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h?2 �mi?Q` �bb2`ib i?�i i?Bb S?. i?2bBb Bb K�/2 PT2M �++2bb BKK2/B�i2Hv mTQM
bm#KBbbBQMX h?2 7mHH i2ti Bb Tm#HB+Hv �p�BH�#H2 rBi?Qmi `2bi`B+iBQMbX



e



�+FMQrH2/;2K2Mib

GQQFBM; #�+F- i?Bb /Bbb2`i�iBQM 722Hb H2bb HBF2 � bBM;H2 T`QD2+i �M/ KQ`2 HBF2 � HQM;
DQm`M2v i?�i bi�`i2/ v2�`b �;Q ě BM kyR8 BM >�bb2Hi ě �M/ [mB2iHv +QMiBMm2/ �+`Qbb
+BiB2b- +QmMi`B2b- �M/ T?�b2b Q7 HB72X Ai Bb bQK2i?BM; A ?�p2 +�``B2/ rBi? K2 7Q` v2�`b-
�+`Qbb /Bz2`2Mi ?QK2b- /Bz2`2Mi H�TiQTb- �M/ /Bz2`2Mi p2`bBQMb Q7 Kvb2H7X h?2`2 r2`2
KQK2Mib r?2M Bi 72Hi +HQb2- �M/ Qi?2`b r?2M Bi 72Hi p2`v 7�` �r�vX "mi i?`Qm;? �HH Q7
i?�i- Bi `2K�BM2/ i?2`2 ě mM}MBb?2/- #mi M2p2` �#�M/QM2/X

�HQM; i?Bb DQm`M2v- A ?�p2 #22M 7Q`imM�i2 iQ `2+2Bp2 i?2 bmTTQ`i �M/ ;mB/�M+2 Q7
K�Mv T2QTH2X

A rQmH/ HBF2 iQ }`bi �M/ 7Q`2KQbi i?�MF Kv T`QKQi2`- S`Q7X /`X JB2F2 C�MbX Pp2`
i?2 v2�`b ě �M/ i`mHv- Qp2` � /2+�/2 ě vQm ?�p2 `2�/ �M/ `2@`2�/ p2`bBQMb Q7 Kv
rQ`F rBi? `2K�`F�#H2 T�iB2M+2 �M/ /2/B+�iBQMX uQm` T2`bBbi2M+2 �M/ �ii2MiBQM iQ
/2i�BH ?�p2 #22M BMp�Hm�#H2- �M/ i?`Qm;? i?2 v2�`b- r?2M A 72Hi HBF2 H2iiBM; ;Q Q7 i?Bb
i?2bBb- vQm 2M+Qm`�;2/ K2 iQ +QMiBMm2X A �K /22THv ;`�i27mH 7Q` vQm` bmTTQ`i �M/ 7Q`
M2p2` ;BpBM; mT QM i?Bb T`Q+2bbX

Jv bBM+2`2 i?�MFb �HbQ ;Q iQ Kv +Q@T`QKQi2`- S`Q7X /`X "2MQŗi .2T�B`2X uQm`
+QKK2Mib �M/ �/pB+2 ?�p2 �Hr�vb #22M T`2+Bb2- BMbB;?i7mH- �M/ BM+`2/B#Hv ?2HT7mHX
q?�i A �TT`2+B�i2 KQbi Bb vQm` bi`m+im`2/ �M/ BMbB;?i7mH �TT`Q�+? iQ `2b2�`+?- �HQM;
rBi? i?2 i?Qm;?i7mHM2bb vQm #`BM; iQ vQm` BMi2`�+iBQMbX A biBHH `2K2K#2` KQK2Mib
r?2`2 vQm` rQ`/b r2Mi 7�` #2vQM/ �+�/2KB+ 722/#�+F ě i?Qm;?i7mH �M/ mM2tT2+i2/Hv
bmTTQ`iBp2X h?Bb ?�b bi�v2/ rBi? K2 �M/ K�/2 � H�biBM; BKT`2bbBQMX

A rQmH/ HBF2 iQ i?�MF i?2 K2K#2`b Q7 Kv /Q+iQ`�H +QKKBii22 ě /`X LB+F p�M "22bi-
S`Q7X /`X J��`i2M *Q`i2M- �M/ S`Q7X /`X EQ2M o�M?QQ7 ě 7Q` i?2B` iBK2- 722/#�+F-
�M/ bmTTQ`i i?`Qm;?Qmi i?Bb DQm`M2vX

� bT2+B�H i?�MF vQm ;Q2b iQ /`X LB+F p�M "22bi 7Q` ?Bb bmTTQ`i �M/ +QMi`B#miBQM
iQ i?2 2p�Hm�iBQM Q7 i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F BM *?�Ti2` eX uQm` ?2HT
r�b � F2v 7QmM/�iBQM 7Q` i?2 /2p2HQTK2Mi Q7 i?2 iQQHX

A rQmH/ HBF2 iQ i?�MF S`Q7X /`X J��`i2M *Q`i2M 7Q` vQm` p�Hm�#H2 bmTTQ`iX uQm`
2tT2`iBb2 BM �m/BiBM; r�b � bi`QM; �M+?Q` 7Q` K2- 2bT2+B�HHv BM � iQTB+ A r�b MQi p2`v



3 *?�Ti2` y

7�KBHB�` rBi?X A i`mHv �TT`2+B�i2/ vQm` BMbB;?i7mH +QKK2Mib- r?B+? ?2HT2/ K2 #2ii2`
mM/2`bi�M/ �M/ bi`2M;i?2M i?Bb T�`i Q7 i?2 rQ`FX

A rQmH/ �HbQ HBF2 iQ i?�MF S`Q7X /`X EQ2M o�M?QQ7 7Q` vQm` bmTTQ`i i?`Qm;?Qmi i?2
v2�`bX "2vQM/ vQm` ?2HT7mH +QKK2Mib i?�i +QMi`B#mi2/ iQ BKT`QpBM; i?Bb /Bbb2`i�iBQM-
A �K ;`�i27mH 7Q` i?2 2MpB`QMK2Mi vQm ?2HT2/ +`2�i2 �M/ bmbi�BM- r?B+? K�/2 i?Bb
DQm`M2v TQbbB#H2X

A �K �HbQ ;`�i27mH iQ Kv Dm`v K2K#2`b- S`Q7X /`X "�Mm �vbQHK�x �M/ S`Q7X /`X _Q;2`
J2mrBbb2M- 7Q` i?2B` iBK2 �M/ +QMbB/2`�iBQM BM 2p�Hm�iBM; i?Bb /Bbb2`i�iBQMX A 7QmM/
vQm` +QKK2Mib p2`v BMbB;?i7mH- �M/ i?2v +QMi`B#mi2/ K2�MBM;7mHHv iQ BKT`QpBM; i?2
[m�HBiv Q7 i?Bb rQ`FX

hQ Kv +QHH2�;m2b �M/ 7`B2M/b ě i?�MF vQm 7Q` K�FBM; i?Bb DQm`M2v HB;?i2`X 6`�MF-
J�i?BDb- �M/ :2`i- Kv Q{+2 K�i2b- i?�MF vQm 7Q` i?2 K�Mv ;QQ/ KQK2Mib- 7Q` i?2
i2�- �M/ 7Q` i?2 +QMp2`b�iBQMb i?�i K�/2 2p2M i?2 /B{+mHi /�vb KQ`2 K�M�;2�#H2X
J�`BDF2- i?�MF vQm 7Q` �Hr�vb #2BM; bmTTQ`iBp2X J�;;v- JQmM2b- oBM+2Mi- *Q`BMM2-
�M/ a2`;2- i?�MF vQm 7Q` i?2 7mM- i?2 H�m;?i2`- i?2 bmTTQ`i- �M/ i?2 K�Mv ;QQ/
K2KQ`B2bX

hQ Kv /2�`2bi #`Qi?2` J2?/B ě i?�MF vQm 7Q` vQm` HQp2- vQm` +QMbi�Mi bmTTQ`i-
�M/ 7Q` �Hr�vb #2BM; i?2`2 7Q` K2X

hQ Kv /2�` ai27�M ě �Hi?Qm;? vQm �`2 T�`iHv i?2 `2�bQM i?Bb S?. i?2bBb r�b MQi
}MBb?2/ BM kyRN- i?�MF vQm 7Q` vQm` HQp2 �M/ 7Q` bi�M/BM; #v K2 i?`Qm;? i?2 H�i2`
T?�b2b Q7 i?Bb DQm`M2vX

hQ J�K�M@2 �xBx�K ě i?�MF vQm 7Q` +?QQbBM; iQ #2 Kv KQi?2`- �M/ 7Q` #2BM;
7�` KQ`2 i?�M QM2X uQm ?�p2 �Hr�vb #22M Kv +HQb2bi 7`B2M/- Kv bQm`+2 Q7 rBb/QK-
Kv /Q+iQ`- Kv i?2`�TBbi- �M/ Kv `27m;2 i?`Qm;? 2p2`v /B{+mHi b2�bQM Q7 HB72X h?�MF
vQm 7Q` �Hr�vb +�`BM; KQ`2 �#Qmi Kv ?�TTBM2bb i?�M �Mv �+?B2p2K2MiX

�M/ iQ "�#� ě vQm �`2 biBHH rBi? mb- BM i?2 KQ`MBM; #B`/bQM; �M/ BM i?2 bT`BM;
#`22x2 +�``vBM; +?2``v #HQbbQKbX A /22THv rBb? A +QmH/ ?�p2 b22M vQm` bKBH2 �b A
?�M/2/ vQm i?2 }M�H p2`bBQM Q7 i?Bb /Bbb2`i�iBQMX



*QMi2Mib

R AMi`Q/m+iBQM R
RXR _2b2�`+? 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 8

RXRXR LQM@K2�MBM;7mH M�im`2 Q7 +m``2Mi QmiTmib X X X X X X X X X X X X 8
RXRXk G�`;2 MmK#2` Q7 /2pB�iBQMb X X X X X X X X X X X X X X X X X X X X 8

RXk S`Q#H2K ai�i2K2Mi �M/ _2b2�`+? Zm2biBQMb X X X X X X X X X X X X X X X e
RXj J2i?Q/QHQ;v �M/ FMQrH2/;2 +QMi`B#miBQMb X X X X X X X X X X X X X X X X 3

RXjXR h?2 �H;Q`Bi?K 1M;BM22`BM; 6`�K2rQ`F X X X X X X X X X X X X X N
RXjXk �H;Q`Bi?K 1M;BM22`BM; 6`�K2rQ`F �TTHB+�iBQM iQ h?Bb h?2bBb X RR

RX9 h?2bBb *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 X X X Rk
RX8 EMQrH2/;2 *QMi`B#miBQMb BM i?Bb h?2bBb X X X X X X X X X X X X X X X X X R9
RXe a+QT2 �M/ 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 X R9
RXd h?2bBb Pp2`pB2r �M/ ai`m+im`2 X X X X X X X X X X X X X X X X X X X X X X Re

k h?2bBb *�b2 aim/v .�i� a2i RN

j "�+F;`QmM/ kN
jXR AMi2`M�H �m/BiBM; BM � *?�M;BM; 1MpB`QMK2Mi X X X X X X X X X X X X X X kN
jXk �m/Bi �M�HviB+b BM AMi2`M�H �m/BiBM; X X X X X X X X X X X X X X X X X X X jk

jXkXR h2tim�H �M�HvbBb BM �m/BiBM; X X X X X X X X X X X X X X X X X X X jk
jXkXk S`Q+2bb@P`B2Mi2/ �m/Bi �M�HviB+b X X X X X X X X X X X X X X X X X jj

jXj GBKBi�iBQMb Q7 h`�/BiBQM�H �m/BiBM; X X X X X X X X X X X X X X X X X X X j8
jX9 "2M2}ib- *?�HH2M;2b- �M/ i?2 L22/ 7Q` S`Q+2bb@P`B2Mi2/ �bbm`�M+2 BM

.�i�@.`Bp2M �m/BiBM; 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 jd
jX8 >BM/`�M+2b �M/ *QMbi`�BMib BM .�i�@.`Bp2M �M/ *QMiBMmQmb �m/BiBM; jN
jXe S`Q+2bb JBMBM; 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 9R

jXeXR 1p2Mi HQ; 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 9R
jXeXk h?`22 ivT2b Q7 T`Q+2bb KBMBM; X X X X X X X X X X X X X X X X X X X 99

jXd S`Q+2bb JBMBM; BM �m/BiBM; X X X X X X X X X X X X X X X X X X X X X X X X 89

B



BB *QMi2Mib

9 S`Q+2bb .2pB�iBQM *�i2;Q`B2b 8d
9XR GBi2`�im`2 _2pB2r 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 83

9XRXR S`Q+2bb /2pB�iBQM T�ii2`Mb BM HBi2`�im`2 X X X X X X X X X X X X X ek
9Xk J2i?Q/QHQ;v �M/ `2b2�`+? /2bB;M X X X X X X X X X X X X X X X X X X X X X ek

9XkXR 6B2H/ `2b2�`+? K2i?Q/QHQ;v X X X X X X X X X X X X X X X X X X X X ej
9XkXk AMbi`mK2Mi .2bB;M 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
9XkXj S`Q+2bb AMbi�M+2b .2bB;M X X X X X X X X X X X X X X X X X X X X X dR
9XkX9 S�`i R, .Bb+mbbBQM QM TQbbB#H2 /2pB�iBQMb #�b2/ QM i?2 T`Q+2bb

KQ/2H 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 d9
9XkX8 S�`i k, *QKT�`BbQM Q7 T`Q+2bb i`�+2b rBi? i?2 `272`2M+2 KQ/2H d9

9Xj �M�Hvb2b �M/ `2bmHib 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
9XjXR AMi2`pB2r +Q/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 X X de
9XjXk �m/Bi /2pB�iBQM +�i2;Q`B2b X X X X X X X X X X X X X X X X X X X X X dN
9XjXj S`Q+2bb /2pB�iBQM +�i2;Q`B2b i?�i �`2 MQi �/QTi2/ #v �m/BiQ`b X 33

9X9 .Bb+mbbBQM �M/ 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 3N
9X8 *QM+Hm/BM; MQi2 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 NR

8 S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM Nj
8XR S`2HBKBM�`B2b 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 N8
8Xk .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F X X X X X X X X X X X X X X X X X X X X Ryj

8XkXR �H;Q`Bi?KB+ .2bB;M Q7 i?2 .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F X Rye
8XkXk �+�/2KB+ 1t�KTH2 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 RRR
8XkXj S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F BM .2i�BH X X X X X X RR8
8XkX9 ai�;2 R, J�TTBM; JQ/2HĜGQ; JBbK�i+?2b iQ .2pB�iBQM hvT2b X RRe
8XkX8 ai�;2 k, Ai2`�iBp2 .2pB�iBQM �M�HvbBb X X X X X X X X X X X X X X X Rkj
8XkXe ai�;2 j, G�#2HBM; _2K�BMBM; .2pB�iBQMb X X X X X X X X X X X X X Rjd

8Xj *QM+Hm/BM; MQi2 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 Rj3

e 1KTB`B+�H 1p�Hm�iBQM Q7 i?2 S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F RjN
eXR :Q�H Q7 i?2 1tT2`BK2Mi�H 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X R9y
eXk 1p�Hm�iBQM J2i`B+b 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 R9y
eXj 1tT2`BK2Mi�H .2bB;M �M/ a2imT X X X X X X X X X X X X X X X X X X X X X X R9R

eXjXR .�i� b2i 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 R9k
eXjXk AKTH2K2Mi�iBQM �M/ h2+?MB[m2b X X X X X X X X X X X X X X X X X X R9k
eXjXj S`Q+2/m`2 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 R9k

eX9 .�i� a2i .2b+`BTiBQM 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 R9j
eX9XR .�i� T`2T�`�iBQM �M/ +QMi`QH p�HB/�iBQM X X X X X X X X X X X X X R9d

eX8 1KTB`B+�H _2bmHib 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 R8j



*QMi2Mib BBB

eX8XR ai�;2 R, J�TTBM; T`Q+2bb /Bz2`2M+2b BMiQ T`Q+2bb /2pB�iBQMb X X R8j
eX8Xk ai�;2 k, *H�bbB}+�iBQM Q7 /2pB�iBM; +�b2b i?`Qm;? BM+`2K2Mi�H

BM7Q`K�iBQM 2M`B+?K2Mi X X X X X X X X X X X X X X X X X X X X X X R8e
eX8Xj ai�;2 j, *H�bbB}+�iBQM Q7 _2K�BMBM; .2pB�iBQMb X X X X X X X X X Rdd

eXe 1p�Hm�iBQM Q7 6`�K2rQ`F S2`7Q`K�M+2 X X X X X X X X X X X X X X X X X X Rd3
eXd .Bb+mbbBQM- HBKBi�iBQMb �M/ +QM+HmbBQMb X X X X X X X X X X X X X X X X X X R39

d *QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; BM �m/BiBM; R3d
dXR _2H�i2/ GBi2`�im`2 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 RNy

dXRXR �+iBp2 H2�`MBM; 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 RNy
dXRXk J�M�;BM; �H�`K 6HQQ/b X X X X X X X X X X X X X X X X X X X X X X RNk

dXk h?2 T`Q+2/m`2 Q7 BMi2`M�H +QMi`QH i2biBM; BM +QMiBMmQmb �m/BiBM;@ �
T`Q+2bb `2T`2b2Mi�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 RNj

dXj h`�Mb�+iBQM�H o2`B}+�iBQM 6`�K2rQ`F X X X X X X X X X X X X X X X X X X RNN
dX9 *QMiBMmQmb h`�Mb�+iBQM�H o2`B}+�iBQM X X X X X X X X X X X X X X X X X X ky9

dX9XR S?�b2 R Ĝ "mBH/BM; i?2 2p2Mi HQ; X X X X X X X X X X X X X X X X X ky8
dX9Xk S?�b2 k Ĝ A/2MiB7v /2pB�iBQMb #v +QKT�`BM; i?2 2p2Mi HQ; rBi?

i?2 MQ`K�iBp2 T`Q+2bb KQ/2H X X X X X X X X X X X X X X X X X X X ky8
dX9Xj S?�b2 j Ĝ G�#2HBM; b�KTH2 /2pB�iBQMb �b PE Q` LPE X X X X X kyd
dX9X9 S?�b2 9 Ĝ *H�bbB}+�iBQM mM/2` mM+2`i�BMiv X X X X X X X X X X X X kyd
dX9X8 S?�b2 8 Ĝ P`�+H2 T`2b2Mib `mH2b i?�i /2pB�iBM; i`�Mb�+iBQMb +�M

#2 +?2+F2/ �;�BMbi 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 kyN
dX8 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 X X X X X X X kRy
dXe *QM+Hm/BM; LQi2b 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 kRy

3 *QM+HmbBQM kRj
3XR E2v *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 X X X X kR9
3Xk _2~2+iBQMb QM _2b2�`+? Zm2biBQMb X X X X X X X X X X X X X X X X X X X X kR8
3Xj GBKBi�iBQMb �M/ 6mim`2 _2b2�`+? X X X X X X X X X X X X X X X X X X X X X kRd

N h?2bBb �TT2M/Bt kkR

"B#HBQ;`�T?v kk3



GBbi Q7 h�#H2b

kXR 6`2[m2M+v Q7 �HH �+iBpBiB2b BM i?2 2p2Mi HQ; �M/ i?2B` `2H�iBp2 7`2[m2M+v
BM `2H�iBQM iQ i?2 MmK#2` Q7 T`Q+2bb BMbi�M+2b X X X X X X X X X X X X X X kR

kXk 1t�KTH2 Q7 /�i� �ii`B#mi2b Q7 i?2 2p2Mi HQ; X X X X X X X X X X X X X X X kk
kXj 1p2Mi �ii`B#mi2b Q7 2p2Mib BM i?2 +�b2 bim/v X X X X X X X X X X X X X X X kj
kX9 S`Q+2bb BMbi�M+2b 2t�KTH2b iQ;2i?2` rBi? i?2B` 2p2Mi �ii`B#mi2bX PMHv

7Qm` Qmi Q7 R8-y8e /2pB�iBM; BMbi�M+2b �`2 b?QrM ?2`2X X X X X X X X X X k8

jXR � b2H2+iBQM Q7 }`bi Ry T`Q+2bb 2t2+miBQMb Q7 � T`Q+m`2K2Mi T`Q+2bb X X 9k

9XR *QKT�`BbQM Q7 i?2 /2pB�iBQM +�i2;Q`B2b T`QTQb2/ BM i?2 HBi2`�im`2 X X X eR
9Xk AMi2`pB2rb bi�iBbiB+b 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 e8
9X9 .2pB�iBM; T`Q+2bb BMbi�M+2b mb2/ /m`BM; i?2 BMi2`pB2rb U� b2H2+iBQM Q7

i?Bb HBbi r�b i�F2M 7Q` 2�+? BMi2`pB2rV X X X X X X X X X X X X X X X X X X dj
9X8 h?2 /2pB�iBM; 2t�KTH2b mb2/ 7Q` i?2 BMi2`pB2r �HQM; rBi? i?2B` T`Q+2bb

/2pB�iBQM T�ii2`Mb 7`QK HBi2`�im`2 X X X X X X X X X X X X X X X X X X X X X d8
9Xe .2pB�iBQM +QM+2Tib BM }`bi@Q`/2` �M�HvbBb �M/ +Q/2 K�TTBM; [mQi�iBQMb dd
9Xd .2pB�iBQM +QM+2Tib r?B+? �;;`2;�i2/ BMiQ ǶJBbbBM;Ƕ i?2K2 BM i?2 b2+QM/@

Q`/2` +Q/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 X X X X X X X X X d3
9X3 .2pB�iBQM +QM+2Tib r?B+? �;;`2;�i2/ BMiQ Ƕ_2Q`/2`BM;Ƕ i?2K2 BM i?2

b2+QM/@Q`/2` +Q/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 X X X X 3y
9XN .2pB�iBQM +QM+2Tib r?B+? �;;`2;�i2/ BMiQ Ƕ.mTHB+�iBQMǶ i?2K2 BM i?2

b2+QM/@Q`/2` +Q/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 X X X X 3R
9XRy .2pB�iBM; +QM+2Tib 7`QK i?2 +Q/2 K�TTBM; T?�b2 r?B+? `2H�i2/ iQ

BMb2`iBQM Q7 � M2r i�bF �`2 +�i2;Q`Bx2/ BMiQ ǶAMb2`iBQMǶ i?2K2 BM i?2
b2+QM/@Q`/2` +Q/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 X X X X 3R

9XRR h?2 QMHv /2pB�iBQM +QM+2Ti r?B+? +�M #2 b22M �b Ƕam#biBimiBQMǶ i?2K2
BM i?2 b2+QM/@Q`/2` +Q/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 X 3R

Bp



GBbi Q7 h�#H2b p

9XRk J�i`Bt rBi? 7`2[m2M+B2b Q7 /2pB�iBQM +�i2;Q`B2b mb2/ #v �m/BiQ`b r?2M
BMi2`T`2iBM; /2pB�iBQMb i?�i �`2 +�i2;Q`Bx2/ �++Q`/BM; iQ T`2pBQmb HBi@
2`�im`2 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 X X 39

8XR 1p2Mi HQ; �M/ T`Q+2bb KQ/2H MQi�iBQM X X X X X X X X X X X X X X X X X X Ry9
8Xk .2pB�iBQM �M/ +H�bbB}+�iBQM MQi�iBQM X X X X X X X X X X X X X X X X X X X Ry8
8Xj AMM2` GQQT .2bB;M Q7 i?2 .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F X X X X X RRy
8X9 1t�KTH2 +�b2b rBi? �ii`B#mi2b 7Q` +`2/Bi `2[m2bi T`Q+2bb X X X X X X X X RR9
8X8 1t�KTH2 i`�+2b 7Q` +`2/Bi `2[m2bi T`Q+2bb rBi? i?2 QmiTmi Q7 +QM7Q`@

K�M+2 +?2+FBM; iQQH 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 RR8
8Xe .2pB�iBQM ivT2b BM +`2/Bi `2[m2bi 2t�KTH2 X X X X X X X X X X X X X X X X Rkj
8Xd .2pB�iBQM ivT2b BM +`2/Bi `2[m2bi 2t�KTH2- H�#2H2/ #v �M �m/BiQ` X X X Rk8
8X3 h?2 7`2[m2Mi /2pB�iBQM b2[m2M+2b +`2�i2/ BM G2p2H k iQ;2i?2` rBi? i?2B`

bmTTQ`i �M/ H�#2H �b PE- LPE- �M/ \ X X X X X X X X X X X X X X X X X X RkN
8XN h?2 7`2[m2Mi b2[m2M+2b BM G2p2H j �M/ i?2B` bmTTQ`ibX h?2 Bi2Kb2ib �`2

H�#2H2/ #v i?2 �m/BiQ` �b PE- LPE- Q` \ X X X X X X X X X X X X X X X X Rjk
8XRy � M2r 2p2Mi �ii`B#mi2 o2`@.2+ M22/b iQ #2 +`2�i2/ BM G2p2H 9 X X X X X Rj8
8XRR h?2 7`2[m2Mi b2[m2M+2b BM G2p2H 9 �M/ i?2B` bmTTQ`ibX h?2 Bi2Kb2ib �`2

H�#2H2/ #v i?2 �m/BiQ` �b PE- LPE- Q` \ X X X X X X X X X X X X X X X X Rjd

eXR AHHmbi`�iBp2 /2pB�iBM; T`Q+2bb BMbi�M+2b rBi? i?2B` +Q``2bTQM/BM; +�b2@
�M/ 2p2Mi@H2p2H �ii`B#mi2b U9 Qmi Q7 R8-y8e /2pB�iBM; BMbi�M+2bVX X X X X R9e

eXk L2r 72�im`2b +`2�i2/ 7Q` i2biBM; i?`22@r�v K�i+? Q7 i?2 +�b2 bim/v
/�i� b2i 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 X R9N

eXj .2pB�iBQM ivT2b B/2MiB}2/ BM i?2 +�b2 bim/v /2`Bp2/ 7`QK i?2 K�TTBM;
Q7 +QM7Q`K�M+2 +?2+FBM; `2bmHibX X X X X X X X X X X X X X X X X X X X X X R88

eX9 .2pB�iBQM ivT2b �bbQ+B�i2/ rBi? i?2 T`Q+2bb BMbi�M+2b T`2b2Mi2/ BM h�@
#H2 eXR 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 X X R8e

eX8 .2pB�iBQM ivT2b Ubm#+�i2;Q`B2bV BM i?2 /�i� b2i 7Q` i2bib Q7 /2i�BHb X X X R8N
eXe GBbi Q7 7`2[m2Mi /2pB�iBQM b2[m2M+2b BM G2p2H k �M/ i?2B` bmTTQ`ib �M/

H�#2Hb r?2`2 KBM@bmTT 4 yXykUkWVX ǵBMbǶ- ǵKBbǶ �M/ ǵ`2TǶ �`2 mb2/ �b
�##`2pB�iBQMb 7Q` /2pB�iBQM ivT2b BMb2`iBQM- KBbbBM;- �M/ `2T2iBiBQM `2@
bT2+iBp2Hv 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 Rej

eXd *�b2 �ii`B#mi2b Q7 i?2 +�b2 bim/v /�i� b2i X X X X X X X X X X X X X X X X Red
eX3 h?2 KQbi 7`2[m2Mi b2[m2M+2b BM G2p2H j �M/ i?2B` bmTTQ`ib r?2`2 KBM@

bmTT 4 RyWX h?2 Bi2Kb2ib �`2 H�#2H2/ #v i?2 �m/BiQ` �b PE- LPE- Q`
H27i mMH�#2H2/U\VX 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 ReN

eXN 1p2Mi@H2p2H �ii`B#mi2b �bbQ+B�i2/ rBi? �+iBpBiB2b BM i?2 +�b2 bim/v X X X Rdj



pB GBbi Q7 h�#H2b

eXRy h?`22 M2r 2p2Mi �ii`B#mi2b +�H+mH�i2/ �M/ �//2/ iQ /�i�#�b2 BM G2p2H 9 Rd9
eXRR h?2 KQbi 7`2[m2Mi b2[m2M+2 T�ii2`Mb BM G2p2H 9 �M/ i?2B` bmTTQ`ib �M/

H�#2Hb@ KBMbmTT4RWX h?2 Bi2Kb2ib �`2 H�#2H2/ #v i?2 �m/BiQ` �b PE-
LPE- Q` H27i mMH�#2H2/U\VX 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 Rde

eXRk amKK�`v Q7 `2/m+iBQM �+?B2p2/ �i 2�+? H2p2H `2H�iBp2 iQ i?2 BMTmi Q7
ai�;2 k URk-93e +�b2b �M/ k9-9Rd /2pB�iBQM BMbi�M+2bVX X X X X X X X X X R3k

eXRj amKK�`v Q7 2p�Hm�iBQM K2i`B+b �M/ Q#b2`p2/ `2bmHib 7Q` i?2 T`QTQb2/
7`�K2rQ`FX 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 R3j

dXR h`�Mb�+iBQM�H /�i� 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 RNe

NXR .2pB�iBQM +QM+2Tib BM }`bi@Q`/2` �M�HvbBb �M/ +Q/2 K�TTBM; X X X X X X kkd



GBbi Q7 6B;m`2b

RXR �H;Q`Bi?K 2M;BM22`BM; 7`�K2rQ`F �/�Ti2/ 7`QK J2M/HBM; 2i �HX (kyk8) 3
RXk PmiHBM2 Q7 i?2 i?2bBb 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 Rd

kXR h?2 �+im�H /B`2+iHv@7QHHQrb ;`�T? Q7 �HH T`Q+2bb BMbi�M+2b BM i?2 Tm`@
+?�b2 iQ T�v 2t�KTH2 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 kR

kXk LQ`K�iBp2 KQ/2H 7Q` i?2 Tm`+?�b2 iQ T�v T`Q+2bb i?�i Bb mb2/ BM i?Bb
i?2bBb �b i?2 +�b2 bim/v /�i� b2i X X X X X X X X X X X X X X X X X X X X X ke

kXj h?2 T`Q+2bb K�T Q7 i?2 MQ`K�H p�`B�MibX h?2 b2[m2M+2b r?B+? 7QHHQr
i?2 MQ`K�iBp2 T`Q+2bb KQ/2H X X X X X X X X X X X X X X X X X X X X X X X kd

kX9 h?2 T`Q+2bb K�T Q7 i?2 /2pB�iBM; +�b2b 7`QK i?2 MQ`K�iBp2 KQ/2H X X kd

jXR S`Q+2bb .Bb+Qp2`v i2+?MB[m2 X X X X X X X X X X X X X X X X X X X X X X X X 99
jXk *QM7Q`K�M+2 +?2+FBM; i2+?MB[m2 X X X X X X X X X X X X X X X X X X X X X 93
jXj LQ`K�iBp2 KQ/2H 7Q` i?2 Tm`+?�b2 iQ T�v T`Q+2bb BM "SJL 7Q`K�i X X 9N
jX9 �M 2t�KTH2 Q7 � #mbBM2bb T`Q+2bb KQ/2H BM "SJL H�M;m�;2 �M/ �HH Q7

Bib TQbbB#H2 T�i?b 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 8R
jX8 S`Q+2bb 1M?�M+2K2Mi i2+?MB[m2 X X X X X X X X X X X X X X X X X X X X X X 89

9XR .�i� b�im`�iBQM Bb `2�+?2/ �7i2` i?2 7Qm`i? BMi2`pB2r bBM+2 �7i2`r�`/b
MQ KQ`2 M2r +QM+2Ti ?�b #22M /Bb+Qp2`2/X X X X X X X X X X X X X X X X X ed

9Xk U�V � bBKTH2 SkS KQ/2H rBi? 2B;?i i�bFb- U#V � bBKTH2 KQ/2H i?2 b�K2
�b � #mi rBi? �M 2ti`� JQ/B7v SP i�bF- U+V � bBKTH2 KQ/2H i?2 b�K2
�b � �M/ #- #mi rBi? �M sP_ ;�i2r�v iQ /Bz2`2MiB�i2 #2ir22M ǵa2`pB+2
_2+2BTiǶ �M/ ǵ:QQ/b _2+2BTiǶ i�bFbX X X X X X X X X X X X X X X X X X X X X eN

9Xj � bBKTH2 KQ/2H +`2�i2/ #v KQ/B7vBM; i?2 KQ/2Hb BM 6B;m`2 9Xk 7Q`
BMbi`mK2Mi- +QMbB/2`BM; �m/BiQ`b `2K�`Fb X X X X X X X X X X X X X X X X X dR

9X9 *Q/BM; bi`m+im`2 7Q` i?2 JBbbBM; i?2K2 X X X X X X X X X X X X X X X X X 3k
9X8 *Q/BM; bi`m+im`2 7Q` i?2 _2Q`/2`BM; i?2K2 X X X X X X X X X X X X X X X 3k
9Xe *Q/BM; bi`m+im`2 7Q` i?2 .mTHB+�iBQM i?2K2 X X X X X X X X X X X X X X X 3j

pBB



pBBB GBbi Q7 6B;m`2b

9Xd 6`2[m2M+v i�#H2 Q7 i?2K2b mb2/ #v �m/BiQ`b /2b+`B#BM; i?2 2t�KTH2b X 38

8XR h?`22@bi�;2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F X X X X X X X X X X X X X X RRR
8Xk h?2 T`QTQb2/ /2pB�iBQM �M�HvbBb �TT`Q�+? X X X X X X X X X X X X X X X X RRk
8Xj � bBKTHB}2/ p2`bBQM Q7 "SJL JQ/2H Q7 +`2/Bi `2[m2bi ?�M/HBM; T`Q+2bb

7`QK /2 G2QMB �M/ p�M /2` ��Hbi (kyRj�) X X X X X X X X X X X X X X X X X RRj
8X9 h?2 �HB;MK2Mi K2i?Q/ mb2/ BM :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3) X X X X X X RRd
8X8 S2i`B L2i KQ/2H Q7 i?2 *`2/Bi _2[m2bi KQ/2H Q7 6B;m`2 8Xj X X X X X X X RR3
8Xe S`BK2 1p2Mi ai`m+im`2 +`2�i2/ 7`QK i?2 +`2/Bi `2[m2bi KQ/2H US1a

JQ/2HV 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 X X RR3
8Xd _mMb 7`QK i?2 +`2/Bi `2[m2bi 2p2Mi HQ; 2t�KTH2 BM i?Bb i?2bBb X X X X X RRN
8X3 S`BK2 1p2Mi ai`m+im`2 +QMbi`m+i2/ 7`QK i?2 b2i Q7 `mMb +`2�i2/ BM

6B;m`2 8Xd US1a HQ;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 X X Rky
8XN JBMBM; 7`2[m2Mi b2[m2M+2 T�ii2`M BM G2p2H k X X X X X X X X X X X X X X X Rkd
8XRy G�#2HBM; i?2 7`2[m2Mi b2[m2M+2 T�ii2`Mb BM G2p2H k X X X X X X X X X X X Rk3
8XRR *�b2b rBi? +�b2 �ii`B#mi2b �M/ 7`2[m2Mi Bi2Kb2ib BM G2p2H j X X X X X X Rjk
8XRk *�b2b rBi? +�b2 �ii`B#mi2b �M/ 2p2Mi �ii`B#mi2b �M/ 7`2[m2Mi Bi2Kb2ib

BM G2p2H 9X 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 Rj9

eXR h?2 +�b2 bim/v MQ`K�iBp2 KQ/2H 7Q` i?2 Tm`+?�b2@iQ@T�v T`Q+2bb BM
"SJL 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 X X R99

eXk LQ`K�iBp2 KQ/2H 7Q` i?2 Tm`+?�b2@iQ@T�v T`Q+2bb BM S2i`B M2i MQi�iBQMb R99
eXj a2;`2;�iBQM Q7 /miB2b pBQH�i2/ #v i?`22 `2bQm`+2b X X X X X X X X X X X X R93
eX9 h?2 `2H�iBp2 /Bz2`2M+2 #2ir22M [m�MiBiv Q7 ;QQ/b `2+2BTi �M/ [m�MiBiv

Q7 Tm`+?�b2 Q`/2` 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 R8y
eX8 h?2 /Bz2`2M+2 #2ir22M T`B+2 Q7 BMpQB+2 `2+2BTi �M/ T`B+2 Q7 Tm`+?�b2

Q`/2` 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 X X X R8R
eXe h?2 `2H�iBp2 /Bz2`2M+2 #2ir22M i?2 mMBi T`B+2 QM BMpQB+2 �M/ mMBi T`B+2

QM :QQ/b _2+2BTi 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 R8k
eXd h2bib Q7 +QMi`QHb T?�b2 `2bmHi X X X X X X X X X X X X X X X X X X X X X X X R8j
eX3 S`Q+2bb K�T �7i2` i2bib Q7 +QMi`QHb X X X X X X X X X X X X X X X X X X X X R8d
eXN �7i2` ai�;2 R i?2 2p2Mi HQ; Bb /BpB/2/ BMiQ irQ b2ib Q7 MQ`K�H +�b2b �M/

/2pB�iBM; +�b2b 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 R83
eXRy .Bbi`B#miBQM Q7 +�b2b �M/ /2pB�iBM; BMbi�M+2b �7i2` G2p2H R X X X X X X X ReR
eXRR .Bbi`B#miBQM Q7 +�b2b �M/ /2pB�iBM; BMbi�M+2b �7i2` G2p2H k X X X X X X X Re8
eXRk .Bbi`B#miBQM Q7 +�b2b �M/ /2pB�iBM; BMbi�M+2b �7i2` G2p2H j X X X X X X X Rdy
eXRj .Bbi`B#miBQM Q7 +�b2b �M/ /2pB�iBM; BMbi�M+2b �7i2` �TTHvBM; G2p2H 9 X X Rdd

dXR S`Q+2bb Q7 AMi2`M�H *QMi`QH i2biBM; BM "SJL bT2+B}+�iBQMb X X X X X X RN9



GBbi Q7 6B;m`2b Bt

dXk h`�Mb�+iBQM�H p2`B}+�iBQM 7`�K2rQ`F X X X X X X X X X X X X X X X X X X X kyy



*?�Ti2` R

AMi`Q/m+iBQM

hQ BHHmbi`�i2 i?2 `2b2�`+? +QMi2ti- i?Bb i?2bBb #2;BMb rBi? � }+iBiBQmb #mi `2�HBbiB+ b+2@
M�`BQ Q7 � H�`;2 }M�M+B�H Q`;�MBx�iBQM QT2`�iBM; BM � ?B;?Hv `2;mH�i2/ 2MpB`QMK2MiX
AK�;BM2 � +QKT�Mv r?Qb2 /�BHv QT2`�iBQMb bT�M T`Q+m`2K2Mi- HQ;BbiB+b- }M�M+2- �M/
�++QmMiBM;- bmTTQ`i2/ #v BMi2;`�i2/ 1Mi2`T`Bb2 _2bQm`+2 SH�MMBM; U1_SV �M/ *mb@
iQK2` _2H�iBQMb?BT J�M�;2K2Mi U*_JV bvbi2KbX h?2b2 bvbi2Kb +QMiBMmQmbHv `2+Q`/
i`�Mb�+iBQMb �M/ �+iBpBiB2b- ;2M2`�iBM; p�bi pQHmK2b Q7 2p2Mi /�i� i?�i +�Tim`2 2p@
2`v bi�;2 Q7 #mbBM2bb 2t2+miBQMX AM KQ/2`M 2Mi2`T`Bb2b- bm+? /�i� ?�b 2K2`;2/ �b �
p�Hm�#H2 Q`;�MBx�iBQM�H `2bQm`+2 i?�i Qz2`b BMbB;?ib MQi QMHv BMiQ BM/BpB/m�H i`�Mb�+@
iBQMb #mi �HbQ BMiQ i?2 mM/2`HvBM; #mbBM2bb T`Q+2bb2b i?�i /2i2`KBM2 T2`7Q`K�M+2 �M/
+QKTHB�M+2 "�/�F?b?�M 2i �HX (kykk)- PH/2M#m`; 2i �HX (kyk8)X

6Q` i?Bb +QKT�Mv- 2z2+iBp2 BMi2`M�H +QMi`QH Bb MQi QMHv � +QKTHB�M+2 `2[mB`2K2Mi
#mi �HbQ � F2v K2+?�MBbK 7Q` 2Mbm`BM; i`�MbT�`2M+v- `2HB�#BHBiv- �M/ QT2`�iBQM�H 27@
}+B2M+vX Pp2` iBK2- i?2 +QKT�Mv ?�b BMp2bi2/ bm#bi�MiB�H `2bQm`+2b BM Bib BMi2`M�H
+QMi`QH �M/ BMi2`M�H �m/BiBM; 7mM+iBQMb iQ T`QpB/2 `2�bQM�#H2 �bbm`�M+2 iQ K�M�;2@
K2Mi- bi�F2?QH/2`b- �M/ `2;mH�iQ`v �mi?Q`BiB2b i?�i Bib /�i� �M/ T`Q+2bb2b �/?2`2 iQ
2bi�#HBb?2/ TQHB+B2bX >Qr2p2`- BM HBM2 rBi? #`Q�/2` BM/mbi`v /2p2HQTK2Mib- i?2 Q`;�@
MBx�iBQM ?�b T`Q;`2bbBp2Hv b?B7i2/ iQr�`/ +QMiBMmQmb �m/BiBM;X h?Bb b?B7i Bb KQiBp�i2/
#v b2p2`�H 7�+iQ`b, 6B`bi- i`�/BiBQM�H �m/BiBM; `2HB2/ ?2�pBHv QM b�KTHBM; /m2 iQ iBK2
�M/ #m/;2i +QMbi`�BMib- K�FBM; Bi BM?2`2MiHv BM+QKTH2i2 �M/ T`QM2 iQ b�KTHBM; 2``Q`bX
AM +QMi`�bi- +QMiBMmQmb �m/BiBM; 2M�#H2b i?2 2t�KBM�iBQM Q7 i?2 2MiB`2 TQTmH�iBQM Q7
T`Q+2bb 2t2+miBQMb �M/ +QMi`QHb #�b2/ QM bvbi2K�iB+�HHv /2}M2/ +`Bi2`B� (:`QQK2` �M/
Jm`i?v- RN3N- o�b�`?2HvB �M/ >�HT2`- RNNR- EQ+?- RN3R- �HH2b 2i �HX- kyye+)X _�i?2`
i?�M Qz2`BM; QMHv ǳ`2�bQM�#H2Ǵ �bbm`�M+2 i?`Qm;? `2i`QbT2+iBp2 +?2+Fb- +QMiBMmQmb
�m/BiBM; +�M /2HBp2` M2�` `2�H@iBK2 �bbm`�M+2- 2Mbm`BM; i?�i `BbFb �M/ B``2;mH�`BiB2b �`2
/2i2+i2/ �b T`Q+2bb2b mM7QH/ (Em2MF�BF�2r �M/ o�b�`?2HvB- kyRj)X q?BH2 i`�/BiBQM�H
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�m/BiBM; Bb T2`7Q`K2/ T2`BQ/B+�HHv- ivTB+�HHv QM �M �MMm�H #�bBb- +QMiBMmQmb �m/BiBM;
+�M #2 +QM/m+i2/ KQ`2 7`2[m2MiHv �M/ bvbi2K�iB+�HHvX �M�HvxBM; +QKTH2i2 /�i� b2ib
�i b?Q`i2` BMi2`p�Hb 2M�#H2b Q`;�MBx�iBQMb iQ /2i2+i 2``Q`b- BM2{+B2M+B2b- �M/ TQi2MiB�H
7`�m/ BM � KQ`2 iBK2Hv K�MM2`X AM �//BiBQM iQ BKT`QpBM; `2HB�#BHBiv- i?Bb �TT`Q�+?
+�M �HbQ `2/m+2 �m/Bi +Qbib �M/ 2M?�M+2 QT2`�iBQM�H 2{+B2M+v (1HHBQii- RNN3- J2MQM
�M/ qBHHB�Kb- kyyR)X a2+QM/- i?2 +QKTH2tBiv Q7 Q`;�MBx�iBQM�H bi`m+im`2b �M/ #mbBM2bb
T`Q+2bb2b ?�b BM+`2�b2/ bB;MB}+�MiHv BM `2+2Mi /2+�/2b (o�b�`?2HvB- kyRy- J�`+mb 2i �HX-
kyk9)X h?Bb ;`QrBM; +QKTH2tBiv BMi`Q/m+2b M2r +?�HH2M;2b 7Q` i`�/BiBQM�H �TT`Q�+?2b
iQ T`Q+2bbBM;- �M�HvxBM;- �M/ p2`B7vBM; i?2 +Q``2+iM2bb Q7 #mbBM2bb T`Q+2bb2bX J�BM@
i�BMBM; Qp2`bB;?i �+`Qbb KmHiBTH2 bvbi2Kb �M/ rQ`F~Qrb MQr `2[mB`2b KQ`2 bvbi2K�iB+
�M/ �miQK�i2/ �TT`Q�+?2b iQ 2Mbm`2 i?�i �+iBpBiB2b �`2 2t2+mi2/ �b BMi2M/2/ �M/ BM
�++Q`/�M+2 rBi? #Qi? BMi2`M�H TQHB+B2b �M/ 2ti2`M�H `2;mH�iBQMbX h?B`/- i?2 +QKT�MvǶb
BM7Q`K�iBQM bvbi2Kb BM7`�bi`m+im`2 �H`2�/v T`QpB/2b 2ti2MbBp2 �++2bb iQ i`�Mb�+iBQM�H
�M/ QT2`�iBQM�H /�i�- Qz2`BM; i?2 M2+2bb�`v 7QmM/�iBQM 7Q` �miQK�iBQM- 2M?�M+2/ +Qp@
2`�;2- �M/ ;`2�i2` `2bTQMbBp2M2bbX G2p2`�;BM; i?Bb /�i� 2MpB`QMK2Mi- i?2 +QKT�Mv
�BKb iQ bi`2M;i?2M Bib �bbm`�M+2 K2+?�MBbKb #v BMi2;`�iBM; i2+?MQHQ;v@/`Bp2M �M/
/�i�@+2Mi`B+ �m/BiBM; T`�+iB+2bX

"mBH/BM; mTQM i?Bb i2+?MQHQ;B+�H 7QmM/�iBQM- i?2 +QKT�Mv ?�b BKTH2K2Mi2/ � +QM@
iBMmQmb �m/BiBM; 7`�K2rQ`F i?�i �miQK�i2b H�`;2 T�`ib Q7 Bib BMi2`M�H +QMi`QH T`Q+2bbX
h?2b2 �miQK�i2/ bvbi2Kb 2t2+mi2 � `�M;2 Q7 i`�Mb�+iBQM�H +?2+Fb /2bB;M2/ iQ 2M@
bm`2 +QKTHB�M+2 rBi? #mbBM2bb `mH2b �M/ `2;mH�iQ`v bi�M/�`/bX 6Q` BMbi�M+2- #27Q`2 �
b�H2b Q`/2` Bb T`Q+2bb2/- i?2 bvbi2K p2`B}2b i?�i i?2 +mbiQK2` Bb `2;Bbi2`2/ �M/ +`2/Bi@
�TT`Qp2/c /m`BM; #BHHBM;- Bi 2Mbm`2b i?�i i?2 +Q``2+i `�i2 �M/ T2`+2Mi�;2 Q7 p�Hm2@�//2/
i�t Uo�hV Bb �TTHB2/c �M/ #27Q`2 � T�vK2Mi Bb 2t2+mi2/- i?2 bvbi2K +?2+Fb i?�i i?2
BMpQB+2 +Q``2bTQM/b iQ � p�HB/ Tm`+?�b2 Q`/2` �M/ /2HBp2`v +QM}`K�iBQMX

q?BH2 i?2b2 �miQK�i2/ +QMi`QHb �`2 2z2+iBp2 BM /2i2+iBM; i?2 BM+QMbBbi2M+B2b BM
/�i� T2`bT2+iBp2 �M/ 2Mbm`BM; +QKTHB�M+2 �i i?2 i`�Mb�+iBQM�H H2p2H- i?2v /Q MQi
+�Tim`2 ?Qr �+iBpBiB2b �`2 2t2+mi2/ BM b2[m2M+2 Q` ?Qr T`Q+2bb2b /2pB�i2 7`QK i?2
BMi2M/2/ b2[m2M+2X AM Qi?2` rQ`/b- i?2v T`QpB/2 p�HB/�iBQM Q7 /�i� �++m`�+v- #mi
MQi �bbm`�M+2 Q7 T`Q+2bb +Q``2+iM2bbX h?Bb HBKBi�iBQM H2�p2b � +`BiB+�H ;�T BM i?2
+QKT�MvǶb +QMi`QH 2MpB`QMK2Mi i?�i 2p2M B7 2�+? i`�Mb�+iBQM BM/2T2M/2MiHv b�iBb}2b
i?2 +QKTHB�M+2 `mH2b- i?2 Qp2`�HH T`Q+2bb K�v biBHH /Bp2`;2 7`QK i?2 /2bB;M2/ KQ/2HX

hQ 2M?�M+2 Bib �bbm`�M+2 +Qp2`�;2- i?2 +QKT�Mv ?�b #2;mM BM+Q`TQ`�iBM; /�i�
�M�HviB+b i2+?MB[m2b BMiQ Bib BMi2`M�H �m/BiBM; �+iBpBiB2bX .�i� �M�HviB+b BM �m/BiBM;
`272`b iQ i?2 mb2 Q7 +QKTmi�iBQM�H �M/ bi�iBbiB+�H K2i?Q/b iQ �M�Hvx2 H�`;2 /�i� b2ib
7Q` T�ii2`Mb- �MQK�HB2b- �M/ `BbFb .BiF�2r �M/ amiiBTmM (kykj)- EBK �M/ o�b�`?2HvB
(kyRk)- �HH2b 2i �HX (kyye#)- Abb� (kyRj)- S2`QHb �M/ Jm`i?v (kyRk#)- C�Mb 2i �HX (kyR9)X
_2+2Mi `2b2�`+? �HbQ 2KT?�bBx2b 7mHH@TQTmH�iBQM i2biBM; �M/ K�+?BM2@H2�`MBM; �M�@
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HviB+b i?�i KQp2 #2vQM/ i`�/BiBQM�H b�KTHBM; (>m�M; 2i �HX- kykk)X h?Bb �HbQ �HB;Mb
rBi? T`Q72bbBQM�H ;mB/�M+2- 7Q` 2t�KTH2 �A*S� UkyRdV- r?�i /2}M2b /�i� �M�HviB+b
�b ǳi?2 b+B2M+2 �M/ �`i Q7 /Bb+Qp2`BM; �M/ �M�HvxBM; T�ii2`Mb- B/2MiB7vBM; �MQK�HB2b-
�M/ 2ti`�+iBM; Qi?2` mb27mH BM7Q`K�iBQM BM /�i� mM/2`HvBM; Q` `2H�i2/ iQ i?2 bm#D2+i
K�ii2` Q7 �M �m/Bi- i?`Qm;? �M�HvbBb- KQ/2HBM;- �M/ pBbm�HBx�iBQMXǴ

q?BH2 KQbi Q7 i?2 /�i� �M�HviB+b i2+?MB[m2b Qz2` � TQr2`7mH �M�HviB+�H 7QmM/�iBQM
7Q` +QMiBMmQmb �M/ BMi2`M�H �m/BiBM;- i?2B` T`�+iB+�H �TTHB+�iBQM `2p2�Hb BKTQ`i�Mi HBK@
Bi�iBQMbX AM i?2 +QKT�MvǶb +m``2Mi b2imT- �miQK�i2/ +QMi`QHb �`2 ?B;?Hv 2z2+iBp2 BM
B/2MiB7vBM; BM+QMbBbi2M+B2b BM i`�Mb�+iBQM�H /�i� �M/ 2Mbm`BM; +QKTHB�M+2 rBi? }M�M@
+B�H �M/ `2;mH�iQ`v `2[mB`2K2MibX h?2b2 K2+?�MBbKb 7Q`K i?2 #�+F#QM2 Q7 i?2 +QM@
iBMmQmb �m/BiBM; 2MpB`QMK2Mi #v T`QpB/BM; `mH2@#�b2/ �bbm`�M+2 Qp2` i`�Mb�+iBQMb QM
� 7`2[m2Mi #�bBbX >Qr2p2`- bm+? +QMi`QHb QT2`�i2 �i i?2 /�i� p�HB/�iBQM H2p2H �M/ H�+F
� T`Q+2bb@Q`B2Mi2/ T2`bT2+iBp2 K2�MBM; i?�i i?2v /Q MQi p2`B7v r?2i?2` �+iBpBiB2b �`2
2t2+mi2/ BM i?2 +Q``2+i b2[m2M+2 Q` �/?2`2 iQ i?2 T`2b+`B#2/ T`Q+2/m`�H KQ/2HX h?Bb
HBKBi�iBQM BMi`Q/m+2b � bB;MB}+�Mi ;�T BM i?2 Q`;�MBx�iBQMǶb Qp2`�HH +QMi`QH 7`�K2rQ`FX
1p2M r?2M 2�+? i`�Mb�+iBQM b�iBb}2b i?2 /2}M2/ +QKTHB�M+2 `mH2b- i?2 2M/@iQ@2M/ T`Q@
+2bb K�v biBHH /2pB�i2 7`QK i?2 BMi2M/2/ ~Qr .m�M 2i �HX (kyk8)- 6ƺ?` 2i �HX (kyk8)X 6Q`
2t�KTH2- � Tm`+?�b2 Q`/2` KB;?i #2 �TT`Qp2/ QMHv �7i2` ;QQ/b ?�p2 #22M `2+2Bp2/-
Q` � `27mM/ KB;?i #2 Bbbm2/ #27Q`2 i?2 +Q``2bTQM/BM; +QKTH�BMi Bb T`QT2`Hv �bb2bb2/X
h?2b2 /2pB�iBQMb /Q MQi M2+2bb�`BHv #`2�+? BM/BpB/m�H i`�Mb�+iBQM@H2p2H `mH2b #mi +�M
BMi`Q/m+2 QT2`�iBQM�H `BbFb- BM2{+B2M+B2b- Q` TQi2MiB�H +QKTHB�M+2 Bbbm2bX hQ �//`2bb
i?Bb b?Q`i+QKBM;- i?2 +QKT�Mv ?�b bi�`i2/ iQ BMi2;`�i2 T`Q+2bb KBMBM; i2+?MB[m2b-
T�`iB+mH�`Hv +QM7Q`K�M+2 +?2+FBM;- BMiQ Bib BMi2`M�H +QMi`QH bvbi2KX h?Bb BMi2;`�@
iBQM K�`Fb � b?B7i BM 7Q+mb 7`QK p2`B7vBM; ǳ�`2 BM/BpB/m�H i`�Mb�+iBQMb +Q``2+i\Ǵ iQ
�bFBM; ǳ�`2 �+iBpBiB2b 2t2+mi2/ BM i?2 +Q``2+i Q`/2` �M/ �++Q`/BM; iQ i?2 /2}M2/ T`Q@
+2bb KQ/2H\ǴX h?`Qm;? i?Bb 2pQHmiBQM- i?2 +QKT�Mv �BKb iQ i`�MbBiBQM 7`QK bi�iB+-
`mH2@#�b2/ +QKTHB�M+2 iQr�`/ � /vM�KB+ 7Q`K Q7 T`Q+2bb �bbm`�M+2 i?�i `2~2+ib ?Qr
T`Q+2bb2b �`2 �+im�HHv 2t2+mi2/ BM T`�+iB+2 `�i?2` i?�M ?Qr i?2v �`2 B/2�HHv /2bB;M2/X
AM *?�Ti2` j- KQ`2 /2i�BH2/ #�+F;`QmM/ QM T`Q+2bb KBMBM; i2+?MB[m2b Bb T`2b2Mi2/X
h?2 Q`;�MBx�iBQM `2HB2b QM � MQ`K�iBp2 T`Q+2bb KQ/2H- T`QpB/2/ #v T`Q+2bb QrM2`b
r?Q mM/2`bi�M/ ?Qr F2v rQ`F~Qrb- bm+? �b Q`/2`@iQ@+�b? Q` Tm`+?�b2@iQ@T�v- �`2
B/2�HHv T2`7Q`K2/X h?Bb KQ/2H b2`p2b �b � `272`2M+2 #2M+?K�`F �;�BMbi r?B+? `2�H
2t2+miBQMb +�M #2 +QKT�`2/ mbBM; 2p2Mi /�i�X "v �HB;MBM; �+im�H i`�+2b rBi? i?2
MQ`K�iBp2 KQ/2H- �m/BiQ`b +�M /2i2+i /2pB�iBQMb �M/ BMp2biB;�i2 i?2B` `QQi +�mb2bX
>Qr2p2`- i?Bb �TT`Q�+? Bb MQi rBi?Qmi +?�HH2M;2b, i?2 MQ`K�iBp2 KQ/2H- r?BH2 mb27mH
�b � `272`2M+2- `2T`2b2Mib �M B/2�HBx2/ p2`bBQM Q7 QT2`�iBQMbX Ai QKBib K�Mv p�`B�iBQMb
�M/ 2t+2TiBQMb i?�i M�im`�HHv Q++m` BM /�v@iQ@/�v QT2`�iBQMbX 6Q` 2t�KTH2- m`;2Mi
T`Q+m`2K2Mi Q`/2`b K�v bFBT +2`i�BM �TT`Qp�H bi2Tb- Q` HQM;@bi�M/BM; +mbiQK2`b KB;?i
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#2 ;`�Mi2/ �++2H2`�i2/ T�vK2Mi T`Q+2bbBM;X h?2b2 p�`B�iBQMb �`2 Q7i2M T2`KBii2/ BM
T`�+iB+2 #mi MQi 2tTHB+BiHv +�Tim`2/ BM i?2 KQ/2HX h?2 `2bmHi Bb i?�i /2pB�iBQMb 7`QK
i?2 MQ`K�iBp2 KQ/2H �`2 7`2[m2Mi- �M/ MQi �HH Q7 i?2K �`2 T`Q#H2K�iB+X aQK2 `2T`2@
b2Mi �++2Ti�#H2 ǳ2t+2TiBQMbǴ- r?B+? �`2 /2pB�iBQMb DmbiB}2/ #v +QMi2tim�H FMQrH2/;2-
Q` QT2`�iBQM�H +QMbi`�BMib- r?BH2 Qi?2`b �`2 i`m2 ǳ�MQK�HB2bǴ- BM/B+�iBM; T`Q+2bb 7�BH@
m`2- 2``Q`b- T`Q+2bb #`2�F/QrMb- Q` MQM@+QKTHB�M+2X h?2 /BbiBM+iBQM #2ir22M i?2b2
irQ +�i2;Q`B2b Bb BM?2`2MiHv +QKTH2t �M/ Q7i2M /B{+mHi iQ 2bi�#HBb? BM T`�+iB+2X S�`i Q7
i?2 /B{+mHiv �`Bb2b 7`QK i?2 i�+Bi �M/ BKTHB+Bi FMQrH2/;2 i?�i 2tBbib rBi?BM i?2 Q`;�@
MBx�iBQMX AMi2`M�H �m/BiQ`b- T`Q+2bb QrM2`b- �M/ 2tT2`B2M+2/ mb2`b mM/2`bi�M/ K�Mv
Q7 i?2 BM7Q`K�H `mH2b i?�i ;Qp2`M /�BHv QT2`�iBQMb- bm+? �b r?B+? bi2Tb K�v #2 bFBTT2/
mM/2` bT2+B}+ +QM/BiBQMb- Q` ?Qr i?2 MmK#2` Q7 bB;M�im`2b K�v p�`v /2T2M/BM; QM
i?2 p�Hm2 Q7 � i`�Mb�+iBQMX u2i i?Bb FMQrH2/;2 Bb `�`2Hv /Q+mK2Mi2/X h?Bb FMQrH2/;2
Bb 2K#2//2/ BM T2`bQM�H 2tT2`B2M+2 �M/ Q`;�MBx�iBQM�H +mHim`2- i`�MbKBii2/ p2`#�HHv
Q` i?`Qm;? BM7Q`K�H T`�+iB+2b `�i?2` i?�M /Q+mK2Mi2/ BM 7Q`K�H T`Q+2/m`2bX aQK2@
iBK2b r?2M Bbbm2b Q++m`- i?2v �`2 mbm�HHv �//`2bb2/ `2�+iBp2Hv i?`Qm;? /Bb+mbbBQM Q`
BKK2/B�i2 �+iBQM- rBi?Qmi #2BM; }`bi 7Q`K�HHv bi�M/�`/Bx2/ �b � r`Bii2M `mH2X q?2M
+QM7Q`K�M+2 +?2+FBM; Bb �TTHB2/ BM i?Bb 2MpB`QMK2Mi- Bi BM2pBi�#Hv /2i2+ib � ?B;? MmK@
#2` Q7 /2pB�iBQMbX >Qr2p2`- rBi?Qmi �++2bb iQ i?2 i�+Bi `mH2b i?�i 2tTH�BM �++2Ti�#H2
p�`B�iBQMb- i?2 �miQK�i2/ �M�HvbBb Bb mM�#H2 iQ /BbiBM;mBb? #2ir22M /2pB�iBQMb Q7 `2�H
bB;MB}+�M+2 �M/ i?Qb2 i?�i �`2 DmbiB}�#H2X h?Bb +`2�i2b � ;�T #2ir22M i?2 bvbi2KǶb
/2pB�iBQM /2i2+iBQM +�T�#BHBiv �M/ i?2 �m/BiQ`Ƕb Dm/;K2MiX

*QMb2[m2MiHv- i?2 +QKT�Mv 7�+2b r?�i +�M #2 /2b+`B#2/ �b � +H�bbB}+�iBQM +?�H@
H�M;2X 1�+? /2i2+i2/ /2pB�iBQM Kmbi #2 BMi2`T`2i2/ �M/ +H�bbB}2/ �b 2Bi?2` � H2;BiB@
K�i2 2t+2TiBQM- `2~2+iBM; �++2Ti�#H2 ~2tB#BHBiv BM T`Q+2bb 2t2+miBQM- Q` � T`Q#H2K�iB+
�MQK�Hv i?�i `2[mB`2b �ii2MiBQM Q` +Q``2+iBp2 �+iBQMX h?2 +?�HH2M;2 HB2b MQi BM /2@
i2+iBM; /2pB�iBQMb T2` b2- #mi BM mM/2`bi�M/BM; i?2B` K2�MBM; rBi?BM i?2 QT2`�iBQM�H
+QMi2tiX h?Bb +H�bbB}+�iBQM i�bF Bb +2Mi`�H iQ K�BMi�BMBM; �M 2z2+iBp2 #�H�M+2 #2@
ir22M +QMi`QH �M/ ~2tB#BHBivX Pp2`@+H�bbB7vBM; /2pB�iBQMb �b �MQK�HB2b +�M H2�/ iQ
2t+2bbBp2 �H�`K ~QQ/ �M/ mMM2+2bb�`v BMp2biB;�iBQMb- �M/ BM+`2�bBM; �m/Bi rQ`FHQ�/X
lM/2`@+H�bbB7vBM; i?2K- QM i?2 Qi?2` ?�M/- `BbFb Qp2`HQQFBM; ;2MmBM2 +QMi`QH 7�BHm`2b
Q` +QKTHB�M+2 #`2�+?2bX �+?B2pBM; i?2 `B;?i #�H�M+2 `2[mB`2b bvbi2K�iB+ K2i?Q/b i?�i
+QK#BM2 �miQK�i2/ /2i2+iBQM rBi? ?mK�M 2tT2`iBb2 �M/ 2tT2`i Dm/;K2MiX h?2 +?�H@
H2M;2 Q7 #`B/;BM; �miQK�i2/ T`Q+2bb +QM7Q`K�M+2 �M�HvbBb rBi? ?mK�M BMi2`T`2iBp2
BMbB;?i- /2}M2b i?2 +Q`2 KQiBp�iBQM Q7 i?Bb `2b2�`+?X Ai ?B;?HB;?ib � #`Q�/2` Bbbm2 7�+2/
#v K�Mv KQ/2`M Q`;�MBx�iBQMb, r?BH2 i`�Mb�+iBQM�H +QMi`QH bvbi2Kb 2Mbm`2 /�i�@H2p2H
�++m`�+v- i?2v H2�p2 T`Q+2bb@H2p2H �bbm`�M+2 mM/2`@KQMBiQ`2/X �b Q`;�MBx�iBQMb BM@
+`2�bBM;Hv �/QTi �M�HviB+�H �M/ +QMiBMmQmb �m/BiBM;- i?2 �#BHBiv iQ BMi2`T`2i T`Q+2bb
/2pB�iBQMb K2�MBM;7mHHv #2+QK2b 2bb2MiB�HX h?Bb M22/ 7Q`Kb i?2 7QmM/�iBQM 7Q` i?2
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`2b2�`+? KQiBp�iBQM �M/ T`Q#H2K bi�i2K2Mi /Bb+mbb2/ BM i?2 M2ti b2+iBQMX

RXR _2b2�`+? JQiBp�iBQM

q?BH2 i?2 +QKT�MvǶb �/QTiBQM Q7 +QM7Q`K�M+2 +?2+FBM; `2T`2b2Mib � bi2T 7Q`r�`/
iQr�`/ T`Q+2bb@Q`B2Mi2/ �bbm`�M+2- b2p2`�H HBKBi�iBQMb `2K�BM i?�i KQiBp�i2 i?Bb `2@
b2�`+?X S`Q+2bb KBMBM; i2+?MB[m2b- BM+Hm/BM; +QM7Q`K�M+2 +?2+FBM;- ?�p2 b?QrM
bi`QM; TQi2MiB�H BM `2p2�HBM; KBbK�i+?2b �M/ /Bb+`2T�M+B2b #2ir22M /2bB;M2/ �M/
�+im�H T`Q+2bb 2t2+miBQMbX >Qr2p2`- i?2B` T`�+iB+�H �TTHB+�iBQM BM BMi2`M�H �m/BiBM;
2MpB`QMK2Mib Bb biBHH HBKBi2/X AM T�`iB+mH�`- �m/BiQ`b 2M+QmMi2` bB;MB}+�Mi /B{+mHiB2b
`2H�i2/ iQ i?2 ǳBMi2`T`2i�#BHBiv Q7 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b `2bmHibǴ �M/ ǳ?B;?
pQHmK2 Q7 7�Hb2@TQbBiBp2 /2i2+iBQMbǴX h?2b2 b?Q`i+QKBM;b `2bi`B+i i?2 2ti2Mi iQ r?B+?
T`Q+2bb KBMBM; +�M #2 mb2/ �b � `2HB�#H2 �M/ 2{+B2Mi �m/BiBM; BMbi`mK2MiX

RXRXR LQM@K2�MBM;7mH M�im`2 Q7 +m``2Mi QmiTmib
PM2 Q7 i?2 F2v +?�HH2M;2b HB2b BM i?2 MQM@K2�MBM;7mH M�im`2 Q7 +m``2Mi QmiTmibX �m/Bi@
BM; Bb � T`Q72bbBQM�H /QK�BM i?�i `2[mB`2b 2tT2`i Dm/;K2Mi �M/ Mm�M+2/ BMi2`T`2i�iBQM
Q7 +QMi2tiX AM T`�+iB+2- i?2 QmiTmib ;2M2`�i2/ #v +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b �`2
7`2[m2MiHv 2tT`2bb2/ BM ?B;?Hv i2+?MB+�H i2`Kb- r?B+? +�M K�F2 i?2B` BMi2`T`2i�iBQM
+?�HH2M;BM; 7Q` �m/BiQ`b �M/ Qi?2` MQM@i2+?MB+�H mb2`bX AM Qi?2` rQ`/b- i?2 /2pB�iBQMb
�`2 T`2b2Mi2/ BM � ?B;?Hv i2+?MB+�H 7Q`K�i- BM � r�v i?�i �m/BiQ`b r?Q �`2 bmTTQb2/
iQ �M�Hvx2 i?2b2 /2pB�iBQMb +�MMQi ;2i � +QKT`2?2MbBp2 �M/ K2�MBM;7mH Qp2`pB2r Q7
r?�i i?2 /2pB�iBQMb �+im�HHv BKTHv 7Q` i?2 T`Q+2bb mM/2` `2pB2rX h?Bb ;�T #2ir22M
i2+?MB+�H QmiTmi �M/ T`Q72bbBQM�H Dm/;K2Mi ?BM/2`b �m/BiQ`b 7`QK 7mHHv H2p2`�;BM; i?2
�M�HviB+�H TQi2MiB�H Q7 T`Q+2bb KBMBM; iQQHbX

RXRXk G�`;2 MmK#2` Q7 /2pB�iBQMb
h?2 b2+QM/ +?�HH2M;2 �`Bb2b 7`QK i?2 H�`;2 MmK#2` Q7 /2pB�iBQMb i?�i +QM7Q`K�M+2
+?2+FBM; i2+?MB[m2b ivTB+�HHv B/2MiB7vX "2+�mb2 i?2b2 �H;Q`Bi?Kb +QKT�`2 Q#b2`p2/
2t2+miBQMb rBi? � bBKTHB}2/ MQ`K�iBp2 KQ/2H- i?2v i2M/ iQ +H�bbB7v � bm#bi�MiB�H T`Q@
TQ`iBQM Q7 +�b2b �b /2pB�iBQMbX J�Mv Q7 i?2b2- ?Qr2p2`- �`2 MQi �+im�H �MQK�HB2b
#mi �++2Ti�#H2 2t+2TiBQMbX h?Bb `2bmHib BM �M 2t+2bbBp2 MmK#2` Q7 7�Hb2@TQbBiBp2 /2@
i2+iBQMb- `2[mB`BM; �m/BiQ`b iQ K�Mm�HHv `2+H�bbB7v i?2 Qmi+QK2bX am+? K�Mm�H 2zQ`i
Bb iBK2@+QMbmKBM;- BM+`2�b2b i?2 `BbF Q7 BM+QMbBbi2M+v �M/ ?mK�M 2``Q`- �M/ `2/m+2b
i?2 Qp2`�HH 2{+B2M+v Q7 i?2 �m/Bi T`Q+2bbX J2�MBM;7mHHv `2/m+BM; i?2b2 7�Hb2 TQb@
BiBp2b `2[mB`2b i?2 BM+Q`TQ`�iBQM Q7 �//BiBQM�H +QMi2tim�H BM7Q`K�iBQM bm+? �b /�i�
�ii`B#mi2b- +�b2 +QM/BiBQMb- Q` QT2`�iBQM�H `mH2bX AM K�Mv `2�H@rQ`H/ �m/Bi b+2M�`BQb-
mM/2`bi�M/BM; � /2pB�iBQM `2[mB`2b KQ`2 i?�M Dmbi FMQrBM; r?B+? �+iBpBiB2b Q++m``2/
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BM �M mM2tT2+i2/ Q`/2`X �m/BiQ`b Q7i2M M22/ +QMi2tim�H BM7Q`K�iBQM- bm+? �b r?B+?
2KTHQv22 T2`7Q`K2/ �M �+iBQM- mM/2` r?�i +QM/BiBQMb Bi Q++m``2/- Q` r?B+? /�i� �i@
i`B#mi2b r2`2 �z2+i2/X AM b2iiBM;b bm+? �b i?2 }+iBiBQmb Q`;�MBx�iBQM /2b+`B#2/ �#Qp2-
i?2 +?�HH2M;2 HB2b MQi BM i?2 �#b2M+2 Q7 BMi2;`�i2/ KmHiB@T2`bT2+iBp2 i2+?MB[m2b- #mi BM
i?2 7�+i i?�i `2H2p�Mi +QMi2tim�H BM7Q`K�iBQM Bb MQi 7Q`K�HBx2/ Q` BMi2;`�i2/ BMiQ i?2b2
i2+?MB[m2bX >Qr2p2`- K�Mv Q7 i?2b2 �ii`B#mi2b �`2 BKTHB+Bi BM T`�+iB+2 �M/ i?2`27Q`2
/B{+mHi iQ 7Q`K�HBx2 Q` BMi2;`�i2 BMiQ i`�/BiBQM�H +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2bX
qBi?Qmi bm+? KmHiB@T2`bT2+iBp2 BM7Q`K�iBQM- �m/BiQ`b +�MMQi 2z2+iBp2Hv /BbiBM;mBb?
H2;BiBK�i2 2t+2TiBQMb 7`QK T`Q#H2K�iB+ �MQK�HB2bX
h?2b2 +?�HH2M;2b- M�K2Hv H�+F Q7 BMi2`T`2i�#BHBiv- � ?B;? MmK#2` Q7 /2i2+i2/ /2pB�iBQMb
BHHmbi`�i2 r?v T`Q+2bb KBMBM;- /2bTBi2 Bib �M�HviB+�H TQi2MiB�H- ?�b MQi v2i #2+QK2 �
bi�M/�`/ iQQH BM BMi2`M�H �m/BiBM;X 6Q` i?2 +QKT�Mv /2b+`B#2/ �#Qp2 BM i?Bb i?2bBb-
i?2b2 +?�HH2M;2b i`�MbH�i2 BMiQ � T`�+iB+�H +QM+2`M, q?BH2 +QM7Q`K�M+2 +?2+FBM; �//b
� p�Hm�#H2 T`Q+2bb 7Q+mb iQ 2tBbiBM; i`�Mb�+iBQM�H +QMi`QHb- Bib +m``2Mi �TTHB+�iBQM BM
i?2 +QMi2ti Q7 i?2 2t�KBM2/ 2MpB`QMK2Mi ;2M2`�i2b bm#bi�MiB�H MQBb2 �M/ HBKBi2/ �+@
iBQM�#H2 BMbB;?iX h?2b2 +?�HH2M;2b bi2K 7`QK i?2 mM/2`HvBM; `2b2�`+? �bbmKTiBQMb-
bm+? �b i?2 mb2 Q7 BM+QKTH2i2 T`Q+2bb KQ/2Hb �M/ i?2 H�+F Q7 7Q`K�HBx2/ +QMi2tim�H
BM7Q`K�iBQM- `�i?2` i?�M 7`QK BM?2`2Mi HBKBi�iBQMb Q7 i?2 +QM7Q`K�M+2 +?2+FBM; i2+?@
MB[m2bX

RXk S`Q#H2K ai�i2K2Mi �M/ _2b2�`+? Zm2biBQMb

h?2 +?�HH2M;2b /2b+`B#2/ �#Qp2 +QMp2`;2 BMiQ � +2Mi`�H T`Q#H2K, ?Qr iQ /2bB;M �M
�H;Q`Bi?KB+ �TT`Q�+? i?�i +�M ?2HT �m/BiQ`b T`Q+2bb �M/ BMi2`T`2i i?2 H�`;2 MmK@
#2` Q7 /2pB�iBQMb T`Q/m+2/ #v +QM7Q`K�M+2 +?2+FBM; BM � KQ`2 2{+B2Mi- K2�MBM;7mH-
�M/ +QMi2ti@�r�`2 K�MM2`X *m``2Mi +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b /2i2+i /2pB�@
iBQMb `2HB�#Hv- #mi i?2v /Q MQi T`QpB/2 i?2 BMi2`T`2iBp2 bmTTQ`i M22/2/ iQ /BbiBM;mBb?
�++2Ti�#H2 2t+2TiBQMb 7`QK T`Q#H2K�iB+ �MQK�HB2bX �b � `2bmHi- �m/BiQ`b `2[mB`2 �M@
�HviB+�H K2+?�MBbKb i?�i ;Q #2vQM/ /2i2+iBQM �M/ Qz2` �+iBQM�#H2- +QMi2ti@b2MbBiBp2
BMbB;?ib i?�i `2/m+2 MQBb2 �M/ BKT`Qp2 /2+BbBQM@K�FBM;X �//`2bbBM; i?Bb +2Mi`�H T`Q#@
H2K `2[mB`2b #Qi? � K2i?Q/QHQ;B+�H bQHmiBQM- BX2X- �M �H;Q`Bi?KB+ 7`�K2rQ`F- �M/ �
/22T2` mM/2`bi�M/BM; Q7 i?2 mM/2`HvBM; Bbbm2b i?�i ?BM/2` 2z2+iBp2 /2pB�iBQM �M�HvbBbX
h?Bb HQ;B+ Bb `2~2+i2/ BM i?2 bi`m+im`2 Q7 i?2 `2b2�`+? [m2biBQMbX

�H;Q`Bi?KB+ .2bB;M Zm2biBQM

_ZR, >Qr +�M � 7`�K2rQ`F BMi2;`�iBM; T`Q+2bb KBMBM;- /�i� KBMBM;- �M/ ?mK�M@BM@
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i?2@HQQT 2M?�M+2K2Mi #2 /2bB;M2/ iQ �bbBbi �m/BiQ`b BM � +QMiBMmQmb �m/BiBM; T`�+iB+2\

h?Bb [m2biBQM /`Bp2b i?2 /2bB;M Q7 �M �H;Q`Bi?KB+ bQHmiBQM i?�i +�M `2/m+2 i?2
K�Mm�H 2zQ`i `2[mB`2/ 7`QK �m/BiQ`b- K�M�;2 H�`;2 pQHmK2b Q7 /2pB�iBQMb- �M/ T`Q@
;`2bbBp2Hv H2�`M 7`QK �m/BiQ` 722/#�+FX

S`Q#H2K@.`Bp2M Zm2biBQMb amTTQ`iBM; i?2 �H;Q`Bi?KB+ :Q�H

_Zk, >Qr +�M i?2 QmiTmib Q7 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b #2 K�/2 KQ`2 BMi2`@
T`2i�#H2 �M/ K2�MBM;7mH 7Q` �m/BiQ`b\

h?Bb [m2biBQM �//`2bb2b i?2 BMi2`T`2i�#BHBiv T`Q#H2K #v b22FBM; r�vb iQ Q`;�MBx2-
bi`m+im`2- �M/ `2T`2b2Mi /2pB�iBQMb BM � 7Q`K �HB;M2/ rBi? �m/BiQ`bǶ `2�bQMBM;X 1tBbi@
BM; +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b ivTB+�HHv T`2b2Mi /2pB�iBQMb BM i2+?MB+�H i2`Kb-
bm+? �b bFBT- BMb2`i- r?B+? /Q MQi M2+2bb�`BHv +Q``2bTQM/ iQ ?Qr �m/BiQ`b BMi2`T`2i
T`Q+2bb /2pB�iBQMbX h?2`27Q`2- i?Bb [m2biBQM �HbQ 2t�KBM2b r?2i?2` �m/BiQ`b `2Hv QM
/Bz2`2Mi- T`�+iB+2@Q`B2Mi2/ i2`KBMQHQ;v �M/ +�i2;Q`Bx�iBQMb BM i?2B` K2Mi�H KQ/2Hb-
�M/ ?Qr i?2b2 +�M #2 +�Tim`2/ iQ BKT`Qp2 BMi2`T`2i�#BHBivX

_Zj, hQ r?�i 2ti2Mi +�M BM+`2K2Mi�H BM7Q`K�iBQM T`QpBbBQM �bbBbi �m/BiQ`b BM +H�bbB@
7vBM; /2pB�iBM; BMbi�M+2b KQ`2 2{+B2MiHv i?�M i`�/BiBQM�H K�Mm�H �TT`Q�+?2b\

h?Bb [m2biBQM 7Q+mb2b QM `2/m+BM; i?2 +Q;MBiBp2 �M/ �M�HviB+�H #m`/2M QM �m/BiQ`b
#v bmTTHvBM; +QMi2tim�H BM7Q`K�iBQM QMHv r?2M Bi Bb M22/2/X AM T`�+iB+2- K�Mm@
�HHv +H�bbB7vBM; 2�+? /2i2+i2/ /2pB�iBQM Bb +mK#2`bQK2 �M/ ?B;?Hv iBK2@+QMbmKBM;-
2bT2+B�HHv r?2M +QM7Q`K�M+2 +?2+FBM; T`Q/m+2b bm#bi�MiB�H MmK#2`b Q7 /2i2+i2/ /2@
pB�iBQMbX �b � `2bmHi- �m/BiQ`b Q7i2M `2Hv QM b�KTHBM; BMbi2�/ Q7 `2pB2rBM; i?2 7mHH
TQTmH�iBQM Q7 /2pB�iBQMb- r?B+? `2/m+2b �bbm`�M+2 +Qp2`�;2X h?Bb [m2biBQM i?2`2@
7Q`2 2t�KBM2b r?2i?2` � bi2TrBb2- i�`;2i2/ T`QpBbBQM Q7 BM7Q`K�iBQM +�M K�F2 7mHH@
TQTmH�iBQM �M�HvbBb KQ`2 72�bB#H2 BM T`�+iB+2X
AM �//BiBQM- BM+`2K2Mi�H BM7Q`K�iBQM T`QpBbBQM M�im`�HHv 2ti2M/b iQ BM+Q`TQ`�iBM;
KmHiBTH2 T`Q+2bb T2`bT2+iBp2b bm+? �b /�i� �ii`B#mi2b- +�b2 +QM/BiBQMb- �M/ `2bQm`+2
BM7Q`K�iBQM- #2vQM/ i?2 +QMi`QH@~Qr pB2rX h?2b2 �//BiBQM�H T2`bT2+iBp2b �`2 2bb2MiB�H
7Q` /BbiBM;mBb?BM; �++2Ti�#H2 2t+2TiBQMb 7`QK i`m2 �MQK�HB2b- �M/ BMi2;`�iBM; i?2K BM
�M BM+`2K2Mi�H K�MM2` 2Mbm`2b i?�i �m/BiQ`b `2+2Bp2 `2H2p�Mi +QMi2tim�H +Hm2b rBi?@
Qmi #2BM; Qp2`r?2HK2/ #v mMM2+2bb�`v /2i�BHX
hQ �//`2bb i?Bb T`Q#H2K BM � bi`m+im`2/ �M/ `B;Q`Qmb K�MM2`- i?2 i?2bBb �/QTib i?2
�H;Q`Bi?K 2M;BM22`BM; 7`�K2rQ`F T`QTQb2/ #v J2M/HBM; 2i �HX (kyk8)X h?Bb 7`�K2rQ`F
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;mB/2b i?2 /2p2HQTK2Mi- /2bB;M- �M/ 2p�Hm�iBQM Q7 �H;Q`Bi?KB+ bQHmiBQMb iQ `2�H@rQ`H/
+?�HH2M;2bX h?2 7QHHQrBM; b2+iBQM 2tTH�BMb ?Qr Bi Bb �TTHB2/ rBi?BM i?Bb `2b2�`+?X

RXj J2i?Q/QHQ;v �M/ FMQrH2/;2 +QMi`B#miBQMb

h?Bb b2+iBQM TQbBiBQMb i?2 K2i?Q/QHQ;v Q7 i?2 i?2bBb rBi?BM i?2 7`�K2rQ`F Q7 �H;Q@
`Bi?K 2M;BM22`BM; �b T`QTQb2/ #v J2M/HBM; 2i �HX (kyk8)X h?2B` 7`�K2rQ`F /Bb+mbb2b
i?2 QMiQHQ;v- 2TBbi2KQHQ;v �M/ K2i?Q/QHQ;v Q7 �H;Q`Bi?K 2M;BM22`BM; �M/ T`QpB/2b �
bi`m+im`2 iQ T`Q/m+2 p�HB/ FMQrH2/;2 +QMi`B#miBQMb `2;�`/BM; �H;Q`Bi?KbX *QMbBbi2Mi
rBi? >2`#2`i aBKQMǶb (aBKQM- RNNe) pB2r BM h?2 a+B2M+2b Q7 i?2 �`iB}+B�H- i?Bb i?2@
bBb �/QTib � /2bB;M@Q`B2Mi2/ T2`bT2+iBp2 BM r?B+? b+B2MiB}+ BM[mB`v Bb MQi HBKBi2/ iQ
/2b+`B#BM; ?Qr i?BM;b �`2 #mi �HbQ +QM+2`Mb i?2 +`2�iBQM Q7 �`i27�+ib BMi2M/2/ iQ BK@
T`Qp2 ?Qr i?BM;b KB;?i #2X aBKQM 2KT?�bBx2b i?�i K�Mv }2H/běBM+Hm/BM; 2M;BM22`@
BM;- #mbBM2bb- �M/ Q`;�MBx�iBQM�H /2+BbBQM@K�FBM;ě�/p�M+2 FMQrH2/;2 #v /2p2HQTBM;
�`i27�+ib i?�i bmTTQ`i �M/ 2M?�M+2 ?mK�M `2�bQMBM;X h?Bb T2`bT2+iBp2 Bb T�`iB+mH�`Hv
`2H2p�Mi 7Q` `2b2�`+? bBim�i2/ �i i?2 BMi2`b2+iBQM Q7 BM7Q`K�iBQM bvbi2Kb- �m/BiBM;- �M/
�M�HviB+b- r?2`2 K2i?Q/b Kmbi #2 /2bB;M2/ rBi? T`�+iB+�H mb2 BM KBM/ �M/ 2p�Hm�i2/
BM `2H�iBQM iQ i?2B` BMi2M/2/ Tm`TQb2X

h?2 �H;Q`Bi?K 2M;BM22`BM; 7`�K2rQ`F T`QpB/2b � bi`m+im`2/ pB2r Q7 ?Qr `2�H@rQ`H/
T`Q#H2Kb �`2 i`�Mb7Q`K2/ BMiQ �H;Q`Bi?KB+ bQHmiBQMbX �b BHHmbi`�i2/ BM 6B;m`2 RXR- i?2
7`�K2rQ`F /BbiBM;mBb?2b #2ir22M i?2 `2�H@rQ`H/ T`Q#H2K- i?2 �H;Q`Bi?KB+ i�bF- i?2
�H;Q`Bi?K /2bB;M- �M/ i?2 BKTH2K2Mi�iBQMX

6B;m`2 RXR, �H;Q`Bi?K 2M;BM22`BM; 7`�K2rQ`F �/�Ti2/ 7`QK J2M/HBM; 2i �HX (kyk8)

h?2 7QHHQrBM; bm#b2+iBQMb /2b+`B#2 i?2 �H;Q`Bi?K 2M;BM22`BM; 7`�K2rQ`F BM /2i�BH
�M/ �TTHv Bi iQ i?2 T`Q#H2K Q7 T`Q+2bb /2pB�iBQM �M�HvbBb 7Q` +QMiBMmQmb �m/BiBM;X
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RXjXR h?2 �H;Q`Bi?K 1M;BM22`BM; 6`�K2rQ`F
hQ bBim�i2 i?Bb i?2bBb rBi?BM � bi`m+im`2/ K2i?Q/QHQ;B+�H T2`bT2+iBp2- i?Bb i?2bBb
�/QTib i?2 7`�K2rQ`F Q7 �H;Q`Bi?K 2M;BM22`BM; �b /2b+`B#2/ #v J2M/HBM; 2i �HX (kyk8)X
h?Bb 7`�K2rQ`F T`QpB/2b � bvbi2K�iB+ r�v iQ +QMM2+i `2�H@rQ`H/ T`Q#H2Kb- �H;Q`Bi?@
KB+ �#bi`�+iBQMb- +QM+2Tim�H /2bB;Mb- BKTH2K2Mi�iBQMb- �M/ FMQrH2/;2 +QMi`B#miBQMbX
"27Q`2 �TTHvBM; Bi iQ i?2 +QMi2ti Q7 T`Q+2bb /2pB�iBQM �M�HvbBb- Bi Bb mb27mH iQ #`B2~v
QmiHBM2 Bib K�BM 2H2K2MibX

RXjXRXR PMiQHQ;B+�H *QM+2Tib

h?2 7`�K2rQ`F /BbiBM;mBb?2b #2ir22M 7Qm` QMiQHQ;B+�H H�v2`b, _2�H@rQ`H/ T`Q#H2K,
h?2 `2�H@rQ`H/ T`Q#H2K `272`b iQ i?2 T`�+iB+�H +?�HH2M;2 i?�i KQiBp�i2b �H;Q`Bi?KB+
BM[mB`v �M/ Q`B;BM�i2b 7`QK �M �TTHB+�iBQM /QK�BMX Ai +�Tim`2b i?2 Q`;�MBx�iBQM�H
Q` bvbi2K@H2p2H Bbbm2 BM Bib M�im`�H +QMi2ti- Q7i2M BMpQHpBM; BM2{+B2M+B2b- `BbFb- Q`
+QKTHB�M+2 +QM+2`MbX �i i?Bb H2p2H- i?2 T`Q#H2K Bb /QK�BM@bT2+B}+ �M/ MQi v2i 7Q`K�HHv
/2}M2/X
�H;Q`Bi?KB+ i�bF, h?2 �H;Q`Bi?KB+ i�bF Bb i?2 7Q`K�H �#bi`�+iBQM Q7 i?2 `2�H@rQ`H/
T`Q#H2KX Ai bT2+B}2b BMTmib- QmiTmib- �M/ �bbmKTiBQMb- �M/ i?2`27Q`2 Bi i`�Mb7Q`Kb
� K2bbv- /QK�BM@bT2+B}+ +?�HH2M;2 BMiQ � +QKTmi�iBQM�HHv i`�+i�#H2 T`Q#H2KX h?Bb
�#bi`�+iBQM /2}M2b i?2 b+QT2 Q7 r?�i i?2 �H;Q`Bi?K b?QmH/ �//`2bbX
�H;Q`Bi?K /2bB;M, h?2 �H;Q`Bi?KB+ /2bB;M `2T`2b2Mib i?2 +QM+2Tim�H bi`�i2;v /2p2H@
QT2/ iQ bQHp2 i?2 i�bFX Ai /2}M2b i?2 mM/2`HvBM; T`BM+BTH2b- KQ/2Hb- �M/ bi`m+im`�H
+QKTQM2Mib Q7 i?2 �TT`Q�+?- Q7i2M 2tT`2bb2/ BM Tb2m/Q+Q/2- /B�;`�Kb- Q` #Hm2T`BMibX
�i i?Bb H2p2H- i?2 7Q+mb Bb QM i?2 HQ;B+ Q7 i?2 bQHmiBQM `�i?2` i?�M Bib i2+?MB+�H BMbi�M@
iB�iBQMX
�H;Q`Bi?K BKTH2K2Mi�iBQM, h?2 �H;Q`Bi?KB+ BKTH2K2Mi�iBQM Bb i?2 QT2`�iBQM�H `2�H@
Bx�iBQM Q7 i?2 /2bB;M BM +Q/2 Q` bvbi2K 7Q`KX Ai BMpQHp2b i2+?MB+�H /2+BbBQMb bm+? �b i?2
T`Q;`�KKBM; 2MpB`QMK2Mi- /�i� 7Q`K�ib- �M/ T2`7Q`K�M+2 QTiBKBx�iBQMbX h?2v b2`p2
irQ +QKTH2K2Mi�`v Tm`TQb2b, 7`QK � `2b2�`+? T2`bT2+iBp2- i?2v 2M�#H2 i?2 2KTB`B@
+�H ;2M2`�iBQM Q7 FMQrH2/;2 �#Qmi i?2 #2?�pBQm` �M/ T`QT2`iB2b Q7 i?2 /2bB;Mc 7`QK
� T`�+iB+�H T2`bT2+iBp2- i?2v T`QpB/2 i?2 K2�Mb iQ �TTHv i?2 /2bB;M iQ `2�H@rQ`H/
T`Q#H2Kb BM i?2 2MpB`QMK2Mi i?�i KQiBp�i2/ Bib /2p2HQTK2MiX JQ`2Qp2`- KmHiBTH2
BKTH2K2Mi�iBQMb K�v 2tBbi 7Q` i?2 b�K2 /2bB;MX

h?Bb b2T�`�iBQM Q7 2MiBiB2b �HHQrb 7Q` � +H2�` /BbiBM+iBQM #2ir22M r?�i Bb #2BM;
bim/B2/ UQMiQHQ;vV- ?Qr Bi +�M #2 FMQrM U2TBbi2KQHQ;vV- �M/ ?Qr Bi Bb �TT`Q�+?2/
UK2i?Q/QHQ;vVX qBi?BM i?Bb bi`m+im`2- �H;Q`Bi?K /2bB;M Bb i?2 K�BM 7Q+mb Q7 i?Bb i?2bBb
+QMi`B#miBQM- �b Bi /2}M2b i?2 +QM+2Tim�H T`BM+BTH2b �M/ bi`�i2;B2b 7Q` bQHpBM; i?2 i�bFX
AKTH2K2Mi�iBQMb �`2 M2p2`i?2H2bb 2bb2MiB�H 7Q` 2KTB`B+�H `2b2�`+?- �b i?2v #`BM; i?2
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/2bB;M BMiQ �M 2t2+mi�#H2 7Q`K �M/ �HHQr Bib #2?�pBQ` iQ #2 Q#b2`p2/ �M/ �M�Hvx2/X
h?mb- BKTH2K2Mi�iBQMb b2`p2 �M BMbi`mK2Mi�H `QH2- r?BH2 i?2 `2bmHiBM; FMQrH2/;2 +QM@
i`B#miBQMb +QM+2`M i?2 T`QT2`iB2b �M/ `2}M2K2Mi Q7 i?2 mM/2`HvBM; /2bB;MX

RXjXRXk 1TBbi2KQHQ;v �M/ hvT2b Q7 EMQrH2/;2 *QMi`B#miBQMb

AM i?2 7`�K2rQ`F Q7 J2M/HBM; 2i �HX (kyk8)- 2TBbi2KQHQ;v +QM+2`Mb i?2 ivT2b Q7 FMQrH@
2/;2 i?�i +�M #2 ;2M2`�i2/ �#Qmi �H;Q`Bi?KB+ i�bFb �M/ /2bB;MbX h?2 7`�K2rQ`F
/Bz2`2MiB�i2b #2ir22M p�`BQmb FBM/b Q7 FMQrH2/;2- /BbiBM;mBb?BM; #2ir22M i�bFb �M/
/2bB;Mb,

EMQrH2/;2 Q7 i�bFb, h?Bb `272`b iQ i?2 7Q`K�H /2}MBiBQM �M/ �#bi`�+iBQM Q7 � `2�H@rQ`H/
T`Q#H2K BMiQ �M �H;Q`Bi?KB+ i�bFX Ai bT2+B}2b i?2 b+QT2 Q7 i?2 i�bF- Bib �bbmKTiBQMb-
�M/ i?2 K�TTBM; 7`QK BMTmib iQ QmiTmib- i?mb K�FBM; i?2 T`Q#H2K i`�+i�#H2X

EMQrH2/;2 Q7 /2bB;Mb, h?Bb `272`b iQ i?2 +QM+2Tim�H /2b+`BTiBQM Q7 ?Qr �M �H;Q`Bi?K
Bb bi`m+im`2/ iQ bQHp2 � i�bFX Ai BM+Hm/2b Tb2m/Q+Q/2- �`+?Bi2+im`�H #Hm2T`BMib- �M/ /2@
bB;M T`BM+BTH2b- T`QpB/BM; � +H2�` `2T`2b2Mi�iBQM Q7 i?2 bi`�i2;v #27Q`2 BKTH2K2Mi�iBQMX

EMQrH2/;2 �#Qmi i�bFb, h?Bb `272`b iQ BMbB;?ib BMiQ i?2 T`QT2`iB2b �M/ M�im`2 Q7 i�bFb
i?2Kb2Hp2bX Ai BM+Hm/2b B/2MiB7vBM; +�i2;Q`B2b- mM/2`bi�M/BM; T`Q#H2K #QmM/�`B2b-
�M/ �M�HvxBM; ?Qr p�`B�iBQMb Q7 i?2 i�bF �TT2�` �+`Qbb +QMi2tib- i?2`2#v +H�`B7vBM;
r?�i i?2 i�bF BMpQHp2b BM T`�+iB+2X

EMQrH2/;2 �#Qmi /2bB;Mb, h?Bb `272`b iQ 2KTB`B+�H �M/ i?2Q`2iB+�H BMbB;?ib BMiQ ?Qr
� /2bB;M #2?�p2b mM/2` /Bz2`2Mi +QM/BiBQMbX Ai 2M+QKT�bb2b T2`7Q`K�M+2 FMQrH@
2/;2 U2X;X- �++m`�+v- 2{+B2M+vV- b2MbBiBpBiv FMQrH2/;2 U2X;X- `Q#mbiM2bb iQ T�`�K2i2`
+?�M;2bV- �M/ 2tTH�M�iQ`v FMQrH2/;2 U2X;X- r?v +2`i�BM Qmi+QK2b Q++m`VX

lM+2`i�BMiv FMQrH2/;2, lM+2`i�BMiv FMQrH2/;2 +QM+2`Mb i?2 HBKBi�iBQMb Q7 r?�i +�M
#2 FMQrM �#Qmi � i�bF Q` /2bB;MX h?Bb BM+Hm/2b mM/2`bi�M/BM; r?2`2 BM+QKTH2i2
BM7Q`K�iBQM- p�`B�#BHBiv BM `2�H@rQ`H/ 2MpB`QMK2Mib- Q` BM?2`2Mi �K#B;mBiB2b `2bi`B+i
i?2 +2`i�BMiv Q7 +QM+HmbBQMbX lM+2`i�BMiv FMQrH2/;2 Bb T�`iB+mH�`Hv `2H2p�Mi BM /QK�BMb
bm+? �b �m/BiBM;- r?2`2 BM+QKTH2i2 KQ/2Hb- i�+Bi Q`;�MBx�iBQM�H `mH2b- �M/ +QMi2ti@
/2T2M/2Mi BMi2`T`2i�iBQMb +QMbi`�BM i?2 T`2/B+i�#BHBiv �M/ +QKTH2i2M2bb Q7 �H;Q`Bi?KB+
#2?�pBQ`X
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RXjXk �H;Q`Bi?K 1M;BM22`BM; 6`�K2rQ`F �TTHB+�iBQM iQ h?Bb h?2bBb
RXjXkXR _2�H@qQ`H/ S`Q#H2K

h?2 `2�H@rQ`H/ T`Q#H2K �//`2bb2/ BM i?Bb i?2bBb �`Bb2b 7`QK i?2 T`�+iB+�H +?�HH2M;2b
Q7 BKTH2K2MiBM; +QMiBMmQmb �m/BiBM; BM i?2 Q`;�MBx�iBQM 2tTH�BM2/ �#Qp2X q?BH2 �m@
iQK�i2/ +QMi`QHb 2Mbm`2 �++m`�+v BM i?2 +QKT�MvǶb i`�Mb�+iBQMb- i?2v 7�BH iQ +�Tim`2
r?2i?2` �+iBpBiB2b �`2 2t2+mi2/ BM i?2 +Q``2+i Q`/2` Q` �HB;M rBi? i?2 BMi2M/2/ T`Q+2bb
KQ/2HX *QM7Q`K�M+2 +?2+FBM; ?�b #22M BMi`Q/m+2/ iQ �//`2bb i?Bb HBKBi�iBQM- v2i
Bib +m``2Mi BKTH2K2Mi�iBQM T`2b2Mib b2p2`�H Bbbm2b, URV QmiTmib �`2 i2+?MB+�HHv +QK@
TH2t �M/ /B{+mHi 7Q` �m/BiQ`b iQ BMi2`T`2ic UkV i?2 MmK#2` Q7 /2i2+i2/ /2pB�iBQMb Bb
2t+2bbBp2Hv ?B;? /m2 iQ i?2 H�+F Q7 +QMi2tim�H /Bz2`2MiB�iBQM #2ir22M 2t+2TiBQMb �M/
�MQK�HB2bc �M/ UjV 2tBbiBM; �TT`Q�+?2b Qz2` � HBKBi2/ �M�HviB+�H T2`bT2+iBp2- `2bi`B+i2/
iQ +QMi`QH@~Qr BM7Q`K�iBQM M2;H2+iBM; /�i� �M/ `2bQm`+2 /BK2MbBQMbX *QMb2[m2MiHv-
�m/BiQ`b 7�+2 � ;`QrBM; ;�T #2ir22M �miQK�i2/ /2i2+iBQM �M/ K2�MBM;7mH BMi2`T`2@
i�iBQMX h?2 M22/ iQ +H�bbB7v /2pB�iBQMb 2z2+iBp2Hv- #�H�M+BM; +QMi`QH rBi? QT2`�iBQM�H
~2tB#BHBiv- 7Q`Kb i?2 `2�H@rQ`H/ T`Q#H2K 7Q` i?Bb i?2bBbX h?2 K�BM `2�H@rQ`H/ T`Q#H2K
+�M i?mb #2 bmKK�`Bx2/ �b i?2 H�+F Q7 BMi2`T`2i�#BHBiv- +QMi2tim�H mM/2`bi�M/BM;- �M/
KmHiB@T2`bT2+iBp2 BMi2;`�iBQM BM +m``2Mi T`Q+2bb@H2p2H �m/BiBM; bvbi2KbX

h?Bb T`�+iB+�H +?�HH2M;2 T`QpB/2b i?2 #�bBb 7Q` �#bi`�+iBM; i?2 T`Q#H2K BMiQ �M
�H;Q`Bi?KB+ i�bFX

RXjXkXk �H;Q`Bi?KB+ h�bF

"mBH/BM; QM i?2 `2�H@rQ`H/ +?�HH2M;2 /2b+`B#2/ �#Qp2- i?2 T`Q#H2K Bb �#bi`�+i2/ BMiQ
�M �H;Q`Bi?KB+ i�bF i?�i /2}M2b Bib +QKTmi�iBQM�H 7Q+mb �M/ #QmM/�`B2bX

h?2 ;Q�H Q7 i?2 �H;Q`Bi?KB+ i�bF BM i?Bb i?2bBb Bb iQ +H�bbB7v +QMi`QH@~Qr /2pB�iBQMb
7`QK i?2 MQ`K�iBp2 KQ/2H BMiQ irQ +H�bb2b, 2t+2TiBQM�H +�b2b �M/ �MQK�HQmb +�b2bX
1t+2TiBQM�H +�b2b /2pB�i2 7`QK i?2 KQ/2H #mi +�M #2 2tTH�BM2/ #v BKTHB+Bi Q`;�MB@
x�iBQM�H `mH2b- `2T`2b2MiBM; �++2Ti�#H2 T`Q+2bb p�`B�iBQMbX �MQK�HQmb +�b2b `2T`2b2Mi
`BbFb Q7 MQM@+QKTHB�M+2- 7`�m/- Q` QT2`�iBQM�H 2``Q`bX h?2 i�bF Bb i?2`27Q`2 iQ T`QpB/2
� bvbi2K�iB+ �M/ `2T2�i�#H2 r�v Q7 b2T�`�iBM; i?2b2 irQ ivT2b Q7 /2pB�iBQMb bQ i?�i
�m/BiQ`b +�M 7Q+mb QM i?2 +�b2b i?�i `2[mB`2 7m`i?2` BMp2biB;�iBQMX
h?`22 �bbmKTiBQMb 7`�K2 i?Bb i�bFX
6B`bi- i?2 �p�BH�#H2 T`Q+2bb KQ/2H Bb � MQ`K�iBp2 ǳ?�TTv T�i?Ǵ KQ/2H- /2b+`B#BM; i?2
/2bB`2/ +QMi`QH@~Qr Q7 i?2 T`Q+2bbX Ai `2~2+ib ?Qr i?2 T`Q+2bb Bb BMi2M/2/ iQ QT2`�i2
mM/2` bi�M/�`/ +QM/BiBQMb #mi +�Tim`2b QMHv B/2�HBx2/ #2?�pBQ`- 2t+Hm/BM; K�Mv `2�H@
rQ`H/ p�`B�Mib �M/ 2t+2TiBQMbX AM T`�+iB+2- bm+? KQ/2Hb �`2 ivTB+�HHv K�BMi�BM2/ #v
T`Q+2bb QrM2`b iQ 7Q`K�HBx2 i?2 K�BM T`Q+2/m`�H ;mB/2HBM2b `�i?2` i?�M iQ 2t?�mbiBp2Hv
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+�Tim`2 �HH T`Q+2bb p�`B�#BHBivX h?Bb �bbmKTiBQM Bb #Qi? `2�HBbiB+ �M/ K2i?Q/QHQ;B+�HHv
�TT`QT`B�i2X Ai Bb H2bb `2bi`B+iBp2 i?�M �bbmKBM; i?2 2tBbi2M+2 Q7 � T2`72+i MQ`K�iBp2
KQ/2H- r?B+? rQmH/ `2[mB`2 7mHH +Qp2`�;2 Q7 �HH TQbbB#H2 #2?�pBQ`b �M/ 2t+2TiBQMbX
J�Mv Q`;�MBx�iBQMb /Q+mK2Mi QMHv i?2B` T`BM+BT�H T`Q+2bb ~Qrb 7Q` +QKTHB�M+2 Tm`@
TQb2b- r?BH2 K�Mv Qi?2` p�`B�iBQMb `2K�BM mM/Q+mK2Mi2/ Q` `2;mH�i2/ #v 7Q`K�H Q`
BKTHB+Bi `mH2bX h?2`27Q`2- bi�`iBM; 7`QK � MQ`K�iBp2 KQ/2H �HB;Mb rBi? ?Qr T`Q+2bb
FMQrH2/;2 Bb �+im�HHv `2T`2b2Mi2/ BM T`�+iB+2- r?BH2 biBHH T`QpB/BM; � bm{+B2Mi 7Q`K�H
7QmM/�iBQM 7Q` �H;Q`Bi?KB+ �M�HvbBbX

a2+QM/- i?2`2 2tBbib bm#bi�MiB�H i�+Bi �M/ BKTHB+Bi FMQrH2/;2 �KQM; BMi2`M�H �m/BiQ`b-
T`Q+2bb QrM2`b- �M/ T`Q+2bb mb2`bX h?Bb FMQrH2/;2 2ti2M/b T`Q+2bb mM/2`bi�M/BM; #2@
vQM/ r?�i Bb +�Tim`2/ BM i?2 MQ`K�iBp2 KQ/2H- `2~2+iBM; 2tT2`B2M+2@#�b2/ Dm/;K2Mib
�M/ +QMi2tim�H `mH2b i?�i `2K�BM mM/Q+mK2Mi2/X �+FMQrH2/;BM; i?Bb �bbmKTiBQM Bb
+`m+B�H iQQ- �b Bi `2~2+ib i?2 T`Q+2bb 2t2+miBQMb �`2 2M�+i2/ BM T`�+iB+2- i?`Qm;? 2tT2`@
iBb2 �M/ bBim�iBQM�H Q` +QMi2tim�H BMi2`T`2i�iBQM `�i?2` i?�M 2t?�mbiBp2 7Q`K�HBx�iBQMX

h?B`/- i?2 i�bF �bbmK2b i?2 �p�BH�#BHBiv Q7 2p2Mi HQ;b rBi? � bm{+B2MiHv /2i�BH2/
�M/ `2HB�#H2 +QMi`QH@~Qr bi`m+im`2 iQ bmTTQ`i +QM7Q`K�M+2 +?2+FBM;X 1p2Mi HQ;b Kmbi
+QMi�BM r2HH@/2}M2/ +�b2 B/2MiB}2`b- �+iBpBiv H�#2Hb- �M/ iBK2bi�KTb iQ 2M�#H2 �++m`�i2
`2+QMbi`m+iBQM Q7 T`Q+2bb i`�+2bX q?BH2 bm+? HQ;b �`2 BM+`2�bBM;Hv +QKKQM BM KQ/2`M
BM7Q`K�iBQM bvbi2Kb- i?2B` +QKTH2i2M2bb �M/ [m�HBiv p�`v �+`Qbb Q`;�MBx�iBQMbX h?Bb
�bbmKTiBQM 2Mbm`2b i?�i i?2 +QKTmi�iBQM�H �M�HvbBb +�M #2 K2�MBM;7mHHv �TTHB2/-
2p2M i?Qm;? `2�H@rQ`H/ HQ;b K�v biBHH QKBi +QMi2tim�H �ii`B#mi2b M22/2/ 7Q` KmHiB@
T2`bT2+iBp2 BMi2`T`2i�iBQMX

"v /2}MBM; i?Bb ;Q�H �M/ i?2b2 �bbmKTiBQMb- i?2 b+QT2 Q7 i?Bb i?2bBb Bb 2bi�#HBb?2/,
i?2 7Q+mb HB2b QM +H�bbB7vBM; +�b2b #�b2/ QM i?2 +QMi`QH@~Qr T2`bT2+iBp2- mbBM; i?2
MQ`K�iBp2 KQ/2H �b � #�b2HBM2- 2p2Mi HQ;b �b i?2 2KTB`B+�H #�bBb 7Q` �M�HvbBb- �M/
?mK�M 2tT2`iBb2 �b � +QKTH2K2Mi�`v bQm`+2 Q7 +QMi2tim�H FMQrH2/;2X

RX9 h?2bBb *QMi`B#miBQMb

h?2 +QMi`B#miBQMb Q7 i?Bb i?2bBb �`2 bi`m+im`2/ �`QmM/ � bvbi2K�iB+ �TT`Q�+? iQ
�//`2bbBM; i?2 T`Q#H2K, BKT`QpBM; i?2 BMi2`T`2i�#BHBiv �M/ T`�+iB+�H mb27mHM2bb Q7
+QM7Q`K�M+2 +?2+FBM; BM +QMiBMmQmb �m/BiBM;X 6QHHQrBM; i?2 �H;Q`Bi?K 2M;BM22`BM;
7`�K2rQ`F- i?2 `2b2�`+? T`Q;`2bb2b 7`QK mM/2`bi�M/BM; i?2 M�im`2 Q7 i?2 T`Q#H2K
UFMQrH2/;2 Q7 �M/ �#Qmi i�bFV iQ /2p2HQTBM;- 2p�Hm�iBM;- �M/ ;2M2`�HBxBM; �H;Q`Bi?@
KB+ bQHmiBQMb UFMQrH2/;2 Q7 �M/ �#Qmi /2bB;MVX h?2 �TT`Q�+? �/QTi2/ BM i?Bb i?2bBb
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Bb bi`m+im`2/ �`QmM/ 7Qm` K�BM bi�;2bX

lM/2`bi�M/BM; ?Qr �m/BiQ`b BMi2`T`2i T`Q+2bb /2pB�iBQMb UFMQrH2/;2 Q7 i�bFV
h?2 `2b2�`+? #2;BMb #v �M�HvxBM; T`Q+2bb /2pB�iBQMb iQ mM/2`bi�M/ ?Qr �m/BiQ`b T2`@
+2Bp2 �M/ +H�bbB7v i?2K BM T`�+iB+2X h?Bb bi�;2 2KTHQvb � }2H/ bim/v iQ 2tTHQ`2 ?Qr
�m/BiQ`b BMi2`T`2i /2i2+i2/ /2pB�iBQMb �M/ ?Qr i?2B` K2Mi�H KQ/2Hb ;mB/2 i?Bb BMi2`@
T`2i�iBQMX P7 +Qm`b2- i?2`2 2tBbi bQK2 /2pB�iBQM T�ii2`Mb BM i?2 HBi2`�im`2- #mi i?2v �HH
Q`B;BM�i2/ 7`QK i?2Q`2iB+�H �TT`Q�+?2b �M/ i?2`27Q`2 MQi #v /2}MBiBQM- �HB;M2/ rBi?
i?2 r�v �m/BiQ`b �M�Hvx2 /2pB�iBQMb BM `2�H �m/Bi +QMi2tiX hQ �//`2bb i?Bb ;�T- � }2H/
bim/v Bb /2bB;M2/ iQ bim/v r?2i?2` i?2`2 Bb � b2i Q7 /2pB�iBQM ivT2b 7Q` BMi2`T`2iBM; �HH
TQbbB#H2 /2pB�iBQMb BM � r�v �b +HQb2 �b TQbbB#H2 iQ i?2 K2Mi�H KQ/2H Q7 �m/BiQ`bX h?Bb
+�i2;Q`Bx�iBQM T`QpB/2b �m/BiQ`b rBi? � ?B;?@H2p2H Qp2`pB2r Q7 /2pB�iBQMb �M/ i?2B` 7`2@
[m2M+B2bX ai�`iBM; 7`QK i?Bb Qp2`pB2r- i?2 �m/BiQ`b +�M /`BHH /QrM BM � i�`;2i2/ r�vX
h?2 BMbB;?ib ;�BM2/ 7`QK i?Bb �M�HvbBb bmTTQ`i i?2 /2p2HQTK2Mi Q7 �m/BiQ`@Q`B2Mi2/
/2pB�iBQM +�i2;Q`B2b i?�i K�F2 +QM7Q`K�M+2 +?2+FBM; `2bmHib KQ`2 BMi2`T`2i�#H2 7Q`
�m/BiQ`bX h?2b2 `2bmHib �`2 T`2b2Mi2/ BM *?�Ti2` 9X

�TTHvBM; /2pB�iBQM +�i2;Q`B2b BM �miQK�i2/ /2pB�iBQM +H�bbB}+�iBQM i2+?MB[m2 UFMQrH@
2/;2 Q7 �M/ �#Qmi /2bB;MV
*?�Ti2` 8 BMi`Q/m+2b � K2i?Q/ mbBM; +QM7Q`K�M+2 +?2+FBM; �M/ b2[m2M+2 KBMBM;
i2+?MB[m2b iQ `2/m+2 7�Hb2 TQbBiBp2b �M/ BKT`Qp2 i?2 2{+B2M+v Q7 /2pB�iBQM �M�Hv@
bBb #v T`QpB/BM; i�`;2i2/ bmTTQ`i 7Q` �m/BiQ`bX h?Bb �TT`Q�+? BMi2;`�i2b �//BiBQM�H
T2`bT2+iBp2 BMiQ +QM7Q`K�M+2 +?2+FBM; iQ 2M?�M+2 Bib �#BHBiv iQ �bbBbi �m/BiQ`b BM
+H�bbB7vBM; /2pB�iBQMbX AM Qi?2` rQ`/b- r2 T`QpB/2 � bQHmiBQM iQ �bbBbi �m/BiQ`b BM �M�@
HvxBM; KQ`2 /2pB�iBM; BMbi�M+2b BM � b?Q`i2` iBK2 +QKT�`2/ rBi? i?2 +m``2Mi K�Mm�H
�TT`Q�+?X *?�Ti2` e �M�Hvx2b ?Qr i?2 T`QTQb2/ +H�bbB}+�iBQM i2+?MB[m2 +�M #2 �T@
THB2/ BM T`�+iB+2 mbBM; � `2�H rQ`H/ +�b2 bim/vX h?2b2 +?�Ti2`b �`2 i?2`2#v ;2M2`�iBM;
FMQrH2/;2 Q7 �M/ �#Qmi /2bB;M �M/ /2KQMbi`�iBM; ?Qr i?2 /2pB�iBQM +�i2;Q`B2b +�M
#2 2z2+iBp2Hv mb2/ iQ bmTTQ`i /2pB�iBQM �M�HvbBbX

