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chambers

chambers
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Cathode strip
Resistive plate

Thin gap

Monitored drift tube
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 ��A =?;CB�9<;EDGFHDG;>I�B A FKJLB�9<;EMNI<O>FKDPMNI<Q
9 ASR =,FHI6T A I RU��� 
 �VA =?;WB�9<;CJX= A OYB,MZFHI�FKJ[B�9<MNTDGFHDP;YI�B�\<D]O A =?=,MN; R_^�` B,9<;ba A =*B�FHI<TE\6I R ;>=?QHFHMNI<QcB�9<;bMNI�B�;>= A OYB,MZFHI  " 1 A I R_" # A =,; R ;Yd�I<; R MNIT,;YOYB,MZFHI 4657ef5g4 $ 5ih BjD A&`G^ ;WI<FKB,; R JX=?FHDlk@mnI 465poHq B�9 A BrB�9<;CO>FHI�B�=?M ^ \fB�MZFKIPJX=,FKDsB,9<;Wa<=?FfOY;>T?T,;>TtMNI
uiMNQH\<=,; 4657e 9 Awv ; A axFKyZ; A T0z+{ |�}V96MZO�9bO>FK=,=,;YT,a�FHI R T0B�FCB,9<;jFH\6B,QHFHMNI<Q~a A =?B,MZO>yN;>T ^ ;YMZI<QCO>FHyNyZMZI6; A =
}VMNB,9UB�9<;EMNI<O>FHDGMZI6Q�FHI<;YT 5�� 9<;�=,;>y A B�; R T*��O�9 A I<I<;YyLa<=,F�O>;YT,T,;YT  I<FKBVT?9<F&}VI $ 9 A&v ; A T?MZDGMZy A =ra�FHyN;A TP�_{ |�}V9<MNO�9�OYFH=,=?;>T,a�FHI R T�B,F A T?FKJ�B?��O>FHyNyZMZT?MZFHI ^ ;YB�}r;>;>I�B�9<;�MZI6O>FHDGMZI<Q�a A =?B,MZOYyZ;>T 5�� 9<;YT,;R M v ;>=?QH;>I6O>;>T A =?;�=?;YJX;Y=,=,; R B,F A T�MZI6JX= A ��=?; R  �h!� $ T,MNI<QH\<y A =,MpB�MN;>T A I R�A =,;�B�96;�a6=,F R \<OYB�FKJ�T,FSJ�B
a<=?FfOY;>T,T?;>T 5_� 9<;ca<=?F ^ yZ;YD�FKJ h!� R M v ;>=,QK;>I<OY;>TbO A I ^ ; A&v FHM R ; R�^�`�A a<9 A T?;���T,a A OY;UO>\6B
FHI�B,9<;
� MZI<;YD A B�MZOYT~; 5 Q 5 A a6a<y ` MZI6Q A DPMNI<MZD�\6D�O>\6BCFHI�B,9<; )L� FKJ+FH\fB�QHFHMNI<QGa A =?B,MZOYyZ;>T 5~� \<O�9_O>\fB�TCO A I^ ;��?\6T?B�Mpd�; R FHI�B�9<;VQH=?FH\<I R T@B�9 A B�;��fax;Y=,MNDP;YInB,T A =,;�QH;>I6;>= A yZy ` MZI<T?;>I<T?MNB,M v ;tB,F�T?FKJ�B A I R O>FHyNyZMZI6; A =
T,O A B,B,;>=?MZI<QHT 5
�t���j���  ¢¡�£�¤n¥%¤6¦+¥S§�¡[¨+©�ª?«W¬�­�®�©E¡-®�¯�¦�®�®�¡-°±¤<ª!¦²«W³� 9<;Y=,; A =,;�DPFH=?;~´¶µj·¸O>FHI�B�=?M ^ \fB�MZFKI<T+B�F ^ ;�O>FHI<T?M R ;Y=,; R B�9 A I A =?;~T?9<F&}VIcMZIPuiMNQH\<=,; 4657e ^ ;>T?M R ;YT
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^ \6B,MZFHI6T¶MNI�B,9<MZTEd�QK\<=,;GO>FHI�B A MZI A I ASR<R MNB,MZFHI A yiQHyN\<FHI�yZMNI<; q ;>MpB�9<;Y= A T A I AKR6R MNB,MZFHI A y�FH\6B,QHFHMZI6Q
a A =*B�MNO>yZ;  =,; A yL;>DGMZT,T?MZFHI $ q FH= A T A I�MNI�B�;>=?I A y[yZMNI<;�O>=?; A B,MZI<Q A yNFfFKa  v MN=?B,\ A yLO>FK=,=,;YOYB,MZFHI $ 5j� 9<;YT,;
I<;��fB*��B,FS��yN; AKR MNI<Q�FH= R ;Y=  �����

$ R M A QH= A DPT�OYFHI�B A MNI A B�yZ; A T?B�FHI<; AKR<R MpB�MZFKI A y�´�µj· v ;Y=?B,;�� A I R
9<;YI<O>; A =,;�;��fax;YOYB�; R B�F ^ ;�T?\<a<a<=?;>T,T?; R:^�` A J A OYB,FH=POYyZFHT?;�B,F�B�9<;�O>FH\6a<yZMNI<Q�OYFHI<T?B A I�B .-/ MNI
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� 9<;VyZF�FHa<T�MNIbB�9<;jd�=?T?B@B�}rF R M A QH= A DPT0MZI�uiMNQH\<=?; 465g4 9 A&v ; A I�\<I R ;�d�I<; R DPFKDP;YInB,\<D  DC $ A T!�
T,F�O>M A B�; R }VMNB�9bB,9<;>D q }V9<MZO�9GI<;Y; R T@B�F ^ ;VMZI�B�;YQH= A B,; R 50� 9<;�MZI�B�;YQH= A yfMZT+9<F&}r; v ;>=²yNFHQ A =?MNB,9<DPMNO A yNy `R M v ;>=?QH;>I�B~MZI C A I R B,9<;>=?;
MZTVI<FGI A B,\<= A y[} Aw` B�F A&v FHM R B�96; C { E yNMZDGMNB 5+� 96;>T,; R M v ;>=,QK;>I<OY;>T
}V9<MNO�9GF�O>OY\<= A B+96MZQH9 C A =?;j=,;�JX;>=,=?; R B�F A T+\6yNB�= A � v MNFHyZ;�B  GF�H $ R M v ;>=,QK;>I<OY;>T 5r� FKDP;jFSJ�B,9<; v MZ=*B�\ A yR M v ;>=?QH;>I6O>;>T�O A I<O>;Yy�}VMNB�9�OYFHI�B�=,M ^ \6B,MZFHI<TjJX=?FHD =?; A y±;>DGMZT,T?MZFHI  ; 5 Q 5 B�96;¶y A T?B R M A QK= A DlMZI�uiMNQH\<=,;465g4 $ ^ \fBtB�F�=,;YDPF v ;WB,9<;E=,;YD A MZI<MNI<Q F�H T?MZI<QK\<y A =?MNB,MZ;>T A a<=?FfOY;>T,TVFKJ-=?;>I<FH=?D A yZMZT A B�MNFHI�9 A TjB�F ^ ;
\<T?; R 5� 9<;ba<=?FfOY;>T,TCFKJ@=,;YI<FH=,D A yNMZT A B�MZFKI�=?;>yNMZ;>T~FHI�B,9<;
J A O�BCB�9 A BWF ^ T,;>= vSAK^ yZ;YTWT,\6O�9 A T~B�96;�O�9 A =?QH;A I R D A T?T�FKJ A a A =*B�MZOYyZ;P\<I R ;Y=,QHF_OYFH=,=?;>OYB,MZFHI6T R \<;�B,F R M A QK= A DGT
yNM � ;GB�9<FKT,;cJXFH\<I R MZI uiMNQH\<=,;465g465JI T A =?;>T?\<yNB~B�9<;LK ^<A =,;=Mxa A = A DG;YB,;>=,T�FKJ+D A T?T A I R O�9 A =?QH; A =,;¶I<FKB~DP; A T,\<= AK^ yN;�a<=?FHa�;>=?B,MZ;YTA I R O A I�9<;>I<OY; ^ ; R M v ;Y=,QH;YInB 5�� ;YI<FH=,D A yNMZT A B�MZFKI A B?B�;>DGa6B,T²B�F�=,;YO A T*BtB�9<;�a<=?F ^ yN;>DlMZIcB�;Y=,DGTtFKJ
DG; A T?\<= AK^ yZ;Wmn\ A I�B,MNB�MN;>T  M 5 ; 5 DG; A T?\<=,; R O�9 A =,QH; A I R D A T?T $ A I R B,Fba<\<T,9�B�96; R M v ;Y=,QH;YI<O>;YT~FKInB,F
B�96;¶\6I<DP; A T,\6= AK^ yN; ^�A =?;¶a A = A DG;YB,;>=?T�MNI A OYFHI<T?MZT?B,;>I�B�D A I<I<;>= 5
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I T A QH;YI<;>= A yW=,\6yZ; A OY=,FHT?T*��T?;>O�B�MZFKI O A yZOY\<y A B�MZFKIÖMZT�DPFH=?; A OYO>\<= A B�;_MpJ A QK=,; A B�;>=�I�\6D ^ ;Y=

