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�#bi`�+i

h?Bb /Bbb2`i�iBQM T`QTQb2b � TH�i7Q`K Q7 2K#2//2/ /QK�BM bT2+B}+ H�M;m�;2b
U2K#2//2/ .aGbV rBi? ?B;? 2tT`2bbBp2M2bb �M/ +QKTQb�#BHBivX � .aG Bb � T`Q@
;`�KKBM; H�M;m�;2 bT2+B�HBx2/ iQ � bT2+B}+ /QK�BMX Ai K�F2b � T`Q;`�K +QM+Bb2
�M/ 2�bv iQ K�BMi�BM bBM+2 � .aG T`Q;`�K +QMi�BMb QMHv +Q/2 i?�i /B`2+iHv 2t@
T`2bb2b /QK�BM HQ;B+X �M 2K#2//2/ .aG Bb � .aG BKTH2K2Mi2/ �b � HB#`�`v
Q7 � ;2M2`�H@Tm`TQb2 T`Q;`�KKBM; H�M;m�;2 U?Qbi H�M;m�;2VX Ai Bb i2+?MB+�HHv
MQi � T`Q;`�KKBM; H�M;m�;2 #mi Bi HQQFb HBF2 � H�M;m�;2X h?2 K�BM �/p�Mi�;2
Q7 2K#2//2/ .aGb Bb +QKTQb�#BHBivc +QKTQb�#BHBiv K2�Mb i?�i T`Q;`�KK2`b
+�M mb2 KmHiBTH2 2K#2//2/ .aGb �i i?2 b�K2 iBK2 2p2M B7 i?2v �`2 /2bB;M2/
rBi?Qmi +QMbB/2`BM; 2�+? Qi?2`X h?2 K�BM /Bb�/p�Mi�;2 Q7 2K#2//2/ .aGb Bb
2tT`2bbBp2M2bbc 2tT`2bbBp2M2bb `2T`2b2Mib r?�i .aG +�M #2 BKTH2K2Mi2/X AM
Qi?2` rQ`/b- Bi K2�Mb r?�i FBM/b Q7 7mM+iBQM�HBiB2b Q7 � .aG +QKTBH2` T`Q;`�K@
K2`b +�M BKTH2K2MiX aBM+2 �M 2K#2//2/ .aG Bb Dmbi � HB#`�`v- T`Q;`�KK2`b
+�MMQi BKTH2K2Mi �HH +QKTQM2Mib Q7 � +QKTBH2` 7Q` 2K#2//2/ .aGb �b i?2v HBF2X
h?Bb /Bbb2`i�iBQM T`QTQb2b � bvbi2K i?�i bmTTQ`ib TQr2`7mH bvMi�t 2ti2MbBQMb
�M/ mb2`@/2}M2/ M�K2 #BM/BM; rBi?Qmi #`2�FBM; +QKTQb�#BHBivX h?2 bvMi�t
2ti2MbBQMb 2M�#H2 T`Q;`�KK2`b iQ BKTH2K2Mi i?2 T�`b2` Q7 � .aG �M/ i?2 mb2`@
/2}M2/ M�K2 #BM/BM; 2M�#H2b T`Q;`�KK2`b iQ BKTH2K2Mi i?2 M�K2 `2bQHp2`- �
T�`i Q7 i?2 ivT2 +?2+F2`- Q7 � .aGX

h?Bb /Bbb2`i�iBQM BMi`Q/m+2b S`Qi2�C- r?B+? Bb � T`Q;`�KKBM; H�M;m�;2 bmT@
TQ`iBM; +QKTQb�#H2 �M/ TQr2`7mH mb2`@/2}M2/ QT2`�iQ`bX h?2 mb2`@/2}M2/ QT2`@
�iQ`b- M�K2/ T`Qi2�M QT2`�iQ`b- �`2 T`Q+2/m`2b rBi? i?2B` QrM bvMi�tX S`Qi2�M
QT2`�iQ`b +�M Qp2`HQ�/ i?2 QT2`�iQ`b i?�i ?�p2 i?2 b�K2 bvMi�t #mi ?�p2 /Bz2`@
2Mi `2im`M ivT2 Q` QT2`�M/ ivT2bX �M QT2`�iQ` Bb �p�BH�#H2 QMHv BM i?2 2tT`2bbBQM
r?2`2 Bib `2im`M ivT2 Bb 2tT2+i2/X aBM+2 T`Q;`�KK2`b +�M `2;�`/ `2im`M ivT2b
�M/ QT2`�M/ ivT2b �b MQM@i2`KBM�H bvK#QHb- T`Q;`�KK2`b +�M /2}M2 p�`BQmb
bvMi�t �b mb2`@/2}M2/ QT2`�iQ`b #v 2tTHQBiBM; ivT2b �b MQM@i2`KBM�HbX h?Bb
?2HTb T`Q;`�KK2`b iQ BKTH2K2Mi bvMi�t Q7 2K#2//2/ .aGbX .aG mb2`b +�M
b�72Hv mb2 KmHiBTH2 2K#2//2/ .aGb i?�i /Bz2`2Mi T`Q;`�KK2`b /2p2HQT2/ 2p2M
B7 i?2 2K#2//2/ .aGb ?�p2 QT2`�iQ`b i?�i ?�p2 bBKBH�` bvMi�tX S`Q;`�KK2`b
/Q MQi ?�p2 iQ +�`2 �#Qmi +QM~B+ib Q7 bvMi�t bBM+2 T`Qi2�M QT2`�iQ`b �`2 /BbiBM@
;mBb?2/ #v ivT2bX h?2`27Q`2- T`Qi2�M QT2`�iQ`b �`2 TQr2`7mH bvMi�t 2ti2MbBQMb
i?�i /Q MQi #`2�F +QKTQb�#BHBivX

S`Qi2�C �HbQ bmTTQ`ib +QMi2ti@b2MbBiBp2 2tT`2bbBQMb- r?B+? �`2 � p�`B�Mi Q7
H�K#/� 2tT`2bbBQMb- 7Q` 2tT`2bbBM; M�K2 #BM/BM; �M/ b+QT2 `mH2bX *QMi2ti@
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b2MbBiBp2 2tT`2bbBQMb i�F2 T�`�K2i2`b #mi i?2 T�`�K2i2`b �`2 MQi 2tTHB+BiHv r`Bi@
i2MX aBM+2 i?2 T�`�K2i2` M�K2b �`2 MQi ;Bp2M- i?2 T�`�K2i2`b +�MMQi #2 �+@
+2bb2/ pB� i?2 T�`�K2i2` M�K2bX AMbi2�/- i?2 K2K#2`b Q7 bm+? � T�`�K2i2` �`2
�p�BH�#H2 rBi?Qmi `2+2Bp2`b BM +QMi2ti@b2MbBiBp2 2tT`2bbBQMbX AM S`Qi2�C- T`Qi2�M
QT2`�iQ`b +�M #2 BMbi�M+2 K2K#2`bX h?Bb K2�Mb i?�i r2 +�M 2tT`2bb bvMi�t
i?�i Bb �p�BH�#H2 QMHv �i +QMi2ti@b2MbBiBp2 2tT`2bbBQMbX >2M+2- r2 +�M 2tT`2bb
M�K2 #BM/BM; �M/ b+QT2 `mH2b #v mbBM; +QMi2ti@b2MbBiBp2 2tT`2bbBQMbX S`Qi2�C
bmTTQ`ib im`MbiBH2 ivT2b- r?B+? 2tT`2bb i?2 ivT2b Q7 +QMi2ti@b2MbBiBp2 2tT`2b@
bBQMbX S`Qi2�C �HbQ bmTTQ`ib ;2M2`B+ M�K2b iQ `2+Q;MBx2 �`#Bi`�`v M�K2b ;Bp2M
#v 2M/@mb2`bX lb2`@/2}M2/ H�M;m�;2 +QMbi`m+ib BKTH2K2Mi2/ #v mbBM; +QMi2ti@
b2MbBiBp2 2tT`2bbBQMb +�M #2 b�72Hv +QKTQb2/ bBM+2 i?2 b+QT2 Q7 T`Qi2�M QT2`�iQ`b
Bb `2bi`B+i2/ #v im`MbiBH2 ivT2bX

6m`i?2`KQ`2- S`Qi2�C �HHQrb T`Q;`�KK2`b iQ /2}M2 /2+H�`�iBQMb rBi? i?2B`
QrM b+QT2 `mH2bX � /2+H�`�iBQM /2+H�`2b � M�K2 �M/ 2M�#H2b iQ mb2 Bi �7i2` i?2
/2+H�`�iBQMX S`Qi2�C T`QpB/2b �M �+iBp�i2 bi�i2K2Mi i?�i i�F2b �M Q#D2+i �b
Bib �`;mK2Mi �M/ Bi 2p�Hm�i2b i?2 `2bi Q7 i?2 T`Q;`�K �b � +QMi2ti@b2MbBiBp2
2tT`2bbBQM i�FBM; i?2 ;Bp2M Q#D2+iX Ai 2M�#H2b mb2`b iQ mb2 i?2 bvMi�t i?�i Bb
2tT`2bb2/ #v i?2 T`Qi2�M QT2`�iQ`b i?�i �`2 i?2 BMbi�M+2 K2K#2`b Q7 i?2 ;Bp2M
Q#D2+i �7i2` i?2 �+iBp�i2 bi�i2K2MiX h?2`27Q`2- i?2 �+iBp�i2 bi�i2K2Mi rQ`Fb
�b � p�`B�#H2 /2+H�`�iBQMX aBKBH�`Hv- i?2 QT2`�iQ`b mbBM; �+iBp�i2 bi�i2K2Mib
rBi?BM i?2B` #Q/v �HbQ rQ`F �b /2+H�`�iBQMbX hQ 2tT`2bb i?2 `�M;2 r?2`2 i?2
bvMi�t BMi`Q/m+2/ #v �M �+iBp�i2 bi�i2K2Mi Bb �p�BH�#H2- T`Q;`�KK2`b +�M
mb2 b+QT2 7Q` +H�mb2bX � b+QT2 7Q` +H�mb2 Bb �ii�+?2/ iQ �M QT2`�M/ Q7 �M
QT2`�iQ` UQ` � T�`�K2i2` Q7 � K2i?Q/V �M/ Bi i�F2b � ivT2X A7 �M �+iBp�i2
bi�i2K2Mi rBi? �M Q#D2+i Q7 i?2 ;Bp2M ivT2 Bb mb2/ BM i?2 QT2`�M/- i?2 bvMi�t
BMi`Q/m+2/ #v i?2 �+iBp�i2 bi�i2K2Mi Bb �p�BH�#H2 QMHv �7i2` i?2 bi�i2K2Mi #mi
MQi �p�BH�#H2 QmibB/2 i?2 QT2`�M/X h?2 b+QT2 7Q` +H�mb2 rQ`Fb �b � b+QT2 Q7 i?2
bvMi�tX S`Q;`�KK2`b +�M BKTH2K2Mi /Bz2`2Mi b+QT2 `mH2b 7Q` 2�+? 2K#2//2/
.aGbX hQ bi�iB+�HHv +?2+F r?B+? K2K#2`b �`2 �+iBp�i2/- S`Qi2�C �HbQ T`QpB/2b
�+iBp�i2b +H�mb2bX aBM+2 i?2 +QKTBH2` +�M +?2+F r?B+? K2K#2`b �`2 �p�BH�#H2
#v +?2+FBM; i?2 bB;M�im`2b Q7 K2i?Q/bfQT2`�iQ`b- mb2`@/2}M2/ /2+H�`�iBQMb �M/
i?2B` b+QT2 `mH2b +�M #2 b�72Hv +QKTQb2/X



*QMi2Mib

R AMi`Q/m+iBQM RR
RXR JQiBp�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj
RXk �TT`Q�+? X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9
RXj ai`m+im`2 Q7 h?Bb .Bbb2`i�iBQM X X X X X X X X X X X X X X X X X X X X R8

k .QK�BM aT2+B}+ G�M;m�;2b Rd
kXR S�`b2` :2M2`�iQ`b �M/ S�`b2` *QK#BM�iQ`b X X X X X X X X X X X X Rd

kXRXR S�`bBM; �H;Q`Bi?Kb X X X X X X X X X X X X X X X X X X X X X X R3
kXk G�M;m�;2 qQ`F#2M+?2b X X X X X X X X X X X X X X X X X X X X X X X RN
kXj 1K#2//2/ .aGb X X X X X X X X X X X X X X X X X X X X X X X X X X X ky

kXjXR ai`BM; 1K#2//BM; X X X X X X X X X X X X X X X X X X X X X X kR
kXjXk 6Hm2Mi AMi2`7�+2b X X X X X X X X X X X X X X X X X X X X X X X kk
kXjXj PT2`�iQ` Pp2`HQ�/BM; �M/ lb2`@.2}M2/ PT2`�iQ`b X X X X k9
kXjX9 >B;?2`@P`/2` �#bi`�+i avMi�t X X X X X X X X X X X X X X X k8
kXjX8 G2tB+�H J�+`Qb X X X X X X X X X X X X X X X X X X X X X X X X ke
kXjXe avMi�+iB+ J�+`Qb X X X X X X X X X X X X X X X X X X X X X X X kd
kXjXd lb2`@.2}M2/ avMi�t am;�` X X X X X X X X X X X X X X X X X kN
kXjX3 >v#`B/ �TT`Q�+?2b "2ir22M G�M;m�;2 qQ`F#2M+?2b �M/

1K#2//2/ .aGb X X X X X X X X X X X X X X X X X X X X X X X kN
kX9 *QKT�`BbQM Q7 �TT`Q�+?2b 7Q` .2p2HQTBM; .aGb X X X X X X X X X jy

j S`Qi2�M PT2`�iQ`b j8
jXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j8
jXk JQiBp�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je
jXj S`QTQb�H, S`Qi2�M PT2`�iQ`b X X X X X X X X X X X X X X X X X X X X jN

jXjXR S`Qi2�M PT2`�iQ`b X X X X X X X X X X X X X X X X X X X X X X jN
jXjXk S�`bBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j
jXjXj S�`bBM; aT22/ �M/ 1tT`2bbBp2M2bb X X X X X X X X X X X X X 99
jXjX9 PT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBiv X X X X X X X X X X X 9d

jX9 AKTH2K2Mi�iBQM, S`Qi2�C X X X X X X X X X X X X X X X X X X X X X X 9N
jX9XR .2}MBiBQMb Q7 S`Qi2�M PT2`�iQ`b X X X X X X X X X X X X X X 8y
jX9Xk 1tT`2bbBQM PT2`�iQ`b �M/ _2�/�b PT2`�iQ`b X X X X X X X 8j
jX9Xj PT2`�iQ` S`2+2/2M+2 �M/ S�`bBM; S`2+2/2M+2 X X X X X X X 89
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e *PLh1Lha

jX9X9 am#ivT2 _2H�iBQMb?BT #2ir22M �M 1tT2+i2/ hvT2 Q7 i?2
1tT`2bbBQM �M/ i?2 _2im`M hvT2 Q7 �M PT2`�iQ` X X X X X 89

jX9X8 *�b2 aim/v X X X X X X X X X X X X X X X X X X X X X X X X X X 88
jX8 1tT2`BK2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N

jX8XR S�`bBM; 1tT`2bbBQMb AM+Hm/BM; lb2`@.2}M2/ GBi2`�Hb X X X 8N
jX8Xk lb2`@.2}M2/ GBi2`�Hb �M/ A/2MiB}2`b X X X X X X X X X X X X ej
jX8Xj S�`bBM; C�p� aQm`+2 +Q/2 X X X X X X X X X X X X X X X X X X ee

jXe _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ed
jXd *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dy

9 *QMi2ti@a2MbBiBp2 1tT`2bbBQMb dj
9XR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dj
9Xk JQiBp�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d8

9XkXR lb2`@.2}M2/ PT2`�iQ`b X X X X X X X X X X X X X X X X X X X d8
9XkXk L�K2 "BM/BM; X X X X X X X X X X X X X X X X X X X X X X X X de

9Xj S`QTQb�H , *QMi2ti@a2MbBiBp2 1tT`2bbBQMb X X X X X X X X X X X X X d3
9XjXR *QMi2ti@a2MbBiBp2 1tT`2bbBQMb X X X X X X X X X X X X X X X X d3
9XjXk hm`MbiBH2 hvT2b X X X X X X X X X X X X X X X X X X X X X X X X 3y
9XjXj .aG *H�bb2b X X X X X X X X X X X X X X X X X X X X X X X X X X 3y
9XjX9 :2M2`B+ L�K2b X X X X X X X X X X X X X X X X X X X X X X X X 3R
9XjX8 PT2`�iQ` S`BQ`BiB2b X X X X X X X X X X X X X X X X X X X X X X 3j

9X9 S�`bBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 39
9X8 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3e

9X8XR hBK2 *QKTH2tBiv X X X X X X X X X X X X X X X X X X X X X X X 3e
9X8Xk *�b2 aim/v X X X X X X X X X X X X X X X X X X X X X X X X X X 33

9Xe _2H�i2/ qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nj
9Xd *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N8

8 lb2`@.2}M2/ .2+H�`�iBQM ai�i2K2Mib Nd
8XR .2+H�`�iBQMb �M/ a+QT2b X X X X X X X X X X X X X X X X X X X X X X X Nd
8Xk *QMi2ti �+iBp�iBQM rBi?BM � lb2`@.2}M2/ a+QT2 X X X X X X X X X N3

8XkXR aBKTHB}2/ ZJG X X X X X X X X X X X X X X X X X X X X X X X X NN
8XkXk �+iBp�i2 ai�i2K2Mib X X X X X X X X X X X X X X X X X X X X X NN
8XkXj a+QTBM; _mH2 7Q` �+iBp�i2/ .aG P#D2+ib X X X X X X X X X X Ryk
8XkX9 AKTH2K2Mi�iBQM X X X X X X X X X X X X X X X X X X X X X X X X Ry9
8XkX8 .2}MBiBQM Q7 bBKTHB}2/ ZJG X X X X X X X X X X X X X X X X Ry8

8Xj .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryd
8XjXR *QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X X X X X Ryd
8XjXk GBKBi�iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X Ryd
8XjXj 6mim`2 qQ`F X X X X X X X X X X X X X X X X X X X X X X X X X Ryd

e *QM+Hm/BM; _2K�`Fb RyN



GBbi Q7 6B;m`2b

kXR � +Q/2 bMBTT2i mbBM; �M 2K#2//2/ .aG #�b2/ QM bi`BM; 2K#2//BM; kk
kXk 1K#2//2/ .aG #�b2/ QM ~m2Mi BMi2`7�+2b BM C�p� X X X X X X X X X kk
kXj � /2}MBiBQM Q7 bvMi�+iB+ K�+`Qb BM a+?2K2 X X X X X X X X X X X X X k3

jXR �M 2t�KTH2 Q7 +QKTQb�#H2 QT2`�iQ`b X X X X X X X X X X X X X X X X jd
jXk *QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b rBi? M2r bvMi�t X X X X X X X jd
jXj �M 2t�KTH2 Q7 ;`�KK�` BM+Hm/BM; `2;mH�` 2tT`2bbBQM HBi2`�Hb X X X jN
jX9 h?2 T`Qi2�M QT2`�iQ`b 2tT`2bbBM; `2;mH�` 2tT`2bbBQM HBi2`�Hb UBM@

+QKTH2i2V X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y
jX8 h?2 T�`b2 i`22 7Q` i?2 HBi2`�H ?2HYQ X X X X X X X X X X X X X X X X X 9R
jXe i?2 T�`bBM; �H;Q`Bi?K 7Q` bi�i2K2Mib X X X X X X X X X X X X X X X X 98
jXd T`Qi2�M QT2`�iQ`b rBi? QT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBiv 2t@

T`2bbBM; `2;mH�` 2tT`2bbBQM HBi2`�Hb X X X X X X X X X X X X X X X X X 9N
jX3 h?2 /2}MBiBQM Q7 i?2 `2;mH�` 2tT`2bbBQM HBi2`�Hb rBi?Qmi QT2`�iQ`

T`2+2/2M+2 Q` �bbQ+B�iBpBiv Ui?2 i`�MbH�iBQM 7`QK 6B;m`2 jXdV X X X 8y
jXN .2}MBiBQM Q7 T`Qi2�M QT2`�iQ`b 2tT`2bbBM; `2;mH�` 2tT`2bbBQMb X X 8R
jXRy avMi�t Q7 �M QT2`�iQ` /2+H�`�iBQM BM S`Qi2�C X X X X X X X X X X X 8k
jXRR JmHiBTH2 QT2`�iQ` KQ/mH2b +�M #2 BKTQ`i2/ BM QM2 bQm`+2 }H2 X X 8k
jXRk h?2 /2}MBiBQM Q7 i?2 `2;mH�` 2tT`2bbBQM HBi2`�Hb bmTTQ`iBM; bm#@

ivT2 `2H�iBQMb?BT Ui?2 i`�MbH�iBQM 7`QK 6B;m`2 jX3V X X X X X X X X 8e
jXRj _2;mH�` 2tT`2bbBQM HBi2`�Hb �b �M BMi2`M�H .aG X X X X X X X X X X X 83
jXR9 PTiBKBx2/ bi`BM; +QM+�i2M�iBQM QT2`�iQ`b X X X X X X X X X X X X X 83
jXR8 6BH2 T�i? QT2`�iQ` KQ/mH2 X X X X X X X X X X X X X X X X X X X X X X 8N
jXRe � T`Q;`�K mbBM; aZGPT2`�iQ`b X X X X X X X X X X X X X X X X X X X ey
jXRd h?2 ;`�KK�` Q7 i?2 H�M;m�;2 QMHv bmTTQ`iBM; }H2@T�i? M�K2b

�M/ �`Bi?K2iB+ +�H+mH�iBQMb X X X X X X X X X X X X X X X X X X X X X ek
jXR3 h?2 BMTmi bQm`+2 7Q` i?2 2tT2`BK2Mi Q7 S`Qi2�C X X X X X X X X X X ek
jXRN *QKT�`BbQM #2ir22M ;2M2`�iBM; �HH TQbbB#H2 i`22b #v Ca:G_ �M/

Qm` K2i?Q/ #v i?2 S`Qi2�C +QKTBH2` X X X X X X X X X X X X X X X X ej
jXky h?2 +QKTBH�iBQM iBK2 #v S`Qi2�C X X X X X X X X X X X X X X X X X X e9
jXkR aBKTHB}2/ C�p� bi�i2K2Mi bvMi�t X X X X X X X X X X X X X X X X X X e8
jXkk h?2 T�`bBM; iBK2 #v Ca:G_ Q7 i?2 bQm`+2 +Q/2 +QMi�BMBM; mb2`@

/2}M2/ HBi2`�Hb X X X X X X X X X X X X X X X X X X X X X X X X X X X X ee

d
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jXkj h?2 +QKTBH�iBQM iBK2 #v i?2 S`Qi2�C +QKTBH2` Q7 i?2 bQm`+2 +Q/2
+QMi�BMBM; mb2`@/2}M2/ HBi2`�Hb X X X X X X X X X X X X X X X X X X X ed

jXk9 h?2 +QKTBH�iBQM iBK2 Q7 HQ;9D X X X X X X X X X X X X X X X X X X X X e3

9XR *Q/2 bMBTT2i mbBM; mb2`@/2}M2/ +QMi`QH ~Qr bi�i2K2Mib 7QH/@7Q`
�M/ B7@2tBbib X X X X X X X X X X X X X X X X X X X X X X X X X X X X de

9Xk *Q/2 bMBTT2i mbBM; 7QH/@7Q` �M/ B7@2tBbib `2T`2b2Mi2/ #v ?B;?2`@
Q`/2` �#bi`�+i bvMi�t X X X X X X X X X X X X X X X X X X X X X X X X X dd

9Xj h?2 /2}MBiBQM Q7 i?2 .aG +H�bb J�T1Mi`v_27 X X X X X X X X X X X 3R
9X9 h?2 /2}MBiBQM Q7 i?2 .aG +H�bb J�TliBHb i?�i +QMi�BMb i?2 QT@

2`�iQ` B7@2tBbib X X X X X X X X X X X X X X X X X X X X X X X X X X X 3k
9X8 h?2 /2}MBiBQM Q7 7QH/@7Q` BM S`Qi2�Ck X X X X X X X X X X X X X X 3j
9Xe h?2 /2}MBiBQM Q7 i?2 .aG +H�bb rBi? QT2`�iQ` T`BQ`BiB2b X X X X X X 39
9Xd PT2`�iQ`b i?�i +QmH/ +�mb2 +QKTBH�iBQM iBK2 iQ BM+`2�b2 7�bi2`

i?�M HBM2�` iBK2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3d
9X3 h?2 `2bmHi Q7 i?2 KB+`Q #2M+?K�`Fb X X X X X X X X X X X X X X X X 33
9XN h?2 BKTH2K2Mi�iBQM Q7 H�K#/� 2tT`2bbBQMb X X X X X X X X X X X X 3N
9XRy h?2 /2}MBiBQM Q7 i?2 .aG +H�bb i?�i BKTH2K2Mib bvMi�t HBF2 H�K#/�

2tT`2bbBQMb 7Q` E2vGBbi2M2` X X X X X X X X X X X X X X X X X X X X X Ny
9XRR h?2 /2}MBiBQM Q7 i?2 .aG +H�bb 7Q` BKTH2K2MiBM; i`v@rBi? X X X NR
9XRk h?2 /2}MBiBQM Q7 i?2 .aG +H�bb i?�i 2M+�TbmH�i2b "m772`2/_2�/2` Nk
9XRj S�`i Q7 i?2 /2}MBiBQM Q7 T�ii2`M K�i+?BM; X X X X X X X X X X X X X Ne

8XR � ZJG T`Q;`�K X X X X X X X X X X X X X X X X X X X X X X X X X X X N3
8Xk � T`Q;`�K BM bBKTHB}2/ ZJG X X X X X X X X X X X X X X X X X X X X Ryy
8Xj � Tb2m/Q +Q/2 b?QrBM; i?2 b+QT2 Q7 �+iBp�i2/ .aG Q#D2+i X X X X RyR
8X9 � /2}MBiBQM Q7 T`QT2`iv /2+H�`�iBQM bT2+B�HBx2/ 7Q` bBx2 X X X X X RyR
8X8 � /2}MBiBQM Q7 T`QT2`iv /2+H�`�iBQM bmTTQ`iBM; `2+iRXbBx2 X X Ryk
8Xe � /2}MBiBQM Q7 _2+i�M;H2 /2+H�`�iBQM i?�i rQ`Fb �b � b+QT2 7Q`

bBx2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryj
8Xd � /2}MBiBQM Q7 � .aG +H�bb i?�i +QMi�BMb �M QT2`�iQ` 2tT`2bbBM;

i?2 ZJG `2;BQM /2HBKBi2` X X X X X X X X X X X X X X X X X X X X X X Ry9
8X3 � /2}MBiBQM Q7 bBKTHB}2/ ZJG X X X X X X X X X X X X X X X X X X X Rye



GBbi Q7 h�#H2b

kXR *QKT�`BbQM Q7 �TT`Q�+?2b 7Q` /2p2HQTBM; .aGb X X X X X X X X X X jj

jXR h?2 2tT2+i2/ ivT2b Q7 C�p� 2tT`2bbBQMb X X X X X X X X X X X X X X X 9j
jXk h?2 i`�MbH�iBQM 7`QK S1:b iQ T`Qi2�M QT2`�iQ`b X X X X X X X X X 9d

eXR SQbBiBQMb Q7 S`Qi2�C �M/ S`Qi2�Ck X X X X X X X X X X X X X X X X X RRR

N
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AMi`Q/m+iBQM

h?2`2 �`2 ?m;2 MmK#2` Q7 T`Q;`�KKBM; H�M;m�;2b iQ/�v �M/ T`Q;`�KK2`b +�M
b2H2+i � H�M;m�;2 7Q` i?2B` Tm`TQb2X q?2M i?2v /2p2HQT � T`Q;`�K i?�i `mMb
QM � bmT2`+QKTmi2`- i?2v Q7i2M b2H2+i *- *YY- 6Q`i`�M- �M/ bQ QMX a+`BTiBM;
H�M;m�;2b bm+? �b C�p�a+`BTi- _m#v- Svi?QM- �M/ S>S �`2 Q7i2M mb2/ 7Q` /2@
p2HQTBM; r2# T�;2bX A7 T`Q;`�KK2`b r�Mi iQ r`Bi2 KQ`2 `Q#mbi T`Q;`�Kb- i?2v
+�M b2H2+i bi�iB+�HHv ivT2/ T`Q;`�KKBM; H�M;m�;2b bm+? �b C�p�- a+�H�- P*�KH-
�M/ >�bF2HHX

G�M;m�;2 Q`B2Mi2/ T`Q;`�KKBM; UGPSV Bb � T�`�/B;K Q7 bQ7ir�`2 /2p2HQT@
K2Mi BM r?B+? T`Q;`�KK2`b /2p2HQT /QK�BM bT2+B}+ H�M;m�;2b U.aGbV �i }`bi
`�i?2` i?�M /B`2+iHv r`Bi2 � T`Q;`�K BM � ;2M2`�H@Tm`TQb2 H�M;m�;2 (3y)X � .aG
Bb � T`Q;`�KKBM; H�M;m�;2 i?�i Bb � T`Q;`�KKBM; H�M;m�;2 7Q` � T�`iB+mH�`
T`Q#H2K /QK�BMX S`Q;`�KK2`b +�M r`Bi2 KQ`2 +QM+Bb2 �M/ `2�/�#H2 +Q/2 7Q`
i?2 T�`iB+mH�` /QK�BMX AM GPS- T`Q;`�KK2`b /2p2HQT KQbi T�`i Q7 bQ7ir�`2 �b
.aG T`Q;`�KbX Ai BKT`Qp2b K�BMi�BM�#BHBiv bBM+2 .aG T`Q;`�Kb QMHv /2b+`B#2
#mbBM2bb HQ;B+X GPS Bb T�`iB+mH�`Hv 2z2+iBp2 7Q` H�`;2@b+�H2 /2p2HQTK2MiX AM
H�`;2@b+�H2 /2p2HQTK2Mi- KQbi K2K#2`b KB;?i MQi #2 �M 2tT2`i Q7 T`Q;`�KKBM;X
AM GPS- KQbi T`Q;`�KK2`b /Q MQi ?�p2 iQ r`Bi2 � ;2M2`�H@Tm`TQb2 H�M;m�;2c
i?2B` i�bFb �`2 iQ bBKTHv r`Bi2 #mbBM2bb HQ;B+ BM .aGbX PMHv � 72r 2tT2`ib r`Bi2
+QKTH2t HQ;B+ BM � ;2M2`�H@Tm`TQb2 H�M;m�;2X h?2`27Q`2- r2 M22/ � TH�i7Q`K
7Q` .aGb rBi? i?�i /QK�BM 2tT2`ib +�M 2�bBHv BKTH2K2Mi TQr2`7mH .aGb r?BH2
MQM@2tT2`ib 2�bBHv mb2 i?2b2 KmHiBTH2 .aGb �i i?2 b�K2 iBK2X Ai Bb /2bB`�#H2 i?�i
i?2 .aGb +�M BMi2`�+i rBi? 2�+? Qi?2`X Ai Bb �HbQ /2bB`�#H2 i?�i i?2 .aGb ?�p2
+QKTBH2@iBK2 +?2+FBM; iQ }M/ b2p2`�H #m;b #27Q`2 `mM@iBK2 bBM+2 KQbi mb2`b Q7
i?2 .aGb �`2 MQM@2tT2`ibX

lM7Q`imM�i2Hv- i?2 +Qbi Q7 /2p2HQTBM; � .aG 7`QK b+`�i+? Bb 2ti`2K2Hv ?B;?X
hQ `2/m+2 i?Bb +Qbi- p�`BQmb iQQHb iQ ?2HT BKTH2K2MiBM; � +QKTBH2` Q` �M BMi2`@
T`2i2` ?�p2 #22M /2p2HQT2/X am+? i?2 iQQHb �`2 +�HH2/ �b +QKTBH2`@;2M2`�iQ`b Q`
+QKTBH2`@+QKTBH2`bX q2 +�M `2;�`/ i?2K �b .aGb 7Q` /2p2HQTBM; � T`Q;`�KKBM;
H�M;m�;2c i?2`27Q`2- r2 +�M /2p2HQT � .aG rBi?Qmi +QMbB/2`BM; BKTH2K2Mi�iBQM
/2i�BHb bm+? �b � T�`bBM; �H;Q`Bi?KX >Qr2p2`- /2p2HQTBM; � M2r .aG Bb biBHH /B{@
+mHiX � +QKTBH2` Q` BMi2`T`2i2` Q7 � T`Q;`�KKBM; H�M;m�;2- 2p2M � bK�HH .aG-

RR
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Bb � H�`;2 bQ7ir�`2 T`Q/m+i- bQ Bi Bb /B{+mHi iQ �TTHv GPS 7Q` mbm�H bQ7ir�`2
/2p2HQTK2MiX

1K#2//2/ .aG UQ` BMi2`M�H .aGV Bb �M B/2� 7Q` /2p2HQTBM; � .aG BM HQr2` +Qbi
#v ǳBM?2`BiBM; i?2 BM7`�bi`m+im`2 Q7 bQK2 Qi?2` H�M;m�;2Ǵ (jk)X �M 2K#2//2/
.aG Bb MQi � T`Q;`�KKBM; H�M;m�;2X �M 2K#2//2/ .aG Bb Dmbi � HB#`�`v Q7 i?2
?Qbi H�M;m�;2 #mi Bi HQQFb HBF2 � .aGX Ai 2tTHQBib H�M;m�;2 72�im`2b Q7 i?2 ?Qbi
H�M;m�;2 bm+? �b K�+`Qb 7Q` 2KmH�iBM; i?2 .aGX AM i?2 `2bi Q7 i?Bb /Bbb2`i�iBQM-
r2 +�HH MQ`K�H .aGb 2ti2`M�H .aGbX A7 r2 bBKTHv r`Bi2 .aGb- i?2v K2�M 2Bi?2`
Q` #Qi? Q7 2K#2//2/ .aGb �M/ 2ti2`M�H .aGbX

�M �/p�Mi�;2 Q7 2K#2//2/ .aGb Bb i?�i � .aG +�M +QQT2`�i2 rBi? Qi?2`
.aGb �M/ Bib ?Qbi H�M;m�;2X aBM+2 �M 2K#2//2/ .aG Bb Dmbi � HB#`�`v Q7 i?2 ?Qbi
H�M;m�;2- T`Q;`�KK2`b +�M mb2 Bi QMHv #v BKTQ`iBM; i?2 HB#`�`vX lMHBF2 2ti2`M�H
.aGb- T`Q;`�KK2`b +�M mb2 KmHiBTH2 2K#2//2/ .aGb �i i?2 b�K2 iBK2 �b B7
i?2v �`2 T�`ib Q7 � bBM;H2 BMi2;`�i2/ .aGX h?Bb T`QT2`iv Bb +�HH2/ +QKTQb�#BHBiv
(88)X AM GPS- +QKTQb�#BHBiv Bb BKTQ`i�Mi T`QT2`iv bBM+2 T`Q;`�KK2`b /2p2HQT
� T`Q/m+i #v mbBM; KmHiBTH2 .aGb i?�i �`2 bmBi�#H2 7Q` 2�+? +QKTQM2Mi Q7 i?2
T`Q/m+iX

� /Bb�/p�Mi�;2 Q7 2K#2//2/ .aGb Bb i?�i 2tT`2bbBp2M2bb Q7 .aGb Bb `2@
bi`B+i2/ #v i?2 ?Qbi H�M;m�;2X 1tT`2bbBp2M2bb K2�Mb r?�i .aGb i?2 TH�i7Q`K
+�M BKTH2K2MiX a2p2`�H 72�im`2b Q7 .aGb �`2 /B{+mHi iQ BKTH2K2Mi iQ 2K#2//2/
.aGb bBM+2 �M 2K#2//2/ .aG Bb Dmbi � HB#`�`v Q7 i?2 ?Qbi H�M;m�;2X 1bT2+B�HHv-
bi�iB+ +?2+FBM; Bb �M BKTQ`i�Mi 72�im`2 i?�i Bb /B{+mHi iQ BKTH2K2Mi 7Q` 2K#2/@
/2/ .aGbX ai�iB+ +?2+FBM; Bb � +QKTBH2` i�bF i?�i +QMbBbib Q7 T�`bBM; �M/ ivT2
+?2+FBM;X �M 2K#2//2/ .aG +�M ?�p2 QMHv i?2 bvMi�t i?�i +�M #2 T�`b2/ BM i?2
?Qbi H�M;m�;2 bBM+2 bvMi�t Q7 �M 2K#2//2/ .aG Bb BKTH2K2Mi2/ #v 2tTHQBiBM;
i?2 ?Qbi H�M;m�;2 bvMi�tX 6Q` 2t�KTH2- ~m2Mi BMi2`7�+2b (kk) �`2 � i2+?MB[m2 7Q`
BKTH2K2MiBM; 2K#2//2/ .aGb BM Q#D2+i@Q`B2Mi2/ T`Q;`�KKBM; H�M;m�;2X 6Hm@
2Mi BMi2`7�+2b 2tTHQBi � K2i?Q/ +�HH +?�BM iQ 2tT`2bb .aG bvMi�tX h?2`27Q`2-
i?2v +�MMQi mb2 F2vrQ`/b- bm+? �b B7- bBM+2 i?2v +�MMQi #2 mb2/ �b � K2i?Q/
M�K2X hvT2 +?2+FBM; Q7 2K#2//2/ .aGb Bb �HbQ � /B{+mHi Bbbm2X A7 �M 2K#2/@
/2/ .aG ?�b /Bz2`2Mi ivT2 `mH2b 7`QK i?Qb2 Q7 i?2 ?Qbi H�M;m�;2- ?Qr /Q2b i?2
+QKTBH2` +QKTQb2 i?2b2 `mH2b\

h?Bb /Bbb2`i�iBQM �BKb iQ ;Bp2 � TH�i7Q`K Q7 .aGb rBi? ;QQ/ 2tT`2bbBp2@
M2bb �M/ +QKTQb�#BHBivX q2 �/QTi �M �TT`Q�+? #�b2/ QM 2K#2//2/ .aGb 7Q`
�+?B2pBM; +QKTQb�#BHBivX hQ �+?B2p2 2tT`2bbBp2M2bb- r2 bmTTQ`i TQr2`7mH bvM@
i�t 2ti2MbBQMb �M/ �HHQr T`Q;`�KK2`b iQ /2}M2 M�K2 #BM/BM; `mH2bX SQr2`7mH
bvMi�t 2ti2MbBQMb �HHQr 2K#2//2/ .aGb iQ ?�p2 M�im`�H bvMi�tX L�K2 #BM/@
BM; Bb � T�`i Q7 ivT2 +?2+FBM; i?�i `2bQHp2b i?2 �bbQ+B�iBQM Q7 � /2}MBiBQM rBi?
�M B/2MiB}2`X h?2b2 ?2HT 2K#2//2/ .aGb iQ #2 KQ`2 M�im`�H- /QK�BM@bT2+B}+-
�M/ b�72X h?2v �`2 p2`v mb27mH 7Q` GPS bBM+2 GPS Bb � T�`�/B;K Q7 bQ7ir�`2
/2p2HQTK2Mi �BKBM; �i K�FBM; #mbBM2bb HQ;B+ +H2�` �M/ b�72X

q2 }`bi b?Qr T`Qi2�M QT2`�iQ`b- r?B+? �`2 mb2`@/2}M2/ QT2`�iQ`b i?�i +�M
2tT`2bb mb2`@/2}M2/ HBi2`�HbX S`Qi2�M QT2`�iQ`b 2M�#H2 T`Q;`�KK2`b iQ BKTH2@
K2Mi �Mv .aG bvMi�t i?�i Bb 2tT`2bb2/ #v T�`bBM; 2tT`2bbBQM ;`�KK�` US1:V
(ky)X h?2M r2 b?Qr +QMi2ti@b2MbBiBp2 2tT`2bbBQMb �M/ im`MbiBH2 ivT2b- r?B+? 2M@
?�M+2 T`Qi2�M QT2`�iQ`b iQ +Qp2` .aG bvMi�t BMpQHpBM; M�K2 #BM/BM;X h?2v
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2M�#H2 T`Q;`�KK2`b iQ BKTH2K2Mi H�K#/� 2tT`2bbBQMb- H2i 2tT`2bbBQMb- 7Q` 2t@
T`2bbBQMb- �M/ bQ QMX h?2M r2 b?Qr �M 2ti2MbBQM Q7 Qm` bvbi2K 7Q` bmTTQ`iBM;
/2+H�`�iBQM@bivH2 M�K2 #BM/BM;X � /2+H�`�iBQM Bb �M 2tT`2bbBQM Q` bi�i2K2Mi
i?�i /2+H�`2b � M�K2 bm+? �b � p�`B�#H2 Q` 7mM+iBQM M�K2 �M/ K�F2b Bi �p�BH@
�#H2 �7i2` i?2 /2+H�`�iBQMX h?Bb 2ti2MbBQM Bb mb27mH 7Q` BKTH2K2MiBM; T`�+iB+�H
.aGb bBM+2 KQbi T`Q;`�KKBM; H�M;m�;2b ?�p2 H�M;m�;2 +QMbi`m+ib BMpQHpBM;
/2+H�`�iBQM@bivH2 M�K2 #BM/BM; `�i?2` i?�M M�K2 #BM/BM; HBF2 H2i 2tT`2bbBQMbX

RXR JQiBp�iBQM
Pm` mHiBK�i2 ;Q�H Bb iQ H2i T`Q;`�KK2`b �// �Mv FBM/ Q7 M2r H�M;m�;2 +QMbi`m+ib
iQ � ?Qbi H�M;m�;2X h?Bb K2�Mb- T`Q;`�KK2`b +�M mb2 i?2B` 7�pQ`Bi2 H�M;m�;2
+QMbi`m+ib #v BKTQ`iBM; HB#`�`B2bX S`Q;`�KK2`b +�M �HbQ mb2 /Bz2`2Mi bvMi�t Q7
i?2B` 7�pQ`Bi2 H�M;m�;2X h?2B` T`Q;`�Kb +�M #2 2�bBHv +QKTQb2/ bBM+2 i?2v �`2
/2p2HQT2/ BM i?2 b�K2 H�M;m�;2X 6Q` 2t�KTH2- � T`Q;`�KK2` mb2b GBbT bvMi�t
�M/ �MQi?2` T`Q;`�KK2` mb2b C�p�@HBF2 bvMi�t BM i?2 b�K2 H�M;m�;2X

hQ /Q i?Bb- T`Q;`�KK2`b b?QmH/ #2 �#H2 iQ /2}M2 M2r bvMi�t rBi?BM i?2
?Qbi H�M;m�;2X h?2v +�M T�+F�;2 H�M;m�;2 +QMbi`m+ib BMpQHpBM; M2r bvMi�t �b
� HB#`�`vX � MmK#2` Q7 T`Q;`�KKBM; H�M;m�;2b ?�p2 � bvbi2K i?�i �HHQrb T`Q@
;`�KK2`b iQ /2}M2 M2r bvMi�t- ?Qr2p2`- bm+? i?2 bvbi2K ?�b `2bi`B+iBQMb Q7
i?2 bvMi�t i?�i +�M #2 /2}M2/ Q` Bi K�F2b +QKTQb�#BHBiv rQ`b2X 6Q` 2t�KTH2-
am;�`C (R3) +�M /2}M2 M2r bvMi�t bm;�` �b � HB#`�`vX AM am;�`C- T`Q;`�KK2`b
+�M /2+H�`2 M2r bvMi�t Q7 �`#Bi`�`v +QMi2ti 7`22 ;`�KK�` �M/ BKTH2K2Mi Bib
b2K�MiB+b �b � i`�Mb7Q`K�iBQM Q7 i?2 �#bi`�+i bvMi�t i`22 U�ahVX GB#`�`B2b Q7
am;�`C �`2 mbm�HHv +QKTQb�#H2- ?Qr2p2`- i?2v �`2 MQi +QKTQb�#H2 BM +�b2 bvMi�t
Bb �K#B;mQmbX >2`2- #2BM; �K#B;mQmb K2�Mb i?2`2 �`2 irQ Q` KQ`2 �#bi`�+i bvM@
i�t i`22b `2T`2b2MiBM; i?2 b�K2 +Q/2X AM am;�`C- B7 � T`Q;`�K Bb �K#B;mQmb- i?2
+QKTBH2` 7�BHb iQ +QKTBH2 �M/ `2TQ`ib �M 2``Q` 2p2M B7 i?2 +Q``2+i �ah Bb Q#pBQmb
7`QK i?2 +QMi2tiX A7 T`Q;`�KK2`b +�M /2}M2 i?2B` QrM bvMi�t �M/ T`Q;`�K@
K2`b +�M +QKTQb2 KmHiBTH2 HB#`�`B2b- bvMi�t i2M/b iQ #2 �K#B;mQmbX 1bT2+B�HHv-
mb2`@/2}M2/ HBi2`�Hb K�F2 bvMi�t ?B;?Hv �K#B;mQmbX q2 �BK iQ /2p2HQT � M2r
H�M;m�;2 2ti2MbBQM bvbi2K rBi? H2bb bvMi�t `2bi`B+iBQMb �M/ KQ`2 +QKTQb�#BHBivX

�MQi?2` T`Q#H2K i?�i T`Q;`�KK2`b 2M+QmMi2` r?2M �//BM; � M2r FBM/ Q7
H�M;m�;2 +QMbi`m+ib Bb ?Qr iQ BKTH2K2Mi M�K2 #BM/BM;X L�K2 #BM/BM; Bb QM2 Q7
i?2 KQbi BKTQ`i�Mi 72�im`2b Q7 � T`Q;`�KKBM; H�M;m�;2X Ai Bb i?2 �bbQ+B�iBQM
Q7 M�K2b rBi? p�Hm2b- 7mM+iBQMb- +H�bb2b- Q` ivT2bX 6Q` 2t�KTH2- p�`B�#H2 /2+H�@
`�iBQMb #BM/ � M�K2 rBi? � p�`B�#H2X h?Bb M�K2 +�M #2 mb2/ rBi?BM � b+QT2- 7Q`
2t�KTH2- � +m`Hv #`�+2/ +Q/2 #HQ+F BMpQHpBM; i?2 /2+H�`�iBQMX � H�`;2 T�`i Q7
H�M;m�;2 +QMbi`m+ib BMi`Q/m+2b i?2B` M2r M�K2 #BM/BM;X hQ �HHQr T`Q;`�KK2`b
iQ /2}M2 i?2B` QrM H�M;m�;2 +QMbi`m+ib- � T`Q;`�KKBM; H�M;m�;2 b?QmH/ ?�p2
� 7�+BHBiv 7Q` /2}MBM; M2r bvMi�t ?�pBM; M2r M�K2 #BM/BM;X >Qr2p2`- i?2`2
�`2 72r H�M;m�;2b rBi? � bvbi2K i?�i �HHQrb T`Q;`�KK2`b iQ /2}M2 M2r M�K2
#BM/BM;X �M�T?Q`B+ K�+`Qb (kN) �`2 QM2 Q7 bm+? bvbi2Kb #mi i?2v �`2 FMQrM �b
#2BM; mMb�72X AM i?Bb /Bbb2`i�iBQM- r2 �BK iQ /2p2HQT � M2r H�M;m�;2 2ti2MbBQM
bvbi2K i?�i 2M�#H2b T`Q;`�KK2`b iQ b�72Hv 2ti2M/ M�K2 #BM/BM; `mH2bX
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RXk �TT`Q�+?
h?Bb /Bbb2`i�iBQM T`QTQb2b i?`22 H�M;m�;2 72�im`2b, T`Qi2�M QT2`�iQ`b- +QMi2ti@
b2MbBiBp2 2tT`2bbBQMb- �M/ +QMi2ti �+iBp�iBQM rBi?BM � mb2`@/2}M2/ b+QT2X S`Q@
i2�M QT2`�iQ`b �`2 � H�M;m�;2 2ti2MbBQM bvbi2K i?�i +�M 2tT`2bb mb2`@/2}M2/
HBi2`�HbX h?2v ?�p2 H2bb bvMi�t `2bi`B+iBQMb �M/ KQ`2 +QKTQb�#BHBivX *QMi2ti@
b2MbBiBp2 2tT`2bbBQMb �`2 � H�M;m�;2 +QMbi`m+i i?�i ?2HTb T`Qi2�M QT2`�iQ`bX
h?2v 2M�#H2 T`Qi2�M QT2`�iQ`b iQ b�72Hv 2ti2M/ M�K2 #BM/BM; `mH2bX *QMi2ti
�+iBp�iBQM rBi?BM � mb2`@/2}M2/ b+QT2 2M�#H2b T`Q;`�KK2`b iQ BKTH2K2Mi mb2`@
/2}M2/ /2+H�`�iBQMbX *QMi2ti �+iBp�iBQM Bb 2tT`2bb2/ #v �+iBp�i2 bi�i2K2Mib
�M/ �+iBp�i2b +H�mb2b �M/ � mb2`@/2}M2/ b+QT2 Bb /2}M2/ #v b+QT2 7Q` +H�mb2bX
q2 ?�p2 /2p2HQT2/ S`Qi2�C- r?B+? Bb �M 2ti2MbBQM H�M;m�;2 Q7 C�p�X S`Qi2�C
BKTH2K2Mib Qm` T`QTQb�HbX

S`Qi2�M QT2`�iQ`b �`2 T`Q+2/m`2b rBi? i?2B` QrM bvMi�tX h?2v �`2 BMpQF2/
#v �M QT2`�iQ` +�HH �M/ i?2 +�HH 7QHHQrb i?2 bvMi�t Q7 i?2 QT2`�iQ`X h?2 bvMi�t
Q7 T`Qi2�M QT2`�iQ`b Bb r`Bii2M �b � b2[m2M+2 Q7 M�K2 T�`ib �M/ QT2`�M/bX �
M�K2 T�`i Bb � F2vrQ`/ 7Q` B/2MiB7vBM; i?2 T`Qi2�M QT2`�iQ`X �M QT2`�M/ i�F2b
�M 2tT`2bbBQM �b Bib �`;mK2MiX h?2 +?�`�+i2`BbiB+b Q7 T`Qi2�M QT2`�iQ`b �`2 i?�i
QT2`�iQ`b �`2 Qp2`HQ�/2/ #v QT2`�iQ`b i?�i ?�p2 i?2 b�K2 bvMi�t #mi ?�p2 �
/Bz2`2Mi `2im`M ivT2 Q` QT2`�M/ ivT2bX �M QT2`�iQ` Bb �p�BH�#H2 QMHv �i �M
2tT`2bbBQM r?2`2 Bib `2im`M ivT2 Bb 2tT2+i2/X >2M+2- r2 +�M `2;�`/ i?�i i?2
`2im`M ivT2 Q7 �M QT2`�iQ` /2MQi2b r?2`2 i?2 QT2`�iQ` Bb �p�BH�#H2 �M/ i?2
QT2`�M/ ivT2b `2bi`B+i i?2 bvMi�t Q7 i?2 QT2`�M/bX S`Q;`�KK2`b +�M mb2 ivT2b �b
B7 i?2v �`2 MQM@i2`KBM�H bvK#QHb Q7 "�+Fmb@L�m` 7Q`K U"L6V (9k) 7Q` 2tT`2bbBM;
p�`BQmb bvMi�tX AM S`Qi2�C- bvMi�t Q7 HBi2`�Hb Bb �HbQ 2ti2MbB#H2 BM i?2 b�K2 r�v
iQ MQ`K�H bvMi�tX S`Q;`�KK2`b /Q MQi ?�p2 iQ +�`2 �#Qmi +QM~B+ib Q7 bvMi�t
bBM+2 T`Qi2�M QT2`�iQ`b �`2 /BbiBM;mBb?2/ #v ivT2bX

*QMi2ti@b2MbBiBp2 2tT`2bbBQMb �`2 � p�`B�Mi Q7 H�K#/� 2tT`2bbBQMbX h?2v
i�F2 T�`�K2i2`b #mi i?2 T�`�K2i2`b �`2 MQi 2tTHB+BiHv r`Bii2MX aBM+2 i?2 T�@
`�K2i2` M�K2b �`2 MQi ;Bp2M- i?2 T�`�K2i2`b +�MMQi #2 �++2bb2/ pB� i?2 T�@
`�K2i2` M�K2bX AMbi2�/- i?2 K2K#2`b Q7 � T�`�K2i2` �`2 �p�BH�#H2 rBi?Qmi
`2+2Bp2`b BM +QMi2ti@b2MbBiBp2 2tT`2bbBQMbX AM S`Qi2�C- T`Qi2�M QT2`�iQ`b +�M #2
BMbi�M+2 K2K#2`bX h?Bb K2�Mb i?�i r2 +�M 2tT`2bb i?2 bvMi�t i?�i Bb �p�BH�#H2
QMHv �i +QMi2ti@b2MbBiBp2 2tT`2bbBQMbX Ai 2M�#H2b T`Q;`�KK2`b iQ /2}M2 M�K2
#BM/BM; `mH2b #v /2}MBM; �M QT2`�iQ` i?�i i�F2 � +QMi2ti@b2MbBiBp2 2tT`2bbBQM
�b Bib QT2`�M/X S`Qi2�C bmTTQ`ib im`MbiBH2 ivT2b- r?B+? 2tT`2bb i?2 ivT2b Q7
+QMi2ti@b2MbBiBp2 2tT`2bbBQMbX S`Qi2�C �HbQ bmTTQ`ib ;2M2`B+ M�K2b iQ `2+Q;MBx2
�`#Bi`�`v M�K2b ;Bp2M #v 2M/@mb2`bX lb2`@/2}M2/ H�M;m�;2 +QMbi`m+ib BKTH2@
K2Mi2/ #v mbBM; +QMi2ti@b2MbBiBp2 2tT`2bbBQMb +�M #2 b�72Hv +QKTQb2/ #2+�mb2
i?2 b+QT2 Q7 T`Qi2�M QT2`�iQ`b Bb 2tT`2bb2/ #v im`MbiBH2 ivT2bX

�M �+iBp�i2 bi�i2K2Mi i�F2b �M Q#D2+i �b Bib �`;mK2Mi �M/ 2M�#H2b Bib
K2K#2`b �7i2` i?2 bi�i2K2Mi rBi?Qmi `2+2Bp2`bX h?2 b+QT2 Q7 �+iBp�i2/ K2K@
#2`b /Q2b MQi 7QHHQr i?2 b+QT2 Q7 HQ+�H p�`B�#H2b BM i?2 ?Qbi H�M;m�;2X A7 i?2
�+iBp�i2 bi�i2K2Mi Bb mb2/ BM i?2 #Q/v Q7 �M QT2`�iQ`fK2i?Q/- i?2 pBbB#H2
K2K#2`b �`2 �HbQ �p�BH�#H2 �i i?2 +�HH@bBi2 Q7 i?2 QT2`�iQ`fK2i?Q/X >2M+2- r2
+�M BKTH2K2Mi �M QT2`�iQ` i?�i bBKmH�i2b � p�`B�#H2 /2+H�`�iBQMX h?2 b+QT2 Q7
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�+iBp�i2/ K2K#2`b Bb ;Bp2M #v b+QT2 7Q` +H�mb2bX � b+QT2 7Q` +H�mb2 i�F2b
b2p2`�H ivT2b �M/ Bi 2tT`2bb2b i?2 b+QT2 Q7 �+iBp�i2/ K2K#2`b Q7 ;Bp2M Q#D2+ibX
S`Q;`�KK2`b +�M BKTH2K2Mi /Bz2`2Mi b+QT2 `mH2b 7Q` 2�+? 2K#2//2/ .aGX hQ
bi�iB+�HHv +?2+F r?B+? K2K#2`b �`2 �+iBp�i2/- S`Qi2�C �HbQ T`QpB/2b �+iBp�i2b
+H�mb2bX aBM+2 i?2 +QKTBH2` +�M +?2+F r?�i K2K#2`b �`2 �p�BH�#H2 #v +?2+FBM;
bB;M�im`2b Q7 K2i?Q/bfQT2`�iQ`b- mb2`@/2}M2/ /2+H�`�iBQMb �M/ i?2B` b+QT2 `mH2b
+�M #2 b�72Hv +QKTQb2/X

RXj ai`m+im`2 Q7 h?Bb .Bbb2`i�iBQM
AM i?2 `2bi Q7 i?Bb /Bbb2`i�iBQM- r2 }`bi /2b+`B#2 2tBbiBM; �TT`Q�+?2b 7Q` � TH�i@
7Q`K Q7 .aGb �M/ /Bb+mbb �/p�Mi�;2b �M/ /Bb�/p�Mi�;2b Q7 2�+? �TT`Q�+?X h?2M
r2 T`QTQb2 T`Qi2�M QT2`�iQ`b- r?B+? �`2 mb2`@/2}M2/ QT2`�iQ`b i?�i �HHQr T`Q@
;`�KK2`b iQ /2}M2 �Mv S1: ;`�KK�`- BM *?�Ti2` jX AM *?�Ti2` 9- r2 T`QTQb2
+QMi2ti@b2MbBiBp2 2tT`2bbBQMb �M/ im`MbiBH2 ivT2b 7Q` bmTTQ`iBM; mb2`@/2}M2/ H�M@
;m�;2 +QMbi`m+ib BMpQHpBM; M�K2 #BM/BM;X *?�Ti2` 8 2ti2M/b i?2 B/2� Q7 *?�T@
i2` 9 iQ bmTTQ`i mb2`@/2}M2/ /2+H�`�iBQMb #v BMi`Q/m+BM; �+iBp�i2 bi�i2K2Mib-
�+iBp�i2b +H�mb2b- �M/ b+QT2 7Q` +H�mb2bX AM *?�Ti2` e- r2 +QM+Hm/2 i?Bb
/Bbb2`i�iBQMX
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*?�Ti2` k

.QK�BM aT2+B}+ G�M;m�;2b

� /QK�BM bT2+B}+ H�M;m�;2 U.aGV Bb � T`Q;`�KKBM; H�M;m�;2 bT2+B�HBx2/ iQ �
bT2+B}+ /QK�BMX 6Q` 2t�KTH2- aZG Bb � .aG 7Q` K�MBTmH�iBM; /�i�#�b2 �M/
G�h2s Bb � .aG 7Q` r`BiBM; /Q+mK2MibX �/p�Mi�;2 Q7 .aGb Bb `2�/�#BHBiv �M/
K�BMi�BM�#BHBivX aBM+2 � .aG Bb bT2+B�HBx2/ iQ i?2 bT2+B}2/ /QK�BM- � .aG
T`Q;`�K +QMi�BMb QMHv +Q/2 i?�i /B`2+iHv 2tT`2bb2b /QK�BM HQ;B+X h?Bb K�F2b �
T`Q;`�K +QM+Bb2 �M/ 2�bv iQ K�BMi�BMX G�M;m�;2 Q`B2Mi2/ T`Q;`�KKBM; UGPSV
Bb � T�`�/B;K Q7 bQ7ir�`2 /2p2HQTK2Mi BM r?B+? T`Q;`�KK2`b /2p2HQT .aGb
�i }`bi `�i?2` i?�M /B`2+iHv r`Bi2 � T`Q;`�K BM � ;2M2`�H@Tm`TQb2 H�M;m�;2
(3y)X G�`;2 T�`ib Q7 bQ7ir�`2 +QKTQM2Mi �`2 BKTH2K2Mi2/ BM i?2 /2p2HQT2/
.aGbX GPS BKT`Qp2b K�BMi�BM�#BHBiv Q7 bQ7ir�`2 bBM+2 .aG T`Q;`�Kb ?�p2
#2ii2` K�BMi�BM�#BHBiv i?�M T`Q;`�Kb BM � ;2M2`�H@Tm`TQb2 H�M;m�;2X AM H�`;2
bQ7ir�`2 /2p2HQTK2Mi- 2p2M i?Qm;? /2p2HQTBM; .aGb `2[mB`2 2ti`� /2p2HQTK2Mi
+Qbi- �/p�Mi�;2 Q7 GPS 2t+22/b i?2 +QbiX

A7 i?2 +Qbi Q7 /2p2HQTBM; .aGb r2`2 bK�HH2`- GPS rQmH/ #2 KQ`2 2z2+iBp2X
h?2`2 �`2 � HQi Q7 iQQHb �M/ i2+?MB[m2b 7Q` ?2HTBM; iQ /2p2HQT .aGbX AM i?Bb
+?�Ti2`- r2 /2b+`B#2 2tBbiBM; iQQHb �M/ i2+?MB[m2b 7Q` /2p2HQTBM; .aGb �M/
/Bb+mbb �/p�Mi�;2b �M/ /Bb�/p�Mi�;2b Q7 2�+? i2+?MB[m2X

kXR S�`b2` :2M2`�iQ`b �M/ S�`b2` *QK#BM�iQ`b
hQ BKTH2K2Mi � T`Q;`�KKBM; H�M;m�;2- � T`Q;`�KK2` b?QmH/ /2}M2 �M BMi2`@
T`2i2` Q` +QKTBH2`X h?2 BMi2`T`2i2` `2�/b � bQm`+2 +Q/2 Q7 i?2 H�M;m�;2 �M/
2t2+mi2b BiX h?2 +QKTBH2` i`�MbH�i2b � bQm`+2 +Q/2 Q7 i?2 .aG BMiQ � +Q/2 r`Bi@
i2M BM �MQi?2` H�M;m�;2X "Qi? Q7 i?2K }`bi `2�/ � bi`BM; 7`QK � i2ti }H2 �M/
i?2v i`v iQ �M�Hvx2 i?2 bi`m+im`2 Q7 i?2 T`Q;`�KX h?Bb T?�b2 Bb +�HH2/ T�`bBM;X
� T�`b2` Bb � +QKTQM2Mi Q7 �M BMi2`T`2i2` Q` +QKTBH2` 7Q` T�`bBM;X � T�`b2`
i`�MbH�i2b � bi`BM; BMiQ � i`22 bi`m+im`2 i?�i Bb +�HH2/ �M �#bi`�+i bvMi�t i`22
U�ahVX � T�`b2` `2+Q;MBx2b � bi`BM; �++Q`/BM; iQ i?2 bvMi�t U;`�KK�`V Q7 i?2
H�M;m�;2c bvMi�t Bb � b2i Q7 `mH2b i?�i 2tT`2bb r?�i BMTmi bi`BM; Bb �++2Ti2/ Q`
`2D2+i2/ �b � T`Q;`�K Q7 i?2 H�M;m�;2X

Rd
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hQ #2 2�bv iQ BKTH2K2Mi �M BMi2`T`2i2` Q` +QKTBH2`- T�`b2` ;2M2`�iQ`b �`2
/2p2HQT2/ bBM+2 HQM; iBK2 �;QX � T�`b2` ;2M2`�iQ` i�F2b � T`Q;`�K i?�i BM+Hm/2b
bvMi�t Q7 � H�M;m�;2 �M/ �ah +QMbi`m+iBQM `mH2b �M/ ;2M2`�i2b � T�`b2` i?�i
`2+Q;MBx2b i?2 ;Bp2M bvMi�tX h?2 bvMi�t Bb mbm�HHv r`Bii2M BM "�+Fmb@L�m` 7Q`K
U"L6V (9k) Q` Bib p�`B�Mi (3k)X �ah +QMbi`m+iBQM `mH2b Ub2K�MiB+b Q7 i?2 T�`b2`V
�`2 Q7i2M r`Bii2M BM � ;2M2`�H@Tm`TQb2 H�M;m�;2 bm+? �b *X 6Q` 2t�KTH2- v�++ (j3)
Bb QM2 Q7 i?2 KQbi TQTmH�` T�`b2` ;2M2`�iQ`X AM v�++- T`Q;`�KK2`b mb2 "L6 7Q`
2tT`2bbBM; bvMi�t Q7 � H�M;m�;2 �M/ i?2v mb2 * 7Q` 2tT`2bbBM; �ah +QMbi`m+iBQM
`mH2bX v�++ ;2M2`�i2b � T�`b2` #�b2/ QM G�G_URV T�`bBM; (R9)X

� T�`b2` +QK#BM�iQ` (dN- ke- jj) Bb � bBKBH�` iQQH iQ � T�`b2` ;2M2`�iQ`
#mi Bi Bb Dmbi � HB#`�`v Q7 � ;2M2`�H@Tm`TQb2 H�M;m�;2X am+? i?2 HB#`�`v T`QpB/2b
7mM+iBQMb 7Q` +QMbi`m+iBQM Q7 � bK�HH T`BKBiBp2 T�`b2` bm+? �b �M B/2MiB}2` T�`b2`
�M/ 7mM+iBQMb 7Q` +QKTQbBiBQM Q7 b2p2`�H T�`b2`bX lb2`b #mBH/ � H�`;2 T�`b2` #v
+QK#BMBM; � MmK#2` Q7 bK�HH T�`b2`bX � T�`b2` +QK#BM�iQ` +�M #2 `2;�`/2/
�b �M 2K#2//2/ .aG Q7 � T�`b2` ;2M2`�iQ`X � T�`b2` +QK#BM�iQ` Bb ;2iiBM;
TQTmH�` BM � bi�iB+�HHv ivT2/ 7mM+iBQM�H H�M;m�;2 bm+? �b >�bF2HH (8k) �M/ a+�H�
(8j)X AM bm+? i?2 H�M;m�;2b- � T�`b2` +QK#BM�iQ` Bb /2bB;M2/ �b � KQM�/ (d3-
j9)X h?2 T�`b2+ (9d) BM >�bF2HH Bb � 7�KQmb BKTH2K2Mi�iBQM Q7 � KQM�/B+ T�`b2`
+QK#BM�iQ`X

kXRXR S�`bBM; �H;Q`Bi?Kb
� T�`b2` ;2M2`�iQ` Q` T�`b2` +QK#BM�iQ` +�MMQi ?�M/H2 �`#Bi`�`v bvMi�tX h?2
`�M;2 Q7 bvMi�t i?�i i?2v +�M ?�M/H2 Bb [m�MiB}2/ �b H�M;m�;2 +H�bb �M/ ;`�KK�`
+H�bbX � b2i Q7 BMTmib i?�i � T�`b2` +�M T�`b2 Bb +�HH2/ � H�M;m�;2X � H�M;m�;2
+H�bb 2tT`2bb2b � b2i Q7 H�M;m�;2b Q7 � T�`b2` i?�i � T�`b2` ;2M2`�iQ` Q` T�`b2`
+QK#BM�iQ` +�M ;2M2`�i2X � ;`�KK�` +H�bb 2tT`2bb2b � b2i Q7 bvMi�t U;`�KK�`V
i?�i � T�`b2` ;2M2`�iQ` Q` T�`b2` +QK#BM�iQ` +�M i�F2X h?2 H�M;m�;2 +H�bb
�M/ ;`�KK�` +H�bb Q7 � T�`b2` ;2M2`�iQ` Q` T�`b2` +QK#BM�iQ` /2T2M/ QM i?2B`
T�`bBM; �H;Q`Bi?KX 6Q` 2t�KTH2- � T�`b2` ;2M2`�iQ` #�b2/ QM G�G_URV T�`bBM;
bm+? �b v�++ +�M ?�M/H2 G�G_URV ;`�KK�` (R9)X AM ;2M2`�H- � T�`bBM; �H;Q`Bi?K
rBi? bi`QM;2` ;`�KK�` +H�bb Q` H�M;m�;2 +H�bb i�F2b � HQM;2` iBK2 iQ T�`b2X

G�G_URV T�`bBM; Bb � bQ`i Q7 G_ T�`bBM; (9j)X G_ T�`bBM; Bb �M �H;Q`Bi?K i?�i
Bb 2ti2MbBQM Q7 /2i2`KBMBbiB+ }MBi2 �miQK�iQM U.6�VX G_ T�`bBM; +QMbBbib Q7 irQ
QT2`�iBQMb, b?B7i �M/ `2/m+2X � b?B7i QT2`�iBQM +Q``2bTQM/b iQ � bi�i2 i`�MbBiBQM
Q7 .6�X � `2/m+2 QT2`�iBQM 2tT`2bb2b � /2`Bp�iBQM 7`QK �M 2tT`2bbBQM- r?B+? Bb
� b2[m2M+2 Q7 i2`KBM�Hb �M/ MQM@i2`KBM�Hb- iQ i?2 +Q``2bTQM/BM; MQM@i2`KBM�H
bvK#QHX h?2 QT2`�iBQM `2rBM/b i`�MbBiBQMb �b Km+? �b i?2 MmK#2` Q7 i?2 `2/m+2/
b2[m2M+2 �M/ �TTHB2b i`�MbBiBQM i?�i 2tT`2bb2b `2�/BM; i?2 +Q``2bTQM/BM; MQM@
i2`KBM�H bvK#QHX h?2 H�M;m�;2 +H�bb Q7 G_ T�`bBM; Bb /2i2`KBMBbiB+ +QMi2ti 7`22
H�M;m�;2 (kd- 9j)X h?Bb Bb 2MQm;? iQ mb2 7Q` r2HH@/2bB;M2/ H�M;m�;2bc ?Qr2p2`-
Bi Bb /B{+mHi iQ bmTTQ`i bvMi�t +QKTQbBiBQMX h?Bb Bb #2+�mb2 +QKTQb2/ bvMi�t
KB;?i #2 MQM@/2i2`KBMBbiB+X >2M+2 .aG mb2`b +�MMQi +QKTQb2 KmHiBTH2 .aGb B7
i?2 bvbi2K 7Q` BKTH2K2MiBM; .aGb Bb #�b2/ QM G_ T�`bBM;X

:2M2`�HBx2/ G_ U:G_V T�`bBM; (dk) Bb � T�`bBM; �H;Q`Bi?K i?�i Bb �M 2t@
i2MbBQM Q7 G_ T�`bBM;X h?2 /Bz2`2M+2 7`QK G_ T�`bBM; Bb i?�i :G_ T�`bBM; Bb
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MQM@/2i2`KBMBbiB+X hQ 2{+B2MiHv T�`b2 �M BMTmi- :G_ T�`bBM; mb2b ;`�T? bi`m+@
im`2/ bi�+F U:aaVX :G_ T�`bBM; +�M T�`b2 �Mv +QMi2ti@7`22 ;`�KK�`b U*6:bVX
LQi2 i?�i *6:b +�M #2 �K#B;mQmbc BM i?2 +QMi2ti Q7 T�`bBM;- i?2 T�`b2` KB;?i
`2im`M KmHiBTH2 �ahb 7`QK � bBM;H2 BMTmiX Ai 2M�#H2b T`Q;`�KK2`b iQ +QKTQb2
bvMi�tX aBM+2 +QKTQb2/ bvMi�t KB;?i #2 �K#B;mQmb- T`Q;`�KK2`b b?QmH/ /Q
/Bb�K#B;m�iBQM Q7 i?2 `2bmHiBM; �ahbX h?2 rQ`bi@+�b2 iBK2 +QKTH2tBiv Q7 :G_
T�`bBM; Bb O(N3) r?2`2 N Bb i?2 H2M;i? Q7 i?2 BMTmiX A7 i?2 bvMi�t Bb ǳKQbiHv
mM�K#B;mQmbǴ- M�K2Hv KQbiHv /2i2`KBMBbiB+- :G_ T�`bBM; +�M T�`b2 �M BMTmi
BM KQbiHv HBM2�` iBK2 Q7 i?2 H2M;i? Q7 i?2 BMTmiX 1�`H2v T�`bBM; (R8) �M/ *uE
T�`bBM; (9y- 3j) �`2 �HbQ T�`bBM; �H;Q`Bi?Kb i?�i +�M T�`b2 �Mv *6:bX "Qi?
Q7 i?2K �`2 #�b2/ QM /vM�KB+ T`Q;`�KKBM;X *uE T�`bBM; Bb i?2 KQbi #�bB+
�H;Q`Bi?K 7Q` T�`bBM; *6:bc Bi }`bi T�`b2b 2�+? bm#bi`BM;b Q7 i?2 BMTmi rBi?
H2M;i? R- �M/ i?2M Bi T�`b2b 2�+? bm#bi`BM;b Q7 H2M;i? k #v mbBM; i?2 T`2pBQmb
`2bmHibX aBKBH�`Hv- Bi T�`b2b bm#bi`BM;b Q7 H2M;i? M #v mbBM; i?2 T�`bBM; `2bmHib Q7
bm#bi`BM;b r?Qb2 H2M;i? Bb H2bb i?�M MX 1�`H2v T�`bBM; Bb � p�`B�Mi Q7 *uE T�`b@
BM; i?�i Bb /Bz2`2Mi Q`/2` Q7 T�`bBM; bm#bi`BM;bX "Qi? Q7 i?2K ?�b O(N3) iBK2
+QKTH2tBivX :G_ T�`bBM; +�M #2 `2;�`/2/ �b �M QTiBKBx2/ p�`B�Mi Q7 1�`H2v
T�`bBM;X