.2p2HQTBM; �M/ ;2M2`�HBxBM; � 7`�K2rQ`F 7Q` /2pB�iBQM �M�HvbBb BM +QMiBMmQmb �m/BiBM;
UFMQrH2/;2 Q7 /2bB;MV
"mBH/BM; QM i?2 mM/2`bi�M/BM; /2p2HQT2/ BM i?2 }`bi bi�;2 �M/ i?2 BMbB;?ib 7`QK
i?2 T`QTQb2/ +H�bbB}+�iBQM i2+?MB[m2- *?�Ti2` d BMi`Q/m+2b � MQp2H 7`�K2rQ`F i?�i
BMi2;`�i2b T`Q+2bb KBMBM;- /�i� KBMBM;- �M/ �+iBp2 H2�`MBM; iQ bmTTQ`i �M/ 2M?�M+2
+QMiBMmQmb �m/BiBM;X h?Bb 7`�K2rQ`F Bb /2bB;M2/ iQ K�M�;2 �H�`K ~QQ/b- BMi2;`�i2
T`Q72bbBQM�H �m/BiQ` Dm/;K2Mi- �M/ BM+`2�b2 i?2 miBHBiv Q7 +QMiBMmQmb �m/BiBM; bvbi2KbX
Ai +QK#BM2b �miQK�i2/ /2i2+iBQM rBi? �m/BiQ` 2tT2`iBb2 iQ 2M�#H2 � KQ`2 +QMi2ti@
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�r�`2 �M�HvbBb Q7 T`Q+2bb /2pB�iBQMbX AM �//BiBQM- i?2 7`�K2rQ`F BM+Q`TQ`�i2b +QMi`QH@
~Qr T2`bT2+iBp2b �M/ /�i� T2`bT2+iBp2b iQ BKT`Qp2 i?2 �TTHB+�#BHBiv Q7 +QM7Q`K�M+2
+?2+FBM; `2bmHibX h?`Qm;? i?2 BMi2;`�iBQM Q7 i?2b2 +QKTQM2Mib- i?2 +?�Ti2` T`2b2Mib
� ;2M2`�HBx2/ 7`�K2rQ`F 7Q` T`Q+2bb /2pB�iBQM �M�HvbBb i?�i i`�Mb7Q`Kb +QM7Q`K�M+2
+?2+FBM; 7`QK � Tm`2Hv i2+?MB+�H T`Q+2/m`2 BMiQ � /2+BbBQM@bmTTQ`i iQQH 7Q` �m/BiQ`bX
h?2 +QM+2Tim�H 7QmM/�iBQM �M/ �H;Q`Bi?KB+ /2bB;M Q7 i?Bb 7`�K2rQ`F �`2 /2b+`B#2/ BM
*?�Ti2` dX

RX8 EMQrH2/;2 *QMi`B#miBQMb BM i?Bb h?2bBb

qBi?BM i?2 2TBbi2KQHQ;B+�H 7`�K2rQ`F T`QTQb2/ #v J2M/HBM; 2i �HX (kyk8)- i?2 +QM@
i`B#miBQMb Q7 i?Bb i?2bBb ;2M2`�i2 /Bz2`2Mi 7Q`Kb Q7 �H;Q`Bi?KB+ FMQrH2/;2 `2H�iBM; iQ
#Qi? i?2 mM/2`HvBM; i�bF �M/ i?2 T`QTQb2/ /2bB;MbX 6B`bi- i?2 +�i2;Q`Bx�iBQM Q7 T`Q+2bb
/2pB�iBQMb /2p2HQT2/ BM *?�Ti2` 9 T`QpB/2b FMQrH2/;2 �#Qmi i?2 i�bFX amTTQ`i2/ #v
}2H/ bim/v- i?Bb +�i2;Q`Bx�iBQM 2M?�M+2b i?2 mM/2`bi�M/BM; Q7 ?Qr �m/BiQ`b BMi2`T`2i
/2pB�iBQMb BM T`�+iB+2X "mBH/BM; QM i?Bb i�bF mM/2`bi�M/BM;- *?�Ti2` d +QMi`B#mi2b
FMQrH2/;2 Q7 /2bB;M #v BMi`Q/m+BM; � +QM+2Tim�H �M/ �H;Q`Bi?KB+ 7`�K2rQ`F 7Q` T`Q@
+2bb /2pB�iBQM �M�HvbBbX h?Bb 7`�K2rQ`F BMi2;`�i2b T`Q+2bb KBMBM;- /�i� KBMBM;- �M/
�+iBp2 H2�`MBM; BMiQ � +Q?2`2Mi /2bB;M- bT2+B7vBM; ?Qr i?2b2 +QKTQM2Mib +�M #2 +QK@
#BM2/ iQ bmTTQ`i +QMiBMmQmb �m/BiBM;X *?�Ti2` 8 +QMi`B#mi2b #Qi? FMQrH2/;2 Q7 /2bB;M
�M/ FMQrH2/;2 �#Qmi /2bB;MX Ai BMi`Q/m+2b � +H�bbB}+�iBQM i2+?MB[m2 UFMQrH2/;2 Q7
/2bB;MV �M/ 2t�KBM2b Bib #2?�pBQ` mbBM; �M �+�/2KB+ +�b2 UFMQrH2/;2 �#Qmi /2bB;MV-
T`QpB/BM; BMbB;?ib BMiQ ?Qr i?2 K2i?Q/ 7mM+iBQMb BM T`�+iB+2 �M/ ?Qr i?2 /2pB�iBQM
+�i2;Q`B2b +�M #2 �TTHB2/ 2z2+iBp2HvX *?�Ti2` e �TTHB2b i?Bb i2+?MB[m2 iQ � `2�H@rQ`H/
+�b2 bim/v- ;2M2`�iBM; 7m`i?2` FMQrH2/;2 �#Qmi /2bB;M #v BHHmbi`�iBM; Bib T`QT2`iB2b
mM/2` `2�HBbiB+ �m/Bi +QM/BiBQMbX h?2b2 �M�Hvb2b �HbQ `2}M2 �bT2+ib Q7 i?2 +QM+2Tim�H
7`�K2rQ`F- i?2`2#v T`Q/m+BM; +QK#BM2/ FMQrH2/;2 Q7 �M/ �#Qmi /2bB;MX "mBH/BM; QM
i?Bb mM/2`bi�M/BM;- *?�Ti2` d +QMi`B#mi2b FMQrH2/;2 Q7 /2bB;M #v T`2b2MiBM; � +QM@
+2Tim�H 7`�K2rQ`F i?�i BMi2;`�i2b T`Q+2bb KBMBM;- /�i� KBMBM;- �M/ �+iBp2 H2�`MBM; iQ
bmTTQ`i T`Q+2bb@Q`B2Mi2/ +QMiBMmQmb �m/BiBM;X hQ;2i?2`- i?2b2 +QMi`B#miBQMb �/p�M+2
#Qi? i?2 mM/2`bi�M/BM; Q7 i?2 /2pB�iBQM +H�bbB}+�iBQM i�bF �M/ i?2 /2p2HQTK2Mi Q7 �M
�H;Q`Bi?KB+ /2bB;M iQ bmTTQ`i T`Q+2bb@Q`B2Mi2/ +QMiBMmQmb �m/BiBM;X

RXe a+QT2 �M/ GBKBi�iBQMb

h?Bb i?2bBb 7Q+mb2b QM i?2 T`Q#H2K Q7 T`Q+2bb /2pB�iBQM �M�HvbBb rBi?BM i?2 #`Q�/2`
+QMi2ti Q7 BMi2`M�H �m/BiBM;- �b KQiBp�i2/ #v i?2 }+iBiBQmb Q`;�MBx�iBQM /2b+`B#2/
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2�`HB2`X h?2 rQ`F Bb +QM+2`M2/ rBi? ?Qr /2i2+i2/ /2pB�iBQMb �`2 BMi2`T`2i2/ �M/
+H�bbB}2/ r?2M �TTHvBM; T`Q+2bb@Q`B2Mi2/ �M�HviB+�H i2+?MB[m2b BM �M BMi2`M�H �m/Bi
2MpB`QMK2MiX h?2 i?2bBb +QM+2Mi`�i2b QM +QM7Q`K�M+2 +?2+FBM; �b � ivT2 Q7 T`Q+2bb
KBMBM; i2+?MB[m2 7Q` B/2MiB7vBM; +QMi`QH@~Qr /2pB�iBQMbX �KQM; i?2 p�`BQmb �M�HviB@
+�H T2`bT2+iBp2b �p�BH�#H2 BM T`Q+2bb KBMBM;- i?2 `2b2�`+? Bb BMBiB�HHv `2bi`B+i2/ iQ i?2
+QMi`QH@~Qr T2`bT2+iBp2 r?2M /2}MBM; /2pB�iBQM +�i2;Q`B2b /Bb`2;�`/BM; bmTTH2K2M@
i�`v /�i� �M/ `2bQm`+2 BM7Q`K�iBQM U2X;X- i?2 p�Hm2 Q7 � i`�Mb�+iBQM Q` i?2 B/2MiBiv Q7
i?2 T2`bQM 2t2+miBM; � bT2+B}+ �+iBpBivVX h?Bb HBKBi�iBQM Bb /2HB#2`�i2, i?2 MQ`K�iBp2
KQ/2H mb2/ BM i?2 2t�KBM2/ 2MpB`QMK2Mi Bb bT2+B}2/ �i i?2 +QMi`QH@~Qr H2p2H- �M/
KQbi Q7 i?2 +QM7Q`K�M+2 +?2+FBM; �H;Q`Bi?Kb QT2`�i2 �M/ 2KT?�bBx2 QM i?2 b2[m2M+2
Q7 �+iBpBiv 2t2+miBQMX 6Q+mbBM; QM i?Bb T2`bT2+iBp2 2Mbm`2b +Q?2`2M+2 #2ir22M i?2
Q`;�MBx�iBQM�H b2iiBM;- i?2 �p�BH�#H2 �`i27�+ib- �M/ i?2 �bbmKTiBQMb Q7 i?2 �H;Q`Bi?KB+
i�bFX
*QMb2[m2MiHv- i?2 /2pB�iBQM +�i2;Q`Bx�iBQM /2p2HQT2/ BM *?�Ti2` 9 /Q2b MQi BM+Q`@
TQ`�i2 �//BiBQM�H /�i� �M/ `2bQm`+2 �ii`B#mi2bX Ai /Q2b MQi BM+Q`TQ`�i2 +QMi2tim�H
7�+iQ`b bm+? �b i`�Mb�+iBQM �KQmMib- mb2` `QH2b- Q` QT2`�iBQM�H +QM/BiBQMb- 2H2K2Mib
i?�i BM~m2M+2 �m/BiQ`bǶ Dm/;K2Mib #mi �`2 MQi 7Q`K�HHv +�Tim`2/ BM i?2 MQ`K�iBp2
KQ/2H �p�BH�#H2 BM i?Bb 2MpB`QMK2MiX AM i?2 bm#b2[m2Mi bi�;2b Q7 i?2 i?2bBb- T�`@
iB+mH�`Hv BM i?2 �miQK�i2/ +H�bbB}+�iBQM i2+?MB[m2b T`2b2Mi2/ BM *?�Ti2`b 8 �M/ e-
i?2 b+QT2 2tT�M/b iQ BM+Hm/2 i?2 /�i� T2`bT2+iBp2X h?Bb 2ti2MbBQM Bb BMi`Q/m+2/ MQi
iQ /2i2+i �//BiBQM�H /2pB�iBQMb- #mi iQ 2M`B+? i?2 BMi2`T`2i�iBQM Q7 �H`2�/v /2i2+i2/
+QMi`QH@~Qr /2pB�iBQMb #v T`QpB/BM; +QMi2tim�H BM7Q`K�iBQM i?�i bmTTQ`ib i?2 +H�bbB}@
+�iBQM T`Q+2bbX AMi2;`�iBM; b2H2+i2/ /�i� �ii`B#mi2b 2M�#H2b i?2 +H�bbB}+�iBQM �TT`Q�+?
iQ #2ii2` `2~2+i �m/BiQ`bǶ `2�bQMBM; r?BH2 `2K�BMBM; +QMbBbi2Mi rBi?BM � +QMi`QHH2/ �H@
;Q`Bi?K 2M;BM22`BM; 7`�K2rQ`F �M/ rBi? i?2 �H;Q`Bi?KB+ i�bF /2}M2/ 2�`HB2` BM i?2
BMi`Q/m+iBQMX
.2bTBi2 i?Bb 2ti2MbBQM- i?2 i?2bBb /Q2b MQi �BK iQ /2p2HQT � 7mHHv KmHiB@T2`bT2+iBp2
+QM7Q`K�M+2 +?2+FBM; �TT`Q�+? i?�i bBKmHi�M2QmbHv BMi2;`�i2b +QMi`QH@~Qr- /�i�- �M/
`2bQm`+2 BM7Q`K�iBQMX _2bQm`+2 T2`bT2+iBp2 BM7Q`K�iBQM bm+? �b r?Q T2`7Q`Kb � ;Bp2M
�+iBpBiv- `2K�BMb QmibB/2 i?2 b+QT2 #2+�mb2 i?2 2t�KBM2/ 2MpB`QMK2Mi H�+Fb bm{@
+B2MiHv 7Q`K�HBx2/ `2bQm`+2 BM7Q`K�iBQM �M/ +QMi2tim�H `mH2b M22/2/ iQ KQ/2H i?2K
`2HB�#HvX
h?2 i?2bBb `2HB2b QM � bBM;H2 `2�H@rQ`H/ +�b2 bim/v iQ 2p�Hm�i2 i?2 T`QTQb2/ +H�bbB@
}+�iBQM i2+?MB[m2- r?B+? �HHQrb 7Q` �M BM@/2Ti? �M�HvbBb ;`QmM/2/ BM �mi?2MiB+ QT@
2`�iBQM�H /�i�X >Qr2p2`- mbBM; QM2 Q`;�MBx�iBQM�H b2iiBM; K2�Mb i?�i i?2 }M/BM;b
+�MMQi #2 ;2M2`�HBx2/ #`Q�/Hv rBi?Qmi 7m`i?2` 2KTB`B+�H p�HB/�iBQM �+`Qbb �//BiBQM�H
+QMi2tibX Pp2`�HH- i?2 b+QT2 `2~2+ib i?2 K2i?Q/QHQ;B+�H +?QB+2b M2+2bb�`v iQ bim/v
i?2 +2Mi`�H T`Q#H2K, #`B/;BM; i?2 ;�T #2ir22M �miQK�i2/ /2pB�iBQM /2i2+iBQM �M/
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K2�MBM;7mH BMi2`T`2i�iBQM BM BMi2`M�H �m/BiBM;X h?2 K�BM HBKBi�iBQMb +QM+2`M,
URV i?2 2t+HmbBp2 7Q+mb QM +QMi`QH@~Qr /2pB�iBQMb �b i?2 /2pB�iBQM ivT2 Q7 BMi2`2bic
UkV i?2 `2HB�M+2 QM � MQ`K�iBp2 T`Q+2bb KQ/2H `�i?2` i?�M 2t?�mbiBp2 T`Q+2bb /2b+`BT@
iBQMb- BX2- � 7mHHv `2T`2b2Mi�iBp2 KQ/2H Q7 �+im�H QT2`�iBQMbc �M/ UjV i?2 mb2 Q7 b2H2+i2/
+�b2b `�i?2` i?�M #`Q�/ ;2M2`�HBx�iBQM �+`Qbb Q`;�MBx�iBQM�H b2iiBM;bX h?2b2 HBKBi�@
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h?Bb +?�Ti2` 2bi�#HBb?2b i?2 +QM+2Tim�H 7QmM/�iBQM Q7 i?2 i?2bBb #v 2t�KBMBM; i?2
2pQHmiBQM Q7 �m/BiBM; T`�+iB+2b BM i?2 +QMi2ti Q7 /B;Bi�H i`�Mb7Q`K�iBQMX Ai ?B;?HB;?ib
?Qr i?2 2K2`;2M+2 Q7 *QMiBMmQmb AMi2`M�H �m/BiBM; �M/ T`Q+2bb KBMBM; ?�b BKT`Qp2/
i?2 r�v �bbm`�M+2 Bb T2`7Q`K2/ rBi?BM KQ/2`M Q`;�MBx�iBQMbX *QMiBMmQmb �m/BiBM;
2ti2M/b BMi2`M�H �m/BiBM; iQr�`/ �M �miQK�i2/ �M/ /�i�@/`Bp2M 7Q`K Q7 +QMiBMmQmb �b@
bm`�M+2- r?BH2 T`Q+2bb KBMBM; T`QpB/2b �M�HviB+�H i2+?MB[m2b iQ 2p�Hm�i2 ?Qr #mbBM2bb
T`Q+2bb2b �`2 2t2+mi2/ BM T`�+iB+2X hQ;2i?2`- i?2b2 /2p2HQTK2Mib 7Q`K i?2 i2+?MQHQ;@
B+�H �M/ K2i?Q/QHQ;B+�H #�bBb 7Q` i?Bb `2b2�`+?- r?B+? �BKb iQ 2M?�M+2 T`Q+2bb@H2p2H
�bbm`�M+2 BM +QMiBMmQmb �m/BiBM; 2MpB`QMK2Mib- r?BH2 �+FMQrH2/;BM; i?2 +?�HH2M;2b
�bbQ+B�i2/ rBi? i?2B` T`�+iB+�H �/QTiBQMX

_2+2Mi bim/B2b ?B;?HB;?i i?�i- �Hi?Qm;? 2K2`;BM; /B;Bi�H i2+?MQHQ;B2b bm+? �b �`@
iB}+B�H BMi2HHB;2M+2- `Q#QiB+ T`Q+2bb �miQK�iBQM- �M/ T`Q+2bb KBMBM; �`2 BM+`2�bBM;Hv
/Bb+mbb2/ BM �m/BiBM;- i?2B` �/QTiBQM BM T`�+iB+2 `2K�BMb mM2p2M �M/ i?2B` BKT�+i
QM �m/Bi T`Q+2bb2b �M/ Q`;�MBx�iBQM�H bi`m+im`2b Bb biBHH 2pQHpBM; (oBi�HB �M/ :BmHB�MB-
kyk9)X

jXR AMi2`M�H �m/BiBM; BM � *?�M;BM; 1MpB`QMK2Mi

AMi2`M�H �m/BiBM; Bb �M BM/2T2M/2Mi �M/ Q#D2+iBp2 �bbm`�M+2 �+iBpBiv /2bB;M2/ iQ 2p�Hm@
�i2 �M/ BKT`Qp2 �M Q`;�MBx�iBQMǶb ;Qp2`M�M+2- `BbF K�M�;2K2Mi- �M/ BMi2`M�H +QMi`QH
T`Q+2bb2bX h`�/BiBQM�HHv- BMi2`M�H �m/BiBM; `2HB2/ QM T2`BQ/B+ i2biBM;- K�Mm�H BMbT2+@
iBQM- �M/ b�KTH2@#�b2/ T`Q+2/m`2b iQ �bb2bb +QMi`QH 2z2+iBp2M2bbX >Qr2p2`- BM `2+2Mi
v2�`b- i?2 BMi2`M�H �m/Bi 7mM+iBQM ?�b mM/2`;QM2 � T`Q7QmM/ i`�Mb7Q`K�iBQM- /`Bp2M
#v �/p�M+2b BM BM7Q`K�iBQM i2+?MQHQ;v- bi`QM;2` `2;mH�iQ`v /2K�M/b- �M/ i?2 BM+`2�b@
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BM; bT22/ �M/ +QKTH2tBiv Q7 #mbBM2bb QT2`�iBQMbX � F2v /2p2HQTK2Mi BM i?Bb i`�Mb@
7Q`K�iBQM Bb i?2 `�TB/ /B;BiBx�iBQM Q7 Q`;�MBx�iBQM�H T`Q+2bb2bX JQ/2`M 2Mi2`T`Bb2b
BM+`2�bBM;Hv QT2`�i2 QM BMi2;`�i2/ 1_S- *_J- �M/ rQ`F~Qr K�M�;2K2Mi bvbi2Kb
i?�i `2+Q`/ H�`;2 pQHmK2b Q7 i`�Mb�+iBQM�H �M/ 2p2Mi@H2p2H /�i�X h?Bb /�i�@`B+? 2M@
pB`QMK2Mi T`QpB/2b BMi2`M�H �m/BiQ`b rBi? mMT`2+2/2Mi2/ QTTQ`imMBiB2b iQ b?B7i 7`QK
� b�KTHBM;@#�b2/ �TT`Q�+? �M/ T2`BQ/B+ `2pB2rb iQr�`/ KQ`2 7`2[m2Mi- /�i�@/`Bp2M-
�M/ �miQK�i2/ 7Q`Kb Q7 �bbm`�M+2 �+iBpBiB2b 1mH2`B+? 2i �HX (kyk8)- J�`+mb 2i �HX (kyk9)-
o�b�`?2HvB �M/ >�HT2` (RNNR)- �#/QHKQ?�KK�/B �M/ a?�`#�iQm;HB2 (kyy8)X �b ?B;?@
HB;?i2/ #v i?2 S*�P"- ǳ�/p�M+2K2Mib BM i2+?MQHQ;v +QMiBMm2 iQ �z2+i i?2 M�im`2-
iBKBM;- �M/ T`2T�`�iBQM Q7 }M�M+B�H BM7Q`K�iBQM Ę �M/ i?2 TH�MMBM; �M/ T2`7Q`K�M+2
Q7 �m/BibǴ (S*�P"- kykR)- mM/2`b+Q`BM; i?2 2ti2Mi iQ r?B+? �m/BiBM; T`�+iB+2b �`2
`2b?�T2/ #v /B;Bi�H i`�Mb7Q`K�iBQMX
h?2 +QM+2Tim�H b?B7i iQr�`/ KQ`2 �miQK�i2/ �M/ /�i�@/`Bp2M �bbm`�M+2 Bb MQi 2M@
iB`2Hv M2rX AM kyy9- 7Qm` H2p2Hb Q7 �m/Bi Q#D2+iBp2b 7Q` +QMiBMmQmb �bbm`�M+2 r2`2
T`QTQb2/, i`�Mb�+iBQM�H p2`B}+�iBQM- +QKTHB�M+2 p2`B}+�iBQM- 2biBK�i2 p2`B}+�iBQM-
�M/ Dm/;K2Mi p2`B}+�iBQMX �KQM; i?2b2- i`�Mb�+iBQM�H p2`B}+�iBQM Bb KQbi +HQb2Hv
�HB;M2/ rBi? #mbBM2bb T`Q+2bb2b �M/ T`QpB/2b i?2 bi`QM;2bi 7QmM/�iBQM 7Q` i?2 T`�+iB@
+�H �/QTiBQM Q7 +QMiBMmQmb �m/BiBM; T`BM+BTH2bX

h?2b2 T`BM+BTH2b- �b �`iB+mH�i2/ #v *?�M �M/ o�b�`?2HvB (kyRR�)- 2M+QKT�bb b2p2`�H
F2v /BK2MbBQMb,

RX *QM/m+iBM; �m/Bib KQ`2 7`2[m2MiHv iQ T`QpB/2 iBK2Hv �bbm`�M+2X

kX �/QTiBM; T`Q�+iBp2 �TT`Q�+?2b iQ B/2MiB7v �M/ �//`2bb `BbFb BM `2�H iBK2X

jX liBHBxBM; �miQK�i2/ T`Q+2/m`2b iQ 2M?�M+2 2{+B2M+v �M/ `2/m+2 K�Mm�H BMi2`@
p2MiBQMX

9X 6Q+mbBM; QM 2t+2TiBQM@#�b2/ rQ`F �M/ �TTHvBM; ?mK�M Dm/;K2Mi b2H2+iBp2Hv-
rBi? i?2 �m/BiQ` �+iBM; �b � +2`iB}2`X

8X AKTH2K2MiBM; +QMiBMmQmb +QMi`QH KQMBiQ`BM; �M/ /�i� �bbm`�M+2- 2M�#HBM; bB@
KmHi�M2Qmb +QMi`QH KQMBiQ`BM; �M/ /2i�BH2/ i2biBM; �+`Qbb 2MiB`2 /�i� TQTmH�@
iBQMbX

eX G2p2`�;BM; /�i� KQ/2HBM; �M/ �M�HviB+b 7Q` KQMBiQ`BM; �M/ i2biBM; iQ BKT`Qp2
�++m`�+v �M/ BMbB;?iX

dX AM+`2�bBM; i?2 7`2[m2M+v Q7 `2TQ`iBM; iQ �HB;M rBi? i?2 /vM�KB+ M22/b Q7 bi�F2@
?QH/2`bX



"�+F;`QmM/ jR

h?2b2 /BK2MbBQMb `2T`2b2Mi � b?B7i 7`QK T2`BQ/B+- `2i`QbT2+iBp2 �m/Bib iQr�`/ � /v@
M�KB+- i2+?MQHQ;v@2M�#H2/- T`Q+2bb@BMi2;`�i2/ �bbm`�M+2 7`�K2rQ`F- rBi?BM r?B+?
i`�Mb�+iBQM�H p2`B}+�iBQM TH�vb i?2 +2Mi`�H QT2`�iBQM�H `QH2X

"mBH/BM; QM i?2b2 T`BM+BTH2b- +QMiBMmQmb �m/BiBM; +�M #2 /2}M2/ �b i?2 bvbi2K�iB+-
�miQK�i2/- �M/ 7`2[m2Mi- Q` 2p2M `2�H@iBK2- �bb2bbK2Mi Q7 Q`;�MBx�iBQM�H �+iBpBiB2b-
+QMi`QHb- �M/ i`�Mb�+iBQMb- H2p2`�;BM; 2p2Mi@H2p2H /�i� �M/ �M�HviB+�H i2+?MB[m2b iQ
/2HBp2` KQ`2 iBK2Hv �bbm`�M+2 :QMx�H2x 2i �HX (kyRk)X �Hi?Qm;? �/p�M+2K2Mib BM
BM7Q`K�iBQM bvbi2Kb ?�p2 2M�#H2/ i?2 �miQK�iBQM Q7 `2T2iBiBp2 �M/ `QmiBM2 i�bFb
1mH2`B+? 2i �HX (kyk8)- i?2 �m/BiBM; T`Q72bbBQM BM+`2�bBM;Hv /2T2M/b QM bQT?BbiB+�i2/
+QKTmi�iBQM�H i2+?MB[m2b +�T�#H2 Q7 T`Q+2bbBM; H�`;2 �M/ +QKTH2t /�i� b2ibX h?2
BM+`2�b2/ mb2 Q7 bi`m+im`2/ �M/ mMbi`m+im`2/ /�i�- KQ`2 �/p�M+2/ �H;Q`Bi?Kb �M/
�M�HviB+�H +�T�#BHBiB2b Bb 2tT2+i2/ iQ BM+`2�b2 �m/Bi 2{+B2M+v �M/ 2M?�M+2 �M�HviB+�H
/2Ti? uQQM 2i �HX (kyR8)- .m�M 2i �HX (kyk8)X h?2b2 /2p2HQTK2Mib 2M�#H2 �m/BiQ`b iQ
B/2MiB7v �MQK�HB2b- T�ii2`Mb- �M/ `BbFb #2vQM/ i?2 HBKBib Q7 i`�/BiBQM�H `mH2@#�b2/ Q`
b�KTHBM;@#�b2/ i2biBM; G�;?KQm+? 2i �HX (kyk9)X JQ`2Qp2`- Bi �HHQrb i?2 KQMBiQ`BM; Q7
+QMi`QHb- i`�Mb�+iBQMb- �M/ `BbFb �i Km+? b?Q`i2` BMi2`p�Hb i?�M i?2 i`�/BiBQM�H �m/Bi
+v+H2 G2Mx �M/ C2TT2b2M (kykk)X _�i?2` i?�M `2HvBM; bQH2Hv QM b�KTHBM; Q` T2`BQ/B+
i2biBM;- �m/BiQ`b BM+`2�bBM;Hv mb2 �miQK�i2/ +?2+Fb- /�b?#Q�`/b- `mH2@#�b2/ KQMBiQ`@
BM;- �MQK�Hv /2i2+iBQM- �M/ 2p2M T`2/B+iBp2 KQ/2Hb iQ /2i2+i B``2;mH�`BiB2b �M/ +QMi`QH
/2pB�iBQMb �b i?2v Q++m`X h?2b2 /�i�@2M�#H2/ �m/Bi T`Q+2bb2b 2M?�M+2 i`�MbT�`2M+v-
2M�#H2 KQ`2 iBK2Hv BMi2`p2MiBQMb- �M/ T`QpB/2 KQ`2 +QKT`2?2MbBp2 �bbm`�M+2 +Qp2`@
�;2 *?�M �M/ o�b�`?2HvB (kyRR#)- "�``Qb �M/ J�`[m2b (kykk)X _2~2+iBM; i?Bb b?B7i-
i?2 S*�P" Q#b2`p2b i?�i i2+?MQHQ;v �HHQrb �m/BiQ`b iQ ǳ�M�Hvx2 +QKTH2i2 TQTmH�@
iBQMb Q7 i`�Mb�+iBQMb BM M2r Q` mM2tT2+i2/ r�vbǴ (S*�P"- kykR)X am+? +�T�#BHBiB2b
bB;MB}+�MiHv 2tT�M/ i?2 b+QT2 Q7 i?2 �m/BiQ`Ƕb �M�HvbBbX

_2+2Mi �m/Bi `2b2�`+? BM+`2�bBM;Hv TQbBiBQMb /�i� �M�HviB+b- �`iB}+B�H BMi2HHB;2M+2-
K�+?BM2 H2�`MBM;- 7mHH@TQTmH�iBQM i2biBM; i2+?MB[m2b- `Q#QiB+ T`Q+2bb �miQK�iBQM- �M/
T`Q+2bb �M�HviB+b �b +2Mi`�H i2+?MQHQ;B2b 7Q` BKT`QpBM; �m/Bi 2{+B2M+v- [m�HBiv- �M/ 27@
72+iBp2M2bb U2X;X- S2`/�M� 2i �HX (kykj)- >m�M; �M/ o�b�`?2HvB (kyRN)- EBK �M/ o�b�`?2@
HvB (kyRk)- �HH2b 2i �HX (kyye#)- Abb� (kyRj)- C�Mb 2i �HX (kyR9)VX >Qr2p2`- /2bTBi2 i?2B`
TQi2MiB�H- i?2b2 i2+?MQHQ;B2b �`2 MQi v2i 7mHHv 2K#2//2/ BM �m/Bi T`�+iB+2X E2v +?�H@
H2M;2b BM+Hm/2 /�i� BM;2biBQM- 2tTH�BM�#BHBiv- 7�Hb2 TQbBiBp2b- �m/BiQ` �/QTiBQM- `2[mB`2/
�M�HviB+�H bFBHHb- �M/ BMi2;`�iBQM BMiQ �m/Bi bi�M/�`/b �M/ rQ`F~Qrb ("H�+F �M/ :2`@
�`/- kyk8- oBi�HB �M/ :BmHB�MB- kyk9)X

�++Q`/BM; iQ i?2 �A*S� (Q7 *2`iB}2/ Sm#HB+ �++QmMi�Mib- kyRd)- /�i� �M�HviB+b
7Q` �m/BiBM; Bb ǳi?2 b+B2M+2 �M/ �`i Q7 /Bb+Qp2`BM; �M/ �M�HvxBM; T�ii2`Mb- B/2MiB7vBM;
�MQK�HB2b- �M/ 2ti`�+iBM; Qi?2` mb27mH BM7Q`K�iBQM BM /�i� mM/2`HvBM; Q` `2H�i2/ iQ
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i?2 bm#D2+i K�ii2` Q7 �M �m/Bi- i?`Qm;? �M�HvbBb- KQ/2HBM;- �M/ pBbm�HBx�iBQMǴX AM
HBM2 rBi? i?Bb b?B7i- i?2 S*�P" 2KT?�bBx2b i?�i M2r i2+?MQHQ;B2b 2M�#H2 �m/BiQ`b
iQ B/2MiB7v 2K2`;BM; `BbFb- `2}M2 i?2B` T`Q+2/m`2b Bi2`�iBp2Hv- �M/ �/Dmbi `2bTQMb2b
�b M2r BM7Q`K�iBQM #2+QK2b �p�BH�#H2 (S*�P"- kykR)X h�F2M iQ;2i?2`- i?2b2 /2p2H@
QTK2Mib mM/2`b+Q`2 i?2 M22/ 7Q` BMi2`M�H �m/Bi 7mM+iBQMb iQ 2tT�M/ i?2B` �M�HviB+�H
b+QT2 #2vQM/ i`�Mb�+iBQM@H2p2H p�HB/�iBQM iQr�`/ � /22T2` mM/2`bi�M/BM; Q7 #mbBM2bb
T`Q+2bb2b BM i?2B` QT2`�iBQM�H +QMi2tiX

jXk �m/Bi �M�HviB+b BM AMi2`M�H �m/BiBM;

_2+2Mi /2p2HQTK2Mib BM �m/BiBM; `2~2+i � b?B7i 7`QK b�KTH2@#�b2/ T`Q+2/m`2b iQr�`/
/�i�@/`Bp2M �M/ i2+?MQHQ;v@bmTTQ`i2/ �TT`Q�+?2b- 2M�#HBM; 7mHH@TQTmH�iBQM �M�HvbBb
�M/ KQ`2 +QMiBMmQmb 7Q`Kb Q7 �bbm`�M+2X h?Bb b2+iBQM /Bb+mbb2b irQ bi`�M/b Q7 �m/Bi
�M�HviB+b i?�i �`2 `2H2p�Mi iQ �m/BiBM; bmTTQ`i2/ #v /�i� �M�HviB+b, i2tim�H �M�H@
vbBb- r?B+? 7Q+mb2b QM mMbi`m+im`2/ /�i� `2H2p�Mi iQ �m/BiBM;- �M/ T`Q+2bb@Q`B2Mi2/
�M�HviB+b- r?B+? 7Q+mb2b QM bi`m+im`2/ 2p2Mi HQ; /�i� �M/ T`Q+2bb 2t2+miBQMX

jXkXR h2tim�H �M�HvbBb BM �m/BiBM;
qBi?BM i?Bb #`Q�/2` /2p2HQTK2Mi- i2tim�H �M�HvbBb ?�b ;�BM2/ BKTQ`i�M+2 #2+�mb2
K�Mv �m/Bi@`2H2p�Mi bQm`+2b �`2 MQi Tm`2Hv MmK2`B+�HX .Q+mK2Mib bm+? �b DQm`M�H
2Mi`B2b- BMpQB+2b- +QMi`�+ib- 2K�BHb- �M/ `2TQ`ib +QMi�BM i2tim�H BM7Q`K�iBQM i?�i K�v
T`QpB/2 2pB/2M+2 �#Qmi `BbFb- 2tTH�M�iBQMb- �M/ mMmbm�H #2?�pBQ`X h2tim�H �M�HvbBb-
i2ti KBMBM;- �M/ M�im`�H H�M;m�;2 T`Q+2bbBM; i2+?MB[m2b 2M�#H2 i?2 2ti`�+iBQM Q7
T�ii2`Mb- F2vrQ`/b- �M/ `BbF@`2H�i2/ bB;M�Hb 7`QK bm+? mMbi`m+im`2/ /�i� (amM �M/
o�b�`?2HvB- kyR3- GQm;?`�M �M/ J+.QM�H/- kyRe)X

h2tim�H �M�HvbBb +QKTH2K2Mib [m�MiBi�iBp2 K2i?Q/b #v +�Tim`BM; [m�HBi�iBp2 bB;@
M�Hb bm+? �b b2MiBK2Mi �M/ `BbF BM/B+�iQ`b- #mi i`�Mb7Q`KBM; i2ti BMiQ [m�MiBi�iBp2 `2T@
`2b2Mi�iBQMb BMi`Q/m+2b BKT`2+BbBQM �M/ +QMi2ti /2T2M/2M+vX *QMb2[m2MiHv- /QK�BM@
bT2+B}+ KQ/2HBM; �M/ +�`27mH BMi2`T`2i�iBQM �`2 2bb2MiB�H r?2M �TTHvBM; i2tim�H �M�H@
vbBb BM �m/BiBM; +QMi2tib (GQm;?`�M �M/ J+.QM�H/- kyRe)X

AM �m/BiBM; `2b2�`+?- i2tim�H �M�HvbBb ?�b #22M �TTHB2/ BM b2p2`�H r�vbX amM �M/
o�b�`?2HvB (kyR3) /Bb+mbb i?2 TQi2MiB�H Q7 i2tim�H /�i� �M�HviB+b �M/ /22T H2�`MBM; 7Q`
2ti`�+iBM; �m/Bi@`2H2p�Mi BM7Q`K�iBQM 7`QK i2tim�H bQm`+2bX G22 2i �HX (kykk) /2KQM@
bi`�i2 i?�i BMi2;`�iBM; i2tim�H �M�HvbBb rBi? pBbm�HBx�iBQM 2M�#H2b �m/BiQ`b iQ B/2MiB7v
�MQK�HQmb DQm`M�H 2Mi`B2b KQ`2 2z2+iBp2Hv #v i`�Mb7Q`KBM; mMbi`m+im`2/ /2b+`BTiBQMb
BMiQ BMi2`T`2i�#H2 T�ii2`Mb- i?2`2#v b?QrBM; ?Qr i2tim�H BM7Q`K�iBQM BM �++QmMiBM;
bvbi2Kb +�M +QKTH2K2Mi MmK2`B+�H i`�Mb�+iBQM �M�HvbBbX h?2b2 bim/B2b bm;;2bi i?�i
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i2tim�H /�i� +�M 2M`B+? �m/Bi �M�HviB+b #v +�Tim`BM; [m�HBi�iBp2 2tTH�M�iBQMb �M/
+QMi2tim�H bB;M�Hb i?�i �`2 MQi �p�BH�#H2 BM bi`m+im`2/ MmK2`B+�H /�i� �HQM2X

GBi2`�im`2 `2pB2rb b?Qr i?�i i2ti KBMBM; i2+?MB[m2b ?�p2 #22M �TTHB2/ iQ 2ti`�+i-
+H�bbB7v- �M/ �M�Hvx2 i2tim�H /�i� BM �++QmMiBM; +QMi2tib- bmTTQ`iBM; i�bFb bm+? �b `BbF
B/2MiB}+�iBQM- /Bb+HQbm`2 �M�HvbBb- �M/ i?2 BMi2`T`2i�iBQM Q7 [m�HBi�iBp2 BM7Q`K�iBQM
(a2M�p2 2i �HX- kykj)X

JQ`2 `2+2MiHv- H�`;2 H�M;m�;2 KQ/2Hb UGGJbV ?�p2 �/p�M+2/ i2tim�H �M�HvbBb
#v 2M�#HBM; i?2 2ti`�+iBQM Q7 +QMi2ti@bT2+B}+ BM7Q`K�iBQM 7`QK mMbi`m+im`2/ /�i�
bQm`+2bX lMHBF2 i`�/BiBQM�H i2ti KBMBM; �TT`Q�+?2b- GGJb +�M `2i`B2p2 bi`m+im`2/ }@
M�M+B�H BM7Q`K�iBQM 7`QK +QKTH2t /Q+mK2Mib KQ`2 2z2+iBp2Hv- i?2`2#v BKT`QpBM; i?2
2{+B2M+v Q7 �m/Bi /�i� 2ti`�+iBQM �M/ �M�HvbBb (GB 2i �HX- kyk8- .QM; 2i �HX- kyk9)X

>Qr2p2`- i?2 HBi2`�im`2 �HbQ ?B;?HB;?ib BKTQ`i�Mi HBKBi�iBQMbX h2tim�H /�i� Bb
Q7i2M MQBbv- /QK�BM@bT2+B}+- �M/ /B{+mHi iQ BMi2`T`2i rBi?Qmi +QMi2tim�H FMQrH2/;2X
JQ`2Qp2`- �/p�M+2/ i2+?MB[m2b bm+? �b /22T H2�`MBM; K�v BKT`Qp2 +H�bbB}+�iBQM Q`
T`2/B+iBQM T2`7Q`K�M+2 #mi +�M `2/m+2 i`�MbT�`2M+v- r?B+? Bb T`Q#H2K�iB+ BM �m/BiBM;
r?2`2 2pB/2M+2- T`Q72bbBQM�H Dm/;K2Mi- �M/ 2tTH�BM�#BHBiv �`2 +`BiB+�HX h?2`27Q`2-
i?2 BMi2;`�iBQM Q7 i2tim�H �M�HvbBb BMiQ �m/BiBM; b?QmH/ MQi #2 pB2r2/ Tm`2Hv �b �
i2+?MB+�H �miQK�iBQM i�bF- #mi �b T�`i Q7 � #`Q�/2` �m/Bi �M�HviB+b 2MpB`QMK2Mi BM
r?B+? �M�HviB+�H QmiTmib Kmbi `2K�BM BMi2`T`2i�#H2- �m/Bi�#H2- �M/ mb27mH 7Q` ?mK�M
/2+BbBQM@K�FBM;X

AM i?Bb +QMi2ti- i?2 +?�HH2M;2 Bb MQi QMHv iQ 2ti`�+i BM7Q`K�iBQM 7`QK i2tim�H /�i�-
#mi iQ BMi2;`�i2 Bi BMiQ /2+BbBQM@bmTTQ`i bi`m+im`2b i?�i �HB;M rBi? �m/BiQ`bǶ `2�bQMBM;
�M/ rQ`F~QrX

jXkXk S`Q+2bb@P`B2Mi2/ �m/Bi �M�HviB+b
q?BH2 i2tim�H �M�HvbBb BHHmbi`�i2b i?2 ;`QrBM; `QH2 Q7 mMbi`m+im`2/ BM7Q`K�iBQM BM
�m/Bi �M�HviB+b- i?2 T`2b2Mi i?2bBb 7Q+mb2b QM bi`m+im`2/ 2p2Mi HQ; /�i� �M/ T`Q+2bb@
H2p2H �bbm`�M+2X "mBH/BM; QM i?2 #`Q�/2` b?B7i iQr�`/ �m/Bi �M�HviB+b- T`Q+2bb KBMBM;
i2+?MB[m2b +�M #2 `2;�`/2/ �b � bmBi�#H2 �M/ T`QKBbBM; �M�HviB+�H �TT`Q�+?X "v `2@
+QMbi`m+iBM; �M/ 2p�Hm�iBM; �+im�H T`Q+2bb 2t2+miBQMb 7`QK 2p2Mi HQ;b- T`Q+2bb KBMBM;
2M�#H2b �m/BiQ`b iQ B/2MiB7v BM2{+B2M+B2b- /2pB�iBQMb 7`QK BMi2M/2/ #2?�pBQ`- �M/ pB@
QH�iBQMb Q7 T`2b+`B#2/ T`Q+2/m`2b (.m�M 2i �HX- kyk8- 6ƺ?` 2i �HX- kyk8)X h?Bb T`Q+2bb@
Q`B2Mi2/ T2`bT2+iBp2 Bb 2bb2MiB�H BM KQ/2`M �m/Bi 2MpB`QMK2Mib- r?2`2 i`�Mb�+iBQMb
K�v BM/BpB/m�HHv +QKTHv rBi? `mH2b #mi i?2 Qp2`�HH T`Q+2bb K�v biBHH /Bp2`;2 7`QK
`2;mH�iQ`v Q` Q`;�MBx�iBQM�H 2tT2+i�iBQMbX JQ/2`M /�i�@2M�#H2/ BMi2`M�H �m/BiBM;
/Bz2`2MiB�i2b Bib2H7 7`QK i`�/BiBQM�H BMi2`M�H �m/BiBM; �HQM; �i H2�bi i?`22 F2v /BK2M@
bBQMb, 7`2[m2M+v- �miQK�iBQM- �M/ +Qp2`�;2X

6B`bi- rBi? `2bT2+i iQ 7`2[m2M+v- i`�/BiBQM�H BMi2`M�H �m/Bi QT2`�i2b QM +v+HB+�H
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BMi2`p�Hb- BX2X- �MMm�HHv- b2KB@�MMm�HHv- Q` [m�`i2`Hv- r?2`2�b /�i�@/`Bp2M �m/BiBM;
2M�#H2b Km+? KQ`2 7`2[m2Mi- Q7i2M +QMiBMmQmb Q` M2�` `2�H@iBK2 KQMBiQ`BM; (1mH2`B+?
2i �HX- kyk8)X

a2+QM/- rBi? `2bT2+i iQ �miQK�iBQM- `mH2@#�b2/ +?2+Fb- /�b?#Q�`/b- /�i� KBMBM;-
�M/ �MQK�Hv /2i2+iBQM +QKTH2K2Mi Q` `2TH�+2 K�Mm�H b�KTHBM; �M/ `2i`QbT2+iBp2
i2biBM; (*?�M �M/ o�b�`?2HvB- kyRR#- J�`+mb 2i �HX- kyk9)X

h?B`/- �M�HvxBM; i?2 7mHH TQTmH�iBQM Q` M2�` 7mHH TQTmH�iBQM Q7 i`�Mb�+iBQMb `2@
/m+2b b�KTHBM; `BbF �M/ T`QpB/2b #`Q�/2` BMbB;?i BMiQ QT2`�iBQM�H T`Q+2bb �M/ +QMi`QH
T2`7Q`K�M+2X

h?2 BM+`2�bBM; BKTQ`i�M+2 Q7 /�i�@/`Bp2M �bbm`�M+2 T`�+iB+2b +�M #2 2tTH�BM2/ #v
i?`22 +QMi2tim�H /2p2HQTK2Mib,

6B`bi- i?2 /B;BiBx�iBQM Q7 2Mi2`T`Bb2 bvbi2Kb �HQM; rBi? i?2 BMi2;`�iBQM Q7 1_S �M/
*_J bvbi2Kb- ?�b +`2�i2/ 2ti2MbBp2 2p2Mi HQ;b �M/ /�i� BM7`�bi`m+im`2b M2+2bb�`v 7Q`
+QMiBMmQmb �m/BiBM; (:QMx�H2x 2i �HX- kyRk)X

a2+QM/- BM+`2�bBM; `2;mH�iQ`v /2K�M/b �M/ bi�F2?QH/2` 2tT2+i�iBQMb 7Q` i`�Mb@
T�`2M+v `2[mB`2 KQ`2 iBK2Hv �M/ `2HB�#H2 �bbm`�M+2 (G2Mx �M/ C2TT2b2M- kykk)X

h?B`/- Q`;�MBx�iBQM�H bi`m+im`2b �M/ #mbBM2bb T`Q+2bb2b ?�p2 #2+QK2 BM+`2�bBM;Hv
+QKTH2t �M/ BMi2`/2T2M/2Mi- ;2M2`�iBM; `BbF 2tTQbm`2b i?�i �`2 MQi 2�bBHv /2i2+i2/
i?`Qm;? bi�iB+ Q` `2i`QbT2+iBp2 �m/BiBM; �TT`Q�+?2b (o�b�`?2HvB- kyRy)X

AM T`�+iB+2- i?2b2 /2p2HQTK2Mib �`2 Q7i2M BKTH2K2Mi2/ i?`Qm;? +QKTQM2Mib bm+?
�b +QMiBMmQmb +QMi`QHb KQMBiQ`BM; U**JV- +QMiBMmQmb /�i� �bbm`�M+2 U*.�V- �M/
+QMiBMmQmb `BbF �bb2bbK2Mi U*_�V ("�``Qb �M/ J�`[m2b- kykk)X h?2b2 +�T�#BHBiB2b
2K#2/ �bbm`�M+2 T`Q+2bb2b BMiQ /�v@iQ@/�v QT2`�iBQMb- 2M�#HBM; KQ`2 T`Q�+iBp2 �M/
`2bTQMbBp2 BMi2`M�H �m/Bi 7mM+iBQMbX hQ;2i?2`- i?2b2 +QKTQM2Mib 2bi�#HBb? � +QMiBM@
mQmb �bbm`�M+2 BM7`�bi`m+im`2 i?�i /2HBp2`b �m/Bi 2pB/2M+2 2{+B2MiHv- bmTTQ`ib K�M@
�;2K2Mi /2+BbBQMb- �M/ 2K#2/b �bbm`�M+2 BMiQ /�v@iQ@/�v QT2`�iBQMb `�i?2` i?�M +QM@
/m+iBM; Bi �b �M BbQH�i2/- `2i`QbT2+iBp2 2t2`+Bb2X

1KTB`B+�H bim/B2b /2KQMbi`�i2 i?�i K�Mv H�`;2 Q`;�MBx�iBQMb `2+Q;MBx2 i?2 bi`�i2@
;B+ TQi2MiB�H Q7 /�i�@/`Bp2M �M/ i2+?MQHQ;v@2M�#H2/ �m/BiBM; #mi +QMiBMm2 iQ 2M@
+QmMi2` +?�HH2M;2b BM BKTH2K2Mi�iBQMX 6Q` BMbi�M+2- :QMx�H2x 2i �HX (:QMx�H2x 2i �HX-
kyRk) B/2MiB}2/ Ah +�T�#BHBiv- K�M�;2`B�H bmTTQ`i- �M/ T2`+2Bp2/ `2H�iBp2 �/p�Mi�;2
�b F2v 7�+iQ`b BM~m2M+BM; i?2 �/QTiBQM Q7 /�i�@�M�HviB+ �TT`Q�+?2b rBi?BM BMi2`M�H
�m/BiBM;X JQ`2 `2+2Mi `2b2�`+? bBKBH�`Hv ?B;?HB;?ib T2`bBbi2Mi #�``B2`bX 1mH2`B+? �M/
E�HBMB+?2MFQ (1mH2`B+? 2i �HX- kyk8) `2TQ`i i?�i K�Mv BMi2`M�H �m/Bi 7mM+iBQMb bi`m;@
;H2 rBi? HBKBi2/ /�i� [m�HBiv- BMbm{+B2Mi �M�HviB+�H bFBHHb- �M/ Q`;�MBx�iBQM�H `2bBb@
i�M+2- �HH Q7 r?B+? ?BM/2` i?2 2z2+iBp2 �/QTiBQM Q7 �/p�M+2/ �m/Bi �M�HviB+bX Pp2`�HH-
i?2 KQp2 iQr�`/ KQ`2 �miQK�i2/- +QMiBMmQmb- �M/ /�i�@/`Bp2M �bbm`�M+2 `2T`2b2Mib
#Qi? � i2+?MQHQ;B+�H �M/ �M Q`;�MBx�iBQM�H 2pQHmiBQMX Ai `2~2+ib i?2 b?B7iBM; M�im`2
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Q7 #mbBM2bb QT2`�iBQMb- r?B+? ?�p2 #2+QK2 7�bi2`- KQ`2 BMi2;`�i2/- �M/ KQ`2 +QK@
TH2t- i?2`2#v BM+`2�bBM; i?2 /2K�M/ 7Q` iBK2Hv- `2HB�#H2- �M/ i`�MbT�`2Mi �bbm`�M+2X
qBi?BM i?2 +QMi2ti Q7 i?Bb i?2bBb- /�i�@/`Bp2M �m/BiBM; 7Q`Kb i?2 QT2`�iBQM�H �M/ +QM@
+2Tim�H 7QmM/�iBQM mTQM r?B+? T`Q+2bb@Q`B2Mi2/ �bbm`�M+2 #mBH/bX �b Q`;�MBx�iBQMb
BM+`2�bBM;Hv `2Hv QM /B;Bi�H �m/Bi i2+?MB[m2b iQ p�HB/�i2 i`�Mb�+iBQM�H �++m`�+v �+`Qbb
H�`;2 /�i� TQTmH�iBQMb- 2Mbm`BM; T`Q+2bb +Q``2+iM2bb i?`Qm;? �M�HviB+�H K2i?Q/b bm+?
�b T`Q+2bb KBMBM; #2+QK2b i?2 M2ti 2bb2MiB�H bi2T iQr�`/ �+?B2pBM; +QKT`2?2MbBp2
�bbm`�M+2X

AM bmKK�`v- i?2 BMi2`M�H �m/Bi T`Q72bbBQM Bb mM/2`;QBM; � b?B7i iQr�`/ +QMiBMmQmb-
/�i�@/`Bp2M- �M/ T`Q+2bb@�r�`2 �bbm`�M+2- bmTTQ`i2/ #v �/p�M+2/ �M�HviB+b �M/ i?2
�p�BH�#BHBiv Q7 /2i�BH2/ 2p2Mi /�i�X �;�BMbi i?Bb #�+F/`QT- T`Q+2bb KBMBM; TH�vb �
+`BiB+�H `QH2 #v 2M�#HBM; BMi2`M�H �m/BiQ`b iQ KQp2 #2vQM/ i`�Mb�+iBQM�H �++m`�+v �M/
iQr�`/ 2p�Hm�iBM; r?2i?2` #mbBM2bb T`Q+2bb2b �`2 2t2+mi2/ �b /2bB;M2/X h?Bb 2pQHpBM;
+QMi2ti +QMbiBimi2b i?2 +QM+2Tim�H #�+F/`QT 7Q` i?2 `2b2�`+? BM i?Bb i?2bBbX

jXj GBKBi�iBQMb Q7 h`�/BiBQM�H �m/BiBM;

h`�/BiBQM�H BMi2`M�H �m/BiBM; Bb ivTB+�HHv +QM/m+i2/ QM �M �MMm�H Q` b2KB@�MMm�H #�@
bBb- `2HvBM; ?2�pBHv QM K�Mm�H T`Q+2/m`2b- `2i`QbT2+iBp2 `2pB2r- �M/ b�KTHBM;X q?BH2
?BbiQ`B+�HHv bm{+B2Mi 7Q` bi�iB+ #mbBM2bb 2MpB`QMK2Mib- i?Bb T2`BQ/B+ �TT`Q�+? Bb BM@
+`2�bBM;Hv BM�/2[m�i2 BM KQ/2`M Q`;�MBx�iBQMb r?2`2 T`Q+2bb2b 2pQHp2 `�TB/Hv �M/
`BbFb K�i2`B�HBx2 +QMiBMmQmbHvX PM2 F2v HBKBi�iBQM +QM+2`Mb i?2 /2H�v2/ /2i2+iBQM Q7
7`�m/mH2Mi Q` 2``QM2Qmb T`�+iB+2bX _2+2Mi ;HQ#�H 2pB/2M+2 b?Qrb i?�i Q++mT�iBQM�H
7`�m/ b+?2K2b `2K�BM mM/2i2+i2/ 7Q` 2ti2M/2/ T2`BQ/b, i?2 �*61Ƕb kyk9 _2TQ`i iQ
i?2 L�iBQMb `2TQ`ib � K2/B�M 7`�m/ /m`�iBQM Q7 R3 KQMi?b- rBi? HQbb2b BM+`2�bBM;
bm#bi�MiB�HHv i?2 HQM;2` � b+?2K2 +QMiBMm2b (Q7 *2`iB}2/ 6`�m/ 1t�KBM2`b- kyk9)X
aBKBH�`Hv- `2;mH�iQ`b 2KT?�bBx2 i?�i T2`BQ/B+ �m/Bi T`Q+2/m`2b ǳK�v MQi B/2MiB7v Bb@
bm2b QM � iBK2Hv #�bBb-Ǵ T�`iB+mH�`Hv BM 2MpB`QMK2Mib +?�`�+i2`Bx2/ #v 7�bi@+?�M;BM;
/�i� �M/ `BbFb (S*�P"- kykR)X h?2b2 }M/BM;b ?B;?HB;?i i?2 i2KTQ`�H BMbm{+B2M+v Q7
i`�/BiBQM�H �m/Bi +v+H2b BM T`QpB/BM; iBK2Hv �bbm`�M+2X

� b2+QM/ HBKBi�iBQM �`Bb2b 7`QK i?2 BM?2`2Mi +QMbi`�BMib Q7 b�KTHBM;@#�b2/ i2biBM;X
h`�/BiBQM�H �m/Bib ivTB+�HHv �TTHv b�KTHBM; i2+?MB[m2b U�b T`2b+`B#2/ BM Aa� 8jyV iQ
BM72` +QM+HmbBQMb �#Qmi i?2 2MiB`2 TQTmH�iBQMX >Qr2p2`- b�KTHBM; +�MMQi ;m�`�Mi22
i?2 /2i2+iBQM Q7 `�`2 #mi +`BiB+�H /2pB�iBQMb BM H�`;2@b+�H2 /B;Bi�H 2MpB`QMK2MibX �b
MQi2/ BM `2+2Mi �m/BiBM; `2b2�`+?- `2HB�M+2 QM b�KTH2b BM+`2�b2b i?2 HBF2HB?QQ/ Q7 Qp2`@
HQQFBM; BM7`2[m2Mi #mi ?B;?@`BbF �MQK�HB2b- 2bT2+B�HHv BM Q`;�MBx�iBQMb rBi? 2ti2MbBp2
1_S@/`Bp2M /�i� TQTmH�iBQMb (1mH2`B+? 2i �HX- kyk8- aBM;? 2i �HX- kyRj)X h?Bb b�KTHBM;
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`BbF +QKT`QKBb2b i?2 +QKTH2i2M2bb �M/ `2HB�#BHBiv Q7 �m/Bi +QM+HmbBQMb- T�`iB+mH�`Hv
r?2M /2pB�iBQMb Q++m` BM bK�HH +Hmbi2`b Q` /2pB�i2 7`QK `QmiBM2 2t2+miBQM T�ii2`MbX

h`�/BiBQM�H �m/BiBM; �HbQ 7�+2b HBKBi�iBQMb BM Bib �#BHBiv iQ B/2MiB7v �M/ 2p�Hm�i2
BMi2`M�H +QMi`QH T2`7Q`K�M+2 Q#D2+iBp2HvX �bb2bbK2Mib Q7i2M /2T2M/ QM BMi2`pB2rb-
rQ`Fb?QTb- �M/ b2H7@`2TQ`i2/ +QMi`QH /2b+`BTiBQMb- r?B+? Qz2` � bm#D2+iBp2 �M/ TQi2M@
iB�HHv #B�b2/ `2T`2b2Mi�iBQM Q7 �+im�H T`Q+2bb 2t2+miBQMX JQ/2`M `2;mH�iQ`v BMbB;?ib
7m`i?2` bi`2bb i?�i i`�/BiBQM�H K�Mm�H Q` T�T2`@#�b2/ i2+?MB[m2b �`2 BMbm{+B2Mi 7Q`
2p�Hm�iBM; +QMi`QHb 2K#2//2/ BM BM+`2�bBM;Hv +QKTH2t �M/ �miQK�i2/ BM7Q`K�iBQM
bvbi2Kb (S*�P"- kykR)X �b Q`;�MBx�iBQMb �/QTi �/p�M+2/ /B;Bi�H TH�i7Q`Kb- i?2
M22/ 7Q` Q#D2+iBp2- /�i�@/`Bp2M p2`B}+�iBQM Q7 +QMi`QH QT2`�iBQM ;`Qrb +Q``2bTQM/@
BM;HvX _2+2Mi �+�/2KB+ rQ`F �HbQ TQBMib iQ i?2 +?�HH2M;2b i`�/BiBQM�H �m/Bib 7�+2 BM
/2i2+iBM; T`Q+2bb@H2p2H /2pB�iBQMbX q?BH2 � i`�Mb�+iBQM K�v BM/BpB/m�HHv +QKTHv rBi?
7Q`K�H `mH2b- Bi K�v biBHH #2 T�`i Q7 � #`Q�/2` T`Q+2bb pBQH�iBQM- bm+? �b BM+Q``2+i
�+iBpBiv b2[m2M+BM; Q` mM�mi?Q`Bx2/ #vT�bbBM; Q7 +QMi`QHb- i?�i i`�/BiBQM�H �m/Bib �`2
MQi /2bB;M2/ iQ /2i2+i (.m�M 2i �HX- kyk8)X h?Bb HBKBi�iBQM `2bmHib 7`QK i?2 �#b2M+2
Q7 2M/@iQ@2M/ T`Q+2bb pBbB#BHBiv BM +QMp2MiBQM�H �m/Bi T`Q+2/m`2bX

AM `2bTQMb2 iQ i?2b2 bi`m+im`�H HBKBi�iBQMb- `2b2�`+? Qp2` i?2 T�bi /2+�/2 ?�b
BM+`2�bBM;Hv 7Q+mb2/ QM �M�HviB+ i2+?MB[m2b +�T�#H2 Q7 2p�Hm�iBM; 2MiB`2 TQTmH�iBQMb Q7
2p2Mib `�i?2` i?�M `2HvBM; QM b�KTH2bX JQ/2`M bim/B2b /2KQMbi`�i2 i?2 72�bB#BHBiv �M/
�/p�Mi�;2b Q7 7mHH@TQTmH�iBQM /2pB�iBQM /2i2+iBQM mbBM; bi�iBbiB+�H �M�HvbBb- +Hmbi2`BM;-
�MQK�Hv /2i2+iBQM- �M/ T`Q+2bb KBMBM; (G�;?KQm+? 2i �HX- kyk9- .m�M 2i �HX- kyk8)X
6Q` BMbi�M+2- EBK �M/ o�b�`?2HvB (kyRk) ?�p2 mb2/ 7`2[m2M+v i2bib #�b2/ QM TQi2MiB�H
7`�m/f�MQK�Hv BM/B+�iQ`b 7Q` /2i2+iBM; /2pB�iBQMbX AM i?2B` �TT`Q�+?- b+Q`2b r2`2
�bbB;M2/ iQ 2�+? BM/B+�iQ` �b iQ i?2B` H2p2H Q7 bB;MB}+�M+2X h?2 /2pB�iBQMb +�M #2
/BbiBM;mBb?2/ 7`QK i?2 MQ`K�H +�b2b #v �;;`2;�iBM; �HH i?2 b+Q`2b 7Q` 2�+? +�b2X

h?BT`mM;b`B �M/ o�b�`?2HvB (kyRR) 2KTHQv2/ � bBKBH�` B/2� Q7 7`2[m2M+v i2bib
K2i?Q/QHQ;v- #v �TTHvBM; � +Hmbi2`@#�b2/ i2+?MB[m2 iQ H�#2H BM/BpB/m�H Q#b2`p�iBQMb
�M/ bK�HH +Hmbi2`b �b i?2 /2pB�iBQMbX h?Bb �TT`Q�+? r�b 7m`i?2` `2}M2/ #v C�Mb 2i �HX
(kyRR�)- r?Q /2KQMbi`�i2/ Bib 2z2+iBp2M2bb BM B/2MiB7vBM; �MQK�HB2b i?`Qm;? 2M?�M+2/
+Hmbi2`BM; K2i?Q/bX

JQ`2Qp2`- T`Q+2bb KBMBM;@#�b2/ +QM7Q`K�M+2 +?2+FBM; 2M�#H2b � bvbi2K�iB+ +QK@
T�`BbQM Q7 `2�H T`Q+2bb 2t2+miBQMb �;�BMbi MQ`K�iBp2 KQ/2Hb 7Q` i?2 B/2MiB}+�iBQM Q7
/2pB�iBM; +�b2b 7`QK MQ`K�H +�b2b (C�Mb 2i �HX- kyR9- kyRj)X h?2b2 /2p2HQTK2Mib b?Qr
+H2�` T�i?r�vb 7Q` Qp2`+QKBM; i?2 BM?2`2Mi i2KTQ`�H- T`Q+2/m`�H- �M/ �M�HviB+�H +QM@
bi`�BMib Q7 i`�/BiBQM�H �m/BiBM;X

Pp2`�HH- i?2 HBKBi�iBQMb Q7 i`�/BiBQM�H �m/BiBM;- BX2X- /2H�v2/ /2i2+iBQM- b�KTHBM;
`BbF- bm#D2+iBp2 +QMi`QH 2p�Hm�iBQM- �M/ H�+F Q7 T`Q+2bb@H2p2H BMbB;?i- ?B;?HB;?i i?2
BKTQ`i�M+2 Q7 i`�MbBiBQMBM; iQr�`/ +QMiBMmQmb- /�i�@/`Bp2M- �M/ T`Q+2bb@Q`B2Mi2/ �b@
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bm`�M+2 �TT`Q�+?2bX JQ/2`M �m/Bi �M�HviB+b T`QpB/2 i?2 i2+?MQHQ;B+�H 7QmM/�iBQM 7Q`
i?Bb i`�MbBiBQM- 2M�#HBM; Q`;�MBx�iBQMb iQ 2p�Hm�i2 +QMi`QHb �M/ T`Q+2bb2b #�b2/ QM
+QKTH2i2- Q#D2+iBp2- �M/ iBK2Hv /�i� `�i?2` i?�M T2`BQ/B+ bM�Tb?QibX

jX9 "2M2}ib- *?�HH2M;2b- �M/ i?2 L22/ 7Q` S`Q+2bb@P`B2Mi2/
�bbm`�M+2 BM .�i�@.`Bp2M �m/BiBM;

�/QTiBM; /�i�@/`Bp2M �M/ i2+?MQHQ;v@2M�#H2/ �m/BiBM; T`�+iB+2b #`BM;b � MmK#2` Q7
TQi2MiB�H #2M2}ib iQ Q`;�MBx�iBQMb �M/ �m/Bi 7mM+iBQMbX 6`QK � #2M2}ib T2`bT2+iBp2-
?B;?2` �m/Bi +Qp2`�;2 UpB� 7mHH@TQTmH�iBQM i2bibV- KQ`2 iBK2Hv /2i2+iBQM Q7 +QMi`QH
7�BHm`2b Q` �MQK�HB2b- �M/ BKT`Qp2/ �HB;MK2Mi Q7 �m/Bi �+iBpBiv rBi? #mbBM2bb 2t2+m@
iBQM �HH 72�im`2 T`QKBM2MiHv (*?�M �M/ o�b�`?2HvB- kyRR#)X h?2b2 �TT`Q�+?2b bmTTQ`i
2M?�M+2/ `BbF KBiB;�iBQM �M/ KQMBiQ`BM; #v 2M�#HBM; K�M�;2K2Mi �M/ BMi2`M�H �m/Bi
iQ `2bTQM/ KQ`2 [mB+FHv iQ 2K2`;BM; Bbbm2b- 7Q` BMbi�M+2- /2i2+iBM; /mTHB+�i2 i`�Mb�+@
iBQMb- mMmbm�H T�ii2`Mb- Q` +QMi`QH /2pB�iBQMb �b i?2v Q++m` `�i?2` i?�M KQMi?b H�i2`
(:QMx�H2x 2i �HX- kyRk)X 6m`i?2`KQ`2- r?2M �miQK�i2/ �M/ /�i�@�M�HviB+ `QmiBM2b �`2
2K#2//2/ BMiQ #mbBM2bb bvbi2Kb- i?2 BMi2`M�H �m/Bi 7mM+iBQM K�v b?B7i 7`QK Tm`2Hv
`2i`QbT2+iBp2 �bbm`�M+2 iQr�`/ KQ`2 T`Q�+iBp2 `BbF KQMBiQ`BM;- i?2`2#v bmTTQ`iBM;
/2+BbBQM@K�FBM;- BKT`QpBM; +QMi`QH 2z2+iBp2M2bb- �M/ TQi2MiB�HHv `2/m+BM; �m/Bi +Qbib
(1mH2`B+? 2i �HX- kyk8)X

>Qr2p2`- i?2 i`�MbBiBQM iQ bm+? /�i�@/`Bp2M KQ/2b Q7 �bbm`�M+2 Bb MQi rBi?Qmi
bB;MB}+�Mi +?�HH2M;2bX h?`22 F2v +?�HH2M;2b bi�M/ Qmi, UBV BMi2`T`2i�#BHBiv �M/ K2�M@
BM;7mHM2bb Q7 QmiTmib- UBBV i?2 pQHmK2 �M/ MQBb2 Q7 �H2`ib �M/ /2pB�iBQMb- �M/ UBBBV i?2
HBKBi2/ �M�HviB+�H T2`bT2+iBp2 Q7 K�Mv 2tBbiBM; i2+?MB[m2b i?�i 7�BH iQ +�Tim`2 i?2
7mHH b+QT2 Q7 T`Q+2bb 2t2+miBQMX 1�+? Q7 i?2b2 +?�HH2M;2b /B`2+iHv �z2+ib i?2 miBHBiv Q7
/�i�@/`Bp2M �m/BiBM; rBi?BM T`�+iB+2X

AMi2`T`2i�#BHBiv �M/ K2�MBM;7mHM2bb Q7 QmiTmib
q?BH2 �/p�M+2/ �M�HviB+�H i2+?MB[m2b 2M�#H2 i?2 B/2MiB}+�iBQM Q7 +QKTH2t T�ii2`Mb

�M/ �MQK�HB2b- i?2B` QmiTmib �`2 Q7i2M BM � i2+?MB+�H 7Q`K�i U2X;X- b+`BTib- /�b?#Q�`/b-
Q` T2`7Q`K�M+2 K2i`B+bV i?�i �m/BiQ`b K�v }M/ /B{+mHi iQ BMi2`T`2i BM QT2`�iBQM�H �M/
#mbBM2bb i2`KbX h?Bb +QM+2`M Bb T�`iB+mH�`Hv `2H2p�Mi 7Q` �A@ �M/ K�+?BM2@H2�`MBM;@
#�b2/ �m/Bi iQQHb- r?2`2 HBKBi2/ 2tTH�BM�#BHBiv +�M `2bi`B+i �m/BiQ`bǶ �#BHBiv iQ 2p�Hm@
�i2- /Q+mK2Mi- �M/ `2Hv QM �M�HviB+�H QmiTmib �b �m/Bi 2pB/2M+2 (w?�M; 2i �HX- kykk�)X

qBi?Qmi 2z2+iBp2 i`�MbH�iBQM BMiQ �m/Bi H�M;m�;2 �M/ +QMi2tim�H K2�MBM;- i?2b2
�H2`ib K�v H2�/ iQ ǳ�H2`i 7�iB;m2-Ǵ HQr `2bTQMb2 `�i2b- Q` KBbb2/ QTTQ`imMBiB2b 7Q`
BMi2`p2MiBQM (h`QMiQ �M/ EBHHBM;brQ`i?- kykR)X AM 2bb2M+2- r?BH2 �miQK�i2/ �M/ /�i�@
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/`Bp2M bvbi2Kb +�M T`Q/m+2 H�`;2 [m�MiBiB2b Q7 BM7Q`K�iBQM- i`�Mb7Q`KBM; i?2b2 Qmi@
Tmib BMiQ �+iBQM�#H2 �bbm`�M+2 BMbB;?ib `2K�BMb � +Q`2 +?�HH2M;2X

oQHmK2 Q7 /�i� �M/ 7�Hb2 TQbBiBp2b
�b /�i�@/`Bp2M �m/BiBM; b?B7ib 7`QK b�KTHBM; iQ 7mHH@TQTmH�iBQM Q` ?B;?@7`2[m2M+v
i2biBM;- i?2 MmK#2` Q7 B/2MiB}2/ /2pB�iBQMb Q` 2t+2TiBQMb i2M/b iQ BM+`2�b2 bm#bi�M@
iB�HHvX J�Mv Q7 i?2b2 K�v `2T`2b2Mi #2MB;M T`Q+2bb p�`B�iBQMb U2t+2TiBQMb T2`KBii2/
#v TQHB+v Q` T`�+iB+2V- `�i?2` i?�M i`m2 +QMi`QH 7�BHm`2b Q` �MQK�HB2bX h?Bb +`2�i2b
� bB;MB}+�Mi #m`/2M 7Q` �m/BiQ`b r?Q Kmbi i`B�;2- BMp2biB;�i2- �M/ +H�bbB7v 2�+? +�b2
�TT`QT`B�i2HvX h?2 `BbF Q7 7�Hb2 TQbBiBp2b U�M/ i?2 `2bmHiBM; rQ`FHQ�/V- +�M `2/m+2 i?2
2{+B2M+v ;�BMb �bbQ+B�i2/ rBi? �miQK�iBQM (:QMx�H2x 2i �HX- kyRk)X

GBKBi2/ �M�HviB+�H T2`bT2+iBp2 �M/ M22/ 7Q` T`Q+2bb@Q`B2Mi2/ �bbm`�M+2
� 7m`i?2` HBKBi�iBQM Bb i?�i K�Mv /�i�@�M�HviB+ �m/BiBM; �TT`Q�+?2b 7Q+mb T`BK�`@
BHv QM i`�Mb�+iBQM�H �++m`�+v Q` +QMi`QH �/?2`2M+2 U2X;X- ǳq�b i?2 o�h T2`+2Mi�;2
�TTHB2/ +Q``2+iHv\ǴV- r?BH2 M2;H2+iBM; #`Q�/2` T`Q+2bb pB2rb bm+? �b b2[m2M+2 Q7 �+@
iBpBiB2b- i2KTQ`�H /2T2M/2M+B2b- `2bQm`+2 �bbB;MK2Mib- +`Qbb@bvbi2K ~Qrb Q` p�`B�Mib
BM 2t2+miBQMX 6`QK i?2 T2`bT2+iBp2 Q7 T`Q+2bb �bbm`�M+2 Ur?B+? �bFb r?2i?2` #mbBM2bb
T`Q+2bb2b �`2 2t2+mi2/ �b BMi2M/2/- 2M/@iQ@2M/\V i?Bb 7Q+mb Bb iQQ M�``QrX AM T`�+iB+2-
� i`�Mb�+iBQM K�v BM/BpB/m�HHv +QKTHv rBi? `mH2b v2i biBHH #2 T�`i Q7 � T`Q+2bb /2pB�@
iBQM U2X;X- ;QQ/b `2+2Bp2/ #27Q`2 SP �TT`Qp�HV- r?B+? `�Bb2b QT2`�iBQM�H Q` +QKTHB�M+2
`BbF (.m�M 2i �HX- kyk8- 6ƺ?` 2i �HX- kyk8)X J�Mv /�i�@/`Bp2M �m/BiBM; b2imTb 7�BH iQ
+�Tim`2 i?2b2 /2pB�iBQMbX

AM pB2r Q7 i?2b2 HBKBi�iBQMb- i?2 `QH2 Q7 T`Q+2bb@Q`B2Mi2/ �bbm`�M+2 #2+QK2b +`m+B�HX
AMi2;`�iBM; /�i�@/`Bp2M �m/BiBM; rBi? K2i?Q/b i?�i +�M �M�Hvx2 MQi QMHv i`�Mb�+iBQM@
H2p2H +QKTHB�M+2 #mi �HbQ 7mHH T`Q+2bb ~Qrb- /2pB�iBQMb 7`QK MQ`K�iBp2 KQ/2Hb- �M/
KmHiBTH2 T`Q+2bb T2`bT2+iBp2b U+QMi`QH@~Qr- `2bQm`+2- i2KTQ`�H- �M/ /�i�V T`QpB/2b
`B+?2` /B�;MQbiB+ BMbB;?iX 6Q` 2t�KTH2- T`Q+2bb KBMBM; �M/ +QM7Q`K�M+2 +?2+FBM;
2M�#H2 BMi2`M�H �m/Bi 7mM+iBQMb iQ /2i2+i r?2M �M �+iBpBiv b2[m2M+2 /Bp2`;2b 7`QK
Bib BMi2M/2/ T�i?- 2p2M B7 2�+? BM/BpB/m�H bi2T K2i +QKTHB�M+2 +`Bi2`B� (.m�M 2i �HX-
kyk8)X h?Bb bi`2M;i?2Mb /�i�@/`Bp2M �m/BiBM; #v �//BM; i?2 �bbm`�M+2 i?�i #mbBM2bb
T`Q+2bb2b 2t2+mi2 �b BMi2M/2/- MQi K2`2Hv i?�i BM/BpB/m�H i`�Mb�+iBQMb +QKTHvX
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jX8 >BM/`�M+2b �M/ *QMbi`�BMib BM .�i�@.`Bp2M �M/ *QM@
iBMmQmb �m/BiBM;

.2bTBi2 i?2 bm#bi�MiB�H #2M2}ib �bbQ+B�i2/ rBi? /�i�@/`Bp2M �M/ +QMiBMmQmb �m/BiBM;-
Q`;�MBx�iBQMb 7`2[m2MiHv 2M+QmMi2` bB;MB}+�Mi T`�+iB+�H #�``B2`b r?2M �ii2KTiBM; iQ
BKTH2K2Mi i?2b2 �TT`Q�+?2b 2z2+iBp2HvX h?2b2 +?�HH2M;2b �`Bb2 7`QK Q`;�MBx�iBQM�H
K�im`Biv +QMbi`�BMib- i2+?MQHQ;B+�H HBKBi�iBQMb- }M�M+B�H +QMbB/2`�iBQMb- bvbi2K BMbi�@
#BHBiv- �M/ i?2 BM?2`2Mi +QKTH2tBiv Q7 BMi2`T`2iBM; �miQK�i2/ �m/Bi bB;M�HbX � 7mM/�@
K2Mi�H T`2`2[mBbBi2 7Q` `2HB�#H2 +QMiBMmQmb �m/BiBM; Bb � bm{+B2MiHv K�im`2 BMi2`M�H
+QMi`QH 2MpB`QMK2MiX �b 2KT?�bBx2/ #v _BF?�`/bbQM �M/ .mHH (kyRe)- Q`;�MBx�iBQMb
`2[mB`2 r2HH@/Q+mK2Mi2/ T`Q+2bb2b- bi�#H2 +QMi`QH bi`m+im`2b- �M/ +QMbBbi2Mi ;Qp2`@
M�M+2 T`�+iB+2b #27Q`2 �miQK�i2/ KQMBiQ`BM; +�M 7mM+iBQM 2z2+iBp2HvX _2+2Mi bim/B2b
7m`i?2` +QM}`K i?�i +QMiBMmQmb �bbm`�M+2 /2T2M/b QM i?2 �p�BH�#BHBiv Q7 +H2�M- BM@
i2;`�i2/- �M/ r2HH@;Qp2`M2/ 2Mi2`T`Bb2 /�i�- BX2X- +QM/BiBQMb i?�i `2K�BM /B{+mHi iQ
�+?B2p2 BM K�Mv Q`;�MBx�iBQMb (J�`+mb 2i �HX- kyk9- "�``Qb �M/ J�`[m2b- kykk)X 1p2M
r?2M bm+? bi`m+im`2b 2tBbi- BKTH2K2Mi�iBQM /2T2M/b ?2�pBHv QM `Q#mbi Ah �M/ /�i�
BM7`�bi`m+im`2b- BM+Hm/BM; BMi2;`�i2/ BM7Q`K�iBQM bvbi2Kb- ?B;?@[m�HBiv K�bi2` /�i�-
�M/ b+�H�#H2 biQ`�;2 +�T�#H2 Q7 ?�M/HBM; 2p2Mi@H2p2H T`Q+2bb BM7Q`K�iBQMX *QMiBMm@
Qmb �m/BiBM; 7m`i?2` `2[mB`2b �miQK�iBQM 7`�K2rQ`Fb i?�i +�M 2t2+mi2 `mH2b- ;2M2`�i2
�H2`ib- �M/ BMi2;`�i2 rBi? 1_S 2MpB`QMK2Mib r?B+? �`2 +�T�#BHBiB2b i?�i K�Mv Q`;�@
MBx�iBQMb H�+F Q` Kmbi BMp2bi ?2�pBHv iQ /2p2HQT (*?Bm 2i �HX- kyR9- 1mH2`B+? 2i �HX-
kyk8)X

6Q` bK�HH �M/ KB/@bBx2/ 2MiBiB2b- i?2b2 BMp2biK2Mib BM i2+?MQHQ;v- bi�{M;- �M/ bvb@
i2K �/�Ti�iBQM K�v `2T`2b2Mi � T`Q?B#BiBp2 }M�M+B�H #m`/2MX *QKTHB+�iBM; K�ii2`b
7m`i?2`- �Hi?Qm;? BMp2biQ`b BM+`2�bBM;Hv `2+Q;MBx2 i?2 p�Hm2 Q7 +QMiBMmQmb �bbm`�M+2-
`2+2Mi 2pB/2M+2 bm;;2bib i?�i i?2v `2K�BM `2Hm+i�Mi iQ +QKKBi i?2 `2bQm`+2b M2+2bb�`v
iQ bmTTQ`i 7mHH@b+�H2 �/QTiBQM (6�`F�b �M/ Jm`i?v- kyR9- .�pB/bQM 2i �HX- kyRj)X

"2vQM/ bi`m+im`�H �M/ }M�M+B�H +QMbi`�BMib- ?mK�M �M/ Q`;�MBx�iBQM�H 7�+iQ`b
�HbQ TH�v � bB;MB}+�Mi `QH2X �m/Bi i2�Kb Kmbi �+[mB`2 M2r +QKT2i2M+B2b BM /�i�
K�M�;2K2Mi- �M�HviB+b- �M/ T`Q+2bb BMi2`T`2i�iBQMc v2i K�Mv BMi2`M�H �m/Bi 7mM+iBQMb
+QMiBMm2 iQ `2TQ`i bFBHH b?Q`i�;2b- BMbm{+B2Mi �M�HviB+�H K�im`Biv- �M/ `2bBbi�M+2 iQ
�/QTiBM; M2r i2+?MQHQ;B2b (1mH2`B+? 2i �HX- kyk8)X P`;�MBx�iBQM�H `2bBbi�M+2- BM+Hm/BM;
+mHim`�H BM2`iB�- +QM+2`Mb �#Qmi i`�MbT�`2M+v- Q` HBKBi2/ 2t2+miBp2 bTQMbQ`b?BT- K�v
7m`i?2` ?BM/2` BKTH2K2Mi�iBQM 2zQ`ibX 1p2M r?2M i2+?MQHQ;B+�H �M/ Q`;�MBx�iBQM�H
+QM/BiBQMb �`2 bmTTQ`iBp2- 2�`Hv /2THQvK2Mib Q7 +QMiBMmQmb �m/BiBM; 7`2[m2MiHv ;2M2`@
�i2 �M Qp2`r?2HKBM; MmK#2` Q7 �H2`ibX h?Bb ǳ�H�`K ~QQ/Ǵ- /Q+mK2Mi2/ 2ti2MbBp2Hv BM
2�`HB2` rQ`F (�HH2b 2i �HX- kyye#- kyy3#) �M/ +QM}`K2/ BM KQ`2 `2+2Mi /B;Bi�H �m/BiBM;



9y *?�Ti2` j

bim/B2b (h`QMiQ �M/ EBHHBM;brQ`i?- kykR)- #m`/2Mb �m/Bi i2�Kb rBi? H�`;2 pQHmK2b Q7
7�Hb2 TQbBiBp2b Q` +QMi2tim�HHv B``2H2p�Mi /2pB�iBQMbX qBi?Qmi �/p�M+2/ T`BQ`BiBx�iBQM
K2+?�MBbKb- Bi2`�iBp2 `mH2 `2}M2K2Mi- �M/ +HQb2 +QHH�#Q`�iBQM rBi? T`Q+2bb QrM2`b-
�m/BiQ`b K�v bi`m;;H2 iQ /BbiBM;mBb? ;2MmBM2 �MQK�HB2b 7`QK H2;BiBK�i2 #mbBM2bb 2t@
+2TiBQMbX h?2 `2bmHiBM; BM7Q`K�iBQM Qp2`HQ�/ +�M bB;MB}+�MiHv `2/m+2 i?2 2z2+iBp2M2bb
Q7 KQMBiQ`BM; bmTTQ`i2/ #v �M�HviB+bX

*QMiBMmQmb �m/BiBM; bvbi2Kb �HbQ `2[mB`2 QM;QBM; K�BMi2M�M+2 iQ `2K�BM 2z2+iBp2X
*?�M;2b iQ 1_S +QM};m`�iBQMb- T`Q+2bb /2bB;Mb- rQ`F~Qr `mH2b- Q` /�i� bi`m+im`2b
+�M #`2�F KQMBiQ`BM; �H;Q`Bi?Kb Q` i`B;;2` bTm`BQmb �H2`ib- +�mbBM; QT2`�iBQM�H /Bb@
`mTiBQMb �M/ 2`Q/BM; i`mbi BM �miQK�i2/ +QMi`QHb ("�``Qb �M/ J�`[m2b- kykk- J�`+mb
2i �HX- kyk9)X

� /22T2` HBKBi�iBQM- ?Qr2p2`- bi2Kb 7`QK i?2 M�im`2 Q7 #mbBM2bb FMQrH2/;2 Bib2H7X
1p2M rBi? ?B;?@[m�HBiv 2p2Mi /�i�- MQi �HH BM7Q`K�iBQM `2[mB`2/ iQ BMi2`T`2i /2pB�iBQMb
Bb 2tTHB+BiHv /Q+mK2Mi2/ Q` +�Tim`2/ BM bvbi2KbX AM K�Mv Q`;�MBx�iBQMb- bQK2 #mbBM2bb
`mH2b K�v #2 BM7Q`K�H Q` QMHv T�`iB�HHv /Q+mK2Mi2/- �M/ +2`i�BM 2t+2TiBQM�H +�b2b K�v
`2Hv ?2�pBHv QM i�+Bi FMQrH2/;2 `�i?2` i?�M r`Bii2M T`Q+2/m`2bX GQ+�H rQ`F�`QmM/b
�M/ +QMi2ti@bT2+B}+ p�`B�iBQMb Q7i2M `2K�BM mM/Q+mK2Mi2/ Q` MQi `2~2+i2/ BM 7Q`K�H
T`Q+2bb KQ/2Hb Q` T`Q+2bb /Q+mK2Mi�iBQM- �M/ bQK2 /2+BbBQM `�iBQM�H2b Q` i2KTQ`�H
+QMbi`�BMib K�v bBKBH�`Hv #2 H27i mM/Q+mK2Mi2/X

�b � `2bmHi- �miQK�i2/ �M�HviB+b K�v /2i2+i /2pB�iBQMb- ?Qr2p2` �m/BiQ`b +�M@
MQi �Hr�vb /2i2`KBM2 r?2i?2` i?2b2 BM/B+�i2 `BbF- `QmiBM2 ~2tB#BHBiv- Q` H2;BiBK�i2
#mbBM2bb HQ;B+X _2+2Mi 2KTB`B+�H �M/ `2pB2r bim/B2b bm;;2bi i?�i /�i�@/`Bp2M �m@
/BiBM;- �Hi?Qm;? TQr2`7mH- +�MMQi #v Bib2H7 7mHHv `2TH�+2 �m/BiQ` Dm/;K2Mi- #2+�mb2
F2v +QMi`QH@`2H2p�Mi BM7Q`K�iBQM Bb Q7i2M mM/Q+mK2Mi2/ Q` BKTHB+BiHv 2K#2//2/ BM
#mbBM2bb T`�+iB+2b (6ƺ?` 2i �HX- kyk8)X h?Bb ;�T #2ir22M bvbi2K@`2+Q`/2/ /�i� �M/
BKTHB+Bi Q`;�MBx�iBQM�H FMQrH2/;2 T`2b2Mib QM2 Q7 i?2 7mM/�K2Mi�H HBKBib Q7 +QMiBM@
mQmb �m/BiBM;- /2KQMbi`�iBM; i?�i ?mK�M BMbB;?i `2K�BMb 2bb2MiB�H 7Q` K2�MBM;7mH
BMi2`T`2i�iBQMX h�F2M iQ;2i?2`- i?2b2 +?�HH2M;2b `2p2�H i?�i i?2 i`�MbBiBQM iQ /�i�@
/`Bp2M Q` +QMiBMmQmb �m/BiBM; Bb MQi Tm`2Hv i2+?MQHQ;B+�HX am++2bb7mH BKTH2K2Mi�iBQM
`2[mB`2b Q`;�MBx�iBQM�H `2�/BM2bb- �M�HviB+�H +�T�#BHBiv- bi�#H2 BM7`�bi`m+im`2b- �M/
bmbi�BM2/ +QKKBiK2Mi iQ bvbi2K +�HB#`�iBQMX JQ`2Qp2`- +2`i�BM �bT2+ib Q7 T`Q+2bb BM@
i2`T`2i�iBQM- T�`iB+mH�`Hv i?Qb2 `2HvBM; QM mM/Q+mK2Mi2/ Q` i�+Bi FMQrH2/;2- +�MMQi
#2 7mHHv �miQK�i2/X qBi?Qmi �//`2bbBM; i?2b2 +QMbi`�BMib ?QHBbiB+�HHv- i?2 T`QKBb2 Q7
+QMiBMmQmb �m/BiBM; K�v MQi #2 7mHHv `2�HBx2/X



"�+F;`QmM/ 9R

jXe S`Q+2bb JBMBM;

h?2 }2H/ Q7 T`Q+2bb KBMBM; 2K2`;2/ �`QmM/ i?�i b�K2 T2`BQ/ Q7 iBK2 �b +QMiBMmQmb
�m/BiBM;- �M/ /m2 iQ BM+`2�bBM; i?2 �KQmMi Q7 #mbBM2bb T`Q+2bb2b /�i� biQ`2/ BM BM@
7Q`K�iBQM bvbi2KbX hQ /�i2- BM K�Mv Q`;�MBx�iBQMb- Bi Bb TQbbB#H2 iQ biQ`2 �M/ i`�+2
mb2` �+iBpBiB2b 7`QK /�i�#�b2bX h?Bb BM7Q`K�iBQM +�M #2 2ti`�+i2/ 7`QK BM7Q`K�iBQM
bvbi2Kb BMiQ 2p2Mi HQ;X ai�`iBM; 7`QK i?2 2p2Mi HQ;b- T`Q+2bb KBMBM; Bb /2}M2/ �b �
/Bb+BTHBM2 i?�i /2p2HQTb i2+?MB[m2b iQ ;�BM BMbB;?i7mH FMQrH2/;2 iQ /Bb+Qp2`- KQMBiQ`-
�M/ BKT`Qp2 `2�H T`Q+2bb2b (o�M /2` ��Hbi- kyRe)X

jXeXR 1p2Mi HQ;
h?2 #�bB+ �bbmKTiBQM 7Q` T`Q+2bb KBMBM; Bb i?�i Bi Bb TQbbB#H2 iQ ?�p2 � b2i Q7 `2+Q`/2/
2p2Mib i?�i +QMi�BMb BM7Q`K�iBQM bm+? i?�i ǳUBV 2�+? 2p2Mi `272`b iQ � i�bF (XXX)- UBBV 2�+?
2p2Mi `272`b iQ � +�b2 (XXX)- �M/ UBBBV 2p2Mib �`2 iQi�HHv Q`/2`2/XǴ (q2BDi2`b �M/ p�M /2`
��Hbi- kyyR)X h?2 2p2Mi HQ; Bb �bbmK2/ iQ +QMi�BM QMHv /�i� 7`QK QM2 #mbBM2bb T`Q+2bb-
bm+? �b Sm`+?�b2@iQ@S�v Q` P`/2`@iQ@*�b? T`Q+2bbX 1�+? Q++m``2M+2 Q7 �+iBpBiv Bb �
mMB[m2 2p2Mi r?B+? `272`b iQ � T`Q+2bb BMbi�M+2- Q` � +�b2- �b Bi Bb +�HH2/ BM i?2 T`Q+2bb
KBMBM; /QK�BM �M/ i?Bb i?2bBbX �M 2p2Mi HQ; BM+Hm/2b KQ`2 BM7Q`K�iBQM i?�M QMHv
i`�Mb�+iBQM�H /�i�c Ai +Qp2`b r?�i ?�b #22M /QM2 r?2M #v r?QK �M/ BM `2H�iBQM iQ
r?B+? T`Q+2bb BMbi�M+2 (o�M /2` ��Hbi- kyRe)X 6Q` 2t�KTH2- BM Tm`+?�b2 iQ T�v T`Q+2bb-
BMbi2�/ Q7 QMHv FMQrBM; i?�i ;QQ/b ?�p2 #22M `2+2Bp2/- Bi Bb TQbbB#H2 iQ `2i`B2p2 r?2M
�M/ ?Qr K�Mv iBK2b ;QQ/b �`2 /2HBp2`2/ iQ r?B+? 2KTHQv22X h?2`27Q`2- r2 +QmH/ bi�i2
i?�i �M 2p2Mi HQ; KBMBK�HHv +QMi�BMb, � T`Q+2bb BMbi�M+2 B/2MiB}2` U+�b2 B/2MiB}2`V-
�M/ iBK2bi�KTb r?B+? T`QpB/2 i?2 Q`/2`BM; BM7Q`K�iBQM QM i?2 2p2Mib rBi?BM � +�b2X

h�#H2 jXR Bb �M 2t�KTH2 Q7 � bBKTHB}2/ 2p2Mi HQ; 7`QK i?2 +�b2 bim/v 2tTH�BM2/ BM
*?�Ti2` kX

AM Qm` +�b2 bim/v- i?2 2p2Mi HQ; +QMi�BMb R3R-998 2p2MibX h?2b2 2p2Mib �`2 T2`@
7Q`K2/ #v kdk /BbiBM+i T2`7Q`K2`bX "2HQr BM i?2 7QHHQrBM; /2}MBiBQMb �/�Ti2/ 7`QK
(o�M /2` ��Hbi- kyRe)- i?2 +QM+2Tib Q7 �M 2p2Mi- Bib �ii`B#mi2b- � +�b2- �M/ �M 2p2Mi
HQ; �`2 7Q`K�HBx2/,

�M 2p2Mi HQ; +QMbBbib Q7 � b2i Q7 i`�+2bX 1�+? i`�+2 +QMi�BMb � b2[m2M+2 Q7 2p2Mib
T`Q/m+2/ #v QM2 2t2+miBQM Q7 � T`Q+2bbX 1�+? 2p2Mi BM � i`�+2 `272`b iQ � i�bF BM i?2
T`Q+2bb- �M/ �HH 2p2Mib �`2 `2H�i2/ pB� � iQi�H Q`/2` BM/m+2/ #v i?2B` iBK2bi�KTbX �M
2p2Mi HQ; Bb /2}M2/ 7Q`K�HHv �b 7QHHQrb (o�M /2` ��Hbi- kyRe),

.2}MBiBQM R U1p2Mi GQ; �M/ h`�+2VX G2i E #2 i?2 mMBp2`b2 Q7 �HH TQbbB#H2 2p2MibX �M
2p2Mi e ∈ E Bb � imTH2 +QMi�BMBM; �ii`B#mi2b bm+? �b +�b2 B/2MiB}2`- �+iBpBiv- iBK2bi�KT-
�M/ TQbbB#Hv Qi?2` BM7Q`K�iBQMX
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� i`�+2 σ Bb � }MBi2 b2[m2M+2 Q7 2p2Mib- BX2X- σ = 〈e1, e2, . . . , en〉 rBi? ei ∈ E 7Q`
�HH 1 ≤ i ≤ n- r?2`2 2p2Mib �`2 Q`/2`2/ #�b2/ QM i?2B` iBK2bi�KTbX

�M 2p2Mi HQ; L Bb � KmHiBb2i Q7 i`�+2b- BX2X- L ∈ B(E∗)- r?2`2 E∗ /2MQi2b i?2 b2i Q7
�HH TQbbB#H2 }MBi2 b2[m2M+2b Qp2` E- �M/ B(X) `2T`2b2Mib i?2 #�; UKmHiBb2iV Q7 2H2K2Mib
7`QK b2i XX

�M 2p2Mi HQ; Bb � b2i Q7 i`�+2b r?2`2 KmHiBTH2 +�b2b +�M ?�p2 i?2 b�K2 i`�+2X �M
2t�KTH2 Q7 2p2Mi HQ; Bb L1 = {[a, b, c, d, f, g]10, [a, c, d, f, g]5, [a, b, c, e, d, g]5}- r?2`2
a, b, c, d, f - �M/ g �`2 i?2 2p2MibX

ai�`iBM; 7`QK �M 2p2Mi HQ;- Bi Bb TQbbB#H2 iQ ?�p2 � #2ii2` pB2r Q7 T`Q+2bb i`�+2bX
� i`�+2 +�M �TT2�` KmHiBTH2 iBK2b BM �M 2p2Mi HQ;X h?�i K2�Mb i?2`2 K�v #2 b2p2`�H
i`�+2b i?�i `2T`2b2Mi i?2 b�K2 Q`/2` Q7 2p2MibX h?2`27Q`2- r2 `272` iQ � +QHH2+iBQM
Q7 B/2MiB+�H i`�+2b BM �M 2p2Mi HQ; �b � p�`B�MiX aQ- � i`�+2 Bb � mMB[m2 b2[m2M+2 Q7
�+iBpBiB2b i?�i �`2 2t2+mi2/ iQ +QKTH2i2 i?2 T`Q+2bbX AM Qm` 2t�KTH2- BM h�#H2 jXR- �
i`�+2 +QMbBbib Q7 �HH 2p2Mib i?�i �`2 K2MiBQM2/ QM QM2 `QrX Sm`+?�b2 Q`/2`b R- k- �M/
Ry b?�`2 i?2 b�K2 i`�+2- Dmbi HBF2 Tm`+?�b2 Q`/2`b j �M/ 8 /QX

LQi2 i?�i i?Bb bBKTHB}2/ 2p2Mi HQ; +QMi�BMb bBt �+iBpBiB2b- #mi 8e mMB[m2 Q++m``2M+2b
Q7 i?2 �+iBpBiB2b Ue Y e Y 9 Y d Y 9 Y 8 Y 8 Y dY e Y eV- +�HH2/ 2p2MibX h?Bb
2t�KTH2 HQ; QMHv mb2b i?2 Q`/2`BM; Q7 i?2 2p2Mib BM iBK2- K�FBM; �#bi`�+iBQM Q7 Qi?2`
+?�`�+i2`BbiB+b bm+? �b p�Hm2- bmTTHB2`- /Q+mK2Mi MmK#2`- 2i+X

.2}MBiBQM k U1p2Mib �M/ 1p2Mi �ii`B#mi2bVX G2i E #2 i?2 mMBp2`b2 Q7 �HH TQbbB#H2
2p2MibX 1�+? 2p2Mi e ∈ E Bb +?�`�+i2`Bx2/ #v � b2i Q7 �ii`B#mi2bX �M 2p2Mi e Bb � imTH2
Q7 i?2 7Q`K,

e = (c, a, t, λ)

r?2`2,

Ç c Bb i?2 +�b2 B/2MiB}2`- HBMFBM; i?2 2p2Mi iQ � bT2+B}+ T`Q+2bb BMbi�M+2 U+�b2VX

Ç a Bb i?2 �+iBpBiv �bbQ+B�i2/ rBi? i?2 2p2MiX

Ç t Bb i?2 iBK2bi�KT- BM/B+�iBM; r?2M i?2 2p2Mi Q++m``2/X

Ç λ Bb � b2i Q7 �//BiBQM�H �ii`B#mi2b- bm+? �b i?2 `2bQm`+2 2t2+miBM; i?2 �+iBpBiv-
+Qbib- HB72+v+H2 i`�MbBiBQMb- Q` Qi?2` +QMi2tim�H BM7Q`K�iBQMX

AM �M �m/BiBM; +QMi2ti- i?2 2p2Mib BM �M 2p2Mi HQ; ivTB+�HHv `272` iQ i`�Mb�+iBQMb QM
/Q+mK2MibX AM Q`/2` iQ bi`m+im`2 i`�Mb�+iBQM�H /�i� BMiQ �M 2p2Mi HQ;- � iBK2bi�KT
7Q` 2�+? 2p2Mi Kmbi #2 �p�BH�#H2- �HQM; rBi? � HBMF iQ � +QKKQM +�b2X PM iQT Q7 i?2b2
KBMBK�H `2[mB`2K2Mib- �M 2p2Mi HQ; K�v biQ`2 �//BiBQM�H BM7Q`K�iBQMX h?Bb +�M `272`
iQ i?2 `2bQm`+2 U� T�`iB+mH�` T2`bQM Q` bvbi2KV i?�i 2t2+mi2/ i?2 �+iBpBiv Q` Qi?2`
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/�i� 2H2K2Mib- HBF2 i?2 i`�Mb�+iBQM p�Hm2X �Hi?Qm;? i?Bb �//BiBQM�H BM7Q`K�iBQM Bb MQi
T�`i Q7 i?2 KBMBK�H T`Q+2bb KBMBM; `2[mB`2K2Mib 7`QK � i2+?MB+�H TQBMi Q7 pB2r- i?2v
�`2 KQbi T`Q#�#Hv 7`QK �M �m/BiBM; TQBMi Q7 pB2rX .Bb+Qp2`BM; `2�H T`Q+2bb 2t2+miBQMb
BM i2`Kb Q7 2p2Mi b2[m2M+2b- rBi?Qmi /2i�BHb QM BMpQHp2/ T2`bQMb �M/ BMpQB+2 MmK#2`b
�M/ i`�Mb�+iBQMb- 7Q` 2t�KTH2- rBHH MQi T`QpB/2 �Mv bm#bi�MiB�H �m/Bi 2pB/2M+2X

jXeXk h?`22 ivT2b Q7 T`Q+2bb KBMBM;
S`Q+2bb KBMBM; i2+?MB[m2b +�M #2 +�i2;Q`Bx2/ BMiQ ǵi?`22 ivT2b Q7 T`Q+2bb KBMBM;Ƕ,
T`Q+2bb /Bb+Qp2`v- +QM7Q`K�M+2- �M/ 2M?�M+2K2Mi (o�M /2` ��Hbi- kyRe)X

jXeXkXR "mbBM2bb S`Q+2bb .Bb+Qp2`v

h?2 }`bi ivT2 Q7 T`Q+2bb KBMBM;- T`Q+2bb /Bb+Qp2`v- bi�`ib 7`QK �M 2p2Mi HQ; �M/
`2p2�Hb i?2 mM/2`HvBM; T`Q+2bb #2?�pBQ` BM i?2 7Q`K Q7 � T`Q+2bb KQ/2HX h?Bb pBbm�H
`2T`2b2Mi�iBQM /2}MBi2Hv ?�b #22M i?2 F2v iQ bm++2bb 7Q` i?2 T`Q+2bb KBMBM; }2H/X �b
Bi Bb /2TB+i2/ BM 6B;m`2 jXR- T`Q+2bb /Bb+Qp2`v Bb � K2i?Q/ iQ 2ti`�+i i?2 #�b2HBM2 U�b@Bb
pB2rV Q7 #mbBM2bb T`Q+2bb2b #�b2/ QM ?BbiQ`B+�H /�i�X

6B;m`2 jXR, S`Q+2bb .Bb+Qp2`v i2+?MB[m2

>Qr2p2`- iQ pBbm�HBx2 `2�H@HB72 2p2Mi HQ;b BM � `2T`2b2Mi�iBp2 �M/ mM/2`bi�M/�#H2
K�T Bb MQi bi`�B;?i7Q`r�`/X .Bz2`2Mi �H;Q`Bi?Kb ?�p2 #22M /2p2HQT2/ iQ �//`2bb i?Bb
i�bFX h?2 α@�H;Q`Bi?K Q7 (p�M /2` ��Hbi 2i �HX- kyy9�) Bb +QMbB/2`2/ �b i?2 bm#bi�MiB�H
bi�`i Q7 T`Q+2bb /Bb+Qp2`BM; �H;Q`Bi?Kb (.2 q22`/i 2i �HX- kyRk#)X h?Bb �H;Q`Bi?K ?�b
#22M BKT`Qp2/ BM i?2 7QHHQrBM; v2�`bX 1MQ`KQmb BKT`Qp2K2Mi bi2Tb 7QHHQr2/ #v bQK2
Qi?2` T`Q+2bb /Bb+Qp2`v �H;Q`Bi?Kb bm+? �b i?2 >2m`BbiB+b JBM2`- i?2 6mxxv JBM2`- i?2
:2M2iB+ JBM2`- aTHBi JBM2`- AMi2;2` GBM2�` S`Q;`�KKBM; UAGSV- �M/ i?2 AM/m+iBp2
JBM2` (q2BDi2`b 2i �HX- kyye�- :ɃMi?2` �M/ o�M .2` ��Hbi- kyyd�- .2 J2/2B`Qb 2i �HX-
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kyyd- �m;mbiQ 2i �HX- kyRN- p�M w2Hbi 2i �HX- kyR8- G22K�Mb 2i �HX- kyRj)X Ai Bb BKTQ`i�Mi
iQ MQi2 i?�i vQm KB;?i ;2i /Bz2`2Mi `2bmHib /2T2M/BM; QM r?B+? �H;Q`Bi?K vQm mb2X

AM Q`/2` iQ +?2+F i?2 +QMi`QH@~Qr T2`bT2+iBp2 Q7 i?2 }M�M+B�H bi�i2K2Mib- � bi�M@
/�`/ KQ/2H Bb M22/2/X h?Bb KQ/2H +QmH/ #2 � MQ`K�iBp2 KQ/2H /2bB;M2/ #v i?2
+QKT�Mv- Q` Bi +�M #2 ;2M2`�i2/ #�b2/ QM ?BbiQ`B+�H /�i�X q?2`2 MQ T`2/2}M2/
KQ/2H 2tBbib- �m/BiQ`b M22/ iQ ;2i i?2B` mM/2`bi�M/BM; Q7 2�+? T`Q+2bb #v BMi2`pB2r@
BM; i?2 T`Q+2bb K�M�;2`b �M/ Q#b2`pBM; 2KTHQv22bX �M �TT`QT`B�i2 mM/2`bi�M/BM;
+�M #2 ;�BM2/ BM �m/Bi /�i� �M�HviB+b #v ;2M2`�iBM; � KQ/2H mbBM; T`Q+2bb /Bb+Qp2`v
i2+?MB[m2bX 6Q` i?2 i2bib Q7 +QMi`QHb- �m/BiQ`b M22/ iQ +?2+F � b�KTH2 b2i Q7 T`Q+2bb
+QMi`QHb �;�BMbi i?2 Q`;�MBx�iBQMǶb /2bB;M2/ +QMi`QH K2�bm`2b iQ +?2+F r?2i?2` i?2v
�`2 BKTH2K2Mi2/ +Q``2+iHvX A7 i?2 MQ`K�iBp2 KQ/2H /Q2b MQi 2tBbi- �m/BiQ`b ?�p2 iQ
�M�Hvx2 i?2 U/BbQ`;�MBx2/V /Q+mK2Mib �M/ T2`7Q`K iQT@/QrM bi`m+im`2/ BMi2`pB2rb
rBi? 2KTHQv22b iQ ;2i � T2`+2TiBQM Q7 i?2 Q`;�MBx�iBQMǶb T`Q+2bb2b #�b2/ QM T`Q+2bb
K�M�;2`bǶ 2tT2+i�iBQMbX >Qr2p2`- i?Bb BM7Q`K�iBQM KB;?i #2 #B�b2/ Q` BM�++m`�i2
#2+�mb2 /QK�BM 2tT2`ib �`2 KQbiHv 7�KBHB�` rBi? ?Qr BM 2�+? bT2+B�H +�b2 �+iBpBiB2b
b?QmH/ #2 2t2+mi2/ #mi MQi ?Qr i?2 T`Q+2bb 2t�+iHv rQ`Fb BM ;2M2`�H (.mK�b 2i �HX-
kyRj)X :2M2`�iBM; T`Q+2bb KQ/2Hb �miQK�iB+�HHv #�b2/ QM ?BbiQ`B+�H /�i� rQmH/ ?2HT
?�p2 �M �++m`�i2- mM#B�b2/- �M/ +QKTH2i2 KQ/2H `2T`2b2MiBM; i?2 Q`;�MBx�iBQMǶb 2t2@
+mi2/ #2?�pBQ`X h?2 KQ/2H +�M +QMi�BM �HH +QMi`QH@~Qr- /�i�- iBK2 �M/ `2bQm`+2- Q`
bQ+B�H M2irQ`F T2`bT2+iBp2bX

S`Q+2bb /Bb+Qp2`v BM i?2 T`Q+2bb KBMBM; /QK�BM Bb � +QHH2+iBQM Q7 iQQHb �M/ i2+?@
MB[m2b i?�i K�T #mbBM2bb T`Q+2bb2b rBi?BM �M Q`;�MBx�iBQM BMiQ � KQ/2H rBi? MQ T`BQ`
BM7Q`K�iBQMX

h?2 �HT?�@�H;Q`Bi?K (p�M /2` ��Hbi 2i �HX- kyy9#)- 7Q` BMbi�M+2- Bb ;2iiBM; �M 2p2Mi
HQ; �b BMTmi- +�M ;2M2`�i2 � S2i`B M2i KQ/2HX h?2 �HT?�@�H;Q`Bi?K Bb +QMbB/2`2/ i?2
bm#bi�MiB�H bi�`i Q7 T`Q+2bb /Bb+Qp2`BM; �H;Q`Bi?Kb (.2 q22`/i 2i �HX- kyRk�)X Ai b+�Mb
i?2 T`Q+2bb i`�+2b BM �M 2p2Mi HQ;- i�F2b i?2 b2[m2M+2 Q7 �+iBpBiB2b BMiQ �++QmMi- �M/
pBbm�HBx2b i?2 T�ii2`M Bi }M/bX

>2m`BbiB+ KBM2` (q2BDi2`b 2i �HX- kyye#) Bb �MQi?2` iQQH i?�i +`2�i2b � KQ/2HX Ai Bb
� `Q#mbi iQQH i?�i mb2b *�mb�H L2ib U*@L2ibVRX

h?2 >2m`BbiB+b KBM2` Bb �M BKT`Qp2K2Mi Q7 i?2 α@KBM2`- r?B+? i�F2b i?2 7`2[m2M+v
Q7 T`Q+2bb 2t2+miBQMb BMiQ �++QmMiX *QMbB/2`BM; i?2 7`2[m2M+v Q7 T`Q+2bb 2t2+miBQMb
?2HTb ;2M2`�i2 � KQ/2H i?�i }Hi2`b Qmi MQBb2 �M/ BM7`2[m2Mi #2?�pBQ`X h?2 mb2` +�M
/2}M2 � /2T2M/2M+v i?`2b?QH/- i?2M i?2 KQ/2H Bb +QMbi`m+i2/ #�b2/ QM i?2 �+iBpBiB2bǶ

R*�mb�H L2ib U*@L2ibV Bb � KQ/2HBM; H�M;m�;2 BMi`Q/m+2/ #v p�M /2` ��Hbi (kyRR)- o�M .2` ��Hbi
2i �HX (kyRR) 7Q` T`Q+2bb /Bb+Qp2`vX h?2v +H�BK i?�i *@L2ib �`2 KQ`2 `2T`2b2Mi�iBp2 i?�M Qi?2` /2bB;M@
Q`B2Mi2/ H�M;m�;2b bm+? �b S2i`B M2ib- "SJL- "S1G- 1S*b- u�qG- �M/ lJG �+iBpBiv /B�;`�Kb 7Q`
T`Q+2bb /Bb+Qp2`v i2+?MB[m2b
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`2H�iBQMb r?Qb2 7`2[m2M+B2b �`2 ?B;?2` i?�M i?Bb T`2/2}M2/ i?`2b?QH/X
:2M2iB+ T`Q+2bb KBMBM; #v J2/2B`Qb 2i �HX (kyyd) Bb � iQQH i?�i ;2M2`�i2b � `�M/QK

KQ/2H #�b2/ QM �M 2p2Mi HQ; �M/ ;`�/m�HHv BKT`Qp2b Bib [m�HBiv BM K�Mv Bi2`�iBQMbX
h?2 :2M2iB+ KBM2` Bb �HbQ /2p2HQT2/ iQ i�+FH2 MQBb2 BM i?2 /�i� �M/ BM7`2[m2MiX h?Bb
KBM2` Bb /2bB;M2/ BM � r�v iQ KBKB+ i?2 T`Q+2bb Q7 2pQHmiBQM BM #BQHQ;B+�H bvbi2KbX Ai
�TTHB2b ;2M2iB+ QT2`�iQ`b- Bi2`�iBp2Hv- iQ }M/ i?2 }ii2bi KQ/2H iQ i?2 HQ; �KQM;bi �HH
TQbbB#H2 ;2M2`�i2/ T`Q+2bb KQ/2HbX

6mxxv KBM2` (:ɃMi?2` �M/ o�M .2` ��Hbi- kyyd#) Bb �MQi?2` T`Q+2bb /Bb+Qp2`v iQQH
i?�i ;2M2`�i2b � KQ/2H rBi? K2�MBM;7mH �#bi`�+iBQMb Q7 bi`m+im`2/ �M/ mMbi`m+im`2/
T`Q+2bb2bX h?2 6mxxv KBM2` Bb /2p2HQT2/ mbBM; i?2 +QM+2Ti Q7 � `Q�/ K�T �b �
K2i�T?Q`X GBF2 `Q�/ K�Tb- i?2 7mxxv T`Q+2bb K�T Bb +QMbi`m+i2/ BM bm+? � r�v
i?�i Bi RV �;;`2;�i2b BM7Q`K�iBQM i?�i ?�b HQib Q7 /2i�BHb- kV K�F2b �#bi`�+iBQM Q7
H2bb BKTQ`i�Mi #2?�pBQ`- jV Tmib � pBbm�H 2KT?�bBb QM BM7Q`K�iBQM i?�i K�v #2 KQbi
BKTQ`i�Mi- �M/ 9V �HHQrb i?2 mb2` iQ +mbiQKBx2 i?2 K�TX �b � `2bmHi- i?Bb KBM2` Bb
bmBi�#H2 iQ /2�H rBi? +QKTH2t- mMbi`m+im`2/- �M/ H�`;2 2p2Mi HQ;bX

AM/m+iBp2 KBMBM; (G22K�Mb 2i �HX- kyR9) ;2M2`�i2b � KQ/2H 7`QK � /2+QKTQb2/
2p2Mi HQ;X :2iiBM; �M 2p2Mi HQ; �b �M BMTmi- Bi +`2�i2b � T`Q+2bb i`22 #v `2T2�i2/Hv
bTHBiiBM; i?2 2p2Mi HQ; #�b2/ QM i?2 HBF2HB?QQ/ Q7 Bib 2p2MibX h?2M i?2 T`Q+2bb i`22b +�M
i?2M #2 mb2/ iQ +QMbi`m+i i?2 T`Q+2bb KQ/2H mbBM; i?2 /BpB/2 �M/ +QM[m2` i2+?MB[m2X
h?2 T`Q+2bb KQ/2H Bb i?2M ;2M2`�i2/ #�b2/ QM i?2 T`Q+2bb i`22X h?2 AM/m+iBp2 KBM2`
Bb �M BKT`Qp2K2Mi Q7 i?2 α@KBM2` �M/ >2m`BbiB+b KBM2`- r?B+? ;m�`�Mi22b iQ ;2M2`�i2
� HQ;B+�H T`Q+2bb KQ/2HX

�HH i?2 T`Q+2bb /Bb+Qp2`v i2+?MB[m2b K2MiBQM2/ �#Qp2 ;2M2`�i2 � KQ/2H rBi? �
7Q+mb QM +QMi`QH@~Qr- ?2M+2- i?2v QMHv +QMbB/2` i?2 `2H�iBQM �M/ Q`/2` Q7 i?2 �+iBpBiB2b
rBi?BM +�b2bX 6Q` �m/BiBM; Tm`TQb2b- i?Qm;?- Qi?2` T2`bT2+iBp2b bm+? �b /�i�- iBK2-
�M/ `2bQm`+2 T2`bT2+iBp2b �`2 �HbQ BKTQ`i�MiX 6Q` BMbi�M+2- bQK2 �+iBpBiB2b ?�p2
iQ ?�TT2M �7i2` 2�+? Qi?2` rBi?BM � bT2+B}+ iBK2- �M/ 2t+22/BM; i?2 iBK2 Bb MQi
�++2Ti�#H2 UiBK2 T2`bT2+iBp2V- Q` 7Q` i2biBM; i?2 b2;`2;�iBQM Q7 /miB2b- i?2 `2bQm`+2b
b?QmH/ #2 +QMbB/2`2/ U`2bQm`+2 T2`bT2+iBp2V- Q` 7Q` bT2+B}+ �+iBpBiB2b- i?2 �KQmMi Q7
BMpQB+2 Q` HQ�M Bb M22/2/ iQ #2 �M�Hvx2/ �b r2HH U/�i� T2`bT2+iBp2VX

