5ix� y _Hdtyg_su´_7isk%[ �]hjmodtk/mo�5ix� ^3n�z�_³k�nshjhj_Hyg�5nldtz�mvd]w
fjnMnld]_ns��~�_7k�fH�¨Z�n�hg_H�]hg_7y _HdDf�fg[]m|y
z�_Hdty mof�� �A�¨i<�tish fjmvk/�o_�yg_�f3§ª_�k�nl�]�vz �tyg_��tish fjmvk/�o_7ybns��- �� � y
z]mo^3_/d5y mvnsd
ixd5zqz]mvy fghjmo�t��fg_ fj[]_/^µix^3nld]w�fg[]_Jnl��~�_Hk�fjy,3¥�]hgnT¡Am|z�mvd]w°fg[tixfNfg[]_Wns��~�_7k�fjy![tiQ¡s_+fg[t_Wygis^3_
z]mo^3_/d5y mvnsd<§ [tmvk%[M^qmvws[Df°d]nxf��5_«fg[t_qkHisyg_��±nsh°k�nl^3�]�o_/¬<ns��~�_7k�f%yWmvd?mv^
ixws_«�]hjnAk/_Hyjy mvd]w]7�� ?´isk%[<ns�
fj[]_/^ §ªnl�]�|z¢fj[]_/d��C_*�DdtnT§ dpfjnqhj_/�thg_7y _HdlfJiqwsmv¡s_Hdpnl��~�_Hk�fH�!Z0[]_*§+_/mvws[Df nx���tixhgfgm|k��v_ " m|y+fg[]_Hd G

� 5� ��� ,.K � 8 ,�� A� C I I IBC.��� �� 0�� -��� 8M$ 5� 0 39�s�c7
:OyNfj[]_Wnl�ty _Hhg¡TixfgmvnsdtyNkHixd]d]nsf´�C_Wy �t�]�5nDy _7z3mod5z�_/�C_/dtz]_/dDf+k/nsdtz�mofgmvnsd5ix�v�o�bfgn�nld]�o�qnsdt_Jnx�»fg[t_
��ns��r
~�_7k�f%y/usfg[]_J�vmv�s_/�vmv[]nAnAz3kHixd]d]nsf!�5_Oz�_Hk/ns^3�5nDy _7zqmod3fj[]_J�]hjn�z��tk�f!ns�C�vmv�s_/�vmv[]nAnAztyNnx�©_Hilk%[«nl�tyg_/hj¡Qixfgmvnsd��
�Odt_qygns�v��fgmvnsdMk�ns�t�vz?�5_qfgn�tyg_q¿0iQ�l_Hy�� yWhg�]�v_3ixdtz<fgn�k�ns^3�]�]fg_ �<,>- �� 8 $ 5� � K���8�,�� A� C I I IBC.��� �� 0 0�u
�t��f´fj[]mvyªhj_��D�]mvhg_7y�fg[tixfª_H¡s_/hj�bnl��~�_Hk�fª�]hjn�z��tk/_Hy´ixf´�v_Hyjy!nsdt_W^3_Hily �]hj_^3 fjnb�C_Ois�]�o_Jfgnb�5y _ fj[]_OZ�nxf%ix�
}´hgnl�tix�]mv�vm¤f���Z0[]_/nlhg_H^W7�u�§ [tmvk%[¨yg_/_H^3y*fgnAn³hg_7y�fjhgm|k�fjmo¡l_s��²³nshj_/nT¡l_/h7u©§ m¤fj[ yg�tk%[ i³hg_H�]hj_Hyg_/dDfjixfgmvnsd
fj[]_+hg_7ygis^q�t�omvd]w°y�fj_/�«k/ns�]�|zbz]mvyjisz�¡Tisdlf%ixwl_´nsdt_´ns�]~�_Hk�fNmo�5ix�v�
[�mofjyO\ª�tish fjmvk/�o_7y�[tiQ¡s_ª�onT§ §+_/mvws[DfjyH��Z0[tmvy
nl��~�_Hk�f´§+ns�]�|z3�5_Od]nb^3nlhg_ hj_/�]hj_Hyg_/dDfj_Hz3mvd
fg[]_O�omv�s_H�o�q_/¡l_/dDfªis�o�][�mofjyO\J�tixhgfgm|k��v_Hyªixhj_Wz�m|ygkHixh%z�_Hz3iT� fj_/h
fj[]_bhj_Hyjix^3�]�vmvd]wt� A]nshOfg[t_Hyg_bhj_Hisygnsd5y/u5§ª_«modty fg_7isz³�5y _q�tixhgfgm|k��v_HyW§ []nlyg_«z]mo^3_/d5y mvnsd<m|yWfg[]_3y �t^ ns�
fj[]_*nsdt_Hy ns��fj[]_�mvdtz�mv¡Dm|z��tis�¦y fjiTfj_�y �5isk�_7yJk�nlhghj_Hyg�Cnsdtz�mvd]w«fgn
_7isk%[ns��~�_7k�fB3±_l� w5� A ���±nlh �5_7ixhjmod]wDy�r
nld]�v�
_�¬]ix^3�]�v_ 7��(?´isk%[�nx�¦fj[]_Hyg_*k�nldtk/ixfg_/d5iTfg_7z
¡s_7k�fjnsh%y´fj[]_/dwsmv¡s_7y�~�nlmodDfj�o�piqhj_/�]hj_Hyg_/dDf%iTfgmvnsdpnx��is�o�
nl��~�_Hk�fjyH� � _*§ mv�o��k/ix�v�»fg[t_°®t�¤fj_/h%y isyjy n�k/mvixfg_Hz¢fgn3fj[]mvyJhg_H�]hg_7y _HdDfjiTfjmonld
fg[t_0~�nsmvdlf ®5�¤fj_/h%y/�

�M�=< � �cQ:_cDGS �EDP��NW@
Z0[t_�mvd]mofgm|ix�0�tixhgfgm|k��v_�yg_�f � � 8 , $ 5� C�*�	=# 0 5�� A��������6� � m|y3y �tk%[ fg[tixfq_7isk%[ k/ns^3�Cnsd]_Hdlf $ 5 � �� �±nsh/� 8* C I I IBCF� m|yJygis^3�]�o_7z�±hgnl^ � ,>- �� 00mvdtz�_H�5_Hdtz�_Hdlfj�o���±hjns^$fj[]_�nsfg[]_HhjyH�9:Oygyg�]^3_�§+_*[tiQ¡s_°ns�]fjixmvd]_7z
� �@?BA 8 , $ 5�@? A C � 5�@?BA 0 5�� A4��������� � § mofg[ � �

5�� A � 5�@? A 8 *s� ?´ilk%[ �tish fjmvk/�o_�mvy3i?¡s_Hk�fgnlh«ns�Oz�mv^q_Hdtygmonld
� �
� � A " �- § [t_/hj_«§+_«z�_Hd]nxfj_«�A� $ 5 � ��@?BA fg[]_/� ��� k�ns^3�Cnsd]_HdDf�ns� $ 5�@? A isdtz<§ [t_/hj_ " �- z�_HygmowldtiTfj_HyWfg[]_z]mo^3_/d5y mvnsdnx��ns��~�_7k�f3�%�

Î�Î Ó(d"egf-h-h



T P �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

Z0[t_��thg_7z�mvk�fgmvnsd³k/isd��C_�z�nld]_*isk/k/nsh%z�mvd]wbfjnqfg[]_°�±nl�o�vnT§ modtwq_ �D�tiTfjmonld G

A]nlh " 8 *C I I IBC # $ 5��B �@? A 8 lnnnno
: A� ,L$ 5 � A�@? A C., 5 � A� 0���

���
: �� ,L$ 5 � ��@? A C., 5 � �� 0

t uuuuw 39�x`�7

?!¬�is^3mod]_*dtnT§ fj[]_bk�nl^3�]��fjixfgmvnsd�nx��fj[]_��vmo�l_/�vmo[]nAn�znx��fg[]_bns�tyg_/hj¡TiTfgmvnsd5y k�nsd5z�m¤fjmonld]_Hz�A�¢fj[]_ " ����5ixhgfgm|k��v_s� � _�kHixd§ hgmofg_��±nlhWix�v� " 8 *C I I IBCF# G
�<,LK � 8 ,�� A� C I I IBC:��� �� 0�� - � 8M$ 5��B �@? A 0 8 �

�
�

� � A
� ,����� � $ 5��B �@? A 0+C 39�T��7

� �
�

�

� � A
� � ��E # �


� � A
� �� ,����� �F$ 5 � ���B �@?BA 0 � �� � I 39���c7

cÀfO^b�ty fJ�5_bd]nxfj_Hz�fg[tixfW_��D�tixfgmvnsd 3G�x��7+m|y0fghj�]_*nld]�o���]dtz�_Hh fg[t_bisyjy �t^q�]fgmvnsd�nx�Nk�nldtz�mofgmvnsdtis��mod5z�_�r
�C_/d5z�_/dtk/_ nx�5fg[]_ ^3_Hily �thg_7y/uT§ []m|k%[q§ª_0§ mv�o��^
ix�l_s��²³nshj_/nT¡l_/h7u/fj[]_ d]nlhg^
ix�vm��HiTfjmonld��¥ilk�fgnlhjy��C_�f�§+_/_Hd� �� ixdtz �<,LK��� 8�� � ���� 8;��C - �� 8�� 00^«�ty f0�C_°fg[t_�ygis^q_��±nlhJix�v� �Nfgn3§ hjm¤fj_°fg[]_*�|isy f _��D�tis�omof�� 3G�)�c7��
cÀf�hj_/^
ismodty�fjn³_Hy fgmv^
iTfg_3fj[]_¢isyjygnAk/mvixfgmvnsd��]hjns�tis�]mo�vmofgmv_Hy�, � �� 0 � � A���������� � § [tmvk%[�k/isd��C_¢yg_/_/d ily°fg[]_
y fgn�k%[tily�fjmvk+k�nA_/£
k/mo_HdDfjy�nx�Cfg[t_�� 1Jk�ns^3�Cnsd]_HdDf�^3mo¬Dfj�]hj_s� ��_�f � A C I I IBC.� � � �5_ mvdtz�_H�5_Hdtz�_/dDf!nl�ty _Hh r
¡Tixfgmvnsdty!�±hgnl^ i*^3mo¬Afg�]hj_Wz�_Hdty mof��q§ m¤fj[���k�ns^3�Cnsd]_HdDfjyHul§ []_Hhg_���m|y!®5d]m¤fj_W�]�]f+k/isd
�5_W�]d]�Ad]nT§ d��
Z0[t_ ^qm|yjy mvd]w*z]iTf%i]usz]_/d]nsfg_Hz�� � ulmod5z�mvkHiTfj_Hy��tyN§ [tmvk%[
k�nl^3�5nld]_/dDfN_Hilk%[«nl�ty _Hhg¡Tixfgmvnsd � � �5_H�onld]wly�fjnt�
Z�§+n�^
ismod
§0iQ��yNk/ixd3�C_0�±ns�]d5z3mod3fj[]_J�vm¤fj_/h%iTfg�thg_+fgn*_7y�fjmo^
ixfg_ fj[]_J�tishjis^q_/fg_Hhjy�nx�»fj[]mvy!^qn�z�_H� G�fg[]_
?ª² ^q_/fg[]n�z_3¥isdtz3mofjy!y fgn�k%[tily�fjmvk+¡s_Hhjygmvnsd�uTfj[]_ / ?ª² ix�vwsnshjmofg[]^ N `=Q!7Nixd5zbfj[]_ '�iTfji':W�]ws^3_Hdlf%iTfjmonld
^3_/fg[]n�z©�!Z0[]_�yg_Hk/nsdtz�nsdt_�m|y0mvd��¥ilk�fWi ¯ mv�]�tyJyjix^3�]�v_/h7�
ced N�Y QÀu�Nà�x�=QÀubN ��T-Q9uªfg[t_4?ª²�is�owlnshjm¤fj[]^-m|y3_�¬Afg_Hdtz�_Hz ixd5z.is�]�]�vmo_7z¨fjn�^«�]�ofgmofjixhjws_/f3fgh%isk%�Amodtwt�.Z0[tmvy
^3_/fg[]n�z³mv^3�]�omv_HyOfj[tiTfOfg[]_q¡s_7k�fgnlhjy � � ixd5z - � ishg_«k�nsd5y m|z�_/hj_Hz?isyJ�5ixh%ix^3_�fj_/h%y0fgn�_Hy fgmv^3ixfg_l��Z0[]_
^
ix¬Amv^3m��7iTfjmonld�y fg_H�³k/ixd³�C_�_7isygmo�v�pk�nl^3�]��fg_7z�mod�fj[]_bkHisyg_*nx�!z�_�fj_/hj^3mod]m|y fgm|k�fgh%iT~�_Hk�fgnlhgmv_Hy isdtzfg[]_
ilz]z�mofgmvnsd]d5ix�»�tyg_Ons��iq²V:J} _Hy fgmv^
iTfgnlh0_/dtis�]�o_7yªfgn3isk%[]mv_/¡l_Omof0�±nsh0d]nsdz�_�fj_/hj^3mod]m|y fgm|kWfjhjix~�_Hk�fgnshjmv_HyH�
�!_/fHuCfg[t_bd]nld³�omvd]_Hishgmof��nx��fg[]_qy�f%iTfj_«ixd5z�ns�tyg_/hj¡TiTfgmvnsd��±�tdtk�fjmonldtyJ^
ix�l_HyJfg[]m|yOy fg_H�<¡s_Hhg�z�mo£
k/�]�ofH�
²<nshj_/nT¡s_HhHu»fj[]_pis�owlnshjm¤fj[]^�yg�]�]�]�vmv_Hy*fj[]_¢_7y�fjmo^
iTfjmonldty*ns� � � isdtz - � § [t_/hj_Hisy°§+_
nsdt�o��d]_/_7z�fg[]_
_7y�fjmo^
ixfg_0nx� � � ily�fg[]_ _7y�fjmo^
iTfjmonldbns��- � m|y�fg[]_+f%isyg��nx�5fg[]_0�tish fjmvk/�o_+®t�ofg_HhH� A�modtis�o�v�suxfg[]_0_Hy fgmv^
iTfjmonld
m|y�z�nsd]_«m¤fj_/h%iTfjmo¡l_/�v��mvd?i¢�5iTfjk%[Mix�]�]hjnlilk%[�§ []mvk%[?§ª_«§ªnl�]�vz��vmv�s_�fjn�iQ¡lnsm|z�mod<nl�]hOis�]�]hjnlilk%[§ mofg[
�5ixhgfgm|k��v_O®5�¤fj_/h7�!Z0[]_/d�uAfj[]_'?´² ix�vwsnlhgmofg[t^$mvy0dtnxfJhj_Hix�v�v�¢ix�]�]hjns�thgm|iTfj_Wfjn
�tixhgfgm|k��v_�®t�¤fj_/hjmodtwt�
Z0[t_�'OixfjiV:W�]ws^3_Hdlf%iTfjmonld�is�owlnshjm¤fj[]^ m|y(�D�]mofg_z�mo¶C_Hhg_Hdlf«mod mofjyb�]hgmvdtk/mo�]�v_s�<Z0[t_¢¡s_7k�fgnlhjy -/�%u����
isdtz ���0ishg_«k�nsd5y m|z�_/hj_Hz³ilyJh%ixdtz]ns^ ¡Qishgm|ix�t�o_7yWixd5z��]hgmvnsh�z�_/d5y mofgmv_HyO^b�ty fO�C_b�t��f�nld�fg[]_H^�� / �5k%[
^3_/fg[]n�z]yb[tiQ¡s_
�C_/_Hd y�fj�tz�mv_Hz�mvd N �DQªnlh+NbT a=Qª�±nshbmvdty fjisdtk�_l�cÀfqk/ixd �C_phj�]d¨yg_��D�]_Hdlfjmvis�o�v�Mixfb_Hilk%[
fjmo^3_3�C_/hjmon�z©�&��_/f°�5y°hg_7k/ix�v��fg[]_3^
ixmvd�mvz�_7isy�nx�ªfg[]m|y*ix�vwsnlhgmofg[t^ modMfg[]_3wl_/d]_Hhjis��k/nsdDfg_/¬Af�ns�ª^3m¤¬Ar
fj�]hj_*^qn�z�_H�G�9A]nsh�� 8 ,.-/�FC ����C����10�utmofWk�nldty m|y fjy mvd�ws_/dt_/h%iTfgmvd]w3i
²<ixhj�snT¡¢k%[5ixmvd§ [tmvk%[³k�nldA¡s_/hjws_7y
fjnT§+ishjzty�fg[]_py fjixfgmvnsdtishg�Mz�mvy fghjmv�]��fgmvnsd � ,���� K��  � 0°§ []m|k%[¨k/isd]d]nsf��5_pyjix^3�]�v_Hz z]mohj_Hk�fg�v�s�_A]nshbfg[tixfHu
§+_^b�ty fq�C_�ix�]�v_pfjnMwl_�f
i?�5ixhgfgmofgmvnsd�� A C I I I C��
	 ns���Misdtz fjn�yjix^3�]�v_�ix�ofg_/hjdtixfgmv¡s_/�v���±hgnl^ fg[]_

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� TDY

k/nsdtz]m¤fjmonldtix�!�Cnly fg_Hhgmvnsh�z]mvy fghjmo�t��fgmvnsd ns�0_7isk%[ k�nl^3�5nld]_/dDf�nx�0fj[]_¢�tish fjm¤fjmonld���:Wyjy �]^3_3fj[]_'&�®th%y�f
_H�o_H^3_/dDfjy ns�¦fj[]_b²<ishg�lnT¡3k%[5ixmvd , �A C I I I C�� � 0+[tiQ¡s_°�C_/_Hd<z�hjiQ§ d¦� � _�yjix^3�]�v_�fg[]_�� k�nl^3�5nld]_/dDfjy
ns� � � �<AOisy+�±ns�v�vnT§Jy"G�����
	 � A� �<A�� ���� �<,�� A � K �� � C � �� C I I I C �
	� 0�����
	 � �� �<A � ���� �<,�� �)� K �� � C � A� � A C �
�� C I I I+C �
	� 0��� ��������
	 � 	� �<A�� ���� �<,�� 	 � K��  �=C�� A� �<A C I I I C � 	 ?BA� �<A 0

Z0[]_q�]hjnAnx�´ns�!fg[]_3k�nldA¡s_/hjws_Hdtk�_bnx�!fj[]_q²?ixhj�snT¡�k%[tixmvd ,�� � 0 � mvy�ns�]fg�vmod]_7z<mvd :W�]�5_Hdtz�mo¬ 3%Pt��T=7��
� _*�]hjns�Cnlyg_Wfjn
�tyg_�mofJmvd�fj[]_*�tish fjmvk/�o_�®t�ofg_Hh _�¬Afg_Hdtz�_Hz�fjnq^«�]�ofgmv�]�o_°f%ixhjws_/fjyH�
ced�nl�]h k/isyg_su]ixfWiqwsmv¡s_/d�mod5y�f%ixdDf�!�u]§+_O�±nl�o�vnT§)fj[]m|y ix�vwsnshjmofg[]^$§ mofg[�� � � � 8 ���� �±nlh�� 8 *C I I IBC ���4�

� � � � � 8 � �� �±nlh9�68 *C I I IBC�� �
� � � � � � � 8;-/� �±nlh9�68 *C I I IBC�� I 39�
P�7

Z0[t_pmvd]m¤fjmvis�om��Hixfgmvnsd ns� fg[]_ix�vwsnshjmofg[]^ k�nldty m|y fjy�mvd ilygygmowld]mvd]w³�]d]mo�±nshj^-isyjy n�k�m|iTfjmonld��]hgnl�tix�tmo�vm¤fjmo_7y/u
m9� _s�vu � �� � � 8 A�?����

�
�±nsh�ix�v��� 8 * C I I IBCF� u»ixdtzf%ix�Amvd]w - � � � 8 � �

5�� A � 5�@? A $ 5��B �@?BA uCm9� _s�vutfj[]_«k/_/dDfghjnsm|zns� fg[]_��]hj_Hz�m|k�fj_Hz �tish fjmvk/�o_�y _/fH�?Z0[]_Hd�u!yg�]�]�Cnlyg_¢fg[5iTfqixfbmvdty�f%ixdDf !*§+_¢[tiQ¡l_pix�vhj_Hisz]�Mygmo^«�]�vixfg_7z
, � � � A C I I I C�� � � � 0��!Z0[]_�&,#�* ��� mofg_Hhjixfgmvnsdmvy0[tisdtz��v_Hz�isy+�±nl�o�vnT§JyH�

� :Wypfg[]_ , � �� 0 � � A��������=� � �
ixhj_?yg�]�]�Cnlyg_Hz fgn �5_Mmodtz]_/�C_/dtz�_HdDfHu fj[]_/mvhpmvdtz�mv¡Amvz��5ix�°k�nsd5z�m¤fjmonldtix�z�_/d5y mof��phj_Hilz]y"G � , ���� � K��  ��C -/��C , � 0� 0 0��� � C����H0 8�� , ���� � K �� C -/�FC���� 0+I 39��Y
7
, ���� 00ixhj_°z]mvyjk�hj_�fj_�¡Tishgm|ix�]�v_Hy0isdtzp§+_*k/isd§ hjmofg_cG

	 , ���� 8 ��� K��� 8����� C -/��C����H0 8 � ,.K��� 8�� �� � ���� 8 ��C - � C�� � 0 	 , ���� 8 ��� - � C�� � 0�<,.K��� 8����� � - � C�� � 0 39�x��7

� � � �� � �� ,'���� �.� �� 0 m¤�9� 8 *C I I IBCF� I� �� 	E m¤�9� 8 ! 39�
a�7

Z0[]_Whj_His�om��Hixfgmvnsdty � �� � � �<A nx�»fj[]_W¡l_Hk�fjnsh � � � � �<A ishg_0fj[]_/d�ygis^q�t�o_7z
isk/k/nsh%z�mvd]w�fgn*fj[]_W§+_/mvws[Dfjy��� � �� � � �<A 8
� �� 	DE�C'� � � �� � � � A 8 � �� � � � �� ,'���� �.� �� � � 0��±nsh � 8 *C I I IBC�� ��Z0[]_O�]h%isk�fjmvkHix�]§0iQ��fj[]_ ���� ixhj_
ygis^3�]�o_7z��±hgnl^�fg[]_HmohJz]mvyjk�hj_�fj_��|iQ§ m|y _/¬A�t�om|k�mofg_7zpmvd³ix�]�C_/dtz]m¤¬<3%P]�à�c7��

