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BM �� +QHHBbBQMb"- v2i Bi TQb2b � K2�bm`�#H2 `2bi`B+iBQM 7Q` BQM@BQM +QHHBbBQMbX

kX8 S�`iB+H2 A/2MiB}+�iBQM

h?2 BM7Q`K�iBQM 7`QK i?2 T�`iB+H2 B/2MiB}+�iBQM bvbi2K Bb +`m+B�H iQ `2/m+2 i?2 +QK@

#BM�iQ`B�H #�+F;`QmM/ r?2M b2�`+?BM; 7Q` bT2+B}+ T�`iB+H2 /2+�vbX Ai 7m`i?2`KQ`2

�HHQrb +QMi`QHHBM; i?2 `�i2b Q7 T�`iB+H2 KBbB/2MiB}+�iBQM BM /�i� �M�Hvb2bX *?�`;2/

T�`iB+H2 B/2MiB}+�iBQM `2HB2b QM i`�+Fb `2+QMbi`m+i2/ mbBM; i?2 bvbi2K T`2b2Mi2/ BM i?2

T`2pBQmb b2+iBQMbX h?`22 i2+?MQHQ;B2b �`2 2KTHQv2/, _BM;@BK�;BM; *?2`2MFQp /2i2+iQ`b

(/3)- +�HQ`BK2i2`b (/3- /")- �M/ KmHiB@rB`2 T`QTQ`iBQM�H +?�K#2`b BMi2`H2�p2/ rBi? B`QM

�#bQ`#2`b 7Q` KmQM /2i2+iBQM (/3- //)X

"lM/2` MQKBM�H _mM + +QM/BiBQMb i?2 �p2`�;2 MmK#2` Q7 a+B6B ?Bib Bb �`QmM/ é���X
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kX8 S�`iB+H2 A/2MiB}+�iBQM

_A*> hrQ _A*> /2i2+iQ`b �`2 mb2/ BM G>*#- T`QpB/BM; +?�`;2/ T�`iB+H2 /Bb+`BKBM�@

iBQM #2ir22M TBQMb- F�QMb �M/ T`QiQMb BM i?2 ��� 7 ��� :2of� KQK2MimK `�M;2X "Qi?

/2i2+iQ`b �`2 }HH2/ rBi? ~mQ`Q+�`#QM ;�b2Qmb `�/B�iQ`b #mi rBi? /Bz2`2Mi `27`�+iBp2

BM/2t2bX h?2 *?2`2MFQp T?QiQMb T`Q/m+2/ #v � +?�`;2/ T�`iB+H2 i`�p2`bBM; i?2 `�/B�iQ`

�`2 `2~2+i2/ #v KB``Q`b 7Q+mbBM; i?2 `BM; BK�;2b QM T?QiQM /2i2+iQ` TH�M2bX 6`QK

i?2 `BM; BK�;2b- i?2 QT2MBM; �M;H2 mM/2` r?B+? i?2 *?2`2MFQp HB;?i r�b 2KBii2/ Bb

`2+QMbi`m+i2/- r?B+? /2T2M/b QM i?2 KQK2MimK- i?2 `27`�+iBp2 BM/2t Q7 i?2 ;�b- �M/

i?2 T�`iB+H2öb K�bbX h?mb- � KQK2MimK FMQrM 7`QK i`�+F `2+QMbi`m+iBQM BM +QK#BM�@

iBQM rBi? � T`2+Bb2Hv 2biBK�i2/ i`�D2+iQ`v i?`Qm;? i?2 `�/B�iQ` �HHQrb /BbiBM;mBb?BM;

T�`iB+H2b rBi? /Bz2`2Mi K�bb2b #v i?2B` *?2`2MFQp HB;?iöb �M;H2X

_A*>" Bb HQ+�i2/ mTbi`2�K Q7 i?2 K�;M2i- #2ir22M i?2 o1GP �M/ i?2 lhX Ai ?�b

� `�/B�iQ` rBi? � ?B;?2` `27`�+iBp2 BM/2t i?�M _A*>/- i�`;2iBM; i?2 B/2MiB}+�iBQM Q7

T�`iB+H2b rBi? KQK2Mi� #2HQr �� :2of�X "2HQr � :2of�- _A*>" +�M �HbQ #2 miBHBb2/

7Q` 2H2+i`QM �M/ KmQM B/2MiB}+�iBQMX qBi? Bib HQ+�iBQM �KB/bi i?2 i`�+FBM; bvbi2K-

_A*>"öb K�i2`B�H #m/;2i Kmbi #2 �b HQr �b TQbbB#H2X h?2 iQi�H `�/B�iBQM H2M;i? 7`�+iBQM

�KQmMib iQ '�� � ����- /QKBM�i2/ #v i?2 `�/B�iQ` ;�b �M/ i?2 KB``Q`bX h?Bb �KQmMi

?�b HBiiH2 BKT�+i QM i?2 i`�+F `2+QMbi`m+iBQM #mi /Q2b MQi BM+Hm/2 i?2 #2�KTBT2 rBi?BM

_A*>"X u2i- i?2 #2�KTBT2 ?�b � +QMB+ b?�T2 rBi? �M 2/;2 �i i?2 _A*>" 2tBi rBM/Qr

(/+)- r?B+? Q#bi`m+ib i?2 i`�+F `2+QMbi`m+iBQM BM i?Bb `2;BQM �b Bb b?QrM BM a2+iBQM �X+X"X

_A*>/ Bb TQbBiBQM2/ #2ir22M i?2 a+B6B i`�+F2` �M/ i?2 1*�GX Ai Bb /2bB;M2/ iQ

T`QpB/2 SA. 7Q` ?B;?2` KQK2MimK T�`iB+H2b- #2ir22M �� :2of� �M/ ��� :2of�- mbBM;

� `�/B�iQ` rBi? � HQr2` `27`�+iBp2 BM/2t i?�M _A*>"X lMHBF2 _A*>"- _A*>/ /Q2b

MQi +Qp2` G>*#öb r?QH2 �++2Ti�M+2- #mi QMHv �M;H2b mT iQ ��� NSBE BM i?2 '@) TH�M2

#2+�mb2 T�`iB+H2b BM i?2 i�`;2i2/ KQK2MimK `�M;2 �`2 T`Q/m+2/ T`2/QKBM�MiHv �i HQr

�M;H2b �M/ �`2 ?�`/Hv #2Mi #v i?2 K�;M2iX h?2 K�i2`B�Höb `�/B�iBQM H2M;i? 7`�+iBQM Q7

'�� � ����� Bb B``2H2p�Mi 7Q` i?2 i`�+F `2+QMbi`m+iBQM #2+�mb2 Q7 _A*>/öb HQ+�iBQM

/QrMbi`2�K Q7 i?2 i`�+FBM; bvbi2KX 6Q` i?2 K�i+?BM; #2ir22M i`�+Fb �M/ +�HQ`BK2i2`

+Hmbi2`b- ?Qr2p2`- i?2 K�i2`B�H �//b mM+2`i�BMiv r?2M 2ti`�TQH�iBM; i?2 i`�+F BMiQ i?2

1*�GX

*�HQ`BK2i2`b h?2 1*�G Bb HQ+�i2/ /QrMbi`2�K Q7 _A*>/ �M/ Bb mb2/ iQ B/2MiB7v

2H2+i`QMb �M/ T?QiQMbX Ai +QKT`Bb2b +2HHb rBi? �Hi2`M�iBM; H�v2`b Q7 b+BMiBHH�iQ` iBH2b

�M/ H2�/ �#bQ`#2`b iQ +QMi�BM �M/ K2�bm`2 i?2 2M2`;v �M/ TQbBiBQM Q7 2H2+i`QK�;M2iB+

b?Qr2`bX AM �//BiBQM iQ +?�`�+i2`BbiB+ b?Qr2` b?�T2b- 2H2+i`QMb �`2 /BbiBM;mBb?2/ 7`QK

T?QiQMb #v K�i+?BM; i?2B` 1*�G +Hmbi2`b iQ `2+QMbi`m+i2/ i`�+FbX

"2?BM/ i?2 1*�G- i?2 >*�G +QHH2+ib i?2 2M2`;v 7`QK ?�/`QMB+ b?Qr2`b mbBM;

�Hi2`M�iBM; H�v2`b Q7 b+BMiBHH�iQ` iBH2b �M/ B`QM �#bQ`#2`bX "2+�mb2 ?�/`QMb �`2 B/2MiB}2/

mbBM; i?2 _A*> bvbi2K- i?2 >*�G r�b K�BMHv mb2/ #v i?2 ?�`/r�`2 i`B;;2`b /m`BM;

_mMb " �M/ /X 6Q` _mM +- Bib `QH2 Bb `2/m+2/ iQ b?B2H/BM; i?2 KmQM bi�iBQMb #v biQTTBM;

?�/`QMb �M/ T`QpB/BM; �//BiBQM�H SA. BM7Q`K�iBQM QMHv B7 M2+2bb�`vX

RR





kXd G>*# aQ7ir�`2 6`�K2rQ`F

6B;m`2 kXN, aF2i+? Q7 i?2 G>*# bBi2 �i SQBMi �X h?2 `2�/Qmi bvbi2K Bb HQ+�i2/ BM i?2 /�i� +2Mi`2
+QMM2+i2/ rBi? i?2 7`QMi@2M/ 2H2+i`QMB+b BM i?2 +�p2`M mM/2`;`QmM/ i?`Qm;? HQM;@/Bbi�M+2
QTiB+�H }#`2b BM i?2 SJ�� b?�7i ("�)X

/2i2+iQ` 2p2Mi T�+F�;2b- #mBH/b � 7mHH 2p2Mi Qmi Q7 i?2K- �M/ biQ`2b i?2 7mHH@2p2Mi

T�+F�;2b BM � b?�`2/ K2KQ`v #mz2`X 6`QK i?2`2- i?2 bQ7ir�`2 i`B;;2` �TTHB+�iBQM

�HH2M Ub22 a2+iBQM /X%V T2`7Q`Kb � T�`iB�H 2p2Mi `2+QMbi`m+iBQM �M/ b2H2+iBQM- QmiHBM2/

BM a2+iBQM +X/X"- mbBM; i?2 :Slb ?Qbi2/ BM i?2 1" b2`p2`bX 1p2Mib b2H2+i2/ #v �HH2M

�`2 b2Mi iQ i?2 #mz2` biQ`�;2 M2irQ`F r?2`2 i?2v �`2 F2Ti i2KTQ`�`BHv mMiBH �++2bb2/

�M/ T`Q+2bb2/ #v i?2 �HB;MK2Mi �M/ i?2 i`B;;2` �TTHB+�iBQM JQQ`2- r?B+? T2`7Q`Kb

i?2 7mHH 2p2Mi `2+QMbi`m+iBQM �M/ b2H2+iBQM- bmKK�`Bb2/ BM a2+iBQM +X/X/- +QM+Hm/BM;

i?2 `2�H@iBK2 �M�HvbBb Q7 i?2 2p2MiX h?2 +QKTmiBM; 7�`K `mMMBM; JQQ`2- �HbQ +�HH2/

2p2Mi@}Hi2` 7�`K- +m``2MiHv +QMbBbib Q7 KQ`2 i?�M ���� ;2M2`�H@Tm`TQb2 *Sl b2`p2`b Q7

/Bz2`2Mi FBM/b �M/ T`Q+2bbBM; TQr2`X h?2 7�`K +�M #2 pB2r2/ �b � +QKTmiBM; +HQm/-

rBi? �HH MQ/2b `mMMBM; i?2 b�K2 QT2`�iBM; bvbi2K" �M/ MQ `2H2p�Mi HQ+�H biQ`�;2 bm+?

i?�i 2�+? MQ/2 +�M #2 2�bBHv `2TH�+2/X � `2TH�+2K2Mi Q7 i?2 QH/2bi MQ/2b KB;?i #2

`2�bQM�#H2 BM i?2 7mim`2 �b i?2v ?�p2 #�/ T2`7Q`K�M+2@iQ@2M2`;v@+QMbmKTiBQM `�iBQbX

.�i� T`Q+2bb2/ #v i?2 +QKTmiBM; 7�`K Bb bm#b2[m2MiHv b2Mi iQ T2`K�M2Mi biQ`�;2-

2X;X i?2 qQ`H/rB/2 G>* *QKTmiBM; :`B/X

kXd G>*# aQ7ir�`2 6`�K2rQ`F

JQbi Q7 i?2 G>*# bQ7ir�`2 7`�K2rQ`F r�b `2r`Bii2M �M/ mT/�i2/ iQ �++QKKQ/�i2

i?2 +?�M;2b M2+2bb�`v iQ `mM i?2 Q|BM2@[m�HBiv 2p2Mi `2+QMbi`m+iBQM BM `2�H@iBK2 BM i?2

i`B;;2`X h?Bb ;Q2b �HQM; rBi? mMB7vBM; i?2 +Q/2 #�b2 Q7 i?2 i`B;;2` �M/ i?2 Q|BM2 2p2Mi

`2+QMbi`m+iBQM bm+? i?�i Q|BM2 T`Q+2bbBM; K2`2Hv #2+QK2b � bT2+B�H +QM};m`�iBQM Q7

i?2 mM/2`HvBM; �H;Q`Bi?KbX h?2 /QKBM�Mi T`Q;`�KKBM; H�M;m�;2 7Q` i?2 #�+F@2M/

"aiBHH *2MiPa GBMmt %- �b Q7 r`BiBM; i?Bb i?2bBbX
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k h?2 G>*# 1tT2`BK2Mi

+Q/2 Bb KQ/2`M *YYX h?2 +QM};m`�iBQM Q7 i?2 +QKTQM2Mib Bb /QM2 BM Svi?QMX h?2

+Q/2 i�`;2iBM; *Slb Bb #mBHi QM iQT Q7 i?2 :�m/B 7`�K2rQ`F (/�)- r?B+? Bb �+iBp2Hv

/2p2HQT2/ �M/ mb2/ #v i?2 G>*# �M/ �hG�a +QHH�#Q`�iBQMbX h?2 :Sl +Q/2 #�b2 Bb

BKTH2K2Mi2/ BM i?2 +`Qbb@�`+?Bi2+im`2 �HH2M 7`�K2rQ`F (/()- r?B+? +�M #2 +QKTBH2/

7Q` 2t2+miBQM QM *Slb �M/ :SlbX h?Bb �HHQrb �M BMi2;`�iBQM Q7 �HH2M BMiQ i?2 :�m/B

7`�K2rQ`FX

G>*#öb `2�H@iBK2 �M�HvbBb bi`�i2;v `BbFb /�i� HQbb B7 i?2 bQ7ir�`2 i`B;;2` BKTH2K2M@

i�iBQM Bb 2``QM2QmbX � +Q/2 `2pB2r bvbi2K- BM+Hm/BM; �miQK�i2/ mMBi �M/ BMi2;`�iBQM

i2bib- Bb BM TH�+2 iQ �pQB/ #`2�FBM; i?2 7mM+iBQM�HBiv Q7 i?2 H�i2bi bQ7ir�`2 bi�+F (/%)X

h?2 bvbi2K Bb K�BMi�BM2/ #v � i2�K Q7 G>*# /2p2HQT2`b- BM r?B+? i?2 �mi?Q` iQQF

�M �+iBp2 `QH2X h?2 bQ7ir�`2 bi�+F Bb `2H2�b2/ �M/ /2THQv2/ `2;mH�`Hv iQ 2Mbm`2 i?2

`2T`Q/m+B#BHBiv Q7 T?vbB+b `2bmHibX

h?2 G>*# +Q/2 #�b2 Bb bTHBi BMiQ b2p2`�H T`QD2+ib- r?B+? �`2 p2`bBQM2/ �M/ K�M�;2/

BM/2T2M/2MiHv mbBM; i?2 ;Bi p2`bBQM +QMi`QH bvbi2KX h?2 +Q/2 Bb Tm#HB+�HHv �p�BH�#H2 BM

_27X (/�) �M/ /Bbi`B#mi2/ mM/2` i?2 :Ll :2M2`�H Sm#HB+ GB+2Mb2 p+- 2t+2Ti 7Q` i?2

+Q/2 Q7 i?2 �HH2M T`QD2+i r?B+? mb2b i?2 �T�+?2 GB+2Mb2 p/X h?2 T`QD2+ib `2H2p�Mi iQ

i?2 rQ`F T`2b2Mi2/ BM i?Bb i?2bBb �`2,

:�mbb �M/ "QQH2 hQ imM2 �M/ p�HB/�i2 `2+QMbi`m+iBQM �M/ b2H2+iBQM �H;Q`Bi?Kb-

JQMi2 *�`HQ b�KTH2b �`2 T`Q/m+2/ mbBM; i?2 :�mbb �TTHB+�iBQM (/�)- r?B+?

BMi2`7�+2b rBi? Svi?B� � �M/ 1pi:2M 7Q` ;2M2`�iBM; i?2 T?vbB+b T`Q+2bb2b- �M/

:2�Mi� 7Q` i?2 i`�MbTQ`i i?`Qm;? i?2 G>*# /2i2+iQ`X h?2 QmiTmi Q7 :�mbb Bb

T`Q+2bb2/ #v "QQH2 iQ bBKmH�i2 i?2 /2i2+iQ` `2bTQMb2 #v +QMp2`iBM; bBKmH�i2/

/2i2+iQ` ?Bib BMiQ i?2 b�K2 7Q`K�i +`2�i2/ #v i?2 .�ZX "QQH2- i?2`27Q`2- bBKmH�i2b

i?2 2H2+i`QMB+ `2bTQMb2- BM+Hm/BM; MQBb2- +`Qbb@i�HF �M/ /2�/ +?�MM2HbX 6Q` i?2

i`�+F `2+QMbi`m+iBQM- i?2 2z2+i Q7 `�/B�iBQM /�K�;2 iQ i?2 i`�+FBM; bvbi2K

bBKmH�i2/ #v "QQH2 Bb KQbi `2H2p�Mi 7Q` 2{+B2M+v bim/B2bX h?2 bBKmH�iBQM p2`bBQMb

mb2/ BM i?Bb rQ`F �`2 ;Bp2M BM i?2 i2ti r?2`2 �TTHB+�#H2X

G>*# h?2 G>*# bQ7ir�`2 T`QD2+i +QMi�BMb G>*#@+mbiQK BKTH2K2Mi�iBQMb Q7

/�i� bi`m+im`2b �M/ T`QpB/2b �//BiBQM�H 7`�K2rQ`F miBHBiB2bX AM T�`iB+mH�` ?B;?@

T2`7Q`K�M+2 /�i� bi`m+im`2b /2p2HQT2/ �M/ mb2/ BM i?Bb i?2bBb �`2 BKTH2K2Mi2/

i?2`2X G>*# p89`j Q` H�i2` Bb mb2/X

_2+ *Q/2 `2H�i2/ iQ i?2 2p2Mi `2+QMbi`m+iBQM Bb p2`bBQM2/ BM i?2 _2+ bQ7ir�`2

T`QD2+iX Ai BM+Hm/2b i?2 +QKTQM2Mib 7Q` i?2 i`�+F `2+QMbi`m+iBQM- `2+QMbi`m+iBQM

BM i?2 +�HQ`BK2i2`b- _A*> /2i2+iQ`b �M/ KmQM bi�iBQMb- �M/ KQMBiQ`BM; Q7 i?2b2X

6m`i?2`KQ`2- i?2 2p2Mi �M/ /2+�v b2H2+iBQMb +Q/2 Bb HQ+�i2/ BM i?Bb `2TQbBiQ`vX

_2+ pj8`j Q` H�i2` Bb mb2/X

�HH2M h?2 �HH2M T`QD2+i Bb � bi�M/�HQM2 :Sl@i`B;;2` 7`�K2rQ`F r?B+? +�M �HbQ

#2 `mM rBi?BM :�m/B iQ }i BMiQ i?2 G>*# bQ7ir�`2 7`�K2rQ`FX Ai +QMi�BMb

+QKTQM2Mib 7Q` i?2 T�`iB�H 2p2Mi `2+QMbi`m+iBQM �M/ +Q�`b2 b2H2+iBQMbX �HH2M pj`j

Q` H�i2` Bb mb2/X

JQQ`2 h?2 JQQ`2 T�+F�;2 Bb mb2/ iQ +QM};m`2 �M/ `mM i?2 i`B;;2` �TTHB+�iBQMX
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kXd G>*# aQ7ir�`2 6`�K2rQ`F

h?Bb BM+Hm/2b 2p2`vi?BM; 7`QK +QM};m`�iBQM Q7 i?2 /2i2+iQ` ?Bi /2+Q/BM;- i`�+F

`2+QMbi`m+iBQM �M/ SA. iQ 2p2Mi �M/ /2+�v b2H2+iBQMbX Ai Bb KQbiHv Svi?QM@#�b2/-

2�bBM; i?2 /2p2HQTK2Mi Q7 i`B;;2` b2H2+iBQMb Ui`B;;2` HBM2bV �M/ /2}MBM; i?2 /�i�

~QrX JQQ`2 p89`j Q` H�i2` Bb mb2/X

R8





j �M�HvbBM; G>*#öb .�i� BM _2�H@iBK2

h?Bb +?�Ti2` ;Bp2b �M Qp2`pB2r Q7 G>*#öb `2�H@iBK2 �M�HvbBb i`B;;2` /2THQv2/ 7Q` _mM +

Q7 i?2 G>*X h?2 /2p2HQTK2Mib �`2 Q`;�MBb2/ #v i?2 _2�H@iBK2 �M�HvbBb S`QD2+i U_h�V-

BM r?B+? i?2 �mi?Q` Q7 i?Bb i?2bBb iQQF �M �+iBp2 /2p2HQT2` `QH2 rBi? +QMi`B#miBQMb iQ

K�Mv Q7 i?2 M2+2bb�`v bQ7ir�`2 +QKTQM2MibX h?2 K�BM 7Q+mb- ?Qr2p2`- HB2b QM >Gh/

i`�+F `2+QMbi`m+iBQMX h?Bb +?�Ti2` BMi2M/b iQ ;Bp2 K2`2Hv 2MQm;? BM7Q`K�iBQM iQ Tmi

i?2 7QHHQrBM; +?�Ti2`b BMiQ � #`Q�/2` +QMi2tiX h?2 `2�/2` +�M 7QHHQr i?2 `272`2M+2b BM

i?2 M2ti b2+iBQMb 7Q` KQ`2 /2i�BH2/ BM7Q`K�iBQMX h?2 #B;;2` TB+im`2 �M/ T2`bT2+iBp2

�`2 BM7Q`K�iBp2Hv /`�rM BM _27X (+3)X

jXR h?2 L22/ 7Q` � _2�H@iBK2 �M�HvbBb h`B;;2`

q?2M i�HFBM; �#Qmi `2�H@iBK2 �TTHB+�iBQMb- Bi Bb ;2M2`�HHv ;QQ/ T`�+iB+2 iQ /2}M2
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bBx2 Q7 i?2 #mz2` �M/ i?2 �KQmMi Q7 /�i� i?2 b2+QM/ i`B;;2` bi�;2 +�M T`Q+2bb- BX2X ?Qr

7�bi i?2 #mz2` +�M #2 2KTiB2/ �;�BMX S�`ib Q7 i?2 >Gh" /�i� �`2 bT2+B}+�HHv b2H2+i2/

7Q` i?2 /2i2+iQ` �HB;MK2Mi �M/ +�HB#`�iBQM T2`7Q`K2/ �b bQQM �b � bm{+B2Mi �KQmMi Q7

/�i� Bb +QHH2+i2/X AM i?2 bm#b2[m2Mi /�i�@i�FBM; `mMb- >Gh" +�M �H`2�/v T`Q}i 7`QK

�M �HB;M2/ �M/ +�HB#`�i2/ /2i2+iQ`- r?B+? Bb r?v i?2 i2`K `2�H@iBK2 �HB;MK2Mi Bb mb2/X

RN



j �M�HvbBM; G>*#öb .�i� BM _2�H@iBK2

FULL

DETECTOR

READOUT

REAL-TIME

ALIGNMENT &

CALIBRATION

LHC BUNCH

CROSSING (40 MHz)

BUFFER

OFFLINE

PROCESSING

ANALYSIS

PRODUCTIONS &

USER ANALYSIS

68%

TURBO

26%

FULL

6%

CALIB4 TB/s

30 MHz non-empty pp

70-200

GB/s

4

TB/s

0.5-1.5

MHz

10

GB/s

EVENTS

EVENTS(GPU HLT1)

PARTIAL DETECTOR

RECONSTRUCTION

& SELECTIONS

(CPU HLT2)

FULL DETECTOR

RECONSTRUCTION

& SELECTIONS
5.9

GB/s

1.6

GB/s

2.5

GB/s
EVENTS

6B;m`2 jXj, .�i� ~Qr BMbB/2 G>*#öb Tm`2Hv bQ7ir�`2@#�b2/ i`B;;2` T2`7Q`KBM; � `2�H@iBK2
�M�HvbBb iQ 2{+B2MiHv b2H2+i T�`iB+H2 /2+�vb Q7 BMi2`2bi (+�)X h?2 #�M/rB/i? MmK#2`b �M/
T2`+2Mi�;2b BM i?2 `B;?i T�`i Q7 i?2 };m`2 �`2 QMHv 2t�KTH2b �M/ /Q MQi M2+2bb�`BHv `2~2+i
i?2 �+im�H bi`2�K /Bbi`B#miBQMX

h?2 >B;?@H2p2H h`B;;2` hrQ U>Gh/V �HbQ mb2b i?2 b�K2 �HB;MK2Mi r?2M T`Q+2bbBM; i?2

QmiTmi Q7 >Gh" 7`QK i?2 #mz2`X >Gh/ T2`7Q`Kb i?2 7mHH 2p2Mi `2+QMbi`m+iBQM QM *Slb

�M/ b2H2+ib T�`iB+H2 /2+�v +�M/B/�i2b �++Q`/BM; iQ K�Mv i`B;;2` HBM2b BKTH2K2Mi2/ #v

i?2 /�i� �M�Hvbib r?Q r�Mi iQ bim/v i?2b2 /2+�vbX h?2 �KQmMi Q7 /�i� Kmbi ?�p2 #22M

`2/m+2/ iQ �� (#�T �i i?Bb TQBMi- � #�M/rB/i? i?�i +�M #2 r`Bii2M iQ bi�i2@Q7@i?2@�`i

T2`K�M2Mi biQ`�;2 bvbi2KbX h?Bb Bb /QM2 BM i?`22 bi`2�KbX aQK2 /�i� Bb +QHH2+i2/

7Q` /�i�@/`Bp2M +�HB#`�iBQM- bm+? �b 2p�Hm�iBM; i`�+FBM; �M/ T�`iB+H2@B/2MiB}+�iBQM

2{+B2M+B2b (+�- �3) M22/2/ #v /�i� �M�HvbibX � bm#bi�MiB�H T�`i Q7 i?2 #�M/rB/i?

Bb mb2/ iQ biQ`2 2MiB`2 2p2Mib- 2X;X b2H2+i2/ #v �M BM+HmbBp2 iQTQHQ;B+�H i`B;;2`X u2i-

i?2b2 �M/ i?2 Q|BM2@+�HB#`�iBQM /�i� mM/2`;Q � TQbi@T`Q+2bbBM; bi2T iQ b�p2 /BbF bT�+2

7m`i?2`X JQbi 2p2Mib �`2 BKK2/B�i2Hv �p�BH�#H2 �7i2` >Gh/ 7Q` 7m`i?2` T?vbB+b �M�Hvb2b

Uim`#Q 2p2MibV- r?B+? +QMbiBimi2b i?2 �+im�H `2�H@iBK2HBM2bb Q7 i?2 /�i�X

jXkXR >B;?@H2p2H h`B;;2` PM2

h?2 }`bi i`B;;2` bi�;2 ?�b � bi`B+i `2[mB`2K2Mi QM i?2 iBK2 Bi i�F2b iQ `2+QMbi`m+i i?2

BM+QKBM; `�r /2i2+iQ` /�i� T�`iB�HHv, Bi Kmbi T`Q+2bb �� KBHHBQM 2p2Mib T2` b2+QM/-

QM �p2`�;2X hrQ bQHmiBQMb r2`2 /2p2HQT2/ #27Q`2 i?2 bi�`i Q7 _mM +X h?2 }`bi Bb

#�b2/ QM i?2 2tBbiBM; `2+QMbi`m+iBQM +Q/2 i�`;2iBM; i?2 t�( *Sl �`+?Bi2+im`2c i?2

b2+QM/ Bb #�b2/ QM i?2 M2r- bi�M/�HQM2 i`B;;2` �TTHB+�iBQM �HH2M `mMMBM; QM :SlbX �

+QKT�`BbQM #2ir22M i?2 irQ bQHmiBQMb +�M #2 7QmM/ BM _27X (�")c #Qi? �`2 pB�#H2 7Q`

>Gh" #mi QMHv i?2 :Sl bQHmiBQM r�b +QKKBbbBQM2/ 7Q` _mM +X

�HH2Möb T�`iB�H 2p2Mi `2+QMbi`m+iBQM bi2Tb �`2 b?QrM BM 6B;m`2 +X�X h?2 `�r 2p2Mi

/�i� Bb i`�Mb72``2/ 7`QK i?2 /2i2+iQ` iQ G>*#öb /�i� +2Mi`2- T�+F2/ #v 2p2Mi #mBH/2`

MQ/2b �M/ T`Q+2bb2/ #v :Slb ?Qbi2/ BM i?2 b�K2 MQ/2bX S`BQ` iQ �Mv `2+QMbi`m+iBQM- �

ky



jXk .�i� BM hrQ ai2Tb

Raw data

Velo decoding

& clustering

Velo tracking

Straight line f t

Find primary

vertices

Global

Event Cut
UT decoding

UT tracking

SciFi decoding

SciFi tracking

Parameterised

Kalman Filter

Calo decoding

& clustering

Muon ID

Muon decoding

Electron ID

Brem recovery

Select events

Selected

events

Find

secondary

vertices

6B;m`2 jX9, >Gh" `2+QMbi`m+iBQM ~Qr (�/)X LQi2 i?�i i?2 o1GP /2+Q/BM; �M/ +Hmbi2`BM; QM
:Sl �`2 QTiBQM�HX "v /27�mHi- i?2v �`2 T2`7Q`K2/ mT7`QMi QM i?2 h1GG�3b r?2M i?2 2p2Mi
Bb #mBHiX

;HQ#�H 2p2Mi +mi U:1*V Bb �TTHB2/"- `2D2+iBM; �`QmM/ ��� Q7 BM+QKBM; KBMBKmK #B�b/

2p2Mib /m2 iQ i?2B` ?B;? Q++mT�M+v+ BM i?2 i`�+FBM; /2i2+iQ`bX h?Bb Bb KQiBp�i2/ #v

?B;? Q++mT�M+v 2p2Mib i�FBM; � /BbT`QTQ`iBQM�i2 �KQmMi Q7 `2bQm`+2b iQ #2 T`Q+2bb2/-

r?BH2 i?2 `2+QMbi`m+iBQM [m�HBiv Bb bB;MB}+�MiHv HQr2` i?�M 7Q` Qi?2` 2p2Mib (�+)X 6Q`

2p2Mib T�bbBM; i?2 :1*- � a2�`+? #v h`BTH2i �H;Q`Bi?K (��) }M/b ?Bib i?�i 7Q`K bi`�B;?i

HBM2b BM i?2 o1GP /2i2+iQ` �M/ }ib i?2 +Q``2bTQM/BM; i`�D2+iQ`vX h?2 i`�+Fb BM i?2

o1GP T`2/QKBM�MiHv Q`B;BM�i2 /B`2+iHv 7`QK i?2 BM2H�biB+ �� +QHHBbBQM �M/ �`2 i?mb mb2/

iQ `2+QMbi`m+i i?2 T`BK�`v p2`iB+2b (��)X �//BiBQM�HHv- i?2 bi`�B;?i i`�+Fb �`2 2ti2M/2/

iQ i?2 lh /2i2+iQ` r?2`2 /2+Q/2/ lh ?Bib �`2 �//2/ iQ i?2 i`�+F mbBM; i?2 *QKT�bb

�H;Q`Bi?K (�()X .m2 iQ i?2 K�;M2iB+ }2H/ `2�+?BM; BMiQ i?2 lh- i?2b2 i`�+Fb 72�im`2 �

}`bi 2biBK�i2 Q7 i?2B` +?�`;2 �M/ KQK2MimK- r?B+? Bb mb2/ iQ 2ti`�TQH�i2 i?2K BMiQ

i?2 a+B6B /2i2+iQ` mbBM; T�`�K2i2`Bb�iBQMb Q7 i?2 K�;M2iB+ }2H/X h?2 2ti`�TQH�iBQM �M/

a+B6B@?Bi }M/BM; �`2 T2`7Q`K2/ #v i?2 >Gh" 6Q`r�`/ i`�+FBM; (�/)- r?B+? 7Q+mb2b QM

i?2 `2+QMbi`m+iBQM Q7 i`�+Fb rBi? KQK2Mi� ivTB+�H 7Q` T�`iB+H2b +`2�i2/ BM ?2�pv@~�pQm`

/2+�vb- BX2X �ë � ��� J2of� �M/ � � � :2of�X 6Q` i?2 }`bi /�i�@i�FBM; T2`BQ/ BM /3//-

�M >Gh" 6Q`r�`/ i`�+FBM; rBi?Qmi /2T2M/2M+v QM i?2 lh /2i2+iQ` r�b �HbQ /2p2HQT2/-

r?B+?- ?Qr2p2`- Bb `2bi`B+i2/ iQ }M/BM; i`�+Fb rBi? �ë � � :2of� �M/ � � � :2of� /m2

iQ i?2 +QKTmi�iBQM�H T2`7Q`K�M+2 HQbb Q7 MQi ?�pBM; BMBiB�H KQK2MimK BM7Q`K�iBQM

"h?Bb Bb �i H2�bi biBHH i?2 +�b2 �b Q7 r`BiBM; i?Bb i?2bBbX h?2 >Gh" :1* rBHH T`Q#�#Hv #2 `2KQp2/
bQQM �b 2MQm;? +QKTmiBM; `2bQm`+2b �`2 �p�BH�#H2X

/JBMBKmK #B�b `272`b iQ i?2 2t+HmbBQM Q7 2p2Mib rBi?Qmi � pBbB#H2 �� +QHHBbBQMX AM G>*#- i?2 i2`K
Bb mbm�HHv mb2/ BM i?2 +QMi2ti Q7 bBKmH�iBQM BM r?B+? BMpBbB#H2 +QHHBbBQMb �`2 MQi `2+Q`/2/ iQ b�p2
`2bQm`+2bX

+h?Bb Bb 2biBK�i2/ #�b2/ QM i?2 bBx2 Q7 i?2 a+B6Böb �M/ lhöb `�r /�i�X

kR
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7`QK i?2 lhX" h`�+Fb 7QmM/ #v i?2 6Q`r�`/ i`�+FBM; ?�p2 � KQK2MimK `2bQHmiBQM

Q7 bHB;?iHv #2ii2` i?�M ��X h?2 KQK2MimK 2biBK�i2 Bb mb2/ iQ BKT`Qp2 i?2 i`�+F

T�`�K2i2` 2biBK�i2b Q7 i?2 i`�+F b2;K2Mi BMbB/2 i?2 o1GP /2i2+iQ` #v mbBM; � E�HK�M

}Hi2` rBi? � T�`�K2i2`Bb2/ MQBb2 K�i`Bt bBKBH�` iQ r?�i Bb /2b+`B#2/ BM _27X (��)X h?2

E�HK�M }Hi2` Bb MQi �TTHB2/ iQ i?2 7mHH i`�D2+iQ`v iQ b�p2 T`Q+2bbBM; iBK2 �M/ #2+�mb2

Bi r�b 7QmM/ i?�i }iiBM; i?2 o1GP b2;K2Mi Bb bm{+B2Mi iQ �HHQr 2{+B2Mi b2H2+iBQMb

#�b2/ QM p2`i2t BM7Q`K�iBQMX o1GP@UlhV@a+B6B i`�+Fb �`2 7m`i?2` 2ti`�TQH�i2/ iQ i?2

JmQM bi�iBQMb- r?2`2 i?2v �`2 K�i+?2/ iQ ?Bib iQ B/2MiB7v KmQMb (��)X 1H2+i`QMb �`2

B/2MiB}2/ #v K�i+?BM; i?2B` i`�+Fb iQ 1*�G +2HH +Hmbi2`b �M/ TQi2MiB�HHv +Q``2+iBM;

i?2B` KQK2MimK #v `2+Qp2`BM; #`2Kbbi`�?HmM; T?QiQMbX "27Q`2 � b2i Q7 i`B;;2` HBM2b

b2H2+ib 2p2Mib- T�B`b Q7 }ii2/ o1GP i`�+F b2;K2Mib �`2 mb2/ iQ }M/ /BbTH�+2/ b2+QM/�`v

p2`iB+2b- � 72�im`2 Q7 ?2�pv@~�pQm` /2+�vbX

h?2 Tm`TQb2 Q7 i?2 >Gh" i`B;;2` b2H2+iBQM Bb iQ `2/m+2 i?2 2p2Mi `�i2 iQ � H2p2H

i?�i +�M #2 T`Q+2bb2/ #v >Gh/X h?2 ;`2�i �/p�Mi�;2 +QKT�`2/ iQ � ?�`/r�`2 i`B;;2`

Bb i?�i `2+QMbi`m+i2/ Q#D2+ib +QK#BM2 BM7Q`K�iBQM 7`QK i?2 2MiB`2 i`�+FBM; bvbi2K

�M/ T�`ib Q7 i?2 SA. bvbi2K- r?B+? �HHQrb b2H2+iBQMb bT2+B}+�HHv i�`;2iBM; i?2 /2+�v

iQTQHQ;B2b Q7 ?2�pv@~�pQm` /2+�vb rBi? +mib i?2 /�i� �M�Hvbib rQmH/ �HbQ �TTHv Q|BM2X

6m`i?2`KQ`2- i`B;;2` b2H2+iBQMb +�M #2 [mB+FHv �/�Ti2/ iQ +?�M;BM; M22/b- BM T`BM+BTH2

2p2M /m`BM; /�i� i�FBM;X hvTB+�H b2H2+iBQMb `2[mB`2 � b2+QM/�`v p2`i2t bB;MB}+�MiHv

/BbTH�+2/ 7`QK �Mv T`BK�`v p2`i2t �M/ ?B;?@KQK2MimK i`�+Fb r?B+? /Q MQi TQBMi

#�+F iQ �Mv T`BK�`v p2`i2tX AM+HmbBp2 b2H2+iBQMb mb2 QM2@ �M/ irQ@i`�+F M2m`�H M2irQ`F

+H�bbB}2`b iQ BKT`Qp2 i?2 b2H2+iBQM 2{+B2M+v (/(- �3)X

h?2 >Gh" `2+QMbi`m+iBQM Bb T2`7Q`K2/ QM i?2 1" b2`p2`b BM i?2 /�i� +2Mi`2 Ub22

a2+iBQM /X(V- r?2`2 � bBM;H2 :Sl T`Q+2bb2b `Qm;?Hv ��� i?Qmb�M/ 2p2Mib T2` b2+QM/X

h?2 `�r /2i2+iQ` /�i� Q7 i?2 b2H2+i2/ 2p2Mib �M/ `2TQ`ib �#Qmi r?B+? >Gh" i`B;;2`

HBM2 }`2/ �`2 r`Bii2M iQ i?2 #mz2`X

jXkXk >B;?@H2p2H h`B;;2` hrQ

h?2 b2+QM/ ?B;?@H2p2H i`B;;2` bi�;2 `mMb �bvM+?`QMQmbHv QM b2`p2` *Slb BM i?2 /�i�

+2Mi`2öb 2p2Mi@}Hi2` 7�`K Ub22 a2+iBQM /X(VX �bvM+?`QMQmbHv K2�Mb i?�i i?2 2p2Mi

T`Q+2bbBM; /Q2b MQi M2+2bb�`BHv bi�`i BKK2/B�i2Hv �7i2` >Gh" ?�b r`Bii2M b2H2+i2/

2p2Mib iQ i?2 #mz2` �M/ i?2 /2i2+iQ` ?�b #22M +�HB#`�i2/ �M/ �HB;M2/X h?2 #mz2` bBx2

Q7 �`QmM/ �� 1# r�b +?Qb2M bm+? i?�i >Gh" +�M i�F2 /�i� 7Q` mT iQ �� ?Qm`b �i �M

QmiTmi `�i2 Q7 � .)[ #27Q`2 i?2 biQ`�;2 bT�+2 Bb }HH2/ iQ � +`BiB+�H H2p2H ("�)X h?2

T`Q+2bbBM; /2H�v Bb � +`m+B�H /�i� [m�HBiv b�72iv K2�bm`2 �b /�i� MQi #2BM; b2H2+i2/

#v >Gh/ Bb HQbi 7Q`2p2`X h?2`27Q`2- QMHv � iBMv 7`�+iBQM Q7 i?2 /�i� QM i?2 #mz2` Bb

"h?Bb KQK2MimK `2bi`B+iBQM i`B;;2`2/ i?2 /2p2HQTK2Mi Q7 � bi�M/�HQM2 a+B6B `2+QMbi`m+iBQM QM :Sl
7QHHQrBM; i?2 `2+BT2 Q7 i?2 +Q``2bTQM/BM; >Gh/ �H;Q`Bi?KX h?2M- �M�HQ;QmbHv iQ r?�i Bb /QM2 BM
>Gh/- i?2 a+B6B i`�+Fb �`2 K�i+?2/ iQ i`�+Fb 7QmM/ BM i?2 o1GP iQ `2+QMbi`m+i i?2 b�K2 i`�+Fb �b
i?2 6Q`r�`/ i`�+FBM; (�%)X "Qi? QTiBQMb �`2 #2BM; +QKKBbbBQM2/ 7Q` _mM + �M/ rBHH HBF2Hv `mM BM
i?2 b�K2 �``�M;2K2Mi �b BM i?2 7�bi `2+QMbi`m+iBQM /Bb+mbb2/ BM a2+iBQM �X�X

kk
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`2+QMbi`m+i2/ /B`2+iHv- �M/ F2v [m�MiBiB2b HBF2 bT�iB�H ?Bi /Bbi`B#miBQMb BM i?2 i`�+FBM;

bvbi2K- MmK#2` Q7 `2+QMbi`m+i2/ i`�+Fb- �M/ BMp�`B�Mi K�bb bT2+i`� �`2 KQMBiQ`2/ BM

i?2 +QMi`QH `QQKX A7 i?2 /�i� �M/ `2+QMbi`m+iBQM [m�HBiv BM i?2 KQMBiQ`BM; Bb b�iBb7vBM;-

>Gh/ bi�`ib iQ T`Q+2bb i?2 `2bT2+iBp2 `mMb"X L2p2`i?2H2bb- i?2 2p2Mi i?`Qm;?Tmi Q7

>Gh/ b?QmH/ `Qm;?Hv K�i+? i?2 QmiTmi `�i2 Q7 >Gh" MQi iQ `BbF }HHBM; mT i?2 #mz2`

�M/ HQQb2 /�i� r?2M i?2 G>* /2HBp2`b +QHHBbBQMb /m`BM; � HQM; }HHX

h?2 Q|BM2@[m�HBiv 7mHH@2p2Mi `2+QMbi`m+iBQM +QMbBbib Q7 i?`22 K�BM +QKTQM2Mib,

+?�`;2/ T�`iB+H2 i`�+F `2+QMbi`m+iBQM- +�HQ`BK2i2` `2+QMbi`m+iBQM- �M/ T�`iB+H2 B/2MiB@

}+�iBQMX h?2 `2+QMbi`m+iBQM Q7 +?�`;2/ T�`iB+H2b Bb /2b+`B#2/ BM a2+iBQM �X�X"X 6`QK

i?2 +�HQ`BK2i2` bvbi2K- QMHv i?2 1*�G Bb `2+QMbi`m+i2/ 7Q` 2p2Mi b2H2+iBQM Tm`TQb2bc

i?2 >*�G ?�b MQ /2/B+�i2/ mb2 +�b2 BM i?2 `2�H@iBK2 bQ7ir�`2 i`B;;2` �M/ Bb KQbiHv

mb2/ 7Q` KQMBiQ`BM; �M/ BKT`QpBM; SA. T2`7Q`K�M+2X 1*�G +Hmbi2`b �`2 7Q`K2/ 7`QK

� � N � #HQ+F Q7 `2�/Qmi +2HHb �`QmM/ �M 2M2`;v T2�F mbBM; � ;`�T?@#�b2/ +Hmbi2`BM;

�H;Q`Bi?K (�")X h?2 +Hmbi2`b �`2 +H�bbB}2/ mbBM; KmHiBp�`B�i2 �H;Q`Bi?Kb i`�BM2/ QM

i?2 b?Qr2` b?�T2b �M/ BM/BpB/m�H 1*�G +2HH 2M2`;B2b iQ /BbiBM;mBb? bBM;H2@T?QiQM

+Hmbi2`b 7`QK i?Qb2 +QMi�BMBM; KmHiBTH2 T?QiQMbX 1H2+i`QM +Hmbi2`b �`2 B/2MiB}2/ #v

2ti`�TQH�iBM; `2+QMbi`m+i2/ i`�+Fb iQ i?2 1*�G- r?2`2 K�i+?BM; 2M2`;v /2TQbBiBQMb

�`2 b2�`+?2/X aQK2 2zQ`i r�b Tmi BMiQ QTiBKBbBM; i?2 1*�G �H;Q`Bi?Kb 7Q` _mM +

`2;�`/BM; i?2B` T?vbB+b �M/ +QKTmi�iBQM�H T2`7Q`K�M+2- /Q+mK2Mi2/ BM _27X ("�)X A/2M@

iB7vBM; 2H2+i`QMb- KmQMb- TBQMb- F�QMb- �M/ T`QiQMb BM >Gh/ Bb /QM2 #v +QK#BMBM;

BM7Q`K�iBQM 7`QK i?2 irQ _A*> /2i2+iQ`b- i?2 1*�G �M/ i?2 KmQM bi�iBQMbX h?2

B/2MiB}+�iBQM `2HB2b QM `2+QMbi`m+i2/ +?�`;2/ T�`iB+H2 i`�D2+iQ`v BM7Q`K�iBQM 7Q` �HH

T�`iB+H2 bT2+B2bX aBKBH�`Hv iQ >Gh"- KmQMb �`2 B/2MiB}2/ #v 2ti`�TQH�iBM; i`�+Fb BMiQ

i?2 KmQM bi�iBQMb �M/ b2�`+?BM; 7Q` ?Bib K�i+?BM; i?2 i`�+FX "2+�mb2 >Gh/ Bb H2bb

+QMbi`�BM2/ #v i?2 T`Q+2bbBM; iBK2- � KmHiBp�`B�i2 +H�bbB}2` Bb 2KTHQv2/ �//BiBQM�HHv

iQ QTiBKBb2 KmQM B/2MiB}+�iBQM T2`7Q`K�M+2 (��)X A/2MiB}+�iBQM Q7 TBQMb- F�QMb �M/

T`QiQMb KQbiHv `2HB2b QM K�i+?BM; *?2`2MFQp@HB;?i `BM;b iQ `2+QMbi`m+i2/ i`�+Fb �b

/2b+`B#2/ BM _27bX (�/- �+)X h?2 BM7Q`K�iBQM 7`QK �HH bm#@/2i2+iQ`b Bb +QK#BM2/ BMiQ

;HQ#�H KmHiBp�`B�i2 SA. +H�bbB}2`b- r?B+? �`2 mb2/ BM i?2 i`B;;2` b2H2+iBQMb iQ `2/m+2

#�+F;`QmM/ 7`QK KBbB/2MiB}+�iBQM Q7 T�`iB+H2bX

h?2 `2+QMbi`m+i2/ 2p2Mi BM7Q`K�iBQM Bb mb2/ #v î	����
 i`B;;2` HBM2b- r`Bii2M #v

i?2 /�i� �M�Hvbib iQ b2H2+i /2+�vb Q7 BMi2`2bi 2t+HmbBp2HvX h?Bb Bb � +`m+B�H T�`i Q7 i?2

`2�H@iBK2 �M�HvbBb bi`�i2;v iQ +QT2 rBi? i?2 ?B;? bB;M�H `�i2b �M/ H�`;2 �KQmMib Q7

/�i� `2+Q`/2/ #v G>*#X JQbi b2H2+iBQMb 7QHHQr i?2 hm`#Q �M�HvbBb +QM+2Ti Ub22 hm`#Q

BM 6B;m`2 +X+V- r?B+? �HHQrb 7mHH ~2tB#BHBiv QM i?2 �KQmMi Q7 2p2Mi BM7Q`K�iBQM i?�i Bb

biQ`2/- 7`QK K2`2Hv irQ i`�+Fb �M/ � p2`i2t 7Q` � irQ@#Q/v /2+�v iQ �HH `2+QMbi`m+i2/

Q#D2+ib BM i?2 2p2Mi B7 M2+2bb�`vX h?Bb BM+`2�b2b i?2 `�i2 Q7 2p2Mib i?�i +�M #2 biQ`2/ #v

/2+`2�bBM; i?2 /�i� pQHmK2 T2`bBbi2/ 7Q` 2�+? 2p2Mi bB;MB}+�MiHv (+%- ��- ��)X 1t�KTH2b

Q7 i`B;;2` HBM2b mbBM; i?Bb `2/m+2/ T2`bBbi2M+v KQ/2H �`2 ;Bp2M BM a2+iBQM (X�X

"� `mM ?2`2 K2�Mb � b?Q`i /�i�@i�FBM; T2`BQ/ Q7 mT iQ QM2 ?Qm` rBi? � mMB[m2 `mM MmK#2`X h?2
b?B7i H2�/2` BM i?2 +QMi`QH `QQK 2Bi?2` bi�`ib � `mM K�Mm�HHv- 2X;X r?2M +QM/BiBQMb +?�M;2- Q` i?2
2tT2`BK2Mi +QMi`QH bQ7ir�`2 /Q2b Bi �miQK�iB+�HHvX

kj
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0 10 20 30 40
Timing fraction within the HLT2 sequence [%]

PersistenceCloning
Muon
Match

PersistenceWriting
Framework

HLT1
PersistencePacking

Particles
Downstream

Forward
Converters

Calorimeter
Other

Seeding
Protoparticles

TrackFit
RICH

Selection

0.14 

0.31 

0.34 

0.68 

0.71 

1.14 

1.50 

1.79 

2.09 

2.33 

2.96 

4.16 

4.97 

5.86 

5.96 

11.20 

11.58 

42.27 

LHCb Simulation

HLT2 Throughput Rate 234.8 Hz

6B;m`2 jX8, "`2�F/QrM Q7 2�+? +QKTQM2Miöb >Gh/ 2p2Mi i?`Qm;?Tmi mbBM; i?2 7�bi `2+QMbi`m+@
iBQM b2[m2M+2 U+7X a2+iBQM �X�VX

h?2 b2H2+iBQMb �`2 i?2 bBM;H2 KQbi iBK2@+QMbmKBM; T�`i Q7 >Gh/- �b b?QrM BM

6B;m`2 +X�- K2�bm`2/ QM � `272`2M+2 MQ/2 `2T`2b2Mi�iBp2 7Q` i?2 b2`p2`b �p�BH�#H2 BM

i?2 2p2Mi@}Hi2` 7�`K Ub22 a2+iBQM �X�X/ 7Q` bT2+B}+b Q7 i?2 +QKTmi�iBQM�H T2`7Q`K�M+2

K2�bm`2K2MibVX .2p2HQTK2Mib iQ BKT`Qp2 i?2 i?`Qm;?Tmi Q7 i?2 b2H2+iBQMb ?�p2

#22M K�/2 (�(- �%)- mbBM; i?2 T2`7Q`K�M+2 QTiBKBb�iBQM i2+?MB[m2b bmKK�`Bb2/ BM

a2+iBQM +X+X >Qr2p2`- i?2v �`2 biBHH #2BM; BMi2;`�i2/ BMiQ i?2 >Gh/ bQ7ir�`2 �b Q7

r`BiBM; i?Bb i?2bBbX h?2v �`2 M22/2/ #2+�mb2- rBi? i?2 +m``2Mi >Gh/ i?`Qm;?Tmi Q7

�`QmM/ ��� 2p2Mib T2` b2+QM/- �M/ +QKTmiBM; MQ/2- KQ`2 i?�M ���� b2`p2`b rBi? �

T2`7Q`K�M+2 2[mBp�H2Mi iQ i?2 `272`2M+2 MQ/2 rQmH/ #2 M22/2/ iQ T`Q+2bb i?2 /2bB;M

QmiTmi `�i2 Q7 >Gh"X *m``2MiHv- i?2 2p2Mi@}Hi2` 7�`K +QMbBbib Q7 �`QmM/ ���� `272`2M+2@

MQ/2 2[mBp�H2MibX h?2 H�+F Q7 +QKTmi�iBQM�H T2`7Q`K�M+2 BM i?2 b2H2+iBQMb +QMp2`b2Hv

?B;?HB;?ib i?2 i`2K2M/Qmb �+?B2p2K2Mib BM BKT`QpBM; i?2 Qi?2` +QKTQM2Mibö i?`Qm;?TmiX

AM T�`iB+mH�`- i?2 ;Q�H 7Q` i?2 i`�+F `2+QMbi`m+iBQM r�b iQ `2�+? ��� FWUT�T iQ }i BMiQ

i?2 +QKTmiBM; #m/;2i Q7 >Gh/ �M/ i?mb r�b QTiBKBb2/ 2ti2MbBp2HvX

jXkXj PMHBM2 �HB;MK2Mi �M/ *�HB#`�iBQM

� +`m+B�H BM;`2/B2Mi Q7 i?2 `2�H@iBK2 �M�HvbBb i`B;;2` T�`�/B;K Bb i?2 QMHBM2 �HB;MK2Mi

�M/ +�HB#`�iBQM Q7 i?2 /2i2+iQ` iQ 2Mbm`2 i?�i 2p2Mi b2H2+iBQMb BM >Gh" �M/ T�`iB+H2

/2+�v b2H2+iBQMb BM >Gh/ +�M #2 T2`7Q`K2/ rBi? ?B;? bB;M�H 2{+B2M+vX h?2 �HB;MK2Mi

T`Q+22/b BM � b2[m2M+2- rBi? i?2 o1GP �HB;M2/ }`bi- 7QHHQr2/ #v i?2 lh �M/ i?2 a+B6B
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VELO alignment

Tracker alignment

RICH calibration

RICH mirror alignment

Muon alignment

Calorimeter Calibration
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Time

6B;m`2 jXe, a+?2K�iB+ pB2r Q7 i?2 `2�H@iBK2 �HB;MK2Mi �M/ +�HB#`�iBQM T`Q+2/m`2 bi�`iBM; �i
i?2 #2;BMMBM; Q7 2�+? G>* }HH ("�)X

i`�+F2`- i?2 _A*> KB``Q` �HB;MK2Mi- �M/ }M�HHv i?2 KmQM /2i2+iQ` �HB;MK2Mi �b b?QrM

BM 6B;m`2 +X( ("�)X

h?2 �HB;MK2Mi +QMbi�Mib 7Q` i?2 i`�+FBM; /2i2+iQ`b �`2 /2i2`KBM2/ #v KBMBKBbBM;

i?2 �õ Q7 `2+QMbi`m+i2/ i`�+Fb rBi? `2bT2+i iQ i?2 /2;`22b Q7 7`22/QK Q7 2�+? �HB;M�#H2

/2i2+iQ` 2H2K2Mi- BX2X i`�MbH�iBQMb �M/ `Qi�iBQMb BM 2�+? bT�iB�H /BK2MbBQM (��)X h?2

o1GP �HB;MK2Mi Bb T2`7Q`K2/ �i i?2 bi�`i Q7 2�+? G>* }HH �7i2` i?2 o1GP r�b KQp2/

7`QK Bib b�72 QT2M TQbBiBQM iQ Bib +HQb2/ /�i�@i�FBM; TQbBiBQM +HQb2 iQ i?2 #2�KX Ai

`2[mB`2b � b�KTH2 Q7 i`�+Fb +`QbbBM; �HH o1GP KQ/mH2b �i �Mv �xBKmi?�H �M;H2- r?B+?