AM #Qi? Ui`�/BiBQM�H �M/ �miQK�i2/V K2i?Q/b- �7i2` ;2M2`�iBM; i?2 KQ/2H- Bi b?QmH/
#2 ;m�`�Mi22/ i?�i i?2 KQ/2H K22ib +2`i�BM [m�HBiv +`Bi2`B�X AM T`Q+2bb KBMBM; HBi@
2`�im`2 i?2`2 �`2 7Qm` [m�HBiv /BK2MbBQMb i?�i � bQmM/ ;2M2`�i2/ KQ/2H b?QmH/ ?�p2
(p�M /2` ��Hbi- kyRR), }iM2bb- bBKTHB+Biv- ;2M2`�HBx�iBQM- �M/ �TT`QT`B�i2M2bb UT`2+B@
bBQMV (JmƢQx@:�K� �M/ *�`KQM�- kyRy- JmMQx@:�K� �M/ *�`KQM�- kyRR- �/`B�M@
bv�? 2i �HX- kyRk)X

6BiM2bb `2H�i2b iQ i?2 [m2biBQM Q7 r?2i?2` i?2 Q#b2`p2/ T`Q+2bb #2?�pBQ` +QKTHB2b
rBi? i?2 +QMi`QH@~Qr /2b+`B#2/ #v i?2 T`Q+2bb KQ/2HX AM Qi?2` rQ`/b- Bi 2p�Hm�i2b ?Qr
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r2HH i?2 KQ/2H Bb �#H2 iQ `2TH�v �HH i?2 TQbbB#H2 #2?�pBQ` BM i?2 2p2Mi HQ; +QKTH2i2HvX
Ai Bb K2�bm`2/ #v +QKTmiBM; i?2 7`�+iBQM Q7 T`Q+2bb BMbi�M+2b i?�i +�M #2 }ii2/ QM i?2
T`Q+2bb KQ/2H (p�M /2` ��Hbi- kyRR- p�M /2` ��Hbi 2i �HX- kyRk- _QxBM�i �M/ p�M /2`
��Hbi- kyy3- �/`B�Mbv�? 2i �HX- kyRR)X

aBKTHB+Biv 2p�Hm�i2b ?Qr +QKTH2tfbBKTH2 i?2 T`Q+2bb KQ/2H Bb iQ #2 2�bBHv mM/2`@
biQQ/ #v i?2 mb2`bX

S`2+BbBQM Bb i?2 2ti2Mi Q7 i?2 #2?�pBQ` �HHQr2/ #v i?2 T`Q+2bb KQ/2H i?�i Bb MQi
Q#b2`p2/ BM i?2 2p2Mi HQ; UBX2X- i?2 KQ/2H b?QmH/ MQi #2 mM/2`@}iiBM;VX

h?2 ;2M2`�HBx�iBQM K2i`B+ K2�bm`2b i?2 �#BHBiv Q7 i?2 T`Q+2bb KQ/2H iQ /2b+`B#2
TQbbB#H2 #2?�pBQ` r?B+? Bb MQi v2i b22M BM i?2 2p2Mi HQ; UBX2X- i?2 KQ/2H b?QmH/ MQi
#2 Qp2`@}iiBM;VX :2M2`�HBx�iBQM �bb2bb2b iQ r?�i 2ti2Mi i?2 ;2M2`�i2/ KQ/2H +�M
`2T`Q/m+2 i?2 #2?�pBQ` i?�i r�b MQi BM i?2 2p2Mi HQ; #mi KB;?i Q++m` BM i?2 7mim`2X

�Hi?Qm;? BM i?2 T`Q+2bb KBMBM; +QMi2ti- Bi Bb b�B/ i?�i � bQmM/ KQ/2H ?�b iQ
?�p2 � ;QQ/ #�H�M+2 �KQM; i?2b2 7Qm` /BK2MbBQMb- 7Q` /Bb+Qp2`BM; � T`Q+2bb KQ/2H
7Q` �m/BiBM; Tm`TQb2b- i?2 7Q+mb Bb Dmbi QM }iM2bb �M/ T`2+BbBQMX �HbQ- MQi2 i?�i QM2
KB;?i ;2i /Bz2`2Mi `2bmHib /2T2M/BM; QM r?B+? �H;Q`Bi?K i?2v mb2X h?2 /Bz2`2M+2b
#2ir22M i?2 �H;Q`Bi?Kb �`2 `2H�i2/ iQ /Bz2`2Mi +?�HH2M;2bX 6Q` 2t�KTH2 ǵq?B+? T�i?b
�`2 BKTQ`i�Mi 2MQm;? iQ pBbm�HBx2Ƕ- ǵhQ r?�i 2ti2Mi /Q r2 M22/ iQ ;2M2`�HBx2 i?2
Q#b2`p2/ #2?�pBQ` U+�Tim`2/ BM i?2 2p2Mi HQ;V 7Q` TQbbB#H2 7mim`2 T`Q+2bb 2t2+miBQMb\Ƕ
�M/ ǵ>Qr iQ /2�H rBi? MQBb2 UBX2X- QmiHB2`b �M/ BM7`2[m2Mi #2?�pBQ` i?�i /Q2b MQi
`2T`2b2Mi ivTB+�H #2?�pBQ`V\ǶX h?2b2 [m2biBQMb �`2 �//`2bb2/ BM i?2 HB;?i Q7 Qi?2`-
KQ`2 i2+?MB+�H +QMbi`�BMib #2vQM/ i?2 b+QT2 Q7 i?Bb i?2bBbX >Qr2p2`- MQi2 i?�i /2�HBM;
rBi? QmiHB2`b �M/ BM7`2[m2Mi #2?�pBQ` Bb �M BKTQ`i�Mi +?�`�+i2`BbiB+ Q7 i?2 T`Q+2bb
/Bb+Qp2`v �H;Q`Bi?KbX h?2 Q`B;BM +�M #2 7QmM/ BM i?2 T`BK�`v ;Q�H Q7 T`Q+2bb /Bb+Qp2`v
�H;Q`Bi?Kb, `2T`2b2MiBM; i?2 T`Q+2bb �b Bi Bb 2t2+mi2/ BM �M mM/2`bi�M/�#H2 K�MM2`X
>Qr2p2`- `2T`2b2MiBM; �HH Q#b2`p2/ #2?�pBQ` K�F2b Bi p2`v +QKTH2t �M/ +?�HH2M;BM; iQ
mM/2`bi�M/X h?2`27Q`2- T`Q+2bb /Bb+Qp2`v �H;Q`Bi?Kb Q7i2M �#bi`�+i i?2 H2bb 7`2[m2Mi
#2?�pBQ` �M/ `2T`2b2Mi QMHv i?2 ivTB+�H �M/ K�BMbi`2�K #2?�pBQ` (o�M /2` ��Hbi-
kyRe- *QM7Q`iB 2i �HX- kyRe)X >Qr2p2`- �b HQQFBM; BMiQ i?2 BM7`2[m2Mi #2?�pBQ` TH�vb
�M 2bb2MiB�H `QH2 7Q` �m/BiQ`b iQ BMp2biB;�i2 i?2 TQbbB#BHBiv Q7 7`�m/mH2Mi Q` 2``QM2Qmb
#2?�pBQ`- i?Bb KB;?i ?BM/2` Bib �/QTiBQM BM i?2 H�i2` bi�;2b BM i?2 �m/BiBM; T`�+iB+2X

jXeXkXk "mbBM2bb T`Q+2bb +QM7Q`K�M+2 +?2+FBM;

�MQi?2` ivT2 Q7 T`Q+2bb KBMBM;- +QM7Q`K�M+2 +?2+FBM;- /2�Hb rBi? +QKT�`BM; �M 2p2Mi
HQ; rBi? i?2B` �bbQ+B�i2/ MQ`K�iBp2 T`Q+2bb KQ/2H UQ` rBi? � b2i Q7 #mbBM2bb `mH2bV
(_QxBM�i �M/ p�M /2` ��Hbi- kyy3)X h?2 Q`B;BM�H Tm`TQb2 Bb iQ +?2+F r?2i?2` i?2
`2�H T`Q+2bb U/Bb+Qp2`2/ 7`QK i?2 2p2Mi HQ;V Bb �HB;M2/ rBi? i?2 /2bB;M2/ T`Q+2bb Q`
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r?2i?2` � T`Q+2bb KQ/2H Bb � p�HB/ `2T`2b2Mi�iBQM Q7 `2�HBivX h?2 7Q`K2` [m2biBQM bi2Kb
7`QK � +QKTHB�M+2 7Q+mb- r?2`2�b i?2 H�ii2` +QM+2`M bi2Kb 7`QK � [m�HBiv +?2+F �M/
2p�Hm�iBQM Q7 i?2 �TTHB2/ T`Q+2bb /Bb+Qp2`v �H;Q`Bi?KX h?2 QmiTmi Q7 i?2b2 i2+?MB[m2b
Bb � b2i Q7 +QKTHvBM; +�b2b U+�HH2/ MQ`K�H +�b2b BM i?Bb i?2bBbV �M/ � b2i Q7 /2pB�iBM;
+�b2bX 6B;m`2 jXk BHHmbi`�i2b i?2 BMTmi �M/ QmiTmi Q7 i?2b2 i2+?MB[m2bX

6B;m`2 jXk, *QM7Q`K�M+2 +?2+FBM; i2+?MB[m2

h?2 T`Q+2/m`�H T`Q+2bb KQ/2H Bb Q7i2M � ;`�T?B+�H T`Q+2bb K�T r?2`2 �HH �++2Ti2/
#2?�pBQ` Bb 2tTHB+BiHv KQ/2H2/X h?2 ;Q�H Bb iQ }M/ i?2 /2;`22 Q7 +QM7Q`KBiv #2ir22M
T`Q+2bb 2t2+miBQMb �M/ � KQ/2H �M/ iQ /2i2+i i?2 /Bz2`2M+2b #2ir22M i?2K U2X;X-
.2 q22`/i 2i �HX (kyRk�) �M/ J2M/HBM; 2i �HX (kyyd)VX *QM7Q`K�M+2 +?2+FBM; `2bmHib
+�M �HbQ #2 mb2/ iQ BKT`Qp2 Q` `2T�B` i?2 T`Q+2bb KQ/2Hb BM i?2 2M?�M+2K2Mi T?�b2
U2X;X- 6�?H�M/ �M/ p�M /2` ��Hbi (kyR8)VX >Qr2p2`- Bi +�M �HbQ /Bb+Qp2` i?2 T`Q+2bb
2t2+miBQMb i?�i /Q MQi +QM7Q`K iQ i?2 /2bB;M2/ KQ/2H- BX2X- /2pB�iBM; +�b2bX 6Q`
�m/BiBM; �M/ BMi2`M�H +QMi`QH Tm`TQb2b- QMHv i?Bb H�ii2` �TTHB+�iBQM Q7 +QM7Q`K�M+2
+?2+FBM; i2+?MB[m2b Bb `2H2p�MiX .Bz2`2Mi /BK2MbBQMb �`2 mb2/ iQ [m�HB7v r?2i?2` i?2
KQ/2H �M/ `2�H #2?�pBQ` �`2 �HB;M2/, }iM2bb- T`2+BbBQM- ;2M2`�HBx�iBQM- �M/ bBKTHB+BivX
:Bp2M i?2 Tm`TQb2 Q7 i?Bb i?2bBb- ?Qr2p2`- QMHv i?2 irQ KQbiHv mb2/ /BK2MbBQMb rBHH
#2 �//`2bb2/ ?2`2, }iM2bb �M/ T`2+BbBQMX h?2 }iM2bb /BK2MbBQM 2tT`2bb2b ?Qr Km+?
Q7 i?2 Q#b2`p2/ #2?�pBQ` UBX2X- /�i� BM i?2 2p2Mi HQ;V Bb +�Tim`2/ #v @Q` }ib@ i?2 T`Q+2bb
KQ/2HX h?Bb /BK2MbBQM Bb i?2`27Q`2 ?B;?Hv `2H�i2/ iQ +QKTHB�M+2X 6Q` 2t�KTH2- /Q2b
i?2 i`�+2 < CreatePO, Sign, Release, GoodsReceipt, InvoiceReceipt, Pay > }i i?2
T`Q+m`2K2Mi KQ/2H BM 6B;m`2 jXjX A7 �HH i`�+2b }i i?2 KQ/2H- }iM2bb Bb b�B/ iQ #2 RyyW-
�M/ �HH i`�Mb�+iBQMb +QKTHv rBi? i?2 KQ/2HX hQ +?2+F i?2 �HB;MK2Mi #2ir22M #Qi?
Q#b2`p�iBQMb BM i?2 HQ; �M/ i?2 KQ/2H- �HbQ i?2 QTTQbBi2 bB/2 Q7 +QM7Q`K�M+2 KB;?i #2
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i�F2M BMiQ �++QmMi, ?Qr T`2+Bb2 Bb i?2 KQ/2H\ AM Qi?2` rQ`/b, ?Qr Km+? �//BiBQM�H
#2?�pBQ` i?�i Bb MQi T`2b2Mi BM i?2 2p2Mi HQ; /Q2b i?2 KQ/2H �HHQr 7Q`\ *QMbB/2` �b
�M 2t�KTH2 � T`Q+2bb KQ/2H i?�i QMHv bT2+B}2b i?2 i�bFb i?�i M22/ iQ #2 2t2+mi2/
#mi /Q2b MQi �`iB+mH�i2 �Mv }t2/ Q`/2` #2ir22M i?2KX

6B;m`2 jXj, LQ`K�iBp2 KQ/2H 7Q` i?2 Tm`+?�b2 iQ T�v T`Q+2bb BM "SJL 7Q`K�i

�b K2MiBQM2/ #27Q`2- r?2i?2` Q` MQi � KQ/2H Bb T`2+Bb2 Bb K�BMHv Q7 BMi2`2bi r?2M
+?2+FBM; i?2 QmiTmi [m�HBiv Q7 � /Bb+Qp2`v �H;Q`Bi?KX h?2`27Q`2- i?2 T`2+BbBQM /BK2M@
bBQM bi�`ib 7`QK i?2 HQ; �M/ i?2M +?2+Fb mTQM i?2 KQ/2HX h?2 T`2+BbBQM Q7 � KQ/2H Bb
b�B/ iQ #2 RyyW B7 �HH TQbbB#H2 T�i?b- �++Q`/BM; iQ i?2 KQ/2H- �`2 �+im�HHv Q#b2`p2/X
A7 i?Bb Bb i?2 +�b2- i?2`2 2tBbib �i H2�bi QM2 i`�+2 BM i?2 2p2Mi HQ; 7Q` 2p2`v TQbbB#H2
2t2+miBQM �++Q`/BM; iQ i?2 KQ/2HX AM +QMi`�bi- i?2 T`2+BbBQM Q7 � KQ/2H Bb b�B/ iQ #2
HQr B7 Bi �HHQrb Km+? KQ`2 #2?�pBQ` i?�M Q#b2`p2/ BM i?2 2p2Mi HQ;X

6Q` i?2 Tm`TQb2 Q7 �m/BiBM; �M/ BMi2`M�H +QMi`QH i2biBM;- +QM7Q`K�M+2 +?2+FBM; Bb
K�BMHv �TT`Q�+?2/ 7`QK i?2 }iM2bb T2`bT2+iBp2 �M/ MQi 7`QK i?2 T`2+BbBQM T2`bT2+iBp2X

h?2 �H;Q`Bi?Kb i?�i +?2+F i?2 }iM2bb Q7 HQ;b rBi? `2;�`/ iQ KQ/2Hb +�M #2 ;`QmT2/
BM irQ K�BM �TT`Q�+?2b, PM2 Bb i?2 `2TH�v@#�b2/ �TT`Q�+? U(_QxBM�i �M/ p�M /2`
��Hbi- kyy3)V- �M/ i?2 Qi?2` Bb i?2 �HB;MK2Mi@#�b2/ �TT`Q�+? U2X;X- �/`B�Mbv�? 2i �HX
(kyRk) �M/ /2 G2QMB �M/ p�M /2` ��Hbi (kyRj#)VX h?2 `2TH�v@#�b2/ �TT`Q�+? `2TH�vb
2�+? T`Q+2bb 2t2+miBQM Ui`�+2V BM/BpB/m�HHv QM i?2 US2i`B@M2iV T`Q+2bb KQ/2H iQ +?2+F
Bib +QM7Q`K�M+2X h?2 i2+?MB[m2 Bb +�HH2/ iQF2M@#�b2/ #2+�mb2 r?BH2 T`Q+2bb BMbi�M+2b
�`2 `2TH�v2/ QM i?2 S2i`B@M2i- i?2 S2i`B@M2i TH�+2b ;2i K�`F2/ #v iQF2MbX q?2M2p2`
i?2 T`Q+2bb 2t2+miBQM /2pB�i2b 7`QK i?2 KQ/2H- i?2 �H;Q`Bi?K F22Tb i`�+F Q7 i?Bb �M/
+�H+mH�i2b � }iM2bb K2�bm`2 #v +QmMiBM; i?2 MmK#2` Q7 T`Q/m+2/- +QMbmK2/- KBbbBM;
�M/ `2K�BMBM; iQF2MbX h?2 }iM2bb K2�bm`2 7`QK 2�+? i`�+2 Bb +�H+mH�i2/- �M/ i?2M �
r2B;?i2/ K2�M Bb T`QpB/2/ �b � ;2M2`�H }iM2bb K2�bm`2X h?Bb Qp2`�HH MmK#2` BM/B+�i2b
?Qr r2HH i?2 #2?�pBQ` BM i?2 2p2Mi HQ; +�M #2 `2TH�v2/ QM i?2 T`Q+2bb KQ/2HX AM Qm`
`mMMBM; 2t�KTH2- +QMbB/2`BM; i?2 KQ/2H BM 6B;m`2 kXk� �M/ i?2 2p2Mi HQ; BM h�#H2
jXR- 7Q` T`Q+2bb 2t2+miBQM R- k- 9- N- �M/ Ry- i?2 }iM2bb Bb R UBX2X- RyyWV #2+�mb2 i?2v
+QM7Q`K iQ i?2 KQ/2HX >Qr2p2`- 7Q` T`Q+2bb 2t2+miBQM j �M/ 8- i?2 }iM2bb rBHH #2 yXed
UedWV #2+�mb2 irQ Qmi Q7 i?2 bBt `2[mB`2/ 2p2Mib UBX2X- ǵaB;MǶ �M/ ǵ:QQ/b _2+2BTiǶV
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�`2 KBbbBM;X �bB/2 7`QK ;BpBM; QM2 ;2M2`�H }iM2bb K2�bm`2- �HbQ � ;2M2`�H Qp2`pB2r
Q7 ?Qr K�Mv iBK2b �M/ �i r?�i TH�+2b i?2 HQ; /2pB�i2b 7`QK i?2 KQ/2H Bb T`2b2Mi2/
BM i?2 `2TH�v@#�b2/ �TT`Q�+?X aQ i?2 QmiTmi Bb QM i?2 H2p2H Q7 i?2 T`Q+2bb KQ/2H-
rBi? �;;`2;�i2/ BM7Q`K�iBQM QM i?2 KBbK�i+?2b #2ir22M KQ/2H �M/ 2t2+miBQMbX �M
2t�KTH2 QmiTmi +QmH/ #2, ǳh?2 �+iBpBiv ǵ:QQ/b _2+2BTiǶ ?�b #22M 2t2+mi2/ 9yk iBK2b-
r?BH2- �++Q`/BM; iQ i?2 T`2b+`B#2/ KQ/2H- i?Bb r�b MQi �HHQr2/ �i i?�i T?�b2 Q7 i?2
T`Q+2bb 2t2+miBQMǴX

h?2 �HB;MK2Mi@#�b2/ �TT`Q�+? Bb � KQ`2 `Q#mbi �TT`Q�+? i?�M i?2 `2TH�v@#�b2/
�TT`Q�+? (�/`B�Mbv�? 2i �HX- kyRk)X h?Bb �TT`Q�+? �HbQ `2HB2b QM � +QKT�`BbQM Q7
BM/BpB/m�H T`Q+2bb 2t2+miBQMb rBi? i?2 KQ/2H- #mi Bi }`bi M�``Qrb /QrM ǵi?2 KQ/2HǶ
iQ ǵi?2 T�i? Q7 i?2 KQ/2H i?�i Bb +HQb2bi iQ i?2 T`Q+2bb 2t2+miBQMXǶ AM i?2 �HB;MK2Mi@
#�b2/ �TT`Q�+?- 7Q` 2�+? i`�+2 i?�i 2tBbib BM i?2 2p2Mi HQ; UTlV- QM2 TQbbB#H2 i`�+2 BM
i?2 KQ/2H UTmV Bb b2H2+i2/, h?2 i`�+2 i?�i Bb +HQb2bi iQ i`�+2 Tl BM i?2 HQ;X

h?2 �HB;MK2Mi bi�`ib 7`QK i?2 #2;BMMBM; Q7 #Qi? i`�+2b- �M/ bi2T #v bi2T +QKT�`2b
i?2 �+iBpBiB2b BM i`�+2 Tl rBi? i?2 �+iBpBiB2b BM i`�+2 TmX h?2 QmiTmi Q7 i?Bb �TT`Q�+?
bi�i2b 7Q` 2�+? T`Q+2bb 2t2+miBQM- r?2i?2` Bi +QMi�BMb 2ti`� Q` KBbbBM; 2p2Mib- +QK@
T�`2/ iQ i?2 KQ/2HX h?2 i2+?MB[m2 BMp2biB;�i2b r?2i?2` i?2`2 Bb � KBbK�i+? #2ir22M
i?2b2 irQ i`�+2bX A/2�HHv- i?2`2 b?QmH/ #2 MQ KBbK�i+? #2ir22M i`�+2 Tl �M/ i`�+2 TmX
AM i?Bb +�b2- r2 b�v #Qi? i`�+2b }i 2�+? Qi?2` +QKTH2i2Hv- �M/ i`�+2 Tl Bb +QMbB/2`2/
�b � MQ`K�H UBX2X- +QKTHB�MiV i`�+2X
A7 i?2`2 Bb �M 2ti`� 2p2Mi BM i`�+2 Tl U�M/ MQi BM i?2 KQ/2H i`�+2 TmV- Bi K2�Mb �M
mM2tT2+i2/ 2p2Mi ?�b #22M 2t2+mi2/- Q` �b Bi Bb +�HH2/- �M 2p2Mi Bb BMb2`i2/X
A7 i?2`2 Bb �M 2ti`� 2p2Mi BM i`�+2 Tm U�M/ MQi BM i?2 HQ; i`�+2 TlV- Bi BM/B+�i2b i?�i
�M �+iBpBiv i?�i b?QmH/ ?�p2 #22M 2t2+mi2/ /B/ MQi i�F2 TH�+2 Q` Bi Bb bFBTT2/X

6Q` i?2 +QKT�`BbQM #2ir22M � T`Q+2bb KQ/2H �M/ �M 2p2Mi HQ;- }`bi Q7 �HH- i?2
KQ/2HǶb +HQb2bi T�i? iQ i?2 T`Q+2bb 2t2+miBQM Bb +QMbB/2`2/X GBMFBM; i?2 `2+Q`/2/ T`Q@
+2bb 2t2+miBQM rBi? i?Bb bT2+B}+ i`�+2 Q7 i?2 KQ/2H Bb +�HH2/ i?2 QTiBK�H �HB;MK2MiX
h?2`27Q`2- i?2 QTiBK�H �HB;MK2Mi Bb i?2 +QKT�`BbQM Q7 irQ i`�+2b- T`Q+2bb 2t2+miBQM
�M/ Bib +HQb2bi T�i? BM i?2 KQ/2H- rBi? 2�+? Qi?2`X 6Q` 2t�KTH2- +QMbB/2` i?2 MQ`K�@
iBp2 KQ/2H BM 6B;m`2 jX9 �b i?2 `272`2M+2 KQ/2HX h?2`2 �`2 irQ TQbbB#BHBiB2b iQ i`�+2
i?Bb KQ/2H- r?B+? �`2 T`QpB/2/ BM i?2 };m`2 �b r2HHX LQr i�F2 i?2 7QHHQrBM; i`�+2,
< A → B → E → G → F → H >X

h?2 +HQb2bi T�i? iQ i?Bb i`�+2 BM i?2 KQ/2H Bb �"*1:6>X L2ti- i?2 �+iBpBiB2b
7`QK #Qi? i`�+2b �`2 +QKT�`2/ rBi? 2�+? Qi?2` #�b2/ QM i?2B` b2[m2M+2- �+iBpBiv #v
�+iBpBiv �b 2tTH�BM2/ #27Q`2X

aQ i?Bb �TT`Q�+? vB2H/b /2i�BH2/ QmiTmi UQM i?2 H2p2H Q7 i?2 T`Q+2bb 2t2+miBQMV- �b
QTTQb2/ iQ i?2 ǳ`2TH�v@#�b2/ �TT`Q�+?Ǵ i?�i vB2H/b �;;`2;�i2/ QmiTmi UQM i?2 H2p2H
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6B;m`2 jX9, �M 2t�KTH2 Q7 � #mbBM2bb T`Q+2bb KQ/2H BM "SJL H�M;m�;2 �M/ �HH Q7 Bib
TQbbB#H2 T�i?b

Q7 i?2 KQ/2HVX

h?2 +QM7Q`K�M+2 i2+?MB[m2 T`QTQb2/ #v :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3) mb2b 2p2Mi
bi`m+im`2b (LB2Hb2M 2i �HX- RN3R) iQ TBMTQBMi /2pB�iBQMb �M/ BMi2`T`2i i?2K �b � b2i Q7
M�im`�H H�M;m�;2 bi�i2K2MibX h?2 +QM7Q`K�M+2 Q7 i?2 KQ/2H Q` HQ; �;�BMbi 2�+? Qi?2`
Bb +?2+F2/ #v +QKT�`BM; irQ 2p2Mi bi`m+im`2b i?�i QM2 Bb +`2�i2/ #v 7QH/BM; i?2 2p2Mi
HQ; �M/ i?2 Qi?2` #v mM7QH/BM; i?2 T`Q+2bb KQ/2HX h?2 +QKT`2bbBQM Bb T2`7Q`K2/ pB�
� T�`iB�HHv bvM+?`QMBx2/ T`Q/m+i USaSV- �M/ B7 i?2`2 Bb � /Bz2`2M+2 #2ir22M 2p2Mi
bi`m+im`2b- Bi rBHH #2 +�Tim`2/ BM � MQ/2 Q7 i?2 SaSX

�HH i?2b2 �TT`Q�+?2b 7Q+mb QM i?2 M�K2 �M/ Q`/2` Q7 T`Q+2bb 2p2Mib �M/ B;MQ`2
Qi?2` �ii`B#mi2bX >Qr2p2`- 7Q` �m/BiBM; Tm`TQb2b- MQi QMHv i?2 +QMi`QH@~Qr #mi �HbQ
Qi?2` T2`bT2+iBp2b bm+? �b /�i�@ �M/ `2bQm`+2 T2`bT2+iBp2b ?�p2 bB;MB}+�Mi p�Hm2X
/2 G2QMB �M/ p�M /2` ��Hbi (kyRj#) T`QTQb2 � T`Q+2bb KBMBM; i2+?MB[m2 iQ +QMbB/2`
/�i� �bbQ+B�i2/ rBi? i?2 +�b2bX h?2v }`bi +QKTmi2 i?2 �HB;MK2Mib #2ir22M i?2 KQ/2H
�M/ i?2 HQ; �M/ i?2M /Bb+Qp2` i?2 /�i�@~Qr mbBM; /2+BbBQM@i`22 H2�`MBM; �H;Q`Bi?Kb
`2�/ �M/ r`Bi2 �M/ ;m�`/ 7mM+iBQMbX

q?2`2 i?2 T`2pBQmbHv K2MiBQM2/ +QM7Q`K�M+2 +?2+FBM; �TT`Q�+?2b +QKT�`2 � HQ;
rBi? � KQ/2H- i?2 +QM7Q`K�M+2 Q7 � HQ; +�M �HbQ #2 i2bi2/ �;�BMbi � b2i Q7 `mH2bX
A7 i?2 T`Q+2bb �i ?�M/ Bb p2`v ~2tB#H2 Q` MQ T`Q+2/m`�H KQ/2H Bb T`2b2Mi- � b2i Q7
T`2/2}M2/ `mH2b +�M #2 mb2/ iQ +?2+F +QKTHB�M+2X AM i?2 +QMi2ti Q7 BMi2`M�H +QMi`QH
i2biBM;- i?2`2 �`2 Q7i2M TH2Miv Q7 #mbBM2bb `mH2b BM TH�+2X �M 2t�KTH2 Q7 � `mH2 +�M #2
ǵh?2 p�Hm2 Q7 i?2 Tm`+?�b2 Q`/2` Kmbi 2[m�H i?2 p�Hm2 Q7 i?2 BMpQB+2-Ƕ Q` ǵA7 i?2 p�Hm2
Q7 � Tm`+?�b2 Bb #2HQr Ryyy$- MQ bB;M�im`2 Bb `2[mB`2/ǶX h?2 rQ`F Q7 p�M /2` ��Hbi
2i �HX (kyy8) BMi`Q/m+2/ i?2 }`bi ǵ`mH2 i2bi2`Ƕ iQ +?2+F 2p2Mi HQ;b �;�BMbi i?2 `mH2b,
i?2 GhG *?2+F2`- `272``BM; iQ i?2 GBM2�` h2KTQ`�H GQ;B+ i?�i i?2 `mH2b M22/ iQ #2
7Q`KmH�i2/ BMX Pi?2` BMi2`2biBM; rQ`F QM i?Bb iQTB+ Bb i?2 rQ`F Q7 *�`QM 2i �HX (kyRj)
�M/ _�K2x�MB 2i �HX (kyRk)X � H�bi `2H2p�Mi /BK2MbBQM r?2M /Bb+mbbBM; +QM7Q`K�M+2
+?2+FBM; Bb i?2 �TTHB2/ T`Q+2bb KBMBM; T2`bT2+iBp2X AM ;2M2`�H- 7Qm` T2`bT2+iBp2b �`2
bT2+B}2/, i?2 +QMi`QH@~Qr- i?2 iBK2- i?2 Q`;�MBx�iBQM�H- �M/ i?2 +�b2 T2`bT2+iBp2
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(o�M /2` ��Hbi- kyRe)X q?2M � +QMi`QH@~Qr T2`bT2+iBp2 Bb �TTHB2/- i?2 7Q+mb Bb QM
i?2 Q`/2` Q7 i?2 �+iBpBiB2bX 6Q` 2t�KTH2, Bb �M BMpQB+2 }`bi #QQF2/ #27Q`2 Bi Bb T�B/\
q?2M � iBK2 T2`bT2+iBp2 Bb �TTHB2/- i?2 7Q+mb Bb QM iBK2 �M/ /m`�iBQM `2H�i2/ �bT2+ibX
6Q` 2t�KTH2- ?Qr HQM; /Q2b Bi i�F2 iQ T�v �M BMpQB+2 �7i2` #2BM; #QQF2/ QM �p2`�;2\
q?2M �M Q`;�MBx�iBQM�H T2`bT2+iBp2 Bb �TTHB2/- i?2 7Q+mb Bb QM i?2 T2`bQMb- `QH2b-
7mM+iBQMb- Q` /2T�`iK2Mib i?�i 2t2+mi2 i?2 /Bz2`2Mi �+iBpBiB2bX 6Q` 2t�KTH2- r?B+?
`QH2b �`2 BMpQHp2/ BM #QQFBM; BMpQB+2b- �M/ �`2 i?2v 2tT2+i2/ iQ #2 BMpQHp2/\ �i
H�bi- r?2M � +�b2 T2`bT2+iBp2 Bb �TTHB2/- i?2 7Q+mb Bb QM i?2 `2K�BMBM; +?�`�+i2`BbiB+b
Q7 � +�b2X 6Q` 2t�KTH2- r?B+? bmTTHB2`b �`2 BMpQHp2/ BM +�b2b `2H�i2/ iQ Tm`+?�b2
Q`/2`b QM K�i2`B�H MmK#2` t\ AM i?2 HB;?i Q7 +QM7Q`K�M+2 +?2+FBM;- i?2 i2+?MB[m2b
K2MiBQM2/ �#Qp2 i?�i +QKT�`2 � HQ; rBi? � KQ/2H �TTHv � +QMi`QH@~Qr T2`bT2+iBp2X
h?Bb BKTHB2b i?�i � +�b2 +QM7Q`Kb iQ i?2 KQ/2H B7 Bi 7QHHQrb i?2 T`2b+`B#2/ Q`/2` Q7
�+iBpBiB2b- K�FBM; �#bi`�+iBQM Q7 �HH Qi?2` +?�`�+i2`BbiB+b Q7 i?2 +�b2X h?2 +QM7Q`K�M+2
+?2+FBM; i2+?MB[m2b i?�i +QKT�`2 � HQ; �;�BMbi i?2 `mH2b KQbiHv �HbQ BM+Hm/2 i?2 Qi?2`
T2`bT2+iBp2bX

_2+2Mi �/p�M+2K2Mib ?�p2 BMi`Q/m+2/ MQp2H i2+?MB[m2b i?�i 2ti2M/ #2vQM/ i?2b2
i`�/BiBQM�H �TT`Q�+?2bX 6Q` 2t�KTH2- "Qi? :QmH�`i _Q+?� 2i �HX (kyk9) �M/ J2?`
2i �HX (kykj) +QMi`B#mi2 iQ �/p�M+BM; +QM7Q`K�M+2 +?2+FBM; #v KQpBM; #2vQM/ K2`2
/2pB�iBQM /2i2+iBQM iQr�`/ � KQ`2 BMbB;?i@/`Bp2M �TT`Q�+?X :QmH�`i _Q+?� 2i �HX
(kyk9) 2KTHQv T�ii2`M KBMBM; i2+?MB[m2b iQ 2ti`�+i `2+m``BM; #2?�pBQ`�H bi`m+im`2b
7`QK 2p2Mi HQ;b- 2M�#HBM; i?2 +H�bbB}+�iBQM Q7 /2pB�iBQMb �M/ 7�+BHBi�iBM; `QQi +�mb2
�M�HvbBbX AM i?2 b�K2 +QMi2ti- J2?` 2i �HX (kykj) BM+Q`TQ`�i2 2tTH�BM�#H2 �A Us�AV
i2+?MB[m2b �M/ T�ii2`M `2+Q;MBiBQM iQ B/2MiB7v �M/ 2tTH�BM T�ii2`Mb Q7 /2pB�iBQMb BM
T`Q+2bb 2t2+miBQMbX AMbi2�/ Q7 bBKTHv /2i2+iBM; KBb�HB;MK2Mib- i?2 �TT`Q�+? �M�Hvx2b
#2?�pBQ`�H T�ii2`Mb iQ mM/2`bi�M/ r?v /2pB�iBQMb Q++m`X

AM �//BiBQM- S22T2`FQ`M 2i �HX (kykj) T`QTQb2b ;HQ#�H +QM7Q`K�M+2 +?2+FBM; K2�@
bm`2b #v +QK#BMBM; b?�HHQr `2T`2b2Mi�iBQMb �M/ /22T H2�`MBM; i2+?MB[m2b iQ �bb2bb
i?2 �HB;MK2Mi #2ir22M 2p2Mi HQ;b �M/ T`Q+2bb KQ/2HbX h?2 �TT`Q�+? 2M?�M+2b +QM@
7Q`K�M+2 �M�HvbBb #v H2p2`�;BM; K�+?BM2 H2�`MBM; iQ +�Tim`2 +QKTH2t T�ii2`Mb �M/
/2pB�iBQMb KQ`2 2z2+iBp2HvX h?2v BMi`Q/m+2 irQ /�i�@/`Bp2M +QM7Q`K�M+2 +?2+FBM;
i2+?MB[m2b, b?�HHQr `2T`2b2Mi�iBQM H2�`MBM; mbBM; qQ`/ko2+ iQ +QKT�`2 T`Q+2bb i`�+2
2K#2//BM;b �M/ /22T H2�`MBM; rBi? `2+m``2Mi M2m`�H M2irQ`F U_LLV UKQ`2 bT2+B}@
+�HHv � HQM; b?Q`i@i2`K K2KQ`v UGahJV M2irQ`FbV iQ KQ/2H b2[m2MiB�H #2?�pBQ`b
�M/ /2i2+i /2pB�iBQMbX h?2b2 K2i?Q/b �bb2bb T`Q+2bb �HB;MK2Mi rBi?Qmi `2[mB`BM;
2tTHB+Bi T`Q+2bb KQ/2HbX h?2 i2+?MB[m2b r2`2 p�HB/�i2/ QM `2�H@rQ`H/ �M/ bvMi?2iB+
/�i�b2ib- Qz2`BM; �M �Hi2`M�iBp2 iQ i`�/BiBQM�H +QM7Q`K�M+2 +?2+FBM; �TT`Q�+?2bX AM
�MQi?2` `2b2�`+?- "m`B;�M� 2i �HX (kyk9) T`QTQb2 � ǳ;HQ+�HǴ +QM7Q`K�M+2 +?2+FBM;
7`�K2rQ`F i?�i 2p�Hm�i2b �HB;MK2Mi BM KmHiB@�;2Mi bvbi2Kb rBi?Qmi � +2Mi`�H ;HQ#�H
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T`Q+2bb KQ/2HX h?2B` �TT`Q�+? BMi2;`�i2b HQ+�H pB2rb `2T`2b2Mi2/ �b .�i� S2i`B L2ib
�M/ H2p2`�;2b �M �HB;MK2Mi@#�b2/ K2i?Q/ iQ 2Mbm`2 ;HQ#�H +Q?2`2M+2X h?2B` i2+?@
MB[m2b BMpQHp2 +QKTmiBM; HQ+�H �HB;MK2Mib 7Q` 2�+? �;2MiǶb T2`bT2+iBp2 �M/ 2Mbm`BM;
i?2B` +QKT�iB#BHBiv QM � ;HQ#�H b+�H2X hQ �//`2bb i?2 +QKTH2tBiv Q7 i?Bb i�bF- i?2v BM@
i`Q/m+2 `2;mH�` 2tT`2bbBQM@#�b2/ +Qbi 7mM+iBQMb i?�i +QMbB/2` i?2 +QMi2ti Q7 �+iBpBiB2b
rBi?BM i?2 ;HQ#�H i`�+2X AM i?2B` rQ`F- SQHvpv�Mvv �M/ E�H2MFQp� (kykk) BMi`Q/m+2
�M 2Mi`QTv@#�b2/ �TT`Q�+? 7Q` � KQ`2 ~2tB#H2 +QM7Q`K�M+2 +?2+FBM; Q7 T`Q+2bb2b i?�i
QMHv T�`iB�HHv K�i+?- K2�MBM; i?2 T`Q+2bb2b r?B+? b?�`2 bBKBH�`BiB2b #mi �`2 MQi 2M@
iB`2Hv B/2MiB+�HX Ai H2p2`�;2b 2Mi`QTv K2�bm`2b iQ [m�MiB7v /2pB�iBQMb- T`QpB/BM; �
KQ`2 ~2tB#H2 �M/ BM7Q`K�iBp2 �M�HvbBb Q7 T`Q+2bb �HB;MK2MiX

a2p2`�H +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b BM+Q`TQ`�i2 KmHiBTH2 T`Q+2bb T2`bT2+@
iBp2b #2vQM/ Dmbi i?2 +QMi`QH@~QrX 6Q` 2t�KTH2- w?�M; 2i �HX (kykk#) T`2b2Mi � 7mxxv
KmHiB@T2`bT2+iBp2 �TT`Q�+? iQ +QM7Q`K�M+2 +?2+FBM;- bm+? �b +QMi`QH@~Qr- /�i�- �M/
`2bQm`+2b- �HHQrBM; 7Q` ~2tB#H2 �HB;MK2Mi #2ir22M 2p2Mi HQ;b �M/ T`Q+2bb KQ/2HbX
h?2B` i2+?MB[m2 H2p2`�;2b 7mxxv HQ;B+ iQ ?�M/H2 mM+2`i�BMiv �M/ T�`iB�H +QKTHB�M+2-
�HHQrBM; /2pB�iBQMb iQ #2 �bb2bb2/ QM � +QMiBMmmK `�i?2` i?�M �b bi`B+i K�i+?2b Q`
KBbK�i+?2bX JQ`2Qp2`- 62HHB 2i �HX (kykR) BMi`Q/m+2 � a�iBb}�#BHBiv JQ/mHQ h?2Q`B2b
UaJhV@#�b2/ �TT`Q�+? 7Q` +QM7Q`K�M+2 +?2+FBM; Q7 KmHiB@T2`bT2+iBp2 T`Q+2bb2b- +QM@
bB/2`BM; +QMi`QH@~Qr- /�i�- �M/ `2bQm`+2bX "v 2M+Q/BM; T`Q+2bb 2t2+miBQM +QMbi`�BMib
BMiQ aJh 7Q`KmH�b- Bi 2{+B2MiHv /2i2+ib /2pB�iBQMb #2ir22M 2p2Mi HQ;b �M/ T`Q+2bb
KQ/2HbX h?Bb i2+?MB[m2 2M?�M+2b +QM7Q`K�M+2 +?2+FBM; #v T`QpB/BM; � T`2+Bb2 �M/
b+�H�#H2 bQHmiBQM 7Q` ?�M/HBM; +QKTH2t T`Q+2bb /2T2M/2M+B2bX "mBH/BM; QM i?Bb- i?2
�mi?Q`b 2ti2M/ i?2B` rQ`F BM (62HHB 2i �HX- kykj) #v �//`2bbBM; mM+2`i�BMiv BM +QMi`QH@
~Qr- /�i�- �M/ `2bQm`+2b mbBM; i?2 b�K2 aJh@#�b2/ �TT`Q�+?X h?2B` K2i?Q/ 2M+Q/2b
mM+2`i�BMiv �b HQ;B+�H +QMbi`�BMib �M/ mb2b �M aJh bQHp2` iQ /2i2`KBM2 +QKTHB�M+2
2{+B2MiHvX
_2;�`/BM; i?2 mM+2`i�BMiv BM 2p2Mi /�i�- BX2X- r?2M 2p2Mi HQ;b +QMi�BM mM+2`i�BM- KBbb@
BM; Q` BKT`2+Bb2 /�i�- S2;Q`�`Q 2i �HX (kykR) BMi`Q/m+2 � T`Q#�#BHBbiB+ 7`�K2rQ`F i?�i
BMi2;`�i2b mM+2`i�BMiv BMiQ i?2 +QM7Q`K�M+2 �M�HvbBbX AMbi2�/ Q7 �bbmKBM; }t2/ 2p2Mi
/�i�- Bi KQ/2Hb mM+2`i�BMiv mbBM; .2KTbi2`@a?�72` i?2Q`v �M/ i?`22 r�v /2+BbBQM `mH2-
iQ �bbB;M #2HB27 p�Hm2b iQ �HB;MK2MibX h?Bb 2M�#H2b T�`iB�H +QKTHB�M+2 b+Q`BM;- K�FBM;
+QM7Q`K�M+2 +?2+FBM; KQ`2 `Q#mbi �M/ �/�Ti�#H2 iQ `2�H@rQ`H/- mM+2`i�BM 2p2Mi /�i�X

jXeXkXj S`Q+2bb 2M?�M+2K2Mi

�MQi?2` ivT2 Q7 T`Q+2bb KBMBM;- T`Q+2bb 2M?�M+2K2Mi- Bb +QM+2`M2/ rBi? BKT`QpBM;
�M 2tBbiBM; KQ/2H- mbBM; i?2 BM7Q`K�iBQM 7`QK i?2 �+im�H #2?�pBQ` Q` T`2/B+iBM; 7m@
im`2 #2?�pBQ`- �M/ T`QpB/BM; bQK2 `2+QKK2M/�iBQMb #�b2/ QM i?2 T�bi 2tT2`B2M+2b
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(o�M /2` ��Hbi- kyRe)X q?2M � pBQH�iBQM �;�BMbi i?2 MQ`K�iBp2 T`Q+2bb KQ/2H Bb /2@
i2+i2/- i?2 T`Q+2bb QrM2` KB;?i /2+B/2 i?�i i?2 pBQH�iBQM Bb ivTB+�H Q` 2tT2+i2/ BM
i?2 `2�H@HB72- i?2`27Q`2 �M BKT`Qp2K2Mi BM i?2 #mbBM2bb KQ/2H Bb M22/2/X 6B;m`2 jX8
/2TB+ib i?2 T`Q+2bb 2M?�M+2K2Mi T`Q+2/m`2X JQ`2Qp2`- bQK2 T`2/B+iBQMb +�M �HbQ #2
K�/2 QM i?2 +QKTH2iBQM iBK2 Q` i?2 �ii`B#mi2b Q7 �M �+iBpBiv Q` � bm#@T`Q+2bb #v mbBM;
� +QKT�`BbQM #2ir22M � +m``2Mi bBim�iBQM �M/ i?2 ?BbiQ`B+�H HQ;X �MQi?2` QT2`�iBQM�H
�TTHB+�iBQM Q7 T`Q+2bb KBMBM; Bb i?2 `2+QKK2M/�iBQMX S`Q+2bb KBMBM; +�M �bbBbi i?2
mb2` #v bm;;2biBM; i?2 M2ti �+iBpBiv i?�i b?QmH/ #2 T2`7Q`K2/ #�b2/ QM Bib 7`2[m2M+v
BM T`2pBQmb- Bib Q++m``2M+2- Q` #�b2/ QM KBMBKBxBM; i?2 ~Qr iBK2 Q7 i?2 T`Q+2bb Q` Bib
`2H�i2/ +Qbib (o�M /2` ��Hbi- kyRe)X aBM+2 Bi H2M/b Bib2H7 KQ`2 iQ K�FBM; `2+QKK2M@
/�iBQMb BM i?2 �`2� Q7 QT2`�iBQM�H 2{+B2M+v �M/ H2bb iQ T`QpB/BM; �bbm`�M+2- i?Bb ivT2
Bb +QMbB/2`2/ QmibB/2 i?2 b+QT2 Q7 i?Bb i?2bBb (C�Mb �M/ >Qbb2BMTQm`- kyRN)X

6B;m`2 jX8, S`Q+2bb 1M?�M+2K2Mi i2+?MB[m2

jXd S`Q+2bb JBMBM; BM �m/BiBM;

�Hi?Qm;? T`Q+2bb KBMBM; `2b2�`+? ?�b ;�BM2/ bm#bi�MiB�H KQK2MimK rBi?BM i?2 "mbB@
M2bb S`Q+2bb J�M�;2K2Mi U"SJV +QKKmMBiv- Bi ?�b `2+2Bp2/ +QKT�`�iBp2Hv HBKBi2/
�ii2MiBQM BM �++QmMiBM; �M/ �m/BiBM; `2b2�`+?X 1tBbiBM; +QMi`B#miBQMb �`2 H�`;2Hv +QM@
}M2/ iQ � bK�HH b2i Q7 bim/B2b (>m�M; 2i �HX- kyyN- p�M /2` ��Hbi 2i �HX- kyRy- C�Mb
2i �HX- kyRR#- kyRj- kyR9- q2`M2`- kyRd- C�Mb �M/ >Qbb2BMTQm`- kyRN- *?Bm �M/ C�Mb-
kyRN- q2`M2` �M/ :2?`F2- kyR8- 6ƺ?` 2i �HX- kyk8- .m�M 2i �HX- kyk8- " ĽH2` �M/ 1m@
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H2`B+?- kykk)- Q7 r?B+? QMHv � 72r ?�p2 �TT2�`2/ BM �++QmMiBM; DQm`M�HbX h?Bb `2H�iBp2
b+�`+Biv bi�M/b BM +QMi`�bi iQ i?2 ;`QrBM; BMi2`2bi �M/ 2zQ`ib Q#b2`p2/ BM T`�+iB+2
�M/ �KQM; bi�M/�`/@b2iiBM; �M/ T`Q72bbBQM�H #Q/B2bX

PM i?2 T`�+iB+2 �M/ TQHB+v bB/2- i?2 _mi;2`b �A*S� .�i� �M�HviB+b _2b2�`+?
U_�.�_V BMBiB�iBp2 ?�b /2pQi2/ +QMbB/2`�#H2 `2b2�`+? 2zQ`i iQ i?2 mb2 Q7 T`Q+2bb
KBMBM; BM �m/BiBM; �TTHB+�iBQMb (�A*S�- kyR8)X �i i?2 b�K2 iBK2- `2b2�`+?2`b 7`QK i?2
"SJ �M/ BM7Q`K�iBQM bvbi2Kb /QK�BMb BM+`2�bBM;Hv �//`2bb �++QmMiBM; �M/ �m/BiBM;
+?�HH2M;2b 7`QK � T`Q+2bb@Q`B2Mi2/ T2`bT2+iBp2 U2X;X- (a+?mHix- kyRj- aQMM2M#2`; �M/
"`Q+F2- kyR9)V- 7m`i?2` mM/2`HBMBM; i?2 T2`+2Bp2/ TQi2MiB�H Q7 T`Q+2bb KBMBM; �b �M
�m/Bi �M�HviB+X

JQ`2 `2+2MiHv- b2p2`�H bim/B2b ?�p2 #2;mM iQ 2tTHQ`2 i?2 bvbi2K�iB+ BMi2;`�iBQM Q7
T`Q+2bb KBMBM; BMiQ �m/Bi �M/ �bbm`�M+2 i�bFbX 6ƺ?` 2i �HX (6ƺ?` 2i �HX- kyk8) T`QTQb2
�M �m/Bi S`Q+2bb JBMBM; U�SJV 7`�K2rQ`F i?�i bi`m+im`2b ?Qr T`Q+2bb KBMBM; +�M
#2 2K#2//2/ BMiQ /Bz2`2Mi T?�b2b Q7 i?2 �m/Bi- ?B;?HB;?iBM; #Qi? QTTQ`imMBiB2b 7Q`
2M?�M+2/ �bbm`�M+2 �M/ T`�+iB+�H #�``B2`b iQ �/QTiBQMX AM T�`�HH2H- `2b2�`+? QM �/@
p�M+2/ BMi2`M�H +QMi`QH 2p�Hm�iBQM ?�b +QK#BM2/ T`Q+2bb KBMBM; rBi? K�+?BM2 H2�`MBM;
i2+?MB[m2b iQ �bb2bb +QMi`QH /2bB;M �M/ QT2`�iBQM �+`Qbb H�`;2 2p2Mi TQTmH�iBQMb- BH@
Hmbi`�iBM; ?Qr T`Q+2bb@Q`B2Mi2/ �M�HviB+b +�M 2ti2M/ i`�/BiBQM�H +QMi`QH i2biBM; �M/
2t+2TiBQM �M�HvbBb (.m�M 2i �HX- kyk8)X 6`QK � +QKTH2K2Mi�`v T2`bT2+iBp2- "�2bbH2`
2i �HX (" ĽH2` �M/ 1mH2`B+?- kykk) /2KQMbi`�i2 ?Qr T`2/B+iBp2 T`Q+2bb KQMBiQ`BM; +�M
bmTTQ`i BMi2`M�H �m/Bi #v 7Q`2+�biBM; `BbF@`2H2p�Mi Qmi+QK2b U2X;X- T�vK2Mi TmM+im@
�HBivV- i?2`2#v KQpBM; 7`QK `2i`QbT2+iBp2 �MQK�Hv /2i2+iBQM iQr�`/ 7Q`r�`/@HQQFBM;
`BbF �bb2bbK2MiX "`Q�/2` bm`p2v 2pB/2M+2 QM i2+?MQHQ;v mb�;2 BM BMi2`M�H �m/BiBM;
7m`i?2` BM/B+�i2b i?�i BMi2`M�H �m/Bi 7mM+iBQMb �`2 ;`�/m�HHv BM+`2�bBM; i?2B` `2HB�M+2
QM /�i� �M�HviB+b �M/ T`Q+2bb@Q`B2Mi2/ iQQHb- �Hi?Qm;? K�im`Biv H2p2Hb �M/ BKTH2K2M@
i�iBQM /2Ti? biBHH p�`v +QMbB/2`�#Hv �+`Qbb Q`;�MBx�iBQMb (1mH2`B+? 2i �HX- kyk8)X

.2bTBi2 i?2b2 /2p2HQTK2Mib- b2p2`�H HBKBi�iBQMb Kmbi #2 �//`2bb2/ #27Q`2 T`Q+2bb
KBMBM; i2+?MB[m2b +�M #2 7mHHv BMi2;`�i2/ BMiQ K�BMbi`2�K �m/BiBM; T`�+iB+2X 6`QK �
i2+?MB+�H T2`bT2+iBp2- T`Q+2bb KBMBM; �H;Q`Bi?Kb +QMiBMm2 iQ 7�+2 +?�HH2M;2b bm+? �b
?�M/HBM; MQBbv �M/ BM+QKTH2i2 2p2Mi /�i�- +QTBM; rBi? KQ/2H +QKTH2tBiv �M/ p�`B�Mi
2tTHQbBQM- �M/ K�M�;BM; i?2 Q7i2M H�`;2 MmK#2`b Q7 /2i2+i2/ /2pB�iBQMb BM � r�v
i?�i `2K�BMb BMi2`T`2i�#H2 �M/ �+iBQM�#H2 7Q` �m/BiQ`bX 6`QK �M Q`;�MBx�iBQM�H �M/
K2i?Q/QHQ;B+�H T2`bT2+iBp2- QT2M [m2biBQMb T2`bBbi `2;�`/BM; ?Qr iQ �HB;M T`Q+2bb
KBMBM; Qmi+QK2b rBi? �m/Bi Q#D2+iBp2b- ?Qr iQ BMi2;`�i2 T`Q+2bb@H2p2H }M/BM;b BMiQ
2bi�#HBb?2/ �m/Bi K2i?Q/QHQ;B2b- �M/ ?Qr iQ +QK#BM2 �miQK�i2/ /2i2+iBQM rBi? �m@
/BiQ` Dm/;K2Mi �M/ /QK�BM FMQrH2/;2X h?2b2 b?Q`i+QKBM;b- �M/ i?2B` BKTHB+�iBQMb
7Q` T`Q+2bb@H2p2H �bbm`�M+2- �`2 7m`i?2` /Bb+mbb2/ �M/ �//`2bb2/ BM i?2 bm#b2[m2Mi
+?�Ti2`b Q7 i?Bb i?2bBbX
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AM bmKK�`v- i?Bb +?�Ti2` ?�b TQbBiBQM2/ +QMiBMmQmb BMi2`M�H �m/BiBM; �M/ T`Q+2bb
KBMBM; �b +QKTH2K2Mi�`v /2p2HQTK2Mib BM i?2 2pQHmiBQM Q7 /�i�@/`Bp2M �bbm`�M+2X
>Qr2p2`- 2tBbiBM; �TT`Q�+?2b biBHH 7�+2 BKTQ`i�Mi HBKBi�iBQMb BM �m/BiBM; +QMi2tib-
T�`iB+mH�`Hv `2;�`/BM; i?2 BMi2`T`2i�iBQM Q7 /2pB�iBQMb- i?2 ?�M/HBM; Q7 H�`;2 MmK#2`b
Q7 �H2`ib- �M/ i?2 BMi2;`�iBQM Q7 �m/BiQ` Dm/;K2Mi �M/ BKTHB+Bi #mbBM2bb FMQrH2/;2X
h?2b2 HBKBi�iBQMb KQiBp�i2 i?2 7Q+mb Q7 i?Bb i?2bBb QM i?2 +H�bbB}+�iBQM �M/ BMi2`T`2@
i�iBQM Q7 +QMi`QH@~Qr /2pB�iBQMb BM T`Q+2bb 2t2+miBQMb- �b /2p2HQT2/ BM i?2 7QHHQrBM;
+?�Ti2`bX
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S`Q+2bb .2pB�iBQM *�i2;Q`B2b 

S`2pBQmb +?�Ti2`b 2tTH�BM2/ i?2 M22/ iQ +QKTH2K2Mi i`�/BiBQM�H �m/BiBM; rBi? +QM@
iBMmQmb �m/BiBM;X � +QmTH2 Q7 /�i� �M�HviB+ K2i?Q/b ?�p2 #22M T`QTQb2/ bQ 7�`
iQ Q#i�BM i?2 72�im`2b Q7 +QMiBMmQmb �m/BiBM; U2X;X- EBK �M/ o�b�`?2HvB (kyRk)- �HH2b
2i �HX (kyye#)- Abb� (kyRj)- S2`QHb �M/ Jm`i?v (kyRk#)- C�Mb 2i �HX (kyR9)VX *QM7Q`K�M+2
+?2+FBM; i2+?MB[m2b �`2 QM2 ivT2 Q7 bm;;2bi2/ i2+?MB[m2b �KQM; i?2b2 K2i?Q/b (C�Mb
2i �HX- kyRj- kyR9)X h?2v �`2 �#H2 iQ /Bb+Qp2` /2pB�iBQMb BM i?2 mM/2`HvBM; #mbBM2bb
T`Q+2bb 2t2+miBQM 7`QK i?2 +QMi`QH@~Qr T2`bT2+iBp2X 6Q` BMbi�M+2- +QM7Q`K�M+2 +?2+F@
BM; i2+?MB[m2b +�M /2i2+i r?2M � +?�M;2 ?�b ?�TT2M2/ BM � T`Q+m`2K2Mi 2t2+miBQM
Q` r?2M �M �TT`Qp�H Bb bFBTT2/X

>Qr2p2`- QM2 Q7 i?2 F2v T`Q#H2Kb Q7 i?2b2 i2+?MB[m2b Bb i?2 BKK2Mb2 MmK#2` Q7
/2pB�iBQMb /2i2+i2/ #v i?2K- r?B+? K�F2b i?2 7QHHQr@mT +mK#2`bQK2 7Q` �m/BiQ`bX
h?Bb +�M #2 �ii`B#mi2/ iQ i?2 +QKTH2tBiv Q7 i?2 BM7Q`K�iBQM bvbi2Kb U2X;X- 1_S bvb@
i2KbV (�HH2b 2i �HX- kyy3#)- Q` i?2 /vM�KB+ ~2tB#BHBiv `2[mB`2/ #v T`Q+2bb mb2`bX h?2
Qi?2` T`Q#H2K Bb i?�i i?2 B/2MiB}2/ /2pB�iBQMb #v i?2b2 i2+?MB[m2b �`2 T`2b2Mi2/ BM �
MQM@K2�MBM;7mH �M/ /B{+mHi H�M;m�;2 7Q` ?mK�M mb2`b- BX2X- BM � iQQ i2+?MB+�H Q` QM
� iQQ /2i�BH2/ H2p2H 7Q`K�iX

PM2 r�v iQ �//`2bb i?2b2 T`Q#H2Kb Bb iQ K�T i?2 B/2MiB}2/ /2pB�iBQMb BMiQ � b2i
Q7 /2pB�iBQM +�i2;Q`B2bX J�TTBM; i?2 /2pB�iBQMb BMiQ +2`i�BM +�i2;Q`B2b ;Bp2b #2ii2`
BMbB;?i BMiQ i?2 Q++m``2/ ivT2b Q7 /2pB�iBQMb �M/ i?2B` 7`2[m2M+v QM � ?B;? H2p2HX
ai�`iBM; 7`QK i?Bb Qp2`pB2r- i?2 �m/BiQ`b +�M /`BHH /QrM BM � i�`;2i2/ r�vX P7 +Qm`b2-
i?2`2 �`2 bQK2 /2pB�iBQM T�ii2`Mb BM i?2 HBi2`�im`2- #mi i?2v �`2 �HH Q`B;BM�i2/ 7`QK
i?2Q`2iB+�H �TT`Q�+?2b �M/ i?2`27Q`2- #v /2}MBiBQM MQi �HB;M2/ rBi? i?2 r�v ?Qr
�m/BiQ`b +H�bbB7v /2pB�iBQMbX

 h?Bb +?�Ti2` Bb #�b2/ QM � bim/v T`2pBQmbHv Tm#HBb?2/ �b i?2 DQm`M�H �`iB+H2 ǳ�m/BiQ`bǶ *�i2;Q@
`Bx�iBQM Q7 S`Q+2bb .2pB�iBQMbǴ BM CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb UCAaVX
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6`QK i?2 �H;Q`Bi?K 2M;BM22`BM; T2`bT2+iBp2 �/QTi2/ BM i?Bb i?2bBb- i?Bb +?�Ti2`
+QMi`B#mi2b iQ FMQrH2/;2 �#Qmi i?2 i�bF #v BMp2biB;�iBM; ?Qr �m/BiQ`b +QM+2Tim�HBx2
�M/ BMi2`T`2i T`Q+2bb /2pB�iBQMbX h?2b2 BMbB;?ib T`QpB/2 i?2 2KTB`B+�H #�bBb 7Q` i?2
/2pB�iBQM +�i2;Q`B2b mb2/ BM i?2 +H�bbB}+�iBQM 7`�K2rQ`F /2p2HQT2/ BM *?�Ti2` 8X
h?Bb +?�Ti2` 2tTH�BMb i?2 bim/v i?�i Bb T2`7Q`K2/ iQ /Bb+Qp2` r?2i?2` i?2`2 Bb � b2i
Q7 /2pB�iBQM ivT2b 7Q` i?2 BMi2`T`2i�iBQM Q7 �HH TQbbB#H2 /2pB�iBQMb BM � r�v �b +HQb2
�b TQbbB#H2 iQ i?2 K2Mi�H KQ/2H Q7 �m/BiQ`bX �b Bi Bb 2tTH�BM2/ #27Q`2 i?Bb bim/v Bb
HBKBi2/ iQ i?2 +QMi`QH@~Qr T2`bT2+iBp2X h?2`27Q`2- i?2 /2pB�iBM; b2[m2M+2b BM T`Q+2bb
2t2+miBQMb r2`2 �M�Hvx2/ BM/2T2M/2MiHv Q7 /�i� �M/ `2bQm`+2 BM7Q`K�iBQM- bm+? �b
i`�Mb�+iBQM p�Hm2b Q` i?2 B/2MiBiv Q7 i?2 2t2+miBM; `2bQm`+2X h?2 ;Q�H Q7 i?Bb +?�Ti2`
Bb iQ 7�+BHBi�i2 7mim`2 `2b2�`+? BM T`Q+2bb /2pB�iBQM �M�HvbBb #v T`QpB/BM; � b2i Q7 /2pB@
�iBQM ivT2b i?�i �`2 �HB;M2/ rBi? ?Qr �m/BiQ`b T2`+2Bp2 /2pB�iBM; T`Q+2bb 2t2+miBQMbX
h?Bb +?�Ti2` �Mbr2`b i?2 7QHHQrBM; `2b2�`+? [m2biBQM,

_Z, q?B+? T`Q+2bb /2pB�iBQM +�i2;Q`B2b- mb2/ BM i?2 }2H/ Q7 #mbBM2bb T`Q+2bb K�M@
�;2K2Mi- �`2 �TTHB+�#H2 BM �M �m/BiBM; +QMi2ti 7`QK � +QMi`QH@~Qr T2`bT2+iBp2\

h?Bb `2b2�`+? [m2biBQM Bb }`biHv bTHBi BMiQ irQ b2+QM/�`v `2b2�`+? [m2biBQMb,

a_ZR, q?B+? /2pB�iBQM ivT2b /Q 2tBbi BM i?2 #mbBM2bb T`Q+2bb K�M�;2K2Mi HBi2`@
�im`2\

a_Zk, hQ r?�i 2ti2Mi �`2 i?2 /2pB�iBQM ivT2b 7`QK HBi2`�im`2 �TTHB+�#H2 �b /2pB@
�iBQM +�i2;Q`B2b #v �m/BiQ`b\

hQ �Mbr2` i?2 }`bi b2+QM/�`v `2b2�`+? [m2biBQM- � HBi2`�im`2 `2pB2r BM i?2 }2H/
Q7 #mbBM2bb T`Q+2bb K�M�;2K2Mi �M/ T`Q+2bb KBMBM; r�b +QM/m+i2/ �M/ 7Q` i?2 b2+@
QM/ `2b2�`+? [m2biBQM- � }2H/ `2b2�`+? r�b +QM/m+i2/ iQ K�T i?2 T`Q+2bb /2pB�iBQM
+�i2;Q`B2b 7`QK HBi2`�im`2 iQ /2pB�iBQM +�i2;Q`B2b i?�i �`2 �TTHB+�#H2 #v �m/BiQ`bX

9XR GBi2`�im`2 _2pB2r

h?2 }`bi ivT2 Q7 +QMbB/2`�#H2 KBbK�i+? Bb i?2 2tBbi2M+2 Bbbm2- BX2X- �M �+iBpBiv Bb
MQi T`2b2Mi BM i?2 T`Q+2bb 2t2+miBQM Ur?BH2 Bi r�b 2tT2+i2/ BM i?2 KQ/2HV- Q` �M
�+iBpBiv Bb 2t2+mi2/ r?BH2 i?Bb r�b MQi T`2b+`B#2/ BM i?2 T`Q+2bb KQ/2HX h?Bb 2tBb@
i2M+2 KBbK�i+? Bb +QKT�`�#H2 rBi? i?2 AM.2H UAMb2`iBQM- .2H2iBQMV KBbK�i+? Q7 i?2
L22/H2K�MĜqmMb+? �H;Q`Bi?K (L22/H2K�M �M/ qmMb+?- RNdy) BM b2[m2M+2 �HB;MK2Mib



S`Q+2bb .2pB�iBQM *�i2;Q`B2b 8N

BM #BQBM7Q`K�iB+bX h?2 b2+QM/ ivT2 Bb i?2 b2[m2M+2 Q` Q`/2` Bbbm2- K2�MBM; i?�i bQK2
Q7 i?2 �+iBpBiB2b �`2 `2@TQbBiBQM2/ �M/ �`2 MQi BM i?2 b�K2 Q`/2` �b BM i?2 `272`2M+2
i`�+2X

h?2b2 irQ BMimBiBp2 KBbK�i+? ivT2b �`2 �i �M �#bi`�+i H2p2H- �M/ T2`?�Tb /Q MQi
+QMi�BM K2�MBM;7mH BM7Q`K�iBQM 7Q` �m/BiQ`bX hQ }M/ bmBi�#H2 /2pB�iBQM +�i2;Q`B2b
� HBi2`�im`2 bim/v Bb +QM/m+i2/ BM T`Q+2bb KBMBM; �M/ #mbBM2bb T`Q+2bb K�M�;2K2Mi
/QK�BMX h?Bb b2+iBQM `2TQ`ib QM � HBi2`�im`2 bim/v iQ �Mbr2` i?2 }`bi b2+QM/�`v
`2b2�`+? [m2biBQM Ua_Z RVX

9XRXyXR S`Q+2bb /2pB�iBQM T�ii2`Mb BM +QM7Q`K�M+2 +?2+FBM; HBi2`�im`2

AM a2+iBQM jXeXkXk � #�+F;`QmM/ QM +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b Bb ;Bp2MX h?Bb
b2+iBQM T`QpB/2b KQ`2 /2i�BH QM i?2 �TTHB+�iBQM Q7 +QM7Q`K�M+2 +?2+FBM; iQ B/2MiB7v
/2pB�iBM; +�b2bX >2`2- QMHv i?2 i2+?MB[m2b r?B+? +�M T`2b2Mi /2pB�iBQMb- i?2B` #2M2}ib-
�M/ b?Q`i+QKBM;b �`2 /Bb+mbb2/X

h?2 �HB;MK2Mi@#�b2/ i2+?MB[m2 #v �/`B�Mbv�? 2i �HX Bb /Bb+mbb2/ #27Q`2X h?Bb
i2+?MB[m2 +QKT�`2b 2�+? T`Q+2bb 2t2+miBQM BM i?2 2p2Mi HQ; rBi? Bib +HQb2bi K�i+? BM
i?2 T`Q+2bb KQ/2HX h?2 �+iBpBiB2b 7`QK #Qi? i`�+2b �`2 +QKT�`2/ rBi? 2�+? Qi?2` #�b2/
QM i?2B` Q`/2`- �+iBpBiv #v �+iBpBiv �b i`�+2 BM i?2 KQ/2HX h?�i K2�Mb i?2 7`2[m2M+v
Q7 i?2 i`�+2b Bb MQi +QMbB/2`2/ BM }M/BM; i?2 QTiBK�H �HB;MK2MiX h?Bb i2+?MB[m2 �HbQ
7�BHb iQ /2�H rBi? H�`;2 �M/ MQBbv 2p2Mi HQ;b (_2BĽM2` 2i �HX- kyRd)X

:�`+ő�@"�Ƣm2HQb 2i �HX (kyR3) p2`#�HBx2/ i?2 /2i2+i2/ /2pB�iBQMb BM � b2i Q7 M�i@
m`�H H�M;m�;2 bi�i2K2MibX h?2v T`QTQb2 MBM2 /2pB�iBQMb T�ii2`Mb- BX2X- BKK2/B�i2
+�mb�HBiv@+QM+m``2M+v- BKK2/B�i2 +QM+m``2M+v@+QM~B+i- i�bF bFBTTBM;- mMK�i+?2/ `2T@
2iBiBQM- i�bF bm#biBimiBQM- i�bF `2HQ+�iBQM- i�bF �#b2M+2fBMb2`iBQM �M/ mMQ#b2`p2/ �+v+HB+
BMi2`p�H- mMQ#b2`p2/ +v+HB+ BMi2`p�HX hQ /�i2- i?2B` �TT`Q�+? Bb i?2 QMHv i2+?MB[m2 i?�i
T`QpB/2b /2pB�iBQM T�ii2`Mb �i � ?B;?2` H2p2H BM M�im`�H H�M;m�;2X aQK2 Q7 i?2b2 T�i@
i2`Mb- TQi2MiB�HHv- KB;?i ;Bp2 �m/BiQ`b �M BMbB;?i BMiQ r?�i FBM/ Q7 /2pB�iBQMb 2tBbi
BM � b2i Q7 i`�Mb�+iBQMbX L2p2`i?2H2bb- i?2B` �TT`Q�+? Bb MQi +QKTH2i2Hv bmBi�#H2 7Q`
�m/BiBM; Tm`TQb2bX 6B`biHv- i?2 �TT`Q�+? +`2�i2b �M ǵ2p2Mi bi`m+im`2Ƕ 7`QK i?2 2p2Mi
HQ; �M/ +QKT�`2b Bi rBi? �M ǵ2p2Mi bi`m+im`2Ƕ +`2�i2/ 7`QK i?2 MQ`K�iBp2 KQ/2HX
*QMb2[m2MiHv- i?2 T`Q+2bb 2t2+miBQM �M/ i`�+2b BM i?2 2p2Mi HQ; +�MMQi #2 Q#b2`p2/
�MvKQ`2 �b bi�M/�HQM2 b2[m2M+2b- #mi i?2 2p2Mi HQ; Bb b22M �b �M �#bi`�+iBQMX h?2`2@
7Q`2- }M/BM; i?2 /2pB�iBM; T`Q+2bb 2t2+miBQMb Q` i`�+2b- Q` 2p2M i?2 7`2[m2M+v Q7 2�+?
/2pB�iBQM ivT2 Bb MQi TQbbB#H2X

�KQM; i?2 MBM2 bm;;2bi2/ T�ii2`Mb- }p2 Q7 i?2K KB;?i #2 BM �++Q`/�M+2 rBi?
�m/BiBM; Tm`TQb2b, i�bF bFBTTBM;- mMK�i+?2/ `2T2iBiBQM- i�bF bm#biBimiBQM- i�bF `2HQ+�@
iBQM- i�bF �#b2M+2f BMb2`iBQM bBM+2 i?2b2 T�ii2`Mb �HbQ +QKT�`2 `2�H 2t2+miBQMb rBi?
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i?2 T`2b+`B#2/ KQ/2HX h?2 `2K�BMBM; T�ii2`Mb �`2 MQi bmBi�#H2 7Q` �m/BiBM; Tm`TQb2b
bBM+2 i?2v `2H�i2 iQ +?�`�+i2`BbiB+b Q7 +�mb�HBiv �M/ T�`�HH2HBbK BM i?2 KQ/2HX *�mb�H@
Biv �M/ T�`�HH2HBbK �`2 MQi Q#b2`p�#H2 BM i?2 b2[m2MiB�H i`�+2b r?B+? �m/BiQ`b ?�p2 iQ
2p�Hm�i2- ?2M+2 i?2v �`2 MQi bmBi�#H2 7Q` �m/BiBM; Tm`TQb2bX *�mb�HBiv �M/ T�`�HH2HBbK
�`2 Q7i2M T`QTQb2/ 7Q` �//BiBQM�H KQ/2H #2?�pBQ` i?�i �`2 MQi Q#b2`p2/ BM i?2 2p2Mi
HQ;- r?BH2 �m/BiBM; T`�+iB+2 Bb #�b2/ QM i?2 ?BbiQ`B+�H /�i�- BX2X- i?2 2p2Mi HQ;X

9XRXyXk S`Q+2bb /2pB�iBQM T�ii2`Mb BM #mbBM2bb T`Q+2bb K�M�;2K2Mi HBi2`�im`2

"2vQM/ i?2 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b- BM T`Q+2bb K�M�;2K2Mi HBi2`�im`2- q2@
#2` 2i �HX (kyy3) T`QTQb2/ � +QKT`2?2MbBp2 b2i Q7 +?�M;2 T�ii2`Mb 7Q` +QKT�`BM;
#mbBM2bb T`Q+2bb2bX h?2 �mi?Q`b bm;;2bi2/ R3 ǵ+?�M;2 T�ii2`MbǶ 7`QK � +QMi`QH@~Qr
T2`bT2+iBp2RX �KQM; i?2b2 +?�M;2 T�ii2`Mb- QMHv bBt T�ii2`Mb b22K `2H2p�Mi 7Q` i?2
Q#b2`p�#H2 /2pB�iBQMb BM 2p2Mi HQ; i`�+2bX h?2b2 �`2, BMb2`i T`Q+2bb 7`�;K2Mi- /2H2i2
T`Q+2bb 7`�;K2Mi- `2TH�+2 T`Q+2bb 7`�;K2Mi- br�T T`Q+2bb 7`�;K2Mi- +QTv T`Q+2bb 7`�;@
K2Mi- 2K#2/ T`Q+2bb 7`�;K2Mi BM HQQTX Pi?2` +?�M;2 T�ii2`Mb bm+? �b T�`�HH2HBx2 �+iBp@
BiB2b- 2K#2/ T`Q+2bb 7`�;K2Mi BM +QM/BiBQM�H #`�M+?- +�MMQi #2 Q#b2`p2/ BM i`�Mb�+iBQM
b2[m2M+2bX h?2 `2�bQM Bb i?�i i`�+2b Q7 T`Q+2bb 2t2+miBQMb BM �M 2p2Mi HQ; �`2 �Hr�vb
BM � b2[m2MiB�H 7Q`K�iX h?2`27Q`2- i?2 T�`�HH2H �+iBpBiB2b Q` +QM/BiBQM�H #`�M+?2b +�M@
MQi #2 Q#b2`p2/ i?2`2X h?2 `2bi Q7 i?2B` T`QTQb2/ T�ii2`Mb �`2 MQi bmBi�#H2 2Bi?2` 7Q`
+QKT�`BbQM Q7 b2[m2M+2b rBi? � KQ/2H- #2+�mb2 BM b2[m2MiB�H i`�+2b- i?Qb2 T�ii2`Mb �`2
Q#b2`p�#H2 �b Qi?2` +?�M;2 T�ii2`Mb bm+? �b br�T T`Q+2bb 7`�;K2Mi Q` /2H2i2 T`Q+2bb
7`�;K2MiX h?2 T�ii2`M KQp2 T`Q+2bb 7`�;K2Mi bQmM/b HBF2 � +QK#BM�iBQM Q7 BMb2`i �M/
/2H2i2 T`Q+2bb 7`�;K2Mi T�ii2`MbX >Qr2p2`- Bi +�MMQi #2 +QMbB/2`2/ 2Bi?2`- #2+�mb2
Q7 Bib /2}MBiBQM BM i?2B` �TT`Q�+?X JQp2 T`Q+2bb 7`�;K2Mi Bb i?2 `2HQ+�iBQM Q7 � i�bF
iQ bQK2r?2`2 7m`i?2` BM i?2 i`�+2- MQi b2[m2MiB�HHv- #mi i?2 KQp2/ i�bF Bb 2K#2//2/
BM � #`�M+? r?B+? `2[mB`2b i?2 �TTHB+�iBQM Q7 T�`�HH2HBbK- r?B+? /Q2b MQi 2tBbi BM �M
2p2Mi HQ;X

_2;�`/H2bb Q7 i?2 /Bz2`2Mi i2`KBMQHQ;v i?�i Bb mb2/ BM i?2 i?`22 bim/B2b- i?2`2 Bb �
;2M2`�H Qp2`H�T BM K2�MBM;X h�#H2 9XR T`2b2Mib �M Qp2`pB2r Q7 �HH `2H2p�Mi /2pB�iBQM
+�i2;Q`B2b �b bm;;2bi2/ #v �/`B�Mbv�? 2i �HX (kyRy)- :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3)-
q2#2` 2i �HX (kyy3)- �M/ ?Qr i?2v `2H�i2 iQ 2�+? Qi?2`X JQbi `2H�iBQMb �`2 bi`�B;?i@
7Q`r�`/- 2t+2Ti 7Q` /Bz2`2M+2 BM i?2 r�vb i?�i �/`B�Mbv�? 2i �HX (kyRy) �M/ q2#2`

Rh?2 R3 +?�M;2 T�ii2`Mb �`2 BMb2`i T`Q+2bb 7`�;K2Mi- /2H2i2 T`Q+2bb 7`�;K2Mi- `2TH�+2 T`Q+2bb 7`�;@
K2Mi- br�T T`Q+2bb 7`�;K2Mi- +QTv T`Q+2bb 7`�;K2Mi- KQp2 T`Q+2bb 7`�;K2Mi- 2ti`�+i bm#@T`Q+2bb-
BM HBM2 bm#@T`Q+2bb- 2K#2/ �M 2tBbiBM; 7`�;K2Mi BM � HQQT- T�`�HH2HBx2 � T`Q+2bb 7`�;K2Mi- 2K#2/ �M
2tBbiBM; T`Q+2bb 7`�;K2Mi BM � +QM/BiBQM�H #`�M+?- �// +QMi`QH /2T2M/2M+v- `2KQp2 +QMi`QH /2T2M@
/2M+B2b- mT/�i2 i`�MbBiBQM +QM/BiBQMb- H�i2 b2H2+iBQM Q7 7`�;K2Mib- H�i2 KQ/2HBM; Q7 7`�;K2Mib- H�i2
+QKTQbBiBQM Q7 7`�;K2Mib- �M/ KmHiB BMbi�M+2 �+iBpBiv
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2i �HX (kyy3) mb2 ǶBMb2`iǶ r?B+? `2[mB`2b bQK2 �ii2MiBQMX h?2 H�ii2` K�F2b � /BbiBM+iBQM
#2ir22M BMb2`iBM; �M/ +QTvBM; � T`Q+2bb 7`�;K2Mi- r?2`2 i?2 7Q`K2` +�i2;Q`Bx2b #Qi?
i?2b2 irQ T�ii2`Mb �b ǶBMb2`iǶX :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3) Bb KQ`2 BM HBM2 rBi? q2#2`
2i �HX (kyy3)- �HbQ K�FBM; � /BbiBM+iBQMX h?2`27Q`2- r2 7QHHQr i?Bb KQ`2 /2i�BH2/ bTHBi@
mT BM BMb2`iBM; �M/ `2T2�iBM; �M �+iBpBivX Ai Bb BKTQ`i�Mi iQ F22T i?Bb /2bB;M +?QB+2
BM KBM/ r?2M �M�HvxBM; Qm` /�i� H�i2` QMX h?2 }`bi +QHmKM BM h�#H2 9XR- *�i2;Q`B2b-
Bb i?2 Qp2`�`+?BM; /2b+`BTiBQM i?�i r2 rBHH mb2 i?`Qm;?Qmi i?Bb +?�Ti2` r?2M `272``BM;
iQ i?2b2 T�ii2`MbX

9XRXR S`Q+2bb /2pB�iBQM T�ii2`Mb BM HBi2`�im`2
h?2 T`2pBQmb bm#b2+iBQMb T`QpB/2/ i?2 +�i2;Q`B2b 7`QK #Qi? +QM7Q`K�M+2 +?2+FBM; �M/
#mbBM2bb T`Q+2bb K�M�;2K2Mi HBi2`�im`2X h�#H2 9XR bmKK�`Bx2b i?2 `2H2p�Mi HBi2`�im`2
QM i?2 T`Q+2bb /2pB�iBQM i?�i r�b /2b+`B#2/ �#Qp2X h?2 i�#H2 +QMi�BMb i?2 T�ii2`Mb
bm;;2bi2/ #v �/`B�Mbv�? 2i �HX (kyRy)- :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3)- q2#2` 2i �HX
(kyy3) 2�+? rBi? i?2B` +QmMi2`T�`ibX 6Q` 2�+? /2pB�iBQM T�ii2`M- �M 2t�KTH2 Q7 �
/2pB�iBM; +�b2 Bb T`QpB/2/ #v +QMbB/2`BM; < ABCEFGH > r?B+? Bb QM2 Q7 i?2 KQ/2H
T�i?b BHHmbi`�i2/ BM 6B;m`2 jX9X h?2 ;2M2`B+ /2pB�iBQM T�ii2`Mb �`2 /2b+`B#2/ BM i?2
}`bi +QHmKMX h?2 b2+QM/ +QHmKM b?Qrb i?2 i2`Kb mb2/ BM i?Bb i?2bBb `272``BM; iQ i?2
/Bz2`2Mi /2pB�iBQM T�ii2`MbX �b BHHmbi`�i2/ BM i?2 i�#H2- i?2 TQbbB#H2 T`Q+2bb /2pB�iBQMb
7`QK HBi2`�im`2 7Q` 2tBbi2M+2 KBbK�i+? �`2 bFBT Q7 �M �+iBpBiv- BMb2`iBQM Q7 �M �+iBpBiv
�M/ `2TH�+2K2Mi Q7 irQ �+iBpBiB2b r?B+? +�M #2 b22M �b i?2 +QK#BM�iBQM Q7 bFBTTBM;
Q7 �M �+iBpBiv �M/ BMb2`iBM; Q7 �MQi?2` �+iBpBivX 6Q` i?2 b2[m2M+2 Q` Q`/2` KBbK�i+?-
i?2 TQbbB#H2 T`Q+2bb /2pB�iBQMb �`2 br�TTBM;- `2T2iBiBQM �M/ HQQT Q7 �+iBpBiB2bX AM i?Bb
+?�Ti2`- i?2b2 bBt /2pB�iBQM ivT2b �`2 +QMbB/2`2/ �b i?2 ?vTQi?2bBb- #�b2/ QM i?2
2tBbiBM; i?2Q`vX

9Xk J2i?Q/QHQ;v �M/ `2b2�`+? /2bB;M

h?2 HBi2`�im`2 bim/v T`QpB/2b mb rBi? /Bz2`2Mi /2pB�iBQM T�ii2`Mbk i?�i +�M #2 B/2M@
iB}2/ r?2M +QKT�`BM; � b2i Q7 i`�Mb�+iBQMb rBi? � KQ/2HX h?2b2 T�ii2`Mb �`2 bi2K@
KBM; 7`QK +QKTmi2` b+B2M+2 �M/ #mbBM2bb T`Q+2bb K�M�;2K2Mi i?2Q`v �M/ r2`2 M2p2`
i2bi2/ QM i?2B` �HB;MK2Mi rBi? i?2 �m/BiBM; T`Q72bbBQMX 6Q` �m/BiQ`b iQ #2 �#H2 iQ mb2
+QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b BM i?2B` T`Q72bbBQM- i?2 �HB;MK2Mi Q7 i?2 /2pB�iBQM
+�i2;Q`B2b rBi? i?2B` Q#D2+iBp2 Bb +`m+B�HX h?Bb b2+iBQM 2tTH�BMb i?2 K2i?Q/QHQ;v r?B+?
Bb mb2/ iQ BMp2biB;�i2 iQ r?�i 2ti2Mi i?2 /2pB�iBQM T�ii2`Mb B/2MiB}2/ BM a2+iBQM 9XR

khQ i?2 2M/ Q7 i?Bb +?�Ti2` i?Bb 7QMi Bb mb2/ 7Q` /2pB�iBQMb T�ii2`Mb bi2KKBM; 7`QK HBi2`�im`2 iQ
?2HT i?2 `2�/2` iQ /BbiBM;mBb? i?2K 2�bBHv 7`QK i?2 +�i2;Q`B2b /Bb+Qp2`2/ 7`QK }2H/ bim/v
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+�M #2 �TTHB2/ #v �m/BiQ`bX h?2`27Q`2- QM2 }`bi M22/b iQ ;�BM BMbB;?i BMiQ ?Qr �m/B@
iQ`b BMi2`T`2i /2pB�iBQMb r?2M #2BM; +QM7`QMi2/ rBi? /2pB�iBQMbX ai�`iBM; 7`QK i?2b2
BMi2`T`2i�iBQMb TQi2MiB�H �HB;MK2Mib rBi? 2tBbiBM; /2pB�iBQM T�ii2`Mb +�M #2 B/2MiB}2/X
6Q` i?Bb Tm`TQb2- � }2H/ `2b2�`+? Bb T2`7Q`K2/X 6Qm`i22M �m/BiQ`b r2`2 BMi2`pB2r2/
iQ Q#i�BM i?2B` BMi2`T`2i�iBQMb Q7 /2pB�iBQMb 7`QK � +QMi`QH@~Qr T2`bT2+iBp2X h?2
7QHHQrBM; bm#b2+iBQMb 2tTH�BM i?2 K2i?Q/QHQ;v Q7 i?Bb `2b2�`+? �M/ i?2 BMbi`mK2Mi
/2bB;MX

9XkXR 6B2H/ `2b2�`+? K2i?Q/QHQ;v
ai�`iBM; 7`QK i?2 HBi2`�im`2 `2pB2r- � b2i Q7 T`Q+2bb /2pB�iBQM T�ii2`Mb Bb T`QTQb2/ �b
Bi Bb B/2MiB}2/ BM i?2 HBi2`�im`2 �M/ BHHmbi`�i2/ BM h�#H2 9XRX h?2b2 �`2 i?2 ;2M2`�H
T`Q+2bb /2pB�iBQM +�i2;Q`B2b �M/ �`2 +QMbB/2`2/ �b i?2 �bbmKTiBQM 7Q` i?Bb `2b2�`+?X

h?2 T`QTQbBiBQM Bb i?�i i?Bb b2i Q7 /2pB�iBQM T�ii2`Mb Bb �TTHB+�#H2 BM i?2 �m/BiBM;
/QK�BMX hQ i2bi i?Bb T`QTQbBiBQM- � }2H/ `2b2�`+? Bb 2t2+mi2/X �M BM/m+iBp2 U#QiiQK@
mTV +QMbi`m+iBQM Q7 � i?2Q`v (qBHbQM- kyR9) Bb +QM/m+i2/ BM i?Bb `2b2�`+?- i?2 b�K2
�b �HKQbi �HH i?2 Qi?2` }2H/ `2b2�`+? T2`7Q`K2/ BM i?2 �m/BiBM; /QK�BM (J�Hb+? �M/
a�Hi2`BQ- kyR8)X :�i?2`BM; i?2 /2pB�iBQM ivT2b BMi2`T`2i2/ #v �m/BiQ`b Bb �M Q#D2+iBp2-
BM/2T2M/2Mi- �M/ p�Hm2@7`22 BMp2biB;�iBQMX h?2b2 �`2 i?2 +?�`�+i2`BbiB+b Q7 � TQbBiBpBbK
`2b2�`+? T�`�/B;K (CQ?�MM2bbQM �M/ S2`DQMb- kyR9)X LQi2 i?�i- �Hi?Qm;? BM i?Bb
`2b2�`+? i?2 BMi2`T`2i�iBQM Q7 �m/BiQ`b Q7 /Bz2`2Mi /2pB�iBQMb Bb +QMbB/2`2/- i?2 M�im`2
Q7 i?2b2 BMi2`T`2i�iBQMb T2` b2 Bb Q#D2+iBp2 UMQi bm#D2+iBp2V- �M/ Bi Bb BM/2T2M/2Mi Q7 i?2
?mK�M K2�MBM;X h?2 �m/BiQ`bǶ BMi2`T`2i�iBQM Q7 i?2 +QMi`QH@~Qr /2pB�iBQMb �`2 #�b2/
QM i?2B` FMQrH2/;2 �M/ 2tT2`B2M+2X q2 TQbimH�i2 i?�i i?2`2 Bb � `2�bQMBM; #2?BM/
2�+? Q7 i?2B` BMi2`T`2i�iBQMb- �Hi?Qm;? MQi v2i 7Q`K�HBx2/ BM i?2 �m/BiBM; HBi2`�im`2X

6Q` i?2 }2H/ `2b2�`+? ǵBMi2`pB2rbǶ �`2 �TTHB2/ �b i?2 /�i� +QHH2+iBQM K2i?Q/X "v
�bFBM; [m2biBQMb- r2 i`B2/ iQ /Bb+Qp2` ?Qr �m/BiQ`b BMp2biB;�i2 �M/ �bb2bb /2pB�iBQMb-
�M/ iQ r?�i 2ti2Mi i?2B` BMi2`T`2i�iBQM Bb bBKBH�` Q` BM HBM2 rBi? i?2 T`Q+2bb /2pB�iBQM
T�ii2`Mb /Bb+Qp2`2/ 7`QK i?2 HBi2`�im`2X

q2 �TTHB2/ i?2 :BQB� K2i?Q/ (:BQB� 2i �HX- kyRj) iQ �M�Hvx2 [m�HBi�iBp2 /�i� �M/
/2p2HQT /2pB�iBM; +�i2;Q`B2bX :BQB�Ƕb K2i?Q/ +QK#BM2b irQ �TT`Q�+?2b, � bvbi2K�iB+
BM/m+iBp2 �TT`Q�+? iQ /2p2HQT i?2 +QM+2Tib 7`QK /�i� �M/ �M �#/m+iBQM �TT`Q�+?
rBi? i?2 BMTmi 7`QK `2b2�`+?2`b �M/ 2tBbiBM; HBi2`�im`2 (:BQB� 2i �HX- kyRj)X AM i?2
}`bi bi�;2 Q` }`bi@Q`/2` �M�HvbBb- i?2 �M�HvbBb Q7 i?2 ;�i?2`2/ /�i� �M/ +Q/2b Bb /QM2X
AM i?Bb bi�;2 r2 mb2/ BM/m+iBQM �M/ 2ti`�+i BM7Q`K�iBQM i2`Kb 7`QK i?2 T�`iB+BT�MibǶ
i2`Kb �M/ rQ`/BM;X AM i?2 b2+QM/ bi�;2- Q` i?2 b2+QM/@Q`/2` �M�HvbBb- i?2 +QM+2Tib �`2
�;;`2;�i2/ iQ /2p2HQT i?2 i?2K2bX h?2 b2+QM/@Q`/2` �M�HvbBb Bb r?2`2 i?2 �#/m+iBQM
Bb mb2/ �M/ `2b2�`+?2`bǶ FMQrH2/;2 �M/ 2tBbiBM; HBi2`�im`2 Bb i�F2M BMiQ �++QmMiX h?Bb
K2i?Q/ Bb 2tTH�BM2/ H�i2` BM i?Bb +?�Ti2`X
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9XkXRXR h?2Q`2iB+�H b�KTHBM;

h?2Q`2iB+�H b�KTHBM; BM [m�HBi�iBp2 `2b2�`+? BMpQHp2b +QHH2+iBM; /�i� BM i?2 }2H/ r?BH2
+?2+FBM; i?2 2K2`;BM; i?2Q`v �;�BMbi `2�HBiv (qBHHB;- kyRj)X AM i?Bb K2i?Q/ }`biHv
bQK2 /�i� Bb +QHH2+i2/ 7`QK i?2 }2H/ �M/ Bi Bb �M�Hvx2/ �M/ +Q/2/ #v i?2 `2b2�`+?2`X
�++Q`/BM; iQ i?2 `2bmHi Q7 +Q/BM;- KQ`2 /�i� rBHH #2 b2H2+i2/ 7`QK i?2 }2H/ �M/
�M�Hvx2/X h?2b2 #�+F �M/ 7Q`i? bi2Tb #2ir22M +QHH2+iBM; �M/ �M�HvxBM; /�i� +QMiBMm2b
mMiBH /�i� b�im`�iBQM Bb �+?B2p2/X

AM i?2 }2H/ `2b2�`+? i?�i bQ 7�` T2`7Q`K2/ BM i?2 �m/BiBM; /QK�BM- � MmK#2`
#2ir22M R8 �M/ jy BMi2`pB2r22b ?�/ #22M b2H2+i2/ #v `2b2�`+?2`b (J�Hb+? �M/ a�Hi2`BQ-
kyR8)X 6Q` i?Bb `2b2�`+? bim/v- r2 i�`;2i2/ ky �m/BiQ`b BM Qm` b�KTHBM; TH�MX hQ ;2i
iQ i?Bb MmK#2`- i?2 BMi2`pB2r `2[m2bi ?�b #22M b2Mi iQ Qp2` 9y �m/BiQ`b BM "2H;BmK
�M/ h?2 L2i?2`H�M/bX >Qr2p2`- QMHv R9 +QmH/ #2 `2�+?2/ 7Q` i?2 BMi2`pB2rX �HH i?2
R9 �m/BiQ`b r2`2 BMi2`pB2r2/X LBM2 r2`2 2KTHQv2/ �i "B; 7Qm` �m/BiBM; }`Kb �M/ }p2
r2`2 2KTHQv2/ �b BMi2`M�H �m/BiQ`b �i KmHiBM�iBQM�H +QKT�MB2bX h?Bb `2bmHi2/ BM Rk
BM/BpB/m�H BMi2`pB2rbX q2 +QMbB/2`2/ i?2 /�i� b�im`�iBQM +`Bi2`BQM- �b bm;;2bi2/ #v
J�Hb+? �M/ a�Hi2`BQ (kyR8)X

a�im`�iBQM BM /�i� +QHH2+iBQM Q++m`b r?2M i?2 `2bmHi Q7 � b2[m2M+2 Q7 BMi2`pB2rb Bb
bBKBH�`- r?B+? K2�Mb 7m`i?2` /�i� +QHH2+iBQM /Q2b MQi T`QpB/2 M2r `2bmHibX _2�+?BM;
i?2 b�im`�iBQM- r2 biQTT2/ �b bQQM �b r2 Q#b2`p2/ i?2 b�K2 HBbi Q7 BMi2`T`2i�iBQMb 7Q`
/2pB�iBQMbX AM K�Mv }2H/ `2b2�`+? bim/B2b BM i?2 �m/BiBM; /QK�BM- i?2 b�im`�iBQM Bb
`2�+?2/ #27Q`2 i?2 2M/ Q7 i?2 b�KTHBM; TH�M (J�Hb+? �M/ a�Hi2`BQ- kyR8)X A7 i?Bb rQmH/
MQi #2 i?2 +�b2 BM Qm` bim/v- r2 TH�MM2/ iQ �TTHv i?2 bMQr#�HH �TT`Q�+?X

AM i?2 bMQr#�HH �TT`Q�+?- 2�+? BMi2`pB2r22 BMi`Q/m+2b �MQi?2` T2`bQM r?Q +�M
T`QpB/2 i?2 `2b2�`+?2` rBi? KQ`2 BM7Q`K�iBQM QM i?2 iQTB+ (JBH2b �M/ >m#2`K�M-
RNN9)X >Qr2p2`- Bi im`M2/ Qmi i?Bb r�b MQi M2+2bb�`v 7Q` Qm` bim/vX

h�#H2 9Xk bmKK�`Bx2b i?2 b�KTH2 +QKTQbBiBQM �M/ BMi2`pB2r bi�iBbiB+b BM Qm` `2@
b2�`+?X h?2 7Q+mb 7Q` i?Bb }2H/ `2b2�`+? r�b QM K�M�;2`b �M/ b2MBQ` K�M�;2`b rBi?
�i H2�bi }p2 v2�`b Q7 2tT2`B2M+2X h?2 `2�bQM Bb i?�i i?Qb2 #2HQr i?Bb H2p2H- K�v MQi
?�p2 2MQm;? 2tT2`B2M+2- �M/ i?Qb2 r?Q �`2 �i � ?B;?2` H2p2H- K�v ?�p2 MQi 2t2+mi2/
i?2 /2pB�iBQM /2i2+iBQM i�bF 7Q` i?2 H�bi v2�`b- �M/ i?2v KB;?i ?�p2 7Q`;Qii2M i?2
+QKTH2i2 TB+im`2 (J�Hb+? �M/ a�Hi2`BQ- kyR8)X
1�+? BMi2`pB2r r�b /2bB;M2/ iQ H�bi �TT`QtBK�i2Hv QM2 ?Qm`- ?Qr2p2`- i?2 BMi2`pB2rb
p�`B2/ BM H2M;i? 7`QK y,8RǶ iQ R,99ǶX
h?2 BMi2`pB2rb r2`2 +QM/m+i2/ Qp2` � Rk@r22F T2`BQ/ 7`QK �T`BH kyRd iQ CmM2 kyRdX
h?2 T2`BQ/ Bb +?Qb2M iQ #2 �7i2` i?2 #mbv T2`BQ/ Q7 v2�`Hv �m/BiBM;X

JQbi Q7 i?2 BMi2`pB2rb r2`2 +QM/m+i2/ #v Kvb2H7 BM i?2 Q{+2b Q7 i?2 T�`iB+BT�Mib-
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7Qm` BMi2`pB2rb r2`2 +QM/m+i2/ �i �M Q{+2 BM i?2 mMBp2`bBiv �M/ QM2 BMi2`pB2r r�b
+QM/m+i2/ BM � ?Qi2H HQ##vX �HH BMi2`pB2rb �`2 `2+Q`/2/ �M/ i`�Mb+`B#2/X h?2 i`�M@
b+`BTiBQMb ?�p2 #22M /QM2 #v i?2 BMi2`pB2rBM; `2b2�`+?2`X

LmK#2` Q7
�m/BiQ`b

J2/B�M v2�`b Q7
2tT2`B2M+2

J2�M BMi2`pB2r
iBK2

1ti2`M�H �m/BiQ`b

J�M�;2` 9

Ry R,y8Ƕ
a2MBQ`
K�M�;2`

j

.B`2+iQ` R
S�`iM2` R

AMi2`M�H �m/BiQ`b @ 8 N R,jyǶ

h�#H2 9Xk, AMi2`pB2rb bi�iBbiB+b

q2 ?�p2 +?Qb2M iQ T2`7Q`K � b2KB@bi`m+im`2/ BMi2`pB2r- bBM+2 �//BiBQM�H [m2biBQMb
r2`2 �bF2/ #v i?2 BMi2`pB2r2` iQ T`Q#2 7m`i?2` i?2 HBM2 Q7 `2bTQMb2b- r?2`2 �TT`QT`B�i2X

S`BQ` iQ 2�+? BMi2`pB2r- � T�`i Q7 i?2 BMbi`mK2Mi- iQ;2i?2` rBi? i?2 Q#D2+iBp2b
Q7 i?2 BMi2`pB2r- r�b /Bbi`B#mi2/ iQ i?2 �m/BiQ`b pB� 2K�BHX �i i?2 Qmib2i Q7 i?2
BMi2`pB2r- i?2 `2b2�`+?2` BMi`Q/m+2/ ?2`b2H7 �M/ ?2` `2b2�`+?- i?2 bim/v �M/ #`B2~v
`2Bi2`�i2/ Bib Q#D2+iBp2b- BM+Hm/BM; i?2 2t+HmbBp2 7Q+mb QM i?2 +QMi`QH@~Qr T2`bT2+iBp2X
h?2 BMi2`pB2r22b r2`2 BM7Q`K2/ i?�i i?2 bim/v r�b #�b2/ QM i?2B` T`Q72bbBQM�H 2tT2@
`B2M+2 �M/ i?2`2 �`2 MQ T`2/2}M2/ +Q``2+i Q` BM+Q``2+i �Mbr2`bX h?2v r2`2 7m`i?2`
�bbm`2/ i?�i �HH BM7Q`K�iBQM T`QpB/2/ rQmH/ #2 mb2/ bQH2Hv 7Q` �+�/2KB+ Tm`TQb2b �M/
i?2B` T2`bQM�H BM7Q`K�iBQM �M/ /�i� rBHH #2 ?�M/H2/ +QM}/2MiB�HHvX h?2 BMi2`pB2r22b
r2`2 BMpBi2/ iQ BM/B+�i2 r?2i?2` �Mv T�`i Q7 i?2 T`2@/Bbi`B#mi2/ K�i2`B�H r�b mM+H2�`
Q` +QM7mbBM;c �//BiBQM�H +H�`B}+�iBQM �M/ 2tTH�M�iBQM r�b T`QpB/2/ r?2`2 M2+2bb�`vX
am#b2[m2MiHv- i?2 bi`m+im`2 Q7 i?2 BMi2`pB2r r�b 2tTH�BM2/- �M/ +QMb2Mi 7Q` �m/BQ
`2+Q`/BM; r�b Q#i�BM2/X

:2M2`�H [m2biBQMb bm+? �b i?2 H2p2H Q7 2tT2`iBb2 Q7 i?2 �m/BiQ`b �M/ i?2B` 2tT2`B2M+2
rBi? /�i� �M�HviB+ i2+?MB[m2b U2X;X- T`Q+2bb KBMBM;V r2`2 �bF2/ �i i?2 #2;BMMBM; Q7
i?2 BMi2`pB2rX

9XkXRXk h?2Q`2iB+�H +Q/BM;

h?2Q`2iB+�H +Q/BM; Bb i?2 T`Q+2bb Q7 B/2MiB7vBM; +�i2;Q`B2b 7`QK i?2 +QHH2+i2/ /�i�X h?2
+Q/BM; T`Q+2bb bi�`ib rBi? HQr@H2p2H +Q/BM; r?B+? Bb #�b2/ QM i?2 7`2[m2M+v Q7 Q#b2`@
p�iBQMb BM i?2 `2b2�`+?X am#b2[m2MiHv- i?2 ?B;?@H2p2H +�i2;Q`B2b rBHH #2 bvbi2K�iB+�HHv
+`2�i2/ #v BMi2;`�iBM; i?2 HQr@H2p2H +�i2;Q`B2bX
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AM i?Bb `2b2�`+?- i?2 BMi2`pB2rb �`2 }`biHv i`�Mb+`B#2/ mbBM; i?2 Pi`�Mb+`B#2 iQQHjX h?2
+Q/BM; �M/ �M�HvbBb Q7 BMi2`pB2r /�i� Bb T2`7Q`K2/ mbBM; i?2 H�i2bi p2`bBQM Q7 LpBpQ9

ULpBpQ RRV � /�i� �M�HvbBb bQ7ir�`2X
h?2 BMi2`pB2r /�i� Bb �M�Hvx2/ BM irQ T?�b2bX AM i?2 }`bi@Q`/2` �M�HvbBb- �HH /�i�

7`QK i?2 BMi2`pB2rb �`2 +Q/2/X h?Bb `2bmHib BM � ?B;? MmK#2` Q7 BM7Q`K�iBQM i2`KbX AM
i?2 b2+QM/@Q`/2` �M�HvbBb- bBKBH�`BiB2b �M/ /Bz2`2M+2b #2ir22M i?2 }`bi@Q`/2` +Q/2b �`2
+QMbB/2`2/- r?B+? H2�/b iQ +QKT`2bbBM; i?2 +Q/2b BMiQ ǵi?2K2bǶ (:BQB� 2i �HX- kyRj)X AM
i?2 }`bi +v+H2 Q7 /�i� �M�HvbBb AM oBpQ +Q/BM;8 Bb �TTHB2/X AM i?2 AM oBpQ +Q/BM;- +Q/2b
`272` iQ i?2 �+im�H T?`�b2b r?B+? �`2 mb2/ #v i?2 BMi2`pB2r22b i?2Kb2Hp2b (ai`�mbb-
RN3d)X h?Bb ?2HT2/ iQ }M/ i?2 i2`Kb �M/ +QM+2Tib mb2/ #v �m/BiQ`b- iQ `2T`2b2Mi i?2
K2�MBM;b BM?2`2Mi BM i?2B` /�BHv T`�+iB+2 (ai`BM;2`- kyR9)X h?2 AM pBpQ +Q/BM; �HbQ
?2HTb iQ �pQB/ BMb2`iBM; 2tBbiBM; i?2Q`v BMiQ i?2 �M�HvbBb (qBHHB;- kyRj)X hQ `2Q`;�MBx2
i?2 }`bi@Q`/2` +Q/2b BMiQ � b2H2+i2/ HBbi Q7 +�i2;Q`B2b- +Q/2 K�TTBM; Bb �TTHB2/ �b
� i`�MbBiBQM #2ir22M i?2 }`bi �M/ i?2 b2+QM/ +Q/BM; T?�b2 (a�H/�Ƣ�- kyRe)X AM i?2
b2+QM/@Q`/2`- +QM+2Tim�H +Q/BM; Bb mb2/ iQ +�i2;Q`Bx2 i?2 BMi2`pB2r22bǶ BMi2`T`2i�iBQM
i2`Kb BMiQ � ?B;?2` /BK2MbBQM- +�HH2/ i?2K2bX

9XkXRXj *QMbi�Mi +QKT�`�iBp2 K2i?Q/

*QMbi�Mi +QKT�`�iBp2 K2i?Q/ iQ;2i?2` rBi? i?2Q`2iB+�H b�KTHBM; +QMbiBimi2 i?2 +Q`2
Q7 [m�HBi�iBp2 �M�HvbBb ("Q2BD2- kyyk)X h?2 +QMbi�Mi +QKT�`�iBp2 K2i?Q/ Bb mb2/ 7Q`
�M�HvxBM; i?2 /�i� ;�i?2`2/X h?2 ;Q�H Q7 +QMbi�Mi +QKT�`�iBp2 K2i?Q/ Bb iQ +QKT�`2
M2r /�i� rBi? 2K2`;BM; i?2Q`v �M/ iQ B/2MiB7v Bib bBKBH�`Biv Q` /Bz2`2M+2 rBi? i?2
Qi?2` +�i2;Q`B2bX 1�+? M2r Q#b2`p�iBQM +�M +?�HH2M;2- `2}M2- Q` p�HB/�i2 i?2 B/2MiB}2/
+�i2;Q`B2bX h?2 ;Q�H Q7 +QMbi�Mi +QKT�`�iBp2 �M�HvbBb Bb iQ 2Mbm`2 i?�i �HH TQbbB#H2
+�i2;Q`B2b �`2 +�Tim`2/X 6Q` i?Bb Tm`TQb2- i?2 /�i� b?QmH/ #2 ;�i?2`2/ �M/ i?2
+QKT�`BbQM b?QmH/ +QMiBMm2 mMiBH MQ M2r +�i2;Q`B2b +�M #2 B/2MiB}2/X

9XkXRX9 h?2Q`2iB+�H b�im`�iBQM

AM i?2 [m�HBi�iBp2 `2b2�`+? K2i?Q/- i?2 T`Q+2bb Q7 /�i� +QHH2+iBQM �M/ /�i� �M�HvbBb
+QMiBMm2b mMiBH i?2 i?2Q`2iB+�H /�i� b�im`�iBQM Q++m`bX h?2 /�i� b�im`�iBQM Q++m`b
r?2M KQ`2 /�i� 7`QK i?2 b�KTH2 rBHH MQi H2�/ iQ KQ`2 BM7Q`K�iBQM `2;�`/b iQ i?2
`2b2�`+? [m2biBQM (a2�H2- RNNN)X AM i?Bb `2b2�`+? 7Q` ;2M2`�iBM; i?2 `2bmHib- r2 K�/2

j?iiT,ffQi`�Mb+`B#2X+QKf
9?iiT,ffrrrX[b`BMi2`M�iBQM�HX+QKfMpBpQfMpBpQ@T`Q/m+ib
8AM oBpQ +Q/BM; Bb �HbQ FMQrM �b HBi2`�H +Q/BM;- M�im`�H +Q/BM;- BM/m+iBp2 +Q/BM;- p2`#�iBK +Q/BM;-

BM/B;2MQmb +Q/BM; (a�H/�Ƣ�- kyRe)X AM i?2 AM pBpQ +Q/BM; i?2 H�#2H- r?B+? Bb rQ`/ Q` T?`�b2 Bb i�F2M
7`QK i?2 /�i� Bib2H7X AM Qi?2` rQ`/- i?2 T�`iB+BT�MiǶb QrM H�M;m�;2 Bb +?Qb2M �b i?2 H�#2HX
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U�V .2pB�iBQM +�i2;Q`B2b K2MiBQM2/ BM
2�+? BMi2`pB2r

U#V L2r BMi2`T`2i�iBQMb /Bb+Qp2`2/ BM
2�+? BMi2`pB2r

6B;m`2 9XR, .�i� b�im`�iBQM Bb `2�+?2/ �7i2` i?2 7Qm`i? BMi2`pB2r bBM+2 �7i2`r�`/b MQ
KQ`2 M2r +QM+2Ti ?�b #22M /Bb+Qp2`2/X

bm`2 i?�i Qm` b�KTH2 Bb H�`;2 2MQm;? iQ `2�+? i?2Q`2iB+�H /�i� b�im`�iBQMX �M�HvxBM;
i?2 BMi2`pB2r /�i� b?Qrb i?�i i?2 /�i� b�im`�iBQM Bb `2�+?2/ 7`QK i?2 }7i? BMi2`pB2r
bBM+2 MQ M2r +�i2;Q`v Ui?2K2V Bb /Bb+Qp2`2/ �7i2`r�`/bX >Qr2p2`- r2 ?�p2 +QHH2+i2/
�M/ BMp2biB;�i2/ KQ`2 /�i� iQ K�F2 bm`2 i?�i MQ KQ`2 +�i2;Q`v +�M 2K2`;2 7`QK
i?2 }2H/X 6B;m`2 9XR BHHmbi`�i2b r?2i?2` �M/ ?Qr K�Mv M2r BMi2`T`2i�iBQMb r2`2
/Bb+mbb2/ BM i?2 BMi2`pB2rbX Ai Bb b?QrM i?�i 7`QK i?2 }7i? BMi2`pB2r QM- MQ M2r
/2pB�iBQM +�i2;Q`v Bb K2MiBQM2/ #v i?2 BMi2`pB2r22bX

9XkXk AMbi`mK2Mi .2bB;M

AM i?2 /2bB;MBM; T?�b2 Q7 i?2 `2b2�`+?- i?2 Tm`TQb2 Q7 i?2 BMi2`pB2r- �M/ i?2 `2b2�`+?
[m2biBQM r�b i`�Mb7Q`K2/ BMiQ BMi2`pB2r [m2biBQMb- iQ `2�+? bmBi�#H2 `2bTQMb2bX hQ 7�@
+BHBi�i2 i?2 mM/2`bi�M/BM; Q7 i?2 BMi2`pB2r [m2biBQMb- � Tm`+?�b2@iQ@T�v T`Q+2bb KQ/2H
�M/ � b2i Q7 T`Q+m`2K2Mi i`�Mb�+iBQM BMbi�M+2b �`2 /2bB;M2/X h?2 BMi2`pB2r bi`m+im`2
+QKT`Bb2b irQ T�`ibX AM T�`i R- � ;2M2`�H �M/ QT2M@2M/2/ [m2biBQM Bb /2bB;M2/ iQ
/Bb+mbb TQbbB#H2 /2pB�iBQMb i?�i �m/BiQ`b +�M T`2/B+i bm+? � bBim�iBQM KB;?i ?�TT2M
BM � T`Q+2bb 2t2+miBQM- Q` ?�p2 2tT2`B2M+2/ Bi #27Q`2X AM T�`i k- i?2 BMi2`pB2r22 Bb
+QM7`QMi2/ rBi? i?2 KQ/2H �M/ 2t�KTH2bX hQ i?Bb 2M/- R3 T`Q+2bb 2t2+miBQM 2t�KTH2b
?�p2 #22M /2bB;M2/ #�b2/ QM i?2 T`Q+2bb /2pB�iBQM T�ii2`Mb /Bb+Qp2`2/ BM i?2 HBi2`�@
im`2 bmKK�`Bx2/ BM h�#H2 9XRX h?Bb b2+iBQM }`biHv 2tTH�BMb ?Qr i?2 KQ/2H �M/ i?2
b2i Q7 /2pB�iBM; T`Q+2bb 2t2+miBQMb �`2 /2bB;M2/X am#b2[m2MiHv- i?2 irQ T�`ib Q7 i?2
BMi2`pB2r BMbi`mK2Mi �`2 /Bb+mbb2/X "Qi? T�`ib Q7 i?2 BMbi`mK2Mi r2`2 mb2/ BM �HH i?2
BMi2`pB2rbX
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9XkXkXR _272`2M+2 KQ/2H /2bB;M

q2 ?�p2 +?Qb2M i?2 Tm`+?�b2@iQ@T�v U�HbQ FMQrM �b SkS- T`Q+m`2K2Mi- �M/ T`Q+m`2@
iQ@T�vV T`Q+2bb �b i?2 T`Q+2bb mM/2` BMp2biB;�iBQMX h?2 Tm`+?�b2@iQ@T�v USkSV T`Q+2bb
Bb i?2 r2HH@FMQrM T`Q+2bb rBi?BM Q`;�MBx�iBQMbǶ T`Q+2bb2b �M/ �m/BiQ`b �`2 7�KBHB�`
rBi? BiX �b MQi�iBQM�H H�M;m�;2- "SJL U`�i?2` i?�M S2i`B M2i MQi�iBQMV Bb +?Qb2M
#2+�mb2 Q7 Bib bBKTHB+Biv �M/ +H�`Biv 7Q` mM/2`bi�M/BM;X