� ²³mo¬Dfj�]hj_*�]hgnl�5nlh fjmonldp¡l_Hk�fjnsh � A� �� � � �<A m|yJz�h%iQ§ d¢�±hjns^$fj[]_�k�nldtz�mofgmvnsdtis�©z�_/dtygmof�� G
�<,�� A� �� � ��� � � �<A C -/� � � CFK��� �H0 8 � ,�� A� C I I I C�� �� � � A� � � �<A C I I IBC � �� � � �<A C -/� � � C K��  �H0 3G`s��7

� � , � A� � � �<A C I I IBC � �� � � �<A � � A� C I I IBC�� �� 0��<,�� A� C I I IBC�� �� 03G`�T 7
8 ,.* 1 � � 0����@( ��� � �"! !+,�� � � � C � " � , � � � � �<A 0 � � A���������� � � 0 3G`l�c7

§ []_/hj_°§ª_�z]_/d]nsfg_°�A� " � , � 0´fg[t_*dD�t^b�C_/hJns� � � _��D�tis�»fgn/�%�

Î�Î Ó(d"egf-h-h



T7� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

� -/� � � �<AW[tily+fgn
�C_�ygis^3�]�o_7z�ilk/k/nsh%z�modtwbfjn«fj[]_�z�_Hdty mof��
� ,>- � � K �� � C � � � � � A C�� � � � �<A 0�8 ��

� � A
�<,>-��� � K �� � C � � � � �<A C�� � � � � A 0 3G`s`�7

Z0[]_<¡Tix�v�]_7y¢nx� ��� � � �<AkHixdUmv^q�t�o�.fg[tixfpnsdt_<ns��~�_7k�fpm|ypilygygn�k�m|iTfj_Hz.§ m¤fj[;�/_Hhgn nlhpy _H¡s_Hhjis�^3_Hisyg�]hj_/^3_/dDf%y+fg[tixfJmvy0§ [A�¢§+_*z�_Hk/ns^3�5nDy _�fj[]_*�]hj_Hk�_7z�mvd]w3�]hgn�z��5k�f modf�§+n3�]hgn�z��5k�fjy G
�

����� � � ��������� ��� ������
	 ���� � �
� ,>- �� � K��� �@? A C:� � �� C I I I C:� � �� C���� � � �<A=0 �

����� � ����
	 ���� �� �
�<,.- �� � K��� �@?BA C���� � � �<A 0

3G`x��7
r ��_/f �©�C_ ixdbmvdDfg_Hws_/h�mvdbfj[]_ª®thjy fN�]hjnAz]�tk�f7� � _+�thgnl�5nDy _´f�§ªn°ix�]�thgnDisk%[]_7y©fgn*yjix^3�]�v_ - � � � �<A G
� � mofg[tns��fJ^
ix�Amvd]w
ixdA�pilz]z�mofgmvnsdtis��isyjy �]^3��fjmonld�§+_*k/isd�§ hjm¤fj_

� ,>-��� � K��  �@? A C.��� �� C I I I C.��� �� C���� � � �<A=0 8 �<,'� � �� C I I I C:� � �� � - �� 0-�<,.- �� � K��  �@? A+0� ,���� �� C I I IBC.��� �� � K��� �@?BA+0 3G`)�c7
� _Oishg_ dtnxf+is�]�v_ fgnbyjix^3�]�v_Oz]mohj_Hk�fg�v�b�±hjns^ fg[]_�z�_/d5y mof���� 132 �

�� ��������� 2 � �� B � ���7 � 1�� �� B ����� ����� 7
� 132 �

�� ������� � 2 � �� B � ��� ����� 7 ul�±nsh
fj[]_3ygis^q_«hg_7isygnsdtyWisyWfg[]nDy _«_�¬��5nDy _7z³mvdMyg_Hk�fjmonldM�3fjnb~��5y�fjm¤�±��fj[]_«�5y _«nx�!fj[]_«�5ixhgfgm|k��v_
®5�¤fj_/h 3¥modDfjhjilk�fjis�]mv�omof��bns�Cfj[]_JmvdDfg_/wlhjis�vy#7�� : ®th%y�f+y nl�o��fjmonld
k�nsd5y m|y�f%yNmvd
�]�]mv�vz�mvd]w*fj[]_J�tish r
fjmvk/�o_Oy _/f & � � A 8 , + 5� � A C�� 5� �<A 0 5 � A4�������=� � § []nlyg_J§+_/mvws[Dfjy�� 5� �<A ^3_Hisyg�]hj_0fg[]_W�omv�s_H�omv[]nAn�zns��fj[]_°ns�tyg_/hj¡TiTfjmonldty0iT¶»_Hk�fj_Hz�A� � � � � �<A fgn3ns�]~�_Hk�f3- �� �!²<nshj_��thg_7k�m|y _H�o�luD§+_*�v_�f G�� � + 5� � A 8;$ 5 � ���B �@?BA �

� 5� � A 8 � 132 �
�� ������� � 2 � �� B � �� ���

$
���.� 7"8 $�>���

9 :$)< � � 1 2 � �� ������� � 2 � �� B � �� ���
$
���.� 7)8 $����� I 3G`cP�7

Z0[t_�z�_/dtygmof���� � �<A 8 � �
5�� A � 5� �<A / � $���� k/nsdA¡s_Hhgwl_Hyª§ª_7ix�A�o�¢fgnT§0ixh%z]y!fj[]_�z�_Hdty mof��� ,>- �� � ��� �� C I I I C.��� �� CFK �� �@?BA 0�� � nxfª�5_Hmod]w�is�]�v_0fgn�yjix^3�]�v_0�±hgnl^ fg[tmvy´�vily�f´z�_Hdtygm¤f��lu- �� � � � Am|y z�h%iQ§ dily iqhg_7ix�vm��7iTfgmvnsdp�±hgnl^�� � �<A �

� Z0[t_ªyg_Hk�nldtz*ygns�v��fgmvnsd�ilygyg�]^3_Hy»fj[]_´^3_7isyg�]hg_H^3_/dDf¦_��D�tixfgmvnsd*_Hdtix�]�v_Hy¦�ty¦fgnWyjix^3�]�v_N�±hjns^fj[]_�z�_Hdty mof�� ��,.- � 8��=� K � 8�� 00ixdtz�fgn3�±nlhgwl_�f0fg[t_*ns�tyg_/hj¡TiTfgmvnsd5y´�±hjns^ fg[]_*�5isy fH�´Z0[]_
�vmv�s_/�vmv[]nAnAz �<,.- �� � K��� �@?BA C.��� �� C I I IBC:��� �� C���� � � �<A 0!m|yªfg[]_Hd�hj_Hz]�tk�_7z3fgn �<,.- �� � ��� �� C I I I C:��� �� 0��
� _*z�nqd]nxf isyjy �t^q_Ofg[5iTf0fg[]_°nl�ty _Hhg¡Tixfgmvnsdty � � �� C I I I C:� � �� ixhj_Omvdtz�_H�5_Hdtz�_Hdlf �]�]f0§+_��ty _
fj[]_/mvhpk/_/dDfghjnsm|z �� ixdtz hj_/�]�|isk/_ �<,>- �� 8 �2� ��� �� C I I I C.��� �� C ��� �� 8 ��C I I IBC ��� �� 8 �H0q�A�� ,>- �� 8��=�!�� 0��
:OyO�¥ixh°isyOfg[]_3k�nl^3�]�o_/¬�m¤f���nx�´fg[]_7y _«f�§ªn�ygns�v��fgmvnsdtyOm|y�k/nsdtk/_/hjd]_Hz�uCmof°mvyOfgn�C_«d]nsfgm|k�_7z
fj[tiTf�fg[t_�®th%y�f�nsd]_qz�_/�C_/d5z]y��omvd]_Hishg�v��nsd³fj[]_«fgnxf%ix��dA�]^b�C_/h�nx�!�tish fjmvk/�o_7yW§ [t_/hj_HisyJfg[]_
yg_Hk/nsdtz�m|y mod5z�_/�C_/dtz]_/dDfWnx��m¤f7�+�Odfg[]_*nsfg[]_HhJ[tisdtz©uAfg[t_by _7k�nldtz�ygns�v��fjmonld�hj_��D�]mvhg_7y+fg[]_
is�]mv�omof��
fgn¢yjix^3�]�v_��±hgnl^ �<,.- � � K � 0��

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� T a

r � nT§ �v_�f � �5_
isd?mvdlfj_/wl_/h�mod?fg[]_
yg_Hk�nldtz³�]hjn�z��tk�fH�B:OyO§+_3z�n�dtnxf°[tiQ¡s_qixdA��^q_7isyg�]hj_�fgn
k�nlhghj_Hk�f�fj[]_J�]hj_Hz]mvk�fg_Hz3�5ixhgfgm|k��v_HyN§+_Jz�h%iQ§.i*hj_His�om��Hixfgmvnsd«�±hgnl^ fg[t_Wz�_/d5y mof�� � �

5�� A � 5�@?BA /)! $��� �>����±nsh3- �� � � �<A �
:J� fg_/h*i¢®td]mofg_qdD�t^b�C_/h°nx�!mofg_HhjixfgmvnsdtyHu5§+_q_Hy fgmv^3ixfg_bfg[]_q¡s_7k�fgnlh�� � �D��fj[]_«iQ¡l_/h%ixwl_*nx�´mofjyO�vily�f

hj_His�om��Hixfgmvnsdty G

?� �� 8 *
& 8 ��� 1J& � 5 �

��� $ �
� � ������� � �� � � I 3G`�Y
7

A�mvdtix�v�v�
fg[]_*§+_/mvws[Df%y k/ixd�C_�k�ns^3�]�]fg_Hz�ilk/k�nlhjz]mod]wbfgnV39�T��7ª�tygmvd]wqfg[]_*_7y�fjmo^
iTfjmonld ?� �� nx� � �� �
�¦mo�l_°modfg[t_�k/isyg_°nx�Niq�]d]m��l�t_*ns��~�_7k�fWiqhg_7ygis^3�]�omvd]w
y fg_/�³kHixd�5_�k/nsdtz��5k�fg_7zmod³ixd³yg��y�fj_/^
iTfjmvk�nsh
ilz]ix�]fgmv¡s_�§+iQ�l��Z0[t_*¡Qishgmvns�5y´�±nlhg^
y0ns�¦fg[t_�ix�vwsnshjmofg[]^
y0ixhj_*y �]^3^
ixhjm��/_Hz�mvd�®5ws�]hj_Hy P3ixdtzVY��

	
��

�� ��������������� �����

 ��� !#"#$ � %�!

& ')(� * � +�,�- . (� +�,0/ (#1 , 2 3 3 3 2 4

� $ ���0��$ � 5#%768��9 � 2 : -0; � 2 : - 
�� 2 :

%�5

< � �)=>� ?0$ � 5�%

& ')(� +�, - . (� +�,0/ (�1 ,02 3 3 3 2 4
@AB� C)D E F C)G H I
J

K �)�
L � �M�N$ O P

Q�Q�Q�Q�Q�Q�Q

R �)� ������� � %�!