_2+m`bBp2 /2b+2Mi T�`bBM; Bb � T�`bBM; �H;Q`Bi?K i?�i BKTH2K2Mib 2�+? MQM@
i2`KBM�H bvK#QH �b � `2+m`bBp2 7mM+iBQMX h?2 T�`b2` }`bi +�HHb i?2 7mM+iBQM
+Q``2bTQM/BM; iQ i?2 bi�`i bvK#QHX � 7mM+iBQM +�HH 2tT`2bb2b � /2`Bp�iBQM 7`QK
Bib +Q``2bTQM/BM; MQM@i2`KBM�H bvK#QH iQ 2tT`2bbBQMb i?�i �`2 i?2 `B;?i@?�M/
bB/2 Q7 T�`bBM; `mH2b r?Qb2 H27i@?�M/ bB/2 Bb i?2 +Q``2bTQM/BM; MQM@i2`KBM�HX
S�+F`�i T�`bBM; (RN) Bb � T�`bBM; �H;Q`Bi?K #�b2/ QM `2+m`bBp2 /2b+2Mi T�`bBM;X
S�+F`�i T�`bBM; �/QTib K2KQBx�iBQM 7Q` QTiBKBx�iBQMX h?2 mMB[m2 TQBMi Q7
T�+F`�i T�`bBM; Bb i?�i Bi b�p2b QMHv QM2 �ah 7Q` 2�+? TQbBiBQM BM i?2 BMTmi
�M/ 2�+? MQM@i2`KBM�H bvK#QHX A7 i?2`2 �`2 KmHiBTH2 �ahb 7Q` i?2 b�K2 TQbBiBQM
�M/ MQM@i2`KBM�H bvK#QH- i?2 T�`b2` b2H2+ib QM2 #v ?2m`BbiB+bX � T�+F`�i T�`b2`
`2+Q;MBx2b T�`bBM; 2tT`2bbBQM ;`�KK�` US1:V (ky) B7 i?2 T�`b2` �/QTib Q`/2`2/
+?QB+2 `mH2b �b i?2 ?2m`BbiB+bX � T�+F`�i T�`b2` +�MMQi `2+Q;MBx2 � ;`�KK�` i?�i
?�b b2p2`�H �K#B;mBiB2bc bBM+2 i?2 T�`b2` b2H2+ib �M �ah 7Q` 2�+? TQbBiBQM �M/
MQM@i2`KBM�H- �K#B;mBiB2b b?QmH/ #2 `2bQHp2/ �i 2�+? TQbBiBQMX am`T`BbBM;Hv- i?Bb
/Q2b MQi K2�M i?2 H�M;m�;2 Q7 i?2 T�`b2` Bb r2�F2` i?�M i?2 H�M;m�;2 Q7 *6:-
r?B+? +�M ?�p2 �K#B;mBiB2bX S�+F`�i T�`bBM; Bb mb27mH 7Q` T�`bBM; � T`Q;`�K
bBM+2 �HKQbi �HH Q7 T`Q;`�KKBM; H�M;m�;2b /Q MQi ?�p2 �K#B;mQmb bvMi�t- �M/
B7 bQ- i?2 T�`b2` +�M T�`b2 � T`Q;`�K BM HBM2�` iBK2 Q7 i?2 BMTmi H2M;i?X GGU V
T�`bBM; (8e) Bb �HbQ � T�`bBM; �H;Q`Bi?K #�b2/ QM `2+m`bBp2 /2b+2Mi T�`bBM;X q2
+�M `2;�`/ Bi �b �M QTiBKBx2/ p�`B�Mi Q7 T�+F`�i T�`bBM; i?�i rQ`Fb 7�bi2` B7 i?2
;`�KK�` Bb GGUFVX

kXk G�M;m�;2 qQ`F#2M+?2b
G�M;m�;2 rQ`F#2M+?2b (kj) �`2 � iQQHFBi 7Q` .aG /2p2HQTK2MiX h?2v T`QpB/2
b2p2`�H .aGb 7Q` BKTH2K2MiBM; .aGbX S`Q;`�KK2`b BKTH2K2Mi � .aG #v r`Bi@
BM; i?2 bT2+B}+�iBQM Q7 i?2 .aG BM /2+H�`�iBp2 bivH2X h?2 .aG bT2+B}+�iBQMb +�M
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#2 `2mb2/X G�M;m�;2 rQ`F#2M+?2b �HbQ ;2M2`�i2 i?2 BMi2;`�i2/ /2p2HQTK2Mi
2MpB`QMK2Mi UA.1V BM+Hm/BM; 2/BiQ`b rBi? bvMi�t ?B;?HB;?iBM; 7Q` i?2 /2}M2/
.aGbX h?Bb `2/m+2b i?2 +Qbi 7Q` /2p2HQTK2Mi Q7 iQQHb #v BMi2;`�iBM; i?2 BKTH2@
K2Mi�iBQMb Q7 i?2 .aG �M/ i?2 A.1X

aTQQ7�t (9R) Bb � H�M;m�;2 rQ`F#2M+? i?�i Bb /2p2HQT2/ �b THm;BMb 7Q` 1+HBTb2
�M/ AMi2HHBCX AM aTQQ7�t- i?2 .aG bvMi�t Bb /2}M2/ BM a.6 (jy)- r?B+? Bb � .aG
7Q` bvMi�t /2}MBiBQMbX a.6 +�M 2tT`2bb �Mv bvMi�t BM *6: �b r2HH �b "L6X a.6
�HbQ /B`2+iHv bmTTQ`ib QT2`�iQ` T`2+2/2M+2 �M/ QT2`�iQ` �bbQ+B�iBpBivX h?2 �H;Q@
`Bi?K Q7 i?2 T�`b2` ;2M2`�iQ` 7Q` a.6 Bb b+�MM2`H2bb :G_ �H;Q`Bi?K- � p�`B�Mi
Q7 :G_ �H;Q`Bi?KX aTQQ7�t BM+Hm/2b � .aG M�K2/ L�"G (9e) iQ bT2+B7v M�K2
#BM/BM; �M/ ivT2 +?2+FBM;X L�K2 #BM/BM; K2�Mb B/2MiB7vBM; � M�K2 �M/ �bbQ+B@
�iBM; Bib /2+H�`�iBQMX h?Bb Bb mb2/ 7Q` `2bQHpBM; p�`B�#H2 M�K2b- 7mM+iBQM M�K2b
�M/ ivT2 M�K2bX aTQQ7�t �HbQ BM+Hm/2b ai`�i2;Q (dd- Ry)- r?B+? Bb � i2`K `2r`Bi@
BM; H�M;m�;2 7Q` T`Q;`�K i`�Mb7Q`K�iBQMX S`Q;`�KK2`b +�M BKTH2K2Mi bvMi�t
bm;�` BM ai`�i2;QX h?2 /vM�KB+ b2K�MiB+b Q7 .aGb �`2 BKTH2K2Mi2/ BM .vMa2K
(d8)X AM .vMa2K- T`Q;`�KK2`b /2+H�`�iBp2Hv r`Bi2 QT2`�iBQM�H b2K�MiB+bX

J2i� S`Q;`�KKBM; avbi2K UJSaV (je) Bb � H�M;m�;2 rQ`F#2M+? /2p2HQT2/
#v C2i"`�BMbX JSa Bib2H7 Bb �M A.1 Q7 .aGb BM+Hm/BM; � .aG 7Q` BKTH2K2MiBM;
.aGbX � mMB[m2 72�im`2 Q7 JSa Bb i?�i JSa Bb #�b2/ QM T`QD2+iBQM�H 2/BiBM;
(k9)X S`QD2+iBQM�H 2/BiBM; Bb �M �Hi2`M�iBp2 KQ/2H Q7 T`Q;`�KKBM; iQ bQm`+2 +Q/2
2/BiBM;X S`Q;`�KK2`b r`Bi2 �M �ah BMbi2�/ Q7 � bQm`+2 +Q/2 BM T`QD2+iBQM�H
2/BiBM;X AM JSa- T`Q;`�KK2`b mb2 � +Q/2 +QKTH2iBQM 7Q` r`BiBM; �M �ahX h?2
�ah Bb T`QD2+i2/ iQ i?2 /BbTH�v �b B7 Bi Bb � bQm`+2 +Q/2X .aG �mi?Q`b b?QmH/
BKTH2K2Mi � T`QD2+iQ` Q7 �ahb BMbi2�/ Q7 � T�`b2`X h?Bb ?2HTb /2p2HQTBM; .aGb
bBM+2 BKTH2K2MiBM; � T`QD2+iQ` Bb 2�bB2` i?�M BKTH2K2MiBM; � T�`b2`X h?2 B/2�
Q7 JSa /2`Bp2b 7`QK AMi2MiBQM�H S`Q;`�KKBM; (e8)X

� T`Q#H2K Q7 H�M;m�;2 rQ`F#2M+?2b- 2bT2+B�HHv i?�i �`2 #�b2/ QM T`QD2+iBQM�H
2/BiBM;- Bb i?2 `BbF Q7 p2M/Q` HQ+F@BM (kj)X G�M;m�;2 rQ`F#2M+?2b ;2M2`�i2b �
T`Q+2bbQ` Q7 � .aG �M/ �M A.1 Q7 i?2 .aG 7`QK i?2 /2}MBiBQM Q7 i?2 .aGX am+?
i?2 T`Q+2bbQ` �M/ A.1 �`2 /2bB;M2/ i?�i `mM rBi?BM i?2 H�M;m�;2 rQ`F#2M+?X
6Q` 2t�KTH2- B7 r2 r�Mi iQ mb2 � .aG BKTH2K2Mi2/ BM JSa- r2 b?QmH/ r`Bi2
� T`Q;`�K #v mbBM; T`QD2+iBQM�H 2/BiBM; Q7 JSaX h?2`27Q`2- r2 +�MMQi mb2 i?2
.aG rBi?Qmi JSaX

kXj 1K#2//2/ .aGb
.aGb Q7i2M ?�p2 i?2 bBKBH�` 72�im`2b iQ Qi?2` .aGb Q` ;2M2`�H@Tm`TQb2 T`Q@
;`�KKBM; H�M;m�;2bX 6Q` 2t�KTH2- � HQi Q7 .aGb ?�p2 bi`BM; HBi2`�Hb- �`Bi?K2iB+
2tT`2bbBQMb- �M/ +QM/BiBQM�H #`�M+?2bX a2p2`�H .aGb �`2 Q7i2M mb2/ rBi? Qi?2`
.aGb iQ;2i?2`- 7Q` 2t�KTH2- `2;mH�` 2tT`2bbBQMb Q` l_GbX _2mbBM; bm+? i?2
72�im`2b Q` .aGb Bb BKTQ`i�Mi Bbbm2X

�M 2K#2//2/ .aG UQ` BMi2`M�H .aGV Bb � .aG BKTH2K2Mi2/ �b � HB#`�`v
Q7 � ;2M2`�H@Tm`TQb2 T`Q;`�KKBM; H�M;m�;2 U?Qbi H�M;m�;2VX Ai Bb i2+?MB+�HHv
MQi � T`Q;`�KKBM; H�M;m�;2 #mi Bi HQQFb HBF2 � H�M;m�;2X 6Q` 2KmH�iBM; i?2
.aG bvMi�t- Bi 2tTHQBib H�M;m�;2 72�im`2b Q7 i?2 ?Qbi H�M;m�;2X 6Q` 2t�KTH2-
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bvMi�+iB+ K�+`Qb (98- kN) �`2 +QKKQM i2+?MB[m2 7Q` 2K#2//BM; .aGb BM GBbTX
aBM+2 �M 2K#2//2/ .aG Bb Dmbi � HB#`�`v- r2 +�M mb2 Bi rBi? i?2 +QMbi`m+ib Q7 ?Qbi
H�M;m�;2 iQ;2i?2`X >m/�F b�B/ i?�i 2K#2//2/ .aG Bb �M B/2� 7Q` /2p2HQTBM; �
.aG BM HQr2` +Qbi #v ǳBM?2`BiBM; i?2 BM7`�bi`m+im`2 Q7 bQK2 Qi?2` H�M;m�;2Ǵ (jk)X
�M BKTQ`i�Mi T`QT2`iv Q7 2K#2//2/ .aGb Bb +QKTQb�#BHBiv (88)X *QKTQb�#BHBiv
K2�Mb i?�i T`Q;`�KK2`b +�M mb2 KmHiBTH2 2K#2//2/ .aGb �i i?2 b�K2 iBK2
2p2M B7 i?2v �`2 /2bB;M2/ rBi?Qmi +QMbB/2`BM; 2�+? Qi?2`X .aG mb2`b +�M mb2
/Bz2`2Mi 2K#2//2/ .aGb i?�i �`2 bmBi�#H2 7Q` 2�+? T�`i Q7 i?2 T`Q;`�K �M/ �HH
T�`ib rQ`F iQ;2i?2`X

kXjXR ai`BM; 1K#2//BM;
ai`BM; 2K#2//BM; Bb �M �TT`Q�+? BM r?B+? mb2`b r`Bi2 � .aG +Q/2 �b � bi`BM;
HBi2`�HX h?2 .aG +Q/2 Bb 2t2+mi2/ #v i?2 BMi2`T`2i2` BKTH2K2Mi2/ BM i?2 ?Qbi
H�M;m�;2X h?2 7QHHQrBM; +Q/2 bMBTT2i Bb �M 2t�KTH2 i?�i mb2b i?2 2K#2//2/
.aG #�b2/ QM bi`BM; 2K#2//BM; BM C�p�,
biKiX2t2+mi2Zm2`vU
]b2H2+i M�K2 7`QK mb2`b] Y
]r?2`2 M�K2 4 ^B+?BF�r�^ �M/ T�bbrQ`/ 4 ^T�bbrQ`/^]Vc

h?Bb 2K#2//2/ .aG Bb �M BKTH2K2Mi�iBQM Q7 aZG BM C�p�X >2`2- biKi Bb �M
Q#D2+i Q7 D�p�Xb[HXai�i2K2MiX h?2 K2i?Q/ 2t2+mi2Zm2`v i�F2b i?2 bi`BM;
HBi2`�H �M/ Bi 2t2+mi2b i?2 ;Bp2M bi`BM; �b � aZG bi�i2K2MiX hQ BKTH2K2Mi
bm+? i?2 .aG- .aG �mi?Q`b b?QmH/ BKTH2K2Mi Bib T�`b2` �M/ BMi2`T`2i2`X h?2
BKTH2K2Mi�iBQM Q7 2K#2//2/ .aGb #�b2/ QM bi`BM; 2K#2//BM; Bb �HKQbi b�K2
�b 2ti2`M�H Ubi�M/@�HQM2V .aGbX

�M �/p�Mi�;2 Q7 bi`BM; 2K#2//BM; Qp2` 2ti2`M�H .aGb Bb i?�i .aG mb2`b +�M
mb2 ?Qbi H�M;m�;2 7�+BHBiB2b 7Q` #mBH/BM; .aG +Q/2 �b � bi`BM;X 6Q` 2t�KTH2- .aG
mb2`b +�M r`Bi2 i?2 T`Q;`�K b?QrM BM 6B;m`2 kXRX AM i?Bb T`Q;`�K- T�`ib Q7 aZG
[m2`v �`2 ;Bp2M #v i?2 BMTmi Q#D2+iX h?2 aZG [m2`v Bb +?�M;2/ #v 2M/@mb2`Ƕb
BMTmiX a2p2`�H H�M;m�;2b ?�p2 i?2 72�im`2 M�K2/ bi`BM; BMi2`TQH�iBQM- r?B+?
?2HTb #mBH/BM; .aG +Q/2 �b � bi`BM;X AM *O- .aG mb2`b +�M r`Bi2 i?2 7QHHQrBM;
T`Q;`�K,
/#X1t2+mi2Zm2`vU
0]b2H2+i M�K2 7`QK mb2`b] Y
0]r?2`2 M�K2 4 ^&BMTmiXL�K2'^ �M/ T�bbrQ`/ 4 ^&BMTmiXS�bbrQ`/'^]Vc

0]XXX] Bb � bT2+B�H bi`BM; HBi2`�H 7Q` bi`BM; BMi2`TQH�iBQMX AM i?Bb HBi2`�H- +m`Hv
#`�+2/ +Q/2 Bb 2t2+mi2/ �b *O +Q/2 �M/ i?2 `2bmHi p�Hm2 Bb 2K#2//2/ iQ i?2
bi`BM;X

ai`BM; 2K#2//BM; ?�b r2HH@FMQrM T`Q#H2Kb- +�HH2/ +Q/2 BMD2+iBQM T`Q#H2KbX
h?2 +Q/2 BMD2+iBQM Bb �M �ii�+F i?�i +?�M;BM; .aG +Q/2 #v b2M/BM; mM2tT2+i2/
BMTmibX �ii�+F2`b +�M BMb2`i i?2B` K�HB+BQmb +Q/2 BMiQ i?2 T`Q;`�K b?QrM BM
6B;m`2 kXR #v BMD2+iBM; b2p2`�H aZG +Q/2 BM i?2 T�bbrQ`/ }2H/ Q7 BMTmiX 6Q`
2t�KTH2- B7 �ii�+F2`b ;Bp2 ]^ Q` ^R^ 4 ^R] �b i?2 T�bbrQ`/ Q7 BMTmi- i?2 [m2`v
Bb 2tT�M/2/ �b 7QHHQrb,
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biKiX2t2+mi2Zm2`vU
]b2H2+i M�K2 7`QK mb2`b] Y
]r?2`2 M�K2 4 ^] Y BMTmiX;2iL�K2UV Y ]^] Y
]�M/ T�bbrQ`/ 4 ^] Y BMTmiX;2iS�bbrQ`/UV Y ]^]V

6B;m`2 kXR, � +Q/2 bMBTT2i mbBM; �M 2K#2//2/ .aG #�b2/ QM bi`BM; 2K#2//BM;

aZGXb2H2+iU]M�K2]V
X7`QKU]mb2`b]V
Xr?2`2U]M�K2]VX2[m�HUBMTmiX;2iL�K2UVV
X�M/U]T�bbrQ`/]VX2[m�HUBMTmiX;2iS�bbrQ`/UVVc

6B;m`2 kXk, 1K#2//2/ .aG #�b2/ QM ~m2Mi BMi2`7�+2b BM C�p�

b2H2+i M�K2 7`QK mb2`b r?2`2 M�K2 4 ^XXX^ �M/ T�bbrQ`/ 4 ^^ Q` ^R^ 4 ^R^

h?Bb [m2`v `2im`Mb �HH i?2 M�K2b `2+Q`/2/ BM i?2 mb2` i�#H2 bBM+2 ^R^ 4 ^R^
�Hr�vb `2im`M i`m2X h?Bb #2?�pBQ` Bb MQi BMi2M/2/X hQ T`2p2Mi +Q/2 BMD2+iBQM-
r2 b?QmH/ 2b+�T2 b2p2`�H +?�`�+i2`b bm+? �b [mQi2b ^ Q` p�HB/�i2 r?2i?2` mb2`
BMTmi Bb � H2;�H .aG p�Hm2X 1K#2//2/ .aGb #�b2/ QM bi`BM; 2K#2//BM; mbm�HHv
T`QpB/2 i?2 b�72` �SA i?�M mbBM; `�r bi`BM;b iQ #mBH/BM; .aG T`Q;`�KbX lM7Q`@
imM�i2Hv- bm+? i?2 �SA +QMi�BMb b2p2`�H #QBH2`TH�i2 +Q/2b �M/ Bib T`Q;`�K i2M/b
iQ #2 p2`#Qb2X

kXjXk 6Hm2Mi AMi2`7�+2b
6Hm2Mi BMi2`7�+2b (kk) �`2 �M �TT`Q�+? 7Q` 2tT`2bbBM; .aG bvMi�t #v mbBM;
K2i?Q/ +?�BMbX 6Hm2Mi BMi2`7�+2b �`2 Q7i2M mb2/ BM Q#D2+i@Q`B2Mi2/ T`Q;`�K@
KBM; H�M;m�;2b bm+? �b C�p�X 6B;m`2 kXk Bb � +Q/2 bMBTT2i i?�i mb2b �M 2K@
#2//2/ .aG #�b2/ QM ~m2Mi BMi2`7�+2b BM C�p�X AM ~m2Mi BMi2`7�+2b- K2i?Q/
+�HH Q#DXK2i?Q/UT�`�KV Bb mb2/ 7Q` 2tT`2bbBM; .aG bvMi�t Q#D K2i?Q/ T�`�KX
h?2 }`bi B/2MiB}2` Q7 � K2i?Q/ +?�BM- aZG BM i?Bb 2t�KTH2- BM/B+�i2b i?2 FBM/ Q7
2K#2//2/ .aGbX h?Bb T`Q;`�K Bb 2[mBp�H2Mi iQ i?2 +Q/2 b?QrM BM 6B;m`2 kXRX

�M �/p�Mi�;2 Q7 ~m2Mi BMi2`7�+2b Bb i?�i i?2v �`2 b�72` i?�M bi`BM; 2K#2//BM;
�M/ .aG mb2`b +�M `2+2Bp2 b2p2`�H iQQH bmTTQ`ib bm+? �b +Q/2 +QKTH2iBQMbX lb2`Ƕb
BMTmi +�MMQi +?�M;2 i?2 bi`m+im`2 Q7 � .aG T`Q;`�K bBM+2 .aG +Q/2 Bb �H`2�/v
bi`m+im`2/X 6m`i?2`KQ`2- BM � bi�iB+�HHv ivT2/ H�M;m�;2- i?2 +QKTBH2` +?2+Fb i?2
ivT2b Q7 K2i?Q/ +�HHb �M/ K2i?Q/ /2}MBiBQMbX A7 mb2`b r`Bi2 � pmHM2`�#H2 +Q/2
BM �M 2K#2//2/ .aG #�b2/ QM ~m2Mi BMi2`7�+2b- i?2 +QKTBH2` KB;?i `2TQ`i �
ivT2 2``Q`X >2M+2 ~m2Mi BMi2`7�+2b �`2 Km+? b�72` i?�M bi`BM; 2K#2//BM;X hvT2
b�72iv �HbQ #`BM;b +QKTQb�#BHBiv bBM+2 2�+? 2K#2//2/ .aGb +�M #2 /BbiBM;mBb?2/
#v bi�iB+ ivT2bX
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� /Bb�/p�Mi�;2 Q7 ~m2Mi BMi2`7�+2b Bb i?�i bvMi�t Q7 2K#2//2/ .aGb Bb `2@
bi`B+i2/ �M/ p2`#Qb2X avK#QHb i?�i �`2 �p�BH�#H2 BM .aG bvMi�t �`2 `2bi`B+i2/
bBM+2 i?2 .aG bvMi�t +QMbBbib Q7 K2i?Q/ M�K2b- +H�bb M�K2b- �M/ HBi2`�HbX 6Q`
2t�KTH2- i?2 bvK#QH 4 +�MMQi #2 mb2/ �b � K2i?Q/ Q` +H�bb M�K2 BM C�p�X AM
6B;m`2 kXk- i?2 F2vrQ`/ 2[m�H Bb mb2/ BMbi2�/X h?Bb .aG +Q/2 �HbQ +QMi�BMb
b2p2`�H 2ti`� F2vrQ`/ aZG- T2`BQ/b X- �M/ T�`2Mi?2b2b UVX

a2p2`�H H�M;m�;2b T`QpB/2 72�im`2b i?�i `2/m+2 p2`#QbBiv Q7 ~m2Mi BMi2`7�+2bX
BKTQ`i bi�iB+ BM C�p� Bb � 72�im`2 i?�i �HHQrb T`Q;`�KK2`b iQ QKBi +H�bb M�K2
7`QK +�HHb Q7 bi�iB+ K2i?Q/bX A7 .aG mb2`b mb2 BKTQ`i bi�iB+- i?2v +�M QKBi
i?2 H2�/BM; F2vrQ`/ Q7 ~m2Mi BMi2`7�+2b bm+? �b aZGX a+�H� ?�b bvMi�t bm;�` i?�i
�HHQr T`Q;`�KK2`b iQ r`Bi2 Q#D K2i?Q/ T�`�K BMbi2�/ Q7 Q#DXK2i?Q/UT�`�KVX
S`Q;`�KK2`b +�M r`Bi2 i?2 7QHHQrBM; +Q/2 #v mbBM; i?2 bvMi�t bm;�`,
aZG b2H2+i ]M�K2] 7`QK ]mb2`b]

r?2`2 ]M�K2] 2[m�H BMTmiX;2iL�K2UV
�M/ ]T�bbrQ`/] 2[m�H BMTmiX;2iS�bbrQ`/UV

>2`2- r2 /Q MQi �TTHv i?2 bvMi�t bm;�` iQ BMTmiX;2iL�K2UV #2+�mb2 Q7 QT2`�iQ`
T`2+2/2M+2X lM7Q`imM�i2Hv- r2 +�MMQi QKBi i?2 F2vrQ`/ aZG 2p2M B7 r2 mb2 �
H�M;m�;2 72�im`2 HBF2 BKTQ`i bi�iB+X h?Bb Bb #2+�mb2 i?2 `2+2Bp2` Q#D2+i b?QmH/
#2 bT2+B}2/ 7Q` �TTHvBM; i?2 bvMi�t bm;�` BM a+�H�X

hQ QKBi i?2 F2vrQ`/ aZG- r2 +�M +?QQb2 �MQi?2` /2bB;M Q7 i?2 2K#2//2/
.aG, BM i?Bb /2bB;M- b2H2+i Bb �M Q#D2+i �M/ M�K2 Bb � K2i?Q/ M�K2 Q7 i?2 Q#D2+i
b2H2+iX AM bm+? i?2 .aG- r2 +�M r`Bi2 i?2 7QHHQrBM; +Q/2 i?�i Bb 2[mBp�H2Mi iQ
i?2 T`Q;`�K b?QrM BM 6B;m`2 kXk,
b2H2+iXM�K2U7`QKVXmb2`b

Ur?2`2VXM�K2U2[m�HVXp�Hm2UBMTmiX;2iL�K2UVV
X�M/U]T�bbrQ`/]VX2[m�HUBMTmiX;2iS�bbrQ`/UVV

AM i?Bb +Q/2- b2H2+i- 7`QK- r?2`2- �M/ 2[m�H �`2 � p�`B�#H2 M�K2 �M/ M�K2-
mb2`b- p�Hm2- �M/- �M/ 2[m�H �`2 � K2i?Q/ M�K2X A7 r2 �TTHv i?2 bvMi�t bm;�`
BM a+�H� iQ i?Bb +Q/2- i?Bb +Q/2 #2+QK2b i?2 7QHHQrBM; +Q/2,
b2H2+i M�K2 7`QK mb2`b

r?2`2 M�K2 2[m�H p�Hm2UBMTmiX;2iL�K2UVV
�M/ ]T�bbrQ`/] 2[m�H BMTmiX;2iS�bbrQ`/UV

h?Bb +Q/2 +QMi�BMb 2ti`� F2vrQ`/ p�Hm2 bBM+2 i?2 2tT`2bbBQM BMTmiX;2iL�K2UV
+�MMQi TH�+2 �i � K2i?Q/ M�K2 TQbBiBQMX M�K2- mb2`b- �M/ T�bbrQ`/ �`2
K2i?Q/ M�K2b BM i?Bb +Q/2 #mi i?2v �`2 ;Bp2M #v .aG mb2`b �M/ .aG �m@
i?Q`b +�MMQi FMQr i?2KX a2p2`�H H�M;m�;2b bm+? �b _m#v ?�p2 � 72�im`2 +�HH2/
K2i?Q/ KBbbBM;- r?B+? 2M�#H2b .aG �mi?Q`b iQ BKTH2K2Mi bm+? i?2 K2i?Q/
M�K2bX J2i?Q/ KBbbBM; BMpQF2b � bT2+B�H K2i?Q/ K2i?Q/nKBbbBM; Q7 � `2+2Bp2`
B7 i?2 ;Bp2M K2i?Q/ M�K2 /Q2b MQi 7QmM/ BM i?2 `2+2Bp2` Q#D2+iX �Hi?Qm;? .aG
�mi?Q`b +�M BKTH2K2Mi �M 2K#2//2/ .aG BM r?B+? .aG mb2`b +�M r`Bi2 i?2
T`Q;`�K �#Qp2 #v mbBM; K2i?Q/ KBbbBM;- i?2 BKTH2K2Mi�iBQM Q7 i?2 2K#2//2/
.aG Bb +QKTHB+�i2/X h?Bb �SA /2bB;M 2KmH�i2b bvMi�t Q7 i?2 .aG #mi Bi /Q2b
MQi +QMbB/2` i?2 b2K�MiB+b Q7 i?2 .aGX .aG �mi?Q`b b?QmH/ `2+QMbi`m+i i?2
�ah i?�i +Q``2bTQM/b iQ i?2 b2K�MiB+bX 6m`i?2`KQ`2- .aG mb2`b KB;?i 722H
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i?2 2K#2//2/ .aG Bb MQi 2�bv iQ mb2 bBM+2 i?Bb �SA /2bB;M Bb MQi +QMbBbi2MiX
*QHmKM M�K2b �`2 bQK2iBK2b ;Bp2M �b � bi`BM; HBi2`�H bm+? �b ]T�bbrQ`/] #mi
bQK2iBK2b ;Bp2M �b � K2i?Q/ M�K2 bm+? �b M�K2X 1tT`2bbBQMb bQK2iBK2b ?�p2
iQ #2 2M+HQb2/ #v p�Hm2 K2i?Q/ #mi bQK2iBK2b /Q MQi ?�p2 iQ #2X

kXjXj PT2`�iQ` Pp2`HQ�/BM; �M/ lb2`@.2}M2/ PT2`�iQ`b
� mb2`@/2}M2/ QT2`�iQ` Bb � 7mM+iBQM rBi? Bib QrM bvMi�tX lb2`@/2}M2/ QT2`@
�iQ`b �`2 mb27mH 7Q` 2tT`2bbBM; .aG bvMi�tX � MmK#2` Q7 H�M;m�;2b ?�p2 i?2B`
`2bi`B+i2/ p�`B�Mi Q7 mb2`@/2}M2/ QT2`�iQ`bX PM2 Q7 i?2 KQbi 7�KQmb p�`B�Mi Q7
mb2`@/2}M2/ QT2`�iQ`b Bb QT2`�iQ` Qp2`HQ�/BM; BM *YYX Ai 2M�#H2b T`Q;`�KK2`b
iQ Qp2`HQ�/ T`2/2}M2/ QT2`�iQ`b bm+? �b Y �M/ M2rX a2p2`�H H�M;m�;2b bm+?
�b arB7i ?�p2 KQ`2 TQr2`7mH 72�im`2c T`Q;`�KK2`b +�M /2}M2 i?2B` QrM BM}t
#BM�`v QT2`�iQ`b- T`2}t mM�`v QT2`�iQ`b- �M/ TQbi}t mM�`v QT2`�iQ`bX AM arB7i-
T`Q;`�KK2`b +�M �HbQ /2+H�`2 QT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBivX h?2v ?2HT
BKTH2K2MiBM; p�`BQmb .aG bvMi�tX q2 +�M `2;�`/ i?�i a+�H�Ƕb bvMi�t bm;�`
Bb �HbQ � p�`B�Mi Q7 mb2`@/2}M2/ QT2`�iQ`bX AM a+�H�- /2}MBM; K2i?Q/ K rBi?
QM2 �`;mK2Mi 7Q` i?2 Q#D2+i Q#D +�M #2 `2;�`/2/ �b /2}MBM; �M BM}t QT2`�iQ` K
bBM+2 r2 +�M mb2 Bi �b Q#D K �`;X JBt}t QT2`�iQ`b (Rj) �`2 � TQr2`7mH p�`B�Mi Q7
mb2`@/2}M2/ QT2`�iQ`b i?�i Bb T`QpB/2/ BM *Q[- Ab�#2HH2- �;/�- 2i �HX JBt}t QT@
2`�iQ`b �`2 � +QHH2+iBp2 i2`K Q7 BM}t- T`2}t- TQbi}t- �M/ Qmi}t QT2`�iQ`bX >2`2-
BM}t K2�Mb bvMi�t i?�i bi�`ib rBi? �M QT2`�M/- 2M/b rBi? �M QT2`�M/- �M/
i�F2b QT2`�iQ` M�K2b #2ir22M 2�+? irQ QT2`�M/bX LQi2 i?�i �M BM}t QT2`�iQ`b
b?QmH/ ?�p2 �i H2�bi QM2 QT2`�iQ` M�K2X S`2}t K2�Mb bvMi�t i?�i bi�`ib rBi?
�M QT2`�iQ` M�K2- 2M/b rBi? �M QT2`�M/- �M/ �Hi2`M�i2b QT2`�M/b �M/ QT2`�iQ`
M�K2bX aBKBH�`Hv- TQbi}t K2�Mb bvMi�t i?�i bi�`ib rBi? �M QT2`�M/- 2M/b rBi?
�M QT2`�iQ` M�K2- �M/ �Hi2`M�i2b QT2`�M/b �M/ QT2`�iQ` M�K2bX Pmi}t K2�Mb
bvMi�t i?�i bi�`ib �M/ 2M/b rBi? �M QT2`�iQ` M�K2 �M/ �Hi2`M�i2b QT2`�M/b �M/
QT2`�iQ` M�K2bX

.2p2HQTBM; 2K#2//2/ .aGb #v mbBM; mb2`@/2}M2/ QT2`�iQ`b Bb bBKBH�` bi`�i@
2;v iQ ~m2Mi BMi2`7�+2b #mi i?2 �TT`Q�+? #�b2/ QM mb2`@/2}M2/ QT2`�iQ`b +�M
mb2 KQ`2 M�im`�H bvMi�t i?�M K2i?Q/ +?�BMbX aBM+2 mb2`@/2}M2/ QT2`�iQ`b �`2
7mM+iBQMb- .aG �mi?Q`b 2tT`2bb .aGb #v +QK#BM�iBQMb Q7 7mM+iBQM +�HHb- Dmbi HBF2
~m2Mi BMi2`7�+2bX lb2`@/2}M2/ QT2`�iQ`b +�M �HbQ `2+2Bp2 i?2 #2M2}i Q7 bi�iB+
ivT2b bBM+2 i?2v �`2 Dmbi 7mM+iBQMbX >2M+2 2K#2//2/ .aGb #�b2/ QM mb2`@/2}M2/
QT2`�iQ`b �`2 �b b�72 �b ~m2Mi BMi2`7�+2b �M/ i?2v �`2 +QKTQb�#H2X .2p2HQTBM;
2K#2//2/ .aGb #v mb2`@/2}M2/ QT2`�iQ`b Bb 2�bB2` i?�M ~m2Mi BMi2`7�+2b #2@
+�mb2 .aG �mi?Q`b +�M /2}M2 QT2`�iQ`b i?�i 2tT`2bb2b bvMi�t i?�i +Q``2bTQM/b
iQ i?2 b2K�MiB+b Q7 i?2 .aGX h?2v /Q MQi ?�p2 iQ `2+QMbi`m+i i?2 �ah mMHBF2
~m2Mi BMi2`7�+2bX

lb2`@/2}M2/ QT2`�iQ`b �`2 mb27mH 7Q` BKTH2K2MiBM; 2K#2//2/ .aGb- ?Qr@
2p2`- 2tBbiBM; T`Q;`�KKBM; H�M;m�;2b QMHv ?�p2 HBKBi2/ b2i Q7 QT2`�iQ`b i?�i
+�M #2 /2}M2/ #v mb2`bX 6Q` 2t�KTH2- KBt}t QT2`�iQ`b bmTTQ`ib QMHv QT2`�iQ`b
i?�i /Q MQi ?�p2 irQ �/D�+2Mi QT2`�M/bX h?Bb K2�Mb i?�i KBt}t QT2`�iQ`b +�M
2tT`2bb QMHv bm#b2i Q7 QT2`�iQ` T`2+2/2M+2 ;`�KK�`X am+? i?2 `2bi`B+iBQMb Q7
mb2`@/2}M2/ QT2`�iQ`b �`2 7Q` bBKTHB7vBM; T�`bBM;X A7 � H�M;m�;2 �HHQrb T`Q;`�K@



kXjX 1J"1..1. .aGa k8

K2`b iQ /2}M2 �`#Bi`�`v QT2`�iQ`b- i?2 bvMi�t K�v #2 �K#B;mQmbX

kXjX9 >B;?2`@P`/2` �#bi`�+i avMi�t
6Hm2Mi BMi2`7�+2b �M/ mb2`@/2}M2/ QT2`�iQ`b +�M 2tT`2bb p�`BQmb .aGb- ?Qr2p2`-
i?2v +�MMQi 2tT`2bb H�M;m�;2 +QMbi`m+ib BMpQHpBM; M�K2 #BM/BM;X L�K2 #BM/BM;
Bb i?2 �bbQ+B�iBQM Q7 /�i� rBi? B/2MiB}2`bX 6Q` 2t�KTH2- HQQF �i i?2 7QHHQrBM;
+Q/2 bMBTT2i,
7Q` UM I@ HBbiV T`BMiHMUMV

h?Bb +Q/2 bMBTT2i mb2b � 7Q` bi�i2K2MiX h?2 7Q` bi�i2K2Mi ?�p2 � M�K2 #BM/@
BM;- � p�`B�#H2 MX h?2 #QmM/ p�`B�#H2 M Bb mb2/ �i i?2 #Q/v Q7 7Q` bi�i2K2MiX
S`Q;`�KK2`b +�MMQi BKTH2K2Mi bm+? i?2 7Q` bi�i2K2Mib #v ~m2Mi BMi2`7�+2b Q`
mb2`@/2}M2/ QT2`�iQ`b bBM+2 i?2v 2tT`2bb .aGb #v +QK#BM�iBQMb Q7 K2i?Q/b Q`
QT2`�iQ`b- `2bT2+iBp2HvX

>B;?2`@Q`/2` �#bi`�+i bvMi�t U>P�aV (83) Bb � i2+?MB[m2 7Q` 2tT`2bbBM; M�K2
#BM/BM; BM 2K#2//2/ .aGbX Ai mb2b H�K#/� 2tT`2bbBQMb 7Q` 2tT`2bbBM; M�K2
#BM/BM;X h?2 7Q` 2tT`2bbBQM b?QrM �#Qp2 Bb 2tT`2bb2/ BM >P�a bivH2 �b 7QHHQrb,
Kvn7Q`UHBbi- M @= T`BMiHMUMVV

h?2 b2+QM/ �`;mK2Mi Q7 Kvn7Q` Bb � H�K#/� 2tT`2bbBQMX h?Bb H�K#/� 2tT`2bbBQM
#BM/b � p�`B�#H2 M �M/ i?2 p�`B�#H2 Bb �p�BH�#H2 �i i?2 #Q/v Q7 i?2 H�K#/�
2tT`2bbBQMX h?2 7mM+iBQM Kvn7Q` Bb FMQrM �b K�T BM 7mM+iBQM�H T`Q;`�KKBM;
H�M;m�;2bX �M �/p�Mi�;2 Q7 i?2 >P�a bivH2 Bb i?�i i?2 +QKTBH2` +�M bi�iB+�HHv
+?2+F i?2 M�K2 #BM/BM;X .aG �mi?Q`b +�M mb2 >P�a bivH2 M�K2 #BM/BM; rBi?BM
~m2Mi BMi2`7�+2b Q` mb2`@/2}M2/ QT2`�iQ`bX

>P�a +�M 2tT`2bb M�K2 #BM/BM; #mi T`Q;`�KK2`b +�MMQi 2ti2M/ i?2 bvMi�t
Q7 M�K2 #BM/BM; 2p2M B7 i?2v mb2 mb2`@/2}M2/ QT2`�iQ`b iQ;2i?2`X >P�a mb2b
H�K#/� 2tT`2bbBQMb �b � T`BKBiBp2 Q7 M�K2 #BM/BM;X h?Bb Bb #2+�mb2 � H�K#/�
2tT`2bbBQM ?�b 7mM+iBQM�HBiB2b Q7 M�K2 #BM/BM;c Bi +�M BMi`Q/m+2 � M2r M�K2
�M/ Bi ?�b i?2 b+QT2 Q7 i?2 M2r M�K2X aBM+2 7mM+iBQM +�HHb- K2i?Q/ +�HHb- �M/
QT2`�iQ` +�HHb /Q MQi ?�p2 bm+? i?2 7mM+iBQM�HBiB2b- ~m2Mi BMi2`7�+2b �M/ mb2`@
/2}M2/ QT2`�iQ`b +�MMQi 2ti2M/ i?2 bvMi�t Q7 H�K#/� 2tT`2bbBQMbX

a2p2`�H H�M;m�;2b bmTTQ`i bvMi�t Qp2`HQ�/BM; (d)- r?B+? �HHQrb T`Q;`�KK2`b
iQ Qp2`HQ�/ T`2@/2}M2/ H�M;m�;2 +QMbi`m+ib bm+? �b B7 �M/ 7Q`X AM a+�H�- 7Q`
2tT`2bbBQMb �`2 bvMi�t bm;�` Q7 K2i?Q/ +�HHb 7Q`2�+?- 7H�iJ�T- K�T- 7BHi2`-
�M/ rBi?6BHi2` (8j)X S`Q;`�KK2`b +�M Qp2`HQ�/ 7Q` 2tT`2bbBQMb #v /2}MBM; i?2
K2i?Q/b 7Q`2�+?- 7H�iJ�T- K�T- 7BHi2`- �M/ rBi?6BHi2`X a+�H�@pB`im�HBx2/
(ey) Bb �M 2ti2MbBQM Q7 a+�H� �M/ bmTTQ`ib Qp2`HQ�/�#H2 H�M;m�;2 +QMbi`m+ib bm+?
�b B7- r?BH2- �M/ M2rX a+�H�@pB`im�HBx2/ �/QTib i?2 b�K2 �TT`Q�+? iQ a+�H�X hQ
Qp2`HQ�/ B7 2tT`2bbBQMb- T`Q;`�KK2`b /2}M2 nnB7h?2M1Hb2 K2i?Q/X a+�H� �M/
b+�H�@pB`im�HBx2/ mb2 >P�a iQ 2tT`2bb M�K2 #BM/BM;X >�bF2HH T`QpB/2b bvMi�t
bm;�`- +�HH2/ /Q@MQi�iBQM (8k)- 7Q` 2K#2//2/ .aGb BKTH2K2Mi2/ rBi? KQM�/b
(d3- ek)X JQM�/b ?�p2 i?2 #BM/ QT2`�iBQM ==4- r?B+? 2tT`2bb2b M�K2 #BM/BM;
Q7 i?2 .aGb- �M/ i?2 HB7i QT2`�iBQM `2im`M- r?B+? i`�MbH�i2b i?2 ?Qbi H�M;m�;2
p�Hm2 iQ i?2 .aG p�Hm2X h?2 #BM/ QT2`�iBQM ==4 i�F2b � H�K#/� 2tT`2bbBQM
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7Q` 2tT`2bbBM; M�K2 #BM/BM;X A7 r2 mb2 i?2 /Q@MQi�iBQM- r2 +�M r`Bi2 i?2 #BM/
QT2`�iBQM HBF2 � MQ`K�H p�`B�#H2 /2+H�`�iBQM BMbi2�/ Q7 mbBM; H�K#/� 2tT`2bbBQMbX
AM Qi?2` rQ`/b- T`Q;`�KK2`b +�M 2ti2M/ i?2 T`2@/2}M2/ +QMbi`m+i /Q@MQi�iBQM
#v BKTH2K2MiBM; i?2B` QrM KQM�/bX � HBKBi�iBQM Q7 bvMi�t Qp2`HQ�/BM; Bb i?�i
T`Q;`�KK2`b +�MMQi /2}M2 i?2B` QrM H�M;m�;2 +QMbi`m+ib rBi? +mbiQK bvMi�tX
h?2v +�M QMHv Qp2`HQ�/ T`2@/2}M2/ +QMbi`m+ibX

_2+�7 (8) bmTTQ`ib � HBKBi2/ 7Q`K Q7 mb2`@/2}M2/ H�M;m�;2 +QMbi`m+ib rBi?
+mbiQK bvMi�t #�b2/ QM >P�aX AM _2+�7- T`Q;`�KK2`b +�M /2}M2 � M2r H�M@
;m�;2 +QMbi`m+i rBi? QM2 Q7 i?2 bmTTQ`i2/ 7Q`Kb Q7 bvMi�t bm+? �b bvMi�t bBKBH�`
iQ 7Q` Q` r?BH2 bi�i2K2MiX _2+�7 bmTTQ`ib i`�MbH�i2b i?2 M2r H�M;m�;2 +QM@
bi`m+i BMiQ Bib >P�a `2T`2b2Mi�iBQMX hQ BKTH2K2Mi i?2 M2r H�M;m�;2 +QMbi`m+i-
T`Q;`�KK2`b b?QmH/ /2}M2 � 7mM+iBQM i?�i rBHH #2 mb2/ BM i?2 >P�a `2T`2b2Mi�@
iBQMX lM7Q`imM�i2Hv- _2+�7 +�MMQi i`�MbH�i2 2p2`v TQbbB#H2 bvMi�t BMiQ � >P�a
`2T`2b2Mi�iBQM, _2+�7 +QKTBH2` +�M i`�MbH�i2 bvMi�t i?�i ?�b i?2 b�K2 bvMi�t
�b T`2@/2}M2/ +QMbi`m+ib 2t+2Ti 7Q` F2vrQ`/bX

kXjX8 G2tB+�H J�+`Qb
AM *- *YY- �M/ h2s- T`Q;`�KK2`b +�M /2}M2 H2tB+�H K�+`Qb- r?B+? �`2 `2r`Bi@
BM; `mH2b Q7 b2[m2M+2b Q7 iQF2MbX G2tB+�H K�+`Qb i�F2 b2p2`�H b2[m2M+2b Q7 iQF2Mb
�M/ #mBH/ �MQi?2` b2[m2M+2 Q7 iQF2MbX * Q` *YY ?�p2 irQ FBM/b Q7 H2tB+�H
K�+`Qbc Q#D2+i@HBF2 K�+`Qb �M/ 7mM+iBQM@HBF2 K�+`Qb (k8)X �M Q#D2+i@HBF2 K�+`Q
Bb Dmbi �M B/2MiB}2` �M/ Bi Bb `2TH�+2/ #v i?2 bT2+B}2/ iQF2MbX � 7mM+iBQM@HBF2
K�+`Q Bb � H2tB+�H K�+`Q i?�i HQQFb HBF2 � 7mM+iBQM +�HHX Ai i�F2b b2[m2M+2b Q7
iQF2Mb �b Bib �`;mK2MibX hQ /2}M2 K�+`Qb- T`Q;`�KK2`b mb2 O/27BM2 /B`2+iBp2X

G2tB+�H K�+`Qb +�M BKTH2K2Mi .aG bvMi�t i?�i /Q2b MQi 7QHHQr i?2 bvMi�t Q7
i?2 ?Qbi H�M;m�;2X h?2 `2r`BiBM; #v H2tB+�H K�+`Qb Bb �TTHB2/ #27Q`2 i?2 T�`bBM;X
A7 H2tB+�H K�+`Qb i`�MbH�i2 i?2 .aG +Q/2 BMiQ i?2 ?Qbi H�M;m�;2 +Q/2- i?2 .aG
+Q/2 +�M #2 +QKTBH2/ 2p2M B7 Bi /Q2b MQi 7QHHQr i?2 ?Qbi H�M;m�;2 bvMi�tX h?2
7QHHQrBM; +Q/2 bMBTT2i /2}M2b 7mM+iBQM@HBF2 K�+`Qb i?�i 2KmH�i2 aZG bvMi�t,
O/27BM2 a1G1*hU+V b2H2+in7`QKnr?2`2U+-
O/27BM2 6_PJUiV i-
O/27BM2 q>1_1UrV rV

q2 +�M r`Bi2 i?2 7QHHQrBM; +Q/2 #v mbBM; i?2b2 K�+`Qb,
a1G1*hU]M�K2]V 6_PJU]mb2`b]V
q>1_1U]M�K2 4 ] Y BMX;2iL�K2UV Y ] �M/ T�bbrQ`/ 4 ] Y BMX;2iS�bbrQ`/UVV

>2`2- a1G1*h- 6_PJ- �M/ q>1_1 �`2 7mM+iBQM@HBF2 K�+`Qb h?Bb +Q/2 Bb i`�MbH�i2/
BMiQ i?2 7QHHQrBM; +Q/2,
b2H2+in7`QKnr?2`2U]M�K2]- ]mb2`b]-
]M�K2 4 ] Y BMX;2iL�K2UV Y ] �M/ T�bbrQ`/ 4 ] Y BMX;2iS�bbrQ`/UVV

�Hi?Qm;? H2tB+�H K�+`Qb +�M 2ti2M/ i?2 bvMi�t Q7 i?2 ?Qbi H�M;m�;2- i?2v
b?QmH/ MQi #2 mb2/ 7Q` BKTH2K2MiBM; .aG bvMi�t bBM+2 .aG mb2`b +�MMQi mb2
i?2 .aG rBi?Qmi FMQrH2/;2 Q7 Bib BKTH2K2Mi�iBQMX 6Q` 2t�KTH2- i?2 7QHHQrBM;
+Q/2 HQQFb QF�v #mi Bi +�MMQi #2 +QKTBH2/,
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a1G1*hU]M�K2]V 6_PJU]mb2`b]V

h?2 `2TQ`i2/ 2``Q` K2bb�;2 rBHH #2 ǳ2tT2+i2/ 2tT`2bbBQMǴX h?Bb Bb #2+�mb2 i?2
.aG �mi?Q` /B/ MQi BKTH2K2Mi i?2 a1G1*h bi�i2K2Mi rBi?Qmi q>1_1 +H�mb2X A7
.aG mb2`b /Q MQi FMQr i?2 BKTH2K2Mi�iBQM- i?Bb 2``Q` K2bb�;2 Bb MQi ?2HT7mHX

6m`i?2`KQ`2- H2tB+�H K�+`Qb ?�p2 � +QKTQb�#BHBiv T`Q#H2K bBM+2 i?2v �`2
/BbiBM;mBb?2/ QMHv #v i?2B` K�+`Q M�K2bX A7 .aG mb2`b mb2 i?2 aZG .aG rBi?
�MQi?2` .aG iQ;2i?2` BM i?2 b�K2 }H2 �M/ i?2 .aG /2}M2b 6_PJ K�+`Q- � T`Q@
;`�K mbBM; i?2 aZG .aG KB;?i MQi T`QT2`Hv rQ`FX aBM+2 i?2 K�+`Q T`Q+2bbQ`
+�MMQi /BbiBM;mBb? i?2 6_PJ K�+`Qb Q7 irQ .aGb- Bi KB;?i b2H2+i i?2 6_PJ K�+`Q
i?�i Bb MQi 7Q` aZG .aG 2p2M B7 .aG mb2`b BMi2M/ aZG +Q/2X

a2p2`�H H�M;m�;2b bm+? �b *QKKQM GBbT bmTTQ`i `2�/2` K�+`Qb- r?B+? 2M@
�#H2 T`Q;`�KK2`b iQ `2TH�+2 i?2 `2�/2` U�HbQ +�HH2/ b+�MM2` Q` H2t2`V Q7 i?2
H�M;m�;2 (kN)X S`Q;`�KK2`b +�M BKTH2K2Mi �`#Bi`�`v bvMi�t Q7 .aGb #v /2@
p2HQTBM; � `2�/2` 7Q` BiX AM *QKKQM GBbT- mb2 Q7 � `2�/2` K�+`Q Bb bT2+B}2/
#v � K�+`Q +?�`�+i2`X S`Q;`�KK2`b +�M /2}M2 i?2B` QrM K�+`Q +?�`�+i2` �M/
Bib +Q``2bTQM/BM; 7mM+iBQM i?�i 2tT`2bb2b � `2�/2`X �Hi?Qm;? `2�/2` K�+`Qb �`2
KQ`2 TQr2`7mH i?�M H2tB+�H K�+`Qb BM * Q` *YY- i?2v �HbQ ?�p2 � +QKTQb�#BHBiv
T`Q#H2K bBM+2 i?2v �`2 �HbQ /BbiBM;mBb?2/ QMHv #v i?2B` K�+`Q +?�`�+i2`bX

kXjXe avMi�+iB+ J�+`Qb
avMi�+iB+ K�+`Qb �`2 � H�M;m�;2 72�im`2 i?�i `2r`Bi2b #`�M+?2b Q7 �M �ahX
GBbT ?�p2 bmTTQ`i2/ bvMi�+iB+ K�+`Qb 7Q` � HQM; iBK2X avMi�+iB+ K�+`Qb }M/
�ahb i?�i K�i+? i?2 ;Bp2M T�ii2`M �M/ `2TH�+2b i?2K BMiQ Qi?2` �ahb i?�i
�`2 ;2M2`�i2/ #v 2t2+miBM; i?2 K�+`Q #Q/vX a+?2K2- � /B�H2+i Q7 GBbT- T`Q@
pB/2b /27BM2@bvMi�t �M/ bvMi�t@`mH2b 7Q` /2}MBM; bvMi�+iB+ K�+`Qb (ed)X
6B;m`2 kXj Bb �M 2t�KTH2 /2}MBM; bvMi�+iB+ K�+`Qb BM a+?2K2X h?Bb +Q/2 /2@
}M2b irQ K�+`Qb, b2H2+i �M/ b[H@+QM/X h?2 /2}MBiBQMb Q7 i?2 K�+`Qb mb2
bvMi�t@`mH2b- r?B+? /2+H�`2b T�ii2`Mb Q7 �ahb �M/ `mH2b Q7 �ah i`�Mb7Q`K�@
iBQMbX h?2 }`bi �`;mK2Mi Q7 bvMi�t@`mH2b /2+H�`2b � HBbi Q7 B/2MiB}2`b i?�i
�`2 mb2/ �b � F2vrQ`/ BM i?2 K�+`QX h?2 b2+QM/ �`;mK2Mi /2+H�`2b T�ii2`Mb Q7
�ahb �M/ i?2B` +Q``2bTQM/BM; `mH2b Q7 �ah i`�Mb7Q`K�iBQMbX 6Q` 2t�KTH2- i?2
b2H2+i K�+`Q K�i+?2b i?2 T�ii2`M b2H2+i + 7`QK i r?2`2 +QM/ XXX r?2`2
b2H2+i- 7`QK- �M/ r?2`2 �`2 F2vrQ`/bX +- i- �M/ +QM/ XXX /2MQi2b T�`�K2i2`b
Q7 i?2 K�+`QX +QM/ XXX i�F2b p�`B�#H2 H2M;i? �`;mK2MibX �++Q`/BM; iQ HBM2 9
BM i?2 };m`2- �M 2tT`2bbBQM mbBM; i?2 b2H2+i K�+`Q Bb 2tT�M/2/ BMiQ i?2 +�HH
Q7 i?2 7mM+iBQM b2H2+in7`QKnr?2`2X +- i- �M/ +QM/ XXX �`2 `2TH�+2/ BMiQ i?2
+Q``2bTQM/BM; �`;mK2Mib r?2M i?2 K�+`Q Bb 2tT�M/2/X aBM+2 i?2 `2bmHi Q7 i?2
K�+`Q 2tT�MbBQM BM+Hm/2b i?2 K�+`Q b[H@+QM/- i?2 K�+`Q b[H@+QM/ Bb `2+m`@
bBp2Hv 2tT�M/2/X A7 r2 mb2 i?2 K�+`Qb /2+H�`2/ BM 6B;m`2 kXj- r2 +�M r`Bi2 i?2
7QHHQrBM; T`Q;`�K,
U/27BM2 U[m2`v M TV
Ub2H2+i M�K2 7`QK mb2`b r?2`2 M�K2 4 M �M/ T�bbrQ`/ 4 TVV

h?Bb +Q/2 Bb 2tT�M/2/ �b 7QHHQrb,
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U/27BM2@bvMi�t b2H2+i
UbvMi�t@`mH2b U7`QK r?2`2V

UUb2H2+i + 7`QK i r?2`2 +QM/ XXXV
Ub2H2+i@7`QK@r?2`2 ^+ ^i Ub[H@+QM/ +QM/ XXXVVVVV

U/27BM2@bvMi�t b[H@+QM/
UbvMi�t@`mH2b U�M/ 4V

UUb[H@+QM/ +R 4 pR �M/ `2bi XXXV
Ub[H@�M/ Ub[H@2[ ^+R pRV Ub[H@+QM/ `2bi XXXVVV
UUb[H@+QM/ +R 4 pRV
Ub[H@2[ ^+R pRVVVV

6B;m`2 kXj, � /2}MBiBQM Q7 bvMi�+iB+ K�+`Qb BM a+?2K2

U/27BM2 U[m2`v M TV
Ub2H2+i@7`QK@r?2`2 ^M�K2 ^mb2`b
Ub[H@�M/ Ub[H@2[ ^M�K2 MV Ub[H@2[ ^T�bbrQ`/ TVVVV

h?2`2 �`2 � HQi Q7 `2b2�`+?2b iQ T`QpB/2 i?2 TQr2` Q7 GBbT K�+`Qb BM MQM@
GBbT H�M;m�;2X avMi�+iB+ K�+`Qb �`2 TQr2`7mH BM GBbT #2+�mb2 GBbT ?�b � p2`v
bBKTH2 bvMi�t- a@2tT`2bbBQMbX "�+?`�+? �M/ SH�v7Q`/ /2KQMbi`�i2/ i?�i MQM@
GBbT H�M;m�;2 +�M T`QpB/2 GBbT@HBF2 bvMi�+iB+ K�+`Qb (j)X h?2v /2bB;M2/ K�+`Q
bvbi2K 7Q` i?2 Q#D2+i@Q`B2Mi2/ T`Q;`�KKBM; H�M;m�;2 .vH�MX a2p2`�H KQ/2`M
H�M;m�;2b bm+? �b _mbi �M/ >�bF2HH �HbQ T`QpB/2 bvMi�+iB+ K�+`Qb (dy- ej)X

>v;B2M2 (98) Bb �M BKTQ`i�Mi T`QT2`iv Q7 bvMi�+iB+ K�+`QbX >v;B2M2 K2�Mb
i?�i HQ+�H p�`B�#H2b BM � K�+`Q #Q/v /Q MQi �++B/2Mi�HHv +�Tim`2 p�`B�#H2b Q7
+�HH2` b+QT2X a+?2K2- .vH�M- �M/ _mbi K�+`Qb �`2 /2bB;M2/ ?v;B2MB+X AM ?v;B2MB+
K�+`Q /2}MBiBQMb- HQ+�H p�`B�#H2b ?�p2 � H2tB+�H b+QT2X h?Bb K�F2b K�+`Qb b�72`-
?Qr2p2`- i?Bb K�F2b Bi /B{+mHi iQ /2}M2 H�M;m�;2 +QMbi`m+ib BMpQHpBM; M�K2
#BM/BM;X

�M�T?Q`B+ K�+`Qb (kN) �`2 �HbQ bvMi�+iB+ K�+`Qb #mi i?2v �`2 MQi ?v;B2MB+X
h?2v BMi2MiBQM�HHv +�Tim`2 b2p2`�H p�`B�#H2bX h?2v �`2 mb2/ 7Q` 2tT`2bbBM; M�K2
#BM/BM;X a2p2`�H H�M;m�;2b bm+? �b *QKKQM GBbT +�M /2}M2 �M�T?Q`B+ K�+`QbX
h?2 7QHHQrBM; Bb � b�KTH2 +Q/2 i?�i /2}M2b �M�T?Q`B+ K�+`Qb,
U/27K�+`Q �B7 Ui2bi@7Q`K i?2M@7Q`K �QTiBQM�H 2Hb2@7Q`KV
<UH2i UUBi -i2bi@7Q`KVV

UB7 Bi -i?2M@7Q`K -2Hb2@7Q`KVVV

h?Bb +Q/2 Bb #Q``Qr2/ 7`QK (kN)X Ai /2}M2b i?2 K�+`Q �B7- r?B+? +�M #2 mb2/
HBF2 B7 2tT`2bbBQMX h?2 K�+`Q /2+H�`2b � p�`B�#H2 M�K2/ Bi- �M/ i?2 p�`B�#H2
Bi Bb �p�BH�#H2 �i i?2 �`;mK2Mib Q7 i?2 b2+QM/ T�`�K2i2` i?2M@7Q`K �M/ i?2
i?B`/ T�`�K2i2` 2Hb2@7Q`KX Zm�bB@[mQi2 < �M/ mM[mQi2 - �`2 � MQi�iBQM 7Q`
#mBH/BM; �M �ahX Zm�bB@[mQi2 < i�F2b �M 2tT`2bbBQM �M/ `2im`Mb i?2 �ah Q7 i?2
2tT`2bbBQMX lM[mQi2 - i�F2b �M �ah �M/ `2im`Mb i?2 2tT`2bbBQM i?�i i?2 �ah
2tT`2bb2bX q2 +�M r`Bi2 i?2 7QHHQrBM; +Q/2 #v mbBM; i?2 K�+`Q �B7,
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U�B7 U`2�/@HBM2 MBH MBHV U7Q`K�i i ]`2�/, ���W] BiVV

h?Bb +Q/2 Bb 2tT�M/2/ �b 7QHHQrb,
UH2i UUBi U`2�/@HBM2 MBH MBHVVV
UB7 Bi U7Q`K�i i ]`2�/, ���W] BiV MBHVV

kXjXd lb2`@.2}M2/ avMi�t am;�`
am;�`C (R3) Bb � T`Q;`�KKBM; H�M;m�;2 bmTTQ`iBM; mb2`@/2}M2/ bvMi�t bm;�`X
AM am;�`C- T`Q;`�KK2`b +�M /2+H�`2 i?2B` QrM bvMi�t �M/ i`�Mb7Q`K�iBQM `mH2bX
h?2 /2+H�`2/ bvMi�t �M/ i`�Mb7Q`K�iBQM `mH2b �`2 KQ/mH�`Bx2/ �b � HB#`�`v-
M�K2/ bm;�` HB#`�`vX lb2`b +�M mb2 bm+? i?2 bvMi�t #v BKTQ`iBM; i?2 HB#`�`vX
h?2 T�`b2` Q7 am;�`C Bb #�b2/ QM i?2 T�`bBM; i2+?MB[m2 Q7 a.6 (3- jy) �M/ i?2
i`�Mb7Q`K�iBQM Q7 �ahb Bb T`Q+2bb2/ BM ai`�i2;Q (dd- Ry)X

lb2`b +�M +QKTQb2 �M/ mb2 b2p2`�H bm;�` HB#`�`B2b #v BKTQ`iBM; i?2 HB#`�`B2b
�i i?2 b�K2 iBK2- ?Qr2p2`- HB#`�`v +QKTQbBiBQM Bb MQi �Hr�vb TQbbB#H2X GB@
#`�`v +QKTQbBiBQM KB;?i +�mb2 bvMi�+iB+ �K#B;mBiB2b 2p2M B7 2�+? HB#`�`v Bb r2HH@
/2bB;M2/X q?2M i?2 bm;�` HB#`�`B2b +�mb2 bvMi�+iB+ �K#B;mBiB2b- am;�`C +QKTBH2`
+�MMQi +Q``2+iHv T�`b2 � T`Q;`�K i?�i mb2b i?2 bvMi�t bm;�`b /2+H�`2/ BM i?2
bm;�` HB#`�`B2bX

qvp2`M (88- 89) bmTTQ`ib ivT2@bT2+B}+ H�M;m�;2b UhaGbV �M/ ivT2/ bvMi�t
K�+`Qb UhaJbVX h?2b2 �`2 #�b2/ QM bBKBH�` B/2�c i?2 bvMi�t Bb +?�M;2/ BMiQ
mb2`@/2}M2/ bvMi�t BM i?2 bT2+B�H +Q/2 #HQ+F �M/ i?2 bvMi�t Bb /2i2`KBM2/ #v
i?2 ivT2 Q7 i?2 +Q/2 #HQ+FX qvp2`M T`QpB/2b ǳ;2M2`B+ HBi2`�HbǴ 7Q` bT2+B7vBM;
i?2 bT2+B�H +Q/2 #HQ+FX S`Q;`�KK2`b +�M mb2 �Mv �/�Kb ;`�KK�` (R) 7Q` i?2B`
.aG bvMi�t BM qvp2`MX �/�Kb ;`�KK�` Bb �M 2ti2MbBQM Q7 *6: i?�i bmTTQ`ib
Qz@bB/2 `mH2bX

kXjX3 >v#`B/ �TT`Q�+?2b "2ir22M G�M;m�;2 qQ`F#2M+?2b
�M/ 1K#2//2/ .aGb

*2/�HBQM (8y) Bb � T`Q;`�KKBM; H�M;m�;2 bmTTQ`iBM; � TQr2`7mH bvMi�t 2ti2MbBQM
bvbi2K #mi Bi Bb /2bB;M2/ iQ 2/Bi #v T`QD2+iBQM�H 2/BiBM;X avMi�t 2ti2MbBQMb
�`2 +QKTQb�#H2 bBM+2 i?2 +QKTBH2` /Q MQi M22/ iQ +�`2 �#Qmi �K#B;mBiB2bX AM
*2/�HBQM- T`Q;`�KK2`b /B`2+iHv r`Bi2 �ahb BMbi2�/ Q7 i2tiX h?Bb K�F2b i?2
+QKTBH2` iQ #2 7`22 7`QK T�`bBM;X aBM+2 i?2 �K#B;mBiv T`Q#H2K Bb � T`Q#H2K Q7
T�`bBM;- *2/�HBQM /Q MQi M22/ iQ +�`2 BiX

*2/�HBQM ?�b �/p�Mi�;2b Q7 #Qi? H�M;m�;2 rQ`F#2M+?2b �M/ 2K#2//2/ .aGb-
?Qr2p2`- Bi �HbQ ?�b /Bb�/p�Mi�;2 Q7 #Qi? H�M;m�;2 rQ`F#2M+?2b �M/ 2K#2//2/
.aGbX aBM+2 *2/�HBQM Bb � H�M;m�;2 rQ`F#2M+? #�b2/ QM T`QD2+iBQM�H 2/BiBM;-
Bi ?�b i?2 `BbF Q7 p2M/Q` HQ+F@BMX AM +QMi`�bi- bBM+2 *2/�HBQM Bb � ?Qbi H�M;m�;2
Q7 2K#2//2/ .aGb- i?2 M�K2 `mH2b Q7 2K#2//2/ .aGb 7QHHQr i?2 M�K2 `mH2b
Q7 *2/�HBQMX �++Q`/BM; iQ i?2 T�T2` (8y)- T`Q;`�KK2`b +�M /2}M2 i?2B` QrM
ivT2 bvbi2K 7Q` i?2B` 2K#2//2/ .aGb BM *2/�HBQMX lM7Q`imM�i2Hv- r2 +QmH/
MQi }M/ i?2 /2b+`BTiBQM �#Qmi i?2 BKTH2K2Mi�iBQM Q7 i?2 ivT2 bvbi2K �M/ i?2
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HBKBi�iBQM Q7 i?2 �TT`Q�+?X AM Qm` QTBMBQM- mb2`@/2}M2/ ivT2 bvbi2K 7Q` �M
2K#2//2/ .aG KB;?i #`2�F i?2 +QKTQb�#BHBiv #2+�mb2 bm+? i?2 ivT2 bvbi2K
/Q2b MQi FMQr Qi?2` 2K#2//2/ .aGbX

kX9 *QKT�`BbQM Q7 �TT`Q�+?2b 7Q` .2p2HQTBM;
.aGb

hQ bmTTQ`i GPS bQ7ir�`2 /2p2HQTK2Mi- i?2`2 �`2 irQ Bbbm2b 7Q` � TH�i7Q`K 7Q`
GPS, 2tT`2bbBp2M2bb �M/ +QKTQb�#BHBivX 1tT`2bbBp2M2bb K2�Mb i?2 TQr2` Q7 i?2
TH�i7Q`K- i?�i Bb- r?�i .aGb i?2 TH�i7Q`K +�M BKTH2K2MiX A7 2tT`2bbBp2M2bb Bb
?B;?- T`Q;`�KK2`b +�M BKTH2K2Mi � ;`2�i2` p�`B2iv Q7 .aGbX lb2`b +�M mb2 bmBi@
�#H2 .aG iQ � T`Q#H2K /QK�BMX aBM+2 2tT`2bbBp2M2bb Q7 TH�i7Q`Kb 7Q` 2K#2//2/
.aGb Bb BM72`BQ` iQ i?2 TH�i7Q`K 7Q` 2ti2`M�H .aGb- b2p2`�H 72�im`2b Q7 .aGb �`2
/B{+mHi iQ BKTH2K2MiX 1bT2+B�HHv- bi�iB+ +?2+FBM; Bb �M BKTQ`i�Mi 72�im`2 i?�i
Bb /B{+mHi iQ BKTH2K2Mi 7Q` 2K#2//2/ .aGbX *QKTQb�#BHBiv Bb � T`QT2`iv 2t@
T`2bbBM; i?�i .aG mb2`b +�M mb2 KmHiBTH2 .aGb �i i?2 b�K2 iBK2 �b B7 i?2v �`2
T�`ib Q7 � bBM;H2 BMi2;`�i2/ .aGX S`Q;`�KK2`b mb2 � HQi Q7 .aGb 7Q` /2p2HQTBM;
bQ7ir�`2 BM GPSX *QKTQb�#BHBiv ?2HTb T`Q;`�KK2`b iQ mb2 � MmK#2` Q7 .aGb
iQ;2i?2` �M/ K�F2 i?2K BMi2`QT2`�#H2X

1tT`2bbBp2M2bb K2�Mb r?�i .aGb i?2 TH�i7Q`K +�M BKTH2K2MiX Ai �HbQ K2�Mb
r?�i FBM/b Q7 +QKTQM2Mib Q7 � +QKTBH2` +�M T`Q;`�KK2`b BKTH2K2MiX �T@
T`Q�+?2b #�b2/ QM 2ti2`M�H .aGb +�M BKTH2K2Mi �Mv .aGb bBM+2 i?2v BKTH2K2Mi
�HH +QKTQM2Mib Q7 � +QKTBH2` 7Q` � .aGX AM +QMi`�bi- bBM+2 �M 2K#2//2/ .aG
Bb Dmbi � HB#`�`v- T`Q;`�KK2`b +�MMQi BKTH2K2Mi �HH +QKTQM2Mib Q7 � +QKTBH2`
7Q` 2K#2//2/ .aGb �b i?2B` HBF2bX h?Bb K2�Mb i?�i i?2 ?Qbi H�M;m�;2 `2bi`B+ib
i?2 2tT`2bbBp2M2bb Q7 2K#2//2/ .aGbX h?Bb /Bbb2`i�iBQM �BKb �i `2H�tBM; i?Bb
`2bi`B+iBQM #v 2KmH�iBM; � +QKTBH2` 7Q` .aGb rBi?BM i?2 ?Qbi H�M;m�;2 +QK@
TBH2`X h?2 i�bF Q7 � +QKTBH2` Bb `Qm;?Hv b2T�`�i2/ BMiQ irQ, bi�iB+@+?2+FBM; �M/
QTiBKBxBM;X h?Bb /Bbb2`i�iBQM 7Q+mb2b QM bi�iB+@+?2+FBM;X

ai�iB+ +?2+FBM; Bb � +QKTBH2` i�bF i?�i +QMbBbib Q7 T�`bBM; �M/ ivT2 +?2+F@
BM;X a2p2`�H H�M;m�;2b +�M +mbiQKBx2 i?2 T�`bBM; T?�b2 Q7 i?2 ?Qbi H�M;m�;2X
q2 +�HH bm+? i?2 +mbiQKBx�iBQM � bvMi�t 2ti2MbBQMX � bvMi�t 2ti2MbBQM �HHQrb
T`Q;`�KK2`b iQ /2}M2 i?2 bvMi�t Q7 2K#2//2/ .aGb i?�i Bb �p�BH�#H2 BM i?2
?Qbi H�M;m�;2X � /`�r#�+F Q7 � bvMi�t 2ti2MbBQM Bb i?�i Bi KB;?i +�mb2 �M
�K#B;mBiv T`Q#H2KX A7 T`Q;`�KK2`b mb2 � TQr2`7mH bvMi�t 2ti2MbBQM- i?2 T�`b2`
KB;?i QmiTmi KmHiBTH2 �ahb 7Q` i?2 b�K2 T`Q;`�KX h?2 +QKTBH2` b?QmH/ /2@
i2`KBM2 r?B+? QM2 Bb +Q``2+i #mi Bi Bb /B{+mHi i�bFc i?2 MmK#2` Q7 �ahb KB;?i
BM+`2�b2 2tTQM2MiB�HHvX � ivT2 +?2+F2` +?2+Fb � T`Q;`�K �M/ }M/ b2p2`�H #m;b
�i +QKTBH2 iBK2X A7 � ?Qbi H�M;m�;2 �HHQrb T`Q;`�KK2`b iQ /2}M2 ivT2 +?2+F@
2`b �b i?2B` HBF2- i?2 +QKTBH2` b?QmH/ +QKTQb2 /Bz2`2Mi ivT2 +?2+F2`b r?2M i?2
+Q``2bTQM/BM; .aGb �`2 mb2/ �i i?2 b�K2 iBK2X h?Bb Bb #2+�mb2 i?2 +QKTBH2`
b?QmH/ /2i2`KBM2 ?Qr iQ +?2+F � T`Q;`�K i?�i mb2b b2p2`�H .aGbX h?Bb KB;?i
HQQF bBKTH2 #mi Bi Bb /B{+mHiX aBM+2 � ivT2 +?2+F2` /Q2b MQi FMQr Qi?2` .aGb-
Bi +�MMQi +Q``2+iHv /2i2`KBM2 i?2 ivT2 Q7 �M 2tT`2bbBQM BM �MQi?2` .aGX hQ
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+?2+F � T`Q;`�K BM+Hm/BM; bm+? i?2 2tT`2bbBQM- i?2 ivT2 +?2+F2` b?QmH/ #2 Dmbi
�M 2ti2MbBQM Q7 i?2 ivT2 +?2+F2` Q7 i?2 ?Qbi H�M;m�;2 #2+�mb2 i?2 ivT2 Q7 i?2
2tT`2bbBQM b?QmH/ #2 FMQrM 7Q` i?2 ivT2 +?2+F2`X >Qr2p2`- +�M .aG /2p2HQT2`b
2ti2M/ i?2 ivT2 +?2+F2`b Q7 i?2 ?Qbi H�M;m�;2 rBi?Qmi +QMi`�/B+iBQM\ �+im�HHv-
b2p2`�H H�M;m�;2b �HbQ +�M BKTH2K2Mi .aG@bT2+B}+ 2``Q` +?2+F2`b #mi bm+? i?2
bvbi2K ?�b MQ bmTTQ`i iQ +QKTQb2 b2p2`�H .aGbX AM i?Bb /Bbb2`i�iBQM- r2 +?QQb2
� T�`iB�H bQHmiBQM 7Q` Bic r2 /Q MQi bmTTQ`i � r?QH2 Q7 ivT2 +?2+FBM; #mi QMHv
bmTTQ`i M�K2 #BM/BM;X L�K2 #BM/BM; Bb � T�`i Q7 ivT2 +?2+FBM; i?�i `2bQHp2b
i?2 �bbQ+B�iBQM Q7 � /2}MBiBQM rBi? �M B/2MiB}2`X