�Hi?Qm;? i?2 SkS T`Q+2bb /2bB;M Bb ?B;?Hv /2T2M/2Mi QM i?2 +QKT�MB2b T`Q+2bb2b
�M/ Q#D2+iBp2b- r2 ?�p2 /2bB;M2/ i?`22 bBKTH2 KQ/2Hb #�b2/ QM irQ `2�H SkS 2p2Mi
HQ;bX �HH i?2 i?`22 KQ/2Hb r2`2 �HbQ BM HBM2 rBi? SkS T`Q+2bb2b T`QTQb2/ BM C�Mb 2i �HX
(kyR9) �M/ a�/B[ 2i �HX (kyyd)X

h?2 KQ/2Hb �`2 +`2�i2/ BM � r�v iQ #2 �#H2 iQ +Qp2` �HH i?2 /2pB�iBQMb T`QTQb2/ BM
h�#H2 9XR- #mi �HbQ iQ K�BMi�BM �M �++2Ti�#H2 H2p2H Q7 bBKTHB+Biv iQ #2 mM/2`bi�M/�#H2X

h?2 }`bi KQ/2H Bb � bBKTH2 SkS KQ/2H rBi? 2B;?i i�bFb- BX2X- *`2�i2 Sm`+?�b2
_2[m2bi- �TT`Qp2 Sm`+?�b2 _2[m2bi- *`2�i2 Sm`+?�b2 P`/2`- aB;M Sm`+?�b2 P`/2`-
_2H2�b2- :QQ/b _2+2BTi- AMpQB+2 _2+2BTi �M/ S�vX �Hi?Qm;? i?2 i�bFb �TT`Qp2 Sm`@
+?�b2 �M/ aB;M Sm`+?�b2 P`/2`- #Qi? `272` iQ i?2 �TT`Qp�H #v � b2MBQ`- 7Q` i?2 +H�`Biv
Q7 i?2 KQ/2H- r2 T`272``2/ iQ mb2 /Bz2`2Mi H�#2HBM;X AM +�b2 i?2 Tm`+?�b2 `2[m2bi
US_V Bb MQi �TT`Qp2/ Q` Tm`+?�b2 Q`/2` USPV Bb MQi bB;M2/- i?2 T`Q+m`2K2Mi +�b2 Bb
i2`KBM�i2/X h?2 i2`KBM�iBQM Bb b?QrM 7Q` #Qi? �TT`Qp2 Sm`+?�b2 _2[m2bi �M/ aB;M
Sm`+?�b2 P`/2`- rBi? � bT2+B�H FBM/ Q7 2p2Mi BM "SJL H�M;m�;2- BX2X- i?2 BMi2`K2/B�i2
2``Q` 2p2Mi Ua22 aB;M �M/ �TT`Qp2 2p2Mib BM i?2 KQ/2HbVX :QQ/b _2+2BTi �M/ AMpQB+2
_2+2BTi �`2 /2bB;M2/ BM �M P_ #`�M+?- r?B+? K2�Mb i?�i 2Bi?2` � :QQ/b _2+2BTi Q`
�M AMpQB+2 _2+2BTi +�M i�F2 TH�+2- #mi i?2B` +QK#BM�iBQM Bb �HbQ TQbbB#H2X P7i2M- B7
i?2 Tm`+?�b2 `2[m2bi +QM+2`Mb ;QQ/b- #Qi? :QQ/b _2+2BTi �M/ AMpQB+2 _2+2BTi b?QmH/
Q++m`X >Qr2p2`- B7 i?2 Tm`+?�b2 +QM+2`Mb b2`pB+2- �M AMpQB+2 _2+2BTi Bb 2MQm;?X

h?2 b2+QM/ KQ/2H Bb i?2 b�K2 �b i?2 }`bi QM2- #mi �M 2ti`� i�bF JQ/B7v Sm`+?�b2
P`/2` Bb �//2/X h?2 JQ/B7v Sm`+?�b2 P`/2` Bb /2bB;M2/ BM � HQQT 7Q`K�i �7i2` aB;M
Sm`+?�b2 P`/2`- r?B+? K2�Mb i?�i B7 i?2 SP Bb MQi �++2Ti�#H2 iQ #2 bB;M2/- i?2
Tm`+?�b2 Q`/2` +�M #2 KQ/B}2/ �M/ `2b2Mi iQ #2 bB;M2/X

h?2 i?B`/ KQ/2H Bb i?2 b�K2 �b i?2 b2+QM/ KQ/2H- #mi �MQi?2` i�bF 7Q` a2`pB+2
_2+2BTi Bb �//2/ M2ti iQ :QQ/b _2+2BTi rBi?BM �M sP_ #`�M+?X >�pBM; �M sP_
;�i2r�v- K2�Mb i?�i QMHv QM2 Q7 i?2 #`�M+?2b +�M #2 2t2+mi2/- M2p2` #Qi? iQ;2i?2`X
6Q` BMbi�M+2- BM i?Bb KQ/2H- 2Bi?2` a2`pB+2 _2+2BTi Q` :QQ/b _2+2BTi +�M Q++m` BM
QM2 T`Q+2bb 2t2+miBQM- M2p2` #Qi? Q7 i?2KX h?2 P_ ;�i2r�v 7Q` :QQ/b _2+2BTi �M/
AMpQB+2 _2+2BTi 7`QK KQ/2Hb U�V �M/ U#V Bb +?�M;2/ BMiQ �M �L. ;�i2r�vX �M �L.
;�i2r�v �HHQrb 7Q` T�`�HH2HBbKX h?Bb BKTHB2b i?�i #Qi? #`�M+?2b M22/ iQ #2 2t2+mi2/X
6Q` BMbi�M+2- BM i?Bb KQ/2H- irQ i�bFb- �`2 2tT2+i2/ iQ #2 2t2+mi2/- AMpQB+2 _2+2BTi
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U�V

U#V

U+V

6B;m`2 9Xk, U�V � bBKTH2 SkS KQ/2H rBi? 2B;?i i�bFb- U#V � bBKTH2 KQ/2H i?2 b�K2
�b � #mi rBi? �M 2ti`� JQ/B7v SP i�bF- U+V � bBKTH2 KQ/2H i?2 b�K2 �b � �M/ #- #mi
rBi? �M sP_ ;�i2r�v iQ /Bz2`2MiB�i2 #2ir22M ǵa2`pB+2 _2+2BTiǶ �M/ ǵ:QQ/b _2+2BTiǶ
i�bFbX
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�M/ QM2 Q7 i?2 :QQ/b _2+2BTi Q` a2`pB+2 _2+2BTiX h?Bb KQ/2H /2bB;M- rQmH/ �HHQr mb
iQ BMp2biB;�i2 i?2 /2pB�iBQMb i?�i �`Bb2 7`QK T�`�HH2HBbK UBX2X- +QM+m``2M+vV �M/ +?QB+2
BM i?2 KQ/2HX

h?2 ;Q�H r�b iQ b2H2+i i?2 #2bi KQ/2H �KQM; i?2b2 i?`22 KQ/2Hb BM � r�v i?�i Bi
rBHH #2 +QKTH2i2 �M/ `2�HBbiB+- #mi �HbQ #�bB+ 2MQm;? iQ F22T i?2 }2H/ /Bb+mbbBQM �b
+HQb2 �b TQbbB#H2 iQ i?2 +Q`2 Q7 i?2 `2b2�`+? BMi2`2biX h?2 KQ/2Hb �`2 b2Mi iQ i?`22
�m/BiQ`b �HQM; rBi? i?2 7QHHQrBM; [m2biBQMb QM i?2 +QKTH2i2M2bb �M/ +QKTH2tBiv Q7
i?2 KQ/2HbX

UBV .Q i?2b2 KQ/2Hb `2b2K#H2 i?2 Tm`+?�b2@iQ@T�v T`Q+2bb2b i?�i vQm �b �M �m/BiQ`
b22 QM vQm` /�v@iQ@/�v T`Q72bbBQM\ A7 v2b- r?B+? QM2 Q7 i?2 i?`22 Bb i?2 +HQb2bi
QM2 iQ i?2 7`2[m2MiHv mb2/ SkS T`Q+2bb\

UBBV Ab 2p2`vi?BM; rBi? `2;�`/ iQ i?2 H�#2HBM; Q7 i?2 i�bFb Q` BM i?2B` Q`/2` +H2�` BM
i?2 KQ/2Hb\

UBBBV Ab i?2`2 �Mv Qi?2` 7`2[m2Mi i�bF BM i?2 SkS T`Q+2bb i?�i Bb MQi K2MiBQM2/ BM
i?2b2 KQ/2Hb\

UBpV Ab �Mv Q7 i?2b2 KQ/2Hb iQQ +QKTH2t Q` iQQ bBKTH2 7`QK �M �m/BiQ`Ƕb T2`bT2+iBp2\

UpV �`2 i?2 H�#2Hb Q7 i?2 i�bFb ǵaB;MǶ �M/ ǵ�TT`Qp2Ƕ +QM7mbBM; 7Q` �m/BiQ`b\ A7 v2b-
Bb i?2`2 �MQi?2` H�#2H 7Q` bm+? i�bFb i?�i Bb mbm�HHv mb2/ #v T`Q+2bb �M�Hvbibf
�m/BiQ`b\

UpBV q?B+? Q7 i?2 KQ/2Hb /Q vQm T`272`- +QMbB/2`BM; Bib +QKTH2i2M2bb �M/ bBKTHB+Biv\

h?2 �Mbr2`b `2+2Bp2/ 7`QK irQ �m/BiQ`b UQM2 BMi2`M�H �M/ QM2 2ti2`M�H �m/BiQ`V
r2`2 �b 7QHHQrb, h?2 i?`22 KQ/2Hb �`2 `2�HBbiB+ �M/ mM/2`bi�M/�#H2 7Q` i?2 �m/BiQ`b
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BMbi`mK2MiX q2 /2+B/2/ iQ /Bb+mbb bQK2 +�b2b r?B+? +QMbBbi Q7 JQ/B7v Sm`+?�b2 P`/2`
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h?2 HBbi Q7 R3 /2pB�iBM; i`�+2b Bb b?QrM BM h�#H2 9X9X �M �``Qr bvK#QH U → V Bb
+?Qb2M iQ BHHmbi`�i2 i?2 Q`/2` �M/ b2[m2M+2 Q7 i?2 i�bFb- BMbi2�/ Q7 mbBM; � +QHmKM iQ
b2T�`�i2 i�bFb 7`QK 2�+? Qi?2`X 6Q` i?2 b�F2 Q7 bT�+2 BM i?Bb +?�Ti2`- i?2 �##`2pB�iBQMb
Q7 T`Q+2bb �+iBpBiB2b �`2 mb2/ BM i?Bb i�#H2 �M/ �HbQ BM h�#H2 9X8X S_ �M/ SP bi�M/
7Q` Sm`+?�b2 _2[m2bi �M/ Sm`+?�b2 P`/2` `2bT2+iBp2HvX �M/ A_- :_ �M/ a_ �`2
�++Q`/BM;Hv i?2 �##`2pB�iBQMb 7Q` AMpQB+2 _2+2BTi- :QQ/b _2+2BTi �M/ a2`pB+2 _2+2BTiX
>Qr2p2`- BM i?2 BMbi`mK2Mi mb2/ BM i?2 BMi2`pB2rb- i?2 7mHH M�K2 Q7 �+iBpBiB2b ?�/
#22M BHHmbi`�i2/X

�b Bi +�M #2 b22M BM KQbi Q7 i?2 T`Q+2bb 2t2+miBQMb b2H2+i2/ ?2`2- i?2 /2pB�iBQMb
+�M #2 BMi2`T`2i2/ BM /Bz2`2Mi r�vbX 6Q` BMbi�M+2- i?2 /2pB�iBQM BM h`�+2 Rj- +�M #2
BMi2`T`2i2/ BM i?`22 r�vb, BV Release Bb bFBTT2/ �M/ Pay Bb BMb2`i2/- Q` BBV Release Bb
bFBTT2/ �M/- < GoodsReceipt → InvoiceReceipt > �`2 br�TT2/- Pay Bb `2T2�i2/- Q`
BBBV Release Bb `2TH�+2/ #v PayX �KQM; �HH i?2b2 BMi2`T`2i�iBQMb i?�i �`2 TQbbB#H2 7`QK
� i?2Q`2iB+�H TQBMi Q7 pB2r- r2 ?�p2 +QMbB/2`2/ i?2 QM2 i?�i ?�b i?2 H2�bi +QK#BM�iBQMb
�M/ i?2`27Q`2 i?2 H2�bi �K#B;mBivX Pm` +H�bbB}+�iBQM Bb QMHv `2H2p�Mi 7Q` i?2 i?2Q`2iB+�H
b�KTHBM; �M/ i?2 �M�HvbBb �7i2`r�`/X h?Bb +H�bbB}+�iBQM r�b MQi b?�`2/ rBi? i?2
BMi2`pB2r22b- MQi iQ #B�b i?2B` BMi2`T`2i�iBQMbX aQ- 7Q` h`�+2 Rj- r2 +QMbB/2` i?2 i?B`/
/2pB�iBQM T�ii2`MX h�#H2 9X8 b?Qrb r?B+? T�ii2`Mb Q7 T`Q+2bb /2pB�iBQMb 7QmM/ 7`QK
i?2 HBi2`�im`2 �`2 T`2b2Mi BM 2�+? T`Q+2bb 2t2+miBQMX

9XkX9 S�`i R, .Bb+mbbBQM QM TQbbB#H2 /2pB�iBQMb #�b2/ QM i?2 T`Q+2bb
KQ/2H

AM i?2 }`bi T�`i Q7 i?2 BMi2`pB2r- i?2 BMi2`pB2r22b �`2 �bF2/ �M QT2M@2M/2/ [m2biBQMX
�M QT2M@2M/2/ [m2biBQM- �b bi�i2/ #v a�mM/2`b (kyRR)- �HHQrb i?2 BMi2`pB2r22b iQ
/2}M2 � bBim�iBQM #v i?2Kb2Hp2b �M/ H2i i?2K T`QpB/2 �M 2ti2MbBp2 �M/ /2p2HQTK2Mi�H
�Mbr2`X h?2 [m2biBQM Bb �b 7QHHQrb,

ǳ*QMbB/2`BM; i?Bb KQ/2H- r?�i FBM/ Q7 /2pB�iBQMb +�M vQm +QK2 mT rBi? BM i?2
SkS T`Q+2bb 2t2+miBQMb- 7`QK � +QMi`QH@~Qr T2`bT2+iBp2\Ǵ

"27Q`2 2�+? BMi2`pB2r- i?Bb [m2biBQM ?�b �HbQ #22M b2Mi �HQM; rBi? i?2 SkS KQ/2H
iQ i?2 BMi2`pB2r22bX �M 2tTH�M�iBQM Q7 ǵi?2 +QMi`QH@~Qr T2`bT2+iBp2Ƕ r�b �//2/ �b
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[m2biBQM QM r?�i FBM/ Q7 /2pB�iBQMb i?2v +QK2 mT rBi? BM i?2 SkS T`Q+2bb 2t2+miBQMbX
h?2v K2MiBQM2/ i?2b2 /2pB�iBQM +QM+2Tib #�b2/ QM i?2B` 2tT2`B2M+2 rBi? `2�H rQ`H/
T`Q+2bb2bX h?2 +�i2;Q`v AMb2`iBM; r�b 2tT`2bb2/ 72r2` iBK2bX h?2 H�bi +�i2;Q`v-
am#biBimiBM;- r�b QMHv K2MiBQM2/ QM+2- bQ r2 /B/ MQi ;2i K�Mv 2tTHB+Bi BM7Q`K�iBQM
i2`Kb �M/ +QM+2Tib BM i?2 BMi2`pB2r +Q/BM;X

hQ /2+B/2 r?B+? /2pB�iBQM +�i2;Q`B2b �`2 �TTHB+�#H2 7Q` �m/BiQ`b- r2 +QKT�`2 i?2b2
/2pB�iBQM i?2K2b rBi? i?2B` TQi2MiB�H +QmMi2`T�`ib BM T`Q+2bb /2pB�iBQMb BM i?2 HBi2`@
�im`2X hQ /Q bQ- r2 7Q+mb �M/ �M�Hvx2 i?2 /�i� i?�i �`2 ;�i?2`2/ /m`BM; i?2 b2+QM/
T�`i Q7 i?2 BMi2`pB2rX AM i?�i T�`i- �m/BiQ`b �`2 +QM7`QMi2/ rBi? i?2 /2pB�iBM; i`�+2b-
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*QM+2Ti 6`2[m2M+v h?2K2 UhQi�H 7`2[m2M+vV

�7i2` kN





_2Q`/2`BM; UN3V

"27Q`2 k8
�7i2`r�`/b 3
�/p�M+2/ e
S`2@ 9
lT 7`QMifAM 7`QMi 9
hQQ H�i2f G�i2` 9
S`BQ` j
SQbiTQM2 k
hBKBM; Bbbm2 k
hQQ bQQM R
aFBTTBM; i?2 [m2m2 R
LQi iBK2Hv s R
LQi v2i s R
aQK2#Q/v +�M s r?2M2p2` ?2 r�Mi R
s BM i?2 KB//H2 Q7 T`Q+2bb R
s ?�TT2Mb rBi?Qmi �Mv Q`/2` R
s Bb MQi BM i?2 `B;?i TH�+2 R
u BM kyRe �M/ s BM kyRd R
s Bb � bi2T #2?BM/ R
s rBi? � #�+F /�i2 R

h�#H2 9X3, .2pB�iBQM +QM+2Tib r?B+? �;;`2;�i2/ BMiQ Ƕ_2Q`/2`BM;Ƕ i?2K2 BM i?2 b2+QM/@
Q`/2` +Q/BM;
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*QM+2Ti 6`2[m2M+v h?2K2 UhQi�H 7`2[m2M+vV

hrB+2 Rd





.mTHB+�iBQM U33V

L@iBK2b Rj
hrQ@i?`22@7Qm` Rj
.mTHB+�iBQM RR
.Qm#H2 3
_2@ d
JmHiBTH2fb2p2`�H e
a2+QM/ 9
�;�BM 9
Pp2`@ k
_2T2�i R
aTHBi BM /Bz2`2Mi HBM2b R
� HQi Q7 s �M/ vQm ;2i QMHv QM2 u R

h�#H2 9XN, .2pB�iBQM +QM+2Tib r?B+? �;;`2;�i2/ BMiQ Ƕ.mTHB+�iBQMǶ i?2K2 BM i?2
b2+QM/@Q`/2` +Q/BM;

*QM+2Ti 6`2[m2M+v h?2K2 UhQi�H 7`2[m2M+vV

o2`# s RR
}

AMb2`iBQM URjV
1tT2+i s Q` u- ?2`2 vQm ?�p2 #Qi? k

h�#H2 9XRy, .2pB�iBM; +QM+2Tib 7`QK i?2 +Q/2 K�TTBM; T?�b2 r?B+? `2H�i2/ iQ BMb2`@
iBQM Q7 � M2r i�bF �`2 +�i2;Q`Bx2/ BMiQ ǶAMb2`iBQMǶ i?2K2 BM i?2 b2+QM/@Q`/2` +Q/BM;

*QM+2Ti 6`2[m2M+v h?2K2 UhQi�H 7`2[m2M+vV

AMbi2�/ Q7 s- vQm ?�p2 u R
}

am#biBimiBQM URV

h�#H2 9XRR, h?2 QMHv /2pB�iBQM +QM+2Ti r?B+? +�M #2 b22M �b Ƕam#biBimiBQMǶ i?2K2 BM
i?2 b2+QM/@Q`/2` +Q/BM;
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6B;m`2 9X9, *Q/BM; bi`m+im`2 7Q` i?2 JBbbBM; i?2K2

6B;m`2 9X8, *Q/BM; bi`m+im`2 7Q` i?2 _2Q`/2`BM; i?2K2
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6B;m`2 9Xe, *Q/BM; bi`m+im`2 7Q` i?2 .mTHB+�iBQM i?2K2
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.2pB�iBQM +�i2;Q`v BM HBi2`�im`2

BMb2`iBQM bFBT `2TH�+2 br�T `2T2�i HQQT

.2pB�iBQM +�i2;Q`v
mb2/ #v �m/BiQ`b

JBbbBM; @ k9 R9 N @ @
_2Q`/2`BM; 8 @ d RN @ @
.mTHB+�iBM; 8 @ 8 @ kk jj
AMb2`iBM; Rj @ @ @ @ @
am#biBimiBM; @ @ R @ @ @

h�#H2 9XRk, J�i`Bt rBi? 7`2[m2M+B2b Q7 /2pB�iBQM +�i2;Q`B2b mb2/ #v �m/BiQ`b r?2M
BMi2`T`2iBM; /2pB�iBQMb i?�i �`2 +�i2;Q`Bx2/ �++Q`/BM; iQ T`2pBQmb HBi2`�im`2

�M/ i?2v �`2 �bF2/ iQ /2b+`B#2 i?Qb2 /2pB�iBQMb UBM +�b2 i?2v }M/ �Mv /2pB�iBQM BM i?2
i`�+2VX q2 ;2M2`�i2/ � 7`2[m2M+v i�#H2 iQ T`QpB/2 �M Qp2`pB2r Q7 +QMM2+iBQM #2ir22M
i?2 /2pB�iBQM T�ii2`Mb Q7 i?2 2t�KTH2b 7`QK � HBi2`�im`2 TQBMi Q7 pB2r BM h�#H2 9XRkX

h?2 T`Q+2bb /2pB�iBQM T�ii2`Mb 7`QK HBi2`�im`2 �`2 b?QrM BM i?2 +QHmKMb �M/ i?2
i?2K2b i?�i �`2 mb2/ #v i?2 �m/BiQ`b �`2 b?QrM BM i?2 `QrbX

h?2 7`2[m2M+v i�#H2 b?Qrb i?�i KBbbBM;- `2Q`/2`BM;- /mTHB+�iBQM- �M/ BMb2`iBQM �`2
+QMbB/2`2/ BM #Qi? b2ib Q7 /2pB�iBQM T�ii2`Mb �M/ +�i2;Q`B2b 7`QK i?2 }2H/ bim/vX 6Q`
KBbbBM;- `2Q`/2`BM;- �M/ /mTHB+�iBQM- Bi �HbQ 2t?B#Bib ?B;? +Q``2H�iBQMb #2ir22M i?2
/2pB�iBQM T�ii2`Mb �M/ i?2 /2pB�iBQM i?2K2b mb2/ #v �m/BiQ`bX

aFBT- _2T2�i- �M/ GQQT

h?2 7`2[m2M+v i�#H2 b?Qrb bQK2 +H2�` T�ii2`MbX q2 bi�`i rBi? /Bb+mbbBM; i?2 +�i2@
;Q`B2b 7`QK HBi2`�im`2 i?�i r2`2 ;`QmT2/ mM/2` 2t�+iHv QM2 +�i2;Q`v Q7 i?2 �m/BiQ`b,
ǵbFBTǶ- ǵ`2T2�i- �M/ ǵHQQTX �HH i?2 ǵbFBTǶ /2pB�iBQM 2t�KTH2b i?�i �`2 b?QrM iQ �m/BiQ`b-
�`2 /2b+`B#2/ QMHv rBi? +QM+2Tib Ubm+? �brBi?Qmi- MQ- KBbb- bFBT-- 2i+XV i?�i �`2 +Q/2/
�b i?2 ǵKBbbBM;Ƕ +�i2;Q`vX LQM2 Q7 i?2 k9 BMi2`T`2i�iBQMb Q7 �m/BiQ`b Bb +H�bbB}2/ mM/2`
�MQi?2` +�i2;Q`vX q2 +�M bi�i2 i?�i i?2 ǵbFBTǶ /2pB�iBQM +�i2;Q`v 7`QK HBi2`�im`2 Bb
mb2/ #v �m/BiQ`b BM i?2 b�K2 r�v �b Bi Bb BMi2`T`2i2/ BM T`Q+2bb HBi2`�im`2X

�HKQbi i?2 b�K2 bBim�iBQM ?QH/b 7Q` i?2 2t�KTH2b Q7 ǵ`2T2iBiBQM Ukk 2t�KTH2b- bm+?
�b irB+2- M@iBK2b- /mTHB+�iBQM- 2i+XV �M/ ǵHQQTǶ UjjV /2pB�iBQM T�ii2`MbX �HH i?2 +QM+2Tib
i?�i �m/BiQ`b mb2/ iQ /2b+`B#2 i?2b2 2t�KTH2b �`2 ;`QmT2/ mM/2` QM2 T�`iB+mH�` +�i2@
;Q`v Uǵ/mTHB+�iBQMǶVX LQM2 Q7 i?2 2t�KTH2b Bb +�i2;Q`Bx2/ BM �MQi?2` i?2K2X >Qr2p2`-
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6B;m`2 9Xd, 6`2[m2M+v i�#H2 Q7 i?2K2b mb2/ #v �m/BiQ`b /2b+`B#BM; i?2 2t�KTH2b
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`2�/BM; i?2 i�#H2 BM i?2 QTTQbBi2 /B`2+iBQM `2p2�Hb i?�i ǵ/mTHB+�iBQMǶ Bb �M mK#`2HH�
+�i2;Q`v 7`QK �m/BiQ`b 7Q` KQ`2 i?�M QM2 /2pB�iBQM +�i2;Q`v 7`QK HBi2`�im`2X Ai b22Kb
i?�i �m/BiQ`b #mM/H2 i?2 /2pB�iBQM +�i2;Q`B2b ǵ`2T2iBiBQMǶ �M/ ǵHQQTǶ �M/ iQ � +2`i�BM
2ti2Mi �HbQ ǵBMb2`iBQMǶ �M/ ǵ`2TH�+2Ƕ- BMiQ i?Bb +�i2;Q`vX �m/BiQ`b �TT�`2MiHv /Q MQi
K�F2 � /BbiBM+iBQM #2ir22M `2T2�iBM; �M �+iBpBiv ǳbQK2r?2`2 BM i?2 T`Q+2bb 2t2+m@
iBQMǴ �M/ `2T2�iBM; �M �+iBpBiv ǳ`B;?i �7i2` Bi ?�b #22M 2t2+mi2/-Ǵ r?B+? rQmH/ #2
+�HH2/ � Ub2H7@VHQQT BM T`Q+2bb HBi2`�im`2X

JBbbBM;- _2Q`/2`BM;- �M/ .mTHB+�iBM;

*QMiBMmBM; i?2 �M�HvbBb 7`QK i?2 /2pB�iBQM +�i2;Q`B2b �b mb2/ #v i?2 �m/BiQ`b- 7QH@
HQrBM; Q#b2`p�iBQMb +�M #2 K�/2X h?2 ǳJBbbBM;Ǵ +�i2;Q`v ?Qbib b2p2`�H /2pB�iBQM
+�i2;Q`B2b 7`QK HBi2`�im`2, ǵbFBTǶ Uk9V- ǵ`2TH�+2 UR9V- �M/ br�T UNVX �b �H`2�/v TQBMi2/
Qmi- i?2 ǵbFBTǶ 2t�KTH2b �HH }M/ i?2B` r�v iQ i?Bb +�i2;Q`vX PM iQT Q7 i?�i- bQK2 2t@
�KTH2b Q7 �+iBpBiB2b i?�i �`2 ǵ`2TH�+2/Ƕ #v Qi?2` �+iBpBiB2b �`2 BMi2`T`2i2/ �b ǵKBbbBM;Ƕ
#v �m/BiQ`bX 6m`i?2`- bQK2 Q7 i?2 br�T 2t�KTH2b �`2 bQK2r?�i bm`T`BbBM;Hv +�i2;Q@
`Bx2/ �b ǴKBbbBM;Ǵ #v �m/BiQ`bX 6Q` 2t�KTH2- i?2 br�T 2t�KTH2b BM h`�+2b Re �M/ Rd
Ur?2`2 � T�`i Q7 �TT`Qp�H Bb br�TT2/ rBi? i?2 r?QH2 b2[m2M+2 Q7 < GoodsReceipt →
InvoiceReceipt → Pay > Q` rBi? < GoodsReceipt >V �`2 BMi2`T`2i2/ #v �m/B@
iQ`b �b KBbbBM; �M �TT`Qp�HX h?2v /2b+`B#2 i?2b2 /2pB�iBQMb �b i?2 b2[m2M+2 Q7
< GoodsReceipt, InvoiceReceipt, Pay > Q` i?2 �+iBpBiv < GoodsReceipt > r�b /QM2
ǳrBi?Qmi �TT`Qp�HǴ Q` r?2M ǴMQ �TT`Qp�HǴ r�b BM TH�+2X

� +QKT�`�#H2 T�ii2`M Bb 7QmM/ 7Q` i?2 ǳ_2Q`/2`BM;Ǵ +�i2;Q`vX h?Bb +�i2;Q`v
�HbQ ?Qbib 2t�KTH2b Q7 b2p2`�H +�i2;Q`B2b 7`QK HBi2`�im`2, ǵBMb2`iBQM U8V- ǵ`2TH�+2Ƕ UdV-
�M/ ǵbr�TǶ URNVX 6`QK � i?2Q`2iB+�H- +QMi2Mi@rBb2 TQBMi Q7 pB2r- br�TTBM; �+iBpBiB2b
K�i+?2b KQbi rBi? `2Q`/2`BM; i?2KX h?Bb Bb T�`iHv +QM}`K2/ #v Qm` /�i�, RN br�T
2t�KTH2b �`2 BM/22/ +H�bbB}2/ �b ǳ_2Q`/2`BM;ǴX >Qr2p2`- MBM2 Qi?2` br�T 2t�KTH2b
�`2 +H�bbB}2/ �b ǳJBbbBM;ǴX >2M+2 i?2`2 Bb MQ QM2@QM@QM2 i`�MbH�iBQM #2ir22M i?2
�m/BiQ`Ƕb _2Q`/2`BM; �M/ i?2 HBi2`�im`2Ƕb br�T +�i2;Q`vX h?2 �m/BiQ`bǶ ǳ_2Q`/2`BM;Ǵ
+H�bbB}+�iBQMb �HbQ BM+Hm/2 BMb2`iBQM �M/ ǵ`2TH�+2Ƕ 2t�KTH2b �M/ MQi �HH ǵbr�TǶ 2t�KTH2b
�`2 T2`+2Bp2/ �b ǳ_2Q`/2`BM;XǴ

�HbQ- 7Q` ǳ.mTHB+�iBM;-Ǵ � HBMF rBi? /2pB�iBQM +�i2;Q`B2b 7`QK HBi2`�im`2 Bb T`2b2Mi-
#mi Bi Bb MQi � b?�`T@+mi i`�MbH�iBQMX �bB/2 7`QK �HH ǵ`2T2iBiBQM �M/ ǵHQQT 2t�KTH2b i?�i
�`2 +H�bbB}2/ �b ǳ.mTHB+�iBM;-Ǵ �HbQ bQK2 BMb2`iBQM �M/ ǵ`2TH�+2Ƕ 2t�KTH2b �`2 +H�bbB}2/
mM/2` i?2 b�K2 /2pB�iBQM +�i2;Q`vX �b K2MiBQM2/ #27Q`2- ǵBMb2`iBQMǶ 2t�KTH2b +�M
`272` iQ i?2 2t2+miBQM Q7 �M �+iBpBiv 2�`HB2` i?�M 2tT2+i2/X A7 i?�i b�K2 �+iBpBiv
Bb �HbQ 2t2+mi2/ �i i?2 2tT2+i2/ KQK2Mi- i?2 T`Q+2bb 2t2+miBQM 2t?B#Bib irB+2 i?2
b�K2 �+iBpBiv- ?2M+2 i?2 HBMF iQ /mTHB+�iBQMX 6Q` BMbi�M+2- BM 2t�KTH2 j- #�b2/ QM
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i?2 /2pB�iBQM T�ii2`Mb 7`QK HBi2`�im`2- Pay Bb BMb2`i2/ �7i2` ApprovePurchaseOrder-
bBM+2 Bi Bb 2t2+mi2/ BM Bib T`QT2` iBK2 �b r2HHX >Qr2p2`- BM i?2 �m/BiQ`bǶ BMi2`T`2i�iBQM-
Bi Bb b22M �b � +QK#BM�iBQM Q7 ǳ_2Q`/2`BM;Ǵ �M/ ǳ.mTHB+�iBM;ǴX h?2 b�K2 HBM2 Q7
i?Qm;?i 2tBbib rBi? i?2 ǵ`2TH�+2Ƕ 2t�KTH2bX � ǵ`2TH�+2Ƕ +�M `2bmHi BM ?�pBM; i?2 b�K2
�+iBpBiv irB+2X

AM i?Qb2 bBim�iBQMb- �M BMi2`T`2i�iBQM �b ǳ.mTHB+�iBM;Ǵ Bb HQ;B+�HX h?2b2 Q#b2`p�@
iBQMb +QmH/ BM/B+�i2 i?�i �m/BiQ`b �`2 KQ`2 7Q+mb2/ QM i?2 +QMb2[m2M+2b UQM2 �+iBpBiv
Bb 2t2+mi2/ irB+2- ?2M+2 /mTHB+�i2/V- �M/ MQi QM i?2 mM/2`HvBM; K2+?�MBbK U�M �+@
iBpBiv Bb BMb2`i2/ BM i?2 T`Q+2bb 2t2+miBQM- Q` Bb `2TH�+2/ #v �MQi?2`VX

AMb2`iBM;

AM +QMi`�bi iQ i?2 }`bi i?`22 +�i2;Q`B2b- i?2 +�i2;Q`v Q7 ǳAMb2`iBM;Ǵ +�i2;Q`v r�b
#�+F2/ mT #v QMHv � 72r mM/2`HvBM; +QM+2TibX h?Bb KB;?i BM/B+�i2 i?�i i?Bb +�i2;Q`v
Bb 2Bi?2` MQi 7`2[m2MiHv mb2/- Q` i?�i Bi `2T`2b2Mib � r2HH@mM/2`biQQ/ +QM+2Ti iQ �m@
/BiQ`bX q?2M BMbT2+iBM; i?2 mb�;2 Q7 i?2 ǳAMb2`iBM;Ǵ +�i2;Q`v #v i?2 �m/BiQ`b- r2
Q#b2`p2 i?�i r?2M i?Bb +�i2;Q`v r�b mb2/- i?Bb r�b BM/22/ /m`BM; � /Bb+mbbBQM Q7 BM@
b2`iBQM 2t�KTH2bX >Qr2p2`- i?2 mb2/ +QM+2Tib �`2 QMHv r2�FHv +QMM2+i2/ iQ i?2 rQ`/
ǳAMb2`iBM;-Ǵ �b b?QrM BM h�#H2 9XRyX PM iQT Q7 i?�i- QMHv bQK2 ǵBMb2`iBQMǶ 7`QK i?2
HBi2`�im`2 TQBMi Q7 pB2r 2t�KTH2b `2bB/2 mM/2` i?Bb +�i2;Q`v- bBM+2 i?2 K�DQ`Biv r�b
+H�bbB}2/ �b ǳ_2Q`/2`BM;Ǵ U}p2 2t�KTH2bV �M/fQ` ǳ.mTHB+�iBM;Ǵ U�MQi?2` }p2 2t�K@
TH2bVX :Bp2M i?Bb �K#B;mQmb bBim�iBQM- MQi QMHv ?2`2 #mi �HbQ BM HBi2`�im`2- r2 2tTHQ`2
i?Bb +�i2;Q`v KQ`2 BM /2Ti?X

aBt Qmi Q7 R3 2t�KTH2 i`�+2b +QMi�BM2/ �M BMb2`iBQM /2pB�iBQM /2pB�iBQM T�ii2`M
U2t�KTH2b R- k- j- 9- N �M/ RyVX AM irQ 2t�KTH2b JQ/B7v Sm`+?�b2 P`/2` Bb BMb2`i2/
bQK2r?2`2 BM i?2 T`Q+2bb- r?BH2 Bi r�b MQi BM i?2 b2i Q7 �+iBpBiB2b �HHQr2/ #v i?2
KQ/2HX AM QM2 2t�KTH2- S�v Bb BMb2`i2/ bQK2r?2`2 BM i?2 KB//H2 Q7 i?2 T`Q+2bb- �M/
BM Qi?2` 2t�KTH2b- a2`pB+2 _2+2BTi Q` :QQ/b _2+2BTi Bb BMb2`i2/- r?BH2 QMHv QM2 Q7 #Qi?
r�b 2tT2+i2/ �++Q`/BM; iQ i?2 KQ/2HX

AM 2t�KTH2b R �M/ k- i?2 BMb2`iBQM Q7 ModifyPurchaseOrder BM i?2 i`�+2b /B/
MQi `�Bb2 �Mv +QM+2`M Q` +m`BQbBiv iQ i?2 �m/BiQ`b- �b HQM; �b i?2v +�M b22 �M �TT`Qp�H
�7i2` BiX 6Q` BMbi�M+2- AMi2`pB2r22 d /2b+`B#2b i?2 b2+QM/ 2t�KTH2 �b 7QHHQrb, ǳh?2
Tm`+?�b2 Q`/2` Bb KQ/B}2/- Bi b?QmH/ #2 `2@�TT`Qp2/ �b r2HH- #27Q`2 #2BM; `2H2�b2/X aQ-
�i i?Bb TQBMi- A rQmH/ b�v i?�i i?Bb Bb � MQM@�mi?Q`Bx2/ KQ/B}+�iBQMXǴ aQ- �Hi?Qm;?
i?2 ModifyPurchaseOrder r�b MQi BM i?2 b2i Q7 �+iBpBiB2b BM i?2 KQ/2H- Bi r�b
�++2Ti�#H2 7Q` i?2 BMi2`pB2r22bX h?2B` K�BM +QM+2`M r�b r?2i?2` i?2`2 Bb � +QMi`QH QM
i?Bb BMb2`i2/ i�bFX h?2b2 irQ 2t�KTH2b �`2 BM �HH BMi2`pB2rb BMi2`T`2i2/ �b ǳAMb2`iBM;Ǵ
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#v i?2 �m/BiQ`bX aQ- Bi b22Kb i?�i r?2M i?2 BMb2`iBQM `272`b iQ � M2r �+iBpBiv- �m/BiQ`b
�HbQ +�i2;Q`Bx2 i?Bb �b �M ǳAMb2`iBM;Ǵ /2pB�iBQMX

q?2M i?2 BMb2`i2/ �+iBpBiv Bb T�`i Q7 i?2 b2i Q7 �HHQr2/ �+iBpBiB2b BM i?2 KQ/2H-
r2 MQiB+2 i?�i �m/BiQ`b /Q MQi mb2 � bT2+B}+ i2`K 7Q` i?2 BMb2`iBQM 2t�KTH2bX h?2
�m/BiQ`b /2b+`B#2 i?Bb bQ`i Q7 /2pB�iBQMb �b ǳi?2 KQ/B}+�iBQM Q7 i?2 Sm`+?�b2 P`/2`
r�b T2`7Q`K2/ �7i2` �TT`Qp�HǴ �M/ ǳi?Bb Sm`+?�b2 P`/2` Bb Qp2`r`Bii2MǴ BM AMi2`pB2r d-
Q` ǳvQm +�M biBHH +?�M;2 i?2 SP- �M/ i?Bb Bb /�M;2`Qmb Q7 +Qm`b2Ǵ BM AMi2`pB2r NX hQ
BM+Hm/2 i?2b2 Q#b2`p�iBQMb BM Qm` /�i�- r2 mb2/ i?2 +QM+2Ti ǳo2`# Y �+iBpBiv sǴ
UK2MiBQM2/ RR iBK2b BM i?2 BMi2`pB2rbV �M/ ǳo2`# sǴ UK2MiBQM2/ irQ iBK2b BM i?2
BMi2`pB2rbV 7Q` i?2b2 BM7Q`K�iBQM i2`Kb- r?B+? r2 ;`QmT2/ BMiQ ǳAMb2`iBM;XǴ

6Q` i?2 2t�KTH2b BM r?B+? 2Bi?2` a2`pB+2 _2+2BTi Q` :QQ/b _2+2BTi Bb �HHQr2/ #v i?2
KQ/2H �M/ #Qi? �`2 T`2b2Mi BM i?2 i`�+2b Ui`�+2b 9 �M/ RyV- �m/BiQ`b /Q +QMbB/2` i?2K
/2pB�iBQMbX 6Q` BMbi�M+2- � T�`iB+BT�Mi BM i?2 }`bi BMi2`pB2r b�B/- ǳi?Bb Bb � #Bi bi`�M;2-
#2+�mb2 MQ`K�HHv vQm ?�p2 :QQ/b _2+2BTi Q` vQm ?�p2 a2`pB+2 _2+2BTiXǴ AM i?2 b2+QM/
BMi2`pB2r Bi r�b K2MiBQM2/ i?�i ǳBM KQbi +�b2b vQmǶ/ 2tT2+i � :_ Q` a_- ?2`2 r2 ?�p2
#Qi?XǴ aQ- �Hi?Qm;? i?2v /Q MQi mb2 � bT2+B}+ BM7Q`K�iBQM i2`K- Bi Bb Q#pBQmb i?�i i?2v
+QMbB/2` bm+? i`�+2b �b /2pB�iBQMb �M/ i?2v HQQF 7Q` DmbiB}+�iBQMbX q2 +QM+Hm/2 i?�i
�Hi?Qm;? i?2`2 �`2 QMHv � 72r i2`Kb mb2/ r?2M BMi2`T`2iBM; i?2 ǵBMb2`iBQMǶ /2pB�iBQMb-
�m/BiQ`b +QMbB/2` Bi �b � ivT2 Q7 /2pB�iBQM i?�i M22/b iQ #2 2tTHQ`2/ 7m`i?2` �M/ +�M
#2 BMi2`T`2i2/ BM /Bz2`2Mi r�vb- /2T2M/BM; QM i?2 +QMi2ti Q7 i?2 ǵBMb2`iBQMǶX �b �
`2bmHi- i?Bb /2pB�iBQM +�i2;Q`v 7`QK HBi2`�im`2 +�MMQi #2 i`�MbTQb2/ mMB[m2Hv iQ i?2
ǳAMb2`iBM;Ǵ /2pB�iBQM +�i2;Q`v i?�i Bb bQK2iBK2b mb2/ #v �m/BiQ`bX

9XjXj S`Q+2bb /2pB�iBQM +�i2;Q`B2b i?�i �`2 MQi �/QTi2/ #v �m/BiQ`b
aQK2 Q7 i?2 T`Q+2bb /2pB�iBQM +�i2;Q`B2b i?�i �`2 /2b+`B#2/ BM HBi2`�im`2- �`2 MQi mb2/
#v �m/BiQ`b Q` �`2 K2`;2/ BMiQ #B;;2` /2pB�iBQM +�i2;Q`B2bX h?2v �`2 ǵ`2TH�+2Ƕ �M/
ǵHQQTǶX

_2TH�+2

6`QK �HH T`Q+2bb /2pB�iBQM +�i2;Q`B2b 7`QK HBi2`�im`2- ǵ`2TH�+2Ƕ /Q2b MQi b22K iQ #2
�/QTi2/ #v �m/BiQ`bX h?2 K�DQ`Biv Q7 ǵ`2TH�+2Ƕ 2t�KTH2b �`2 /2b+`B#2/ #v �m/BiQ`b
BM � H2bb �#bi`�+i H2p2H, i?2v �`2 +�i2;Q`Bx2/ mM/2` ǳJBbbBM;Ǵ BM +QK#BM�iBQM rBi?
ǳJBbbBM;Ǵ rBi? ǳ_2Q`/2`BM;Ǵ Q` ǳ.mTHB+�iBM;ǴX 6Q` BMbi�M+2- AMi2`pB2r22 d /2b+`B#2b
i?2 /2pB�iBM; h`�+2 Rj �b ǳi?2`2 Bb (XXX) �M �TT`Qp�H KBbbBM;XǴ P`- AMi2`pB2r22 3
/2b+`B#2b i?2 /2pB�iBQM BM h`�+2 R9 �b ǳi?2 �TT`Qp�H Q7 i?2 SP- i?�iǶb KBbbBM;-Ǵ
BM/B+�iBM; i?2 BKTQ`i�M+2 Q7 �#b2M+2 Q7 �+iBpBiB2bX

h?2 Qi?2` i2`Kb i?�i �m/BiQ`b mb2 r?2M /2b+`B#BM; i?2 Qi?2` /2pB�iBQMb �`2 2B@
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i?2` HBMF2/ iQ ǳ_2Q`/2`BM;Ǵ UdV- Q` ǳ.mTHB+�iBM;Ǵ U8V Ub22 h�#H2 9XRkVX 6Q` BMbi�M+2-
AMi2`pB2r22 R +QMbB/2`b i?2 /2pB�iBQM BM h`�+2 Rj �b �M ǳ�/p�M+2/ T�vK2Mi-Ǵ �M/
AMi2`pB2r22 d /2b+`B#2b Bi �b ǳT�vBM; T`BQ` iQ i?2 ;QQ/b �M/ BMpQB+2 `2+2BTiXǴ "Qi? Q7
i?2b2 BM7Q`K�iBQM i2`Kb �`2 +QM+2Tib Q7 i?2 `2Q`/2`BM; i?2K2X AMi2`pB2r22 k /2b+`B#2b
i?2 /2pB�iBQM BM i?2 b�K2 2t�KTH2 �b � ǳb2+QM/ T�vK2MiǴ �M/ AMi2`pB2r d mb2b i?2
i2`K ǳ/mTHB+�i2 T�vK2MiXǴ h?2b2 i2`Kb #2HQM; iQ i?2 /mTHB+�iBQM i?2K2X

Pp2` i?2 +Qm`b2 Q7 �HH i?2 BMi2`pB2rb- r2 ?2�`/ i?2 i2`K ǳBMbi2�/Ǵ QMHv QM+2X h?Bb
Q++m``2/ r?2M i?2 i?B`/ BMi2`pB2r22 r�b /2b+`B#BM; 2t�KTH2 R9X >2 b�B/ ǳaB;M�im`2 Bb
KBbbBM;- bQ BMbi2�/ Q7 i?2 bB;M�im`2- vQm ?�p2 �;�BM i?2 �TT`Qp�HXǴ q2 +QMbB/2`2/ i?Bb
i2`K �b �M BMi2`T`2i�iBQM Q7 ǳam#biBimiBM;Ǵ- r?B+? rQmH/ ?�p2 #22M i?2 KQbi bi`�B;?i@
7Q`r�`/ i`�Mb7Q`K�iBQM Q7 i?2 ǵ`2TH�+2Ƕ 2t�KTH2bX >Qr2p2`- 2p2M BM i?Bb [mQi�iBQM- ?2
/2b+`B#2/ ?Bb BMi2`T`2i�iBQM #v K2MiBQMBM; ǳJBbbBM;Ǵ �M/ ǳ.mTHB+�iBM;Ǵ +�i2;Q`B2b
UǳaB;M�im`2 Bb KBbbBM;Ǵ �M/ ǳvQm ?�p2 �;�BM i?2 �TT`Qp�HǴVX LQ Qi?2` i2`K bBKBH�`
iQ Q` `2H�i2/ iQ ǳam#biBimiBM;Ǵ r�b mb2/ #v �Mv Qi?2` BMi2`pB2r22X

�b � `2bmHi- r2 +QMbB/2` i?2 ǵ`2TH�+2Ƕ T�ii2`M 7`QK HBi2`�im`2 �b iQQ �#bi`�+i iQ
mb2 BM �M �m/BiBM; +QMi2tiX h?2 �M�HvbBb bm;;2bib Bi Bb #2ii2` iQ K�T i?Bb /2pB�iBQM
T�ii2`M BMiQ � +QK#BM�iBQM Q7 /2pB�iBQM +�i2;Q`B2b HBF2 ǳJBbbBM;Ǵ rBi? ǳ_2Q`/2`BM;Ǵ
Q` ǳJBbbBM;Ǵ rBi? ǳ.mTHB+�iBM;XǴ

GQQT

h�#H2 9XRk b?Qrb i?2 +�i2;Q`B2b i?�i �`2 mb2/ iQ /2b+`B#2 ǵHQQTǶ 2t�KTH2bX �b +�M #2
b22M- �HH i?2 jj +QM+2Tib mb2/ #v �m/BiQ`b iQ /2b+`B#2 i?2b2 2t�KTH2b �`2 +�i2;Q`Bx2/ �b
ǳ.mTHB+�iBM;ǴX >Qr2p2`- �b K2MiBQM2/ #27Q`2- i?Bb +�i2;Q`v �HbQ ?Qbib �HH ǵ`2T2iBiBQMǶ
2t�KTH2bX AM Qi?2` rQ`/b, �m/BiQ`b /Q MQi mb2 � /2/B+�i2/ +�i2;Q`v 7Q` /2pB�iBQMb
i?�i `2H�i2 iQ HQQTBM; �M �+iBpBivX

9X9 .Bb+mbbBQM �M/ GBKBi�iBQMb

�b K2MiBQM2/ BM i?2 `2bmHib b2+iBQM- i?2 i?`22 /2pB�iBQM +�i2;Q`B2b i?�i r2 ?�p2 B/2M@
iB}2/ BM BMi2`pB2rBM; �m/BiQ`b �`2 T�`iHv BM HBM2 rBi? i?2 T`Q+2bb /2pB�iBQM T�ii2`Mb
i?�i 2tBbi BM i?2 HBi2`�im`2X h?2 +QM+2Tib mb2/ #v �m/BiQ`b iQ /2b+`B#2 2t�KTH2b 7`QK
i?2 HBi2`�im`2 bFBT �M/ `2T2iBiBQM T�ii2`Mb r2`2 RyyW +H�bbB}2/ �b i?2 b�K2 +�i2;Q`v
#v �m/BiQ`bX h?2 HBi2`�im`2 br�TTBM; T�ii2`M r�b +H�bbB}2/ KQbiHv �b `2Q`/2`BM; #v
�m/BiQ`b #mi bQK2iBK2b �HbQ �b KBbbBM; r?2`2 i?2 �TT`Qp�H �+iBpBiv r�b BMpQHp2/X 6Q`
BMb2`iBQM- r?B+? Bb QM2 Q7 i?2 #�bB+ /2pB�iBQM T�ii2`Mb- 2Bi?2` i?2 +QM+2Tib 7`QK Qi?2`
+�i2;Q`B2b �`2 mb2/ Q` i?2 mb2/ +QM+2Tib r2`2 MQi 2tTHB+BiHv `2H�i2/ iQ i?2 BMb2`iBQM
+�i2;Q`vX
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h?Bb KB;?i #2 /m2 iQ i?2 HBKBi2/ TQbbB#H2 T�i?b BM Qm` T`QTQb2/ KQ/2H- #mi �HbQ
/m2 iQ i?2 HBKBi2/ MmK#2` Q7 �+iBpBiB2b �HHQr2/ #v i?2 KQ/2HX >2M+2- �b � 7mim`2
`2b2�`+? bim/v- �M �TTHB+�iBQM Q7 � KQ`2 +QKTH2t KQ/2H rBi? /Bz2`2Mi #`�M+?2b �M/
T�i?b +�M #2 mb2/ �b i?2 KQ/2H 2t�KTH2X
h?2 HBi2`�im`2 `2TH�+2 T�ii2`M- �++Q`/BM; iQ Qm` `2bmHib b22Kb iQ #2 � #Bi iQQ �#bi`�+i
7Q` �m/BiQ`bX Pm` BMi2`pB2r22b BMi2`T`2i2/ i?Bb bQ`i Q7 /2pB�iBQMb �i � HQr2` H2p2H- �b �
+QK#BM�iBQM Q7 � KBbbBM; �+iBpBiv rBi? � `2Q`/2`BM; Q` /mTHB+�iBQMX h?2 HQQT T�ii2`M-
�b K2MiBQM2/ #27Q`2- Bb b22M �b � bT2+B�H FBM/ Q7 /mTHB+�iBQM- BM r?B+? i?2 �+iBpBiv Bb
`2T2�i2/ `B;?i �7i2` Bib2H7X

JQ`2Qp2`- #2vQM/ i?2 +�i2;Q`B2b /Bb+Qp2`2/ 7`QK �M�HvxBM; i?2 BMi2`pB2rb- r2
?�p2 MQiB+2/ i?�i i?2 �m/BiQ`b BMi2`T`2i +2`i�BM ivT2b Q7 /2pB�iBQMb �b ǳmM+QMi`QHH2/Ǵ-
ǳmM�mi?Q`Bx2/Ǵ- ǳ+QMi`QH 7�BHm`2Ǵ- �M/ bQ QMX h?Bb /2pB�iBQM BMi2`T`2i�iBQM Q++m`b
r?2M �M �TT`Qp�H Bb KBbbBM; Q` MQi iBK2Hv 2t2+mi2/X AM Qm` 2t�KTH2- i?Bb +QmH/ #2
i?2 �TT`Qp2 Sm`+?�b2 _2[m2bi- aB;M Sm`+?�b2 P`/2` Q` _2H2�b2X �M 2t�KTH2 Q7 i?Bb
ivT2 Q7 /2pB�iBQM Bb r?�i AMi2`pB2r22 Ry ;Bp2b �b 2t�KTH2b Q7 /2pB�iBQM BM i?2 T`Q+2bb,
ǳlM�mi?Q`Bx2/ T�vK2Mib iQ i?B`/ T�`iB2b- mM�mi?Q`Bx2/ �++2Ti�M+2 Q7 T`B+2bǴX h?Bb
2t�KTH2 +�M #2 +�i2;Q`Bx2/ BMiQ i?2 KBbbBM; i?2K2X Ai �HbQ +�M #2 +�i2;Q`Bx2/ BMiQ i?2
`2Q`/2`BM; i?2K2- �b BM i?Bb [mQi2 Q7 BMi2`pB2r22 e- ǳA7 vQm TQbiTQM2 i?Bb �TT`Qp�H- Q`
i?2 Tm`+?�b2 `2[mBbBiBQM +`2�iBQM- i?2 `BbF Bb i?�i vQm ?�p2 mM�mi?Q`Bx2/ Tm`+?�b2bǴX
>Qr2p2`- Bi +�M �HbQ #2 `2H�i2/ iQ i?2 /mTHB+�iBQM i?2K2- �b BMi2`pB2r22 e K2MiBQM2/
i?�i, ǳ1p2`v iBK2 i?2`2 Bb �M BMpQB+2 `2+2BTi �M/ � T�vK2Mi- i?2M Bi �miQK�iB+�HHv
/2+`2K2Mib i?2 Tm`+?�b2 Q`/2`X �M/ i?2 �miQK�iBQM Q7 i?�i rQmH/ T`2p2Mi /mTHB+�i2
T�vK2Mib- �M/ mM�mi?Q`Bx2/ T�vK2MibǴX P` 2p2M Bi +�M #2 `2H�i2/ iQ BMb2`iBQM- HBF2
r?2M BMi2`pB2r22 Ry /2b+`B#2b h`�+2 j, ǳG�+F Q7 +QMi`QH Qp2` i?2 T�vK2Mi T`Q+2bbX
lM+QMi`QHH2/ T�vK2MibǴX h?2b2 2t�KTH2b b?Qr i?�i i?2b2 FBM/b Q7 +QMi`QHb BM i?2
T`Q+2bb �`2 p2`v BKTQ`i�Mi 7Q` �m/BiQ`b �M/ i?2 �#b2M+2 Q` `2Q`/2`BM; Q7 i?2K Bb
+QMbB/2`2/ �b � /2pB�iBQMX

Ai Bb rQ`i? iQ K2MiBQM i?�i- r2 +QMbB/2` i?2 T`Q+2/m`�H MQ`K�iBp2 KQ/2H �b Qm`
`272`2M+2X h?2 +QMi`QH �bT2+i Q7 i`�Mb�+iBQMb `272`b iQ i?2 b2[m2MiB�H Q`/2` BM r?B+?
T`Q+2bb �+iBpBiB2b �`2 2t2+mi2/X *QMbB/2`BM; i?2 T`Q+2/m`�H KQ/2H 7Q` i?Bb Tm`TQb2-
?�p2 irQ �/p�Mi�;2b +QKT�`2/ rBi? i?2 b2i Q7 T`2/2}M2/ `mH2b Ur?B+? Bb mb2/ �b
� `272`2M+2 BM Em?M C` �M/ amiiQM (kyRy)- �HH2b 2i �HX (kyye#)- Abb� (kyRj)- GB 2i �HX
(kyR8)- �HH2b 2i �HX (kyye+- kyy3#)V, 6B`biHv- Bi bFBTb i?2 iBK2@+QMbmKBM; `mH2b /2}MBiBQM
T`Q+2/m`2 T`BQ` iQ �M�HvxBM; i?2 i`�Mb�+iBQM /�i�X a2+QM/Hv- �Hi?Qm;? i?2 `mH2b �`2
/2}M2/ #v � T`Q+2bb 2tT2`i T�M2H- Bi Bb biBHH TQbbB#H2 i?�i bQK2 TQi2MiB�H `BbFv #2?�pBQ`
Bb MQi +QMbB/2`2/ /m2 iQ ?mK�M 2``Q` U7�Hb2@M2;�iBp2bVX AM +QKT�`BM; 2p2Mi HQ;b rBi?
i?2 +Q``2bTQM/BM; T`Q+2/m`�H MQ`K�iBp2 KQ/2H- i?2 MmK#2` Q7 7�Hb2@TQbBiBp2 +�b2b
KB;?i #2 ?B;?2` i?�M BM i?2 +�b2 Q7 +QKT�`BM; 2p2Mi HQ; rBi? � T`2/2}M2/ b2i Q7
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`mH2bX >Qr2p2`- r2 mb2 i?2 T`Q+2/m`�H MQ`K�iBp2 KQ/2Hb iQ �pQB/ i?2 7�Hb2@M2;�iBp2
+�b2b- r?B+? �`2 +`BiB+�H BM �m/BiBM;X AM KBbbi�i2K2Mi /2i2+iBQM- Bi Bb � r2HH@FMQrM
7�+i i?�i � 7�Hb2@M2;�iBp2 2``Q` Bb mbm�HHv KQ`2 +QbiHv i?�M � 7�Hb2@TQbBiBp2 2``Q` (S?m�
2i �HX- kyRy)X

h?2 Qi?2` HBKBi�iBQM Q7 i?Bb `2b2�`+? Bb i?2 BMp2biB;�iBQM Q7 QMHv i?2 +QMi`QH@~Qr
T2`bT2+iBp2X aQK2 BKTQ`i�Mi �bT2+ib Q7 �m/Bi T`�+iB+2- bm+? �b i?2 /�i� �bT2+i i?�i
Bb M22/2/ 7Q` +?2+FBM; i?2 [m�MiBiB2b �M/ T`B+2b Q` i?2 b2;`2;�iBQM Q7 /miB2b- /Q2b
MQi 2tBbi BM i?2 +QMi`QH@~Qr T2`bT2+iBp2X >Qr2p2`- BM Q`/2` iQ BMp2biB;�i2 #mbBM2bb
T`Q+2bb2b +QKTH2i2Hv BM �M �miQK�iBx2/ 7�b?BQM- i?2 +QMi`B#miBQM Q7 i?Bb `2b2�`+? rBi?
i?2 +QMi`QH@~Qr �M�HvbBb +�M #2 b22M �b i?2 }`bi T?�b2 Q7 i?Bb �miQK�iBQMX .�i� �M/
`2bQm`+2 T2`bT2+iBp2b �`2 M22/2/ iQ #2 +?2+F2/ BM i?2 M2ti T?�b2b- �b Bi rBHH #2 /Bb+mbb
BM i?2 M2ti +?�Ti2`X

9X8 *QM+Hm/BM; MQi2

h?Bb +?�Ti2` �//`2bb2/ QM2 Q7 i?2 HBKBi�iBQMb Q7 �TTHvBM; /�i� �M�HvbBb i2+?MB[m2b BM
i?2 �m/BiBM; /QK�BM, i?2 ;2M2`�iBQM Q7 iQQ K�Mv 7�Hb2 �H�`Kb i?�i Kmbi #2 BMp2biB@
;�i2/ BM � 7QHHQr@mTX h?Bb Bbbm2 Bb �HbQ T`2bbBM; r?2M �M�HvxBM; i?2 7mHH TQTmH�iBQM
Q7 #mbBM2bb T`Q+2bb 2t2+miBQMb- � TQbbB#BHBiv i?�i Bb 2M�#H2/ #v T`Q+2bb KBMBM; i2+?@
MB[m2bX h?2b2 i2+?MB[m2b- �M/ 2bT2+B�HHv +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b- �HHQr 7Q`
i?2 B/2MiB}+�iBQM Q7 �HH T`Q+2bb 2t2+miBQMb i?�i /2pB�i2 7`QK i?2 2tT2+i2/ T`Q+2bbX
>Qr2p2`- i?Qb2 �H;Q`Bi?Kb T`Q/m+2 � b2i Q7 Qmi+QK2b i?�i Bb iQQ H�`;2 7Q` ?mK�Mb iQ
T`Q+2bbX PM2 r�v iQ Qp2`+QK2 i?Bb +?�HH2M;2 Bb iQ ;`QmT /2pB�iBM; T`Q+2bb 2t2+miBQMb
BMiQ +�i2;Q`B2b Q7 bBKBH�` /2pB�iBQMbX "mBH/BM; QM i?2 +Q;MBiBp2 }i i?2Q`v- r2 `2+Q;@
MBx2 i?2 BKTQ`i�M+2 i?�i i?2b2 /2pB�iBQM +�i2;Q`B2b �`2 �HB;M2/ rBi? i?2 r�v �m/BiQ`b
T`Q+2bb BM7Q`K�iBQM QM /2pB�iBM; T`Q+2bb 2t2+miBQMbX h?�i Bb- B7 i?2 T`2b2Mi�iBQM Q7
i?2 T`Q#H2K /Q2b MQi }i i?2 `2T`2b2Mi�iBQM Q7 i?2 i�bF Q` i?2 r�v /QK�BM FMQrH2/;2
Bb bi`m+im`2/ BMi2`M�HHv BM i?2 2tT2`iǶb KBM/- i?2 i�bF T2`7Q`K�M+2 /2+`2�b2b (o2bb2v
�M/ :�HH2ii�- RNNR)X aQ- iQ KQp2 7Q`r�`/ rBi? /�i� �M�HviB+b BM i?2 +QMi2ti Q7 �m@
/BiBM;- r2 M22/ � #2ii2` mM/2`bi�M/BM; Q7 ?Qr BM7Q`K�iBQM QM B/2MiB}2/ /2pB�iBQMb
Bb BMi2`T`2i2/ #v �m/BiQ`bX PMHv i?2M +�M i?Bb BM7Q`K�iBQM #2 T`2b2Mi2/ BM � r�v
i?�i bmTTQ`ib i?2 �m/BiQ`X AM i?Bb `2b2�`+?- r2 7Q+mb QM T`Q+2bb /2pB�iBQMb 7`QK i?2
T2`bT2+iBp2 Q7 �M �+iBpBiv b2[m2M+2- +�HH2/ +QMi`QH@~Qr T2`bT2+iBp2 BM T`Q+2bb KBMBM;
HBi2`�im`2X � HBi2`�im`2 bim/v �M/ � }2H/ `2b2�`+? r2`2 T2`7Q`K2/X 6B`bi- r2 B/2MiB@
}2/ bBt T�ii2`Mb BM i?2 HBi2`�im`2 Q7 T`Q+2bb KBMBM; �M/ #mbBM2bb T`Q+2bb K�M�;2K2Mi
iQ /2b+`B#2 KBbK�i+?2b #2ir22M � HQ;;2/ T`Q+2bb 2t2+miBQM �M/ i?2 KQ/2H2/ T`Q@
+2bb 2t2+miBQM, bFBT- BMb2`i- `2TH�+2- br�T- `2T2�i- �M/ ?�pBM; � HQQT QM �M �+iBpBivX
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L2ti- r2 BMp2biB;�i2/ i?2 2ti2Mi iQ r?B+? i?2b2 +�i2;Q`B2b �`2 �TTHB2/ #v �m/BiQ`b
r?2M i?2v �`2 T`2b2Mi2/ rBi? BM7Q`K�iBQM QM T`Q+2bb 2t2+miBQMb i?�i /2pB�i2 7`QK
i?2 2tT2+i2/ T`Q+2bb KQ/2HX �Hi?Qm;? bQK2 Q7 i?2b2 T�ii2`Mb 7`QK T`Q+2bb KBMBM; �`2
BM/22/ mb2/ #v �m/BiQ`b- i?2v �`2 mb2/ rBi? � /Bz2`2Mi BMi2`T`2i�iBQMX aQK2 T�ii2`Mb
i?�i �`2 bm;;2bi2/ BM i?2 HBi2`�im`2 �`2 mb2/ iQ;2i?2` BM QM2 +�i2;Q`v #v i?2 �m/BiQ`bX
Pi?2` T�ii2`Mb �`2 b+�ii2`2/ Qp2` /Bz2`2Mi +�i2;Q`B2b- /2T2M/BM; QM i?2 2t�KTH2 i?2
�m/BiQ`b �`2 b?QrMX

�b � `2bmHi Q7 Qm` `2b2�`+?- bBt /2pB�iBQM T�ii2`Mb �`2 7QmM/ BM i?2 HBi2`�im`2 Q7
T`Q+2bb KBMBM; �M/ #mbBM2bb T`Q+2bb K�M�;2K2Mi iQ /2b+`B#2 � KBbK�i+? #2ir22M �
`2�H T`Q+2bb 2t2+miBQM �M/ i?2 KQ/2H2/ T`Q+2bb 2t2+miBQM, bFBT- `2TH�+BM;- br�TTBM;-
`2T2�iBM; �M �+iBpBiv- BMb2`iBQM Q7 �M �+iBpBiv- �M/ ?�pBM; � HQQT QM �M �+iBpBivX AM �
}2H/ bim/v- r2 BMp2biB;�i2/ iQ r?�i 2ti2Mi i?2b2 +�i2;Q`B2b �`2 �TTHB2/ #v �m/BiQ`b BM
i?2B` /�BHv T`�+iB+2X q2 7QmM/ i?`22 Qmi Q7 i?2b2 bBt T�ii2`Mb �`2 +QKKQMHv mb2/ #v
�m/BiQ`b, KBbbBM;- `2Q`/2`BM; �M/ /mTHB+�iBQMX 6Q` i?2b2 i?`22 +�i2;Q`B2b- i?2 +QM+2Ti
mb2/ #v �m/BiQ`b r�b BM HBM2 rBi? i?2 /2pB�iBQM T�ii2`MbX AM Qi?2` rQ`/b- i?2 �m/BiQ`b
mb2/ i?2 b�K2 i?2K2b iQ /2b+`B#2 /2pB�iBQMb �b i?Qb2 7`QK i?2 /2pB�iBQM T�ii2`MbX PMHv
7Q` i?2 HBi2`�im`2 br�TTBM; T�ii2`M- Bi r�b bQK2iBK2b +H�bbB}2/ �b � KBbbBM; +�i2;Q`v
#v �m/BiQ`b- QMHv r?2`2 i?2 �TT`Qp�H �+iBpBiB2b r2`2 BMpQHp2/X
h?2 Qi?2` i?`22 /2pB�iBQM T�ii2`Mb- BX2X- BMb2`iBQM- `2TH�+2- �M/ HQQT- �Hi?Qm;? mb2/ BM
bQK2 bBim�iBQMb #v �m/BiQ`b- �`2 MQi +QMbBbi2MiHv �TTHB2/X Pm` `2bmHib 7m`i?2` BM/B+�i2
i?�i i?2 `2TH�+2 T�ii2`M +�M #2 K�TT2/ BMiQ � +QK#BM�iBQM Q7 irQ Qi?2` +�i2;Q`B2b
UKBbbBM; �M/ `2Q`/2`BM;- Q` KBbbBM; �M/ /mTHB+�iBQMVX h?2 `2bmHib b?Qr i?�i i?2 HQQT
T�ii2`M Bb �HbQ b22M �b � bm#+�i2;Q`v Q7 /mTHB+�iBQM +�i2;Q`v #v �m/BiQ`b- ?2M+2 Bi
+�M #2 K�TT2/ BMiQ /mTHB+�iBQM +�i2;Q`vX h?2 BMb2`iBQM T�ii2`M r�b MQi +QMbBbi2MiHv
BMi2`T`2i2/ �b � b2T�`�i2 +�i2;Q`v #v �m/BiQ`bc /2T2M/BM; QM i?2 +QMi2ti- Bi r�b BM@
i2`T`2i2/ �b BMb2`iBM;- `2Q`/2`BM;- Q` /mTHB+�iBM;X

Pm` bim/v �HbQ b?Qrb i?�i K2`2Hv bi�`iBM; 7`QK i?2 QmiTmi Q7 +m``2Mi T`Q+2bb
KBMBM; �H;Q`Bi?Kb rBi?Qmi �/�TiBM; iQ i?2 �m/BiBM; +QMi2ti rQmH/ ?�KT2` i?2 2t@
THQBi�iBQM Q7 i?2 7mHH TQi2MiB�H Q7 i?2b2 i2+?MB[m2bX h?2`27Q`2- i?2 �BK Q7 i?Bb `2b2�`+?
Bb iQ 7�+BHBi�i2 7mim`2 `2b2�`+? BM T`Q+2bb /2pB�iBQM �M�HvbBb #v T`QpB/BM; � b2i Q7 /2pB@
�iBQM ivT2b i?�i �`2 �HB;M2/ rBi? ?Qr �m/BiQ`b T2`+2Bp2 /2pB�iBM; T`Q+2bb 2t2+miBQMbX
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�b /Bb+mbb2/ BM *?�Ti2` j- BMi2`M�H �m/BiQ`b �`2 BM+`2�bBM;Hv `2[mB`2/ iQ �M�Hvx2 H�`;2
pQHmK2b Q7 T`Q+2bb 2t2+miBQM /�i� BM Q`/2` iQ �bb2bb r?2i?2` #mbBM2bb T`Q+2bb2b �`2
2t2+mi2/ �b BMi2M/2/ �M/ r?2i?2` BMi2`M�H `mH2b �M/ +QMi`QHb �`2 `2bT2+i2/X JQ/2`M
BM7Q`K�iBQM bvbi2Kb `2+Q`/ /2i�BH2/ i`�+2b Q7 T`Q+2bb 2t2+miBQMb- K�FBM; Bi TQbbB#H2 iQ
�M�Hvx2 i?2 7mHH TQTmH�iBQM Q7 T`Q+2bb BMbi�M+2b `�i?2` i?�M `2HvBM; QM b�KTHBM;- BX2X-
T�`iB�H Q` K�Mm�H BMbT2+iBQMX >Qr2p2`- /m2 iQ +2`i�BM HBKBi�iBQMb bm+? �b BM+`2�bBM;
+QKTH2tBiv Q7 #mbBM2bb T`Q+2bb2b- i?2 pQHmK2 Q7 `2+Q`/2/ /�i�- �M/ i?2 iBK2 +QM@
bi`�BMib- �m/BiQ`b 7�+2 bB;MB}+�Mi +?�HH2M;2b BM B/2MiB7vBM; �M/ BMi2`T`2iBM; /2pB�iBQMb
BM �M 2{+B2Mi �M/ bvbi2K�iB+ K�MM2`X

h?2 T`Q#H2K �//`2bb2/ BM i?Bb +?�Ti2` +QM+2`Mb i?2 +H�bbB}+�iBQM Q7 /2pB�iBQMb BM
T`Q+2bb 2t2+miBQMb #v +QKT�`BM; Q#b2`p2/ #2?�pBQ` `2+Q`/2/ BM �M 2p2Mi HQ; rBi? �
MQ`K�iBp2 T`Q+2bb KQ/2HX �b BMi`Q/m+2/ BM *?�Ti2` j- i?2 MQ`K�iBp2 KQ/2H `2T`2b2Mib
i?2 BMi2M/2/ Q` 2tT2+i2/ T`Q+2bb #2?�pBQ`- r?BH2 i?2 2p2Mi HQ; +QMi�BMb `2+Q`/2/
2p2Mib iQ;2i?2` rBi? +�b2 �ii`B#mi2b �M/ 2p2Mi �ii`B#mi2bX �b 2tTH�BM2/ BM *?�Ti2`
R- Bi Bb �bbmK2/ i?�i bQK2 BM7Q`K�iBQM `2H2p�Mi 7Q` �m/BiBM; /2+BbBQMb Bb BKTHB+Bi �M/
MQi 2tTHB+BiHv +�Tim`2/ BM i?2 MQ`K�iBp2 KQ/2HX h?2 ;Q�H Bb iQ BMp2biB;�i2 i?2 2p2Mi
HQ; �M/ B/2MiB7v /2pB�iBQMb 7`QK i?2 MQ`K�iBp2 KQ/2HX aBM+2 i?2 MQ`K�iBp2 KQ/2H Bb
ivTB+�HHv BM+QKTH2i2 �M/ T`BK�`BHv +�Tim`2b i?2 BMi2M/2/ Uǳ?�TTv T�i?ǴV #2?�pBQ`-
i?2 �TT`Q�+? �HbQ bmTTQ`ib �m/BiQ`b BM /BbiBM;mBb?BM; #2ir22M 2t+2TiBQMb- r?B+? +�M
#2 DmbiB}2/ #�b2/ QM +QMi2tim�H Q` Q`;�MBx�iBQM�H `mH2b- �M/ �MQK�HB2b- r?B+? BM/B+�i2
mM/2bB`2/ Q` mMDmbiB}2/ pBQH�iBQMb �M/ K�v BM/B+�i2 `BbFb Q` 2``Q`bX

*QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b T`QpB/2 � bvbi2K�iB+ r�v iQ +QKT�`2 Q#b2`p2/
T`Q+2bb 2t2+miBQMb rBi? MQ`K�iBp2 KQ/2Hb �M/ �`2 �KQM; i?2 KQbi T`QKBbBM; /�i�
�M�HviB+b �TT`Q�+?2b 7Q` �M�HvxBM; T`Q+2bb #2?�pBQ` BM BMi2`M�H �m/BiBM; ("2`;?Qmi
2i �HX- kykj)X "v +QKT�`BM; i?2 7mHH TQTmH�iBQM Q7 T`Q+2bb 2t2+miBQMb `2+Q`/2/ BM
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2p2Mi HQ;b rBi? � MQ`K�iBp2 T`Q+2bb KQ/2H Q` T`2/2}M2/ `mH2b- i?2b2 i2+?MB[m2b 2M�#H2
i?2 �miQK�i2/ /2i2+iBQM Q7 /2pB�iBQMbX >Qr2p2`- �b /Bb+mbb2/ BM *?�Ti2` j- i?2
MQ`K�iBp2 T`Q+2bb KQ/2H Bb ivTB+�HHv BM+QKTH2i2 �M/ T`BK�`BHv +�Tim`2b i?2 BMi2M/2/
#2?�pBQ`- r?BH2 BKTHB+Bi- 2t+2TiBQM�H- Q` +QMi2ti@/2T2M/2Mi `mH2b `2K�BM mMKQ/2H2/X
*QMb2[m2MiHv- 2tBbiBM; +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b Q7i2M /2i2+i � H�`;2 MmK#2`
Q7 /2pB�iBQMb i?�i +Q``2bTQM/ iQ �++2Ti�#H2 #mi mMKQ/2H2/ #2?�pBQ`- `2bmHiBM; BM
MmK2`Qmb 7�Hb2 TQbBiBp2 +�b2bX

AM �//BiBQM- i?2b2 i2+?MB[m2b ivTB+�HHv ;2M2`�i2 QmiTmib �i � ?B;?Hv i2+?MB+�H �M/
�iQKB+ H2p2H (_mbb2HH 2i �HX- kyye)- r?B+? /Q2b MQi �HB;M rBi? ?Qr �m/BiQ`b `2�bQM �#Qmi
T`Q+2bb #2?�pBQ` �M/ K�F2b iBK2Hv �M/ K2�MBM;7mH BMp2biB;�iBQM /B{+mHiX q?BH2 bQK2
+QM7Q`K�M+2 +?2+FBM; �TT`Q�+?2b- bm+? �b i?2 bi�i2@Q7@i?2@�`i i2+?MB[m2 T`QTQb2/ #v
:�`+ő�@"�Ƣm2HQb 2i �HX (kyR3)- BKT`Qp2 BMi2`T`2i�#BHBiv- i?2v /Q MQi 7mHHv �//`2bb i?2
Bbbm2 Q7 7�Hb2 TQbBiBp2b �`BbBM; 7`QK i?2 BM+QKTH2i2M2bb Q7 i?2 MQ`K�iBp2 KQ/2HX

�b � `2bmHi- �m/BiQ`b �`2 `2[mB`2/ iQ K�Mm�HHv BMi2`T`2i �M/ +H�bbB7v /2i2+i2/
/2pB�iBQMb mbBM; 2tT2`i Dm/;K2Mi- Q7i2M +QMbB/2`BM; /Bz2`2Mi T2`bT2+iBp2b �M/ H2p2Hb
Q7 BM7Q`K�iBQMX h?Bb H2�/b iQ BM7Q`K�iBQM Qp2`HQ�/ �M/ 2ti2MbBp2 K�Mm�H 2zQ`iX

:Bp2M i?2b2 HBKBi�iBQMb- i?2 T`Q#H2K �//`2bb2/ BM i?Bb +?�Ti2` Bb ?Qr iQ �bbBbi �m@
/BiQ`b BM +H�bbB7vBM; /2pB�iBM; T`Q+2bb BMbi�M+2b KQ`2 2{+B2MiHv i?�M +m``2Mi K�Mm�H
�TT`Q�+?2bX q?BH2 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b �`2 2z2+iBp2 BM /2i2+iBM; /2pB�@
iBQMb- i?2v BKTHB+BiHv �bbmK2 i?2 �p�BH�#BHBiv Q7 � +QKTH2i2 �M/ 2t?�mbiBp2 MQ`K�iBp2
T`Q+2bb KQ/2HX h?Bb �bbmKTiBQM `�`2Hv ?QH/b BM BMi2`M�H �m/BiBM; T`�+iB+2X AM T`�+iB+2-
MQ`K�iBp2 KQ/2Hb Q7i2M +�Tim`2 QMHv i?2 BMi2M/2/ Q` ǳ?�TTv T�i?Ǵ #2?�pBQ` �M/ /Q
MQi 7mHHv `2~2+i BKTHB+Bi- 2t+2TiBQM�H- Q` +QMi2ti@/2T2M/2Mi `mH2bX �b � `2bmHi- 2tBbiBM;
+QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b /Q MQi bm{+B2MiHv bmTTQ`i �m/BiQ`b BM /BbiBM;mBb?BM;
i`m2 �MQK�HB2b 7`QK �++2Ti�#H2 2t+2TiBQM�H +�b2b �+`Qbb i?2 7mHH TQTmH�iBQM Q7 T`Q+2bb
2t2+miBQMbX AM T�`iB+mH�`- �m/BiQ`b �`2 +QM7`QMi2/ rBi? H�`;2 pQHmK2b Q7 /2pB�iBQMb-
i2+?MB+�H `2T`2b2Mi�iBQMb- �M/ ?2i2`Q;2M2Qmb BM7Q`K�iBQM M22/b- �HH Q7 r?B+? ?BM/2`
2{+B2Mi +H�bbB}+�iBQMX AMbB;?ib 7`QK i?2 }2H/ bim/v T`2b2Mi2/ BM *?�Ti2` 9 b?Qr i?�i
�m/BiQ`b T`272` iQ `2�bQM �#Qmi /2pB�iBQMb mbBM; ?B;?@H2p2H- BMi2`T`2i�#H2 /2pB�iBQM
+�i2;Q`B2b `�i?2` i?�M i2+?MB+�H Q` �iQKB+ /2b+`BTiBQMb Q7 KBbK�i+?2b #2ir22M KQ/2Hb
�M/ HQ;bX h?Bb }M/BM; /B`2+iHv KQiBp�i2b i?2 /2bB;M Q7 i?2 7`�K2rQ`F T`QTQb2/ BM i?Bb
+?�Ti2`- r?B+? 7QHHQrb i?2 �H;Q`Bi?KB+ /2bB;M T`BM+BTH2b �/pQ+�i2/ #v J2M/HBM; 2i �HX
(J2M/HBM; 2i �HX- kyk8)X hQ �//`2bb i?2 B/2MiB}2/ T`Q#H2K- i?2 T`QTQb2/ 7`�K2rQ`F
#mBH/b mTQM +QM7Q`K�M+2 +?2+FBM; `2bmHib �M/ BM+`2K2Mi�HHv T`QpB/2b i?2 `2[mB`2/
H2p2H Q7 BM7Q`K�iBQM iQ �m/BiQ`b- ;mB/BM; i?2K iQ +H�bbB7v H�`;2 pQHmK2b Q7 /2pB�iBQMb
i?`Qm;? � ?mK�M@BM@i?2@HQQT K2+?�MBbK i?�i `2/m+2b BM7Q`K�iBQM HQ�/ r?BH2 T`2b2`p@
BM; �m/Bi 2z2+iBp2M2bbX "v bi`m+im`BM; /2pB�iBQMb BMiQ ?B;?@H2p2H /2pB�iBQM +�i2;Q`B2b
�M/ BM+`2K2Mi�HHv 2ti2M/BM; i?2K rBi? �//BiBQM�H BM7Q`K�iBQM QMHv r?2M M2+2bb�`v-
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i?2 7`�K2rQ`F �BKb iQ bmTTQ`i �m/BiQ`b BM +H�bbB7vBM; /2pB�iBM; T`Q+2bb BMbi�M+2b BM
� KQ`2 2{+B2Mi �M/ BMi2`T`2i�#H2 K�MM2`X

h?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F Bb /2bB;M2/ �b �M �H;Q`Bi?KB+ bQHmiBQM iQ
bmTTQ`i �m/BiQ`b BM bvbi2K�iB+�HHv +H�bbB7vBM; +QMi`QH@~Qr /2pB�iBQMb #v +QKT�`BM;
T`Q+2bb 2t2+miBQMb `2+Q`/2/ BM �M 2p2Mi HQ; rBi? � MQ`K�iBp2 T`Q+2bb KQ/2HX h?2
;Q�H Q7 i?2 7`�K2rQ`F Bb MQi QMHv iQ /2i2+i /2pB�iBQMb #mi iQ i`�Mb7Q`K +QM7Q`K�M+2
+?2+FBM; QmiTmib BMiQ BMi2`T`2i�#H2- �m/BiQ`@Q`B2Mi2/ `2T`2b2Mi�iBQMb i?�i 7�+BHBi�i2
2{+B2Mi /2+BbBQM@K�FBM;X 6`QK �M �H;Q`Bi?KB+ 2M;BM22`BM; T2`bT2+iBp2- i?2 7`�K2@
rQ`F �/�Tib � +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2 #v K�TTBM; HQr@H2p2H /Bz2`2M+2b BMiQ
?B;?@H2p2H /2pB�iBQM +�i2;Q`B2b �HB;M2/ rBi? �m/BiQ`bǶ K2Mi�H KQ/2Hb- i?2`2#v `2/m+BM;
+Q;MBiBp2 HQ�/ �M/ BKT`QpBM; mb�#BHBivX

h?2 7`�K2rQ`F QT2`�i2b mM/2` b2p2`�H F2v �bbmKTiBQMb �M/ `2[mB`2K2MibX Ai �b@
bmK2b i?2 2tBbi2M+2 Q7 � MQ`K�iBp2 T`Q+2bb KQ/2H- +�Tim`BM; i?2 BMi2M/2/ ǳ?�TTv
T�i?Ǵ Q7 T`Q+2bb #2?�pBQ`- �b r2HH �b i?2 �p�BH�#BHBiv Q7 � bi`m+im`2/ 2p2Mi HQ; +QMi�BM@
BM; i`�+2b- �+iBpBiB2b- iBK2bi�KTb- �M/ +QMi2tim�H �ii`B#mi2bX Ai 7m`i?2` �bbmK2b i?�i
MQM@T`Q+2bb@`2H�i2/ BMi2`M�H +QMi`QHb ?�p2 �H`2�/v #22M p�HB/�i2/ T`BQ` iQ �TTHvBM;
i?2 7`�K2rQ`FX h?2 /2bB;M Q7 i?2 7`�K2rQ`F Bb ;mB/2/ #v 7Qm` /2bB;M T`BM+BTH2b, KBM@
BKBxBM; BM7Q`K�iBQM Qp2`HQ�/ i?`Qm;? BM+`2K2Mi�H BM7Q`K�iBQM /Bb+HQbm`2- `2/m+BM;
K�Mm�H +H�bbB}+�iBQM 2zQ`i pB� �miQK�i2/ ;`QmTBM; �M/ T�ii2`M 2ti`�+iBQM- 2Mbm`BM;
7mHH TQTmH�iBQM +Qp2`�;2 #v �M�HvxBM; �HH T`Q+2bb 2t2+miBQMb- �M/ �HB;MBM; /2pB�iBQM
`2T`2b2Mi�iBQMb rBi? �m/BiQ`bǶ `2�bQMBM; T`Q+2bb2bX AM �//BiBQM- i?2 7`�K2rQ`F Kmbi
b�iBb7v � b2i Q7 `2[mB`2K2Mib- M�K2Hv bmTTQ`i 7Q` `2/m+iBQM Q7 K�Mm�H 2p�Hm�iBQM 2zQ`i
�M/ b+�H�#BHBiv iQ `2�H@HB72 2p2Mi HQ;bX hQ;2i?2`- i?2b2 �bbmKTiBQMb �M/ `2[mB`2K2Mib
2M�#H2 � b+�H�#H2- BMi2`T`2i�#H2- �M/ ?mK�M@+2Mi2`2/ �TT`Q�+? iQ /2pB�iBQM +H�bbB}@
+�iBQMX

h?2 `2K�BM/2` Q7 i?Bb +?�Ti2` Bb bi`m+im`2/ �b 7QHHQrbX a2+iBQM 8XR BMi`Q/m+2b i?2
+Q`2 +QM+2Tib �M/ /2}MBiBQMb `2[mB`2/ 7Q` /2pB�iBQM +H�bbB}+�iBQMX a2+iBQM 8Xk T`2b2Mib
i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F �M/ Bib �H;Q`Bi?KB+ /2bB;MX a2+iBQMb 8XkX9 iQ
8XkXe i?2M /2b+`B#2 i?2 i?`22 bi�;2b Q7 i?2 7`�K2rQ`F BM /2i�BH- +Qp2`BM; /2pB�iBQM
B/2MiB}+�iBQM- Bi2`�iBp2 /2pB�iBQM �M�HvbBb- �M/ i?2 H�#2HBM; Q7 `2K�BMBM; /2pB�iBQMbX

8XR S`2HBKBM�`B2b

AM i?Bb b2+iBQM- #2bB/2b i?2 T`2HBKBM�`B2b T`QpB/2/ BM *?�Ti2` j- r2 2tTH�BM bQK2
KQ`2 /2}MBiBQMb r?B+? �`2 M22/2/ iQ BMi`Q/m+2 i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F
BM i?Bb +?�Ti2`X

�b 2tTH�BM2/ BM *?�Ti2` j- BM :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3) +QM7Q`K�M+2 +?2+F@
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BM; i2+?MB[m2- #Qi? i?2 T`Q+2bb KQ/2H �M/ i?2 2p2Mi HQ; �`2 +QMp2`i2/ BMiQ �M 2p2Mi
bi`m+im`2X am#b2[m2MiHv- i?2 irQ 2p2Mi bi`m+im`2b �`2 �HB;M2/ pB� �M 2``Q`@+Q``2+iBM;
bvM+?`QMBx2/ T`Q/m+iX 1�+? /Bz2`2M+2 /2i2+i2/ BM i?2 bvM+?`QMBx2/ T`Q/m+i Bb `2@
TQ`i2/ �b � KBbK�i+? #2ir22M i?2 MQ`K�iBp2 KQ/2H �M/ i?2 2p2Mi HQ;X

h?2 �TT`Q�+? /BbiBM;mBb?2b MBM2 /BbiBM+i /Bz2`2M+2b,
BX *�mb�HBivf*QM+m``2M+v- BBX *QM~B+i- BBBX h�bF bFBT- BpX h�bF bm#biBimiBQM- pX lM@

K�i+?2/ `2T2iBiBQM- pBX h�bF `2HQ+�iBQM- pBBX h�bF �#b2M+2- pBBBX lMQ#b2`p2/ �+v+HB+
BMi2`p�H- �M/ BtX lMQ#b2`p2/ +v+HB+ BMi2`p�HX

6Q` i?2 �m/BiBM; Tm`TQb2- r2 �`2 QMHv BMi2`2bi2/ BM i?2 /2pB�iBQMb �i i?2 i`�+2@
H2p2Hc r2 +�M B;MQ`2 /Bz2`2M+2b B �M/ BBB- �b i?2v �`2 QMHv �TTHB+�#H2 r?2M �M�HvxBM;
b2p2`�H i`�+2b iQ;2i?2`X

"2HQr- r2 7Q`K�HHv /2}M2 i?2 +QM+2Tib r?B+? �`2 2bb2MiB�H 7Q` mM/2`bi�M/BM; i?2
T`QTQb2/ T`Q+2bb +H�bbB}+�iBQM 7`�K2rQ`FX h?2b2 i2`Kb TH�v � +`m+B�H `QH2 BM /BbiBM@
;mBb?BM; p�`B�iBQMb BM T`Q+2bb 2t2+miBQMb i?`Qm;?Qmi i?Bb +?�Ti2`X h?2 /2}MBiBQMb
#mBH/ mTQM i?2 +QM+2Tib Q7 2p2Mi HQ;b �M/ i`�+2b- �b 2bi�#HBb?2/ #v o�M /2` ��Hbi
(kyRe)- �M/ �`2 T`2b2Mi2/ BM .2}MBiBQM R BM *?�Ti2` jX

.2}MBiBQM j U1p2MiVX G2i E /2MQi2 i?2 mMBp2`b2 Q7 2p2MibX �M 2p2Mi e ∈ E Bb /2}M2/
�b � imTH2

e = 〈e.cid, e.ts, e.act, e.ea〉,

r?2`2,

Ç e.cid ∈ CID Bb i?2 +�b2 B/2MiB}2` 7`QK i?2 b2i Q7 �HH +�b2 B/2MiB}2`b- BM/B+�iBM;
i?2 T`Q+2bb BMbi�M+2 iQ r?B+? i?2 2p2Mi #2HQM;b-

Ç e.ts ∈ TS Bb i?2 iBK2bi�KT Q7 i?2 2p2Mi 7`QK � iQi�HHv Q`/2`2/ b2i Q7 iBK2bi�KTb-

Ç e.act ∈ A Bb i?2 �+iBpBiv H�#2H �bbQ+B�i2/ rBi? i?2 2p2Mi 7`QK i?2 }MBi2 b2i Q7
�+iBpBiB2b-

Ç e.ea ⊆ EA Bb � b2i Q7 2p2Mi �ii`B#mi2b 7`QK i?2 mMBp2`b2 Q7 2p2Mi �ii`B#mi2bX

q2 �bbmK2 � bBM;H2 iBK2bi�KT T2` �+iBpBiv 2t2+miBQM- `2T`2b2MiBM; 2Bi?2` i?2 bi�`i Q`
i?2 +QKTH2iBQM Q7 i?2 �+iBpBivX

.2}MBiBQM 9 U*�b2VX G2i E /2MQi2 i?2 mMBp2`b2 Q7 2p2MibX � +�b2 c Bb /2}M2/ �b �
imTH2

c = 〈c.id, c.trace, c.ca〉,

r?2`2,
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Ç c.id Bb i?2 mMB[m2 +�b2 B/2MiB}2`-

Ç c.trace = 〈e1, e2, . . . , en〉 Bb i?2 i`�+2 Q7 i?2 +�b2- /2}M2/ �b �M Q`/2`2/ b2[m2M+2
Q7 2p2Mib bm+? i?�i

〈ei|ei.cid = c.id〉,

Ç c.ca Bb � b2i Q7 +�b2 �ii`B#mi2bX

q2 /2MQi2 c.trace = σ r?2`2 σi /2MQi2b i?2 i@i? 2p2Mi BM i?2 i`�+2X �HH 2p2Mib BM �
i`�+2 b?�`2 i?2 b�K2 +�b2 B/2MiB}2`,

∀i : σi.cid = c.B/

X

.2}MBiBQM 8 U1p2Mi HQ;VX G2i C /2MQi2 i?2 mMBp2`b2 Q7 +�b2bX �M 2p2Mi HQ; L Bb /2}M2/
�b � U}MBi2V b2i Q7 +�b2b,

L ⊆ C.

1[mBp�H2MiHv- � bBKTHB}2/ 2p2Mi HQ; +�M #2 `2T`2b2Mi2/ �b � KmHiBb2i Q7 i`�+2b,

L = {σn1
1 , σn2

2 , . . . , σnk
k },

r?2`2
L = {σ n

i | n = |{ c | c.i`�+2 = σi }| ∧ n > 0}

K2�MBM; i?�i 2�+? σi = ci.trace Bb i?2 i`�+2 �bbQ+B�i2/ rBi? � +�b2 ci ∈ L- ni > 0
/2MQi2b i?2 KmHiBTHB+Biv Q7 i`�+2 σi- �M/ k Bb i?2 MmK#2` Q7 /BbiBM+i i`�+2b BM i?2 HQ;X

.2}MBiBQM e ULQ`K�iBp2 T`Q+2bb KQ/2HVX � MQ`K�iBp2 T`Q+2bb KQ/2H M /2}M2b- 2Bi?2`
2tTHB+BiHv Q` BKTHB+BiHv- i?2 b2i Q7 T`Q+2bb 2t2+miBQMb i?�i �`2 +QMbB/2`2/ �HHQr2/ Q`
BMi2M/2/X

6Q`K�HHv- H2i Σ /2MQi2 i?2 mMBp2`b2 Q7 �HH TQbbB#H2 i`�+2bX h?2 MQ`K�iBp2 KQ/2H
M BM/m+2b � b2i Q7 �HHQr2/ i`�+2b,

L(M) ⊆ Σ,

r?2`2 2�+? i`�+2 σ ∈ L(M) `2T`2b2Mib � T`Q+2bb 2t2+miBQM i?�i +QM7Q`Kb iQ i?2
BMi2M/2/ UMQ`K�iBp2V #2?�pBQ`X

h`�+2b i?�i /Q MQi #2HQM; iQ L(M) �`2 +QMbB/2`2/ MQM@+QM7Q`KBM; �M/ K�v +Q`@
`2bTQM/ iQ /2pB�iBQMbX

.2}MBiBQM d U.2pB�iBQM ivT2VX � /2pB�iBQM ivT2 Bb �M 2H2K2Mi

t ∈ T = {Ins, Mis, Reo, Rep},

r?2`2 Ins- Mis- Reo- �M/ Rep +Q``2bTQM/ iQ AMb2`iBQM- JBbbBM;- _2Q`/2`BM;- �M/
_2T2iBiBQM /2pB�iBQMb- `2bT2+iBp2HvX
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.2}MBiBQM 3 U.2pB�iBQMVX G2i L #2 �M 2p2Mi HQ;- M � MQ`K�iBp2 T`Q+2bb KQ/2H- �M/
H2i c ∈ L #2 � +�b2 rBi? i`�+2

c.trace = σ = 〈σ1, σ2, . . . , σn〉,

�M/ σ = c.trace #2 i?2 i`�+2 Q7 +�b2 c ∈ C- �M/ H2i M #2 i?2 MQ`K�iBp2 T`Q+2bb KQ/2HX
� /2pB�iBQM Bb � 8@imTH2,

δ = (c, t, a, p, q),

c ∈ C- i?2 +�b2 BM r?B+? i?2 /2pB�iBQM Q++m`b
t ∈ T - i?2 /2pB�iBQM ivT2 BX2X- t ∈ {AMb, JBb, _2Q, _2T}X
a ∈ A- i?2 �+iBpBiv H�#2H �bbQ+B�i2/ rBi? i?2 /2pB�iBQM
p ∈ N- i?2 T`BK�`v TQbBiBQM BM/2t
q ∈ N ∪ {⊥}- i?2 b2+QM/�`v TQbBiBQM BM/2t U{⊥} r?2M MQi �TTHB+�#H2V q2 �++2bb
+QKTQM2Mib pB� /Qi MQi�iBQM, δ.c, δ.t, δ.a, δ.p, δ.qX

h?2 7Qm` /2pB�iBQM ivT2b �`2 BMbi�MiB�i2/ �b 7QHHQrb,

AMb2`iBQM /2pB�iBQMb �M BMb2`iBQM /2pB�iBQM Q++m`b r?2M �M 2p2Mi Bb Q#b2`p2/ �i
� TQbBiBQM r?2`2 i?2 +Q``2bTQM/BM; �+iBpBiv Bb MQi �HHQr2/ #v i?2 MQ`K�iBp2 KQ/2HX
6Q`K�HHv- �M BMb2`iBQM /2pB�iBQM Bb � imTH2

δ = (c, AMb, σp.act, p, ⊥)

bm+? i?�i �+iBpBiv a ∈ A Bb BMb2`i2/ BM c ∈ C r?BH2 Bi r�b MQi �HHQr2/ iQ Q++m` �i
TQbBiBQM p �++Q`/BM; iQ M X G2i

∆Ins = {δIns | δIns Bb �M BMb2`iBQM /2pB�iBQM}.

JBbbBM; /2pB�iBQMb � KBbbBM; /2pB�iBQM Q++m`b r?2M �M �+iBpBiv i?�i Bb `2[mB`2/ #v i?2
MQ`K�iBp2 KQ/2H /Q2b MQi Q++m` BM i?2 Q#b2`p2/ i`�+2X 6Q`K�HHv- � KBbbBM; /2pB�iBQM
Bb � imTH2

δ = (c, JBb, a, p, ⊥)

bm+? i?�i �+iBpBiv a Bb `2[mB`2/ iQ Q++m` �i TQbBiBQM p BM +�b2 c �++Q`/BM; iQ M - #mi
bm+? 2p2Mi Bb MQi `2+Q`/2/X G2i

∆Mis = {δMis | δMis Bb � KBbbBM; /2pB�iBQM}.
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_2Q`/2`BM; /2pB�iBQMb � `2Q`/2`BM; /2pB�iBQM Q++m`b r?2M �M �+iBpBiv Bb 2t2+mi2/-
#mi �i � TQbBiBQM /Bz2`2Mi 7`QK i?�i T`2b+`B#2/ #v i?2 MQ`K�iBp2 KQ/2HX 6Q`K�HHv- �
`2Q`/2`BM; /2pB�iBQM Bb � imTH2

δ = (c, _2Q, σp.act, p, q)

bm+? i?�i �+iBpBiv a BM (c, p) ∈ ∆Ins- (c, q) ∈ ∆Mis- �M/ i?2 �+iBpBiv a �TT2�`b �i
TQbBiBQM p- r?2`2 a Bb 2tT2+i2/ �i TQbBiBQM q �++Q`/BM; iQ M X G2i

∆Reo = {δReo | δReo Bb � `2Q`/2`BM; /2pB�iBQM}.

q?2M � `2Q`/2`BM; /2pB�iBQM δ_2Q = (c, _2Q, σp.act, p, q) Bb B/2MiB}2/- i?2 +Q``2bTQM/@
BM; BMb2`iBQM �M/ KBbbBM; /2pB�iBQMb �`2 `2KQp2/ 7`QK ∆AMb �M/ ∆JBb- `2bT2+iBp2Hv-
i?2`2#v 2Mbm`BM; i?�i i?2 7Qm` /2pB�iBQM bm#b2ib `2K�BM T�B`rBb2 /BbDQBMiX

_2T2iBiBQM /2pB�iBQMb � `2T2iBiBQM /2pB�iBQM Q++m`b r?2M �M �+iBpBiv Bb 2t2+mi2/
KQ`2 iBK2b i?�M �HHQr2/ #v i?2 MQ`K�iBp2 KQ/2HX 6Q`K�HHv- � `2T2iBiBQM /2pB�iBQM Bb
� imTH2

δ = (c, _2T, σq.act, p, q)

r?2`2 p Bb i?2 }`bi Q++m``2M+2 TQbBiBQM- q Bb i?2 `2T2iBiBQM TQbBiBQM- bm+? i?�i p < q-
(c, p) /∈ ∆Ins- (c, q) ∈ ∆Ins-
�M/
!k : p < k < q bm+? i?�i (c, k) /∈ ∆Ins- σk.act = σq.act

K2�MBM; i?�i σp Bb i?2 +HQb2bi T`2+2/BM; MQM@BMb2`i2/ Q++m``2M+2 Q7 i?2 b�K2 �+iBpBiv
iQ σqX

G2i
∆Rep = {δRep | δRep Bb � `2T2iBiBQM /2pB�iBQM}.

q?2M � `2T2iBiBQM /2pB�iBQM δ_2T = (c, _2T, σp.act, p, q) Bb B/2MiB}2/- i?2 +Q``2@
bTQM/BM; BMb2`iBQM /2pB�iBQM Bb `2KQp2/ 7`QK ∆AMb- i?2`2#v 2Mbm`BM; i?�i i?2 7Qm`
/2pB�iBQM bm#b2ib `2K�BM T�B`rBb2 /BbDQBMiX

h?2 /2pB�iBQM mMBp2`b2 Bb /2}M2/ �b i?2 /BbDQBMi mMBQM Q7 +�i2;Q`v@bT2+B}+ /2pB�iBQM
b2ib, ∆ /2MQi2b i?2 b2i Q7 �HH /2pB�iBQMb �+`Qbb �HH +�b2bX

∆ = ∆Ins ∪ ∆Mis ∪ ∆Reo ∪ ∆Rep,

r?2`2,

Ç ∆Ins /2MQi2b i?2 b2i Q7 AMb2`iBQM /2pB�iBQMb-

Ç ∆Mis /2MQi2b i?2 b2i Q7 JBbbBM; /2pB�iBQMb-
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Ç ∆Reo /2MQi2b i?2 b2i Q7 _2Q`/2`BM; /2pB�iBQMb-

Ç ∆Rep /2MQi2b i?2 b2i Q7 _2T2iBiBQM /2pB�iBQMbX

1�+? /2pB�iBQM δ ∈ ∆ Bb `2T`2b2Mi2/ �b � imTH2 +QMi�BMBM; � +�b2 B/2MiB}2`- �
TQbBiBQM BM/2t- �M/ �M �+iBpBiv H�#2HX h?2 �+iBpBiv �bbQ+B�i2/ rBi? � /2pB�iBQM- /2MQi2/
#v δdev.a- Bb /2}M2/ /2T2M/BM; QM i?2 /2pB�iBQM +�i2;Q`v �b 7QHHQrb,

δdev.�+i =






σIns
i .�+i, B7 δ ∈ ∆Ins �M/ δ = (c, AMb, σp.act, p, ⊥)

σMis
i .a, B7 δ ∈ ∆Mis �M/ δ = (c, JBb, a, p, ⊥),

σReo
i .�+i, B7 δ ∈ ∆Reo �M/ δ = (c, _2Q, σp.act, p, q),

σRep
i .�+i, B7 δ ∈ ∆Rep �M/ δ = (c, _2T, σq.act, p, q).

>2`2- σi /2MQi2b i?2 i@i? 2p2Mi Q7 i?2 i`�+2 �bbQ+B�i2/ rBi? +�b2 c- �M/ σi.�+i
/2MQi2b i?2 �+iBpBiv H�#2H Q7 i?�i 2p2MiX

.2}MBiBQM N U.2pB�iBQM +H�bb2bVX � /2pB�iBQM +H�bb Bb �Mv bm#b2i D ⊆ ∆ r?Qb2 2H2K2Mib
b?�`2 � +QKKQM /2}MBM; +QM/BiBQM U2X;X- /2pB�iBQM ivT2- �+iBpBiv- Q`/2`BM; T�ii2`M- Q`
+QMi2tim�H �ii`B#mi2bVX

UN�V .2pB�iBQM b2[m2M+2 Q7 � +�b2X

6Q` � +�b2 c ∈ C rBi? /2pB�iBQMb ∆(c) = {δ ∈ ∆ | δ.c = c}- i?2 /2pB�iBQM
b2[m2M+2 Bb i?2 b2[m2M+2 Q7 UivT2- �+iBpBivV T�B`b Q`/2`2/ #v T`BK�`v TQbBiBQM,

Seq(c) = 〈(δ1.t, δ1.a), (δ2.t, δ2.a), . . . , (δm.t, δm.a)〉

r?2`2 δ1, δ2, . . . , δm �`2 i?2 /2pB�iBQMb BM ∆(c) Q`/2`2/ #v δ.pX

UN#V G2p2H R Ĝ .2pB�iBQM +H�bb2b

6Q` � /2pB�iBQM ivT2 t ∈ T �M/ �M �+iBpBiv H�#2H a ∈ A- i?2 G2p2H R /2pB�iBQM
+H�bb 7Q` (t, a) Bb /2}M2/ �b

D1(t, a) = {δ ∈ ∆ | δ.t = t ∧ δ.a = a}.

