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�r��� dX[]s � [Gbe[¢½ �¿¾ `�^�À ���
	 �q[_ÁA`�sfdzbe[�Â � p£Ã�\ ��¾ W � VfY[9��[JÄ
Å6¾ [�Æ � ` � ^cs�[ �ZÇ YÈ¦� YÈ��ÉÇ�È#Ê~Ë Ì�Í~ÎÏÊ �Z�t� �q^ep£[]\�dXpx^a\�[���[�d£Ð�Ñ[]VX[
Å Æ Ò�px`�s�Ó Ò ÎÏ�ÕÔ¨Ö~Ë Ì�Ô È�× ` ¾ ^csq`tdX[ � p
Å Æ � Ð�px^cV£d � W�Ð�[ Ò Ì~Ç¨ØÙÈ#Ô � prY[]V£^c��[]sfdz� � Â � p£Ã
Å Æ È px^c\ Ú Ë~Û Ò ËÙ�qÜ Ç `tWqW � p£dX[ � p
Å Æ Å ^c\ÝÐq`fÞ[]b Ú ��Ë��ÕÈ#Ê È�× ` ¾ ^csq`tdX[ � p
Å Æ Ë pxs�` � � ��Ì��¨ßÙÔ¨Ô¨È Í ^epx[]\�dX[ � p���[�d£Ð{Ñ[]V£[
Å Æ Í���¾ ^csq^cà � [ �lË~����ÎáÊ Ç `tWqW � p£dX[ � p
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Û [GV ��� Ð�`�^edX[_px`�^cV¨V ��� bc^e��s�[_p¨^a\_^³be[�p��� bc[�^ ¾ W � p£d£`�sfdz��[ ¾J� s2[]s
d ��� pÝ`t��[9Wqp ��� []V£Vx^ � sqs�[]b�[_d�Wl[_pÝV � sqs�[]b��
ÂX[�s�� ` � px`�^�W `�V W � [���[]\�d � [_p�bc[�dXpx`]Át`�^cb³��Y[]\�px^cdz�q`�sqV¨\�[_dXdX[9d£Ð�Ñ[]VX[9Vx`�sqV [ �Õ× Æ

Û [¬px[ ¾ [_px\_^e[�d ��� dJ��� ` ��� px�(be[]V3��[ �Õ× �q^cp£[]\�dX[ � pxV3� �(���Z�q����Û�� Ðq`�sqs ��� bcb � d9[_d � [_p£��[ Ú ��× W ��� p
¾ � `�Á � ^ep�`�\_\ � []^cbcbc^��q`�sqVzbe[ � p¨bc` ��� px`td � ^epx[�Æ
Û ['Á ��� ��px`�^cV~p£[ ¾ [_px\_^e[_p � Ð�pÝ^cVXd � W�Ð�['Ò � px��[_d���� `]Á � ^ep � ^e[]sªÁ ��� b � WqpÕY[]V£^a��[_p ¾J� s¬Â � p£Ã6��['d£Ð{Ñ[]VX[�Æ Û [

p£[ ¾ [_px\_^e[¿Y[_��`�be[ ¾ []sfd È pÝ^c\¦ÚG`*Â � `�V�� [_d Í~��¾ ^csq^aà � [ � `�bcbc^cs3à � ^ � s
d�`�\_\�[_WqdrY[Ù�����[_dXp£[¨be[]V®px`tW�W � pxdX[ � pxV®��[ \�[
dXpx`�ÁA`�^ab � `�^csqV£^�à � [�Ò�px`�s�Ó Ò®^cbed£Ðq` � d¦[_d Å ^c\ÝÐq`t[]b³Ú�bc`�V£[]s � W ��� pZbc[ � pxV�p£[]be[]\�d � px[]V [_d¨be[ � pxVZ\ ��¾¢¾ []s
d£`�^epx[]V
��[ ¾¢� s ¾ `�s � V£\�px^ed ��[�d£Ð{Ñ[]V£[�Æ
Û ['p£[ ¾ [_px\_^e['ÁÕ^eÁ�[ ¾ []sfd Ë pÝsq` � � ��� \ � dXdX[ ��¾J� s7�q^ep£[]\�dX[ � p���['d£Ð�Ñ[]VX[ � [_d � ` � ^as�[ � prY[_W�Y[ �ÉÇ []sq` � ��^cs �

¾ `3\ �t� �q^epx[]\�dXpx^c\�[ � W ��� p�bc[ � p¦��pÝ`�sq��[Ù�q^cVXW � sq^ � ^cbc^edrY[ � be[ � pÝV¦\ � sqV£[]^cbcV¦[_d�W ��� p ¾ � `�Á � ^ep � `�^cd¦W�`tpxd£`t��[_p¨be[ � p
W�`�VxV£^ � s9W ��� p®ba`zW�ÐfÃÕV£^cà � [��q[]V�W `tp£d£^c\ � be[]V]Æ Û [ZV � ^cV�W�`tp£d£^c\ � ba^ Ñ[_p£[ ¾ []sfd®Ðq[ � p£[ �Õ× ��� `]Á � ^ep3Y[_dfY[�be[ � p�W�p£[ ¾ ^e[_p
d£Ð�Y[]V£`tpÝ���tÂX[�be[ � pzV ��� Ðq`�^edX[���[�\ � sfd£^cs � [_pz`�^csqVx^ Æ

Û [3V � ^cV�W�`tp£d£^c\ � ba^ Ñ[_p£[ ¾ []sfd�p£[]�q[_ÁA` � bc[ Ñ`�d ��� VÙbe[]V ¾ [ ¾9� p£[]VÙ��[]V~��p ��� W�[]V Ë�Ô¨��Ë�� [_d Í� � � bc` ���t�
px`td � ^cp£[�W ��� pzbe[ � pz`�^c��[�W�prY[]\_^e[ � VX[!� [_dz[]s6W�`tp£d£^c\ � ba^e[_p9Ñ`¿be[ � p¨p£[]VXW � sqV£` � be[�p£[]VXW�[]\�d£^ � Òq`�^ep ��� � Å `�be[_Ó�[_d
Ø Y[_px`tpÝ� � `*Â � dGW ��� p9b"� `�\_\ � []^cb¦à � � ^abcV ¾ � � sfdGpÕY[]VX[_pxÁ�Y[ [_dGW ��� pG`�Á � ^epJV � ��Y[_p£[_p ¾J� s�� ����� bc[¢VXd£`td � d_Æ Û [
d£^e[]s�VJÑ`�p£[ ¾ [_px\_^e[_p.Y[_��`�be[ ¾ []sfd�d ��� V�be[]V ¾ [ ¾G� px[]V~�q[]V�\ � bcbc` ��� px`td£^ � sqV Í# �� Ò�pÝ`�sq\�[J[_d Ë�Ô¨��Ë��f� Ò�pÝ`�sq\�[
W ��� p be[ � pÝV \ � sqVX[]^cbcV¨[_dzbe[]V¨V � ^cprY[_[]V¨W�`�V£VrY[_[]Vz[]sqVX[ ¾9� be[�Æ
Û [�p£[ ¾ [_pÝ\_^e[�ÁÕ^eÁ�[ ¾ []sfdzbe[]V ¾ [ ¾9� p£[]V�� � ��p ��� Wl[%$ � ÐfÃrV£^aà � [��q[]V prY[]`�\�dX[ � pxV'&�� � ba` �l� pÝ`td � ^ep£[ � `�Á�[]\

à � ^qÂ�� `�^�\�[_p£d£`�^cs�[]V�`)(¬sq^edfY[]V_Æ � []VÙ�q^cVx\ � V£V£^ � s�Vz� �ª¾ ^c�q^�V � sfd~d ��� Â ��� pÝV�dXp]Ñ[]V�^as
drY[_p£[]V£Vx`�s
dX[]V � \ ��¾¢¾ ['W�`tp
[ × [ ¾ W�be[�V � p¨be[]V W�[_pxVXW�[]\�d£^eÁ�[]VZpÝ`�^cV � sqs�Y[_[]V���[�bc`'Wqp � � � \�d£^ � s0Y[]sq[_p£��Y[_d£^cà � [�Æ
Û [Zd£^e[]sqV¨Ñ`~p£[ ¾ [_px\_^e[_p�\�[]babe[]V�[_d�\�[ �Õ× à � ^ÕV � sfd®^asq�q^cVXW�[]sqVx` � be[]V¦Ñ`Ùbc`~ÁÕ^e[�� � ba` �l� pÝ`td � ^ep£[ÙÄÝÂÏ[ZÁ�[ �Õ× W�`tp �

be[_p¨� � VX[_p£ÁÕ^c\�[G`�� ¾ ^csq^cVXdXpÝ`td£^ � s�[_dz� � VX[_pxÁr^c\�[9^cs � � p ¾ `td£^cà � [ � V£`�sqV ���q� bc^e[_p¨be[�V£[_p£Ár^a\�[G� � \ �q¾ []sfd£`td£^ � s{Æ
Û [�be[ � p¨`�^³V ��� Á�[]s
dz`tW�W � pxdfY[9��[]V*$X\ � bcbc[]V'&'[_dz^cbcV � sfd¨d ��� Â ��� pxVzV � dXp ��� Á�[_p � s�[�V � b � d£^ � s{Æ
Û [¢� � ^cV � []` � \ ��� W Ñ` Û []`�s ��Å `tpx^e[¢��[ �Z� s
d � ��p)�`�\�[ªÑ`2à � ^ Â�� `�^®W �)¾ � [ × [_px\�[_pG` � �q^+(¿\_^cbe[3[ × [_pÝ\_^c\�[

à � � []VXd b"� []sqV£[]^e��s�[ ¾ []sfd_Æ � [ � � d � sq[~[ × WZY[_px^e[]s�\�[�dXp_Ñ[]V¨[]s�px^a\xÐq^cVxV£`�s
dX[�Æ Å [_px\_^�Y[_��`�be[ ¾ []sfd3Ñ`J\�[ �Õ× à � [¦Â,� `�^
p£[]s�\ � s
dXpÕY[]V�W�[]sq��`�s
d ¾ `�d£Ð�Ñ[]VX[J[_d�\xÐ�[,�¢à � ^�Â,� `�^�W � dXp ��� Á�[_p�V ��� d£^e[]sª[_d�\ � sqVX[]^abcV3Ä�Òqpx`�sq\�[ ��Û�� \�[]beÃÕs�[ �
Å `�Ð � ��� ��[_d Å ^c\xÐq[]b Æ � [ � pJ\ � s
d£`�\�dJ[_d'be[]V'�q^cV£\ � V£V£^ � sqV ¾ � � s
d � []` � \ ��� W(`tWqW � p£drY[�Æ Û [�d£^e[]sqV3` � V£V£^�Ñ`
p£[ ¾ [_px\_^e[_p È baV£`'[_d Ë pxsq` � ����� `�Á � ^ep�Y[_drY[3W�b � V à � [���[]V¨\ � bab Ñ[_� � []Vz��[GdXpx`]Át`�^cb Æ

Å [_px\_^ � []` � \ ��� W�Ñ`'d ��� V¨be[]V d£Ð�Y[]Vx`tpx�qV � W ��� p b"� ` ¾9� ^c`�s�\�[�[_d¨b"� `�sq^ ¾ `td£^ � s-� ¾ [_px\_^{W�`tpxd£^c\ � bc^ Ñ[_p£[ ¾ []s
d
Ñ` Ë sqsq[ � Ò�bc[ � p ��Ë sqs�[ ��Å `tpx^e[ �/. []sAÂX` ¾ ^cs �0. [_pxs�`tpx� �1�0. [_p£dXpÝ`�sq� �2. Â�Þ� pxs �®Û�� sq`td£Ð�`�s �®Û
� bc^e[]s �³� ` � p£[]sfd �
��� � �1��ß b �1� � ` ¾3� []b ��� ÃÕbeÁt`�^cs�[_d Ô Ð ��¾ `�V]Æ Ì s ¾ [_px\_^{VXWZY[]\_^c`�b¦Ñ` ¾ []V¨\ �t� b � \_`td£`�^ep£[]V���[ ��� p£[]` � Ä Û
� bc^e[]s






à � ^ ¾ � ` � []` � \ ��� W.`�^c�¦Y[ � [_d . []s � � �ed�à � ^{`¢p£[]b � [_dz\ ��¾¢¾ []s
drY['\�[_dXdX[Gd£Ð{Ñ[]VX[�Æ
Û [ p£[ ¾ [_px\_^e[�[]s���s ¾ []VJ` ¾ ^cV � � � s
dJ\�[_p£d£`�^asqVJV � sfd3W�p � \ÝÐ�[]VJ��[�bc`ª�¦Y[]bc^eÁrpx`�sq\�[?Ä . []s � � �ed �#ß bc^eÁÕ^e[_p �

Å ` � � ��� Y[ � `�VXd£^e[]s �ÕË~� prY[]bc^e[]s¿[_d Û []`�s � . [_pxsq`tpx�{Æ Û [~s�� `�^ W�`�V#d ��� Â ��� pÝVJY[_dfY[�dXp_Ñ[]V �q^cVXW � sq^ � be[�Wl[]s��q`�s
d¦\�[]V
dXp � ^aV#`�sqs�Y[_[]V_Æ Å []VZ��[_pxsq^e[_pÝV�p£[ ¾ [_px\_^c[ ¾ []s
d£VZV � sfdZ`���p£[]V£VrY[]V�Ñ` ¾ ` � ` ¾ ^cbcbc[¨W ��� p#be[ � pÝV�[]sq\ ��� pÝ`t��[ ¾ []s
d£V �
[_d3Ñ` Å `tpx^e[ �ÉË sqs�[GW ��� p¨V£`'W�`td£^e[]sq\�[ � [_d¨W ��� p¨V � s�pÕY[]\ � s � � p£d~�q`�sqV¨be[]V ¾¢��¾ []s
d£V��q^ (¿\_^abe[]V_Æ
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½tÆc½ Í []V£\�px^cWqd£^ � s�� �6Å6� ��Ñ[]be[ � d£`�sq��`tpx� Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KJ

½tÆc½tÆc½ Ô px`�sqV ��� p ¾ `td£^ � sqVZ[_d¨��p ��� Wl[]Vz��[�VXÃ ¾ Y[_dXpx^e[�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KL
½tÆc½tÆ À � []V¨\xÐ�` ¾ W�Vz�q[ ¾ `td£^ Ñ[_p£[ Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KL
½tÆc½tÆ 
 � []V¨\xÐ�` ¾ W�Vz�q[�ÂX` � ��[RÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½ 	
½tÆc½tÆ � � [ ¾ Y[]\_`�sq^cV ¾ [9��[ Ö ^e����V Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KM
½tÆc½tÆNJ Ø Y[]s�Y[_pÝ`td£^ � s.�q[]V ¾ `�V£V£[]V¨��[]V W�`tpxd£^c\ � be[]V¬Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À �
½tÆc½tÆNL � [ Å2� �{Ñ[]be[ � d£`�sq�q`tpx��` ��×�� px�qp£[]V¨V � WZY[_pÝ^e[ � pxV�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À�À
½tÆc½tÆ 	 Î sqV � (¿V£`�sq\�[]V � �2Å6� ��Ñ[]be[ � d£`�s��q`tpx�.Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ÀOJ

½tÆ À � p � � � \�d£^ � s�� � à � `tp£Ó�d � W.` � W�p_Ñ[]V¨��[�\ � bcbc^aV£^ � sqs�[ � pxV¦Ð�`���p � sq^cà � []V�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À 	
½tÆ ÀrÆc½ � `�bc\ � bcV ��[]VzVX[]\�d£^ � sqV [,(¬\_`�\�[]V���[�W�p � � � \�d£^ � s ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À 	
½tÆ ÀrÆ À � p � � � \�d£^ � s���[�W `�^ep£[]V ��[�à � `tp£Ó�d � W Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ÀOM
½tÆ ÀrÆ 
 � p � � � \�d£^ � s�V£^ ¾ W�be[2Y[]be[]\�dXp ��� `�^ � be[G�q[�à � `tpxÓrV d � WNÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 
t�
½tÆ ÀrÆ � Í Y[]V£^csfdfY[_��px`td£^ � s?� � à � `tp£Ó�d � W6Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 
 ½

½tÆ 
 � Ð¦Y[]s ��¾ Y[]s � b � ��^e[3� � à � `tp£Ó�d � W.` �Õ× \ � bcbc^cVx^ � sqs�[ � pÝV¦Ðq`��qp � sq^cà � []VLÆ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 
 À
½tÆ 
 Æc½ � ^e��sq`td � p£[]V �q[]V W�`�^ep£[]Vz��[�à � `tp£ÓrVZd � W.Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 
 À
½tÆ 
 Æ À � p � � � \�d£^ � s ¾3� bed£^ ÂX[_d£V�Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 
 L
½tÆ 
 Æ 
 � p � � � \�d£^ � s���� � s �l� V � sQP `�Á�[]\9�q[]V�ÂÏ[_d£V�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 
��
½tÆ 
 Æ � � p � � � \�d£^ � s���� � s �l� V � sQR�S9T/U�`]Á�[]\3��[]V�ÂX[_d£V0Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 
 M
½tÆ 
 ÆNJ � p � � � \�d£^ � s���[�W `�^ep£[]V ��[ ��� V � sqV¨Á�[]\�dX[ � pxVz`�Á�[]\9�q[]V�ÂÏ[_d£V Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ���

V WYX[Z)2:D,
\]Z)2:;,H1@,�^
_3)`.a) b5Z) cdZ)e:;)2\5)2:
69b dgf d .a8�:DbYC;:h\5,/.�0)e1@)i08Q.;)2C�jk.a,HC;la1@) 69bm.a)onB_3^H^�bqp;'
ÀrÆc½ � prY[]VX[]s
d£`td£^ � s.� ��¾¢� �{Ñ[]be[ Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ � ½

ÀrÆc½tÆc½ � [�VX[]\�dX[ � p~��[ Ö ^c����V Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ � ½
ÀrÆc½tÆ À �Z��� W�bc`t��[���[]V � [_p ¾ ^ � sqV ` �Õ× ��� V � sqV¨��[ Ö ^e����V¨\ÝÐq`tp£��Y[]V Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ �


ÀrÆc½tÆ 
 Í Y[]V£^csfdfY[_��px`td£^ � s?��[]V ��� V � s�V¨��[ Ö ^e����V¨\xÐ�`tp£��Y[]V·ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ �


ÀrÆc½tÆ � �Z� s
dXpx`�^as
dX[]Vzd£Ð¦Y[ � px^cà � []V [_d¨[ × W�Y[_px^ ¾ []sfd£`�be[]VÙÆ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ �



ÀrÆ À � ^c��sq`td � p£[���[]V Y[_Á�Y[]s�[ ¾ []sfd£V~d f d�Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ � �

ÀrÆ ÀrÆc½ � p � � � \�d£^ � s���[mr�s��q`�sqV¨bc[]V¬Y[_Á�Y[]s�[ ¾ []sfd£V~d f d Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ � J
ÀrÆ ÀrÆ À È d£`td£V ��s�` �Õ× �q`�s�V¨be[]V�Y[_Á�Y[]sq[ ¾ []s
d£V~d f d Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ � J

ÀrÆ 
 ��� s�\_b � V£^ � sªÄq[]stÂÏ[ �Õ× ��[�bc` ¾ []V � p£[���[�V£[]\�d£^ � s�[,(¿\_`�\�['��[�à � `tp£ÓÕVZd � W�Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ �f	

J



�O� � ��� "$� ���$� ��
]�=���e������� ���	�2

�2���$� ������� "
�e���������$�q��
/� �������$� !a" 
7��� �>�O���
� 

���Q��� ��� � ���� � �����2����� ���

� � )eb���,
1 1@_@b9_@,
:Db`8�CDj ,�l! K) 69b�<=)"��,
:DbK69<=Ca_369b I�'

 Æc½ Î s
dXp � � � \�d£^ � s6Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ JÕ½

 Æ À � [G\ ��¾ W�be[ × [���� `�\_\ Y[]b Y[_px`td£^ � s?��[�Òq[_p ¾ ^cbc` � Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ JÕ½

 Æ 
 � [G�¦Y[_dX[]\�dX[ � p Í� Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ J 



 Æ 
 Æc½ Í []V£\�pÝ^eWqd£^ � s ��Y[]s�Y[_px`�be[ Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ J 


 Æ 
 Æ À � [�dXpx`*ÂX[]\�d � ��px`tW�Ð�[�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ JOJ

 Æ 
 Æ 
 � `J\_`�b � px^ ¾ Y[_dXpÝ^e[�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ J 	

 Æ 
 Æ � � [�VXW�[]\�dXp ��¾ Ñ[_dXp£[�Ñ` ¾9�q� sqV§Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ L �

 Æ 
 ÆNJ � ` ¾ []V � px[���[Gbc`Jb ��¾ ^cs � V£^cdfY[ Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ LÕ½

 Æ 
 ÆNL � [�VXÃÕVXd�Ñ[ ¾ [9��[9�¦Y[]\_be[]sq\xÐq[ ¾ []s
d Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ L 



 Æ � � `Jp£[]\ � sqVXdXp � \�d£^ � s2��[]V�Y[_Á�Y[]s�[ ¾ []sfd£VJÆ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ LOJ

 Æ � Æc½ # � `�bc^edrY[���[]V Y[_Á�Y[]s�[ ¾ []sfd£V§Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ LOL

 Æ � Æ À Ç []\ � sqVXdXp � \�d£^ � s2��[]V dXpÝ`�\�[]VLÆ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ LOL

 Æ � Æ 
 Ç []\ � sqVXdXp � \�d£^ � s2� � Á�[_pxdX[ × W�px^ ¾ `�^epx[�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ L 	

 Æ � Æ � Ç []\ � sqVXdXp � \�d£^ � s2��[]V ��� ÂÏ[_d£V Y[]bc[]\�dXp ��¾ `t��s�Y[_d£^cà � []V Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ L �

 Æ � ÆNJ Ç []\ � sqVXdXp � \�d£^ � s2��[]V�ÂX[_d£VzÐ�`���p � sq^cà � []V Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 	A�

 Æ � ÆNL Ç []\ � sqVXdXp � \�d£^ � s2��[�b"�áY[]s�[_px��^e[�dXpx`�sqV£Á�[_pxVX[ ¾ `�s�à � `�sfdX[ÙÆ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 	t


 Æ � Æ 	 Ç []\ � sqVXdXp � \�d£^ � s2��[]V ¾3��� sqV.Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 	 �


 ÆNJ � `¢V£^ ¾3� bc`td£^ � s ��[]Vz� � sqs�Y[_[]V)ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 	 J
p � Z) 69)$�O6 _@,H: .a) b Z)21@)"��69< ,
:Db`\5,
CDb�08%�'& ()(

� Æc½ Å6� d£^eÁt`td£^ � sqV¨W Ð
ÃÕV£^cà � []V�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 	�	
� Æ À Ç []\ � sqVXdXp � \�d£^ � s2��[]V Y[]be[]\�dXp � sqV ¾J��� V W�`tpzbc` ¾ Y[_d£Ð � ��[9��[�bc`'p ��� dX[7Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 	 M

� Æ ÀrÆc½ Í []V£\�pÝ^eWqd£^ � s;Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ 	 M
� Æ ÀrÆ À � [_p � � p ¾ `�s�\�[]V Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ��


� Æ 
 Ë~¾ Y[]bc^ � px`td£^ � sqV¨��[�bc` ¾ Y[_d£Ð � ��[3��[�bc`'p ��� dX[ Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ���
� Æ 
 Æc½ Ç �� be[���[]V¨��Y[_dX[]\�dX[ � pxV��q[�W�^e[]�qV � ��[ � ��[_p � []V8Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ���
� Æ 
 Æ À Ç []\ � sqVXdXp � \�d£^ � s2� � ��Y[_W2�� d Y[]s�[_p£��Y[_d£^cà � [9��`�sqV be[ �Z�Z� Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ � M
� Æ 
 Æ 
 Ë V£V � \_^c`td£^ � s2[]s
dXp£[GdXpx`�\�[�[_d+*-,/.10"243654798;:=<�>GÆ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ � M

� Æ � Í ^cV£\�pÝ^ ¾ ^csq`td£^ � s¬[@?gT5SBA�s Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ MÕ½
� Æ � Æc½ Í ^cVx\�px^ ¾ ^cs�`td£^ � s�[@?gT SBA s �q`�s�V bc`JV£^ ¾3� bc`td£^ � s Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ MÕ½
� Æ � Æ À Í ^cVx\�px^ ¾ ^cs�`td£^ � s�[@?gT SBA�s(�q`�s�V be[]V¨� � sqs�Y[_[]V=C
D/E�Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ M �
� Æ � Æ 
 Í ^cVx\�px^ ¾ ^cs�`td£^ � s�[@?gT SBA�s(�q`�s�V be[]V¨� � sqs�Y[_[]V=C
D�FNÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ MOJ
� Æ � Æ � Í Y[]\_be[]sq\ÝÐ�[ ¾ []sfd~V � p¨��[]V Y[]be[]\�dXp � sqV ¾J��� V¨`]Á�[]\9be[]V¨� � sqs�Y[_[]V=C
D�FnÆ�Æ�Æ�Æ�Æ�ÆGÆ�Æ M 	

� ÆNJ Ç Y[]V � b � d£^ � s�[]sQY[]s�[_p£��^e[G�q[]V¬Y[]be[]\�dXp � sqV ¾J��� V9Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ ���
� ÆNJrÆc½ Ç Y[]V � b � d£^ � s2[]s�Y[]s�[_p£��^e[9��[]V¬Y[]be[]\�dXp � s ¾J��� V¨�q`�s�V¨bc`JV£^ ¾3� bc`td£^ � s Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ ���
� ÆNJrÆ À Ç Y[]V � b � d£^ � s2[]s�Y[]s�[_p£��^e[9��[]V¬Y[]be[]\�dXp � sqV�`]Á�[]\3be[]V¨� � s�s¦Y[_[]VGC
D�FQÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � J

� ÆNL È d£^cà � [_d£`t��[G��[]V�ÂX[_d£V � []` �Õ× W�`tp Y[]be[]\�dXp � s�V ¾J��� V·Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
	
� ÆNLrÆc½ � p ��� b Y[ ¾ `td£^aà � [ Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
	
� ÆNLrÆ À � p � Wqpx^ Y[_drY[3��[]V¬Y[]be[]\�dXp � sqV ¾J��� V¨��`�sqV¨be[]V�ÂX[_d£VPÆ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
	

L



� ÆNLrÆ 
 � prY[]VX[]sfd£`td£^ � s.�q[�b"� `�be� � px^ed£Ð ¾ [�����Y[_d£^cà � [_d£`t��[ Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½�½ �
� ÆNLrÆ � � [_p � � p ¾ `�s�\�[]VzV � p¨ba` ¾ []V � p£[��q[���� d f d��nÆ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½�½ �
� ÆNLrÆNJ Ë~� dXp£[]Vz`�be� � px^ed£Ð ¾ []V¨����Y[_d£^cà � [_d£`t��[9��[]V®ÂÏ[_d£V � []` ��× Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½�½]À

I + )eb9C;< )B.;)�1@8 bK)$�O6 _@,H: )��%��8 � )B.a)BG;<=,/.aC��O6 _@,
: .a)QGa8�_@<=) b .a)BA�CD8�<=E/b 6 ,�G '�'eI
JrÆc½ Î s
dXp � � � \�d£^ � s6Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½�½KJ
JrÆ À � [G�¦Y[]\_be[]sq\ÝÐ�[ ¾ []sfd���[]V�Y[_Á�Y[]s�[ ¾ []sfd£V�d f d¯Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½�½KL

JrÆ ÀrÆc½ Í~� sqs�Y[_[]V�pÕY[_[]bcbe[]V�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½�½KL
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 � Y[]bc[]\�d£^ � s6� ��¾3��� s§ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À �
JrÆ 
 Æ � � Y[]bc[]\�d£^ � s6��[]V®ÂÏ[_d£V8Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À�À
JrÆ 
 ÆNJ � Y[]bc[]\�d£^ � s6��[�b ��Y[]sq[_p£��^e[�dXpx`�s�VXÁ�[_pxVX[ ¾ `�sqà � `�s
dX[PÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À �
JrÆ 
 ÆNL � Y[]bc[]\�d£^ � s6��[]V®ÂÏ[_d£V���[�à � `tp£ÓrV � []` �Õ× Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]ÀOJ
JrÆ 
 Æ 	 È (¿\_`�\_^edrY[9�q[�VfY[]be[]\�d£^ � sª��[]V¬Y[_Á�Y[]s�[ ¾ []s
d£V~d f d�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À 	

JrÆ � È ÁA`�b � `td£^ � s���[]V � � sq�qV�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À �
JrÆ � Æc½ È VXd£^ ¾ `td£^ � s���[]V � � sq�qV ¾3� bed£^ ÂX[_d£VµÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À �
JrÆ � Æ À È VXd£^ ¾ `td£^ � s���[]V � � sq�qV	��
6ÂX[_d£V ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 
t�
JrÆ � Æ 
 È VXd£^ ¾ `td£^ � s���[]V � � sq�qV Ü 
2ÂX[_d£V Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 
�

JrÆ � Æ � È VXd£^ ¾ `td£^ � s���[]V � � sq�qV Í ^ ��� V � sqV ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 
 J
JrÆ � ÆNJ È VXd£^ ¾ `td£^ � s���[]V � � sq�qV¨`�Á�[]\Gà � `tp£Ó�d � W�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 
 J
JrÆ � ÆNL È (¿\_`�\_^edrY[]V~��[�VfY[]be[]\�d£^ � s.��[]V � � sq�qV!Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 
�	

JrÆNJ È�× dXpx`�\�d£^ � s6��[�bc`JV£[]\�d£^ � s�[,(¿\_`�\�[(Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 
 M
JrÆNJrÆc½ Å Y[_d£Ð � ��[9^edrY[_px`td£^cÁ�[ ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 
 M
JrÆNJrÆ À Å Y[_d£Ð � ��[9��[�Árpx`�^cV£[ ¾G� ba`�sq\�[�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ ���
JrÆNJrÆ 
 Å Y[_d£Ð � ��[9��[�Árpx`�^cV£[ ¾G� ba`�sq\�[�`]Á�[]\GW�`tpx` ¾ Ñ[_dXp£[]V~��[�s � ^cV£`�sq\�[²ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � ½

JrÆNL Î sq\�[_p£d£^ed � ��[]V VXÃÕVXdfY[ ¾ `td£^cà � []V¿ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � À
JrÆNLrÆc½ Î sq\�[_p£d£^cd � ��[]V V � p¨ba` ¾ []V � p£[��q[Gbc`Jb �q¾ ^cs � V£^edrY[ ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � À
JrÆNLrÆ À Î sq\�[_p£d£^cd � ��[]V V � p¨bc[��¦Y[]\_be[]sq\xÐq[ ¾ []s
d6Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � À
JrÆNLrÆ 
 Î sq\�[_p£d£^cd � ��[]V V � p¨ba`'p£[]\ � sqVXdXp � \�d£^ � s2� � Á�[_pxdX[ × W�px^ ¾ `�^epx[ Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �


JrÆNLrÆ � Î sq\�[_p£d£^cd � ��[]V V � p¨b � ^c��[]sfd£^ ��\_`td£^ � s���[�b ��Y[]bc[]\�dXp � sNÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �


JrÆNLrÆNJ Î sq\�[_p£d£^cd � ��[]V V � p¨b � ^c��[]sfd£^ ��\_`td£^ � s�� ��¾3��� sºÆ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � �
JrÆNLrÆNL Î sq\�[_p£d£^cd � ��[]V V � p¨b ��Y[_d£^aà � [_d£`t��['��[]V�ÂX[_d£V Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � �
JrÆNLrÆ 	 Î sq\�[_p£d£^cd � ��[]V V � p¨ba`'p£[]\ � sqVXdXp � \�d£^ � s�[_d�ba`J\_`�bc^ � px`td£^ � s��q[]V�ÂÏ[_d£V)Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � L
JrÆNLrÆ � Î sq\�[_p£d£^cd � ��[]V V � p¨b ��Y[_Át`�b � `td£^ � s6��[]V � � sq�qV ¾3� bed£^ ÂÏ[_d£V [_d��

6ÂX[_d£V©Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �f	
JrÆNLrÆNM Î sq\�[_p£d£^cd � ��[]V V � p¨bc[]V � pÝ`�\�d£^ � sqV¨��[���
6ÂX[_d£V Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �f	
JrÆNLrÆc½ ��Î sq\�[_p£d£^cd � ��[]V V � p¨b ��Y[_Át`�b � `td£^ � s6� � � � sq� Ü 
¦ÂÏ[_d£V7ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
�
JrÆNLrÆc½�½ Î sq\�[_p£d£^cd � ��[]V V � p¨ba` ¾ `�V£VX[G� � à � `tpxÓ¬d � WQÆ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
�
JrÆNLrÆc½]À Î sq\�[_p£d£^cd � ��[]V bc^ Y[_[]V'Ñ`Jbc`JVXd£`td£^cVXd£^aà � [���Y[]s�Y[_pÕY[_[¢bc^ ¾ ^edfY[_[ Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � M

JrÆ 	 Ç Y[]V � bed£`td£V Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � M

	



JrÆ 	 Æc½ � `�sq`�b{[ 
#ÂX[_d£V²Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJ �
JrÆ 	 Æ À � `�sq`�b � 
#ÂX[_d£V Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJÕ½
JrÆ 	 Æ 
 Ç Y[]V � bed£`td£V�\ ��¾G� ^as¦Y[]V¬ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJÕ½

JrÆ � � Y[_px^ ��\_`td£^ � s�VzV � W�W�bÝY[ ¾ []sfd£`�^ep£[]V Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJ �
JrÆ � Æc½ Å []V � px[���[Gb"� [,(¿\_`�\_^cdfY[3����Y[_d£^cà � [_d£`t��[ Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJ �
JrÆ � Æ À Å []V � px[���[Gbc`JVX[]\�d£^ � s�[,(¿\_`�\�[9`�Á�[]\9ba` ¾ Y[_d£Ð � �q[G^edfY[_px`td£^eÁ�[LÆ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJOL
JrÆ � Æ 
 � `tpÝ^c` � be[]V¨\_^as¦Y[ ¾ `td£^cà � []V [_d¨��b ��� `�be[]V=Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJOL

JrÆNM ��� s�\_b � V£^ � s Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJOM
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LrÆc½ � [ ��Ö�� Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KL 

LrÆ À � [G�¦Y[_dX[]\�dX[ � p Ë�Ô¨��Ë�� Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KL �

LrÆ ÀrÆc½ � prY[]VX[]sfd£`td£^ � s6��Y[]s�Y[_px`�bc[ Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KL �
LrÆ ÀrÆ À � ÃrVXd_Ñ[ ¾ []V���[G��Y[_dX[]\�d£^ � s6[_dzW�[_p � � p ¾ `�sq\�[]V¬Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KLOJ

LrÆ 
 Î ��[]sfd£^ ��\_`td£^ � s2�q[]V ��� ÂX[_d£V·Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 �
LrÆ 
 Æc½ Î ��[]sfd£^ ��\_`td£^ � s��q[]V�Y[]be[]\�dXp � sqV�Y[]s�[_p£��Y[_d£^cà � []V~^cV � b Y[]V.Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 �
LrÆ 
 Æ À Î ��[]sfd£^ ��\_`td£^ � s��q[]V ¾3��� sqV�Y[]s�[_p£��Y[_d£^cà � []V~^cV � b Y[]V�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 �
LrÆ 
 Æ 
 Î ��[]sfd£^ ��\_`td£^ � s��q[]V®ÂX[_d£V¨Ðq`���p � s�^cà � []V²Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 J
LrÆ 
 Æ � È d£^cà � [_d£`t��[G��[]V�ÂX[_d£V)ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 L

LrÆ � � `¢V£^ ¾3� bc`td£^ � s ��[]V Y[_Á�Y[]s�[ ¾ []sfd£V�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	�	

( + )eb9C;< )B.;)�1@8 bK)$�O6 _@,H: )��%��8 � )B.a)BG;<=,/.aC��O6 _@,
: .a)QGa8�_@<=) b .a)BA�CD8�<=E/b 6 ,�G '�(��
	 Æc½ Í []V£\�px^cWqd£^ � s���[]V¨� � sqs¦Y[_[]VzV£^ ¾9� b Y[_[]VnÆ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 M
	 Æ À � Y[]be[]\�d£^ � s6��[]V�Y[_Á�Y[]s�[ ¾ []sfd£V�dgf dNÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �t�

	 Æ ÀrÆc½ � prY[ � VfY[]be[]\�d£^ � sª��[]V Y[_Á�Y[]s�[ ¾ []sfd£V�d f d7ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � ½
	 Æ ÀrÆ À Ç []\ � sqVXdXp � \�d£^ � s�[_dzVrY[]be[]\�d£^ � s6��[]V �l� V � sqV P Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � J
	 Æ ÀrÆ 
 � `tpÝ^c` � be[]V d � W � b � ��^aà � []VZ��b ��� `�be[]VPÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ ���
	 Æ ÀrÆ � È (¿\_`�\_^edrY[9�q[�VfY[]be[]\�d£^ � sª��[]V¬Y[_Á�Y[]s�[ ¾ []s
d£V~dgf d�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM �

	 Æ 
 È�× dXpx`�\�d£^ � s6��[�bc`JV£[]\�d£^ � s�[,(¿\_`�\�[(Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KMOL
	 Æ � Î sq\�[_p£d£^ed � ��[]V VXÃÕVXdfY[ ¾ `td£^cà � []V¿ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM 	

	 Æ � Æc½ Î sq\�[_p£d£^cd � ��[]VZd£Ð�Y[ � px^cà � []V9Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM 	
	 Æ � Æ À Î sq\�[_p£d£^cd � ��[]VZ[ × W�Y[_px^ ¾ []sfd£`�be[]V�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM �
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Kidonakis and Vogt, PRD 68, 114014 (2003)  

Cacciari et al., JHEP 0404, 068 (2004)
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l+jets* (μ-tagged)
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 e+jets→tt
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Pseudo-rapidite de l’electron :

 e+jets→tt
W+jets
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Impulsion transverse du muon :

+jetsµ →tt
W+jets
Z+jets
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Pseudo-rapidite du muon :

+jetsµ →tt
W+jets
Z+jets
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Multiplicite en jets :

 l+jets→tt
W+jets
Z+jets
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Pseudo-rapidite des jets :

 l+jets→tt
W+jets
Z+jets
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Energie transverse manquante :
 l+jets→tt

W+jets
Z+jets
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Donnees avant coupures
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Donnees apres coupures
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Impulsion transverse du muon :

 Xµ →b

� ��y��n(]a � a � � ����� &��(� 	������6��
8����	 3�" 
�	 " $)��� ������&�
8� 3�" �����/�$ " �#" ��	�� 	 " � ��� " &��L�)�/����� " 	�$ ����	�� " 	f "43  " � " � " �/��	 5 7 5)R

1 CQLu`8MNH8M>@:JG 4VU <	8��98;:JL=<	8A\]RSCFI��^L 'TL98MPgG B NZ8;ES: 4VU GZ\]R	8MLlL98 6 C7LJ8?< 4VU >KLJR	I=NZ8ML=>@I-GH:;q8;IJ8MLzLJRSGHfFC U :JL /
1�C7RxP 4 G U L[R U �i8;:d>@8 U :9I-C7N�8;:�`8 U 8;IJr `8;:JGZ\]R	8�� ! 
 ; 6 � � ~ s � e�E 
 ; 6� E � ( G 8�� � >Fe
1�C7RvP 4 G U LAR U PYR 4VU >@8 U :9I-C7N�8;:YEp8MR `8 U 8;IJr `8;:JGZ\]R	8s<SC U LANZ8 �98;:V/ ! p � ~ s � e E p� E ��G 8�� � >�8;:
� � " �98;:��=A # � � s (]a

� ND8MLJ:=GZPQE 4 IJ:JC U :�<	8 U	4 :98;I=GO>;G�\]R	8TNH8Tf_`8;: 4 L-R	I[R U <	8MRCN	G�q8MPQ8KPYR 4VU GZL 4 Nk`8 U 8cEp8;IJ:JRSI 6 8z\]RSC7LJGZPQ8 U :�EDC7L
NH8MLAEp8;IJ� 4 IkPgC U >@8MLA<S8X>@8;:9:98sPv`8;:JB 4 <S8�< 2 `8;:JGZ\]R	8;:JCFr787a � U f^GHI 4VU�� a ~ l <	8ML�`8;f_`8 U 8MPQ8 U :JL0:ih:0L 4VU :YIJ8>�98;:u`8ML
EDCFIk>@8c\]R	8TNH8zPbR 4VU <SC U L�R U �i8;:[> 4 IJIJ8MLJE 4VU <XC7Ry>@I-GH:;q8;IJ8 $ � 0 %�' 1C�)( a�%�8;:9:98TEp8;IJ:98c8ML9:���C7G 6 NH8dEDCFIk>@8c\]R	8
< 2 R U 8TEDCFIJ:;eDNH8ML=rVC7PgPQ8MLd< 2 `8 U 8;IJrVGH8A<SR|PYR 4VU ESI 4 f78 U C U :d<DR �i8;: 'd8;:c<SRsPbR 4VU L]`8MNH8M>@:JG 4VUDU `8YGZLJL-Rs< 2 R U
6p4 L 4VU � 4 R ! L98gI-8M> 4 R	fuI-8 U :?Ep8MRoeo8;:Y< 2 C7R	:9IJ8QEDCFI-:;e�NH8ML?PbR 4VU L?<DC U LKNH8ML
�98;:JL U 8gL-CF:JGZL9� 4VU :?E�C7L?C7R
>@I-GZ:@q8;I-8A< 2 GZL 4 NOCF:JG 4VU a

- 4 : 4VU L_GO>;G	R U 8l� 4 GOLj<	8lEDNZRSL�\]R	8=NH8ML�8;WX>;C7>;GH:]`8ML�< 2 `8;:JGZ\]R	8;:JCFr78z< 2 R U �98;:jEDCFI_R U PbR 4VU L 4VU :3> 4 IJIkGHr `8;8ML
EDCFIk>@8c\]R 2 8MNZNH8MLlL 4VU :[<SG��d`8;IJ8 U :98ML[<DC U LlNH8MLl< 4VUSU `8;8MLl8;:[NZC0LJGZPbRSNZCF:JG 4VU a � 8MLl��C7>@:98MRSI-L[> 4 IJIJ8M>@:JGH��L�rVN 476 C7RCNpe
ESI 4 >kB	8MLl<	8 � e	L 4VU :[EDI-GZL�8 U > 4 PQES:98?<SC U L�NOCbL-GZPYRDNZCF:JG 4VU a^� U �98;:=L98MPgGZNZ8;ES: 4VU GZ\]R	8zL-R	I[<	8MRCN " � � l # 8ML9:
`8;:JGZ\]R	8;:u`87a 1 8=:JC7RCNX<	8=PXC7R	f�C7GOLb`8;:JGZ\]R	8;:JCFr78z8MLJ:_��C7G 6 NH8u/ GZN^8MLJ:�< 2 8 U f]GZI 4VU�� a � l E�CFI��98;:3<	8dLJCmf78MR	I�N�`8;r	q8;IJ87a

� ~ 3



b��
>���� ��� , ( , �=* �� � �3� �� � �-, *	��
'� � ��� �� � �� � � d � �$* ������
132 8;WX>;C7>;GH:]`8K: 4 :JC7NH8?<	8MLl>@I-GZ:@q8;I-8ML[<	8cL]`8MNZ8M>@:JG 4VU e qCbN 2 8WN^>@8;ED:JG 4VU <	8cN 2 `8;:JGO\uR	8;:JCFr787eD8ML9:[<	8 � � a �!l " Y]a � l #

E 4 R	IQ<	8MLv`8;f_`8 U 8MPQ8 U :JL�: h: � 8�� � �i8;:JL " 8�� � �i8;:JL # 8;: �7� a)( l " Y]a � l # E 4 R	Ig<S8ML{`8;f_`8 U 8MPQ8 U :JL�: h: � A$� �
�98;:JL " A$� � �i8;:JL # a 1 8X:JC 6 NH8MC7R+(]a � IJ8;E 4 IJ:98XNH8MLA8;WX>;C7>;GH:]`8ML0>;RSPbRSNk`8;8MLY<S8MLA>@I-GH:;q8;IJ8MLb<	8XL]`8MNZ8M>@:JG 4VU <�`8,� U GZL
>;G B <S8MLJLJRSL;a 1 8ML=<�`8;:JC7GZNZLz<	8?>@8ML=8;WX>;C7>;GZ:u`8MLT<	8?L]`8MNZ8M>@:JG 4VU L 4VU :=� 4 R	I U GOL�8 U C USU 8WN^8j%ca
	 ��
V�8(]a �f� �
� � � � ' 2��0 / � 1C� 1 +��0 0 / %&0 � -=��� 1 0 � � ' 2��0 � 0 %#0�/��0 + 0 � 2�' , � � , 1C� %&0 /��0����0 � 0 � 0 � 2 / %&0�/ ' 4��P� +��
� , 1 / + 0�/�� � � 230 1C� / � , � � 0 � 2�' � / / , � 2 �<� '�/ 0 � � , � � 230���� 0�/ ' � � 0 � 2�' 2 1 %&0 / / 2 � 2�' / 2�' �.1 0�/ / , � 22%&0 +! , � % � 0 %#0
" � \$# � >;C U C7N " ��� � � "���� A$��� � �i8;:JL

/�%  % � %'& " l # Y ~ a)Y Y � a �
/)(+* " l # Y � a � � ? a �

/ 
 ;Gg 6 h#j 
 h)h � ; " l # � ? a)( � (]a �
/ 
 ;�g 6 h#j 698;:=< 6 " l # �7� a)� ��� a)�
/ < ; 6 h ; " l # �7� a)� ��� a ?
/ < ; 6 h p " l # �7� a ? ��� a 3
/-,/.



; 6 ��0 " l # ~ 3]a � ~�� a �

/213 � " l # ~7~ a � ~�� a)Y
/)46576 � : " l # � a 3
� � a � Y

� ~ ?



����� � �����
	��
�����������������������
� � C U : <	8ML >;CFI-C7>@:]`8;I-GZLJ:JGZ\uRS8ML ESI 4 >-BS8ML <SR LJGHr U C7N e�NZ8ML$ESI 4 >@8MLJLJRSL PbRSNH:JG �98;:JL;e � � �98;:JL;e

�����98;:JL;e_<SG 6p4 L 4VU L;e�8;:XNH8MLgC7R	:9I-8MLQESI 4 >@8MLJLJRSLX> 4VU :98 U C U :�R U \uRSCFI �v: 4 Ew> 4VU :9I-G 6 R	8 U :�<	8s��C! > 4VU+U	4VU
U `8;rVNZGZr78MC 6 NH8?C7R|N 4 :K� U C7No< 2 `8;f_`8 U 8MPQ8 U :JLTL]`8MNH8M>@:JG 4VUSU `8ML;a � No8ML9:z< 4VU > U `8M>@8MLJLJC7GZIJ8A< 2 `8;fFC7NZR	8;Iz> 4 I-IJ8M>@:98MPQ8 U :
8;:=EDI]`8M>;GZLu`8MPQ8 U :zNZCQ> 4VU :JC7PgG U CF:JG 4VU CFESIMq8MLdNOCQLu`8MNH8M>@:JG 4VU e�>@8A\uRDGp8ML9:dR U 8KE�CFIJ:JGH8?<SGHW�>;GZNH8T<	8?N 2 C U C7N � L987a
� U 8 �p8;:�EDCFI-PgG]>@8ML � 4VU <DL;e >@8;IJ:JC7G U L�L 4VU :j<SGZWX>;GZNH8ML�qCTLJGOPYRSNZ8;I > 4 IJIJ8M>@:98MPg8 U :;a � C U L�>@8MLj>;C7L;e7N 2 8ML9:JGOPgCF:JG 4VU
<	8TNZC0> 4VU :JC7PgG U CF:JG 4VU <DR�L-GHr U C7N�8ML9:l��C7GZ:98TL 4 GH:[<SGHIJ8M>@:98MPQ8 U :YqCbEDCFIJ:JGHI[<	8MLl< 4VUDU `8;8ML[8MNZNH8ML�B P �8MPg8ML;eSL 4 GH:AqC
EDCFI-:JGHI3<	8cLJGZPbRSNZCF:JG 4VU L US4 I-PgC7NZGZL]`8;8ML�LJR	I�NH8ML3< 4VUDU `8;8ML;a � C U L�NH8ML�>;C7L�<	8ML�ESI 4 >@8MLJLJRDLjEDNZRSL_I-CFIJ8ML�8;:�PgGH8MRnN
> 4 PQEDI-GZL;e	N 2 `8;fFC7NZRSCF:JG 4VU <DR U GHf78MC7Rx<S8K� 4VU <y8MLJ:=��C7GZ:98�qC0EDCFIJ:JGHIz< 2 `8;f_`8 U 8MPQ8 U :JLTLJGZPbRSN�`8ML;a
b�� � ��� � � *	� d (+*	��
�� � ��� � 
���� � d � � *	� �l� * �
1 8MLQESI 4 >@8MLJLJRDLQPYRSNZ:JG �i8;:JL0Ep8MR	f78 U : �8;:9IJ8�ESI-GZLbE 4 R	Ig<	8ML�`8;f_`8 U 8MPQ8 U :JL�<S8xLJGHr U C7N[LJG[R U �i8;:gBDC7<	I 4 B

U GO\uR	8�8ML9:XGO<	8 U :JG ��`8x> 4 PgPQ8|R U NZ8;ES: 4VU GZL 4 N�`8s8;:�`8 U 8;IJr `8;:JGZ\uRS87e38;:XLJG[R U 8yr7I-C U <	8�`8 U 8;I-rVGH8x:9I-C U LJf78;I-L98
PgC U \uRSC U :98A8MLJ:zCFIJ:JGZ��>;GH8MNZNH8MPQ8 U :[8 U r78 U <SI]`8;87a 1 CgESI 476 C 6 GZNZGH:]`8KE 4 R	Id\]R	8b>@8A: � Ep8Y<	8YPgC7R	fFC7GZL98AI-8M> 4VU L�B
:9I-RD>@:JG 4VU C7<	f]GZ8 USU 8b8ML9:K:9I;q8MLK��C7G 6 NH87ep<	8QN 254 I-<	I-8b<	8 � � 5"! a�%�8;Ep8 U <SC U :;eoNZCyL98M>@:JG 4VU 8;WX>;C7>@8�<	8Q>@8MLTESI 4 B
>@8MLJL-RSL;eSLJR	El`8;IkGH8MR	IJ8K<	8KEDNORSLJGH8MR	IkL 4 I-<	I-8ML=<	8Kr7I-C U <S8MR	IYqCQ>@8MNZNH8?<SRsL-GHr U C7N}e^Ep8MR	:[> 4VU <SRSGZIJ8XqCQR UsU	4 P 6 IJ8
< 2 `8;f_`8 U 8MPQ8 U :JLKPYRSNZ:JG �i8;:JLdLu`8MNH8M>@:JG 4VUSU `8ML U	4VU�U `8;rVNZG 6 8MC 6 NH87a � Nn��C7RS<	IkC7GH:=< 4VU >Ar `8 U `8;I-8;I?R U r7I-C U < U	4 P 6 IJ8
< 2 `8;f_`8 U 8MPQ8 U :JLKE 4 R	IcL-GZPYRDNH8;IzNH8ML|`8;f_`8 U 8MPQ8 U :JLYPYRDNH:JG �98;:JLzL]`8MNH8M>@:JG 4VUSU `8MLTE 4 R	IcN 2 C U C7N � L98Y>@8Q\]RSG}e�> 4 PgES:98
:98 U R|<SR|:98MPQEDL U `8M>@8MLJLJC7GHIJ8xqCXNZ8MR	I=IJ8M> 4VU LJ:9I-RS>@:JG 4VU e�8ML9:zGOPQE 4 LJLJG 6 NZ87aId 4 R	IT>@8;:9:98YIkC7GZL 4VU eDNZ8 U GHf78MC7R�<	8ML
� 4VU <SL[PbRSNH:JG �98;:JLl8ML9:dPg8MLJR	I^`8A<SGZIJ8M>@:98MPQ8 U :bqC0EDCFIJ:JGHIz<	8ML=< 4VUSU `8;8MLMa
132 `8;f�C7NZRDCF:JG 4VU <	8�NZCv> 4VU :9IkG 6 R	:JG 4VU <	8MLX� 4VU <SL�PbRSNH:JG �98;:JLX<SC U LXNH8tN 4 :�< 2 `8;f_`8 U 8MPQ8 U :JLxLu`8MNH8M>@:JG 4VUSU `8ML

" > 2 8ML9:�B�qClB <DGHIJ8gCFESIMq8ML�`8;:JGO\uR	8;:JCFr78�<	8ML��98;:JL # > 4VU :98 U C U :AR U NH8;ES: 4VU 8;:?C7R�P 4 G U Lz:9I 4 GZL��i8;:JL?8ML9:K8 ��8M>@:JR�`8;8
L98MN 4VU NH8xESIkG U >;GHEp8sLJRSGHfFC U : /�NH8|NZ8;ES: 4VU `8 U 8;I-r `8;:JGO\uR	8�L]`8MNH8M>@:JG 4VUDU `8�8ML9:�L 4 GH:XR U f]I-C7G=NH8;ES: 4VU e3L 4 GH:�GZLJLJR
< 2 R U 8KPgC7R	fFC7GZL98KIJ8M> 4VU LJ:9I-RS>@:JG 4VU " 8;:z8ML9:=8 U I^`8MC7NOGH:u`8YR U �98;:dBSC7<	I 4VU GZ\]R	8 # a 1 8AN 4 :K� U C7N}eS> 4VU :98 U C U :@- � ; 

`8;f_`8 U 8MPQ8 U :JLMe�LJ8XEDCFIJ:JCFr78�8 U - <$# � 8 `8;f_`8 U 8MPg8 U :JLQCmf78M>�R U fuIkC7G_NH8;ES: 4VU 8;:�-&% �('*) `8;f_`8 U 8MPQ8 U :JLQCMf78M>�R U
��C7RCNxNH8;ES: 4VU 8;:zN 254VU Ep8MR	:�`8M>@I-GHIJ8V/<- � ; 
 r�- <*# � 8 �F-&% �('*) a 1 8MLzfFCFI-GZC 6 NH8MLd>;G U `8MPgCF:JGZ\]R	8ML U 8?Ep8;I-PQ8;:9:98 U :
EDC7L�<	8T<SGZLJ>@IkGZPgG U 8;I�NH8ML3f]I-C7GZLl<	8ML���C7RCNXNH8;ES: 4VU L;eoqC0NZCY<SG��d`8;IJ8 U >@8K<	8T>@I-GH:@q8;IJ8ML[<	8T\uRDC7NZGH:u`8c<DR�NH8;ED: 4VU a 1 8ML
U	4 P 6 IJ8ML�< 2 `8;f_`8 U 8MPQ8 U :JLzCMf78M>KR U f]I-C7G 4 RyR U ��C7RCN�NH8;ES: 4VU fFCFI-GH8 U :�<S8z��C! > 4VU <SG��d`8;I-8 U :98KLJG�NH8TNH8;ES: 4VU 8ML9:
<	8c\uRDC7NZGH:u`8 $ + , ,*/ 0 ( 4 R $ 2�' 44- 2 ( an%�8MLl>@I-GH:;q8;IJ8ML 4VU :X`8;:]`8?L9El`8M>;GZC7NZ8MPQ8 U :l> 4VU  >;RSL�E 4 R	I�<SGZLJ>@I-GOPgG U 8;I_NH8ML�f]I-C7GZL
<	8ML=��C7RCNsNH8;ES: 4VU L;a � NOL[> 4VU <SRSGZLJ8 U :[C7RCNx<	8MRCNw`8M\uRDCF:JG 4VU L=LJRDGHf�C U :98MLu/+,- ,.0/

U X-X21 � r /
U X-X21 �2�324 S � /

U X�X21 �5 4
687
/
� S:9
; � r / �

S:9
; �2�324 S � /
� S:9
; �5 4�6�7

1 8ML US4 P 6 I-8MLb< 2 `8;f_`8 U 8MPQ8 U :JLXL]`8MNH8M>@:JG 4VUSU `8MLgC � C U :XR U f]I-C7GlNH8;ES: 4VU $ +-,.,*/ 0 ( 4 R C � C U :XR U f]I-C7GlNH8;ES: 4VU
$ 2�' 44- 2 ( L 4VU :cNZG�`8MLcEDCFIKNZC�ESI 476 C 6 GZNZGH:]`8�/"<$# � 8 E 4 R	IcNH8bfuI-C7G NH8;ES: 4VU $ + ,., / 0 ( <	8bL-CF:JGZL9��C7GHIJ8YC7RDLJLJG NH8b>@IkGH:@q8;IJ8
$ 2�' 44- 2 ( a � N38 U 8ML9:0<	8�P��8MPQ8yE 4 RSIANH8MLY��C7RCN{NZ8;ES: 4VU L $ + , ,*/ 0 ( \uRSG3EDC7LJL98 U :0NH8�>@I-GZ:@q8;I-8 $ 2�' 44- 2 ( CMf78M>yNZC
ESI 476 C 6 GZNZGZ:u`8 /<% �('*) a�%�8;:9:98yESI 476 C 6 GZNZGH:]`8g8MLJ:bE�NZRSLKr7I-C U <	8�E 4 R	IbNH8Xf]I-C7G�NH8;ES: 4VU a 1 8yL � L9:@q8MPQ8sESI^`8M>D`8M<	8 U :
<	8;f^GH8 U :KC7N 4 I-LKR U L � L9:;q8MPQ8X<S80<S8MRCN `8M\]RSCF:JG 4VU LAG U <�`8;Ep8 U <SC U :98MLgqCs<	8MRCNtG U > 4VUSU R	8MLK\uR 2 GZN�8MLJ:KE 4 L-LJG 6 NH8
<	8KI^`8ML 4 RS<	IJ8�/ +- . /

U X-X21 � r /
U X-X(1 �2
3(4 S � /

U X-X21 �5 4
687
/
� S=9$; � r / 2
3(4 S 7 /

U X-X(1 �2
3(4 S � / 5 4
687 7 /
U X-X(1 �5 4�687

� ~ �



1 CQL 4 NZR	:JG 4VU <SRxL � L9:@q8MPQ8?8ML9:D/
+,- ,. /

U X-X21 �2�324 S r \ `������>` 5��	��
	��
�� \�� ��� aE_����� 
 � 5����	
���


/
U X-X21 �5 4
687 r ����� 
 � � \ � ��� aQ_ 5 \ `������#`����� 
 � 5�� �	
���


- 
 h)h � ; 8;:j- 698;:=< 6 L 4VU :Q> 4VUSU RSLY8;:QL 4VU :0NH8ML U	4 P 6 IJ8MLb< 2 `8;f_`8 U 8MPQ8 U :JL 476 :98 U RSL0CFESIMq8ML0NH8MLbL]`8MNH8M>@:JG 4VU L
$ + ,., / 0 ( 8;: $ 2�' 4�- 2 ( a / <$# � 8 8;: /8% �('*) < 4 GHf78 U :��8;:9IJ8xPQ8MLJRSI]`8;8ML0EDCFIgC7GZNZNH8MRSI-L;a /8% �('*) 8ML9:QPQ8MLJRSI]`8;8vqC�E�CFIJ:JGHI
< 2 R U `8M>-BDC U :JGZNON 4VU <	8K< 4VUSU `8;8MLlI^`8;8MNZNZ8ML;a�%�8MNZRSG B >;G�C�`8;:u`8Y8 U I-GZ>kBSG�8 U ��C7RCNyNH8;ES: 4VU L;e]8 U G U f78;I-LJC U :[NH8c>@IkGH:@q8;IJ8
LJRSIzN 2 `8 U 8;IJrVGZ8Y:9I-C U L9f78;I-L980PgC U \]RSC U :98 " �� � � � � G 8�� # a / <*# � 8 8ML9:cPg8MLJR	I^`8;80LJR	IT<	8MLz< 4VUSU `8;8MLTLJGZPbRSNk`8;8ML
� � �98;:JL=8;:=: h:Ma
1 8 U	4 P 6 IJ8T<	8#�i8;:JL�8;:[NH8MLl>@I-GH:;q8;IJ8ML[<S8c<�`8M>;NH8 U >-B	8MPQ8 U :lEp8MR	f78 U :[G U�� R	8;I�L-R	I�>@8ML�ESI 476 C 6 GZNZGZ:u`8MLMa � U 8 �p8;:;e
NZC�EDI 476 C 6 GZNOGH:u`8x<	8xIJ8M> 4VU LJ:9I-RSGHIJ8xC7R+P 4 G U LXR U �98;:�> 4 PgPQ8tNH8;ES: 4VU <DC U LXN 2 `8;f_`8 U 8MPQ8 U :yC7RSrVPQ8 U :98�8 U
� 4VU >@:JG 4VU <DR U	4 P 6 IJ8X<	8 �i8;:JL;a � 8�P��8MPQ87e NZ8MLA>@I-GH:;q8;IJ8MLb<	8X\]RSC7NZGZ:u`8�CFESEDNZGZ\]R�`8MLKC7RCN�`8MNH8M>@:9I 4VU LA<SC U LYNH8ML
<SG��d`8;IJ8 U :98ML�f78;I-LJG 4VU Ll<SR�<�`8M>;NH8 U >kB	8MPQ8 U : 4VU :�`8;:u`8AP 4 <SGZ�l`8ML;e]>@8K\uRSG�P 4 <SGZ�S8 /<% �('*) a�% 2 8ML9:�E 4 R	Ik\uR 4 G�/ <*# � 8
8;: /<% �('*) L 4VU :[EDCFI-C7P�`8;:9I^`8;8MLz8 U � 4VU >@:JG 4VU <	8ML�f78;I-LJG 4VU L[<S8ML[>@I-GH:@q8;IJ8ML=<	8K<�`8M>;NH8 U >-B	8MPQ8 U :d<	8MLl< 4VUDU `8;8ML 4 R
<SR U	4 P 6 IJ8z<	8 �i8;:JLMa �cRS>;R U 8c<�`8;E�8 U <SC U >@8zL-GHr U GZ�D>;CF:JGZf78d<	8 /8% �('*) 8 U � 4VU >@:JG 4VU <SR U	4 P 6 IJ8c<	89�98;:JL Uo2 8ML9:
> 4VU LJ:JCF:u`8;8�<SC U LTNH80>;C U C7ND?i8��#�98;:JL&C /oNZCXfFC7NH8MR	IK>kB 4 GZLJGH80C `8;:u`8 476 :98 U RS8QE 4 RSIcR U 8bPbRSNH:JGHE�NZGZ>;GH:]`8?8 U �98;:JL
LJRSE�`8;I-GH8MR	IJ8 4 R `8;rVC7NH8�qC|<	8MRCN _`( � a a 1 8MLA:JC 6 NH8MC7RCN+(]a ~ 8;:j(]a � I^`8M>;CFEDGH:JRDNH8 U :bNH8ML?fFC7NH8MR	IkLAR	:JGZNOGZLu`8;8MLKE 4 R	I
/"<$# � 8 8;: /<% �('*) a
	 ��
V�&(]a ~ ��� � +-0 1=� /)%&0 / 2�324 S 1 2�'�+ '�/��0 0 / � , 1C� +-0 / ���<� +��*/ 0 / $ 0��! .0 2 / ( 0.2 $�A �! .0 2 / ( 0 � � , � � 2�' , � % 1� , �#",� 0 %#0$ 0.2 /����  0 �$� 0 1C��� / / , � ' �0 0 0�/ 2 %/ , � ' 4 ' � 0 /�2 � 2�'�/�2�' � 1 0)�

-&% ; 6 � / <*# � 8 /S>;C U C7N ?i8��#�98;:JL&C /"<$# � 8 /�>;C U C7N2?BA$�#�98;:JL&C� �i8;: � a)� � ? �0� a �
� ( � a)�
Y ? �0� a �
� 3~ �98;:JL � a)� �7�Q�0� a �
� Y � a)�
( �Q�0� a � � �� �98;:JL � a)� ���x�0� a �
� 3 � a)�
(
( �0� a �
� ?
� � �98;:JL � a)� ~��x�0� a �
� ? � a)� � � �0� a �
� ?

	 ��
V��(]a � �'� � +-0 1C� / %&0 / 5 4�6�7 1 2�' + ' /��0 0�/ � , 1C� +-0 / ���P� +��*/.0�/ $ 0(�! 0.2 / ( 0.2 $�A �! .0 2 / (M� ' � / ' � 1 0 +  0 �$� 0 1C�
/ 2 � 2�' / 2�' �.1 0 � / / , � ' �0 0 � , 1C� +-0 /@%�' ) �0 � 0 � 230�/ � 0 � / ' , � / %#0�/ � � ' 2��0 � 0 /@%&0 % �0 � + 0 � � - 0 � 0 � 2+* � \ \ �� � \�,.- 0 2
0 � � , � � 2�' , � % 1 � , �/"W� 0@%&0$ .0 2 / �

/<% �('*) /S>;C U C7N ?i8��#�i8;:JL C /8% �('*) /D>;C U C7N2?BA$�#�98;:JL&C� �7� � a � ~ 3 �0� a �
� � � �98;: � a � �7�Q�0� a �
�V�
� � ~ � a � �43 �0� a �
� Y ~ �98;:JL � a � 3 � �0� a �
� ?
� � � � a � ���Q�0� a � � 3 � �98;:JL � a ��? � �0� a �V~��

� � �98;:JL � a ��? � �0� a �V~��

- 4 : 4VU L�\]R	8�NZ8ML 8;W�>;C7>;GH:u`8ML / <*# � 8 8;: /8% �('*) L 4VU :jGZLJLJR	8ML < 2 R U 8�PQ8MLJR	I-8�8 �p8M>@:JR�`8;8dCFESIMq8MLjNZCdESI^`8ML]`8MNH8M>@:JG 4VU a
� U 8 ��8;:;e_qCX>@8 U GHf78MC7RneDNZCgL9:JCF:JGOL9:JGZ\]R	8A8ML9:z8 U > 4 IJ8YIJ8MNZCF:JGHf78MPQ8 U :zGOPQE 4 IJ:JC U :98Y8;:dEp8;I-PQ8;:z< 25476 :98 U GHIz<	8ML
fFC7NH8MR	I-LYLJR	WXL-C7PgPQ8 U :?ESI^`8M>;GZL98MLMa�%�8MLY8;WX>;C7>;GH:]`8MLQL 4VU :0C7RSLJLJG�R	:JGZNZGZL]`8;8MLYCFESIMq8ML�`8;:JGZ\uRS8;:JCFr78y<S8ML	�98;:JL;a9� U
8 �p8;:;e N 2 8;W�>;C7>;GH:u`8�<SR�>@IkGH:@q8;IJ8 $ 2�' 4�- 2 ( LJRSIANH8MLt`8MNH8M>@:9I 4VU L $ + ,., / 0 ( `8 U 8;IJr `8;:JGZ\]R	8MLY8;:YGZL 4 Nk`8MLK8ML9:AGZ<S8 U :JGZ\]R	8
<SC U L�NH8MLX`8;f_`8 U 8MPQ8 U :JLy`8;:JGZ\uRS8;:u`8MLd8;: US4VU B�`8;:JGZ\uRS8;:u`8MLMaP%�8;:9:98KB � E 4 :JBpq8ML98?C�`8;:u`8Kf_`8;I-GZ�l`8;8K8 U PQ8MLJRSI-C U :
/<% �('*)

� ~ Y



Cmf78M>=NZCTP��8MPQ8=ESI 4 >�`8M<SR	I-8=\uR 2 Cmf�C U :0`8;:JGZ\]R	8;:JCFr78zPXC7GZL�CMf78M>dNOCcLJ:JCF:JGZL9:JGZ\]R	8[<SGZL9E 4VU G 6 NH83CFESIMq8ML0`8;:JGZ\uRS8;:JCFr787a
1 8ML[f�C7NZ8MR	I-L[PQ8MLJRSI]`8;8ML;e 6 GZ8 U \uR	8?NOGZPgGH:]`8;8ML=L9:JCF:JGOL9:JGZ\]R	8MPQ8 U :;eSL 4VU :z> 4 PQEDCF:JG 6 NZ8ML;a
1 8_:JC 6 NH8MC7RM(]a � < 4VUSU 8_NH8ML U	4 P 6 IJ8ML < 2 `8;f_`8 U 8MPQ8 U :JL�IJ8ML9:JC U :JL CFESI;q8ML�NH8ML�L]`8MNH8M>@:JG 4VU L $ + , ,*/ 0 ( 8;: $ 2�' 4�- 2 ( e

C7G U LJG^\uR	8=NZ8ML�I]`8MLJRSNH:JCF:JLj8 U :98;I-PQ8d<	8lf]I-C7GZL 4 R0��C7RCNQNH8;ES: 4VU LMa 1 8 U GHf78MC7RQ<S8MLj� 4VU <SLjPYRDNH:JG �98;:JL�IJ8;ESI^`8ML98 U :98
8 U f]GZI 4VU � �!l <	8MLy`8;f_`8 U 8MPQ8 U :JLcLu`8MNH8M>@:JG 4VUSU `8ML

	 ��
V�
(]a � ��� , �#",� 0 %/ �0����0 � 0 � 0 � 2 / %#02%	, � � �0 0 / � �0 0 + + 0�/�/ 2 � 2�'�/ � � ' / ��� 2 � 1�� /��0 + 0 � 2�' , � / $ +-,.,*/.0 ( 0 2 $ 2�' 4�- 2 (� �P� �0 / �0 2�' � 1 0.2 �.4 0�� � � � , � � ,*/ ' 2�' , � 0 � �0����0 � 0 � 0 � 2 / � 1 + 2�'  .0 2 / 0 2 � 0 /�2 %	, ��� �0 0 � , 1C� +-0 / %&0 1�� � ���<� 1��%/ ���<� +��*/ 0 $ 0��! .0 2 / ( 0 2 $�A �! .0 2 / (�� 0 2 0 � � , � � 2�' , � % 1 � , �/",� 0 %#0  0.2 /�� � 0�/ 0 �$� 0 1C� / / 1C� /
� S:9
; �2�324 S 0 2

/
� S:9
; �5 4�6�7 / , � 2
% 1 0�/ � 1�� ' � � 0 � 2�' 2 1 %&0�/ / 1C� / 2�324 S 0 2 / 5 4�687 �

%lC U C7N 8��#�i8;:JL A$�#�98;:JL� �i8;: ~ �i8;:JL � �98;:JL � � �i8;:JL � �i8;: ~ �i8;:JL � �98;:JL � � �i8;:JL
- 
 h)h � ; �
� 3 � ��� ~ � Y � (
Y ~ Y � �
- 698;:=< 6 (
Y � � ��? ��? 3 � � ( ~ � ?
- 698;:=< 6<$# � 8 (
(]a)( � �]a � � (]a � � 3]a)( � � a)( �c� a � ��? a � �c� a � 3 � a)� � �]a ~ � � a ? � 3]a)� ~�� a �x�c� a ? � a)�
( �K~ a ? �
- 698;:=< 6% �('*) � a)( � � a � ~ a)Y �0� a)Y ~ a)( �0� a)� � a � Y �0� a � Y � a ~ �0� a)Y � a ~ �0� a)� � a �x�u� a ? ~ a � �0� a)�
%�8;:9:98�Pv`8;:JB 4 <	87ezCFESEp8MN�`8;8 ?9P�`8;:JB 4 <	8�<	8{NZCwPgCF:9I-GZ>@8 C^ec< 4VUSU 8�NH8 U	4 P 6 IJ8�< 2 `8;f_`8 U 8MPg8 U :JL�PbRSNH:JG �98;:JL
L]`8MN�`8M>@:JG 4VUDU `8ML;a�%l8MNZCy8ML9:YL-R	WXLJC U :KE 4 R	I?NZCsPQ8MLJRSIJ8X<	8gNZCsLJ8M>@:JG 4VU 8;WX>;C7>@87a9� U IJ8;f�C U >-B	87en8MNONH8 U 8gEp8;I B
PQ8;:QE�C7Lg< 2 C7>;>D`8M<	8;I�C7RnN <SGOL9:9I-G 6 RS:JG 4VU LA>;G U `8MPgCF:JGZ\]R	8MLg<	8ML 476 �i8;:JL;a[%l8MLg<	8;I U G}q8;I-8MLQL 4VU : 476 :98 U RS8MLQ8 U
8 U IkGZ>-BSGOLJLJC U :0NZ8|N 4 :X<	8�< 4VUSU `8;8MLg8 U `8;f_`8 U 8MPg8 U :JLy<	8|>@8�: � Ep87a#�3NZNZ8MLgL98;IJf78 U :�qC�> 4VU :9Il�4 NH8;IyNH8MLg<DGZL9:9I-G B
6 RS:JG 4VU LTESI^`8M<SGZ:98MLKEDCFIA>@8MNZNZ8ML 476 :98 U R	8MLA<DC U L?NH8ML?< 4VUSU `8;8ML " %�� a�L98M>@:JG 4VU (]a)�]a � # a �zG U LJG}eoR U `8;f_`8 U 8MPQ8 U :
<SC U L3NH8ML�< 4VUSU `8;8ML�I]`8;8MNZNH8ML�< 4VU :lNZCK� 4 I-PQ8zrVN 476 C7NH8z<	8zN 2 `8MNH8M>@:9I 4VU L]`8MNZ8M>@:JG 4VUSU `8 Uo2 8ML9:�EDC7L3> 4VU L-GZL9:JC U :98cCmf78M>
>@8MNZNZ8?< 2 R U f]I-C7Gz`8MNH8M>@:9I 4VU " �[* 
 8�� ; 
 8;< h)h m � � s ( # 8ML9:d>;NZC7L-Lu`8Y> 4 PgPQ8�? `8;f_`8 U 8MPQ8 U :KPYRSNZ:JG �i8;:&C^a � No8 U 8MLJ:d<	8
P �8MPQ8KE 4 R	IlNH8MLg`8;f_`8 U 8MPg8 U :JLc< 4VU :lNZ8cPbR 4VU Lu`8MNH8M>@:JG 4VUSU `8 Uo2 8ML9:lEDC7LlGZL 4 N�`8 "
	 C7N 4 " � sZ� � � s � # E � s � �bE p� 4 R
� I���% 4VU 8 " � s ( # E � s � 3gE p� # a
b�� � ��� � � *	� d (+*	��
�� � ��� � 
���� �
� �����-���
1 8MLx`8;f_`8 U 8MPQ8 U :JL � " � N��pe�CMf78M>QN:rT87e�Aje�� # C7>;> 4 PgEDCFr U `8MLA<	8 �98;:JLzEDI 4 <DRSGZL98 U :dR U `8;:JCF:u� U C7N :9I;q8ML

LJGOPgGZNZC7GHI-8XC7R LJGHr U C7N}a � U 8 �p8;:;e3NH8ML �98;:JLgC7LJL 4 >;G�`8MLXC7R � L 4VU :gPgC�� 4 I-GH:JC7GHI-8MPQ8 U :g<S8ML �i8;:JLX<	8sLJCMf78MR	IkL
N�`8;r	q8;IJ8ML;a�� U �98;:=Ep8MR	:@�8;:9IJ8�`8;:JGZ\]R	8;:]`8 'cLJGo>@8
�98;:=ESI 4 f^GH8 U :l8 �p8M>@:JGHf78MPQ8 U :z<	8?NOCQ<�`8MLJG U :u`8;r7IkCF:JG 4VU L98MPXGZNH8;EnB
: 4VU GO\uR	8b< 2 R Ut6t4 R�< 2 R U >FepL 4 GH:z8 U IkC7GZL 4VU < 2 R U 80PgC7R	fFC7GZL980GZ<	8 U :JGZ�D>;CF:JG 4VU <SRtPYR 4VU C7L-L 4 >;G�`8gC7R �98;:;a
%�8MLs`8;f_`8 U 8MPg8 U :JLK> 4VU LJ:JGH:JR	8 U :cNH8A� 4VU <�< 4 PgG U C U :dCFEDI;q8MLcL]`8MNZ8M>@:JG 4VU 8;:z< 4 GHf78 U :T< 4VU > �8;:9IJ8b8ML9:JGZP�`8MLTCmf78M>
NZCQPg8MGZNZNH8MR	I-8zESI^`8M>;GOLJG 4VU E 4 LJLJG 6 NH87a
1 C0<�`8;:98;I-PgG U CF:JG 4VU <SR US4 P 6 I-8T< 2 `8;f_`8 U 8MPQ8 U :JL � � �98;:JL=<SC U L U	4 :9IJ8KN 4 :[< 2 `8;f_`8 U 8MPQ8 U :JLzL98T��C7GH:lEDCFI

`8;:JCFEp8ML[LJRS>;>@8MLJL-GHf78ML;a � 4 R	:l< 2 C 6p4 I-<�NH8 U	4 P 6 IJ8c< 2 `8;f_`8 U 8MPg8 U :JL � � �i8;:JLl8MLJ: U	4 IkPgC7NZGZL]`8cLJR	I�NZ8ML�< 4VUDU `8;8ML
C7R U GHf78MC7Rw<S8�NZC�EDI]`8MLu`8MNH8M>@:JG 4VU a	� U LJRSGH:987e 4VU <�`8;:98;I-PgG U 8�NZC�> 4 PgE 4 L-GH:JG 4VU 8 U LJCMf78MRSI-L�<S8ML�<SG��d`8;IJ8 U :JL
ESI 4 >@8MLJL-RSL � � �i8;:JLMa � U � U e]NZCbESI 476 C 6 GZNZGZ:u`8T< 2 `8;:JGZ\]R	8;:JCFr78A8MLJ:[8ML9:JGZP�`8;8�qC0EDCFI-:JGHI[<	8?NZC0LJGZPbRSNZCF:JG 4VU E 4 R	I
>kBSC7\uRS8?ESI 4 >@8MLJLJRSL � � �98;:JLd<	8?> 4 PgE 4 L-GH:JG 4VU 8 U L-CMf78MR	Ic< 4VUSU `8;87a
1 8MLX`8;f_`8 U 8MPQ8 U :JL � � �i8;:JL[L 4VU :�r `8 U `8;I^`8MLcCMf78M>�tjvQw�y'z�{�e]8;: 4VU LJRSESE 4 L98z\]R	8TNH8MR	Il>;G U `8MPgCF:JGZ\]R	8c8ML9:

> 4 IJI-8M>@:98MPQ8 U :?<�`8M>@IkGH:987a�%�8;Ep8 U <SC U :cR U 8YIJ8 US4 I-PgC7NZGZL-CF:JG 4VU rVN 476 C7NH8Y8MLJ: U `8M>@8ML-LJC7GHIJ87a'%�8;:9:98Q<	8;I U G�q8;IJ8b8ML9:
I^`8MC7NZGOLu`8;8�qCsEDCFI-:JGHI?<SR U	4 P 6 IJ8g< 2 `8;f_`8 U 8MPQ8 U :JL0<SC U L?NH8MLA< 4VUSU `8;8ML;a8%l8;:9:98XESI 4 >D`8M<SR	IJ8g<S8 U	4 I-PgC7NOGZLJCF:JG 4VU

� ���



<	8MLT� 4VU <SLKL-R	I?NH8MLK< 4VUSU `8;8MLACxN 2 CMfFC U :JCFr78�<	80I^`8M<SRSGZIJ8gN 2 G U >@8;I-:JGH:JRS<	8bLJR	I?NZCsL98M>@:JG 4VU 8;WX>;C7>@8XPQ8ML-R	I]`8;8 /
NZCs\]RSC U :JGH:u`8X<	8X>@8MLA� 4VU <SL Uo2 8ML9:?E�NZRSLKL98 U L-G 6 NH80C7RCN�G U >@8;IJ:JGZ:JRS<	8MLTNZG�`8;8ML�qC|NZCsPQ8MLJR	I-8g<	8gNZCsNZRSPXG U	4 LJGH:]`8
G U :u`8;r7I]`8;8b<S8ML=< 4VUSU `8;8ML;a
1 8 US4 P 6 I-8�: 4 :JC7N[< 2 `8;f_`8 U 8MPQ8 U :JL � � �98;:JLYEDI]`8MLu`8MNH8M>@:JG 4VUSU `8MLQ8MLJ: 476 :98 U R CMf78M>|NZC|P�`8;:JB 4 <	8s<	8yNZC

PgCF:9IkGZ>@8d<�`8M>@I-GH:98dESI]`8M>D`8M<	8MPgPQ8 U :;a 1 8=:JC 6 NZ8MC7R�(]a)(KIJ8;E 4 IJ:98zNH8 U	4 P 6 IJ8d< 2 `8;f_`8 U 8MPQ8 U :JL�I-8ML9:JC U :JL�CFESIMq8ML�NH8ML
ESI^`8ML]`8MNZ8M>@:JG 4VU L $ + , ,*/ 0 ( 8;: $ 2�' 44- 2 ( eSC7G U LJGo\]R	8?NH8MLlI^`8MLJRSNZ:JCF:JL=8 U :98;I-Pg8A<	8Kf]I-C7GZL 4 Rs��C7RCNsNH8;ES: 4VU L;a 1 8?N 4 :
< 2 `8;f_`8 U 8MPQ8 U :JL?ESI^`8ML]`8MNH8M>@:JG 4VUSU `8ML " Cmf78M>gR U 8QPbRSNH:JGHE�NZGZ>;GH:]`8YL-R	E�`8;I-GH8MR	I-8 4 R `8;rVC7NH8tqCy:9I 4 GZL # 8ML9:K> 4 PQE 4 Lu`8tqC
�
( l < 2 `8;f_`8 U 8MPQ8 U :JLKCMf78M>bR U f]I-C7GnNZ8;ES: 4VU eD\]R	8AN 254VU LJR	ESE 4 L98?GZL-LJRSL[<	8MLdESI 4 >@8MLJLJRSL � � �98;:JL;e�� � �98;:JL;e
<SG 6�4 L 4VU L;e / ' �#4 + 0 2�, � 8;:A<S8QESI 4 <SRS>@:JG 4VU <	8QEDC7GZIJ8MLK<	8Q: 4 Ena 1 8ML U	4 P 6 IJ8MLK< 2 `8;f_`8 U 8MPQ8 U :JL 476 L98;IJf_`8MLA8;:
ESI^`8M<DGH:JL0L 4VU :�> 4VU :9I-C7G U :JL�qCF�8;:9IJ8�`8;rVC7RnN�C7R U GHf78MC7R�<	8xNZCtESI^`8ML]`8MNH8M>@:JG 4VU a�d�CFIX> 4VU L]`8M\]R	8 U :;e3NH8 U	4 P 6 IJ8
< 2 `8;f_`8 U 8MPQ8 U :JL � � �98;:JL=ESI^`8ML]`8MNZ8M>@:JG 4VUSU `8MLcCMfFC U :x`8;:JGZ\uRS8;:JCFr78�- g*# ; � ; 
��� 


; 6 � 8ML9:s`8;rVC7N�qC /
- g # ; � ; 
��� 


; 6 � r�- g # ; � ; 
<*# � 8 [ - g # ; � ; 
��� 

; 6 � [ - g # ; � ; 
� 8 4 h �Eh#j � [ - g # ; � ; 
6 h g [ - g # ; � ; 
6��6

	 ��
V��(]a)( � � , �#",� 0,%/ �0 ���0 � 0 � 0 � 2 / %&0�%	, ��� �0 0 / � �0 0 + + 0�/�/ 2 � 2�' / � � ' / ��� 2 � 1�� �<� �0�/��0 + 0 � 2�' , � / $ + ,., / 0 ( 0 2
$ 2�' 44- 2 ( � � � � , � � , / ' 2�' , � 0 � �0����0 � 0 � 0 � 2 / � 1 + 2�'  0.2 /�0.2 � � � "���� 0�/ 2 %	, ��� �0 0 � , 1C� + 0�/ %&0 1�� � ���<� 1��%/ ���<� +��*/ 0 $ 0��! .0 2 / ( 0 2 $�A �! .0 2 / (�� 0 2 0 � � , � � 2�' , � % 1 � , �/",� 0 %#0  0.2 /�� � 0�/ 0 �$� 0 1C� / / 1C� /

� S:9
; �2�324 S 0 2

/
� S:9
; �5 4�6�7 / , � 2
% 1 0�/ � 1�� ' � � 0 � 2�' 2 1 %&0�/ / 1C� / 2�324 S 0 2 / 5 4�687 �
%lC U C7N 8��#�98;:JL A$�#�98;:JL� �98;: ~ �98;:JL � �98;:JL � � �98;:JL � �98;: ~ �98;:JL � �98;:JL � � �98;:JL
- 
 h)h � ; Y �7� � � �
Y � Y � Y ~�� ~ �
�
Y � �7~7~ � 343 � � 3 �
- 698;:=< 6 3 � ( � ~7~ ��? � 343 �7� Y 3
� ~ ? ~7~ 3 ? � � Y � �
�
- 698;:=< 6<$# � 8 (
� � 3 � � � � Y ? 3 � ( � � Y
( �K~7� Y
Y � � ~ 343 � ( � � � ~ � (
( �c� Y � � ( �K~7~ Y � � � �
- 698;:=< 6% �('*) ��� ? �?~ � ~�� � � � � ?]� � ( � Y]a)( �K~ a)( ~ � ~ �K� �7� ~ � 3 �7� a 3 �K~ a ? �]a 3 � � a �

� 4 RSLT>@8ML U	4 P 6 IJ8MLKL 4VU :K<�`8;:98;I-PgG U `8MLAr7Il�C7>@8�qCyNZCyPv`8;:JB 4 <	8g<	8QNZCyPgCF:9I-GZ>@808;:�qCyNZCyLJGZPbRSNZCF:JG 4VU e�qCsN 2 8WN=B
>@8;ES:JG 4VU <	8 U	4 :9IJ8bLJGHr U C7N8- g*# ; � ; 
6	� 6 E�RSGZLJ\]R 2 GZNo<�`8;Ep8 U <t<	8YNOCgfFC7NH8MR	IT<	8�
 " : h : # a 1 8 U	4 P 6 IJ8b< 2 `8;f_`8 U 8MPg8 U :JL
ESI^`8ML]`8MNZ8M>@:JG 4VUSU `8ML � � �98;:JLl<�`8;Ep8 U <X<	8zNZC?L98M>@:JG 4VU 8;WX>;C7>@8T\uRS8zN 254VU L 4 RSBSC7GH:98cPQ8MLJR	IJ8;Ima � 8MRCNgPv`8;:JB 4 <S8ML
4VU :|`8;:]`8g<�`8;f78MN 4 EDE�`8;8MLKE 4 R	Id:9I-C7GZ:98;IT>@80ESI 476 N�q8MPQ8�/pR U 80P�`8;:JB 4 <	80GH:u`8;I-CF:JGHf787en<�`8M>@I-GH:9808 U <�`8;:JC7GZN�<SC U LcNZC
EDCFI-:JGH8 (]a)(]a � e�8;:dR U 8?Pv`8;:JB 4 <	8A<	8Kf]I-C7GZL98MP 6 NZC U >@8?\uRSGoLJ8;I 4VU :z<�`8;:JC7GZNZN�`8;8ML=8 U L98M>@:JG 4VU (]a)(]a ~ a

d 4 R	IzNZCbESIJ8MPgG}q8;IJ87eSR U 8Kf�C7NZ8MR	I=<	8�
 " � h� # r ? � 'z8ML9:=R	:JGZNZGOLu`8;8cE�CFId<�`8;��C7RS:;eS8;:=Ep8;I-PQ8;:[<	8?>;C7NZ>;RDNH8;I=NH8
U	4 P 6 IJ8Y< 2 `8;f_`8 U 8MPQ8 U :JL � ���98;:JLcCMfFC U :|`8;:JGZ\]R	8;:JCFr787a

 " : h : # 8ML9:z8 U LJRSGZ:98 476 :98 U R	8YCFESIMq8ML|`8;:JGZ\]R	8;:JCFr787ep8;:
>@8;:9:98 US4 R	f78MNZNH8TfFC7NH8MR	I[8ML9:[I^`8WB G U �i8M>@:]`8;8bE 4 RSIlNZ8?>;C7NZ>;RSNo<SR U GHf78MC7R|<	8T� 4VU < � � �98;:JL=CMfFC U :s`8;:JGZ\uRS8;:JCFr787a
�cG U LJG e <	8MRCN 4 R�:9I 4 GZL�GH:u`8;I-CF:JG 4VU L[L 4VU :lLJR	WXL-C U :98ML�E 4 R	I�> 4VU f78;IJr78;I[f78;I-LlNZCYf]I-C7GH8zLJ8M>@:JG 4VU 8;WX>;C7>@8�
 " � h� # a� N�C `8;:]`8�P 4VU :9I^`8g\]R	8QNH80I]`8MLJRSNH:JCF: U 8Q<�`8;Ep8 U <tEDC7LK<	8QNZC�fFC7NH8MR	IKG U GZ:JGZC7NH8A>kB 4 GZLJGH8Q<	8QNZC�L98M>@:JG 4VU 8;W�>;C7>@8

 6	� 6 a
� U 8�<	8MRCN	G}q8MPQ8�P�`8;:JB 4 <	87e=CFESEp8MN�`8;8�Pv`8;:JB 4 <	8�<	8�fuIkC7GZL98MP 6 NZC U >@8t��C7GZ:�EDNORSLJGH8MR	IkLgESI^`8M<SGO>@:JG 4VU Ly<SR

U	4 P 6 IJ8z< 2 `8;f_`8 U 8MPQ8 U :JLlESI^`8ML]`8MNH8M>@:JG 4VUSU `8ML � � �98;:JL�E 4 RSI3<SG��d`8;IJ8 U :98ML�fFC7NH8MR	I-L3<	8�
 " :ih: # a 1 8ML3I]`8MLJRSNH:JCF:JL�<	8
>@8MLc<	8MRCN|P�`8;:JB 4 <	8MLx`8;:JC U :T8 U�6p4VU C7>;> 4 I-<oepNZC�Pv`8;:JB 4 <S8b<	8AfuI-C7GOL98MP 6 NZC U >@8A8MLJ:zR	:JGZNOGZLu`8;8Y<SC U LdNZC�LJRSGH:98
E 4 R	I[NH8ML=Pg8MLJR	IJ8ML;e	:JC U <SGZL[\]R	8ANZC0ESI-8MPgG�q8;IJ8?L98;IJ:YqCX> 4VU :9Il�4 NZ8;IzNH8ML[I^`8ML-RSNH:JCF:JL;a
� U 80� 4 GZLKNH8 U	4 P 6 IJ8Q: 4 :JC7N_< 2 `8;f_`8 U 8MPQ8 U :JL � � �98;:JLTESI^`8ML]`8MNH8M>@:JG 4VUSU `8MLA8MLJ:?> 4VUSU R�E 4 RSIT>kBSC7\]R	8gG U B

:98;IJfFC7NZNH8?<S8?PYRSNZ:JGHEDNZGZ>;GZ:u`8T8 U �98;:JL;eDGONp8ML9: U `8M>@8MLJLJC7GZIJ8Y<	8Y<�`8;:98;I-PgG U 8;IzNZC0ESI 476 C 6 GZNZGH:]`8K< 2 `8;:JGZ\]R	8;:JCFr78b<S8?>@8ML
`8;f_`8 U 8MPQ8 U :JLMa ��>@8;:9:98@� U eVGZNS��C7R	:�C7RgESI^`8MC7NZC 6 NH8d> 4VUSU C � �Z:9IJ8dNH8MR	I_> 4 PgE 4 L-GH:JG 4VU 8 U LJCMf78MR	IkL�<	8ML!�i8;:JL;aId 4 R	I
>@8MNZC^eoNH8MLzESI 4 >@8MLJLJRDL � � �98;:JL " ~7~ 8 U : 4 R	: # 4VU :|`8;:u`8Xr `8 U `8;I^`8MLY8 U � 4VU >@:JG 4VU <	8bNOC�PbRSNH:JGHE�NZGZ>;GH:]`8?8;:K<	80NZC

� � �



LJCmf78MR	IK<	8ML �i8;:JL;a 1 8Y:JC 6 NH8MC7R (]a 3�I]`8;E�8;I-: 4 I-GH8Y>@8ML ~7~ ESI 4 >@8MLJLJRSLMa d 4 R	I 476 :98 U GHIc<	8MLd8 U L98MP 6 NH8MLz< 2 `8;:JRD<	8
<SGOL � 4 G U :JL�8;:�`8;f]GZ:98;IdC7G U LJGpNH8K< 4 R 6 NH8K> 4 PQES:JCFr787eDNZ8ML$�i8;:JL[I-8M> 4VU L9:9I-RSGZ:JL[L 4VU :=C7L-L 4 >;G�`8ML " ?9PgCF:J>-BDG U r�C # C7RCN
EDCFI-: 4VU L=L98MN 4VU NZ8?LJ>-B�`8MPgC�LJRSGHfFC U :u/
G # NH8 �98;:l8ML9:=C7LJL 4 >;G�`8?C7Ry\uRDCFI�� 6 LJGpR U BSC7<	I 4VU�6 8MC7R " $ � �3e $ 1 e ���@epaHaHa # 8MLJ:[ESI]`8ML98 U :=<SC U LlR U >x�4VU 8
��r � s (QC7RS: 4 R	Iz<	8?N 2 ClN]8?<SR%�i8;: "

GOG # <SC U LcNH8b>;C7L 4 qR�NZ8	�98;: Un2 8ML9:TEDC7LTC7LJL 4 >;Gk`8xqCyR U \]RSCFI�� 6 epGZN Ep8MR	:��8;:9IJ8gC7L-L 4 >;G�`8QC7R�\]RSCFI��|>0LJG R U
BSC7<	I 4VU >-BSCFI-P�`8 "�� � � e � 1 e ���@e�aHaHa # 8ML9:�ESI^`8ML98 U :[<SC U L�R U >x�4VU 80��r � s (AC7RS: 4 R	I[<	8zN 2 ClN^8T<SR �98;: "

GZGOG # NH8
�i8;:d8ML9:�`8;:JGZ\]R	8;:u`8b> 4 PgPg8?ESI 4 f78 U C U :z< 2 R U \]RSCFI��yNk`8;r78;Iz<SC U L=: 4 RSLdNH8ML[C7RS:9IJ8MLd>;C7L;a

� U `8;f_`8 U 8MPQ8 U :x8ML9:s> 4VU LJ8;IJf_`8�E 4 R	IyNZC LJRSGH:98t<	8�N 2 C U C7N � L98�CFESIMq8MLsCFESEDNOGZ>;CF:JG 4VU < 2 R U 8�ESI 4 >D`8M<DR	IJ8
LJGOPgGZNZC7GHI-80qCg>@8MNZNZ8?GZPQEDN�`8MPQ8 U :u`8;8Y<SC U L&* 1 * _`( ?la eD\uRDGpI]`8M>;NZC7PQ8Y\]R	8�/

1�NH8 U	4 P 6 IJ8?<	8��i8;:JLzNk`8;r78;I-L=< 4 GZ:0�8;:9I-8�`8;rVC7N�C7R US4 P 6 I-8T<S8KEDCFIJ: 4VU L[N�`8;r78;I-L " RoeS<oeSL # eSL-C7R	� <SC U L=NH8ML
`8;f_`8 U 8MPQ8 U :JL � � E � �i8;:JLMe U	4VU r `8 U `8;I^`8ML[8WN^EDNZGZ>;GZ:98MPQ8 U :;e7E 4 R	I_NZ8MLJ\uRS8MNZLjNH8 U	4 P 6 IJ8=<	88�98;:JL3N�`8;r78;IkL
E�8MRS:0�8;:9I-8ALJR	El`8;I-GZ8MR	IYqCg\]RSCF:9IJ8 "

1�NH8MLl\uRSCFI �]L 'zGZLJLJRSL�<	8T<�`8MLJG U :u`8;r7I-CF:JG 4VU <S8zrVNZR 4VU Ll<SC U LlNH8ML�ESI 4 >@8MLJLJRSL � � 6 h6 ��� Ep8MR	f78 U :0�8;:9IJ8
IJ8M> 4VU L9:9I-RDGH:JLl8 U R Us4 R|<	8MRCN �i8;:JL=C7L-L 4 >;G�`8MLQqCQR U \]RSCFI�� ' "

1�NH8ML[\uRDCFI��]L � GZL-LJRSLl<	8K<�`8MLJG U :u`8;r7I-CF:JG 4VU <	8TrVNZR 4VU L[<SC U L[NH8MLlESI 4 >@8MLJLJRSL � �v> h>#��� Ep8MR	f78 U :0�8;:9IJ8
IJ8M> 4VU L9:9I-RDGH:JLl8 U R Us4 R|<	8MRCN �i8;:JL=C7L-L 4 >;G�`8MLQqCQR U \]RSCFI�� � "

1�NH8?\uRDCFI�� � <SC U L=NH8MLlESI 4 >@8MLJLJRDL � ��>�����< 4 GH: �8;:9IJ8AC7L-L 4 >;G�`8sqCgR U �98;:d<	8?\]RSCFI�� � a
1 C�L98M>@:JG 4VU 8;WX>;C7>@8�<	8|>@8ML�ESI 4 >@8MLJLJRSLg8ML9:�> 4VUSU R	8tC7R ESIJ8MPXGH8;I 4 I-<	I-8 " %�� a_:JC 6 NH8MC7R � a � # e�GONl8ML9:

C7N 4 IkLYE 4 LJL-G 6 NH8�<	8s<�`8;:98;I-PgG U 8;IgNOC|��I-C7>@:JG 4VU <	8s>kBSC7\uRS8xLJCMf78MR	I�<SC U L0NH8 U	4 P 6 IJ8�: 4 :JC7N=< 2 `8;f_`8 U 8MPg8 U :JL
� �%�i8;:JLMaQ%�8ML_��I-C7>@:JG 4VU L�L 4VU :�NH8ML_> 4VU :9I-G 6 R	:JG 4VU LjI-8MNZCF:JGHf78ML3<S8MLjESI 4 >@8MLJLJRSL3> 4VU LJGZ<�`8;I^`8ML�EDCFI-PgGDN 2 8 U L98MP 6 NH8
<	8ML�ESI 4 >@8MLJLJRDL � � �i8;:JLs<	8�PbRSNH:JGHEDNOGZ>;GH:u`8|GZ<	8 U :JGZ\]R	87a���NZNH8ML�L 4VU :yP 4�� 8 USU `8;8MLxL-R	IsNH8ML�<S8MRCN+>;C U C7RCN
?i8��#�98;:JL&C08;:@?BA$�#�98;:JL&C0EDRSGOLJ\uRS8zNH8c: � Ep8T<S8TNZ8;ES: 4VUyUo2 G U � RS8 U >@8dEDC7L � �<� ' , � ' NH8ML�8;WX>;C7>;GH:]`8?IJ8MNOCF:JGHf78ML[<	8
ESI^`8ML]`8MNZ8M>@:JG 4VU a ��N^E�`8;I-GZPQ8 U :JC7NH8MPQ8 U :;euC7RS>;R U 8z<SG��d`8;IJ8 U >@8cLJGHr U G �D>;CF:JGHf78 Uo2 CA< 2 C7GZNZNH8MRSI-LY`8;:u`8 476 L98;IJf_`8;8c8 U :9IJ8
NH8MLl��I-C7>@:JG 4VU L=<	8 � � �98;:JLd<	8ML=<S8MRCNy>;C U C7RCNy< 2 C U C7N � L987a

%l8MLg��I-C7>@:JG 4VU L�L 4VU :�>;C7NZ>;RSN�`8;8ML�qC�EDCFI-:JGHIX<	8ML�L98M>@:JG 4VU LX8;WX>;C7>@8ML � ~ � 4 R	I U GH8MLQEDCFI�NH8xr `8 U `8;I-CF:98MR	IMa
��NZNH8MLcL 4VU :K8 U LJRSGH:980> 4 IJI-GHr `8;8MLY<	8MLc8;WX>;C7>;GH:u`8MLY<S8bL]`8MNH8M>@:JG 4VU e�<	8MLc8;WX>;C7>;GH:]`8MLb<	8Q<�`8M>;NH8 U >kB	8MPQ8 U :;en8;:K<	8ML
8;WX>;C7>;GZ:u`8MLz<	8?N 2 C7LJL 4 >;GZCF:JG 4VU EDCFIJ: 4VU B��98;:=<�`8;Ep8 U <SC U :98?<SR�ESI 4 >@8MLJLJRSL;a 1 8ML=> 4 PQE 4 LJGH:JG 4VU L�8 U L-CMf78MR	I-Ld<	8ML
ESI 4 >@8MLJL-RSL � � �98;:JL[CMfFC U :[8;:=CFESIMq8ML[NOCYEDI]`8MLu`8MNH8M>@:JG 4VU L 4VU :[<SG��d`8;IJ8 U :98MLMa 1 8ML[> 4 IJIJ8M>@:JG 4VU Ll> 4 IJIJ8ML9E 4VU <SC U :
qCQ>@8MLd:9I 4 GZL[8 �p8;:JLdL 4VU :=8ML9:JGOPv`8;8ML0qCQE�CFIJ:JGHI=<	8?NZCQL-GZPYRDNZCF:JG 4VU a
1 8A:JC 6 NZ8MC7Rc(]a ? < 4VUSU 8ANZ8MLdfFC7NH8MR	I-Ld<	8Y>@8MLc��I-C7>@:JG 4VU L;a 1 8MLc> 4VU :9I-G 6 R	:JG 4VU Ld<	8MLzL-CMf78MR	I-LcN�`8;r^q8;IJ8MLKL 4VU :

� 4 IJ:98MPQ8 U :dPgC�� 4 I-GH:JC7GHI-8ML=PgC7GZL[<SGOPgG U R	8 U :�8 U � 4VU :JG 4VU <	8 U	4 P 6 IJ8?<S8
�i8;:JL;a
� U � U e NZCt<	8;I U G}q8;IJ8+`8;:JCFEp8x> 4VU LJGZLJ:98�qC�>;C7NZ>;RDNH8;IQNH8 US4 P 6 I-8�< 2 `8;f_`8 U 8MPQ8 U :JL � � �98;:JLv`8;:JGZ\]R	8;:u`8ML 6 e

E 4 R	I�>-BSC7\]R	8TPYRSNZ:JGHEDNZGZ>;GZ:u`8d8;:�LJCmf78MR	I-L[<	8ML&�98;:JL;a � 8TPgC U G}q8;I-8zr `8 U `8;I-C7NH87e�GZNS8ML9: 476 :98 U R�8 U E 4VU <�`8;IkC U :lNH8ML
U	4 P 6 IJ8MLTEDI]`8M>D`8M<S8 U :JLYEDCFIAN 2 8;W�>;C7>;GH:u`8�< 2 `8;:JGZ\]R	8;:JCFr78X8MLJ:JGZPv`8;8XLJR	I?NZ8ML�`8;f_`8 U 8MPQ8 U :JLbLJGZPbRSNk`8ML;a 1 8MLAG U >@8;I B
:JGH:JRD<	8MLdL9:JCF:JGOL9:JGZ\]R	8MLdL 4VU :cI]`8M<SRSGH:98MLd8 U P 4�� 8 USU C U :c>@8MLc8;WX>;C7>;GZ:u`8MLK< 2 `8;:JGO\uR	8;:JCFr78QLJRSIzNH8MLc<	8MRCNx>;C U C7RCN
?i8��#�98;:JL&CK8;: ?BA$�#�98;:JL&C^a=%�8MNZCT8MLJ:!�9RDL9:JGZ�l`8=EDCFI�NH8[��C7GZ:_\uR	8=NZ8=: � Ep8=<	8dNH8;ES: 4VUXUo2 G U � RS8 U >@8�E�C7L3CTESI-G 4 I-G	NH8ML
8;WX>;C7>;GZ:u`8ML�IJ8MNOCF:JGHf78ML3<	8=L]`8MNZ8M>@:JG 4VU a 1 8ML_EDI 476 C 6 GZNOGH:u`8MLj< 2 `8;:JGZ\uRS8;:JCFr78cL 4VU :3I-8;E 4 I-:u`8;8ML�<SC U L3NZCTEDCFIJ:JGH8@(]a � a 3]a
��NZNH8ML=L 4VU :z<S8YN 254 I-<SIJ8?<	8 � a)( l E 4 R	IdNZ8ML9�98;:JLz<	8bLJCMf78MRSIcN�`8;r	q8;IJ808;:cf�CFI-GZ8 U :=8 U :9IJ8�( l 8;: � ( l E 4 R	IcNH8ML

� �7~



	 ��
V� (]a 3 ��� + � / / ' � � � 2�' , � %#0�/ %4' ) �0 � 0 � 2 / 4 ��� � - 0�/@' � � + 1 / % ��� / + ��4 �0 � �0 � � 2�' , � %#0�/ �0 ���0 � 0 � 0 � 2 / � �
� "���� � 0 � � , � � 2�' , � %&0 + � / � � 0 1C� %#0�/� .0 2 / 0.2 %&0 +-0 1=�D� 1 + 2�' � + ' � ' 2$�0)��� �  .0 2 +6�0 4 0 � * 1 � % � / , 1 4 - 0�/�2 � , 2��0
 � + , � / �.1 0�� ' � � + 1 2�0 � � + 1 / + 0�/  .0 2 /�%#0 � 1������ � � � 0�/  0.2 / + , 1C� %*/ * 6 h6 , 1 > h> - ' / / 1 /)%&0 4 + 1 , � /
* 4 + 1 , �
	 / � + ' 2 2�' �#4 - 0.2 � 0 � , � / 2 � 1 ' 2 / 0 � 1 � / 0 1 +� .0 2�/ , � 2 � ,	2$�0�//* ' h'�- , 1 * � h� - �

� � � � " � � � ~ �98;:JL � � � �98;:JL � ��� � �98;:JL
� � � � � � � � � � � � � �

��6 h6 ��6 h6�� ��6 h6�� �
� > h> � > h> � � > h> � �� " 6 h6 # � " 6 h6 # � � " 6 h6 # � � � " 6 h6 # � � �� " > h> # � " > h> # � � " > h> # � � � " > h> # � � �� > � >3� � >3� � � >3� � �

	 ��
V��(]a ?f�
� , � � ,*/ ' 2�' , �F� 0 + � 2�' � 0 %&0 /@%�' ) �0 � 0 � 2 / �P� , � 0�/ / 1 / � � ) � "���� � �<� �0 / + � �P� �0 /��0 + 0 � 2�' , � � � 0 /' � � 0 � 2�' 2 1 %&0�/ / , � 2
%/ , � ' 4 ' � 0 / 2 � 2�'�/�2�' � 1 0)�
d3I 4 >@8ML-LJRSL � � � �98;: � � ~ �98;:JL � � � �98;:JL � ��� � �98;:JL
��6 h6 " ��s ~7� �F� s � � # l " ~ s � ( �3� s ~ � # l " ~ s � �u�F� sZ� 3 # l� > h> " ��s 3
Y �F� sZ� ~ # l " ~ s Y �0�3� s � ? # l " � s �7�u�F� s ~ Y # l� " 6 h6 # " � s �43 �F� s �V� # l " ��s � 3 �F� s � Y # l " ~ s �V� �3� sZ� ( # l " ~ s Y
Y �F� s ~�� # l� " > h> # " ��s ~7� �F� s � ( # l " ~ s ~ 3 �F� sZ� ( # l " � s � � �3� s ~�� # l " ( s � 3 �F� s ( � # l� > " � s � � �F� sZ� � # l " 3 s ~ ( �F� s � � # l " � s Y � �3� s � � # l " � s ���0�F� s ~7� # l� � � " Y � s ( �u�F� s ~�� # l " � ?QsZ� �u�F� s ? � # l " � � s Y43 � ��sZ� ~ # l " � � s � 3 �F� s 3 � # l

�98;:JL=<	8?LJCmf78MR	ITN 4 R	I-<	87a
� U 8TPv`8;:JB 4 <	8?C7NH:98;I U CF:JGZf78T> 4VU LJGZL9:98XqC0PQ8MLJR	I-8;I�NH8MLl8;W�>;C7>;GH:u`8ML=< 2 `8;:JGZ\]R	8;:JCFr78�qCbEDCFIJ:JGHI[<	8MLl< 4VUDU `8;8ML;a