FKJ�O>FHI�B,=,M ^ \6B�MNFHI<T  FH=UFH= R ;>=,T $ A =,;_OYFHI<T?M R ;Y=,; R 5�� F&}²; v ;Y= q A T�9<MNQH9<;>=�FH= R ;Y=UO>FH=?=,;YOYB�MNFHI<T A =?;
O>FKI<T,M R ;>=?; R q B�9<;GIn\<D ^ ;>=¶FKJtu�; ` I<D A I R M A QK= A DGTEMZI<OY=,; A T,;GMZI�In\<D ^ ;>= A I R OYFHDGa<yZ;��6MpB ` 5P� 9<;
O A yZO>\6y A B,MZFHI A y R M��GO>\<ypB�MZ;YTbDP; A IÈB�9 A BGJXFK= A y A =,QH;�I�\6D ^ ;Y=PFSJCa<=?FfOY;>T?T,;>TPFHI<y ` ��� A I R �����
a<=?; R MNOYB�MNFHI<T A =?; A&vSA MNy AK^ yZ; 5
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!¡[³� 9<;cJ A O�B�B�9 A B�FHI<y `�A JX;�} FK= R ;Y=,TbFKJ�O>FK=,=,;YOYB,MZFHI<TbO A I ^ ;UO A yNO>\<y A B�; R MZI ´�µj·�MZT A a6=,F ^ yN;>DA T�B�9<;PMZI�B�;Y= A O�B�MNFHI MNT�T?B�=?FHI<Q A I R 9<MNQH9<;Y=*��FK= R ;Y=¶OYFH=,=?;>O�B�MZFKI<T�D Aw` I<FKB ^ ;GI<;YQHyZMNQHM ^ yN; 5Gh I�J A O�B
B�96;�OYFH=,=?;>O�B�MZFKI<T A =,;¹MZIfd�I<MNB,; A I R =,;YT,\<ypB�MZI F�H  \6yNB�= A � v MNFHyZ;�B $ R M v ;Y=,QH;YI<O>;YT�}V96MZO�9�9 A&v ;�B,F^ ;GB,=,; A B�; R ^�`�A a<=?FfOY;>T,T�FKJj=?;>I<FK=,D A yZMNT A B,MZFHI 5�� 9<MNT�a6=,F�O>;>T?T
yN; AKR T�B�F�B�96;PMNInB,=,F R \<O�B�MZFKI�FSJ A
=,;YI<FH=?D A yNMZT A B�MNFHIWT,O A yZ; " 1 }V9<MNO�9�B�96;>I A a<ax; A =,T-MZI¶yZFKQ A =,MpB�9<DGMZO-B�;Y=,DGT0=?;>y A B�MZI6QjB�F~B,9<;�O>FH=?=,;>O�B�MNFHIFKJ-B�9<;�´�µj· O>FH\<a6yZMZI6Q R \<;EB�F�yZF�FHaUO>FK=,=,;YOYB,MZFHI<T 5@� 9<;>T?;�OYFH=,=?;>OYB,MZFHI6T A =,;EFKJ0B�9<;EJXFH=?D �
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8:9<;>I�a<=?; R MNOYB,MZI<Q A a<9 ` T,MNO A y6m�\ A I�B�MNB ` \<T,MNI<QCB,9<;jd6�f; R ��FH= R ;>=�B�96;>FH= `bA O�9<FHMNO>;jFSJ�B,9<;t=,;YI<FH=!�
D A yZMNT A B,MZFHI T,O A yZ;�9 A TbB�F ^ ;�D AKR ;�� 5È� 9<;�JXFH=?D FKJC;>mn\ A B,MZFHI 465�� T,\<QHQK;>T?B,TGB,9 A B A O�9<FHMNO>;�FKJ" �1�� 2 � =,; R \<O>;YT²B�9<;�T?B,=,;YI<QKB�9�FKJ�B�96;CyZF�FHaGO>FH=?=,;YOYB�MNFHI<T A I R 9<;>I<OY;C}VMZyNy�MZDGa<=,F v ;�B,9<; A O>O>\6= A O `
FKJ-B�9<;Ed6�f; R ��FH= R ;>=�O A yZO>\6y A B,MZFHI ^�` =?; R \6O>MZI6QGB,9<;�;��x;>OYB�FKJ0I<;YQHyZ;YOYB�; R B,;>=?DPT 5� 9<;@JXFH=,D A yZMNT,D:FKJ6ax;Y=?B�\6= ^�A B,MZFHIEB,9<;>FH= ` =,;Ymn\<MZ=?;>T[B�9 A B[B,9<;@MZI�B�;Y= A O�B�MZFKI ^ ;>MNI<Q R ;>T?O>=?M ^ ; R MNTLFKJA }r; A � I A B,\<=,;CMZI�FK= R ;Y=²B�9 A Bj9<MNQH9<;>=!��FH= R ;>=�O>FK=,=,;YOYB,MZFHI<TrO A I ^ ;CI6;>QHyN;>OYB,; R 5 I T A OYFHI<T,;Ymn\<;>I<OY; qA OYO>\<= A B�;Wa6=,; R MZOYB,MZFHI6T²D A&`G^ ;CD AKR ;~MZIU´�µj·�}V9<;YIUB�9<;~O>FH\<a6yZMZI6Q
O>FKI<T?B A I�BtMZTrT,D A yZy  M 5 ; 5 9<MNQH92 � $ ^ \6BCI6FKBV}V9<;>I�MpBVMZTVy A =,QH;  M 5 ; 5 yNF&} 2 � $ 5rh BCMNT�I6FKB�axFHT?T,M ^ yZ;EB�FGO>MN=,OY\<D v ;YI�BCB�96MZT R M��GOY\<yNB `^�`_A = ^ MNB,= A =?MZy ` O�9<F�FHT,MNI<QcB�9<;b=?;>I<FK=,D A yZMNT A B,MZFHI�T,O A yZ; " 1  M 5 ; 5 B�F ^ ;bD�\<O�9_y A =,QH;Y=~B�9 A I 2 � $ A TB�96MZTtyZ; AKR TtB�F�y A =,QH;CyZFHQ A =,MNB,9<DGMZO�O>FH=?=,;>O�B�MNFHI<TtB�F�a<=?; R MNOYB�MNFHI<TjJX=?FHD�I<;YQHyZ;YOYB�; R B,;>=?DPT 5h I A B ` a<MZO A y6MNI�B�;>= A OYB,MZFHI ^ ;�B�}²;Y;>I�9 AKR =?FHI<T�MNI A OYFHyZyNM R ;Y=-;��fax;Y=,MZDG;>I�B ^ FKB,9�9<MZQK9 A I R yNF%} 2 �
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a<=?FfOY;>T,T?;>T A =,;�a<=,;YT,;YInB 5+h I�FH= R ;>=+B,F ^ ;>I<;�d<B²JX=?FHD B,9<;Va<=,; R MZO�B�M v ;~a�F&}²;Y=rFSJ�a�;>=?B,\<= ^<A B�M v ;C´¶µj· q
B�96;�I<FKIf��a�;>=*B�\<= ^�A B�M v ;�yZF&} 2 � O>FHDGa�FHI<;>I�B,T A =?;�a A = A DP;�B�;>=?MZT?; R�A } Aw` MZI a<9<;YI<FHDG;>I<FHyNFHQHMNO A y
DGF R ;YyZT  T,\<O�9 A T���·Eu0T $ 5-� 9<MNT A a<a<=,F A O�9�=?;>yNMZ;>T[FHIEB,9<;�J A OYB�FK=,MZT A B�MNFHICB,9<;>FH=?;>D }V9<MNO�9 A yZyZF&}VT�B,9<;
9 A = RUA I R T,FKJ�B²O>FHDGaxFKI<;>I�B�T²FKJ A IcMNI�B�;>= A OYB,MZFHIGB�F ^ ;CT?;>a A = A B,; RU^�` MNI�B�=,F R \<OYMZI<Q A Ic\<I6a<9 ` T?MZO A y
T,O A yZ; q " #  B�96;�J A OYB�FK=,MZT A B�MNFHIUT,O A yZ; $ B�9 A B R ;Yd�I<;YT�B,9<; ^ FK\<I R�A = `U^ ;YB�}r;>;>I�B�9<;EB�}rF 5� 9<;¹J A OYB,FH=,MNT A B,MZFHI T?O A yN; A Q A MZI:=?;>T,\6yNB�TUJX=?FHD B�96;�I6;>; R B�F =,;YQH\<y A =,MZT?; R M v ;>=?QH;>I<OY;>T�JX=,FHD
9<MNQH9<;>=!��FH= R ;>=�OYFH=,=?;>OYB,MZFHI6T 5Gh I B�96MZT�O A T?;GB,9<;G9<MZQH96;>=*��FH= R ;>=EB�;Y=,DGT¶yN; AKR B�F KgT,O A yZMZI6Q v MNFHy A B,MZFHI6T M
}V9<MNO�9�=,;YT,\<ypB
MNI A O�9 A I6QH;PMNI�B,9<;GDPFHDG;>I�B,\<D T,a�;>O�B�=?\<D�FKJja A =?B�FKI<T¶B,9 A B¶D A � ;G\<a�9 AKR =,FKI<T a A =?B,FHI�; v FHyZ\fB�MZFKI $ 5_� 9<;YT,;UOYFH=,=?;>OYB,MZFHI6T
B A � ; A T,MNDPMNy A =WJXFK=,D�B�F�B,9 A BbFKJV;Ymn\ A B�MNFHI 465�� }VMNB,9
B�96;>MZ=tMNDPa A OYB A Q A MZI ^ ;>MNI<Q�=,; R \<O>; R�^�` O�9<F�FHT,MNI<Q A J A OYB,FH=,MNT A B,MZFHIUT?O A yN; " � # � 2 � A T ^ ;YJXFK=,; 5
�t���j��� � ¡[³����	�l¨i¤<ª*¦r« ¨@«W©�
�¨+®6¤6¦²« � �W¦���¡[®�³h I O>;Y=?B A MZI OYMZ=,OY\<DGT?B A I<O>;YTcMNB�MZTca�FHT,T?M ^ yN;�B,F�DPF R ;YyCD�\<ypB�MNa<yZ;�T,FSJ�BU;>DGMZT?T,MZFKI<T ^�` B,9<;�\<T?;_FKJ
=,;YT,\<DGD A B�MNFHI�B,;>O�9<I6MZmn\<;>TET?\<O�9 A TCB,9<;
yN; AKR MZI<QS��yZFHQ A a<a<=,Fw�fMZD A B,MZFHI  � � I $ 5x� 9<MNTCMNTCFKJ�B,;>I�MND��
a<yN;>DG;>I�B�; R MZI�
�FHI�B,;Wµ A =?yZF¶T,MND�\<y A B�MZFKI<T ^�` \<T,;�FKJ A a A =*B�FHIGT,9<F&}r;>=�}V9<MZO�9cDGF R ;>yNT�B�9<;�;��x;>O�B�T
FKJ ASR<R MNB,MZFHI A y+T,FKJ�B  QKyZ\<FHI $ ;YDPMNT,T?MZFHI<T�� 5�� FKJ�B�= AKR M A B,MZFHI�;>DGMNB?B�; R MZI A�R MN=,;YOYB�MNFHI�O>yZFKT,;PB,F�B,9<;^ ; A D�yZMNI<;  MZI A O>FKyZyZM R ;>= $ MZT¶=,;YJX;Y=,=?; R B�F A T K h I<MNB,M A y � B A B,; � ASR M A B,MZFHI M  �h*�6� $ }VMpB�9�MpB�T¶O>FH\6If�
B�;Y=,a A =?BLK×u0MZI A y � B A B�; � ASR M A B,MZFHI M  u �6� $ ^ ;YMZI<Q�M R ;>I�B�Mpd�; R�A T�T,FSJ�B�= AKR M A B�MNFHI A =?FH\<I R B�9<; A �fMNT
FKJ+B,9<;
FH\fB�QHFHMNI<Q�9 A = R ��T,O A B,B,;>=,; R a A =*B�MZOYyZ;YT 5 � F&}²; v ;Y= q MNB~T,96FH\<y R�^ ;�I<FKB�; R B�9<;Y=,;�MZTCI6F�JXFH=,D A yR MNT?B�MNI<OYB,MZFHI ^ ;YB�}r;>;YI�B�96;�B�}rF q A TtB,9<;�a<=,F�O>;YT,TVMZTVMZI�B,=,MZI6T,MZO A yZy `GA m�\ A I�B�\<D�DG;>O�9 A I<MZO A yLFHI<; 5I a A =*B�FHI�T,96F%}r;>= A yNyZF&}VT A a A =?B�FKI A B A 9<MZQH9U;YI<;>=?Q ` T?O A yN;CB�F ^ ;E; v FKy v ; R�R F%}VI�B�F A T?O A yN;
O>yNFHT,;�B,Ft}V9<;>=?;j´�µj· ^ ;YO>FHDG;>T[I<FHI���a�;>=?B,\<= ^<A B�M v ; ^�` ;>DGMNB?B�MZI6Q²JX\<=?B,9<;>=La A =?B,FHI<T 5 I BLB�9<MNTLaxFKMZI�B A
a<=?FfOY;>T,T0=,;�JX;>=,=?; R B,F A T[JX= A QHDP;YI�B A B,MZFHI�FH=-9 AKR =?FHI<M�� A B,MZFHI  MNI v FHy v MNI<Q�yZF&} 2 � ´�µj·ÖMZI�B,;>= A OYB�MNFHI<T $
B A � ;>TPF v ;>=GB�F A =,= A I<QH;UB�96;�a A =*B�FHI6TPMNInB,F OYFHyZFK\<=,yN;>T,T�9 ASR =,FHI6T 5 � 9<;�JX= A QHDG;>I�B A B�MNFHI a<=,F�O>;YT,T
QH;YI<;>= A yZy ` MZI v FHy v ;>T@B�9<;Va<=?F R \6OYB�MNFHIGFKJ±;���B�= A mn\ A = � T A I RPA I�B�Mº��mn\ A = � T A T�T,;Y;>I ^ ;�JXFH=,;VMZIPuiMNQH\<=,;465poH5AI TjJX= A QHDG;>I�B A B�MZFKI�I<;YO>;>T?T A =?MZy ` MZI v FHy v ;>TVI<FHIf��ax;Y=?B,\<= ^�A B�M v ;Wa<9 ` T,MNO>T q MpBjMZT²MZDGa<yZ;YDP;YInB,; R MNI