*QKTQb�#BHBiv Bb � T`QT2`iv 2tT`2bbBM; i?�i .aG mb2`b +�M mb2 KmHiBTH2 .aGb
�i i?2 b�K2 iBK2 �b B7 i?2v �`2 T�`ib Q7 � bBM;H2 BMi2;`�i2/ .aGX .aG mb2`b +�M
mb2 /Bz2`2Mi 2K#2//2/ .aGb i?�i �`2 bmBi�#H2 7Q` 2�+? T�`i Q7 i?2 T`Q;`�K �M/
�HH T�`ib rQ`F iQ;2i?2`X 1ti2`M�H .aGb +�MMQi ;m�`�Mi22 +QKTQb�#BHBiv #2+�mb2
i?2v ?�p2 i?2B` QrM bvMi�t- M�K2 `mH2b- ivT2 `mH2b- �M/ `mM@iBK2 b2K�MiB+bX Ai
Bb mM+H2�` r?2i?2` bm+? i?2 `mH2b +�M #2 +Q``2+iHv +QKTQb2/ Q` MQiX 1K#2//2/
.aGb �`2 mbm�HHv +QKTQb�#H2- ?Qr2p2`- i?2 H2p2H Q7 i?2 +QKTQb�#BHBiv /2T2M/b
QM �TT`Q�+?2b 7Q` 2K#2//BM; .aGbX A/2�HHv- r2 r�Mi iQ mb2 .aGb BM i?2 b�K2
+Q/2 rBi?Qmi ǳ;Hm2 +Q/2Ǵ (8y)X >Qr2p2`- b2p2`�H �TT`Q�+?2b M22/ ;Hm2 +Q/2 bm+?
�b 1t2+mi2Zm2`v BM i?2 2t�KTH2 Q7 bi`BM; 2K#2//BM;X q2 +H�bbB7v i?2 H2p2H Q7
i?2 +QKTQb�#BHBiv BMiQ i?`22 �b 7QHHQrb,

Ç #QmM/2/@+QKTQb�#BHBiv
i?2 .aG #QmM/�`v b?QmH/ #2 2tTHB+BiHv bT2+B}2/

Ç ?2m`BbiB+@+QKTQb�#BHBiv
i?2 +QKTBH2` /2i2`KBM2b r?B+? .aG Bb mb2/ rBi?Qmi +QMbB/2`BM; mb2`Ƕb
BMi2MiBQM

Ç +QMi2tim�H@+QKTQb�#BHBiv
i?2 +QKTBH2` /2i2`KBM2b r?B+? .aG Bb mb2/ /2T2M/BM; QM i?2 ǳ+QMi2tiǴ

"QmM/2/@+QKTQb�#BHBiv K2�Mb i?�i T`Q;`�KK2`b +�M mb2 KmHiBTH2 .aGb BM
i?2 b�K2 bQm`+2 +Q/2 #mi i?2v Kmbi 2tTHB+BiHv bT2+B7v i?2 #QmM/�`v #2ir22M
.aGbX 6Q` 2t�KTH2- *QMp2`;2 (dj) Bb � T`Q;`�KKBM; H�M;m�;2 ?�pBM; � bvMi�t
2ti2MbBQM bvbi2K i?�i Bb bBKBH�` iQ `2�/2` K�+`QbX AM *QMp2`;2- T`Q;`�KK2`b
+�M mb2 .aG bvMi�t BM i?2 bT2+B�H +Q/2 #HQ+F +�HH2/ .aG #HQ+F #mi i?2v b?QmH/
bT2+B7v i?2 M�K2 Q7 i?2 .aG �i i?2 iQT Q7 i?2 .aG #HQ+FX h?Bb Bb #2+�mb2 i?2
+QKTBH2` ?�b iQ FMQr ?Qr iQ +QKTBH2 i?2 +Q/2 #HQ+FX qvp2`M (88- 89) Bb #2ii2`
i?�M *QMp2`;2X AM qvp2`M- T`Q;`�KK2`b /Q MQi ?�p2 iQ r`Bi2 i?2 .aG M�K2
�i i?2 iQT Q7 i?2 #HQ+FX h?2 +QKTBH2` Q7 qvp2`M +�M BM72` r?B+? .aG Bb mb2/
#v ivT2 BM7Q`K�iBQMX >Qr2p2`- T`Q;`�KK2`b biBHH ?�p2 iQ bT2+B7v i?2 #QmM/�`v
#2ir22M .aGbX h?2v Kmbi mb2 bT2+B�H bvMi�t +�HH2/ ;2M2`B+ HBi2`�Hb r?2M mbBM;
.aG bvMi�t BM qvp2`MX A7 i?2v r�Mi iQ mb2 KmHiBTH2 .aGb- i?2v Kmbi r`Bi2
� ;Hm2 +Q/2 i?�i BMi`Q/m+2b � ;2M2`B+ HBi2`�H 7Q` 2�+? #QmM/�`v #2ir22M .aGbX
q2 +QMbB/2` i?�i bm+? i?2 ;Hm2 +Q/2 Bb p2`#Qb2 �M/ i?2v T`2p2Mi i?2 mb2`b 7`QK
mbBM; b2p2`�H .aGb iQ;2i?2`X

>2m`BbiB+@+QKTQb�#BHBiv K2�Mb i?�i T`Q;`�KK2`b +�M mb2 KmHiBTH2 .aGb
rBi?Qmi ;Hm2 +Q/2 �M/ i?2 +QKTBH2` �miQK�iB+�HHv BM72`b r?B+? .aG Bb mb2/
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#�b2/ QM ?2m`BbiB+b- 7Q` 2t�KTH2- T`2+2/2M+2 `mH2bX >2`2- r?�i r2 +�HH ǳ?2m`Bb@
iB+bǴ Bb � `mH2@#�b2 �TT`Q�+? i?�i ?�b b2p2`�H /2i2`KBMBbiB+ �M/ +QMi2ti@7`22
`mH2bX am+? �TT`Q�+? Q7i2M BM72`b � r`QM; .aG B7 i?2 .aG �M/ Qi?2` .aGb
+�mb2 bvMi�+iB+ �K#B;mBiB2bX aBM+2 TQr2`7mH H�M;m�;2 2ti2MbBQMb i2M/ iQ +�mb2
bvMi�+iB+ �K#B;mBiB2b- r2 b?QmH/ +QMbB/2` i?Bb T`Q#H2K iQ /2bB;M �M/ BKTH2K2Mi
� TH�i7Q`K Q7 .aGbX am;�`C (R3) Bb � H�M;m�;2 ?�pBM; � TQr2`7mH bvMi�t 2ti2M@
bBQM bvbi2KX h?2 +QKTBH2` Q7 am;�`C `2TQ`ib �M 2``Q` r?2M Bi +�MMQi mMB[m2Hv
/2i2`KBM2 i?2 T�`bBM; `2bmHibX q2 +QMbB/2` i?�i i?Bb #2?�pBQ` Bb MQi /2bB`�#H2
7Q` � TH�i7Q`K Q7 .aGb bBM+2 .aGb i?�i +�M #2 mb2/ �i i?2 b�K2 iBK2 �`2 HBKBi2/X

*QMi2tim�H@+QKTQb�#BHBiv K2�Mb i?�i T`Q;`�KK2`b +�M mb2 KmHiBTH2 .aGb
rBi?Qmi ;Hm2 +Q/2 �M/ i?2 +QKTBH2` �miQK�iB+�HHv BM72`b r?B+? .aG Bb mb2/ /2@
T2M/BM; QM i?2 +QMi2tiX h?2 /Bz2`2M+2 7`QK ?2m`BbiB+@+QKTQb�#BHBiv Bb i?�i i?2
+QKTBH2` i�F2b bm``QmM/BM; +Q/2 BMiQ �++QmMi 7Q` i?2 BM72`2M+2 Q7 � .aGX 6Q`
2t�KTH2- KBt}t QT2`�iQ`b (Rj) �`2 � TQr2`7mH bvMi�t 2ti2MbBQM bvbi2K #�b2/ QM
QT2`�iQ` Qp2`HQ�/BM;X h?2v bQK2iBK2b +�mb2 bvMi�+iB+ �K#B;mBiB2b #mi i?2 ivT2
+?2+F2` `2bQHp2b i?2 �K#B;mBiB2bc i?2 +QKTBH2` �/QTib i?2 .aG i?�i T�bb2b ivT2
+?2+FBM;X q2 +QMbB/2` i?�i i?2 +QMi2tim�H@+QKTQb�#BHBiv Bb /2bB`�#H2 #mi KBt}t
QT2`�iQ`b �`2 biBHH r2�F iQ 2tT`2bb p�`BQmb .aGbX lM7Q`imM�i2Hv- +QMp2MiBQM�H
�TT`Q�+?2b 7Q` BKT`QpBM; 2tT`2bbBp2M2bb Q7i2M #`2�F i?2 +QKTQb�#BHBivX h?Bb
/Bbb2`i�iBQM �BKb iQ /2p2HQT � TH�i7Q`K Q7 .aGb i?�i ?�p2 #Qi? ?B;? 2tT`2bbBp2@
M2bb �M/ +QMi2tim�H@+QKTQb�#BHBivX

h�#H2 kXR b?Qrb i?2 +QKT�`BbQM Q7 i?2 �TT`Q�+?2b 7Q` /2p2HQTBM; .aGbX �
;`22M +2HH BM i?Bb i�#H2 2tT`2bb2b i?�i i?2 T`QT2`iv Bb ;QQ/ 7Q` GPSX � v2HHQrBb?
+2HH BM i?Bb i�#H2 2tT`2bb2b i?�i i?2 T`QT2`iv Bb �++2Ti�#H2X �++Q`/BM; iQ i?2
i�#H2- 2p2`v 2tBbiBM; �TT`Q�+? /Q2b MQi b�iBb7v #Qi? T`QT2`iB2bc 2tT`2bbBp2M2bb
�M/ +QKTQb�#BHBivX aTQQ7�t �M/ JSa- r?B+? �`2 H�M;m�;2 rQ`F#2M+?2b- +�M
/2}M2 ~2tB#H2 bvMi�t �M/ ivT2 +?2+FBM; 7Q` .aGb #mi i?2v �`2 MQi +QKTQb@
�#H2X h?2 /Bz2`2M+2 #2ir22M i?2K Bb i?�i aTQQ7�t Bb #�b2/ QM i2ti 2/BiBM;
�M/ JSa Bb #�b2/ QM T`QD2+iBQM�H 2/BiBM;X AM Qm` QTBMBQM- i2ti 2/BiBM; Bb biBHH
#2ii2` i?�M T`QD2+iBQM�H 2/BiBM; bBM+2 KQbi T`Q;`�KK2`b �`2 7�KBHB�` iQ i2ti
2/BiBM; �M/ KQbi bQ7ir�`2 `2bQm`+2b �`2 r`Bii2M �b i2tibX a2p2`�H �TT`Q�+?2b 7Q`
2K#2//2/ .aGb bm+? �b ~m2Mi BMi2`7�+2b �M/ KBt}t QT2`�iQ`b ?�p2 +QMi2tim�H@
+QKTQb�#BHBiv #mi i?2v +�MMQi /2}M2 i?2B` QrM T�`b2`b Q` ivT2 +?2+F2`b 7Q`
.aGbX am;�`C +�M /2}M2 T�`b2`b �M/ ivT2 +?2+F2`b 7Q` .aGb #mi Bi HQb2b +QK@
TQb�#BHBivX *2/�HBQM �HHQrb T`Q;`�KK2`b iQ /2}M2 �Mv bvMi�t 7Q` .aGb rBi?
+QMi2tim�H@+QKTQb�#BHBivX �++Q`/BM; iQ i?2 T�T2` (8y)- Bi �HbQ �HHQrb T`Q;`�K@
K2`b iQ /2}M2 i?2B` QrM ivT2 +?2+F2`b 7Q` .aGbX >Qr2p2`- Bi Bb MQi +H2�` ?Qr
iQ BKTH2K2Mi � M2r ivT2 bvbi2K �M/ r?�i ivT2 bvbi2Kb +�M Q` +�MMQi #2 BK@
TH2K2Mi2/X � mb2`@/2}M2/ ivT2 bvbi2K 7Q` �M 2K#2//2/ .aG KB;?i #`2�F i?2
+QKTQb�#BHBiv bBM+2 bm+? i?2 ivT2 bvbi2K /Q2b MQi FMQr Qi?2` 2K#2//2/ .aGbX

AM i?Bb /Bbb2`i�iBQM- r2 }`bi T`QTQb2 �M �TT`Q�+? 7Q` /2p2HQTBM; .aGb #�b2/
QM mb2`@/2}M2/ QT2`�iQ`bX Ai ?�b � TQr2`7mH bvMi�t 2ti2MbBQM bvbi2K Ui?2
T`QT2`iv ǶT�`bBM;Ƕ Bb ;QQ/V �M/ Bi F22Tb +QMi2tim�H@+QKTQb�#BHBiv Ui?2 T`QT2`iv
Ƕ+QKTQb�#BHBivǶ Bb ;QQ/VX �Hi?Qm;? i?2b2 72�im`2b ?�p2 #22M �H`2�/v �+?B2p2/
#v *2/�HBQM- Qm` �TT`Q�+? �+?B2p2b i?2K rBi?Qmi T`QD2+iBQM�H 2/BiBM;c S`QD2+@
iBQM�H 2/BiBM; Bb ;QQ/ i2+?MQHQ;v #mi T`Q;`�KK2`b ?2bBi�i2 iQ mb2 Bi bBM+2 Bi
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2tT`2bbBp2M2bb Ubi�iB+@+?2+FBM;V
T�`bBM; ivT2 +?2+FBM; +QKTQb�#BHBiv 2/BiQ`

aTQQ7�t *6: v2b MQ i2ti
JSa �Mv ;`�KK�` v2b MQ T`QD2+iBQM�H

bi`BM; 2K#2//BM; /vM�KB+ +?2+FBM; MQ #QmM/2/ i2ti
~m2Mi BMi2`7�+2b ?Qbi bvMi�t MQ +QMi2tim�H i2ti
KBt}t QT2`�iQ`b KBt}t bvMi�t MQ +QMi2tim�H i2ti
a+�H�@pB`im�HBx2/ ?Qbi bvMi�t MQ +QMi2tim�H i2ti

_2+�7 ?Qbi bvMi�t T�`iB�H  R +QMi2tim�H i2ti
* f *YY K�+`Qb 7mM+iBQM +�HH bvMi�t v2b ?2m`BbiB+ i2ti
`2�/2` K�+`Qb *6: v2b #QmM/2/ i2ti

bvMi�+iB+ K�+`Qb ?Qbi bvMi�t v2b ?2m`BbiB+ i2ti
am;�`C *6: v2b ?2m`BbiB+ i2ti
qvp2`M �/�Kb ;`�KK�` MQ #QmM/2/ i2ti
*2/�HBQM �Mv ;`�KK�` T�`iB�H\  k +QMi2tim�H\  k T`QD2+iBQM�H

 R QMHv M�K2 #BM/BM; 7Q` bT2+B�H bvMi�t
 k �++Q`/BM; iQ i?2 T�T2` (8y)- T`Q;`�KK2`b +�M /2}M2 i?2B` QrM ivT2
bvbi2K 7Q` i?2B` 2K#2//2/ .aGb BM *2/�HBQM- ?Qr2p2`- r2 +QmH/ MQi }M/ i?2
/2b+`BTiBQM ?Qr iQ BKTH2K2Mi � M2r ivT2 bvbi2K �M/ i?2 HBKBi�iBQM Q7 i?2
�TT`Q�+?X A7 Bi ?�b MQ HBKBi�iBQM- Bi KB;?i #`2�F i?2 +QKTQb�#BHBivX

h�#H2 kXR, *QKT�`BbQM Q7 �TT`Q�+?2b 7Q` /2p2HQTBM; .aGb

Bb BM+QKT�iB#H2 rBi? 2tBbiBM; iQQH@+?�BMb bm+? �b +HBT#Q�`/- b?2HHb- �M/ p2`bBQM
K�M�;2`bX h?2M- r2 2ti2M/ Qm` �TT`Q�+? iQ bmTTQ`i M�K2 #BM/BM;X h?Bb 2M@
�#H2b T`Q;`�KK2`b iQ 2ti2M/ � T�`i Q7 ivT2 +?2+FBM; `mH2b Ui?2 T`QT2`iv ǶivT2
+?2+FBM;Ƕ Bb �++2Ti�#H2VX Ai /Q2b MQi r2�F2M i?2 TQr2` Q7 bvMi�t 2ti2MbBQM Ui?2
T`QT2`iv ǶT�`bBM;Ƕ Bb ;QQ/V �M/ Bi �HbQ F22Tb +QMi2tim�H@+QKTQb�#BHBiv Ui?2 T`QT@
2`iv Ƕ+QKTQb�#BHBivǶ Bb ;QQ/VX Pm` �TT`Q�+? +�M #2 �TTHB2/ iQ Qi?2` H�M;m�;2b
i?�i �`2 bi�iB+�HHv ivT2/ �M/ /Q MQi bmTTQ`i ivT2 BM72`2M+2X h?2 +QMi`B#miBQM
Q7 i?Bb /Bbb2`i�iBQM Bb ;BpBM; � TH�i7Q`K Q7 .aGb rBi? ;QQ/ 2tT`2bbBp2M2bb �M/
+QKTQb�#BHBiv �M/ ;BpBM; �M �TT`Q�+? 7Q` BKTH2K2MiBM; bm+? � TH�i7Q`KX �H@
i?Qm;? Qm` �TT`Q�+? #�bB+�HHv �bbmK2b i?�i i?2 T`Q;`�K Bb r`Bii2M BM � i2ti
2/BiQ`- Bi b22Kb i?�i T�`i Q7 i?2 �TT`Q�+? +�M #2 �TTHB2/ iQ T`QD2+iBQM�H 2/BiBM;
�b r2HHX q2 +QMbB/2` i?�i r2 +�M �HbQ BKTH2K2Mi � H�M;m�;2 rQ`F#2M+? i?�i
?�b ?B;? 2tT`2bbBp2M2bb �M/ +QKTQb�#BHBiv #v �TTHvBM; T�`i Q7 Qm` �TT`Q�+?X

AM i?2 7QHHQrBM; +?�Ti2`- r2 }`bi b?Qr i?�i r2 +�M +QMbi`m+i � H�M;m�;2
bmTTQ`iBM; � TQr2`7mH bvMi�t 2ti2MbBQM bvbi2K rBi? +QMi2tim�H@+QKTQb�#BHBivX
h?2M- r2 b?Qr i?�i r2 +�M 2ti2M/ i?2 H�M;m�;2 iQ bmTTQ`i HQ+�H M�K2 #BM/BM;-
r?B+? Bb � T�`i Q7 ivT2 +?2+FBM;- �M/ /2KQMbi`�i2 i?�i r2 +�M BKTH2K2Mi b2p2`�H
H�M;m�;2 +QMbi`m+ib bm+? �b H2i 2tT`2bbBQMb �M/ H�K#/� 2tT`2bbBQMb BM Qm`
H�M;m�;2X h?2M- r2 2ti2M/ Qm` H�M;m�;2 iQ bmTTQ`i /2+H�`�iBQMb- r?B+? �`2
�MQi?2` FBM/ Q7 M�K2 #BM/BM;X � /2+H�`�iBQM /2+H�`2b bQK2i?BM; �M/ 2M�#H2b iQ
mb2 Bi �7i2` i?2 /2+H�`�iBQMX AM +QM+HmbBQM- i?Bb /Bbb2`i�iBQM T`QTQb2b � TH�i7Q`K
Q7 2K#2//2/ .aGb i?�i bmTTQ`ib TQr2`7mH bvMi�t 2ti2MbBQMb UT�`bBM;V �M/ M�K2
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`2bQHmiBQM UT�`i Q7 ivT2 +?2+FBM;V rBi? +QMi2tim�H@+QKTQb�#BHBivX



*?�Ti2` j

S`Qi2�M PT2`�iQ`b

jXR AMi`Q/m+iBQM
� .QK�BM aT2+B}+ G�M;m�;2 U.aGV Bb � bBKTH2 T`Q;`�KKBM; H�M;m�;2 bT2+B�HHv
/2bB;M2/ 7Q` QMHv � HBKBi2/ Tm`TQb2X aBM+2 � .aG Bb bT2+B�HBx2/ 7Q` Bib �TTHB+�iBQM
/QK�BM- Bib bQm`+2 +Q/2 Bb KQ`2 +QM+Bb2 �M/ BMimBiBp2 i?�M i?2 2[mBp�H2Mi +Q/2
r`Bii2M BM � ;2M2`�H Tm`TQb2 H�M;m�;2X �M BMi2`M�H .aG (kj) UQ` 1K#2//2/ .aGV
Bb � .aG i?�i Bb BKTH2K2Mi2/ �b � HB#`�`v BM � ;2M2`�H Tm`TQb2 H�M;m�;2X Ai +�M
#2 mb2/ iQ;2i?2` rBi? i?2 ;2M2`�H Tm`TQb2 H�M;m�;2 U+�HH2/ i?2 ?Qbi H�M;m�;2V
bBM+2 � T`Q;`�K r`Bii2M BM i?2 .aG Bb biBHH � p�HB/ T`Q;`�K BM i?2 ?Qbi H�M;m�;2X
Ai +�M #2 �HbQ mb2/ iQ;2i?2` rBi? �MQi?2` .aG BKTH2K2Mi2/ QM i?2 b�K2 ?Qbi
H�M;m�;2 bBM+2 #Qi? .aG T`Q;`�Kb �`2 ?Qbi H�M;m�;2 T`Q;`�KbX �M �/p�Mi�;2
Q7 BMi2`M�H .aGb Bb i?Bb 72�im`2- +QKTQb�#BHBivX PM i?2 Qi?2` ?�M/- BMi2`M�H
.aGb ?�p2 /`�r#�+Fb BM i?2 bvMi�t Ĝ i?2 bvMi�t Q7 BMi2`M�H .aGb Bb `2bi`B+i2/
#v i?2B` ?Qbi H�M;m�;2X q2 �BKb iQ `2H�t i?2 `2bi`B+iBQM Q7 i?2 .aG bvMi�tX

*QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b �`2 � mb27mH iQQH 7Q` BKTH2K2MiBM; BMi2`@
M�H .aGb bBM+2 r2 +�M +QMbB/2` i?�i i?2v /2}M2 i?2B` QrM bvMi�t �M/ b2K�MiB+bX
h?2 Qp2`HQ�/2/ QT2`�iQ`b BM *YY �`2 bBKTH2 mb2`@/2}M2/ QT2`�iQ`b #mi i?2`2
?�p2 #22M mb2`@/2}M2/ QT2`�iQ`b i?�i 2M�#H2 bvMi�t 2ti2MbBQMX JBt}t QT2`�iQ`b
(Rj) �`2 QM2 Q7 i?2 KQbi TQr2`7mH BKTH2K2Mi�iBQM Q7 +QKTQb�#H2 mb2`@/2}M2/ QT@
2`�iQ`bX >Qr2p2`- i?2 2tT`2bbBp2M2bb Q7 i?2 KBt}t QT2`�iQ`b Bb biBHH HBKBi2/ �M/
i?2v +�MMQi 2tT`2bb +2`i�BM FBM/b Q7 bvMi�t 7Q` BMi2`M�H .aGbX � ivTB+�H T`Q#@
H2K Bb i?�i i?2v +�MMQi 2tT`2bb mb2`@/2}M2/ HBi2`�HbX � HBi2`�H Bb � iQF2M i?�i
+Q``2bTQM/b iQ � T�`iB+mH�` p�Hm2X *?�M;BM; i?2 bvMi�t Q7 � iQF2M Bb /B{+mHi
�i � T�`b2 H2p2H bBM+2 � iQF2M Bb MQ`K�HHv `2+Q;MBx2/ #v � H2tB+�H �M�Hvx2` �M/
Bi Bb T�bb2/ iQ � T�`b2`X � MmK#2` Q7 2tBbiBM; .aGb ?�p2 i?2B` QrM HBi2`�Hb
i?�i �`2 mMB[m2 BM i?2B` /QK�BMX 6Q` 2t�KTH2- ~2t (93)- r?B+? Bb � .aG 7Q`
;2M2`�iBM; � b+�MM2`- ?�b HBi2`�Hb 7Q` 2tT`2bbBM; `2;mH�` 2tT`2bbBQMbX qBi?Qmi
bm+? mb2`@/2}M2/ HBi2`�Hb- i?2v rQmH/ ?�p2 iQ #2 2tT`2bb2/ #v +?�`�+i2` bi`BM;bc
Bi r2�F2Mb K�BMi�BM�#BHBiv �M/ b�72iv bBM+2 i?2 +QKTBH2` /Q2b MQi +?2+F i?�i
i?2 bi`BM; +?�`�+i2` }ib i?2 HBi2`�H bvMi�tX lbBM; mb2`@/2}M2/ HBi2`�Hb K�F2b i?2

j8



je *>�Sh1_ jX S_Ph1�L PS1_�hP_a

T`Q;`�K +QM+Bb2 �M/ b�72 #mi Bi K�F2b i?2 T�`bBM; /B{+mHiX lb2`@/2}M2/ HBi2`�Hb
KB;?i BMi`Q/m+2 � H�`;2 MmK#2` Q7 �K#B;mBiB2b BMiQ i?2 ;`�KK�`X

AM i?Bb +?�Ti2`- r2 T`QTQb2 M2r +QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b- M�K2/
T`Qi2�M QT2`�iQ`bX h?2v +�M 2tT`2bb mb2`@/2}M2/ HBi2`�Hb bm+? �b `2;mH�` 2t@
T`2bbBQMb �M/ i?2v �`2 /2bB;M2/ iQ #2 T�`b2/ BM T`�;K�iB+ iBK2X h?2`2 �`2 irQ
BKTQ`i�Mi 72�im`2b 7Q` 2{+B2Mi T�`bBM;, QT2`�iQ` Qp2`HQ�/BM; �M/ � T`2+2/2M+2
`mH2 Q7 QT2`�iQ`bX h?2 }`bi QM2 Bb i?�i � T`Qi2�M QT2`�iQ` Bb Qp2`HQ�/2/ QM
Bib `2im`M ivT2 �M/ Bib T�`�K2i2` ivT2bX Ai 2M�#H2b mb iQ +QMbB/2` bi�iB+ ivT2b
�b MQM@i2`KBM�H bvK#QHb BM i?2 ;`�KK�`X h?2 +QKTBH2` +�M mb2 bi�iB+ ivT2
BM7Q`K�iBQM 7Q` T�`bBM;X Ai `2bQHp2b �K#B;mBiB2b Q7 i?2 `mH2b rBi? i?2 b�K2 bvM@
i�t #mi � /Bz2`2Mi ivT2X 6m`i?2`KQ`2- Bi �HbQ ;m�`�Mi22b i?2B` +QKTQb�#BHBivX
h?2 b2+QM/ 72�im`2 Bb i?�i T`Qi2�M QT2`�iQ`b rBi? i?2 b�K2 `2im`M ivT2 `2[mB`2
i?�i i?2 T`2+2/2M+2 �KQM; i?2K Bb 2tTHB+BiHv bT2+B}2/X h?2b2 T`2+2/2M+2 `mH2b
+QKTH2i2Hv `2KQp2 �K#B;mBiB2b 7`QK i?2 ;`�KK�` bBM+2 �HH i?2 `mH2b �TTHB+�@
#H2 iQ i?2 b�K2 TH�+2 �`2 Q`/2`2/X h?2 T�`b2` +�M 2{+B2MiHv T�`b2 2tT`2bbBQMb
BM+Hm/BM; T`Qi2�M QT2`�iQ`b bBM+2 i?2 ;`�KK�` ?�b MQ �K#B;mBiB2bX q2 ?�p2
/2p2HQT2/ S`Qi2�C- r?B+? Bb � bm#b2i H�M;m�;2 Q7 C�p� bmTTQ`iBM; T`Qi2�M QT2`@
�iQ`bX 6Q` bmTTQ`iBM; i?2 ivT2 bvbi2K Q7 C�p�- r2 2ti2M/ Qm` T�`bBM; K2i?Q/ iQ
?�M/H2 bm#ivT2 `2H�iBQMb?BTX q2 ?�p2 +QM/m+i2/ �M 2tT2`BK2Mi 7Q` /2KQMbi`�i@
BM; i?�i S`Qi2�C +�M 2{+B2MiHv T�`b2 2tT`2bbBQMb BM+Hm/BM; mb2`@/2}M2/ HBi2`�Hb
2p2M i?Qm;? � M�Bp2 T�`bBM; K2i?Q/ +�MMQi T�`b2 i?2K BM T`�;K�iB+ iBK2X q2
?�p2 �HbQ +QM/m+i2/ 2tT2`BK2Mib 7Q` K2�bm`BM; i?2 T�`bBM; bT22/ Q7 T`Q;`�Kb
r`Bii2M BM MQi 2ti`2K2Hv �K#B;mQmb bvMi�tX

AM i?2 `2bi Q7 i?Bb +?�Ti2`- r2 }`bi b?Qr i?2 HBKBi�iBQM Q7 2tBbiBM; +QKTQb�#H2
mb2`@/2}M2/ QT2`�iQ`bX h?2M r2 T`QTQb2 M2r +QKTQb�#H2 mb2`@/2}M2/ QT2`�@
iQ`b- M�K2/ T`Qi2�M QT2`�iQ`b- �M/ r2 b?Qr i?2 T�`bBM; K2i?Q/ 7Q` i?2K BM
a2+iBQM jX AM a2+iBQM 9- r2 /2b+`B#2 ?Qr iQ �TTHv Qm` T`QTQb�H BMiQ C�p� �M/
r2 T`2b2Mi � T`Q;`�KKBM; H�M;m�;2 bmTTQ`iBM; T`Qi2�M QT2`�iQ`b- M�K2/ S`Q@
i2�CX a2+iBQM 8 K2MiBQMb 2tT2`BK2Mib 7Q` 2p�Hm�iBM; i?2 2{+B2M+v Q7 Qm` T�`bBM;
K2i?Q/X a2+iBQM e Bb QM `2H�i2/ rQ`FX q2 +QM+Hm/2 BM a2+iBQM dX

jXk JQiBp�iBQM
*QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b �`2 mb27mH 7Q` BKTH2K2MiBM; BMi2`M�H .aGbX
ǳ*QKTQb�#H2Ǵ K2�Mb i?�i QT2`�iQ`b rBi? bBKBH�` bvMi�t +�M #2 b�72Hv mb2/
iQ;2i?2` �i i?2 b�K2 iBK2X 6Q` 2t�KTH2- +QKTQb�#H2 QT2`�iQ`b �`2 /BbiBM;mBb?2/
#v bi�iB+ ivT2bX 6B;m`2 jXR b?Qrb �M 2t�KTH2 Q7 +QKTQb�#H2 QT2`�iQ`bX AM i?Bb
};m`2- i?2`2 �`2 i?`22 Y QT2`�iQ`bX h?2 }`bi Y QT2`�iQ` 2tT`2bb2b �//BiBQM Q7
BMi2;2` p�Hm2bX h?2 b2+QM/ Y QT2`�iQ` 2tT`2bb2b +QM+�i2M�iBQM Q7 � bi`BM; �M/ �M
BMi2;2`X h?2 i?B`/ Y QT2`�iQ` 2tT`2bb2b +QM+�i2M�iBQM Q7 irQ bi`BM;bX �Hi?Qm;?
i?2b2 i?`22 QT2`�iQ`b b?�`2 i?2 b�K2 bvMi�t- i?2v �`2 /BbiBM;mBb?2/ #v i?2B`
T�`�K2i2` ivT2bX AM bQK2 H�M;m�;2b- T`Q;`�KK2`b +�M /2}M2 M2r QT2`�iQ`b
i?�i �`2 MQi QMHv T`2/2}M2/ QT2`�iQ`b bm+? �b YX 6Q` 2t�KTH2- T`Q;`�KK2`b
+�M /2}M2 M2r #BM�`v BM}t QT2`�iQ`b BM a+�H� (8j)X 6B;m`2 jXk b?Qrb � mMBi i2bi
T`Q;`�K rBi? a+�H�h2bi (eR) HB#`�`v BM a+�H�X GBM2 j BM i?2 };m`2 +QMbBbib Q7
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6B;m`2 jXR, �M 2t�KTH2 Q7 +QKTQb�#H2 QT2`�iQ`b

p�H pR 4 +�H+RUV
p�H pk 4 +�H+kUV
pR b?QmH/ #2 UyV
pk b?QmH/ MQi #2 UyV

6B;m`2 jXk, *QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b rBi? M2r bvMi�t

� #BM�`v BM}t QT2`�iQ` b?QmH/ �M/ � 7mM+iBQM +�HH #2UyVX GBM2 9 BM i?2 };m`2
�HbQ BM+Hm/2b irQ #BM�`v BM}t QT2`�iQ`b b?QmH/ �M/ #2X q2 +�M r`Bi2 � mMBi
i2bi T`Q;`�K #v mbBM; i?2b2 QT2`�iQ`b �b B7 Bi Bb r`Bii2M BM � /QK�BM@bT2+B}+
Q` ǳM�im`�HǴ H�M;m�;2X q2 +�M +QMbB/2` i?�i +QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b
K�F2 � M2r H�M;m�;2 QM i?2 ?Qbi H�M;m�;2 bBM+2 i?2v ?�p2 i?2B` QrM bvMi�t �M/
i?2v �`2 b2T�`�i2/ 7`QK i?2 ?Qbi H�M;m�;2 bvMi�t- 7Q` 2t�KTH2- #v bi�iB+ ivT2bX
S`Q;`�KK2`b +�M +QKTQb2 � HB#`�`v Q7 +QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b �b �M
BMi2`M�H .aGX

JBt}t QT2`�iQ`b (Rj) �`2 � TQr2`7mH BKTH2K2Mi�iBQM Q7 +QKTQb�#H2 mb2`@
/2}M2/ QT2`�iQ`bX JBt}t BM/B+�i2b T`2}t- TQbi}t- BM}t- Q` Qmi}tX �M BKTQ`i�Mi
72�im`2 Q7 KBt}t QT2`�iQ`b Bb i?�i �Mv irQ QT2`�M/b Q` �Mv irQ M�K2 T�`ib �`2
MQi �/D�+2Mi iQ 2�+? Qi?2`X 6Q` 2t�KTH2- i?2 7QHHQrBM; bvMi�t +�M #2 2tT`2bb2/
#v KBt}t QT2`�iQ`b,

B7 n i?2M n 2Hb2 n ff T`27Bt
n ( n ) ff TQbi7Bt
n I n I n ff BM7Bt
% n % ff Qmi7Bt

#mi i?2 7QHHQrBM; bvMi�t +�M MQi #2 2tT`2bb2/ #v i?2K,

B7 n n 2Hb2 n ff irQ QT2`�M/b �`2 �/D�+2Mi iQ 2�+? Qi?2`
n n ff M�K2H2bb QT2`�iQ`
n ff BKTHB+Bi ivT2 +Q2`+BQM

?2`2- �M mM/2`b+Q`2 n BM/B+�i2b �M QT2`�M/X JBt}t QT2`�iQ`b �/QTi2/ BM b2p2`�H
H�M;m�;2b bm+? �b Ab�#2HH2 (8d)- �;/� (k)- �M/ Sm`2 (k3)X aQK2 H�M;m�;2b bmT@
TQ`iBM; KBt}t QT2`�iQ`b �HbQ bmTTQ`i M�K2H2bb QT2`�iQ`bX AM i?2b2 H�M;m�;2b-
bvMi�t BM+Hm/BM; QT2`�M/b i?�i �`2 �/D�+2Mi iQ 2�+? Qi?2` HBF2 B7 n n 2Hb2 n
+�M #2 2tT`2bb2/X

JBt}t QT2`�iQ`b UrBi? M�K2H2bb QT2`�iQ`bV +�M 2tT`2bb p�`BQmb bvMi�t #mi
i?2v /Q MQi ?�p2 bm{+B2Mi bvMi�+iB+ 2tT`2bbBp2M2bb 7Q` BKTH2K2MiBM; � +2`i�BM
FBM/ Q7 .aGX h?2v +�MMQi 2tT`2bb +QKTHB+�i2/ HBi2`�Hb bBM+2 i?2v /Q MQi bmTTQ`i
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HBi2`�H@H2p2H bvMi�t 2ti2MbBQMX h?2 7QHHQrBM; +Q/2 Bb �M 2t�KTH2 Q7 � `2;mH�`
2tT`2bbBQM HBi2`�H,
_2;2t ` 4 ?2HYQ c

i?2 `B;?i@?�M/ bB/2 Q7 4 Bb � `2;mH�` 2tT`2bbBQM HBi2`�H i?�i /2MQi2b ?2HQ- ?2HHQ-
?2HHHQ- �M/ bQ QMX 1tT`2bbBM; mb2`@/2}M2/ HBi2`�Hb #v KBt}t QT2`�iQ`b Bb /B{@
+mHi bBM+2 i?2 /2}MBiBQM Q7 iQF2Mb `2�/ #v i?2 b+�MM2` +�MMQi #2 +?�M;2/X 6Q`
2t�KTH2- i?2 HBi2`�H ?2HYQ b?QmH/ #2 iQF2MBx2/ BMiQ (?- 2- H- Y- Q)- #mi Bi Bb
iQF2MBx2/ BMiQ i?`22 iQF2Mb (?2H- Y- Q) BM ivTB+�H ;2M2`�H Tm`TQb2 H�M;m�;2b
bm+? �b * �M/ C�p�X

a+�MM2`H2bb T�`bBM; Bb �M BKTH2K2Mi�iBQM i2+?MB[m2 7Q` � T�`b2` i?�i ?�M/H2b
2p2`v +?�`�+i2` �b � iQF2MX Ai 2M�#H2b mb iQ ?�M/H2 HBi2`�Hb �b MQM@i2`KBM�H
bvK#QHb +QMbi`m+i2/ #v iQF2MbX aBM+2 2�+? +?�`�+i2` Bb � iQF2M- i?2 bvMi�t
`mH2b Q7 mb2`@/2}M2/ HBi2`�Hb +�M #2 ?�M/H2/ #v � T�`b2`X 6Q` BMbi�M+2- i?2
HBi2`�H ?2HYQ Bb iQF2MBx2/ BMiQ (?- 2- H- Y- Q) BM � H�M;m�;2 BKTH2K2Mi2/ #v
� b+�MM2`H2bb T�`b2`- �M/ r2 +�M 2tT`2bb i?2 HBi2`�H ?2HYQ #v bBt QT2`�iQ`b, 7Qm`
QT2`�M/@H2bb QT2`�iQ`b U?- 2- H- �M/ QV 7Q` `2+Q;MBxBM; � bBM;H2 +?�`�+i2` �b �
bm#@2tT`2bbBQM- � M�K2H2bb QT2`�iQ` Un nV 7Q` +QM+�i2M�iBM; bm#@2tT`2bbBQMb-
�M/ � TQbi}t QT2`�iQ` Un YVX JBt}t QT2`�iQ`b +�M 2tT`2bb mb2`@/2}M2/ HBi2`�Hb
r?2M i?2 ?Qbi H�M;m�;2 Bb BKTH2K2Mi2/ #v mbBM; � b+�MM2`H2bb T�`b2` �M/ i?2v
bmTTQ`i M�K2H2bb QT2`�iQ`bX

� ivTB+�H T�`b2` 7Q` mb2`@/2}M2/ QT2`�iQ`b ;2M2`�i2b �HH TQbbB#H2 T�`b2 i`22b
r?2M T�`bBM; �M 2tT`2bbBQMX h?2M i?2 +QKTBH2` b2H2+ib i?2 KQbi bmBi�#H2 T�`b2
i`22 7`QK �HH TQbbB#H2 i`22b #v mbBM; i?2 H�M;m�;2 b2K�MiB+b bBM+2 i?2 bvMi�t Q7
� mb2`@/2}M2/ QT2`�iQ` b?QmH/ #2 �HHQr2/ iQ +QM~B+i rBi? �MQi?2` QT2`�iQ` Q`
i?2 ?Qbi H�M;m�;2 bvMi�tX h?Bb Bb 7Q` ~2tB#H2 .aG /2}MBiBQMbX h?2 ivT2 +?2+F2`
Bb mbm�HHv mb2/ 7Q` b2H2+iBM; i?2 bmBi�#H2 T�`b2 i`22 bBM+2 i?2 ivT2 BM7Q`K�iBQM
?QH/b i?2 b2K�MiB+b Q7 T`Q;`�Kb Ĝ r?�i i?2 T`Q;`�KK2` BMi2M/bX 6Q` 2t�KTH2-
i?2 2tT`2bbBQM ?2HYQ ?�b bQK2 TQbbB#H2 T�`b2 i`22b �M/ i?2 BMi2`T`2i�iBQM Q7 i?2
2tT`2bbBQM b?QmH/ #2 +?�M;2/ #v i?2 +QMi2tiX Ai b?QmH/ #2 BMi2`T`2i2/ �b �M
�//BiBQM Q7 BMi2;2`b B7 Bi Bb mb2/ �b 7QHHQrb,
BMi B 4 ?2HYQc

#mi Bi b?QmH/ #2 BMi2`T`2i2/ �b � `2;mH�` 2tT`2bbBQM HBi2`�H B7 Bi Bb mb2/ �b 7QHHQrb,
_2;2t ` 4 ?2HYQc

h?2`27Q`2- i?2 bvMi�t BM+Hm/BM; `2;mH�` 2tT`2bbBQM HBi2`�Hb b?QmH/ #2 �M �K#B;m@
Qmb ;`�KK�` bm+? �b BM 6B;m`2 jXj �M/ i?2 �K#B;mBiB2b Kmbi #2 `2bQHp2/ #v i?2
ivT2 +?2+F2`X

� ivTB+�H b+�MM2`H2bb T�`b2` Bb BM2{+B2Mi r?2M T�`bBM; � T`Q;`�K BM+Hm/BM;
mb2`@/2}M2/ HBi2`�HbX Ai Kmbi ;2M2`�i2 �HH TQbbB#H2 T�`b2 i`22b #mi i?2 MmK#2`
Q7 i?2b2 i`22b i2M/b iQ #2 2ti`2K2Hv H�`;2 /m2 iQ i?2 �K#B;mBiv BMi`Q/m+2/ #v
mb2`@/2}M2/ HBi2`�HbX a+�MM2`H2bb :2M2`�HBx2/ G_ Ua:G_V (de- 3) T�`b2` Bb �
r2HH@FMQrM BKTH2K2Mi�iBQM Q7 � b+�MM2`H2bb T�`b2`X h?2 T�`bBM; iBK2 Q7 a:G_
T�`b2`b Bb T`QTQ`iBQM�H iQ i?2 /2;`22 Q7 �K#B;mBiB2b BM i?2 ;`�KK�`- �M/ i?2
rQ`bi@+�b2 iBK2 +QKTH2tBiv Bb O(n3) Un Bb i?2 BMTmi H2M;i?VX LQi2 i?�i n BM i?Bb
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aiKi ! hvT2 A/ ]4] 1tT` ]c]
1tT` ! _2;2t % amK
_2;2t ! ai�`Y
ai�` ! G2ii2` ]Y] % G2ii2`
amK ! amK ]Y] A/ % A/
A/ ! G2ii2`Y

6B;m`2 jXj, �M 2t�KTH2 Q7 ;`�KK�` BM+Hm/BM; `2;mH�` 2tT`2bbBQM HBi2`�Hb

+QKTH2tBiv Bb i?2 MmK#2` Q7 iQF2Mb �M/ Bi Bb 2[m�H iQ i?2 MmK#2` Q7 +?�`�+i2`b
BM i?2 T`Q;`�K r?2M �M a:G_ T�`b2` Bb mb2/X n Bb bQK2iBK2b H�`;2` i?�M RyyyyX
6Q` 2t�KTH2- i?2 /2}MBiBQM Q7 i?2 �``�vGBbi +H�bb BM PT2MC.E d BM+Hm/2b KQ`2
i?�M Rkyyy +?�`�+i2`b 2t+Hm/BM; +QKK2Mib �M/ r?Bi2@bT�+2bX

jXj S`QTQb�H, S`Qi2�M PT2`�iQ`b
q2 T`QTQb2 M2r +QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b- M�K2/ T`Qi2�M QT2`�iQ`bX
h?2v +�M 2tT`2bb mb2`@/2}M2/ HBi2`�Hb bm+? �b `2;mH�` 2tT`2bbBQMb �M/ T�`b2 i?2K
BM T`�;K�iB+ iBK2X h?2`2 �`2 irQ BKTQ`i�Mi 72�im`2b Q7 T`Qi2�M QT2`�iQ`b 7Q`
2{+B2Mi T�`bBM; , URV Qp2`HQ�/BM; #�b2/ QM `2im`M ivT2- �M/ UkV T�`bBM; T`2+2@
/2M+2X h?2 Qp2`HQ�/BM; #v `2im`M ivT2 2M�#H2b i?2 T�`b2` iQ `2bQHp2 ;`�KK�`
�K#B;mBiB2b #v mbBM; ivT2 BM7Q`K�iBQM �i T�`b2 iBK2X h?2 T�`bBM; T`2+2/2M+2
`2bQHp2b i?2 `2K�BMBM; �K#B;mBiB2b �7i2` i?2 ivT2 +?2+FBM; #v URVX aBM+2 i?2b2
72�im`2b `2bQHp2 �HH i?2 ;`�KK�` �K#B;mBiB2b �i T�`b2 iBK2- T`Qi2�M QT2`�iQ`b
i?�i 2tT`2bb mb2`@/2}M2/ HBi2`�Hb +�M #2 T�`b2/ 2p2M BM T`�;K�iB+ iBK2X

jXjXR S`Qi2�M PT2`�iQ`b
S`Qi2�M QT2`�iQ`b �`2 +QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b i?�i +�M ?�p2 �Mv
MmK#2` Q7 QT2`�iQ` M�K2b �M/ QT2`�M/bX lMHBF2 KBt}t QT2`�iQ`b- � T`Qi2�M
QT2`�iQ` Bb MQi QMHv BM}t- T`2}t- TQbi}t- Q` Qmi}tc 7Q` 2t�KTH2- � ǳM�K2H2bbǴ
QT2`�iQ`- r?B+? Bb �M QT2`�iQ` rBi?Qmi �M QT2`�iQ` M�K2- Bb � T`Qi2�M QT2`�iQ`X
L�K2H2bb QT2`�iQ`b �`2 mb27mH 7Q` BKTH2K2MiBM; � +QM+Bb2 BMi2`M�H .aG bBM+2
i?2v �`2 BMpBbB#H2X 6B;m`2 jX9 b?Qrb 2t�KTH2b Q7 T`Qi2�M QT2`�iQ`b i?�i 2tT`2bb
`2;mH�` 2tT`2bbBQM HBi2`�HbX hQ 2tT`2bb � T`Qi2�M QT2`�iQ`- r2 BMi`Q/m+2 i?2
7QHHQrBM; MQi�iBQM, (a),h `2T`2b2Mib i?�i �M QT2`�iQ` ?�b bvMi�t a �M/ � `2im`M
ivT2 hX � /Qm#H2@[mQi2/ bi`BM; /2MQi2b �M QT2`�iQ` M�K2 �M/ n,h /2MQi2b �M
QT2`�M/ Q7 ivT2 hX LQi2 i?�i 6B;m`2 jX9 Bb MQi � +QKTH2i2 /2}MBiBQM 7Q` i?2
b�F2 Q7 bBKTHB+BivX h?2 +QKTH2i2 /2}MBiBQM Bb b?QrM H�i2` BM b2+iBQM jXjX9X h?2
HBi2`�H ?2HYQ Bb T�`b2/ �b � `2;mH�` 2tT`2bbBQM HBi2`�H �b b?QrM BM 6B;m`2 jX8X
h?2 HBi2`�H ?2HYQ +QMbBbib Q7 7Qm` HBi2`�Hb ?- 2- HY- �M/ Q �M/ i?2v �`2 +QMM2+i2/
rBi? � M�K2H2bb QT2`�iQ`X h?2 M�K2H2bb QT2`�iQ` i�F2b HBi2`�Hb �b irQ QT2`�M/b
�M/ Bi `2im`Mb � M2r HBi2`�H 2tT`2bbBM; � `2;mH�` 2tT`2bbBQM +QMbi`m+i2/ #v i?2
+QM+�i2M�iBQM Q7 i?2 ;Bp2M `2;mH�` 2tT`2bbBQMbX
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U�V ( n,_2;2t n,_2;2t ),_2;2t
U"V ( n,_2;2t ]YY] ),_2;2t
U*V ( n,_2;2t ]Y] ),_2;2t
U.V ( n,G2ii2` ),_2;2t
U1@�V ( ]�] ),G2ii2`
U1@#V ( ]#] ),G2ii2`
XXX

U1@xV ( ]x] ),G2ii2`

6B;m`2 jX9, h?2 T`Qi2�M QT2`�iQ`b 2tT`2bbBM; `2;mH�` 2tT`2bbBQM HBi2`�Hb UBM+QK@
TH2i2V

h?2 /2i�BHb Q7 i?2 T�`bBM; Q7 ?2HYQ �`2 i?2 7QHHQrBM;X q2 �bbmK2 i?�i
�Mv bBM;H2 +?�`�+i2` Bb `2+Q;MBx2/ �b � iQF2MX 6B`bi- 2�+? �HT?�#2iB+ iQF2M Bb
BMi2`T`2i2/ �b � bBKTH2 G2ii2` HBi2`�H #v i?2 +Q``2bTQM/BM; QT2`�iQ` i�FBM;
i?2 iQF2M �b �M QT2`�iQ` M�K2 bm+? �b ( ]?] ),G2ii2` �M/ ( ]2] ),G2ii2`X
1�+? Q7 i?2b2 QT2`�iQ`b +�M #2 +QMbB/2`2/ �b � bBKTH2 mb2`@/2}M2/ HBi2`�H- r?B+?
+QMbBbib Q7 QM2 H2ii2`X 1�+? G2ii2` HBi2`�H Bb +QMp2`i2/ BMiQ � _2;2t HBi2`�H #v
i?2 M�K2H2bb QT2`�iQ` ( n,G2ii2` ),_2;2t �i U.V BM 6B;m`2 jX9X h?Bb M�K2H2bb
QT2`�iQ` i�F2b � G2ii2` Q#D2+i �b �M QT2`�M/ �M/ Bi `2im`Mb �M Q#D2+i 2tT`2bbBM;
� `2;mH�` 2tT`2bbBQM i?�i �++2Tib i?2 ;Bp2M H2ii2`X Ai Bb mb2/ �b BKTHB+Bi ivT2
+Q2`+BQMX h?2 irQ _2;2t HBi2`�Hb- ? �M/ 2- �`2 iB2/ #v i?2 M�K2H2bb QT2`�iQ` (
n,_2;2t n,_2;2t ),_2;2t �i U�V BM 6B;m`2 jX9X h?2 M�K2H2bb QT2`�iQ` i�F2b
irQ QT2`�M/b Q7 ivT2 _2;2t- �M/ Bi 2tT`2bb2b � b2[m2M+2 Q7 `2;mH�` 2tT`2bbBQMbX
AM i?Bb T�`i- Bi i�F2b i?2 irQ _2;2t HBi2`�Hb- ? �M/ 2- �b QT2`�M/b �M/ Bi `2im`Mb
�M Q#D2+i 2tT`2bbBM; � `2;mH�` 2tT`2bbBQM i?�i �++2Tib ?2X HY 7Q`Kb � HBi2`�H
Q7 � `2;mH�` 2tT`2bbBQM +QMbi`m+i2/ #v � TQbi}t mM�`v QT2`�iQ` ( n,_2;2t ]Y]
),_2;2t b?QrM �i U*V BM 6B;m`2 jX9X Ai `2T`2b2Mib � `2;mH�` 2tT`2bbBQM i?�i
�++2Tib QM2 Q` KQ`2 b2[m2M+2b Q7 HX h?2M ?2 �M/ HY �`2 iB2/ #v ( n,_2;2t
n,_2;2t ),_2;2t- �M/ i?2v K�F2 � HBi2`�H 2tT`2bbBM; ?2H- ?2HH- ?2HHH- �M/
bQ QMX 6BM�HHv- ?2HY �M/ Q K�F2 � HBi2`�H i?�i 2tT`2bb2b i?2 +QKTH2i2 `2;mH�`
2tT`2bbBQM #v ( n,_2;2t n,_2;2t ),_2;2tX

S`Qi2�M QT2`�iQ`b �`2 Qp2`HQ�/2/ #v i?2B` `2im`M ivT2b �M/ i?2B` T�`�K2@
i2` ivT2bX Pp2`HQ�/BM; #v `2im`M ivT2 �HHQrb /2}MBM; QT2`�iQ`b i?�i ?�p2 i?2
b�K2 bvMi�t #mi � /Bz2`2Mi `2im`M ivT2X h?2 BMi2`T`2i�iBQM Q7 �M 2tT`2bbBQM
Bb +?�M;2/ #v i?2 2tT2+i2/ ivT2 i?2`2X h?Bb 7�+i Bb mb27mH 7Q` /2p2HQTBM; BMi2`@
M�H .aGb bBM+2 �M QT2`�iQ` Bb mb2/ QMHv r?2`2 Bi Bb `2[mB`2/X 6Q` 2t�KTH2- �M
2tT`2bbBQM ?2HYQ +�M #2 BMi2`T`2i2/ �b 2Bi?2` Q7 i?2 7QHHQrBM; irQ T�ii2`Mb,

BMi ?2H 4 kc
BMi Q 4 jc
BMi tR 4 ?2HYQc ff 8
_2;2t tk 4 ?2HYQc ff ?2HQ- ?2HHQ- ?2HHHQ- XXX

h?2 2tT`2bbBQM ?2HYQ BM i?2 i?B`/ HBM2 Bb BMi2`T`2i2/ �b �M �//BiBQM 2tT`2bbBQM Q7
BMi2;2`b bBM+2 i?2 `B;?i ?�M/ Q7 i?2 �bbB;MK2Mi 2tT2+ib �M BMi2;2` p�Hm2X PMHv
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["_:Regex"_:Regex"]:Regex�

["_:Letter"]:Regex�

["_:Regex""+""]:Regex�

["_:Regex"_:Regex"]:Regex�

["_:Regex"_:Regex"]:Regex�

["_:Letter"]:Regex�["_:Letter"]:Regex� ["_:Letter"]:Regex�

h�

hel+o�

+�

[""h""]:Letter�

e�

[""e""]:Letter�

l�

[""l""]:Letter�

[""o""]:Letter�

o�

6B;m`2 jX8, h?2 T�`b2 i`22 7Q` i?2 HBi2`�H ?2HYQ

i?2 2tT`2bbBQM ?2HYQ BM i?2 7Qm`i? HBM2 Bb BMi2`T`2i2/ �b � `2;mH�` 2tT`2bbBQM
HBi2`�H bBM+2 � _2;2t Q#D2+i Bb 2tT2+i2/X Ai +�M #2 +QMbB/2`2/ i?�i i?2 2tT2+i2/
ivT2 Q7 �M 2tT`2bbBQM /2i2`KBM2b i?2 T�`bBM; Q7 i?2 2tT`2bbBQMX

A7 irQ T`Qi2�M QT2`�iQ`b b?�`2 i?2 b�K2 `2im`M ivT2- i?2 mb2` Kmbi bT2+B7v
i?2 T�`bBM; T`2+2/2M+2 �KQM; i?2KX h?Bb T`2+2/2M+2 /2i2`KBM2b r?B+? QT2`�iQ`
b?QmH/ #2 b2H2+i2/ r?2M KmHiBTH2 BMi2`T`2i�iBQMb �`2 TQbbB#H2 /m`BM; T�`bBM;X AM
S`Qi2�C- i?2 2�`HB2` /2+H�`2/ QT2`�iQ` ?�b i?2 ?B;?2` T�`bBM; T`2+2/2M+2X 6Q`
2t�KTH2- i?2 TQbb2bbBp2 [m�MiB}2` ( n,_2;2t ]YY] ),_2;2t ?�b ?B;?2` T`2+2@
/2M+2 i?�M i?2 ;`22/v [m�MiB}2` ( n,_2;2t ]Y] ),_2;2t bBM+2 ( n,_2;2t
]YY] ),_2;2t Bb � bT2+B�H +�b2 Q7 ( n,_2;2t ]Y] ),_2;2tX �M QT2`�iQ` rBi?
?B;?2` T`2+2/2M+2 Bb �TTHB2/ 7Q` T�`bBM; #27Q`2 QT2`�iQ`b rBi? HQr2` T`2+2/2M+2X
A7 i?2 QT2`�iQ` rBi? ?B;?2` T`2+2/2M+2 Bb bm++2bb7mHHv �TTHB2/- i?2M i?2 Qi?2` QT@
2`�iQ`b rBi? HQr2` T`2+2/2M+2 �`2 MQi �TTHB2/X h?2 HBi2`�H ?2HYYQ Bb BMi2`T`2i2/
�b ?2UHYYVQ #v �TTHvBM; ( n,_2;2t ]YY] ),_2;2t `�i?2` i?�M ?2UUHYVYVQ #v
( n,_2;2t ]Y] ),_2;2t bBM+2 i?2 7Q`K2` ?�b ?B;?2` T`2+2/2M+2X h?2 HBi2`�H
?2HYQ Bb BMi2`T`2i2/ �b ?2UHYVQ bBM+2 ( n,_2;2t ]YY] ),_2;2t Bb �TTHB2/ }`bi
�M/ 7�BHb �M/ i?2M ( n,_2;2t ]Y] ),_2;2t Bb bm++2bb7mHHv �TTHB2/X LQi2 i?�i
T�`bBM; T`2+2/2M+2 Bb /Bz2`2Mi 7`QK QT2`�iQ` T`2+2/2M+2X PT2`�iQ` T`2+2/2M+2
Bb �M mb27mH 72�im`2 7Q` QT2`�iQ` +QKTQbBiBQMX aBM+2 � `mH2 BM+Hm/BM; QT2`�iQ`
T`2+2/2M+2 +�M #2 i`�MbH�i2/ BMiQ � `mH2 rBi?Qmi Bi- r2 /Q MQi +QMbB/2` Bi Bb �
+Q`2 72�im`2X q2 rBHH K2MiBQM Bi BM /2i�BH BM b2+iBQM jXjX9X

� /`�r#�+F Q7 T`Qi2�M QT2`�iQ`b Bb � HBKBi2/ FBM/ Q7 TH�+2b r?2`2 i?2 QT2`@
�iQ`b �`2 �p�BH�#H2X S`Qi2�M QT2`�iQ`b �`2 �p�BH�#H2 QMHv BM �M 2tT`2bbBQM r?Qb2
2tT2+i2/ ivT2 Bb bi�iB+�HHv /2i2`KBM2/ #27Q`2 T�`bBM; i?2 2tT`2bbBQMX h?2 TH�+2b
r?2`2 T`Qi2�M QT2`�iQ`b �`2 �p�BH�#H2 /2T2M/ QM i?2 ?Qbi H�M;m�;2X 6Q` 2t�K@
TH2- BM ivTB+�H ;2M2`�H Tm`TQb2 H�M;m�;2b bm+? �b C�p�- T`Qi2�M QT2`�iQ`b +�M #2
mb2/ BM i?2 `B;?i@?�M/ bB/2 Q7 �M �bbB;MK2Mi #mi i?2v +�MMQi #2 mb2/ BM i?2 H27i
?�M/ Q7 �M �bbB;MK2MiX h?2 2tT2+i2/ ivT2 Q7 i?2 `B;?i ?�M/ Q7 �M �bbB;MK2Mi
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Bb /2i2`KBM2/ bBM+2 Bi Bb i?2 b�K2 ivT2 Q7 i?2 H27i@?�M/ bB/2X >Qr2p2`- i?2 2t@
T2+i2/ ivT2 Q7 i?2 H27i@?�M/ bB/2 Q7 �M �bbB;MK2Mi Bb MQi FMQrM #27Q`2 T�`bBM;
i?2 �bbB;MK2Mi 2tT`2bbBQMX A7 r2 mb2 � T`Qi2�M QT2`�iQ` QM i?2 H27i@?�M/ bB/2
Q7 �M �bbB;MK2Mi- i?2 +QKTBH2` 2KBib � T�`b2 2``Q`X Ai Bb � /`�r#�+F i?�i i?2
+QKTBH2` +�MMQi /BbiBM;mBb? #2ir22M � bvMi�t 2``Q` �M/ � ivT2 2``Q`X h�#H2 jXR
HBbib i?2 2tT2+i2/ ivT2b Q7 2p2`v FBM/ Q7 2tT`2bbBQMb BM C�p�X Ai `2p2�Hb i?�i
T`Qi2�M QT2`�iQ`b �`2 �p�BH�#H2 BM �Mv FBM/ Q7 2tT`2bbBQM BM C�p� 2t+2Ti i?2
H27i@?�M/ bB/2 Q7 �M �bbB;MK2Mi- i?2 i�`;2i Q7 � K2K#2` �++2bb- �M/ i?2 QT2`�M/
Q7 � +�biX aBM+2 i?2 H27i@?�M/ bB/2 Q7 �M �bbB;MK2Mi Bb mbm�HHv � bBKTH2 2tT`2b@
bBQM- T`Q;`�KK2`b `�`2Hv r�Mi iQ mb2 T`Qi2�M QT2`�iQ`b i?2`2X h?2 i�`;2i Q7 �
K2K#2` �++2bb +QmH/ #2 � +QKTHB+�i2/ 2tT`2bbBQM HBF2,
#QQH2�M # 4 U?2HYQVXK�i+?2bU]?2HHQ]Vc

AM bm+? +�b2- i?2 T`Q;`�KK2`b Kmbi `2r`Bi2 i?2 +Q/2 �b 7QHHQrb,
_2;2t ` 4 ?2HYQc
#QQH2�M # 4 `XK�i+?2bU]?2HHQ]Vc

P`- i?2v Kmbi `2r`Bi2 #v mbBM; �MQi?2` T`Qi2�M QT2`�iQ` �b 7QHHQrb,
#QQH2�M # 4 ?2HYQ K�i+?2b ]?2HHQ]c

>2`2- K�i+?2b Bb � #BM�`v BM}t QT2`�iQ` Q7 ivT2 #QQH2�MX AM C�p�- T`Qi2�M
QT2`�iQ`b �`2 MQi �p�BH�#H2 BM i?2 QT2`�M/ Q7 � +�bi QT2`�iQ`X � +�bi QT2`�iQ`
i?�i 2tT`2bb2b � ivT2 +QMp2`bBQM 7`QK a UbQm`+2V iQ h Ui�`;2iV 2tTHB+BiHv i�F2b
i?2 i�`;2i ivT2 h �b �M �`;mK2Mi #mi Bi /Q2b MQi i�F2 i?2 bQm`+2 ivT2 aX h?mb-
i?2 +QKTBH2` +�MMQi FMQr i?2 2tT2+i2/ ivT2 Q7 i?2 QT2`�M/ Q7 � +�bi bBM+2 Bi Bb
i?2 bQm`+2 ivT2 aX GQQF �i i?2 7QHHQrBM; 2t�KTH2,
BMi � 4 UBMiVUbBM yXyVc

S`Q;`�KK2`b BMi2M/ i?�i i?2 ivT2 Q7 UbBM yXyV Bb /Qm#H2 #mi i?2 +QKTBH2`
+�MMQi FMQr i?2 2tT2+i2/ ivT2 Q7 UbBM yXyVX Ai Bb #2+�mb2 i?2 bQm`+2 ivT2
/Qm#H2 Q7 i?2 +�bi UBMiV Bb BKTHB+BiHv bT2+B}2/ BM C�p�X A7 i?2 +�bi QT2`�iQ`
2tTHB+BiHv bT2+B}2/ i?2 bQm`+2 ivT2 �b 7QHHQrb,
BMi � 4 U/Qm#H2 @= BMiVUbBM yXyVc

h?2M i?2 2tT2+i2/ ivT2 Q7 UbBM yXyV rQmH/ #2 FMQrM �b /Qm#H2X
AM i?2 �`;mK2Mi Q7 � i?`Qr bi�i2K2Mi BM C�p�- Bi Bb /B{+mHi iQ /2i2`KBM2

�p�BH�#H2 T`Qi2�M QT2`�iQ`b T`QT2`HvX �++Q`/BM; iQ h�#H2 jXR- i?2 2tT2+i2/ ivT2
Q7 i?2 �`;mK2Mi Q7 � i?`Qr bi�i2K2Mi Bb h?`Qr�#H2c ?Qr2p2`- Bi Bb MQi T`QT2`
#2+�mb2 Bi Kmbi i?`Qr 2Bi?2` �M 1``Q`- � _mMiBK21t+2TiBQM- �M 2t+2TiBQM
/2+H�`2/ BM i?2 i?`Qrb +H�mb2- Q` �M 2t+2TiBQM +�m;?i BM bm``QmM/BM; +�i+?
+H�mb2bX Pm` +m``2Mi +QKTBH2` /Q2b MQi +QMbB/2` i?BbX

h?Bb /`�r#�+F- T`Qi2�M QT2`�iQ`b �`2 �p�BH�#H2 QMHv BM �M 2tT`2bbBQM r?Qb2
2tT2+i2/ ivT2 Bb bi�iB+�HHv /2i2`KBM2/- �HbQ K�F2b �M Q#bi�+H2 iQ mb2 C�p� ;2M2`@
B+bX �bbmKBM; i?�i i?2 ;2M2`B+ ivT2 GBbi(h) Bb �p�BH�#H2- r2 rQmH/ HBF2 iQ /2}M2
i?2 7QHHQrBM; QT2`�iQ`,
( ]H2M;i?] ]Q7] n,GBbi(h) ),BMi
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SH�+2 1tT2+i2/ ivT2
H27i ?�M/ Q7 �M �bbB;MK2Mi mMFMQrM
`B;?i ?�M/ Q7 �M �bbB;MK2Mi i?2 H27i@?�M/ bB/2 ivT2
i�`;2i Q7 � K2i?Q/ +�HH mMFMQrM
i�`;2i Q7 � }2H/ �++2bb mMFMQrM
QT2`�M/ Q7 � +�bi mMFMQrM
�`;mK2Mi Q7 � K2i?Q/ +�HH +Q``2bTQM/BM; T�`�K2i2` ivT2
�`;mK2Mi Q7 � +QMbi`m+iQ` +Q``2bTQM/BM; T�`�K2i2` ivT2
�`;mK2Mi Q7 �M QT2`�iQ` +Q``2bTQM/BM; T�`�K2i2` ivT2
+QM/BiBQM Q7 B7- 7Q`- r?BH2 #QQH2�M
�`;mK2Mi Q7 brBi+?- +�b2 +?�` Q` BMi
�`;mK2Mi Q7 i?`Qr h?`Qr�#H2
`2im`M 2tT`2bbBQM i?2 `2im`M ivT2 Q7 i?2 K2i?Q/
bi�i2K2Mi 2tT`2bbBQM pQB/
BMBiB�H p�Hm2 Q7 � }2H/ i?2 }2H/ ivT2

h�#H2 jXR, h?2 2tT2+i2/ ivT2b Q7 C�p� 2tT`2bbBQMb

AM i?Bb QT2`�iQ`- i?2 ivT2 T�`�K2i2` h +�MMQi #2 BM72``2/ 7`QK i?2 `2im`M ivT2X
>2M+2- i?2 2tT2+i2/ ivT2 GBbi(h) Q7 i?2 QT2`�M/ Q7 i?Bb QT2`�iQ` +�MMQi #2
/2i2`KBM2/X aQ r2 +�MMQi mb2 � T`Qi2�M QT2`�iQ` BM i?�i QT2`�M/X aBM+2 r2
+m``2MiHv /Q MQi ?�p2 � ;QQ/ bQHmiBQM Q7 i?Bb T`Q#H2K- Qm` +QKTBH2` BMi`Q/m+2/
BM b2+iBQM jX9 /Q2b MQi bmTTQ`i ;2M2`B+bX

jXjXk S�`bBM;
hQ 2{+B2MiHv T�`b2 �M 2tT`2bbBQM BM+Hm/BM; T`Qi2�M QT2`�iQ`b- r2 /2p2HQT2/ �
T�`bBM; K2i?Q/ #�b2/ QM T�+F`�i T�`bBM; (RN) bmTTQ`iBM; H27i `2+m`bBQM (3R)X Pm`
T�`bBM; K2i?Q/ Bb � `2+m`bBp2 /2b+2Mi T�`bBM; rBi? #�+Fi`�+FBM; �M/ Bi +QMbB/2`b
ivT2 BM7Q`K�iBQMX AM i?Bb b2+iBQM- r2 /Q MQi `2;�`/ QT2`�iQ` T`2+2/2M+2 bBM+2 �
;`�KK�` ?�pBM; QT2`�iQ` T`2+2/2M+2 +�M #2 i`�MbH�i2/ iQ � ;`�KK�` i?�i /Q2b
MQi ?�p2 Bi Ub22 b2+iBQM jXjX9VX 6Q` bBKTHB+Biv- r2 mb2 � ?Qbi H�M;m�;2 i?�i ?�b
QMHv p�`B�#H2b �M/ bQK2 +QMi`QH ~Qr bi�i2K2MibX q2 rBHH /2b+`B#2 BM i?2 M2ti
b2+iBQM ?Qr iQ �TTHv Qm` K2i?Q/ BMiQ � T`�+iB+�H H�M;m�;2 bm+? �b C�p�X

"27Q`2 T�`bBM; bi�i2K2Mib- i?2 /2}MBiBQM Q7 T`Qi2�M QT2`�iQ`b �p�BH�#H2 BM
i?2 T`Q;`�K Bb T�`b2/X h?2 +QKTBH2` T�`b2b i?2 /2}MBiBQMb 2t+Hm/BM; i?2B` #Q/v
T�`ibX Ai +QHH2+ib i?2 K2i�@BM7Q`K�iBQM Q7 i?2 T`Qi2�M QT2`�iQ`b bm+? �b bvMi�t
�M/ ivT2 bB;M�im`2X h?2 +QHH2+i2/ BM7Q`K�iBQM Bb bQ`i2/ #v `2im`M ivT2b �M/
T�`bBM; T`2+2/2M+2 7Q` H�i2` mb2X

h?2 T�`b2` }`bi �ii2KTib iQ T�`b2 � ;Bp2M TB2+2 Q7 +Q/2 �b � bi�i2K2Mi bm+? �b
B7 mMiBH Bi 2M+QmMi2`b � MQM@i2`KBM�H bvK#QH `2T`2b2MiBM; �M 2tT`2bbBQMX S`Qi2�M
QT2`�iQ`b +�MMQi #2 mb2/ 7Q` bi�i2K2Mi@H2p2H bvMi�t bBM+2 � T`Qi2�M QT2`�iQ`
�M/ Bib QT2`�M/b +QMbiBimi2 QMHv �M 2tT`2bbBQMX h?2 bi�i2K2Mib �`2 T�`b2/ #v
mbBM; QMHv i?2 bvMi�t `mH2b Q7 i?2 ?Qbi H�M;m�;2X PM+2 i?2 T�`b2` 2M+QmMi2`b �M
2tT`2bbBQM- Bi }`bi /2i2`KBM2b i?2 2tT2+i2/ ivT2 Q7 i?2 2tT`2bbBQM #v �M�HvxBM;
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i?2 +Q/2 i?�i i?2 T�`b2` ?�b �H`2�/v `2�/X 6Q` 2t�KTH2- �M �bbB;MK2Mi bi�i2K2Mi
Bb T�`b2/ #v i?Bb `mH2,
�bbB;MK2Mi ! A/ ]4] 1tT`

h?2 `B;?i@?�M/ bB/2 Q7 i?2 bi�i2K2Mi 1tT` Bb T�`b2/ mM/2` i?2 2tT2+i2/ ivT2
Q#i�BM2/ 7`QK i?2 G@p�Hm2- BM i?Bb +�b2- i?2 p�`B�#H2 M�K2/ A/X

h?2 T�`b2` }`bi +?QQb2b � T`Qi2�M QT2`�iQ` i?�i `2im`Mb i?2 2tT2+i2/ ivT2
�M/ ?�b i?2 ?B;?2bi T�`bBM; T`2+2/2M+2X h?2M Bi �ii2KTib iQ T�`b2 i?2 2tT`2bbBQM
#v �bbmKBM; i?�i i?2 2tT`2bbBQM Bb Q7 i?2 +?Qb2M QT2`�iQ`X A7 i?Bb �ii2KTi
bm++22/b- i?2 T�`b2` `2im`Mb i?2 `2bmHiBM; T�`b2 i`22 Q7 i?2 2tT`2bbBQMX A7 Bi 7�BHb-
i?2 T�`b2` #�+Fi`�+Fb �M/ i`B2b � T`Qi2�M QT2`�iQ` rBi? i?2 M2ti ?B;?2bi T�`bBM;
T`2+2/2M+2X A7 i?2`2 Bb MQ Qi?2` QT2`�iQ`- i?2 T�`b2` T�`b2b i?2 2tT`2bbBQM #v
mbBM; i?2 ?Qbi H�M;m�;2 bvMi�t 7Q` 2tT`2bbBQMbX 1�+? �ii2KTi �i T�`bBM; rBi?
� T`Qi2�M QT2`�iQ` Bb iQ /Q i?2 7QHHQrBM; �+iBQM b2[m2MiB�HHv 7Q` 2�+? 2H2K2Mi Q7
i?2 bvMi�t Q7 i?2 QT2`�iQ`,