%�8;:9:98sP�`8;:JB 4 <	8 U 8yIJ8;E 4 L98�EDC7L0LJR	I0R U � I-C7>@:JG 4VUSU 8MPQ8 U :Q<	8ML{`8;f_`8 U 8MPQ8 U :JLgL98MN 4VU NOC�LJCmf78MR	Ig<	8ML �98;:JL;e
4 RvLJR	IANH8ML?8;WX>;C7>;GH:u`8MLQ< 2 `8;:JGZ\]R	8;:JCFr78�8MLJ:JGZPv`8;8MLYL-R	IANZCxL-GZPYRDNZCF:JG 4VU a&� U IJ8;fFC U >-B	87e 8MNZNH8XL-R	ESE 4 L98Q\uRS8XNZC
> 4 PQE 4 LJGZ:JG 4VU 8 U LJCMf78MR	IkL_<SC U L�NH8MLj< 4VUDU `8;8ML_PYRDNH:JG �98;:JL 8MLJ:_NZCTP��8MPQ8d\]R	8[<SC U LjNH8MLY`8;f_`8 U 8MPQ8 U :JL � � �98;:JL;e
E 4 R	IX>kBSC7\]R	8�G U :98;IJfFC7NZNH8x<	8
� 
 8;:y<	8xEDL98MRD< 4 B I-CFEDGZ<DGH:u`8x<	8ML �98;:JL;a 1 C{P�`8;:JB 4 <	8�8ML9:�<�`8M>@I-GZ:98t<SC U LgNZC
EDCFI-:JGH8 (]a)�]a � a+��NZNH8K< 4VUSU 8?<S8ML[I]`8MLJRSNH:JCF:JLz> 4 PQEDCF:JG 6 NH8ML[CMf78M>bNZC0ESI 4 >D`8M<SR	IJ8?<�`8M>@IkGH:98A>;G B <	8ML-LJRSL;a
b�� � �9> � � *	� d (+*	��
�� � ��� � 
���� ��� � ���-���
1 CxESI 4 <SRD>@:JG 4VU < 2 R U�6p4 L 4VU !j" � � h� # C7>;> 4 PQEDCFr U `8x<	8 �98;:JLY> 4VU LJ:JGH:JR	8yR U � 4VU <�E 4 R	IbN 2 `8;:JRS<	8y<	8



" : h : # >;CFIKGZNZLdE 4 L-L@q8M<	8 U :KR U 8YLJGHr U CF:JR	IJ8YL-GZPgGZNZC7GZIJ8?PgC7NHr7I^`8QNZCXESI]`8ML98 U >@8Q<	80<	8MRCN|NH8;ED: 4VU Ls`8 U 8;I-r `8;:JGO\uR	8ML
8;:lN 2 C 6 L98 U >@8c< 2 R U 8zGZPgE 4 I-:JC U :98x`8 U 8;IJrVGH8T:9I-C U LJf78;I-L98TPgC U \]RSC U :987a � U 8 �p8;:;eSR U <S8ML�<S8MRCN�NH8;ES: 4VU L3Ep8MR	:
`8M>-BDCFESEp8;I?qCYN 2 C7>;>@8;ES:JC U >@8K<SR�<�`8;:98M>@:98MR	I 4 R�L98TLJR	Ep8;IJE 4 L98;IcqCYR U �98;:;a 1 8MLQ`8;f_`8 U 8MPQ8 U :JL !j" � � � # ��� " � �4VU :cR U 8bL-GHr U CF:JR	IJ8YESI 4 >-B	80<SRtLJGHr U C7N <SC U LcNH80>;C7L 4 qR�R U NZ8;ES: 4VU ��L980<�`8MLJG U :@q8;r7IJ8gNH8;ES: 4VU GZ\uRS8MPQ8 U :z8;:
N 2 C7RS:9IJ8�BDC7<	I 4VU GZ\]R	8MPQ8 U :;a 132 `8 U 8;IJrVGH8s:9I-C U L9f78;I-L98yPgC U \]RSC U :98y<DC U L0NH8ML�`8;f_`8 U 8MPQ8 U :JL !j" � � h� # � � " � �Ep8MR	:_Cmf 4 GHI�E 4 R	I 4 I-GHrVG U 8=NZ8ML_<�`8MLJG U :u`8;r7I-CF:JG 4VU LlNH8;ES: 4VU GZ\uRS8ML_<	8ML3NZ8;ES: 4VU L �X8;:�<	8ML��i8;:JL�<	8dLJCmf78MR	I�N 4 R	I-<	87e
NZCzEp8;IJ:98[B 4 I-L�<	8[N 2 C7>;>@8;ES:JC U >@8=< 2 R U NH8;ES: 4VU 8;:j8 U � U �8;:9IJ8[8 U r78 U <	I]`8;8=CFIJ:JGZ�D>;GZ8MNZNH8MPQ8 U : N 4 IkL <S8lNOCzI-8M> 4VU L�B
:9I-RD>@:JG 4VU 8;:dN 2 GZ<S8 U :JGZ��>;CF:JG 4VU <	8ML 476 �98;:JL;a!� U <DGZL9:JG U rVRS8T<DC U L[NZCQLJRSGZ:98?NH8ML[<	8MRCNy� 4VU <SL !j" � " " # ��� " � �8;: !j" � A A � � � � # ��� " � � a
1 8ML_ESI 4 >@8MLJL-RSL !j" � " " # � � " � � U 8zL 4VU :�EDC7L_EDI-GZLj8 U > 4 PQES:98dE 4 R	I�N 2 C U C7N � L98[8 U IkC7GZL 4VU <	8cNZCT��C7G 6 NH8

� �7�



> 4VU :JC7PgG U CF:JG 4VU CF:9:98 U <SRS87a$� U 8 ��8;:;e E 4 R	I��8;:9IJ8�ESI]`8MLu`8MNH8M>@:JG 4VUSU `8MLMe�>@8ML�`8;f_`8 U 8MPg8 U :JLQ< 4 GZf78 U :bLJCF:JGZL9��C7GHIJ8
NH8x>@IkGH:@q8;IJ8�LJRSIgNH8xf_`8;: 4 > 4VU :9IJ8�R U <S8MRCN^G}q8MPg8|NH8;ES: 4VU `8 U 8;IJr `8;:JGZ\uRS8|8;:�GOL 4 Nk`87a.%�8MNZC�8ML9:gE 4 LJLJG 6 NH8�L-G=R U
<	8ML�`8MNZ8M>@:9I 4VU LcL98ALJR	Ep8;IJE 4 L98gqCgR U �i8;:;e 4 R�LJGoR U <S8ML�`8MNH8M>@:9I 4VU Ls`8M>-BSCFEDE�8yqCgN 2 C7>;>@8;ES:JC U >@8b<SRx<�`8;:98M>@:98MR	Ima
� U LJRSGH:987e�E 4 R	I�\uR	8[NH8MLY`8;f_`8 U 8MPQ8 U :JL !j" � " " # � � "���� L 4 GZ8 U :A`8;:JGZ\]R	8;:u`8ML_8;:_L]`8MNH8M>@:JG 4VUDU `8ML;e GZNu8ML9: U `8M>@8MLJLJC7GZIJ8<	8T:9I 4 RSf78;IzR U PbR 4VU IJ8M> 4VU LJ:9I-RSGH:[<SC U LdNH8K>x�4VU 8A< 2 R U �98;:;a�� NZCQ<SG��d`8;IJ8 U >@8?<	8ML[EDI 4 >@8ML-LJRSL !j" � A A # �
� "���� e3N 2 8 ��8;:X< 4 PgG U C U :QE 4 R	I�`8;:JGZ\]R	8;:98;I�NZ8 �i8;: U 8xEp8MR	:QEDC7L �8;:9IJ8tLJC�LJRSE�8;I-E 4 L-GH:JG 4VU CMf78M>tR U PbR 4VU a132 8;WX>;C7>;GH:u`8s< 2 `8;:JGZ\uRS8;:JCFr78�8MLJ:b< 4VU >gEDNZRDLK��C7G 6 NH8 / � a � l EDCFI �98;:;a�%�8MLY8ML9:JGZPXCF:JG 4VU LA> 4VU <SRSGZL98 U :�qCtR U 8
ESI 4 E 4 I-:JG 4VU < 2 `8;f_`8 U 8MPQ8 U :JL !j" � " " # � � " � � <SC U L|NH8�>;C U C7N " � � � � " � � <	8 � a ? l a@%�8ML|>kBSG��pIJ8MLEp8;I-PQ8;:9:98 U :A<	8�> 4VU >;NZR	IJ8�\uR	8�>@8X� 4VU <�Ep8MR	: �8;:9IJ8 U `8;rVNZGHr `8�<DC U L?N 2 C U C7N � L987a � N U 8XL98;I-C|EDNZRSLK> 4VU L-GZ<�`8;I]`8
EDCFI=NOCQLJRSGH:987a

% 4VU >@8;I U C U : NZ8ML?`8;f_`8 U 8MPQ8 U :JL !j" � A A � � � � # � � "���� eFNOCzLJGZ:JRSCF:JG 4VU 8ML9:j<SG��d`8;I-8 U :987a 1_2 GO<	8 U :JG �D>;CF:JG 4VU<	8#�98;:JL 6 8MC7RnN�<SC U L�>@8ML�`8;f_`8 U 8MPg8 U :JLdE�8MRS:�Cmf 4 GHI[:9I 4 GZL 4 I-GHrVG U 8ML�/	<SC U L�NH8TESI-8MPgGH8;Il>;C7L;e	NH8 �98;:lESI 4 f]GH8 U :
8 �p8M>@:JGHf78MPQ8 U :d< 2 R U \]RSCFI�� 6s4 Rs>K\uRSGpL98K<�`8MLJG U :;q8;r7IJ8bL98MPgGZNH8;ED: 4VU GZ\]R	8MPQ8 U : " <SC U L[NH8K<	8MRCN	G�q8MPQ8K>;C7L;eSNH8
�98;:�8MLJ:�<	8TLJCmf78MR	I[Nk`8;r^q8;I-87eS8;:[NZC?IJ8M> 4VU L9:9I-RS>@:JG 4VU < 2 R U PbR 4VU <SC U L�NH8z>x�4VU 8K<SR �i8;:l8ML9:l<SR	8QqC0NZC?ESI^`8MLJ8 U >@8
<	8[P�`8ML 4VU L_>-BSCFI-r `8MLQ`8 U 8;IJr `8;:JGZ\]R	8ML "! ��e " � # L98[<�`8MLJG U :u`8;r7I-C U :�8 U PbR 4VU L;e 4 R|qCK<	8ML�8 �p8;:JL_<	8=<�`8;:98M>@:98MR	I "
8 U � U en<SC U L?NZ8X<	8;I U GZ8;I?>;C7L;e NH8 �i8;:bL98XLJR	Ep8;IJE 4 L98|qC�R U <	8ML?PbR 4VU LAESI 4 f78 U C U :b<SR � a�%�8;:9:98�<	8;I U G�q8;IJ8
E 4 LJLJG 6 GZNZGH:]`8z8ML9:d< 4 PgG U C U :98KE 4 R	I=NZ8ML[ESI 4 >@8MLJLJRSL ! ��� "���� <SC U L[NH8?>;C U C7N A � �i8;:JLMa

� 8XP �8MPg8X\uRS8gNH8MLTESI 4 >@8MLJLJRSL � � �i8;:JL;e NH8ML�`8;f_`8 U 8MPg8 U :JL � � �98;:JL?L 4VU :?r `8 U `8;I^`8MLQCMf78M>HtMvxw�y'z�{�/
4VU LJRSESE 4 L98�\uR	8�NH8MRSIx>;G U `8MPgCF:JGZ\]R	8�8ML9:x> 4 IJI-8M>@:98MPQ8 U :t<�`8M>@I-GH:98{PXC7GZLsR U 8�IJ8 U	4 IkPgC7NZGZLJCF:JG 4VU rVN 476 C7NH8
8ML9: U `8M>@8MLJLJC7GHIJ87a 1 8�:JC 6 NH8MC7R (]a)� < 4VUSU 8�NH8MLxLJ8M>@:JG 4VU Lx8;W�>;C7>@8ML � ~ R	:JGZNZGZL]`8;8MLxE 4 RSIxN 2 C U C7N � L98 " E 4 R	I
P ��E � ( G 8�� � > � # a 1 C0IJ8 U	4 I-PgC7NOGZLJCF:JG 4VU <	8ML[L98M>@:JG 4VU Ll8;WX>;C7>@8ML �%� �i8;:JL[LJ8K��C7GH:[<SGZIJ8M>@:98MPQ8 U :YqCYE�CFIJ:JGHI<	8MLd< 4VUSU `8;8ML;eS8 U L98 6 C7LJC U :dLJRSI=NZCQ<SGZL9:9IkG 6 R	:JG 4VU 8 U PgC7L-L98?G U f�CFI-GOC U :98?<SGZB PYR 4VU L;a

	 ��
V�[(]a)� ��� 0 � 2�' , � / 0 � � � � 0�/+%&0 / ",� 1 ' 2 /,%#0 � , � % ! � � "���� 4 �0 � �0 � �0�/ �C��� tMvQw�y�z�{ � � 0�/ ��� � � , � 2 /%/ 0 �/",����� � - 0 � 0 � 2 1 2�'�+ ' /��0�/ % ��� / +  ���P� +��*/.0 / , � 2 �0 4x� + 0 � 0 � 2 � 0 � 2�' , � � �0�/ �
ESI 4 >@8MLJL-RSL 


%�� " E 6 # �dCFEDE 4 I-:JL[< 2 8MP 6 I-C U >-BS8MPQ8 U :>;C U C7N ?i8��#�98;:JL&C >;C U C7N2?BA$�#�98;:JL&C
� � �  � A A �#� � � � a 3 � B B
� � �� � A A �#� � � 3]a � ( B B
� � �  � A A �#� � � � � a 3 � B B
� � �  � � � �#� � � � a 3 � � a �7~ ( � � a � ��?]�
� � �� � � � �#� � � 3]a � ( � a �7~ ( � � a � ��?]�

1 C�EDI 4 >�`8M<SRSIJ8g<	8g>;C7NZ>;RSN�<SR���C7>@:98MR	IA<S8QIJ8 U	4 I-PgC7NOGZLJCF:JG 4VU E 4 R	IKR U 8QPbRSNH:JGHEDNOGZ>;GH:u`8A8 U �98;:JL?< 4VUDU `8;8Q8ML9:
C7N 4 IkLcNOC�LJRDGHf�C U :987a � U > 4VU LJGZ<oq8;IJ80<	8MLT8 U LJ8MP 6 NZ8MLz< 2 `8;f_`8 U 8MPQ8 U :JLA8WN	>;NZRSLJGZ��LdE 4 RSIcNZC�PQ8MLJRSIJ87eo<SC U LcNH8ML�B
\]R	8MNZLTNH8ML#�98;:JLTIJ8M> 4VU L9:9I-RDGH:JLKL 4VU :TC7L-L 4 >;G�`8MLAC7RCNtBSC7<SI 4VU Lcr `8 U `8;I]`8ML;a �^8MRSNZLTNH8ML|`8;f_`8 U 8MPg8 U :JLY\uRSG 4VU :?R U 8
PbRSNH:JGHE�NZGZ>;GH:]`8T8 U �98;:JLz8WN^C7>@:98MPQ8 U :�`8;rVC7NH8xqCX>@8MNZNH8A8 U EDCFI-: 4VU L=r `8 U `8;I^`8MLAL 4VU :zrVCFI-<�`8MLcE 4 RSIdN 2 C U C7N � L987a-� U B
LJRDGH:987e 4VU CFESEDNZGO\uR	80NZCyESI 4 >�`8M<SR	I-8g<	8QESI^`8ML]`8MNH8M>@:JG 4VU > 4VU >@8;I U C U :ANZ8g<�`8M>;NH8 U >-BS8MPQ8 U :A8;:ANZCsL]`8MNH8M>@:JG 4VU <SR
PbR 4VU $ +-,.,*/ 0 ( <	8YN 2 `8;f_`8 U 8MPQ8 U :;a 1 C�PgC7LJL98bG U f�CFI-GOC U :98Y8ML9:cC7N 4 I-Lz>;C7NO>;RSNk`8;8QPfp(psCMf78M>0NH8bPYR 4VU $ + ,., / 0 (
<	8yN 2 `8;f_`8 U 8MPQ8 U :Q8;:0: 4 RSLQNZ8MLYC7R	:9I-8MLQPYR 4VU LYGZL 4 Nk`8ML "�� � " �98;:��=A # � � s ( # <S8�N 2 `8;f_`8 U 8MPQ8 U :XLJCF:JGZL9��C7GZLJC U :
NH8MLd>@I-GH:@q8;IJ8MLc< 2 GZ<	8 U :JGZ�D>;CF:JG 4VU a 1 8 US4 P 6 I-8A<	8 6p4 L 4VU L ��C7R�f 4 GZLJG U CFr78Y<SRsEDGZ>A<	8APgC7LJLJ8 � p(py8ML9:dC7N 4 I-L
>;C7NZ>;RDNk`80<DC U LTNH8MLT< 4VUSU `8;8MLT8;:?<SC U LcNZCyLJGZPbRSNZCF:JG 4VU a 1 C�� 4VU >@:JG 4VU < 2 C��JRSL9:98MPg8 U :KR	:JGZNOGZLu`8;8Y8MLJ:TR U 80rVC7RSL�B
LJGZ8 USU 8d\]RSGD<�`8M>@IkGH:�NOC?I^`8ML 4 NZRS:JG 4VU <DR�<�`8;:98M>@:98MR	Ime^> 4VU f 4 NZR�`8;8�qCbR U 8z� 4VU >@:JG 4VU (��&� 0 ' 2 	�� ' 4 � 0 � ( <	8cNOCFIJr78MR	I

� ���



� 69< ; h # 8�� ' ;
�

o ~ s ( G 8�� E 4 R	IQNH8sLJGHr U C7N�8;:gR U 8�8WN^E 4VU 8 U :JGH8MNONH8�<�`8M>@I 4 GZLJLJC U :98xE 4 R	I0NH8y� 4VU <na8� U � U e 4VU
>;C7NZ>;RDNH8sNH8y��C7>@:98MR	I�<	8 U	4 I-PgC7NOGZLJCF:JG 4VU e�<�`8,� U G[> 4 PXPQ8xNH8yI-CFESE 4 IJ:Q<SR U	4 P 6 IJ8s<	8 6p4 L 4VU ��<DC U LQNH8ML
< 4VUDU `8;8MLz8;:K<SC U LcNOC�LJGOPYRSNOCF:JG 4VU /�� � rT- m h#j j ;); �� � -�� 1� E 4 R	ITR U 8bNZRSPgG US4 LJGH:u`8�`8M\]RSGHfFC7NH8 U :987a � U Ep8MR	:
C7N 4 IkL3PbRSNH:JGHEDNOGH8;IjNH8 U	4 P 6 IJ8c< 2 `8;f_`8 U 8MPg8 U :JL ! � � "���� EDCFIlNH8=��C7>@:98MR	I�<S8 U	4 I-PXC7NZGZLJCF:JG 4VU > 4 IJIJ8ML9E 4VU <SC U :;eE 4 R	I[NZC0PbRSNH:JGHEDNOGZ>;GH:u`8d8 U �98;:JL=> 4VU L-GZ<�`8;I]`8;87a 1 8ML=I]`8MLJRSNH:JCF:JL=<S8?>@8;:9:98 U	4 I-PgC7NOGZLJCF:JG 4VU LJR	I[NH8ML[< 4VUSU `8;8ML=L 4VU :
ESI^`8MLJ8 U :]`8ML[<SC U L�NH8=:JC 6 NZ8MC7RH(]a)Y]a 1 8ML3f�C7NH8MRSI-L3<	8�� � 476 :98 U RS8ML3EDCFIl>@8;:9:98TPv`8;:JB 4 <S8cL 4VU :�> 4VU � 4 I-Pg8ML�C7RCN
> 4 8;WX>;GH8 U :JL0<	8XIJ8 US4 I-PgC7NZGZL-CF:JG 4VU � , % � r 


, % � � 
 %�� >;C7NZ>;RSN�`8MLb<SC U LbNH8�>;C7<	IJ8y<	8�>;C7NZ>;RDNZL � � ~ EDCFI
�
	D��� _`(
� a E 4 R	IK<	8MLT> 4 R	E�R	IJ8MLTEDCFIJ: 4VU GZ\uRS8MLcGO<	8 U :JGO\uR	8MLQqCs>@8MNZNH8MLTR	:JGONZGZL]`8;8MLT<SC U LKNZCyLJGOPYRSNOCF:JG 4VU a 1 8ML
P �8MPQ8MLd��C7>@:98MRSI-L�� � L 4VU :dCFESEDNZGO\uR�`8ML[C7RCN�`8;f_`8 U 8MPQ8 U :JL !j" � A A # ��� "���� 8;: !�" � � � # ��� " � � a
	 ��
V�K(]a)Y � � , � �n����� ' / , � %#0�/ � � � 230 1=� / "�
 � 0�/ 1C� �0 / 0 2 � � + � 1 +6�0�/ �C��� �
	D��� � � 0�/ � � +-0 1=� / / , � 2� , - �0 � 0 � 230�/ 0 � 2 � 0 0 +�+ 0�/ �[� 1�� ' � � 0 � 2�' 2 1 %#0�/ / 2 � 2�' / 2�' �.1 0�/ �<� �0�/ �

*|RSNZ:JGHEDNZGZ>;GZ:u`8c8 U �98;:JL � ~ � �
"�
�Pg8MLJR	I^`8 � a � ~V� � a � ( � a ~ � � � a � Y � a)Y ? � � a � �

" 
 >;C7NZ>;RSN�`8?EDCFI �
	D��� � a � � �0� a � � � a � �x�6� a � �

1 C0�SrVR	IJ8�(]a � a �7� P 4VU :9IJ8dNZCK<SGOL9:9I-G 6 RS:JG 4VU P p(pY<DC U LjNH8ML_< 4VUDU `8;8ML_8;:3NZCKL-GZPYRDNZCF:JG 4VU eFC7R U GHf78MC7RX<	8=NZC
ESI^`8ML]`8MNZ8M>@:JG 4VU $ 2�' 44- 2 ( a 1 8MLj��C7>@:98MRSI-L_<	8[IJ8 US4 I-PgC7NZGZL-CF:JG 4VU ESI]`8M>D`8M<	8MPgPQ8 U :�>;C7NZ>;RDNk`8ML3L 4VU :jESI-GZL 8 U > 4 PgES:987a
1 Cy� 4 I-Pg80<S8ML?<SGZL9:9IkG 6 R	:JG 4VU L=8;:ANZC U	4 IkPgC7NZGZLJCF:JG 4VU L 4VU :A> 4 I-IJ8M>@:98ML;a 1 8MLK8;WX>;C7>;GH:]`8MLb<	8QESI^`8ML]`8MNH8M>@:JG 4VU 8;:
< 2 `8;:JGZ\]R	8;:JCFr78�L 4VU : 6 C7Lu`8;8ML�L-R	IxNZC�LJGZPbRSNZCF:JG 4VU 8;:�L 4VU :|I]`8MLJRSP�`8;8MLt<SC U LsNZC EDCFI-:JGH8U(]a � a 3]a ��NZNH8MLyL 4VU :
IJ8MLJE�8M>@:JGZf78MPQ8 U :z<	8?N 254 I-<	I-8T<S8 � l " E 4 R	I=NZC0ESI^`8ML]`8MNZ8M>@:JG 4VU # 8;: � ( l " E 4 R	I=N 2 `8;:JGZ\]R	8;:JCFr78 # a
b�� � ��� � � *	� d (+*	��
�� � ��� � 
���� � 
 � � 
 � 
�� �
1 C�L-GHr U CF:JR	IJ8�IJ8M>-BS8;I->-B�`8;8sEp8MR	:V�8;:9IJ8yESI 4 <SRSGH:98gE�CFIb<	8MLv`8;f_`8 U 8MPQ8 U :JLg<SG 6p4 L 4VU L ��� e � � 8;: �&�

<SC U LbNZ8MLg>;C U C7RCN LJRSGHfFC U :JL�/ � � � " N � 
 # " � � # e � � � " N�� 
 # " � � # e � � � " � � # " N h N # 8;: �&� � " � � # " N h N # a1 8ML � ; 8;: � ; �98;:JL|LJRSESEDN�`8MPQ8 U :JC7GHIJ8MLyESI 4 f^GH8 USU 8 U :s<	8MLsI-C7<SGOCF:JG 4VU Ls<	8ML�`8;:JCF:JLtG U GH:JGOC7Nd8;: � U C7N}a�d 4 R	I
NH8sEDI 4 >@8ML-LJRSL �&� � " � � # " N h N # e�NZC�IJ8M> 4VU L9:9IkRS>@:JG 4VU < 2 R U 8+`8 U 8;IJrVGH8�:9I-C U L9f78;IkL98|PgC U \]RSC U :98|GZPQE 4 IJ:JC U :98
ESI 4 f^GH8 U :c<	8MLT<�`8MLJG U :u`8;r7I-CF:JG 4VU LKNH8;ED: 4VU GZ\]R	8MLd<	8MLcNH8;ES: 4VU L �pep<	8MLT<�`8MLJG U :u`8;r7I-CF:JG 4VU LKL98MPXGZNH8;ES: 4VU GO\uR	8MLd<	8ML
�98;:JL;e�<S8MLdEp8;IJ:98MLz<	8YNH8;ED: 4VU LdB 4 IkLzC7>;>@8;ES:JC U >@87e�8;:T<	8MLd8 ��8;:JLT<	8bNZCQIJ8M> 4VU LJ:9I-RS>@:JG 4VU 8;:c< 2 GZ<	8 U :JGZ�D>;CF:JG 4VU
<	8ML 476 �i8;:JL;a 132 `8;:JGZ\uRS8;:JCFr78�<	8ML �98;:JLQ<SC U LQNH8MLv`8;f_`8 U 8MPQ8 U :JL�<SG 6�4 L 4VU LbESI 4 f^GH8 U :08MLJL98 U :JGH8MNZNH8MPQ8 U :Q<	8sNZC
LJRSE�8;I-E 4 L-GH:JG 4VU < 2 R U �i8;:zCMf78M>bR U fuIkC7GnPYR 4VU GZLJLJRs<S8ML 6p4 L 4VU L � 4 R�� a
1 8MLv`8;f_`8 U 8MPQ8 U :JLyL 4VU :QESI 4 <SRSGH:JLbEDCFIVtMvQw�y�z�{�8;:gNZC�L98M>@:JG 4VU 8;W�>;C7>@8|8ML9:X> 4 I-I-GHr `8;8|EDCFIgNZ8MLQ��C7>@:98MRSI-L
:JB�`8 4 I-GO\uR	8ML�� , % � a 1 8s:JC 6 NZ8MC7R (]a � � P 4VU :9IJ8xNH8MLQL98M>@:JG 4VU LQ8;WX>;C7>@8ML�<	8x>@8MLQESI 4 >@8MLJLJRDLQC7G U LJGl\]R	8xNH8ML
I-CFEDE 4 I-:JLo< 2 8MP 6 I-C U >-BS8MPQ8 U : R	:JGZNZGOLu`8MLo<SC U LnN 2 C U C7N � LJ87a 1 8MLoEDI 476 C 6 GZNOGH:u`8MLn<	8jESI^`8ML]`8MNH8M>@:JG 4VU 8;: < 2 `8;:JGZ\uRS8;:JCFr78
L 4VU :=8ML9:JGOPv`8;8MLbqCQEDCFI-:JGHI=<	8?NZCQLJGOPYRSNOCF:JG 4VU 8;:dL 4VU :=I^`8MLJRSP�`8;8MLc<SC U L[NOC0EDCFIJ:JGH8D(]a � a 3]a

b�� � �:b � � *	� d (+*	��
�� � ��� � 
���� � (�� � , � � ( ��� * 
��

1 8ML0ESI 4 >@8MLJLJRSLb<	8 6 I-RDGH:JLY<S8�� 4VU < CMf78M>x\]RSCFI��v: 4 E L 4VU :0NOC�EDI 4 <DRS>@:JG 4VU `8MNZ8M>@:9I 4 ��C7G 6 NH8 " f 4 GH8MLQL�/
: 6 � " N�� 6 # 6 8;:Kf 4 GH8g:�/o:J\ 6 � " N � 6 # � 6 # 8;:YNZC�ESI 4 <SRS>@:JG 4VU 8 U EDC7GZIJ8MLK<SC U LKNH8Q>;C U C7N3<SGZNH8;ES: 4VU : h : �" N�� 6 # " N�� � 6 # a�� U 8 ��8;:;eSNZCYESI^`8ML98 U >@8?<SR�\]RSCFI���: 4 Es<SC U Ll>@8ML 6 I-RDGH:JL3<	8T� 4VU <yNH8MR	Il< 4VUSU 8T<	8ML�ESI 4 EDI-Gk`8;:u`8ML
LJGOPgGZNZC7GHI-8ML=C7R�LJGHr U C7N a 1 CyPbRSNH:JGHE�NZGZ>;GH:]`8A8 U �98;:JLT8ML9:�`8MNH8;f_`8;8 /�<	8MRnN �i8;:JLK>@8 U :9I-C7RCNt8;:�`8 U 8;IJr `8;:JGZ\]R	8ML?L 4VU :
ESI 4 <SRDGH:JL�<SC U L_>@8ML3ESI 4 >@8MLJLJRSL;eVC7RnN^\]R	8MNZL_L 2 C�� 4 R	:98 U :�NZ8ML_I-C7<SGOCF:JG 4VU L;eFEDNZRDLjP 4 NZNH8MLj8 U P 4�� 8 UDU 87e <SC U L�NH8ML

� � (



)
2

 (GeV/cµµM
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

0

10

20

30

40

50  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.91

)
2

 (GeV/cµµM
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

0

2

4

6

8

10

12

14

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.94

)
2

 (GeV/cµµM
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

0

0.5

1

1.5

2

2.5

3

3.5
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

)
2

 (GeV/cµµM
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.68

)
2

 (GeV/cµµM
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

0

0.5

1

1.5

2

2.5

3

3.5

4  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

� �qy ��(]a � a �7�'�P�0��	G��
4�����������)�/	 
 " �n�)
4� ��� ��	  "#" 	�$ " � ��	G	 " ��� 3 ��
������/� "�� � � $����/	 � " 	0$����/�0 "#" 	 " �^� � 	G��� �(� ��������� " �� �)� , �������*$��D��������
 " $ " �>" ��	��)�D�/� 3�" ���1$ " � �T&/
I " 	  " � "8, ������� ����� �>. ���#R � " � ��� ,�./" �� $�
Q����� "�" � $ "0. ����� " �*���)	 � � " 	� ��� ��� &n� � , ���� " 	 " � �#" ��	0	4���/�+
 " 	�& "G, ��� 3�" � " �/��� ��������� ?	� " � ?PA �>" ��	�R

	 ��
V��(]a � � � � 0 � 2�' , � / 0 � � � � 0�/�%&0 / �P� , � 0�/ / 1 / %�' " ,*/ , � / 4 �0 � �0 � �0�/ �C��� tMvQw�y�z�{ � � 0�/ � � � 230 1C� /D%#0 � , ��	� � + ' / � 2�' , � � � ~ 0 2 + 0�/ ��� ��� , � 2 /�%/ 0 �/"W� ��� � - 0 � 0 � 2 1 2�'�+ ' /��0�/ % ��� / +! ���<� + �*/ 0 / , � 2 �0 4x� +-0 � 0 � 2 � 0 �
	
2�' , ��� �0 /�� ESI 4 >@8MLJLJRSL 


% � " E 6 # > 4 IJI-8M>@:JG 4VU - 1 � �dCFESE 4 IJ:JL[< 2 8MP 6 I-C U >-B	8MPQ8 U :>;C U C7N ?i8��#�98;:JL&C >;C U C7N2?BA$���i8;:JL&C
��� ��
 ��� � ~ a �F� � a � � � a � Y ~ � � a � Y � ~
� � ��
 ��� � � a 3 � � a � ( � a � Y ~ � � a � Y � ~
� � � � � 


 � a � � � a � ( � a �7� ��? � a � � Y �
�&� � � � 
�
 � a � 3 � a ~ � � a �7� ��? � a � � Y �

� � 3



`8;:JCF:JL?G U GH:JGZC7RCNy8;:0� U C7RCNpa]%�8ML|`8;f_`8 U 8MPQ8 U :JLYCMf78M>Q\]RSCFI��s: 4 E�L 4VU :TC7RSLJLJG >;CFI-C7>@:u`8;I-GZL]`8MLAEDCFIcNOCXESI^`8MLJ8 U >@8
< 2 C7R�P 4 G U L3R U �i8;: 6 `8 U 8;IJr `8;:JGZ\]R	87a 1 8MR	I�8;WX>;C7>;GH:]`8?<	8cESI^`8ML]`8MNH8M>@:JG 4VU 8MLJ:�IJ8MNOCF:JGHf78MPQ8 U :�r7I-C U <	8 " 8 U f^GHI 4VU
� l # 8;:=8ML9:zNOGk`8;8�qCgNH8MR	IzPYRSNZ:JGHEDNZGZ>;GZ:u`8T8 U �98;:JLcC7LJL98���`8MNH8;f_`8;8 " 8 U :9IJ8b<	8MRCNy8;:d:9I 4 GZL9�i8;:JLs`8 U 8;IJr `8;:JGZ\]R	8ML # a 1 C
> 4VU :9I-G 6 RS:JG 4VU <SRv>;C U C7NlBSC7<	I 4VU GO\uR	8Q:ih: � " � � 6 # " � � 6 # 8ML9: U `8;rVNZGZr78MC 6 NH8�8;: Uo2 8MLJ:AEDC7LYESI-GZLJ8g8 U > 4 PgES:98
<SC U LAN 2 C U C7N � L98c/ 8 U 8 �p8;:;ejNZC|L98M>@:JG 4VU 8;W�>;C7>@8�E 4VU <�`8;I^`8;8yEDCFI0NZC�ESI 476 C 6 GZNZGH:]`8X<	8�IJ8M> 4VU L9:9IkRSGHIJ8�R U �98;:
`8 U 8;IJr `8;:JGZ\]R	8Q> 4 PgPQ80R U NH8;ES: 4VU 8ML9:c8 U 8 �p8;: U `8;rVNZGHr78MC 6 NH8b<	8;fFC U :KNH8 U	4 P 6 IJ8Y< 2 `8;f_`8 U 8MPQ8 U :JL?<	8YL-GHr U C7N
CF:9:98 U <DRSL;a
	 ��
V�
(]a �7��� � 0 � 2�' , � / 0 � � � � 0 /
%&0 / �<� , � 0�/ / 1 /2%#0 � , � % / ' �#4 +-0 2�, � 0 2 :ih: % ��� / + 0 � ���<� +7%�' +-0 � 2�, � ��4 �0 � �0 � �0 /�C�
� tjvQw�y'z�{ �
� 0 /�� � � 230 1C� /�%&0 � , � � � + '�/ � 2�' , � � � ~ 0 2 + 0�/ ��� � � , � 2 / %/ 0 �/",����� � - 0 � 0 � 2 1 2�'�+ ' /��0�/ % ��� /
+  ���<� + � /.0 / , � 2 �0 4x� + 0 � 0 � 2 � 0 � 2�' , ��� �0�/ �

ESI 4 >@8MLJLJRSL 

" E 6 # �zCFESE 4 IJ:JL[< 2 8MP 6 I-C U >kB	8MPQ8 U :>;C U C7N ?i8��#�i8;:JL C >;C U C7N2?BA$�#�98;:JL&C: h : � " N�� 6 # " N�� 6 # 


" : h : # Pg8MLJR	I^`8;8 � a �F� ? Y � a �F� ? �: 6 ��
 � 6S6 � a)�
� � a � ~ (
Y � a � ~ ( �: 6 \ ��
 � 6S6 � � a)Y
� � a � ~ (
Y � a � ~ ( �
1 8MLKL98M>@:JG 4VU LT8;W�>;C7>@8MLAR	:JGZNOGZLu`8;8MLcE 4 RSI|`8;fFC7NZR	8;I?NH8MLK> 4VU :9I-G 6 R	:JG 4VU LT<SR�LJGHr U C7N :ih:KL98MPXGZNH8;ES: 4VU GO\uR	8Y8;:

<SRx� 4VU <|: h:z<SGONH8;ES: 4VU GZ\]R	8KCF:9:98 U <SRS8MLzL 4VU :zGO<	8 U :JGO\uR	8MLMa 1 8Y:JC 6 NH8MC7Rc(]a �7� P 4VU :9IJ80NH8MLdL98M>@:JG 4VU L=8;WX>;C7>@8ML
<	80>@8MLKESI 4 >@8MLJL-RSLzC7G U LJG \uR	8QNH8MLcI-CFEDE 4 I-:JLc< 2 8MP 6 IkC U >-B	8MPg8 U :KR	:JGZNOGZLu`8MLT<SC U LTN 2 C U C7N � L987a 1 8MLT8;WX>;C7>;GZ:u`8ML
<	8KEDI]`8MLu`8MNH8M>@:JG 4VU 8;:c< 2 `8;:JGZ\]R	8;:JCFr78YL 4VU :=I^`8MLJRDPv`8;8MLz<SC U L=NZC0EDCFIJ:JGZ8D(]a � a 3]a
b�� � ��� ��� , ( , �=* ���� � �I� ���� �-, *	��
��
� �<� � 
���� �
1 8MLy:JC 6 NH8MC7RCN�(]a � ~ 8;: (]a � � < 4VUSU 8 U :sNH8ML�8;WX>;C7>;GH:]`8MLt<	8�ESI]`8MLu`8MNH8M>@:JG 4VU <S8ML 6 I-RSGH:JL�<	8t� 4VU <�B 4 I-L

ESI 4 >@8MLJL-RSL�PbRSNH:JG �i8;:JL�8;: � � �98;:JLlE 4 R	I�NZ8ML�<S8MRCN�>;C U C7RCNy< 2 C U C7N � L987a 1 8MLl8;WX>;C7>;GZ:u`8MLz<	8TLu`8MNH8M>@:JG 4VU E 4 R	I
NH8MLbESI 4 >@8MLJL-RSLQCMf78M>x\]RSCFI��v: 4 EwL 4VU :QPgClN^GOPgC7NH8ML0E 4 R	IQ<	8ML{`8;f_`8 U 8MPg8 U :JL�qC�<	8MRCN �i8;:JL;e_<S8yN 254 I-<	IJ8y<	8
� �!l a$� U f]GHI 4VU{� l <	8ML�`8;f_`8 U 8MPQ8 U :JL / ' �#4 +-0 2�, � L 4VU :?ESI^`8ML]`8MNH8M>@:JG 4VUSU `8ML0<SC U L?N 2 C U C7N � LJ87enE 4 R	IANZC7\]R	8MNZNH8
R U 8_PYRSNZ:JGHEDNZGZ>;GZ:u`8jLJRSE�`8;I-GH8MR	IJ8 4 R�`8;rVC7NH8KqC=:9I 4 GZLn8MLJ:nIJ8M\]RSGZL987a 1 8MLT`8;f_`8 U 8MPQ8 U :JL $&%('�� � � ) � eML 4VU : >;CFI-C7>@:u`8;I-GZL]`8MLEDCFI=R U 8?PYRDNH:JGHEDNZGO>;GH:u`8zEDNORSLl��C7G 6 NH8T8 U �98;:JL=IJ8M> 4VU LJ:9I-RSGH:JL0/DN 2 8;WX>;C7>;GH:u`8Y<	8KEDI]`8MLu`8MNH8M>@:JG 4VU 8ML9:d<	8?N 254 Ik<	IJ8K<	8
� a)( l a 1 8ML|`8;f_`8 U 8MPQ8 U :JL !j" � � � # � � "���� L 4VU :KESI^`8ML]`8MNH8M>@:JG 4VUSU `8ML?CMf78M>XR U 8b8;WX>;C7>;GH:u`8X<	8 � a �V~ ( l E 4 R	INH8MLA<	8MRCN�>;C U C7RCN�< 2 C U C7N � L987a 1_2 8;WX>;C7>;GH:]`8y<	8gESI^`8ML]`8MNZ8M>@:JG 4VU <	8ML�`8;f_`8 U 8MPQ8 U :JL !j" � A A # � � " � � 8MLJ:A<	8� a � ( l E 4 RSI=NH8?>;C U C7N A ��� "���� a1 8�:JC 6 NH8MC7R (]a � � ESI^`8ML98 U :98dNH8ML ESI 476 C 6 GZNZGH:]`8ML�< 2 `8;:JGZ\]R	8;:JCFr78d<	8ML 6 I-RSGH:JL <	8l� 4VU <oe7B 4 I-L ESI 4 >@8MLJLJRSL�PbRSNH:JG �98;:JL
8;: � � �98;:JL;eVE 4 R	IjNH8MLj<	8MRnNY>;C U C7RCNQ< 2 C U C7N � L987a 1 8[:JC 6 NH8MC7R (]a � (KP 4VU :9IJ8=N 2 8;WX>;C7>;GZ:u`8c< 2 `8;:JGZ\]R	8;:JCFr78=E 4 R	I
NH8MLlEDI 4 >@8ML-LJRSL � � �98;:JL;a
1 8ML3ESI 4 >@8MLJL-RSL3:ih:�8 U <SGZNH8;ED: 4VU L 4VU :�R U 8d8;WX>;C7>;GZ:u`8?< 2 `8;:JGO\uR	8;:JCFr78?L-R	E�`8;I-GH8MR	I-80qCb>@8MNZNH8T<SRXLJGZr U C7N " ~��x� � l
> 4VU :9IJ8 � 3 �0� a � l # EDCFI�NZC=EDI]`8ML98 U >@8[<	8ML�<	8MRCNA\]RSCFI��^L '_PgC7GZL C7RSLJLJGoqCz>;C7RDL98�<S8ML L-R	Ep8;IJE 4 LJGH:JG 4VU Lp8 U :9IJ8lR U
PbR 4VU 8;:=R U �i8;:;a � 8?PgC U G}q8;I-8cr `8 U `8;I-C7NZ87e�NH8ML�8;WX>;C7>;GH:]`8MLz< 2 `8;:JGZ\uRS8;:JCFr78YL 4VU :[<	8KN 254 I-<	IJ8T<	8 � ( l E 4 R	I[NH8ML
ESI 4 >@8MLJL-RSL3Cmf78M>K\uRSCFI ��' 4 R�Cmf78M>KLJR	Ep8;IJE 4 LJGH:JG 4VU < 2 R U �98;:lCMf78M>KR U PYR 4VU a 1 8ML38;WX>;C7>;GZ:u`8MLd< 2 `8;:JGZ\uRS8;:JCFr78
E 4 R	I[R U �98;:dN�`8;r78;Iz8ML9:d< 2 8 U f]GZI 4VU � a � l a

� � ?



	 ��
V��(]a � ~ � �
� � � � ' 2��0�%&0 �P� �0 /��0 + 0 � 2�' , � %&0 /�� , � % / � 0 � # � � , 1C� + 0 � ���<� + $ 0(�! 0.2 / ( � � , 1 / + 0�/ � � � 230 1C� /� , �$� 0 � 2�' � / / , � 2 �<� ' / 0 � � , � � 230)� � 0�/ �0 ���0 � 0 � 0 � 2 / �� \ 0 2��  0.2 / � � �C�
��� '�/ /.0 � 2 1 � ' �.1 0 � 0 � 2��� 2�' 2 � 0@%#0� , � �C��� � ' / , ��� / 0 1 + / +-0 / �0 ���0 � 0 � 0 � 2 /2%#0 � 1 + 2�' � + ' � ' 2��0 / 1�� �0 � ' 0 1=� 0 , 1 �0 4x� + 0 �� 2 � ,�' / / , � 2 �<� '�/ 0 � � , � � 230% ��� / +! ���<� +��*/ 0�� � 0�/ ' � � 0 � 2�' 2 1 %&0�/ / , � 2 %/ , � ' 4 ' � 0 / 2 � 2�' / 2�' �.1 0)�
X�I-RDGH:JL[<	8?� 4VU < � �i8;: ~ �98;:JL � �98;:JL � � �98;:JL
: h : � NZN�� 3]a ? � �0� a � ~ � � a ? 3 �u� a ��? � a)� ? �0� a � ? � a � (43 �0� a �V~��: 6 3]a ? � �0� a � ~ � � a ? 3 �u� a ��? � a)� ? �0� a � ? � a � (43 �0� a �V~��:J\ 6 3]a � 3 �0� a ��? �7� a �7� �u� a ~7~ � a � Y �0� a � � � a)(
Y ~ �0� a � (
(
� � � N ��� � ? a ���Q�0� a ~�� 3]a � ? �0� a ~7~ � a � � ( �0� a � 3 � � a �
� Y �0� a �
� Y
� � � N���� � 3]a)( �Q�0� a ~7� ? a � 3 �0� a ~ ( � a � ( ~ �0� a � 3 � � a �V~ ? �0� a � � 3
� � � � � � � � a)� ? 3 �0� a � (43 � a � Y �0� a � 3 � a ~ Y � �0� a �V�7� � a �V� 3 �0� a � �7�
��� � � � � � � a �F�Q�0� a � � � a 3 ~ �0� a � � � a � � � �0� a �F� � � a �V� ? �0� a � � (
� � � � � 5 ��� � � a � Y � �0� a �
� 3 � a �V~ � �0� a �
�V� � a �
�F�Q�0� a �
� �
� � � � � 5 ��� � a � ? ( �0� a �
� (

	 ��
V�n(]a � � � � � � � � ' 2$�0 %&0 �<� �0 /��0 +-0 � 2�' , � %&0 / � , � %*/ � 0 � # � � , 1=� + 0 � ���<� + $�A �! .0 2 / ( � � , 1 / + 0�/�� � � 230 1C� /� , �$� 0 � 2�' � / / , � 2 �<� ' / 0 � � , � � 230)� � 0�/ �0 ���0 � 0 � 0 � 2 / �� \ 0 2��  0.2 / � � �C�
��� '�/ /.0 � 2 1 � ' �.1 0 � 0 � 2��� 2�' 2 � 0@%#0� , � �C��� � ' / , ��� / 0 1 + / +-0 / �0 ���0 � 0 � 0 � 2 /2%#0 � 1 + 2�' � + ' � ' 2��0 / 1�� �0 � ' 0 1=� 0 , 1 �0 4x� + 0 �� 2 � ,�' / / , � 2 �<� '�/ 0 � � , � � 230% ��� / +! ���<� +��*/ 0�� � 0�/ ' � � 0 � 2�' 2 1 %&0�/ / , � 2 %/ , � ' 4 ' � 0 / 2 � 2�' / 2�' �.1 0)�
X�I-RSGH:JL[<	8K� 4VU < � �98;: ~ �i8;:JL � �i8;:JL � � �i8;:JL
:ih: � NZN � 3]a ? � �0� a � ~ � � a ? 3 �0� a ��? � a)� ? �0� a � ? � a � (43 �u� a �V~��: 6 (]a � 3 �0� a � ~ � ~ a)( � �0� a ��? � a)� � �0� a � ? � a � � � �u� a �V~7~:J\ 6 (]a � 3 �0� a �7� � � a � ? �0� a � ( � a � Y �0� a � Y � a)(43
( �u� a �V� Y
��� � N���� � ? a � Y �0� a ~ ( ? a ���Q�0� a ~ ( � a � �
� �0� a � 3 � � a � � �x�u� a � � �
� � � N���� � 3]a ? 3 �0� a ~�� Y]a � � �0� a ~ � � a)( ?]� �0� a � ? � � a �V~ 3 �u� a � � (
� � � � � � � � a �F�Q�0� a �7� � a)(
� �0� a � ~ � a ~ 3
( �0� a �V�7~ � a �
�F�Q�u� a �
�F�
�&� � � � � � � a ~7~ �0� a ��? � a ? �x�0� a � Y � a)( ��? �0� a � ? ~ � a �V���x�u� a � � �
� � � � � 5 � � � � a � ? ? �0� a �
� ( � a �V~��x�0� a �
�V� � a �
�V� �u� a �
� �
� � � � � 5 � � � a � (
( �0� a �
�F�
� � A � A 5 � � � � � a � � �Q�0� a �V~ � � a � �
� �u� a � � �
� � A � A 5 � � � � a 343 � �0� a �
� Y
� � A � A 5 � � � a ?]� � �0� a �
� �

	 ��
V�'(]a � � � �
� � � � ' 2��0 / %/ �0.2�' �.1 0 2 �.4 0 %&0 / "W��1 ' 2 / %&0 � , � % � 0 � # � � , 1 / +-0 / � � � 230 1C� / � , �$� 0 � 2�' � / / , � 2�<� '�/ 0 � � , � � 230�� � 0 / ' � � 0 � 2�' 2 1 %#0�/ / , � 2 %/ , � ' 4 ' � 0 /�2 � 2�' / 2�' �.1 0��
d_I 4 >@8MLJL-RSL 8��#�98;:JL A$�#�98;:JL� �98;:JL � � �98;:JL � �i8;:JL � � �98;:JL
:ih: � NON�� ~�� a �x� � � Y �K~ � �]a ~ � � ~��x�K~
: 6 � � a � � � a � � � a �x� (]a � � �]a �x� � a)( ��? a ~ � (]a ?:J\ 6 � ~ a ~ � � a � Y]a ~ �K~ a 3 � � a � � � a � �7� a ? �K~ a ~
� � � N���� � � a)� � �K� a � ( � � s � � �]a � �c� a)( � � s � �
� � � N���� � Y]a �x�K� a)Y � � s � � � a 3 ? � � a 3
( � � s � �
� � � � � � � � � s � � � � s � � 3]a � �K� a � � � s � �
�&� � � � � � � a � � �K~ a � � � � s � � � � a �x� (]a � � � s � �
� � � � � 5 � � � ~ a ~ ? � � a)Y � � � s � � � a � 3 �K~ a)Y43 � a ~7� �u� a ~��
� � A � A 5 � � � � � � s � � � � s � � � � a)Y � � a 3 � �]a �Q�c� a �

� � �



	 ��
V� (]a � ( � �
� � � � ' 2��0 %/ �0 2�' � 1 0 2 �.4 0 � 0 � # � � , 1C� + 0�/ �<� , � 0�/ / 1 / � � � "���� � � , 1 / + 0�/ � � � 230 1=� / � , � � 0 � 2�' � // , � 2 �<� ' / 0 � � , � � 230��+� 0�/ �0 ���0 � 0 � 0 � 2 /��� \ 0.2 �  0.2 / � � �C��� � '�/ /.0 � 2 1 � ' �.1 0 � 0 � 2 �� 2�' 2 � 0 %&0 � , � �C��� � '�/ , � �
� 0�/D' � � 0 � 2�' 2 1 %#0�/ / , � 2
%/ , � ' 4 ' � 0 /�2 � 2�' / 2�' �.1 0��

d_I 4 >@8MLJLJRSL � �98;: ~ �98;:JL � �98;:JL � � �i8;:JL
� ��� � a)(43 �0� a � ~ � a)( � �u� a ~ 3 � a � ? �0� a ��� � a)Y � �0� a)( �
� " > h> # � a ���x�0� a 3 � � a � � � a � � a)Y �Q�0� a 3 � � a � �K� a �
� " 6 h6 # Y]a 3 � �0� a ?]� �]a)Y � � a � � � a ? �0� a ? ? a 3 �K~ a)�
� > � a � ? �0� a 3 � � a �Q� � a � � a)Y � � a)( 3]a �Q� � a)(
� > h> ? a � � � a ? � a ? � � a ? ? a �Q�K~ a �
�+6 h6 � � a ? � � a � � � a � �K� a � � � a ? �?~ a �
� ���i8;:JL � a)� �Q�0� a �7� � a ~ � �u� a ~ ? � a ? ( �0� a ~ � ~ a � �x�0� a � 3

��� � � � �����[/ � ��� � ��� �
� � �3/ � ��� � ��� / �[/ �
1 CQL98M>@:JG 4VU 8;WX>;C7>@8YPQ8ML-R	I]`8;8?8ML9:d< 4VUSU `8;8?EDCFI /


 � �� r /
1 ��U� ��/ W<3 � 1 �4U 7 / 1 �4U 7 $�� 7	�

r /
1 �4U
 4 � 4 [ / 1

�4U
��� 9

/ W83 � 1 �4U 7 / 1 ��U 7 $�� 7
�
" (]a)(]a ~ #

- � ; 
6	� 6 8MLJ:dNH8 U	4 P 6 IJ8K8ML9:JGOPv`8A< 2 `8;f_`8 U 8MPg8 U :JLc: h:d<SC U L=NH8?N 4 :=<	8?< 4VUSU `8;8MLdL]`8MNH8M>@:JG 4VUSU `8;8ML;a
- � ; 
m � 6 � 8ML9:�NH8 U	4 P 6 IJ8�< 2 `8;f_`8 U 8MPg8 U :JL�<SC U L�NH8ML�< 4VUSU `8;8ML�I]`8;8MNZNH8ML�LJCF:JGZLJ��C7GZL-C U :�: 4 RSL�NH8ML�>@I-GZ:@q8;I-8ML�<	8
L]`8MNH8M>@:JG 4VU a
- � ; 
4 � : 8ML9:KNH8 U GHf78MC7Rt8ML9:JGZP�`8g<	8ML 6 IkRSGH:JLc<	8Y� 4VU <�<SC U LcNH8QN 4 :T<	8Q< 4VUSU `8;8MLKL]`8MNH8M>@:JG 4VUSU `8;8ML;a � N 8MLJ:c8MLJ:JGZPv`8
EDCFI=NZ8ML=<SG��d`8;IJ8 U :98MLzPv`8;:JB 4 <	8MLd<�`8M>@I-GZ:98MLzC7R	E�CFI-CMfFC U :;a
/ g*# ; � ; 
 8ML9:dN 2 8;W�>;C7>;GH:u`8Y<	8?EDI]`8MLu`8MNH8M>@:JG 4VU <DRxLJGHr U C7N e]8MLJ:JGZPv`8;8AEDCFIzNZCQLJGZPbRSNZCF:JG 4VU a
/ � ; 
 8ML9:zN 2 8;WX>;C7>;GH:]`8AI-8MNZCF:JGHf78A< 2 `8;:JGZ\]R	8;:JCFr78b<SRxLJGHr U C7Np: h:Me	8ML9:JGZP�`8;8YEDCFIdNZCQLJGOPYRSNOCF:JG 4VU a$�� 8ML9:dNH8KIkCFESE 4 IJ:[< 2 8MP 6 I-C U >-BS8MPQ8 U :z<	8ML[EDC7GHI-8ML=<	8K: 4 E�<DC U L[NH8?>;C U C7N > 4VU LJGZ<�`8;I^`8+?9N �#�i8;:JL C^a
� 8ML9:=NZCQNZRDPgG U	4 LJGZ:u`8KG U :u`8;r7I]`8;8Q<	8ML=< 4VUSU `8;8MLMa

%l8;E�8 U <SC U :;e]- � ; 
4�� : <�`8;E�8 U <t<S8�
 6	� 6 a�� U 8 �p8;:;enGZN G U >;NZRS:dNH8MLT> 4VU :9IkG 6 R	:JG 4VU Lz<	8MLc� 4VU <SL � � �i8;:JLT\]RSG
<�`8;Ep8 U <	8 U :A<	8H- 6�� 6 " %�� a EDCFIJ:JGH8H(]a � a ~ # a � 8�EDNZRSLMe - 4 � :�8ML9:bL98 U LJG 6 NH8gC7RCN�f�CFIkGZCF:JG 4VU LYL9:JCF:JGZL9:JGZ\]R	8MLY<	8ML
< 4VUDU `8;8ML " %�� a]EDCFIJ:JGZ8u(]a)(]a ~ # 8;:=C7RnN�G U >@8;IJ:JGZ:JRS<	8ML�L � LJ:u`8MPXCF:JGZ\uRS8ML[8 U r `8 U `8;IkC7N}a^d 4 R	I=PQ8MLJRSIJ8;I[NZCYLJ8M>@:JG 4VU
8;WX>;C7>@8�CMf78M>�: 4 R	:98MLb>@8MLA> 4VU :9I-C7G U :98MLY<SC U L?N 2 8ML9:JGZPXCF:JG 4VU <	8MLA� 4VU <DL;eo:9I 4 GZL?P�`8;:JB 4 <	8MLbL 4VU :AR	:JGZNOGZLu`8;8ML�/
R U 8dPv`8;:JB 4 <	8c<DGH:98 ?9>;NZC7LJL-GZ\uRS8 C^euR U 8zPv`8;:JB 4 <S8c<	8zfuIkC7GZL98MP 6 NZC U >@87eV8;:lR U 8zPv`8;:JB 4 <S8c<	8zfuIkC7GZL98MP 6 NZC U >@8
Cmf78M>?EDCFI-C7Psq8;:9I-8MLz<	8 U RSGZL-C U >@87a
b��qb���� � �� * . 
 � � �)* ���� (+* ��� �

%l8;:9:98XPv`8;:JB 4 <	8g8ML9:ARS:JGZNZGZL]`8;80ESI-G U >;GHEDC7NH8MPg8 U :cE 4 R	IKf_`8;I-G �S8;I?NH8MLKI^`8MLJRDNH:JCF:JLA<	8MLAPv`8;:JB 4 <S8ML?<	8Qf]I-C7G B
L98MP 6 NZC U >@87a �3NZNH8cI^`8;E 4VU <vqCQNZC0EDIJ8MPgG}q8;IJ8K<SGHW�>;RSNH:u`8?\uRDG�8MLJ:dN 2 8ML9:JGZPXCF:JG 4VU <SRy� 4VU < � � �98;:JL=<�`8;Ep8 U <SC U :
<	8 
 6	� 6 a d 4 R	I�>@8MNOC^e 4VU LJRSESE 4 L98=R U 8[fFC7NH8MR	I_E 4 R	I 
 6��6 r ? E 6 \uRSGDL98;IJ:cqCA��C7GHI-8=R U 8=ESI-8MPgG�q8;IJ8[8ML9:JGZPXCF:JG 4VU
<SR U GHf78MC7R0<SRY� 4VU < � � �i8;:JLMa � U LJRSGZ:987e�R U 8�fFC7NH8MR	I E 4 R	I 
 6	� 6 8ML9:jPQ8ML-R	I]`8;8[8 U R	:JGZNZGZL-C U :�NOCd� 4 I-PbRSNH8K(]a)(]a ~ e
qC�N 2 C7GZ<	8X<DR U	4 P 6 IJ8X: 4 :JC7N�< 2 `8;f_`8 U 8MPQ8 U :JL 476 L98;IJf_`8MLY8;:b<SR U GHf78MC7R�: 4 :JC7N�8ML9:JGZP�`8y<	8ML 6 I-RSGH:JLA<	8X� 4VU <oa
%�8;:9:98 U	4 R	f78MNZNH8KfFC7NH8MR	I=<S8�
 6��6 L98;IJ:YqCgIJ8M>;C7NZ>;RSNH8;I=NZ8 U GHf78MC7Rx<SRx� 4VU < � � �98;:JL;eS8;:zC7G U LJGp<	8?LJRDGH:987a

� U I^`8MGH:]`8;I-C U :�>@8;:9:98�ESI 4 >D`8M<SR	IJ87e=NZCwL98M>@:JG 4VU 8;WX>;C7>@8v:ih:�L98�LJ:JC 6 GZNZGZLJ8tIkCFEDGZ<	8MPQ8 U :;a 1 8ML U	4 P 6 IJ8ML
< 2 `8;f_`8 U 8MPQ8 U :JL 476 L98;IJf_`8ML[<SC U L3NZ8ML�< 4VUDU `8;8ML38;:�ESI^`8M<SGH:JL�L 4VU :�C7N 4 I-LQ`8;rVC7RCNpa � U P 4�� 8 USU 8z:9I 4 GOL�GH:]`8;I-CF:JG 4VU L

� � Y



L 4VU :[LJR	WXL-C U :98MLlE 4 R	I[CMf 4 GZIdR U 8TfFCFI-GZCF:JG 4VU <	8KNZC0L98M>@:JG 4VU 8;W�>;C7>@8AG U �M`8;I-GH8MR	IJ8TC7RyE 4 R	I B >@8 U :;a 1 CbfFC7NH8MR	I
� U C7NH8t<S8 
 6 � 6 U 8�<�`8;E�8 U <�EDC7Ls<	8�NZC�f�C7NZ8MR	IxG U GH:JGOC7NH8�<	8 
 6 � 6 a 1 8MLx<	8MRCN�PQ8MLJR	IJ8MLs<DC U LsNH8MLs>;C U C7RCN
?i8�� � � �98;:JL&C^e ?BA$� � � �98;:JL&Cg8;:cNH8MR	I-LzG U >@8;IJ:JGH:JRD<	8ML=L 4VU :z> 4 P 6 G U `8;8MLzE 4 R	Iz< 4VUDU 8;IdNH8?I^`8ML-RSNH:JCF:T<SC U L
NH8?>;C U C7N2?9N ��� � �98;:JL&C^a
b��qb���� � �� * . 
 � � � � � � (�� �o� d � � (]� ,C�
� U <	8ML|G U > 4VU f_`8 U GH8 U :JL|<S8{NZC�P�`8;:JB 4 <	8�ESI^`8M>�`8M<	8 U :98 8ML9:|\]R 2 8MNZNH8 U 8�ESIJ8 U <�EDC7L|8 U > 4 PQES:98�NH8ML

> 4 IJI^`8MNOCF:JG 4VU L0N 4 I-L0<	8yNZC|> 4 P 6 G U C7GZL 4VU <	8ML0<SG��d`8;I-8 U :JLQ>;C U C7RnNv< 2 C U C7N � L98ML;a 1 CtP�`8;:JB 4 <	8s<	8�fuI-C7GOL98MPMB
6 NOC U >@8K<�`8M>@I-GH:98YGO>;GoCv`8;:u`80<�`8;f78MN 4 ESEl`8;8bE 4 R	I[IJ8MP�`8M<SGZ8;IbqCg>@8?ESI 476 N�q8MPQ87a

%l8;:9:98dPv`8;:JB 4 <	8=<SGZLJL 4 >;GH8[N 2 C U C7N � LJ8�8 U \]RSCF:9IJ8=L 4 RSL�B C U C7N � L98MLj8WN	>;NZRSL-GHf78ML�/ ?i8�� � �98;:JL&C^e ?BA � � �98;:JL&C^e
?i8���� � �98;:JL&C=8;: ?BA$��� � �i8;:JL&C^a
%�8MNZC[8MLJ:�E 4 LJLJG 6 NH8�EDRSGZLJ\]R	8_NH8ML U GHf78MC7RCNK<	8ML � 4VU <SLo8;: <S8�LJGHr U C7N 4VU :K`8;:u`8
`8;fFC7NZR�`8MLTLu`8;EDCFI]`8MPQ8 U :KE 4 RSId>@8MLz\]RSCF:9IJ8bC U C7N � L98ML;a 1 8MLc> 4 PQE 4 LJGH:JG 4VU L=IJ8MNZCF:JGHf78MLc<	8YL-GHr U C7No8;:T<	8ML 6 I-RSGH:JL
<	8c� 4VU <yL 4VU :=<DG��d`8;IJ8 U :98ML=L98MN 4VU NZ8ML�>;C U C7RCN�a d 4 R	I=>@8ML[<S8MRCNXI-C7GZL 4VU L;e^GZN�8ML9:[CMfFC U :JCFr78MRCN|<S8cPQ8ML-R	IJ8;I[NZC
L98M>@:JG 4VU 8;W�>;C7>@8X> 4 PgPQ8QNZC�> 4 P 6 G U C7GZL 4VU <	8MLTL98M>@:JG 4VU Lc8;WX>;C7>@8MLA<	8MLT\]RSCF:9IJ8Q>;C U C7RCNpa�% 4VU :9I-C7GHIJ8MPQ8 U :
qCx< 2 C7R	:9IJ8MLbC U C7N � L98MLA<	8�PQ8MLJR	IJ8�<	8XL98M>@:JG 4VU 8;WX>;C7>@8�: h:H_`(43 a e NZCxL]`8;EDCFIkCF:JG 4VU 8 U � 4VU >@:JG 4VU <DR U	4 P 6 IJ8
<	8��98;:JLy`8;:JGZ\]R	8;:u`8ML 6|Un2 8ML9:[EDC7Ll��C7GH:98K8 U I-C7GZL 4VU <DRsPgC U \]R	8K<	8?L9:JCF:JGZL9:JGO\uR	8K<SC U L[NH8ML[< 4VUSU `8;8MLu/SR U L98MRSN
`8;f_`8 U 8MPQ8 U :c8ML9:d< 4 R 6 NH8MPQ8 U :�`8;:JGZ\]R	8;:u`87a
1 8sESI-G U >;GHEp8�<	8xNZC�P�`8;:JB 4 <	8�<	8sfuIkC7GZL98MP 6 NZC U >@8y8ML9:X<S8s:9I 4 R	f78;I�R U 8sL98M>@:JG 4VU 8;W�>;C7>@8 
 " : h : # \]RSG

ESI^`8M<DGH:_R UgU	4 P 6 IJ8d: 4 :JC7N�< 2 `8;f_`8 U 8MPQ8 U :JL[Lu`8MNH8M>@:JG 4VUSU `8MLlNH8[EDNORSLjESI 4 >-BS8=E 4 LJLJG 6 NZ8�<SR U	4 P 6 IJ8 476 L98;I-f_`87a 1 C
� 4VU >@:JG 4VU <S8KfuI-C7GOL98MP 6 NZC U >@8K\uR 2 GZNp��C7RD<	I-CQPgClN	GZPgGZLJ8;I�8MLJ:d<	8?NZC0� 4 I-PQ8 /

� " 
 � �� # r b
���������	��

�������
������������

�������

b
� �������
��� �������

� " /
W<3 � 
 � / X � 1 � 
 � �� # " (]a)(]a � #

� q��- g # ; m �"! - h 4 �$# �&% !�'�� #)( ��*�!�+ f ��,-� % !/.0� # %	� ,213'�� #�46587�"9 7� % ��,-� % ! #:( ' 7� 4 +;! # �"! � 1 # �"'�9 7� #/( � � '�*�<>=?* � % �
4 � #A@ � =B!)'��C= % =?. � # � #"D �"! � � # ! � % �FE �&% *�!�+ �&% 4 � ( ' � 13=B13+;.;+;! 7� = 4 = ( ! 7�"�HG= %	� !)'�� ( ' � 13.IG��,J� / ��.;.;� 4 �&%>% �.;= ( ' � 13=B13+K.;+0! 7�-= #�# � *"+ 7�"�LG=M.;= ( ' 7� 4 +;*�!�+ �&% 4 � /

W<3 � 
 7�"9 7� % ��,J� % ! #-# =?*�<3= % ! @ � � / X � 1 7
�"9 7� % ��,-� % ! # �&% !

7�"! 7� � 1 # �"'�9 7� #�N % �"!)!)� ( ' � 13=B13+;.K+0! 7� # � +0! � % �O. � + 4 � d � + #�# �&% N
% �"!)!)�P, 7�"!�< � 4 � 4 � +0! # �Q13= # �"' # � ' 4 � #R7��*�<>= % !�+;.;. �&% # + % 4:7� ( � % 4 = % ! #S# !�=B!�+ # !�+ @ � ��,J� % ! NUT � #
7�"9 7� % ��,J� % ! #$( ' 7� #�7��.;��*�!�+ �&%>% 7� # � � #V7��.0��*�!�+ �&%>% 7� #�D $ +-,.,*/.0 ( � � $ 2�' 44- 2 ( # �&% ! %	�&% 4 + # � � + % ! # =�9?��* 4 � # * � '�' 7��.;=B!�+ �&% #
4 = % # .;� � ' # + % *��"'�!�+;! � 4 � # # !�=B!�+ # !�+ @ � � # / .0� #W7�"9 7� % ��,J� % ! # $ 2�' 44- 2 ( # �&% !O+ % *". � #X4 = % # .0� # $ +-,.,*/.0 ( D �"!2.0� #
7�"9 7� % ��,J� % ! #M#V7��.0��*�!�+ �&%>% 7� #M# �&% !Y+ % *". � #Z4 = % # .0� #[7�"9 7� % ��,J� % ! #\( ' 7� #�7��.0��*�!�+ �&%3% 7� #"N]T/5 = % =?. � # �W� # !Y=?. � ' #'��"E � '�, � . 7�"�2=�9?��*2.0� #^@ � =B!)'�� %>� � 9?��.;.0� # 9B=B'�+;=B1�.0� #A# � +09B= % !)� # /

1 .0� %	� ,C1>'�� 465�7�"9 7� % ��,J� % ! # $ 2�' 44- 2 ( =�9?��* � � �"! 7�"!�+ @ � �"! 7� ' " - �698;:=<&6 # "
1 .0� %	� ,C1>'�� 465�7�"9 7� % ��,J� % ! # $ 2�' 44- 2 ( =�9?��* �`_�� �"! 7�"!�+ @ � �"! 7�21 " - Z  6
8;:=<&6 # "
1 .0� %	� ,C1>'�� 465�7�"9 7� % ��,J� % ! # $ + ,., / 0 ( ,-=?+ #^( = # $ 2�' 4�- 2 ( =�9?��* � � �"! 7�"!�+ @ � �"! 7�21 " - �
 h)h � ; 57698;:=< 6 # "
1 .0� %	� ,C1>'�� 465�7�"9 7� % ��,J� % ! # $ + ,., / 0 ( ,-=?+ #^( = # $ 2�' 4�- 2 ( =�9?��* �`_�� �"! 7�"!�+ @ � �"! 7�21 " - Z  
 h)h � ; 576
8;:=<&6 # N

� 9?��*-*��a*�<>= %	b ��,J� % ! 4 �J9B=B'�+;=B13.;� # �"! ( � � 'O.0� #F@ � =B!)'��-= % =?. � # � #"D +;.cEd= � !F,-= N +;,-+ # �"' � % ( ' � 4 � +0! 4 �
# ��+

�

� ( ' � 13=B13+;.K+0! 7� #
( � + #�# �&% +0� %>% � #e# ��. �&% .0�f! � ( � 4 � .0� ( ! �&% " 7��.0��*�!)' �&%-� � , � �&% # D
.;=g, � .0!�+ ( .K+;*"+0! 7�h� % � �"! #

" !)' � + # � N *". � # +09?� # � � @ � =B!)'��g+ % *". � # +09?� # # D
.;= @ � =?.;+0! 7� 4 � .0� ( ! �&% #V7��.0��*�!�+ �&%>% 7� " ? . ��� # � B !�+ b <V! C � � ? !�+ b <V! C #

_�i �



�"!].;� %	� ,213'�� 4 � � �"! #Z7�"!�+ @ � �"! 7� # ' " � 7�"' � � � = � , � + % # � % # /

� " 
 � �� # r b
���������	��

�������
���������	��

�������

b
� �������
��� �������

b
� � � ������� ����� �8�	� ��
���
 ���
� � � ��� ������
���
 ���

b
��� � �����
��� � � �����

� " /
W<3 � 
 � / X � 1 � 
 � �� # " ( N ( N i #

=�9?��* � "�� � / # r
����� � \����� N

% � ( � % 4 = % ! D .0� %	� ,C1>'�� ! � !�=?. 465�7�"9 7� % ��,J� % ! # $ 2�' 44- 2 ( =�9?��* � _ � �"! 7�"!�+ @ � �"! 7�-1 - Z  ! g # ; m698;:=< 6 4:7� ( � % 4
4 � %>� ,21>'�� 46587�"9 7� % ��,-� % ! # , � .0!�+ � �"! #"D>@ � + . � + , ���,J� 4:7� ( � % 4H4 � - Z  ! g # ; m698;:=< 6 / " ? = � !)'�� # E �&% 43# C + % 4 + @ � �! � � # .0� # E �&% 4># = �CN ( =?+0'�� #]4 � @ � =B' � # ! � ( = �CN � N *�� ( !�+ �&% #^4 � # E �&% 43# , � .0!�+ � �"! # �"! � � �

�"! # #

/
Z  ! W<3 � 
� S:9
; � r /

Z  "$#&%  � S:9
; � " /
Z  ! W<3 � 
� S:9
; � #

� /
Z  ' �)( � � 1  � S:9
; �

� /
Z  4�6 � 3 � 1 5 X�Y 
 1  � S=9$; �

� /
Z  � ��  � S=9$; � " 
 " �+*� # #

Th5 = # ! � *�� * �&% # + # !)�h=?. � ' # G= 7��*�'�+0'��/! � � !)� # *�� # * �&% !)'�+;1 � !�+ �&% # � % E �&% *�!�+ �&% 4 � # %	� ,C1>'�� 465�7�"9 7� % ��,J� % ! # ! *
! �"!

4 � # = � !)'�� # 1>' � +;! #g4 � E �&% 4 $ 2�' 44- 2 ( �"! 4 � # !)' � + # = � !)'�� #F( =B'�=?,YG�"!)'�� # b ' �=?*��-= �CN 4 + � 7�"'�� % !)� # '���.K=B!�+ �&% #+ #�# � � #A4 �O.;=J, 7�"!�< � 4 � 4 �O.;=J,-=B!)'�+K*�� N3T �2*"=?.K* � . _ ?�,la E � � ' % +;! /

/
Z  ! W83 � 
� S:9
; � r - / �  

X � 1� S:9
; � [ - ' / �  
X � 1U X-X21 � 5 � S:9
; � ��' /

Z  ! X � 1U X-X21 � 5 � S:9
; � " ( N ( N ( #
�
/ Z  4�6 � 3 � 1 5 X�Y 
 1  � S:9
; � [ / Z  ' �)( � � 1� /

Z �� 
 5 � /
Z  � �� [ / Z  ' �)( � � 1

� /
Z �� ��  � S:9
; � " 
 " �+*� # #=�9?��* /

- r / 1 ��U' �)( � � 1
_ [ / 1 �4U' �)( � � 1

' r / 5 4�687
_ [ / 5 4
687

� r / 2�324 S " _ [ / 5 4
687 # " _ [ / 1 ��U' �)( � � 1 #
% �"!)!)�f, 7�"!�< � 4 � ( �"'�,J�"!c= � #�# + 4 �A*"=?.;* � .0�"'$. 5 +;, ( =?*�! 4 � # + % *��"'�!�+;! � 4 � #
# � # ! 7��,-=B!�+ @ � � #h# � 'c.;= # ��*�!�+ �&%�/.a*"=?*�� N>T = #�7� ( =B'�=B!�+ �&% � % @ � =B!)'�� # � � # B = % =?. � # � # � # !A+ % ! 7�"'�� #�# = % !)�O*"=B'A.0� # * �&% !)'�+;1 � !�+ �&% # 4 � #f# + b&% = �nN�"! 4 � # 1>' � +;! #Z4 �LE �&% 4 9 =B'�+;� % ! 4 + � 7�"'���,-,-� % ! N % <>= @ � � # � � '�*�� � # ! 7�"! � 4 + 7�"� + % 4 +09 + 4 � ��.K.0��,J� % ! D � %Ed=?+ # = % !]9B=B'�+0�"' # �&% �"'�'�� � ' 4 � � _ 
 �"!g� % '���*"=?.;* � .;= % ! .0� # �/.a*"=?*"+0! 7� #O4 � ( ' 7� #�7��.0��*�!�+ �&% D 4 � #V7��.0��*�!�+ �&% �"!.0� %	� ,C1>'�� 4 �Y1>' � +;! #C4 �YE �&% 4 , � .0!�+ � �"! # �"! � � �

�"! #"N10 % � %	� � 9?��.;.0� # ��*�!�+ �&% �/. *"=?*��\,-= N +;,-+ # �Z.;=
( ' � 13=B13+;.;+;! 7� 4 � 9V'�=?+ # ��,C13.;= % *�� N	T = 4 + � 7�"'�� % *��F� % !)'��O*��"!)!)� %>� � 9?��.;.0�g9 =?.;� � 'f�"!^.;= 9 =?.0� � 'f*�� % !)'�=?.0� # = % #
# � # ! 7��,-=B!�+ @ � � # 4 �&%>% �]. 5 �"'�'�� � '/= #�# � *"+ 7�"� N T/5 + % *��"'�!�+0! � 4 � # � # ! 7��,-=B!�+ @ � �X! � !�=?.0�]� # ! � 1>!)� % � �^� % = � � � !�= % !
@ � = 4 '�=B!�+ @ � ��,-� % !f! � � !)� # .0� # �"'�'�� � ' #^# � # ! 7��,-=B!�+ @ � � # " 9 � +;' ( =B'�!�+0� ( N ? # N

b32qb329> � �4 * . 
 � 4 � 4 � � (���5 4 d � � (76 ,84 ( � 4-, ��( � (!d:94 * �;4 5 � 4 6 � �<5 (&6 ,84

% �"!)!)�g, 7�"!�< � 4 �X� # ! � !�+;.;+ #�7�"� ( � � ' � 1>!)� % +0':.;=O9B=?.0� � ':*�� % !)'�=?.;�]�"!f. 5 �"'�'�� � ' ! � !�=?.0�g� % !)� % = % !:* � , ( !)�
4 �M! � � !)� # .0� # + % *��"'�!�+;! � 4 � #a# !�=B!�+ # !�+ @ � �\�"! # � # ! 7��,-=B!�+ @ � �L=?+ % # + @ � �M.0� � ' # * � '�' 7��.;=B!�+ �&% #"N � � � !)� # .0� #

_�i>_



+ % *��"'�!�+0! � 4 � # # �&% !2.;=?+ #�#V7�"� # .;+;1>'�� # 4 � � � *�! � �"'O= � ! � � ' 4 �-.;� � ' # 9B=?.0� � ' # , � � � %>% � #"D �"!2.;= ( ' � 13=B13+;.;+;! 7�
4 �Y9�'�=?+ # ��,C13.;= % *��Z� # !a=?. � ' # ( �&% 4:7�"' 7�"� ( =B'a.;= ( ' � 13=B1�+;.;+0! 7� @ � �H*��"!)!)� � � *�! � =B!�+ �&% # � '�9 +0� %>% � N � + % # +
( � � ' � % � # � � '�*�� # � # ! 7��,a=B!�+ @ � ��� 4 � 9 =?.;� � '^,J� # � ' 7�"��� � �"! 465 �"'�'�� � 'f= #�# � *"+ 7�"� 
 � D .;= ( ' � 1�=B13+;.;+0! 7� 4 �9�'�=?+ # ��,C13.;= % *��g� # ! /

� " 
 � �� � �� � # r b
���������	��

�������
���������	��

�������

b
� �������
��� �������

b
� � � ����� � ����� �8�	� ��
���
 ���
� � � ��� � � ��
���
 ���

b
� � � �����
��� � � �����

� " /
W<3 � 
 " � � # � / X � 1 ��
 � �� #$7�� � "

� � #

" ( N ( N 3 #
� � " N � # � # !].;= ( ' � 13=B13+;.K+0! 7� %>� '�,-=?.0� ( � � '^.;= 9B=?.0� � ' N � / � " N � # r �

5��	�
 	�
 	� N
- " N � # !�+0� % !^* � , ( !)� 4 �O.;= %	� � 9?��.;.0�O* � , ( � # +0!�+ �&% � % # + b&% =?. �"!^13' � +0! #f4 �FE �&% 4 4 � � G=J.K= 9 =B'�+K=B!�+ �&% 4 �� � # � '^.;= # � # ! 7��,-=B!�+ @ � ��� N

% �"!)!)� ( ' � * 7� 4 � '�� 4 �2,-= N +;,-+ # =B!�+ �&% � # !X� � ��*�! � 7�"� # � +0! ( =B' b ' � � ( � #]4 � # � # ! 7��,a=B!�+ @ � � #"D # � +0! ( � � '! � � !)� # .0� #H# � � '�*�� #\465 + % *��"'�!�+0! � 4 � # # !�=B!�+ # !�+ @ � � # �"! # � # ! 7��,a=B!�+ @ � � # � % , ���,J� !)��, (�# " ( . � # 4 � ,����
# � � '�*�� # # N�� = % # *�� #H4 � �CN *"= #"D � % � %	� � 9?��.;.;�W9B=?.0� � ' *�� % !)'�=?.0� 4 �L.;= # ��*�!�+ �&% �/. *"=?*�� � # !Y!)' � � 9 7�"� N
T = 4 + � 7�"'�� % *��X� % !)'�� .;=29 =?.0� � ' *�� % !)'�=?.0� =�9?��* �"! # = % # . 5 � � �"! 4 � # + % *��"'�!�+0! � 4 � #/# � # ! 7��,-=B!�+ @ � � # � # ! %	� ! 7�"�

$ � 1 +�+ ( N
T � # ' 7� # � .;!�=B! #]4 �O*��"!)!)� , 7�"!�< � 4 � # �&% ! ( ' 7� # � % ! 7� #X4 = % # .;= ( =B'�!�+0� ( N ? N

����� � ��� � � � �(��	������ ��� � ������ �
� ��� 	����
� = % # *��"!)!)� ( =B'�!�+0� # �&% ! ( ' 7� # � % ! 7�"� # .0� #Y# � � '�*�� #Y465 �"'�'�� � ' # # � # ! 7��,-=B!�+ @ � � # ( � � 9B= % ! = � ��*�!)�"'\.;=

# ��*�!�+ �&% �/.a*"=?*�� 
�� ! * !! C,J� # � ' 7�"� N�� � Ed=  * �&% b 7� % 7�"'�=?.0� D . 5 �"'�'�� � ' # � 'J.;= # ��*�!�+ �&% �/.a*"=?*�� 
�� ! * !! 2� # ! � 1#"!)� % � � � % Ed=?+ # = % !g9B=B'�+0�"' D 4 � Ed=  * �&% * � '�' 7��. 7�"� 4 = % # .0� #F@ � =B!)'��J*"= % = �CN 4 �J,J� # � '�� D ! � � !)� # .0� #F# � � '�*�� #
465 + % *��"'�!�+0! � 4 � #:4 �%$ _ 
 N � .K.0� #A# �"' �&% !^' 7��*"= ( +0! � . 7�"� #X4 = % # .;= ( =B'�!�+0�'& N ? N
b32 �32�� (�6 ,84�� *	�=*	��� 4 5 5 � � � ( d 4 5 � � 4 � 4�� ( � ��d �<6�
$5 �=* �4

Th5 + % *��"'�!�+;! � 4 � # � '^.;= ,J� # � '�� 4 �F.;=J. � ,a+ %	� # +0! 7�g� # ! 4:7�"!�=?+;.K. 7�"� 4 = % # .;= ( =B'�!�+0�') N ) N & �"!^� # ! 4 � 3 N & l N
�
.;.0� % 5 � # ! * � '�' 7��. 7�"� G=C= � * � % �g= � !)'��g�"'�'�� � ' N � % '�=?+ # �&% 4 �X.;= %	� '�,-=?.K+ # =B!�+ �&% 4 � # E �&% 4>#h( '�+ % *"+ ( = �+* # � '.0� #F4 �&%>% 7�"� # ' 7�"��.;.;� #"D . 5 �"'�'�� � ' # � 'O.;= # ��*�!�+ �&% �/.a*"=?*�� ,-� # � ' 7�"�-� # ! 7� b =?.;��,J� % ! 4 � 3 N & l N � .;.0� 4 �"9�'�=?+0!
��"!)'�� # � (f7�"'�+0� � '�� # +6.0� % +09?��= � 4 � # E �&% 4>#Z7�"!�=?+0! ( ' � ( � '�!�+ �&%>% ��.�G=J.K=J. � ,-+ %>� # +0! 7�F+ % ! 7� b ' 7�"� ,J� # � ' 7�"� N

b32 �32�� (�6 ,84�� *	�=*	��� 4 5 5 � � � 4 � �4-,��<4 6 , . 4 d 4 6$*

� � � !2* � ,a,J�a.0�-*"=?.;* � . 4 � # �/. *"=?*"+0! 7� # 4 � 4 7��*".0� % *�<>��,J� % ! D .0� � ' # + % *��"'�!�+0! � 4 � #F# �&% !C*"=?.;* � . 7�"� # � %E �&% *�!�+ �&% 4 � # *"=B'�=?*�! 7�"'�+ # !�+ @ � � # 4 � # � 1 � �"! # � .;� ( ! �&% #"D � �"! #  �"! ( =B' % +09?��= � 4 � 4 7��*".0� % *�<>��,J� % ! N d � � '
4 �&%3% �"' � %a� ' 4 '�� 4 � b '�= % 4 � � ' � # � ' .0� # + b&% =?.	! * ! � . ��� �"! #  D .0� 4:7��*".0� % *�<	��,J� % ! # � ' . 587��.;��*�!)' �&% � # ! * �&%>% �G=-, ,=s.� l ( '�G� # � T _ �"! T )/ D , ,=s & l ( � � 'F.0�-, � �&% � T _ �"! T ,  X�"!�, �Cs 3 l ( � � 'F.0� #M7�"9 7� % ��,-� % ! # G=)-�"! i � �"! # � T _ D T , �"! T )/ N T � # * � '�' 7��.;=B!�+ �&% # # � ']*�� # + % *��"'�!�+0! � 4 � #]# �&% ! ( '�+ # � # � % * � , ( !)� . � ' #]4 �2.;=* � ,C13+ % =?+ # �&% 4 � #^4 � �#* *"= % = �#* ? " ��� " � � C �"! ?BA ��� " � � C N
T � # * � � '�1 � # 4 � $ 2 1C� ��	 , � ( � !�+;.;+ #V7�"� #C( � � 'J. 5 = % =?. � # � # �&% ! ( =B'�=?, 7�"!)' 7�"� #a( =B' 4 � # E �&% *�!�+ �&% # 4 �Y! � ( �E �&% *�!�+ �&% 465 �"'�'�� � ' � $ 0 � � (  D � �0$ ' � 230 � � , + � 2�' , � � , +�� �10,�2 ' � + 0 ( N>T � # + % *��"'�!�+0! � 4 � #/# � ':.0� #h( =B'�=?,YG�"!)'�� #f4 �*�� # = �)� # !)��,J� % ! #X# �&% ! ( ' � ( = b 7�"� #X# � '].;= ! � !�=?.K+0! 7� 4 �O.;= E �&% *�!�+ �&% G=-. 5 =?+ 4 � 4 �C.;= E � '�, � .;� # � +09B= % !)��3

_�i ,




�� �  r
����
Y�
S c��

"�� �
� - S 7 
�� -

S  % � � & N 3 N ?  

� � = � � sZsZs �
=
j
 :� # ! � % �FE �&% *�!�+ �&% 4 5 �/.a*"=?*"+0! 7� 4 � 4 7��*".0� % *�<	��,J� % !X=�9?��* % ( =B'�=?,YG�"!)'�� # = �)� # ! 7� # = 8 N 
�� = 8  � # !^. 5 + % *��"'�!�+0! � 4 � # � '^= 8 �"!^� # ! 4 � �aG=-.;= # !�=B!�+ # !�+ @ � �O.;+;,-+;! 7�"�F�"! G=-.;= 4 + #�( �"' # + �&% 4 � # ,J� # � '�� #"N

Th5 �"'�'�� � ' # � ' 
�� � *�  ' 7� # � .0!�= % ! 4 �2*�� # + % *��"'�!�+0! � 4 � # � # ! 4 � _ N ? l N
�32 �329> (�6 ,84�� *	�=*	��� 4 5 5 � � � ( �;4-, 
$6 5�* � � , * �3
$6
���
� 4 � * 4 � � � �
	 ( � � 4

T � # �/.a*"=?*"+;! 7� #J4 �a'���* �&% # !)' � *�!�+ �&% 4 � 9?�"'�!)� * ( '�+;,-=?+0'�� # �&% ! 4 + � 7�"'�� % !)� # 4 = % # .0� #24 �&%>% 7�"� # �"! .;=
# +K, � .K=B!�+ �&% N � .;.0� # �&% !f,-� # � ' 7�"� #^# � ' 4 � #a7�"9 7� % ��,J� % ! # ! � � A A  � � "���� 4

= % # .0� #f4 �&%>% 7�"� # �"!A.;= # +;, � ".;=B!�+ �&% N�T � '�= (>( � '�! 4 � *�� #A4 � �+* �/.a*"=?*"+0! 7� # .�(+*�r / m h#j�j ;); � � / � 1
� # !A= (>( .;+ @ � 7� 4 = % # .;= # +;, � .;=B!�+ �&% � %!�= % ! @ � � E =?*�!)� � 'c* � '�'���*�!�+;E NBT � # 9 =B'�+;=B!�+ �&% #e4 � *��:E =?*�!)� � '$* � '�'���*�!�+0E>� % E �&% *�!�+ �&% 4 � %	� ,213'�� 4 � � �"! #$# �&% !* � , ( =B!�+013.0� # =�9?��* 4 � # � � *�! � =B!�+ �&% #X# !�=B!�+ # !�+ @ � � #�N3T � # + % *��"'�!�+ 4 � 4 � #^# � '].0� # * � '�'���*�!�+ �&% # = (>( .;+ @ � 7�"� # G=.;= # +;, � .;=B!�+ �&% 4 = % # .0� # *"= % = �+* ? � �#� �"! # C �"! ?BA$��� �"! # C # �&% ! 465 � % 9�+;' �&% , l ��. ; � 
 ; 6 �(�* r _ s.��� i $ �Cs.� _�� �"!

. p � 
 ; 6 �(�* r �Cs��
� _ $ �Cs.� , )/ h�"! ( ' � 9 +0� %>% � % !�� #�# � % !�+0��.;.;��,J� % ! 4 �].;= # !�=B!�+ # !�+ @ � �^.;+;,-+0! 7�"� 4 = % # .0� #/4 �&%3% 7�"� #"N
T � # + % *��"'�!�+0! � 4 � #f# � '^*�� # * � '�'���*�!�+ �&% #^# �&% ! # � (3( � #�7�"� #]4 7��* � '�' 7��. 7�"� #X4 �F! � � !)� # .0� # = � !)'�� #A# � � '�*�� #]465 �"' "'�� � ' N � .;.0� # � % !)'�= � � % � % ! � % � 9 =B'�+K=B!�+ �&% 4 � , l 4 �O.;= # ��*�!�+ �&% �/.a*"=?*��C,-� # � ' 7�"� N

�32 �32�� (�6 ,84�� *	�=*	��� 4 5 5 � � ��� �(� 4 6$*	��� , (+* �3
$6 � 4 � � �4��<4-, * � 
$6
T � # �/.a*"=?*"+0! 7� #24 � # #�7��.0��*�!�+ �&% # $ +-,.,*/.0 ( �"! $ 2�' 4�- 2 ( # �&% ! 4 + � 7�"'�� % !)� #O4 = % # .0� # 4 �&%>% 7�"� # �"!F.;= # +;, � ".;=B!�+ �&% N
T � # Ed=?*�!)� � ' # * � '�'���*�!�+0E # b . � 13= �+* # �&% ! . 
 h)h � ; r �Cs�� 3 &�$ �Cs.� _ � ( � � 'C.;= #V7��.0��*�!�+ �&% $ +-,.,*/ 0 ( �"!

.7698;:=<&6�r �Cs �
� � $ �Cs.� _?_ ( � � ' .;= #V7��.0��*�!�+ �&% $ 2�' 44- 2 ( N�� . #C( ' � 9 +0� %>% � % ! 4 � # * � '�'���*�!�+ �&% # � � ��*�! � 7�"� # # � '. 5 �/. *"=?*"+0! 7� 4 �-'���* �&% # !)' � *�!�+ �&% 4 � # 7��.0��*�!)' �&% #"D
465 = #�# � *"+K=B!�+ �&% 4 �a. 587��.;��*�!)' �&% G= � % �J!)'�=?*��a�"!C= � 9?�"'�!)� *
( '�+;,-=?+0'�� D �"! 4 � *�'�+;!�G�"'�� 4 � 9�'�=?+ # ��,C13.;= % *�� N�� <3=?* � % � 4 � *�� # * � '�'���*�!�+ �&% # � # ! # � (>( � #�7�"� 4:7��* � '�' 7��. 7�"�
4 � ! � � !)� # .0� # = � !)'�� #F# � � '�*�� #O465 �"'�'�� � ' N T/5 � � �"! 4 �J*�� # + % *��"'�!�+0! � 4 � # � # ! � % � 9B=B'�+;=B!�+ �&% 4 � .K= # ��*�!�+ �&%�/.a*"=?*�� ,J� # � ' 7�"� 4 � � N & l N

T � # * � '�'���*�!�+ �&% #]# �&% ! 4:7�"!�=?+;.K. 7�"� # *"+ " 4 � #�# � � #"N
� T = 4 + � 7�"'�� % *�� 465 �/.a*"=?*"+0! 7� 4 �g'���* �&% # !)' � *�!�+ �&% 4 5 � % 7��.;��*�!)' �&% 4 = % # .0� #f4 �&%3% 7�"� # �"!A.;= # +;, � .;=B!�+ �&%� # ! 7�"9B=?. � 7�"� # � ' � % 7��*�<>= % !�+K.;. �&% � � � �"�� N	T = ( ' � * +;,-+;! 7� 465 � % � �"! ( � � ! ( �"'�! � 1 �"'h.K=O'���* �&% # !)' � *!"!�+ �&% 4 � . 5�7��.0��*�!)' �&% N�� �"!g� � �"!O= 7�"! 7�-,J� # � ' 7� # � ' 4 � #M7�"9 7� % ��,J� % ! # � � � �"�� 

� _ � �"!g� % E �&% *�!�+ �&%
4 �g.K= 4 + # !�= % *��g� % !)'��O. 587��.0��*�!)' �&% �"!^.0� � �"! � ��� � � � � �"!   N T � '�= (>( � '�! 4 �&%>% 7�"� #A# � ' # +;, � .;=B!�+ �&% � # !* �&% # !�= % ! G=-. 5 + % ! 7�"'�+0� � ' 4 � # � � *�! � =B!�+ �&% #^# !�=B!�+ # !�+ @ � � # 3 . ;# ;�� h r �Cs�� � i $ �Cs.��� � N

� T = 4 + � 7�"'�� % *�� # � ' . 5 �/. *"=?*"+0! 7� 4 5 = #�# � *"+;=B!�+ �&% 465 � % � !)'�=?*��LG= � % � 1 � �"! 7��.0��*�' � ,a= b&% 7�"!�+ @ � � 4 = % #.0� #J4 �&%>% 7�"� # �"!a.;= # +;, � .;=B!�+ �&% � # ! 7�"9 =?. � 7�"� # � ' � % 7��*�<>= % !�+K.;. �&% � � � �"�� N�� �"!)!)� 4 + � 7�"'�� % *��\=
7�"! 7� 7�"! � 4 + 7�"� � % E �&% *�!�+ �&% 4 � ( ;� D ! ; �"! 0 ; N �X� * � % � 4:7� ( � % 4 = % *�� % 5 = 7�"! 7�J* �&% # !�=B! 7�"� N T �2Ed=?*�!)� � '* � '�'���*�!�+0Ec� # ! �Cs�� � ) $ �Cs.���/? N Th5 + % *��"'�!�+;! � 4 � ( ' � 9�+;� % ! 4 �2.;= # !�=B!�+ # !�+ @ � �2.;+K,-+0! 7�"� � � N _ l  ^�"! 4 �2.;=
4 + #)( �"' # + �&% 4 � '�= (>( � '�!C� % E �&% *�!�+ �&% 4 �Y.;= (�# � � 4 � "�'�= ( + 4 +0! 7� ! ; �"! 4 �Z. 5 = %	b .0� = � +K, � !�=?. 0 ; 4 �. 587��.0��*�!)' �&% � � N ? l  N

� T �C*�'�+0!�G�"'�� 4 �29�'�=?+ # ��,C13.;= % *�� 4 �C. 587��.;��*�!)' �&% � # ! ( . � # �/.a*"=?*�� 4 = % # .;= # +;, � .;=B!�+ �&% @ � � 4 = % # .0� #
4 �&%>% 7�"� #"N T �CE =?*�!)� � 'F* � '�'���*�!�+0E��"! # � # + % *��"'�!�+0! � 4 � #X# �&% !g,J� # � ' 7� # * � ,a,J� ( � � 'g. 5 = #�# � *"+;=B!�+ �&% G=

� % � !)'�=?*��2�"!]9 = � !�3 �Cs�� _ , $ �Cs.��� , N

_�i )



� T/5 = #�# � *"+;=B!�+ �&% 4 �O. 587��.0��*�!)' �&% = � 9?�"'�!)� * ( '�+;,-=?+;'��X� # ! ( . � #:( �"'�E � '�,-= % !)� 4 = % # .;= # +K, � .K=B!�+ �&% N T �'�= (>( � '�! 4 �&%>% 7�"� #-# � ' # +;, � .;=B!�+ �&% � # !-,J� # � ' 7� # � ' � % 7��*�<3= % !�+;.K. �&% � � � �"�� N � = 4 7� ( � % 4 = % *��� % E �&% *�!�+ �&% 4 �M.;= , � .0!�+ ( .;+;*"+0! 7� � % � �"! # � # ! E =?+01�.0� �"!a� # !Y* � , ( =B!�+;13.0�\=�9?��* 4 � # � � *�! � =B!�+ �&% #
# !�=B!�+ # !�+ @ � � #"N?T �:Ed=?*�!)� � 'h* � '�'���*�!�+0E3� # ! 4 � �Cs��
� � $ �Cs.��� _ N T/5 + % *��"'�!�+0! � 4 �:� # ! 465 � '�+ b + % � # !�=B!�+ # !�+ @ � � N

�32 �32 � (�6 ,84�� *	�=*	��� 4 5 5 � � ��� �(� 4 6$*	��� , (+* �3
$6 � � 	 � 
$6

T � # �/.a*"=?*"+0! 7� #]4 � #f#�7��.0��*�!�+ �&% # $ +-,.,*/.0 ( �"! $ 2�' 4�- 2 ( # �&% ! 4 + � 7�"'�� % !)� #A4 = % # .0� #:4 �&%>% 7�"� # �"!A.;= # +;, � .;= "!�+ �&% N�T � # Ed=?*�!)� � ' # * � '�'���*�!�+0E # b . � 13= �+* # �&% ! 4 � �Cs�� 343 $ �Cs.� ix� ( � � '
.;= #V7��.0��*�!�+ �&% $ +-,.,*/.0 ( �"! �Cs�� & � $ �Cs.� i ?
( � � '�.;= #�7��.0��*�!�+ �&% $ 2�' 4�- 2 ( N
� . #$( ' � 9 +0� %>% � % ! 4 � # * � '�'���*�!�+ �&% # = (>( � '�! 7�"� # G=F. 5 �/.a*"=?*"+;! 7� 4 �f'���* �&% # !)' � *�!�+ �&%
4 � # , � �&% #"Dc4 �Y. 5 = #�# � *"+;=B!�+ �&% G= � % � !)'�=?*��Z�"! = � 9?�"'�!)� * ( '�+;,-=?+0'�� D
4 �Y.;= @ � =?.;+0! 7� 4 � # !)'�=?*�� #"D �"! 4 �*�'�+;!�G�"'�� 4 5 + # � .;=B!�+ �&% 7� % �"' b 7�"!�+ @ � � 4 � # , � �&% #"N � <>=?* � % � 4 �Y*�� # * � '�'���*�!�+ �&% # � # ! # � (>( � #V7�"� 4:7��* � '�' 7��. 7�"�
4 � ! � � !)� # .0� # = � !)'�� #F# � � '�*�� #O465 �"'�'�� � ' N T/5 � � �"! 4 �J*�� # + % *��"'�!�+0! � 4 � # � # ! � % � 9B=B'�+;=B!�+ �&% 4 � .K= # ��*�!�+ �&%�/.a*"=?*�� ,J� # � ' 7�"� 4 � _ l N

T � # * � '�'���*�!�+ �&% #]# �&% ! 4:7�"!�=?+;.K. 7�"� # *"+ " 4 � #�# � � #"N
� T = 4 + � 7�"'�� % *�� 465 �/.a*"=?*"+;! 7� 4 � '���* �&% # !)' � *�!�+ �&% 465 � % , � �&% 4 = % # .0� #C4 �&%>% 7�"� # �"! .;= # +;, � .;=B!�+ �&%� # ! 7�"9B=?. � 7�"� # � ' � % 7��*�<>= % !�+K.;. �&% ��� � A A  N�T �O'�= (>( � '�! 4 �&%>% 7�"� #X# � ' # +;, � .;=B!�+ �&% � # !]*"=?.;* � . 7�C� %E �&% *�!�+ �&% 4 � ( p� D ! m ; 6 �"! 0 m ; 6 N �g� * � % � 4 7� ( � % 4 = % *�� % 5 � # ! * �&% # !�=B! 7�"� N>Th5 + % *��"'�!�+;! � 4 �^= #�# � *"+ 7�"�g� # !13= #V7�"� # � '^.;= 4 + #)( �"' # + �&% 4 � # ,J� # � '�� # � % ! m ; 6 N3T =-* � '�'���*�!�+ �&% � # ! 4 � _ s.��� $ �Cs.� i N
� T = 4 + � 7�"'�� % *�� # � '-. 5 �/.a*"=?*"+0! 7� 465 = #�# � *"+;=B!�+ �&% 465 � % �Y!)'�=?*�� 4 = % # .0� #J4 �&%>% 7�"� # �"!-.;= # +;, � .;=B!�+ �&%� # ! 7�"9B=?. � 7�"�\G= ( =B'�!�+0' 4 � , � �&% # '���* �&% # !)' � +0! # � % + @ � ��,J� % ! G= ( =B'�!�+0' 4 � # *�<>=?,C1>'�� # G= , � �&% # �"!
4 � #f4 7� ( �� ! #^465�7� % �"' b +;� 4 = % # .0� *"=?. � '�+;, G�"!)'�� N>T � '�= (>( � '�! 4 �&%>% 7�"� #^# � ' # +K, � .K=B!�+ �&% � # !^*"=?.;* � . 7� � %E �&% *�!�+ �&% 4 � ( p� D ! m ; 6 �"! 0 m ; 6 �"! ( � � 'X!)' � + #](f7�"'�+ � 4 � #g4 � 4 �&%>% 7�"� # � % '�=?+ # �&% 4 � # *�<3= %	b ��,J� % ! #
4 = % # .0� #A( =B'�=?,YG�"!)'�� #]4 �F'���* �&% # !)' � *�!�+ �&% 4 � # !)'�=?*�� # �"! 4 � # , � �&% #�N>T �OEd=?*�!)� � ']* � '�'���*�!�+0Ee� # ! 4 �
�Cs�� �
� $ �Cs.� ) N T/5 �"'�'�� � '^! � !�=?.0� � # ! 4 � �O= �+* 9B=B'�+;=B!�+ �&% # � % ! m ; 6 �"! 0 m ; 6 � , N & l  D � % ( p� 4 = % # .0� #
4 �&%>% 7�"� # ��_ l  D .0� # + % *��"'�!�+0! � 4 � #�# � 'h.0� # * �&% !)'�+01 � !�+ �&% #�4 � # E �&% 43# , � .0!�+ � �"! � � N & l  c�"! 4 � # '�= � �&% #* � # ,-+ @ � � # � � N i l  D .;=F9B=B'�+;=B!�+ �&% ( � � '/.0� # ) (:7�"'�+ � 4 � #h4 � 4 �&%>% 7�"� # � � N ) l  D .;=O!�=?+;.;.0� 4 �X.;=FE � % ��"!)'��
465 = #�# � *"+;=B!�+ �&% � � N _ l  A�"!].;= # !�=B!�+ # !�+ @ � � � % +0� 4 = % # .0� #^4 �&%3% 7�"� # �"!].;= # +;, � .;=B!�+ �&% � � N _ l  N

� T � # �/.a*"=?*"+0! 7� #C# � 'F.0� *�'�+0!�G�"'�� 4 � @ � =?.;+0! 7� 4 � # !)'�=?*�� #O# �&% !F,J� # � ' 7�"� # G= ( =B'�!�+0' 465 � % 7��*�<3= % !�+;.K. �&%
� � � A A  4 = % # .0� #h4 �&%3% 7�"� # �"! .K= # +;, � .;=B!�+ �&% N&T = 4:7� ( � % 4 = % *�� 4 � E =?*�!)� � ':* � '�'���*�!�+0E � % E �&% *�!�+ �&%
4 � %	� ,213'�� 4 � � �"! # % 5 � # ! ( = #A# + b&% + � *"=B!�+;9?� N T =J, � � � %3% �O�"!^. 5�7��*"=B'�! "�! � ( � 4 �O*��"!)!)� 4 + # !)'�+01 � !�+ �&%* �&% 4 � + # � % !2G=-.;=J* � '�'���*�!�+ �&% # � +09B= % !)��3 ����� � ) $ ���.��� ) N

� T =L, ���,J�W, 7�"!�< � 4 � � !�+;.K+ #V7�"� ( � � '-.0�H*�'�+0!"G�"'�� 465 + # � .K=B!�+ �&% 7� % �"' b 7�"!�+ @ � �M�"! .0� # = #�# � *"+;=B!�+ �&% # = �9?�"'�!)� * ( '�+;,-=?+;'�� 4 �&%>% � % !^.0� # * � '�'���*�!�+ �&% # '�� #�( ��*�!�+;9?� # 3 ����� � ) $ ���.��� )J�"! �����
� & $ ���.��� , N
�32 �32�� (�6 ,84�� *	�=*	��� 4 5 5 � � ��� �4 * ��� � 4 * ( � 4 � 4 5 � 4 * 5

T � # �/.a*"=?*"+0! 7� #f465�7�"!�+ @ � �"!�= b � 4 5 � % � �"! ( =B' � % , � �&% # �&% !h* � '�'�+ b 7�"� #/( =B'�*�� @ � 5 ��.;.0� #�# �&% ! 4 + � 7�"'�� % !)� #
4 = % # .0� #f4 �&%3% 7�"� # �"!:.;= # +;, � .;=B!�+ �&% N � � 4:7� # =?*"* � ' 4 !)' � � 9?� # �&%Z� '�+ b + % � 4 = % # .0� # �/.a*"=?*"+0! 7� #^4 �g'���* �&% # "!)' � *�!�+ �&% 4 � # , � �&% # + #�# � #C4 � .K=M* � .;.K+ # + �&% D �"! 4 = % # .;= 4 + .a* � .;! 7� 4 � # +;, � .0�"' 4 � # , � �&% # * � # ,-+ @ � � #�"! 4 � # Ed= �+* , � �&% # + #�# � #24 � � �"! #�N d � � '-*�� # '�=?+ # �&% #"D .;= ( ' � 13=B13+K.;+0! 7� 465�7�"!�+ @ � �"!�= b �H� # ! * � '�'�+ b 7�"� 4 � #�/.a*"=?*"+;! 7� # 465 + 4 � % !�+ � *"=B!�+ �&% 4 � # , � �&% #]4 = % # .0� # � �"! #"D �"! 4 �O'���* �&% # !)' � *�!�+ �&% 4 �2Ed= �+* , � �&% #]4 = % # .0� #
�
�"! #"N
T � ( '���,-+0�"'ZEd=?*�!)� � '\= 7�"! 7� ,J� # � ' 7� # � ' 4 � # 7�"9 7� % ��,J� % ! # � ��� � A A �"! ,YG� % �[G= � % Ed=?*�!)� � ' 4 �

_�i?i



( �&% 4:7�"'�=B!�+ �&% 4 � ����� i &�$ ���.� , i NVT � 4 � �+* +IG��,J�f� # !�*"=?.;* � . 7� # � ' 4 � #c4 �&%>% 7�"� # ' 7�"��.K.0� # , � .;!�+ � �"! # = �+* @ � ��.;.0� #
�&% ! 7�"! 7� '��"!)'�= % *�< 7�"� # .0� # * �&% !)'�+01 � !�+ �&% #64 � # # =�9?� � ' # . � � ' 4 � #"N�T =A* � '�'���*�!�+ �&% D *"=?.;* � . 7�"� * � ,-,J� .0��'�= (>( � '�!
4 � # �/.a*"=?*"+0! 7� #c4 = % # .0� #e4 �&%>% 7�"� # �"!e.;= # +K, � .K=B!�+ �&% � # ! 4 � _ � _ &�) $ ��� )�& � N � � # + % *��"'�!�+;! � 4 � #6# �&% !e* � '�' 7��. 7�"� #� % !)'��O��.;.;� # �"!^� % !)'��2.0� #^@ � =B!)'��2*"= % = �+* 4 5 = % =?. � # � N
Th5 + % *��"'�!�+0! � 4 � # � 'g.0�2!�= �#* 4 �C,a= � 9 =?+ # 7�"!�+ @ � �"!�= b �J� # ! . 5 �"'�'�� � ' 4 � ,-+ % = % !)� # � 'g.;= ,-� # � '�� 4 � 
�� �+*�  3��.;.;�O9 =B'�+0� 4 � _ � l 4 = % # .;�C*"= % =?. ? � � �

�"! # C �"! 4 � _�� l 4 = % # .0�C*"= % =?. ?BA ��� �"! # C G=a*"= � # � 4 � # E �&% 4>#
� � �

�"! #^( . � # +K, ( � '�!�= % ! #]4 = % # *��2*"= % =?. N
T � 4 7�"!�=?+;. 4 � *"=?.;* � . 4 �O*�� # + % *��"'�!�+;! � 4 � # � # ! ( ' 7� # � % ! 7� *"+ " 4 � #�# � � #"N
� T/5 � 1 � ��*�!�+0E 7�"!�= % ! 4 � @ � = % !�+ � �"' .0� #Y4 + � 7�"'�� % *�� # 4 �&%>% 7�"� # � # +;, � .;=B!�+ �&% # � 'Y. 5 + 4 � % !�+ � *"=B!�+ �&% 4 � #, � �&% # 4 = % # .0� # �

�"! #�D �"! %	�&% 46587�"9 =?. � �"' ( ' � ( '���,J� % ! # �&% �/.a*"=?*"+;! 7� � ( ' � *�� #�# � #1 � � ��� � � A A �  D . 5 �/.a*"=?*"+;! 7� 465 + 4 � % !�+ � *"=B!�+ �&% 4 � # , � �&% #�4 = % # .0� # � �"! # � # ! ,J� # � ' 7�"� # � ' 4 � #
7��*�<>= % !�+;.;. �&% # � ��� � � A A  A�"! � � � A A  N � = % # .0� #]4 �&%>% 7�"� #"D .;=JEd=?+013.0� # !�=B!�+ # !�+ @ � � 4 + #)( �&% +013.0�X�"!.0�]1>' � +0! 4 �gE �&% 4 +;, ( � '�!�= % !/��, ( ���*�<	� % !^*��"'�!�=?+ % � #:( =B'�=?, 7�"!)'�+ # =B!�+ �&% # � % ( p� D ! p �"! 0 p NVT � ' #�@ � �* 5 � # ! ( � #�# +;13.0� D = � * � % � 4 7� ( � % 4 = % *�� # + b&% + � *"=B!�+;9?� % 5 � # !h* �&% # !�=B! 7�"� N>T �]Ed=?*�!)� � ' * � '�'���*�!�+0E6� # !:+ #�# �
4 � . 587�"! � 4 � # � ' .0� # � ��� ( � + #�@ � �C.0� # *"=B'�=?*�! 7�"'�+ # !�+ @ � � # *"+ % 7��,-=B!�+ @ � � # �"! 465 + # � .;=B!�+ �&% 4 � # , � �&% #+ #�# � # 4 � # � ��� # �&% ! # ��,C13.;=B1�.0� # G=H*���.;.0� #F4 � # , � �&% # + #�# � #F4 � � �"! # 1 ��= �+* # ��,-+;.0� ( ! �&% + @ � � #"N � .= 7�"! 7� ,J� # � ' 7�YG= ����� i & $ ���.� , i N T/5 + % *��"'�!�+0! � 4 � ( ' � 9 +0� % ! 4 �2.K= 4 + #)( �"' # + �&% 4 � # ,J� # � '�� # �"! 4 �2.;=
# !�=B!�+ # !�+ @ � �O.;+K,-+0! 7�"� N

� T � !�= �+* 4 � ,a= � 9 =?+ #\7�"!�+ @ � �"!�= b � � # !F.;= ( ' � 13=B1�+;.;+0! 7� ( � � ' @ � 5 � % � �"!O. 7� b �"' � + % +0!�+ 7� ( =B' b D � D 46D #  
( ' � 9 � @ � �a=B'�!�+ � *"+0��.;.0��,J� % !F.;=Y'���* �&% # !)' � *�!�+ �&% 465 � % , � �&% N � .c� # !C*"=?.K* � . 7� 4 = % # .0� #O4 �&%>% 7�"� # �"!.;= # +;, � .;=B!�+ �&% G= ( =B'�!�+0' 4 � !�= �+* b . � 13=?. 4 � '���* �&% # !)' � *�!�+ �&% 4 �-, � �&% # %	�&% + # � . 7� # = � @ � ��. # �&% !'��"!)'�= % *�< 7�"� # .0� # * �&% !)'�+;1 � !�+ �&% #f4 � #X# =�9?� � ' # . � � ' 4 � #A# ��. �&% .K= E � '�, � .0� # � +09B= % !)��3

/ % � � ; 6 � :�� / 8 j � 
 ' � 8 % [ l�� 1 �� 7 / ���Dp�� 7 . p	� 
 ; 68 m [ l � 1 �4 7 /)4 �Dp�� 7 . p	� 
 ; 68 m

 / % � � ; 6 � : � # !].0�F!�= �+* 4 �O,a= � 9 =?+ # 7�"!�+ @ � �"!�= b � N

 / 8 j � 
 ' � 8 % � # !f.;= ( ' � 13=B1�+;.;+0! 7� 465�7�"!�+ @ � �"!�= b � 4 �X! � � # .0� # � �"! #�N � .;.0�^� # !A,J� # � ' 7�"� 4 = % # .;� # 4 �&%3% 7�"� #�"!:.K= # +K, � .K=B!�+ �&% # � ' 4 � #-7�"9 7� % ��,J� % ! #]4 + " � �"! #"N T � 4 7� # =?*"* � ' 4 � % !)'��F.0� #f4 �&%>% 7�"� # �"!A.;= # +;, � .;= "!�+ �&% D � l D � # !^* � , ( ! 7�C* � ,-,-�2+ % *��"'�!�+;! � 4 � # � # ! 7��,-=B!�+ @ � �ZG=J.;= @ � ��.;.0� #"5 = � � � !)� % ! , l 465 �"'�'�� � '
# !�=B!�+ # !�+ @ � � N


 l � 1 �� �"! l � 1 �4 # �&% !:.0� #�( ' � ( � '�!�+ �&% #�4 � � �"! # *^�"!h1 4 = % # .0� # 7�"9 7� % ��,J� % ! #A4 + " � �"! #"N � .;.0� #�# �&% !� # !�+;, 7�"� #H# � ' 4 � # 7�"9 7� % ��,J� % ! # , � .0!�+ � �"! #Y# +;, � . 7� #"NAT = 4:7� ( � % 4 = % *�� # ��. �&% . 5�7� % �"' b +;�W!)'�= % # "9?�"' # � 4 � � �"!g� # ! Ed=?+013.0� D �"!g� # ! � !�+;.;+ #�7�"� * � ,-,J�J+ % *��"'�!�+;! � 4 � # � # ! 7��,-=B!�+ @ � � N T = � b � '���& N 3 N _ ,, �&% !)'�� .;=WE '�=?*�!�+ �&% 4 � � �"! #J# ��,a+;.0� ( ! �&% + @ � � # + #�# � #C4 � @ � =B' � # *Z�"!J1 � % E �&% *�!�+ �&% 4 � .0� � '
7� % �"' b +0� !)'�= % # 9?�"' # � N�� � #F4 + # !)'�+01 � !�+ �&% #A( �"'�,J�"!)!)� % ! 465 � 1>!)� % +;'�3 l � 1 �� � � ��� ) � i $ ���.� i ,  l�"! l � 1 �4 � � ��� _ ?�, $ ���.� _?_  l N


 / � �"! /)4 # �&% !a.0� #J( ' � 13=B13+;.;+;! 7� #J4 587�"!�+ @ � �"!�= b � 4 � # � �"! #a# ��,-+;.0� ( ! �&% + @ � � # 4 � @ � =B' � # *H�"!-1 N
�
.;.;� #F# �&% !2� # !�+;, 7�"� # # � ' 4 � #W7��*�<>= % !�+;.;. �&% # , � .0!�+ � �"! #F# +;, � . 7� #F( *( � 1

*
1 D6(

*
( � *

*
* D � � 1

*
1

�"!
� � *

*
*H= � % 4 � 4 7��*�'�+0'��M.0�H,-+0� �+* ( � #�# +013.;�Z.0� #�( ��*�!)'�� � % 7� % �"' b +0�\!)'�= % # 9?�"' # � 4 � # � �"! #

4 = % # .;� #O4 �&%>% 7�"� #"N � � ( � % 4 = % !O. 5 =?*"* � ' 4 � % � 
 ; 6� % 5 � # ! ( = #O# � . # = % ! D �"!C.K= 4 + � 7�"'�� % *��-� % !)'��.0� # ( ' � 1�=B13+;.;+0! 7� #g46587�"!�+ @ � �"!�= b � 4 � #W7��*�<>= % !�+;.;. �&% # , � .0!�+ � �"! # �"! � � # !O* � , ( ! 7�"� * � ,-,J�J�"'�'�� � '
# � # ! 7��,-=B!�+ @ � � 3 / ���Dp�� � ��� ) � $ ��� _ , �"! /�4 � p�� � ��� & _ $ ��� ,�� N

_�i &



� ��� � & N 3 N _ ,O���!
8� , �������/	�� " �>" ��	 ��	G	���	�� " ������
��)	 � ���� � ��� ,�./"
	f" � , �������
Q����� "
	*" � � ��� , �������	� " ���Q " � " 
 � � "��
Q���/	 3�" 
�	 " � " 	 �#" ��	 �+" �+� ��� ��� &n� �� "#" &(��
�� " 
8��& &(��
��
� � " ����
Q��� ,�.�" � " �/� , ��
�
 " 	�&(����� �����
��� J�� 9����0N ������� J�� 9
����N#R

� �"!)!)� ( ' � * 7� 4 � '�� * �&% 4 � +0! G= .;= ,J� # � '�� 4 � . 5 �/. *"=?*"+0! 7� 4 � ,-= � 9B=?+ # 7�"!�+ @ � �"!�= b � # � +09B= % !)� 3
/ 5 4 � � � 4 9 � � ��� _��
� $ ���.� 3 &/ l D G= * � , ( =B'��"' =�9?��* � % � �/.a*"=?*"+0! 7� 46587�"!�+ @ � �"!�= b � 4 �
��� _ 3 ) $ ���.��� � � 1>!)� % � � # � 'Y!)' � + # . � ! # 46587�"9 7� % ��,-� % ! # , � .0!�+ � �"! #Z# +;, � . 7� # =�9?��* 4 � # # � � +;. #Z4 �
,�� D i � �"! � � � "�� � � # � 'h.0�], � ,-� % ! !)'�= % # 9?�"' # � 4 � # � �"! #�NVT � # + % *��"'�!�+;! � 4 � #"D�4 = % # .;= # +;, � .;=B!�+ �&% D
# �&% ! � % + @ � ��,J� % ! 465 � '�+ b + % � # !�=B!�+ # !�+ @ � � N$T � # + % *��"'�!�+;! � 4 � # # � ' .0� !�= �#* 4 �Z'���* �&% # !)' � *�!�+ �&% 4 �E = �+* , � �&% #-# �&% ! 4 � ) i N & l 4 = % # .0� #-4 �&%>% 7�"� # �"! 4 �-& N & l 4 = % # .;= # +;, � .;=B!�+ �&% NcT �HEd=?*�!)� � '* � '�'���*�!�+0E � % =?. � # ! 4 � _ � _ & $ ��� i � D * 5 � # ! " G= " 4 +0'��C,J� # � ' 7�O=�9?��* � % � ( ' 7��*"+ # + �&% 4 �')�& l N

�32 �32�� (�6 ,84�� *	�=*	��� 4 5 5 � � � ( �;4-, 
$6 5�* � � , * �3
$6 4 * � ( , ( � � � � (+* �3
$6
� 4 5 � 4 * 5

� �"!)!)�X= % =?. � # � � !�+;.;+ # �f.K=F!)��*�< % + @ � � � ��� � ( � � ' $ � - ' ��2�' �#4 � 2�0���� ' �#4 � 0 2�,�� ' � 4  .0 2 / (  @ � +>� # ! � % �* � '�'���*�!�+ �&% '���.K=B!�+09?�^�"! %>�&% =B1 # � . � � 4 �].K= # +;, � .;=B!�+ �&% = � % 4 �^'��"!)' � � 9?�"':.;� # ,����,J� #:( �"'�E � '�,-= % *�� #/@ � �
4 = % # .0� #^4 �&%>% 7�"� #�N � ��*"+ ( �"'�,J�"! 4 �F' 7� 4 � +0'��O.;� # �"'�'�� � ' #A# � # ! 7��,a=B!�+ @ � � # * � ,-, � % � #"N
T � # + % *��"'�!�+0! � 4 � # # � 'F. 587��*�<	��.K.0� 46587� % �"' b +0� D .K= ' 7� # � . � !�+ �&% � % 7� % �"' b +0� D �"!O. 5 + 4 � % !�+ � *"=B!�+ �&% �"!2.K= '���* �&% # "!)' � *�!�+ �&% 4 � # � �"! #-# �&% ! D�( � � ' .;� # + b&% =?. � *� � � �

) � " � � � i � �"! #  Dh4 �H. 5 � ' 4 '�� 4 � , , �.� l D , ��� & l D, ��� & l � , & �.� l D , ��� & l D , _ � & l  N6T � # * � '�' 7��.;=B!�+ �&% # # �&% ! ( '�+ # � # � % * � , ( !)� . � ' #g4 �C.;= * � ,21�+ % =?+ "
# �&% 4 � #]4 +�� 7�"'�� % ! # *"= % = �#* 4 5 = % =?.� # � N3T =a, 7��* �&%>% =?+ #�# = % *�� 4 �O.K=-*"=?.;+01>'�=B!�+ �&% D	4 �2.;= ' 7� # � . � !�+ �&% �"! 4 �. 5 �/. *"=?*"+0! 7� 4 �f'���* �&% # !)' � *�!�+ �&% 4 � #�! �"! # � % !)'�="� � % � � % �:9B=B'�+;=B!�+ �&% 4 � ) l # � '/.;= # ��*�!�+ �&% �/.a*"=?*��],J� # � ' 7�"� N

� � +K*"+ � % ' 7� # � , 7� 4 � # �"'�'�� � ' #A#  # ! 7��,-=B!�+ @ � � # .;+ 7�"� # G=-*��"!)!)�C!)��*�< % + @ � � � ��� N
� T/587� % �"' b +0� 4 � ##! �"! # � # !X, � 4 + �f7�"�2� % E �&% *�!�+ �&% 4 � ( 
 ; 6� �"! ! 
 ; 6 �"!X. 5 + % *��"'�!�+0! � 4 �F= #�# � *"+ 7�"� ( ' � 9�+0� % !
4 �g.K= # !�=B!�+ # !�+ @ � � � !�+;.;+ #�7�"� 4 = % # .0� #f# +;, � .;=B!�+ �&% # �"!^.0� #f4 �&%3% 7�"� # �"! 4 � # ( =B'�=?, 7�"!)'�+ # =B!�+ �&% #A4 � *�� #* � '�'���*�!�+ �&% #�N

� T = ' 7� # � . � !�+ �&% � % 7� % �"' b +0� 4 � #$! �"! #A4 = % # .;= # +;, � .;=B!�+ �&% � # !^, � 4 + �f7�"� 4 � E =  * �&% G= '��"!)' � � 9?�"'^*���.;.0�,J� # � ' 7�"� 4 = % # .;� # 4 �&%>% 7�"� # 3 � % E =?*�!)� � '-=?. 7��=B! � +0'�� 4 � 4 + # !)'�+01 � !�+ �&% b = � #�# +0� %>% �Z� # !J= (>( .;+ @ � 7�
# � '2. 5�7� % �"' b +0� 4 � ! �"! NeT � # + % *��"'�!�+0! � 4 � #2# � '2.0� #O( =B'�=?, G�"!)'�� # 4 �a.K= b = � #�# +0� %3% � # �&% ! ( ' � ( = b 7�"� #* � ,-,J�O�"'�'�� � ' #  # ! 7��,-=B!�+ @ � � # � '^.;= ' 7� # � . � !�+ �&% � % 7� % �"' b +0� 4 � #%! �"! #"N

_�i 3



� T/5 + % *��"'�!�+0! � 4 � # � 'A.;= '���* �&% # !)' � *�!�+ �&% �"!]. 5 + 4 � % !�+ � *"=B!�+ �&% 4 � #$! �"! # � # ! 7�"9B=?. � 7�"�O� % = (>( .K+ @ � = % ! � %9 7�"! � =?. 7��=B! � +;'�� 4:7� ( � % 4 = % ! 4 � ( 
 ; 6� # � '�! � � # .0� #�! �"! #"D  * � , ( '�+ # *�� �#* % � ( = #�# = % ! ( = # .0� # *�'�+;!�G�"'�� #
4 � @ � =?.;+0! 7� N

�32 �32�� (�6�� 4���� � � ��� 4 5 5 � � ��� �4 ��� � ��� � �3
$6
� 4 5 � 
 6�� 5 	 � ��� � � 4	� 5 4	� � �����-���
T � % +09?��= � 4 � # E �&% 4># , � .0!�+ ! �"! # �"! ��
 ! �"! # � # ! 7�"9 =?. � 7� ( =B'F.;=Y, 7�"!�< � 4 � 4 �J.;=Y,-=B!)'�+;*�� N T � # + % "*��"'�!�+;! � 4 � #h# � ' .0� # ' 7� # � .0!�=B! #f4 �X*��"!)!)� , 7�"!�< � 4 � ( ' � 9�+;� %>% � % ! 4 �X. 5 + % *��"'�!�+0! � 4 � # � ':.0� #/( ' � 13=B13+;.;+;! 7� #h4 � #9�'�=?+ # � � Ed= �+* .0� ( ! �&% # $ +-,.,*/ 0 ( 4 � # =B!�+ # E =?+;'��2= � #�# +
.0�2*�'�+0!�G�"'�� $ 2�' 44- 2 ( ��/
�*# � 8 �"! /<% �('$)  D �"! 4 � # � � *�! � = "!�+ �&% #
# !�=B!�+ # !�+ @ � � #e# � 'e.0� # %	� ,C1>'�� #
4 587�"9 7� % ��,J� % ! #�( ' 7� #�7��.0��*�!�+ �&%>% 7� # �"! #V7��.0��*�!�+ �&%>% 7� # $ +-,.,*/.0 ( � �*$ 2�' 4�- 2 ( N

� � ( � % 4 = % ! D *�� #C4 �"' % +IG�"'�� #2# �&% !C* � '�' 7��. 7�"� # �"!C.0� # �"'�'�� � ' #F# !�=B!�+ # !�+ @ � � #O# �&% !C*"=?.;* � . 7�"� #2# � 'C.0� #O@ � =B!)'��� % # ��,213.;� # � '�!�< �?b?�&% = �+* 3 $ + ,., / 0 2��4' / � �*/ 2�' 44- 2 ( � � $ 2�' 44- 2 ( =�9?��*:� * =?*�!)��,J� % ! � � � �O_ ! �"! 7�"!�+ @ � �"! 7�:1 N
� � +K*"+ .0� 4:7�"!�=?+;. 4 � # �"'�'�� � ' #A#  # ! 7��,-=B!�+ @ � � # 3
� T/5 + % *��"'�!�+0! � 4 � # � 'a.;= ,J� # � '�� 4 � /<% �('$) � # ! 4 � & l N�� .;.0�\� # ! ,J� # � ' 7�"� # � 'a.0�M. � ! 4 � 4 �&%3% 7�"� #� % '�+;*�<>+c� % 7�"9 7� % ��,J� % ! # , � .;!�+ ! �"! # 3
+;. #"5 = b +;! 4 � #L7�"9 7� % ��,J� % ! # ( ' 7� #�7��.0��*�!�+ �&%3% 7� # ( � � '2. 5 = % =?.� # �G=W. 5 � * *�� ( !�+ �&% 4 � # *�'�+0!�G�"'�� #-# � 'J. 5�7� % �"' b +0�Y!)'�= % # 9?�"' # �Y,a= % @ � = % !)� D�@ � + # �&% ! '���, ( .;=?* 7� # ( =B'J.;=* �&% 4 +0!�+ �&% 3 � � � � _ ��� � � N /<% �('*) � # ! *"=?.;* � . 7�"�W� % E �&% *�!�+ �&% 4 � � � � N T/5�7��*"=B'�! "�!  ( � 4 �M*��"!)!)�
4 + # !)'�+;1 � !�+ �&% 4 �&%>% �O. 5 + % *��"'�!�+0! � 4 �g= #�# � *"+ 7�"� G= /<% �('$) N

� / �$# � 8 � # ! 7�"9B=?. � 7�"� # � 'C.;� # 7�"9 7� % ��,J� % ! #-# +;, � . 7� # ��
 ! �"! # �"!C! * ! ( ' 7� #�7��.0��*�!�+ �&%3% 7� #"N�� .;.;�-� # ! * � ' "'�+ b 7�"� ( =B' � % E =?*�!)� � ' b . � 13=?. 4 �� = � 4:7� # =?*"* � ' 4 465 �/.a*"=?*"+;! 7� 465 + 4 � % !�+ � *"=B!�+ �&% 4 � # .0� ( ! �&% # + # � . 7� #
7� % �"' b 7�"!�+ @ � � # � % !)'�� .0� # 4 �&%>% 7�"� # �"! .;= # +;, � .;=B!�+ �&% N � �aEd=?*�!)� � '-* � '�'���*�!�+0E^� # ! *"=?.;* � . 7�Y� % * � ,�"
( =B'�= % ! *�� # �/.a*"=?*"+0! 7� # 465 + 4 � % !�+ � *"=B!�+ �&% 4 � # .0� ( ! �&% # 4 = % # .;� # 7�"9 7� % ��,J� % ! # !�� � *� 4

= % # .0� #
4 �&%>% 7�"� # �"! 4 = % # .K= # +;, � .;=B!�+ �&% N�T = 4 + #�( �"' # + �&% 4 � *��XEd=?*�!)� � 'A* � '�'���*�!�+;E � % E �&% *�!�+ �&% 4 � %	� ,C1>'��
4 � ! �"! #"D =?+ % # + @ � � .0� # �"'�'�� � ' #g# !�=B!�+ # !�+ @ � � # # � 'F.0� # �/.a*"=?*"+0! 7� #"De# �&% !O* � , ( ! 7�"� # * � ,-,J� �"'�'�� � ' #
#  # ! 7��,a=B!�+ @ � � #]# � ' /��$# � 8 N

� T � # + % *��"'�!�+;! � 4 � # # !�=B!�+ # !�+ @ � � # # � ' .0� # %	� ,C1>'�� # 465�7�"9 7� % ��,J� % ! # ( ' 7� #�7��.0��*�!�+ �&%3% 7� # �"!
#V7��.0��*�!�+ �&%>% 7� #g# �&% !]* � , ( '�+ # � # � % !)'��%& l �"! ,�� l N

T � # + % *��"'�!�+0! � 4 � #2# � '�� �$# � 8 �"!�� % �('*) % � # �&% ! ( = # *"=?.;* � . 7�"� # ( =B' � % � , 7�"!�< � 4 � = % =?.� �!�+ @ � � � � E NE � '�, � .0� & N 3 N��  O,a=?+ # � % Ed=?+ # = % !F9 =B'�+0�"'O! � � !)� # .0� #O# � � '�*�� #2465 �"'�'�� � ' # �"!O� % !)� % = % ! * � , ( !)� 4 �-.;� � ' #* � '�' 7��.K=B!�+ �&% #"N
0 % �Z�"'�'�� � ' 4 �-$ _ 
 # � 'J*�� # + % *��"'�!�+0! � 4 � # +;, ( .;+ @ � � � % �Y9B=B'�+;=B!�+ �&% 4 � i N & l 4 � .;= # ��*�!�+ �&% �/. *"=?*��,J� # � ' 7�"� N
T/5 � � �"! 4 � ,-+ % = % ! � # !2*���. � + 4 � # � � *�! � =B!�+ �&% #O# !�=B!�+ # !�+ @ � � #F# � '2.0� # %>� ,21>'�� #O46587�"9 7� % ��,-� % ! #
( ' 7� #�7��.;��*�!�+ �&%>% 7� # �"! #�7��.0��*�!�+ �&%>% 7� #"N � .�� # !^* � '�' 7��. 7�O=�9?��*O.;� # + % *��"'�!�+0! � 4 � #:# !�=B!�+ # !�+ @ � � #f# � ' 
�� � *�  N	T/5 �"'�'�� � '! � !�=?.0� � * � , ( '�� % = % !Y.;� # + % *��"'�!�+0! � 4 � #a# !�=B!�+ # !�+ @ � � # �"! .0� # + % *��"'�!�+0! � 4 � # # � ' . 5�7�"9B=?. � =B!�+ �&% 4 � # E �&% 4>#, � .0!�+ ! �"! # �"! ��
 ! �"! #  -� # !Y=?. � ' #Z( . � # E =?+;13.0� @ � � .;= # � ,-,J� @ � = 4 '�=B!�+ @ � � 4 � # �"'�'�� � ' #Y4 � #Y4 � �#** �&% !)'�+01 � !�+ �&% #"N

�32 �32�� (�6�� 4���� � � ��� 4 5 5 � � � 4 5 ��� ��� � �3
$6 5 � 4 � � ����� �
T � # �"'�'�� � ' #/# � '/.;=O* � , ( � # +0!�+ �&% � % # =�9?� � ' #:4 � # E �&% 4># � 
 ! �"! # = � % +09?��= � 4 �].;= ( ' 7� #V7��.0��*�!�+ �&% � + N � N.0� # E '�=?*�!�+ �&% #h4 � � 
 ! �"! #  # �&% ! 4 �]!)' � + #/# � '�!)� # 3V+ % *��"'�!�+0! � 4 � # !�< 7� � '�+ @ � � #"D + % *��"'�!�+0! � 4 � # .;+ 7�"� # G=O. 5 =B!)!)'�+ "1 � !�+ �&% 4 �2.;= # =�9?� � ' 4 � ! �"!^'���* �&% # !)' � +0! D �"!g+ % *��"'�!�+0! � 4 � #A# � '].K= ( ' 7� #�7��.0��*�!�+ �&% N�T � # * � '�' 7��.;=B!�+ �&% # � % !)'��

_�i �



.0� #A4 + � 7�"'�� % !)� #]# � � '�*�� #]4 5 �"'�'�� � ' # �"!]� % !)'��C.0� #^4 + � 7�"'�� % ! # *"= % = �+* 465 = % =?.  # � # �&% ! ( '�+ # � # � % * � , ( !)� N

T � #^4 + � 7�"'�� % !)� #]# � � '�*�� #^465 + % *��"'�!�+0! � 4 � #f# � '^.;� # E '�=?*�!�+ �&% #^4 � � 
 ! �"! #^# �&% ! 4:7�"!�=?+;.;. 7�"� # *"+ " 4 � #�# � � #"N
� T � # + % *��"'�!�+0! � 4 � # !�< 7� � '�+ @ � � #e( ' � 9 +0� %>% � % ! 4 � # E �&% *�!�+ �&% #e4 � 4 � % # +0! 7� ( =B'�! �&% + @ � � # � � % Ed=?+ # = % !e9B= "'�+0�"'�.0� # ,�� �"'�'�� � ' #�#  # ! 7��,a=B!�+ @ � � #/4 �1$ _ 
 = � ! � � ' 4 �f.K=X9B=?.0� � '�*�� % !)'�=?.0�� D�4 � *�< � + * 4 � #C7��*�<	��.K.0� #
4 �]Ed=?*�! � '�+ # =B!�+ �&% �"! 4 �]'�� %	� '�,-=?.;+ # =B!�+ �&% � � % Ed=?+ # = % ! 9B=B'�+0�"':.;=O9B=?.0� � 'f*�� % !)'�=?.0� 4 5 � % Ed=?*�!)� � ' _ � ,G= ,  D?4 � . 5 + % *��"'�!�+0! � 4 � # � '$.;=],-= #�# � 4 � #$@ � =B' � # . � � ' 4># � � % Ed=?+ # = % !
9B=B'�+0�"'c.0� � 'e,a= #�# � 4 � $ _ 
 = � "! � � ' 4 � .0� � ' 9 =?.0� � ' *�� % !)'�=?.;� D =�9?��* , 4 � i � � & $ ��� ) � � � � * � �"!
, � � _ � &�& $ ��� ) � � � � * �  D �"! 4 �2. 5 + % *��"'�!�+0! � 4 � # � '].;� # Ed=?*�!)� � ' #]4 �2'�� %	� '�,-=?.;+ # =B!�+ �&% "������ �

_ �.� & $ ���.� � 4 � #h4 +K= b '�=?,-,J� # � 1 *1 �"! � * *
* ( =B'h'�= (>( � '�!/= �#* 4 +;= b '�=?,-,-� # =�9?��* ! �"! # 4 � # =�9?� � ' #. 7� b G�"'�� #"N

� T � # + % *��"'�!�+0! � 4 � #2# � 'O.;= ( ' � * 7� 4 � '�� 465 = #�# � *"+;=B!�+ �&% 4 � ! �"!O'���* �&% # !)' � +0!O= � <>= 4 ' �&%Lb 7� % 7�"' 7� # �&% !
7�"9B=?. � 7�"� # � % E =?+ # = % !A9B=B'�+0�"'^.K=C!�=?+K.;.0� 4 � *���&% � 465 = #�# � *"+;=B!�+ �&% � 9 =B'�+;=B!�+ �&% 4 �', ) l ( � � ' � � � N &\G=
� � � N��  D �"!
� % * � , ( =B'�= % !$.;=], 7�"!�< � 4 � 465 = #�# � *"+;=B!�+ �&% � !�+;.K+ #V7�"�/=�9?��*f.;=^, 7�"!�< � 4 �	� T � � 9 =B'�+K=B!�+ �&%
b . � 13=?.0� 4 �%, ,�� l  N

� T � # + % *��"'�!�+0! � 4 � #-# � 'Z.;= ( ' 7� #�7��.;��*�!�+ �&% ( ' � 9�+0� %3% � % ! 4 �M.;= # !�=B!�+ # !�+ @ � � � !�+;.;+ #�7�"� D 4 �M. 5 �/. *"=?*"+0! 7�
4 � 4 7��*".0� % *�<	��,J� % ! DX4 �L. 5�7��*�<>��.;.0� 465�7� % �"' b +0� 4 � # ! �"! # �"! 4 � . 5 �/.a*"=?*"+0! 7� 4 �L'���* �&% # !)' � *�!�+ �&% �"!
465 + 4 � % !�+ � *"=B!�+ �&% 4 � ##! �"! #"N � .K.0� #^# �&% ! 7�"9B=?. � 7�"� # =�9?��* .0� # ,	���,J� #X( ' � * 7� 4 � '�� #X@ � �C*���.;.0� #^4:7��*�'�+;!)� #
4 = % # .0� #A( =B'�!�+0� # & N 3 N , �"! & N 3 N��VN

T =J, 7��* �&%>% =?+ #�# = % *�� 4 �O.;=J* � , ( � # +0!�+ �&% � % # =�9?� � ' #]4 � #%! �"! #^4 = % # .0� #A( ' � *�� #�# � # � 
 ! �"! # + % 4 � +;!

� % � + % *��"'�!�+0! � 4 � 4 � , N & l # � ' 
�� � *�  N
�32 �32���
 (�6 � 4 ��� � � ��� 4 5 5 � � ��� �4 ��� � ��� � ��
$6
��� � 
$6 �
��� ��4 � 5

Th5 + % *��"'�!�+;! � 4 � ( '�+ # �C� % * � , ( !)�J+;*"+ ( � '�!)� # � ' .0� E =?*�!)� � ' 4 � %	� '�,-=?.;+ # =B!�+ �&% ��� % � 4 � #X( ' � *�� #�# � #
� 
 � ) ! �"! #"N
T/5 + % *��"'�!�+0! � 4 � = #�# � *"+ 7�"� � # ! 4 � _���� �"!O� # !F� % !�+IG�"'���,-� % ! * � '�' 7��. 7�"� ( � � 'O.0� # 3 ( ' � *�� #�# � #
��
 ) ! �"! # �"! � 
 � i ! �"! #"N
� .;.0� ( ' � 9 +0� % ! 4 � # + % *��"'�!�+0! � 4 � # = #�# � *"+ 7�"� # = �+* *"=?.K* � . #F4 � # %	� ,C1>'�� #F465�7�"9 7� % ��,J� % ! # = � 9 � + # + % = b � 4 �
( +K* 4 � � 3&+ % *��"'�!�+;! � 4 � #�# � '/.;� #�( =B'�=?, G�"!)'�� # 4 �^.;= E �&% *�!�+ �&% 4 5 = ! � # !)��,J� % ! 4 �^.;= 4 + # !)'�+01 � !�+ �&% � % ,a= #�# �
����� �"!]+ % *��"'�!�+0! � 4 � #f# !�=B!�+ # !�+ @ � � #"N
Th5 �"'�'�� � ' # � ' 
�� � *�  � # ! 4 � i�� 4 = % # .;�O*"= % =?. A 
 ! �"! #"N
�32 �32�� � (�6 � 4 ����� � ��� 4 5 5��! #"�� 	 �&5�5 4 ��� �$���% � ��& �

T = ,-= #�# � 4 � @ � =B' � ! � ( + % � � � # � ' # = # ��*�!�+ �&% �/.a*"=?*�� 4 � ( ' � 4 � !�+ �&% �"! # � ' .0� #J4 + # !)'�+01 � !�+ �&% #*"+ % 7��,a=B!�+ @ � � #F4 � # � # ( ' � 4 � +;! #X4 � 4:7� # + % ! 7� b '�=B!�+ �&% � ! �"! #"D .0� ( ! �&% �"! % � � !)'�+ %	�  N6Th5 = % =?.� # �J� % !�+IG�"'��J� # !'��"Ed=?+0!)� ( � � ' ( . � # +0� � ' # 9B=?.0� � ' #:4 � , 6('*),+.- _ & � � ,���� � � � � * �0/ ( � � 'f.0� # + b&% =?.��"!f.;� # E �&% 4>#�N�T = # ��*�!�+ �&%�/.a*"=?*��^,-� # � ' 7�"� 4 7� ( � % 4C4 �:.;=g,-= #�# � 4 � @ � =B' � ! � ( * �&% # + 4 7�"' 7�"� N�T = � b � '�� & N��VN _ 3 , �&% !)'��A.;=X9 =B'�+;=B!�+ �&%
4 �Z.;=M9 =?.0� � ' *�� % !)'�=?.0� 4 � 
�� ! * !! 2,J� # � ' 7�"�Y� % E �&% *�!�+ �&% 4 � .;=W,-= #�# � 4 � @ � =B' � ! � ( NcT/5�7�"9 � . � !�+ �&% D � %E �&% *�!�+ �&% 4 �].;=O,a= #�# � 4 � @ � =B' � ! � ( DV4 �X.;= # ��*�!�+ �&% �/.a*"=?*�� ,J� # � ' 7�"� ( � � ! ��"!)'�� * � , ( =B' 7�"�-G=2.;= # ��*�!�+ �&%�/.a*"=?*��a!�< 7� � '�+ @ � � N � ��.;= ( �"'�,-�"! 4 �-* �&% !)'�=?+ % 4 '��J.;= ,a= #�# � 4 � @ � =B' � ! � ( D ,-=?+ #F4 �-,-= % +IG�"'��-, � + % #
( ' 7��*"+ # � @ � �O.0� # , 7�"!�< � 4 � #]4 �2,J� # � '�� 4 +0'���*�!)� N

_�i1�



�32 �32���� (�6 � 4  ��� � ��� 4 5�" ���4 4 5 9� "�� 5 � � � � 5 � � �$� 4 ���4 6 �4  �4 4 " � 	 �����4 4� � � 'X*��"'�!�=?+ % # E �&% 4>#�D +K. � # ! % 7��*�� #�# =?+;'�� 4 � 4 + #)( � # �"' 465 � % � # !�=B!�+ # !�+ @ � �O+;, ( � '�!�= % !)� D .0� # �/.a*"=?*"+;! 7� #
4 � #V7��.0��*�!�+ �&% 7�"!�= % !Z!)'"G� # E =?+01�.0� #"N � � ( � % 4 = % ! D *���.K= % 5 � # ! ( = # ! � � ! � � ' #-( � #�# +01�.0� *"=B'Z.0� # '�� #�# � � '�*�� #+ % E � '�,a=B!�+ @ � � #:# �&% !].K+;,-+0! 7�"� #"N

T � # �/. *"=?*"+0! 7� #A4 � ( ' 7� #�7��.;��*�!�+ �&% �"! 4 � #�7��.0��*�!�+ �&% 4 � # + b&% =?.3�"! 4 � # 1>' � +0! #/4 �XE �&% 4a# �&% ! # � % # +013.;� # = �
%	� ,C1>'�� 465�7�"9 7� % ��,J� % ! #C# +;, � . 7� #"N � � � 'O.0� # + b&% =?.e�"! .;� # E �&% 4>#g( '�+ % *"+ ( = �+* � 
 ! �"! # �"! � 
 ! �"! #"D . 5 + % "*��"'�!�+;! � 4 � # � ':. 5 �/.a*"=?*"+0! 7� 4 � ( ' 7� #V7��.0��*�!�+ �&% 4 � # + b&% =?.3� # ! 465 � % 9�+ �&% , _ � N�Th5 + % *��"'�!�+;! � 4 � # � ':. 5 �/. *"=?*"+0! 7�
4 � #�7��.0��*�!�+ �&% 4 �O*�� #]( ' � *�� #�# � # =B!)!)��+ % ! i�� ( � � '^.;� #f( ' � *�� #�# � # � 
 ! �"! #�N �g5 � # ! � % � 4 � # + % *��"'�!�+0! � 4 � #.0� #f( . � # +;, ( � '�!�= % !)� #^# � '^.;= # ��*�!�+ �&% �/. *"=?*�� ,J� # � ' 7�"� N

Th5 + % *��"'�!�+;! � 4 � # � ' .0� # �/.a*"=?*"+;! 7� #Y4 � #V7��.0��*�!�+ �&% � # !-� # !�+K, 7�"� ( =B' � % *"=?.;* � . 4 � ( ' � ( = b =B!�+ �&% 4 � #�"'�'�� � ' #"D .K=-9B=B'�+;=B13.0�C=?. 7��=B! � +0'�� 7�"!�= % !F.0� %	� ,213'�� 465�7�"9 7� % ��,J� % ! #F# =B!�+ # Ed=?+ # = % ! � % � % # ��,C13.0� 4 �C*�'�+;!�G�"'�� #
4 �&%3% 7� #"N� � � 'g*�� *"=?.;* � . D * �&% # + 4 7�"' �&% # � % � % # ��,213.;� 4 � / 7�"9 7� % ��,J� % ! #F# +;, � . 7� #g# � 'X.;� #�@ � ��. # �&% ,J� # � '��C+ % 4 + "9 + 4 � ��.K.0��,J� % ! � % � �/.a*"=?*"+;! 7� 4 � #V7��.0��*�!�+ �&% /�� N � <>= @ � � 7�"9 7� % ��,J� % !]� # ! ( '�+ # � % * � , ( !)� 4 = % # . 5 = % =?.� # �=�9?��* � % � ( ' � 1�=B13+;.;+0! 7� ( � + #�# �&% +0� %>% � D&4 �]9B=?.0� � ' *�� % !)'�=?.0� _ �"! 46587��*"=B'�! "�!  ( � _ NVTh5 �/.a*"=?*"+0! 7� 4 � #�7��.0��*�!�+ �&%
/ � 4:7� ( � % 4\4 �2. 5�7�"9 7� % ��,J� % !F* �&% # + 4 7�"' 7� 33*�� % 5 � # ! ( = # � % �29 =B'�+K=B13.0�F=?. 7��=B! � +0'�� N�� .;.;�O+ % *". � !A.0� # E =?*�!)� � ' #
4 �^* � '�'���*�!�+ �&% # �"! 4 � ( �&% 4:7�"'�=B!�+ �&% 4 � # 7�"9 7� % ��,J� % ! #A4:7��*�'�+0! #/4 = % # .0� #�( =B'�!�+;� #�( ' 7��* 7� 4 � % !)� #"N � %J� 1>!�+0� % !=?. � ' # . 587� b =?.;+0! 7� # � +09B= % !)��3

/ �
	 ���� � � ��/��	 ���� � � �/ � # !]. 5 �/.a*"=?*"+;! 7� , �  ?� %3% � 4 � #�7��.0��*�!�+ �&% N 	 ���� � � � � # !X.0� %	� ,213'�� 46587�"9 7� % ��,-� % ! # *�< � + # + #A( � � 'f� # !�+K,J�"'. 5 �/. *"=?*"+0! 7� 4 � # *�'�+0!"G�"'�� #/4 � #�7��.;��*�!�+ �&% N �g5 � # ! � % � 4 + # !)'�+01 � !�+ �&% ( � + #�# �&% +0� %>% � 4 �A, �  ?� %>% � /
N 	 ���� � � � / �� # !^.;� %	� ,213'�� 46587�"9 7� % ��,-� % ! #F# =B!�+ # E =?+ # = % !^.;� # *�'�+0!"G�"'�� #X4 � #V7��.0��*�!�+ �&% N

T =-. � + 4 � ( ' � ( = b =B!�+ �&% 4 � # �"'�'�� � ' #"D = (>( .K+ @ � 7�"�YG=a*��"!)!)� E � '�, � .0� 4 �&%>% � 3 � .0� # 9B=B'�+;=B1�.0� # =?. 7��=B! � +0'�� # � (
�&% ! ( � � ' 7��*"=B'�! "�!  ( � _ ( =B' 4 7� � % +0!�+ �&%  


���/  �
���� ��
( � � " � /

� � ( % ��
 
 � � � (  � & N 3 N �  

�
���� ��
( � � � ��/ (


 	 ���� � � ��� 	 ���� � � ��/��  �� 	 ���� � � �  � � � 
 
 � � � (  � & N 3 N �  

� & N 3 N _ �  


���/  � / 	 ���� � / �� � � 	 ���� � / �  �
/
& � & N 3 N _?_  ����� � �� � 	��2� �
� �

T =-, 7�"!�< � 4 �2*�< � + # +0� ( � � 'X,J� # � '��"'^.K= # ��*�!�+ �&% �/. *"=?*��C� # !X*���.;.0�O=�9?��* ? ( =B'�=?, G�"!)'�� #g4 � % � + # = % *�� C
( � + @ � 5 ��.;.0� ( �"'�,J�"! 4 �a!)� % +0' * � , ( !)� 4 � # + % *��"'�!�+0! � 4 � #2# !�=B!�+ # !�+ @ � � # �"! #  # ! 7��,-=B!�+ @ � � #"D =?+ % # + @ � � 4 �.0� � ' # * � '�' 7��.K=B!�+ �&% # � % !)'��F.0� # 4 + � 7�"'�� % ! # *"= % = �+* 465 = % =?.� # � N T � # ' 7� # � .0!�=B! #A# �&% ! ( ' 7� # � % ! 7� #^( � � ' *�<>= @ � �*"= % =?. ? � 
 ! �"! # C �"! C�A 
 ! �"! # C + % 4 7� ( � % 4 ��,-,J� % ! D ( � + # * � ,C13+ % 7� #�N

_�i �



�32 � 2�� � �&6�� " 4 � � 4	� 5
T = , 7�"!�< � 4 � =�9?��* ? ( =B'�=?,YG�"!)'�� # 4 � % � + # = % *�� C = (>( .;+ @ � 7�"� � % + @ � ��,J� % ! = �#* *"= % = �+*

? � 
 ) ! �"! # C �"! ? � 
 � i ! �"! # C 4 �&%>% �F.;= # ��*�!�+ �&% �/.a*"=?*�� # � +09B= % !)��3


�� ! * !  � _ ��� _ � � � �5 � � � � #
!�=B! 
 #  # !  $ ��� 3#� . � ,-+  ( 1

T �J!�=B13.0��= � & N _ 3 4 �&%>% �J.;=Y* � , ( � # +0!�+ �&% 4 � #F4 �&%>% 7�"� #O( � � 'F*��"!)!)� # ��*�!�+ �&% �/.a*"=?*�� NeT = � b � '�� & N��VN _ ), �&% !)'�� .;= * � , ( � # +0!�+ �&% 4 � # . � ! #L#�7��.0��*�!�+ �&%3% 7� # � % E �&% *�!�+ �&% 4 � %	� ,C1>'�� 4 � ! �"! #�N Th5 =?*"* � ' 4 ( � � '.0� # Ed=?+013.0� # , � .0!�+ ( .K+;*"+0! 7� # , �&% !)'�� @ � �Y.0� # E �&% 4>#"D � 
 ! �"! # � % ( =B'�!�+;* � .;+0�"' De# �&% ! 13+0� % * �&% !)' �� . 7� #�N ) i
7�"9 7� % ��,J� % ! #c# �&% ! #�7��.;��*�!�+ �&%>% 7� #$4 �&% !$.0� # ) � i # �&% ! 4 � #6( =?+;'�� # 4 �/! � (
N T � # 1>' � +;! # 4 �/E �&% 4O# �/' 7� ( =B'�!�+ #�# � % !� % ��
 ! �"! # ( � � 'F.;=Y, � +0!�+ 7�J�"! � % @ � =B'�!O*�<3=?* � % � % , � .0!�+ ! �"! # �"!O= � !)'�� # 1>' � +0! #X4 �JE �&% 4 N T �-*"= % =?.

? � 
 � i ! �"! # C � # ! ( '�� #�@ � �A� * *". � # +;9?��,J� % !:* �&% # !�+0! � 7� 46587�"9 7� % ��,-� % ! # ! * ! D ,-=?+ # .K=O* � , ( � # +0!�+ �&% � % E �&% 4>#, � .0!�+ ! �"! # � # ! # � � ,-+ # �aG= 4 5 +;, ( � '�!�= % !)� # � � *�! � =B!�+ �&% #^#  # ! 7��,-=B!�+ @ � � #"N

	�� 
�� & N _ 3�� �
	 2 " ��� %/ ������� � � 2
� ������� ������ � � ' 	 ��� �� � % � ��� ��� � % 	 ��� ���� � � � � ���� %�' ��� � � �
�  � � ����� � ��% � ���
��� � � � ��� $ �(�! �� ��� ( � � � 	 � � � ' 	 � %�� � 	 2 " ��� %��  �� ��� � ��� � ' � � � � � ' � � %�� ��� 	 ��� � � ' � ��� 2
� ��� %/ 	 � '! �' � �
�"� � � ' �"� ' � ���)� � ' � *�� #�# � # _ ! �"! , ! �"! # ) ! �"! # �Ai ! �"! #� � .0!�+ ! �"! # ) N i1� $ _ N _�� , N �43 $ _ N � , , N & _ $ � N � � � N � � $ � N ) �

� 
 ! �"! # i � N � $ 3 N � , ) N i $ i N & & N i $ � N � � N � i $ � N ,�,
� 
 ! �"! # # ���.� _ � N _�� $ � N _ , � N � � $ � N � � # ���.� _� +01 � # �&% # � N 343 $ � N _�i _ N ) � $ � N ,�� � N _ , $ � N � 3 # ���.� _

� � ( 9 � +0� #^# 
 ! � N 3 )/$ � N � i _ N � � $ � N � � � N i � $ � N � _ � N � &/$ � N � _!
*
! � .;. � N �43 $ � N � i ) N � � $ � N � � _ N ) � $ � N � 3 � N _ � $ � N � ,

� � !�=?. E �&% 4># & i N 3 $ �VN � )�) N &/$ i N 3 _ � N � $ _ N ) _ N _�� $ � N i &!
*
! � . 
 ! �"! # � N ) 3 $ � N � & i N & 3 $ � N _�� _ ) N � $ � N ) _ � N _ $ � N )
� � !�=?. &�& N � $ �VN � ) � N _ $ i N 3 , ) N � $ _ N ) _?_ N , $ � N &� �&%>% 7�"� # & � ) � _ � _ �

jet multiplicity
1 2 3 4

n
o

. o
f 

ta
g

g
ed

 e
ve

n
ts

0

10

20

30

40

50

60 Data
QCD
W+light
Wc
Wcc
Wbb

 ll→ttbar 
VV

ττ →Z 
µµ →Z 

Single Top
 ljets→ttbar 

jet multiplicity
1 2 3 4

n
o

. o
f 

ta
g

g
ed

 e
ve

n
ts

0

10

20

30

40

50

60

$&% ��� & N��VN _ ) �('�)+*�,.-0/1-+2!34)+57645�8�/96;:<643=5�)+*?>@/1643
�BADC64E C645�64*F645�8�3G)">@3@64/4E C643
648H,�/ C6 � 2!8�3 � -+2I5J392LK@MJ6G:<64M�/
N )+*�,.)03O2I8�2�)+5P645Q3O2SR+5�-T:U648WVX)+5 � 3 � 645YV@)+5 N 8�2�)05 � M
5�)0*?>@/96 � 6 � 648�3Z,.)+M�/[:<6 N -+5�-T:]\�6 � � 648�3T^X_a`B643
C64E C645b64*?645J8�3c-0E+6 N M�5Z648 � 64M � � 648�3=,�64/4*?648�8d645J8 � 6
E C64/O2 ef64/L:<6g>O)05 N )+5�8�/�h)+:<6 � 643iVX)05 � 3@_

T � #/# � � '�*�� #h465 �"'�'�� � ' #/#  # ! 7��,-=B!�+ @ � � #h( '�+ % *"+ ( =?.0� # 9�+;� %>% � % ! 4 �^.;=O* � '�'���*�!�+ �&% 4 � !�= �#* 4 �],-= � 9B=?+ #

_ & �



7�"!�+ @ � �"!�= b � �"! 4 � # � � *�! � =B!�+ �&% #^# !�=B!�+ # !�+ @ � � #X# � '].;� #^( ' 7� 4 +K*�!�+ �&% # � % E �&% 43# , � .0!�+ ! �"! # �"! � 
 ! �"! #"N T �!�=B13.;��= � & N _ � ' 7��*"= ( +0! � .0�C.0� # * �&% !)'�+01 � !�+ �&% # b ' � � (:7�"� #F4 � # + % *��"'�!�+0! � 4 � #]#  # ! 7��,-=B!�+ @ � � # # � ' .;= # ��*�!�+ �&%�/.a*"=?*�� N6T � # + % *��"'�!�+0! � 4 � #]#  # ! 7��,a=B!�+ @ � � #g4 � ,-+ % = % !)� #]# �&% ! .;+ 7�"� # G= .;=a, 7��* �&%3% =?+ #�# = % *�� 4 � . 5 + 4 � % !�+ � "*"=B!�+ �&% 4 � # Ed= �+* , � �&% #h4 = % # .0� # ! �"! #�D �"! G=C. 587�"9 =?. � =B!�+ �&% 4 � # E �&% 4># , � .0!�+ ! �"! # G=C*"= � # � 4 � # � � *�! � =B!�+ �&% #
# !�=B!�+ # !�+ @ � � #A# � '].;� #f( =B'�=?, G�"!)'�� #g4 �O.;=J, 7�"!�< � 4 � 4 �O.;=J,-=B!)'�+K*�� N

	�� 
�� & N _ � ��� � � � � � ' � � %�� �;� � �T� �� 2 � � ' � ��� � % � ��� ��� � � � ��� $ �(�! �� ��� ( �
� � � '�*�� � � .;. � ( 1  
 
 � ( 1  
 �'� ( 1  

� '�'�� � ' # !�=B!�+ # !�+ @ � � 
 , N � � " , N & �
� � '�'���*�!�+ �&% # b . � 13=?.0� #]# � '^.;= ( ' 7� #�7��.;��*�!�+ �&% 
 � N ��� 
 � N & 3 " � N ) 3�H7��*".0� % *�<>��,J� % ! 
 � N ��� 
 � N _ 3 " � N _ &

� *�<	��.;.;� 46587� % �"' b +0� 4 � #%! �"! # " � N � � 
 � N , i " � N _ �� 7� # � . � !�+ �&% � % 7� % �"' b +0� 4 � #%! �"! # " � N ��� 
 � N ��� " � N � )
��4 � % !�+ � *"=B!�+ �&% �"!^'���* �&% # !)' � *�!�+ �&% 4 � #%! �"! # " � N ��� 
 � N � 3 
 � N ���� � '�,-=?.;+ # =B!�+ �&% 4 � #Y7�"9 7� % ��,J� % ! # � 
 ! �"! # " � N ��� 
 � N � , 
 � N �����4 � % !�+ � *"=B!�+ �&% 4 � # 9V'�=?+ # , � �&% #^4 = % # .0� #%! �"! # 
 � N ��� 
 � N )�& " � N , )

��4 � % !�+ � *"=B!�+ �&% 4 � # E = �+* , � �&% #^4 = % # .0� #$! �"! # 
 � N ,
� 
 � N � � " � N � ,
� . � *�! � =B!�+ �&% #^# !�=B!�+ # !�+ @ � � #A# � '].K=J, 7�"!�< � 4 � 4 �O.;=J,-=B!)'�+;*�� " � N ��� 
 � N i ) " � N i �

/8%�� '*) �"! /
�$# �B8 " � N ��� 
 � N � � " � N � _� � , ( � # +0!�+ �&% � % # =�9?� � ' #]4 � # � 
 ��� ��� 
 � N � , 
 � N � ) " � N _ )
�
!�=B!�+ # !�+ @ � � � % +;� 4 � #^# +;, � .;=B!�+ �&% # 
 � N � i 
 � N _�� " � N , 3

� '�'�� � ' #  # ! 7��,-=B!�+ @ � �O! � !�=?.;� � # � ,-,-� @ � = 4 '�=B!�+ @ � �� 
 � N , � 
 _ N , i " _ N � �
� � !�=?. # !�=B! 
 #  # ! � , 7�"!�< � 4 � =�9?��* ? ( =B'�=?,YG�"!)'�� # 4 � % � + # = % *�� C  
 , N ��, " , N & �

�32 � 2 � � �&6�� "���� � 4	� 5
T =2, 7�"!�< � 4 � =�9?��* ? ( =B'�=?, G�"!)'�� #A4 � % � + # = % *�� C = (>( .K+ @ � 7�"� � % + @ � ��,J� % !/= �+* *"= % = �#* ?BA 
 ) ! �"! # C �"!

?BA 
 � i ! �"! # C � % # ��,C13.0� 4 �&%>% ��3


�� ! * !! � & � _ � & � &5 � � � � #
!�=B! 
 #  # !  $ ��� ) � . � ,a+  ( 1

T �J!�=B13.0��= � & N _�� 4 �&%>% �J.;=Y* � , ( � # +0!�+ �&% 4 � #F4 �&%>% 7�"� #O( � � 'F*��"!)!)� # ��*�!�+ �&% �/.a*"=?*�� NeT = � b � '�� & N��VN _�i, �&% !)'��h.K=^* � , ( � # +0!�+ �&% 4 � # . � ! #e#V7��.0��*�!�+ �&%>% 7� # � % E �&% !�+ �&% 4 � %	� ,C1>'�� 4 � ! �"! #�N T/5 =?*"* � ' 42( � � '
.;� # Ed=?+013.0� #, � .0!�+ ( .;+;*"+0! 7� # , �&% !)'�� @ � �a.0� # E �&% 4>#"D � 
 ! �"! # �"! � 
 ! �"! # � % ( =B'�!�+;* � .;+;�"' D6# �&% !213+0� % * �&% !)' �� . 7� #"N , �
7�"9 7� % ��,J� % ! #]# �&% ! #V7��.0��*�!�+ �&%>% 7� #A4 �&% ! i � � # �&% ! 4 � #/( =?+0'�� #h4 �]! � ( N T � # 1>' � +;! #/4 �]E �&% 4 # �]' 7� ( =B'�!�+ #�# � % !� % � 
 ! �"! #^( � � '^.;=J, � +0!�+ 7�O�"!^� % 9�+;' �&% � % @ � =B'�!^*�<>=?* � % � % , � .;!�+ ! �"! # �"!X= � !)'�� # 1>' � +0! #A4 �FE �&% 46N
T � #/# � � '�*�� #h465 �"'�'�� � ' #/#  # ! 7��,-=B!�+ @ � � #h( '�+ % *"+ ( =?.0� # 9�+;� %>% � % ! 4 �^.;=O* � '�'���*�!�+ �&% 4 � !�= �#* 4 �],-= � 9B=?+ #

7�"!�+ @ � �"!�= b � �"! 4 � # � � *�! � =B!�+ �&% #^# !�=B!�+ # !�+ @ � � #X# � '].;� #^( ' 7� 4 +K*�!�+ �&% # � % E �&% 43# , � .0!�+ ! �"! # �"! � 
 ! �"! #"N T �!�=B13.;��= � & N _ � ' 7��*"= ( +0! � .0�C.0� # * �&% !)'�+01 � !�+ �&% # b ' � � (:7�"� #F4 � # + % *��"'�!�+0! � 4 � #]#  # ! 7��,-=B!�+ @ � � # # � ' .;= # ��*�!�+ �&%�/.a*"=?*�� N T � # + % *��"'�!�+0! � 4 � #A#  # ! 7��,a=B!�+ @ � � #]4 � ,-+ % = % !)� #]# �&% !X.0� # ,	���,J� #X@ � � ( ' 7��* 7� 4 ��,-,J� % ! N

�32 � 29> 	 �4 5 ��" � � � 5 � & 	 � � 6 �4 5
T =Y, 7�"!�< � 4 � =�9?��* ? ( =B'�=?, G�"!)'�� #24 � % � + # = % *�� C = (>( .K+ @ � 7�"� = �+* @ � =B!)'�� *"= % = �+* 4 �&%3% � .;�C' 7� # � .0!�=B!

# � +09 = % ! 3

_ & _



	�� 
�� & N _���� �
	 2 " ��� %/ ������� � � 2
� ������� ������ � � ' 	 ��� �� � % � ��� ��� � % 	 ��� ���� � � � � ���� %�' ��� � � �
�  � � ����� � ��% � ���
��� � � � ��� $�A �! �� ��� ( � � � 	 � � � ' 	 � %�� � 	 2 " � � %��+ �� ��� � �H� � ' � � � � � ' � � %�� � � 	 ��� � � ' � ��� 2
� ��� %/ 	 � '! �' � �
�"� � � ' �"� ' � ���)� � ' � *�� #�# � # _ ! �"! , ! �"! # ) ! �"! # �Ai ! �"! #� � .0!�+ ! �"! # ) N _ )/$ � N , _ _ N , &/$ � N i1� _ N ��� $ � N ) 3 , N _ &/$ � N i>_

� 
 ! �"! # &�) N _ $ �VN & , i N 3 $ i N�� 3 N _ $ _ N _ _ N _ 3 $ � N ,
�
� 
 ! �"! # _ � N 3 $ _ N � � N )/$ � N & , N & � $ � N i1� � N � &/$ � N , i� +01 � # �&% # � N ��� $ � N _ � _ N ) i $ � N ,�� � N _ &/$ � N � � # ���.� _

� � ( 9 � +0� #^# 
 ! � N 3 � $ � N � i _ N � � $ � N � � � N & i $ � N � ) � N � � $ � N � _!
*
! � .;. � N , � $ � N � , _ N 3 � $ � N � i � N 3 � $ � N � ) � N � � $ � N � _

� � !�=?. E �&% 4># 3 � N &/$ �VN & ) � N � $ i N � _?_ N � $ _ N , i N i , $ � N & 3!
*
! � . 
 ! �"! # � N _?_ $ � N � , _ N 3 � $ � N � � & N�� $ � N _ i N � 3 $ � N _�i
� � !�=?. 3 � N 3 $ �VN & i � N�� $ i N � _ 3 N�� $ _ N , � N i $ � N 3� �&%>% 7�"� # 3 i i & , _ �

jet multiplicity
1 2 3 4

n
o

. o
f 

ta
g

g
ed

 e
ve

n
ts

0

10

20

30

40

50

60

70 Data
QCD
W+light
Wc
Wcc
Wbb

 ll→ttbar 
VV

ττ →Z 
µµ →Z 

Single Top
 ljets→ttbar 

jet multiplicity
1 2 3 4

n
o

. o
f 

ta
g

g
ed

 e
ve

n
ts

0

10

20

30

40

50

60

70

$&% ��� & N��VN _�iZ�('�)+*�,.-0/1-+2!34)+57645�8�/96;:<643=5�)+*?>@/1643
�BADC64E C645�64*F645�8�3G)">@3@64/4E C643
648H,�/ C6 � 2!8�3 � -+2I5J392LK@MJ6G:<64M�/
N )+*�,.)03O2I8�2�)+5P645Q3O2SR+5�-T:U648WVX)+5 � 3 � 645YV@)+5 N 8�2�)05 � M
5�)0*?>@/96 � 6 � 648�3c,.)+M�/a:<6 N -+5�-T: \ ���������	� ^ _ `B643
C64E C645b64*?645J8�3c-0E+6 N M�5Z648 � 64M � � 648�3=,�64/4*?648�8d645J8 � 6
E C64/O2 ef64/L:<6g>O)05 N )+5�8�/�h)+:<6 � 643iVX)05 � 3@_

	�� 
H� & N _ � ��� � � � � � ' � � %�� �G� � �T� �� 2�� � ' � �i� � % � ��� ��� � � � ��� $�A �! �� ��� ( �
� � � '�*�� � � .;. � ( 1  
 
 � ( 1  
 �'� ( 1  

� '�'�� � ' # !�=B!�+ # !�+ @ � � 
 , N � _ " , N & 3� � '�'���*�!�+ �&% # b . � 13=?.0� #]# � '^.;= ( ' 7� #�7��.;��*�!�+ �&% 
 � N ��� 
 � N i � " � N ,��
�H7��*".0� % *�<>��,J� % ! 
 � N ��� 
 � N , 3 " � N _ ,

� *�<	��.;.;� 46587� % �"' b +0� 4 � #%! �"! # 
 � N � _ 
 � N ) _ " � N _ 3� 7� # � . � !�+ �&% � % 7� % �"' b +0� 4 � #%! �"! # " � N ��� 
 � N ��� " � N � 3��4 � % !�+ � *"=B!�+ �&% �"!^'���* �&% # !)' � *�!�+ �&% 4 � #%! �"! # " � N ��� 
 � N _ & 
 � N ���� � '�,-=?.;+ # =B!�+ �&% 4 � #Y7�"9 7� % ��,J� % ! # � 
 ! �"! # " � N � _ 
 � N )�) " � N )�)
��4 � % !�+ � *"=B!�+ �&% 4 � # 9V'�=?+ # , � �&% #^4 = % # .0� #%! �"! # 
 � N ��� 
 � N , i " � N _ ,��4 � % !�+ � *"=B!�+ �&% 4 � # E = �+* , � �&% #^4 = % # .0� #$! �"! # " � N ) � 
 _ N 3 & " _ N & �

� . � *�! � =B!�+ �&% #^# !�=B!�+ # !�+ @ � � #A# � '].K=J, 7�"!�< � 4 � 4 �O.;=J,-=B!)'�+;*�� " � N ��� 
 � N i1� " � N &�)
/8%�� '*) �"! / �$# �B8 " � N ��� 
 � N � 3 " � N � �� � , ( � # +0!�+ �&% � % # =�9?� � ' #]4 � # � 
 ��� ��� 
 � N � , 
 � N i ) " � N i 3

�
!�=B!�+ # !�+ @ � � � % +;� 4 � #^# +;, � .;=B!�+ �&% # " � N _ , 
 � N _ � " � N �43

� '�'�� � ' #  # ! 7��,-=B!�+ @ � �O! � !�=?.;� � # � ,-,-� @ � = 4 '�=B!�+ @ � �� " � N i & 
 , N _?_ " _ N � )
� � !�=?. # !�=B! 
 #  # ! � , 7�"!�< � 4 � =�9?��* ? ( =B'�=?,YG�"!)'�� # 4 � % � + # = % *�� C  
 ) N )�& " , N � �

_ & ,




�� �+*�  � � � i � � � &5 � � � � � � - � 
 ��� � �
 $ ��� & � �������  �
	

� � ' 7� # � .;!�=B!X� # !F* � , ( =B' 7�HG=Y*���. � + 4 � # = � !)'�� # ,J� # � '�� #g4 � 
�� ! * !  A� % = %>% � * � �^N T � # + % *��"'�!�+0! � 4 � #X# !�= "!�+ # !�+ @ � � # �"! #  # ! 7��,-=B!�+ @ � � #]# �&% !]+;, ( � '�!�= % !)� #^4 = % # *��2*"= % =?. ( =B'^'�= (>( � '�!^= �+* = � !)'�� # ,J� # � '�� #]4 = % #.0�O*"= % =?. ? .0� ( ! �&% 
 ! �"! # C � % '�=?+ # �&% 4 � # , � + % # 1 �&%3% � #f( �"'�E � '�,-= % *�� #A4 �O. 5�7�"!�+ @ � �"!�= b � 4 � #%! �"! # 	 N

T �A!�=B13.0��= � & N ,�� 4 �&%>% �^.;= * � , ( � # +0!�+ �&% 4 � #/4 �&%>% 7�"� #�( � � '�*��"!)!)� # ��*�!�+ �&% �/.a*"=?*�� N�T = � b � '�� & N��VN _ &, �&% !)'�� .;=a* � , ( � # +;!�+ �&% 4 � # . � ! #g#V7��.0��*�!�+ �&%>% 7� # � % E �&% !�+ �&% 4 � %	� ,C1>'�� 4 � ! �"! #"N 3 � � 4 � #\7�"9 7� % ��,J� % ! #
7�"!�+ @ � �"! 7� #f# �&% ! 4 � #/( =?+0'�� #/4 �]! � ( N�T � # E �&% 4>#�( '�+ % *"+ ( = �#* � 
 ! �"! #"D , � .0!�+ ! �"! # �"! � 
 ! �"! # '�� ( ' 7� # � % !)� % !'�� ( ��*�!�+09?��,-� % ! ,�� � D _ � � �"! & � 4 � #Y7�"9 7� % ��,J� % ! # #�7��.0��*�!�+ �&%>% 7� #"N

	�� 
�� & N ,�� � �
	 2 " ��� %/ �� ���� � � 2
� �����=� ��"��� � � ' 	 ��� �� � % � ��� ��� � % 	 ��� ���� � � � � � �� %4' ��� � ���;�  � � ��� � � � % � ��� ���� � � ��� � 	 2 " ' � �� $ � �! �� ��� ( � � � 	 � � � ' 	 � %�� � 	 2 " � � %��! �� ��� �+�H� � ' � � � � � ' � � %�� ��� 	 ��� � � ' � ��� 2
� ��� %/ 	 � '! �' � �
�"� � � ' �"� ' � ���)� � ' � *�� #�# � # _ ! �"! , ! �"! # ) ! �"! # i ! �"! #� � .;!�+ ! �"! # 3 N 3 $ _ N , i N _?_ $ _ N _ ) ) N & � $ � N � i , N , i $ � N & �

� 
 ! �"! # _ � , N � $ _ � N _ i �VN � $ 3 N & _?_ N )/$ _ N i _ N � � $ � N )�)
� 
 ! �"! # _ � N 3 $ _ N � � N &/$ � N & , N 343 $ � N & , � N � &/$ � N , i� +01 � # �&% # _ N & � $ � N ,�, , N 3 )/$ � N ) � � N , � $ � N _ , # ���.� _

� � ( 9 � +;� #]# 
 ! _ N , )/$ � N � 3 ) N���� $ � N _ , _ N � )/$ � N � ) � N _ , $ � N � ,!
*
! � .;. _ N _ � $ � N � i 3 N � $ � N _ , N _�i $ � N � 3 � N ) � $ � N � ,

� � !�=?. E �&% 4># _ , ) N , $ _ � N ) � , N � $ 3 N 3 , _ N � $ _ N � & N i $ � N �!
*
! � . 
 ! �"! # � N i � $ � N � & 3 N 3 $ � N , ,�� N , $ � N ) _ 3 N &/$ � N )
� � !�=?. _ , ) N�� $ _ � N ) � � N &/$ 3 N 3 i>_ N , $ _ N � ,�, N � $ � N �� �&%>% 7�"� # _ , ) � ) ) � , i

jet multiplicity
1 2 3 4

n
o

. o
f 

ta
g

g
ed

 e
ve

n
ts

0

20

40

60

80

100

120 Data
QCD
W+light
Wc
Wcc
Wbb

 ll→ttbar 
VV

ττ →Z 
µµ →Z 

Single Top
 ljets→ttbar 

jet multiplicity
1 2 3 4

n
o

. o
f 

ta
g

g
ed

 e
ve

n
ts

0

20

40

60

80

100

120

$&% ��� & N��VN _ & �('�)+*�,.-0/1-+2!34)+57645�8�/96;:<643=5�)+*?>@/1643
�BADC64E C645�64*F645�8�3G)">@3@64/4E C643
648H,�/ C6 � 2!8�3 � -+2I5J392LK@MJ6G:<64M�/
N )+*�,.)03O2I8�2�)+5P645Q3O2SR+5�-T:U648WVX)+5 � 3 � 645YV@)+5 N 8�2�)05 � M
5�)0*?>@/96 � 6 � 648�3 ,.)+M�/�8 )+M�3�:<643 N -05�-+M � N )+*U>@2!5 C643@_
` 643 C64E C645b64*F645�8�3 -+E+6 N M.5 648 � 64M � � 648�3&,�64/O*F648�8d645�8
� 6WE C64/42 e 64/L:<6L>9)+5 N )+5J8�/�h)T:<6 � 643iVX)+5 � 3@_

T � #/# � � '�*�� #h465 �"'�'�� � ' #/#  # ! 7��,-=B!�+ @ � � #h( '�+ % *"+ ( =?.0� # 9�+;� %>% � % ! 4 �^.;=O* � '�'���*�!�+ �&% 4 � !�= �#* 4 �],-= � 9B=?+ #
7�"!�+ @ � �"!�= b � � � � �  D �"! 4 � # � � *�! � =B!�+ �&% #2# � '2.0� #2( ' 7� 4 +;*�!�+ �&% # � % E �&% 4># , � .;!�+ ! �"! # � ) � �  F�"! � 
 ! �"! #

_ &�)



� ,�� �  ( � + #�@ � �-.;� % +09?��= � 4 � *�� # E �&% 43# � # ! � 13!)� % � ( =B' � % � %	� '�,-=?.K+ # =B!�+ �&% # � 'C.0� #O4 �&%>% 7�"� #"D ��.;.0� # ",	���,J� #\# � � ,-+ # � # G= 4 � # � � *�! � =B!�+ �&% #Y# !�=B!�+ # !�+ @ � � #"N^T � !�=B13.0��= � & N , _ ' 7��*"= ( +0! � .0� .0� # * �&% !)'�+01 � !�+ �&% #
b ' � � (:7�"� #�4 � # + % *��"'�!�+0! � 4 � #e#  # ! 7��,-=B!�+ @ � � #�# � '�.;= # ��*�!�+ �&% �/.a*"=?*�� N�T = � b � '�� & N��VN _ 3 , �&% !)'��A. 5 + % � � � % *��
4 � .;=Y,-= #�# � 4 � @ � =B' � ! � ( # � 'F.0� #F# ��*�!�+ �&% # �/.a*"=?*�� # ,J� # � ' 7�"�J�"!g!�< 7� � '�+ @ � � N � + % # + D3( � � ' � , 6('*) �
, � ����� * � D .K= # ��*�!�+ �&% �/.a*"=?*��Y9B=B'�+0� 4 � _ N & � NcT =W,-= #�# � 4 � @ � =B' � ! � ( @ � �Z. 5 �&% ( � � ! 4 7� 4 � +0'�� 4 �*��"!)!)� � b � '��F� # ! 4 �2, 6('*) � _ � , $ , _ ) � ����� * � N

	�� 
�� & N , _ ��� � � � � � ' � � %�� �;� � �T� �� 2 � � ' � ��� � % � ��� ��� � %��"� � � � � ��� � %/ � � ����� � � � 	 2 " ' � �� � �
� � � '�*�� � � .;. � ( 1  
 
 � ( 1  
 �'� ( 1  

� '�'�� � ' # !�=B!�+ # !�+ @ � � 
 , N � � " , N & �
� � '�'���*�!�+ �&% # b . � 13=?.0� #]# � '^.;= ( ' 7� #�7��.;��*�!�+ �&% 
 � N ��� 
 � N ,
� " � N ,�,

�H7��*".0� % *�<>��,J� % ! 
 � N ��� 
 � N _ ) " � N _ �
� *�<	��.;.;� 46587� % �"' b +0� 4 � #%! �"! # " � N � ) 
 � N ,�, " � N _�i� 7� # � . � !�+ �&% � % 7� % �"' b +0� 4 � #%! �"! # " � N ��� 
 � N � ) " � N �����4 � % !�+ � *"=B!�+ �&% �"!^'���* �&% # !)' � *�!�+ �&% 4 � #%! �"! # " � N � _ 
 � N _ � 
 � N _ ,� � '�,-=?.;+ # =B!�+ �&% 4 � #Y7�"9 7� % ��,J� % ! # � 
 ! �"! # 
 � N � _ 
 � N � 3 
 � N � �

��4 � % !�+ � *"=B!�+ �&% 4 � # 9V'�=?+ # , � �&% #^4 = % # .0� #%! �"! # 
 � N ��� 
 � N , � " � N ,����4 � % !�+ � *"=B!�+ �&% 4 � # E = �+* , � �&% #^4 = % # .0� #$! �"! # 
 � N _�� 
 _ N � _ " � N � i
� . � *�! � =B!�+ �&% #^# !�=B!�+ # !�+ @ � � #A# � '].K=J, 7�"!�< � 4 � 4 �O.;=J,-=B!)'�+;*�� " � N � , 
 � N ) � " � N i �

/8%�� '*) �"! /
�$# �B8 " � N ��� 
 � N ��� " � N _ �� � , ( � # +0!�+ �&% � % # =�9?� � ' #]4 � # � 
 ��� ��� 
 � N ��� 
 � N _ ) " � N , &
�
!�=B!�+ # !�+ @ � � � % +;� 4 � #^# +;, � .;=B!�+ �&% # 
 � N � _ 
 � N ) � " � N ) ,

� '�'�� � ' #  # ! 7��,-=B!�+ @ � �O! � !�=?.;� � # � ,-,-� @ � = 4 '�=B!�+ @ � �� 
 � N ,�� 
 _ N , & " _ N _ 3
� � !�=?. # !�=B! 
 #  # ! � , 7�"!�< � 4 � =�9?��* ? ( =B'�=?,YG�"!)'�� # 4 � % � + # = % *�� C  
 , N , 3 " , N � &

Top Mass (GeV)
150 160 170 180 190 200

 (
p

b
)

ttσ

0

2

4

6

8

10

12

14

16 =175 GeVtop at m
+Xt t→pp

σ

Total uncertainty

Kidonakis et al.

Theoretical uncertainty

Top Mass (GeV)
150 160 170 180 190 200

 (
p

b
)

ttσ

0

2

4

6

8

10

12

14

16

$&% ��� & N��VN _ 3G� � 6 N 8�2�)+5
6�� N - N 6 ��� � 8	� C6X)+/O2�K@MJ6�
 `
�
648&3X6 N 8�2�)05Q6�� N - N 6 ��� � *F6439M�/ C6 6�645
VX)05 N 8�2�)+5 � 6
:S-
*U-+393@6 � M;K@M�-+/ � 8 )4,b_

����� � �� � ��� � �
����� ��� � 	������ ���� � � � ��� �����
�32 �32�� � 4 5��! 4 � 4 " � 4 � � � � � ���4 � � �4	��� �$� 4 � � � 4

T = , 7�"!�< � 4 � � !�+;.K+ #V7�"� 4 = % # . 5 = % =?.� # � '���*�<	�"'�*�<	� � * ( .K+;*"+0!)��,J� % ! � % , � �&% 4 = % # � % ! �"! N � �"!)!)�
4:7��,-=B'�*�<	� D = (>( ' � � 9 7�"� ( � � '6.0� # = % =?.  # � #
4 �/. 5 � * (:7�"'�+0� % *�� ��� D =]. 5 + % * �&% 9 7� % +;� % ! 4 ��' 7� 4 � +0'��/* �&% # + 4 7�"'�=B13.0��,-� % !

_ & i



.;= # !�=B!�+ # !�+ @ � � b 7� % 7�"' 7�"� ( � � ':.0� #:( ' � *�� #�# � # * � , ( � '�!�= % ! 4 � #
! �"! # . 7� b �"' #"D � 
 ! �"! # . 7� b �"' # %	� !�=?,-,J� % ! N
T � #O( ' � 1�.dG��,J� # + % * � , ( '�+ #F4 �a'���* �&% # !)' � *�!�+ �&% # �&% !2* � , ( � % #�7� #C( =B'2. 5 + % !)' � 4 � *�!�+ �&% 4 �-Ed=?*�!)� � ' # * � ' "'���*�!�+;E #"N

T = ( ' � * 7� 4 � '�� ( ' � ( � #�7�"�\+K*"+A* �&% # + # !)� � % � % � ( �&% 4 7�"'�=B!�+ �&% 4 � # 7�"9 7� % ��,J� % ! # # +;, � . 7� # � 
 ! �"! #"D� % E �&% *�!�+ �&% 4 � .;= ( ' � 1�=B13+;.;+0! 7� 4 587�"!�+ @ � �"!�= b � 4 � # ! �"! # 4 �Z. 587�"9 7� % ��,J� % ! N � � #C( � + 4>#"D = (3( ��. 7� #�� � �����
( � � ' � � �� � � � � ��	 � � ��� 	 � � D # �&% !2*"=?.;* � . 7� #O4 +0'���*�!)��,-� % ! G= ( =B'�!�+0' 4 � #O4 �&%3% 7�"� #"N T =H, 7�"!�< � 4 � � !�+;.;+ # �. 5 <  ( � !�<6G� # � # +;, ( .;+ � *"=B!)'�+;*�� # � +09B= % !)� 3�.0� #h# =�9?� � ' # . � � ' 4 � # � @ � =B' � # 1 �"! *  # �&% ! ( '�+ % *"+ ( =?.0��,J� % ! ( ' � "
4 � +0!)� #�( =B' ( =?+0'�� # �"! ( =B'f+ % !)�"'�=?*�!�+ �&% E � '�!)� N � .;.0�^= ( � � 'h* �&% #�7� @ � � % *�� @ � � D�( � � ' 4 � # *"=B'�=?*�! 7�"'�+ # !�+ @ � � #*"+ % 7��,a=B!�+ @ � � # + 4 � % !�+ @ � � #"D .0� ##! �"! # + #�# � #^4 � #^( ' � *�� #�# � # , � .0!�+ ! �"! # � � � 
 ! �"! # �&% !g.;=-,	���,J� * � , ( � "
# +;!�+ �&% � % # =�9?� � ' # . � � ' 4 � #"N � + % # + D ! � � ! � � ' #X( � � ' 4 � # *"=B'�=?*�! 7�"'�+ # !�+ @ � � # *"+ % 7��,-=B!�+ @ � � # + 4 � % !�+ @ � � #�D � %
! �"!^+ #�# � 4 � ( ' � *�� #�# � # , � .0!�+ ! �"! # � � � 
 ! �"! # �&% !X.;=J,	���,-� ( ' � 13=B1�+;.;+0! 7� 465 ��"!)'�� 7�"!�+ @ � �"! 7� #"N
� �"!)!)� ( ' � 13=B1�+;.;+0! 7�A+ % *". � # +09?� 46587�"!�+ @ � �"!�= b � D � � � � ����� D � # !h*"=?.K* � . 7�"�X* � ,-,-�X.0� ( ' � 4 � +0! 4 � 4 � �+* � � �"! #+ % 4 7� ( � % 4 = % ! # 3

� � � � ( 
	� 6
 ����
 ��� ����
 ���  � � � ( 
	���
�� ��
 ���  �� � ����
 ��� � ��
 ���  
T =-E �&% *�!�+ �&% � � # !g.;+ 7�"�C= �+* *"=B'�=?*�! 7�"'�+ # !�+ @ � � # *"+ % 7��,-=B!�+ @ � � #g4 � ! �"! D �"! .;=JE �&% *�!�+ �&% � G=a. 5 =?*"*�� ( !�= % *��
b 7� � , 7�"!)'�+ @ � � 4 � # *�<>=?,213'�� # G=X, � �&% #"N � � #�� � ����� �&% ! 7�"! 7�^,-� # � ' 7�"� #�# � ' 4 � #c4 �&%>% 7�"� # , � .0!�+ ! �"! # =  &= % != � ,-+ % +;, � , !)' � + ##! �"! # = � % 4 � # �C'�= (>( ' � *�<	�"' 4 � *"= 4 '�� 4 �C.;=-,-� # � '�� N3T � # � b � '�� # & N � N _ � �"!�& N � N _��'�� ( ' 7� # � % !)� % ! .;� #�� � ����� � % E �&% *�!�+ �&% 4 � ( 
	���
 D � 
 ���

�"! � 
 ��� N � � #h( ' � 13=B13+K.;+0! 7� #�46587�"!�+ @ � �"!�= b � ( =B' , � �&% #
# �&% ! ( . � # E =?+;13.0� # G= � 
 ����� & '�= 4 �"!YG= � � 
 ��� � � ��� & � % '�=?+ # �&% 4 �-.K=H* � � 9?�"'�! � '�� %	�&% � % +0E � '�,J� 4 � #*�<>=?,213'�� # G= , � �&% #"N3T =a* � � '�1 � 4 � 4 ' � +;!)�2, �&% !)'�� � % �2*"= #�# � '�� 4 �2.K= ( � % !)�YG= ("! ���
 � � � � ����� * N � %� � �"! D G=2E =?+;13.0�]+;, ( � . # + �&% !)'�= % # 9?�"' # � D .0� # ! �"! #J7�"!�+ @ � �"! 7� # 	 # �&% !:� % ,a= ! � '�+;! 7� 4 � # ! �"! #:# ��,-+K.0� ( ! �&% + @ � � #"N
Th5 �/.a*"=?*"+0! 7� 4 587�"!�+ @ � �"!�= b � 4 �C*�� #]4 �"' % +0�"' # =B!)!)��+ % ! � % ( .;=B!)��= � G= ( ! ���
 � � � � ����� * * � ,-,J� .0�2, �&% !)'��.;= � b � '�� & N ) N � ( � + #�@ � � D G= *�� # 7� % �"' b +0� #"D .0� , � �&% 4 = % # .;� ! �"! # =B!�+ # Ed=?+0!Z=?. � ' # G= ! � � # .;� # *�'�+;!�G�"'�� #
4 � #V7��.0��*�!�+ �&% N$# b '�= % 4 �\+;, ( � . # + �&% !)'�= % # 9?�"' # � D . 5 �/.a*"=?*"+0! 7� 46587�"!�+ @ � �"!�= b � 4 � # ! �"! #a# ��,-+K.0� ( ! �&% + @ � � #
4:7� ( � % 4L( � � 4 �a. 5 +;, ( � . # + �&% !)'�= % # 9?�"' # � 4 � ! �"! N � � ( � % 4 = % ! D . 5 �/.a*"=?*"+;! 7�Y+ % *". � # +09?� 465�7�"!�+ @ � �"!�= b � 4 � #
! �"! # = � b ,J� % !)�JG= *"= � # � 4 � # ,-= � 9B=?+ # � # '���* �&% # !)' � *�!�+ �&% # �"!A+ 4 � % !�+ � *"=B!�+ �&% # 4 �X, � �&% # 3�*�� # � � �"! #f# �&% !
( . � # '�=B'�� # * 5 � # ! ( � � ' @ � � + .;= ( � % !)� 4 �C.;=J* � � '�1 � � # ! ( . � # E =?+;13.0� N

T � #:( ' � 13=B13+K.;+0! 7� # , �  ?� %>% � #A465�7�"!�+ @ � �"!�= b � ( � � 'f.0� #-7�"9 7� % ��,J� % ! #�% 
 ! �"! #A# �&% !:* � , ( =B!�+013.0� # ( � � '.0� #g4 � �+* # =�9?� � ' # 4 � .0� ( ! �&% #�N � .K.0� #X# �&% ! * � ,21�+ % 7�"� # = � % 4 �C' 7� 4 � +0'��C. 5 �"'�'�� � ' # !�=B!�+ # !�+ @ � �C�"! # �&% !F.0� #
# � +09 = % !)� #"N � � #c( ' � 13=B13+;.;+;! 7� # , �  ?� %>% � #/4 587�"!�+ @ � �"!�= b � # �&% ! 4 � , N � )/$ � N � ) � ( � � 'c.;�f*"= % =?.'&). 
 ) ! �"! #)( �"!
, N�� � $ � N � � � ( � � '$.0�f*"= % =?.*&). 
 �^i ! �"! #)( N � �"!)!)� %	� � 9?��.K.0� ( ' � * 7� 4 � '�� 4 �&%3% � 4 � # ' 7� # � .0!�=B! # * � , ( =B!�+;13.0� #�"! ( . � #c( ' 7��*"+ #/@ � �^*�� �+* � 1>!)� % � #�( =B' .;= # +;, � .;=B!�+ �&% 4 +;'���*�!)��3&.0� #c( ' � 1�=B13+;.;+0! 7� # , �  ?� %>% � # 46587�"!�+ @ � �"!�= b �
( � � '�.0� # 7�"9 7� % ��,J� % ! #+% 
 ! �"! #C7�"!�=?+0� % ! 4 � _ N�� &/$ � N , ��� ( � � '�.0�^*"= % =?.,&). 
 ) ! �"! #)( �"! , N _ � $ � N i1��� ( � � '.0�O*"= % =?.�&). 
 �Ai ! �"! #)( N
� � ( � % 4 = % ! D . 5 <  ( � !�<6G� # � # � '^.;= * � , ( � # +0!�+ �&% � % # =�9?� � ' # � # !]+ % � * =?*�!)� ( � + #�@ � �g.;= ( ' � 4 � *�!�+ �&% 4 � # = "9?� � ' # . � � ' 4 � #^4 = % # .0� #^( ' � *�� #�# � #�% 
 ! �"! # % � ( ' � 9�+;� % ! ( = # � * *". � # +09?��,-� % ! 4 �2. 5 + % !)�"'�=?*�!�+ �&% E � '�!)� 3.;= ( ' � 4 � *�!�+ �&% 4 � @ � =B' � * # � � . % 5 � * + # !)� ( = #^4 = % # .0� #A( ' � *�� #�# � # , � .0!�+ ! �"! # �"!^� # ! #�(:7��*"+ �3@ � �O= � E �&% 4
% 
 ! �"! #"N � � ( ' � *�� #�# � # '�� ( ' 7� # � % !)� � % � ( =B'�! 4 �g.;= ( ' � 4 � *�!�+ �&% � % # =�9?� � ' # . � � ' 4 � # + % 4 7� ( � % 4 = % !)� 4 �
%	� ,C1>'�� 4 � ! �"! #F# � (>( . 7��,J� % !�=?+0'�� #"N � ��*"+c* �&% 4 � +;! G= 4 � # 4 + � 7�"'�� % *�� # 4 = % # .;=Z* � , ( � # +0!�+ �&% � % # =�9?� � ' #. � � ' 4 � #g465 � % 9 +0' �&% _ � � - & � / �"! @ � + # �&% !F* � , ( ! 7�"� # * � ,-,J� �"'�'�� � ' #  # ! 7��,-=B!�+ @ � � # � 'g.;= ( ' � 13=B13+;.;+;! 7�

_ &�&



φ
0 1 2 3 4 5 6

T
ag

g
in

g
 e

ff
ic

ie
n

cy

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

jet phi effjet phi eff

η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

T
ag

g
in

g
 e

ff
ic

ie
n

cy

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

jet eta effjet eta eff pTeff
Entries  100

Mean    133.4

 (GeV/c)Tp
0 20 40 60 80 100120140 160180200

T
ag

g
in

g
 e

ff
ic

ie
n

cy

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

jet pT effjet pT eff

$&% ��� & N � N _ � � � /1)">9-">@2�: 2I8 C643U2!5 N : M�392!E+643 � A1C648�2�K@MJ648 - R�6 � 643���648�3���)0MZ\���� � ^�� 645 VX)+5 N 8�2�)+5 � 643 N -+/D- N 8 C64/42I3O8�2�K@M�643
� 643	��648�3�
 �
�������
�-&R"-0M N ��6������ ������� -+M N 645J8�/16��=648�� ������ ���- � /D)+2!8d6��+_

465�7�"!�+ @ � �"!�= b � N

� % � !�+;.;+ # = % !A*�� # ' 7� # � .0!�=B! #"D .;=J, 7�"!�< � 4 �2+0! 7�"'�=B!�+09?�CE � � ' % +0!A.0�F' 7� # � .0!�=B! ( ' 7��.;+K,-+ % =?+0'�� # � +09 = % ! 3


�� ! * !! � � � &�) $ _ � � � � # !�=B! 
 #  # !  ( 1
�"!^� # !^� % 1 �&% =?*"* � ' 4 =�9?��*C.;� # ' 7� # � .0!�=B! #]( ' 7��* 7� 4 � % ! #�N T � # + % *��"'�!�+0! � 4 � #A# �&% ! % �"!)!)��,J� % !]' 7� 4 � +0!)� #"N

�32 �32 � � 4 5��! 4 � 4 " � 5 4 � ��� & 6 4 � � � � 4 ��� 4 � "�� 	 �4	� �!& � 4 �����4  � ��� � 4
T =J, 7�"!�< � 4 �2+0! 7�"'�=B!�+09?� 4 �&%>% � � % + @ � ��,J� % !f.K= 9 =?.0� � '^*�� % !)'�=?.;�2�"!].0� # + % *��"'�!�+0! � 4 � #A# !�=B!�+ # !�+ @ � � # 3

� 
 ! �"! # 3

�� ! * !! � _ ���.� $ , �"! �$#
%�-�%  '& 	 � & N � N _ ,  

( 
 ! �"! # 3

�� ! * !! � ! �.� $ , � & �$#
%�-�%  )& 	 � & N � N _ )/ 

. 
 ! �"! # 3

�� ! * !! � � �.� $ _ � �#�$#
%�-�%  )& 	 � & N � N _�i  

� � # 9B=?.0� � ' #X# �&% !X� % =?*"* � ' 4 =�9?��* *���.;.0� # � 1>!)� % � � #g( =B' .;=-, 7�"!�< � 4 � 4 �29�'�=?+ # ��,213.K= % *�� N � .K.0� # �&% !*�� ( � % 4 = % !�!)� % 4 = % *��CG= ��"!)'��]. 7� b G�"'���,J� % !:+ % E 7�"'�+;� � '�� #"N � ��*"+	� # ! 4 �� G=O.;= . � + 4 � ( ' � 13=B13+;.K+0! 7� ( � + #�# �&% +0� %>% �
4 �^.K=O, 7�"!�< � 4 � 4 �^9�'�=?+ # ��,213.K= % *�� @ � +	=O!)� % 4 = % *�� G= ( '�+;9�+;. 7� b +;�"' 4 � # 9B=?.0� � ' #/# � (:7�"'�+0� � '�� #/4 �^.;= # ��*�!�+ �&%�/.a*"=?*�� D * �&% !)'�=?+0'���,J� % ! G= � % �O. � + b = � #�# +;� %>% � N

�32 �32+* , �% � � � " 4 5 � � 6 �4 	 � � ��- � 4 5 4	�/. " & � � " 4 5
T � #f4 + # !)'�+;1 � !�+ �&% # *"+ % 7��,-=B!�+ @ � � #f4 � # � 1 ! �"! # �"! 4 � # 9 =B'�+;=B13.0� # b . � 13=?.0� # � 1 # �"'�9 7�"� # �"! ( ' 7� 4 +0!)� #:# �&% !, �&% !)' 7�"� # � % = %>% � * � � = ( '"G� #M7�"!�+ @ � �"!�= b � N � � � !)� # .0� # 4 + # !)'�+;1 � !�+ �&% #]# �&% ! 13= #�7�"� #2# � ' .;= # +;, � .;=B!�+ �&% DG=Z. 5 � * *�� ( !�+ �&% 4 � *���.;.0� # * �&% *��"' % = % !O.0� E �&% 4 , � .;!�+ ! �"! #�D � 1>!)� % � � #F4 +0'���*�!)��,J� % !aG= ( =B'�!�+;' 4 � # 4 �&%3% 7�"� #

� .;=Y, 7�"!�< � 4 �J� # ! 4:7��*�'�+;!)� 4 = % # .;= ( =B'�!�+0� & N i N _  N
T � #F# ��*�!�+ �&% # �/. *"=?*�� # 
���% *%  � !�+K.;+ #�7�"� #g( � � 'g*�� #24 + # "!)'�+;1 � !�+ �&% #2# �&% ! *���.;.0� # ,J� # � ' 7�"� # ( =B'J.;=\, 7�"!�< � 4 � 4 �Z9V'�=?+ # ��,C13.;= % *�� 4 = % # .0� # *"= % = �+* &�� 
 ! �"! #)( �"!& ( 
 ! �"! #)( N

_ & !



φ
0 1 2 3 4 5 6

0

0.001

0.002

0.003

0.004

0.005

jet phi effjet phi eff

φ
0 1 2 3 4 5 6

0.002

0.004

0.006

0.008

0.01

0.012

0.014

jet phi effjet phi eff

φ
0 1 2 3 4 5 6

0

0.002

0.004

0.006

0.008

0.01

0.012
jet phi effjet phi eff

φ
0 1 2 3 4 5 6

0.002

0.004

0.006

0.008

0.01

0.012

jet phi effjet phi eff

φ
0 1 2 3 4 5 6

0.001

0.002

0.003

0.004

0.005

jet phi effjet phi eff

$&% ��� & N � N _�� � � /1)">9-">@2!: 2!8 C643�2I5 N : M�392!E+643 � A1C648�2�K@MJ648 - R�6 � 643 ��648�3U645FVX)05 N 8�2�)+5 � 6U:S- � 2!/16 N 8�2�)+5 645 � ����� ,.)+M�/ N 2!5�K
2!5�8d64/4E0-+:!:<643?645 ��� ��� _���6gR"-+M N �J6 �- � /1)+2!8d6 648 � 6 ��-+M�8�645c>9-+3�
 ���	��

� � ����
�� ��� ������

� �
����
�� ���/���	

� �
�

�� ��� ����
�� �G648	����

� ��_

_ & �



� � � !)� # .0� #F4 + # !)'�+01 � !�+ �&% # , �&% !)'�� % ! � % 1 �&% =?*"* � ' 4 � % !)'��-.0� #F( ' 7� 4 +;*�!�+ �&% # �"!O. 5 � 1 # �"'�9B=B!�+ �&% N�� � ( � % "
4 = % ! D *��"'�!�=?+ % � #J4 + # !)'�+01 � !�+ �&% #F( ' 7� 4 +0!)� # = ( '"G� # 7�"!�+ @ � �"!�= b � ( ' 7� # � % !)� % ! 4 5 +;, ( � '�!�= % !)� # � � *�! � =B!�+ �&% # 3��.;.;� # �&% ! ( � � ' � '�+ b + % �X.0�],-= % @ � � 4 � # !�=B!�+ # !�+ @ � � 4 + #)( �&% +013.0� ( � � ' .;� # E �&% 4>#,% 
 _ ! �"!:�"! % 
 , ! �"! #"N

_ & �



����� ����� �	��

��� ���
� �"!)!)�a= % =?.� # �a= ( � � 'F1 � ! 4 �-,J� # � '��"'2.;= # ��*�!�+ �&% �/.a*"=?*�� 4 � ( ' � 4 � *�!�+ �&% 4 � ( =?+0'�� #F4 � @ � =B'�� #! � ( = � ( '"G� #h4 � * � .;.;+ # + �&%>% � � 'c<>= 4 ' �&% + @ � ���e���/=B!)' �&% N�T � # 7�"9 7� % ��,J� % ! #f# �&% ! * � .;.0��*�! 7� #:( =B'h.0� 4:7�"!)��*�!)� � '

��� �"!]* � '�'�� #)( �&% 4 � % !CG= � % �F. � ,-+ %	� # +;! 7�F+ % ! 7� b ' 7�"� 4 5 � % 9 +0' �&% i , & & 	�� � N
T � # 7�"9 7� % ��,J� % ! # ! *

! # �&% !-'���*�<	�"'�*�< 7� #Y4 = % # .0�\*"= % =?. & � � & %���� 
�� � % # ( � G� .0�\.;� ( ! �&% � # ! # � +0! � %
7��.0��*�!)' �&% # � +0! � % , � �&% N � �-*"= % =?. * � ,213+ % � 465 � % � ( =B'�! � % � # + b&% =B! � '��J'���.K=B!�+09?��,J� % ! ( ' � ( '�� ( =B'2.;=
( ' 7� # � % *�� 4 � .0� ( ! �&% 7� % �"' b 7�"!�+ @ � �C+ # � . 7� D �"! 465 = � !)'�� ( =B'�! � % '�= (>( � '�! 465 ��,213'�= % *�<>��,J� % ! 7��.;�"9 7� � ) � �  N
Th5 = % =?.� # �J'�� ( � # � # � ' � % � ( ' 7� #�7��.0��*�!�+ �&% ! � ( � . �?b + @ � � � .0� ( ! �&% 7� % �"' b 7�"!�+ @ � �Y+ # � . 7� D 7� % �"' b +;�a!)'�= % # 9?�"' # �,-= % @ � = % !)�O+;, ( � '�!�= % !)� D = � , � + % # !)' � + ##! �"! #^4 �&% !]= � , � + % # � % ! �"! 7�"!�+ @ � �"! 7� 	  N

Th5 = % =?.� # �O� # ! #�7� ( =B' 7�"� � % @ � =B!)'��C*"= % = �+* � * *". � # +0E # � % E �&% *�!�+ �&% 4 �2.;= , � .0!�+ ( .;+K*"+0! 7�F� % ! �"! # �"! 4 �!  ( � 4 � .0� ( ! �&% N�T/587�"9 =?. � =B!�+ �&% 4 �2.;= ( ' � ( � '�!�+ �&% 465�7�"9 7� % ��,J� % ! #O4 � # + b&% =?.6�"! 4 �O1>' � +0! #^4 �OE �&% 4M4 = % #*�<>=?* � % 4 � *�� #-# � � # " *"= % = �+* # �YE =?+;! 4 �H,-= % +IG�"'�� + % 4:7� ( � % 4 = % !)� N�T =L,-� # � '�� 4 � .;= # ��*�!�+ �&% �/. *"=?*��� # !Z� � ��*�! � 7�"� ( =B' .;= ,a= * +;,a+ # =B!�+ �&% 465 � % �ME �&% *�!�+ �&% 4 �M9�'�=?+ # ��,C13.;= % *�� @ � +]* � ,C13+ % �W.0� # ' 7� # � .;!�=B! #
4 � #X@ � =B!)'�� = % =?.� # � #"N � �"!)!)� E �&% *�!�+ �&% 4 �29�'�=?+ # ��,C13.;= % *�� ( �"'�,J�"!X= � #�# + 4 �2!)� % +0'g* � , ( !)� 4 �C,a= % +dG�"'��
% =B! � '���.;.0� 4 � # + % *��"'�!�+0! � 4 � #:#  # ! 7��,-=B!�+ @ � � # �"! 4 �O.;� � ' # * � '�' 7��.;=B!�+ �&% #]# � '^.;= # ��*�!�+ �&% �/.a*"=?*��C,J� # � ' 7�"� N

Th587�"9 =?. � =B!�+ �&% 4 � % +09?��= � 4 � # E �&% 43# Ed=?+0!J= (>( ��.OG= ( . � # +0� � ' # !)��*�< % + @ � � # 1�= #V7�"� #-# � '-.0� # 4 �&%3% 7�"� #' 7�"��.;.;� # �"!].;= # +;, � .;=B!�+ �&% N	T =a* �&%>% =?+ #�# = % *�� 4 � %	� ,C1>'�� �+* ( ' � *�� #�# � #]4 � � � 4 G��.0�
��!�= % 4 =B' 4 D !)��.;.0� @ � �.;= ( ' � 4 � *�!�+ �&% 4 �:1 � # �&% # =?*"* � , ( = b&% 7� # 4 � ! �"! #"D � # !�.;+;,a+0! 7�"� ( =B'�.0� # + % *��"'�!�+0! � 4 � # !�< 7� � '�+ @ � � #"N � �"'�!�=?+ % #� � �"! #C# �&% !C'�=B'�� # � ! �"!C<3= 4 ' �&% + @ � �-+ 4 � % !�+ �f7� * � ,-,J� � % .0� ( ! �&% D '���* �&% # !)' � *�!�+ �&% 4 � , � �&% #24 = % # .0� #
! �"! #"D>N0N0N  ��"! .;= # +K, � .K=B!�+ �&% # �^' 7�"9�G��.0�g+ % = 4 = ( ! 7�"� ( � � '�� % =�9 � +0' � % �^* �&%3% =?+ #�# = % *�� ( ' 7��*"+ # � N�T/5 � !�+K.;+ # =B!�+ �&%
4 +;'���*�!)� 4 � #^4 �&%3% 7�"� #^( �"'�,J�"! 4 �FEd=?+0'��FEd=?*��ZG=-*�� #X4 � �+* ( ' � 13.IG��,J� #�N

T = # ��*�!�+ �&% �/.a*"=?*�� 4 � ( ' � 4 � *�!�+ �&% 4 � @ � =B'�� # ! � ( � % ( =?+0'�� # 4 = % # .0�Z*"= % =?. &).;� ( ! �&% 
 ! �"! #)( � # !,J� # � ' 7�"�ZG= 3
� ��% *%  � � � i��! #" $�  #" � �$#
%�-�% 
 # � # %

 $ ��� & � �&%����  & 	
� .;.0�f� # !/� % =?*"* � ' 4 =�9?��*g.0� #�( ' 7� 4 +;*�!�+ �&% # !�< 7� � '�+ @ � � #h4 � � � 4 G��.;�'��!�= % 4 =B' 46N&T � # + % *��"'�!�+0! � 4 � #�#  # ! 7��,a= "!�+ @ � � # # �&% ! 465 � '�+ b + % �W!�< 7� � '�+ @ � � D � * (:7�"'�+;,J� % !�=?.0� D �"! ( ' � 9 +0� %>% � % ! 4 � .K= # !�=B!�+ # !�+ @ � � .;+;,a+0! 7�"� 4 = % #.0� #Y4 �&%3% 7�"� # �"!H.;= # +;, � .;=B!�+ �&% N+# � % 4 � ' 7� 4 � +0'��L*�� # �"'�'�� � ' #"Df4 � %	� ,C1>'�� � # � # !)��*�< % + @ � � # �&% ! 7�"! 7�
4:7�"9?��. � (3(:7�"� # ( � � ' ,J� # � '��"' 4 � # � � �"! # '���.;=B!�+0E # � % !)'��M.0� # 4 �&%>% 7�"� # �"!Z.;= # +K, � .K=B!�+ �&% N�� �M,	���,J� D .;=
%	� '�,-=?.;+ # =B!�+ �&% 4 �2*��"'�!�=?+ % # E �&% 43# G= ( =B'�!�+;' 4 � #^4 �&%>% 7�"� # ' 7� 4 � +0!^.;� # + % *��"'�!�+;! � 4 � #A# � 'X.0� % +09?��= � 4 �O*�� #E �&% 4>#"D =?+ % # + @ � �O.0� # + % *��"'�!�+0! � 4 � #A# � '^.;=J,J� # � '�� 4 �O.;=J. � ,a+ %	� # +0! 7� N

T =C,-� # � '�� 4 � .;= # ��*�!�+ �&% �/.a*"=?*�� 4 � ( ' � 4 � *�!�+ �&% 4 � ( =?+0'�� #f4 � @ � =B'�� # ! � ( 9B=C1 7� % 7� � *"+0�"' 4 � %	� ,�"1>'�� � # � # =?, 7��.K+ � '�=B!�+ �&% #�N�� .;.0�O1 7� % 7� � *"+;�"'�= %	� !�=?,-,J� % ! 4 � .;= * � ,21�+ % =?+ # �&% =�9?��* .0� # ,J� # � '�� #X465 = � !)'�� #*"= % = �#* @ � +�E �&% !f=?*�! � ��.;.0��,J� % !A. 5 � 1 ! �"! 4 5 = % =?.� # � N�T = ,J� # � '��g1 7� % 7� � *"+0�"'�= 7� b =?.0��,J� % ! 4 �F. 5 = � b ,J� % !�= "!�+ �&% 4 �h.;=]. � ,-+ %>� # +0! 7�/+ % ! 7� b ' 7�"� N"# *�! � ��.;.;��,J� % ! � % �h. � ,-+ %	� # +0! 7� 465 � % 9 +0' �&% )AE 1 � � = 4:7� ! G= 7�"! 7�f� % '�� b + # !)' 7�"��"! 4 �"9V'�=?+0! ( �"'�,J�"!)!)'�� � % �2' 7� 4 � *�!�+ �&% 4 � # + % *��"'�!�+0! � 4 � #]# !�=B!�+ # !�+ @ � � # �"! #  # ! 7��,a=B!�+ @ � � #"D *�� # 4 �"' % +dG�"'�� #
7�"!�= % !X.;+;,a+0! 7�"� # � % ( =B'�!�+;� #A( =B'].;= # !�=B!�+ # !�+ @ � � 4 + #�( �&% +013.0� ( � � '^.;� � ' 7�"9 =?. � =B!�+ �&% N

_ & �





���������	��
��
 � ��� �	��� �

� � ���� � � ����� ��! "� #$� % ��&(' � � ) � #$� &*�,+���� ��!
�.- +/�0+1� ) � � � �2) ' +3��� �4! ) � 52' � ��6 & �(�7�

) �8! & 9 : ; 9 <

= !>=





� � � � � ��� � �
� � &�� � & � ����� ��� � �� � � % ��!�� �8# � ) � � 	 "�
9 : ; 9 <


���
��������������������! #"%$&��'(���*)���������+�*��'�$,'����!'�$.-��/��*01�*23��4,����+�����*�����*5�'76 � 
86 �:9 ���;������
<01"% #'���';4,�*)"=��'(>?
�'�0� �2!���*)@���A�B�! �C35!�D)�
<5%)FEG�H+�����*�����*5�'�"% #'@'� #"!"=
�'(�; �5I�H+�����*�����*5�'�JLKNM�OF4P)*�Q #R<$,�7�!�A01������'(�D�*2'(��R< #'B�A4,�*)S+���( #�()T'(�*)(":�*���($&>?)U�!�*)V���*5�WS��+�����*�����*5�'B) 9 ��
<2YX��5!)P"=
<5�'V���*)U
������*���($,>Z)P���["%�]\�)($&C^5��L�!$,_P+��'(�*23�()���P `/��*�[���*)U���*���!2�
<4&
�R<$,�*)�+��R< �4,�*0��*2]�T�!$a_P+��'��*2]���*)�M
bLc�d eAfge�h �


8��
jilkm�*)��Y4,��"!'(
����% �$&2n��
<4o4&$&)($,
<2%2��*5�'p"!'�
���
<2�Eq"!'(
���
<21�!51ksrHtPunMv6T���(5��*4&4,�*0��*2]�w�*2x��
<2!)���'�5%���($,
<2 9)�
<2N��+�*0� #'('B #R��y�*)��w"!'^+��/^5N"=
<5�'Yz#{�{]|`E}z#{�{<~^M]OF4]"%'(�*2!�N4& P"�4& ������!��4.�Q �2%��$,�*2n��
<4o4&$&)($,
<2%2��*5�'p� � � � �!5n
jr�� 9 �2!2!�* �5����[z<| � 0g���L��$,'B��
<2�>*+��'(�*2%����M
8�@
jilk�>�
<5�'B2!$,'� ����*)n��
<4&4&$&)�$,
<2!)��<�� */��*�75!2���+�*2!��'(R<$,�@2!
<0�$&2! �4,�@��� =�� � ���g�! �2%)[4,�;���*23��'(�S���0� �)�)���MY
8 D4&5!0�$&2!
<)($,�3+�@ �+���3+�A���!
<$&)($,�S���7>? :X��
<2�- ���
<01"=�*2!)���'x4& ���+�*��'(
<$&)�)( �2!���S�*2 =`� )1����4& �)(�*���($,
<2���;�� �����"% #'(��
<2�Eq"% #'(��
<2�M#JT�*5�WL"�+��'�$,
����*)�����>?
<2!���($,
<2!2!�*01�*2]��)�
<23�j"!'�+��/�5��*)�M#
8 P"!'(�*0�$.-��'�� 9 �!$,���������� �)()��4&5%0�$&2�
<)($&�3+���!��/3'� �$&�8�!5�'(��'8��'(
<$&)8 �2%)�M�
j P4&5!0;$&2�
<)($,�^+��$&2%)��( �2]�( �2�+���s)���'� V����4.��
�'B��'(��������� = { $ $���� �  �� ������SC35%$���
�'('(�*)(":
<2%��- �z^M��D��
<4&4&$&)($&
<2!)L$&2�+�*4& �)(�($&C35!�*)["% #'x��'(
<$&)(�*01�*2]�x���7>? �$o)(���* �5�Mw
8 D)��*��
<2!���7�*)��15!2��"s+��'�$&
^�������A�! �5����D4&5!0�$o2�
<)($,�^+�m�Z��� = { $F� ��� �  � ���B� 9  `/��*��5!2��A01
�\��*2!2�������z�� $&23����'� ����($,
<2!)@"% #'��'(
<$o)��*01�*23��M�
j �>?'^+�*C35��*2%���S�!�*)n��'(
<$o)��*01�*23�()n�*)(�N��� � {D¡�iV¢ 9 ���SC^5!$�$&0�"%4&$&C^5��x"=
<5�'n4,�*)N��+�����*�����*5�'�)5!2!��+�*4&�*����'(
<2!$&C^5��£'� #"%$o����M�w #'y'� #"%":
�'��� �5 � ���� #��'(
<2 9 4&�T"%'(
��%4.-�*01�£���£4& N"!'(
��!5!���($&
<2@���Q �23�($aEq"!'�
���
<2!)y�!$&)�"� #'� `¤ ¥,�����U2��£4&$&0�$,���"%4o5!)n4o ¦4&5!0�$&2!
<)($,�3+��MYr�2§'(��/# �2!���!� 9 4,�*)1>Z �$&)(���* �5�W����S"% #'(�($&��5%4,�*)1��$,'���5!4&�*2]�1�! �2!)1�!�*5�W �(5��=�*)A- �/�$&���)^+��"% #'�+�*) 9 �! �2!)£4,�*)�C35��*4o)T4&�x�B�! �01"¨0� #R<2�+���($oC35��;�*)��L$&23/���'�)3+�� #©%2¦���14,�*5�'L�!
<2!2���'£4& S0S¤�*01�;��
<5�'��%5�'(��M
8�U0S¤�*01�P'� �$o)�
<2!2��*01�*23��)��Q #"!"�4&$&C^5��y �5�Wx�� `/^$&�3+�*)s �����+�*4�+��'� #��'�$o���*)�M�
p�*)� �$o0� �2]�()H���U��
<5�'(��5�'(�U5��($&4o$&)3+�*)Y �5
jilk�)�
<23�����*)� �$&0� �23�()�)(5�"!'B ���
<2!�!5!�����*5�'B) 9 ���PC35%$� �5�R<01�*23���P4& £�!$,�@��5!4,�3+�y���*���!2%$&C35!��M3kT���*)������Q �$o4&4,�*5�'�)4,�����% �01"ª0� #R<2�+���($&C^5��¦0� vW�$&0� �4lC35!�D4.��
<2I"=�*5��S #�����*$&2!��'��� ����(5!�*4&4,�*01�*23��C35!$T4&$&0;$,����4.�«+�*2���'�R<$,�¦���*)>Z �$&)(���* �5�W��!5�
jilkTMJT�D4& ¦0S¤�*01��0� �2!$.-��'(�AC^5��Q �5 � ���� #��'(
<2 9 4.�Q �����+�*4�+��'� #�($&
<2I�!��"% �C^5����();���A"% #'(�($&��5!4&�*)T��5%)(C35p��- ¦���*)+�*2���'(R<$&�*)V���N4.��
�'���'��n�!5 � ���¬2�+�*���*)()�$,���x"%4&5!)($&�*5�'�)y ����%+�*4B+��'� #���*5�'�)*Mp
p�*)V"!'(
���
<2!)T)�
<23�T���Q #�=
�'��A"!'(
��!5!$,�()���� ����%+�*4�+��'�+�*)P"% #'H5%2�­!®<®H¯°�± ¯°3² ­�³ °�´j²x±ZµZ¶ ¯° ­ µ?²v°D·(¸H¹�ºD»7¼�½ �(5!)(C^5���- L5!2!�7+�*2���'(R<$,�T���T¾#{N¡����NM^
8�V¿�À�À�Á�Â³ °^² 4,�*)N ����%+�*4.-��'��N��5!)�C35���- A5!2���+�*2���'�R<$,�7�!� = M �¨Ã ���nMw
p�*)n"% �C^5����()N���;"!'�
���
<2!)n)(
<2]�N�*2!)(5!$&���;$&2v���*���3+�*)�! �2%)L4,�;Á�Ä ¶ ®#Å ² À!³ ² À ¶gÆ­IÇ ² À%³`À ¶ Á ·(ÈxÉj½ C35%$�4,�*5�'L>?
<5�'�2%$,�L5!2��§+�*2���'�R<$,�@���7z�¾ Ã ���NMj6Ê���@2%$,/��* �5 9

=*Ë �



4,�*)x"%'(
���
<2!)�)�
<23�1'� �)()(�*0[�%4�+�*)��*2 ~ � "% �C^5����()���� � 2%)1)3+��"% #'^+�*)@�!�Az�¾�2!)�M�
p� É�ÈxÉ �������	��

��
��������
����������
�����
������  ����%+�*4.-��'��[4,�*)�"% �C^5����()j��5%)(C35p��- [5!2���+�*2���'(R<$&�l�!� � ¾#{ Ã ��� 9  */# �2]�U�!�T4,�*)��*23/�
`\���'T�! �2!)s4,�*)���*5�W@�(5��=�*)n- x/�$&���L�!5 ¸ �¦¼ 
�-5�$&4&)y)�
<23�P �����+�*4�+��'�+�*)H�(5!)(C^5���- 15!2��D+�*2���'(R<$&�[���n| � ���nM

! 5! #��'(�£��W�"�+��'�$,�*2!���*)V)(5�'U4,�L
jilk�)(
<2]�U"%'^+��/^5��*)N�?©!R<5�'(� Ë M = M = �#"
$ 
p�*)����*5�Wn��W�"�+��'�$,�*2!���*)H6 � 
86 � ����ky¡ � )�
<23��Rj+�*2H+��'� �4&$&)����*)H���� �5�'�
<2]��5!214o #'(R��U��
<0� �$&2!�s�p�}+���(5%����?"%�]\�)($&C^5����!5�0�+�*�� �2!$o)(01�A���A�!'�$&)(5!'(�7�!��4& ¦)�\�0 +����'�$,� +�*4,�*����'�
�>? �$,��4,� 9 '(�*�B����'����!�A����)($,R<2!�*)����2�
<5�/��*4&4,�l"%�3\�)($&C^5�� 9 M,M,M � M
$ 
p�n��+�����*�����*5!'L6V
8O�ksr �*)��T"% #'(�($&��5%4&$Z-��'(�*01�*23�P��+�*�!$�+��- @4q�}+���(5%���n���*)T��
<4&4&$o)($,
<2!)U�p�Q$,
<2!)y"%4&
<0[� 9  #©%2������W^"�4,
�'(��'U4,�*)y"%'(
�"!'�$�+���^+�*)P�!�L4& 10� #�($.-��'(��- 1�! �5����[���*2%)($,�3+�L���S+�*2���'(R<$&�@�.z^M | Ë � ��� � 5 � M
$ 
�����W�"�+��'�$,�*2!���[
jilks���*)��U
�"!�($&0;$&)3+���L"=
<5�'U4.�«+���(5!���n���L4& x"%�3\^)�$&C35!�l�!�*)U�! ���'(
<2%)&%`M

'&%)(+* Ë M = M =
,.-0/�13254 176�8�1 *�9�: 1;2�178
) /0<�=�>�?�178@8 ) /0AB17=7=�>DCE6F8+2D/&GIH '

bLc�J eAfLKNMfPO:fRQSO:f 
UTWVYX e V[Z

\P])^P]�_ `
a�bcedFcefhg�ijglk�mnf.o bcef bc a iqp�c
6V"!"!'�
<5�/�+�Y�*2 =0r�r�Ë 9 6 � 
86 � �*)��j4.�Q5!2£���*)pC^5! #��'(����+�����*�����*5!'�)j$o2!)��( �4&4�+�*)p)�5�'p4,��
8i£kTM�k�����������W^"s+��'�$&�*2!��� �+���3+� ��
<2wX��5��D":
<5!'@��W�"%4,
<$,����'S4,��R�'� �2!�I"=
����*2]�($,�*4T�����H+�*��
<5�/���'(���*)��%5 
jilk 9 ���S2�
��( �0�01�*23�����*4&5!$��
<2!����'B2! �2]�@4& ¦�!'�$o)(5�'(�S���A)�\�0�+����'�$,��+�*4&�*����'(
�>? �$&�%4,��M�6 � 
j6 � '(��R�'(
<5�"=��5!2!����
<4&4& #�=
�'� #�($,
<2�01
<2%�!$& �4,����;":��'B)�
<2!2��*)£���N���@0�
`\��*2!) " �*23/^$&'(
<2 = ~#{�{D"%�3\^)($o��$,�*2!) 9 "!'�
`/��*2! �23�n���@"%4&5!)£�!� = ¾#{A5%2!$,/���'�)($&�3+�*)[���4& #�=
�'� #��
<$&'(�*)y�! �2!)P� � "% *\�)�M

��Q$&2�>?'� �)���'�5%���(5�'(���!5 ��+�����*�����*5�'S6 � 
j6 �  ¨4& #'(R��*01�*23��+���^+�¦��
<2!�!$,�($&
<2!2H+����"% #'@4&��"!'(
�R�'� �0�0��A���"%�3\�)($&C^5���M^
8�£iV$,R�R<)U"!'^+�*�!$,��"% #'U4,�L¡A
^��-�*4,� � �( �2!�! #'��S�*)��y'��*������'��B�H+�[)��*4,
<2S"�4&5!)($,�*5!'�)��� �2! �5�W@�*2�>?
<2!��E�($,
<2@���P)( n0� �)()���M � �Q$&4��*)(�H4�+��R���' �tsvu = {�{Uw#x�y z �  9 4q�}+���( #�s©%2% �4!��
<2]�($&�*2]�s���*)�C^5! #' � )+% " 4,�P��+�����*�����*5�'6 � 
j6 � �!
<$,�l":��'B01������'(�1���Q$&���*23�($,©!��'l���;�� ����*0��*2]�N4,�*)H�F���(){%L��
<5��[�*2�'(�«�F���( �23�[4,�*)H�����()L4�+��R���'�)*M8Jl �2!)