Bb +QHH2+i2/ BM � 72r b2+QM/b �7i2` i?2 bi�`i Q7 i?2 /�i� i�FBM;X h?2 �HB;MK2Mi [m�HBiv Bb

+?2+F2/ #v +QKT�`BM; T`BK�`v p2`i2t TQbBiBQMb `2+QMbi`m+i2/ rBi? i`�+Fb 7`QK i?2 H27i

�M/ `B;?i o1GP ?�Hp2b- `2bT2+iBp2HvX h?2 lh �M/ i?2 a+B6B i`�+F2` �`2 �HB;M2/ M2ti-

`2HvBM; QM `2+QMbi`m+i2/ i`�+Fb i`�p2`bBM; i?2 2MiB`2 i`�+FBM; bvbi2KX "2+�mb2 i?2 a+B6B

bi�iBQMb �`2 HQ+�i2/ /QrMbi`2�K Q7 i?2 K�;M2i- �HB;MBM; i?2K Bb 2bb2MiB�H iQ �+?B2p2

?B;? i`�+F@KQK2MimK `2bQHmiBQMX h?2 �HB;MK2Mi +�M #2 BKT`Qp2/ #v +QMbi`�BMBM; i?2

FBM2K�iB+b Q7 i`�+Fb iQ i?2 K�bb Q7 i?2B` KQi?2` T�`iB+H2X >Gh" b2H2+ib ù�
B �7z�

�M/ ÿ��B w�w7 /2+�vb 7Q` i?Bb Tm`TQb2- H�`;2 b�KTH2b Q7 r?B+? +�M #2 +QHH2+i2/ rBi?BM

KBMmi2b Q7 /�i� i�FBM; 7QHHQrBM; i?2 o1GP �HB;MK2MiX h?2 #2bi /2+�v iQ BKT`Qp2 i?2

�HB;MK2Mi Bb �B w�w7 �b i?2 KmQM i`�+Fb ?�p2 ?B;? KQK2MimK �M/ i?mb bmz2` H2bb

7`QK KmHiBTH2 b+�ii2`BM;X _2+Q`/BM; � bm{+B2MiHv H�`;2 b�KTH2 +QMi�BMBM; i?Bb /2+�v-

?Qr2p2`- i�F2b Km+? HQM;2`X

h?2 _A*> KB``Q` �HB;MK2Mi `2[mB`2b � b�KTH2 Q7 r2HH@`2+QMbi`m+i2/ i`�+Fb iQ +QKT�`2

i?2 /2i2+i2/ T?QiQMbö *?2`2MFQp �M;H2b rBi? i?2 2tT2+i2/ �M;H2b BM72``2/ 7`QK i?2

i`�+Fbö i`�p2`b�H i?`Qm;? i?2 ;�bX h?2 b�KTH2 i`�+Fb M22/ iQ #2 /Bbi`B#mi2/ 2[m�HHv

�KQM; i?2 /Bz2`2Mi _A*>" �M/ _A*>/ KB``Q`b- BX2X bm{+B2MiHv K�Mv i`�+Fb BM i?2

T2`BT?2`�H �`2�b Q7 i?2 _A*> bvbi2K Kmbi #2 +QHH2+i2/X *QMb2[m2MiHv- b2H2+iBM; i?2

_A*> �HB;MK2Mi b�KTH2b �M/ �HB;MBM; i?2 KB``Q`b +�M i�F2 mT iQ ?Qm`b- r?B+? Bb

mMT`Q#H2K�iB+ �b >Gh" /Q2b MQi mb2 i?2 _A*> bvbi2K �M/ i?2 #mz2` biQ`2b i?2 2p2Mib

7Q` >Gh/ BM i?2 K2�MiBK2X

k8



j �M�HvbBM; G>*#öb .�i� BM _2�H@iBK2

h?2 KmQM bi�iBQM �HB;MK2Mi mb2b KmQM i`�+Fb +QMbi`�BM2/ iQ i?2 /2+�v ÿ��B w�w7X

lT/�i2b Q7 i?Bb �HB;MK2Mi �`2 2tT2+i2/ iQ #2 `�`2 �M/ M2+2bb�`v QMHv �i i?2 #2;BMMBM;

Q7 � /�i�@i�FBM; T2`BQ/ �M/ BM +�b2 i?2 KmQM bi�iBQMb r2`2 QT2M2/X

AM �//BiBQM iQ i?2 �HB;MK2Mi Q7 p�`BQmb /2i2+iQ` T�`ib- i?2 1*�G �M/ i?2 _A*>

bvbi2K Kmbi #2 +�HB#`�i2/X h?2 1*�G Bb }M2@+�HB#`�i2/ �#Qmi QM+2 � KQMi? mbBM;

i?2 Q#b2`p2/ z� K�bb 7`QK i?2 /2+�v z�
B mm BM 2�+? +�HQ`BK2i2` +2HH- �M/ Bib

T?QiQKmHiBTHB2` im#2bö ?B;?@pQHi�;2b �`2 �/Dmbi2/ �7i2` 2�+? }HH iQ +QKT2Mb�i2 �;2BM;

2z2+ibX h?2 ;�b `�/B�iQ` `27`�+iBp2 BM/2t Q7 i?2 _A*> Bb b2MbBiBp2 iQ i2KT2`�im`2 �M/

T`2bbm`2 p�`B�iBQMbX Ai Bb i?mb +�HB#`�i2/ QM � T2`@`mM #�bBb r?BH2 i?2 /�i� Bb biQ`2/ BM

i?2 #mz2`X

jXj h�+FHBM; i?2 *QKTmi�iBQM�H S2`7Q`K�M+2 *?�HH2M;2

PT2`�iBM; � Tm`2Hv bQ7ir�`2@#�b2/ i`B;;2` bvbi2K BM � H�`;2 ?�/`QM@+QHHB/2` 2tT2`BK2Mi

Tmib Km+? T`2bbm`2 QM i?2 +QKTmiBM; `2bQm`+2bX Ai Bb i?2`27Q`2 pBi�H iQ 7QHHQr #2bi

T`�+iB+2b Q7 ?B;?@T2`7Q`K�M+2 +QKTmiBM;- /2b+`B#2/ 2X;X BM _27X (��)X u2i KQbi `2+2Mi

/2p2HQTK2Mib BM i?Bb }2H/ +�M #2 7QmM/ BM #HQ; TQbib �M/ +QM72`2M+2 /Q+mK2Mi�iBQM- 2X;X

_27bX ((3- (")X h?2 KQbi 7mM/�K2Mi�H ;mB/2HBM2 Bb �Hr�vb i?�i �pQB/BM; +QKTmi�iBQMb BM

i?2 }`bi TH�+2 Bb i?2 #2bi T2`7Q`K�M+2 QTiBKBb�iBQMX AM �//BiBQM- G>*# �BKb iQ 7QHHQr

i?2 *YY *Q`2 :mB/2HBM2b ((/) i?`Qm;?Qmi Bib bQ7ir�`2- r?B+? BM+Hm/2 T2`7Q`K�M+2

+QMbB/2`�iBQMbX "2vQM/ i?�i- i?2 +QKTmi�iBQM�H T2`7Q`K�M+2 +?�HH2M;2 +�M #2 i�+FH2/

#v �TTHvBM; i2+?MB[m2b #`Q�/Hv 7�HHBM; BMiQ irQ +�i2;Q`B2b,

S?vbB+b +QMbB/2`�iBQMb +�M H2�/ iQ T2`7Q`K�M+2 QTiBKBb�iBQMb B7 i?2v �HHQr 7Q` �pQB/@

BM; +QKTmi�iBQM�H rQ`FX h?Bb KB;?i #2- 7Q` 2t�KTH2- � bBKTHB}2/ /2b+`BTiBQM Q7

i?2 T�`iB+H2 KQiBQM BM i?2 K�;M2iB+ }2H/ #v mbBM; T�`�K2i2`Bb�iBQMb B7 i?2B` T`2@

+BbBQM Bb bm{+B2MiX �HbQ- i?2 ;2QK2i`v Q` Q#D2+iBp2 Q7 i?2 2tT2`BK2Mi KB;?i HBKBi

TQbbB#H2 Q` M2+2bb�`v K2�bm`2K2MibX h?2 bQ7ir�`2 b?QmH/ MQi r�bi2 `2bQm`+2b #v

i`vBM; iQ K2�bm`2 � T?vbB+�HHv BKTQbbB#H2- BKT`Q#�#H2 Q` mM/2bB`2/ T`Q+2bbX q?BH2

i?Bb +�M bB;MB}+�MiHv BKT`Qp2 +QKTmi�iBQM�H T2`7Q`K�M+2 rBi?Qmi /`�biB+�HHv

+?�M;BM; i?2 +Q/2#�b2 Q` ?�`/r�`2- Bi KB;?i BKT�+i T?vbB+b T2`7Q`K�M+2- �M/

i`�/2Qzb Kmbi #2 bim/B2/X

>�`/r�`2 2tTHQBi�iBQM +QM+2`Mb 2{+B2Mi mb2 Q7 �p�BH�#H2 ?�`/r�`2 `2bQm`+2bX 6Q`

i?2 2p2Mi@}Hi2` 7�`K- i?Bb K2�Mb 7mHHv miBHBbBM; i?2 +�T�#BHBiB2b Q7 KQ/2`M *Slb

rBi? i?2B` KmHiB+Q`2 �`+?Bi2+im`2- QM@+?BT �++2H2`�iQ`b- �M/ Qi?2` *Sl 72�im`2b

/2b+`B#2/ #2HQrX AM ;2M2`�H- i?Bb K�v �HbQ BM+Hm/2 �++2H2`�iQ`b HBF2 :Slb �M/

6S:�bX h?2 T?vbB+b T2`7Q`K�M+2 Bb mbm�HHv T`2b2`p2/ r?2M i?2 +QKTmi�iBQM�H

T2`7Q`K�M+2 Bb BKT`Qp2/ #v KQ`2 2{+B2Mi ?�`/r�`2 mb�;2X u2i Bi /Q2b MQi +QK2

7Q` 7`22 �b /22T +?�M;2b BM i?2 +Q/2#�b2 �`2 Q7i2M M2+2bb�`v iQ BMi2`7�+2 rBi?

i?2 �++2H2`�iQ`b- r?B+? ?�b bi�z +Qbib BM �//BiBQM iQ i?2 TQi2MiB�HHv 2tT2MbBp2

?�`/r�`2X

ke



jXj h�+FHBM; i?2 *QKTmi�iBQM�H S2`7Q`K�M+2 *?�HH2M;2

� bBKTHBbiB+ 2t�KTH2 Q7 i?2b2 irQ +�i2;Q`B2b Bb i?2 bi`m+im`2 Q7 >Gh"X h?2 T�`iB�H

2p2Mi `2+QMbi`m+iBQM T2`7Q`K2/ BM >Gh" KQbiHv +QMbB/2`b ?B;?@KQK2MimK T?vbB+b BM

i?2 b2Mb2 i?�i i?2 �H;Q`Bi?Kb �`2 imM2/ iQ `2+QMbi`m+i ?B;?@KQK2MimK i`�+Fb �M/

�pQB/ i?2 rQ`F BMpQHpBM; `2+QMbi`m+iBM; i?2 HQr@KQK2MimK `2;BK2- ?2M+2 T2`7Q`KBM;

�M QTiBKBb�iBQM 7`QK i?2 }`bi +�i2;Q`vX _mMMBM; i?2 >Gh" `2+QMbi`m+iBQM QM :Slb

#2HQM;b iQ �M QTiBKBb�iBQM Q7 i?2 b2+QM/ +�i2;Q`vX .2i�BHb QM K22iBM; i?2 +QKTmiBM;

+?�HH2M;2 BM >Gh" +�M #2 7QmM/ BM _27X (�+)X

JQ`2 +QKTH2t 2t�KTH2b Q7 i?2 QTiBKBb�iBQMb 7`QK i?2 irQ +�i2;Q`B2b +�M #2 7QmM/ BM

>Gh/X h?2 7QHHQrBM; `272`2M+2b 2t�KTH2b Q7 i?2 }`bi +�i2;Q`v �M/ /2b+`B#2b i2+?MB[m2b

#2HQM;BM; iQ i?2 b2+QM/ +�i2;Q`v T`Qp2M ?2HT7mH 7Q` i?2 T2`7Q`K�M+2 QTiBKBb�iBQM Q7

i?2 >Gh/ 2p2Mi `2+QMbi`m+iBQM QM *SlbX

PTiBKBb�iBQMb 7`QK i?2 }`bi +�i2;Q`v +�M #2 7QmM/ i?`Qm;?Qmi a2+iBQM �X/- r?2`2 Bi Bb

b?QrM i?�i b2;K2Mib Q7 i?2 T�`iB+H2 i`�D2+iQ`v Q` i`�+F T�`�K2i2`b +�M #2 �TT`QtBK�i2/

#v TQHvMQKB�Hb BMbi2�/ Q7 MmK2`B+�HHv bQHpBM; i?2 2[m�iBQMb Q7 KQiBQMX Pi?2` T?vbB+b@

KQiBp�i2/ QTiBKBb�iBQMb BM+Hm/2 BMi`Q/m+BM; �M �`iB}+B�HHv BM+`2�bBM; ;`�MmH�`Biv Q7 i?2

a+B6B i`�+F2` iQr�`/b Bib 2/;2b r?2`2 i?2 T�`iB+H2 ~mt Bb HQr2` Ub22 a2+iBQM �X/X�V �M/

i?2 /BpBbBQM Q7 i?2 a+B6B i`�+F2` BMiQ irQ /BbiBM+i ?�Hp2b �++Q`/BM; iQ i?2 T`QT2`iB2b Q7

i?2 K�;M2iB+ }2H/ Ub22 a2+iBQM �X/X+VX

AM i?2 b2+QM/ +�i2;Q`v- QMHv QTiBKBb�iBQMb �p�BH�#H2 7Q` *Slb �`2 `2H2p�Mi 7Q` i?2

>Gh/ i`�+F `2+QMbi`m+iBQMX u2i- i?2 +QM+2Tib Q7i2M �HbQ }M/ �TTHB+�iBQMb QM Qi?2`

�`+?Bi2+im`2b HBF2 :SlbX

� F2v 72�im`2 Q7 KQ/2`M *Slb Bb i?2B` KmHiB+Q`2 �`+?Bi2+im`2 r?B+? �HHQrb i?2

2t2+miBQM Q7 b2p2`�H �TTHB+�iBQMb BM T�`�HH2H Q` bTHBiiBM; i?2 rQ`FHQ�/ Q7 � bBM;H2

�TTHB+�iBQM BMiQ TB2+2b T`Q+2bb2/ BM T�`�HH2HX G>*#öb :�m/B@#�b2/ *YY bQ7ir�`2

7`�K2rQ`F mb2/ iQ BKTH2K2Mi i?2 i`B;;2` �TTHB+�iBQM /2}M2b 7mM+iBQM�H �H;Q`Bi?K

i2KTH�i2b- r?B+? KQ/2H 7mM+iBQMb rBi? MQ bB/2 2z2+ib �M/ `2im`M `2bmHib QMHv /2T2M/BM;

QM i?2B` 2tTHB+BiHv /2+H�`2/ BMTmib ((+- (�)X h?Bb 2Mbm`2b i?`2�/ b�72iv bQ i?2 i`B;;2`

�TTHB+�iBQM +�M T`Q+2bb 2p2Mib BM T�`�HH2H pB� KmHiB@i?`2�/BM;X 1�+? i?`2�/ K�M�;2b �M

2p2Mi@HQ+�H biQ`�;2 bT�+2 F22TBM; i?2 BMTmi �M/ QmiTmi /�i� Q7 i?2 7mM+iBQM�H �H;Q`Bi?Kb

�M/ TQbbB#Hv biQ`BM; i2KTQ`�`v �H;Q`Bi?K@BMi2`M�H /�i� B7 `2[m2bi2/X h?Bb �pQB/b +QbiHv

K2KQ`v U/2@V�HHQ+�iBQMb �M/ HQ+Fb i?�i +QmH/ Qi?2`rBb2 #HQ+F i?2 2t2+miBQM Q7 Qi?2`

i?`2�/bX

aBM+2 i?2 KmHiB@i?`2�/BM; Bb ?�M/H2/ QM i?2 7`�K2rQ`F H2p2H- /2p2HQT2`b +�M 7Q+mb QM

KQ`2 HQr@H2p2H QTiBKBb�iBQM Q7 i?2 bQ7ir�`2 +QKTQM2MibX 6Q` i?2 i`�+F `2+QMbi`m+iBQM-

Bi r�b pBi�H iQ mM/2`bi�M/ �M/ mb2 KQ/2`M *Sl 72�im`2b #2vQM/ i?2B` KmHiB+Q`2

�`+?Bi2+im`2X h?2 HQ;B+�H *Sl +Q`2 `mMMBM; � i?`2�/ mb2b KmHiBTH2 T`Q+2bbBM; mMBib-

2�+? /2/B+�i2/ iQ � bBM;H2 i�bF- bm+? �b �`Bi?K2iB+ Q` K2KQ`v QT2`�iBQMbX q?2M i?2

i?`2�/ 2t2+mi2b � bT2+B}+ BMbi`m+iBQM QM QM2 mMBi- Qi?2` mMBib +�M #2 mb2/ iQ T`Q+2bb

Qi?2` BMbi`m+iBQMb BM T�`�HH2HX h?Bb Bb +�HH2/ TBT2HBMBM;"- Bb /QM2 �miQK�iB+�HHv #v i?2

T`Q+2bbQ` �M/ BM+`2�b2b i?2 MmK#2` Q7 BMbi`m+iBQMb i?2 *Sl +�M T`Q+2bb T2` +HQ+F +v+H2X

"� *Sl rBi? i?Bb +�T�#BHBiv Bb +�HH2/ bmT2`b+�H�`X
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j �M�HvbBM; G>*#öb .�i� BM _2�H@iBK2

Ai- ?Qr2p2`- QMHv rQ`Fb 2{+B2MiHv B7 i?2 TBT2HBM2 +�M #2 }HH2/ rBi? 2MQm;? BM/2T2M/2Mi

BMbi`m+iBQMbX h?2 *Sl �M/ i?2 +QKTBH2` `2Q`/2`" BMbi`m+iBQMb 7`QK i?2 T`Q;`�K bm+?

i?�i BM/2T2M/2Mi i�bFb �`2 +Hmbi2`2/ iQ;2i?2`- �M/ i?2 2MiB`2 TBT2HBM2 Bb mb2/ B7 TQbbB#H2X

h?Bb BM+Hm/2b i?2 bT2+mH�iBp2 2t2+miBQM Q7 +Q/2 #`�M+?2b- 2X;X /m2 iQ �M B7@bi�i2K2Mi-

#�b2/ QM i?2 /2+BbBQM Q7 i?2 *Slb #`�M+? T`2/B+iQ`X h?2 #`�M+? T`2/B+iQ` 7QHHQrb

bi�iB+ `mH2b iQ /2i2+i bBKTH2 T�ii2`Mb HBF2 i?2 #�+Fr�`/ DmKT �i i?2 2M/ Q7 � HQQT #mi

+�M �HbQ 7�+iQ` BM /vM�KB+ T�ii2`Mb #v b�pBM; i?2 ?BbiQ`v Q7 T`2pBQmb #`�M+? Qmi+QK2bX

A7 i?2 #`�M+? T`2/B+iQ` bm++22/b- i?2 TBT2HBM2 +�M #2 }HH2/ rBi? i?2 +Q``2+i BMbi`m+iBQMbX

A7 i?2 +QM/BiBQMb �`2 MQi T`2/B+i�#H2- i?2 bT2+mH�iBp2 2t2+miBQM Bb ?�`K7mH #2+�mb2 �

TBT2HBM2 +QMi�BMBM; i?2 r`QM; BMbi`m+iBQMb Kmbi #2 ~mb?2/ �M/ `2@}HH2/ rBi? i?2 +Q``2+i

QM2b- BMi`Q/m+BM; � H�i2M+v Q7 ivTB+�HHv ��@�� *Sl +v+H2b i?�i +�M bB;MB}+�MiHv i?`QiiH2

i?2 r?QH2 T`Q;`�KX AM i?�i +�b2- i?2 #QiiH2M2+F +�M Q7i2M #2 `2bQHp2/ #v `2Q`/2`BM;

i?2 +Q/2 bQ +QM/BiBQMb #2+QK2 i`�MbT�`2Mi 7Q` i?2 #`�M+? T`2/B+iQ`X � r2HH@FMQrM

�H;Q`Bi?K r?2`2 i?Bb Bb MQi TQbbB#H2 Bb #BM�`v b2�`+?X >Qr2p2`- #BM�`v b2�`+? +�M #2

BKTH2K2Mi2/ bm+? i?�i #`�M+?2b �`2 �pQB/2/ �HiQ;2i?2` #v T`2/B+�iBQM- BX2X 2t2+miBQM

Q7 #Qi? #`�M+?2b 7QHHQr2/ #v b2H2+iBM; i?2 +Q``2+i `2bmHiX AM T2`7Q`K�M+2@+`BiB+�H T�`ib

Q7 i?2 2p2Mi `2+QMbi`m+iBQM- � #`�M+?H2bb BKTH2K2Mi�iBQM Q7 #BM�`v b2�`+? ((�) Bb mb2/

iQ QTiBKBb2 i?2 *Slöb BMbi`m+iBQM i?`Qm;?Tmi �M/- +QMb2[m2MiHv- i?2 +QKTQM2Miöb

bT22/X hQ F22T i?2 TBT2HBM2 }HH2/ BM ;2M2`�H- Bi b?QmH/ #2 �pQB/2/ iQ BKTH2K2Mi HQM;

BMi2`/2T2M/2Mi +�H+mH�iBQMb �M/ iB;?i HQQTb rBi? /2T2M/2M+B2b QM +�H+mH�iBQM `2bmHib

7`QK i?2 T`2pBQmb Bi2`�iBQMX

� KQ`2 /B`2+i r�v iQ QTiBKBb2 T2`7Q`K�M+2 Bb iQ mb2 T`Q+2bbBM; mMBib i?�i 2t2+mi2 �

bBM;H2 BMbi`m+iBQM QM KmHiBTH2 /�i� UaAJ.VX lMHBF2 TBT2HBMBM;- i?Bb QTiBKBb�iBQM Kmbi

#2 2tTHB+BiHv mb2/ BM i?2 BKTH2K2Mi�iBQM/ �M/ Bb Q7i2M `272``2/ iQ �b p2+iQ`Bb�iBQMX

.Bz2`2Mi BMbi`m+iBQM b2ib mbBM; i?2 aAJ. T�`�/B;K �`2 �p�BH�#H2 /2T2M/BM; QM i?2 *Sl

�`+?Bi2+im`2X G>*#öb `2+QMbi`m+iBQM bQ7ir�`2 i�`;2ib i?2 �/p�M+2/ o2+iQ` 1ti2MbBQM /

U�os/V BMbi`m+iBQM b2i QT2`�iBM; QM ���@#Bi aAJ. `2;Bbi2`b- BX2X T`Q+2bbBM; 2B;?i bBM;H2

Q` 7Qm` /Qm#H2 T`2+BbBQM ~Q�iBM; TQBMi Q` BMi2;2` MmK#2`b �i QM+2- BHHmbi`�i2/ BM 6B;@

m`2 +X%X h?2 KQbi �#mM/�MiHv mb2/ p2+iQ`Bb�iBQM HB#`�`v BM G>*# Bb i?2 aAJ.q`�TT2`

((()- 2tTHB+BiHv /2p2HQT2/ 7Q` G>*#öb M22/bX

�//BiBQM�HHv- i?2 BMbi`m+iBQM b2i Bb 2ti2M/2/ #v 7mb2@KmHiBTHv@�// QT2`�iBQMb U6J�V-

r?B+? +QK#BM2 � KmHiBTHB+�iBQM 7QHHQr2/ #v �M �//BiBQM BMiQ � bBM;H2 KB+`Q@QT2`�iBQMX

h?Bb vB2H/b T2`7Q`K�M+2 BKT`Qp2K2Mib- 2bT2+B�HHv 7Q` i?2 2p�Hm�iBQM Q7 TQHvMQKB�Hb

r?B+? �`2 ?2�pBHv mb2/ i?`Qm;?Qmi i?2 i`�+F `2+QMbi`m+iBQM- 2X;X 7Q` T�`�K2i2`Bb�iBQMb

K2MiBQM2/ �#Qp2X

>Qr2p2`- irQ Qi?2` +QM+2Tib M22/ iQ #2 +QMbB/2`2/ 7Q` p2+iQ`Bb�iBQM iQ vB2H/ bB;MB}+�Mi

T2`7Q`K�M+2 BKT`Qp2K2MibX

h?2 }`bi +QM+2Ti /2�Hb rBi? i?2 7�+i i?�i � bB;MB}+�Mi #QiiH2M2+F 7Q` *Sl +�H+mH�iBQMb

Bb i?2 bT22/ rBi? r?B+? /�i� BM i?2 K2KQ`v +�M #2 �++2bb2/X �HH KQ/2`M *Slb-

"h?Bb Bb +�HH2/ Qmi@Q7@Q`/2` 2t2+miBQMX
/lM/2` +2`i�BM +B`+mKbi�M+2b- i?2 +QKTBH2` +�M �HbQ �miQ@p2+iQ`Bb2 +Q/2X >Qr2p2`- Bi Bb /B{+mHi iQ

`2Hv QM i?�i �b Bi /2T2M/b QM i?2 +QKTBH2` p2`bBQMb �M/ i?2 2t�+i BKTH2K2Mi�iBQM Q7 i?2 T`Q;`�KX

k3



jXj h�+FHBM; i?2 *QKTmi�iBQM�H S2`7Q`K�M+2 *?�HH2M;2

6B;m`2 jXd, AHHmbi`�iBQM Q7 /�i� T`Q+2bbBM; mbBM; aAJ. BMbi`m+iBQMb ((%)X

i?2`27Q`2- 2K#2/ bK�HH #mi 7�bi K2KQ`v biQ`�;2 /B`2+iHv QM i?2 /B2 iQ +�+?2 /�i�

7`QK i?2 K�BM K2KQ`vX h?2 *Sl +�+?2 Bb Q`;�MBb2/ BM KmHiBTH2 ?B2`�`+?B+�H H2p2Hb-

2�+? BM+`2�bBM;Hv H�`;2 #mi rBi? /2+`2�bBM; �++2bb bT22/ �b b?QrM BM 6B;m`2 +X�X 6Q`

+QKTmi�iBQMb /2T2M/BM; QM /�i� MQi �H`2�/v BM � `2;Bbi2`- i?2 *Sl +?2+Fb B7 i?2 /�i�

Bb BM i?2 G" +�+?2X h?Bb rBHH- 7Q` 2t�KTH2- #2 i?2 +�b2 B7 i?2 b�K2 /�i� Q` /�i� +HQb2

BM K2KQ`v r�b �H`2�/v mb2/ b?Q`iHv #27Q`2X h?2 G" /�i� +�+?2 ?�b � bBx2 Q7 mbm�HHv

�� ,J# T2` +Q`2 �M/ � H�i2M+v Q7 �`QmM/ � +v+H2b Q` � OTX Ai i?mb +�M ?QH/ QM2 i?Qmb�M/

bBM;H2@T`2+BbBQM p�Hm2b- r?B+? Bb iQQ 72r 7Q` i?2 i`�+F `2+QMbi`m+iBQM i?�i QT2`�i2b QM

b2p2`�H i?Qmb�M/b Q7 bT�iB�H TQbBiBQM K2�bm`2K2Mib- 2X;X BM i?2 a+B6B i`�+F2`X h?2

;Q�H Bb- i?2`27Q`2- iQ ?�p2 KQbi [m�MiBiB2b mb2/ #v i?2 i`�+FBM; BM i?2 G/ +�+?2- r?B+?

ivTB+�HHv ?�b � bBx2 Q7 ��� ,J# T2` +Q`2 �M/ � H�i2M+v Q7 �`QmM/ �� +v+H2bX A7 i?2 /�i�

Bb MQi +�+?2/- � +�+?2 KBbb Q++m`b- �M/ i?2 /�i� Kmbi #2 72i+?2/ 2Bi?2` 7`QK � ?B;?2`

+�+?2 H2p2H Q` 7`QK K�BM K2KQ`v- #mi BM �Mv +�b2- rBi? � ?B;?2` H�i2M+vX �H`2�/v

i?2 G+ +�+?2 Q7i2M ?�b � H�i2M+v Q7 b2p2`�H ?mM/`2/b Q7 +v+H2b �b Bi Bb b?�`2/ #2ir22M

+Q`2bX h?2 H�i2M+v �HbQ Q++m`b 7Q` r`BiBM; p�Hm2b iQ i?2 +�+?2X h?2`27Q`2- �Mv K2KQ`v

QT2`�iBQM M22/b iQ #2 ?�M/H2/ rBi? +�`2 bQ i?�i Bi /Q2b MQi #2+QK2 � b2p2`2 #QiiH2M2+FX

h?2 *Sl 72i+?2b �M/ r`Bi2b /�i� BM mMBib Q7 �� # +�HH2/ � +�+?2 HBM2X >2M+2- 7Q`

T2`7Q`K�M+2 QTiBKBb�iBQM- Bi Bb 2bb2MiB�H iQ F22T /�i� #2BM; T`Q+2bb2/ iQ;2i?2` �HbQ

6B;m`2 jX3, aF2i+? Q7 i?2 +�+?2 ?B2`�`+?v- BM+Hm/BM; *Sl `2;Bbi2`b �M/ H�`;2` biQ`�;2 /2pB+2b
Q`/2`2/ rBi? BM+`2�bBM; biQ`�;2 +�T�+Biv �M/ �++2bb H�i2M+v 7`QK iQT iQ #QiiQK ((()X

kN



j �M�HvbBM; G>*#öb .�i� BM _2�H@iBK2

biQ`2/ iQ;2i?2` Ui2KTQ`�H �M/ bT�iB�H HQ+�HBivV- T`272`�#Hv rBi?BM i?2 b�K2 +�+?2 HBM2-

#mi �i H2�bi rBi?BM i?2 irQ 7�bi2bi +�+?2 H2p2Hb iQ �pQB/ HQM; H�i2M+vX h?Bb /B`2+iHv

H2�/b iQ i?2 b2+QM/ +QM+2Ti- r?B+? /2}M2b i?2 /�i� H�vQmi BM K2KQ`v �++Q`/BM; iQ i?2

ivTB+�H �++2bb T�ii2`M r?2M mbBM; aAJ. BMbi`m+iBQMbX

h?2 mbm�H ?mK�M@7`B2M/Hv /�i� H�vQmi mb2/ BM Q#D2+i@Q`B2Mi2/ H�M;m�;2b HBF2 *YY

T�+Fb /�i� BMiQ � bi`m+im`2 `2~2+iBM; � ?B;?2`@H2p2H Q#D2+i- 2X;X � /2i2+iQ` ?Bi +QMi�BMBM;

irQ TQbBiBQMb ' �M/ (- �M/ � r2B;?i &X aiQ`BM; K�Mv ?Bib BM � +QMi�BM2`- i?Bb +QM+2Tim�H

H�vQmi Bb �HbQ i?2 H�vQmi BM K2KQ`v rBi? 2�+? '@(@& +QHH2+iBQM M2ti iQ 2�+? Qi?2`- +�HH2/

�M �``�v Q7 ai`m+im`2b U�QaV b?QrM BM 6B;m`2 +X�X amTTQb2 i?2 T`Q;`�K T2`7Q`Kb

+�H+mH�iBQMb QM bBM;H2 ?Bib mbBM; i?2b2 i?`22 [m�MiBiB2bX AM i?�i +�b2- i?Bb H�vQmi Bb

+�+?2@2{+B2Mi 7QHHQrBM; bT�iB�H HQ+�HBiv #2+�mb2 i?2 *Sl rBHH HBF2Hv 72i+? �HH i?`22 mbBM;

QM2 +�+?2 HBM2X A7- ?Qr2p2`- K�Mv ?Bib �`2 T`Q+2bb2/- +�H+mH�iBQMb +�M #2 QTiBKBb2/

mbBM; i?2 aAJ. BMbi`m+iBQMbX 6Q` i?Bb- i?2 �Qa H�vQmi Bb bm#QTiBK�H #2+�mb2 KmHiBTH2

' p�Hm2b +�MMQi #2 /B`2+iHv HQ�/2/ �b � #HQ+F iQ i?2 aAJ. `2;Bbi2`b iQ �TTHv � bBM;H2

BMbi`m+iBQMX h?2`27Q`2- � ai`m+im`2 Q7 �``�vb UaQ�V H�vQmi Bb T`272``2/- BHHmbi`�i2/ BM

6B;m`2 +X�X h?Bb K2KQ`v H�vQmi �HHQrb /B`2+iHv HQ�/BM; b2p2`�H p�Hm2b BMiQ i?2 aAJ.

`2;Bbi2`b mbBM; � bBM;H2 +�+?2 HBM2X

_2H�i2/ iQ i?2b2 irQ +QM+2Tib Bb i?2 +?QB+2 Q7 i?2 #�bB+ /�i� ivT2 mb2/ 7Q` +�H+mH�iBQMbX

6Q` KQbi +QKTQM2Mib BM i?2 2p2Mi `2+QMbi`m+iBQM- Bi Bb bm{+B2Mi iQ mb2 bBM;H2 T`2+BbBQM

/�i� ivT2b 7Q` +�H+mH�iBQMbX" h?Bb Bb #2M2}+B�H 7Q` i?2 T2`7Q`K�M+2 #2+�mb2 irB+2 �b

K�Mv MmK#2`b }i BM #Qi? i?2 +�+?2 HBM2 �M/ i?2 aAJ. `2;Bbi2` +QKT�`2/ iQ /Qm#H2

T`2+BbBQMX

h?2 i2+?MB[m2b K2MiBQM2/ �#Qp2 �`2 K2`2Hv � bm#b2i Q7 TQbbB#H2 r�vb iQ i�+FH2 i?2

+QKTmi�iBQM�H T2`7Q`K�M+2 +?�HH2M;2 TQb2/ #v G>*#öb bQ7ir�`2 i`B;;2` #mi �`2 i?2

QM2b T`Qp2M bm++2bb7mH /m`BM; i?2 /2p2HQTK2MiX hQ T`Qp2 � i2+?MB[m2 bm++2bb7mH- Bi

Bb +`m+B�H iQ +�`27mHHv K2�bm`2 i?2 T2`7Q`K�M+2- 2X;X BM i2`Kb Q7 2t2+miBQM iBK2X 6Q`

i?Bb- +Q/2 T`Q}HBM; iQQHb Kmbi #2 mb2/ iQ ;2i iQ i?2 `QQi Q7 �M Q#b2`p2/ T2`7Q`K�M+2

#QiiH2M2+FX qBi?BM G>*#- AMi2Höb ohmM2 S`Q}H2`- *�HH;`BM/ �M/ GBMmtöb T2`7 �`2

+QKKQM �M/ r2`2 �HbQ mb2/ 7Q` T2`7Q`K�M+2 QTiBKBb�iBQM Q7 i?2 �H;Q`Bi?Kb T`2b2Mi2/

BM i?Bb i?2bBbX

"�M 2t+2TiBQM Bb- 7Q` 2t�KTH2- i?2 +m``2Mi BKTH2K2Mi�iBQM Q7 i?2 E�HK�M }Hi2`X h?2 +�H+mH�iBQMb
T2`7Q`K2/ rBi? i?2 +Qp�`B�M+2 K�i`Bt �`2 bHB;?iHv mMbi�#H2 mbBM; bBM;H2 T`2+BbBQMX >Qr2p2`- r�vb
�`QmM/ i?Bb- 2X;X biQ`BM; i?2 *?QH2bFv /2+QKTQbBiBQM Q7 i?2 K�i`Bt- �`2 #2BM; /Bb+mbb2/ iQ QTiBKBb2
i?2 T2`7Q`K�M+2X

6B;m`2 jXN, AHHmbi`�iBQM Q7 i?2 irQ /Bz2`2Mi K2KQ`v H�vQmib 7Q` /�i� ((()X

jy



9 h`�+FBM; .QrM *?�`;2/ S�`iB+H2b

h?2 `2+QMbi`m+iBQM Q7 +?�`;2/ T�`iB+H2 i`�D2+iQ`B2b Bb � +`m+B�H +QKTQM2Mi BM i?2 2p2Mi

�M�HvbBb Q7 ?B;?@2M2`;v T?vbB+b 2tT2`BK2MibX Ai �BKb iQ 2biBK�i2 i?2 KQK2MimK p2+iQ`b

Q7 bBM;H2 T�`iB+H2b �HQM; i?2B` T�i? i?`Qm;? i?2 2tT2`BK2Miöb /2i2+iQ`bX hQ �+?B2p2

i?Bb- i`�+FBM; /2i2+iQ`b `2+Q`/ BQMBb�iBQM bB;M�Hb H27i #v i?2 T�`iB+H2bX aT2+B�HBb2/

K2i?Q/b i?2M ;`QmT i?2b2 bB;M�Hb iQ 7Q`K i`�+F +�M/B/�i2bX h?Bb Bb `272``2/ iQ �b i`�+F

}M/BM; �M/ Q7i2M mb2b r2HH@FMQrM i2+?MB[m2b 7`QK T�ii2`M `2+Q;MBiBQM- � +QKT`2?2MbBp2

bmKK�`v Q7 r?B+? +�M #2 7QmM/ BM _27bX ((�- (�)X �Hi?Qm;? ;2M2`�HBb2/ �TT`Q�+?2b

7Q` +QKKQM i`�+FBM; T`Q#H2Kb �+`Qbb /Bz2`2Mi 2tT2`BK2Mib �`2 �+iBp2Hv /2p2HQT2/

(%3)- i?2 T2+mHB�` +QMbi`�BMib Q7 G>*#öb ?B;?@H2p2H i`B;;2`- /2b+`B#2/ BM *?�Ti2` +-

�M/ i?2 mMB[m2 ;2QK2i`v K�F2b Bi- 7Q` MQr- 7�pQm`�#H2 iQ BKTH2K2Mi 7mHHv +mbiQK

bQHmiBQMbX h?Bb +?�Ti2`- i?2`27Q`2- ;Bp2b �M Qp2`pB2r Q7 i?2 +?�`;2/ T�`iB+H2 i`�D2+iQ`v

`2+QMbi`m+iBQM �i G>*# �M/ /Bb+mbb2b T?vbB+�H T`Q+2bb2b i?�i ;Qp2`M i?2 T�`iB+H2öb

i`�p2`b�H Q7 i?2 /2i2+iQ`X

9XR PM i?2 AKTQ`i�M+2 Q7 h`�+F _2+QMbi`m+iBQM �i G>*#

q?2M G>*# r�b }`bi T`QTQb2/ (%")- Bib /2bB;M r�b H�`;2Hv BM~m2M+2/ #v i?2 i?2M@

+QMi2KTQ`�`v >1_�@" 2tT2`BK2Mi (%/)- r?B+? rQmH/ QT2`�i2 mM/2` bBKBH�` +QM/BiBQMbX

h?2 bim/v Q7 ÷ K2bQMb #2BM; i?2 K�BM Q#D2+iBp2 Q7 i?2 2tT2`BK2Mib- Bi r�b +H2�` i?�i �

?B;? i`�+F }M/BM; 2{+B2M+v- T`2+Bb2 i`�+F `2+QMbi`m+iBQM +QK#BM2/ rBi? 2t+2HH2Mi p2`i2t

`2bQHmiBQM Bb M2+2bb�`v iQ i`B;;2` QM �M/ 7mHHv `2+QMbi`m+i i?2 }M�H bi�i2b Q7 BMi2`2biBM;

/2+�vb- r?B+? Q7i2M +QMi�BM KQ`2 i?�M 7Qm` T�`iB+H2bX hQ bim/v i?2 ø� pBQH�iBQM BM i?2

/2+�v ÷�
� B ÿ���- 7Q` 2t�KTH2- irQ KmQMb 7`QK i?2 /2+�v ÿ��B w�w7- irQ F�QMb 7`QK

i?2 /2+�v �B �7��- �i H2�bi QM2 KQ`2 T�`iB+H2 iQ i�; i?2 ~�pQm` Q7 i?2 ÷�
� K2bQM-

�M/ i?2 T`BK�`v p2`i2t ?�p2 iQ #2 �++m`�i2Hv `2+QMbi`m+i2/X �bbmKBM; �M �p2`�;2

i`�+F `2+QMbi`m+iBQM 2{+B2M+v Q7 ��� 7Q` i?2 /�m;?i2`b Q7 ÷�
� B ÿ��� �M/ ��� 7Q` �

bQ7i F�QM mb2/ 7Q` i�;;BM;- QM2 Qmi Q7 irQ /2+�vb �`2 MQi 7mHHv `2+QMbi`m+i2/ QM �p2`�;2-

r?B+? i?mb bB;MB}+�MiHv HQr2`b i?2 bi�iBbiB+b Q7 �M �H`2�/v bi�iBbiB+�HHv HBKBi2/ bim/v (%+)X

_2+QMbi`m+iBQM +�M #2 +?�HH2M;BM; #2+�mb2 H�`;2 7`�+iBQMb Q7 i?2 }M�H bi�i2 T�`iB+H2b

?�p2 iQi�H KQK2Mi� bK�HH2` i?�M �� :2ofD �M/ i`�Mbp2`b2 KQK2Mi� r2HH #2HQr � :2ofDX

AM i?Bb HQr2` KQK2MimK `2;BK2- KmHiBTH2 b+�ii2`BM; BM i?2 /2i2+iQ` K�i2`B�H #2+QK2b

�M Bbbm2- K�FBM; T�`iB+mH�`Hv `Q#mbi i`�+F `2+QMbi`m+iBQM �H;Q`Bi?Kb M2+2bb�`vX �i }`bi

;H�M+2- � i`�+FBM; bvbi2K rBi? K�Mv bi�iBQMb �M/ H�v2`b 2�b2b i?2 i`�+F }M/BM; #2+�mb2

i?2 KQ`2 K2�bm`2K2Mib +QMbi`�BM i?2 i`�D2+iQ`v- i?2 #2ii2` Bi +�M #2 /BbiBM;mBb?2/ 7`QK

`�M/QK bB;M�H +QK#BM�iBQMbX h?Bb +�M ?2HT }M/ HQr@KQK2MimK i`�+Fb T�`iB+mH�`Hv �b

jR



9 h`�+FBM; .QrM *?�`;2/ S�`iB+H2b

i?2v ivTB+�HHv M22/ KQ`2 K2�bm`2K2Mib iQ +QMbi`�BM i?2B` T�`�K2i2`bX >Qr2p2`- i?2

H2bbQM H2�`Mi 7`QK >1_�@" r�b i?�i H�`;2 `�/B�iBQM �M/ Mm+H2�` BMi2`�+iBQM H2M;i?b

+QmH/ b2p2`2Hv Q#bi`m+i i?2 2p2Mi `2+QMbi`m+iBQM BM � +`Qr/2/ ?�/`QMB+ 2MpB`QMK2Mi-

bm+? �b +QHHBbBQMb �i i?2 G>* (%�)X h?2 KQ`2 /2i2+iQ` K�i2`B�H i?2`2 Bb- i?2 KQ`2 }M�H

bi�i2 T�`iB+H2b BMi2`�+i rBi? i?2 K�i2`B�H- 2Bi?2` �Hi2`BM; i?2B` i`�D2+iQ`v Q` biQTTBM;

i?2K BM � ?�/`QMB+ BMi2`�+iBQM Ub22 �HbQ a2+iBQM �X/X"V- r?B+? T`Q/m+2b b2+QM/�`v

T�`iB+H2b- +QKTHB+�i2b i?2 2p2Mi `2+QMbi`m+iBQM �M/ /BKBMBb?2b i?2 �p�BH�#H2 bi�iBbiB+bX

h?Bb Bb r?v i?2 BMBiB�H G>*# /2bB;M r�b `2@QTiBKBb2/ #v `2/m+BM; i?2 K�i2`B�H #m/;2i

Q7 i?2 i`�+FBM; bvbi2K (/+) iQ � KBMBK�H �KQmMi M2+2bb�`v �M/ biBHH �+?B2pBM; ?B;?

i`�+F `2+QMbi`m+iBQM 2{+B2M+v #v 7Q+mbbBM; QM i?2 BKTH2K2Mi�iBQM Q7 2{+B2Mi i`�+F

`2+QMbi`m+iBQM �H;Q`Bi?KbX "mi �HbQ BM G>*#öb _mM + /2bB;M- biBHH ��� Q7 i?2 F�QMb �`2

HQbi /m2 iQ ?�/`QMB+ BMi2`�+iBQMb #27Q`2 `2�+?BM; i?2 2M/ Q7 i?2 i`�+FBM; bvbi2K (%�)-

�//BiBQM�HHv T2M�HBbBM; i?2 /2+�v@`2+QMbi`m+iBQM vB2H/X h?2M- rBi? G>*#öb `2�H@iBK2

�M�HvbBb bi`�i2;v- i?2 i`�+F `2+QMbi`m+iBQM /Q2b MQi QMHv M22/ iQ #2 `Q#mbi �M/ 2{+B2Mi

BM � HB;?i@r2B;?i /2i2+iQ`- #mi �HbQ i?2 +QKTmiBM; iBK2 Q7 i?2 �H;Q`Bi?Kb #2+QK2b KQ`2

+`m+B�H i?�M 2p2` �b i`�+F `2+QMbi`m+iBQM �Hr�vb TQb2/ QM2 Q7 i?2 KQbi iBK2@+QMbmKBM;

+QKTQM2Mib Q7 i?2 2p2Mi `2+QMbi`m+iBQMX

9Xk S�bb�;2 h?`Qm;? i?2 h`�+FBM; avbi2K

"27Q`2 /BpBM; /22T2` BMiQ �H;Q`Bi?KB+ i`�+F `2+QMbi`m+iBQM Q7 +?�`;2/ T�`iB+H2b �i G>*#-

Bi Bb mb27mH iQ mM/2`bi�M/ ?Qr T�`iB+H2b BMi2`�+i rBi? i?2 i`�+FBM; bvbi2K Bib2H7X

9XkXR J�i2`B�H 1z2+ib

�Hi?Qm;? QM2 Q7 G>*#öb /2bB;M Q#D2+iBp2b Bb iQ F22T Bib K�i2`B�H #m/;2i bK�HH- �Mv

K�ii2` i?�i Bb mb2/ iQ /2i2+i +?�`;2/ T�`iB+H2b biBHH M22/b iQ BMi2`�+i rBi? i?2K pB�

BQMBb�iBQM Q` �iQKB+ 2t+Bi�iBQM- BX2X i?2 T�`iB+H2 i`�Mb72`b � bK�HH �KQmMi Q7 2M2`;v

iQ i?2 /2i2+iQ` K�i2`B�Höb 2H2+i`QMbX 6Q` i`�+F `2+QMbi`m+iBQM- Bi Bb BKTQ`i�Mi iQ MQi2

i?�i BQMBb�iBQM /Q2b MQi bB;MB}+�MiHv +?�M;2 i?2 KQK2MimK /B`2+iBQM Q7 i?2 T�`iB+H2 B7

Bi Bb Km+? ?2�pB2` i?�M �M 2H2+i`QMX h?2 �KQmMi Q7 2M2`;v /2TQbBi2/ BM i?2 /2i2+iQ`

K�i2`B�H /2T2M/b QM i?2 T�`iB+H2öb +?�`;2 �M/ KQK2MimK �M/ i?2 K�i2`B�Höb T`QT2`iB2bX

Ai Bb /2b+`B#2/ #v i?2 "2i?2 2[m�iBQM- r?B+? ?�b Bib KBMBKmK +HQb2 iQ i?2 HQr2` 2M/ Q7

i?2 KQK2MimK `�M;2 Q#b2`p2/ #v G>*# �i � :2of� �M/ bHQrHv `Bb2b iQr�`/b ?B;?2`

KQK2Mi� (%()X �bbmKBM; � KBMBKmK@BQMBbBM; T�`iB+H2" i`�p2`bBM; i2M b2MbQ`b Q7 i?2

o1GP /2i2+iQ` Q` k KK Q7 bBHB+QM- �M 2M2`;v Q7 �TT`QtBK�i2Hv R J2o Bb HQbiX 6Q` i`�+F

}M/BM;- 2M2`;v HQbb2b Q7 î	� .F7
 �`2 M2;HB;B#H2 #2+�mb2 i?2 2z2+i Q7 KmHiBTH2 2H�biB+