G2p2H R ;`QmTb /2pB�iBQMb bQH2Hv #v i?2B` ivT2 �M/ �+iBpBiv- rBi?Qmi +QMbB/2`BM;
2t2+miBQM +QMi2ti Q` Q`/2`BM;X h?2 b2i Q7 �HH G2p2H R +H�bb2b Bb

{D1(t, a) | t ∈ T, a ∈ A, D1(t, a) += ∅}.
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UN+V G2p2H k Ĝ .2pB�iBQM +H�bb2b #�b2/ QM Q`/2`2/ /2pB�iBQM ivT2b

G2i p = 〈(t1, a1), (t2, a2), . . . , (tn, an)〉 #2 � /2pB�iBQM ivT2 T�ii2`M- r?2`2 2�+?
ti ∈ T �M/ ai ∈ AX G2i CD ⊆ C /2MQi2 i?2 b2i Q7 /2pB�iBM; +�b2b- BX2X- +�b2b
i?�i +QMi�BM �i H2�bi QM2 /2pB�iBQMX h?2 G2p2H k /2pB�iBQM +H�bb Bb /2}M2/ �b ,

D2(p) = {c ∈ CD | p - Seq(c)}

r?2`2 - /2MQi2b i?2 bm#b2[m2M+2 `2H�iBQM �M/ Seq(c) Bb i?2 Q`/2`2/ b2[m2M+2
Q7 UivT2- �+iBpBivV T�B`b 7Q` +�b2 cX G2p2H k ;`QmTb /2pB�iBM; +�b2b #v b?�`2/
b2[m2MiB�H /2pB�iBQM T�ii2`MbX

h?Bb H2p2H ;`QmTb /2pB�iBQMb #v `2+m``BM; b2[m2M+2b Q7 /2pB�iBQM ivT2b �M/ �+@
iBpBiB2b rBi?BM i?2 b�K2 +�b2X

1t�KTH2,
D(〈(Mis, a)(Ins, b)〉)

UN/V G2p2H j Ĝ .2pB�iBQM +H�bb2b rBi? +�b2 �ii`B#mi2b

G2i T ∗ #2 i?2 b2i Q7 2ti2M/2/ /2pB�iBQM ivT2 �b

T ∗ = T ∪ {N} = {Ins, Mis, Reo, Rep, N}

r?2`2 Ins, Mis, Reo, Rep �`2 /2pB�iBQM +�i2;Q`B2b �M/ N `2T`2b2Mib � MQ`K�H
UMQM@/2pB�iBM;V 2p2MiX

6Q` � +�b2 c ∈ C- H2i ca(c) ⊆ CA /2MQi2 i?2 b2i Q7 +�b2 �ii`B#mi2X h?2 G2p2H j
2ti2M/2/ /2pB�iBQM b2[m2M+2 Bb,

S3(c) = (ca(c), 〈(t1, a1), (t2, a2), . . . , (tn, an)〉)

r?2`2 ti ∈ T ∗- ai ∈ A Bb �M �+iBpBiv �M/ ca(c) ⊆ CA Bb � bm#b2i Q7 +�b2@�ii`B#mi2b
7Q` i?2 B@i? +�b2X h?2 T�B` bi`m+im`2 b2T�`�i2b +�b2 �ii`B#mi2b 7`QK i?2 /2pB�iBQM
T�ii2`MX LQ`K�H UK�i+?2/V 2p2Mib �`2 `2T`2b2Mi2/ #v ti = N X h?2 G2p2H j
/2pB�iBQM +H�bb 7Q` � T�ii2`M p rBi? +�b2 �ii`B#mi2b ca Bb /2}M2/ �b

D3(ca, p) = {c ∈ CD | ca ⊆ ca(c) ∧ p - S3(c).seq}

r?2`2 S3(c).seq Bb i?2 b2[m2M+2 +QKTQM2Mi Q7 S3(c)X

h?Bb H2p2H 2M`B+?2b /2pB�iBQM T�ii2`Mb rBi? +�b2@H2p2H +QMi2tim�H BM7Q`K�iBQM BM
Q`/2` iQ bmTTQ`i +�b2@H2p2H +QMi2ti +H�bbB}+�iBQMX
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UN7V G2p2H 9 Ĝ .2pB�iBQM +H�bb2b rBi? 2p2Mi �ii`B#mi2b

6Q` � +�b2 c ∈ CD- i?2 G2p2H 9 2ti2M/2/ /2pB�iBQM b2[m2M+2 �m;K2Mib G2p2H j
rBi? 2p2Mi@H2p2H �ii`B#mi2b,

S4(c) = (ca(c), 〈(t1, a1, ea1), (t2, a2, ea2), . . . , (tn, an, ean)〉)

r?2`2 2�+? ti ∈ T ∗- ai ∈ A- �M/ eai ⊆ EA Bb i?2 b2i Q7 2p2Mi �ii`B#mi2b �bbQ+B�i2/
rBi? i?2 i@i? TQbBiBQMX � G2p2H 9 T�ii2`M Bb � T�B`

p = (cap, 〈(t′
1, a′

1, ea′
1), . . . , (t′

m, a′
m, ea′

m)〉)

r?2`2 cap ⊆ CA bT2+B}2b `2[mB`2/ +�b2 �ii`B#mi2b �M/ 2�+? ea′
j ⊆ EA bT2+B}2b

`2[mB`2/ 2p2Mi �ii`B#mi2 p�Hm2b �i i?2 K�i+?2/ TQbBiBQMX

h?2 G2p2H 9 /2pB�iBQM +H�bb 7Q` � T�ii2`M p Bb,

D4(p) = {c ∈ CD | cap ⊆ ca(c) ∧ p.seq -ea S4(c).seq}

r?2`2 -ea /2MQi2b i?2 2p2Mi@�ii`B#mi2@�r�`2 bm#b2[m2M+2 `2H�iBQM, p.seq -ea

s B7 i?2`2 2tBbib �M Q`/2`@T`2b2`pBM; BMD2+iBQM K�TTBM; 2�+? T�ii2`M 2H2K2Mi
(t′

j , a′
j , ea′

j) iQ � b2[m2M+2 2H2K2Mi (ti, ai, eai) bm+? i?�i t′
j = ti- a′

j = ai- �M/
ea′

j ⊆ eaiX

LQi2 +?�M;2 7`QK G2p2H j, G2p2H 9 T�ii2`Mb +QMi�BM 2p2Mi �ii`B#mi2 +QMbi`�BMib
�i bT2+B}+ TQbBiBQMbX h?2 bm#b2[m2M+2 K�i+? -ea 2ti2M/b - #v �//BiBQM�HHv
`2[mB`BM; i?�i i?2 T�ii2`MǶb 2p2Mi �ii`B#mi2 p�Hm2b �`2 T`2b2Mi BM i?2 K�i+?2/
TQbBiBQMǶb 2p2Mi �ii`B#mi2bX

G2p2H 9 `2}M2b /2pB�iBQM +H�bb2b #v BM+Q`TQ`�iBM; 2p2Mi �ii`B#mi2b- bm+? �b iBK2b@
i�KTb- `2bQm`+2b �ii`B#mi2bX h?Bb H2p2H Bb mb2/ QMHv r?2M /2pB�iBQM +H�bbB}+�iBQM
+�MMQi #2 `2bQHp2/ mbBM; +QMi`QH@~Qr bi`m+im`2 �M/ +�b2@H2p2H BM7Q`K�iBQM �HQM2X

.2}MBiBQM Ry U1t+2TiBQMVX �M 2t+2TiBQM Bb � /2pB�iBQM i?�i Bb +QMbB/2`2/ �++2Ti�#H2 /m2
iQ T`2/2}M2/ Q` BKTHB+Bi `mH2b MQi /B`2+iHv 2M+Q/2/ BM i?2 T`Q+2bb KQ/2HX 1t+2TiBQMb
�`2 T`Q+2bb p�`B�Mib i?�i Q++m` mM/2` bT2+B�H +QM/BiBQMb- bm+? �b m`;2Mi +�b2bX AM
+QM7Q`K�M+2 +?2+FBM; i2`Kb- i?2b2 /2pB�iBQMb K�v �HB;M rBi? �Hi2`M�iBp2 `mH2b MQi
+�Tim`2/ BM M X 6Q` 2t�KTH2- H2i σe ⊆ L /2MQi2 i`�+2b i?�i /2pB�i2 #mi �`2 p�HB/�i2/
�;�BMbi � b2+QM/�`v 2t+2TiBQM `mH2 b2i ExcX 6Q` � i`�+2 σ ∈ L- B7 σ /2pB�i2b 7`QK M

�M/ Exc(σ) = i`m2- i?2M σ Bb +H�bbB}2/ �b �M 2t+2TiBQMX
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.2}MBiBQM RR U�MQK�HvVX �M �MQK�Hv Bb � /2pB�iBQM i?�i +�MMQi #2 DmbiB}2/ #v �Mv �/@
/BiBQM�H `mH2b Q` 2t+2TiBQM TQHB+B2bX h?2b2 `2T`2b2Mi B``2;mH�`BiB2b i?�i bB;M�H TQi2MiB�H
Bbbm2b bm+? �b 2``Q`b- 7`�m/- Q` T`Q+2bb BM2{+B2M+B2bX

� i`�+2 σ ∈ L Bb +H�bbB}2/ �b �M �MQK�Hv B7 Bi +QMi�BMb �i H2�bi QM2 /2pB�iBQM �M/
/Q2b MQi b�iBb7v i?2 2t+2TiBQM `mH2,

Anom(σ) = i`m2 ⇐⇒ ∆(σ) += ∅ ∧ Exc(σ) = 7�Hb2

r?2`2
∆(σ) = {δ ∈ ∆ | δ.c = c ∧ c.trace = σ}

Bb i?2 b2i Q7 /2pB�iBQMb BM i?�i i`�+2X
�MQK�HB2b �`2 +`BiB+�H 7Q` �m/BiQ`b �b i?2v ?B;?HB;?i `BbFb Q` pBQH�iBQMb BM T`Q+2bb

2t2+miBQMX

�b T`QTQb2/ BM *?�Ti2` 9- /2pB�iBQMb BM i?2 �m/BiBM; +QMi2ti �`2 /2}M2/ mbBM;
� }MBi2 b2i Q7 ?B;?@H2p2H /2pB�iBQM +�i2;Q`B2b i?�i `2~2+i ?Qr �m/BiQ`b +QM+2Tim�HBx2
/2pB�iBQMb BM T`�+iB+2X AM i?Bb +?�Ti2`- i?2b2 +�i2;Q`B2b �`2 7Q`K�HBx2/ �b � b2i Q7
/2pB�iBQM +�i2;Q`B2bX

hQ 7�+BHBi�i2 `2�/�#BHBiv �M/ T`QpB/2 � bi`m+im`2/ `272`2M+2- i?2 MQi�iBQM mb2/
i?`Qm;?Qmi i?Bb +?�Ti2` Bb bmKK�`Bx2/ BM h�#H2b 8XR �M/ 8XkX

h?2 MQi�iBQM Bb /BpB/2/ BMiQ irQ i�#H2b iQ /BbiBM;mBb? #2ir22M i?2 mM/2`HvBM; /�i�
bi`m+im`2b �M/ i?2 +QM+2Tib T`QTQb2/ BM i?2 7`�K2rQ`FX h�#H2 8XR +Qp2`b bi�M/�`/
T`Q+2bb KBMBM; +QM+2Tib `2H�i2/ iQ i?2 2p2Mi HQ; �M/ MQ`K�iBp2 T`Q+2bb KQ/2H- bm+? �b
2p2Mib- +�b2b- �M/ i`�+2bX h�#H2 8Xk BMi`Q/m+2b i?2 MQi�iBQM bT2+B}+ iQ i?2 /2pB�iBQM
+H�bbB}+�iBQM 7`�K2rQ`F /2p2HQT2/ BM i?Bb i?2bBb- BM+Hm/BM; /2pB�iBQM ivT2b- /2pB�iBQM
b2ib- �M/ i?2 /Bz2`2Mi H2p2Hb Q7 /2pB�iBQM +H�bb2bX h?2b2 +QM+2Tib 2ti2M/ i?2 #�bB+
2p2Mi HQ; `2T`2b2Mi�iBQM #v bi`m+im`BM; /2pB�iBQMb BM � r�v i?�i bmTTQ`ib Bi2`�iBp2
�M/ ?mK�M@BM@i?2@HQQT +H�bbB}+�iBQMX

8Xk .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F

h?Bb b2+iBQM 2tTH�BMb ?Qr i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F rQ`Fb �M/ ?Qr Bi Bb
TQbBiBQM2/ rBi? `2bT2+i iQ i?2 �H;Q`Bi?KB+ 2M;BM22`BM; T2`bT2+iBp2 Q7 i?2 i?2bBbX h?2
7`�K2rQ`F Bb /2bB;M2/ �b �M �H;Q`Bi?K 7Q` �m/BiQ`b i?�i bmTTQ`ib i?2 +H�bbB}+�iBQM
Q7 +QMi`QH@~Qr /2pB�iBQMb #v �M�HvxBM; /Bz2`2M+2b #2ir22M T`Q+2bb 2t2+miBQMb �M/ �
MQ`K�iBp2 T`Q+2bb KQ/2HX AM HBM2 rBi? i?2 �H;Q`Bi?KB+ /2bB;M T`BM+BTH2b BMi`Q/m+2/
2�`HB2` BM i?Bb +?�Ti2`- i?2 7Q+mb Bb MQi QMHv QM /2i2+iBM; /2pB�iBQMb #mi �HbQ QM
2M;BM22`BM; i?2 QmiTmi �M/ BMi2`�+iBQM BM � r�v i?�i bmTTQ`ib �m/BiQ` /2+BbBQM@K�FBM;
2{+B2MiHvX
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LQi�iBQM .2b+`BTiBQM

E lMBp2`b2 Q7 2p2Mib
e ∈ E 1p2Mi- e = 〈e.cid, e.ts, e.act, e.ea〉

CID a2i Q7 +�b2 B/2MiB}2`b
TS a2i Q7 iBK2bi�KTb
A a2i Q7 �+iBpBiv H�#2Hb
EA lMBp2`b2 Q7 2p2Mi �ii`B#mi2b
c ∈ C *�b2- c = 〈c.id, c.trace, c.ca〉

σ h`�+2 UQ`/2`2/ b2[m2M+2 Q7 2p2MibV
C lMBp2`b2 Q7 +�b2b
L ⊆ C 1p2Mi HQ; Ub2i Q7 +�b2bV
Σ lMBp2`b2 Q7 �HH TQbbB#H2 i`�+2b
M LQ`K�iBp2 T`Q+2bb KQ/2H
L(M) a2i Q7 �HHQr2/ i`�+2b /2}M2/ #v M

h�#H2 8XR, 1p2Mi HQ; �M/ T`Q+2bb KQ/2H MQi�iBQM

h?2 7`�K2rQ`F i�F2b �b BMTmi UBV � MQ`K�iBp2 KQ/2H- �bbmK2/ iQ 2tBbi �M/ `2T@
`2b2Mi2/ �b � S2i`B M2i- �M/ UBBV �M 2p2Mi HQ; +QMi�BMBM; 2p2Mib- +�b2 B/2MiB}2`b-
iBK2bi�KTb- +�b2 �ii`B#mi2b- �M/ 2p2Mi �ii`B#mi2bX h?2 MQ`K�iBp2 KQ/2H b2`p2b �b
i?2 #�b2HBM2 �;�BMbi r?B+? Q#b2`p2/ 2t2+miBQMb �`2 +QKT�`2/X �b /Bb+mbb2/ BM i?2
BMi`Q/m+iQ`v b2+iBQMb Q7 i?Bb +?�Ti2`- i?2 MQ`K�iBp2 KQ/2H K�v MQi +QMi�BM �HH BM7Q`@
K�iBQM `2[mB`2/ 7Q` �m/BiBM; /2+BbBQMb- #2+�mb2 bQK2 `2H2p�Mi +QMi2ti Q` 2t+2TiBQM�H
`mH2b +�M #2 BKTHB+Bi �M/ i?2`27Q`2 MQi 2tTHB+BiHv +�Tim`2/ BM i?2 MQ`K�iBp2 KQ/2HX
h?2 7`�K2rQ`F 7m`i?2` �bbmK2b i?�i BMi2`M�H +QMi`QHb bm+? �b b2;`2;�iBQM Q7 /miB2b
�M/ i?`22@r�v K�i+? ?�p2 �H`2�/v #22M p�HB/�i2/ mbBM; 2tBbiBM; �m/BiBM; bQ7ir�`2-
�M/ i?�i i?2 /2pB�iBQM +H�bbB}+�iBQM T`Q+2/m`2 Bb �TTHB2/ �7i2` i?Bb p�HB/�iBQM bi2TX

6`QK �M �H;Q`Bi?KB+ 2M;BM22`BM; T2`bT2+iBp2- i?2 7`�K2rQ`F #mBH/b QM �M 2tBbiBM;
+QM7Q`K�M+2 +?2+FBM; i2+?MB[m2 �M/ �/�Tib Bi iQ K22i i?2 `2[mB`2K2Mib B/2MiB}2/ BM
i?2 2�`HB2` b2+iBQMb Q7 i?Bb +?�Ti2`X *QM+`2i2Hv- Bi mb2b i?2 }`bi +H�bb Q7 i?2 +QM7Q`@
K�M+2 +?2+FBM; i2+?MB[m2 BMi`Q/m+2/ #v :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3) �b i?2 /2pB@
�iBQM /2i2+iBQM K2+?�MBbK- �M/ Bi KQ/B}2b i?2 QmiTmi bQ i?�i /Bz2`2M+2b #2ir22M
i?2 T`Q+2bb KQ/2H �M/ 2p2Mi HQ; �`2 K�TT2/ BMiQ i?2 ?B;?@H2p2H /2pB�iBQM +�i2;Q`B2b
BMi`Q/m+2/ BM *?�Ti2` 9X h?Bb /2bB;M +?QB+2 2Mbm`2b i?�i /2pB�iBQMb �`2 `2T`2b2Mi2/
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LQi�iBQM .2b+`BTiBQM

T a2i Q7 /2pB�iBQM ivT2b- {AMb, JBb, _2Q, _2T}

δ = (c, t, a, p, q) .2pB�iBQM imTH2
∆ a2i Q7 �HH /2pB�iBQMb
∆Ins, ∆Mis, ∆Reo, ∆Rep a2ib Q7 /2pB�iBQMb #v ivT2
∆(c) a2i Q7 /2pB�iBQMb BM +�b2 c

t .2pB�iBQM ivT2
a �+iBpBiv H�#2H
p, q SQbBiBQM BM/B+2b BM � i`�+2
⊥ lM/2}M2/ f MQi �TTHB+�#H2 TQbBiBQM
Seq(c) .2pB�iBQM b2[m2M+2 Q7 +�b2 c

DT (c) a2i Q7 /BbiBM+i (t, a) T�B`b BM +�b2 c

p - Seq(c) S�ii2`M p Bb � bm#b2[m2M+2 Q7 Seq(c)
-ea am#b2[m2M+2 `2H�iBQM +QMbB/2`BM; 2p2Mi �ii`B#mi2b
CD a2i Q7 /2pB�iBM; +�b2b
D1(t, a) G2p2H R /2pB�iBQM +H�bb U#v ivT2 �M/ �+iBpBivV
D2(p) G2p2H k /2pB�iBQM +H�bb U#v /2pB�iBQM b2[m2M+2 T�ii2`MV
D3(ca, p) G2p2H j /2pB�iBQM +H�bb UrBi? +�b2 �ii`B#mi2bV
D4(p) G2p2H 9 /2pB�iBQM +H�bb UrBi? +�b2 �M/ 2p2Mi �ii`B#mi2bV
%1, %2, %3, %4 G�#2Hb �bbB;M2/ #v i?2 �m/BiQ` U2X;X- PE- LPEV

h�#H2 8Xk, .2pB�iBQM �M/ +H�bbB}+�iBQM MQi�iBQM
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BM �M BMi2`T`2i�#H2 7Q`K i?�i K�i+?2b �m/BiQ`bǶ K2Mi�H KQ/2Hb- `�i?2` i?�M #2BM;
T`2b2Mi2/ �b i2+?MB+�H Q` �iQKB+ KBbK�i+?2bX h?2 7`�K2rQ`F Bb KQiBp�i2/ #v i?2
T`�+iB+�H HBKBi�iBQMb Q7 +m``2Mi +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b BM BMi2`M�H �m/BiBM;X
�b i?2 MQ`K�iBp2 KQ/2H Bb MQi +QKTH2i2- +QM7Q`K�M+2 +?2+FBM; iQQHb ivTB+�HHv T`Q/m+2
� H�`;2 /2pB�iBQM b2i i?�i KBt2b TQi2MiB�HHv T`Q#H2K�iB+ #2?�pBQ` rBi? 2t+2TiBQM�H #mi
�++2Ti�#H2 #2?�pBQ` i?�i Bb MQi 2tTHB+BiHv KQ/2H2/ BM i?2 MQ`K�iBp2 KQ/2HbX

.2pB�iBQMb �`2 ;`QmT2/ �M/ T`2b2Mi2/ iQ i?2 �m/BiQ` i?`Qm;? bm++2bbBp2 H2p2Hb Q7
BM7Q`K�iBQM- bi�`iBM; rBi? ?B;?@H2p2H /2pB�iBQM +�i2;Q`B2b �M/ BM+`2K2Mi�HHv BM+Q`TQ@
`�iBM; �//BiBQM�H +QMi2tim�H BM7Q`K�iBQM QMHv r?2M M22/2/X h?Bb BM+`2K2Mi�H /2bB;M
QT2`�iBQM�HHv �//`2bb2b i?2 `2[mB`2K2Mib 7Q`KmH�i2/ 2�`HB2` BM i?Bb +?�Ti2`- BM T�`iB+@
mH�` KBMBKBxBM; BM7Q`K�iBQM Qp2`HQ�/- `2/m+BM; K�Mm�H +H�bbB}+�iBQM 2zQ`i- 2Mbm`BM;
7mHH TQTmH�iBQM +Qp2`�;2- �M/ �HB;MBM; i?2 �M�HvbBb rBi? �m/BiQ`bǶ `2�bQMBM; T`Q+2bb2bX

8XkXR �H;Q`Bi?KB+ .2bB;M Q7 i?2 .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F
h?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F T`QTQb2/ BM i?Bb +?�Ti2` Bb BMi2M/2/ iQ bmTTQ`i
�m/BiQ`b #v +QKT�`BM; T`Q+2bb 2t2+miBQMb `2+Q`/2/ BM �M 2p2Mi HQ; rBi? � MQ`K�iBp2
T`Q+2bb KQ/2H- rBi? � bT2+B}+ 7Q+mb QM i?2 +H�bbB}+�iBQM Q7 +QMi`QH@~Qr /2pB�iBQMb �b
�MQK�HB2b Q` 2t+2TiBQM�H +�b2bX h?2 /2bB;M 7QHHQrb �H;Q`Bi?KB+ /2bB;M T`BM+BTH2b i?�i
2KT?�bBx2 BMi2`T`2i�#BHBiv- 2{+B2M+v- �M/ �HB;MK2Mi rBi? mb2` M22/bX AM i?Bb +?�T@
i2`- i?2 T`QTQb2/ /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F Bb /2p2HQT2/ mM/2` i?2 7QHHQrBM;
�bbmKTiBQMb- +QMbBbi2Mi rBi? i?Qb2 BMi`Q/m+2/ BM *?�Ti2` R,

�bbmKTiBQM R, 1tBbi2M+2 �M/ `2T`2b2Mi�iBQM Q7 � MQ`K�iBp2 T`Q+2bb KQ/2H
� MQ`K�iBp2 T`Q+2bb KQ/2H Bb �bbmK2/ iQ 2tBbiX h?2 KQ/2H `2T`2b2Mib
i?2 BMi2M/2/ �M/ bi�M/�`/ 2t2+miBQM Q7 i?2 T`Q+2bb �M/ +�Tim`2b QMHv
i?2 ?�TTv T�i? Q7 T`Q+2bb #2?�pBQ`X 1t+2TiBQM�H �M/ BM7`2[m2Mi 2t2@
+miBQM T�i?b �`2 MQi 2tTHB+BiHv KQ/2H2/X

�bbmKTiBQM k, �p�BH�#BHBiv �M/ bi`m+im`2 Q7 i?2 2p2Mi HQ;
�M 2p2Mi HQ; Bb �bbmK2/ iQ #2 �p�BH�#H2X h?2 2p2Mi HQ; +QMi�BMb- �i
� KBMBKmK- `2+Q`/2/ 2p2Mib rBi? +�b2 B/2MiB}2`b- iBK2bi�KTb- �M/
�+iBpBiv H�#2Hb- �b r2HH �b +�b2 �ii`B#mi2b �M/ 2p2Mi �ii`B#mi2bX q2
�HbQ �bbmK2 i?�i �HH BM7Q`K�iBQM i?�i Bb `2H2p�Mi iQ i?2 �m/BiQ` iQ
K�F2 �M BM7Q`K2/ �bb2bbK2Mi Bb T`2b2Mi BM i?2 2p2Mi HQ;X

�bbmKTiBQM j, S`BQ` p�HB/�iBQM Q7 BMi2`M�H +QMi`QHb
h?2 7`�K2rQ`F QT2`�i2b mM/2` i?2 �bbmKTiBQM i?�i MQM@T`Q+2bb `2@
H�i2/ BMi2`M�H +QMi`QHb- bm+? �b b2;`2;�iBQM Q7 /miB2b �M/ irQ@r�v Q`
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i?`22@r�v K�i+?- ?�p2 �H`2�/v #22M i2bi2/ �M/ p�HB/�i2/X h?2b2 +QM@
i`QHb +�M #2 2p�Hm�i2/ mbBM; 2tBbiBM; �m/BiBM; bQ7ir�`2 �M/ �`2 �b@
bmK2/ iQ #2 `2HB�#H2 #27Q`2 �TTHvBM; i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2@
rQ`FX

h?2 �H;Q`Bi?KB+ /2bB;M 2KT?�bBx2b +H�`Biv- 2{+B2M+v- �M/ �HB;MK2Mi rBi? mb2`
M22/bX AM HBM2 rBi? i?2b2 T`BM+BTH2b- i?2 T`QTQb2/ 7`�K2rQ`F Bb ;mB/2/ #v 7Qm` F2v
/2bB;M T`BM+BTH2b,

.2bB;M S`BM+BTH2 R, JBMBKBx�iBQM Q7 BM7Q`K�iBQM Qp2`HQ�/
h?2 7`�K2rQ`F Bb /2bB;M2/ iQ KBMBKBx2 BM7Q`K�iBQM Qp2`HQ�/ #v
T`QpB/BM; /2pB�iBQM@`2H�i2/ BM7Q`K�iBQM BM+`2K2Mi�HHvX .2pB�@
iBQMb �`2 MQi T`2b2Mi2/ rBi? �HH �p�BH�#H2 BM7Q`K�iBQM �i QM+2c
BMbi2�/- �m/BiQ`b BMBiB�HHv `2+2Bp2 QMHv i?2 KBMBK�H BM7Q`K�iBQM
`2[mB`2/ 7Q` +H�bbB}+�iBQMX �//BiBQM�H BM7Q`K�iBQM Bb BMi`Q/m+2/
T`Q;`2bbBp2Hv �b M22/2/- T�`iB+mH�`Hv r?2M i?2 �p�BH�#H2 BM7Q`K�@
iBQM Bb BMbm{+B2Mi BM bm#b2[m2Mi bi2Tb Q7 i?2 �M�HvbBbX h?Bb /2bB;M
`2/m+2b +Q;MBiBp2 HQ�/ #v +QMbi`m+iBQMX

.2bB;M S`BM+BTH2 k, _2/m+iBQM Q7 K�Mm�H +H�bbB}+�iBQM 2zQ`i
h?2 7`�K2rQ`F �BKb iQ `2/m+2 K�Mm�H +H�bbB}+�iBQM 2zQ`i #v �m@
iQK�iBM; i?2 BMBiB�H +�i2;Q`Bx�iBQM Q7 /2pB�iBQMbX �m/BiQ`b �`2
2tT2+i2/ iQ K�Mm�HHv `2pB2r QMHv i?Qb2 /2pB�iBQMb i?�i `2K�BM
�K#B;mQmb Q` +QKTH2t �7i2` �miQK�i2/ T`Q+2bbBM;X h?2 2z2+@
iBp2M2bb Q7 i?Bb T`BM+BTH2 Bb 2p�Hm�i2/ BM i?2 bm#b2[m2Mi +?�Ti2`
i?`Qm;? � +�b2 bim/vX

.2bB;M S`BM+BTH2 j, 6mHH TQTmH�iBQM +Qp2`�;2
h?2 7`�K2rQ`F Bb /2bB;M2/ iQ 2Mbm`2 7mHH TQTmH�iBQM +Qp2`�;2 #v
2p�Hm�iBM; �HH T`Q+2bb 2t2+miBQMb `2+Q`/2/ BM i?2 2p2Mi HQ; `�i?2`
i?�M `2HvBM; QM b�KTHBM;X h?Bb bmTTQ`ib +QKT`2?2MbBp2 �m/BiBM;
�M/ Bb BM?2`2MiHv b�iBb}2/ #v i?2 /2bB;MX Aib BKTHB+�iBQMb �`2
/Bb+mbb2/ BM /2i�BH BM i?2 7QHHQrBM; b2+iBQMbX

.2bB;M S`BM+BTH2 9, �HB;MK2Mi rBi? �m/BiQ`bǶ K2Mi�H KQ/2Hb
h?2 7`�K2rQ`F �BKb iQ �HB;M rBi? �m/BiQ`bǶ K2Mi�H KQ/2Hb #v
+H�bbB7vBM; /2pB�iBQMb mbBM; ?B;?@H2p2H- BMi2`T`2i�#H2 /2pB�iBQM +�i@
2;Q`B2b i?�i `2~2+i ?Qr �m/BiQ`b +QM+2Tim�HBx2 �MQK�HB2b �M/
2t+2TiBQM�H +�b2b- �b B/2MiB}2/ BM i?2 }2H/ bim/v T`2b2Mi2/ BM
*?�Ti2` 9X AMbi2�/ Q7 T`2b2MiBM; /2pB�iBQMb BM �M �iQKB+ Q`
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Tm`2Hv i2+?MB+�H 7Q`K U2X;X- 2p2Mi@H2p2H BMb2`iBQMb Q` /2H2iBQMbV-
i?2 7`�K2rQ`F 2KT?�bBx2b �m/BiQ`@Q`B2Mi2/ `2T`2b2Mi�iBQMbX

AM �//BiBQM iQ i?2 /2bB;M T`BM+BTH2b- i?2 7`�K2rQ`F Kmbi b�iBb7v � b2i Q7 7mM+iBQM�H
�M/ T2`7Q`K�M+2 `2[mB`2K2Mib i?�i 2Mbm`2 Bib �TTHB+�#BHBiv BM +QMiBMmQmb �m/BiBM;
b2iiBM;bX

_2[mB`2K2Mi R, _2/m+iBQM Q7 K�Mm�H 2p�Hm�iBQM 2zQ`i
h?2 7`�K2rQ`F Kmbi /2KQMbi`�#Hv `2/m+2 i?2 MmK#2` Q7 K�Mm�H
2p�Hm�iBQM �+iBQMb +QKT�`2/ iQ � 7mHHv K�Mm�H �bb2bbK2MiX h?Bb
`2[mB`2K2Mi Bb QT2`�iBQM�HBx2/ �M/ K2�bm`2/ i?`Qm;? i?2 2zQ`i `2@
/m+iBQM K2i`B+ BM *?�Ti2` eX

_2[mB`2K2Mi k, a+�H�#BHBiv iQ `2�H@HB72 2p2Mi HQ;b
h?2 7`�K2rQ`F Kmbi #2 �TTHB+�#H2 iQ `2�H@HB72 2p2Mi HQ;b Q7 bm#bi�M@
iB�H bBx2 �M/ +QKTH2tBiv- bm+? �b i?2 Tm`+?�b2@iQ@T�v /�i�b2i mb2/ BM
i?2 +�b2 bim/v- rBi?Qmi `2[mB`BM; b�KTHBM;X

h?2 �H;Q`Bi?KB+ /2bB;M Q7 i?2 7`�K2rQ`F T`Q+22/b BM i?`22 +QM+2Tim�H bi�;2bX

ai�;2 RV .2pB�iBQM A/2MiB}+�iBQM �M/ hvT2 �bbB;MK2Mi
h?2 �H;Q`Bi?K bi�`ib #v B/2MiB7vBM; /2pB�iBQMb #2ir22M Q#b2`p2/ T`Q+2bb 2t2+m@

iBQMb �M/ i?2 MQ`K�iBp2 KQ/2HX S`Q+2bb 2t2+miBQMb �`2 �M�Hvx2/ rBi? `2bT2+i iQ i?2
2tT2+i2/ Q`/2` �M/ Q++m``2M+2 Q7 �+iBpBiB2b- i?�i Bb- i?2B` Q#b2`p2/ +QMi`QH@~Qr #2?�p@
BQ` �b `2+Q`/2/ BM i?2 2p2Mi HQ;X .2pB�iBQMb �`2 /2i2+i2/ #v +QMi`�biBM; i?2 Q#b2`p2/
+QMi`QH@~Qr T�ii2`Mb Q7 BM/BpB/m�H T`Q+2bb 2t2+miBQMb rBi? i?2 2tT2+i2/ +QMi`QH@~Qr
T�ii2`Mb /2}M2/ #v i?2 MQ`K�iBp2 KQ/2HX "�b2/ QM i?Bb +QKT�`BbQM- /2pB�iBQMb �`2
�bbB;M2/ iQ QM2 Q7 7Qm` /2pB�iBQM +�i2;Q`B2b, KBbbBM; �+iBpBiB2b- `2Q`/2`BM; Q7 �+iBpBiB2b-
BMb2`iBQM Q7 mM2tT2+i2/ �+iBpBiB2b- �M/ `2T2iBiBQM Q7 �+iBpBiB2bX h?2 T`BK�`v /2pB�iBQMb
+�i2;Q`B2b �`2 /2}M2/ �b 7QHHQrb,

JBbbBM; Ĝ �M 2tT2+i2/ �+iBpBiv BM i?2 MQ`K�iBp2 KQ/2H Bb �#b2Mi BM � +�b2Ƕb
i`�+2X

_2Q`/2`BM; Ĝ �+iBpBiB2b Q++m` BM � /Bz2`2Mi b2[m2M+2 i?�M T`2b+`B#2/ #v i?2
MQ`K�iBp2 KQ/2HX

AMb2`iBQM Ĝ �M mM2tT2+i2/ �+iBpBiv �TT2�`b BM � +�b2Ƕb i`�+2X

_2T2iBiBQM Ĝ �M �+iBpBiv Bb 2t2+mi2/ KQ`2 iBK2b i?�M 2tT2+i2/ BM � +�b2Ƕb i`�+2X
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h?2b2 /2pB�iBQM +�i2;Q`B2b +Q``2bTQM/ /B`2+iHv iQ i?2 /2pB�iBQM +�i2;Q`B2b B/2MiB@
}2/ BM *?�Ti2` 9 �M/ `2~2+i i?2 r�v �m/BiQ`b +QM+2Tim�HBx2 /2pB�iBQMb BM T`�+iB+2X
h?Bb bi�;2 2Mbm`2b i?�i /2pB�iBQMb �`2 BMBiB�HHv +�i2;Q`Bx2/ BM � r�v i?�i K�i+?2b i?2
�m/BiQ`bǶ K2Mi�H KQ/2H- �b /Bb+mbb2/ BM i?2 T`2pBQmb +?�Ti2`- 7�+BHBi�iBM; +QKT`2?2M@
bBQM �M/ `2/m+BM; +Q;MBiBp2 HQ�/X

ai�;2 kV Ai2`�iBp2 .2pB�iBQM �M�HvbBb
�7i2` B/2MiB7vBM; �M/ +�i2;Q`BxBM; /2pB�iBQMb- i?2 7`�K2rQ`F �TTHB2b � KmHiB@H2p2H

�M�HvbBb �M/ Bi2`�iBp2 +H�bbB}+�iBQM T`Q+2/m`2 BM r?B+? /2pB�iBQMb �`2 BM+`2K2Mi�HHv
T`2b2Mi2/ iQ i?2 �m/BiQ` 7Q` H�#2HBM;X AM 2�+? Bi2`�iBQM- ;`QmTb Q7 /2pB�iBQMb �`2 7Q`K2/
#�b2/ QM b?�`2/ /2pB�iBQM +?�`�+i2`BbiB+b �M/ T`2b2Mi2/ iQ;2i?2` rBi? i?2 �p�BH�#H2
2tTH�M�iQ`v BM7Q`K�iBQM- �HHQrBM; i?2 �m/BiQ` iQ �bb2bb r?2i?2` i?2 T`QpB/2/ BM7Q`@
K�iBQM Bb bm{+B2Mi iQ H�#2H i?2 ;`QmT �b �MQK�HB2b Q` 2t+2TiBQMbX A7 i?2 BM7Q`K�iBQM
Bb +QMbB/2`2/ BMbm{+B2Mi- i?2 ;`QmT Bb 7m`i?2` bTHBi BMiQ HQr2`@H2p2H ;`QmTb r?B+? �HHQr
i?2 T`2b2Mi�iBQM Q7 KQ`2 /2i�BH2/ �M/ +QMi2tim�H BM7Q`K�iBQM BM bm#b2[m2Mi Bi2`�iBQMbX
�b i?2 Bi2`�iBQMb T`Q;`2bb- i?2 bBx2 Q7 i?2 /2pB�iBQM ;`QmTb /2+`2�b2b r?BH2 i?2 `B+?@
M2bb Q7 i?2 BM7Q`K�iBQM T`QpB/2/ BM+`2�b2b- mMiBH i?2 T`Q+2bb +QMp2`;2b �i i?2 H2p2H
Q7 BM/BpB/m�H /2pB�iBQMb B7 M2+2bb�`vX "�b2/ QM i?2 �m/BiQ`Ƕb BMTmi- bBKBH�` T`Q+2bb
2t2+miBQMb �`2 �miQK�iB+�HHv �bbB;M2/ iQ i?2 b�K2 /2pB�iBQM +�i2;Q`B2b �M/ +�M/B/�i2
+H�bbB}+�iBQMX h?2 HQQT �M/ Bi2`�iBQMb �`2 /2bB;M2/ iQ BM+`2K2Mi�HHv BM+`2�b2 i?2 H2p2H
Q7 BM7Q`K�iBQM T`QpB/2/ iQ i?2 �m/BiQ`X AMBiB�H Bi2`�iBQMb 7Q+mb QMHv QM ?B;?@H2p2H
/2pB�iBQM ivT2b- r?BH2 bm#b2[m2Mi Bi2`�iBQMb BM+Q`TQ`�i2 �//BiBQM�H +QMi2tim�H BM7Q`@
K�iBQM- bm+? �b +QKKQM p�`B�iBQM T�ii2`Mb �M/- r?2M M2+2bb�`v- BM7Q`K�iBQM /2`Bp2/
7`QK +�b2 �ii`B#mi2b �M/ 2p2Mi �ii`B#mi2bX h?Bb BM+`2K2Mi�H /Bb+HQbm`2 Q7 BM7Q`K�iBQM
2Mbm`2b i?�i �m/BiQ`b �`2 MQi Qp2`r?2HK2/ �M/ �`2 QMHv T`2b2Mi2/ rBi? �//BiBQM�H
+QMi2ti r?2M Bi Bb M2+2bb�`v 7Q` /2+BbBQM@K�FBM;X

h?2 Bi2`�iBp2 HQQT ?�b KmHiBTH2 H2p2Hb /2bB;M2/ iQ KBMBKBx2 BM7Q`K�iBQM Qp2`HQ�/X
hQ BHHmbi`�i2 i?2 /BbiBM+iBQM #2ir22M i?2b2 H2p2Hb- +QMbB/2` � bBM;H2 T`Q+2bb 2t2+m@
iBQM r?2`2 i?2 MQ`K�iBp2 T`Q+2bb KQ/2H bT2+B}2b i?2 T`2+2/2M+2 +QMbi`�BMi A → B-
K2�MBM; i?�i �+iBpBiv A Kmbi #2 2t2+mi2/ #27Q`2 i?2 �TT`Qp�H �+iBpBiv BX

G2p2H R, h?Bb T`Q+2bb 2t2+miBQM Bb T`2b2Mi2/ iQ i?2 �m/BiQ` bQH2Hv BM i2`Kb Q7
Bib /2pB�iBQM ivT2X 6Q` 2t�KTH2- B7 i?2 `2+Q`/2/ 2t2+miBQM BM i?2 2p2Mi HQ;
b?Qrb �+iBpBiv A Q++m``BM; �7i2` �+iBpBiv B- i?Bb H2p2H T`2b2Mib i?2 /2pB�iBQM �b
`2Q`/2`BM;UAVX LQ �//BiBQM�H BM7Q`K�iBQM �#Qmi i?2 bm``QmM/BM; T`Q+2bb +QMi2ti
Q` 2t2+miBQM /2i�BHb Bb T`QpB/2/X h?Bb H2p2H bmTTQ`ib `�TB/- ?B;?@H2p2H b+`22MBM;
#�b2/ QM /2pB�iBQM ivT2 �HQM2X

G2p2H k, .2pB�iBQMb Q7 i?2 b�K2 ivT2 �`2 ;`QmT2/ BMiQ 7`2[m2Mi /2pB�iBQM T�i@
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i2`MbX 6Q` BMbi�M+2- B7 � i`�+2 (B, A, B) Q++m`b BM KmHiBTH2 T`Q+2bb 2t2+miBQMb-
i?Bb H2p2H T`2b2Mib i?2 /2pB�iBQM b2[m2M+2 〈`2Q`/2`BM;UAV, `2T2iBiBQMUBV〉 iQ i?2
�m/BiQ`X h?Bb 2M�#H2b �m/BiQ`b iQ `2�bQM �#Qmi `2+m``BM; /2pB�iBQM bi`m+im`2b
`�i?2` i?�M BbQH�i2/ BMbi�M+2bX

G2p2H j, h?2b2 /2pB�iBQM T�ii2`Mb �`2 �m;K2Mi2/ rBi? +�b2@H2p2H +QMi2tim�H BM@
7Q`K�iBQM- bm+? �b �ii`B#mi2b �bbQ+B�i2/ rBi? i?2 T`Q+2bb 2t2+miBQM U2X;X- i`�Mb@
�+iBQM p�Hm2 Q` +�b2 +�i2;Q`vVX

G2p2H 9, h?2 BM7Q`K�iBQM 7`QK i?2 T`2pBQmb H2p2Hb Bb �m;K2Mi2/ rBi? 2p2Mi
�ii`B#mi2b BM+Hm/BM; BM7Q`K�iBQM bm+? �b iBK2bi�KTb- `2bTQMbB#H2 `2bQm`+2b- Q`
�+iBpBiv@bT2+B}+ /�i�X h?Bb H2p2H T`QpB/2b i?2 KQbi /2i�BH2/ pB2r �M/ bmTTQ`ib
i?2 +H�bbB}+�iBQM Q7 +QKTH2t /2pB�iBQMb i?�i +�MMQi #2 `2bQHp2/ mbBM; +QMi`QH@
~Qr �M/ +�b2@H2p2H BM7Q`K�iBQM �HQM2X

h�#H2 8Xj bmKK�`Bx2b i?2 BMM2` HQQT /2bB;M Q7 i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2@
rQ`F- /2i�BHBM; i?2 7Qm` H2p2H Bi2`�iBQM- i?2 BM7Q`K�iBQM 2�+? H2p2H T`QpB/2b �M/ i?2
Tm`TQb2 Q7 2�+? Bi2`�iBQM 7Q` +�i2;Q`BxBM; /2pB�iBQMbX

lMBi Q7 �M�HvbBb AM7Q`K�iBQM S`QpB/2/ Sm`TQb2
R >B;?@H2p2H /2pB@

�iBQM ivT2b QMHv
PMHv i?2 2tBbiBM; /2pB�iBQM
ivT2b

JBMBKBx2b BM7Q`K�iBQM Qp2`@
HQ�/ �M/ K�i+?2b i?2 �m/B@
iQ`bǶ K2Mi�H KQ/2H

k 6`2[m2Mi /2pB�@
iBQM ivT2b T�i@
i2`Mb

amKK�`B2b Q7 +QKKQM /2pB@
�iBQM T�ii2`Mb �+`Qbb T`Q+2bb
2t2+miBQMb

6�+BHBi�i2b T�ii2`M `2+Q;MB@
iBQM �M/ `2/m+2b K�Mm�H +H�b@
bB}+�iBQM 2zQ`i

j 6`2[m2Mi /2pB�@
iBQM b2ib rBi?
+�b2 �ii`B#mi2b

.2pB�iBQM b2ib 2M`B+?2/ rBi?
+�b2@H2p2H +QMi2tim�H BM7Q`K�@
iBQM

amTTQ`ib �m/BiQ`b BM /Bb@
�K#B;m�iBM; /2pB�iBQMb mbBM;
+QMi2tim�H BM7Q`K�iBQM

9 6`2[m2Mi /2pB�@
iBQM b2ib rBi?
+�b2 �M/ 2p2Mi
�ii`B#mi2b

.2pB�iBQM b2ib 2M`B+?2/ rBi?
#Qi? +�b2@H2p2H �M/ 2p2Mi@
H2p2H �ii`B#mi2b

1M�#H2b �++m`�i2 +H�bbB}+�@
iBQM Q7 +QKTH2t /2pB�iBQMb

h�#H2 8Xj, AMM2` GQQT .2bB;M Q7 i?2 .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F

AM 2�+? Bi2`�iBQM- i?2 7`�K2rQ`F ;Q2b /22T2` BM i?2 H2p2H Q7 BM7Q`K�iBQM- QMHv
`2p2�HBM; �//BiBQM�H /2i�BHb r?2M M2+2bb�`v 7Q` +H�bbB}+�iBQMX h?Bb /2bB;M #�H�M+2b
2{+B2M+v �M/ +QKT`2?2MbBp2M2bb r?BH2 �/?2`BM; iQ �m/BiQ`bǶ +Q;MBiBp2 +QMbi`�BMibX



S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM RRR

h?Bb Bi2`�iBp2 T`Q+2/m`2 +QMiBMm2b mMiBH MQ 7m`i?2` /2pB�iBQMb +�M #2 +QM}/2MiHv +H�b@
bB}2/ mbBM; i?2 �p�BH�#H2 BM7Q`K�iBQMX

ai�;2 jV G�#2HBM; _2K�BMBM; .2pB�iBQMb
AM i?2 }M�H bi�;2- �7i2` i?2 Bi2`�iBp2 HQQT +QMp2`;2b- �Mv `2K�BMBM; mM+H�bbB}2/ /2@

pB�iBQMb �`2 H�#2H2/ mbBM; i?2 �++mKmH�i2/ FMQrH2/;2 7`QK T`2pBQmb Bi2`�iBQMbX h?Bb
}M�H bi2T 2Mbm`2b i?�i �HH T`Q+2bb BMbi�M+2b BM i?2 2p2Mi HQ; �`2 +H�bbB}2/- �//`2bb@
BM; i?2 `2[mB`2K2Mi Q7 7mHH TQTmH�iBQM +H�bbB}+�iBQM #v /2bB;MX Pp2`�HH- i?2 /2pB�iBQM
+H�bbB}+�iBQM 7`�K2rQ`F bmTTQ`ib BMi2`M�H �m/BiQ`b BM �M�HvxBM; /2pB�iBQMb BM � bi`m+@
im`2/ �M/ 2{+B2Mi K�MM2`X "v +QK#BMBM; ?B;?@H2p2H /2pB�iBQM +�i2;Q`B2b- BM+`2K2Mi�H
BM7Q`K�iBQM T`QpBbBQM- �M/ BMi2`�+iBQM- i?2 7`�K2rQ`F `2/m+2b K�Mm�H BMi2`p2MiBQM
�M/ 2zQ`i- �pQB/b mMM2+2bb�`v +QKTH2tBiv- �M/ 7Q+mb2b �m/BiQ` �ii2MiBQM QM i?2 KQbi
BM7Q`K�iBp2 /2pB�iBQMb �M/ bvbi2K�iB+�HHv �HB;Mb i2+?MB+�H +QM7Q`K�M+2 `2bmHib rBi?
�m/BiQ`bǶ `2�bQMBM; T`Q+2bb2b �+`Qbb i?2 2MiB`2 TQTmH�iBQM Q7 T`Q+2bb 2t2+miBQMbX

AM bmKK�`v- i?2 T`QTQb2/ 7`�K2rQ`F Tmib BMbB;?ib 7`QK T`BQ` +?�Ti2`b BMiQ � +Q@
?2`2Mi �H;Q`Bi?KB+ /2bB;M i?�i 2M�#H2b b+�H�#H2- BMi2`T`2i�#H2- �M/ �m/BiQ`@+2Mi2`2/
/2pB�iBQM +H�bbB}+�iBQMX Ai #`B/;2b i?2 ;�T #2ir22M i2+?MB+�H +QM7Q`K�M+2 +?2+FBM;
QmiTmib �M/ T`�+iB+�H �m/BiBM; M22/b #v bi`m+im`BM; /2pB�iBQM �M�HvbBb �b �M BM+`2@
K2Mi�H- BMi2`�+iBp2 T`Q+2bb ;`QmM/2/ BM �m/BiQ`bǶ K2Mi�H KQ/2HbX

6B;m`2 8XR T`QpB/2b �M Qp2`pB2r Q7 i?2 i?`22 bi�;2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2@
rQ`F BMi`Q/m+2/ BM i?Bb b2+iBQMX

6B;m`2 8XR, h?`22@bi�;2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F

6B;m`2 8Xk bmKK�`Bx2b ?Qr i?2 T`QTQb2/ /2pB�iBQM �M�HvbBb �TT`Q�+? rQ`FbX

8XkXk �+�/2KB+ 1t�KTH2
hQ BHHmbi`�i2 i?2 7`�K2rQ`F �M/ 2tTH�BM Bib bi2Tb BM � i`�MbT�`2Mi �M/ `2T`Q/m+B#H2
K�MM2`- i?2 b2+iBQM mb2b �M 2/Bi2/ p2`bBQM Q7 �M �+�/2KB+ `mMMBM; 2t�KTH2 /2b+`B#2/



RRk *?�Ti2` 8

6B;m`2 8Xk, h?2 T`QTQb2/ /2pB�iBQM �M�HvbBb �TT`Q�+?

#v /2 G2QMB �M/ p�M /2` ��Hbi (kyRj�) �M/ mb2/ BM Qi?2` T`Q+2bb KBMBM; bim/B2b
bm+? �b J�MM?�`/i 2i �HX (kyRe)X h?2 2t�KTH2 Bb � T`Q+2bb iQ ?�M/H2 +`2/Bib `2[m2bi
#v +HB2Mib iQ #mv bK�HH ?QK2 �TTHB�M+2bX h?2 +HB2Mi `2[m2bi Bb `2;Bbi2`2/- p2`B}2/-
�bb2bb2/- �M/ +QKKmMB+�i2/X Ai K2�Mb i?2 +HB2MiǶb }M�M+B�H /�i� b?QmH/ #2 +?2+F2/
�M/ p2`B}2/ r?2M i?2 +`2/Bi Bb `2[m2bi2/X A7 i?2 p2`B}+�iBQM Bb TQbBiBp2- i?2 `2[m2bi
Bb �bb2bb2/- �M/ � MQiB}+�iBQM Bb b2Mi iQ i?2 +HB2MiX Pi?2`rBb2- i?2 +HB2Mi Bb BM7Q`K2/
�#Qmi i?2 M2;�iBp2 �bb2bbK2Mi �M/ `2D2+iBQMX h?2 "SJL /B�;`�K Q7 i?Bb T`Q+2bb
KQ/2H Bb /2TB+i2/ BM 6B;m`2 8XjX h?2 Q`B;BM�H KQ/2H U7`QK /2 G2QMB �M/ p�M /2` ��Hbi
(kyRj�)V Bb 2/Bi2/ BM � r�v iQ BM+Hm/2 #Qi? �L. �M/ P_ ;�i2r�vbX h?2 T`Q+2bb KQ/2H
Bb 2M`B+?2/ rBi? BM7Q`K�iBQM T2`bT2+iBp2b U+QMi`QH@~Qr- /�i�- `2bQm`+2- �M/ iBK2V
i?�i �HHQr /2KQMbi`�iBM; ?Qr /Bz2`2Mi H2p2Hb Q7 BM7Q`K�iBQM +�M bmTTQ`i /2pB�iBQM
+H�bbB}+�iBQMX �+iBpBiB2bǶ M�K2b �M/ i?2B` bBKTHB}2/ p2`bBQM Q7 i?2K �`2 b?QrM BM
i?2 #Qt2bX 1�+? �+iBpBiv Bb T2`7Q`K2/ #v � T2`bQM rBi? � T�`iB+mH�` `QH2 U�bbBbi�Mi-
1tT2`i- Q` J�M�;2`VX h?2b2 T2`7Q`K2`b �`2 �HbQ b?QrM BM i?2 KQ/2HX

1t�KTH2 i`�+2b rBi? +�b2 �M/ 2p2Mi �ii`B#mi2b �`2 mb2/ i?`Qm;?Qmi i?2 7QHHQrBM;
b2+iBQMb iQ b?Qr ?Qr /2pB�iBQMb �`2 /2i2+i2/- ;`QmT2/- �M/ BM+`2K2Mi�HHv T`2b2Mi2/
iQ �m/BiQ`b 7Q` H�#2HBM;- �M/ ?Qr i?2b2 H�#2Hb �`2 mb2/ iQ +H�bbB7v T`Q+2bb 2t2+miBQMb �b
�MQK�HB2b Q` 2t+2TiBQM�H +�b2bX h�#H2 8X9 b?Qrb i`�+2b �b 2t�KTH2b Q7 i?2 2t2+miBQM
Q7 i?Bb T`Q+2bb r?B+? r2 mb2 iQ 2tTH�BM Qm` �TT`Q�+?X AM 2�+? +�b2- 2�+? #`�+F2i `272`b
iQ QM2 Q7 Bib 2p2MibX �++Q`/BM; iQ i?2 KQ/2H- i?2 }`bi Bi2K BM i?2 2p2Mi `272`b iQ i?2
�##`2pB�iBQM Q7 i?2 �+iBpBivX G2ii2` A `272`b iQ i?2 `2[m2bi2/ �KQmMiX G2ii2` R Bb i?2
M�K2 Q7 i?2 `2[m2bi2` Q7 i?2 HQ�M- Eactivity Bb i?2 `2bQm`+2 Q` T2`7Q`K2` Q7 i?2 �+iBpBiv-
�M/ Tactivity Bb i?2 iBK2bi�KT Q` i?2 iBK2 i?2 �+iBpBiv Bb T2`7Q`K2/X V Bb � #BM�`v
2p2Mi �ii`B#mi2 i?�i `272`b iQ i?2 p2`B}+�iBQM `2bmHi- r?B+? +�M #2 PE Q` LPE- I Bb
i?2 BMi2`2bi- �M/ }M�HHv- D Bb � #BM�`v �ii`B#mi2 r?2i?2` i?2 �bb2bbK2Mi /2+BbBQM Bb
PE Q` LPEX



S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM RRj

6B;m`2 8Xj, � bBKTHB}2/ p2`bBQM Q7 "SJL JQ/2H Q7 +`2/Bi `2[m2bi ?�M/HBM; T`Q+2bb
7`QK /2 G2QMB �M/ p�M /2` ��Hbi (kyRj�)
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S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM RR8

*�b2 MQ h`�+2 �+iBpBiB2b LQ`K�H/.2pB�iBM; +�b2

*�b2 R 〈a, c, g, f〉 .2pB�iBM; +�b2
*�b2 k 〈a, d, b, d, g, f〉 .2pB�iBM; +�b2
*�b2 j 〈a, b, c, e〉 LQ`K�H +�b2
*�b2 9 〈a, b, c, d, e〉 .2pB�iBM; +�b2
*�b2 8 〈a, b, d, e〉 LQ`K�H +�b2
*�b2 e 〈a, d, b, g, f〉 .2pB�iBM; +�b2

h�#H2 8X8, 1t�KTH2 i`�+2b 7Q` +`2/Bi `2[m2bi T`Q+2bb rBi? i?2 QmiTmi Q7 +QM7Q`K�M+2
+?2+FBM; iQQH

�b /2b+`B#2/ #27Q`2- i?2 QmiTmi Q7 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b Bb irQ b2ib
Q7 +�b2b, MQ`K�H +�b2b �M/ /2pB�iBM; +�b2bX h?2 +�b2b BM i?2 MQ`K�H b2i 7QHHQr i?2
#mbBM2bb `mH2b �M/ T`Q+2bb KQ/2Hb- bQ i?2v �`2 BM HBM2 rBi? i?2 Q`;�MBx�iBQMbǶ 2tT2+i2/
#2?�pBQ`X h?2 /2pB�iBQM b2i +QMi�BMb +�b2b i?�i �`2 MQi +QM7Q`KBM; i?2 MQ`K�iBp2
T`Q+2bb #mi +QMbBbib Q7 #Qi? i`m2@TQbBiBp2b �M/ 7�Hb2@TQbBiBp2bX h?2 i`m2@TQbBiBp2b �`2
�MQK�HB2b �M/ i?2 7�Hb2@TQbBiBp2b �`2 i?2 2t+2TiBQM�H +�b2b 7`QK i?2 �m/BiQ`Ƕb TQBMi
Q7 pB2rX h�#H2 8X8 b?Qrb i?2 2t�KTH2 i`�+2b Q7 i?2 +`2/Bi `2[m2bi T`Q+2bb 7`QK i?2
+QMi`QH@~Qr T2`bT2+iBp2 rBi? i?2 QmiTmi Q7 �Mv Q7 i?2 +m``2Mi +QM7Q`K�M+2 +?2+FBM;
iQQHbX

AM i?2 7QHHQrBM; b2+iBQMb i?2 �TT`Q�+? Bb 2tTH�BM2/ BM /2i�BHX 6B`bi- i?2 /2pB�@
iBQM +H�bbB}+�iBQM 7`�K2rQ`F Bb /2b+`B#2/ BM KQ`2 /2i�BHX ai�;2 R Bb i?2 K�TTBM; 7`QK
KQ/2HĜHQ; KBbK�i+?2b iQ i?2 7Qm` /2pB�iBQM +�i2;Q`B2b UKBbbBM;- BMb2`iBQM- `2Q`/2`BM;-
�M/ `2T2iBiBQMV Bb /2b+`B#2/ #�b2/ QM i?2 b2H2+i2/ +QM7Q`K�M+2 +?2+FBM; K2+?�MBbKX
L2ti- i?2 BM+`2K2Mi�H +H�bbB}+�iBQM T`Q+2/m`2 Bb T`2b2Mi2/- b?QrBM; ?Qr �m/BiQ` H�#2Hb
�`2 +QHH2+i2/ �M/ T`QT�;�i2/ �+`Qbb bBKBH�` +�b2b i?`Qm;? bm++2bbBp2 H2p2Hb Q7 BM7Q`K�@
iBQM- �M/ ?Qr `2K�BMBM; mM+H�bbB}2/ 2t2+miBQMb �`2 ?�M/H2/ iQ 2Mbm`2 +H�bbB}+�iBQM
Q7 i?2 7mHH TQTmH�iBQMX

8XkXj S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F BM .2i�BH
h?Bb b2+iBQM /2b+`B#2b i?2 QT2`�iBQM�H bi2Tb Q7 i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`FX
h?2 7`�K2rQ`F bi�`ib rBi? KQ/2HĜHQ; +QKT�`BbQM iQ B/2MiB7v /2pB�iBQMb �M/ bi`m+im`2b
i?2K iQ bmTTQ`i �m/BiQ`@Q`B2Mi2/ /2pB�iBQM �M�HvbBb rBi?BM �m/Bi T`Q+2/m`2bX �b
/Bb+mbb2/ �#Qp2- KQ/2HĜHQ; +QKT�`BbQM ivTB+�HHv vB2H/b � H�`;2 b2i Q7 /2pB�iBM; +�b2bX
h?Bb Bb T�`iHv /m2 iQ i?2 7�+i i?�i i?2 MQ`K�iBp2 KQ/2H /Q2b MQi +�Tim`2 �HH #mbBM2bb
`mH2b- r?BH2 �//BiBQM�H BKTHB+Bi `mH2b K�v 2tBbi i?�i �`2 MQi 7Q`K�HHv /Q+mK2Mi2/X �b
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� `2bmHi- i?2 +H�bbB}+�iBQM Q7 K�Mv /2pB�iBQMb `2[mB`2b 2tT2`i Dm/;K2Mi 7`QK �m/BiQ`b
r?Q �`2 �r�`2 Q7- Q` +�M Q#i�BM- bm+? BKTHB+Bi `mH2b BM Q`/2` iQ /BbiBM;mBb? i`m2
�MQK�HB2b 7`QK �++2Ti�#H2 2t+2TiBQMbX �M�HvxBM; i?2b2 +�b2b BM/BpB/m�HHv Bb Q7i2M
BKT`�+iB+�HX hQ �//`2bb i?Bb +?�HH2M;2- i?2 T`QTQb2/ 7`�K2rQ`F ;`QmTb /2pB�iBQMb
�M/ T`2b2Mib i?2K iQ �m/BiQ`b mbBM; Bi2`�iBp2 `2}M2/ H2p2Hb Q7 BM7Q`K�iBQM- 2M�#HBM;
+H�bbB}+�iBQM rBi? i?2 KBMBKmK BM7Q`K�iBQM M2+2bb�`vX

h?2 7QHHQrBM; bm#b2+iBQMb }`bi BMi`Q/m+2 ai�;2 R- r?B+? K�Tb KQ/2HĜHQ; KBb@
K�i+?2b iQ ?B;?@H2p2H /2pB�iBQM ivT2b 7Q`KBM; i?2 #�bBb 7Q` bm#b2[m2Mi �M�HvbBbX h?Bb
Bb 7QHHQr2/ #v ai�;2 k- r?B+? /2b+`B#2b i?2 Bi2`�iBp2 /2pB�iBQM �M�HvbBb- iQ KBMBKBx2
i?2 BM7Q`K�iBQM Qp2`HQ�/ 7Q` �m/BiQ` �i 2�+? bi2T �M/ `2/m+2 i?2 K�Mm�H +H�bbB}+�iBQM
2zQ`i �M/ ai�;2 j- r?B+? 7Q+mb2b QM H�#2HBM; i?2 `2K�BMBM; /2pB�iBQMb iQ 2Mbm`2 7mHH
TQTmH�iBQM +H�bbB}+�iBQMX

8XkX9 ai�;2 R, J�TTBM; JQ/2HĜGQ; JBbK�i+?2b iQ .2pB�iBQM hvT2b
h?2 }`bi bi�;2 Q7 i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F 7Q+mb2b QM B/2MiB7vBM; +QMi`QH@
~Qr KBbK�i+?2b #2ir22M Q#b2`p2/ T`Q+2bb 2t2+miBQMb �M/ i?2 MQ`K�iBp2 T`Q+2bb
KQ/2H- �M/ K�TTBM; i?2b2 KBbK�i+?2b iQ � }MBi2 b2i Q7 ?B;?@H2p2H /2pB�iBQM ivT2bX
h?Bb bi�;2 +QMbiBimi2b i?2 7QmM/�iBQM Q7 i?2 7`�K2rQ`F- �b Bi i`�MbH�i2b i2+?MB+�H
+QM7Q`K�M+2 +?2+FBM; QmiTmib BMiQ BMi2`T`2i�#H2 /2pB�iBQM `2T`2b2Mi�iBQMb i?�i �HB;M
rBi? �m/BiQ`bǶ K2Mi�H KQ/2HbX hQ /2i2+i KBbK�i+?2b- 2�+? T`Q+2bb 2t2+miBQM `2+Q`/2/
BM i?2 2p2Mi HQ; Bb +QKT�`2/ �;�BMbi i?2 MQ`K�iBp2 T`Q+2bb KQ/2H- r?B+? b2`p2b �b
i?2 `272`2M+2 7Q` 2tT2+i2/ #2?�pBQ`X h?2 +QKT�`BbQM Bb T2`7Q`K2/ �i i?2 +QMi`QH@~Qr
H2p2H- 2t�KBMBM; #Qi? i?2 Q++m``2M+2 �M/ i?2 Q`/2`BM; Q7 �+iBpBiB2b BM i?2 Q#b2`p2/
2t2+miBQM `2H�iBp2 iQ i?2 KQ/2HX h?2 Qmi+QK2 Q7 i?Bb +QKT�`BbQM Bb � b2i Q7 /Bz2`2M+2b
i?�i BM/B+�i2 r?2`2 �M/ ?Qr i?2 Q#b2`p2/ 2t2+miBQM /2pB�i2b 7`QK i?2 MQ`K�iBp2 #2@
?�pBQ`X _�i?2` i?�M 2tTQbBM; i?2b2 /Bz2`2M+2b BM � i2+?MB+�H Q` �iQKB+ 7Q`K- i?2
7`�K2rQ`F K�Tb i?2K iQ 7Qm` T`2/2}M2/ /2pB�iBQM +�i2;Q`B2b, KBbbBM;- BMb2`iBQM-
`2Q`/2`BM;- �M/ `2T2iBiBQMX � KBbbBM; /2pB�iBQM Q++m`b r?2M �M �+iBpBiv i?�i Bb 2t@
T2+i2/ �++Q`/BM; iQ i?2 MQ`K�iBp2 KQ/2H /Q2b MQi �TT2�` BM i?2 Q#b2`p2/ 2t2+miBQMX
�M BMb2`iBQM /2pB�iBQM +Q``2bTQM/b iQ i?2 Q++m``2M+2 Q7 �M �+iBpBiv BM i?2 2t2+miBQM
i?�i Bb MQi 2tT2+i2/ �i i?�i TQBMi �++Q`/BM; iQ i?2 KQ/2HX � `2Q`/2`BM; /2pB�iBQM
+�Tim`2b bBim�iBQMb BM r?B+? �+iBpBiB2b Q++m` BM � /Bz2`2Mi b2[m2M+2 i?�M T`2b+`B#2/
#v i?2 KQ/2H- r?BH2 � `2T2iBiBQM /2pB�iBQM BM/B+�i2b i?�i �M �+iBpBiv Bb 2t2+mi2/ KQ`2
iBK2b i?�M 2tT2+i2/X

hQ `2/m+2 i?2 +QKTH2tBiv �i i?2 2�`HB2bi bi�;2 Q7 �M�HvbBb- �M/ iQ #mBH/ QM �M
BMi2`T`2i�#H2 �M/ �m/BiQ`@Q`B2Mi2/ /2pB�iBQM `2T`2b2Mi�iBQM- i?Bb K�TTBM; bi2T Bb /2@
bB;M2/ iQ �#bi`�+i 7`QK i2+?MB+�H KQ/2HĜHQ; KBbK�i+?2b �M/ iQ T`QpB/2 � mMB7Q`K-
?B;?@H2p2H `2T`2b2Mi�iBQM Q7 /2pB�iBQMb i?�i Bb K2�MBM;7mH 7Q` �m/BiQ`bX h?2 b2H2+i2/
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/2pB�iBQM ivT2b +Q``2bTQM/ /B`2+iHv iQ i?2 /2pB�iBQM +�i2;Q`B2b B/2MiB}2/ BM *?�Ti2` 9
�M/ `2~2+i ?Qr �m/BiQ`b +QM+2Tim�HBx2 /2pB�iBQMb BM T`�+iB+2- �b 2pB/2M+2/ #v i?2 }2H/
bim/v `2bmHibX h?2 ;Q�H Bb iQ T`2b2`p2 i?2 /2i2+iBQM +�T�#BHBiv Q7 +QM7Q`K�M+2 +?2+FBM;
�M/- �i i?2 b�K2 iBK2- T`Q/m+2 � `2T`2b2Mi�iBQM i?�i Bb BMi2`T`2i�#H2 �M/ bmBi�#H2 7Q`
bm#b2[m2Mi /2pB�iBQM +H�bbB}+�iBQMX

h?2 QmiTmi Q7 ai�;2 R Bb- 7Q` 2�+? T`Q+2bb 2t2+miBQM- � bi`m+im`2/ b2i Q7 /2pB�iBQM
ivT2b /2b+`B#BM; ?Qr Bib +QMi`QH@~Qr #2?�pBQ` /2pB�i2b 7`QK i?2 MQ`K�iBp2 KQ/2HX
h?2b2 /2pB�iBQM ivT2b b2`p2 �b i?2 T`BK�`v BMTmi 7Q` i?2 bm#b2[m2Mi Bi2`�iBp2 /2pB�iBQM
�M�HvbBb bi�;2- r?2`2 i?2v �`2 ;`QmT2/ �M/ 2M`B+?2/ rBi? �//BiBQM�H BM7Q`K�iBQM iQ
bmTTQ`i 2{+B2Mi +H�bbB}+�iBQM �b �MQK�HB2b Q` 2t+2TiBQM�H +�b2bX

q2 mb2 T�`i Q7 i?2 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2 T`QTQb2/ #v :�`+ő�@"�Ƣm2HQb
2i �HX (kyR3) �b i?2 bi�`iBM; TQBMi 7Q` /2i2+iBM; /Bz2`2M+2b #2ir22M i?2 2p2Mi HQ; �M/
i?2 T`Q+2bb KQ/2HX h?2 i2+?MB[m2 +`2�i2b � S`BK2 1p2Mi ai`m+im`2 US1aV 7`QK i?2
2p2Mi HQ; �M/ � S1a 7`QK i?2 T`Q+2bb KQ/2H- �M/ i?2M +QKT�`2b i?2b2 bi`m+im`2b
mbBM; � S�`iB�HHv avM+?`QMBx2/ S`Q/m+i USaSVX 6B;m`2 8X9 T`QpB/2b �M Qp2`pB2r Q7
i?Bb K2i?Q/X

6B;m`2 8X9, h?2 �HB;MK2Mi K2i?Q/ mb2/ BM :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3)

AM i?Bb bi2T- r2 +`2�i2 S2i`B@M2i KQ/2H Q7 i?2 MQ`K�iBp2 KQ/2HX h?Bb Bb `2[mB`2/
#2+�mb2 i?2 T`QTQb2/ �H;Q`Bi?K #mBH/b mTQM i?2 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2 BM@
i`Q/m+2/ #v :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3) Bb /2}M2/ 7Q` S2i`B@M2iĜ#�b2/ T`Q+2bb KQ/@
2HbX 6B;m`2 8X8 b?Qrb i?2 S2i`B M2i KQ/2H Q7 i?2 "SJL KQ/2H BM 6B;m`2 8XjX h?2
S2i`B@M2i ;`�T? +QMbBbib Q7 TH�+2b /2TB+i2/ BM +B`+H2b �M/ i`�Mb�+iBQMb /2TB+i2/ BM
`2+i�M;H2bX h`�Mb�+iBQMb `2T`2b2Mi i?2 �+iBpBiB2b- �M/ 2�+? Q7 i?2K ?�b � b2i Q7 BMTmi
TH�+2b �M/ � b2i Q7 QmiTmi TH�+2bX

i?2 S1a Q7 i?2 T`Q+2bb KQ/2H Bb +QMbi`m+i2/ #v mM7QH/BM; i?2 KQ/2H #2?�pBQ`
BMiQ �M 2p2Mi bi`m+im`2 i?�i +�Tim`2b +�mb�H /2T2M/2M+B2b- +QM~B+ib- �M/ +QM+m``2M+v
`2H�iBQMbX AM i?Bb i?2bBb- i?2 S1a /2`Bp2/ 7`QK i?2 KQ/2H Bb /2MQi2/ �b PESmodelX �b
b?QrM BM 6B;m`2 8Xe- MQ/2b �`2 H�#2H2/ #v �M 2p2Mi B/2MiB}2` �M/ �M �+iBpBiv H�#2HX �M



RR3 *?�Ti2` 8

6B;m`2 8X8, S2i`B L2i KQ/2H Q7 i?2 *`2/Bi _2[m2bi KQ/2H Q7 6B;m`2 8Xj

2t�KTH2 Bb i?2 }`bi MQ/2 2y,�- r?B+? BM/B+�i2b i?�i i?2 }`bi 2p2Mi- 2y- `2T`2b2Mib �M
Q++m``2M+2 Q7 �+iBpBiv �X aQHB/ 2/;2b 7`QK 2�+? MQ/2 iQ i?2 7QHHQrBM; MQ/2 `2T`2b2Mi
+�mb�H /2T2M/2M+B2b- /Qii2/ 2/;2b `2T`2b2Mi +QM~B+i `2H�iBQMb- �M/ i?2 �#b2M+2 Q7 #Qi?
BM/B+�i2b +QM+m``2M+vX

6B;m`2 8Xe, S`BK2 1p2Mi ai`m+im`2 +`2�i2/ 7`QK i?2 +`2/Bi `2[m2bi KQ/2H US1a JQ/2HV

hQ +QMbi`m+i i?2 S1a 7`QK i?2 2p2Mi HQ;- PESlog- i?2 2p2Mi HQ; Bb T`Q+2bb2/ BM
irQ bi2TbX 6B`bi- � b2i Q7 T�`iB�HHv Q`/2`2/ `mMb Bb /2`Bp2/ 7`QK i?2 Q#b2`p2/ i`�+2b BM
i?2 2p2Mi HQ; mbBM; i?2 α+ +QM+m``2M+v Q`�+H2- T`QTQb2/ BM /2 J2/2B`Qb 2i �HX (kyyj)X
6B;m`2 8Xd BHHmbi`�i2b i?2 b2i Q7 `mMb �bbQ+B�i2/ rBi? i?2 i`�+2b BM Qm` +`2/Bi `2[m2bi
2t�KTH2X 6Q` 2�+? Q7 i?2 bBt i`�+2b BM h�#H2 8X9- Bib +Q``2bTQM/BM; `mM Bb +`2�i2/X
BM h�#H2 8X9X h?2 MQi�iBQM 2,� BM/B+�i2b i?2 2@i? 2p2Mi BM i?2 i`�+2 i?�i `2T`2b2Mib
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�M Q++m``2M+2 Q7 �+iBpBiv � BM i?2 HQ;X a2+QM/- i?2b2 b2i Q7 `mMb �`2 K2`;2/ BMiQ �
bBM;H2 2p2Mi bi`m+im`2 #v +QK#BMBM; 2p2Mib i?�i b?�`2 i?2 b�K2 �+iBpBiv H�#2H �M/ i?2
b�K2 ?BbiQ`v UBX2X- i?2 b�K2 T`2}tVX h?2 `2bmHiBM; bi`m+im`2 Bb /2MQi2/ �b PESlogX
6B;m`2 8X3 b?Qrb i?2 S1a +QMbi`m+i2/ 7`QK i?2 b2i Q7 `mMb Q7 i?2 2t�KTH2 b?QrM
BM 6B;m`2 8XdX h?2 MQi�iBQM e1, e2...ei : A BM/B+�i2b i?�i 2p2Mib e1, e2...ei `2T`2b2Mi
Q++m``2M+2b Q7 �+iBpBiv � BM BM/BpB/m�H `mMbX

6B;m`2 8Xd, _mMb 7`QK i?2 +`2/Bi `2[m2bi 2p2Mi HQ; 2t�KTH2 BM i?Bb i?2bBb

�7i2` +QMbi`m+iBM; PESmodel �M/ PESlog- i?2 i2+?MB[m2 +QKT�`2b i?2K #v #mBH/@
BM; � S�`iB�HHv avM+?`QMBx2/ S`Q/m+i USaSVX h?2 SaS �HB;Mb bi�i2b 7`QK PESlog �M/
PESmodel iQ B/2MiB7v +Q``2bTQM/2M+2b �M/ KBbK�i+?2bX q?2M irQ +QKT�`2/ bi�i2b
+�``v i?2 b�K2 �+iBpBiv H�#2H- �M 2p2Mi K�i+? Bb �bb2`i2/ BM i?2 SaS- i?2 SaS `2+Q`/b
� ǳK�i+?Ǵ QT2`�iBQMX 6Q` 2t�KTH2- +QMbB/2` PESModel �M/ PESLog 7`QK 8Xe �M/ 8X3-
i?2 BMBiB�H bi�i2 e0 BM PESmodel �M/ i?2 +Q``2bTQM/BM; BMBiB�H 2p2Mi BM PESlog #Qi?
+�``v i?2 H�#2H ǳ�ǴX h?2`27Q`2- i?2 SaS �bb2`ib � K�i+? r?2M +QKT�`BM; i?2b2 irQ
BMBiB�H bi�i2bX q?2M bvM+?`QMBx�iBQM Bb MQi TQbbB#H2 #2+�mb2 �M 2p2Mi BM QM2 bi`m+im`2
/Q2b MQi ?�p2 � +Q``2bTQM/BM; 2p2Mi BM i?2 Qi?2`- i?2 SaS T`Q+22/b #v K�`FBM; QM2
bB/2 �b ǳ?B//2MǴX 6QHHQrBM; :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3)- r2 TH�+2 PESlog QM i?2
H27i@?�M/ bB/2 �M/ PESmodel QM i?2 `B;?i@?�M/ bB/2X *QMb2[m2MiHv- r?2M i?2`2 Bb �
bi�i2 BM i?2 PESLog �M/ i?2`2 Bb MQ K�i+?2/ 2p2Mi BM i?2 PESmodel UBX2X- � HQ;@QMHv
2p2MiV Bi Bb +�HH2/ ǳH?B/2 αǴX A7 i?2`2 Bb 2p2Mi α′ BM PESModel �M/ MQ K�i+?2/ 2p2Mi
BM PESLog UBX2X- � KQ/2H@QMHv 2p2MiV- Bi Bb +�HH2/ ǳ`?B/2 α′ǴX

AM i?2 �HB;MK2Mi T`Q+2/m`2 Q7 :�`+ő�@"�Ƣm2HQb 2i �HX (kyR3)Ƕb +QM7Q`K�M+2 +?2+FBM;
i2+?MB[m2- i?2 MQiBQM Q7 TQbBiBQM Bb /2`Bp2/ 7`QK i?2 T`Q;`2bbBQM Q7 i?2 �HB;MK2MiX �i
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6B;m`2 8X3, S`BK2 1p2Mi ai`m+im`2 +QMbi`m+i2/ 7`QK i?2 b2i Q7 `mMb +`2�i2/ BM 6B;@
m`2 8Xd US1a HQ;V

2�+? bi2T- i?2 �H;Q`Bi?K +QMbB/2`b � +m``2Mi +�M/B/�i2 T�B` (e1, e2)- r?2`2 e1, e2 ∈ N-
BX2X- BMi2;2`b b2`pBM; �b TQbBiBQM�H B/2MiB}2`b �bbQ+B�i2/ rBi? 2p2Mib BM i?2 HQ; �M/ BM
i?2 KQ/2H- `2bT2+iBp2HvX

h?2 �HB;MK2Mi K�BMi�BMb � b2i Q7 T`2pBQmbHv K�i+?2/ 2p2Mib (f1, f2)- +Q``2bTQM/BM;
iQ HQ; 2p2Mib �M/ KQ/2H 2p2MibX h?Bb 7Q`KmH�iBQM Bb +QMbBbi2Mi rBi? i?2 /2}MBiBQM Q7
2p2Mi K�i+?BM; BM i?2 SaS- r?2`2 ǳirQ `2[mB`2K2Mib 7Q` irQ 2p2Mib iQ #2 K�i+?2/ BM
i?2 SaSǴ �`2 BKTQb2/- M�K2Hv i?�i ǳ�M 2p2Mi K�i+?BM; Kmbi #2 H�#2H T`2b2`pBM; UBX2X
#Qi? 2p2Mib Kmbi ?�p2 i?2 b�K2 H�#2HV �M/ Q`/2`@T`2b2`pBM; UBX2X 2p2Mi K�i+?BM;b BM
i?2 SaS �`2 +QMbBbi2Mi rBi? i?2 +�mb�H `2H�iBQM Q7 i?2 BMTmi S1abVǴ (:�`+ő�@"�Ƣm2HQb
2i �HX- kyR3)X h?2 Q`/2`@T`2b2`pBM; +QM/BiBQM Bb 2p�Hm�i2/ #v +QKT�`BM; i?2 +m``2Mi
+�M/B/�i2 T�B` (e1, e2) rBi? �HH T`2pBQmbHv K�i+?2/ T�B`b (f1, f2)X h?�i K2�Mb i?2
`2H�iBp2 #2?�pBQ`�H `2H�iBQM #2ir22M f1 �M/ e1 BM i?2 HQ; Bb B/2MiB+�H iQ i?2 `2H�iBQM
#2ir22M f2 �M/ e2 BM i?2 KQ/2H- r?B+? +�M #2 2tT`2bb2/ �b,

∀(f1, f2), relHQ;(f1, e1) = relKQ/2H(f2, e2)

"�b2/ QM i?Bb �HB;MK2Mi- i?`22 ivT2b Q7 QT2`�iBQMb �`2 /BbiBM;mBb?2/X � K�i+?
+Q``2bTQM/b iQ i?2 bvM+?`QMBx�iBQM Q7 � HQ; 2p2Mi �M/ � KQ/2H 2p2Mi rBi? B/2MiB+�H
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H�#2Hb i?�i b�iBb7v i?2b2 +QM/BiBQMbX � H?B/2 QT2`�iBQM `2T`2b2Mib i?2 +QMbmKTiBQM Q7
� HQ; 2p2Mi rBi?Qmi � +Q``2bTQM/BM; KQ/2H 2p2Mi- BM/B+�iBM; �M BMb2`iBQM BM i?2 HQ;X
*QMp2`b2Hv- � `?B/2 QT2`�iBQM `2T`2b2Mib i?2 +QMbmKTiBQM Q7 � KQ/2H 2p2Mi rBi?Qmi �
+Q``2bTQM/BM; HQ; 2p2Mi- BM/B+�iBM; � KBbbBM; 2p2Mi BM i?2 HQ;X

*QMb2[m2MiHv- TQbBiBQMb �`2 BMi2`T`2i2/ `2H�iBQM�HHv `�i?2` i?�M �#bQHmi2Hv- BX2X-
i?2B` p�HB/Biv /2T2M/b QM +QMbBbi2M+v rBi? T`2pBQmbHv 2bi�#HBb?2/ +Q``2bTQM/2M+2b-�K/
MQi QMHv i?2 }t2/ b2[m2MiB�H BM/B+2bX

h?2 SaS QmiTmi Bb BM7Q`K�iBp2 #mi biBHH iQQ i2+?MB+�H 7Q` i?2 Tm`TQb2b Q7 i?Bb i?2bBbX
h?2`27Q`2- r2 �#bi`�+i i?2 SaS QT2`�iBQMb BMiQ /2pB�iBQM ivT2b i?�i +Q``2bTQM/ iQ i?2
/2pB�iBQM +�i2;Q`B2b BMi`Q/m+2/ BM *?�Ti2` 9X h?2 K�TTBM; Bb T2`7Q`K2/ �b 7QHHQrbX
� HQ;@QMHv 2p2Mi UǳH?B/2ǴV BM/B+�i2b i?�i �M �+iBpBiv Q++m`b BM i?2 Q#b2`p2/ 2t2+miBQM
i?�i Bb MQi 2tT2+i2/ �i i?�i TQBMi �++Q`/BM; iQ i?2 KQ/2Hc i?Bb KBbK�i+? Bb K�TT2/
iQ �M AMb2`iBQMX � KQ/2H@QMHv 2p2Mi Uǳ`?B/2ǴV BM/B+�i2b i?�i �M �+iBpBiv Bb 2tT2+i2/
#v i?2 KQ/2H #mi /Q2b MQi Q++m` BM i?2 Q#b2`p2/ 2t2+miBQMc i?Bb KBbK�i+? Bb K�TT2/
iQ � JBbbBM;X �i i?Bb bi�;2- i?2 �H;Q`Bi?K vB2H/b � T`2HBKBM�`v HBbi Q7 BMb2`iBQMb �M/
KBbbBM; �+iBpBiB2b 7Q` 2�+? i`�+2X

AM i?2 M2ti bi2T- i?2 �H;Q`Bi?K `2}M2b i?2b2 T`2HBKBM�`v KBbK�i+?2b BMiQ ?B;?2`@
H2p2H /2pB�iBQM ivT2b QM i?2 r?QH2 /�i�b2iX A7 �M BMb2`iBQM Q7 � bT2+B}+ �+iBpBiv Bb
Q#b2`p2/ �M/ � KBbbBM; Q7 i?2 b�K2 �+iBpBiv Bb �HbQ Q#b2`p2/ H�i2` BM i?2 KBbK�i+?
b2[m2M+2- i?Bb BM/B+�i2b i?�i i?2 �+iBpBiv Bb T`2b2Mi #mi Q++m`b BM i?2 r`QM; TQbBiBQMX
h?2 �H;Q`Bi?K i?2`27Q`2 K�Tb i?Bb T�B` iQ � _2Q`/2`BM; /2pB�iBQM `�i?2` i?�M `2TQ`iBM;
QM2 BMb2`iBQM �M/ QM2 KBbbBM;X AM �//BiBQM- B7 �M �+iBpBiv Bb `2TQ`i2/ �b BMb2`i2/ r?BH2
i?2 b�K2 �+iBpBiv ?�b �H`2�/v Q++m``2/ �b � K�i+?2/ 2p2Mi 2�`HB2` BM i?2 i`�+2- i?2
BMb2`iBQM `2~2+ib �M �//BiBQM�H 2t2+miBQM Q7 �M �H`2�/v 2tT2+i2/ �+iBpBivc i?Bb bBim�iBQM
Bb K�TT2/ iQ � _2T2iBiBQMX �H;Q`Bi?K R bmKK�`Bx2b i?2 K�TTBM; `mH2bX

"v �TTHvBM; i?2b2 K�TTBM; `mH2b- KQ/2HĜHQ; KBbK�i+?2b �`2 i`�MbH�i2/ BMiQ i?2
7Qm` /2pB�iBQM +�i2;Q`B2b B/2MiB}2/ BM *?�Ti2` 9- M�K2Hv JBbbBM;- AMb2`iBQM- _2Q`/2`@
BM;- �M/ _2T2iBiBQMX h?2b2 /2pB�iBQM ivT2b b2`p2 �b i?2 QmiTmi Q7 ai�;2 R �M/ T`QpB/2
i?2 BMTmi iQ ai�;2 k- r?2`2 /2pB�iBQMb �`2 BM+`2K2Mi�HHv T`2b2Mi2/ iQ �m/BiQ`b 7Q`
+H�bbB}+�iBQM �b �MQK�HB2b Q` 2t+2TiBQM�H +�b2bX *QMbB/2`BM; i?2 /2pB�iBM; i`�+2b BM
i?2 +`2/Bi `2[m2bi 2t�KTH2- h`�+2 R +QMi�BMb � /2pB�iBQM Q7 ivT2 JBbbBM;U#VX h`�+2 k
+QMi�BMb _2Q`/2`BM;U#V �M/ _2T2iBiBQMU/VX h`�+2 9 +QMi�BMb �M AMb2`iBQMU/VX h`�+2 e
+QMi�BMb _2Q`/2`BM;U#VX h?2b2 `2bmHib BHHmbi`�i2 ?Qr i?2 SaS KBbK�i+? QT2`�iBQMb �`2
i`�Mb7Q`K2/ BMiQ �m/BiQ`@Q`B2Mi2/ /2pB�iBQM ivT2b i?�i �`2 BMi2`T`2i�#H2 �M/ �HB;M2/
rBi? i?2 /2pB�iBQM +�i2;Q`B2b /2}M2/ BM i?2 i?2bBbX
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�H;Q`Bi?K R �#bi`�+iBQM Q7 SaS QT2`�iBQMb BMiQ /2pB�iBQM +�i2;Q`B2b �M/ ivT2b
:Bp2M,
� MQ`K�iBp2 KQ/2H M US2i`B M2iV �M/ �M 2p2Mi HQ; L Ub2i Q7 i`�+2bVX
PosSeq(σ)← 〈〉 " Q`/2`2/ b2[m2M+2 Q7 (e1, e2, a, op) rBi? ⊥ 7Q` KBbbBM; +QKTQM2Mib
e1, e2 ∈ N �`2 TQbBiBQM�H B/2MiB}2`b 7Q` +m``2Mi 2p2Mi BM i?2 HQ; �M/ +m``2Mi 2p2Mi BM i?2 KQ/2H
6Q` 2�+? i`�+2 σ ∈ L- H2i Diff (σ) /2MQi2 i?2 SaS QT2`�iBQMb `2im`M2/ #v i?2 +QM7Q`K�M+2 +?2+F2`
PmiTmi, � b2i Q7 /2pB�iBQM ivT2b D(σ) 7Q` 2�+? i`�+2 σX
7Q` �HH σ ∈ L /Q

PreDev(σ)← ∅
D(σ)← ∅
7Q` �HH op(e1, e2, a) ∈ Diff (σ) /Q

B7 op = match(a) i?2M
�TT2M/ (e1, e2, a, match) iQ PosSeq(σ)
PreDev(σ)← PreDev(σ) ∪ {a}

2Hb2 B7 op = lhide(a) i?2M
�TT2M/ (e1,⊥, a, lhide) iQ PosSeq(σ)
PreDev(σ)← PreDev(σ) ∪ {insertion(a)}

2Hb2 B7 op = rhide(a) i?2M
�TT2M/ (⊥, e2, a, rhide) iQ PosSeq(σ)
PreDev(σ)← PreDev(σ) ∪ {missing(a)}

2M/ B7
2M/ 7Q`
7Q` �HH a BMpQHp2/ BM PreDev(σ) /Q

B7 insertion(a) ∈ PreDev(σ) �M/ missing(a) ∈ PreDev(σ) i?2M
D(σ)← D(σ) ∪ {reordering(a)}

2Hb2 B7 insertion(a) ∈ PreDev(σ) �M/ a Q++m`b 2�`HB2` BM � match(a) i?2M
D(σ)← D(σ) ∪ {repetition(a)}

2Hb2 B7 insertion(a) ∈ PreDev(σ) i?2M
D(σ)← D(σ) ∪ {insertion(a)}

2Hb2 B7 missing(a) ∈ PreDev(σ) i?2M
D(σ)← D(σ) ∪ {missing(a)}

2M/ B7
2M/ 7Q`

2M/ 7Q`
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8XkX8 ai�;2 k, Ai2`�iBp2 .2pB�iBQM �M�HvbBb
�7i2` K�TTBM; KQ/2HĜHQ; KBbK�i+?2b iQ ?B;?@H2p2H /2pB�iBQM ivT2b BM ai�;2 R- i?2 b2+@
QM/ bi�;2 Q7 i?2 7`�K2rQ`F 7Q+mb2b QM i?2 Bi2`�iBp2- KmHiB@H2p2H �M�HvbBb �M/ +H�bbB}+�@
iBQM Q7 /2pB�iBQMbX h?2 Q#D2+iBp2 Q7 i?Bb bi�;2 Bb iQ bmTTQ`i �m/BiQ`b BM /BbiBM;mBb?BM;
�MQK�HB2b 7`QK 2t+2TiBQM�H +�b2b 2{+B2MiHv r?BH2 KBMBKBxBM; BM7Q`K�iBQM Qp2`HQ�/
�M/ K�Mm�H +H�bbB}+�iBQM 2zQ`iX AMbi2�/ Q7 T`2b2MiBM; �HH /2pB�iBQMb iQ;2i?2` rBi? �HH
�p�BH�#H2 BM7Q`K�iBQM �i QM+2- i?2 7`�K2rQ`F �/QTib �M BM+`2K2Mi�H �M/ BMi2`�+iBp2
�M�HvbBb bi`�i2;vX .2pB�iBQMb �`2 bvbi2K�iB+�HHv ;`QmT2/ �M/ T`2b2Mi2/ iQ i?2 �m/B@
iQ` �+`Qbb KmHiBTH2 H2p2Hb Q7 �#bi`�+iBQMX Ai bmTTQ`ib �m/BiQ`b BM i?2B` +H�bbB}+�iBQM
/2+BbBQM #v T`QpB/BM; QMHv i?2 BM7Q`K�iBQM i?�i Bb M2+2bb�`v �i 2�+? bi2TX

6QHHQrBM; ai�;2 R- 2�+? /2pB�iBM; T`Q+2bb 2t2+miBQM Bb �bbQ+B�i2/ rBi? QM2 Q` KQ`2
/2pB�iBQMbX 1�+? /2pB�iBQM +�i2;Q`v K�v #2 7m`i?2` BMbi�MiB�i2/ rBi? `2bT2+i iQ bT2@
+B}+ �+iBpBiB2bc i?2b2 BMbi�MiB�iBQMb �`2 `272``2/ iQ BM i?Bb +?�Ti2` �b /2pB�iBQM ivT2bX
6Q` 2t�KTH2- KBbbBM;Uo2`B}+�iBQMV /2MQi2b i?2 �#b2M+2 Q7 i?2 p2`B}+�iBQM �+iBpBiv BM
� ;Bp2M T`Q+2bb 2t2+miBQMX h�#H2 8Xe BHHmbi`�i2b i?2 /2pB�iBQM ivT2b B/2MiB}2/ BM i?2
`mMMBM; 2t�KTH2X

*�i2;Q`v .2pB�iBQM hvT2

JBbbBM; KBbbBM; U+V

AMb2`iBQM
BMb2`iBQM U+V
BMb2`iBQM U/V

_2Q`/2`BM; `2Q`/2`BM; U#V
_2T2iBiBQM `2T2iBiBQM U+V

h�#H2 8Xe, .2pB�iBQM ivT2b BM +`2/Bi `2[m2bi 2t�KTH2

h?2 Qp2`�HH �BK Q7 i?Bb bi�;2 Bb iQ �HHQr �m/BiQ`b iQ +H�bbB7v /2pB�iBQMb mbBM; i?2
KBMBK�H �KQmMi Q7 BM7Q`K�iBQM `2[mB`2/- i?2`2#v `2/m+BM; BM7Q`K�iBQM HQ�/ �M/ HBK@
BiBM; mMM2+2bb�`v K�Mm�H 2zQ`iX �+`Qbb �HH H2p2Hb Q7 �M�HvbBb- �m/BiQ`b �`2 �bF2/ iQ
H�#2H /2pB�iBQMb �b PE U7�Hb2@TQbBiBp2V- LPE Ui`m2@TQbBiBp2V- Q` H2�p2 i?2K mMH�#2H2/
U\V r?2M i?2 �p�BH�#H2 BM7Q`K�iBQM Bb BMbm{+B2Mi iQ bmTTQ`i � +QM}/2Mi /2+BbBQMX

�7i2` 2�+? Bi2`�iBQM- i?2 7`�K2rQ`F T`QT�;�i2b i?2 �m/BiQ`bǶ H�#2Hb iQ �HH T`Q+2bb
2t2+miBQMb i?�i 2t?B#Bi i?2 b�K2 /2pB�iBQM +?�`�+i2`BbiB+b- i?2`2#v `2/m+BM; i?2 M22/
7Q` `2T2�i2/ K�Mm�H +H�bbB}+�iBQMX � T`Q+2bb 2t2+miBQM Bb +H�bbB}2/ �b �M �MQK�Hv
B7 �i H2�bi QM2 Q7 Bib /2pB�iBQM ivT2b Bb H�#2H2/ �b LPE- bBM+2 � bBM;H2 i`m2@TQbBiBp2
/2pB�iBQM Bb bm{+B2Mi iQ r�``�Mi 7m`i?2` BMp2biB;�iBQM Q7 i?2 2MiB`2 +�b2X *QMp2`b2Hv-
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B7 �HH /2pB�iBQM ivT2b �bbQ+B�i2/ rBi? � T`Q+2bb 2t2+miBQM �`2 H�#2H2/ �b PE- i?2
2t2+miBQM Bb +H�bbB}2/ �b �M 2t+2TiBQM�H +�b2- BM/B+�iBM; i?�i i?2 Q#b2`p2/ /2pB�iBQMb
+�M #2 DmbiB}2/ #v p�HB/ #mi BKTHB+Bi `mH2b i?�i �`2 MQi 2tTHB+BiHv +�Tim`2/ BM i?2
MQ`K�iBp2 KQ/2HX

S`Q+2bb 2t2+miBQMb i?�i +QMi�BM QM2 Q` KQ`2 mMH�#2H2/ /2pB�iBQM ivT2b `2K�BM BM
i?2 /2pB�iBQM b2i �M/ �`2 7Q`r�`/2/ iQ i?2 M2ti Bi2`�iBQM- r?2`2 i?2 /2pB�iBQM ;`QmTb
�`2 2M`B+?2/ rBi? �//BiBQM�H BM7Q`K�iBQMX 1�+? Bi2`�iBQM BM+`2�b2b i?2 H2p2H Q7 /2i�BH
BM � bvbi2K�iB+ K�MM2`- 7Q` 2t�KTH2 #v BM+Q`TQ`�iBM; +QKKQM /2pB�iBQM T�ii2`Mb
�M/- r?2M M2+2bb�`v- +QMi2tim�H BM7Q`K�iBQM /2`Bp2/ 7`QK +�b2 �ii`B#mi2b �M/ 2p2Mi
�ii`B#mi2bX h?Bb Bi2`�iBp2 `2}M2K2Mi +QMiBMm2b mMiBH /2pB�iBQMb +�M #2 +QM}/2MiHv
+H�bbB}2/ Q` mMiBH MQ 7m`i?2` BM7Q`K�iBp2 `2}M2K2Mi Bb TQbbB#H2X h?`Qm;?Qmi i?Bb
T`Q+2bb- +H�bbB}+�iBQM /2+BbBQMb T`QpB/2/ #v i?2 �m/BiQ` �`2 `2mb2/ iQ �miQK�iB+�HHv
H�#2H bBKBH�` /2pB�iBQMb �+`Qbb i?2 `2K�BMBM; TQTmH�iBQMX �b � `2bmHi- i?2 MmK#2`
Q7 mM+H�bbB}2/ +�b2b /2+`2�b2b rBi? 2�+? Bi2`�iBQM- �M/ �m/BiQ` 2zQ`i Bb ;`�/m�HHv
7Q+mb2/ QM i?2 KQbi �K#B;mQmb �M/ BM7Q`K�iBp2 /2pB�iBQMbX h?Bb /2bB;M 2Mbm`2b 7mHH
TQTmH�iBQM +Qp2`�;2 �b r2HH �b K�BMi�BMBM; � K�M�;2�#H2 BM7Q`K�iBQM HQ�/X

h?2 Bi2`�iBp2 /2pB�iBQM �M�HvbBb Bb Q`;�MBx2/ BMiQ 7Qm` H2p2Hb i?�i BM+`2K2Mi�HHv
2M`B+? i?2 BM7Q`K�iBQM T`QpB/2/ iQ i?2 �m/BiQ`X G2p2H R T`2b2Mib /2pB�iBQMb bQH2Hv BM
i2`Kb Q7 i?2B` ?B;?@H2p2H /2pB�iBQM ivT2b #�b2/ QM +QMi`QH@~Qr /2pB�iBQMbX G2p2H k
�m;K2Mib i?Bb pB2r #v ;`QmTBM; /2pB�iBQMb BMiQ 7`2[m2Mi /2pB�iBQM T�ii2`Mb- iQ 2M�#H2
�m/BiQ`b iQ `2+Q;MBx2 `2+m``BM; +QK#BM�iBQMb Q7 /2pB�iBQMb �+`Qbb T`Q+2bb 2t2+miBQMbX
G2p2H j 7m`i?2` BM+Q`TQ`�i2b +�b2@H2p2H +QMi2tim�H BM7Q`K�iBQM- bm+? �b `2H2p�Mi +�b2
�ii`B#mi2bX 6BM�HHv- G2p2H 9 BMi`Q/m+2b 2p2Mi@H2p2H BM7Q`K�iBQM- BM+Hm/BM; 2p2Mi �i@
i`B#mi2b �M/ /2`Bp2/ 72�im`2b- iQ 7�+BHBi�i2 i?2 +H�bbB}+�iBQMX h?2 2p2Mi �ii`B#mi2b
H2p2H Bb i?2 HQr2bi H2p2H Q7 BM7Q`K�iBQM BM i?2 2p2Mi HQ;X G2p2H j �M/ 9 �BK iQ bmTTQ`i
i?2 +H�bbB}+�iBQM Q7 /2pB�iBQMb i?�i /2T2M/ QM #mbBM2bb +QMi2ti MQi 2tTHB+BiHv +�Tim`2/
BM i?2 MQ`K�iBp2 KQ/2HX h?2 7QHHQrBM; bm#b2+iBQMb /2b+`B#2 i?2b2 H2p2Hb BM /2i�BHX

8XkX8XR G2p2H RĜ .2pB�iBQM A/2MiB}+�iBQM �M/ hvT2 �bbB;MK2Mi, *QMi`QH@~Qr T2`@
bT2+iBp2

h?2 }`bi H2p2H Q7 �M�HvbBb 7Q+mb2b QM BM/BpB/m�H /2pB�iBQM ivT2b 7`QK i?2 +QMi`QH@
~Qr T2`bT2+iBp2X �i i?Bb H2p2H- /2pB�iBQM ivT2b �`2 T`2b2Mi2/ BM BbQH�iBQM- rBi?Qmi
+QMi2tim�H Q` /�i�@`2H�i2/ BM7Q`K�iBQMX 6Q` +2`i�BM /2pB�iBQMb- i?Bb H2p2H Bb bm{+B2Mi
7Q` i?2 �m/BiQ` iQ /2+B/2 r?2i?2` i?2 /2pB�iBQM Bb �M �MQK�Hv Q` MQiX 6Q` BMbi�M+2- BM
i?2 `mMMBM; 2t�KTH2- `2T2iBiBQMUo2`B}+�iBQMV- �Hi?Qm;? Bi KB;?i BM/B+�i2 BM2{+B2M+v
BM i?2 bvbi2K- +�M #2 BKK2/B�i2Hv +H�bbB}2/ �b �++2Ti�#H2 r?2M `2T2�i2/ p2`B}+�iBQM
vB2H/b i?2 b�K2 Qmi+QK2X AM +QMi`�bi- KBbbBM;Uo2`B}+�iBQMV Bb +QMbB/2`2/ +`BiB+�H
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`2;�`/H2bb Q7 �Mv Qi?2` BM7Q`K�iBQM �M/ Bi Bb i?2`27Q`2 +H�bbB}2/ �b �M �MQK�Hv UBX2X-
i`m2@TQbBiBp2VX �b � `2bmHi- bQK2 T`Q+2bb 2t2+miBQMb +�M #2 +H�bbB}2/ �M/ `2KQp2/
7`QK i?2 /2pB�iBQM b2i �i i?Bb 2�`Hv bi�;2X

�H;Q`Bi?K k T`QpB/2b i?2 Tb2m/Q@+Q/2 Q7 ?Qr G2p2H R Bb /2bB;M2/ iQ T2`7Q`K �M BMB@
iB�H +H�bbB}+�iBQM Q7 /2pB�iBM; T`Q+2bb 2t2+miBQMb #�b2/ bQH2Hv QM BM/BpB/m�H /2pB�iBQM
ivT2bX 6Q` 2�+? /2pB�iBM; i`�+2 σ ∈ D- i?2 7`�K2rQ`F +QMbB/2`b i?2 b2i Q7 /2pB�iBQM
ivT2b δ ∈ ∆- r?2`2 2�+? /2pB�iBQM ivT2 δ `2T`2b2Mib i?2 Q++m``2M+2 Q7 /2pB�iBQM 7Q`
�+iBpBiv a ∈ AX �HH /BbiBM+i /2pB�iBQM ivT2b Q#b2`p2/ BM D �`2 T`2b2Mi2/ iQ i?2 �m/B@
iQ` 7Q` H�#2HBM; �b PE- LPE- Q` mM/2+B/�#H2- �M/ i?2 /2+BbBQMb �`2 +�Tim`2/ #v i?2
H�#2HBM; 7mM+iBQM %1X h?2b2 H�#2Hb �`2 i?2M T`QT�;�i2/ iQ i?2 i`�+2 H2p2H, �Mv i`�+2
+QMi�BMBM; �i H2�bi QM2 /2pB�iBQM ivT2 H�#2H2/ LPE Bb +H�bbB}2/ �b �M �MQK�Hv �M/
KQp2/ iQ i?2 �MQK�Hv b2i Anom- r?2`2�b i`�+2b 7Q` r?B+? �HH /2pB�iBQM ivT2b �`2
H�#2H2/ PE �`2 +H�bbB}2/ �b 2t+2TiBQMb �M/ KQp2/ iQ i?2 2t+2TiBQM b2i ExcpX h`�+2b
i?�i +�MMQi #2 +QM+HmbBp2Hv +H�bbB}2/ �i i?Bb H2p2H `2K�BM BM D �M/ �`2 7Q`r�`/2/ iQ
G2p2H k 7Q` 7m`i?2` �M�HvbBbX

*QMbB/2`BM; i?2 /2pB�iBQMb K2MiBQM2/ BM Qm` 7Qm` i`�+2b Q7 i?2 +`2/Bi `2[m2bi T`Q@
+2bb- i?2 /2pB�iBQM BM *�b2 R ?�b � KBbbBM;U#V- i?2 p2`B}+�iBQMX *�b2 k +QMi�BMb �
`2Q`/2`BM;U#V- i?2 p2`B}+�iBQM �M/ `2T2iBiBQMU/V- i?2 �bb2bbK2MiX *�b2 j Bb � MQ`K�H
+�b2 7`QK i?2 +QMi`QH@~Qr T2`bT2+iBp2X *�b2 9 ?�b �M BMb2`iBQMU/V Q` BMb2`iBQMU+V- i?2
bBKTH2 �bb2bbK2MiX *�b2 8- �;�BM- Bb � MQ`K�H +�b2 7`QK i?2 +QMi`QH@~Qr T2`bT2+iBp2X
*�b2 e +QMi�BMb � `2Q`/2`BM;U#V /2pB�iBQMX h�#H2 8Xd b?Qrb i?2 /2pB�iBQM ivT2b BM
*�b2b R- k- 9- �M/ e rBi? i?2 �m/BiQ`Ƕb H�#2Hb 7Q` 2�+?X h?2 �m/BiQ` H�#2Hb KBbbBM; U#V
�b LPE- #2+�mb2 i?2 p2`B}+�iBQM �+iBpBiv Bb � +`BiB+�H bi2T �M/ b?QmH/ M2p2` #2 KBbb2/
BM i?2 T`Q+2bbX h?2 Qi?2` /2pB�iBQMb �`2 H�#2H2/ �b ?X *QMb2[m2MiHv- i?2 �H;Q`Bi?K
+H�bbB}2b *�b2 R �b �M �MQK�Hv �i i?Bb bi2T �M/ `2KQp2b Bi 7`QK i?2 b2i Q7 /2pB�iBM;
+�b2bX

*�i2;Q`v .2pB�iBQM hvT2 G�#2H UPE- LPE- \V

JBbbBM; KBbbBM; U#V LPE

AMb2`iBQM
BMb2`iBQM U+V \
BMb2`iBQM U/V \

_2Q`/2`BM; `2Q`/2`BM; U#V \
_2T2iBiBQM `2T2iBiBQM U+V \

h�#H2 8Xd, .2pB�iBQM ivT2b BM +`2/Bi `2[m2bi 2t�KTH2- H�#2H2/ #v �M �m/BiQ`

�i i?2 2M/ Q7 i?Bb H2p2H- *�b2 R rBHH #2 +H�bbB}2/ �b �M �MQK�Hv �M/ `2KQp2/ 7`QK
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�H;Q`Bi?K k G2p2H R +H�bbB}+�iBQM mbBM; /2pB�iBQM ivT2b
:Bp2M,

D, b2i Q7 /2pB�iBM; i`�+2b UT`Q+2bb 2t2+miBQMbV- |D| = N r?2`2 mathcalT = {KBb, BMb, `2Q, `2T}@
/2pB�iBQM ivT2b

Anom ← ∅, �MQK�Hv b2i
Excp← ∅, 2t+2TiBQM b2i

7Q` 2�+? σ ∈ D /Q
∆(σ) = {δ ∈ ∆ | δ.c.i`�+2 = σ} b2i Q7 /2pB�iBQMb 7Q` i`�+2 σ

2M/ 7Q`
6Q` � i`�+2 σ- H2i

DT (σ) = {(δ.t, δ.a) | δ ∈ ∆(σ)}

/BbiBM+i UivT2- �+iBpBivV T�B`b /2MQi2 i?2 b2i Q7 /2pB�iBQM ivT2b BM σX
$1(t, a) (→ {PE, LPE, ?} �m/BiQ` H�#2HBM; 7mM+iBQM Qp2` /2pB�iBQM ivT2b Qp2` /2pB�iBQM ivT2b

URV *QHH2+i H�#2Hb 7Q` /2pB�iBQM ivT2b
7Q` �HH /BbiBM+i (t, a) bm+? i?�i ∃σ ∈ D /Q

S`2b2Mi (t, a) iQ i?2 �m/BiQ` iQ H�#2H �b LPE- PE- Q` ?
_2+Q`/ i?2 H�#2H �b $1((t, a))

2M/ 7Q`

UkV S`QT�;�i2 H�#2Hb �M/ +H�bbB7v i`�+2b
7Q` �HH σ ∈ D /Q

B7 ∃ (t, a) ∈ DT(σ) : $1((t, a)) = LPE i?2M
Anom ← Anom ∪ {σ}
_2KQp2 σ 7`QK D

2Hb2 B7 ∀ (t, a) ∈ DT(σ) : $1((t, a)) = PE i?2M
Excp← Excp ∪ {σ}
_2KQp2 σ 7`QK D

2Hb2
f σ `2K�BMb BM D 7Q` i?2 M2ti H2p2H  f

2M/ B7
2M/ 7Q`
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6B;m`2 8XN, JBMBM; 7`2[m2Mi b2[m2M+2 T�ii2`M BM G2p2H k

i?2 b2i Q7 /2pB�iBM; +�b2bX h?2 `2bi Q7 /2pB�iBM; +�b2b `2K�BMX

8XkX8Xk G2p2H kĜ *QK#BM�iBQM Q7 /2pB�iBQM ivT2b, *QMi`QH@~Qr T2`bT2+iBp2

h?2 b2+QM/ H2p2H 2ti2M/b i?2 �M�HvbBb #v +QMbB/2`BM; +QK#BM�iBQMb Q7 /2pB�iBQM ivT2b
#�b2/ QM i?2 b2[m2M+2 BM r?B+? i?2v Q++m``2/ �7i2` 2�+? Qi?2` rBi?BM T`Q+2bb 2t2@
+miBQMbX .2pB�iBQM b2[m2M+2b �`2 2ti`�+i2/ mbBM; � b2[m2M+2 KBMBM; �H;Q`Bi?K �M/
�`2 T`2b2Mi2/ iQ �m/BiQ`b BM /2b+2M/BM; Q`/2` Q7 bmTTQ`iX h?Bb H2p2H 2M�#H2b �m/BiQ`b
iQ `2�bQM �#Qmi `2+m``BM; /2pB�iBQM T�ii2`Mb `�i?2` i?�M BbQH�i2/ /2pB�iBQMbX S`Q+2bb
2t2+miBQMb +QMi�BMBM; /2pB�iBQM b2[m2M+2b H�#2H2/ �b LPE �`2 +H�bbB}2/ �b �MQK�HB2b-
r?BH2 i?Qb2 r?Qb2 /2pB�iBQM b2[m2M+2b �M/ BM/BpB/m�H /2pB�iBQM ivT2b �`2 �HH H�#2H2/
�b PE �`2 +H�bbB}2/ �b 2t+2TiBQM�HX .2pB�iBQMb i?�i +�MMQi v2i #2 �bb2bb2/ `2K�BM
7Q` 7m`i?2` �M�HvbBbX

h?2 7`2[m2Mi +HQb2/ b2[m2MiB�H T�ii2`Mb KBMBM; �H;Q`Bi?K T`QTQb2/ #v :QK�`Bx
2i �HX (kyRj) Bb �TTHB2/ BM i?Bb H2p2HX aQK2 /2}MBiBQMb Q7 i?2 7`2[m2Mi b2[m2M+2 T�ii2`M
KBMBM; T`Q#H2K �`2 KQ/B}2/ iQ �/�Ti i?2K iQ bmBi i?2 T`QTQb2/ �TT`Q�+? BM i?Bb
H2p2HX h?2 /2}MBiBQMb �`2 �b 7QHHQrb,

.2}MBiBQM Rk Ua2i Q7 Bi2KbVX h?2 b2i Q7 Bi2Kb Bb /2}M2/ �b D = δ1, δ2, δ3, . . . , δm-
r?2`2 2�+? δi `272`b iQ 2�+? /2pB�iBQM BM i?2 2p2Mi HQ; L �M/ m `272`b iQ i?2 MmK#2`
Q7 /2pB�iBQMb BM LX

.2}MBiBQM Rj Ua2[m2M+2 �M/ b2[m2MiB�H T�ii2`MVX � b2[m2M+2 Bb �M Q`/2`2/ HBbi Q7
Bi2Kb2ib, s = 〈D1, D2, . . . , Dk〉- r?2`2 2�+? Dj ⊆ DX

� b2[m2MiB�H T�ii2`M Bb � b2[m2M+2 p = 〈P1, P2, . . . , Pm〉 � b2i Q7 /2pB�iBQM ivT2b
r?B+? Bb `2T2�i2/ 7`2[m2MiHv BM i?2 2p2Mi HQ; �b � T�ii2`MX U2X;X- b22 6B;m`2 8XNVX
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.2}MBiBQM R9 Ua2[m2M+2 /�i�#�b2VX � b2[m2M+2 /�i�#�b2 DB Bb � b2i Q7 b2[m2M+2b
{s1, s2, . . . , sn} Qp2` DX

:Bp2M i?2b2 /2}MBiBQMb- i?2 bmTTQ`i Q7 � b2[m2M+2 T�ii2`M Bb /2}M2/ �b 7QHHQrb,

.2}MBiBQM R8 UamTTQ`i Q7 � b2[m2MiB�H T�ii2`MVX h?2 bmTTQ`i Q7 � b2[m2MiB�H T�ii2`M
p BM DB Bb

bmT(p) = |{s ∈ DB | p - s}|
|DB| .