=*Ëv�



4& ;'^+��R<$,
<2 � s � = �#{ w#x�y z �  9 5!2 +���( #�£©%2% �4p"!'(
�"%'(�n0� �$o)P'(�*4o #�($,/��*01�*23�V'� #'��n�*)��l��
<2!)��($&�(5H+�x�!�N���*5�W"%�!
���
<2!) " 4.�Q$o���*2]�($&©%�� #�($,
<2����*)y"���
���
<2!)y���T4& 101�*)(5�'��£"!'^+�*��$&)��[�!�[4,�*5�'S+�*2���'�R<$,�L���P���n4,�*5�'U �2�R<4,�n����
<5�E/���'(�(5!'(�U)�
<23�����*)��� #'� ����^+��'�$o)��($&C^5��*)��� #"%$&�( �4,�*)�C^5��U��
<$,�Y"=
<)()^+�*����'H4,�U�H+�����*�����*5�'s6 � 
86 � M<r�2!©%2 9 "=
<5�'�4,�*)0� �)�)��*)P���[�:
<)(
<2!)P���niV$,R�R<)P"%4&5!)P4,
<5�'����*) 9 4.�}+���( #�V©%2% �4�>? �$&�P$&23����'(/��*2!$,'T���*)P4,��"%��
<2!)y���V�!�*)P2��*5���'B$&2�
<)�M
8�l��+�����*�����*5!'T��
<$&�s�!
<2!�l �)()(5�'(��'U5%2��l�:
<2%2��T$o���*2]�($&©%�� #�($,
<2S���*)U4,��"%��
<2!)L�*+�*4,�*����'(
<2!)P���U0n5�
<2%) � ���P5!2��01�*)�5�'(�n��
�'�'(�*�����1���N4&�*5�'�+�*2���'�R<$,��M�OF4���
<$,��+��R< �4&�*01�*2]�1¤����'(�1����'B0 +���($&C35!� 9 "=
<5�'T4& @0��*)(5�'(�N���N4q�}+�*2!��'(R<$,���'� �2%)�/���'�)��L0� �2%C35! �23����M��
<5�'P'^+��":
<2%��'(�@- 1���*)P��'B$,��-��'(�*) 9 4&�L�H+�����*�����*5�'T)(�[�� #'� ����3+��'�$&)��N���L4& x>Z :X��
<2A)(5%$,/v �23��� � Ë {�� "
$ tU�*��
<2!)���'B5!���($,
<2����*)V��'� ����*)l���;�� ����*)@- 7�! �5����14&5!0;$&2�
<)($,�^+�L"=
<5�'l4.�Q$&�!�*2]�($,©��� #�($,
<2A���*)V"% #'(�($o��5!4,�*)���! #'(R�+���*)N���n4o �01�*)(5�'(�;"!'^+�*��$&)��;�!�;4,�*5�'[$o01"%5!4&)�$,
<2��p'��*��
<2!)���'�5!���($&
<2m����/���'�����Wm)��*��
<2!�! �$,'��*)£���+���($oC35����( #R��N���*)PC^5! #' � )&%T���P���*)P4,��"!��
<2!)��=M
$ ks �4,
�'�$&0�+����'B$,�D+�*4,�*����'(
<0� #R<2�+���($oC35����!�[R�'� �2!�!�["!'�+�*��$&)�$,
<2�"=
<5�'P4q�Q$&���*23�($,©%�� #�($,
<2����l4& @01�*)(5�'(�n���*)+�*4&�*����'(
<2!)£���£���*)l"%�!
���
<2!) 9 ���L4& @�%$&)(��'�$&0;$&2! #�($,
<2	�qz�

� 9 $&���*23�($,©%�� #�($,
<2D���*)£)( `/��*5�'�)£4,
<5!'����*)l)���E0�$&4,��"!��
<2%$&C35!�*) 9 0��*)(5�'(�x"!'�+�*��$&)(�;����4.�«+�*2���'(R<$&�;���*)������()L���[�!��4.�}+�*2���'(R<$,��0� �2%C35! �23���D- �4q�Q �$&���1����� �4,
�'�$&0�-����'(�*)V�! ���'(
<2%$&C35!�*)�M
$ ¡��*)(5!'(�S"!'^+�*��$&)��S���� �5���
<2�
<0������*)10n5!
<2!)x���S��
<5�����4& DR< �0�01�����«+�*2���'�R<$,�� ������*)()($,��4,�m- ��� �)()����
<0�01�7- 1�! �5!���[4&5!0�$o2�
<)($,�^+��M
$ 
p�S��
<0� �$&2��S���S"%�3\^)�$&C35!�;�*)��x
�"!�($&0;$&)3+�@"� #'�4.��
��!���*23�($,
<2§���Q5!2��7R�'� �2!���S �������"!�( �2!���A�*2§"%)��*5�E��
�'� #"%$&�%$,�3+� 9 ���7"% #'74o  �� #"% ���$&�3+�¨�!����+�*��4,�*2!�B���*01�*23��)(5�'7���*)7"% #'(�($&��5!4&�*);����":���($&���D$&0�"%5!4&)($&
<2��'� �2!)�/���'�)(��M
$ 
p�P��+�����*�����*5�'s�*)���"!'^+��/^5;"=
<5�'Y>�
<2%���($,
<2!2���'H"%4&5!)Y���Q5%2��U�!$,¢* �$&2!�s�p�Q �2!2H+���*)��*23/�$,'(
<2�M]
8�*)���
<4&4o$&)($,
<2!)"!'(
���
<2�Eq"!'�
���
<2��!5�
8i£kI>?'^+�*C35!�*2]���*)P���N- ��! �5�����+�*2!��'(R<$,�L�*2�R��*2%��'(��'(
<23�U5!2��L ����($,/# #�($,
<2��!�L4.���*2�E)��*0[��4,�7�!�*)N0; #�3+��'B$& �5�W��%5 ��+�����*�����*5�'�- D4&
<2�R�����'B01��MY
8 ����*���!2�
<4&
�R<$,��5��($&4&$o)3+���@��
<$,�x)��7'^+��/�+�*4,��''(
��%5!)����£>Z ����[ �5�W�$,'('B ��!$& #�($,
<2!)L- �4&
<2�R1����'�01��M
�w #'�4& T)(5!$&��� 9 �B�! �C^5��y)�
<5!)FEG��+�����*�����*5�'H�*)��w�!'�$.-��/��*01�*23����+�*��'�$,� 9 ����)��*)w"=��'(>?
�'�0� �2%���*)�)(
<2]�Y��
<01"% #'�+���*)- 1���*4&4&�L�!5���+�����*�����*5�'lJLKNM

\P])^P]B^ ��� d�g��c�� c�d	� c�� bc�g�c��5g�k�mnf c	g�� c a�� m a �vi f��Iced
ks
<0�01��2�
<5!)£4q�Q */�
<2!)[/^5¦"%'^+�*�%+�*�!�*0�01�*23� 9 4,�*)l"� #'� �0S-����'(�*)N���1>�
<2%���($,
<2!2��*01�*23�L�!5¦
jilk ��
<2%)��($aE�(5��*23�L5!2¦�*23/�$,'(
<2!2��*0��*2]�l��'*-�*)n��W�$,R��* �23�L"=
<5�'L4,�*)[�H+�����*�����*5�'�)�M�uP
<2¨)(�*5!4,�*01�*23�[4& S4&5!0;$&2�
<)($,�^+��+�*4,��/�+�������4& ��! �5!����>�'�+�*C^5��*2!����$&0�":
<)(�*2]�15!2��SR�'� �2^5!4& #'B$,�3+��©%2��S"=
<5�'m+��/�$,����';4&�*)x"%�H+�*2�
<0�-�*2��*)@���S'(�*��
<5�/^'(��E01�*23�() 9 0� �$&)L$&4o)L��
<$,/��*23�n �5!)�)($���
<5�/^'�$,'n5!2���R�'� �2%����R< �0�01�7���}+�*2���'(R<$,�7��
<5��n�*2¨R< #'��! �23�n5%2�����W����*4aE4,�*23���['�+�*)(
<4&5��($,
<2�M:
p�*)V���*���!2%$&C35!�*)V���N�H+�����*���($,
<2����l4,�*)P���*�B�!2�
<4,
�R<$&�*)V�*0�"%4,
`\�+���*)l)�
<2]�l �)()���¢x)($&0;$&4& �$,'(�*)- ����*4&4&�*)£�!5��H+�����*�����*5�'NJLKNMprH2D"% #'(�( �23�[�!5����*2]��'��;���14& S��
<4&4&$&)�$,
<2 9 
<2���'(
<5�/��;4,�1��+�����*�����*5�'N$&23����'�2�� 94,�*)y)(\^)���-�*01�*)T�� �4,
�'�$o0 +����'�$&C^5��*)y���P4,�*)P�H+�����*�����*5�'�)1- �0n5!
<2!)�M

���! 
�" #�%$ ¸�°'& ¯° ³ ° ®<³ °^´j²Sµ?¶ ³ °3²#¶8°
ks���H+�����*�����*5�'Y��\^4&$o2!��'�$&C^5��s�?'(��"!'�+�*)��*23�3+��)(5!'84& s©!R<5�'�� Ë M�z^M�� � 
�����5�"=��4& s"% #'(�($&�����*2]��'� �4&���!5L��+�����*�����*5�'`M
8��'v¤
<4,���!��������+�����*�����*5�'w�*)���4.�Q$&���*23�($,©%�� #�($,
<2£�!�*)p��'� ����*)�4& �$&)()^+���*)j"% #'84&�*)p"% #'(�($o��5!4,�*)����% #'(Rj+���*)�M�
8 P0��*)(5�'(����L4&�*5�'U$&01"%5%4&)($,
<2@�*)��S+��R< �4,�*01�*23�P"=
<)()�$,�%4,�T"%5!$&)�C35��Q5%27�B�! �01"A0; #R<2H+���($&C35!�n���[z � �! �2!)y4& 1�!$&'(�*���($,
<2�!5S>Z �$&)(���* �5A��
<5�'(�=�L4& x��'� ����*����
<$,'(�[�!�*)y"% #'(�($&��5%4,�*)y���! #'�Rj+���*)*M6I�% �)�)��P4&5!0;$&2�
<)($,�^+� 9 )��*)�>�
<2!���($&
<2!)�)���'(
<23�H)�5�'(��
<5���4.�«+���($&C^5����( #R��l���*)=�����()��!�U� 9 4,�*)�'(�*��
<2!)���'�5%���($,
<2!)

=*Ë ¾



'&%)(+* Ë M�z^M�z ,Y-0/�1R2��17A >DC : : �1�1R2D/#2��17AB1 � AB17/ =�����G����
	
���s/���'(����W;��+��"�4& ��%+�*)����y�������!���x�������*4&4,�*)Y���*)���'� ����*)����y"� #'(�($&��5!4,�*)w�B�! #'(Rj+���*)£���v #
<2!) 9 +�*4,�*����'(
<2!) 9 M,M,M � ����% �)w01
<0��*2]�()Y��'B �2!)�/���'�)��*)*M#JT�U0� �2%$Z-��'(�s"%4&5!)jRj+�*2H+��'� �4,� 9 $o43��
<$&�w��
<5!/3'�$&'w5%2��HR< �0;01�U���s"%)��*5!�!
�'� #"%$&�!$&�3+�

 ��
�� z���¾ 9  `/��*�n5%2��£��'�-�*)U�=
<2!2��l���;�� ���$&�3+��M

'&%)(+* Ë M�z^M�� ,�� ��� �1 * >R2D/ 2��17AB1 � AB17/0=nC 6FAB17=�6l1

ks�l)(\^)���-�*01�N���£�H+�����*���($,
<2��*)(�U��
<01"=
<)3+�[���£"%4&5%)($,�*5�'�)�"% #'(�($,�*) 9 ��+���( �$o4&4B+���*)P��$aEG�!�*)()�
<5!)�M�OF4���
<5�/^'(�L5!2��
<0; �$&2��l�*2�"%)��*5%��
#Eq'� #"%$&�%$,�3+�L��� 
 ��
�� z���¾ 9 $&�!�*2]�($&C^5��;- 1���*4&5!$��%5��H+�����*�����*5�'lJ£KxMrH27"% #'(�( �23�s�%5@"=
<$&23�s���Q$&23����'� ����($,
<2 9 
<27��'(
<5�/��£��
<5��y���Q #�=
�'��S5!2S��+�����*�����*5�'1- N"%$aW��*4&) 9 C^5!$:"=��'�01���4& D'(�*��
<2%)���'�5!���($,
<2�"!'�+�*��$o)������*)x/���'(����W�"!'�$o0� �$,'(�*)n����)��*��
<2!�! �$&'(�*)�MwO«4��*)�����
<2%)($,�(5�+���������*5�W§��
<5!���!�*)
=*Ë�Ë



��\�4&$&2!�!'�$&C^5��*)s"=
<5�'V4& @"% #�($,�N���*2]��'B �4,�x���l�!�n�^5!$,�V�%$&)(C^5��*)U"=
<5�'l4& �"� #'(�($,�n `/v �23��Mjks�! �C^5��n"%$aW��*48 S5!2���( �$&4o4,�P¾#{��x�#{�{�� ��� M�k��������PR�'� �2^5!4& #'B$,�3+�V$&01"=
�'(�( �23���y"=��'�01����5%21>? �$&�%4,�y�( �5�W;����
�����5�"% #�($&
<2 9 ���P4q��
�'���'(���� =`� = {�{�{@"% #'S+��/�+�*2��*01�*23�1- ��% �5����L4&5!0�$o2�
<)($,�^+��M�
8 1'�+�*)(
<4&5��($,
<2S�*2A":
<)�$,�($,
<2S���*)y��'� ����*)P�*)��P�����*23/�$,'(
<2
=�� � � �*2����
	����T~#{�� � �*2���M
j P)��*��
<2%���H"� #'(�($,���!5N��+�����*�����*5�'����H��'� ����*)y�Z4,��
%k�� � �*)��w��
<2!)��($&�(5H+���s�!�H0�$&��'�
#Eq"%$&)����*)j���H)($o4&$&��$&5!0�M�OF4)��V��
<01"=
<)��P���UC^5! #��'(�T��
<5!�����*)H��
#EG vW�$o �4,�*)H��
<0�"%4B+���3+���*)y���U2��*5�>=�!$&)(C^5��*)Y���V���! �C^5��V�]¤
��^+��M��l21'(����'�
<5�/�����������H���*���!2�
<4&
�R<$,�l- U0;$&��'(
#Eq"%$&)(���*)�����)($&4o$&��$&5!0I�! �2!)p4&���H+�����*�����*5�'YJ£KxM`6 6��P
86�
 9 4& s'�+�*)�
<4o5��($,
<2[)("% #�($& �4,�)(5!'�4& P"=
<)($,�($,
<2n���*)���'� ����*)w�*)��Y�����*23/^$,'�
<2 =*Ë � � �*2�����	N���Y{�M�¾ ��� �*2�� 9 ��
<01"% #'� #�%4&�£- l���*4&4,�H
��!���*2^5��"% #'U4&�L�H+�����*�����*5�'£J£Kg�.z#{�� � � MrH2�©%2 9 4& 1����'B2!$Z-��'(�£"% #'(�($&�L�!5��H+�����*�����*5�'l$&2]����'B2��£�*)��P4,���Ut�� 9  �)()�
���$& �2]�U4&�*)y���*���!2%$&C35!�*)U���£'� `\�
<2�E2��*0��*2]�����V��'B �2!)($,�($,
<2;�����!�V���% �0[�!'��1- N�H+��'�$,/���M%ks�! �C^5��V�(5��=�N- n��+��'B$,/�� 9 ���Q5!2;�%$& �0S-����'(�l��� � 0�0 9 �*)��'(�*0�"%4&$<���Q5%2[0�+�*4& �2�R��sR< #¢��*5�W����V� " k�� � " k�� � �! �2!)�4,�*)8"%'(
�"=
�'(�($,
<2!)w| " z " = � C35%$<"=��'�01����5!2��H��+��'B$,/��'� #"�$&���L�.��~L2!) � ���H��+�����*�����T�%$,�*2�4,�*)�'� *\�
<2!2!�*01�*2]�()����y��'� �2%)($,�($,
<2�M<
j £"% #'(�($&�U���*2]��'� �4&�U�*)��H��
<0�":
<)^+���T���|#¾@��
<5!���!�*)T��
<2%���*2]��'�$oC35��*)T���x���*)T"% �$&4&4,�*)*M��V2��n��'� ����x"!'(
��!5!$,�y�*2D01
�\��*2!2��1� Ë "=
<$&23�()V�% �2!)P4,���Ut��£M

:�Q$o4!)��Q #R<$,�����Q5!2�+�*4&�*����'(
<2 9 �*2]/�$,'(
<2 Ë ���T���*)H"=
<$&23�()���
�'�'(�*)�"=
<2!���*23�T- N���*)��(5��=�*)H
�-5;5!2!�PR�'� �2!�!�V���% #'(R��"% #'y'B ��!$& #�($,
<2����l��'� �2%)($,�($,
<2¨� � ¾�!	xFy �  �5�'� m+���3+�n'(�*��5!�*$&4&4&$,��M�
8 x'�+�*)(
<4&5��($,
<2S�*2�"=
<)($&�($,
<27"% #'y�(5��=�l�*)�������*23/�$,'(
<2mz#{�{"� � 9 0� �$o)L�*4&4,�7����/�$,�*2]�N�#{#� � �*2]/�$,'(
<2 )($����@�(5��=�;>Z �$,�L"% #'(�($&�@���Q5!2!����'� �����Mw6Ê�($,��'(����n��
<01"% #'� �$&)(
<2 9 4,�xk������%$ ���e��
 &('�)+*-, ��
�.�
 &l�%/0*)�21 � ���nJLK¬�*)��V��
<2%)��($,�(5�+�x�����*2]/�$,'(
<2D�#{;��
<5!�B���*)l���©!�%'(�*)y)(��$&23�($&4&4& �23���*)s"=��'�01�����( �23�P4& 14,
��� �4&$&)� #�($,
<2S���[4& x"% #'��($&��5!4,�;- = {�{�� � "%'�-�*)�M
8�*)p"=��'(>?
�'�0� �2!���*)8�!5L��+�����*�����*5�'Y$&23����'�2��Y
<23�L+���^+���*)��($&0�+���*)w */��*�����*)80N5�
<2!)8�����!$a_P+��'(�*23���*)£+�*2���'(R<$&�*)�M
j x'^+�*)�
<4&5��($,
<2��*2�$&01"%5%4&)($,
<2@��'� �2!)�/���'B)��L�*)�� "

3 � = z���4 �65 {��Q{�{�{<� Ë�7 {��Q{ = �lz�� ��4+8 �:9-;=< � ��w#x�y z � �?> �
rH2���
<01"% #'� �$&)(
<2 9 4& 1'�+�*)�
<4o5��($,
<2S
��!���*2^5��7- �JLK��*)�� "

3 � = z�� 4 �65 {��Q{�{ = ~ 7 {��Q{ = ¾lz�� � 4+8 �@9-;=< � ��w#xFy+z � � > �

j P'�+�*)�
<4o5��($,
<2x�*2N"% #'� �0�-����'(�U�p�Q$&01"% �������'� �2!)�/���'B)��s�*)��Y��� = {A� � "=
<5�'w4,�*)���'� ����*)�����R�'� �2!���y$&0�"%5!4&)($&
<2��'� �2%)�/���'�)��@- �6��P
86�
¦�?�*2]��'�� = ¾x���V�#{�� �  */��*�[4&�L�H+�����*�����*5�'£J£K � M
���! 
�" #�" ¸�° ®]­ ± À ²#µ�B Æ° ³ ²�° ¯°^±?° ®�³ ² À B ­�C ¶ ¯° ³ µ�Dp´8°

�T2m�� �4&
�'�$&0�-����'(��+�*4&�*����'(
<0� #R<2�+���($&C^5��� �"=
<5�'[�B�! #'(R��7���;01�*)(5!'(��'n4.�«+�*2���'�R<$,� 9 4& �":
<)�$,�($,
<2����n4o ��!$aE'(�*���($&
<2¨���*)�+�*4,�*����'�
<2!)L���N���*)£"%��
���
<2%)L �$&2!)($YC^5��;0��*)(5�'(��'[4q�Q$&01"%5!4o)($,
<2���'B �2!)�/���'�)��@0� �2!C^5! �2]���@���Q5!2+��/�+�*2!�*01�*2]���Z `/��*�74&�;�� �4,
�'�$&0�-����'��@�! ���'�
<2!$&C^5�� � 9 �� #'� ����3+��'�$&)��($oC35��S���;4q�}+�*0;$&)()($,
<2m���;2��*5���'B$&2�
<) 9 
<5 '(��E�B����'����!��'�4.�}+�*0�$&)()($&
<2 ���S"% #'��($&��5!4,�*)N2�
<5�/��*4&4&�*)N$o2]����'� #R<$o)()( �23�N��'*-�*)�":�*5� */��*�A4& �0; #�($Z-��'(��
�'��!$&2% �$,'(��M8OF4��
<$&�[ �5!)()()�$�"=��'�01������'(�@���@)^+��"% #'���'x4&�*)D+�*4,�*����'(
<2!)N���N4,�*)["���
���
<2!)[�!�*)n�! ��!'(
<2!)L���N���*)U�F���()�M�r�2�©�2 9 $&4"% #'��($&��$,"=�T �5A)�\^)(��-�*0��n���[��+�*��4&�*2!�����*0��*2]��M

8�V�� �4,
�'B$&0S-����'(�l���Q6��U
86�
��Z��
<0�01�£���*4&5!$����VJLK �  #"!"% #'(�($&�*2]�£- n4& [>? �0;$&4&4,�U���*)��� �4,
�'�$o0S-����'(�*)s$&2!��
#E01
�R�-�*2��*)y- 7+�*���% �2]�($&4o4,
<2!2! #R���M�ks�! �C^5��Y"% #'(�($,�Y�*)(�8��
<2!)��($,�(5�+�������Q5!2l�*01"�$&4,�*01�*23�p������
<5!�B���*)j�p�Q #�%)�
�'(�=�*5�'�?"%4&
<0[� � ���£���N0;$&4&$,�*5��H+�����*�����*5�'@�Z #'(R�
<2¦4&$oC35!$o��� � M!
p�*)l"!'B$&2!��$,"% �5�WS `/v �23�( #R��*)L)�
<23�£4& @��
<0�"% ���$,�3+���!5��+�����*�����*5�'1�Z4& �4&
<2�R<5��*5�'U���£'B ��!$& #�($,
<2��% �2!)U4,�£"%4&
<0[���*)��T01
<$,�($�+�[0�
<$&2!��'(�£C^5��L���*4&4,�n�! �2!)y4.�Q #'(R�
<2 � ���)( x'�+�*)�$&)��( �2!���N �5�W7'B ��!$& #�($,
<2!)*M

=*Ë |



'&%)(+* Ë M�z^M � , '�) /���1 :S) 6�?DCEA /�2DCE6�> : 1R2 4 /06�� /F> 2D= >D6�A
2D/ � > :S) =7C *��17A =�1 �1 : 1 � A = )+* >�?D6 �17A C�� /F1�254 ����G����
	


8�[�� �4,
�'�$o0S-����'(�¨+�*4,�*����'�
<0� #R<2H+���($&C^5��n�*)(�V��
<01"=
<)^+�x���[���*5�WS"% #'(�($&�*)n�?©!R�M Ë M�z^M � � " 5!2���
<2!2��* �5D�! �2!)4& x'�+��R<$&
<2����*23��'� �4,�N��
<5�/3'B �2]�T4& 1¢�
<2�� 
 ��
 � = � � |#¾@)(5�'T5!2��£"!'(
�>?
<2!���*5!'P���nz � � � - � 5 { 9 ���T���[���*5�W�=
<5!�B��
<2!)sC35%$� �)()(5�'(�*23�y4& 1��
<5�/���'(�(5!'(�L�!5���
<0� �$o2�� = ���<|#¾ � 
 ��
�� ����z1)�5�'y5!2��l"!'(
�>?
<2!���*5�'y���[z Ë � � �5D01
<$&2!)*M%
8 ;Rj+��
<0�+����'B$,�1"% #'(�($&��5%4&$Z-��'(�[���*)T �����
�'���+��
<2!)£�!�*)P�=
<5!�B��
<2!)V�*)��V��+�*��'�$&���N�! �2%) � Ë>= �qM�O«4o)P)�
<23���+�*��
<5�"s+�*)y)(�*4,
<2;��'�
<$&)H�%$,'(�*���($,
<2!) " �*2 � �����*2�	7"=
<5�'H��
<2!2% `¤ ¥,��'(�l4,�P"=
<$&23�����Q$&0�"% ����H���l4& ["% #'(�($&��5!4&� 9 ���)(5%$,/v �23�y5!2S'� `\�
<2A�� #'V���n�H+�*��
<5�"% #R��n��+��"=�*2!���!�L4& x>�
�'B01�L���L4& xR���'(�=��+�*4,�*����'�
<0� #R<2H+���($&C^5���M��£2S"% #'�4,� �4,
�'B)��!�L��
<01"% #'(�($&0��*2]�()�M �l2S
��%�($,�*2]�y �4,
�'B)s"!'�-�*)y��� =0r {1{�{�{����*4&4o5!4,�*) 9 ��
<23�s4o n�( �$o4&4,�l01
`\��*2!2!�£�*)��U���4.��
�'B��'(�U����� � �	� 	 5 {��Q{<z�¾A�N{��Q{<z�¾^M=k��*)���
<2%2H+���*)H)�
<23��'^+�*�� #"%$,�(5!4�+���*)s�! �2!)�4,�P�( #�%4&�* �5 Ë M = ���H$&4&4o5!)���'�+���*))(5!'l4o ;©!R<5!'(� Ë M�z^M�¾^M�k��������1R�'� �2^5!4& #'�$&�3+�1�*)(���(5!)(C^5���- S��$&2!C�>�
<$&)T"%4o5!)P©�2��x�*2 � 
<5��*2 	I- �6��U
86�
�"% #''� #"%":
�'��L- ;J£KxMrH2�©%2 9 $&4<>Z �5��Y)( `/�
<$,'�C35!��4,�*)�"% #'��($&��5!4,�*)j��'� */���'B)��*2]�Y�*23/�$,'(
<2xz�
 �  */# �23�����Q #�����*$&2!��'���4,�s�� �4,
�'�$o0S-����'(����x"=�*5�/��*23�� */�
<$,'; �0�
�'��%+�A4,���H+��/��*4,
�"!"=�*01�*23������4,�*5�'xR���'(�=�*)m+�*4,�*����'(
<0� #R<2�+���($oC35��*)*MH
8 �©%R<5�'(� Ë M�z^M Ë01
<23��'(�T4& LC^5! �2]�($&�3+�l����
 � ��'� `/���'�)3+���l"% #'�5%2��U"% #'(�($o��5!4,�U */# �23�s4&�P�� �4,
�'�$&0�-����'��V�����! �2!)�4&�V�� �4,
�'�$o0S-����'(��MrH2 ��
<01"� #'� �$&)�
<2 9 - �JLK 9 � 
 � )��S��'(
<5!/��*2]�1 */# �23�;4,�S�� �4,
�'�$&0�-����'(�I+�*4,�*����'�
<0� #R<2H+���($&C^5���M+�T2��S"% #'(�($,����N4.�}+�*2���'(R<$,�1���x4& @"% #'(�($&��5%4,�L�*)��l"=��'��!5��n�! �2!)l���*)V¢�
<2��*)£2�
<2�$&2!)���'B5!01�*23�3+���*)l�!5D��+�����*�����*5�'*Mp6V©%2D���'�+�*�!5%$,'(�l���T��$& �$&)sC35%$%/# N�*2�)��Q �����'(
<$&)()� �2]�U `/��*� � 9 5%2@"%'^+��Ev+�*�B�! �23�($&4&4,
<2!2!�*5�'U���TR���'(�=�*)y m+���^+�L'B ��F
<5��^+��M!OF4)���'��V- L��
�'('�$,R���'H4.����_:���H���U4& £0� #�($.-��'(�T01
�'(���y"%4o ��%+���T����/# �2]��4&�U�� �4,
�'�$&0�-����'(� 9 ��
<5�����
<0�01�V4,�*)���+�����*�����*5�'�)���£"�$,�*�!)FEG����EqR���'��:�*)y�!�L4.����W^"s+��'B$,�*2!���[JLKNMJl �2!)l6��U
j6�
 9 4& @'^+�*)�
<4&5��($&
<2D�%5��� �4,
�'B$&0S-����'(�1 7>? �$,�T4.��
��������£���N2!
<0[�!'��*5�W����*)��()l���£01�*)(5�'��*)P�*2D>Z �$&)FE���* �5�W=M%rH4&4,�l�*)��P���L4o x>�
�'�0�� "
3 �Zr �r 5 k 7 


8 r 7 u r
 `/��*��
 � {���� w#xFy 9���� {�� = w x�y ��� � ������� {�� |�� - �6��U
j6�
����
 � {���z
w x�y 9���� {���z w#x�y ��� � ������� {�� � � - ;J£KxM

=*Ë ~



����� * Ë M = , $ &�
 &��0�����
 *�� � *
	��e��� ������� *
	��e��� �0� 1
�� ���������
 *�	0�e��� ��� �������j� &�� ��� �?& ' ��
 *�����0��
��
��%' � �0��
�����&:1�����0� *�	0�e���

�8
<2%2��* �5�rUM�¡mM ks #'� ����^+��'�$&)(�($&C35!�*)n�
� � ��� 	 �k�
<5�/���'��(5�'(� 
 ��
�� = � � |#¾
��'�+��E#+�*�B�! �2]�($o4&4,
<2!2��*5!' {��Q{<z�¾���{�� =�� 
 ��
 � = ��¾�zk�
<01"� #'(�($&01�*23� = {��Q{<z�¾��A{�� =k�
<01"� #'(�($&01�*23�Pz {��Q{<z�¾��A{��Q{<z�¾k�
<01"� #'(�($&01�*23�P� {��Q{<¾ ��{��Q{<z�¾

'&%�(R* Ë M�z^M�¾ , � =�>D6F/ : >D=�CEA �1 2D/ � > :S) =�C *��17A =�1
�1 : 1 � A = )+* >�?D6 �17A C�� /F1

Pseudorapidity

X
0

ID to r=63 cm
ID to r=115 cmWarm wall

Warm cryo cone+flange

Warm wall
Coil
Cold wall Cold wall
Presampler

Presampler

Scintillator

active accordion

B A R R E L E N D C A P

active accordion

Non projective
barrel-endcap transition

0

2

4

6

8

0 1 2 3
Pseudorapidity

X
0

Barrel-Endcap crack

Presampler

Scintillator

ID services
+ patch pannel

warm flange

cables + passive liquidMaterial
in front of Presampler

Material
in front of Accordion

B A R R E L E N D C A P

Material
in front of
Accordion

Material till the end of active Barrel
Material till the end of active Endcap

Total active depth

0

10

20

30

40

0 1 2 3

'&%�(R* Ë M�z^M Ë ,�� � >DCE8�8 17/0=��R176! #"��P2�178 * >DA �17=�C >D/�$ 176 > *?) 6FAR2D/ � > :S) =�C *��17A = 1!% �> ?�>D/ ��� 1'&(�+17A+176
AB176�>D6�A � )+* ��AB1 2D/
� > :S) =�C *��17A = 1)% �>;2D= ) CEAB1'&(� 176+* ) 6 � A C ) 6 2�1 : > ��8 17/�2 )�, = >���C 2DCEA �1 	

=*Ë�r



���! 
�" #��� ¸�° ®]­ ± À ²#µ�B Æ° ³ ²�° Å8­ &j² À ¶�µ�Dp´8°

8���� �4,
�'�$&0�-����'��A�! ���'(
<2%$&C35!�7 �"=
<5�'1���% #'(R��A����01�*)�5�'(��'�4.�«+�*2���'(R<$&�����;4& ¦�!$,'��*���($,
<2§���*)T�����() 9 ���)^+��"% #'���'A4,�*)��! ��!'(
<2!)S����4,�*)N�����()����*)I+�*4&�*����'(
<2!)��������*)�"%��
���
<2%)S���A���¦"% #'(�($o��$,"=��'S �5�)�\^)(��-�*0��m�����+�*��4,�*2%�����*01�*23��M£OF4n��
<5�/^'(�§5!2���R�'� �2!��� ¢�
<2�������"%)��*5!��
�'B #"%$&�!$,�^+� 
 ��
 � � � r ���¦5��($&4o$&)��m�!$,_P+��'(�*23�()0� #�^+��'�$o �5�WN�����%$a_P+��'(�*23���*)����*�B�!2!$&C^5��*)Y���y��+�����*���($,
<2pM3��
<5�' 
 ��
�� = � | 9 $o43�*)(����
<2!)��($,�(5�+�P�p�Q5!2N�*01"%$&4,�*0��*2]����n>���' � �(5!$&4,�*)V)(��$&23�($&4&4& �23���*)�M�6T5�EG���*4«- 9 4,�*)T2!$,/��* �5�WA�!�['� ��!$o #�($,
<2�$o01"=
<)��*2]�V4.�Q5��($&4&$o)( #�($,
<2����x4.�Q #'(R�
<2D4&$aEC^5!$&���y"=
<5�'H4,�*)��=
<5!�B��
<2!)����s4,�*)H�� �4,
�'�$&0�-����'(�*)� */# �23�£� = � | � 
 ��
 � � � r � M 
� �2!)�'��*2]��'(��'s�! �2!)H4,�*)���+���( �$o4&) 94,�*)s�� �4,
�'B$&0S-����'(�*)U�! ��!'(
<2!$&C^5��*)s)�
<23�U�H+�*��
<5�"�+�*)P4,
<2!R<$,�(5!�!$&2% �4,�*01�*23���*2S��'(
<$&)y��
<0�"% #'(�($&01�*23�() 9  */��*�n5!2��R�'� �2^5!4& #'B$,�3+� � � � � 	 5 {�� = ��{�� = M:
j 1'�+�*)�
<4&5!�($,
<2A�!5A�� �4,
�'�$&0�-����'(�N�! ���'(
<2%$&C35!�l��+��"=�*2!����� � ���V"!'(�*2!�4& x>?
�'�01� "

3 �Zr �r 5 k 7 

8 r `/��*� " � � {���¾
w#x�y ��� � 9 ���£� ��"=
<5�' 
 ��
�� ���� � � = w#xFy ��� � 9 ���L|���"=
<5�' 
 ��
�� �

��
<5�'V��
<01"% #'� �$&)(
<2 9 4& x'�+�*)�
<4&5!�($,
<2�)(5�'U4&�*)��F���()V���*2]��'B �5�Wm� 
 ��
�� {�� � � - �JLK �*)�� "
3 �Zr �r 5 Ë � 7 {�� r;Ã ��� ��� �

8 r 7 ����¾r
���! 
�" #��� ¸�° Á;®vÅj­ B ¿ ²�° Á Æ­ B¦´ À ¶ Á


8��)�"=�*����'(
<0�-����'(�£- U0n5!
<2!)� y"=
<5�'�'v¤
<4,���p�Q$&���*23�($,©!��'�4,�*)p0N5�
<2!)=���8�!��01�*)(5�'���'p4,�*5�'�)��� #'� ����^+��'�$o)��($&C^5��*)��$&2�+�*0; #�($&C35!�*) 9  */��*�@
<5¨)( �2!)[4& ���
<0n�%$&2! �$&)(
<2¦���*)L$&2�>?
�'�0� #�($&
<2!)£$&)()(5!�*)£�!5¦�H+�����*�����*5�'1$&23����'�2���M�OF4w�*)��+��R< �4,�*01�*23�V5!�($&4&$&)^+�£"=
<5�'y4,�L��+�*��4,�*2%�����*01�*23�V�!�*)7+��/�+�*2��*0��*2]�()l$&23�3+��'(�*)()( �23�()�M

8��)(":�*����'�
<0S-����'(�n- l0n5�
<2%)j�*)(����
<01"=
<)3+�s�!�s�!�*5�W[�G\^"=�*)w���y�H+�����*�����*5�'�) " 5!2N�!$&)�"=
<)($&�($,>^�!����+�����*���($,
<2���T"!'�+�*��$&)�$,
<2 9 ���U���Q5!27�!$&)�"=
<)($,�($&>�'� #"�$&���T":��'B01�����( �2]�y4& N"!'B$&)��V�!�l��+�*��$o)($,
<27"=
<5�'�4&�T��+�*��4,�*2%�����*01�*23��M!OF4&))�
<23�s #R��*2!�%+�*)y�*2���)(�( #�($,
<2!)	�x���V���*4&4,�V)(
�'(���£C35��T4,�*)H"% #'(�($&��5!4&�*)���'� `/���'�)��*23�y��'(
<$&)�)��( #�($,
<2!)�)(5�'s5!2��T4& #'(R��R< �0�0��V���U"�)��*5!��
#Eq'� #"�$&�!$,�^+��M]
8�*)���+�����*�����*5�'�)[- [0n5�
<2%)�)�
<23��'(��"%'^+�*)��*2]�^+�*)y)(5!'H4,�*)�©!R<5�'(�*) Ë M�z^M |[��� Ë M�z^M�~^M
8��)�\�)���-�*01��������+�*��4&�*2!�����*0��*2]�7��
<5�/3'��A4& �'�+��R<$,
<2 
 ��
 � z�� � MHO«4s�*)(�;��
<2!)��($,�(5�+�����A��+�����*�����*5�'�)¦- R< #¢���
 � $ª"=
<5�'�
 � � *�� � *�
�� � ' &���� $ � &�� , ��
 � � �! �2%);4& m'^+��R<$,
<2 ���*23��'� �4,� 9 
#_='� �2]�S5!2��A'^+�*)�
<4&5��($,
<2 ���

= 0 � = 2%)�M3
8�*)H�=
<5!�B��
<2!)H)�
<2]�sC^5! �2]�L- L�*5�W@$&2!)���'B5!01�*23�3+�*)H"% #'s���*)H"%4& �2!)H���V�B�! �0[�%'(�*)�"!'(
�"=
�'(�($,
<2�E2��*4o4,�*)[- x©%4&)L�Z��+�*2�
<0;0 +���*) .�� $¦":
<5!' .n� *B��� &D� $ � & ��,D��
 � � M
8�V)�\�)���-�*01�l���U"!'�+�*��$o)($,
<2��*)(�H��
<2!)��($&�(5H+�T���V"%4& �2!)����U�(5��=�*)T- n�H+��'�$,/��1����� . "=
<5�'�� ����*�����
 � � � 
 * ���
.�� , ��� � 9 ���1'�+�*)�
<4o5��($,
<2¨$&2!>*+��'�$,�*5!'(��- Ë { �p0����N��
<5�/^'� �2]�n4& S"% #'(�($,�����*23��'� �4,��MjO«4o)£)�
<2]�N��
<01"%4�+���^+�*)N"% #'���*)T���% �0[�!'��*);- @��+��'�$&/����%$ � $¨"=
<5�' $ &��)�5��� � ����
 * � $ � & ��,D��
 � � M�ks�*)V��+�����*�����*5�'B)£
<2]�£5!2!�['�+�*)�
<4&5!�($,
<2�����*23/�$,'(
<2�~#{��p0g)�5�'U4& x��'� ����*����
<$,'(�N���L4& x"% #'(�($o��5!4,��M


j 1'�+�*)�
<4&5!�($,
<2��*2�$o01"%5!4&)�$,
<2S���*)y��'� ����*)T�H+��"=�*2!�A���n2�
<0[�%'(�*5�WS"% #'� �0�-����'(�*)T��
<0�01�N4.�Q �4&$,R<2��*0��*2]����*)����! �0n�!'(�*) 9 4,�U���! �0�"@0� #R<2�+���($&C^5�� 9 ����4& £C^5! �2]�($&�3+�T���U0� #�($.-��'(�V'(�*2!��
<23��'^+����M^
j l©!R<5�'(� Ë M�z^M r 01
<23��'(�4& s'�+�*)(
<4&5��($,
<2L)�5�'p4& y01�*)(5!'(������4.�Q$o01"%5!4&)�$,
<2U��'� �2%)�/���'�)����!�*)p0n5!
<2!)�M*r�4o4,�w�*)��8�����*23/^$&'(
<2 3 � ��4 � z���4¦� z �"=
<5�'l���*)£0N5�
<2!)l���Q$&01"�5!4&)($,
<2A��'� �2!)�/���'B)��1$&2�>*+��'B$,�*5�'(��- = {�{ Ã ��� 9 ���l��� 9 )(5�'T��
<5����;4.�Q �������"!�( �2%�������*)�B�! �0[�%'(�*)n- �0N5�
<2!)�M

= |v{



2

4

6

8

10

12 m

00

Radiation shield

MDT chambers

End-cap
toroid

Barrel toroid coil

Thin gap 
chambers

Cathode strip
 chambers

Resistive plate chambers

14161820 21012 468 m

'&%)(+* Ë M�z^M | , '�) /���1 :S) 6�?DCEA /�2DCE6�> : 1R2 / 2��17AB1 � AB17/0= ����G������ : 1 8��D8�A �1 * 1 �> * / ) 6F8 	

End-cap
toroid

Barrel toroid
coils

Calorimeters

MDT chambers
Resistive plate chambers

Inner detector

'&%)(+* Ë M�z^M�~ , '�) /���1jA = >D6�8�<D17=78 1h2 / 2 �17AB1 � AB17/0= ����G�� ��� : 1�8��D8�A �1 * 1
�> * / ) 6F8 	

= | =



0

1

2

3

4

5

6

7

8

9

10

0 0.5 1 1.5 2 2.5
η

 pT = 100 GeV

R
es

ol
ut

io
n 

(%
)

'&%�(R* Ë M�z^M rU,�� �178 ) : /0A C ) 6 8�/ = : 4 C * ��/ : 8�C ) 6 A = >D6�8�<D17=�8 1 2�178 * / ) 6�8R176�* ) 6 � A C ) 6{2�1 : > ��8 17/�2 )�, = > ��C 2DCEA �1 	
���! 
�" #��� ¸�° Á*ÄpÁ�³ Æ° Bm°'&j° & ¯° ® ±?°�¶ ®#Å ° B °^¶ ³

6T5�0�¤�*01�n�($,��'(�LC^5��LJLK 9 4,�L��+�����*�����*5!'l6��P
86�
7�*)��S+�*C^5!$,"s+�[���Q5%2�)�\�)���-�*01�n���L��+�*��4&�*2!�����*0��*2]�T���*)+��/�+�*2!�*01�*2]�()*M^k���"=�*2!�! �23��4o P>?'^+�*C35!�*2!���U���*)w��'(
<$&)��*0��*2]�()w"!'�
���
<2�Eq"!'(
���
<2x�*)��w"%4o5!)j$o01"=
�'(�( �2]���s �5x
8i£kTM

�5!'U4,�*)UC^5! #'� �23���[0�$&4&4o$,
<2!)s���}+��/�+�*2��*0��*2]�()T�*2�R��*2!�!'^+�*)P"% #'V)��*��
<2!��� 9 )(�*5!4,�L5!2��£"=���($,���[>�'� ����($&
<2�"=
<5�'('� ¤����'(�7�*2�'(��R<$&)(��'^+����M�ks
<0�01��- DJLK 9 4&�@)�\�)���-�*01�S���@��+�*��4,�*2%�����*01�*23�x�*)��N
�'(R< �2!$&)^+�7�*2m��'�
<$&)n2%$,/��* �5�W¨�����
<01"�4,��W�$&�3+�n��'(
<$&)()( �23��� 9 '(��"%'^+�*)��*2]�^+�*)T)(5�'P4o x©!R<5�'(� Ë M�z^M = {�M

$ 
p��"!'(�*0�$&��'S2%$,/��* �5�
<�l
 = 5��($&4o$&)���4&�*)7$o2�>�
�'B0� #�($,
<2!)S$&)()�5��*)S���*)�)�\�)���-�*01�*)����¦4,�*���(5�'��D'B #"%$&����!5 �� �4,
�'�$o0S-����'(��
<5 ���*)7���! �0n�!'(�*)¦- m0N5�
<2!)�M�
p�����*0�"%)@�!����+�*��$&)($&
<2 9 �*23/^$,'�
<2 z �p) 9 "=��'�01���4& D��'� �2!)(0�$o)()($,
<2§���*)�$o2�>�
�'B0� #�($,
<2!)x�!'B5����*)1�!5���+�����*�����*5�'7/���'�);4q�}+�*4&�*����'(
<2!$&C^5�� � � &�
 ���+&�
��I� �!52!$,/��* �5 = M�
p�*)x��'�$,��-��'(�*)1���S)^+�*4,�*���($,
<2 - �����2!$,/��* �5§�!5§��+�*��4,�*2%�����*01�*23�1"=��'�01�������*23�1���@'�+�*�%5!$,'(�4,�1�( �5�W¨���}+��/�+�*2��*0��*2]�()�- = {�{ �^iV¢��*23/^$&'(
<2�M 
�$Y4.�«+��/�+�*2��*01�*23�N"� �)()��;���;2%$,/��* �5 9 4.���*2%)��*0[��4,�1���*)��
<2!2�+���*)l�*)��l��'� �2!)(>*+��'�+�1/���'�)£���*)l0�+�*01
<$&'(�*)l�( �01"=
<2!) 
��	� �?"=
<5�' ��
 � & � � �	� � ��
 ��
�� � �*2D/�5�����L4,�*5�'y��'� �$&���*01�*2]�P/���'�)P4,�L2%$,/��* �5Az^M
$ 6V5N2!$,/��* �5N
<�l
jz 9 )��*5!4,�*)�4,�*)j'^+��R<$,
<2!)w���Q$&23�3+��'�¤���w��+��©�2!$,�*)j"% #'�4&�*)8
��������()��!5n2%$,/��* �5["%'^+�*�%+�*�!�*2]�Y)�
<23���
<2!)($&��+��'�+���*)�M Ã 'v¤ ����N �5�W�0 +�*01
<$,'(�*)P�( �01"=
<2!) 9 ���n2%$,/��* �5����[��+�*��4&�*2!�����*0��*2]�T�!$&)�"=
<)��L���£��
<5!���*)4,�*)�$&2�>?
�'�0� #�($&
<2!)U�?R�'� �2^5!4& #'�$,�^+�U
�"%�($&0� �4,�U�!5;�� �4,
�'�$&0�-����'(� 9 )�\�)���-�*01�*)H�!�U"!'�+�*��$&)($&
<2 9 �H+�����*�����*5�'�)������'� ����*) � M�JV�*)H
��������()H)(
<2]��'(�*��
<2!)���'B5!$,�()V- ["% #'(�($,'����Q$&2�>?
�'�0� #�($,
<2%)Y��'(
<$&)^+���*)��*2]��'��T)�
<5%)���+�����*�����*5�'�) 9���s�!��/^$,�*2%2��*2]�s���*)s�� �2!�!$o�! #�()�+�*4&�*����'(
<2!) 9 0N5�
<2!) 9 �( �5!) 9 "%�!
���
<2!)�
<5L�����()�M!
8�T�� �4&��5%4:�!�l4q�}+�*2!��'(R<$,���'� �2!)�/���'�)(�@0� �2!C^5! �23���@)��Q #�@2���+��R< �4,�*01�*23��MY
p�@�%5��[�!5 2!$,/��* �5 
<�l
jz��*)(�N���;'^+�*�!5!$,'(�@4,�;�( �5�W���}+��/�+�*2��*01�*23�()�- = ��iP¢�M
$ 
p������'�2%$,��'12!$,/��* �5��*)��� #"%":�*4�+��©�4,��'(�����}+��/�+�*2��*0��*2]�()¦�
� ) "=
<5�' � � 
����e�A)+*�' ����
�� � ��
<2]�@4,�S'v¤
<4,��*)��;������
<2�©%'�01��'�4& ¦��+�*��$&)�$,
<2 �!5�2!$&/��* �5 
<�l
jz����@���Q #"!"%4&$oC35���'x4& ¦)^+�*4,�*���($&
<2 ©%2% �4,��MY
p���( �5�W���}+��/�+�*2��*01�*23�()��*2�)�
�'(�($&�U�*)��� �5@0� vW�$o0n5!0��!� = {�{LiV¢ 9 ���PC^5!$���
<2!�!5%$,�V- L5!21/�
<4o5!01�U���U��
<2%2H+���*)��� = {�{;¡�� � )*M

= |#z



LEVEL 2
TRIGGER

LEVEL 1
TRIGGER

CALO MUON TRACKING

Event builder

Pipeline
memories

Derandomizers

Readout buffers
(ROBs)

EVENT FILTER

Bunch crossing
rate 40 MHz

< 75 (100) kHz

~ 1 kHz

~ 100 Hz

Interaction rate
~1 GHz

Regions of Interest Readout drivers
(RODs)

Full-event buffers
and

processor sub-farms

Data recording

'&%�(R* Ë M�z^M = { ,��PC >�?D= > *&* 1R2�178P6�CE<D1 >D/�$ 2�1+2 �1 � : 176 ��� 1 * 176FA 	

= |#�



bLc�� �	K1f�� O���� Q
	 O������ K1f�
������%fPO�


8�*)V �4&R�
�'�$,�(�!01�*)V���N'(�*��
<2!)���'�5%���($,
<2A)�
<23�l)($&0�$&4o �$,'(�*)[- 7���*5�WA5��($&4&$o)3+�*)U"% #'l4& ;��
<4o4& #�=
�'� #�($,
<2AJLK¬���2��N)�
<23�V"% #'l��
<2!)^+�*C^5��*23�T"� �)V��+�*��'�$&�()T5%2��[2�
<5�/��*4o4,�[>?
<$&)�M:�� #'£��
<23��'(� 9 ���������1"% #'(�($,�N�H+�*��'�$,�V4&�*)V��'�$&��-��'��*)���LC^5! �4&$&�3+�L�!�*)y
��������()P5��($&4o$&)3+�*)y�! �2!)U4q�Q �2! �4,\�)�� " +�*4,�*����'(
<2!) 9 0n5!
<2!) 9 �����()U���w�����()S+���($&C^5����3+�*) %�M

\P]��P]�_ � � c�fnglk�� �Iijglk�mnf � ced bcep�c��5g a mnfRd bcefRc a o bc�g�k���� ced k�dFmnp bc�d

8�*)@+�*4,�*����'(
<2!)�+�*2���'(R�+���($&C^5��*)T)�
<2]�y'��*��
<2!)���'�5!$&�()y�*2�5��($&4o$&)( �23��5!2� �4&R�
�'�$,�(�!01�L�!�L�]¤
<2��[�! �2!)y4&�L�� �4,
#E'�$o0S-����'(��+�*4,�*����'�
<0� #R<2H+���($&C^5���M!
p�l�H+��"�¤
��s���}+�*2���'(R<$,�T�*)��;+����'(
<$,�s)($�4q�}+�*4&�*����'(
<27�*)���$o)�
<4B+��M^
j L"!'�+�*)(�*2!���£���Q5!2����'� ����[":��'B01���U���L�!$&)���'�$&0�$&2!��'�+�*4,�*����'(
<2%)U���U"%�!
���
<2!)�M6T$&2!)�$ 9 4.��
��������y'(�*��
<2!)���'�5%$,�y�*)��P��+��©%2%$p��
<0�01�¦+�*4&�*����'(
<2A$&)(
<4B+�[)($p4.�«+�*2���'�R<$,�[�! �2!)P5!2��]¤
<2��!��� � {���z �5���
<5!'����U4& l��'� ����V���U4.�}+�*4,�*����'(
<2;����2��Q #"!"% #'����*2! �2]��"% �)V- L4.�«+�*4,�*����'�
<2��*)���$o2�>*+��'�$&�*5�'(�[- Ë[Ã ���NM]
p�V�H+��"�¤
�����«+�*2���'�R<$,�[��
<$,�£¤����'(�N �)()�
���$B+�7- �5!2!�£��'� ����@�Z��
<2!�!$&�($,
<2 ��$&)(r�¡! z#{ � | 5 { � � M

8�*)p"=��'(>?
�'�0� �2!���*)8�������*)���'�$,��-��'(�*)����Q$&���*23�($,©%�� #�($,
<2[)�
<2]�8"!'^+�*)��*23�3+���*)Y)�5�'84,�*)8©!R<5�'(�*) Ë M��^M = = ��� Ë M��^M = z^MrH2]/�$,'(
<2D~#{ � ���*)�+�*4&�*����'(
<2!)£���Q$&0�"%5!4&)($&
<2S��'� �2!)�/���'�)(�x)�5�"�+��'�$,�*5�'��S- Sz#{ Ã ��� � �1)�
<23�T'(�*��
<2!)���'�5%$,�()�M=
8 '�+�*)�
<4o5��($,
<2�)(5�'y4.�Q$o01"%5!4&)�$,
<21��'� �2!)(/���'�)��L)(5�'y���*)S+�*4&�*����'(
<2!)U  +���3+�[�*)��($o0 +���7- = M�~ � 9 "=
<5�'y5!2��T'�+�*)�
<4&5!�($,
<2 �2�R<5%4& �$,'(�£������� � � ��{�� Ë#" = { >%$ ��� ���-	 � ��{���z " = { >%$ �'&)(%M

'&%)(+* Ë M��^M = = , �+* � > � CEA �178 2�1 =�1 � ) 6F8�A =�/ � A C ) 6 17A 2 4 C 2�176�A C , � >DA C ) 6t2�178 �1 : 1 � A = ) 6F8 17A+2�178 * / ) 6�8!%B> : ? ) =�CEA � * 1
-/. ) ) =�110'& �176l17= ? �17A C � /�178R2 >D6F8 : 178��17< �176l1 * 176FA 832�42���176 * ) 6 � A C ) 6 2�1 : 4 C * ��/ : 8�C ) 6;A = >D6�8�<D17=78 1 17A : > ��8 17/F2 )�, =�>���C 2 CEA �1 	
5 C ?D/0= 1 CE8�8�/F1+2�17698;:�< 	

\P]��P]B^ � � c�fnglk�� �Iijglk�mnf � ced'�=� mhfRd bcefRc a o bc�g�k���� ced k�dFmnp bc�d
�H4&5!)($&�*5�'�)U �4,R�
�'B$,�(�!01�*)T���N'(�*��
<2!)���'�5%���($,
<2����N0N5�
<2!)T)�
<23�£�H+��/��*4,
�"!"s+�*);- S6��U
86�
�)��*4,
<2D4,�*5�'l$&0xE"%5%4&)($,
<2�M �T2S�� �2!�!$&�% #�H'(�*��
<2%)���'�5!$,��0n5!
<2@�*)(�s��
<2%)���'(/�+�l"=
<5�'s4.�Q �2! �4,\�)��l)��Q$&4%�*)��y$&)�
<4�+�A+�*2���'(Rj+���($&C^5��*01�*23��Z4.�«+�*2���'�R<$,�N �5!��
<5�'T�%5�0N5�
<2D�! �2!)T5!2A�]¤
<2�� ��� � {���z@�*)��T$o2�>*+��'�$&�*5�'(�7- Ë7Ã ��� � 9 ���l)��Q$&4p�*)(�T �)()(
^��$�+�A- 5!2!�T��'B ����n */��*�n5!2��£/# �4,�*5�'U���?> � z ; (A@ � z#{�M

= | �



'&%)(+* Ë M��^M = z , � �178 )D: / A C ) 6F8 8�/0= : 4 C * ��/ : 8�C ) 6#A =�>D6F8�<D17=�8 1;17A : >;2DCE= 1 � A C ) 6 %��
17A�� &&2�178 �1 : 1 � A = ) 6F8�17A 2�178 * / ) 6�8
%B> : ? ) =�CEA � * 1+2�1 . ) ) = 1'&�2�1n?D= > 6�2 *?)+* 176FAeA = >D6�8�<D17=�8 1 % �����
	���
���������& 17A � 176FA = > / $ %�� �����
	�� � & 	 5 C ?D/0= 1@CE8�8�/F1
2�17698;:�< 	


8�*)Y©!R<5�'��*) Ë M��^M = = ��� Ë M��^M = z[01
<2]��'��*2]��4&�*)w":��'�>�
�'�0; �2!���*)Y���*)���'�$&��-��'��*)����Q$&���*23�($,©%�� #�($&
<21���*)Y0n5!
<2!)�M�H4&5!)N��� r { � ���*)10N5�
<2!)1���Q$&0�"%5!4&)($&
<2¦��'� �2!)�/���'B)���)(5�"s+��'�$&�*5�'(�¨- ¨z#{ Ã ��� � �A)�
<2]�x'(�*��
<2%)���'�5!$,�()*Mw
8�*)"=��'(���*)£����0N5�
<2!)L"!'(
`/�$,�*2!2!�*2]�£�*)()(�*2]�($,�*4o4,�*01�*23�L����4& S��
<5�/���'(�(5�'��;2�
<2¨����'B0 +���($&C35!�����*)L���% �0[�!'��*)7- 0N5�
<2!)�M*
j U'�+�*)�
<4o5��($,
<2£�*2n$&01"%5!4o)($,
<2T��'� �2!)�/���'B)������*)j0n5�
<2%)8 S+���^+���*)��($&0�+���L- Pz^M � � 9 "=
<5�'j5!2��Y'�+�*)�
<4&5!�($,
<2 �2�R<5%4& �$,'(�£������� � � ��{���¾ " = { >%$ ��� ���-	 � ��{�� = " = { >%$ �'&)(%M
\P]��P] � � � c�fnglk�� �Iijglk�mnf � ced��Fc	gld! i
� a mnfRk���� ced


8�*):�����()�)3+�*4,�*���($,
<2!2�+�*)H�! �2!)�4q�Q �2! �4,\�)��y)�
<2]�Y��
<5!�����Q #�=
�'��x'(�*��
<2!)(��'�5!$,�()w"% #'�5%21 �4,R�
�'�$,�(�!0��s�!�U�]¤
<2���MrH2!)(5!$,���x)�
<23�[ #"!"%4o$&C35�+���*)[4,�*)£��
�'('(�*���($,
<2%)[������ �4&$&�!'� #�($,
<2����[�!�1'(�*��
<5�/^'(�*01�*23�[ */��*�@4,�*)�+�*4,�*����'(
<2!)[���4,�*)y0N5�
<2!)P���L4.�}+��/�+�*2��*0��*2]��M=�Y
<$&��$p4&�L�H+���( �$&4p���[���������n"!'(
��%+�*�!5�'(��M
8�*)^�����()p'(�*��
<2!)(��'�5!$,�()��! �2%)����������� �2! �4&\^)��Y
<23�8)(5!�%$#5!2��Y'(�*�� �4&$&�!'� #�($,
<2T�*2�+�*2���'�R<$,��)��*4,
<2£4o s"!'(
��%+�*�%5�'(���+�*��'�$&���x�% �2!) � Ë ���qM=
j ;©%R<5�'(� Ë M��^M = �S01
<2]��'��xC^5��x4& @'^+�*)�
<4&5��($,
<2�)(5!'T4.�«+�*2���'�R<$,�n��'B �2!)�/���'�)��1���*)������()T�*)�����L4q��
�'���'(�£���n� = { �SM
ks
<0�01�@- 1JLK 9 4,�*)j�����()U'��*��
<2!)���'�5!$&�()s":�*5!/��*2]�U �5!)�)($w¤����'(�[���*)7+�*4&�*����'(
<2!)U
<5A���*)y"%��
���
<2%) 9 "%5!$&)�C35��4.�Q �4&R�
�'�$,�(�!01� ��� '��*��
<2!)���'�5!���($&
<2 ���*) �����() 2�� �!$a_P+��'��*2!��$,� "% �) 4&�*) �� �4,
�'�$&0�-����'��*)+�*4,�*����'(
<0; #R<2H+���($&C35!�*)m���¨�! ��!'(
<2!$&C^5��*)�MT
p�*)@�����()¨2���)�
<23�¦"% �)�"!'�$&)��*2���
<01"!��� )��Q$&4&)D)�
<23�¨ �)()�
���$B+�*)�
��� � {�� = � - �5!2�+�*4,�*����'�
<2��H+��©%2!$s �5�"% #'� `/v �23�x���x/�+��'�$,©� �2]�T�#"4 � = ¾ w#x�y z � ��� 
 � " 
 � z���¾^M 
�$�5!2���*4T+�*4,�*����'�
<2��*)��U'��*��
<2!)���'�5!$&�U�! �2!)y5!2N�����U */��*�N{�� = � � � � {�� � 9 
<2A)(
<5!)���'� �$,�U �5x�F���P4o N��
<23��'�$,��5��($,
<2���L4q�}+�*4&�*����'(
<2�M
j 7"!'^+�*)��*2!�������10N5�
<2!)l'(�*��
<2%)���'�5!$,�()l�! �2%)T4&�*)H�F���()£ v_=�*�����@ �5!)�)($w4,�*)T"!'(
�"!'�$�+���^+�*)L�%5�������Mp6T$&2!)($ 9 $&4 §+���^+�1��+�*��$&��+�x���Q ���
<5�����'T �5������V4,�*)V��
<2]��'�$&�%5��($,
<2!)P���*)P0N5�
<2!)V2�
<2A$&)(
<4B+�*)N� �%$4 � � w#x�y z � 9 
 � $ 
 � z���¾ 9

> � z ; ()@ � ¾#{ � )��Q$o4&)y)��£��'(
<5�/��*23�V�% �2!)y5!2��]¤
<2�� ��� � {�� �  �5���
<5!'P���L4.�Q vW��[�!5n������M
= |#¾



'&%)(+* Ë M��^M = � , � �178 ) : /0A C ) 6�8 8�/0= : 4 C * ��/ : 8�C ) 6{A =�>D6F8�<D17=�8 1 17A : >#2DCE=�1 � A C ) 6 % � 17A#� & 2�178 � 17A 8 �h17A =��178 ) : /0A C ) 6 8�/0=
: 4 �176�17= ?DC 1@A = >D6�8�<D17=78 1 * > 6�� /�>D6FAB1 	 5 C ?D/0=�1@CE8�8�/F1R2�1 698��9< 	

�j
<5����*)T���*)V0�
^�!$&©%�� #�($,
<2!)U�!�[4.�}+�*2���'(R<$,�N�!5x�����V)(
<2]�V'^+��":��'B��5��3+���*)T)�5�'V4& �/v �4,�*5!'P���V4o ��!$,'(�*���($&
<2����4.�«+�*2���'�R<$,�£��'� �2!)�/���'B)��[0� �2!C^5! �23����M
\P]��P]�� � glk�� �Rc	g�i o c �Rced �Fc	gld


��Q �4,R�
�'�$,�(�%01�[���«+���($&C^5����( #R��1���*)��F���()V'(��"=
<)��[)(5!'V4& @��
<0[�%$o2! �$&)�
<2��!�n���*5�W� �4,R�
�'B$,�(�!01�*)P�% �)3+�*)l)(5�'4& ['(�*��
<2!)���'B5!���($,
<2S���T/���'(����WS)(�*��
<2!�! �$,'(�*)H���y4& N)($,R<2!$,©��� �2!���V���*)�"% #'B �0S-����'(�*)U���Q$&0�"% ����H���*)���'� ����*)*M!
p���'�$&��-��'��x�p�}+���($oC35����( #R��@���*)H�F���()l�*)(�L����
<$&)�$j���x>Z :X��
<2 - 7
��!���*2!$,'£5!2!�n���;�� ���$&�3+�@���Q$&���*23�($,©%�� #�($,
<2D���*)H�����()���LC^5! #' ��)3%l��� Ë { �7M=k��L��'B$,��-��'(�n��
<2!�%5!$,�n- ����*)P�( �5�W����£'(�«�����V���n|1"=
<5�'U4,�*)������()P���nC35! #' �^) � 9 ���P���= {�{1"=
<5�'U4&�*)��F���()V���L)( `/��*5�'�)P4�+��R�-��'(�*) 9 ��
<0�0��[$&4&4&5%)���'^+�£)(5�'U4& x©!R<5!'(� Ë M��^M =�� M

'&%�(R* Ë M��^M =�� , 5 > � AB17/0= 2�1 =�1 � 17AU2�178 � 17A 8 2�1 8 > <D17/ =
: �1 ? �17=�1 17A 2�1 � 17A 8#2�1�� /�>D=�� 8�� 176�* ) 6 � A C ) 6t2�1 : 4 1/* � > � CEA �1254 �17A C�� /F17A >�?�1U2�178 � 17A 8
	 	��n17= * ) = * >D6 � 178 178�A C * �1�178 8�/0={2�178
�17< �176l1 * 176�A 8 2 42 	

= | Ë



bLc�� e 	 
��������;	 O������ K1f�
 Mf	�vMf��xf
� f � O�

JT�*5�W§ #"!"!'(
����!�*)N�!�S4o �)($o0n5!4o #�($,
<2 �!�S4o A'�+��"=
<2!)����!5§��+�����*�����*5�'@)�
<2]�1"=
<)()�$,�%4,�*)S- D6��P
86�
:MY
8 "!'��*0�$Z-��'(��5��($&4o$&)��Y5!2���)($o0n5!4o #�($,
<2l��
<01"%4.-�����s�!5£�H+�����*�����*5�' " 4.�Q$&23����'� ����($,
<2[���*)�"% #'(�($o��5!4,�*)p `/��*��4& U0; #�($Z-��'(��!5S��+�����*�����*5�'V���P4,�*5�'B)���+�*)�$&2]�^+��R�'� #�($&
<2!)P)�
<23�U)($&0N5!4�+���*)y `/��*���
� ������� � Ëv� �qM�
p�*)U��+��"w¤
��()P���«+�*2���'(R<$&�L�! �2!)4,�s��+�����*�����*5�'s)�
<23���*2%)(5!$,���y2^5!0 +��'�$&)^+�*) 9 ����4q�}+��/�+�*2��*01�*23���*)��Y�*2%)(5!$,����'(�*��
<2!)���'B5!$,�P- £4.�Q �$&���s�!5N"!'(
�R�'B �0�01�
��;��$&�*4.M�k��L"!'�
�R�'� �0�01�[��+��©�2!$,�U5!2��� ��!'(�[���£��'� `/v �$o4p"=
<5�'U4& 1R�+�*2�+��'� #�($&
<2D�!�*)7+��/�+�*2��*0��*2]�()��(5!)(C^5���- 14& '(�*��
<2%)���'�5!���($,
<2;���*)�
��������()H"%�]\�)($&C^5��*)�M<
j £'(�*��
<2!)(��'�5!���($,
<2@���*)���
<2%2H+���*)�'�+���*4&4&�*)�)���'� [��_:�*���(5�+���l"% #'�5!2��/���'�)�$,
<2m)($o0�$&4& �$,'��N���7���@��
�����Mwr�2�©%2 9 4,�*)�+��/�+�*2!�*01�*2]�()�'(�*��
<2!)���'�5%$,�()L)�
<23�n��'B �2!)(��'�$,�()[�! �2!)[4&�;>?
�'�0� #�

� � � �?"=
<5�' � � � & ' ��� * � � ,��0� �0� � &��-&j� � C^5!$�'� �)()��*0n�%4,�74,�*)[
����F���()x�! �2!)N���*) � �����-& *B� ���I
 � )��*4,
<2�4,�*5�'�}\3"=�;�?"% #'(�($o��5!4,�*)sRj+�*2H+��'^+���*) 9 ���*4&4&5%4,�*)y�� �4,
�'�$&0�+����'B$&C35!�*) 9 +�*4,�*����'(
<2!) 9 0n5�
<2%)y
<5x�����()y'(�*��
<2!)(��'�5!$,�() 9 M,M,M � M
j P)��*��
<2%���H"=
<)()�$,�%$&4&$&�3+�w"=
<5�'�4& y'(�*��
<2!)(��'�5!���($,
<2N���*)j
����F���()j�*)��w���Q5��($&4o$&)���'�� ����������� � Ë ¾�� 9 5!2[4&
�R<$&��$,�*4���l)($&0N5!4& #�($&
<2@'B #"%$&���T���*)s��_:���()P�!5S�H+�����*�����*5�'*M%
j nR�'B �2!���l/^$&���*)()��£������W�+�*��5!�($,
<2����£���£"!'(
�R�'B �0�01�l�*2>Z �$,��5!21
<5!�($&4!���U�B��
<$aW1"=
<5�'�4,�*)� �2% �4,\^)(�*)�
p-5;5%2xR�'� �2!�;2!
<0[�!'��U���}+��/�+�*2��*01�*23�()y)($&0N5!4�+�*)Y�*)(�H2�+�*���*)()( �$&'(��Mk���"=�*2!�% �2]� 9 4,�*)���_:���()s©%2%)����l4& N)($&0N5!4& #�($,
<2@��
<01"%4.-�����L2��T)�
<2]�s"% �)�"!'B$&)��*2S��
<01"!����M�� ����� ����� 5!�($&4&$&)�����*)�"% #'� �0�+����'�$&)� #�($,
<2!)����*)����;�� ���$,�3+�*)S����'(�*��
<2!)���'B5!���($,
<2����;�p�Q$&���*23�($,©%�� #�($,
<2§���*)1"� #'(�($&��5!4,�*)x���@���*)'�+�*)�
<4o5��($,
<2!)P�*2ª+�*2���'�R<$,�[���T�*2A"=
<)($&�($,
<2A���*)P
��������()V'��*��
<2!)���'�5!$&�()�M �j
<5!)T���*)P"% #'B �0S-����'(�*)£)�
<23�T01�*)�5�'^+�*)- x"% #'��($,'U���[4& 1)�$&0n5%4& #�($,
<2S��
<01"%4.-������M

= |�|





� ���������	�	
 �

�,& ' 
�� ) � ��� ������������� ��� ����� � ! �
" 
��#! $ ��������� ! � " ����
���� ! � %#$ �&
 6 � �'� "


���
��������[�������@�B�! #"%$,��'��1�*)��[4& �"%'^+��"% #'� #�($,
<2¨ �5�W¦0��*)(5�'(�*)L�!��)��*���($,
<2¨���@�� ����@����"%'(
^�%5!���($,
<2����"% �$&'(�*)U���[C^5! #' ��)U��
�"��! �2!)V4.����W�"�+��'�$,�*2!���N6��U
86�
 9 C^5!$p����/^'� �$,�V�H+�*0� #'('(��'T�*2Dz#{�{<~^M=6T5A
8i£k ��
<0;01� �5 �j���� #��'(
<2 9 4&  "!'(
��!5!���($,
<2I����C35% #' �^)7��
�" �*2I"% �$,'��*)7��
<2%)��($,�(5���5!2I)($,R<2! �4T'� #'(�D"% #'S'� #"!"=
�'(�¨- 4.���*2%)��*0[��4,�[���*)T"!'(
����*)()(5%)P$&)()�5!)P���*)l��
<4&4o$&)($,
<2!)P$&2H+�*4& �)��($&C^5��*)V"!"pM�k���"=�*2!�! �23� 9 4.�«+�*2���'(R<$&�N���*)l��
<4&4o$&)($,
<2!)��� =�� �8��� �! �2!)s4,�V���*23��'(�L���T0� �)()�� 9 |[>?
<$&)�"�4&5!)1+�*4&��/�+���LC^5��Q �5 �8���� #��'(
<2 9 ���*2!��- N>Z */�
�'�$o)���'y4.�Q �2! �4,\�)�� 9 `/��*�;5!2¦ �����'(
<$o)()��*01�*23�n)($&R<2!$,©%�� #�($,>H����4& �)��*���($,
<2m���;�� ����@�%5¦)($,R<2! �4Y #�����*2!�%5m��
<2v��
<$&23���*01�*2]�S- �5!2�� �5�R<0��*2]�( #�($,
<2A'(�*4& #�($,/��n01
<$&2!��'��L���*)y>?
<2!�!)y"!'B$&2!��$,"% �5�W:M�
p�*)V)��*���($,
<2!)P���;�� ����*)P�(��+��
�'B$&C35!�*)P�!5�)�$,R<2! �4���P�!�*)y�!'�5!$&�()��!�£>�
<2!�%)y
<2]�S+���^+�x��
<2!2�+���*)V�! �2!)U4& x"� #'(�($,�£�(��+��
�'�$,��MJl �2!)x2�
���'��S �2% �4,\^)(� 9 4&�*)m+��/�+�*2��*01�*23�()��)( �1)�
<23�x'(�*������'B����+�*);�% �2!)x4,�*)x�� �2! �5�W �3+�*4,�*����'(
<2+*��F���() �¦���
��0N5�
<2,*������()	� 9 "=
<5�'V4,�*)(C^5��*4&)y5!2��!�*)U�=
<)�
<2!).- $&)�)(5����*)UC^5! #' ��)U��
�"D)��[��+�*)($o2]��-��R�'(�x4,��"!��
<2!$oC35��*0��*2]����£4.�Q �5���'��x�% ���'(
<2!$&C^5��*01�*23��M ��+�*2�+��©%��$o �2]�N���Q5!2D'� #"!"=
�'(�l)($,R<2! �4w)(5!'T�%'�5!$,�T #�����*2!�!5�"%4&5%)P>Z */�
�'� #��4,� 9 $&4�*)��s"=
<)()($&�%4,�V�p�Q #"!"%4&$&C^5���'����*)s��'�$,��-��'(�*)U���£)^+�*4,�*���($&
<2�"%4&5!)�)^+��/�-��'��*)PC^5���- xJ£K )�5�'y4& [��
�"=
<4,
�R<$&�l�%57)�$,R<2! �4'(�*�B����'��B�H+��M6V"!'*-�*)s5!2��T�!'*-��/��£���*)(��'B$,"!�($,
<2@���*)s��
<2!2�+���*)s)($&0N5!4�+���*) 9 �F�l"!'�+�*)(�*2]����'� �$=4,�*)�/# #'�$& #�%4&�*)H�!$o)(��'�$&0�$o2! �2]���*)5��($o4&$&)^+���*)S�! �2!)�4.�Q �2% �4,\^)(��MU
p�*)���'�$&��-��'��*)����¨)^+�*4,�*���($,
<2�)�
<23������
<$&)�$&)� #©%2 ���¨0�$o2!$&0�$&)(��'@4.�Q$&2%����'(�($,�(5!�����
��( �4,�1)(5!'V4& 7)��*���($,
<2D���;�� �����MprH2!)(5!$,��� 9 �F�x��+���( �$&4&4&��'� �$j4o ;0�+���(��
����1���x01�*)(5�'(�N���x4& ;)��*���($&
<2����@�� �������x4,�*)n"!'�$&2!��$&"% �4,�*)L)�
<5!'����*)x���Q$&2!����'(�($&�(5!���*)[ v_=�*���( �23��4& �0��*)(5�'(��M�r�2�©%2 9 ���@"!'�+�*)(�*2]����'� �$s4,�*)n'�+�*)(5!4&�( #�() #�����*2!�%5!)£�*2¦����'�0��*)L����)��*2!)�$,�%$&4&$&�3+�*)l)��( #�($o)��($&C^5��*)l���[)�\�)��3+�*0� #�($&C^5��*)[)�5�'L4& �)��*���($,
<2¨���;�� ����@01�*)�5�'^+���"=
<5�'y4.���*2!)(�*0[�%4&�L���L��'�$,��-��'(�*)V���L)3+�*4,�*���($,
<2D��
<2!2! �23�U4& 101�*$o4&4,�*5�'(�l)��*2!)�$,�%$&4&$&�3+��M
/ c�d 0�f�
jQ T �21{O3����� K1f�
.K������ Mf�f�
�
��������hMf�f�


�j
<5!)L4&�*)�+��/�+�*2��*01�*23�()x)($&0N5!4�+�*)L)�
<23�[$&)�)(5!)£���*)£"%'(
^�%5!���($,
<2!)T
��;��$,�*4o4,�*)L���Q6��U
j6�
����L'(�*��
<2!)���'B5!$,�()- @4.�Q �$&���[�%5�"!'(
�R�'B �0�01�L
��;��$&�*4�� � �43 � � � /���'�)�$,
<2�/ = = MQ{�M � z � |#����)� �5�>Y4,�*)�+��/�+�*2��*01�*23�()657*������()VC^5!$)�
<23�U'(�*��
<2%)���'�5!$,�()y `/��*�[4& x/���'B)($,
<2�/ = {�MQ{�M = � M
8�1)($,R<2! �4Y �$&2%)($wC35��14,�*)£ �5!��'(�*)L�� �2! �5�W��)( �£
<23�D+���3+�@Rj+�*2H+��'^+�*)n"� #'98;:=< ���?> � Ë�Ë �qMp
8�*)�+��/�+�*2!�*01�*2]�()
@A*n�F���()Y
<23�x+���3+�T)�$&0n5%4B+�*)Y"% #'�Bi%C8;8AD � Ë |��qM^k��*)����*5�WN"!'�
^���*)()�5!)Y5��($&4&$o)��*2]�FE �HGJI %)(A"=
<5�'�4,�*)w'� ��!$o #�($,
<2!)���*)�+���( #�()N$&2!$,�($o �48���£©%2% �4 9 4,�*)£�H+�*)($&23�3+��R�'� #�($,
<2!)[���[4.�Q�! ���'�
<2!$&)( #�($,
<2pM�
8 �4o$,�!'� �$,'B$,� ���LKM>�� � >�
<5�'B2!$,�£4,�*)'� #"%":
�'��()y�����*0[�%'� �2!���!�*01�*2]�V���*)U4,��"!��
<2%)��=M
8�*)m+��/�+�*2��*01�*23�() � *)�21(' � ��� � 
<2]�§+���^+��"!'(
��!5!$,�()["% #' �9: �HG=NPO $&23����'(>Z ��%+�� */��*�RQSD �+3 % � "=
<5�'14,�*)

= | r



O 
�t ��� �6
�t 9 4&�*)@��+�*)($o2]�^+��R�'� #�($,
<2%)����74q�Q�! ���'(
<2!$o)( #�($,
<2�M���
<5�'7��
<5!)S4,�*)7"!'(
����*)()(5%) 9 4,�*)@>?
<2!���($,
<2!)7����!$o)���'�$,�%5!�($,
<2!)�"� #'(��
<2!$&C^5��*)y5��($&4o$&)3+���*)U)�
<23�;: � �����S8 � ~��qM��
<5�'74,�*)�>?
<2!�!) 5#*������() 9 4,��Rj+�*2H+��'� #���*5�' � � Q�(�� �  +���3+��5!�($&4&$&)^+��"=
<5�'�"%'(
^�%5!$,'(�S4,�*)�"%'(
^���*)�)(5!)
-&* � "% #'(��
<2!)*M^
8�*)�0N5!4,�($&"%4&$&��$,�^+�*)H)(5�"s+��'�$,�*5!'(�*)�"%'(
`/�$,�*2!2��*23�H�!�*)H'B ��!$& #�($,
<2!)H���*)�+���( #�()U$&2!$,�($o �4����s©%2! �4 901
���+�*4&$&)^+���*)l"� #'�� D �43 % � M��j
<5!'L4,�*)A+��/�+�*2��*01�*23�() 5�* �[�����() 9 4& S)��*���($,
<2����@�� ������*)��£'(�*2�
�'B0� �4&$&)^+���A- "% #'��($,'1�!5�'� #"!"=
�'(�N�*2]��'(��4&�*)N)(�*���($,
<2!)1���;�� ����*) 3 � 5 *ª�������() � � 3 � 5#* � �����() � ��
<2%2H+���*)1"% #' � � Q��
(�� � M�k��������n"%'(
^��+�*�!5!'(�n2�+��R<4&$&R��N4,�*)T��
<23��'�$,�%5��($&
<2!)P���*)V"!'(
����*)()(5%)P���N0n5!4&�($,"%4&$&��$&�3+�*)P$&2�>*+��'B$,�*5�'(�*)�M=k���������3\3"=
��(��-�*)��£�*)(��/# �4& #�%4&�l)�$:4&�*)y)��*5!$&4&)����£)^+�*4,�*���($,
<2��*2�$&01"%5!4o)($,
<2���'B �2!)�/���'�)��£)(5!'U4,�*)8�F���()U)(
<2]�U)(5!�;)( �0xE01�*23�S+�*4,��/�+�*) 9 ���[C^5!$=�*)��V4,�L�� �)P���L���������x �2! �4,\�)���M


8�*);���*5�W§ #"!"%'(
^�B���*)�����)($&0N5!4& #�($,
<2ª�?'� #"�$&����
<5 ��
<01"�4Z-����� � )�
<23�;5��($o4&$&)^+���*)��! �2%)�4.�Q �2! �4,\�)���M�
8�*)"=��'(>?
�'�0� �2!���*)N���S4& D)3+�*4,�*���($,
<2��!5�)($,R<2! �4H���1���*)N>�
<2%�!)n)(
<2]�x�*)��($&0�+���*)1)�5�'N4o �)($o0n5!4o #�($,
<2m��
<01"�4Z-������M
8�*)�$&2!����'(�($,�(5%���*)@)(\^)��^+�*0� #�($oC35��*)�'(�*4& #�($,/��*) - §4& §��
<2!2% �$&)()( �2!���¦�!5���+�����*�����*5�'D)�
<23� +��/# �4&5�+���*)�)(5�'�4& )($o0n5!4o #�($,
<2���
<01"%4.-�����L �4&
�'�)HC^5��l4,�*)�$&2!����'(�($,�(5%���*)�)�\�)��^+�*0� #�($&C^5��*)y����
�'B��'(�P�(��+��
�'B$&C35!�l)(
<2]�;+��/v �4o5H+���*)y)(5�'4& 1)�$&0n5%4& #�($,
<27'� #"%$&�!��M
/ c�J Z Mf �(f QSO3����� K1f�
 Mf � Mf �xf
� f � O�
	��
�

ks
<0�01�x- NJLK 9 2�
���'(�V)�$,R<2! �4!�*)(����
<2!)(�($,�(5H+�l"% #'��!�*)�"% �$&'(�*)����TC35% #' �^)H��
�"���
<23�H4.�Q5!2@)��l�H+�*)($&23��-��R�'���*2 - 4,��"!��
<2!$oC35��N���L4.�Q �5���'��N�*2@�����()�Mp
8�*)�+��/�+�*2��*01�*23�()n� ( �£'(�*������'B����+�*)N)�
<2]�L�!
<2!�x�� #'� ����3+��'�$&)^+�*)n"% #'L4& "!'�+�*)(�*2!���@���Q5%2m4,��"!��
<2 $&)�
<4�+�@���n���@R�'� �2!���7$&01"%5!4o)($,
<2D��'� �2!)�/���'B)�� 9 ���Q5%2���R�'� �2!�!�§+�*2���'(R<$,�7��'� �2!)(/���'�)��0� �2%C35! �23��� 9 ���1C^5! #��'(�T�����()£���1R�'� �2!���1$&0�"%5!4&)($&
<2���'� �2!)(/���'�)�����
<23�£���*5�W������()L$&)�)(5!)T����4& 7>�'B #R<01�*2�E�( #�($,
<2¨���[4.�Q�! ���'�
<2!$&)( #�($,
<2����@C35! #' �^) %�M8
8�*)L"!'(
����*)()(5%)£�!5¨¡�
���-�*4,� 
��( �2!�! #'��¨C^5!$w"=�*5�/��*23�L */�
<$,'N4& 0�¤�*01�n)($,R<2! #�(5�'��LC35��L2!
���'(�[)($,R<2% �4�)�
<2]�V4,�*)U0�¤�*01�*)V �5�
8i£kI���P �5 �8���� #��'(
<2pMks��":�*2%�! �2]� 9 4&�*)[)��*���($,
<2%)£���;�� ����*)N�(�H+��
�'�$&C^5��*)L���N4,�*)£"!'�
�"!'�$�+�����*)[��$o2H+�*0� #�($&C^5��*)[�!5m)($,R<2! �4Y���n���*)>?
<2!�!)N)�
<23���!$a_P+��'��*2]���*)�M�k��*)1��
<0�"% #'� �$&)�
<2%)N)(�7��'�
<5�/��*2]���% �2!)x4& A"� #'(�($,� = M��^M = M�z^MHr�2�"% #'��($&��5!4&$,��' 9 4& )��*���($&
<2S���;�� ����[� ( �y�*)��y�*23/�$,'(
<2����*23�U>�
<$o)s"%4&5!)�R�'� �2!�!�l �5A
8i£kIC35��Q �5#�8���� #��'(
<2 9 ���U4,�£'� #"!"=
�'(���*23��'(�4,�*)s)��*���($&
<2!)s���;�� ����*)P�%57)�$,R<2! �4:���U�!57�!'�5!$&�H���l>?
<2!� 5&*S�F���()y�*)(�s�%$aW;>?
<$&)s"%4&5!)HR�'� �2!�pM!ks�*)sR< �$&2!)��*2)��( #�($o)��($&C^5��l���P�*2�"%5!'(���3+�L"=��'�01�������*23�P���Q #"!"%4o$&C35!��'����*)P��'�$,��-��'(�*)V"%4&5!)s)^+�*4,�*���($,>Z)P)�5�'U4,�L)($,R<2% �4.M

��Q$&2!����'(�($&�(5!���n��
<0;0n5!2!��- S��
<5����*)L4,�*)l �2! �4,\�)��*)£6��U
j6�
��*)(�L4,�12!$,/��* �5¦���*)T>?
<2!�!)£0N5!4,�($ �����()�Mpk��*)"!'�
^���*)()�5!) 9 �H+�*��'�$,�()Y�! �2!)Y4&�H"% #'B #R�'� #"%��� = M��^M�z 9 )(
<2]�Y�!$,�@��$&4,�*)y- £)($&0N5!4,��'�"!'(
�"!'(�*0��*2]��M�JT�y"%4&5!) 9 4,�*)w�( �5�W���£'��«�F���()T���[���*)P>�
<2!�%)P�! �2!)P���������N �2! �4&\^)��n)�
<2]�V���[4.��
�'��!'(�L��� = {
� 9 ���nC^5!$p2�+�*���*)()($&���n5!2��L)(�( #�($&)��($&C^5��+�*C^5!$,/# �4,�*2]��� 9 $&01"=
<)()�$,�%4,�A- �Rj+�*2�+��'���'��*2m"%'� #�($&C^5���Mj��
<5�'x4&$&0�$&����'n4,�*)n$&2!����'(�($,�(5%���*)[4&$�+���*)x �5�2!$,/��* �5�������*)V>�
<2%�!) 9 4,�*)V)��*5!$&4o)y�*2 +�*2���'�R<$,�n)(5!'P��
<5!)T4,�*)U
����F���()V'(�*��
<2!)���'B5!$,�()U
<23��+���^+�1 �5�R<01�*23�3+�*)l"% #'P'B #"!"=
�'(�N- JLK ���P��
�'�'(�*)�"=
<2!���*23�U �5�W���
<2!�!$,�($,
<2%)y���*)U��
<4&4&$o)($,
<2!)s �5�
jilkTM6V©%2��!�U�!$a_P+��'��*2!��$,��'�4,�*)x+��/�+�*2��*01�*23�()�� ( ��)��*0�$o4,��"!��
<2!$&C^5��*)w�+*N�F���()�
<5��;*N�F���()��!�*)��!$a_P+��'(�*23�()�>?
<2!�!) 9��'(
<$o)y2!$,/��* �5�W����L)^+�*4,�*���($,
<2�
<23�7+���3+�x0�$&)s�*2A"%4& ���� "
$ 4& D"!'^+�*)3+�*4,�*���($,
<2 �!�*) +��/�+�*2��*01�*23�()��?�*2§>�
<2!���($&
<2�����4& �)($,R<2! #�(5�'��7'��*������'��B�H+��� " 4,��"!��
<2 9 +�*2!��'(R<$,���'� �2!)�/���'�)(�L0� �2!C^5! �2]��� 9 �F���() 9 �F���()S+���($oC35����^+�*)#% � "=��'�01���U���L'��«�F������'P4q���*)()��*23�($,�*4p���*)y>?
<2!�!)#�
$ 4& £'(�*��
<2!)(��'�5!���($,
<27���*)H�:
<)(
<2!)�- 4,��"%��
<2!$&C^5��*)������! ���'(
<2!$oC35��*)��������*)����*5�W�C^5! #' ��)���
�"S"=��'�01������D��
<23��'� �$&2%��'(�¦4.�}+��/�+�*2��*0��*2]���������¦�!$o)(��'�$&0�$o2���';4,�¦)($,R<2% �4V���*)S>?
<2!�!)S2�����
<23���*2! �2]�A"% �)S���*)"% #'(�($&��5!4&�*)��

= ~#{



$ 4& £��'(
<$&)�$Z-�*01��+���( #"=�£��
<2!)($&)(���P�*275!2��P �2! �4&\^)��T�!$&)(��'B$&0�$&2! �23���U0N5!4,�($,/# #'�$�+���VC^5!$!��
<0n�%$&2!�P"%4&5%)($,�*5�'�)/v #'�$o #�%4,�*)�Mjk��7����'�2!$&��'[2!$,/��* �5 ���@)^+�*4,�*���($&
<2m"=��'�01���N���Q �)()(5!'(��'[5!2 ��
<2]��'v¤
<4&�7���*)[>�
<2%�!)L
<5�5!2��'^+�*�!5!���($,
<2�)�5�"!"%4�+�*01�*23�( �$,'(�£�!5A2!$,/��* �5����*)U>�
<2!�%)�M
� ])^P]�_ `
a�bc���d bcep�c �5glk�mnf �Rced bc�� bcefRc �vcefhgld�����


���
������*���($,>Y���[���*)T��'�$,��-��'(�*)V�*)��V���n)3+�*4,�*���($,
<2!2���'l4,�*)S+��/�+�*2��*01�*23�()l"!'�+�*)��*23�( �2]�l4.�«+���( #�T©%2! �4�'(�*�B����'��B�H+���
<5��8�*2L
#_='� �2]�w5!2��Y"%'(�*0�$.-��'(���� �)��H����'(�«�F�*���($&
<2[���*)8"!'�$&2!��$&"% �5�WP>?
<2!�!)p �5N)($,R<2% �4.M�k��*)8��'B$,��-��'(�*)8"=�*5�/��*23�)���'�/^$,'y���l�% �)(�L��
<0�0n5%2��@- x��
<5����*)U4,�*)y �2% �4,\^)(�*)U���l'(�*���!��'������n���l"% �$,'(�*)y���LC^5! #' ��)s��
�" " 01�*)(5!'(�£���*)"!'�
�"!'�$�+���3+�*)£�!5DC35! #' ����
�" �Z0� �)()�� 9 )�"�$&2��B�! #'(R�� 9 M,M,M � 
<5�01�*)(5�'��N���14.�Q��+�*4o$&��$,�3+�N�%5 - $&)()(5��!5D��
�"¦"% #'��W��*01"%4,��M
	 �! 
�%$��%$ É ¯°^±?° ®�³ µ À ¶ &w´ ±?° Ç8³�À ¶Iµ Á`À ± ¯°


8�*)L4,��"!��
<2%)L�! �2!)L4&�*)D+��/�+�*2��*0��*2]�()N�)( �n �5 �8���� #��'(
<2 
<5m �5 
8i£k 
<23�[���*)[�� #'B ����3+��'B$&)��($&C^5��*)N)($&0�$aE4& �$&'(�*) " $&4o)Y"!'(
�/^$,�*2%2��*2]���p�Q5!21�=
<)�
<2 - $&)�)(5����Q5!2;C35! #' �N��
�"8M^k��*)�4&��"!��
<2!)�)(
<2]��$&)�
<4�+�*) 9 ���*23��'� �5�W��������R�'� �2%���£$&01"%5!4o)($,
<2���'B �2!)�/���'�)���M!
j 1)3+�*4,�*���($,
<2��%5�4,��"!��
<2���
<$,�s"=��'�01������'��l�!�L)3+�*4,�*���($,
<2!2���'P���;�� ����*01�*23�4,�l)($,R<2% �4���
<5!�y�*2S'(�«�F���( �23�P4,�*)s>Z �5�WS4,��"!��
<2!)s$&)�
<4�+�*)P$&)()(5!)����£0� �5�/# �$&)��*)y$o���*2]�($&©%�� #�($,
<2!)s���H�����() 9 ���y�*4&4,���
<$&�H'(�*)(":�*������'y4,�*)s)��*5%$&4&)����T��+�*��4&�*2!�����*0��*2]�N- N6��U
j6�
 9 ©�W�+�*)[- x���*)�/v �4,�*5!'�)�"%4&5!)1+�*4,��/�+���*)VC35���- xJLK��*2'� �$o)�
<2����Q5!2S"%4o5!)�>�
�'(�P�( �5�W�����
^����5!"% #�($,
<2��!5���+�����*�����*5!'*Mks
<0�01�S- 7JLK 9 4&�['(�«�����T�!�*)�+��/�+�*2!�*01�*2]�()[ */��*�x5!2D���*5�W�$Z-�*01�n4,��"%��
<2�$&)(
<4B+�n �5�R<01�*23���14,�['��«�F���T���*)+��/�+�*2!�*01�*2]�() @9*7�F���()����s� ( ��
 4&4
� � 9 ���s"=��'�01���s���Q �)()�5�'(��'s4.��
�'(�(��
�R�
<2! �4o$,�3+�l `/��*�L4,�*)s �2! �4,\�)��*)�� ( �y�! �2!)�4,��� �2! �48�!$&4,��"!��
<2pM
8�*)1©!R<5�'��*);|3M�z^M = 01
<23��'(�*23�;4,�*)1�!$&)(��'�$,�%5��($&
<2!)L�*2 $o01"%5!4&)�$,
<2¨��'� �2%)�/���'�)������1�*2 "%)��*5!��
#Eq'B #"%$&�!$,�^+����*)¦+�*4,�*����'(
<2!)N"=
<5�'[4&�*)¦+��/�+�*2!�*01�*2]�();���@)($&R<2! �4����n":
<5!'n4,�*)[�!'�5!$,�()n����>?
<2!� "!'�$&2!��$&"% �5�W=M=rH4&4,�*)n$&4&4&5!)�E��'(�*23�£4,�[>Z �$,�£C^5��N4&�*)�+��/�+�*2��*01�*23�()L� ( �£�! �2!)T4,�*)l�� �2! �5�WD� *��F���()l
<5"� *������()T)(
<2]�£�� #'� ����^+��'�$&)^+�*)n"% #'l4& "!'�+�*)(�*2!���£���Q5!2S4,��"!��
<2 +�*2���'(R�+���($&C^5��L���y���*23��'� �4.M!
8 x�!$o)���'�$,�%5!�($,
<21�*2S$&01"%5%4&)($,
<21��'B �2!)�/���'�)��£���*)y4&��"!��
<2!)�*)��n��'�-�*)x)($&0�$&4o �$,'(�x�! �2!)[4&�*)¦+��/�+�*2!�*01�*2]�()x� ( �n
<5 5 *¨�����()�Mj
8�@�� �)N���*)n4&��"!��
<2!) �¨�*)��["%4o5!)L�!$,�@��$&4,��- ��'� �$&����' " $&4&)l"=�*5�/��*23�L #"!"% #'� `¤ ¥&��'(��)�
<$,�L)�
<5%)L4& S>?
�'�01�����Q5!2¦4&��"!��
<2 � ��
 4�������� 9 4 5 � 9 � � 9 )(
<$,�[���T�����()C^5!$�":�*5!/��*2]�T¤����'(�£'(�*��
<2!)(��'�5!$,�()���
<0�01�L���*);+�*4,�*����'(
<2%)�M�k���"=�*2!�! �23� 9 4&�*)�4&��"!��
<2!)�"!'(
�/��*2! �2]�U�!�*) �7)�
<23�01
<$o2!);+�*2���'(Rj+���($&C^5��*)�M�6T5!��5!2A��'�$,��-��'(�[���L)^+�*4&�*���($,
<2A/�$&)( �23�n- x'(�«��������'V4,�*)P4,��"!��
<2!)���2p���*)��P #"!"%4o$&C35�+��M

8�*)s��'�$,��-��'(�*)y���£)^+�*4,�*���($,
<2�)�5�'�4&�T4,��"%��
<27)(
<2]�y4,�*)s)(5!$&/v �23�() " 5!27)��*5!4:4,��"!��
<2S$&)(
<4B+�l�!
<$,�V¤����'(�£'��*��
<2!)FE��'�5%$,�N�`+�*4,�*����'(
<2����£0N5�
<2 � M:O«4���
<$,�n¤����'(�1���NR�'� �2!���x$&01"%5%4&)($,
<2S��'� �2%)�/���'�)����?" �� � z#{ Ã ��� zv� � ���£�! �2!)4.�Q �������"%�( �2!���n�!5���+�����*�����*5!'T���£��'B ����*)N� 
 � � 
�� z���¾ � M
8�*)P���@�� ���$,�3+�*)L���N'(�*��
<2!)���'�5%���($,
<2A���l���Q$&�!�*2]�($,©��� #�($,
<2��%5A4,��"!��
<2�
<23�A+���^+�1�*)��($&0�+���*)£)�5�'T5%2A4,
��l���

�F/^'� �$&)	��4,��"%��
<2!)¨+�*2!��'(Rj+���($&C35!�*);$&)()�5!)n�!�*)x"% �$,'(�*)N�)( �*MY
p��4,��"%��
<2 �*)(�1'(�*��
<2!)���'�5%$,�N `/��*��5!2���$&0�"%5!4&)($&
<2��'� �2%)�/���'�)��N)(5�"s+��'�$,�*5!'(�7- @z#{ Ã ��� � �N���V�*)��T �)()�
���$B+�1 �5A4,��"!��
<2�Rj+�*2H+��'^+�;�! �2!)V5!2A�]¤
<2!� �1t ��{�� = Mp|#~ ����*)A+�*4,�*����'(
<2%)l��� r � � �!�*)V0N5�
<2!)l)�
<23�£ �)()�
���$B+�*);- 74&�*5�'V"� #'(�($&��5!4,�nRj+�*2H+��'^+����Mjr�23/�$,'(
<2�¾�¾ � �q|#¾ � � ���*)+��/�+�*2!�*01�*2]�()1�!�@)($,R<2% �4��! �2!)n4,�;�� �2! �4 �F� *������()	�§� � � *��F���() � � )(
<2]�N)3+�*4,�*���($,
<2!2�+�*)�M�k��*)[���;�� ���$,�^+�*)1)�
<23�)��*2%)($,�%4,�*0��*2]��4,�*)y0S¤�*01�*)U"=
<5�'y4,�*)@+��/�+�*2��*01�*23�() 5 *S�����()y��� � � *)�21(' �{���D�R� �*2S/�
<$&�£��M!r�4&4,�*)s�!$o0�$&2^5��*2]��*2m>�
<2!���($&
<2m�!5 2�
<0[�%'(�;���l�����()N�� #'N4& A)(5�"=��'("=
<)($,�($,
<2��!5 4,��"!��
<2 )(5�'[4,�*)y�F���()n�*)��n"%4&5!)£>?'�+�*C^5��*2]���¨- "%4o5!)s�! �5����[0N5!4,�($,"�4&$&��$,�^+��M
8�L�( �5�W����[0; �5�/v �$o)��[$&���*23�($,©%�� #�($&
<2����[4,��"%��
<2!)y�*)��V�*)��($&0�+�n)�5�'P���*)Y�F���()V���Q$&01"%5%4&)($,
<27��'� �2!)(/���'�)��)(5!"�+��'�$,�*5�'(�@- 7�#{ Ã ��� � �#M=JV�*)T>Z ������*5�'�)V���['(�«�����P���N4.��
�'���'��L���n¾�¾#{�{7"=
<5�'P4,�*)y>Z �5�W�+�*4,�*����'(
<2%)P���£|#¾#{�{
= ~ =