*QmHQK# b+�ii2`BM;b Qz i?2 �iQKB+ Mm+H2B- 7m`i?2` `272``2/ iQ �b KmHiBTH2 b+�ii2`BM;- Bb

/QKBM�iBM; i?2 KQK2MimK `2bQHmiBQMX

"7� à0

à]
� � Ï N õ J2o +K^�� rBi? 2X;X Ï � õóï ��i¶X 7Q` bBHB+QMX
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x

splane

yplane
Ψplane

θplane

x /2

6B;m`2 9XR, AHHmbi`�iBQM Q7 KmHiBTH2 b+�ii2`BM; Q7 � +?�`;2/ T�`iB+H2 QM Bib r�v i?`Qm;? bQK2
K�i2`B�H (%()X

*QMp2`b2Hv iQ i?2 BQMBb�iBQM /2b+`B#2/ #27Q`2- KmHiBTH2 b+�ii2`BM; BM i?BM" b+�ii2`2`b

QMHv +?�M;2b i?2 /B`2+iBQM Q7 i?2 KQK2MimK p2+iQ`X h?Bb- ?Qr2p2`- +QKTHB+�i2b i?2

i`�+F }M/BM; �M/ HBKBib i?2 T`2+BbBQM Q7 i?2 i`�+F T�`�K2i2` 2biBK�iBQM 7Q` T�`iB+H2b

mT iQ � KQK2MimK Q7 �� :2of� ("�)- �7i2` r?B+? i?2 i`�+F #2M/BM; #v i?2 K�;M2iB+

}2H/ Bb bK�HH- �M/ i?2 i`�+FBM; /2i2+iQ` `2bQHmiBQM #2+QK2b i?2 /QKBM�iBM; HBKBi�iBQMX

hQ 2biBK�i2 i?2 2z2+i Q7 KmHiBTH2 b+�ii2`BM; QM i`�+F `2+QMbi`m+iBQM- i?2 /Bbi`B#miBQM

Q7 bK�HH b+�ii2`BM; �M;H2b +�M #2 �TT`QtBK�i2/ #v � :�mbbB�M /Bbi`B#miBQM �b /QM2 BM

i?2 >B;?H�M/ 7Q`KmH� (%%) �M/ Bib KQ/B}2/ p2`bBQM 7`QK _27bX (%(- %�)- r?B+? /2b+`B#2

i?2 bi�M/�`/ /2pB�iBQM #v,

|	rTH�M2
 �
���� J2o

l��
)� '

�

³� � ����� MO  ')õ

�lõ
®´ U�X"V

r?2`2 �- l� �M/ ) �`2 i?2 T�`iB+H2öb KQK2MimK- p2HQ+Biv �M/ +?�`;2- �M/ '�� i?2

/Bbi�M+2 i`�p2HH2/ BM i?2 b+�ii2`2` BM mMBib Q7 Bib `�/B�iBQM H2M;i? Ub22 6B;m`2 �X" 7Q`

BHHmbi`�iBQMVX

q?BH2 1[m�iBQM �X" BM T`BM+BTH2 �HbQ ?QH/b 7Q` 2H2+i`QMb- i?2B` HQr K�bb H2�/b iQ

T�`iB+mH�`Hv bi`QM; �++2H2`�iBQM BM i?2 }2H/ Q7 i?2 Mm+H2mb- �M/ �#Qp2 �M 2M2`;v Q7

î	�� J2o
 i?2v T`2/QKBM�MiHv HQb2 2M2`;v pB� #`2Kbbi`�?HmM; (%()X PM �p2`�;2- i?2

2M2`;v HQbb Bb /2b+`B#2/ #v ((�),

�ú	'
� � ú� FYQ 7 '

�

® U�X/V

r?2`2 ú� Bb i?2 BMBiB�H 2M2`;v Q7 i?2 2H2+i`QM �M/ '�� i?2 /Bbi�M+2 i`�p2HH2/ BM i?2

b+�ii2`2` BM mMBib Q7 Bib `�/B�iBQM H2M;i?/X amKKBM; mT i?2 `�/B�iBQM H2M;i?b 7Q` i?2

"AM � i?BM b+�ii2`2`- i?2 +?�M;2 BM TQbBiBQM Q7 i?2 b+�ii2`2/ T�`iB+H2 Bb M2;HB;B#H2 +QKT�`2/ iQ i?2
bT�iB�H `2bQHmiBQM Q7 i?2 /2i2+iQ` bvbi2K- r?B+? Bb i?2 +�b2 7Q` G>*#öb i`�+FBM; bvbi2KX

/ai`B+iHv bT2�FBM;- i?Bb y
q

Bb MQi i?2 b�K2 �b mb2/ BM 1[m�iBQM �X"- ?Qr2p2`- 7Q` �M �`;mK2Mi ?2`2 Bi
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o1GP- _A*>" �M/ lh ;Bp2M BM a2+iBQMb /X� �M/ /X�- �M 2H2+i`QM rBi? �M BMBiB�H

2M2`;v Q7 jX8 :2o i?mb HQb2b R :2o #27Q`2 i?2 K�;M2i QM �p2`�;2X h?2 /Bbi`B#miBQM

Q7 i?2 2M2`;v HQbb Bb MQi :�mbbB�M- �M/ i?2 �KQmMi Q7 2M2`;v HQbi Bb bm#D2+i iQ H�`;2

~m+im�iBQMb ((�)- r?B+? K�F2b 2H2+i`QM i`�+F }M/BM; �M/ T�`�K2i2` 2biBK�iBQM KQ`2

BMpQHp2/ #2+�mb2 Bi Bb /B{+mHi iQ T`2/B+i �M/ 7QHHQr i?2 i`�D2+iQ`v i?`Qm;? i?2 K�;M2i

�M/ i?2 2M2`;v HQbb #B�b2b i?2 KQK2MimK 2biBK�i2X

AM �//BiBQM iQ i?2 2H2+i`QMB+ K�i2`B�H BMi2`�+iBQMb /2b+`B#2/ �#Qp2- ?�/`QMb �HbQ

T�`iB+BT�i2 BM ?�/`QMB+ BMi2`�+iBQMb rBi? i?2 �iQKB+ Mm+H2B BM i?2 /2i2+iQ` K�i2`B�HX

h?2b2 bi`QM; b+�ii2`BM; T`Q+2bb2b 2Bi?2` Q++m` 2H�biB+�HHv �M/ +QMi`B#mi2 iQ KmHiBTH2

b+�ii2`BM; Q` BM2H�biB+�HHv- BM r?B+? +�b2 i?2 BM+B/2Mi T�`iB+H2 Bb /2bi`Qv2/- �M/ b2+QM/�`v

T�`iB+H2b �`2 +`2�i2/X .2bi`m+iBp2 ?�/`QMB+ BMi2`�+iBQMb ?�p2 � Km+? ?B;?2` +`Qbb

b2+iBQM �i 2M2`;B2b �#Qp2 R :2o i?�M 2H�biB+ QM2b (%�) �M/ i?mb +�M T`2+Hm/2 i?2 i`�+F

`2+QMbi`m+iBQM B7 i?2 K2�M 7`22 T�i? i?`Qm;? i?2 /2i2+iQ` K�i2`B�H Bb iQQ b?Q`iX 1p2M

rBi? � HB;?i /2i2+iQ` /2bB;M �b i?2 QM2 Q7 G>*#- "+W Q7 F�QMb �M/ /"W Q7 TBQMb 7`QK

÷ Q` ù K2bQM /2+�vb �`2 HQbi 7Q` i`�+F `2+QMbi`m+iBQM #2+�mb2 i?2v mM/2`;Q � ?�/`QMB+

BMi2`�+iBQM #27Q`2 i?2 _A*>/ /2i2+iQ` (%�)X

9XkXk JQiBQM BM J�;M2iB+ 6B2H/

h?2 }2H/ Q7 G>*#öb /BTQH2 K�;M2i Bb bi`QM;2bi #2ir22M i?2 7`QMi Q7 i?2 lh /2i2+iQ`

�M/ i?2 2M/ Q7 i?2 H�bi a+B6B bi�iBQM Ub22 6B;m`2 /X+VX qBi? FMQrM }2H/ p�Hm2b �M/

/B`2+iBQMb �	Ð
 �i TQBMib BM bT�+2 Ð- i?2 i`�D2+iQ`v Q7 � +?�`;2/ T�`iB+H2 i`�p2`bBM; i?2

}2H/ Bb /2b+`B#2/ #v i?2 2[m�iBQMb Q7 KQiBQM ;Bp2M #v i?2 GQ`2Mix 7Q`+2,

E¼
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E#
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 N �	Ð	#

> U�X+V

rBi? i?2 KQK2MimK p2+iQ` ¼- T�`iB+H2 `2bi K�bb � �M/ bB;M2/ +?�`;2  - i?2 `2H�iBpBbiB+

GQ`2Mix 7�+iQ` m- i?2 bT22/ Q7 HB;?i �- p2HQ+Biv Ì- iBK2 BM i?2 H�#Q`�iQ`v 7`�K2 # �M/ �

7�+iQ` t 7Q` +QMp2MB2Mi mMBib"X �b i?2 K�BM Tm`TQb2 Q7 i?2 K�;M2iB+ }2H/ Bb iQ �HHQr �M

2biBK�i2 Q7 i?2 T�`iB+H2öb KQK2MimK 7`QK ;2QK2i`B+�H K2�bm`2K2Mib �HQM; Bib T�i?- Bi

Bb mb27mH iQ +?�M;2 i?2 p�`B�#H2 Q7 i?2 /Bz2`2MiB�H 2[m�iBQM 1[m�iBQM �X+ iQ i?2 T�i?

H2M;i? "	#
 Ub22 _27X ((�) 7Q` /2`Bp�iBQMV,

EõÐ

E"õ
� t
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�EÐ

E"
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� U�X�V

r?2`2 � � ]¼] � �ml� Bb i?2 �#bQHmi2 KQK2MimK BM i?2 H�#Q`�iQ`v 7`�K2X h?2 7Q`r�`/

;2QK2i`v Q7 G>*# 7QHHQrBM; i?2 #2�K �HQM; i?2 ) �tBb 7m`i?2` K�F2b Bi +QMp2MB2Mi

iQ 2tT`2bb i?2 /Bz2`2MiB�Hb BM 1[m�iBQM �X� rBi? `2bT2+i iQ i?2 ) +QQ`/BM�i2 mbBM;

E"�E) � 	� � 	E'�E)
õ � 	E(�E)
õX h?2 `2bmHi Q7 i?2 /2`Bp�iBQM- /Q+mK2Mi2/ BM

Bb +QMp2MB2Mi �M/ }M2 iQ mb2 i?2 b�K2 [m�MiBivX
"È � �óõ½½ è½õ ��� ë7/¶7/ :2of~ 7Q` ?B;?@2M2`;v T?vbB+b mMBibX
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\ U�X(V

rBi? #� 	 E'�E) �M/ #� 	 E(�E)X q?BH2 ÷� Bb M2;HB;B#H2 BM G>*#öb K�;M2i- 1[m�@

iBQM �X( b?Qrb i?�i #Qi? ÷� �M/ ÷� �Hi2` i?2 (@) i`�D2+iQ`v Q7 i?2 T�`iB+H2 B7 Bi ?�b

bB;MB}+�Mi bHQT2b #� �M/ #�X h?2 bi`QM;2bi }2H/ +QKTQM2Mi Bb ÷�- BX2X i?2 KQK2MimK

K2�bm`2K2Mi Bb KQbi b2MbBiBp2 mbBM; i?2 #2M/BM; Q7 i?2 i`�+F BM i?2 '@) TH�M2" �M/ +�M

i?mb #2 K2�bm`2/ r2HH #v +QKT�`BM; i?2 bHQT2b #� #27Q`2 �M/ �7i2` i?2 K�;M2iX 6`QK

1[m�iBQM �X� 7QHHQrb,
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� � #õ
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� � �
\ E)

U�X%V

r?2`2 )Æ �M/ )õ �`2 TQbBiBQMb �i r?B+? i?2 i`�+Föb bHQT2 Bb FMQrM- ivTB+�HHv i?2 2M/ Q7

i?2 o1GP �M/ i?2 a+B6B /2i2+iQ`X h?2 BMi2;`�H BM i?2 /2MQKBM�iQ` ?�b iQ #2 bQHp2/

MmK2`B+�HHv Q` �TT`QtBK�i2/- �b G>*#öb K�;M2iB+ }2H/ Bb BM?QKQ;2M2QmbX JQ`2Qp2`-

1[m�iBQM �X� ?BMib �i i?2 T�`�K2i2`b i?�i 7mHHv /2b+`B#2 i?2 KQiBQM Q7 � T�`iB+H2 BM

i?2 G>*# +QQ`/BM�i2 bvbi2Kc i?2`2 �`2 bBt +QMbi�Mib Q7 BMi2;`�iBQM- QM2 Q7 r?B+? Bb

+QMbi`�BM2/ #v ]	EÐ�E"
]õ #2BM; +QMbi�Mi- H2�pBM; }p2 7`22 T�`�K2i2`b �i � `272`2M+2

TH�M2 )`27X � M�im`�H +?QB+2 7Q` i?2 /2}MBiBQM Q7 � i`�+F bi�i2 p2+iQ` BM G>*#öb b2imT Bb,

Â � 	' ( #� #�  ��
¹
�`27

U�X�V

�b /Bb+mbb2/ BM a2+iBQM �X/X"- KmHiBTH2 b+�ii2`BM; HBKBib i?2 T`2+BbBQM rBi? r?B+? i?2b2

T�`�K2i2`b +�M #2 2biBK�i2/X h?2 KQK2MimK `2bQHmiBQM- BM T�`iB+mH�`- Bb #QmM/

7`QK #2HQr #v i?2 �KQmMi Q7 K�i2`B�H #2ir22M i?2 2M/ Q7 i?2 o1GP �M/ i?2 a+B6B

/2i2+iQ`bX 6Q` � T�`iB+H2 rBi? � � � :2of�- mbBM; i?2 7`�+iBQMb Q7 `�/B�iBQM H2M;i?b

;Bp2M BM a2+iBQMb /X� �M/ /X� iQ;2i?2` rBi? �M 2biBK�i2 7Q` i?2 �B` BM i?2 +�p2`M/-

1[m�iBQM �X" vB2H/b |	rTH�M2
 � � K`�/X h�FBM; i?Bb �b i?2 2``Q` QM i?2 bHQT2 /Bz2`2M+2

BM 1[m�iBQM �X% �M/ � K2�M bHQT2 /Bz2`2M+2 Q7 ��#����õ :2of~ � ���� `�/- i?2 �+?B2p�#H2

KQK2MimK `2bQHmiBQM rBi? i?2 G>*# i`�+FBM; bvbi2K Bb ���� � ����X

"h?2`27Q`2 �HbQ FMQrM �b i?2 #2M/BM; TH�M2 Q7 G>*#X
/y�B`

q
� ïéóÆ �i¶7^�Æóõ ®�¶7X

� ï�Æ ¶ (�3) 6 ��y�B`
q

� õÍ
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9Xj J2Mm Q7 h`�+F hvT2b �i G>*#

h`�+Fb `2+QMbi`m+i2/ BM i?2 G>*# /2i2+iQ` +QK2 7`QK +?�`;2/ F�QMb �M/ TBQMb- T`QiQMb-

KmQMb �M/ 2H2+i`QMbX *?�`;2/ F�QMb �M/ TBQMb +�M #2 i`�+F2/ #2+�mb2- �i i?2 2M2`;B2b

Q7 i?2 G>* �M/ i?2 H2M;i? Q7 i?2 T�i? � T�`iB+H2 i�F2b i?`Qm;? i?2 G>*# /2i2+iQ`-

i?2v mbm�HHv /2+�v QmibB/2 Q7 i?2 /2i2+iQ` pQHmK2X PMHv �W Q7 +?�`;2/ TBQMb �M/

"/W Q7 +?�`;2/ F�QMb 7`QK ÷@ Q` ù@K2bQM /2+�vb �`2 HQbi 7Q` i?2 i`�+F `2+QMbi`m+iBQM

#2+�mb2 i?2v /2+�v BMbB/2 i?2 /2i2+iQ` (%�)X AM/2T2M/2MiHv Q7 i?2 T�`iB+H2 bT2+B2b- i?2

b2i Q7 i`�+FBM; /2i2+iQ`b mb2/ iQ `2+QMbi`m+i � T�`iB+H2öb i`�D2+iQ`v /2}M2b Bib G>*#

i`�+F ivT2X �b b?QrM BM 6B;m`2 �X/- i?2 i`�+F ivT2b �`2,

o1GP i`�+Fb �`2 `2+QMbi`m+i2/ 7`QK ?Bib BM i?2 o1GP /2i2+iQ` QMHvX h?2v �`2 mb2/

7Q` T`BK�`v p2`i2t `2+QMbi`m+iBQM- b22/BM; Q7 Qi?2` i`�+F ivT2b �M/ `2+QMbi`m+iBQM

2{+B2M+v bim/B2bX qBi?Qmi 2ti2`M�H +QMbi`�BMib- MQ KQK2MimK K2�bm`2K2Mi Bb

TQbbB#H2 7Q` i?2b2 i`�+Fb �b i?2 K�;M2iB+ }2H/ Bb iQQ r2�F BM i?2 o1GP /2i2+iQ`X

h i`�+Fb �`2 `2+QMbi`m+i2/ 7`QK ?Bib BM i?2 a+B6B /2i2+iQ` QMHvX h?2v �`2 mb2/ �b

b22/b 7Q` i?2 `2+QMbi`m+iBQM Q7 Qi?2` i`�+F ivT2b �M/ 7Q` bim/B2b Q7 p2`v HQM;@HBp2/

?�/`QMb bm+? �b i?2 Λ ?vT2`QMX "2+�mb2 Q7 i?2 7`BM;2 K�;M2iB+ }2H/ �i i?2

h bi�iBQMb- QMHv � `Qm;? KQK2MimK 2biBK�i2 Bb TQbbB#H2- rBi? � `2bQHmiBQM Q7

/�W@+�W (�")X

lTbi`2�K i`�+Fb �`2 o1GP i`�+Fb rBi? �M 2ti2MbBQM BMiQ i?2 lh /2i2+iQ`X h?2v

Q7i2M bi2K 7`QK p2`v HQr@KQK2MimK T�`iB+H2b #2Mi Qmi Q7 G>*#öb �++2Ti�M+2 #v

i?2 K�;M2iB+ }2H/X lbBM; i?2 7`BM;2 }2H/ mTbi`2�K Q7 i?2 K�;M2i- � KQK2MimK

`2bQHmiBQM Q7 ���@��� Bb `2�+?2/ (�/)X h?2b2 i`�+Fb +�M �HbQ #2 `272``2/ iQ

�b lh@}Hi2`2/ o1GP i`�+Fb /2T2M/BM; QM i?2 +QM};m`�iBQM Q7 i?2 �H;Q`Bi?K

T`Q/m+BM; i?2K Ub22 a2+iBQM �X�X"VX

.QrMbi`2�K i`�+Fb ?�p2 ?Bib BM i?2 a+B6B �M/ i?2 lh /2i2+iQ`bX h?2v �`2 BKTQ`i�Mi

7Q` i?2 `2+QMbi`m+iBQM Q7 /2+�vb Q7 HQM;@HBp2/ ?�/`QMb bm+? �b ��
â B z�z7X

GQM; i`�+Fb ?�p2 ?Bib BM i?2 o1GP �M/ a+B6B /2i2+iQ`- �M/ QTiBQM�HHv �HbQ BM i?2

lh bi�iBQMbX h?2v `2�+? i?2 #2bi KQK2MimK `2bQHmiBQM Q7 ���� QM �p2`�;2 �M/

�`2 i?2`27Q`2 #2bi bmBi2/ 7Q` T`2+Bb2 K2�bm`2K2MibX

AM �//BiBQM iQ i?2 T?vbB+b i`�+F ivT2b /2b+`B#2/ �#Qp2- i?2`2 �`2 irQ KQ`2 i`�+F@HBF2

Q#D2+ib BKTQ`i�Mi 7Q` i?2 `2+QMbi`m+iBQM,

6�F2 i`�+Fb +QMbBbi Q7 ?Bib i?�i +�MMQi #2 �bbQ+B�i2/ rBi? � bBM;H2 T�`iB+H2X h?2v

�`2 i?2`27Q`2 �HbQ +�HH2/ ;?Qbi i`�+Fb �M/ +�M QMHv #2 B/2MiB}2/ BM bBKmH�iBQM

r?2`2 i?2 Q`B;BM Q7 ?Bib QM � i`�+F Bb FMQrMX AM T?vbB+b �M�HvbBb- i?2v �`2 �

TQi2MiB�H #�+F;`QmM/ bQm`+2X a22 �HbQ a2+iBQM �X�X"X

*HQM2 i`�+Fb �`2 +QTB2b Q` bm#b2ib Q7 Qi?2` i`�+Fb- BX2X i?2v b?�`2 � bm#bi�MiB�H T�`i

Q7 /2i2+iQ` ?BibX � +HQM2 i`�+F +�MMQi #2 � 7�F2 i`�+F �M/ i?mb Kmbi #2 �bbQ+B�i2/

iQ � bBM;H2 T�`iB+H2 BM bBKmH�iBQMX

je



9X9 _2+QMbi`m+iBQM S2`7Q`K�M+2 J2i`B+b

VELO track Downstream track

Long track

Upstream track

T track

VELO
UT

T1 T2 T3

6B;m`2 9Xk, oBbm�HBb�iBQM Q7 /Bz2`2Mi i`�+F ivT2b `2+QMbi`m+i2/ #v i?2 G>*# i`�+FBM; bvbi2K
(%�)X h?2 '@) TH�M2 Bb b?QrM- rBi? i?2 K�;M2i vQF2 /`�rM BM i?2 +2Mi`2X

9X9 _2+QMbi`m+iBQM S2`7Q`K�M+2 J2i`B+b

hQ 2p�Hm�i2 �M/ +QKT�`2 i?2 T2`7Q`K�M+2 Q7 /Bz2`2Mi i`�+F `2+QMbi`m+iBQM �TT`Q�+?2b-

Bi Bb BKTQ`i�Mi iQ +H2�`Hv /2}M2 i?2 K2i`B+b 7Q` r?B+? i?2 `2+QMbi`m+iBQM rBHH #2

QTiBKBb2/ �M/- 7m`i?2`KQ`2- B/2MiB7v i?Qb2 i?�i +QM~B+i rBi? 2�+? Qi?2`X h?2 K2i`B+b

`2H2p�Mi 7Q` i`�+F `2+QMbi`m+iBQM 7�HH BMiQ irQ +�i2;Q`B2b- T?vbB+b T2`7Q`K�M+2 K2i`B+b

�M/ +QKTmi�iBQM�H T2`7Q`K�M+2 K2i`B+b- r?B+? �`2 MQi BM/2T2M/2Mi Q7 2�+? Qi?2`X 6Q`

>Gh/- rBi? Bib �bTB`�iBQM iQ T`QpB/2 i?2 ?B;?2bi@[m�HBiv 7mHH@2p2Mi `2+QMbi`m+iBQM- i?2`2

Bb MQ Q#pBQmb rQ`FBM; TQBMi BM i?2 KmHiB/BK2MbBQM�H K2i`B+ bT�+2 �b #`B2~v QmiHBM2/ BM

a2+iBQM �X�X+X A7 MQi bi�i2/ Qi?2`rBb2- `2bmHib 7Q` i?2 T?vbB+b K2i`B+b �`2 Q#i�BM2/ 7`QK

� KBtim`2" Q7 bBKmH�i2// ��@+QHHBbBQM 2p2Mib +QMi�BMBM; i?2 /2+�vb ÷�
� B ��- ÷�

� B ÿ���-

÷�
B �_����7 �M/ ù�

B ��
âz�X h?2 b�KTH2b r2`2 `2@/B;BiBb2/ iQ bBKmH�i2 `�/B�iBQM

/�K�;2 BM i?2 o1GP �M/ a+B6B /2i2+iQ`b 2[mBp�H2Mi iQ � 7#7Æ BMi2;`�i2/ HmKBMQbBiv

b22M #v i?2 2tT2`BK2Mi iQ Q#i�BM `2�HBbiB+ 2biBK�i2bX h?2b2 /2+�vb �`2 +?Qb2M #2+�mb2

i?2v `2~2+i i?2 +Q`2 T�`i Q7 G>*#öb T?vbB+b T`Q;`�KK2 �M/ T`QpB/2 p�`BQmb i`�+F �M/

T�`iB+H2 bT2+B2b BM i?2 }M�H bi�i2bX h?2 +QKTmi�iBQM�H T2`7Q`K�M+2 Bb 2p�Hm�i2/ QM

bBKmH�i2/ >Gh"@}Hi2`2/ KBMBKmK@#B�b b�KTH2b+ rBi? � ;HQ#�H 2p2Mi +mi �i � bmK Q7

����� lh �M/ a+B6B +Hmbi2`bX

"�HbQ #Qi? K�;M2i TQH�`BiB2b �`2 T`2b2Mi BM i?2 b�KTH2b- rBi? ���� 2p2Mib 2�+?X
/G>*# bBKmH�iBQM p2`bBQM aBKRy@lTy3@.B;BR8@lTy9X
+G>*# bBKmH�iBQM p2`bBQM aBKyN+@lTykX

jd



9 h`�+FBM; .QrM *?�`;2/ S�`iB+H2b

9X9XR S?vbB+b S2`7Q`K�M+2

h?2 irQ KQbi BKTQ`i�Mi T?vbB+b T2`7Q`K�M+2 K2i`B+b 7Q` i`�+F `2+QMbi`m+iBQM mbBM;

T�ii2`M `2+Q;MBiBQM �i G>*# �`2 i?2 i`�+F }M/BM; 2{+B2M+v �M/ 7�F2 i`�+F `�i2X h?2

i`�+F@}M/BM; 2{+B2M+v Bb /2}M2/ �b

� �
�`2+QMbi`m+iB#H2�J*@K�i+?2/

�`2+QMbi`m+iB#H2

U�X�V

r?2`2 � /2MQi2b i?2 MmK#2` Q7 i`�+Fb BM i?2 +�i2;Q`v bT2+B}2/ #v i?2 bm#b+`BTiX

h?2b2 +�i2;Q`B2b �`2 QMHv r2HH@/2}M2/ mbBM; bBKmH�i2/ i`�+FbX � i`�+F Bb /2}M2/ �b

J*@K�i+?2/ B7 %3W" Q7 i?2 ?Bib Bi Bb K�/2 Q7 #2HQM; iQ i?2 b�K2 bBKmH�i2/ T�`iB+H2c �T@

THB+�iBQM Q7 i?Bb +`Bi2`BQM Bb 7m`i?2` `272``2/ iQ �b i`mi? K�i+?BM;X h?2 `2+QMbi`m+iB#BHBiv

Q7 � i`�+F Bb /2}M2/ #v i?2 KBMBK�H �KQmMi Q7 bB;M�Hb i?2 bBKmH�i2/ T�`iB+H2 Kmbi ?�p2

H27i BM i?2 i`�+FBM; /2i2+iQ`bX h?2 �KQmMi /2T2M/b QM i?2 i`�+F ivT2- r�b QTiBKBb2/

r?2M i?2 2tT2`BK2Mi r�b /2bB;M2/ �M/ Bb /Q+mK2Mi2/ BM _27X (%�)X "2+�mb2 2H2+i`QMb

mM/2`;Q #`2Kbbi`�?HmM; �M/ i?2B` i`�+F `2+QMbi`m+iBQM Bb i?mb KQ`2 +?�HH2M;BM;- i?2v

�`2 2t+Hm/2/ 7`QK i?2 `�iBQ vB2H/BM; i?2 2{+B2M+v 7Q` Qi?2` T�`iB+H2 bT2+B2bX 6Q` � GQM;

i`�+F iQ #2 `2+QMbi`m+iB#H2- i?2 bBKmH�i2/ T�`iB+H2 Kmbi i`�p2`b2 �i H2�bi i?`22 o1GP

b2MbQ`b H2�pBM; �i H2�bi QM2 ?Bi BM 2�+? �M/ ?�p2 � ?Bi �i H2�bi BM QM2 ' �M/ QM2 bi2`2Q

H�v2` BM 2�+? Q7 i?2 i?`22 a+B6B bi�iBQMbX _2H�i2/ iQ i?2 i`�+F }M/BM; 2{+B2M+v- #mi

bm#iHv /Bz2`2Mi- Bb i?2 i`�+F `2+QMbi`m+iBQM 2{+B2M+vX �b /2b+`B#2/ BM a2+iBQM �X�- i`�+F

}M/BM; �M/ T`2+Bb2 /2i2`KBM�iBQM Q7 i`�+F T�`�K2i2`b �`2 /QM2 b2T�`�i2Hv BM G>*#-

�M/ � 7QmM/ i`�+F +�M biBHH #2 `2D2+i2/ �7i2` Bib T�`�K2i2`b �M/ +Qp�`B�M+2 K�i`Bt ?�p2

#22M 2biBK�i2/ #v i?2 i`�+F }iX h?2 HBF2HB?QQ/ i?�i � i`�+F Bb �p�BH�#H2 7Q` T?vbB+b

�M�Hvb2b Bb- i?2`27Q`2- #2ii2` 2biBK�i2/ #v

�`2+Q �
�`2+QMbi`m+iB#H2�J*@K�i+?2/�}i

�`2+QMbi`m+iB#H2

U�X"3V

r?2`2 i?2 MmK2`�iQ` Bb i?2 MmK#2` Q7 7QmM/ i`�+Fb i?�i bm`pBp2 i?2 i`�+F }iX Ai

BKK2/B�i2Hv 7QHHQrb i?�i �`2+Q . � �M/ Bi Bb �M BKTHB+Bi K2i`B+ i?�i i?2 [m�HBiv Q7 i?2

i`�+Fb 7QmM/ #v i?2 T�ii2`M `2+Q;MBiBQM b?QmH/ #2 bm+? i?�i �`2+Q � �X

A7 � i`�+F /Q2b MQi 7mH}H i?2 i`mi?@K�i+?BM; +`Bi2`BQM- Bi Bb �bbmK2/ iQ #2 � 7�F2

i`�+FX h?2 7�F2 i`�+F 7`�+iBQM- Q` ;?Qbi `�i2- Bb /2}M2/ �b

!7�F2 �
�7�F2

�iQi

U�X""V

r?2`2 �7�F2 Bb i?2 MmK#2` Q7 i`�+Fb i?�i +QmH/ MQi #2 �bbQ+B�i2/ rBi? � bBKmH�i2/

T�`iB+H2- BX2X Bi Bb MQi i`mi?@K�i+?2/- �M/ �iQi Bb i?2 iQi�H MmK#2` Q7 i`�+Fb T`Q/m+2/

#v i?2 �H;Q`Bi?KX aBKBH�`Hv- i?2 +HQM2 7`�+iBQM Bb /2}M2/ �b i?2 MmK#2` Q7 +HQM2 i`�+Fb

"h?Bb Bb �M �`#Bi`�`v +?QB+2 K�/2 #v G>*# �M/ H2�/b iQ mM+2`i�BMiB2b QM `2+QMbi`m+iBQM 2{+B2M+B2b
mb2/ BM /�i� �M�Hvb2b B7 /2i2`KBM2/ #v bBKmH�iBQM- �HbQ FMQrM �b i`mi? K�i+?BM; BM2{+B2M+vX

j3
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`2H�iBp2 iQ i?2 MmK#2` Q7 i`mi?@K�i+?2/ i`�+FbX

hQ [m�MiB7v i?2 `2+QMbi`m+iBQM [m�HBiv QM �M 2Mb2K#H2 Q7 bBM;H2 i`�+Fb- i?2 ?Bi

2{+B2M+v �M/ Tm`Biv 7Q` i`mi?@K�i+?2/ i`�+Fb �`2 /2}M2/ �b

o?Bi �

�
�

�B-7QmM/-i`m2

�B-iQi-i`m2

�`2+QMbi`m+iB#H2�J*@K�i+?2/

U�X"/V

�M/

�Tm`2 �

�
�

�B-7QmM/-i`m2

�B-iQi

�`2+QMbi`m+iB#H2�J*@K�i+?2/

U�X"+V

r?2`2 �B-iQi /2MQi2b i?2 iQi�H MmK#2` Q7 ?Bib QM � bBM;H2 `2+QMbi`m+i2/ i`�+F �- �B-7QmM/-i`m2

Bb i?2 MmK#2` Q7 7QmM/ ?Bib i?�i i`mHv #2HQM; iQ i?2 T�`iB+H2 K�i+?2/ iQ i`�+F �- �M/

�B-iQi-i`m2 Bb i?2 i`m2 iQi�H MmK#2` Q7 ?Bib i?2 bBKmH�i2/ T�`iB+H2 H27i BM i`�+FBM; /2i2+iQ`bX

h?2 bmK `mMb Qp2` �HH i`�+Fb �++QmMi2/ 7Q` #v i?2 /2MQKBM�iQ`X

1p2Mim�HHv- r?2M � i`mi?@K�i+?2/ i`�+F Bb 7QmM/- Bi Bb mb27mH iQ 2p�Hm�i2 ?Qr T`2+Bb2

Bib KQK2MimK Bb 2biBK�i2/X h?2 KQK2MimK `2bQHmiBQM Q7 i`mi?@K�i+?2/ i`�+Fb Bb

/2i2`KBM2/ #v

���� �
�i`m2 7 �

�
U�X"�V

r?2`2 �i`m2 Bb i?2 KQK2MimK Q7 i?2 bBKmH�i2/ T�`iB+H2X 6Q` i?2 i`�+F }M/BM;- ?Qr2p2`-

i?Bb Bb K2`2Hv � +`Qbb@+?2+F �b i?2 T`2pBQmbHv K2MiBQM2/ K2i`B+b �H`2�/v 2p�Hm�i2 i?2

+Q``2+iM2bb Q7 i?2 `2+QMbi`m+iBQMX

AM bmKK�`v- � r2HH@T2`7Q`KBM; i`�+F `2+QMbi`m+iBQM �H;Q`Bi?K ?�b ?B;? i`�+F `2+QM@

bi`m+iBQM 2{+B2M+v- HQr 7�F2 i`�+F `�i2- ?B;? ?Bi 2{+B2M+v �M/ Tm`Biv- �M/ � KQK2MimK

`2bQHmiBQM +HQb2 iQ i?2 HBKBi�iBQMb TQb2/ #v i?2 /2i2+iQ` `2bQHmiBQM �M/ KmHiBTH2 b+�i@

i2`BM;X u2i- i?2b2 K2i`B+b /Q MQi ;Bp2 BMbB;?i BMiQ i?2 BKTQ`i�M+2 Q7 BM/BpB/m�H i`�+FbX

h?2 2t�+i rQ`FBM; TQBMi ?�b iQ #2 /2}M2/ �++Q`/BM; iQ i?2 Q#D2+iBp2b Q7 i?2 r?QH2

2tT2`BK2Mi- 2X;X T`BQ`BiBbBM; i`�+Fb 7`QK ?2�pv@~�pQm` T�`iB+H2 /2+�vb Qp2` HB;?i@~�pQm`

QM2bX

9X9Xk *QKTmi�iBQM�H S2`7Q`K�M+2

h?2 +QKTmi�iBQM�H T2`7Q`K�M+2 Q7 i?2 2p2Mi `2+QMbi`m+iBQM Bb K2�bm`2/ BM 2p2Mi

i?`Qm;?Tmi T2` +QKTmiBM; MQ/2X h?Bb K2i`B+ Bb mb27mH #2+�mb2 Bi M�im`�HHv i`�MbH�i2b

iQ i?2 `�i2 Q7 ��@+QHHBbBQM 2p2Mib T`QpB/2/ #v i?2 G>* �M/ +�M #2 i?Qm;?i Q7 �b i?2

/B�K2i2` Q7 i?2 2p2Mi T`Q+2bbBM; TBT2HBM2c i?2 TBT2HBM2 Kmbi #2 H�`;2 2MQm;? iQ Tmi

�HH BMi2`2biBM; 2p2Mib i?`Qm;? BiX hQ 2biBK�i2 �M/ +QKT�`2 i?2 2tT2+i2/ T2`7Q`K�M+2

Q7 `2+QMbi`m+iBQM �H;Q`Bi?Kb BM i?2 >Gh +QKTmiBM; 7�`K- � `272`2M+2 MQ/2 rBi? irQ

7mHHv@HQ�/2/" AMi2H s2QM 1�@/(+3 p� *Slb Bb mb2/ iQ K2�bm`2 i?2 iBK2 # Bi iQQF

iQ T`Q+2bb � 2p2MibX A7 MQi K2MiBQM2/ Qi?2`rBb2- i?2 :**""X+ +QKTBH2` rBi? P+

"õ N õ� i?`2�/b- 2�+? QM Bib QrM LlJ� /QK�BMX

jN
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QTiBKBb�iBQM �M/ �os/ �M/ 6J� 2M�#H2/ Bb mb2/X h?2 2p2Mi i?`Qm;?Tmi `�i2 QM i?2

`272`2M+2 MQ/2 Bb i?2M /2}M2/ �b

�hS �
�

#
<)[ Q` FWUT�T> U�X"�V

hQ K2�bm`2 i?2 T2`7Q`K�M+2 Q7 � bBM;H2 +QKTQM2Mi �- i?2 �p2`�;2 T`Q+2bbBM; iBK2" T2`

2p2Mi �M/ i?`2�/

�#��`27 �
#�

�
U�X"(V

Bb mb2/X

9X9Xj S2`7Q`K�M+2 h`�/2@Qzb

� ivTB+�H i`�/2@Qz 2M+QmMi2`2/ r?2M QTiBKBbBM; i`�+F `2+QMbi`m+iBQM �H;Q`Bi?Kb Bb i?2

TQbbB#BHBiv Q7 b�+`B}+BM; HQr@KQK2MimK i`�+F `2+QMbi`m+iBQM 2{+B2M+v 7Q` BKT`QpBM;

i`�+F T`Q+2bbBM; bT22/- 2X;X �b Bb /QM2 BM >Gh"X 6Q` >Gh/- i?Bb Bb MQi � mb27mH i`�/2@Qz

#2+�mb2 i`�+Fb �i i?2 HQr2` 2M/ Q7 i?2 KQK2MimK bT2+i`mK �`2 TQi2MiB�HHv BMi2`2biBM;

7Q` T?vbB+b �M�HvbBbX _2+QMbi`m+iBM; HQr@KQK2MimK i`�+Fb- ?Qr2p2`- H2�/b iQ � /`QT

BM 2p2Mi i?`Qm;?Tmi �b KQ`2 i`�+Fb �`2 T`Q+2bb2/ �M/ BM+`2�b2b i?2 7�F2 i`�+F `�i2- �b

2tTH�BM2/ BM a2+iBQM �X+X"X � ?B;?2` 7�F2 i`�+F `�i2 +QMb2[m2MiHv BM+`2�b2b i?2 i`�+F

}iöb rQ`FHQ�/ �M/ +�M M2;�iBp2Hv BKT�+i i?2 bB;M�H@iQ@#�+F;`QmM/ `�iBQ BM T?vbB+b

�M�HvbBbX

lHiBK�i2Hv- i?2 bm++2bb7mH #mi rQ`F@BMi2MbBp2 r�v iQ /2�H rBi? i?2b2 i`�/2@Qzb Bb

iQ QTiBKBb2 i?2 i?`Qm;?Tmi mbBM; i2+?MB[m2b 7`QK i?2 b2+QM/ +�i2;Q`v /2b+`B#2/ BM

a2+iBQM +X+- mM/2` r?B+? i?2 T?vbB+b T2`7Q`K�M+2 Bb BMp�`B�MiX A7 i?2 `2+QMbi`m+iBQM

bm`T�bb2b Bib +QKTmi�iBQM�H T2`7Q`K�M+2 ;Q�Hb- 2p2Mi i?`Qm;?Tmi +�M #2 b�+`B}+2/ iQ

BM+`2�b2 i?2 i`�+F@}M/BM; 2{+B2M+v �M/ HQr2` i?2 7�F2 i`�+F `�i2X

9X8 h`�+F _2+QMbi`m+iBQM a2[m2M+2b BM >Ghk

h?Bb b2+iBQM Qp2`pB2rb i?2 i`�+F `2+QMbi`m+iBQM +QKTQM2Mib �M/ b2[m2M+2b /2p2HQT2/

7Q` G>*# BM _mM + �M/ b?Qrb F2v T2`7Q`K�M+2 `2bmHibX

9X8XR *QKTQM2Mib �M/ "�b2HBM2 h`�+F _2+QMbi`m+iBQM

h?2 #�bB+ >Gh/ i`�+F `2+QMbi`m+iBQM b2[m2M+2- BHHmbi`�i2/ BM 6B;m`2 �X+- KQbiHv 7QHHQrb

r?�i r�b mb2/ #v G>*# /m`BM; _mM / Q7 i?2 G>* (�+) �M/ ?�b #22M mb2/ 7Q` i?2

_mM + +QKKBbbBQMBM; T?�b2/ BM /3//X h?2 BM/BpB/m�H +QKTQM2Mib ?�p2 #22M `2/2bB;M2/

�M/ QTiBKBb2/ 7Q` _mM +X � M2r b+?2/mH2` ((+) /2i2`KBM2b i?2 2t�+i Q`/2` Q7 i?2

"h?2 iBK2 Bb K2�bm`2/ +2Mi`�HHv #v i?2 >Gh +QMi`QH ~Qr K�M�;2` mbBM; i?2 *YY bi�M/�`/ HB#`�`vöb
+?`QMQ ?2�/2`X

/h?2 lh /2i2+iQ` /B/ MQi K�F2 Bi BM iBK2 7Q` i?2 bi�`i Q7 _mM +X h?2 b2[m2M+2 r�b i?2`27Q`2 `mM
rBi?Qmi i?2 o2HQlh i`�+FBM;X
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9X8 h`�+F _2+QMbi`m+iBQM a2[m2M+2b BM >Ghk

o1GP h`�+FBM;

o1GP h`�+Fb

6Q`r�`/ h`�+FBM;o2HQlh h`�+FBM;

>v#`B/ a22/BM;

h h`�+Fb

J�i+?BM; GQM;@HBp2/ h`�+FBM;

GQM; h`�+FbGQM; h`�+FblTbi`2�K h`�+Fb .QrMbi`2�K h`�+Fb

E�HK�M 6BHi2` Y *HQM2 EBHHBM;

"2bi .QrMbi`2�K h`�+Fb"2bi GQM; h`�+Fb"2bi lTbi`2�K h`�+Fb

S�ii2`M _2+Q;MBiBQM

h`�+F 6Bi

6B;m`2 9Xj, .�i� ~Qr BM i?2 #�b2HBM2 `2+QMbi`m+iBQM b2[m2M+2X �H;Q`Bi?K +QKTQM2Mib �`2
b?QrM BM `2+i�M;mH�` MQ/2bc i`�+F +QMi�BM2`b �`2 /2TB+i2/ BM i`�T2xQB/�H b?�T2bX .2i2+iQ`
?Bib- r?B+? �`2 �HbQ BMTmib iQ i?2 �H;Q`Bi?K- �`2 MQi b?QrMX

+QKTQM2Mibö 2t2+miBQM- r?B+? ;m�`�Mi22b i?�i i?2 BMTmi iQ � +QKTQM2Mi Bb �p�BH�#H2

#27Q`2 Bib 2t2+miBQM mbBM; i?2 i?`2�/@b�72 :�m/B 7mM+iBQM�H@�H;Q`Bi?K i2KTH�i2b Ub22

a2+iBQM +X+VX h`�+F `2+QMbi`m+iBQM �H;Q`Bi?Kb mbm�HHv i�F2 Qi?2` i`�+F ivT2b �b BMTmi

#mi �HbQ i?2 /2i2+iQ` ?Bib- r?B+? +�M #2 T`2T�`2/ #v b2T�`�i2 +QKTQM2Mib MQi b?QrM

BM 6B;m`2 �X+X h?2 ?Bi T`2T�`�iBQM ivTB+�HHv +QMp2`ib i?2 bB;M�H +Hmbi2`b `2+Q`/2/ #v

i?2 i`�+FBM; /2i2+iQ` 7`QK `2�/Qmi@+?�MM2H BM7Q`K�iBQM iQ ?Bi TQbBiBQMb �M/ T`QT2`iB2b

BM i?2 ;HQ#�H +QQ`/BM�i2 bvbi2K �M/ i?mb i�F2b MQi Km+? T`Q+2bbBM; iBK2X

h?2 o1GP i`�+F `2+QMbi`m+iBQM �H;Q`Bi?K Bb mbm�HHv i?2 }`bi i`�+FBM; +QKTQM2Mi

2t2+mi2/X Ai `2+QMbi`m+ib bi`�B;?i HBM2b 7`QK i?2 +@/BK2MbBQM�H K2�bm`2K2Mib T`QpB/2/

#v i?2 o1GPöb TBt2H b2MbQ`b �M/ �TTHB2b � bBKTHB}2/ E�HK�M }Hi2` iQ BKT`Qp2 i?2

T�`�K2i2`b Q7 i?2 i`�+F bi�i2 p2+iQ` U1[m�iBQM �X�V +HQb2 iQ i?2 #2�KX h?2 E�HK�M

}Hi2` +QMbB/2`b KmHiBTH2 b+�ii2`BM; mbBM; � T�`�K2i2`Bb2/ MQBb2 K�i`Bt (��) 7Q` i?2 TBt2H

b2MbQ`b �M/ i?2 _6 7QBHX aBM+2 MQ KQK2MimK K2�bm`2K2Mi mbBM; i?2 o1GP /2i2+iQ`

Bb TQbbB#H2- i?2 E�HK�M }Hi2` mb2b MQBb2 T�`�K2i2`b +�H+mH�i2/ 7Q` �M �p2`�;2 Q7 i?2

KQK2MimK bT2+i`mKX h?2 o1GP i`�+F `2+QMbi`m+iBQM Bb QTiBKBb2/ 7Q` +QKTmi�iBQM�H

T2`7Q`K�M+2 mbBM; aAJ. BMbi`m+iBQMbX .2i�BHb +�M #2 7QmM/ BM _27X (��)X

h?2 h i`�+F `2+QMbi`m+iBQM- #2ii2` FMQrM �b >v#`B/ a22/BM;- `2+QMbi`m+ib i`�+Fb
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9 h`�+FBM; .QrM *?�`;2/ S�`iB+H2b

mbBM; QMHv BM7Q`K�iBQM 7`QK i?2 a+B6B /2i2+iQ` bi�iBQMbX Ai }`bi #mBH/b i`�+F b22/b 7`QK

?Bib BM irQ ' H�v2`b �M/ bm#b2[m2MiHv i`B2b iQ 7Q`K � i`BTH2i #v �//BM; � ?Bi 7`QK �M '

H�v2` BM #2ir22MX h?2M- ' ?Bib 7`QK bQ 7�` mMmb2/ H�v2`b �`2 �//2/ mbBM; � i?B`/@Q`/2`

TQHvMQKB�H �b i?2 h@i`�+F KQ/2H- 7QHHQr2/ #v � b2�`+? 7Q` K�i+?BM; bi2`2Q@H�v2` ?BibX

h?2 K�;M2iöb 7`BM;2 }2H/ `2�+?BM; BMiQ i?2 a+B6B bi�iBQMb �HHQrb i?2 KQK2MimK Q7 h

i`�+Fb iQ #2 2biBK�i2/ rBi? � `2bQHmiBQM Q7 �#Qmi /�W@+�W- 2M�#HBM; i?2 `2+QMbi`m+iBQM

Q7 T�`iB+H2b i?�i /2+�v2/ �7i2` i?2 lh /2i2+iQ` (�")X .2i�BHb QM i?2 >v#`B/ a22/BM;

�H;Q`Bi?K +�M #2 7QmM/ BM _27X (��)X

�7i2` i?2 bm++2bb7mH 2t2+miBQM Q7 i?2 irQ +QKTQM2Mib K2MiBQM2/ �#Qp2- i?2 +Q`2 T�`i

Q7 i?2 T�ii2`M `2+Q;MBiBQM Bb `mM QM i?2B` QmiTmibX

h?2 .QrMbi`2�K i`�+F `2+QMbi`m+iBQM- �HbQ +�HH2/ GQM;@HBp2/ i`�+FBM;- 2ti`�T@

QH�i2b h i`�+Fb i?`Qm;? i?2 K�;M2i iQ i?2 lh /2i2+iQ` mbBM; � T�`�K2i`B+ KQ/2H

Q7 i?2 2tT2+i2/ i`�D2+iQ`v 7Q` � i`�+F rBi? i?2 KQK2MimK 2biBK�i2/ #v i?2 >v#`B/

a22/BM;X lh ?Bib +HQb2 iQ i?2 2ti`�TQH�i2/ TQbBiBQMb �`2 �//2/ iQ i?2 h i`�+F iQ 7Q`K

i?2 .QrMbi`2�K i`�+FX h?2b2 i`�+Fb �`2 BM/BbT2Mb�#H2 7Q` i?2 T?vbB+b T`Q;`�KK2

Q7 G>*# #2+�mb2 i?2v T`QpB/2 i?2 #mHF Q7 bi�iBbiB+b 7Q` bim/vBM; /2+�vb BMpQHpBM;

HQM;@HBp2/ ?�/`QMb bm+? �b ��
â �M/ ΛX h?2 _mM + �H;Q`Bi?K Bb ?2�pBHv #�b2/ QM Bib

_mM / T`2/2+2bbQ`- /2i�BH2/ BM _27X (�()X

h?2 +QKTQM2Mib i?�i }M/ GQM; i`�+Fb �`2 2p2M KQ`2 BKTQ`i�Mi 7Q` i?2 T?vbB+b

QmiTmi Q7 G>*#X h?2 GQM; i`�+F `2+QMbi`m+iBQM +QMbBbib Q7 irQ �H;Q`Bi?Kb- i?2

J�i+?BM; �M/ i?2 6Q`r�`/ h`�+FBM;- #Qi? �BKBM; iQ }M/ �b K�Mv GQM; i`�+Fb �b

TQbbB#H2X h?Bb H2�/b iQ � H�`;2 Qp2`H�T #2ir22M i?2 irQ b2ib Q7 7QmM/ GQM; i`�+Fb-

r?B+? Bb #2M2}+B�H 7Q` i?2 GQM; i`�+F `2+QMbi`m+iBQM 2{+B2M+v (�+) #mi Bb +QbiHv 7`QK �

+QKTmi�iBQM�H T2`7Q`K�M+2 TQBMi Q7 pB2rX h?2 `2/mM/�M+v +�M #2 `2bQHp2/ iQ Q#i�BM

� 7�bi `2+QMbi`m+iBQM b2[m2M+2 �b 2tTH�BM2/ BM a2+iBQM �X�X/X h?2 6Q`r�`/ h`�+FBM;

�H;Q`Bi?K Bb /2b+`B#2/ #`B2~v BM _27X (�%) �M/ BM ;`2�i /2i�BH BM *?�Ti2` �X � +QKT�`BbQM

iQ i?2 J�i+?BM; �H;Q`Bi?K Bb ;Bp2M BM a2+iBQM �X�X"X

h?2 lTbi`2�K i`�+F `2+QMbi`m+iBQM- �HbQ +�HH2/ i?2 o2HQlh i`�+FBM;- 2ti2M/b

o1GP i`�+Fb mbBM; ?Bib BM i?2 lh /2i2+iQ`X h?2 o1GP i`�+F Bb HBM2�`Hv 2ti`�TQH�i2/

iQ � `272`2M+2 bm`7�+2 BM i?2 lh /2i2+iQ`- �M/ ?Bib rBi?BM � iQH2`�M+2 �`QmM/ i?2

2ti`�TQH�i2/ TQbBiBQM �`2 +QHH2+i2/ 7`QK 2�+? H�v2`X h?2 lh ?Bib �`2 i?2M +Hmbi2`2/

#v 7Q`KBM; /Qm#H2ib �M/ i`vBM; iQ +QKTH2i2 i?2b2 BMiQ i`BTH2ib �M/ [m�/`mTH2ib #v

HBM2�`Hv 2ti`�TQH�iBM; iQ i?2 M2ti H�v2`- +?2+FBM; 7Q` K�i+?BM; ?BibX A7 �i H2�bi i?`22

o1GP@i`�+F@+QKT�iB#H2 lh ?Bib �`2 7QmM/- i?2 i`�+F T�`�K2i2`b �`2 2biBK�i2/ mbBM; �

bBKTH2 H2�bi@b[m�`2 }iX A7 i?2 }i [m�HBiv Bb ;QQ/ 2MQm;?- �i KQbi QM2 lTbi`2�K i`�+F

T2` o1GP i`�+F Bb +`2�i2/X h?2 �+?B2p2/ KQK2MimK `2bQHmiBQM BM i?2 7`BM;2 }2H/

rBi?BM i?2 lh /2i2+iQ` Bb �`QmM/ "�W BM i?2 KB/ �M/ HQr2` KQK2MimK `�M;2X JQ`2

/2i�BHb QM i?2 �H;Q`Bi?K +�M #2 7QmM/ BM _27X (�/)X lTbi`2�K i`�+Fb �`2 b+�`+2Hv" mb2/

7Q` T?vbB+b �M�HvbBbX h?2B` T`BK�`v Tm`TQb2 BM _mM + r�b iQ BKT`Qp2 i?2 +QKTmi�iBQM�H

"h?2`2 Bb T�`iB+mH�` BMi2`2bi BM mbBM; i?2K 7Q` �M�Hvb2b BM+Hm/BM; 2H2+i`QMb- �b ""W Q7 i?2K �`2 rBT2/
Qmi Q7 G>*#öb �++2Ti�M+2 #v i?2 K�;M2i #2+�mb2 i?2v ?�p2 HQr KQK2MimK Q` HQbi � bB;MB}+�Mi
T�`i Q7 i?2B` 2M2`;v #v #`2Kbbi`�?HmM; (%�)X
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9X8 h`�+F _2+QMbi`m+iBQM a2[m2M+2b BM >Ghk

T2`7Q`K�M+2 Q7 i?2 6Q`r�`/ i`�+FBM; BM � *Sl@#�b2/ >Gh"X h?2v rQmH/ ?�p2 `2TH�+2/

i?2 o1GP i`�+Fb �b BMTmi iQ i?2 6Q`r�`/ i`�+FBM;- �HHQrBM; Bi iQ mb2 i?2 lTbi`2�K

i`�+Föb KQK2MimK 2biBK�i2 iQ M�``Qr i?2 b2�`+? `�M;2 7Q` GQM; i`�+Fb �M/ bB;MB}+�MiHv

bT22/ mT i?2B` `2+QMbi`m+iBQM �i i?2 +Qbi Q7 � HQr2` i`�+F }M/BM; 2{+B2M+v #2+�mb2 Q7

i?2 �++2Ti�M+2 Q7 i?2 lh /2i2+iQ` �M/ BM2{+B2M+B2b Q7 i?2 o2HQlh �H;Q`Bi?KX JQ`2

QM i?Bb �TT`Q�+? BM i?2 +QMi2ti Q7 � *Sl@#�b2/ >Gh" +�M #2 7QmM/ BM _27X ("+)X h?2

+QKTmi�iBQM�H T2`7Q`K�M+2 Q7 i?2 o2HQlh �H;Q`Bi?K Bib2H7 r�b QTiBKBb2/ #v mbBM; aAJ.