Ç �M QT2`�iQ` M�K2 ]M] , `2�/ iQF2Mb #v �bbmKBM; i?�i i?2v K�i+? M

Ç �M QT2`�M/ n,h , T�`b2 i?2 bm++2bbBp2 iQF2Mb �b �M 2tT`2bbBQM Q7 i?2
2tT2+i2/ ivT2 h

6B;m`2 jXe b?Qrb � Tb2m/Q +Q/2 Q7 i?2 T�`bBM; �H;Q`Bi?K 7Q` bi�i2K2MibX q2
�bbmK2 i?�i � ?Qbi H�M;m�;2 bmTTQ`ib b2p2`�H +QMi`QH ~Qr bi�i2K2Mib bm+? �b
r?BH2 �M/ Bi �HbQ bmTTQ`ib HQ+�H p�`B�#H2bX h?2 T`Q+2/m`2 T�`b2aiKi Bb �M 2Mi`v
TQBMi Q7 i?2 T�`b2`X h?2 T`Q+2/m`2 T�`b2q?BH2aiKi T�`b2b � r?BH2 bi�i2K2MiX
aBM+2 � +QM/BiBQM 2tT`2bbBQM BM i?2 r?BH2 bi�i2K2Mi Kmbi `2im`M � #QQH2�M
p�Hm2- i?2 2tT2+i2/ ivT2 Q7 i?2 +QM/BiBQM 2tT`2bbBQM Bb #QQH2�MX h?mb i?2 +�HH
T�`b21tT`U"QQH2�M- QTb- 2MpV T�`b2b BiX h?2 T`Q+2/m`2 b+�M T2`7Q`Kb iQF2M
�M�HvbBb �M/ `2im`Mb am++2bb B7 i?2 M2ti iQF2M K�i+?2b i?2 ;Bp2M bi`BM;- Qi?2`@
rBb2 6�BHm`2X h?2 T`Q+2/m`2 T�`b2o�`.2+H T�`b2b � HQ+�H p�`B�#H2 /2+H�`�iBQMX
�M BMBiB�HBx�iBQM 2tT`2bbBQM Q7 i?2 /2+H�`�iBQM Bb T�`b2/ #v mbBM; 2tT2+i2/ ivT2
BM7Q`K�iBQM i?�i Bb bT2+B}2/ �b i?2 p�`B�#H2 ivT2X h?2 M�K2 �M/ i?2 ivT2 Q7 i?2
p�`B�#H2 Bb biQ`2/ BMiQ i?2 2MpB`QMK2Mi 2MpX h?2 T`Q+2/m`2 T�`b21tT` T�`b2b
�M 2tT`2bbBQMX Ai i�F2b �M 2tT2+i2/ ivT2 �b � T�`�K2i2` �M/ �ii2KTib iQ T�`b2
�M 2tT`2bbBQM `2im`MBM; � p�Hm2 Q7 i?�i ivT2X A7 �HH i?2 �ii2KTib 7�BH- Bi +�HHb
�MQi?2` T`Q+2/m`2 T�`b21tT`"vS`2/27BM2/_mH2 iQ T�`b2 i?2 2tT`2bbBQM BM i?2
?Qbi H�M;m�;2 `mH2bX h?2 T`Q+2/m`2 T�`b21tT`"vPT2`�iQ` T�`b2b �++Q`/BM; iQ
i?2 bvMi�t Q7 2�+? T`Qi2�M QT2`�iQ`X A7 Bi 2M+QmMi2`b �M QT2`�M/- Bi `2+m`bBp2Hv
+�HHb T�`b21tT`X Ai T�bb2b i?2 QT2`�M/ ivT2 iQ T�`b21tT` �b i?2 2tT2+i2/ ivT2X

AM i?Bb };m`2- K2KQBx�iBQM Bb MQi b?QrM 7Q` bBKTHB+Bivc ?Qr2p2`- Bi +�M #2
2�bBHv �TTHB2/ iQ i?2 �H;Q`Bi?KX hQ �TTHv K2KQBx�iBQM- i?2 �H;Q`Bi?K Kmbi #2
KQ/B}2/ bQ i?�i i?2 `2bmHi rBHH #2 K2KQBx2/ #27Q`2 Bi Bb `2im`M2/ �M/ T�`b21tT`
rBHH }`bi HQQF mT i?2 K2KQBx�iBQM i�#H2 iQ �pQB/ `2/mM/�Mi T�`bBM; �ii2KTibX

jXjXj S�`bBM; aT22/ �M/ 1tT`2bbBp2M2bb
Pm` T�`bBM; K2i?Q/ Bb bm{+B2MiHv 7�bi iQ T�`b2 T`Qi2�M QT2`�iQ`b 2p2M B7 i?2v
2tT`2bb mb2`@/2}M2/ HBi2`�Hb bBM+2 i?2 QT2`�iQ`b +�M #2 `2;�`/2/ �b S�`bBM; 1t@
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ff 2Mi`v TQBMi
ff QTb Bb QT2`�iQ`b +QHH2+i2/ #27Q`2 T�`bBM;
ff 2Mp Bb p�`B�#H2 2MpB`QMK2Mi
/27 T�`b2aiKiUQTb- 2MpV &
` 4 T�`b2q?BH2aiKiUQTb- 2MpV
B7 U` Bb am++2bbV `2im`M `
2Hb2 #�+Fi`�+F
( T�`b2 #v i?2 Qi?2` +QMi`QH ~Qr `mH2b )
` 4 T�`b2o�`.2+HUQTb- 2MpV
B7 U` Bb am++2bbV `2im`M `
2Hb2 #�+Fi`�+F
( T�`b2 #v i?2 Qi?2` bi�i2K2Mi `mH2b )
` 4 T�`b21tT`aiKiUQTb- 2MpV
B7 U` Bb am++2bbV `2im`M `
`2im`M 6�BHm`2

'

ff q?BH2aiKi
ff ]r?BH2] ]U] 1tT`I"QQH2�M= ]V] aiKi
/27 T�`b2q?BH2aiKiUQTb- 2MpV &
r 4 b+�MU]r?BH2]V
H 4 b+�MU]U]V
+ 4 T�`b21tT`U"QQH2�M- QTb- 2MpV
` 4 b+�MU]V]V
b 4 T�`b2aiKiUQTb- 2MpV
B7 Ur Bb am++2bb �� H Bb am++2bb ��
+ Bb am++2bb �� ` Bb am++2bb ��
b Bb am++2bbV `2im`M q?BH2aiKiU+- bV

2Hb2 `2im`M 6�BHm`2
'

ff o�`.2+H
ff hvT2L�K2Ih= A/2MiB}2` ]4] 1tT`Ih=
/27 T�`b2o�`.2+HUQTb- 2MpV &
i 4 T�`b2 #v i?2 B/2MiB}2` `mH2
M 4 T�`b2 #v i?2 B/2MiB}2` `mH2
2 4 b+�MU]4]V
p 4 T�`b21tT`U;2i � ivT2 Q7 i- QTb- 2MpV
B7 Ui Bb am++2bb �� M Bb am++2bb ��
2 Bb am++2bb �� p Bb am++2bbV &
�// � p�`B�#H2 M r?Qb2 ivT2 Bb i iQ 2Mp
`2im`M o�`.2+HUi- M- pV

'
2Hb2 `2im`M 6�BHm`2

'

ff 1tT`aiKi
ff 1tT`IoQB/= ]c]
/27 T�`b21tT`aiKiUQTb- 2MpV &
2 4 T�`b21tT`UoQB/- QTb- 2MpV
b 4 b+�MU]c]V
B7 U2 Bb am++2bb �� b Bb am++2bbV

`2im`M 1tT`aiKiU2V
2Hb2 `2im`M 6�BHm`2

'

ff ivT Bb 2tT2+i2/ ivT2
/27 T�`b21tT`UivT- QTb- 2MpV &

QTbni 4 QTbX7BHi2`UQT @= QT `2@
im`Mb ivTV

7Q` UQT BM
QTbni bQ`i2/ #v T�`bBM; T`2+2/2M+2V &

` 4 T�`b21tT`"vPT2`�iQ`UQT- QTb- 2MpV
B7 U` Bb am++2bbV `2im`M `
2Hb2 #�+Fi`�+F

'
`2im`M T�`b21tT`"vS`2/27BM2/_mH2UivT- QTb- 2MpV

'

ff QT Bb �M QT2`�iQ`
/27 T�`b21tT`"vPT2`�iQ`UQT- QTb- 2MpV &

7Q` U2 BM i?2 bvMi�t Q7 QTV &
B7 U2 Bb �M QT2`�iQ`@M�K2V &

B7 Ub+�MU2 iQ bi`BM;V Bb 6�BHm`2V
`2im`M 6�BHm`2

'
2Hb2 B7 U2 Bb �M QT2`�M/V &

` 4 T�`b21tT`U2Ƕb ivT2- QTb- 2MpV
B7U` Bb 6�BHm`2V `2im`M 6�BHm`2
2Hb2 �TT2M/ ` iQ i?2 T�`b2 i`22

'
'
`2im`M i?2 T�`b2 i`22

'

ff p�`B�#H2 �++2bb `mH2 Bb � T`2/2}M2/
/27 T�`b21tT`"vS`2/27BM2/_mH2UivT- QTb- 2MpV &

` 4 T�`b2 #v i?2 B/2MiB}2` `mH2
p 4 ;2i � p�`B�#H2 ` 7`QK 2Mp
B7 U` Bb am++2bb �� pǶb ivT2 Bb ivTV
`2im`M o�`�++2bbUpV

2Hb2 #�+Fi`�+F
( T�`b2 #v �Mv Qi?2` T`2/2}M2/ `mH2b )
`2im`M 6�BHm`2

'

6B;m`2 jXe, i?2 T�`bBM; �H;Q`Bi?K 7Q` bi�i2K2Mib
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T`2bbBQM :`�KK�` US1:V (ky) rBi? H27i `2+m`bBQM �b b?QrM H�i2`X Pm` T�`bBM;
K2i?Q/ Bb � b+�MM2`H2bb `2+m`bBp2 /2b+2Mi T�`bBM; rBi? K2KQBx�iBQMX J2KQBx�@
iBQM Bb mb2/ 7Q` 2HBKBM�iBM; i?2 +Qbi Q7 #�+Fi`�+FBM;X _2+m`bBp2 /2b+2Mi T�`bBM;
rBi? K2KQBx�iBQM Bb +�HH2/ T�+F`�i T�`bBM;X Ai Bb �M 2{+B2Mi T�`bBM; K2i?Q/
�M/ Bib iBK2 +QKTH2tBiv Bb O(n)X h?2 Q`B;BM�H T�+F`�i T�`bBM; /Q2b MQi bmTTQ`i
H27i `2+m`bBQM #mi Bi +�M bmTTQ`i H27i `2+m`bBQM #v � bK�HH 2ti2MbBQM �++Q`/BM; iQ
i?2 T�T2` (3R)X �Hi?Qm;? i?2 rQ`bi@+�b2 iBK2 +QKTH2tBiv Q7 i?2 T�+F`�i T�`bBM;
bmTTQ`iBM; H27i `2+m`bBQM Bb MQi O(n)- Bi Bb biBHH bm{+B2MiHv 7�bi bBM+2 bm+? � +�b2
?�`/Hv Q++m`b BM T`�+iB+�H T`Q;`�KKBM; H�M;m�;2b �++Q`/BM; iQ i?2 T�T2`X Ai Bb
bm{+B2MiHv 7�bi iQ �TTHv b+�MM2`H2bb T�`bBM;c i?2 T�`bBM; iBK2 Bb O(n)- r?2`2 n
Bb i?2 MmK#2` Q7 +?�`�+i2`b BM i?2 T`Q;`�K- BM KQbi +�b2bX

h?2 2tT`2bbBp2M2bb Q7 T`Qi2�M QT2`�iQ`b Bb 2[mBp�H2Mi iQ S1:X �Mv T`Qi2�M
QT2`�iQ` +�M #2 2tT`2bb2/ #v S1: bvMi�t �M/ �Mv S1: bvMi�t +�M #2 2tT`2bb2/
#v T`Qi2�M QT2`�iQ`bX 1�+? `mH2 Q7 S1: ?�b i?2 7Q`K A e- r?2`2 A Bb � MQM@
i2`KBM�H bvK#QH �M/ e Bb � T�`b2/ 2tT`2bbBQMX � T�`b2/ 2tT`2bbBQM +QMbBbib Q7
i2`KBM�H bvK#QHb- MQM@i2`KBM�H bvK#QHb- i?2 2KTiv bi`BM;- b2[m2M+2 QT2`�iQ`b
e1e2- �M/ Q`/2`2/@+?QB+2 QT2`�iQ`b e1/e2X >2`2- e1 �M/ e2 �`2 T�`b2/ 2tT`2bbBQMbX
h?2 Qi?2` QT2`�iQ`b bm+? �b QTiBQM�H QT2`�iQ`b +�M #2 2tT`2bb2/ #v i?2 �#Qp2
QT2`�iQ`bX

q2 +�M i`�MbH�i2 �Mv T`Qi2�M QT2`�iQ` iQ S1:b #v `2TH�+BM; i?2 ivT2b Q7
i?2 T`Qi2�M QT2`�iQ` rBi? MQM@i2`KBM�H bvK#QHbX 6Q` 2t�KTH2- i?2 7QHHQrBM;
T`Qi2�M QT2`�iQ`,
( n,_2;2t ]Y] ),_2;2t

+�M #2 i`�MbH�i2/ BMiQ i?2 7QHHQrBM; S1: bvMi�t,
1tT`I_2;2t= ! 1tT`I_2;2t= ]Y]

>2`2- 1tT`I_2;2t= /2MQi2b � MQM@i2`KBM�H bvK#QH `2T`2b2MiBM; �M 2tT`2bbBQM
Q7 i?2 2tT2+i2/ ivT2 _2;2tX S`Qi2�M QT2`�iQ`b rBi? /Bz2`2Mi `2im`M ivT2b �`2
i`�MbH�i2/ BMiQ S1: `mH2b rBi? /Bz2`2Mi MQM@i2`KBM�H bvK#QHb BM i?2 H27i@?�M/
bB/2 Q7 !X A7 �M QT2`�iQ` `2im`Mb G2ii2`- Bi Bb i`�MbH�i2/ BMiQ � `mH2 7Q` MQM@
i2`KBM�H bvK#QH 1tT`IG2ii2`=X h?2 T�`bBM; T`2+2/2M+2 Bb i`�MbH�i2/ BMiQ i?2
Q`/2`2/@+?QB+2 `mH2 BM S1:X 6Q` 2t�KTH2- b22 i?2 7QHHQrBM; T`Qi2�M QT2`�iQ`b,
( n,_2;2t ]YY] ),_2;2t
( n,_2;2t ]Y] ),_2;2t

>2`2- i?2 irQ /Bz2`2Mi T`Qi2�M QT2`�iQ`b `2im`M i?2 b�K2 ivT2X h?2 }`bi QT2`@
�iQ` ?�b ?B;?2` T�`bBM; T`2+2/2M+2 i?�M i?2 b2+QM/ QT2`�iQ` #2+�mb2 i?2 2�`HB2`
/2+H�`2/ QT2`�iQ` ?�b i?2 ?B;?2` T�`bBM; T`2+2/2M+2X q2 i`�MbH�i2 i?2b2 QT2`@
�iQ`b BMiQ i?2 7QHHQrBM; S1: bvMi�t,
1tT`I_2;2t= ! 1tT`I_2;2t= ]YY]

% 1tT`I_2;2t= ]Y]

LQi2 i?�i i?2 Q`/2`2/ +?QB+2 % +?QQb2b i?2 H27i QT2`�M/ }`bi �M/ i?2M i?2 `B;?i
QT2`�M/X aQ �M QT2`�iQ` rBi? � ?B;?2` T`2+2/2M+2 Bb TH�+2/ �i i?2 H27i@?�M/
bB/2 Q7 % �M/ �M QT2`�iQ` rBi? � HQr2` T`2+2/2M+2 Bb TH�+2/ �i i?2 `B;?i@?�M/
bB/2 Q7 %X
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S1: T`Qi2�M QT2`�iQ`b
T�`bBM; `mH2 A e ! �M QT2`�iQ` op i?�i `2im`Mb A

�M/ i?2 bvMi�t Q7 op Bb e
i2`KBM�H a ! �M QT2`�iQ`@M�K2 ”a”
MQM@i2`KBM�H T ! �M QT2`�M/ n : T
2KTiv bi`BM; " ! �M QT2`�iQ`@M�K2 ””
b2[m2M+2 e1e2 ! � b2[m2M+2 e1e2
Q`/2`2/@+?QB+2 e1/e2 ! �M QT2`�M/ n : X

�M/ QT2`�iQ`b op1 > op2
op1 �M/ op2 `2im`M X
�M/ i?2 bvMi�t Q7 opi Bb ei

h�#H2 jXk, h?2 i`�MbH�iBQM 7`QK S1:b iQ T`Qi2�M QT2`�iQ`b

PM i?2 Qi?2` ?�M/- �Mv S1: `mH2 +�M #2 i`�MbH�i2/ BMiQ � T`Qi2�M QT2`�iQ`X
h�#H2 jXk T`2b2Mib i?2 i`�MbH�iBQM 7`QK S1: iQ T`Qi2�M QT2`�iQ`bX AM i?Bb i�#H2-
op1 > op2 /2MQi2b i?�i op1 ?�b � ?B;?2` T�`bBM; T`2+2/2M+2 i?�M op2X � i2`KBM�H
bvK#QH BM S1: Bb i`�MbH�i2/ BMiQ �M QT2`�iQ` M�K2 Q7 � T`Qi2�M QT2`�iQ`X �
MQM@i2`KBM�H bvK#QH �i i?2 H27i@?�M/ bB/2 Q7 ! Bb i`�MbH�i2/ BMiQ � `2im`M ivT2
Q7 �M QT2`�iQ` r?BH2 � MQM@i2`KBM�H bvK#QH �i i?2 `B;?i@?�M/ bB/2 Bb i`�MbH�i2/
BMiQ �M QT2`�M/ ivT2X h?2 H27i �M/ `B;?i QT2`�M/b Q7 �M Q`/2`2/ +?QB+2 �`2
i`�MbH�i2/ BMiQ irQ /BbiBM+i T`Qi2�M QT2`�iQ`bX �M QT2`�iQ` 7Q` i?2 H27i ?�b �
?B;?2` T�`bBM; T`2+2/2M+2 i?�M �M QT2`�iQ` 7Q` i?2 `B;?iX

jXjX9 PT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBiv
aBM+2 i?2 bi�iB+ ivT2b Q7 T`Qi2�M QT2`�iQ`b b2`p2 �b MQM@i2`KBM�H bvK#QHb Q7
S1:- T`Q;`�KK2`b /2}M2 � M2r ivT2 �M/ QT2`�iQ`b r?2M i?2v M22/ iQ /2}M2 �
M2r MQM@i2`KBM�H bvK#QH 7Q` M2r bvMi�tX >Qr2p2`- i?Bb Q7i2M +�mb2b iQQ K�Mv
ivT2b /2}M2/ 7Q` MQM@i2`KBM�H bvK#QHb- r?B+? �`2 mb2/ iQ `2bQHp2 �K#B;mBiB2b
Q7 i?2 ;`�KK�` rBi? `2bT2+i iQ T`2+2/2M+2 Q`/2`X 6Q` 2t�KTH2- +QMbB/2` i?2
�//BiBQM �M/ KmHiBTHB+�iBQM QT2`�iQ` Q7 BMi2;2`bX � KmHiBTHB+�iBQM +�M #2 mb2/
�b �M QT2`�M/ Q7 i?2 �//BiBQM QT2`�iQ` #mi �M �//BiBQM +�MMQi #2 mb2/ �b �M
QT2`�M/ Q7 i?2 KmHiBTHB+�iBQM QT2`�iQ`X hQ 2tT`2bb i?Bb bvMi�t- T`Q;`�KK2`b
rQmH/ /2}M2 M2r ivT2b 2ti2M/BM; i?2 BMi2;2` ivT2 �M/ mb2 i?2K �b i?2 `2im`M
ivT2 �M/ i?2 QT2`�M/ ivT2b Q7 i?2 QT2`�iQ`bX S`Q;`�KK2`b rQmH/ �HbQ /2}M2
M2r QT2`�iQ`b i?�i 2tT`2bb i?2 `2H�iBQMb?BT #2ir22M i?2 M2r ivT2b �M/ i?2
BMi2;2` ivT2X h?2 7QHHQrBM; QT2`�iQ`b 2tT`2bb i?2 bvMi�t,
( n,AMi�// ),BMi
( n,AMi�// ]Y] n,AMiJmH ),AMi�//
( n,AMiJmH ),AMi�//
( n,AMiJmH ] ] n,AMio�H ),AMiJmH
( n,AMio�H ),AMiJmH

AM i?Bb 2t�KTH2- AMi�//- AMiJmH- �M/ AMio�H �`2 ivT2b 2ti2M/BM; i?2 BMi2;2`
ivT2X h?2 }`bi- i?B`/- �M/ }7i? QT2`�iQ`b 2tT`2bb i?2 `2H�iBQMb?BT #2ir22M i?2b2
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ivT2b �M/ i?2 BMi2;2` ivT2X
PT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBiv �`2 mb27mH 72�im`2b 7Q` �pQB/BM; bm+?

p2`#QbBivX h?2v 2tT`2bb r?B+? QT2`�iQ`b K�v #2 mb2/ 7Q` #mBH/BM; �M 2tT`2b@
bBQM 7Q` �M QT2`�M/ Q7 �M QT2`�iQ`X AM ;2M2`�H- �M 2tT`2bbBQM Q7 �M QT2`�iQ`
� Bb Q++m``2/ �i �M QT2`�M/ Q7 �M QT2`�iQ` " QMHv B7 � ?�b � ?B;?2` Q` 2[m�H
T`2+2/2M+2 i?�M "X q2 bmTTQ`i i?`22 FBM/b Q7 �bbQ+B�iBpBiv 7Q` 2tT`2bbBM; T`�+@
iB+�H bvMi�tc `B;?i@�bbQ+B�iBpBiv- H27i@�bbQ+B�iBpBiv- �M/ MQM@�bbQ+B�iBpBivX A7 �M
QT2`�iQ` " Bb H27i@QT2M UK2�MBM; i?�i MQ QT2`�iQ` M�K2 T`2+2/2b i?2 H27i@KQbi
QT2`�M/V �M/ `B;?i@�bbQ+B�iBp2- �M 2tT`2bbBQM Q7 �M QT2`�iQ` � Bb Q++m``2/ �i
i?2 H27i@KQbi QT2`�M/ Q7 " QMHv r?2M � ?�b � bi`B+iHv ?B;?2` T`2+2/2M+2 i?�M
"X A7 �M QT2`�iQ` " Bb `B;?i@QT2M �M/ H27i@�bbQ+B�iBp2- �M 2tT`2bbBQM Q7 �M QT2`@
�iQ` � Bb Q++m``2/ �i i?2 `B;?i@KQbi QT2`�M/ Q7 " QMHv r?2M � ?�b � bi`B+iHv
?B;?2` T`2+2/2M+2 i?�M "X A7 i?2 QT2`�iQ` " Bb MQM@�bbQ+B�iBp2- �M 2tT`2bbBQM
Q7 �M QT2`�iQ` � Bb Q++m``2/ �i �M QT2`�M/ Q7 " QMHv r?2M � ?�b � bi`B+iHv
?B;?2` T`2+2/2M+2 i?�M "X 6B;m`2 jXd b?Qrb �M 2t�KTH2 Q7 T`Qi2�M QT2`�iQ`b
rBi? QT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBivX Ai Bb � +QKTH2i2 p2`bBQM Q7 6B;m`2
jX9X

S`Qi2�M QT2`�iQ`b rBi? QT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBiv +�M #2 i`�Mb@
H�i2/ BMiQ QT2`�iQ`b rBi?Qmi i?2KX q2 #2HQr b?Qr ?Qr iQ i`�MbH�i2 i?2KX �b@
bmK2 i?�i QT2`�iQ` T`2+2/2M+2 Bb `2T`2b2Mi2/ #v � MQM@M2;�iBp2 BMi2;2` MmK#2`
�M/ � H�`;2` MmK#2` BM/B+�i2b ?B;?2` T`2+2/2M+2X h?2 7QHHQrBM; Bb � i`�MbH�iBQM
7`QK � T`Qi2�M QT2`�iQ` (a),h ?�pBM; QT2`�iQ` T`2+2/2M+2 S �M/ �bbQ+B�iBpBiv
�X h?2 QT2`�iQ` bvMi�t a BMpQHp2b n QT2`�M/b �M/ 2�+? QT2`�M/ ?�b � ivT2 hiX
6B`bi- i?2 `2im`M ivT2 h Bb i`�MbH�i2/ BMiQ � ivT2 hPX >2`2- i?2 bm#b+`BTi S Bb
� MQM@M2;�iBp2 BMi2;2` MmK#2` i?�i Bb 2[mBp�H2Mi iQ i?2 QT2`�iQ` T`2+2/2M+2X
A7 i?2 QT2`�iQ` Bb H27i@QT2M �M/ QT2`�iQ` �bbQ+B�iBpBiv � Bb `B;?i@�bbQ+- i?2 H27i@
KQbi QT2`�M/ n,h1 Bb i`�MbH�i2/ BMiQ n,h1P+1 �M/ i?2 Qi?2` QT2`�M/ n,hi BM i?2
QT2`�iQ` bvMi�t a Bb i`�MbH�i2/ BMiQ �M QT2`�M/ n,hiPX A7 i?2 QT2`�iQ` Bb `B;?i@
QT2M �M/ QT2`�iQ` �bbQ+B�iBpBiv � Bb H27i@�bbQ+- i?2 `B;?i@KQbi QT2`�M/ n,hn Bb
i`�MbH�i2/ BMiQ n,hnP+1 �M/ i?2 Qi?2` QT2`�M/ n,hi BM i?2 QT2`�iQ` bvMi�t a Bb
i`�MbH�i2/ BMiQ �M QT2`�M/ n,hiPX A7 i?2 QT2`�iQ` �bbQ+B�iBpBiv � Bb MQM@�bbQ+-
2�+? QT2`�M/ n,hi Bb i`�MbH�i2/ BMiQ n,hiP+1X A7 i?2 QT2`�iQ` Bb MQi H27i@QT2M #mi
`B;?i@�bbQ+ Q` i?2 QT2`�iQ` Bb MQi `B;?i@QT2M #mi H27i@�bbQ+- 2�+? QT2`�M/ n,hi
Bb i`�MbH�i2/ BMiQ n,hiPX

6Q` 2t�KTH2- i?2 7QHHQrBM; QT2`�iQ`,

( n,_2;2t n,_2;2t ),_2;2t & H27i@�bbQ+ '

rBi? i?2 QT2`�iQ` T`2+2/2M+2 0- Bb i`�MbH�i2/ BMiQ,

( n,_2;2t0 n,_2;2t1 ),_2;2t0

L2ti r2 �// �M �//BiBQM QT2`�iQ` (n,hP),hP�1 7Q` 2�+? `2im`M ivT2 hP B7 P Bb
MQi 0X h?Bb QT2`�iQ` +QMp2`ib Bib QT2`�M/ iQ � p�Hm2 Q7 ivT2 hP�1 �M/ `2im`Mb
BiX LQi2 i?�i i?2 T�`bBM; T`2+2/2M+2 Q7 i?2 �//2/ QT2`�iQ` (n,hP),hP�1 Bb b2i
iQ i?2 HQr2bi �KQM; i?2 QT2`�iQ`b rBi? i?2 `2im`M ivT2 hP�1X 6BM�HHv- r2 �//
i?2 QT2`�iQ` (n,h0),h 7Q` 2�+? `2im`M ivT2 h0X Ai +QMp2`ib �M QT2`�M/ 7`QK h0
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U�V ( n,_2;2t n,_2;2t ),_2;2t & H27i@�bbQ+ '
U"V ( n,_2;2t ]YY] ),_2;2t & MQM@�bbQ+ '
U*V ( n,_2;2t ]Y] ),_2;2t & MQM@�bbQ+ '
U.V ( n,G2ii2` ),_2;2t & MQM@�bbQ+ '
U1@�V ( ]�] ),G2ii2`
U1@#V ( ]#] ),G2ii2`
XXX

U1@xV ( ]x] ),G2ii2`

QT2`�iQ` T`2+2/2M+2,
U�V I U"V 4 U*V I U.V I U1@�V 4 U1@#V 4 XXX 4 U1@xV

6B;m`2 jXd, T`Qi2�M QT2`�iQ`b rBi? QT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBiv 2t@
T`2bbBM; `2;mH�` 2tT`2bbBQM HBi2`�Hb

iQ hX 6Q` 2t�KTH2- i?2 T`Qi2�M QT2`�iQ`b BM 6B;m`2 jXd �`2 i`�MbH�i2/ BMiQ i?2
QT2`�iQ`b BM 6B;m`2 jX3X

jX9 AKTH2K2Mi�iBQM, S`Qi2�C
q2 ?�p2 /2p2HQT2/ S`Qi2�C- r?B+? Bb � bm#b2i H�M;m�;2 Q7 C�p� #mi bmTTQ`ib
T`Qi2�M QT2`�iQ`bX S`Qi2�C `2+Q;MBx2b � bBM;H2 +?�`�+i2` �b � iQF2MX Ai 2M�#H2b
T`Qi2�M QT2`�iQ`b iQ 2tT`2bb mb2`@/2}M2/ HBi2`�HbX AM i?Bb b2+iBQM- r2 /2b+`B#2
?Qr r2 ?�p2 �/�Ti2/ T`Qi2�M QT2`�iQ`b BMiQ C�p�X

S`Qi2�C T`QpB/2b � KQ/mH2 bvbi2K +�HH2/ QT2`�iQ` KQ/mH2b iQ BKTH2K2Mi �M/
2tTQ`i mb2`@/2}M2/ QT2`�iQ`bc �M QT2`�iQ` KQ/mH2 2tT`2bb2b � .aGX S`Q;`�K@
K2`b +�M mb2 i?2 .aG #v BKTQ`iBM; i?2 KQ/mH2 rBi? mbBM; /2+H�`�iBQMX h?2`2
�`2 irQ /Bz2`2Mi T`2+2/2M+2 `mH2b- QT2`�iQ` T`2+2/2M+2 �M/ T�`bBM; T`2+2/2M+2-
BM S`Qi2�CX PT2`�iQ` T`2+2/2M+2 Bb bT2+B}2/ #v �M BMi2;2` p�Hm2 7Q` 2�+? QT2`@
�iQ`X h?2 p�Hm2 Bb mb2/ QMHv 7Q` +QKT�`BM; T`2+2/2M+2 �KQM; QT2`�iQ`b BM i?2
b�K2 QT2`�iQ` KQ/mH2X h?2 2MiB`2 QT2`�iQ` T`2+2/2M+2 Bb /2i2`KBM2/ #v i?2
Q`/2` Q7 mbBM; /2+H�`�iBQMbX aBM+2 .aGb �`2 +QKTQb�#H2 BM S`Qi2�C- QT2`�iQ`
T`2+2/2M+2 Q7 2�+? .aG Bb BM/2T2M/2MiX S�`bBM; T`2+2/2M+2 Q7 T`Qi2�M QT2`@
�iQ`b Bb bT2+B}2/ #v i?2 Q`/2` Q7 i?2B` /2}MBiBQMbX Ai Bb � T`2+2/2M+2 �KQM;
QT2`�iQ`b rBi? i?2 b�K2 QT2`�iQ` T`2+2/2M+2X AM S`Qi2�C- T�`bBM; T`2+2/2M+2 Bb
�HbQ M22/2/ �KQM; QT2`�iQ`b rBi? /Bz2`2Mi `2im`M ivT2 #2+�mb2 �Mv +H�bb ivT2
BM C�p� Bb � bm#ivT2 Q7 P#D2+iX �Hi?Qm;? Qm` T�`bBM; K2i?Q/ BMi`Q/m+2/ BM
i?2 T`2pBQmb b2+iBQM /Q2b MQi +QMbB/2` bm#ivT2 `2H�iBQMb?BT- Bi Bb �M BKTQ`i�Mi
72�im`2 Q7 C�p�X hQ ?�M/H2 bm#ivT2 `2H�iBQMb?BT- i?2 S`Qi2�C +QKTBH2` �miQK�i@
B+�HHv ;2M2`�i2b QT2`�iQ`b i?�i 2tT`2bb bm#ivT2 `2H�iBQMb?BT �M/ i`�MbH�i2b i?2
`2im`M ivT2b Q7 mb2`@/2}M2/ QT2`�iQ`bX S`Qi2�C T`QpB/2b bQK2 mb27mH 72�im`2b
7Q` +QMp2MB2M+2X 6Q` 2t�KTH2- S`Qi2�C T`QpB/2b irQ FBM/b Q7 T`Qi2�M QT2`�@
iQ`b, 2tT`2bbBQM QT2`�iQ`b �M/ `2�/�b QT2`�iQ`bX �M 2tT`2bbBQM QT2`�iQ` Bb �M
QT2`�iQ` i?�i `2+Q;MBx2b � r?Bi2 bT�+2 �b � bT2+B�H iQF2M i?�i Bb � b2T�`�iQ`X
AM +QMi`�bi- � `2�/�b QT2`�iQ` `2+Q;MBx2b � r?Bi2 bT�+2 �b � MQ`K�H iQF2MX �
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( n,_2;2t0 ),_2;2t
( n,_2;2t0 n,_2;2t1 ),_2;2t0
( n,_2;2t1 ), _2;2t0
( n,_2;2t2 ]YY] ),_2;2t1
( n,_2;2t2 ]Y] ),_2;2t1
( n,_2;2t2 ), _2;2t1
( n,G2ii2`3 ),_2;2t2
( n,G2ii2`0 ),G2ii2`
( n,G2ii2`1 ),G2ii2`0
( n,G2ii2`2 ),G2ii2`1
( n,G2ii2`3 ),G2ii2`2
( ]�] ),G2ii2`3
XXX
( ]x] ),G2ii2`3

6B;m`2 jX3, h?2 /2}MBiBQM Q7 i?2 `2;mH�` 2tT`2bbBQM HBi2`�Hb rBi?Qmi QT2`�iQ`
T`2+2/2M+2 Q` �bbQ+B�iBpBiv Ui?2 i`�MbH�iBQM 7`QK 6B;m`2 jXdV

`2�/�b QT2`�iQ` Bb mb2/ 7Q` #mBH/BM; mb2`@/2}M2/ HBi2`�HbX
q2 ;Bp2 bQK2 2t�KTH2b Q7 .aGb i?�i �`2 BKTH2K2Mi2/ BM S`Qi2�C iQ b?Qr

i?2 2tT`2bbBp2M2bb Q7 i?2 T`Qi2�M QT2`�iQ`bX q2 �HbQ ;Bp2 2t�KTH2b BM r?B+?
KmHiBTH2 .aGb �`2 mb2/X q2 ?�p2 BKTH2K2Mi2/ i?2 +QKTBH2` Q7 S`Qi2�C BM
C�p�X S`Qi2�C /Q2b MQi bmTTQ`i ;2M2`B+b bBM+2 i?2`2 Bb � T`Q#H2K r?2M T`Qi2�M
QT2`�iQ`b �M/ ;2M2`B+b �`2 mb2/ iQ;2i?2` Ub22 b2+iBQM jXjXRVX S`Qi2�C �HbQ /Q2b
MQi bmTTQ`i BMM2` +H�bb2b #2+�mb2 i?2v +QKTHB+�i2 i?2 +QKTBH2`X 6Q` i?2 b�K2
`2�bQM- S`Qi2�C /Q2b MQi bmTTQ`i �MMQi�iBQMb �M/ i?2 Qi?2` 7�+BHBiB2b BMi`Q/m+2/
BM C�p� RX8 Q` �#Qp2X

jX9XR .2}MBiBQMb Q7 S`Qi2�M PT2`�iQ`b
h?2 /2}MBiBQMb Q7 T`Qi2�M QT2`�iQ`b BM S`Qi2�C �`2 bBKBH�` iQ i?2 +H�bb �M/
K2i?Q/ /2}MBiBQMb BM C�p�X 6B;m`2 jXN b?Qrb /2}MBiBQMb Q7 T`Qi2�M QT2`�iQ`b
i?�i 2tT`2bb `2;mH�` 2tT`2bbBQMbX h?Bb +Q/2 /2}M2b �M QT2`�iQ` KQ/mH2 M�K2/
_2;2tPT2`�iQ`bX h?Bb KQ/mH2 /2}M2b 7Qm` T`Qi2�M QT2`�iQ`bX 6Q` 2t�KTH2- i?2
i?B`/ QM2 /2}M2b i?2 ;`22/v [m�MiB}2` QT2`�iQ` ( n,_2;2t ]Y] ),_2;2tX h?2
F2vrQ`/ `2�/�b RBM/B+�i2b i?�i i?Bb QT2`�iQ` 2tT`2bb2b � mb2`@/2}M2/ HBi2`�HX
Ai bT2+B}2b i?�i � r?Bi2 bT�+2 Bb `2+Q;MBx2/ �b � MQ`K�H iQF2M `�i?2` i?�M �
iQF2M b2T�`�iQ`X h?2 /2i�BHb QM `2�/�b �`2 K2MiBQM2/ H�i2` Ub22 jX9XkVX _2;2t
M2ti iQ `2�/�b `2T`2b2Mib i?2 `2im`M ivT2 Q7 i?2 QT2`�iQ`X h?2 7QHHQrBM; T�`i
` ]Y] `2T`2b2Mib i?2 bvMi�t Q7 i?2 QT2`�iQ`X h?2 B/2MiB}2` ` `2T`2b2Mib i?2
QT2`�M/ Q7 i?2 QT2`�iQ` �M/ i?2 /Qm#H2@[mQi2/ bi`BM; ]Y] `2T`2b2Mib �M QT2`�iQ`
M�K2 Q7 i?2 QT2`�iQ`X h?2 T�`�K2i2` ivT2 Q7 i?2 QT2`�M/ ` Bb /2b+`B#2/ BM i?2
7QHHQrBM; T�`i 2M+HQb2/ BM T�`2Mi?2b2b U_2;2t `VX Ai /2MQi2b i?�i i?2 ivT2
Q7 i?2 QT2`�M/ M�K2/ ` Bb _2;2tX h?2 7QHHQrBM; , T`BQ`Biv 4 k8y `2T`2b2Mib
QT2`�iQ` T`2+2/2M+2X h?2 `2K�BMBM; T�`i 2M+HQb2/ BM +m`Hv #`�+2b Bb �M QT2`�iQ`
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QT2`�iQ`b _2;2tPT2`�iQ`b &
`2�/�b _2;2t `bY U_2;2tXXX `bV, T`BQ`Biv 4 kyy &

`2im`M M2r _2;2tGBbiU`bVc
'
`2�/�b _2;2t ` ]YY] U_2;2t `V, T`BQ`Biv 4 k8y &

`2im`M M2r _2;2tSQbb2bbBp2SHmbU`Vc
'
`2�/�b _2;2t ` ]Y] U_2;2t `V, T`BQ`Biv 4 k8y &

`2im`M M2r _2;2tSHmbU`Vc
'
`2�/�b _2;2t H UG2ii2` HV, T`BQ`Biv 4 jyy &

`2im`M M2r _2;2tUHVc
'

'

6B;m`2 jXN, .2}MBiBQM Q7 T`Qi2�M QT2`�iQ`b 2tT`2bbBM; `2;mH�` 2tT`2bbBQMb

#Q/vX Ai Bb 2[mBp�H2Mi iQ i?2 K2i?Q/ #Q/v Q7 � K2i?Q/ /2+H�`�iBQMX
6B;m`2 jXRy b?Qrb bvMi�t Q7 �M QT2`�iQ` /2+H�`�iBQM BM S`Qi2�CX AM S`Qi2�C-

�M QT2`�iQ` Bb /2}M2/ BM �M QT2`�iQ` KQ/mH2X �M QT2`�iQ` /2+H�`�iBQM +QMbBbib
Q7 irQ T�`ib- � ?2�/2` �M/ � #Q/vX h?2 #Q/v T�`i Bb /2b+`B#2/ �b � K2i?Q/
#Q/vX h?2 ?2�/2` T�`i +QMbBbib Q7 KQ/B}2`b- � `2im`M ivT2- bvMi�t- i?`Qr@
�#H2 2t+2TiBQMb- �M/ �M QT2`�iQ` T`BQ`BivX S`Qi2�M QT2`�iQ`b +�M ?�p2 KQ/B@
}2`b `�bbQ+- MQM�bbQ+- �M/ `2�/�bX h?2 KQ/B}2`b `�bbQ+ �M/ MQM�bbQ+ bT2+B7v
QT2`�iQ` �bbQ+B�iBpBiv, `�bbQ+ bT2+B}2b `B;?i@�bbQ+B�iBp2 �M/ MQM�bbQ+ bT2+B}2b
MQM@�bbQ+B�iBp2X h?2 /27�mHi �bbQ+B�iBpBiv Bb H27i@�bbQ+B�iBp2X S`Qi2�C T`QpB/2b
b2p2`�H MQi�iBQMb HBF2 S1: MQi�iBQMb 7Q` /2b+`B#BM; i?2 bvMi�t Q7 i?2 QT2`�iQ`
KQ`2 +QM+Bb2HvX \-  - �M/ Y �`2 �MMQi�iBQMb i?�i 7QHHQrb QT2`�M/bX \ BM/B+�i2b
�M QTiBQM�H QT2`�M/ Q7 i?2 QT2`�iQ`X Ai Bb mb2/ rBi? � /27�mHi �`;mK2Mi �b
7QHHQrb,
`2�/�b _2;2t ` ]Y] �\ U_2;2t `- �MMQ � 4 �MMQX;`22/vV
, T`BQ`Biv 4 k8y &
`2im`M M2r _2;2tSHmbU`- �Vc

'
`2�/�b �MMQ ]Y] UV , T`BQ`Biv 4 jyy &
`2im`M �MMQXTQbb2bbBp2c
'

 BM/B+�i2b x2`Q Q` KQ`2 `2T2iBiBQMb- �M/ Y BM/B+�i2b QM2 Q` KQ`2 `2T2iBiBQMbX
h?2v �`2 mb2/ rBi? p�`B�#H2 �`;mK2MibX h?2 HBM2b 7`QK k iQ 9 BM 6B;m`2 jXN Bb �M
2t�KTH2 mbBM; YX h?2 QT2`�iQ` ( nY,_2;2t ),_2;2t- r?B+? +QM+�i2M�i2b QM2
Q` KQ`2 `2;mH�` 2tT`2bbBQMb- Bb /2}M2/ i?2`2X S`Qi2�C �HbQ T`QpB/2b T`2/B+�i2
7Q` #mBH/BM; bvMi�t Q7 �M QT2`�iQ`X � �M/ 5 �`2 T`2/B+�i2b �M/ i?2v i�F2 � ivT2
7QHHQrBM; i?2 bvK#QHX h?2v `2T`2b2Mi HQQF@�?2�/c i?2v i2bi i?2 M2ti BMTmib

Rh?2 F2vrQ`/ `2�/�b K2�Mb i?�i i?2 T�`b2` `2�/b i?2 M2ti BMTmi �b �M BMbi�M+2 Q7 �
bT2+B}2/ ivT2X
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PTJQ/mH2 ! ]QT2`�iQ`b] A/ ]&] PT.27 ]']
PT.27 ! >2�/2` "Q/v
>2�/2` ! JQ/ hvT2 avMi�t S�`�Kb h?`Qrb S`iv
JQ/ ! ]`�bbQ+] % ]MQM�bbQ+] % ]`2�/�b]
avMi�t ! U PTL�K2 % PT2`�M/ % PTi % _2T % S`2/ VY
PTL�K2 ! ai`BM;GBi2`�H
PT2`�M/ ! A/
PTi ! A/ ]\]
_2T ! A/ U ] ] % ]Y] V
S`2/ ! U ]�] % ]5] V hvT2
S�`�Kb ! ]U] S�`�K U ]-] S�`�K V ]V]
S�`�K ! hvT2 o�`�`;b\ A/ .~i�`;\
o�`�`;b ! ]XXX]
.~i�`; ! ]4] 1tT`
S`iv ! ],] ]T`BQ`Biv] ]4] AMi*QMbi

6B;m`2 jXRy, avMi�t Q7 �M QT2`�iQ` /2+H�`�iBQM BM S`Qi2�C

mbBM; _2;2tPT2`�iQ`bc
mbBM; 6BH2S�i?PT2`�iQ`bc
mbBM; :`2TPT2`�iQ`bc

:`2T_2bmHi ` 4 ;`2T @B ?2HYQ �fb`+fJ�BMXD�p�c

6B;m`2 jXRR, JmHiBTH2 QT2`�iQ` KQ/mH2b +�M #2 BKTQ`i2/ BM QM2 bQm`+2 }H2

�M/ /2i2`KBM2 r?2i?2` T�`bBM; 7�BHb Q` +QMiBMm2b /2T2M/BM; QM i?2 i2bi `2bmHiX
1Bi?2` r�v- i?2v /Q MQi +QMbmK2 i?2 BMTmibX � h Bb � T`2/B+�i2 i?�i i`B2b iQ
T�`b2 i?2 M2ti BMTmib �bbmKBM; i?�i i?2 2tT2+i2/ ivT2 Bb i?2 ;Bp2M ivT2 h �M/
T�`bBM; 7�BHb r?2M i?2 HQQF@�?2�/ 7�BHbX 5 h Bb bBKBH�` iQ � h #mi Bi 7�BHb r?2M
i?2 HQQF@�?2�/ bm++22/bX

hQ mb2 T`Qi2�M QT2`�iQ`b- mbBM; /2+H�`�iBQM Bb M22/2/ iQ BKTQ`i �M QT2`�iQ`
KQ/mH2X 6Q` 2t�KTH2- `2;mH�` 2tT`2bbBQM HBi2`�Hb /2}M2/ BM 6B;m`2 jXN +�M #2
mb2/ �b 7QHHQrb,

mbBM; _2;2tPT2`�iQ`bc
XXX
_2;2t ` 4 ?2HYQc

i?2 T`Qi2�M QT2`�iQ`b /2}M2/ BM _2;2tPT2`�iQ`b �`2 mb2/ 7Q` i?2 +Q/2 ?2HYQX
h?2 mbBM; /2+H�`�iBQM Bb r`Bii2M �i i?2 #2;BMMBM; Q7 T`Q;`�KbX JmHiBTH2 QT2`�iQ`
KQ/mH2b +�M #2 BKTQ`i2/ BM QM2 bQm`+2 }H2 #v r`BiBM; KmHiBTH2 mbBM; /2+H�`�@
iBQMbX 6Q` 2t�KTH2- 6B;m`2 jXRR b?Qrb � T`Q;`�K i?�i BKTQ`ib :`2TPT2`�iQ`b-
_2;2tPT2`�iQ`b- �M/ 6BH2S�i?PT2`�iQ`b iQ;2i?2`X
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jX9Xk 1tT`2bbBQM PT2`�iQ`b �M/ _2�/�b PT2`�iQ`b
AM S`Qi2�C- T`Qi2�M QT2`�iQ`b +�M #2 /BpB/2/ BMiQ irQ +�i2;Q`B2b, 2tT`2bbBQM
QT2`�iQ`b �M/ `2�/�b QT2`�iQ`bX h?2 /2}MBiBQMb Q7 �M 2tT`2bbBQM QT2`�iQ` �M/
� `2�/�b QT2`�iQ` �`2 �HKQbi b�K2 #mi i?2 /2}MBiBQM Q7 i?2 `2�/�b QT2`�iQ`
+QMi�BMb i?2 KQ/B}2` `2�/�bX q?2M T�`bBM; �M 2tT`2bbBQM QT2`�iQ`- � r?Bi2
bT�+2 Bb `2+Q;MBx2/ �b � b2T�`�iQ` Q7 iQF2MbX PM i?2 Qi?2` ?�M/- r?2M T�`bBM;
� `2�/�b QT2`�iQ`- � r?Bi2 bT�+2 Bb � iQF2MX �M QT2`�M/ Q7 � `2�/�b QT2`�iQ`
Kmbi #2 �M 2tT`2bbBQM Q7 � `2�/�b QT2`�iQ`X _2�/�b QT2`�iQ`b �`2 K�BMHv mb2/
7Q` /2}MBM; HBi2`�HbX 1tT`2bbBQM QT2`�iQ`b �`2 MQi bmBi�#H2 7Q` i?�i bBM+2 r?Bi2
bT�+2b �`2 MQi �HHQr2/ BM � MmK#2` Q7 HBi2`�HbX 6Q` +QMp2MB2M+2- B7 `2�/�b Bb
MQi bT2+B}2/- � r?Bi2 bT�+2 Bb �miQK�iB+�HHv `2+Q;MBx2/ �b � b2T�`�iQ`X h?2
QT2`�iQ`b /2}M2/ rBi?Qmi `2�/�b �`2 +�HH2/ 2tT`2bbBQM QT2`�iQ`bX

hQ T�`b2 #Qi? Q7 2tT`2bbBQM QT2`�iQ`b �M/ `2�/�b QT2`�iQ`b- i?2 T�`b2` Q7
i?2 S`Qi2�C +QKTBH2` T�`b2b �M 2tT`2bbBQM �b 7QHHQrb,

RX T�`b2 i?2 2tT`2bbBQM #v 2tT`2bbBQM QT2`�iQ`b

kX B7 R 7�BHb- T�`b2 i?2 2tT`2bbBQM #v i?2 2tT`2bbBQM `mH2b BM i?2 ?Qbi H�M;m�;2
U2X;X K2i?Q/ +�HHV

jX B7 k 7�BHb- T�`b2 i?2 2tT`2bbBQM #v `2�/�b QT2`�iQ`b

9X B7 j 7�BHb- T�`b2 i?2 2tT`2bbBQM #v i?2 HBi2`�H `mH2b BM i?2 ?Qbi H�M;m�;2 U2X;X
bi`BM; HBi2`�HV

AM R �M/ j- i?2 T�`b2` rQ`Fb BM Qm` T�`bBM; K2i?Q/ BMi`Q/m+2/ BM i?2 T`2pBQmb
b2+iBQMX q?Bi2 bT�+2b �`2 `2+Q;MBx2/ �b � iQF2M b2T�`�iQ` BM R �M/ k #mi i?2v
�`2 `2+Q;MBx2/ �b � MQ`K�H iQF2M BM j �M/ 9X AM R- �M QT2`�M/ Q7 �M QT2`�iQ` Bb
T�`b2/ #v RX AM j- �M QT2`�M/ Q7 �M QT2`�iQ` Bb T�`b2/ #v jX �M �`;mK2Mi Q7 �
K2i?Q/ +�HH Q` � +QMbi`m+iQ` +�HH- r?B+? +�M #2 K2K#2`b Q7 i?2 2tT`2bbBQM `mH2b-
Bb T�`b2/ #v RX aBM+2 i?2 +QKTBH2` FMQrb i?2 2tT2+i2/ ivT2 Q7 2�+? �`;mK2Mi-
T`Qi2�M QT2`�iQ`b �`2 �p�BH�#H2 i?2`2X LQi2 i?�i- B7 i?2 ivT2 Q7 i?2 T�`bBM; `2bmHi
Bb MQi i?2 2tT2+i2/ ivT2- k �HbQ 7�BHbX

�++Q`/BM; iQ i?Bb T�`bBM; K2i?Q/- i?2 T`2/2}M2/ 2tT`2bbBQM `mH2b ?�p2 �
?B;?2` T`BQ`Biv Qp2` mb2`@/2}M2/ HBi2`�HbX 6Q` 2t�KTH2- � p�`B�#H2 �++2bb ?�b �
?B;?2` T`BQ`Biv Qp2` � `2;mH�` 2tT`2bbBQM HBi2`�H �b 7QHHQrb,
_2;2t ` 4 ?2HYQc ff ?2HQ- ?2HHQ- ?2HHHQ- XXX
_2;2t `k 4 `c ff ?2HQ- ?2HHQ- ?2HHHQ- XXX

h?Bb Bb `2�bQM�#H2 BM KQbi +�b2b- r2 #2HB2p2- bBM+2 � +QM~B+i #2ir22M � p�`B�#H2
�M/ � HBi2`�H Q++m`b QMHv r?2M i?2v ?�p2 i?2 b�K2 ivT2X S`Qi2�C �/QTib i?2
bQHmiBQM Q7 i?Bb +QM~B+i i?�i ;Bp2b � ?B;?2` T`BQ`Biv iQ p�`B�#H2b BM i?Bb +�b2X q2
+�M �HbQ ;Bp2 T`BQ`Biv iQ mb2`@/2}M2/ HBi2`�Hb #v mbBM; � +2`i�BM i`B+FX q?2M r2
/2}M2 i?2 7QHHQrBM; 2tT`2bbBQM QT2`�iQ`,
_2;2tk ` U_2;2t `V , T`BQ`Biv 4 y &XXX'

r2 +�M mb2 `2;mH�` 2tT`2bbBQM �b 7QHHQrb,
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_2;2tk ` 4 ?2HYQc ff ?2HQ- ?2HHQ- ?2HHHQ- XXX
_2;2tk `k 4 `c ff `

` +�M #2 T�`b2/ �b #Qi? Q7 � p�`B�#H2 ` �M/ �M 2tT`2bbBQM Q7 i?2 2tT`2bbBQM QT@
2`�iQ` ( n,_2;2t ),_2;2tkX aBM+2 �M 2tT`2bbBQM QT2`�iQ` ?�b � ?B;?2` T`BQ`Biv
Qp2` i?2 T`2/2}M2/ 2tT`2bbBQM `mH2b- ` Bb T�`b2/ �b �M 2tT`2bbBQM Q7 i?2 2tT`2b@
bBQM QT2`�iQ` ( n,_2;2t ),_2;2tkX h?2 QT2`�M/ Q7 i?2 QT2`�iQ` Bb T�`b2/ �b
� `2;mH�` 2tT`2bbBQM HBi2`�H `�i?2` i?�M � p�`B�#H2 ` bBM+2 i?2 QT2`�M/ ivT2 Q7
i?2 QT2`�iQ` Bb _2;2t `�i?2` i?�M _2;2tkX

jX9Xj PT2`�iQ` S`2+2/2M+2 �M/ S�`bBM; S`2+2/2M+2
S`Qi2�C ?�b irQ /Bz2`2Mi T`2+2/2M+2 `mH2b- QT2`�iQ` T`2+2/2M+2 �M/ T�`bBM;
T`2+2/2M+2X PT2`�iQ` T`2+2/2M+2 Bb bT2+B}2/ #v �M BMi2;2` p�Hm2 7Q` 2�+? QT2`@
�iQ`X 6Q` 2t�KTH2- , T`BQ`Biv 4 k8y BM 6B;m`2 jXN `2T`2b2Mib QT2`�iQ` T`2+2@
/2M+2X AM S`Qi2�C- �b i?2 p�Hm2 Q7 � T`2+2/2M+2 Bb H�`;2`- i?2 #BM/BM; Q7 �M
QT2`�iQ` Bb iB;?i2`X 6Q` 2t�KTH2- i?2 i?B`/ QT2`�iQ` BM 6B;m`2 jXN ( n,_2;2t
]Y] ),_2;2t Bb #QmM/ iB;?i2` i?�M i?2 }`bi QT2`�iQ` ( nY,_2;2t ),_2;2tX

h?2 p�Hm2 `2T`2b2MiBM; QT2`�iQ` T`2+2/2M+2 Bb mb2/ QMHv 7Q` +QKT�`BM; T`2+2@
/2M+2 �KQM; QT2`�iQ`b BM i?2 b�K2 QT2`�iQ` KQ/mH2X h?2 2MiB`2 QT2`�iQ` T`2+2@
/2M+2 Bb /2i2`KBM2/ #v i?2 Q`/2` Q7 mbBM; /2+H�`�iBQMbX PT2`�iQ`b BKTQ`i2/
2�`HB2` #BM/ iB;?i2` i?�M QT2`�iQ`b BKTQ`i2/ H�i2`X 6Q` 2t�KTH2- QT2`�iQ`b i?�i
2tT`2bb `2;mH�` 2tT`2bbBQM HBi2`�Hb #BM/ iB;?i2` i?�M ;`2T QT2`�iQ` BM 6B;m`2
jXRRX h?Bb 72�im`2 BKT`Qp2b +QKTQb�#BHBiv Q7 .aGb bBM+2 QT2`�iQ` T`2+2/2M+2 Q7
2�+? .aG Bb BM/2T2M/2Mi Q7 2�+? Qi?2`X

S�`bBM; T`2+2/2M+2 Q7 T`Qi2�M QT2`�iQ`b Bb bT2+B}2/ #v i?2 Q`/2` Q7 i?2B`
/2}MBiBQMbX Ai Bb � T`2+2/2M+2 �KQM; QT2`�iQ`b rBi? i?2 b�K2 QT2`�iQ` T`2+2@
/2M+2X h?2 T`2+2/2M+2 Q7 �M QT2`�iQ` /2}M2/ 2�`HB2` Bb ?B;?2`X 6Q` 2t�KTH2-
i?2 b2+QM/ QT2`�iQ` BM 6B;m`2 jXN ( n,_2;2t ]YY] ),_2;2t ?�b ?B;?2` T�`bBM;
T`2+2/2M+2 i?�M i?2 i?B`/ QT2`�iQ` ( n,_2;2t ]Y] ),_2;2tX �Hi?Qm;? T�`bBM;
T`2+2/2M+2 r�b ;Bp2M iQ QT2`�iQ`b rBi? i?2 b�K2 `2im`M ivT2 BM b2+iBQM 9Xj- r2
?2`2 +?�M;2 i?Bb #2+�mb2 �HH QT2`�iQ`b BM S`Qi2�C `2im`M � bm#ivT2 Q7 i?2 b�K2
ivT2 P#D2+iX

jX9X9 am#ivT2 _2H�iBQMb?BT #2ir22M �M 1tT2+i2/ hvT2 Q7
i?2 1tT`2bbBQM �M/ i?2 _2im`M hvT2 Q7 �M PT2`�iQ`

S`Q;`�KK2`b K�v r�Mi iQ mb2 �M QT2`�iQ` BM �M 2tT`2bbBQM r?Qb2 2tT2+i2/ ivT2
Bb � bmT2`ivT2 Q7 i?2 `2im`M ivT2 Q7 i?�i QT2`�iQ`X 6Q` 2t�KTH2- � T`Q;`�KK2`
KB;?i r�Mi iQ mb2 QT2`�iQ`b BM 6B;m`2 jXN �b 7QHHQrb,
mbBM; _2;2tPT2`�iQ`bc
XXX
_2;2t ` 4 ?2HYQc
P#D2+i Q#D 4 ?2HYQc

>Qr2p2`- Qm` T�`bBM; K2i?Q/ BMi`Q/m+2/ BM i?2 T`2pBQmb b2+iBQM /Q2b MQi +QM@
bB/2` bm#ivT2 `2H�iBQMb?BT #2ir22M i?2 2tT2+i2/ ivT2 Q7 �M 2tT`2bbBQM �M/ i?2
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`2im`M ivT2 Q7 �M QT2`�iQ`X AM i?2 H�bi HBM2 Q7 i?2 2t�KTH2 �#Qp2- i?2 2tT2+i2/
ivT2 Q7 i?2 `B;?i@?�M/ bB/2 2tT`2bbBQM Q7 i?2 2[m�H bB;M Bb P#D2+iX aBM+2 i?2
`2im`M ivT2 Q7 2�+? QT2`�iQ` /2}M2/ BM _2;2tPT2`�iQ`b Bb _2;2t `�i?2` i?�M
P#D2+i- Qm` T�`bBM; K2i?Q/ /Q2b MQi b2H2+i i?2b2 QT2`�iQ`b r?2M T�`bBM; i?2
2tT`2bbBQMX

hQ bmTTQ`i bm#ivT2b- i?2 S`Qi2�C +QKTBH2` �miQK�iB+�HHv ;2M2`�i2b QT2`�@
iQ`b i?�i 2tT`2bb bm#ivT2 `2H�iBQMb?BT �M/ i`�MbH�i2b i?2 `2im`M ivT2b Q7 mb2`@
/2}M2/ QT2`�iQ`b �7i2` i?2 i`�MbH�iBQM 2tTH�BM2/ BM b2+iBQM jXjX9X 6B`bi- i?2
`2im`M ivT2 hP Q7 � mb2`@/2}M2/ QT2`�iQ`b Bb i`�MbH�i2/ BMiQ hQPX >2`2- i?2 bm#@
b+`BTi S Bb � MQM@M2;�iBp2 BMi2;2` MmK#2` i?�i Bb 2[mBp�H2Mi iQ i?2 QT2`�iQ`
T`2+2/2M+2X h?2 bmT2`b+`BTi Z Bb �M BMi2;2` MmK#2` i?�i 2tT`2bb2b i?2 T�`b@
BM; T`2+2/2M+2 Q7 i?2 QT2`�iQ` �M/ � H�`;2` MmK#2` BM/B+�i2b ?B;?2` T`2+2/2M+2X
h?2M 7Q` 2p2`v hQP- i?2 +QKTBH2` ;2M2`�i2b �M QT2`�iQ` ( n,hQP ),amT2`P 7Q` 2�+?
hǶb bmT2`ivT2 amT2`X h?2 T�`bBM; T`2+2/2M+2 Q7 i?2 ;2M2`�i2/ QT2`�iQ` Bb ?B;?2`
i?�M i?2 QT2`�iQ` ( n,amT2`P+1 ),amT2`P- r?B+? Bb �//2/ #v i?2 i`�MbH�iBQM
2tTH�BM2/ BM b2+iBQM jXjX9X q?2M ZR Bb H�`;2` i?�M Zk- ( n,hQ1P ),amT2`P ?�b
?B;?2` T�`bBM; T`2+2/2M+2 i?�M ( n,hQ2P ),amT2`PX 6Q` 2t�KTH2- i?2 T`Qi2�M
QT2`�iQ`b BM 6B;m`2 jX3 �`2 i`�MbH�i2/ BMiQ i?2 QT2`�iQ`b BM 6B;m`2 jXRkX

h?2 `2�/2` KB;?i i?BMF i?2`2 Bb � bBKTH2` �TT`Q�+?- 7Q` 2t�KTH2- ;2M2`�iBM;
�M QT2`�iQ` HBF2 ( n,_2;2tP ),P#D2+iP 7Q` 2�+? QT2`�iQ` T`2+2/2M+2 S- #mi Bi
/Q2b MQi rQ`FX h?Bb �TT`Q�+? KB;?i #`2�F QT2`�iQ` T`2+2/2M+2X �++Q`/BM; iQ
b2+iBQM jXjX9- i?2 QT2`�iQ`b ( n,_2;2t1 ),_2;2t0 �M/ ( n,_2;2t2 ),_2;2t1
�`2 �miQK�iB+�HHv ;2M2`�i2/X aQ �M QT2`�iQ` rBi? i?2 `2im`M ivT2 _2;2t2 Bb
b2H2+i2/ #27Q`2 �M QT2`�iQ` rBi? i?2 `2im`M ivT2 P#D2+i1X h?Bb �TT`Q�+? KB;?i
�HbQ #`2�F T�`bBM; T`2+2/2M+2X h?2 +QKTBH2` +�MMQi /2i2`KBM2 i?2 T�`bBM;
T`2+2/2M+2 #2ir22M ( n,_2;2tP ),P#D2+iP �M/ ( n,ai`BM;P ),P#D2+iPX

h?2 T�`b2` Q7 S`Qi2�C Bb biBHH bm{+B2MiHv 7�bi �Hi?Qm;? Bi bmTTQ`ib bm#ivT2
`2H�iBQMb?BTX PT2`�iQ`b bmTTQ`iBM; bm#ivT2 `2H�iBQMb?BT +�M #2 i`�MbH�i2/ BMiQ
T`Qi2�M QT2`�iQ`b rBi?Qmi i?2 bmTTQ`i �b b?QrM �#Qp2 bBM+2 �HH mb2`@/2}M2/
QT2`�iQ`b �`2 iQi�HHv Q`/2`2/ #v i?2 QT2`�iQ` T`2+2/2M+2 �M/ i?2 T�`bBM; T`2+2@
/2M+2 BM S`Qi2�CX 1p2M B7 i?2 i`�MbH�iBQM ;2M2`�i2b � H�`;2 MmK#2` Q7 QT2`�iQ`b
i?�i `2im`M P#D2+i ivT2- Bi /Q2b MQi +�mb2 � H�`;2 BKT�+i QM T2`7Q`K�M+2 BM �
T`�+iB+�H +�b2 bBM+2 i?2 T�`b2` +?QQb2b i?Qb2 QT2`�iQ`b QM2@#v@QM2 BM i?2 Q`/2`
Q7 i?2 T`2+2/2M+2 �M/ ?2M+2 i?2 T�`bBM; iBK2 Bb � T`QTQ`iBQM iQ i?2 MmK#2` Q7
2tT`2bbBQMb 2tT2+iBM; P#D2+i ivT2X h?2 MmK#2` Q7 bm+? 2tT`2bbBQMb �`2 mbm�HHv
MQi K�Mv BM � bi�iB+�HHv ivT2/ H�M;m�;2X

jX9X8 *�b2 aim/v
AM i?2 `2bi Q7 i?Bb b2+iBQM- r2 b?Qr b2p2`�H .aGb BKTH2K2Mi2/ BM S`Qi2�CX

_m#v@HBF2 T`BMi bi�i2K2Mi

AM S`Qi2�C- T`Q;`�KK2`b +�M /2}M2 � M2r bi�i2K2Mi bBM+2 S`Qi2�C �HHQrb i?2K
iQ /2}M2 �M QT2`�iQ` `2im`MBM; pQB/X S`Q;`�KK2`b +�M mb2 bm+? �M QT2`�iQ`
7Q` #mBH/BM; � mb2`@/2}M2/ bi�i2K2Mi bBM+2 i?2 2tT`2bbBQM ivT2 Q7 � bi�i2K2Mi
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( n,_2;2t0 ),_2;2t
( n,_2;2t00 ),_2;2t0
( n,_2;2t1 ),_2;2t0
( n,_2;2t0 n,_2;2t1 ),_2;2t00
( n,_2;2t11 ),_2;2t1
( n,_2;2t01 ),_2;2t1
( n,_2;2t2 ),_2;2t1
( n,_2;2t2 ]YY] ),_2;2t11
( n,_2;2t2 ]Y] ),_2;2t01
( n,_2;2t02 ),_2;2t2
( n,G2ii2`3 ),_2;2t02

( n,G2ii2`0 ),G2ii2`
( n,G2ii2`1 ),G2ii2`0
( n,G2ii2`2 ),G2ii2`1
( n,G2ii2`3 ),G2ii2`2
( n,G2ii2`253 ),G2ii2`3
XXX
( n,G2ii2`03 ),G2ii2`3
( ]�] ),G2ii2`253
XXX
( ]x] ),G2ii2`03

( n,P#D2+i0 ),P#D2+i
( n,_2;2t00 ),P#D2+i0
( n,P#D2+i1 ),P#D2+i0
( n,_2;2t11 ),P#D2+i1
( n,_2;2t01 ),P#D2+i1
( n,P#D2+i2 ),P#D2+i1
( n,_2;2t02 ),P#D2+i2
( n,P#D2+i3 ),P#D2+i2
( n,G2ii2`253 ),P#D2+i3
XXX
( n,G2ii2`03 ),P#D2+i3

6B;m`2 jXRk, h?2 /2}MBiBQM Q7 i?2 `2;mH�` 2tT`2bbBQM HBi2`�Hb bmTTQ`iBM; bm#ivT2
`2H�iBQMb?BT Ui?2 i`�MbH�iBQM 7`QK 6B;m`2 jX3V
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2tT`2bbBQM Bb pQB/ BM S`Qi2�CX � bi�i2K2Mi 2tT`2bbBQM Bb � bi�i2K2Mi i?�i +QM@
bBbib Q7 QMHv QM2 2tT`2bbBQMX � bi�i2K2Mi 2tT`2bbBQM r?Qb2 2tT`2bbBQM Bb #mBHi
#v � mb2`@/2}M2/ QT2`�iQ` HQQFb HBF2 � mb2`@/2}M2/ bi�i2K2MiX h?2 7QHHQrBM;
+Q/2 Bb � /2}MBiBQM Q7 �M QT2`�iQ` `2im`MBM; pQB/,
QT2`�iQ`b PmiTmiPT2`�iQ`b &
pQB/ ]T] Kb; Uai`BM; Kb;V, T`BQ`Biv 4 y &

avbi2KXQmiXT`BMiHMUKb;Vc
'

'

�M/ r2 +�M mb2 Bi �b 7QHHQrb,
mbBM; PmiTmiPT2`�iQ`bc
XXX
T ]>2HHQ rQ`H/5]c

AM i?2 +Q/2 �#Qp2- i?2 H�bi HBM2 Bb � bi�i2K2Mi 2tT`2bbBQMX q2 +�M mb2 T iQ #mBH/
� bi�i2K2Mi i�FBM; � bi`BM; �M/ T`BMiBM; i?Bb bi`BM; bBM+2 PmiTmiPT2`�iQ`b
T`QpB/2b i?2 QT2`�iQ` ( T n,ai`BM; ),pQB/X

_2;mH�` 1tT`2bbBQM

S`Q;`�KK2`b +�M /2}M2 +QKTH2t HBi2`�Hb #v mbBM; `2�/�b QT2`�iQ`bX 6Q` 2t�K@
TH2- `2;mH�` 2tT`2bbBQM HBi2`�Hb +�M #2 /2}M2/ �b BM 6B;m`2 jXRjX h?Bb QT2`�iQ`
KQ/mH2 _2;2tPT2`�iQ`b T`QpB/2b _2;2t HBi2`�Hb- r?B+? 2tT`2bb `2;mH�` 2tT`2b@
bBQMbX h?2 7QHHQrBM; +Q/2 Bb �M 2t�KTH2 mbBM; _2;2tPT2`�iQ`b,
mbBM; PmiTmiPT2`�iQ`bc
mbBM; _2;2tPT2`�iQ`bc
XXX
_2;2t biMmK#2` 4 (y@N)&k'U"%J%.V(y@N)&8'c
J�i+?2` K 4 biMmK#2`XK�i+?2`Ui2tiVc
B7UKX7BM/UVV &
T ]K�i+? , ] Y KX;`QmTUVc

'