 (GeV/c)e
T

p
0 20 40 60 80 100 120 140 160 180 200

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22
(electron)

T
p

 e+jets→tt
+jetsτ →tt

W+jets

eη
-3 -2 -1 0 1 2 3

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
(electron)η

 e+jets→tt
+jetsτ →tt

W+jets

'&%)(+*%|3M�z^M =&,�� * �F/ : 8�C ) 6;A =�>D6F8�<D17=�8�1 % �>@?�>D/ ��� 1'& 17A��F8�17/�2 ) , =�>���C 2DC A �1 % �>�2D= ) CEAB1'&+2�178��1 : 1 � A = ) 6F8n=�1 � ) 6�8�A =�/0CEA 8 � ) /0=2�178 �17< �176l1 * 176�A 8��94��2�> 6F8 : 178 � >D6�>D/�$ ����� � 2	�;17A�
��
� � 2	���j17A � ) /0= : 178 * ) 6�2D8����
� � 2	� 	

"=
<5�'L4,�*)[>? �5�W�0N5�
<2!)[
<2]�N �$&2!)($n+���3+�S�*)��($&0�+�*)�MjO«4&)L/v #'�$&�*2]�L�*2m>�
<2%���($,
<2¨���;4o �0n5%4,�($,"%4&$o��$,�3+�N�*2��F���()n���4.�«+��/�+�*2��*01�*23� 9 �����H+��":�*2%���*2]�����*)S�� #'� ����^+��'�$o)��($&C^5��*)���$&2�+�*0� #�($oC35��*)S���S��
�"=
<4,
�R<$&C^5��*)S���*) +��/�+�*2!�*01�*2]�()0N5!4,�($ �����()�M�O«4o)7��+��"=�*2!�!�*2]�� �5!)()�$T�!�*)@"=��'(>?
�'�0� �2%���*)S'^+���*4&4,�*)����*)���+�����*�����*5�'B)��������*)� �4,R�
�'�$&�(�!01�*)S���'(�*��
<2%)���'�5!���($,
<2pM
	 �! 
�%$��" É ¯°^±?° ®�³ µ À ¶ &�° Á�� ° ³`Á�Å8­ &j² À ¶�µ�Dp´8° Á

ks
<0�01�¨ �5 �j���� #��'(
<2 9 4&�*)N�F���()A$&)()(5!)��!�*) +��/�+�*2��*01�*23�()�� ( �A)�
<23�A0� ���
�'�$,�( �$,'(�*0��*2]�����*23��'� �5�W����+�*2���'(R�+���($&C^5��*) 9 - £4& £�!$a_P+��'(�*2!���P�!�U���*5�WN"%'(
`/��*2! �23�����*)N+��/�+�*2��*01�*23�()�5�*[�����()Y����0N5!4,�($ �����()�M3k���"=�*2!�% �2]� 94.�«+�*2���'�R<$,���!$&)�"=
<2!$&�%4,�n�% �2!)L4& ���
<4&4o$&)($,
<2D�*)��L"�4&5!)A+�*4,��/�+���7 �5m
jilkTMjks�*4& �)�����'� ��%5!$,�l"% #'[���*)s�F���()["%4&5!)+�*2���'(R�+���($&C^5��*)T�! �2!)U4&�*)@+��/�+�*2��*01�*23�()T� ( �PC^5��L�! �2!)U4&�*)@+��/�+�*2��*01�*23�();5 *��F���()�M
j �)3+�*4,�*���($,
<2 ���*)D�����() ��
<$&� )( #�($&)�>Z �$,'(�ª �5�W ��
<23��'� �$&23���*) )(5%$,/v �23���*)�M�rH4&4,�ª��
<$,��"=��'�0�������'(�ª���)^+�*4,�*���($&
<2!2���'p���;�� ����*0��*2]�w4,��)($,R<2% �4#��
<5����*2L'(�«�����( �23�84,�*)�>?
<2!�!)�M%�j
<5!)p4,�*)p�!'�5!$,�()=����>�
<2!�£ �5�W�+��/�+�*2��*01�*23�()� ( �D)�
<2]���� #'� ����^+��'�$&)^+�*)¨"% #'�5!2!� 0N5!4,�($,"%4o$&��$,�3+�¦01
`\��*2!2!� �*2 �F���()�"%4&5%)�>Z �$,�%4,�¦���D"% #'��!�*)1�����()�0�
<$&2!)+�*2���'(R�+���($&C^5��*)�M<
j l)3+�*4,�*���($,
<21���*)%�����()Y��
<$,�L+��R< �4&�*01�*2]��":��'B01������'(�s����0;$&2!$&0�$o)���'84,�*)w$&2!����'��($,�(5!���*)�4&$�+���*)w �52!$&/��* �5����*)y>?
<2!�!)U0N5!4,�($ �����() 9 ��
<23�P4& 1)��*���($&
<2����;�� ����N�H+�*��'(
�¤ ¥,�U�*2�>?
<2!���($,
<2A���L4.�Q$&01"�5!4&)($,
<2@��'� �2!)(/���'�)�����*)U�����()n"%'(
^�%5!$,�()�MprH2�©%2 9 ��
<0�01�7":
<5!'n4& �)3+�*4,�*���($,
<2��!5 4,��"!��
<2 9 4& A)^+�*4&�*���($,
<2����*)U�F���()x��
<$,�n'(�*)�"=�*��E����'�4,�*)x)��*5%$&4&)N�����H+�*��4,�*2!���!�*01�*2]��- ¦6��P
86�
 9 "�4&5!)¨+�*4,��/�+�*)@C35���- �JLK �*2�'� �$&)�
<2§���Q5%2 "�4&5!)n>�
�'(�x�( �5�W����
�����5�"% #�($&
<2��!5���+�����*�����*5�'*M
8�*)T©!R<5�'(�*)£|3M�z^M�zS01
<23��'(�*2]�£4,�*)l�!$o)���'�$,�%5!�($,
<2!)s�*2�$&01"%5%4&)($,
<2���'B �2!)�/���'�)��x���*)������()£���n"�4&5!)UR�'B �2!���$&0�"%5!4&)($&
<2¨��'� �2!)(/���'�)���MH
8�*)��!$&)(��'�$,�%5��($&
<2!)["=
<5�'�4&�A)($,R<2! �4s���@4,�*)1>?
<2!�!)1"!'B$&2!��$,"% �5�W¨'(�*��
<5�/^'(�*2]�75!2��0�¤�*01�xR< �0�0��x�p�}+�*2!��'(R<$,�x��'� �2!)�/���'B)���M�
p�*)��F���()l)�
<23�£0� ���
�'�$,�( �$,'(�*0��*2]�l���*2]��'B �5�W 9 ��
<0�0��x4q�Q$&4&4&5!)(��'(�L4& ©!R<5!'(��|3M�z^M��^MyJT�*)���'�$,��-��'(�*)S)(5�'S4.�Q$&0�"%5!4&)($&
<2 ��'B �2!)�/���'�)����?"������� � � { Ã ��� zv� � ���S4& m"%)��*5!��
#Eq'B #"%$&�!$,�^+�� 
 � ����� 
�� z���¾ � ���*)H�����()�+�*4&$&0�$&2!�*2]�l �$&2!)($�5!2��N"% #'(�L$o01"=
�'(�( �2]���x���1���*)£>?
<2!�!)�M�
j @©%R<5�'(�;|3M�z^M � 01
<23��'(�4& A0n5!4&�($,"%4&$&��$&�3+�;�*2������()n���*23��'� �5�W ���m+�*2���'�Rj+���($oC35��*)N"=
<5�'N4,�*)¦+��/�+�*2��*01�*23�()����@)�$,R<2! �4����x4,�*)n�!'�5!$&�()L���>?
<2!��"!'B$&2!��$,"% �5�W:M�
p�*)�+��/�+�*2��*01�*23�()l� ( �P)�
<23�V�� #'B ����3+��'B$&)3+�*)l"% #'V5%2��[0N5!4,�($,"%4o$&��$,�3+�£)(5�"s+��'�$,�*5!'(�@- ����*4&4,�n���*)+��/�+�*2!�*01�*2]�();57*������()U���P0N5!4,�($ �����()�M

8�*)Y�����()T)�
<2]�T"!'�+�*)^+�*4,�*���($&
<2!2H+�*)£)��Q$&4&)P)�
<2]�l���*23��'� �5�W � 
 � ����� 
 � z���¾ � ���T)�$84,�*5�'V$&01"%5!4o)($,
<2S��'� �2!)(/���'�)��

= ~�z



 (GeV/c)jet 1p
0 50 100 150 200 250 300 350 400

10×

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

(jet 1)
T

p

 e+jets→tt
single top voie t

W+jets

 (GeV/c)jet 2p
0 50 100 150 200 250 300 350 400

10×

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

(jet 2)
T

p

 e+jets→tt
single top voie t

W+jets

 (GeV/c)jet 3p
0 50 100 150 200 250 300 350 400

10×

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

(jet 3)
T

p

 e+jets→tt
single top voie t

W+jets

'&%)(+*p|3M�z^M�z , � * ��/ : 8�C ) 6#A =�>D6F8�<D17=�8 1�2�178 � 17A 8 2�> 6F8 : 178 �17< �176�1 * 176�A 8 2�1@8�C ?D6�> : � - 8�C 60? : 1 A ) � 0 176 < ) C 1 A 17A � � � � 2��

jetsη
-4 -3 -2 -1 0 1 2 3 4

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

(jets)η
 e+jets→tt

single top voie t

W+jets

'&%�(R*Ê|3M�z^M�� , � 8 17/F2 )�, =�>���C 2 CEA �1 2�178 � 17A 8 2�>D6�8 : 178
�17< �176l1 * 176FA 8R2�1P8�C ?D6�> : � - 8�C 60? : 1PA ) � 0+176#< ) C 1PAq17A � �
� � 2	�

N(jets)
0 1 2 3 4 5 6 7 8

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

N(jets) :

 LHC

 TeVatron

'&%�(R*w|3M�z^M � , . / : A C � : C � CEA �1 176 � 17A 8 � ) / = : 178 ��= ) � 178�8�/ 8 �94�(�
- 8�CE60? : 1�A ) � 0n176 < ) C 1jA 17A � ��� � 2	� 	 GI178 � =�CEA �17=�178 2�1�8 �1 : 1 � A C ) 68 ) 6FA � ������ ��� � 
������ �317A � � ����� � �
	�� � 	

= ~��



�*)��£)(5!"�+��'�$,�*5�'(��- ��#{ Ã ��� � �#M 
^�*5!4o)V���*)������()L)�
<23�l"!'�$&)T�*2¦��
<01"%���N"=
<5�'£4& 7'(�*��
<2%)���'�5!���($,
<2¦��
<0�"%4Z-��������L4q�}+��/�+�*2��*01�*23�V���P":
<5!'U4& 1��
<2!)��($,�(5!�($,
<2����*)y/# #'�$& #�%4&�*)s��
�":
<4&
�R<$&C35!�*)yR<4,
��% �4,�*)*M
�T2��U��4& �)�)($,©%�� #�($,
<2;���*)x+��/�+�*2!�*01�*2]�()�"% #'H$&2]����'�/v �4&4&�s�!�P0n5%4,�($,"%4&$o��$,�3+�H�*)��H �4,
�'�)Y��_=�*���(5H+���l�*21>�
<2%���($,
<2�!5 2�
<0[�%'(�����1�F���()7)3+�*4,�*���($,
<2!2�+�*) 9 �#���*)(�FE�- vEG�!$,'(�����*2]��'B �5�W�� 
 � ����� 
 � z���¾ � ���S���Q$&01"%5%4&)($,
<2���'� �2!)(/���'�)��)(5!"�+��'�$,�*5�'(��- � { Ã ��� � �#MYr�23/^$,'�
<2 Ë { � ���*)¦+��/�+�*2��*01�*23�()����S)($,R<2% �4�
<23�N �5§01
<$&2%)L��'(
<$&)U�����()�M�kT���*)�� �5!)�)($�4,�L�� �)U"=
<5�'P�#{ � "=
<5�'U4,�*)7+��/�+�*2!�*01�*2]�() � � *)�21(' �{���D�R� �*2�/�
<$,�L��M
8�*)1+��/�+�*2��*01�*23�() 5�*D�H�F���()�)�
<23����'� �$&�3+�*)s���Q5%2��U0� �2!$.-��'(�T�!$a_P+��'(�*2]���V"%5!$&)�C35��Q$o4&)[+���( �$,�*2]�s$&2���W�$&)��( �23�() �5�01
<01�*23�£���x���������; �2! �4,\�)���M=
������;�� ���$,�^+�;�!�x)^+�*4&�*���($,
<2¦���*)A+��/�+�*2��*0��*2]�()95 * �L�����()l�*)��£�� �4&��5!4�+����- "% #'��($,'Y���*)Y"!'(
��� #�%$&4&$,�^+�*)w���U)^+�*4,�*���($&
<2;$&2!�%$,/^$o�!5��*4&4,�*)8���*)��F���()H�! �2!)Y4,�*)N+��/�+�*2��*01�*23�() 5�* � �����()�M<r�23/�$,'(
<2� { � ���*)¦+��/�+�*2��*01�*23�() 5 *��n�����()[
<23�[ �5 01
<$&2!)£��'�
<$&)s�����()[���*23��'� �5�W � 
 � ����� 
�� z���¾ � ���n���Q$&0�"%5!4&)($&
<2��'� �2%)�/���'�)��L)(5!"�+��'�$,�*5�'(�@- � { Ã ��� � �#M

	 �! 
�%$���� É ¯°^±?° ®�³ µ À ¶ &�°�±�� ¯°^¶j°^² C µ�° ³ ² ­ ¶ Á�� °^² Á °"B ­ ¶ Dp´ ­ ¶ ³ °

8�*)l+��/�+�*2!�*01�*2]�()w�)( �j'(�*���!��'�����+�*)w)�
<23�j�� #'� ����^+��'�$o)3+�*)w"% #'j4& U"!'^+�*)��*2!�������Q5!2��YR�'� �2%���1+�*2���'(R<$&����'� �2!)(/���'�)��0� �2%C35! �23���x'(�*��
<2!)���'B5!$,����M8k���������$&2�>?
�'�0� #�($&
<2A"=��'�01���£���1�!$o)(��'�$&0�$o2���'P4,�1)($,R<2% �4j���*)l>?
<2!�!)l0N5!4,�($ �����()�*)()(�*2]�($,�*4o4,�*01�*23�;�?��� @ *������()L�! �2%)L5!2��101
<$&2%��'(�101�*)(5�'�� � ":
<5!'l4&�*)(C35!�*4&)£4.�}+�*2���'(R<$,�1��'B �2!)�/���'�)��@0� �2�EC^5! �23���L�*)��y�*2�R��*2!�!'^+���["!'�$o2!��$,"% �4,�*0��*2]��"% #'P���*)U��_:���()V4&$B+�*)U �5A��+�����*�����*5!'V���N- ;4& x'(�*��
<2!)���'B5!���($,
<2�M

�s$,�*2¨C^5��;4&�*)L�!$&)���'B$,�%5��($,
<2%)V���@4.�Q$&01"%5%4&)($,
<2���'� �2!)�/���'B)��;�!5¨2!�*5���'�$&2�
��% �2!)L2�
���'(�@)($,R<2! �4�)(
<$,�*2]�n)��*0xE�%4o #�%4,�*)� �5 �j���� #��'(
<2N���8 �5[
jilk 9 4,�*)p�!$o)���'�$,�%5!�($,
<2!)��*2D+�*2���'(R<$,����'� �2!)�/���'�)(�H0� �2!C^5! �23����)�
<23�8�!$a_P+��'(�*23���*)- £6��U
j6�
1���T- LJLKNM<rH21��_:��� 9 - L6��U
j6�
 9 4&�*):�F���()H)�
<23��"%4&5!)n+�*2���'�Rj+���($oC35��*)H����4,�*5!'�0n5%4,�($,"%4&$o��$,�3+�H�*)���"%4&5!)R�'� �2%���L�! �2!)y4,�L)�$,R<2! �4���
<0�01�N�! �2!)y4,�*)U>�
<2!�%)�M�k��*��$p)��£��'B ��!5!$,�y"% #'U5%2��£/v �4&�*5�'P01
�\��*2!2��L�*2�+�*2!��'(R<$,���'� �2%)�/���'�)��L0� �2%C35! �23���L"%4o5!);+�*4,��/�+���xC35p��- 1J£K 9 ��
<0�01�[4&�L01
<2]��'��[4& x©!R<5�'��n|3M�z^M�¾^M

 (GeV)Tmiss E
0 50 100 150 200 250 300

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
 :Tmiss E

 e+jets→t t
+jetsτ →t t

 W+jets

'&%�(R*Y|3M�z^M�¾ , � ��1 � A =�1;176 �176l17= ?DC 1 A =�>D6F8�<D17=�8 1 * >D6 � /�>D6FAB1
=�1 � ) 6F8�A =�/0CEAB1 � ) /0= : 178 �17< �176�1 * 176�A 832�42�� � �
� � 2	����
 � � � 2����
17A � ��� � 2	� 	


8�V)��*5%$&4%�B��
<$&)($�)(5�'H4q�}+�*2!��'(R<$,�T��'� �2!)�/���'�)(�V0� �2!C^5! �23���T�!
<$,�H)( #�($o)�>? �$&'(�P �5�W;���*5�W;��
<2!�!$,�($,
<2%)���
<23��'� vE�!$o����
<$,'(�*)�)(5!$,/# �2]���*)*M�k��������£/# #'�$& #��4,�P�*)��s��'*-�*)U5!�($&4,�P"=
<5�'�'(�«��������'U4,�*)�>�
<2%�!)H0N5!4,�($ �F���() 9 ��
<23��4o n��
<2!2% �$&)FE)( �2%���;�*)��N�*2!��
�'(�@��'�-�*)N #"%"!'(
*W�$&0� #�($&/���M �T2m)��*5%$&4x+��/��*4�+�S"=��'�01������'� �$,�N���;4&$o0�$,����'[4& ���
<2]��'B$,�%5��($,
<2m���*)>?
<2!�!)j0n5!4&�($ �F���()j���Y���*)�$&2!����'(�($,�(5%���*)8 �)()(
^��$�+���*)�M3ks��":�*2%�! �2]� 9 4.��
������*���($,>!���s4.�Q �2! �4,\�)��H�*)��Y �5!)()($3���HR< #'B����'5!2N2�
<0n�!'(�s$&01"=
�'(�( �23���p�}+��/�+�*2��*01�*23�()�� ( �w���Y��
<2!�����y����
<$o)($,'w5!2n)(�*5!$&43"%4&5���¤
����% �)��*2m+�*2���'(R<$,�s��'� �2!)(/���'�)��0� �2%C35! �23����M%��
<5�'U'�+�* �4o$&)���'P���[��
<0�"!'(
<0�$&) 9 4,�L��'�$,��-��'(�[�!�L)3+�*4,�*���($,
<2��*)(� "��r � � � { Ã ���xM

= ~ �



	 �! 
�%$���� É ¯°^±?° ®�³ µ À ¶ &�° Á�� ° ³`Á ¯° ³ µ Dp´j° ³j¯° Á %

j A��+�*)($o2]�^+��R�'� #�($,
<2��!�*)¨+��/�+�*2��*01�*23�()x�)( �n"!'�
^�!5%$,�L���*5�WS�����()n�!�@C^5! #' ��) %�Mwks
<0�01��- DJLK 9 4.�Q$&���*2�E�($,©��� #�($,
<2 �!�*)U�����()x�=�* �5�W¨"=��'�01���x���7'^+�*�!5!$,'(�74,�*)N>�
<2%�!)n0N5!4,�($ �F���() 9 5 *m�����()n��� @ * �F���() 9 ��
<23�14,�*)��
<23��'�$,�%5!�($,
<2!)s��
<0�$&2% �2]���*)y�! �2%)y���*)y"!'(
����*)()(5!)y)(
<2]�U4,�*)j�����()U���£)( `/��*5�'�)V4B+��R�-��'��*)�M=k�
<2#�F
<$,���*0��*2]�U `/��*�4.�Q �0�+�*4o$,
�'� #�($,
<2D�!5�'B #"!"=
�'(�V)($&R<2! �48)(5!'P�!'�5%$,� 9 4,�*)T��'�$,��-��'(�*)£)(5!'V4.�«+���($&C^5����( #R������*)��F���()#%l"=��'�0��������*2]�l����!$o0�$&2^5���'�4.����_=�������*)�$&2!����'��($,�(5!���*)�)(\^)��^+�*0� #�($oC35��*) 9 '��*4& #�($,/��*01�*23��+�*4,��/�+���*)y�! �2!)�4,�P�� �)s���T���*)H"%'(
^���*)�)(5!)0N5!4,�($ �����() 9 57*A�����()y���;@ *A�����()�Mks
<2]��'� �$&'(�*01�*23�7- �JLK 9 4.�Q �4&R�
�'�$,�(�!01��5!�($&4&$&)^+��- �6��P
86�
D"=
<5�'D+���($&C^5�������'N4&�*)��F���() %N'(��"=
<)��;)(5!'[4,�*)��'� ����*)N �)()�
���$�+���*)N �5������ 9 ���[2!
<2m)(5�'n4& �"!'�+�*)��*2%���@���Q5!2m4,��"!��
<2m�% �2!)L4,�l������M��£2m)��Q #�����*2!� ��
<2!��- �5!22!$&/��* �5����*)y>?
<2!�!).@ *������()U"�4&5!)�>? �$&�%4,�£C35!�[�! �2!)y4.�Q �2% �4,\^)(�£"!'^+�*)��*23�3+���x */��*�nJLK 9 "%5!$o)(C35p�Q �4,
�'�)s4,�*)������()+���( �$,�*23�P"!'B$&2!��$,"% �4&�*01�*2]��+���($&C^5����3+�*)1- ;�� �5!)��[���L4&�*5�'U)(5�"=��'("=
<)($,�($&
<2@ `/��*�[5!2�4,��"%��
<2�"!'(
�/��*2! �2]�T�!5��[M
8�*)V�F���()§+���($&C35!���3+�*) %@)( #�($&)�>?
<2]�� �5�W§��'�$&��-��'��*);����)^+�*4,�*���($,
<2 ���*)V�����()A�?" ���	�� � � { Ã ��� zv� � ����)�
<23��! �2%)P4.�Q �������"!�( �2%���x�!�*)V��+�����*�����*5�'B)T�!�[��'� ����*)l���T���[/���'(����W�� 
 � ����� 
 � z���¾ � M�
p�*)�+��/�+�*2��*01�*23�()£�)( �V
<2]�T�*201
�\��*2!2��1{�M Ë�r �F���£$&�!�*2]�($,©s+�U% 9 ��
<23��'(�1{�MQ{]|#¾7���£{�M�¾�z7�! �2!)l4,�*)�+��/�+�*2��*01�*23�()65�*D�F���()l��� �
� *B� 1(' � ���D�R��*2�/�
<$,��� 9 ��
<0�01�1$&4&4&5%)���'^+�L"% #'l4& �©%R<5�'(�x|3M�z^M Ë M�Jl �2!)l4,�*)�+��/�+�*2��*01�*23�()£� ( � 9 4& @01
<$,�($�+�x���*)Y�����()l4,�*)V"%4&5!)+�*2���'(R�+���($&C^5��*)V"!'(
�/^$,�*2%2��*2]�U�!�*)UC35% #' �^)&%�M

N(b-jets)
-0.5 0 0.5 1 1.5 2 2.5 3 3.5

P
ro

b
. d

en
si

ty

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N(b-jets)

 e+jets→tt
single top voie t

W+jets

'&%�(R*A|3M�z^M Ë ,�� )+*�9 =�1 2�1 � 17A 8 8 �1 : 1 � A C ) 6F6 �178 % � ������ �
� � 
������ � � � � ��� � ��� 	�� � &@17A �17A C�� /F17A �178 	P2 >D6F8 : 178 �17< �176�1 * 176�A 8
� 4 � � - 8�CE60? : 1@A ) � 0 176 < ) C 1 Aq17A � ��� � 2�� 	


8�*)A+��/�+�*2��*01�*23�()N *\< �23�[��'(
<$&)������()�+���($&C^5����3+�*) %n2��1)�
<23�£"% �)£5��($&4&$o)3+�*)T�% �2!)l���������@ �2! �4,\�)��x"=
<5�'£4,�*)'� �$o)�
<2!)[)�5!$,/# �2]���*)�Mwk��;��'(
<$o)($Z-�*01�[�F���N$&���*23�($,©�+� %x"%'(
`/�$,�*23�n)�
<$,�N���Q5!2¨0; �5�/v �$o)¦+���($&C^5����( #R�� 9 )�
<$,�N���Q5!2C^5! #' � %V$&)()�5@���*)y��
<23��'�$,��5��($,
<2!)����*)s
�'���'��*)�)�5�"�+��'�$,�*5�'B)����U���*)s'B ��!$& #�($,
<2!)��! �2!)s4.�«+���( #�P$o2!$,�($& �4%
<5S©%2! �4.MJl �2!)n���������@ �2! �4,\�)�� 9 
<2 )�
<5!�! �$&����¤����'(�@4,�1"�4&5!)£$&2!��+��"=�*2!�% �2]�£"=
<)()($&�%4,�x���;���*)L��_=���()N #©%2¨����'�+�*�%5!$,'(�4,�*)[$&2!����'(�($,�(5%���*)£)�\�)��3+�*0� #�($&C^5��*)n �)�)�
^��$�+���*)*M�JT�;"�4&5!) 9 4.�Q5��($o4&$&)( #�($,
<2����@���*)¦+��/�+�*2!�*01�*2]�()x �5�R<0��*2]���S4,�*)$&2%����'(�($,�(5!���*)V4&$�+���*)T �5D2!
<0[�!'��n���x��
<0[��$&2! �$&)�
<2%)U"=
<)()($,��4,�*)y"=
<5�'l4& �'(�*��
<2%)���'�5!���($,
<2D���*)l���*5�WAC^5! #' ��)��
�"pMUrH2�©%2 9 $&4&)7'(��"%'^+�*)��*2]���*23��5%2���>? �$,��4,��"!'(
�"=
�'(�($,
<2��q� z � � ���*)I+��/�+�*2��*01�*23�()D�)( � 9 ��
<2!�¦4& �"=��'(����������@�� ���$,�3+�[�*)��U>Z �$,�%4&��M
� ])^P]B^ � c��ImnfRd�g a � �5glk�mnf c�g d bcep�c �5glk�mnf �Rced�� mhd�mhfRd
	

ks
<2]��'� �$&'(�*01�*23��- UJLK 9 4o U)��( #�($&)��($oC35��Y�*)(�8�*2!��
�'(��)(5��;)� �2]����"=
<5�'�"=
<5�/�
<$&'8 #"!"%4&$oC35���'p�!�*)p��'�$,��-��'(�*)����)^+�*4,�*���($&
<2�)(5�"!"%4�+�*0��*2]�( �$,'��*)H���y �5�R<0��*2]����'U4,�T'� #"!"=
�'(�s)($,R<2% �4�)(5!'��%'�5!$,��M^
���
������*���($,>p�*)��y0� �$o2]���*2! �23�y����!$o0�$&2^5���'H4,�*)y$o2!����'(�($,�(5!�!�*)H)�\�)��^+�*0� #�($&C^5��*)V4&$B+���*)[- 14& x��
<2!2! �$&)�)( �2!���£���*)s>?
<2!�!)�M%k��*)y2�
<5!/��* �5�W7��'�$&��-��'��*)
= ~�¾



���T)3+�*4,�*���($,
<27"=
�'(���*23��)(5!'H4& ['(�*��
<2!)���'�5%���($,
<27����4& n)3+�*4,�*���($,
<2S���Q5!2@�=
<)�
<2 - 4,��"!��
<2!$&C^5��U���y���Q5%2��=
<)�
<2
- �! ��!'(
<2!$&C^5�� 9 ���U>Z :X��
<2¦- L'(�«��������'H�*2@"% #'(�($&�P4,�*)�"%'(
^���*)�)(5!)�0N5!4,�($ �F���() 9 @ *1�����()���� 5 *x�����()H��� �
� *B� 1(' �
���D�+� �*2�/�
<$&�L��M
	 �! 
�" #�%$ É ¯°^±?° ®�³ µ À ¶ &�° Á ¯° �n¯°�¶8° B °^¶ ³`Á1®]À ¶ ³ °�¶ ­ ¶ ³ ´j¶ ¿�À�Á*À ¶ - ±�° Çj³`À ¶�µ�Dp´8°


8�;�%5!�[���@����������)^+�*4&�*���($,
<2m�*)(�N���@'(�*��
<2!)���'B5!$,'(�;4&�*)n�� #'� ����^+��'�$o)��($&C^5��*)x��$&2H+�*0� #�($&C^5��*)N�!5m2��*5!��'�$&2�
�! �2%)p4.�}+��/�+�*2��*0��*2]��M�6§"% #'(�($&'8����4.�Q$o2�>�
�'B0� #�($,
<2£)(5�'j4.�}+�*2���'(R<$,�H��'� �2!)�/���'�)(��0� �2!C^5! �23�������j�!��4& U��
<23��'� �$&23���)(5!'�4& T0� �)()(���`4&��"!��
<2,*l2��*5!��'�$&2�
��s$&4]�*)(�Y":
<)�)($,�%4,�H������
<2%2! `¤ ¥,��'(�s��
<5����*)Y4,�*)w��
<01"=
<)( �23���*)����s4.�Q$&0�"%5!4&)($&
<2�!5�2!�*5���'�$&2�
�M6V©%2����£'��*��
<2!)���'�5!$&'(�£4,�LC35% ���'�$aEq/��*�����*5�'V�!5�2��*5���'�$o2�
 9 4.�}+�*2���'(R<$,�£��'� �2%)�/���'�)��[0; �2!C35% �2]���£�*)��V$&���*2�E�($,©s+���¦- �4q�Q$&01"%5!4o)($,
<2���'� �2!)�/���'�)(�7�!5 2��*5���'�$o2�
 " "��� 5 �r � ���n"��� 5 �r � M�
��Q$&0�"%5!4&)($&
<2D4&
<2�R<$,�(5!�!$o2! �4,�1�!52��*5!��'�$&2�
@" �� �*)��l�*2D'(��/# �2!�����1$&2%��
<2!235!��M:rH2�"=
<)( �23�l0 � � 5 0
	���
� ���£0 � 5 0 � 5 { Ã ��� zv� 9 " �� �*)��)�
<4o5��($,
<2S���Q5!2��D+�*C^5! #�($,
<2��!5�)��*��
<2!������R�'^+�n��
<23�U4,�*)U)(
<4&5��($,
<2!)y)(
<2]�P�!
<2!2H+���*)U"% #' "
� ���� 5

���������� ��� � � �S� �4 �� 4 � � � *�� �4 �� 4 �� � �4
 `/��*�[6 5�� �!� *�" �� �r � *�" �� �r � MJl �2!)j4,�*)p�� �)j
�-5[4,�*)j���*5�W£)�
<4&5��($&
<2!)=
<2]�j'^+���*4&4,�*) 9 $&4#>Z �5��8��+��©%2!$&'85!2£�*2!)(�*0[�%4&��������'�$&��-��'��*)p"=��'�01�����( �23����;��'(
<5�/���'14& ��=
<2!2��@ �)()�
���$& #�($,
<2�M�
8 A0�+���(�!
^���S5��($&4o$&)3+���;�! �2!)n���������� �2! �4,\�)��@��
<2!)�$&)�����- A"!'(�*2!�!'(��4& )�
<4o5��($,
<2[�!�H"%4o5!)p"=���($,����/v �4&�*5�'� #��)�
<4&5���M#
p�s����
<$,Wn���s���������U0 +���(��
^�!�H�*)��Y01
��($&/�+�s"% #'Y)��*)�"=��'(>�
�'B0� �2!���*)���[)� A)��*2!)�$,�%$&4&$&�3+�1 �5�W¦$&2!����'��($,�(5!���*)L)(\^)��^+�*0� #�($oC35��*)*MjJl �2!) Ë � � ���*)n�� �) 9 4& �/v �4,�*5!'[����" �� ��
<2!)($o�H+��'^+����*)��U4o x"%4&5!)s"!'�
^�B���£Rj+��
<0 +����'�$&C^5��*01�*23�T���n4.�Q$&01"%5%4&)($,
<2@4,
<2�R<$,�(5!�%$&2! �4,�V/�+��'�$,�( #��4,�[�!5�2��*5!��'�$&2�
�MJl �2!)@4,�A�� �);
�-5 4,�*)@)�
<4&5��($,
<2%)1)�
<2]�7$&0� #R<$&2% �$,'(�*) 9 
<2 ��
<2%)($&��-��'(�AC^5��A4q�}+�*2!��'(R<$,�A��'B �2!)�/���'�)���0� �2�EC^5! �23���P01�*)(5�'�+���T2����*)���"� �)�4.�Q$&01"�5!4&)($,
<2n��'� �2!)(/���'�)��U'�+���*4&4&�P�!512��*5���'B$&2�
�M<r�23/�$,'(
<2��#{ � ���*)x+��/�+�*2!�*01�*2]�()� ( ��2���
<2]�H"% �)��!�V)�
<4&5!�($,
<21'�+���*4&4,�V"=
<5�'�" �� M3
8�*)���_=���()��!�P4& L'��*��
<2!)���'�5!���($&
<2 9 /�$&)($,�%4&�*)Y)(5�'H4o £©!R<5�'(�l|3M�z^M�~ 9�*23��'� `¤ ¥&2��*23��5!2��s'�+�*)�
<4o5��($,
<21)(5�'�4o T0; �)()��y��'� �2!)(/���'�)��U�!5 - 9 "=
<5�' � � � � �#"%$'&( 9 ��'�-�*)�)(5�"s+��'�$&�*5�'(�[- £4& 4& #'�R��*5�'U$&23��'�$&2!)�-�*C^5��£�!5 - �Z���L4.��
�'���'��l�!�£z Ã ��� � ��� � M �V2S>Z ������*5�'T���£�� �4&$,�!'� #�($&
<2 �*) � �*)��U #"!"%4&$oC35�+�- �4.�«+�*2���'�R<$,����'� �2!)(/���'�)��;0� �2%C35! �23����01�*)(5!'^+����M8OF4w�*)��[�� �4&��5!4�+�@���1>? :X��
<2I- �
��!���*2!$,'L5%2���)�
<4&5��($&
<2�'^+���*4&4,�"=
<5�'s"��� " �') � 5

=z ��� (� �4 �� 4#��� �+ �� + �S� �, �� ,
j 7©!R<5�'(�;|3M�z^M |S01
<23��'(��4& S)^+��"% #'B #�($,
<2¨ �2�R<5!4o �$,'(� �1t��*23��'(��4,�x�=
<)�
<2 - '��*��
<2!)���'�5!$&�T���£R�+�*2�+��'�+��Mz Ë � ���*)7�=
<)�
<2!)@'(�*��
<2!)���'B5!$,�()7)�
<2]��)($&�(5H+�*)7�% �2!)S5!2 �]¤
<2!� ��t � {���z  �5!��
<5�'��!5�- Rj+�*2H+��'^+��MV�w #'��
<23��'(� = ~ � �!�*)£�=
<)�
<2!)9- )�
<2]�['(�*��
<2!)���'�5%$,�()£4,
<$&2�����4,�*5!'£/3'� �$&�x�%$,'(�*���($,
<2 9  �5�EG�!�*4}- ���� �1t � = �Q{�M
8�*)P"!'�
��%4Z-�*01�*)T4&$B+�*)x- 74& ;'(�*��
<2!)���'�5%���($,
<2D���T �5D����
<$,W����n4q�Q$&01"%5!4o)($,
<2S4,
<2�R<$,�(5%�!$&2! �4,�L�%5A2��*5���'B$&2�
�
<23���
<2%2H+��4&$,�*5§ �5 ��+��/��*4,
�"!"=�*01�*23�;����"�4&5!)($,�*5!'�)[0�+���(��
����*)�MH
��Q �2!2���W�������+�*��'�$,�1���@��
<01"% #'(��C^5��*4&C^5��*)0�+���(��
����*)P":��'B01�����( �2]�V���L����
<$o)($,'y�*23��'(�[4,�*)U�%$a_P+��'(�*23���*)P)(
<4&5��($,
<2!)*M

j ;0�+���(��
����N"!'^+�*)��*23�3+���1��$aEG�!�*)()(5!)P�*)��V�� �)3+���N)(5!'V���*)T�]\^"=
��(�=-�*)��*)T>�
�'����*) 9 C^5!$8$o01"%4&$&C^5��*23�y���*)V$o2!����'(�($aE�(5!�!�*)[)(5�'n4& ���
<2!2! �$o)()( �2!���7���;4.�Q$&0�"%5!4&)($&
<2D�%5¨2��*5���'�$o2�
�Mp
8 A'(�*��
<2!)���'�5%���($,
<2m�!5 C35% ���'�$aEq/��*�����*5�'N�!52��*5!��'�$&2�
[2�+��R<4o$,R��£4,�*)���_=���()y�!57�H+�����*�����*5�' 9 ���l4& n'(�*��
<2!)���'B5!���($,
<2@���s�!�*)H0� �5!/v �$&)(�*)�$o���*2]�($&©%�� #�($,
<2!)H���*)
��������()�M�rH4&4,�S2H+��R<4&$,R���+��R< �4,�*01�*23�@4o �"%'^+�*)��*2!���A����2!�*5���'�$&2�
<)x)(5!"!"%4�+�*01�*23�( �$,'(�*)x"!'�
`/��*2! �23�;���n�����()����)( `/��*5�'�)T4,
<5�'��!�*)U
<5D���n4,��"%��
<2!) �=Mpk��*)V��'(
<$&)U��_=���()T"=�*5�/��*2]�n¤����'(�m+��/v �4&5�+�*)l)(5!'V4& @�!$&)���'�$&�%5��($,
<2S�*2D$&0xE"%5%4&)($,
<2[��'� �2!)�/���'�)(�s�%5n�=
<)�
<2 - '(�*��
<2!)���'�5%$,� 9 ��
<0�01�y4,�y01
<23��'(�y4& T©!R<5�'(�U|3M�z^M�~^M]
�����_=�������*)Y2��*5!��'�$&2�
<)

= ~ Ë



)
vrai

, W
reco

 R(W∆
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

) :
vrai

, W
reco

 R(W∆

 e+jets→t t

'���(R*=|3M�z^M | , �PCE8�A >D6 � 1���� 176FA = 1 : 1 99) 8 ) 6�� : 1 �FA ) 6FC�� /F1
=�1 � ) 6F8�A =�/0CEAh17A�? �176 �17=��1 	

)(5!"!"%4�+�*01�*23�( �$,'(�*)l�*)��n/^$o)($,�%4,��- ��% �)�)��;0� �)()(����'� �2!)�/���'B)���'(�*��
<2!)(��'�5!$,����Mp
���
<5�/���'(�(5�'(�@ #¢*$&0n5!�( �4,���*23��'(�4.�Q$o01"%5!4&)�$,
<2@�%5�4,��"!��
<2A���V4.�Q$&0�"%5!4&)($&
<2;��
��( �4,�N���*)P2!�*5���'�$&2�
<)P����/^$&�*2]�U"�4&5!)s>Z �$,�%4,� 9 ���NC35!$8 �"=
<5�'U��_=������y�!$o0�$&2^5���'j4& £0; �)()��s��'� �2!)�/���'B)��U�!5 - '��*��
<2!)���'�5!$&��M#
8�*)Y��_=���()��!51��+�����*�����*5�'H�������y4& T'(�*��
<2!)���'�5%���($,
<2)�
<23��/^$&)�$,�%4,�*)V- N�! �5����l0� �)()(�P��'� �2!)(/���'�)�� " 4& N4& #'(R��*5!'����T4& [�%$&)���'�$,��5��($,
<2x"=
<5�'s0 � �� � 0 � �*)���4o$B+���1- N4& 4& #'�R��*5�'V$&23��'�$&2%)�-�*C35��L�%5 - ��� � � z Ã ��� � ����- ;4& �'^+�*)�
<4&5��($,
<2�)(5�'T4.�}+�*2���'(R<$,�n��'� �2!)�/���'�)(�n0� �2!C^5! �23��� 9C^5!$=�*)��P4q����_:���P�!
<0�$&2! �23��M

)2 (GeV/cνl
TM

0 20 40 60 80 100 120 140
10×

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09
) :ν(lTM
 e+jets→t t

+jetsτ →t t
 W+jets
 single top voie t

'���(R*8|3M�z^M�~ , . > 8�8 1+A =�>D6F8�<D17=�8�1&2D/ 99) 8 ) 6�� = 1 � ) 6F8�A =7/0CEA
�> � >D=7A C = 2�1 8 178 2 �178�CE6�A �1 ?D= >DA C ) 6F8 : 1 ��A ) 6FC � /�178 	

	 �! 
�" #�" É ¯°^±?° ®�³ µ À ¶ &�° Á ¯° �n¯°�¶8° B °^¶ ³`Á1®]À ¶ ³ °�¶ ­ ¶ ³ ´j¶ ¿�À�Á*À ¶ - Å8­ &�² À ¶�µ Dp´j°

8�m�=
<)�
<2 - �! ���'�
<2!$&C^5��¨�*)��D'(�*��
<2!)���'B5!$,���*2 ���!
<$&)($&)()� �2]�D4& 01�*$o4&4,�*5�'(�¨��
<0n�%$&2% �$&)�
<2��!�������()"!'�+�*)^+�*4&�*���($,
<2!2�+�*)¨�?" ������ � �#{ Ã ��� zv� 9 
 � ���	� 
 � z���¾ � ���7��W�"%4&$&��$,���*0��*2]�72�
<2g+���($oC35����^+�*)S�pMs
8 ���
<0n�%$aE2! �$o)�
<2§���n�F���()��!
<2!2! �23�x5%2���0� �)()���4& D"%4o5!)["%'(
^�B�����������*4&4,���!5 - �*)��1R< #'���+����M�
��}+��/�+�*2��*0��*2]�@�*)��)^+�*4,�*���($&
<2!2H+�n)($�4o 10� �)()��[�%5R- '��*��
<2!)���'�5!$&���£�*)��P�! �2!)y4q�Q$&2]����'�/v �4&4&�l0 � � �#{ Ã ��� zv� � M
8�*)��!$,'��*���($,
<2!)��*2]��'��P4,�.- �! ���'(
<2!$oC35���'(�*��
<2!)(��'�5!$,�Y���YR�+�*2�+��'�+�l
<2]�x+���^+�l��
<01"% #'�+���*)H����4,�*5�'Y�!$o)��( �2!����*2 ��� �*)(�U$&4&4&5!)(��'^+���l)�5�'U4& x©!R<5�'��L|3M�z^M r M:r�23/^$&'(
<2��#{ �Ê���*)y�=
<)�
<2%)s'(�*��
<2!)���'�5%$,�()y)�
<23�P)($,�(5�+�*)U�% �2!)y5!2�]¤
<2�� �1t � {���zn �5���
<5�'��!5	- R�+�*2�+��'�+��M!�w #'H��
<23��'(�£z � �¬���*)��:
<)(
<2!)�- )�
<23��'(�*��
<2%)���'�5!$,�()H4,
<$&21���V4,�*5�'/^'� �$,�L�!$&'(�*���($,
<2 9  �5�EG���*4«- 1�����1t � = �Q{�M


j S©!R<5�'(�@|3M�z^M = {�01
<2]��'��;4& ��!$&)(��'�$,�%5��($&
<2��*2¨0� �)�)��;$&23/v #'B$& �2]�����%$aEa�F���()l"=
<5�'£"�4&5!)($,�*5!'�)V0N5!4,�($&"%4&$&��$,�^+�*)
= ~<|



)
vrai

, W
reco

 R(W∆
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

) :
vrai

, W
reco

 R(W∆

 e+jets→t t

'���(R*�|3M�z^M r , �@CE8�A >D6 � 1 � � 176�A =�1 : 1 99) 8 ) 6 � � >�2D= ) 6FC�� /F1=�1 � ) 6F8�A =�/0CEAh17A�? �176 �17=��1 	

�*2N�����()�M%
�����_:���T�!5�2�
<0n�!'(�L�!�[��
<0[��$&2! �$&)�
<2%)s":
<)�)($,�%4,�*)s)(5!'U4& �4& #'(R��*5!'P�!5R- '(�*��
<2!)���'B5!$,�y�*)��P��4o �$,'(��E01�*23�£/�$&)($,�%4&��M=
j S'(�*��
<2!)���'B5!���($,
<2¨���@�� �2!�!$&�! #�()9- ���@0� �)()���)(5!"�+��'�$,�*5�'(��- D� = {�{ Ã ��� � � � �! �2%)L4,�*)+��/�+�*2!�*01�*2]�()�� ( �Y)($,R<2!$,©%��C35!�� �5101
<$o2!)j5%2n���*)w���*5�Wy�F���()�"!'�
`/��*2! �23���!5 - 2��s)( #�($&)�>Z �$,��"% �)w �5�Wn��'�$&��-��'��*)���N"!'�+�*)^+�*4,�*���($&
<2¦���*)��F���()�M�rH2���_=��� 9 5!2DC35! #' �A$&)()(5D�!5 - "=�*5��V'� *\�
<2!2!��'L5!2AR<4o5�
<2ª+�*2!��'(Rj+���($&C35!��Mp
p�C^5! #' �¦���x4,�7R<4&5�
<2�)�
<2]�x �4,
�'�)N'(�*��
<2%)���'�5!$,�()n)�
<5!)x4& A>�
�'�0��7���S���*5�WS�����()x01
<$&2!)¦+�*2���'(R�+���($&C^5��*)1���x2��)( #�($o)�>�
<23�T"% �)l �5�WA��'�$,��-��'(�*)£���N"!'�+�*)^+�*4,�*���($&
<2¦���*)��F���()�M�JT�N"%4&5!) 9 4& ;��+�*)�$&2]�^+��R�'� #�($&
<2¨�!5 - 9 )�
<5!)T4.����_=������L)(
<2�"!'(
�"!'��T�=
^
<)�� 9 "=�*5��s"!'(
��!5!$&'(�T5%2�C35! #' �@"=�*5I+�*2���'(R�+���($&C^5���M

)2 (GeV/cjjM
0 20 40 60 80 100 120 140 160 180 200

P
ro

b
. d

en
si

ty

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

M(jj) :
 2 jets≤ 

 = 3 jets
 4 jets≥ 

)2 (GeV/cjjM
0 50 100 150 200 250 300

10×

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

M(jj) :

 e+jets→t t
 single top voie W+t

 W+jets

'��)(+*8|3M�z^M = { , � ?�>D/ ��� 1�� * >D8�8 1RCE6�< >D=7C >D6FAB1 � ) / =+2�17/�$ � 17A 8 ��=��178 �1 : 1 � A C ) 6�6 �178�176#* ) 6 � A C ) 6 2 /#6 )+*�9 =�1 2�1 � 17A 82�> 6F8 : 178 �17< �176l1 * 176FA'2�42 	 � 2D= ) C AB1�� * > 8�8 1nC 6F< >D=�C >D6�AB1S2D/ � >D6�2 C 2�>DA � =�1 � ) 6�8�A =�/0CEAj2�>D6F8 : 178 �17< �176l1 * 176�A 8 � � � � 2��
17A - 8�CE60? : 1@A ) � 0�176 < ) C 1 A

� ])^P] � � i a k�i �+p�ced g�m�� mnp�m onk ���Rced onp�m �Riqp�c�d
6 ���S2%$,/��* �5§���74o �)^+�*4,�*���($&
<2 9 4,�@'B #"!"=
�'(�n)($&R<2! �4H)�5�'n�%'�5!$,�L�*)(� � z�� � Ë ":
<5!'n4,�*) +��/�+�*2!�*01�*2]�() `/��*�L��W� ������*01�*2]�T5!2n�����7+���($&C35!���3+�U%U��� � z��¬� z#{1"=
<5�'y4,�*)7+��/�+�*2!�*01�*2]�()T��
<5���4,�*01�*23�@+���($oC35����^+�*) %�M!
8 )��*2%)($,�%$&4o$,�3+�n)��( #�($&)(�($&C35!� 8 � *�� z � �*)��[�*2!��
�'(��>Z �$,�%4,� 9 ����4.��
�'B��'(�����;z^M � � "=
<5�' = {�{A"!� > � Mp6V$o2!)($ 9 $&4�*)��[":
<)�)($,�%4,�x���Q #"!"�4&$&C^5���'£���*)L��'�$,��-��'(�*)N����)^+�*4,�*���($&
<2¨"=
<5�'[ �0�+�*4&$&
�'(��'[4& �)^+��"� #'� #�($,
<2m�%5¨)($,R<2! �4w���n���*)>?
<2!�!)�Mj
8 D)3+�*4,�*���($,
<2§)��;"=
<5�'B)(5!$,�L��
<2%��"% #'x5!2��7 �2! �4,\�)��@�!$o)(��'�$&0�$o2! �2]����0N5!4,�($&/v #'�$�+��� 9 �% �)^+����)(5�'N���*)/# #'�$& #�%4&�*)s��
�":
<4&
�R<$&C35!�*)sR<4,
��% �4,�*)�M

= ~�~




��Q5��($&4&$o)( #�($,
<2;�!�T/# #'�$& #��4,�*)���
�"=
<4,
�R<$oC35��*)�R<4,
��� �4,�*)�":��'B01���y���Q �)()(5�'���'s5%2@��
<23��'v¤
<4,�L)(5!"!"%4�+�*01�*23�( �$,'(����*)[�!'�5!$&�()L���;>?
<2!��Mjr�4&4,��)(
<2]�x����
<$o)($,�*)[)(�*4,
<2m4,�*5!'["=
<5�/�
<$,'[�%$&)(��'�$&0;$&2! �23� 9 ���n4,�*5�'n>? �$&�%4,��)��*2!)�$,�%$&4&$&�3+� �5�W7��'('(�*5�'B)�)(\^)��^+�*0� #�($oC35��*)V4&$�+���*)[- 14& N'(�*��
<2!)(��'�5!���($,
<2¨�`+���( �4,
<2!2% #R��n���*)������() � ���n- 14.�Q$o���*2]�($&©%�� #�($,
<27���*)
��������()[�`+���($&C^5����( #R��x���*)w�����()3% � M
	 �! 
���
�%$ � ° Á*® ²#µ Ç8³ µ À ¶ &�° Á ��­ ²vµ ­!¿ ±?° Á�³`À%Ç�À ± À C µ�Dp´j° Á C ± À�¿j­ ±?° Á

rH21Rj+�*2H+��'� �4 9 4,�*)Y/# #'�$& #�%4&�*)w��
�":
<4&
�R<$&C35!�*)�R<4,
��% �4&�*) 9 )�
<23�H$&2!��+��"=�*2!�% �2]���*)��!�U4& L2! #�(5�'��U���*)�
��������()�M<OF4�*)���"% #'(>?
<$&)� `/v �23�( #R��*5�W@���«+�*�� #'(����'U4&�*)�
��������()���
<0�0N5!2!)l- L��
<5!)H4,�*)�"%'(
^���*)�)(5!)���
<2%)($&��+��'�+�*)l�Z$&��$%4,�V4,��"!��
<2���P4&�L2��*5���'�$&2!
n'(�*��
<2%)���'�5!$,�() � 4,
�'�)(C^5��Q$&4&)�
<23�P4,�*)U0�¤�*0��*)U"!'(
�"%'�$B+���3+�*)V��$&2�+�*0; #�($&C35!�*)�MJl �2!)£��
<5!���;����������"% #'(�($&��4,�*)l/v #'B$& #�%4,�*)l��
�"=
<4,
�R<$&C^5��*)l
<23�D+���3+�@��
<2!)���'B5!$,���*)L5!2%$&C35!�*01�*2]�l */��*�@4,�*)������()"!'�+�*)^+�*4&�*���($,
<2!2�+�*) 9  �5�W�C^5��*4&)�
<2� ��F
<5!���P"% #'(>?
<$&)Y4,�*)�4,��"!��
<2!)Y���H4,�U2��*5���'�$o2�
l'(�*��
<2!)���'�5%$,��M<Jl �2!)����P�!��'�2!$,��'�� �) 9 4,�*)y/# #'�$& #�%4,�*)sR<4&
��% �4,�*)U)�
<23�PC^5! �4&$,©s+���*)y�!���F��
��( �4,�*)	��Mky�! �C35!�[/# #'�$& #�%4,�n�*)��£�H+�*��'�$,���1)(5!����$o2]���*01�*23�l���£$&4&4&5!)(��'^+���["=
<5�'l4,�N)�$,R<2! �4j���l4&�*)V"%'�$&2!��$,"� �5�W7�%'�5!$,�()���£>?
<2!�S"=
<5�'U���*)S+��/�+�*2��*01�*23�()�- x��'(
<$&)������()�M
$�� ­%Á*Á °�µ?¶ ��­ ²#µ ­ ¶ ³ ° ³`À!³�­ ±?° �?©!R<5�'��N|3M�z^M = = �k���������/# #'�$& #�%4,�w�*)��j�� �4&��5!4�+����"=
<5�'���
<5!)84,�*)�
��������()8)^+�*4,�*���($&
<2!2H+�*)�M �£2l'(�*0� #'�C^5���C^5���4,�*)T+��/�+�*2!�*01�*2]�()
5 *7�F���()s
<23�y5!2��l0� �)()��l$&23/v #'B$& �2]���T��
��( �4,�L4�+��R�-��'(�*01�*23�U"%4o5!)�R�'B �2!���lC35��l���*4&4,�l���*)@+��/�+�*2!�*01�*2]�()� ( ��M

)2Masse totale (GeV/c
0 200 400 600 800 1000 1200 1400 1600 1800 2000

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Masse totale :
 e+jets→t t

 single top voie t
 W+jets

'���(R*D|3M�z^M = =N, . >D8�8 1 CE6�< >D=7C >D6FAB1tA ) A > : 1 � ) /0=
2�178 �17< �176l1 * 176FA 8 > � >D6FA /06l1 * / : A C � : C � CEA �1 176 � 17A 8
8 �1 : 1 � A C ) 6F6 �178 �1 ?�> : 1 �> A = ) C 8

$ É À B B ° Á*®<­ ± ­ µ�²v° &j° Á ¯°�¶8°^² C µ?° Á;³ ² ­ ¶ Á�� °3² Á ° Á &�° Á � ° ³�Á;�?©!R<5�'(�n|3M�z^M = z ��j
<5!'84& U��
<2!)(��'�5!���($,
<2L�!�����������H/# #'�$& #��4,� 9 $&4� S+���^+�s����
<$&)�$<����2��Y"� �)8$&2!��4o5�'(�Y4,��4,��"!��
<2L���j4,��2��*5!��'�$&2�
'(�*��
<2!)���'�5%$,��M�
8 7'� �$&)�
<2��*)(�L4& S)(5!$,/# �2]����Mp
8�1)($,R<2! �4w���L4,�*)l�%'�5!$,�()T���1>?
<2!�D"!'�$&2!��$&"% �5�WA)�
<23�L�� vE'� ����3+��'�$&)^+�*)�"% #'�4& l"%'^+�*)��*2!���V�p�Q5!2x/3'B �$��=
<)�
<2	- 4,��"!��
<2%$&C35!��M#
8�*)��� #'� ����^+��'�$o)��($&C^5��*)H��$o2H+�*0� #�($&C^5��*)���*)�4,��"%��
<2!)H�% �2!)����*)@+��/�+�*2!�*01�*2]�()y)(
<2]��/�
<$&)($&2!�*)����s #"!"=
�'(���*2]����
<2!�P":�*5@���Q$&2�>?
�'�0� #�($&
<2!)�)(5�'�4& )�
<0�01�L)(�� �4o �$,'(�L���L4.�«+�*2���'�R<$,�L��'� �2!)(/���'�)��[���*)w�F���()�M6V$&2%)($ 9 4& V)�
<0�01��)(�� �4& �$,'(�H���*)L+�*2!��'(R<$,�*)j��'� �2!)�/���'�)(�*)j���*)!�����()8�*)���"% #'(�($o��5!4&$.-��'(�*01�*23�8�!$o)(��'�$&0�$o2! �2]���"%5!$&)(C^5��l4,�*)j�����()U�! �2!)U4&�*);+��/�+�*2��*01�*23�();5 *������()y��� � � *)�21(' �{���D�R� �*2�/�
<$,� �s)�
<2]�U�!�£"%4&5!)�"=���($,���$&01"%5!4o)($,
<2���'B �2!)�/���'�)���M
$ É ÇwÅN¯°^²#µ ® µ ³�¯° ³`À%³`­ ±?° �?©%R<5�'(�N|3M�z^M = � �

= ~ r



 (GeV/c)TH
0 100 200 300 400 500 600 700 800 900 1000

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14
 :TH

 e+jets→t t
 single top voie t
 W+jets

'���(R*¦|3M�z^M = z , � )+*&* 1 8 � > : > CE=�1 2�178 �176l17= ?DC 178
A = >D6�8�<D17=78 17832�178 � 17A 8 � � ) /0=&2�178 �17< �176�1 * 176�A 8 �> A = ) C 8
� 17A 8P8 �1 : 1 � A C ) 6�6 �178 	


8 1)�"%��+��'B$&��$,�3+�L�*)��P�� �4o��5!4B+���7- 1"% #'��($,'U�!5S���*2!)��*5!'S+�*2���'(R<$,��EG$o01"%5!4&)�$,
<2@2!
�'�0� �4&$&)^+��� "

����� 5
���
	 � "���
 ��� �������	 � "���
 
��� 
 �k��H���*2%)��*5�'w V��'�
<$&)8/# �4,�*5�'B)8"!'�
�"!'(�*)�� � 9 � � 9 � $ ��4& �)()^+���*)Y�% �2!)w4.��
�'���'(���H+�*��'(
<$&)()� �2]��M�
8 T)�"%��+��'B$&��$,�3+� 9�H+��©%2!$,�7��
<0�01� � 5 $�

��� � *��
$ � 9 C35! �23�($,©!�74.�Q$&)�
���'�
�"%$,�;���S4.�«+��/�+�*2!�*01�*2]��M �£2m
��%)(��'(/��7C^5��S4,�*)+��/�+�*2��*01�*23�();5 *������()P)(
<2]�P0�
<$&2!)y)�"%��+��'B$&C35!�*)yC35��n4,�*)@+��/�+�*2��*0��*2]�()T� ( �*M

Sphericite totale
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
Sphericite totale :

 e+jets→t t
 single top voie t
 W+jets

'���(R*Y|3M�z^M = � , � � � �17=7C � C A �1 A ) A > : 13254 �17< �176l1 * 176�A 8 �>A = ) C 8 � 17A 8P8 �1 : 1 � A C ) 6�6 �178 	

$ » Ç ± ­ ¶ ­ ²vµ ³�¯° ³`À!³�­ ±?° �?©!R<5!'(�n|3M�z^M =�� �
��Q #"%4& �2% #'�$,�3+�@�*)(�N��+��©%2!�@"% #' � 5 $ �
�
$

p-5��

$
�*)��x4& �"%4o5!)L"=���($,���7/v �4&�*5�'N�%5¨���*2!)��*5!'m+�*2���'�R<$,��E$&01"%5!4o)($,
<2D2�
�'�0� �4&$o)3+��M8r�4&4&��C35! �23�($,©!��4q�}+�*�� #'���- �4& S>�
�'B01�;"%4o �2! �$,'(�1���;4q�}+��/�+�*2��*01�*23��M�k��������;/# vE'�$& #�%4,�s�*)��H"% #'(�($,�*4o4,�*01�*23����
�'('^+�*4B+���;- [4& l"!'�+�*��+�*���*23����M!
p�*)1+��/�+�*2��*0��*2]�()��)( �H0�
<2]��'(�*23�H5%2�+�*�� #'(��"%4&5!)R�'� �2!�m- �4& x>?
�'�01�£"�4& �2! �$,'(� 9 "%5%$&)(C^5��Q$&4&)H
<2]�P���*2!�! �2!���7- �¤����'��["%4&5%)�)("%�H+��'�$&C^5��*)�M

$ ¼n°^¶ ³ ² ­ ±Zµ ³�¯° ³�À!³`­ ±?° �?©!R<5�'(�n|3M�z^M = ¾ �
8 P���*23��'� �4&$&�3+���*)��w�� �4&��5!4�+���s��
<0�01��4,��'� #"%":
�'��8���H4q�}+�*2!��'(R<$,����'B �2!)�/���'�)��H��
��( �4,�y)(5�'84q�}+�*2!��'(R<$,����
��( �4,����*)�
����F���()P)3+�*4,�*���($,
<2!2�+�*)�M=k����y$&2!�!$&�� #���*5!'����*2%�S/���'�) = "=
<5�'��!�*)@+��/�+�*2��*01�*23�()PC^5!$=��+��"=
<)��*23�U4,�*5�'+�*2!��'(R<$,�£�! �2!)y4& n"% #'(�($&�l���*23��'� �4,�£�!5S��+�����*�����*5�'`M:kT���*)��U4,�l�� �)y"=
<5�'s4,�*);+��/�+�*2��*0��*2]�()P� ( �U��
<0�01�£4,�01
<2]��'��L4& x©!R<5�'(�n|3M�z^M = ¾^M
$ »7¶ C ±?°D°^¶ ³ ²�°D± ­ &�µ?²v° ®�³ µ À ¶ &j° Ç�À ´ Á*Áj¯°^° ³`À!³`­ ±�°�° ³ ±?°�� ­ µ Á*® ° ­ ´ �?©!R<5!'(�n|3M�z^M =*Ë �

=0r {



ln(Aplanarite totale)
-7 -6 -5 -4 -3 -2 -1 0

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
ln(Aplanarite totale) :

 e+jets→t t
 single top voie t
 W+jets

'���(R*p|3M�z^M =�� , ��� : >D6�>D=7C A �1RA ) A > : 1 2 4 �17< �176l1 * 176FA 8 �>
A = ) C 8 � 17A 8P8 �1 : 1 � A C ) 6�6 �178 	

Centralite totale
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

P
ro

b
. d

en
si

ty

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

Centralite totale :
 e+jets→t t

 single top voie t
 W+jets

'���(R*�|3M�z^M = ¾ , ' 176�A = > : C A �1 A ) A > : 1 � ) /0= : 1@8�C ?D6�> : 17A
: 178 9 / C A 8P2�1�* ) 6�2D8 ��=�CE6 � C � > / $ �	= 1 ��=��178�176�A �1�1 � ) /0= : 178
�17< �176l1 * 176FA 8 �> A = ) CE8 � 17A 8@8 �1 : 1 � A C ) 6F6 �178 	


��Q vW��T���V"=
<5!)()^+��� 9 
<5 � .n��
D� ��� � �� �*)��s�H+��©%2!$,�V��
<0�01�l4& [�!$&'(�*���($,
<2;C^5!$�0� vW�$o0�$&)��P4o LC35% �2]�($,�^+� "
0� vW
���4 � � �

� ��	 � "���
 

�� " �� 
� ��	 � "���
 

�� 

��Q vW��U���s":
<5%)()3+���U$&2!�!$oC35���4& l�!$,'(�*���($&
<2x"!'�$,/�$&4�+��R<$�+���y���y4.�}+��/�+�*2��*0��*2]��M^O«4^�*)�����
<0�"% #'^+�N- £5!21 vW��U���'^+��>*+��'(�*2!��� 9 $&��$j4q�Q vW^�1�!5�>? �$o)(���* �5�M8k��������1/# #'�$& #�%4,�n�*)��l"% #'(�($&��5%4&$Z-��'(�*01�*23�T�%$&)(��'�$&0;$&2! �23���L"%5!$&)�C35��4.�Q vW^�@����"=
<5!)()^+���7 ����*2!�! �2!���¦- ¨¤����'(�@"!'(
������;�%5¨>Z �$&)(���* �5¨"=
<5�'L4&�*)¦+��/�+�*2!�*01�*2]�() 5 *¨�F���() 9 ���01
<$&2!)s"=
<5�'U4,�*)s"� �$,'(�*)U���£��
�"8M

)Z, T(Θ
0 0.5 1 1.5 2 2.5 3

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

) :Z, TAngle3D(
 e+jets→t t

 single top voie t
 W+jets

'���(R* |3M�z^M =*Ë , �n60? : 1 176�A =�1 : > 2DCE= 1 � A C ) 6 2�1
� ) /08�8 �1�1 A ) A > : 1��� 17A : 1 *�>DCE8 � 1 >D/ %B>($�1��	 &(� � ) /0=&2�178
�17< �176l1 * 176FA 8 �> A = ) CE8 � 17A 8@8 �1 : 1 � A C ) 6F6 �178 	

$ È À ´ Á*Áj¯°3° ³`À%³`­ ±?°�¶ À ² B ­ ±?µ Áj¯°^° �?©!R<5�'(�n|3M�z^M = | �

=0r>=




8 x"=
<5!)()^+���[2!
�'�0� �4&$&)^+���L�p�Q5!2 +��/�+�*2��*0��*2]�T�*)��P4& 1C^5! �23�($,�3+� "
� ��� �
	 � "���
 


�� � " �� 

� ��� ��	 � "���
 � �
�-5 �� �*)��[4q�Q vW^�;�!�1":
<5%)()3+����"!'�+�*��+�*���*0�0��*2]�x�H+��©%2!$.Mjks�������;/# #'�$& #�%4,�x�*)��["!'(
���������� = ":
<5!'L���*)+��/�+�*2��*01�*23�()�)^+��"% #'�+�*)Y�*2x���*5�W[�H+�*0�$&)�"%��-��'��*)�M�ks��2����*)(��"� �)j4,�s�� �)�"=
<5�'�4&�*)£+��/�+�*2!�*01�*2]�()�� ( ����
<0;01�4,�@01
<23��'(��4& �©!R<5�'(��|3M�z^M = |D"%5!$o)(C35!�;4,�*)n"!'(
��!5!$,�()n���7��+�*)�$&2]�^+��R�'� #�($&
<2 ���*)xC35% #' �^)n��
�" �!$&4o5��*2]���
<01"%4.-�����*01�*23�V���������N$&2�>?
�'�0� #�($,
<2�M

Pousse totale normalisee
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

Pousse totale normalisee :
 e+jets→t t

 single top voie t
 W+jets

'���(R*�|3M�z^M = | , � ) / 8�8 �1�1;A ) A > : 1;6 ) = * > : CE8 �1�1�� � ) /0=
: 1;8�C ?D6�> : 17A : 178 * ) 6�2D8 ��=�CE6 � C � > / $ > � >D6FARA = ) CE8 � 17A 88 �1 : 1 � A C ) 6F6 �178 	

$ È À ´ Á*Áj¯°3° B�µ?¶�µ B ­ ±�° ³`À!³`­ ±�°D¶ À ² B ­ ±Zµ Áj¯°^° �?©!R<5!'(�n|3M�z^M = ~ �
8 s"=
<5!)()^+����0;$&2!$&0� �4&�����Q5%2A+��/�+�*2��*01�*23�j�*)(�85!2��Y �5���'(�H$&2!�!$&�� #�($&
<2T�!��4& s"%4& �2! #'B$,�3+�����Q5!2D+��/�+�*2!�*01�*2]��Mr�4&4,�V�*)��y�� �4&��5!4�+���;- N"% #'(�($,'y���l��
<0n�%$&2! �$&)(
<2!)H4o$&2H+�* �$,'(�*)s���*)s�!$a_P+��'(�*23�()s
����F���()y�!�T4.�«+��/�+�*2��*01�*23� 9 ���2�
<2S"% �)n- 1"� #'(�($,'U���[C^5! �23�($,�3+�*)PC^5! ���'� #�($oC35��*)y��
<0;01�[4.���*)��V4,�£���*2!)��*5�'S+�*2!��'(R<$,��EG$&01"�5!4&)($,
<2pM
�V2;"%4& �21�*)��H>�
�'B0 +�1- £"� #'(�($,'H�!�P4.�Q vW��V���U"=
<5!)�)3+���V��+��©%2!$���$aEG���*)()�5!) 9 �������Q5!2� �5���'��V vW��VC^5!$!0� vW�$aE0�$&)��s4& V":
<5%)()3+���y�! �2!)w4,��"%4& �2N"=��'("=�*2!�!$&��5!4o �$,'(�Y �5x"!'(�*0�$&��'� vW���M#O«4��� #'� ����^+��'�$&)(�P4,��"%4& �2N"!'�$,/�$&4�+��R<$�+����V4.�«+��/�+�*2��*01�*23��M%
��Q vW��£���P"=
<5!)()^+���£0�$o2!$&0� �4,� ���� ��� �*)��y4,�V��'(
<$&)($.-�*0��T vW��£�!5;'���"�-��'(� 9 ���H�*)��s"=��'�E":�*2%�!$&��5!4& �$&'(�� �51"%4o �2n"%'^+�*�%+�*�!�*0�01�*23����+��©%2%$.M�r�2�©%2x4& l"=
<5!)�)3+���U0�$&2!$&0; �4,�H��
��( �4&�P2�
�'�0� �4o$&)3+���s�*)���H+��©%2!$���
<0�01�n4& x"!'(
v���*���($,
<2����*)P$&01"%5!4o)($,
<2!)����*)y
��������()P)�5�'U4.�Q vW��[���£"=
<5!)()^+���[0;$&2!$&0� �4&� "

���
	 � "���
 

�� � " �� � ��� 


� ��	 � "���
 � �
p�*)S+��/�+�*2��*01�*23�()V�)( �V)�
<2]�V01
<$&2!)y"�4& �2! �$,'(�*) 9 ���nC35!$�)(�L��'� ��!5!$&�y"% #'P5!2��£/# �4,�*5�'y"�4&5!)7+�*4,��/�+���["=
<5�'���������T/# #'�$& #��4,��M]r�4o4,�P [5%2�'(�*4& #�($&/��*01�*2]���=
<2�"=
<5�/�
<$,'��!$&)(��'B$&0�$&2! �23�w�*2]��'��T4,�T)($,R<2! �4!����4,�*)H>?
<2!�!) 90� �4,R�'�+�£4,�*)y��
�'('�+�*4& #�($&
<2!)y$&01"=
�'(�( �23���*)��*2]��'(�L���������£/# #'�$& #��4,�V���y4.�Q #"�4& �2! #'�$,�^+� 9 ��
<0�01�L4q�Q$&4&4&5!)(��'(�U4& ©!R<5�'(�[|3M�z^M = ~^M

8�*)�/# #'�$& #�%4&�*)Y"!'�+�*)��*23�3+���*)y��$aEG���*)()(5%)Y
<2]�s5!21"=
<5�/�
<$&'��!$&)(��'B$&0�$&2! �23�w$&2!�!$,/�$&�!5!�*4]'(�*4o #�($,/��*01�*23��>Z �$,�%4,��MrH2S'(��/v �2%����� 9 ��
<0[�%$o2H+���*)P�! �2!)P5!2��£>?
<2!���($,
<2����£/^'� �$&)(�*0[�%4o �2!��� 9 �*4&4,�*)y"=��'�0��������*2]�P�!�L)3+��"% #'(��'T���;�� vE���*01�*23�P4,�L)�$,R<2! �4����*)y>?
<2!�!)*M

	 �! 
���
�" ¼ À B ¿ µZ¶ ­ µ Á*À ¶ &�° Á ��­ ²#µ ­!¿ ±�° Á1³`À�Ç�À ± À C µ�Dp´8° Á C ± À%¿�­ ±?° Á

8�*)x/v #'B$& #�%4,�*)n��
�"=
<4,
�R<$&C^5��*)x"!'�+�*)��*23�3+���*)@��$aEG�!�*)()(5!)x)�
<23�1��
<0[�%$o2H+���*)��! �2!)15!2!�@>?
<2!���($,
<2����7/^'� �$aE)��*0n�%4& �2%����MjOF4s)��Q #R<$,�1���Q5!2��70 +���(��
�����)��( #�($&)��($oC35��SC^5!$�"=��'�0����N���S��
<0n�%$&2���'x���;�� ����*01�*23�1"%4&5%)($,�*5�'�)

=0r z



Pousse minimale totale normalisee
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

P
ro

b
. d

en
si

ty

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Pousse minimale totale normalisee :
 e+jets→t t

 single top voie t
 W+jets

Pousse minimale totale normalisee
0 0.05 0.1 0.15 0.2 0.25 0.3

A
p

la
n

ar
it

e 
to

ta
le

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

'��)(+*�|3M�z^M = ~ , � ?�>D/ ��� 1 � � ) /08�8 �1�1 * CE6FC * > : 1 A ) A > : 1h6 ) = * > : CE8 �1�1�� � ) / = : 1 8�C ?D6�> : 17A : 178 * ) 6�2 8 ��=7C 6 � C � >D/�$ > ��>D6�AA = ) CE8 � 17A 8 8 �1 : 1 � A C ) 6F6 �178 	 � 2D= ) C AB1 � � ) =�=��1 : > A C ) 6F8&176FA =�1 � 17A AB1&< >D=�C > 9�: 1317A : 4 >�� : >D6�>D=7C A �1 � ) / = 2�178 �17< �176�1 * 176FA 832�18�C ?D6�> : �> A = ) CE8 � 17A 8P8 �1 : 1 � A C ) 6�6 �178 	

/# #'�$& #�%4&�*)U���[>Z �$,�%4&�£":
<5!/�
<$,'V�!$o)(��'�$&0�$o2! �2]��M�
��}+��/�+�*2��*01�*23�L��
<2!)($&��+��'�+�x�*)��T��4& �)()^+�x��
<0�01�¨+���( �2]�£)�
<$,�T�!5)($&R<2! �4 9 )�
<$,�7�!5 �%'�5!$,�����A>�
<2!�pM�
8 m>�
<2!���($&
<2 ���A/3'� �$o)��*0[��4& �2!�������*)�����4&  ��
<01"% #�($,�%$o4&$,�3+�A���A�B�! �C^5��+��/�+�*2!�*01�*2]�l */��*�N���*)P�!�*5�W7�3\3"=
��(��-�*)��*)*M

j x>�
<2%���($,
<2����£/^'� �$&)��*0n�%4& �2%���£�*)��P��
<2!)���'B5!$,���L��
<0�01� "

�l� �� ��5
� 
 ��� ��� � � �� �� 
 ��� ��� � � �� � *�� 	
	�� � ��
 � �� �
8�*)@>?
<2!���($,
<2%)
�;� �� � )(
<2]��4,�*)7���*2!)($&�3+�*)��!�A"!'(
��� #�%$&4&$,�^+�*)7�!5I)($,R<2! �4P���S�!�*)@>?
<2!�!)7 �)()�
���$�+���*)� �5�W 
/# #'�$& #�%4&�*) �� 5 � � � � � � � ��� C^5��N4.��
<2�/��*5��l��
<0n�%$&2���'*M 
�$84,�N)($,R<2! �48
<5A4,�n�!'�5!$&�U���[>?
<2!���*)(�T��
<01"=
<)^+�x���"%4o5!)($,�*5�'B)�"!'(
����*)()(5!)Y$o2!�H+��"=�*2!�! �23�() 9 4o T��
<23��'�$,��5��($,
<2n'(�*4& #�($,/��U���*)w"%'(
^���*)�)(5!)��*)��V- T"!'(�*2!�!'(�H�*21��
<0�"!����M

�;� �� � )��}+�*��'�$,�1- 14.�Q �$&���L���*)P #�:
<2%�! �2!���*)y'(�*4o #�($,/��*)U #�����*2!�!5!�*)�� �£���L�B�! ���5!2����*)w�A"!'�
^���*)()�5!) "
�;� �� �65

��
� � �

� �����]� �� �

�$ 9 ���T"%4&5!) 9 4,�*)H/v #'�$o #�%4,�*)�)�
<2]�s$&2!��+��"=�*2!�% �2]���*) 9 �;� �� � )��T>Z �����
�'�$&)��T�*27"!'(
��!5!$,���!�*)H���*2%)($,�3+�*)s���V"%'(
��% vE�%$o4&$,�3+�*)y$&2!�!$&/^$&�%5��*4&4,�*) "

� �<� �� ��5
��
� � �

���]� � � �
k��������£����'B2!$Z-��'(�V�3\^":
��(��-�*)(�l2p���*)��s"% �)�/v �4& #��4,�P�*27Rj+�*2H+��'� �4.M!
��Q5��($&4&$&)� #�($,
<2;���T/# #'�$& #�%4,�*)���
�'('�+�*4�+���*)U n"=
<5�'��_=���P���L'�+�*�%5!$,'(�£4,�£"=
<5�/�
<$,'V�!$&)(��'�$o0�$&2! �23�H���n4& x>�
<2%���($,
<2����£/^'� �$&)��*0n�%4& �2%����M!JV�*)V0 +���(��
����*)U��W�$&)����*23�"=
<5�'y��+�*��
�'('�+�*4,��'l4,�*)y/# #'�$& #��4,�*) 9 0� �$&)y�*4o4,�*)U2��L)�
<23�U"% �)P5��($&4&$&)^+���*)y$o��$.M

rH2�"!'B #�($&C35!� 9 4& [>�
<2!���($&
<2@���V/3'B �$&)��*0n�%4& �2!���V�*)��H��
<2!)(��'�5!$,���1- ["% #'��($,'H���*)����*2!)�$,�3+�*)��!�P"!'(
��� #�%$&4&$,�^+�*)'(��R�'�
<5�"�+���*)1�! �2!)x���*)x�!$&)(��
�R�'� �0�01�*)�M�k��*)x��
<5�'��:�*)x���S���*2!)�$,�3+�*)1)�
<2]�x�*2!)�5!$,���S$&2]����'�":
<4�+���*)x���7>Z :X��
<24&$o2H+�* �$,'(�l"=
<5�'y'^+�*�!5!$,'��l4o 1�H+��":�*2%�! �2!���[�!5�2!
<0[�!'��L���Q$&23����'(/v �4o4,�*)�M

	 �! 
���
��� É ¯°^±?° ®�³ µ À ¶ &�°�± ­¦³`À�Ç�À ± À C µ?° C ± À%¿�­ ±?°'&�°�± � ¯° �[¯°^¶j° Bm°�¶ ³

8����'�$,��-��'(�;�!��)3+�*4,�*���($,
<2m)�5�'L4& S��
�"=
<4,
�R<$,�1R<4,
��� �4,�1����4.�}+��/�+�*2��*0��*2]�N�*)��[�!$&'(�*�����*01�*23�L #"!"%4&$&C^5�+�1 �5'�+�*)(5%4,�( #���!�V4& n>�
<2%���($,
<2@�!�P/^'� �$&)��*0n�%4& �2!����M�
p�T)��*5!$&4�� � {����*¾[�*)(�s�B��
<$&)($����T>? :X��
<2¨- N�!$,/�$&)���'�"� #'����*5�W

� r �



4& 1��
<23��'�$,��5��($,
<2S���*)U>?
<2!�!) 57*A�����()�M
j A>?
<2!���($,
<2����7/3'� �$o)��*0[��4& �2!���7�*)��n���*)(�3+����)(5�'x���*)¨+��/�+�*2��*01�*23�()1� ( � 9 5 *m�F���()N���1)($&2!R<4,�;��
�"§/�
<$,�7��M
8�*)���
<5!'(�=�*)H���T"=��'(>?
�'�0� �2!���T)�
<2]�y��
<2%2H+���*)�)�5�'�4o [©!R<5!'(�£|3M�z^M�� r M!
8�*)�/v �4,�*5!'�)H�!�V/^'� �$&)��*0n�%4& �2%���V)�
<23�"%4o5���¤
��x"!'(
������*)1��� �S"=
<5�'�4&�S)�$,R<2! �4s����{�"=
<5�'�4,�*)x�!'B5!$,�()x����>?
<2!��MYr�4&4&�*)N0�
<2]��'(�*23�;C^5���"=
<5�'15!2�( �5�WS���T'(�«�F���U�!�l¾#{ �Ê�!�*)s>�
<2!�%) 5&*S�����()s���U)($&2�R<4,�V��
�"�/�
<$,�£� 9 ~�¾ �Ê���*)@+��/�+�*2!�*01�*2]�()V���£)($,R<2! �4:)�
<23�)^+�*4,�*���($&
<2!2H+�*)�M

L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

P
ro

b
. d

en
si

ty

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Vraisemblance_3jets
 l+jets→tt

single top voie t
W+jets

Efficacite de selection du signal
0 0.2 0.4 0.6 0.8 1

E
ff

ic
ac

it
e 

de
 r

ej
et

 d
es

 f
on

ds

0

0.2

0.4

0.6

0.8

1

3 jets

4 jets

 5 jets≥

'��)(+*8|3M�z^M�� r , � ?�>D/ ��� 1�� �PCE8�A =7C 9 / A C ) 6F8 176 <�= >DCE8 1 *�9�: >D6 � 1 � ) /0= : 178 �17< �176l1 * 176FA 8 �>&A = ) CE8 � 17A 8 � ) /0= : 1 8�C ?D6�> :17A : 178 * ) 6�2D8 ��=�CE6 � C � >D/�$ 	
� 2D= ) CEAB1 � ��17= * ) = * >D6 � 178 2D/ � =�CEA �17=�1 2�1P<�= >DCE8 1 *�9�: >D6 � 1R176 * ) 6 � A C ) 6 2D/36 )+*�9 =�1 2�1 � 17A 88 �1 : 1 � A C ) 6�6 �178 2�>D6F8 : 4 �17< �176�1 * 176FA 	5GI178+C * � ) =�A >D6FAB178 � / � A /�>DA C ) 6�8 8�A >DA CE8�A C�� /F178 8 ) 6�A <�CE8�C 9�: 178 � ) /0= : 178 �17< �176l1 * 176FA 8
�> � CE6�� � 17A 8R17A � : /08 	


8�*)�":��'�>�
�'�0; �2!���*)j�!��4& V>?
<2!���($,
<2N���H/^'� �$&)(�*0[�%4o �2!����
<23�n+���3+�y�*)(�($&0 +���*)�)(5�'w4,��0S¤�*01�U4,
��w���H��
<2%2H+���*)C^5!$8 S)���'�/^$s- @"%'(
^�%5!$,'(�L4,�*)T���*2!)�$,�3+�*)T�!�n"!'�
��% #�%$&4&$&�3+�*)*M���
<5�'l/�+��'�$&©!��'TC^5��x���������� #"!"!'(
����!�N2��Q$o2]��'(
��!5!$&�"% �)V���[��$& �$&)U�! �2%)V4.�Q �2% �4,\^)(� 9 4,�*)T4,
��()V�!�n��
<2!2�+���*)V
<23��+���3+���!$,/�$&)^+�*)U�*2D���*5�W " 5!2A4,
��T���n�!
<2!2H+���*)l)���'(�- x"!'�
^�!5%$,'(�V4&�*)y���*2!)($,�^+�*)U�!�£"!'(
��% #�%$o4&$,�3+�*) 9 4.�Q �5���'(�£"=��'�01���U�p���*)��($&01��'U4,�*)s"=��'(>?
�'�0� �2%���*)y���L4& N>�
<2%���($,
<2���V/3'B �$&)��*0n�%4& �2!����M�6V5%2!��5!2@�%$& �$&)H)($,R<2!$,©��� #�($,>�2����*)��s��
<2!)��( #�3+�[�! �2!)s4& n4&$&0�$&���V���*)H��'('(�*5�'B)H)��( #�($o)��($&C^5��*)�M
��Q #"!"!'(
������L `/��*�[4& 1)(�( #�($&)��($&C^5��L��
<01"%4.-�����n�*)��P �$&2%)($=/v �4o$&�H+����M
� ])^P]�� ��� �Ii
�	k g bc �Rc d bc�p�c �5glk�mhf �Rced bc�� bcefRc �vcefhg�d � ��


���
������*���($,>p���V���������£)^+�*4,�*���($&
<2@�*)(�����V��'(
<5�/���'s5!27��
<01"!'(
<0�$o)��*23��'(�T4o L)��*2!)($&�%$&4&$,�^+�P)(�( #�($&)��($&C^5��P���T4& 01�*)�5�'(�l��
<5��y�*2��!$&0;$&235% �2]��4,�*)s��'('(�*5�'B)y)�\^)(�3+�*0; #�($&C35!�*)�M%Jl �2!)y���������n �2% �4,\^)(� 9 4&�*)s��'('(�*5�'�)y)(�( #�($&)��($&C^5��*))�
<23�n�p��
�'(�*)N���N��+�«��- A>Z �$,�%4&�*)�M8
�����_=
�'(�1 A�!
<2!��"=
�'(�^+�S)(5�'x4& �'�+�*�!5%���($,
<2 �!�@4.�Q$&0�"% ����n���*)N$&2!����'��($,�(5!���*))�\�)��^+�*0� #�($&C^5��*)@)(5�'�4& ¦)��*���($&
<2����;�� �����0��*)(5�'�+����M��w #'@��
<2%)3+�*C35��*23� 9 4&���%5��1"!'(�*0;$,��'1���*)���'�$,��-��'(�*)@���)^+�*4,�*���($&
<2��*)��P�p��
�"!�($&0�$&)(��'s4&�£'� #"!"=
�'(�y)($,R<2! �48)(5�'y�!'�5%$,��MJl �2!)n4,���%5!� 9 "%4&5!)�$,�*5�'�)T�*2!)��*0n�%4,���!�;��'�$,��-��'(�*)N���;)^+�*4,�*���($&
<2m
<23�¨+���^+����
<2!)($&��+��'�+�*)*M8OF4&)L��
<23�($,�*2!2��*23�4,�*)T��'�$,��-��'(�*)L��
�":
<4&
�R<$&C35!�*)P���£��$&2�+�*0� #�($oC35��*)£��+���( �$o4&4B+�*)£ �5�"% #'� `/v �23� 9 0� �$&)l�!$a_�-��'(�*23�l)�5�'T4&�*)T��'B$,��-��'(�*)£���'(�*��
<2%)���'�5!���($,
<2;��
<01"%4.-�����l���U4.�}+��/�+�*2��*0��*2]�s���H4&�*)���'�$,��-��'(�*)����y��
�"=
<4,
�R<$,�UR<4&
��% �4,��M]
j [)^+�*4,�*���($,
<2@��
<2!2! �23�4& 10��*$&4&4,�*5�'��V"!'�+�*��$o)($,
<2S��
��( �4,�n�*)��P��
<2!)���'�/�+���["� #'P4& 1)(5!$&����M6T$&2!)�$ 9 �! �2!)�2�
���'��P �2! �4,\�)�� 9 4,�*)x+��/�+�*2��*01�*23�()s)�
<2]�H)3+�*4,�*���($,
<2!2�+�*)s)($���W� ������*01�*23�s5%214,��"!��
<2A�`+�*4,�*����'(
<2
<5 0N5�
<2 � $&)�
<4�+� 9 ��� R�'� �2%��� $&01"%5!4o)($,
<2 ��'� �2%)�/���'�)�� �?" �� � z#{ Ã ��� zv� � ��� ���*23��'� �4� 
 � � 
 � z���¾ � �*)�� '(�*��
<2%)���'�5!$,�#� )($ 5!2!� +�*2���'�R<$,� ��'� �2!)�/���'�)(� 0; �2!C35% �2]��� )(5!"�+��'�$,�*5�'(� - 
� rv�



� r � � � { Ã ��� �*)��@01�*)�5�'^+��� ��)($P �5 01
<$&2%)x��'(
<$&)T�����()@�% ���'(
<2!$&C^5��*)x����R�'B �2!����+�*2���'(R<$&�A��'� �2!)(/���'�)��r ������ � � { Ã ��� zv�P���H���*2]��'� �5�W 
 � ���	� 
�� z���¾[)�
<2]�H�H+�����*���3+�*) 9 �!
<2]�� �5;01
<$&2!)Y5!21�p���*2]��'(�P�*5�WN�*)(��$&���*23�($,©s+���
<0�0��T�F���L��� %�Mp
8 S"�5�'(���3+�1�*2¦)($,R<2! �4��*)��n �4,
�'�)£ �0�+�*4&$,
�'�+���;�*2¦���*0� �2!�! �23�L4& 7"!'�+�*)��*2%���;���Q5!2D�=
<)�
<2
- �! ��!'(
<2!$&C^5��£'(�*��
<2!)(��'�5!$,�n�Z0 � � 5 0 � � �#{ Ã ��� zv� � � M=
8 ;Rj+��
<0 +����'�$,�1R<4,
��% �4&�[���n4q�}+��/�+�*2��*01�*23�L��
<$,� �5!)�)($�¤����'(�n��
<01"� #�($,�%4,�L `/��*�[���*4&4,�L�p�Q5!2 +��/�+�*2��*0��*2]�T� ( � " � � {����*¾^M


8�x�( #�%4,�* �5m|3M��1'�+�*)(5%01��4,�*)T���;�� ���$,�^+�*)N���*)£��'�$,��-��'(�*)L�!�x)^+�*4&�*���($,
<2¦"=
<5�'£4,�1)($,R<2! �4����L4,�*)l�%'�5!$,�()T���>?
<2!� 57*������()U��� �
� *B�21 ' � ��� �R� /�
<$,�[��M:
p�*)P2!
<0[�!'��*)P���«+��/�+�*2!�*01�*2]�()£ #�����*2%�!5!)P�!�[)($,R<2! �4p���V���L�%'�5!$,�()���A>�
<2!� )($&01"�4,�*01�*23�1���@��
<5���4,�*01�*23��+���($&C35!���3+�*)7"=
<5�';5%2��A4&5!0;$&2�
<)($,�^+��$&23�3+��R�'^+���¨��� ��{�{ "!� > � )�
<23�'(��"%'^+�*)��*2]�^+�*)�)�5�'14,�*)N©!R<5�'(�*)�|3M�z^M�z#{����@|3M�z^M�z �#M�
8�*)n�%'�5!$,�()N���7>�
<2!��"!'B$&2!��$,"% �5�W�)�
<23�x�)( � 
 �	*m�����() 9
5 *A�����()U���P4& x"%'(
^�%5!���($,
<27>? �$&�%4,�£���LC^5! #' ��)y��
�"��! �2%)y4,�L�� �2! �4p��M
8�7'B #"!"=
�'(�N)�$,R<2! �4s)(5�'x�!'�5%$,�n�*)(�x�!��¾^M Ë ":
<5!'x4&�*)m+��/�+�*2��*01�*23�()@ `\< �2]�;��W� ������*01�*23�@5%2������1$&���*23�($,©s+�
% 9 ��� � Ë "=
<5�'[4,�*)�+��/�+�*2��*01�*23�()1 *\< �23�N��W� ������*01�*23�1���*5�W@�F���()N$&���*23�($,©s+�*) %`Mj
8 �"%'^+�*��$&)($,
<2¨)(�( #�($&)��($&C^5�� 9
8 
 * � z(
 9 /v �5��P¾^M � � "=
<5�'y4,�*);+��/�+�*2��*01�*23�()l *\< �23�U��W� ������*01�*2]�T5!2n�����U$&���*23�($,©�+� % 9 ��� Ë M r ��"=
<5�'U4,�*)+��/�+�*2!�*01�*2]�()l `\< �2]�V��W� ������*01�*23�l���*5�Wn�F���()V$&���*23�($,©�+�*)&%�M
����� *]|3M�� , ��� �?&l�:*)���� � 
 � ' &�� *�
�� �&���#�I���I
���� ���e�	�I���I
3��� & 	��e�&�0
 *�� ���
 � ���+� �� ' � � � *���� �I���I
)��� � �� 
�����j� �
�����'�
��� � * 1l� & 'P�0�6' ����,�
D� *��'�!��� ����� � ��
 *)���:* � &���� �k�'�$,��-��'(�*)U�!�L)3+�*4,�*���($,
<2 
�$&R<2! �4=� ( ��
 4C*H�F���() 5 * � �V�����() � � *)�21(' �{���D�R� /�
<$,�L�


�+�*4,�*���($,
<2����L4.�«+�*4,�*����'(
<2��Z0n5!
<2 � ¾�¾^M Ë �q|#¾^MQ{ � Ë {�MQ{�� Ë�Ë M�� � ¾ � M Ë �.¾ � M Ë �

�+�*4,�*���($&
<2A)(5�' �r � Ëv� M�~ Ë |3M�� |#¾^M�¾6T5�01
<$&2%)U�V�F���() Ë {�M�� � �#M�� �#{�MQ{
�l
<5DzP�F���() % ~#{�MQ{ r M�¾ |#z^M |


�+�*4&�*���($,
<2A�!5R- �! ��!'(
<2!$&C^5�� ¾<|3MQ{ ��¾^M�~ z r MQ{
��
�'B01�LR<4,
��% �4&�L���L4.�}+��/�+�*2��*0��*2]� ~��^M�� ��r MQ{ ¾�~^M |

jet multiplicity
1 2 3 4 5 6

1-
ta

g
 e

ve
n

ts

0

100

200

300

400

500 Total
 l+jets→ tt

+jetsτ → tt
 ll’→ tt
 jets→ tt

tqb
tW
tb

 ee→Z 
µµ →Z 
ττ →Z 

W+jets

jet multiplicity
1 2 3 4 5 6

2-
ta

g
s 

ev
en

ts

0

20

40

60

80

100

120

140
Total

 l+jets→ tt
+jetsτ → tt

 ll’→ tt
 jets→ tt

tqb
tW
tb

 ee→Z 
µµ →Z 
ττ →Z 

W+jets

'��)(+*j|3M�z^M�z#{ ,
� )+* 9 = 1�254 �17< �176l1 * 176FA 8+8 �1 : 1 � A C ) 6F6 �178 2�>D6�8 : 1 � > 6�> : � � � � 2	��� 176#* ) 6 � A C ) 6 2D/ 6 )+* 9 = 1&2�1 � 17A 88 �1 : 1 � A C ) 6�6 �178 �q>D<D1 � 1
$�> � AB1 * 176�Aq/ 6 � 17A �17A C�� /F17A �1�	 % �>R?�>D/ ��� 1'&;17Aq2�17/�$ � 17A 8 �17A C�� /F17A �178 	 % �>32D= ) CEAB1'& 	 ' 178S6 )+*�9 =�178254 �17< �176l1 * 176�A 8#8 ) 6FA+6 ) = * > : C 8 �178 �> /06�1 : / * C 6 ) 8�CEA �1 CE6FA �1 ?D=��1�1{2�1��	�	��� 9�

� 	��l17/ : 8 : 178 �17< �176l1 * 176�A 8 > � >D6FA�/06�1
* / : A C � : C � CEA �1P8�/ � �17=7C 17/0= 1 ) / �1 ?�> : 1 �>&A = ) CE8P8 ) 6�A 8 �1 : 1 � A C ) 6F6 �178 	5GI1R2�17=76�C 17=@CE6�AB17=7< > : : 1+2�1 * / : A C � : C � C A �1+178�A CE6 � : /08�C * 	

� r ¾



jet multiplicity
1 2 3 4 5 6

1-
ta

g
 e

ve
n

ts

0

100

200

300

400

500

600
Total

 l+jets→ tt
+jetsτ → tt

 ll’→ tt
 jets→ tt

tqb
tW
tb

 ee→Z 
µµ →Z 
ττ →Z 

W+jets

jet multiplicity
1 2 3 4 5 6

2-
ta

g
s 

ev
en

ts

0

20

40

60

80

100

120

140

160

180 Total
 l+jets→ tt

+jetsτ → tt
 ll’→ tt
 jets→ tt

tqb
tW
tb

 ee→Z 
µµ →Z 
ττ →Z 

W+jets

'��)(+*j|3M�z^M�z � ,
� )+*�9 =�1 254 �17< �176l1 * 176�A 8+8 �1 : 1 � A C ) 6�6 �178 2�>D6�8 : 1 � > 6�> :�� � � � 2	��� 176 * ) 6 � A C ) 6 2D/#6 )0* 9 =�1�2�1 � 17A 88 �1 : 1 � A C ) 6�6 �178 �q>D<D1 � 1
$�> � AB1 * 176�Aq/ 6 � 17A �17A C�� /F17A �1�	 % �>R?�>D/ ��� 1'&;17Aq2�17/�$ � 17A 8 �17A C�� /F17A �178 	 % �>32D= ) CEAB1'& 	 ' 178S6 )+*�9 =�178254 �17< �176l1 * 176�A 8h8 ) 6�AI6 ) = * > : CE8 �178 �>R/06l1 : / * CE6 ) 8�CEA �1 CE6FA �1 ?D=��1�1P2�1 �	��� � 9�
 � 	 �l17/ : 8 : 178 �17< �176�1 * 176FA 8S> � >D6FAe> / *?) CE6�8
A = ) CE8 � 17A 8S8 ) 6FA � )+* ��A > 9 C : CE8 �178 � ) /0= : 4 178�A C * >DA C ) 6{2�1����/2�42�� 	�G51+2�17=�6FC 17= CE6�AB17=7< > :E: 1+2�1 * / : A C � : C � CEA �1+178�A�CE6 � : /08�C * 	

/ c�� �
	 O T 	 QSO������ K1f �;	 
�fRQSO������ f�� Q
	 QYf

j A"%'(
^��+�*�!5!'(�@������W���'� ����($,
<2��!�@4& D)��*���($,
<2����;�� �����)��Q$o2!)�"%$,'������*)x0 +���(��
^�!�*)N��+��/��*4&
�"!"�+���*)1"% #'x4& ��
<4&4o #�:
�'B #�($,
<2�JLK¬��+���( �$o4&4B+���n�! �2%)P4,�L"� #'� #R�'� #"%���x¾^M�¾^M:
j �)��*���($,
<2����;�� ����N'(�*���!��'�����+���10� vW�$&0�$&)(�[5!2��>?
<2!���($,
<27���T/3'� �$o)��*0[��4& �2!���lC35!$:��
<01"% #'��l4&�V2�
<0n�!'(�l���}+��/�+�*2��*0��*2]�()P
��%)���'(/�+�*)y�! �2!)s4,�*)���
<2!2�+���*) 9 ���s4,�2�
<0n�!'(�L�p�}+��/�+�*2��*01�*23�()T"!'^+�*�!$,�()s�*2A>�
<2!���($&
<2����L4& 1)��*���($&
<2����;�� ����x�!5�)($,R<2! �4qMrH2�"!'�+��/�$&)($&
<2����P4& n01�*)(5�'��P�!5�2!$&/��* �5@���V����'(�( �$&2!)�>�
<2!�%)�)(5�'�4,�*)��!
<2!2H+���*)�'�+���*4o4,�*) 9 4&�*)1+��/�+�*2!�*01�*2]�())�
<23�U'�+��"% #'��($&)y�*2�)��*$&¢��[�� �2! �5�WS��W���4o5!)($,>Z)y)��*4,
<2 "
$ 4,�£�G\^"=�L�!5�4,��"!��
<2�)^+�*4&�*���($,
<2!2�+�7�`+�*4,�*����'�
<2A
<5�0n5�
<2 � 9
$ 4& 10n5%4,�($,"%4&$o��$,�3+�V�*2N�����()n�.� 9 � 9 ¾x
<5� �5�0�
<$&2!) Ë � 9
$ 4,�L2�
<0n�!'(�L���������()S+���($&C^5����3+�*) %1�?��W� ������*01�*23� �L
<5���W� ������*0��*2]�£z � M
rH2!)(5!$&���N4,�*)l'�+�*)�5!4,�( #�()[�!�x���*)n)��*$,¢����� �2! �5�W���W���4&5!)($,>Z)l)�
<23�[��
<0[��$&2H+�*)@- �4.�Q �$&�!�x�p�Q5!2��x>�
<2%���($,
<2¦���/^'� �$&)��*0n�%4& �2%���;"=
<5�'1��
<2!2���'x4& �)��*���($,
<2����;�� ������!5 )�$,R<2! �4.Mw
p�S"!'�$o2!��$,"=����������������0 +���(��
������*)��1�����'(
<5!/���'l5%2��n)��*���($&
<2����@�� ���� 3 �?� ( � � C35!$8"!'�+�*�!$,�l5!2D2�
<0n�!'(�[��
��( �4Y�p�}+��/�+�*2��*01�*23�()[)^+�*4,�*���($&
<2!2H+�*)£4,�N"%4&5!)"!'�
^�B���£"=
<)()($,�%4&�l�!�L���*4&5!$�
��%)(��'(/�+��M:
8 1>?
<2!���($,
<2��!�L/3'B �$&)��*0n�%4& �2!���LC^5��Q$&4=>Z �5!��'� 10; vW�$&0;$&)���'y�*)��T���L4& >?
�'�01� "

�l� 3 ��
� ��5 �
� � ��� � "�� � " ��
�� $ � � " ��


�
$ � � ��������� � " ��


�
� � � � " ��
 	��

� 
 � 	 "�� � 3 ��
� � 
 
 ��	 
 � �q|3M��^M�� �
 `/��*�@u�� � �"! � 3 � 
 � � 4,�;2�
<0n�!'(�@���}+��/�+�*2��*01�*23�()1 #�����*2!�!5%)nC^5!$���+��"=�*2!� ���;4& �)(�*���($,
<2m���@�� ����@� ( � 9 ���nu�#%$�&4,�@2�
<0[�%'(����
��( �4����}+��/�+�*2��*01�*23�()x"=
<5�' 3 �?� ( � ��5 ~#{�{A"%�pM8
8 A>�
<2%���($,
<2 � )(5%$,�[5!2��@4,
<$Y"=
<$&)()�
<2%$,�*2!2�� "
� ��� 
 u �65 � >�' �Qu�(Uz �*),M
�����_:���Y���*)w$&2%����'(�($,�(5!���*)j)�\�)��3+�*0� #�($&C^5��*)w���Y4,�*5�'�)���
�'('�+�*4& #�($,
<2%)w�*2]��'(�s4,�*)w)��*$,¢��s�� �2! �5�Wx���Q �2! �4,\�)��H�*)�� �5!)�)($<"!'B$&)p�*2x��
<01"!����"% #'Y���������s>�
<2%���($,
<2x����/^'� �$&)��*0n�%4& �2%����M�ks�% �C35���)�
<5�'����s���Q$&2%����'(�($,�(5!�����*)��[+���(5%�!$B+���

� r�Ë



$&2%�!$,/�$&�!5��*4&4&�*01�*2]� 9 �*2;>Z �$&)( �23��/# #'�$,��'�)�
<2@��'('(�*5�'���� � � 3 ���H�*2@'(�*�� �4&��5%4& �2]��4,�*)����@�� ���$,�3+�*)y���V)^+�*4,�*���($&
<2�!5D)($,R<2% �4p���£���*)T>�
<2%�!)�M �V2��x2�
<5�/��*4o4,�n)��*���($&
<2����@�� �����0� vW�$o0�$&)��N4& ;"%'(
��% #�%$&4o$,�3+�n���N/3'B �$&)��*0n�%4& �2!����M
j ��!$a_P+��'(�*2!���L�*23��'(�n���������x2�
<5�/��*4o4,�£/v �4&�*5�'U���V4o 1/v �4&�*5�'P���*23��'� �4,�[)( �2%)P)�\�)��3+�*0� #�($&C^5��*)T��
<2!2��L4.����'�'(�*5�' �)()(
^��$�+����M=
��Q$&2%����'(�($,�(5!���L)(\^)��^+�*0� #�($oC35��N��
��( �4,�N�*)��T
��!���*235!�[�*2D ��F
<5��( �23�lC35! ��!'� #�($&C^5��*01�*23�U��
<5����*)l4,�*)��'('��*5�'�)y)�\�)��3+�*0� #�($&C^5��*) 9 ��+���( �$o4&4B+���*)V�% �2!)y4& �)��*���($&
<2�)(5!$,/# �23����M
/ c�� � �UQYf T O���O �UK1f�
�
��?
eO Mf � 	 O���� �xf�


6T5�
8i£k 9 4,�*)P$&2!����'(�($,�(5%���*)s)�\^)(�3+�*0; #�($&C35!�*)U/�
<23�P'� #"%$o���*01�*23�s�!��/��*2!$,'U4& 1��
<23��'�$,�%5!�($,
<2S��
<0�$&2! �23���)(5!'x4q����'('(�*5�'1��
��( �4,��M�
8 ¦2�
�'B0� �4&$&)( #�($&
<2��!�*)1>�
<2%�!) 9 4,�*)x'� ��!$o #�($,
<2!)1�! �2!)14q�}+���( #�7$&2!$,�($o �4�����©�2! �4s����4& "!'�+�*��$o)($,
<2¦)(5�'n4& �0� �)()��@�!5¨C^5! #' �D��
�" )�
<23�[4,�*)£"%'�$&2!��$,"� �4,�*)V)(
<5�'����*)[�p�Q$&2!����'(�($,�(5%���*)l�(�H+��
�'�$&C^5��*)�M8
8�*)"!'B$&2!��$,"% �4&�*)£$&2!����'(�($,�(5%���*)L��W�"�+��'�$&01�*23�( �4,�*)x)�
<23�14&$B+���*)�- �4& ���
<2!2! �$&)�)( �2!���S���@4.�«+���( �4,
<2%2! #R����*2¬+�*2!��'(R<$,����*)w�F���() 9 ���L4.�Q$&���*23�($,©%�� #�($&
<27�!�*)��F���()V���LC^5! #' ��)3% 9 ���N- 14& 101�*)�5�'(�L���L4& 14o5!0�$&2�
<)�$,�3+��MJl �2!)�4,�U�� �)����Q5%2��y �2! �4,\�)��y��_:�*���(5�+���l */��*�V���*)���
<2%2H+���*)�'�+���*4&4,�*) 9 4,�*)�$&2!����'��($,�(5!���*)Y�!5!�*)Y �5�Wx2!
�'�0� vE4&$o)( #�($,
<2!)y)(5!'P��
<2!2�+���*)P'^+���*4&4,�*)U���T �5�WI+��/��*2]�(5!�*4&4,�*)P��
�'�'(�*���($,
<2!)V�*2]��'��[��
<2!2�+���*)V���V)($o0n5!4o #�($,
<2!)y��
<$,/��*23�+��R< �4,�*01�*23�n¤����'��L"!'�$&)(�*)s�*2���
<01"!����M
� ] � ]�_ � f �Ic a glk g+� �Rced g  bc�m a k ��� ced
	 � � �%$��%$ ¹*¶ ® °^² ³ µ ³ ´�&�° Á�Á ´8²S± ­ ¶ À ² B ­ ±Zµ Á*­�³ µ À ¶ &�° Á � À ¶�& Á
ÈL² À�® ° Á*Á ´ Á 57*A�����()
8�*)�$&2!����'��($,�(5!���*)Y)(5!'H4& L)(�*���($,
<2����;�� ����l���*)�"!'(
����*)()(5!) 5�*x�����()H��+��"=�*2!���*23�����V4& £"!'�+�*��$&)�$,
<2;���V�� �4&��5!4���l4.�«+�*4�+�*01�*23�P���£0� #��'�$o���1�Z�� �4o��5!4&)���� � 9 +�*�����*4&4&�*)y���l'(�*2�
�'�0� �4o$&)( #�($,
<2@���U���l>? �����
�'B$&)( #�($,
<2 9 0� �)�)��£���*)C^5! #' ��)�4,
<5!'��!)U�?�7��� � ��� 9 ���s���*)H$&2!����'(�($,�(5%���*)�4&$�+���*)£- [4.�Q �)�)�
^��$o #�($,
<2;�*23��'(�T5!2�"% #'���
<2;$&)()�5��!5�"%'(
^���*)�)(5!)�!5!'H���U5!2[�����s'(�*��
<2!)���'�5%$,��M%k��������£"!'(
��%+�*�!5�'(�£���Q �)()(
^��$& #�($&
<2S�*)��y$&2!��
<23��
<5�'�2! #�%4&�V"=
<5�'sRj+�*2H+��'(��'V��
�'�'(�*��E���*01�*23�P4,�*)U"!'(
����*)()(5!)y���L�% �5����[0N5!4,�($,"%4o$&��$,�3+��MuV�["=
<5�/# �2]�VC35! �23�($,©!��'V���L>Z :X��
<2A"!'�+�*��$o)��n�B�! ���5!2D���[���*)V��_:���() 9 5!2��n$&2!����'(�($,�(5%���£R<4,
��% �4,�n���nz#{ �g�*)�� #����'�$&�%5H+����)(5�'L4& S)��*���($&
<2¦���;�� ����@�!�*)l"!'(
����*)()(5!) 5 *������() � | � �qMjkl���*)��[4.�Q$&2%����'(�($,�(5!���N01�*)(5�'�+���;"% #'L4& ��
<4&4o #�:
�'B #�($,
<2mJLK )(5�'N4& A"%'(
^��+�*�!5!'(�@���Q �)�)�
^��$o #�($,
<2m�*23��'(�7"% #'(��
<2�Rj+�*2H+��'^+�����V�F���N'(�*��
<2!)(��'�5!$,� 9 ��
<0�$aE2! �23���x�! �2!)T4,�*)P"%'(
^���*)�)(5!)A5 *������()�M�ks
<0�01��- @JLK 9 4& ;2!
�'�0� �4&$&)� #�($,
<2�"=
<5�'('B �)��N>? �$,'��S- @"% #'(�($,'T���*)��
<2%2H+���*)y'^+���*4&4,�*)�M
ÈL² À�® ° Á*Á ´ Á � *	� x � �
j A)��*���($,
<2����;�� ��������*)n>?
<2!�!) @ *m�F���()n�*)��x)�
<5!0�$o)��@ �5�Wm0�¤�*0��*)1$&2!����'(�($,�(5%���*)[C^5��@���*4o4,�@���*)n>?
<2!�!)
5�*¨�����()�Mjk���"=�*2!�% �2]� 9 4& S'��*��
<2!)���'�5!���($&
<2¨�!5��=
<)�
<2 � �! �2!)L4&�*)£��
<2!2�+���*)L'�+���*4o4,�*)L"=
<5�'('B @ �$&�!��'7- �4& 2�
�'B0� �4&$&)( #�($&
<27�!�L���*)y>�
<2%�!)�M�kT���*)��y"=
<5�'BC35�
<$=5!2!�l$o2!����'(�($,�(5!�!�l�!�[¾ ���*)��U #����'�$,��5H+���7- �4& x)��*���($,
<2A���1E�� ����N���*)y"!'(
����*)()(5%).@ *A�����() � |#z �qM:k��������[/# �4,�*5�'P�*)��P$&)()�5��L���L4.���*)��($o0� #�($,
<2��!5A2�
<0[�%'(�L���}+��/�+�*2��*0��*2]�()
@=* � �s�����()s)3+�*4,�*���($,
<2!2�+�*)y #�����*2!�%5!) 9 �! �2!)��!�*)��!
<2!2H+���*)s��
�'('(�*)�"=
<2!�! �23�l- N5!2��T4&5!0�$o2�
<)($,�^+�P$&23�3+��R�'^+���L���
��{�{1"%� > � M
ÈL² À�® ° Á*Á ´ Á�
�Á µZ¶ C ±?° ³`À%Ç
�
8�*)Y$&2!����'(�($,�(5%���*)�"!'�$&2!��$&"% �4,�*)8)�5�'Y4& £)��*���($,
<2x���;�� ����V���y"!'(
��!5!���($,
<2n>Z �$,�%4,�s���yC35% #' �^)w��
�";"!'(
`/�$,�*2!2!�*2]����74& D��
<2!2! �$&)()� �2!���7�!�74& D0� �)()(�7�!5�C^5! #' �¦��
�" 9 ���*)N>?
<2!���($,
<2!)N���S�!$&)���'�$&�%5��($,
<2!)l"� #'(��
<2!$&C^5��*)S�Z���*)