BMbi`m+iBQMb iQ T2`7Q`K 2ti`�TQH�iBQMb �M/ }ib BM T�`�HH2H 7Q` KmHiBTH2 o1GP i`�+FbX

P7 +Qm`b2- �HbQ BM >Gh/- i?2 TQi2MiB�H BKT`Qp2K2Mi Q7 +QKTmi�iBQM�H T2`7Q`K�M+2 #v

mbBM; lTbi`2�K i`�+Fb �b i?2 BMTmi iQ i?2 6Q`r�`/ i`�+FBM; Bb Q7 BMi2`2biX h?2 �mi?Q`

Q7 i?Bb i?2bBb- i?2`27Q`2- BKTH2K2Mi2/ � }Hi2` KQ/2 7Q` i?2 o2HQlh �H;Q`Bi?K- r?B+?

QMHv `2[mB`2b i?�i �i H2�bi i?`22 lh ?Bib �`2 7QmM/ rBi?BM i?2 iQH2`�M+2 �`QmM/ i?2

2ti`�TQH�i2/ TQbBiBQMX h?2 }Hi2` KQ/2 �++2Tib x2`Q lh ?Bib B7 i?2 o1GP i`�+F +`Qbb2b

i?2 ?QH2 BM i?2 lh /2i2+iQ` +HQb2 iQ i?2 #2�K TBT2 Ub22 6B;m`2 /X�VX h?2 `2bmHi Bb

� bi�M/�`/ lTbi`2�K i`�+F B7 7QmM/ lh ?Bib +�M #2 +Hmbi2`2/ �M/ bm++2bb7mHHv }ii2/X

Pi?2`rBb2- i?2 i`�+F Bb �++2Ti2/ rBi?Qmi � KQK2MimK 2biBK�i2X h?2 6Q`r�`/ i`�+FBM;

Bb /2bB;M2/ iQ ?�M/H2 i?Bb FBM/ Q7 BMTmi �b 2tTH�BM2/ BM a2+iBQM �X/X LQi2 i?�i BM

}Hi2` KQ/2- i?2 `2bmHiBM; lTbi`2�K i`�+Fb /Q MQi +QMi�BM i?2 7QmM/ lh ?Bib #2+�mb2

i?2b2 �`2 MQi � `2[mB`2K2Mi iQ 7Q`K � GQM; i`�+FX �HbQ- i?2 GQM; i`�+F `2+QMbi`m+iBQM

�H;Q`Bi?Kb mb2 � iQQH iQ �// lh ?Bib iQ � GQM; i`�+F Ub22 a2+iBQM �X/X�V- r?B+? �+?B2p2b

� ?B;?2` lh ?Bi 2{+B2M+v #2+�mb2 Q7 i?2 KQ`2 T`2+Bb2 KQK2MimK 2biBK�i2 Q7 GQM;

i`�+FbX lTbi`2�K i`�+Fb +`2�i2/ #v i?2 o2HQlh �H;Q`Bi?K BM }Hi2` KQ/2 �`2 bQK2iBK2b

`272``2/ iQ �b lh@}Hi2`2/ o1GP i`�+FbX

h?2 T�ii2`M `2+Q;MBiBQM �H;Q`Bi?Kb QMHv T2`7Q`K H2�bi@b[m�`2 }ib iQ 2biBK�i2 i`�+F

T�`�K2i2`b 7Q` i?2 i`�+F b2;K2Mib i?2v }M/X h?2 }M�H i`�+F@bi�i2 p2+iQ`b �M/ i?2B`

+Qp�`B�M+2 K�i`B+2b �`2 Q#i�BM2/ #v �TTHvBM; � E�HK�M }Hi2` (��- ��)X h?2 E�HK�M

}Hi2` T`2/B+ib i?2 i`�+F T�`�K2i2`b �i � ) TQbBiBQM Q7 BMi2`2bi #�b2/ QM FMQrM i`�+F

T�`�K2i2`b �i � `272`2M+2 TQbBiBQMX h?2 T`QT�;�iBQM i?`Qm;? i?2 K�;M2iB+ }2H/ Bb

/QM2 #v � HBM2�`- T�`�#QHB+ Q` }7i?@Q`/2` _mM;2@Emii� K2i?Q/- /2T2M/BM; QM i?2 bi2T

bBx2 �M/ i?2 bi`2M;i? Q7 i?2 K�;M2iB+ }2H/ �i i?2 ) TQbBiBQMb (�3)X 6Q` _mM +- G>*#öb

E�HK�M 6BHi2` �H;Q`Bi?K ?�b #22M `2@BKTH2K2Mi2/ rBi? +QMi`B#miBQMb 7`QK i?2 �mi?Q`

Q7 i?Bb i?2bBbX h?2 K�BM Q#D2+iBp2 r�b iQ BKT`Qp2 Bib +QKTmi�iBQM�H T2`7Q`K�M+2- �b

Bi r�b #v 7�` i?2 KQbi iBK2@+QMbmKBM; +QKTQM2Mi Q7 i?2 2p2Mi `2+QMbi`m+iBQMX h?Bb

r�b �+?B2p2/ #v i�BHQ`BM; i?2 �H;Q`Bi?K iQ i?2 /�i� bi`m+im`2b `2im`M2/ #v i?2 T�ii2`M

`2+Q;MBiBQM �H;Q`Bi?Kb- QTiBKBbBM; i?2 +Q/2 mb2/ 7Q` i`�+F T`QT�;�iBQM BM i?2 K�;M2iB+

}2H/ �M/ 2KTHQvBM; T�`�K2i2`Bb�iBQMb Q7 i?2 MQBb2 K�i`Bt (��) �b r2HH �b i?2 2M2`;v HQbb

+Q``2+iBQMX 6Q` bBKTHB+Biv- i?2 E�HK�M }Hi2`BM; �M/ +HQM2 i`�+F `2KQp�H �`2 /2TB+i2/

�b � bBM;H2 +QKTQM2Mi BM 6B;m`2 �X+X AM `2�HBiv- i?2 #�bB+ i`�+F `2+QMbi`m+iBQM b2[m2M+2

}`bi }ib i?2 GQM; i`�+Fb 7QmM/ #v i?2 6Q`r�`/ i`�+FBM;- i?2M `2KQp2b i?2 Qp2`H�T

U+HQM2bV #2ir22M i?2b2 �M/ i?2 GQM; i`�+Fb 7QmM/ #v i?2 J�i+?BM;- �M/ i?2M }ib i?2

`2K�BMBM; GQM; i`�+Fb- vB2H/BM; i?2 b2H2+iBQM Q7 i?2 #2bi GQM; i`�+FbX "v /2}MBiBQM Q7
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9 h`�+FBM; .QrM *?�`;2/ S�`iB+H2b

i?2 i`�+F ivT2b- � .QrMbi`2�K i`�+F KB;?i #2 � b2;K2Mi Q7 � GQM; i`�+FX h?2`27Q`2-

i?2 Qp2`H�T #2ir22M i?2K �M/ i?2 #2bi GQM; i`�+Fb Bb `2KQp2/ #27Q`2 }iiBM; i?2

.QrMbi`2�K i`�+FbX h?2 lTbi`2�K i`�+Fb �`2 T`Q+2bb2/ �M�HQ;2QmbHvX

h?2 `2+QMbi`m+iBQM 2{+B2M+B2b Q7 GQM; i`�+Fb BM i?2 #�bB+ b2[m2M+2 �`2 b?QrM

BM h�#H2 �X"X h`�+Fb 7`QK � ÷@K2bQM /2+�v Q` rBi? � KQK2MimK �#Qp2 8 :2of�

�`2 `2+QMbi`m+i2/ rBi? � HBF2HB?QQ/ Q7 KQ`2 i?�M ���X 1H2+i`QMb QMHv `2�+? ���

`2+QMbi`m+iBQM 2{+B2M+v �b i?2v 2KBi #`2Kbbi`�?HmM; r?2M i`�p2`bBM; i?2 /2i2+iQ`

K�i2`B�H Ub22 a2+iBQM �X/X"V �M/ �`2 i?2`27Q`2 ?�`/2` iQ }M/X h?2 7`�+iBQM Q7 +HQM2b Bb

M2;HB;B#H2 �i #2HQr ���� BM �HH +�i2;Q`B2b �M/ Bb i?mb MQi 7m`i?2` /Bb+mbb2/ ?2`2X h?2

+QKTmi�iBQM�H T2`7Q`K�M+2 Bb b?QrM BM 6B;m`2 �X��X AM+Hm/BM; i?2 T�`iB+H2 B/2MiB}+�iBQM

�H;Q`Bi?Kb- � i?`Qm;?Tmi Q7 ��� 2p2Mib T2` b2+QM/ �M/ +QKTmiBM; MQ/2 Bb `2�+?2/X

h?2 i`�+F `2+QMbi`m+iBQM i�F2b `Qm;?Hv ��� Q7 i?2 +QKTmiBM; iBK2 BM i?Bb b+2M�`BQX

9X8Xk 6�bi h`�+F _2+QMbi`m+iBQM

h?2 #�bB+ `2+QMbi`m+iBQM b2[m2M+2 b?QrM BM 6B;m`2 �X+ Bb MQi QTiBK�H 7`QK � +QKTmi�@

iBQM�H T2`7Q`K�M+2 T2`bT2+iBp2X Ai /Q2b `2/mM/�Mi rQ`F #v }M/BM; �HKQbi i?2 b�K2

b2i Q7 GQM; i`�+Fb irB+2- mbBM; i?2 J�i+?BM; �M/ i?2 6Q`r�`/ i`�+FBM;X >Qr2p2`- i?2

`2/mM/�M+v Bb 2�bv iQ `2bQHp2 #v i?2 b2[m2M+2 b?QrM BM 6B;m`2 �X�- r?B+? Bb i?2 QM2

+m``2MiHv 7Q`2b22M 7Q` MQKBM�H /�i� i�FBM; /m`BM; _mM +X AM i?Bb 7�bi i`�+F `2+QMbi`m+@

iBQM b2[m2M+2- i?2 J�i+?BM; �H;Q`Bi?K Bb `mM }`bi- T�B`BM; o1GP i`�+Fb rBi? h i`�+Fb

iQ 7Q`K i?2 }`bi b2i Q7 GQM; i`�+FbX am#b2[m2MiHv- QMHv i?2 mMK�i+?2/- `2bB/m�H o1GP

i`�+Fb �`2 T�bb2/ QM iQ i?2 6Q`r�`/ i`�+FBM;X AM �//BiBQM- �HbQ i?2 ?Bib BM i?2 a+B6B

/2i2+iQ` i?�i �`2 �H`2�/v mb2/ #v i?2 }`bi b2i Q7 GQM; i`�+Fb �`2 `2KQp2/- bm+? i?�i

i?2 6Q`r�`/ i`�+FBM; `mMb Qp2` � `2/m+2/ b2i Q7 ?Bib �b r2HHX

aBKBH�`Hv- i?2 GQM;@HBp2/ i`�+FBM; QMHv `mMb QM h i`�+Fb i?�i �`2 MQi � b2;K2Mi Q7

� GQM; i`�+F BM i?2 }`bi b2i �M/ lh ?Bib r?B+? �`2 MQi T�`i Q7 i?2 GQM; i`�+FbX �b

b?QrM BM h�#H2 �X"- i?Bb H2�/b iQ � /`QT BM `2+QMbi`m+iBQM 2{+B2M+v Q7 �#Qmi �� 7Q`

GQM; i`�+FbX h?2 /2+`2�b2 BM 2{+B2M+v Bb �++2Ti�#H2 ;Bp2M i?�i i?2 2p2Mi i?`Qm;?Tmi

Bb BM+`2�b2/ #v ��� rBi? i?2 7`�+iBQM Q7 iBK2 bT2Mi QM i?2 i`�+F `2+QMbi`m+iBQM #2HQr

��� �M/ `2�+?BM; i?2 ;Q�H Q7 T`Q+2bbBM; `Qm;?Hv ��� 2p2Mib T2` b2+QM/ �M/ MQ/2 �b

b?QrM BM 6B;m`2 �X�#X JQ`2 /2i�BHb QM i?2 i`�+F `2+QMbi`m+iBQM T2`7Q`K�M+2 +�M #2

7QmM/ BM _27bX ("�- �")X
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9X8 h`�+F _2+QMbi`m+iBQM a2[m2M+2b BM >Ghk

o1GP h`�+FBM;

o1GP h`�+Fb

>v#`B/ a22/BM;

h h`�+Fb

J�i+?BM;o2HQlh h`�+FBM;

`2bB/m�H o1GP h`�+Fb `2bB/m�H h h`�+Fb

6Q`r�`/ h`�+FBM; GQM;@HBp2/ h`�+FBM;

.QrMbi`2�K h`�+FbGQM; h`�+Fb GQM; h`�+FblTbi`2�K h`�+Fb

E�HK�M 6BHi2` Y *HQM2 EBHHBM;

"2bi .QrMbi`2�K h`�+Fb"2bi GQM; h`�+Fb"2bi lTbi`2�K h`�+Fb

S�ii2`M _2+Q;MBiBQM

h`�+F 6Bi

6B;m`2 9X9, .�i� ~Qr BM i?2 7�bi `2+QMbi`m+iBQM b2[m2M+2X �H;Q`Bi?K +QKTQM2Mib �`2 b?QrM BM
`2+i�M;mH�` MQ/2bc i`�+F +QMi�BM2`b �`2 /2TB+i2/ BM i`�T2xQB/�H b?�T2bX .2i2+iQ` ?Bib- r?B+?
�`2 �HbQ BMTmib iQ i?2 �H;Q`Bi?K- �`2 MQi b?QrMX

h�#H2 9XR, GQM; i`�+F `2+QMbi`m+iBQM 2{+B2M+B2b Q7 i?2 #�b2HBM2 �M/ 7�bi
b2[m2M+2 7Q` /Bz2`2Mi 2{+B2M+v +�i2;Q`B2b 2p�Hm�i2/ QM bBKmH�iBQMX

"�b2HBM2 a2[m2M+2 (W) 6�bi a2[m2M+2 (W)

:?Qbi `�i2 ����� ; ���� ����� ; ����

�`2+Q

GQM; ����� ; ���� ����� ; ����

GQM; � � � :2of� ����� ; ���� ����� ; ����

GQM; 7`QK ÷ ���� ; ��� ���� ; ���

GQM; � � � :2of� 7`QK ÷ ���� ; ��� ���� ; ���

GQM; �; 7`QK ÷ ���� ; ��� ���� ; ���
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9 h`�+FBM; .QrM *?�`;2/ S�`iB+H2b

0 5 10 15 20 25
Timing fraction within the HLT2 sequence [%]

Other

Muon

Match

Framework

HLT1

Converters

Calorimeter

Protoparticles

Seeding

Forward

Downstream

RICH

TrackFit

0.34 

0.53 

0.56 

0.77 

1.85 

3.68 

7.08 

9.96 

10.00 

11.04 

12.02 

18.50 

23.66 

LHCb Simulation

HLT2 Throughput Rate 388.0 Hz

�, "�b2HBM2 `2+QMbi`m+iBQM b2[m2M+2X

0 5 10 15 20 25
Timing fraction within the HLT2 sequence [%]

Other

Muon

Match

Framework

HLT1

Downstream

Converters

Forward

Calorimeter

Protoparticles

Seeding

RICH

TrackFit

0.42 

0.64 

0.73 

0.86 

2.40 

4.30 

4.76 

5.01 

9.05 

12.54 

13.02 

22.22 

24.03 

LHCb Simulation

HLT2 Throughput Rate 496.6 Hz

#, 6�bi `2+QMbi`m+iBQM b2[m2M+2X

6B;m`2 9X8, "`2�F/QrM Q7 i?2 >Gh/ `2+QMbi`m+iBQM 2p2Mi i?`Qm;?TmiX h?2 MmK#2`b `B;?i Q7 i?2
#�`b �`2 ;Bp2M BM T2`+2MiX h?2 E�HK�M }Hi2` Bb +�HH2/ i`�+F }i ?2`2X
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8 6Q`r�`/ h`�+FBM; BM >Ghk

h?Bb +?�Ti2` /2b+`B#2b i?2 >Gh/ 6Q`r�`/ i`�+FBM; �H;Q`Bi?K- `2H�i2/ +QKTQM2Mib �M/

/�i� bi`m+im`2b /2p2HQT2/ �M/ BKTH2K2Mi2/ #v i?2 �mi?Q` Q7 i?Bb i?2bBbX h?2 BMi2MiBQM

Bb iQ /Q+mK2Mi i?2 �H;Q`Bi?K mb2/ BM G>*#öb bQ7ir�`2 i`B;;2` /m`BM; _mM + Q7 i?2

G>* bQ i?�i 7mim`2 /2p2HQTK2Mi ?�b �M 2ti2MbBp2 `272`2M+2X .Q+mK2Mi�iBQM 7Q` i?2

6Q`r�`/ i`�+FBM; �H;Q`Bi?Kb BM _mMb " �M/ /- �M/ i?2 }`bi /2p2HQTK2Mib K�/2 7Q`

_mM +- +�M #2 7QmM/ BM _27bX (�/���)X � /2b+`BTiBQM Q7 � *Sl@>Gh" 6Q`r�`/ i`�+FBM;

Bb ;Bp2M BM _27X ("+)X h?2 :Sl@>Gh" �TT`Q�+? Bb bmKK�`Bb2/ BM _27X (�/)X

8XR P#D2+iBp2 �M/ _2[mB`2K2Mib

h?2 ;Q�H Q7 i?2 6Q`r�`/ i`�+FBM; Bb iQ }M/ � 7Q`r�`/ 2ti2MbBQM Q7 � ;Bp2M o1GP i`�+F

BM i?2 a+B6B i`�+F2` �M/ iQ 2biBK�i2 �M BMBiB�H KQK2MimK Q7 i?Bb GQM; i`�+F (�%)X A7

i`�+Fb 7`QK i?2 o2HQlh �H;Q`Bi?K �`2 �p�BH�#H2- i?2 6Q`r�`/ i`�+FBM; b?QmH/ #2 �#H2

iQ mb2 i?2 �//BiBQM�H- +Q�`b2 KQK2MimK 2biBK�i2 �M/ }M/ � b2i Q7 a+B6B ?Bib #2HQM;BM;

iQ i?2b2X

h?2 bT2+B}+�iBQM Q7 i?2 a+B6B i`�+F2` �BKb �i ��� bBM;H2@?Bi 2{+B2M+vX AM+Hm/BM;

i?2 ���� /2�/ `2;BQMb T2` H�v2` Ub22 a2+iBQM /X�X+V- i?2 T`Q#�#BHBiv Q7 /2i2+iBM; �

bBM;H2 ?Bi Bb �`QmM/ �����c ?2M+2 i?2 MmK#2` Q7 a+B6B ?Bib QM � GQM; i`�+F Bb 2tT2+i2/

iQ #2 ir2Hp2 QMHv 7Q` ��� Q7 i?2 i`�+FbX h?2 6Q`r�`/ i`�+FBM;- i?2`27Q`2- �BKb iQ

`2+QMbi`m+i i?2 ����� i`�+Fb rBi? i2M Q` KQ`2 a+B6B ?BibX 6m`i?2`KQ`2- i?2 Q#D2+iBp2 Bb

iQ �+?B2p2 � Tm`Biv Q7 �Tm`2 � ��� �M/ � ?Bi 2{+B2M+v Q7 o?Bi � ��� Ub22 a2+iBQM �X�X"V-

r?2`2 ?�pBM; � Tm`2 i`�+F Bb KQ`2 BKTQ`i�Mi i?�M }M/BM; �HH TQbbB#H2 ?BibX h?Bb Bb /m2

iQ i?2 bm#b2[m2Mi E�HK�M }Hi2` +QKTQM2Mi- r?B+? Kmbi 2tT2MbBp2Hv `2KQp2 QmiHB2`

?BibX _2;�`/BM; i?2 i`�+F }M/BM; 2{+B2M+v �M/ 7�F2 i`�+F 7`�+iBQM- i?2 Q#pBQmb ;Q�H

Bb iQ ?�p2 i?2 7Q`K2` �b ?B;? �b TQbbB#H2 r?BH2 F22TBM; i?2 H�ii2` �b HQr �b TQbbB#H2X

JQ`2 [m�MiBi�iBp2Hv- i?2 Q#D2+iBp2 Bb iQ K22i �i H2�bi i?2 2biBK�i2b K�/2 r?2M i?2

G>*# mT;`�/2 r�b TH�MM2/- b?QrM BM h�#H2 �X"X h?2`2 Bb MQ bi`B+i `2[mB`2K2Mi QM

i?2 +QKTmi�iBQM�H T2`7Q`K�M+2 Q7 BM/BpB/m�H i`B;;2` +QKTQM2MibX h?2 r?QH2 >Gh/

�TTHB+�iBQM- ?Qr2p2`- ?�b iQ #2 �#H2 iQ T`Q+2bb i?2 � .)[ QmiTmi `�i2 Q7 >Gh" �M/

i?mb M22/b � +2`i�BM �KQmMi Q7 +QKTmiBM; MQ/2b- �b 2tTH�BM2/ BM a2+iBQM +X/X/X AM CmM2

/3"�- i?2 `2+QMbi`m+iBQM b2[m2M+2 +QKT�`�#H2 iQ i?2 #�b2HBM2 b2[m2M+2 U6B;m`2 �X+V

?�/ � i?`Qm;?Tmi Q7 �� FWUT�T QM i?2 `272`2M+2 MQ/2/X h?2 6Q`r�`/ i`�+FBM;- r?B+?

/h?2 #2bi@T2`7Q`KBM; TH�i7Q`K BM CmM2 /3"� r�b t3ene9Y�ptkY7K�@+2MiQbd@;++3@QTi- BX2X �/p�M+2/@
o2+iQ`@1ti2MbBQM /X 6mb2@KmHiBTHv@�// QTiBKBb�iBQM 2M�#H2/ rBi? :**�X" QM i?2 P+ QTiBKBb�iBQM
H2p2HX
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8 6Q`r�`/ h`�+FBM; BM >Ghk

h�#H2 8XR, 6Q`r�`/ i`�+FBM;öb ;?Qbi `�i2 �M/ i`�+F }M/BM; 2{+B2M+v
�b 2biBK�i2/ BM _27X ("�) 7Q` i?2 _mM + mT;`�/2 �M/ _mM " 7Q` +QK@
T�`BbQMX PM �p2`�;2- _mM " ?�/ QM2 T`BK�`v p2`i2t T2` 2p2Mi- r?BH2
_mM + ?�b }p2X

lT;`�/2 h._ (W) G>*# _mM " (W)

:?Qbi `�i2 ���� ����

�

GQM; ���� ����

GQM; � � � :2of� ���� ����

GQM; 7`QK ÷ ���� ����

GQM; � � � :2of� 7`QK ÷ ���� ����

iQQF �#Qmi �� Q7 i?Bb b2[m2M+2- ?�/ � i?`Qm;?Tmi Q7 ���� FWUT�TX �i i?�i iBK2- i?2

mbm�H �bbmKTiBQM r�b i?�i "333 `272`2M+2@MQ/2 2[mBp�H2Mib rQmH/ #2 �p�BH�#H2 7Q`

>Gh/ T`Q+2bbBM; BM _mM +X >2M+2- i?2 6Q`r�`/ i`�+FBM; �HQM2 rQmH/ ?�p2 +QMbmK2/

�HH �p�BH�#H2 `2bQm`+2b iQ T`Q+2bb i?2 QmiTmi Q7 >Gh" �M/ i?mb ?�/ iQ ;�BM b2p2`�H

7�+iQ`b BM i?`Qm;?Tmi rBi?Qmi +QKT`QKBbBM; i?2 T?vbB+b T2`7Q`K�M+2X

8Xk �H;Q`Bi?K .2bB;M �M/ .2b+`BTiBQM

h?2 +2Mi`�H T`Q#H2K Bb }M/BM; i?2 bBM;H2 +Q``2+i +QK#BM�iBQM Q7 � o1GP i`�+F rBi?

a+B6B ?Bib �KQM; i?2 K�Mv TQbbB#H2 2ti2MbBQMb Q` }M/BM; i?�i MQ bm+? +QK#BM�iBQM Bb

T`2b2MiX h?2 +QKTH2tBiv b+�H2b rBi? i?2 MmK#2` Q7 BMTmi i`�+Fb �M/ i?2 iQi�H MmK#2`

Q7 ?Bib i?2 a+B6B i`�+F2` `2+Q`/2/X hvTB+�H _mM + 2p2Mib rBi? BM2H�biB+ �� +QHHBbBQMb �i

G>*# H2�/ iQ î	��õ
 o1GP i`�+Fb �M/ î	��ï
 a+B6B ?BibX AM bBKmH�i2/ >Gh"@}Hi2`2/

KBMBKmK@#B�b b�KTH2b- QMHv �#Qmi ��� Q7 i?2 o1GP i`�+Fb �`2 T�`i Q7 � i`�D2+iQ`v

i?`Qm;? i?2 r?QH2 i`�+FBM; bvbi2K- �M/ KQbi a+B6B ?Bib �`2 H27i #v b2+QM/�`v T�`iB+H2b

r?B+? /Q MQi ?�p2 � o1GP@i`�+F b2;K2MiX h?2`27Q`2- i?2 BKK2/B�i2 /2bB;M ;Q�H Q7 i?2

6Q`r�`/ i`�+FBM; Bb iQ T`QpB/2 � T`Q+2/m`2 i?�i [mB+FHv /2+B/2b r?2i?2` � o1GP i`�+F

+�M ?�p2 � `2�bQM�#H2 2ti2MbBQM BM i?2 a+B6B i`�+F2`X A7 Bi Bb MQi TQbbB#H2 iQ `2D2+i �

o1GP i`�+F 2�`Hv BM i?2 �H;Q`Bi?K- �i H2�bi i?2 MmK#2` Q7 a+B6B@?Bi b2ib +QMbB/2`2/ �b

2ti2MbBQMb iQ i?2 o1GP i�+F b?QmH/ #2 `2/m+2/ 7�bi iQ +QMi`QH i?2 +QKTH2tBivX >2M+2-

i?2 BMBiB�H +QK#BM�iQ`B+b `2/m+iBQM Bb +`BiB+�H iQ T2`7Q`K�M+2 �M/- i?2`27Q`2- ?2�pBHv

mb2b i?2 7mHH +�T�#BHBiB2b Q7 KQ/2`M *Slb /2b+`B#2/ BM a2+iBQM +X+X

8XkXR Pp2`pB2r

6B;m`2 �X" BHHmbi`�i2b i?2 KQbi BKTQ`i�Mi T�`ib Q7 i?2 6Q`r�`/ i`�+FBM;- r?B+? �`2

2tTH�BM2/ BM KQ`2 /2i�BH BM i?2 7QHHQrBM; b2+iBQMbX h?2 ~Qr +?�`i b?Qrb K2i?Q/
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8Xk �H;Q`Bi?K .2bB;M �M/ .2b+`BTiBQM

S`,,Io2HQ-lTbi`2�K=,,h`�+Fb
*QM/BiBQMb
wQM2*�+?2

J�;M2i *m``2Mi
S`,,6h,,>Bib

a22/ +�H+mH�i2JQK2MimK"Q`/2`b

T`QD2+i>BibhQ>Qm;?aT�+2

TB+FlT*�M/B/�i2"BMb

b2H2+is*�M/B/�i2b

b2H2+i6mHH*�M/B/�i2b S`6Q`r�`/h`�+Fb

`2KQp2.mTHB+�i2b�//lh>Bib

S`,,GQM;,,h`�+Fb

HQQT

S`6Q`r�`/h`�+FBM;

>Qm;? i`�Mb7Q`K

6B;m`2 8XR, >Gh/ 6Q`r�`/ i`�+FBM; �H;Q`Bi?K Qp2`pB2rX h?2 iQT H�v2` b?Qrb i?2 BMTmib iQ i?2
6Q`r�`/ i`�+FBM; r?2`2 i?2 Qp�H }2H/ +QMi�BMb BMTmib 7`QK i?2 +QM/BiBQMb /�i�#�b2X h?2
`2/ /�b?2/ #Qt +QMi�BMb i?2 K2i?Q/b 2t2+mi2/ rBi?BM i?2 �H;Q`Bi?KX h?2 #Hm2 /Qii2/ #Qt
BM/B+�i2b K2i?Q/b T2`7Q`KBM; i?2 >Qm;?@HBF2 i`�Mb7Q`KX h?2 #QiiQK H�v2` b?Qrb i?2 QmiTmi
Q7 i?2 �H;Q`Bi?KX h?2 bQHB/ #H�+F �``Qrb ?BMi �i r?B+? K2i?Q/b mb2 i?2 `2bT2+iBp2 BMTmibX
h?2 /�b?2/ #H�+F �``Qr BM/B+�i2b � HQQT Qp2` i?2 BMTmi i`�+FbX

M�K2b �HbQ mb2/ BM i?2 �H;Q`Bi?Köb BKTH2K2Mi�iBQM bm+? i?�i i?2 /2i�BH@BMi2`2bi2/

`2�/2` +�M M�pB;�i2 i?2 +Q/2 KQ`2 2�bBHvX h?2 b2+iBQMb +QMi�BM /Q+mK2Mi�iBQM Q7 i?2

T�`�K2i2`Bb�iBQMb mb2/ iQ KQ/2H +2`i�BM i`�D2+iQ`v T�`�K2i2`bX Ai Bb MQi M2+2bb�`v

iQ mM/2`bi�M/ i?2 2t�+i TQHvMQKB�H 2tT`2bbBQMb �b i?2v �`2 MQi mMB[m2 Ub22 �HbQ

�TT2M/Bt �X+Vc i?2v �`2 QMHv ;Bp2M 7Q` +QKTH2i2M2bbX

�H;Q`Bi?K *QM+2Ti h?2 6Q`r�`/ i`�+FBM; i�F2b � i`�+F 7QmM/ #v i?2 o1GP Q`

o2HQlh i`�+FBM; �H;Q`Bi?K �b BMTmi b22/X h?2 b22/ +QMi�BMb BM7Q`K�iBQM �#Qmi i?2

i`�D2+iQ`v mTbi`2�K Q7 i?2 K�;M2i- r?B+? Bb mb2/ iQ b2i HBKBib QM i?2 ?Bi@b2�`+? `2;BQM

rBi?BM i?2 a+B6B i`�+F2` /QrMbi`2�K Q7 i?2 K�;M2i U+�H+mH�i2JQK2MimK"Q`/2`bVX

>Bib rBi?BM i?2 b2�`+? rBM/Qr �`2 T`QD2+i2/ iQ � `272`2M+2 TH�M2 �++Q`/BM; iQ i?2

i`�D2+iQ`v 2tT2+i2/ 7`QK i?2 BMTmi i`�+F UT`QD2+i>BibhQ>Qm;?aT�+2VX h?Bb Bb /QM2

7Q` a+B6B ?Bib 7`QK #Qi? ' �M/ bi2`2Q H�v2`bX h?2 `272`2M+2 TH�M2 Bb /BpB/2/ BMiQ #BMb

i?�i +QmMi i?2 MmK#2` Q7 a+B6B H�v2`b 7`QK r?B+? i?2 T`QD2+i2/ ?Bib Q`B;BM�i2 Ub22
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6B;m`2 8Xj, Pp2`pB2r Q7 i?2 xQM2 MmK#2`BM; 7Q` 2�+? a+B6B i`�+F2` H�v2` �M/ i?2B` TQbBiBQMb
rBi?BM i?2 ;HQ#�H G>*# +QQ`/BM�i2 bvbi2KX

BM7Q`K�iBQM �#Qmi i?2 ?Bib Bb bTHBi BMiQ � ?Qi �M/ � +QH/ T�`i" �M/ biQ`2/ BM �M �Qa

H�vQmi iQ K�tBKBb2 bT�iB�H +�+?2@HQ+�HBiv 7Q` i?Bb T�`iB+mH�` /�i� Ub22 a2+iBQM +X+VX h?2

?Qi T�`i +QMi�BMb i?2 `2+BT`Q+�H Q7 i?2 p�`B�M+2 Q7 i?2 K2�bm`2K2Mi /2i2`KBM2/ #v

i?2 bBx2 Q7 i?2 +Hmbi2` Ub22 a2+iBQM /X�X+V- BX2X i?2 ?Bi r2B;?i- i?2 bi2`2Q �M;H2 E'�E(-

iBHiBM; E)�E( �M/ ) TQbBiBQM Q7 i?2 a+B6B K�iX h?2 +QH/ T�`i biQ`2b BM7Q`K�iBQM �#Qmi

i?2 ( 2M/TQBMib Q7 i?2 a+B6B /2i2+iQ` �i i?2 TQbBiBQM Q7 i?2 ?Bib �M/ � mMB[m2 B/2MiB}2`

7Q` i?2 +2Mi`�H /2i2+iQ` +?�MM2H mb2/ iQ #mBH/ i?2 +Hmbi2`X hQ �pQB/ /vM�KB+ K2KQ`v

U/2V�HHQ+�iBQMb- 2�+? }2H/ BM i?2 ?Bi +QMi�BM2` mb2b G>*#öb 2p2Mi@HQ+�H K2KQ`v TQQHX

h?2 a+B6B ?Bibö TQbBiBQMb �`2 /2`Bp2/ 7`QK i?2 /2i2+iQ` +QM/BiBQMb �M/ i?mb BM+Hm/2 i?2

#2bi �p�BH�#H2 �HB;MK2Mi Q7 i?2 i`�+FBM; bi�iBQMbX

6m`i?2`KQ`2- i?2 6Q`r�`/ i`�+FBM; �H;Q`Bi?K `2�/b i?2 bB;M Q7 i?2 K�;M2i +m``2Mi

7`QK i?2 +QM/BiBQMb /�i�#�b2X 6Q` i?2 +QKTmi�iBQM�H T2`7Q`K�M+2- Bi Bb ?2HT7mH iQ F22T

;2QK2i`B+ xQM2 BM7Q`K�iBQM /2`Bp2/ 7`QK �HB;M�#H2 Q#D2+ib BM � +�+?2 UwQM2*�+?2V i?�i

;2ib mT/�i2/ BM +�b2 i?2 /2i2+iQ` +QM/BiBQMb +?�M;2 Ub22 a2+iBQM +X/X+VX

h?2 BMTmi i`�+Fb 7Q` i?2 6Q`r�`/ i`�+FBM; �`2 T`Q/m+2/ 2Bi?2` #v i?2 o1GP i`�+FBM;

Q` i?2 o2HQlh �H;Q`Bi?KX h?2v �`2 �H`2�/v �p�BH�#H2 BM �M aQ� /�i� bi`m+im`2- r?B+?-

?Qr2p2`- BM i?2 +m``2Mi BKTH2K2Mi�iBQM Q7 i?2 6Q`r�`/ i`�+FBM;- /Q2b MQi H2�/ iQ

+QKTmi�iBQM�H T2`7Q`K�M+2 #2M2}ib �b i?2 HQQT Qp2` i?2 BMTmi i`�+Fb Bb b+�H�` �M/

">Qi �M/ +QH/ ?2`2 `272` iQ i?2 7`2[m2M+v rBi? r?B+? i?2 *Sl �++2bb2b i?2 +Q``2bTQM/BM; K2KQ`vX
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2M+HQb2b KQbi Q7 i?2 �H;Q`Bi?K �b b?QrM BM 6B;m`2 �X"X h?mb- i?2 }`bi bi2T BM i?2

BMTmi@i`�+F HQQT Bb iQ i`�Mb7Q`K i?2 BMTmi i`�+F BMiQ � KQ`2 mb27mH /�i� bi`m+im`2 +�HH2/

i?2 b22/- r?B+? +QMi�BMb i`�+F@bi�i2@p2+iQ` T�`�K2i2`b �i i?2 2M/ Q7 i?2 o1GP /2i2+iQ`

U)p � ��� NNV �M/ T`2@+QKTmi2b mb27mH [m�MiBiB2b HBF2 i?2 C�+Q#B�M U1[m�iBQM �X/V

�H`2�/v 2M+QmMi2`2/ BM 1[m�iBQM �X�- TQHvMQKB�H i2`Kb mb2/ BM 2ti`�TQH�iBQMb �M/

`272`2M+2 TQbBiBQMb mbBM; HBM2�` 2ti`�TQH�iBQM Q7 i?2 o1GP i`�+F bi�i2X

8XkXj 1biBK�iBM; h`�D2+iQ`v "QmM/�`B2b

�7i2` i?2 BMBiB�HBb�iBQM Q7 i?2 b22/- i?2 M2ti bi2T Bb iQ +?QQb2 i?2 a+B6B ?Bib i?�i

�`2 +QMbB/2`2/ 7Q` �M 2ti2MbBQMX � T`2+Bb2 +?QB+2 Bb #2M2}+B�H 7Q` i?2 +QKTmi�iBQM�H

T2`7Q`K�M+2 Q7 i?2 �H;Q`Bi?K #2+�mb2 Bi `2/m+2b i?2 MmK#2` Q7 ?Bib i?�i Kmbi #2

T`Q+2bb2/ BM i?2 bm#b2[m2Mi bi2TbX h?2 }`bi T`QT2`iv Q7 i?2 i`�D2+iQ`B2b iQ MQiB+2 Bb

i?2B` �TT`QtBK�i2 bi`�B;?iM2bb BM i?2 (@) TH�M2 /m2 iQ i?2 M2;HB;B#H2 K�;MBim/2 Q7 i?2

K�;M2iB+ }2H/öb ÷� +QKTQM2Mi �M/ #� #� F �X PMHv �����" Q7 `2+QMbi`m+iB#H2 GQM;

i`�+Fb i`�p2`b2 #Qi? i?2 mTT2` �M/ HQr2` ?�Hp2b Q7 i?2 a+B6B i`�+F2`X h?mb- i?2 b2�`+?

7Q` 2ti2M/BM; ?Bib Bb `2bi`B+i2/ iQ QMHv QM2 ?�H7 Q7 i?2 /2i2+iQ`- +Q``2bTQM/BM; iQ 2p2M

Q` Q// xQM2 MmK#2`bX q?BH2 BM i?2 ( /B`2+iBQM- i?2`2 Bb MQi?BM; KQ`2 iQ ;�BM #2+�mb2

i?2 b+BMiBHH�iBM; }#`2b `mM K�BMHv �HQM; i?2 ( �tBb- #QmM/�`B2b Q7 i?2 i`�D2+iQ`v BM

i?2 ' /B`2+iBQM +�M #2 7QmM/ B7 � KBMBKmK KQK2MimK Bb �bbmK2/X h?2 i`�+F bi�i2

p2+iQ` Q7 i?2 b22/ Bb i?2M ;Bp2M #v 	'p (p #� #� ; ��KBM
 �i i?2 2M/ Q7 i?2 o1GP )p-

rBi? � bB;M �K#B;mBiv #2+�mb2 Q7 i?2 mMFMQrM +?�`;2 Q7 i?2 b22/ T�`iB+H2X/ lbBM;

i?Bb bi�i2 p2+iQ` �M/ i?2 K�;M2iB+ }2H/ K�T- i?2 irQ ') i`�D2+iQ`B2b 2Mp2HQTBM; i?2

a+B6B �`2� BMi2`2biBM; 7Q` `2+QMbi`m+iBQM +�M #2 /2i2`KBM2/ #v MmK2`B+�HHv bQHpBM; i?2

2[m�iBQMb Q7 KQiBQM 7`QK a2+iBQM �X/X/- r?B+?- ?Qr2p2`- Bb +QKTmi�iBQM�HHv MQi +?2�TX

AMbi2�/- � T�`�K2i2`Bb�iBQM Bb mb2/ iQ 2biBK�i2 i?2 /Bz2`2M+2 #2ir22M i?2 bi`�B;?i@HBM2

2ti`�TQH�iBQM �M/ i?2 TQbBiBQM Q7 i?2 i`�D2+iQ`v '
2tiT
`27 �i � `272`2M+2 TH�M2,

�'#Q`/2` � ]'bi`�B;?i
`27 7 '

2tiT
`27 ]

rBi?

'
bi`�B;?i
`27 � 'p � #�	)`27 7 )p


�i )`27 � ���� NN �M/ T�`�K2i2`Bb2/ #v

�'KBM
#Q`/2` �

�

�KBM

³� �
�

�KBM

� �
�

�KBM

ø � ��

�

�KBM

®®´ U�X"V

rBi?

� � �� � �Æ#
õ
� � �õ#

õ
� �  K�;��#

ï
� � �½#

õ
�#

õ
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�
�

"h?2 K�;M2iB+ }2H/ Bb QMHv `2bTQMbB#H2 7Q` ?�H7 Q7 i?2b2c i?2 `2bi +`Qbb2b 7`QK QM2 /2i2+iQ` ?�H7 iQ i?2
Qi?2` pB� b+�ii2`BM;X

/LQi2 i?�i 7Q` bBKTHB+Biv- �] �M/ �^ �`2 i?2 bHQT2b �i �p B7 MQi 2tTHB+BiHv bi�i2/ Qi?2`rBb2X
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�

FMQrM

]!j] 2Hb2

r?2`2 !j Bb i?2 bB;M2/ `2H�iBp2 +m``2Mi i?`Qm;? i?2 K�;M2ic mM/2` MQKBM�H /2i2+iQ`

+QM/BiBQMb- i?2 `2H�iBp2 +m``2Mi Bb !j � ;�- rBi? M2;�iBp2 �M/ TQbBiBp2 bB;Mb /2}MBM; i?2

.QrM �M/ lT K�;M2i TQH�`BiB2b- `2bT2+iBp2HvX h?2 ]!j] � � +�b2 ?�b MQi #22M bim/B2/

�M/ Bb i?mb MQi ;m�`�Mi22/ iQ #2 +Qp2`2/ #v i?2 T�`�K2i2`Bb�iBQMbX h?2 bB;M Q7  K�;

/2i2`KBM2b i?2 bB;M Q7 i?2 i`�+F +m`p�im`2c � M2;�iBp2  K�; /2~2+ib i?2 T�`iB+H2 iQ i?2

H27i- BX2X BM i?2 TQbBiBp2 ' /B`2+iBQMX h?2 +Q2{+B2Mib �� �`2 /2i2`KBM2/ mbBM; bBKmH�i2/

i`�+Fb �M/ ;Bp2M BM h�#H2 �X"X � ;2M2`�H K2i?Q/ iQ Q#i�BM i?2b2 T�`�K2i2`Bb�iBQMb Bb

/2b+`B#2/ BM �TT2M/Bt �X+X h?2 /27�mHi +QM};m`�iBQM Q7 i?2 6Q`r�`/ i`�+FBM; mb2b

�KBM � ���� J2of� �M/ �h-KBM � �� J2of�c #2HQr i?2b2 p�Hm2b- KQbi i`�+Fb �`2 MQi

`2+QMbi`m+iB#H2 �MvKQ`2 #2+�mb2 i?2v �`2 /2~2+i2/ Qmi Q7 �++2Ti�M+2 #v i?2 K�;M2i-

Q` i?2 T�`iB+H2 /2+�vb #27Q`2 i?2 a+B6B i`�+F2` (%�)X

h?2 KBMBKmK KQK2MimK `2[mB`2K2Mi +�M #2 +QM};m`2/ 7Q` /Bz2`2Mi T?vbB+b mb2

+�b2bX �M 2t�KTH2 Bb i?2 BQM@BQM +QHHBbBQM T`Q;`�KK2 BM r?B+? Bi K�F2b b2Mb2 iQ `2bi`B+i

i?2 `2+QMbi`m+iBQM iQ ?B;?2` KQK2Mi� iQ +QT2 rBi? i?2 ?B;? i`�+F KmHiBTHB+BivX

h?2 KBMBKmK �ë p�Hm2 Bb T`QD2+i2/ iQ � KBMBKmK � p�Hm2- mbBM; i?2 FMQrM i`�+F

bHQT2b #� �M/ #�X h?2 bK�HH2` �'KBM
#Q`/2` +�H+mH�i2/ 7`QK #Qi? KQK2Mi� Bb 2p2Mim�HHv

mb2/ iQ /2}M2 i?2 #Q`/2` Q7 i?2 i`�D2+iQ`v- �HbQ +�HH2/ i?2 b2�`+? rBM/QrX �i i?2

`272`2M+2 TH�M2- Bi Bb ;Bp2M #v

'KBM � '
bi`�B;?i
`27 7 �'KBM

#Q`/2`

'K�t � '
bi`�B;?i
`27 � �'KBM

#Q`/2`

h?2`2 Bb MQ T`Q7QmM/ `2�bQM iQ /2}M2 i?2 b2�`+? rBM/Qr QM i?2 `272`2M+2 TH�M2

BMBiB�HHvc Bi bBKTHv Bb +QMp2MB2Mi �b i?Bb `272`2M+2 TH�M2 Bb mb2/ BM i?2 +QMi2ti Q7 Qi?2`

T�`�K2i2`Bb�iBQMb iQQX hQ b2H2+i i?2 ?Bib- i?2 b2�`+? rBM/Qr Kmbi #2 �/Dmbi2/ iQ i?2 )

TQbBiBQM Q7 2�+? a+B6B H�v2` Ub22 a2+iBQM �X/X�VX h?2 b2�`+? rBM/Qr 2{+B2M+v Bb b?QrM

BM 6B;m`2 �X�X h?2 im`M@QM@+m`p2 b?�T2 Q7 i?2 2{+B2M+v Bb /m2 iQ KmHiBTH2 b+�ii2`BM;-

r?B+? bK2�`b i?2 KQK2MimK #Q`/2`c i?2 2{+B2M+v /Bz2`2M+2 #2ir22M i?2 }`bi �M/

i?2 H�bi a+B6B H�v2` Bb �M �`i27�+i Q7 i?2 bBKTHBbiB+ �/DmbiK2Mi iQ �++QmMi 7Q` i?2 )

TQbBiBQM Q7 i?2 H�v2`X "2+�mb2 >Gh/ �BKb �i `2+QMbi`m+iBM; i?2 r?QH2 2p2Mi- BM+Hm/BM;

HQr@KQK2MimK T�`iB+H2b- i?2 b2�`+? rBM/Qrb +�M #2 bB;MB}+�Mi iQ i?2 2ti2Mi i?�i i?2v

+Qp2` i?2 r?QH2 a+B6B i`�+F2` �M/ i?mb +QHH2+i �HH ?Bib Q7 QM2 ?�H7X 6B;m`2 �X�� ;Bp2b

irQ 2t�KTH2b Q7 ?Qr i?2b2 b2�`+? rBM/Qrb HQQFX

h?2 QMHv r�v iQ �pQB/ 2ti2MbBp2 b2�`+? rBM/Qrb Bb iQ 2Bi?2` BM+`2�b2 i?2 KBMBKmK@

KQK2MimK `2[mB`2K2Mi- BX2X HBKBiBM; i?2 T?vbB+b `2�+? Q7 i?2 2tT2`BK2Mi Q` iQ mb2 �M

BMBiB�H 2biBK�i2 Q7 +?�`;2 �M/ KQK2MimKX h?2 H�ii2` Bb �HbQ bmTTQ`i2/ #v 1[m�iBQM �X"-
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pmin

Layer 0
Layer 11

6B;m`2 8X9, h?2 b2�`+? rBM/Qr 2{+B2M+v Bb /2}M2/ �b i?2 bmK Q7 �HH a+B6B ?Bib rBi?BM
i?2 b2�`+? rBM/Qr i`mi?@K�i+?2/ iQ `2+QMbi`m+iB#H2 GQM; i`�+Fb- /BpB/2/ #v �HH
i`m2 ?Bib 7`QK i?2 `2+QMbi`m+iB#H2 GQM; i`�+FbX h?2 #Hm2 +B`+H2b �M/ Q`�M;2 bi�`b
b?Qr i?2 b2�`+? rBM/Qr 2{+B2M+v 7Q` i?2 }`bi �M/ H�bi a+B6B H�v2`- `2bT2+iBp2Hv- BM
#BMb Q7 i`m2 KQK2MimK rBi? �KBM � ���� J2of�X

2X;X mbBM; lTbi`2�K i`�+Fb- BM r?B+? +�b2 Bi `2im`Mb �M 2biBK�i2 7Q` i?2 �+im�H /2pB�iBQM

7`QK i?2 bi`�B;?i@HBM2 i`�D2+iQ`v �i i?2 `272`2M+2 TH�M2X h?2 b2�`+? rBM/Qr bBx2 Bb i?2M

/`Bp2M #v i?2 KQK2MimK `2bQHmiBQM Q7 i?2 BMTmi i`�+Fb �M/ i?mb #2+QK2b �bvKK2i`B+

#2+�mb2 �'#Q`/2` Ñ ���X h?Bb ?�b #22M bim/B2/ BM _27X ("+)- i?2 `2bmHi Q7 r?B+? Bb mb2/

iQ /2}M2 i?2 KQK2MimK@/2T2M/2Mi b2�`+? rBM/Qr �b,

'KBM � Ó'
bi`�B;?i
`27 7 �'#Q`/2` 7 �HQr2` B7  K�; � �

'
bi`�B;?i
`27 � NBY	�'#Q`/2` 7 �?B;?2` �
 B7  K�; � �

'K�t � Ó'
bi`�B;?i
`27 � NJO	7�'#Q`/2` � �?B;?2` �
 B7  K�; � �

'
bi`�B;?i
`27 � �'#Q`/2` � �HQr2` B7  K�; � �

rBi?