_2;2t HBi2`�Hb �`2 mb2/ BM i?2 bi�i2K2Mi BM HBM2 9 BM i?2 +Q/2 �#Qp2X h?Bb
`2;mH�` 2tT`2bbBQM HBi2`�H +QMbBbib Q7 b2p2`�H QT2`�iQ`b, ( nY,_2;2t ),_2;2t- (
n,_2;2t % n,_2;2t ),_2;2t- ( n,_2;2t & n,L�i '),_2;2t- ( ( nY,*Hb1HK
) ),_2;2t- �M/ bQ QMX S�`2Mi?2b2b QT2`�iQ` U n V Bb �M QT2`�iQ` T`QpB/2/ #v
S`Qi2�CX Ai `2b2ib QT2`�iQ` T`2+2/2M+2 Q7 i?2 QT2`�M/X

aBKTH2 PTiBKBx�iBQM

�MQi?2` mb�;2 Q7 T`Qi2�M QT2`�iQ`b Bb T2`7Q`K�M+2 QTiBKBx�iBQMX 6Q` 2t�K@
TH2- i?2 #BM�`v QT2`�iQ` ( n,ai`BM; Y n,ai`BM;),ai`BM;- r?B+? Bb mb2/ 7Q`
bi`BM; +QM+�i2M�iBQM- Bb MQi 2{+B2Mi r?2M Bi Bb bm++2bbBp2Hv mb2/ KQ`2 i?�M
QM+2X hQ K�F2 bi`BM; +QM+�i2M�iBQM KQ`2 2{+B2Mi- r2 b?QmH/ BMbi2�/ mb2 i?2
ai`BM;"mBH/2` +H�bbX S`Qi2�M QT2`�iQ`b BM S`Qi2�C +�M #2 mb2/ BM i?Bb +�b2X
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QT2`�iQ`b _2;2tPT2`�iQ`b &
`2�/�b _2;2t H ]%] ` U_2;2t H- _2;2t `V, T`BQ`Biv 4 Ryy
`2�/�b _2;2t `bY U_2;2tXXX `bV, T`BQ`Biv 4 kyy
`2�/�b _2;2t ` ]\Y] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ] Y] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ]YY] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ]\\] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ] \] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ]Y\] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ]\] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ] ] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ]Y] U_2;2t `V, T`BQ`Biv 4 k8y
`2�/�b _2;2t ` ]&] M ]'] U_2;2t `- L�i MV, T`BQ`Biv 4 k8y
`2�/�b _2;2t ](] 2bY ])] U*Hb1HKXXX 2bV, T`BQ`Biv 4 kdy
`2�/�b *Hb1HK 7 ]@] i UG2ii2` 7- G2ii2` iV, T`BQ`Biv 4 k3y
`2�/�b *Hb1HK H UG2ii2` HV, T`BQ`Biv 4 jyy
`2�/�b _2;2t ]X] UV, T`BQ`Biv 4 jyy
`2�/�b _2;2t H UG2ii2` HV, T`BQ`Biv 4 jyy

'

6B;m`2 jXRj, _2;mH�` 2tT`2bbBQM HBi2`�Hb �b �M BMi2`M�H .aG

h?2 /2}MBiBQM BM 6B;m`2 jXR9 Bb �M QT2`�iQ` KQ/mH2 i?�i /2}M2b QTiBKBx2/
bi`BM; +QM+�i2M�iBQMX q?2M i?2 QT2`�iQ` KQ/mH2 Bb mb2/- +QM+�i2M�iBQM Q7 irQ
bi`BM;b bm+? �b ]7QQ] Y ]#�`] Bb BMi2`T`2i2/ �b ]7QQ]X+QM+�iU]#�`]V- #mi
+QM+�i2M�iBQM Q7 i?`22 bi`BM;b bm+? �b ]7QQ] Y ]#�`] Y ]#�x] Bb BMi2`T`2i2/
�b i?2 7QHHQrBM;,

M2r ai`BM;"mBH/2`UVX�TT2M/U]7QQ]V
X�TT2M/U]#�`]VX�TT2M/U]#�x]VXiQai`BM;UV

GBF2 i?Bb- T`Qi2�M QT2`�iQ`b 2M�#H2 mb iQ QTiBKBx2 �M 2tT`2bbBQM i?�i +QM7Q`Kb
iQ bm+? ivTB+�H T�ii2`MbX �M BKTQ`i�Mi 7�+i Bb i?�i i?Bb QTiBKBx�iBQM Bb /2}M2/
#v � HB#`�`v- MQi i?2 +QKTBH2`X

QT2`�iQ`b 1tai`BM;PT2`�iQ`b &
ai`BM; #m7 Uai`BM;"mBH/2` #m7V, T`BQ`Biv 4 kyy
& `2im`M #m7XiQai`BM;UVc '

ai`BM;"mBH/2` H ]Y] `
Uai`BM;"mBH/2` H- ai`BM; `V, T`BQ`Biv 4 k8y
& `2im`M HX�TT2M/U`Vc '

ai`BM; H ]Y] ` Uai`BM; H- ai`BM; `V, T`BQ`Biv 4 jyy
& `2im`M HX+QM+�iU`Vc '

ai`BM;"mBH/2` bR ]Y] bk ]Y] bj
Uai`BM; bR- ai`BM; bk- ai`BM; bjV, T`BQ`Biv 4 j8y
& `2im`M M2r ai`BM;"mBH/2`UVX�TT2M/UbRVX�TT2M/UbkVX�TT2M/UbjVc '

'

6B;m`2 jXR9, PTiBKBx2/ bi`BM; +QM+�i2M�iBQM QT2`�iQ`b
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ff S`BKBiBp2PT2`�iQ`b Bb T`2/2}M2/ QT2`�iQ` KQ/mH2
ff �M/ Bi Bb BKTQ`i2/ BKTHB+BiHv HBF2 D�p�XH�M;
QT2`�iQ`b S`BKBiBp2PT2`�iQ`b &

XXX
BMi � Y # UBMi �- BMi #V, T`BQ`Biv 4 Nyy & XXX '
BMi � @ # UBMi �- BMi #V, T`BQ`Biv 4 Nyy & XXX '
BMi �  # UBMi �- BMi #V, T`BQ`Biv 4 Ryyy & XXX '
BMi � f # UBMi �- BMi #V, T`BQ`Biv 4 Ryyy & XXX '
XXX

'
QT2`�iQ`b 6BH2S�i?PT2`�iQ`b &

`2�/�b 6BH2S�i? /B`\ M�K2
U.B`S�i? /B` 4 *m`.B`Xp- A/2MiB7B2` M�K2V
, T`BQ`Biv 4 Ryy & XXX '
`2�/�b .B`S�i? T�`2Mi\ M�K2 ]f]
U.B`S�i? T�`2Mi 4 *m`.B`Xp- A/2MiB7B2` M�K2V
, T`BQ`Biv 4 kyy & XXX '
`2�/�b .B`S�i? /B`\ ]Xf] U.B`S�i? /B` 4 *m`.B`XpV
, T`BQ`Biv 4 kyy & XXX '
`2�/�b .B`S�i? /B`\ ]XXf] U.B`S�i? /B` 4 *m`.B`XpV
, T`BQ`Biv 4 kyy & XXX '
`2�/�b .B`S�i? ]f] UV, T`BQ`Biv 4 kyy & XXX '
`2�/�b .B`S�i? ]�f] UV , T`BQ`Biv 4 kyy & XXX '

'

6B;m`2 jXR8, 6BH2 T�i? QT2`�iQ` KQ/mH2

aZG

AM S`Qi2�C- T`Q;`�KK2`b +�M BKTH2K2Mi KQ`2 +QKTH2t BMi2`M�H .aGbX 6Q` 2t@
�KTH2- i?2v +�M BKTH2K2Mi � bm#b2i Q7 aZGX q2 ?�p2 BKTH2K2Mi2/ irQ QT2`�iQ`
KQ/mH2b- 6BH2S�i?PT2`�iQ`b �M/ aZGPT2`�iQ`bX 6BH2S�i?PT2`�iQ`b KQ/@
mH2 2M�#H2b mb iQ r`Bi2 � }H2 T�i? HBF2 �f.Q+mK2Mibf7BH2XitiX h?2 /2}MBiBQM
Q7 6BH2S�i?PT2`�iQ`b Bb b?QrM BM 6B;m`2 jXR8X aZGPT2`�iQ`b KQ/mH2 /2}M2b
bQK2 aZG QT2`�iQ`b- 7Q` 2t�KTH2- b2H2+i- +`2�i2 i�#H2- �M/ BMb2`i BMiQX h?2 /2}MB@
iBQMb Q7 i?2b2 QT2`�iQ` KQ/mH2b �`2 �p�BH�#H2 7`QK Qm` ;Bi?m# T�;2XkqBi? i?2b2
KQ/mH2b- T`Q;`�KK2`b +�M r`Bi2 i?2 T`Q;`�K b?QrM BM 6B;m`2 jXReX

jX8 1tT2`BK2Mib
jX8XR S�`bBM; 1tT`2bbBQMb AM+Hm/BM; lb2`@.2}M2/ GBi2`�Hb
q2 ?�p2 +QM/m+i2/ �M 2tT2`BK2Mi 7Q` /2KQMbi`�iBM; i?�i Qm` K2i?Q/ +�M 2{@
+B2MiHv T�`b2 2tT`2bbBQMb BM+Hm/BM; mb2`@/2}M2/ HBi2`�Hb 2p2M i?Qm;? � M�Bp2

kh?2 bQm`+2 +Q/2b Q7 S`Qi2�C �M/ .aGb BMi`Q/m+2/ BM i?Bb b2+iBQM �`2 �p�BH�#H2 7`QK ;Bi?m#,
?iiTb,ff;Bi?m#X+QKf+b;@iQFvQfT`Qi2�D
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BKTQ`i D�p�Xb[HX c

mbBM; 6BH2S�i?PT2`�iQ`bc
mbBM; aZGPT2`�iQ`bc
mbBM; PmiTmiPT2`�iQ`bc
mbBM; 1tai`BM;PT2`�iQ`bc

Tm#HB+ +H�bb J�BM &
T`Bp�i2 bi�iB+ #QQH2�M 2tBbih�#H2
Uai`BM; i#HV i?`Qrb 1t+2TiBQM
&
_2bmHia2i i�#H2b 4 b2H2+i i�#H2M�K2 7`QK bvbXbvbi�#H2b

r?2`2 i�#H2M�K2 4 i#HXiQlTT2`*�b2UVc
`2im`M i�#H2bXM2tiUVc

'

T`Bp�i2 bi�iB+ pQB/ BMb2`iJ2K#2`
UBMi B/- ai`BM; M�K2V i?`Qrb 1t+2TiBQM
&
BMb2`i BMiQ K2K#2`b U mb2`nB/- M�K2 V p�Hm2b U B/- M�K2 Vc

'

Tm#HB+ bi�iB+ pQB/ K�BMUai`BM;() �`;bV i?`Qrb 1t+2TiBQM &
+QMM2+i iQ Xf/�i�#�b2X/#c
B7U2tBbih�#H2U]K2K#2`b]VV /`QT i�#H2 K2K#2`bc
+`2�i2 i�#H2 K2K#2`b U

mb2`nB/ BMi MQi MmHH T`BK�`v F2v-
M�K2 p�`+?�`Ue9V MQi MmHH

Vc

B7U2tBbih�#H2U]TQbib]VV /`QT i�#H2 TQbibc
+`2�i2 i�#H2 TQbib U

B/ BMi MQi MmHH ;2M2`�i2/ �Hr�vb �b B/2MiBiv-
/�i2 iBK2bi�KT /27�mHi +m``2Mi iBK2bi�KT-
mb2`nB/ BMi-
+QKK2Mi HQM; p�`+?�`

Vc

BMb2`iJ2K#2`URkj- ]B+?BF�r�]Vc
BMb2`iJ2K#2`Uj98- ]Q?i�MB]Vc
BMb2`iJ2K#2`U8ed- ]?B`�K�ibm]Vc
BMb2`i BMiQ TQbib U mb2`nB/- +QKK2Mi V

p�Hm2b U Rkj- ]P?�vQ5] Vc

_2bmHia2i `b 4 b2H2+i  7`QK K2K#2`bc
r?BH2U`bXM2tiUVV &

T `bX;2iAMiURV Y ] ] Y `bX;2iai`BM;UkVc
'
+QKKBic
/Bb+QMM2+ic

'
'

6B;m`2 jXRe, � T`Q;`�K mbBM; aZGPT2`�iQ`b
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K2i?Q/ +�MMQi T�`b2 i?2K BM T`�;K�iB+ iBK2X AM � ivTB+�H M�Bp2 K2i?Q/ 7Q`
T�`bBM; mb2`@/2}M2/ HBi2`�Hb- � T�`b2` ;2M2`�i2b �HH TQbbB#H2 T�`b2 i`22b �M/ �
b2K�MiB+ �M�Hvx2` /2i2`KBM2b i?2 KQbi bmBi�#H2 i`22X PM i?2 Qi?2` ?�M/- Qm`
K2i?Q/ mb2b ivT2 BM7Q`K�iBQM- r?B+? Bb Q#i�BM2/ #v � b2K�MiB+ �M�Hvx2`- 7Q`
T�`bBM;X h?2 KQbi BKTQ`i�Mi /Bz2`2M+2 #2ir22M i?2 M�Bp2 K2i?Q/ �M/ Qm`
K2i?Q/ Bb ;`�KK�` �K#B;mBiv r?2M T�`bBM;c i?2 M�Bp2 K2i?Q/ mb2b �K#B;mQmb
;`�KK�` #mi Qm` K2i?Q/ mb2b mM�K#B;mQmb ;`�KK�`X h?Bb 2tT2`BK2Mi �BKb
iQ b?Qr i?2 T2`7Q`K�M+2 BKT�+i +�mb2/ #v i?Bb /Bz2`2M+2X q2 mb2/ Ca:G_
T�`b2` (jN)- r?B+? Bb � r2HH@FMQrM BKTH2K2Mi�iBQM Q7 a:G_ T�`b2` BM C�p�- �b �
T�`b2` Q7 i?2 M�Bp2 K2i?Q/ 7Q` KBt}t QT2`�iQ`b bmTTQ`iBM; mb2`@/2}M2/ HBi2`�HbX
aBM+2 i?2 T�`b2` Q7 S`Qi2�C +�MMQi #2 /2i�+?2/ 7`QK i?2 +QKTBH2`- r2 +QK@
T�`2/ i?2 +QKTBH�iBQM iBK2 UT�`bBM; iBK2 Y +Q/2 ;2M2`�iBQM iBK2V #v S`Qi2�C
�M/ i?2 T�`bBM; iBK2 #v Ca:G_X h?2 K�+?BM2 mb2/ 7Q` i?2 2tT2`BK2Mi�iBQM
?�/ � kXed:>x *Q`2 B8 T`Q+2bbQ` �M/ 3 :" Q7 K2KQ`vX h?2 BMbi�HH2/ QT2`�iBM;
bvbi2K QM i?2 K�+?BM2 r�b PT2Mala1 RkXjX q2 mb2/ P`�+H2 C.E RX3Xyny8X

h?2 T`Q#H2K b2iiBM; Q7 i?2 2tT2`BK2Mi Bb �b 7QHHQrb,

Ç :`�KK�`, #�bB+ �`Bi?K2iB+ QT2`�iQ`b �M/ }H2 T�i? HBi2`�HbX
h?2 ;`�KK�` 7Q` i?2 2tT2`BK2Mi Q7 Ca:G_ Bb b?QrM BM 6B;m`2 jXRdX S`Q@
i2�C mb2b i?2 irQ QT2`�iQ` KQ/mH2b BM 6B;m`2 jXR8 �b �M BKTH2K2Mi�iBQM
Q7 i?Bb ;`�KK�`X

Ç AMTmi, �f�f�fXXXf� U� b2[m2M+2 Q7 � b2T�`�i2/ #v fV
h?2 BMTmi bBx2 Bb i?2 MmK#2` Q7 � BM i?2 BMTmiX 6Q` 2t�KTH2- i?2 BMTmi
bBx2 Q7 �f�f� Bb jX
AM i?2 2tT2`BK2Mi Q7 S`Qi2�C- i?2 BMTmi bQm`+2 Bb KQ`2 +QKTH2t bBM+2 Bi
b?QmH/ #2 � p�HB/ S`Qi2�C bQm`+2 +Q/2X 6B;m`2 jXR3 b?Qrb i?2 BMTmi bQm`+2
7Q` S`Qi2�CX

Ç J2�bm`2K2Mi, �M �p2`�;2 T�`bBM; Q` +QKTBH�iBQM iBK2 Q7 i2M 2t2+miBQMbX

h?2 ;`�KK�` b?QrM BM 6B;m`2 jXRd Bb � bBKTH2 ;`�KK�` QMHv BM+Hm/BM; #�bB+
�`Bi?K2iB+ QT2`�iQ`b �M/ }H2 T�i? HBi2`�HbX Ai ?�b �K#B;mBiB2b- 7Q` 2t�KTH2- �
+�M #2 T�`b2/ �b #Qi? Q7 � p�`B�#H2 �M/ � }H2 M�K2X �f� KB;?i #2 � /BpBbBQM
2tT`2bbBQM Q7 irQ MmK#2`b- � /BpBbBQM 2tT`2bbBQM Q7 � MmK#2` �M/ � }H2 M�K2-
� /BpBbBQM 2tT`2bbBQM Q7 irQ }H2 M�K2b- �M/ � }H2 T�i? HBi2`�HX h?2 TQbbB#H2
T�`bBM; `2bmHib Q7 i?2 BMTmi �f�fXXXf� 2tTHQ/2 2tTQM2MiB�HHvX q2 /2bB;M2/ i?Bb
;`�KK�` bmTTQbBM; i?2 ?Qbi H�M;m�;2 ?�b QT2`�iQ` T`2+2/2M+2 �M/ �bbQ+B�iBpBiv
7Q` `2/m+BM; �K#B;mBiB2bX q?2M i?2 irQ KQ/mH2b BM 6B;m`2 jXR8 �`2 BKTQ`i2/
#v mbBM; /2+H�`�iBQMb- S`Qi2�C +�M T�`b2 �Mv 2tT`2bbBQMb i?�i +�M #2 2tT`2bb2/
#v i?2 ;`�KK�` BM 6B;m`2 jXRd 2t+2Ti i?�i � }H2 M�K2 Bb MQi `2bi`B+i2/X q2
?�p2 K2�bm`2/ i?2 T�`bBM; Q` +QKTBH�iBQM iBK2 #v +?�M;BM; i?2 BMTmi bBx2X

6B;m`2 jXRN b?Qrb i?2 `2bmHi Q7 i?2 2tT2`BK2MiX Ai Bb � b2KBHQ; ;`�T?X h?2
p2`iB+�H �tBb BM/B+�i2b i?2 T�`bBM; Q` +QKTBH�iBQM iBK2 �M/ i?2 ?Q`BxQMi�H �tBb
BM/B+�i2b i?2 BMTmi bBx2X h?2 /B�KQM/ BM/B+�i2b �M �p2`�;2 T�`bBM; iBK2 #v
Ca:G_ �M/ i?2 `2+i�M;H2 BM/B+�i2b �M �p2`�;2 +QKTBH�iBQM iBK2 UT�`bBM; iBK2
Y +Q/2 ;2M2`�iBQM iBK2V #v S`Qi2�CX h?Bb ;`�T? Bb THQii2/ 7Q` i?2 BMTmi bBx2
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a ! 1tT`
1tT` ! �//1
�//1 ! �//1 ]Y] JmH1 % �//1 ]@] JmH1 % JmH1
JmH1 ! JmH1 ] ] S`BK�`v % JmH1 ]f] S`BK�`v % S`BK�`v
S`BK�`v ! ]�] % 6BH2S�i?
6BH2S�i? ! .B`S�i? 6BH2L�K2 % 6BH2L�K2
.B`S�i? ! .B`S�i? 6BH2L�K2 ]f] % 6BH2L�K2 ]f]

% .B`S�i? ]Xf] % ]Xf]
% .B`S�i? ]XXf] % ]XXf]
% ]f] % ]�f]

6BH2L�K2 ! ]�]

6B;m`2 jXRd, h?2 ;`�KK�` Q7 i?2 H�M;m�;2 QMHv bmTTQ`iBM; }H2@T�i? M�K2b �M/
�`Bi?K2iB+ +�H+mH�iBQMb

mbBM; 6BH2S�i?PT2`�iQ`bc

Tm#HB+ +H�bb h2bi &
Tm#HB+ bi�iB+ pQB/ K�BMUai`BM;() �`;bV &
6BH2S�i? T�i? 4 �f�fXXXf�c
avbi2KXQmiXT`BMiHMUT�i?X;2i�#bQHmi2S�i?UVVc

'
'

6B;m`2 jXR3, h?2 BMTmi bQm`+2 7Q` i?2 2tT2`BK2Mi Q7 S`Qi2�C

7`QK y iQ kyX �++Q`/BM; iQ i?2 };m`2- Ca:G_ T�`b2` Bb ;2iiBM; bHQr �b i?2 BMTmi
bBx2 Bb ;2iiBM; H�`;2X h?2 T�`bBM; iBK2 BM+`2�b2b 2tTQM2MiB�HHvX h?2 rQ`bi@+�b2
iBK2 +QKTH2tBiv Q7 � :G_ T�`b2` Bb O(n3) B7 Bi Bb BKTH2K2Mi2/ +�`27mHHvX h?Bb
7�+i b?Qrb i?�i BKTH2K2MiBM; �M 2{+B2Mi b+�MM2`H2bb :G_ T�`b2` Bb /B{+mHiX
JQ`2Qp2`- Ca:G_ +QmH/ MQi T�`b2 r?2M i?2 BMTmi bBx2 Bb KQ`2 i?�M ky- /m2 iQ �
H�+F Q7 K2KQ`vX 6`QK i?Bb `2bmHi- i?2 M�Bp2 K2i?Q/- BM r?B+? � T�`b2` ;2M2`�i2b
�HH TQbbB#H2 i`22b �M/ � b2K�MiB+ �M�Hvx2` /2i2`KBM2b i?2 KQbi bmBi�#H2 QM2- Bb
MQi 7�bi 2MQm;? iQ BKTH2K2Mi mb2`@/2}M2/ HBi2`�HbX

h?2 +QKTBH�iBQM iBK2 #v S`Qi2�C BM+`2�b2b HBM2�`Hv rBi? i?2 BMTmi bBx2X 6B;@
m`2 jXky T`2b2Mib i?2 +QKTBH�iBQM iBK2 #v S`Qi2�C �;�BMbi i?2 BMTmi bBx2X h?2
p2`iB+�H �tBb BM/B+�i2b i?2 +QKTBH�iBQM iBK2 �M/ i?2 ?Q`BxQMi�H �tBb BM/B+�i2b i?2
BMTmi bBx2X h?Bb };m`2 T`2b2Mib i?2 b�K2 /�i� �b 6B;m`2 jXRN #mi �i � /Bz2`2Mi
b+�H2X h?2 ;`�T? Bb THQii2/ rBi? i?2 BMTmi bBx2 7`QK y iQ RyyyX h?2 p2`iB+�H �tBb
Q7 6B;m`2 jXRN Bb �i � HQ;�`Bi?KB+ b+�H2 r?BH2 i?�i Q7 6B;m`2 jXky Bb �i � HBM2�`
b+�H2X
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6B;m`2 jXRN, *QKT�`BbQM #2ir22M ;2M2`�iBM; �HH TQbbB#H2 i`22b #v Ca:G_ �M/
Qm` K2i?Q/ #v i?2 S`Qi2�C +QKTBH2`

jX8Xk lb2`@.2}M2/ GBi2`�Hb �M/ A/2MiB}2`b
q2 ?�p2 +QM/m+i2/ �M 2tT2`BK2Mi 7Q` b?QrBM; +QKTQb�#BHBiv Q7 T`Qi2�M QT2`�@
iQ`bc i?2 T�`bBM; iBK2 /Q2b MQi BM+`2�b2 �b � MmK#2` Q7 QT2`�iQ`b �`2 BKTQ`i2/X
� mb2`@/2}M2/ HBi2`�H i?�i HQQFb HBF2 �M B/2MiB}2` Bb � mb27mH +QMbi`m+i Q7 �M
BMi2`M�H .aGX AM i?2 aZG .aG b?QrM BM a2+iBQM jX9X8- 7Q` 2t�KTH2- � b2H2+i@
2tT`2bbBQM Bb r`Bii2M �b 7QHHQrb,
b2H2+i M�K2 7`QK bim/2Mib r?2`2 �;2 I ky

AM i?Bb 2tT`2bbBQM- bim/2Mib Bb � i�#H2 M�K2 BM � /�i�#�b2 �M/ M�K2 �M/ �;2
�`2 +QHmKM M�K2b Q7 i?2 i�#H2X h?2v HQQF HBF2 B/2MiB}2`b #mi i?2v �`2 mb2`@
/2}M2/ HBi2`�HbX aBKBH�`Hv- � MmK#2` Q7 mb2`@/2}M2/ HBi2`�Hb b?�`2 i?2 b�K2
bvMi�t rBi? MQ`K�H B/2MiB}2`b BM C�p�X A7 r2 mb2 � M�Bp2 T�`bBM; K2i?Q/- i?2b2
HBi2`�Hb BMi`Q/m+2 bvMi�+iB+�H �K#B;mBiv �M/ bHQr /QrM T�`bBM;X AM S`Qi2�C-
i?2b2 HBi2`�Hb /Q MQi +�mb2 �K#B;mBiv �M/ /Q MQi bHQr /QrM T�`bBM;X h?Bb
2tT2`BK2Mi �BKb iQ r�i+? i?2 +?�M;2 Q7 i?2 T�`bBM;f+QKTBH�iBQM iBK2 r?2M
+?�M;BM; i?2 MmK#2` Q7 mb2`@/2}M2/ HBi2`�HbX q2 +QKT�`2/ i?2 +QKTBH�iBQM
iBK2 #v S`Qi2�C �M/ i?2 T�`bBM; iBK2 #v Ca:G_ Dmbi HBF2 i?2 2tT2`BK2Mi BM
a2+iBQM jX8XRX h?2 2tT2`BK2Mi b2iiBM; Bb �HbQ i?2 b�K2 �b BM jX8XRX

q2 K2�bm`2/ i?2 T�`bBM;f+QKTBH�iBQM iBK2 r?BH2 +?�M;BM; i?2 MmK#2` Q7
/Bz2`2Mi FBM/b Q7 mb2`@/2}M2/ HBi2`�Hb 7`QK R iQ kyX h?2 #�b2 ;`�KK�` ;Bp2M
iQ Ca:G_ Bb bBKTHB}2/ C�p� bi�i2K2Mi bvMi�t b?QrM BM 6B;m`2 jXkRX h?2 7mHH
p2`bBQM Q7 i?2 ;`�KK�` +�M #2 Q#i�BM2/ 7`QK Qm` ;Bi?m# T�;2 K2MiBQM2/ BM
a2+iBQM jX9X8X h?2 ;`�KK�` Q7 i?2 mb2`@/2}M2/ HBi2`�H Bb �b 7QHHQrb,
S`BK�`v ! A.i

A.i ! A/2MiB}2`
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!me$(ms)�

input$size�

6B;m`2 jXky, h?2 +QKTBH�iBQM iBK2 #v S`Qi2�C

>2`2- B BM/B+�i2b i?2 FBM/ Q7 i?2 mb2`@/2}M2/ HBi2`�HX Ai Bb � MQM@M2;�iBp2 BMi2;2`
MmK#2` H2bb i?�M i?2 MmK#2` Q7 i?2 FBM/b Q7 mb2`@/2}M2/ HBi2`�Hb MX 6Q` S`Qi2�C-
r2 /2}M2/ mb2`@/2}M2/ HBi2`�Hb �b 7QHHQrb,
QT2`�iQ`b �K#A.bPT2`�iQ`b &
`2�/�b A.0 B/ UA/2MiB7B2` B/V & `2im`M M2r A.0UB/Vc '
XXX
`2�/�b A.n�1 B/ UA/2MiB7B2` B/V & `2im`M M2r A.n�1UB/Vc '

'

h?2 BMTmi Q7 i?Bb 2tT2`BK2Mi +QMi�BMb HQ+�H p�`B�#H2 /2+H�`�iBQMb HBF2,
A.0 B/j 4 �c

h?2 `B;?i@?�M/ bB/2 Q7 i?2 /2+H�`�iBQM Bb �K#B;mQmb #2+�mb2 � +�M #2 T�`b2/
�b �M A.0 HBi2`�H- �M A.1 HBi2`�H- �M A.2 HBi2`�H- �M/ bQ QMX h?2 MmK#2` Q7 i?2
TQbbB#H2 T�`bBM; `2bmHib Bb nX h?2 HBi2`�H Q7 ivT2 A.0 Bb }M�HHv b2H2+i2/ bBM+2
i?2 ivT2 Q7 B/j Bb A.0X h?2 bQm`+2 +Q/2 ;Bp2M iQ Ca:G_ +QMi�BMb p�`B�#H2
/2+H�`�iBQMb �b b?QrM #2HQr,
&
A.0 B/0 4 �c
XXX
A.0 B/m�1 4 �c

'

h?2 bQm`+2 +Q/2 ;Bp2M iQ S`Qi2�C +QMi�BMb � +H�bb /2+H�`�iBQM rBi? QMHv QM2
K2i?Q/,
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a ! aBM;H2aiKi
aiKib ! aiKib aiKi % aiKi
aiKi ! aBM;H2aiKi % GQ+�Ho�`.2+H
aBM;H2aiKi ! ]&] aiKib ]'] % 1tT` ]c] % A7aiKi
GQ+�Ho�`.2+H ! hvT2 A/2MiB}2` ]4] 1tT` ]c] % hvT2 A/2MiB}2` ]c]
1tT` ! 1tT`R
XXX
1tT`N ! S`BK�`v
S`BK�`v ! ]U] 1tT` ]V] % o�`B�#H2 % AMiGBi2`�H % ai`BM;GBi2`�H
hvT2 ! A/2MiB}2`
o�`B�#H2 ! A/2MiB}2`

6B;m`2 jXkR, aBKTHB}2/ C�p� bi�i2K2Mi bvMi�t

mbBM; �K#A.bPT2`�iQ`bc
+H�bb h2bim &
Tm#HB+ bi�iB+ pQB/ K�BM Uai`BM;() �`;bV &

A.0 B/0 4 �c
XXX
A.0 B/m�1 4 �c

'
'

h?2 BMTmi H2M;i? K Bb i?2 MmK#2` Q7 HQ+�H p�`B�#H2 /2+H�`�iBQMb BM i?2 bQm`+2
+Q/2X 6Q` /Bz2`2Mi K- Ryyy- kyyy- XXX- Ryyyy- r2 K2�bm`2/ i?2 �p2`�;2 T�`bBM;f@
+QKTBH�iBQM iBK2 �7i2` `mMMBM; S`Qi2�C Q` Ca:G_ i2M iBK2bX

6B;m`2 jXkk b?Qrb i?2 `2bmHi Q7 i?2 2tT2`BK2Mi rBi? Ca:G_X h?2 p2`iB+�H �tBb
/2MQi2b i?2 T�`bBM; iBK2 �M/ i?2 ?Q`BxQMi�H �tBb /2MQi2b i?2 MmK#2` Q7 i?2 FBM/b
Q7 mb2`@/2}M2/ HBi2`�Hb MX 1�+? HBM2 /2MQi2b i?2 T�`bBM; iBK2 rBi? � /Bz2`2Mi KX
h?2 MmK#2`b �i i?2 `B;?i bB/2 BM/B+�i2 KX �++Q`/BM; iQ i?2 };m`2- i?2 T�`bBM;
iBK2 BM+`2�b2b HBM2�`Hv rBi? i?2 MmK#2` Q7 mb2`@/2}M2/ HBi2`�HbX 6B;m`2 jXkj
b?Qrb i?2 +QKTBH�iBQM iBK2 #v i?2 S`Qi2�C +QKTBH2`X h?2 p2`iB+�H �tBb /2MQi2b
i?2 +QKTBH�iBQM iBK2 �M/ i?2 ?Q`BxQMi�H �tBb /2MQi2b i?2 MmK#2` Q7 mb2`@/2}M2/
HBi2`�HbX h?2 };m`2 `2p2�Hb i?�i i?2 MmK#2` Q7 /Bz2`2Mi FBM/b Q7 mb2`@/2}M2/
HBi2`�Hb /Q2b MQi �z2+i i?2 +QKTBH�iBQM iBK2X

h?2 +QKTBH�iBQM iBK2 #v S`Qi2�C Bb j iQ Ry iBK2b HQM;2` i?�M i?2 T�`bBM;
iBK2 #v Ca:G_X �Hi?Qm;? i?2 +QKTBH�iBQM iBK2 #v S`Qi2�C /Q2b MQi bHQr /QrM
�b i?2 MmK#2` Q7 mb2`@/2}M2/ HBi2`�Hb BM+`2�b2b- Bib �#bQHmi2 bT22/ Bb MQi 7�biX
�i H2�bi T�`i Q7 i?2 T`Q#H2K Bb /m2 iQ i?2 7�+i i?�i i?2 +m``2Mi S`Qi2�C +QKTBH2`
Bb � T`QiQivT2 �M/ MQi r2HH imM2/X PM i?2 Qi?2` ?�M/- Ca:G_ T�`b2` Bb 7�bi
bBM+2 a:G_ T�`bBM; Bb 2{+B2Mi r?2M i?2 ;`�KK�` ?�b QMHv � 72r �K#B;mBiB2bX
lMHBF2 i?2 2tT2`BK2Mi BM a2+iBQM jX8XR- i?2 �K#B;mBiB2b BM i?Bb 2tT2`BK2Mi /Q MQi
2tTQM2MiB�HHv 2tTHQ/2b #2+�mb2 i?2`2 Bb MQ QT2`�iQ` i�FBM; KmHiBTH2 �K#B;mQmb
QT2`�M/bX
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!me$(ms)�

the$number$of$user0defined$literals�

6B;m`2 jXkk, h?2 T�`bBM; iBK2 #v Ca:G_ Q7 i?2 bQm`+2 +Q/2 +QMi�BMBM; mb2`@
/2}M2/ HBi2`�Hb

jX8Xj S�`bBM; C�p� aQm`+2 +Q/2
�Hi?Qm;? i?2 T`QTQb2/ T�`bBM; K2i?Q/ Bb ~2tB#H2 �M/ `mMb 2{+B2MiHv- Bi Bb bHQr2`
i?�M i?2 T�`b2` Q7 � MQ`K�H C�p� +QKTBH2`X A7 �Mv mb2`@/2}M2/ QT2`�iQ`b �`2
MQi mb2/- i?2 ~2tB#BHBiv Q7 Qm` K2i?Q/ Bb Dmbi � T2`7Q`K�M+2 T2M�HivX q2 ?2M+2
+QM/m+i2/ �M 2tT2`BK2Mi 7Q` K2�bm`BM; i?2 bT22/ Q7 T�`bBM; MQ`K�H C�p� bQm`+2
+Q/2X q2 K2�bm`2/ i?2 +QKTBH�iBQM iBK2 Q7 �T�+?2 HQ;9D RXk (kR)- r?B+? Bb �M
QT2M bQm`+2 T`QD2+i BM C�p�X Ai +QMbBbib Q7 kRj C�p� bQm`+2 }H2b �M/ kRy8y HBM2b
Q7 +Q/2X q2 +QKT�`2/ i?2 +QKTBH�iBQM iBK2 #v i?2 S`Qi2�C +QKTBH2`- D�p�+ Q7
P`�+H2 C.E- �M/ i?2 C�bi�//C (Re) +QKTBH2`X h?2 `2�bQM r2 +?Qb2 C�bi�//C
Bb i?�i Bi Bb � +QKTBH2` /2p2HQT2/ �b � `2b2�`+? T`Q/m+iX Ai Bb � K2+?�MB+�HHv
;2M2`�i2/ +QKTBH2` �M/ Bib BKTH2K2Mi�iBQM Bb MQi ?�M/@QTiBKBx2/X LQi2 i?�i
S`Qi2�C /Q2b MQi bmTTQ`i BMM2` +H�bb2b �M/ bQK2 Qi?2` +QMbi`m+ib �p�BH�#H2 BM
C�p�X h?mb r2 KQ/B}2/ bQK2 bQm`+2 }H2b Q7 HQ;9D 7Q` i?2 2tT2`BK2MiX q2
bm#biBimi2/ R9dk HBM2b Q7 +Q/2 7Q` RRj9 HBM2b Q7 +Q/2 BM+Hm/BM; 3N /2+H�`�iBQMb
Q7 BMM2` +H�bb2bX AM i?Bb 2tT2`BK2Mi- Qm` +QKTBH2` ;2M2`�i2/ C�p� bQm`+2 }H2b
�M/ +QKTBH2/ i?2K #v D�p�+ #2+�mb2 Q7 � #m; Q7 i?2 #�+F2M/ +QKTBH2` Q7 i?2
S`Qi2�C +QKTBH2`X h?2 2tT2`BK2Mi b2iiBM; Bb i?2 b�K2 �b BM a2+iBQM jX8XR #mi BM
i?2 2tT2`BK2Mi rBi? C�bi�//C- r2 mb2/ PT2MC.E RXdXyn8R bBM+2 i?2 C�bi�//C
+QKTBH2` /B/ MQi rQ`F rBi? C.E RX3X q2 K2�bm`2/ i?2 �p2`�;2 Q7 i?2 iQi�H
+QKTBH�iBQM iBK2 7Q` i2M +QKTBH�iBQMb #v 2�+? +QKTBH2`X

6B;m`2 jXk9 b?Qrb i?2 �p2`�;2 +QKTBH�iBQM iBK2 Q7 HQ;9D #v i?2 S`Qi2�C
+QKTBH2`- D�p�+ BM P`�+H2 C.E- �M/ i?2 C�bi�//C +QKTBH2`X h?2 p2`iB+�H �tBb
BM/B+�i2b i?2 +QKTBH�iBQM iBK2X h?2 #�` Q7 S`Qi2�C Bb /BpB/2/ BMiQ irQ #�`bc i?2
HQr2` QM2 2tT`2bb2b i?2 i`�MbH�iBQM iBK2 #v i?2 S`Qi2�C +QKTBH2` �M/ i?2 mTT2`
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!me$(ms)�

the$number$of$user0defined$literals�

6B;m`2 jXkj, h?2 +QKTBH�iBQM iBK2 #v i?2 S`Qi2�C +QKTBH2` Q7 i?2 bQm`+2 +Q/2
+QMi�BMBM; mb2`@/2}M2/ HBi2`�Hb

QM2 2tT`2bb2b i?2 +QKTBH�iBQM iBK2 #v D�p�+X � p2`iB+�H HBM2 QM 2�+? +QHmKM
`2T`2b2Mib �M 2``Q` #�b2/ QM bi�M/�`/ /2pB�iBQMX �++Q`/BM; iQ i?2 };m`2- i?2
S`Qi2�C +QKTBH2` Bb bBt iBK2b bHQr2` i?�M D�p�+ �M/ 7Qm` iBK2b bHQr2` i?�M i?2
C�bi�//C +QKTBH2`X h?2 +QKTBH�iBQM iBK2 #v S`Qi2�C Bb �#Qmi R3 b2+QM/bX Ai Bb
MQi 7�bi #mi �++2Ti�#H2 BM T`�+iB+2X

jXe _2H�i2/ qQ`F
J�+`Qb
avMi�+iB+ K�+`Qb �`2 � +QKKQM H�M;m�;2 7�+BHBiv iQ 2ti2M/ H�M;m�;2 b2K�MiB+bX
h?2v �`2 #�b2/ QM �#bi`�+i avMi�t h`22 U�ahV i`�Mb7Q`K�iBQMX q2 +�M mb2
i?2K 7Q` BKTH2K2MiBM; � M2r H�M;m�;2 +QMbi`m+iX GBbT Bb i?2 KQbi 7�KQmb H�M@
;m�;2 i?�i bmTTQ`ib bvMi�+iB+ K�+`QbX avMi�+iB+ K�+`Qb �`2 TQr2`7mH 2bT2+B�HHv
BM GBbT bBM+2 GBbT T`Q;`�Kb �`2 `2T`2b2Mi2/ #v bBKTH2 bvMi�t- a@2tT`2bbBQMbX q2
+�M /2}M2 �Mv FBM/b Q7 bT2+B�H 7Q`K B7 i?2 bvMi�t Bb �M 2tT`2bbBQM bm``QmM/2/
rBi? T�`2Mi?2b2bX � /`�r#�+F Q7 bvMi�+iB+ K�+`Qb Bb i?�i i?2v +�MMQi H2tB+�HHv
2ti2M/ i?2 bvMi�t Q7 i?2 ?Qbi H�M;m�;2 bBM+2 i?2v �`2 �TTHB2/ �7i2` T�`bBM; �
T`Q;`�KX h?2`2 �`2 K�Mv H�M;m�;2b bmTTQ`iBM; bvMi�+iB+ K�+`Qb- #2bB/2b GBbTX
6Q` BMbi�M+2- .vH�M (j)- J2i�JG (ek)- h2KTH�i2 >�bF2HH (ej)- L2K2`H2 (ee)- �M/
a+�H� (8j) bmTTQ`i bvMi�+iB+ K�+`QbX h?2v ?�p2 i?2 b�K2 /`�r#�+F �b GBbT
K�+`QbX
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!me$(s)�

6B;m`2 jXk9, h?2 +QKTBH�iBQM iBK2 Q7 HQ;9D

*QKKQM GBbT ?�b bvMi�+iB+ K�+`Qb �M/ Bi �HbQ ?�b � bvMi�t 2ti2MbBQM bvbi2K
i?�i Bb FMQrM �b `2�/2` K�+`QbX _2�/2` K�+`Qb brBi+? i?2 b+�MM2` �M/ i?2
T�`b2` iQ mb2`@/2}M2/ QM2b r?2M � bT2+B�H iQF2M Bb `2�/X q2 +�M /2}M2 �
M2r bvMi�t #v mbBM; `2�/2` K�+`Qb �M/ r2 +�M /2}M2 i?2 b2K�MiB+b Q7 Bi #v
mbBM; bvMi�+iB+ K�+`QbX � /`�r#�+F Q7 `2�/2` K�+`Qb Bb H�+F Q7 +QKTQb�#BHBivX
JmHiBTH2 bvMi�t /2}MBiBQMb BM /Bz2`2Mi `2�/2` K�+`Qb +�MMQi #2 mb2/ �i i?2
b�K2 iBK2X lb2`@/2}M2/ b+�MM2`b �M/ T�`b2`b mb2/ BM `2�/2` K�+`Qb K�v #2
BKTH2K2Mi2/ #v /Bz2`2Mi T`Q;`�KK2`bX aBM+2 Bi Bb /B{+mHi iQ K2`;2 i?2K- i?2
bvMi�t /2}M2/ BM i?2K rQmH/ #2 /B{+mHi iQ #2 mb2/ iQ;2i?2`X h2KTH�i2 >�bF2HH
(ej) �M/ *QMp2`;2 (dj) ?�p2 i?2 b�K2 7�+BHBiB2bX

>QMm (8N) T`QpB/2b bvMi�+iB+ K�+`Qb rBi? #BM�`v BM}t bvMi�tX J�+`Qb rBi?
#BM�`v BM}t bvMi�t BKT`Qp2 i?2 /`�r#�+F Q7 bvMi�+iB+ K�+`QbX Cmbi HBF2 � H�M@
;m�;2 bmTTQ`iBM; mb2`@/2}M2/ #BM�`v BM}t QT2`�iQ`b- i?2v +�M 2tT`2bb p�`BQmb
/QK�BM bT2+B}+ bvMi�tX >Qr2p2`- i?2 /`�r#�+F Q7 bvMi�+iB+ K�+`Qb biBHH `2K�BMbc
i?2v +�MMQi 2tT`2bb bvMi�t i?�i +�MMQi #2 2tT`2bb2/ BM i?2 ?Qbi H�M;m�;2 bvMi�t
Q` #BM�`v BM}t bvMi�tX

*f*YY T`QpB/2b i`�/BiBQM�H K�+`Q bvbi2K- +�HH2/ H2tB+�H K�+`QbX h?2v �`2
#�b2/ QM i2ti i`�Mb7Q`K�iBQMX lMHBF2 bvMi�+iB+ K�+`Qb- i?2v +�M 2ti2M/ bvMi�t
#mi i?2v �`2 MQi b�72X 6Q` 2t�KTH2- i?2 ?v;B2M2 T`Q#H2K Bb 7�KQmb T`Q#H2K Q7
H2tB+�H K�+`QbX 6m`i?2`KQ`2- i?2v �`2 MQi +QKTQb�#H2c K�+`Qb +�MMQi b?�`2 i?2
b�K2 bvMi�t bBM+2 2�+? K�+`Qb Bb B/2MiB}2/ #v Bib }`bi iQF2MX

JBt}t PT2`�iQ`b rBi? 1KTiv avMi�t
Ab�#2HH2 (8d) �M/ J�m/2 (Rk) �`2 T`Q;`�KKBM; H�M;m�;2b bmTTQ`iBM; KBt}t QT2`@
�iQ`b rBi? 2KTiv bvMi�tX h?2 2KTiv bvMi�t bmTTQ`ib � M�K2H2bb QT2`�iQ` bvMi�t
HBF2 i?2 T`Qi2�M QT2`�iQ` (n,_2;2t n,_2;2t),_2;2tX �`#Bi`�`v +QMi2ti@7`22
;`�KK�`b U*6:bV +�M #2 2tT`2bb2/ #v KBt}t QT2`�iQ`b rBi? 2KTiv bvMi�tX
�Hi?Qm;? KBt}t QT2`�iQ`b rBi? 2KTiv bvMi�t ?�p2 ;QQ/ 2tT`2bbBp2M2bb- i?2v
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+�MMQi 2tT`2bb mb2`@/2}M2/ HBi2`�HbX h?2B` M�Bp2 2ti2MbBQM #v mbBM; � b+�MM2`H2bb
T�`b2` Bb MQi T`�+iB+�H /m2 iQ i?2 BM2{+B2M+v Q7 T�`bBM; �b r2 K2MiBQM2/X

1ti2`M�H hQQHb
C�bi�// (Rd) �M/ aBHp2` (d9) �`2 H�M;m�;2 +QMbi`m+iBQM bvbi2Kb #�b2/ QM �i@
i`B#mi2 ;`�KK�`b (99)X h?2b2 bvbi2Kb �HHQr mb iQ /2b+`B#2 � H�M;m�;2 /2}MBiBQM
BM /2+H�`�iBp2 �M/ KQ/mH�` 7�b?BQMX q2 +�M 2ti2M/ �M 2tBbiBM; H�M;m�;2 #v
/2}MBM; � M2r H�M;m�;2 2ti2MbBQM KQ/mH2X aBM+2 i?2v �`2 bvbi2Kb 7Q` H�M;m�;2
/2p2HQT2`b iQ BKTH2K2Mi � M2r Q` 2ti2M/2/ H�M;m�;2- i?2v �`2 MQi bmBi�#H2 BM
Qm` +�b2c �b 7�` �b r2 FMQr- i?2`2 Bb MQ bvbi2K r?2`2 T`Q;`�KK2`b +�M `2~2+@
iBp2Hv 2ti2M/ i?2 mM/2`HvBM; T�`b2`X

J2i�#Q`; (N) Bb � K2i�@T`Q;`�KKBM; iQQHFBi i?�i 2M�#H2b mb iQ +`2�i2 bvMi�t
2ti2MbBQMbX aBM+2 J2i�#Q`; mb2b a:G_ T�`b2`- T`Q;`�KK2`b +�M /2}M2 #Qi? Q7
mb2`@/2}M2/ 2tT`2bbBQMb �M/ mb2`@/2}M2/ HBi2`�Hb BM i?2 b�K2 r�vX J2i�#Q`; Bb
/2bB;M2/ iQ #2 mb2/ 7Q` +`2�iBM; �M 2ti2M/2/ H�M;m�;2 i?�i ?�b M2r H�M;m�;2
72�im`2bX Ai Bb MQi /2bB;M2/ iQ +QK#BM2 � MmK#2` Q7 H�M;m�;2 2ti2MbBQMb i?�i
�`2 b2H2+i2/ #v mb2`b UMQi H�M;m�;2 /2p2HQT2`bVX

am;�`C
am;�`C (R3) Bb � H�M;m�;2 i?�i bmTTQ`ib bm;�` HB#`�`B2bX � bm;�` HB#`�`v Bb �
HB#`�`v i?�i T`QpB/2b .aG bvMi�t �b bvMi�t bm;�`X S`Q;`�KK2`b +�M mb2 �Mv
+QMi2ti@7`22 ;`�KK�`b 7Q` .aG bvMi�tX � bm;�` HB#`�`v +�M #2 mb2/ rBi? �MQi?2`
bm;�` HB#`�`v iQ;2i?2`X >Qr2p2`- �K#B;mBiB2b KB;?i �`Bb2 BM +QKTQb2/ ;`�KK�`
r?2M +QKTQbBM; KmHiBTH2 bm;�` HB#`�`B2bX AM bm+? +�b2- �//BiBQM�H ;Hm2 +Q/2
KB;?i #2 M2+2bb�`v iQ BMi2;`�i2 i?2 HB#`�`B2bX

hvT2@P`B2Mi2/ AbH�M/ S�`bBM;
hvT2@Q`B2Mi2/ BbH�M/ T�`bBM; (e9) Bb � T�`bBM; �H;Q`Bi?K #�b2/ QM BbH�M/ T�`b@
BM; (e3)- r?B+? Bb � T�`bBM; �H;Q`Bi?K 7Q` *6:- #mi mb2b ivT2 BM7Q`K�iBQM 7Q`
2{+B2Mi T�`bBM;X Ai +�M 2{+B2MiHv T�`b2 2tT`2bbBQMb BM+Hm/BM; +QKTQb�#H2 mb2`@
/2}M2/ QT2`�iQ`b 2p2M B7 i?2 QT2`�iQ`b BMi`Q/m+2 � MmK#2` Q7 �K#B;mBiB2b BMiQ
i?2 ;`�KK�`X Ai mb2b bi�iB+ ivT2 BM7Q`K�iBQM iQ T`mM2 T�`bBM; T�i?b i?�i rBHH
K�F2 BHH@ivT2/ T�`b2 i`22bX >Qr2p2`- Bi Bb mM+H2�` r?2i?2` Q` MQi ivT2@Q`B2Mi2/
BbH�M/ T�`bBM; +�M #2 �TTHB2/ iQ � b+�MM2`H2bb T�`b2` bBM+2 Bi mb2b ?2m`BbiB+b 7Q`
T�`bBM; iQF2MbX

hvT2@aT2+B}+ G�M;m�;2
� ivT2@bT2+B}+ H�M;m�;2 (88) Bb � H�M;m�;2 i?�i �HHQrb T`Q;`�KK2`b iQ /2}M2
HBi2`�Hb Q7 � ;Bp2M ivT2X h?2 bvMi�t Q7 HBi2`�Hb Bb �`#Bi`�`vX h?2 +QKTBH2` mb2b
ivT2 BM7Q`K�iBQM 7Q` T�`bBM; HBi2`�HbX S`Q;`�KK2`b +�M r`Bi2 HBi2`�Hb QMHv BM
� #Q/v Q7 � ;2M2`B+ HBi2`�HX :`�KK�` �K#B;mBiB2b /Q MQi Q++m` bBM+2 i?2 ?Qbi
H�M;m�;2 QMHv T`QpB/2b � /2HBKBi�iBQM bi`�i2;vX � HBi2`�H #Q/v Bb T�`b2/ /m`BM;
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ivT2@+?2+FBM; T?�b2X Ai Bb T�`b2/ #v � T�`b2` �bbQ+B�i2/ rBi? i?2 2tT2+i2/
ivT2 Q7 i?2 HBi2`�HX h?2 K�BM /Bz2`2M+2 #2ir22M ivT2@bT2+B}+ H�M;m�;2b �M/
Qm` rQ`F Bb r?2`2 .aG bvMi�t Bb �p�BH�#H2X � T`Qi2�M QT2`�iQ` +�M #2 mb2/ BM
�Mv 2tT`2bbBQM r?Qb2 2tT2+i2/ ivT2 Bb bi�iB+�HHv /2i2`KBM2/ #27Q`2 T�`bBM; i?2
2tT`2bbBQMX aT2+B�H bvMi�t bm+? �b � ;2M2`�H HBi2`�H Bb MQi M22/2/ 7Q` 2b+�TBM;
7`QK i?2 ?Qbi H�M;m�;2X

jXd *QM+HmbBQM
AM i?Bb +?�Ti2`- r2 T`QTQb2/ M2r +QKTQb�#H2 mb2`@/2}M2/ QT2`�iQ`b- M�K2/
T`Qi2�M QT2`�iQ`bX h?2v +�M 2tT`2bb p�`BQmb H�M;m�;2 2ti2MbBQMb BM+Hm/BM; mb2`@
/2}M2/ HBi2`�Hb �b r2HH �b mb2`@/2}M2/ 2tT`2bbBQMbX h?2v +�M ?�p2 �Mv MmK#2` Q7
QT2`�iQ` M�K2b �M/ QT2`�M/b- �M/ i?2B` Q`/2` Bb �`#Bi`�`vX S`Qi2�M QT2`�iQ`b
?�p2 irQ BKTQ`i�Mi 72�im`2b 7Q` 2{+B2Mi T�`bBM;, Qp2`HQ�/BM; #v `2im`M ivT2
�M/ T�`bBM; T`2+2/2M+2X Pp2`HQ�/BM; #v `2im`M ivT2 2M�#H2b � T�`b2` iQ `2bQHp2
;`�KK�` �K#B;mBiB2b #v mbBM; ivT2 BM7Q`K�iBQM �i T�`b2 iBK2X h?2 T�`bBM;
T`2+2/2M+2 `2bQHp2b i?2 `2K�BMBM; �K#B;mBiB2b �7i2` `2bQHpBM; �K#B;mBiB2b #v
� `2im`M ivT2X aBM+2 i?2b2 72�im`2b `2bQHp2 �HH i?2 ;`�KK�` �K#B;mBiB2b �i
T�`b2 iBK2- T`Qi2�M QT2`�iQ`b i?�i 2tT`2bb mb2`@/2}M2/ HBi2`�Hb +�M #2 T�`b2/ BM
T`�;K�iB+ iBK2X q2 b?Qr2/ �M 2{+B2Mi T�`bBM; K2i?Q/ 7Q` T`Qi2�M QT2`�iQ`b
#�b2/ QM T�+F`�i T�`bBM; bmTTQ`iBM; H27i `2+m`bBQMX h?Bb T�`bBM; K2i?Q/ Bb �
`2+m`bBp2 /2b+2Mi T�`bBM; rBi? #�+Fi`�+FBM; �M/ Bi +QMbB/2`b ivT2 BM7Q`K�iBQMX
� /`�r#�+F Q7 T`Qi2�M QT2`�iQ`b Bb � HBKBi2/ FBM/ Q7 TH�+2b r?2`2 �M QT2`�iQ` Bb
�p�BH�#H2X � T`Qi2�M QT2`�iQ` Bb �p�BH�#H2 QMHv BM �M 2tT`2bbBQM r?Qb2 2tT2+i2/
ivT2 Bb bi�iB+�HHv /2i2`KBM2/ #27Q`2 T�`bBM; i?2 2tT`2bbBQMX

q2 ?�p2 /2p2HQT2/ S`Qi2�C- r?B+? Bb � bm#b2i H�M;m�;2 Q7 C�p� #mi bmTTQ`ib
T`Qi2�M QT2`�iQ`bX S`Qi2�C T`QpB/2b � KQ/mH2 bvbi2K +�HH2/ QT2`�iQ` KQ/mH2
iQ BKTH2K2Mi �M/ KQ/mH�`Bx2 mb2`@/2}M2/ QT2`�iQ`bX �M QT2`�iQ` KQ/mH2 BK@
TH2K2Mib � .aGX S`Q;`�KK2`b +�M mb2 i?2 .aG #v BKTQ`iBM; i?2 KQ/mH2 #v
mbBM; /2+H�`�iBQMX S`Qi2�C �HbQ T`QpB/2b irQ FBM/b Q7 T`2+2/2M+2 `mH2b, QT2`@
�iQ` T`2+2/2M+2 �M/ T�`bBM; T`2+2/2M+2X PT2`�iQ` T`2+2/2M+2 Bb � +QMp2MB2Mi
72�im`2 7Q` �pQB/BM; `2/mM/�Mi ivT2 /2+H�`�iBQMbX h?2 2MiB`2 QT2`�iQ` T`2+2@
/2M+2 Bb /2i2`KBM2/ #v i?2 Q`/2` Q7 mbBM; /2+H�`�iBQMbX h?Bb 72�im`2 BKT`Qp2b
+QKTQb�#BHBiv Q7 .aGb bBM+2 QT2`�iQ` T`2+2/2M+2 Q7 2�+? .aG Bb BM/2T2M/2MiX
S`Qi2�C bmTTQ`ib bm#ivT2 `2H�iBQMb?BT BM C�p�X hQ ?�M/H2 bm#ivT2 `2H�iBQMb?BT-
i?2 S`Qi2�C +QKTBH2` �miQK�iB+�HHv ;2M2`�i2b QT2`�iQ`b i?�i 2tT`2bb bm#ivT2
`2H�iBQMb?BT �M/ i`�MbH�i2b i?2 `2im`M ivT2b Q7 mb2`@/2}M2/ QT2`�iQ`bX 1p�Hm�@
iBQM Q7 i?2 KQ/mH2 bvbi2K �M/ i?2 i`�MbH�iBQM 7Q` bm#ivT2 `2H�iBQMb?BT Bb Qm`
7mim`2 rQ`FX q2 BKTH2K2Mi2/ i?2 +QKTBH2` Q7 S`Qi2�C BM C�p�X Ai Bb �p�BH�#H2
7`QK Qm` ;Bi?m# T�;2 K2MiBQM2/ BM b2+iBQM jX9X8X q2 ?�p2 +QM/m+i2/ �M 2tT2`B@
K2Mi 7Q` /2KQMbi`�iBM; i?�i S`Qi2�C +�M 2{+B2MiHv T�`b2 2tT`2bbBQMb BM+Hm/BM;
mb2`@/2}M2/ HBi2`�Hb 2p2M i?Qm;? � M�Bp2 T�`bBM; K2i?Q/ +�MMQi T�`b2 i?2K BM
T`�;K�iB+ iBK2X q2 ?�p2 �HbQ +QM/m+i2/ 2tT2`BK2Mib 7Q` K2�bm`BM; i?2 T�`bBM;
bT22/ Q7 T`Q;`�Kb r`Bii2M BM bvMi�t rBi? � HBKBi2/ MmK#2` Q7 �K#B;mBiB2bX h?2
2tT2`BK2Mib `2p2�H2/ i?�i Qm` T�`bBM; K2i?Q/ ?�b `2H�iBp2Hv H�`;2 T2`7Q`K�M+2
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Qp2`?2�/b r?2M T�`bBM; � T`Q;`�K r`Bii2M BM bBKTH2 bvMi�t i?�i i`�/BiBQM�H
T�`bBM; K2i?Q/b +�M 2{+B2MiHv /2�H rBi?X h?2 +m``2Mi S`Qi2�C +QKTBH2` r�b 9
iQ e iBK2b bHQr2` i?�M � MQ`K�H C�p� +QKTBH2`X
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*?�Ti2` 9

*QMi2ti@a2MbBiBp2
1tT`2bbBQMb

9XR AMi`Q/m+iBQM
*m``2MiHv- T`Q;`�KK2`b +�M BKTH2K2Mi HB#`�`B2b i?�i HQQF HBF2 M2r H�M;m�;2
+QMbi`m+ibX h?2b2 HB#`�`B2b +�M #2 mb2/ �b B7 i?2v r2`2 #mBHi@BM H�M;m�;2 +QM@
bi`m+ib (dR)X JQ/2`M H�M;m�;2b bm+? �b a+�H� �M/ _m#v T`QpB/2 72�im`2b i?�i
2M�#H2 mb iQ /2}M2 bm+? HB#`�`B2bX S`Q;`�KK2`b +�M BKTH2K2Mi i?2b2 HB#`�`B2b
#v /2}MBM; 7mM+iBQMb- K2i?Q/b- Q` QT2`�iQ`b bQ i?�i i?2v rBHH �TT2�` iQ #2 �
#mBHi@BM +QMbi`m+iX 6Q` 2t�KTH2- r2 +�M /2}M2 mMH2bb BM a+�H� �b 7QHHQrb,
/27 mMH2bb U+QM/, "QQH2�MVU#Q/v, 4= lMBiV, lMBi 4 & B7 U5+QM/V #Q/v '

q2 +�M mb2 Bi �b 7QHHQrb,
mMH2bb U� I RyyV & T`BMiHMU]� Bb bK�HH2` i?�M Ryy]V '

Pm` mMH2bb HQQFb HBF2 � #mBHi@BM H�M;m�;2 +QMbi`m+i B7X lb2`@/2}M2/ H�M;m�;2
+QMbi`m+ib +�M K�F2 � T`Q;`�K b?Q`i2` �M/ ?QT27mHHv 2�bB2` iQ mM/2`bi�M/X AM
T�`iB+mH�`- i?2v �`2 mb27mH 7Q` BKT`QpBM; i?2 `2�/�#BHBiv Q7 +Q/2 r`Bii2M BM �M
2K#2//2/ /QK�BM bT2+B}+ H�M;m�;2 U1.aGVX

avMi�+iB+ K�+`Qb (98- kN) �`2 r2HH@FMQrM 7mM+iBQM�HBiv 7Q` BKTH2K2MiBM; M2r
H�M;m�;2 +QMbi`m+ibX � bvMi�+iB+ K�+`Q Bb � i`�MbH�iBQM `mH2 7`QK QM2 �#bi`�+i
bvMi�t i`22 U�ahV iQ �MQi?2`X q2 +�M BKTH2K2Mi � M2r H�M;m�;2 +QMbi`m+i #v
/2}MBM; � bvMi�+iB+ K�+`Q i?�i i`�MbH�i2b i?2 H�M;m�;2 +QMbi`m+i BMiQ � +Q/2
bMBTT2i i?�i mb2b T`2/2}M2/ H�M;m�;2 +QMbi`m+ibX avMi�+iB+ K�+`Qb �`2 rB/2Hv
mb2/ BM GBbT bBM+2 � GBbT T`Q;`�K +QMbBbib Q7 QMHv a@2tT`2bbBQMbX S`Q;`�KK2`b
+�M 2�bBHv KQ/B7v �M �ah bBM+2 i?2 �ah Bb p2`v bBKTH2X 6m`i?2`KQ`2- � K�+`Q
+�HH HQQFb HBF2 � #mBHi@BM H�M;m�;2 +QMbi`m+iX avMi�+iB+ K�+`Qb ?�p2 �HbQ #22M
BKTH2K2Mi2/ BM MQM@GBbT H�M;m�;2b- bm+? �b C�p� �M/ >�bF2HH (9- ej)X

�Hi?Qm;? bvMi�+iB+ K�+`Qb i?2Kb2Hp2b /Q MQi 2ti2M/ bvMi�t- i?2v �`2 bQK2@
iBK2b mb2/ �b i?2 #�+F@2M/ Q7 � bvMi�t 2ti2MbBQM bvbi2K (R3)X L2K2`H2 (ee)

dj
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T`QpB/2b � TQr2`7mH bvMi�t 2ti2MbBQM bvbi2K #�b2/ QM bvMi�+iB+ K�+`QbX 6Q`
2t�KTH2- r2 +�M /2}M2 � H�M;m�;2 +QMbi`m+i 7QH/7Q` �b 7QHHQrb,
K�+`Q 6QH/6Q`J�+`Qb UB/R- `- B/k- HBbi- #Q/vV
bvMi�t U]7QH/7Q`]- ]U]- B/R- ]�bbB;M]- `- ]c]- B/k- ]Q7]- HBbi ]V]- #Q/vV & I(
Kmi�#H2 0B/R 4 0`c
7Q`2�+? U0B/k BM 0HBbiV & 0#Q/v '
0B/R

)= '

GBM2 k BM i?Bb /2}MBiBQM /2+H�`2b i?2 bvMi�t Q7 i?2 H�M;m�;2 +QMbi`m+iX h?2
}`bi iQF2M 7QH/7Q` Bb � mMB[m2 B/2MiB}2` iQ /BbiBM;mBb? i?Bb bvMi�t 7`QK Qi?2`
mb2`@/2}M2/ bvMi�tX h?2 `2bi Q7 i?2 bvMi�t +QMbBbib Q7 QT2`�iQ`b Q` B/2MiB}2`b
2tT`2bb2/ #v bi`BM; HBi2`�Hb �M/ i?2 M�K2b Q7 T�`�K2i2`bX h?2 b2K�MiB+b Q7 i?2
bvMi�t Bb /2}M2/ #v � bvMi�+iB+ K�+`QX GBM2b j iQ 8 /2}M2 i?2 K�+`Q 2tT�MbBQM
`mH2X h?Bb bvMi�t +�M #2 mb2/ �b 7QHHQrb,
/27 bmKP7a[m�`2 4 7QH/7Q` U � �bbB;M y c B Q7 tb V & � 4 � Y B  B '

avMi�+iB+ K�+`Qb �`2 MQi i?2 QMHv �TT`Q�+? iQ bvMi�t 2ti2MbBQM bvbi2KbX
�MQi?2` �TT`Q�+? Bb iQ mb2 mb2`@/2}M2/ QT2`�iQ`bX � mb2`@/2}M2/ QT2`�iQ` Bb �
7mM+iBQM i?�i ?�b Bib QrM bvMi�tX AM a+�H�- 7Q` 2t�KTH2- T`Q;`�KK2`b +�M /2}M2
�M QT2`�iQ` i?�i ?�b �`#Bi`�`v #BM�`v BM}t bvMi�tX �M �/p�Mi�;2 Q7 mb2`@/2}M2/
QT2`�iQ`b Qp2` mb2`@/2}M2/ bvMi�+iB+ K�+`Qb Bb i?�i �M QT2`�iQ` +�M #2 bi�iB+�HHv
ivT2/X h?2 +QKTBH2` +�M }M/ #m;b BM i?2 /2}MBiBQM Q7 �M QT2`�iQ` #27Q`2 i?2
QT2`�iQ` Bb mb2/X Pm` T`2pBQmb rQ`F- +�HH2/ S`Qi2�C (j8)- Bb �M 2ti2M/2/ C�p�
H�M;m�;2X Ai T`QpB/2b mb2`@/2}M2/ QT2`�iQ`b i?�i +�M 2tT`2bb i?2 �`#Bi`�`v
bvMi�t Q7 T�`bBM; 2tT`2bbBQM ;`�KK�`b US1:bV (ky)X �Hi?Qm;? S`Qi2�C +�M
2tT`2bb p�`BQmb FBM/b Q7 bvMi�t 7QmM/ BM K�Mv T`Q;`�KKBM; H�M;m�;2b- Bi +�MMQi
2tT`2bb H�M;m�;2 +QMbi`m+ib bm+? �b 7QH/7Q`X h?Bb Bb #2+�mb2 S`Qi2�C mb2`@
/2}M2/ QT2`�iQ`b +�MMQi bmTTQ`i M�K2 #BM/BM;X L�K2 #BM/BM; Bb i?2 �bbQ+B�iBQM
Q7 M�K2b rBi? p�Hm2bX � mb2`@/2}M2/ QT2`�iQ` Bb Dmbi � 7mM+iBQM rBi? +mbiQK
bvMi�t �M/ ?2M+2 Bi /Q2b MQi ?�p2 i?2 �#BHBiv iQ +mbiQKBxBM; M�K2 #BM/BM;X AM
7�+i- � +QKTBH2` `2bQHp2b M�K2 #BM/BM;b �7i2` i?2 T�`bBM; Q` bvMi�+iB+ �M�HvbBb
T`Q+2bb2b �`2 +QKTH2i2X q?BH2 i?2 `2bQHmiBQM Q7 M�K2 #BM/BM;b Bb MQi T�`i Q7
T�`bBM;- � mb2`@/2}M2/ QT2`�iQ` BM S`Qi2�C Bb Dmbi � K2+?�MBbK 7Q` +mbiQKBxBM;
i?2 T�`b2`X

hQ 2M�#H2 � mb2`@/2}M2/ QT2`�iQ` rBi? +mbiQK M�K2 #BM/BM;- r2 T`QTQb2b
+QMi2ti@b2MbBiBp2 2tT`2bbBQMb- r?B+? �`2 � p�`B�Mi Q7 H�K#/� 2tT`2bbBQMbX �
+QMi2ti@b2MbBiBp2 2tT`2bbBQM HQQFb HBF2 � MQ`K�H 2tT`2bbBQM #mi Bi Bb � H�K#/�@
HBF2 2tT`2bbBQM BKTHB+BiHv i�FBM; T�`�K2i2`bX h?2b2 T�`�K2i2`b �`2 �++2bb2/
i?`Qm;? Tm#HB+ K2K#2`b bm+? �b K2i?Q/b Q` QT2`�iQ`b Q7 QM2 T�`�K2i2` Q#D2+i
BMbi2�/ Q7 i?`Qm;? T�`�K2i2` M�K2bX q2 +�M 2KmH�i2 M�K2 #BM/BM; #v mbBM;
bm+? Tm#HB+ K2K#2`bc 7Q` 2t�KTH2- r2 +�M 2KmH�i2 � p�`B�#H2 M�K2/ ^^Bi^^ #v
� MmHH�`v QT2`�iQ` ^^Bi^^ �M/ � mM�`v QT2`�iQ` ^^Bi 4 n^^X q2 ?�p2 /2p2H@
QT2/ S`Qi2�Ck- r?B+? Bb � T`Q;`�KKBM; H�M;m�;2 #�b2/ QM C�p� #mi bmTTQ`ib
+QMi2ti@b2MbBiBp2 2tT`2bbBQMbX S`Qi2�Ck bmTTQ`ib im`MbiBH2 ivT2b- .aG +H�bb2b-
�M/ ;2M2`B+ M�K2b iQ 2tT`2bb +QMi2ti@b2MbBiBp2 2tT`2bbBQMb 7Q` bvMi�t 2ti2MbBQM
rBi? M�K2 #BM/BM;X hQ 2{+B2MiHv T�`b2 � T`Q;`�K mbBM; � +QMi2ti@b2MbBiBp2
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2tT`2bbBQM- i?2 T�`b2` Q7 S`Qi2�Ck �/QTib 2�;2` /Bb�K#B;m�iBQM mbBM; 2tT2+i2/
ivT2bX

AM i?2 `2bi Q7 i?Bb +?�Ti2`- r2 }`bi b?Qr 2tBbiBM; �TT`Q�+?2b 7Q` BKTH2K2MiBM;
mb2`@/2}M2/ H�M;m�;2 +QMbi`m+ib rBi? +mbiQK M�K2 #BM/BM;X h?2M r2 T`QTQb2
+QMi2ti@b2MbBiBp2 2tT`2bbBQMb �M/ T`2b2Mi Qm` H�M;m�;2 /2bB;M 7Q` bmTTQ`iBM;
i?2K BM a2+iBQM 9XjX a2+iBQM 9X9 2tTH�BMb � T�`bBM; K2i?Q/ �M/ i?2 `2bi`B+iBQMb
Q7 Qm` H�M;m�;2 7Q` 2{+B2Mi T�`bBM;X AM a2+iBQM 9X8- r2 /Bb+mbb i?2 iBK2 +QK@
TH2tBiv Q7 Qm` T�`bBM; K2i?Q/ �M/ b?Qr b2p2`�H 2t�KTH2b iQ /2KQMbi`�i2 i?2
2tT`2bbBp2M2bb Q7 Qm` T`QTQb�HX a2+iBQM 9Xe Bb QM `2H�i2/ rQ`FX q2 +QM+Hm/2 BM
a2+iBQM 9XdX

9Xk JQiBp�iBQM
9XkXR lb2`@.2}M2/ PT2`�iQ`b
SQr2`7mH mb2`@/2}M2/ QT2`�iQ`b +�M #2 mb2/ 7Q` BKTH2K2MiBM; mb2`@/2}M2/ H�M@
;m�;2 +QMbi`m+ib rBi? � mb2`@7`B2M/Hv bvMi�tX 6Q` 2t�KTH2- i?2 7QHHQrBM; +Q/2
mb2b � mb2`@/2}M2/ H�M;m�;2 +QMbi`m+i ]T],
T ]?2HHQ- rQ`H/5]c

h?Bb +Q/2 /BbTH�vb ǳ?2HHQ- rQ`H/5Ǵ iQ i?2 mb2`X h?2 H�M;m�;2 +QMbi`m+i ]T] Bb
/2}M2/ �b � mM�`v QT2`�iQ` �b 7QHHQrb,
pQB/ ]T] n Uai`BM; bV & avbi2KXQmiXT`BMiHMUbVc '

h?Bb Bb � +Q/2 bMBTT2i BM S`Qi2�C- b?QrM BM i?2 T`2pBQmb +?�Ti2`X S`Qi2�C ?�b
C�p�@HBF2 bvMi�t �M/ bmTTQ`ib TQr2`7mH mb2`@/2}M2/ QT2`�iQ`bX AM i?Bb +?�T@
i2`- �b BM S`Qi2�C- r2 �bbmK2 i?�i r2 +�M /2}M2 �M QT2`�iQ` rBi? �M �`#Bi`�`v
M�K2 HBF2 ]T]X h?2 �#Qp2 +Q/2 bMBTT2i Bb � /2}MBiBQM Q7 � mb2`@/2}M2/ QT2`�iQ`X
pQB/ �i i?2 #2;BMMBM; Q7 i?2 bMBTT2i Bb i?2 `2im`M ivT2 Q7 i?2 QT2`�iQ`X h?2
7QHHQrBM; ]T] n BM/B+�i2b i?2 bvMi�t Q7 i?2 QT2`�iQ`X h?2 /Qm#H2@[mQi2/ bi`BM;
]T] 2tT`2bb2b � M�K2 T�`i Q7 i?2 QT2`�iQ` �M/ i?2 mM/2`b+Q`2 n 2tT`2bb2b �M
QT2`�M/ Q7 i?2 QT2`�iQ`X � M�K2 T�`i Bb � bvK#QH 7Q` B/2MiB7vBM; i?2 QT2`�iQ`X
�M QT2`�M/ i�F2b �M 2tT`2bbBQM rBi? i?2 +Q``2bTQM/BM; ivT2 i?�i Bb bT2+B}2/
BM i?2 T�`�K2i2` HBbi Q7 i?2 QT2`�iQ`X h?2 T�`�K2i2` HBbi Bb � T�`2Mi?2bBx2/
T�`i 7QHHQrBM; i?2 bvMi�t /2}MBiBQMX �++Q`/BM; iQ i?2 T�`�K2i2` HBbi- i?2 +Q``2@
bTQM/BM; ivT2 Q7 i?2 QT2`�M/ Bb ai`BM;X h?2 +m`Hv #`�+2/ +Q/2 Bb �M QT2`�iQ`
#Q/v i?�i Bb 2p�Hm�i2/ r?2M i?2 QT2`�iQ` Bb +�HH2/X