�FHI�B,;�µ A =,yNF
T?MZD�\<y A B�MNFHI<T ^�` B�9<;~\<T,;WFSJ[a<9<;>I6FHDP;YI<FHyNFHQHMZO A y�DGF R ;YyZT�T,\<O�9 A T²O>FKyZFH\<=�T?B,=,MNI<QHT²FK=
�  -Ã%Ã%Â ÍÌÂgÀY½Ð¾�ÁnÎS¾�Ë�ÃwÑÒÓÌ¿*¾�Í�ÍÌÆ*ËÌÂg½%Ä>Óx¾�ËÏÆ�½%À�Í[ÇjÀwÃ%Æ*Á7ÁgÆ,Ã�Â7½E¾�� ��Æ?¾�Ã%Âg½%Ä�Ñ���À�Ä  [Ê%Ê%ËÌÀ�É&ÂgÇt¾�ÍÏÂ7À�½��������  ���Ø
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O>yN\<T?B,;>=?T 5

·W\<;cB�F_B,9<;�O>FHDGa<yZ;��fMNB ` FKJ~B,9<;UMZI�B,;>QH= A yZT�MNI v FHy v ; R q In\<DG;>=?MZO A y²B�;YO�9<I<MZmn\<;YT A =,;UFKJ�B,;>I =,;��
mn\<MZ=?; R B�F�F ^ B A MZI In\<DP;Y=,MNO A yt=?;>T,\6yNB�T�JX=,FKD O>=?FHT,T!��T,;YOYB,MZFHI�O A yNO>\<y A B�MNFHI<Tb;>T?ax;YO>M A yZy ` MNJCO>\6B,TGJXFK=
;��fa�;>=?MZDG;>I�B A y A OYO>;Ya6B A I6O>; A =?;�OYFHI<T,M R ;>=?; R 5�� 9<;PDPFHT*B
;+�GO>MZ;YI�B�In\<DG;>=,MNO A y@DG;YB,9<F R JXFH=¶MZI�B�;��
QH= A yZT�FKJ[9<MNQH9 R MNDP;YI<T,MNFHI�MNTrB�96; 
�FHI�B�;Eµ A =,yNF�B�;YO�9<I<MNm�\6;W}V9<MZO�9U=?;>yZMN;>TrFHIc= A I R FHDlT A DGa<yNMZI<Q¶FKJA I�MNI�B�;>QK= A I R B�F A a<a<=,Fw�fMZD A B,;�MpB�T vKA yZ\<; 50� 9<;Y=,; A =,; A In\<D ^ ;>=iFSJ A&vSA MNy AK^ yZ;+O>FKDPa<\fB�;>=-a A O � A QK;>T
}V9<MNO�9�O>FKD ^ MZI6; AbvSA =,MN;YB ` FSJ R M��±;Y=,;>I�B~a<9 ` T,MZO A y[a<=,F�O>;YT,T?;>T A B?��� }VMpB�9 A a A =?B�FKI�T?9<F&}²;Y=  ; 5 Q 5
��� � ��h<I ����� A I R � k � 8 h	� � o�
 � $ 5 �����sa<=,F�O>;YT,T,;YT A =,;b9 A = R ;>=WB,F�QH;>I<;Y= A yNMZT?;
JXFH=EIn\<DG;>=,MNO A y
O A yZO>\6y A B,MZFHI<T A I R FKJ�B,;>I A�^ ;>T?axF � ;�a<=,FHQK= A D�MZT
=,;>mn\<MN=,; R JXFK= A QHM v ;>IÈa<=?FfOY;>T?T  ; 5 Q_MZI<OYyZ\<T?M v ;
�?;YB
a<=,F R \<O�B�MNFHI $ 5�� 9<MZT�9 A T�yZ; R B�F�B,9<; R ; v ;YyZFHa<DG;>I�BbFSJ A y A =?QH;GI�\6D ^ ;Y=
FKJVa6=,F�O>;>T?T*��T,a�;>O>Mpd�O
����� O>=?FHT,T!��T?;>OYB,MZFHI�QH;>I<;Y= A B,FH=,T  ; 5 Q 5 �����
�Hk ����� � o�� � q �Hk �V��I · � o�� � $ 5?I a<a<y ` MNI<Q A a A =?B,FHI
T,96F%}r;>= A a<a<=,F A O�9�B�F ������O A yNO>\<y A B�MNFHI<T�O A I�a<=,F v ;�a<=,F ^ yZ;>D A B,MZO A T�B,9<;>=?;cMZT A =?MZT � FKJ�K R FH\��^ yN;�O>FH\6InB,MZI<Q�M q M 5 ; 5 B�9 A B A �?���sT?;>DGMp��9 A = R QKyZ\<FHI�;>DGMZT,T?MZFHI�MZT A yN=,; AKR6`�A O>OYFH\<I�B�; R JXFH=~MZI�B,9<;
a A =*B�FHI_T?9<F&}²;Y= 5 I B?B�;YDPa6B,TCB�FU=?;>T?FHy v ;�B,9<; R FK\ ^ yZ;
O>FH\<I�B,MZI<QUMNT,T,\6;b9 Awv ; ^ ;Y;>I¹D AKR ; q I<FKB AS^ y `