�HQr2` � NBY	nKBM NJO	nHQr2` � �Â�� nK�t



�?B;?2` � NJO	n?B;?2` � �Â�� nK�t


h?2 n p�Hm2b �`2 KQK2MimK@`2bQHmiBQM /2T2M/2MiX 6Q` lTbi`2�K i`�+Fb 7`QK i?2

o2HQlh i`�+FBM; rBi? � `2bQHmiBQM Q7 `Qm;?Hv ���- i?2 T�`�K2i2`b �`2 nKBM � ��� NN-

nHQr2` � ��� NN- �Â � ���� NN :2ofD- n?B;?2` � �� NN- �Â � ���� NN :2of� �M/

nK�t � ��� NNX h?2 KQK2MimK@/2T2M/2Mi b2�`+? rBM/Qr Bb pBbm�HBb2/ BM 6B;m`2 �X�#X

JQ`2 QM i?Bb �TT`Q�+? +�M #2 7QmM/ BM a2+iBQM �X�X
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LHCb Simulation

#, >Bi b2�`+? rBM/Qr mbBM; KQK2MimK@
/2T2M/2Mi #QmM/�`vX

6B;m`2 8X8, oBbm�HBb�iBQM Q7 ?Bi@b2�`+? rBM/Qrb 7Q` KBMBKmK@KQK2MimK #QmM/�`v
�i �KBM � ���� J2of� U�V �M/ KQK2MimK@/2T2M/2Mi #QmM/�`v mbBM; i?2 i`m2
KQK2MimK Q7 i?2 bBKmH�i2/ i`�+Fb U#VX h?2 `2/ bQHB/ HBM2 �M/ 2KTiv +B`+H2b
�`2 i?2 KQK2MimK #Q`/2`b �M/ i?2 a+B6B ?Bib- `2bT2+iBp2Hv- H27i #v � z� rBi?
�i`m2 � ���� J2of�X h?2 ;`22M /�b?2/ HBM2 �M/ }HH2/ +B`+H2b b?Qr i?2 2[mBp�H2Mi
7Q` � z7 rBi? �i`m2 � ���� J2of�X

8XkX9 aBKTHB}2/ h`�+F JQ/2H

"27Q`2 /Bb+mbbBM; i?2 M2ti bi2T BM i?2 �H;Q`Bi?K- Bi Bb BMbi`m+iBp2 iQ /2}M2 � bBKTHB}2/

i`�+F KQ/2H 7QHHQrBM; i?2 PTiB+�H JQ/2H K2i?Q/ (�/) BM r?B+? i?2 K�;M2iB+ }2H/ Bb

i`2�i2/ �b � i?BM H2Mb `27`�+iBM; i`�+Fb HBF2 HB;?i `�vbX h?2 ;Q�H Bb iQ B/2MiB7v � bK�HH

b2i Q7 T�`�K2i2`b i?�i 2z2+iBp2Hv /2b+`B#2 i?2 bi�i2 i`�Mb72` 7`QK #27Q`2 i?2 K�;M2i

iQ /QrMbi`2�K Q7 i?2 K�;M2iX h?Bb Bb mb27mH #2+�mb2 MQ K2�bm`2K2Mib �`2 K�/2

rBi?BM i?2 +Q`2 T�`i Q7 i?2 K�;M2iB+ }2H/- �M/ i?2 i`�+F }M/BM; Bb MQi BMi2`2bi2/ BM i?2

2t�+i T�i? i?2 T�`iB+H2 iQQF i?`Qm;? i?2 K�;M2iX 6m`i?2`KQ`2- i?2 KQ/2H �HHQrb iQ

T2`7Q`K HBM2�` T`QD2+iBQMb rBi?BM i?2 a+B6B i`�+F2` M22/2/ 7Q` i?2 QTiBKBb2/ >Qm;?@HBF2

i`�Mb7Q`K /2b+`B#2/ BM a2+iBQM �X/X�X h?2 PTiB+�H JQ/2H Bb bF2i+?2/ BM 6B;m`2 �X(- rBi?

i?2 i`�D2+iQ`v /2b+`B#2/ #v i?2 BMTmi i`�+F bi�i2- i?2 K�;M2i FB+F TQbBiBQM )K�; UQTiB+�H

+2Mi`2V- �M/ i?2 /Bz2`2M+2 #2ir22M i?2 BM+QKBM; �M/ Qmi;QBM; bHQT2b �#�X PM+2 �

bBM;H2 ?Bi 	'?Bi )xQM2

" /QrMbi`2�K Q7 i?2 K�;M2i Bb i�F2M BMiQ �++QmMi- T`2/B+iBM; i?2

t +QQ`/BM�i2 �i � ;Bp2M x TQbBiBQM Bb � bBKTH2 HBM2�` 2ti`�TQH�iBQM rBi?BM i?2 KQ/2H,

'T`QD	)
 � 'K�; �
'?Bi 7 'K�;

)xQM2 7 )K�;

	) 7 )K�;
 U�X/V

rBi? 'K�; � 'p � #�	)K�; 7 )p
X G>*#öb K�;M2iB+ }2H/- ?Qr2p2`- 7`BM;2b BMiQ i?2 a+B6B

i`�+F2` Ub22 6B;m`2 /X+VX >2M+2- i?2 ?Bib /Q MQi 7�HH QM � bi`�B;?i HBM2- �M/ 7Q` i`�+F

}M/BM;- i?2 PTiB+�H JQ/2H K2i?Q/ ?�b iQ #2 2ti2M/2/ #v � KQ/2H 7Q` i?2 i`�D2+iQ`v

rBi?BM i?2 a+B6B i`�+F2`X h?2 ' T`QD2+iBQM Q7 i?2 i`�D2+iQ`v rBi?BM i?2 a+B6B bi�iBQMb Bb

"h?2 � TQbBiBQM Q7 i?2 ?Bi Bb i�F2M �b 2[mBp�H2Mi iQ i?2 ;HQ#�H � TQbBiBQM Q7 i?2 /2i2+iQ` H�v2`X h?Bb Bb �M
�TT`QtBK�iBQM `2/m+BM; i?2 M2+2bb�`v K2KQ`v �++2bb2b �b �xQM2 +�M #2 i�F2M 7`QK i?2 wQM2*�+?2X
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rBi? i?2 +Q2{+B2Mib HBbi2/ BM h�#H2 �X/X AM T`BM+BTH2- i?Bb T`Q+2/m`2 +QmH/ #2 `2T2�i2/

iQ `2}M2 i?2 `2bT2+iBp2 2biBK�i2b 7m`i?2`X AM T`�+iB+2- +�H+mH�iBM; )K�; QM+2 mbBM; �#¥

�

Bb bm{+B2Mi 7Q` i?2 T`2+BbBQM M22/2/ 7Q` i?2 T�ii2`M `2+Q;MBiBQM BM i?2 M2ti b2+iBQMX

h?2 `2bB/m�Hb �+?B2p2/ #v 1[m�iBQM �X% �`2 b?QrM BM 6B;m`2 �X%�X h?2v BM/B+�i2 i?�i

i?2 +�H+mH�i2/ )K�; Bb bHB;?iHv #B�b2/ /2T2M/BM; QM i?2 i`m2 K�;M2i +2Mi`2 TQbBiBQMX

u2i- #2+�mb2 )K�; Bb biBHH /2i2`KBM2/ rBi? � T`2+BbBQM mT iQ � 72r KBHHBK2i`2b- i?2 #B�b

TB+F2/ mT #v 'T`QD 7`QK 1[m�iBQM �X/ Bb Km+? H2bb i?�M � KBHHBK2i`2 �M/ i?mb M2;HB;B#H2

;Bp2M i?�i i?2 bBM;H2@?Bi `2bQHmiBQM Bb Q7 i?2 b�K2 Q`/2`X

AM T`BM+BTH2- i?2 b�K2 KQ/2H +�M #2 /2}M2/ 7Q` i?2 ( T`QD2+iBQM Q7 i?2 i`�D2+iQ`vX

>Qr2p2`- i?2 KBMQ` #2M/BM; Q7 i?2 i`�+F BM i?2 ( 7 ) TH�M2 �M/ i?2 �++Q`/BM;Hv bK�HH

�#�- +QK#BM2/ rBi? i?2 H�+F Q7 T`2+Bb2 (@+QQ`/BM�i2 K2�bm`2K2Mib BM i?2 a+B6B i`�+F2`-

K�F2 i?2 PTiB+�H JQ/2H K2i?Q/ BKT`�+iB+�H BM i?Bb +�b2X

8XkX8 PTiBKBb2/ >Qm;?@HBF2 h`�Mb7Q`K

h?Bb T�`i Q7 i?2 �H;Q`Bi?K T2`7Q`Kb i?2 �+im�H T�ii2`M `2+Q;MBiBQMc Bi i�F2b +�`2 Q7

i?2 #mHF Q7 i?2 +QK#BM�iQ`B+b `2/m+iBQM �M/ Bb i?2 KQbi iBK2@+QMbmKBM; rBi?BM i?2

�H;Q`Bi?KX Ai- i?2`27Q`2- M22/b iQ #2 BKTH2K2Mi2/ rBi? +QKTmi�iBQM�H T2`7Q`K�M+2 BM

KBM/X h?2 T�ii2`M `2+Q;MBiBQM Bb BMbTB`2/ #v i?2 >Qm;? i`�Mb7Q`K (��) �M/ 7QHHQrb

� K�T@`2/m+2 bi`�i2;v iQ bB2p2 Qmi b2ib Q7 a+B6B ?Bib i?�i /Q MQi 7Q`K � K�i+?BM;

2ti2MbBQM iQ i?2 BMTmi i`�+FX h?2 ' TQbBiBQMb Q7 a+B6B ?Bib b2H2+i2/ #v i?2 b2�`+?

rBM/Qr �`2 K�TT2/ iQ i?2 `272`2M+2 TH�M2 mbBM; i?2 bBKTHB}2/ i`�+F KQ/2HX h?2v �`2

i?2M }HH2/ BMiQ � ?BbiQ;`�K UT`QD2+i>BibhQ>Qm;?aT�+2 BM 6B;m`2 �X"VX h?2 ?BbiQ;`�K

+QmMib i?2 MmK#2` Q7 mMB[m2 a+B6B /2i2+iQ` H�v2`b T`2b2Mi �KQM; i?2 ?Bib BM QM2 #BM

�b i?2 MmK#2` Q7 H�v2`b Bb i?2 #2bi /Bb+`BKBM�Mi �;�BMbi `�M/QK +QK#BM�iBQMbX h?Bb

r�v- ?Bib i?�i K�i+? i?2 BMTmi i`�+F �++mKmH�i2 H�v2`b BM � 72r #BMb �b /2TB+i2/ BM

6B;m`2 �X�X am#b2[m2MiHv- i?2 ?BbiQ;`�K Bb b+�MM2/ 7Q` bK�HH ;`QmTb Q7 M2B;?#Qm`BM;

#BMb 2t+22/BM; � H�v2`@+QmMi i?`2b?QH/- i?mb `2/m+BM; i?2 H�`;2 b2i Q7 ?Bib 7`QK rBi?BM

i?2 b2�`+? rBM/Qr iQ MQM2- QM2 Q` b2p2`�H bK�HH b2ib Q7 ?Bib- r?B+? #2+QK2 +�M/B/�i2b

7Q` i?2 2ti2MbBQM Q7 i?2 BMTmi i`�+F UTB+FlT*�M/B/�i2"BMb BM 6B;m`2 �X"VX

>Bi b2H2+iBQM 6B`bi- 7Q` 2�+? xQM2- i?2 a+B6B ?Bib rBi?BM i?2 b2�`+? rBM/Qr Kmbi #2

7QmM/X 1[m�iBQM �X" QMHv ;Bp2b i?2 KQK2MimK #Q`/2`b �i i?2 `272`2M+2 TH�M2 �M/ i?mb

?�b iQ #2 b+�H2/ iQ i?2 BM/BpB/m�H a+B6B H�v2`bX � bBKTH2 HBM2�` b+�HBM;

'KBM	)xQM2
 � '
bi`�B;?i
xQM2 7 " A �'KBM

#Q`/2`

'K�t	)xQM2
 � '
bi`�B;?i
xQM2 � " A �'KBM

#Q`/2`

rBi?

" � )xQM2 7 )K�;

)`27 7 )K�;
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h" h/ h+

a+B6B h`�+F2`

_272`2M+2 SH�M2
BMTmi i`�+F

?Bi b2�`+? rBM/Qr

t_272`2M+2

OG�v2`bx

t

i?`2b?QH/

6B;m`2 8X3, aF2i+? Q7 i?2 >Qm;?@HBF2 i`�Mb7Q`KX .Bz2`2Mi ?Bi T`QD2+iBQMb 7Q` QM2 BMTmi i`�+F
�`2 b?QrMX h?2 ?Bib �`2 +QHH2+i2/ BM � ?BbiQ;`�K- r?2`2 i?2 i`m2 ?Bib #2HQM;BM; iQ i?2 BMTmi
i`�+F U;`22MV `2�+? #BM +QmMib Qp2` i?2 i?`2b?QH/- r?BH2 r`QM; ?Bib U`2/V 7Q`K � KQ`2 mMB7Q`K
/Bbi`B#miBQMX

vB2H/b � bm{+B2Mi" ?Bi 2{+B2M+v �i i?2 KQK2MimK #Q`/2` Ub22 6B;m`2 �X�VX L2ti-

i?2 ?Bib rBi? i?2 bK�HH2bi �M/ H�`;2bi ' TQbBiBQMb rBi?BM i?2 b2�`+? rBM/Qr Kmbi #2

b2�`+?2/ 7Q`X h?2 ?Bi +QMi�BM2` /�i� bi`m+im`2- /2TB+i2/ BM 6B;m`2 �X/- Bb r2HH@bmBi2/

7Q` i?Bb #2+�mb2 î	���
 ?Bib �`2 biQ`2/ BM �b+2M/BM; Q`/2` 7Q` 2�+? xQM2X h?Bb K�F2b

#BM�`v b2�`+? (�() i?2 QTiBK�H �H;Q`Bi?K BM i2`Kb Q7 +QKTmi�iBQM�H +QKTH2tBiv iQ }M/

i?2 ?Bib �i i?2 2/;2b Q7 i?2 b2�`+? rBM/QrX u2i Bi r�b 7QmM/ i?�i i?2 p�MBHH� #BM�`v

b2�`+? bmz2`b 7`QK #`�M+? KBbT`2/B+iBQMb/ #v i?2 *Sl Ub22 a2+iBQM +X+V �M/ TQb2b

� #QiiH2M2+F BM i?2 T2`7Q`K�M+2 Q7 i?2 QTiBKBb2/ >Qm;?@HBF2 i`�Mb7Q`KX h?2`27Q`2- �

#`�M+?H2bb BKTH2K2Mi�iBQM Q7 #BM�`v b2�`+? Bb mb2/ (��- (�)- r?B+? �pQB/b i?2 #QiiH2M2+FX

"2+�mb2 i?2 b2�`+? ivTB+�HHv M22/b b2p2M Bi2`�iBQMb+ iQ }M/ i?2 HQr2` #QmM/- i?2 }`bi

Bi2`�iBQMb �`2 BKTH2K2Mi2/ �b �M mM`QHH2/ HQQT iQ �pQB/ i?2 HQQT Qp2`?2�/X u2i rBi?Qmi

�//BiBQM�H +?2+Fb- B7 i?2 b2�`+? rBM/Qr Bb H�`;2` i?�M i?2 H�`;2bi ?Bi TQbBiBQM- i?2

mM`QHH2/ #BM�`v b2�`+? HQQT K�F2b �M Qmi@Q7@#QmM/b �++2bbX h?Bb Bb �pQB/2/ #v TmiiBM;

i?2 b2MiBM2H �i i?2 2M/ Q7 i?2 xQM2 Ub22 6B;m`2 �X/VX

>Bi T`QD2+iBQM "27Q`2 `2/m+BM; i?2 b2H2+i2/ a+B6B ?Bib iQ i`�+F +�M/B/�i2b- i?2v

Kmbi #2 K�TT2/ iQ � bT�+2 i?�i `2p2�Hb i?2B` BMi2`+QMM2+iBQMX h?2 K�TTBM; Bb /QM2

#v T`QD2+iBM; a+B6B ?Bib iQ i?2 `272`2M+2 TH�M2 mbBM; i?2 bBKTHB}2/ i`�+F KQ/2HX A7

"h?2 ?Bi 2{+B2M+v +QmH/ #2 BM+`2�b2/ #v 2MH�`;BM; i?2 b2�`+? rBM/Qr 7Q` i?2 H�bi a+B6B bi�iBQMX
>Qr2p2`- i?2 `2+Qp2`v Q7 bQK2 HQr@KQK2MimK i`�+Fb /Q2b MQi b22K rQ`i? i?2 2ti`� +QKTmi�iBQM�H
2zQ`iX

/h?2 *Sl +�+?2 Bb MQi i?2 KQbi T`2bbBM; #QiiH2M2+F ?2`2 #2+�mb2 i?2 /�i� Bb biQ`2/ b2[m2MiB�HHv BM
K2KQ`v �M/ ivTB+�HHv QMHv bT�Mb "	Æ�
 +�+?2 HBM2bX

+*QKTH2tBiv Q7 #BM�`v b2�`+? Bb "	°À�
^

�
- r?B+? ;Bp2b é Y Æ Bi2`�iBQMb 7Q` Æ�� ?BibX
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?Bib +QK2 7`QK i?2 b�K2 T�`iB+H2- i?2v 7Q`K HQ+�H +Hmbi2`b BM i?Bb >Qm;? bT�+2X 6Q`

� T`QD2+iBQM mbBM; 1[m�iBQM �X/- FMQrH2/;2 �#Qmi i?2 BMTmi i`�+Föb K�;M2i FB+F )

TQbBiBQM Bb `2[mB`2/X �b /2b+`B#2/ BM a2+iBQM �X/X�- �M Bi2`�iBp2 K2i?Q/ Bb �TTHB2/ iQ

BM72` )K�; 7`QK �M BMBiB�H 2biBK�i2 Q7 �#� pB� 1[m�iBQM �X%X >Qr2p2`- i?2 T`QD2+iBQM

biBHH ?�b iQ #2 +Q``2+i2/ 7Q` i?2 7`BM;2 }2H/ rBi?BM i?2 a+B6B i`�+F2`X h?Bb Bb /QM2 mbBM;

� T�`�K2i2`Bb�iBQM Q7 i?2 2tT2+i2/ +m`p�im`2 rBi?BM i?2 a+B6B i`�+F2` Ub22 1[m�iBQM �X�

�M/ 6B;m`2 �X(VX �M BKTQ`i�Mi T�`�K2i2`Bb�iBQM 72�im`2 Bb i?�i Bi p�MBb?2b 7Q` ?B;?@

KQK2MimK i`�+Fb U� B � 6 �#� B �V #2+�mb2 i?2v ?�`/Hv /2pB�i2 7`QK � bi`�B;?i

HBM2 BM i?2 a+B6B i`�+F2`X h?2 7`BM;2@}2H/ +Q``2+iBQM Bb Q#i�BM2/ #v

�' � �#¥

� <	~ � 	� 	)xQM2 7 )`27
> 	)xQM2 7 )`27

õ U�X�V

rBi?

	~�� � �� � �Æ#� � �õ#� � �ï#
õ
� � ��#�#� � ��#

õ
�

�M/ i?2 +Q2{+B2Mib 7Q` 	~ �M/ 	� ;Bp2M BM h�#H2b �X+� �M/ �X+#- `2bT2+iBp2HvX h?2v

�`2 7QmM/ #v 2ti`�TQH�iBM; bBKmH�i2/ BMTmi i`�+F bi�i2b BMiQ 2�+? a+B6B H�v2` iQ ;2i �

b2i Q7 T2`72+i" i`�+F K2�bm`2K2MibX h?2b2 �`2 i?2M }ii2/ mbBM; 1[m�iBQM �X+ bm+? i?�i

i?2 /Bbi`B#miBQMb Q7 �� �M/ �� BM /2T2M/2M+2 QM Qi?2` i`�+F T�`�K2i2`b +�M #2 bim/B2/

mbBM; i?2 K2i?Q/ /2b+`B#2/ BM �TT2M/Bt �X+X h?2 T`QD2+iBQM BM+Hm/BM; i?2 +Q``2+iBQM

`2�/b,

'T`QD � 'K�; �
'?Bi 7 �' 7 'K�;

)xQM2 7 )K�;

	)`27 7 )K�;
 U�X�V

AM i?2 HQr@KQK2MimK `2;BK2- ?Bib BM i?2 }`bi a+B6B bi�iBQM /2pB�i2 mT iQ b2p2`�H

KBHHBK2i`2b 7`QK i?2 bi`�B;?i@HBM2 i`�D2+iQ`v- K�FBM; i?Bb +Q``2+iBQM �M 2bb2MiB�H BM@

;`2/B2Mi 7Q` T`2+Bb2Hv T`QD2+iBM; i?2 ?Bib iQ i?2 >Qm;? bT�+2X h?2 `2H2p�Mi K2i`B+

?2`2 Bb i?2 rB/i? Q7 i?2 HQ+�H ?Bi +Hmbi2` BM >Qm;? bT�+2 b?QrM BM 6B;m`2 �X�X h?2

M�``Qr2` i?2 +Hmbi2`b �`2 QM �p2`�;2- i?2 2�bB2` i?2v �`2 iQ /BbiBM;mBb? 7`QK `�M/QK

?Bi@BMTmi@i`�+F +QK#BM�iBQMbX GQr@KQK2MimK i`�+Fb- BM T�`iB+mH�`- 2t?B#Bi +Hmbi2`

rB/i?b i?�i- rBi?Qmi i?2 +Q``2+iBQM- rQmH/ #2 H�`;2` Q` Q7 i?2 b�K2 K�;MBim/2 �b

�++B/2Mi�H +QK#BM�iBQMb/ Q7 i?2 BMTmi i`�+F rBi? � b2i Q7 a+B6B ?BibX

�//BiBQM�HHv- 7Q` i?2 T`QD2+iBQM Q7 bi2`2Q@H�v2` ?Bib- i?2 /Bz2`2M+2 #2ir22M i?2

K2�bm`2/ ' p�Hm2 �i ( � � U'¥
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H�v2` BM7Q`K�iBQM 7Q` �HH #BMb BMbB/2 i?2 p2+iQ`- i?2 2M+Q/2/ H�v2` BM7Q`K�iBQM 7Q` i?Bb

#BM Kmbi #2 ;�i?2`2/ 7`QK K2KQ`v- mT/�i2/- �M/ b+�ii2`2/ #�+F/X h?Bb TQb2b QM2

Q7 irQ #QiiH2M2+Fb BM i?2 HQQT Qp2` i?2 ?Bib #2+�mb2 i?2b2 K2KQ`v QT2`�iBQMb ?�p2

?B;? H�i2M+vX h?2 Qi?2` #QiiH2M2+F Bb b+�ii2`BM; i?2 T`QD2+i2/ '@?Bi TQbBiBQM �M/ Bib

?Bi@+QMi�BM2` BM/2t iQ i?2 K2KQ`v `2T`2b2MiBM; i?2 >Qm;? ?BbiQ;`�KX �M 2bb2MiB�H

bm#iH2iv �#Qmi i?2 /�i� bi`m+im`2 ?�b iQ #2 MQi2/, i?2 MmK#2` Q7 ?Bib biQ`2/ T2` #BM BM

i?2 }`bi irQ }2H/b Bb `2bi`B+i2/ iQ ��X AM T`�+iB+2- i?Bb Bb 2MQm;? iQ ?QH/ �HH '@H�v2` ?Bib

i?�i 7�HH BMiQ i?2 #BM QM �p2`�;2X �7i2` �HH- i?2 #BMMBM; 7QHHQrb i?2 ?Bi /2MbBiv BM i?2

/2i2+iQ`- i?2 iQi�H MmK#2` Q7 a+B6B ?Bib Bb `2bi`B+i2/ #v i?2 #�M/rB/i? Q7 i?2 `2�/@Qmi

?�`/r�`2 Ub22 a2+iBQM /X�X+V- �M/ � ;HQ#�H 2p2Mi +mi+ Bb �TTHB2/ 7Q` MQKBM�H `mMMBM;X

>Qm;? b2�`+? �7i2` T`QD2+iBM; 2p2`v ?Bi 7`QK rBi?BM i?2 b2�`+? rBM/Qr iQ i?2

`272`2M+2 TH�M2 �M/ biQ`BM; i?2 M2+2bb�`v BM7Q`K�iBQM BM i?2 >Qm;? ?BbiQ;`�K- i?2

+�M/B/�i2 ?Bi +Hmbi2`b Kmbi #2 2ti`�+i2/ UTB+FlT*�M/B/�i2"BMb BM 6B;m`2 �X"VX 6B`bi-

� 7�bi i?`2b?QH/ b+�M Qp2` i?2 }2H/ 2M+Q/BM; i?2 H�v2` BM7Q`K�iBQM Bb T2`7Q`K2/X h?Bb

+�M #2 /QM2 7Q` 2B;?i #BMb BM T�`�HH2H mbBM; aAJ. BMbi`m+iBQMb #2+�mb2 i?2 }2H/ ?�b i?2

aQ� H�vQmiX A7 � bBM;H2 #BM +QMi�BMb ?Bib 7`QK �i H2�bi 7Qm` a+B6B H�v2`b- Bi Bb T`QKQi2/

iQ � +Hmbi2` +�M/B/�i2X AM � bm#b2[m2Mi bi2T- #Qi? M2B;?#Qm`BM; #BMb Q7 � +�M/B/�i2

�`2 +?2+F2/ 7Q` +QKTH2K2Mi�`v H�v2`b- `2[mB`BM; � iQi�H Q7 �i H2�bi i2M H�v2`bX h?Bb

Bb /QM2 7Q` 2B;?i +�M/B/�i2b BM T�`�HH2HX h?2 /Bbi`B#miBQM Q7 i?2 MmK#2` Q7 #BMb �

"6Q` /2i�BHb Q7 i?2 2M+Q/BM; Bi Bb #2bi iQ HQQF BMiQ i?2 +Q/2X h?2 #�bB+ B/2� Bb iQ +QmMi i?2 MmK#2` Q7
mMB[m2 a+B6B H�v2`b BM i?2 }`bi � #Bib Q7 � ïõ@#Bi BMi2;2` r?BH2 i?2 7QHHQrBM; Æõ #Bib b2`p2 �b ~�;b-
F22TBM; i`�+F Q7 r?B+? H�v2` Bb T`2b2Mi BM � #BMX h?Bb bHB;?iHv +mK#2`bQK2 �TT`Q�+? r�b +?Qb2M iQ
mb2 i?2 aAJ. BMbi`m+iBQMb �p�BH�#H2 rBi? �os/ 2{+B2MiHvX

/:�i?2`BM; �M/ b+�ii2`BM; Bb aAJ. BMbi`m+iBQM i2`KBMQHQ;v- K2�MBM; i?�i p�Hm2b �`2 HQ�/2/ �M/ biQ`2/
7`QK K2KQ`v �//`2bb2b `2�+?�#H2 pB� b?�`2/ #�b2 �//`2bb- BX2X MQi M2+2bb�`BHv /B`2+iHv b2[m2MiB�H BM
K2KQ`vX �++Q`/BM; iQ _27X (�%) ;�i?2`BM; M22/b Æ� *Sl KB+`Q@QT2`�iBQMb QM i?2 `272`2M+2 MQ/2öb
"`Q�/r2HH �`+?Bi2+im`2 �M/ Bb i?mb � ?2�pv BMbi`m+iBQMX a+�ii2`BM; Bb MQi BKTH2K2Mi2/ BM ?�`/r�`2
7Q` �os/ �M/ Bb 2KmH�i2/ #v i?2 aAJ.q`�TT2` HB#`�`vX

+6Q` �� +QHHBbBQMb- i?2 ;HQ#�H 2p2Mi +mi +m``2MiHv `2KQp2b 2p2Mib rBi? KQ`2 i?�M ½è�� a+B6B +Hmbi2`bX
h?Bb KB;?i +?�M;2 BM i?2 7mim`2 /2T2M/BM; QM i?2 ;2M2`�H T2`7Q`K�M+2 Q7 i?2 2tT2`BK2MiX 6Q`
?2�pv@BQM +QHHBbBQMb- i?2 ;HQ#�H 2p2Mi +mi Bb #2bi `2KQp2/- BM r?B+? +�b2 i?2 `2bi`B+iBQM iQ Æé ?Bib
T2` #BM KB;?i M22/ iQ #2 `2pBb2/X

e8



8 6Q`r�`/ h`�+FBM; BM >Ghk

1 2 3 4 5 6
nbins

0.0

0.1

0.2

0.3

0.4

0.5

N
u

m
b

er
o

f
tr

ac
k

s
(n

o
rm

al
is

ed
)

LHCb Simulation

6B;m`2 8XR9, LmK#2` Q7 #BMb BM i?2
>Qm;? ?BbiQ;`�K i?2 T`QD2+i2/ ?Bib Q7
� `2+QMbi`m+iB#H2 i`�+F �`2 bTHBi �+`QbbX

i`�+F Bb bTHBi �+`Qbb Bb b?QrM BM 6B;m`2 �X"�c i?2 K2/B�M MmK#2` Bb irQ- r?B+? Bb i?2

2tT2+i2/ MmK#2` B7 i?2 #BMMBM; ?�b i?2 `B;?i ;`�MmH�`BivX "mBH/BM; +�M/B/�i2b mbBM;

i?`22 #BMb +Qp2`b ��� Q7 T�`iB+H2b- r?2`2 K�BMHv i`�+Fb i?�i b+�ii2`2/ rBi? H�`;2 �M;H2b

�M/ HQr@KQK2MimK T�`iB+H2b �`2 HQbiX aQK2 HQr@KQK2MimK i`�+Fb +�M #2 `2+Qp2`2/

H�i2`- ?Qr2p2`- QMHv B7 � `Q;m2 ?Bi Bb T`2b2Mi- r?B+? H2ib i?2 +�M/B/�i2 T�bb i?2 i2M@H�v2`

`2[mB`2K2MiX

8XkXe h`�+F *�M/B/�i2 a2H2+iBQM

h?2 QTiBKBb2/ >Qm;?@HBF2 i`�Mb7Q`K `2bmHib BM � HBbi Q7 #BMb +QMi�BMBM; � bm{+B2Mi

�KQmMi Q7 ?Bib K�i+?BM; i?2 T�ii2`M 2tT2+i2/ 7Q` i?2 BMTmi i`�+FX h?2 M2ti bi2T Bb

+H2�MBM; mT i?2 ?Bi b2ib mbBM; i?2 biQ`2/ 'T`QD p�Hm2b 7`QK i?2 ' H�v2`b iQ 2p2Mim�HHv

7Q`K BMBiB�H i`�+F +�M/B/�i2b Ub2H2+is*�M/B/�i2b BM 6B;m`2 �X"VX h?Bb Bb M2+2bb�`v

#2+�mb2 `�M/QK ?Bib +�M #2 T`2b2Mi BM +�M/B/�i2 #BMb- �M/ bQK2iBK2b KmHiBTH2 i`�+F

+�M/B/�i2b +�M #2 7Q`K2/ 7`QK i?2 ?Bi b2ibX "`Q�/Hv- i?2 �TT`Q�+? Bb i?2 7QHHQrBM;,

RX bQ`i i?2 'T`QD p�Hm2b BM �HH b2H2+i2/ #BMb �M/ r`Bi2 i?2K iQ � HBbi

kX 7Q`K `2/m+2/ b2ib Q7 ?Bib 7`QK i?2 HBbi #v +?2+FBM; 7Q` ;�Tb �M/ M�``Qr bm#@+Hmbi2`b

jX }i i?2 ' ?Bib rBi? i?2 ')@i`�D2+iQ`v KQ/2H U1[m�iBQM �X+V �M/ `2D2+i #�/ ?Bi b2ib

A7 � +�M/B/�i2 r�b 7QmM/ mbBM; i?2 '@H�v2` ?Bib- Bi ?�b iQ #2 +QM}`K2/ #v +?2+FBM; 7Q`

K�i+?BM; bi2`2Q@H�v2` ?Bib Ub2H2+i6mHH*�M/B/�i2b BM 6B;m`2 �X"VX h?Bb mb2b i?2 i`�+F

+�M/B/�i2b 7QmM/ BM i?2 T`2pBQmb bi2T iQ T`2/B+i i?2 TQbBiBQM r?2`2 i?2 i`�+F i`�p2`b2b

i?2 bi2`2Q H�v2`b,

9X b2H2+i bi2`2Q@H�v2` ?Bib +HQb2 iQ i?2 ') i`�D2+iQ`v #v 2KTHQvBM; �MQi?2` >Qm;?@HBF2

i`�Mb7Q`K

8X }i bi2`2Q@H�v2` ?Bib rBi? � ()@i`�D2+iQ`v KQ/2H �M/ `2D2+i #�/ ?Bi b2ib

eX }i �HH ?Bib rBi? i?2 ')@i`�D2+iQ`v KQ/2H

ee



8Xk �H;Q`Bi?K .2bB;M �M/ .2b+`BTiBQM

�HH i?2 �#Qp2 bi2Tb +�M #2 2t2+mi2/ � b2+QM/ iBK2 B7 MQ �TT`QT`B�i2 i`�+F +�M/B/�i2

r�b 7QmM/ �i }`biX h?Bb Bb +�HH2/ b2+QM/ HQQT �M/ r�b 7QmM/ iQ #�H�M+2 i?2 �H;Q`Bi?Köb

Qp2`�HH T2`7Q`K�M+2 #v �//`2bbBM; i?2 7�+i i?�i i?2 /B{+mHiv Q7 }M/BM; � i`�+F +�M/B/�i2

/2T2M/b QM i?2 [m�HBiv Q7 i?2 ?Bi T`QD2+iBQMX h?2 }`bi HQQT �TTHB2b KQ`2 bi`B+i b2H2+iBQMb

�M/ i?mb KQbiHv }M/b i?2 ?B;?@[m�HBiv" i`�+FbX h?2 b2+QM/ HQQT Bb- QM �p2`�;2- 2Mi2`2/

7Q` KQ`2 i?�M ?�H7 Q7 i?2 BMTmi i`�+Fb i?�i T�bb i?2 >Qm;? b2�`+?X PKBiiBM; i?2

b2+QM/ HQQT +Qbib ���� i`�+F }M/BM; 2{+B2M+v #mi �HbQ /2i`�+ib �� 7`QK i?2 7�F2 i`�+F

7`�+iBQM �M/ `2/m+2b i?2 iBK2 bT2Mi BM i?2 6Q`r�`/ i`�+FBM; #v ���X Ai Bb � ;2M2`�H

Q#b2`p�iBQM i?�i � bB;MB}+�Mi iBK2 BM i?2 �H;Q`Bi?K Bb bT2Mi QM `2+Qp2`BM; +`m/2 i`�+FbX

AM i?2 7QHHQrBM; T�`�;`�T?b- b2H2+iBQM T�`�K2i2`b i?�i �`2 /Bz2`2Mi 7Q` i?2 b2+QM/ HQQT

�`2 ;Bp2M BM #`�+F2ib #2?BM/ i?2 p�Hm2b 7Q` i?2 }`bi HQQTX

aQ`iBM; h?2 bQ`iBM; Q7 'T`QD p�Hm2b TQb2/ � b2`BQmb +QKTmi�iBQM�H #QiiH2M2+F BM i?2

2�`Hv bi�;2b Q7 i?2 �H;Q`Bi?K /2p2HQTK2MiX o�`BQmb �TT`Q�+?2b ?�p2 #22M i2bi2/- 7`QK

bQ`iBM; �H;Q`Bi?Kb bT2+B}+ iQ i?2 Q`/2` BM r?B+? i?2 T`QD2+i2/ TQbBiBQMb �TT2�` BM i?2

HBbi (��- ��)- Qp2` ;2M2`�HHv QTiBKBb2/ bQ`iBM; ("33)- iQ �pQB/BM; i?2 bQ`iBM; �HiQ;2i?2`

#v mbBM; /Bz2`2Mi ?Bi +Hmbi2`BM; �TT`Q�+?2bX AM i?2 2M/- i?2 #2bi@T2`7Q`KBM; �TT`Q�+?

+QKTmi�iBQM�HHv �M/ T?vbB+b T2`7Q`K�M+2@rBb2 r�b /2p2HQT2/ BM +QMDmM+iBQM rBi? i?2

QTiBKBb2/ >Qm;? i`�Mb7Q`KX lbBM; i?2 T`QT2`iB2b Q7 i?2 >Qm;? ?BbiQ;`�K- i?2 bQ`iBM;

+�M #2 /QM2 BM bK�HH +?mMFb/ Q7 rQ`F BMbi2�/ Q7 QM2 ?2�pv bQ`iBM; T`Q+2/m`2X h?2

bQ`iBM; T`Q}ib- BM T�`iB+mH�` 7`QK i?2 Q`/2`BM; T`QT2`iv Q7 i?2 >Qm;? ?BbiQ;`�K, QMHv

?Bib rBi?BM � #BM Kmbi #2 bQ`i2/- �HH 'T`QD BM i?2 ?B;?2`- �/D�+2Mi #BM �`2 ;m�`�Mi22/ iQ

#2 H�`;2` #v i?2 bi`B+i KQMQiQMB+Biv Q7 i?2 #BMMBM; 7mM+iBQMX 6m`i?2`KQ`2- i?2 bBx2 Q7

2�+? #BM Bb `2bi`B+i2/ iQ �� ?Bib �M/ Bb i?mb bK�HH 7`QK � +QKTmi�iBQM�H TQBMi Q7 pB2r-

}iiBM; BMbB/2 � bBM;H2 +�+?2 HBM2X h?2 KQbi 2{+B2Mi bQ`iBM; �H;Q`Bi?K QM KQ/2`M *Slb

7Q` i?Bb b+2M�`BQ Bb AMb2`iBQM aQ`i (��- �()- r?B+? Bb i?mb QTi2/ 7Q` ?2`2X

*Hmbi2`Bb�iBQM PM i?2 `2bmHiBM; HBbi Q7 bQ`i2/ 'T`QD p�Hm2b- i?2 +�M/B/�i2 +Hmbi2`Bb�iBQM

bi�`ib #v 7Q`KBM; �M BMBiB�H +Hmbi2` Qmi Q7 i?2 }`bi }p2U7Qm`V ?BibX h?2 rB/i? Q7 i?Bb

+Hmbi2` Bb +?2+F2/ �;�BMbi

& � &K�t � ��	]'KBM
T`QD] � ]'KBM

T`QD 7 '
bi`�B;?i
`27 ]
 U�X"(V

r?2`2 'KBM
T`QD Bb i?2 bK�HH2bi 'T`QD BM i?2 +Hmbi2` �M/ '

bi`�B;?i
`27 i?2 bi`�B;?i HBM2 2ti`�TQH�iBQM

Q7 i?2 BMTmi i`�+F iQ i?2 `272`2M+2 TH�M2X h?2 Qi?2` irQ �`2 +QM};m`�#H2 T�`�K2i2`b

b2i iQ &K�t � ��� NN	��� NN
 �M/ �� � ����� NN7ÆX h?2 rB/i? /2b+`B#2/ #v 1[m�@

iBQM �X"( Bb H�`;2` 7Q` HQr@KQK2MimK +�M/B/�i2b+- r?B+? �++QmMib 7Q` i?2 #2?�pBQm`

"h?Bb Bb Q7i2M i?2 b�K2 �b ?B;?@KQK2MimK i`�+FbX
/h?Bb Bb �M 2t+2HH2Mi 2t�KTH2 Q7 i?2 /BpB/2@�M/@+QM[m2` i2+?MB[m2 (�() 7`QK +QKTmi2` b+B2M+2X
+JQK2MimK Bb MQi i?2 QMHv `2H2p�Mi i`�+F T�`�K2i2` ?2`2X �HbQ bi22T i`�+Fb- BX2X rBi? � H�`;2 �]-

i2M/ iQ ?�p2 H�`;2` +Hmbi2` rB/i?b #2+�mb2 i?2v �`2 H2bb r2HH KQ/2HH2/ #v i?2 T�`�K2i2`Bb�iBQMb
mb2/ 7Q` i?2 ?Bi T`QD2+iBQMX

ed
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�H`2�/v b22M BM 6B;m`2 �X�X h?2 +Hmbi2` rB/i? 7mM+iBQM /2}M2/ BM 1[m�iBQM �X"( KQbiHv

Qp2`2biBK�i2b i?2 rB/i?X h?Bb Bb QM Tm`TQb2 iQ MQi HQb2 �Mv +�M/B/�i2b �i i?Bb bi�;2

�M/ K�F2b i?2 +Hmbi2` }M/BM; KQ`2 `Q#mbi �;�BMbi KBb�HB;MK2Mi Q7 i?2 /2i2+iQ`X u2i-

� #2ii2` KQ/2H 7Q` i?2 rB/i? KB;?i TQb2 � 7m`i?2` QTiBKBb�iBQM QTTQ`imMBivX

A7 i?2 rB/i? Q7 i?2 BMBiB�H +Hmbi2` Bb H�`;2` i?�M &- i?2 }`bi ?Bi Bb QKBii2/- �M/ i?2

M2ti ?Bi 7`QK i?2 HBbi Bb �//2/X h?Bb Bb `2T2�i2/ mMiBH � +Hmbi2` rBi? � rB/i? bK�HH2`

i?�M & Bb 7QmM/ Q` i?2 2M/ Q7 i?2 HBbi Bb `2�+?2/- BM r?B+? +�b2 MQ a+B6B 2ti2MbBQM Q7

i?2 BMTmi i`�+F Bb 7QmM/X Pi?2`rBb2- i?2 M2ti ?Bib 7`QK i?2 HBbi �`2 �//2/ iQ i?2 +Hmbi2`

B7 i?2 rB/i? Q7 i?2 `2bmHiBM; ?Bi +Hmbi2` Bb bK�HH2` i?�M & �M/ i?2 ?Bibö ' H�v2`b �`2 MQi

mb2/ BM i?2 +Hmbi2` v2iX A7 'T`QD Q7 i?2 M2ti ?Bi Bb H2bb i?�M ��� NNU��� NNV �r�v 7`QK

i?2 T`2pBQmb QM2- Bi Bb �//2/ `2;�`/H2bb Q7 i?2 rB/i? &X h?2 MmK#2` Q7 H�v2`b T`2b2Mi

BM � +Hmbi2` Bb biBHH i?2 #2bi /Bb+`BKBM�Mi �;�BMbi `�M/QK ?Bi +QK#BM�iBQMbX h?2`27Q`2- �

+Hmbi2` +�M/B/�i2 Bb `2D2+i2/ B7 Bi +QMbBbib Q7 H2bb i?�M }p2U7Qm`V ' H�v2`bX h?2 �++2Ti2/

+Hmbi2`b- i?2M- QM �p2`�;2- +QMbBbi Q7 b2p2MU}p2V ?Bib- `�M;BM; mT iQ +Hmbi2` bBx2b Q7

��U��V Q` KQ`2 ?Bib BM `�`2 +�b2bX P7 i?2b2- QMHv mT iQ bBt +�M #2 i?2 i`m2 ' ?Bib

#2HQM;BM; iQ i?2 BMTmi i`�+FX *QMb2[m2MiHv- i?2 +Hmbi2`b M22/ iQ #2 bi`BTT2/ Q7 `Q;m2

?BibX h?2 KQbi HBF2Hv +�b2 Bb i?�i i?2 +Hmbi2` ?�b �i H2�bi irQ a+B6B H�v2`b +QMi`B#miBM;

� bBM;H2 ?Bi r?BH2 Qi?2` H�v2`b +QMi`B#mi2 KmHiBTH2 ?BibX A7 bQ- � bi`�B;?i HBM2 Bb }ii2/ iQ

i?2 bBM;H2@H�v2` 'T`QD p�Hm2b- �M/ QMHv ?Bib rBi? i?2 bK�HH2bi �õ rBi? `2bT2+i iQ i?�i

HBM2 �`2 mb2/ bm+? i?�i 2�+? a+B6B H�v2` QMHv +QMi`B#mi2b � bBM;H2 ?Bi Ub22 �HbQ i?2 M2ti

T�`�;`�T? QM ?Qr }ib �`2 BKTH2K2Mi2/ rBi?BM i?2 �H;Q`Bi?KVX A7 i?2 +Hmbi2` ?�b QMHv

KmHiBTH2 ?Bib- Bi Bb /B`2+iHv T�bb2/ QM iQ i?2 M2ti bi2TX

aBKTH2 Ð@T`QD2+iBQM }ib �Hi?Qm;? }M/BM; x2`Q- QM2 Q` irQ +Hmbi2`b T2` BMTmi i`�+F �`2

i?2 KQbi �#mM/�Mi +�b2b rBi? � K2/B�M Q7 �U�V- i?2 �p2`�;2 MmK#2` Bb ����U����V �M/

i?mb- `�M/QK ?Bi +QK#BM�iBQMb M22/ iQ #2 `2D2+i2/X aBM+2 i?2 +Hmbi2`b �`2 �H`2�/v K�/2

Q7 �i H2�bi }p2U7Qm`V ' ?Bib- i?2 i`�+F KQ/2H rBi?BM i?2 a+B6B i`�+F2` 7`QK 1[m�iBQM �X+

+�M #2 mb2/ iQ +H2�M i?2 b2ib Q7 ?Bib 7m`i?2` �M/ 2p�Hm�i2 B7 i?2v }i i?2 2tT2+i2/

i`�D2+iQ`vX Ai ?�b iQ #2 MQi2/ i?�i }iiBM; i?2 +Hmbi2`b Bb MQi � +QKTmi�iBQM�HHv +?2�T

QT2`�iBQMX h?2 `2�bQM Bb i?2 KBMBKBb�iBQM Q7 i?2 KQ/2Höb /Bbi�M+2 iQ i?2 /�i� TQBMibX

*QMp2MB2MiHv- i?2 i`�+F KQ/2H �TTHB2/ ?2`2 +QMbBbib QMHv Q7 TQHvMQKB�Hb- ?2M+2 }ib mbBM;

i?2 HBM2�` H2�bi@b[m�`2 K2i?Q/ ?�p2 �M �M�HviB+ bQHmiBQM iQ i?2 KBMBKBb�iBQM T`Q#H2KX

L2p2`i?2H2bb- i?2 �M�HviB+ bQHmiBQM `2[mB`2b � TQi2MiB�HHv 2tT2MbBp2 K�i`Bt BMp2`bBQMX

h?2 KQ/2H 7`QK 1[m�iBQM �X+ ?�b 7Qm` T�`�K2i2`b- BX2X i?2 BMp2`bBQM Q7 � � N � K�i`Bt

rQmH/ #2 M22/2/X h?Bb +QmH/ #2 /QM2 2{+B2MiHv mbBM; *?QH2bFv /2+QKTQbBiBQM" ("3")c

?Qr2p2`- i?2 BMp2`bBQM Q7 K�i`B+2b rBi? HQr2` `�MF Bb `2�bQM�#Hv bi`�B;?i7Q`r�`/- �

bmKK�`v Q7 r?B+? Bb ;Bp2M BM �TT2M/Bt �X/X h?Bb- +QK#BM2/ rBi? i?2 Q#b2`p�iBQM

i?�i i?2 T�`�K2i2` �� BM 1[m�iBQM �X+ +�M #2 F2Ti �i � }t2/ p�Hm2 iQ /2b+`B#2 i?2

i`�D2+iQ`v r2HH- K�F2b }iiBM; i?2 ' ?Bib rBi? QMHv i?2 T�`�#QHB+ T�`i Q7 i?2 KQ/2H �

"h?2 /2+QKTQbBiBQM BMpQHp2b 2p�Hm�iBM; b[m�`2 `QQib- r?B+? ?�p2 bQK2 H�i2M+v �M/ +�M #2 � +QKTmi�@
iBQM�H #QiiH2M2+F 7Q` bK�HH K�i`B+2bX
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;QQ/ bQHmiBQMX

6B`bi- � i`�+F +�M/B/�i2 Bb BMBiB�HBb2/ rBi? T`2HBKBM�`v p�Hm2b 7Q` ��- ��- �� �M/ �

+QMbi�Mi 7Q` ��X h?2 BMBiB�H Qzb2i �� Bb ;Bp2M #v i?2 K2�M Q7 i?2 'T`QD p�Hm2bX h?2 bHQT2

�� Bb 2biBK�i2/ mbBM; 1[m�iBQM �X( �M/ i?2 +m`p�im`2b �� �M/ �� �`2 Q#i�BM2/ 2p�Hm�iBM;

i?2 b�K2 T�`�K2i2`Bb�iBQM �H`2�/v mb2/ /m`BM; i?2 ?Bi T`QD2+iBQM U1[m�iBQM �X�VX hQ

`2D2+i � }`bi b2i Q7 `�M/QK +Hmbi2`b- Bi Bb 2MQm;? iQ }i QMHv i?2 HBM2�` T�`i Q7 i?2 i`�+F

KQ/2H r?BH2 i?2 [m�/`�iB+ �M/ +m#B+ +Q2{+B2Mib �`2 F2Ti +QMbi�MiX 6Q` 2�+? ?Bi BM i?2

+Hmbi2`- i?2 �õ rBi? `2bT2+i iQ i?2 }ii2/ KQ/2H Bb +�H+mH�i2/X h?2 ?Bi rBi? i?2 ?B;?2bi

�õ Bb `2KQp2/ B7 i?2 +Hmbi2` ?�b KmHiBTH2 ?Bib QM i?2 +Q``2bTQM/BM; a+B6B H�v2` Q` i?2

p�Hm2 Bb H�`;2` i?�M ���X A7 � ?Bi Bb /`QTT2/- i?2 }i �M/ ?Bi `2KQp�H Bb `2T2�i2/ mMiBH MQ

?Bi Bb `2D2+i2/ Q` i?2 MmK#2` Q7 ?Bib 7�HHb #2HQr �U�V- r?2`2 i?2 r?QH2 +Hmbi2` Bb `2D2+i2/X

�7i2` i?2 HBM2�` }i- i?2 +Hmbi2` +QMbBbib QMHv Q7 � bBM;H2 ?Bi T2` H�v2`X h?2 mT/�i2/

T�`�K2i2` 2biBK�i2b 7Q` �� �M/ �� �`2 i?2M mb2/ iQ }HH TQbbB#H2 ?QH2b BM i?2 i`�D2+iQ`v-

r?B+? BKT`Qp2b i?2 ?Bi 2{+B2M+v �M/- 2p2Mim�HHv- i?2 i`�+F }M/BM; 2{+B2M+vX JBbbBM;

?Bib +�M Q++m` 2Bi?2` #2+�mb2 i?2v r2`2 MQi TB+F2/ mT #v i?2 +Hmbi2`Bb�iBQM Q` 2M/2/ mT

BM � /Bz2`2Mi #BM i?�M i?2 QM2b +QMbB/2`2/ /m`BM; i?2 >Qm;? b2�`+? Ub22 6B;m`2 �X"�VX

hQ `2+Qp2` i?Qb2 ?Bib- i?2 }ii2/ KQ/2H T`2/B+ib i?2 i`�+Föb ' TQbBiBQM QM � KBbbBM; H�v2`

�M/ i?2 �õ Q7 ?Bib rBi?BM � b2�`+? rBM/Qr- /2}M2/ #v 1[m�iBQM �X"(- Bb +�H+mH�i2/X

h?2 ?Bib rBi? i?2 HQr2bi �õ 7`QK 2�+? KBbbBM; H�v2` �`2 �//2/ iQ i?2 +Hmbi2`- �M/ i?2

HBM2�` }i Bb `2T2�i2/X h?2 2z2+i QM i?2 i`�+F }M/BM; 2{+B2M+v Bb bm#bi�MiB�Hc rBi?Qmi

i?2 ?Bi `2+Qp2`v- �#Qmi �� Q7 `2+QMbi`m+iB#H2 i`�+Fb �`2 HQbi BM i?Bb bi2TX �7i2` i?2

HBM2�` }i- i?2 MmK#2` Q7 +Hmbi2` +�M/B/�i2b Bb `2/m+2/ iQ � K2/B�M Q7 �U�V �i i?2 +Qbi

Q7 `Qm;?Hv ��� Q7 i?2 �H;Q`Bi?Köb 2t2+miBQM iBK2X

6Q` 7m`i?2` }ib- iQ 2Mbm`2 �M �++m`�i2 }i `2bmHi- i?2 iBHiBM; Q7 i?2 a+B6B H�v2`b rBi?