� r |



R<4&5!
<2!)Y���s�!5;C^5! #' � %s"!'B$&2!��$,"% �4&�*01�*2]� � ���s���*)1+�*�����*4&4&�*)H���V'(�*2�
�'�0; �4&$&)( #�($,
<2��������V>? �����
�'B$&)( #�($,
<2�M^��
<5�'4,�1�� �2! �4w�*2�/�
<$&� �N�Z4,�1�!'B5!$,�V�!�N>?
<2!��"!'B$&2!��$,"% �48"% #'�0�$w4,�*)l��'�
<$&)l"!'(
����*)()(5!) � � *)�21(' � ��� �R� � 9 4o 7)(�*���($,
<2���;�� ����N�*)��l��
<2!2^5��S- S¾ � "%'�-�*) � �*z��qM �T2��n$&2%����'(�($,�(5!���n���n¾ � �*)��V #����'B$,�%5�+����- @4& ;)��*���($,
<2����;�� ����1���*)��'(
<$o)s"!'(
����*)()(5!)�M
	 � � �%$��" ¹*¶ ® °^² ³ µ ³ ´�&�° Á�Á ´8²S±?° Á ¹vÉ�� ° ³�� É��


8�*)p'� ��%$& #�($,
<2!)p�!�H4.�«+���( #�w$&2!$,�($& �4�0�
^�!$&©!�*2]��"%'�$&2!��$,"� �4,�*01�*23�p4& U0N5!4,�($,"%4o$&��$,�3+�w�*2y�����()j�!�*)T+��/�+�*2��*0��*2]�()�M
8�*)£'� ��!$& #�($&
<2!)L���;4q�}+���( #�N©%2! �4Y��
<2%�!5!$&)��*23�@- A�!�*)��F���()n"%4&5%)£4& #'(R��*)L��
<23�n5%2��1"% #'(�($,���!�;4.�}+�*2���'(R<$,�;�*)��)(5%)(����"!�($,�%4&�;���a¤����'(��'� `\�
<2!2H+�����*2§���*��
�'�)x�!5§�]¤
<2������7'(�*��
<2!)(��'�5!���($,
<2�M�k����x��_=���x�*2]��'� `¤ ¥o2��� �4,
�'�)x5!2��0� �5!/v �$&)(��01�*)(5�'(�����A4.�«+�*2���'(R<$&���!5D������"=
<5�/# �2]�@��
<2!�!5!$,'�� - ¨)�
<2 +�*4o$&0�$&2! #�($&
<2����A4& ¨)^+�*4&�*���($,
<2�MH
8�*)'� ��%$& #�($,
<2!)y���*)7+���( #�()T$&2!$&�($& �4:���U©%2! �4�01
��!$,©%�*2]�y4,�£�( �5�W����«+��/�+�*2��*01�*23�()T)^+�*4&�*���($,
<2!2�+�*)�M��
<5�'N+��/# �4&5���'�4o T��
<23��'�$,��5��($,
<2x���y���*)Y'� ��!$o #�($,
<2!)Y)(5�'Y4& l)��*���($&
<21���;�� ����P01�*)�5�'^+��� 9 4,�*)����;�� ���$,�^+�*)����)^+�*4,�*���($&
<2;�!51)($&R<2! �4����H���*)�>�
<2!�%)w
<2]�1+���^+�l��
<01"% #'�+���*)� */��*�V����)( �2!)�O 
�t ���+�6
�tLM3ks�*)Y��_:���()H'(�*4& #�($&>?)w
<23�+���3+�l�*)��($&0�+�*)s)(5�'����*)�4,
��()����«+��/�+�*2!�*01�*2]�()P���P�! �5����T)��( #�($&)��($oC35�� 9 Rj+�*2H+��'^+�*)y"% #' �9: �HG=NPO ����'(�*��
<2!)���'B5!$,�()"% #'
� ����� � ��� Mp
�����_=���N)�5�'[4.�����;�� ���$&�3+�����7)3+�*4,�*���($,
<2��!5m)�$,R<2! �4Y�*)��N�� �4&��5!4�+�7"=
<5�'[5!2��@$&2!����'(�($,�(5%�������
��{ � )(5�'�� & M=
p�*)T���;�� ���$,�^+�*)n���N)^+�*4&�*���($,
<2¦�!5D)($,R<2! �4j/v #'B$,�*2]�l��� ���Fz	� 5 � ��~ � 9 ���£��
<2!�N���x4& 70S¤�*01�C^5! �23�($,�3+�L"=
<5�'U4& 1)��*���($,
<2A���;�� ����n0��*)(5�'�+����MrH2�©%2 9 $o4U"=
<5�'('� `¤ ¥&��¤����'(��"=
<)()�$,�%4,�����D��
<2]��'B �$&2!��'(�D4,�*)�'B ��!$& #�($,
<2!)@����4q�}+���( #��$&2%$,�($& �4n- m"% #'(�($,'7���*)��
<2%2H+���*)�M �T2��L0 +���(��
����L�% �)^+���N)(5�'U4,�*)y'B ��!$& #�($,
<2!)y�!�£R<4&5�
<2!)s���P�!�LC35! #' �^)y�! �2%)U4,�*)y"!'�
^���*)()�5!)yJT'(�*4&4aE

� �2���� 5 *��F���()P�*)��U�*2���
<5�'B)U���L��+��/��*4,
�"!"=�*01�*23�N- �6��P
86�
 � Ë ~��qM
	 � � �%$���� ¹*¶ ® °^² ³ µ ³ ´�&�° Á�Á ´8²S± ­ B ­%Á*Á °�&w´ Dp´ ­ ²	� ³`À�Ç


j y0� �)()��H�!5£C35% #' �V��
�"n$&2
�%5��Y)(5!'p4,�*)��!$&)���'B$,�%5��($,
<2%)���$&2�+�*0; #�($&C35!�*)p����)��*)8"!'(
��!5!$,�():������+�*)($o2]�^+��R�'� #�($,
<2�������() 9 4,��"!��
<2¨���L2��*5���'�$&2!
 � M=rH4&4,�101
��!$,©!�x �5!)()�$Y4,�*)L)��*���($,
<2%)l���;�� ����*)n�!�1"!'(
��!5!���($,
<2�����C^5! #' ��)l��
�"�*2 "% �$,'(�*)n
<5§��� � � *)�21(' � ��� �R� 9 0� �$&)N���*)x��_:���()1)(
<2]�N"!'�$&)[�*2§��
<01"!���S���70; �2!$Z-��'(�7R<4,
��% �4,�S�! �2!)N4,�*)/# #'�$& #�($,
<2%)T�!�*)£)��*���($,
<2!)l���;�� ����*)[���*)l>�
<2%�!)1�qk�>}M�"� #'� #R�'� #"%���;|3M � M��#M�� � M�
8 S0� �)()��1�!5¦C^5! #' �A��
�"¦�*)����
<2!2^5��1 ����(5��*4&4&�*01�*2]�L `/��*��5!2��x$&2!����'��($,�(5!���x�����*23/^$,'�
<2�z Ã ��� � � � � Ë�r �qMp
�����'('(�*5�'£)(5�'£4& S)��*���($&
<2¦���1E�� ����n� ( �P�*)��T���[{�M�~ �g":
<5!'P5!2��£/# #'�$& #�($,
<2Dz Ã ��� � � � ���n4& �0� �)()(�[�!5�C^5! #' �S��
�"pM�k��������[/# #'�$& #�($,
<2��*)��5!2%$&C35!�*01�*2]�l�!5��1 �5�W����! �2!R��*01�*2]�()n�! �2!)£4,�*)l>?
�'�01�*)£�!�*)L�!$&)���'B$,�%5��($,
<2%)P��$&2�+�*0� #�($oC35��*)£�!�*)£"!'(
��!5!$,�()���L��+�*)�$&2]�^+��R�'� #�($&
<2!)V�!�*)y"% �$,'(�*)s�)( �`M
� ] � ]B^ � f �Ic a glk g+� �Rced c
� � bc a k �vcefhg�i p�ced
	 � � �" #�%$ ¹*¶ ® °^² ³ µ ³ ´�&�° Á�Á ´8²S±�� ¯° ®#Å °�±Z±�° & � ¯°^¶j°3² C µ?° &j° Á � ° ³`Á

�T2��70� �5�/# �$&)��@��
<2%2! �$&)()( �2%���7���74.�}+�*�����*4o4,�7�p�}+�*2!��'(R<$,�S���*)y�����()x)��7'^+��":��'B��5����7)�5�'n4& ���4& �)()($&©%�� #�($,
<2���S2�
<) +��/�+�*2!�*01�*2]�();�*2§>�
<2%���($,
<2§����4,�*5�'x0n5!4&�($,"%4&$&��$&�3+�@�*2A�F���()�M�6T$&2!)�$ 9 �*2§>?
<2!���($,
<2§���*)1��
�'('(�*���($&
<2!))(5!';4.�}+���( �4,
<2!2! #R��D���*)l�����() 9 4,�*)§+��/�+�*2!�*01�*2]�()S"=�*5�/��*23�;0�$&R�'(��';���Q5!2 $&2]����'�/v �4&4&�����A0N5!4,�($,"%4o$&��$,�3+�m- ¨5!2 �5���'��V$&23����'(/# �4&4,�P/�
<$o)($&2 9 "=
<5�/# �23��0�¤�*01�l�*23��'� `¤ ¥&2���'s���*)H/v #'B$& #�($,
<2!)�)(5�'�4,�T2!
<0[�!'��P��
��( �4=���}+��/�+�*2��*0��*2]�())^+�*4,�*���($&
<2!2H+�*)�M
��}+���(5%���� +���^+����_:�*���(5�+�����*2 �!$a_P+��'��*2!��$& �23�;4,�*)���
�'('��*���($,
<2!);�p�}+�*�B���*4&4,�D���}+�*2���'(R<$,�D���*)T�����()@�!��)( */��*5�'B)4�+��R�-��'(�*)N���*)������()[����)� */��*5�'�)n4,
<5�'��!�*)�M8k��*)L����'�2%$,��'�)l2H+�*���*)()($,���*23�[�*2¨��_:���N���*)L��
�'('(�*���($&
<2!)L�!$a_P+��'(�*23���*)���*)� �5���'(�*)�"%5%$&)(C^5���4,�*)�"!'(
����*)()(5!)j����>�'� #R<0��*2]�( #�($,
<2N���Y���Q�! ��!'(
<2!$&)( #�($&
<2L)�
<23�j"%4o5!)8�!5!'�) 9 ���w �5!)()�$<"=
<5�'

� r ~



"!'��*2!��'(�V�*27��
<0�"!���£4,�*)y4,��"!��
<2!)��! �2!)s���*)j�����()�M!
p�*)s��
�'('��*���($,
<2!)y)�
<23�s"% #'y��
<2!)3+�*C35!�*2]�U"�4&5!)��%$,�;��$&4,�*)£- 
��!���*2%$,'*M��
<5�'y5!2!�V/# #'�$& #�($,
<2S��� � �����£4.�«+�*���!�*4&4,�£���}+�*2���'(R<$,�£���*)8�����()y���£)( */��*5!'�)y4B+��R�-��'(�*) 9 4& N)��*���($,
<2S���@�� ����01�*)�5�'^+���P/# #'�$,�T��� � 3 z 3#5 � � � �7M �T270� �5�/# �$&)x+���( �4,
<2!2% #R��l�!�V4.�«+�*2���'(R<$&�V���*)p�F���()1+���($&C^5����3+�*)&%s�*2]��'B `¤ ¥&2��5!2!��/# #'�$& #�($&
<21���U{�M�¾ � ��)(5!'�4& £)��*���($,
<21���@�� ����V01�*)(5!'^+����M]
p�*)��%$a_P+��'(�*2%���*)Y�*2]��'��P���*)����*5�Wx/# �4,�*5�'�)w)�
<23��!5!�*)y �5�WS2!
<0[�!'��*)U���������()�+���($&C^5����3+�*)P���V2�
<2 +���($&C^5����3+�*)T�% �2!)y4,�*)S+��/�+�*2��*01�*23�()V)^+�*4,�*���($&
<2!2H+�*)�M
	 � � �" #�" ¹*¶ ® °^² ³ µ ³ ´�&�° Á�Á ´8²S±�� ¯° ³ µ�Dp´j° ³`­ C ° &j° Á � ° ³`Á


j L��
<2!2! �$o)()( �2!���U���V4.�����;�� ���$,�^+�V�p�}+���($oC35����( #R��l���*):�����()��!�PC35% #' �^)+% 9 �������U0� �5�/# �$&)��U$o���*2]�($&©%�� #�($,
<2���*)������()l���N)� */��*5�'�)£4�+��R�-��'(�*)[�*)��l��'�5!��$& �4,�N"=
<5�'l4& @��+������'B0�$&2! #�($,
<2��!5D2!$,/��* �5����x)($,R<2% �48���£���*)T>?
<2!�!)�MkT���*)(�V"=
<5�'�C^5�
<$p$o48 +���3+���B��
<$&)($ 9 "=
<5�'T����������01�*)(5�'(� 9 ���x2��["% �)T"!'��*2!��'(�L�*2���
<01"%���N5!2%$&C35!�*01�*2]�T4,�*)+��/�+�*2!�*01�*2]�()@��
<5��%4&�*01�*2]�¨+���($&C^5����3+�*) % " 4,�*)x$&2%����'(�($,�(5!���*)N)(5�'14& D)��*���($,
<2§���@�� ����� �5�'� �$,�*23�1 �4,
�'�)¨+���3+�"!'��*)(C35!�l�!
<5��%4�+���*)y"% #'P'� #"!"=
�'(�y �5�W�'^+�*)(5!4,�( #�()P"!'�+�*)��*23�3+�*)V$&��$qM
8�*)�$o2!����'(�($,�(5!�!�*)�)�5�'����*)����;�� ���$,�3+�*)�"=�*5�/��*23�w"!'(
`/��*2%$,'Y���*) �%5!���(5! #�($&
<2!)w)��( #�($&)��($&C^5��*)w�! �2!)w4,�*)w��
<2%2H+���*)����4& ¦)�$&0n5%4& #�($,
<2!)�Mwr�4o4,�*)x"=�*5�/��*2]�� �5%)()($s"!'(
�/��*2!$,'����«+��/��*23�(5��*4&)@�H+�*)( �����
�'��!)@�*2]��'��A4,�*)1��
<2!2�+���*);����4& )($o0n5!4o #�($,
<2 " 4,�*)x$&2!����'��($,�(5!���*)N)�\�)��3+�*0� #�($&C^5��*)1)���'(
<23�14&$B+���*)1 �5�W $&2%����'(�($,�(5!���*)N)(5�'x4,�*)x��
�'('(�*���($&
<2!)1���4.�����@�� ���$,�3+�n���«+���($&C^5����( #R��S- ; #"!"%4&$&C^5���'[- �4& 1)�$&0n5%4& #�($,
<2�M
�T2��;0�+�*��
<2%2! �$&)()( �2%���;'(�*4& #�($&/��;���@¾ � )(5�'[4.�����@�� ���$,�3+�7���«+���($&C^5����( #R��S���*)s�����(){%N�*23��'� `¤ ¥&2!�;5!2��1/# vE'�$o #�($,
<2¦)(5�'[4o �)��*���($,
<2¨���@�� ����@01�*)(5!'^+���7�^M�¾ �7M�
p���( �5�W¨����0; �5�/v �$o)�+���($&C35!���( #R��@�*)��["%4&5!)£�!$&�;��$&4,�A- ��
<2!2% `¤ ¥,��'(�["%'^+�*��$&)3+�*01�*23�T"�5!$&)(C^5��Q$&4�2�+�*���*)()�$,���14& ;��
<2!)(�($,�(5��($,
<2����Q5!2A4&
��T���«+��/�+�*2��*01�*23�()£��'�-�*)T"%5�'P�*2;�����()���L)� */��*5�'�)V4B+��R�-��'(�*)�M �V2��£��'�'(�*5�'U���
��{ �g)(5�'U���L�( �5�W�$o01"%4&$&C^5��T5!2��£/# #'�$& #�($,
<2�)(5!' 3 � � (� � ��� �#M�¾ �7M

	 � � �" #��� ¹*¶ ® °^² ³ µ ³ ´�&�° Á�Á ´8²S± ­ Bm° Á ´j²�°'&j°�± ­ ±Z´ B�µZ¶ À�Á µ ³�¯°
ks
<0�01�@- �JLK 9 4o 14&5!0�$&2!
<)($,�3+�£)���'� �01�*)�5�'^+���S- 1"� #'(�($,'U���Q5!2S"%'(
^���*)�)(5!)y"%�3\�)($&C^5��A+���( �4&
<2�M=k��*)U"!'(
#E���*)()�5!)Y)�
<23��"!'�$&2%��$,"% �4,�*01�*23�j4&�*)Y"!'(
����*)()(5!)Y�!�s�%$a_=5%)($,
<2x$&2�+�*4& �)��($oC35��s"!"1����4&�*)Y"!'(
����*)()(5!)n+�*4,�*����'�
�>? �$,��4,�*)�ZJT'(�*4&4,E 
� �2����U"!'�
^�!5%���($,
<2���� - � M!OF4&)s"=��'�01�������*23�V���Q #�����*$o2!��'(�L5!2!�[$&2!����'(�($&�(5!���£)(5�'P4o 101�*)(5�'(�n���L4& 4&5%0�$&2�
<)($&�3+��- �6��U
j6�
������*2]/�$,'(
<2�¾ � � |v{��qM

�T2��N/v #'�$o #�($,
<2�����¾ � )(5�'£4& 701�*)(5�'(�1���x4& S4&5!0;$&2�
<)($,�^+�N$&2]�^+��R�'�+���7)��x'^+��":��'B��5����1"% #'£5!2��N/v #'B$& #�($,
<2����Ë M�� �Ê)�5�'y4& 1)��*���($,
<2S���;�� ����N01�*)(5�'�+����M�kl���*)��U4.����'('(�*5!'U)�\^)(�3+�*0; #�($&C35!�L4& x"%4&5!)�$&01"=
�'(�( �23���l"=
<5�'y4& 101��E)(5!'(�����;4& A)��*���($,
<2¨���@�� �����M�
j A2�
�'�0; �4&$&)( #�($,
<2¦�!�*)L>?
<2!�!)L)(5!'[4,�*)[�!
<2!2H+���*)L'�+���*4&4&�*)[
<5 4& �01�*)(5!'(�����'� #"%":
�'��()y���L�!$a_P+��'(�*2]���*)V)��*���($,
<2!)U���;�� ����*)P"=��'�0�������'� ����£'�+�*�!5%$,'(�l/�
<$,'(�[�p�}+�*4o$&0�$&2���'y���*)V$&2!����'(�($,�(5%���*)�M6�"%4&5!)s4,
<2!RN����'B01�;�.z#{�{ r E}z#{ ��{ � 9 $&4:�*)��y�*2]/�$&)( #R�+�[�p�Q5��($&4&$&)(��'����*)s"%'(
^���*)�)(5!) ! rHJ���� � * � � � *I� � *
� � � 
 �<� * � � � > � ���P4,�*)P�H+�����*�����*5�'�) ��
�����&�� �I���'� � �!
<2!2! �23�U5!2��£"!'�+�*��$&)�$,
<2����L4.��
�'��!'(�L���[� � � |v{ �qM

/ c�� Z f�� 
�� ��� �;��O Mf 	 OeO:f��UK �xf�1 � � T d���� 1����
	¨fPOgd���� ���
	


j [)��*���($&
<2;���;�� ����l'(�*�B����'��B�H+���l0; vW�$&0;$&)��P5!2!�U>�
<2%���($,
<2@�!�P/^'� �$&)��*0n�%4& �2!���VC35!$���
<01"% #'(� 9 �! �2!)�4,�*))��*$&¢��l�� �2% �5�W@
�'(�(�!
�R�
<2! �5�W7�!�l4q�Q �2! �4,\�)�� 9 4&�T2�
<0n�!'(�£���«+��/�+�*2��*01�*23�()U
��%)���'�/�+�*)U�! �2%)�4&�*)��!
<2!2H+���*) 9 ���y4,�2�
<0n�!'(�£���«+��/�+�*2��*01�*23�()P"!'�+�*�%$,�()s�*2S>�
<2%���($,
<2���� 3 � � (� � M!
8�*)y$&2!����'(�($,�(5%���*)s)�\^)(�3+�*0; #�($&C35!�*)P)�
<23�@+��/v �4&5�+���*)�*2�>Z �$&)( �23�y/# #'�$,��'P��� � � 3 ���! �C^5��[)(
<5�'����L������'('��*5�' 9 "%5!$o)H�*2A4,�*)U��
<0n�%$&2! �23�PC^5! ���'� #�($&C^5��*01�*23��M
8�*)T'^+�*)(5!4,�( #�()l�*2D����'�01�1���N"!'�+�*��$&)�$,
<2�)(�( #�($&)��($&C^5��N���l�p�Q$&2!����'(�($,�(5%���[)�\�)��3+�*0� #�($&C^5���)�
<23�l�*)��($&0�+�*);- ��
<5�'��y����'�01�L���N- ;01
`\��*2A����'�01� 9 "=
<5�'U���*)P4&5!0�$&2!
<)($,�3+�*)y$&23�3+��R�'�+���*)l��� ��{�{;"!� > � ��� ��{1>?� > � M
� r�r




8�*)�/v �4,�*5!'�)H5!�($&4&$&)^+���*)H"=
<5�'H4,�*)�$&2!����'��($,�(5!���*)�)�\�)��3+�*0� #�($&C^5��*)s)�
<2]�y4,�*)�)(5!$&/v �23���*)�M�
��}+�*2���'(R<$,�£���*)8�����()4�+��R���'�)��Z4,
<5!'��!) � �*)(�n�� �4&$,�%'^+���7 `/��*�75%2��@$&2%����'(�($,�(5!�����!�7z � �.� � � � Ë � �qMj
������;�� ���$,�3+�����}+���($&C^5����( #R������*)�����()3%T�*)��U��
<2!2^5��7- @¾ ��"!'*-�*) 9 ���V4,�£�( �5�W����L0� �5�/# �$&)7+���($&C^5����( #R���- ��{ �Ê"!'*-�*)*M
8�*)P$&2!����'��($,�(5!���*)U)�5�'V4& @)��*���($,
<2A���;�� ����x":
<5!'P5!2��[4o5!0�$&2�
<)�$,�3+�[$&23�3+��R�'�+���1��� ��{�{;"%� > � )�
<23�P'�+�*)(5!0�+���*)�! �2%)£4,�1�( #�%4,�* �5m|3M�z^M�
��Q$&2!����'��($,�(5!���x�!5���- �4& �0��*)(5�'(�����14&5%0�$&2�
<)($&�3+�x�*)��n4& S��
<2]��'�$&�%5��($,
<2�"!'B$&2!��$,"% �4&�� Ë M�� � � M:
p�*)V �5���'(�*)T$&2!����'(�($,�(5%���*) 9 ��5!0N5!4B+���*)VC^5! ���'B #�($&C35!�*01�*2]� 9 $o2!�!5!$&)(�*2]�y5!2��£/# #'�$& #�($&
<2����n¾^M � � ���4& 1)(�*���($,
<2����;�� �����M:r�2�©%2 9 4q����_:���P�!�*) �%5!���(5! #�($&
<2!)U)��( #�($&)(�($&C35!�*)y�*)��P���[z �SM
����� *l|3M�z ,�� &�
 * &l� *���� ����� ' & ��� � � *���� � � �?&l� � ��� �=, �I���5
 ' � � � * 
 ���
����e����� �����I
�� ��� ��� *B��� ��
�� *)��� ���
� � ��� �� ��&�� *
	��e��� �0� ���-&�� *�� � *
	��e�����I���5
{�I�j��' � ��*B�j��� *�� ���*B��� �� 1�
 �� � � � ��{�{L�j% > � �


^
<5�'���� � 3 �s�?"!� � � 3 > �?"%� �r�'('��*5�'�)s)��( #�($&)��($oC35��*) � � M r E � � M ruP
�'�0; �4&$&)( #�($,
<2��!�*)y>�
<2%�!) � Ë M Ë E �*¾^M�ztV ��!$& #�($,
<2%)U���*)7+���( #�()l$&2!$,�($o �4%���U©�2! �4 �*¾^MQ{ E � � M�~ky �4&$,�!'� #�($&
<27�!�*)w�����() z � MQ{ E}z � M �OF���*2]�($&©%�� #�($,
<2����*)3% z�~^M�� E}z Ë M��¡A�*)(5�'��L���L4& 14&5!0;$&2�
<)($,�^+� ��r M � E � |3M r
�j
��( �48���*)P)�\^)(�3+�*0; #�($&C35!�*) Ëv� MQ{ E Ë z^MQ{


8�*)U$&2!����'��($,�(5!���*)s)(5�'V4& x)��*���($,
<2����@�� ����["=
<5�'U5!2��£4&5%0�$&2�
<)($&�3+�£$&23�3+��R�'^+���N�!� ��{1>�� > � 
<23�P �5!)�)($P+���3+��*)��($o0 +���*)�Mj
8�*)L/# �4,�*5�'�)£5��($o4&$&)^+���*)£"=
<5�'L4,�*)n$&2!����'(�($&�(5!���*)£)�
<23�[4,�*)L)�5!$,/# �2]���*)�Mwk��*4&4,�*)L4o$B+���*)@- A4& �2!
�'�0� vE4&$o)( #�($,
<2m�!�*)x>�
<2!�%)n)�
<23��4,�*)x0�¤�*01�*)�C^5��7"!'�+�*�%+�*���*0�01�*23��M�
j �'B �$&)�
<2�"!'�$&2%��$,"% �4,�;�!�7���*)101�*)�5�'(�*)x���"!'�+�*�� �5!�($,
<2��*)��14& A0�+�*��
<2!2% �$&)()( �2!�������*)x$&2%����'(�($,�(5!���*)n)�\�)��3+�*0� #�($&C^5��*)x�(�H+��
�'�$&C^5��*)x���N��W^"s+��'�$o01�*2]�( �4&�*))(5!'T4,�*)l)��*���($&
<2!)l���;�� ����*)L���*)T>?
<2!�!)�M=�w #'L��
<2]��'�� 9 �! �2!)l5!2�)(�%+�*2! #'�$,
S
�"!�($o0�$&)���� 9 4,�*)l$&2!����'(�($&�(5!���*)T)(5�'4.����_=���l���*)T'� ��!$& #�($,
<2%)V���*)A+���( #�()L$&2%$,�($& �4����l©%2! �4 9  �$&2!)($�C^5��N4q�Q$&2!����'(�($,�(5%���[)(5�'T4& 70� �)()��x�!5DC35! #' ����
�""=�*5�/��*23�P¤����'(�l'�+�*�!5!$&�()�"% #'s5!2�>Z ������*5�'y���*5�WA�Z)�
<$&�s¾ � ���Q$&2!����'��($,�(5!���U)(5!'�4& [01�*)(5�'(�T��� � & ��� � Ã ��� � � �)(5!'l4o �0� �)()����!5�C^5! #' �D��
�" � Mp
p�*)[$&2!����'(�($,�(5%���*)T��W^"s+��'�$o01�*2]�( �4&�*)L"=
<5�'('� �$&�*2]�l �5!)()($s¤����'(�@�!$&0�$&2^5�+���*);- z �����Q$o2!����'(�($,�(5!�!�V)(5�'y4.�«+�*�B���*4&4,�L���«+�*2���'�R<$,�L���*)8�F���() 9 z �����Q$&2!����'(�($&�(5!���l)(5�'y4.�}+���($&C^5����( #R��[���*)j�����()s���P¾ ����Q$o2!����'(�($,�(5!�!�T)(5!'U4,�£�( �5�W����L0� �5�/# �$&)��L$o���*2]�($&©%�� #�($,
<2�M
8�*)s��_:���()U�!�l���*)P$&2!����'(�($,�(5%���*)s)�
<2]�y'�+�*)�5!0 +�*)P�! �2%)�4&�T�( #��4,�* �5A|3M��^M%
��Q$o2!����'(�($,�(5!�!�T�!5!��- x4& x01�*)�5�'(�£���4&5%0�$&2�
<)($&�3+�y�*)(�H��
<5v��
<5�'�)�4& n��
<2]��'�$&�%5��($,
<21"%'�$&2!��$,"� �4,�[�.�^M�¾ � � M�
p�*)� �5���'(�*)�$&2!����'(�($&�(5!���*) 9 ��5%0n5!4�+���*)sC^5! vE��'B #�($&C35!�*01�*2]� 9 $&2!�!5%$&)��*23�p5!2���/# #'�$& #�($&
<2n���s�^M�z � ���H4o V)��*���($&
<2[���;�� �����M<rH2�©%2 9 4.����_:���Y���*) �%5!���(5% #�($,
<2!))��( #�($o)��($&C^5��*)s�*)��P$&2!>*+��'�$,�*5!'(�£ �5�"=
<5�'�EG���*23��M
����� *l|3M�� ,�� &�
 * &l� *���� ����� ' & ��� � � *���� � � �?&l� � ��� �=, �I���5
 ' � � � * 
 ���
����e����� �����I
�� ��� ��� *B��� ��
�� *)��� ���
� � ��� �� ��&�� *
	��e��� �0� ���-&�� *�� � *
	��e�����I���5
{�I�j��' � ��*B�j��� *�� ���*B��� �� 1�
 �� � � � ��{ �q% > � �


^
<5�'���� � 3 �s�?"!� � � 3 > �?"%� �r�'('��*5�'�)s)��( #�($&)��($oC35��*) �#M�¾ E �#M�¾uP
�'�0; �4&$&)( #�($,
<2��!�*)y>�
<2%�!) � Ë M Ë E �*¾^M�ztV ��!$& #�($,
<2%)U���*)7+���( #�()l$&2!$,�($o �4%���U©�2! �4 |3M�¾ E«|3M �ky �4&$,�!'� #�($&
<27�!�*)w�����() �*¾^M � E �*¾^M ËOF���*2]�($&©%�� #�($,
<2����*)3% � �#M�¾ E ��{�M�~¡A�*)(5�'��L���L4& 14&5!0;$&2�
<)($,�^+� z r M�~ E}z�~^M��
�j
��( �48���*)P)�\^)(�3+�*0; #�($&C35!�*) � {�MQ{ E}�<|3M r

z#{�{



/ c«b � ���UQ ��� 
��;���


��Q �2! �4,\�)��T"!'^+�*)��*23�3+���n n"=
<5�'��%5��s���T"!'�+��"% #'(��'U4o n01�*)�5�'(�l���T4o n)��*���($&
<2S���;�� ����L���l"!'(
��!5!���($,
<2@���"% �$&'(�*)����TC35% #' �^)���
�"� �5�"!'*-�*)s�!5;��
<4o4&$&)($,
<2%2��*5�'��! ���'�
<2!$&C^5��U
8i£kTM2�T2��T)3+�*4,�*���($,
<2S ¨+���^+�£0�$&)(�V �5@":
<$o2]��*2� ��% #"!�( �2]�V4,�L)( */�
<$&'�Eq>? �$&'(�[ ���C^5!$&)U �5�)(�*$&2����L4& 1��
<4&4o #�:
�'B #�($,
<2�JLKNM
8�*)1+��/�+�*2��*01�*23�()s� ( �H)�
<23��'(�*�B����'��B�H+�*)��% �2!)�4,�V�� �2! �4%4,��"%��
<2 *x�F���()H
p-5;4&�P4,��"!��
<2;�*)��H)�
<$&��5!2§+�*4,�*����'�
<2)�
<$&�T5!2�0N5�
<2�M8k��1�� �2! �4Y��
<0n�%$&2��1���Q5%2��n"� #'(�£5!2��1)($,R<2! #�(5!'(�n'��*4& #�($,/��*01�*23�£"!'(
�"!'��n"% #'£4& 7"!'�+�*)(�*2!����!5@4,��"!��
<2 +�*2���'(R�+���($&C^5��L$&)�
<4�+� 9 ���y���Q �5���'(�T"% #'(�s5!2;'� #"!"=
�'(�H�p���*0[�!'B �2!�����*0��*2]�;+�*4,��/�+�;�.�#{ � � M!6V57
8i£k 95!2!�£"%4&5!)s>?
�'(���L"!'�
^�!5%���($,
<2����}+��/�+�*2��*0��*2]�()l� ( �n�?�*23/�$,'(
<2�~ " ��{ �L"% �$,'��*)y� ( �U"% #'U>?� > � ���n��
<2!2�+���*) � ���T5!2'� #"%":
�'��s)�$,R<2! �4=)(5�'y�!'B5!$,�y�!$aW;>?
<$&)y"�4&5!)�R�'� �2!��C^5��Q �5��j���� #��'(
<2�":��'B01�������*2]�U�p�Q #"!"%4&$&C^5���'s���*)U��'�$&��-��'��*)"%4o5!)n)^+�*4&�*���($,>?)*M�r�2§"%4o5!)x����4& �)3+�*4,�*���($,
<2 ���*) +��/�+�*2��*0��*2]�()@�*2�>?
<2!���($,
<2�����4& �)($&R<2! #�(5�'(�S'(�*�B����'�����+��� 94.�Q �2% �4,\^)(�S- 76��U
86�
���
<2]�($,�*23�£���*5�WA2!$&/��* �5�WA���x)3+�*4,�*���($,
<2�)(5�"!"�4B+�*01�*2]�( �$&'(�*)P"� #'T'B #"!"=
�'(�N- S4.�Q �2! �4,\�)��- �J£KxM8OF4&)£
<23�¨+���3+������
<$o)($&)[�!��>? :X��
<2 - �'^+�*�!5!$,'(�@4,�*)[$&2%����'(�($,�(5!���*)[)�\^)(�3+�*0; #�($&C35!�*)N)�5�'[4.�«+��/# �4&5! #�($,
<2��!52!$&/��* �5����*)P�!$,_P+��'(�*23�()y>?
<2!�!) 9 ���P4&�*)U$&2!����'(�($&�(5!���*)s)(5�'P4o 1�� �4&$,�!'� #�($&
<2����*)������()�M

��Q �2! �4,\�)��x�*)��[)^+��"% #'�+���@�*2¨)��*$,¢����� �2% �5�WD��W���4&5!)�$,>?)T�*2�>?
<2!���($,
<2¦�!5��}\3"=���!5¦4&��"!��
<2 9 ����4& S0N5!4,�($aE"%4o$&��$,�3+�L��
��( �4,�N�*2x�����()P���l���[4o ;0N5!4,�($,"%4o$&��$,�3+�l�*21�����()�+���($&C^5����^+�*) %�M=k��������N'�+��"% #'(�($&�($,
<2A)���'B ;5��($&4&�L�*2�/�5������4q�}+��/# �4&5! #�($&
<2 �!5m2!$,/��* �5¨���*)[>�
<2%�!)L0N5!4,�($ �����() 9 5 *¨�F���() 9 @ *¨�F���()n)(5�'[4,�*)[��
<2!2�+���*)n'^+���*4&4,�*) 9 )��*4,
<24.����W�"s+��'�$,�*2%���;���;4& ���
<4o4& #�=
�'� #�($,
<2¨JLKNM�
8 �"!'�
�":
�'��($,
<2¦���}+��/�+�*2��*0��*2]�()1���@)($,R<2! �4w���N����>?
<2!�!)£�*)��n�*)FE�($&0�+���n���£0� �2!$.-��'(�L$&2%�H+��":�*2%�! �2]���L�% �2!)y���! ���5%2����£���*)P�� �2! �5�W:M!
j 101�*)(5�'(�L�!�l4o 1)��*���($,
<2����;�� ����[�*)����_=�*���(5H+���P"% #'�4o T0; vW�$&0;$&)( #�($,
<2x���Q5!2!��>?
<2!���($,
<21�!��/^'� �$&)(�*0[�%4o �2!���yC35!$���
<0n�%$&2��y4,�*)w'�+�*)�5!4,�( #�()��!�*)Y)��*$,¢��)^+�*4,�*���($&
<2!)�M8k��������1>?
<2!���($,
<2����N/3'� �$o)��*0[��4& �2!���N":��'B01���T �5%)()($w���N���*2!$,'£��
<01"!���1���x0� �2!$.-��'(�12! #�(5!'(�*4&4,����*)T$&2!����'��($,�(5!���*)V)�\^)(�3+�*0; #�($&C35!�*)l���l�!�n4,�*5�'B)V��
�'('�+�*4o #�($,
<2!)l�! �2!)T4,�*)T�!$a_P+��'��*2]�()£�� �2! �5�W�)(5�'T4& @)(�*���($,
<2���;�� ����N01�*)(5�'�+����M

8�l'^+�*)(5!4,�( #�U���£���������[ �2% �4,\^)(�l��
<2%�!5!$,�s �5�W7$o2!����'(�($,�(5!�!�*)�)(�( #�($&)��($&C^5��*)����U)�\�)��3+�*0� #�($&C^5��*)U)(5!$&/v �23���*))(5!' 3 �?� ( � � "

� 3 z 3 5 z ���Z)��( #� � � | ��~ ���Z)�\�)�� � ":
<5!'U� 5 ��{�{�"!� > �
���

� 3 z 3"5 {���z ���Z)��( #� � � � ��~ ���Z)�\�)�� � "=
<5�'U� 5 ��{1>?� > �
"=
<5�'�5%2��P4&5!0;$&2�
<)($,�^+�P$o2]�^+��R�'�+���£��� ��{n>?� > � M^6V57
8i£k 9 4& L01�*)(5!'(�P���T4& [)��*���($&
<2;���;�� ����l���V"!'(
��!5!���($,
<2���N"% �$,'��*)T�!�xC^5! #' ��)l��
�"¨)���'� S��
<2%�N4o$&0�$,�^+���x��'�-�*)£'� #"%$o���*01�*23�V"% #'L4o @��
<2!2% �$&)()( �2!���1�!5���+�����*�����*5�'n������*)��!'B5!$,�()����V>?
<2!��M���
<5�'y'�+�*�!5!$&'(�T���*)y$o2!����'(�($,�(5!�!�*)H)�\�)��^+�*0� #�($&C^5��*) 9 5%2��T #"%"!'(
������£��
<2!)($o)����1- 15!�($&4&$&)���'���*)HRj+�*2H+��'� #���*5�'�)U'^+�* �4&$&)����*) 9 ���[- n �0�+�*4o$,
�'(��'s4& n�!�*)(��'�$,"!�($&
<2��!57�H+�����*�����*5�'*M!
��Q �5!��'(�T #"%"!'(
������T��
<2!)($&)�����- 5��($o4&$&)���'8�%$,'(�*�����*01�*23��4&�*)��!
<2!2H+���*)�":
<5!'�01�*)�5�'(��'w4,�*)8"=��'(>?
�'�0� �2%���*)��!�*)j �4,R�
�'B$,�(�!01�*)w���H'(�*��
<2!)���'�5%���($,
<2���P�p�Q$&���*23�($,©%�� #�($,
<2����*)U
����F���()*M�
p�*)P�! �2�R���'�)V���L���������N)(�*��
<2!���[ #"!"%'(
^�B���L)�
<23�V �4,
�'B)U4,�*)y�%$o �$&)yC35!�[4,�*)��
<2%2H+���*)y"=�*5�/��*2]�V$&2]��'�
^�!5%$,'(�l�! �2!)y4,�*)U �2% �4,\^)(�*)�M


j �)��*���($,
<2§���;�� ��������S"!'�
^�!5%���($,
<2 �!�SC^5! #' ��)N��
�"�"% #'1$&23����'� ����($,
<2§>?
�'(�����*)��1$&23�3+��'��*)()( �23���A2�
<2)��*5%4,�*01�*23�£":
<5!'L���*)�����'x4& ! ksJÊ���N4,��)��*�����*5�'¨+�*4,�*����'(
�>Z �$,�%4,� 9 0� �$&)£�*4&4&�1�*)��¦+��R< �4,�*01�*23�x)��*2!)($,��4,�A- �4& 2�
<5!/��*4&4,�l"%�3\^)($oC35��@- ���'� */���'�)T4.�Q ���
<5��P���L2!
<5�/��* �5�W��!$& #R�'� �0;01�*)U���L"%'(
^�%5!���($,
<2��!5!)[- @���*)U2�
<5!/��*4&4,�*)"% #'��($&��5!4,�*) 9 
<5�- S4.��
<5!/���'(�(5�'(�x���x2�
<5�/��* �5�W��� �2% �5�W����x�H+�*)($&23�3+��R�'� #�($,
<2¨�!5DC^5! #' ����
�"pM��w #'l��W^�*0�"%4,� 9
z#{ �



4.����W�$&)����*2%���T���V�=
<)�
<2!)����TiT$,R�R<)s���% #'(Rj+�*)U�! �2!)s4,�T�� ���'(�£���V0�
^��-�*4,�*)s)��( �2%�! #'��S2�
<270�$&2!$&0; �5�W�- x���*5�W��
<5!�%4,���()y���LiT$,R�R<)y"=
<5�'('B �$,�*2]�y01
��!$,©%��'U���£>? :X��
<2A/^$o)($,�%4,�l4& 1)��*���($&
<2����;�� ����[� ( �V01�*)(5�'�+����M

z#{<z



� ���������	�	
 �

� ����� � 
 ��� � � � ! ��
������'� ! � � � ��� � � ! �
� �
	�	 � ��� � 
�	 
���

����� ����������� 1�� �!�"�#���%$����#�&$��
')(+* �-, ( �/.�10�� *2* �@�43 (5*�6 �������874390(�2,,�;:3=<>3@?A, * �1� ( .�1BC,&��� (46 �;�����=
 * 
 (5* �!�EDF,HGIG *J6�K 3902G&.� *1L 740M.�*�5,,� *�53 (4* <,� * ?1
��N:�O<,� *J* �23 ( �5390�� ( 
 ( ?A, ( ,H?E3IPCQR:3����OPSQ���
TP!�4<,��� * ���EDU,VGIG *1WYX � * ?1
��N:�O<,� *J* 
 ( �[�Z.� 6 0[,,� *�53 (4* <H3!7\390(�2,,�[� K .��
I0[,H]/P!� W\^ 3@�
.� * , ( �/.�1GI0�3#�2,,
 ( ���-P ( ]/P5390�_���
I7�� ( �=
 * 
 (5* �!�JDF,HGIG *F6[K 3902G&.� * 750(
��5P5,,�

P ( .���23#�a` ( 3I<��5,cbd.�10�� ( �T��� 6 �O<HP5,%3#����� ( �5PD�53 (5* <,� 6 3��S0(�[�5Pfe�
��#:�O<,�!g^�23 ( �5390�� W5h QC7Z.�10�,H?1� ( �23I<,�O?1� ( � L
<,� ( 
T?n�50(���p�i.�1B�.� ( �O?1� ( � * � ( �E3#����� ( �5P * �53 (5* <,� 6 3 ( 3I<Ejk<,�17!��
 ( * ����� *2l B9390�,,��� (nm 
 (56 �2,,
 ( �!� *!6 
TPCo
74<>39G�� * ��� * �=
 * 
 (5* ����DF,HGIG *U6[K 3902Gp.� * 3IPCQ;74390(�2, 6 P5<&� * �5PqeA
^�#:�O<,�Ag^�23 ( �4390�� WNr , (4* ,8���OPSQ��sb:��� * B�
 ( �
* �-3���
TP����10ut%��
TP��T���-3#�=
I0��v<>3��5, * 7\390�,,�2,,
 ( ���w.�1B�.� ( �O?1� ( � * �)( �V�53 (4* <,� 6 3 ( 3I<djk<,�17%��
 ( *A����� *2lCL ���V� (4* P5,,���
<.�-397474390�,,�2,,
 ( ���w.�1B�.� ( �O?1� ( � * � ( ���53 (4* P ( 3IP��k0(� 6 3 ( 3I< L ������
 (56@( 
 (n* .�O<,� 6 �2,&
 (5( .�=74390E<q�-3 ( 3I<Vx * � WyX � *�sb=��� *J* 
 ( �L���-3IP��23 ( ��74<>P * GI0�3 ( � * ]MP��A<H3 * � 6 �2,,
 ( �1z 6 3 6 �7���!750(
��5P 6 �2,,
 ( � ( � ( 
 ( e�
��N:�O<,�8g^�23 ( �5390��� * �{,>?!7=
I0(�23 ( ��� W
X � *y6 
TPS74<>39G�� *1L ������
 (56 <H3 * � 6 �2,,
 ( �1z 6 3 6 �T���Z<H3 6 , ( .�O?E3#�2,H]/P!�P���d<.�w.���23#�|` ( 3I< L �
.�17:� ( ��� ( �H���V���OPSQ

74390[3I?}:���k0(� * tM<&�F0�39747:
I0��H��� * B93I<,�OPS0 * ��� *|6�K 3I?A7 * ��� * ���OPCQ@��
TP!�4<,��� * ���UDU,VGIG * �53 (5* <,�UBM,o���u~?�23 (d�p�[L���a<H3E?E3 *2* �x��� * �=
 * 
 (4* ����DU,VGIG *F6[K 3902Gp.� * ~��v�Z� �[WN^ �w.���2P!���!37��
 (56 .���/.�!0C.�O3I<>, * .���x� (;m 
 (56 �2,,
 ( ��� 6 � *���OPSQ�74390�3I?@:���k0(� *1W �23 ({� B�390�,&�@� ( �k0(�@� W�� ��� �1�I�f7=
TPS0x��� * B�3I<&�OPS01����� � � 6 
T?!750�, * � * � ( �k0(�=�9�D���
�O�9�!�T�1������� WCX � * 74<>39G�� * ���UB93I<,�OPS0 * 0(� * 7=� 6 ��� ( ��<,� *Z6 
 ( �k0�3I, ( ��� * � K .��
I0[,H]/P!� * ���|<,� * <H,H?A,&��� * �sQS, * �23 ( ��� *1W
��
TPS0 6�K 3I]MP��)7=
T, ( �s�!��<.��� * 743 6 �L��� * 74390�3I?@:���k0(� *1L ,H< m 3IP!� 6 3I< 6 P5<,�10{<,� ( 
T?[�50��T��
��23I<j���i.�1B�.� ( �O?�� ( � *��� * ,VG ( 3I<]��� �w���Y�����50�P5,,� * ��� m 
 ( � L ����<,� 6 
T?!74390(�10d:3 6 �O<HP5,M3#����� ( �5Px�53 (4* <,� 6 3��S0(�y�5P�eA
^�#:�O<,�dg^�23 ( �5390��

P ( ,H]/P!�O?1� ( � W\^ 3AB93I<,�OPS0T����<H3 * � 6 �2,,
 ( �1z 6 3 6 �x� � �a?1� * PS0C.���u7=�10�?1���U3I<,
I0 * ��� 6 
 ( �k0�3I, ( �50(�J<,� * B�3I<&�OPS0 *� K .��
I0�,>]/P�� * ���£�23 ({� ���d� � � W
����� ���������������#�2�F���!�����!�U�!�¡ �����£¢��N�[¤��2�� �����
^ � * .�1B�.� ( �O?�� ( � * ��� �Y
 ( ��.���/.�dG&.� ( .�10M.� * 3OB�� 6U¥J¦%§\¨J©Sª�« �O¬9­ L � ( , (56 <>P53 ( ��<,� *�6 
TP574<H39G�� * ��� * �:
 * 
 (5* ���

DU,VGIG *Z6�K 3902Gp.� * 3®B�� 6 <&� * 74390(�2, 6 P5<,� * �5P8e�
��#:�O<,��g^�23 ( �5390B� WMX ��� * �ZP ( Gp.� ( .�10�3#���OP50�� �ntM<,� *Z* � 6 �2,,
 (5* �1z!o
6 3 6 � *|* 
 ( �y0(� ( 
I0�?A3I<H, * .��� *Z* PS0Z<H3 * � 6 �2,,
 ( �1z 6 3 6 �V��� �s�5P�eA
��N:�O<,�ag^�23 ( �5390�� m 
TPS0 ( ,,�{74390|¯U°�±�²%³ ¦´« �I�9­ W
h �23 ( ���!
 (5( .�d<H3 * �23#�2, * �2,H]MP��{,H?!7=
I0(�23 ( ����:3)750�
^�5P4,V0(�Z7:
TP50 6 �������=.���2P!���F74390�3I?µ.���k0�,>]/P�� L <,� * .�1B�.� ( �O?1� ( � *
* 
 ( �+0(� 6 
 (5* �k0�P5,,� * 74390�¶5·N³¹¸O¶&ºO· « �I»9­ W�^ � * �1z 6 3 6 ,&�/.� * ���R0(� 6 
 (5* �k0[P 6 �2,,
 ( ���m���-,o��� ( �2,H` 6 3#�2,,
 ( ��� *

� �T¼



.�O<,� 6 �k0(
 (4*1L ��� * ?uP�
 (5*OL ��� * �23IP * ���1��� * ����� *�* 
 ( �n� (5* P5,,��� ( 
I0�?A3I<H, * .��� *u* PS0 6 �O<H<,� * 
��!��� ( P�� *�* PS0�<,� *
.�1B�.� ( �O?1� ( � * ��� �{Gp.� ( .�10C.� * 74390U¯U°�±�²%³ ¦ ���F, *2* P * ����<H3�0(� 6 
 (5* �k0[P 6 �2,,
 (=6 
T?!7\< :����� W
����� � � �������k�! � �!�"�� �
¤2���p�#�2�F���!���  ���� �y���	� �y�U����

�

^ � *J* ,HG ( 3#�2PS0(� * ��� * .�1B�.� ( �O?1� ( � * � � �N�53 (5* P ( ?1
��N:�O<,�q:3����OPCQ¨��
TP��\<,��� * ���EDU,VGIG * �
.�17=� ( ��� ( �[����23 (�� �����v�Z� Wyh <><,� *!* 
 ( �;�
.� 6 0�,,��� * �53 (5* <&� 6�K 3974,&�k0(��� K .��
I0�,,� WZ^ � * �1z 6 3 6 ,,�/.� * �!�@750M.� * .�O<,� 6 �2,,
 (#L ���

* .�O<,� 6 �2,&
 ( �4P * ,VG ( 3I<���� �V���a<,� * �1z 6 3 6 ,,�M.� * �5P 6 0�,,�s:�10(�x��� * .�O<,� 6 �2,&
 ( ��
I7=
T<,
IGT,>]/P�� * 
 ( �d750C.� * � ( �/.��� *�* PS0U<H3
`5GTP50(��� W ¼ W��9W

)2 (GeV/c±Hm
60 80 100 120 140 160

 (
lo

g
.)

β
ta

n
 

-110

1

10

210

0

0.01

0.02

0.03

0.04

0.05

0.06
(selection)ε

)2 (GeV/c±Hm
60 80 100 120 140 160

 (
lo

g
.)

β
ta

n
 

-110

1

10

210

0.4

0.45

0.5

0.55

0.6

0.65
(vraisemblance)ε

�����	��� W ¼ W������ �"!$#&%('*),+-)/.0%1!"%�24365)879);:<5)�=>)1%�3?2?@$AB79)C:D5)CEF5)CA
)CG,)CA*3?:�H�IH8A
@JALK�@M7FN)�=>)�O*3P!$AQ7"!$RS7"TF�U7$R�@$2/3V)CWX)/.Y%1!"%�2/365)87$#
%�RC243"N)CR1)�79)�EMRS!$24:Z)CG8[Z=\!$A
%()	:1#]R	79)C:�5)CEF5)CA
)CG,)CA*3?:^H�IH	A
@JA_KL@M7`N)�=>)�O&3P!$A
7"!JRS7$Wa7"!$A*:b=>)dc
=\!$A�e/H(fJg^hjiSkmlonFpMT

^Xq 74<H3 ( ~sr23 (d��t �v�Z� � 7 q Purwvq rk0 qLx .qO6"y PS7|.qzqO( rk0 y , * 0M.q GT, yT(5*1W
{ � y P50 xuqO* B�3I< q PS0 *,xuq r23 ({�}|~�9L < qO*��ayT*MyT(5*,���n*Mqzx .qO* , ( rs:q GI0 qO( r)?A3&� y 0�,?r23I,V0 q ? qO( r qO( < q 7Fr yT(5*
� �����F�*� W#^dqO*a6 3 ( 3IPCQ�j ��� � q r *�lYq r@j x ,>< q 7Fr yT(5*2l�*MyT( r m 3OB y 0[, * .qO* 3IP x .q rk0�,H? qO( r xuqO*a6 3 ( 3IPCQ
jk< q 7Fr yT( � � q r *2l�q r+jZr y Pur K 3 x 0 yT( ,H]MP qOlCWY^ 3q?uP5<?r2,V74<>, 6 ,?r/.qDqO( � q r *!* .q < qO6 r2, yT(5( .qO*�qO* r´.q GT3I< q ? qO( r
74<HP *
m 3I, � < qIWC^ 3 * .q < qO6 r2, yT( r y 7 y < y GT,H]/P qwxFqa6"qO* .q B�.qO(uq ? qO( r *�xFyT(5(uq_xuqO* 7 q 0 msy 0�?A3 (56"qO*|* ,H?E,H<H3I,V0 qO*
:3 6"q <H< qO*zxFqO*�� 0�P5,?r *�xuq�msyT(FxU� �����]�Z� q r��1�$�s�<�
�����1���	 JB y , q r WY^�¡¢q z 6 3 6 ,?rM.q�xFq8* .q < qO6 r2, yT(�xuqO*
.q B�.qO(uq ? qO( r * r � r|3OB qO6 3IP�? y , (5* P (D�ayT*MyT(Yxuq DU,VGIG *|6�K 390�G&.q ~ 3IPurk0 q ? qO( r x ,?ruj (uyT( e y£x :q < q g¤r23 ( o
x 390 x5l¹�-qO* r x^¡¢qO( BM,H0 yT(��MW��o¥8L�*My ,?rp]/P53Qrk0 qymsy , * ? y , (5* ]MP q
6"q <H< q	xuqO* .q B�.qO(uq ? qO( r * r�� r x 3 (4* < q e y£x :q < q
g¤r23 (Fx 390 x�W

{ � y P50 xuqO* B93I< q PS0 *Bxuq r23 (d�§¦¨�©q r�� � � ¦¨�"ª �´� q ����� � L < qO*��ayT*MyT(5*Bxuq DU,VGIG *�6�K 3902Gp.qO*8*Mq
x .qO* , ( rs:q GI0 qO( rf?A3&� y 0[,?r23I,V0 q ? qO( r qO( ]MP53902_ * � �� W{^ 3 ?uP5<?r2,V7\<H, 6 ,?rM.q«qO( < q 7Fr yT(5*�xuqO* .q B�.qO(Fq ? qO( r *
r�� rdr y P *p6 3 ( 3IPCQ 6"yT(SmsyT(Fx P *�x ,H?A, ( P qIL16"q ]MP5, *¬q rk0�3 x P5,�r#74390&P ( 74<HP *#m 3I, � < qY(Fy ? � 0 q	x^¡ .q B�.qO(uq ? qO( r *
x 3 (5* < q
6 3 ( 3I<Yjk< q 7Fr yT( � � q r *2lCW �Y390 6"yT( rk0 qIL <H3F?�P5<�r2,V74<H, 6 ,�r/.q	qO( � q r *Y* .q < qO6 r2, yT(5( .qO*bqO* rp74<HP * GI0�3 (FxFq t
¼ W�� ¼ qO( ? y x qO(5(uq|6"yT( rk0 q{�MW �I» x 3 (5* < qZ6 3 x 0 q8x PJ? y£x :q < q g¤r23 (Fx 390 x#W®^dq|6 0�,?r1:q 0 q8xuq B/0[3I, *Mq ? � <H3 (56"q
* .q < qO6 r2, yT(5(uq ?A, q PCQ ~ qO( rk0 q �9� q r!�I» ¥A�J6"qO* .q B�.qO(uq ? qO( r *A6 390!< qO* 750 y 750�,�.q r/.qO*�6 , ( .q ?A3Qr2,H]MP qO*zxuqO*
� q r * , *�* P *wx P �ayT*MyT(­� � y P � � *MyT( r *Mq ? � <H3 � < qO*1W#^�¡¢q z 6 3 6 ,?rM.q r y r23I< qDxuq!* .q < qO6 r2, yT(­xFq 7\3I,V0 qO*
r � r (uyT( e y¤x :q < q g¤r23 (Fx 390 x©qO* r xuq < ¡¢y 0 x 0 q_xuq��6¥8W

� � ª



{ hy( ` (�L 7 y PS0 xuqO* B93I< q PS0 *�xuq r23 (d��¦ �Dq rz�v�
� | �"ª �+� q �)���s�8< q ? y£xuq0xuqYx .qO* , ( rM.q GI0�3Qr2, yT(
�«� � � ��� qO* r xuy ?A, ( 3 ( rAt&<H3@?�P4<?r2,V74<H, 6 ,?r/.qzqO( 74390¬r yT(5*�xuq < ¡ .q r23Qru` ( 3I< qO* r�74<HP * GI0[3 (FxuqIL 3®B qO6
(uy r23I?A? qO( rd]MP53Qrk0 q ]MP53902_ * � W��F( .q r23QrF` ( 3I<ar�� r{3OB qO6 P ( ]MP53902_Yr y 7 *Mq�6"y PS7\<H3 ( r{3IP �-yT*¬yT(�� �
7 y P5020�3I,?r�vq rk0 q � ���� ~ � � � � ~ � � � � � ~ �&� � � ��� � ~ �6��� � �[W5^	¡¢q z 6 3 6 ,?r/.q�xuq)* .q < qO6 r2, yT( xuqO* .q B�.qO(Fq ? qO( r *
r�� rd3OB qO6 3IP=? y , (5* P (��ayT*MyT(�xuq DU,VGIG *{6[K 3902G&.q�qO* rd<H3�74<HP * .q < q B�.q9qIL\*¬y ,?rF¼ ¥§qO( BM,H0 yT(#W
� y PS0 6[K 3 6 P (uq_xuqO* rk0 y , * 0C.q GT, yT(5* x .q ` ( , qO*Z6 ,co xuqO*2* P *1L < qO* `5GTP50 qO* � W ¼ W�� ? yT( rk0 qO( r�P (uqU6"y ?!74390�3I, *MyT(

x P (Fy ? � 0 q�x^¡ .q B�.qO(uq ? qO( r * 3QrMr qO(Fx P * 3OB qO6�q r * 3 (5*8�ayT*MyT(5*,xFq DF,VGIG *d6�K 3902Gp.qO*1WN^ 3 x ,cbd.q 0 qO(46"q�qO( rk0 q < qO*
(uy ? � 0 qO*;x^¡ .q B�.qO(uq ? qO( r * 3QrMr qO(Fx P *	x 3 (4* < qd6 3 x 0 q�x P�e y£x :q < q g£r23 (Fx 390 xDq r
< q ? y¤x :q < q :3 xuq PCQ xuy P � < q r *
xuq DF,HGIG *�qO* r (Fq rMr q ? qO( raBC, * , � < qIW�'a( y
�4*Mq 02B q .q GT3I< q ? qO( r�P («x .qO6 3I<H39G qBqO( ?�P4<?r2,V74<H, 6 ,?r/.qLxuq � q r * qO( rk0 q
< qO* xFq PCQ}? y¤x :q < qO*OW

jet multiplicity
1 2 3 4 5 6

1-
ta

g
 e

ve
n

ts

0

100

200

300

400

500 Total MS
± H→ tt

 l+jets→ tt
+jetsτ → tt

 ll’→ tt
 jets→ tt

tqb
tW
tb

 ee→Z 
µµ →Z 
ττ →Z 

W+jets

jet multiplicity
1 2 3 4 5 6

1-
ta

g
 e

ve
n

ts

0

100

200

300

400

500 Total MS
± H→ tt

 l+jets→ tt
+jetsτ → tt

 ll’→ tt
 jets→ tt

tqb
tW
tb

 ee→Z 
µµ →Z 
ττ →Z 

W+jets

jet multiplicity
1 2 3 4 5 6

1-
ta

g
 e

ve
n

ts

0

100

200

300

400

500 Total MS
± H→ tt

 l+jets→ tt
+jetsτ → tt

 ll’→ tt
 jets→ tt

tqb
tW
tb

 ee→Z 
µµ →Z 
ττ →Z 

W+jets

�����	�d� W ¼ W�������@$G [�RS)87
	�5)CEF5)CA
)CG,)CA*3?:��CI�;!$3?3V)CAQ7$#]:8!(cQRoN)C:�:<5)�=>)S%�3?2�@$AB)C3X!�
"!JA*3�)��"!"%�3V)CG )CA*3X#6A��¬)C3_5)C3?2���#Q)C3]5)��JW<c6@$#]R	#]Ao)
= #]G�2/AQ@$:12/365)�2/A&365)S�$R¤5)M);79)������bco[���� c6@$#]R�3?RS@$24:^c6@$2/A*3?:	7")	=�	 )C:�c6!"%()�79)C:^c6!JRS!$GDN)C3?R1)C:�T �£)�A
@$G8[�R1)�7
	�5)CE`5)CAo)CG,)CA&3?:dHSIH 7"!$A&:�=>)
%1!"7$R1)^7$#bK�@M7FN)�=>)jO*3P!$AQ7"!$RS7	)C:13oR1)VcQR¤5)C:�)CA*3]5)X!Cc"c6!$R�!"!# 3;5)S�"!�=>)CG,)CA&3VT]�D�"!J#*%('&)CW
=>)a%('&@$2$�b7")^e/H(fJgah&%('�)]i+*-, n %/.�)10�243654798Zp
: !$EJ@$R(2/:�)�=>)C:L7-5)C:12/A&365)S�$RS!$3?2?@$A*:<; �>=@?BA�C T �X# %()CA&3?R1)CW =\!�R¤5)S�$2�@JA«e/H(fJgdhD%E)GF H]iI* , n>%E.�)J0�2�3K547L8�p : !$EJ@$R(2/:�)�=>)C:
7a5)C:12/A*3]5)S�$R�!$3?2�@$A&:M; � = 7LN]Td� 7JRS@$2/3V)CW	=\!zR¤5)S�$2�@$A�e/H(fJg^hO%P)GF '6i+* , nQ%SRLT�)U0�24365V7 8 p : !JEJ@$RC24:Z)w=>)C: 7a5)C:12/A*3]5)S�$R�!$3?2�@$A&:
; �W= �IXY�9T

���+Z ����� �{�������£�!�"���y���N�4[!�[¤����! �
� y PS0 6[K 3I]/P q 7 y , ( rA.q r2P x ,�.q�xuq < ¡¢qO* 7\3 6"qwxFqO* 74390�3I?@:q rk0 qO* yT(@6 3I< 6 P5< qIL 74390�<H3�?´.q r Kuy£xuq�xuq B/0�3I, *Mq ?�o

� <>3 (56"qDx .qO6 0�,?r q©x 3 (5* < ¡ 3 ( 3I<Hx *MqIL <H3 *MqO6 r2, yT( q z 6 3 6"q ]MP5, xFyT(5(uq < q ? q ,H<H< q PS0J3 616"y 0 x qO( rk0 q < qE(uy ? � 0 q
xuqwxuyT(5( .q9qO*,y
�4*Mq 02B�.q9qO*,q r|750C.q]x ,?r qO* xFqUm 3K\6"yT( GT< y
� 3I< q x 3 (5* < qO*|*Mq ,�] q)6 3 ( 3IPCQ x^¡ 3 ( 3I<Hx *MqIW4X�q rMr q�*¬qO6 r2, yT(
q z 6 3 6"qIL ? yT( rk0C.q9q , 6 , * PS0a<H3�`5GTPS0 q � W¢ªSW ¼ x 3 (5* < q 7\<H3 ( ~sr23 (d��L � � � � 7 q Pur�vq rk0 q rk0O:qO*Lx ,cbd.q 0 qO( r qIW �Y390
q Q q ?!74< q 7 y PS0 �v� � | �O� �_^ �a`�b �s� q rmr23 (��dcfe�yT( qO* r2,H? q P (uq�*MqO6 r2, yT(�q z 6 3 6"q r � rF750 yC6�Kuq�xFq�6"q <H< q
750C.q]x ,?r q 74390Z< q e y¤x :q < q g¤r23 (Fx 390 x#WThy( 0 q B�3 (46�KuqIL 7 y P50y< qO* B93I< q PS0 * r23 (�� ¦ � y PDr23 ({� | ¼9� L <H3)B93I< q PS0
? qO* PS0M.q9qLxuqhg ~ � �� � 7 q PFrwvq rk0 q rk0O:qO*{m 3I, � < qIL£xFq < ¡¢y 0 x 0 q�xFq�� �I�A7 ��W
^XqO*Lx .q BC,H3Qr2, yT(5*zxuqE6"qO* ? qO* PS0 qO* 7\390J0�39757 y 0¬r�:3;<H3=B93I< q PS0;j2e y£x :q < q g¤r23 (Fx 390 x4l=*MyT( r 6"y ?!74390C.q9qO*

3IPCQ=, (46"q 0¬r2,?r2P xuqO*mx^¡¢y 0�,VGT, (Fq 74PS0 q ? qO( r * r23Qr2, * r2,H]MP qO*�y P=74PS0 q ? qO( r * x * r/.q ?A3Qr2,H]MP qO*F* PS0F<H3E`5GTPS0 q � W¢ªSW¢ªSW
X�qO* 0C.qO* P5<�r23Qr * ? yT( rk0 qO( r)P (uq�mVy 0¬r q�*MqO(5* , � ,H<H,�r/.q�xFq <H3�? qO* PS0 q�xuqWg ~ � �� �d* PS0F<>3A750C.qO*MqO(46"q�xFqL�ayT*MyT(5* xuq
DU,VGIG *U6�K 3902Gp.qO*1W#h
(�q b q r L <>3 *MqO(5* , � ,H<H,�r/.q�* r23Qr2, * r2,H]MP q 7 q 0�? q r x^¡¢q Q 6 <HPS0 qIL-x :qO*z� �I��7 �jijkmxFqO* B93I< q PS0 *�xuq

� �T»



)2 (GeV/c±Hm
60 80 100 120 140 160

 (
lo

g
.)

β
ta

n
 

-110

1

10

210

0

100

200

300

400

500

600

700

800
) mesureet(tσ

���s�;�	� W¢ªSW ¼ �}Oo)S%�3?2�@JA )/.0%1!"%()��`e �CI��p,G )C:1#6R¤5)M)_)CA
: @$AQ%�3?2�@$A�79)YH(f$g^h )C3h* , n T��	!JA*:�=>)«%1!"7$RS)­7J#
K�@M7FN)�=>)0O&3P!$A
7"!JRS7$W�@$A}:G	 !J3?3V)CA
7 N!«#]Ao)0EJ!�=>)C#]R�79)
� ���bco[¬T

)2 (GeV/c±Hm
60 80 100 120 140 160

 (
lo

g
.)

β
ta

n
 

-110

1

10

210

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0
Significance statistique

)2 (GeV/c±Hm
60 80 100 120 140 160

 (
lo

g
.)

β
ta

n
 

-110

1

10

210

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0
Significance systematique

�����	�-� W¢ªSW¢ªz����5)CEM2�!$3?2�@JA*:�)CA A
@$G8[�R1)�79)��Y79)�=\!�:�)1%�3?2?@$A�)/.0%1!"%()6�CI�bG )C:(#]R¤5)M)	7�!$A*: =>)acQ=\!$A��\H(f$g^h`i�* , n
	 c6!JRbRS!Cc�c6@$RC3
N!�%()�=/=>)m7$#�K�@M7FN)�=>)mO*3P!$AQ7"!$R�7B)CA�3V)CA
!$A&3	%(@JG cQ3V) 7")C: 2/A
%()CR(3?2/3?#&79)C:�cQ#]R1)CG,)CA&3b:13P!$3?2/:13?2 ��#*)C:	c6@$#]R���
���� %>RL)�)��a� �
� �6N!
�"!$#&%('*) 	 W^)C3<cQ#]R1)CG )CA*3a:+
J:(3]5)CG8!$3?2 ��#*)C:��?'6@$RC: 2/A
%()CR(3?2/3?#&79)C:�:(#]R�=\! = #]G�2/AQ@$:12/365)�)C3j:1#6R�=\!8:�)S%�3?2�@$A�)/.0%1!"%()��`e � I��pb34'�5)Z@$R(2 ��#*) 	
�6N!�7$R�@$2/3V) 	 T

� �T�



r23 (�� , (Sm .q 0�, q PS0 qO* :3 ��y P * P57Z.q 0�, q PS0 qO* :3 � �a7 y PS0 xFqO*Ym 3I, � < qO* ?E3 *2*MqO*bxuq8�ayT*MyT(5*b� � WIr 7\<HP * < yT( Gwr q 0�? q
~������ ��� � �	� � ijk �[L ,H< qO* rd7 yT*2* , � < q xd¡ vq rk0 q�*MqO(5* , � < qIL :3!74<HP * xuq » g�

�����kL :3 xuqO* B93I< q PS0 *mxuq < ¡¢qO* 743 6"q�xuqO*
74390[3I?}:q rk0 qO* r q <H< qO* ]/P q �v�
� ¦ � �9�J^ �a`�b � � W
h
( r qO( 3 ( r 6"y ?!7`r q,xuqO* , (56"q 0¬r2,?r2P xuqO*&* x * rM.q ?A3Qr2,>]/P qO*OLTKuy 0 * <HP5?A, (uyT* ,?rM.qIL < qO*bxuy ?A3I, (uqO*bxuq|*MqO(5* , � ,H<H,�r/.q

*MyT( r 6"yT(4* , x .q 0�3 � < q ? qO( ry0M.q]x P5,?r *1W/r B qO6 P (uq , (56"q 0¬r2,?r2P xFq{* x * r/.q ?E3Qr2,H]/P q GT< y
� 3I< qmxuq » W¢ª<¥ * P50y<H3J? qO* PS0 q
xuq g ~ � �� �[L ,H< qO* r@7 yT*2* , � < q«x^¡ vq rk0 q´*MqO(5* , � < q :3 xFqO* B�3I< q P50 *�x P�74390�3I?@:q rk0 q r23 ({� , (5m .q 0�, q P50 qO* :3 � y P
* P57Z.q 0�, q PS0 qO* :3 � � W
����� ���F����¤[¢������F�
^	¡ 3 ( 3I<Vx *Mq 750C.qO*¬qO( rM.q9q 3A7 y PS0 � Pur x^¡ .q r2P x , q 0F<H3 *MqO(5* , � ,H<H,?rM.q�xuq <>3E? qO* P50 qLxuq&g ~ � �� ��* PS0U< q 750C.qO*¬qO(56"q

xuq0�ayT*MyT(5*zxuq DF,VGIG *!6[K 3902Gp.qO* 39757\390�3I, *2* 3 ( r x 3 (5*�xuqO* r K .q9y 0�, qO* :3f74<HP * , q PS0 *Lxuy P � < q r *zxuq DF,HGIG *1W�^ 3
x .qO* , ( rM.q GI0�3Qr2, yT(�x^¡ P ( ]/P43902_©r y 7 qO(��-yT*¬yT(�xuq DU,VGIG *U6�K 390�G&.q 750 y£x P5,�r|P ( .q r23Qra` ( 3I< x ,Vbd.q 0 qO( r xuq�6"q <HP5,
3QrMr qO(Fx P x 3 (5* < qJ6 3 x 0 q�x Pve y£x :q < q g¤r23 (`x 390 x#W4^XqJ(uy ? � 0 qzx^¡ .q B�.qO(uq ? qO( r * r�� rF3QrMr qO(`x P *mx 3 (5* < q�6 3 ( 3I<
jk< q 7`r yT( � � q r *2l B9390�, q�*Mq < yT( < qO*d6"y PS74<>39G qO*�xuqO*m�ayT*MyT(5*mxFq DF,HGIG *F6[K 3902G&.qO* 3IPCQ=74390¬r2, 6 P4< qO*,x Pve y£x :q < q
g¤r23 (`x 390 x#WSr , (5* , yT(v*]¡ 3QrMr qO(Fx :3!P (Fq�x ,H?A, ( Pur2, yT(0x P (Fy ? � 0 q�x^¡ .q B�.qO(uq ? qO( r * y
�4*Mq 02B�.qO*1W
^	¡ 3 ( 3I<Vx *Mq qO* r q b qO6 r2PZ.q9qJ*Mq < yT( < qO*8xuq PSQ xuq GI0M.qO* xuq <H, �aq 0¬r/.q�xuqa6"qa(uy PSB q 3IP 6 3 x 0 q r K .q9y 0�,H]MP q t<r23 (d�

q r��v�
� W\^ 3 * .q < qO6 r2, yT(�qO* rF, xuqO( r2,H]MP q :3 6"q <H< q .q <H3 �ay 0M.q9q 7 y PS0d<>3A? qO* PS0 qLxuq&g ~ � �� �,x .qO6 0�,?r q 3IPS74390�3®B�3 ( r W
� y PS0 6[K 3I]MP q 7 y , ( r xFq < ¡¢qO* 743 6"q,xFqO* 74390�3I?@:q rk0 qO*1L P (Fq|*¬qO6 r2, yT(�q z 6 3 6"q�qO* r!.q r23 � <>, q :3)74390¬r2,H0 x P (uy ? � 0 q
x^¡ .q B�.qO(uq ? qO( r * r � r * .q < qO6 r2, yT(5( .qO*1W
^ 3 *MqO(5* , � ,H<H,?rM.qF* r23Qr2, * r2,H]MP qwy
� r qO( P q :3 6"y PS0¬r8r q 0�? q ~ � �I�!7 � ijk �
* P50|< qa*¬qO6 r2, yT(©q z 6 3 6"q r � r{? qO* PS0M.q9q

7 q 0�? q r xd¡ 3 616 .q]xFq 0):3 xFqO* B93I< q PS0 *�xuq r23 (�� , (5m .q 0�, q P50 qO* :3 �wy P * PS7|.q 0�, q P50 qO* :3 � � Loq r qO(56"y 0 qd(FyT(Bq Q 6 <>P qO*
3IP*� y PS0 xd¡-K P5, WYr B qO6 P (uq <HP5?A, (uyT* ,?rM.q , ( r/.q GI0M.q9qf6"qO( r msy , * 7\<HP * GI0�3 (FxFqIL <H3+? qO* P50 q�xuq/g ~ � �� � 7 y PS020�36v �?r
vq rk0 q�*MqO(4* , � < q :3�< ¡¢qO* 743 6"q�xuqO* 74390[3I?}:q rk0 qO* ~sr23 ({�	t ?�� � ¦ � �9�E� q � b 6 � �[W4X�q 7 qO(Fx 3 ( r L <H3 6"yT(5( 3I, *�* 3 (56"q
x P x .q r qO6 r q PS0 q r x P ( ,VB q 3IP xuqO*L� 0�P5,?r *LxuqEmsyT(Fx 3IPSQ�750 yC6"qO*2* P * r�� r�0C.q]x P4,?rJ< ¡¢qO* 7\3 6"q0xuqO* 74390�3I?@:q rk0 qO*
3 616"qO*2* , � < qO* :3n<H3n? qO* PS0 qIW�� .q 3 ( ? y , (5*OL ,H< *Mq 0�3I,?r@7 yT*2* , � < q�x^¡ vq rk0 q *MqO(5* , � < q :3 xuqO* B93I< q PS0 *�xFq r23 (d�
, (5m .q 0�, q P50 qO* :3 ��y P * P57Z.q 0�, q PS0 qO* :3 � �a7 y PS0 xuqO*b�ayT*MyT(5*bxuq DU,VGIG *�6�K 390�G&.qO* <[.q G q 0 * ~ ? � � ¦ �"ª �J� q � b 6 � �[W
��<&397474390�36v �?r xuyT(56 , (Fx , * 7 qO(4* 3 � < q_xuq 0M.q]x P5,V0 q < qO* , (56"q 0¬r2,�r2P xuqO*U* x * r/.q ?E3Qr2,H]/P qO* 7 y P50d7 y PSB y ,V0 q b qO6 r2P q 0
xuqO* ? qO* P50 qO*�xFq 750C.qO* , 6 , yT(#W�� 3 (5*a6"q rMr q 7 q 0 * 7 qO6 r2,VB qIL-xuqO* ? qO* PS0 qO* xuq 0[39757 y 0¬r *�xFq�*MqO6 r2, yT(4*mq z 6 3 6"qO*
g ~ � �� �	x 3 (5*;x ,cbd.q 0 qO( r *|6 3 ( 3IPSQE7 y PS020�3I, qO( r 6"yT(Fx P5,V0 q :3uP (uq ? q ,H<H< q PS0 q{*MqO(5* , � ,H<H,�r/.q :3uP (Y�ayT*MyT(YxFq DU,VGIG *
6[K 3902G&.qIW
^ 3 *MqO6 r2, yT( q z 6 3 6"qYxFq 750 y£x P 6 r2, yT(�xuq ]/P5390�_ * r y 7´74390J, ( r q 0�3 6 r2, yT( mVy 0Jr qDxuyT(56BqO* rJ, ( r/.q 0 qO*2* 3 ( r q

7 y PS0 x .qO6"q < q 0 xuqO*A* ,VG (uqO*DxFq=(uy PSB q <H< q 7 K x * ,H]MP qIW � 6 , L�yT( 3´? yT( rk0C.q ]/P q < ¡ 3&� y Pur xuq=(uy P5B q 3IPCQ x ,H3�o
GI0�3I?E? qO*,xuq�x .qO* , ( rM.q GI0�3Qr2, yT( , (`x P5,?r xuqO* q b q r * BC, * , � < qO*
* PS0 xuqO* y
�\*Mq 02B93 � < qO* x P=e y¤x :q < q g¤r23 (Fx 390 x#W

� � e





� ��� ����� 	�
����

^Xq rk0�3®B�3I,H<y750C.qO*MqO( r/.q0x 3 (4*J6"q rMr q r K :qO*Mq�6"yT(56"q 0 (uq P ( r qO* r x P´e y£x :q < q g£r23 (Fx 390 x 7\390�<H3 x .q r q 0�?E,co
( 3Qr2, yT( 750C.qO6 , *Mqzx^¡ P (uq_y
�\*Mq 02B93 � < qLx 3 (4* < qJ*MqO6 r q P50 x Pv]/P5390�_Yr y 7 W�^ 3 *MqO6 r2, yT( q z 6 3 6"qzxuq 750 y£x P 6 r2, yT(
xuq ]/P5390�_ * r y 7 qO( 7\3I,V0 qO*�qO* r qO(­q b q r *MqO(5* , � < q :3 xuqE(Fy ? � 0 q PCQ+74390�3I?@:q rk0 qO*zx P´e y£x :q < q g¤r23 (`x 390 x#W
h <H< q 7 q 0[? q r8.q GT3I< q ? qO( r xuq�x .qO6"q < q 0 xuqO*{* ,VG (uqO* xuq�(uy P5B q <H< q 7 K x * ,>]/P q :3�rk0�3®B q 0 * < ¡ 3&� y PFr xuq�(uy PSB q 3IPCQ
x ,>39GI0�3I?A? qO*bxuq 750 y£x P 6 r2, yT(Ly P=:3wrk0�3®B q 0 *�xuqO*Y6 3 ( 3IPCQ * PS7474<[.q ? qO( r23I,V0 qO*bxuq8x .qO* , ( r/.q GI0[3Qr2, yT(DxuqO* ]MP53902_ *
r y 7 W
^ 3 *MqO6 r2, yT( q z 6 3 6"q xuq 750 y£x P 6 r2, yT( xuq 743I,V0 qO*0xFq ]MP53902_ * r y 7 3 .q r/.q .q r2P x ,�.q9q 3IPS750O:qO*�xuq­xuq PSQ

6"y <H<>3 �-y 0[3Qr2, yT(5* t ��
 q r r��{^%r g W&^	¡¢y
� � qO6 r2, m qO* r�3I, (5* , xd¡ 3 6 ]/PZ.q 0�,H0 xuqO*u6"yT(5( 3I, *2* 3 (56"qO*�q r x P * 3OB y ,H0ko
m 3I,V0 q <H,�.qO* :3�< ¡ 3 ( 3I<Vx *Mq xuq xFyT(5( .q9qO* 0C.q9q <H< qO*1L�q r xuq < qO* rk0�3 (5*2m .q 0 q 0 q rE< qO* 3 x 397`r q 0q:3�< ¡¢qO( BC,V0 yT(5(uq ? qO( r
x P ^ D X q r x^¡-r��d^%r g W�^dqO* .q B�.qO(uq ? qO( r * r�� r!0 qO6[Kuq 0 6[K .qO*E*Mq=6 390�3 6 rM.q 0�, *MqO( r�74390A<H3f750C.qO*MqO(46"q�x^¡¢y
� � q r *
.qO(uq 02Gp.q r2,H]MP qO* t q QC3 6 r q ? qO( rFP ( < q 7Fr yT( ~O.q < qO6 rk0 yT( y Pv?�P yT(�� , *My <[.q 3 616"y ?!7439G ( .qzx^¡ P (uq GI0�3 (FxFq .qO(Fq 02GT, q
rk0�3 (4* B q 0 *Mq ?A3 ( ]MP53 ( r q , (Fx P4,?r q 74390A< q}(Fq Purk0�, (uySL 3IP ? y , (5* rk0 y , * � q r *!6"qO( rk0�3IPSQ xuyT( rAP ( y P xuq PSQ
*MyT( rA.q r2,>]/P q rM.qO* � WC^�¡ .q r2,H]MP q r239G qLxuqO* � q r * � qO* r�P ( 7 y , ( r
,>?!7 y 0¬r23 ( r xuq < ¡ 3 ( 3I<Vx *Mqmq r xuq ? yT( rk0�3OB93I,H< xuq
r K :qO*MqIWK�F(Fq�* 7Z.qO6 ,V` 6 ,?rM.qzxuqO* � q r * � ?A, *Mq_qO( 397574<H, 6 3Qr2, yT(�x 3 (5*{6"q rMr q r K :qO*MqLqO* rF< q PS0 r23IPCQ=,H?!7 y 0¬r23 ( r xuq
x .qO* , ( rM.q GI0�3Qr2, yT(4*F*Mq ?E,co < q 7Fr yT( ,>]/P qO*OW
r ��
uL 39` (�x^¡ .q r2,H]/P q r q 0 q z 6 3 6"q ? qO( ry< qO* � q r * � 74390u.q < qO6 rk0 yT(5*1L < qO* 7 q 0 msy 0�?A3 (56"qO*bxuq <H3U0 qO6"yT(5* rk0�P 6 o

r2, yT(�xuqO* .q < qO6 rk0 yT(5*�x 3 (5* < qO* � q r *�xuy ,VB qO( r8vq rk0 q 3I?´.q <H, y 0C.q9qO*1WCX�q rMr q ?´.q r Kuy£xuq,xuq 0 qO6"yT(5* rk0[P 6 r2, yT(#L 39757 q <�.q9q
jk?µ.q r Kuy£xuqLxFq <H3u0 y Pur qOlCLFqO* r � 3 * .q9qJ* PS0{< ¡ 3 *2*MyC6 ,H3Qr2, yT(�xuq�x .q 7 vy r * .qO(uq 02Gp.q r2,H]MP qO*d6 3I< y 0�,H?µ.q rk0�,H]MP qO*{* ,?r2P
.qO*
< q < yT( G xuq < ¡¢q Q¤rk0[397 y <>3Qr2, yT(}xuq <>3�rk0�3 6"q�xuq < ¡ .q < qO6 rk0 yT(�W��U(uq .q r2P xuq@* 7|.qO6 ,V`\]/P q 3 6"yT(5* , * r/.q©qO( < ¡ 3&� y Pur
xuqO* , (Smsy 0�?A3Qr2, yT(5*	x P x .q r qO6 r q PS0 xuq 74, q]x4* o xuq o G q 0 �aqO*	xFq < ¡¢q QC7|.q 0�, qO(46"q ��
uL ]/P4, (^¡ .q r23I,?r��2P * ]MP ¡ 3I< y 0 * 743 *
Pur2,><H, * .qIW\X�q rMr q .q r2P xuqIL 0C.q 3I<>, * .q9qu* PS0 xuqO* .q < qO6 rk0 yT(5* ? y P *�x 3 (5* < qO*�xuyT(5( .q9qO*U* ,H?uP5<�.q9qO*,q rFB�3I<>, x .q9qJ* PS0U< qO*
xuyT(4( .q9qO* 0C.q9q <H< qO*1L 3f? yT( rk0M.q ]/P q86"qO*�x .q r qO6 r q PS0 *Bxuq 74, q]x5* o xFq o G q 0 �aqO* 0 q ?!7\<H, *2*MqO( rJ< qO*Ly
� � qO6 r2, m�* 7 y PS0
< qO* ]/P q < * ,H< *�yT( rR.q r/.qf6"yT( \6 P *1WZX�qO*B� PurA, ( ,?r2,>3IPCQ .q r23I, qO( r x^¡ P (uq 74390¬rE< ¡ 3I?´.q <H, y 0�3Qr2, yT( xuq <H3 x , *26 0�,H?A,Vo
( 3Qr2, yT( .q < qO6 rk0 yT( o 74, yT(#L^q r x^¡ 3IPurk0 q 74390¬r�< ¡ 3I?µ.q <>, y 0�3Qr2, yT(­xFq <H3}0M.qO*My <HPur2, yT( qO( .qO(uq 02GT, qDx P 6 3I< y 0�,>?}:q rk0 qIL
x .q GI0�3 x .q9q 74390{<H3�750M.qO*MqO(56"q�x P *My <�.qO(Fy�� � xuq 3&� y PFr/.q 3IP��dP ( ��� WSr B qO6 < qO*8x .q r qO6 r q PS0 *mxuq 74, q]x4* o xuq o G q 0 �aqO*1L
< qO* 7 q 0 msy 0�?A3 (56"qO*;xuq < ¡ .q r2,>]/P q r239G q�xFqO* � q r * � 74390E.q < qO6 rk0 yT(5*|*MyT( r|750 yC6�KuqO*�xuqF6"q <>< qO*�y
� r qO( P qO* 3®B qO6wxuqO*
?uP yT(5*1W
^	¡ 3 ( 3I<Vx *Mq :3 ��
 3!7 y PS0 � Pur xFq ? qO* PS0 q 0{<>3 *MqO6 r2, yT(�q z 6 3 6"qzxuq 750 y£x P 6 r2, yT(0xFq 743I,V0 qO* xuq ]MP53902_ *

r y 7 W ^dqO* .q B�.qO(uq ? qO( r *�*MyT( r 6"y <H< qO6 rM.qO* 74390&< q	x .q r qO6 r q PS0 ��
}q r 6"y 0�0 qO* 7 yT(FxuqO( r
:3dP (Fq <HP5?A, (uyT* ,?rM.q , ( r/.q GI0C.q9q
xuq�ª¹� »}7 � ijk W�^	¡ .q B�3I<HP43Qr2, yT(­x P ( ,VB q 3IP xuqO*amVyT(`x5*Um 3I,?r�39747 q <{:3}74<>P * , q PS0 * r qO6�K4( ,H]MP qO*w� 3 * .q9qO*J* PS0�< qO*
xuyT(4( .q9qO* 0M.q9q <H< qO*�q rv<H3 * ,H?uP5<H3Qr2, yT(#WZ^	¡ Pur2,H<H, * 3Qr2, yT(�x ,V0 qO6 r q­xFqO* xuyT(5( .q9qO* 7 q 0[? q r xuq+m 3I,V0 qqm 3 6"q :3n<H3
6"yT(5( 3I, *2* 3 (56"q <H,H?E,?r/.q9q�xFqO* 750 yC6"qO*2* P * x P+e y£x :q < q g¤r23 (`x 390 x#L 3I, (5* ,p]MP ¡ 3IPCQ q b q r * 0�390 qO*_xFq <>3�0 qO6"yT(5* o
rk0�P 6 r2, yT(#W/^	¡ 3 ( 3I<Vx *Mq ` ( 3I< q 0 q 7 yT*MqU* PS0
<H3 6"y ? � , ( 3I, *¬yT(Yxuq ]MP53Qrk0 qa6 3 ( 3IPCQ q Q 6 <HP * , m�*	qO(�msyT(56 r2, yT(©xuq <H3

� �T¬



?uP5<?r2,V7\<H, 6 ,?rM.qmqO( � q r * q r x P@< q 7Fr yT(#WS^ 3 *¬qO6 r2, yT(�q z 6 3 6"qzxuq 750 y£x P 6 r2, yT(©xuq ]MP53902_ * r y 7 qO( 743I,V0 qO* x 3 (5*
< q�6 3 ( 3I<{jk< q 7Fr yT( � � q r *2l�qO* rd? qO* P50M.q9q :3@t

g ~ � �� � � ��� ª � ��� �i ��� � ~ �6���<�^�}�
	u�]� ��� �
��»S~����`��� ��� �
h <H< q�qO* r qO( 3 616"y 0 x 3OB qO6 < qO* 750C.q]x , 6 r2, yT(5* r K .q9y 0[,H]/P qO* x P�e y¤x :q < q g¤r23 (`x 390 x#W�X8q 0C.qO* P4<?r23Qrp3@.q r/.q 3975750 y P5B�.q
74390�<>3 6"y <H<H3 �ay 0�3Qr2, yT(#W¹X�q rMr q ? qO* PS0 q 7 q Pur � .qO( .q ` 6 , q 0 xuq < ¡ 3IPSGT? qO( r23Qr2, yT(Yxuq <H3 * r23Qr2, * r2,H]/P q,x , * 7 yT( , � < qIL
6"q ]MP5, xuq BM0�3I,?r�7 q 0�? q rMrk0 q P (uq 0C.q]x P 6 r2, yT( xuqO* , (56"q 0¬r2,?r2P xFqO*�* r23Qr2, * r2,H]MP qO*8q r * x * rM.q ?A3Qr2,>]/P qO*OW
rRr��{^&r g L < ¡¢qO( BC,V0 yT(4(uq ? qO( r K 3 x 0 yT( ,>]/P q 74<>P *-q QC,VG q 3 ( r q rp<H3�?µ.qO6"yT(5( 3I, *2* 3 (56"q�xuqy6"q 0¬r23I, (4* 750 yC6"qO* o

* P * ,H?!7\<H,H]MP qO( r#P (Fq 750 y
� <�.q ?E3Qr2,H]/P q	x^¡ 3 ( 3I<Vx *Mq	x ,cbd.q 0 qO( r qIW9hy( 3 x 397Fr23 ( r&< qZ* 3OB y ,V02o m 3I,V0 q;xuq < ¡¢q QM7|.q 0[, qO(56"q
��
uL P (uq 750 yC6 .q]x PS0 q�xuqu* .q < qO6 r2, yT( xuqO* .q B�.qO(uq ? qO( r * r�� r)3 .q r/.q ?A, *Mq�qO( 74<H3 6"qIWNh <H< q 3 .q rM.q�y 7`r2,H?A, * .q9q�xuq
m 3K\6"yT( :3@?A, ( ,H?A, *¬q 0U< qO* , (56"q 0¬r2,?r2P xuqO*)* x * r/.q ?A3Qr2,H]MP qO* r K .q9y 0[,H]/P qO*_q rJ< qO* , (56"q 0¬r2,?r2P xFqO*wq QM7|.q 0�,>? qO( r23I< qO*1W
X�y ?E? q :3 ��
uL <H3 *MqO6 r2, yT(©q z 6 3 6"q_qO* r�.q B93I<HP
.q9q�* PS0 *Mq ,�] q)6 3 ( 3IPCQ q Q 6 <HP * , m *	qO(8msyT(56 r2, yT(©x P8< q 7Fr yT(#L£xuq
<H3u?uP5<?r2,V74<>, 6 ,?r/.q,qO( � q r *8q r xFq <H3�?uP5<?r2,V7\<H, 6 ,?rM.q,qO( � q r * .q r2,H]/P q r/.qO* � W5X8q rMr q 0C.q 7\390¬r2,?r2, yT(@*Mq 0[3�Pur2,>< q�qO( BCP q
xuq < ¡ .q B93I<HP53Qr2, yT(�x P ( ,HB q 3IP xuqO*�msyT(Fx5*{* PS0d< qO*,xFyT(5( .q9qO* 0C.q9q <H< qO*1W4^dq 0C.qO* P5<?r23Qr xFq�6"q rMr q 3 ( 3I<Hx *Mq�6"yT(`x P5,?r
3IPCQ@, (56"q 0Jr2,?r2P xuqO*�* r23Qr2, * r2,H]MP qO*8q r * x * r/.q ?A3Qr2,H]MP qO*U* P5,VB93 ( r qO*d* PS0 g ~sr�� r � t

� g b g � �
� �o¥ ~ * r23Qr ��� ª �>� ¥ ~ * x * r � 7 y PS0�� � � � ms� ijk
h
( ` (#L <H3 *MqO6 r2, yT(�q z 6 3 6"q xFq 750 y£x P 6 r2, yT(}xuq ]MP53902_ * r y 7 74390A, ( r q 0�3 6 r2, yT(nmVy 0Jr q qO* r *MqO(4* , � < q :3

< ¡¢q QS, * r qO(46"q0xuq©�ayT*MyT(5*�xuq DU,VGIG *!6�K 390�G&.qO*OWZX�qO*Bxuq 0 ( , q 0 * 397474390�3I, *2*¬qO( r x 3 (5*�xuqO* ? y£x :q < qO*!* r23 (`x 390 x
(uyT( ?A, ( ,H?E3IPCQq:3 xFq PCQ xFy P � < q r *,xFq DF,HGIG *1W � 3 (5* < q�6 3 x 0 qzxuq�6"qO* ? y¤x :q < qO*OL < ¡ 3 ( 3I<Vx *Mq 7\390�3I?´.q rk0�,H]MP q
x 3 (4* < ¡¢qO* 743 6"q­xuqO* 7\390�3I?}:q rk0 qO* 3n? yT( rk0C.q ]MP q <H3µ0 qO6[Kuq 0 6�KFq x^¡ .q B�.qO(uq ? qO( r * r � r x .qO6 0�,?r q­x 3 (4*@6"q rMr q
r K :qO*Mq 7 q 0�? q rMrk0�3I,?r x^¡ vq rk0 qF*MqO(4* , � < q :3�P (uq GI0�3 (FxFq 0M.q GT, yT(DxFq < ¡¢qO* 743 6"q xuqO* 7\390�3I?}:q rk0 qO*1WMr Purk0 q ? qO( r x ,?r L
x^¡ .q B qO( r2P q < * �ayT*MyT(5*�xuq DU,VGIG *U6�K 3902Gp.qO* 7 y PS020[3I, qO( r qO( rk0�36v � (uq 0FP (Fq ? y£x ,V` 6 3Qr2, yT( BM, * , � < q_xuq <H3 *¬qO6 r2, yT(
q z 6 3 6"q r�� rd? qO* P50M.q9qIW

�£� �



� �������	��
��
 � � ������� �

� � � ��� � 	

�£�
�





� ��� ��� � �

� ���	��

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

� 3 (5*&6"q rMr q 3 (4(uq Q qIL�(uy P * 740 y 7 yT*MyT(5*dxuq;x .q ? yT( rk0 q 0p<H3 mVy 0�?uP5< q�xd¡¢q Q¤rk0�397 y <H3Qr2, yT(LxuqO* rk0�3 6"qO* PFr2,H<H, * .q9q
x 3 (4* <>3n?´.q r Kuy¤xFq­xuq <H3µ0 y Pur q 7 y PS0}750C.q]x ,H0 q <H3µ7 yT* ,?r2, yT(�x P��9���¤���(������� � W��my P *=6"yT(5( 3I, *�*MyT(5* <H3
x ,H0 qO6 r2, yT(0xuq <H3zrk0�3 6"q 3IP}7 y , ( r xuq 74<>P * 740 yM6[Kuq 3975750 yC6�KFq"!$#&% � q r ' #&% � q r{< qO*Z6"y¤y 0 xuyT(4( .q9qO*mx P8B q 0¬r q Q
750[,H?A3I,V0 q)(+*�,ZL 	 *�,Uq r.- *�,|W���y P *a6"yT(5( 3I, *2*MyT(5* .q GT3I< q ? qO( ra< q 0�3®x yT(«xFq�6"y PS0 � PS0 qLxuq <H3Drk0�3&� qO6 r y ,H0 qIL
0 q <>,[.q :3U< ¡ ,H?!7\P5< * , yT( rk0[3 (5* B q 0 *Mq xuq <H3F74390¬r2, 6 P4< q t �0/ � 13246587 W9^ 3F74P5< * 3Qr2, yT(zxuq <>3mrk0�3&� qO6 r y ,V0 q�K .q <H, 6"y�� � x 3I< q
qO* r 9 ��: ;=<$>?:@?A W��< *9¡ 39GT,?ry3I< y 0 *�xuq{6 3I< 6 P5< q 0�< ¡ 3 ( GT< q � ! � !+BC*�D=EF!$#&% � qO( rk0 q <H3 x ,V0 qO6 r2, yT(�xuq <H3 rk0�3 6"qmq ry<H3U7 yT* ,?r2, yT(
3B]O,H?uPur23I< q�x P��9���<�"�(���G��� � L 3I, (5* ,p]MP q <>3 x , * r23 (56"q � - � - BC*�DHE - *�,�qO( rk0 q < q B q 0¬r q Q+750�,>?A3I,V0 qzq r
< q �]�I�¤�"�(���H��� � W � y PS0 * ,H?!74<H,H` q 0Z< qO*{6 3I< 6 P5< *OL5(uy P *{(uy P * 74<H3K\6"yT(5*mx 3 (5* < q 0 q 7#:q 0 q ~ ' QCx � r q <%]MP q < ¡ 3�Q q
~ ' Q �y*My ,?r 6"yT(SmVyT(`x P�3®B qO6 <H3 x ,V0 qO6 r2, yT(0xuq <H3Lrk0[3 6"q 3IP87 y , ( r xuq 74<HP * 750 yC6�KFq 3975740 yM6[Kuq t !$#&% � � �u74390
x .q ` ( ,?r2, yT(#W

��y P * 0[397 q < yT(5* < qO*{K x/7 y r K :qO*MqO*�xuq�6"qO*d6 3I< 6 P5< * t
{ ^dqO* rk0�3 6"qO* yT( rYP (uq rk0�3&� qO6 r y ,H0 qZK .q <>, 6"y�� � x 3I< q :3F< ¡ , ( rM.q 0�, q P50 x P *My <[.qO(uy�� � xuqZ6 390�< q
6[K 3I?!7�?A39G ( .q r2,H]MP q
qO* rdP ( , mVy 0�? qIW

{ ^�¡ ,H?!7\P5< * , yT( ? qO* PS0M.q9q;xuq <H3,rk0[3 6"q r2, qO( r 6"y ?A7Fr qIL6qO( ? y x qO(4(uqIL*xFqO* 7 q 0¬r qO*�x^¡ .qO(uq 02GT, q 74390 � 0 q ?A?�o* rk0�3 K <HP ( G q r xuqO* , ( r q 0�3 6 r2, yT(4* 3OB qO6 <H3!?A3Qr2, :q 0 q�qO( 3I? yT( r x P X �|g W
{ ^dqO* rk0�3 6"qO*�yT( ryP (uq rk0�3&� qO6 r y ,H0 q 0 qO6 r2,H<>,VG (uq :3)< ¡¢q Q£r/.q 0[, q PS0 x P *¬y <[.qO(uy�� � xuq{6 390Z< q�6�K 3I?!7�?A39G ( .q r2,H]MP q0M.qO* , x P q < qO* r ( P4< W
{ ^ 3�rk0�3&� qO6 r y ,H0 q�K .q <H, 6"y�� � x 3I< q�xuq <H3�rk0�3 6"q8qO* rY0 q ?!74<>3 6 .q9q 74390�P (Fq rk0�3&� qO6 r y ,V0 q 74390[3 �-y <>,H]/P qIL 74P5, * ]/P q< qO* rk0�3&� qO6 r y ,V0 qO*d*¬yT( r�7 q P x .q3J .qO6�K , qO*1W4^XqO* 3 ( GT< qO*,xFq�x .q3JFq QC, yT(@*MyT( rF3I< y 0 * rk0O:qO* 7 q r2,?r * xFq B�3 ( r �9W
{ ^ 3 x , * r23 (56"q rk0[3 (5* B q 0 *Mqzx P=B q 0Jr q Qv750�,H?E3I,V0 q :3E< ¡ 3�Q q ~ ' ] �,x P x .q r qO6 r q PS0A~LK *�,y� qO* rmrk0O:qO* 7 q r2,?r q74390|0�39757 y 0¬r|3IP}0�3Ox yT( x P *My <[.qO(uy�� � xuqILS6"q ]MP5,�7 q 0�? q r xuq)( .q GT<H,VG q 0d< qO*�y 0 x 0 qO*�* PS7|.q 0�, q PS0 *�qO( KI�*�,
x 3 (5* < qO*{6 3I< 6 P5< *1W

M ��� N [��N�y�U�#�2�F���!�PORQ
^	¡ 3 ( GT< q � ! qO* r y
� r qO( P 6"y ?A? q}* P5,?r W �Xy Pur x^¡ 3 �ay 0 x�(uy P *J6�KFq 0 6�KuyT(4* :3 qO* r2,H? q 0u<H3@7 yT* ,?r2, yT(­xuq

<H3 rk0�3&� qO6 r y ,V0 q 74390�3 �ay <H,>]/P q 3IP ( ,VB q 3IP x PR?A,H<H, q P x P *My <�.qO(uy�� � xFqIL :3qP (Fq0x , * r23 (56"q �0SLTVU � �9� 6 ? xuq
< ¡ 3�Q q ~ ' ] �[Wph
(5* P5,?r qIL <H3 rk0�3&� qO6 r y ,V0 q0qO* ru750 y < yT( G&.q9q 74390�P (uq <>,VG (uqDx 0 y ,?r q �2P * ]MP ¡ 3IP X �Zg :3fP (uqYx , * o

�£� ¼



r23 (56"q ������� � e ¼ 6 ? xuq < ¡ 3�Q q ~ ' ] �[W�^dqO*�(uy r23Qr2, yT(5* Pur2,H<>, * .q9qO* 7 y P50 6"q�6 3I< 6 P5< *MyT( r�,H<H<HP * rk0M.q9qO*a* PS0)<H3
`5GTP50 q)rJW��9W��9W

���s�;� r�W��9W��D���X)Vc*R¤5)C:�)CA*3P!J3?2�@$A 7
	 #6A
),3?R�! �¬)S%�3P@$2/RS)w7
	S5)�=>)S%�3?RS@$A �s)CA
R�@$#��9) 	 W;7"!JA*:�=\! c6!$RC3?2�)w24A*3V)CR(Ao)�7$#Y7a5)C3V)S%�3V)C#6R �	�bTK�£)C:w7$2/:13P!$AQ%C)C:
@$A&3Y5)C365)L)��"!Z�a5)CR¤5)M)C:;c6@$#]R�c
= #]:�79)w= 2/:12�[�2?= 2/3]5)MT �£)�RS)Vc N)CR1)�%('&@$2/:12jc6@$#]R
=>),%1!�=\%�#6=a7
	 )��$3?R�!Cc6@�=\!$3?2?@$A©7")C:83?RS!"%()C:m!$24A*:12 ��#Q),=>)C:�AQ@$3P!$3?2�@$A&: :C@$A*3
5)S�"!�=>)CG )CA*3aG )CA*3?2�@JA*Ab5)M)C:�T

� 3 (5* < q 0 q 7#:q 0 qJ6[Kuy , * , L <>3�rk0�3&� qO6 r y ,H0 q�6 ,V0 6 P5<H3I,V0 q 3!7 y PS08.q ]MP53Qr2, yT(�xd¡ .q ]MP53Qr2, yT(;6 390¬r/.qO* , qO(5(Fq t
	 ~ (N� � 	 *�, ��
.%
� �0E�6"yT* (HE (+*�,
 % �

h <H< qwqO* r{0 q ?A74<H3 6 .q 74390dP (uq 74390�3 �ay < q�x^¡ .q ]MP53Qr2, yT( t
	 ~ (N� � 	 *�, � ( � E � ( ($*�,� 
 % ��� ~ (��QtV( �*�, �

��< qO* rd3I< y 0 * 7 yT*2* , � < q xuq�6"yT(4( 36v �?rk0 q <H3�7 yT* ,�r2, yT(�xuq <H3�74390Jr2, 6 P5< q_x 3 (5* < q)*My <[.qO(uy�� � xuq t� ( 
���� ��
 
����
	 
���� � 	 *�, ��� 8����� i � � � �!�#"%$'&� ��(h
(5* P5,�r qIL <H3}rk0[3&� qO6 r y ,V0 q­qO* r@0 qO6 r2,H<>,VG (uq 74P5, * ]MP q < q+6�K 3I?A7 ?A39G ( .q r2,H]MP q 0C.qO* , x P q < qO* r 6"yT(5* , x .q 0M.q

6"y ?A? qJ( P4< WS^�¡ .q ]/P43Qr2, yT(�xuq�6"q rMr q rk0�3&� qO6 r y ,V0 q�qO* r xuyT(5( .q9q 7\390�t
	 ~ (N� � 
 