�µ�������� � o ��� }V9<MNO�9GOYFHD ^ MNI<;>T������:O A yZOY\<y A B�MZFKI<T-}VMpB�9 A a A =?B�FKIbT,9<F&}r;>= A I R 9 ASR =,FHI6M � A B�MZFKI
JXFH= A JX;Y}�a<=,F�O>;YT,T?;>T 5

����� ����� � �"!$#$%'&'(*) +,($- ./�1032
� 9<;EB�96;>FH=?;YB�MNO A yxJX= A DG;Y}rFH= � A TtFH\6B,yZMNI<; R�AK^ F v ;�9 A TtB�}rFP;YyZ;YDP;YInB,TjB�9 A BV=,;>mn\<MN=,;E;��6a�;>=?MZDG;>I�B A y
DG; A T?\<=,;YDP;YInB,T ^ ;�JXFH=,; A mn\ A I�B�MpB A B,M v ;@a<=?; R MNOYB,MZFHIEO A I ^ ;@D ASR ; 5[� 9<;YT,; A =,;�B�96;�T*B�=?FHI<Q�O>FH\<a6yZMZI6Q
O>FKI<T?B A I�B .-/tA I R B,9<;�I<FHIf��ax;Y=?B�\6= ^�A B,M v ; �@·EuiT 5
�t���t�54 6�¡�¤6¡-® �lª*«Eª?«W¬s¤ �W¡ �t¤<®�¦r«W¬�¯�¦ �
	

?ª*«W¬�¯�¦r«W³�¤6¨@«²¤
�LFfO A yjQ A \<QH;UB�9<;YFH=,MN;>TbT?\<O�9 A TP´�µj· R ;>T?O>=,M ^ ; A I MZI�B,;>= A OYB�MNFHI \<aÈB�F A a A =?B,MZOY\<y A =
O>FH\<a6yZMZI6Q
O>FKI<T?B A I�B q }V9<MZO�9 R ;�B�;Y=,DGMZI<;YTWB�9<;bMNInB,=,MNI<T,MNO
T?B,=,;YI<QKB�9�FKJ@B�96;bMZI�B�;Y= A O�B�MZFKI 5 ´�µj·sa<=,; R MZO�B�TE9<F&}
B�96MZTtO>FKI<T?B A I�BC; v FHy v ;>T�MZI 2 � ^ \6B A I�;��fax;Y=,MZDG;>I�B A yLDP; A T,\6=,;>DG;>I�B�9 A TtB,F ^ ;�D ASR ; A B A QHM v ;>I2 � ^ ;YJXFH=?;EB�9<MNTtMZTta�FHT,T?M ^ yN; 5
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� 9<;>=?; A =,;WD A I ` axFHT?T,M ^ yZ;�} Aw` TVFKJ R ;YB,;>=?DPMNI<MZI<Q .0/ JX=,FHDl;��fa�;>=?MZDG;>I�B 5AI DG; A T?\<=,;YDP;YI�BtFKJ.-/ O A I ^ ;CD AKR ; A B � � ��� OYFHyZyNM R ;Y=,T+JX=,FKDl= A B�;YT²FKJ��?;YBja6=,F R \<OYB,MZFHI q � R ;>O Aw` q A I R ; v ;YI�BVT,9 A a�;>T 5h I ASR<R MNB,MZFHI A B
yN;>a6B,FHIf��9 AKR =,FKI�OYFHyZyNM R ;Y=,T  yZM � ; � k �;I $ .0/ D Aw`¹^ ; R ;�B�;>=?DPMNI<; R JX=,FHD T,O A yZMZI6Qv MZFHy A B�MNFHI<T A I R DPFKDP;YInB,\<D T?\<D�=?\<yZ;YT 5 I T,\<DGD A = ` FKJ .-/ DG; A T?\<=,;YDP;YI�B�T A I R a<=?; R MNOYB�MNFHI<TtMNT

QHM v ;>I�MZI�uiMZQH\6=,; 465�� A I R�A JX\<yNy R ;>T?O>=?MZa6B,MZFHI�FKJ�B�96;>T,;�DP;�B�9<F R T�MZT AwvKA MZy AS^ yZ;WJX=?FHD�B�9<; � A =?B�MNO>yN;
· A B A � =,FK\<a � o � � 5
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F I6yZM � ; .-/ q B�96;_a A =?B,FHI R MNT?B�=?M ^ \fB�MZFKI�JX\<I<O�B�MNFHI<TcD Aw` I<FSB ^ ;�DP; A T,\<=?; R:R MN=,;>O�B�y ` q MZI<T*B�; AKR:A
a A = A DG;YB�;Y=,MNT,; R T?;YB~FKJi;Ymn\ A B�MNFHI<T R ;YT,O>=?M ^ MNI<QbB�9<;�a<=?F ^�AK^ MZyZMpB�MN;>T²FSJid�I R MZI<Q R M��±;Y=,;>I�B�4 Awv FK\<=,T�FKJ
a A =*B�FHI�MZI A 9 AKR =,FHI  QH;YI<;>= A yZy `¶A a<=?FKB�FHI $ MNT0a�FHT?B,\<y A B�; R�A I R B�9<;ra<9 ` T?MZO A yfOYFHI<T?;>mn\<;>I6O>;>T@FKJ6B�9<MNT
O�9<FHMNO>;WO A yZOY\<y A B�; R MNI�B�;Y=,DGTjFKJ-O>=?FHT,T!��T?;>OYB,MZFHI6T 5@� 9<; ^�A T?MZOCJXFK=,DlFKJLB�9<; �@·Eu�a A = A DG;YB,;>=,MNT A B,MZFHI
JXFH=tmn\ A = � T A I R QHyN\<FHI<TtOYFHDGDPFHIcB,F�DPFHT*B A I A y ` T,;>TVMNTtQHM v ;>I ^ ;YyZF&} �

5  �[��276 $ 8:9 6��<;>=  !o ? � $ ;A@CB&)  �ED 9GF�HIHJH $  �465 
 $
8:9<;>=?; � =?;YJX;Y=,TrB,F�B,9<;~DGFHDG;>I�B�\6D JX= A O�B�MZFKIGFSJ�B�9<;�a<=?FKB�FHIPO A =?=,MN; RG^n` B,9<;~a A =?B,FHI A I R 9 6 q
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�~���~��� � �W¡ ��� ¡[°±¤ ¦ � 
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uiMNQH\<=,; �<57e ��� µ²FKDPa A =,MZT?FHI�FKJVQH=,M R �ST*B A I R<A = R JXFH=¶B,9<;�MNI<O>yN\<T,M v ;W�?;YB*��O>=?FHT,T
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uiMNQH\<=,; �<57e ��� µ²FKDPa A =,MZT?FHI�FKJVQH=,M R �ST*B A I R<A = R JXFH=¶B,9<;�MNI<O>yN\<T,M v ;W�?;YB*��O>=?FHT,T
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 k FW�
}V9<MNyZT?B 
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� 9<;cMNI<O>yN\<T,M v ;E�?;YB�OY=,FHT?T*��T,;>O�B�MNFHI R ;YT,O>=?M ^ ;>T
B,9<;ca<=?F ^�AK^ MZyZMpB ` FKJtF ^ B A MNI<MZI6Q A �?;�B
}VMpB�9 A QHM v ;>I
B�= A I<T v ;>=?T,;cDGFHDG;>I�B�\6D 5P� 9<;�OY=,FHT?T*��T?;>O�B�MZFKI�O>FHI6T,M R ;>=,T A yNy+; v ;YI�B�T
}V9<MNO�9�O>FKInB A MZIc�?;YB,T�}VMpB�9<MNIA OYO>;>afB A I<OY; � A I R�A T A =,;>T?\<yNBi9 A T0O>FHI�B�=?M ^ \fB�MZFKI<T-JX=?FHD¢D A I `�R M��x;>=,;YI�B�a<=?FfOY;>T,T?;>T A B-B�96; � � µ 5 I
T,MNDPa6yZMNd<O A B,MZFHIcO A I ^ ;¶D AKR ;¶MNIUB�9<;YFH=,;�B�MZO A y[a<=,; R MZO�B�MNFHI<T q 96F%}r; v ;>= q ^�` O>FHI<T?M R ;Y=,MNI<QPFKI<y `U^<A T,MNO
´�µj· a<=,F R \<O�B�MZFKI  A T�T?9<F&}VIPMNI � ;YOYB�MNFHI 4657e $ A T0B�9<MNT�MZTiB,9<; R FHDGMZI A I�B�T,FK\<=,OY;tFKJH�?;YB�T ^�` T,; v ;>= A y
FH= R ;>=?T�FSJiD A QHI<MpB�\ R ; 5I T-} A T R ;>DGFHI<T*B�= A B�; R ; A =,yZMN;>= q B,9<;rMNI<O>yN\<T,M v ;��?;YB0O>=?FHT,T!��T,;YOYB,MZFHI A B09 AKR =,FKI
O>FKyZyZM R ;>=?T[a<=,F v M R ;YTA I�MZDGa<yNMZO>MpBrB,;>T*B~FSJi9 ASR =,FHI�T*B�=,\6OYB�\6=,; A T ��·Eu0T A =,;�I<;Y; R ; R B�F�OY=,; A B�;EB�9<;YFH=,;�B�MNO A y�a6=,; R MZOYB,MZFHI6T
B�F�OYFHDPa A =,;j}VMpB�9b;��fa�;>=?MZDG;>I�B A y R�A B A 5�I axF�FH=?y `�R ;YB,;>=,DGMZI6; R �@·Eu�D Aw` yN; AKR B,F A�R MZT,OY=,;Ya A I<O `^ ;YB�}r;>;>IUB,9<;CB�96;>FH=?;YB�MNO A y�a<=?; R MNOYB�MNFHI A I R ;��fa�;>=,MNDP;YI�B 5+h I AKR<R MNB�MNFHI�B�9<;W=?\<I<I<MNI<Q�FKJLB,9<;CT*B�=?FHI<Q
O>FK\<a<yZMNI<Q¹O>FHI6T?B A InB�}VMpB�9 2 �  T,;Y; � ;>OYB,MZFHI 465poH5po $ O A I ^ ;�DG; A T,\<=?; R }V96MZO�9 a<=,F v M R ;YT A I<FHI��
B�=?M v M A yVB,;>T*BcFKJ�´�µj· 5²� \<O�9 A DG; A T?\<=,;YDP;YI�Bc} A TcO A =?=,MN; R FH\fB A BPB�9<; � ; vKA B�=,FKI � 4 | � A I R:A
T,MNDPMNy A =�DG; A T?\<=,;YDP;YInB�D Aw`U^ ;ED AKR ; A B I+� � IW� F v ;Y= A y A =,QH;Y= 2 � = A I<QH; 5� 9<;�=?;>y A B�M v ; 2 � =,; A O�9 FKJEB�96; � ; vSA B�=?FHI A I R B�9<; � � µ�MNTPT?9<F&}VI:MZI u0MZQH\<=?; 
�5NoH5�� 9<;
a<=?MZI<OYMZa A ySO A \6T,;�FKJnB�9<; R M��±;Y=,;>I6O>; ^ ;�B�}²;Y;>I
B,9<;+O>FKyZyZM R ;>=?T�MZT�B,9<;@O>;YInB,=,;@FKJfD A T,TL;>I6;>=,Q ` � �@}V96MZO�9
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MZT oH5 � �K� ; H MNI¹B,9<;�O A T?;PFSJ²B�96; � ; vSA B,=,FHI A I R o �H� ; H JXFH=EB�96; � � µ 5-� 96;PQH=?; A B,;>= � � A yZyNF%}VT
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T?9<FH\<y R^ ;UI<FKB�; R MZI AKR<R MNB�MNFHI�B,9 A B I+� � IE� }VMZyNyr; v ;YInB,\ A yNy ` OYFHyZyN;>OYB A I MZI�B�;YQH= A B�; R yN\<DGMZI<FHT?MNB ` �

e
FH= R ;>=?TEFKJ@D A QHI<MNB,\ R ;�9<MZQH96;>=~B,9 A I_OYFH=,=?;>T,a�FHI R MZI<Q � ; vSA B,=,FHI R ;�B�;YOYB�FK=,T q }V96MZO�9 A yZT?FcMZI6O>=,; A T,;YT
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uiMNQH\<=,; 
f5No-�Eh I<O>yN\<T,M v ; �K;YB
µ²=,FKT,T*� � ;>O�B�MNFHI_JXFH=WB�9<; � � µ A I R � ; vSA B�=?FHI  Ï� \<I h,h $ q� �����
�Hk �Eqµ � k�´ �65NoKq " 1 ��" # 8 )L�  � � � $,$ 5 )[� MNTt;��x;>O�B�M v ;>y `�A DP; A T,\<=?;�FKJ 2 � 5
µ²FHI<T?M R ;Y= AK^ yN;�MNI�B�;>=?;>T*BCMNI�B,9<;
MNI<O>yN\<T,M v ;²�?;YB~O>=?FHT,T!��T,;YOYB,MZFHI�MZT R MZ=?;>OYB,; R B�F&} A = R I6;Y} a<9 ` T,MNO>T

T,; A =,O�96;>T 5�� MZQH9 )L� �?;YB0a<=,F R \<O�B�MNFHI�MZI v FHy v ;YT0B�96;r9<MNQH9<;YT?B 2 � MZI�B�;Y= A O�B�MZFKI<T A&vSA MNy AK^ yZ; A B A 9 AKR =?FHI
O>FKyZyZM R ;>= A I R B�9n\<T�MZT A a<=,F ^ ;¹FKJ�MZI�B�;Y= A O�B�MNFHI<T A B�B�96;�T?D A yZyZ;YT?BUF ^ B A MNI AK^ yN;�yZ;YI<QKB,9 T?O A yN;>T � 5� ` T?; A =?O�9<MZI6QGJXFH= R ; v M A B,MZFHI<T ^ ;YB�}r;>;YI�;��fa�;>=?MZDG;>I�B A y R�A B AGA I R � B A I R�A = R 
�F R ;YyLa<=,; R MZO�B�MNFHI<T D
T,;YI<T,MpB�M v MpB ` B,Fc\<I A InB,MZOYMZa A B,; R a69<;>I<FKDP;YI A D Aw`�^ ;
F ^ B A MZI<; R 5E� 9<MZTCMZTCMNI�O>FKInB,= A T*BWB�FUT?ax;YO>Mpd�O
T,; A =,O�96;>T  ; 5 Q 5@��FW� � $ }V96MZO�9GyZF�F � JXFK=�a A =*B�MZOY\<y A =id�I A yº��T*B A B,;jT,MNQHI A B,\<=,;YT+a<=,; R MZO�B�; RG^�` a�FHT,T?M ^ yN;
;���B,;>I<T?MZFHI<TVB�FbB,9<; � B A I R�A = R 
�F R ;>y 5

�WI<;~;���B�;>I6T,MZFKIPB�F�B�96; � B A I R�A = R 
�F R ;Yy�B�F�}V9<MZO�9GB�9<;VMZI6O>yZ\6T,M v ;i�?;YB�T�O>=?FHT,T!��T?;>OYB,MZFHIPMZT@T,;YI<T,Mº�
B�M v ;�MZT-mn\ A = � OYFHDPa�FHT?MNB�;YI<;>T?T 50h I
B�9<; � B A I R�A = R 
�F R ;>y q mn\ A = � T A =?;rOYFHI<T,M R ;>=?; R B,F ^ ;ra�FHMNInB*��yNM � ;
JX\<I R<A DP;YI�B A y�a A =*B�MZOYyZ;YT 5 � F%}r; v ;>= q MNBrMZTrO>FHI<OY;>M vKAS^ yZ;VB�9 A Bjmn\ A = � T A =,;~O>FHDGaxFKT,MNB,;VF ^ �?;>O�B�TtOYFHD��
a<=?MZT,; R FKJiD�\<ypB�MZa6yZ;WOYFHI<T?B,MNB,\<;>I�B�T ^ FH\<I R B�FHQH;�B�9<;Y= ^�`�A JXFH=,OY;¶FSJ�QH=?; A B,;>=�T?B�=?;>I<QSB�9�B,9 A I�´¶µj· 5