S 5�� �)� �)����� � %�!

L � �M�N$

& ' (� - . (� / (�1 ,02 3 3 3 2 4

	ATE U)U

V�W�X & '�(W - P)Y A / (�1 , 2 3 3 3 2 4 & ')(� * � +�,)- . (��/ (�1 ,02 3 3 3 2 4

A�mvws�]hj_'P�GN}Nixhgfgm|k��v_'A�mv�ofg_/h0�±nlhJ²³�]�ofgmv�]�v_q�O��~�_Hk�fjy0§ mofg[³isztix��fjmo¡l_�hj_Hyjix^3�]�vmvd]w

Î�Î Ó(d"egf-h-h



�s� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

� ced]mofgm|ix�vm��7iTfjmonld G � $ 5��� �<,.- � 0� 5� 8 *
	+# " 8 * C I I IBC # I
� A]nlh3!98 *C I I IBC ��"

� }!hg_7z�m|k�fgmvnsd G � , 5��� �<,LEG�H0
$ 5��B �@? A 8;:<�+,L$ 5�@? A C., 5� 0 " 8 *C I I I CF# I

� � _Hmowl[lfjmodtw
� ced]m¤fjmvis�om��Hixfgmvnsdnx��fg[]_ ¯ mv�]�tyWygis^q�t�o_Hh G

� � �� � � 8 A=? � ��
�

�68 *C I I I C��
- �� � � 8 � �

5�� A � 5�@?BA $ 5
�
���B �@? A �68 *C I I I C��� A]nsh3&'8 ! C I I IBC & � 5 � "� ���� � � �<A � � , ���� � � �<A 8;�10 � � � �� � � � �� ,'� �� �:� �� � � 0 mo� �98 *C I I IBCF� �� �� 	DE mo� �98 ! I� � A: �� � � �<A ��� , ,.* # " � , ��� � � �<A=0 0 � � A���������� � 0 C " � , � 0 �8  � � " � � 8 � �D�� A]nlh _Hisk%[ �´yg�tk%[�fg[tixf
	D� A C I I IBC@� � 	 ������ � � �<A 8;��C./	��#$#�9$"CD����� 	%CD��

� �� � + 5� � A 8 $ 5 � ���B �@?BA
� 5� � A 8 � 132 �

�� ������� � 2 � �� B � �� ���
$
���.��7"8 $�>���

9 :$)< � � 1 2 � �� �������=� 2 � �� B � �� ���
$
���.� 7)8 $����� " 8 * C I I IBC # I

� - �� � � �<A � � �
5�� A � 5� � A / � $���� �� �#�#CD� �H$"CD����� 	%CD��� ���8�k�_Hdlfjhgnlmvz�nx�=��� �� C I I I C:��� �� I� - �� � � �<A � � ,>- � �!�� 0+I� A]nlh _Hisk%[ �´yg�tk%[�fg[tixf
�D� 	 ���� 8 ��C9- �� � � �<A�� � �

5�� A � 5�@?BA / ! $ 	 ���� ����� I� ?� �� 8 A� ��� � ? ��� $ � � � � $ �� � ������� � �� � � � 8 *C I I IBCF� I
� � 5� � � 5�@? A � � �

� � A �
� ��( # � �

� � A � �� ,'���� �F$ 5 � ���B �@?BA 0 ?� �� � " 8 * C I I IBC # I
� � _�fj�]hgd���;�B,>-/�H0 8 � �

5�� A � 5� � , $ 5��B �@? A 0=I� ?#�������8 A9 :$)< � 1 8 $� 7 � �
� � _Hyjix^3�]�vmodtw4GNmo� ?# ����� 	 # ���� � ! ��� 0 � "

� $ 5��� � �
� � A � �� / !����� ������ 5� 8 *
	+# " 8 * C I I IBC # I

A�mowl�]hj_^Y�G9*,�D�-� 	%�"�����X��� �g�^�
� �C
�-	���)����gCD���R����� 	 � ���RCc�% "�#�g��$^&(	���) ������ � 	��D�R���-$"��������	���! 

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� ��T

�M�=� �?JCJC�:Q
R�L^DFQV�c_%DB���j��LONWQ:_�hc@pf � _M�EZ JMNF���U�V��� @
Z0[t_0�±ns�v�onT§ mvd]w*^b�t�¤fjm¤f%ixhjws_�f´yjk�_HdtixhjmvnO[tilyN�C_/_/d¢k/nsdtygm|z�_/hj_Hz«�±nsh´mo�v�o�5y�fjhjixfgmvd]w*ns�]h!is�owlnshjm¤fj[]^���Z0[thg_H_
f%ixhjws_/fjy°�±nl�o�vnT§ i<d]_Hish rek�nldty�f%ixdDf rÀ¡s_H�on�k/m¤f��³^3n�z�_/�+z�_�®5d]_Hz �A��_��D�tixfgmvnsd 3%a�7��<Z0[]_H���thgn�z��tk/_
nsd]_
^3_7isyg�]hg_H^3_/dDf!iTf´_7isk%[qfgmv^3_J�5_Hhgmvn�z3isk/k/nsh%z�mvd]w�fgn�_ �l�5iTfgmvnsd�3STH��7�_/¬]k�_/�]f´z��]hjmod]w°fj[]_ fjmo^3_WmvdDfg_Hhg¡Tix�� $ ![!��3!p! �t§ []_/hj_0fg[t_ ®th%y�f!nl��~�_Hk�fªz�nA_HyNdtnxf´�]hjn�z��tk/_JixdA�b^3_Hily �thg_H^q_HdDfNisdtzqfg[t_Wy _7k�nldtzq�]hgn�z��5k�_Hy
f�§+n � A isdtz � �bilk/k/nsh%z�modtw3fgnp_ �D�tiTfjmonld 3OT7��7��OZ0[]_bfjhjix~�_Hk�fgnshjmv_Hy ns�Nfg[]_bfg[]hj_/_bfjixhjws_/fjyOixdtz³ns�Nfg[]_
nl�tyg_/hj¡s_/h*ishg_
�]�vnxfgfg_7z�mod�®twl�]hj_¢�³ixdtzMfg[t_pz�mo¶C_Hhg_Hdtk�_7y��C_�f�§+_/_/d�fj[]_
fg[thg_H_¢k�ns�t�]�o_7y�ns�+�C_Hishgmvd]wly
ygmv^b�]�|iTfj_Hzixhj_��t�onsf fg_7zmod�®tws�thg_'a]�

-3000

-2500

-2000

-1500

-1000

-500

0

500

1000

1500

-1000 0 1000 2000 3000 4000 5000 6000 7000 8000

y-
co

or
di

na
te

 in
 m

et
er

s

x-coordinate in meters

True and estimated trajectories 

obj[1]

obj[3]

obj[2]

observer

A�mvws�]hj_°��G!Z�hjix~�_Hk�fjnshjmo_7y´ns��fj[]_°fg[thg_H_Of%ixhjws_/fjy ixd5zpns�¦fg[t_*ns�tyg_/hj¡s_Hh

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 100 200 300 400 500 600 700 800 900 1000

be
ar

in
gs

 d
iff

er
en

ce
s 

in
 r

ad
ia

ns

time in seconds

Difference between Noisy Bearings 1 and 2 Measured 

 obs noise variance

y1-y2

T -0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 100 200 300 400 500 600 700 800 900 1000

be
ar

in
gs

 d
iff

er
en

ce
s 

in
 r

ad
ia

ns

time in seconds

Difference between Noisy Bearings 1 and 3 Measured 

 obs noise variance

y1-y3

� -0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0 100 200 300 400 500 600 700 800 900 1000

be
ar

in
gs

 d
iff

er
en

ce
s 

in
 r

ad
ia

ns

time in seconds

Difference between Noisy Bearings 2 and 3 Measured 

y2-y3

 obs noise variance

`
A�mvws�]hj_ a G�'Wmo¶C_Hhg_Hdtk�_7yp�C_�f�§+_/_Hd)fj[]_<fj[]hg_H_Mk/ns�]�]�v_Hy�nx�*f%ixhjws_/f��C_Hixhjmvd]wly�iTf�_7isk%[ fjmo^3_��5_Hhgmvn�z
k/ns^3�tishg_7zfgn¢fj[]_b¡Tishgm|ixdtk/_�nx�Nfj[]_qns�tyg_/hj¡TiTfgmvnsd³dtnsm|y _�G<,&* 0 ^3_Hily �thg_H^q_HdDfjy4*qixdtz�6 ,36 04*«ixdtz x
,=x 0 6qixd5zKx

:Oy+ygnAnsd¢ily!fj[]_�z]m¤¶»_/hj_/dtk/_W�C_�f�§+_/_Hd
f�§ªnb�5_7ixhjmod]wDy!m|ygyg�]_7z
�±hjns^ f�§ªnqz�m¤¶»_/hj_/dDfªfjixhjws_/fjy´mvy+�vnT§ª_Hh
fj[tixd3fj[]_W¡Tishgm|ixdtk/_ nx�»fg[t_Wns�5y _Hhg¡TiTfjmonld«dtnsm|y _lusfj[]_ f�§+n�^3_Hisyg�]hj_Hy!kHixd]dtnxf!�C_Oz�m|y�fjmodtws�]m|y [t_Hz©uD§ []m|k%[

Î�Î Ó(d"egf-h-h



�l� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

^
is�s_HyCfj[]m|y¦yjk�_/d5ixhjmon0¡s_Hhg��z�mo£
k/�]�ofH��Z0[tmvy�z�m¤£¢k/�]�¤f���m|y©mod5k�hj_Hisyg_Hz��A�Jfj[]_´z�_/fg_7k�fgmvnsd*[tns�v_��±nsh©fj[]_N®th%y�f
nl��~�_Hk�fH� � _¢k/ns^3�tishg_bfg[]_
_7y�fjmo^
iTfj_Hz?fgh%iT~�_7k�fgnlhgmv_HyOmvd�kHisyg_«§ [t_/hj_bfj[]_¢isyjy mvwsdt^q_HdDf��]hjns�5ix�]mv�omofgmv_Hy
ishg_�hj_Hyg�5_7k�fgmv¡s_H�o��G
,��60�_Hy fgmv^
iTfg_7z�D�¢fg[]_°®th%y f0¡l_/h%y mvnsd�nx��fg[]_ ¯ mv�]�tyWygis^q�t�o_Hh0z]_Hyjk�hjmo�C_Hz�ix�CnT¡s_
,��<0�_Hy fgmv^
iTfg_7z�D�¢fg[]_�yg_Hk/nsdtz�¡s_Hhjygmonldpns��fj[]_ ¯ mo�]�5yJygis^3�]�o_HhJz�_Hyjk�hjmv�5_7z�is�5nT¡l_
Z�§+n��tixhgfgm|k��t�vish´hj�]dty!ns�©fg[]_O�tixhgfgm|k��v_J®5�¤fj_/h´§ mofg[ q ![!p! �tish fjmvk/�o_7y´ixhj_J�]hj_Hyg_/dDfj_Hz3mvd
®tws�thg_ TH�]�bTJixd5z
T7�]�à���tygmod]wbhg_7y �C_Hk�fgmv¡s_/�v�«fg[]_W®thjy f+isdtzqfg[t_Oyg_Hk�nldtz3¡s_Hhjygmvnsd3nx�©fj[]_ ¯ mv�]�ty+ygis^3�]�o_HhNfgn«_Hy fgmv^
iTfg_Wfg[]_
¡l_Hk�fgnsh �G����Z0[]_´fj[]hj_/_+_Hy fgmv^3ixfg_7z°fgh%iT~�_7k�fgnlhgmv_Hy¦�]�vnxfjy�yg[]nT§�fg[tixf�fj[]_0z]iTf%iOilygygn�k�m|iTfgmvnsd*m|y�nT¡s_/h%k�nl^3_Hz
mvd<fj[]_«f�§ªn�¡s_/h%ygmonldtyJns�!fg[]_3ix�vwsnlhgmofg[t^�°Z0[]_Hhg_«mvy�d]npfgh%iT~�_Hk�fgnlhgmv_HyWhg_H¡s_/h%yjix��isdtz�fj[]_3_Hy fgmv^3ixfgmvnsdty
ishg_ �D�]mofg_�yjiTfgm|y �¥isk�fjnshj�3�±nsh0fj[]_°f�§ªn3¡l_/h%y mvnsdtyH�

-2500

-2000

-1500

-1000

-500

0

500

1000

1500

2000

-1000 0 1000 2000 3000 4000 5000 6000 7000 8000

True and estimated trajectories 

obj[0]

obj[2]

obj[1]

target trajectories
estimated target trajectories

T -2500

-2000

-1500

-1000

-500

0

500

1000

1500

-1000 0 1000 2000 3000 4000 5000 6000 7000 8000

True and estimated trajectories 

obj[0]

obj[2]

obj[1]

target trajectories
estimated target trajectories

�
A�mvws�]hj_BT7��G�Z0[]_Ofjixhjws_/fªfjhjix~�_Hk�fgnshjmv_Hy´isdtz
fj[]_/mvh+_Hy fgmv^3ixfgmvnsd�§ m¤fj[ q !p!p! �tixhgfgm|k��v_HyH� T G�_Hy fgmv^
iTfjmonld
ns� � � § m¤fj[qfg[]_+®th%y�f�¡s_Hhjygmvnsdbns�tfj[]_ ¯ mo�]�5yNygis^q�t�o_Hh �BG�_Hy fgmv^
iTfgmvnsd«nx� � � § mofg[«fg[t_0yg_Hk/nsdtz«¡s_Hhjygmvnsd
ns�¦fj[]_ ¯ mo�t�tyJyjix^3�]�v_/h

Z0[]_³k/ns^3�]��f%iTfgmvnsd nx�Ofg[]_��]m|isy
isdtz.nx�Wfj[]_�¡Tixhjmvisdtk�_[tisyq�C_/_Hd ^
ilz�_p�±nlh 6 ! hg�tdty3mod _Hilk%[
ygmofg�tixfgmvnsd�3±®th%y�f�nshNyg_Hk�nldtz�¡l_/h%y mvnsd 7©§ mofg[ q !p![! �tish fjmvk/�o_7y�isdtzbilz��tixfgmv¡s_+hg_7ygis^q�t�omvd]wt��Z0[]_Hyg_0hg_7y �]�ofjy
ishg_Ohg_H�5nlh fj_Hzpmod�fjis�]�o_��]��Z0[t_/�¢ixhj_��5_/f fg_Hh0�±nsh+fg[t_O®5hjy f+¡l_/h%y mvnsdp_�¬]k�_H��f0�±nsh y nl^3_�k/ns^3�5nld]_/dDf%yªns�
fj[]_°fg[tmoh%zpnl��~�_Hk�fH�
²<nshj_/¡s_HhJfj[]_«_7y�fjmo^
ixfgmvnsd?ns�!fg[t_ � � m|yO^3nlhg_qygixfgm|y��¥ilk�fgnlhg��±nlhWfj[]_q®thjy f°¡s_/h%ygmonld��'A�mvws�thg_7yBT�T«ixd5z
TQ�¢yg[]nT§ fg[t_qhj_Hyg�]�ofjyOnx�!fj[]_3_Hy fgmv^
iTfgmvnsdMnx�!fj[]_«fg[]hj_/_3k�nl^q�Cnsdt_/dDfjy�nx� � � u©hj_Hyg�5_7k�fgmv¡s_H�o��§ mofg[Mfg[]_
®5hjy f3isdtz fj[]_³y _7k�nldtz¨¡l_/h%y mvnsdty«nx�Wfg[]_³ix�vwsnlhgmofg[t^� A�mvws�]hj_ TH`Mhg_H�]hg_7y _HdDfjybfg[]_³iQ¡s_Hhjisws_
ns�O_Hilk%[
k/ns^3�Cnsd]_Hdlf � �� nT¡s_/h+y �5k/k�_7ygygmv¡s_JmvdDfg_/hj¡Tix�|y´ns� * ![! fgmv^3_�y fg_H�ty0ixdtzpnT¡s_HhNfg[]_46 ! fghjmvis�vyH� � []_/dpfg[]_Hhg_
m|y�isd¨ix^b�tmowl�]m¤f���ix�Cns��f*fj[]_¢nlhgmvwsmvd�nx�+fg[]_�^q_7isyg�]hj_/^3_/dDfjyW3¥mG� _s�vu�§ []_/d�fj[]_pz�mo¶»_/hj_/dtk/_Hy*�C_�f�§+_/_Hd
fj[]_��5_7ixhjmod]wDy´ishg_J�vnT§+_/h!fj[tixd¢fg[]_�¡Tixhjmvisdtk�_Jdtnsm|y _=7�uDfg[]_W®th%y�f+¡s_/h%ygmonld
^3is�s_7y �<¡Tixhj�Amodtw�modiQ¡s_Hhjisws_
ishgnl�]dtz"*
	3x��±nsh�� 8 x�ns��~�_7k�f%y¢ixdtz mof�y fjis�]mo�vm��/_HypiTfp�]dtm¤�±nlhg^ _Hy fgmv^3ixfgmvnsd 3.*
	 x��±nlh�� 8 x
nl��~�_Hk�fjy#7N§ []_Hd¢fj[]_*ix^b�tmowl�]m¤f��3z�m|ygyjix�C_HishjyH��¿ª�
k/nsdDfgh%isy fHul�±nsh+fg[t_�yg_Hk/nsdtz
¡l_/h%y mvnsd3fj[]_°iQ¡s_/h%ixwl_HyNns�
fj[]_q¡Qishgm|iTfjmonldty�ixhj_bz�mo¶C_Hhg_Hdlf*iskHk�nlhjz�mvd]wpfgn¢fj[]_
k�nl^q�Cnsdt_/dDfjy�ixdtz?d]n�y fjis�]mv�omof��³mvy�hj_Hilk%[]_Hz³§ [t_/hj_

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� �s`

fj[]_/hj_<yg[]ns�]�|z �C_<d]n is^b�]mvws�]mof��s� Z0[]_<^3ns^3_Hdlf%ixhj� ^3_Hily �thg_H^q_HdDf¢wlix� �±nlh
fg[]_<®thjy fpnl��~�_Hk�f¢mvy
k/nshjhg_7k�fj�o�*[tisdtz��v_Hzq�A�b�Cnxfj[q¡l_/h%y mvnsd5y�ily�fg[t_0®thjy f´k�nl^3�5nld]_/dDf � A� m|yNmod5y�f%ixdDfjisd]_/nl�ty �v��_7y�fjmo^
iTfj_Hz3isy! I *rqª�±hgnl^ modty fjisdDf $ ![! fgn �3!p! � UJnT§+_/¡l_/h7u�fg[t_+yg_Hk/nsdtz°¡l_/h%y mvnsd°nT¡s_Hhg_7y�fjmo^
ixfg_HyCfj[]_!fj[]mvhjz�k/ns^3�Cnsd]_Hdlf
z]�]hgmvd]w3fj[]mvyOmvdlfj_/hj¡Tix�¦isdtzfg[]_«z�ns�]�t�o_�^3_7isyg�]hg_H^3_/dDfJ�]hjnAz]�tk�fjmonld³nx��fg[]_«y _7k�nsd5z�ns��~�_7k�fWz�nA_HyWd]nxf
ix¶C_7k�fOfg[]_3y _7k�nldtz<k�nl^3�5nld]_/dDf�� �� �*Z0[]mvyO�C_/hjmon�z³m|y��5_/f fg_Hh�fghj_HiTfj_Hz³�A�fg[t_�®th%y�f°¡s_Hhjygmvnsd�§ m¤fj[Misd
mv^3�5nlh f%ixdDfJmvdtk�hj_Hily _°nx��fj[]_byg_Hk�nldtz�k�nl^q�Cnsdt_/dDf fgn ! I A)A
ixdtz³i3�v_Hyjy mv^q�CnshgfjisdDfJnsd]_*�±nlh fg[t_*fg[]mvh%z
nld]_�3 ! I A]7��+Z0[]_�_�¬��C_Hk�fg_Hz³yg�]�C_/hjmonlhgmof��¢ns��fj[]_*®th%y�fWis�owlnshjm¤fj[]^ yg_/_H^
y0fgn
[]nl�vz�mvd��]h%isk�fjmvk/_su]§ mofg[<i
�C_�fgfg_HhJ_Hy fgmv^
iTfgmvnsdnx� � � �
Z�ix�t�o_3��GK>ªnl^3�tixhjmvygnsd³�C_�f�§+_/_Hd<fj[]_3�]mvilyOisdtz³fj[]_3y�f%z?nld³fg[]_3_7y�fjmo^
iTfjmonld<nx�´fg[]_3[]m|z]z�_HdMy fjiTfj_Hy
,'��C:� C:, - C:,�2D0J�±nlh°fg[]_qf�§+n�¡l_/h%y mvnsd5yWns�´fg[t_ ���W_7y�fjmo^
iTfjmonld 3Gk�nl�o�]^3dty �)isdtz �.hj_Hyg���Z7�§ m¤fj[/q !p![!
�5ixhgfgm|k��v_Hy

�tmvily y fjz��_Hy fgmv^
iTfjmonld � � � 	 � � � � 	 �
nl��~�_Hk�f7*HG;� T=Yx` �)�x� Ts� � Pt��TDY at� �s� Ts� �
a� aD���bT T7`�Y Ts� �l� �5� `s� �]� a Ts� `cP, - �t��T7`s� �]�bT Ps� Ts�bT a �]� �s�l`�T �]� �s�s�]YcY Ts� �T�,�2 �t��T�T �]�bT/�l� Ts� `�T �]� �s�l`l�x` �]� �s�s�D�T� Ts� `�T
nl��~�_Hk�f 6�G;� TH�D� TQ��Y Ts�à��� �5� a�P Y�� `s� Ts� �l�� TcTQ� TH� T Ts�à�
P Pt� ��T Y�� a�a Ts�à�x`, - �t� �]Y �]� �s�s�l� Ts�à�
P �]� �s�D�
P �]� �s�l`s�s� Ts� ��a, 2 �t� ��Pca �]� �s�s�l` Ts�bT P �]� �s�l`s�s` �]� �s�l`�YT� Ts�à���
nl��~�_Hk�f�x4G;� T7�)� T�T P �]� as` �5��T�T `t� Pl` �]� �s�� T7��Y T�T � �]� a�T �5�ZY�Y �5� P�P �]� as�, - �t� ��a �]� �ca]Y Ts� �s� �]� �s�D�x` �]� �s�D�
P�Y Ts�bT P,�2 �t� ��a �]� �cas�l` Tl� �l�s` �]� �s�D��Y �]� �s�D��Y T