���� E ( *�,
 % ( � 	 *�, E 
 �
����� 
 %

��y P * y
� r qO(FyT(5* 3I< y 0 * <H3�7 yT* ,?r2, yT(�xuq <>3�74390¬r2, 6 P5< q 3IP ( ,VB q 3IP x P X �Zgft)*+ *, (CBC*�D ��
 BC*�D
	 BC*�D �.- � � �!� i "%$/&10 �12 $'3 i54 8� �!�8��( � 	 *�,

��y P*� y PS0 *�x 3 (5*J6"q 0 q 7#:q 0 qIL � ! B�3IPur�3I< y 0 * � ! � 390 6 r23 ( ~ 	 BC*�D b ( BC*�D �[W < qO* 3 ( GT< qO*LxFqDx .q3JFq QS, yT(
*MyT( r{7 q r2,?r *1LS6"q ]MP5, xuyT(4(uq t � ! c ~ 
 
���� E � 8� �!�� �12 $'3 E (+*�,y� b6
 %�� 7 $'&�#2 $'3 Wh
( Pur2,><H, * 3 ( rJ< qO* B�3I< q PS0 *u( P5?µ.q 0[,H]/P qO* 
 
���� � »
� e ��� L 
 BC*�D � e ¼9�«��� L q r!<H3=0 q <>3Qr2, yT( <>,H3 ( ru< q
0�3®x yT( xuq=6"y P50 � PS0 q 
 % q rE< ¡ ,>?!74P5< * , yT( rk0�3 (4* B q 0 *Mq�xFq <H3q74390¬r2, 6 P4< q �98�L�(uy P *By
� r qO(uyT(5* <H3 msy 0�?uP5< q
B y P5<>P q t

� ! � � ��¼ e � 	 *�, E ~ �
� � �T� � �
��¼9�I� ($*�,��6:<;>=
� 8

� ! qO* r qO( 0�3 x ,H3 (5*1L�?�qO( ��qO* <H3 L 7�@ qO( � q ��� 6�q rd] qO* rF<H3 6�K 390�G q .q < qO6 rk0�,H]MP qLxFq <H3!74390¬r2, 6 P5< q ~ o �
7 y PS0�< qO* q < qO6 rk0 yT(5*[�[W

�£�"ª



M ��� N [��N�y�U�#�2�F���!�PO��
X8y ?A? q � !%L � - qO* r y
� r qO( P qO(«qO* r2,H?A3 ( r)<H3A7 yT* ,�r2, yT( xFq <H3Yrk0�3&� qO6 r y ,V0 q 74390�3 �ay <H,>]/P q 3IP ( ,VB q 3IP

x P@?E,H<H, q P x P *¬y <[.qO(uy�� � xuqIL 7\P5, *�qO( 750 y < yT( G q 3 ( r 6"q rMr q rk0�3&� qO6 r y ,V0 q 74390dP (Fq�x 0 y ,?r q �2P * ]MP ¡ 3IP ( ,HB q 3IP x P
X �|g W
�
P5, * ]MP q{(uy P *y(uy P * , ( r/.q 0 qO*2*MyT(5* P ( ,H]MP q ? q ? qO( rU:3�<H3�rk0[3&� qO6 r y ,V0 q x 3 (4* < q 7\<H3 ( < yT( GT,?r2P x , ( 3I< LI(uy P *

x .q ` ( , *2*MyT(5* <>3 x , * r23 (56"q�x 3 (5* < q 74<H3 ( rk0[3 (5* B q 0 *MqLqO( rk0 q <H3�74390¬r2, 6 P4< qwq rd< q B q 0¬r q Q=750[,H?A3I,V0 q t
 ~ � � � � ( ~ � � � � 	 ~ � � �
� � 
 % * , ( 9 �� � (+*�, ��� ~ ($*�,
 % t 	 �*�, �

h
( 0 q ?!74<H3K\6 3 ( rF<H3�B9390�,H3 � < q r q ?!7 y 0 q <H< q � 74390 � ��� ��� - b � = LN(uy P *�y
� r qO(uyT(5* <H3E0 q <H3Qr2, yT( 0 q <H,>3 ( r<H3�7 yT* ,�r2, yT( < yT( GT,?r2P x , ( 3I< q xuq <H3�74390Jr2, 6 P5< q :3 * 3�7 yT* ,�r2, yT( rk0�3 (5* B q 0 *Mq 
 t
-4~ 
 � � � =� � �9 390 61* , ( 
 E ($*�,� 
 %

^XqO* 3 ( GT< qO*{*¬yT( r{7 q r2,?r *,q r 
 %�� 
 BC*�D�L46"q ]MP5,N7 q 0�? q r xuq�* ,>?!74<H,V` q 0Z<H3 msy 0�?uP5< q 750C.qO6 .q]xuqO( r q�qO( t
-\~ 
 � � ~ 
 E (+*�,�� � =

� 8
r PCo xuq <i:3 xuq < ¡ 3I,H?E3 ( r�~ � � »
� e ?A? �[L <>3Brk0�3&� qO6 r y ,V0 qzqO* rFP (FqLx 0 y ,?r qLq r (uy P *my
� r qO(uyT(5* <H3A7 yT* ,�r2, yT(©qO(
- xFq <H3�74390¬r2, 6 P4< q 3IP ( ,VB q 3IP x P X �Zgq~ � ����� � �
� e ¼A? � t

-4~ 
 ��
)BC*�D � � ~ �
� e ¼9� E ( *�, � � =
� 8

X8q 7 qO(`x 3 ( r L 7 y PS0 6"y ?!74390 q 0!< qO*�x ,cbd.q 0 qO( r * 0M.qO* P5<?r23Qr *Bx^¡¢q Q£rk0�397 y <H3Qr2, yT(}xuqO* rk0�3 6"qO*OL�(uy P *um 3I, *MyT(5*
, ( r q 02B qO( ,H0a<>3}7 yT* ,?r2, yT(«qO( - xuq <>3}74390¬r2, 6 P5< q 3IP ( ,VB q 3IP x Pq0�3®x yT(­q Q£r q 0 (uqDx P x .q r qO6 r q PS0 xFq rk0[3 6"q :3
� c �
��»+? Wy'a( 3q3I< y 0 * <H3f0 q <>3Qr2, yT( - � ~ �
��»9�I� E�(+*�,y�
	 >	�� � �
��»9�I� * , (5K ' #&% � W
X8qO6 , 6"yT(`x P5,?rv:3q<H3
msy 0�?uP5< q)*My P K 3I,�r/.q9q t

� - � �
��»9�I� * , (5K ' #&% � � ~ �
� � ¼9� E (+*�,�� � =
�98

� - qO* r qO( ?@:q rk0 qO*1L � = q r � 8 *MyT( r qO( � q ��� 69W
M ��� 
  �������A���Z�#�2�F���£�N¢��£�!���  ���� �y���	� �y�U��� �N�J� ¢!¤& �y�
^XqO*�x .q 74<H3 6"q ? qO( r * � !�q r � - xuqO* 74390Jr2, 6 P5< qO* qO( rk0 q < q,x .q r qO6 r q PS0 xuq rk0�3 6"qO*�q r�< qFX �Zg *MyT( ry?A3I, ( r q o

( 3 ( r�750C.q]x ,�r *1W �w< *9¡ 39GT,�r�3I< y 0 *�xuq�6"yT(Sm 0 yT( r q 0 6"qO* 0C.qO* P5<?r23Qr * :3 6"q PCQ msy PS0 ( , * 74390 xFqO* .q B�.qO(uq ? qO( r *Z* ,H?uP5<[.qO*1W
��y P * PFr2,H<H, *MyT(4* 7 y PS0 6"q <H3 xuqO*�xuyT(5( .q9qO*d* ,H?�P4<[.q9qO*,qO( 0�, 6�K , qO*,qO( BM0�3I, * .q < qO6 rk0 yT(5* ? y P * ~ , *2* P *,xuq�� b�� �[L
3I, (4* ,N]/P q�xFqO* .q B�.qO(uq ? qO( r * ?uP5<?r2, � q r * xuq_� 3 * ? y ? qO( r,rk0�3 (5* B q 0 *Mq 0�, 6[KuqO* qO(@m 3IPCQ�.q < qO6 rk0 yT(5* ? y P *��d�
q r�� � W�X�qO* .qO6[K 3 ( r2,><H< yT(5*�*MyT( r x .qO6 0�,?r *zx 3 (5* <H3 r K :qO*MqILbx 3 (5* <H3 *¬qO6 r2, yT(­ªSW��MW��MW��9W � y PS0 6�K 3I]MP q rk0�3 6"q
x^¡ .q < qO6 rk0 yT( ? y P L ]MP ¡ ,H< *My ,?rZB/0[3I, y P m 3IPSQ L ,H< qO* r
7 yT*2* , � < qmxuqU6 3I< 6 P5< q 0|< qO* ]/P43 ( r2,?rM.qO* � !�q r � - qO( rk0 q <H3
rk0�3 6"q�q r&< q �9���¤���(���)���=�a< q 7\<HP * 750 yM6[KuqIW ^XqO*&6 390�3 6 rM.q 0�, * r2,H]MP qO*bxuqO* rk0�3 6"qO* ~ ,H?A74P5< * , yT(#L 7 *Mq P xuy o 0[3974, x ,?rM.q �
q ru< qO*�6"y¤y 0 xuyT( .q9qO*Bx P�B q 0¬r q Q 740�,H?A3I,V0 qA*MyT( r�.q GT3I< q ? qO( r 6"yT(5( P qO*1L&6Q¡¢qO* r�7 y PS0�]MP y ,�,>< qO* ru750M.q1m .q 0�3 � < qIL
7 y PS0 6"qO* B�.q 0�, m 6 3Qr2, yT(5*1Ljxuq 0 q 750C.qO*MqO( r q 0a< qO* ]MP53 ( r2,�r/.qO* t

�98 ! % 	 
 E !$#&% � EU� ��¼ e K *�,!* , ( !$#&% �: � �
���9� K *�, 6"yT*$!$#&% � ~ r�W ¼ W��®�
� 8 - % 	 
 E �
��»9� * , (5K ' #&% � E - *�,

� = � K *�,!6"yT*+! # % � ~ r�W ¼ W��T�
�£� »



h
(�q b q r L#*Mq < yT( < qO*U6 3I< 6 P5< * 750C.qO6 .q]xuqO( r *1L%6"qO* ]MP53 ( r2,�r/.qO*)r�W ¼ W���q r rJW ¼ W��}*MyT( r 6"yT(5* r23 ( r qO*wq raB�3I< qO( r
0 qO* 7 qO6 r2,HB q ? qO( r E �
� � �T� ?�� � E �
� �£�;q r � �
� � ¼ WT^ 3d`5GTP50 q
r�W ¼ W�� ? yT( rk0 qZ6"qO* ]MP53 ( r2,?r/.qO*1LI6 3I< 6 P5<�.q9qO* 7 y PS0
r y P * < qO* .q < qO6 rk0 yT(5* ? y P *	x 3 (5*	xuqO* .q B�.qO(Fq ? qO( r *�� b�� q ry?uP5<?r2, � q r *�x .qO6 0[,?r *;x 3 (5* < q 74390[39GI0�397 Kuq,ªSW��MW��MW��9W
^XqO* 74, 61* :3 E �
� �£�zq r � �
� � ¼ *MyT( rUBC, * , � < qO*1L B93I<H, x 3 ( rd3I, (5* ,&< qO*U6 3I< 6 P5< * r K .q9y 0�,>]/P qO*OW ��< *U*Mqu* PS7 q 027 yT*MqO( r
:3AP (}mVyT(Fxv6"yT( r2, ( P=7 y PS0{< q ]/P q <#< qO* .q < qO6 rk0 yT(5* ? y P *{(FqJ*MyT( rd3 *2*MyC6 ,[.qO* :3E3IP 6 P ( x .q 7 vy r x^¡ .qO(uq 02GT, qzx 3 (5*
< q�X �Zg W

vertex /q + 0.6xT)Pvertex-1.37ySEMφ-CPSφ(
-0.4 -0.2 0 0.2 0.4

E
ve

nt
 d

en
si

ty

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

ΨJ/

 20≤T p≤QCD 10

 (m)vertex + xT /Pz)PSEM-zCPS(z
-0.4 -0.2 0 0.2 0.4

E
ve

nt
 d

en
si

ty

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

ΨJ/

 20≤T p≤QCD 10

���s�;� rJW ¼ W������a#&!$A*3?2/3]5)C:X�	T��9T � �6N!��"!$#&%('*) 	 )C3`��T��]T����6N!,7$RS@J2/3V) 	 %1!�=\%�#6=¬5)M)C:ac6@$#]R�3P@$#]:�=>)C:�5)�=>)1%�3?R�@$A*:�G8@$#]:�7"!JA*:
79)C:B5)CE`5)CAo)CG,)CA&3?:	��5�
 )C3-G�#6= 3?2 �M)C3?:b:12/G�#6=¬5)C:�T

r 7\390¬r2,V0 xFqO* , (5mVy 0�?E3Qr2, yT(5*	xFqO* rk0�3 6"qO* ' # % � q r !$#&% � L ,H< qO* r xuyT(56 7 yT*2* , � < q,x^¡¢qO* r2,H? q 0|<H3�7 yT* ,?r2, yT(�xuq
< ¡ ,>?!743 6 r x 3 (5* < q�X �Zg W
^XqO*�6 3I< 6 P5< *�6"y ?!74< q r *&* 3 (5* 3974750 y QS,H?A3Qr2, yT(5* ,H?!74<>,H]/P qO( rNP (�x .q 74<>3 6"q ? qO( r xuqO* 750C.q]x , 6 r2, yT(5*aqO( !
���������

xuq � W �T¼I» ¥ q r-] ����������xuq � W � � » ¥ 7 y PS0aP (uq 74390¬r2, 6 P5< q B�.q 02`43 ( r)79@ � ¼=� q � b 6Bq ra0 ��� � � ?E? W%X�qO*
q 020 q PS0 *a*MyT( r m 3I, � < qO* q r�< q GT3I, (�qO( r q ?!7 *_xuqA6 3I< 6 P5< qO* r�,H?!7 y 0¬r23 ( r W%X�qO*amVy 0[?�P5< qO*_x^¡¢q Q¤rk0[397 y <>3Qr2, yT(5*
B yT( r *Mq 02BC,V0�:3!740M.q]x ,V0 q <H3�7 yT* ,?r2, yT(�xuq <H3�74390¬r2, 6 P5< q_x 3 (5* < q�X �Zg W

�£� �



� ��� ��� � �

� � 
 � ��P��� 	 � � � 
� � � � � � � ��� � � � � � 
���
 	 
� 	
� ��� � ��� 
 � 
 ��� 	 � �
 � �

^Xqf* x * r1:q ? q xuq«x .qO6 < qO(56[Kuq ? qO( r=3 7 y PS0 � Pur xFqf* .q < qO6 r2, yT(5(uq 0 q r xd¡¢qO( 0 q GT, * rk0 q 08< qO* .q B�.qO(Fq ? qO( r *
, ( r/.q 0 qO*2* 3 ( r *1L56Q¡¢qO* r�o�:3�o x ,V0 q 750C.qO*¬qO( r23 ( rd<H3 * ,VG ( 3Qr2PS0 q_x^¡ P (uq 743I,V0 qwxFq ]MP53902_ * r y 7�t5P (}*Mq P5<N< q 7`r yT( , *My <�.q
.qO(uq 02Gp.q r2,H]MP qIL P (uq GI0[3 (Fxuq .qO(uq 02GT, q rk0�3 (5* B q 0 *Mq ?A3 ( ]MP53 ( r qIL rk0 y , * y P!]/P53Qrk0 q � q r *�6"qO( r23IPCQ .qO(uq 0�G&.q r2,>]/P qO*OL
q r�3IPA? y , (5* P ( ?uP yT(!(uyT( , *¬y <[.qIWMX�q 7 qO(Fx 3 ( r LQqO( 0�3I, *MyT(BxFq <H3 m 0C.q ]MP qO(56"qmxFqO*�6"y <H<H, * , yT(5*�q r xuq <H3a]MP53 ( o
r2,?rM.qBx^¡ , (5mVy 0�?E3Qr2, yT( :3}<H,V0 qLq rE:3Drk0[3I,?r q 0 L ,H< qO* r ( .qO6"qO*�* 3I,V0 q�xuq 0 qO* rk0 q , (Fx 0 q�6"qO*)6"yT(Fx ,?r2, yT(4* :3 xuqO* y
� � q r *
74<>P *d* ,>?!74< qO*1W�^dqO*)6 0�,�rs:q 0 qO*�xuq�x .qO6 < qO(56�KFq ? qO( r *MyT( r � 3 * .qO*J* PS0)<H3�750M.qO*MqO(56"q�x^¡ P ( < q 7Fr yT(«qO(uq 02G&.q r2,H]MP q
6"qO( rk0�3I< q r x^¡ 3IP�? y , (5* P ( � q r�.qO(Fq 02G&.q r2,H]/P qIWT^ 3a<HP5?A, (uyT* ,?rM.q , (5* r23 ( r23 ( .q9q 3IPSGT? qO( r23 ( r qO( ? y x qO(5(uq 3®B qO6
< q r q ?!7 *1L ,H< qO* r ( .qO6"qO*2* 3I,V0 qBxuq ? q rMrk0 q :3�� y P50U< q�* x * rs:q ? qBxuq�x .qO6 < qO(56�KFq ? qO( r qO(�x P50 6 , *2* 3 ( r 6"q 0¬r23I, (5*
6 0�,�rs:q 0 qO*1W

� �[� � �E �y�\�y�a�-�Z�N���F� �!���������k�	����#�y���!� �  ����¤2�y���&$��	� �y�a�
r ` (�xuq)*9¡ 3 x 397Fr q 0F3IPCQ 6"yT( rk0[3I, ( r qO*�xuq <HP5?E, (uyT* ,?rM.q , (5* r23 ( r23 ( .q9qJ6 0 y , *2* 3 ( r qIL < ¡ 3 ( 3I<Vx *Mq Pur2,H<>, *Mqa*Mq 7Fr

B q 0 * , yT(5* xuqO*a6 0�,?rs:q 0 qO*_xuq�x .qO6 < qO(56[Kuq ? qO( r W�^dqO* r23 � < q 3IPCQ ?FW��zq r ?UW�� 750M.qO*MqO( r qO( r�< qO* x ,cbd.q 0 qO( r qO*)6"y ?�o
� , ( 3I, *MyT(5* Pur2,><H, * .q9qO* 7 y PS0{<H3 * .q < qO6 r2, yT( � 0�PFr q�xuq�(uyT* .q B�.qO(uq ? qO( r *1W
¥ ¶�
 � ?UW�� � ���Q�
�Q�����S�Q�u���������� �9���"�$���£���D�9�`��� ���B�`���
��� ������� ���"!0�]����# �u���s� �V�$��"���£� � �w���"�%�
�
�Q�X�'&)(]�9�s�*�
�]�a�£� � ���?�"���Q� +,����¬�"�`�(�"���Q���$�$�S�Q�u���'�Q�&�z�-�Y�I�.���s�j�*�$���/��z�s�`�/��¬� �$��&� �J� � �M�"�1�£�
�
���Q�`�(�102
3547698;: g < : k = : g?> 8 H 8;: g�@ R = : g?> 8 H 8A: gB@.C = : g?> 8 H 8A: gD@
' ��
«e-E F ��� p

G1H C IKJML1N O1PRQ�L1N =)S
Tze RVU R9)"p9= ��WbeXC�U H$p SYTze ) H G HZU R9)"p���S[WbeXCZU RL)�p \1]"Wbe R*U RVH�p��VS
WbeXC�U$RLH�p RL. H ^. IKJML1N O1PRQ�L1N =)S
Tze RVU R9)"p9= ��WbeXC�U H$p SYTze ) H G HZU R9)"p���S[WbeXCZU RL)�p \1];e RVU RVH$p���S[WbeXCZU RVH$p C R H CRL) IKJML1N O1PRQ�L1N =)S
Tze RVU R9)"p9= ��WbeXC�U H$p SYTze ) H G HZU R9)"p���S[WbeXCZU RL)�p \1];e RVU RVH$p���S[WbeXCZU RVH$p RVH H RR�R IKJML1N O1PRQ�L1N =)S
Tze RVU R9)"p9= ��WbeXC�U H$p SYTze ) H G HZU R9)"p���S[WbeXCZU RL)�p \1];e RVU RVH$p���S[WbeXCZU RVH$p H ^1H .R�C I	L _R`BQ�L1N O1PaO b =)S
Tze RVU R�R¬p \1]"Wbe R*U RVH�p��VS
WbeXC�U C4)"p C�)�. H GRL' I	L _c`BQdLZN OZP PaO?N =)S
Tze RVU R�R¬p \1]$Wbe RVU RVH$p���S
Wbe R*U C�H�p��VS
WbeXC�U C4)"p ^ H H G
^XqO*
6"yT(`x ,?r2, yT(5* .q <[.q ? qO( r23I,V0 qO* Pur2,H<>, * .qO* 74390 6"qO*|6 0�,?r1:q 0 qO*8xuqwx .qO6 < qO(56[Kuq ? qO( r *¬yT( r x .q ` ( , *
6 ,co xuqO*2*¬y P *1W

��< *�*MyT( rd<H,�.qO* 3IPSQ 6 390�3 6 rM.q 0�, * r2,H]MP qO*�xFqO* y
� � q r * 3IPCQ ( ,VB q 3IPCQ ^	�9L4^p��y P ^ ¼ W
�fe�gDhji%k	l$m"npo
( r y PS0 *�xuqYx .qO6 < qO(56�Kuq ? qO( r 'rq ! � �
� � q+�
� ��x 3 (5* < q�6 3I< y 0�,H?@:q rk0 q .q < qO6 rk0 y ?A39G ( .q r2,>]/P q 3®B qO6
h	s.t@ | Q;� q � W �Y3 *�xuq B�.q r y8* PS0{<H3�7\390¬r2, q�K 3 x 0 yT( ,H]MP qIW

�fevuxwyi�k�l�m"nyo

�£�Ge



¥ ¶�
 � ?FW��w� ���Q�Y�Q�s���S�Q�u�����D����?�9���"�+���£�����9�`�	� �����F� �Q�%� ���v�	�?�x��!Y�9�x��# �u���s� �V�$��"���£� � � �?�)�*�Q�
�Q� � &)(]�9�s�*�
�]�a�£� � ���?�"���Q� +,����¬�"�`�(�"���Q���$�$�S�Q�u���'�Q�&�z�-�Y�I�.���s�j�*�$���/��z�s�`�/��¬� �$��&� �J� � �M�"�1�£�
�
���Q�`�(�102
3547698;: g < : k = : g?> 8 H 8A: gB@ R = : g?> 8 H 8A: gB@.C = : g?> 8 H 8A: gB@
' ��
«e-E F �
�(p

G1H C J�� PRQ O b �YO J b k�� R E&H��&f¬H��	� = ��Wbe R*U H�p T�

�$<�e R*U k 3 >Qp ��S[Wbe RVU C�)�p C4) H ). J�� PRQ O b �YO J b k�� R E&H��&f¬H��	� = ��Wbe R*U H�p T�

�$<�e R*U k 3 >Qp ��S[Wbe RVU C�)�p C�R H CRL) J�� PRQ O b �YO J b k�� R E&H��&f¬H��	� = ��Wbe R*U H�p T�

�$<�e R*U k 3 >Qp ��S[Wbe RVU C�)�p RLH H CR�R J�� PRQ O b �YO J b k�� R E&H��&f¬H��	� = ��Wbe R*U H�p T�

�$<�e R*U k 3 >Qp ��S[Wbe RVU C�)�p H�� H 'R�C J�� PRQ O N �YO J b k�� R E&H��&f¬H��	� = ��Wbe R*U '"p T�
��$<;e RVU k 3 >Qp��VS
Wbe R*U$R9)"p ��S[Wbe RVU C�H$p C�)�. H GRL' J�� PaO PRQ O?N k�� R E&H��&f¬H��	� = ��Wbe R*U H�p T�
��$<;e RVU k 3 >Qp��VS
Wbe R*U$R9)"p ��S[Wbe RVU C�H$p '�. H �RL' H C J��dPaO PaQ O?N �YJ�� k�� R E&H��&f¬H��	� = ��Wbe R*U H�p T�
��$<;e RVU k 3 >Qp��VS
Wbe R*U$R9)"p ��S[Wbe RVU C�H$p9T�
��$<;e RVU � :�:V693 p R9' H �

( r y PS0 * xFq x .qO6 < qO(56�KFq ? qO( r ' q ! � �
� � q �
� � x 3 (5* < qO*�6 3I< y 0�,>?}:q rk0 qO* 3®B qO6
h s.t � �����@ | Qv� q � W

��������� �Zm"!#�Zm m o
��qO*mx .q 7 vy r *%$ ' $u¦ �zx 3 (5* < qO*�*26 , ( r2,H<H<H3Qr q PS0 *
r q r ?�X xFqO*�6�K 3I? � 0 qO* :3!?uP yT(5*|6"y ?!7\3Qr2, � < qO* 3®B qO6
P (uq rk0�3&� qO6 r y ,V0 q�xFq ?�P yT(4* ~ x , * r23 (46"q_qO( ' t !N�[W

� gBh i'&%lKm"nyo
^�¡ .qO(uq 02GT, qmqO* r
? qO* PS0M.q9qmx 3 (5* <H3wr y PS0 xFq,x .qO6 < qO(56�KFq ? qO( r x P ^;� q r q r h�sat@ q r h s.t � �����@ q r x 3 (5*
<H3 6"q <><HP5< q B y , * , (Fq <H3 74<>P * .qO(Fq 02G&.q r2,H]/P qIW ^dqO* 6"yT(`x ,?r2, yT(5* *MyT( r t
h e)( ��� / �+* T',.- h s.t@ b h s.t � �����@ |nm q r h s.t@ | Qv� q � W

� h0/2143 i�k	l
5"�6!�7 n o
8 y
� � q r:9<;>= y 8 xFq@? =�ACBED?r�Fq  HG?� �Q�( JI x FqLK 8 D q2MAON�AQP¬r:DEP x = 8 y ; � P qYxuqDx Fq N vy r:9RFq 8 q P:STFq r:D ? = q 9UAC=WV
xuq 9:9:=#9 xd¡ = 8 9 q =#DEB q rYX y ;ZN�AQr:D � B q 9[A]\ q X>= 8 q r'P^A&� q X"r y D_P q�xFq ;<= y 8 9L`

�0a�brwyi�k�l$m"n<cd�eafbMi%k	l$m"n o
8 XLA 8 x D x AQr:9<Fq B q X"r'P y 8 9gP q X y 8 9Mr'P^=#D?r:9�A	\ q Xh= 8 ACB_S y P�D?r:i#; q,xuq X�vy 8 q � �kj � ª I q rg9^AQr:DE9'lmACDE9:A 8 r MA xuq 9
XHP^D?r Mq P q 9« ����?�?�¤�� on�l y P^; qzxuq BEApS q P �aq)q�x DE; q 8 9:D y 8 9mr'P^A 8 9'\ q P^9 q 9rSsB y
� ACB q�q r x A 8 9rB q 9 ª X y =#X^i q 9
x =OXLACB y P^DE; Mq r'P q%t Ivuxw �( ��� / �y* T', | j ��¬zI $ ' � $£¦ ¼ y =v¼��|{zI}u �@ |�~ � q �U`

� u)gDw i�k�lKm"npo
� = 8 D_\ q AC=U�6�zIQ= 8 � q r q 9Mr x FqLK 8 D�N�AQP
= 8 SCP y =�N q�xFq »"qd»�r y =�P^9 '�q ! �kj �|�"q j �|�.X q 8 r'PWFq9q 9gAC=Fr y =�P
xuq BEA�r y =�P xuqYx Fq XLB q 8 X^i q ; q 8 r x =����Q`
u @ q 9MrUXLACBEXL=#BJFq N�AQP<P�AQN#N y P¬r<AC=�X q 8 r'P q0x = x Fq r q X"r q =�P	`
� ¡ Fq \gFq 8 q ; q 8 r q 9Mre9�Fq B q X"r:D y 8#8 Fq 9:D 8 XLA 8 x D x AQr:9w� q r:9�Fq B q X"r'P y ;4AQS 8 Fq r:D ? = q 9 y =�i�A x P y 8 D ? = q 9 y 8 r
u"� ���@ |�~�� q �U`
� = 8 D_\ q AC=��&¼zI 8 XLA 8 x D x AQr:98� q r:9�Fq B q X"r'P y ;4AQS 8 Fq r:D ? = q 9 y =�i#A x P y 8 D ? = q 9:9 xuy D_\ q 8 rBvq r'P q P q X y 8 9�V
r'P^=#D?r:9�A]\ q X�= 8 ACB_S y P^D?r:i#; q xuq X�vy 8 q � � j � ª A]\ q X $ ' � � � $ ¦ ¼ y = ¼��|{ q r
u"� ���@ |�~@� q �UI�u @ Fq r:A 8 rxXLACBEXL=�B�Fq N�AQP�P^AQN#N y P¬r�AC=Z\ q PJr qH~ N�P^DE;4ACD_P q�x =Z�p¼z` � D 8 9:D�IQ= 8 Fq \gFq 8 q ; q 8 r
X y ;ZN y 9�Fq;x^¡ = 8 Fq B q X"r'P y 8 Fq 8 q P^S6Fq r:D ? = q;q r6= 8 � q r i�A x P y 8 D ? = q Fq 8 q P:STFq r:D ? = q N q =Fr"9:AQr:DE9'lmACD_P q BEAhX y 8 x D�V
r:D y 8 � u �oq �zIE�O» t `

��� � � �{¤^��¢!¤��Z�y�0�������[�g���! �����Z���  �g��¤:�x�U� �U�	���x�U�
�8y ;4; q_x Fq XHP^D?r x A 8 9[BEAU9 q X"r:D y 8 »z`|�z`�¼zI}B ¡¢qL� XLACXLD?rzFqLxuq�x Fq XLB q 8 X^i q ; q 8 r q 9¬r�XLACBEXL=#BJFq9q X y ;4; q B q N#P y V

x =�D?r xuq 9�N#P y
� A � DEBED�r�Fq 9hX y 8 x D?r:D y 8�8 q BEB q 9 xuq 9^AQr:DE9'lmACD_P q r y =ur q 9�B q 9hX y 8 x D?r:D y 8 9 MA4X^i#A ? = q 8 D_\ q AC=�9^ACX^i#A 8 r
? = q X q BEB q 9[AC= ~ 8 D_\ q AC= ~ N#PWFq X�Fq]xuq 8 r:9Y9 y 8 r x Fq � MAZ9:AQr:DE9'lmACD?r q 9f  q rLI#9 y =�9[B ¡ id¡zN y r:i Mq 9 q�x^¡ D 8 x Fq N q 8 x A 8 X qwxuq 9
y
� � q r:9LI�X�i#A ? = q X y 8 x D�r:D y 8 N q =urwvq r'P q 9zFq N�AQPWFq9qzq 8 l y 8 X"r:D y 8 xuq 9 y
� � q r:9hN#P^DE9[D 8 x D_\WD x = q B¢B q ; q 8 rL`
�6A�N#P y X�Fq]x =�P q S6Fq 8 Fq P^ACB q N y =�P y
� r q 8 D_P4= 8 q N�AQP^AC;£Fq r'P^D¢9:AQr:D y 8 xuq B ¡¢qL� XLACXLD?r�Fq xuq x Fq XLB q 8 X^i q ; q 8 rpN�AQP

�W�]�



y
� � q r q r�N�AQPYX y 8 x D?r:D y 8 Fq BJFq ; q 8 r:ACD_P qLq 9MrhB¢AZ9:=#D_\QA 8 r q n
�Q` ��y 8 9Mr:D?r:= q Pg= 8 B y r xuq,xuy 8�8 Fq9q 9 8 y 8 � D¢ACDE9�Fq N�AQPgP^AQN#N y P¬r�AC= ~ X y 8 x D�r:D y 8 9 xuq,x Fq XLB q 8 X�i q ; q 8 r xuy 8 r
y 8 \ q =urh; q 9^=�P q PhB ¡¢qL� XLACXLD?r�Fq `

�z` � xuq 8 r:D KFq P�B q 9 y
� � q r:9[P q X y 8 9Mr'P�=#D?r:9 q = 8 q 9�Fq B q X"r:D y 8 9^=�N#N�BJFq ; q 8 r:ACD_P q_q 9¬r�N�AQP:l y DE9 8 Fq X q 9:9:ACDEP q%t `
¼z` � 9:9 y XLD q PgB q 9 y
� � q r:9�P q X y 8 9Mr'P�=#D?r:9�AC= ~zy
� � q r:9�AC= ~ 8 D_\ q AC= ~ ���QIs�6� q rg�p¼z`d� ¡ AC9^9 y XLD¢AQr:D y 8 q 9MrglmACD?r q

9 y D?r[S6Fq9y ;�Fq r'P^D ? = q ; q 8 r x A 8 9�B q N�B¢A 8 ' q ! 9 y D?r[N�AQP y X"r:A 8 r:9YN y =�P�B q 9�;>= y 8 9[AC= 8 D_\ q AC=)�x�Q`
ª ` � ACBEXL=#B q PeBEA£lyP^ACX"r:D y 8 xuq 9 y
� � q r:9eP q X y 8 9Mr'P�=#D?r:9e9:AQr:DE9'lmACDE9:A 8 reAC= ~ XHP^D�r Mq P q 9 xuq�x Fq XLB q 8 X^i q ; q 8 r:9

Fq r:= x D�Fq 9LI q 8 l y 8 X"r:D y 8 xuq N9@�I '}I q r ! `�� AZX y =�P �aqwy
� r q 8 = q_q 9Mr�9 q 8 9:D � B q AC= ~HJ =#X"r:=#AQr:D y 8 9[9¬r:AQr:DE9�V
r:D ? = q 9 xuy 8 rYDEB�lyAC=Fr�9 ¡ A��}P�A 8 X^i#DEP]`

»z` � P y =#\ q PY= 8 q l y 8 X"r:D y 8 X y 8 r:D 8 = q>? =�D"AQN#N#P y X^i q B q ;4D q = ~ N y 9:9^D � B q X q rMr q X y =#P �aq `�� q 9Yl y 8 X"r:D y 8 9
xuq r ¡zN q  9�3���<  q r  ��V�j�(���(�£�Q�-�
�����
�©�£�Q���Q����	��� �
�?�£ h9 y 8 rYB q 9[N�BE=�9�X y =#P^AC;4; q 8 rh=ur:DEB¢DE9�Fq9q 9L`

� q 9 K Ss=�P q 9 ? `|�z`E�QI ? `|�z`|�zI ? `|�z`�¼ q r ? `|�z` ª ; y 8 r'P q 8 r.B q 9 X y =�P �-q 9 xuq  "� � ����
M�Q�� hN y =�P B q 9 B q NFr y 8 9
q rhB q 9�� q r:9L`

�����	� ? `|�z`E� �
��.Y%1!"%�2/365)b%1@$G [�24A�5)M)b79) 7-5)Z%Z=>)CA
%('*)CG )CA*3��C3?#]RCA��s@$A���7$# G�#&@$A;c6@$#]R
=>)C:^A*2/E$)S!$#��1����)C3 � �"WF)CA : @$AQ%�3?2�@$A 79)X:�)C:�%(!JRS!$3]5)CR(2/:13?2 ��#*)C: RS)1%1@$A&:13?RC#]2/3V)C:�T �¤!�[1!$24:(:�)
7
	 )/.Y%(!�%�2/365)w7"!$A&:,=\!LR¤5)S�$2�@$A�� ����������� ) F �Y)C:13�#]Ao)w%1@$A&:<5)9��#*)CAQ%C)_79)m=\!z%1@$#]E$)CRC3?#]RS)
79)C:	7-5)C3V)S%�3V)C#]RC:DN! G�#&@$A&:ZT

 (GeV/c)e
TE

0 10 20 30 40 50 60 70 80 90 100

L
1 

C
E

M
(1

, 1
1)

∈

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 (GeV)e
TE

0 10 20 30 40 50 60 70 80 90 100

L
3 

SH
T

(1
, 1

5)
 C

C
∈

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

���s�;� ? `|�z`|� ���o.0%1!"%�2/3]5)�79)�7-5)Z%Z=>)CAQ%('*)CG,)CA&3��C3?#]RCA��s@$A��w79)�=�	�5)�=>)1%�3?R�@$A©)CA : @JA
%�3?2�@$AY79),:Z)C:m%1! �
RS!J365)CRC2/:13?2 ��#*)C:^RS)1%1@$A&:13?RC#]2/3V)C: +*%1@$AQ7$2/3?2�@$A����"! I$J$# L	%�L?L'&zN!X�"!$#&%('*)CW¤)C3 �
�K_R`BQ�#5L	%cL1N(&zN!�7$RS@J2/3V)MT

�W�O¬



 (GeV)jet
TE

0 10 20 30 40 50 60 70 80 90 100

L
1 

C
JT

(1
, 5

) 
C

C
∈

0

0.2

0.4

0.6

0.8

1

 (GeV)jet
TE

0 10 20 30 40 50 60 70 80 90 100

L
2 

JE
T

(1
, 1

0)
 C

C
∈

0

0.2

0.4

0.6

0.8

1

 (GeV)jet
TE

0 10 20 30 40 50 60 70 80 90 100

L
3 

JE
T

(1
, 2

5)
 C

C
∈

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

���s�;� ? `|�z`�¼ � ��.Y%(!�%�2/365)m7"),7-5)Z%Z=>)CA
%('*)CG )CA*3�7")C:K�¬)C3?:�c6@$#]R =\!�R¤5)S�$2�@$AD%()CA*3?R�!�=>),7$#�%1!�=\@JRC2/GDN)C3?R1)�� � � � )GF G )C3`c6@$#]R =\!�E$)CR(:12�@$AJ2� PaO PRQ O?N_7$# 7a5)Z%Z=>)CA
%('*)CG )CA*3"����� �M)C3?: �b+o%1@$AQ7$2/3?2�@JA*:��K� !	PRQ�#5L	%�N	&BN!��"!$#&%('*)CWB�
��PaIKQ�# L	%aLZb(&	!$#8G;2?= 2P)C# )C3 � �xPRI$Q�#5L	%
O N(&�N!m7$R�@$2/3V)MT

���s�;� ? `|�z` ª­�$�o.0%1!"%�2/3]5)C: %1@$G [�24A�5)M)C:��K�-�
�h� �B7$#07-5)Z%Z=>)CAQ%('*)CG,)CA&3;:1#]Rw=>)C:��¬)C3?:w)CA : @JA
%�3?2�@$A�79)w=>)C#6R«5)CAo)CR?�$2P) 3?RS!$A&:1E$)CRC:�)
RS)S%(@JA*:13?RC#]2/3V)�)C3�c6@$#]RL3?R�@$2/:wR¤5)S�$2�@$A&:L7$# %1!�=\@$R(2/GDN)C3?R1)B+�%()CA*3?RS!$=>) ��� � � � )GF G 	 W;2/A*3V)CR(G©5)Z7$2?!$2/R1) � ) F G � � � � � R�F H 	 )C3,[1@$#&%('&@$A
� R�F H � � � � 	 T

�C� j



� ��� ��� � �

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

���� �� � ��� � � � 	 ���� �
 � �

�8q rMr q N�AQPJr:D q;x Fq r:ACDEB¢B q B q 9 qL� XLACXLD?rzFq 9 xuq 9TXHP^D?r Mq P q 9 xuq 9�Fq B q X"r:D y 8 IQ9:=�PTB q 9:DES 8 ACB�I	=ur:D¢BEDE9zFq 9"N y =�PTB ¡ A 8 ACB_¡W9 q
xuq ; q 9:=�P q�xuqMggq r
	 r tYMA ��
 ` ��BE9g9 y 8 r x FqLK 8 DE9 x A 8 9gBEALr:i Mq 9 q ` � i#A ? = q XHP^D?r Mq P q�q 9Mr�N�PzFq 9 q 8 rzFq I�ACXLX y ;ZN�AQS 8 Fq
x^¡ = 8 r:A � B q AC=OPWFq 9:=�;4A 8 rYB q 9 qL� XLACXLD?rzFq 9YP q BEAQr:D_\ q 9 xuq 9zFq B q X"r:D y 8 `

� ��� 
���g���^���U� �U�	� �����

� q r:A � B q AC= � `E�x; y 8 r'P q BEA[N�P y
� A � DEB¢D?r�Fqg? = ¡ = 8 Fq \gFq 8 q ; q 8 r�r
	 r x Fq XLB q 8 X^i q B q 9dr'P y DE9 8 DE\ q AC= ~�x^¡ ACX ? =�DE9:D�V
r:D y 8 �x�[�6� �p¼ xuq�� j `du�B¢B q 9�9 y 8 rg; y ¡ q 8#8 Fq9q 9 q 8 l y 8 X"r:D y 8 xFq 9 x D �hFq P q 8 r q 9�\ q P^9:D y 8 9 x = x Fq XLB q 8 X�i q ; q 8 r
q r xuq BEAUBE=#;@D 8 y 9:D?rzFq D 8 r�Fq SCPWFq9q X y P:P q 9'N y 8 x A 8 r q `�u�B¢B q 9 9 y 8 r xuq B ¡¢y P x P qwxuq ¬I¼ ¥ N y =�P[B q XLA 8 ACB�� q � � q r:9��
q rF¬ j ¥ N y =�P[B q XLA 8 ACB�� � � � q r:9��W`

� ¶�
 � � `E� � �=�M�������9�V�4���.��p��� ����?�9�����+���£� �����`���£� � � ��� ���� ����-� �D���j��r 	 r! #"%$ k $'&($ � 0K�����L�)�$�$�3������� � ���������7�	
���V������G3�`���w�9�*�`� �����
+ � � � �¬�p���-,'0.,0/�1�0
XLA 8 ACB q � � q r:9 � � � q r:9¼�� q r:9 2 ª � q r:9 2d¼�� q r:9 ¼ � q r:9 2 ª � q r:9 2F¼�� q r:9

"%3 k 3*&
3 � q1¥@t 4 �z`>�C� 4 �z`>� 4 4 �z`>�05 4 j `E� e 4 j ` ª j 4 j `|� e

� �
6 
���78�}�:9<;=7"�J� ����7f�

� ¡¢qL� XLACXLD?rzFqwxuq 9xXHP�D?r Mq P q 9 xFq 9�Fq B q X"r:D y 8 9:=�P�B q \ q P¬r qH~ N#P�DE;4ACD_P q8q 9MrxN#PWFq 9 q 8 r�Fqwx A 8 9gB q r:A � B q AC= � `|� q 8
l y 8 X"r:D y 8 x = 8 y ; � P qwxFq � q r:9 q r x =eXLA 8 ACB x^¡ A 8 ACBE¡z9 q `#� q \ q P¬r qH~ N#P^DE;@ACD_P qmq 9¬r�P q X y 8 9Mr'P�=#D?r q r�D xuq 8 r:D K Fq
N y =�P q 8 \zD_P y 8 4 e
¥ xuq 9 Fq \gFq 8 q ; q 8 r:9 r
	 r]`

�?> 
 � � `|� �A@CB �%� �]�s�/����;�ED � � �?���$�?�0�Y�Q�;�v���"� �?�$����F���¬��� �����$��9�?� �]���GD*� � � �©�?� �Q�3���(�%�©�$����� �
� �¬�H" *�, ���
��D*�$�6���.D*� � �A�ID	�J�3�M� �<� (9�]�s�0�9�B� � �*�*�
�Q� �K+ �0�
�Q���&�]�Z0 �X�"� ��� �6�(��� �$� ��D � �¬�&�]��� �$����D*�j���+�$�V�©�����LD	���-�(�Z0
�����_�M�+�$���"����� �/�<�����"�7�
���P�"���mG?�`���_��D0�`�����L�
+ D � � �M� ���-,'0 ��1�0

XLA 8 ACB q � � q r:9 � � � q r:9N � q r:9 2 ª � q r:9 2 N � q r:9 N � q r:9 2 ª � q r:9 2 N � q r:9
" � � q1¥4t 4 e ` 4 4 �z`E� 4 �z` j 4 {z` e 4 {z` 4 4 {z`>�

�C�W�



� ��� � � ; ����� ����U��7�� �� �����
	U� �2��� � ��
� q r:A � B q AC= � ` N xuy 8#8 q B q 9 qL� XLACXLD?r�Fq 9 xuq 9zFq B q X"r:D y 8 x =UB q NFr y 8 Fq 8 q P:STFq r:D ? = q DE9 y B�Fq  �� D%D*�9�£ �Ib ����?�?�¤��  q r

xuq P q � q r xFq 9�Fq \ q 8 r:= q BE96AC=Fr'P q 9 Fq B q X"r'P y 8 9 q rT;<= y 8 9"DE9 y BJFq 9LI%X y ;4; q	x Fq XHP^D�r x A 8 9 B q 9fN�AQP¬r:D q 9#5z` N `|� q r:5z` N ` N `
� 8 X y 8 9Mr:AQr q ? = ¡¢q 8 \WD_P y 8 = 8 B q NFr y 8 9^=�P xuq = ~ 9:AQr:DE9'lmACD?rxAC= ~ XHP^D?r Mq P q 9 xuqY? =#ACBED�r�Fq �(���?�?�<�� J`z�6AoX y 8 x D?r:D y 8
xuq \gFq r y X y 8 r'P q r y =urZAC=ur'P q B q N`r y 8�8 ¡ A�� q X"r q N�AC9UB q 9RFq \gFq 8 q ; q 8 r:9Dr
	 r x A 8 9<B q XLA 8 ACB=�'B q N`r y 8 � � q r:9��W`
u 8 K 8 I q 8 r'P q<e j q r8� j ¥ xuq 9xB q NFr y 8 9�9:AQr:DE9'l y 8 rxAC= ~ XHP^D?r Mq P q 9 xFq 9�Fq B q X"r:D y 8 x D?r:9 ��N�i�¡W9:D ? = q 9�� q DE;ZNv=#BE9:D y 8
r'P^A 8 9'\ q P^9 q_q r�Nv9 q = xuy V P^AQNvD x D?rzFq%t `

�?> 
 � � ` N � @ B �*� �9���/���� ����� �?�$����F���¬���*�,��D � � �?�«�$�?�0�
�Q� � �<��G3� �Q�4�s�/����(� D%D*�9�£  " � ����

� � �(���?�?�<�� J" ������� � �9�
�[� �&���mG?�`����" 	 � 7 
 � � �?���-� D*� ����-���S�d��]���mG?�F���V��D
� ����]� �<��� �LD*�
�Q�����.D0�u� ����� ��9� D �K+%��"���&�6� �
D*� "�� � � ��� �]� � � D*�u�
" � �
� ��� � �&�o�j� �� �D���`�7�
� �¬����0
�X�"� ��� �6�(��� �$� �LD � �¬�&�6��� �$� ��D0�`�£�$���V�m��� �LD	���-�(�Z0 ��+ �3� �¬��� �8�"�7�
���P�"���mG?�`� � � �:" 	 � 7 
�"��� �<���
+ D � � �M� ���-,'0.,0/�1 ��,�0��C1 � � ��" � ��� 
�� � " ������� � �9� " 	 � 7 
 �8�]� ,'0.,?#E1 � � ��"�� � � � 0

XLA 8 ACB q � � q r:9 � � � q r:9N � q r:9 2 ª � q r:9 2 N � q r:9 N � q r:9 2 ª � q r:9 2 N � q r:9
" 1��� S q1¥4t e*4 `|� e e `|� e �z` ª e �z` 5 e N ` 5 e N ` j
" U T TVS � q1¥4t 5C{z` 4 ª�e ` 5 5C�z`|{ 5 e `|� 5 N `E� 505z` ª
" �+*"! � � q1¥@t 5 j ` 4 ª N `E� ª�e ` N ª�4 ` 4 ª {z`E� ª �z`|�
"�# � � T �<q1¥4t 404 ` 4 � � jCj � jCj 404 `>� 4 404 ` 4 { 404 ` 4 �
"�# � � TVS ��q1¥4t 404 ` 4 { 404 ` 4 { 404 ` 4 { 404 ` 4 5 404 ` 4 � 404 ` 4 e

� � Z $ 	-�
�f��;-���:�g�
� �� ���&%v�:���
� ¡¢qL� XLACXLD?rzFq 9:=�PhB q XHP^D?r Mq P q�xuq ;>=#B?r:D_NvBEDEXLD?rzFq_q 8 � q r:9 q 9MrhPWFq XLAQN�D�r:=#B�Fq9qzx A 8 9hB q r:A � B q AC= � ` ª `vu 8 \WD_P y 8

� j ¥¨xuq 9RFq \gFq 8 q ; q 8 r:9Dr 	 r �'B q N`r y 8 � � q r:9�� y 8 rUAC=�; y D 8 9�r'P y DE9m� q r:9 � D q 8 P q X y 8 9Mr'P^=#D?r:9 q r>N�AC9:9:A 8 rZB q 9
XHP^D�r Mq P q 9 xuq 9zFq B q X"r:D y 8 xuq 9 � q r:9L`

�?> 
 � � ` ª_�H@ B �*� �9���/����D�����)�3���s��F�3�M�"�D�<� � �£�4���>�j�4� �]�s�/�������(]�9�s� "(' - ) �
� 
 0 ��D � �w��� �$�?�0�Y�Q� 0)�X�"���)�$�$�3������� � ������"�7�
���P�"���mG?�`���_��D0�`� �<���
+ D � � �M� ���-,'0X! 1�0
XLA 8 ACB q � � q r:9 � � � q r:9N � q r:9 2 ª � q r:9 2 N � q r:9 N � q r:9 2 ª � q r:9 2 N � q r:9

"�* - � ��� S 0 q1¥4t ª �z`E� N 5z` e e e ` 4 ª N `|� N {z` N e*4 ` 5

� � � +��U��7����:� � 7�,����.-���7#�}� �/,��0�
	0,����}�

� q 9 qL� XLACXLD?r�Fq 9 xuq 9�Fq B q X"r:D y 8 9:=#PTB ¡ Fq 8 q P^SsD q r'P�A 8 9'\ q P^9 q ;4A 8 ? =#A 8 r q 9 y 8 rTPWFq XLAQN�D?r:=�B�Fq 9 x A 8 9
B q r:A � B q AC=
� ` 5z`gu 8 \WD_P y 8 �05 ¥ xuq 9£Fq \gFq 8 q ; q 8 r:9Yr
	 r@9:AQr:D¢9'l y 8 r4AC= XHP^D�r Mq P q�xuq 9zFq B q X"r:D y 8 9:=�P4B ¡ Fq 8 q P^SsD q r'P^A 8 9:\ q P^9 q
;4A 8 ? =#A 8 r q `

�?> 
 � � ` 5 �J@ B �%� �9���.���� ���w� �z�$��"���&�6���.D*� � � �m�(+%����-���S�
�1�w� � �*�u�V�Q���$�9� �p�*�vG?�/�0�`�(��"213 � ��D � � �����$�?�0�
�
� 0)�X�"��)�$�$�3������� � �����_�"�7�
���V������G3�`���_��D*�`�����L�
+ D � � �¬�p���-,'0�#E1�0
XLA 8 ACB q � � q r:9 � � � q r:9N � q r:9 2 ª � q r:9 2 N � q r:9 N � q r:9 2 ª � q r:9 2 N � q r:9

"41s 2 q1¥4t � ª ` N � N `|� � N ` 4 �C{z`|� �05z` ª �05z`>�

�C�C�



� ��� + ����� 	U�:� , �h� �Z��� %v�:���E[

�6AoN�P y
� A � DEB¢D?r�Fq�x^¡ Fq r:D ? = q r:AQS qLxuq 9X� q r:9 N�AQP[;<= y 8 9 q 9Mr xuy 8#8 Fq9q_x A 8 9 B q r:A � B q AC= � `|{z`�u 8 \WD_P y 8 � 5 ¥
xuq 9UFq \gFq 8 q ; q 8 r:9 r
	 rxN#PzFq 9�Fq B q X"r:D y 8#8 Fq 9[9 y 8 rZFq r:D ? = q rzFq 9LI�X ¡¢q 9Mr�V MA V x D_P q N y 9^9�Fq]x A 8 r AC=@; y D 8 9�= 8 � q r4Fq r:D ? = q r�Fq
� ` ��q rMr q N#P y
� A � D¢BED?r�Fq AC=#Ss; q 8 r q�q 8 l y 8 X"r:D y 8 x = 8 y ; � P q�xuq � q r:9�N#PWFq 9 q 8 r:9 x A 8 9[B ¡ Fq \gFq 8 q ; q 8 rL`

�?> 
 � � `|{ � @ B �*� �9���.�� �K+%��]���mG?�`�9�7�]�¤� ���"� (9�]�s�X�.� � � �ED0�u� "�� i ����� ��D � � ���,�$�?�0�
�
� 0 ����� ��� �6�(��� �$�0�LD � �M� �]��� �J���D*�`�d�$�$�V�z�����LD	���-�(�Z0$�X�����)�$�����"���s� � ���"�_���7�
���V������G3�`���_��D*�`�������(+ D � � �¬� ���-,�0X#E1�0
XLA 8 ACB q � � q r:9 � � � q r:9N � q r:9 2 ª � q r:9 2 N � q r:9 N � q r:9 2 ª � q r:9 2 N � q r:9

"�� i ��� ! q1¥4t � 5z` e �Ge `|{ � {z` e � 5z` 5 � {z` 4 � {z`|�

�C� N





� ��� ��� � �

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


�� "!#!# %$'&(&) +*, %-)./&(&) 1032) 546032) 57�-(867#!#9:8<;=2)!>8<./&=7@?"86&�A 5BC$D!>86032) 57E-( 57�.';,F# "!>7� "!G-) 57�HD$D9I86$D;=4< 57�J/4<.';K$'4< 57
.';=7> "9>H@A " 571 "!ML(9,A 5-=8<!# 571$DL(95N 57OA "!>86032) "!>$DJ' 'PQ�� 571-=867#!#9I8<;K2)!>8<./&(7E7>./&R!1BS./&T!#93A " 57% 5&OUV./&(?+!>8<./&W-(2O&)./BX;(9> 
-) YF# "!>7�Z/4< 57XA "H@A 5&( 5BS 5&R!>7�$5[/$'&T!\ +*)$'?+!# 5BS 5&T! �YF# "!"]R^\F_ "!>75] N F_ "!>7"] 2a` F_ "!>7b "! 2 N F_ "!>7\7#./&R!b9I "L(93A 57# 5&T!TA 57
-) %c=$'2)!� 5&d;=$'7� "!e-) 1J/$'2(?Ic( fN$C-)9I./8<!# 'P

g ./2)!# 57M4< 57h-(867#!#9:8<;=2)!>8<./&=7�7#./&R!h;=$'73A " 5717>2(9e46$i7>86Bj2(46$D!>8<./&k]lN$i4nmo +*)?+ "L(!>8<./&p-) j?+ 5464< 57h?+./&(?+ "9I&($'&T!14< 57
UV./&(-(7bBj2(4<!>8 F# "!>7"]'.';(!# 5&32) 57�-(8<9> 5?+!# 5BC 5&R!hN$%L=$D9>!>8<9@-) 57�-)./&(&�A " 57hqr46$%BsA "!>c).,-) G 57>!\-�A 5?+9I8<!# h-($'&(7@46$M!>ckN 57> ']
L=$D9I!>8< Mt3P ` P �vu:PKwx 57�7# 5?+!>8<./&(7� "yi?"$'?+ 57Ez@qV{}|{Iu�2)!>864~867TA " 57\L�./2)9�?+ 57�-(8~7#!#9I8<;=2(!>8<./&(7@7#./&T!�?+ 5464< 57�BS 57>2(93A " 57�L=$D9
46$SBsA "!>c(.3-) X-) 1HT9:$'867# 5BX;=46$'&(?+ %-($'&=7�4< 57E?"$'&($'2,*��_ ��\F# "!>7>�S "!i�_�Y�\F_ "!>7I�,P

�� "9>!>$'86&) 57l-(867>!#9I8<;=2)!>86./&(7kL(9,A 5-(86!# 57b$DL(9"N 57XA "!>86032) "!>$DJ' GL(9,A 57> 5&R!# 5&T!@-km�86BSL�.'9>!>$'&T!# 57l�=2(?+!>2=$D!>8<./&(7�ZD 5464< 57
./&T!EL�./2)9�.'9I8<J/8~&) 14< %BC$'&(032) %-) %7#!>$D!>8~7#!>86032) 1L�./2)9E4< 57�UV./&(-(7���� ��F# "!E "!E���a^GF# "!>7"P

^'^'t



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

selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.70

selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22

24  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.90

selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.90

selec eη
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98

!#"%$'& ( P*)DP*) + ,.-JA/-10
2435 0 57698;: @$A=<?> 5@8;ACBEDGF�AH5@IKJ @CL : -@M?N J N 8 35
JO5 0QP 35 0 5Q698;: @JASR

 (GeV/c)
selec e
Tp

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.76

 (GeV/c)
selec e
Tp

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.24

 (GeV/c)
selec e
Tp

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8

9
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99

 (GeV/c)
selec e
Tp

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
selec e
Tp

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#"%$'& ( P*)DP ^ + ,.-JA/-10
2435 0 57698;: @$A=<?> 5@8;ACB D TVU M I 0 A N�@JA
8;: -$A A7WC5@:VA95	JO5 0QP 35 0 5Q698;: @JASR

^'^/X



 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.31

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#"%$'& ( P*)DP � + ,.-$A?-10 2435 0 5Q698;: @$A=</> 5@8;A1B D TVU M I 0 A N�@$A 8;: -JA A7WC5@:@A95 J 5@A > 5@8;A R

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.83

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.92

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#" $ &�( P*)DP ` + ,.-JA/-10 2K35 0 5Q698;: @$A </> 5@8;ACB	DSF�A95@IKJ @1L : -VM?N J N 8 35 JO5@A > 5@8;A R

^'^��



 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

35

40

45  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.32

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#"%$'&�( P*)DP t
+ ,.-$A?-10 2435 0 57698;: @$A=<?> 5@8;ACB	D�� @ U#U 5 A@6 -10 -CN :75#J 5@A 35 A 5@:�� N 5@A 8;: -$A AVWC5@:VA95@A JO5@A > 5@8;A����	��
 R

 (GeV/c)tot
TH

0 100 200 300 400 500

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

35

40

45
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)tot
TH

0 100 200 300 400 500

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)tot
TH

0 100 200 300 400 500

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)tot
TH

0 100 200 300 400 500

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8

9
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)tot
TH

0 100 200 300 400 500

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#"%$'& ( P*)DP XG+ ,.-$A?-10 2435 0 5Q698;: @JA=</> 5@8;ACB D�� @ U'U	5 A@6 -10 -CN :Q5 J 5@A 35 A 5@:
� N 5@A	8;: -$A AVWC5@:VA95@A J 5@A @�� > 5@8;A A 35 0 5Q698 N�@$A&A 35@A
� > 5@8;A�� 0 5 M 8 @$A � 35 A 5@:
� N 5�8;: -$A A7WC5@:VA95 U -$A�� I -$A 8 5�
����������� 
 R

^'^��



 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.89

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.61

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8

9
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.97

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.34

!#"%$'& ( P*)DP �
+ ,.-$A?-10 2435 0 5Q698;: @$A=</> 5@8;A1B D�� A 5@:
� N 5 8;: -$A A7WC5@:VAH5'U -$A�� I -$A 8 5 ���� � 
 R

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.70

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.63

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8

9
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#" $ &�( P*)DP � + ,.-JA/-10 2K35 0 5Q698;: @$A </> 5@8;ACB D�� - A7A95 8;: -JA A7WC5@:@A95 JCI�� :Q5Q6 @JA A78;:@I N 8 �	��

�� 
 R

^'^��



Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.95

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.28

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.72

!#" $ &�( P*)DP	�
+ ,.-$A?-10 2K35 0 5Q698;: @$A </> 5@8;ACB	D�� M/0 -JA/- : N 8 35 R

!#" $ &�( P*)DP*)�� + -$A?-10 2435 0 57698;: @$A=<?> 5@8;ACB	D�� M�� 35@: N 6 N 8 35 R

^ � �



Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

10

20

30

40

50

60

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.22

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.97

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.87

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98

!#"%$'& ( P*)DP*)/) + ,.-JA/-10
2435 0 57698;: @$A=<?> 5@8;ACB D�� : -�N A95@U �H0 -$A 6@5
8 @VM6@10\@ � N�� I 5 R

����� ���	�
�	�
����� � ����� ��� � �

µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22

24  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99

µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98

µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.97

µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

N
b

. P
re

se
l. 

E
ve

n
ts

0.5

1

1.5

2

2.5

3

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

µselec η
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8

9
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#"%$'& ( P ^3P*)5^ + ,.-JA/-10
2 U#I @$A=<?> 5@8;ACB D�F�AH5@IKJ @CL : -@M?N J N 8 35�JCI
U'I @$ASR

^ � )



 (GeV/c)
µselec 

Tp
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.23

 (GeV/c)
µselec 

Tp
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.10

 (GeV/c)
µselec 

Tp
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
µselec 

Tp
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

0.5

1

1.5

2

2.5

3

3.5

4

4.5
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
µselec 

Tp
0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#"%$'&�( P ^3P*) � + ,.-$A/-C0 2 U'I @JA=</> 5@8;ACB#D TVU M I 0 A N�@$A 8;: -JA A7WC5@:@A95 JCI U#I @$ASR

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

35
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.87

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.50

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)
jet
Tp

0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22

24  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#" $ &�( P ^3P*) ` + ,.-$A?-10 2 U#I @$A </> 5@8;ACB D TVU M I 0 A N�@JA 8;: -$A AVWC5@:VA95 J 5@A > 5@8;A R

^ � ^



jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.85

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99

jetη
-3 -2 -1 0 1 2 3

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.99

!#"%$'&�( P ^3P*)5t + ,.-$A/-C0 2 U'I @JA=</> 5@8;ACB#D F�A95@IKJ @1L : -@M?N J N 8 35 J 5@A > 5@8;A R

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

10

20

30

40

50

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20

22
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.24

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

0.5

1

1.5

2

2.5

3

3.5

4

4.5
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)TH
0 50 100 150 200 250 300 350 400

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.94

!#" $ &�( P ^3P*) X + ,.-JA/-10 2 U#I @$A </> 5@8;ACB D � @ U#U	5�A@6 -10 -CN :Q5#J 5@A 35 A 5@:�� N 5@A 8;: -$A A7WC5@:VAH5@A#J 5@A > 5@8;A	���	� 
 R

^ � �



 (GeV/c)tot
TH

0 100 200 300 400 500 600

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.14

 (GeV/c)tot
TH

0 100 200 300 400 500 600

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.67

 (GeV/c)tot
TH

0 100 200 300 400 500 600

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98

 (GeV/c)tot
TH

0 100 200 300 400 500 600

N
b

. P
re

se
l. 

E
ve

n
ts

0.5

1

1.5

2

2.5

3

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

 (GeV/c)tot
TH

0 100 200 300 400 500 600

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.92

!#"%$'& ( P ^3P*) � + ,.-JA/-10 2 U'I @JA=</> 5@8;ACB D � @ U#U 5 A@6 -10 -CN :75 J 5@A 35 A 5@:�� N 5@A 8;: -$A AVWC5@:VA95@A J 5@A @�� > 5@8;A A 35 0 5Q698 N�@$A&A 35@A
� > 5@8;A�� 0 5 M 8 @$A � 35 A 5@:
� N 5�8;: -$A A7WC5@:VA95 U -$A�� I -$A 8 5�
����������� 
 R

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

35
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.95

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

0.5

1

1.5

2

2.5

3

3.5

4

4.5
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.98

 (GeV)Tmiss E
0 20 40 60 80 100 120 140 160

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#" $ & ( P ^3P*) � + ,.-$A?-10 2 U#I @$A </> 5@8;ACB D � A 5@:�� N 5 8;: -$A A7WC5@:@A95'U -JA�� I -$A 8 5 � �� � 
 R

^ � `



)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.11

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7

8
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.48

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

0.5

1

1.5

2

2.5

3

3.5

4

4.5
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

)
2

 (GeV/cW
TM

0 20 40 60 80 100 120 140

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.66

!#"%$'&�( P ^3P*) �
+ ,.-JA/-10 2 U#I @$A </> 5@8;ACB D�� - AVA95 8;: -$A A7WC5@:VA95 JCI � :75Q6 @$A A78;:VI N 8 �	��� �� 
 R

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

10

20

30

40

50  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

5

10

15

20

25

30

35

40

45
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.91

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.95

Aplanarity
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#"%$'&�( P ^3P ^ �
+ ,.-$A/-10 2 U#I @$A </> 5@8;ACB D�� M/0 -$A?- : N 8 35 R

^ � t



!#" $ &�( P ^3P ^ ) + ,.-JA/-10 2 U#I @$A </> 5@8;ACB D�� M�� 35@: N 6 N 8 35 R

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

10

20

30

40

50

60

70

80
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10

12

14

16

18

20
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 0.81

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

1

2

3

4

5

6

7
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

0.5

1

1.5

2

2.5

3

3.5

4

4.5
 ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

Event Likelihood
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

N
b

. P
re

se
l. 

E
ve

n
ts

2

4

6

8

10  ljets→ttbar 
 ll’→ttbar 

Single Top
µµ →Z 
ττ →Z 

VV
Wbb
Wcc
Wc
W+light
QCD
Data
KS = 1.00

!#" $ &�( P ^3P ^'^ + ,.-$A?-10 2 U#I @$A=<?> 5@8;ACB D � : -CN A@6V5@U �H0 -JA 6V5 8 @@M6@10\@ � N
� I?5 R

^ � X



� ��������� �

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

��� � � � � ��
� �� � �

�� "!#!# GL=$D9>!>86 �93A 57>2(BS h4< 57@$'2)!#9> 57�$'&($'4<[,7# 57\-( GBS 57>2)9I E-) Gz@qV! |!}uEN$ (�� P��3./&T!\-�A "!>$'86464}A " 57�2(&(8~0T2) 5BC 5&R!
4< 57�$'&($'46[37# 57�2)!>8~46867>$'&T!�2(&( h462=BC86&)./7>86!TA M86&T!TA "J'93A " %L(9>.,?Ic) 1-) M?+ 5464< 1-) M4nm�$'&($'46[37# 1-) M46$j!>ckN 57# ']) "!E-)./&T!�4< 57
-)./&=&�A " 57%./&T!pA "!TA i9> 5?+./&=7#!#9I2(8<!# 57 $5H' 5? 2(& ?+.,-) -) S9> 5?+./&=7#!#9I2(?+!>8<./& ?+./BSL=$D9I$D;K4< q������Tu:Plw@m�$'?"?+ 5&T! 7# "9I$
BC8~7�7>2)9G4< 57EL(9I86&(?"86L=$'4< 57�-(8<y ?"2(46!TA 57G-) 4nm�$'&($'46[37# '](7I2)9G46$SBsA "!>c).,-) -xmo +*3!#9I$'?+!>86./& -) %4~$S7# 5?+!>8<./&  "yi?"$'?+ 
 "!G7I2)9E46$S7# 5&(7I8<;=864686!TA M-) %46$SBC 57>2)9> 'P

w  57%A "H@A 5&) 5BS 5&T!>7@! |!l7# �?"46$'7>7# 5&T!b7# 54<./&j4< 57%A "!>$D!>7��=&($'2,* 7>2=8<H $'&T!>7�q ��U P L=$D9>!>86 \!>c�A ".'9I8< )DP � u�Z��_!#./2)!bc($��
-)9I./&(86032) 5�,]k�#4< "L(!#./&K�\F# "!>7>�,]Q�_!>$'2K�\F# "!>7>�% "!\-=864< "L(!#./&(8~0T2) 5�,]'?+ h0T2(8)8~BSL=4686032) �-) 57\7>!#9I$D!TA "J/8< 57�7>L�A 5?"8��=032) 57
-) 19I 5?Ic) "9I?:c) -km A "H@A 5&) 5BS 5&T!>7e!_|!G "!G-) BS 57I2)9> 1-) 46$S7> 5?+!>8<./&d "y ?"$'?+ 'P

 ��� ! ��� � ����" �	� � � � � �	�
�	� � � � � �$# � " ��� �&%(' � ���
w\m A "!>$D!)�K&($'4E?+./&(7>8~-�A "93A -($'&(7i?+ ?"$'&($'4e 57#! ?+./&=7#!>8<!>2�A ']�$'2�L(9> 5B 8< "9C.'9I-)9I +*-,�]\-( 7>8 * F# "!>7i-)./&T!

-) 52)*MF_ "!>7�-) �.�P=�� 57 F_ "!>7�7>./&R! A 5&) "9>JQA "!>86032) 57� "!�!# 5&(-( 5&R! N$)/ "!#9> 1?+ 5&R!#9:$'2,* PK�� "!#!# %7>8<J/&($D!>2)9I G9> 5?:c) "9I?Ic�A " 
86BCL=4686032) 46$pL=93A 57# 5&(?+ -) 57 L=9>.3?+ 57I7>2(7SBj2(4<!>8 F# "!>7 qV "!C� � F# "!>7 -=$'&(7S2(&) dBS./86&=-)9> dBS 57>2)9I �u ?+./B BS 
;(9:2(8<!>7�-) 1UV./&(-dL(9I8~&(?"8<L=$'2,*�P

0 �=&�-( 7TA "L=$D9> "9f4< 57 A "H@A 5&) 5BS 5&T!>7f!_|!i-) 57 L(9>.,?+ 57>7>2(7C-( U ./&=-k]\-) 57i?+9I8<!+N "9> 57 7>2)L(L=4}A 5BC 5&R!>$'8<9I 57C-) 
73A 54< 5?+!>86./& 7#./&T!e$DL(LK4686032�A 57"P21 4~7E2)!>86468~7# 5&R!�4< 1Ur$'8<!G032) 4~$S!#.'L�./4<.'J/8< -(2 7>8<J/&($'4� 57#!h-(843GA "9> 5&R!# j-) ?+ 54646 %-) 57
;(9:2(8<!>7\-( hUV./&(-kP,wx 57�HD$D9I86$D;=46 57�7>2=8<H $'&T!# 57�7#./&T!E2)!>86468673A " 57eZ)7#./BCBS 17>?"$'4~$'8<9> M-) h4 m A 5&( "9>J/8< M!#9I$'&(7#H' "9:7# 1-) 57
F# "!>76587@]�./2)H' "9>!>2)9I dq:9<;>=@?=IuG 5&T!#9> C4< 571-) 52)*SF_ "!>7OA "!>8~0T2) "!3A 578.�]�7>L=c�A "9I86?"8<!3A ']x?+ 5&T!#9I$'468<!3A '] $DLK46$'&($D9I8<!3A 'P (  
L=4~2(7"]=N$%46$1-(8�3GA "9> 5&(?+ e-) 57 A "H@A 5&( 5BS 5&R!>7�Bj2(4<!>8 F# "!>7"]/4< 57 A "H@A 5&) 5BS 5&T!>7�! |!\7#./&T!�?"$D9I$'?+!3A "9I8~7TA 57�LK$D9�46$ML(9,A 57> 5&(?+ 
-) e;�./7#./&(7-A  "!�-( e032($D9CB,7\{EDGF ]T032kmo./&f?Ic) "9:?Ic) CN$ 9I 5?+./&(7#!#9I2(869> GL�./2)9�$'B A 5468<.'9> "9�4< G9I F_ "!�-) 57�;(9I2(86!>7@-) 
UV./&(-kP

�� "!#!# C$'&($'4<[,7# j&�A 5?+ 57I7>8<!# 46$ ?+./&(7#!>86!>2)!>8<./&p-km�2(&p4<.'!1-km A "H@A 5&( 5BS 5&R!>7jBj2(4<!>8 F# "!>7G "!HA �JILK"{NMON$ Xi./2
�CF# "!>7 -)./&T! -) 52)*O.�PQP�& L(9I$D!>86032) ']@46$W?+./&T!#9I8<;=2(!>8<./&a-) 57C;=9I2(8<!>7 -) dUV./&(-a 57#! .';(!# 5&T2( sN$WL=$D9>!>869C-) 57
-)./&=&�A " 57"]�N$d?"$'2(7# C-) 5718~&(?+ "9>!>8<!>2(-( 57e7>2(9%4< 57ML(9>.,?+ 57>7>2(7MBj2(4<!>8 F# "!>7CN$dc($'2)!# CBj2(4<!>8<LK4686?"8<!3A ']= "!X-) S46$ !#9"N 57
Ur$'8<;=4< M7#!>$D!>867>!>860T2( h 5& A "H@A 5&) 5BS 5&T!>7G� � ; |;kPSRQ./2)9E.';(!# 5&=8<9�4< 57E-(867>!#9I8<;=2)!>86./&(7\?"86&�A 5B $D!>860T2( 57�-) 57�UV./&(-(7"]
7# 52=467\4< 57iA "H@A 5&) 5BS 5&T!>7XN$ X%./2 ��F_ "!>7�-) hJ'9I$'&(-( h86BCL=2(467>86./&S!#9I$'&(7#H' "9:7# h7>./&R!�?+./&(7>8~-�A "93A 57"])$'2,*,032) 5467�7#./&T!
$DL(LK4686032�A 57x-) 57YL ./8~-(7x$'2jc($'7>$D9I-k] $T�=& -( �7>86Bj2(4< "9Y4nmo "y ?"$'?"8<!3A �-km A "!>86032) "!>$DJ' 'PUR\462=7x +*)$'?+!# 5BS 5&R!"]'?+ 57QL�./86-(7
7#./&T!%L=$D9:$'B A "!#93A 57  5& UV./&(?+!>8<./& -( C4nm�86BSL=2=467>8<./& !#9I$'&(7#H' "9:7# i-) 57�F_ "!>75]  "! -) i4nmo./2)H' "9>!>2)9I q:9&; =V? = uh 5&T!#9> 
4< 57�-) 52)*1F_ "!>7�?:c)./867>8~7�?+./B BS A "!>$'&R!dA "!>8~0T2) "!3A 57W.�PSP�&2�=&k]346$X&(.'9IBC$'46867I$D!>8<./&i-( 57�L(9>.,?+ 57>7>2(7�-) MUV./&(-(7� 57#!

^ � �



 3� 5?+!>2�A " N$ L=$D9>!>869�-=2 7>L  5?+!#9I h 5&dB $'7>7# 186&TH $D9I8~$'&R!# 1-(84� F# "!>7�&)./& A "!>86032) "!TA 57 Z)4< 1&)./BX;(9> M-km A "H@A 5&) 5BC 5&R!>7
-) d;=9I2(8<!>7 -) UV./&(-  "! -) -)./&(&�A " 57i-)./8<! / "!#9> 46 B / 5BS -($'&=7C46$pL=46$DJ' ������� X't���K
	���
��R]@0T2=8� 57#!
7>2(y 7>$'BCBS 5&T!iA 54<./8<J/&�A " -( %46$ BC$'7>7# -=2i;�./7#./&+A P)w  57�93A 57>2(4<!>$D!>7e-) 1?+ "!#!# XBsA "!>c).,-) -xm A "HD$'462($D!>86./& -(2
&(86H' 5$'2d-) 57�;(9I2(86!>7�-) 1UV./&(-d7>2(9�46 57�-)./&(&�A " 57E7#./&T!E86464~2(7#!#9,A 57�7>2)9E46$ �(J/2(9> 6PEP*)DP*)DP=wY$S&).'9IBC$'468~7>$D!>8<./& -) 57
UV./&(-(7� 57#!E?+.'9>9I 5?+!# 'P��M&d-(867>!>86&)J/2) h&) "!#!# 5BS 5&T!G2(&  +*,?DN 57e-km A "H@A 5&) 5BS 5&T!>7CN$j 5&RH,8<9>./& � ���h ���� ?��ML�./2)9�46$
-(8~7#!#9I8<;=2(!>8<./&C 5& B $'7>7# -(8�� F_ "!>7 ����� ]) "!jN$G) �Dt��h ���� ? � L�./2)9E46$S-(8~7#!#9I8<;=2(!>8<./&  5& BC$'7>7# %!#9:84� F_ "!>7 � = ��� P

!#"%$'& PGP*)DP*) +���N A78;: N�� I 8 N�@JA A 5 A U - A7AH5 N4A W - : N*-$A 8 5 ����� � @ :VU 35 5 JO5#J 5@I�! > 5@8;A A
@$A 35@8 N�� I 5@8 35@A � �
"- � - IK6 � 5�
 � 5@8
�$#%�&� - WC576 8 @ I 8 5@A 0 5@A 6 @ U �9N/A/-�N A @$A A'� @ :VU 35 5@A J P I A > 5@8 35@8 N�� I 5@8 35 � 5@8 JO5�J 5@I�! > 5@8;A A
@JA 35@8 N
� I?5@8 35@A � �("- JC: @CN 8 5�
*),+�-/. R

w  �&(8<H' 5$'2X-) 57YU ./&(-=7x 57#!Q$'4<.'9I7Q?+./&(&T2xP�w $e7# 5?+!>8<./&X "y ?"$'?+ � 57#!Q +*3!#9I$'86!# MN$eL=$D9>!>8<9 -( �46$GU .'9IBj2(4< �?"46$'7>7>86032) 
7>2=8<H $'&T!# SZ

z10 ? 0325476�8:9;�< 0 <>= 476�8:9?A@CBD 6&8:9FEHG�IJEHK
4 6&8L9;�< 0 <  57#! 4< &)./BX;(9> a-km A "H@A 5&) 5BC 5&R!>7s-($'&(7p4< 57p-)./&(&�A " 57 93A " 5464< 57W7>$D!>867>UV$'867I$'&R!p!#./2(7W4< 57p?+9I86!+N "9I 57 -) 73A 54< 5?+!>86./&�M 4N6&8L9?A@OB  57>! 4< &(8<H' 5$'2  57#!>86BsA O-) 57S;(9I2=8<!>7S-) UV./&(-�-($'&=7C4< 4<.'!i-) -)./&(&�A " 57 7TA 54< 5?+!>8<./&(&�A " 575P1_4x 57#!e 57#!>86BsA jL=$D9M4< 57GBsA "!>c).,-) 57M-�A 5?+9I8<!# 57M$'2)LK$D9I$5HD$'&R!PM DHQAR 8:6�8:9  57#!h4nmo "y ?"$'?"8<!3A S-) j7TA 54< 5?+!>8<./&p-(2 7I8<J/&($'4nP1_4 L(9> 5&(-f$'2(7>7I8K 5&d?+./BCL(!# %46$jL� "9>!# M 5& A "H@A 5&) 5BS 5&T!>7e!_|!E0T2(8�7# "9IH' 5&R!XN$S?+./&(7>!>8<!>2) "9E4< 57�4<.'!>7E-( h;=9I2(8<!>7�-) 
UV./&(-(7ML=$D9WA "!>860T2( "!>$DJ' $'4}A 5$D!#./8<9I 3MPS8;� 57#! 46 C9I$DL(L�.'9>!%-kmo 5BX;(9I$'&=?Ic) 5BS 5&T! -) 57 L=$'8<9> 57 -) S!#.'L -($'&=7%4< 
?"$'&($'4G�_!#./2)!Gc($'-)9I./&(86032) 5�j "! K  57>!G46$S462(B 86&)./7>8<!3A 186&T!TA "J'93A " j-) 57G-)./&(&�A " 57"P

RQ./2)9�2(&) �BC$'7>7# E-( E0T2($D9(BX!#.'L -( �UTWV�X 2 ) �DtY�6K
	���
A�/]/46$17> 5?+!>8<./&S "y ?"$'?+ h$ A "!3A MBS 57>2)9,A " N$[Z � `]\ Z
z@qV!_|!}u32 )5^_^*)�` ` ^	�)qr7>!>$D!:u*` ` ^ X)qr7>[37#!:u*` �a^ �)qr462(B 8 u�L(;

w  57186&(?+ "9>!>86!>2(-) 57M7#[,7#!TA 5BC$D!>86032) 57 032(8l$�3  5?+!# 5&T!X4~$ BC 57>2)9> S7#./&T! 468}A " 57 N$d46$d?+./&=&($'867>7>$'&=?+ -( 571 "y&�
?"$'?"8<!3A 57X-) C7TA 54< 5?+!>8<./& -=2W7>8<J/&($'4�qVL(9>.,?+ 57>7>2=7 *-, ./2�b>*-,\u qH)��dcCu:] -( C46$f?"$'468<;(9I$D!>86./&O-( 57�F_ "!>7 qH)5t]c u:]
-) %4 m A "!>8~0T2) "!>$DJ' -) 57QF# "!>7XqH) �]c u:PKw $ ?+./&R!#9I86;=2)!>8<./&d-)./B 86&($'&T!# %-) %4nm�86&(?+ "9I!>8<!>2(-) 17#[,7#!TA 5BC$D!>86032)  57>!G468}A " 
N$ 46$ BC.3-�A 5468~7>$D!>8<./&  "!SN$f46$i7#./2(7#!#9I$'?+!>86./&O-( 57GUV./&(-(7 qn^'t]cCu:P P\&O 3� "!"]�46 X&(8<H' 5$'2O-) 57hUV./&(-(7e 57#!e 57>!>86B A 
N$WLK$D9>!>8<9C-) -)./&=&�A " 57  5&)9:86?Ic(86 57  5& A "H@A 5&) 5BC 5&R! ! | !CL=$D9 4~$ 7TA 54< 5?+!>8<./& !#.'L ./46.'J/860T2( 'PQRQ./2)9CL(9> 5&=-)9> f 5&
?+./BSL=!# %4< 57�;=86$'867�86&T!#9>.,-(2(8<!>7�L=$D9E?+ "!#!# 73A 546 5?+!>8<./&k](L=4~2(7>8< 52)9:7\?+./BX;=86&($'867>./&(7�-) MH $D9I8~$D;=4< 57�!#.'L�./4<.'J/86032) 57
7#./&T! ?+./&(7>86-�A "9,A " 57SL�./2)9j46$OBS 57>2)9> f-) 46$ 7> 5?+!>8<./&s "y ?"$'?+ 'P ( 843GA "9> 5&T!# 57C7# 5?+!>86./&(7j "y ?"$'?+ 57C7#./&T!j$'46.'9I7
BS 57I2)93A " 57"]( "!G4 m A 5?"$D9I!E� ! [3L  j 57#!E-)./&=&�A ?+./BCBS 8~&(?+ "9>!>8<!>2(-( 'P

^ � �



 ��� ! ��� � ����� " �	� � � � � �	�
�	�
� � ��� � � ����� ����� �

w\m A "!>$D! �K&($'4) 57#!�4< eB / 5BS h0T2( e?+ 5462(8=?+./&(7>86-�A "9,A M-($'&(7�4< 57\$'&($'46[37# 57�-�A 5?+9I8<!# 57�-($'&(7�46$1!>ckN 57# '],4< h4< "L(!#./&
A "!>$'&T!X2(& A 54< 5?+!#9I./&W./2 2(&WBj2)./&kPxwY$dL(9,A 573A 54< 5?+!>8<./&x] ?Dmo 57#!E�}N$�� -(8<9I 46$f9> 5?:c) "9I?Ic( -km A "H@A 5&) 5BC 5&R!>7 -) S! [TL� 
;�./7#./& A 4< "L(!#./&=860T2( $'?"?+./BSL=$DJ/&�A -xm�$'2 BS./8~&(7 !#9I./8671F# "!>7"]� 57#!f86-) 5&T!>86032) N$s?+ 5464< p-�A 5?+9I8<!# p-($'&(7 46$
!>ckN 57# 'P wx 57eB A "!>c).3-( 57G-km A "HD$'462($D!>8<./& -) 57E&(8<H' 5$'2)*f-) U ./&(-=7E7#./&T! A "J/$'4< 5BS 5&T!h4< 57GB / 5BS 57"]lN$ 4nmo +*,?+ "L=!>8<./&
-) 57EL(9>.,?+ 57>7>2(7��C� F_ "!>7E032(8k7#./&T!GBS./8~&(7�86BSL�.'9>!>$'&T!>7"P

w  57i$'&=$'4<[37> 57i7>2=8<H $'&T!# 57 -(843QN "9I 5&R! L=$D9i4~$ BsA "!>c).,-) p-) O73A "LK$D9I$D!>8<./& -(2 7I8<J/&($'4E "!f-) 57i;(9I2(86!>7C-) 
UV./&(-(7XZ 7>./8<!eLK$D9h4nm A "!>86032) "!>$DJ' C-) 57\F# "!>76.1L=$D9146$i9> 5?Ic( "9I?Ic) S-) jH' "9>!# +*p7# 5?+./&(-($'8<9I 57h-�A "LK46$'?=A 57"]x7#./8<!hL=$D9
4nm�2(!>8646867>$D!>86./&i-) 1HD$D9I86$D;K4< 57�!#.'L�./4<.'J/86032) 57E-(867I?+9I86BC86&=$'&R!# 57"P
�����	��
 ��
�������
�����
����
����! 	�"
#�$�&%'
�("
��*)�
����,+

RQ./2)9b?+ "!#!# E$'&($'46[37# ']D4< �4<.'!l-km A "H@A 5&) 5BS 5&T!>7@L=93A 57TA 54< 5?+!>8<./&(&�A 57\ 57#!Y 5&(9I86?Ic=8R 5&jL=$'8<9I 57 !_|!  5& 9> 5?Ic) "9:?Ic($'&T!
2(&f./2 -) 52,*XF_ "!>7>.v]�A "!>8~0T2) "!3A 57eL=$D9G46$ L=93A 57# 5&(?+ -) 1H' "9I!# +* 7# 5?+./&(-($'8<9I 57YZ �Dt \ P

�� "!#!# XBsA "!>c).,-) -km A "!>860T2( "!>$DJ' jL� "9IBC "!G-kmo.';(!# 5&(869G2(&) %LK2)9> "!TA X 5&�A "H@A 5&) 5BC 5&R!>7M!_|!eL=462(7�J'9:$'&(-) 032) 
?+ 54646 O-) p4nm�$'&($'46[37# p-($'&(7 46$s!>ckN 57# 'P P�&RH,8<9>./& t't]c�-) 57 A "H@A 5&) 5BC 5&R!>7 !_|!f7>./&R! A "!>86032) "!TA 57"]G?+./&T!#9> ) � c
L�./2)9�4nm A "!>86032) "!>$DJ' %L=$D9EBj2)./&kP (  %B / 5BS ']K4< M!>$'2,*f-( MB $'2)H $'8~7# 186-) 5&T!>8��=?"$D!>8<./&f-) �F# "!>7�4:A "J' "9I7G-=$'&(7�4< 57
A "H@A 5&( 5BS 5&R!>7X� �WF# "!>71 57#! -( C2(& F_ "! 7I2)9 � � �,] ?+./&T!#9> 2(&iF# "!%7>2)9 )5t �dL�./2)9%4 m A "!>8~0T2) "!>$DJ' iL=$D9%Bj2)./&kP
w  57�86&(?+ "9>!>8<!>2=-) 57�7>!>$D!>867#!>86032) 57�7# "9>./&T!�L=462=7\Ur$'8<;=4< 575]3$'86&=7>8�0T2) 14< 57�8~&(?+ "9>!>8<!>2(-( 57�7#[,7#!3A 5BC$D!>86032) 57e468:A " 57�$'2
&(86H' 5$'2d-) 57EUV./&(-(7"P

wY$E7# 5?+!>8<./&% "y ?"$'?+ � 57>! BS 57>2)9,A " �-) \46$�B / 5BS �BC$'&(8nN "9> �0T2) �?+ 5464< @2)!>864~867TA " @-($'&(7x4~$�!>c�N 57# 'P�wY$EB A "!>c).,-) 
-) H39I$'867I?+ 5B ;=4~$'&(?+ $5H' 5? L=$D9I$'BdN "!#9> 57 -) &32(867>$'&=?+ -)./&(&) 4< 9,A 57I2(4<!>$D! 7>2=8<H $'&T!"]�L�./2)9
� TWV X 2 ) �Dt �6K
	���
A�SZ

z@qV! |!+u 2 X_^ X7` �a^	�)qr7>!>$D!b� 7>[37#!:u�` �a^ ` qr462(BC8Vu�L(;
wY$ �(J/2)9I JPEP ^3P ^ BS./&T!#9> 46$ ?+./BSL�./7>8<!>8<./&  5& 7>86J/&($'41 "!O 5& ;(9I2=8<!>7 -) U ./&(- -(2 4<.'!O-km A "H@A 5&) 5BC 5&R!>7
73A 54< 5?+!>86./&(&�A 57"]= 5& 2)!>8646867I$'&R!�46$S7# 5?+!>86./&d "y ?"$'?+ !_|!eBS 57>2)9,A " 'P

w  57i8~&(?+ "9>!>8<!>2(-( 57C7#[,7#!TA 5BC$D!>86032) 57f7>2)9i4~$ 7# 5?+!>8<./&  "y ?"$'?+ W7#./&T!i4< 57 B / 5BS 57f032) ?+ 5464< 57 -) O4nm�$'&($��
4<[,7# O-($'&(7 46$ !>ckN 57# 'PEw  57i8~&(?+ "9>!>8<!>2(-( 57i468}A " 57WN$ 4nm A "!>86032) "!>$DJ' W-) 57 F_ "!>7 . ?+./&=?+ "9I&) 5&T! BC$'8~&R!# 5&($'&T!d4< 57
L=$D9:$'B A "!#9I867>$D!>8<./&=7�-( 57� "y ?"$'?"8<!TA 57G-km A "!>86032) "!>$DJ' ']( "!E&(./&iLK462(7�4nm�-) 5&T!>8��=?"$D!>8<./& -) 57�Bj2)./&(7�-($'&(7�4< 57 F# "!>7"P
P�464< 57x9I "L(93A 57# 5&T!# 5&R!@46$h-) 52,*)8nN 5BS �7#./2)9:?+ �-km�8~&(?+ "9>!>8<!>2(-( eqnt]cCu:]}F>2(7#!# �$DL(9"N 57b?+ 5464< 57l7>2)9l4nm A "HD$'462($D!>8<./& -(2j&(84�
H' 5$'2S-) 57lUV./&(-(7l���MF# "!>7EqQX]cCu:]' "!@$vH $'&T!\?+ 5464< 57l7>2(9l4~$h?"$'4~8<;(9I$D!>8<./& -) 57=F# "!>7Gq � cCuY "!@7>2(9l4 m�86-) 5&T!>8��=?"$D!>8<./&
-(2d46 "L(!#./& q � cCu:P
�����	�-� ��
�������
�����
��.(������/�0�!12�!3��&34���65'785�9!5'%��! 	��


RQ./2)9C?+ "!#!# $'&($'4<[,7# ']b4< d4<.'!C-km A "H@A 5&) 5BC 5&R!>7iL(9,A 573A 54< 5?+!>8<./&=&�A 57C 57#!S 5&)9:86?Ic(8� 5& L=$'869> 57j! |!SJ'9�/$'?+ sN$p46$
!#.'L�./4<.'J/8< L=$D9>!>8~?"2(468nN "9> f-) d?+ 57 A "H@A 5&) 5BC 5&R!>7 Zot't \ Zot ` \ Z �?X \ P\�� "!#!# BsA "!>c).,-) d$W4nm�$5HD$'&T!>$DJ' -) d&) L=$'7
9> 5?:c) "9I?:c) "9� +*,L=468~?"8<!# 5BS 5&T!@-) 57kF# "!>7 .E-($'&(7@4< 57SA "H@A 5&) 5BC 5&R!>7�! |!"]T "!�-)./&(?G7"m�$�3 9:$'&(?Ic(8 -) G4~$%?+./&(&($'867I7>$'&(?+ 
-(2f9:$DL(L�.'9>!�-kmo 5B ;=9I$'&(?Ic( 5BS 5&R!G!;:�� ;xP

< &) U ./&=?+!>8<./& -) HT9I$'8~7# 5B ;K46$'&(?+ ?+./B ;=8~&($'&R! L=4~2(7>8< 52)9:7WH $D9:86$D;=4< 57 !#.'L�./4<.'J/86032) 57�q@587 -�A ��=&(8< 
L(9,A 5?KA 5-) 5B BS 5&R!"]1?+ 5&T!#9I$'468<!3A ']1$DL=46$'&=$D9I8<!TA ']eBC$'7I7# !#9:$'&(7#H' "9I7# s-) 57CF_ "!>7"]h "! 7>./BCBS -( 57 ?"$D9>9,A 57W-( 46$
L=7> 52(-).T� 9I$DL=8~-(8<!TA 1-) 57QF# "!>7>=@?a�5u:P

^ � �



!#"%$'& PGP ^3P ^�+���@ U � :75 J P 35@W 35 A 5@U	5 A 8;A A N U M?0 5@U	5 A 8 35@8 N�� I 5@8 35@A �
"- � - IK6 � 5�
 5@8 J @ I �H0 5@U 5 A 8 35@8 N�� I 5@8 35@A �("- JC: @CN 8 5�

5 A � @$A 698 N�@$A JCI AQ@ U � :Q5'J 5 > 5@8;A�J 5 0QP 35@W 35 A 5@U 5 A 8
� M6@ I :�8 @ I A 0 5@A 6 -$A/- IA! 2K35 0 5Q698;: @$A </> 5@8;ACB	5@8 2 U'I @$A=</> 5@8;A1B'6 @ U L
�9N/A 35@A R�� 5@A 35@W 35 A 5@U 5 A 8;A - WC5Q6 I AL@ I J 5@I�! > 5@8;A M 5@:VU	5@8;8 5 A 8 J 5�W 35@: N � 5@: 0 5 �1@$A 6 @$A 8;:��@C0 5'J 5@A1� @$A JCA�� 8 -$A J N A � I 5 0 5@A
35@W 35 A 5@U	5 A 8;A'J 5 M/0 I A �K- I48 5�U#I 0 8 N M/0 N 6 N 8 35 A95@:VWC5 A 8 - I 6 -C0 69I 0 J 5 0 - A95Q698 N�@$A 5�� 6 - 6V5 R

��./&R!#9I$'869> 5BS 5&T!1N$ 4nm�$'&($'46[37# M-�A 5?+9I8<!# 1-($'&=7�4~$ !>ckN 57# '](4~$j7> 5?+!>8<./&  "y ?"$'?+ % 57#!� +*,!#9I$'8<!# 1-(8<9> 5?+!# 5BC 5&R! N$
L=$D9I!>8<9h-=2W-(867>?+9I8~BC86&($'&T!E!#.'L�./4<.'J/86032) 'Pkwx 571-(8~7#!#9I8<;=2(!>8<./&(7� 5&pH39I$'867>?+ 5BX;=46$'&=?+ -=2O7I8<J/&($'4Q "!%-) 57MUV./&(-(7
7#./&T!�?+./&(&T2( 57"], 5464< 57�./&R! A "!TA OA "H $'462�A " 57G7>2)9�-) 57CA "H@A 5&) 5BS 5&T!>7G7>8~BX2(4}A 57� "!�4< 57�-)./&(&�A " 57�9,A " 5464< 575P,wY$X7>./BCBS 
-) j?+ 57M-(867#!#9I86;=2)!>8<./&(7�-)./86!e-)./&(&( "9e?+ 5464< X.';=7# "9>H@A " S-($'&(7h4< 57G-)./&=&�A " 57"Pkw $CUV9I$'?+!>8<./&O-km A "H@A 5&( 5BS 5&R!>7 ?+.'9N�
9> 57>L ./&=-($'&R!�$'2d7>8<J/&($'4
	���
��T T  "!�$'2,*i;(9:2(8<!>7�-) MU ./&(-  57#!�4< h9,A 57>2(46!>$D!E-km�2(& $�F#2(7>!# 5BS 5&R!E-=2 -=867>?+9I86B 86&($'&T!
!#.'L�./4<.'J/86032) �7>2)9b4< 57b-(./&(&�A " 57b9,A " 5464< 575PURY./2(9\$'2)J/BS 5&T!# "9\4nm�$'?"?+ "L(!>$'&=?+ ']T$'2(?"2(& ?+9I86!+N "9I G-) �7TA 54< 5?+!>8<./&i&kmo 57#!
86BCL ./73A 'PKwx 7#L� 5?+!#9> X 5&R!>86 "9e-(2 -=867>?+9I86B 86&($'&T!� 57>!e2)!>864~867TA 1L�./2)9G46$C?"$'4~?"2(4 -) 57GL(9>.'L�.'9>!>8<./&=7�-) 7>8<J/&=$'4k "!
-) ;(9I2(8<!>7 -) UV./&(-kP Rl$D9f?+./&(73A 5032) 5&R!"]�4< 57i86&(?+ "9>!>8<!>2=-) 57 7#!>$D!>8~7#!>86032) 57 $D!#!# 5&(-=2) 57i7>./&R!iUV$'8<;K4< 57"P@w $J�2�
J/2)9I HPEP ^3P � BS./&T!#9> 4< 9,A 57>2=4<!>$D!h-( X?+ "!M$�F#2(7>!# 5BS 5&R!1-) 57h-(867I?+9I86BC86&=$'&R!>7�!#.'L�./4<.'J/86032) 57h7>2)9h4< 57G-)./&=&�A " 57
9,A " 54646 57"P(w $C7> 5?+!>8<./&d "y ?"$'?+ BS 57>2)9,A "  57#!G$'4<.'9I7G-)./&(&�A " %L=$D9 Z

zF0 ? 0 2 4 6&8L90 0D 6&8:9 EHG�IJEHK "!WHD$'2)!"]1L�./2)9W2(&) �BC$'7I7# �-) a0T2=$D9CB�!#.'L -( �UTWV�X 2 ) �Dt �6K
	���
 � ]1 "!WL�./2)9 4< 57W-) 52)* ?"$'&($'2,*
�TA 54< 5?+!#9>./& �\F_ "!>7I�C "! �#Bj2)./&K�\F# "!>7>�C?+./BX;=86&�A 57 Z

z@qV!_|!}u 2 X_^ `������ �
� ��� � qr7#!>$D!:u*` �a^ �,qr7#[,7#!:uP` �a^ ` qr462(BC8 u�L=;

w  57186&(?+ "9>!>86!>2(-) 57h7#[37>!TA 5B $D!>860T2( 57%7>2)9146$f7# 5?+!>8<./&p "yi?"$'?+ 468}A " 57 N$d46$ L(9,A 573A 54< 5?+!>86./& -) 57OA "H@A 5&( 5BS 5&R!>7
7#./&T!%4< 571B / 5BS 57 0T2) S?+ 54646 571-($'&(7146$ !>ckN 57# ']xLK2(867>032) 46$ L(93A 57TA 54< 5?+!>8<./&  57#!%86-) 5&T!>86032) 'P w  57%86&(?+ "9I!>8<!>2(-) 57
468}A " 57MN$%46$1?+./&(&=$'867>7>$'&(?+ e-) G4nm A "!>86032) "!>$DJ' M-) 57�F# "!>7 .�7#./&T!@9> 5BCL=46$'?=A " 57\LK$D9�?+ 5464< 57\468:A " 57hN$%4~$%?+./&(&($'867I7>$'&(?+ 
-) 57 -(867#!#9I86;=2)!>8<./&(7 !#.'L�./4<.'J/86032) 57x-( 57xUV./&(-(7\qH)��dcCu:PDwx 57Y$'2)!#9> 57Y86&(?+ "9>!>8<!>2=-) 57x7#[,7#!TA 5BC$D!>86032) 57Q-)./BC86&($'&T!# 57
7#./&T! 468}A " 57dN$ 46$ BS.3-�A 54~867>$D!>8<./& -( 57%UV./&(-(71� � F_ "!>7fq ` cCuM "!XBX2(46!>8 F_ "!>7iq ` cCuM "!dN$ 4nm�86-( 5&R!>8��K?"$D!>8<./&W-(2
4< "L=!#./& q ` cCu:P

^ ` �



!#"%$'& PEP ^3P � + F�: @@M6@ :V8 N�@$A J 5 A N � A/-10 5@8.JO5 � :@I N 8;A J 5'� @$A J'J -$A A 0 5@A
J @$A*A 35 5@A���5 A � @$A 698 N�@$A J 5 0 - W -10 5@I : JCI J N A@69: N U N/A?-$A 8 8 @@M6@10\@ � N�� I 5 R

 ��� ! ��� � ����" �	� � � � � �	�
�	� � � � ����� ����� �

�� "!#!# E$'&($'4<[,7# �-( �BC 57>2)9> �-) �46$M7# 5?+!>8<./&  "y ?"$'?+ G! |!l-=$'&(7l4< �?"$'&($'4b�_!>$'2K�\F# "!>7>�M 57#!b$'7>7# ��E-�A 54~86?"$D!# � 5&
9I$'8~7#./&C-) E46$ -(8<y ?"2(46!TA XN$X86-) 5&T!>8��( "9@?+ "!#!# M7>8<J/&($D!>2(9> �L=$D9IBC8=4< 57@-(843GA "9> 5&T!>7\;(9:2(8<!>7b-) �UV./&(-k]/ "!SA "J/$'4< 5BS 5&T!
 5& 9I$'867#./& -) X46$C9> 546$D!>8<H' 5BS 5&T!hUV$'8<;K4< %7#!>$D!>867#!>8~0T2) 'Pk�hmo 57#!h?+ "L  5&=-($'&R!h2(&) BC 57>2)9> %!#95N 57M86&T!TA "9> 57>7>$'&T!#  5&
9I$'8~7#./&a-) d7>$W7# 5&(7I8<;=864686!TA N$W46$W&)./2(H' 5464< fL=cT[37>8~0T2) ']b&).'!>$'B BS 5&R!pN$W46$OL(93A 57# 5&(?+ -( d; ./7>./&(7S-) ��h8<J'J/7
?:c($D9>JYA 57jq ��U P)L=$D9I!>8< 1!>c�A ".'9I8< ^3P ^/u:P

wY$ 7I8<J/&($D!>2)9> 9> 5?Ic( "9I?Ic�A " W 57#!f46$s7>2(8<HD$'&T!# Z � � \ Z�$'2 BS./8~&(7 032($D!#9> F_ "!>7 A 5&) "9IJYA "!>8~0T2) 57d-(./&R!f2(&
A "!>86032) "!TA .jLK$D9 H' "9>!# +* 7# 5?+./&=-($'8<9> '] 2=&) SJ'9I$'&(-) A 5&( "9>J/8< !#9:$'&(7#H' "9I7# iBC$'&(032($'&R!# i-(2) $'2,* &) 52(!#9I86&)./7
867I7>2(7S-(2a;�./7#./& A  "!i-) 46$ -�A 57>86&T!TA "J'9I$D!>8<./& -(2 4< "L(!#./&���]� "!i2(&�46 "L(!#./&���P�w $W9> 5?+./&=7#!#9I2(?+!>8<./&  "!
4nm�8~-) 5&R!>8 �=?"$D!>8<./& -) ?+ i-) "9:&(8< "9  57>!X$'7>7# ��f-(8<yi?"864< S 5& 9I$'867#./& -) 57X-=8<H' "9I7# 57X7>8<J/&($D!>2)9I 57X-) 57X4< "L(!#./&(7	��P
1_467%7#./&T!%9> 5?:c) "9I?:c�A 7#./2=7 4< 52)9 U .'9IBC c($'-)9>./&=860T2( ']�$T�K& -km A "H,8<!# "9j46 5719> 5?+./2)H39> 5BS 5&T!>7X$vH' 5?i46 57 ?"$'&($'2,*
�#4< "L=!#./&K�\F# "!>7>�,P 1 467�9> 57I7# 5B ;K4< 5&R!�$'4<.'9:7�U .'9>!# 5BC 5&R!XN$ -) 57YF# "!>7"])?Dmo 57#!�L�./2)9I032)./8 46$ 7TA "L=$D9I$D!>8<./&d 5&T!#9> 
�  "!
F# "!>7� 57#!E 3� 5?+!>2�A " N$C4nm�$'86-) %-( %-(867>?+9I8~BC86&($'&T!>7\!#.'L�./4<.'J/8~0T2) 57E;=$'7TA 57G7>2(9G-) 57�9,A 57# 5$'2)*d-( %&) 52)9>./&) 575P

w  57CA "H@A 5&) 5BS 5&T!>7�-) h;(9I2(8<!>7\-) GUV./&(-(7\L(9>.vH,8< 5&(&( 5&R!�L(9I86&(?"86L=$'4< 5BS 5&T!@-km�2(&) hBC$'2)HD$'867# G8~-) 5&R!>8 �=?"$D!>8<./&
-(2d46 "L(!#./&��d032(8� 57#!E 5&dH@A "9I8<!3A 2(&XF_ "!"PKwx 57EL=9>.3?+ 57I7>2(7�Bj2(4<!>8 F# "!>7�?+./&(7#!>8<!>2( 5&R!G-(./&(?14< 57�;(9:2(8<!>7�-) 1UV./&(-
L(9:86&(?"8<L=$'2)*j-) M?+ "!#!# %$'&($'4<[,7# 'P,wx h!>$'2,*i-) MBC$'2)HD$'867# M86-) 5&T!>8��=?"$D!>8<./&i-) ��  57#!�BS 57>2(93A M7I2)9�-( 57�-)./&=&�A " 57
9,A " 54646 57"]) 5&)9I86?:c(8< 57� 5& A "H@A 5&( 5BS 5&R!>7hBj2(4<!>8 F# "!>7"P 1 4~7�7> "9>H' 5&R!G 5&(7>2(8<!# CN$  57#!>86BC "9G46$jU 9:$'?+!>8<./&d-km A "H@A 5&) 5BC 5&R!>7
Bj2(4<!>8 F# "!>7�-($'&(7�46 57E-)./&(&�A " 57e7TA 54< 5?+!>8<./&(&�A " 57"]�?+./BCBS L ./2(9E4< 57E$'&($'4<[,7# 57E-=$'&(7�4< %?"$'&($'4e�#4< "L(!#./&K�\F# "!>7>�,P

0 ?+ M7>!>$'-) h-( h46$j73A 54< 5?+!>8<./&x],46 e9I$DL=L .'9I!�7>8<J/&=$'4K7>2(9�;(9:2(8<!\&kmo 57>!�L=$'7�7>2(y 7>$'&T!"P < &f-(867>?+9I8~BC86&($'&T!b!#.T�
L�./4<.'J/86032) @ 57>!Q$'4<.'9:7YBC8~7  5&XL=46$'?+ %N$GLK$D9>!>8<9l-) 57 HD$D9I86$D;K4< 57 7>2=8<H $'&T!# 57�Z ?+ 5&T!#9I$'468<!3A ']/$DL=4~$'&($D9I8<! [']�7#L=c�A "9:86?"8<!TA ']
587 -�A ��=&(8YL(9,A 5?=A 5-) 5BCBS 5&T!1 5& [ $�F_./2(!>$'&R!14< 57eL(9>.'L(9:8:A "!TA 57M-(2���]EA 5&( "9>J/8< S-(867#L�./&(86;=4< M-($'&(7h46$ ?+./464~867>8<./&

 MR]/HD$D9I86$D;=4< �-) �� ��U .'9:B A " e-) 57@B $'7>7# 57@9I 5?+./&(7#!#9I2(86!# 57@-) 57@?"$'&(-=86-($D!>7 A  "!@{EDGF ]R86BSLK2(467>8<./&X!#9I$'&(7>H' "9I7# 
 "! 7I8<J/&(8��=?"$'&=?+ f-=2aH' "9>!# +*�-�A "L=46$'?KA p-(2 F_ "!aA "!>860T2( "!TA .�P\wx 57C-=867#!#9I8<;K2)!>8<./&(7j-) ?+ -=867>?+9I86B 86&($'&T!X7#./&T!
BS./&T!#9,A " 57h7>2)9E46$8�(J/2(9> �PEP � P ` L�./2)9E46 57E-)./&(&�A " 57"]K4< %7>8<J/&($'4� "!e4< 57�;(9I2=8<!>7�-) 1UV./&(-kP

wY$S7# 5?+!>8<./&  "y ?"$'?+ XBS 57I2)93A " -($'&(7G4< %?"$'&($'4E�_!>$'2K��F_ "!>7>�  57#!%Z
z@qV!_|!}u 2�t_^*) ��� � �

� � � �
qr7#!>$D!:u*` �a^ �,qr7#[,7#!:uP` �a^ � qr462(BC8 u�L=;

^ ` )