� T�ii2`M Bb 7`2[m2Mi B7 bmT(p) ≥ θ 7Q` � KBMBKmK bmTTQ`i i?`2b?QH/ θ ∈ (0, 1]X

6Q` 2t�KTH2- B7 x1 = {D1, D4, D7} Bb � b2[m2M+2 T�ii2`M- �M/ i?2 2p2Mi HQ; L

?�b Ryy /2pB�iBM; BMbi�M+2b �M/ x1 ?�b Q++m``2/ BM jy BMbi�M+2b- i?2M i?2 bmTTQ`i Q7
b2[m2M+2 T�ii2`M x1 rBHH #2 30/100X

.2}MBiBQM Re U6`2[m2Mi b2[m2M+2 T�ii2`MVX � b2[m2M+2 T�ii2`M Bb +�HH2/ 7`2[m2Mi B7 Bib
bmTTQ`i Bb 2[m�H Q` ;`2�i2` i?�M � ;Bp2M KBMBK�H bmTTQ`i i?`2b?QH/ θ- r?2`2 0 ≤ θ ≤ mX

6B;m`2 8XRy, G�#2HBM; i?2 7`2[m2Mi b2[m2M+2 T�ii2`Mb BM G2p2H k

6B;m`2 8XRy bmKK�`Bx2b ?Qr r2 �TTHv 7`2[m2Mi +HQb2/ b2[m2M+2 T�ii2`M KBMBM; BM
i?Bb bi2TX q?2M i?2 b2[m2M+2 T�ii2`Mb �`2 /Bb+Qp2`2/- i?2 7`�K2rQ`F bQ`ib i?2K #�b2/
QM i?2B` bmTTQ`ib U7`QK i?2 H�`;2bi bmTTQ`i iQ i?2 bK�HH2bi bmTTQ`iV �M/ T`2b2Mib i?2K
iQ i?2 �m/BiQ`X h?2 �m/BiQ` H�#2Hb i?2 /2pB�iBQM T�ii2`Mb �b PE- LPE- �M/ H2�p2b
Qi?2`b mMH�#2H2/X �7i2`r�`/- i?2 7`�K2rQ`F �TTHB2b i?2b2 H�#2Hb iQ i?2 /2pB�iBQM



S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM RkN

6`2[m2Mi /2pB�iBQM b2[m2M+2b amTTQ`i G�#2HUPE- LPE- \V
〈`2Q`/2`BM;U#V- `2T2iBiBQMU/V〉 Rfe \

h�#H2 8X3, h?2 7`2[m2Mi /2pB�iBQM b2[m2M+2b +`2�i2/ BM G2p2H k iQ;2i?2` rBi? i?2B`
bmTTQ`i �M/ H�#2H �b PE- LPE- �M/ \

b2ib �M/ +H�bbB}2b i?2 +�b2bX aBKBH�` iQ G2p2H R- i?2 +�b2b rBi? LPE Ui`m2@TQbBiBp2V
b2[m2M+2 T�ii2`Mb �`2 KQp2/ iQ i?2 �MQK�Hv b2iX 6m`i?2`KQ`2- B7 �HH i?2 b2[m2M+2
T�ii2`Mb �M/ /2pB�iBM; ivT2b BM � +�b2 �`2 H�#2H2/ �b PE U7�Hb2@TQbBiBp2V- i?2 iQQH
KQp2b Bi iQ i?2 2t+2TiBQM b2iX

�H;Q`Bi?K j #2HQr T`QpB/2b i?2 Tb2m/Q@+Q/2 Q7 ?Qr G2p2H k /2bB;M2/ iQ 2ti2M/
i?2 BMBiB�H +H�bbB}+�iBQM Q7 BM/BpB/m�H /2pB�iBQM ivT2b #v +QMbB/2`BM; i?2B` b2[m2MiB�H
Q++m``2M+2 rBi?BM T`Q+2bb 2t2+miBQMbX 6Q` 2�+? /2pB�iBM; i`�+2 σ ∈ D- i?2 7`�K2rQ`F
+QMbi`m+ib � /2pB�iBQM@ivT2 b2[m2M+2 Seq(σ) i?�i T`2b2`p2b i?2 Q`/2` BM r?B+? /2pB�@
iBQM ivT2b Q++m` BM i?2 i`�+2X 6`2[m2Mi /2pB�iBQM ivT2 b2[m2M+2b �`2 i?2M KBM2/ 7`QK
i?2 b2i {Seq(σ) | σ ∈ D} mbBM; � KBMBKmK bmTTQ`i i?`2b?QH/ θ2 �M/ �`2 bQ`i2/ BM
/2b+2M/BM; Q`/2` Q7 bmTTQ`iX h?2b2 7`2[m2Mi b2[m2M+2b �`2 T`2b2Mi2/ iQ i?2 �m/BiQ`
7Q` H�#2HBM; �b PE- LPE- Q` \X h?2 H�#2Hb �`2 `2+Q`/2/ #v i?2 H�#2HBM; 7mM+iBQM %2X
h?2 �bbB;M2/ H�#2Hb �`2 bm#b2[m2MiHv T`QT�;�i2/ iQ �HH /2pB�iBM; i`�+2b, �Mv i`�+2
+QMi�BMBM; �i H2�bi QM2 7`2[m2Mi b2[m2M+2 H�#2H2/ LPE Bb +H�bbB}2/ �b �M �MQK�Hv
�M/ KQp2/ iQ Anom- r?2`2�b i`�+2b 7Q` r?B+? �HH K�i+?2/ 7`2[m2Mi b2[m2M+2b �M/
�HH BM/BpB/m�H /2pB�iBQM ivT2b U�b H�#2H2/ BM G2p2H RV �`2 H�#2H2/ PE �`2 +H�bbB}2/ �b
2t+2TiBQMb �M/ KQp2/ iQ ExcpX h`�+2b i?�i +�MMQi #2 +QM+HmbBp2Hv +H�bbB}2/ �i i?Bb
H2p2H `2K�BM BM D �M/ �`2 7Q`r�`/2/ iQ G2p2H j 7Q` 7m`i?2` �M�HvbBbX

*QMbB/2` *�b2 k BM Qm` +`2/Bi `2[m2bi 2t�KTH2c Bi ?�b � +QK#BM�iBQM Q7 irQ /2@
pB�iBQMbX 6B`bi- i?2 p2`B}+�iBQM Bb `2Q`/2`2/ U`2Q`/2`BM;U#VV �M/ i?2M i?2 �bb2bbK2Mi
Bb `2T2�i2/ U`2T2iBiBQMU/VVX q?2M i?2 +QK#BM�iBQM Q7 /2pB�iBQMb Bb T`2b2Mi2/ iQ i?2
�m/BiQ` Bi im`Mb Qmi i?�i i?2 b2[m2M+2 Q7 irQ /2pB�iBQMb Bb MQi � K2�MBM;7mH +QK#B@
M�iBQM 7Q` i?2 �m/BiQ`- �M/ i?2`2 Bb MQ `mH2 iQ +H2�` BiX h?2`27Q`2- i?Bb +QK#BM�iBQM Q7
/2pB�iBQMb Bb biBHH H�#2H2/ �b ? �i i?2 2M/ Q7 G2p2H kX h�#H2 8X3 b?Qrb i?Bb /2pB�iBQM
b2[m2M+2 iQ;2i?2` rBi? Bib bmTTQ`i �M/ H�#2HX

8XkX8Xj G2p2H jĜ *�b2 H2p2H@ �//BM; /�i� T2`bT2+iBp2

AM i?2 i?B`/ H2p2H- �//BiBQM�H +QMi2tim�H BM7Q`K�iBQM Bb BMi`Q/m+2/ �i i?2 +�b2@H2p2HX
�HQM;bB/2 +QMi`QH@~Qr /2pB�iBQMb �M/ i?2B` b2[m2M+2b- `2H2p�Mi BM7Q`K�iBQM 7`QK i?2
/�i� T2`bT2+iBp2 �i i?2 +�b2@H2p2H Bb BM+Q`TQ`�i2/X *QMbB/2` i?2 +`2/Bi `2[m2bi 2t@
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�H;Q`Bi?K j G2p2H k +H�bbB}+�iBQM mbBM; 7`2[m2Mi /2pB�iBQM@ivT2 b2[m2M+2b
:Bp2M,

D, b2i Q7 `2K�BMBM; /2pB�iBM; i`�+2b 7`QK G2p2H R
Seq(c), /2pB�iBQM b2[m2M+2 Q7 +�b2 c U.2}MBiBQM N�V
θ2, KBMBKmK bmTTQ`i i?`2b?QH/ 7Q` G2p2H k
F2 , b2i Q7 7`2[m2Mi b2[m2MiB�H T�ii2`Mb rBi? bmT(p) ≥ θ2
Anom, �MQK�Hv b2i
Excp, 2t+2TiBQM b2i
C, /2pB�iBQM +�i2;Q`B2bc A, �+iBpBiB2b
$1, H�#2HBM; 7mM+iBQM 7`QK G2p2H R
$2, �m/BiQ` H�#2HBM; 7mM+iBQM 7Q` T�ii2`Mb- $2(p) ∈ {PE, LPE, ?}

URV JBM2 7`2[m2Mi /2pB�iBQM@ivT2 b2[m2M+2b
*QKTmi2 i?2 b2i F2 Q7 7`2[m2Mi b2[m2M+2b 7`QK {Seq(c) | c ∈ D}
6Q` 2�+? p ∈ F2 - +QKTmi2 supp(p) �M/ F22T QMHv i?Qb2 rBi? supp(p) ≥ θ2
aQ`i F2 BM /2b+2M/BM; Q`/2` Q7 supp(·)

UkV *QHH2+i H�#2Hb 7Q` 7`2[m2Mi b2[m2M+2b
7Q` �HH p ∈ F2 UBM bQ`i2/ Q`/2`V /Q

�bF i?2 �m/BiQ` iQ H�#2H p �b LPE- PE- Q` ?
_2+Q`/ i?2 H�#2H �b $2(p)

2M/ 7Q`

UjV S`QT�;�i2 H�#2Hb �M/ +H�bbB7v i`�+2b
7Q` �HH σ ∈ D /Q

B7 ∃ p ∈ F2 : p - Seq(c) ∧ $2(p) = LPE i?2M
Anom ← Anom ∪ {σ}
_2KQp2 σ 7`QK D

2Hb2 B7
(
∀ p ∈ F2 : (p - Seq(c)⇒ $2(p) = OK)

)
∧

(
∀ (t, a) ∈ DT(σ) : $1((t, a)) = PE

)
i?2M

Excp← Excp ∪ {σ}
_2KQp2 σ 7`QK D

2Hb2
f σ `2K�BMb BM D 7Q` G2p2H j  f

2M/ B7
2M/ 7Q`



S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM RjR

�KTH2, B7 i?2 `2[m2bi2/ HQ�M �KQmMi Bb #2HQr � +2`i�BM i?`2b?QH/ U2X;X- kyy 2m`QbV-
b2M/BM; � MQiB}+�iBQM iQ i?2 +HB2Mi K�v MQi #2 `2[mB`2/X am+? `mH2b �`2 Q7i2M MQi 2t@
THB+BiHv KQ/2H2/ #2+�mb2 i?2b2 +�b2b �`2 `�`2- v2i i?2v �`2 FMQrM iQ T`Q+2bb QrM2`bX
AM i?Bb 2t�KTH2- r?2M i?2 /2pB�iBQM Bb KBbbBM;U;V 7Q` bT2+B}+ `2[m2bib- i?2 /2pB�@
iBQM ivT2 �HQM2 Bb BMbm{+B2Mi 7Q` +H�bbB}+�iBQMc i?2 �m/BiQ` �HbQ M22/b iQ FMQr i?2
`2[m2bi2/ HQ�M �KQmMiX hQ �bb2bb bm+? +�b2b- �m/BiQ`b Kmbi 2t�KBM2 � +�b2 �ii`B#mi2-
M�K2Hv �KQmMiX h?2`27Q`2- 7Q` �M�HvxBM; T`Q+2bb BMbi�M+2b i?�i +QMi�BM KBbbBM;U;V-
+�b2@H2p2H /�i� �ii`B#mi2b Kmbi #2 T`QpB/2/ #v i?2 7`�K2rQ`FX

�i i?Bb H2p2H- +�b2 �ii`B#mi2b bm+? �b i?2 `2[m2bi2/ �KQmMi �`2 BMi2;`�i2/ BMiQ
i?2 �M�HvbBbX h?Bb 2M`B+?K2Mi 2M�#H2b �m/BiQ`b iQ �bb2bb /2pB�iBQMb i?�i /2T2M/ QM
#mbBM2bb +QMi2ti MQi 2tTHB+BiHv 2M+Q/2/ BM i?2 MQ`K�iBp2 KQ/2HX 6`2[m2Mi +QK#BM�@
iBQMb Q7 /2pB�iBQM ivT2b �M/ +�b2 �ii`B#mi2 p�Hm2b �`2 B/2MiB}2/ �M/ T`2b2Mi2/ iQ i?2
�m/BiQ` 7Q` H�#2HBM;X "�b2/ QM i?2 �m/BiQ`bǶ /2+BbBQMb- �//BiBQM�H T`Q+2bb 2t2+miBQMb
�`2 +H�bbB}2/ �M/ `2KQp2/ 7`QK i?2 /2pB�iBQM b2iX

AM G2p2H j- i?2 TQbBiBQM Q7 /2pB�iBQM ivT2b `2H�iBp2 iQ Qi?2` MQ`K�H 2p2Mib BM i?2
T`Q+2bb BMbi�M+2 Bb �HbQ +QMbB/2`2/- �b i?2 iBKBM; Q7 � /2pB�iBQM Bb Q7i2M `2H2p�Mi 7Q` �m@
/Bi Dm/;K2MiX AM �//BiBQM iQ +QMi`QH@~Qr BM7Q`K�iBQM- +�b2 �ii`B#mi2 /�i� �`2 �//2/
iQ i?2 BMbi�M+2b i?�i `2K�BM2/ mM+H�bbB}2/ BM T`2pBQmb H2p2HbX aBKBH�` iQ G2p2H k-
7`2[m2Mi b2[m2M+2 T�ii2`M KBMBM; Bb �TTHB2/ iQ B/2MiB7v 7`2[m2Mi /2pB�iBQM b2[m2M+2b
2M`B+?2/ rBi? +�b2 �ii`B#mi2 p�Hm2bX � KBMBKmK bmTTQ`i i?`2b?QH/ Bb mb2/ iQ b2H2+i
i?2 KQbi 7`2[m2Mi Bi2Kb2ib- r?B+? �`2 i?2M T`2b2Mi2/ iQ i?2 �m/BiQ` 7Q` +H�bbB}+�@
iBQMX lbBM; i?2 +QK#BM2/ +QMi`QH@~Qr �M/ +�b2@H2p2H BM7Q`K�iBQM- i?2 �m/BiQ` H�#2Hb
i?2 Bi2Kb2ib �b PE- LPE- Q` H2�p2b i?2K mMH�#2H2/ r?2M i?2 BM7Q`K�iBQM Bb biBHH
BMbm{+B2MiX S`Q+2bb 2t2+miBQMb +QMi�BMBM; Bi2Kb2ib H�#2H2/ �b LPE �`2 KQp2/ iQ i?2
�MQK�Hv b2i- r?BH2 i?Qb2 7Q` r?B+? �HH /2pB�iBQMb �M/ Bi2Kb2ib �`2 H�#2H2/ �b PE �`2
KQp2/ iQ i?2 2t+2TiBQM b2i- +QMbBbi2Mi rBi? i?2 T`2pBQmb H2p2HbX 6B;m`2 8XRR BHHmbi`�i2b
i?2 +`2�iBQM Q7 7`2[m2Mi Bi2Kb2ib 7`QK /2pB�iBQM ivT2b �M/ +�b2 �ii`B#mi2bX

�H;Q`Bi?K 9 #2HQr T`QpB/2b i?2 Tb2m/Q@+Q/2 �#Qmi ?Qr G2p2H j 2ti2M/b i?2 +H�bbB@
}+�iBQM #v BM+Q`TQ`�iBM; +�b2@H2p2H +QMi2tim�H BM7Q`K�iBQM BM �//BiBQM iQ +QMi`QH@~Qr
/2pB�iBQMbX 6Q` 2�+? `2K�BMBM; +�b2 c ∈ D- � +�b2@H2p2H /2pB�iBQM b2[m2M+2 S3(c) Bb
+QMbi`m+i2/ #v +QK#BMBM; +�b2 �ii`B#mi2b c.ca ⊆ CA rBi? Q`/2`2/ /2pB�iBQM 2p2Mib
(ti, ai)- r?2`2 ti ∈ T ∗ /2MQi2b i?2 2p2Mi BM i?2 +�b2 �M/ ai ∈ A Bib +Q``2bTQM/BM;
�+iBpBivX 6`2[m2Mi b2[m2MiB�H T�ii2`Mb F3 �`2 KBM2/ 7`QK i?2b2 b2[m2M+2b mbBM; �
KBMBKmK bmTTQ`i i?`2b?QH/ θ3 �M/ �`2 T`2b2Mi2/ iQ i?2 �m/BiQ` 7Q` H�#2HBM; �b PE-
LPE- Q` \X h?2 Q#i�BM2/ H�#2Hb �`2 i?2M T`QT�;�i2/ iQ �HH +�b2b, +�b2b +QMi�BMBM;
�i H2�bi QM2 T�ii2`M H�#2H2/ LPE �`2 +H�bbB}2/ �b �MQK�HB2b �M/ KQp2/ iQ Anom-
r?2`2�b +�b2b 7Q` r?B+? �HH K�i+?2/ T�ii2`Mb �M/ �HH T`2pBQmbHv B/2MiB}2/ /2pB�iBQM



Rjk *?�Ti2` 8

6B;m`2 8XRR, *�b2b rBi? +�b2 �ii`B#mi2b �M/ 7`2[m2Mi Bi2Kb2ib BM G2p2H j

6`2[m2Mi /2pB�iBQM b2[m2M+2b �M/ +�b2b
�ii`B#mi2b

amTTQ`i G�#2H

〈 BMb2`iBQMU/V- �KQmMi>8yyy 〉 Rfe PE

h�#H2 8XN, h?2 7`2[m2Mi b2[m2M+2b BM G2p2H j �M/ i?2B` bmTTQ`ibX h?2 Bi2Kb2ib �`2
H�#2H2/ #v i?2 �m/BiQ` �b PE- LPE- Q` \

ivT2b �`2 H�#2H2/ PE �`2 +H�bbB}2/ �b 2t+2TiBQMb �M/ KQp2/ iQ ExcpX *�b2b i?�i
+�MMQi #2 +QM+HmbBp2Hv +H�bbB}2/ `2K�BM BM D 7Q` 7m`i?2` �M�HvbBb �i G2p2H 9X

*�b2 9 BM Qm` `mMMBM; 2t�KTH2- ?�b � /2pB�iBQM, 2Bi?2` �/p�M+2/ �bb2bbK2Mi Q`
bBKTH2 �bb2bbK2Mi Bb BMb2`i2/X hQ /2+B/2 �#Qmi i?Bb +�b2- r2 M22/ iQ FMQr i?2 `2@
[m2bi2/ �KQmMi- r?B+? Bb � +�b2 �ii`B#mi2X �++Q`/BM; iQ i?2 +�b2 �ii`B#mi2b- i?2
�KQmMi Bb dyyy 7Q` i?Bb +�b2X �b K2MiBQM2/ BM i?2 KQ/2H- B7 i?2 �KQmMi Bb 8yyy Q`
KQ`2- �M �/p�M+2/ �bb2bbK2Mi Bb M22/2/X h?2`27Q`2- �+iBpBiv + Bb 2tT2+i2/- i?2`27Q`2
i?2 /2pB�iBQM Bb BMb2`iBQMU/VX �b i?2 �/p�M+2/ �bb2bbK2Mi Bb KQ`2 +QKT`2?2MbBp2 i?�M
i?2 bBKTH2 �bb2bbK2Mi- i?2 �m/BiQ` H�#2Hb i?Bb /2pB�iBQM �b PEX h�#H2 8XN b?Qrb i?Bb
/2pB�iBQM iQ;2i?2` rBi? Bib `2H�i2/ +�b2 �ii`B#mi2X LQi2 i?�i r2 /Q MQi K2MiBQM �HH
Qi?2` /2pB�iBQMb rBi? i?2B` +�b2 �ii`B#mi2b BM i?2 i�#H2X

�i i?2 2M/ Q7 i?Bb H2p2H- *�b2 9 Bb +H�bbB}2/ �b � MQ`K�H +�b2 #2+�mb2 Bib QMHv
/2pB�iBQM Bb H�#2H2/ PEX �b � `2bmHi- i?2 �H;Q`Bi?K KQp2b Bi 7`QK i?2 b2i Q7 /2pB�iBM;
+�b2b iQ i?2 b2i Q7 MQ`K�H +�b2bX

8XkX8X9 G2p2H 9Ĝ 1p2Mi H2p2H@ �//BM; /�i� T2`bT2+iBp2

h?2 7Qm`i? �M/ }M�H H2p2H BM+Q`TQ`�i2b 2p2Mi@H2p2H /�i�- r?B+? `2T`2b2Mib i?2 KQbi
;`�MmH�` BM7Q`K�iBQM �p�BH�#H2 BM i?2 2p2Mi HQ;X �i i?Bb H2p2H- /2pB�iBQM ivT2b �`2



S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM Rjj

�H;Q`Bi?K 9 G2p2H j /2pB�iBQM +H�bbB}+�iBQM U�//BM; +�b2@H2p2H �ii`B#mi2bV
:Bp2M,

D, b2i Q7 `2K�BMBM; /2pB�iBM; i`�+2b 7`QK G2p2H k
Anom, �MQK�Hv b2i
T ∗ = T ∪ {N}- r?2`2 N /2MQi2b � MQ`K�H UMQM@/2pB�iBM;V 2p2Mi
6Q` 2�+? +�b2 c- Bib G2p2H j b2[m2M+2 Bb /2}M2/ �b

S3(c) =
(

ca(c), 〈(t1, a1), . . . , (tn, an)〉
)

,

r?2`2 ca(c) ⊆ CA Bb i?2 b2i Q7 +�b2@H2p2H �ii`B#mi2b-
ti ∈ T ∗- ai ∈ AU�+iBpBiB2bV- �M/ ti = N 7Q` MQM@/2pB�iBM; TQbBiBQMb
θ3, KBMBKmK bmTTQ`i i?`2b?QH/ 7Q` G2p2H j
F", b2i Q7 7`2[m2Mi b2[m2MiB�H T�ii2`Mb 7`QK {S3(c) | c ∈ D} rBi? supp(p) ≥ θ3
$1, $2, H�#2HBM; 7mM+iBQMb 7`QK G2p2Hb R �M/ k
$3, �m/BiQ` H�#2HBM; 7mM+iBQM 7Q` G2p2H j T�ii2`Mb- $3(p) ∈ {PE,LPE, ?}

URV *QMbi`m+i 2M`B+?2/ b2[m2M+2b
7Q` �HH c ∈ D /Q

*QMbi`m+i
S3(c) =

(
ca(c), 〈(t1, a1), . . . , (tn, an)〉

)

r?2`2 ti = δi.t B7 TQbBiBQM i +QMi�BMb � /2pB�iBQM δi- �M/ ti = N Qi?2`rBb2
2M/ 7Q`
UkV JBM2 7`2[m2Mi T�ii2`Mb
*QMbi`m+i b2[m2M+2 /�i�#�b2 DB3 = {S3(c) | c ∈ CD}
F3 ← FreqSeqMine(DB3, θ3)

UjV *QHH2+i H�#2Hb 7Q` 7`2[m2Mi b2[m2M+2b
7Q` �HH p ∈ F3 UBM bQ`i2/ Q`/2`V /Q

S`2b2Mi T�ii2`M p UrBi? +�b2 �ii`B#mi2bV iQ �m/BiQ` iQ H�#2H �b LPE- PE- Q` ?
_2+Q`/ $3(p)

2M/ 7Q`

U9V S`QT�;�i2 H�#2Hb �M/ +H�bbB7v i`�+2b
7Q` �HH c ∈ D /Q

B7 ∃ p ∈ F3 : p - S3(c) ∧ $3(p) = LPE i?2M
Anom ← Anom ∪ c

_2KQp2 c 7`QK D
2Hb2 B7

(
∀ p ∈ F3 : p - S3(c) ⇒ $3(p) = PE

)
∧

(
∀ p ∈ F2 : p - Seq(c) ⇒ $2(p) = PE

)
∧

(
∀ (t, a) ∈ DT(σ) : $1((t, a)) = PE

)
i?2M

Excp← Excp ∪ {c}
_2KQp2 c 7`QK D

2Hb2
f c `2K�BMb BM D 7Q` G2p2H 9  f

2M/ B7
2M/ 7Q`
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2M`B+?2/ rBi? 2p2Mi �ii`B#mi2b bm+? �b `2bQm`+2 UQ`B;BM�iQ`V BM7Q`K�iBQM- iBK2bi�KTb-
�M/ �+iBpBiv@bT2+B}+ /�i�X q?2M M2+2bb�`v- /2`Bp2/ 2p2Mi �ii`B#mi2b K�v #2 +QM@
bi`m+i2/ iQ +�Tim`2 /QK�BM@bT2+B}+ `mH2b- bm+? �b i?2 `2H�iBQMb?BT #2ir22M p2`B}+�iBQM
�M/ �bb2bbK2Mi Qmi+QK2b BM i?2 `mMMBM; 2t�KTH2X h?Bb H2p2H bmTTQ`ib i?2 +H�bbB}+�@
iBQM Q7 +QKTH2t /2pB�iBQMb i?�i +�MMQi #2 `2bQHp2/ mbBM; +QMi`QH@~Qr �M/ +�b2@H2p2H
BM7Q`K�iBQM �HQM2X

�b BM i?2 T`2pBQmb H2p2Hb- b2[m2M+2 T�ii2`M KBMBM; Bb �TTHB2/ iQ B/2MiB7v i?2 KQbi
7`2[m2Mi Bi2Kb2ibX h?2b2 Bi2Kb2ib +QMbBbi Q7 /2pB�iBQM ivT2b +QK#BM2/ rBi? 7`2[m2Mi
2p2Mi �ii`B#mi2 p�Hm2b �M/ �`2 T`2b2Mi2/ iQ �m/BiQ`b 7Q` H�#2HBM; �b PE- LPE- Q` H27i
mMH�#2H2/ r?2M i?2 �p�BH�#H2 BM7Q`K�iBQM Bb biBHH BMbm{+B2MiX "�b2/ QM i?2 �m/BiQ`bǶ
H�#2Hb- i?2 7`�K2rQ`F +H�bbB}2b i?2 `2K�BMBM; /2pB�iBM; T`Q+2bb 2t2+miBQMb �M/ /2i2`@
KBM2b r?2i?2` i?2v +�M #2 KQp2/ iQ i?2 2t+2TiBQM Q` �MQK�Hv b2i- +QMbBbi2Mi rBi?
i?2 T`Q+2/m`2 �TTHB2/ BM i?2 2�`HB2` H2p2HbX

6B;m`2 8XRk /2TB+ib ?Qr 7`2[m2Mi Bi2Kb2ib �`2 +`2�i2/ 7`QK +�b2 �ii`B#mi2b �M/
2p2Mi �ii`B#mi2bX

6B;m`2 8XRk, *�b2b rBi? +�b2 �ii`B#mi2b �M/ 2p2Mi �ii`B#mi2b �M/ 7`2[m2Mi Bi2Kb2ib BM
G2p2H 9X

�H;Q`Bi?K 8 bmKK�`Bx2b i?2 Tb2m/Q+Q/2 QM ?Qr G2p2H 9 7m`i?2` `2}M2b i?2 +H�bbB}@
+�iBQM #v BM+Q`TQ`�iBM; 2p2Mi@H2p2H BM7Q`K�iBQM BM �//BiBQM iQ +QMi`QH@~Qr /2pB�iBQMb
�M/ +�b2 �ii`B#mi2bX 6Q` 2�+? `2K�BMBM; +�b2 c ∈ D- �M 2p2Mi@H2p2H /2pB�iBQM b2[m2M+2
S4(c) Bb +QMbi`m+i2/ #v 2ti2M/BM; i?2 +�b2@H2p2H `2T`2b2Mi�iBQM rBi? 2p2Mi �ii`B#mi2b-
vB2H/BM; imTH2b (ti, ai, eai)- r?2`2 ti ∈ T ∗ /2MQi2b i?2 2p2Mi- ai ∈ A Bib +Q``2bTQM/@
BM; �+iBpBiv- �M/ eai i?2 �bbQ+B�i2/ 2p2Mi �ii`B#mi2bX 6`2[m2Mi b2[m2MiB�H T�ii2`Mb
F4 �`2 KBM2/ 7`QK i?2b2 b2[m2M+2b mbBM; � KBMBKmK bmTTQ`i i?`2b?QH/ θ �M/ �`2
T`2b2Mi2/ iQ i?2 �m/BiQ` 7Q` H�#2HBM; �b PE- LPE- Q` \X h?2 Q#i�BM2/ H�#2Hb �`2 i?2M
T`QT�;�i2/ iQ �HH `2K�BMBM; +�b2b, +�b2b +QMi�BMBM; �i H2�bi QM2 T�ii2`M H�#2H2/ LPE
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�`2 +H�bbB}2/ �b �MQK�HB2b �M/ KQp2/ iQ Anom- r?2`2�b +�b2b 7Q` r?B+? �HH K�i+?2/
T�ii2`Mb �M/ �HH T`2pBQmbHv B/2MiB}2/ /2pB�iBQM ivT2b �`2 H�#2H2/ PE �`2 +H�bbB}2/ �b
2t+2TiBQMb �M/ KQp2/ iQ ExcpX h?Bb }M�H H2p2H 2M�#H2b �m/BiQ`b iQ �bb2bb /2pB�iBQMb
r?Qb2 +H�bbB}+�iBQM /2T2M/b QM }M2@;`�BM2/- 2p2Mi@bT2+B}+ /�i� i?�i Bb MQi +�Tim`2/
�i ?B;?2` �#bi`�+iBQM H2p2HbX

1�+? H2p2H BM+`2�b2b i?2 2tT`2bbBp2M2bb Q7 /2pB�iBQM `2T`2b2Mi�iBQM r?BH2 T`Q;`2b@
bBp2Hv `2/m+BM; i?2 bBx2 Q7 /2pB�iBQM ;`QmTbX
*�b2b k �M/ e BM i?2 +`2/Bi `2[m2bi 2t�KTH2 2t?B#Bi i?2 /2pB�iBQM ivT2 `2Q`/2`BM;U#V-
+Q``2bTQM/BM; iQ i?2 p2`B}+�iBQM �+iBpBivX 1p2Mi # BM+Hm/2b �M 2p2Mi �ii`B#mi2 o-
r?B+? Bb � #BM�`v �ii`B#mi2 BM/B+�iBM; i?2 Qmi+QK2 Q7 i?2 p2`B}+�iBQMc Bi i�F2b i?2
p�Hm2 PE r?2M i?2 p2`B}+�iBQM `2bmHi Bb TQbBiBp2X � /QK�BM `mH2 �TTHB2b BM i?Bb +QM@
i2ti, B7 i?2 p2`B}+�iBQM Qmi+QK2 UoV Bb PE �M/ i?2 �bb2bbK2Mi /2+BbBQM U.2+V- �M
2p2Mi �ii`B#mi2 Q7 i?2 �bb2bbK2Mi �+iBpBiB2b U+ Q` /V- Bb �HbQ PE- i?2 /2pB�iBQM +�M #2
2t+2TiBQM�HHv �++2Ti2/X

hQ BM+Q`TQ`�i2 i?Bb `mH2 rBi?BM i?2 7`�K2rQ`F- � /2`Bp2/ 2p2Mi �ii`B#mi2- /2MQi2/
�b o2`@.2+- Bb BMi`Q/m+2/X h?Bb �ii`B#mi2 +�Tim`2b i?2 `2H�iBQMb?BT #2ir22M i?2 p2`B}@
+�iBQM �M/ �bb2bbK2Mi Qmi+QK2b #v +QKT�`BM; o 7`QK 2p2Mi # rBi? .2+ 7`QK 2p2Mi +
Q` /X h?2 �ii`B#mi2 o2`@.2+ Bb /2}M2/ �b #BM�`v, Bi i�F2b i?2 p�Hm2 u2b r?2M #Qi? o
�M/ .2+ �`2 PE- �M/ LQ Qi?2`rBb2X h�#H2 8XRy bmKK�`Bx2b i?2 /2}MBiBQM- +QM/BiBQMb-
�M/ TQbbB#H2 p�Hm2b Q7 i?Bb /2`Bp2/ �ii`B#mi2X

L2r 2p2Mi �ii`B#mi2 o2`@.2+ o�Hm2
A7 o 7`QK 2p2Mi # 4 PE �M/ .2+ 7`QK 2p2Mi + 4 PE u2b
A7 o 7`QK 2p2Mi # 4 PE �M/ .2+ 7`QK 2p2Mi / 4 PE u2b
Pi?2`rBb2 LP

h�#H2 8XRy, � M2r 2p2Mi �ii`B#mi2 o2`@.2+ M22/b iQ #2 +`2�i2/ BM G2p2H 9

lbBM; i?Bb M2r 2p2Mi �ii`B#mi2- �M �m/BiQ` +�M H�#2H i?2 7`2[m2Mi /2pB�iBQM b2@
[m2M+2b rBi? i?2 2p2Mi �ii`B#mi2bX h�#H2 8XRR b?Qrb i?2b2 b2[m2M+2b iQ;2i?2` rBi?
i?2 bmTTQ`i �M/ H�#2HbX

�i i?2 2M/ Q7 G2p2H 9- i?2 `2Q`/2`BM;U#V /2pB�iBQM BM *�b2 e �M/ *�b2 k �`2 H�#2H2/
�b PEX *QMb2[m2MiHv- r2 +�M `2KQp2 *�b2 e 7`QK /2pB�iBM; +�b2b b2i �M/ �// Bi iQ
i?2 b2i Q7 MQ`K�H +�b2bX >Qr2p2`- �Hi?Qm;? *�b2 k Bb T�`iB�HHv +H2�`2/ �i i?Bb H2p2H
#2+�mb2 r2 ?�p2 MQ `mH2 v2i �#Qmi `2T2iBiBQMU/V- r2 +�MMQi /2+B/2 �#Qmi *�b2 k- �M/
Bi `2K�BMb BM i?2 /2pB�iBM; +�b2b b2iX
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�H;Q`Bi?K 8 G2p2H 9 /2pB�iBQM +H�bbB}+�iBQM U�//BM; 2p2Mi@H2p2H �ii`B#mi2bV
:Bp2M,

D, b2i Q7 `2K�BMBM; /2pB�iBM; i`�+2b 7`QK G2p2H j
Anom, �MQK�Hv b2i
Excp, 2t+2TiBQM b2i
T ∗ = T ∪ {N}- r?2`2 N /2MQi2b � MQ`K�H UMQM@/2pB�iBM;V 2p2Mi
6Q` 2�+? +�b2 c- Bib G2p2H j b2[m2M+2 Bb /2}M2/ �b

S4(c) =
(

ca(c), 〈(t1, a1, ea1), . . . , (tn, an, ean)〉
)

,

r?2`2 ca(c) ⊆ CA Bb i?2 b2i Q7 +�b2@H2p2H �ii`B#mi2b-
ti ∈ T ∗- ai ∈ AU�+iBpBiB2bV- �M/ ti = N 7Q` MQM@/2pB�iBM; TQbBiBQMb
θ4, KBMBKmK bmTTQ`i i?`2b?QH/ 7Q` G2p2H 9
F4 , b2i Q7 7`2[m2Mi b2[m2MiB�H T�ii2`Mb 7`QK {S4(c) | c ∈ D} rBi? supp(p) ≥ θ4
$1, $2, $3, H�#2HBM; 7mM+iBQMb 7`QK G2p2Hb R- k �M/ j
$4, �m/BiQ` H�#2HBM; 7mM+iBQM 7Q` G2p2H 9 T�ii2`Mb- $4(p) ∈ {PE,LPE, ?}

URV *QMbi`m+i 2M`B+?2/ b2[m2M+2b rBi? 2p2Mi �ii`B#mi2b
7Q` �HH c ∈ D /Q

*QMbi`m+i
S4(c) =

(
ca(c), 〈(t1, a1, ea1), . . . , (tn, an, ean)〉

)

r?2`2 ti = δi.t B7 TQbBiBQM i +QMi�BMb � /2pB�iBQM δi- �M/ ti = N Qi?2`rBb2
�M/ eai = σi.ea U2p2Mi �ii`B#mi2b Q7 i?2 i@i? 2p2MiV

2M/ 7Q`

UkV JBM2 7`2[m2Mi T�ii2`Mb
*QMbi`m+i b2[m2M+2 /�i�#�b2 DB4 = {S4(c) | c ∈ D}
F4 ← FreqSeqMine(DB4 , θ4)

UjV *QHH2+i H�#2Hb 7Q` 7`2[m2Mi b2[m2M+2b
7Q` �HH p ∈ F4 UBM bQ`i2/ Q`/2`V /Q

S`2b2Mi T�ii2`M p UrBi? +�b2 �M/ 2p2Mi �ii`B#mi2bV iQ �m/BiQ` iQ H�#2H �b LPE- PE- Q` ?
_2+Q`/ i?2 H�#2H �b $4(p)

2M/ 7Q`

U9V S`QT�;�i2 H�#2Hb �M/ +H�bbB7v i`�+2b
7Q` �HH c ∈ D /Q

B7 ∃ p ∈ F4 : p - S4(c) ∧ $4(p) = LPE i?2M
Anom ← Anom ∪ c

_2KQp2 c 7`QK D
2Hb2 B7

(
∀ p ∈ F4 : p - S4(c) ⇒ $4(p) = PE

)
∧

(
∀ p ∈ F3 : p - S3(c) ⇒ $3(p) = PE

)
∧

(
∀ p ∈ F2 : p - Seq(c)⇒ $2(p) = PE

)
∧

(
∀ (t, a) ∈ DT(σ) : $1((t, a)) = PE

)
i?2M

Excp← Excp ∪ {c}
_2KQp2 c 7`QK D

2M/ B7
2M/ 7Q`



S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM Rjd

6`2[m2Mi /2pB�iBQM b2[m2M+2b �M/ 2p2Mi �ii`B#mi2b amTTQ`i G�#2H
〈 `2Q`/2`BM;U#V- o2`@.2+4 u2b 〉 Rfj PE
〈 `2Q`/2`BM;U#V- o4 PE 〉 Rfj \

h�#H2 8XRR, h?2 7`2[m2Mi b2[m2M+2b BM G2p2H 9 �M/ i?2B` bmTTQ`ibX h?2 Bi2Kb2ib �`2
H�#2H2/ #v i?2 �m/BiQ` �b PE- LPE- Q` \

8XkXe ai�;2 j, G�#2HBM; _2K�BMBM; .2pB�iBQMb
�7i2` +QKTH2iBM; i?2 Bi2`�iBp2 /2pB�iBQM �M�HvbBb BM ai�;2 k- i?2 H�#2HBM; /2+BbBQMb
T`QpB/2/ #v i?2 �m/BiQ`b ?�p2 �H`2�/v #22M T`QT�;�i2/ iQ �HH bBKBH�` /2pB�iBQMb B/2M@
iB}2/ �+`Qbb i?2 2p2Mi HQ;X h?`Qm;? i?Bb T`Q+2bb- i?2 K�DQ`Biv Q7 /2pB�iBM; T`Q+2bb
2t2+miBQMb �`2 +H�bbB}2/ �b �MQK�HB2b Q` 2t+2TiBQMb #�b2/ QM +QMi`QH@~Qr T�ii2`Mb
�M/ BM+`2K2Mi�HHv 2M`B+?2/ +QMi2tim�H BM7Q`K�iBQMX

L2p2`i?2H2bb- � bK�HH MmK#2` Q7 /2pB�iBQMb K�v `2K�BM mM+H�bbB}2/X h?2b2 `2@
K�BMBM; +�b2b ivTB+�HHv +Q``2bTQM/ iQ `�`2- +QKTH2t- Q` ?B;?Hv +QMi2ti@bT2+B}+ T`Q+2bb
2t2+miBQMb 7Q` r?B+? MQM2 Q7 i?2 T`2pBQmbHv T`2b2Mi2/ /2pB�iBQM ivT2b- b2[m2M+2b- Q`
+QMi2tim�H +QK#BM�iBQMb r2`2 bm{+B2Mi iQ 2M�#H2 �M �miQK�iB+ +H�bbB}+�iBQMX q?BH2
i?2 7`�K2rQ`F �HHQrb �//BiBQM�H /2pB�iBQM +QK#BM�iBQMb iQ #2 T`2b2Mi2/ iQ i?2 �m/B@
iQ`b �i G2p2Hb k- j- �M/ 9 #v �/DmbiBM; i?2 KBMBKmK bmTTQ`i i?`2b?QH/- bm+? `2}M2@
K2Mib K�v biBHH 7�BH iQ +�Tim`2 �HH 2t+2TiBQM�H #2?�pBQ`bX

AM i?Bb }M�H bi�;2- i?2 `2K�BMBM; /2pB�iBQMb `2[mB`2 7mHH Q#b2`p�iBQM �M/ K�Mm�H
+H�bbB}+�iBQM #v i?2 �m/BiQ`bX h?2b2 +�b2b �`2 2t�KBM2/ BM/BpB/m�HHv- mbBM; +QKTH2i2
i`�+2@H2p2H BM7Q`K�iBQM �M/ /QK�BM FMQrH2/;2 i?�i +�MMQi #2 bvbi2K�iB+�HHv 2M+Q/2/
rBi?BM i?2 7`�K2rQ`FX h?2 �m/BiQ`bǶ Dm/;K2Mib �i i?Bb bi�;2 2Mbm`2 i?�i mMmbm�H
#mi H2;BiBK�i2 #2?�pBQ`b �`2 MQi BM+Q``2+iHv ~�;;2/- �M/ i?�i ;2MmBM2 �MQK�HB2b �`2
T`QT2`Hv B/2MiB}2/X

ai�;2 j i?mb �+ib �b � +QMi`QHH2/ 7�HH#�+F K2+?�MBbK i?�i ;m�`�Mi22b +QKTH2i2
TQTmH�iBQM +H�bbB}+�iBQM r?BH2 T`2b2`pBM; i?2 �m/BiQ`bǶ �mi?Q`Biv Qp2` +QKTH2t �M/
MQM@`2T2iBiBp2 +�b2bX "v HBKBiBM; K�Mm�H �M�HvbBb iQ � bK�HH `2bB/m�H b2i- i?2 7`�K2@
rQ`F K�BMi�BMb b+�H�#BHBiv �M/ 2{+B2M+v rBi?Qmi +QKT`QKBbBM; �m/Bi [m�HBiv Q` T`Q@
72bbBQM�H Dm/;K2MiX

6Q` i?2 `mMMBM; 2t�KTH2- i?2 �TTHB+�iBQM Q7 i?2 T`QTQb2/ �TT`Q�+? �HHQrb i?`22
Qmi Q7 7Qm` /2pB�iBM; +�b2b iQ #2 +H�bbB}2/X *�b2 R Bb +H�bbB}2/ �b �M �MQK�Hv- r?BH2
*�b2b 9 �M/ e �`2 +H�bbB}2/ �b 2t+2TiBQMbX *�b2 k `2[mB`2b 7m`i?2` BMp2biB;�iBQM-
�Hi?Qm;? T�`i Q7 Bib /2pB�iBQMb ?�p2 #22M H�#2H2/X



Rj3 *?�Ti2` 8

8Xj *QM+Hm/BM; MQi2

h?Bb +?�Ti2` BMi`Q/m+2/ � bi`m+im`2/ /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F iQ �bbBbi �m@
/BiQ`b BM +H�bbB7vBM; i?2 2ti2MbBp2 QmiTmi Q7 +QM7Q`K�M+2 +?2+FBM; iQQHb BMiQ irQ b2ib
Q7 2t+2TiBQMb �M/ �MQK�HB2bX "v K�TTBM; KQ/2HĜHQ; KBbK�i+?2b iQ � bK�HH b2i Q7 BM@
i2`T`2i�#H2 /2pB�iBQM ivT2b �M/ BM+`2K2Mi�HHv 2M`B+?BM; i?2K rBi? +QMi`QH@~Qr- +�b2@
H2p2H- �M/ 2p2Mi@H2p2H BM7Q`K�iBQM- i?2 7`�K2rQ`F 2K#2/b �m/BiQ` FMQrH2/;2 rBi?BM
�M �H;Q`Bi?KB+ T`Q+2bb- r?BH2 2tTHB+BiHv K�M�;BM; i?2 BM7Q`K�iBQM HQ�/X h?2 bi�;2/
/2bB;M 2Mbm`2b 7mHH TQTmH�iBQM +Qp2`�;2 �M/ 2M�#H2b bvbi2K�iB+ T`QT�;�iBQM Q7 �m@
/BiQ` Dm/;K2Mib- i?2`2#v `2/m+BM; K�Mm�H 2zQ`i �M/ 7Q+mbBM; �ii2MiBQM QM +QKTH2t
+�b2bX �i i?2 b�K2 iBK2- i?2 7`�K2rQ`F �+FMQrH2/;2b i?2 BM?2`2Mi BM+QKTH2i2M2bb Q7
i?2 MQ`K�iBp2 KQ/2Hb �M/ BM+Q`TQ`�i2b � +QMi`QHH2/ 7�HH#�+F iQ K�Mm�H �M�HvbBb 7Q`
`2bB/m�H /2pB�iBQMb i?�i +�MMQi #2 `2bQHp2/ �miQK�iB+�HHvX �b bm+?- i?2 7`�K2rQ`F
2M�#H2b BMi2`M�H �m/BiQ`b iQ bvbi2K�iB+�HHv �M�Hvx2 T`Q+2bb 2t2+miBQMb �M/ iQ bi`m+im`2
/2i�BH2/ BMp2biB;�iBQMb Q7 /2pB�iBQMb rBi?BM �bbm`�M+2 �+iBpBiB2bX

h?2 M2ti +?�Ti2` /2KQMbi`�i2b ?Qr �m/BiQ`b +�M �TTHv i?Bb T`QTQb2/ 7`�K2rQ`F
iQ �M �+im�H /�i� b2i mbBM; � +�b2 bim/vX



*?�Ti2` e

1KTB`B+�H 1p�Hm�iBQM Q7 i?2
S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM
6`�K2rQ`F

h?2 T`Q+2bb /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F T`QTQb2/ BM *?�Ti2` 8 r�b /2p2HQT2/
iQ bmTTQ`i �m/BiQ`b BM +H�bbB7vBM; +QMi`QH@~Qr /2pB�iBQMb BM � bi`m+im`2/ �M/ BM+`2@
K2Mi�H K�MM2`X q?BH2 i?2 T`2pBQmb +?�Ti2` T`2b2Mi2/ i?2 +QM+2Tim�H 7QmM/�iBQMb-
7Q`K�H /2}MBiBQMb- �M/ �H;Q`Bi?KB+ HQ;B+ Q7 i?2 7`�K2rQ`F- Bib T`�+iB+�H `2H2p�M+2 �M/
2z2+iBp2M2bb Kmbi #2 /2KQMbi`�i2/ QM `2�H T`Q+2bb /�i�X 6Q` i?Bb `2�bQM- i?2 T`2b2Mi
+?�Ti2` 2p�Hm�i2b i?2 7`�K2rQ`F i?`Qm;? � `2�H@HB72 Tm`+?�b2@iQ@T�v 2p2Mi HQ;- ;�i?@
2`2/ BM i?2 +QMi2ti Q7 � T`2pBQmb +�b2 bim/vX

AM HBM2 rBi? i?2 �H;Q`Bi?K 2M;BM22`BM; T2`bT2+iBp2 QmiHBM2/ BM *?�Ti2` R- i?Bb +?�T@
i2` `2T`2b2Mib i?2 2p�Hm�iBQM T?�b2 Q7 i?2 /2bB;M +v+H2- r?2`2 i?2Q`2iB+�H +QMbi`m+ib
�`2 �bb2bb2/ BM �M 2KTB`B+�H b2iiBM;X h?2 7`�K2rQ`F r�b /2p2HQT2/ 7QHHQrBM; �M Bi2`�@
iBp2 T`Q+2bb i?�i BMi2;`�i2b T`Q#H2K mM/2`bi�M/BM;- �H;Q`Bi?K /2bB;M- �M/ p�HB/�iBQM
QM `2�H /�i�X *QMb2[m2MiHv- i?2 Tm`TQb2 Q7 i?Bb +?�Ti2` Bb MQi K2`2Hv iQ BHHmbi`�i2
?Qr i?2 7`�K2rQ`F QT2`�i2b- #mi iQ �bb2bb r?2i?2` i?2 T`QTQb2/ BM+`2K2Mi�H +H�bbB@
}+�iBQM /2bB;M Bb mb27mH iQ 2z2+iBp2Hv bmTTQ`i �m/BiBM; i�bFb BM T`�+iB+2X h?2`27Q`2-
i?Bb +?�Ti2` ?�b irQ Q#D2+iBp2bX 6B`bi- Bi �BKb iQ /2KQMbi`�i2 ?Qr i?2 7`�K2rQ`F +�M
#2 �TTHB2/ bi2T #v bi2T iQ � `2�H@rQ`H/ 2p2Mi HQ;- i?2`2#v BHHmbi`�iBM; Bib QT2`�iBQM�H
rQ`F~QrX a2+QM/- Bi 2p�Hm�i2b iQ r?�i 2ti2Mi �M/ ?Qr i?2 7`�K2rQ`F bmTTQ`ib i?2 `2@
/m+iBQM Q7 K�Mm�H �m/BiQ` 2zQ`i r?BH2 K�BMi�BMBM; i?2 �#BHBiv iQ /BbiBM;mBb? #2ir22M
�MQK�HQmb �M/ �++2Ti�#H2 T`Q+2bb #2?�pBQ`X h?2 +?�Ti2` 2t�KBM2b ?Qr i?2 /2pB�iBQM
b2i Bb BM+`2K2Mi�HHv `2/m+2/ �+`Qbb i?2 +H�bbB}+�iBQM H2p2Hb �M/ iQ r?�i 2ti2Mi +�b2b



R9y *?�Ti2` e

+�M #2 `2bQHp2/ rBi?Qmi /2i�BH2/ BMbT2+iBQMX h?Bb 2M�#H2b � bi`m+im`2/ �bb2bbK2Mi Q7
?Qr +H�bbB}+�iBQM T2`7Q`K�M+2 2pQHp2b �+`Qbb i?2 /Bz2`2Mi H2p2Hb �M/ ?Qr 2z2+iBp2Hv
i?2 7`�K2rQ`F `2/m+2b K�Mm�H 2zQ`i r?BH2 T`2b2`pBM; BMi2`T`2i�#BHBivX

h?2 +?�Ti2` T`Q+22/b �b 7QHHQrbX 6B`bi- i?2 2tT2`BK2Mi�H b2imT- /�i�- �M/ bmTTQ`i@
BM; i2+?MB[m2b �`2 BMi`Q/m+2/X L2ti- i?2 2p�Hm�iBQM /�i� b2i �M/ MQ`K�iBp2 KQ/2H
�`2 /2b+`B#2/X h?2 +?�Ti2` i?2M �TTHB2b i?2 7`�K2rQ`F bi2T #v bi2T- #2;BMMBM; rBi?
i?2 K�TTBM; Q7 T`Q+2bb /Bz2`2M+2b BMiQ /2pB�iBQM ivT2b- 7QHHQr2/ #v i?2 bm++2bbBp2
+H�bbB}+�iBQM H2p2Hb #�b2/ QM /2pB�iBQM ivT2b- 7`2[m2Mi /2pB�iBQM T�ii2`Mb- +�b2@H2p2H
�ii`B#mi2b- �M/ 2p2Mi@H2p2H �ii`B#mi2b r?2`2 2�+? H2p2H BMi`Q/m+2b �//BiBQM�H BM7Q`K�@
iBQMX h?2 +?�Ti2` +QM+Hm/2b rBi? BMbB;?ib BMiQ i?2 bi`2M;i?b �M/ HBKBi�iBQMb Q7 i?2
7`�K2rQ`F- �M/ `2~2+ib QM Bib `QH2 rBi?BM i?2 #`Q�/2` +QMi2ti Q7 +QMiBMmQmb �m/BiBM;X

eXR :Q�H Q7 i?2 1tT2`BK2Mi�H 1p�Hm�iBQM

h?2 Q#D2+iBp2 Q7 i?Bb +?�Ti2` Bb irQ7QH/X
URV .2KQMbi`�iBQM ;Q�H, iQ BHHmbi`�i2 ?Qr i?2 T`QTQb2/ 7`�K2rQ`F +�M #2 �TTHB2/

bi2T #v bi2T QM � `2�H@rQ`H/ 2p2Mi HQ;X
UkV 1p�Hm�iBQM ;Q�H, iQ �bb2bb r?2i?2` �M/ iQ r?�i 2ti2Mi i?2 7`�K2rQ`F `2/m+2b

K�Mm�H �m/BiQ` 2zQ`i r?BH2 K�BMi�BMBM; i?2 �#BHBiv iQ /BbiBM;mBb? �MQK�HQmb 7`QK
�++2Ti�#H2 T`Q+2bb #2?�pBQ`X

eXk 1p�Hm�iBQM J2i`B+b

h?2 T2`7Q`K�M+2 Q7 i?2 7`�K2rQ`F r�b �bb2bb2/ #�b2/ QM,

AMTmi J2i`B+,

Ç �m/BiQ` 1zQ`i, h?2 MmK#2` Q7 2p�Hm�iBQM �+iBQMb T2`7Q`K2/ #v i?2 �m/BiQ` �i
2�+? H2p2HX �M 2p�Hm�iBQM �+iBQM +Q``2bTQM/b iQ H�#2HBM; �M �;;`2;�i2/ `2T`2@
b2Mi�iBQM U2X;X- /2pB�iBQM ivT2- T�ii2`M- Q` Bi2Kb2iVX

h?Bb K2i`B+ T`QpB/2b �M �TT`QtBK�iBQM Q7 �m/BiQ` 2zQ`i #�b2/ QM i?2 MmK#2` Q7
2p�Hm�iBQM �+iBQMbc Bib HBKBi�iBQMb �`2 /Bb+mbb2/ BM a2+iBQM eXeX

PmiTmi J2i`B+b,



1KTB`B+�H 1p�Hm�iBQM Q7 i?2 S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F R9R

Ç _2/m+iBQM _�i2, i?2 T`QTQ`iBQM Q7 /2pB�iBQM BMbi�M+2b UQ` +�b2bV i?�i �`2 +H�b@
bB}2/ �i � ;Bp2M H2p2H- /2}M2/ �b i?2 `�iBQ #2ir22M i?2 MmK#2` Q7 `2bQHp2/
2H2K2Mib �i i?�i H2p2H �M/ i?2 iQi�H MmK#2` Q7 2H2K2Mib 2Mi2`BM; i?�i H2p2HX

Ç _2K�BMBM; a2i aBx2, h?2 MmK#2` Q7 /2pB�iBQM BMbi�M+2b UQ` +�b2bV i?�i `2K�BM
mM`2bQHp2/ �7i2` 2�+? H2p2HX

S2`7Q`K�M+2 J2i`B+,

Ç 1zQ`i _2/m+iBQM, h?2 `�iBQ #2ir22M i?2 MmK#2` Q7 K�Mm�H 2p�Hm�iBQM �+iBQMb
`2[mB`2/ mbBM; i?2 7`�K2rQ`F �M/ i?2 MmK#2` Q7 BMbT2+iBQMb `2[mB`2/ BM � 7mHHv
K�Mm�H b2iiBM;X

h?2 BMTmi K2i`B+ +�Tim`2b i?2 2zQ`i T2`7Q`K2/ #v i?2 �m/BiQ`X h?2 QmiTmi K2i@
`B+b +�Tim`2 ?Qr Km+? Q7 i?2 /2pB�iBQM b2i Bb `2bQHp2/- �M/ i?2 T2`7Q`K�M+2 K2i`B+
[m�MiB}2b i?2 Qp2`�HH `2/m+iBQM BM 2zQ`i +QKT�`2/ iQ � 7mHHv K�Mm�H #�b2HBM2X

h?2 +?QB+2 Q7 �M 2KTB`B+�H 2p�Hm�iBQM b2iiBM; Bb �TT`QT`B�i2 7Q` irQ `2�bQMbX 6B`bi-
i?2 7`�K2rQ`F Bb BMi2M/2/ 7Q` mb2 BM `2�HBbiB+ �m/BiBM; 2MpB`QMK2Mib BM r?B+? /2pB@
�iBQMb Q++m` BM H�`;2 MmK#2`b �M/ BM ?2i2`Q;2M2Qmb 7Q`KbX a2+QM/- i?2 7`�K2rQ`F
2tTHB+BiHv `2HB2b QM �m/BiQ` Dm/;K2Mi 7Q` H�#2HBM; /2pB�iBQM `2T`2b2Mi�iBQMb �i /Bz2`2Mi
H2p2Hb Q7 �#bi`�+iBQMX Aib mb27mHM2bb i?2`27Q`2 +�MMQi #2 �bb2bb2/ bQH2Hv i?`Qm;? i2+?@
MB+�H +Q``2+iM2bb- Bi Kmbi �HbQ #2 2t�KBM2/ BM i2`Kb Q7 ?Qr 2z2+iBp2Hv Bi bi`m+im`2b
i?2 BMi2`�+iBQM #2ir22M +QKTmi�iBQM�H QmiTmib �M/ ?mK�M Dm/;K2MiX

�++Q`/BM;Hv- i?2 2p�Hm�iBQM /Q2b MQi QMHv +QMbB/2` r?2i?2` /2pB�iBQMb +�M #2 /2@
i2+i2/- #mi �HbQ r?2i?2` i?2v +�M #2 Q`;�MBx2/ BM � r�v i?�i `2/m+2b i?2 �KQmMi Q7
/2i�BH2/ K�Mm�H BMbT2+iBQM `2[mB`2/X h?2 bm++2bbBp2 H2p2Hb Q7 i?2 7`�K2rQ`F �`2 i?2`2@
7Q`2 2p�Hm�i2/ rBi? `2bT2+i iQ i?2B` +QMi`B#miBQM iQ ;`QmTBM;- �M/ `2bQHpBM; /2pB�iBM;
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;QQ/b `2+2BTi- �M/ BMpQB+2 `2+2BTiX q2 +`2�i2 i?`22 MmK2`B+�H 72�im`2b iQ +QKT�`2
i?Bb BM7Q`K�iBQM iQ;2i?2`X h�#H2 eXk b?Qrb i?2b2 i?`22 72�im`2bX

:QQ/b _2+2BTi [m�MiBiv@ Tm`+?�b2 Q`/2` [m�MiBiv K�i+?
q?2M i?2 /Bz2`2M+2 #2ir22M [m�MiBiv Q7 :_ �M/ [m�MiBiv Q7 SP Bb +�H+mH�i2/-

i?2`2 r2`2 3jy +�b2b BM r?B+? i?2 /Bz2`2M+2 r�b MQi yX h?2 `�M;2 Q7 /Bz@Zm�MiBiv@
:_@SP p�`B2/ 7`QK @kyy iQ j-d9N-NyyX h?2`2 �`2 9yj +�b2b BM r?B+? _2H@/Bz@Zm�MiBiv@
:_@SP r�b @kyyX 6B;m`2 eX9 b?Qrb i?2 /Bbi`B#miBQM Q7 .Bz@Zm�MiBiv@:_@SP Q7 i?2b2
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3jy +�b2b �M/ i?2B` 7`2[m2M+vX h?2 s@�tBb b?Qrb i?2 /Bz2`2M+2 Ui?2 p�Hm2 Q7 _2H@/Bz@
Zm�MiBiv@:_@SPV- �M/ i?2 irQ u@�t2b UQM i?2 H27i �M/ `B;?iV BHHmbi`�i2 i?2 7`2[m2M+v
Q7 2�+? /Bz2`2M+2X JQbi Q7 i?2 p�Hm2b Q++m` QM+2- �M/ bQK2 Q++m` b2p2`�H iBK2b- #2@
ir22M R �M/ ky iBK2bX PMHv p�Hm2 @kyy ?�b b?QrM mT 9yj iBK2b- bQ iQ #2 �#H2 iQ
BHHmbi`�i2 i?2 p�Hm2b MB+2Hv QM i?2 THQi- � /m�H u@�tBb Bb mb2/X h?2 H27i u@�tBb Bb mb2/
7Q` �HH /Bz2`2M+2b 2t+2Ti @kyy- �M/ i?2 `B;?i u@�tBb Bb mb2/ 7Q` @kyyX h?2b2 3jy +�b2b
�`2 `2KQp2/ 7`QK i?2 2p2Mi HQ; �b i?2v 7�BH i?2 i?`22@r�v K�i+? i2biX

6B;m`2 eX9, h?2 `2H�iBp2 /Bz2`2M+2 #2ir22M [m�MiBiv Q7 ;QQ/b `2+2BTi �M/ [m�MiBiv Q7
Tm`+?�b2 Q`/2`

AMpQB+2 `2+2BTi T`B+2 �M/ Tm`+?�b2 Q`/2` T`B+2
h?2 /Bz2`2M+2 #2ir22M BMpQB+2 `2+2BTi T`B+2 �M/ Tm`+?�b2 Q`/2` T`B+2 Bb +�H+mH�i2/

7Q` �HH +�b2b BM i?2 /�i� b2iX h?2`2 �`2 kR-yek +�b2b 7`QK k3-R38 +�b2b BM r?B+? i?2 T`B+2
QM i?2 Tm`+?�b2 Q`/2` Bb MQi i?2 b�K2 �b i?2 T`B+2 QM i?2 BMpQB+2 `2+2BTiX 6B;m`2 eX8
b?Qrb i?2 /Bz2`2M+2b BM i?2 T`B+2 Q7 BMpQB+2 `2+2BTi �M/ Tm`+?�b2 Q`/2`X �b i?2 s@�tBb
b?Qrb i?2 p�Hm2b Q7 .Bz@S`B+2@A_@SPX h?2 `�M;2 Q7 p�Hm2b Bb bQ rB/2 U7`QK @e9-kjy-RR9
iQ k8-ddN-eyyVX h?2 u@�tBb b?Qrb i?2 7`2[m2M+v Q7 2�+? /Bz2`2M+2 p�Hm2X

LQ`K�HHv- � iQH2`�M+2 HBKBi Bb b2i QM i?2 /Bz2`2M+2b #2ir22M BMpQB+2 `2+2BTib �M/
Tm`+?�b2 Q`/2`bX A7 i?2 /Bz2`2M+2 2t+22/b i?Bb iQH2`�M+2- i?2`2 b?QmH/ #2 � +QMi`QH
i?�i T`2p2Mib i?2 BMpQB+2 7`QK #2BM; T�B/ BKK2/B�i2Hv iQ i?2 p2M/Q`X AM Qi?2` rQ`/b-
i?2 BMpQB+2 b?QmH/ ;2i #HQ+F2/ /m2 iQ i?2 iQH2`�M+2 +QMi`QH- �M/ i?2 #HQ+F2/ BMpQB+2
b?QmH/ #2 `2im`M2/ iQ i?2 #mv2` 7Q` � bmBi�#H2 Q`;�MBx�iBQM�H /2+BbBQMX h?2 iQH2`�M+2
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6B;m`2 eX8, h?2 /Bz2`2M+2 #2ir22M T`B+2 Q7 BMpQB+2 `2+2BTi �M/ T`B+2 Q7 Tm`+?�b2 Q`/2`

QM i?Bb 2p2Mi HQ; Bb b2i iQ Ry-yyyX aQ �HH i?2 +�b2b BM r?B+? i?2 /Bz2`2M+2 #2ir22M i?2
Tm`+?�b2 Q`/2` T`B+2 �M/ BMpQB+2 T`B+2 Bb ?B;?2` i?�M Ry-yyy �`2 +QMbB/2`2/ �MQK�HB2bX
h?Bb `�Bb2b k-9je +�b2b r?B+? �`2 ?B;?2` i?�M i?2 iQH2`�M+2X h?2b2 +�b2b �`2 2ti`�+i2/
7`QK i?2 2p2Mi HQ; iQ #2 /Bb+mbb2/ rBi? i?2 T`Q+2bb QrM2`X
AMpQB+2 `2+2BTi mMBi T`B+2 �M/ ;QQ/b `2+2BTi mMBi T`B+2

h?2 H�bi i2bi BM i?2 i?`22@r�v K�i+? Bb +QKT�`BM; i?2 mMBi T`B+2b Q7 BMpQB+2 `2+2BTi
�M/ ;QQ/b `2+2BTiX q2 +�H+mH�i2 i?2 `2H�iBp2 /Bz2`2M+2 #2ir22M i?2 mMBi T`B+2 Q7 i?2
BMpQB+2 `2+2BTi �M/ ;QQ/b `2+2BTi U_2H@.Bz@lMBi T`B+2 A_@:_VX h?2 �M�HvbBb b?Qrb
i?�i i?2`2 �`2 R-Rjj +�b2b Qmi Q7 k3-R38 +�b2b BM r?B+? i?2 /Bz2`2M+2 #2ir22M i?2 mMBi
T`B+2b Q7 BMpQB+2 �M/ i?2 ;QQ/b `2+2BTi Bb MQi x2`QX 6B;m`2 eXe BHHmbi`�i2b i?Bb �M�HvbBbX
h?2 b�K2 �b BM i?2 T`2pBQmb THQib- i?2 s@�tBb b?Qrb i?2 p�Hm2 Q7 _2H@.Bz@mMBi T`B+2@
A_@:_- �M/ i?2 u@�tBb b?Qrb i?2 7`2[m2M+v Q7 2�+? p�Hm2X

h?2 iQH2`�M+2 HBKBi 7Q` i?2 mMBi T`B+2 /Bz2`2M+2b Bb b2i iQ eW- +QMbB/2`BM; i?2
TQbbB#H2 i�t �//2/ iQ i?2 ;QQ/b T`B+2X JQ`2Qp2`- i?2 M2;�iBp2 /Bz2`2M+2b Ur?2`2 i?2
mMBi T`B+2 QM i?2 BMpQB+2 Bb H2bb i?�M i?2 mMBi T`B+2 QM i?2 ;QQ/b `2+2BTiV �`2 MQi
+QMbB/2`2/ `BbFv #v i?2 �m/BiQ`X *QMbB/2`BM; i?Bb- i?2`2 �`2 3N +�b2b r?Qb2 _2H@.Bz@
lMBi T`B+2 A_@:_ 2t+22/b i?2 iQH2`�M+2X h?2 �m/BiQ` +QMbB/2`b i?2b2 +�b2b �MQK�HB2b-
bQ i?2v +�M #2 `2KQp2/ 7`QK i?2 2p2Mi HQ; 7Q` 7m`i?2` BMp2biB;�iBQMX

�b � `2bmHi Q7 i2bib Q7 +QMi`QHb T?�b2- j-Red +�b2b �`2 `2KQp2/ 7`QK i?2 2p2Mi HQ;
�b i?2v �`2 b2;`2;�iBQM Q7 /miB2b �M/ i?`22@r�v K�i+? pBQH�iBQMbX SH2�b2 MQi2 i?�i
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6B;m`2 eXe, h?2 `2H�iBp2 /Bz2`2M+2 #2ir22M i?2 mMBi T`B+2 QM BMpQB+2 �M/ mMBi T`B+2
QM :QQ/b _2+2BTi

i?2`2 r2`2 jej +�b2b BM r?B+? KQ`2 i?�M QM2 pBQH�iBQM �;�BMbi +QMi`QHb Q++m``2/X 6Q`
BMbi�M+2- i?2 �M�HvbBb b?Qrb d9 +�b2b BM r?B+? pBQH�iBQM �;�BMbi b2;`2;�iBQM Q7 /miB2b
?�b Q++m``2/X AM �//BiBQM- i?2 /Bz2`2M+2 #2ir22M i?2 BMpQB+2 p�Hm2 �M/ Tm`+?�b2 Q`/2`
r�b H�`;2` i?�M i?2 iQH2`�M+2 URy-yyyVX JQ`2Qp2`- Rk +�b2b 7�BH �HH i2bib BM i?2 i?`22@
r�v K�i+?- K2�MBM; i?�i MQM2 Q7 :_- A_- Q` SP K�i+?2b i?2 Qi?2` QM2X 6B;m`2 eXd
b?Qrb i?2 `2bmHi Q7 i?2 i2bib Q7 i?2 +QMi`QHb T?�b2X

�Hi?Qm;? i?2b2 +QMi`QH +?2+Fb �`2 MQi T�`i Q7 i?2 /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F
Bib2H7- i?2v TH�v �M BKTQ`i�Mi T`2T�`�iQ`v `QH2 BM i?2 2KTB`B+�H 2p�Hm�iBQMX am+?
+QMi`QH �M�Hvb2b �`2 r2HH bmTTQ`i2/ #v � rB/2 `�M;2 Q7 2tBbiBM; �m/BiBM; iQQHb �M/ �`2
ivTB+�HHv T2`7Q`K2/ �b T�`i Q7 bi�M/�`/ �m/Bi T`Q+2/m`2bX h?Bb K�F2b i?2 BMTmi iQ
i?2 7`�K2rQ`F KQ`2 7Q+mb2/ �M/ i?2 7`�K2rQ`F +�M +QM+2Mi`�i2 QM i?Qb2 /2pB�iBM;
2t2+miBQMb r?Qb2 bi�imb �`2 H2bb 72�bB#H2 iQ #2 `2bQHp2/ #v i?2 2tBbiBM; iQQHbX AM
i?Bb r�v- i?2 BMTmi iQ i?2 7`�K2rQ`F Bb `2bi`B+i2/ iQ /2pB�iBQMb i?�i `2[mB`2 7m`i?2`
+H�bbB}+�iBQMX
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6B;m`2 eXd, h2bib Q7 +QMi`QHb T?�b2 `2bmHi

eX8 1KTB`B+�H _2bmHib

h?Bb b2+iBQM T`2b2Mib i?2 2KTB`B+�H `2bmHib Q#i�BM2/ #v �TTHvBM; i?2 T`QTQb2/ 7`�K2@
rQ`F iQ i?2 +�b2 bim/v /�i� b2iX h?2 `2bmHib �`2 `2TQ`i2/ BM i2`Kb Q7 i?2 2p�Hm�iBQM
K2i`B+b /2}M2/ BM a2+iBQM eXk- BM+Hm/BM; `2/m+iBQM `�i2- `2K�BMBM; b2i bBx2- �M/ 2zQ`i
`2/m+iBQMX h?2 �M�HvbBb 7QHHQrb i?2 bm++2bbBp2 bi�;2b Q7 i?2 7`�K2rQ`F �M/ b?Qrb
?Qr i?2 /2pB�iBQM b2i Bb BM+`2K2Mi�HHv `2/m+2/ �+`Qbb i?2 +H�bbB}+�iBQM H2p2HbX AM HBM2
rBi? i?2 7`�K2rQ`F /2bB;M- ai�;2 k +QMbBbib Q7 7Qm` BM+`2K2Mi�H +H�bbB}+�iBQM H2p2Hb
UG2p2Hb RĜ9V- 2�+? BMi`Q/m+BM; �//BiBQM�H BM7Q`K�iBQM iQ bmTTQ`i /2pB�iBQM �M�HvbBbX

eX8XR ai�;2 R, J�TTBM; T`Q+2bb /Bz2`2M+2b BMiQ T`Q+2bb /2pB�iBQMb
h?2 }`bi bi2T BMpQHp2b K�TTBM; /Bz2`2M+2b #2ir22M T`Q+2bb i`�+2b �M/ i?2 2tT2+i2/
KQ/2H BMiQ T`Q+2bb /2pB�iBQMbX h?Bb T`Q+2bb Bb ;`QmM/2/ BM i?2 K2i?Q/QHQ;v /2i�BH2/ BM
*?�Ti2` 8- r?B+? 2KT?�bBx2b i?2 bvbi2K�iB+ B/2MiB}+�iBQM Q7 /2pB�iBQMbX h?2 T`Q+2bb
/2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F +QMbi`m+ib i?2 T`BK2 2p2Mi bi`m+im`2 US1aV 7`QK
i?2 MQ`K�iBp2 KQ/2H- `272``2/ iQ �b PESModelX h?Bb 2p2Mi bi`m+im`2 Bb /2`Bp2/ /B`2+iHv
7`QK i?2 S2i`B@M2i MQ`K�iBp2 KQ/2HX h?2 PESModel �+ib �b � #2M+?K�`F �;�BMbi
r?B+? i?2 2p2Mi HQ; Bb 2p�Hm�i2/X

6Q` i?Bb +QKT�`BbQM- i?2 S`BK2 1p2Mi ai`m+im`2 US1aV 7`QK i?2 2p2Mi HQ; b?QmH/
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#2 ;2M2`�i2/X hQ +`2�i2 i?Bb S1a r?B+? Bb +�HH2/ PESLog- i?2 +QM7Q`K�M+2 +?2+F2`
+`2�i2b � b2i Q7 /BbiBM+i `mMbX

h?2 `mMb �`2 bm#b2[m2MiHv K2`;2/ iQ +QMbi`m+i i?2 +QMbQHB/�i2/ 2p2Mi bi`m+im`2-
PESLogX

h?2 +QKT�`BbQM Q7 PESModel �M/ PESLog T`Q/m+2b � S�`iB�HHv avM+?`QMBx2/
S`Q/m+i USaSV- r?B+? ?B;?HB;?ib /Bb+`2T�M+B2b #2ir22M i?2 2tT2+i2/ �M/ �+im�H T`Q@
+2bb ~QrbX �b 7Q` i?2 M2ti bi2T- i?2 AMb2`iBQM �M/ JBbbBM; KBbK�i+?2b �`2 /Bb+Qp2`2/
BM �++Q`/�M+2 rBi? i?2 Tb2m/Q+Q/2 Q7 i?2 �H;Q`Bi?K R T`2b2Mi2/ BM *?�Ti2` 8X �7i2`@
r�`/- r2 K�T i?2b2 KBbK�i+?2b BMiQ i?2 7Qm` /2pB�iBQM +�i2;Q`B2b, BMb2`iBQM- KBbbBM;-
`2Q`/2`BM;- �M/ `2T2iBiBQMX

h?Bb K�TTBM; bi�;2 Bb 2bb2MiB�H #2+�mb2 i?2 `�r QmiTmi Q7 +QM7Q`K�M+2 +?2+FBM;
Bb MQi v2i /B`2+iHv bmBi�#H2 7Q` �m/BiQ` BMi2`�+iBQMX h?2 SaS B/2MiB}2b KBbK�i+?2b
#2ir22M i?2 MQ`K�iBp2 �M/ Q#b2`p2/ #2?�pBQ`- #mi i?2b2 KBbK�i+?2b Kmbi #2 i`�Mb@
H�i2/ BMiQ � bK�HH2` �M/ KQ`2 BMi2`T`2i�#H2 i2`KBMQHQ;v #27Q`2 i?2v +�M bmTTQ`i
2{+B2Mi +H�bbB}+�iBQMXh?2 7Qm` /2pB�iBQM +�i2;Q`B2b mb2/ BM i?Bb +?�Ti2` b2`p2 �b bm+?
� `2T`2b2Mi�iBQM �M/ �`2 /2`Bp2/ 7`QK i?2 }2H/ bim/v T`2b2Mi2/ BM *?�Ti2` 9X h?2v
`2/m+2 i?2 +QKTH2tBiv Q7 i?2 +QM7Q`K�M+2@+?2+FBM; QmiTmi r?BH2 T`2b2`pBM; i?2 /Bb@
iBM+iBQM #2ir22M /Bz2`2Mi 7Q`Kb Q7 +QMi`QH@~Qr /2pB�iBQMb 7Q` �m/BiQ`bX h?2 K�TTBM;
T2`7Q`K2/ BM i?Bb bi2T i?2`27Q`2 +`2�i2b i?2 #`B/;2 #2ir22M i?2 i2+?MB+�H QmiTmi Q7
+QM7Q`K�M+2 +?2+FBM; �M/ i?2 ?B;?2`@H2p2H `2T`2b2Mi�iBQMb M22/2/ 7Q` i?2 bm#b2[m2Mi
+H�bbB}+�iBQM H2p2HbX

1�+? +�i2;Q`v Bb 7m`i?2` bm#/BpB/2/ BMiQ bT2+B}+ bm#@+�i2;Q`B2b #�b2/ QM i?2 2p2Mib
BMpQHp2/ BM i?2 T`Q+2bbX h?2b2 +Q``2bTQM/ iQ i?2 /2pB�iBQM ivT2b /2}M2/ BM *?�Ti2` 8X
�M 2t�KTH2 Q7 i?2b2 /2pB�iBQM ivT2b Bb KBbbBM;UaB;MVX �Hi?Qm;? �Mv +QK#BM�iBQM Q7
i?2b2 7Qm` +�i2;Q`B2b 7Q` 2�+? �+iBpBiv BM i?2 2p2Mi HQ; Bb TQbbB#H2- BM `2�HBiv- QMHv bQK2
?�TT2MX h�#H2 eXj T`QpB/2b � +QKT`2?2MbBp2 HBbiBM; Q7 /2pB�iBQM ivT2b B/2MiB}2/ BM
i?2 +�b2 bim/v /�i� b2iX

h?2 B/2MiB}2/ /2pB�iBQM ivT2b T`QpB/2 �M BMBiB�H BM/B+�iBQM Q7 r?2i?2` +�b2b +�M
#2 +H�bbB}2/ #�b2/ QM i?2 +QMi`QH@~Qr H2p2H BM7Q`K�iBQM �HQM2X .2pB�iBQM ivT2b i?�i
�`2 +H2�`Hv BMi2`T`2i�#H2 +�M #2 `2bQHp2/ �i i?Bb bi�;2- r?2`2�b i?Qb2 r?Qb2 K2�MBM;
/2T2M/b QM �//BiBQM�H BM7Q`K�iBQM `2K�BM mM`2bQHp2/ �M/ �`2 +�``B2/ 7Q`r�`/ iQ bm#@
b2[m2Mi H2p2Hb 7Q` 7m`i?2` �M�HvbBbX aQK2 /2pB�iBQM ivT2b- bm+? �b KBbbBM;U_2H2�b2V-
�`2 BMimBiBp2Hv KQ`2 +`BiB+�H #2+�mb2 i?2v bm;;2bi i?2 �#b2M+2 Q7 �M 2tT2+i2/ �TT`Qp�H
bi2TX Pi?2`b- bm+? �b `2T2iBiBQMUaB;MV- K�v #2 H2bb T`Q#H2K�iB+ �M/ K�v BMbi2�/ `2@
~2+i QT2`�iBQM�H `2rQ`F Q` #2MB;M T`Q+2bb p�`B�iBQMX h?Bb /Bz2`2M+2 BM BMi2`T`2i�#BHBiv
KQiBp�i2b i?2 BM+`2K2Mi�H H�#2HBM; �TT`Q�+? �/QTi2/ BM i?2 M2ti b2+iBQMX

�7i2` �TTHvBM; i?Bb bi2T �M/ +QKT�`BM; i?2 2p2Mi HQ; rBi? i?2 MQ`K�iBp2 T`Q@
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H2�b2- :_- A_- S�v
.2pB�iBQM
hvT2

BMb2`iBQMU*?�M;2 GBM2V- `2T2iBiBQMUaB;MV- `2T2iB@
iBQMUaB;MV

h�#H2 eX9, .2pB�iBQM ivT2b �bbQ+B�i2/ rBi? i?2 T`Q+2bb BMbi�M+2b T`2b2Mi2/ BM h�#H2 eXR

+2bb KQ/2H- T`Q+2bb BMbi�M+2b T`2b2Mi2/ BM h�#H2 eXR 2t?B#Bi i?2 /2pB�iBQM BHHmbi`�i2/
BM h�#H2 eX9X �b b?QrM- i?2 }`bi �M/ i?B`/ T`Q+2bb BMbi�M+2b 2�+? +QMi�BM � bBM;H2
/2pB�iBQMX h?2 }`bi T`Q+2bb BMbi�M+2 ?�b /2pB�iBQM KBbbBM;U:_V r?BH2 i?2 i?B`/ T`Q@
+2bb BMbi�M+2 ?�b BMb2`iBQMU*?�M;2 GBM2VX AM +QMi`�bi- i?2 b2+QM/ �M/ 7Qm`i? T`Q+2bb
BMbi�M+2b 2t?B#Bi i?`22 /2pB�iBQM ivT2b 2�+?- b?QrBM; i?�i KmHiBTH2 /2pB�iBQMb KB;?i
Q++m` BM QM2 T`Q+2bb BMbi�M+2X h?2 b2+QM/ T`Q+2bb BMbi�M+2 BM h�#H2 eX9 ?�b /2pB�iBQMb
BMb2`iBQMU*?�M;2 GBM2V- `2T2iBiBQMUaB;MV- `2T2iBiBQMU_2H2�b2V- �M/ i?2 7Qm`i? T`Q+2bb
BMbi�M+2 ?�b BMb2`iBQMU*?�M;2 GBM2V- `2T2iBiBQMUaB;MV- `2T2iBiBQMUaB;MVX

h?Bb bi�;2 /2}M2b i?2 BMBiB�H /2pB�iBQM b2i i?�i b2`p2b �b i?2 BMTmi 7Q` i?2 bm#b2@
[m2Mi +H�bbB}+�iBQM H2p2HbX

eX8Xk ai�;2 k, *H�bbB}+�iBQM Q7 /2pB�iBM; +�b2b i?`Qm;? BM+`2K2Mi�H
BM7Q`K�iBQM 2M`B+?K2Mi

AM i?Bb b2+iBQM- i?2 /2pB�iBM; +�b2b �`2 �M�Hvx2/ �M/ +H�bbB}2/ i?`Qm;? �M BM+`2K2M@
i�H BM7Q`K�iBQM 2M`B+?K2Mi T`Q+2/m`2X �b BMi`Q/m+2/ BM *?�Ti2` 8- i?2 7`�K2rQ`F
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T`Q;`2bbBp2Hv �m;K2Mib i?2 `2T`2b2Mi�iBQM Q7 /2pB�iBQMb- bi�`iBM; 7`QK +QMi`QH@~Qr
BM7Q`K�iBQM �M/ ;`�/m�HHv BM+Q`TQ`�iBM; �//BiBQM�H +QMi2tim�H /�i�X �i 2�+? H2p2H-
�m/BiQ`b mb2 i?2 T`QpB/2/ BM7Q`K�iBQM iQ +H�bbB7v +�b2b 7`QK i?2 /2pB�iBQM b2i BMiQ
�MQK�Hv �M/ 2t+2TiBQM b2ib- r?BH2 /272``BM; i?Qb2 i?�i `2[mB`2 7m`i?2` /2i�BH iQ bm#@
b2[m2Mi H2p2HbX h?2 �m/BiQ` Bb MQi `2[mB`2/ iQ BMbT2+i BM/BpB/m�H +�b2b- #mi QMHv
iQ H�#2H �;;`2;�i2/ `2T`2b2Mi�iBQMb- r?B+? �`2 i?2M T`QT�;�i2/ �miQK�iB+�HHv iQ �HH
+Q``2bTQM/BM; +�b2bX

h?Bb b2+iBQM BHHmbi`�i2b i?2 �TTHB+�iBQM Q7 i?2 BM+`2K2Mi�H /2pB�iBQM +H�bbB}+�iBQM
T`Q+2/m`2 QM i?2 +�b2 bim/v /�i� b2i- 7QHHQrBM; i?2 bi2Tb /2}M2/ BM *?�Ti2` 8X

6B;m`2 eX3 T`2b2Mib i?2 +Q``2bTQM/BM; T`Q+2bb K�T �7i2` i?2 T`2HBKBM�`v +QMi`QH
p�HB/�iBQM T?�b2X h?2 };m`2 T`QpB/2b � pBbm�H Qp2`pB2r Q7 i?2 T`Q+2bb +QKTH2tBiv-
?B;?HB;?iBM; i?2 T`2b2M+2 Q7 KmHiBTH2 p�`B�Mib �M/ �Hi2`M�iBp2 2t2+miBQM T�i?bX h?Bb
+QKTH2tBiv KQiBp�i2b i?2 M22/ 7Q` � bi`m+im`2/ +H�bbB}+�iBQM �TT`Q�+?- �b K�Mm�H
BMbT2+iBQM Q7 bm+? � T`Q+2bb H�M/b+�T2 rQmH/ #2 /B{+mHi iQ T2`7Q`K bvbi2K�iB+�HHvX
AM iQi�H- i?2 HQ; +QMi�BMb R9d-jjy 2p2Mib �M/ j38 p�`B�Mib Q7 T`Q+2bb 2t2+miBQMbX

6B;m`2 eX3, S`Q+2bb K�T �7i2` i2bib Q7 +QMi`QHb

�TTHvBM; i?2 +QM7Q`K�M+2 +?2+FBM; iQQH QM i?2 2p2Mi HQ; /BpB/2b i?2 2p2Mi HQ; BMiQ
irQ b2ib Q7 MQ`K�H �M/ /2pB�iBM; +�b2bX P7 i?2 j38 p�`B�Mib- irQ �`2 i?2 MQ`K�H +�b2b
U98-de W Q7 i?2 2p2Mi HQ;- r?B+? +QMbBbib Q7 Ry-8jk +�b2b �M/- BM iQi�H- ej-RNk 2p2MibVX
q2 Tmi i?2K BM i?2 MQ`K�H b2iX h?2 `2K�BMBM; Rk-93e +�b2b UrBi? 39-Rj3 2p2MibV
/2pB�i2 7`QK i?2 T`Q+2bb KQ/2H- �M/ r2 +H�bbB7v i?2K �b /2pB�iBM; +�b2bX 6B;m`2 eXN
b?Qrb i?2 /Bbi`B#miBQMb Q7 i?2b2 irQ b2ibX



R83 *?�Ti2` e

6B;m`2 eXN, �7i2` ai�;2 R i?2 2p2Mi HQ; Bb /BpB/2/ BMiQ irQ b2ib Q7 MQ`K�H +�b2b �M/
/2pB�iBM; +�b2b

G2p2H R, aBM;H2 /2pB�iBQM ivT2 +H�bbB}+�iBQM

�i G2p2H R- /2pB�iBM; +�b2b �`2 `2T`2b2Mi2/ QMHv #v i?2B` BM/BpB/m�H /2pB�iBQM ivT2bX
h?Bb +Q``2bTQM/b iQ i?2 ?B;?2bi �#bi`�+iBQM H2p2H Q7 i?2 7`�K2rQ`FX h?2 HBbi Q7 /2pB@
�iBQM ivT2b Bb T`QpB/2/ iQ i?2 �m/BiQ` iQ H�#2H �b PE- LPE- Q` iQ H2�p2 mMH�#2H2/ B7
i?Bb H2p2H Q7 BM7Q`K�iBQM Bb MQi bm{+B2MiVX h?2b2 H�#2Hb �`2 i?2M T`QT�;�i2/ iQ i?2
+�b2@H2p2H �++Q`/BM; iQ i?2 +H�bbB}+�iBQM HQ;B+ /2}M2/ BM *?�Ti2` 8X

h?2 `QH2 Q7 G2p2H R Bb iQ /2i2`KBM2 r?2i?2` bQK2 /2pB�iBQMb +�M �H`2�/v #2 +H�bbB@
}2/ #�b2/ QM i?2B` ivT2- rBi?Qmi `2[mB`BM; �Mv �//BiBQM�H +QMi2tiX h?Bb Bb i?2 KQbi
�#bi`�+i H2p2H Q7 i?2 7`�K2rQ`F- �b Bi T`2b2Mib QMHv i?2 KBMBK�H �KQmMi Q7 BM7Q`K�iBQM
iQ i?2 �m/BiQ`X A7 � /2pB�iBQM ivT2 +�M #2 +H2�`Hv �bb2bb2/ �b �++2Ti�#H2 Q` T`Q#H2K@
�iB+ BM/2T2M/2MiHv Q7 Bib +QMi2ti- i?2M `2bQHpBM; Bi �i i?Bb bi�;2 `2/m+2b #Qi? +Q;MBiBp2
HQ�/ �M/ i?2 M22/ 7Q` 7m`i?2` /2i�BH2/ �M�HvbBbX

�b �M 2t�KTH2- +QMbB/2` `2T2iBiBQMUaB;MV �b � /2pB�iBQM ivT2X q?2M �m/BiQ`b
+QM7`QMi i?Bb /2pB�iBQM 7Q` �M�HvbBb- QMHv b22BM; i?2 /2pB�iBQM ivT2 K�v #2 2MQm;? iQ
+H2�` Bi �M/ +H�bbB7v Bi �b �++2Ti�#H2X h?2 `2�bQM Bb i?�i i?2 `2T2iBiBQM Q7 aB;M- r?BH2 Bi
K�v BM/B+�i2 BM2{+B2M+v BM i?2 bvbi2K- Bb MQi +QMbB/2`2/ � bB;MB}+�Mi /2pB�iBQM 7`QK
�M �m/BiBM; T2`bT2+iBp2X �b bm+?- Bi +�M #2 +QMbB/2`2/ �M �++2Ti�#H2 2t+2TiBQM �M/
+H2�`2/ BM i?Bb bi�;2 rBi? i?Bb H2p2H Q7 BM7Q`K�iBQMX PM i?2 Qi?2` ?�M/- � /2pB�iBQM
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*�i2;Q`v .2pB�iBQM hvT2 G�#2H UPE- LPE- \V

AMb2`iBQM BMb2`iBQMU*?�M;2 GBM2V \

JBbbBM;
KBbbBM;UaB;MV \
KBbbBM;U:_V \
KBbbBM;U_2H2�b2V LPE

_2Q`/2`BM;

`2Q`/2`BM;UA_V PE
`2Q`/2`BM;US�vV \
`2Q`/2`BM;U_2H2�b2V \

_2T2iBiBQM

`2T2iBiBQMUaB;MV PE
`2T2iBiBQMU_2H2�b2V PE
`2T2iBiBQMU:_V \
`2T2iBiBQMUA_V \
`2T2iBiBQMUS�vV \
`2T2iBiBQMU*?�M;2 GBM2V \

h�#H2 eX8, .2pB�iBQM ivT2b Ubm#+�i2;Q`B2bV BM i?2 /�i� b2i 7Q` i2bib Q7 /2i�BHb

ivT2 bm+? �b KBbbBM;U_2H2�b2V K�v BM/B+�i2 i?2 �#b2M+2 Q7 � `2[mB`2/ �TT`Qp�H bi2T
�M/ +�M #2 +QMbB/2`2/ T`Q#H2K�iB+ B``2bT2+iBp2 Q7 �Mv 7m`i?2` BM7Q`K�iBQMX h?2`27Q`2-
bm+? � /2pB�iBQM ivT2 rQmH/ #2 +H�bbB}2/ �b LPEX

*H�bbB}+�iBQM /2+BbBQMb �`2 T`QT�;�i2/ �i i?2 +�b2@H2p2HX A7 � +�b2 +QMi�BMb �i
H2�bi QM2 LPE@H�#2H2/ /2pB�iBQM BMbi�M+2- i?2 2MiB`2 +�b2 Bb +H�bbB}2/ �b �M �MQK�Hv
�M/ `2KQp2/ 7`QK i?2 `2K�BMBM; /2pB�iBQM b2iX *QMb2[m2MiHv- �HH Qi?2` /2pB�iBQM
BMbi�M+2b rBi?BM i?�i +�b2 �`2 �HbQ `2KQp2/ 7`QK 7m`i?2` �M�HvbBb- 2p2M B7 i?2v �`2 MQi
BM/BpB/m�HHv H�#2H2/X

�i i?2 b�K2 iBK2- G2p2H R ?B;?HB;?ib i?2 HBKBi�iBQMb Q7 +H�bbB}+�iBQM #�b2/ QM
+QMi`QH@~Qr BM7Q`K�iBQM �HQM2X *2`i�BM /2pB�iBQM ivT2b +�MMQi #2 �bb2bb2/ `2HB�#Hv
rBi?Qmi FMQrBM; KQ`2 �#Qmi i?2 b2[m2M+2 Q` i?2 �bbQ+B�i2/ /�i�X h?2 T`2b2M+2 Q7
mM/2+B/2/ H�#2Hb �i i?Bb H2p2H Bb i?2`27Q`2 2tT2+i2/ �M/ KQiBp�i2b i?2 M22/ 7Q` i?2
7QHHQrBM; 2M`B+?K2Mi H2p2HbX

AM i?2 +�b2 bim/v /�i� b2i- i?2 /2pB�iBQM b2i ?�b Rk-93e +�b2b- �M/ i?2`2 �`2
k9-9Rd /2pB�iBQM BMbi�M+2b BM i?2b2 +�b2b UQM2 +�b2 +�M +QMi�BM KmHiBTH2 /2pB�iBQM
BMbi�M+2bVX q2 +�i2;Q`Bx2/ i?2b2 /2pB�iBQM BMbi�M+2b BMiQ Rj /2pB�iBQM ivT2bX AM G2p2H
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R- i?2 /2pB�iBQM ivT2b �`2 T`2b2Mi2/ iQ i?2 �m/BiQ` iQ H�#2HX h?2 H�#2HBM; T`Q+2bb
r�b BMbi`mK2Mi�H BM }Hi2`BM; /2pB�iBQMb �M/ BbQH�iBM; +`BiB+�H �MQK�HB2b 7Q` 7m`i?2`
BMp2biB;�iBQMX �KQM; Rj- QMHv QM2 /2pB�iBQM ivT2 ?�b #22M H�#2H2/ �b LPEX h?`22
/2pB�iBQM ivT2b �`2 H�#2H2/ �b PE UBX2X- �++2Ti�#H2 2t+2TiBQMbV- �M/ MBM2 /2pB�iBQM
ivT2b `2K�BM mMH�#2H2/X h�#H2 eX8 b?Qrb i?2b2 Rj /2pB�iBQM ivT2b rBi? i?2 �m/BiQ`Ƕb
H�#2Hb 7Q` 2�+? Q7 i?2KX

�i H2p2H R- QMHv QM2 /2pB�iBQM ivT2- KBbbBM;U_2H2�b2V- r�b H�#2H2/ �b LPEX h?Bb
/2pB�iBQM Q++m``2/ BM i?`22 +�b2b- r?B+? r2`2 i?2`27Q`2 +H�bbB}2/ �b �MQK�HB2bX >Qr@
2p2`- �b � `2bmHi Q7 +�b2@H2p2H T`QT�;�iBQM- �//BiBQM�H /2pB�iBQM BMbi�M+2b +QMi�BM2/
rBi?BM i?2b2 +�b2b �`2 �HbQ `2KQp2/ 7`QK i?2 `2K�BMBM; /2pB�iBQM b2iX AM iQi�H- Rj
bm+? /2pB�iBQM BMbi�M+2b �`2 2t+Hm/2/- BM+Hm/BM; `2T2iBiBQMUA_V- `2T2iBiBQMU:_V- `2T@
2iBiBQMUS�vV- BMb2`iBQMU*?�M;2 GBM2V- �M/ `2T2iBiBQMU*?�M;2 GBM2VX

AM �//BiBQM- i?`22 /2pB�iBQM ivT2b r2`2 H�#2H2/ �b PE, `2T2iBiBQMUaB;MV- `2T2@
iBiBQMU_2H2�b2V- �M/ `2Q`/2`BM;UA_VX h?2b2 H�#2Hb +Qp2`2/ k-ey8 /2pB�iBQM BMbi�M+2b
BM iQi�H- +QMbBbiBM; Q7 R-jN9 BMbi�M+2b Q7 `2T2iBiBQMUaB;MV- R-kyj BMbi�M+2b Q7 `2T2iB@
iBQMU_2H2�b2V- �M/ 2B;?i BMbi�M+2b Q7 `2Q`/2`BM;UA_VX �i i?2 +�b2@H2p2H- k3y +�b2b r2`2
KQp2/ iQ i?2 2t+2TiBQM b2iX h?2b2 r2`2 i?2 +�b2b BM r?B+? �HH /2pB�iBQM BMbi�M+2b
#2HQM;2/ iQ /2pB�iBQM ivT2b H�#2H2/ �b PE �i i?Bb H2p2H UQMHv +QMi�BM2/ `2T2iBiBQM
UaB;MV �M/ `2T2iBiBQM U_2H2�b2VVX *�b2b i?�i +QMi�BM � +QK#BM�iBQM Q7 PE@H�#2H2/
�M/ mMH�#2H2/ /2pB�iBQM BMbi�M+2b `2K�BM mM+H�bbB}2/ �M/ rBHH #2 7Q`r�`/2/ iQ i?2
M2ti H2p2HX h?Bb BMBiB�H +H�bbB}+�iBQM bi2T ?2HT2/ �m/BiQ`b iQ bvbi2K�iB+�HHv M�``Qr
/QrM i?2 b+QT2 Q7 �M�HvbBb- 2Mbm`BM; i?�i i?2B` 2zQ`ib r2`2 7Q+mb2/ QM /2pB�iBQMb
rBi? i?2 ?B;?2bi `BbF TQi2MiB�HX

6B;m`2 eXRy bmKK�`Bx2b i?2 `2bmHi Q7 G2p2H RX 6B;m`2 eXRy� b?Qrb i?2 /Bbi`B#miBQMb
Q7 /2pB�iBQMb �7i2` i?2 �m/BiQ` H�#2Hb i?2 Rj /2pB�iBQM ivT2b- �M/ 6B;m`2 eXRy# b?Qrb
i?2 /Bbi`B#miBQM Q7 +�b2b BM i?`22 b2ib Q7 /2pB�iBQM- 2t+2TiBQM- �M/ �MQK�HvX

AM i?Bb H2p2H- k3j Qmi Q7 Rk-93e +�b2b U�TT`QtBK�i2Hv kXk8WV r2`2 `2bQHp2/- BM+Hm/@
BM; k3y +�b2b U�TT`QtBK�i2Hv kXk9WV +H�bbB}2/ �b 2t+2TiBQMb �M/ i?`22 +�b2b U�TT`Qt@
BK�i2Hv yXykWV +H�bbB}2/ �b �M �MQK�HvX AM �//BiBQM- k-eye Qmi Q7 k9-9Rd /2pB�iBQM
BMbi�M+2b U�TT`QtBK�i2Hv RyXedWV r2`2 H�#2H2/ �i i?Bb H2p2HX

h?2 Qmi+QK2 Q7 G2p2H R b?Qrb i?�i QMHv � HBKBi2/ bm#b2i Q7 i?2 Qp2`�HH /2pB�iBQM b2i
+�M #2 `2bQHp2/ �i i?2 ?B;?2bi �#bi`�+iBQM H2p2HX L2p2`i?2H2bb- i?Bb H2p2H +QMi`B#mi2b
iQ `2/m+BM; i?2 T`Q#H2K bBx2 #v `2bQHpBM; +H2�`Hv +H�bbB}�#H2 +�b2b �i �M 2�`Hv bi�;2
�M/ #v B/2MiB7vBM; � bm#b2i Q7 +�b2b i?�i `2[mB`2 7m`i?2` �M�HvbBb BM i?2 bm#b2[m2Mi
H2p2HbX h?Bb Bb +QMbBbi2Mi rBi? i?2 Q#b2`p�iBQM i?�i +QMi`QH@~Qr +�i2;Q`B2b �HQM2 �`2
Q7i2M BMbm{+B2Mi 7Q` `2HB�#H2 �m/BiBM; /2+BbBQMbX

AM i2`Kb Q7 i?2 2p�Hm�iBQM K2i`B+b- i?2b2 `2bmHib b?Qr i?�i � bm#b2i Q7 i?2 /2pB�iBQM
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U�V h?2 /Bbi`B#miBQM Q7 /2pB�iBQM BMbi�M+2b,
k-ey8 H�#2H2/ �b PE- j �b LPE- �M/ kR-3RR
`2K�BM mMH�#2H2/X

U#V h?2 /Bbi`B#miBQM Q7 +�b2b, k3y +H�bbB}2/
�b 2t+2TiBQMb- j �b �MQK�Hv- �M/ Rk-kyj `2@
K�BM mM+H�bbB}2/X

6B;m`2 eXRy, .Bbi`B#miBQM Q7 +�b2b �M/ /2pB�iBM; BMbi�M+2b �7i2` G2p2H R

b2i +�M �H`2�/v #2 `2bQHp2/ �i i?2 ?B;?2bi H2p2H Q7 �#bi`�+iBQMX q?BH2 i?2 `2/m+iBQM
`�i2 `2K�BMb HBKBi2/- i?2 B/2MiB}+�iBQM Q7 +H2�`Hv BMi2`T`2i�#H2 /2pB�iBQM ivT2b 2M�#H2b
2�`Hv +H�bbB}+�iBQM �M/ bmTTQ`ib � KQ`2 7Q+mb2/ �M�HvbBb BM bm#b2[m2Mi H2p2HbX

G2p2H k, 6`2[m2Mi /2pB�iBQM@T�ii2`M +H�bbB}+�iBQM

h?2 i`�MbBiBQM 7`QK G2p2H R iQ G2p2H k `2~2+ib i?2 M22/ iQ KQp2 #2vQM/ BbQH�i2/
/2pB�iBQM ivT2b r?2M i?2v �`2 BMbm{+B2Mi 7Q` +H�bbB}+�iBQMX "27Q`2 BKK2/B�i2Hv BM@
bT2+iBM; �HH �p�BH�#H2 /�i� r?B+? +�M BM+`2�b2 i?2 BM7Q`K�iBQM HQ�/- G2p2H k Bb /2bB;M2/
iQ BMp2biB;�i2 r?2i?2` i?2 +QK#BM�iBQM Q7 /2pB�iBQMb Bib2H7 T`QpB/2b 2MQm;? BM7Q`K�@
iBQM 7Q` +H�bbB}+�iBQMX h?2 +QK#BM�iBQMb Q7 /2pB�iBQM ivT2b �`2 T`QpB/2/ BM i?2 7Q`K
Q7 7`2[m2Mi /2pB�iBQM T�ii2`MbX h?2b2 T�ii2`Mb �`2 B/2MiB}2/ #v �TTHvBM; b2[m2M+2
KBMBM; i2+?MB[m2b iQ i?2 `2K�BMBM; /2pB�iBM; +�b2b 7`QK H2p2H RX h?2 7`2[m2Mi +HQb2/
b2[m2MiB�H T�ii2`Mb KBMBM; �H;Q`Bi?K T`QTQb2/ #v (:QK�`Bx 2i �HX- kyRj) Bb �TTHB2/ BM
i?Bb bi2TX h?2 `2bmHiBM; b2i Q7 T�ii2`Mb Bb T`2b2Mi2/ iQ i?2 �m/BiQ`- r?Q �bbB;Mb � H�#2H
iQ 2�+? T�ii2`M �b PE- LPE- Q` H2�p2 mMH�#2H2/ Ur?2M i?Bb H2p2H Q7 BM7Q`K�iBQM Bb
MQi bm{+B2MiVX h?2b2 H�#2Hb �`2 i?2M T`QT�;�i2/ iQ �HH +Q``2bTQM/BM; +�b2b �++Q`/BM;
iQ i?2 +H�bbB}+�iBQM HQ;B+ /2}M2/ BM *?�Ti2` 8X h?2 b�K2 �b BM H2p2H R- i?2 +�b2b rBi?
LPE b2[m2M+2 T�ii2`Mb �`2 KQp2/ iQ i?2 �MQK�Hv b2iX LQi2 i?�i- i?2 T`2b2M+2 Q7 �
bBM;H2 LPE@H�#2H2/ /2pB�iBQM BMbi�M+2 rBi?BM � +�b2 Bb bm{+B2Mi 7Q` i?2 2MiB`2 +�b2
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iQ #2 +H�bbB}2/ �b �M �MQK�HvX A7 �HH i?2 b2[m2M+2 T�ii2`Mb �M/ /2pB�iBM; ivT2b BM �
+�b2 �`2 H�#2H2/ �b PE- i?2 7`�K2rQ`F �bbB;Mb Bi iQ i?2 2t+2TiBQM b2iX

h?2 `QH2 Q7 G2p2H k Bb iQ /2i2`KBM2 r?2i?2` /2pB�iBQMb i?�i +QmH/ MQi #2 H�#2H2/
�i G2p2H R +�M #2 +H�bbB}2/ #v +QMbB/2`BM; i?2B` +QK#BM�iBQM rBi? Qi?2` /2pB�iBQMbX
q?BH2 BM/BpB/m�H /2pB�iBQM ivT2b K�v #2 BMbm{+B2Mi 7Q` +H�bbB}+�iBQM- i?2B` Q++m``2M+2
rBi? Qi?2` /2pB�iBQMb rBi?BM � i`�+2 K�v T`QpB/2 �//BiBQM�H +QMi2ti i?�i bmTTQ`ib
i?2 �m/BiQ`Ƕb /2+BbBQMX h?Bb H2p2H i?2`27Q`2 BMi`Q/m+2b � bi`m+im`2/ b2[m2M+2@#�b2/
`2T`2b2Mi�iBQM Q7 /2pB�iBQMb r?BH2 `2K�BMBM; rBi?BM i?2 +QMi`QH@~Qr T2`bT2+iBp2X

� KBMBKmK bmTTQ`i i?`2b?QH/ Q7 yXyk UkWV r�b �TTHB2/ iQ B/2MiB7v bB;MB}+�Mi
T�ii2`Mb- 2Mbm`BM; i?�i QMHv 7`2[m2Mi �M/ `2+m``2Mi b2[m2M+2b r2`2 +QMbB/2`2/X �i
i?Bb H2p2H- bmTTQ`i Bb +QKTmi2/ rBi? `2bT2+i iQ i?2 MmK#2` Q7 mMB[m2 /2pB�iBM; i`�+2b-
�b T�ii2`M KBMBM; Bb T2`7Q`K2/ QM i`�+2@H2p2H `2T`2b2Mi�iBQMbX Ai BHHmbi`�i2b i?�i +2`@
i�BM +QK#BM�iBQMb Q7 /2pB�iBQM ivT2b K�v +QMbBbi2MiHv Q++m` iQ;2i?2` �+`Qbb KmHiBTH2
+�b2bX h?2 �M�HvbBb `2p2�H2/ RR /2pB�iBQM b2[m2M+2 T�ii2`Mb iQ T`2b2Mi iQ i?2 �m/BiQ`X
h�#H2 eXe T`QpB/2b � /2i�BH2/ #`2�F/QrM Q7 i?2b2 b2[m2M+2 T�ii2`Mb- BM+Hm/BM; i?2B`
7`2[m2M+v �M/ �m/BiQ` +H�bbB}+�iBQMbX h?2 KQbi 7`2[m2Mi Bi2Kb2i Bb 〈BMb2`iBQMU*?�M;2
GBM2V- KBbbBM;U:_V〉 rBi? bmTTQ`i j-eRk UR8WVX �KQM; �HH i?2 b2[m2M+2b- i?2 �m/BiQ`
QMHv H�#2H2/ 7Qm` /2pB�iBQM T�ii2`Mb- �M/ �HH Q7 i?2K �`2 H�#2H2/ �b PE U�++2Ti�#H2
2t+2TiBQMbVX 6Q` BMbi�M+2- b2[m2M+2b BMpQHpBM; ǵBMb2`iBQMU*?�M;2 GBM2VǶ 7QHHQr2/ #v
2Bi?2` ǵaB;MǶ Q` ǵ_2H2�b2Ƕ r2`2 +H�bbB}2/ �b �++2Ti�#H2 /m2 iQ i?2B` �HB;MK2Mi rBi?
2tT2+i2/ T`Q+2bb p�`B�iBQMbX h?2 �m/BiQ` `2�bQMb i?�i B7 �7i2` �Mv *?�M;2 GBM2 �+iBp@
Biv- � aB;M Q` _2H2�b2 �+iBpBiv ?�b Q++m``2/- Bi K2�Mb i?�i i?2`2 Bb � +QMi`QH QM i?2
JQ/B}+�iBQM ?�TT2MBM; BM bm+? +�b2bX >2M+2- i?Bb +QK#BM�iBQM Q7 /2pB�iBQM ivT2b Bb
2t+2TiBQM�H �M/ +�M #2 +H2�`2/X

h?2 bmTTQ`i p�Hm2b �`2 +QKTmi2/ rBi? `2bT2+i iQ i?2 9-jk9 mMB[m2 i`�+2b `2T`2@
b2MiBM; i?2 /2pB�iBM; +�b2bX �i i?Bb H2p2H- i?2 `2bmHiBM; T�ii2`Mb `2~2+i bi`m+im`�HHv
/BbiBM+i i`�+2b `�i?2` i?�M `2T2�i2/ Q++m``2M+2b Q7 B/2MiB+�H +�b2bX

h?2 `2bmHib b?Qr i?�i QMHv � HBKBi2/ MmK#2` Q7 /2pB�iBQM T�ii2`Mb 2t+22/ i?2
KBMBKmK bmTTQ`i i?`2b?QH/ Q7 kWX 1p2M 7Q` i?2 KQbi 7`2[m2Mi T�ii2`Mb- i?2 bmTTQ`i
`2K�BMb KQ/2`�i2 `2H�iBp2 iQ i?2 iQi�H MmK#2` Q7 i`�+2bX h?Bb BM/B+�i2b i?�i i?2
/2pB�iBQM bT�+2 Bb MQi /QKBM�i2/ #v � bBM;H2 Q` � 72r `2+m``BM; T�ii2`Mb- #mi Bb BMbi2�/
/Bbi`B#mi2/ �+`Qbb � p�`B2iv Q7 /BbiBM+i +QK#BM�iBQMb Q7 /2pB�iBQMbX �i i?2 b�K2 iBK2-
i?2 B/2MiB}2/ 7`2[m2Mi T�ii2`Mb biBHH T`QpB/2 K2�MBM;7mH bi`m+im`2 7Q` +H�bbB}+�iBQMX
"v 7Q+mbBM; QM T�ii2`Mb i?�i Q++m` �+`Qbb KmHiBTH2 i`�+2b- i?2 7`�K2rQ`F 2M�#H2b
i?2 �m/BiQ` iQ ;`QmT bBKBH�` /2pB�iBQM #2?�pBQ`b �M/ �bb2bb i?2K +QHH2+iBp2Hv- i?2`2#v
`2/m+BM; i?2 M22/ 7Q` +�b2@#v@+�b2 BMbT2+iBQMX h?Bb +QM}`Kb i?�i- /2bTBi2 i?2 /Bp2`bBiv
Q7 /2pB�iBQMb- T�ii2`M@#�b2/ �M�HvbBb +QMi`B#mi2b iQ `2/m+BM; i?2 +H�bbB}+�iBQM 2zQ`i
r?BH2 K�BMi�BMBM; BMi2`T`2i�#BHBivX
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6`2[m2Mi /2pB�iBQM b2[m2M+2b *QmMi amTTQ`i
UWV

G�#2H
UPE-LPE-\V

〈BMbU*?�M;2 GBM2V- KBbU:_V〉 R938 j9Xj \
〈KBbUaB;MV- KBbU:_V〉 RRed kdXy \
〈BMbU*?�M;2 GBM2V- `2TU*?�M;2 GBM2V〉 8k3 RkXk \
〈BMbU*?�M;2 GBM2V- KBbUaB;MV〉 8RN RkXy \
〈BMbU*?�M;2 GBM2V- KBbUaB;MV- KBbU:_V〉 8RN RkXy \
〈BMbU*?�M;2 GBM2V- `2TU*?�M;2 HBM2V- KBbU:_V〉 9je RyXR \
〈`2TUaB;MV- `2TU_2H2�b2V〉 kke 8Xk PE
〈BMbU*?�M;2 GBM2V- `2TUaB;MV〉 kRN 8XR PE
〈BMbU*?�M;2 GBM2V- `2TU_2H2�b2V〉 RNe 9X8 PE
〈BMbU*?�M;2 GBM2V- `2TUaB;MV- `2TU_2H2�b2V〉 RNe 9X8 PE
〈BMbU*?�M;2 GBM2V- `2TUS�vV〉 3e yXk \

h�#H2 eXe, GBbi Q7 7`2[m2Mi /2pB�iBQM b2[m2M+2b BM G2p2H k �M/ i?2B` bmTTQ`ib �M/
H�#2Hb r?2`2 KBM@bmTT 4 yXykUkWVX ǵBMbǶ- ǵKBbǶ �M/ ǵ`2TǶ �`2 mb2/ �b �##`2pB�iBQMb 7Q`
/2pB�iBQM ivT2b BMb2`iBQM- KBbbBM;- �M/ `2T2iBiBQM `2bT2+iBp2Hv
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h?2 `2bmHib Q7 G2p2H k BM/B+�i2 i?�i /2pB�iBQM T�ii2`M BM7Q`K�iBQM T`QpB/2b �/@
/BiBQM�H bmTTQ`i 7Q` +H�bbB}+�iBQM #2vQM/ BbQH�i2/ /2pB�iBQM ivT2bX PMHv � bm#b2i Q7
i?2 KBM2/ T�ii2`Mb +QmH/ #2 +QM}/2MiHv H�#2H2/- �M/ BM i?Bb +�b2- �HH H�#2H2/ T�ii2`Mb
r2`2 �bb2bb2/ �b �++2Ti�#H2 2t+2TiBQMbX

hQ #2 KQ`2 bT2+B}+- �i i?Bb H2p2H 3k9 Bi2Kb2i BMbi�M+2b r2`2 B/2MiB}2/- +Q``2bTQM/@
BM; iQ R-jdj /2pB�iBQM BMbi�M+2bX P7 i?2b2- eR9 /2pB�iBQM BMbi�M+2b ?�/ �H`2�/v #22M
H�#2H2/ BM G2p2H R- �b i?2v #2HQM; iQ /2pB�iBQM ivT2b T`2pBQmbHv +H�bbB}2/ U2X;X- `2T@
2iBiBQMUaB;MV �M/ `2T2iBiBQMU_2H2�b2VVX h?2 `2K�BMBM; d8N /2pB�iBQM BMbi�M+2b r2`2
M2rHv H�#2H2/ �i i?Bb H2p2H #�b2/ QM i?2B` Q++m``2M+2 rBi?BM /2pB�iBQM T�ii2`Mb U2X;X-
BMb2`iBQMU*?�M;2 GBM2V r?2M �TT2�`BM; BM bT2+B}+ +QK#BM�iBQMbVX

�i i?2 +�b2@H2p2H- jk3 +�b2b �bbQ+B�i2/ rBi? i?2b2 PE@H�#2H2/ T�ii2`Mb r2`2 `2@
KQp2/ 7`QK i?2 /2pB�iBQM b2i �M/ �//2/ iQ i?2 2t+2TiBQM b2iX � +�b2 Bb `2KQp2/
7`QK i?2 /2pB�iBQM b2i QMHv B7 �HH /2pB�iBQM BMbi�M+2b rBi?BM i?�i +�b2 �`2 H�#2H2/ �b
PEX h?Bb K2�Mb i?�i MQ LPE Q` mM/2+B/2/ /2pB�iBQM BMbi�M+2b `2K�BM 7Q` i?�i +�b2-
�HHQrBM; Bi iQ #2 7mHHv +H�bbB}2/ �b �M �++2Ti�#H2 2t+2TiBQMX

�b MQ /2pB�iBQM T�ii2`M r�b H�#2H2/ �b LPE- MQ +�b2 r�b �//2/ iQ i?2 �MQK�Hv
b2iX AM i?Bb bi2T- jk3 Qmi Q7 i?2 Rk-kyj +�b2b 2Mi2`BM; G2p2H k U�TT`QtBK�i2Hv kXeNWV
r2`2 `2bQHp2/- �HH Q7 r?B+? r2`2 +H�bbB}2/ �b 2t+2TiBQMbX AM �//BiBQM- d8N Qmi Q7 i?2
kR-3RR /2pB�iBQM BMbi�M+2b 2Mi2`BM; G2p2H k U�TT`QtBK�i2Hv jX93WV r2`2 M2rHv H�#2H2/
�i i?Bb H2p2HX

�b b?QrM BM h�#H2 eXe- bQK2 Q7 i?2 B/2MiB}2/ T�ii2`Mb �`2 `2H�i2/ i?`Qm;? bm#b2@
[m2M+2 `2H�iBQMb?BTb- BM i?2 b2Mb2 i?�i HQM;2` T�ii2`Mb K�v +QMi�BM b?Q`i2` QM2b �b
bm#b2[m2M+2bX 6Q` 2t�KTH2- i?2 T�ii2`M 〈BMbU*?�M;2 GBM2V- `2TUaB;MV- `2TU_2H2�b2V〉
BM+Hm/2b #Qi? 〈BMbU*?�M;2 GBM2V- `2TU_2H2�b2V〉 �M/ 〈BMbU*?�M;2 GBM2V- `2TUaB;MV〉X
h?Bb Bb +QMbBbi2Mi rBi? i?2 M�im`2 Q7 b2[m2M+2@#�b2/ T�ii2`M KBMBM;- r?2`2 `2H�i2/
T�ii2`Mb +�M �TT2�` �i /Bz2`2Mi H2p2Hb Q7 ;`�MmH�`Biv �M/ K�v +�Tim`2 bBKBH�` #2?�p@
BQ`�H bi`m+im`2b �+`Qbb +�b2bX

6B;m`2 eXRR /2KQMbi`�i2b i?2 +�b2b �M/ /2pB�iBQMb bi�iBbiB+b �7i2` i?Bb bi2TX 6B;@
m`2 eXRR� b?Qrb i?2 /Bbi`B#miBQMb Q7 /2pB�iBQMb �7i2` i?2 H�#2HBM; BM G2p2H k- �M/
6B;m`2 eXRR# b?Qrb i?2 /Bbi`B#miBQM Q7 +�b2b BM i?`22 b2ib Q7 /2pB�iBQM- 2t+2TiBQM- �M/
�MQK�Hv r?2M G2p2H k Bb }MBb?2/X h?2 `2K�BMBM; kR-yjd /2pB�iBQMb URR-3d8 +�b2bV 7Q`
bm#b2[m2Mi �M�HvbBb Bb b2Mi iQ G2p2H jX

G2p2H k /2KQMbi`�i2b i?�i /2pB�iBQM T�ii2`Mb +�M bmTTQ`i i?2 +H�bbB}+�iBQM T`Q+2bb
#2vQM/ BbQH�i2/ /2pB�iBQM ivT2bX "v ;`QmTBM; /2pB�iBQMb BMiQ `2+m``BM; +QK#BM�iBQMb-
i?Bb H2p2H 2M�#H2b �//BiBQM�H +�b2b iQ #2 +H�bbB}2/ rBi?Qmi `2[mB`BM; /2i�BH2/ +QMi2t@
im�H BM7Q`K�iBQMX >Qr2p2`- i?2 `2bmHib �HbQ ?B;?HB;?i i?2 HBKBi�iBQMb Q7 +H�bbB}+�iBQM
#�b2/ bQH2Hv QM +QMi`QH@~Qr T�ii2`MbX �Hi?Qm;? i?2 +QK#BM�iBQM Q7 /2pB�iBQM ivT2b
T`QpB/2b KQ`2 BM7Q`K�iBQM i?�M G2p2H R- QMHv � bm#b2i Q7 T�ii2`Mb +�M #2 �bb2bb2/ `2@
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U�V h?2 /Bbi`B#miBQM Q7 /2pB�iBQM BMbi�M+2b,
j-je9 H�#2H2/ �b PE- j �b LPE- �M/ kR-yjd
`2K�BM mMH�#2H2/X

U#V h?2 /Bbi`B#miBQM Q7 +�b2b, ey3 +H�bbB}2/
�b 2t+2TiBQMb- j �b �MQK�Hv- �M/ RR-3d8 `2@
K�BM mM+H�bbB}2/X

6B;m`2 eXRR, .Bbi`B#miBQM Q7 +�b2b �M/ /2pB�iBM; BMbi�M+2b �7i2` G2p2H k

HB�#Hv- �M/ � +QMbB/2`�#H2 MmK#2` `2K�BM mM/2+B/2/X h?Bb BM/B+�i2b i?�i +QMi`QH@~Qr
BM7Q`K�iBQM �HQM2 Bb BMbm{+B2Mi 7Q` +QMbBbi2Mi +H�bbB}+�iBQM /2+BbBQMbX h?2 T`2b2M+2
Q7 i?2b2 mM/2+B/2/ T�ii2`Mb KQiBp�i2b i?2 M22/ 7Q` 7m`i?2` 2M`B+?K2MiX AM i?2 M2ti
bi2T- �//BiBQM�H +�b2@H2p2H BM7Q`K�iBQM Bb BM+Q`TQ`�i2/ iQ bmTTQ`i � KQ`2 /2i�BH2/
+H�bbB}+�iBQM Q7 i?2 `2K�BMBM; /2pB�iBQMbX

�++Q`/BM; iQ i?2 /2}M2/ K2i`B+b- G2p2H k T`QpB/2b �M �//BiBQM�H `2/m+iBQM Q7
i?2 /2pB�iBQM b2i #v H2p2`�;BM; `2+m``BM; +QK#BM�iBQMb Q7 /2pB�iBQM ivT2bX q?BH2 i?2
`2/m+iBQM `2K�BMb KQ/2`�i2- i?2 mb2 Q7 7`2[m2Mi /2pB�iBQM T�ii2`Mb 2M�#H2b i?2 ;`QmT@
BM; Q7 bi`m+im`�HHv bBKBH�` +�b2b �M/ bmTTQ`ib 7m`i?2` +H�bbB}+�iBQM rBi?Qmi `2[mB`BM;
/2i�BH2/ +QMi2tim�H BM7Q`K�iBQMX

G2p2H j, *H�bbB}+�iBQM rBi? +�b2@H2p2H �ii`B#mi2b

�i G2p2H j- i?2 7`�K2rQ`F 2M`B+?2b /2pB�iBQM T�ii2`Mb rBi? +�b2@H2p2H �ii`B#mi2b 7Q`
7m`i?2` `2}M2K2Mi Q7 /2pB�iBQM +H�bbB}+�iBQMbX h?Bb �//BiBQM�H +QMi2ti bmTTQ`ib +�b2b
BM r?B+? +QMi`QH@~Qr BM7Q`K�iBQM �HQM2 Bb BMbm{+B2Mi 7Q` +H�bbB}+�iBQMX h?2 �m/BiQ`
H�#2Hb i?2 `2bmHiBM; 2M`B+?2/ T�ii2`Mb �b PE- LPE- Q` H2�p2 mMH�#2H2/X h?2 H�#2Hb
�`2 i?2M T`QT�;�i2/ iQ i?2 `2K�BMBM; +�b2bX

G2p2H j Bb T�`iB+mH�`Hv BKTQ`i�Mi #2+�mb2 Bi K�`Fb i?2 TQBMi �i r?B+? i?2 7`�K2@
rQ`F KQp2b #2vQM/ Tm`2 +QMi`QH@~Qr �M�HvbBb �M/ #2;BMb iQ BMi2;`�i2 /�i� T2`bT2+iBp2
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BM7Q`K�iBQMX h?Bb Bb +`m+B�H 7Q` �m/BiBM;- bBM+2 K�Mv /2pB�iBQMb +�MMQi #2 BMi2`T`2i2/
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〈BMbU*?�M;2 GBM2V- aB;M- _2H2�b2- :_- A_- P ay − value < 1000 〉 kj99 PE

h�#H2 eX3, h?2 KQbi 7`2[m2Mi b2[m2M+2b BM G2p2H j �M/ i?2B` bmTTQ`ib r?2`2 KBMbmTT
4 RyWX h?2 Bi2Kb2ib �`2 H�#2H2/ #v i?2 �m/BiQ` �b PE- LPE- Q` H27i mMH�#2H2/U\VX



Rdy *?�Ti2` e

�M/ N-dNN /2pB�iBQM BMbi�M+2b U9yXRWV �`2 `2bQHp2/ i?`Qm;? H�#2H T`QT�;�iBQMX P7
i?2 `2bQHp2/ +�b2b- k-de8 +�b2b UkjXyW Q7 i?2 BMTmi +�b2bV �`2 +H�bbB}2/ �b �MQK�HB2b
/m2 iQ i?2 T`2b2M+2 Q7 �i H2�bi QM2 LPE@H�#2H2/ /2pB�iBQM BMbi�M+2- r?BH2 e-383 +�b2b
U8dXdWV �`2 +H�bbB}2/ �b 2t+2TiBQMb #2+�mb2 �HH /2pB�iBQM BMbi�M+2b rBi?BM i?Qb2 +�b2b
�`2 H�#2H2/ �b PEX

Ai Bb BKTQ`i�Mi iQ MQi2 i?�i � TQ`iBQM Q7 i?2b2 +�b2b +QmH/ QMHv #2 +H�bbB}2/ �i i?Bb
H2p2H /2bTBi2 ?�pBM; � +QK#BM�iBQM Q7 H�#2H2/ �M/ mMH�#2H2/ /2pB�iBQM BMbi�M+2b 7`QK
T`2pBQmb H2p2HbX h?2 BM+Q`TQ`�iBQM Q7 +�b2@H2p2H �ii`B#mi2b 2M�#H2b i?2 `2bQHmiBQM Q7
bm+? +�b2b #v T`QpB/BM; bm{+B2Mi +QMi2tim�H BM7Q`K�iBQM 7Q` � /2}MBiBp2 +H�bbB}+�iBQMX
*QMb2[m2MiHv- k-k89 +�b2b URNXyWV �M/ RR-kj3 /2pB�iBQM BMbi�M+2b U8jX9WV `2K�BM
mM`2bQHp2/ �M/ �`2 T�bb2/ iQ G2p2H 9X

6B;m`2 eXRk T`2b2Mib i?2 bi�iBbiB+b Q7 +�b2b �M/ /2pB�iBQMb �7i2` i?Bb bi2TX 6B;m`2
eXRk� BHHmbi`�i2b i?2 /Bbi`B#miBQMb Q7 /2pB�iBQMb 7QHHQrBM; i?2 H�#2HBM; T`Q+2bb BM G2p2H
j- �M/ 6B;m`2 eXRk# /2TB+ib i?2 /Bbi`B#miBQM Q7 +�b2b �+`Qbb i?`22 b2ib Q7 /2pB�iBQM-
2t+2TiBQM- �M/ �MQK�Hv mTQM i?2 +QKTH2iBQM Q7 G2p2H jX

U�V h?2 /Bbi`B#miBQM Q7 H�#2H2/ /2pB�iBQM
BMbi�M+2b, R9-N89 H�#2H2/ �b PE- kde3 �b
LPE- �M/ j-3NR `2K�BM mMH�#2H2/X

U#V h?2 /Bbi`B#miBQM Q7 +�b2b, d-9ee +H�bbB@
}2/ �b 2t+2TiBQMb- k-de3 �b �MQK�HB2b- �M/
k-k8k `2K�BM mM+H�bbB}2/X

6B;m`2 eXRk, .Bbi`B#miBQM Q7 +�b2b �M/ /2pB�iBM; BMbi�M+2b �7i2` G2p2H j

h?2 `2bmHib Q7 G2p2H j /2KQMbi`�i2 i?2 T`�+iB+�H BKTQ`i�M+2 Q7 +�b2@H2p2H +QMi2tiX
*QKT�`2/ rBi? i?2 T`2pBQmb H2p2Hb- i?Bb bi�;2 H2�/b iQ � Km+? H�`;2` `2/m+iBQM Q7 i?2
`2K�BMBM; /2pB�iBQM b2i- b?QrBM; i?�i K�Mv mM+H�bbB}2/ +�b2b +�M BM/22/ #2 2tTH�BM2/
QM+2 HBKBi2/ +�b2@H2p2H BM7Q`K�iBQM Bb �//2/X AM T�`iB+mH�`- i?2 H�#2Hb �ii�+?2/ iQ