`2bT2+i iQ i?2 ( +QQ`/BM�i2- E)�E( Ub22 a2+iBQM /X�X+V- Bb i�F2M BMiQ �++QmMi 7`QK ?2`2

QM- BX2X bQK2 FMQrH2/;2 �#Qmi i?2 () i`�D2+iQ`v Bb `2[mB`2/ iQ T`2+Bb2Hv FMQr i?2 )

TQbBiBQM Q7 i?2 ' ?BibX qBi?Qmi �Mv +Q``2+iBQM- i?2 K2�bm`2/ ) TQbBiBQMb Q7 i?2 ?Bib

rQmH/ /2pB�i2 mT iQ b2p2`�H KBHHBK2i`2b 7`QK i?2B` i`m2 p�Hm2 �b b?QrM BM 6B;m`2 �X"�X

� b2+QM/@Q`/2` TQHvMQKB�H KQ/2Hb i?2 () i`�D2+iQ`v

(	)
 � �� � ��	) 7 )`27
 � ��	) 7 )`27

õ U�X"%V

�M�HQ;QmbHv iQ i?2 2biBK�i2b Q7 i?2 '@i`�D2+iQ`v KQ/2H T�`�K2i2`b- i?2 +Q2{+B2Mib

Q7 i?2 (@i`�D2+iQ`v KQ/2H �`2 T�`�K2i2`Bb2/ mbBM; TQHvMQKB�HbX �M 2biBK�i2 7Q` i?2

(@Qzb2i �i 2�+? H�v2` r�b �H`2�/v mb2/ /m`BM; i?2 >Qm;? i`�Mb7Q`K iQ T`2+Bb2Hv T`QD2+i

i?2 bi2`2Q ?Bib- bQ i?2 T�`�K2i2`Bb�iBQM 7mM+iBQM ;Bp2M #v 1[m�iBQM �X"/ +�M #2 `2@mb2/

#mi rBi? T�`�K2i2`b HBbi2/ BM h�#H2 �X�X h?2 bHQT2 �� Bb KQ/2HH2/ #v

Þ�� � #� � �#�	��#�#� � ��#�#
ï
� � �Æ#��#�
 � ]�#�]	�õ#

ï
� � �ï#�#

õ
� � ��#

ï
�#

õ
�
 U�X"�V
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�i i?Bb bi�;2- i?2 MmK#2` Q7 +Hmbi2`b ?�b #22M `2/m+2/ iQ ���U���VX 6Q` i?2 +Hmbi2`BM;-

QMHv ?Bib 7`QK i?2 ' H�v2`b ?�p2 #22M mb2/ bQ 7�` �M/ i?2 +Hmbi2`b HQQF HBF2 i`m2

i`�+F +�M/B/�i2bX >Qr2p2`- QMHv QM2 2ti2MbBQM T2` BMTmi i`�+F Bb 2tT2+i2/- r?B+?

b?Qrb i?�i 7m`i?2` b2H2+iBQM Bb M22/2/X h?Bb Bb �HbQ `2~2+i2/ BM i?2 7�F2 i`�+F 7`�+iBQM-

r?B+? Bb mM�++2Ti�#Hv ?B;? �i !7�F2 � ���	���
X L2p2`i?2H2bb- i?2 ?2�pB2bi T�`i Q7 i?2

+QK#BM�iQ`B+b `2/m+iBQM Bb /QM2 �i i?Bb TQBMi- rBi? i?2 b2H2+iBQM Q7 i?2 '@i`�+F +�M/B/�i2b

i�FBM; `Qm;?Hv ��� Q7 i?2 �H;Q`Bi?Köb 2t2+miBQM iBK2X .m2 iQ Bib ?B;? +QKTmi�iBQM�H

+Qbi- Bi ?�b #22M bim/B2/ r?2i?2` i?Bb T�`i rQmH/ T`Q}i 7`QK miBHBbBM; aAJ. BMbi`m+iBQMb-

2X;X #v }iiBM; b2p2`�H +Hmbi2`b BM T�`�HH2HX Ai r�b 7QmM/ i?�i p2+iQ`Bb2/ p2`bBQMb �`2 MQi

7�bi2` i?�M i?2 b+�H�` BKTH2K2Mi�iBQM /2b+`B#2/ �#Qp2X h?2 K�BM `2�bQM Bb i?2 �H`2�/v

bK�HH MmK#2` Q7 +Hmbi2`b +QKBM; 7`QK i?2 >Qm;? i`�Mb7Q`K- r?B+? K�F2b i?2 M2+2bb�`v

+?�M;2b 7Q` p2+iQ`Bb2/ +Q/2 BM2{+B2Mi 7Q` H�`;2 +?mMFb Q7 i?2 /�i�X �M �//BiBQM�H

BM2{+B2M+v Q7 � aAJ. p2`bBQM HB2b BM i?2 p�`vBM; bBx2b Q7 i?2 +Hmbi2`bX � p2+iQ`Bb2/

HQQT Qp2` i?2 +Hmbi2`bö ?Bib Kmbi �Hr�vb +QMiBMm2 mMiBH i?2 H�`;2bi +Hmbi2` Bb }MBb?2/-

2bb2MiB�HHv BMi`Q/m+BM; i?2 rQ`bi@+�b2 2t2+miBQM iBK2 7Q` �HH +Hmbi2`b BM � aAJ. p2+iQ`X

h?2 #2bi T2`7Q`K�M+2- 7Q` MQr- r�b `2�+?2/ #v biQ`BM; i?2 'T`QD p�Hm2b �M/ i?2B` BM/B+2b

BM i?2 a+B6B@?Bi +QMi�BM2` BM �M aQ� K2KQ`v H�vQmi �b i?2b2 �`2 �++2bb2/ b2[m2MiB�HHv

/m`BM; i?2 +Hmbi2`Bb�iBQM �M/ F2Ti BM i?2 *Sl +�+?2X h?2 BM7Q`K�iBQM mb2/ BM i?2 }ib

Bb i�F2M /B`2+iHv 7`QK i?2 a+B6B@?Bi +QMi�BM2`- r?2`2 Bi Bb biQ`2/ BM �M �Qa H�vQmi iQ

BKT`Qp2 +�+?2 HQ+�HBiv Ui?Bb Bb `272``2/ iQ �b ?Qi T�`i BM a2+iBQM �X/X/VX h?Bb T2`7Q`Kb

#2ii2` i?�M �M aQ� H�vQmi bBM+2 i?2 K2KQ`v �++2bb T�ii2`M Bb MQi b2[m2MiB�Hc i?2 }ii2/

?Bib �Hr�vb +QK2 7`QK /Bz2`2Mi xQM2bX lHiBK�i2Hv- i?2 +QKTmi�iBQM�H T2`7Q`K�M+2

Q7 i?2 +Hmbi2`Bb�iBQM �M/ i?2 +�M/B/�i2 b2H2+iBQM bi`QM;Hv /2T2M/b QM i?2 [m�HBiv Q7

Bib BMTmi- BX2X �Mv T`2+BbBQM BKT`Qp2K2Mi Q7 i?2 >Qm;? i`�Mb7Q`K �HbQ BKT`Qp2b i?2

+QKTmi�iBQM�H T2`7Q`K�M+2 Q7 i?2 bm#b2[m2Mi bi2TX h?Bb Bb- Q7 +Qm`b2- QMHv bm++2bb7mH

B7 i?2 T`2+BbBQM BKT`Qp2K2Mi +QK2b �i � HQr2` +QKTmi�iBQM�H +Qbi i?�M r?�i Bb ;�BM2/

H�i2`X

ai2`2Q@?Bi b2H2+iBQM h?2 +QKT�iB#H2 bi2`2Q ?Bib Kmbi #2 7QmM/ 7Q` 2�+? T`2pBQmbHv

7QmM/ '@i`�+F +�M/B/�i2X h?2 >Qm;? i`�Mb7Q`K �H`2�/v mb2/ bi2`2Q@?Bi BM7Q`K�iBQM iQ

2Mbm`2 i?�i >Qm;? +Hmbi2`b 2t?B#Bi 2MQm;? bi2`2Q H�v2`b iQ 7Q`K �M 2MiB`2 i`�+F- BX2X

�i H2�bi i2M ?Bib 7`QK � /Bz2`2Mi a+B6B H�v2` 2�+?X "2+�mb2 Q7 i?2 KQ`2 +QMbB/2`�#H2

mM+2`i�BMiv QM i?2 T`QD2+iBQM Q7 i?2 bi2`2Q ?Bib- i?2 BM7Q`K�iBQM r�b MQi T2`bBbi2/-

i?Qm;?X >2M+2- i?2 bi2`2Q ?Bib Kmbi #2 +QHH2+i2/ 7`QK i?2 ?Bi +QMi�BM2`X qBi? i?2

') i`�D2+iQ`v �H`2�/v +QMbi`�BM2/ #v i?2 '@H�v2` ?Bib �M/ bQK2 BMTmi i`�+Fb ?�pBM;

�H`2�/v #22M `2D2+i2/- i?Bb Bb KQ`2 T`2+Bb2 �M/ +QKTmi�iBQM�HHv H2bb 2tT2MbBp2 i?�M

biQ`BM; i?2 bi2`2Q@?Bi BM7Q`K�iBQM /m`BM; i?2 >Qm;? i`�Mb7Q`KX

h?2 bi2`2Q ?Bib �`2 +QHH2+i2/ #v 2ti`�TQH�iBM; i?2 ') i`�D2+iQ`v BMiQ 2�+? bi2`2Q

H�v2`X h?2 T`2/B+i2/ TQbBiBQM '
¥T`2/
bi2`2Q Q7 i?2 bi2`2Q ?Bi Bb Q#i�BM2/ #v +Q``2+iBM; 7Q` i?2

bi2`2Q �M;H2 mbBM; 1[m�iBQM �X"3X h?2 (i`�+F � (	)xQM2
 +QQ`/BM�i2 QM i?2 bi2`2Q H�v2`

Bb +�H+mH�i2/ mbBM; i?2 (@i`�D2+iQ`v KQ/2H 7`QK 1[m�iBQM �X"% rBi? i?2 +Q2{+B2Mib �b

dR



8 6Q`r�`/ h`�+FBM; BM >Ghk

b2i BM i?2 T`2pBQmb bi2TX aBKBH�`Hv iQ i?2 '@?Bi +Hmbi2`Bb�iBQM U+7X 1[m�iBQM �X"(V- bi2`2Q

?Bib 7`QK 2�+? bi2`2Q xQM2 �`2 �++2Ti2/ B7 i?2v 7�HH rBi?BM � b2�`+? rBM/Qr /2}M2/ #v

�'bi2`2Q � �'K�t � �8� k](	)xQM2
] � |'¥T`2/
bi2`2Q 7 '

bi`�B;?i
xQM2 |l U�X/"V

'bi2`2Q-KBM � '
¥T`2/
bi2`2Q 7 �'bi2`2Q

'bi2`2Q-K�t � '
¥T`2/
bi2`2Q � �'bi2`2Q

rBi? �'K�t � � NN �M/ �8� � �����- r?B+? +Qp2`b KQ`2 i?�M ��� Q7 i?2 bQm;?i@�7i2`-

i`m2 ?BibX h?2 HBKBiBM; 7�+iQ` ?2`2 Bb i?2 FMQrH2/;2 �#Qmi i?2 () i`�D2+iQ`v- r?B+?- �i

i?Bb TQBMi- QMHv +QK2b 7`QK i?2 T�`�K2i2`Bb�iBQMb mb2/ iQ 2biBK�i2 i?2 ()@i`�D2+iQ`v

KQ/2Höb +Q2{+B2Mib U1[m�iBQMb �X"� �M/ �X"�VX aBM+2 i?2 T�`�K2i2`Bb�iBQMb vB2H/ K2`2Hv

�M BMBiB�H ;m2bb 7Q` i?2 () i`�D2+iQ`v- i?2 +�H+mH�i2/ p�Hm2 Q7 (i`�+F BM 2�+? xQM2 Bb mbm�HHv

bvbi2K�iB+�HHv Qp2`@ Q` mM/2`2biBK�i2/X h?Bb +�M #2 2tTHQBi2/ iQ }M/ i?2 +Q``2+i b2i Q7

bi2`2Q ?Bib �b i?2 T`2/B+i2/ bi2`2Q@?Bi TQbBiBQM `2H�iBp2 iQ i?2 K2�bm`2/ ?Bi TQbBiBQM

2t?B#Bib i?2 b�K2 bvbi2K�iB+ b?B7iX PMHv i?2 bB;M Q7 i?2 /2pB�iBQM Bb /Bz2`2Mi /2T2M/BM;

QM i?2 bB;M Q7 i?2 H�v2`öb bi2`2Q �M;H2X h?2 bB;M2/ /2pB�iBQM Q7 i?2 K2�bm`2/ ?Bi TQbBiBQM

7`QK i?2 T`2/B+iBQM Bb i?mb /2}M2/ �b

n'bB;M2/ � b;M	UBO	kbi2`2Q

 k'¥

?Bi 7 '
¥T`2/
bi2`2Ql

h?2 bi2`2Q ?Bib #2HQM;BM; iQ i?2 i`�+F ?�p2 bBKBH�` p�Hm2b Q7 n'bB;M2/ �M/ �`2- i?2`27Q`2-

b2H2+i2/ mbBM; �MQi?2` >Qm;?@HBF2 i`�Mb7Q`KX h?2 n'bB;M2/ p�Hm2b Q7 ?Bib rBi?BM i?2

b2�`+? rBM/Qr bT�M i?2 >Qm;? bT�+2 �M/ �`2 }HH2/ BMiQ � >Qm;? ?BbiQ;`�K rBi? ��

#BMb �M/ � #BM rB/i? Q7 � NNX h?2 ?BbiQ;`�Köb `�M;2" /2T2M/b QM i?2 +QM};m`�iBQM Q7

1[m�iBQM �X/" �M/ Bb +�H+mH�i2/ mbBM; `2�bQM�#Hv H�`;2 TQbBiBQM p�Hm2b (	)xQM2
 � � N

�M/ '
¥T`2/
bi2`2Q 7 '

bi`�B;?i
xQM2 � � NX

q?2M +QHH2+iBM; i?2 bi2`2Q ?Bib iQ +QM}`K �M '@i`�+F +�M/B/�i2- � bm#iH2iv `2;�`/BM;

i?2 bTHBi Q7 i?2 xQM2b BMiQ i?2 mTT2` �M/ HQr2` ?�H7 Q7 i?2 /2i2+iQ` Kmbi #2 +QMbB/2`2/X

h?2 /BbiBM+iBQM ?�`/r�`2@rBb2 +QK2b 7`QK i?2 7�+i i?�i i?2`2 �`2 b2T�`�i2 a+B6B KQ/mH2b

7Q` #Qi? ?�Hp2b Q7 i?2 i`�+F2`X >Qr2p2`- i?2 KQ/mH2b BM i?2 bi2`2Q H�v2`b `2�+? BMiQ i?2

Qi?2` ?�H7 /m2 iQ i?2B` `Qi�iBQM �b BHHmbi`�i2/ BM 6B;m`2 �X"(X A7 i?2 p�Hm2 Q7 (	)xQM2
 Bb

bK�HH2` i?�M ���� NN- bi2`2Q ?Bib 7`QK i?2 Qi?2` ?�H7 �`2 i?2`27Q`2 �HbQ +QHH2+i2/ BM i?2

>Qm;? ?BbiQ;`�KX qBi?Qmi i?Bb i`B�M;H2 b2�`+?- i?2 i`�+F }M/BM; 2{+B2M+v Bb `Qm;?Hv

���� HQr2`X

�7i2` }HHBM; i?2 ?BbiQ;`�K- � i?`2b?QH/ b+�M `2[mB`2b ?Bib 7`QK �i H2�bi i?`22 bi2`2Q

H�v2`b BM QM2 #BMX A7 � #BM Bb Qp2` i?2 i?`2b?QH/- i?2 irQ M2B;?#Qm`BM; #BMb �`2 +?2+F2/

"A7 i?Bb `�M;2 M22/b iQ #2 +?�M;2/ 7Q` r?�i2p2` `2�bQM- i?2 T`QTQM2Mi b?QmH/ 2Mbm`2 i?�i i?2 MmK#2`
Q7 #BMb- i?2 #BM rB/i?- �M/ i?2 `�M;2 Q7 i?2 ?BbiQ;`�K rQ`F r2HH iQ;2i?2`X h?2v +�MMQi #2 +?Qb2M
BM/2T2M/2MiHvX h?2 MmK#2` Q7 #BMb Bb bi�iB+- BX2X ?�`/@+Q/2/ BM i?2 *YY +Q/2- �M/ i?2 +m``2Mi
+QM};m`�#H2 T�`�K2i2`b �`2 +?Qb2M bm+? i?�i i?2 ?BbiQ;`�K +Qp2`b Â�bB;M2/ n <7Æ�ô Æ�>¶¶- r?B+?
rQ`Fb r2HH 7Q` � #BM rB/i? Q7 õ ¶¶X AM T`�+iB+2- i?Bb QMHv M22/b iQ #2 +?�M;2/ B7 i?2`2 Bb `2�bQM
iQ #2HB2p2 i?�i i?2 K�;MBim/2 Q7 Â�bB;M2/ p�Hm2b +?�M;2/- 2X;X #2+�mb2 Q7 K�bbBp2Hv BKT`Qp2/
T`2/B+iBQMb Q` � K�bbBp2Hv KBb�HB;M2/ /2i2+iQ`X

dk
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a+B6B

JQ/mH2

kbi2`2Q � 7�K
(

'
( � �

GQr2` >�H7

lTT2` >�H7

6B;m`2 8XRe, AHHmbi`�iBQM Q7 i?2 a+B6B bi2`2Q KQ/mH2b `2�+?BM; BMiQ i?2 QTTQbBi2 bB/2 Q7 i?2
/2i2+iQ`X

7Q` ?Bib 7`QK Qi?2` H�v2`bX A7 i?2 i?`22 #BMb iQ;2i?2` 2t?B#Bi 2MQm;? bi2`2Q H�v2`b

bm+? i?�i � i`�+F +�M/B/�i2 rBi? �i H2�bi i2M ?Bib +�M #2 7Q`K2/- i?2 b2i Q7 bi2`2Q

?Bib Bb T`QKQi2/ iQ � bi2`2Q@i`�+F +�M/B/�i2X h?2 K2/B�M MmK#2` Q7 bi2`2Q@i`�+F

+�M/B/�i2b +`2�i2/ T2` '@i`�+F +�M/B/�i2 Bb x2`QX h?Bb Bb T`2+Bb2Hv 2tT2+i2/- ;Bp2M i?�i

i?2 7�F2 '@i`�+F 7`�+iBQM Bb ���X 6Q` �#Qmi � [m�`i2` Q7 i?2 '@i`�+F +�M/B/�i2b- � bBM;H2

bi2`2Q@i`�+F +�M/B/�i2 Bb 7QmM/- ��� ?�p2 irQ- �M/ `Qm;?Hv �� ?�p2 i?`22 Q` KQ`2

bi2`2Q@i`�+F +�M/B/�i2bX 6Q` i?Bb T�`i Q7 i?2 �H;Q`Bi?K- Bi r�b �HbQ bim/B2/ r?2i?2`

p2+iQ`Bb�iBQM +�M #2 mb2/ iQ BKT`Qp2 i?2 +QKTmi�iBQM�H T2`7Q`K�M+2X >Qr2p2`- i?2

2zQ`i r�b [mB+FHv �#�M/QM2/ #2+�mb2 M2Bi?2` i?2 MmK#2` Q7 bi2`2Q ?Bib +QHH2+i2/ MQ`

i?2 MmK#2` Q7 '@i`�+F +�M/B/�i2b Bb bm{+B2MiHv ?B;? iQ }HH aAJ. p2+iQ`bX

aBKTH2 Ò@T`QD2+iBQM }ib Cmbi �b r�b i?2 +�b2 7Q` i?2 +Hmbi2`b Q7 ' ?Bib- i?2 b2ib Q7

bi2`2Q ?Bib +�M BM+Hm/2 `Q;m2 ?Bib- r?B+? Kmbi #2 `2KQp2/X h?Bb Bb �;�BM /QM2 #v

}iiBM; i?2 i`�+F KQ/2H iQ i?2 bi2`2Q ?Bib rBi? � bi`�i2;v �M�HQ;Qmb iQ i?2 '@T`QD2+iBQM

}ib /2b+`B#2/ #27Q`2X 6Q` 2�+? bi2`2Q@i`�+F +�M/B/�i2- }`bi- QMHv i?2 HBM2�` T�`i Q7

1[m�iBQM �X"% Bb }ii2/- �M/ ?Bib rBi? � �õ � �� �`2 `2KQp2/X h?2 +�M/B/�i2 Bb `2D2+i2/

B7 i?2 bmK Q7 i?2 `2K�BMBM; bi2`2Q ?Bib �M/ i?2 ' ?Bib QM i?2 '@i`�+F +�M/B/�i2 Bb

H2bb i?�M i2MX am#b2[m2MiHv- i?2 7mHH T�`�#QHB+ (@i`�D2+iQ`v KQ/2H Bb }ii2/- /`QTTBM;

?Bib rBi? �õ � ��� �M/ TQbbB#Hv `2D2+iBM; i?2 bi2`2Q@+�M/B/�i2 �++Q`/BM; iQ i?2 b�K2

KBMBKmK ?Bi `2[mB`2K2Mi �b T`2pBQmbHvX A7 i?2 bi2`2Q +�M/B/�i2 ?�b KBbbBM; a+B6B

H�v2`b- i?2 }ii2/ (@i`�D2+iQ`v KQ/2H �M/ i?2 }ii2/ '@T`QD2+iBQM �`2 mb2/ iQ +QHH2+i ?Bib

rBi?BM i?2 rBM/Qr /2}M2/ #v 1[m�iBQM �X/"X h?2 ?Bi rBi? i?2 bK�HH2bi �õ � ��� 7`QK

dj
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2�+? KBbbBM; bi2`2Q H�v2` Bb �//2/ #27Q`2 i?2 ( T`QD2+iBQM Bb }ii2/ � H�bi iBK2X "2+�mb2

i?2 bi2`2Q H�v2`b Q7 i?2 a+B6B i`�+F2` biBHH KQbiHv K2�bm`2 i?2 ' TQbBiBQM- i?2 ?Bi ?�b iQ

#2 T`QD2+i2/ QMiQ i?2 ( �tBb iQ #2 }ii2/ #v i?2 ( KQ/2HX h?2 /Bbi�M+2 #2ir22M i?2 ()

i`�D2+iQ`v �M/ i?2 T`QD2+i2/ ( ?Bi Bb ;Bp2M #v

�� �
'	)¥

?Bi
 7 '?Bi

UBO	kbi2`2Q


�
'	)¥

?Bi
 7 <'¥

?Bi � UBO	kbi2`2Q
(	)¥

?Bi
>

UBO	kbi2`2Q


h?2 +Qp�`B�M+2 K�i`Bt ?QH/BM; i?2 ?Bi 2``Q`b 7Q` i?2 }i Bb TQTmH�i2/ rBi? i?2 bi2`2Q ?Bibö

mM+2`i�BMiv /m2 iQ i?2 aBSJ +?�MM2H +Hmbi2`Bb�iBQM Ub22 a2+iBQM /X�X+VX h?Bb M2;H2+ib

i?2 �//BiBQM�H mM+2`i�BMiv TB+F2/ mT #v i?2 bi2`2Q ?Bi T`QD2+iBQM QMiQ i?2 ( �tBb- BX2X

i?2 2``Q`b mb2/ BM i?2 }i �`2 mM/2`2biBK�i2/- �M/ i?2 (@i`�D2+iQ`v Bb �+im�HHv TQQ`Hv

+QMbi`�BM2/X h?2 2``Q`b +QmH/ #2 BKT`Qp2/ #v bim/vBM; i?2 �+im�H mM+2`i�BMiv Q7 ��

BM bBKmH�iBQMc ?Qr2p2`- i?2 (@T`QD2+iBQM }ib �`2 K2`2Hv mb2/ iQ +QM}`K i?2 '@i`�+F

+�M/B/�i2 �M/ M2Bi?2` i?2B` 2biBK�iQ` +Qp�`B�M+2 MQ` i?2 �õ /Bbi`B#miBQM �`2 mb2/

7m`i?2`X AMbi2�/- � pB`im�H K2�bm`2K2Mi �i )K�; Bb BM+Hm/2/ BM i?2 }i iQ BKT`Qp2 i?2

[m�HBiv Q7 i?2 T�`�#QHB+ }ibX h?Bb #mBH/b QM i?2 +B`+mKbi�M+2 i?�i i?2 #2M/BM; Q7 i?2

() i`�D2+iQ`v Bb bK�HHX h?2 /Bbi�M+2 �
K�;
� � 	�� � ��	)K�; 7 )`27

 7 	(p � #�	)K�; 7 )p



Bb mb2/ rBi? � r2B;?i ;Bp2M #v & � 	�� NN � ������#�
7õX

amTTQb2 KmHiBTH2 bi2`2Q +�M/B/�i2b T2` ' +�M/B/�i2 bm`pBp2 i?2 }ibX AM i?�i +�b2-

i?2 +�M/B/�i2 rBi? i?2 KQbi bi2`2Q ?Bib Bb b2H2+i2/"X AM +�b2 Q7 �M 2[m�H MmK#2` Q7 ?Bib-

i?2 +�M/B/�i2 rBi? i?2 bK�HH2bi K2�M b[m�`2/ /Bbi�M+2 iQ i?2 KQ/2H Bb +?Qb2MX

6BM�H Ð@T`QD2+iBQM }i qBi? �M ' �M/ bi2`2Q +�M/B/�i2 7QmM/- �HH +�M/B/�i2 ?Bib rBi?BM

i?2 a+B6B i`�+F2` �`2 }ii2/X h?2 ?Bib 7`QK ' H�v2`b +QMi�BM MQ BM7Q`K�iBQM �#Qmi

i?2 () i`�D2+iQ`v- �M/ �HbQ i?2 bi2`2Q@H�v2` ?Bib +�``v KQbiHv '@TQbBiBQM BM7Q`K�iBQMX

6m`i?2`KQ`2- i?2 i`�+Föb KQK2MimK Bb KQbi b2MbBiBp2 iQ i?2 #2M/BM; Q7 i?2 i`�+F BM i?2

')@TH�M2X h?2`27Q`2 QMHv i?2 '@i`�D2+iQ`v KQ/2H Bb }ii2/ iQ i?2 7mHH ?Bi b2iX �;�BM- i?2

b�K2 bi`�i2;v �b #27Q`2 `2KQp2b QmiHB2`b �M/ �//b KBbb2/ ?BibX h?2 ?Bi rBi? i?2 rQ`bi

�õ Bb `2KQp2/ B7 Bi Bb H�`;2` i?�M �� Q` i?2 `2/m+2/ �õ Q7 i?2 }i Bb H�`;2` i?�M 7Qm`X

h2+?MB+�HHv bT2�FBM;- i?2 T�ii2`M `2+Q;MBiBQM �M/ i?2 i`�+F }M/BM; �`2 +QKTH2i2 �i

i?Bb TQBMiX h?2 `2+QMbi`m+i2/ i`�+Fb +QmH/ #2 T�bb2/ QM iQ i?2 E�HK�M }Hi2`- r?B+?

rQmH/ `2D2+i HQr@[m�HBiv i`�+Fb �M/ T`QpB/2 i?2 #2bi 2biBK�i2 Q7 i?2 i`�+F T�`�K2i2`bX

h?2 E�HK�M }Hi2`- ?Qr2p2`- Bb i?2 KQbi 2tT2MbBp2 +QKTQM2Mi Q7 i?2 `2+QMbi`m+iBQM

b2[m2M+2- �b �H`2�/v b22M BM 6B;m`2 �X�#X Ai Bb- i?2`27Q`2- rQ`i?r?BH2 iQ bT2M/ bQK2

KQ`2 iBK2 BM i?2 6Q`r�`/ i`�+FBM; iQ BKT`Qp2 i?2 b2i Q7 i`�+Fb ?�M/2/ iQ i?2 E�HK�M

}Hi2`X 6Q` i?Bb- i?2 2bb2MiB�H i`�+F T�`�K2i2` 2biBK�i2/ #v i?2 }i Bb i?2 bHQT2 ��- mb2/

"h?Bb Bb i?2 b�K2 �b b2H2+iBM; i?2 +�M/B/�i2 rBi? i?2 KQbi bi2`2Q H�v2`b #2+�mb2 QMHv QM2 ?Bi T2` H�v2`
Bb mb2/X
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BM i?2 M2ti b2+iBQM iQ 2biBK�i2 i?2 i`�+Föb KQK2MimKX

8XkXd JQK2MimK 1biBK�iBQM

h?2 KQK2MimK Q7 � i`�+F Bb 2biBK�i2/ mbBM; 1[m�iBQM �X%X h?2 MmK2`�iQ` Bb ;Bp2M

#v �#� � #� 7 �� r?2`2 �� Bb i?2 i`�+Föb bHQT2 �i i?2 `272`2M+2 TH�M2 rBi?BM i?2 a+B6B

i`�+F2` �b Q#i�BM2/ #v i?2 }i BM i?2 T`2pBQmb b2+iBQMX "27Q`2 �ii2M/BM; iQ i?2 BMi2;`�H

BM i?2 /2MQKBM�iQ`- Bi Bb ?2HT7mH iQ /2}M2 i?2 2tT2+i�iBQM QM i?2 KQK2MimK 2biBK�i2X

�i i?2 2M/ Q7 i?2 �H;Q`Bi?K- � GQM; i`�+F Kmbi ?�p2 � i`�+F bi�i2 p2+iQ` BM i?2 a+B6B

/2i2+iQ`- BM+Hm/BM; i?2 KQK2MimK- �b BMTmi iQ i?2 E�HK�M }Hi2`X �b HQM; �b i?2 ?Bi b2i

QM i?2 i`�+F ?�b ?B;? Tm`Biv- i?2 E�HK�M }Hi2` rQ`Fb r2HH- 2p2M rBi? QMHv � `Qm;? BMBiB�H

2biBK�i2 Q7 i?2 i`�+F T�`�K2i2`bX h?2 KQK2MimK Bb 7m`i?2` ?2HT7mH 7Q` i?2 7�F2 i`�+F

`2D2+iBQM- T�`iB+mH�`Hv r?2M i?2 BMTmi i`�+Fb �H`2�/v ?�p2 � KQK2MimK 2biBK�i2 iQ

r?B+? Bi +�M #2 +QKT�`2/- 2X;X lTbi`2�K i`�+FbX "mi �HbQ BM i?Bb +�b2- �M �TT`QtBK�i2

KQK2MimK Bb bm{+B2MiX 1p2Mim�HHv- i?2 KQK2MimK Bb mb2/ iQ }M/ lh ?Bib i?�i

#2HQM; iQ i?2 GQM; i`�+FX h?2 ?Bib �`2 b2�`+?2/ 7Q` #v mbBM; � bBKTH2 T�`�K2i2`Bb2/

2ti`�TQH�iBQM BMiQ i?2 lh 7Q` r?B+? i?2 KQK2MimK `2bQHmiBQM Bb MQi i?2 HBKBiBM; 7�+iQ`X

>2M+2- � ?B;?Hv �++m`�i2 KQK2MimK 2biBK�i2 Bb MQi M2+2bb�`v ?2`2- �M/ i?2 BMi2;`�H

BM i?2 /2MQKBM�iQ` Q7 1[m�iBQM �X% +�M #2 �TT`QtBK�i2/ mbBM; � TQHvMQKB�H"X h?Bb

�pQB/b MmK2`B+�HHv bQHpBM; i?2 BMi2;`�H- r?B+? rQmH/ #2 +QKTmi�iBQM�HHv 2tT2MbBp2

#2+�mb2 Q7 i?2 H�`;2 /Bbi�M+2 #2ir22M i?2 o1GP /2i2+iQ` �M/ i?2 a+B6B bi�iBQMbX h?2

BMi2;`�H Bb T�`�K2i`Bb2/ #v

÷BMi ��� � #õ
�	�Æ � ��#

õ
� � �é#

õ
�
 � #���	�Æ�#� � �ï � �è#

õ
�
 U�X//V

� �ÆÆ�
�
� � �õ#

õ
� � �õ

�	�� � ��#
õ
�
 � �½#

�
�

rBi? i?2 +Q2{+B2Mib HBbi2/ BM h�#H2 �X"3X h?2 KQK2MimK Bb i?2M +�H+mH�i2/ �b

 

�
�

�#�

!j÷BMi

U�X/+V

rBi? !j �b i?2 `2H�iBp2 bB;M2/ +m``2Mi i?`Qm;? i?2 K�;M2iX h?2 KQK2MimK `2bQHmiBQM

�+?B2p2/ rBi? i?Bb Bb ���� � �� �M/ i?mb MQi iQQ 7�` 7`QK i?2 KmHiBTH2@b+�ii2`BM; HBKBi

Q7 ���� � ���� 2biBK�i2/ BM a2+iBQM �X/X/X JQ`2 QM i?Bb +�M #2 7QmM/ BM a2+iBQM �X+X"X

8XkX3 6�F2 h`�+F _2D2+iBQM �M/ .mTHB+�i2 _2KQp�H

�7i2` i?2 }M�H }i Q7 i?2 ' T`QD2+iBQM mbBM; ?Bib 7`QK �HH H�v2`b �M/ 2biBK�iBM; i?2

KQK2MimK- i?2 }M�H TB2+2 Q7 i?2 �H;Q`Bi?K Bb +H2�MBM; i?2 b2i Q7 7QmM/ i`�+Fb iQ F22T

�r�v mMM2+2bb�`v rQ`F 7`QK i?2 2tT2MbBp2 E�HK�M }Hi2`X h?2 7�F2 i`�+F 7`�+iBQM �i

"1p2M bBKTH2` rQmH/ #2 BMi2;`�iBM; 1[m�iBQM �X� �bbmKBM; � ?QKQ;2M2Qmb K�;M2iB+ }2H/ �HQM; i?2

� �tBb �M/ �]ô �^ �� Æ- 
Æ � �^
] � �^

^ � Æ vB2H/b 8�] � 7Ècm V

U
- r?2`2 G Bb i?2 H2M;i? Q7 i?2

K�;M2iB+ }2H/X
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i?Bb TQBMi rBi? o1GP i`�+Fb �b BMTmi Bb biBHH bB;MB}+�Mi �i �#Qmi ���- Qmi Q7 r?B+?

`Qm;?Hv ��� [m�HB7v �b /mTHB+�i2b- BX2X � i`�+F i?�i b?�`2b K�Mv ?Bib �M/ � T?�b2 bT�+2

`2;BQM rBi? �MQi?2` i`�+FX h?2 +H2�MBM; Bb /QM2 BM irQ bi�;2b- i?2 }`bi Q7 r?B+? Bb i?2

H�bi T�`i Q7 i?2 b2H2+i6mHH*�M/B/�i2b b2+iBQM BM 6B;m`2 �X"- r?B+? 2KTHQvb � M2m`�H

M2irQ`F iQ 2biBK�i2 i?2 ;QQ/M2bb Q7 � i`�+F �M/ `2D2+ib HQr@b+Q`BM; i`�+FbX h?2 b2+QM/

bi�;2 QT2`�i2b QM �HH GQM; i`�+Fb 7QmM/ #v i?2 6Q`r�`/ i`�+FBM; BM QM2 +QHHBbBQM 2p2Mi

�M/ B/2MiB}2b i`�+F /mTHB+�iBQM U`2KQp2.mTHB+�i2b BM 6B;m`2 �X"VX

6�F2 h`�+F *H�bbB}+�iBQM "BM�`v +H�bbB}+�iBQM Q7 i`�+Fb BMiQ `2�H i`�+Fb �M/ 7�F2

i`�+Fb Bb � T`Q#H2K r2HH@bmBi2/ 7Q` bmT2`pBb2/ K�+?BM2 H2�`MBM;X h?2 M2+2bb�`v H�#2HH2/

/�i� Bb Q#i�BM2/ #v `mMMBM; i?2 /2i2+iQ` bB;M�Hb H27i #v � bBKmH�i2/ T�`iB+H2 i?`Qm;?

i?2 i`�+F }M/BM; �M/ i`mi?@K�i+? i?2 7QmM/ i`�+F +�M/B/�i2b iQ i?2 bBKmH�i2/ T�`iB+H2X

h?2 2K#�``�b /2 `B+?2bb2b" Q7 K�+?BM2 H2�`MBM; �H;Q`Bi?Kb Bb �pQB/2/ #v QTiBM; 7Q`

QM2 Q7 i?2 bBKTH2bi M2m`�H M2irQ`Fb, � KmHiB@H�v2` T2`+2TiBQM UJGSVX h?Bb Bb � ;QQ/

+?QB+2 #2+�mb2 JGSb KQ/2H MQM@HBM2�` /2+BbBQM #QmM/�`B2b- r?B+? r2`2 7QmM/ iQ #2

M2+2bb�`v 7Q` i?2 T`Q#H2K �i ?�M/- i?2v �`2 bi`�B;?i7Q`r�`/ iQ BKTH2K2Mi- TQbbB#Hv

miBHBbBM; aAJ. BMbi`m+iBQMb- �M/ �`2 7�bi iQ 2p�Hm�i2 B7 /2bB;M2/ rBi? +QKTmi�iBQM�H

T2`7Q`K�M+2 BM KBM/X h?2 i`�BMBM; Bb T2`7Q`K2/ mbBM; i?2 hQQHFBi 7Q` JmHiBp�`B�i2 .�i�

�M�HvbBb UhJo�V ("3/) QM � KBtim`2 Q7 bBKmH�i2/ ÷�
� B ��- ÷�

� B ÿ���- ÷�
B �_����7-

� B w�w7-ù_�
B ù�z� �M/ ù�

B ��
âz� /2+�v b�KTH2b/X h?2 M2irQ`Fb �`2 }ii2/

mbBM; hJo�öb #�+FT`QT�;�iBQM iQ �/Dmbi i?2 M2irQ`F r2B;?ib rBi? *`Qbb@1Mi`QTv �b
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G>*# /2i2+iQ` Ub22 _27X (/+)VX h`�+Fb �`QmM/ q � ��� �M/ q � ��� +`Qbb #2�K@TBT2

K�i2`B�H- �M/ Bib bmTTQ`i bi`m+im`2b Ub22 i?2 TB+im`2 BM 6B;m`2 �X"+V- �M/ i?mb mM/2`;Q

KQ`2 b+�ii2`BM; Q` BMi2`�+i ?�/`QMB+�HHv- pBbB#H2 �b � bHB;?i /`QT BM i?2 q /Bbi`B#miBQM

Q7 i?2 `2+QMbi`m+iB#H2 T�`iB+H2b �M/ i?2 +Q``2bTQM/BM; 2{+B2M+B2b �b `2+QMbi`m+iB#H2

T�`iB+H2b i?�i b+�ii2`2/ BM i?2 K�i2`B�H �`2 ?�`/2` iQ }M/X h?2 b�K2 2z2+ib +�M #2

b22M BM i?2 �xBKmi?�H �M;H2 r?2`2 i?2 2{+B2M+v /`QT /m2 iQ i?2 #2�K@TBT2 K�i2`B�H

Bb pBbB#H2 �i � � � ;z- r?B+? +Q``2bTQM/b iQ i?2 '@) TH�M2X h?2 HQr@q `2;BQM �HbQ

2t?B#Bib � HQr2` i`�+F }M/BM; 2{+B2M+vX PM2 `2�bQM Bb i?�i i?2 T�`�K2i2`Bb�iBQMb mb2/

/m`BM; i?2 T�ii2`M `2+Q;MBiBQM T2`7Q`K rQ`b2 7Q` bi22T HQr@KQK2MimK i`�+Fb- r?B+?

Bb r?v i?2 2z2+i Bb MQi �b T`QMQmM+2/ r?2M HQQFBM; �i GQM; i`�+Fb 7`QK � ÷ K2bQM-

2X;X BM 6B;m`2 �X"�+- r?B+? ?�p2 � ?�`/2` KQK2MimK bT2+i`mKX h?2 Qi?2` `2�bQM Bb

i?�i i`�+Fb rBi? � H�`;2 #� H2�p2 HQr@`2bQHmiBQM ?Bib BM i?2 a+B6B i`�+F2`- r?B+? H2�/b iQ

HQr2` [m�HBiv i`�+Fb �M/ HQr2` i`�+F }M/BM; 2{+B2M+vX h?2 2{+B2M+v BM /2T2M/2M+2 QM

i?2 MmK#2` Q7 T`BK�`v p2`iB+2b- ;Bp2M BM 6B;m`2 �X"�2- Bb `2�bQM�#Hv ~�i- b?QrBM; i?�i

i?2 i`�+F }M/BM; rQ`Fb r2HH �HbQ 7Q` #mbv 2p2MibX

h?2 2{+B2M+B2b 7Q` 2H2+i`QMb �`2 b?QrM b2T�`�i2HvX h?2v �`2 bB;MB}+�MiHv HQr2` i?�M

i?2 2{+B2M+B2b Q7 Qi?2` T�`iB+H2b �b i?2v 2KBi #`2Kbbi`�?HmM; BM �//BiBQM iQ mM/2`;QBM;

KmHiBTH2 b+�ii2`BM; r?2M i`�p2`bBM; K�i2`B�HX h?2 2KBbbBQM Q7 #`2Kbbi`�?HmM; T?QiQMb

mTbi`2�K Q7 i?2 K�;M2i K�F2b Bi KQ`2 /B{+mHi iQ 7QHHQr �M/ }M/ i?2 i`�D2+iQ`v BM

i?2 a+B6B i`�+F2`X �HH T�`�K2i2`Bb�iBQMb +`2�i2/ 7Q` i?2 T�ii2`M `2+Q;MBiBQM 2tTHB+BiHv

2t+Hm/2 2H2+i`QMb 7Q` i?Bb `2�bQM- �M/ +m``2MiHv- MQ K2�bm`2b �`2 i�F2M iQ `2+Qp2`

2H2+i`QM i`�+FbX

h?2 7�F2 i`�+F 7`�+iBQM Bb b?QrM BM 6B;m`2 �X/3X h?2 KQbi T`QKBM2Mi 72�im`2 BM

i?2 6B;m`2b �X/3� �M/ �X/3# Bb i?2 ?B;? 7`�+iBQM Q7 ;?Qbib �i HQr KQK2Mi�c HQr �ë

BM T�`iB+mH�`X h?2v �`2 ivTB+�HHv #mBHi 7`QK o1GP i`�+Fb rBi? H�`;2 Tb2m/Q`�TB/Biv

�M/ bK�HH #�- r?B+? 2ti`�TQH�i2 r2HH BMiQ i?2 a+B6B i`�+F2` `2;BQM rBi? i?2 ?B;?2bi

?Bi Q++mT�M+vX h?2 �#mM/�M+2 Q7 ?Bib BM i?Bb `2;BQM i?2M K�F2b Bi HBF2Hv iQ }M/ �M

2ti2MbBQM #v +?�M+2X JQ`2Qp2`- i?2 b�K2 `2�bQM i?�i `2/m+2b i?2 i`�+F }M/BM; 2{+B2M+v

�i ?B;? q BM+`2�b2b i?2 7�F2 i`�+F 7`�+iBQM BM i?�i `2;BQM- �b pBbB#H2 BM 6B;m`2 �X/3+c

7Q` � T�`iB+H2 b+�ii2`BM; Qz i?2 #2�K TBT2 #27Q`2 i?2 lh /2i2+iQ`- Bi Bb HBF2Hv iQ }M/
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/, 6�F2 i`�+F 7`�+iBQM pbX MmK#2` Q7 T`BK�`v
p2`iB+2bX

6B;m`2 8Xky, 6�F2 i`�+F 7`�+iBQM Q7 i?2 6Q`r�`/ i`�+FBM; �H;Q`Bi?K rBi? o1GP BMTmi i`�+Fb BM
/2T2M/2M+2 QM FBM2K�iB+ p�`B�#H2b �M/ i?2 MmK#2` Q7 T`BK�`v p2`iB+2bX

bK�HH2`" /m2 iQ i?2 T`2+Bb2 i`�+F T�`�K2i2`Bb�iBQMb �M/ i?2 M2m`�H M2irQ`F mb2/ 7Q`

;?Qbi `2D2+iBQMX h?2 _mM " T2`7Q`K�M+2 +�M #2 �TT`Q�+?2/ B7 � +QKT�`�#H2 7�F2 i`�+F

7`�+iBQM Bb �++2Ti2//X Ai Bb MQi `2�+?2/- i?Qm;?- r?B+? Bb 2tT2+i2/ ;Bp2M i?�i i?2

�H;Q`Bi?K Bb Km+? KQ`2 +QMbi`�BM2/ #v 2t2+miBQM iBK2 �M/ i?�i i?2 BMbi�Mi�M2Qmb

HmKBMQbBiv Bb }p2 iBK2b ?B;?2`X h?2 Tm`Biv �M/ ?Bi 2{+B2M+v b?Qr i?�i i?2 �H;Q`Bi?K

+QMbi`m+ib +H2�M i`�+Fb QM �p2`�;2X �;�BM 2H2+i`QMb 2t?B#Bi � rQ`b2 i`�+F [m�HBiv i?�M

Qi?2` T�`iB+H2bX

A7 i?2 6Q`r�`/ i`�+FBM; Bb 72/ rBi? lh@}Hi2`2/ o1GP i`�+Fb Ub22 lTbi`2�K i`�+F

ivT2 BM a2+iBQM �X+V- bBKBH�` 2{+B2M+B2b �`2 `2�+?2/ �i ?�H7 i?2 7�F2 i`�+F 7`�+iBQM �b

b?QrM BM h�#H2 �X� Ub22 �TT2M/Bt �X�X/ 7Q` 2{+B2M+v THQibVX h?Bb Bb TQbbB#H2 #2+�mb2

o1GP i`�+Fb 7Q` r?B+? MQ lh ?Bib �`2 7QmM/ HBF2Hv �HbQ /Q MQi ?�p2 �M 2ti2MbBQM

BM i?2 a+B6B i`�+F2`- �M/ `2D2+iBM; i?2K mT7`QMi mbBM; i?2 o2HQlh �H;Q`Bi?K �pQB/b

"_2KQpBM; i?2 ;HQ#�H 2p2Mi +mi �//b `Qm;?Hv �Í iQ i?2 7�F2 i`�+F 7`�+iBQM �i +QKT�`�#H2 2{+B2M+B2bX
/6Q` 2t�KTH2- #v +miiBM; �i �ó�Æ QM i?2 M2m`�H M2irQ`F `2bTQMb2 �M/ F22TBM; +�M/B/�i2b i?�i ?�p2 �

`2bTQMb2 rBi?BM �ó� +QKT�`2/ iQ i?2 #2bi +�M/B/�i2X
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8Xj _2+QMbi`m+iBQM S2`7Q`K�M+2

}M/BM; 7�F2 2ti2MbBQMb �M/ BKT`Qp2b i?2 +QKTmi�iBQM�H T2`7Q`K�M+2X amTTQb2 i?2

lh@}Hi2`2/ o1GP i`�+F ?�b � KQK2MimK 2biBK�i2X AM i?�i +�b2- i?2 ?Bi b2�`+? rBM/Qr

h�#H2 8Xj, AMi2;`�i2/ 6Q`r�`/ i`�+FBM; 2{+B2M+B2b rBi? o1GP BMTmi i`�+Fb Q#i�BM2/ 7`QK
���� bBKmH�i2/ ÷�

� B �� 2p2MibX 1{+B2M+B2b 7Q` GQM; 2H2+i`QM i`�+Fb 7`QK ÷ �`2 Q#i�BM2/
7`QK ���� bBKmH�i2/ ÷�

B �_����7 2p2MibX 1{+B2M+B2b 7Q` i`�+Fb 7`QK ù K2bQMb �`2
Q#i�BM2/ QM ���� bBKmH�i2/ ù�

B ��
âz� 2p2MibX � +�i2;Q`v MQi K�`F2/ rBi? �; BKTHB2b

i?�i 2H2+i`QMb �`2 2t+Hm/2/X h?2 mM+2`i�BMiB2b �`2 #2HQr ��7ï� �M/ i?mb �`2 MQi b?QrM
?2`2X

*�i2;Q`v 1{+B2M+v �(W) Sm`Biv �Tm`2(W) >Bi 1{+B2M+v o>Bi(W)

GQM; ����� ����� �����

GQM; �; ����� ����� �����

GQM; � � � :2of� ����� ����� �����

GQM; 7`QK ù ����� ����� �����

GQM; � � � :2of� 7`QK ù ����� ����� �����

GQM; 7`QK ÷ ����� ����� �����

GQM; � � � :2of� 7`QK ÷ ����� ����� �����

GQM; �; 7`QK ÷ ����� ����� �����

GQM; �; � � � :2of� 7`QK ÷ ����� ����� �����

6�F2 i`�+F 7`�+iBQM !7�F2 ������

h�#H2 8X9, AMi2;`�i2/ 6Q`r�`/ i`�+FBM; 2{+B2M+B2b rBi? lh@}Hi2`2/ o1GP i`�+Fb
�b BMTmiX >2`2- i?2 b�K2 b�KTH2b �b 7Q` i?2 i`�BMBM; Q7 i?2 7�F2 i`�+F `2D2+iBQM
+H�bbB}2` Ua2+iBQM �X/X�V �`2 mb2/ iQ �pQB/ � bT2+B}+ #m; `2H�i2/ iQ lh ?Bi /2+Q/BM;
T`2b2Mi BM i?2 b�KTH2b Qi?2`rBb2 mb2/ 7Q` 2{+B2M+v /2i2`KBM�iBQMX h?Bb K2�Mb
MQ `�/B�iBQM /�K�;2 iQ i?2 a+B6B i`�+F2` Bb bBKmH�i2/ ?2`2X h?2 mM+2`i�BMiB2b �`2
#2HQr ��7ï� �M/ i?mb �`2 MQi b?QrMX

*�i2;Q`v �(W) �@/2T2M/2Mi b2�`+? rBM/Qr �(W)

GQM; ����� �����

GQM; �; ����� �����

GQM; � � � :2of� ����� �����

GQM; 7`QK ÷ ����� �����

GQM; � � � :2of� 7`QK ÷ ����� �����

GQM; �; 7`QK ÷ ����� �����

GQM; �; � � � :2of� 7`QK ÷ ����� �����

6�F2 i`�+F 7`�+iBQM !7�F2 ����� �����
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h�#H2 8X8, AMi2;`�i2/ 6Q`r�`/ i`�+FBM; 2{+B2M+B2b rBi? lTbi`2�K i`�+Fb 7`QK i?2
/27�mHi o2HQlh �H;Q`Bi?K �b BMTmiX >2`2- i?2 b�K2 b�KTH2b �b 7Q` i`�BMBM; i?2
7�F2 i`�+F `2D2+iBQM +H�bbB}2` Ua2+iBQM �X/X�V �`2 mb2/ iQ �pQB/ � bT2+B}+ #m;
`2H�i2/ iQ lh ?Bi /2+Q/BM; T`2b2Mi BM i?2 b�KTH2b Qi?2`rBb2 mb2/ 7Q` 2{+B2M+v
/2i2`KBM�iBQMX h?Bb K2�Mb MQ `�/B�iBQM /�K�;2 iQ i?2 a+B6B i`�+F2` bBKmH�i2/
?2`2X h?2 mM+2`i�BMiB2b �`2 #2HQr ��7ï� �M/ i?mb �`2 MQi b?QrMX

*�i2;Q`v �(W) �@/2T2M/2Mi b2�`+? rBM/Qr �(W)