�M �/p�Mi�;2 Q7 mb2`@/2}M2/ QT2`�iQ`b Qp2` mb2`@/2}M2/ bvMi�t 2ti2MbBQMb
#�b2/ QM K�+`Qb Bb i?�i �M QT2`�iQ` +�M #2 bi�iB+�HHv ivT2/X h?2 +QKTBH2` +�M
}M/ ivT2 2``Q`b BM i?2 /2}MBiBQM Q7 �M QT2`�iQ` #27Q`2 i?2 QT2`�iQ` Bb mb2/X AM
�//BiBQM- Bi �HHQrb 7Q` �MQi?2` mb27mH 72�im`2, i?2 +QKTBH2` +�M `2bQHp2 bvMi�+iB+
�K#B;mBiB2b #v mbBM; ivT2 BM7Q`K�iBQMX lb2`@/2}M2/ bvMi�t 2ti2MbBQMb bm+?
�b mb2`@/2}M2/ QT2`�iQ`b Q7i2M +QM~B+i rBi? �MQi?2` bvMi�t 2ti2MbBQMX h?Bb Bb
#2+�mb2 i?2 �mi?Q`b Q7 /Bz2`2Mi bvMi�t 2ti2MbBQMb /Q MQi FMQr �#Qmi 2ti2MbBQMb
+`2�i2/ #v 2�+? Qi?2`X AM bm+? � +�b2- i?2 T�`b2` KB;?i ;2M2`�i2 KmHiBTH2 p�HB/
�#bi`�+i bvMi�t i`22b U�ahbV 7Q` bBM;H2 7`�;K2Mi Q7 bQm`+2 +Q/2X q2 +�HH bm+?
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7QH/@7Q` U�++ 4 &'c M , HBbiV &
B7@2tBbib U�++(M)V Bi 4 Bi Y R
2Hb2 �++(M) 4 R

'

6B;m`2 9XR, *Q/2 bMBTT2i mbBM; mb2`@/2}M2/ +QMi`QH ~Qr bi�i2K2Mib 7QH/@7Q`
�M/ B7@2tBbib

bQm`+2 +Q/2 �K#B;mQmbX hQ `2bQHp2 i?2b2 �K#B;mBiB2b- i?2 +QKTBH2` b?QmH/ BM72`
i?2 mb2`Ƕb BMi2MiBQM, r?B+? �ah `2T`2b2Mib i?2 mb2`Ƕb BMi2MiX h?2 +QKTBH2` +�M
2tTHQBi ivT2 BM7Q`K�iBQM iQ BM72` i?2 mb2`Ƕb BMi2MiBQMX

9XkXk L�K2 "BM/BM;
� /Bb�/p�Mi�;2 Q7 mb2`@/2}M2/ QT2`�iQ`b Bb i?�i Bi Bb /B{+mHi iQ BKTH2K2Mi H�M@
;m�;2 +QMbi`m+ib BMpQHpBM; M�K2 #BM/BM;X L�K2 #BM/BM; Bb i?2 �bbQ+B�iBQM Q7
/�i� rBi? B/2MiB}2`bX G�M;m�;2 +QMbi`m+ib- 2bT2+B�HHv +QMi`QH@~Qr bi�i2K2Mib-
Q7i2M ?�p2 M�K2 #BM/BM;X 6Q` 2t�KTH2- 6B;m`2 9XR b?Qrb � +Q/2 bMBTT2i mb@
BM; mb2`@/2}M2/ QT2`�iQ`b- r?B+? BKTH2K2Mi +QMi`QH ~Qr bi�i2K2Mib 7QH/@7Q`
�M/ B7@2tBbibX h?Bb +Q/2 bMBTT2i i`�p2`b2b � HBbi �M/ +�H+mH�i2b i?2 MmK#2`
Q7 Q++m``2M+2b Q7 2�+? B/2MiB+�H Bi2K BM i?2 HBbiX h?2 +QMi`QH ~Qr bi�i2K2Mi
7QH/@7Q` BMi`Q/m+2b irQ M�K2b- �++ �M/ M- �M/ i?2v �`2 �p�BH�#H2 BM i?2 #Q/v
Q7 7QH/@7Q`X �++ 2tT`2bb2b �M �++mKmH�iQ` �M/ M 2tT`2bb2b �M 2H2K2Mi Q7 i?2
;Bp2M HBbiX >2`2- �++ Bb � J�T �M/ M Bb � F2v Q7 i?2 J�TX h?2 BMBiB�H p�Hm2 Q7 �++
Bb &'- r?B+? Bb �M 2KTiv J�TX h?2 �++mKmH�iQ` �++ Bb mT/�i2/ 7Q` 2�+? 2H2K2Mi
Q7 i?2 ;Bp2M HBbi �++Q`/BM; iQ i?2 #Q/v Q7 7QH/@7Q`X h?2 +QMi`QH ~Qr bi�i2K2Mi
B7@2tBbib �HbQ BMi`Q/m+2b � M�K2- BiX Bi 2tT`2bb2b � `272`2M+2 iQ i?2 p�Hm2 Q7
�++(M) B7 Bi 2tBbibX Bi Bb �p�BH�#H2 QMHv BM i?2 #Q/v Q7 B7@2tBbib- BM r?B+? Bi
#2?�p2b �b � Kmi�#H2 p�`B�#H2 i?�i +Q``2bTQM/b iQ i?2 ;Bp2M F2v M BM i?2 ;Bp2M
J�T �++X LQi2 i?�i B7@2tBbib i�F2b i?`22 �`;mK2Mib `�i?2` i?�M irQ, �++ �M/
M �`2 /Bz2`2Mi �`;mK2Mib Q7 B7@2tBbibX Ai Bb #2+�mb2 B7@2tBbib +�M KQ/B7v
i?2 2Mi`v Q7 i?2 ;Bp2M J�T- �++- #v i?2 �bbB;MK2Mi QT2`�iQ` Bi 4 nX

A7 r2 /Q MQi M22/ +mbiQK bvMi�t- M�K2 #BM/BM; +�M #2 2tT`2bb2/ mbBM; �
H�K#/� 2tT`2bbBQMX >B;?2`@Q`/2` �#bi`�+i bvMi�t U>P�aV (83) Bb � ;2M2`�HBx2/
i2+?MB[m2 Q7 i?Bb B/2�X 6Q` 2t�KTH2- i?2 7QHHQrBM; +Q/2 bMBTT2i mbBM; i?2 H�M@
;m�;2 +QMbi`m+i H2i,
H2i t 4 Ry
t 4 t Y R
T`BMiHMUtV

Bb `2T`2b2Mi2/ BM >P�a �b 7QHHQrb,
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7QH/@7Q` U*QHH2+iBQMbX2KTivJ�TUV- HBbi- U�++- MV @= &
B7@2tBbib U�++X;2iUV- MX;2iUV- UBiV @= &
BiXb2iUBiX;2iUV Y RV

'- UV @= &
�++X;2iUVXTmiUMX;2iUV- RV

'V
'V

6B;m`2 9Xk, *Q/2 bMBTT2i mbBM; 7QH/@7Q` �M/ B7@2tBbib `2T`2b2Mi2/ #v ?B;?2`@
Q`/2` �#bi`�+i bvMi�t

H2i URy- UtV @= &
tXb2iUtX;2iUV Y RV
T`BMiHMUtX;2iUVV

'V

AM i?2 >P�a `2T`2b2Mi�iBQM- � p�`B�#H2 M�K2 Bb 2M+Q/2/ BMiQ � T�`�K2i2` M�K2
Q7 � H�K#/� 2tT`2bbBQM �M/ i?2 p�`B�#H2 p�Hm2 Bb ;Bp2M #v i?2 �TTHB+�iBQM Q7 i?2
H�K#/� 2tT`2bbBQMX A7 r2 mb2 >P�a `2T`2b2Mi�iBQM- r2 +�M `2T`2b2Mi �`#Bi`�`v
H�M;m�;2 +QMbi`m+ib ?�pBM; M�K2 #BM/BM;X 6Q` 2t�KTH2- 6B;m`2 9Xk b?Qrb i?2
>P�a `2T`2b2Mi�iBQM Q7 � +Q/2 bMBTT2i BM 6B;m`2 9XRX �++Q`/BM; iQ HBM2 R Q7
6B;m`2 9Xk- i?2 H�M;m�;2 +QMbi`m+i 7QH/@7Q` Bb 2tT`2bb2/ �b � 7mM+iBQM rBi?
i?`22 �`;mK2MibX h?2 }`bi �`;mK2Mi Bb i?2 BMBiB�H p�Hm2 Q7 i?2 �++mKmH�iQ`
�M/ i?2 b2+QM/ �`;mK2Mi Bb i?2 i�`;2i HBbiX h?2 H�bi �`;mK2Mi Bb i?2 #Q/v
Q7 7QH/@7Q`- r?B+? Bb `2T`2b2Mi2/ �b � H�K#/� 7mM+iBQM rBi? irQ �`;mK2MibX
h?2 �`;mK2Mib Q7 i?2 H�K#/� 2tT`2bbBQM 2tT`2bb2b #QmM/ M�K2b- �++ �M/ MX
B7@2tBbib Bb �HbQ `2T`2b2Mi2/ BM i?2 b�K2 K�MM2`X

_2+�7 (8) bmTTQ`ib � HBKBi2/ 7Q`K Q7 mb2`@/2}M2/ bvMi�t #�b2/ QM >P�aX
AM _2+�7- T`Q;`�KK2`b +�M /2}M2 � M2r H�M;m�;2 +QMbi`m+i rBi? QM2 Q7 i?2
bmTTQ`i2/ 7Q`Kb Q7 bvMi�t bm+? �b bvMi�t bBKBH�` iQ 7Q` Q` r?BH2 bi�i2K2MiX
h?2 M2r H�M;m�;2 +QMbi`m+i Bb i`�Mb7Q`K2/ BMiQ Bib >P�a `2T`2b2Mi�iBQMX h?2
T`Q;`�KK2` QMHv BKTH2K2Mib � K2i?Q/ i?�i +Q``2bTQM/b iQ i?2 M�K2 Q7 i?�i
H�M;m�;2 +QMbi`m+iX h?2 7QHHQrBM; +Q/2 bMBTT2i Bb � /2}MBiBQM Q7 i?2 H2i bi�i2@
K2Mi BM _2+�7- r?B+? ?�b i?2 b�K2 bvMi�t �b 7Q` bi�i2K2Mi,
Tm#HB+ Il= A1t2+ G2i UAamTTHvIl= p- 6mM+iBQMIl- A1t2+= #Q/vV &
`2im`M UbV @= & #Q/vX�TTHvUpX;2iUVVX2t2+UMmHHVc 'c

'

h?2 H2i bi�i2K2Mi +�M #2 mb2/ �b 7QHHQrb,
H2i Uai`BM; b , ]?2HHQ- rQ`H/5]V &
avbi2KXQmiXT`BMiHMUbVc

'

lM7Q`imM�i2Hv- _2+�7 +�MMQi i`�MbH�i2 2p2`v TQbbB#H2 bvMi�t BMiQ � >P�a `2T@
`2b2Mi�iBQMX hQ i`�Mb7Q`K � +Q/2 bMBTT2i BMiQ � >P�a `2T`2b2Mi�iBQM- i?2 +QK@
TBH2` ?�b iQ FMQr r?B+? +Q/2 bMBTT2ib BMi`Q/m+2 M�K2b �M/ r?2`2 i?2 M�K2b
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�`2 �p�BH�#H2X AM _2+�7- bm+? FMQrH2/;2 QMHv +QK2b 7`QK C�p�- bQ T`Q;`�KK2`b
+�M QMHv /2}M2 H�M;m�;2 +QMbi`m+ib i?�i ?�p2 bBKBH�` bvMi�t �M/ i?2 b�K2 M�K2
#BM/BM; `mH2 �b T`2/2}M2/ H�M;m�;2 +QMbi`m+ib BM C�p�X h?2 H�M;m�;2 +QMbi`m+i
7QH/@7Q` +�MMQi #2 /2}M2/ BM _2+�7 bBM+2 i?2`2 Bb MQ H�M;m�;2 +QMbi`m+i BM
C�p� i?�i ?�b bBKBH�` bvMi�t �M/ M�K2 #BM/BM; iQ 7QH/@7Q`X

A7 r2 mb2 � bvMi�t 2ti2MbBQM bvbi2K #�b2/ QM bvMi�+iB+ K�+`Qb- r2 +�M
i`�MbH�i2 �`#Bi`�`v bvMi�t BMiQ Bib >P�a `2T`2b2Mi�iBQMX >Qr2p2`- i?Bb �TT`Q�+?
Bb FMQrM iQ #2 /�M;2`QmbX Ai Bb /B{+mHi iQ p2`B7v i?�i � bvMi�+iB+ K�+`Q �Hr�vb
;2M2`�i2b +Q``2+i +Q/2X q?2M � bvMi�+iB+ K�+`Q +�mb2b �M 2``Q` �7i2` 2tT�MbBQM-
T`Q;`�KK2`b +�MMQi FMQr r?2i?2` i?2 mb�;2 Q7 i?2 K�+`Q Bb r`QM; Q` i?2 K�+`Q
/2}MBiBQM Bb r`QM;X 6m`i?2`KQ`2- bvMi�+iB+ K�+`Qb K�F2 Bi /B{+mHi iQ +QQT2`�i2
rBi? 2ti2`M�H iQQHb bm+? �b BMi2;`�i2/ /2p2HQTK2Mi 2MpB`QMK2Mib UA.1bVX

9Xj S`QTQb�H , *QMi2ti@a2MbBiBp2 1tT`2bbBQMb
>P�a +�M `2T`2b2Mi M�K2 #BM/BM; #mi Bib bvMi�t 2ti2MbB#BHBiv Bb r2�F rBi?Qmi
bmTTQ`i 7Q` bvMi�+iB+ K�+`Qb bBM+2 >P�a mb2b H�K#/� 2tT`2bbBQMb �b � T`BKBiBp2
7Q` `2T`2b2MiBM; M�K2 #BM/BM;X q2 T`2b2Mi � p�`B�Mi Q7 � H�K#/� 2tT`2bbBQM-
r?B+? r2 +�HH � +QMi2ti@b2MbBiBp2 2tT`2bbBQM- �b �MQi?2` T`BKBiBp2 7Q` `2T`2b2MiBM;
M�K2 #BM/BM;X � +QMi2ti@b2MbBiBp2 2tT`2bbBQM i�F2b b2p2`�H T�`�K2i2`b �b �
H�K#/� 2tT`2bbBQM /Q2b #mi i?2 BM/BpB/m�H T�`�K2i2`b �`2 MQi 2tTHB+BiHv ;Bp2MX
h?2v �`2 ;Bp2M i?`Qm;? i?2 pBbB#H2 K2K#2`b- bm+? �b K2i?Q/b �M/ QT2`�iQ`b-
Q7 � 72r T�`�K2i2` Q#D2+ibX h?2v �`2 �p�BH�#H2 rBi?BM i?2 2tT`2bbBQM �b B7 i?2v
�`2 HQ+�H p�`B�#H2bX h?Bb 2M�#H2b KQ`2 M�im`�H bvMi�t 7Q` M�K2 #BM/BM;X q2
?�p2 /2p2HQT2/ S`Qi2�Ck- r?B+? Bb � T`Q;`�KKBM; H�M;m�;2 #�b2/ QM C�p� #mi
bmTTQ`ib +QMi2ti@b2MbBiBp2 2tT`2bbBQMbX S`Qi2�Ck bmTTQ`ib im`MbiBH2 ivT2b- .aG
+H�bb2b- �M/ ;2M2`B+ M�K2b iQ 2tT`2bb +QMi2ti@b2MbBiBp2 2tT`2bbBQMb 7Q` bvMi�t
2ti2MbBQM rBi? M�K2 #BM/BM;X h?2 bQm`+2 +Q/2 Q7 i?2 +QKTBH2` Bb �p�BH�#H2 7`QK
Qm` ;Bi?m# `2TQbBiQ`vRX

9XjXR *QMi2ti@a2MbBiBp2 1tT`2bbBQMb
� +QMi2ti@b2MbBiBp2 2tT`2bbBQM HQQFb HBF2 � MQ`K�H 2tT`2bbBQM #mi Bi BKTHB+BiHv
i�F2b T�`�K2i2`bX h?2b2 T�`�K2i2`b �`2 �++2bb2/ i?`Qm;? Tm#HB+ K2K#2`b Q7
QM2 T�`�K2i2` Q#D2+iX 6Q` 2t�KTH2- +QMbB/2` i?2 7QHHQrBM; +Q/2 bMBTT2i,
B7@2tBbib U�++(M)V Bi 4 Bi Y R
2Hb2 �++(M) 4 R

h?Bb +Q/2 bMBTT2i Bb � T�`i Q7 6B;m`2 9XRX h?2 2tT`2bbBQM Bi 4 Bi Y R Bb �M
�`;mK2Mi Q7 i?2 H�M;m�;2 +QMbi`m+i B7@2tBbibX h?Bb 2tT`2bbBQM +�M #2 `2;�`/2/
�b � +QMi2ti@b2MbBiBp2 2tT`2bbBQM i?�i BKTHB+BiHv i�F2b � `272`2M+2 iQ 2�+? 2Mi`v
Q7 i?2 ;Bp2M J�TX h?Bb 2tT`2bbBQM +�M #2 �HbQ r`Bii2M rBi? � H�K#/� 2tT`2bbBQM
�b 7QHHQrb,
UBiV @= BiXb2iUBiX;2iUV Y RV

R?iiTb,ff;Bi?m#X+QKf+b;@iQFvQfT`Qi2�Dk
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qBi? � +QMi2ti@b2MbBiBp2 2tT`2bbBQM- r2 +�M r`Bi2 Bi �b 7QHHQrb,
b2iU;2iUV Y RV

�b vQm +�M b22 i?Bb +Q/2- i?2 /2+H�`�iBQM Q7 i?2 T�`�K2i2` ^^Bi^^ �M/ i?2
`2+2Bp2` Q7 b2i �M/ ;2i �`2 QKBii2/X h?Bb Bb bBKBH�` iQ i?2 QKBbbBQM Q7 i?Bb
UQ` b2H7V BM �M BMbi�M+2 K2i?Q/X q?�i Bb /Bz2`2Mi 7`QK i?2 i?Bb QKBbbBQM Bb
i?�i i?2 BKTHB+Bi `2+2Bp2` Bb ;Bp2M #v i?2 +QMi2tic ?2`2- Bi Bb ;Bp2M #v B7@2tBbibX
h?2 +Q/2 bMBTT2i b2iU;2iUV Y RV /Q2b MQi HQQF M�im`�H #mi T`Q;`�KK2`b +�M
+?�M;2 i?2 bvMi�t Q7 i?2 ;2ii2` �M/ b2ii2` #v mbBM; mb2`@/2}M2/ QT2`�iQ`bX A7
T`Q;`�KK2`b /2}M2 i?2 ;2ii2` bvMi�t Bb ^^Bi^^ �M/ i?2 b2ii2` bvMi�t Bb ^^Bi
4 n^^- i?2 +Q/2 bMBTT2i Bb r`Bii2M �b 7QHHQrbk,
Bi 4 Bi Y R

aBM+2 � +QMi2ti@b2MbBiBp2 2tT`2bbBQM Bb � p�`B�Mi Q7 � H�K#/� 2tT`2bbBQM- i?2
p�Hm2 Q7 � +QMi2ti@b2MbBiBp2 2tT`2bbBQM Bb �M �MQMvKQmb 7mM+iBQMX h?2 H�M;m�;2
+QMbi`m+i B7@2tBbib +�M #2 /2}M2/ �b 7QHHQrBM; Tb2m/Q +Q/2,
/27 ]B7@2tBbib] ]U] n ](] n ])] ]V] n ]2Hb2] n UK�T- F2v- i?M- 2HbV &
B7 UK�TX+QMi�BMbUF2vVV i?MX�TTHvUM2r J�T1Mi`v_27UK�T- F2vVVc
2Hb2 2HbX�TTHvUM2r G�xvUVVc

'

h?Bb BKTH2K2Mib � M2r QT2`�iQ`X >2`2- i?M Bb � T�`�K2i2` i�FBM; � +QMi2ti@
b2MbBiBp2 2tT`2bbBQMX h?2 p�Hm2 Q7 i?M Bb �M �MQMvKQmb 7mM+iBQM i?�i i�F2b �M
�`;mK2Mi 2tT`2bbBM; �M BKTHB+Bi `2+2Bp2` Q7 i?2 ;2ii2` ^^Bi^^ �M/ i?2 b2ii2`
^^Bi 4 n^^- ?2`2- � J�T1Mi`v_27 Q#D2+iX i?MX�TTHvUXXXV /2MQi2b � +�HH Q7
i?2 �MQMvKQmb 7mM+iBQM i?MX

LQi2 i?�i � +QMi2ti@b2MbBiBp2 2tT`2bbBQM Bb H�xBHv 2p�Hm�i2/X A7 �M Q#D2+i
T�bb2/ iQ � +QMi2ti@b2MbBiBp2 2tT`2bbBQM /Q2b MQi ?�p2 � K2i?Q/ Q` �M QT2`�iQ`-
i?2 +QMi2ti@b2MbBiBp2 2tT`2bbBQM Bb Dmbi 7Q` H�xv 2p�Hm�iBQMX h?2 T�`�K2i2` 2Hb
�#Qp2 Bb �M 2t�KTH2 Q7 bm+? � +QMi2ti@b2MbBiBp2 2tT`2bbBQMX � G�xv Q#D2+i T�bb2/
iQ 2Hb #v �TTHv /Q2b MQi ?�p2 �Mv K2K#2`b- �M/ ?2M+2 �Mv QT2`�iQ`b bm+? �b
^^Bi^^ �M/ ^^Bi 4 n^^ �`2 MQi �p�BH�#H2 rBi?BM i?2 2tT`2bbBQM i?�i 2Hb `272`b
iQX h?2 2tT`2bbBQM Bb Dmbi � MQ`K�H 2tT`2bbBQM �Hi?Qm;? Bi Bb i`2�i2/ �b � H�K#/�
2tT`2bbBQM �M/ H�xBHv 2p�Hm�i2/X

A7 +QMi2ti@b2MbBiBp2 2tT`2bbBQMb �`2 M2bi2/- Tm#HB+ K2K#2`b Q7 i?2 BKTHB+Bi
`2+2Bp2` Q7 i?2 Qmi2` 2tT`2bbBQM +�M �HbQ #2 mb2/ BM i?2 BMM2` 2tT`2bbBQMX 6Q` 2t@
�KTH2- B7 i?2 H�M;m�;2 +QMbi`m+i 7QH/@7Q` �M/ B7@2tBbib �`2 /2}M2/ #v mbBM;
+QMi2ti@b2MbBiBp2 2tT`2bbBQMb- r2 +�M r`Bi2 i?2 T`Q;`�K b?QrM BM 6B;m`2 9XRX
h?2 #Q/v Q7 7QH/@7Q` Bb � +QMi2ti@b2MbBiBp2 2tT`2bbBQM BM r?B+? i?2 QT2`�iQ`b
�++ �M/ M �`2 �p�BH�#H2 �M/ i?2 #Q/v Q7 B7@2tBbib Bb �HbQ � +QMi2ti@b2MbBiBp2
2tT`2bbBQM �b K2MiBQM2/ �#Qp2X h?2 QT2`�iQ`b �++ �M/ M �`2 �HbQ �p�BH�#H2 BM
i?2 #Q/v Q7 B7@2tBbibX A7 r2 M2bi B7@2tBbib- KmHiBTH2 B/2MiB+�H QT2`�iQ`b �`2
pBbB#H2 7`QK i?2 BMM2` 2tT`2bbBQMX AM i?Bb +�b2- i?2 QT2`�iQ` Q7 i?2 BMM2`KQbi
2tT`2bbBQM Bb �p�BH�#H2 i?2`2X

k^^Bi^^ +�M #2 `2;�`/2/ �b � MmHH�`v QT2`�iQ` �M/ ^^Bi 4 n^^ �b � mM�`v QT2`�iQ` i�FBM;
�M �bbB;M2/ p�Hm2
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9XjXk hm`MbiBH2 hvT2b
hQ ;Bp2 � ivT2 iQ +QMi2ti@b2MbBiBp2 2tT`2bbBQMb �M/ /BbiBM;mBb? 7`QK MQ`K�H 2t@
T`2bbBQMb- S`Qi2�Ck T`QpB/2b im`MbiBH2 ivT2bX � im`MbiBH2 ivT2 Bb r`Bii2M �b a `
h- r?B+? `2�/ �b ǳ� ivT2 h mM/2` i?2 �bbmKTiBQM aǴX � im`MbiBH2 ivT2 +�MMQi
#2 mb2/ 2p2`vr?2`2c Bi Bb QMHv �p�BH�#H2 �b � T�`�K2i2` ivT2X A7 � im`MbiBH2 ivT2
Bb bT2+B}2/ �b � T�`�K2i2` ivT2- �M �`;mK2Mi Q7 i?2 T�`�K2i2` Bb � +QMi2ti@
b2MbBiBp2 2tT`2bbBQMX 6Q` 2t�KTH2- i?2 7QHHQrBM; +Q/2 /2}M2b i?2 H�M;m�;2 +QM@
bi`m+i B7@2tBbib #v mbBM; im`MbiBH2 ivT2b,
IE- o= pQB/ ]B7@2tBbib] ]U] n ](] n ])] ]V] n ]2Hb2] n
UJ�TIE- o= K�T- E F2v- J�T1Mi`v_27IE- o= %@ oQB/ i?M- G�xv %@ oQB/ 2HbV
& XXX '

h?2 #Q/v Bb i?2 b�K2 �b QM2 b?QrM BM i?2 T`2pBQmb Tb2m/Q +Q/2X AM i?Bb +Q/2-
i?2 i?B`/ T�`�K2i2` �M/ i?2 7Qm`i? T�`�K2i2` ?�p2 im`MbiBH2 ivT2bX �bbmKBM;
J�T1Mi`v_27 /2}M2b ;2ii2` �M/ b2ii2` QT2`�iQ`b- ^^Bi^^ �M/ ^^Bi 4 n^^- r2
+�M r`Bi2 i?2 7QHHQrBM; T`Q;`�K mbBM; B7@2tBbib,
B7@2tBbi U�++(M)V Bi 4 Bi Y R
2Hb2 �++(M) 4 R

h?2 �`;mK2Mi T�bb2/ iQ i?M Bb i?2 2tT`2bbBQM Bi 4 Bi Y RX "2+�mb2 Q7 Bib
ivT2- oQB/ Bb i?2 ivT2 Q7 i?2 `2bmHiBM; p�Hm2 Q7 i?2 2tT`2bbBQM mM/2` i?2 �b@
bmKTiBQM i?�i J�T1Mi`v_27IE-o= Bb i?2 ivT2 Q7 i?2 BKTHB+Bi `2+2Bp2` Q#D2+i
Q7 ^^Bi^^ �M/ ^^Bi 4 n^^X h?2 +QKTBH2` rBHH ivT2@+?2+F i?2 2tT`2bbBQM U�M/
�HbQ i?MX�TTHvUXXXV BM i?2 #Q/v Q7 B7@2tBbibV iQ 2Mbm`2 i?�i Bi b�iBb}2b i?Bb
�bbmKTiBQMX

�b K2MiBQM2/ �#Qp2- � +QMi2ti@b2MbBiBp2 2tT`2bbBQM Bb �M �MQMvKQmb 7mM+@
iBQMX AM S`Qi2�Ck- � p�Hm2 Q7 im`MbiBH2 ivT2 a ` h Bb BKTH2K2Mi2/ #v � 7mM+iBQM
Q#D2+i 6mM+iBQMIa- h=X 6Q` 2t�KTH2- i?M Bb �M Q#D2+i Q7 ivT2 6mM+iBQMI
J�T1Mi`v_27IE- o=- oQB/= BM i?2 #Q/v Q7 B7@2tBbibX >2M+2- i?2 +QMi2ti@
b2MbBiBp2 2tT`2bbBQM Bi 4 Bi Y R Bb +QKTBH2/ BMiQ i?2 7QHHQrBM; H�K#/� 2tT`2b@
bBQM,
U`27V @= `27Xb2iU`27X;2iUV Y RV

AM Qi?2` rQ`/b- � T`Q;`�K rBi? +QMi2ti@b2MbBiBp2 2tT`2bbBQMb +�M #2 `2;�`/2/
�b #2BM; i`�MbH�i2/ BMiQ Bib >P�a `2T`2b2Mi�iBQM mbBM; H�K#/� 2tT`2bbBQMbX

9XjXj .aG *H�bb2b
� .aG +H�bb Bb � KQ/mH2 bvbi2K 7Q` mb2`@/2}M2/ QT2`�iQ`bX Ai Bb bBKBH�` iQ �
MQ`K�H +H�bb BM �M Q#D2+i@Q`B2Mi2/ H�M;m�;2 HBF2 C�p� #mi Bi +QMi�BMb QT2`�iQ`b
`�i?2` i?�M K2i?Q/bX q?2M � .aG +H�bb ivT2 �TT2�`b QM i?2 H27i@?�M/ bB/2 Q7
� im`MbiBH2 ivT2- i?2 QT2`�iQ`b /2+H�`2/ BM i?�i .aG +H�bb �`2 �p�BH�#H2 BM i?2
+QMi2ti b2MbBiBp2 2tT`2bbBQM Q7 i?�i im`MbiBH2 ivT2X h?2 BMbi�M+2 QT2`�iQ`b �`2
BMpQF2/ QM �M BMbi�M+2 Q7 i?2 .aG +H�bb T�bb2/ iQ i?�i 2tT`2bbBQMX 6B;m`2 9Xj
b?Qrb i?2 /2}MBiBQM Q7 i?2 .aG +H�bb J�T1Mi`v_27X GBM2 k /2}M2b i?2 ;2ii2`
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/bH J�T1Mi`v_27 IE- o= &
o ]Bi] UV & `2im`M K�TX;2iUF2vVc '
pQB/ ]Bi] ]4] n Uo p�Hm2V & K�TXTmiUF2v- p�Hm2Vc '
J�T1Mi`v_27 UJ�TIE- o= K�T- E F2vV & i?BbXK�T 4 K�Tc i?BbXF2v 4 F2vc '
T`Bp�i2 J�TIE- o= K�Tc
T`Bp�i2 E F2vc

'

6B;m`2 9Xj, h?2 /2}MBiBQM Q7 i?2 .aG +H�bb J�T1Mi`v_27

QT2`�iQ` ^^Bi^^ �M/ HBM2 j /2}M2b i?2 b2ii2` QT2`�iQ` ^^Bi 4 n^^X h?2b2 QT@
2`�iQ`b �`2 �p�BH�#H2 BM �M 2tT`2bbBQM Q7 i?2 im`MbiBH2 ivT2 J�T1Mi`v_27IE- o=
` _X GBM2 9 /2}M2b � +QMbi`m+iQ` Q7 J�T1Mi`v_27X GBM2 8 �M/ HBM2 e /2}M2b BM@
bi�M+2 }2H/b Q7 J�T1Mi`v_27X �b � MQ`K�H C�p� +H�bb- � .aG +H�bb Bb BMbi�MiB�i2/
#v M2r �M/ �M BMbi�M+2 QT2`�iQ` +�M �++2bb BMbi�M+2 }2H/bX

� .aG +H�bb +�M �HbQ +QMi�BM bi�iB+ }2H/b �M/ QT2`�iQ`bX AM S`Qi2�Ck- �
bi�iB+ QT2`�iQ` Q7 � .aG +H�bb Bb �p�BH�#H2 �Mvr?2`2- MQi QMHv rBi?BM � +QMi2ti@
b2MbBiBp2 2tT`2bbBQMX 6Q` 2t�KTH2- B7@2tBbib Bb � bi�iB+ QT2`�iQ`X 6B;m`2 9X9
b?Qrb i?2 /2}MBiBQM Q7 i?2 .aG +H�bb J�TliBHb- r?B+? +QMi�BMb i?2 QT2`�iQ`
B7@2tBbibX Ai �HbQ +QMi�BMb b2p2`�H Qi?2` QT2`�iQ`b 7Q` �++2bbBM; � J�T Q#D2+i
bm+? �b n ( n ) 4 nX h?2b2 QT2`�iQ`b �`2 �p�BH�#H2 �Mvr?2`2 BM � bQm`+2 }H2
i?�i BKTQ`ib i?2 .aG +H�bb J�T1Mi`v_27X � .aG +H�bb Bb BKTQ`i2/ #v �M BKTQ`i
/bH /2+H�`�iBQMX h?2 7QHHQrBM; +Q/2 Bb �M 2t�KTH2 mbBM; i?2 QT2`�iQ`b /2}M2/
BM 6B;m`2 9X9,
BKTQ`i /bH J�TliBHbc
XXX
J�TIai`BM;- *QHQ`= +QHQ`b 4 &'c
+QHQ`b(]`2/]) 4 *QHQ`X_1.c
*QHQ` + 4 +QHQ`b(]`2/])c ff *QHQ`X_1.

�b BM Svi?QM- r2 +�M mb2 i?2 bvMi�t Q7 �bbQ+B�iBp2 �``�vb 7Q` J�T #v BKTQ`iBM;
J�TliBHbX AM S`Qi2�Ck- i?2 BKTQ`i /bH /2+H�`�iBQM Bb r`Bii2M �i i?2 iQT Q7 i?2
bQm`+2 }H2 U�i i?2 b�K2 TQbBiBQM �b �M Q`/BM�`v BKTQ`i /2+H�`�iBQMVX

9XjX9 :2M2`B+ L�K2b
hQ `2+Q;MBx2 �`#Bi`�`v M�K2b ;Bp2M #v mb2`b- S`Qi2�Ck T`QpB/2b ;2M2`B+ M�K2b-
r?B+? 2ti2M/ ;2M2`B+bX � ;2M2`B+ M�K2 Bb � ivT2 T�`�K2i2` Q7 � K2i?Q/ Q` �M
QT2`�iQ`X Ai Bb mb2/ 7Q` +?2+FBM; r?2i?2` � M�K2 Bb B/2MiB+�H iQ � M�K2 i?�i
�TT2�`2/ #27Q`2X 6Q` 2t�KTH2- BM 6B;m`2 9XR- i?2 H�M;m�;2 +QMbi`m+i 7QH/@7Q`
#BM/b irQ M�K2b ;Bp2M #v i?2 mb2`- �++ �M/ MX h?2b2 M�K2b �HbQ �TT2�` BM i?2
#Q/v Q7 7QH/@7Q`X :2M2`B+ M�K2b �`2 mb2/ 7Q` `2+Q;MBxBM; i?2B` B/2MiBivX

6B;m`2 9X8 b?Qrb i?2 /2}MBiBQM Q7 7QH/@7Q`- r?B+? mb2b ;2M2`B+ M�K2b 7Q`
/2�HBM; rBi? M�K2b ;Bp2M #v mb2`bX h?2 ;2M2`B+ M�K2b �`2 B/R �M/ B/k BM
i?2 ivT2 T�`�K2i2`b Q7 i?2 .aG +H�bb 6QH/6Q` UHBM2 RV �M/ i?2 bi�iB+ QT2`�iQ`
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/bH J�TliBHb &
bi�iB+ IE- o= pQB/ ]B7@2tBbib] ]U] n ](] n ])] ]V] n ]2Hb2] n
UJ�TIE- o= K�T- E F2v- J�T1Mi`v_27IE- o= %@ oQB/ i?M- G�xv %@ oQB/ 2HbV &

B7 UK�TX+QMi�BMbUF2vVV i?MX�TTHvUM2r J�T1Mi`v_27IE- o=UK�T- F2vVVc
2Hb2 2HbX�TTHvUM2r G�xvUVVc

'
bi�iB+ IE- o= J�TIE- o= ]&'] UV
& `2im`M M2r >�b?J�TIE- o=UVc '
bi�iB+ IE- o= o n ](] n ])] UJ�TIE- o= K�T- E F2vV
& `2im`M K�TX;2iUF2vVc '
bi�iB+ IE- o= pQB/ n ](] n ])] ]4] n UJ�TIE- o= K�T- E F2v- o p�Hm2V
& K�TXTmiUF2v- p�Hm2Vc '

'

6B;m`2 9X9, h?2 /2}MBiBQM Q7 i?2 .aG +H�bb J�TliBHb i?�i +QMi�BMb i?2 QT2`�iQ`
B7@2tBbib

7QH/@7Q` UHBM2 kVX A/ Bb i?2 ivT2 M�K2 Q7 i?2 ;2M2`B+ M�K2bX h?2 ;2M2`B+
M�K2b B/R �M/ B/k +�M �TT2�` BM �M QT2`�M/ T�`i Q7 QT2`�iQ` bvMi�tX h?2v
bT2+B7v i?�i �HH i?2 Q++m``2M+2b Q7 B/R Q` B/k `272` iQ �M B/2MiB+�H 2tT`2bbBQM
UBX2X M�K2VX 6Q` 2t�KTH2- HBM2 k �M/ j BM 6B;m`2 9X8 bT2+B}2b i?�i i?2 QT2`�M/
B/R Q7 7QH/@7Q` Bb B/2MiB+�H iQ i?2 QT2`�M/b B/R Q7 i?2 7QHHQrBM; QT2`�iQ`b B7
i?2v Q++m` BM i?2 +QMi2ti@b2MbBiBp2 2tT`2bbBQM 7X
_ B/R UV & `2im`M �++c '
pQB/ B/R ]4] n U_ `V & i?BbX�++ 4 `c '

h?Bb Bb bT2+B}2/ #v i?2 �bbmKTiBQM T�`i Q7 7Ƕb ivT2- 6QH/6Q`Ih-_-B/R-B/k=X
h?2 2tT`2bbBQM 7 +�M BMpQF2 i?2 QT2`�iQ`b /2+H�`2/ BM 6QH/6Q`IXXX= r?2`2 B/R
Bb B/2MiB+�H iQ i?2 QT2`�M/ B/R Q7 7QH/@7Q`X h?mb- i?2 BMpQ+�iBQM Q7 7QH/@7Q`
BM 6B;m`2 9XR Bb p�HB/X >2`2- B/R Bb #QmM/ iQ �++ �M/ B/k Bb #QmM/ iQ MX
6QH/6Q`IXXX= /2+H�`2b i?2 ;2ii2` QT2`�iQ`b �++ �M/ M �M/ i?2 b2ii2` QT2`�iQ`
�++ 4 nX h?2v �`2 �p�BH�#H2 BM i?2 2tT`2bbBQMb �i HBM2 k �M/ j BM 6B;m`2 9XRX

h?2 ;2M2`B+ M�K2b B/R �M/ B/k `272` iQ �M 2tT`2bbBQM Q7 ivT2 A/X h?2
+QKTBH2` `2+Q;MBx2b i?�i irQ ;2M2`B+ M�K2b �`2 B/2MiB+�H B7 i?2 �#bi`�+i bvMi�t
i`22b Q7 i?2B` 2tT`2bbBQMb �`2 2[mBp�H2MiX q2 +?Qb2 i?Bb /2bB;M bBM+2 r2 2tT`2bb
� M�K2 #v i?2 +QKTQbBiBQM Q7 b2p2`�H mb2`@/2}M2/ QT2`�iQ`bX LQi2 i?�i i?2
ivT2 A/ Bb MQi � T`BKBiBp2 Q` K2i� ivT2X Ai Bb � ivT2 i?�i mb2`b +�M /2}M2 7Q`
2tT`2bbBM; �M �`#Bi`�`v b2[m2M+2 Q7 �HT?�#2i H2ii2`b �b �M 2tT`2bbBQMX a22 i?2
7QHHQrBM; QT2`�iQ`b 7Q` A/ p�Hm2b,
HBi2`�H A/ n n UG2ii2` H2ii2`- A/ `2biV
& `2im`M M2r A/UH2ii2`XiQai`BM;UV Y `2biXiQai`BM;UVVc '
HBi2`�H A/ n UG2ii2` H2ii2`V & `2im`M M2r A/UH2ii2`XiQai`BM;UVVc '
HBi2`�H G2ii2` ]�] UV & `2im`M G2ii2`X�c '
XXX
HBi2`�H G2ii2` ]x] UV & `2im`M G2ii2`Xxc '
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/bH 6QH/6Q` Ih- _- B/R, A/- B/k, A/= &
bi�iB+ Ih- _- B/R, A/- B/k, A/= _ ]7QH/@7Q`] ]U] B/R ]4] n ]c] B/k ],] n ]V] n
U_ BMB- GBbiIh= HBbi- 6QH/6Q`Ih- _- B/R- B/k= %@ oQB/ 7V &
6QH/6Q`Ih- _- B/R- B/k= 2Mp 4 M2r 6QH/6Q`Ih- _- B/R- B/k=UBMBVc
7Q` Uh i , HBbiV &
2MpX2H2K 4 ic
7X�TTHvU2MpVc

'
`2im`M 2MpX�++c

'
_ B/R UV & `2im`M �++c '
h B/k UV & `2im`M 2H2Kc '
pQB/ B/R ]4] n U_ `V & i?BbX�++ 4 `c '
6QH/6Q` U_ BMBV & i?BbX�++ 4 BMBc '
T`Bp�i2 _ �++c
T`Bp�i2 h 2H2Kc

'

6B;m`2 9X8, h?2 /2}MBiBQM Q7 7QH/@7Q` BM S`Qi2�Ck

HBi2`�H Bb � KQ/B}2` BM/B+�iBM; i?2 QT2`�iQ` Bb 7Q` mb2`@/2}M2/ HBi2`�Hb BM S`Q@
i2�CkX h?2 bvMi�t Q7 � HBi2`�H QT2`�iQ` /Q2b MQi `2+Q;MBx2 r?Bi2bT�+2 +?�`�+i2`b
�b � b2T�`�iQ` #2ir22M M�K2 T�`ib �M/ QT2`�M/bX �M QT2`�M/ Q7 � HBi2`�H QT2`@
�iQ` Bb �M 2tT`2bbBQM i?�i +QMbBbib Q7 QMHv HBi2`�H QT2`�iQ`bX lb2`@/2}M2/ HBi2`�Hb
/2}M2/ #v HBi2`�H QT2`�iQ`b +�M #2 mb2/ �b � MQ`K�H 2tT`2bbBQMX h?2`27Q`2- B7
r2 BKTQ`i i?2 QT2`�iQ`b �#Qp2- i?2 7QHHQrBM; +Q/2 Bb p�HB/,
A/ B/ 4 �++c

h?2 `B;?i@?�M/ bB/2 Q7 4 Bb i?2 +QKTQbBiBQM Q7 QT2`�iQ`bX Ai Bb T�`b2/ HBF2
iQA/U�UV- iQA/U+UV- iQA/U+UVVVVX �b BM Qm` T`2pBQmb rQ`F S`Qi2�C (j8)- �
�M/ + �`2 `2+Q;MBx2/ �b QT2`�iQ`b bBM+2 i?2 2tT2+i2/ ivT2 Q7 i?2 2tT`2bbBQM Bb
A/X A7 � ;2M2`B+ M�K2 `272`b iQ �M 2tT`2bbBQM HBF2 �++- i?2 2tT`2bbBQM Bb MQi
2p�Hm�i2/ �i `mMiBK2 Q` �i +QKTBH2 iBK2X Ai Bb +QKTBH2/ Qmi iQ #2 � mMB[m2
B/2MiB}2`X

9XjX8 PT2`�iQ` S`BQ`BiB2b
S`Qi2�Ck bmTTQ`ib QT2`�iQ` T`BQ`BiB2b 7Q` ?2HTBM; mb2`b iQ /2}M2 �M/ mb2 QT2`@
�iQ`bX 6B;m`2 9Xe b?Qrb � /2}MBiBQM Q7 i?2 .aG +H�bb J�TliBHb rBi? QT2`�iQ`
T`BQ`BiB2bX GBM2 k BM i?2 };m`2 Bb � /2+H�`�iBQM Q7 T`BQ`BiB2bX h?Bb /2+H�`�iBQM
/2+H�`2b i?`22 T`BQ`Biv M�K2b TR- Tk- �M/ Tj- �M/ i?2 Q`/2` Q7 2�+?X LQi2 i?�i
TR Bb � b?Q`i@?�M/ M�K2c Bib [m�HB}2/ M�K2 Bb J�TliBHbXTRX q2 +�M mb2 �
[m�HB}2/ T`BQ`Biv M�K2 Q7 �MQi?2` .aG +H�bb BM i?2 /2+H�`�iBQM �b 7QHHQrb,
T`BQ`BiB2b TR- Tk- Tj & TR I Tk I S`2/27PT2`�iQ`bX�// I Tj '
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/bH J�TliBHb &
T`BQ`BiB2b TR- Tk- Tj & TR I Tk I Tj '
bi�iB+ IE- o= pQB/ (TR) ]B7@2tBbib] ]U] n ](] n ])] ]V] n ]2Hb2] n(TR)
UJ�TIE- o= K�T- E F2v- J�T1Mi`v_27IE- o= %@ oQB/ i?M- G�xv %@ oQB/ 2HbV &

B7 UK�TX+QMi�BMbUF2vVV i?MX�TTHvUM2r J�T1Mi`v_27IE- o=UK�T- F2vVVc
2Hb2 2HbX�TTHvUM2r G�xvUVVc

'
bi�iB+ IE- o= J�TIE- o= (Tj) ]&'] UV
& `2im`M M2r >�b?J�TIE- o=UVc '
bi�iB+ IE- o= o (Tk) n ](] n ])] UJ�TIE- o= K�T- E F2vV
& `2im`M K�TX;2iUF2vVc '
bi�iB+ IE- o= pQB/ (Tk) n ](] n ])] ]4] n UJ�TIE- o= K�T- E F2v- o p�Hm2V
& K�TXTmiUF2v- p�Hm2Vc '

'

6B;m`2 9Xe, h?2 /2}MBiBQM Q7 i?2 .aG +H�bb rBi? QT2`�iQ` T`BQ`BiB2b

h?2 Q`/2` Q7 T`BQ`Biv M�K2b TR I Tk BM/B+�i2b i?�i �M QT2`�iQ` rBi? i?2 T`BQ`Biv
TR +�M i�F2 �b �M QT2`�M/ �M 2tT`2bbBQM Q7 �M QT2`�iQ` rBi? i?2 T`BQ`Biv TkX
*QMp2`b2Hv- �M QT2`�iQ` rBi? i?2 T`BQ`Biv Tk +�MMQi i�F2 �M 2tT`2bbBQM Q7 �M
QT2`�iQ` rBi? i?2 T`BQ`Biv TRX � T`BQ`Biv M�K2 +�M #2 ;Bp2M iQ �M QT2`�iQ`
�M/ Bib QT2`�M/b #v �ii�+?BM; i?2 M�K2 2M+HQb2/ #v #`�+F2ibX 6Q` 2t�KTH2-
i?2 QT2`�iQ` B7@2tBbib ?�b i?2 T`BQ`Biv TR �M/ i?2 `B;?i@KQbi QT2`�M/ Q7 i?2
QT2`�iQ` ?�b i?2 T`BQ`Biv TR BM i?2 };m`2X h?Bb bT2+B}2b i?�i B7@2tBbib Bb `B;?i@
�bbQ+B�iBp2 �M/ B7@2tBbib +�M #2 mb2/ �b �M QT2`�M/ i?�i ?�b � T`BQ`Biv HQr2`
i?�M Q` 2[m�H iQ TRX �M QT2`�M/ rBi?Qmi � T`BQ`Biv M�K2 i�F2b �M 2tT`2bbBQM
rBi? � ?B;?2` T`BQ`Biv i?�M Bib QrM QT2`�iQ` T`BQ`BivX h?2`27Q`2- i?2 }`bi QT2`�M/
Q7 B7@2tBbib +�M i�F2 �M 2tT`2bbBQM Q7 i?2 QT2`�iQ` ^^Bi 4 n^^ #mi +�MMQi
i�F2 �M 2tT`2bbBQM Q7 B7@2tBbibX

PT2`�iQ` T`BQ`BiB2b /2+H�`2/ BM � .aG +H�bb �`2 � T�`iB�H Q`/2`X h?2 iQi�H
Q`/2` Bb /2i2`KBM2/ �i 2�+? +�HH bBi2 Q7 QT2`�iQ`bX q?2M � mb2` BKTQ`ib KmHiBTH2
.aG +H�bb2b- i?2 +QKTBH2` bQ`ib �HH i?2 T`BQ`Biv M�K2b BM i?2 .aG +H�bb2b BM i?2
/2+H�`2/ Q`/2`bX A7 T`BQ`BiB2b �`2 +v+HB+- i?2 +QKTBH2` 7�BHb iQ +QKTBH2 � T`Q;`�K
�M/ `2TQ`ib BMp�HB/ QT2`�iQ` T`BQ`BiB2bX hQ +QMi`QH QT2`�iQ` T`BQ`BiB2b #2ir22M
BM/2T2M/2Mi .aG +H�bb2b- � mb2` +�M bT2+B7v i?2 Q`/2` Q7 T`BQ`Biv M�K2b BM i?2
.aG +H�bb2b �i i?2 BKTQ`i /2+H�`�iBQM �b 7QHHQrb,
BKTQ`i /bH J�TliBHb & J�TliBHbXTk I S`2/27PT2`�iQ`bX�// I J�TliBHbXTj '

9X9 S�`bBM;
h?2 +QKTBH2` Q7 S`Qi2�Ck �/QTib 2�;2` /Bb�K#B;m�iBQM 7Q` 7�bi T�`bBM;X h?2
bvMi�t Q7 mb2`@/2}M2/ QT2`�iQ`b BM S`Qi2�Ck KB;?i #2 �K#B;mQmb B7 r2 /Q MQi
+QMbB/2` ivT2b �M/ QT2`�iQ` T`BQ`BiB2bX q?2M bvMi�t Bb �K#B;mQmb- � T�`b2` K�v
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;2M2`�i2 � H�`;2- bQK2iBK2b 2tTQM2MiB�HHv H�`;2- MmK#2` Q7 TQi2MiB�HHv p�HB/
�ahb 7Q` i?2 b�K2 bQm`+2 +Q/2X �HH i?2b2 �ahb 2t+2Ti i?2 b2K�MiB+�HHv +Q``2+i
QM2 �`2 }Hi2`2/ Qmi �7i2` T�`bBM; #v �TTHvBM; b2K�MiB+ `mH2bc BM S`Qi2�Ck- i?2v
�`2 }Hi2`2/ Qmi #v +?2+FBM; ivT2b �M/ QT2`�iQ` T`BQ`BiB2bX A7 KmHiBTH2 �ahb �`2
b2K�MiB+�HHv +Q``2+i- i?2 H�M;m�;2 Bib2H7 Bb �K#B;mQmbX AM ;2M2`�H- i?2 ;2M2`�iBQM
Q7 � H�`;2 MmK#2` Q7 TQi2MiB�HHv p�HB/ �ahb bHQrb /QrM i?2 T�`bBM; bT22/X 1�;2`
/Bb�K#B;m�iBQM Bb � i2+?MB[m2 iQ }Hi2` Qmi b2K�MiB+�HHv BMp�HB/ �ahb r?BH2 �
T�`b2` Bb `mMMBM;X Ai 2M�#H2b 7�bi2` T�`bBM; bBM+2 �K#B;mBiB2b �`2 `2bQHp2/ #27Q`2
i?2 MmK#2` Q7 �ahb 2tTQM2MiB�HHv BM+`2�b2bX

6Q` 2�;2` /Bb�K#B;m�iBQM- S`Qi2�Ck mb2b 2tT2+i2/ ivT2b �M/ QT2`�iQ` T`BQ`@
BiB2bX h?2 S`Qi2�Ck +QKTBH2` T�`b2b � bQm`+2 T`Q;`�K rBi? � iQT@/QrM T�`bBM;
�H;Q`Bi?KX "27Q`2 T�`bBM; �M 2tT`2bbBQM- Bi T`mM2b �r�v bvMi�t `mH2b MQi BM 2z2+i
BM i?2 +QMi2ti Q7 i?�i 2tT`2bbBQM bQ i?�i i?2 MmK#2` Q7 ;2M2`�i2/ �ahb rBHH #2
`2/m+2/X A7 i?2 2tT`2bbBQM 2tT2+ib � im`MbiBH2 ivT2 . ` h- i?2 +QKTBH2` i`B2b iQ
T�`b2 Bi �b �M 2tT`2bbBQM rBi? i?2 2tT2+i2/ ivT2 h r?2`2 i?2 bvMi�t Q7 BMbi�M+2
QT2`�iQ`b Q7 . �`2 BM 2z2+iX am+? QT2`�iQ`b �`2 �HbQ BM 2z2+i BM bm#@2tT`2bbBQMb
Q7 i?2 2tT`2bbBQMX ai�iB+ QT2`�iQ`b �`2 2z2+iBp2 2p2`vr?2`2 B7 i?2 .aG +H�bb i?�i
/2+H�`2b i?2K ?�b #22M BKTQ`i2/X q?2M i?2 +QKTBH2` i`B2b iQ T�`b2 �M 2tT`2b@
bBQM rBi? i?2 2tT2+i2/ ivT2 h Ur?B+? Bb MQi � im`MbiBH2 ivT2V- Bi 2t�KBM2b QMHv
i?2 bvMi�t Q7 QT2`�iQ`b i?�i �`2 BM 2z2+i �M/ i?�i `2im`M i?2 2tT2+i2/ ivT2 hX
6Q` 2t�KTH2- r?2M i?2 +QKTBH2` T�`b2b �M 2tT`2bbBQM QM i?2 `B;?i@?�M/ bB/2 Q7
i?2 �bbB;MK2Mi QT2`�iQ` 4- Bi 2t�KBM2b i?2 bvMi�t Q7 i?2 QT2`�iQ`b i?�i `2im`M �
bm#ivT2 Q7 i?2 H27i@?�M/ bB/2 Q7 i?2 �bbB;MK2MiX � #QiiQK@mT T�`bBM; �H;Q`Bi?K
Bb MQi bmBi�#H2 7Q` bm+? 2�;2` /Bb�K#B;m�iBQMX Ai Bb /B{+mHi iQ /2i2`KBM2 r?�i
ivT2 Bb 2tT2+i2/ �i i?2 2tT`2bbBQMX

.m2 iQ i?Bb �TT`Q�+?- mb2`@/2}M2/ QT2`�iQ`b �`2 �p�BH�#H2 BM �M 2tT`2bbBQM
r?Qb2 2tT2+i2/ ivT2 Bb bi�iB+�HHv /2i2`KBM2/ /m`BM; iQT@/QrM T�`bBM;X 6Q`
2t�KTH2- mb2`@/2}M2/ QT2`�iQ`b �`2 �p�BH�#H2 BM i?2 7QHHQrBM; HQ+�iBQMb, i?2
�`;mK2Mi Q7 � K2i?Q/ +�HH- i?2 `B;?i@?�M/ bB/2 Q7 �M �bbB;MK2Mi- i?2 +QM/BiBQM
2tT`2bbBQM Q7 �M B7 bi�i2K2Mi- �M QT2`�M/ Q7 �MQi?2` mb2`@/2}M2/ QT2`�iQ`- �M/
bQ 7Q`i?X PM i?2 Qi?2` ?�M/- i?2v �`2 MQi �p�BH�#H2 �i i?2 `2+2Bp2` Q7 � K2i?Q/
+�HH Q` i?2 H27i@?�M/ bB/2 Q7 �M �bbB;MK2MiX .2i�BHb Q7 i?Bb `2bi`B+iBQM ?�b #22M
K2MiBQM2/ BM Qm` T`2pBQmb K�Mmb+`BTi (j8)X

�7i2` T�`bBM; 2�+? Ubm#@V2tT`2bbBQM- B7 �K#B;mBiB2b biBHH `2K�BM- i?2v �`2 `2@
bQHp2/ rBi? ?2m`BbiB+bc i?2 +QKTBH2` b2H2+ib i?2 �ah i?�i +QMbmK2b i?2 K�tBKmK
MmK#2` Q7 +?�`�+i2`b BM bQm`+2 +Q/2X LQi2 i?�i i?2 +QKTBH2` +QKTH2i2Hv `2bQHp2b
�K#B;mBiB2b �i 2p2`v bm#@2tT`2bbBQMX AM Qi?2` rQ`/b- i?2 +QKTBH2` b2H2+ib i?2
T�`iB�HHv QTiBK�H �ahX A7 mb2`b /2}M2 �M/ mb2 � /�M;HBM;@2Hb2 HBF2 +QMbi`m+i-
7Q` 2t�KTH2- i?2 2Hb2 #2HQM;b iQ i?2 BMM2`KQbi B7X h?Bb Bb #2+�mb2 i?2 +QKTBH2`
b2H2+ib i?2 HQM;2bi K�i+? +?QB+2- B7@2Hb2- 7Q` i?2 bm#@2tT`2bbBQM Q7 Qmi2` B7X
h?Bb �TT`Q�+? Bb bBKBH�` iQ T�`bBM; 2tT`2bbBQM ;`�KK�` US1:V (ky) �M/ T�+F`�i
T�`b2`b (RN)X S1: �/QTib i?2 ?2m`BbiB+b BM r?B+? B7 i?2`2 �`2 KmHiBTH2 +?QB+2b-
i?2 T�`b2` b2H2+ib i?2 H27i@KQbi +?QB+2X h?2 S`Qi2�Ck T�`b2` Bb #�b2/ QM T�+F`�i
T�`bBM; bmTTQ`iBM; H27i `2+m`bBQM (3R)X
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9X8 1p�Hm�iBQM
9X8XR hBK2 *QKTH2tBiv
h?2 iBK2 +QKTH2tBiv Q7 Qm` T�`bBM; �H;Q`Bi?K Bb O(N ⇤L) B7 i?2 ;`�KK�` Bb MQi
H27i@`2+m`bBp2- r?2`2N Bb i?2 H2M;i? Q7 �M BMTmi �M/ L Bb i?2 MmK#2` Q7 H�M;m�;2b
i?�i +�M TQbbB#Hv #2 mb2/ BM T�`bBM;X AM S`Qi2�Ck- T`Q;`�KK2`b +�M BMi`Q/m+2
HQ+�H bvMi�t rBi?BM �M 2tT`2bbBQM #v mbBM; � +QMi2ti@b2MbBiBp2 2tT`2bbBQMX Ai
+�M #2 `2;�`/2/ �b +?�M;BM; � H�M;m�;2 BM i?2 HQ+�H b+QT2X h?2 +QKTBH2` b?QmH/
mb2 � /Bz2`2Mi T�`b2` 7Q` 2�+? H�M;m�;2- bQ i?2 iBK2 +QKTH2tBiv Q7 Qm` T�`bBM;
�H;Q`Bi?K Bb BM T`QTQ`iBQM iQ i?2 MmK#2` Q7 H�M;m�;2b LX h?2 #�b2 +QKTH2tBiv
Q7 Qm` T�`b2` Bb /2`Bp2/ 7`QK i?2 +QKTH2tBiv Q7 T�+F`�i T�`bBM; (RN)X h?2 iBK2
+QKTH2tBiv Q7 T�+F`�i T�`bBM; Bb O(N) r?2`2 N Bb i?2 H2M;i? Q7 i?2 BMTmiX

h?2 MmK#2` Q7 H�M;m�;2b L +�M #2 �TT`QtBK�i2/ iQ � +QMbi�Mi BM MQ`K�H
+�b2bX AM bQK2 +�b2b- ?Qr2p2`- L +QmH/ BM+`2�b2 7�bi2` i?�M HBM2�` BM i?2 H2M;i?
Q7 �M BMTmi N X 6B;m`2 9Xd b?Qrb � /2}MBiBQM Q7 QT2`�iQ`b i?�i KB;?i BM+`2�b2
+QKTBH�iBQM iBK2 7�bi2` i?�M HBM2�` iBK2X h?2 /2}MBiBQMb Q7 i?2b2 QT2`�iQ`b
KB;?i HQQF �K#B;mQmbX h?2v ?�p2 i?2 b�K2 `2im`M ivT2 �M/ i?2 b�K2 bvMi�t
2t+2Ti i?2B` TQbi}t M�K2X 1�+? Q7 i?2K ?�b � T�`�K2i2` rBi? i?2 im`MbiBH2 ivT2
HBF2 .t ` ai`BM;X am+? � ivT2 BM/B+�i2b i?�i Bib �`;mK2Mi Bb �M 2tT`2bbBQM Q7
ivT2 ai`BM; �M/ i?2 2tT`2bbBQM Bb r`Bii2M BM � H�M;m�;2 BM+Hm/BM; BMbi�M+2
QT2`�iQ`b Q7 .tX A7 i?2 QT2`�iQ`b BM i?2 };m`2 �`2 M2bi2/ �b 7QHHQrb- i?2 MmK#2`
Q7 H�M;m�;2b 2tTQM2MiB�HHv BM+`2�b2b,
#2;BM #2;BM #2;BM XXX #2;BM ]?2HHQ] 2M/S 2M/S 2M/S XXX 2M/S

q?2M i?2 +QKTBH2` `2�/b i?2 }`bi #2;BM- Bi +�MMQi v2i /2i2`KBM2 r?B+? Q7
i?2 QT2`�iQ`b BM 6B;m`2 9Xd Bb mb2/X AM i?2 rQ`bi +�b2- i?2 +QKTBH2` b?QmH/
mb2 � MmK#2` Q7 H�M;m�;2b 2[m�H iQ P iQ T�`b2 i?2 �`;mK2Mi Q7 i?2 Qmi2`KQbi
#2;BM@2M/X aBKBH�`Hv- i?2 +QKTBH2` �HbQ +�MMQi /2i2`KBM2 r?B+? Q7 #2;BM@2M/
QT2`�iQ`b Bb mb2/ r?2M Bi `2�/b i?2 M2ti #2;BMX >2M+2- 7Q` 2�+? P H�M;m�;2b 7Q`
i?2 }`bi #2;BM- Bi b?QmH/ 2t�KBM2 P H�M;m�;2b iQ T�`b2 i?2 2tT`2bbBQM 7QHHQrBM;
i?2 b2+QM/ #2;BMX h?2 MmK#2` Q7 H�M;m�;2b L Bb PM BM i?2 rQ`bi +�b2 r?2`2
M Bb i?2 MmK#2` Q7 #2;BM QT2`�iQ`bX aBM+2 M Bb BM T`QTQ`iBQM iQ i?2 H2M;i? Q7
i?2 BMTmi- i?2 iBK2 +QKTH2tBiv Q7 Qm` T�`bBM; �H;Q`Bi?K KB;?i #2 �M 2tTQM2Mi
Q7 N X

h?2 +�mb2 Q7 i?Bb T`Q#H2K Bb i?�i i?2 T�`b2` +�MMQi /2i2`KBM2 r?B+? QT2`�iQ`
Bb mb2/ #27Q`2 Bi T�`b2b /22THv M2bi2/ QT2`�M/bX h?Bb +�b2 rQmH/ `�`2Hv Q++m`
bBM+2 i?2 �mi?Q`b Q7 i?2 QT2`�iQ`b rQmH/ HBF2Hv /2bB;M i?2 bvMi�t bQ i?�i i?2
QT2`�iQ` +QmH/ #2 mMB[m2Hv /2i2`KBM2/ �7i2` Dmbi `2�/BM; i?2 QT2`�iQ` T`2}t
bm+? �b #2;BMX

q2 ?�p2 +QM/m+i2/ irQ KB+`Q #2M+?K�`Fb iQ 2t�KBM2 i?2 T2`7Q`K�M+2 Q7 Qm`
+QKTBH2`X h?2 }`bi #2M+?K�`F r�b �M 2tT2`BK2Mi iQ b?Qr i?�i i?2 +QKTBH�iBQM
iBK2 +QKTH2tBiv +QmH/ #2 b[m�`2 Q` +m#B+ iBK2 BM i?2 MmK#2` Q7 QT2`�iQ`b BM
mM7�pQm`�#H2 +�b2bX h?2 b2+QM/ #2M+?K�`F b?Qrb i?�i i?2 MmK#2` Q7 QT2`�iQ`b
?�b HBiiH2 BKT�+i QM +QKTBH�iBQM iBK2 BM MQ`K�H +�b2bX h?2 K�+?BM2 mb2/ 7Q` i?2
#2M+?K�`Fb ?�/ � 2.6GHz *Q`2 B8 T`Q+2bbQ` �M/ 16GB .._j K2KQ`vX h?2
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ai`BM; ]#2;BM] n ]2M/R] U.R %@ ai`BM; 7V &XXX'
ai`BM; ]#2;BM] n ]2M/k] U.k %@ ai`BM; 7V &XXX'
XXX
ai`BM; ]#2;BM] n ]2M/S] U.S %@ ai`BM; 7V &XXX'

6B;m`2 9Xd, PT2`�iQ`b i?�i +QmH/ +�mb2 +QKTBH�iBQM iBK2 iQ BM+`2�b2 7�bi2` i?�M
HBM2�` iBK2

QT2`�iBM; bvbi2K Q7 i?2 K�+?BM2 r�b J�+ Pa s RyXRRX8X
h?2 }`bi #2M+?K�`F mb2b i?2 QT2`�iQ`b b?QrM BM 6B;m`2 9XdX q2 K2�bm`2/

i?2 +QKTBH�iBQM iBK2 Q7 T`Q;`�Kb BM+Hm/BM; 2�+? Q7 i?2 7QHHQrBM; HBM2b r?BH2
+?�M;BM; i?2 MmK#2` Q7 i?2 /2+H�`2/ #2;BM@2M/s QT2`�iQ`b P ,
RX #2;BM ]?2HHQ- rQ`H/5] 2M/S
kX #2;BM #2;BM ]?2HHQ- rQ`H/5] 2M/S 2M/S
jX #2;BM #2;BM #2;BM ]?2HHQ- rQ`H/5] 2M/S 2M/S 2M/S

h?2 `2bi Q7 i?2 BMTmi T`Q;`�K BM+Hm/2b i?2 BKTQ`i /2+H�`�iBQM Q7 i?2 .aG +H�bb-
� +H�bb /2+H�`�iBQM- �M/ � K�BM K2i?Q/X �++Q`/BM; iQ i?2 /Bb+mbbBQM �#Qp2- i?2
MmK#2` Q7 i?2 H�M;m�;2b L Q7 +Q/2 R Bb BM T`QTQ`iBQM iQ P - i?�i Q7 +Q/2 k Bb
BM T`QTQ`iBQM iQ P 2- �M/ i?�i Q7 +Q/2 j Bb BM T`QTQ`iBQM iQ P 3X A7 i?Bb Bb i`m2-
i?2 T�`bBM; iBK2 Q7 +Q/2 k BM+`2�b2b 7�bi2` i?�M +Q/2 R �M/ i?2 T�`bBM; iBK2 Q7
+Q/2 j BM+`2�b2b 7�bi2` i?�M +Q/2 k �b i?2 MmK#2` Q7 QT2`�iQ`b P BM+`2�b2bX 6B;@
m`2 9X3 URV b?Qrb i?2 `2bmHi Q7 i?2 #2M+?K�`FX h?2 p2`iB+�H �tBb `2T`2b2Mib i?2
+QKTBH�iBQM iBK2 �M/ i?2 ?Q`BxQMi�H �tBb `2T`2b2Mib i?2 MmK#2` Q7 #2;BM@2M/s
QT2`�iQ`b P X �++Q`/BM; iQ i?Bb };m`2- i?2 T�`bBM; iBK2 Q7 +Q/2 k BM+`2�b2b �b
i?2 MmK#2` Q7 #2;BM@2M/s QT2`�iQ`b P /Q2b �M/ Bi BM+`2�b2b 7�bi2` i?�M i?2
T�`bBM; iBK2 Q7 +Q/2 RX h?2 T�`bBM; iBK2 Q7 +Q/2 j BM+`2�b2b 7�bi2` i?�M +Q/2 kX

h?2 b2+QM/ #2M+?K�`F `�M /Bz2`2Mi QT2`�iQ`b- r?Qb2 bvMi�t `mH2 +�M #2
mMB[m2Hv /2i2`KBM2/ �7i2` Dmbi `2�/BM; i?2 T`2}tX h?2B` /2}MBiBQMb �`2 �b 7QH@
HQrb,
ai`BM; ]#2;BMR] n ]2M/R] U.R %@ ai`BM; 7V &XXX'
ai`BM; ]#2;BMk] n ]2M/k] U.k %@ ai`BM; 7V &XXX'
XXX
ai`BM; ]#2;BMS] n ]2M/S] U.S %@ ai`BM; 7V &XXX'

h?2 BMTmi Q7 i?Bb #2M+?K�`F BM+Hm/2b QM2 Q7 i?2 7QHHQrBM; HBM2bX LQi2 i?�i i?2
T`2}t Bb MQi #2;BM #mi #2;BMSX
RX #2;BMS ]?2HHQ- rQ`H/5] 2M/S
kX #2;BMS #2;BMS ]?2HHQ- rQ`H/5] 2M/S 2M/S
jX #2;BMS #2;BMS #2;BMS

]?2HHQ- rQ`H/5] 2M/S 2M/S 2M/S

aBM+2 i?2 QT2`�iQ`b +�M #2 /2i2`KBM2/ #v i?2B` T`2}t- i?2 MmK#2` Q7 i?2 H�M@
;m�;2b L Bb � +QMbi�MiX >2M+2 i?2 T�`bBM; iBK2 Q7 +Q/2b R- k- �M/ j /Q MQi b?Qr
MQi�#H2 /Bz2`2M+2b 2p2M B7 i?2 MmK#2` Q7 #2;BMs@2M/s QT2`�iQ`b P BM+`2�b2bX
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6B;m`2 9X3, h?2 `2bmHi Q7 i?2 KB+`Q #2M+?K�`Fb

6B;m`2 9X3 UkV b?Qrb i?2 `2bmHi Q7 i?Bb #2M+?K�`FX h?2 p2`iB+�H �tBb `2T`2@
b2Mib i?2 +QKTBH�iBQM iBK2- �M/ i?2 ?Q`BxQMi�H �tBb `2T`2b2Mib i?2 MmK#2` Q7
#2;BMs@2M/s QT2`�iQ`b P X �++Q`/BM; iQ i?Bb };m`2- i?2 MmK#2` Q7 #2;BMs@2M/s
QT2`�iQ`b P ?�b HBiiH2 BKT�+i QM i?2 +QKTBH�iBQM iBK2X

9X8Xk *�b2 aim/v
AM i?2 `2bi Q7 i?Bb b2+iBQM- r2 b?Qr b2p2`�H mb2 +�b2b Q7 Qm` T`QTQb�HX �Hi?Qm;?
S`Qi2�Ck /Q2b MQi +m``2MiHv bmTTQ`i �MQMvKQmb +H�bb2b- r2 mb2 �MQMvKQmb
+H�bb2b 7Q` bBKTHB7vBM; � T`Q;`�K b?QrM BM i?Bb b2+iBQMX