1KTB`B+�H 1p�Hm�iBQM Q7 i?2 S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F RdR

+QK#BM�iBQMb BMpQHpBM; :_@AM/ �M/ o�Hm2@S�v BHHmbi`�i2 ?Qr i?2 b�K2 +QMi`QH@~Qr
/2pB�iBQM K�v i�F2 QM � /Bz2`2Mi K2�MBM; /2T2M/BM; QM i?2 bm``QmM/BM; T`Q+2bb
+QMi2tiX

AM i2`Kb Q7 i?2 2p�Hm�iBQM K2i`B+b- G2p2H j �+?B2p2b i?2 ?B;?2bi `2/m+iBQM `�i2-
+QM}`KBM; i?2 BKTQ`i�M+2 Q7 BM+Q`TQ`�iBM; +�b2@H2p2H �ii`B#mi2bX h?2 �//BiBQM Q7
+QMi2tim�H BM7Q`K�iBQM 2M�#H2b � bm#bi�MiB�H TQ`iBQM Q7 T`2pBQmbHv mM`2bQHp2/ +�b2b
iQ #2 +H�bbB}2/- bB;MB}+�MiHv /2+`2�bBM; i?2 `2K�BMBM; b2i bBx2 �M/ /2KQMbi`�iBM; i?�i
+QMi`QH@~Qr BM7Q`K�iBQM �HQM2 Bb BMbm{+B2Mi 7Q` 7mHH@TQTmH�iBQM +H�bbB}+�iBQMX

G2p2H 9, *H�bbB}+�iBQM rBi? 2p2Mi@H2p2H �ii`B#mi2b

�i G2p2H 9- i?2 7`�K2rQ`F BM+Q`TQ`�i2b 2p2Mi@H2p2H �ii`B#mi2b- T`QpB/BM; i?2 KQbi
/2i�BH2/ H2p2H Q7 BM7Q`K�iBQM mb2/ BM i?2 +H�bbB}+�iBQM T`Q+2/m`2X h?Bb H2p2H Bb �TTHB2/
QMHv iQ i?2 +�b2b i?�i `2K�BM mM`2bQHp2/ �7i2` G2p2Hb RĜjX 1p2Mi �ii`B#mi2b- i?2 KQbi
;`�MmH�` +QMi2tim�H BM7Q`K�iBQM BM i?2 2p2Mi HQ;- Qz2` BMbB;?ib BMiQ BM/BpB/m�H 2p2Mib
rBi?BM � T`Q+2bb i`�+2X h?Bb ?2HTb i?2 �m/BiQ` +H�bbB7v /2pB�iBQMb i?�i +QmH/ MQi #2
`2bQHp2/ �i ?B;?2` �#bi`�+iBQM H2p2HbX

h?Bb H2p2H Bb �HbQ BKTQ`i�Mi 7`QK �M �H;Q`Bi?KB+@2M;BM22`BM; T2`bT2+iBp2- #2+�mb2
Bi /2KQMbi`�i2b i?�i i?2 7`�K2rQ`F /Q2b MQi bBKTHv �++mKmH�i2 BM7Q`K�iBQM BM/Bb@
+`BKBM�i2HvX _�i?2`- Bi +QMi`QHb i?2 2b+�H�iBQM Q7 BM7Q`K�iBQM�H /2i�BHX PMHv �7i2`
?B;?2`@H2p2H `2T`2b2Mi�iBQMb 7�BH iQ `2bQHp2 i?2 `2K�BMBM; +�b2b /Q2b i?2 7`�K2rQ`F
2tTQb2 i?2 �m/BiQ` iQ 2p2Mi@H2p2H �ii`B#mi2b bm+? �b KQ/B}+�iBQM p�Hm2b Q` `272`2M+2
K�i+?2b #2ir22M `2H�i2/ /Q+mK2MibX

1t�KTH2b Q7 2p2Mi �ii`B#mi2b BM Qm` +�b2 bim/v BM+Hm/2 i?2 irQ 2p2Mi �ii`B#mi2b
Q7 *?�M;2 GBM2, ǵJQ/B}+�iBQM-Ƕ �M/ ǵ_2H@JQ/B}+�iBQMXǶ h?2 JQ/B}+�iBQM �ii`B#mi2
Bb � MmK2`B+�H �ii`B#mi2 r?2`2 � p�Hm2 ǳyǴ- BM/B+�i2b i?�i MQ KQ/B}+�iBQM ?�b Q+@
+m``2/ BM i?2 Tm`+?�b2 Q`/2`Ƕb [m�MiBiv Q` T`B+2X >Qr2p2`- r?2M i?2 JQ/B}+�iBQM
Bb � MQM@x2`Q p�Hm2- Bi `2T`2b2Mib i?2 K�;MBim/2 Q7 i?2 /Bz2`2M+2 #2ir22M i?2 Q`B;B@
M�H �M/ i?2 KQ/B}2/ �KQmMi Q` T`B+2X aBKBH�`Hv- _2H@JQ/B}+�iBQM �ii`B#mi2 +QMi�BMb
i?2 `2H�iBp2 /Bz2`2M+2 #2ir22M i?2 �KQmMib Q` i?2 T`B+2b T`2@ �M/ TQbi@ JQ/B}+�@
iBQMX h?2b2 �ii`B#mi2b �`2 +`BiB+�H 7Q` �m/BiQ`b b22FBM; iQ mM/2`bi�M/ r?�i i`�MbTB`2/
/m`BM; KQ/B}+�iBQMb BM i?2 T`Q+2bbX

h?2 JQ/B}+�iBQM �ii`B#mi2 BHHmbi`�i2b i?2 `QH2 Q7 2p2Mi@H2p2H /�i� BM bmTTQ`iBM;
�m/BiQ` BMp2biB;�iBQMbX 1�+? 2p2Mi BM � i`�+2 Bb �bbQ+B�i2/ rBi? KmHiBTH2 �ii`B#mi2b i?�i
T`QpB/2 /2i�BH2/ +QMi2tim�H BM7Q`K�iBQMX �i i?Bb bi�;2- i?2b2 2p2Mi@H2p2H �ii`B#mi2b
�`2 BM+Q`TQ`�i2/ iQ bmTTQ`i i?2 +H�bbB}+�iBQM Q7 i?2 `2K�BMBM; /2pB�iBQMbX 6`2[m2Mi
Bi2Kb2ib �`2 B/2MiB}2/ �M/ T`2b2Mi2/ iQ i?2 �m/BiQ` 7Q` H�#2HBM;- �M/ i?2 `2bmHiBM;
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H�#2Hb �`2 T`QT�;�i2/ iQ +H�bbB7v i?2 +Q``2bTQM/BM; +�b2b �b �MQK�HB2b Q` 2t+2TiBQMbX
6Q` 2t�KTH2- Bi2Kb2ib +QMi�BMBM; BMb2`iBQMU*?�M;2 GBM2V Q` `2T2iBiBQMU*?�M;2 GBM2V
r2`2 MQi H�#2H2/ mMH2bb i?2v r2`2 7QHHQr2/ #v #Qi? aB;M �M/ _2H2�b2- BM/B+�iBM; i?�i
i?2 KQ/B}+�iBQM ?�/ #22M T`QT2`Hv +QMi`QHH2/X h?Bb `2~2+ib i?2 M22/ iQ +QMbB/2` i?2
M�im`2 �M/ K�;MBim/2 Q7 +?�M;2b r?2M �bb2bbBM; bm+? /2pB�iBQMbX h?2 2p2Mi �ii`B#mi2
ǵJQ/B}+�iBQMǶ +QMi�BMb i?Bb BM7Q`K�iBQMX �++Q`/BM; iQ i?2 �m/BiQ`- B7 i?2 �ii`B#mi2 Bb
ǳyǴ- i?2 /2pB�iBQM +�M #2 +H2�`2/ �M/ b�72Hv +H�bbB}2/ �b �M 2t+2TiBQMX *QMp2`b2Hv-
B7 i?2 p�Hm2 Bb MQM@x2`Q- i?2 �m/BiQ` ~�;b i?2 +�b2 7Q` 7m`i?2` BMp2biB;�iBQM rBi? i?2
T`Q+2bb QrM2`X LQi�#Hv- BM i?Bb T�`iB+mH�` 2p2Mi HQ;- QMHv KQ/B}+�iBQMb �z2+iBM; i?2
�KQmMi Q` T`B+2 +QMbB/2`2/ K�i2`B�H �M/ `�Bb2/ i?2 �m/BiQ`Ƕb +QM+2`MX Pi?2` ivT2b Q7
KQ/B}+�iBQMb- bm+? �b KBMQ` +?�M;2b BM i?2 /Q+mK2Mib- �`2 /22K2/ BMbB;MB}+�Mi �M/
MQi bmbTB+BQmbX

h�#H2 eXN QmiHBM2b i?2 2p2Mi �ii`B#mi2b �bbQ+B�i2/ rBi? 2�+? �+iBpBivX h?2b2 �i@
i`B#mi2b �`2 7m`i?2` /Bb+mbb2/ BM i?2 72�im`2 b2H2+iBQM b2+iBQMX LQi2 i?�i �HH 2p2Mib BM
i?Bb /�i� b2i �HbQ BM+Hm/2 i?2 7QHHQrBM; i?`22 ;2M2`�H �ii`B#mi2b, Q`;,`2bQm`+2- r?B+?
B/2MiB}2/ i?2 `2bQm`+2 T2`7Q`KBM; i?2 2p2Mic iBK2,iBK2bi�KT- BM/B+�iBM; r?2M i?2
2p2Mi r�b +QKTH2i2/c �M/ HB72+v+H2,i`�MbBiBQM bT2+B7vBM; r?2i?2` i?2 2p2Mi Bb +QK@
TH2i2/X h?2b2 i?`22 ;2M2`�H �ii`B#mi2b �`2 MQi /2i�BH2/ BM h�#H2 eXN Q` mb2/ BM i?Bb
�TT`Q�+? /m2 iQ bT�+2 HBKBi�iBQMb �M/ i?2B` HQr2` `2H2p�M+2 7Q` �m/BiBM; Tm`TQb2bX

hQ �TTHv 2p2Mi@H2p2H �M�HvbBb BM � bi`m+im`2/ K�MM2`- i?Bb H2p2H +QMbBbib Q7 irQ
K�BM bi2Tb, UBV 72�im`2 b2H2+iBQM- r?2`2 `2H2p�Mi 2p2Mi �ii`B#mi2b �`2 B/2MiB}2/- �M/
UBBV H�#2HBM;- r?2`2 i?2 `2bmHiBM; `2T`2b2Mi�iBQMb �`2 2p�Hm�i2/ #v i?2 �m/BiQ`X

62�im`2 a2H2+iBQM

�b �H`2�/v 2tTH�BM2/- i?2 �ii`B#mi2b bm+? �b :_@Zm�MiBiv- A_@Zm�MiBiv- :_@o�Hm2-
A_@o�Hm2- �M/ S�v@o�Hm2 �`2 2t+Hm/2/ 7`QK i?2 2p2Mi HQ; �M�HvbBb- �b i?2B` �;;`2;�i2
p�Hm2b �`2 �H`2�/v �p�BH�#H2 �i +�b2@H2p2H- �M/ i?2v �`2 �H`2�/v +QMbB/2`2/X h?2 2p2Mi@
H2p2H �M�HvbBb BM i?Bb bi2T 7Q+mb2b QM �ii`B#mi2b i?�i �`2 /B`2+iHv BM7Q`K�iBp2 7Q` i?2
`2K�BMBM; mM`2bQHp2/ /2pB�iBQMbX
6Q` /2pB�iBM; BMbi�M+2b BMpQHpBM; BMb2`iBQMU*?�M;2 GBM2V Q` `2T2iBiBQMU*?�M;2 GBM2V
/2pB�iBQM ivT2b- r2 7Q+mb QM i?2 JQ/B}+�iBQM �ii`B#mi2 �b Bi Bb KQ`2 T2`iBM2Mi iQ
�m/BiBM; Tm`TQb2bX

hQ bi`2�KHBM2 i?2 �M�HvbBb- r2 /2}M2 � M2r #BM�`v �ii`B#mi2 JQ/B}+�iBQM r?B+?
2[m�Hb ǳyǴ B7 JQ/B}+�iBQM Bb y- �M/ 2[m�Hb ǳRǴ B7 JQ/B}+�iBQM Bb MQi x2`QX

6Q` 2�+? :QQ/b _2+2BTi 2p2Mi- i?2`2 Bb � `272`2M+2 +Q/2- :_@G6"L_- r?B+? b?QmH/
+Q``2bTQM/ �M/ K�i+? iQ �M BMpQB+2 /Q+mK2Mi- A_@G6"L_- i?2 `272`2M+2 +Q/2 iQ i?2
;QQ/b /Q+mK2MiX 6Q` 2p2`v +�b2- 7Q` �HH :QQ/b _2+2BTi 2p2Mib- r2 p2`B7v r?2i?2`



1KTB`B+�H 1p�Hm�iBQM Q7 i?2 S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F Rdj

1p2Mi 1p2Mi �ii`B#mi2 1p2Mi �ii`B#mi2 /2b+`BTiBQM hvT2

*?�M;2
GBM2

_2H@
JQ/B}+�iBQM

_2H�iBp2 /Bz2`2M+2 #2ir22M QH/ p�Hm2
�M/ M2r p�Hm2

LmK2`B+�H

JQ/B}+�iBQM �#bQHmi2 /Bz2`2M+2 #2ir22M QH/ p�Hm2
�M/ M2r p�Hm2

LmK2`B+�H

:_

:_@Zm�MiBiv Zm�MiBiv Q7 :QQ/b _2+2BTi LmK2`B+�H
:_@G6"L_ a�S }2H/ rBi? i?2 `272`2M+2 iQ i?2

BMpQB+2 /Q+X
LmK2`B+�H

:_@o�Hm2 o�Hm2 Q7 :QQ/b _2+2BTi LmK2`B+�H

A_

A_@P#D2+iF2v a�S }2H/ rBi? i?2 `272`2M+2 iQ i?2
T�vK2Mi /Q+X

LmK2`B+�H

A_@o�Hm2 o�Hm2 Q7 AMpQB+2 _2+2BTi LmK2`B+�H
A_@Zm�MiBiv Zm�MiBiv Q7 AMpQB+2 _2+2BTi LmK2`B+�H
A_@G6"L_ a�S }2H/ rBi? i?2 `272`2M+2 iQ i?2

;QQ/b /Q+X
LmK2`B+�H

S�v

S�v@o�Hm2 o�Hm2 Q7 S�v LmK2`B+�H
S�v@P#D2+iF2v a�S }2H/ rBi? i?2 `272`2M+2 iQ i?2

BMpQB+2 /Q+X
LmK2`B+�H

h�#H2 eXN, 1p2Mi@H2p2H �ii`B#mi2b �bbQ+B�i2/ rBi? �+iBpBiB2b BM i?2 +�b2 bim/v

2�+? :_@G6"L_ K�i+?2b �M A_@G6"L_ BM �i H2�bi QM2 AMpQB+2 _2+2BTi 2p2Mi BM
i?�i +�b2X LQi2 i?�i � +�b2 K�v BM+Hm/2 KmHiBTH2 ;QQ/b `2+2BTib �M/ BMpQB+2 `2+2BTi
2p2Mib- �M/ i?2 b2[m2M+2 Q7 `2H�i2/ ;QQ/b `2+2BTib �M/ BMpQB+2 `2+2BTib �`2 MQi ;m�`@
�Mi22/X hQ +�Tim`2 i?Bb- r2 /2}M2 � M2r #BM�`v �ii`B#mi2- :_@A_@G6"L_ r?B+?
2[m�Hb ǳJ�i+?2/-Ǵ B7 i?2`2 Bb � K�i+? #2ir22M :_@G6"L_ BM � ;QQ/b `2+2BTi �M/
� A_@G6"L_ BM �M AMpQB+2 _2+2BTiX Ai 2[m�Hb ǳLQi@J�i+?2/Ǵ- B7 i?2`2 Bb MQ K�i+?
#2ir22M i?2 :_@G6"L_ �M/ �M A_@G6"L_- K2�MBM; i?�i i?2`2 Bb �M 2ti`� ;QQ/b
UBMpQB+2V `2+2BTi i?�i ?�b MQ `272`2M+2 iQ �M BMpQB+2 U;QQ/bV `2+2BTiX � bBKBH�` +?2+F Bb
T2`7Q`K2/ 7Q` A_@P#D2+iF2v �M/ S�v@P#D2+iF2v iQ 2Mbm`2 i?2 `272`2M+2b K�i+? 2�+?
Qi?2`X q2 BMi`Q/m+2 �MQi?2` #BM�`v �ii`B#mi2- A_@S�v@P#D2+iF2v- iQ +QKT�`2 i?2b2
irQ 2p2Mi �ii`B#mi2b T2` +�b2X Ai 2[m�Hb ǳJ�i+?2/Ǵ B7- 7Q` i?Bb S�v UAMpQB+2V 2p2Mi- �
K�i+?2/ AMpQB+2 US�vV Bb 7QmM/ BM i?2 b�K2 +�b2X Pi?2`rBb2- B7 i?2`2 Bb MQ K�i+?- Bi
2[m�Hb ǳLQi@J�i+?2/ǴX �b � `2bmHi- BM i?Bb bi2T- r2 +QMbB/2` i?2b2 i?`22 72�im`2b iQ
?2HT i?2 �m/BiQ` BMp2biB;�i2 i?2 /�i� �i i?2 2p2Mi@H2p2HX h�#H2 eXRy bmKK�`Bx2b i?2b2
72�im`2b- HBMFBM; /2pB�iBQM ivT2b iQ `2H2p�Mi 2p2Mi �ii`B#mi2bX
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.2pB�iBQM ivT2 62�im`2 62�im`2 /2b+`BTiBQM 62�im`2 hvT2

BMbU*?�M;2
GBM2V-
`2TU*?�M;2 GBM2V

JQ/B}+�iBQM .Bz2`2M+2 #2ir22M QH/ p�Hm2 �M/
M2r p�Hm2

"BM�`v

`2TU:_V-
`2TUA_V

:_@A_@G6"L_ *QKT�`2 i?2 ;QQ/b �M/ BMpQB+2
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H�iBQM +Qp2`�;2 BM HBM2 rBi? i?2 Q#D2+iBp2b Q7 i?2 7`�K2rQ`FX

eXe 1p�Hm�iBQM Q7 6`�K2rQ`F S2`7Q`K�M+2

hQ 2Mbm`2 � bi`m+im`2/ 2p�Hm�iBQM BM HBM2 rBi? i?2 �H;Q`Bi?K 2M;BM22`BM; T2`bT2+iBp2-
i?2 T2`7Q`K�M+2 Q7 i?2 7`�K2rQ`F Bb �bb2bb2/ �HQM; +H2�`Hv /2}M2/ K2i`B+bX h?2b2
BM+Hm/2 UBV i?2 `2/m+iBQM `�i2 �+`Qbb +H�bbB}+�iBQM H2p2Hb- UBBV i?2 `2K�BMBM; b2i bBx2 �7i2`
2�+? H2p2H- �M/ UBBBV i?2 2zQ`i `2/m+iBQM �+?B2p2/ i?`Qm;? i?2 mb2 Q7 i?2 7`�K2rQ`FX
h?2 2p�Hm�iBQM Bb +QM/m+i2/ �i #Qi? i?2 +�b2@H2p2H �M/ i?2 /2pB�iBQM BMbi�M+2 H2p2H-
T`QpB/BM; � i`�MbT�`2Mi pB2r Q7 ?Qr i?2 7`�K2rQ`F �z2+ib /Bz2`2Mi mMBib Q7 �M�HvbBbX

h?2 T`BK�`v Q#D2+iBp2 Q7 i?2 T`QTQb2/ 7`�K2rQ`F Bb iQ `2/m+2 i?2 �KQmMi Q7 K�M@
m�H 2zQ`i `2[mB`2/ 7Q` /2pB�iBQM +H�bbB}+�iBQMX hQ �bb2bb i?Bb Q#D2+iBp2- i?2 `2[mB`2/



1KTB`B+�H 1p�Hm�iBQM Q7 i?2 S`Q+2bb .2pB�iBQM *H�bbB}+�iBQM 6`�K2rQ`F RdN

2zQ`i mM/2` i?2 7`�K2rQ`F Bb +QKT�`2/ rBi? � 7mHHv K�Mm�H #�b2HBM2- �M/ �M�Hvx2/
BM `2H�iBQM iQ i?2 `2/m+iBQM �+?B2p2/ �+`Qbb i?2 /Bz2`2Mi +H�bbB}+�iBQM H2p2HbX

�m/BiQ` 2zQ`i UBMTmi K2i`B+V

�7i2` ai2T R- i?2 /2pB�iBQM b2i +QMbBbib Q7 Rk-93e +�b2b �M/ k9-9Rd /2pB�iBQM BMbi�M+2bX
AM � 7mHHv K�Mm�H b2iiBM;- i?2 �m/BiQ` rQmH/ M22/ iQ BMbT2+i 2Bi?2` �HH /2pB�iBM; +�b2b
Q` �HH /2pB�iBQM BMbi�M+2b rBi? 7mHH +QMi2tim�H BM7Q`K�iBQMX h?2b2 p�Hm2b i?2`27Q`2
`2T`2b2Mi i?2 #�b2HBM2 2zQ`i `2[mB`2/ rBi?Qmi �Mv bmTTQ`i K2+?�MBbKX

AM i?2 T`QTQb2/ 7`�K2rQ`F- �m/BiQ` 2zQ`i Bb /Bbi`B#mi2/ �+`Qbb irQ +QKTQM2MibX
6B`bi- i?2 �m/BiQ` T2`7Q`Kb 2p�Hm�iBQM �+iBQMb QM �;;`2;�i2/ `2T`2b2Mi�iBQMb /m`BM;
ai�;2 kX �+`Qbb �HH +H�bbB}+�iBQM H2p2Hb- � iQi�H Q7 d9 2p�Hm�iBQM �+iBQMb r2`2 T2`7Q`K2/
URj BM G2p2H R- RR BM G2p2H k- jR BM G2p2H j- �M/ RN BM G2p2H 9VX

a2+QM/- � `2bB/m�H b2i Q7 Rje +�b2b `2K�BMb mM`2bQHp2/ �7i2` G2p2H 9 �M/ `2[mB`2b
K�Mm�H +�b2@#v@+�b2 BMbT2+iBQM BM ai�;2 jX h?2b2 +�b2b `2T`2b2Mi i?2 TQ`iBQM Q7 i?2
/2pB�iBQM b2i i?�i +�MMQi #2 +H�bbB}2/ i?`Qm;? �;;`2;�i2/ `2T`2b2Mi�iBQMb �M/ i?2`2@
7Q`2 Kmbi #2 BMbT2+i2/ BM/BpB/m�HHvX

h?2 iQi�H �m/BiQ` 2zQ`i rBi?BM i?2 7`�K2rQ`F +�M i?2`27Q`2 #2 2tT`2bb2/ �b i?2
+QK#BM�iBQM Q7 i?2b2 irQ +QKTQM2Mib- `2bmHiBM; BM d9 bi`m+im`2/ 2p�Hm�iBQM �+iBQMb
�M/ Rje K�Mm�H +�b2 BMbT2+iBQMbX h?Bb +Q``2bTQM/b iQ � iQi�H Q7 kRy 2p�Hm�iBQM /2+B@
bBQMb- +QKT�`2/ iQ Rk-93e +�b2@H2p2H BMbT2+iBQMb BM � 7mHHv K�Mm�H b2iiBM;X

Ai b?QmH/ #2 MQi2/ i?�i i?2 �m/BiQ` 2zQ`i K2i`B+ Bb #�b2/ QM +QmMiBM; 2p�Hm�iBQM
�+iBQMb �M/ i?2`27Q`2 �bbmK2b i?�i i?2b2 �+iBQMb �`2 +QKT�`�#H2 BM i2`Kb Q7 2zQ`iX AM
T`�+iB+2- i?Bb �bbmKTiBQM /Q2b MQi 7mHHv ?QH/X .Bz2`2Mi ivT2b Q7 2p�Hm�iBQMb BMpQHp2
/Bz2`2Mi H2p2Hb Q7 +Q;MBiBp2 +QKTH2tBivX 6Q` 2t�KTH2- H�#2HBM; � ?B;?@H2p2H /2pB�iBQM
ivT2 ivTB+�HHv `2[mB`2b H2bb 2zQ`i i?�M �M�HvxBM; �M 2M`B+?2/ Bi2Kb2i Q` T2`7Q`KBM; �
/2i�BH2/ +�b2@#v@+�b2 BMbT2+iBQMX

h?Bb BKTHB2b i?�i i?2 K2i`B+ b?QmH/ #2 BMi2`T`2i2/ �b � bi`m+im`�H K2�bm`2 Q7 2zQ`i-
`2~2+iBM; i?2 MmK#2` Q7 /2+BbBQMb `2[mB`2/- `�i?2` i?�M � T`2+Bb2 K2�bm`2 Q7 +Q;MBiBp2
HQ�/ Q` iBK2 `2[mB`2/X L2p2`i?2H2bb- Bi `2K�BMb �TT`QT`B�i2 7Q` +QKT�`�iBp2 �M�HvbBb
�+`Qbb i?2 /Bz2`2Mi H2p2Hb Q7 i?2 7`�K2rQ`F- �b Bi +QMbBbi2MiHv `2~2+ib i?2 2ti2Mi iQ
r?B+? i?2 +H�bbB}+�iBQM i�bF Bb b?B7i2/ 7`QK /2i�BH2/ +�b2@#v@+�b2 BMbT2+iBQM iQr�`/
?B;?2`@H2p2H /2+BbBQM@K�FBM; QM �;;`2;�i2/ `2T`2b2Mi�iBQMbX

h?2 /Bbi`B#miBQM Q7 2zQ`i �+`Qbb H2p2Hb Bb MQi mMB7Q`KX q?BH2 i?2 ?B;?2bi MmK#2`
Q7 2p�Hm�iBQM �+iBQMb Q++m`b �i G2p2H j- i?Bb Bb MQi bQH2Hv � +QMb2[m2M+2 Q7 BM+`2�b2/
+QKTH2tBiv BMi`Q/m+2/ #v +�b2@H2p2H �ii`B#mi2b- #mi �HbQ `2~2+ib i?2 +?QB+2 Q7 i?2
KBMBKmK bmTTQ`i i?`2b?QH/X

AM T�`iB+mH�`- i?2 MmK#2` Q7 Bi2Kb2ib T`2b2Mi2/ iQ i?2 �m/BiQ` �i G2p2Hb j �M/ 9
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Bb /B`2+iHv BM~m2M+2/ #v i?2 b2H2+i2/ bmTTQ`i i?`2b?QH/- r?B+? /2i2`KBM2b ?Qr K�Mv
T�ii2`Mb �`2 +QMbB/2`2/ 7Q` H�#2HBM;X GQr2` i?`2b?QH/b BM+`2�b2 +Qp2`�;2 #mi �HbQ
BM+`2�b2 i?2 MmK#2` Q7 2p�Hm�iBQM �+iBQMb `2[mB`2/- r?2`2�b ?B;?2` i?`2b?QH/b `2/m+2
i?2 H�#2HBM; 2zQ`i �i i?2 +Qbi Q7 H2�pBM; KQ`2 +�b2b mM`2bQHp2/X

h?2`27Q`2- i?2 Q#b2`p2/ 2zQ`i /Bbi`B#miBQM �+`Qbb H2p2Hb Bb T�`iB�HHv +QMi`QHH2/ #v
i?2 7`�K2rQ`F +QM};m`�iBQMX h?Bb ?B;?HB;?ib �M BKTQ`i�Mi +?�`�+i2`BbiB+ Q7 i?2 �T@
T`Q�+?, �m/BiQ` 2zQ`i +�M #2 2tTHB+BiHv K�M�;2/ #v �/DmbiBM; i?2 H2p2H Q7 ;`�MmH�`Biv
�i r?B+? T�ii2`Mb �`2 T`2b2Mi2/- �HHQrBM; � i`�/2@Qz #2ir22M H�#2HBM; 2zQ`i �M/ +H�b@
bB}+�iBQM +Qp2`�;2X

*QKT�`2/ iQ i?2 #�b2HBM2 Q7 Rk-93e +�b2@H2p2H BMbT2+iBQMb- i?2 7`�K2rQ`F `2/m+2b
i?2 MmK#2` Q7 2tTHB+Bi 2p�Hm�iBQM /2+BbBQMb #v b2p2`�H Q`/2`b Q7 K�;MBim/2X h?Bb
/2KQMbi`�i2b i?�i �m/BiQ` 2zQ`i Bb MQi QMHv `2/m+2/- #mi �HbQ `2bi`m+im`2/ iQr�`/
?B;?2`@H2p2H /2+BbBQM@K�FBM; Qp2` �;;`2;�i2/ `2T`2b2Mi�iBQMbX

1zQ`i `2/m+iBQM UT2`7Q`K�M+2 K2i`B+V

AM i?2 T`QTQb2/ �TT`Q�+?- i?2 �m/BiQ` 2p�Hm�i2b �;;`2;�i2/ `2T`2b2Mi�iBQMb U/2pB�iBQM
ivT2b- b2[m2MiB�H T�ii2`Mb- �M/ 2M`B+?2/ Bi2Kb2ibV- �M/ i?2 +Q``2bTQM/BM; H�#2Hb �`2
T`QT�;�i2/ �miQK�iB+�HHv iQ �HH �bbQ+B�i2/ +�b2b �M/ /2pB�iBQM BMbi�M+2bX �+`Qbb �HH
H2p2Hb BM ai�;2 k- i?2 �m/BiQ` T2`7Q`K2/ d9 2p�Hm�iBQM �+iBQMb BM iQi�H URj BM G2p2H R-
RR BM G2p2H k- jR BM G2p2H j- �M/ RN BM G2p2H 9VX

Ai Bb BKTQ`i�Mi iQ MQi2 i?�i 2p�Hm�iBQM �+iBQMb +Q``2bTQM/ iQ H�#2HBM; �;;`2;�i2/
`2T`2b2Mi�iBQMb `�i?2` i?�M BM/BpB/m�H +�b2b- �M/ i?2`27Q`2 2�+? �+iBQM K�v �z2+i �
H�`;2 MmK#2` Q7 +�b2b bBKmHi�M2QmbHv i?`Qm;? H�#2H T`QT�;�iBQMX

h?Bb `2bmHi Bb T�`iB+mH�`Hv bB;MB}+�Mi BM �m/BiBM; +QMi2tib- r?2`2 K�Mm�H BMbT2+iBQM
Bb i?2 T`BK�`v #QiiH2M2+FX h?2 �#BHBiv iQ +H�bbB7v H�`;2 ;`QmTb Q7 /2pB�iBQMb i?`Qm;? �
bK�HH MmK#2` Q7 2p�Hm�iBQM �+iBQMb /2KQMbi`�i2b i?�i i?2 7`�K2rQ`F 2z2+iBp2Hv b?B7ib
i?2 �m/BiQ`Ƕb `QH2 7`QK +�b2@#v@+�b2 BMbT2+iBQM iQ ?B;?2`@H2p2H /2+BbBQM@K�FBM;X

h?2 2zQ`i `2/m+iBQM �+?B2p2/ #v i?2 7`�K2rQ`F Bb /2}M2/ �b i?2 `�iBQ #2ir22M
i?2 iQi�H MmK#2` Q7 2p�Hm�iBQM �+iBQMb `2[mB`2/ r?2M mbBM; i?2 7`�K2rQ`F- BM+Hm/BM;
#Qi? �;;`2;�i2/ H�#2HBM; /2+BbBQMb �M/ i?2 `2K�BMBM; K�Mm�H BMbT2+iBQMb- �M/ i?2
iQi�H MmK#2` Q7 +�b2b i?�i rQmH/ `2[mB`2 BMbT2+iBQM BM � 7mHHv K�Mm�H b2iiBM;X AM i?Bb
2p�Hm�iBQM- i?Bb +Q``2bTQM/b iQ d9 2p�Hm�iBQM �+iBQMb �M/ Rje `2K�BMBM; +�b2b- `2H�iBp2
iQ � #�b2HBM2 Q7 Rk-93e +�b2bX

h?2 2zQ`i `2/m+iBQM �i +�b2@H2p2H +�M #2 7Q`K�HHv 2tT`2bb2/ �b,

ERcases = 74 + 136
12, 486
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h?Bb +Q``2bTQM/b iQ �M 2zQ`i `2/m+iBQM Q7 �TT`QtBK�i2Hv N3XjkW- K2�MBM; i?�i i?2
7`�K2rQ`F 2HBKBM�i2b i?2 M22/ 7Q` K�Mm�H BMbT2+iBQM BM i?2 p�bi K�DQ`Biv Q7 +�b2bX

h?2 2zQ`i `2/m+iBQM +�M �HbQ #2 2tT`2bb2/ �i i?2 /2pB�iBQM BMbi�M+2 H2p2H,

ERinstances = 74 + 165
24, 417

h?Bb +Q``2bTQM/b iQ �M 2zQ`i `2/m+iBQM Q7 �TT`QtBK�i2Hv NNXykW- BM/B+�iBM; i?�i
M2�`Hv �HH /2pB�iBQM@BMbi�M+2 BMbT2+iBQMb �`2 �pQB/2/ i?`Qm;? i?2 mb2 Q7 i?2 7`�K2rQ`FX
*QKT�`2/ iQ i?2 #�b2HBM2 Q7 Rk-93e +�b2@H2p2H BMbT2+iBQMb Q` k9-9Rd /2pB�iBQM@BMbi�M+2
BMbT2+iBQMb `2[mB`2/ BM � 7mHHv K�Mm�H b2iiBM;- i?2 7`�K2rQ`F `2/m+2b i?2 �m/BiQ`Ƕb
2zQ`i iQ d9 2p�Hm�iBQM �+iBQMb- bmTTH2K2Mi2/ #v i?2 K�Mm�H BMbT2+iBQM Q7 i?2 `2K�BM@
BM; Rje +�b2b U+Q``2bTQM/BM; iQ Re8 /2pB�iBQM BMbi�M+2bV i?�i +QmH/ MQi #2 +H�bbB}2/
i?`Qm;? i?2 BM+`2K2Mi�H H2p2HbX
h?Bb +Q``2bTQM/b iQ � K�DQ` BKT`Qp2K2Mi BM 2p�Hm�iBQM 2{+B2M+v- r?2`2 2�+? BM/B@
pB/m�H 2p�Hm�iBQM �+iBQM `2bmHib BM i?2 +H�bbB}+�iBQM Q7 � H�`;2 MmK#2` Q7 /2pB�iBQM
BMbi�M+2bX h?Bb �KTHB}+�iBQM Q7 �m/BiQ` 2zQ`i Bb � bi`2M;i? Q7 i?2 7`�K2rQ`F- �b Bi
2M�#H2b 2{+B2Mi H�`;2@b+�H2 /2pB�iBQM �M�HvbBb rBi? KBMBK�H K�Mm�H BMTmiX

_2/m+iBQM `�i2 UQmiTmi K2i`B+V

hQ T`QpB/2 � +QMbQHB/�i2/ pB2r Q7 i?2 7`�K2rQ`FǶb T2`7Q`K�M+2- i?2 `2/m+iBQM `�i2
�+?B2p2/ �i 2�+? +H�bbB}+�iBQM H2p2H Bb bmKK�`Bx2/ #2HQrX
�i G2p2H R- k-eye /2pB�iBQM BMbi�M+2b URyXdWV r2`2 H�#2H2/- `2bmHiBM; BM k3j +�b2b
UkXkWV #2BM; +H�bbB}2/ �M/ `2KQp2/ 7`QK i?2 /2pB�iBQM b2iX �i G2p2H k- � 7m`i?2` d8N
/2pB�iBQM BMbi�M+2b UjXRWV r2`2 M2rHv `2bQHp2/ i?`Qm;? /2pB�iBQM@T�ii2`M �M�HvbBb-
H2�/BM; iQ jk3 �//BiBQM�H +�b2b UkXeWV #2BM; +H�bbB}2/X
h?2 H�`;2bi `2/m+iBQM Q++m`b �i G2p2H j- r?2`2 N-dNN /2pB�iBQM BMbi�M+2b U9yXRWV �`2
`2bQHp2/- +Q``2bTQM/BM; iQ N-ekj +�b2b UddXyW Q7 i?2 ai�;2 k BMTmiV #2BM; +H�bbB}2/
i?`Qm;? i?2 BM+Q`TQ`�iBQM Q7 +�b2@H2p2H �ii`B#mi2bX 6BM�HHv- G2p2H 9 `2bQHp2b k-RRe Q7
i?2 `2K�BMBM; +�b2b- +Q``2bTQM/BM; iQ ReXNW Q7 i?2 BMBiB�H /2pB�iBQM b2i U�M/ N9XyW Q7
i?2 G2p2H 9 BMTmiV- H2�pBM; QMHv Rje +�b2b URXRWV 7Q` }M�H K�Mm�H BMbT2+iBQMX h�#H2
eXRk bmKK�`Bx2b i?2b2 `2bmHibX

h?2b2 `2bmHib b?Qr i?�i i?2 K�DQ`Biv Q7 /2pB�iBQMb +�M #2 `2bQHp2/ #27Q`2 `2�+?@
BM; i?2 KQbi /2i�BH2/ H2p2H- rBi? i?2 KQbi bB;MB}+�Mi +QMi`B#miBQM bi2KKBM; 7`QK
i?2 BMi2;`�iBQM Q7 +�b2@H2p2H +QMi2ti BM G2p2H jX h?Bb +QM}`Kb i?�i i?2 BM+`2K2Mi�H
2M`B+?K2Mi bi`�i2;v 2z2+iBp2Hv +QM+2Mi`�i2b /2i�BH2/ BMbT2+iBQM QM � bK�HH `2bB/m�H
bm#b2i Q7 +�b2b- i?2`2#v bm#bi�MiB�HHv `2/m+BM; i?2 Qp2`�HH K�Mm�H 2zQ`i `2[mB`2/ 7Q`
/2pB�iBQM +H�bbB}+�iBQMX
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_2/m+iBQM `�i2b �`2 +QKTmi2/ rBi? `2bT2+i iQ i?2 MmK#2` Q7 2H2K2Mib 2Mi2`BM;
2�+? H2p2HX

G2p2H G�#2H2/ .2pB�@
iBQM AMbi�M+2b

UW Q7 iQi�HV *H�bbB}2/ *�b2b UW Q7 iQi�HV

G2p2H R k-eye RyXdW k3j kXkW
G2p2H k d8N jXRW jk3 kXeW
G2p2H j N-dNN 9yXRW N-ekj ddXyW
G2p2H 9 j-dke R8XjW k-RRe ReXNW

_2K�BMBM; Re8 yXe3W Rje RXRW

h�#H2 eXRk, amKK�`v Q7 `2/m+iBQM �+?B2p2/ �i 2�+? H2p2H `2H�iBp2 iQ i?2 BMTmi Q7
ai�;2 k URk-93e +�b2b �M/ k9-9Rd /2pB�iBQM BMbi�M+2bVX

.m2 iQ +�b2@H2p2H T`QT�;�iBQM- bQK2 /2pB�iBM; +�b2b �`2 +H�bbB}2/ rBi?Qmi �HH i?2B`
BM/BpB/m�H /2pB�iBQM BMbi�M+2b #2BM; 2tTHB+BiHv H�#2H2/X
h?2b2 `2bmHib `2p2�H �M BKTQ`i�Mi +?�`�+i2`BbiB+ Q7 i?2 7`�K2rQ`FX h?2 K�DQ`Biv
Q7 /2pB�iBQMb �`2 MQi `2bQHp2/ �i i?2 ?B;?2bi �#bi`�+iBQM H2p2Hb- #mi �i BMi2`K2/B�i2
H2p2Hb r?2`2 +QMi2tim�H BM7Q`K�iBQM #2+QK2b �p�BH�#H2X AM T�`iB+mH�`- i?2 /QKBM�Mi
+QMi`B#miBQM Q7 G2p2H j BM/B+�i2b i?�i +QMi`QH@~Qr BM7Q`K�iBQM �HQM2 Bb BMbm{+B2Mi 7Q`
`2HB�#H2 +H�bbB}+�iBQM- �M/ i?�i BM+Q`TQ`�iBM; #mbBM2bb +QMi2ti Bb 2bb2MiB�H 7Q` �HB;MBM;
�miQK�i2/ �M�HvbBb rBi? �m/BiQ` `2�bQMBM;X

AM �//BiBQM iQ i?2 `2/m+iBQM BM K�Mm�H 2zQ`i- i?2 7`�K2rQ`F �HbQ bmTTQ`ib i?2
B/2MiB}+�iBQM Q7 �MQK�HQmb #2?�pBQ` i?`Qm;? i?2 H�#2HBM; Q7 LPE /2pB�iBQMbX h?Bb
�bT2+i Bb �bb2bb2/ [m�HBi�iBp2Hv #�b2/ QM �m/BiQ` Dm/;K2Mi `�i?2` i?�M �;�BMbi � T`2@
/2}M2/ `272`2M+2 +H�bbB}+�iBQMX � 7Q`K�H 2p�Hm�iBQM Q7 +H�bbB}+�iBQM �++m`�+v Bb MQi
+QM/m+i2/- �b Bi rQmH/ `2[mB`2 � 7mHHv H�#2H2/ /�i�b2i- r?B+? Bb MQi �p�BH�#H2 BM i?Bb
b2iiBM;X

_2K�BMBM; b2i bBx2 UQmiTmi K2i`B+V

h?2 `2K�BMBM; b2i bBx2 `2~2+ib i?2 MmK#2` Q7 mM`2bQHp2/ 2H2K2Mib �7i2` 2�+? +H�b@
bB}+�iBQM H2p2H- #Qi? �i i?2 +�b2@H2p2H �M/ �i i?2 /2pB�iBQM BMbi�M+2 H2p2HX �i i?2
+�b2@H2p2H- i?2 MmK#2` Q7 mM`2bQHp2/ +�b2b /2+`2�b2b 7`QK Rk-93e �i i?2 #2;BMMBM; Q7
ai�;2 k iQ Rje �7i2` G2p2H 9X aBKBH�`Hv- �i i?2 /2pB�iBQM BMbi�M+2 H2p2H- i?2 MmK#2`
Q7 mM`2bQHp2/ BMbi�M+2b /2+`2�b2b 7`QK k9-9Rd iQ Re8X h?Bb BHHmbi`�i2b ?Qr i?2 7`�K2@
rQ`F bvbi2K�iB+�HHv `2/m+2b i?2 �M�HvbBb bT�+2 �+`Qbb H2p2HbX AM T�`iB+mH�`- i?2 KQbi
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bB;MB}+�Mi `2/m+iBQM Q++m`b �i G2p2H j- �7i2` r?B+? QMHv � bK�HH `2bB/m�H b2i `2K�BMbX
h?Bb +QM}`Kb i?�i i?2 K�DQ`Biv Q7 /2pB�iBQMb +�M #2 `2bQHp2/ #27Q`2 `2[mB`BM; i?2
KQbi /2i�BH2/ H2p2H Q7 BMbT2+iBQMX

hQ T`QpB/2 � +QMbQHB/�i2/ Qp2`pB2r Q7 i?2 2p�Hm�iBQM `2bmHib- h�#H2 eXRj bmKK�@
`Bx2b i?2 7Qm` K2i`B+b /2}M2/ BM a2+iBQM eXk iQ;2i?2` rBi? i?2B` Q#b2`p2/ p�Hm2bX

J2i`B+ .2}MBiBQM P#b2`p2/ o�Hm2

�m/BiQ` 1zQ`i
UAMTmiV

LmK#2` Q7 2p�Hm�iBQM �+iBQMb T2`@
7Q`K2/ #v i?2 �m/BiQ` �+`Qbb �HH H2p@
2Hb- BM+Hm/BM; �;;`2;�i2/ H�#2HBM;
�M/ `2bB/m�H K�Mm�H BMbT2+iBQM

d9 �;;`2;�i2/ 2p�Hm�iBQM �+@
iBQMb Y Rje K�Mm�H +�b2 BM@
bT2+iBQMb UiQi�H, kRy /2+B@
bBQMbV

_2/m+iBQM _�i2
UPmiTmiV

S`QTQ`iBQM Q7 /2pB�iBQM BMbi�M+2b Q`
+�b2b `2bQHp2/ �i 2�+? +H�bbB}+�iBQM
H2p2H

G2p2H R, RyXdW UBMbi�M+2bV-
kXkW U+�b2bV
G2p2H k, jXRW- kXeW
G2p2H j, 9yXRW- ddXyW
G2p2H 9, R8XjW- ReXNW

_2K�BMBM; a2i aBx2
UPmiTmiV

LmK#2` Q7 mM`2bQHp2/ /2pB�iBQM BM@
bi�M+2b Q` +�b2b �7i2` 2�+? H2p2H

_2/m+2/ 7`QK Rk-93e iQ Rje
+�b2b
_2/m+2/ 7`QK k9-9Rd iQ Re8
BMbi�M+2b

1zQ`i _2/m+iBQM
US2`7Q`K�M+2V

_�iBQ #2ir22M 2zQ`i `2[mB`2/ mbBM;
i?2 7`�K2rQ`F �M/ 2zQ`i `2[mB`2/
BM � 7mHHv K�Mm�H b2iiBM;

*�b2 H2p2H, N3XjkW `2/m+@
iBQM
.2pB�iBQM BMbi�M+2 H2p2H,
NNXykW `2/m+iBQM

h�#H2 eXRj, amKK�`v Q7 2p�Hm�iBQM K2i`B+b �M/ Q#b2`p2/ `2bmHib 7Q` i?2 T`QTQb2/
7`�K2rQ`FX

Pp2`�HH- i?2 `2bmHib +QM}`K i?�i i?2 7`�K2rQ`F �+?B2p2b Bib T`BK�`v Q#D2+iBp2 Q7
bm#bi�MiB�HHv `2/m+BM; K�Mm�H �m/BiQ` 2zQ`iX h?2 2p�Hm�iBQM �+`Qbb i?2 7Qm` /2}M2/
K2i`B+b T`QpB/2b � +QKT`2?2MbBp2 pB2r Q7 Bib T2`7Q`K�M+2X

h?2 �m/BiQ` 2zQ`i K2i`B+ b?Qrb i?�i QMHv d9 2p�Hm�iBQM �+iBQMb �`2 `2[mB`2/ iQ
+H�bbB7v i?2 K�DQ`Biv Q7 /2pB�iBQMbX h?2 `2/m+iBQM `�i2 /2KQMbi`�i2b i?�i � H�`;2
T`QTQ`iBQM Q7 +�b2b �M/ /2pB�iBQM BMbi�M+2b �`2 `2bQHp2/ T`Q;`2bbBp2Hv �+`Qbb i?2 +H�b@
bB}+�iBQM H2p2Hb- rBi? i?2 KQbi bB;MB}+�Mi +QMi`B#miBQM �i G2p2H jX h?2 `2K�BMBM;
b2i bBx2 �M�HvbBb +QM}`Kb i?�i QMHv � bK�HH bm#b2i Q7 +�b2b URje Qmi Q7 Rk-93eV `2@
[mB`2b /2i�BH2/ K�Mm�H BMbT2+iBQMX 6BM�HHv- i?2 2zQ`i `2/m+iBQM K2i`B+ [m�MiB}2b i?Bb



R39 *?�Ti2` e

BKT`Qp2K2Mi- b?QrBM; i?�i KQ`2 i?�M N3W Q7 K�Mm�H BMbT2+iBQM 2zQ`i Bb 2HBKBM�i2/X
hQ;2i?2`- i?2b2 `2bmHib /2KQMbi`�i2 i?�i i?2 7`�K2rQ`F 2M�#H2b 2{+B2Mi- bi`m+@

im`2/- �M/ b+�H�#H2 /2pB�iBQM +H�bbB}+�iBQM r?BH2 T`2b2`pBM; BMi2`T`2i�#BHBiv BM �M �m@
/BiBM; +QMi2tiX

eXd .Bb+mbbBQM- HBKBi�iBQMb �M/ +QM+HmbBQMb

AM i?Bb +?�Ti2`- r2 2p�Hm�i2/ i?2 T`Q+2bb /2pB�iBQM +H�bbB}+�iBQM 7`�K2rQ`F Q7 *?�Ti2`
8 QM � `2�H@HB72 Tm`+?�b2@iQ@T�v 2p2Mi HQ; +QMi�BMBM; ke-R38 +�b2b �M/ R3R-398 2p2MibX
AM HBM2 rBi? i?2 7`�K2rQ`F �bbmKTiBQMb- T`2HBKBM�`v +QMi`QH p�HB/�iBQM r�b i`2�i2/
b2T�`�i2Hv 7`QK i?2 +H�bbB}+�iBQM T`Q+2/m`2 Bib2H7X h?2 T`QTQb2/ 7`�K2rQ`F r�b i?2M
�TTHB2/ iQ i?2 T`2T�`2/ 2p2Mi HQ; i?`Qm;? ai2T R �M/ 7Qm` BM+`2K2Mi�H +H�bbB}+�iBQM
H2p2HbX

h?2 2p�Hm�iBQM /2KQMbi`�i2/ i?�i i?2 7`�K2rQ`F +�M bm#bi�MiB�HHv `2/m+2 i?2
�KQmMi Q7 K�Mm�H +�b2@#v@+�b2 `2pB2r `2[mB`2/ 7`QK i?2 �m/BiQ`X ai�`iBM; 7`QK i?2 b2i
Q7 /2pB�iBM; +�b2b B/2MiB}2/ �7i2` +QM7Q`K�M+2 +?2+FBM;- i?2 7`�K2rQ`F T`Q;`2bbBp2Hv
`2/m+2/ i?2 mM`2bQHp2/ /2pB�iBQM b2i #v }`bi mbBM; /2pB�iBQM ivT2b- i?2M 7`2[m2Mi
/2pB�iBQM T�ii2`Mb- i?2M +�b2@H2p2H �ii`B#mi2b- �M/ }M�HHv 2p2Mi@H2p2H �ii`B#mi2bX �i
i?2 2M/ Q7 i?2 T`Q+2/m`2- QMHv Re8 /2pB�iBQMb �+`Qbb Rje +�b2b `2K�BM2/ mM`2bQHp2/
�M/ `2[mB`2/ /B`2+i K�Mm�H +H�bbB}+�iBQM BMiQ i?2 2t+2TiBQM Q` �MQK�Hv b2i #�b2/ QM
i?2B` /2pB�iBQM ivT2b

h?2b2 `2bmHib T`QpB/2 [m�MiBi�iBp2 2pB/2M+2 Q7 i?2 T`�+iB+�H �TTHB+�#BHBiv Q7 i?2
7`�K2rQ`F- T�`iB+mH�`Hv BM `2/m+BM; K�Mm�H �m/BiQ` 2zQ`i r?BH2 K�BMi�BMBM; bi`m+@
im`2/ �M/ BMi2`T`2i�#H2 +H�bbB}+�iBQM /2+BbBQMbX JQ`2 bT2+B}+�HHv- i?2v b?Qr i?�i
i?2 T`QTQb2/ BM+`2K2Mi�H BM7Q`K�iBQM@2M`B+?K2Mi bi`�i2;v bmTTQ`ib �m/BiQ` /2+BbBQM@
K�FBM; #v TQbiTQMBM; /2i�BH2/ /�i� BMbT2+iBQM mMiBH Bi Bb �+im�HHv M22/2/X h?Bb K�F2b
i?2 +H�bbB}+�iBQM T`Q+2bb KQ`2 bi`m+im`2/- KQ`2 i`�MbT�`2Mi- �M/ KQ`2 2{+B2Mi i?�M
� 7mHHv K�Mm�H `2pB2r Q7 �HH /2pB�iBM; +�b2bX

h?2 `2bmHib �HbQ BM/B+�i2 i?�i i?2 7`�K2rQ`F +QmH/- BM T`BM+BTH2- bmTTQ`i i?2 �M�H@
vbBb Q7 �//BiBQM�H +QMi`QH K2+?�MBbKb #2vQM/ +QMi`QH@~Qr /2pB�iBQMbX 6Q` BMbi�M+2-
+?2+Fb `2H�i2/ iQ i?`22@r�v K�i+?BM; �M/ b2;`2;�iBQM Q7 /miB2b +QmH/ #2 BM+Q`TQ`�i2/
i?`Qm;? i?2 BM+HmbBQM Q7 �TT`QT`B�i2 +�b2@ �M/ 2p2Mi@H2p2H �ii`B#mi2bX >Qr2p2`- BM@
i2;`�iBM; bm+? +QMi`QHb /B`2+iHv BMiQ i?2 +H�bbB}+�iBQM T?�b2 rQmH/ b?B7i i?2 7Q+mb Q7
i?2 7`�K2rQ`F �M/ K�v HBKBi Bib �#BHBiv iQ +Qp2` #Qi? MQ`K�H �M/ /2pB�iBM; +�b2b
+QMbBbi2MiHvX

h?2b2 }M/BM;b +�M #2 7m`i?2` mM/2`biQQ/ #v TQbBiBQMBM; i?2 7`�K2rQ`F `2H�iBp2
iQ 2tBbiBM; +QM7Q`K�M+2 +?2+FBM; �M/ T`Q+2bb KBMBM; �TT`Q�+?2bX lMHBF2 i`�/BiBQM�H
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+QM7Q`K�M+2 +?2+FBM; �TT`Q�+?2b- r?B+? Q7i2M T`Q/m+2 H�`;2 pQHmK2b Q7 HQr@H2p2H /2pB@
�iBQMb `2[mB`BM; K�Mm�H BMbT2+iBQM 2X;X- (p�M /2` ��Hbi- kyRe)- i?2 T`QTQb2/ 7`�K2rQ`F
bi`m+im`2b i?2b2 /2pB�iBQMb BMiQ T`Q;`2bbBp2Hv 2M`B+?2/ `2T`2b2Mi�iBQMbX h?Bb 2M�#H2b
�m/BiQ`b iQ +H�bbB7v H�`;2 ;`QmTb Q7 /2pB�iBQMb rBi? HBKBi2/ 2zQ`iX

*QKT�`2/ iQ 2tBbiBM; �TT`Q�+?2b BM T`Q+2bb KBMBM; i?�i 7Q+mb T`BK�`BHv QM /2pB�@
iBQM /2i2+iBQM- i?2 `2bmHib b?Qr i?�i i?2 T`QTQb2/ 7`�K2rQ`F +QMi`B#mi2b MQi QMHv iQ
B/2MiB7vBM; /2pB�iBQMb #mi �HbQ iQ bmTTQ`iBM; i?2B` BMi2`T`2i�iBQM �M/ +H�bbB}+�iBQM BM
�M �m/BiBM; +QMi2tiX h?Bb /BbiBM+iBQM Bb T�`iB+mH�`Hv BKTQ`i�Mi BM +QMiBMmQmb �m/BiBM;
b2iiBM;b- r?2`2 i?2 K�BM +?�HH2M;2 Bb MQi QMHv /2i2+iBM; /2pB�iBQMb #mi K�M�;BM; �M/
BMi2`T`2iBM; i?2K 2{+B2MiHvX

q?BH2 i?Bb +?�Ti2`- 7Q+mb2b QM +QKTH2i2 T`Q+2bb BMbi�M+2b- Bi Bb 2[m�HHv BKTQ`i�Mi
7Q` �m/BiBM; Tm`TQb2b iQ �//`2bb BM+QKTH2i2 T`Q+2bb2b- T�`iB+mH�`Hv BM i?2 +�b2 Q7 ǳ?�`/
+HQb2Ǵ Q` ǳ7�bi +HQb2XǴ Ai Bb TQbbB#H2 i?�i bQK2 T`Q+2bb2b �`2 MQi +QKTH2i2/ BM � /2}M2/
�m/Bi +v+H2 Uv2�`VX AM+QKTH2i2 T`Q+2bb2b i?�i 2ti2M/ #2vQM/ �M �m/Bi +v+H2 U2X;X-
T2M/BM; T�vK2MibV b?QmH/ #2 ~�;;2/ 7Q` 7QHHQr@mT Q` +QMbB/2`2/ BM i?2 bm#b2[m2Mi
+v+H2 iQ 2Mbm`2 +QKT`2?2MbBp2 +Qp2`�;2X

"v K2i?Q/B+�HHv �TTHvBM; i?2 7`�K2rQ`FǶb bi2Tb iQ `2�H 2p2Mi HQ;b- i?Bb +?�Ti2`
?�b b?QrM ?Qr i?2 K2i?Q/QHQ;v `2/m+2b i?2 #m`/2M Q7 K�Mm�H �M�HvbBb 7Q` �m/BiQ`b BM
/2i2+iBM; /2pB�iBQMbX 6m`i?2`KQ`2- i?2 BMi2;`�iBQM Q7 i?2Q`2iB+�H +QM+2Tib- bm+? �b /2@
pB�iBQM +�i2;Q`Bx�iBQM �M/ �m/BiBM; T`BM+BTH2b- BMiQ �+iBQM�#H2 bi`�i2;B2b /2KQMbi`�i2b
i?2 7`�K2rQ`FǶb `Q#mbiM2bb �M/ `2H2p�M+2X h?2b2 }M/BM;b mM/2`b+Q`2 i?2 7`�K2rQ`FǶb
TQi2MiB�H �b � +�i�Hvbi 7Q` BKT`QpBM; �m/BiBM; T`�+iB+2b- #`B/;BM; i?2 ;�T #2ir22M i?2@
Q`2iB+�H +QMbi`m+ib �M/ T`�+iB+�H �TTHB+�iBQMb- �M/ �+?B2pBM; i?2 +QMiBMmQmb �m/BiBM;
Q#D2+iBp2b /Bb+mbb2/ BM *?�Ti2` 8X

GBKBi�iBQMb �M/ ;2M2`�HBx�#BHBiv h?2 2p�Hm�iBQM Bb +QM/m+i2/ QM � bBM;H2 Tm`+?�b2@
iQ@T�v T`Q+2bbX q?BH2 i?Bb 2M�#H2b �M BM@/2Ti? �M�HvbBb Q7 i?2 7`�K2rQ`FǶb #2?�pBQ`-
i?2 `2bmHib K�v /2T2M/ QM T`Q+2bb +?�`�+i2`BbiB+b bm+? �b p�`B�#BHBiv �M/ +QMi`QH bi`m+@
im`2X *QMb2[m2MiHv- i?2 ;2M2`�HBx�#BHBiv Q7 i?2 }M/BM;b `2K�BMb HBKBi2/- �M/ 7m`i?2`
p�HB/�iBQM QM /Bz2`2Mi T`Q+2bb ivT2b Bb `2[mB`2/ iQ �bb2bb i?2 #`Q�/2` �TTHB+�#BHBiv Q7
i?2 7`�K2rQ`FX

L2p2`i?2H2bb- i?2 b2H2+i2/ +�b2 T`QpB/2b � `2�HBbiB+ �M/ `2T`2b2Mi�iBp2 b2iiBM; 7Q`
�bb2bbBM; i?2 7`�K2rQ`F BM � +QKTH2t �m/BiBM; +QMi2ti- r?2`2 H�`;2 pQHmK2b Q7 ?2i2`Q@
;2M2Qmb /2pB�iBQMb Kmbi #2 �M�Hvx2/ BM � bi`m+im`2/ K�MM2`X 6mim`2 `2b2�`+? b?QmH/
2p�Hm�i2 i?2 7`�K2rQ`F QM T`Q+2bb2b rBi? /Bz2`2Mi H2p2Hb Q7 bi`m+im`2- p�`B�#BHBiv- �M/
/QK�BM +?�`�+i2`BbiB+b- bm+? �b Q`/2`@iQ@+�b? Q` b2`pB+2 K�M�;2K2Mi T`Q+2bb2b- iQ
�bb2bb Bib `Q#mbiM2bb �+`Qbb +QMi2tibX





*?�Ti2` d

*QM7Q`K�M+2 *?2+FBM; �M/
�+iBp2 G2�`MBM; BM �m/BiBM; 

�b /Bb+mbb2/ BM *?�Ti2` j- +QMiBMmQmb �m/BiBM; BMpQHp2b BM7Q`K�iBQM bvbi2Kb iQ �miQ@
K�i2 i?2 �m/Bi T`Q+2bb- bi`BpBM; 7Q` UM2�`V `2�H@iBK2 �bbm`�M+2 (GB 2i �HX- kyRe)X qBi?
i?2 `�TB/ �/p�M+2b BM i2+?MQHQ;v �M/ i2+?MB[m2b- `2b2�`+? QM i?2 iQTB+ Q7 �m/Bi �M�Hvi@
B+b Ĝ � i2`K i?�i Bb Q7i2M mb2/ BMi2`+?�M;2�#Hv rBi? +QMiBMmQmb �m/BiBM;Ĝ ?�b 2K2`;2/
�M/ 2tT�M/2/ (JQ{ii 2i �HX- kyRe- GQK#�`/B 2i �HX- kyk8- EQFBM� 2i �HX- kyk8- hQ``Q#�
2i �HX- kyk8- a2rT2`b�/?- kyk8)X JQbi `2+2MiHv Tm#HBb?2/ rQ`Fb QM i?Bb iQTB+ /2b+`B#2
#Qi? i?2 QTTQ`imMBiB2b �M/ i?2 +?�HH2M;2b Q7 +QK#BMBM; /�i� �M�HviB+b rBi? �m/BiBM;
�M/ �++QmMiBM;X 1t�KTH2b Q7 �`iB+H2b QM TQbbB#H2 `QH2b /�i� �M�HviB+b +�M TH�v BM
�m/BiBM; +�M #2 7QmM/ BM EQFBM� 2i �HX (kyk8)- hQ``Q#� 2i �HX (kyk8)- "`QrM@GB#m`/
2i �HX (kyR8)- q�``2M 2i �HX (kyR8)- E`�?2H �M/ hBi2`� (kyR8)- hBi2`� (kyRj)X _2+2Mi
`2b2�`+? BM �m/Bi �M�HviB+b ?�b BM+`2�bBM;Hv 7Q+mb2/ QM i?2 �TTHB+�iBQM Q7 /�i�@/`Bp2M
i2+?MB[m2b iQ bmTTQ`i �m/BiBM; i�bFb- BM+Hm/BM; �MQK�Hv /2i2+iBQM- `BbF �bb2bbK2Mi-
�M/ /2+BbBQM bmTTQ`iX q?BH2 2�`Hv +QMi`B#miBQMb T`BK�`BHv �//`2bb2/ �`+?Bi2+im`�H
�bT2+ib Q7 +QMiBMmQmb �m/BiBM; bvbi2Kb- KQ`2 `2+2Mi rQ`F 2KT?�bBx2b i?2 BMi2;`�iBQM
Q7 �/p�M+2/ �M�HviB+b �M/ BMi2HHB;2Mi bvbi2Kb BMiQ �m/Bi T`Q+2/m`2bX

hrQ F2v 2H2K2Mib i?�i r2`2- `B;?i 7`QK i?2 bi�`i- T�`i Q7 i?2 T`BM+BTH2b Q7 +QM@
iBMmQmb �m/BiBM;- �`2 i?2 ǵ�m/Bi #v 2t+2TiBQMǶ T`BM+BTH2 �M/ � #mbBM2bb T`Q+2bb pB2rX
"Qi? 2H2K2Mib ?�p2 #22M bm#D2+ib Q7 b2T�`�i2 `2b2�`+? BMp2biB;�iBQMbX qBi? `2;�`/
iQ i?2 2t+2TiBQMb- i?2 *� TBHQi BKTH2K2Mi�iBQM Q7 �HH2b 2i �HX (kyye�)- �KQM; Qi?2`b-
+QM}`K2/ i?2 B/2� Q7 ǵ/Bb+`2T�M+v �M�HvbBbǶ- +QBM2/ #v o�b�`?2HvB 2i �HX (kyy9)X h?2

 h?Bb +?�Ti2` Bb #�b2/ QM � bim/v T`2pBQmbHv Tm#HBb?2/ �b i?2 DQm`M�H �`iB+H2 ǳ>Qr �+iBp2 G2�`MBM;
�M/ S`Q+2bb JBMBM; *�M �+i �b � *QMiBMmQmb �m/BiBM; *�i�HvbiǴ BM i?2 AMi2`M�iBQM�H CQm`M�H Q7
�++QmMiBM; AM7Q`K�iBQM avbi2Kb UAC�AaVX
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7Q+mb QM 2t+2TiBQMb Bb � `2bmHi Q7 �H�`K ~QQ/b UiQQ K�Mv 7�Hb2 TQbBiBp2bVX h?2b2 +�M-
7Q` 2t�KTH2- BM+�T�+Bi�i2 �M BMi2`M�H �m/Bi /2T�`iK2Mi �M/ T`2b2Mi � +`BiB+�H T`Q#H2K
BM i?2 �/QTiBQM Q7 *QMiBMmQmb �m/BiBM; (GB 2i �HX- kyRe)X h?2 +?�HH2M;2 Q7 K�M�;BM;
i?2 �H�`K ~QQ/b r�b i?2 bm#D2+i Q7 bim/v BM i?2 rQ`F Q7 S2`QHb �M/ Jm`i?v (kyRk�)
�M/ GB 2i �HX (kyRe)- r?Q bm;;2bi2/ BM7Q`K�iBQM 7mbBQM �M/ i?2 mb2 Q7 #2HB27 7mM+iBQMb
`2bT2+iBp2Hv iQ /2�H rBi? i?2 2t+2TiBQMbX

h?2 b2+QM/ 2H2K2Mi- i?2 #mbBM2bb T`Q+2bb pB2r- ?�b #22M T�`i Q7 i?2 +QMiBMmQmb
�m/BiBM; T`BM+BTH2b bBM+2 i?2 2�`Hv #2;BMMBM; (o�b�`?2HvB 2i �HX- kyy9)X � }`bi 2t@
T2`BK2Mi QM i?2 BM~m2M+2 Q7 � T`Q+2bb@7Q+mb2/ bvbi2K QM �m/BiBM; r�b T`2b2Mi2/ #v
PǶ.QMM2HH �M/ a+?mHix C` (kyyj)X �Hi?Qm;? i?Bb `2b2�`+? r�b MQi 2tTHB+BiHv `2H�i2/ iQ
i?2 *� +QMi2ti- i?2 T`Q+2bb �bT2+i bi�v2/ mM/2` i?2 `�/�` 7Q` � HQM; iBK2 �M/ r�b
QMHv TB+F2/ mT KQ`2 `2+2MiHv (S2`/�M� 2i �HX- kykj)X h?2 2tT�MbBQM Q7 /�i� �M�HvbBb
QTTQ`imMBiB2b rBi?BM i?2 #`Q�/2` }2H/ Q7 �m/BiBM; T`2bmK�#Hv i`B;;2`2/ i?Bb `2pBp�HX
PM2 ivT2 Q7 /�i� �M�HviB+b i?�i KB;?i BM~m2M+2 i?2 �m/Bi Bb T`Q+2bb KBMBM; (C�Mb
2i �HX- kyRR#)X h?2 Tm`TQb2 Q7 T`Q+2bb KBMBM; Bb iQ /Bb+Qp2`- KQMBiQ`- �M/ BKT`Qp2
`2�H T`Q+2bb2b U�b QTTQb2/ iQ �bbmK2/ T`Q+2bb2bV #v 2ti`�+iBM; FMQrH2/;2 7`QK 2p2Mi
HQ;b BM BM7Q`K�iBQM bvbi2Kb (o�M /2` ��Hbi- kyRe)X S`Q+2bb KBMBM; +QmH/ #2 /2b+`B#2/
�b /�i� �M�HviB+b 7`QK � T`Q+2bb TQBMi Q7 pB2rX hQ /�i2- bQK2 BMBiB�iBp2b QM �TTHvBM;
T`Q+2bb KBMBM; BM �M �m/BiBM; b2iiBM; ?�p2 #22M `2TQ`i2/ U7Q` 2t�KTH2 C�Mb 2i �HX
(kyR9)- q2`M2` (kyRd)VX

q?2`2 T`2pBQmb `2b2�`+? BMp2biB;�i2/ QTTQ`imMBiB2b �M/ +?�HH2M;2b Q7 +QMiBMmQmb
�m/BiBM;- 2t+2TiBQM K�M�;2K2Mi- /�i� KBMBM;- Q` T`Q+2bb KBMBM; BM BbQH�iBQM 7`QK
2�+? Qi?2`- r2 +QMM2+i i?2b2 `2H�i2/ Bbbm2b rBi? 2�+? Qi?2` BM � +QM+`2i2 K�MM2`X
AM i?Bb +?�Ti2`- r2 �BK iQ HBMF i?2 QTTQ`imMBiB2b i?�i #Qi? /�i� KBMBM; �M/ T`Q+2bb
KBMBM; T`2b2Mi 7Q` +QMiBMmQmb �m/BiBM;- BM+Hm/BM; i?2 F2v +?�HH2M;2 Q7 /2�HBM; rBi?
�H�`K ~QQ/bX AM Q`/2` iQ /Q bQ- r2 T`QTQb2 BM+Q`TQ`�iBM; �M �+iBp2 H2�`MBM; K2+?�@
MBbK i?�i +QK#BM2b i?2 TQr2` Q7 �`iB}+B�H BMi2HHB;2M+2 i2+?MB[m2b rBi? i?2 2tT2`iBb2
Q7 i?2 ?mK�M �m/BiQ` (a2rT2`b�/?- kyk8- hQ``Q#� 2i �HX- kyk8)X h?2 �m/BiQ` 7mM+iBQMb
�b �M Q`�+H2 iQ 722/ � K�+?BM2 H2�`MBM; �H;Q`Bi?K i?�i +H�bbB}2b i?2 2t+2TiBQMbX h?2b2
2t+2TiBQMb �`2 }`bi 7Q`KmH�i2/ BM � T`Q+2bb +QMi2tiX PMHv H�i2`- Tm`2 /�i� �M�HvbBb Bb
�//2/ iQ 2M`B+? T�ii2`MbX hQ T`2b2Mi i?Bb ?QHBbiB+- #mi +QM+`2i2 �TT`Q�+?- � 7`�K2rQ`F
Bb T`QTQb2/X

hQ 2Mbm`2 �M 2K#2//BM; BM i?2 +QMiBMmQmb �m/BiBM; T`BM+BTH2b- i?2 7`�K2rQ`F `2@
H�i2b bT2+B}+�HHv iQ QM2 Q7 i?2 T`QTQb2/ H2p2Hb Q7 JQMBiQ`BM; �M/ *QMi`QH #v o�b�`?2@
HvB 2i �HX (kyy9), i?2 i`�Mb�+iBQM 2p�Hm�iBQM H2p2HX h?Bb H2p2H Bb T`BK�`BHv HBMF2/ rBi?
i?2 i2bib Q7 +QMi`QHb T`Q+2/m`2X AM i?Bb +?�Ti2`- r2 rBHH }`bi 2tTH�BM i?2 mM/2`Hv@
BM; T`BM+BTH2b Q7 i?2 BMi2`M�H +QMi`QH i2biBM; T`Q+2/m`2 �M/ 7Q`K�HBx2 i?2 T`Q+2/m`2
BM �M mM�K#B;mQmb r�vX �7i2` 7Q`K�HBxBM; i?2 BMi2`M�H +QMi`QH i2biBM; T`Q+2/m`2- r2
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T`2b2Mi Qm` 7`�K2rQ`F i?�i 2tTH�BMb i?2 mb2 Q7 �M�HviB+b 7Q` i?Bb T`Q+2/m`2- /BbTH�vBM;
i?2 7QHHQrBM; i?`22 +?�`�+i2`BbiB+b, RV � T`Q+2bb pB2r Bb i�F2M- kV K�M�;BM; i?2 �H�`K
~QQ/ Bb BM+Q`TQ`�i2/ BM i?2 �TT`Q�+?- �M/ jV ?mK�M BMi2`T`2i�iBQM Ui?2 T`Q72bbBQM�H
Dm/;K2Mi Q7 i?2 �m/BiQ`V Bb mb2/ �b BMTmi 7Q` i?2 /�i� KBMBM; �H;Q`Bi?K iQ �//`2bb
i?Bb �H�`K ~QQ/X h?2 �TT`Q�+? iQ bi�`i 7`QK �M 2tBbiBM; T`Q+2/m`2 �M/ iQ B/2MiB7v
?Qr �M�HviB+b +�M bmTTQ`i i?Bb- #mBH/b QM i?2 2tT2+i�iBQM i?�i *� rBHH #2 �/QTi2/
#v �miQK�iBM; i�bFb BM i?2 }`bi TH�+2X PMHv BM � H�i2` T?�b2- Bi Bb 2tT2+i2/ i?�i i?2
T`Q+2/m`2 Bib2H7 Bb `2+QMbB/2`2/ (o�b�`?2HvB 2i �HX- kyy9)X

"v bi�`iBM; 7`QK QM2 bT2+B}+ H�v2`- �//`2bbBM; QM2 �m/Bi T`Q+2/m`2 BM /2Ti?- �M/
BMi2;`�iBM; T`2pBQmbHv B/2MiB}2/ +?�HH2M;2b- i?2 T`QTQb2/ 7`�K2rQ`F +QMi`B#mi2b iQ
i?2 HBi2`�im`2 #v +`2�iBM; bvM2`;B2b #2ir22M `2b2�`+? BMBiB�iBp2b i?�i �`2 `2H�i2/ iQ
2�+? Qi?2`- #mi r2`2 T`2pBQmbHv +QM/m+i2/ BbQH�i2/ 7`QK 2�+? Qi?2`X h?Bb +?�Ti2`
T`2b2Mib � bi`m+im`2/ T`QTQb�H QM �M �+iBQM�#H2 +QMiBMmQmb �m/BiBM; T`Q+2/m`2 i?�i
BM+Q`TQ`�i2b #Qi? /�i� KBMBM; �M/ T`Q+2bb KBMBM; i2+?MB[m2b �M/ 2KTHQvb i?2 B/2�b
Q7 �M �+iBp2 H2�`MBM; �TT`Q�+? �b H2p2`�;2 iQ /2�H rBi? i?2 �H�`K ~QQ/X h?Bb H�bi
�bT2+i Bb ?B;?Hv BKTQ`i�Mi bBM+2 2t+2TiBQM b�KTHBM; mM/2`KBM2b i?2 bi`2M;i? Q7 7mHH@
TQTmH�iBQM i2biBM;X h?2 K�BM +QMi`B#miBQMb Q7 Qm` 7`�K2rQ`F �`2,

Ç i?2 +H�bbB}+�iBQM T`Q+2/m`2 Bb MQi `2[mB`2/ iQ �bbB;M � H�#2H ǵPEǶ Q` ǵLQi PEǶ
iQ 2p2`v i`�Mb�+iBQMX G2bb +2`i�BM +�b2b K�v `2K�BM mMH�#2H2/ �M/ #2 /272``2/
7Q` 7m`i?2` �M�HvbBb

Ç T`Q72bbBQM�H Dm/;K2Mi Q7 i?2 �m/BiQ` Bb BM+Q`TQ`�i2/ BMiQ i?2 H2�`MBM; T`Q+2bb-
iQ 722/ i?2 +H�bbB}2` rBi? �//BiBQM�H 2tT2`i FMQrH2/;2

AM+Q`TQ`�iBM; ?mK�M BMi2`p2MiBQM Bb �HbQ BKTQ`i�Mi BM HB;?i Q7 #`Q�/2` `2;mH�iQ`v
�M/ +QKTHB�M+2 rBi? � M2r 1m`QT2�M H�r i?�i 7Q`+2b �H;Q`Bi?Kb iQ 2tTH�BM i?2B`
/2+BbBQMbX �//BiBQM�HHv- i?2 `2b2�`+? bi`2�K Q7 T`Q+2bb KBMBM; 7Q` �m/BiBM; Tm`TQb2b
7`�K2/ BM � H�`;2` +QMi2ti- �HQM; rBi? �HH Bib +m``2Mi `2b2�`+? +?�HH2M;2b- Bb � `2H2p�Mi
M2r �bb2bbK2MiX

�Hi?Qm;? MQi i?2 K�BM +QMi`B#miBQM- i?2 7Q`K�HBx�iBQM Q7 i?2 BMi2`M�H +QMi`QH
T`Q+2/m`2 BM � +QMiBMmQmb �m/BiBM; b2iiBM; +�M �HbQ #2 p�Hm2/ �b �M BM+`2�b2 Q7 i?2
FMQrH2/;2 #�b2X h?2 i�bF Q7 BMi2`M�H +QMi`QH i2biBM; Bib2H7 ?�b #22M `2T`2b2Mi2/ �b
� ;2M2`B+ T`Q+2bb BM "mbBM2bb S`Q+2bb JQ/2H �M/ LQi�iBQM U"SJLV bT2+B}+�iBQMbX
>�pBM; � ;2M2`�H `2T`2b2Mi�iBQM Q7 i?2 T`Q+2bb Q7 BMi2`M�H +QMi`QH i2biBM; 7�+BHBi�i2b
`2b2�`+? QM i?Bb iQTB+X L�K2Hv- ?�pBM; �M Qp2`pB2r Q7 #mbBM2bb T`Q+2bb2b- �M/ i?2B`
ǵ�b BbǶ 2M�+iK2Mi- 2M�#H2b Q`;�MBx�iBQMb iQ B/2MiB7v TQi2MiB�H BKT`Qp2K2MibX q2 BM@
+Hm/2 i?2 T`QTQbBiBQM i?�i i?Bb `�iBQM�H2 QM #mbBM2bb T`Q+2bb2b +�M #2 2ti2M/2/ iQ i?2
T`Q+2bb2b �M/ T`Q+2/m`2b Q7 �m/BiBM; �b r2HHX
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dXR _2H�i2/ GBi2`�im`2

AM *?�Ti2` j � #�+F;`QmM/ �M/ HBi2`�im`2 `2pB2r QM +QMiBMmQmb �m/BiBM; �M/ T`Q+2bb
KBMBM; Bb T`QpB/2/X h?Bb b2+iBQM T`QpB/2b � #�+F;`QmM/ QM �+iBp2 H2�`MBM; �M/ i?2
`2H�i2/ HBi2`�im`2 QM K�M�;BM; �H�`K ~QQ/bX

dXRXR �+iBp2 H2�`MBM;
AM K�Mv `2�H@rQ`H/ �TTHB+�iBQMb- H�#2HBM; /�i� K�Mm�HHv Bb � i2/BQmb- iBK2@+QMbmKBM;
�M/ 2tT2MbBp2 i�bF- T�`iB+mH�`Hv r?2M 2tT2`i FMQrH2/;2 Bb `2[mB`2/X Ai K�v �HbQ
bmz2` 7`QK bB;MB}+�Mi 2``Q`b /m2 iQ ?mK�M �MMQi�iBQMX JQ`2Qp2`- MQi �HH BMbi�M+2b �`2
2[m�HHv BM7Q`K�iBp2 Q` 2[m�HHv 2�bv iQ H�#2HX 6Q` 2t�KTH2- � T`Q+2bb BMbi�M+2 bBKBH�` iQ
r?�i i?2 H2�`M2` ?�b �H`2�/v b22M K�v T`QpB/2 HBKBi2/ �//BiBQM�H p�Hm2- r?BH2 Qi?2`
BMbi�M+2b K�v `2[mB`2 ;`2�i2` H�#2HBM; 2zQ`i 7`QK i?2 Q`�+H2X �+iBp2 H2�`MBM; Bb �
K�+?BM2 H2�`MBM; T�`�/B;K i?�i �BKb iQ `2/m+2 H�#2HBM; 2zQ`i #v b2H2+iBp2Hv +?QQbBM;
i?2 KQbi BM7Q`K�iBp2 BMbi�M+2b 7Q` �MMQi�iBQM #v �M Q`�+H2 U2X;X- � ?mK�M 2tT2`iV
a2iiH2b (kyyN)X

AM +QMi`�bi iQ i`�/BiBQM�H bmT2`pBb2/ H2�`MBM;- r?2`2 i?2 KQ/2H Bb i`�BM2/ QM � }t2/
H�#2H2/ /�i�b2i- �+iBp2 H2�`MBM; QT2`�i2b BM � b2iiBM; r?2`2 � H�`;2 TQQH Q7 mMH�#2H2/
BMbi�M+2b Bb �p�BH�#H2- �HQM; rBi? � HBKBi2/ b2i Q7 H�#2H2/ 2t�KTH2bX h?2 H2�`MBM;
�H;Q`Bi?K Bi2`�iBp2Hv b2H2+ib BM7Q`K�iBp2 BMbi�M+2b 7`QK i?2 mMH�#2H2/ TQQH �M/ [m2`B2b
i?2 Q`�+H2 7Q` i?2B` H�#2HbX h?2 M2rHv H�#2H2/ BMbi�M+2b �`2 i?2M BM+Q`TQ`�i2/ BMiQ i?2
i`�BMBM; b2i- �M/ i?2 KQ/2H Bb mT/�i2/ �++Q`/BM;HvX h?2 BM7Q`K�iBp2M2bb Q7 �M BMbi�M+2
Bb �bb2bb2/ #�b2/ QM Bib TQi2MiB�H iQ BKT`Qp2 i?2 KQ/2H r?2M �//2/ iQ i?2 i`�BMBM;
b2i (>m�M; 2i �HX- kyRy)X �//BM; i?2 KQbi BM7Q`K�iBp2 BMbi�M+2b iQ i?2 i`�BMBM; b2i
BKT`Qp2b i?2 T2`7Q`K�M+2 Q7 i?2 +H�bbB}2` r?B+? +QMb2[m2MiHv- H2�/b iQ KBMBKBxBM;
i?2 �KQmMi Q7 `2[mB`2/ H�#2H2/ /�i�- `2/m+BM; +H�bbB}+�iBQM 2``Q` �M/ p�`B�M+2 Qp2`
i?2 /Bbi`B#miBQM Q7 BMbi�M+2b (*Q?M 2i �HX- RNNe)X �b � `2bmHi- i?2 KQ/2H Bb �#H2 iQ
H2�`M 7`QK 72r2` H�#2H2/ BMbi�M+2bX

6Q`K�HHv- �M �+iBp2 H2�`MBM; bvbi2K +QMbBbib Q7 i?2 7QHHQrBM; +QKTQM2Mib,

Ç � H�#2H2/ /�i�b2i- BMBiB�HHv bK�HH-

Ç �M mMH�#2H2/ /�i�b2i- ivTB+�HHv H�`;2-

Ç � H2�`MBM; �H;Q`Bi?K i?�i #mBH/b � +H�bbB}2` #�b2/ QM i?2 H�#2H2/ /�i� b2i-

Ç � [m2`v bi`�i2;v i?�i b2H2+ib BMbi�M+2b 7`QK i?2 mMH�#2H2/ /�i� b2i iQ #2 H�#2H2/
#v i?2 Q`�+H2X
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�+iBp2 H2�`MBM; +�M #2 +�i2;Q`Bx2/ BMiQ /Bz2`2Mi b+2M�`BQb /2T2M/BM; QM ?Qr BM@
bi�M+2b �`2 b2H2+i2/ 7Q` H�#2HBM;X hrQ +QKKQMHv /BbiBM;mBb?2/ b2iiBM;b �`2 b2H2+iBp2
b�KTHBM; �M/ TQQH@#�b2/ b�KTHBM; (a2iiH2b- kyyN- h?�`r�i �M/ a+?2M+F- kykj)X

AM i?2 b2H2+iBp2 b�KTHBM; b2iiBM;- BMbi�M+2b �`2 Q#b2`p2/ b2[m2MiB�HHv- �M/ i?2
H2�`MBM; �H;Q`Bi?K /2+B/2b- 7Q` 2�+? BM+QKBM; BMbi�M+2- r?2i?2` iQ [m2`v Bib H�#2H Q`
/Bb+�`/ BiX h?Bb b2iiBM; Bb T�`iB+mH�`Hv `2H2p�Mi BM bi`2�KBM; 2MpB`QMK2Mib r?2`2 /�i�
�``Bp2b +QMiBMmQmbHv- �M/ BKK2/B�i2 /2+BbBQMb Kmbi #2 K�/2 (6`2mM/ 2i �HX- RNNd)X

AM +QMi`�bi- TQQH@#�b2/ b�KTHBM; �bbmK2b i?2 �p�BH�#BHBiv Q7 � H�`;2 TQQH Q7 mMH�@
#2H2/ BMbi�M+2bX h?2 H2�`MBM; �H;Q`Bi?K +�M BMbT2+i i?Bb TQQH �M/ Bi2`�iBp2Hv b2H2+i
i?2 KQbi BM7Q`K�iBp2 BMbi�M+2b �++Q`/BM; iQ � [m2`v bi`�i2;v- bm+? �b mM+2`i�BMiv
b�KTHBM;X h?2b2 b2H2+i2/ BMbi�M+2b �`2 i?2M T`2b2Mi2/ iQ i?2 Q`�+H2 7Q` H�#2HBM;X

:Bp2M i?�i- BM i?2 +QMi2ti Q7 i`�Mb�+iBQM�H p2`B}+�iBQM- � +QKTH2i2 b2i Q7 /2pB�iBQMb
Bb �p�BH�#H2 �7i2` i?2 +QM7Q`K�M+2 +?2+FBM; T?�b2- i?2 T`QTQb2/ 7`�K2rQ`F 7QHHQrb �
TQQH@#�b2/ �+iBp2 H2�`MBM; b2iiBM;X h?Bb �HHQrb i?2 bvbi2K iQ T`BQ`BiBx2 i?2 KQbi
BM7Q`K�iBp2 /2pB�iBQMb 7Q` 2tT2`i H�#2HBM;- i?2`2#v `2/m+BM; i?2 Qp2`�HH H�#2HBM; 2zQ`i
r?BH2 K�tBKBxBM; i?2 BKT�+i Q7 2�+? BMi2`�+iBQMX

h?2 F2v 2H2K2Mi Q7 �+iBp2 H2�`MBM; HB2b BM i?2 [m2`v bi`�i2;v- r?B+? /2i2`KBM2b
r?B+? mMH�#2H2/ BMbi�M+2b b?QmH/ #2 T`2b2Mi2/ iQ i?2 Q`�+H2X .Bz2`2Mi [m2`v bi`�i2;B2b
?�p2 #22M T`QTQb2/ BM i?2 �+iBp2 H2�`MBM; HBi2`�im`2 Ub22- 2X;X- (>�MM2F2- kyR9- a2iiH2b-
kyyN)V- BM+Hm/BM;,

Ç mM+2`i�BMiv b�KTHBM;- r?2`2 i?2 KQ/2H b2H2+ib BMbi�M+2b 7Q` r?B+? Bi Bb H2�bi
+QM}/2Mi �#Qmi Bib T`2/B+iBQM

Ç [m2`v #v +QKKBii22- r?2`2 KmHiBTH2 KQ/2Hb �`2 i`�BM2/ �M/ BMbi�M+2b rBi? i?2
?B;?2bi /Bb�;`22K2Mi �`2 b2H2+i2/-

Ç 2tT2+i2/ KQ/2H +?�M;2 Q` 2tT2+i2/ 2``Q` `2/m+iBQM- r?2`2 BMbi�M+2b �`2 b2H2+i2/
#�b2/ QM i?2B` TQi2MiB�H BKT�+i QM i?2 KQ/2HX

h?2b2 bi`�i2;B2b �BK iQ K�tBKBx2 i?2 BM7Q`K�iBp2M2bb Q7 2�+? H�#2H2/ BMbi�M+2-
i?2`2#v BKT`QpBM; i?2 T2`7Q`K�M+2 Q7 i?2 KQ/2H r?BH2 KBMBKBxBM; i?2 MmK#2` Q7
`2[mB`2/ �MMQi�iBQMbX

�+iBp2 H2�`MBM; Bb T�`iB+mH�`Hv bmBi�#H2 7Q` i`�Mb�+iBQM�H p2`B}+�iBQMX �b K2MiBQM2/
�#Qp2- }`bi- H�#2HBM; /2pB�iBQMb Q7i2M `2[mB`2b /QK�BM 2tT2`iBb2 �M/ T`Q72bbBQM�H Dm/;@
K2Mi- K�FBM; Bi 2tT2MbBp2 �M/ /B{+mHiX a2+QM/- MQi �HH /2pB�iBQMb �`2 2[m�HHv BM7Q`@
K�iBp2c bQK2 �`2 i`BpB�H- r?BH2 Qi?2`b T`QpB/2 p�Hm�#H2 BMbB;?i BMiQ mM/2`HvBM; T�ii2`Mb
Q` `BbFbX "v 7Q+mbBM; QM i?2 KQbi BM7Q`K�iBp2 �M/ mM+2`i�BM +�b2b- �+iBp2 H2�`MBM;
�HHQrb i?2 bvbi2K iQ H2�`M 2{+B2MiHv r?BH2 H2p2`�;BM; i?2 2tT2`iBb2 Q7 i?2 �m/BiQ` BM
� i�`;2i2/ K�MM2`X
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AM i?2 T`QTQb2/ 7`�K2rQ`F- i?2 �m/BiQ` �+ib �b i?2 Q`�+H2- �M/ �+iBp2 H2�`MBM; Bb
BMi`Q/m+2/ BM H�i2` Bi2`�iBQMb- r?2`2 i?2 bvbi2K b2H2+iBp2Hv [m2`B2b i?2 �m/BiQ` 7Q` i?2
KQbi BM7Q`K�iBp2 +�b2b- �b rBHH #2 /Bb+mbb2/ BM a2+iBQM dXjX

dXRXk J�M�;BM; �H�`K 6HQQ/b
_2b2�`+? ?�b `2TQ`i2/ �H`2�/v i?�i � +QMiBMmQmb �m/BiBM; bvbi2K +�M ;2M2`�i2 � H�`;2
pQHmK2 Q7 ǵ2t+2TiBQMbǶ (.2#`2+2Mv 2i �HX- kyyj- �HH2b 2i �HX- kyye�- kyy3�- S2`QHb �M/
Jm`i?v- kyRk�- GB 2i �HX- kyRe)X >mK�M Dm/;K2Mi Bb `2[mB`2/ iQ T`Q+2bb i?Bb BM7Q`K�@
iBQM UQp2`VHQ�/- H2�/BM; iQ bm#@QTiBK�H /2+BbBQM K�FBM;X _2+2Mi `2b2�`+? 2KT?�bBx2b
i?2 `QH2 Q7 BMi2HHB;2Mi /2+BbBQM bmTTQ`i bvbi2Kb iQ �bbBbi �m/BiQ`b BM ?�M/HBM; H�`;2
pQHmK2b Q7 2t+2TiBQMb (a2rT2`b�/?- kyk8- EQFBM� 2i �HX- kyk8)X PM i?Bb iQTB+- *?�M
�M/ o�b�`?2HvB (kyRR�) bi�i2, ǳ(XXX) i?2 �miQK�iBQM Q7 �HH i`�/BiBQM�H �m/Bi T`Q+2/m`2b
K�v MQi #2 BKK2/B�i2Hv 72�bB#H2X �m/Bi T`Q+2/m`2b `2[mB`BM; +QKTH2t Dm/;K2Mi �M/
T`Q72bbBQM�H bF2TiB+BbK rBHH biBHH `2[mB`2 K�Mm�H T2`7Q`K�M+2 #v i?2 �m/BiQ` (XXX)ǴX h?2
rQ`F Q7 S2`QHb �M/ Jm`i?v (kyRk�)- arBMM2M 2i �HX (kyRR) �M/ GB 2i �HX (kyRe) �//`2bb
i?2 Bbbm2 Q7 2t+2bbBp2 �H�`K ~QQ/b �M/ T`QTQb2 � bQHmiBQMX

S2`QHb �M/ Jm`i?v (kyRk�) �//`2bb2/ i?2 Bbbm2 Q7 2t+2TiBQMb #v bm;;2biBM; �M BM@
7Q`K�iBQM 7mbBQM �TT`Q�+?X �Hi?Qm;? i?2 �mi?Q`b /Q MQi ;Q BMiQ /2i�BHb- i?2B` }`bi
H�v2`- i?2 KQMBiQ`BM; H�v2`- `2H�i2b iQ T`Q+2bb2bX h?Bb Bb �HbQ pBbm�HHv 2tT`2bb2/ BM
i?2B` 7`�K2rQ`F };m`2 UTX jNVX h?2 KQMBiQ`BM; H�v2` bi�`ib 7`QK /2i2+i2/ 2t+2T@
iBQMb- ;�i?2`b BM7Q`K�iBQM QM i?2b2 2t+2TiBQMb- �M/ bm;;2bib i?2 mb2 Q7 K�+?BM2 H2�`M@
BM; �H;Q`Bi?Kb iQ +H�bbB7v i?2 2t+2TiBQMbX h?2 T`2b2Mi2/ �`+?Bi2+im`2 �BKb iQ /`�r
K2�MBM;7mH +QM+HmbBQMb #v T`Q+2bbBM; i?2 2t+2TiBQMb U�M/ i?2B` /Bz2`2Mi bQm`+2b Q7
BM7Q`K�iBQMVX

GB 2i �HX (kyRe) T`QTQb2 � /Bz2`2Mi 7`�K2rQ`Fc QM2 iQ T`BQ`BiBx2 2t+2TiBQMb- K�FBM;
mb2 Q7 .2KTbi2`@a?�72` #2HB27 7mM+iBQMbX AM i?Bb 7`�K2rQ`F- i?2 2t+2TiBQM /2i2+iBQM Bb
HBKBi2/ iQ �TTHvBM; /2}M2/ #mbBM2bb `mH2bX "�b2/ QM i?2b2 `mH2b- i?2 i?2Q`v Q7 #2HB27
7mM+iBQMb Bb mb2/ iQ �bbB;M bmbTB+BQM b+Q`2b 7Q` 2�+? i`�Mb�+iBQM i?�i r�b B/2MiB}2/
�b �M 2t+2TiBQMX h?2 �mi?Q`b 7QHHQr2/ i?2 �`;mK2Mib Q7 a`Bp�bi�p� �M/ a?�72` (RNNk)
i?�i i?2b2 7mM+iBQMb +QmH/ `2T`2b2Mi i?2 �m/BiQ`Ƕb BMimBiBp2 mM/2`bi�M/BM; Q7 �m/Bi
`BbF �M/ BM+Hm/2/ �M Bi2`�iBp2 +QKTQM2Mi iQ #`BM; i?2 2t+2TiBQMb iQ � K�M�;2�#H2
MmK#2`X L2ti- #�b2/ QM i?2 bmbTB+BQM b+Q`2b- i?2 2t+2TiBQMb �`2 `�MF2/ �M/ �m/BiQ`b
K�Mm�HHv BMp2biB;�i2 i?2 +�b2b rBi? i?2 ?B;?2bi HBF2HB?QQ/ Q7 #2BM; 2``Q`b Q` 7`�m/X
h?2 �m/BiQ`b +H�bbB7v i?2 2t+2TiBQMb BMiQ ǵMQ`K�HǶ- ǵ2``QM2QmbǶ- Q` ǵ7`�m/mH2MiǶX h?2
K�Mm�H +H�bbB}+�iBQMb �`2 bm#b2[m2MiHv mb2/ �b M2r BM7Q`K�iBQM iQ }M2@imM2 i?2 BMBiB�H
+QM}/2M+2 H2p2Hb Q7 i?2 `mH2bX �M Bi2`�iBp2 �TT`Q�+? �M/ i?2 BMi2`p2MiBQM Q7 i?2 ?mK�M
�m/BiQ` Bb BM?2`2Mi iQ i?Bb 7`�K2rQ`FX h?Bb +�M #2 b22M �b �M 2t�KTH2 Q7 �+iBp2
H2�`MBM;X
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dXk h?2 T`Q+2/m`2 Q7 BMi2`M�H +QMi`QH i2biBM; BM +QMiBMm@
Qmb �m/BiBM;@ � T`Q+2bb `2T`2b2Mi�iBQM

h?2 BKTH2K2Mi�iBQM Q7 � +QMiBMmQmb �m/BiBM; bvbi2K Bb T`BK�`BHv i?2 `2bTQMbB#BHBiv Q7
i?2 BMi2`M�H �m/BiQ` (*?�M �M/ o�b�`?2HvB- kyRR�- GB 2i �HX- kyRe) �M/ BMi2`M�H +QMi`QH
i2biBM; Bb �bbmK2/ iQ b2`p2 �b � ;QQ/ bi�`iBM; TQBMi 7Q` i?BbX "Qi? i?2 7Q+mb QM
?B;?@`BbF T`Q+2bb2b �M/ i?2 `2TQ`iBM; `2[mB`2K2Mib QM i?2 2z2+iBp2M2bb Q7 i?2 BMi2`M�H
+QMi`QHb +QMi`B#mi2 iQ i?2 bmBi�#BHBiv Q7 i?Bb T`Q+2/m`2 �b i?2 #�+F#QM2 Q7 � +QMiBMmQmb
�m/BiBM; bvbi2KX AMi2`M�H +QMi`QH i2biBM; Bb �M �m/BiBM; T`Q+2/m`2 i?�i +Q``2bTQM/b
iQ i?2 }`bi H2p2H Q7 +QMiBMmQmb �bbm`�M+2 �M/ �M�HviB+�H KQMBiQ`BM;, i`�Mb�+iBQM�H
p2`B}+�iBQMX

AM Q`/2` iQ T`QTQb2 � r�v ?Qr �M�HviB+b +�M bmTTQ`i i`�Mb�+iBQM�H p2`B}+�iBQM- r2
}`bi T`2b2Mi i?2 ;2M2`B+ T`Q+2bb Q7 BMi2`M�H +QMi`QH i2biBM;X h?2 T`Q+2bb Bb BHHmbi`�i2/
BM 6B;m`2 dXR �M/ K�F2b �#bi`�+iBQM Q7 i?2 H2p2H Q7 �miQK�iBQM i?�i Bb �TTHB2/RX h?Bb
r�v- i?2 +Q`2 T`Q+2bb Q7 BMi2`M�H +QMi`QH i2biBM; Bb T`2b2Mi2/- `2;�`/H2bb Q7 i?2 K�im`Biv
H2p2H Q7 +QMiBMmQmb �m/BiBM;X h?2 T`Q+2bb /Q2b- ?Qr2p2`- bi�`i 7`QK � +QMi2KTQ`�`v
}M�M+B�H `2TQ`iBM; b2iiBM;- r?2`2 BM7Q`K�iBQM bvbi2Kb HBF2 1Mi2`T`Bb2 _2bQm`+2 SH�M@
MBM; bvbi2Kb �`2 /2THQv2/X AM �//BiBQM- i?2 2t+2TiBQM@#�b2/ T`BM+BTH2 Q7 +QMiBMmQmb
�m/BiBM; Bb i�F2M �b � 7QmM/�iBQMX >�pBM; i?Bb ;2M2`B+ T`Q+2bb Qp2`pB2r 7�+BHBi�i2b i?2
B/2MiB}+�iBQM Q7 QTTQ`imMBiB2b iQ 2KTHQv �M�HviB+b 7Q` i`�Mb�+iBQM p2`B}+�iBQMX �;�BM-
i?2 mM/2`HvBM; �bbmKTiBQM Bb iQ KQp2 iQ +QMiBMmQmb �m/BiBM; #v �miQK�iBM; 2tBbiBM;
K�Mm�H T`Q+2/m`2b BM � }`bi bi�;2X

�Hi?Qm;? MQi BM+Q`TQ`�i2/ BM i?2 T`Q+2bb Bib2H7- i2biBM; BMi2`M�H +QMi`QHb bi�`ib rBi?
i?2 b2H2+iBQM Q7 � #mbBM2bb T`Q+2bbX �b bm;;2bi2/ #v *?�M �M/ o�b�`?2HvB (kyRR�) BM
ai�;2 R- ǳi?2 �m/BiQ` B/2MiB}2b � #mbBM2bb T`Q+2bb �`2� r?2`2 +QMiBMmQmb �m/BiBM; +�M
#2 �TTHB2/Ǵ- r2 �HbQ bi�`i 7`QK � b2H2+i2/ #mbBM2bb T`Q+2bb rBi? �p�BH�#H2 /�i� �M/
+QMi`QH b2iiBM;b iQ i2biX �7i2` i?2 b2H2+iBQM- i?2 T?�b2b Q7 i?2 /2TB+i2/ T`Q+2bb BM
6B;m`2 dXR i�F2 TH�+2X

Ç lM/2`bi�M/ i?2 MQ`K�iBp2 T`Q+2bb
PM+2 � #mbBM2bb T`Q+2bb Bb b2H2+i2/ iQ i2bi i?2 `2H�i2/ BMi2`M�H +QMi`QHb- i?2
}`bi bi2T Bb iQ ;2i � ;2M2`�H mM/2`bi�M/BM; Q7 i?2 T`Q+2bbX h?2 Tm`TQb2 Bb iQ
mM/2`bi�M/ i?2 2tT2+i2/ T`Q+2bb- r?B+? Bb +�HH2/ i?2 MQ`K�iBp2 T`Q+2bbX h?Bb
mM/2`bi�M/BM; +�M #2 ;�BM2/ i?`Qm;? /Q+mK2Mi `2pB2r- BMi2`pB2rb- T`2pBQmb
2tT2`B2M+2 rBi? i?2 +QKT�Mv- 2i+X h?2 QmiTmi Q7 i?Bb �+iBpBiv Bb 2Bi?2` BKTHB+Bi

R"mbBM2bb S`Q+2bb JQ/2HBM; �M/ LQi�iBQM bT2+B}+�iBQMb �`2 mb2/ �b KQ/2HBM; H�M;m�;2X h?Bb
H�M;m�;2 Bb +?Qb2M 7Q` Bib ?B;? H2p2H Q7 mM/2`bi�M/�#BHBiv #v MQM@i2+?MB+�H mb2`bX
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6B;m`2
dXR,S`Q+2bbQ7AMi2`M�H*QMi`QHi2biBM;

BM
"SJ

L
bT2+B}+�iBQMb
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@BM i?2 �m/BiQ`Ƕb ?2�/@- Q` 2tTHB+Bi BM i?2 7Q`K Q7 � M�``�iBp2 Q` � T`Q+2bb /B�;`�K
i?�i /2b+`B#2b i?2 MQ`K�iBp2 T`Q+2bbX

�bB/2 7`QK mM/2`bi�M/BM; i?2 MQ`K�iBp2 T`Q+2bb 2t2+miBQM- � ;2M2`�H mM/2`@
bi�M/BM; Q7 i?2 `2H�i2/ T`Q+2bb `BbFb Kmbi #2 Q#i�BM2/X h?2 T`Q+2bb `BbFb- QM
i?2B` im`M- i`B;;2` i?2 BMi2`M�H +QMi`QH b2iiBM;bX �Hi?Qm;? MQi 2p2`v bBM;H2 `BbF
�M/ +QM};m`2/ +QMi`QH KB;?i #2 /Bb+HQb2/ BM i?Bb }`bi bi2T- mM/2`bi�M/BM; i?2
KQbi BKTQ`i�Mi `BbFb Bb �M 2H2K2Mi�`v +QKTQM2Mi Q7 mM/2`bi�M/BM; i?2 MQ`K�@
iBp2 T`Q+2bb �M/ Bib +QMi`QHbX

*QMbB/2` � T`Q+m`2K2Mi USkSV T`Q+2bb BM Qm` `mMMBM; 2t�KTH2 �M/ Bib MQ`K�@
iBp2 KQ/2H BM 6B;m`2 kXkX �M 2t�KTH2 Q7 � T`Q+2bb `BbF +�M #2 �M 2t2+miBQM Q7
� Tm`+?�b2 Q`/2` rBi? MQ �TT`Qp�HX h?Bb ;2M2`�H H2p2H Q7 mM/2`bi�M/BM; T`Q+2bb
`BbFb �M/ i?2B` `2H�i2/ +QMi`QHb U?�pBM; �M �TT`Qp�H bi`�i2;v BM TH�+2V �`2 M2+@
2bb�`v iQ +QM/m+i i?2 T`Q+2/m`2X Ai Bb BKTQ`i�Mi iQ MQi2 i?�i i?2 MQ`K�iBp2
KQ/2H- HBF2 i?2 QM2 BM 6B;m`2 kXk#- QMHv +�Tim`2b i?2 T2`bT2+iBp2 Q7 �+iBpBiv
T`2b2M+2 �M/ �+iBpBiv Q`/2`X S2`bT2+iBp2b QM r?Q /Q2b r?�i- i?2 BKTHB2/ p�Hm2-
Q` Qi?2` �bT2+ib i?�i /Q MQi `2H�i2 iQ i?2 T`2b2M+2 Q` Q`/2` Q7 �+iBpBiB2b- �`2 MQi
BM+Hm/2/ BM i?Bb MQi�iBQMX P7 +Qm`b2- i?2b2 T2`bT2+iBp2b �HbQ M22/ iQ #2 i�F2M
BMiQ �++QmMi- #mi r?2M �M�HvxBM; T`Q+2bb2b- i?2b2 �`2 Q7i2M QMHv BMpQHp2/ BM �
b2+QM/ T?�b2X

Ç *QHH2+i i`�Mb�+iBQM /�i� 7`QK BM7Q`K�iBQM bvbi2K
AM i?2 b2+QM/ bi2T- i`�Mb�+iBQMb Q7 i?2 T`Q+2bb mM/2` BMp2biB;�iBQM �`2 2ti`�+i2/
7`QK i?2 BM7Q`K�iBQM bvbi2KX

� i`�/BiBQM�H b2H2+iBQM Q7 /�i� Q7 i?2 SkS T`Q+2bb Bb � HBbi Q7 bQK2 Tm`+?�b2
Q`/2`b �M/ `2H�i2/ BMpQB+2b- r?2i?2` Q` MQi i?Bb T`Q+2bb Bb BMp2biB;�i2/ i?`Qm;?
�M�HviB+b Q` K�Mm�HHvX h�#H2b dXR� �M/ dXR# b?Qr irQ b?Q`i 2t2KTH�`v HBbib i?�i
+QmH/ #2 i?2 QmiTmi Q7 i?Bb bi2TX AM +�b2 �M �miQK�i2/ �m/Bi rQmH/ i�F2 TH�+2-
i?2b2 HBbib rQmH/ +QMi�BM �HH `2H2p�Mi Tm`+?�b2 Q`/2`b �M/ BMpQB+2b Q7 i?2 T2`BQ/
mM/2` BMp2biB;�iBQMX

Ç A/2MiB7v /2pB�iBQMb #v +QKT�`BM; i`�Mb�+iBQMb �;�BMbi i?2 MQ`K�iBp2 T`Q+2bb
AM i?2 i?B`/ bi2T- i?2 MQ`K�iBp2 T`Q+2bb �M/ i?2 �p�BH�#H2 i`�Mb�+iBQM /�i� �`2
+QKT�`2/ rBi? 2�+? Qi?2`X A7 i?2 i`�Mb�+iBQM- Q` i?2 T`Q+2bb 2t2+miBQM i?�i
T`2+2/2b i?2 i`�Mb�+iBQM- Bb BM HBM2 rBi? i?2 2tT2+i2/ MQ`K�iBp2 KQ/2H- i?2`2 Bb
2pB/2M+2 7Q` �bbm`�M+2X A7 i?2 i`�Mb�+iBQM /2pB�i2b 7`QK r?�i Bb 2tT2+i2/- i?2
/2pB�iBQM Bb biQ`2/ BM � b2T�`�i2 HBbiX *QKT�`BM; i?2 �p�BH�#H2 i`�Mb�+iBQM /�i�-
BHHmbi`�i2/ BM h�#H2b dXR� �M/ dXR#- rBi? i?2 MQ`K�iBp2 KQ/2H BM 6B;m`2 kXk- Bi
b22Kb i?�i i?2 Tm`+?�b2 Q`/2`b R- k- 9- 3- N- �M/ Ry K22i i?2 2tT2+i�iBQMb Q7



RNe *?�Ti2` d

h�#H2 dXR, h`�Mb�+iBQM�H /�i�

Sm`+?�b2 P`/2`

L`X .�i2 o�Hm2 aB;M2/ _2H2�b2/ :QQ/b _2+2Bp2/ AMpQB+2 XXX

R a2TX R kyRe kj jyy !" !" !" RyR
k a2TX R kyRe d jkN !" !" !" Ryk
j a2TX R kyRe k yNy ! !" ! Ryj
9 a2TX R kyRe 9 ed8 !" !" !" Ry9
8 a2TX R kyRe Rj8 ! !" ! Ry8
e a2TX R kyRe 9 8yy !" !" ! Rye
d a2TX R kyRe d kRy !" ! !" Ryd
3 a2TX R kyRe eN ykj !" !" !" Ry3
N a2TX R kyRe Rk yyy !" !" !" RyN
Ry a2TX R kyRe 9y jkN !" !" !" RRy

U�V �M 2t�KTH2 HBbi Q7 � Tm`+?�b2 Q`/2`b 7Q` BMi2`M�H +QMi`QH i2biBM;

AMpQB+2

L`X Sm`+?�b2 P`/2` .�i2 o�Hm2 XXX

RyR R a2TX Rk kyRe kj-jyy
Ryk k a2TX R9 kyRe d-jkN
Ryj j a2TX k kyRe k-yNy
Ry9 9 a2TX ky kyRe 9-ed8
Ry8 8 a2TX 9 kyRe Rj8
Rye e a2TX k8 kyRe 9-8yy
Ryd d a2TX R3 kyRe j-ey8
Ry3 3 a2TX kN kyRe eN-ykj
RyN N a2TX RN kyRe Rky-y8k
RRy Ry a2TX RR kyRe 9y-jkN
RRR a2TX R8 kyRe ed

U#V �M 2t�KTH2 HBbi Q7 BMpQB+2b 7Q` BMi2`M�H +QMi`QH i2biBM;



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi RNd

i?2 MQ`K�iBp2 KQ/2HX �i H2�bi- #�b2/ QM i?2 BM7Q`K�iBQM i?�i Bb �p�BH�#H2 BM Qm`
2t�KTH2- i?2b2 Q`/2`b ?�p2 #22M bB;M2/- `2H2�b2/- ;QQ/b ?�p2 #22M `2+2Bp2/ �M/
�M �++QKT�MvBM; BMpQB+2 Bb T`2b2MiX qBi? `2;�`/ iQ 7QHHQrBM; i?2 MQ`K�iBp2
KQ/2H- i?2b2 Q`/2`b /Q MQi b22K iQ /2pB�i2X h?2 `2K�BMBM; Tm`+?�b2 Q`/2`b �`2
HBbi2/ �b /2pB�iBQMbX �HbQ- BMpQB+2 MmK#2` RRR Bb HBbi2/ �b /2pB�iBQM bBM+2 MQ
`2H�i2/ Tm`+?�b2 Q`/2` r�b T`2b2Mi2/X �b K2MiBQM2/ BM *?�Ti2` j r2 mb2 i?2
i2`KBMQHQ;v Q7 .2T�B`2 2i �HX (kyRj) �M/ bi�`i 7`QK i?2 M2mi`�H i2`K ǵ/2pB�iBQMǶ
r?2M � i`�Mb�+iBQM /Q2b MQi K�i+? i?2 MQ`K�iBp2 KQ/2HX

h�F2 BMiQ �++QmMi i?�i B7 QM2 rQmH/ MQi HBKBi i?Bb }`bi BMp2biB;�iBQM iQ i?2
�+iBpBiB2b i?�i ?�p2 #22M 2t2+mi2/- �M/ �HbQ i�F2 i?2 Qi?2` BM7Q`K�iBQM BMiQ
�++QmMi- Tm`+?�b2 Q`/2` N rQmH/ #2 HBbi2/ �b � /2pB�iBQM, i?2 p�Hm2 QM i?2
�++QKT�MvBM; BMpQB+2 Bb bHB;?iHv ?B;?2` i?�M QM i?2 Tm`+?�b2 Q`/2`- TQbbB#Hv
BM+Hm/BM; i`�MbTQ`i�iBQM +QbibX h?2 b+QT2 Q7 2H2K2Mib i?�i �`2 i�F2M BMiQ �+@
+QmMi r?2M 2t2+miBM; i?Bb i?B`/ bi2T /2T2M/b QM i?2 �TT`Q�+? Q7 i?2 �m/BiQ`,
r?2i?2` i?2 �m/BiQ` BM+Hm/2b �HH 2H2K2Mib �i QM+2 Q` bTHBib i?2 BMp2biB;�iBQM BMiQ
b2p2`�H T�`ibX 6Q` `2�bQMb Q7 mM/2`bi�M/�#BHBiv- r2 HBKBi Qm` 2t�KTH2 iQ QMHv
+?2+FBM; i?2 T`Q+2bb@~Qr BM i?Bb bi2T- �bbmKBM; #mbBM2bb `mH2b HBF2 ǵh?2 p�Hm2
Q7 � Tm`+?�b2 Q`/2` b?QmH/ 2[m�H i?2 p�Hm2 Q7 i?2 BMpQB+2Ƕ �`2 i2bi2/ b2T�`�i2HvX

Ç �M�Hvx2 i?2 HBbi Q7 /2pB�iBQMb
ai�`iBM; 7`QK i?2 HBbi2/ /2pB�iBQMb Q7 i?2 T`2pBQmb bi2T- i?2b2 /2pB�iBQMb ?�p2
iQ #2 +H�bbB}2/X AM Qm` T`Q+2bb- r2 b22 i?`22 TQbbB#H2 Qmi+QK2b- �7i2` � +HQb2`
BMbT2+iBQM Q7 � /2pB�iBQMX

Ĝ 1t+2TiBQM
� }`bi TQbbB#BHBiv Bb i?�i- �Hi?Qm;? i?2 i`�Mb�+iBQM /2pB�i2b 7`QK i?2 �p�BH@
�#H2 MQ`K�iBp2 KQ/2H- i?Bb /2pB�iBQM Bb BM 7�+i �HbQ � p�HB/ T`Q+2bb 2t2+m@
iBQMX AM Qm` 2t�KTH2- BMpQB+2 RRR /2pB�i2b 7`QK i?2 MQ`K�iBp2 KQ/2H- �b Bi
Bb MQi HBMF2/ iQ �Mv Tm`+?�b2 Q`/2`X >Qr2p2`- �Hi?Qm;? Bi Bb MQi B/2�H 7`QK
� `BbF TQBMi Q7 pB2r iQ T`Q+m`2 Bi2Kb rBi?Qmi �M Q`/2`- Bi Bb �M �++2Ti�#H2
/2pB�iBQMX h?Bb KB;?i #2 i?2 +�b2 r?2M QM2 Q`/2`b ~Qr2`b iQ i?�MF �M
2KTHQv22 Q` bQK2 Qi?2` KBMQ`- [mB+F 2tT2Mb2bX h?Bb /2pB�iBQM Bb +H�bbB}2/
�b �M 2t+2TiBQM- 7QHHQrBM; i?2 i2`KBMQHQ;v Q7 .2T�B`2 2i �HX (kyRj), ǳ.2pB�@
iBQMb r?B+? �`2 �++2Ti2/ �M/ �`2 mb2/ iQ ;m�`�Mi22 i?2 M2+2bb�`v ~2tB#BHBiv
iQ `2�+i 7�bi �M/ QT2`�i2 2z2+iBp2Hv- �`2 +�HH2/ 2t+2TiBQMbXǴ �HH2b 2i �HX mb2
i?2 i2`K ǵiQH2`�#H2 2t+2TiBQMbǶ (�HH2b 2i �HX- kyye�- TX R8d)X