GQM; ����� �����

GQM; �; ����� �����

GQM; � � � :2of� ����� �����

GQM; 7`QK ÷ ����� �����

GQM; � � � :2of� 7`QK ÷ ����� �����

GQM; �; 7`QK ÷ ����� �����

GQM; �; � � � :2of� 7`QK ÷ ����� �����

6�F2 i`�+F 7`�+iBQM !7�F2 ����� �����

BM i?2 6Q`r�`/ i`�+FBM; +�M #2 +QM};m`2/ iQ i�F2 �/p�Mi�;2 Q7 i?�i FMQrH2/;2 �b

2tTH�BM2/ BM a2+iBQM �X/X+X AM i?2 +m``2Mi +QM};m`�iBQM- i?2 KQK2MimK@/2T2M/2Mi

b2�`+? rBM/Qr /2+`2�b2b i?2 i`�+F@}M/BM; 2{+B2M+v #v `Qm;?Hv ���� �M/ `2/m+2b i?2

7�F2 i`�+F 7`�+iBQM #v ��X 1H2+i`QM 2{+B2M+B2b 2bT2+B�HHv bmz2` BM i?Bb b+2M�`BQ #2+�mb2

i?2B` KQK2MimK Bb `2/m+2/ #v #`2Kbbi`�?HmM;- bm+? i?�i i?2v KQp2 QmibB/2 Q7 i?2

b2�`+? rBM/QrX �HbQ- 2H2+i`QMb +`2�i2/ BM T?QiQM +QMp2`bBQMb i?�i b?�`2 � o1GP i`�+F

�`2 T2M�HBb2/ ?2`2 #2+�mb2 i?2 o2HQlh �H;Q`Bi?K QMHv �HHQrb QM2 lTbi`2�K i`�+F iQ

#2 +`2�i2/ T2` o1GP i`�+FX aBKBH�`Hv- MQKBM�H lTbi`2�K i`�+Fb 7m`i?2` `2/m+2 i?2

7�F2 i`�+F 7`�+iBQM #mi /`�K�iB+�HHv HQr2` i?2 2{+B2M+B2b- �b b?QrM BM h�#H2 �X�X h?Bb

Bb #2+�mb2 i?2 MQKBM�H o2HQlh �H;Q`Bi?K r�b imM2/ iQ `2+QMbi`m+i ?B;?2` KQK2MimK

i`�+Fb 7`QK ÷ /2+�vb rBi? � � ��� :2of� �M/ �ë � ��� J2of� BM � *Sl@>Gh" b+2M�`BQX

h?2 o2HQlh }Hi2` KQ/2 +�M #2 pB2r2/ �b i?2 >Gh/@imMBM; Q7 i?2 o2HQlh �H;Q`Bi?KX

JQK2MimK _2bQHmiBQM h?2 KQK2MimK `2bQHmiBQM Q7 i?2 i`�+Fb 7QmM/ #v i?2 6Q`r�`/

i`�+FBM; Bb b?QrM BM 6B;m`2 �X/"X h?2 7�bi KQK2MimK 2biBK�i2 +�H+mH�i2/ mbBM;

1[m�iBQM �X/+ T2`7Q`Kb `2�bQM�#Hv r2HH- `2�+?BM; � `2bQHmiBQM Q7 ���� � ���� Qp2` i?2

r?QH2 KQK2MimK bT2+i`mKX h?Bb KQK2MimK- ?Qr2p2`- Bb K2`2Hv mb2/ �b �M BMTmi iQ

i?2 7mHH i`�+F }i T2`7Q`K2/ mbBM; � E�HK�M }Hi2`- r?B+? T`QpB/2b i?2 }M�H 2biBK�i2 Q7

i?2 i`�+F T�`�K2i2`bX h?2 E�HK�M }Hi2`öb KQK2MimK `2bmHi Bb b?QrM BM 6B;m`2 �X/"#-

r?B+? Bb bHB;?iHv #2ii2` i?�M i?2 `Qm;? 2biBK�i2 Q7 i?2 KQK2MimK@`2bQHmiBQM HBKBi

/m2 iQ KmHiBTH2 b+�ii2`BM; K�/2 �i i?2 2M/ Q7 a2+iBQM �X/X/X h?2 2z2+i Q7 KmHiBTH2

b+�ii2`BM; QM i?2 `2bQHmiBQM Bb 2pB/2Mi �i KQK2Mi� #2HQr � :2of�X 6Q` ?B;? KQK2Mi�-

i?2 `2bQHmiBQM ;`�/m�HHv rQ`b2Mb #2+�mb2 i?2 i`�+Föb #2M/BM; #2+QK2b H2bb bB;MB}+�Mi
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#, qBi? E�HK�M }Hi2` �TTHB2/X

6B;m`2 8XkR, h`�+F `2bQHmiBQM �b � 7mM+iBQM Q7 KQK2MimK 7Q` i`�+Fb `2+QMbi`m+i2/ #v i?2
6Q`r�`/ i`�+FBM;X

+QKT�`2/ iQ i?2 bBM;H2@?Bi `2bQHmiBQMX h?2 `2bQHmiBQMb BM 6B;m`2 �X/"# �`2 Q#i�BM2/

#v }iiBM; GQM; i`�+Fb i?�i ?�p2 lh ?Bib �//2/X u2i- lh ?Bib �`2 MQi � `2[mB`2K2Mi

iQ 7Q`K � GQM; i`�+FX qBi?Qmi i?2K- i?2 KQK2MimK `2bQHmiBQM Bb ��� rQ`b2 BM i?2

HQr@KQK2MimK `2;BK2 �M/ ��� 7Q` ?B;?@KQK2MimK i`�+FbX h?2 T`QMQmM+2/ `2bQHmiBQM

/2;`�/�iBQM 7Q` ?B;? KQK2Mi� +�M #2 2tTH�BM2/ #v i?2 bBM;H2@?Bi `2bQHmiBQM Q7 i?2

lhöb bBHB+QM b2MbQ`b- r?B+? Bb irQ iQ 7Qm` iBK2b #2ii2` i?�M i?2 bBM;H2@?Bi `2bQHmiBQM Q7

i?2 a+B6B i`�+F2`X >2M+2- #2+�mb2 i?2 lh Bb HQ+�i2/ BM �M �`2� rBi? � MQM@M2;HB;B#H2

K�;M2iB+ }2H/- i?2 lh ?Bib �// p�Hm�#H2 BM7Q`K�iBQM �#Qmi i?2 i`�+F KQK2MimK-

2bT2+B�HHv 7Q` ?B;?@KQK2MimK T�`iB+H2bX

8XjXk *QKTmi�iBQM�H S2`7Q`K�M+2

"2bB/2b T`QpB/BM; ;QQ/ T?vbB+b T2`7Q`K�M+2- i?2 Qi?2` 7�+iQ` /`BpBM; i?2 rQ`F QM

i?2 6Q`r�`/ i`�+FBM; �M/- BM ;2M2`�H- i?2 r?QH2 `2+QMbi`m+iBQM Bb i?2 +QKTmi�iBQM�H

T2`7Q`K�M+2 BM i2`Kb Q7 2p2Mi i?`Qm;?Tmi Q` 2t2+miBQM iBK2 Q7 i?2 �H;Q`Bi?KbX h?2

`2H2p�Mi K2i`B+b �`2 /2}M2/ BM a2+iBQM �X�X/X � HQi Q7 2zQ`i r�b Tmi BMiQ QTiBKBbBM;

i?2 +QKTmi�iBQM�H T2`7Q`K�M+2 Q7 i?2 6Q`r�`/ i`�+FBM; mbBM; aAJ. BMbi`m+iBQMb

r?2`2 �TT`QT`B�i2- �pQB/BM; mMM2+2bb�`v rQ`F r?2`2 TQbbB#H2 �M/ �TTHvBM; KQ/2`M

BKTH2K2Mi�iBQMb Q7 b2�`+? �M/ bQ`i �H;Q`Bi?Kb r?2`2 M22/2/X h?2 MmK#2`b BM i?Bb

b2+iBQM QMHv ?B;?HB;?i i?2 T2`7Q`K�M+2 Q7 i?2 6Q`r�`/ i`�+FBM;X Ai ?�b iQ #2 MQi2/-

i?Qm;?- i?�i 2p2Mim�HHv- QMHv i?2 i?`Qm;?Tmi Q7 i?2 r?QH2 >Gh/ b2[m2M+2 Bb `2H2p�Mi

7Q` i?2 bm++2bb Q7 i?2 `2�H@iBK2 �M�HvbBb bi`�i2;vX �M/ i?2 T2`7Q`K�M+2- +QKTmi�iBQM�H

�M/ T?vbB+b- Q7 i?2 BM/BpB/m�H +QKTQM2Mib bi`QM;Hv /2T2M/b QM i?2 T2`7Q`K�M+2 Q7 i?2

+QKTQM2Mib #27Q`2 i?2K BM i?2 b2[m2M+2X h?Bb Bb iQ b�v i?�i � HB;?iMBM;@7�bi 6Q`r�`/

i`�+FBM; +�M #2 +QmMi2`@T`Q/m+iBp2 B7 Bi }M/b K�Mv 7�F2 i`�+Fb- r?B+? bHQr /QrM i?2

E�HK�M }Hi2` H�i2` BM i?2 b2[m2M+2X *QMp2`b2Hv- BMp2biBM; bQK2 KQ`2 iBK2 2t2+miBM; �

6Q`r�`/ i`�+FBM; �i � HQr ;?Qbi `�i2 +�M T�v Qz rBi? � 7�bi2` b2[m2M+2 BM iQi�H �b i?2
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8 6Q`r�`/ h`�+FBM; BM >Ghk

E�HK�M }Hi2` ?�b iQ /Q H2bb rQ`FX

h?2 +QKTmi�iBQM�H T2`7Q`K�M+2 ?�b �H`2�/v #22M `2p2�H2/ BM 6B;m`2 �X��, i?2

6Q`r�`/ i`�+FBM; i�F2b �#Qmi ��� Q7 i?2 `2+QMbi`m+iBQM b2[m2M+2- r?B+? `mMb �i

��� FWUT�T QM � bBM;H2 `272`2M+2 MQ/2X h?Bb i`�MbH�i2b iQ � 6Q`r�`/ i`�+FBM; i?`Qm;?Tmi

Q7 �`QmM/ ���� FWUT�TX *QKT�`2/ iQ i?2 `272`2M+2 MmK#2` 7`QK CmM2 /3"� 7`QK

a2+iBQM �X"- i?Bb b?Qrb � bT22/mT #v KQ`2 i?�M � 7�+iQ` Q7 ��� �M/ MQr }ib BMiQ i?2

+QKTmiBM; #m/;2i Q7 >Gh/- 7mH}HHBM; i?2 Q#D2+iBp2 b2i BM i?2 #2;BMMBM;X �`QmM/ �� Q7

i?2 i?`Qm;?Tmi BM+`2�b2 Kmbi #2 +`2/Bi2/ rBi? QTiBKBb�iBQM BKT`Qp2K2Mib #v KQ`2

`2+2Mi +QKTBH2` p2`bBQMbX h?2 `2bi r�b �+?B2p2/ #v i?2 QTiBKBb�iBQMb K2MiBQM2/ �#Qp2X

h?2 2z2+i Q7 2tTHB+BiHv mbBM; aAJ. BMbi`m+iBQMb Bb 2p�Hm�i2/ #v `mMMBM; i?2 b+�H�`

p2`bBQM" Q7 i?2 +QKTQM2MiX h?2 b+�H�` p2`bBQM b?Qrb � ����� ?B;?2` 2t2+miBQM iBK2

i?�M i?2 p2+iQ`Bb2/ p2`bBQM- /2KQMbi`�iBM; i?�i i?2 p2+iQ`Bb�iBQM Bb `2bTQMbB#H2 7Q`

� bT22/@mT 7�+iQ` Q7 �HKQbi �X 1M�#HBM;/ aAJ. BMbi`m+iBQMb 7`QK �os�"/ #mi rBi?

���@#Bi p2+iQ`b- i?2 6Q`r�`/ i`�+FBM; ;�BMb �MQi?2` �� BM i?`Qm;?TmiX h?Bb Bb- ?Qr2p2`-

MQi 7Q`2b22M iQ #2 2M�#H2/ 7Q` i?2 �TTHB+�iBQM `mMMBM; BM i?2 2p2Mi@}Hi2` 7�`K #2+�mb2

r?2M mbBM; �os�"/ BMbi`m+iBQMb- i?2 *Sl /vM�KB+�HHv b+�H2b /QrM Bib 7`2[m2M+v iQ �

H2p2H r?2`2 i?2 r?QH2 >Gh/ b2[m2M+2 #2+QK2b bHQr2`+X �bB/2 7`QK i?�i- KQbi *Slb

BM i?2 >Gh +QKTmiBM; 7�`K �`2 MQi �os�"/@+QKT�iB#H2X

EMQrM "QiiH2M2+Fb h?2 KQbi iBK2@+QMbmKBM; T�`i Q7 i?2 6Q`r�`/ i`�+FBM; Bb i?2 ?Bi

T`QD2+iBQM /m`BM; i?2 >Qm;? i`�Mb7Q`K UT`QD2+i>BibhQ>Qm;?aT�+2V- i�FBM; �`QmM/

��� Q7 i?2 +QKTQM2Miöb 2t2+miBQM iBK2- Qmi Q7 r?B+? ��� Bb bT2Mi QM i?2 T`QD2+iBQM

Q7 i?2 ' ?Bib �HQM2X h?2`2 �`2 irQ +QMM2+i2/ T`Q#H2Kb ?2`2 r?B+? bHQr /QrM i?2

iB;?i HQQT, i?2`2 Bb �M BMbi`m+iBQM@/2T2M/2M+v +?�BM �7i2` i?2 #BM MmK#2` 7Q` � ?Bi Bb

+�H+mH�i2/- r?B+? T`2p2Mib 2{+B2Mi mb2 Q7 i?2 *Slöb TBT2HBM2- �M/ i?2`2 �`2 K2KQ`v

QT2`�iBQMb M2+2bb�`v iQ }HH i?2 T`QD2+i2/ TQbBiBQMb BMiQ i?2 >Qm;? ?BbiQ;`�K- 2X;X

b+�ii2`BM; p�Hm2b 7`QK � aAJ. p2+iQ` iQ MQM@b2[m2MiB�H HQ+�iBQMb BM K2KQ`v- r?B+?

BMi`Q/m+2 bQK2 H�i2M+v rQ`b2MBM; i?2 2z2+i Q7 i?2 BMbi`m+iBQM /2T2M/2M+B2bX qBi?

�os�"/- i?Bb +QmH/ #2 BKTH2K2Mi2/ KQ`2 2{+B2MiHv #mi rQmH/ MQM2i?2H2bb i?`QiiH2 i?2

T`QD2+iBQM HQQTöb T2`7Q`K�M+2X LQ r�v �`QmM/ i?Bb T�`iB+mH�` #QiiH2M2+F r�b 7QmM/X

>Qr2p2`- i?2 T`Q#H2K +�M #2 KBiB;�i2/ #v `2/m+BM; i?2 MmK#2` Q7 a+B6B ?Bib i?�i

�`2 T`QD2+i2/- 2X;X #v mbBM; i?2 KQK2MimK@/2T2M/2Mi b2�`+? rBM/Qr r?2M lTbi`2�K

i`�+Fb Q` lh@}Hi2`2/ o1GP i`�+Fb �`2 ;Bp2M �b BMTmi Ub22 h�#H2 �X(VX

h?2 b2+QM/ #QiiH2M2+F Bb i?2 b2H2+iBQM Q7 i`�+F +�M/B/�i2b mbBM; i?2 ' ?Bib i�FBM;

��� Q7 i?2 2t2+miBQM iBK2 Ub2H2+is*�M/B/�i2bVX h?Bb Bb /`Bp2M #v i?2 [m�HBiv Q7

+�M/B/�i2b +QKBM; Qmi Q7 i?2 >Qm;? i`�Mb7Q`Kc iQ #2 �#H2 iQ `2+QMbi`m+i HQr@KQK2MimK

i`�+Fb- i?2 i?`2b?QH/ b+�M Qp2` i?2 >Qm;? ?BbiQ;`�K i�F2b BMiQ �++QmMi mT iQ i?`22

"h?Bb Bb +QM};m`2/ K�Mm�HHv BM i?2 aAJ.q`�TT2` #2+�mb2 Qi?2`rBb2- p2+iQ`Bb�iBQM mbBM; �i H2�bi
aa1�X/ Bb 2M�#H2/ #v /27�mHiX �HbQ- i?Bb /Q2b MQi F22T i?2 +QKTBH2` 7`QK �miQ@p2+iQ`BbBM; i?2 +Q/2-
BX2X QMHv i?2 2tTHB+Bi p2+iQ`Bb�iBQM Bb brBi+?2/ QzX

/h?Bb r�b i2bi2/ QM �M AMi2H s2QM aBHp2` �/"� *SlX
+q?B+? b?Qrb i?�i i?2 7`�+iBQM Q7 +Q/2 U2{+B2MiHvV mbBM; aAJ. BMbi`m+iBQMb Bb bK�HHX
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8X9 *QKT�`BbQM iQ L2m`�H@L2irQ`F@#�b2/ �TT`Q�+?

h�#H2 8Xe, �p2`�;2 2t2+miBQM iBK2b T2` i?`2�/ QM i?2 `272`2M+2 MQ/2 7Q` i?2 6Q`r�`/ i`�+FBM;
rBi? /Bz2`2Mi BMTmi i`�+Fb �M/ rBi? Q` rBi?Qmi i?2 KQK2MimK@/2T2M/2Mi b2�`+? rBM/QrX

AMTmi i`�+Fb �#o2HQlh�`27 (Kb) � b2�`+? rBM/Qr\ �#6Q`r�`/�`27 (Kb) `2HX aT22/@mT (W)

o1GP @ @ ���� �

lh@}Hi2`2/ ��� MQ ��� ��

v2b ��� ��

lTbi`2�K ��� MQ ��� ��

v2b ��� ��

M2B;?#Qm`BM; #BMb rBi? HQr i?`2b?QH/b r?B+? �HKQbi �Hr�vb TB+F mT `Q;m2 ?Bib i?�i

?�p2 iQ #2 +H2�M2/ Qmi �;�BMX

AM ;2M2`�H- KQbi Q7 i?2 �H;Q`Bi?Köb 2t2+miBQM iBK2 Bb bT2Mi QM `2+QMbi`m+iBM; HQr2`@

KQK2MimK i`�+Fb Q` i`vBM; iQ }M/ � a+B6B 2ti2MbBQM iQ o1GP i`�+Fb- r?B+? /Q MQi ?�p2

QM2X "Qi? �`2 Q7i2M /QM2 BM i?2 b2+QM/ HQQT- r?B+? Bib2H7 +�M #2 b22M �b � #QiiH2M2+F

Q7 i?2 �H;Q`Bi?KX

lh@}Hi2`2/ o1GP i`�+Fb �M/ lTbi`2�K h`�+Fb aBM+2 ivTB+�HHv ?�H7 Q7 i?2 o1GP

i`�+Fb /Q MQi ?�p2 � a+B6B 2ti2MbBQM- Bi K�F2b b2Mb2 T2`7Q`K�M+2@rBb2 iQ }Hi2` i?2K

mT7`QMi mbBM; i?2 o2HQlh i`�+FBM;X h?2 2{+B2M+B2b Q7 i?2 6Q`r�`/ i`�+FBM; mbBM;

lh@}Hi2`2/ o1GP i`�+Fb Q` lTbi`2�K i`�+Fb �b BMTmi ?�p2 #22M T`2b2Mi2/ BM i?2

T`2pBQmb b2+iBQMX >Qr2p2`- i?2 T`BK�`v Tm`TQb2 Q7 i?2b2 `mMMBM; KQ/2b Bb iQ bT22/

mT i?2 GQM; i`�+F `2+QMbi`m+iBQM- r?B+? QMHv rQ`Fb #2+�mb2 i?2 o2HQlh i`�+FBM; Bb

Km+? 7�bi2` i?�M i?2 6Q`r�`/ i`�+FBM;X 1t2+miBQM iBK2b T2` 2p2Mi �M/ i?`2�/ �`2

b?QrM BM h�#H2 �X(X _2/m+BM; i?2 MmK#2` Q7 BMTmi i`�+Fb #v lh@}Hi2`BM; vB2H/b �

iBKBM; BKT`Qp2K2Mi Q7 ��� rBi?Qmi mM�++2Ti�#Hv HQr2`BM; i?2 i`�+F }M/BM; 2{+B2M+B2bX

6m`i?2`KQ`2- i?2 7mHH `2+QMbi`m+iBQM b2[m2M+2 T`Q}ib 7`QK i?2 `2/m+2/ MmK#2` Q7 ;?Qbib-

i?2 i?`Qm;?Tmi 2z2+i Q7 r?B+? r�b MQi [m�MiB}2/ BM i?Bb rQ`FX A7 i?2 KQK2MimK@

/2T2M/2Mi b2�`+? rBM/Qr Bb �HbQ mb2/- i?2 6Q`r�`/ i`�+FBM; ;�BMb KQ`2 i?�M � 7�+iQ` Q7

irQ BM i?`Qm;?Tmi- T�`iB�HHv bQHpBM; i?2 ?Bi@T`QD2+iBQM #QiiH2M2+F K2MiBQM2/ �#Qp2X h?2

#2bi +QKTmi�iBQM�H T2`7Q`K�M+2 Bb �+?B2p2/ r?2M mbBM; lTbi`2�K i`�+Fb �b BMTmi- #mi

Bi �HbQ ?�b i?2 rQ`bi T?vbB+b T2`7Q`K�M+2X h?2 /27�mHi o2HQlh i`�+FBM; +QM};m`�iBQM

mb2/ ?2`2 `2D2+ib HQr@KQK2MimK i`�+Fb �M/ i?mb F22Tb KQbi Q7 i?2 rQ`F �r�v 7`QK

i?2 6Q`r�`/ i`�+FBM;X

8X9 *QKT�`BbQM iQ L2m`�H@L2irQ`F@#�b2/ �TT`Q�+?

G>*#öb i`�+F@`2+QMbi`m+iBQM /2bB;M Bb KQ/mH�`- �M/ i?2 #�b2HBM2 i`�+F }M/BM; +`2�i2b

i?2 KQbi BKTQ`i�Mi i`�+F@b2;K2Mi ivT2b- BX2X o1GP �M/ h i`�+Fb- BM/2T2M/2MiHv Q7

2�+? Qi?2` Ub22 6B;m`2 �X+VX h?Bb 2M�#H2b i?2 TQbbB#BHBiv iQ +`2�i2 GQM; i`�+Fb #v bBKTHv
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8 6Q`r�`/ h`�+FBM; BM >Ghk

+QK#BMBM; o1GP �M/ h i`�+Fb mbBM; � K�+?BM2 H2�`MBM; +H�bbB}2`X h?Bb Bb /QM2 #v i?2

J�i+?BM; �H;Q`Bi?K- iQ r?B+? i?2 �mi?Q` ?�b +QMi`B#mi2/ BM i?2 +Qm`b2 Q7 i?2 M�im`�H

Qp2`H�T rBi? i?2 6Q`r�`/ i`�+FBM;X AM T�`iB+mH�`- i?2 T�`�K2i2`Bb�iBQMb iQ 2z2+iBp2Hv

KQ/2H i?2 T�bb�;2 i?`Qm;? i?2 K�;M2iB+ }2H/ mb2/ BM #Qi? �H;Q`Bi?Kb �`2 +�MQMB+�HHv

bBKBH�`X

8X9XR h?2 J�i+?BM; �H;Q`Bi?K

h?2 J�i+?BM; i�F2b o1GP �M/ h i`�+Fb �b BMTmib rBi? i?2 Q#D2+iBp2 iQ +QK#BM2 T�B`b

Q7 i?2K BMiQ GQM; i`�+FbX h?2 #�bB+ B/2� Bb iQ /2}M2 p�`B�#H2b i?�i [m�MiB7v i?2 H2p2H

Q7 �;`22K2Mi- BX2X � K�i+?- #2ir22M i?2 i`�+F b2;K2Mi 7QmM/ BM i?2 o1GP /2i2+iQ`

�M/ i?2 b2;K2Mi `2+QMbi`m+i2/ BM i?2 a+B6B i`�+F2`- �M/ 2p�Hm�i2 � K�+?BM2 H2�`MBM;

+H�bbB}2` QM i?2K iQ Q#i�BM � +QK#BM2/ 2biBK�i2 Q7 i?2 K�i+?BM; [m�HBivX

h?2 �H;Q`Bi?K Bb Q`;�MBb2/ �b � HQQT Qp2` i?2 o1GP i`�+F bi�i2 p2+iQ`b rBi? � M2bi2/

HQQT Qp2` i?2 bi�i2 p2+iQ`b Q7 �HH h i`�+Fb- bm+? i?�i �HH TQbbB#H2 +QK#BM�iBQMb �`2

+Qp2`2/X hQ `2D2+i +QK#BM�iBQMb i?�i �`2 Q#pBQmbHv r`QM;- i?2 ( +QKTQM2Mi Q7 #Qi? i?2

h i`�+F �M/ i?2 o1GP i`�+F �`2 2ti`�TQH�i2/ #v � bi`�B;?i HBM2 iQ � TQbBiBQM #2?BM/ i?2

a+B6B i`�+F2` �i )K�i+? � �� N- `272``2/ iQ �b (h
bi`�B;?i �M/ (o

bi`�B;?i- `2bT2+iBp2HvX "2+�mb2

i?2 #2M/BM; BM i?2 (@) TH�M2 Bb bK�HH- QMHv h i`�+Fb rBi? (h
bi`�B;?i � (o

bi`�B;?i ���� NN �`2

�++2Ti2/X am#b2[m2MiHv- i?2 K�i+?BM; p�`B�#H2b mb2/ �b BMTmi iQ � M2m`�H M2irQ`F �`2

+�H+mH�i2/X �M�HQ;QmbHv iQ r?�i r�b mb2/ /m`BM; i?2 7�F2 i`�+F `2D2+iBQM BM i?2 6Q`r�`/

i`�+FBM;- i?2 K�i+?BM; /2}M2b i?2 ' /Bbi�M+2 �i i?2 K�;M2i FB+F TQbBiBQM rBi?BM i?2

PTiB+�H JQ/2H K2i?Q/ mbBM; 1[m�iBQM �X/(X u2i- � bHB;?iHv /Bz2`2Mi" T�`�K2i2`Bb�iBQM

iQ /2i2`KBM2 i?2 p�Hm2 Q7 )K�; Bb mb2/ #2+�mb2- 7Q` h i`�+Fb- i?2 bHQT2 /Bz2`2M+2 Bb

/2}M2/ �b �#K�i+?
� � #1M/h

� 7 #�- r?B+? Bb /Bz2`2Mi iQ �#� /2}M2/ BM i?2 6Q`r�`/

i`�+FBM;X h?2 K�;M2i FB+F TQbBiBQM BM i?2 J�i+?BM; Bb ;Bp2M #v

)K�i+?
K�; � �� � �õ]'	)1M/h
] � �ï#

õ
� � ]�#K�i+?

� ]	�Æ � ��]�#K�i+?
� ]
 U�X/%V

rBi? +Q2{+B2Mib HBbi2/ BM h�#H2 �X""X aBKBH�`Hv- i?2 ( /Bbi�M+2 Bb /2}M2/ #v 1[m�iBQM �X/�

#mi rBi? � /Bz2`2Mi +Q``2+iBQM #2+�mb2 i?2 ) TQbBiBQM r?2`2 i?2 irQ b2;K2Mib �`2

K�i+?2/ Bb )K�i+?X h?2 +Q``2+iBQM Bb T�`�K2i2`Bb2/ #v

(K�i+?
+Q`` � #�	��]�#K�i+?

� ]õ � �Æ]�#K�i+?
� ]õ
 U�X/�V

rBi? +Q2{+B2Mib HBbi2/ BM h�#H2 �X"/X h?Bb +Q``2+iBQM Bb H2bb T`2+Bb2 i?�M i?2 QM2 ;Bp2M

#v 1[m�iBQM �X/�- ?Qr2p2`- Bi r�b 7QmM/ i?�i i?2 K�i+?BM; M2m`�H M2irQ`F T2`7Q`Kb

#2ii2` mbBM; i?Bb bBKTH2 2tT`2bbBQMX h?2 irQ K�i+?BM; /Bbi�M+2b �`2 i?2M mb2/ iQ /2}M2

"� /Bz2`2Mi T�`�K2i2`Bb�iBQM �HbQ �++QmMib 7Q` i?2 7�+i i?�i h i`�+Fb �`2 MQi 2t�+iHv i?2 b�K2 �b
a+B6B ?Bi b2ib 7QmM/ #v i?2 6Q`r�`/ i`�+FBM; #2+�mb2 h i`�+Fb �HbQ +Qp2` i`�+Fb 7`QK HQM;@HBp2/
T�`iB+H2b �M/ b2+QM/�`B2bX Ai ?�b #22M i2bi2/ r?2i?2` mbBM; i?2 b�K2 T�`�K2i2`Bb�iBQM rQ`FbX h?2
�Mbr2` Bb v2b- #mi mbBM; � /2/B+�i2/ QM2 rQ`Fb #2ii2`X
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h�#H2 8Xd, AMTmi p�`B�#H2b Q7 i?2 J�i+?BM; JGSX

o�`B�#H2 S`2b2H2+iBQM

�õ
K�i+? � ��

ù� � ��� NN

ù� � ��� NN

]�#K�i+?
� ] � ���

]�#K�i+?
� ] � ����

#õ
� � #õ

�

� +QK#BM2/ [m�HBiv K2�bm`2 KBKB+FBM; � �õ

�õ
K�i+? �

ùõ
�

n'õ � #õ
Â�]�#K�i+?

� ]õ
�

ùõ
�

n(õ � #õ
Â�	#õ

� � #õ
�


�
]�#K�i+?

� ]õ

p�`	#1M/h
� 


r?2`2 p�`	#1M/h
� 
 Bb i?2 p�`B�M+2 Q7 i?2 h i`�+Föb ( bHQT2 �i i?2 2M/ Q7 i?2 a+B6B i`�+F2`-

n' � � NN rBi? #Â� � �� NN +QM};m`2b i?2 ' mM+2`i�BMiv- �M/ n( � � NN rBi?

#Â� � ��� NN +QM};m`BM; i?2 ( mM+2`i�BMivX

h?2 �`+?Bi2+im`2 Q7 i?2 M2m`�H M2irQ`F mb2/ iQ +H�bbB7v i?2 i`�+F@b2;K2Mi T�B`b Bb

�HKQbi i?2 b�K2 �b i?2 QM2 mb2/ 7Q` 7�F2 i`�+F `2D2+iBQM BM i?2 6Q`r�`/ i`�+FBM; �M/

i`�BM2/ QM i?2 b�K2 /�i� b�KTH2b Ub22 a2+iBQM �X/X�Vc i?2 JGS ?�b irQ ?B//2M H�v2`b

rBi? � � � �M/ � M2m`QMb- `2bT2+iBp2Hv- r?2`2 � Bb i?2 MmK#2` Q7 BMTmi p�`B�#H2b-

HBbi2/ BM h�#H2 �X%X Ai ?�b #22M i2bi2/ #v i?2 �mi?Q` r?2i?2` �//BM; i?2 /Bz2`2M+2

#2ir22M i?2 h@i`�+F KQK2MimK �M/ i?2 GQM; i`�+F KQK2MimK iQ i?2 BMTmi p�`B�#H2b

BKT`Qp2b i?2 +H�bbB}+�iBQMX LQ bB;MB}+�Mi BKT�+i QM i?2 +H�bbB}+�iBQM r�b �+?B2p2/-

r?B+? Bb r?v i?Bb p�`B�#H2 Bb MQi mb2/X 1H2+i`QMb �`2 #�MM2/ 7`QK i?2 i`�BMBM; /�i�

b2i �b BM+Hm/BM; i?2K b2p2`2Hv HQr2`b i?2 +H�bbB}2`öb T2`7Q`K�M+2 7Q` Qi?2` T�`iB+H2b

7Q` i?2 b�K2 `2�bQMb i?2v r2`2 2t+Hm/2/ r?2M #mBH/BM; i?2 T�`�K2i2`Bb�iBQMb 7Q` i?2

6Q`r�`/ i`�+FBM;X h?2 BMTmi p�`B�#H2bö /Bbi`B#miBQMb �`2 b?QrM BM 6B;m`2 �X"3X h?2

JGSöb `2bTQMb2 Bb THQii2/ BM 6B;m`2 �X// 7Q` i?2 i2bi �M/ i`�BMBM; b�KTH2X h?2 M2m`�H

M2irQ`F KQ/2Hb i?2 /�i� r2HH rBi? � Ea@i2bi T`Q#�#BHBiv Q7 ����� 7Q` i?2 ;QQ/ T�B`b

�M/ ����� 7Q` i?2 r`QM; T�B`bX GBF2 i?2 6Q`r�`/ i`�+FBM;öb ;?Qbi `2D2+iBQM- � +mi QM

i?2 +H�bbB}2` `2bTQMb2 +QMi`QHb i?2 7�F2 i`�+F 7`�+iBQM �M/ i`�+F }M/BM; 2{+B2M+vX h?2

+m``2Mi rQ`FBM; TQBMi +?Qb2M 7Q` i?2 J�i+?BM; Bb �i � `2bTQMb2 Q7 �����- r?2`2 ��� Q7

i?2 r`QM; T�B`b �`2 `2D2+i2/ r?BH2 F22TBM; ��� Q7 i?2 +Q``2+i QM2bX h?2 i`�+F@}M/BM;

2{+B2M+v �M/ 7�F2 i`�+F 7`�+iBQM �`2 /Bb+mbb2/ BM i?2 M2ti b2+iBQMX h?2 T�B` rBi? i?2

?B;?2bi `2bTQMb2 Bb b2H2+i2/X Pi?2` T�B`b +�M �HbQ #2 �++2Ti2/ B7 i?2B` `2bTQMb2 /2pB�i2b

H2bb i?�M ��� 7`QK i?2 ?B;?2bi QM2- r?B+? Bb ?2HT7mH 7Q` i?2 `2+QMbi`m+iBQM Q7 +QMp2`bBQM
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h�#H2 8X3, �p2`�;2 2t2+miBQM iBK2b T2` i?`2�/ QM i?2
`272`2M+2 MQ/2 7Q` i?2 >v#`B/ a22/BM;- J�i+?BM; �M/
i?2 6Q`r�`/ i`�+FBM;X

*QKTQM2Mi � �#��`27 (Kb)

a22/BM; ����

J�i+?BM; ���

6Q`r�`/ ����

�H`2�/v �bbQ+B�i2/ rBi? � 7QmM/ i`�+FX h?Bb K�F2b i?2 i`�+F@}M/BM; T`Q#H2K 2�bB2`

�HQM; i?2 r�vX h?2 2{+B2M+v +QKT�`BbQM Bb b?QrM BM 6B;m`2b �X/+ �M/ �X""X h?2

6Q`r�`/ i`�+FBM; �+?B2p2b bHB;?iHv ?B;?2` 2{+B2M+B2b BM i?2 ?B;?@KQK2MimK `2;BQM-

�i HQr i`�Mbp2`b2 KQK2MimK �M/ ?B;? Tb2m/Q`�TB/Biv- r?BH2 i?2 J�i+?BM; T2`7Q`Kb

bHB;?iHv #2ii2` BM i?2 HQr Tb2m/Q`�TB/Biv `2;BQM �M/ �`QmM/ i?2 #2�K TBT2 �i � � � ;zX

h?2 H�ii2` `2~2+ib � 7mM/�K2Mi�H /Bz2`2M+2 #2ir22M i?2 irQ �TT`Q�+?2b, i?2 6Q`r�`/

i`�+FBM; mb2b T�`�K2i2`Bb�iBQMb i?�i /Q MQi i�F2 KmHiBTH2 b+�ii2`BM; BMiQ �++QmMi iQ

7QHHQr i?2 o1GP i`�+F BMiQ i?2 a+B6B i`�+F2`- r?BH2 i?2 J�i+?BM;öb JGS Bb i`�BM2/

QM `2+QMbi`m+i2/ h i`�+Fb �M/ i?mb �HbQ KQ/2Hb i?2 2z2+i Q7 b+�ii2`BM; #27Q`2 i?2

a+B6B i`�+F2`X Pp2`�HH- i?2 i`�+F }M/BM; 2{+B2M+v Q7 i?2 irQ GQM; i`�+FBM; �H;Q`Bi?Kb

Bb p2`v bBKBH�`- r?B+? Bb T`2+Bb2Hv i?2 `2�bQM i?2 7�bi `2+QMbi`m+iBQM b2[m2M+2 �pQB/b

`mMMBM; #Qi? QM i?2 b�K2 /�i�X h?2 `2bmHiBM; GQM; i`�+F `2+QMbi`m+iBQM 2{+B2M+v Bb

;Bp2M BM h�#H2 �X"X _2;�`/BM; i?2 7�F2 i`�+F 7`�+iBQM- ?Qr2p2`- i?2 6Q`r�`/ i`�+FBM;

QmiT2`7Q`Kb i?2 J�i+?BM; bB;MB}+�MiHv- �b b?QrM BM 6B;m`2 �X/�X PM2 `2�bQM Bb i?2

/Bz2`2Mi �TT`Q�+? iQ mbBM; i?2 BM7Q`K�iBQM #v i?2 `2bT2+iBp2 �H;Q`Bi?KX q?BH2 i?2

J�i+?BM; /B`2+iHv +QMbB/2`b i?2 h i`�+F bi�i2 p2+iQ` �i i?2 2M/ Q7 i?2 a+B6B i`�+F2`-

i?2 6Q`r�`/ i`�+FBM; #mBH/b i?2 2MiB`2 a+B6B i`�+F b2;K2Mi 7`QK b+`�i+? mM/2` i?2

�bbmKTiBQM i?�i Bi Bb +QMM2+i2/ iQ i?2 o1GP i`�+FX h?Bb r�v- 2�+? a+B6B ?Bi Bb K�i+?2/

iQ i?2 o1GP i`�+F- BMbi2�/ Q7 K�i+?BM; � r?QH2 i`�+F b2;K2MiX JQ`2Qp2`- K�i+?BM;

�M 2MiB`2 i`�+F b2;K2Mi bmz2`b 7`QK i?2 7�+i i?�i K�Mv h i`�+Fb �`2 �bbQ+B�i2/ rBi?

b2+QM/�`v T�`iB+H2b- r?B+? /Q MQi 7Q`K � GQM; i`�+FX h?Bb BM+`2�b2b i?2 T`Q#�#BHBiv Q7

K�i+?BM; mT mM`2H�i2/ b2;K2Mib ;Bp2M i?�i `Qm;?Hv ��� Q7 i?2 o1GP i`�+Fb �`2 MQi

T�`i Q7 � GQM; i`�+FX

G�bi #mi MQi H2�bi- i?2 2H2+i`QM i`�+F }M/BM; 2{+B2M+B2b Q7 #Qi? �H;Q`Bi?Kb �`2

+QKT�`2/ BM 6B;m`2b �X/� �M/ �X"/X "2+�mb2 2H2+i`QMb r2`2 2tTHB+BiHv 2t+Hm/2/ 7`QK

i?2 i`�BMBM; Q7 i?2 J�i+?BM;öb JGS Bi Bb MQ bm`T`Bb2 i?�i i?2 6Q`r�`/ i`�+FBM; T2`7Q`Kb

#2ii2` BM }M/BM; 2H2+i`QMbX

Nj
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+QKT�`2/ iQ i?2 J�i+?BM; �H;Q`Bi?K BM /2T2M/2M+2 QM FBM2K�iB+ p�`B�#H2b �M/ i?2 MmK#2`
Q7 T`BK�`v p2`iB+2bX h?2 J�i+?BM; Bb b?QrM BM 2KTiv #Hm2 +B`+H2b �M/ i?2 6Q`r�`/ i`�+FBM;
Bb BM 7mHH #H�+F +B`+H2bX
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8X8 amKK�`v �M/ 6mim`2 S`QbT2+ib

8X8 amKK�`v �M/ 6mim`2 S`QbT2+ib

h?2 6Q`r�`/ i`�+FBM; Bb QM2 Q7 i?2 irQ �H;Q`Bi?Kb }M/BM; GQM; i`�+Fb rBi?BM G>*#öb

2p2Mi `2+QMbi`m+iBQM b2[m2M+2 `mMMBM; BM >Gh/X AM bBKmH�iBQM- Bi `2�+?2b i`�+F }M/BM;

2{+B2M+B2b Q7 KQ`2 i?�M ��� 7Q` T�`iB+H2b 7`QK ?2�pv@~�pQm` /2+�vb �i �M 2p2Mi

i?`Qm;?Tmi Q7 ���� FWUT�T- r?B+? }ib BMiQ i?2 +QKTmiBM; #m/;2i Q7 >Gh/ 7Q` _mM +X

h?Bb Bb K�/2 TQbbB#H2 #v 2ti2MbBp2Hv QTiBKBbBM; i?2 +QKTmi�iBQM�H T2`7Q`K�M+2 Q7 i?2

�H;Q`Bi?K r?BH2 F22TBM; i?2 T?vbB+b T2`7Q`K�M+2 ?B;?X �b Bb ivTB+�H 7Q` bQ7ir�`2@`2H�i2/

rQ`F- i?2 6Q`r�`/ i`�+FBM; �M/- ;2M2`�HHv- i`�+F `2+QMbi`m+iBQM Bb T�`i Q7 �M 2M/H2bb +v+H2

Q7 TH�MMBM;- �M�HvbBM;- /2bB;MBM;- BKTH2K2MiBM;- i2biBM; �M/ K�BMi�BMBM;X h?2 +v+H2 Bb

`2B;MBi2/ 2p2`v iBK2 M2r +B`+mKbi�M+2b 2pQHp2, M2r Q` KBbbBM; ?�`/r�`2 @ #2 Bi /2i2+iQ`

+QKTQM2Mib HBF2 i?2 �#b2Mi lh Q` /2p2HQTK2Mib BM +QKTmiBM; �`+?Bi2+im`2b @- #m;b i?�i

QMHv Q++m` r?2M `mMMBM; BM T`Q/m+iBQM Qp2` i`BHHBQMb Q7 +QHHBbBQM 2p2Mib- KBb�HB;MK2Mi

Q7 i?2 i`�+F2`bc i?2 HBbi Q7 +�p2�ib �M/ T`Q#H2Kb mM/2` `2�H@rQ`H/ +QM/BiBQMb Bb HQM;-

bQK2 Q7 r?B+? �`2 /Bb+mbb2/ BM *?�Ti2` (X h?2 /2p2HQTK2Mi +v+H2 ?�b #22M i`B;;2`2/

K�Mv iBK2b 7Q` i?2 6Q`r�`/ i`�+FBM;- r?B+? Bb r?v Bi Bb �b +QKTH2t Q7 �M �H;Q`Bi?K �b

Bi Bb MQrX "mi 7Q` i?2 b�K2 `2�bQM- Bi Bb �HbQ � ~2tB#H2 i`�+F `2+QMbi`m+iBQM �H;Q`Bi?KX

A7 `2[mB`2K2Mib QM i?2 i`�+F `2+QMbi`m+iBQM +?�M;2- 2X;X /m`BM; G>* QT2`�iBM; �b �M

BQM@BQM +QHHB/2`- i?2 6Q`r�`/ i`�+FBM; +�M #2 2�bBHv +QM};m`2/ iQ b2`p2 � /Bz2`2Mi

KQK2MimK `2;BK2- iQ +QT2 rBi? H�`;2` 7�F2 i`�+F 7`�+iBQMb /m2 iQ ?B;? Q++mT�M+B2b-

Q` iQ #2 KQ`2 `2bBHB2Mi �;�BMbi TQQ` /2i2+iQ` +QM/BiBQMbX AM ?BM/bB;?i- Bi r�b � rBb2

/2+BbBQM iQ F22T i?2 mb�;2 Q7 lh ?Bib QTiBQM�H BM i?2 >Gh/ 6Q`r�`/ i`�+FBM; �b i?2 lh

r�b biBHH KBbbBM; /m`BM; i?2 }`bi /�i�@i�FBM; BM /3//X 6Q` /3/+ r?2M i?2 lh Bb #2BM;

+QKKBbbBQM2/- i?2 6Q`r�`/ i`�+FBM; Bb `2�/v iQ mb2 Bi- #2 Bi #v QMHv �//BM; K�i+?BM;

lh ?Bib Q` #v i�FBM; lh@}Hi2`2/ i`�+Fb �b BMTmiX L2p2`i?2H2bb- iQ }HH T2`7Q`K�M+2 ;�Tb

Q7 i?2 `2+QMbi`m+iBQM 2{+B2M+B2b �M/ 7m`i?2` QTiBKBb2 i?2 +QKTmi�iBQM�H T2`7Q`K�M+2

KQ`2 rQ`F Bb M22/2/X

PM i?2 T?vbB+b T2`7Q`K�M+2 bB/2- i?2 2H2+i`QM }M/BM; 2{+B2M+v H2�p2b � HQi iQ #2

/2bB`2/- T�`iB+mH�`Hv rBi? i2bib Q7 H2TiQM@~�pQm` mMBp2`b�HBiv #2BM; � 7Q+mb Q7 i?2

~�pQm`@T?vbB+b +QKKmMBiv- BM �//BiBQM iQ �M;mH�` �M�Hvb2b Q7 �B "ï�ï7 i`�MbBiBQMb-

G>*#öb `2bmHib Q7 r?B+? #2BM; T�`iB�HHv i?r�`i2/ #v i?2 H�+F Q7 2H2+i`QM bi�iBbiB+bX �

TQbbB#H2 r�v iQr�`/b #2ii2` 2H2+i`QM 2{+B2M+B2b +QmH/ #2 iQ BKTH2K2Mi � /2/B+�i2/

2H2+i`QM `2+QMbi`m+iBQMX Ai KB;?i `mM �b � }M�H bi�;2 Q7 i?2 GQM; i`�+F `2+QMbi`m+iBQM

Qp2` `2bB/m�H o1GP i`�+Fb- �M/ a+B6B ?Bib- bBKBH�`Hv iQ ?Qr i?2 6Q`r�`/ i`�+FBM; Bb

mb2/ BM >Gh/öb 7�bi `2+QMbi`m+iBQM b2[m2M+2X hQ �++QmMi 7Q` i?2 /Bz2`2Mi FBM2K�iB+b

Q7 i?2 2H2+i`QMb /m2 iQ #`2Kbbi`�?HmM;- �HH T�`�K2i2`Bb�iBQMb +QmH/ #2 `2@+�H+mH�i2/

�M/ i`�BM2/ QM b�KTH2b QMHv +QMi�BMBM; 2H2+i`QMbX hQ 2Mbm`2 i?2b2 2H2+i`QMb bm`pBp2

i?2 i`�+F }i- � bT2+B�HBb2/ i`�+F T�`�K2i2` 2biBK�iQ` HBF2 � :�mbbB�M@bmK }Hi2` ((�-

"3+) +QmH/ #2 �TTHB2/X

PM i?2 +QKTmi�iBQM�H T2`7Q`K�M+2 bB/2- i?2 T`QbT2+ib �`2 K�MB7QH/- �HbQ BM i?2B`

b+�H2 Q7 M2+2bb�`v +?�M;2bX qBi? � `2H�iBp2Hv bK�HH 2zQ`i- i?2 6Q`r�`/ i`�+FBM; +QmH/

;�BM �`QmM/ �� KQ`2 i?`Qm;?Tmi #v +?�M;BM; i?2 #BM�`v b2�`+? BKTH2K2Mi�iBQM iQ
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mbBM; bi�iB+ "@i`22b ("3�)X � #Bi KQ`2 BMpQHp2/- #mi rBi? �HH M2+2bb�`v UbQ7ir�`2V

+QKTQM2Mib �H`2�/v BM TH�+2- Bb `2Q`;�MBbBM; i?2 7�bi i`�+F `2+QMbi`m+iBQM b2[m2M+2

iQ miBHBb2 i?2 o2HQlh �H;Q`Bi?K �b � T`2@}Hi2` 7Q` i?2 GQM; i`�+F }M/BM;X AMbi2�/ Q7

`mMMBM; i?2 J�i+?BM; }`bi �M/ bm#b2[m2MiHv i?2 6Q`r�`/ i`�+FBM; QM `2bB/m�H ?Bib

�M/ i`�+Fb- i?2 6Q`r�`/ i`�+FBM; +QmH/ `mM }`bi QM lh@}Hi2`2/ o1GP i`�+Fb mbBM;

i?2 KQK2MimK@/2T2M/2Mi b2�`+? rBM/QrX �b b?QrM BM h�#H2 �X�- i?Bb rQmH/ �H`2�/v

}M/ i?2 #mHF Q7 `2+QMbi`m+iB#H2 GQM; i`�+Fb �i � HQr 7�F2 i`�+F 7`�+iBQM �M/ �HKQbi

i?`22 iBK2b i?2 bT22/ Q7 i?2 MQKBM�H 6Q`r�`/ i`�+FBM; Q` i?2 >v#`B/ a22/BM; iQ;2i?2`

rBi? i?2 J�i+?BM;X am#b2[m2MiHv- i?2 >v#`B/ a22/BM; rQmH/ `mM QM `2bB/m�H a+B6B ?Bib-

7QHHQr2/ #v i?2 J�i+?BM; mbBM; `2bB/m�H o1GP i`�+FbX Ai Bb MQi 2tT2+i2/ i?�i KQ`2

+QKTmi�iBQM�H BKT`Qp2K2Mib Q7 i?2 6Q`r�`/ i`�+FBM; �`2 M2+2bb�`v 7Q` i?2 +m``2Mi /�i�

i�FBM;X >Qr2p2`- B7 i?`Qm;?Tmi ;�BMb Q7 b2p2`�H 7�+iQ`b �;�BM #2+QK2 M2+2bb�`v- 2X;X 7Q`

G>*# lT;`�/2 / �i i?2 ?B;?@HmKBMQbBiv G>*- � +QKTH2i2Hv M2r BKTH2K2Mi�iBQM rBHH

#2 M2+2bb�`vX Ai b22Kb mMHBF2Hv i?�i *Sl@QMHv i`�+FBM; +�M F22T mT rBi? i?2 BM+`2�bBM;

T2`7Q`K�M+2 M22/bX � 7mim`2 >Gh/ 6Q`r�`/ i`�+FBM; Kmbi mb2 KQ`2 �++2H2`�iQ`b HBF2

:Slb- 6S:�b �M/ ;2M2`�HHv ?2i2`Q;2M2Qmb +QKTmiBM; +?BTb iQ F22T mT rBi? i?2

T2`7Q`K�M+2 /2K�M/b rBi?BM � `2�H@iBK2 �TTHB+�iBQMX

h?2 BM/mbi`v Bb �H`2�/v ;QBM; BM i?�i /B`2+iBQM- 2X;X rBi? AMi2Höb QM2�SA T`Q;`�KKBM;

KQ/2H �BKBM; iQ mMB7v BMi2`7�+2b iQ �++2H2`�iQ`b HBF2 :Slb- 6S:�b �M/ �A@bT2+B}+

+B`+mBibX amTTQb2 i?Bb �HHQrb iQ 2�bBHv /2p2HQT i?2 /BbT�i+?BM; Q7 � bBM;H2 �H;Q`Bi?Köb

i�bFb iQ i?2 �++2H2`�iQ`b- HBF2 T2`7Q`KBM; i?2 >Qm;?@HBF2 i`�Mb7Q`K Q7 i?2 6Q`r�`/

i`�+FBM; QM �M 6S:�X AM i?�i +�b2- T2`7Q`KBM; i?2 7mHH 2p2Mi `2+QMbi`m+iBQM BM � bBM;H2

?B;?@H2p2H i`B;;2` bi�;2 KB;?i #2 rBi?BM `2�+?X 6m`i?2`KQ`2- i?2 �/p�M+2b BM K�+?BM2

H2�`MBM; +QK#BM2/ rBi? bT2+B�HBb2/ ?�`/r�`2 iQ 2p�Hm�i2 i?2 /�i�@/`Bp2M KQ/2Hb TQb2

QTTQ`imMBiB2b iQ 2{+B2MiHv +QT2 rBi? i?2 BM+`2�bBM; +QKTH2tBiv Q7 i`�+F `2+QMbi`m+iBQM

BM ?B;?@`�i2 �M/ ?B;?@`2bQHmiBQM T�`iB+H2 /2i2+iQ`bX aQ 7�`- KQ/2`M K�+?BM2 H2�`MBM;

i2+?MB[m2b �`2 ?�`/Hv miBHBb2/ BM G>*#öb i`�+F `2+QMbi`m+iBQM bQ7ir�`2c ;2QK2i`B+ /22T