G�K#/� 1tT`2bbBQMb
q2 +�M BKTH2K2Mi H�K#/� 2tT`2bbBQMb BM S`Qi2�CkX G�K#/� 2tT`2bbBQMb �`2
� +QKKQM 72�im`2 Q7 KQ/2`M T`Q;`�KKBM; H�M;m�;2b �M/ i?2v ?�p2 �HbQ #22M
BMi`Q/m+2/ BM C�p�X h?2v +`2�i2 �M �MQMvKQmb 7mM+iBQM �b � }`bi@+H�bb Q#D2+iX
6B;m`2 9XN b?Qrb i?2 BKTH2K2Mi�iBQM Q7 H�K#/� 2tT`2bbBQMbX h?2 QT2`�iQ` ]&]
p�` ]@=] n ]'] i�F2b � T�`�K2i2` M�K2 �b � ;2M2`B+ M�K2 p�`X h?2 QT2`�iQ`
p�` U/2+H�`2/ �i HBM2 dV Bb �p�BH�#H2 �b i?2 QT2`�M/ Q7 i?2 QT2`�iQ` ]&] p�`
]@=] n ]'] bBM+2 i?2 QT2`�M/ ivT2 Bb i?2 im`MbiBH2 ivT2 G�K#/�I�- p�`= `
"X >2`2- i?2 QT2`�iQ` ]&] p�` ]@=] n ]'] �M/ i?2 QT2`�iQ` p�` `272` iQ i?2
b�K2 ;2M2`B+ M�K2X h?2`27Q`2- i?Bb /2}MBiBQM +Q``2+iHv 2tT`2bb2b M�K2 #BM/BM;
Q7 � H�K#/� 2tT`2bbBQMX h?2 p�Hm2 #QmM/ iQ i?2 M�K2 Bb ;Bp2M r?2M i?2 �TTHv
K2i?Q/ Q7 i?2 `2im`M2/ Q#D2+i U/2}M2/ BM HBM2 9V Bb +�HH2/X q?2M r2 BKTQ`i i?Bb
/2}MBiBQM- r2 +�M r`Bi2 i?2 7QHHQrBM; +Q/2 bMBTT2i,
6mM+iBQMIai`BM;- ai`BM;= 7 4 & b @= b Y ]5] 'c

q2 +�M �HbQ BKTH2K2Mi � p�`B�Mi Q7 H�K#/� 2tT`2bbBQMb BM S`Qi2�Ckc �Hi?Qm;?
� ivTB+�H H�K#/� 2tT`2bbBQM +QMbBbib Q7 � bBM;H2 7mM+iBQM- r2 +�M BKTH2K2Mi �
H�K#/�@HBF2 2tT`2bbBQM i?�i +QMbBbib Q7 KmHiBTH2 7mM+iBQMbX 6B;m`2 9XRy b?Qrb
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/bH G�K#/� I�- p�`, A/= &
bi�iB+ I�- "- p�`, A/= 6mM+iBQMI�- "= ]&] p�` ]@=] n ]'] UG�K#/�I�- p�`= %@ " #Q/vV &
`2im`M M2r 6mM+iBQMI�- "= &
" �TTHv U� �V & `2im`M #Q/vX�TTHvUM2r G�K#/�I�- p�`=U�VVc '

'c
'
� p�` UV & `2im`M p�Hm2c '
G�K#/� U� �V & p�Hm2 4 �c '
T`Bp�i2 � p�Hm2c

'

6B;m`2 9XN, h?2 BKTH2K2Mi�iBQM Q7 H�K#/� 2tT`2bbBQMb

� .aG +H�bb i?�i BKTH2K2Mib bm+? bvMi�t 7Q` E2vGBbi2M2`X Ai +�M #2 mb2/ �b
7QHHQrb,
*QKTQM2Mi + 4 XXXc
+ HBbi2Mb F2v &
T`2bb2/ @= avbi2KXQmiXT`BMiHMUF2v M�K2 Y ] T`2bb2/5]V
`2H2�b2/ @= avbi2KXQmiXT`BMiHMUF2v M�K2 Y ] `2H2�b2/5]V
ivT2/ @= F2vnivT2/UF2vV

'c

h?Bb +Q/2 `2;Bbi2`b � E2vGBbi2M2` i?�i T`BMib � F2v M�K2 r?2M i?2 F2v Bb
T`2bb2/ Q` `2H2�b2/ �M/ �HbQ BMpQF2b i?2 F2vnivT2/ K2i?Q/ r?2M � F2v Bb ivT2/X
PM i?2 `B;?i@?�M/ bB/2 Q7 2�+? @=- F2v �+ib �b � p�`B�#H2 Q7 i?2 ivT2 E2v1p2MiX
LQi2 i?�i F2v M�K2 �+ib �b � p�`B�#H2 Q7 i?2 ivT2 ai`BM;X q2 +�M T`QpB/2
KmHiBTH2 �++2bbQ`b iQ Q#i�BM i?2 b�K2 mM/2`HvBM; p�Hm2 �b p�Hm2b Q7 /Bz2`2Mi
ivT2bX

h?2 GQ�M S�ii2`M

h?2 HQ�M T�ii2`M Bb � /2bB;M T�ii2`M iQ �pQB/ 2tTHB+BiHv `2H2�bBM; `2bQm`+2bX Ai Bb
mb27mH 7Q` 2tT`2bbBM; AfP T`Q+2bbBM;X a2p2`�H H�M;m�;2b bmTTQ`i i?2 HQ�M T�ii2`M
�b � H�M;m�;2 +QMbi`m+i- 7Q` 2t�KTH2- mbBM; BM *O �M/ i`v@rBi? BM C�p�X h?2
7QHHQrBM; +Q/2 mb2b i`v@rBi? BM C�p�,
i`v U"m772`2/_2�/2` `2�/2` 4 M2r "m772`2/_2�/2`UM2r 6BH2_2�/2`U7BH2VVV &
avbi2KXQmiXT`BMiHMU`2�/2`X`2�/GBM2UVVc

'

Ai Bb ;m�`�Mi22/ i?�i `2�/2` Bb +HQb2/ �i i?2 2M/ Q7 i?2 i`v bi�i2K2MiX
AM S`Qi2�Ck- r2 +�M BKTH2K2Mi i?Bb �b B7 Bi Bb � #mBHi@BM H�M;m�;2 +QMbi`m+iX

6B;m`2 9XRR b?Qrb i?2 /2}MBiBQM Q7 i?2 .aG +H�bb h`vqBi?- r?B+? BKTH2K2Mib
i?2 H�M;m�;2 +QMbi`m+i i`v@rBi?X aBKBH�` iQ � H�K#/� 2tT`2bbBQM- i?2 QT2`�iQ`
i`v /2+H�`2b i?2 M�K2 B/ �M/ i?Bb M�K2 Bb �p�BH�#H2 BM i?2 #Q/v Q7 i`vX h?2
M�K2 B/ Bb #QmM/ iQ i?2 ;Bp2M `2bQm`+2 7`QK i?2 }`bi QT2`�M/ Q7 i`vX Ai Bb
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/bH E2vGBbi2M2`.aG &
bi�iB+ pQB/
n ]HBbi2Mb] ]F2v] ]&]

]T`2bb2/] ]@=] n
]`2H2�b2/] ]@=] n
]ivT2/] ]@=] n

]']
U*QKTQM2Mi +- E2vGBbi2M2`.aG %@ oQB/ 7R-
E2vGBbi2M2`.aG %@ oQB/ 7k- E2vGBbi2M2`.aG %@ oQB/ 7jV &
+X�//E2vGBbi2M2`UM2r E2vGBbi2M2` &
pQB/ F2vS`2bb2/ UE2v1p2Mi 2V & 7RX�TTHvUM2r E2vU2VVc '
pQB/ F2v_2H2�b2/ UE2v1p2Mi 2V &XXX'
pQB/ F2vhvT2/ UE2v1p2Mi 2V &XXX'

'Vc
'
E2vGBbi2M2`.aG UE2v1p2Mi 2V & F2v1p2Mi 4 2c '
E2v1p2Mi ]F2v] UV & `2im`M F2v1p2Mic '
ai`BM; ]F2v] ]M�K2] UV & `2im`M E2v1p2MiX;2iE2vh2tiUF2v1p2MiX;2iE2v*Q/2UVVc '
T`Bp�i2 E2v1p2Mi F2v1p2Mic

'

6B;m`2 9XRy, h?2 /2}MBiBQM Q7 i?2 .aG +H�bb i?�i BKTH2K2Mib bvMi�t HBF2 H�K#/�
2tT`2bbBQMb 7Q` E2vGBbi2M2`

;m�`�Mi22/ iQ `2H2�b2 i?2 `2bQm`+2 �i i?2 2M/ Q7 i?2 i`v bBM+2 i?2 +HQb2 K2i?Q/
Bb +�HH2/ BM i?2 7BM�HHv +H�mb2 7`QK HBM2 d iQ HBM2 NX

>B/BM; _2bQm`+2b
AM S`Qi2�Ck- r2 +�M /2p2HQT � Km+? b�72` .aG i?�M i`v@rBi? 7Q` K�M�;BM;
`2bQm`+2bX qBi? i?2 HQ�M T�ii2`M- mb2`b /B`2+iHv �++2bb � `2bQm`+2 Q#D2+i- r?B+?
Bb /�M;2`Qmb bBM+2 mb2`b +�M �bbB;M i?2 `2bQm`+2 Q#D2+i iQ � p�`B�#H2 BM �M 2ti2`M�H
b+QT2X AM S`Qi2�Ck- r2 +�M 2M+�TbmH�i2 i?2 `2bQm`+2 Q#D2+i �b � }2H/ Q7 � .aG
+H�bb �M/ T`QpB/2 BMbi�M+2 QT2`�iQ`b QMHv rBi?BM � +QMi2ti@b2MbBiBp2 2tT`2bbBQMX
6B;m`2 9XRk b?Qrb i?2 /2}MBiBQM Q7 bm+? i?2 .aG +H�bb i?�i 2M+�TbmH�i2b �
"m772`2/_2�/2` Q#D2+ijX q2 +�M r`Bi2 i?2 7QHHQrBM; +Q/2 bMBTT2i B7 r2 BKTQ`i
i?�i .aG +H�bb,
QT2M ]7BH2Xiti] &
r?BH2 U?�b M2tiV & avbi2KXQmiXT`BMiHMU`2�/ HBM2Vc '

'c

h?2 mb2`b +�MMQi /B`2+iHv �++2bb � "m772`2/_2�/2` Q#D2+i #mi i?2v +�M mb2
QT2`�iQ`b ?�b M2ti Q` `2�/ HBM2 BM i?2 #Q/v Q7 i?2 QT2`�iQ` QT2MX >2`2- r?BH2

jh2+?MB+�HHv- i?Bb +Q/2 /Q2b MQi rQ`F BM i?2 +m``2Mi p2`bBQM Q7 S`Qi2�Ck bBM+2 r2 BKTH2K2Mi
� im`MbiBH2 ivT2 #v mbBM; D�p�XmiBHX7mM+iBQMX6mM+iBQMX S`Qi2�Ck /Q2b MQi �HHQr +?2+F2/ 2t@
+2TiBQMb- bQ i?2 p�Hm2 Q7 i?2 im`MbiBH2 ivT2 6BH2_2�/ ` oQB/ +�MMQi i?`Qr +?2+F2/ 2t+2TiBQMbX



9X8X 1o�Gl�hAPL NR

/bH h`vqBi? I_ 2ti2M/b �miQ*HQb2�#H2= &
bi�iB+ I_ 2ti2M/b �miQ*HQb2�#H2- B/, A/= pQB/ ]i`v] ]U] _ B/ ]4] n ]V] ]&] n ]']
UG�xv %@ _ `2bQm`+2- h`vqBi?I_= %@ oQB/ #Q/vV i?`Qrb 1t+2TiBQM &
_ ` 4 `2bQm`+2X�TTHvUM2r G�xvUVVc
i`v & #Q/vX�TTHvUM2r h`vqBi?I_=U`VVc '
7BM�HHv & B7 U` 54 MmHHV `X+HQb2UVc '

'
_ B/ UV & `2im`M `2bQm`+2c '
h`vqBi? U_ `V & `2bQm`+2 4 `c '
T`Bp�i2 _ `2bQm`+2c

'

6B;m`2 9XRR, h?2 /2}MBiBQM Q7 i?2 .aG +H�bb 7Q` BKTH2K2MiBM; i`v@rBi?

bi�i2K2Mi �TT2�`b BM i?2 #Q/v Q7 i?2 QT2`�iQ` QT2MX AM S`Qi2�Ck- � im`MbiBH2
ivT2 HBF2 . ` oQB/ Bb � bT2+B�H ivT2 i?�i +�M i�F2 � #HQ+F Q7 bi�i2K2Mib �b Bib
�`;mK2MiX aBM+2 i?2 #Q/v Q7 i?2 QT2`�iQ` QT2M ?�b i?2 im`MbiBH2 ivT2 6BH2_2�/
` oQB/- Bi +�M i�F2 � #HQ+F i?�i +QMi�BMb r?BH2 bi�i2K2MiX

.vM�KB+ a+QTBM;

S`Qi2�Ck T`QpB/2b � `2[mB`2b +H�mb2 7Q` BKTH2K2MiBM; � K2i?Q/ Q` �M QT2`�iQ`
i?�i Bb QMHv �p�BH�#H2 rBi?BM �M QT2`�M/ Q7 � mb2`@/2}M2/ QT2`�iQ`X � K2i?Q/ Q`
�M QT2`�iQ` rBi? i?2 `2[mB`2b +H�mb2 #2+QK2b �p�BH�#H2 B7 �HH i?2 bT2+B}2/ ivT2b
BM i?2 `2[mB`2/ +H�mb2 �`2 �bbmKTiBQMb UBX2X- rBi?BM � +QMi2ti@b2MbBiBp2 2tT`2b@
bBQM Q7 � im`MbiBH2 ivT2 +QMi�BMBM; i?2 bT2+B}2/ .aG ivT2 �b i?2 �bbmKTiBQMVX
h?2 7QHHQrBM; +Q/2 mb2b � K2i?Q/ rBi? � `2[mB`2b +H�mb2,
GBbiIai`BM;= �HHGBM2b 4 QT2M ]7BH2Xiti] & ;2iGBM2bUV 'c
GBbiIai`BM;= ;2iGBM2bUV `2[mB`2b 6BH2_2�/ &
GBbiIai`BM;= HBM2b 4 M2r �``�vGBbiIai`BM;=UVc
r?BH2 Ui`m2V &

ai`BM; HBM2 4 `2�/ HBM2c
B7 UHBM2 44 MmHHV `2im`M HBM2bc 2Hb2 HBM2bX�//UHBM2Vc

''

h?2 ;2iGBM2b K2i?Q/ Bb �p�BH�#H2 QMHv rBi?BM i?2 b2+QM/ QT2`�M/ Q7 QT2MX
AM i?2 K2i?Q/ #Q/v Q7 ;2iGBM2b- i?2 QT2`�iQ` `2�/ HBM2 Bb �p�BH�#H2 bBM+2
6BH2_2�/ Bb i?2 �bbmKTiBQM i?2`2X q2 +�M `2;�`/ � `2[mB`2/ +H�mb2 �b �M
2KmH�iBQM Q7 � /vM�KB+ b+QT2 bBM+2 ;2iGBM2b +�M �++2bb i?2 QT2`�iQ`b �p�BH�#H2
BM i?2 +�HH2`Ƕb b+QT2X

S�ii2`M J�i+?BM;

AM S`Qi2�Ck- T`Q;`�KK2`b +�M BKTH2K2Mi 2tT`2bbBQMb BMpQHpBM; KQ`2 +QKTH2t
M�K2 #BM/BM;X 6Q` 2t�KTH2- i?2v +�M BKTH2K2Mi � bBKTH2 T�ii2`M K�i+?BM;
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/bH 6BH2_2�/ &
bi�iB+ pQB/
]QT2M] n n Uai`BM; 7BH2L�K2- 6BH2_2�/ %@ oQB/ #Q/vV
i?`Qrb AP1t+2TiBQM
&

"m772`2/_2�/2` `2�/2` 4 M2r "m772`2/_2�/2`UM2r 6BH2_2�/2`U7BH2L�K2VVc
i`v & #Q/vX�TTHvUM2r 6BH2_2�/U`2�/2`VVc '
7BM�HHv & B7 U`2�/2` 54 MmHHV `2�/2`X+HQb2UVc '

'
ai`BM; ]`2�/] ]HBM2] UV i?`Qrb AP1t+2TiBQM &

ai`BM; `2b 4 M2tiGBM2c
i?BbXM2tiGBM2 4 `2�/2`X`2�/GBM2UVc
`2im`M `2bc

'
#QQH2�M ]?�b M2ti] UV & `2im`M M2tiGBM2 54 MmHHc '
6BH2_2�/ U"m772`2/_2�/2` `2�/2`V i?`Qrb AP1t+2TiBQM &

i?BbX`2�/2` 4 `2�/2`c
i?BbXM2tiGBM2 4 `2�/2`X`2�/GBM2UVc

'
T`Bp�i2 "m772`2/_2�/2` `2�/2`c
T`Bp�i2 ai`BM; M2tiGBM2c

'

6B;m`2 9XRk, h?2 /2}MBiBQM Q7 i?2 .aG +H�bb i?�i 2M+�TbmH�i2b "m772`2/_2�/2`

K2+?�MBbK- r?B+? Bb � +QKKQM H�M;m�;2 +QMbi`m+i BM 7mM+iBQM�H T`Q;`�KKBM;
H�M;m�;2b bm+? �b >�bF2HH �M/ a+�H�X 6B;m`2 9XRj b?Qrb T�`i Q7 Bib /2}MBiBQMX
h?2 +QKTH2i2 /2}MBiBQM Bb �p�BH�#H2 7`QK Qm` ;Bi?m# `2TQbBiQ`vX9 Ai +�M #2 mb2/
�b 7QHHQrb,

ai`BM; b 4 ]?2HHQ- rQ`H/] K�i+? &
% ]?2HHQ] Y tb 4= ];QQ/#v2] Y tb
% 1KTiv 4= ]2KTiv bi`BM;]
% Qi?2`rBb2 4= Qi?2`rBb2

'c

h?Bb +Q/2 /BbTH�vb ^^;QQ/#v2- rQ`H/^^ iQ i?2 mb2`X AM i?Bb +Q/2- tb �M/
Qi?2`rBb2 �+i �b p�`B�#H2bX h?2 M�K2b Q7 i?2 p�`B�#H2b �`2 #QmM/ #v i?2 QT2`@
�iQ` /2}M2/ �i HBM2 Re BM 6B;m`2 9XRjX LQi2 i?�i � p�`B�#H2 M�K2 Bb `2bi`B+i2/
?2`2 iQ #2 �M B/2MiB}2` i?�i bi�`ib rBi? � HQr2` +�b2 H2ii2`X h?Bb `2bi`B+iBQM Bb
#Q``Qr2/ 7`QK i?2 T�ii2`M K�i+?BM; K2+?�MBbK BM a+�H�X

9?iiTb,ff;Bi?m#X+QKf+b;@iQFvQfT`Qi2�Dk
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9Xe _2H�i2/ qQ`F
am;�`C (R3) Bb � T`Q;`�KKBM; H�M;m�;2 i?�i bmTTQ`ib mb2`@/2}M2/ bvMi�t 2t@
i2MbBQMb #�b2/ QM K�+`QbX S`Q;`�KK2`b +�M /2}M2 �Mv +QMi2ti@7`22 bvMi�t BM
a.6 (jy) �M/ �Mv �ah i`�Mb7Q`K�iBQM `mH2b BM ai`�i2;Q (dd- Ry)X h?2 /2}M2/
bvMi�t �M/ �ah i`�Mb7Q`K�iBQM `mH2b �`2 KQ/mH�`Bx2/ �b � bm;�` HB#`�`vX lb2`b
+�M BKTQ`i i?2 bm;�` HB#`�`v �M/ mb2 i?2 /2}M2/ bvMi�tX h?2 mb2`b +�M �HbQ mb2
KmHiBTH2 bm;�` HB#`�`B2b BM i?2 b�K2 bQm`+2 }H2X lM7Q`imM�i2Hv- i?2 +QKTBH2` /Q2b
MQi ?�p2 i?2 +�T�#BHBiv iQ ?�M/H2 �K#B;mQmb bvMi�tX h?Bb HBKBi�iBQM #`2�Fb i?2
+QKTQb�#BHBiv Q7 HB#`�`B2b- �b b2p2`�H HB#`�`B2b +�MMQi #2 mb2/ iQ;2i?2`X a2p@
2`�H H�M;m�;2b bm+? �b L2K2`H2 (ee) �HbQ bmTTQ`i mb2`@/2}M2/ bvMi�t 2ti2MbBQMb
#�b2/ QM K�+`Qb #mi i?2B` +�T�#BHBiB2b �`2 KQ`2 HBKBi2/X AM i?2 +�b2 Q7 L2K2`H2-
i?2 mb2`b +�M QMHv /2}M2 i?2 bvMi�t r?2`2 i?2 }`bi iQF2M Bb �M B/2MiB}2`X JQ`2@
Qp2`- i2`KBM�H bvK#QHb Kmbi #2 b2H2+i2/ 7`QK � bT2+B}+ b2i Q7 B/2MiB}2`b �M/
QT2`�iQ`bX

hvT2@bT2+B}+ H�M;m�;2b UhaGbV (88) �M/ ivT2/ bvMi�t K�+`Qb UhaJbV (89)
�`2 � H�M;m�;2 72�im`2 i?�i bmTTQ`ib +QKTQb�#H2 mb2`@/2}M2/ bvMi�t 2ti2M@
bBQMbX >2`2- +QKTQb�#H2 K2�Mb i?�i mb2`b +�M mb2 b2p2`�H bvMi�t 2ti2MbBQMb BM
i?2 b�K2 bQm`+2 }H2X q?2M i?2 mb2`b mb2 i?2 KmHiBTH2 bvMi�t 2ti2MbBQMb iQ@
;2i?2`- bvMi�+iB+ �K#B;mBiB2b KB;?i Q++m`X h?2 +QKTBH2` `2bQHp2b bm+? bvMi�+iB+
�K#B;mBiB2b #v i?2 2tT2+i2/ ivT2 BM7Q`K�iBQMX haGb �`2 bBKBH�` iQ Qm` T`2pBQmb
rQ`F- S`Qi2�C- #2+�mb2 i?2v +�M ;Bp2 +mbiQK bvMi�t iQ � 7mM+iBQMX haJb �`2
bBKBH�` iQ am;�`C bBM+2 i?2v �`2 #�b2/ QM bvMi�+iB+ K�+`Qb- #mi i?2v �`2 KQ`2
HBKBi2/ bBM+2 2�+? K�+`Q Bb bi�iB+�HHv ivT2/X haGb �M/ haJb +�M BKTH2K2Mi
p�`BQmb bvMi�t 2ti2MbBQMb �M/ i?2 2ti2MbBQMb �`2 b�72 iQ +QKTQb2- ?Qr2p2`- i?2v
/Q MQi ?�p2 i?2 +�T�#BHBiv iQ /2}M2 +mbiQK M�K2 #BM/BM;X aBM+2 haGb �`2 Dmbi
� 7mM+iBQM rBi? +mbiQK bvMi�t- i?2v +�MMQi 2ti2M/ M�K2 #BM/BM; `mH2bX haJb
�`2 7Q+mb2/ QM i?2 +QKTQb�#BHBiv Q7 bvMi�+iB+ K�+`QbX >2M+2 i?2v QMHv ?�M/H2
?v;B2MB+ K�+`Qb (98)- r?B+? �`2 bvMi�+iB+ K�+`Qb i?�i /Q MQi �z2+i M�K2 #BM/@
BM;X J2i�KQ`T?B+ bvMi�t K�+`Qb (e) �`2 �HbQ bvMi�+iB+ K�+`Qb i?�i ;m�`�Mi22
ivT2 b�72ivX h?2v /Q MQi �z2+i M�K2 #BM/BM; 7Q` i?2 b�K2 `2�bQM �b haJbX
haGb �M/ haJb T�`iB�HHv �/QTi 2�;2` /Bb�K#B;m�iBQM iQ T�`b2 � T`Q;`�K BM �+@
+2Ti�#H2 iBK2X h?2v T`QpB/2 b2p2`�H HBi2`�H 7Q`Kb 7Q` mbBM; mb2`@/2}M2/ bvMi�tX
h?2 +QKTBH2` BMBiB�HHv bFBTb T�`bBM; bm+? HBi2`�H 7Q`Kb mMiBH �7i2` ivT2 +?2+FBM;
i?2 bm``QmM/BM; +Q/2X q?2M T�`bBM; i?2 HBi2`�H- QMHv bvMi�t 2ti2MbBQMb i?�i
`2im`M i?2 2tT2+i2/ ivT2 BM i?�i TQbBiBQM �`2 +QMbB/2`2/X

JBt}t QT2`�iQ`b (Rj) �`2 �MQi?2` FBM/ Q7 mb2`@/2}M2/ QT2`�iQ`X h?2v r2`2
�/QTi2/ BM b2p2`�H H�M;m�;2b bm+? �b *Q[ (eN) �M/ Ab�#2HH2 (8d)X lMHBF2 S`Qi2�Ck-
iQ `2/m+2 bvMi�+iB+ �K#B;mBiB2b- KBt}t QT2`�iQ`b QMHv �HHQr mb2`b iQ mb2 T�`iB+@
mH�` 7Q`Kb Q7 bvMi�t, T`2}t- TQbi}t- BM}t- Q` Qmi}t bvMi�tX a2p2`�H H�M;m�;2b
�HbQ �HHQr T`Q;`�Kb iQ /2}M2 QT2`�iQ`b rBi?Qmi � M�K2 T�`iX aBM+2 KBt}t
QT2`�iQ`b �`2 mb2`@/2}M2/ QT2`�iQ`b- Bi Bb /B{+mHi iQ mb2 i?2K iQ BKTH2K2Mi
H�M;m�;2 +QMbi`m+ib BMpQHpBM; M�K2 #BM/BM;X :2M2`�HBx2/ K2i?Q/ M�K2b (jR)
2ti2M/ KmHiB@T�`i K2i?Q/ M�K2b- r?B+? �`2 7QmM/ BM b2p2`�H H�M;m�;2b bm+? �b
aK�HHi�HF- bQ i?�i i?2v i�F2 `2;mH�` 2tT`2bbBQMb BMbi2�/ Q7 � }t2/ M�K2X h?2v
+�M 2tT`2bb p�`BQmb bvMi�t bBKBH�` iQ mb2`@/2}M2/ QT2`�iQ`bX h?2v �HbQ ?�p2
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i?2 b�K2 T`Q#H2K rBi? M�K2 #BM/BM; �b mb2`@/2}M2/ QT2`�iQ`b bBM+2 i?2v Dmbi
2ti2M/ i?2 bvMi�t Q7 K2i?Q/ +�HHbX

AKTHB+Bi T�`�K2i2`b BM a+�H� (8j) �`2 � bBKBH�` B/2� iQ Qm` T`QTQb�HX �M BK@
THB+Bi T�`�K2i2` Bb � K2i?Q/ T�`�K2i2` r?Qb2 �`;mK2Mi Bb ;Bp2M BKTHB+BiHv B7 i?2
�`;mK2Mi Bb MQi 2tTHB+BiHv bT2+B}2/ �i i?2 +�HH bBi2 Q7 i?2 K2i?Q/X h?2 �+im�H
�`;mK2Mi Bb 7QmM/ �KQM; BKTHB+Bi p�Hm2b pBbB#H2 BM i?2 +m``2Mi b+QT2X h?2 /B7@
72`2M+2 Bb i?�i i?2 �`;mK2Mib Q7 Qm` +QMi2ti@b2MbBiBp2 2tT`2bbBQM �`2 ;Bp2M 7`QK
i?2 Qmi2` K2i?Q/ Q` QT2`�iQ`X AKTHB+Bi T�`�K2i2`b 2M�#H2 � +QMi2ti@b2MbBiBp2
2tT`2bbBQM iQ 2tT`2bb bvMi�t �p�BH�#H2 QMHv rBi?BM � HQ+�H b+QT2X q2 T`QTQb2
� im`MbiBH2 ivT2 7Q` 2tT`2bbBM; bm+? �M 2tT`2bbBQMX h?2 :H�b;Qr >�bF2HH *QK@
TBH2` U:>*V ?�b �M 2ti2MbBQM M�K2/ AKTHB+BiS�`�Kb #�b2/ QM (9N)X Ai 2M�#H2b
T`Q;`�KK2`b iQ mb2 p�`B�#H2b rBi? � /vM�KB+ b+QT2 BM � ivT2 b�72 7�b?BQMX AK@
THB+BiS�`�Kb Bb bBKBH�` iQ Qm` `2[mB`2b +H�mb2 K2MiBQM2/ BM b2+iBQM 9X8XkX

EQiHBM T`QpB/2b ǳ7mM+iBQM HBi2`�Hb rBi? `2+2Bp2`Ǵ- r?B+? 2M�#H2b +�HHBM; �
7mM+iBQM HBi2`�H rBi? � bT2+B}2/ `2+2Bp2` Q#D2+iX Ai Bb mb2/ 7Q` r`BiBM; ivT2@
b�72 :`QQpv@bivH2 #mBH/2`b BM EQiHBMX 6mM+iBQM HBi2`�Hb rBi? `2+2Bp2` T`QpB/2b
bBKBH�` +�T�#BHBiv �b � +QMi2ti@b2MbBiBp2 2tT`2bbBQMX � K�DQ` /Bz2`2M+2 7`QK
Qm` T`QTQb�H Bb EQiHBM /Q2b MQi �BK iQ BKTH2K2Mi M�K2 #BM/BM;- bQ Bi /Q2b
MQi ?�p2 i?2 7mM+iBQM�HBiv iQ bmTTQ`i bvMi�t 2ti2MbBQM rBi? M�K2 #BM/BM; bm+?
�b .aG +H�bb2b �M/ ;2M2`B+ M�K2bX BMbi�M+2n2p�H BM _m#v Bb �HbQ `2H�i2/ iQ
+QMi2ti@b2MbBiBp2 2tT`2bbBQMbX BMbi�M+2n2p�H 2p�Hm�i2b i?2 ;Bp2M #HQ+F �b B7 Bi
Bb �M BMbi�M+2 K2i?Q/ Q7 i?2 ;Bp2M `2+2Bp2`X BMbi�M+2n2p�H +�M #2 `2;�`/2/
�b � +QMi2ti@b2MbBiBp2 2tT`2bbBQM BKTH2K2Mi2/ BM � /vM�KB+�HHv ivT2/ H�M;m�;2X
aBM+2 M�K2 #BM/BM; Bb `2bQHp2/ �i `mMiBK2- BMbi�M+2n2p�H Bb MQi b�72X

hvT2@Q`B2Mi2/ BbH�M/ T�`bBM; (e9) Bb � T�`bBM; i2+?MB[m2 iQ 2{+B2MiHv T�`b2
� bQm`+2 T`Q;`�KX Ai Bb �M 2ti2MbBQM Q7 BbH�M/ T�`bBM; (e3)- r?B+? Bb �M 2{+B2Mi
#QiiQK@mT T�`bBM; �H;Q`Bi?K mbBM; ?2m`BbiB+bX h?2 ivT2@Q`B2Mi2/ BbH�M/ T�`bBM;
T2`7Q`Kb 2�;2` /Bb�K#B;m�iBQM 7Q` � +QKTH2i2/ +?BH/ �ah #v mbBM; ivT2 BM7Q`@
K�iBQMX h?2 T�T2` �HbQ b?Qrb i?�i i?2v ?�p2 BKTH2K2Mi2/ � bvMi�t 2ti2MbBQM
bvbi2K rBi? M�K2 #BM/BM; U+�HH2/ p�`B�#H2 #BM/2`b BM i?�i T�T2`VX hQ 2tT`2bb
M�K2 #BM/BM;- i?2v �/QTi2/ H�#2H2/ bvK#QHb (jd) �M/ � b+QTBM; +QMbi`m+i (RR)X
G�#2H2/ bvK#QHb �`2 bBKBH�` iQ ;2M2`B+ M�K2b BM Qm` bvbi2K- �M/ � b+QTBM;
+QMbi`m+i Bb bBKBH�` iQ i?2 H27i@?�M/ ivT2 Q7 � im`MbiBH2 ivT2X >Qr2p2`- i?2b2
+QMbi`m+ib 2tT`2bb � p�`B�#H2 M�Bp2Hv �M/ i?2 p�`B�#H2 Bb MQi 2M+�TbmH�i2/X h?2v
+�MMQi +?�M;2 i?2 bvMi�t Q7 M�K2b Q` Tm#HBb? � /Bz2`2Mi BMi2`7�+2 7Q` �++2bbBM;
� p�`B�#H2X AM Qi?2` rQ`/b- � .aG +H�bb Bb � KQ/mH2 bvbi2K i?�i `2Q`;�MBx2b
�M/ ;2M2`�HBx2b H�#2H2/ bvK#QHb �M/ � b+QTBM; +QMbi`m+i iQ BMi2;`�i2 i?2K rBi?
�M Q#D2+i@Q`B2Mi2/ H�M;m�;2X 6m`i?2`KQ`2- �b 7�` �b r2 FMQr- Bi Bb MQi +H2�`
r?2i?2` Q` MQi i?2 ivT2@Q`B2Mi2/ BbH�M/ T�`bBM; +�M #2 �TTHB2/ iQ b+�MM2`H2bb
T�`b2`b bBM+2 ivT2@Q`B2Mi2/ BbH�M/ T�`bBM; mb2b ?2m`BbiB+b 7Q` T�`bBM; iQF2MbX A7
Bi +�MMQi #2 �TTHB2/ iQ b+�MM2`H2bb T�`b2`b- T`Q;`�KK2`b +�MMQi 2ti2M/ HBi2`�H
bvMi�tX
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9Xd *QM+HmbBQM
h?Bb +?�Ti2` T`QTQb2b � p�`B�Mi Q7 � H�K#/� 2tT`2bbBQM- M�K2/ � +QMi2ti@
b2MbBiBp2 2tT`2bbBQM- 7Q` BKTH2K2MiBM; mb2`@/2}M2/ H�M;m�;2 +QMbi`m+ib rBi?
+mbiQK M�K2 #BM/BM;X � +QMi2ti@b2MbBiBp2 2tT`2bbBQM HQQFb HBF2 � MQ`K�H 2t@
T`2bbBQM- #mi Bi BKTHB+BiHv i�F2b T�`�K2i2`bX h?2b2 T�`�K2i2`b �`2 �++2bb2/
i?`Qm;? Tm#HB+ K2K#2`b bm+? �b K2i?Q/b �M/ QT2`�iQ`b Q7 � T�`�K2i2` Q#D2+i
BMbi2�/ Q7 i?`Qm;? T�`�K2i2` M�K2bX q2 ?�p2 /2p2HQT2/ S`Qi2�Ck- r?B+? Bb
� T`Q;`�KKBM; H�M;m�;2 #�b2/ QM C�p� #mi bmTTQ`ib +QMi2ti@b2MbBiBp2 2tT`2b@
bBQMbX S`Qi2�Ck bmTTQ`ib im`MbiBH2 ivT2b- .aG +H�bb2b- �M/ ;2M2`B+ M�K2b iQ
2tT`2bb +QMi2ti@b2MbBiBp2 2tT`2bbBQMb 7Q` bvMi�t 2ti2MbBQM rBi? M�K2 #BM/BM;X
h?2 T�`b2` Q7 S`Qi2�Ck �/QTib 2�;2` /Bb�K#B;m�iBQM mbBM; 2tT2+i2/ ivT2b iQ 2{@
+B2MiHv T�`b2 � T`Q;`�KX q2 b?Qr2/ b2p2`�H KB+`Q #2M+?K�`Fb iQ BHHmbi`�i2 i?�i
+QKTBH�iBQM iBK2 Bb �++2Ti�#H2X q2 �HbQ b?Qr2/ b2p2`�H +�b2 bim/B2b iQ /2KQM@
bi`�i2 Qm` bvbi2K +�M BKTH2K2Mi p�`BQmb H�M;m�;2 +QMbi`m+ib rBi? +mbiQK M�K2
#BM/BM;X
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/bH J�i+?.aG &
bi�iB+ Ih- _= _ n ]K�i+?] ]&] nY ]'] U h i- *�b2Ih- _=XXX +�b2b V &

7Q` U*�b2Ih- _= + , +�b2bV &
PTiBQM�HI_= `2bmHi 4 +X�TTHvUiVc
B7 U`2bmHiXBbS`2b2MiUVV `2im`M `2bmHiX;2iUVc

'
`2im`M MmHHc

'
bi�iB+ Ih- _= *�b2Ih- _= ]%] n ]4=] n U J�i+?2`yIh= K- G�xv %@ _ 7 V &

`2im`M M2r *�b2Ih- _= U& i @= KXB7J�i+?Ui- 7V 'Vc
'
bi�iB+ Ih- �- M�K2, A/nGQr2`- _= *�b2Ih- _=
]%] n ]4=] n U J�i+?2`RIh- �- M�K2= K- o�`I�- M�K2= %@ _ 7 V &
`2im`M M2r *�b2Ih- _= U& i @= KXB7J�i+?Ui- 7V 'Vc

'
bi�iB+ Ih= J�i+?2`yIh= ]n] UV & `2im`M M2r J�i+?2`y Ih= U& i 4= "QQH2�MXh_l1 'Vc '
bi�iB+ I�- M�K2, A/nGQr2`= J�i+?2`RI�- �- M�K2= M�K2 UV &

`2im`M M2r J�i+?2`R I�- �- M�K2= U& � @= PTiBQM�HXI�=Q7U�V 'Vc
'
bi�iB+ A/nGQr2` n n UGQr2`*�b2 H+- G2ii2`XXX H2ii2`bV &

`2im`M M2r A/nGQr2`UH+- H2ii2`bVc
'

'
/bH ai`BM;J�i+?2`b &
bi�iB+ J�i+?2`yIai`BM;= ]1KTiv] UV &

`2im`M M2r J�i+?2`y Iai`BM;= U& i @= "QQH2�MXp�Hm2P7UiXBb1KTivUVV 'Vc
'
bi�iB+ I�- M�K2, A/nGQr2`= J�i+?2`RIai`BM;- �- M�K2=
n ]Y] n U ai`BM; T`27Bt- J�i+?2`RIai`BM;- �- M�K2= K V &
`2im`M M2r ai`BM;S`27BtJ�i+?2` I�- M�K2= UT`27Bt- KVc

'
'
/bH o�` I�- M�K2, A/nGQr2`= &
o�` U� �V & i?BbX� 4 �c '
� M�K2 UV & `2im`M �c '
T`Bp�i2 � �c

'

6B;m`2 9XRj, S�`i Q7 i?2 /2}MBiBQM Q7 T�ii2`M K�i+?BM;



*?�Ti2` 8

lb2`@.2}M2/ .2+H�`�iBQM
ai�i2K2Mib

AM i?2 T`2pBQmb +?�Ti2`- r2 T`QTQb2/ +QMi2ti@b2MbBiBp2 2tT`2bbBQMb �M/ im`MbiBH2
ivT2b- r?B+? 2M�#H2 mb2`b iQ /2+H�`2 H�M;m�;2 +QMbi`m+ib BMpQHpBM; M�K2 #BM/BM;
bm+? �b H2i 2tT`2bbBQMbX >Qr2p2`- mb2`b biBHH +�MMQi /2+H�`2 � ǳ/2+H�`�iBQMǴ-
r?B+? /2+H�`2b � M�K2 �M/ K�F2b Bi �p�BH�#H2 �7i2` i?2 /2+H�`�iBQMX hQ #2
T`2+Bb2- i?2 mb2`b +�M BKTH2K2Mi bm+? /2+H�`�iBQMb #mi i?2 +QKTBH2` +�MMQi
bi�iB+�HHv +?2+F i?2 BKTH2K2Mi�iBQM �M/ Bib mb�;2X JQbi T`Q;`�KKBM; H�M;m�;2b
�/QTi /2+H�`�iBQMb �b H�M;m�;2 72�im`2bc 7Q` 2t�KTH2- C�p� ?�b HQ+�H p�`B�#H2
/2+H�`�iBQMb �M/ +H�bb /2+H�`�iBQMbX AM i?Bb +?�Ti2`- r2 T`QTQb2 � H�M;m�;2
2ti2MbBQM K2+?�MBbK 7Q` 2M�#HBM; � HBKBi2/ FBM/ Q7 /2+H�`�iBQMbX

8XR .2+H�`�iBQMb �M/ a+QT2b
AM i?2 `2bi Q7 i?Bb +?�Ti2`- r2 mb2 ZJG (8R) �b �M 2t�KTH2 Q7 .aGb rBi? /2+H�@
`�iBQMbX 6B;m`2 8XR Bb � T`Q;`�K BM ZJGX h?Bb T`Q;`�K /2+H�`2b irQ `2+i�M;H2b-
`2+iR �M/ `2+ikX `2+iR ?�b bBx2 T`QT2`iv �M/ i?2 p�Hm2 Bb RyyX h?2 rB/i?
Q7 `2+iR Bb i?2 b�K2 p�Hm2 �b i?2 bBx2 T`QT2`iv �M/ i?2 ?2B;?i Q7 `2+iR Bb
i?2 b�K2 �b i?2 rB/i? Q7 `2+iRX h?2 rB/i? Q7 `2+ik Bb i?2 ?�H7 Q7 i?2 bBx2 Q7
`2+iRX h?2 ?2B;?i Q7 `2+ik Bb i?2 b�K2 �b i?2 rB/i? Q7 `2+ikX

GBM2 j Q7 i?Bb T`Q;`�K /2+H�`2b bBx2X LQi2 i?�i i?2 mb2`b +�M �++2bb iQ
bBx2 BM irQ r�vbc bBx2 �M/ `2+iRXbBx2X h?2 2tT`2bbBQM bBx2 +�M #2 mb2/
QMHv rBi?BM i?2 /2+H�`�iBQM Q7 `2+iRX h?2`27Q`2- Bib b+QT2 2ti2M/b 7`QK i?2
/2+H�`�iBQM UGBM2 jV iQ i?2 2M/ Q7 i?2 _2+i�M;H2 #HQ+F UGBM2 eVX h?2 2tT`2bbBQM
`2+iRXbBx2 +�M #2 mb2/ �Mvr?2`2 �7i2` i?2 /2+H�`�iBQM- bQ Bib b+QT2 2ti2M/b
7`QK i?2 /2+H�`�iBQM UGBM2 jV iQ i?2 2M/ Q7 i?2 ZJG T`Q;`�K UGBM2 RRVX rB/i?
�M/ ?2B;?i �`2 i?2 /27�mHi T`QT2`iB2b Q7 _2+i�M;H2X aBKBH�` iQ bBx2- i?2v +�M
#2 �++2bb2/ BM irQ r�vbc rB/i? �M/ `2+iRXrB/i?X h?2 2tT`2bbBQM rB/i? Bb
�p�BH�#H2 rBi?BM i?2 _2+i�M;H2 /2+H�`�iBQM UGBM2 R @ eV �M/ Bi `2im`Mb i?2 p�Hm2
Q7 rB/i? Q7 i?2 /2+H�`2/ `2+i�M;H2X h?2 2tT`2bbBQM `2+iRXrB/i? +�M #2 mb2/

Nd
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_2+i�M;H2 &
B/ , `2+iR
T`QT2`iv BMi bBx2 , Ryy
rB/i? , bBx2
?2B;?i , `2+iRXrB/i?

'
_2+i�M;H2 &
B/ , `2+ik
rB/i? , `2+iRXbBx2 f k
?2B;?i , rB/i?

'

6B;m`2 8XR, � ZJG T`Q;`�K

�Mvr?2`2- bQ Bib b+QT2 2ti2M/b 7`QK i?2 /2+H�`�iBQM Q7 `2+iR UGBM2 kV iQ i?2
2M/ Q7 i?2 ZJG T`Q;`�K UGBM2 RRVX

Ai Bb /B{+mHi iQ BKTH2K2Mi bm+? i?2 .aG �b �M 2K#2//2/ .aGX h?2`2 �`2
irQ `2�bQMb 7Q` i?Bb /B{+mHivX 6B`bi- i?2 /2+H�`2/ M�K2 Bb �p�BH�#H2 MQi QMHv
BM i?2 �`;mK2Mib Q7 i?2 /2+H�`�iBQMX h?2 H2i 2tT`2bbBQM Bb 2�bv iQ BKTH2K2Mi
bBM+2 Bib b+QT2 Bb QMHv BM i?2 �`;mK2Mi Q7 i?�i 2tT`2bbBQMX >Qr2p2`- i?2 b+QT2b
Q7 bBx2 �M/ `2+iRXbBx2 BM 6B;m`2 8XR �`2 �7i2` i?2 /2+H�`�iBQMX >2M+2 bm+? �
/2+H�`�iBQM +�MMQi #2 BKTH2K2Mi2/ #v QMHv mbBM; HQ+�H �M�HvbBbc 7Q` 2t�KTH2-
bvMi�+iB+ K�+`Qb +�MMQi 2�bBHv BKTH2K2Mi bm+? � /2+H�`�iBQM bBM+2 i?2v i`�MbH�i2
�M �ah BMiQ �MQi?2` �ah rBi?Qmi +QMbB/2`BM; +QMi2tibX a2+QM/- i?2 b+QT2b
Q7 /2+H�`2/ M�K2b KB;?i Qp2`H�T rBi? 2�+? Qi?2`X 6Q` 2t�KTH2- i?2 b+QT2 Q7
`2+iRXbBx2 Bb 7`QK GBM2 j iQ GBM2 RR #mi i?2 b+QT2 Q7 rB/i? Bb 7`QK GBM2 R
iQ GBM2 eX am+? b+QT2 `mH2b �`2 /B{+mHi iQ BKTH2K2Mi #v i?2 M�K2 #BM/BM;
Q7 i?2 ?Qbi H�M;m�;2 bBM+2 i?2 2tBbiBM; H�M;m�;2 +QMbi`m+ib +�M QMHv /2�H rBi?
M2bi2/ bi`m+im`2bX 6Q` 2t�KTH2- ?B;?2`@Q`/2` �#bi`�+i bvMi�t U>P�aV +�MMQi
2KmH�i2 i?Qb2 b+QT2 `mH2b bBM+2 >P�a mb2b H�K#/� 2tT`2bbBQMb 7Q` 2tT`2bbBM;
M�K2 #BM/BM;X hrQ H�K#/� 2tT`2bbBQMb +�M BKTH2K2Mi M2bi2/ +Q/2 `2;BQMb #mi
MQi Qp2`H�TTBM; QM2bX

8Xk *QMi2ti �+iBp�iBQM rBi?BM � lb2`@.2}M2/
a+QT2

Pm` #�bB+ B/2� Bb 2p�Hm�iBM; i?2 /2HBKBi2/ +QMiBMm�iBQM Q7 � mb2`@/2}M2/ /2+H�@
`�iBQM �b � +QMi2ti@b2MbBiBp2 2tT`2bbBQMX h?2 `QQi +�mb2 Q7 i?2 /B{+mHiv �#Qmi
mb2`@/2}M2/ /2+H�`�iBQMb Bb i?�i i?2 `�M;2 Q7 i?2 b+QT2 Q7 i?2 mb2`@/2}M2/ /2+H�@
`�iBQMb Bb MQi � bBM;H2 2tT`2bbBQMX .2HBKBi2/ +QMiBMm�iBQMb +�M bQHp2 i?Bb T`Q#H2K
Ĝ i?2v 2M�#H2 T`Q;`�KK2`b iQ i`2�i i?2 `2bi Q7 i?2 +�H+mH�iBQM �b �M 2tT`2bbBQMX
A7 i?2 T`Q;`�KK2`b 2p�Hm�i2 i?2 2tT`2bbBQM �b � +QMi2ti@b2MbBiBp2 2tT`2bbBQM
rBi? i?2 ivT2 a ` h- i?2v +�M mb2 BMbi�M+2 QT2`�iQ`b Q7 a rBi?BM i?2 2tT`2b@
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bBQM- i?�i Bb- i?2v +�M mb2 i?2 /2+H�`2/ M�K2b BM i?2 `2bi Q7 i?2 +�H+mH�iBQM
�7i2` i?2 /2+H�`�iBQMX Pm` B/2� Bb #�b2/ QM /2HBKBi2/ +QMiBMm�iBQMb #mi Bi /Q2b
MQi M22/ iQ BKTH2K2Mi /2HBKBi2/ +QMiBMm�iBQMbX Ai Bb Dmbi �M �TTHB+�iBQM Q7
/2HBKBi2/ +QMiBMm�iBQMbX q2 ?�p2 +?Qb2M � /2bB;M bBKBH�` iQ +?2+F2/ 2t+2T@
iBQMb BM C�p� 7Q` BKTH2K2MiBM; Qm` B/2� BMiQ S`Qi2�CkX q2 BMi`Q/m+2 i?`22
H�M;m�;2 72�im`2b- �+iBp�i2 bi�i2K2Mib- �+iBp�i2b +H�mb2b- �M/ b+QT2 7Q`
+H�mb2bX h?2 �+iBp�i2 bi�i2K2Mib +Q``2bTQM/ iQ i?2 i?`Qr bi�i2K2Mib- i?2
�+iBp�i2b +H�mb2b +Q``2bTQM/ iQ i?2 i?`Qrb +H�mb2b- �M/ i?2 b+QT2 7Q` +H�mb2b
+Q``2bTQM/ iQ i?2 i`v bi�i2K2MibX AM i?2 `2bi Q7 i?Bb b2+iBQM- r2 /2b+`B#2 i?2b2
H�M;m�;2 72�im`2b �M/ ?Qr iQ BKTH2K2Mi mb2`@/2}M2/ /2+H�`�iBQMb #v i?2KX

�+iBp�i2 bi�i2K2Mib i�F2 � .aG Q#D2+i �M/ K�F2 Bib pBbB#H2 K2K#2`b �p�BH@
�#H2 rBi?Qmi � `2+2Bp2` BM i?2 `2bi Q7 i?2 T`Q;`�KX A7 i?2 .aG Q#D2+i 2tT`2bb2b
i?2 bvMi�t Q7 � p�`B�#H2 t 7Q` 2t�KTH2- T`Q;`�KK2`b +�M mb2 i?2 bvMi�t Q7
i?2 p�`B�#H2 t �7i2` i?2 �+iBp�i2 bi�i2K2MiX h?2`27Q`2- i?2 �+iBp�i2 bi�i2@
K2Mi rQ`Fb �b � p�`B�#H2 /2+H�`�iBQMX aBKBH�`Hv- i?2 QT2`�iQ`b mbBM; �+iBp�i2
bi�i2K2Mib rBi?BM i?2B` #Q/v �HbQ rQ`F �b /2+H�`�iBQMbX h?2 pBbB#H2 K2K#2`b
Q7 i?2 .aG Q#D2+i i�F2M #v i?2 �+iBp�i2 bi�i2K2Mi BM i?2 K2i?Q/ #Q/v �`2
�HbQ �p�BH�#H2 rBi?Qmi � `2+2Bp2` �7i2` i?2 +�HH Q7 i?2 QT2`�iQ`bX >2M+2- r2 +�M
BKTH2K2Mi �M QT2`�iQ` i?�i 2KmH�i2b � p�`B�#H2 /2+H�`�iBQMc B7 i?2 QT2`�iQ` �+@
iBp�i2b �M .aG Q#D2+i i?�i +QMi�BMb � ;2ii2` QT2`�iQ` �M/ � b2ii2` QT2`�iQ` 7Q`
t- T`Q;`�KK2`b +�M r`Bi2 i?2 +Q/2 BM r?B+? p�`B�#H2 t Bb �p�BH�#H2 �7i2` +�HHBM;
i?2 QT2`�iQ`X AM i?Bb +�b2- i?2 QT2`�iQ` Kmbi ?�p2 �M �+iBp�i2b +H�mb2X h?2
�+iBp�i2b +H�mb2 i�F2b i?2 ivT2 Q7 i?2 .aG Q#D2+i �M/ Bi BM/B+�i2b i?�i i?2
QT2`�iQ` �+iBp�i2b � .aG Q#D2+i Q7 i?2 ;Bp2M ivT2X h?Bb Bb bi�iB+�HHv +?2+F2/X
hQ 2tT`2bb i?2 `�M;2 r?2`2 i?2 pBbB#H2 K2K#2`b Q7 � .aG Q#D2+i �`2 �p�BH�#H2-
T`Q;`�KK2`b +�M mb2 b+QT2 7Q` +H�mb2bX � b+QT2 7Q` +H�mb2 Bb �ii�+?2/ iQ
�M QT2`�M/ Q7 �M QT2`�iQ` UQ` � T�`�K2i2` Q7 � K2i?Q/V �M/ Bi i�F2b � ivT2 Q7
.aG Q#D2+ibX A7 � .aG Q#D2+i Q7 i?2 ;Bp2M ivT2 Bb �+iBp�i2/ BM i?2 QT2`�M/- i?2
pBbB#H2 K2K#2`b Q7 i?2 .aG Q#D2+i �`2 �p�BH�#H2 �7i2` i?2 �+iBp�iBQM #mi i?2v �`2
MQi �p�BH�#H2 QmibB/2 i?2 QT2`�M/X h?2 b+QT2 7Q` +H�mb2b �HHQr T`Q;`�KK2`b
iQ mb2 /Bz2`2Mi b+QT2 `mH2b 7Q` 2�+? ivT2 Q7 .aG Q#D2+ibX

8XkXR aBKTHB}2/ ZJG
hQ bBKTHB7v Qmi 2tTH�M�iBQM- r2 bHB;?iHv KQ/B7v i?2 ZJG bvMi�tX 6B;m`2 8Xk
b?Qrb � T`Q;`�K BM bBKTHB}2/ ZJGX h?Bb T`Q;`�K Bb �HKQbi b�K2 �b 6B;m`2 8XR
#mi Bi /Q2b MQi ?�p2 B/ T`QT2`ivX AMbi2�/- Bi i�F2b � M�K2 �b �M �`;mK2Mi
Q7 _2+i�M;H2X h?Bb Bb #2+�mb2 B/ T`QT2`iv Bb � bT2+B�H T`QT2`iv �M/ Bi ?�b
� /Bz2`2Mi b+QT2 `mH2 7`QK Qi?2` T`QT2`iB2bX q2 i?BMF Bi Bb #2ii2` i?�i 2p2`v
T`QT2`iv Q7 _2+i�M;H2 ?�b i?2 b�K2 b+QTBM; `mH2X

8XkXk �+iBp�i2 ai�i2K2Mib
�M �+iBp�i2 bi�i2K2Mi i�F2b � .aG Q#D2+i �M/ Bi im`Mb i?2 ;Bp2M .aG Q#D2+i
BMiQ �+iBp2X >2`2- ǵ� .aG Q#D2+i s Bb �+iBp2Ƕ K2�Mb ǵpBbB#H2 K2K#2`b Q7 s �`2
�p�BH�#H2 rBi?Qmi � `2+2Bp2`ǶX 6Q` 2t�KTH2- b22 i?2 7QHHQrBM; .aG +H�bb,
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_2+i�M;H2 `2+iR &
T`QT2`iv BMi bBx2 , Ryy
rB/i? , bBx2
?2B;?i , `2+iRXrB/i?

'
_2+i�M;H2 `2+ik &
rB/i? , `2+iRXbBx2 f k
?2B;?i , rB/i?

'

6B;m`2 8Xk, � T`Q;`�K BM bBKTHB}2/ ZJG

/bH aBx2.aG &
aBx2.aG U_2+i�M;H2 `2+iV & i?BbX`2+i 4 `2+ic '
BMi ]bBx2] UV & `2im`M UBMiV`2+iX;2iU]bBx2]Vc '
pQB/ ]bBx2] ],] n UBMi tV & `2+iXb2iU]bBx2]- tVc '
T`Bp�i2 _2+i�M;H2 `2+ic

'

i?Bb .aG +H�bb ?�b irQ QT2`�iQ`b, QM2 Bb � ;2ii2` QT2`�iQ` 7Q` bBx2 UGBM2 jV �M/
i?2 Qi?2` Bb � b2ii2` QT2`�iQ` 7Q` bBx2 UGBM2 9VX A7 vQm �+iBp�i2 �M BMbi�M+2 Q7
aBx2.aG- vQm +�M mb2 i?2b2 QT2`�iQ`b �7i2` i?2 �+iBp�iBQMX h?2 7QHHQrBM; +Q/2
7`�;K2Mi b?Qrb �M 2t�KTH2 +Q/2 mbBM; �M �+iBp�i2 bi�i2K2Mi,
_2+i�M;H2 `2+i 4 XXXc
�+iBp�i2 M2r aBx2.aGU`2+iVc
bBx2 , Ryyc
avbi2KXQmiXT`BMiHMUbBx2Vc ff T`BMi Ryy

GBM2 k �+iBp�i2b �M BMbi�M+2 Q7 aBx2.aG- bQ i?2 ;2ii2` �M/ b2ii2` QT2`�iQ`b �`2
�p�BH�#H2 �i GBM2 j �M/ GBM2 9X �+im�HHv- GBM2 j mb2b i?2 b2ii2` QT2`�iQ` �M/ GBM2
9 mb2b i?2 ;2ii2` QT2`�iQ`X uQm +�M }M/ i?�i i?2 �+iBp�i2 bi�i2K2Mi rQ`Fb �b
� /2+H�`�iBQM Q7 � p�`B�#H2 bBx2X

h?2 b+QT2 r?2`2 �M �+iBp�i2/ .aG Q#D2+i Bb �+iBp2 /Q2b MQi 7QHHQr i?2 b+QT2
`mH2b 7Q` p�`B�#H2b BM i?2 ?Qbi H�M;m�;2X A7 �M .aG Q#D2+i Bb �+iBp2 �i i?2 2M/
Q7 � #HQ+F- Bi Bb �HbQ �+iBp2 �i i?2 +Q/2 7QHHQrBM; i?2 #HQ+FX aBKBH�`Hv- B7 �M .aG
Q#D2+i Bb �+iBp2 �i i?2 2M/ Q7 i?2 #Q/v Q7 �M QT2`�iQ`fK2i?Q/- Bi Bb �HbQ �+iBp2
�i i?2 +Q/2 7QHHQrBM; � +�HH Q7 i?2 QT2`�iQ`fK2i?Q/X 6B;m`2 8Xj Bb � Tb2m/Q
+Q/2 b?QrBM; i?2 b+QT2 Q7 �+iBp�i2/ .aG Q#D2+iX aBM+2 �M BMbi�M+2 Q7 .aG
+H�bb aBx2.aG Bb �+iBp2 �i i?2 +Q/2 7QHHQrBM; i?2 K2i?Q/ +�HH /2+H�`2nbBx2UV
UGBM2 RkV- r2 +�M mb2 ;2ii2` �M/ b2ii2` QT2`�iQ`b 7Q` bBx2 i?2`2X h?2`27Q`2- i?2
K2i?Q/ +�HH /2+H�`2nbBx2UV rQ`Fb �b � p�`B�#H2 /2+H�`�iBQMX

hQ /2i2`KBM2 r?B+? .aG Q#D2+i Bb �+iBp2 �i +QKTBH2 iBK2- r2 BMi`Q/m+2
�+iBp�i2b +H�mb2bX �M �+iBp�i2b +H�mb2 Bb �ii�+?2/ iQ �M QT2`�iQ`fK2i?Q/
r?2`2 .aG Q#D2+ib i?�i �+iBp�i2/ �i i?2 BMbB/2 Q7 Bib #Q/v �`2 �+iBp2 �i i?2 2M/
Q7 Bib #Q/vX �M �+iBp�i2b +H�mb2 i�F2b ivT2b Q7 �+iBp�i2/ .aG Q#D2+ibX h?2
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pQB/ /2+H�`2nbBx2 UV &
ff BM�+iBp2
_2+i�M;H2 `2+i 4 XXXc
�+iBp�i2 M2r aBx2.aGU`2+iVc
ff �+iBp2

'
pQB/ 7mM+ UV &

ff BM�+iBp2
&
ff BM�+iBp2
/2+H�`2nbBx2UV
ff �+iBp2

'
ff �+iBp2

'

6B;m`2 8Xj, � Tb2m/Q +Q/2 b?QrBM; i?2 b+QT2 Q7 �+iBp�i2/ .aG Q#D2+i

/bH _2+i�M;H2.aG &
pQB/ ]T`QT2`iv] ]BMi] ]bBx2] ],] n UBMi p�Hm2V
�+iBp�i2b aBx2.aG
&
�+iBp�i2 M2r aBx2.aGUb2H7Vc

'
_2+i�M;H2.aG U_2+i�M;H2 b2H7V & i?BbXb2H7 4 b2H7c '
T`Bp�i2 _2+i�M;H2 b2H7c

'

6B;m`2 8X9, � /2}MBiBQM Q7 T`QT2`iv /2+H�`�iBQM bT2+B�HBx2/ 7Q` bBx2

`2H�iBQM #2ir22M �+iBp�i2 bi�i2K2Mib �M/ �+iBp�i2b +H�mb2b Bb bBKBH�` iQ i?2
`2H�iBQM #2ir22M i?`Qr bi�i2K2Mib �M/ i?`Qrb +H�mb2b BM C�p�X

LQr- r2 +�M BKTH2K2Mi T`QT2`iv /2+H�`�iBQM BM 6B;m`2 8XkX 6B;m`2 8X9 Bb i?2
/2}MBiBQM Q7 T`QT2`iv /2+H�`�iBQM bT2+B�HBx2/ 7Q` bBx2X h?Bb T`Q;`�K /2+H�`2b
� .aG +H�bb M�K2/ _2+i�M;H2.aGX _2+i�M;H2.aG +QMi�BMb �M BMbi�M+2 QT2`�iQ`
i?�i bi�`ib rBi? T`QT2`iv UGBM2 k @ eV- � +QMbi`m+iQ` UGBM2 dV- �M/ �M BMbi�M+2
}2H/ M�K2/ b2H7 UGBM2 3VX h?2 T`QT2`iv QT2`�iQ` �+iBp�i2b � .aG Q#D2+i Q7
ivT2 aBx2.aG BM GBM2 8 �M/ i?2 .aG Q#D2+i Bb �HbQ �+iBp2 �i i?2 2M/ Q7 i?2 #Q/vX
>2M+2 Bi ?�b �+iBp�i2b +H�mb2 i�FBM; aBx2.aGX q2 +�M mb2 i?Bb QT2`�iQ` �b
7QHHQrb,
T`QT2`iv BMi bBx2 , Ryyc
avbi2KXQmiXT`BMiHMUbBx2Vc ff T`BMi Ryy
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/bH _2+i�M;H2.aG I`2+iL�K2, A/2Mi= &
pQB/ ]T`QT2`iv] ]BMi] ]bBx2] ],] n UBMi p�Hm2V
�+iBp�i2b aBx2.aG- Zm�HB7B2/aBx2.aGI`2+iL�K2=
&
b2H7X/27BM2S`QTU]bBx2]- p�Hm2Vc
�+iBp�i2 M2r aBx2.aGUb2H7Vc
�+iBp�i2 M2r Zm�HB7B2/aBx2.aGI`2+iL�K2=Ub2H7Vc

'
_2+i�M;H2.aG U_2+i�M;H2 b2H7V & i?BbXb2H7 4 b2H7c '
T`Bp�i2 _2+i�M;H2 b2H7c

'

6B;m`2 8X8, � /2}MBiBQM Q7 T`QT2`iv /2+H�`�iBQM bmTTQ`iBM; `2+iRXbBx2

h?2 T`QT2`iv /2+H�`�iBQM BM 6B;m`2 8Xk /2+H�`2b MQi QMHv bBx2 #mi �HbQ
`2+iRXbBx2X hQ bBKmH�i2 i?Bb- r2 b?QmH/ BKTH2K2Mi � .aG +H�bb �b 7QHHQrb,
/bH Zm�HB7B2/aBx2.aGI`2+iL�K2, A/2Mi= &
Zm�HB7B2/aBx2.aG U_2+i�M;H2 `2+iV & i?BbX`2+i 4 `2+ic ''
BMi `2+iL�K2 ]X] ]bBx2] UV & `2im`M UBMiV`2+iX;2iU]bBx2]Vc '
T`Bp�i2 _2+i�M;H2 `2+ic

'

�M/ i?2M- r2 b?QmH/ KQ/B7v i?2 /2}MBiBQM Q7 _2+i�M;H2.aG BM 6B;m`2 8X9X 6B;@
m`2 8X8 Bb � KQ/B}2/ /2}MBiBQM Q7 T`QT2`iv /2+H�`�iBQM bmTTQ`iBM; `2+iRXbBx2X
h?2 M�K2 Q7 � `2+i�M;H2 `2+iR Bb 2tT`2bb2/ �b � ;2M2`B+ M�K2 `2+iL�K2X aBM+2
i?2 T`QT2`iv QT2`�iQ` �+iBp�i2b MQi QMHv � .aG Q#D2+i Q7 ivT2 aBx2.aG � .aG
Q#D2+i Q7 ivT2 Zm�HB7B2/aBx2.aGI`2+iL�K2=- r2 +�M mb2 BMbi�M+2 QT2`�iQ`b Q7
Zm�HB7B2/aBx2.aG �7i2` i?2 T`QT2`iv /2+H�`�iBQMX h?2`27Q`2- r2 +�M mb2 �M
2tT`2bbBQM bm+? �b `2+iRXbBx2 �7i2` i?2 T`QT2`iv /2+H�`�iBQM �b 6B;m`2 8XkX

8XkXj a+QTBM; _mH2 7Q` �+iBp�i2/ .aG P#D2+ib
�M �+iBp�i2 bi�i2K2Mi +�M 2tT`2bb M�K2 #BM/BM; #mi i?2 #QmM/ M�K2 ?�b
MQ b+QT2 `mH2bX q2 b?QmH/ /2HBKBi i?2 b+QT2 Q7 i?2 #QmM/ M�K2 iQ 2tT`2bb �
HQ+�H p�`B�#H2X hQ 2tT`2bb b+QT2 `mH2b 7Q` M�K2b- r2 T`QTQb2 b+QT2 7Q` +H�mb2bX
� b+QT2 7Q` +H�mb2 Bb bT2+B}2/ iQ �M QT2`�M/ Q7 �M QT2`�iQ` UQ` � T�`�K2i2`
Q7 � K2i?Q/VX h?2 QT2`�M/ 2tT`2bb2b i?2 `�M;2 r?2`2 i?2 #QmM/ M�K2b �`2
�p�BH�#H2X

h?2 b+QT2 7Q` +H�mb2 i�F2b � ivT2 Q7 � .aG Q#D2+iX A7 i?2 .aG Q#D2+i Bb
�+iBp�i2/ BM i?2 QT2`�M/- i?2 BMbi�M+2 QT2`�iQ`b Q7 i?2 .aG Q#D2+i �`2 �p�BH�#H2
�7i2` i?2 �+iBp�iBQM #mi i?2 QT2`�iQ`b �`2 MQi �p�BH�#H2 �i QmibB/2 Q7 i?2 QT2`�M/X
h?2`27Q`2- B7 i?2 QT2`�iQ`b Q7 i?2 .aG Q#D2+i 2tT`2bb � p�`B�#H2- i?2 QT2`�M/
rQ`Fb �b � b+QT2 Q7 i?2 p�`B�#H2X "v bT2+B7vBM; b+QT2 7Q` +H�mb2b- T`Q;`�KK2`b
+�M �TTHv /Bz2`2Mi b+QT2 `mH2b 7Q` 2�+? ivT2 Q7 .aG Q#D2+ibX a22 6B;m`2 8XkX hQ
2KmH�i2 i?2 T`QT2`iv /2+H�`�iBQM BM i?Bb };m`2- T`Q;`�KK2`b b?QmH/ /2bB;M�i2



8XkX *PLh1sh �*hAo�hAPL qAh>AL � la1_@.16AL1. a*PS1 Ryj

I`2+iL�K2, A/2Mi= pQB/ ]_2+i�M;H2] `2+iL�K2 n
U_2+i�M;H2.aGI`2+iL�K2= %@ oQB/ #Q/v b+QT2 7Q` aBx2.aGV

&
_2+i�M;H2 `2+i 4 M2r _2+i�M;H2UVc
#Q/vX�TTHvUM2r _2+i�M;H2.aGI`2+iL�K2=U`2+iVcVc
/2+H�`2_2+i�M;H2U`2+iVc

'

6B;m`2 8Xe, � /2}MBiBQM Q7 _2+i�M;H2 /2+H�`�iBQM i?�i rQ`Fb �b � b+QT2 7Q` bBx2

i?2 �`;mK2Mi Q7 _2+i�M;H2 /2+H�`�iBQM �b i?2 b+QT2 `mH2 7Q` bBx2X aBKBH�`Hv-
i?2v b?QmH/ /2bB;M�i2 i?2 r?QH2 ZJG T`Q;`�K �b i?2 b+QT2 7Q` `2+iRXbBx2X
aBM+2 i?2 2tT`2bbBQM bBx2 Bb � +�HH Q7 i?2 BMbi�M+2 QT2`�iQ` Q7 aBx2.aG- i?2 b+QT2
`mH2 7Q` bBx2 +�M #2 bT2+B}2/ #v b+QT2 7Q` aBx2.aGX

6B;m`2 8Xe Bb � /2}MBiBQM Q7 _2+i�M;H2 /2+H�`�iBQM i?�i rQ`Fb �b � b+QT2
7Q` bBx2X h?Bb /2}M2b �M QT2`�iQ` bi�`ib rBi? _2+i�M;H2X h?2 QT2`�iQ` i�F2b
�M QT2`�M/ rBi? i?2 ivT2 _2+i�M;H2.aGI`2+iL�K2= ` oQB/X >2`2- i?2 ivT2
_2+i�M;H2.aGI`2+iL�K2= ` oQB/ Bb � im`MbiBH2 ivT2 T`QTQb2/ BM i?2 T`2pBQmb
+?�Ti2`X � ivT2 h ` oQB/ Bb � bT2+B�H ivT2 7Q` � T�`�K2i2` i?�i i�F2b � #HQ+F �b
Bib �`;mK2MiX h?2 QT2`�M/ ?�b � b+QT2 7Q` +H�mb2 rBi? i?2 ivT2 aBx2.aGX h?Bb
bT2+B}2b i?�i B7 � .aG Q#D2+i Q7 aBx2.aG Bb �+iBp�i2/ BM i?Bb �`;mK2Mi- i?2 .aG
Q#D2+i Bb MQi �+iBp2 �i i?2 QmibB/2 Q7 i?2 �`;mK2MiX h?2`27Q`2- T`Q;`�KK2`b +�M
mb2 i?2 _2+i�M;H2 QT2`�iQ`- T`QT2`iv QT2`�iQ`- �M/ bBx2 QT2`�iQ` �b 7QHHQrb,
_2+i�M;H2 `2+iR &
ff avbi2KXQmiXT`BMiHMUbBx2Vc ff +QKTBH2 2``Q`
T`QT2`iv BMi bBx2 , Ryyc
avbi2KXQmiXT`BMiHMUbBx2Vc ff T`BMi Ryy

'c
ff avbi2KXQmiXT`BMiHMUbBx2Vc ff +QKTBH2 2``Q`

aBM+2 i?2 b+QT2 Q7 aBx2.aG Bb i?2 �`;mK2Mi Q7 i?2 _2+i�M;H2 QT2`�iQ`- i?2
2tT`2bbBQM bBx2 +�MMQi #2 mb2/ �i i?2 QmibB/2 Q7 i?2 _2+i�M;H2 /2+H�`�iBQMX

aBM+2 i?2 b+QT2 Q7 `2+iRXbBx2 Bb i?2 r?QH2 ZJG T`Q;`�K- � `2;BQM /2HBKBi2`
i?�i b2T�`�i2b i?2 BMbB/2 �M/ QmibB/2 Q7 ZJG T`Q;`�K Bb M22/2/X 6B;m`2 8Xd Bb
� /2}MBiBQM Q7 � .aG +H�bb i?�i +QMi�BMb � bi�iB+ QT2`�iQ` 2tT`2bbBM; i?2 ZJG
`2;BQM /2HBKBi2`X �M QT2`�iQ` bi�`ib rBi? ZJG Bb i?2 ZJG `2;BQM /2HBKBi2` UGBM2
k @ 9VX Ai i�F2b �M QT2`�M/ rBi? i?2 im`MbiBH2 ivT2 ZJG ` oQB/X Ai 2tT`2bb2b
i?�i mb2`b +�M r`Bi2 � ZJG T`Q;`�K BM i?2 QT2`�M/X h?2 QT2`�M/ ?�b � b+QT2
7Q` +H�mb2 rBi? i?2 ivT2 Zm�HB7B2/aBx2.aGI\=X \ Bb � rBH/+�`/ �`;mK2MiX
h?2 b+QT2 Q7 `2+iRXbBx2 Bb i?2 QT2`�M/ bBM+2 Bi Bb �M QT2`�iQ` +�HH Q7 i?2
BMbi�M+2 QT2`�iQ` Q7 Zm�HB7B2/aBx2.aGX 6`QK i?2 �#Qp2- i?2 mb2`b +�M r`Bi2
i?2 7QHHQrBM; T`Q;`�K,
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/bH ZJG &
bi�iB+ pQB/ ]ZJG] n UZJG %@ oQB/ T`Q;`�K b+QT2 7Q` Zm�HB7B2/aBx2.aGI\=V &

T`Q;`�KX�TTHvUM2r ZJGUVVc
'
I`2+iL�K2, A/2Mi= pQB/ ]_2+i�M;H2] M�K2 n
U_2+i�M;H2.aGI`2+iL�K2= %@ oQB/ #Q/v b+QT2 7Q` aBx2.aGV
& XXX '

'

6B;m`2 8Xd, � /2}MBiBQM Q7 � .aG +H�bb i?�i +QMi�BMb �M QT2`�iQ` 2tT`2bbBM; i?2
ZJG `2;BQM /2HBKBi2`

ZJG &
_2+i�M;H2 `2+iR &
ff avbi2KXQmiXT`BMiHMU`2+iRXbBx2Vc ff +QKTBH2 2``Q`
T`QT2`iv BMi bBx2 , Ryyc
avbi2KXQmiXT`BMiHMU`2+iRXbBx2Vc ff T`BMi Ryy

'c
avbi2KXQmiXT`BMiHMU`2+iRXbBx2Vc ff T`BMi Ryy

'c
ff avbi2KXQmiXT`BMiHMU`2+iRXbBx2Vc ff +QKTBH2 2``Q`

LQi2 i?�i `2+iRXbBx2 Bb �p�BH�#H2 �i i?2 QmibB/2 Q7 i?2 /2+H�`�iBQM Q7 `2+iRX
h?Bb Bb #2+�mb2 i?2 b+QT2 Q7 `2+iRXbBx2 /Q2b MQi 7QHHQr i?2 b+QT2 `mH2b 7Q`
p�`B�#H2b #mi 7QHHQrb i?2 b+QT2 `mH2 Q7 Zm�HB7B2/aBx2.aGI\=X