! � 
-À�� 

	fÆ���ËÌÆ*Á×¾�ÍÏÆ,Ó�ÍÌÀ²¾�Ê%ËÌÀ�Å%Â7½%Ä²À��f¾�ÁgÆ?½%Ä�ÍÌÎ&ÑÒÓÌ¿*¾�ÁgÆ�� ��
���� � ����� � ÅS¾�ÓÏÆ?ÃVÀY½tÍÏÎÐÆ��0Æ!Ñ
	±ËÏÀYÄ�Á7ÂgÆ-Õ±¾ �YÆ*Á7Æ*½%Ä�ÍÏÎÀ���¾�½CÆ!É%¿�ÎÐ¾�½%Ä�ÆiÊÐ¾�Ë�ÍÌÂ7¿*ÁgÆ�Â7½~ÍÌÎ%Æ�	±ËÏÆ?Â Í �ºË�¾�ÇjÆ�Ø
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� 9<MNTUO>FHDGaxFKT,MNB,;>I<;YT,TUOYFH\<y R 9 A&v ;_; vSAKR ; R¸R ;YB�;YOYB,MZFHI MNI a<=,; v MNFH\<TU;��6a�;>=?MZDG;>I�B�TUMNI B�9<;_T A DG;
} A&` B�9 A B�B,9<;�OYFHDGaxFHT?MNB,;>I<;YT,T
FSJjB�9<; A B�FKD A I R B,9<;�a6=,FKB,FHI�;YT,O A ax; RÈR ;YB,;>OYB,MZFHI�\<I�B�MZy@;��6a�;>=!�
MZDG;>I�B,T
}²;Y=,;UOY=,; A B�; R B,F�a<=,F ^ ;�B,9<;UT?B,=,\<O�B�\<=?; A B�T?\)�GO>MN;>I�B 2 � 5 ´W\ A = � OYFHDGaxFHT?MNB,;>I<;YT,T�MNT A
}rFH=?B,9n}V96MZyZ;GT?B,\ R6`�A B¶B�9<; � � µ A T¶B�9<;GO>FHyNyZM R ;>=�MZT�O A a AK^ yN;PFSJtF ^ B A MZI<MNI<Q�9<MZQK9<;>= 2 � MZI�B�;Y= A O��
B�MNFHI<TVB�9 A I�a<=,; v MZFH\<T?y `�A O�96MZ; v ; R¹A I R O>FH\6y R�R MZT,OYF v ;>=CFH=~T?;YB A I<;Y} yNMZDGMNBtFKI A OYFHDPa�FHT?MNB�;YI<;>T?T
T,O A yZ; 5 µ²FHDGa�FHT,MpB�;>I6;>T,TiD A I6MNJX;>T*B�T0MNB�T?;>ypJ�;��fa�;>=,MNDP;YI�B A yNy `¶A T A I�;��fOY;>T,T@MNI
B�9<;²F ^ T,;Y= v ; R MZI<OYyZ\<T?M v ;
O>=?FHT,T!��T?;>OYB,MZFHI  }V96;>I�OYFHDGa A =,; R B�F � 
 B,9<;>FK= ` $ A BV9<MZQK9��?;�B )[� 5

8:9<;YB,9<;>=[O A =,= ` MNI<QVFH\6B A T?ax;YO>MNd<O�T?; A =?O�9¶JXFK=�O>FHDGa�FHT,MpB�;>I6;>T,T q FK= A DPFH=?;�QH;YI<;>= A yHI<;�}�a<9 ` T,MNO>T
T,; A =,O�9PB�9<;V;>=?=,FH=?TrFKI ^ FKB�9�B�96;�B,9<;>FH=?;YB,MZO A y�a<=,; R MZO�B�MZFKI A I R ;��6a�;>=?MZDG;>I�B A y�DP; A T,\<=?;>DG;>I�BrFKJ±B,9<;
MZI6O>yZ\6T,M v ;~�?;YB¶O>=?FHT,T!��T?;>OYB,MZFHI�9 Awv ;�B�F ^ ;bmn\ A I�B�Mpd�; R A O>OY\<= A B�;>y ` 5 u A MZyN\<=,;¶B�F R F�B�9<MNTEO A I¹D A T �
FH=�MZI R ;>; R yN; AKR B�FUJ A yNT,;�T,MNQHI A yNTEFKJ²I6;Y} a<9 ` T,MNO>T 5ch I�B,9<MZT�T?;>OYB,MZFHI A I�F v ;>= v MZ;Y} FKJ²B,9<;PD A �?FH=
T,FK\<=,OY;>TjFKJxB�9<;YFH=,;�B�MNO A y�\<I<OY;>=*B A MNInB `�A =?;~FH\fB�yZMNI<; R q JXFKyZyZF&}r; RG^�`�A I�FH\6B,yZMNI<;VFKJ�B�96;~;��6a�;>=?MZDG;>I�B A y
;>=?=,FH=?T 5
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A O A yZOY\<y A B,MZFHI
T,MNDPMNy A =tB,F�B,9 A BEFK\6B�yNMZI<; R MZI � ;YOYB,MZFHI 4657ef5¶� 9<;>T?;PO A yZOY\<y A B,MZFHI6T A =?;b=,;�JX;>=,=?; R B�F A TWdf�6; R FH= R ;Y=A T
B,9<; ` FHI<y ` O>FHI<T?M R ;Y=�O>FKInB,=,M ^ \6B�MNFHI<T  M 5 ; 5 u�; ` I<D A I R M A QH= A DPT $ \<a B�F A QHM v ;YI�O>FHDGa<yN;��fMNB ` M 5 ; 5 axF&}r;>=VMZIcB,9<;EO>FK\<a<yZMNI<Q�OYFHI<T?B A I�B $ 5r� 9<;E=?;>D A MZI6MZI<Q
B,;>=?DPT A =?;EI<;>QKyZ;>O�B�; R MNIcB�9<;EMNI�B�;>=?;>T*B�T
FKJiO A yNO>\<y A B�MNFHI A y�T,MNDPa<yNMZOYMNB ` 5+� 96MZT A a<a<=?Fw�6MND A B�MZFKIUMZT vSA yZM R MZI A T?MNB,\ A B�MNFHIU}V9<;>=?;¶B,9<;¶O>FH\<a6yZMZI6Q
O>FKI<T?B A I�B�MNI v FHy v ; R MZTET?D A yNy  M 5 ; 5 A B�9<MNQH9 2 � JXFH=¶´�µj· $ }V9<MZO�9�T,\6a<a<=,;YT,T?;>T
B,9<;�O>FHI�B�=?M ^ \fB�MZFKI
JX=,FKD R MNT,O A = R ; R B,;>=,DGTtB�FbB�96;¶F v ;>= A yZyLO>=?FHT,T!��T?;>OYB,MZFHI 5� 9<;�9<MZQH96;>T?BGFH= R ;>=�a<=?; R MNOYB,MZFHI<T�JXFK=bMZI<OYyZ\<T?M v ;��?;�BGO>=,FKT,T*��T,;YOYB�MNFHI<TGO>\<=?=,;YInB,y ` AwvSA MNy AK^ yN; A =?;A BVI<;���B?��B,FS��yN; AKR MZI<QbFH= R ;>=  �����

$ A I R 9 Awv ; ^ ;>;>I�MZDGa<yN;>DG;>I�B�; R�A TVa A =?B,FHIf��yZ; v ;>y 
�FHI�B�;�µ A =,yNF
a<=?FHQH= A DPT  ; 5 Q �����
�Hk � ��� A I R �Hk �V�;I · � o��6qVo�� � $ 5:� 9<;YT,;�a<=?FHQH= A DPT R F I<FKBcMNI<O>yN\ R ; A
a A =*B�FHIÈT?9<F&}²;Y= A I R 9<;>I<OY;�a<=,F R \<OY; A D A �fMZD
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}V9<MNO�9t�?;�B�T A =,;@MZIfJX;>=,=?; R�^�`¶A a<a<y ` MZI<Q A �?;YB A yNQHFH=,MpB�9<D 5 ·W;YT,a<MpB�;+B�9<;@T?MZDGa<yZMNO>MNB ` FKJfB�9<;+d�I A y�T?B A B�; q
T,\ �POYMZ;YInB A OYO>\<= A O ` MZTcF ^ B A MNI<; R  A J�B�;Y=UO>FH=?=,;>O�B�MNFHI<T $ B�F AKR ;Ym�\ A B�;Yy ` R ;>T,OY=,M ^ ;_;��6a�;>=?MZDG;>I�B A yR�A B A 5AI ypB�;Y=,I A B,M v ;Ea A =?B,FHI�T,9<F&}r;>=�a<=,FKQH= A DGTjT?\<O�9 A T ��� � �~h<I � � � a<=,F v M R ; A =?; A yNMZT?B,MZO~D�\<yNB,Mp�
a A =*B�MNO>yZ;~d�I A yLT*B A B,;�JXFK=jMZI R M v M R \ A yn�?;�B�T F ^ \6BtJ A MNy±B�F R ;YT,OY=,M ^ ;�; v ;>I�B�TV}VMNB,9�D
\<yNB,MZa<yN;C9 A = R �?;�B�T 5� 9<;W\6T,;WFKJ[a A =?B,FHI�T?9<F&}²;Y=ta<=,FHQK= A DGTrMNT²9<F&}r; v ;>=t9<;YyZa6JX\<y�MZIPQ A MNI<MZI<Q A Ic\6I R ;>=?T?B A I R MNI<Q�FKJLB,9<;R ; v ;>yNFHa<DG;>I�B�FKJ A I�FK\6B�QHFKMZI<Qba A =?B�FKI�MNI�B�F A �?;YB 5