Î�Î Ó(d"egf-h-h



�x� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0 100 200 300 400 500 600 700 800 900 1000
* 0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0 100 200 300 400 500 600 700 800 900 1000
6 0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0 100 200 300 400 500 600 700 800 900 1000
x

A�mvws�]hj_BT�TcG�Z0[]_O_7y�fjmo^
ixfg_Hzpk�ns^3�Cnsd]_HdDfjyªnx�©fg[t_O¡l_Hk�fjnsh �G�Nns�]fjixmvd]_7z¢§ mofg[
fj[]_W®5hjy fª¡l_/h%y mvnsd
ns��fg[]_
¯ mv�]�tyWygis^q�t�o_Hh0isdtz q ![!p! �5ixhgfgm|k��v_Hy G ,&* 0 ?� A� C ,360 ?� �� C ,=x 0 ?� ��

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 100 200 300 400 500 600 700 800 900 1000
* 0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 100 200 300 400 500 600 700 800 900 1000
6 0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0 100 200 300 400 500 600 700 800 900 1000
x

A�mvws�]hj_WT7��G´Z0[]_*_7y�fjmo^
iTfj_Hz³k/ns^3�5nld]_/dDf%y nx��fg[]_b¡s_Hk�fgnlh �G�+ns��f%ixmvd]_Hz§ mofg[�fj[]_byg_Hk�nldtz¡s_Hhjygmonld�ns�
fj[]_ ¯ mv�]�tyJyjix^3�]�v_/h ixd5z q !p![! �tish fjmvk/�o_7y"G ,.* 0 ?� A� C ,�60 ?� �� C , x 0 ?� ��

�������

�����

�����	�

����


����
	�

�����

������

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

� A
� � � � � �

�

� � �

�� �# # # # # # # # # ##�G���
� � � � � �

�

� � �
�

* �������
�����

�����	�
����


����
	�
�����

������
�����

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

� A

� �
� � � �

�

� � �

�� �
� � � � � � �

� � �
�� �# # # # # # # # # ##

6
A�mvws�]hj_�T7`�G Z0[]_«iQ¡l_/h%ixwl_*nx�Nfg[t_b_Hy fgmv^
iTfj_Hz<k/ns^3�5nld]_/dDf%yWns�Nfg[]_q¡s_7k�fgnlh �G� nT¡l_/h fj[]_3k�nsd5y _7k���fjmo¡l_
fj_/dpfgmv^q_°mvdDfg_/hj¡Tix�|y´ns�¦�v_/d]wsfg[ * !p! ixdtzpnT¡s_/h 6 ! fghjmvis�vy G ,&* 0´®th%y f+¡l_/h%y mvnsd ,�60ªy _7k�nsd5z¢¡s_Hhjygmvnsd
nx��fg[]_
¯ mv�]�tyWygis^q�t�o_Hh

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� �)�
�M� � ��� DP��_M@BQ
�c_ DB� �gAC�EDFQVNF�\R���QEbc��N �ML^DBL
: dtiTfj�]h%ix�¦_/¬Afg_/d5y mvnsd<m|yWfgn�k/nsdtygm|z�_/hWfg[tixfOns�5y _Hhg¡TiTfjmonldtyWkHixd³�C_«m|yjy �]_7z��±hjns^ ^b�]�ofgmv�]�v_«hj_Hk/_/mv¡s_/h%yH�
�¦_�f � �C_�fg[t_/mvh¢dA�]^b�C_/h7� � _³§ mv�v�Wy _H_fg[tixf¢§ª_³k/isd._7isygmo�v� ilz]ix��f3fj[]_³�tixhgfgm|k��v_�®t�ofg_Hh3fgn�fg[tmvy
ygmofg�tixfgmvnsd�� � _Oix�v§+iQ��yNk�nldtygmvz�_Hh�fg[tixf!fg[t_�� nl��~�_Hk�fjyNnl�5_H�bfj[]_Wy fjixfg_ _��D�tixfgmvnsd�3OT �c7�� / nl^3_J�tyg_��±�]�
dtnxfjixfgmvnsdty«^b�5y�f
�C_ilz]z�_Hz¨fgn�^3n�z�m¤�±��fj[]_�^3_Hisyg�]hj_/^3_/dDfq_��D�tiTfjmonldtyH�¨Z0[]_�ns�tyg_/hj¡TiTfgmvnsd ¡l_Hk�fgnsh
ixf*fgmv^3_ !°§ mo�v�´�C_pz�_Hd]nxfj_Hz��A� �D��8 ,'� A� �  � C I I IBC.��� �� � �� � 0°§ [t_/hj_�( � hj_��±_Hhjy°fjn�fg[]_phg_7k�_/mv¡s_Hh*§ []m|k%[
hj_Hk/_/mv¡s_7z
fg[t_�� ��� ^q_7isyg�]hj_s�NZ0[]m|y0^q_7isyg�]hj_�m|y+fg[t_/d³iqhg_7ix�vmvyjiTfjmonldpnx��fg[t_�y�fjnAk%[5isy fgm|kW�]hjn�k�_7ygy

K��� �  � 8�� �� �  � ,>- �� C����� 0+mo� ���� 8;��I 3G`s��7
� _�isyjy �]^3_pfg[]_�modtz]_/�C_/dtz�_Hdtk�_�ns� fg[]_ns�tyg_/hj¡TiTfjmonldty�m|ygyg�]_7z��±hgnl^ fg[]_�z�mo¶C_Hhg_Hdlf3hj_Hk�_Hmo¡l_/h%y/� � _
z]_/d]nsfg_b�A��� �� �  � ,'���.� 0Jfg[t_��±�]dtk�fgmvnsdty�§ []m|k%[?ishg_��thgnl�5nlh fjmonld]dtix��fgn � ,.K��� �  � 8 � � ���� 8 �FC - �� 8 � 0��
Z0[t_��vmv�s_/�vmv[]nAnAzns�¦fg[t_*ns�tyg_/hj¡TiTfgmvnsd5y+k/nsdtz]m¤fjmonld]d]_Hz��A�
fg[t_ " ��� �tixhgfgm|k��v_°mvy0hj_Hilz�mv�o�¢nl��fjismodt_Hz8G

� ,.K � 8 ,�� A� �  � C I I IBC:��� �� �  � � 0�� - � 8M$ 5� 0 8 �
�

�

� � A
�<,'� �� �  � � $ 5� 0 3G`ca�7

8 �
�

�

� � A
� � ��E # �


� � A
� �� �  � ,����� �  � �F$ 5 � �� 0 � �� � I 3¥�l��7

Z0[t_/hj_´m|y�dtn�y fghjnsd]wW�omv^3m¤f%iTfgmvnsd«nsdbfg[]_+�tyg_ªns�]fg[]_0�tish fjmvk/�o_´®t�ofg_/h��±nlh�^«�]�¤fjmohj_Hk/_/mv¡s_Hh�isdtz�^«�]�¤fjm¤f%ixhjws_/f
fjhjilk%�Amod]w5��²<nshj_/nT¡s_HhªmofWk/isdz]_Hix�©§ mofg[�^3_Hily �thg_H^q_HdDfjy0nx��¡Tixhjmonl�ty+�5_Hhgmvn�z�mvk/m¤fjmo_7y/�

� � ����ª���"¦	 ���
Z0[t_p^b�t�¤fjm¤f%ixhjws_�fbfgh%isk%�Amodtw<[tisyb�5_H_/d¨mvdA¡s_7y�fjmowDiTfg_7z�mod¨fg[]_p�±hjis^q_H§ªnlhg�Mnx�J�tish fjmvk/�o_p®t�ofg_/hjmvd]w?ixd5z
¯ mv�]�typygis^q�t�omvd]wt�)Z�ixhjws_/f3y fjixfg_³¡l_Hk�fjnsh%y3ixdtz isyjygnAk/mvixfgmvnsd.�]hgnl�tix�tmo�vm¤fjmo_7y3ixhj__7y�fjmo^
ixfg_HzM~�nlmodDfg�v�
§ mofg[tns��f�_/dA�]^3_/h%iTfjmonld�u5�thg�]dtmod]w�nshOwliTfjmodtwtuC�D��^3_HisdtyOnx�!�tish fjmvk/�o_qy _/fjyOhg_H�]hg_7y _HdDfgmvd]w
fg[t_J~�nsmvdDfH�
� C=$-� �g�-	%C
�-	��|iQ§�nx�Jfj[]_pf%ixhjws_/fqy fjiTfj_HyH� �!ixhjmonl�ty«¡s_/h%ygmonldty/uNz�_Hhgmv¡s_7z��±hjns^ i?k/ns^3^3nsd �±nshj^3is�om|yg^u
[5iQ¡s_3�5_H_/d k�nldtygmvz�_Hhg_7z©�¢Z0[]m|y°�±h%ix^3_/§+nshj�<m|y�y �]£
k/mo_HdDfg�v�<¡s_HhjyjiTfjmo�v_qfgn³[tisdtz��v_¢i�§ mvz�_
¡Tishgmv_�f��<ns�
ygmofg�tixfgmvnsdty0�vmo�l_°^b�]�ofgmofjishgwl_�f0fgh%isk%�Amvd]wb�±nlh ^b�]�ofgmvhj_Hk�_Hmo¡l_/h%y/uAmvdtk��v�tz�mvd]w
d]nld�rÀ�omvd]_Hish0^qn�z�_H�vyH�

� � ����� ���		�


��
	 �TQ � �C@/@eLa��JC�
��N
¿+��k�nsd5y�fjhg�tk�fgmvnsd�u ,�� � 0 �	�� mvy�i ²<ixhj�snT¡Jk%[tismod¦� ��_/f¦�ty��thgnT¡l_�mof�ilz�^3m¤f%y»fg[]_ªy�f%iTfgmvnsd5ixhj�Wz�m|y�fjhgmv�]��fjmonld��8�� ,���� K��� � 0��(A]nlh!fj[tiTf7uD�v_�f0�tyª�]hjnT¡s_0fg[5iTfªmo� � � m|yªz]mvy fghjmo�t��fg_7z¢iskHk�nsh%z�mvd]w*fjn �¢fg[]_Hd � � � A+mvy+ix�|ygnz]mvy fghjmo�t��fg_7zilk/k/nsh%z�modtw�fgn �¦�X:Wyjyg�]^3_ � � 8 ,�� A� C I I IBC �
	� 0 � �¦�!Z0[]_/d�u]�±nshJix�v� ,�� A C I I IBC�� 	 0

Î�Î Ó(d"egf-h-h



�cP �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

� ,�� A� �<A 8 � A C�� �� 8 � �DC I I I C � 	� 8 � 	90
8 �<, � A� �<A 8 � A � � �� 8 � � C I I IBC � 	� 8 � 	 0 � ,�� �� 8 � � C I I IBC � 	� 8 � 	 0
8 �<, � A 8 � A � K��  ��C � � 8 � � C I I IBC�� 	 8 � 	 0 �<, � � 8 � � C I I I C � 	 8 � 	 � K��� � 0
8 �<, � A 8 � A C I I IBC � 	 8 � 	 � K��� � 0=I