H2�`MBM; �TT`Q�+?2b HBF2 ;`�T? M2m`�H M2irQ`Fb KB;?i #2 mb27mH BM i?2 7mim`2 iQ BKT`Qp2

i?2 T?vbB+b �M/ +QKTmi�iBQM�H T2`7Q`K�M+2 Q7 i?2 bQ7ir�`2X h?2 7�bi �M/ bT2+B�HBb2/

/2p2HQTK2Mib BM i?2 +QKTmiBM; /QK�BM �M/ i?2 �++QKT�MvBM; bQ7ir�`2@K�BMi2M�M+2

#m`/2M rBHH �HbQ K�F2 Bi KQ`2 M2+2bb�`v BM i?2 7mim`2 iQ b?�`2 2p2Mi@`2+QMbi`m+iBQM

bQ7ir�`2 #2ir22M H�`;2 +QHH�#Q`�iBQMb HBF2 �hG�a- *Ja- �GA*1 �M/ G>*#- �M/ i?2B`

TQi2MiB�H bm++2bbQ`b �i 7mim`2 +QHHB/2`bX h?2 7QmM/�iBQM Bb �H`2�/v i?2`2 rBi? � *QKKQM

h`�+FBM; aQ7ir�`2- �M/ G>*# b?QmH/ +QMi`B#mi2 iQ �M/ T`Q}i KQ`2 7`QK i?Bb BM i?2
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T`2pBQmb +?�Ti2`b ?�p2 #22M T`Qp2M iQ rQ`F r2HH QM bBKmH�i2/ ��@+QHHBbBQM b�KTH2b-

BM r?B+? i?2 /2i2+iQ` Bb T2`72+iHv �HB;M2/ �M/ rQ`Fb �b 7Q`2b22M #v Bib /2bB;MX AM

`2�HBiv- � +QKTH2t �TT�`�imb HBF2 i?2 G>*# 2tT2`BK2Mi ?�b iQ #2 +�`27mHHv imM2/ /m`BM;

+QKKBbbBQMBM; iQ �TT`Q�+? i?2 /2bB`2/ T2`7Q`K�M+2X h?Bb BMpQHp2b i?2 bm#@/2i2+iQ`

2tT2`ib T`2T�`BM; �M/ i2biBM; i?2 �TT�`�imb 7Q` /�i� i�FBM; �M/ i?2 i`B;;2` 2tT2`ib

T`2T�`BM; �M/ i2biBM; i?2 /�i� `2+Q`/BM;X 6Q` G>*# BM _mM +- rBi? Bib Tm`2Hv bQ7ir�`2@

#�b2/ i`B;;2` bvbi2K T2`7Q`KBM; i?2 r?QH2 2p2Mi `2+QMbi`m+iBQM BM `2�H@iBK2- Bi Bb

+`m+B�H iQ p�HB/�i2 #27Q`2 MQKBM�H QT2`�iBQMb i?�i i?2 bQ7ir�`2 �M�HvbBM; i?2 2p2Mib

rQ`FbX h?Bb Bb T�`iB+mH�`Hv i?2 +�b2 7Q` i`�+F `2+QMbi`m+iBQM- �b Bi +QMbiBimi2b i?2 #`B/;2

#2ir22M i?2 /2i2+iQ` bB;M�Hb �M/ i?2 T?vbB+b Q#D2+ib i?2 /�i� �M�Hvbib r�Mi iQ bim/vX

h?Bb TQBMi +�MMQi #2 bi`2bb2/ 2MQm;?, G>*# M22/b iQ K�BMi�BM �M QT2`�iBQM�H i`�+FBM;

bvbi2K �M/ `2�H@iBK2 �HB;MK2Mi �i �HH iBK2b �b BM >Gh" Bi /2 7�+iQ TB+Fb mT i?2 i�bF Q7

i?2 `2KQp2/ ?�`/r�`2 i`B;;2`X

h?2`27Q`2- i?Bb +?�Ti2` ;Bp2b �M Qp2`pB2r Q7 i?2 �mi?Q`öb rQ`F �b T�`i Q7 i?2 +QKKBb@

bBQMBM; i2�K- T�`iB+mH�`Hv `2;�`/BM; i?2 >Gh/ GQM; i`�+F `2+QMbi`m+iBQMX AM7Q`K�iBQM

�#Qmi i?2 +QKKBbbBQMBM; Q7 >Gh" +�M #2 7QmM/ 2Hb2r?2`2 ("3�)X h?2 +QKTmi�iBQM�H

T2`7Q`K�M+2 Q7 i?2 i`�+F `2+QMbi`m+iBQM QM /�i� ?�b MQi v2i #22M bim/B2/ #2+�mb2

BM /3// G>*# QT2`�i2/ �i � }7i? Q7 i?2 7Q`2b22M BMbi�Mi�M2Qmb HmKBMQbBiv- �M/ i?2

2p2Mi i?`Qm;?Tmi Q7 >Gh/ Bb MQi � +QM+2`M mMiBH Bi Bb T`Qp2M i?�i i?2 M2r /2i2+iQ` +�M

/2HBp2` i?2 /�i� [m�HBiv M2+2bb�`v iQ T2`7Q`K T?vbB+b �M�Hvb2bX

eXR h?2 6B`bi ai2Tb hQr�`/ _mM j .�i�

h?2 G>* bi�`i2/ iQ `�KT mT Bib QT2`�iBQMb 7Q` _mM + BM �T`BH /3// rBi? 2tT2`BK2Mi

+�p2`M +HQbm`2 �M/ i?2 }`bi #2�K �i i?2 2M/ Q7 i?�i KQMi?X �7i2` i?2 +QKKBbbBQMBM;

Q7 i?2 #2�K- bi�#H2 #2�Kb �M/ i?2 }`bi +QHHBbBQMb �i i?2 BMD2+iBQM 2M2`;v Q7 ��� (F7

r2`2 T`QpB/2/ 7`QK i?2 2M/ Q7 J�v QMX h?2 +QKKBbbBQMBM; Q7 G>*#öb bm#@/2i2+iQ`b

r�b QM;QBM; @ rBi? �HH Q7 i?2K BM TH�+2 2t+2Ti 7Q` i?2 lh@ i2biBM; i?2 /�i� �+[mBbBiBQM

bvbi2Kb �M/ i?2 bm#@/2i2+iQ`bö iBK2 �HB;MK2Mi- r?2M >Gh" `2�+?2/ i?2 }`bi KBH2biQM2

#v bm++2bb7mHHv i`B;;2`BM; QM i?2 �+iBpBiv BM i?2 1*�GX h?2 i`�+FBM; /2i2+iQ`b- ?Qr2p2`-

r2`2 MQi v2i �#H2 iQ i�F2 /�i� mb27mH 7Q` i`�+F `2+QMbi`m+iBQMX �Hi?Qm;? T`Q;`2bb r�b

K�/2- i?Bb ?�/ MQi +?�M;2/ r?2M i?2 G>* bi�`i2/ `2;mH�`Hv /2HBp2`BM; bi�#H2 #2�Kb
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�i i?2 MQKBM�H #2�K 2M2`;v Q7 ��� 5F7 �i i?2 #2;BMMBM; Q7 CmHvX h?2M }M�HHv- i?2 }`bi

bm++2bb QM i?2 i`�+F `2+QMbi`m+iBQM bB/2 r�b �+?B2p2/ iQr�`/ i?2 2M/ Q7 CmHv r?2M i?2

o1GP /2i2+iQ` r�b �#H2 iQ b22 i?2 }`bi o1GP i`�+Fb �M/ p2`iB+2b- �H#2Bi biBHH BM Bib

b�72- QT2M2/ TQbBiBQM rBi? i?2 KQ/mH2b b2T�`�i2/ #v �#Qmi �� NNX �HbQ- i?2 >v#`B/

a22/BM; 7QmM/ Bib }`bi i`�+Fbc ?Qr2p2`- i?2 MmK#2` r�b HQr �M/ i?mb MQi /BbiBM;mBb?�#H2

7`QK 7�F2 i`�+FbX "2;BMMBM; iQ KB/ Q7 �m;mbi- i?2 bm#@/2i2+iQ`b bi�`i2/ iQ QT2`�i2

KQ`2 �M/ KQ`2 iQ;2i?2`- �M/ i?2 a+B6B /2i2+iQ` iQQF /�i� rBi? i?2 +�HQ`BK2i2`b �M/

i?2 KmQM bi�iBQMb- �M/ H�i2` rBi? i?2 o1GP /2i2+iQ` �//BiBQM�HHvX 6`QK � i`�+F

`2+QMbi`m+iBQM T2`bT2+iBp2- ?Qr2p2`- i?Bb /�i� r�b K2`2Hv p�Hm�#H2 iQ K2+?�MB+�HHv

i2bi i?2 `2+QMbi`m+iBQM K�+?BM2`v #2+�mb2 #Qi? i?2 o1GP �M/ i?2 a+B6B /2i2+iQ` ?�/

MQ bi�#H2 +Q�`b2 iBK2 �HB;MK2Mi v2i- �M/ b2p2`�H /2i2+iQ` KQ/mH2b r2`2 2t+Hm/2/ 7`QK

/�i� i�FBM; #2+�mb2 Q7 T`Q#H2Kb rBi? i?2KX h?2 +Q�`b2 iBK2 �HB;MK2Mi 2Mbm`2b i?�i

i?2 bm#@/2i2+iQ` Bb bvM+?`QMBb2/ rBi? � bT2+B}+ BbQH�i2/ #mM+? BM i?2 G>* bm+? i?�i

2�+? `2+Q`/2/ 2p2Mi +�M #2 �bbB;M2/ iQ � mMB[m2 #mM+?@+`QbbBM; B/2MiB}2`X 6m`i?2`KQ`2-

�HbQ MQ }M2 iBK2 �HB;MK2Mi r�b v2i `2�/v 7Q` i?2 a+B6B i`�+F2`- /`�biB+�HHv `2/m+BM;

Bib ?Bi 2{+B2M+v iQ � H2p2H r?2`2 ?�`/Hv �Mv i`�+Fb +QmH/ #2 7QmM/X h?2 }M2 iBK2

�HB;MK2Mi QTiBKBb2b i?2 2H2+i`QMB+bö BMi2;`�iBQM rBM/Qr bm+? i?�i ?Bib H27i #v T`BK�`v

i`�+Fb �`2 `2+Q`/2/ rBi? ?B;? 2{+B2M+vX qBi?Qmi � `2�bQM�#H2 b2i Q7 i`�+Fb �HbQ MQ

bT�iB�H �HB;MK2Mi Q7 i?2 i`�+FBM; bvbi2K Bb TQbbB#H2 U+7X a2+iBQM +X/X+VX 6Q` i?2 i`�+F

`2+QMbi`m+iBQM iQ mb2 � bT�iB�H �HB;MK2Mi- i?2 +QM/BiBQMb /�i�#�b2 biQ`BM; BM7Q`K�iBQM

�#Qmi i?2 2t�+i bT�iB�H TQbBiBQMb Q7 /2i2+iQ` KQ/mH2b �M/ i?2 K�TTBM; Q7 `2�/Qmi HBMFb

Kmbi #2 �p�BH�#H2- r?B+? r�b QMHv i?2 +�b2 �`QmM/ i?2 2M/ Q7 �m;mbiX h?2M �i i?2

2M/ Q7 a2Ti2K#2`- �7i2` � +QQHBM; BM+B/2Mi ?�/ iB2/ mT i?2 G>* 7Q` KQ`2 i?�M i?`22

r22Fb- i?2 BM/BpB/m�H bm#@/2i2+iQ`b �TT`Q�+?2/ �M QT2`�iBQM�H bi�i2 BM r?B+? i?2 i`�+F

`2+QMbi`m+iBQM b?QmH/ ?�p2 #22M �#H2 iQ }M/ Bib }`bi `2�H- +QM}`K2/ GQM; i`�+FbX

eXk h?2 >mMi 7Q` i?2 6B`bi J�bb S2�F

AM i?2 #2;BMMBM;- r?2M �M 2bb2MiB�HHv M2r T�`iB+H2 T?vbB+b /2i2+iQ` rBi? M2r `2+QMbi`m+@

iBQM bQ7ir�`2 Bb #2BM; +QKKBbbBQM2/- i?2 #2bi r�v iQ b?Qr i?�i Bi rQ`Fb Bb iQ K2�bm`2

i?2 /2+�v Q7 � T�`iB+H2 r?B+? Bb FMQrM iQ #2 T`Q/m+2/ �#mM/�MiHv BM �� +QHHBbBQMb

�M/ r?B+? ?�b bQK2 T`QT2`iB2b i?�i K�F2 Bi 2�bv iQ /BbiBM;mBb? 7`QK i?2 #�+F;`QmM/X

h?`Qm;?Qmi a2Ti2K#2` �M/ i?2 #2;BMMBM; Q7 P+iQ#2` /3//- ?�`/Hv �Mv /�i� rBi? �HH

i`�+FBM; /2i2+iQ`b QT2`�iBM; iQ;2i?2` r�b �p�BH�#H2X h?2 }`bi" /2+�v `2+QMbi`m+iBQM

�ii2KTib r2`2 i?2`27Q`2 b2�`+?BM; 7Q` i?2 /2+�v ÿ��B w�w7- r?B+? BM T`BM+BTH2 +�M #2

+H2�MHv `2+QMbi`m+i2/ #2+�mb2 i?2 KmQMb H2�p2 +H2�` bB;M�im`2b BM i?2 KmQM bi�iBQMbX

>2M+2- i?2 >v#`B/ a22/BM; �M/ � bBKTH2 KmQM i`�+F b2;K2Mi `2+QMbi`m+iBQM r2`2 mb2/

iQ `2+QMbi`m+i ôa22/JmQM i`�+FbôX h?2 /Bb�/p�Mi�;2 Q7 i?Bb /2+�v Bb i?�i Bi Bb `2H�iBp2Hv

"h?2 1*�G #v i?2M �H`2�/v ?�/ Bib }`bi bm++2bb #v `2+QMbi`m+iBM; i?2 /2+�v Îq
B ÁÁX h?2
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i?2 T`Q+2bbBM; +?�BMX
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`�`2X "mi rBi? � ÿ�� +`Qbb@b2+iBQM BM G>*#öb �++2Ti�M+2 ("3() Q7 �`QmM/ �� �C �M/

� +QKKBbbBQMBM; BMbi�Mi�M2Qmb HmKBMQbBiv Q7 `Qm;?Hv ��� �C7ÆT7Æ- ?�H7 �M ?Qm` Q7

/�i� i�FBM; b?QmH/ ?�p2 #22M 2MQm;? iQ #2 �#H2 iQ `2+QMbi`m+i î	����
 ÿ��B w�w7
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/Bz2`2M+2 #2ir22M i?2 MmK#2` Q7 ��
â +�M/B/�i2b rQmH/ #2 2tT2+i2/X Ai Bb- ?Qr2p2`-
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iQ +QKT�`2 iQ �� +QHHBbBQMb bBKmH�i2/ rBi? +QM/BiBQMb bBKBH�` iQ i?2 QM2b /m`BM; /�i�

i�FBM;X h?Bb Bb w � ��� �i
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e *QKKBbbBQMBM; Q7 i?2 GQM; h`�+F _2+QMbi`m+iBQM
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+, Sb2m/Q`�TB/Biv /Bbi`B#miBQMX

6B;m`2 eXRj, *QKT�`BbQM #2ir22M /�i� i�F2M /m`BM; _mM /�(333 rBi? �HB;M2/ i`�+FBM; bvbi2K
�M/ bBKmH�iBQM 7Q` #�bB+ FBM2K�iB+ p�`B�#H2b

#�/Hv �HB;M2/ a+B6B i`�+F2` `2;BQMb- T2M�HBbBM; i?2B` `2+QMbi`m+iBQMX �//BiBQM�HHv- i?2

HQr@KQK2MimK i`�+F }M/BM; /2T2M/b ?2�pBHv QM i?2 T�`�K2i2`Bb�iBQMb BM i?2 T�ii2`M

`2+Q;MBiBQM- r?B+? �bbmK2 �M �HB;M2/ /2i2+iQ`X h?Bb +�mb2b � HQr2` ?Bi 2{+B2M+v 7Q`

HQr@KQK2MimK i`�+Fb 7`QK i?2 `2+QMbi`m+iBQM bB/2- 2ti`� iQ i?2 HQr ?Bi 2{+B2M+v QM

i?2 /2i2+iQ` bB/2- �M/ T`2p2Mib i?2b2 i`�+Fb 7`QK `2�+?BM; i?2 KBMBKmK MmK#2` Q7 ?BibX

ai22T i`�+Fb- BX2X i`�+Fb rBi? bK�HH Tb2m/Q`�TB/Biv- ivTB+�HHv +`Qbb i?2 a+B6B i`�+F2` BM

Bib Qmi2` `2;BQMb �M/ �`2 i?2`27Q`2 H2bb HBF2Hv iQ #2 `2+QMbi`m+i2/ BM i?2 +m``2Mi b2imTX

�HH Q7 i?Bb b?Qrb i?�i i?2 +QKKBbbBQMBM; Q7 i?2 /2i2+iQ` �M/ i?2 �HB;MK2Mi �`2

BM+QKTH2i2X 6m`i?2` Bi2`�iBQMb Q7 BKT`QpBM; i?2 /2i2+iQ` T2`7Q`K�M+2 �M/ bm`p2v

�M/ BMBiB�H i`�+F `2+QMbi`m+iBQM 7QHHQr2/ #v i?2 �HB;MK2Mi T`Q+2/m`2 �`2 M2+2bb�`v iQ

+QMp2`;2 iQ � bvbi2K i?�i K22ib Bib /2bB;M ;Q�HbX 6Q` T?vbB+b �M�HvbBb- i?2 /�i� i�F2M

bQ 7�` Bb K2`2Hv ?2HT7mH iQ K2+?�MB+�HHv i2bi i?2 b2H2+iBQMb �M/ p�HB/�i2 i?2B` QmiTmi

[m�HBi�iBp2HvX a2H2+iBQM 2{+B2M+B2b Kmbi #2 2p�Hm�i2/ 7Q` [m�MiBi�iBp2 `2bmHib- `2HvBM;

QM i?2 bBKmH�iBQM iQ KQ/2H i?2 /�i� �i H2�bi �TT`QtBK�i2Hv +Q``2+iHv- r?B+? Bb MQi v2i
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eX8 S`Q/m+iBQM Q7 *?�`K J2bQMb

i?2 +�b2X �HbQ- +�HB#`�iBQM b�KTH2b M22/ iQ #2 `2�/v �M/ mM/2`biQQ/ 7Q` /�i�@/`Bp2M

2{+B2M+v 2p�Hm�iBQMb- r?B+? Bb ?�`/Hv TQbbB#H2 mM/2` i?2 +m``2Mi +QM/BiBQMbX

eX8 S`Q/m+iBQM Q7 *?�`K J2bQMb

�Hi?Qm;? i?2 /2i2+iQ` Bb MQi v2i BM b?�T2 iQ T2`7Q`K `Q#mbi T?vbB+b K2�bm`2K2Mib-

i?Bb b2+iBQM bmKK�`Bb2b T�`ib Q7 i?2 /2p2HQTK2Mib K�/2 iQ p�HB/�i2 i?2 2MiB`2 /�i�

T`Q+2bbBM; +?�BM- 7`QK i?2 M2r /2i2+iQ`- Qp2` i?2 QMHBM2 2p2Mi `2+QMbi`m+iBQM- iQ

b2H2+iBQMb pB� i`B;;2` HBM2bX

eX8XR h?2 P`B;BM�H SH�M �M/ Bib ai�imb

"27Q`2 i?2 G>*öb bi�`i 7Q` _mM +- G>*# K�/2 TH�Mb iQ K2�bm`2 p�`BQmb T?vbB+b

[m�MiBiB2b �b 2�`Hv �b TQbbB#H2 iQ T`Qp2 i?�i i?2 M2r /2i2+iQ` �M/ i`B;;2` bvbi2K +�M

T`QpB/2 `Q#mbi T?vbB+b `2bmHibX �KQM; i?2b2 2�`Hv K2�bm`2K2Mib Bb i?2 /2i2`KBM�iBQM

Q7 i?2 T`QKTi +?�`K T`Q/m+iBQM +`Qbb@b2+iBQM BM #BMb Q7 �ë �M/ `�TB/Biv (- mbBM; i?2

/2+�vb ù_�
B 	ù�

B �7z�
z�- ù�
B �7z7z�z�- ù�

B �7z�z�- ù�
B �7��z�-

�M/ ù�
� B 	�B �7��
z�X h?2b2 K2�bm`2K2Mib �`2 T�`iB+mH�`Hv bmBi2/ iQ p�HB/�i2

i?2 `2�H@iBK2 �M�HvbBb i`B;;2` �M/ i?2 M2r /2i2+iQ` �b i?2 2tT2+i2/ T`Q/m+iBQM `�i2

Q7 +?�`K [m�`Fb �i G>*#öb BMi2`�+iBQM TQBMi Bb BM i?2 KBHHBQMb Q7 T�B`b T2` b2+QM/ U+7X

6B;m`2 +X"V rBi? K�Mv Q7 i?2K ?�/`QMBbBM; iQ QM2 Q7 i?2 K2bQMb �b K2MiBQM2/ �#Qp2X

>2M+2- �M BMi2;`�i2/ HmKBMQbBiv Q7 î	�� QC7Æ
 �� +QHHBbBQMb Bb bm{+B2Mi iQ +QM/m+i i?2

K2�bm`2K2MiX 6m`i?2`KQ`2- i?2 +?�`K T`Q/m+iBQM +`Qbb@b2+iBQM r�b �KQM; i?2 }`bi

K2�bm`2K2Mib T2`7Q`K2/ �7i2` i?2 bi�`i Q7 _mM / BM /3"� ("3%- "3�)- �H`2�/v mbBM;

�M 2�`Hv 7Q`K Q7 i?2 `2�H@iBK2 �M�HvbBb bi`�i2;v (+%) iQ BKK2/B�i2Hv �M�Hvb2 i?2 /�i�X

h?2 _mM / K2�bm`2K2Mib +�M i?mb #2 mb2/ �b � `272`2M+2 iQ p2`B7v 2�`Hv _mM + `2bmHibX

"2bB/2b i?2 p�Hm2 7Q` i?2 G>*# 2tT2`BK2Mi- i?2 K2�bm`2K2Mi Bb �M BKTQ`i�Mi i2bi Q7 i?2

T`2/B+iBQMb Q7 T2`im`#�iBp2 [m�MimK +?`QKQ/vM�KB+b /QrM iQ HQr p�Hm2b Q7 i?2 BMBiB�H

T�`iQMbö KQK2MimK 7`�+iBQM �++2bbB#H2 #v G>*#öb mMB[m2 +Qp2`�;2 Q7 i?2 ?B;?@`�TB/Biv

`2;BQMX qBi? i?2 G>* T`QpB/BM; � +2Mi`2@Q7@K�bb 2M2`;v Q7
�
" � ���� 5F7 7Q` _mM +-

i?2 K2�bm`2K2Mi �HbQ 2Mi2`b bQ@7�` mM2tTHQ`2/ 2M2`;v i2``BiQ`vX h?2 TH�M Bb 7m`i?2`KQ`2

iQ 2ti2M/ i?2 MmK#2` Q7 /2+�vb mb2/ iQ /2i2`KBM2 i?2 +`Qbb@b2+iBQMX AM T�`iB+mH�`-

+?�`K #�`vQM /2+�vb" r2`2 MQi BM+Hm/2/ BM i?2 K2�bm`2K2Mi +QM/m+i2/ BM _mM /- �b

r2HH �b bim/B2b Q7 i?2 +?�`K ?�/`QM T`Q/m+iBQM 7`QK /Qm#H2 T�`iQM b+�ii2`BM; ("3�-

""3)X

h?2 2Mi`v TQBMi 7Q` 2p2`v _mM + K2�bm`2K2Mi i?�i /B`2+iHv mb2b i?2 7mHH +�T�#BHBiB2b

Q7 i?2 `2�H@iBK2 �M�HvbBb i`B;;2` �`2 i?2 2t+HmbBp2 i`B;;2` HBM2b b2H2+iBM; i?2 /2+�vb Q7

BMi2`2bi �M/ T2`bBbiBM; QMHv i?2 `2H2p�Mi `2+QMbi`m+i2/ Q#D2+ibX h?2 i`B;;2` HBM2b Kmbi

#2 T`2T�`2/ #27Q`2 i?2 bi�`i Q7 i?2 /�i� i�FBM; �M/ i?mb `2Hv QM bim/B2b T2`7Q`K2/

QM b�KTH2b bBKmH�iBM; i?2 2tT2+i2/ 2tT2`BK2Mi +QM/BiBQMbX h?Bb TQb2b � +?�HH2M;2

"
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e *QKKBbbBQMBM; Q7 i?2 GQM; h`�+F _2+QMbi`m+iBQM

#2+�mb2 i?2 2MiB`2 bvbi2K- 7`QK i?2 /2i2+iQ`- Qp2` i?2 /�i� �+[mBbBiBQM �M/ 2p2Mi

`2+QMbi`m+iBQM bQ7ir�`2- iQ i?2 bQ7ir�`2 mb2/ #v i?2 /�i� �M�Hvbib iQ Q#i�BM i?2 QmiTmi

Q7 i?2 i`B;;2` HBM2b- Bb biBHH /vM�KB+�HHv +?�M;BM;X h?2 r`BiBM; Q7 i`B;;2` HBM2b 7Q`

i?2 2�`Hv K2�bm`2K2Mib- i?2`27Q`2- r2Mi �HQM; rBi? �+iBp2Hv /2p2HQTBM; �M/ i2biBM;

i?2 M2+2bb�`v b2H2+iBQM iQQHb" 7Q` i?2 7`�K2rQ`F- BM r?B+? i?2 �mi?Q` iQQF �M �+iBp2

T�`iX "v MQr- KQbi b2H2+iBQM iQQHb i?2 /�i� �M�Hvbib M22/ �`2 BM TH�+2- �M/ MQi QMHv

i?2 i`B;;2` HBM2b 7Q` 2�`Hv K2�bm`2K2Mib �`2 `2�/v- #mi �HbQ KQ`2 i?�M � i?Qmb�M/

2t+HmbBp2 i`B;;2` HBM2b +Qp2`BM; i?2 r?QH2 T?vbB+b T`Q;`�KK2 Q7 G>*#X "2+�mb2 /3//

r�b � +QKKBbbBQMBM; v2�` 7Q` G>*#- �M/ i?2 2�`Hv /�i�@i�FBM; T2`BQ/ Q7 /3/+ rBHH

�HbQ #2 M22/2/ iQ B`QM Qmi T`Q#H2Kb 2M+QmMi2`2/ BM /3// �M/ iQ +QKKBbbBQM i?2 lh-

i?2 K2�bm`2K2Mi Q7 i?2 +?�`K T`Q/m+iBQM +`Qbb@b2+iBQM ?�b MQi #22M +QM/m+i2/ v2iX

>Qr2p2`- rBi? i?2 /�i� i�F2M BM /3//- Bi r�b �i H2�bi TQbbB#H2 iQ p2`B7v i?�i i?2

T`Q+2bbBM; +?�BM- BM+Hm/BM; i?2 i`B;;2` HBM2b- Bb- BM T`BM+BTH2- QT2`�iBQM�HX

eX8Xk h`B;;2` GBM2b

h?2`2 �`2 irQ /2bB;M ;Q�Hb 7Q` i?2 i`B;;2` HBM2b b2H2+iBM; i?2 +?�`K K2bQMb 7Q` i?2

2�`Hv K2�bm`2K2Mi, i?2v b?QmH/ #2 bBKTH2 �M/ HQQb2 2MQm;? iQ #2 �#H2 iQ b2H2+i i?2

/2bB`2/ /2+�vb 2p2M B7 i?2 /2i2+iQ` Bb MQi T2`72+iHv T2`7Q`KBM; v2i- �M/ i?2v b?QmH/

b2H2+i i?2 +?�`K K2bQMb Qp2` i?2 r?QH2 �ë �M/ ( bT2+i`mKX h?2 >Gh/ b2H2+iBQM +mib

7Q` ù�
B �7z� �`2 HBbi2/ BM h�#H2 (X(X �HH #�bB+ T�`iB+H2b Kmbi #2 GQM; i`�+Fb- �M/

"h?2b2 iQQHb �`2 +�HH2/ h?P` 7mM+iQ`b rBi?BM G>*#X h?P` bi�M/b 7Q` ôi?`Qm;?Tmi Q`B2Mi2/ô- r?B+?
�`2 7mM+iQ`b /2bB;M2/ iQ #2 �#H2 iQ mb2 aAJ. BMbi`m+iBQMb iQ T2`7Q`K i?2 b2H2+iBQMb rBi? ?B;?2`
2p2Mi i?`Qm;?TmiX

h�#H2 eXe, >Gh/ i`B;;2` b2H2+iBQM 7Q` ù�
B �7z�X

S�`iB+H2 a2H2+iBQM
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eX8 S`Q/m+iBQM Q7 *?�`K J2bQMb

�HH 2p2Mib Kmbi ?�p2 �i H2�bi QM2 `2+QMbi`m+i2/ T`BK�`v p2`i2t USoVX �7i2` i?2 E�HK�M

}Hi2`- � +QKKQM i`�+F �õ�OEG +mi Bb �TTHB2/- b2i iQ �õ�OEG � ��� /m`BM; +QKKBbbBQMBM;

U+7X 6B;m`2 (X�VX h?2 KQK2MimK `2[mB`2K2Mib �`2 +?Qb2M MQi iQ +mi Qmi i?2 HQr@�ë

`2;BQM Q7 i?2 ù� #mi biBHH `2D2+i KQbi Q7 i?2 HQr@KQK2MimK #�+F;`QmM/X h?2 p�`B�#H2

�õ
AS Bb i?2 BKT�+i T�`�K2i2` bB;MB}+�M+2- BX2X i`�+Fb rBi? � H�`;2 �õ

AS �`2 bB;MB}+�MiHv

/BbTH�+2/ 7`QK �Mv So- � 72�im`2 Q7 i`�+Fb +QKBM; 7`QK i?2 /2+�v Q7 � T�`iB+H2 rBi?

K2�bm`�#H2 HB72iBK2 HBF2 i?2 ù�X h?2 p�`B�#H2 %--lÎ Bb i?2 HQ;@HBF2HB?QQ/ /Bz2`2M+2

#2ir22M i?2 ?vTQi?2bBb i?�i i?2 T�`iB+H2 Bb � F�QM Q` � TBQM �M/ Bb � +QK#BM�iBQM Q7

BM7Q`K�iBQM 7`QK i?2 SA. bvbi2KX h?2 p�`B�#H2 �õ
6. Bb i?2 bB;MB}+�M+2 Q7 i?2 /Bbi�M+2

#2ir22M i?2 So �M/ i?2 b2+QM/�`v p2`i2t UaoV- r?2`2 i?2 ù� /2+�v2/- � bB;MB}+�Mi

p�Hm2 Q7 r?B+? Bb � +`m+B�H b2H2+iBQM 72�im`2 Q7 i?2 r2�FHv /2+�vBM; ?2�pv@~�pQm` ?�/`QMbX

h?2 /B`2+iBQM �M;H2 U.A_�V Bb /2}M2/ �b i?2 �M;H2 #2ir22M i?2 KQK2MimK p2+iQ` Q7

i?2 ù� �M/ i?2 /B`2+iBQM p2+iQ` Q#i�BM2/ #v +QMM2+iBM; i?2 So �M/ i?2 ao �M/ 2Mbm`2b

i?�i i?2 /2+�v Bb MQi QMHv `2+QMbi`m+i2/ T�`iB�HHvX h?2 [m�HBiv Q7 i?2 ao Bb /2MQi2/ #v

�õ
pitX h?2 >Gh/ i`B;;2` HBM2b 7Q` i?2 Qi?2` +?�`K K2bQM /2+�vb �TTHv bBKBH�` +mib �M/

�`2 HBbi2/ BM �TT2M/Bt �X%X

eX8Xj J�bb .Bbi`B#miBQMb

S�`ib Q7 i?2 /�i� i�F2M /m`BM; +QKKBbbBQMBM; ?�p2 #22M T`Q+2bb2/ #v >Gh/ mbBM; i?2

b2H2+iBQMb iQ K2�bm`2 i?2 +?�`K T`Q/m+iBQM +`Qbb@b2+iBQMX �b 2tTH�BM2/ BM i?2 T`2pBQmb

b2+iBQM- i?2 /�i� [m�HBiv Bb MQi v2i ;QQ/ 2MQm;? 7Q` T?vbB+b �M�HvbBbX u2i- i?2 b2H2+iBQMb

r2`2 2tTHB+BiHv +?Qb2M iQ #2 HQQb2 iQ rQ`F mM/2` bm#QTiBK�H +QM/BiBQMbX h?2 `2bmHiBM;

K�bb /Bbi`B#miBQMb �`2 b?QrM BM 6B;m`2 (X"�X 1�+? +?�MM2H 2t?B#Bib � K�bb T2�F- �H#2Bi

/QKBM�i2/ #v #�+F;`QmM/ 7Q` �HH #mi i?2 irQ@#Q/v ù� /2+�vX h?Bb Bb 2tT2+i2/- �M/

iB;?i2` b2H2+iBQMb �`2 `2�/v 7Q` MQKBM�H /�i� i�FBM;- +miiBM; ?�`/2` QM i?2 BKT�+i

T�`�K2i2`- i?2 ~B;?i /Bbi�M+2- �M/ i?2 TQbBiBQM Q7 i?2 ao rBi? `2bT2+i iQ /2i2+iQ`

K�i2`B�H iQ `2KQp2 +�M/B/�i2b 7`QK K�i2`B�H BMi2`�+iBQMbX h?2 b2H2+iBQMb r2`2 imM2/

QM bBKmH�iBQM r?2`2 i?2 /2i2+iQ` Bb T2`72+iHv �HB;M2/- bQ i?2 K�bb rBM/Qrb r2`2 +?Qb2M

� #Bi iQQ M�``Qr 7Q` i?2 �KQmMi Q7 KBb�HB;MK2Mi T`2b2Mi BM i?2 /�i�X 6`QK � i`�+F

`2+QMbi`m+iBQM TQBMi Q7 pB2r- Bi Bb `2�bbm`BM; iQ Q#b2`p2 i?2 7Qm`@#Q/v ù� /2+�v- r?B+?

rQmH/ bmz2` i?2 KQbi 7`QK � bm#QTiBK�H i`�+FBM; T2`7Q`K�M+2X �HH BM �HH- bm++2bb7mHHv

`2+QMbi`m+iBM; i?2b2 /2+�vb rBi? � MQi@7mHHv +QKKBbbBQM2/ /2i2+iQ` b?Qrb i?�i i?2

_mM + �TT�`�imb �M/ Bib bQ7ir�`2- BM T`BM+BTH2- rQ`FX
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e *QKKBbbBQMBM; Q7 i?2 GQM; h`�+F _2+QMbi`m+iBQM
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i`B;;2` HBM2bX
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d *QM+HmbBQM

h?2 rQ`F T`2b2Mi2/ BM i?Bb /Bbb2`i�iBQM ?B;?HB;?ib ?Qr +H�bbB+�H T�ii2`M `2+Q;MBiBQM

+�M #2 BKTH2K2Mi2/ �b � +QKTQM2Mi Q7 � +miiBM;@2/;2- Tm`2Hv bQ7ir�`2@#�b2/ i`B;;2`

bvbi2K QM KQ/2`M *SlbX 6Q` i?Bb- i?2 i`�+F `2+QMbi`m+iBQM bQ7ir�`2 7Q` G>*#öb _mM +

>Gh/ rBi? � 7Q+mb QM i?2 6Q`r�`/ i`�+FBM; ?�b #22M /2b+`B#2/- BM+Hm/BM; Bib }`bi

+QKKBbbBQMBM; mbBM; i?2 /2+�v ��
â B z�z7 �M/ i?2 T`QbT2+i Q7 7m`i?2` p�HB/�iBQM mbBM;

+?�`K@K2bQMb /2+�vbX

"v mbBM; i?2 +�T�#BHBiB2b Q7 KQ/2`M *Slb �M/ 7QHHQrBM; #2bi T`�+iB+2b Q7 ?B;?@

T2`7Q`K�M+2 +QKTmiBM;- i?2 i`�+F `2+QMbi`m+iBQMöb 2p2Mi i?`Qm;?Tmi r�b BM+`2�b2/ #v

b2p2`�H 7�+iQ`b bm+? i?�i T�`iB+H2 +QHHBbBQMb +�M #2 `2+QMbi`m+i2/ rBi? Q|BM2 [m�HBiv

�H`2�/v BM i?2 i`B;;2` mbBM; i?2 HBKBi2/ `2bQm`+2b T`QpB/2/ #v i?2 2p2Mi@}Hi2` 7�`KX

h?2 6Q`r�`/ i`�+FBM; �TT`Q�+? ?�b #22M `2/2bB;M2/ +QKTH2i2Hv iQ ;�BM � 7�+iQ` Q7

��� BM i?`Qm;?Tmi #v miBHBbBM; aAJ. T�`�HH2HBbK- 2{+B2Mi /�i� bi`m+im`2b �M/ 2z2+iBp2

/2b+`BTiBQMb Q7 i?2 T�`iB+H2bö T�bb�;2 i?`Qm;? i?2 K�;M2iB+ }2H/X h?Bb r�b �+?B2p2/

rBi?Qmi i`�/BM; Qz QM i?2 T?vbB+b T2`7Q`K�M+2 Q7 i?2 �H;Q`Bi?Kc i?2 6Q`r�`/ i`�+FBM;

}M/b GQM; i`�+Fb mbBM; � >Qm;?@HBF2 i`�Mb7Q`K rBi? �M 2{+B2M+v Q7 ��� BMi2;`�i2/

Qp2` i?2 r?QH2 KQK2MimK bT2+i`mK �M/ Bb ����� 2{+B2Mi 7Q` ?B;?@KQK2MimK i`�+Fb

Q`B;BM�iBM; 7`QK � ÷ K2bQMX h?2 2p2Mi i?`Qm;?Tmi Q7 i?2 6Q`r�`/ i`�+FBM; `2�+?2b

���� 2p2Mib T2` b2+QM/ �M/ +QKTmiBM; MQ/2- +Q``2bTQM/BM; iQ �M �p2`�;2 bBM;H2@i?`2�/

2t2+miBM; iBK2 Q7 �� NT T2` MQM@2KTiv �� +QHHBbBQMX h?2 7�F2@i`�+F 7`�+iBQM Bb +QMi`QHH2/

mbBM; � M2m`�H M2irQ`F `2/m+BM; Bi iQ ���- bB;MB}+�MiHv HQr2` i?�M i?2 ;?Qbi `�i2 Q7

i?2 T`2b2Mi2/ M2m`�H@M2irQ`F@#�b2/ GQM; i`�+F `2+QMbi`m+iBQM �H;Q`Bi?K- i?2 J�i+?BM;X

"Qi? �H;Q`Bi?Kb �+?B2p2 +QKT�`�#H2 i`�+F@}M/BM; 2{+B2M+B2b 7Q` �HH `2+QMbi`m+iB#H2

T�`iB+H2b 2t+2Ti 2H2+i`QMb- 7Q` r?B+? i?2 6Q`r�`/ i`�+FBM; Bb bHB;?iHv KQ`2 2{+B2MiX

6m`i?2`KQ`2- Bi r�b b?QrM i?�i i?2 i?`Qm;?Tmi Q7 i?2 6Q`r�`/ i`�+FBM; BM+`2�b2b #v

�MQi?2` 7�+iQ` Q7 ��� #v mbBM; i?2 lh iQ }Hi2` i?2 BMTmi i`�+Fb- r?B+? �//BiBQM�HHv

?�Hp2b i?2 7�F2 i`�+F 7`�+iBQM r?BH2 `2�+?BM; bBKBH�` i`�+F@}M/BM; 2{+B2M+B2bX

1p2Mim�HHv- i?2 6Q`r�`/ i`�+FBM; �M/ i?2 2MiB`2 i`�+F `2+QMbi`m+iBQM bQ7ir�`2 r2`2

/2KQMbi`�i2/ iQ rQ`F mM/2` +?�HH2M;BM; +QM/BiBQMb BM � MQi 7mHHv +QKKBbbBQM2/ 2tT2`B@

K2Mi rBi? � KBb�HB;M2/ i`�+FBM; bvbi2KX hQ i?�i 2M/- i?2 �mi?Q` r�b �#H2 iQ `2+QMbi`m+i

i?2 }`bi ��
â K�bb T2�F 7Q` G>*# BM _mM +X 6BM�HHv- Bi r�b b?QrM i?�i �HbQ +?�`K@

?�/`QM /2+�vb rBi? mT iQ 7Qm` i`�+Fb BM i?2 }M�H bi�i2 +�M #2 `2+QMbi`m+i2/- r?B+? Bb

T�`i Q7 i?2 T`2T�`�iBQMb 7Q` /2i2+iQ`@ �M/ i`B;;2`@p�HB/�iBQM K2�bm`2K2Mib �BKBM; iQ

/2i2`KBM2 i?2 +?�`K@T`Q/m+iBQM +`Qbb@b2+iBQM BM i?2 7Q`r�`/ `2;BQM �i
�
" � ���� 5F7X
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�XR 1[m�iBQM Q7 JQiBQM rX`Xi Ô *QQ`/BM�i2 Q7 � *?�`;2/

S�`iB+H2 BM i?2 J�;M2iB+ 6B2H/

h?2 ;Q�H Bb iQ i`�Mb7Q`K i?2 /Bz2`2MiB�H 2[m�iBQM 1[m�iBQM �X� bm+? i?�i Bi /2T2M/b QM

i?2 ) +QQ`/BM�i2 BMbi2�/ Q7 i?2 T�i? H2M;i? "X �M BM}MBi2bBK�H TB2+2 Q7 i?2 T�i? H2M;i?
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�Xk GBM2�` G2�bi@a[m�`2 6Bib

h`�D2+iQ`v }ib BM i?2 6Q`r�`/ i`�+FBM; �`2 T2`7Q`K2/ mbBM; i?2 HBM2�` H2�bi@b[m�`2

K2i?Q/X 6QHHQrBM; i?2 /2b+`BTiBQM Q7 i?2 K2i?Q/ 7`QK _27X (""")- i?2 2biBK�iQ`b 7Q`

i?2 T�`�K2i2`b Q7 i?2 i`�+F KQ/2H �`2 ;Bp2M #v
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r?2`2 ö Bb i?2 72�im`2 K�i`Bt rBi? 2H2K2Mib ö�� � ��	)�
 +�H+mH�i2/ 7`QK i?2 i`�+F

KQ/2Höb HBM2�`Hv BM/2T2M/2Mi KQMQKB�Hb Q7 2�+? K2�bm`2K2Mi �i )�- � Bb i?2 +Qp�`B�M+2

K�i`Bt Q7 i?2 K2�bm`2K2Mib �M/ Ð i?2 +Q``2bTQM/BM; K2�bm`2K2Mi p2+iQ`X h?2 K�i`Bt

� Bb 2�bBHv BMp2`i2/- �bbmKBM; i?�i i?2 2``Q`b QM i?2 ?Bibö ' TQbBiBQMb �`2 BM/2T2M/2Mi

Q7 2�+? Qi?2`- BM r?B+? +�b2 i?2 K�i`Bt Bb /B�;QM�HX *�H+mH�iBM; i?2 BMp2`b2 Q7 i?2

K�i`Bt � vB2H/b i?2 +Qp�`B�M+2 K�i`Bt 
 Q7 i?2 2biBK�iQ`b �M/ +�M #2 +QKTmi�iBQM�HHv

2tT2MbBp2X h?�i i?2 BMp2`b2 K�i`Bt 2tBbib Bb MQi ;m�`�Mi22/ �b i?2 +Qp�`B�M+2 K�i`Bt Bb

QMHv TQbBiBp2 b2KB@/2}MBi2- BM T`�tBb i?Qm;? i?2 BMp2`iB#BHBiv Bb `�`2Hv �M Bbbm2"X 6Q`

K�i`B+2b mT iQ `�MF i?`22- r?B+? �`2 #v +?QB+2 i?2 QMHv +�b2b Q++m``BM; BM i?2 6Q`r�`/

i`�+FBM;- /2+2MiHv bBKTH2 bQHmiBQMb +�M #2 r`Bii2M /QrM mbBM; i?2 7�+i i?�i i?2 BMp2`b2

+�M #2 2tT`2bb2/ �b


 �
�/D	� 


EFU	� 

U�X"+V

"L2p2`i?2H2bb- i?2 BKTH2K2Mi2/ }ib +?2+F B7 i?2 /2i2`KBM�Mi Bb /Bz2`2Mi 7`QK x2`Q iQ T`2p2Mi /BpBbBQM
#v x2`Q- r?B+?- �b r2 �HH FMQr- rQmH/ ?�p2 +�i�bi`QT?B+ +QMb2[m2M+2bX ,V

RR3



�Xj S�`�K2i2`Bb�iBQMb

BX2X mbBM; i?2 /2i2`KBM�Mi �M/ i?2 �/DQBMi Q7 i?2 K�i`Bt (""/)X hQ }i � bi`�B;?i@HBM2

i`�D2+iQ`v- 7Q` 2t�KTH2- i?2 2biBK�iQ` +Qp�`B�M+2 K�i`Bt Bb +�H+mH�i2/ #v
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6Q` � N � K�i`B+2b- � bBKBH�` 2tT`2bbBQM +�M #2 7QmM/ mbBM; i?2 �H;2#`�B+ G2B#MBx

7Q`KmH�X

h?2 K�i?2K�iB+b K2MiBQM2/ �#Qp2 b?QmH/ ;Bp2 i?2 `2�/2` 2MQm;? ?BMib iQ mM/2`bi�M/

i?2 BKTH2K2Mi�iBQM Q7 i?2 }ib BM i?2 6Q`r�`/ i`�+FBM; UBM 7�+i- �HbQ bQK2 Qi?2` TH�+2b

BM G>*#öb bQ7ir�`2VX >Qr2p2`- �b mbm�H rBi? ~Q�iBM;@TQBMi �`Bi?K2iB+- bQK2 +�miBQM

?�b iQ #2 2t2`+Bb2/ `2;�`/BM; i?2 MmK2`B+�H bi�#BHBiv Q7 +�H+mH�iBQM `2bmHibX h?2 r?QH2

T�ii2`M `2+Q;MBiBQM- �M/ bQ i?2 6Q`r�`/ i`�+FBM;- Bb BKTH2K2Mi2/ mbBM; bBM;H2@T`2+BbBQM

~Q�iBM;@TQBMi MmK#2`bX Ai Bb i?2`27Q`2 bQmM/ iQ MQi /B`2+iHv mb2 i?2 ' +QQ`/BM�i2

K2�bm`2K2Mib Ð- i?2 p�Hm2b Q7 r?B+? KB;?i bT�M i?`22 Q`/2`b Q7 K�;MBim/2- #mi iQ

rQ`F rBi? i?2 /Bbi�M+2 � � '� 7 'i`�+F- r?2`2 'i`�+F Bb +�H+mH�i2/ mbBM; i?2 T`BQ` #2bi

FMQrH2/;2 Q7 i?2 KQ/2H T�`�K2i2`bX h?2 }i K2i?Q/ i?2M 2biBK�i2b i?2 +?�M;2 Q7 i?2

T�`�K2i2`b rBi? `2bT2+i iQ i?2 T`BQ` FMQrH2/;2 BMbi2�/ Q7 i?2 �#bQHmi2 p�Hm2b- BX2X i?2

`2bmHiBM; Þ� ?�b iQ #2 �//2/ iQ i?2 T`BQ` T�`�K2i2`b �M/ Bi Bb TQbbB#H2 iQ }i QMHv � bm#b2i

Q7 +Q2{+B2Mib- r?BH2 F22TBM; Qi?2`b +QMbi�MiX 6m`i?2`KQ`2- r?2M +`2�iBM; i?2 K�i`Bt

� 7Q` � }i rBi? i?`22 T�`�K2i2`b- bQK2 K�i`Bt 2H2K2Mib �`2 T`QTQ`iBQM�H iQ i?2 i?B`/

TQr2` Q7 i?2 ) +QQ`/BM�i2- r?B+? Bb � ?m;2 MmK#2` 7Q` î	)
 � ���� NNX JmHiBTHvBM;

i?Bb rBi? /Bbi�M+2b î	�
 � � NN b?QmH/ #2 �pQB/2/X >2M+2 7Q` i?2 K�i`Bt +�H+mH�iBQMb-

i?2 ) +QQ`/BM�i2b �`2 b+�H2/ iQ i?2 b�K2 Q`/2` Q7 K�;MBim/2 �b i?2 /Bbi�M+2bX h?2

`2bmHiBM; T�`�K2i2`b Kmbi i?2M #2 `2@b+�H2/X

�Xj S�`�K2i2`Bb�iBQMb

h?2 T�`�K2i2`Bb�iBQMb �`2 � +Q`M2`biQM2 Q7 #Qi? i?2 T?vbB+b �M/ i?2 +QKTmi�iBQM�H

T2`7Q`K�M+2 Q7 i?2 T�ii2`M `2+Q;MBiBQM BM G>*#X h?2 H�ii2` Bb i?2 /`BpBM; 7Q`+2

#2+�mb2 2z2+iBp2Hv /2b+`B#BM; i?2 T�`iB+H2bö T�bb�;2 i?`Qm;? i?2 K�;M2iB+ }2H/ #v �M

�TT`QtBK�iBQM Bb +�H+mH�i2/ 7�bi BM +QMi`�bi iQ 2tT2MbBp2Hv bQHpBM; i?2 2[m�iBQMb Q7

KQiBQM mbBM; MmK2`B+�H K2i?Q/bX h?2 [m�HBiv Q7 i?2 �TT`QtBK�iBQM i?2M /`Bp2b i?2

T?vbB+b T2`7Q`K�M+2X AM � b2Mb2- i?2 T�`�K2i2`Bb�iBQMb �`2 bBKBH�` iQ � /2b+`BTiBQM #v �

M2m`�H M2irQ`F i?�i ?�b H2�`Mi iQ T`2/B+i T�`iB+H2 i`�D2+iQ`B2b 7`QK � ;Bp2M BMBiB�H bi�i2X

u2i- #2+�mb2 i?2 mM/2`HvBM; K2+?�MB+b Q7 i?2 T�`iB+H2 KQp2K2Mi Bb MQi iQQ +QKTH2t- �

M2m`�H M2irQ`F rQmH/ #2 mMM2+2bb�`BHv +QKTHB+�i2/ iQ /2b+`B#2 i?2 /2bB`2/ [m�MiBiB2bX

AMbi2�/- bBKTH2 HBM2�` `2;`2bbBQM Bb mb2/ iQ }i KmHiB@/BK2MbBQM�H /2T2M/2M+B2b �M/

Q#i�BM � TQHvMQKB�H i?�i /2b+`B#2b i?2 [m�MiBiv Q7 BMi2`2bi QM �p2`�;2X "2+�mb2 i?2b2

TQHvMQKB�Hb �M/ M2m`�H M2irQ`Fb- B7 M2+2bb�`v- Q++m` BM K�Mv Q7 G>*#öb T�ii2`M@

`2+Q;MBiBQM bQ7ir�`2 +QKTQM2Mib- A ?�p2 BKTH2K2Mi2/ � Svi?QM@#�b2/ bQ7ir�`2 T�+F�;2
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� �TT2M/Bt

i?�i T`QpB/2b � +2Mi`�H �M/ `2T`Q/m+B#H2 r�v iQ Q#i�BM i?2 T�`�K2i`Bb�iBQMb mb2/ BM

G>*#öb T�ii2`M `2+Q;MBiBQMX �b Q7 r`BiBM; i?Bb i?2bBb- i?2 _2+Q@S�`�K2i2`Bb�iBQM@

hmM2` +�M #2 7QmM/ BM _27X (""+)X aiBHH- i?2 TH�M Bb iQ KQp2 Bi BMiQ i?2 G>*# bQ7ir�`2

bi�+F- r?2`2 Bi rBHH #2 HQ+�i2/ BMbB/2 i?2 _2+ T`QD2+i BM i?2 T�ii2`M `2+Q;MBiBQM T�`iX
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