D0 Run II preliminary,
 349 pb-1

The final NN output
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

10

20

30

40

50

60

The final NN output
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

10

20

30

40

50

60 Data

t  t
  W+jets

QCD  multijet

KS Probability: 0.999941

!#" $ & PEP � P ` + F�: @@M6@ :V8 N�@$A JO5	A N � A/-C0 5@8�J 5 � :@I N 8;A
J 5a� @$A J#J -$A A 0 5@A J @$A*A 35 5@A�� 5 A � @JA 698 N�@$A J 5 0 - W -C0 5@I4:
JCI J N A@69: N U N4A/-$A 8 8 @@M6@10\@ � N
� I?5 R

w\mo "9>9> 52)9�!#.'!>$'4< X7>2)9�?+ "!#!# BS 57>2(9> M 57#!E-)./BC86&�A " 1LK$D9�46 57�86&(?+ "9>!>8<!>2=-) 57�7#!>$D!>867#!>86032) 57 M)?Dmo 57#!e2(&) M$'&($��
4<[,7# b032(8DL� 52)!k;�A 5&�A ��=?"8< "9Q-) @4nm�$'?"?+9>./867I7# 5BS 5&T! -) @46$�462=BC86&)./7>86!TA b86&T!TA "J'93A " 'P w  57x86&(?+ "9I!>8<!>2(-) 57k7#[,7#!3A 5BC$D!>86032) 57
L(9:86&(?"8<L=$'46 57h7>./&R!j468:A " 57fN$ 46$ ?"$'4686;(9I$D!>8<./& -( 57�F# "!>7 qH)��dc u1 "!dN$ 46$ ?+./&=&($'867>7>$'&=?+ i-(2 &=8<H' 5$'2 -( 57%UV./&(-(7
L(9:86&(?"8<L=$'2)* BX2(46!>8 F_ "!>7%q ` c u� "!E� q : � � ux� F_ "!>7 q ` c u:P

 ��� ! ��� � ����� " �	� � � � � �	�
�	�
� " %C� ��� ��� � �
w  57 A "H@A 5&) 5BS 5&T!>7a!_|! -($'&=7 4< ?"$'&($'4i-=864< "L(!#./& 7#./&R!s-) 57s7>8<J/&($'2,* !#95N 57sL(9>.'L=9> 57"P wY$ 7>86J/&($D!>2)9> 

9> 5?:c) "9I?:c�A "  57#! ?"$D9I$'?+!3A "9I8673A " L=$D9 46$ L(9,A 57# 5&(?+ -( p-( 52,* 4< "L(!#./&=7d-) O?:c($D9>J' .'L=L ./73A " '] A 5&) "9IJYA "!>8~0T2) 57
 "!G8~7#./4:A 57"]=-km�2=&) %86BSL�.'9>!>$'&T!# OA 5&) "9>J/8< X!#9I$'&(7#H' "9:7# BC$'&(032($'&T!# ']( "!e2=&d./2 -) 52)* F# "!>7G-) X0T2($D9(B37W.�P=w\m�86& �
?+./&TH@A 5&(86 5&R!l 57#!b4< �UV$'86;=4< \9:$DL(L�.'9>!Y-kmo 5BX;(9I$'&=?Ic) 5BS 5&T!Eq G�I qV!_|! :�464�� ; |;Ku 2 ) ^*)(cCu L=$D9lUr$'BC86464< �-) �46 "L(!#./&kP

w  57 ;=9I2(8<!>7x-( \UV./&(- 7#./&T! L=9I86&(?"8<LK$'4< 5BS 5&T!x4< 57xL(9I.3?+ 57>7I2(7 �bq :�4 | 4~u+�EF_ "!>7"]6�bq : � �=u+�EF# "!>7x "!l-(8<;�./7#./&(7"]
BC$'8~7�4< 57�L(9>.,?+ 57>7>2=7�$5H' 5?XUV$'2,*d4< "L(!#./& 867#./4}A qV��� F# "!>7E "!GBj2(4<!>8 F# "!>7:u�&) 7>./&R!ELK$'7E&�A "J/468<J' 5$D;=46 57"P

w  57�!# 5?Ic(&=860T2( 57E-km A "H $'4~2($D!>8<./& -) 57�UV./&(-(7�$vH' 5?%Ur$'2,* 46 "L(!#./&d867#./4}A 1 "!G-( 57�U ./&(-=7�$5H' 5?%Ur$'2(7>7> A 5&( "9>J/8< 
!#9I$'&=7#H' "9I7# OBC$'&(032($'&R!# p7#./&T!i7>8~BC8646$'8<9I 57 N$ ?+ 54646 -�A 5?+9I8<!# p-($'&(7i46$ !>ckN 57> 'P (  57f-)./&(&�A " 57i 5&)9I8~?Ic(8< 57  5&
A "H@A 5&( 5BS 5&R!>7 �C� F_ "!>7�./2 BX2=4<!>8 F# "!>7�7# "9>H' 5&T!jN$C032($'&R!>8 �( "9E?+ 57EUV./&(-(7"P

RQ./2)9�L=$'464~8< "9\$'2fBC$'&(032) e-( e7#!>$D!>867>!>860T2( ']R./&f-(867#!>8~&)J/2) E4< 57�$'&($'4<[,7# 57�L ./2(9�4< 57>032) 54646 57\-) 52,* 46 "L(!#./&(7
7#./&T!e?"4~$'8<9> 5BS 5&T!e86-( 5&R!>8���A 57 Z � � \  "! Z � � \ ]K "!h46 57G$'&($'4<[,7# 57 �#4< "L(!#./&K�M!#9I$'?+ 5� L�./2)9h4< 57>032) 5464< 57G4< 57G?+9I86!+N "9I 57
-km�8~-) 5&R!>8 �=?"$D!>8<./& 7>2)9E2(&f4< "L(!#./&d7>./&R!�9> 54 /$'?Ic�A 57YZ � � \ P < &) 1UV./867�?+ 57E$'&($'4<[,7# 57� 3� 5?+!>2�A " 57"]  5464< 57�7#./&T!E?+./B8�
;=8~&�A " 57S 5&R!#9I �  5464< 57 N$ 4 m�$'86-) d-) 46$WBsA "!>c).,-) G w < P�qVL ./2(9��	��
��>*�
���������������
���
�������
 ��
"!#�$��%$�#u�Z � ) \ P
�� "!#!# %BsA "!>c(.3-)  57#!�9> 5032(867# M 5&f9I$'867>./&d-) 57�U .'9I!# 57E?+.'9>9,A 546$D!>8<./&=7� 5&R!#9I 4< 57�-(843GA "9> 5&T!>7E?"$'&($'2,*f-km�$'&($'4<[,7# 
qr?+9I86!+N "9I 57G-) %73A 54< 5?+!>86./&  "!E;K86$'867�7#[,7#!TA 5BC$D!>86032) 57e&(.'!>$'BCBS 5&T!:u:P
���'&"��
 ��
�������
 ("� 3�� 9 
��,�/�&3�� �)(+* 
#
-,/.0*2131), 
��4*/
51),

RQ./2)91$'2)J/BC 5&R!# "9%4nm�$'?"?+ "L=!>$'&(?+ C-(2p7>8<J/&($'4 ]K46$ 7TA 54< 5?+!>8<./&W&) 9> 5032(8< "9I!GL=$'7M-) GF_ "!>7OA "!>8~0T2) "!3A 57 .�P Rl$D9
?+./&T!#9> ']�2(&) 73A 54< 5?+!>86./& !#.'L�./4<.'J/8~0T2) X$'-($DL(!TA " N$i?:c($'0T2( X?"$'&($'4Y 57#!M$DL(L=4686032�A " 'P=wY$<�(J/2)9I PEP ` P t BS./&T!#9> 
4< 57�&(./B ;(9I 57E-km A "H@A 5&) 5BC 5&R!>7h.';=7# "9IH@A 57SN$S4nm�867>7>2( M-( %?+ "!#!# j73A 54< 5?+!>86./& !#.'L�./4<.'J/86032) 'P

wY$17# 5?+!>8<./&  "y ?"$'?+ G 57#!@BC 57>2)9,A " N$MLK$D9>!>8<9@-) E46$1BsA "!>c(.3-) e-) �HT9:$'867# 5BX;=46$'&(?+ E-�A 5?+9I86!# G-($'&(7b46$M!>ckN 57> 'P
P�464< 1-)./&(&) '])L�./2)9�4< 57G?"$'&($'2,* ?+./B ;K86&�A 57 �#-(8�� A 546 5?+!#9>./&(7>�S "!i�#-(84� Bj2)./&(7>�fZ

z@qV! |!+u 2�t_^ X �
� � �
� � � 6 qr7#!>$D!:u ����� ��87 � 9

qr7>[37#!:uP` �a^ ` qr462(BC8Vu�L(;

^ ` ^



!#"%$'& PEP ` P t + ��@ U � :75 J P 35@W 35 A 5@U	5 A 8;A A 35 0 5Q698 N�@$A&A 35@A A 35 0 5Q698 N�@JA*A 35@A 5 A � @JA 698 N�@$A JCI A
@ U � :75 J 5 > 5@8;A�� M6@ I4: 0 5@A
6 -$A?- I�! 2 J N;L 35 0 5Q698;: @$A ACB �("- � - IK6 � 5�
 � 2 J N;L U#I @$A A1B � - I 6V5 A 8;:Q5�
 2435 0 57698;: @$A=< U#I @$A B �("- J�: @CN 8 5�
 R

 "!EL�./2)9E46 M?"$'&=$'4G�RA 54< 5?+!#9>./&K�1BX2)./&=� Z
z@qV!_|!}u 2 )��a^ ` �
� � �

� � � � qr7#!>$D!:u ����� ��87 � � qr7#[,7#!:u ` �a^ �,qr4~2(BC8 u�L(;
w  57e8~&(?+ "9>!>8<!>2(-( 57E7#[,7#!TA 5BC$D!>86032) 571-)./BC86&=$'&R!# 57e7#./&R!M468}A " 57SN$i4~$ ?+./&(&($'8~7>7>$'&(?+ j-(2 &(86H' 5$'2 -) 57eUV./&(-(7

q�� )5t]c u:]lN$C4nm�8~-) 5&R!>8 �=?"$D!>8<./&f-) 57E4< "L=!#./&(7 q �]cCu� "! N$C46$S?"$'468<;=9I$D!>8<./&d-) 57QF# "!>7 qQX]cCu
���'&"�-� ��
�������
 ("� 3�� 9 
��/� 3"� 9�*/9!
#7"�65�3�� �6��� �/
8,

w  57\?+9I86!+N "9I 57�-xm�86-) 5&T!>8��=?"$D!>8<./&C-xm�2(&C-) 57�4< "L(!#./&(7\ 57#!�86?"8=9> 54 /$'?:c�A 'P 0 46$%L=46$'?+ G-km�2=& -) 52,*)8nN 5BS G46 "L(!#./&k]
4nm�$'&=$'4<[37> 9> 5032(8< "9>! 7# 52(4< 5BS 5&T!i2=&) !#9I$'?+ OH@A "9:8��=$'&T! -) 57 ?+./&(-(86!>8<./&(7 ?+./B BS O4 m�86BSL=2(4~7>8<./& !#9I$'&(7>H' "9I7# 
 "!C4nm�8~7#./46$D!>8<./&kP\�� 54~$pL  "9:BS "!C-km�$'2)J/BS 5&T!# "9 4nm�$'?"?+ "L=!>$'&(?+ -(2a7I8<J/&($'4n]l "! -km�$DL=L=4686032) "9 -) 57C?+9I8<!"N "9> 57i-) 
73A 54< 5?+!>86./& L=4~2(7S7TA "HKN "9> 57 L=$D9 $'86464< 52(9I7"P P\&  3  "!"]�?+./&R!#9I$'869> 5BS 5&T!i$'2,* $'2)!#9I 57 $'&($'4<[,7# 57i-($'&(7C4< ?"$'&($'4
�#-(8~4< "L(!#./&(�,])864� 57#!bF#2(-=86?"8< 52,*i-( 19> 5?Ic) "9:?Ic) "9h-) 57QF# "!>7 A "!>86032) "!TA 57 . qVL=$D9GH' "9>!# +* 7# 5?+./&(-($'869> 57:u:P

wY$i7> 5?+!>8<./&  "yi?"$'?+ S 57#!e +*,!#9I$'8<!# L=$D9M2(&) XL(9>.,?=A 5-(2)9> j-) jB $ *,86B 867>$D!>8<./& -km�2(&) XU ./&(?+!>86./& -) jH39I$'867E�
?+ 5BX;=46$'&(?+ ']3?+./BCBS h-�A 5?+9I8<!�-=$'&(7\46$%!>c�N 57# '],;=$'7TA " h7I2)9\4< 57�&)./BX;(9> 57\-xm A "H@A 5&) 5BS 5&T!>7�-($'&(7�0T2($D!#9I e?"$'&($'2,*
 +*)?"462(7>86UV7SZQ4< 57j?"$'&($'2,*��_ 54< 5?+!#9>./& �h!#9I$'?+ 5�p./2 �#BX2)./& �h!#9I$'?+ 5�,]b$5H' 5?f2(& ./2 $'2sBS./86&(7X-) 52,*fF# "!>7"Plw $
?+./BSL�./7>86!>8<./&f 5& 7>8<J/&=$'4� "!E 5&d;(9I2=8<!>7�-) 1UV./&(-f 57#!GBS./&T!#9,A " 7>2)9E46$8�(J/2(9> �PEP ` P X3P

!#"%$'& PEP ` P X + ��@ U � :75�J P 35@W 35 A 5@U 5 A 8;A A 35 0 5Q698 N�@$A*A 35@A 5 A � @$A 698 N�@JA J�I A
@ U � :75�J 5 > 5@8;A�� M6@ I : 0 5@A -$A/-C0 � A95@A
2435 0 5Q698;: @$A=< 8;: - 6V5OB��
"- � - IK6 � 5�
 � 2 U#I @$A < 8;: - 6V5OB � - I 6V5 A 8;:75�
 5@8 0 - 6 @ U �9N4A/-CN A @$A 2 0 5 M 8 @$A=< 8;: - 6V5OB �("- JC: @CN 8 5�
 R

^ ` �



w  193A 57>2(4<!>$D!e?+./B ;=8~&�A -) ?+ "!#!# j$'&($'4<[,7# 1 57#!G-)./&=&�A ?"84� -) 57>7>./2(7MZ
z@qV! |!}u 2 �'^*) � � � �

� � � � qr7#!>$D!:u*` ) ^ � qr7#[,7#!:uP` �a^ ` qr462(BC8 u�L=;
w  57186&(?+ "9>!>86!>2(-) 57M7#[,7#!TA 5BC$D!>86032) 57%L(9:86&(?"8<L=$'46 57G7#./&T!%468}A " 57iN$d46$f?+./&(&=$'867>7>$'&(?+ S-(2W&=8<H' 5$'2W-) 57MUV./&(-(7

qH)5^]cCu:]MN$W46$p?"$'468<;(9I$D!>86./&s-( 57eF_ "!>7 qH)/)(c u:]hN$W4nm A "!>86032) "!>$DJ' -) 57hF# "!>7 .Oq ` cCuX "!ON$W4nm�8~-) 5&R!>8 �=?"$D!>8<./&s-) 57
4< "L=!#./&(7� "!G-) 57�!#9:$'?+ 57jq ` c ?Ic($'?"2(& u:P

^ `'`



� ��������� �

� � � ��
 
 � ��� � ����� 
 � � � � 	&���� � 
 � 

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

�� "!#!# $'&(&) +*, WL(9,A 57# 5&T!# sL=462(7>86 52)9I7i!# 5?Ic(&(8~0T2) 57 L ./2(9 9> 5?+./&(7#!#9:2(8<9> W4< ;�./7#./& A 46 "L(!#./&(86032) ']�4< 
;�./7#./& A c($'-)9I./&(86032)  "!f4< 57f-) 52,* 032($D9CB,7 !#.'L -( O4nm A "H@A 5&�A 5BS 5&R! !_|!"P�wx O;=2)!  57>!f$'46.'9I7f-) 9I 5?+./&(7E�
!#9I2=8<9> G?+.'9>9I 5?+!# 5BS 5&R!E-( 52,* ?"$'&(-(86-=$D!>7X�#032($D9CBC!#.'LK�dN$XL=$D9>!>869�-) 57�.';,F# "!>7�7TA 54< 5?+!>8<./&(&�A 57�-) M4nm A "H@A 5&( 5BS 5&R!"P
wY$i?+./&(&=$'867>7>$'&(?+ -) 57eL(9>.'L(9:8:A "!TA 571-( 57h-( 52,* 0T2=$D9CB37h!#.'Lp9> 5?+./&(7>!#9I2(8<!>7 qrBC$'7>7# ']k73A "L=$D9:$D!>8<./&W$ �586Bj2)!>$'4< ']
L=7> 52(-).T� 9I$DL=8~-(8<!TA ']lP<P<P uhL� "9IBS "!%2(&) S-(8~7>?+9I86BC8~&($D!>8<./&O7>2)L(L=4}A 5BC 5&R!>$'8<9I ?+./&T!#9> 46 571L(9I86&=?"8<L=$'2,* ;(9:2(8<!>7M-) 
UV./&(-kP

(  �!# 5464< 57xBsA "!>c).,-) 57Y./&R!1A "!TA �-�A "H' 54<.'L=L�A " 57lL ./2(9kUV$'8<9I @UV$'?+ 1N$E!#9>./8~7x-(8<y ?"2=4<!TA 57 BC$�F# 52)9> 57"P�w $�L(9I 5BC8rN "9> 
?+./&(?+ "9:&) O4~$ BsA 5?+./&(&($'8~7>7>$'&(?+ W-) O4nm�86BSL=2=467>8<./& 4<./&)J/86!>2(-(86&($'46 -(2 &( 52)!#9I86&).)P�w $s-) 52,*)8rN 5BS ?+./&(?+ "9:&) 
4< 57M86&=?+ "9>!>8<!>2(-) 57h468}A " 571$'2,*OL(9>.'L(9:8:A "!TA 57 ?"86&�A 5BC$D!>86032) 571-) 57M.';,F# "!>7M9> 5?+./&(7>!#9I2(8<!>7Cqr4< "L=!#./&(7"]RF_ "!>7"]MA 5&( "9>J/8< 
!#9I$'&=7#H' "9I7# jBC$'&(032($'&R!# �uG032(8 7# j9,A "L� "9I?"2)!# j-(8<9> 5?+!# 5BS 5&T!M7>2)9e46 57GL(9I.'L(9I8}A "!TA 57M-) 57e?"$'&=-(86-($D!>76A  "!e{EDGF P
P�&2�=& 4~$ !#9>./8~7>8rN 5BS j 57#!1468:A " N$i46$ ?+./BX;=86&($D!#./8<9I XL�./2)9hU .'9:BS "912(& 032($D9CBd!#.'L q>N$ L=$D9I!>8<9h-xm�2(& ?"$'&=-(86-($D!
A  "!G-km�2(&d?"$'&=-(86-($D!QF# "! ."u:P

( $'&(7E!#./2)!# X?+ "!#!# j$'&(&) +*, ']=4< 57E4< "L=!#./&(7"] F# "!>7� "!dA 5&) "9>J/86 %!#9I$'&(7#H' "9:7# BC$'&(032($'&T!# %7#./&T!G7TA 54< 5?+!>8<./&(&�A 57
7# 546./&d46$ L(9>.,?=A 5-(2)9> -�A 5?+9:8<!# -($'&(7�4~$ !>c�N 57# 'P

	 �C� 
 ��� � � �.� � � ��� % � � " ��� 
 ������
( 843GA "9> 5&T!>7% 3� "!>7%L� 52)H' 5&T!%BS.3-=8��( "914< 57ML(9>.'L=9I8:A "!TA 57 -(2JA c($'-)9>./&=860T2( iZx4< 57%9I$'-(86$D!>8<./&=7h-( C4nm A "!>$D!

�=&=$'4n]R46$XBS 57>2)9> e "!�4 m A "!>$'46./&(&($DJ' M 5&�A 5&( "9>J/8< M-) 57kF# "!>7"], "!� 5&2�=& 4~$ BS 57>2(9> e-) M46$X-(8<9> 5?+!>8<./&i-) 57xF_ "!>7"P (  
L=4~2(7"]5-) 57(F_ "!>7l7>2(L(L=4}A 5BS 5&T!>$'8<9> 57 L(9>.vH' 5&=$'&R!l-) 57Y9I$'-(86$D!>8<./&=7 -) �4nm A "!>$D!l8~&(8<!>86$'4n]" "!l-) 57(F_ "!>7 .b&(./& � A "!>860T2( "!TA 57
?+9,A " 5&T!e2(&fUV./&(- ?+./BX;=86&=$D!#./8<9> '](?+./BSL=4~860T2=$'&R!E$'86&=7>8�46$S?+.'9>9> 5?+!# X9> 5?+./&(7#!#9I2=?+!>8<./& -(2 A c($'-)9I./&(86032) 'P

RQ./2)9 75m�$�3 9I$'&=?Ic(8<9d4< WBC86 52,* L�./7>7>8<;K4< -) W?+ 57d 3� "!>7"]E4< p;�./7#./& A c($'-)9>./&(8~0T2)  57#!d9> 5?+./&(7>!#9I2(8<!
N$WLK$D9>!>8<9C-) 57 L=$'8<9> 57C-( jF_ "!>7iL(9,A 573A 54< 5?+!>8<./&=&�A 57i "!i&)./& � A "!>86032) "!TA 57 .�P\wY$ ?+./BX;=86&($'867>./&�-(84� F# "!C-)./&(&($'&T!
2(&( BC$'7>7# f86&TH $D9:86$'&R!# 46$ LK462(71L(9I.3?:c) -( i?+ 5464< -(2 A  "!XH@A "9I8��=$'&T!�� ����� = ��� � � � � �6K�	 ��
 �  57#!
J/$D9I-�A " fL�./2)9j46$ 7>2=8<!# 'P P�&2�=&k] 2=&(86032) 5BS 5&T!%L�./2)9X46$ 9> 5?+./&(7#!#9:2(?+!>8<./&s-) 57X032($D9CB,7%!#.'L ]Q4< 57XL(9>.'L=9I8:A "!TA 57
?"86&�A 5B $D!>860T2( 57%-(2W?"$'&(-(8~-($D! A 7>./&R!%BS.,-(8���A " 57 -) SUV$��?+./& N$ -)./&(&) "9%2=&) SBC$'7>7# A "J/$'4< pN$ ?+ 5464< S-(2JA P
�� "!#!# �-) "9:&(8rN "9> A "!>$DL  � 57#!@2=&) \L(9I.3?KA 5-(2)9I �-( �?+.'9>9I 5?+!>8<./& 
"��� 
�
����h-) �4 m A 5?:c) 5464< E-xm A 5&( "9>J/8< �-) 57=F_ "!>75]D-�A 5?+9:8<!# 
-($'&=7�Z �'^ \ P

^ ` t



	 � � 
 ��� � � �.� � � ��� % � � " ��� 
 ���
wY$dL(9>.,?=A 5-(2)9> i-) S9> 5?+./&(7#!#9:2(?+!>8<./& -=2 BS./BS 5&T!X4<./&(J/8<!>2(-(86&=$'4Y-(2 &) 52)!#9I86&(. 867>7>2W-(2 ; ./7>./& A  57#!

-�A 5?+9I86!# %-($'&(7E4nm�$'&=$'4<[37> CN$ 0 g w 0 �  "!EBfN 5&) N$S9,A 57>./2(-)9> %2(&( A 5032($D!>8<./& -(2 ^����1-( "J'93A 'P ( $'&(7E4< 57G?"$'7�.kN2
4< 57e-) 52,* 7#./462(!>8<./&(7E7#./&T!h93A " 5464< 57"] 864kUr$'2)!G!#9>./2(H' "9h2(&  5&(7# 5BX;=4< -( X?+9I8<!"N "9> 57eL� "9IBS "!#!>$'&T!h-( %!#9>./2)H' "9M46$
;�./&(&) 1$'7>7>.3?"86$D!>86./&kP I  "J/$D9I-(./&(7E!#./2)!e-km�$D;�.'9I-d4< 57�HD$'4< 52)9I7�-( %?+ 57G-) 52,*d7#./462(!>8<./&(7"P�1&1?+./&(7#!>$D!# �032) @-($'&=7 � �dc�-) 57 ?"$'7"]v46$�7#./4~2)!>8<./&M-) @L=4~2(7 J'9I$'&(- � F��� �}$D!#!# 586&T!Y-) 57xH $'4< 52(9I7k7>2)L�A "9I86 52)9> 57
N$ )�� � ��K
	���
G032(8)&) E7#./&T!@L=$'7\L=cR[,7>86032) 57"]'?+./BSL=!# E!# 5&T2i-) E46$%-=867#!#9I8<;K2)!>8<./&X93A " 5464< � 5&6F � P,�� 57\7#./4~2)!>8<./&(7
L� 52)H' 5&T! / "!#9> A 5468~BC86&�A " 57"PSRQ./2)9G46 57E?"$'7E9> 57>!>$'&R!>7"]=L=462(7>86 52)9I7�7#./462)!>8<./&=7�./&R!dA "!3A j!# 57#!TA " 57"P

	 wx 57d;�./7#./&(7 A !# 5&(-) 5&T!sN$ / "!#9> ?+ 5&R!#9I$'2)*�-=$'&(7d4< 57 A "H@A 5&( 5BS 5&R!>7 !_|!5P RQ./2)9 9I 5?+./&(7#!#9I2(869> W-) 57
; ./7>./&(7 A�46 57\L=4~2(7@?+ 5&T!#9I$'2,* L�./7>7>86;=4< 57"]/864K7>2)yC!�-) GL=9> 5&(-)9> e46$ 7#./4~2)!>8<./& -( eL=4~2(7bL� "!>8<! � F �� �KqV./2k]
-) XBC$'&=8rN "9> A 5032(8<HD$'4< 5&T!# ']k-) XLK462(7EL� "!>8<! � ?
� �ou:P ( $'&(7 X � c -) 57M?"$'7"]k46$ HD$'4< 52)9M-) WF���C?+./&(7>8~-�A "93A " 
 57#!G46$ L=4~2(7�L(9>.,?Ic) %-(2dBC./BS 5&R!e4<./&)J/8<!>2(-=86&($'4 H@A "9I86!>$D;=4< %-(2d&) 52(!#9I86&).)P

	 wx 57E;�./7#./&=7>A 7#./&T!e$'7>7> �� A 5&) "9>JQA "!>86032) 57M-($'&(7e4< 57dA "H@A 5&) 5BS 5&T!>7M! |! Z ��� ��
 � ) �'t �6K
	iP��3 57
L(9>.,-(2(8<!>7b-) h-�A 57>86&T!TA "J'9I$D!>8<./&d7>2);K867>7# 5&T!@2(&C;�.3./7#!\!#95N 57�86BCL .'9I!>$'&R!EZ34nm�$'&)J/4< e 5&R!#9I e4< h&) 52)!#9I86&(.1 57#!
4< 4< "L(!#./&  57#!j9> 546$D!>8<H' 5BC 5&R!XUV$'8<;K4< 'P wx f73A 54< 5?+!>8<./& -) 46$ 7>./462)!>8<./& &( 52)!#9I86&). BC86&(86B 867>$'&T!%4nm�$'&)J/4< 
 5&R!#9> �4< �4< "L(!#./&j "!b4< �&) 52)!#9I8~&).G9> 5?+./&=7#!#9I2(8<!Y 57#!b2(& ?+9I8<!"N "9> �L�./7>7>8<;K4< 'P ( $'&(7 X )(c -) 57l?"$'7"]/46$eHD$'4< 52)9
-) F���j?+./&(7>86-�A "9,A " X 57#!G46$ L=4~2(7�L(9>.,?Ic) -=2dBS./BS 5&T!G4<./&)J/8<!>2=-(86&($'4KH@A "9I86!>$D;=4< -(2d&( 52)!#9I86&).)P

	 wx 57M-) 52,* 7>./462)!>8<./&(7�F �� 7#./&T!MJ/$D9I-�A " 57"Pxw  ?:c)./8 * 7> jUr$'8<!M2(4<!3A "9I8< 52(9> 5BS 5&T!"] 7>2(9h4< 57hL(9I.'L(9I8}A "!TA 571-(2
0T2($D9(B !#.'L 9> 5?+./&=7#!#9I2(8<! N$ L=$D9I!>8<9E-(2 A 4< "L(!#./&(86032) jZ(46$ ?+./B ;K86&($'867#./&�� � .e-)./&(&=$'&R!E46$ BS 58~464< 52)9> 
BC$'7>7# C-) !#.'L  57#!%?+./&(7# "9>H@A " L�./2)914nm�$'&($'46[37# 'PY�� "!#!# B A "!>c).,-) C$'2)J/BS 5&T!# 46$d?+./BX;=86&($D!#./869> S$'7E�
7#.3?"8}A " N$ 46$X9> 5?+./&(7#!#9:2(?+!>8<./&f-) M?"$'&(-(86-($D!>7j�_!#.'L=�,]) "!�L(9>.�H'.3032) 12(&i;=86$'867�86BSL�.'9>!>$'&T!�-=$'&(7�4nm�86-) 5& �
!>8��=?"$D!>8<./&d-) 57fA "H@A 5&) 5BS 5&T!>7h!_|!5PK�hmo 57#!GL ./2(9I0T2(./8 ?+ "!#!# XL(9>.,?=A 5-(2)9> 1 57#!dA 5?"$D9>!TA " -( %4nm�$'&($'4<[,7# 'P

	 w $ -) "9:&(8rN "9> 7#./462(!>8<./&�?+./&(7>8~7#!# sN$W!>8<9I "9CL(9>. �(!i-) 57S9> 546$D!>86./&(7C?"86&�A 5BC$D!>8~0T2) 57  5&R!#9I 4< &) 52(!#9I86&).
 "! 4< 4< "L(!#./&�8~7>7>2(7d-(2 A PEw\m�$'&)J/4<  5&T!#9> 4< W4< "L=!#./&�9> 5?+./&(7#!#9:2(8<!d "! 4< &( 52)!#9I86&).sJYA 5&�A "93A  57#!
?+.'9>93A 54:A fN$C4 m A 5&( "9>J/8< %-(2 7>[37#!"N 5BS ��v4< "L(!#./&K�M&( 52)!#9I86&).��19> 5?+./&=7#!#9I2(8<!"P21_4� 57#!EL�./7>7I8<;=4< M-) %?+./&(7#!#9:2(8<9> 
2(&) CUV./&(?+!>8<./& -) iHT9I$'8~7# 5B ;K46$'&(?+ pN$O4nm�$'86-( -) f?+ "!#!# f-=867#!#9I8<;K2)!>8<./& N$O-) 52,* -(86BC 5&(7>8<./&(7% "!j-) 46$
-(867#!#9I86;=2)!>8<./&  5& 86BCL=2(467>86./& 4<./&(J/8<!>2(-(86&=$'4< j-=2 &) 52)!#9I8~&).)Pxwx 57X-) 52,* 7#./462)!>86./&(7 F � ��  "! F � �� 7#./&T!
!# 57#!TA " 57"P wY$S7#./462)!>86./&d?+./&(7# "9>H@A " jBC$ *)86BC8~7# 146$ U ./&=?+!>8<./&WZ

��� 9��Sq��F �����F ��� u � � � � ���! #" � q � F ���� �ou
.kN2 � q%$kuC 57>! 46$ -) 5&(7>86!TA p-) L(9>.';=$D;=8~468<!TA -) p46$ HD$D9I86$D;K4< &$ P G 8< 5& 0T2) O?+ "!#!# B A "!>c).,-) O2(!>8646867# 2(&) X8~&)U .'9:BC$D!>8<./&O7>2)L(L=4}A 5BC 5&R!>$'8<9I ']K7# 57ML� "9>UV.'9IBC$'&(?+ 57h7#./&T!1$'7>7# �� L� 52 $'BsA 54686.'93A " 571L=$D9M9I$DL(L�.'9>!
$'2,* B A "!>c).,-) 57\L=93A 5?=A 5-( 5&R!# 57"P(w\m�86&)UV.'9IBC$D!>8<./&i7>2)9�4nm�$'&)J/4< E 5&T!#9> M4< 57�-) 52,*S.';,F# "!>7\ 57#!�L(9,A 5?"867> GL�./2)9
-) 57%;�./7#./&(7 A A 5&) "9>JYA "!>86032) 57"]l?+ i032(8b9> "L(9,A 57> 5&R!# f2(&) CLK$D9>!%L� 52 86BCL .'9I!>$'&R!# -( 57OA "H@A 5&) 5BC 5&R!>7"P
( $'&=7GX't]c -) 57 ?"$'75]G46$sH $'46 52)9 -) F ��s?+./&(7>86-�A "9,A "  57#! 46$ L=4~2(7 L(9>.,?Ic) -(2 BS./BC 5&R! 46./&)J/8<!>2 �
-(86&($'4GH@A "9I8<!>$D;K4< W-(2 &( 52)!#9I86&).)P�w@m�8~&(?+./&RH@A 5&(8< 5&T!d-) W?+ "!#!# B A "!>c).3-( W 57#!d0T2kmo 54~4< 86&T!#9>.,-(2(8<! 2(&) 
-�A "L  5&=-($'&(?+ %7>2)L=L=4:A 5BS 5&T!>$'8<9> %7>2)9E4~$ 93A 57#./462)!>8<./&  5& A 5&) "9>J/8< %!#9:$'&(7#H' "9I7# XBC$'&(032($'&R!# 'P

(  57e!#9>./867eB A "!>c).3-( 57"] ?+ 54~4< 032(8x?+./&(7>8~7#!# fN$ L(9> 5&(-)9I %46$C7#./462(!>8<./& -) XL=462(7�L� "!>8<!GBC.3-(2=4< 1 57#!GJ/$D9:-�A " 
L�./2)9E4nm�$'&=$'4<[37> 'P(wx ?:c)./8 * -) 57G-( ?+ "!#!# XBsA "!>c).,-) X 57#!GBS.'!>8<H@A XLK$D9G7# 57EL� "9>UV.'9IBC$'&=?+ 57� "!G7>$ UV$'8<;K4< 17# 5& �
7>86;=86468<!3A M$'2,*d86&(?+ "9>!>8<!>2=-) 57�7#[,7#!TA 5BC$D!>86032) 57"P

^ ` X



w  57@7#./462(!>8<./&(7b-) G4 m A 5032($D!>8<./& 7#./&R!�86BC$DJ/86&=$'8<9> 57l7>8(46$1B $'7>7# E!#9I$'&=7#H' "9I7# E9I 5?+./&(7#!#9I2(86!# � 57#!\7>2)L�A "9:8< 52)9> 
N$j46$jBC$'7>7# M-(2 A PLP\&TH,8<9>./& � �dc -) 57CA "H@A 5&) 5BS 5&T!>7E!_|!�&kmo./&T!�L=$'7�-) h7>./462)!>8<./& 93A " 5464< ML�./2)9 F �� P ( $'&(7�?+ 57
?"$'7"]=L=462(7>86 52)9I7�7#./462)!>8<./&=7�./&R!fA "!3A j!# 57#!TA " 57"P

	 w $ L(9> 5B 8rN "9> pL ./7I7>8<;=864~8<!TA ?+./&(7>8~7#!# N$ A 5?"$D9>!# "9 ?+ 57 A "H@A 5&) 5BS 5&T!>7O-) 46$ 7TA 54< 5?+!>8<./&kPew $ L� "9>!# p 5&
7#!>$D!>867#!>86032) 1 57#!E&(./& &�A "J/468<J' 5$D;=46 iq � �dc -) 57fA "H@A 5&) 5BS 5&T!>7:u:P

	 w $S-) 52,*)8nN 5BS 7>./462)!>8<./&f 57#!h-) %?+./&(7>8~-�A "9> "9e032) %46$SBC$'7I7# %!#9I$'&(7>H' "9I7# � � �7  57>!G46$ H39I$'8< %BC$'7>7> -(2
; ./7>./& A LK2(867>032) M?+ 5462(84� ?"8k$C2=&) 1?+ "9>!>$'86&) 4~$D9>J' 52)9 q � � ��^��6K�	ju:P��� "!#!# cT[TL�.'!>ckN 57# ?+./&=-(2(8<!
N$i2(&( HD$'4< 52)91&T2=464< %L�./2)9 F �� Pkw\mo.';(!# 5&R!>86./&O-xm�2(&) HD$'4< 52)9M-) BC$'7>7# !#9I$'&=7#H' "9I7# � � 7I2)L�A "9I8< 52)9I fN$
46$CBC$'7>7> X-(2 A  57#!GL=9I86&(?"8<LK$'4< 5BS 5&T!E-(2) N$i46$C9,A 57#./4~2)!>8<./&  5&�A 5&) "9>J/86 X-) 57@F_ "!>75P��� "!#!# B A "!>c).,-) 
&�A "J/468<J' -)./&=? N$ !#.'9>! 46 571 3  "!>7j-(2W-�A "!# 5?+!# 52)9  "! -( 46$f9> 5?+./&(7>!#9I2(?+!>8<./&kP P\464< S&kmo 57>!%L=$'7 2(!>86468673A " 
L ./2(9�4~$C7>2(8<!# 1-) %4 m�$'&($'4<[,7# 'P

	 w $ !#9>./867>8nN 5BS f7#./462(!>8<./& ?+./&=7>867#!# N$ ?+.'9I9I8<J' "9S4< 57X 3  "!>7S-(2s-�A "!# 5?+!# 52)95]@-( 46$ 9> 5?+./&(7>!#9I2(?+!>8<./&s-) 
4nm�86-) 5&T!>8��=?"$D!>8<./& -) 57l.';)F_ "!>7"PLP\464< � 57#!@-�A 5?+9I86!# G-($'&(7b4nm�$'&=$'4<[37> %N$ 0 g w 0 � PR�� "!#!# GBsA "!>c).,-) ']R?+./B BS 
46$%L(9,A 5?KA 5-) 5&T!# ']($j4nm�$5HD$'&R!>$DJ' %-( h?+./&(7> "9>H' "9�!#./2(7�46 57CA "H@A 5&) 5BS 5&T!>7"P(w $X93A 57#./462)!>86./&i7>2(9�4nm�86BCL=2(467>86./&
4<./&)J/8<!>2(-=86&($'4< -(2 &) 52(!#9I86&).d9> 5?+./&=7#!#9I2(8<!  57#! 7>86B 8646$'8<9> N$ ?+ 54~4< C.';(!# 5&32) i46.'9I7>032) C4< 57 -( 52,* 7#./462 �
!>8<./&(7G7>./&R!e93A " 5464< 57"P�RQ./2)9e?+ 57M-) 52,*d9I$'8~7#./&(7"]=?Dmo 57>!h?+ "!#!# SBsA "!>c).,-) X032(8  57#!e?:c)./867>8< XL�./2)9G46$i7>2(8<!# 
-) %4nm�$'&($'4<[,7# 'P

0 86&(7I8n]Q8~4� 57#!SL�./7>7>8<;=46 -) d9I 5?+./&(7#!#9I2(869> d4< 57SL(9>.'L=9I8:A "!TA 57 ?"86&�A 5BC$D!>8~0T2) 57 -(2a&) 52)!#9I8~&).p "! -(2 ;�./7#./&
A 4< "L(!#./&(86032) ']Q 5&a86BSL�./7>$'&T!j2=&) d?+./&R!#9I$'8~&R!# 7>2(9 4~$OB $'7>7# d86&TH $D9I8~$'&R!# d-(2 4< "L(!#./&s "!C-(2 &) 52(!#9I86&).)P
�� "L� 5&(-=$'&R!"]@-) !# 5464< 57CBsA "!>c).,-) 57 7#./&T!C!#9"N 57i7> 5&(7>8<;=46 57 N$ -) 57S 3� "!>7iL=cR[,7>86032) 57  "! -) 57C 3� "!>7 468}A 57i$'2
-�A "!# 5?+!# 52)9vPKwx 57e7#./462)!>86./&(7�L(9>.'L�./73A " 57EL=93A 57# 5&R!# 5&T!e2=&d!>$'2,*d-) %L=2)9I "!TA X7>86BC864~$'8<9> '],4:A "J,N "9I 5BS 5&R!M7>2)L�A "9:8< 52)9
N$ X �dc P

	 � � 
 ��� � � �.� � � ��� % � � " ��� ' �
� ��� � � �>�

RQ./2)919I 5?+./&(7#!#9I2(869> S4< 571-) 52,*W0T2=$D9CB37M!#.'L ]x864QUV$'2)!%$'7I7#.3?"86 "9 ?+.'9>9> 5?+!# 5BS 5&T!X46 57�F_ "!>7%$'2)*O;�./7#./&(7 A
L(9,A 5?KA 5-) 5B BS 5&R! 9> 5?+./&=7#!#9I2(8<!>75P wx 57EF_ "!>7XL(9I86.'9I8<!>$'8<9> 57ML�./2)9X?+ 57j$'7I7#.3?"8~$D!>8<./&(7 7>./&R! 4< 57�F# "!>7WA "!>8~0T2) "!3A 57<.
L=2=867>032) G4< M!>$'2,*f-) hB $'2)H $'8~7 A "!>8~0T2) "!>$DJ' 1 57>!�UV$'8<;K4< jqH)(cCu:PSR�462(7>86 52)9I7@ 57>!>86BC$D!# 52)9I7�./&T!iA "!TA X!# 57#!TA 57�L�./2)9
46$p9I 5?+./&(7#!#9I2(?+!>86./&� "!i4~$ 7TA 54< 5?+!>8<./& -) 57 ?"$'&=-(86-($D!>7 �_!#.'L=�,P RQ./2)9i9> 5?+./&(7#!#9:2(8<9> -) 52)*a032($D9CB,7S!#.'Lx]�./&
-(8~7#L�./7# G-) 1-) 52,*C;�./7#./&=7-A ],-) M-) 52,*1F# "!>7iA "!>86032) "!TA 57W.�]3./2f-km�2=&i7# 52=4/F# "! A "!>860T2( "!TA .� "!�-) 57 F_ "!>7�4}A "J' "9:7
7>2(L(L=4}A 5BS 5&T!>$'8<9> 57%qr&).'!3A 57 .M$'2(7>7>8�LK$D9G46$S7>2(86!# �u:P

	 RY./2(9E?Ic($'032) ?+./BX;=86&($'8~7#./&k])46$ BC$'7>7# %-( 57�-) 52,*d?"$'&(-(86-($D!>7S�_!#.'LK�S 57#!�UV.'9IB A " 'P=w $S?+./BX;=86&=$'867#./&
9> "!# 5&T2( % 57#!E?+ 5464< %032(8x7I$D!>867#Ur$'8<!�4nmo 57#!>86BC$D!# 52(9G7>2(8<HD$'&T!1Z

� � 2 q � � � = = �����	�TWV X u��
z � q � � � = u � q � ��� = = �����	�TWV X u��

z � q � ��� = u
wx 57h?"$'&(-(86-($D!>7 �_!#.'L=� 7TA 54< 5?+!>8<./&(&�A 5717>./&R!M?+ 52,* 032(8x./&T!M2(&) XB $'7>7# 46$CL=4~2(7�L(9>.,?Ic( X-) 46$ B $'7>7# 
JYA 5&�A "9,A " 'P�w@m�86&=?+./&RH@A 5&(8< 5&T!X-) f?+ "!#!# dB A "!>c).3-(  57>!j032kmo 5464< ;=86$'867# i46$ -(8~7#!#9I8<;=2(!>8<./&p 5& BC$'7>7# -) 57
0T2($D9(B37�!#.'L 9> 5?+./&(7#!#9I2=8<!>7"](?+ 032(8k-(86B 86&T2( h7#./& L ./2(H'./8<9E-(867>?+9:86BC86&($'&T!"P

	 0 �=& -) C9,A 5-(2(869> C?+ 57 ;K86$'8671 5& BC$'7>7# -( 0T2=$D9CB37 !#.'Lx] -) i&)./2)H' 5464< 57 H $D9:86$D;=4< 5717#./&T!X$�F#./2)!3A " 57 N$
4nmo 57#!>86BC$D!# 52(9XL(9,A 5?KA 5-) 5&T!"P@wx 57 ?"$'&(-=86-($D!>7O�_!#.'L=�O9> "!# 5&T2=7j7>./&R! ?+ 52,* 032(8�7>$D!>867#UV./&R! 4nmo 57#!>8~BC$D!# 52)9

^ ` �



7>2(8<HD$'&R!MZ
� � 2 q � � � = = � ���	�TWV�X u �

z � q � � � = u � q � ��� = = � ���	�TWV�X u �
z � q � ��� = u � q � � � = = � ��� = u��z � q � � � = u � z � q � ��� = u �

q:9��1q �F � � = � �F ��� = u =�� u �z � q:9��Eu
$5H' 5? z@q:9��EuN2 �a^ ^����
	(Pxwx 57 ?"$'&(-(86-($D!>7d�_!#.'LK� 7TA 54< 5?+!>8<./&(&�A 57X7#./&T! ?+ 52,*W0T2(8Q./&T! 2(&) SBC$'7I7# C46$
L=462(7�L(9>.,?Ic) M-) 146$ BC$'7>7> hJQA 5&�A "9,A " ']�2(&) 1BC$'7>7> M4~$XLK462(7�L(9>.,?Ic) h 5&R!#9I 1 52,* ])$T�=&f-) M!# 5&(869�?+./BCL(!# 
-km A "H' 5&R!>2) 54~7j-�A "Ur$'2)!>7j-) i?"$'4~8<;(9I$D!>8<./& -) 57�F# "!>7"]Q "!X-)./8<H' 5&T! / "!#9I -)./7N�}N$�� -)./7X-=$'&(7 4< iL=46$'&W!#9:$'&(7E�
H' "9I7# 'P@��./BCBS L(9,A 5?=A 5-) 5BCBS 5&T!"]\?+ "!#!# BsA "!>c).,-) f;=86$'8~7# 46$O-(867#!#9:8<;=2)!>8<./&p 5& BC$'7I7# -( 57j032($D9CB,7
!#.'L 9> 5?+./&(7#!#9:2(8<!>7"P

	 0 �=& -km�/ "!#9> e4< EBS./86&(7l7# 5&=7>8<;=4< %N$146$MBC$'7>7> E-(2S0T2=$D9CB !#.'L -=$'&(7b46$M7TA 54< 5?+!>8<./&C-( 57@?"$'&(-(86-=$D!>71�_!#.'L=�,]
4nmo 57#!>86BC$D!# 52(9� 57#!G?+./&(7#!#9:2(8<!E2(&(8~0T2) 5BC 5&R! N$SL=$D9I!>8<9E-) %4< 52)9:7�L(9>.'L(9I8}A "!3A 57e$'&)J/2(46$'8<9I 57"P)w $C-(8~7#!#9I8<;=22�
!>8<./&� 5& L=7# 52(-(.T� 9I$DL=86-(86!TA -=2 7#[,7#!+N 5BS O! |!i 57#! -�A 5?+9I8<!# OL=$D9i2=&) 7#./BCBC -) O-) 52,*aJ/$'2(7>7>86 5&(&) 57
?+ 5&R!#9,A " 57  5&.? T ?T � ` � ^ �,P@w  57jL=$'8<9> 57 -) f0T2=$D9CB37j!#.'L�7#./&T! L(9>.,-(2(8<!# 57j-)./7E�}N$�� -(./7S-($'&(7 4< L=46$'&
!#9I$'&(7#H' "9I7> 'P=w@mo 57#!>8~BC$D!# 52)9G2)!>8~468673A ML�./2)9E?Ic)./8~7>8<9E46$S?+./BX;=86&($'8~7#./&d-) A  "!G-) �F# "!>7� 57#! Z

� � 2 q � ? � � = � ��� = � = � ^ �Ru��
z � q-? � � = � ��� = u � q:9��1q �F � � = � �F ��� = u =�� u �z � q:9��Gu

w@m�$5HD$'&T!>$DJ' 86?"8E 57#!f032) O46 ?Ic(./8 * -($'&(7 46$ ?+./BX;=86&=$'867#./& -( 57i.';)F_ "!>7i 57#!f86&(-�A "L� 5&(-($'&T!# -) O46$
BC$'7>7# X9> 5?+./&(7#!#9I2=8<!# -) 57e?"$'&(-(86-($D!>7i�_!#.'L=�,P �� "L� 5&(-($'&T!"]=4< 57e-(867#!#9I86;=2)!>8<./&(7� 5& BC$'7>7# j86&RHD$D9I86$'&T!# 
-) 57e?"$'&=-(86-($D!>7h{ED(F 73A 54< 5?+!>86./&(&�A 5717#./&T!h;� 5$'2(?+./2(L L=4~2(7e4~$D9>J' 57Sqrz@q �UTWV�X u�� � � �6K
	���
A��uE032km�$vH' 5?
4< 57�$'2)!#9> 57eB A "!>c).3-( 57"P

^ ` �



� ��� 	���� ����� � � ���

Z ) \ ��Pb�W 586&R;� "9>J)]X� g c) 032($'&R!>2=B�!>c) ".'9>[ .'U>�( 546-(7>�,]���$'B ;(9:86-)J' < &=8<H' "9I7>8<! [ R\9> 57>7 qH) ���/X/u<1N� G 4
��� t'^ ) � t't � �/^ � t M
g P RYPG��c( 5&)J)]�w\P���P�wY8n]X�O�M$'2(J' O!>c( ".'9>[�.'U% 54< 5BC 5&R!>$D9>[ L=$D9>!>86?"46 L=cT[37I86?"7>�,]��h*3UV.'9I- < &(86H' "9I7>8<! [
R\9> 57>7 qH) ���'^/u 1C� G 4 ����) � � �'t ) �/X ) � � M
� P PEP RQ 57NB,86& $'&(- ( P �XP �,?:c)9>.3 5-) "95]�� 0 & 86&T!#9>.,-(2(?+!>8<./&X!#.10T2($'&T!>2(B �( 546-X!>c) ".'9>[,�,] �e$D9IL  "9+��./464686&=7
qH) ���'t/u 1C� G 4 ��� ^ � ) � t � � ��� � ^ M
��P���P 4 .�H $D 57"]��(�3!>$'&(-($D9:- � .,-) 54bZ 0 & 1_&R!#9I.3-(2=?+!>8<./&(�,](c) "L2� LKc � � � � )5^�� �

Zo^ \ ��P�w �M46$'7Ic).��%] 4 2(?"4 PSR\cT[37"P�����]Kt�� � qH) �/X )vu M0 P �,$'4~$'B  "!
	)P �MP)� $D9I-k] R�cR[,7"P I  "H P=w  "!#!"P���
x] ) X�� qH) �/X ` u M��P)�W 586&R;� "9>J)] R\cT[37"P I  "HKPKwx "!#!"P����k] )5^/X ` qH) �/X��'u:PZ � \ �NRl$D9>!>8~?"2(4< ( $D!>$ �M9>./2)L=�,] qn^ � �SX/u:P
Z ` \ � P G  "9I&) 52)!>c( "95] � P��,22B,2 �58n]k� g c( E 54< 5?+!#9I86?G-(8<L�./4< �BS./BS 5&T!\.'U�!>c) E 54< 5?+!#9I./&(�,] I  "H,8< �� .'U � .,-) "9I&

R�cR[,7>86?"75] ���T] ^dqH) ��� )vu:P
Zot \�� P PEPURQ 57NB,86&k]�� G  "['./&(-S!>c) W�3!>$'&=-($D9I- � .,-) 546�,] P\2(9>.'L� 5$'&8�,?:c).3./4T.'U��e86J/c � P\&) "9IJ'[ R\cT[37I86?"7"] ) ��) `

�, "L(! ) ���/X3]k�-P I 4 � ��� � � � PZ X \�� P=wY86&(-(&) "9v]��QP R\cT[37"]K� � )D]K^��'t qH) ���/X/u:P
Z � \ w\P �,2(7>7NB,86&(-x](� ( [,&($'BC8~?"7l.'U=7#L�./&R!>$'&( "./2(7l7#[3B BS "!#9>[%;(9I 5$TB386&(Jh86&X!>c) ��W 586&T;  "9IJT� �,$'46$'B !>c) ".'9>[,�,]

R�cR[,7"P I  "H ( ^ �,] ^/X ) � qH) ��� �/u:P
Z � \ ��./4646$D;�.'9I$D!>8<./&�������������� �"!$#�#&%�%�%(')����*�+,')�-+�.('0/21 .�#435��/26
Z � \ g P �vF�7./7#!#9I$'&(- � ���98;:~]\�NR=< g � 1 0 X3P ^dZSR�cR[,7>86?"7E$'&=- � $'&32($'46�,]Kc) "L2� L=c � � )�� �'^/X ` qn^ � � )vu:P
Z )�� \ � P ��.'9I?+ 5464~$ ��� �98>:~]K� �>P I � 1 ��XhZ 0 &1 "H' 5&T! J' 5&( "9I$D!#.'9 UV.'9Yc($'-(9>./&M 5BC867>7I8<./&M9> 5$'?+!>8<./&(7?�G8<!>c186&T!# "9N�

UV "9I86&(JSJ/462)./&(7%qr86&=?"462(-(86&(JX7>2)L� "9I7>[3BS "!#9:86?hL(9>.,?+ 57>7# 57:u �,]�	 � P RA@B� � )��,] c) "L2� L=c � � � )/) � X � qn^ � � )vu:P
Z )/) \ 4 PDC%86-)./&($TB,867"] I P$�b.'J'!"]f� 4  +*,!E� !#.T� 4  +*,!E� !#.T� 4< 5$'-(86&(J �h9I-( "9 �3.'UV!E���M462)./& ��.'9>9I 5?+!>8<./&(7O86& g .'L

E12($D9CB �e$'-)9I.'L(9>.,-(2(?+!>8<./&(�,]2R�cR[,7"P I  "HKP ( X��3]�)/) ` � ) ` qn^ � � � u M
4 PFC 86-)./&($TB,867"] I P �b.'J'!"]�� g c( ".'9> "!>86?"$'4 7>!>$D!>2(7 .'U !>c) !#.'L 0T2=$D9CB ?+9I./7>7 7# 5?+!>86./&(�,]
$D9HGh8<HOZ�c) "L2� LKc � � ` )�� � X���H )dqn^ � �/t/u M
4 P�C%8~-)./&($TB,867"])?+./BCBj2(&(86?"$D!>8<./& L(9I8<H@A " 'PZ )5^ \ ����� �"!$#�# ��%�I5J�I='H3&/2K LM'H3���#&��%�INJ�I #9O�INL�#&P�I&/ %Q# R2�QS2TQ+ #&UWV9�WX�/2Y�/2K�/&L�3&/Q+

Z ) � \�� P �hP �)BC8<!>cp "!H� Pk� 86464< 5&T;(9>.,?CB ]��HE%� ( $'&(-Z<\2SB $���$p��.'9>9> 5?+!>8<./&=71!#. �,86&)J/46 � g .'L2�[E12($D9CB R\9>.T�
-=2(?+!>8<./&dH,86$]\ |\��,] R\cT[37"P I  "H P (_^�` ] X/X��/X qH) ���/X/u M
g PU�,!# 54 �" "95] �QPU�,2(464686H $'&1 "!Q� PD� 86464< 5&T;(9>.,?CB ]K�(�)86&)J/4< � g .'L2�[EM2($D9(B1L(9>.,-(2(?+!>8<./&XH38~$G� � J/462)./&]�(2=7>8<./&
$D! 4  +*,!E� !#.T� wx 5$'-=86&)J �M9I-) "9I�,]2R\cT[,7"P I  "H P (a^Qb ]Kt�� ) � qH) �����'u M

^ ` �



G Po� P �e$D9I9I867"]�PEPkw $D 5&( 5&k]kw@P R\c=$DU ]��QP �,2(464~8<H $'&x] � P�� 8~464< 5&T;(9>.,?CBd "! � P��W 586& �58< "9:4n]��$�=2(464<[ ( 843� �
9I 5&R!>86$'4 �,86&(J/4< � g .'LS�[EM2($D9CBC��9>./7>7 �3 5?+!>8<./& 86& 4  +*,!E� !#.T� wx 5$'-(86&(J �M9I-) "9 E � ( �,]LR\cT[,7"P I  "HKP ( b�b ]
�/t ` �/^ ` qn^ � �/^/u M
�lP��,2(464~8<H $'&x]3� < &(-) "9I7>!>$'&(-(86&)J�7>8~&)J/4< � !#.'L2� 032($D9CBhL(9>.,-(2(?+!>8<./&1$'&=-�F# "!>7 $D!Yc=$'-)9>./&%?+./464~86-) "9I7>�,]�R�cR[,7"P
I  "HKP (�� @k] )/) ` � )5^3] c) "LS� L=c � � ` � � � ` �Oqn^ � � ` u M
E P � � PY��$D.)] I P �)?Ic��G8< 5&(c).'9:7#!G "!X�hP � RQP�<\2($'&k]�� 4  +*3!E� !#.T� w  5$'-(86&)J �h9I-) "9%��.'9>9> 5?+!>86./&(7h!#. �,86&)J/4< g .'L EM2=$D9CB+R\9>.,-(2(?+!>8<./&p$'&(- (  5?"$v[ $D!%!>c) g  ��@$D!#9>./&�Z�)DP 7N� ?Ic($'&(&( 54bL(9>.,?+ 57>7>�,] R�cR[,7"P I  "H P (
� �(] �/t ` �/^ � ] c) "LS� L=c � � ` � � � ` � qn^ � �/t/u M
E P � � Pk��$D.)] I P �,?Ic��G8< 5&=c).'9I7#!"]�	(P � 0 P G  5&(86!# ��'] I P G 9I.3?(Bd "!M�hP � RQP�<\2($'&x]\� 4  +*,!E� !#.T� wx 5$'-=86&)J �h9N�-( "9h��.'9>9> 5?+!>86./&(7�!#.)�,86&(J/4< g .'L�EM2($D9(B R@9I.3-(2=?+!>8<./&d$'&(- (  5?"$5[ $D!�!>c) g  ��@$D!#9>./& Z=^3P(!E� ?Ic($'&=&) 54
L=9>.3?+ 57I7>�,] R\cT[,7"P I  "H P (�� �k] � � ` �/^��T]�c) "L2� L=c � �/t � ` ^ � �pqn^ � �/t/u:P

Z ) ` \ g c) (�� ?+./4646$D;�.'9I$D!>86./&k]@�NP@H,86-) 5&(?+ 1UV.'9EL(9I.3-(2=?+!>8<./& .'Ul7I86&)J/4< M!#.'L 032($D9CB,7E$'&(- �(9I7#!�-(8<9I 5?+!EBS 5$��
7I2)9> 5BS 5&T!E.'U � 	 T = � �,]��( "9IBC8646$D;S� L=2);2� �SX]� ` �Dt � PGP

Z )5t \ 0 P 0 c(BC$'-).�H ��� �&8>:~]\� g .'L 032($D9CB L=cR[,7>86?"7I�,](c) "L2� L=c � � � � � � � � P
Z ) X \�� P�w@P � $'&(J/$'&).)] ��P R\86?"?"86&=86&(8n] 0 P ( P RQ./4<./7>$,] � P � .'9> "!#!>8 ] I P R\8<!>$'2x]G� 0 w R�� P 4 ]Q$ J' 5&) "9:$D!#.'9UV.'9ec=$D9I-dBX2=4<!>8<L=$D9>!#./&fL=9>.3?+ 57I7# 57E86&dc($'-(9>./&(86?M?+./46468~7>8<./&(7>�,])c) "LS� L=c � �/^ �SX'^�� � ]Qqn^ � � � u:P
Z ) � \ �jP G $D9>J' "95]�	)P,w@P �e ��� "!#!"] I PW	(P 4 P2R\c(8~46468<L=75]�� 4  �� ?+./&(7#!#9:$'86&R!>7�./& !>c) M?Ic=$D9>J' 5- �e86J'J/7�7# 5?+!#.'9E86&

! ��.T� �h8<J'J/7E� -(./2);=4< "!hBS.3-( 5467>�,]SR\cT[,7"P I  "H P ( ` )D] � ` ^ ) qH) ��� �Ru M
I P ( 86$ �'] I P � $D9>!>86&) ��']�	)P � 0 P I .,-)9I86J/2) ��'] �#wx "L=!#./& �l46$5H'.'9��M8<./46$D!>8<./&C8~&S!>c) g ��. �h8<J'J/7 ( ./2(;=4< "!
� .,-) 54k! [3L� �1C1C1_�,]2R\cT[375P I  "H P ( X � qn^ � � )vu � �'t � � �T] $D9 GM8<HOZ�c) "L2� L=c�� � � )�� ) ` � H,^Z ) � \ RQP1�b "9:-(8< "95] g c( 57# %-) -).,?+!#.'9I$D!"] < &(8<H' "9:7>8<!TA j��46$'2=-) G  "9:&($D9I- w ['./& 1Mqn^ � � )vu:PZ ) � \ ��P I P �,4~$D; ./7>L=8<!>7NB3[']Qw\P �3./&(&( 5&(7>?Ic( 586&k]M� g .'L I  �G J' 5&) "9I$D!#.'9I�,]���./BSL=2(!"P�R\cT[37"P���./BCBX2=&kP	) ` �
qn^ � �/^/u ���T]Kc( "L2� L=c � �/^ � )5^��'^ M
����� �"!$#�#Q+�I5K�I�.-+,' IN�Q/&�M'H+�.�#��+���I9��+NJ�*Q# �WV9�WK�/��W#&��V5��K�/�� ')������S

Zo^ � \ 	(P � P���$'BSL(;� 5464�$'&)9 I P CCP�P\46468~7"]e� 0 &�2)Lk-($D!# f./&aH' 5?+!#.'9i; ./7>./& L=$'8<9SL(9>.,-(2(?+!>86./&s$D!Cc=$'-)9>./&?+./4~4686-) "9I7I�,] R�cR[,7"P I  "HKP ( b @k] )/) � � �SXOqH) �����/u
Zo^ ) \ �jP G $D9IJ' "95] � PU� P G  "9IJ' "95]'$'&(- I P9	(P 4 P�R�c(86464~8<L=7"])�E1_BSL=4686?"$D!>86./&(7x.'U .8: M
	 (  5?"$5[ �  5$'7>2(9> 5BS 5&T!>7

8~& g  57#!>86&)JX!>c) �h8<J'J/7 �3 5?+!#.'9�.'Ux!>c) � 86&(8~BX2(B �,2)L� "9I7#[,BCBS "!#9I8~?-�,!>$'&(-($D9I- � .,-) 546�,] R\cT[375P I  "H Pw  "!#!"P � �,] ) � X��&� ) � �=)iqH) ��� � u M
g c) ( P\w R �W1@��./464~$D; .'9:$D!>8<./&k]k�(�3 5$D9I?:cCUV.'9\?Ic($D9IJ' 5- �h8<J'J/7@;�./7#./&(7b$D!�w PQR 86& J' 5&) "9I$'4(! ��. �h8<J'J/7
-(./2);=4< "!EBS.,-) 5467I�,] P�2)95PSR�cR[,7"P�	)P�� � ` ] � ��� � ` ) �Oqn^ � � ` u M
w PQR �e8<J'J/7M��.'9CB,86&)J J'9>./2(Lx]@�(�3 5$D9I?:cdU .'9M��c($D9>J' 5- �h8<J'J/7�;�./7#./&(7MZSR\9> 54686B 86&($D9>[i��./BX;=86&( 5- I  �7I2(4<!>7 < 7>86&)J%w PQR ( $D!>$j��./4646 5?+!# 5- $D! P�&) "9>J/8< 57\2)LC!#.X^ � � �h ��M�,]Tw �e�J� 4 .'!# 
�D^ � � ) � �/t qn^ � � )vu Mg P ( P 4 J/2)[' 5&p$'&(- �jP �hP�	/./7>c(8n]��O�h 5&) "9:$D!>8<./& � ?Ic=$'&)J/86&)JfL(9>.,?+ 57>7# 57M86& ! ��.T� �h8<J'J/7E� -)./2);K4< "!%BS.T�-( 5467>�,]SR\cT[,7"P I  "H P ( � �T] � ^'^ �<� � ^'^ ` qH) �����/u

Zo^'^ \ 0 P=wY2(?+.'!#!# ']�� I  5?Ic) "9I?:c) X-=2 � -) 57 �h8<J'J/7E$'2 g  "HD$D!#9>./&(�,] ��./2)9I7E-) %4 m A 5?+./46 X-) �M86U�qn^ � � )vu:PZo^ � \ ��P 0 ;=$'?:c(8 ��� �98>:~]�q (�� ?+./464~$D; .'9:$D!>8<./&Kui� g c) (�� -) "!# 5?+!#.'9I�,] 4 2=?"4nP�1 &(7>!#95Pk$'&(-WBS "!>c).,-(7"] 0 � � �3]) �'t qH) ��� ` u:P
Zo^ ` \ �jP � P 0 ;=$ �".vH � � �98;:6]Qq (6� ?+./4646$D;�.'9I$D!>8<./& uj� g c) %2)L(J'9:$'-) 5- (�� -) "!# 5?+!#.'9I�,]�c) "L2� L=c�� �/t � �=) � )DP
Zo^'t \ ��P1��9,A "L�A � I  5&($'2(-(8~&k]d�NP\&) "9>J'[ ?+.'9>9> 5?+!>8<./&(7pUV.'9pJ' "./BS "!#9>[  3  5?+!>7WUV.'9p 54< 5?+!#9>./&(7p86& I 2=& 1C1_�,]

(�� 4 .'!# ` �/^ � qn^ � �/^/u M
^'t �



	(P ��c32k]%� (  "!# "9IBC8~&($D!>8<./& .'U�P\4< 5?+!#9>./& P\&) "9IJ'[ �)?"$'4< $'&(- P\&) "9>J'[ I  57#./462)!>8<./& 2(7>86&(JWL ) `�� � �( $D!>$'�,] (�� 4 .'!# ` � ^ � qn^ � � ` u:PZo^/X \ 	(P � P G 2(!>4< "95]@�#wx.,?"$'4 � 2)./& � ./BS 5&T!>2(B 9I 57#./462)!>8<./&=�,] (6� 4 .'!# ` � �/^ qn^ � �/^/u M0 Po� 0 7NBD$ �%]Q�NRQ$D9:$'BS "!#9I8 �586&(J !>c) Gw .3?"$'4 � 2)./& I  57#./462)!>8<./& 86&SL ) � ( $D!>$XUV.'9 R � � �)�,] (�� 4 .'!# ` � ) ` qn^ � � � u M
�MPQ��4< 5BS 5&T!"]?��P (  5468<.'!"] g P*�h./464686&(J)]�CCP �e$DJ/$'&=$TB38n] G PYwx "./&(c($D9:-)!"] � P � 2(4~-) "9I7"] PGP 4 2)9:7# '] � P�,./46-(&) "9N� I  5B ;�./46-(!"]�	(P �3!>$D9CB ]@� � 2(./& 1 ( �� "9>!>8��=?"$D!>86./&fU .'9EL ) ` �,] (�� 4 .'!# ` � t � qn^ � � ` u:PZo^�� \ ����� �"!$#�#&%�%�%�� 1�� ' Y L�T�S '��WV PQ#�3&V �W��.���INL��W#�T�S	��V K�IN�2���?+&#�+5��T&� .-+9#�INL�1�/�� ')�W����S

Zo^�� \ �XP��h9I " 5&(4< " ']\� g c( (6� C%$'46BC$'& g 9I$'?(B �Q86!>�,] (�� &).'!# ` � � � qn^ � � ` u:P
Zo^�� \�� P 4 $D9I$'8~&  "! 0 P-�,?Ic���$D9>! �5BC$'&��NR@9>.';K$D;=8646867>!>86? R@9I8~BC$D9>[ �b "9>!# +* �3 546 5?+!>8<./&(�,] (�� &).'!# ` � ` ^

qn^ � �/^/u:P
Z � � \ 0 P��M$D9:?IN 
6$�� G  5464686-). � � �98;:~]\�NR@9I8~BC$D9>[ �b "9>!# +* ?+ "9>!>8��=?"$D!>8<./& 86&fL ) ` �,] (�� &).'!# ` � ^ � qn^ � � ` u:P
Z � ) \ ����� �"!$#�#&%�%�%�� 1�� ' Y L�T�S '��WV PQ#9����*�+ I91�#2/ �?I91�# 1�� ��K�I9P�T ��/�#�/ �?I&1 ' �W� ��S
Z � ^ \ PGP G 2(7>$D!#.C "! G P 0 &(-)9I86 52k]Q� 	/ "! 0 46J'.'9I8<!>c(BC7�8~& (�� I 2(& 1C1-�3.'U ! ��$D9I CZ (  57>?+9I8<L(!>86./& $'&=- < 7> 57"m�7�12(86-) 5�,] (�� &(.'!# `'` t�� qn^ � � ` u:P
Z � � \ � P G  "9I&($D9I-(8 � �3�98;:~] � 4 0 ( 0 Z 0 4  �� P@H' 5&T!@;T[8P@H' 5&T! �e.'!��� 5464�C%8~464< "9I�,] (�� &).'!# � X����CqH) �����/u M

� P G  "9I&($D9I-(8/� � �98;:~]\�E1 BCL(9>.vH' 5BC 5&R!E.'UQ!>c) 4 0 ( 0 0 4<J'.'9:8<!>c(B�Z �e.'!h�� 5464-C%8~464686&)JX86& ( � I 2(& 1(1( $D!>$'�,] (�� &).'!# `'` t�� qn^ � �/^/u:P
Z � ` \ � P G  "9:&($D9I-(8 ��� �98;:~]%�E1 BSL=9>.vH' 5BS 5&T!>7SUV9>./B�!>c) g ` ^ 0 46J'.'9I8<!>c(B ./& ��$'4<.'9I8~BS "!# "9��h;,F# 5?+!>7 I  �?+./&=7#!#9I2(?+!>8<./&=�,] (�� &).'!# ` � � t qn^ � � ` u M

	(P � I P �h468~BC$'&R! ��� �98>:~]�� g  5?Ic=&(86?"$'4 -( 57>?+9I8<L(!>86./&d.'Ul!>c) g ` ^ $'4<J'.'9I8<!>c=B U .'9e!>c) ?"$'4<.'9:86BS "!# "9M&)./867# 
7I2)L(L(9> 57I7>8<./&(�,] (�� &).'!# ` ) ` X qn^ � � � u:P

Z � t \ 	(P � w@P 0 J'9I$'B ��� �&8>:~]\� 	' "!>P\&) "9IJ'[ �,?"$'46 %$D! (�� I 2=& 1C1 �,] (�� 4 .'!# ` �D^ �Oqn^ � �/t/u:PZ � X \ ����� �"!$#�#&%�%�%�� 1�� ' Y L�T�S '��WV PQ#�3&V �W��.���INL��W#��QV9LW�W/�
�T KQS2V�#&P�/ K�I9Y�I232T ��I&V9LM')�W���
Z � � \ I P G 9:2(& ���/�98;:~]@�O� P 0 4 g � (  "!# 5?+!#.'9 (  57I?+9I8<L(!>8<./&f$'&(- �,8~BX2(4~$D!>8<./&(�,],�-P I 4 R@9>.'J'9:$'B w 8<;(9:$D9>[

w ./&)JC�W9I86!# 52)L � t � ) � qH) ��� ` u:P
Z � � \ g .'L R\cT[37>8~?"71�W.'9CB,86&)J �M9>./2)Lx]G� (�� g .'L 0 &($'46[37# 57X$'&(- ( $D!>$ �,$'BSL=46 SU .'9X!>c) � 86&T!# "9 ��./&)UV �

9I 5&(?+ 57e^ � � ` �,] (�� 4 .'!# `'` ) �3]Qqn^ � � ` u:PZ � � \ 	(P � w@P 0 J'9I$'Bd] g c�N 57# -) %-(.3?+!#.'9I$D!"] < &=8<H' "9I7>8<!3A -( �e$'2)!# � 0 467>$'?+ fqn^ � � ` u:P
Z ` � \ 4 P � $TB'.vH' 5?M$'&(- 	(P � ��Pa�h9I86H $ �'] �(�)c(8<UV!>86&)J)] �,BS 5$D9I8~&)J1$'&(- I  5BC.vH,86&)J �,8~BX2(4~$D!# 5- 	' "!>7>�,] (6� &).'!# 

` � ) ` qn^ � �/t/u M
4 P � $TB'.�H' 5?�$'&(- 	(P � ��P �h9I8<HD$ �']K� g c) I  546$D!>8<H' ( $D!>$W� � ./&R!# E��$D9I46. 	' "! P\&) "9IJ'[��)?"$'4< 5�,] (�� &).'!# ` � � � qn^ � �/t/u:P

Z ` ) \ g c) (�� ?+./4~46$D;�.'9I$D!>8<./&k]%� �  5$'7>2)9> 5BC 5&R! .'U G - BC8 *)86&)JW2(7I86&)JW.'L(L�./7>8<!# � 7I86-) d�=$vH'.'9i!>$DJ'J/86&(J/�,]c( "L2�  +*1� �SX � � � � ` qn^ � �SX/u:P
Z ` ^ \ �MP 0 [ ��� �98;:6]�� S � BC8 *)86&)JS86&US � :�� � K ��� � � � :��

�
-) 5?"$5[ BC.3-) 5�,] (�� &).'!# Xt ) � ` qn^ � �SX/u

Z ` � \ 0 P=wY2(?+.'!#!# ']�� G L=cT[,7>86?"7 �G8<!>cf!>c( ( � (  "!# 5?+!#.'9 < L(J'9I$'-( 5�,] (�� &).'!# � X�� � qH) �����/u:P
Z `'` \ ��P G  5$'2(-) "!#!# S$'&(- 	)P � ��P �h9I8<HD$ �']�� g c) I ./$'- �  "!>c(.3-aqr$'&p$'4<J'.'9I8<!>c=B UV.'9e!>c( j86-( 5&R!>8��K?"$D!>8<./& .'U

 546 5?+!#9>./&(7G8~&XF_ "!>7:u �,] (�� &).'!# � ���?X qn^ � �/^/u:P
^'t )



Z ` t \ ��P G  5$'2(-( "!#!# '] g ckN 57> -) %-).,?+!#.'9I$D!"] < &(8<H' "9:7>8<!TA �Rl$D9I867(G>1Mqn^ � � � u:PZ ` X \ ��P=��c) "HD$'464686 "95] � P(��9,A "L�A � 9> 5&=$'2(-(86&k] 0 P,wY2(?+.'!#!# ']@� g c) I ./$'- �  "!>c).,- �G8<!>ci!>c) � R �,�,] (�� &).'!# 
` �/X��3P

Z ` � \ 	(P �3!>$D9CB ](?+./BCBj2(&(86?"$D!>86./&dL(9I8<H@A " 'P
Z ` � \ �MP ��4< 5BS 5&T! �����98;:6]\� � 2)./&21 ( �� "9>!>8 �=?"$D!>8<./&dUV.'9EL ) ` �,] (�� &).'!# ` � t � qn^ � � ` u:P
Z ` � \ < P � $D9:$5H,86&k]k�O�hL(!>86B 8 �5$D!>8<./&X.'UK?+ 5&T!#9I$'4,!#9I$'?CBjBC$D!>?Ic=86&)JM!#.M 54< 5?+!#9>./BC$DJ/&) "!>8~?�.';,F_ 5?+!>7l;3[X2(!>86468 �586&(J

?+ 5&T!#9I$'4 L(9> 57>c).N�� "9e7#!# "9> ".i?"4~2(7#!# "9I7>�,] (�� &).'!# `'` )/)iqn^ � � ` u:P
Zot � \ ( P 0 4<!#./&k] 	)P � RQP C1./&)9I$D!>c��NP�&) "9>J'[�BS 5$'7I2)9> 5BS 5&T!>7 �G8<!>c !>c) a?+ 5&R!#9:$'4 L(9> 57>c).N�� "9W-) "!# 5?+!#.'9:�,]

(�� &).'!# ` X/X't qn^ � � ` u:P
Zot ) \ ����� �"!$#�#&%�%�%�� 1�� ' Y L�T�S '��WV PQ#&X2.�L����&��*�+2I�3�+ #&�WV9��#&1�� ��K�I9PQT&��/�#&%��W#9�WK�V�1&.�35��I V9L�#�����TNL�/ ��T T9L�T�S&*�+&/Q+3]

g .'L R\9>.,-(2(?+!>8<./&��h9I./2)Lx] 1 LK$'&) 5BC$C$'&($'46[37# 57M�� ";(LK$DJ' 
Zot'^ \ ����� �"!$#�#&%�%�%('H+ S�TW3='H+5�QT5LQY�V2KW1 '0/21 .Q# �S�T5L���/W#���P��	��/&L
Zot � \ ��P�	/$'-($'?:c ��� �98;:6]�� g $'2)./4~$ ^3P tD�,]�� P I 4 � g �W�@X�� � � qH) ���'^/u:PZot ` \ PGP �,c($D;K$'4686&($,] � P � 0 P R\4< 58< "9v]-	(P � I P*�h468~BC$'&R!"]E� �  5$'7>2)9I 5BS 5&R!X.'U�!>c) S!#;=$D9>! R\9>.,-(2(?+!>8<./& ��9I./7>7E��, 5?+!>8<./& $D!j7>0T9>!>7C2
)DP	�/X g  �� 8~& !>c) )P\4< 5?+!#9>./& � 	' "!>7 �Q8~&($'4 �3!>$D!# 2(7>86&(J $ g .'L�./4<.'J/86?"$'4 �  "!>c).,-

�e8<!>c ` ^'tSL(;d.'U R 0 �S�)^ -($D!>$'�,] (6� &).'!# jt ) � ) qn^ � �SX/u:P
Zot't \ 4 P]�h./46462); ] PEPU�,c($D;=$'468~&($,](� �  5$'7I2)9> 5BS 5&T!Y.'U=!>c) \!#;=$D9I! R@9I.3-(2=?+!>8<./&j��9I./7>7E� �3 5?+!>8<./&X$D!Q7I0R9>!>7�2
)DP	�/Xg  �� 86& !>c( � 2)./&K� 	' "!>7=�l86&($'42�3!>$D!# E2(7>8~&)Je$ g .'L ./46.'J/86?"$'4 �  "!>c(.3-��G8<!>c8R 0 �S�)^e-($D!>$'�,] (�� &).'!# 

t ) �'^Oqn^ � �SX/u:P
Zot/X \ � P��h!# "9>.C[ �M$D9 �"./&x] R\c ( !>c( 57>867"] < &(8<H' "9I7I8<! [i.'U 1_46468~&)./867Mqn^ � �SX/u:P
Zot�� \ ����� �"!$#�# ��S �
')��V ��/ ' 3 /2K LM' 3N��# ��S ��#2T�S9����/9L�#
Zot�� \ 	(P ��$'BSL=;  54~4n] CSP P�46468675] � � � � � � � ./&T!# ��$D9:4<. U .'9 �) � !#.';K$D9I& L(9I.3?+ 57>7> 57>�,]

����� �"!$#�# �?39Y�� '[Y L�T�S ' �WV PQ#
Zot�� \ 	(P �3!>$D9CB ]�� �  5$'7>2)9> 5BC 5&R!1.'U�!>c) ! | ! R\9>.,-(2(?+!>8<./&W��9>./7>7N� 7# 5?+!>8<./&p$D! 
 7$2 ) ^	�/X g  ���86& !>c( w  "L2�

!#./& �\F_ "!>7
�l86&($'4 �3!>$D!# 57e2(7>86&)J �3.'UV! � 2)./& g $DJ/7>�,] (�� &(.'!# 1*T*3*3*Wqn^ � � ` u M
g c) (�� ?+./4646$D;�.'9I$D!>86./&k] � g .'L�0T2=$D9CB�7# 5$D9I?Ic �G8<!>c !>c) (6� ) ���'^ ��) ��� � -($D!>$ 7>$'BCL=4< 5�,]
R�cR[,7"P I  "HKP ( t'^3] �3] ` ��� � qH) ���'t/u M
��P � � P ��c($'&)J)] R�c ( !>c) 57>867"] 4 .'9>!>c) 5$'7#!# "9:& < &(8<H' "9I7>86! [WqH) ���/X/u:PZ X � \ g c) 0 g w 0 �f?+./464~$D; .'9:$D!>8<./&k]@� 0 g w 0 � g  5?Ic=&(86?"$'4 (  57>8<J/& I  "L�.'9>!>�,]K� P I 4 qH) �����/u:P

Z X ) \ g c) 0 g w 0 � ?+./4646$D;�.'9I$D!>8<./&k]E� g  5?Ic=&(86?"$'4 (  57I86&)J I  "L .'9I!"] 0 g w 0 � ��$'4<.'9I86BS "!# "9HRY "9IU .'9IB $'&(?+ 5�1C� G 4 �'^ � � � � � � � ��� ��) qH) ���/X/u:P
Z X'^ \ ��P �e2);K$'2)!"] �I� �(� � ��$D! 4 w ��� 0 ?+ "9 � � !#!#;=$D9  "H' 5&R!>7 �G8<!>c w ) !#9I86J'J' "9I�,]

����� �"!$#�#�INL�1�I�3 V ' 3 / K2LM' 3N��#�3 V9LQY�/2K�/&L�3&/�
�IW+ ��S�T * ' ��*���3&V&LQY��91�
�T ���	�������
Z X � \ ( P Rl$'464686&x] �����2�"!0#�#�/Q+ ��T9L�/ ' ����*�+2I�3�+,'$S�+ T ' . �?I�3��('[/�1&.�#9%�S2#�T ��S�T�+ # ��/�/2�QINL ��+&#

� ������#&K�V ��/W#�� ����� ����� ���9. �Q%�S�T9� � �����	�����5��T�S�SWI�L�# K�/WT�S�# Y������B')��� � M
��P G 86&) "!"]i�#wY8<J/cT! F_ "!  5&) "9>J'[ 7>?"$'46 86& 7>86!>2 ?"$'468<;(9:$D!>8<./& 2(7>8~&)J�$�9> 57>./&($'&(?+ -( 5?"$5[ 86&�!>c( { {
?:c($'&(&) 54?�G8<!>c 0 g w 0 �,�,] 0 g w � � � � � �1� � g � ^ � �/t � � � )fqn^ � �/t/u M
�MP G 867>?"$D9I$D!"]O�E1 & � 7I8<!>2 F# "!  5&) "9>J'[ ?"$'468<;=9I$D!>8<./& BS "!>c).,-(7 86& 0 g w 0 � $D! !>c) � P I 4 w �1���,]
0 g w � �,w 1 ( P � ^ � � � � � � )dqn^ � � � u:P

^'t'^



Z X ` \ I P G 9:2(&�� � �98;:6]b�O� P 0 4 g � (  "!# 5?+!#.'9 (  57>?+9:8<L(!>8<./& $'&(- �,86Bj2(46$D!>8<./&k]�� 4 2(?"4nP 1 &(7>!#95P3$'&=- �  "!>c).,-(7
8~& R�cR[,7>86?"7 I  57> 5$D9I?Ic 0 t �SX qn^ � � � uE^'t ��� � � � ] 1EPQPQP g 9I$'&(7I$'?+!>8<./&(7�./& 4 2(?"46 5$D9 �)?"8< 5&(?+ 1t � 4 .)P )qn^ � �SX/ue^�� ��� ^�� �3P

Z X't \ PGP I 86?IcT!# "9N� � $'7"] ( P �)9>./86-) "HD$'2,*�]�w\P RQ.'J'J/8<./468 ]X� 0 g w�� 0 � g Z�$ Ur$'7#! 7I86BX2=46$D!>8<./&aL=$'?(B $DJ' pUV.'9
0 g w 0 �,�,] 0 g w � R � <��L� ��� ��) � )dqH) �����/u:P

Z X/X \ ��P��(9I8 *)8<./&) S$'&(- G P I Pk�W ";(;� "95]�� � $D!>?Ic(86&(J 4 w � E%� ( ?+./BSL=2)!>$D!>86./&(7M$'&(-pL=$D9>!#./&W7>c(.��� "9 7>84�
Bj2(46$D!>86./&(7>�,]�	 �>PQR �/^ �SX qn^ � �/^/u �/^���Z c) "LS� L=c � �/^ � ` ^ `'` \ M
��PB�)9I8 *)8<./&) '] RQP 4 $'7#./&x] G P I P �W ";=;  "9v]G� � $D!>?:c(86&)J 4 w � E%� ( $'&=- L=$D9>!#./& 7>c).��� "9I7j86&Wc) 5$vHT[
�K$5H'./2)9eL(9>.,-(2(?+!>8<./&(�,]Q	 � P R � � � � qn^ � � � u � � � Z c( "L2� L=c � � � �/t'^'t'^ \ M
��P��)9I8<*,8<./&( ']LPEP3w $D 5&) 5&x]LRQP � .'! [,4686&=7NB38 ] G P I P3�W ";(;� "95]Y�(�,8~&)J/4< � !#.'L L=9>.3-=2(?+!>8<./&C86& � ��� 4 w �M�,]	 � P R �SX � � qn^ � �SX/u � �'^ Z c) "L2� L=c � �/t )5^'^'t � \ M
����� �"!$#�#&%�%�%(')��/&�(' ����* ' 32T �
'$TW3=').WJ�# �2�Q/�V K�*�#9%�/&O2O�/2K�#���
WT&�������

Z X�� \ 	(P � P G 2)!#!# "9 ��.'9>!>ck] 	' 3�9> "[ I P �(.'9I7>c($��%] � P �XP �, "[3BS./2(95]�� � 2(4<!>86L=$D9>!#./& 8~&R!# "9I$'?+!>86./&(7
8~& L=c).'!#.'L(9I.3-(2=?+!>8<./& $D! �>P I 0 �,] �-P I 4 � g �W� �/X � �'^3] � � � � g � � �/X � �/t3] < ��w � �>PQR�� �/X � �/^3]
�lP R\cT[37"P � �D^fZ X � � �@X ` XpqH) ���/X/u:] c) "LS� L=c � �/X � ) � �=)DP(M
� 	U1 �Z� < �h 5&) "9I$D!#.'9 Z � 2(4<!>8<L=$D9I!#./& 1 &T!# "9I$'?+!>8<./&(7 86& �>P I � 1 �M�,]
����� �"!$#�#9��KWV���/Q39��+,')��/&��YWV K��W/ '0V K���#��QI � �Q*Q#

Z X�� \�� P ��.';=$'4n] �E1C� I $'&(- ��� I 7#[,7#!# 5BC$D!>86?"7 86& !#.'L  "H' 5&R!>7I�,]
����� �"!$#�#�INL�1�I�3 V ' 3 / K2LM' 3N��#�3 V9LQY�/2K�/&L�3&/�
�IW+ ��S�T * ' ��*���3&V&LQY��91�
�T ����� ��		�

Z X�� \ g c) g  "HD$D!#9>./& P�4< 5?+!#9>.N�� 5$TB��W.'9CB,86&)J �M9>./2)L qVUV.'9 !>c) � ( ��$'&(- ( � ��./464~$D; .'9:$D!>8<./&(7:u:]
� 0 ��./B ;=8~&($D!>8<./& .'U � ( � $'&(- ( � I  57>2(4<!>7 ./& !>c) � $'7>7�.'U�!>c( g .'L EM2($D9CB,�,]
$D9HGh8<HOZ�c) "L2�  +* � � � � � � � ` H�) qn^ � � �'u:P

Z � � \ g c) 0 g w 0 ��?+./4~46$D;�.'9I$D!>8<./&k] �#w 2(B 86&)./7>8<! [ BS 5$'7>2)9I 5BS 5&R! $'&(- BS./&=8<!#.'9I86&)J�86& 0 g w 0 �,�,]
����� �"!$#�#�INL�1�I�3 V ' 3 / K2LM' 3N��#�3 V9LQY�/2K�/&L�3&/�
�IW+ ��S�T * ' ��*���3&V&LQY��91�

	������*M
g c) %w < � 1 ( J'9>./2)Lx]@�(�3!>$D!>2=7�.'Ubw < � 1 ( �,]
����� �"!$#�#�3 / K2L('H3N��# P ��/�1&O�/ K���#�T ��S�TW+ # ��K�T5L-+ ��#�S9.�3�I&1 � � Y�/&O � � ��� ')�Q1�Y

Z �=) \ � P�	)P �h!# "9>.C[��M$D9 �"./&x]��hP PGP �h "9>;� "95] PGP �,c($D;K$'4686&($,]b� �  5$'7>2)9> 5BS 5&T!G.'Ul!>c) X!#!#;=$D9 R\9>.,-(2(?+!>8<./&
��9>./7>7>�, 5?+!>8<./& 8~&dL(L(;=$D9M��./4646867I8<./&(7�$D!h7I0R9>!vqr7}u 2
)DP	�/X g  �� 2(7>86&(J �3 5?+./&(-($D9>[ �b "9>!# +* ;2� g $DJ'J/8~&)J/�,]
(�� &).'!# Xt )/) � qn^ � �SX/u:P

Z �D^ \ ��P ��c) "H $'4~468< "95]S� PK��9> "L� � I  5&($'2(-(86&x]Q� �  5$'7>2)9> 5BC 5&R!E.'Ul!>c) 1!#!#;K$D9WR@9>.,-(2(?+!>86./& ��9>./7>7W�3 5?+!>86./& $D!7I0R9>!vqr7}u 2
)DP	�/X g  ���8~& !>c) wx "L(!#./& � 	' "!>7 �l86&=$'4W�3!>$D!# 2(7>86&(J��,.'U ! � 2)./& g $DJ'J/86&)J ./&a!>c( �(9I7#!
� X �d��L=; .'Ul- � I 2=& 1C1�-=$D!>$'�,] (�� &).'!# Xt )/)5t qn^ � �SX/u:P

Z � � \ ����� �-+ !0#�# �2%�INJ�I=' 3 / K2LM' 3N��# ��%�I5J�I2#NO�INL�#&P�I /&%Q# R��WS�TQ+&# R2�2�Q/9L�T�
2KQT ��/&%�V2K2J
Z � ` \�� P G  "J' 54n]�� I  5?+./&(7#!#9:2(?+!>86&)JC!#.'L  "H' 5&R!>7
�G8<!>cfL ) ` BX2(46!>8 F_ "!>7�7I$'BSL=4< 57>�,] (�� &).'!# Xt � � )iqn^ � �/t/u:P
Z �Dt \ � P 	)P �M!# "9>. [��M$D9 �"./&k]b�hP PEP �h "9>;� "95] PGP �,c($D;=$'4~86&($,]�� �  5$'7I2)9> 5BS 5&T!X.'U�!>c) !#!#;=$D9 R\9>.,-(2(?+!>8<./&

��9>./7>7>�, 5?+!>8<./& 8~&dL(L(;=$D9M��./4646867I8<./&(7�$D!h7I0R9>!vqr7}u 2
)DP	�/X g  �� 2(7>86&(J �3 5?+./&(-($D9>[ �b "9>!# +* ;2� g $DJ'J/8~&)J/�,]
(�� &).'!# Xt )/) � qn^ � �SX/u:P

Z �?X \ 4 P �h./464~2);x]NCCP �e$D9I-( "95]�PGP �,c($D;=$'4~86&($,]=�I��./BX;=86&( 5- !#!#;=$D9 R\9>.3-=2(?+!>8<./&j��9>./7>7 �3 5?+!>8<./& $D!Q7I0R9>!>7�2
)DP	�/Xg  �� 86&f!>c) w  "L(!#./&K� 	/ "!>7E?Ic=$'&(&) 54x2(7I86&)J  "H' 5&R! B38~&) 5BC$D!>86?"7>�,] (�� &).'!# Xt'^�� ` qn^ � �SX/u:P
Z � � \�� P 0 9>.�HK] ( P,��c=$TBT9I$D;�.'9>! [']Q� �  5$'7>2)9I 5BS 5&R!�.'Uxz@q F |F :�{ |{#u@8~& �E� ILK"{NMM?Ic($'&=&) 546�,] (6� &).'!# Mt )5t��

qn^ � �SX/u:P
^'t �



Z � � \ ��P 0 &(-) "9I7>./& ��� �&8>:~]�� �  5$'7>2)9I 5BS 5&R!M.'Ub!>c) j! |!hL(9>.,-(2(?+!>8<./& ?+9>./7>7E� 7# 5?+!>86./&O$D! 
 MY2 ) ^	�/X��>K�	 86&
K K $'&=-d�k� �=&($'4k7#!>$D!# 57h2(7>8~&)J � � � L(; � )1.'UlL=$'7>7I^ -=$D!>$'�,] (�� &).'!# ` �'^�� qn^ � �/t/u:P

Z � � \�� P G  57>$'& �?+./&k] ��P ( A 5468<.'!"] �XP-�,c($D9>[3[']%� �  5$'7I2)9> 5BS 5&T! .'UM!>c) ! | !iL(9>.,-(2(?+!>8<./&a?+9I./7>7E� 7# 5?+!>8<./& $D!
 M$2 ) ^	�/X��>K
	 86&f 546 5?+!#9>./& Bj2)./& �=&($'4k7>!>$D!# 57>�,] (�� &(.'!# ` ��� � qn^ � �/t/u:P
Z � � \ �MP)��4}A 5BC 5&R!"]S� P,w $DJ' "95]WCSP I $'& F>$'&k]�PGP �,c=$D;=$'4686&($,]Y� g .'Ld032($D9CBSL(9>.,-(2(?+!>86./&C?+9>./7>7�7# 5?+!>8<./&f86& !>c) 46 "L(!#./&K�h!#9I$'?(Bd?Ic($'&(&( 54x2(7>86&(J 7> 5?+./&(-($D9>[ H' "9>!# +* ;2� !>$DJ'J/86&(J/�,] (�� &).'!# Xt � )/) qn^ � �SX/u:P
Z � ) \ w\P)wx['./&(7"] ( P �M8<;=$'2)!"] RQP=��46843�.'9I-k] � �e.���!#.S?+./BX;=86&) M?+.'9>9> 54~$D!# 5-f 57#!>86BC$D!# 57�.'UY$ 7>8~&)J/4< EL=cT[,7>86?"$'4

032($'&T!>8<! [,�,] 4 2(?"4nP21_&(7#!#9:2(BdP �  "!>cxP�� � � @x] )/)�� qH) �����/u:P
Z �'^ \ 1}P G .'9rF>$'&).vH,86? � � �98;:6]��E1 &TH' 57#!>8<J/$D!>8<./& .'Ul!#.'L BC$'7>7EBC 5$'7>2)9> 5BS 5&T!>7(�G86!>cf!>c) 0 g w 0 �f-) "!# 5?+!#.'9h$D!

w �M���,] P\2)9vPSR\cT[37"P�	(PK� � �f] �)2)L(L=4nP)^dqn^ � �/t/uG7�X � � 7 � �,P

^'t `



��� � ��� � ���

�1&) f.'UG!>c) BC$'8~&s?:c($'464< 5&(J' 57S.'Ue!>c( f?"2(9>9> 5&T!C$'&(-sUV2)!>2(9> d?+./464686-) "9:7 g  ��@$D!#9>./& $'&=-aw �1� 867 !>c) 
-(8~7>?+.vH' "9>[ .'U L=cT[37I86?"7\;� "['./&(- !>c) ��3!>$'&(-=$D9I- � .,-) 54nP g c(867\J'./$'4kBC$5[i;� h$'?"?+ 57>7I8<;=4< h!>c)9>./2)J/c L(9I 5?"867>8<./&
BS 5$'7I2)9> 5BS 5&T!>7l86&j!>c) �!#.'LC0T2($D9(B 7# 5?+!#.'95P (  "H,86$D!>8<./&(7QUV9>./B !>c) ".'9> "!>86?"$'4,L(9I 5-(86?+!>8<./&(7QBC$v[ ;(9I8~&)JG!#.%4686J/cR!
!>c) 6�=9I7#!E86&(-=8<9> 5?+!�7>8<J/&(7�.'Ul&) �� LKcR[,7>86?"7"P

g c) ��.'9CB  +*3L�./7# 5-W86&O!>c(8~7e!>c( 57>867M-) 5$'467D�G86!>c !>c) SL=9>.3-=2(?+!>8<./&O?+9>./7>7E� 7# 5?+!>86./&p.'U�!#.'L 032($D9CB LK$'8<9I7
H,86$ !>c) %7#!#9I./&)J 86&T!# "9I$'?+!>8<./&k]��e8<!>c(86& ;�.'!>c (�� $'&(- 0 g w 0 �f?+./4646$D;�.'9I$D!>8<./&=7"P

�l8<9:7#!>4<['] 1}moH' ��.'9CB' 5- $D! (6� ./&X!>c) �86BCL(9>.vH' 5BC 5&R!Q.'U)!>c) \9I 5?+./&(7#!#9I2(?+!>86./& .'U=7>.'U !Y 54< 5?+!#9>./&(7"]D86& .'9I-) "9
!#. !>$DJS;2� F# "!>7�L(9>.,-(2(?+ 5- 86& !#.'L2� $'&R!>86!#.'L 0T2($D9(B37� "H' 5&T!>7"P g c) 5&)1@UV.3?"2=7# 5-fB [,7# 54<Ux./&f!>c( MBC 5$'7>2)9> 5BS 5&T!
.'UQ!>c) %!#.'LO0T2($D9(BiL=$'869�L(9>.,-(2(?+!>8<./&d?+9>./7I7E� 7# 5?+!>8<./&��G8<!>c ` ^ �CL=; � � .'U (�� -=$D!>$,P g c) %BC 5$'7>2)9> 5- ?+9I./7>7E�
7# 5?+!>86./& 867E86&d$DJ'9I " 5BS 5&R!
�G8<!>cf!>c) H�,!>$'&(-($D9I- � .,-) 54� +*3L� 5?+!>$D!>8<./&=7"P

1_&d!>c) 0 g w 0 �  +*,L  "9:86BS 5&T!"]21�!#9:8< 5-f!#.i-) "H' 546.'L $CL(9I.3?+ 5-(2(9> 186&d.'9I-)9I "9�!#.i7# 54< 5?+!G!#.'L 032($D9CB L=$'8<9
 "H' 5&T!>7"]K2=7>86&)JS!>c) HB3&(.��G4< 5-(J' $'&(- !>c( %!# 5?Ic(&=860T2( 57EUV9>./B !>c) (6�  +*3L� "9I8~BS 5&R!"P g c(867 ��.'9CB $'467#.ic(8<J/c �
4686J/cR!# 5- !>c) iBC$'8~& 7#[,7#!# 5BC$D!>86? 7#./2)9:?+ 57 !>c($D! ?"$'&s$�3  5?+! !>c) f7# 5&(7>86!>8<H386! [O.'UE!>c) iBC 5$'7>2)9> 5BS 5&T!"P 0 UV!# "9
./&) i[' 5$D9X.'UE-=$D!>$ !>$TB,86&)J $D! 4<.N� 462(B 86&)./7>8<! [']k!>c(867 L(9> 54686B 86&($D9>[ $'&=$'4<[37I867%.';(!>$'8~&(7 $ 7# 5&(7>8<!>86H38<! [O$D! $
UV ���L� "9I?+ 5&T!e4< "H' 54 ]=4< 5$'-(86&(JC!#.i$ J'.T.,- -(8~7>?+.vH' "9>[dL�.'!# 5&T!>86$'4x.'U@&( ���L=cT[37I86?%7>8<J/&=7"]=468�B' X?Ic($D9>J' 5-��h8<J'J/7
;�./7#./&(75P g c) 57> h&) �� L=$D9I!>86?"4< 57�$DL(L� 5$D9�8~&i&)./&fBC8~&(86BC$'4(7>!>$'&(-($D9I- BS.,-) 5467"],$'&(- BS.3-=8<U [S!>c( eL=c( 5&)./BS �
&)./46.'J'[ .'U�!#.'L L=$'869% "H' 5&R!>75P g c(8~71&) �� $'&($'4<[,7>867%c=$'7%7>c).N�G& $fJ'.3.3- 7# 5&(7>8<!>86H38<! [ UV.'9 7#./BS 9> "J/8<./&(71.'U
!>c) 1LK$D9I$'BS "!# "9e7>L=$'?+ 'P

�.
�����5'� (�� Rl$D9>!>86?"4< hL=cT[37I86?"7"] 0 g w 0 � ] (6� ]S�,!>$'&(-($D9I- � .,-) 54n]3!#.'L 032($D9CB ]TL(9I.3-(2=?+!>8<./&i?+9I./7>7E�
7# 5?+!>86./&k]3&( �� LKcR[,7>86?"7"]3! ��. �e86J'J/7�-)./2);=4< "!�BS.,-) 54n]T?:c($D9>J' 5-��h8<J'J/7�;�./7#./&k]2.(� !>$DJ'J/86&)J)]) 54< 5?+!#9>./&f86&%F# "!>7"]
7#.'UV!E4< "L(!#./&x]�	UR\7I8n])L(9> 57>c(.��� "9G-) "!# 5?+!#.'95P




 ���� � � ��

wY$WBC867# d 5&�A "H386-( 5&(?+ -) &)./2)H' 54~4< dL=cT[37>8~0T2) f 57#!i4nm�2(&a-) 57S 5&DF_ 52,*a-) 57S +*,L�A "9I8< 5&=?+ 57 $'2)L(95N 57 -) 57
J'9I$'&=-(7%?+./46468~7>8<./&(&) 52(9I7 g  ��@$D!#9>./&  "!Xw �M�MP wx 032($D9CBp!#.'Ls7# L=4~$'?+ -($'&(7%?+ ?+./&R!# +*,!# d-) C9> 5?:c) "9I?:c) 'P
(  57QBS 57>2)9> 57 -) \?+./2)L=4~$DJ' 57  "!Q-) @L(9>.'L=9I8:A "!TA 57Y-(2X0T2=$D9CBe!#.'L &)./&X?+./&)U .'9:BS 57 $'2,*1L(9,A 5-=86?+!>8<./&(7 !>c�A ".'9I86032) 57
7# "9:$'8< 5&R!E46 57�L(9> 5BC86 "9I7� 3  "!>7e86&(-(869> 5?+!>7�-km�2(&) 1L=cT[,7>86032) 1&)./&d-�A 5?+9I8<!# XL=$D9G4< � .3-kN 546 �3!>$'&(-($D9:-kP

w  !#9I$vH $'8~4\-�A 5?+9I8<! -($'&(7X?+ "!#!# f!>c�N 57# iL�.'9>!# 7>2)9j4nm A "!>2(-) i-( i46$ 7# 5?+!>8<./&  "y ?"$'?+ -( L(9>.,-(2(?+!>86./& -) 
032($D9CB,7�!#.'L L=$D9e86&R!# "9:$'?+!>8<./&dUV.'9>!# $'2 7# 58~& -) 57E-) 52)* ?+./4646$D;�.'9I$D!>86./&(7 (��  "! 0 g w 0 ��P

� ./&S!#9I$vH $'8~4YN$ (�� $1!#./2)!�-km�$D;�.'9I-S?+./&(7>867>!TA G 5&C4nm�$'BsA 5468<.'9:$D!>8<./&C-) E46$M9I 5?+./&(7#!#9I2(?+!>86./&C-) 57jA 54< 5?+!#9>./&=7
-) 1Ur$'8<;=46 M8~BSL=2(467I8<./&i$'2 7# 586& -) �F# "!>7"P �� &)./2)H' 54x$'46J'.'9I8<!>c(BS 1L� 52)!E-�A 57>.'9IBC$'867�/ "!#9I X2)!>864~867TA ML ./2(9E86-) 5& �
!>8��= "9e4< 57@F_ "!>7M-) j0T2=$D9CB37 .�]KL=9>.3-=2(8<!>7E-($'&=7G4< 57 A "H@A 5&) 5BC 5&R!>71!#.'LS� $'&R!>8<!#.'Lp9> 5?:c) "9I?:c�A 57"PY�� !#9:$5HD$'864Y75mo 57#!
L�./2)9I7I2(8<H,8YLK$D9j2(&( i$'&($'4<[,7# -) iBS 57I2)9> -) f46$ 7> 5?+!>8<./&s "y ?"$'?+ d-) L(9I.3-(2=?+!>8<./& -) iL=$'8<9> 57j-) i032($D9CB,7
!#.'Lx],$5H' 5? ` ^ �jL(; � � -) e-)./&=&�A " 57�-( h4nmo +*,L�A "9I8< 5&=?+ (�� P,wx 57�93A 57>2(4<!>$D!>7�-) h?+ "!#!# 1$'&($'4<[,7# h7>./&R!� 5&i$'?"?+.'9:-
$vH' 5? 4< 57�L=93A 5-(86?+!>8<./&(7�-=2 � .,-kN 54< �,!>$'&(-($D9I-kP

( $'&(7h4nmo +*,L�A "9I8< 5&(?+ 0 g w 0 � ]=BC./& !#9I$vH $'8~4 $ ?+./&(7>867#!3A dN$aA 546$D;�.'9> "9h2(&) %L(9I.3?KA 5-(2)9I X-) j7TA 54< 5?+!>8<./&O-) 57
A "H@A 5&( 5BS 5&R!>7j!#.'L2� $'&T!>8<!#.'Lx]Y 5& $'-($DL=!>$'&R!j4< 57%?+./&(&($'8~7>7>$'&(?+ 57  "! 4< 571!# 5?:c(&(86032) 57 8~7>7>2) 571-) i4nmo +*3L�A "9:8< 5&(?+ 
(�� N$14nmo 5&TH,8<9>./&(&) 5BC 5&R!lL=462=7Y +*)8<J' 5$'&T!\-) 57@?+./4~46867>8<./&=7Y-(2Sw �M�MPT�� "!#!# G$'&($'4<[,7# E$ML� "9IBC8~7Q-xm�86-) 5&T!>8��( "9b4< 57
7#./2(9I?+ 57M-km�86&(?+ "9>!>86!>2(-) 57h0T2(8l$'2)9I./&R!12(&O86BSL=$'?+!17>2(9M4~$iBS 57I2)9> 'P RQ./2)912(&) $'&(&�A " C-) U ./&=?+!>8<./&(&) 5BS 5&T!
-(2 -�A "!# 5?+!# 52)9iN$C;K$'7>7# X4~2(BC86&)./7I8<!TA ']=?+ "!#!# S7# 5?+!>8<./&  "y ?"$'?+ L ./2(9>9I$'8<!�/ "!#9> BS 57>2(93A " j$vH' 5?j2=&) L(9,A 5?"8~7>8<./&
-) %032) 546032) 57�L�./2)9I?+ 5&T!>7"P �� "!#!# 7# 5&(7>86;=86468<!3A ML� "9IBS "!#!#9I$'86!E-) %-�A 5?+ 54< "9e-( 57G7>8<J/&( 57�-) &)./2)H' 54~4< ML=cR[,7>86032) 'P
wY$ L=c�A 5&(./B A 5&)./4<.'J/8< %-) 57iA "H@A 5&) 5BS 5&T!>7E!#.'L2� $'&T!>8<!#.'Ld 57#!�BS.,-(8���A " ML=$D9�46$XL(9,A 57# 5&(?+ 1-) M;�./7#./&(7�-) 
�h8<J'J/7
?:c($D9>JYA 57\$DL(LK$D9I$'867>7>$'&T!b-($'&(7b-) 57bBC.3-kN 54< 57\7#!>$'&(-($D9I-S&(./&jB 86&(86BC$'2)* PDw@m�$'&($'46[37# � 3� 5?+!>2�A " e-($'&=7b?+ E&)./2 �
H' 5$'2 ?"$'-(9> 1!>c�A ".'9I86032) %$S$'86&(7I8KBS./&T!#9,A 032km�2(&) 1-�A 5?+./2)H' "9I!# X7# "9I$'86!�L�./7>7I8<;=4< eL ./2(9�?+ "9I!>$'86&) 57�9,A "J/8<./&=7E-) 
4nmo 57>L=$'?+ %-) 57�L=$D9:$'BfN "!#9> 57"P

� 5 ��� ��9/�
�� R\cT[37I860T2( j-) 57MLK$D9>!>86?"2(4< 575] 0 g w 0 ��] (6� ] � .,-�N 54< �3!>$'&(-=$D9I-k]k0T2=$D9CB !#.'Lx]x7> 5?+!>8<./&
 "y ?"$'?+ '](&(./2)H' 5464< eL=cR[,7>86032) ']RBC.3-kN 54< CN$ -) 52,* -)./2(;=4< "!>7�-) �h8<J'J/7"]3;�./7#./& -) �h8<J'J/7�?Ic=$D9>JYA ']�A "!>860T2( "!>$DJ' 
-) 57lF_ "!>7W.�]�A 54< 5?+!#9I./& -($'&=7�4< 57QF# "!>7"]=4< "L(!#./& BS./2k]�	UR�7>8n])-�A "!# 5?+!# 52)91-) 1L=86 5-(7E� -) � J' "9>;� 57"P