, � A� �<A C � �� C I I IBC��
	� 0�m|y¦fj[]_/d3z�m|y�fjhgmv�]��fj_HzqiskHk�nsh%z�mvd]wJfjnWfj[]_0�viQ§ �<,�� A C�� �DC I I I�C �
	 � K �� � 0���cedbfj[]_ ygis^3_
§0iQ�§ª_3k/isd?y [tnT§ fg[tixf/, � A� �<A C � �� � A C I I I C��
	� 0=C I I I�C ,�� A� �<A C I I IBC �
	� � A 0Oixhj_«z�m|y�fjhgmv�]��fj_HzMisk/k/nsh%z�mvd]wfjn7�<,�� A C I I IBC��
	 � K �� � 0��
²<nshj_/nT¡s_HhHuD�]hjnT¡Amvz�_7z
fj[tiTf fj[]_�k�nldtz�mofgmvnsdtis��z�mvy fghjmv�]��fgmvnsd5y2�<,�� A � ��C�� �C I I IBC �
	 0+C I I I C� ,��
	 � ��C�� A C I I I C � 	 ?BA 0´ishg_�y�fjhgm|k�fj�o�3�Cnlygm¤fjmo¡l_su � � m|yªmvhjhg_7z��tk�mv�]�v_s��Z0[]_Hyg_Of�§ªnqk�nsd5z�m¤fjmonldtyªmo^3�]�v�3fg[]_k/nsdA¡s_Hhgwl_/dtk/_J�±nlh �»rÀis�o^3nly fJix�v� � � nx� , � � 0 � �  fgnT§0ixh%z]y ���

��=< >?La_M�M�c� _ AM� �j��N?hI��_���NFL^DPQ
�c_
� _
z�_Hyjk�hjmv�5_q[]_/hj_«fg[]_3§0iQ��fg[]_
ygmo^«�]�vixfgmvnsdty�ns�ªz�m|ygk/hg_/fg_3�viQ§Jy�ixhj_3k�nsd5z��tk�fj_Hz©�«cÀf�k�nsd5k�_/hjdtyOf�§+n
y fg_H�ty0nx��ns�thJix�vwsnshjmofg[]^_G

� fg[]_qhj_Hyjix^3�]�vmod]w�y�fj_/�?§ [t_/hj_�fg[t_«z�m|ygk/hg_/fg_«�viQ§�m|yOz]_�®td]_7z<�A�fg[]_q^
isyjyW�CnsmvdDfjy $ 5��B �@?BA C " 8*C I I IBCF# §ª_Hmowl[lfj_Hzp�D� � 5� C " 8 *C I I IBCF# �
� fg[]_°yjix^3�]�vmod]wbnx�©fg[t_ ���� C � 8 * C I I IBC � � G¦�±nlh6�b®]¬�_Hz�usfj[]_W�|iQ§ nx� ���� m|y´i«z�m|ygk/hg_/fg_J�|iQ§Uz�_�r
®td]_7z«�A�bfg[]_ ^
isyjy��5nlmodDf%y9�68 ! C I I IBC�� hj_Hyg�5_7k�fgmv¡s_H�o�b§ª_Hmowl[lfj_Hz«�A� � �� 	E C�� A� � A� ,����� �.� A� 0+C I I I C� �� � �� ,����� �.� �� 0K3Gy _H_°_��D�tiTfjmonld 39�
a�7S7��

IOy �5ix�v�o�luªfj[]_<mvdA¡s_/h%yg_k/�]^b�]�|iTfjmo¡l_<z�m|y�fjhgmv�]��fjmonld �±�]dtk�fjmonld 3 > ' A(73^3_�fg[tnAz m|y¢�5y _7z fjn ws_Hd]_/h%iTfj_
h%ixd5z�ns^ dA�]^«�5_Hhjy*ilk/k�nlhjz]mod]w�fgn<k/nsdDfgmvdA�]ns�5y�isdtz�z�mvyjk�hj_�fj_
z�mvy fghjmv�]��fgmvnsd5y/��:Oygyg�]^3_¢i�y�fjnAk%[5isy fgm|k
k/nsdDfgmvdA�]ns�5yO¡Tishgm|ix�]�v_ - [tily°ixd�modA¡s_Hh fjmo�t�o_+> ' A : �b�
Z0[]_Hd�u¦mo���$m|y°�]d]mo�±nshj^ nT¡s_Hh � ! C%* �9u�- 8
: ? A� ,���0�� � _*[tiQ¡s_�mvdtz�_/_7z

	 ,L: ?BA� ,���0�� � 0�8 	 ,���� : � ,�� 0 0 8;: �/,'� 0=I
ced�fg[t_°kHisyg_Ons��iqz�m|ygk/hg_/fg_��viQ§M-¨uDfg[]_Hhg_°m|y+i3z�m|yjk�nsdDfjmodA�]mof��¢iTf _Hilk%[p^
isyjy+�5nlmodDf3�

�
�!Z�nqygmo^«�]�|iTfg_� ilk/k�nlhjz]mod]wpfgn -¨u©§+_b®th%y f°ygmo^«�]�|iTfg_
i�hg_7ix�vm��7iTfjmonld���nx�!fj[]_3�]d]mo�±nshj^ hjisdtz�nl^ ¡Tishgm|ix�]�v_	��ixd5z

fj[]_/d��]m|k%�
fj[]_*¡Tix�v�]_7�?y �5k%[pfj[tiTf �±nlh�
�� ! G
	 ,'� 1
=0 	 ��� 	 ,�� 0+I

Z0[tmvy0�]hjmvdtk�mv�]�v_*mvy0mv�o�v�ty fgh%iTfj_Hz�mod®twl�]hg_HTH�q�C_/�vnT§*�
UWnT§ª_H¡s_Hh m¤fOkHixd��C_b�]hjnT¡s_7z¢fj[tiTfJfj[]_byg_Hishjk%[�nx�!yg�tk%[³ixd �<mv^3�]�vmo_7yWi¢k/ns^3�]�v_�¬�m¤f���mod��/,L#�������# 0
§ [t_/hj_ # m|y0fg[t_�y m��/_*ns�¦fg[t_bygis^3�]�o_l�!¿+_Hk/is�tyg_�ns��fj[]m|yJk�nl^q�t�o_/¬Amof��su]isd]nxfj[]_/hJis�owlnshjm¤fj[]^$m|y d]_H_Hz�_7z
mvd.fg[]_�hj_Hyjix^3�]�vmod]w�y fg_/�¦� � _��tyg_�fj[]_�^3_�fg[tnAz ns��ygmo^«�]�vixfgmvd]w�nsh%z�_/h
y fjiTfjmvy fgm|k/yqfjn��]hgn�z��5k�_%#
mvdtz�_H�5_Hdtz�_Hdlf�nlhjz]_/hj_Hz<¡Tishgm|ix�]�v_Hy�ns�´fg[t_
�]d]mo�±nshj^ �viQ§�� 3SN�T �=QÀuXN �DQÀu/Nà� Q�7���:Wy°fj[]_Hyg_3¡Tixhjmvis�]�o_7y°ixhj_
is�ohj_Hilz�� nsh%z�_Hhg_7z¨fj[]_<k�nl^q�t�o_/¬Amof��¨ns�Ofj[]_<y _7ixh%k%[.m|y
hj_Hz��5k�_Hz fgn �/,L# 0�� ��_/f¢�ty
hj_Hk/is�o� [tnT§$fgn
yjix^3�]�v_Myg�tk%[Unlhjz�_Hhg_7z hg_7ix�vm��7iTfjmonldty/� ��_�f � � C I I I C�� � �C_ # # *?¡Tishgm|ix�]�v_Hy�ygis^3�]�o_7z �±hjns^�fg[]_
_/¬��5nld]_/dDfgm|ix��z�mvy fghjmv�]��fgmvnsd¦� 'W_/®td]_�fj[]_�¡Tixhjm|ix�]�v_Hy�� � C I I IBC�� � isy�� 5 8 � 5 � � � � � �JZ0[]_�¡Tishgm|ix�]�v_Hy� 5 8��

$
� : C " 8 *C I I IBCF#�ishg_Wfg[]_Hdk/nsdtyg_Hk/��fgmv¡s_�nsh%z�_Hh+y fjixfgm|y�fjmvkHy+�±hgnl^µfg[]_°�]d]mo�±nshj^ z�m|y fghjmo�]�]fgmvnsd��

Í±ç�Î�Í Ð



���������
	������������	 ���������! "�#�"�%$'&(	��!)+*,�
�-��	%�"���'./	����0�"�-	��� ��Y

0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3 4 5

u

x

P(x)

A�mvws�]hj_WT/�EG´Z0[]_�mvdA¡s_Hhjyg_B> ' A.^3_�fg[tnAz³fgn¢z�_H�omv¡s_HhWi3dA�]^b�C_/hW�±hgnl^ i
z�m|ygk/hg_/fg_bz]mvy fghjmo�t��fgmvnsd�±hjns^
iq�]dtm¤�±nlhg^$h%ixd5z�ns^$dA�]^«�5_Hh

� ���T�0��� ���+� "
N�T"Q*¿0ish r / [tis�onl^$ixdtz4A]nlh fj^3isd]d�� �����c�#�
	���4�D� ��� �
�0��� $#$"C �"	%�D� 	%CD�5�/: k/ilz�_/^3m|k�}!hg_7ygyHu8T al�s�t�
N �DQ'J5�L>+ixhj�5_HdDfg_/h7u }�� >ª�omo¶»nsh%z©uWixd5zU}�� At_Hishgd][t_Hisz�� ce^3�]hjnT¡s_7z �tixhgfgm|k��v_<®t�ofg_Hhp�±nlh�dtnsd]�vmodt_Hixh

�thgnl�]�o_H^
y/���
	�	M*`��C �  ���L����D�  � CD���D���B��� 	 su TH��P 3ST 7�u�A]_/�thg�tishg��T aca�a]�
N `
Q ¯ �
>ª_/�v_/�]¬�ixd5z'Jt� 'Wmv_/�Cns�ofH��:¨y�fjn�k%[tisy fgm|kNix�]�thgnQ¬�mv^3ixfgmvnsdOf��A�5_!_H^ is�owlnshjm¤fj[]^)�±nlh�fj[]_!^3m¤¬Afj�]hg_