·W;>T?a<MNB,;jB�9<;tMNI<O>yN\<T,MNFHI�FKJ �����:O>FH=?=,;>O�B�MNFHI<T A O>FKI<T,M R ;>= AK^ yZ;²I�\6D ^ ;Y=+FKJ�B�;>=?DPT A =,;tI<;YQHyZ;YOYB,; R
MZI B�96;�O A yZO>\6y A B,MZFHI A I R B�9<;YT,;�OYFHI6JX;Y= A I�\<I<O>;Y=?B A MZI�B ` B�F�B�9<;�B�9<;YFH=,;�B�MZO A yVa<=,; R MZO�B�MNFHI 5 � 9<MNT
\<I<OY;>=*B A MNInB ` MNT R M��GO>\<ypB�B�F�a<=,;YO>MZT?;>y ` m�\ A I�B�MNJ ` }VMpB�9<FK\6B A 9<MNQH9<;>=!��FH= R ;>=�O A yZOY\<y A B,MZFHI_}V9<MNO�9�MNTAK^ T?;>I�B R \<;~B�F�O A yZOY\<y A B,MZFHI A y R M��POY\<yNB ` 5+h BjMNT A I�B�MNO>MNa A B�; R B�9 A B²B,9<;Wa�;>=?B,\<= ^<A B�M v ;WT?;>=,MN;>TjT?9<FH\<y R
O>FKI v ;>=?QH; A Tj9<MNQH9<;>=²FH= R ;Y=jO>FK=,=,;YOYB,MZFHI<T ^ ;YO>FHDG;WyZ;YT,T A I R yZ;>T?TjT,MNQHI<Mpd�O A I�B q 9<;YI<O>;WB,9<; R M��x;>=?;>I<OY;^ ;YB�}r;>;>IcB,9<;?� � A I R �?���¸a<=,; R MZO�B�MNFHI<T@O>FH\6y RG^ ;VB A � ;>I A T A I�\<a<a�;>=�yZMNDPMpB�FHI�B�96MZT@;>=?=,FH= 5+� 9<;
= A B�MZFbFSJ0B,9<;>T?;�a<=?; R MNOYB,MZFHI<TtMNTtQHM v ;>I�MZI�uiMNQH\<=,; 
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�Hk �Eqµ � k�´ �65NoKq " 1 ��" # 8 )L�  � � � $,$
u�=,FHD uiMNQH\<=?; 
�5×e MNBPMZT�O>yN; A =�B�9 A BPB,9<; R M��±;Y=,;YI<O>;YT ^ ;YB�}r;>;>I ��� A I R ����� O A yZO>\6y A B,MZFHI<TA =?;UO>FHI<T?M R ;Y= AK^ yZ; q a A =?B�MNO>\<y A =,y ` MZI�B,9<;cJXFH=?} A = R =?;>QHMNFHI<T A Bb9<MZQK9 )[� 5�h I T?FHDP;U=?;>T?ax;YOYB�TbB,9<;R MNT A QH=?;>;YDP;YInB²FKJLB�96;WO A yNO>\<y A B�MNFHI<T�MZI�B,9<MZTr=,;YQHMZFHI q MNT A =?;>T,\6yNBtFKJLB,9<; A = ^ MpB�= A = ` T,O A yZ;~O�9<FHMZOY;  MNI
�
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B�96MZTtO A T,; " 1 �," # 8 )[�  � � � $ q }V9<;>=?; )L�  � � � $ MZTjB,9<; )[� FKJ-B�9<;�yZ; AKR MNI<Q��?;YB $ 5 I I A ypB�;Y=,I A B,M v ;
O�9<FHMNO>;VO>FK\<y RG^ ;V\<T?; R }V9<MZO�9GMZDGa<=,F v ; R B�9<; A QH=?;>;YDP;YInB ^ ;YB�}r;>;YI ��� A I R �����¸a<=?; R MNOYB,MZFHI<T�JXFK=A QHM v ;>I�axFKMZI�BVMZI )[��A I R � A BtB,9<;�;��fa�;>I<T?;
FKJ0FKB�96;>=V=,;YQHMZFHI6T 5� 9<;C\6I<a<9 ` T,MZO A y�=,;>I6FH=,D A yZMNT A B,MZFHI A I R J A O�B�FH=?MZT A B�MNFHIbT,O A yZ;YT ^ FKB�9 A a<a�; A = R \<;VB�F¶B�9<;�O A yZO>\��
y A B�MZFKI ^ ;>MNI<QGO A =?=,MZ; R FK\6B~B,FGd<I<MNB,;�FH= R ;>= 5j� 9<;�=,;>I6FH=,D A yZMNT A B,MZFHIUT?O A yN; A �±;YOYB�TVB�96;�T*B�=,;YI<QKB,9�FKJ
B�96;�T?B,=,FHI<Q�O>FH\<a6yZMZI6Q�O>FKI<T?B A I�B q }V9<MNyZT*BCB�96;�J A O�B�FH=?MZT A B�MZFKI�T?O A yN;�MZT A I A = ^ MNB,= A = ` T,O A yZ; R ;�d�I<MNI<QA Bj}V9 A BVaxFKMZI�BjT?FKJ�B~´�µj· = AKR M A B�MNFHI ^ ;>OYFHDP;YT A B,B,=,M ^ \6B�; R B�F�B,9<; �@·Eu�MZIcB�96;WO A yNO>\<y A B�MNFHI 5 I IA yNyp��FK= R ;Y=,TWO A yZOY\<y A B,MZFHI�}²FH\6y R�^ ;�MZI R ;>a�;>I R ;>I�B
FSJ²T?\<O�9�O�9<FHMNO>;YT A I R MpB�O A I ^ ;GT?9<F&}VI B,9 A B A
����� O A yZO>\6y A B,MZFHI�9 A T A =,; R \<OY; R T,O A yZ;�� R ;Yax;YI R ;YI<O>;bMNI�O>FKDPa A =,MZT?FHI�}VMNB�9 � � � eK4 � 5 �W}VMNI<QPB,F
B�96; R M��±;Y=,MZI6QCT,;YI<T,MpB�M v MpB�MN;>T[B�FCT?O A yN; q �C��u A OYB�FK=,T A TiT?9<F&}VI�uiMZQH\6=,; 
f5×e A =,;rT,;>I6T,MNB,M v ;rB�F~B�9<;rO�9<FHMZOY;
FKJ0T,O A yZ; 5� 9<; A a<a<=?F A O�9�FSJ
OYFHDPa A =,MNI<Q ��� }VMNB,9 �?� � a<=,; R MZO�B�MZFKI<TcB�F ;>T*B�MZD A B,;�B�9<;¹;>=?=,FH=?T R \<;
B�F�df�6; R ��FK= R ;Y=GO A yZOY\<y A B�MZFKI<T
OYFH\<y RÈ^ ;UO>FKI<T,M R ;>=?; R ax;YT,T?MZDGMZT?B,MZO A T
B�9<;�a�;>=*B�\<= ^�A B�M v ;UT?;>=,MN;>TbMNT
;��fa�;>O�B�; R B�F¹O>FKI v ;>=?QH; 5 I I A ypB�;>=?I A B,M v ; A a<a<=,F A O�9 MZT�B�F¹T?MZDGa<y `�vSA = ` B�9<;�9 A = R T?O A yN;>Tb\<T?; R
MZI B�9<; �����~�*´�µj· O A yZO>\6y A B,MZFHI  M 5 ; 5 B,9<;�=?;>I<FH=?D A yZMZT A B�MNFHI A I R J A OYB�FK=,MZT A B�MNFHI T,O A yZ;YT $ 5�� 9<;
T,;YI<T,MpB�M v MpB ` FKJ-B�9<;¶a<=?; R MNOYB�MNFHIUB�F�B�9<;YT,;¶T,O A yZ;YT�O A I�B,9<;>I ^ ;¶MNI�B�;>=?a<=,;�B�; R�A T A DP; A T,\<=?;�FKJiB,9<;>MN=
\<I<OY;>=*B A MNInB ` 5� 9<;WT*B A I R<A = RUA a<a<=,F A O�9cMZT@B�F vSA = ` B,9<;C=?;>I<FH=?D A yZMZT A B�MNFHI A I R J A OYB,FH=,MNT A B,MZFHI�T,O A yZ;YT  " 1 ��" # $^ ;YB�}r;>;>I�B�}rF¶FK=+DPFH=?; A = ^ MNB,= A = ` O�96FHMZOY;>T A I R F ^ T,;Y= v ;tB,9<;t=,;YT,\<ypB�MZI6Q vKA =,M A B�MZFKI
MZI�B�9<;ta<=?; R MNOYB,; R
O>=?FHT,T!��T?;>OYB,MZFHI 5 � ;YI<;>= A yZy ` q B�96;CO�9<FHMNO>;�FKJ±B,9<;>T?;CT?O A yN;>T²MNT R ;>T?MZQHI<; R B�F¶=,;.4�;>O�B²B,9<;C9 A = R I<;YT,T  2 � $
FKJ�B�9<;G; v ;>I�B�OYFHI<OY;>=,I6; R 5c� \<O�9 A O�9<FHMNO>;�D A � ;YT¶B,9<;�T?B�=?FHI<Q�O>FH\6a<yZMNI<Q  .-/ $ =?;>a<=?;>T,;YI�B A B,M v ;PFKJ
B�9 A BVMZIUB�96;E9 A = R T,O A B,B,;>=?MZI<Q A I R�A yNyZF&}VTjT?FKJ�B�a<=,F�O>;YT,T,;YT�B,F ^ ;�T,\ ^ T,\<DG; R MZI�B,F�B,9<; �@·Eu 5<� 9<MNT
DGMZI<MNDPMNT,;>T�B�9<; vSA =?M A B,MZFHIcFSJ0B,9<;�a<=,; R MZO�B�; R O>=?FHT,T!��T?;>OYB,MZFHI�}VMNB,9�T?O A yN; q MNI<O>=?; A T?MZI<Q�MpB�T A OYO>\<= A O ` 5I T�B�9<;~O�9<FHMZOY;CFKJLB,9<;C9 A = R T,O A yZ;CMNT A = ^ MpB�= A = ` q B,9<;>=?;C;��fMNT?B A I�\6D ^ ;Y=²FKJ�O>FHI v ;YI�B�MZFKI<T²JXFH=�MNB,T
T,;YyZ;YOYB�MNFHI 5 �CJ�B�;YI_B�9<;�T,O A yZ;bMNTE;>mn\ A B,; R }VMNB�9¹;YMNB�96;>= A D�\<ypB�MZa6yZ;
FSJrB,9<; )[� FKJ²; A O�9c�?;YB�MZI_B,9<;
; v ;>I�B � eK4 �  M 5 ; 5 2 � � ) �� $ FK=WB�9<;�9<MNQH9<;>T*B )[� �?;YB  ) 	 ���� $ MNI¹B,9<;�; v ;>I�B � 46o � 5b� 9<;GO�9<FHMNO>;�FKJ
D�\<ypB�MNa<yZ;EMNT A Q A MZI A = ^ MNB�= A = ` q 9<F&}²; v ;Y= q D A I ` O A yNO>\<y A B�MNFHI<TtO�9<F�FHT,;¶B�FPD�\<yNB,MZa<y ` B,9<;V�?;�B )L��^n`A O>FHI6T?B A InB�J A O�B�FH= ^ ;YB�}r;>;YI�| 5 
 A I R ef5 | 5
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I IU;Ym�\ A yZy ` T?\ ^ B�yN; R ;YO>MNT,MZFKIU9 A T²B,F ^ ;CD AKR ;C}V9<;>I R ;>O>M R MZI6Q�9<F&}�D
\<O�9cB�9<;CT,O A yZ;>TtT?9<FH\<y R^ ; vSA =,MN; R MZI�FH= R ;Y=~B,F�;>T*B�MND A B,;EB�9<;�;>=,=?FH= A T,T?FfOYM A B,; R }VMpB�9�B,9<;�df�6; R ��FK= R ;Y=CO A yZO>\6y A B,MZFHI 5²� 9<;