8XkX9 AKTH2K2Mi�iBQM
q2 ?�p2 BKTH2K2Mi2/ Qm` T`QTQb�H #v KQ/B7vBM; i?2 +QKTBH2` Q7 S`Qi2�Ck-
r?B+? Bb BMi`Q/m+2/ BM i?2 T`2pBQmb +?�Ti2`X h?2 bQm`+2 +Q/2 Q7 i?2 +QKTBH2`
Bb �p�BH�#H2 7`QK Qm` ;Bi?m# `2TQbBiQ`vRX q2 ?�p2 KQ/B}2/ 2MpB`QMK2Mib i?�i
K�M�;2 HQ+�H p�`B�#H2b iQ �HbQ K�M�;2 �+iBp2 .aG Q#D2+ibX GQ+�H p�`B�#H2b �M/
2�+? �+iBp2 .aG Q#D2+ib +�M ?�p2 /Bz2`2Mi b+QT2 `mH2b �M/ i?2v +�M #2 Qp2`H�T
2�+? Qi?2`X h?2`27Q`2- �M 2MpB`QMK2Mi +QTB2b Bib �+iBp2 .aG Q#D2+ib BMiQ Bib
T�`2Mi 2MpB`QMK2Mi r?2M � T`Q;`�K 2tBib � #HQ+FX �+iBp�i2 bi�i2K2Mib �M/
+�HHb Q7 QT2`�iQ`bfK2i?Q/b i?�i ?�p2 �+iBp�i2b +H�mb2b �// i?2 ;Bp2M ivT2b
Q7 �+iBp2 .aG Q#D2+ib BMiQ i?2 2MpB`QMK2MiX h?2 �+iBp�i2/ .aG Q#D2+ib �`2
`2KQp2/ 7`QK i?2 2MpB`QMK2Mi �i i?2 2M/ Q7 �M �`;mK2Mi Q7 � T�`�K2i2` i?�i
?�b � b+QT2 7Q` +H�mb2 rBi? i?2 +Q``2bTQM/BM; ivT2X PT2`�M/b rBi? � im`MbiBH2
ivT2 �HbQ �// i?2 ;Bp2M ivT2b Q7 .aG Q#D2+ib BMiQ i?2 2MpB`QMK2MiX aBM+2 i?2
im`MbiBH2 ivT2 K�F2 b2p2`�H QT2`�iQ`b �p�BH�#H2 �i i?2 QT2`�M/- i?2 �+iBp�i2/
.aG Q#D2+ib �`2 `2KQp2/ 7`QK i?2 2MpB`QMK2Mi �i i?2 2M/ Q7 i?2 �`;mK2MiX

R?iiTb,ff;Bi?m#X+QKf+b;@iQFvQfT`Qi2�Dk
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8XkX8 .2}MBiBQM Q7 bBKTHB}2/ ZJG

"v mbBM; �+iBp�i2 bi�i2K2Mib- �+iBp�i2b +H�mb2b- �M/ b+QT2 7Q` +H�mb2b- r2
+�M BKTH2K2Mi bBKTHB}2/ ZJG b?QrM BM 6B;m`2 8Xk BM S`Qi2�CkX 6B;m`2 8X3
b?Qrb � /2}MBiBQM Q7 bBKTHB}2/ ZJGX q?2M r2 mb2 i?Bb .aG- r2 +�M r`Bi2 i?2
7QHHQrBM; +Q/2,

ZJG JvZJGS`Q;`�K &
_2+i�M;H2 `2+iR &
T`QT2`iv BMi bBx2 , Ryyc
rB/i? , bBx2c
?2B;?i , `2+iRXrB/i?c

'c
_2+i�M;H2 `2+ik &
rB/i? , `2+iRXbBx2 f kc
?2B;?i , rB/i?c

'c
'c

uQm +�M }M/ i?�i i?Bb +Q/2 HQQFb p2`v bBKBH�` iQ i?2 +Q/2 BM 6B;m`2 8XkX

6B;m`2 8X3 /2}M2b S`QTR.aG �M/ S`QTk.aG BMbi2�/ Q7 aBx2.aG �M/ Zm�HB7B2/aBx2.aGX
S`QTR.aG �M/ S`QTk.aG �`2 KQ`2 ;2M2`�H i?�M aBx2.aG �M/ Zm�HB7B2/aBx2.aG
#2+�mb2 i?2v i�F2 � ;2M2`B+ M�K2 T`QTL�K2 7Q` � T`QT2`iv M�K2 BMbi2�/ Q7
i?2 }t2/ T`QT2`iv M�K2 bBx2X aBKBH�`Hv- i?2 T`QT2`iv QT2`�iQ` /2}M2/ BM
_2+i�M;H2.aG �HbQ i�F2b � ;2M2`B+ M�K2 T`QTL�K2 �M/ Bi �+iBp�i2b S`QTR.aG
�M/ S`QTk.aG i?�i i�F2 i?2 ;2M2`B+ M�K2 T`QTL�K2 �b i?2B` ivT2 �`;mK2MiX
>2M+2 mb2`b +�M /2}M2 T`QT2`iB2b rBi? i?2B` QrM M�K2b �M/ �++2bb i?2 T`QT2`@
iB2b #v i?2B` M�K2bX S`QTR.aG �M/ S`QTk.aG ?�p2 � }2H/ B/- r?B+? Bb �M B/2M@
iB}2` Q7 i?2 T`QT2`iv �i `mM@iBK2X h?2 p�Hm2 Q7 B/ Bb MQi i?2 b�K2 �b T`QTL�K2
bBM+2 T`Q;`�KK2`b +�MMQi ;2i i?2 p�Hm2 Q7 � ;2M2`B+ M�K2 �i `mM@iBK2 BM i?2
+m``2Mi /2}MBiBQM Q7 S`Qi2�CkX

_2+i�M;H2.aG BM 6B;m`2 8X3 ?�b ;2ii2` �M/ b2ii2` QT2`�iQ`b 7Q` rB/i? �M/
?2B;?i BM �//BiBQM iQ i?2 T`QT2`iv QT2`�iQ`X h?2b2 QT2`�iQ`b �`2 �p�BH�#H2 �i
i?2 #Q/v Q7 _2+i�M;H2 /2+H�`�iBQMb bBM+2 i?2 _2+i�M;H2 QT2`�iQ` /2}M2/ BM i?2
.aG +H�bb ZJG i�F2b � T�`�K2i2` rBi? i?2 im`MbiBH2 ivT2 _2+i�M;H2.aGIT`Q;L�K2-
`2+iL�K2= ` oQB/X >2M+2 i?2 2tT`2bbBQMb rB/i? �M/ ?2B;?i �`2 �p�BH�#H2
�i i?2 #Q/v Q7 _2+i�M;H2 /2+H�`�iBQMbX h?2 2tT`2bbBQM `2+iRXrB/i? Bb �HbQ
�p�BH�#H2 �i i?2 #Q/v Q7 _2+i�M;H2 /2+H�`�iBQMb 7Q` i?2 b�K2 `2�bQM- �M/ 7m`@
i?2`KQ`2- Bi Bb �HbQ �p�BH�#H2 �i i?2 QmibB/2 Q7 i?2 _2+i�M;H2 /2+H�`�iBQMbX h?2
_2+i�M;H2 QT2`�iQ` �+iBp�i2b _2+i�M;H2S`QTb.aGIT`Q;L�K2- `2+iL�K2=X aBM+2
i?2 .aG +H�bb _2+i�M;H2S`QTb.aG /2}M2b ;2ii2` QT2`�iQ`b 7Q` rB/i? �M/ ?2B;?i
#v [m�HB}2/ M�K2 bm+? �b `2+iRXrB/i?- i?2 2tT`2bbBQM `2+iRXrB/i? Bb �p�BH�#H2
�7i2` i?2 /2}MBiBQM Q7 i?2 `2+i�M;H2 `2+iRX
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/bH ZJG IT`Q;L�K2, A/2Mi= &
bi�iB+ pQB/ ]ZJG] T`Q;L�K2 n
UZJGIT`Q;L�K2= %@ oQB/ T`Q;`�K

b+QT2 7Q` S`QTk.aGIT`Q;L�K2- \- \- \=- _2+i�M;H2S`QTb.aGIT`Q;L�K2- \=V &
T`Q;`�KX�TTHvUM2r ZJGIT`Q;L�K2=UVVc

'
I`2+iL�K2, A/2Mi= pQB/ ]_2+i�M;H2] `2+iL�K2 n
U_2+i�M;H2.aGIT`Q;L�K2- `2+iL�K2= %@ oQB/ #Q/v b+QT2 7Q` S`QTR.aGI`2+iL�K2- \- \=V
�+iBp�i2b _2+i�M;H2S`QTb.aGIT`Q;L�K2- `2+iL�K2=
&

_2+i�M;H2 `2+i 4 M2r _2+i�M;H2UVc
#Q/vX�TTHvUM2r _2+i�M;H2.aGIT`Q;L�K2- `2+iL�K2=U`2+iVcVc
/2+H�`2_2+i�M;H2U`2+iVc
�+iBp�i2 M2r _2+i�M;H2S`QTb.aGIT`Q;L�K2- `2+iL�K2=U`2+iVc

'
'
/bH _2+i�M;H2.aG Ib+QT2, A/2Mi- `2+iL�K2, A/2Mi= &
IT`QTL�K2, A/2Mi- h= pQB/ ]T`QT2`iv] h T`QTL�K2 ],] n Uh p�Hm2V

�+iBp�i2b S`QTR.aGI`2+iL�K2- T`QTL�K2- h=- S`QTk.aGIb+QT2- `2+iL�K2- T`QTL�K2- h=
&

ai`BM; B/ 4 ;2MavKUVc
b2H7X/27BM2S`QTUB/- p�Hm2Vc
�+iBp�i2 M2r S`QTR.aGI`2+iL�K2- T`QTL�K2- h=Ub2H7- B/Vc
�+iBp�i2 M2r S`QTk.aGIb+QT2- `2+iL�K2- T`QTL�K2- h=Ub2H7- B/Vc

'
BMi ]rB/i?] UV & `2im`M b2H7X;2iqB/i?UVc '
BMi ]?2B;?i] UV & `2im`M b2H7X;2i>2B;?iUVc '
BMi `2+iL�K2 ]X] ]rB/i?] UV & `2im`M b2H7X;2iqB/i?UVc '
BMi `2+iL�K2 ]X] ]?2B;?i] UV & `2im`M b2H7X;2i>2B;?iUVc '
pQB/ ]rB/i?] ],] n UBMi rV & b2H7Xb2iqB/i?UrVc '
pQB/ ]?2B;?i] ],] n UBMi ?V & b2H7Xb2i>2B;?iU?Vc '
_2+i�M;H2.aG U_2+i�M;H2 b2H7V & i?BbXb2H7 4 b2H7c '
T`Bp�i2 _2+i�M;H2 b2H7c

'
/bH _2+i�M;H2S`QTb.aG Ib+QT2, A/2Mi- `2+iL�K2, A/2Mi= &
BMi `2+iL�K2 ]X] ]rB/i?] UV & `2im`M b2H7X;2iqB/i?UVc '
BMi `2+iL�K2 ]X] ]?2B;?i] UV & `2im`M b2H7X;2i>2B;?iUVc '
_2+i�M;H2S`QTb.aG U_2+i�M;H2 b2H7V & i?BbXb2H7 4 b2H7c '
T`Bp�i2 _2+i�M;H2 b2H7c

'
/bH S`QTR.aG Ib+QT2, A/2Mi- T`QTL�K2, A/2Mi- h= &
S`QTR.aG U_2+i�M;H2 `2+i- ai`BM; B/V &

i?BbX`2+i 4 `2+ic
i?BbXB/ 4 B/c

'
h T`QTL�K2 UV & `2im`M UhV`2+iX;2iUB/Vc '
pQB/ T`QTL�K2 ],] n Uh tV & `2+iXb2iUB/- tVc '
T`Bp�i2 _2+i�M;H2 `2+ic
T`Bp�i2 ai`BM; B/c

'
/bH S`QTk.aG Ib+QT2, A/2Mi- M�K2R, A/2Mi- M�K2k, A/2Mi- h= &
S`QTk.aG U_2+i�M;H2 `2+i- ai`BM; B/V &

i?BbX`2+i 4 `2+ic
i?BbXB/ 4 B/c

'
h M�K2R ]X] M�K2k UV & `2im`M UhV`2+iX;2iUB/Vc '
T`Bp�i2 _2+i�M;H2 `2+ic
T`Bp�i2 ai`BM; B/c

'

6B;m`2 8X3, � /2}MBiBQM Q7 bBKTHB}2/ ZJG
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8Xj .Bb+mbbBQM
8XjXR *QMi`B#miBQMb
Pm` T`QTQb�H 2M�#H2b iQ BKTH2K2Mi 2K#2//2/ .aGb i?�i ?�p2 /2+H�`�iBQMbX
JQbi T`Q;`�KKBM; H�M;m�;2b ?�p2 /2+H�`�iBQMb bm+? �b HQ+�H p�`B�#H2 /2+H�`�@
iBQMb- bQ Qm` T`QTQb�H 2M�#H2b T`Q;`�KK2`b iQ BKTH2K2Mi p�`BQmb T`Q;`�KKBM;
H�M;m�;2b �b 2K#2//2/ .aGbX AM Qm` T`QTQb�H- � /2+H�`�iBQM Bb 2tT`2bb2/ #v �M
�+iBp�iBQM Q7 � .aG Q#D2+i rBi? �+iBp�i2 bi�i2K2MibX A7 � .aG Q#D2+i Bb �+iBp2-
i?2 BMbi�M+2 QT2`�iQ`b Q7 i?2 .aG Q#D2+i �`2 �p�BH�#H2 i?2`2 rBi?Qmi � `2+2Bp2`X
h?2 BMbi�M+2 QT2`�iQ`b bBKmH�i2 bvMi�t i?�i Bb �p�BH�#H2 �i i?2 HQ+�H b+QT2X

h?2 BKTQ`i�Mi 72�im`2 Q7 Qm` T`QTQb�H Bb i?�i b+QT2 Q7 �+iBp�i2/ .aG Q#D2+ib
Bb MQi i?2 b�K2 �b i?2 b+QT2 Q7 HQ+�H p�`B�#H2bX h?2 b+QT2 Q7 �+iBp�i2/ .aG
Q#D2+ib Bb bT2+B}2/ #v b+QT2 7Q` +H�mb2b 7Q` 2�+? ivT2 Q7 .aG Q#D2+ibX h?Bb
2M�#H2b T`Q;`�KK2`b iQ /2}M2 � FBM/ Q7 M�K2bT�+2b Q7 .aGbX S`Q;`�KK2`b +�M
+QMi`QH pBbB#BHBiv Q7 QT2`�iQ`b UBX2X bvMi�tV #v mbBM; b+QT2 7Q` +H�mb2b rBi?Qmi
+QMbB/2`BM; i?2 b+QT2 Q7 HQ+�H p�`B�#H2b Q7 i?2 ?Qbi H�M;m�;2X

8XjXk GBKBi�iBQMb
AM Qm` T`QTQb�H- bBx2 �M/ `2+iRXbBx2 �`2 2tT`2bb2/ #v +�HHb Q7 /Bz2`2Mi QT2`�@
iQ`bX aBKBH�`Hv- tXv �M/ tXvXx �`2 2tT`2bb2/ #v +�HHb Q7 /Bz2`2Mi QT2`�iQ`bX h?Bb
BKTHB2b i?�i i?2 M2biBM; H2p2H Q7 .aG M�K2bT�+2b ?�b HBKBi�iBQMX S`Q;`�KK2`b
b?QmH/ /2}M2 bBKBH�` QT2`�iQ`b 7Q` 2�+? M2biBM; H2p2HX

Pm` T`QTQb�H +�MMQi BKTH2K2Mi �`#Bi`�`v /2+H�`�iBQMbX 6Q` 2t�KTH2- Bi +�M@
MQi BKTH2K2Mi +H�bb /2+H�`�iBQMb BM C�p�X h?Bb Bb #2+�mb2 �+iBp�i2 bi�i2K2Mib
+�M 2M�#H2 b2p2`�H bvMi�t HQ+�HHv #mi +�MMQi /2}M2 M2r ivT2bX

8XjXj 6mim`2 qQ`F
AM i?2 +m``2Mi /2bB;M- T`Q;`�KK2`b +�MMQi /2}M2 i?2 b+QT2 `mH2b Q7 B7@HBF2
bi�i2K2Mi 7Q` � .aG Q#D2+iX A7 T`Q;`�KK2`b /2}M2 i?2B` QrM B7 bi�i2K2Mi �M/
mb2`b �+iBp�i2 � .aG Q#D2+i BM i?2 i?2M #HQ+F BM i?2 B7 bi�i2K2Mi- i?2 �+iBp�i2/
.aG Q#D2+i Bb �+iBp2 BM i?2 2Hb2 #HQ+FX h?Bb Bb #2+�mb2 +m``2Mi /2bB;M /Q2b MQi
+QMbB/2` H�xv 2p�Hm�iBQM Q` 7mM+iBQM HBi2`�HbX hQ `2bQHp2 i?Bb T`Q#H2K- r2 b?QmH/
#2 �#H2 iQ bT2+B7v �+iBp�i2b +H�mb2b �b � T�`i Q7 � ivT2X h?Bb K�F2b Bi TQbbB#H2
iQ 2tT`2bb �M �+iBp�iBQM Q7 � .aG Q#D2+i �7i2` 2t2+miBQM Q7 i?2 7mM+iBQM Q#D2+iX
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*?�Ti2` e

*QM+Hm/BM; _2K�`Fb

AM i?Bb /Bbb2`i�iBQM- r2 T`QTQb2

RX mb2`@/2}M2/ QT2`�iQ`b 7Q` +QKTQb�#H2 bvMi�t 2ti2MbBQMb- M�K2/ T`Qi2�M
QT2`�iQ`b

kX � p�`B�Mi Q7 H�K#/� 2tT`2bbBQMb 7Q` 2tT`2bbBM; mb2`@/2}M2/ H�M;m�;2 +QM@
bi`m+ib BMpQHpBM; M�K2 #BM/BM;- M�K2/ +QMi2ti@b2MbBiBp2 2tT`2bbBQMb-

jX �M/ H�M;m�;2 +QMbi`m+ib 7Q` /2}MBM; mb2`@/2}M2/ /2+H�`�iBQMb- M�K2/
�+iBp�i2 bi�i2K2Mib- �+iBp�i2b +H�mb2b- �M/ b+QT2 7Q` +H�mb2bX

q2 �HbQ b?Qr T`Q;`�KKBM; H�M;m�;2b M�K2/ S`Qi2�C �M/ S`Qi2�Ck- r?B+? bmT@
TQ`i Qm` T`QTQb�HbX h?2 bQm`+2 +Q/2 Q7 i?2 +QKTBH2` Q7 S`Qi2�C �M/ S`Qi2�Ck
Bb �p�BH�#H2 7`QK Qm` ;Bi?m# `2TQbBiQ`vRX

S`Qi2�M QT2`�iQ`b �`2 mb2`@/2}M2/ QT2`�iQ`b r?Qb2 bvMi�t +QMbBbib Q7 QT2`@
�iQ` M�K2b �M/ QT2`�M/bX h?2 +?�`�+i2`BbiB+ T`QT2`iv Q7 T`Qi2�M QT2`�iQ`b Bb
i?�i � T`Qi2�M QT2`�iQ` Bb Qp2`HQ�/2/ #v QT2`�iQ`b i?�i ?�p2 i?2 b�K2 bvMi�t
#mi ?�p2 /Bz2`2Mi `2im`M ivT2 Q` QT2`�M/ ivT2bX h?Bb K2�Mb i?�i bi�iB+ ivT2b
rQ`F �b B7 i?2v �`2 MQM@i2`KBM�H bvK#QHb #2+�mb2 � T`Qi2�M QT2`�iQ` Bb �p�BH�#H2
QMHv �i �M 2tT`2bbBQM r?2`2 Bib `2im`M ivT2 Bb 2tT2+i2/X >2M+2 T`Q;`�KK2`b
+�M /2}M2 p�`BQmb bvMi�t #v /2+H�`BM; T`Qi2�M QT2`�iQ`b �M/ mbBM; i?2B` `2@
im`M ivT2 �M/ QT2`�M/ ivT2b �b MQM@i2`KBM�H bvK#QHbX �+im�HHv- T`Q;`�KK2`b
+�M /2}M2 �Mv T�`bBM; 2tT`2bbBQM ;`�KK�`b US1:bV BM S`Qi2�CX S`Qi2�M QT2`�@
iQ`b +�M �HbQ 2tT`2bb mb2`@/2}M2/ HBi2`�HbX 6m`i?2`KQ`2- T`Qi2�M QT2`�iQ`b ?�p2
+QMi2tim�H@+QKTQb�#H2 #2+�mb2 i?2 +QKTBH2` +�M /BbiBM;mBb? QT2`�iQ`b 2p2M B7
i?2v ?�p2 i?2 b�K2 bvMi�t 2t+2Ti ivT2bX lb2`b +�M mb2 QT2`�iQ`b rBi?Qmi +�`2
�#Qmi +QM~B+ib Q7 bvMi�tX

*QMi2ti@b2MbBiBp2 2tT`2bbBQMb �`2 � p�`B�Mi Q7 H�K#/� 2tT`2bbBQMb- 7Q` 2t@
T`2bbBM; M�K2 #BM/BM; �M/ b+QT2 `mH2bX h?2v i�F2 T�`�K2i2`b #mi i?2 T�`�K@
2i2`b �`2 MQi 2tTHB+BiHv r`Bii2MX aBM+2 i?2 T�`�K2i2` M�K2b �`2 MQi ;Bp2M- i?2
T�`�K2i2`b +�MMQi #2 �++2bb2/ pB� i?2 T�`�K2i2` M�K2bX AMbi2�/- BMbi�M+2

R?iiTb,ff;Bi?m#X+QKf+b;@iQFvQfT`Qi2�D �M/ ?iiTb,ff;Bi?m#X+QKf+b;@iQFvQfT`Qi2�Dk

RyN
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K2K#2`b Q7 i?2 T�`�K2i2`b �`2 �p�BH�#H2 rBi?Qmi `2+2Bp2`b BM +QMi2ti@b2MbBiBp2
2tT`2bbBQMbX AM S`Qi2�Ck- T`Qi2�M QT2`�iQ`b +�M #2 BMbi�M+2 K2K#2`bX h?Bb
K2�Mb i?�i r2 +�M 2tT`2bb bvMi�t i?�i Bb �p�BH�#H2 QMHv �i +QMi2ti@b2MbBiBp2 2t@
T`2bbBQMbX >2M+2- r2 +�M 2tT`2bb M�K2 #BM/BM; �M/ b+QT2 `mH2b #v mbBM; +QMi2ti@
b2MbBiBp2 2tT`2bbBQMbX S`Qi2�Ck bmTTQ`ib im`MbiBH2 ivT2b- r?B+? 2tT`2bb i?2 ivT2b
Q7 +QMi2ti@b2MbBiBp2 2tT`2bbBQMbX S`Qi2�Ck �HbQ bmTTQ`ib ;2M2`B+ M�K2b iQ `2+@
Q;MBx2 �`#Bi`�`v M�K2b ;Bp2M #v 2M/@mb2`bX lb2`@/2}M2/ H�M;m�;2 +QMbi`m+ib
BKTH2K2Mi2/ #v mbBM; +QMi2ti@b2MbBiBp2 2tT`2bbBQMb +�M #2 b�72Hv +QKTQb2/ #2@
+�mb2 i?2 b+QT2 Q7 T`Qi2�M QT2`�iQ`b Bb 2tT`2bb2/ #v im`MbiBH2 ivT2bX

�M �+iBp�i2 bi�i2K2Mi i�F2b �M Q#D2+i �b Bib �`;mK2Mi �M/ 2M�#H2b Bib
K2K#2`b �7i2` i?2 bi�i2K2Mi rBi?Qmi `2+2Bp2`bX h?2 b+QT2 Q7 �+iBp�i2/ K2K@
#2`b /Q2b MQi 7QHHQr i?2 b+QT2 Q7 HQ+�H p�`B�#H2b BM i?2 ?Qbi H�M;m�;2X A7 i?2
�+iBp�i2 bi�i2K2Mi Bb mb2/ BM i?2 #Q/v Q7 �M QT2`�iQ`fK2i?Q/- i?2 pBbB#H2
K2K#2`b �`2 �HbQ �p�BH�#H2 �i i?2 +�HH@bBi2 Q7 i?2 QT2`�iQ`fK2i?Q/X >2M+2- r2
+�M BKTH2K2Mi �M QT2`�iQ` i?�i 2KmH�i2b � p�`B�#H2 /2+H�`�iBQMX h?2 b+QT2 Q7
�+iBp�i2/ K2K#2`b Bb ;Bp2M #v b+QT2 7Q` +H�mb2bX � b+QT2 7Q` +H�mb2 i�F2b
b2p2`�H ivT2b �M/ Bi 2tT`2bb2b i?2 b+QT2 Q7 �+iBp�i2/ K2K#2`b Q7 ;Bp2M Q#D2+ibX
S`Q;`�KK2`b +�M BKTH2K2Mi /Bz2`2Mi b+QT2 `mH2b 7Q` 2�+? 2K#2//2/ .aGbX hQ
bi�iB+�HHv +?2+F r?B+? K2K#2`b �`2 �+iBp�i2/- S`Qi2�C �HbQ T`QpB/2b �+iBp�i2b
+H�mb2bX aBM+2 i?2 +QKTBH2` +�M +?2+F r?�i K2K#2`b �`2 �p�BH�#H2 #v +?2+FBM;
bB;M�im`2b Q7 K2i?Q/bfQT2`�iQ`b- mb2`@/2}M2/ /2+H�`�iBQMb �M/ i?2B` b+QT2 `mH2b
+�M #2 b�72Hv +QKTQb2/X

h?2 +QMi`B#miBQM Q7 i?Bb /Bbb2`i�iBQM Bb ;BpBM; � TH�i7Q`K Q7 .aGb rBi? ;QQ/
2tT`2bbBp2M2bb �M/ +QKTQb�#BHBivX Pm` �TT`Q�+? Bb #�b2/ QM 2K#2//2/ .aGb
7Q` �+?B2pBM; +QKTQb�#BHBivX S`Qi2�M QT2`�iQ`b �`2 � TQr2`7mH bvMi�t 2ti2M@
bBQM K2+?�MBbK- r?B+? BKT`Qp2b i?2 2tT`2bbBp2M2bb Q7 .aGb rBi?Qmi #`2�FBM;
i?2 +QKTQb�#BHBivX *QMi2ti@b2MbBiBp2 2tT`2bbBQMb 2M�#H2 T`Q;`�KK2`b iQ /2}M2
H�M;m�;2 +QMbi`m+ib BMpQHpBM; M�K2 #BM/BM;X �+iBp�i2 bi�i2K2Mib �M/ b+QT2
7Q` +H�mb2b 2M�#H2 T`Q;`�KK2`b iQ /2}M2 /2+H�`�iBQMbX "Qi? �HbQ BKT`Qp2 i?2
2tT`2bbBp2M2bb Q7 .aGb #v bmTTQ`iBM; � T�`i Q7 ivT2 +?2+FBM; Q7 .aGbX q2 ?�p2
/2p2HQT2/ S`Qi2�C �M/ S`Qi2�Ck- r?B+? �`2 T`Q;`�KKBM; H�M;m�;2b bmTTQ`iBM;
Qm` T`QTQb�HbX h�#H2 eXR b?Qrb i?2 TQbBiBQMb Q7 S`Qi2�C �M/ S`Qi2�CkX aBM+2
S`Qi2�C QMHv bmTTQ`ib T`Qi2�M QT2`�iQ`b- T`Q;`�KK2`b +�M BKTH2K2Mi T�`b2`b
7Q` .aGb rBi? +QMi2tim�H@+QKTQb�#BHBiv #mi i?2v +�MMQi BKTH2K2Mi ivT2 +?2+F@
2`b 7Q` .aGbX AM S`Qi2�Ck- T`Q;`�KK2`b �HbQ +�M BKTH2K2Mi T�`b2`b 7Q` .aGb
rBi? +QMi2tim�H@+QKTQb�#BHBiv- �M/ BM �//BiBQM iQ i?�i- i?2v +�M BKTH2K2Mi �
T�`i Q7 ivT2 +?2+F2`b- M�K2 #BM/BM;X



RRR

2tT`2bbBp2M2bb Ubi�iB+@+?2+FBM;V
T�`bBM; ivT2 +?2+FBM; +QKTQb�#BHBiv 2/BiQ`

aTQQ7�t *6: v2b MQ i2ti
JSa �Mv ;`�KK�` v2b MQ T`QD2+iBQM�H

S`Qi2�C S1: MQ +QMi2tim�H i2ti
S`Qi2�Ck S1: T�`iB�H +QMi2tim�H i2ti

bi`BM; 2K#2//BM; /vM�KB+ +?2+FBM; MQ #QmM/2/ i2ti
~m2Mi BMi2`7�+2b ?Qbi bvMi�t MQ +QMi2tim�H i2ti
KBt}t QT2`�iQ`b KBt}t bvMi�t MQ +QMi2tim�H i2ti
a+�H�@pB`im�HBx2/ ?Qbi bvMi�t MQ +QMi2tim�H i2ti

_2+�7 ?Qbi bvMi�t T�`iB�H  R +QMi2tim�H i2ti
* f *YY K�+`Qb 7mM+iBQM +�HH bvMi�t v2b ?2m`BbiB+ i2ti
`2�/2` K�+`Qb *6: v2b #QmM/2/ i2ti

bvMi�+iB+ K�+`Qb ?Qbi bvMi�t v2b ?2m`BbiB+ i2ti
am;�`C *6: v2b ?2m`BbiB+ i2ti
qvp2`M �/�Kb ;`�KK�` MQ #QmM/2/ i2ti
*2/�HBQM �Mv ;`�KK�` T�`iB�H\  k +QMi2tim�H\  k T`QD2+iBQM�H

 R QMHv M�K2 #BM/BM; 7Q` bT2+B�H bvMi�t
 k �++Q`/BM; iQ i?2 T�T2` (8y)- T`Q;`�KK2`b +�M /2}M2 i?2B` QrM ivT2
bvbi2K 7Q` i?2B` 2K#2//2/ .aGb BM *2/�HBQM- ?Qr2p2`- r2 +QmH/ MQi }M/
i?2 /2b+`BTiBQM ?Qr iQ BKTH2K2Mi i?2 ivT2 bvbi2K �M/ i?2 HBKBi�iBQM Q7 i?2
�TT`Q�+?X A7 Bi ?�b MQ HBKBi�iBQM- Bi KB;?i #`2�F i?2 +QKTQb�#BHBivX

h�#H2 eXR, SQbBiBQMb Q7 S`Qi2�C �M/ S`Qi2�Ck
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(R) JB+?�2H .X �/�KbX ǳS`BM+BTH2/ S�`bBM; 7Q` AM/2Mi�iBQM@b2MbBiBp2 G�M@
;m�;2b, _2pBbBiBM; G�M/BMǶb PzbB/2 _mH2ǴX AM, S`Q+22/BM;b Q7 i?2 9yi? �M@
Mm�H �*J aA:SG�L@aA:�*h avKTQbBmK QM S`BM+BTH2b Q7 S`Q;`�KKBM;
G�M;m�;2bX SPSG ǶRjX _QK2- Ai�Hv- kyRj- TTX 8RRĜ8kkX /QB, RyXRR98f
k9kNyeNXk9kNRkNX

(k) lH7 LQ`2HH 2i �HX �;/�Ƕb /Q+mK2Mi�iBQMX kyReX m`H, ?iiTb , f f �;/� X
`2�/i?2/Q+bXBQ UpBbBi2/ QM y8fkNfkyRdVX

(j) CQM�i?�M "�+?`�+? �M/ E2Bi? SH�v7Q`/X .@2tT`2bbBQMb, GBbT TQr2`- .vH�M
bivH2X RNNNX m`H, ?iiTb,ffT2QTH2X+b�BHXKBiX2/mfD`#fS`QD2+ibf
/2tT`bXT/7 UpBbBi2/ QM y8fk8fkyRdVX

(9) CQMi?�M "�+?`�+? �M/ E2Bi? SH�v7Q`/X ǳh?2 C�p� avMi�+iB+ 1ti2M/2`
UCa1VǴX AM, S`Q+22/BM;b Q7 i?2 Rei? �*J aA:SG�L *QM72`2M+2 QM P#D2+i@
Q`B2Mi2/ S`Q;`�KKBM;- avbi2Kb- G�M;m�;2b- �M/ �TTHB+�iBQMbX PPSaG�
ǶyRX h�KT� "�v- 6G- la�- kyyR- TTX jRĜ9kX /QB, Ry X RR98 f 8y9k3k X
8y9k38X

(8) �;;2HQb "B#Qm/Bb- S�#HQ AMQbi`Qx�- �M/ hBDb p�M /2` aiQ`KX ǳ_2+�7, C�p�
.B�H2+ib �b GB#`�`B2bǴX AM, S`Q+22/BM;b Q7 i?2 kyRe �*J aA:SG�L AM@
i2`M�iBQM�H *QM72`2M+2 QM :2M2`�iBp2 S`Q;`�KKBM;, *QM+2Tib �M/ 1t@
T2`B2M+2bX :S*1 kyReX �Kbi2`/�K- L2i?2`H�M/b- kyRe- TTX kĜRjX /QB,
RyXRR98fkNNjkjeXkNNjkjNX

(e) *H�mb "`�#`�M/ �M/ JB+?�2H AX a+?r�`ix#�+?X ǳ:`QrBM; G�M;m�;2b rBi?
J2i�KQ`T?B+ avMi�t J�+`QbǴX AM, S`Q+22/BM;b Q7 i?2 kyyk �*J aA:SG�L
qQ`Fb?QT QM S�`iB�H 1p�Hm�iBQM �M/ a2K�MiB+b@#�b2/ S`Q;`�K J�MBTm@
H�iBQMX S1SJ ǶykX SQ`iH�M/- P`2;QM- kyyk- TTX jRĜ9yX /QB, RyXRR98f
8yjyjkX8yjyj8X

(d) 1/rBM "`�/v �M/ E2pBM >�KKQM/X ǳ_2bQm`+2@a�72 avbi2Kb S`Q;`�K@
KBM; rBi? 1K#2//2/ .QK�BM aT2+B}+ G�M;m�;2bǴX AM, S`�+iB+�H �bT2+ib
Q7 .2+H�`�iBp2 G�M;m�;2b, R9i? AMi2`M�iBQM�H avKTQbBmK- S�.G kyRk-
S?BH�/2HT?B�- S�- la�- C�Mm�`v kj@k9- kyRkX S`Q+22/BM;bX 1/X #v *H�m/BQ
_mbbQ �M/ L2M;@6� w?QmX "2`HBM- >2B/2H#2`;, aT`BM;2` "2`HBM >2B/2H#2`;-
kyRk- TTX k9kĜk8dX Bb#M, Nd3@j@e9k@kdeN9@RX /QB, RyXRyydfNd3@j@e9k@
kdeN9@RnR3X

RRj
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(3) J�`F :X CX p�M /2M "`�M/ 2i �HX ǳ.Bb�K#B;m�iBQM 6BHi2`b 7Q` a+�MM2`H2bb
:2M2`�HBx2/ G_ S�`b2`bǴX AM, *QKTBH2` *QMbi`m+iBQM- RRi? AMi2`M�iBQM�H
*QM72`2M+2- ** kyyk- >2H/ �b S�`i Q7 i?2 CQBMi 1m`QT2�M *QM72`2M+2b QM
h?2Q`v �M/ S`�+iB+2 Q7 aQ7ir�`2- 1h�Sa kyyk- :`2MQ#H2- 6`�M+2- �T`BH
3@Rk- kyyk- S`Q+22/BM;bX 1/X #v _X LB;2H >Q`bTQQHX oQHX kjy9X G2+im`2
LQi2b BM *QKTmi2` a+B2M+2X aT`BM;2`- kyyk- TTX R9jĜR83X /QB, RyXRyydfj@
89y@98Njd@8nRkX

(N) J�`iBM "`�p2M#Q2` �M/ 12H+Q oBbb2`X ǳ*QM+`2i2 avMi�t 7Q` P#D2+ib, .QK�BM@
bT2+B}+ G�M;m�;2 1K#2//BM; �M/ �bbBKBH�iBQM qBi?Qmi _2bi`B+iBQMbǴX AM,
S`Q+22/BM;b Q7 i?2 RNi? �MMm�H �*J aA:SG�L *QM72`2M+2 QM P#D2+i@
Q`B2Mi2/ S`Q;`�KKBM;- avbi2Kb- G�M;m�;2b- �M/ �TTHB+�iBQMbX PPSaG�
Ƕy9X o�M+Qmp2`- "*- *�M�/�- kyy9- TTX je8Ĝj3jX /QB, RyXRR98fRyk3NdeX
RykNyydX

(Ry) J�`iBM "`�p2M#Q2` 2i �HX ǳai`�i2;Qfsh yXRdX � H�M;m�;2 �M/ iQQHb2i
7Q` T`Q;`�K i`�Mb7Q`K�iBQMǴX AM, a+B2M+2 Q7 *QKTmi2` S`Q;`�KKBM; dkXR
Ukyy3V- TTX 8kĜdyX /QB, RyXRyRefDXb+B+QXkyydXRRXyyjX

(RR) Gm+� *�`/2HHB- 6HQ`B�M J�ii?2b- �M/ J�`iBM �#�/BX 1ti2MbB#H2 bvMi�t rBi?
H2tB+�H b+QTBM;X h2+?X `2TX a_*@__@RkRX avbi2Kb _2b2�`+? *2Mi2`- 62#X
RNN9X m`H, ?iiT,ffrrrX?THX?TX+QKfi2+?`2TQ`ibf*QKT�[@.1*fa_*@
__@RkRXT/7 UpBbBi2/ QM yjfR9fkyRdVX

(Rk) JX *H�p2H 2i �HX ǳJ�m/2, bT2+B}+�iBQM �M/ T`Q;`�KKBM; BM `2r`BiBM; HQ;B+ǴX
AM, h?2Q`2iB+�H *QKTmi2` a+B2M+2 k38Xk UkyykV- TTX R3dĜk9jX /QB, RyX
RyRefayjy9@jNd8UyRVyyj8N@yX

(Rj) LBHb �M/2`b .�MB2HbbQM �M/ lH7 LQ`2HHX ǳS�`bBM; JBt}t PT2`�iQ`bǴX AM,
S`Q+22/BM;b Q7 i?2 kyi? AMi2`M�iBQM�H *QM72`2M+2 QM AKTH2K2Mi�iBQM �M/
�TTHB+�iBQM Q7 6mM+iBQM�H G�M;m�;2bX A6GǶy3X >�i}2H/- lE- kyRR- TTX 3yĜ
NNX /QB, RyXRyydfNd3@j@e9k@k998k@yn8X

(R9) 6X GX .2`2K2`X S`�+iB+�H i`�MbH�iQ`b 7Q` G_UFV H�M;m�;2bX h2+?X `2TX *�K@
#`B/;2- RNeNX m`H, ?iiT,ffTm#HB+�iBQMbX+b�BHXKBiX2/mfH+bfTm#bf
T/7fJAh@G*a@h_@ye8XT/7 UpBbBi2/ QM y9fRkfkyRdVX

(R8) C�v 1�`H2vX ǳ�M 1{+B2Mi *QMi2ti@7`22 S�`bBM; �H;Q`Bi?KǴX AM, *QKKmMX
�*J RjXk U62#X RNdyV- TTX N9ĜRykX BbbM, yyyR@yd3kX /QB, Ry X RR98 f
jekyydXjekyj8X

(Re) hQ`#Dƺ`M 1FK�M �M/ :ƺ`2H >2/BMX ǳh?2 C�bi�// 1ti2MbB#H2 C�p� *QK@
TBH2`ǴX AM, S`Q+22/BM;b Q7 i?2 kkL/ �MMm�H �*J aA:SG�L *QM72`2M+2
QM P#D2+i@Q`B2Mi2/ S`Q;`�KKBM; avbi2Kb �M/ �TTHB+�iBQMbX PPSaG� ǶydX
JQMi`2�H- Zm2#2+- *�M�/�- kyyd- TTX RĜR3X /QB, Ry X RR98 f RkNdykd X
RkNdykNX

(Rd) hQ`#Dƺ`M 1FK�M �M/ :ƺ`2H >2/BMX ǳh?2 C�bi�// avbi2K Ĝ JQ/mH�` 1t@
i2MbB#H2 *QKTBH2` *QMbi`m+iBQMǴX AM, a+BX *QKTmiX S`Q;`�KX eNXR@j U.2+X
kyydV- TTX R9ĜkeX /QB, RyXRyRefDXb+B+QXkyydXykXyyjX
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(R3) a2#�biB�M 1`/r2; 2i �HX ǳam;�`C, GB#`�`v@#�b2/ avMi�+iB+ G�M;m�;2 1t@
i2MbB#BHBivǴX AM, S`Q+22/BM;b Q7 i?2 kyRR �*J AMi2`M�iBQM�H *QM72`2M+2
QM P#D2+i P`B2Mi2/ S`Q;`�KKBM; avbi2Kb G�M;m�;2b �M/ �TTHB+�iBQMbX
PPSaG� ǶRRX SQ`iH�M/- P`2;QM- la�- kyRR- TTX jNRĜ9yeX /QB, RyXRR98f
ky93yeeXky93yNNX

(RN) "`v�M 6Q`/X ǳS�+F`�i T�`bBM;,, bBKTH2- TQr2`7mH- H�xv- HBM2�` iBK2- 7mM+@
iBQM�H T2�`HǴX AM, S`Q+22/BM;b Q7 i?2 b2p2Mi? �*J aA:SG�L BMi2`M�iBQM�H
+QM72`2M+2 QM 6mM+iBQM�H T`Q;`�KKBM;X A*6S ǶykX SBiib#m`;?- S�- la�-
kyyk- TTX jeĜ9dX

(ky) "`v�M 6Q`/X ǳS�`bBM; 1tT`2bbBQM :`�KK�`b, � _2+Q;MBiBQM@#�b2/ avM@
i�+iB+ 6QmM/�iBQMǴX AM, S`Q+22/BM;b Q7 i?2 jRbi �*J aA:SG�L@aA:�*h
avKTQbBmK QM S`BM+BTH2b Q7 S`Q;`�KKBM; G�M;m�;2bX SPSG Ƕy9X o2MB+2-
Ai�Hv- kyy9- TTX RRRĜRkkX /QB, RyXRR98fNe9yyRXNe9yRRX

(kR) �T�+?2 aQ7ir�`2 6QmM/�iBQMX �T�+?2 HQ;9D RXkX Uh?Bb bQ7ir�`2 Bb 2M/ Q7
HB72 #mi r2 +�M ;2i i?2 bQm`+2 +Q/2 v2iXV RNNNX m`H, ?iiT,ffHQ;;BM;X
�T�+?2XQ`;fHQ;9DfRXkf UpBbBi2/ QM y8fkNfkyRdVX

(kk) J�`iBM 6QrH2`X 6Hm2MiAMi2`7�+2X .2+X kyy8X m`H, ?iiTb,ffrrrXK�`iBM7QrH2`X
+QKf#HBFBf6Hm2MiAMi2`7�+2X?iKH UpBbBi2/ QM y9fRkfkyRdVX

(kj) J�`iBM 6QrH2`X G�M;m�;2 qQ`F#2M+?2b, h?2 EBHH2`@�TT 7Q` .QK�BM aT2@
+B}+ G�M;m�;2b\ kyy8X m`H, ?iiTb,ffrrrXK�`iBM7QrH2`X+QKf�`iB+H2bf
H�M;m�;2qQ`F#2M+?X?iKH UpBbBi2/ QM y8fkefkyRdVX

(k9) J�`iBM 6QrH2`X S`QD2+iBQM�H1/BiBM;X C�MX kyy3X m`H, ?iiTb,ffK�`iBM7QrH2`X
+QKf#HBFBfS`QD2+iBQM�H1/BiBM;X?iKH UpBbBi2/ QM y8fk9fkyRdVX

(k8) AM+X 6`22 aQ7ir�`2 6QmM/�iBQMX h?2 * S`2T`Q+2bbQ`X RN3dX m`H, ?iiTb,
ff;++X;MmXQ`;fQMHBM2/Q+bf+TTfBM/2tX?iKH UpBbBi2/ QM y8fkjfkyRdVX

(ke) _X 6`Qbi �M/ CX G�mM+?#m`vX ǳ*QMbi`m+iBM; L�im`�H G�M;m�;2 AMi2`T`2i2`b
BM � G�xv 6mM+iBQM�H G�M;m�;2ǴX AM, *QKTmiX CX jkXk U�T`X RN3NV- TTX Ry3Ĝ
RkRX /QB, RyXRyNjf+QKDMHfjkXkXRy3X

(kd) aX :BMb#m`; �M/ aX :`2B#�+?X ǳ.2i2`KBMBbiB+ +QMi2ti 7`22 H�M;m�;2bǴX AM,
ei? �MMm�H avKTQbBmK QM arBi+?BM; *B`+mBi h?2Q`v �M/ GQ;B+�H .2bB;M
Uaq*h RNe8VX P+iX RNe8- TTX kyjĜkkyX /QB, RyXRRyNf6P*aXRNe8XdX

(k3) �H#2`i :` 7X h?2 Sm`2 J�Mm�HX kyyNX m`H, ?iiTb,ffTm`2/Q+bX#Bi#m+F2iX
BQfTm`2X?iKH UpBbBi2/ QM y8fkNfkyRdVX

(kN) S�mH :`�?�KX PM GAaS, �/p�M+2/ h2+?MB[m2b 7Q` *QKKQM GAaSX lTT2`
a�//H2 _Bp2`- LC- la�, S`2MiB+2@>�HH- AM+X- RNN9X Bb#M, Nd3yRjyjy88kdX

(jy) CX >22`BM; 2i �HX ǳh?2 avMi�t .2}MBiBQM 6Q`K�HBbK a.6 Ĝ _272`2M+2 J�M@
m�H ĜǴX AM, aA:SG�L LQiX k9XRR ULQpX RN3NV- TTX 9jĜd8X /QB, RyXRR98f
dRey8XdReydX

(jR) JB+?�2H >QK2`- hBKQi?v CQM2b- �M/ C�K2b LQ#H2X ǳ6`QK �SAb iQ G�M@
;m�;2b, :2M2`�HBbBM; J2i?Q/ L�K2bǴX AM, S`Q+22/BM;b Q7 i?2 RRi? avK@
TQbBmK QM .vM�KB+ G�M;m�;2bX .Ga kyR8X SBiib#m`;?- S�- la�- kyR8-
TTX RĜRkX /QB, RyXRR98fk3RedydXk3Redy3X
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(jk) S�mH >m/�FX ǳJQ/mH�` .QK�BM aT2+B}+ G�M;m�;2b �M/ hQQHbǴX AM, S`Q@
+22/BM;b Q7 i?2 8i? AMi2`M�iBQM�H *QM72`2M+2 QM aQ7ir�`2 _2mb2X A*a_
ǶN3X q�b?BM;iQM- .*- la�, A111 *QKTmi2` aQ+B2iv- RNN3- TTX Rj9ĜX /QB,
RyXRRyNfA*a_XRNN3Xe38dj3X

(jj) :`�?�K >miiQMX ǳ>B;?2`@Q`/2` 7mM+iBQMb 7Q` T�`bBM;ǴX AM, CQm`M�H Q7 6mM+@
iBQM�H S`Q;`�KKBM; kXj UCmHv RNNkV- TTX jkjĜj9jX /QB, RyXRyRdfayN8edNe3yyyyy9RRX

(j9) :`�?�K >miiQM �M/ 1`BF J2BD2`X JQM�/B+ S�`b2` *QK#BM�iQ`bX h2+?MB+�H
_2TQ`i LPhh*a@h_@Ne@9X .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2- lMBp2`bBiv
Q7 LQiiBM;?�K- RNNeX m`H, ?iiT,ffrrrX+bXMQiiX�+XmFf�Tbx;K?f
KQMT�`bBM;XT/7 UpBbBi2/ QM y9fRkfkyRdVX

(j8) E�xm?B`Q A+?BF�r� �M/ a?B;2`m *?B#�X ǳ*QKTQb�#H2 lb2`@/2}M2/ PT2`�@
iQ`b h?�i *�M 1tT`2bb lb2`@/2}M2/ GBi2`�HbǴX AM, S`Q+22/BM;b Q7 i?2 Rji?
AMi2`M�iBQM�H *QM72`2M+2 QM JQ/mH�`BivX JP.lG�_Ahu ǶR9X Gm;�MQ-
arBix2`H�M/- kyR9- TTX RjĜk9X /QB, RyXRR98fk8ddy3yXk8ddyNkX

(je) C2i"`�BMbX J2i� S`Q;`�KKBM; avbi2KX m`H, ?iiTb,ffrrrXD2i#`�BMbX
+QKfKTbf UpBbBi2/ QM y8fk9fkyRdVX

(jd) h`2pQ` CBK- uBix?�F J�M/2H#�mK- �M/ .�pB/ q�HF2`X ǳa2K�MiB+b �M/
�H;Q`Bi?Kb 7Q` .�i�@/2T2M/2Mi :`�KK�`bǴX AM, S`Q+22/BM;b Q7 i?2 jdi?
�MMm�H �*J aA:SG�L@aA:�*h avKTQbBmK QM S`BM+BTH2b Q7 S`Q;`�K@
KBM; G�M;m�;2bX SPSG ǶRyX J�/`B/- aT�BM- kyRy- TTX 9RdĜ9jyX /QB, RyX
RR98fRdyekNNXRdyej9dX

(j3) ai2T?2M * CQ?MbQMX u�++ Ĝ u2i �MQi?2` +QKTBH2`@+QKTBH2`X *QKTmi2` a+B@
2M+2 h2+?MB+�H _2TQ`i jkX Jm``�v >BHH- LC- la�, �h�h "2HH G�#Q`�iQ`B2b-
RNd8X m`H, ?iiT,ff/BMQb�m`X+QKTBH2`iQQHbXM2ifv�++fBM/2tX?iKH
UpBbBi2/ QM y9fRkfkyRdVX

(jN) Ca:G_, �M a:G_ S�`b2 h�#H2 1p�Hm�iQ` 7Q` C�p�X m`H, ?iiT,ffbi`�i2;QtiX
Q`;fai`�i2;QfCa:G_ UpBbBi2/ QM y8fkNfkyRdVX

(9y) h�/�Q E�b�KBX �M 1{+B2Mi _2+Q;MBiBQM �M/ avMi�t@�M�HvbBb �H;Q`Bi?K
7Q` *QMi2ti@6`22 G�M;m�;2bX *QQ`/BM�i2/ a+B2M+2 G�#Q`�iQ`v _2TQ`i _@k8dX
*QQ`/BM�i2/ a+B2M+2 G�#Q`�iQ`v- J�`X RNeeX m`H, ?iiT,ff?/HX?�M/H2X
M2ifkR9kfd9jy9 UpBbBi2/ QM y8fkNfkyRdVX

(9R) G2MM�`i *X GX E�ib �M/ 12H+Q oBbb2`X ǳh?2 aTQQ7�t H�M;m�;2 rQ`F#2M+?,
`mH2b 7Q` /2+H�`�iBp2 bT2+B}+�iBQM Q7 H�M;m�;2b �M/ A.1bǴX AM, S`Q+22/BM;b
Q7 i?2 k8i? �MMm�H �*J aA:SG�L *QM72`2M+2 QM P#D2+i@P`B2Mi2/ S`Q@
;`�KKBM;- avbi2Kb- G�M;m�;2b- �M/ �TTHB+�iBQMb- PPSaG� kyRyX 1/X #v
qBHHB�K _X *QQF- aBQ#?�M *H�`F2- �M/ J�`iBM *X _BM�`/X _2MQfh�?Q2-
L2p�/�- kyRy- TTX 999Ĝ9ejX /QB, RyXRR98fR3eN98NXR3eN9NdX

(9k) .QM�H/ 1X EMmi?X ǳ"�+Fmb LQ`K�H 6Q`K pbX "�+Fmb L�m` 6Q`KǴX AM, *QK@
KmMX �*J dXRk U.2+X RNe9V- TTX dj8ĜdjeX BbbM, yyyR@yd3kX

(9j) .QM�H/ 1X EMmi?X ǳPM i?2 i`�MbH�iBQM Q7 H�M;m�;2b 7`QK H27i iQ `B;?iǴX AM,
AM7Q`K�iBQM �M/ *QMi`QH 3Xe URNe8V- TTX eydĜejNX /QB, RyXRyRefayyRN@
NN83Ue8VNy9ke@kX
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(99) .QM�H/ 1X EMmi?X ǳa2K�MiB+b Q7 +QMi2ti@7`22 H�M;m�;2bǴX AM, J�i?2K�iB+�H
bvbi2Kb i?2Q`v kXk URNe3V- TTX RkdĜR98X /QB, RyXRyydf"6yReNk8RRX

(98) 1m;2M2 EQ?H#2+F2` 2i �HX ǳ>v;B2MB+ J�+`Q 1tT�MbBQMǴX AM, S`Q+22/BM;b Q7
i?2 RN3e �*J *QM72`2M+2 QM GAaS �M/ 6mM+iBQM�H S`Q;`�KKBM;X G6S
Ƕ3eX *�K#`B/;2- J�bb�+?mb2iib- la�- RN3e- TTX R8RĜReRX /QB, RyXRR98f
jRN3j3XjRN38NX

(9e) :�#`BďH .X SX EQM�i 2i �HX ǳ.2+H�`�iBp2 L�K2 "BM/BM; �M/ a+QT2 _mH2bǴX
AM, aQ7ir�`2 G�M;m�;2 1M;BM22`BM;- 8i? AMi2`M�iBQM�H *QM72`2M+2- aG1
kyRk- .`2b/2M- :2`K�Mv- a2Ti2K#2` ke@k3- kyRk- _2pBb2/ a2H2+i2/ S�T2`bX
1/X #v E`xvbxiQ7 *x�`M2+FB �M/ :ƺ`2H >2/BMX oQHX dd98X G2+im`2 LQi2b BM
*QKTmi2` a+B2M+2X aT`BM;2`- kyRk- TTX jRRĜjjRX /QB, RyXRyydfNd3@j@
e9k@jey3N@jnR3X

(9d) .��M G2BD2M �M/ 1`BF J2BD2`X S�`b2+, .B`2+i aivH2 JQM�/B+ S�`b2` *QK@
#BM�iQ`b 6Q` h?2 _2�H qQ`H/X h2+?MB+�H _2TQ`i ll@*a@kyyR@j8X .2T�`i2@
K2Mi Q7 *QKTmi2` a+B2M+2- lMBp2`bBi2Bi li`2+?i- CmHv kyyRX m`H, ?iiTb,
ffrrrXKB+`QbQ7iX+QKf2M@mbf`2b2�`+?frT@+QMi2MifmTHQ�/bfkyRef
ykfT�`b2+@T�T2`@H2ii2`XT/7 UpBbBi2/ QM y9fRkfkyRdVX

(93) CQ?M G2pBM2X 6H2t � "BbQM, h2ti S`Q+2bbBM; hQQHbX Rbi 2/X PǶ_2BHHv J2/B�-
�m;X kyyNX Bb#M, Nd3y8NeR88NdRX

(9N) C2z`2v _X G2rBb 2i �HX ǳAKTHB+Bi S�`�K2i2`b, .vM�KB+ a+QTBM; rBi? ai�iB+
hvT2bǴX AM, S`Q+22/BM;b Q7 i?2 kdi? �*J aA:SG�L@aA:�*h avKTQbBmK
QM S`BM+BTH2b Q7 S`Q;`�KKBM; G�M;m�;2bX SPSG ǶyyX "QbiQM- J�- la�-
kyyy- TTX Ry3ĜRR3X /QB, RyXRR98fjk8eN9Xjk8dy3X

(8y) .�pB/ >X GQ`2Mx �M/ "Q�x _Qb2M�MX ǳ*2/�HBQM, � G�M;m�;2 7Q` G�M;m�;2
P`B2Mi2/ S`Q;`�KKBM;ǴX AM, aA:SG�L LQiX 9eXRy UP+iX kyRRV- TTX djjĜ
d8kX BbbM, yjek@Rj9yX /QB, RyXRR98fkydeykRXky93RkjX

(8R) h?2 Zi *QKT�Mv Gi/X ZJG _272`2M+2X kyRdX m`H, ?iiT,ff/Q+X[iXBQf
[i@8f[KH`272`2M+2X?iKH UpBbBi2/ QM RyfRjfkyRdVX

(8k) aBKQM J�`HQrX >�bF2HH kyRy G�M;m�;2 _2TQ`iX kyRyX m`H, ?iiTb,ffrrrX
?�bF2HHXQ`;fQMHBM2`2TQ`if?�bF2HHkyRyf UpBbBi2/ QM y9fRkfkyRdVX

(8j) J�`iBM P/2`bFv- G2t aTQQM- �M/ "BHH o2MM2`bX S`Q;`�KKBM; BM a+�H�,
� *QKT`2?2MbBp2 ai2T@#v@ai2T :mB/2- kM/ 1/BiBQMX kM/X la�, �`iBK�
AM+Q`TQ`�iBQM- kyRRX Bb#M, Nd3yN3R8jRe9NX

(89) *v`mb PK�`- *?2M;HQM; q�M;- �M/ CQM�i?�M �H/`B+?X ǳ*QKTQb�#H2 �M/
>v;B2MB+ hvT2/ avMi�t J�+`QbǴX AM, S`Q+22/BM;b Q7 i?2 jyi? �MMm�H �*J
avKTQbBmK QM �TTHB2/ *QKTmiBM;X a�* ǶR8X a�H�K�M+�- aT�BM- kyR8-
TTX RN3eĜRNNRX /QB, RyXRR98fkeN8ee9XkeN8NjeX

(88) *v`mb PK�` 2i �HX ǳa�72Hv *QKTQb�#H2 hvT2@aT2+B}+ G�M;m�;2bǴX AM, S`Q@
+22/BM;b Q7 i?2 k3i? 1m`QT2�M *QM72`2M+2 QM 1*PPS kyR9 ě P#D2+i@
P`B2Mi2/ S`Q;`�KKBM; @ oQHmK2 383eX kyR9- TTX Ry8ĜRjyX /QB, RyXRyydf
Nd3@j@eek@99kyk@Nn8X
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(8e) h2`2M+2 S�`` �M/ E�i?H22M 6Bb?2`X ǳGGU V, h?2 6QmM/�iBQM Q7 i?2 �LhG_
S�`b2` :2M2`�iQ`ǴX AM, S`Q+22/BM;b Q7 i?2 jkL/ �*J aA:SG�L *QM72`@
2M+2 QM S`Q;`�KKBM; G�M;m�;2 .2bB;M �M/ AKTH2K2Mi�iBQMX SG.A ǶRRX
a�M CQb2- *�HB7Q`MB�- la�- kyRR- TTX 9k8Ĝ9jeX /QB, RyXRR98fRNNj9N3X
RNNj893X

(8d) G�r`2M+2 *X S�mHbQMX Ab�#2HH2, � :2M2`B+ h?2Q`2K S`Qp2`X G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2X aT`BM;2`@o2`H�; "2`HBM >2B/2H#2`;- RNN9X /QB, RyX
Ryydf"6#yyjy89RX

(83) 6X S72MMBM; �M/ *X 1HHBQiiX ǳ>B;?2`@Q`/2` �#bi`�+i avMi�tǴX AM, S`Q@
+22/BM;b Q7 i?2 �*J aA:SG�L RN33 *QM72`2M+2 QM S`Q;`�KKBM; G�M@
;m�;2 .2bB;M �M/ AKTH2K2Mi�iBQMX SG.A Ƕ33X �iH�Mi�- :2Q`;B�- la�-
RN33- TTX RNNĜky3X /QB, RyXRR98f8jNNyX89yRyX

(8N) CQM _�7FBM/ �M/ J�ii?2r 6H�iiX ǳ>QMm, avMi�+iB+ 1ti2MbBQM 7Q` �H;2@
#`�B+ LQi�iBQM h?`Qm;? 1M7Q`2bi�iBQMǴX AM, S`Q+22/BM;b Q7 i?2 RRi? AMi2`@
M�iBQM�H *QM72`2M+2 QM :2M2`�iBp2 S`Q;`�KKBM; �M/ *QKTQM2Mi 1M;B@
M22`BM;X :S*1 ǶRkX .`2b/2M- :2`K�Mv- kyRk- TTX RkkĜRjRX /QB, RyXRR98f
kjdR9yRXkjdR9kyX

(ey) hB�`F _QKT7 2i �HX ǳa+�H�@oB`im�HBx2/, HBM;mBbiB+ `2mb2 7Q` /22T 2K#2/@
/BM;bǴX AM, >B;?2`@P`/2` �M/ avK#QHB+ *QKTmi�iBQM k8XR UkyRkV- TTX Re8Ĝ
kydX /QB, RyXRyydfbRyNNy@yRj@NyNe@NX

(eR) a+�H�h2biX m`H, ?iiT,ffrrrXb+�H�i2biXQ`;f UpBbBi2/ QM y8fkNfkyRdVX
(ek) hBK a?2�`/X ǳlbBM; J2i�JG, � ai�;2/ S`Q;`�KKBM; G�M;m�;2ǴX AM,

�/p�M+2/ 6mM+iBQM�H S`Q;`�KKBM;, h?B`/ AMi2`M�iBQM�H a+?QQH- �6SǶN3-
"`�;�- SQ`im;�H- a2Ti2K#2` Rk@RN- RNN3- _2pBb2/ G2+im`2bX 1/X #v aX .Q�Bib2
arB2`bi`�- CQbû LX PHBp2B`�- �M/ S2/`Q _X >2M`B[m2bX "2`HBM- >2B/2H#2`;,
aT`BM;2` "2`HBM >2B/2H#2`;- RNNN- TTX kydĜkjNX /QB, RyXRyydfRydy9Ndjn8X

(ej) hBK a?2�`/ �M/ aBKQM S2viQM CQM2bX ǳh2KTH�i2 J2i�@T`Q;`�KKBM; 7Q`
>�bF2HHǴX AM, S`Q+22/BM;b Q7 i?2 kyyk �*J aA:SG�L qQ`Fb?QT QM >�bF2HHX
>�bF2HH ǶykX SBiib#m`;?- S2MMbvHp�MB�- kyyk- TTX RĜReX /QB, RyXRR98f
83ReNyX83ReNRX

(e9) 1`BF aBHF2Mb2M �M/ C2`2Kv aB2FX ǳq2HH@hvT2/ AbH�M/b S�`b2 6�bi2`ǴX AM,
h`2M/b BM 6mM+iBQM�H S`Q;`�KKBM;, Rji? AMi2`M�iBQM�H avKTQbBmKX h6S
ǶRkX aiX �M/`2rb- lE- kyRj- TTX eNĜ39X /QB, RyXRyydfNd3@j@e9k@9y99d@
9n8X

(e8) *?�`H2b aBKQMvBX h?2 .2�i? Q7 *QKTmi2` G�M;m�;2b- h?2 "B`i? Q7 AM@
i2MiBQM�H S`Q;`�KKBM;X h2+?MB+�H _2TQ`i Ja_@h_@N8@8kX JB+`QbQ7i _2@
b2�`+?- a2TiX RNN8X m`H, ?iiTb,ffrrrXKB+`QbQ7iX+QKf2M@mbf`2b2�`+?f
Tm#HB+�iBQMfi?2@/2�i?@Q7@+QKTmi2`@H�M;m�;2b@i?2@#B`i?@Q7@
BMi2MiBQM�H@T`Q;`�KKBM;f UpBbBi2/ QM y8fk9fkyRdVX

(ee) E�KBH aF�HbFB- JB+?�H JQbF�H- �M/ S�r2H PHbxi�X J2i�@T`Q;`�KKBM; BM
L2K2`H2X kyy9X m`H, ?iiT,ff+�KHmMBivX`mfbr�TfGB#`�`vf*QKTmi2`W
8* W kya+B2M+2 f J2i�T`Q;`�KKBM; f J�+`Qb f J2i� @ T`Q;`�KKBM; W 8* W
kyBMW8*WkyL2K2`H2XT/7 UpBbBi2/ QM y8fjyfkyRdVX
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(ed) JB+?�2H aT2`#2` 2i �HX _2pBb2/e _2TQ`i QM i?2 �H;Q`Bi?KB+ G�M;m�;2 a+?2K2X
a2TiX kyydX m`H, ?iiT,ffrrrX`e`bXQ`;f7BM�Hf?iKHf`e`bf`e`bX?iKH
UpBbBi2/ QM y8fk8fkyRdVX

(e3) PHBpB2`Q aiQ+F- _BMQ 6�H+QM2- �M/ S�i`BxB� AMbBMM�KQX ǳAbH�M/ S�`bBM; �M/
"B/B`2+iBQM�H *?�`ibǴX AM, S`Q+22/BM;b Q7 i?2 Rki? *QM72`2M+2 QM *QKTm@
i�iBQM�H GBM;mBbiB+b @ oQHmK2 kX *PGAL: Ƕ33X "m/�T2bi- >mM;`v- RN33-
TTX ejeĜe9RX /QB, RyXjRR8fNNRdRNXNNRde3X

(eN) h?2 *Q[ .2p2HQTK2Mi h2�KX h?2 *Q[ S`QQ7 �bbBbi�Mi _272`2M+2 J�Mm�HX
o2`bBQM 3XeX AL_A�X .2+X kyReX m`H, ?iiTb,ff+Q[XBM`B�X7`f`27K�Mf
UpBbBi2/ QM yjfR9fkyRdVX

(dy) h?2 _mbi S`Q;`�KKBM; G�M;m�;2X m`H, ?iiTb,ff/Q+X`mbi@H�M;XQ`;f
#QQFf_1�.J1X?iKH UpBbBi2/ QM y8fkefkyRdVX

(dR) a�K hQ#BM@>Q+?bi�/i 2i �HX ǳG�M;m�;2b �b GB#`�`B2bǴX AM, S`Q+22/BM;b Q7
i?2 jkL/ �*J aA:SG�L *QM72`2M+2 QM S`Q;`�KKBM; G�M;m�;2 .2bB;M
�M/ AKTH2K2Mi�iBQMX SG.A ǶRRX a�M CQb2- *�HB7Q`MB�- la�- kyRR- TTX RjkĜ
R9RX /QB, RyXRR98fRNNj9N3XRNNj8R9X

(dk) J�b�`m hQKBi�X ǳ�M 1{+B2Mi *QMi2ti@7`22 S�`bBM; �H;Q`Bi?K 7Q` L�im@
`�H G�M;m�;2bǴX AM, S`Q+22/BM;b Q7 i?2 Ni? AMi2`M�iBQM�H CQBMi *QM72`2M+2
QM �`iB}+B�H AMi2HHB;2M+2 @ oQHmK2 kX AC*�AǶ38X GQb �M;2H2b- *�HB7Q`MB�,
JQ`;�M E�m7K�MM Sm#HBb?2`b AM+X- RN38- TTX d8eĜde9X Bb#M, y@Nj9eRj@yk@
3- Nd3@y@Nj9@eRjyk@eX

(dj) G�m`2M+2 h`�iiX ǳ.QK�BM aT2+B}+ G�M;m�;2 AKTH2K2Mi�iBQM pB� *QKTBH2@
iBK2 J2i�@T`Q;`�KKBM;ǴX AM, �*J h`�MbX S`Q;`�KX G�M;X avbiX jyXe UP+iX
kyy3V- jR,RĜjR,9yX /QB, RyXRR98fRjNRN8eXRjNRN83X

(d9) 1`B+ o�M qvF 2i �HX ǳaBHp2`, �M 1ti2MbB#H2 �ii`B#mi2 :`�KK�` avbi2KǴX
AM, 1H2+i`QMX LQi2b h?2Q`X *QKTmiX a+BX kyjXk U�T`X kyy3V- TTX RyjĜRReX
/QB, RyXRyRefDX2Mi+bXkyy3XyjXy9dX

(d8) oH�/ �X o2`;m- SB2``2 Lû`QM- �M/ 12H+Q oBbb2`X ǳ.vMa2K, � .aG 7Q`
.vM�KB+ a2K�MiB+b aT2+B}+�iBQMǴX AM, kei? AMi2`M�iBQM�H *QM72`2M+2 QM
_2r`BiBM; h2+?MB[m2b �M/ �TTHB+�iBQMb- _h� kyR8- CmM2 kN iQ CmHv R-
kyR8- q�`b�r- SQH�M/X 1/X #v J�`B#2H 62`M�M/2xX oQHX jeX GASA+bX a+?HQbb
.�;bim?H @ G2B#MBx@w2Mi`mK 7m2` AM7Q`K�iBF- kyR8- TTX je8Ĝjd3X /QB, RyX
9kjyfGASA+bX_h�XkyR8Xje8X

(de) 12H+Q oBbb2`X a+�MM2`H2bb :2M2`�HBx2/@G_ S�`bBM;X h2+?X `2TX SNdydX S`Q@
;`�KKBM; _2b2�`+? :`QmT- lMBp2`bBiv Q7 �Kbi2`/�K- CmHv RNNdX m`H,
?iiT,ff`2b2�`+?`XQ`;fTm#HB+�iBQMfoBbNdXb;H` UpBbBi2/ QM y8fkNfkyRdVX

(dd) 12H+Q oBbb2`X ǳai`�i2;Q, � G�M;m�;2 7Q` S`Q;`�K h`�Mb7Q`K�iBQM "�b2/
QM _2r`BiBM; ai`�i2;B2bǴX AM, S`Q+22/BM;b Q7 i?2 Rki? AMi2`M�iBQM�H *QM72`@
2M+2 QM _2r`BiBM; h2+?MB[m2b �M/ �TTHB+�iBQMbX _h� ǶyRX kyyR- TTX j8dĜ
jekX /QB, RyXRyydfj@89y@98Rkd@dnkdX

(d3) S?BHBT q�/H2`X ǳ*QKT`2?2M/BM; JQM�/bǴX AM, S`Q+22/BM;b Q7 i?2 RNNy
�*J *QM72`2M+2 QM GAaS �M/ 6mM+iBQM�H S`Q;`�KKBM;X G6S ǶNyX LB+2-
6`�M+2- RNNy- TTX eRĜd3X /QB, RyXRR98fNR88eXNR8NkX
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(dN) S?BHBT q�/H2`X ǳ>Qr iQ _2TH�+2 6�BHm`2 #v � GBbi Q7 am++2bb2bǴX AM, S`Q+X
Q7 � *QM72`2M+2 QM 6mM+iBQM�H S`Q;`�KKBM; G�M;m�;2b �M/ *QKTmi2`
�`+?Bi2+im`2X L�M+v- 6`�M+2- RN38- TTX RRjĜRk3X /QB, RyXRyydfj@89y@
R8Nd8@9njjX

(3y) J�`iBM Sq�`/X ǳG�M;m�;2@Q`B2Mi2/ T`Q;`�KKBM;ǴX AM, aQ7ir�`2@*QM+2Tib
�M/ hQQHb R8X9 URNN9V- TTX R9dĜReRX m`H, ?iiT,ffrrrX+b2X/KmX�+XmFf
�Kr�`/fK�`iBMfT�T2`bfKB//H2@Qmi@iXT/7 UpBbBi2/ QM y9fRkfkyRdVX

(3R) �H2bb�M/`Qq�`i?- C�K2b _X .Qm;H�bb- �M/ hQ// JBHHbi2BMX ǳS�+F`�i S�`b2`b
*�M amTTQ`i G27i _2+m`bBQMǴX AM, S`Q+22/BM;b Q7 i?2 kyy3 �*J aA:SG�L
avKTQbBmK QM S�`iB�H 1p�Hm�iBQM �M/ a2K�MiB+b@#�b2/ S`Q;`�K J�MBTm@
H�iBQMX S1SJ Ƕy3X kyy3- TTX RyjĜRRyX /QB, RyXRR98fRjk39y3XRjk39k9X

(3k) LBFH�mb qB`i?X ǳq?�i *�Mq2 .Q �#Qmi i?2 lMM2+2bb�`v .Bp2`bBiv Q7 LQ@
i�iBQM 7Q` avMi�+iB+ .2}MBiBQMb\Ǵ AM, *QKKmMX �*J kyXRR ULQpX RNddV-
TTX 3kkĜ3kjX /QB, RyXRR98fj8N3ejXj8N33jX

(3j) .�MB2H >X uQmM;2`X ǳ*QMi2ti@7`22 H�M;m�;2 T`Q+2bbBM; BM iBK2 n3ǴX AM, di?
�MMm�H avKTQbBmK QM arBi+?BM; �M/ �miQK�i� h?2Q`v Ubr�i RNeeVX P+iX
RNee- TTX dĜkyX /QB, RyXRRyNfaq�hXRNeeXdX