�thgnl�]�o_H^�� � � C �#)��D$#� 	%�R�D� � � � C �#)��D$-��	%�g$��L� ��C
�-�%$�u]�ETcGbTcT a�� T7`x�tu T acaD���
N �cQ'J5��'Wmv_/�Cns�of�isdtzB>O�H}��Q� ns�C_/hgfH��?´y fgmv^3ixfgmvnsd�ns�A®td]mofg_´^3mo¬Afg�]hj_ªz�m|y fghjmo�]�]fgmvnsdty�fg[]hjns�]wl[�¿0iQ�s_Hygm|ixd

yjix^3�]�vmvd]wt�3��CD���-���D�@C �'��) ��� CDFc�D� � � �D� 	 $-��	%�#�D� � C �g	%�"��FH$"�"�-	%�-$��Ju �cP�G `cPs`��A`]Y	��u T acas�t�
N �DQ':b� 'Ons�tk/_�fH���Od�yg_��D�]_Hdlfjmvis�!y mv^b�t�vixfgmvnsd�rÀ�tisyg_Hz?^3_�fg[tnAzty°�±nsh*�tiQ�l_Hygmvisd<®t�ofg_Hhgmvd]w5�¢Z¦_7k%[]d]m|k/ix�

hj_/�CnshgfHu >`IL?"' �
A�r9c � A@? � ¯ �TZ � `�T7�]u / mowldtix��}!hjn�k�_Hyjygmod]w ¯ hgnl�]��u 'W_H�tixhgfg_H^q_HdDf�ns�X?!d]wsmvd�r
_Hhghjmvd]wtu�IWd]mo¡l_/h%y mof��
nx�/>+ix^«�]hjmvz�wl_su�T a�as�t�

N P
Q*Z0[tns^
isy,?W�EA]nlh fj^
ixd]d�u �´isix�lnT¡p¿0ixhgr / [tix�vns^�u]ixd5z²<ns�v�o� / k%[]_�¶»_s� / nsd5ixh fjhjilk%�Dmvd]w3nx��^b�t�¤r
fjmo�t�o_°f%ixhjws_�f%y+�ty mvd]w�~�nsmvdDf �]hgnl�tix�tmo�vmvy fgm|k�z]iTf%iqilygygn�k�m|iTfjmonld�����	�	�	 ��C
���-� �D� C �H�����#�
� 	%��	`��c	 �
���#�g�-	��]xut� G�TDYT`�� TH�s�tu�Js�]�v�VT as�s`t�

NZY=Q'Ub� ¯ ix�t¡DhjmofHu'JxrÀ}���_ >+isz]hg_lu�isdtz >O� JDix��¶»hj_�fH� : �±nlhg^«�]�vixfgmvnsd nx�3^b�]�ofgmofjishgwl_�f�fgh%isk%�Amvd]w
ily�ixd�mvdtk�nl^3�]�o_/fg_¢z]ixfji��]hjns�t�o_H^���
	�	�	  B�����D��$  ,C
��� �g��CD$ �������4�D� ��	 ���#�g� ��CD�E	%� � F=$-�0� �B$�u
`l` 3¥��7-GbT7�x�D��� T7�)��Y�uD��k�fjns�C_/hKT a�a�YA�

Î�Î Ó(d"egf-h-h



�s� �X�D�-	������^� �������#�D����*`	%�g�-���
	@���X��
����� *,�D� �-	%�#�R*��g�����

N �
Q°c�� ¯ _Hhgnldtz�mofgm|yOisdtz?�*� �!� / ^3mofg[��*²³nldDfg_3k/ixhj�vn¢ws_Hd]_/h%iTfjmonld³nx�´nlhjz�_HhOy fjixfgm|y�fjmvkHyJ�±hjns^ ws_Hd]_/h%ix�
z]mvy fghjmo�t��fgmvnsdtyH���� �LC
Fc�D� � �0�
��	 $-�  � C �  vu5` T�3G`�7�u�T as�l�]�

N a
Q � � ¯ nlhjz�nld�u 'b� / ix�v^3nsdtz©u isdtz :�� / ^3m¤fj[�� � nT¡s_H�Jix�]�]hjnlilk%[ fjn d]nsdt�omvd]_Hish �Td]nsd]r9wDix�tyjy m|ixd
�5iQ�s_Hygm|ixd y fjixfg__Hy fgmv^3ixfgmvnsd�� �
	�	 *`��C �  �.9��� ��c�
�_�
� � $-	 c� �
� ����C ���g$-	���su TH�l�E3G�c7gG�T7��Y � TcT7`]u
:W�]hjmo�XT acal`]�

NbTH�
Q°²¨�/U � hF�/_H�o_Hh¢ixdtz U�� �*� > � dtygk%[¦� ²³nldDfg_³k/ishg�vn�is�]�]hjnQ¬�mo^
iTfjmonldty«�±nsh
wl_/d]_Hhjis�0y fjixfg_³yg�tisk/_
^3n�z�_H�vyH����CD���-� �
�@C �/�XC��������0�
��	%C
� �D� �D� ��� ����� )]	%�#�D� � � �D� 	 $-��	%�g$�u Y]GbT=Y�� ��T as`tu T acas�t�

NbTcT"Q°²¨�Tc�ygishjz�isdtz^:b�x¿ª�|ix�l_s��> � � ' ? � / :NZ0cg� � a k/nsdtz�mofgmvnsd5ix�Az�_/dtygmof��*�]hgnl�tixwDiTfjmonld°�±nsh�¡Amvyg�tix�
fjhjilk%�Amod]w5���-� �  �� �(C��������0�"��� 	 $-	%C
�tu5�ca 3OT=7-G � �]�x�]u T a�as�t�

NbT7�DQK:b�	>Wnld]wtuDJ5� / ���¦mo�¦usixdtz � � U � nsd]w5� / _��D�]_HdDfgm|ix�Dmo^3�]��f%iTfjmonld«^3_�fj[]n�z«isdtz��5iQ�s_Hygm|ixd*^3mvyjygmod]w
ztiTfjiq�]hjns�t�o_H^3yH�3�� �
�H�"�  � � �D� 	 $-�  � $#$"C �  vut��a�Gà��Yx�����s�s�tu T a�ax�5�

NbTH`
Q��«�"��mJisdtz.�b�/Jlmo�v�snT¡»� : yg�]hj¡s_H� nx�O^
isd]_/�]¡l_/hjmodtw?f%ixhjws_�fqfgh%isk%�Amvd]w G z��Adtis^qm|k¢^3n�z�_H�vyH� ced
�XC
� �g�"���g���#�RC
� � 	 
���D�@�
� � �R�D� � * ��C �#�g$#$#	��]�C � � �W�D��� � �
����"��$%u»�Ohg�|ixdtz]ntu�:J�]hjmv���x�l�s�]�

NbT/�cQKJ5� / �¦mo���5²³_�fjhgnl�5nl�om��/_7z�mvdtz�_/�C_/d5z�_/dDf!ygis^3�]�omvd]w°§ mofg[3k�ns^3�tishgm|ygnsd*fjn�hj_�~�_7k�fjmonld«yjix^3�]�vmod]w°ixd5z
mv^3�5nlh f%ixdtk/_*ygis^q�t�omvd]wt� � �0�
��	 $-� 	%�-$B�D� � �XC �L� ��� 	���su P G�T�TH`���TcT a]u T aca�P]�

NbT �DQ '«� ���]hjmv_Mixd5z U�� �«�,UWixhgfg�v_/�l� ²<ilk%[]mvd]_�rÀws_Hd]_/h%iTfjmonld ns��nsh%z�_/hy�f%iTfjmvy fgm|k/yp�±nsh^3nsdDfg_�k/ixhj�vn
k/ns^3�]��f%iTfjmonldty/� ��) � �
�W�g�-	%�#�
� � � �D� 	 $-��	%�"	%�D�5u5�
P G �cP��]��YAu�A]_H�]hg�5ixhj�VT a]Yx���

NbT P
QKJ5�t²<ilk >ªnlhg^3m|k%�pixdtz_:b�t¿+�vis�s_s�9: �]hgnl�tix�tmo�vmvy fgm|k°_�¬]k/�o�tygmvnsd�]hgmvdtk/mo�]�v_°�±nshJfgh%isk%�Amodtw«^«�]�¤fjmo�t�o_
nl��~�_Hk�fjyH�Nced�* ��C �  �g� �  ��XC
� �  �XC �L� ��� �"��� 	 $-	%CD�5u]�tisws_Hy ��Yx� � ��Yx�]u T aca�a]�

NbT=Y=Q^>O�+²³�tyjy n isdtz � �0�O�5zQ~ ixd]_l�)}Nixhgfgm|k��v_³^3_�fg[tnAzty3�±nsh¢^«�]�ofgmv^qn�z]is� ®t�ofg_Hhgmvd]wt� ced � ) ����� �
	��E�0�"�-� �
��	%C
� �
� �XC
� �g�"���g���#� CD� 	�� �gC
� �H�
��	%C
� �#�]$-	%CD� �
	�	�	+u / mv�om|k�nld �!is�o�v_/�luK>`:�u,PxrÀ� Js�]�v�
T aca�a]�

NbTH�
Q^>O�+�Jixwlntu+}�� � mv�o�v_�fgfHuJixd5z ��� / fjhg_Hm¤f7� : k/ns^3�tixhjm|y nld nx�°fj[]_
	������ixd5z�� 5��86 fgh%isk%�Amvd]w
is�owlnshjm¤fj[]^
y/�pced *`��C �  ��g� �  
�XCD� �  �L�#CD�]$-�  �� � � �#�#��) � � 	 
���D� *`��C �#�g$�$-	��]xu��tisws_Hy*` ��Y�T �A` ��Yx`]u
²?iQ�VT a�a)���

NbT a
Q°²¨� / fg_H�][]_/d5y/� �L�
Fc�-$-	%�D� �V�"�!)�C �=$ �gCD�4��	��c� �����g$4C � � CD� �W�D���^	 $-� �-	%�g��� 	%CD� $��¨}![ ' fj[]_Hygm|y/u
²?ixwlztix�v_/dV>ªns�v�o_Hws_sut�W¬A�±nsh%z©u8T aca�Y��

Nà�x�
Q°�JnT���!� / fghj_/mof¢ixdtz.Z¦n�z ?J� ���twsmvdD�t�][]�9� ²<iT¬�mv^b�]^-�vmv�s_/�vmv[]nAnAz ^3_�fg[tnAz �±nsh3�]hjns�5ix�]mv�om|y fgm|k
^«�]�ofgmor9[A�A�5nsfg[]_7y m|y3fjhjilk%�Dmvd]w5�.cedM*`��C �#�#�F�
	���
$ C � � *��
	 �g� � �g�-���D� 	%CD� �
� � F �L��CD$-	������ � 	 c� �D�
�
� � �R�D� �^*`��C �#�-$#$-	����C � � �W�D���/� �
����g��$��������tu]¡snl�o�]^3_°�x`s` ��uD�Ohj�|ixdtz�n5u�A �´u�:W�]hH���QrSYAu T a�ax�5u
T acas�t�

Nà��T"Q�}�� � mv�o�v_�fgfHu �«�Q� �tisd�uTixdtz*��� / fjhg_Hm¤f7�sZ0[]_���5��86«�±nlh¦^
ixd]_H�]¡s_Hhgmvd]w0f%ixhjws_�f%y/�Tced �(C
� �g�"���"� �#��CD�� 	 
���D�@�
� ��� �
�0�R*`��C ���g$#$-	���+C � � �W�D���9�E�D� ��"�%$�u]¡lns�v�]^3_�`l`�Yx`]u / }!c ? :JdtdD�5ix�©mvdlfj_/hjdtiTfjmonldtix�
yg�A^3�5nDy mv�]^ nldis_/hjnlyg_/dtyg_sut�Ohj�visdtz�n5u]A �´u�:J�]hjmo�/T acal�]�

Í±ç�Î�Í Ð



Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY

Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN

Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