T?B A I R�A = R�A a<a6=,F A O�9UMNTrB,F�=,;YO A yNO>\<y A B�;�B�9<;WOY=,FHT?T*��T,;>O�B�MNFHIU\<T,MNI<Q A T?O A yN;CB�9 A BjMNT²9 A ypJ A I RUR FH\ ^ yN;
B�9 A B@\<T,; R MNI�B,9<; ^ ;YT?B A a<a6=,Fw�fMZD A B�MNFHI A I R B�F¶\<T?;VB,9<;V=,;YT,\<ypB�MZI6Q¶a6=,; R MZOYB,MZFHI6T A T A IP;Y=,=?FH= ^�A I R 5� 9<MNT�O�96FHMZOY;¶MNT A O>FHI v ;YI�B�MZFKI�= A B�9<;Y=jB�9 A I ^ ;>MZI6Q�}r;>yNyLDPFSB�M vSA B,; R B,9<;>FH=?;YB,MZO A yZy ` 5� 9<;t\<T?;tFKJ�MZI�B�;YQH= A B,MZFHI�QH=,M R DG;YB�96F R TiO A I�9<;YyZabMZI
T?B�\ R MZ;YT+FKJ�B�9<MNT�I A B,\<=,; A T�B�9<; `bA yNyZF&}�B,9<;
=,;YI<FH=?D A yNMZT A B�MNFHI A I R J A OYB�FK=,MZT A B�MNFHI�T?O A yN;>TtB�F ^ ; vSA =,MN; R q }VMNB�96FH\6BjB,9<;�I<;>; R B,F�=,;>O A yZOY\<y A B�;CB,9<;
�����¸OY=,FHT?T*��T,;>O�B�MNFHI  Ì� ;>; � ;>O�B�MZFKI �<5��<5 
 $ 5 I I�MNI�B�;>QK= A B,MZFHIbQH=?M R FH=,MNQHMZI A yZy ` \6T,; R JXFH= �@·Eu¹d<B?B�MNI<Q
} A T²\<T?; R B,F
yNFfF � A BrB,9<; vKA =,M A B�MZFKIGMNIPB,9<;~OY=,FHT?T*��T,;>O�B�MNFHI�}VMNB,9�T?O A yN;  " 1 q " # $ ^ ;�B�}²;Y;>I�| H 
 ) 	 � ��A I R e H | ) 	 � �� MZIPO>FHDGa A =?MZT?FHIG}VMpB�9 A�R ;�J A \<yNB vSA yN\<;~FSJ ) 	 � �� 5�� }rF�DP;�B�9<F R T�}²;Y=,; A a<a<yZMN; R q B,9<;
d�=?T?BtOYFHI<T,M R ;>=?; R B,9<;WD A �fMZD�\<D A I R DPMNI<MZD
\<D O>=?FHT,T!��T?;>OYB,MZFHI6T  JXFH= A QHM v ;>I ^ MZI $ JXFH\<I R }VMpB�9<MNI
B�96;�= A I<QH;�FSJtT,O A yZ;PO�9<FHMZOY;>T 5�� 9<;�T,;>OYFHI R DG;YB,9<F R �?\<T?B
O>FHI6T,M R ;>=,; R B�96;�O>=?FHT,T!��T?;>OYB,MZFHI A B�B,9<;
;���B,=,;>DG;tO�9<FHMNO>;YT+FKJ�T,O A yZ;  | H 
 ) 	 ���� A I R e H | ) 	 ���� $ MZI�OYFHDGa A =,MNT,FHI�}VMNB�9�B,9<; R ;�J A \<yNB 5i� 9<;ta6yZFKB,TA =?;¶T?9<F&}VI�MNI�uiMZQH\6=,;>T 
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�Hk �Eq µ � k�´ �65po $
� 9<;tB�}²F A a6a<=,F A O�9<;>T+JXFH= R ;YB�;Y=,DGMZI<MNI<QCB,9<;jd6�f; R ��FH= R ;>=@;>=?=,FH= A =,;t;>mn\<M vSA yZ;YInB�;��fO>;Ya6B�MZIb9<MNQH9)[� q JXFH=?} A = R =,;YQHMZFHI6T 5W� 9<;
=,; A T,FHI�JXFH=�B�9<MNT~O A I ^ ;�T,;Y;>I ^�` yNFfF � MNI<Q A BCB�96; vSA =,M A B�MNFHI�JXFH=~B,9<;
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U$A,BYCWNWM[PHPQ�O�¨�`aJEH>faJEH]IaSA,NfA,BSA$N_]O�ªG[kelsMON_CFGIBS>*PHA&M[KS>*CFG§M�PQGIBS]IA,N4¶�A,�OGIPHVJCFEHGIB¦·�GOk�lsMON_CFGIBS>�CWG�CFaSA
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