Ĝ �MQK�Hv
� b2+QM/ TQbbB#BHBiv Bb i?�i i?2 /2pB�iBQM Bb +H�bbB}2/ �b �M �MQK�Hv- ǵ�M



RN3 *?�Ti2` d

mM/2bB`�#H2 /2pB�iBQMǶX h?2b2 �`2 /2pB�iBQMb 7Q` r?B+? i?2 �m/BiQ`- 2p2M �i
+HQb2` BMbT2+iBQM- +�MMQi 7Q`KmH�i2 � TQbbB#H2 2tTH�M�iBQM 7Q`X h?2b2 /2pB@
�iBQMb �`2 +H�bbB}2/ �b �MQK�HB2b �M/ rBHH #2 �//2/ iQ i?2 HBbi Q7 �MQK�HB2b
i?�i r�``�Mi 7m`i?2` BMp2biB;�iBQMX �M 2t�KTH2 Q7 �M �MQK�Hv +�M #2 �
Tm`+?�b2 Q`/2` i?�i ?�b MQi #22M `2H2�b2/- HBF2 Tm`+?�b2 Q`/2` MmK#2` d-
#mi ;QQ/b ?�p2 #22M `2+2Bp2/- �HQM; rBi? �M BMpQB+2 UMmK#2` RydVX

Ĝ SQi2MiB�H +QKTHB�M+2 Bbbm2
h?2 i?B`/ TQbbB#BHBiv Bb i?�i- �Hi?Qm;? i?2 /2pB�iBQM +�MMQi #2 +H2�`2/ BK@
K2/B�i2Hv- i?2 �m/BiQ` +�M 7Q`KmH�i2 � ?vTQi?2bBb i?�i rQmH/ +H2�` i?Bb
/2pB�iBQMX _2im`MBM; iQ Qm` MQ`K�iBp2 T`Q+m`2K2Mi KQ/2H �M/ /�i� b�K@
TH2- Tm`+?�b2 Q`/2`b j �M/ 8 rBHH #2 HBbi2/ �b /2pB�iBQM 7Q` KBbbBM; Qmi �
bB;M�im`2X h?2 �m/BiQ` KB;?i ?Qr2p2` `2+Q;MBx2 i?2 mM/2`HvBM; #mbBM2bb
`mH2 i?�i bi�i2b i?�i Tm`+?�b2b #2HQr Ryyy /Q MQi M22/ iQ #2 bB;M2/X hQ
`2�+? � }M�H +H�bbB}+�iBQM QM i?2 /2pB�iBQM- i?2 ?vTQi?2bBb ǵQ`/2` p�Hm2 Bb
#2HQr Ryyy$Ƕ M22/b iQ #2 i2bi2/X qBi?Qmi T`QQ7 7Q` �++2TiBM; i?2 ?vTQi?@
2bBb- i?2 /2pB�iBQM Bb +H�bbB}2/ �b � TQi2MiB�H +QKTHB�M+2 Bbbm2X AM +�b2 Q7
i?Bb i?B`/ TQbbB#BHBiv- i?2 T`Q+2bb Q7 BMi2`M�H +QMi`QH i2biBM; +QMiBMm2bX A7
MQ /2pB�iBQMb �`2 +H�bbB}2/ BM i?Bb +�i2;Q`v- i?2 BMi2`M�H +QMi`QH i2biBM; Bb
}MBb?2/ #v `2�+?BM; i?2 bi�i2 ǵ/2pB�iBQMb +H�bbB}2/ǶX h?2 QmiTmi Bb � HBbi Q7
�MQK�HB2b i?�i r�``�Mi 7m`i?2` BMp2biB;�iBQMX

Ç aT2+B7v 7QHHQr@mT BMp2biB;�iBQM rBi? `2;�`/b iQ bT2+B}+ BMi2`M�H +QMi`QH
ai�`iBM; 7`QK i?2 /2pB�iBQMb i?�i `2p2�H � TQi2MiB�H +QKTHB�M+2 Bbbm2- � 7QHHQr@
mT BMp2biB;�iBQM Bb bT2+B}2/X h?2 bT2+B}+b `2H�i2 iQ i?2 TQi2MiB�H `BbF �M/ i?2
+QM};m`2/ #mbBM2bb `mH2 i?�i- B7 2z2+iBp2- rQmH/ KBiB;�i2 i?Bb `BbFX hm`MBM;
#�+F iQ Qm` T`2pBQmb 2t�KTH2- i?2 7QHHQr@mT BMp2biB;�iBQM +QmH/ `2H�i2 iQ i?2
`BbF Q7 KBbbBM; � bB;M�im`2 7Q` ?B;?@p�Hm2 Tm`+?�b2bX h?2 +QM};m`2/ #mbBM2bb
`mH2 KB;?i #2 ǵA7 Tm`+?�b2 p�Hm2 Bb H2bb i?�M Ryyy- MQ bB;M�im`2 Bb `2[m2bi2/ǶX
AM i?Bb +�b2- i?2 7QHHQr@mT BMp2biB;�iBQM KB;?i #2 bT2+B}2/ iQ i2bi r?2i?2` �HH
Tm`+?�b2b i?�i KBbb Qmi � bB;M�im`2- BM/22/ ?�p2 � Tm`+?�b2 p�Hm2 Q7 H2bb i?�M
Ryyy$X

Ç *QHH2+i Ubm#b2i Q7V i`�Mb�+iBQM /�i� 7`QK BM7Q`K�iBQM bvbi2K
"�b2/ QM i?2 bT2+B}+�iBQMb Q7 i?2 7QHHQr@mT BMp2biB;�iBQM- i`�Mb�+iBQM /�i� ?�b
iQ #2 +QHH2+i2/ 7`QK i?2 BM7Q`K�iBQM bvbi2K �;�BMX .2T2M/BM; QM i?2 /�i�
�M�HviB+b K�im`Biv- i?Bb KB;?i #2 � M2r /�i� 2ti`�+iBQM T?�b2 UBM +�b2 Q7 �
b�KTHBM;@#�b2/ �TT`Q�+?V Q` � T?�b2 Q7 bm#b2iiBM; T`2pBQmbHv 2ti`�+i2/ /�i�
UBM +�b2 Q7 7mHH@TQTmH�iBQM i2biBM;VX AM Qm` 2t�KTH2- i`�Mb�+iBQMb i?�i `2H�i2



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi RNN

iQ � Tm`+?�b2 rBi?Qmi � bB;M�im`2 rQmH/ #2 +QHH2+i2/- �HQM; rBi? i?2 `2H2p�Mi
�ii`B#mi2b `2[mB`2/ 7Q` i?2 �M�HvbBb- bm+? �b i?2 Tm`+?�b2 p�Hm2X

Ç A/2MiB7v /2pB�iBQMb #v +QKT�`BM; i`�Mb�+iBQMb �;�BMbi bT2+B}+ #mbBM2bb `mH2b
>�pBM; i?2 7QHHQr@mT BMp2biB;�iBQM bT2+B}2/ �M/ i?2 `2H2p�Mi i`�Mb�+iBQM /�i�
�p�BH�#H2- i`�Mb�+iBQMb �`2 �;�BM +QKT�`2/ rBi? �M ǵ2tT2+i2/ T�ii2`MǶX h?Bb
iBK2- ?Qr2p2`- i?2 T�ii2`M i?2 i`�Mb�+iBQMb �`2 +QKT�`2/ rBi?- �`2 BM i?2 7Q`K
Q7 � bT2+B}+ #mbBM2bb `mH2X h?Bb Bb /Bz2`2Mi 7`QK i?2 }`bi +QKT�`�iBp2 bi2T-
r?2`2 i`�Mb�+iBQMb r2`2 +QKT�`2/ �;�BMbi � 7mHH T`Q+2bbX qBi?Qmi im`MBM; iQ
bT2+B}+ 7Q`K�ib Q7 � T`Q+2bb p2`bmb � `mH2- r2 /BbiBM;mBb? #2ir22M i?2b2 irQ
�`iB7�+ib BM i2`Kb Q7 b+QT2X q?2`2 r2 b22 ǵT`Q+2bbǶ �b � ?QHBbiB+ +QM+2Ti- �
ǵ`mH2Ƕ Bb M�``Qr2/ /QrM iQ � 72r bT2+B}+ +?�`�+i2`BbiB+b- 7Q` 2t�KTH2- i?2 p�Hm2
Q7 � Tm`+?�b2 �M/ i?2 T`2b2M+2f�#b2M+2 Q7 � bB;M�im`2X AM Qm` 2t�KTH2- i?2
i`�Mb�+iBQMb mM/2` BMp2biB;�iBQM Ui?2 QM2b rBi?Qmi bB;M�im`2- HBF2 Tm`+?�b2 Q`/2`
j �M/ 8V rQmH/ #2 i2bi2/ 7Q` ?�pBM; � p�Hm2 i?�i Bb HQr2` i?�M RyyyX A7 i?Bb Bb
MQi i?2 +�b2 UHBF2 7Q` Tm`+?�b2 Q`/2` MmK#2` jV- i?2 i`�Mb�+iBQM 2M/b mT QM
i?2 HBbi Q7 /2pB�iBQMb �;�BM �M/ � M2r +v+H2 Q7 ǵ�M�Hvx2 i?2 HBbi Q7 /2pB�iBQMbǶ
rBHH 7QHHQrX h?2 i?`22 TQbbB#BHBiB2b Q7 ǵ2t+2TiBQMǶ- ǵ�MQK�HvǶ- �M/ ǵTQi2MiB�H
+QKTHB�M+2 Bbbm2bǶ �`2 `2pBbBi2/X *QMiBMmBM; QM Qm` Tm`+?�b2 Q7 ?B;?2` i?�M Ryyy-
#mi MQi b?QrBM; � bB;M�im`2- � M2r TQi2MiB�H +QKTHB�M+2 Bbbm2 +�M #2 B/2MiB}2/-
�HQM; rBi? � M2rHv 7Q`KmH�i2/ ?vTQi?2bBbX 6Q` 2t�KTH2- ǵA7 i?2 bmTTHB2` Bb QM
i?2 HBbi Q7 ǵi`mbi2/ bmTTHB2`bǶ- MQ bB;M�im`2 Bb `2[mB`2/ǶX h?2M- i?2 T`Q+2/m`2
+QMiBMm2b rBi? i2biBM; i?Bb ?vTQi?2bBb- �M/ bQ QMX

dXj h`�Mb�+iBQM�H o2`B}+�iBQM 6`�K2rQ`F

AM a2+iBQM dXk- i?2 ;2M2`B+ T`Q+2/m`2 Q7 BMi2`M�H +QMi`QH i2biBM; Bb /2TB+i2/ BM �M
mM�K#B;mQmb r�vX h?Bb �HHQrb mb iQ T`2b2Mi � 7`�K2rQ`F i?�i 2KTHQvb �p�BH�#H2 /�i�
�M/ T`Q+2bb KBMBM; i2+?MB[m2b 7Q` i`�Mb�+iBQM�H p2`B}+�iBQMX "�b2/ QM i?2 +?�HH2M;2b
i?�i �`2 `2TQ`i2/ QM T`2pBQmb mb2 +�b2b- �M/ QM i?2 T`BM+BTH2b Q7 +QMiBMmQmb �m/BiBM;
BM ;2M2`�H- r2 TQbimH�i2 i?`22 `2[mB`2K2Mib Q7 i?2 7`�K2rQ`F,

Ç i`�Mb�+iBQM p2`B}+�iBQM bi�`ib 7`QK i?2 #mbBM2bb T`Q+2bb

Ç K�M�;BM; i?2 bi`2�K Q7 �H�`Kb Bb +`m+B�H iQ K�F2 i?2 �TT`Q�+? �+iBQM�#H2

Ç � ?mK�M 2tT2`i Bb mb2/ �b �M Q`�+H2 BM Q`/2` iQ +QK#BM2 i?2 ?mK�M �M/ +QKTmi2`
BMi2HHB;2M+2 iQ +H�bbB7v i`�Mb�+iBQMb



kyy *?�Ti2` d

6B;m`2
dXk,h`�Mb�+iBQM�Hp2`B}+�iBQM

7`�K
2rQ`F



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi kyR

6B;m`2 dXk T`2b2Mib i?2 T`QTQb2/ 7`�K2rQ`FX h?2 7`�K2rQ`F 7QHHQrb � irQ@bi�;2
�TT`Q�+? BM i2`Kb Q7 i?2 �TTHB2/ T2`bT2+iBp2X AM i?2 }`bi bi�;2- QMHv i?2 +QMi`QH@
~Qr T2`bT2+iBp2 Bb 2KTHQv2/X h`�Mb�+iBQMb �`2 pB2r2/ BM i?2 +QMi2ti Q7 i?2B` T`Q+2bb
2t2+miBQM- �M/ QMHv i?2 b2[m2M+2 Q7 �+iBpBiB2b Bb i�F2M BMiQ �++QmMiX PMHv BM i?2 b2+@
QM/ bi�;2- r?2M �//BiBQM�H /�i� Bb M2+2bb�`v iQ +H�bbB7v i`�Mb�+iBQMb �b �M �MQK�Hv Q`
MQi- i?2 /�i� T2`bT2+iBp2 Bb �//2/X h?Bb T2`bT2+iBp2 #`BM;b BM7Q`K�iBQM HBF2 i?2 p�Hm2-
T2`7Q`K2`- 2i+X BMiQ i?2 2[m�iBQMX h?2 }`bi 7Qm` T?�b2b �`2 T�`i Q7 i?2 +QMi`QH@~Qr
T2`bT2+iBp2X h?2 7QHHQrBM; H�bi irQ bi2Tb �`2 bBim�i2/ BM i?2 /�i� T2`bT2+iBp2X

ai2T R �b � bi�`i- i`�Mb�+iBQM�H /�i� Q7 i?2 T`Q+2bb mM/2` +QMbB/2`�iBQM Bb 2ti`�+i2/
7`QK i?2 `2H2p�Mi `2H�iBQM�H /�i�#�b2X .�i� 7`QK i?Bb /�i�#�b2 Bb bm#b2[m2MiHv i`�Mb@
7Q`K2/ BMiQ �M 2p2Mi HQ;X h?Bb 2p2Mi HQ; rBHH #2 mb2/ �b BMTmi 7Q` � +QM7Q`K�M+2
+?2+FBM; T?�b2X

ai2T k � +QM7Q`K�M+2 +?2+FBM; �H;Q`Bi?K Bb �TTHB2/ iQ +QKT�`2 i?2 `2�H i`�Mb�+@
iBQM�H /�i� BM i?2 2p2Mi HQ; rBi? i?2 MQ`K�iBp2 T`Q+2bb KQ/2HX h?2 MQ`K�iBp2 T`Q+2bb
KQ/2H +�M #2 `2T`2b2Mi2/ BM � T`Q+2/m`�H r�v- Q` BM � /2+H�`�iBp2 r�vX h?2 7Q`K2` Bb
� ;`�T?B+�H /2b+`BTiBQM Q7 ?Qr T`Q+2bb 2t2+miBQMb b?QmH/ i�F2 TH�+2 UHBF2 7Q` 2t�KTH2
i?2 T`Q+2bb BM 6B;m`2 dXRV- i?2 H�ii2` Bb � /2b+`BTiBQM Q7 r?�i M22/b iQ #2 2t2+mi2/-
�HQM; rBi? +QMbi`�BMib i?�i �`2 ivTB+�HHv 7Q`KmH�i2/ BM � b2i Q7 #mbBM2bb `mH2bX �b HQM;
�b � T`Q+2bb 2t2+miBQM `2bT2+ib i?2b2 +QMbi`�BMib- i?2 2t2+miBQM Bb +QKTHB�Mi rBi?
i?2 KQ/2HX h?2 7`�K2rQ`F T`2bmK2b iQ bi�`i 7`QK � T`Q+2/m`�H T`Q+2bb KQ/2H i?�i
bi`B+iHv TQbimH�i2b i?2 b2[m2M+2 Q7 �+iBpBiB2b i?�i M22/b iQ #2 `2bT2+i2/X h?Bb MQ`@
K�iBp2 KQ/2H- �HQM; rBi? i?2 2p2Mi HQ;- Bb mb2/ �b BMTmi 7Q` � +QM7Q`K�M+2 +?2+FBM;
�H;Q`Bi?KX h?2 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2 QMHv i�F2b BMiQ �++QmMi i?2 Q`/2`
Q7 �+iBpBiB2b UBX2X i?2 +QMi`QH@~Qr T2`bT2+iBp2V- K�FBM; �#bi`�+iBQM 7`QK �//BiBQM�H
+QMbi`�BMibX h?2 QmiTmi Q7 i?Bb bi2T Bb � HBbi Q7 /2pB�iBQMb BM i2`Kb Q7 T`Q+2bb ~QrbX

h?2 /2pB�iBQMb r?B+? �`2 B/2MiB}2/ BM i?Bb bi2T �`2 `2H�i2/ iQ T`Q+2bb 2t2+miBQMb
i?�i �`2 /Bz2`2Mi 7`QK r?�i Bb 2tT2+i2/ BM i?2 MQ`K�iBp2 T`Q+2bb KQ/2HX �M 2t�KTH2
+�M #2 �M BMpQB+2 i?�i Bb MQi T`2+2/2/ #v � Tm`+?�b2 Q`/2`X aBM+2 bm+? � MQ`K�iBp2
KQ/2H Bb /2bB;M2/ iQ #2 ;2M2`�H �M/ BHHmbi`�iBM; i?2 B/2�H bBim�iBQM- Bi Bb MQi bm`T`BbBM;
i?�i �HbQ /2pB�iBQMb rBi? � HQ;B+�H 2tTH�M�iBQM �`2 +�Tim`2/ BM i?Bb HBbi Q7 /2pB�iBQMbX
h?2`27Q`2- i?Bb HBbi M22/b iQ #2 T`Q+2bb2/ iQ /BbiBM;mBb? �MQK�HB2b 7`QK 2t+2TiBQM�H
/2pB�iBQMbX

ai2T j h?2 HBbi Q7 /2pB�iBQMb rBHH +QMi�BM K�BMHv irQ ivT2b Q7 T`Q+2bb 2t2+miBQMbX
h?2 }`bi ivT2 BM+Hm/2b /2pB�iBQMb i?�i- /2bTBi2 /2pB�iBM; 7`QK i?2 MQ`K�iBp2 KQ/2H-
`2K�BM p�HB/ �M/ �++2Ti�#H2 UPEVX 6Q` 2t�KTH2- � T`Q+2bb 2t2+miBQM i?�i BMpQHp2b
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KQ`2 �TT`Qp�Hb i?�M r?�i Bb BMBiB�HHv KQ/2H2/X h?2 b2+QM/ ivT2 +QMbBbib Q7 2t2+miBQMb
i?�i mM/2` MQ +B`+mKbi�M+2b +�M #2 DmbiB}2/ ULPEV- bm+? �b � T`Q+2bb 2t2+miBQM i?�i
BMpQHp2b � T�vK2Mi rBi?Qmi �M �bbQ+B�i2/ BMpQB+2X P7 +Qm`b2- i?2`2 �`2 �HbQ 2t2+miBQMb
r?2`2 KQ`2 BM7Q`K�iBQM Bb M22/2/ #27Q`2 � T`QT2` +H�bbB}+�iBQM +�M #2 K�/2X lMiBH
7m`i?2` �bb2bbK2Mi Bb +QM/m+i2/- i?2b2 2t2+miBQMb +�MMQi #2 H�#2H2/X �M 2t�KTH2 Q7
bm+? � +�b2 Bb � #QQF2/ BMpQB+2 rBi?Qmi � Tm`+?�b2 Q`/2`X h?Bb FBM/ Q7 /2pB�iBQM- K�v
bQK2iBK2b #2 PE- #mi bQK2iBK2b Bi K�v im`M Qmi mM�++2Ti�#H2X

aBM+2 i?2 HBbi Q7 /2pB�iBQMb Bb #�b2/ QMHv QM i?2 +QMi`QH@~Qr T2`bT2+iBp2- i?2 +H�bbB@
}+�iBQM Q7 bQK2 +�b2b Bb BM+QMbBbi2MiX AM i?Bb +QMi2ti- i?2 i2`K ǵBM+QMbBbi2MiǶ `272`b iQ
bBim�iBQMb r?2`2 i?2 b�K2 b2[m2M+2 Q7 T`Q+2bb 2t2+miBQMb K�v #2 +H�bbB}2/ �b PE BM
QM2 BMbi�M+2 �M/ LPE BM �MQi?2`- /2T2M/BM; QM �//BiBQM�H 7�+iQ`b �M/ +?�`�+i2`BbiB+bX

AM i?Bb bi2T- �M BMBiB�H b�KTH2 Q7 /2pB�iBQMb Bb b2H2+i2/ U2X;X- `�M/QKHvV �M/ T`2@
b2Mi2/ iQ �M 2tT2`i 7Q` 2p�Hm�iBQMX h?2 �m/BiQ` H�#2Hb i?2 /2pB�iBQMb �b 2Bi?2` PE Q`
LPE #�b2/ QM i?2B` �bb2bbK2Mi Q7 i?2 +QMi`QH@~Qr T2`bT2+iBp2X Ai Bb +QMbB/2`2/ �M
mM+2`i�BM BMbi�M+2 B7 � /2pB�iBQM +�MMQi #2 +QM+HmbBp2Hv +H�bbB}2/ /m2 iQ BMbm{+B2Mi
Q` �K#B;mQmb BM7Q`K�iBQM �i i?�i ;Bp2M KQK2MiX am+? +�b2b �`2 `2im`M2/ iQ i?2 mM@
H�#2H2/ /2pB�iBQM TQQHX �i i?2 2M/ Q7 i?2 i?B`/ bi2T- � b�KTH2 Q7 /2pB�iBQMb Bb H�#2H2/
�b PE Q` LPE #v �M 2tT2`i �m/BiQ`X h?Bb BMBiB�H H�#2H2/ /�i�b2i b2`p2b �b � bi�`iBM;
TQBMi 7Q` i`�BMBM; i?2 +H�bbB}2` BM i?2 M2ti T?�b2X

ai2T 9 h?Bb bi2T Bb /BpB/2/ BMiQ irQ BMi2;`�H T�`ibX
AM T�`i 9X�- i?2 +H�bbB}2` mM/2`;Q2b i`�BMBM; mbBM; i?2 2t�KTH2b rBi?BM i?2 H�#2H2/

/2pB�iBQM TQQH- 2Mbm`BM; i?�i i?2 KQ/2H H2�`Mb 7`QK � b2i Q7 /2pB�iBQMb �H`2�/v p�HB@
/�i2/ #v 2tT2`i Dm/;K2MiX �i i?Bb bi�;2- QMHv i?2 /2pB�iBQMb H�#2H2/ �b PE Q` LPE
�`2 mb2/ iQ i`�BM i?2 +H�bbB}2`X h?Bb i`�BMBM; T?�b2 2M�#H2b i?2 +H�bbB}2` iQ ;2M2`�H@
Bx2 T�ii2`Mb 7`QK i?2 H�#2H2/ /�i�b2i �M/ /2p2HQT Bib �#BHBiv iQ /BbiBM;mBb? #2ir22M
MQ`K�H �M/ �MQK�HQmb /2pB�iBQMbX

AM T�`i 9X#- i?2 i`�BM2/ +H�bbB}2` Bb i?2M �TTHB2/ iQ i?2 `2K�BMBM; mMH�#2H2/ /2pB@
�iBQMb iQ �bbB;M H�#2Hb �M/ +H�bbB7v /2pB�iBQMb �miQMQKQmbHvX h?2 +H�bbB}2` ;2M2`�i2b
�M QmiTmi +QMbBbiBM; Q7 i?`22 ǵHBbibǶX h?2 }`bi H�#2H2/ �b i?2 ǵPEǶ HBbi- +QMi�BMb /2pB@
�iBQMb i?�i ?�p2 #22M /22K2/ MQM@T`Q#H2K�iB+ �M/- i?2`27Q`2- `2KQp2/ 7`QK 7m`i?2`
i2biBM; T`Q+2/m`2bX h?2 b2+QM/- H�#2H2/ �b i?2 ǵLPEǶ HBbi +QMi�BMb /2pB�iBQMb B/2MiB@
}2/ �b �MQK�HB2b �M/ ;Q /B`2+iHv iQ i?2 HBbi Q7 �MQK�HB2b 7Q` 7m`i?2` BMp2biB;�iBQM BM
� 7QHHQr@mT bi�;2X

6BM�HHv- /2pB�iBQMb 7Q` r?B+? i?2 +H�bbB}2` +�MMQi K�F2 � +QM}/2Mi /2+BbBQM `2K�BM
mMH�#2H2/ UBHHmbi`�i2/ #v ǵ\Ƕ BM i?Bb +?�Ti2`VX h?2b2 /2pB�iBQMb �`2 /272``2/ 7Q` 7m`i?2`
�M�HvbBb �b �i i?Bb bi�;2- i?2 +H�bbB}2` Bb mM�#H2 iQ +H�bbB7v i?2KX

Ai Bb BKTQ`i�Mi iQ 2KT?�bBx2 i?�i i?2 `QH2 Q7 i?2 +H�bbB}2` Bb MQi QMHv iQ �bbB;M



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi kyj

H�#2Hb UPE- LPEV #mi �HbQ iQ B/2MiB7v +�b2b r?2`2 Bi H�+Fb bm{+B2Mi +QM}/2M+2X h?Bb
+�M #2 �+?B2p2/ #v BMi`Q/m+BM; � +QM}/2M+2 i?`2b?QH/, QMHv T`2/B+iBQMb 2t+22/BM;
i?Bb i?`2b?QH/ �`2 �bbB;M2/ � H�#2H- r?BH2 i?2 `2K�BMBM; BMbi�M+2b �`2 H27i mMH�#2H2/
7Q` 7m`i?2` �M�HvbBbX
Ai Bb �HbQ BKTQ`i�Mi iQ MQi2 i?�i- �i bi2T 9- +H�bbB}+�iBQM Bb biBHH #�b2/ QM i?2 +QMi`QH@
~Qr T2`bT2+iBp2X h?�i Bb- QMHv i?2 b2[m2M+2 Q7 �+iBpBiB2b Bb +QMbB/2`2/- rBi?Qmi BM+Q`@
TQ`�iBM; �//BiBQM�H /�i� �ii`B#mi2bX h?2 BM+HmbBQM Q7 7m`i?2` +QMi2tim�H BM7Q`K�iBQM
Bb /272``2/ iQ H�i2` T?�b2b r?2M M2+2bb�`v iQ `2bQHp2 mM+2`i�BMivX

ai2T 8 h?2 /2pB�iBQMb i?�i i?2 +H�bbB}2` +QmH/ MQi +H�bbB7v �b PE Q` LPE UBX2X- i?2
mMH�#2H2/ BMbi�M+2bV �`2 T`2b2Mi2/ iQ � ?mK�M 2tT2`i- #mi MQi �HH �i QM+2X AMbi2�/-
� bm#b2i Q7 i?2 KQbi BM7Q`K�iBp2 /2pB�iBQMb Bb b2H2+i2/ 7Q` 7m`i?2` �M�HvbBbX h?Bb
b2H2+iBQM Bb ;mB/2/ #v � [m2`v bi`�i2;v- 7Q` 2t�KTH2 mM+2`i�BMiv b�KTHBM;- r?2`2
BMbi�M+2b 7Q` r?B+? i?2 +H�bbB}2` Bb H2�bi +QM}/2Mi �`2 T`BQ`BiBx2/X "v 7Q+mbBM; QM
i?2 KQbi mM+2`i�BM BMbi�M+2b- i?2 7`�K2rQ`F `2/m+2b H�#2HBM; 2zQ`i r?BH2 K�tBKBxBM;
i?2 H2�`MBM; BKT�+i Q7 2�+? 2tT2`i BMi2`�+iBQMX h?Bb +QMbiBimi2b i?2 �+iBp2 H2�`MBM;
+QKTQM2Mi Q7 i?2 7`�K2rQ`F �M/ �HB;Mb rBi? TQQH@#�b2/ �+iBp2 H2�`MBM;- r?2`2 i?2
KQ/2H b2H2+iBp2Hv [m2`B2b �M Q`�+H2 7Q` H�#2Hb QM i?2 KQbi BM7Q`K�iBp2 BMbi�M+2bX

h?2 b2H2+i2/ /2pB�iBQMb �`2 T`2b2Mi2/ iQ i?2 �m/BiQ`- r?Q �+ib �b i?2 Q`�+H2 �M/
T`QpB/2b `mH2b i?�i +QmH/ +H�bbB7v i?2 /2pB�iBQMX 6Q` 2�+? /2pB�iBQM- i?2 2tT2`i Bb
T`QpB/2/ rBi? i?2 `2H2p�Mi +QMi2tim�H BM7Q`K�iBQM- BM+Hm/BM; i?2 +QMi`QH@~Qr T2`@
bT2+iBp2 �b r2HH �b �bbQ+B�i2/ /�i� �ii`B#mi2b U2X;X- p�Hm2b- `2bQm`+2b- Q` Qi?2` +�b2
�M/ 2p2Mi `2H�i2/ BM7Q`K�iBQMV- �M/ T`QpB/2b UBV � H�#2H UPE Q` LPEV �M/ UBBV � `mH2
i?�i 2tTH�BMb Q` DmbiB}2b i?2 +H�bbB}+�iBQMX

*QMbB/2` i?2 2t�KTH2 Q7 i?2 BMpQB+2 rBi?Qmi � Tm`+?�b2 Q`/2`X h?2 Q`�+H2 T`2b2Mib
i?2 `2H�i2/ `mH2UbV i?�i +QmH/ DmbiB7v i?Bb /2pB�iBQMX h?BMF- 7Q` 2t�KTH2- Q7 i?2 `mH2
i?�i B7 i?2 bmTTHB2` Bb HBbi2/ �b � i`mbi2/ bmTTHB2`- MQ Tm`+?�b2 Q`/2` rQmH/ #2 M22/2/X

hQ BMi2;`�i2 i?Bb FMQrH2/;2 BM i?2 T`Q+2bb- i?Bb BM7Q`K�iBQM Bb biQ`2/ �b � M2r
/�i� 72�im`2 BM i?2 7Q`K Q7 � `mH2X AM Qm` 2t�KTH2- i?2 BM7Q`K�iBQM ǵamTTHB2` Bb HBbi2/
�b i`mbi2/ bmTTHB2`Ƕ Bb 2M+Q/2/ �b � #BM�`v �ii`B#mi2 UyfRVX h?Bb M2r /�i� 72�im`2
rBHH #2 �//2/ iQ #Qi? i?2 H�#2H2/ �M/ mMH�#2H2/ b2ib Q7 /2pB�iBQMb 7`QK i?2 T`2pBQmb
bi2Tb- �M/ Bib p�Hm2 Bb +QKTmi2/ 7Q` �HH BMbi�M+2bX h?2 /2pB�iBQMb 2p�Hm�i2/ #v i?2
2tT2`i �`2 �bbB;M2/ � H�#2H UPE Q` LPEV �M/ BM+Q`TQ`�i2/ BMiQ i?2 H�#2H2/ /�i�b2iX

h?2 M2rHv H�#2H2/ /2pB�iBQMb �`2 KQp2/ 7`QK i?2 mMH�#2H2/ b2i iQ i?2 H�#2H2/
/2pB�iBQM TQQHX �b � `2bmHi- irQ mT/�i2b Q++m`, UBV i?2 H�#2H2/ /�i�b2i Bb 2tT�M/2/
rBi? M2rHv H�#2H2/ BMbi�M+2b- �M/ UBBV #Qi? H�#2H2/ �M/ mMH�#2H2/ /�i�b2ib �`2 2M`B+?2/
rBi? i?2 �//BiBQM�H 72�im`2 BM i?2 7Q`K Q7 `mH2b i?�i ?�p2 #22M T`2+Bb2Hv /2}M2/ #v
i?2 Q`�+H2X
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�7i2` ai2T 8 ?�b #22M 2t2+mi2/- i?2 T`Q+2/m`2 `2i�F2b ai2T 9� r?2`2 i?2 +H�bbB}2`
Bb `2i`�BM2/ mbBM; i?2 mT/�i2/ H�#2H2/ /�i�b2iX "v BM+Q`TQ`�iBM; M2rHv H�#2H2/ 2t@
�KTH2b- 2M`B+?2/ rBi? �//BiBQM�H /�i� T2`bT2+iBp2 72�im`2b- i?2 +H�bbB}2` +QMiBMmQmbHv
`2}M2b Bib H2�`MBM; T`Q+2bb �M/ /2+BbBQM #QmM/�`B2b H2�/BM; iQ `2/m+iBQM Q7 i?2 MmK#2`
Q7 mM+2`i�BM BMbi�M+2b �M/ 2M?�M+BM; Bib �++m`�+v �M/ T2`7Q`K�M+2X

h?2b2 M2rHv H�#2H2/ BMbi�M+2b �`2 7m`i?2` mb2/ �b �//BiBQM�H BMTmi 7Q` i?2 +H�bbB}2`-
r?B+? MQr `2+2Bp2b KQ`2 ?mK�M@#�b2/ FMQrH2/;2 iQ H2�`M 7`QK �M/ BM i?2 2M/ rBHH
T`Q/m+2 72r2` �M/ 72r2` /2pB�iBQMb BM i?2 mMH�#2H2/ UǵmM+2`i�BMǶV +�i2;Q`v BM ai2T 9X
Ai Bb BKTQ`i�Mi iQ MQi2 i?�i i?2 `2bi`B+iBQM iQ � Tm`2Hv +QMi`QH@~Qr T2`bT2+iBp2 �TTHB2b
QMHv iQ i?2 +H�bbB}2` mT iQ i?Bb bi�;2X q?BH2 i?2 2tT2`i K�v `2Hv QM �//BiBQM�H +QMi2t@
im�H BM7Q`K�iBQM r?2M H�#2HBM; /2pB�iBQMb- i?2 +H�bbB}2` BM+Q`TQ`�i2b bm+? BM7Q`K�iBQM
QMHv �i i?Bb bi�;2- i?2`2#v i`�MbBiBQMBM; 7`QK � +QMi`QH@~Qr iQ � /�i� T2`bT2+iBp2 BM
i?2 H2�`MBM; T`Q+2bbX �//BiBQM�H +QMi2tim�H BM7Q`K�iBQM Bb BM+Q`TQ`�i2/ QMHv r?2M
`2[mB`2/ iQ `2bQHp2 mM+2`i�BMivX Ai ?2HTb iQ 2Mbm`2 i?�i i?2 +QKTH2tBiv Q7 i?2 �M�HvbBb
`2K�BMb +QMi`QHH2/X

PM2 +QmH/ TQM/2` QM i?2 QTiBQM iQ BKK2/B�i2Hv +�Tim`2 �HH `mH2b 7`QK i?2 ?mK�M
2tT2`i �M/ T`Q;`�K i?2b2X q2 TQbimH�i2 i?�i Bi Bb /B{+mHi- B7 2p2M 72�bB#H2- 7Q` i?2
2tT2`i iQ T`QpB/2 �M 2t?�mbiBp2 b2i Q7 `mH2b rBi? RyyW +QM}/2M+2X "v +QM7`QMiBM;
i?2 2tT2`i rBi? /2pB�iBQMb BM i?2 �+iBpBiv b2[m2M+2- i?2 i�+Bi FMQrH2/;2 QM r?B+? `mH2
Bb �+iBp�i2/ BM r?B+? �+iBpBiv b2[m2M+2 Bb 2ti`�+i2/ �M/ K�/2 2tTHB+BiX h?2 KQ`2 �
`mH2 Bb T`2b2Mi2/ BM /Bz2`2Mi bBim�iBQMb- i?2 ?B;?2` i?2 +QM}/2M+2 H2p2H Q7 i?�i `mH2X
AM i?Bb r�v- i?2 2tT2`iBb2 Q7 i?2 ?mK�M 2tT2`i +�M #2 +�Tim`2/X

Ai Bb �bbmK2/ i?�i T`2pBQmbHv �bbB;M2/ H�#2Hb `2K�BM p�HB/ �7i2` i?2 BMi`Q/m+iBQM
Q7 M2r 72�im`2bX

dX9 *QMiBMmQmb h`�Mb�+iBQM�H o2`B}+�iBQM

_2pBbBiBM; i?2 7`�K2rQ`F �b /2b+`B#2/ BM a2+iBQM dXj- +QMiBMmQmb �m/BiBM; QTTQ`imMB@
iB2b �M/ i?2 HBMF iQ T`Q+2bb �M/ /�i� KBMBM; `2b2�`+? +�M #2 K�/2 BM b2p2`�H bi2TbX
h?2 �`;mK2Mi r2 K�F2 Bb i?�i #v ?�pBM; � bi`2�KHBM2/ T`Q+2bb Q7 �M �m/Bi T`Q+2/m`2-
�M/ FMQrBM; i?2 bT2+B}+b Q7 ?Qr iQ QTiBKBx2 �M/ �miQK�i2 i?Bb T`Q+2bb- +QMiBMmQmb
�m/BiBM; +�M #2 `2�+?2/X h?2 T`Q+2bb Q7 BMi2`M�H +QMi`QH i2biBM; r�b QmiHBM2/ #27Q`2X
AM i?Bb b2+iBQM- r2 ;Bp2 �M Qp2`pB2r Q7 Qmibi�M/BM; `2b2�`+? [m2biBQMb i?�i #`BM; �m/Bi@
BM; +HQb2` iQ +QMiBMmQmb �m/BiBM;X :Bp2M i?2 +HQb2 iB2b iQ i?2 }2H/ Q7 "mbBM2bb S`Q+2bb
J�M�;2K2Mi- bQK2 `2H�i2/ `2b2�`+? [m2biBQMb BM i?Bb �`2� �`2 �HbQ T`2b2Mi2/X q2
bi`m+im`2 i?2 `2b2�`+? QTTQ`imMBiB2b �`QmM/ i?2 /Bz2`2Mi T?�b2b i?�i r2`2 /Bb+mbb2/
#27Q`2X



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi ky8

dX9XR S?�b2 R Ĝ "mBH/BM; i?2 2p2Mi HQ;
AM i?2 +QMi2ti Q7 i2biBM; BMi2`M�H +QMi`QHb Qp2` � T`Q+2bb i?�i �z2+ib }M�M+B�H `2TQ`i@
BM;- � +QMiBMmQmb �m/BiBM; 2MpB`QMK2Mi +QHH2+ib i`�Mb�+iBQM /�i� Q7 i?2 7mHH T`Q+2bbX
h?Bb Bb � rB/2` +QHH2+iBQM i?�M i?2 }M�M+B�H i`�Mb�+iBQMb- i?2 DQm`M�H 2Mi`B2b- �HQM2X
�b b?Qr@+�b2/ BM C�Mb 2i �HX (kyR9)- �HH iBK2bi�KT2/ T`Q+2bb �+iBpBiB2b H2�/BM; iQ �
}M�M+B�H i`�Mb�+iBQM +�M #2 i�F2M BMiQ �++QmMi BM � T`Q+2bb KBMBM; BMp2biB;�iBQMX

h?2 K�BM +?�HH2M;2 Bb bBim�i2/ BM T`2T�`BM; i?2 /�i� 7Q` � T`Q+2bb KBMBM; �M�HvbBb,
#mBH/BM; i?2 2p2Mi HQ;X �b /2b+`B#2/ #v :QMx�H2x GƦT2x /2 Jm`BHH�b 2i �HX (kyR8) �M/
:QMx�H2x GƦT2x /2 Jm`BHH�b 2i �HX (kyRe)- im`MBM; /�i� 7`QK � `2H�iBQM�H /�i�#�b2 UHBF2
�M 1_S bvbi2K Bb mbBM;V BMiQ �M 2p2Mi HQ;- Bb MQi bi`�B;?i7Q`r�`/X .m`BM; 2p2Mi HQ;
#mBH/BM;- /2+BbBQMb M22/ iQ #2 i�F2M QM i?2 pB2r QM i?2 T`Q+2bbX PTiBM; 7Q` QM2 bT2+B}+
pB2r KB;?i `mH2 Qmi �MQi?2` pB2rX h?2b2 /2+BbBQMb- i?2`27Q`2- ?�p2 � +`m+B�H BKT�+i
QM i?2 ivT2 Q7 �M�Hvb2b i?�i �`2 TQbbB#H2 �7i2`r�`/X *m``2Mi `2b2�`+? QMHv BMp2biB;�i2b
i?Bb iQTB+ 7`QK � i2+?MB+�H pB2rTQBMi- HBF2 i?2 rQ`F Q7 C�Mb (kyRN)- *�Hp�M2b2 2i �HX
(kyR8) �M/ Gm 2i �HX (kyRe)X >Qr2p2`- i?2 BKT�+i Q7 i?2b2 /2+BbBQMb QM i?2 �M�HviB+�H
T`Q+2/m`2b M22/b iQ #2 BMp2biB;�i2/ KQ`2 i?Q`Qm;?HvX

dX9Xk S?�b2 k Ĝ A/2MiB7v /2pB�iBQMb #v +QKT�`BM; i?2 2p2Mi HQ; rBi?
i?2 MQ`K�iBp2 T`Q+2bb KQ/2H

h?Bb T?�b2 7Q+mb2b QM i?2 +QMbi`m+iBQM Q7 i?2 MQ`K�iBp2 T`Q+2bb KQ/2H �M/ Bib `QH2 BM
B/2MiB7vBM; /2pB�iBQMbX

*`2�iBM; i?2 MQ`K�iBp2 T`Q+2bb KQ/2H Q7 i?2 T`Q+2bb mM/2` BMp2biB;�iBQM

AM i?Bb 7`�K2rQ`F- i?2 /2+BbBQM QM r?B+? T`Q+2bb iQ 2t�KBM2 i?Q`Qm;?Hv Bb i�F2M #27Q`2
i?2 i`�Mb�+iBQM p2`B}+�iBQM bi�`ibX AM � 7mim`2 +QMiBMmQmb �m/BiBM; 2MpB`QMK2Mi- r?2`2
+QMi`QHb KQMBiQ`BM; �M/ /2i�BH2/ i2biBM; Q++m`b bBKmHi�M2QmbHv (*?�M �M/ o�b�`?2HvB-
kyRR�)- i?2 �m/BiQ` ;2ib �M Qp2`pB2r Q7 ?Qr i?2 F2v #mbBM2bb T`Q+2bb2b �`2 `mMMBM;X
A/2�HHv- i?Bb Qp2`pB2r KB;?i #2 BM � T`Q+2bb KQ/2H 7Q` 2�+? T`Q+2bb- 2�bBHv �M/ [mB+FHv
iQ mM/2`bi�M/X "�b2/ QM i?Bb Qp2`pB2r- `2bQm`+2b +�M #2 �HHQ+�i2/ iQ i?2 T`Q+2bb
rBi? i?2 ?B;?2bi `BbF �bb2bbK2MiX AM Q`/2` iQ ;2i i?Bb Qp2`pB2r- T`Q+2bb /Bb+Qp2`v
�H;Q`Bi?Kb rQmH/ #2 bmBi2/X hQ /�i2- ?Qr2p2`- /2T2M/BM; QM r?B+? �H;Q`Bi?K Bb
mb2/- BMTmiiBM; i?2 b�K2 /�i� b2i rBHH `2bmHi BM /Bz2`2Mi T`Q+2bb KQ/2Hb (C�Mb �M/
G�;?KQm+?- kykk)X �b 2tTH�BM2/ #27Q`2- i?Bb p�`B�iBQM Bb HBMF2/ iQ i?2 mM/2`HvBM;
2KT?�b2b i?2b2 �H;Q`Bi?Kb TH�+2- bm+? �b ?B;?2` }iM2bb- ?B;?2` T`2+BbBQM- 2i+VX 6mim`2
`2b2�`+? +QmH/ 2t�KBM2 r?B+? T`Q+2bb /Bb+Qp2`v i2+?MB[m2Ƕb mM/2`HvBM; �bbmKTiBQMb
�`2 @KQbi@ +QKT�iB#H2 rBi? i?2 `BbF �bb2bbK2Mi i�bFX P` T2`?�Tb M2r �H;Q`Bi?Kb-
/2/B+�i2/ iQ i?Bb i�bF- M22/ iQ #2 /2p2HQT2/ Ub22 7Q` 2t�KTH2 SBF� 2i �HX (kyRe)VX
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PM+2 � T`Q+2bb Bb b2H2+i2/- � MQ`K�iBp2 T`Q+2bb KQ/2H Kmbi #2 +`2�i2/ iQ +?2+F
�;�BMbi HQ;;2/ #2?�pBQ`X q?2M +`2�iBM; bm+? � MQ`K�iBp2 T`Q+2bb KQ/2H- i?2`2 Kmbi
#2 �M mM/2`bi�M/BM; Q7 i?2 T`Q+2bb }`biX lM/2`bi�M/BM; i?2 MQ`K�iBp2 T`Q+2bb +�M
?�p2 KmHiBTH2 ivT2b Q7 BMTmi �M/ QmiTmiX SQbbB#H2 BMTmib �`2 Ui�+Bi Q` 2tTHB+BiV 2t@
T2`B2M+2b Q7 i?2 �m/BiQ`- Q`�H Q` r`Bii2M T`Q+2bb M�``�iBp2b- ;`�T?B+�H T`Q+2bb KQ/2Hb-
Q` � HBbi Q7 #mbBM2bb `mH2bX h?Bb rBHH /2T2M/ QM i?2 K�im`Biv Q7 i?2 Q`;�MBx�iBQMX AM
� +QMiBMmQmb �m/BiBM; b2iiBM;- i?2 QmiTmi Q7 i?Bb �+iBpBiv Bb � 7Q`K�H T`Q+2bb `2T`2@
b2Mi�iBQMX h?Bb +�M #2 2Bi?2` BM i?2 7Q`K Q7 � T`Q+2/m`�H KQ/2H Q` BM i?2 7Q`K Q7 �
/2+H�`�iBp2 KQ/2HX h?Bb 7`�K2rQ`F T`2b2Mi2/ iQ 7Q`K�HBx2 i?Bb T`Q+2bb BM � T`Q+2/m`�H
r�vX

�`iB}+B�H BMi2HHB;2M+2 +�M TH�v �M BKTQ`i�Mi `QH2 iQ `2�+? � 7Q`K�H T`Q+2bb `2T`2@
b2Mi�iBQM �i i?2 2M/ Q7 i?Bb �+iBpBivX L�im`�H G�M;m�;2 S`Q+2bbBM; i2+?MB[m2b i?�i
�`2 +�T�#H2 Q7 BMi2`T`2iBM; mMbi`m+im`2/ /�i� i?�i /2b+`B#2 � MQ`K�iBp2 T`Q+2bb �M/
TQm` Bi BMiQ � T`Q+2bb `2T`2b2Mi�iBQM +�M #2 7m`i?2` BMp2biB;�i2/X aQK2 rQ`F QM i?Bb
M�``�iBp2@KQ/2H i`�MbH�iBQM �M/ QM i?2 �HB;MK2Mi Bb �H`2�/v #22M /QM2 #v 6`B2/`B+?
2i �HX (kyRR) �M/ p�M /2` �� 2i �HX (kyR8) 7Q` 2t�KTH2X _2H�i2/ rQ`F ?�b 2tTHQ`2/ i?2
�miQK�iB+ ;2M2`�iBQM Q7 #mbBM2bb T`Q+2bb KQ/2Hb 7`QK M�im`�H H�M;m�;2 /2b+`BTiBQMb
#v 2ti`�+iBM; �+iBpBiB2b �M/ i?2B` `2H�iBQMb?BTb mbBM; HBM;mBbiB+ �M�HvbBb i2+?MB[m2b
(>QMFBbx 2i �HX- kyR3)X AM � 7mHH +QMiBMmQmb �m/BiBM; 2MpB`QMK2Mi- i?Bb 7Q`K�H T`Q+2bb
`2T`2b2Mi�iBQM Bb T`2b2Mi �i i?2 bi�`i Q7 i?2 �m/BiBM; T`Q+2/m`2X h?2 i�bF ǵlM/2`@
bi�M/ i?2 MQ`K�iBp2 T`Q+2bbǶ Bb i?2M 7mHHv BM HBM2 rBi? i?2 F2v +QM+2`M Q7 i?2 �m/BiQ`,
�bb2bbBM; i?2 `BbFb �M/ i?2 BMbi�HH2/ +QMi`QHb Q7 i?2 T`Q+2bb mM/2` BMp2biB;�iBQMX

A/2MiB7v /2pB�iBQMb #v +QKT�`BM; i`�Mb�+iBQMb �;�BMbi i?2 MQ`K�iBp2 T`Q+2bb KQ/2H

.2T2M/BM; QM i?2 7Q`K�i Q7 i?2 MQ`K�iBp2 KQ/2H UT`Q+2/m`�H p2`bmb `mH2bV- /Bz2`2Mi
T`Q+2bb KBMBM; i2+?MB[m2b �`2 �p�BH�#H2- �b /2b+`B#2/ BM i?2 T`2pBQmb +?�Ti2`X AM
Q`/2` 7Q` i?2b2 i2+?MB[m2b iQ #2 �TTHB+�#H2 BM � +QMiBMmQmb �m/BiBM; 2MpB`QMK2Mi- i?2
`2[mB`2/ BMTmi �M/ QmiTmi bT2+B}+�iBQMb Q7 i?2b2 i2+?MB[m2b M22/ iQ #2 �/�Ti2/ iQ i?2
�m/BiBM; 2MpB`QMK2MiX AM Qi?2` rQ`/b, B7 `2b2�`+? T`Qp2b i?�i i?2 MQ`K�iBp2 T`Q+2bb
@7Q` i?2 ;Q�H Q7 +QMiBMmQmb �m/BiBM;@ Bb #2bi 7Q`K�HBx2/ BM � "SJL T`Q+2bb KQ/2H
U�b i?2 T`Q+2bb KQ/2H BM 6B;m`2 kXk Bb BHHmbi`�i2/ BM "SJ MQi�iBQMV- i?2 +QM7Q`K�M+2
+?2+FBM; i2+?MB[m2 b?QmH/ #2 �#H2 iQ +QKT�`2 �M 2p2Mi HQ; rBi? "SJL KQ/2HbX
a2+QM/- ?Qr Bb � ǵ/2pB�iBQMǶ /2}M2/\ Ab Bi- 7Q` 2t�KTH2- /2}M2/ �i i?2 H2p2H Q7 �
+QKTH2i2 T`Q+2bb 2t2+miBQM Uǵi?Bb T`Q+2bb 2t2+miBQM /2pB�i2b 7`QK i?2 KQ/2HǶV Q` �i
i?2 H2p2H Q7 �M �+iBpBiv Uǵi?Bb �+iBpBiv- :QQ/b _2+2BTi- b?QmH/ MQi i�F2 TH�+2 BM i?Bb
b2[m2M+2- �++Q`/BM; iQ i?2 KQ/2HǶV\

AM T`Q+2bb KBMBM; }2H/- ǵ/2pB�M+2 KBMBM;Ƕ Bb /2b+`B#2/ BM L;mv2M 2i �HX (kyR9)X



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi kyd

*?�Ti2` 9 BMp2biB;�i2/ r?�i ivT2 Q7 /2pB�iBQMb �`2 ǵivTB+�HǶ 7Q` �M �m/BiBM; b2iiBM;X
h?Bb b?Qrb B7 i?2 ǵHBbi Q7 /2pB�iBQMbǶ +QmH/ #2 +QKT`2bb2/ iQ � ǵHBbi Q7 /2pB�iBQM ivT2bǶ-
i?Bb KB;?i #2 i?2 }`bi bi2T BM K�FBM; 7mHH@TQTmH�iBQM i2biBM; 72�bB#H2X 6Q` 2t�KTH2-
BMbi2�/ Q7 ?�pBM; � HBbi Q7 Ry-yyy /2pB�iBQMb- i?2 QmiTmi +QmH/ #2 � HBbi Q7 +2`i�BM ivT2b
Q7 /2pB�iBQMb U2X;X- ǵ�+iBpBiv " Bb KBbbBM;ǶVX

dX9Xj S?�b2 j Ĝ G�#2HBM; b�KTH2 /2pB�iBQMb �b PE Q` LPE
� F2v +QKTQM2Mi Q7 i?2 T`QTQb2/ 7`�K2rQ`F Bb i?2 BMpQHp2K2Mi Q7 � ?mK�M 2tT2`i BM
i?2 H�#2HBM; T`Q+2bbX AM i?Bb T?�b2- � b�KTH2 Q7 /2pB�iBQMb Bb T`2b2Mi2/ iQ i?2 �m/BiQ`-
r?Q +H�bbB}2b 2�+? /2pB�iBQM �b 2Bi?2` PE U�++2Ti�#H2V Q` LPE U�MQK�HQmbVX h?Bb
�bb2bbK2Mi Bb #�b2/ QM i?2 �m/BiQ`Ƕb /QK�BM FMQrH2/;2- mM/2`bi�M/BM; Q7 #mbBM2bb
T`Q+2bb2b- �M/ �r�`2M2bb Q7 BMi2`M�H +QMi`QH Q#D2+iBp2bX h?2 `2bmHiBM; H�#2H2/ BMbi�M+2b
+QMbiBimi2 i?2 BMBiB�H FMQrH2/;2 #�b2 i?�i rBHH #2 mb2/ iQ i`�BM i?2 +H�bbB}+�iBQM KQ/2H
BM bm#b2[m2Mi T?�b2bX

h?Bb bi2T Bb 2bb2MiB�H- �b i?2 [m�HBiv �M/ `2T`2b2Mi�iBp2M2bb Q7 i?2 H�#2H2/ /�i�
/B`2+iHv BM~m2M+2 i?2 T2`7Q`K�M+2 Q7 i?2 +H�bbB}2`X AM�++m`�i2 Q` BM+QMbBbi2Mi H�#2Hb
K�v H2�/ iQ #B�b2/ Q` mM`2HB�#H2 KQ/2H #2?�pBQ` BM H�i2` bi�;2bX �i i?2 b�K2 iBK2- H�@
#2HBM; /2pB�iBQMb +�M #2 iBK2@+QMbmKBM; �M/ +Q;MBiBp2Hv /2K�M/BM;- 2bT2+B�HHv r?2M
H�`;2 pQHmK2b Q7 T`Q+2bb BMbi�M+2b �`2 BMpQHp2/ Q` r?2M /2pB�iBQMb �`2 +QKTH2t �M/
`2[mB`2 /2i�BH2/ BMbT2+iBQMX

h?Bb T?�b2 +Q``2bTQM/b iQ i?2 BMBiB�H H�#2HBM; bi�;2 `2[mB`2/ BM bmT2`pBb2/ H2�`MBM;-
r?2`2 � }`bi b2i Q7 H�#2H2/ BMbi�M+2b Bb +QMbi`m+i2/ #27Q`2 �Mv KQ/2H@/`Bp2M b2H2+iBQM
Q7 BMbi�M+2b +�M i�F2 TH�+2X q?BH2 H�#2HBM; Bib2H7 K�v �TT2�` bi`�B;?i7Q`r�`/- Bi TH�vb
� +`BiB+�H `QH2 BM +�Tim`BM; 2tT2`i FMQrH2/;2 �M/ 2bi�#HBb?BM; i?2 7QmM/�iBQM mTQM
r?B+? i?2 bm#b2[m2Mi H2�`MBM; T`Q+2bb Bb #mBHiX

dX9X9 S?�b2 9 Ĝ *H�bbB}+�iBQM mM/2` mM+2`i�BMiv
AM i?Bb T?�b2- i?2 Q#D2+iBp2 Bb iQ i`�BM � +H�bbB}+�iBQM KQ/2H i?�i �bbB;Mb /2pB�iBQMb iQ
i?2 +H�bb2b PE Q` LPE #�b2/ QM i?2 H�#2H2/ /�i� Q#i�BM2/ BM i?2 T`2pBQmb T?�b2X h?2
+H�bbB}2` H2�`Mb T�ii2`Mb 7`QK i?2 H�#2H2/ /�i�b2i �M/ ;2M2`�HBx2b i?2K iQ T`2pBQmbHv
mMb22M /2pB�iBQMbX

>Qr2p2`- MQi �HH BMbi�M+2b +�M #2 +H�bbB}2/ rBi? bm{+B2Mi +QM}/2M+2X h?2`27Q`2-
i?2 +H�bbB}+�iBQM KQ/2H Kmbi #2 +�T�#H2 Q7 /BbiBM;mBb?BM; #2ir22M +�b2b r?2`2 Bi +�M
K�F2 � `2HB�#H2 T`2/B+iBQM �M/ +�b2b r?2`2 i?2 +H�bbB}2` +�MMQi bmTTQ`i � +QM}/2Mi
/2+BbBQM ;Bp2M i?2 �p�BH�#H2 BM7Q`K�iBQM �M/ H2�`M2/ T�ii2`MbX AMbi2�/ Q7 2M7Q`+BM; �
+H�bbB}+�iBQM- /2pB�iBQMb 7Q` r?B+? i?2 KQ/2H /Q2b MQi `2�+? � T`2/2}M2/ +QM}/2M+2
i?`2b?QH/ UBX2X- i?2B` +QM}/2M+2 b+Q`2 7�HHb #2HQr � T`2/2}M2/ i?`2b?QH/V �`2 H27i mM@
H�#2H2/X h?2b2 /2pB�iBQMb �`2 /272``2/ iQ i?2 M2ti T?�b2 Q7 i?2 7`�K2rQ`FX h?Bb
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#2?�pBQ` +�M #2 BKTH2K2Mi2/ mbBM; � rB/2 `�M;2 Q7 +H�bbB}+�iBQM i2+?MB[m2bX AM ;2M@
2`�H- �Mv +H�bbB}2` i?�i T`Q/m+2b +H�bb T`Q#�#BHBiB2b Q` /2+BbBQM b+Q`2b +�M #2 �/�Ti2/
iQ bmTTQ`i i?Bb K2+?�MBbKX 6Q` 2t�KTH2- #v BMi`Q/m+BM; � +QM}/2M+2 i?`2b?QH/- QMHv
BMbi�M+2b 7Q` r?B+? i?2 T`2/B+i2/ T`Q#�#BHBiv UQ` b+Q`2V 2t+22/b i?Bb i?`2b?QH/ �`2
�bbB;M2/ � H�#2H UPE Q` LPEVX AMbi�M+2b 7�HHBM; #2HQr i?Bb i?`2b?QH/ �`2 MQi �bbB;M2/
� H�#2H �M/ �`2 +QMbB/2`2/ 7Q` 7m`i?2` �M�HvbBbX

h?Bb �TT`Q�+? Bb MQi iB2/ iQ � bT2+B}+ KQ/2HBM; i2+?MB[m2X Ai +�M #2 �TTHB2/ iQ
p�`BQmb +H�bbB}2`b- BM+Hm/BM; /2+BbBQM i`22b- M�Bp2 "�v2b KQ/2Hb- �M/ bmTTQ`i p2+iQ`
K�+?BM2bX AM i?Bb +QMi2ti- _Qm;? a2i h?2Q`v U_ahV �M/ `2H�i2/ �TT`Q�+?2b- bm+?
�b _Qm;? *Q;MBiBp2 L2irQ`Fb (L�TQH2b 2i �HX- kyRe- L�TQH2b 2i �HX- kyRd- kyR3)- Qz2`
�M �Hi2`M�iBp2 r�v iQ B/2MiB7v `2;BQMb Q7 mM+2`i�BMiv i?`Qm;? i?2B` �TT`QtBK�iBQM
K2+?�MBbKbX

AM i?Bb 7`�K2rQ`F- BMbi�M+2b i?�i +�MMQi #2 /2+BbBp2Hv �bbB;M2/ iQ � +H�bb 7�HH BMiQ �
#QmM/�`v `2;BQM- r?B+? M�im`�HHv +Q``2bTQM/b iQ bBim�iBQMb `2[mB`BM; 7m`i?2` �M�HvbBbX
h?2b2 _ah@#�b2/ K2i?Q/b b?QmH/ #2 pB2r2/ �b QM2 TQbbB#H2 BKTH2K2Mi�iBQM �KQM;
b2p2`�H �Hi2`M�iBp2b- `�i?2` i?�M �b � i2+?MB[m2 Q` `2[mB`2K2Mi Q7 i?2 7`�K2rQ`FX �
F2v HBKBi�iBQM BM i?Bb +QMi2ti Bb i?�i K�Mv +QKKQMHv mb2/ +H�bbB}+�iBQM i2+?MB[m2b
UBM+Hm/BM; _Qm;? a2i h?2Q`v- /2+BbBQM i`22b- �M/ bmTTQ`i p2+iQ` K�+?BM2bV QT2`�i2
QM � /2+H�`�iBp2- �ii`B#mi2@#�b2/ `2T`2b2Mi�iBQM Q7 /�i�X �b � `2bmHi- i?2v /Q MQi
BM?2`2MiHv +�Tim`2 T`Q+2/m`�H Q` b2[m2MiB�H BM7Q`K�iBQMX h?Bb Bb T�`iB+mH�`Hv `2H2p�Mi
7Q` T`Q+2bb@Q`B2Mi2/ i�bFb bm+? �b i`�Mb�+iBQM�H p2`B}+�iBQM BM Qm` 7`�K2rQ`F r?2`2
�+im�H T`Q+2bb 2t2+miBQMb �`2 `2T`2b2Mi2/ �b b2[m2M+2b Q7 �+iBpBiB2b BM 2p2Mi HQ;bX
AM bm+? b2iiBM;b- � +H�bbB}2` Kmbi #2 �#H2 iQ mM/2`bi�M/ i?2 Q`/2` �M/ bi`m+im`2
Q7 2p2MibX h?Bb T`Q+2/m`�H /BK2MbBQM +�MMQi #2 /B`2+iHv +�Tim`2/ #v _Qm;? a2i
h?2Q`v �HQM2 Q` mbBM; Tm`2Hv i�#mH�` /�i�X PM2 �TT`Q�+? iQ �//`2bb i?Bb HBKBi�iBQM
Bb iQ i`�Mb7Q`K b2[m2MiB�H BM7Q`K�iBQM BMiQ 2M;BM22`2/ 72�im`2b 2M+Q/BM; b2[m2MiB�H
BM7Q`K�iBQM U2X;X- #BM�`v BM/B+�iQ`b bm+? �b ǳ�+iBpBiv � T`2+2/2b �+iBpBiv "ǴVX >Qr2p2`-
i?Bb i`�Mb7Q`K�iBQM K�v H2�/ iQ � `�TB/ BM+`2�b2 BM i?2 /BK2MbBQM�HBiv Q7 i?2 72�im`2
bT�+2X

�M �Hi2`M�iBp2 Bb iQ 2KTHQv +H�bbB}2`b i?�i �`2 BM?2`2MiHv /2bB;M2/ iQ ?�M/H2 b2@
[m2MiB�H /�i�X �`+?Bi2+im`2b bm+? �b GQM; a?Q`i@h2`K J2KQ`v UGahJV M2irQ`Fb
(>Q+?`2Bi2` �M/ a+?KB/?m#2`- RNNd) Q` _2+m``2M+2@�r�`2 GQM;@h2`K *Q;MBiBp2 L2i@
rQ`Fb (L�TQH2b 2i �HX- kykk) �`2 r2HH@bmBi2/ iQ H2�`MBM; +QKTH2t i2KTQ`�H /2T2M/2M+B2b
�M/ T�ii2`Mb /B`2+iHv 7`QK b2[m2M+2b Q7 2p2MibX h?2b2 KQ/2Hb +�M �HbQ #2 +QM};m`2/
iQ QmiTmi +H�bb T`Q#�#BHBiB2b- �HHQrBM; i?2 b�K2 +QM}/2M+2@#�b2/ K2+?�MBbK iQ #2
�TTHB2/ BM Q`/2` iQ /2i2`KBM2 r?2i?2` � T`2/B+iBQM Bb bm{+B2MiHv `2HB�#H2X

6m`i?2` BMp2biB;�iBQM Bb `2[mB`2/ iQ /2i2`KBM2 i?2 KQbi �TT`QT`B�i2 KQ/2HBM; �T@
T`Q�+? BM i?Bb +QMi2tiX q?BH2 i`�/BiBQM�H +H�bbB}2`b Qz2` BMi2`T`2i�#BHBiv �M/ bBKTHB+@



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi kyN

Biv- b2[m2M+2@#�b2/ KQ/2Hb T`QpB/2 ;`2�i2` 2tT`2bbBp2 TQr2` 7Q` +�Tim`BM; i2KTQ`�H
T�ii2`MbX 6Q` 2t�KTH2- _Qm;? a2i h?2Q`v Qz2`b �M BMi2`T`2i�#H2- `mH2@#�b2/ K2+?�@
MBbK 7Q` ?�M/HBM; mM+2`i�BMiv- #mi Bi H�+Fb i?2 2tT`2bbBp2 TQr2` `2[mB`2/ 7Q` i2KTQ`�H
�#bi`�+iBQMX *QMp2`b2Hv- KQ/2Hb bm+? �b GahJb 2t+2H �i ?�M/HBM; b2[m2MiB�H /�i� #mi
K�v +QKT`QKBb2 2tTH�BM�#BHBiv- r?B+? Bb �M 2bb2MiB�H `2[mB`2K2Mi BM �m/BiBM;X h?2`2@
7Q`2- � ?v#`B/ �TT`Q�+? i?�i #�H�M+2b BMi2`T`2i�#BHBiv- i?2 �#BHBiv iQ KQ/2H b2[m2MiB�H
#2?�pBQ`- �M/ `Q#mbi ?�M/HBM; Q7 mM+2`i�BMiv `2K�BMb � T`QKBbBM; /B`2+iBQM 7Q` 7mim`2
`2b2�`+?X

dX9X8 S?�b2 8 Ĝ P`�+H2 T`2b2Mib `mH2b i?�i /2pB�iBM; i`�Mb�+iBQMb +�M
#2 +?2+F2/ �;�BMbi

AM i?Bb T?�b2- MQi �HH mMH�#2H2/ /2pB�iBQMb �`2 T`2b2Mi2/ iQ i?2 �m/BiQ` �i QM+2X AM@
bi2�/- � bm#b2i Q7 i?2 KQbi BM7Q`K�iBp2 /2pB�iBQMb Bb b2H2+i2/ 7Q` 7m`i?2` �M�HvbBbX h?Bb
b2H2+iBQM Bb ;mB/2/ #v � [m2`v bi`�i2;v- bm+? �b mM+2`i�BMiv b�KTHBM;- r?2`2 BMbi�M+2b
7Q` r?B+? i?2 +H�bbB}2` Bb H2�bi +QM}/2Mi �`2 T`BQ`BiBx2/X "v 7Q+mbBM; QM i?2 KQbi mM@
+2`i�BM �M/ BM7Q`K�iBp2 +�b2b- i?2 7`�K2rQ`F `2/m+2b H�#2HBM; 2zQ`i r?BH2 K�tBKBxBM;
i?2 BKT�+i Q7 2�+? 2tT2`i BMi2`�+iBQMX h?Bb +QMbiBimi2b i?2 �+iBp2 H2�`MBM; +QKTQM2Mi
Q7 i?2 7`�K2rQ`FX

h?2 �m/BiQ` Ui?2 Q`�+H2V 722/b i?2 7`�K2rQ`F rBi? i?2B` 2tT2`iBb2 #v 7Q`KmH�iBM;
?vTQi?2b2b i?�i KB;?i 2tTH�BM i?2 Q#b2`p2/ /2pB�iBM; #2?�pBQ`X h?2b2 ?vTQi?2b2b �`2
ivTB+�HHv 2tT`2bb2/ BM i?2 7Q`K Q7 � b2i Q7 `mH2bX *QKT�`BM; `2�H i`�Mb�+iBQMb �;�BMbi
i?2b2 bT2+B}+ `mH2b +�M #2 b22M �b � T�`iB+mH�` 7Q`K Q7 +QM7Q`K�M+2 +?2+FBM;X AM
+QMi`�bi iQ i?2 +QM7Q`K�M+2 +?2+F BM ai2T k- i?Bb bi2T Bb HBKBi2/ iQ i2biBM; /2pB�iBM;
i`�Mb�+iBQMb �;�BMbi `mH2b- �M/ MQi �;�BMbi � T`Q+2bb KQ/2HX

h?Bb /`Bp2b i?Bb bi2T iQ i?2 �`2� Q7 �H;Q`Bi?Kb bm+? �b i?2 GhG *?2+F2` �M/ `2H�i2/
rQ`F (p�M /2` ��Hbi 2i �HX- kyy8)X �b K2MiBQM2/ #27Q`2- i2+?MB[m2b i?�i +QKT�`2 `2�H
#2?�pBQ` rBi? `mH2b- �`2 +�T�#H2 Q7 i�FBM; KQ`2 +?�`�+i2`BbiB+b BMiQ �++QmMi i?�M QMHv
i?2 Q`/2` Q7 �+iBpBiB2b Ubm+? �b +QMi2tim�H �M/ �ii`B#mi2@#�b2/ BM7Q`K�iBQMVX

6m`i?2` `2b2�`+? +QmH/ BMp2biB;�i2 r?B+? ivT2b Q7 +?�`�+i2`BbiB+b �`2 KQbi `2H2p�Mi
7Q` �m/BiQ`b iQ 7Q`KmH�i2 �M/ i2bi `mH2b �M/ �bb2bb `BbF- �M/ r?2i?2` i?2b2 +?�`�+i2`@
BbiB+b +�M #2 +�Tim`2/ #v +m``2Mi i2+?MB[m2b 2z2+iBp2HvX �//BiBQM�HHv- i?2 [m2biBQM
Q7 r?B+? H�M;m�;2b 7Q` `2T`2b2MiBM; `mH2b �`2 KQbi bmBi�#H2 7Q` 2M�#HBM; �m/BiQ`b iQ
2tT`2bb i?2B` FMQrH2/;2 BM � 7Q`K�H r�v `2K�BMb �M QT2M `2b2�`+? /B`2+iBQMX



kRy *?�Ti2` d

dX8 GBKBi�iBQMb

GBF2 2p2`v bim/v- �HbQ i?Bb bim/v ?QH/b bQK2 HBKBi�iBQMbX �Hi?Qm;? �M 2ti2MbBp2
HBi2`�im`2 `2pB2r ?�b #22M +QM/m+i2/- i?2 b2H2+iBQM Q7 +QM+2Tib �M/ H2p2H Q7 /2i�BH
r�b KQbiHv ;mB/2/ #v i?2 T`2b2Mi2/ 7`�K2rQ`FX q2 �ii2KTi2/ iQ +QMbi`m+i � ;2M2`B+
T`Q+2bb 7Q` �HH BMi2`M�H +QMi`QH i2biBM; T`Q+2/m`2b- `2;�`/H2bb Q7 i?2 H2p2H Q7 K�im`Biv QM
+QMiBMmQmb �m/BiBM; iQ #mBH/ Qm` 7`�K2rQ`FX �Hi?Qm;? BM *?�Ti2` 8 bQK2 T�`ib Q7 i?Bb
7`�K2rQ`F �`2 +QMbB/2`2/ �M/ �TTHB2/ QM `2�H /�i� Q7 i?2 +�b2 bim/v- 7mim`2 `2b2�`+?
+QmH/ BMpQHp2 � TBHQi BKTH2K2Mi�iBQM Q7 i?2 T`2b2Mi2/ 7`�K2rQ`F �b � p�HB/�iBQMX �HbQ
iQ 2biBK�i2 iQ r?�i 2ti2Mi i?Bb 7`�K2rQ`F +�M `2/m+2 i?2 iBK2 �M/ 2zQ`i Q7 i?2
2tT2`ibX

dXe *QM+Hm/BM; LQi2b

h?2 �TTHB+�iBQM Q7 /�i� KBMBM; �M/ T`Q+2bb KBMBM; QM +QMiBMmQmb �m/BiBM; ?�b #22M
BMp2biB;�i2/ BM /Bz2`2Mi bim/B2bX h?2 K�BM /`�r#�+F Q7 i?2b2 �TTHB+�iBQMb- �b `2@
TQ`i2/- Bb i?2 2tBbi2M+2 Q7 � H�`;2 MmK#2` Q7 7�Hb2 TQbBiBp2bX h?Bb F22Tb +QMiBMmQmb
�m/BiBM; 7`QK 7mHH �/QTiBQM BM T`�+iB+2X h?2 7`�K2rQ`F T`2b2Mi2/ BM i?Bb +?�Ti2`
�BKb iQ BM+`2�b2 i?2 /2;`22 Q7 �miQK�iBQM BM i?2 }`bi H2p2H Q7 +QMiBMmQmb �m/BiBM;-
M�K2Hv i`�Mb�+iBQM p2`B}+�iBQM- r?BH2 T`2b2`pBM; �m/BiQ` BMpQHp2K2Mi 7Q` mM`2bQHp2/
+�b2bX h?2 #�bB+ +QMiBMmQmb �m/BiBM; T`BM+BTH2 iQ bi�`i 7`QK � T`Q+2bb TQBMi Q7 pB2r Bb
`2bT2+i2/- ?2M+2 � T`Q+2bb KBMBM; �TT`Q�+? Bb �TTHB2/ �b � bi�`iX h?Bb Bb bm#b2[m2MiHv
+QKTH2K2Mi2/ #v � /�i� KBMBM; �TT`Q�+?X h?2 bm;;2bi2/ /�i� KBMBM; �TT`Q�+?
+QK#BM2b bmT2`pBb2/ +H�bbB}+�iBQM rBi? +QM}/2M+2@#�b2/ }Hi2`BM;- �HHQrBM; mM+2`i�BM
+�b2b iQ `2K�BM mMH�#2H2/ �M/ #2 BMp2biB;�i2/ 7m`i?2` #v 2tT2`i �M�HvbBbX

h?2 i`�Mb�+iBQM p2`B}+�iBQM 7`�K2rQ`F T`2b2Mi2/ BM i?Bb +?�Ti2` ?�b i?2 7QHHQrBM;
+?�`�+i2`BbiB+b,

Ç BM+Q`TQ`�i2b i?2 T`Q+2bb pB2r BM � +QM+`2i2 7�b?BQM- `2H�iBM; iQ 2tBbiBM; T`Q+2bb
KBMBM; i2+?MB[m2b �M/ ?Qr i?2b2 +QmH/ #2 2KTHQv2/

Ç +QK#BM2b T`Q+2bb KBMBM; �M/ /�i� KBMBM; i2+?MB[m2b iQ i`mHv 2M�#H2 7mHH@TQTmH�iBQM
i2biBM;- BM+Hm/BM; K�M�;BM; i?2 �H�`K ~QQ/

Ç BM+Q`TQ`�i2b +H�bbB}+�iBQM i2+?MB[m2b +�T�#H2 Q7 QT2`�iBM; mM/2` mM+2`i�BMiv-
r?BH2 �HHQrBM; mM+2`i�BM +�b2b iQ #2 /272``2/ 7Q` 7m`i?2` 2tT2`i �bb2bbK2Mi



*QM7Q`K�M+2 *?2+FBM; �M/ �+iBp2 G2�`MBM; �b *QMiBMmQmb �m/BiBM; *�i�Hvbi kRR

Ç H2p2`�;2b i?2 ?mK�M 2tT2`iBb2 Q7 i?2 �m/BiQ` iQ BM+`2�b2 i?2 2{+B2M+v Q7 i?2
+H�bbB}+�iBQM �H;Q`Bi?K

h?2 TQbbB#BHBiv Q7 /272``BM; mM+2`i�BM +�b2b- �HQM; rBi? i?2 +QK#BM�iBQM Q7 i?2 K�@
+?BM2 H2�`MBM; �M/ i?2 ?mK�M 2tT2`i 722/- mHiBK�i2Hv H2�/b iQ � +QK#BM2/ K�+?BM2@
?mK�M BMi2HHB;2M+2 U�HB;MBM; rBi? `2+2Mi /2p2HQTK2Mib BM �++QmMiBM; BM7Q`K�iBQM bvb@
i2Kb `2b2�`+? (a2rT2`b�/?- kyk8)V- +�T�#H2 Q7 /2�HBM; rBi? 7mHH@TQTmH�iBQM i`�Mb�+iBQM
/�i�X





*?�Ti2` 3

*QM+HmbBQM

h?Bb i?2bBb �//`2bb2/ i?2 +?�HH2M;2 Q7 2z2+iBp2Hv BMi2;`�iBM; T`Q+2bb KBMBM; i2+?MB[m2b
BMiQ +QMiBMmQmb �m/BiBM; BM i?2 T`2b2M+2 Q7 BM+`2�bBM; /�i� pQHmK2- T`Q+2bb +QKTH2tBiv-
�M/ i?2 HBKBi�iBQMb Q7 2tBbiBM; �M�HviB+�H �TT`Q�+?2bX q?BH2 +QM7Q`K�M+2 +?2+FBM; ?�b
#22M rB/2Hv `2+Q;MBx2/ �b � TQr2`7mH i2+?MB[m2 7Q` /2i2+iBM; /2pB�iBQMb BM T`Q+2bb
2t2+miBQMb- Bib T`�+iB+�H �/QTiBQM BM �m/BiBM; `2K�BMb HBKBi2/ /m2 iQ F2v +?�HH2M;2b-
BM+Hm/BM; i?2 ;2M2`�iBQM Q7 H�`;2 pQHmK2b Q7 MQM@K2�MBM;7mH QmiTmib- �H�`K ~QQ/b-
�M/ ?B;? 7�Hb2@TQbBiBp2 `�i2b- �M/ i?2 `2bmHiBM; BM7Q`K�iBQM Qp2`HQ�/ 7Q` �m/BiQ`bX

hQ �//`2bb i?2b2 HBKBi�iBQMb- i?Bb `2b2�`+? 7Q+mb2/ QM i?2 T`Q#H2K Q7 /2pB�iBQM
�M�HvbBb �M/ +H�bbB}+�iBQM- TQbBiBQMBM; Bi �b � +`BiB+�H bi2T #2ir22M /2pB�iBQM /2i2+@
iBQM �M/ �m/Bi /2+BbBQM@K�FBM;X AM i?Bb i?2bBb- /2pB�iBQMb �`2 MQi pB2r2/ �b K2`2
i2+?MB+�H QmiTmib- #mi �`2 bvbi2K�iB+�HHv �M�Hvx2/ BM �++Q`/�M+2 rBi? �m/BiQ`bǶ `2�@
bQMBM; T`Q+2bb2bX

h?2 K�BM +QMi`B#miBQM Q7 i?Bb i?2bBb Bb i?2 /2bB;M Q7 � bi`m+im`2/- ?mK�M@BM@i?2@
HQQT 7`�K2rQ`F 7Q` T`Q+2bb /2pB�iBQM +H�bbB}+�iBQM i?�i +QK#BM2b T`Q+2bb KBMBM;-
/�i� KBMBM;- �M/ �+iBp2 H2�`MBM;X h?Bb 7`�K2rQ`F i`�Mb7Q`Kb HQr@H2p2H +QM7Q`K�M+2
+?2+FBM; QmiTmib BMiQ K2�MBM;7mH- BMi2`T`2i�#H2- �M/ �+iBQM�#H2 �m/Bi BMbB;?ib- i?2`2#v
bmTTQ`iBM; b+�H�#H2 �M/ 2z2+iBp2 +QMiBMmQmb �m/BiBM;X

h?2 i?2bBb #2;�M #v BMi`Q/m+BM; i?2 +?�HH2M;2b Q7 +QMiBMmQmb �m/BiBM; BM i?2 +QM@
i2ti Q7 BM+`2�bBM; /�i� �p�BH�#BHBiv �M/ T`Q+2bb +QKTH2tBiv- ?B;?HB;?iBM; i?2 HBKBi�iBQMb
Q7 i`�/BiBQM�H �M/ /�i�@/`Bp2M �TT`Q�+?2bX Ai i?2M TQbBiBQM2/ T`Q+2bb KBMBM;- �M/ BM
T�`iB+mH�` +QM7Q`K�M+2 +?2+FBM;- �b � T`QKBbBM; i2+?MB[m2 7Q` /2i2+iBM; /2pB�iBQMb
BM #mbBM2bb T`Q+2bb 2t2+miBQMbX "mBH/BM; QM i?Bb 7QmM/�iBQM- i?2 `2b2�`+? /2p2HQT2/
K2i?Q/b iQ Qp2`+QK2 F2v HBKBi�iBQMb Q7 2tBbiBM; +QM7Q`K�M+2 +?2+FBM; �TT`Q�+?2b-
T�`iB+mH�`Hv `2;�`/BM; BMi2`T`2i�#BHBiv- 7�Hb2 TQbBiBp2b- �M/ i?2 2z2+iBp2 mb2 Q7 /2pB�@
iBQMb BM �m/BiBM;X



kR9 *?�Ti2` 3

3XR E2v *QMi`B#miBQMb

h?Bb i?2bBb K�F2b b2p2`�H +QMi`B#miBQMb iQ i?2 }2H/ Q7 +QMiBMmQmb �m/BiBM; �M/ T`Q@
+2bb KBMBM;X *QM+2Tim�HBx�iBQM Q7 .2pB�iBQM �M�HvbBb 7Q` �m/BiBM;X h?Bb `2b2�`+?
`27`�K2b /2pB�iBQM �M�HvbBb �b � KmHiB@bi�;2 +H�bbB}+�iBQM T`Q#H2K- #`B/;BM; i?2 ;�T
#2ir22M i2+?MB+�H +QM7Q`K�M+2 +?2+FBM; QmiTmib �M/ BMi2`T`2i�iBQMb K2�MBM;7mH 7Q`
�m/BiBM; T`�+iB+2X "v 2tTHB+BiHv KQ/2HBM; /2pB�iBQM +H�bbB}+�iBQM �b �M Bi2`�iBp2 �M/
FMQrH2/;2@/`Bp2M T`Q+2bb- i?2 `2b2�`+? �HB;Mb �M�HviB+�H i2+?MB[m2b rBi? �m/BiQ`bǶ
+Q;MBiBp2 T`Q+2bb2bX

.2pB�iBQM *�i2;Q`Bx�iBQM,

� 7`�K2rQ`F BMi`Q/m+2/ BM *?�Ti2` 9 +QKT`2bb2b i?2 QmiTmib Q7 +QM7Q`K�M+2
+?2+FBM; BMiQ � }t2/ b2i Q7 K2�MBM;7mH �M/ BMi2`T`2i�#H2 /2pB�iBQM +�i2;Q`B2bX h?Bb
�#bi`�+iBQM `2/m+2b +QKTH2tBiv �M/ �//`2bb2b i?2 Bbbm2 Q7 MQM@K2�MBM;7mH QmiTmib #v
�HB;MBM; i?2 +�i2;Q`B2b rBi? �m/BiQ`bǶ K2Mi�H KQ/2HbX Ai 2M�#H2b �m/BiQ`b iQ ;�BM �
?B;?@H2p2H Qp2`pB2r Q7 /2pB�iBQMb- bmTTQ`iBM; KQ`2 2{+B2Mi /2+BbBQM@K�FBM;X

AM+`2K2Mi�H *H�bbB}+�iBQM �TT`Q�+? 7Q` 6�Hb2@SQbBiBp2 _2/m+iBQMX

h?2 i?2bBb T`QTQb2b �M Bi2`�iBp2 +H�bbB}+�iBQM T`Q+2/m`2 BM *?�Ti2` 8 iQ `2/m+2
7�Hb2@TQbBiBp2 /2pB�iBQMb- � +QKKQM +?�HH2M;2 BM �m/BiBM; i?�i BM+`2�b2b K�Mm�H 2zQ`i
�M/ mM/2`KBM2b 2{+B2M+vX h?2 7`�K2rQ`F �M�Hvx2b /2pB�iBQMb �i BM+`2�bBM; H2p2Hb
Q7 ;`�MmH�`Biv- bi�`iBM; 7`QK #�bB+ /2pB�iBQM ivT2b �M/ BM+`2K2Mi�HHv BM+Q`TQ`�iBM;
b2[m2M+2 T�ii2`Mb �M/ +QMi2tim�H �ii`B#mi2bX h?Bb /2bB;M KBMBKBx2b BM7Q`K�iBQM Qp2`@
HQ�/ �M/ 2M�#H2b i?2 `2mb2 Q7 FMQrH2/;2 �+`Qbb Bi2`�iBQMb- bB;MB}+�MiHv `2/m+BM; i?2
#m`/2M QM �m/BiQ`b r?BH2 K�BMi�BMBM; i?2 BMi2;`Biv Q7 i?2 �m/BiBM; T`Q+2bbX q?BH2 i?2
T`BK�`v 7Q+mb Bb QM i?2 +QMi`QH@~Qr T2`bT2+iBp2- i?2 �TT`Q�+? Bb 2ti2M/2/ iQ BM+Hm/2
i?2 /�i� T2`bT2+iBp2- 2M�#HBM; KQ`2 +QKT`2?2MbBp2 �M�HvbBb Q7 /2pB�iBQMbX h?Bb BMi2@
;`�iBQM 2Mbm`2b i?�i �m/BiQ`b +�M +H�bbB7v /2pB�iBQMb rBi? ;`2�i2` �++m`�+v- �//`2bbBM;
+�b2b r?2`2 +QMi`QH@~Qr BM7Q`K�iBQM �HQM2 Bb BMbm{+B2MiX

�+iBp2 G2�`MBM; 6`�K2rQ`F 7Q` �H�`K 6HQQ/ J�M�;2K2MiX

h?2 i?2bBb BMi`Q/m+2b � ?mK�M@BM@i?2@HQQT �+iBp2 H2�`MBM; 7`�K2rQ`F BM *?�T@
i2` d i?�i +QK#BM2b T`Q+2bb KBMBM;- /�i� KBMBM;- �M/ �+iBp2 H2�`MBM; K2+?�MBbKb
iQ �//`2bb i?2 +?�HH2M;2 Q7 �H�`K ~QQ/b BM +QMiBMmQmb �m/BiBM;X "v BM+Q`TQ`�iBM;
�m/BiQ` Dm/;K2Mi �M/ �HHQrBM; mM+2`i�BM +�b2b iQ #2 /272``2/ �M/ Bi2`�iBp2Hv `2}M2/-
i?2 7`�K2rQ`F #�H�M+2b �miQK�iBQM rBi? 2tT2`i Dm/;K2Mi �M/ �//`2bb2b i?2 T`Q#H2K
Q7 �H�`K ~QQ/b BM +QMiBMmQmb �m/BiBM;X
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3Xk _2~2+iBQMb QM _2b2�`+? Zm2biBQMb

h?Bb i?2bBb �//`2bb2/ i?2 `2b2�`+? [m2biBQMb BMi`Q/m+2/ BM *?�Ti2` R- 7Q+mbBM; QM
i?2 +`BiB+�H +?�HH2M;2b �M/ QTTQ`imMBiB2b �bbQ+B�i2/ rBi? BMi2;`�iBM; T`Q+2bb KBMBM;
i2+?MB[m2b BMiQ �m/BiBM; T`�+iB+2bX h?2b2 `2b2�`+? [m2biBQMb r2`2 /2bB;M2/ iQ #`B/;2
;�Tb #2ir22M i?2Q`2iB+�H �/p�M+2K2Mib �M/ T`�+iB+�H �TTHB+�iBQMX h?2 T`QTQb2/ �T@
T`Q�+?2b T`QpB/2 bi`m+im`2/ �M/ BMi2`T`2i�#H2 K2+?�MBbKb i?�i �HB;M �M�HviB+�H Qmi@
Tmib rBi? �m/BiQ`bǶ M22/b �M/ /2+BbBQM@K�FBM; T`Q+2bb2bX

h?2 `2b2�`+? [m2biBQMb �`2 �//`2bb2/ #2HQr mbBM; i?2 MmK#2`BM; BMi`Q/m+2/ BM
*?�Ti2` RX �Hi?Qm;? i?2 i?2bBb +?�Ti2`b /2p2HQT i?2b2 +QMi`B#miBQMb BM � /Bz2`2Mi
HQ;B+�H Q`/2`- i?2 `2~2+iBQM `2i�BMb i?2 Q`B;BM�H MmK#2`BM; iQ T`2b2`p2 +QMbBbi2M+v
rBi? i?2 BMi`Q/m+iBQMX

_ZR, >Qr +�M � 7`�K2rQ`F BMi2;`�iBM; T`Q+2bb KBMBM;- /�i� KBMBM;- �M/ ?mK�M@BM@
i?2@HQQT 2M?�M+2K2Mi #2 /2bB;M2/ iQ �bbBbi �m/BiQ`b BM � +QMiBMmQmb �m/BiBM; T`�+iB+2\
�//`2bb�H,
h?Bb [m2biBQM Bb �//`2bb2/ i?`Qm;? i?2 /2bB;M Q7 � bi`m+im`2/ ?mK�M@BM@i?2@HQQT
7`�K2rQ`F T`2b2Mi2/ BM *?�Ti2` dX h?2 7`�K2rQ`F BMi2;`�i2b +QM7Q`K�M+2 +?2+FBM;
rBi? /�i� KBMBM; �M/ �+iBp2 H2�`MBM; K2+?�MBbKb iQ �//`2bb i?2 +?�HH2M;2b �bbQ+B@
�i2/ rBi? �H�`K ~QQ/b BM +QMiBMmQmb �m/BiBM; �M/ bmTTQ`i +QMiBMmQmb �m/BiBM; Qp2`
7mHH@TQTmH�iBQM /�i�X "v BM+Q`TQ`�iBM; T`Q72bbBQM�H Dm/;K2Mi BMiQ i?2 H2�`MBM; T`Q@
+2bb �M/ �HHQrBM; mM+2`i�BM +�b2b iQ #2 /272``2/- i?2 7`�K2rQ`F #�H�M+2b �miQK�iBQM
rBi? 2tT2`i Dm/;K2MiX h?Bb /2bB;M 2M�#H2b KQ`2 2{+B2Mi ?�M/HBM; Q7 H�`;2 pQHmK2b
Q7 /2pB�iBQMb �M/ bmTTQ`ib �/�TiBp2- b+�H�#H2 �m/BiBM; T`�+iB+2bX

h?Bb �TT`Q�+? MQi QMHv 2M?�M+2b i?2 �++m`�+v Q7 i?2 �m/BiBM; T`Q+2bb #mi �HbQ
BKT`Qp2b Bib 2{+B2M+vX �m/BiQ`b +�M 7Q+mb QM i?2 KQbi +`BiB+�H Bbbm2b rBi?Qmi #2@
BM; Qp2`r?2HK2/ #v B``2H2p�Mi Q` `2T2iBiBp2 �H�`K MQiB}+�iBQMbX *QK#BMBM; K�+?BM2
H2�`MBM; �M/ �m/BiQ` BMTmi +`2�i2b � KQ`2 BMi2HHB;2Mi bvbi2K i?�i +QMiBMm�HHv BKT`Qp2b
rBi? mb2- mHiBK�i2Hv bi`2�KHBMBM; i?2 �m/BiBM; T`Q+2bb �M/ `2/m+BM; i?2 K�Mm�H 2zQ`i
`2[mB`2/X

"v �//`2bbBM; �H�`K ~QQ/b i?`Qm;? i?Bb 7`�K2rQ`F- +QMiBMmQmb �m/BiBM; bvbi2Kb
#2+QK2 KQ`2 `2HB�#H2- 2{+B2Mi- �M/ �HB;M2/ rBi? i?2 T`�+iB+�H M22/b Q7 �m/BiQ`b-
+QMi`B#miBM; iQ i?2 #`Q�/2` ;Q�H Q7 �miQK�iBM; �m/BiBM; i�bFb r?BH2 T`2b2`pBM; i?2
2bb2MiB�H ?mK�M Qp2`bB;?iX

_Zk, >Qr +�M i?2 QmiTmib Q7 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b #2 K�/2 KQ`2 BMi2`@
T`2i�#H2 �M/ K2�MBM;7mH 7Q` �m/BiQ`b\
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�//`2bb�H,
h?Bb [m2biBQM Bb �//`2bb2/ i?`Qm;? i?2 /2pB�iBQM +�i2;Q`Bx�iBQM K2i?Q/ BMi`Q/m+2/
BM *?�Ti2` 9X h?2 �TT`Q�+? i`�Mb7Q`Kb HQr@H2p2H +QM7Q`K�M+2 +?2+FBM; QmiTmib BMiQ
� }t2/ b2i Q7 K2�MBM;7mH �M/ BMi2`T`2i�#H2 /2pB�iBQM +�i2;Q`B2b �HB;M2/ rBi? �m/BiQ`bǶ
K2Mi�H KQ/2HbX h?2 Q#D2+iBp2 r�b iQ /2bB;M �M/ /2p2HQT i?2 T`Q+2bb /2pB�iBQM +�i2@
;Q`B2b #�b2/ QM #Qi? i?2Q`2iB+�H BMbB;?ib �M/ T`�+iB+�H `2[mB`2K2Mib- #`B/;BM; i?2 ;�T
#2ir22M i2+?MB+�H QmiTmib T`Q/m+2/ #v T`Q+2bb KBMBM; i2+?MB[m2b �M/ i?2 T`�+iB+�H
M22/b Q7 �m/BiBM; T`Q72bbBQM�HbX h?Bb �#bi`�+iBQM `2/m+2b +QKTH2tBiv- BKT`Qp2b mb@
�#BHBiv- �M/ 2M�#H2b �m/BiQ`b iQ [mB+FHv mM/2`bi�M/ �M/ T`BQ`BiBx2 /2pB�iBQMb rBi?Qmi
#2BM; Qp2`r?2HK2/ #v i2+?MB+�H /2i�BHbX

AMi2`pB2rb r2`2 +QM/m+i2/ rBi? 2tT2`B2M+2/ �m/BiQ`b �M/ /QK�BM 2tT2`ib iQ p�HB@
/�i2 �M/ `2}M2 i?2 T`QTQb2/ /2pB�iBQM +�i2;Q`B2bX h?2b2 BMi2`pB2rb T`QpB/2/ +`BiB+�H
BMbB;?ib BMiQ ?Qr �m/BiQ`b T2`+2Bp2 �M/ 2p�Hm�i2 /2pB�iBQMb BM `2�H@rQ`H/ �m/BiBM;
+QMi2tibX �m/BiQ`b Q7i2M `2[mB`2 QmiTmib i?�i �`2 #Qi? �++m`�i2 �M/ BMimBiBp2- �H@
HQrBM; i?2K iQ [mB+FHv B/2MiB7v �M/ T`BQ`BiBx2 bB;MB}+�Mi �MQK�HB2b rBi?Qmi #2BM;
Qp2`r?2HK2/ #v i2+?MB+�H D�`;QM Q` 2t+2bbBp2 /2i�BHbX h?2 F2v }M/BM;b 7`QK i?2 BM@
i2`pB2rb `2p2�H2/,

Ç �m/BiQ`b T`272` ?B;?@H2p2H bmKK�`B2b Q7 /2pB�iBQMb i?�i �HHQr 7Q` �M BKK2/B�i2
mM/2`bi�M/BM; Q7 i?2 Qp2`�HH T`Q+2bb ?2�Hi?X

Ç .2i�BH2/ +�i2;Q`Bx�iBQM b?QmH/ `2K�BM �++2bbB#H2 #mi b?QmH/ MQi /2i`�+i 7`QK
i?2 K�BM 7Q+mb QM F2v �MQK�HB2bX

"�b2/ QM i?2b2 }M/BM;b- i?2 T`QTQb2/ /2pB�iBQM +�i2;Q`B2b r2`2 `2}M2/ iQ 2Mbm`2
i?2v �`2 #Qi? +QKT`2?2MbBp2 �M/ BMimBiBp2- 2M�#HBM; �m/BiQ`b iQ /`BHH /QrM BMiQ bT2@
+B}+ �MQK�HB2b r?2M M2+2bb�`vX h?2 +�i2;Q`Bx�iBQM �TT`Q�+? T`2b2Mi2/ BM *?�Ti2` 9
BKT`Qp2b BMi2`T`2i�#BHBiv iQ b2`p2 �b � T`�+iB+�H iQQH 7Q` �m/BiQ`b iQ #2ii2` K�M�;2
i?2B` rQ`FHQ�/b �M/ T`BQ`BiBx2 bB;MB}+�Mi +�b2bX "v 7Q+mbBM; QM �HB;MBM; QmiTmib rBi?
�m/BiQ`bǶ T`Q72bbBQM�H Dm/;K2Mi �M/ 2tT2`iBb2- i?Bb `2b2�`+? T`QpB/2b � T�i?r�v 7Q`
BKT`QpBM; i?2 mb�#BHBiv Q7 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b BM `2�H@rQ`H/ �m/BiBM;
b+2M�`BQbX

_Zj, hQ r?�i 2ti2Mi +�M BM+`2K2Mi�H BM7Q`K�iBQM T`QpBbBQM �bbBbi �m/BiQ`b BM +H�bbB@
7vBM; /2pB�iBM; BMbi�M+2b KQ`2 2{+B2MiHv i?�M i`�/BiBQM�H K�Mm�H �TT`Q�+?2b\
�//`2bb�H,
h?Bb [m2biBQM Bb �//`2bb2/ i?`Qm;? i?2 BM+`2K2Mi�H +H�bbB}+�iBQM �TT`Q�+? T`2b2Mi2/
BM *?�Ti2` 8X h?2 T`QTQb2/ K2i?Q/ bi`m+im`2b i?2 �M�HvbBb Q7 /2pB�iBQMb �+`Qbb
KmHiBTH2 H2p2Hb Q7 ;`�MmH�`Biv- bi�`iBM; 7`QK bBKTH2 /2pB�iBQM ivT2b �M/ T`Q;`2bbBp2Hv
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BM+Q`TQ`�iBM; b2[m2M+2 T�ii2`Mb �M/ +QMi2tim�H �ii`B#mi2bX h?Bb /2bB;M `2/m+2b i?2
+Q;MBiBp2 �M/ QT2`�iBQM�H #m`/2M QM �m/BiQ`b �M/ 2M�#H2b FMQrH2/;2 `2mb2 �+`Qbb
Bi2`�iBQMb- bB;MB}+�MiHv BKT`QpBM; +H�bbB}+�iBQM 2{+B2M+vX h?2 BMi2;`�iBQM rBi? �+iBp2
H2�`MBM; 7m`i?2` 2M?�M+2b i?Bb T`Q+2bb #v T`BQ`BiBxBM; `2H2p�Mi +�b2b �M/ `2/m+BM;
mMM2+2bb�`v K�Mm�H 2zQ`iX

h`�/BiBQM�H K�Mm�H �TT`Q�+?2b iQ �m/BiBM; Q7i2M `2[mB`2 �m/BiQ`b iQ T`Q+2bb H�`;2
pQHmK2b Q7 /�i� bBKmHi�M2QmbHv- r?B+? +�M #2 #Qi? iBK2@+QMbmKBM; �M/ 2``Q`@T`QM2X
"v +QMi`�bi- i?2 BM+`2K2Mi�H 7`�K2rQ`F bi`m+im`2b i?2 T`2b2Mi�iBQM Q7 /2pB�iBQMb BM �
?B2`�`+?B+�H K�MM2`- bi�`iBM; rBi? ?B;?@H2p2H +�i2;Q`Bx�iBQMb- bm+? �b r?2i?2` � /2pB@
�iBQM 7�HHb mM/2` i?2 +�i2;Q`B2b Q7 ǳKBbbBM;-Ǵ ǳ`2Q`/2`BM;-Ǵ Q` ǳBMb2`iBQMXǴ �//BiBQM�H
BM7Q`K�iBQM- bm+? �b bT2+B}+ /�i� �ii`B#mi2b Q` `2bQm`+2 /2i�BHb- Bb K�/2 �p�BH�#H2 �b
�m/BiQ`b 2tTHQ`2 /2pB�iBQMb 7m`i?2`X

*?�Ti2` d 7m`i?2` /2KQMbi`�i2/ i?2 �TTHB+�iBQM Q7 �+iBp2 H2�`MBM; K2+?�MBbKb
iQ bmTTQ`i i?Bb BM+`2K2Mi�H �TT`Q�+?X �+iBp2 H2�`MBM; H2p2`�;2b K�+?BM2 H2�`MBM;
KQ/2Hb i?�i �`2 Bi2`�iBp2Hv i`�BM2/ mbBM; 722/#�+F 7`QK �m/BiQ`bX h?Bb BMi2;`�iBQM
2Mbm`2b i?�i i?2 bvbi2K H2�`Mb 7`QK �m/BiQ` /2+BbBQMb �M/ T`BQ`BiBx2b /2pB�iBQMb i?�i
�`2 KQbi HBF2Hv bB;MB}+�Mi BM bm#b2[m2Mi �M�Hvb2bX "v +QK#BMBM; �+iBp2 H2�`MBM; rBi?
BM+`2K2Mi�H BM7Q`K�iBQM T`QpBbBQM- �m/BiQ`b +�M +H�bbB7v /2pB�iBQMb rBi? ;`2�i2` bT22/
�M/ �++m`�+v r?BH2 KBMBKBxBM; mMM2+2bb�`v K�Mm�H 2zQ`iX

h?2 `2bmHib Q7 i?Bb �TT`Q�+? b?Qr2/ i?�i �m/BiQ`b +�M �+?B2p2 BKT`Qp2/ +H�bbB@
}+�iBQM 2{+B2M+v rBi?Qmi +QKT`QKBbBM; i?2 [m�HBiv Q7 i?2B` �M�HvbBbX h?2 bvbi2K
2M�#H2b � KQ`2 7Q+mb2/ BMp2biB;�iBQM Q7 /2pB�iBQMb #v `2/m+BM; 7�Hb2 TQbBiBp2b �M/
T`QpB/BM; +QMi2tim�H BM7Q`K�iBQM QMHv r?2M M2+2bb�`vX h?Bb BM+`2K2Mi�H K2i?Q/
MQi QMHv bi`2�KHBM2b i?2 �m/BiBM; T`Q+2bb #mi �HbQ bmTTQ`ib �m/BiQ`b BM K�FBM; KQ`2
BM7Q`K2/ /2+BbBQMb #�b2/ QM `2H2p�Mi- i�`;2i2/ /�i�X

Pp2`�HH- i?2 `2bmHib /2KQMbi`�i2 i?�i +QK#BMBM; bi`m+im`2/ �#bi`�+iBQM- BM+`2@
K2Mi�H �M�HvbBb- �M/ ?mK�M@BM@i?2@HQQT H2�`MBM; T`QpB/2b �M 2z2+iBp2 7QmM/�iBQM 7Q`
K�FBM; T`Q+2bb KBMBM; i2+?MB[m2b �TTHB+�#H2 �M/ b+�H�#H2 BM +QMiBMmQmb �m/BiBM;X

3Xj GBKBi�iBQMb �M/ 6mim`2 _2b2�`+?

q?BH2 i?Bb i?2bBb T`QpB/2b BMbB;?ib �M/ +QMi`B#miBQMb iQ i?2 BMi2;`�iBQM Q7 T`Q+2bb
KBMBM; �M/ +QMiBMmQmb �m/BiBM;- b2p2`�H HBKBi�iBQMb b?QmH/ #2 �+FMQrH2/;2/- �M/
QTTQ`imMBiB2b 7Q` 7mim`2 `2b2�`+? 2tBbiX h?2b2 HBKBi�iBQMb T`BK�`BHv bi2K 7`QK i?2
b+QT2 Q7 i?2 bim/v- i?2 bT2+B}+ i2+?MB[m2b �TTHB2/- i?2 K2i?Q/QHQ;B+�H +?QB+2b- �M/
T`�+iB+�H BKTH2K2Mi�iBQM +QMbB/2`�iBQMbX �//`2bbBM; i?2b2 HBKBi�iBQMb +�M QT2M �p@
2Mm2b 7Q` 7m`i?2` 2tTHQ`�iBQM �M/ `2}M2K2Mi Q7 i?2 �TT`Q�+?2b T`QTQb2/ BM i?Bb i?2bBbX
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RX 6Q+mb QM *QM7Q`K�M+2 *?2+FBM; �M/ *QMi`QH@6HQr S2`bT2+iBp2

PM2 HBKBi�iBQM Q7 i?Bb `2b2�`+? Bb Bib T`BK�`v 7Q+mb QM +QM7Q`K�M+2 +?2+FBM; i2+?@
MB[m2b �M/ i?2 +QMi`QH@~Qr T2`bT2+iBp2 Q7 T`Q+2bb KBMBM;X �Hi?Qm;? i?2b2 i2+?MB[m2b
T`QpB/2 bB;MB}+�Mi BMbB;?ib BMiQ T`Q+2bb /2pB�iBQMb- i?2v K�v MQi 7mHHv +�Tim`2 �HH `2�H@
rQ`H/ #mbBM2bb T`Q+2bb2bǶ +QKTH2tBiB2bX Pi?2` T2`bT2+iBp2b- bm+? �b i?2 `2bQm`+2 �M/
iBK2 T2`bT2+iBp2b- +QmH/ Qz2` �//BiBQM�H H�v2`b Q7 �M�HvbBb i?�i KB;?i ?2HT �m/BiQ`b
K�F2 KQ`2 +QKT`2?2MbBp2 2p�Hm�iBQMbX 6mim`2 `2b2�`+? +QmH/ 2tT�M/ i?2 b+QT2 iQ
BM+Hm/2 i?2b2 T2`bT2+iBp2b 7`QK i?2 #2;BMMBM;- T`QpB/BM; � KQ`2 ?QHBbiB+ pB2r Q7 #mbB@
M2bb T`Q+2bb2b �M/ 2M?�M+BM; i?2 �TTHB+�#BHBiv Q7 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b BM
/Bp2`b2 �m/BiBM; b+2M�`BQbX

kX a+�H�#BHBiv Q7 �+iBp2 G2�`MBM; 6`�K2rQ`F

h?2 �+iBp2 H2�`MBM; 7`�K2rQ`F BMi`Q/m+2/ BM *?�Ti2` d- r?B+? BMi2;`�i2b T`Q+2bb
KBMBM;- /�i� KBMBM;- �M/ �m/BiQ` BMTmi- Qz2`b � bB;MB}+�Mi �/p�M+2K2Mi BM K�M�;@
BM; �H�`K ~QQ/b �M/ BKT`QpBM; �m/BiBM; 2{+B2M+vX >Qr2p2`- i?Bb 7`�K2rQ`F `2HB2b
QM �m/BiQ` BMTmi iQ `2}M2 K�+?BM2 H2�`MBM; KQ/2Hb- r?B+? +QmH/ T`2b2Mi b+�H�#BHBiv
+?�HH2M;2b BM H�`;2@b+�H2 �m/BiBM; 2MpB`QMK2MibX J�Mm�H BMpQHp2K2Mi K�v #2+QK2
BKT`�+iB+�H 7Q` Q`;�MBx�iBQMb rBi? p�bi �KQmMib Q7 /�i� Q` +QKTH2t T`Q+2bb2bX 6mim`2
`2b2�`+? +QmH/ 2tTHQ`2 i?2 �miQK�iBQM Q7 +2`i�BM �bT2+ib Q7 i?Bb 7`�K2rQ`F- `2/m+BM;
i?2 /2T2M/2M+v QM ?mK�M BMTmi r?BH2 K�BMi�BMBM; i?2 [m�HBiv �M/ `2H2p�M+2 Q7 2t@
+2TiBQM +H�bbB}+�iBQMX

jX GBKBi2/ _2�H@qQ`H/ o�HB/�iBQM

�Hi?Qm;? i?2 K2i?Q/b �M/ 7`�K2rQ`Fb T`QTQb2/ BM i?Bb i?2bBb r2`2 p�HB/�i2/
i?`Qm;? i?2Q`2iB+�H �M�HvbBb �M/ +�b2 bim/v 2t�KTH2b- i?2v ?�p2 MQi #22M i2bi2/
BM /Bp2`b2- `2�H@rQ`H/ �m/BiBM; 2MpB`QMK2MibX h?2 2z2+iBp2M2bb �M/ T`�+iB+�HBiv Q7
i?2b2 K2i?Q/b +QmH/ p�`v r?2M �TTHB2/ �+`Qbb /Bz2`2Mi BM/mbi`B2b Q` Q`;�MBx�iBQM�H
+QMi2tibX 6mim`2 `2b2�`+? +QmH/ 7Q+mb QM BKTH2K2MiBM; �M/ i2biBM; i?2 T`QTQb2/ bQHm@
iBQMb BM `2�H@rQ`H/ b2iiBM;b- �HHQrBM; 7Q` � /22T2` mM/2`bi�M/BM; Q7 i?2B` �TTHB+�#BHBiv-
HBKBi�iBQMb- �M/ TQi2MiB�H 7Q` �/�Ti�iBQM BM p�`BQmb �m/BiBM; T`�+iB+2bX

9X 6Q+mb QM .2pB�iBQM *H�bbB}+�iBQM

h?Bb `2b2�`+? T`BK�`BHv 7Q+mb2/ QM BKT`QpBM; i?2 +H�bbB}+�iBQM Q7 T`Q+2bb /2pB�@



*QM+HmbBQM kRN

iBQMb- T�`iB+mH�`Hv i?`Qm;? i?2 `2}M2K2Mi Q7 +QM7Q`K�M+2 +?2+FBM; i2+?MB[m2b �M/
i?2 +�i2;Q`Bx�iBQM Q7 /2pB�iBQMbX q?BH2 i?Bb 7Q+mb �//`2bb2b +`BiB+�H +?�HH2M;2b BM �m@
/BiBM;- i?2`2 �`2 Qi?2` BKTQ`i�Mi �bT2+ib Q7 i?2 �m/BiBM; T`Q+2bb i?�i r2`2 MQi 7mHHv
2tTHQ`2/- bm+? �b `BbF �bb2bbK2Mi- 7`�m/ /2i2+iBQM- �M/ +QKTHB�M+2 p2`B}+�iBQMX 6m@
im`2 `2b2�`+? +QmH/ BMp2biB;�i2 ?Qr i?2 T`QTQb2/ K2i?Q/b +QmH/ #2 BMi2;`�i2/ BMiQ
#`Q�/2` �m/BiBM; rQ`F~Qrb- bmTTQ`iBM; �m/BiQ`b BM KQ`2 +QKT`2?2MbBp2 i�bFb #2vQM/
/2pB�iBQM +H�bbB}+�iBQMX

8X �m/BiBM; S`Q72bbBQM�H .2p2HQTK2Mi �M/ h`�BMBM;

�b MQi2/ i?`Qm;?Qmi i?2 i?2bBb- i?2 bm++2bb7mH �TTHB+�iBQM Q7 T`Q+2bb KBMBM; �M/
/�i� �M�HviB+b BM �m/BiBM; `2HB2b ?2�pBHv QM �m/BiQ`bǶ �#BHBiv iQ BMi2`T`2i i2+?MB+�H
QmiTmib �M/ BM+Q`TQ`�i2 i?2K BMiQ i?2B` /2+BbBQM@K�FBM; T`Q+2bb2bX h?Bb 2KT?�bBx2b
i?2 M22/ 7Q` T`Q72bbBQM�H /2p2HQTK2Mi �M/ i`�BMBM; T`Q;`�Kb i?�i 2[mBT �m/BiQ`b rBi?
i?2 bFBHHb �M/ FMQrH2/;2 M2+2bb�`v iQ mb2 i?2b2 �/p�M+2/ i2+?MB[m2b 2z2+iBp2HvX 6mim`2
`2b2�`+? +QmH/ 2tTHQ`2 i?2 /2bB;M Q7 bT2+B�HBx2/ i`�BMBM; +m``B+mH� i?�i ?2HT �m/BiQ`b
mM/2`bi�M/ �M/ �TTHv T`Q+2bb KBMBM;- /�i� KBMBM;- �M/ �+iBp2 H2�`MBM; iQQHb BM i?2B`
/�BHv rQ`FX

�//`2bbBM; i?2b2 HBKBi�iBQMb �M/ 2tTHQ`BM; i?2 T`QTQb2/ �p2Mm2b 7Q` 7mim`2 `2@
b2�`+? +�M H2�/ iQ bB;MB}+�Mi �/p�M+2K2Mib BM +QMiBMmQmb �m/BiBM; T`�+iB+2b- mHiB@
K�i2Hv 2M?�M+BM; �m/BiBM; 2{+B2M+v- �++m`�+v- �M/ �/�Ti�#BHBivX





*?�Ti2` N

h?2bBb �TT2M/Bt

kkR



kkk �TT2M/Bt

1t
2K

TH
�`

v
[m

Qi
�i

BQ
M

BM
+Hm

/B
M;

i?
2

BM
7Q

`K
�i

BQ
M

i2
`K

b
6B

`b
i@Q

`/
2`

+Q
/2

*Q
M+

2T
iU

7`2
[m

2M
+v

V

UA
Mi

2`
pB

2r
22

RR
Vq

?2
M

i?
2`

2
�`

2
T�

vK
2M

ib
rB

i?
Qm

i�
M

BM
pQ

B+2
7Q

`
�

b2
`p

B+2
-i

?�
iǶb

iv
TB

+�
HHv

�
`Bb

FX
S�

v
rB

i?
Qm

i�
M

A_

                                

q
Bi?

Qm
iU

9R
V

UA
Mi

2`
pB

2r
22

eV
A

i`
v

iQ
b2

2
?Q

r
K

�M
v

Tm
`+

?�
b2

Q`
/2

`b
rB

i?
Qm

i
Tm

`+
?�

b2
`2

[m
BbB

iBQ
M

�`
2

Qm
ii

?2
`2

X
Sm

`+
?�

b2
Q`

/2
`b

rB
i?

Qm
iS

_
UA

Mi
2`

pB
2r

22
Ry

V
.

2K
�M

/B
M;

vQ
m`

T�
vK

2M
ir

Bi?
Qm

i?
�p

BM
;

�M
BM

pQ
B+2

-
rB

i?
Qm

i
?�

pB
M;

i?
2

;Q
Q/

b`
2+

2BT
i-

rB
i?

Qm
i?

�p
BM

;
i?

2
Tm

`+
?�

b2
Q`

/2
`-

rB
i?

Qm
i?

�p
BM

;
i?

2
Tm

`+
?�

b2
`2

[m
2b

i-
BiǶ

b�
r?

QH
2

T`
Q#

H2K
X

S�
v

rB
i?

Qm
i?

�p
BM

;
�M

A_
S�

v
rB

i?
Qm

i?
�p

BM
;

i?
2

:
_

S�
v

rB
i?

Qm
i?

�p
BM

;
i?

2
SP

S�
v

rB
i?

Qm
i?

�p
BM

;
i?

2
S_

UA
Mi

2`
pB

2r
22

9V
A7

i?
2

Q`
/2

`B
bi

?2
`2

-#
mi

MQ
i�

TT
`Q

p2
/-

r2
HH

i?
2M

-
Ai

?B
MF

Bi
Bb

K
�B

MH
v

[m
2b

iBQ
M

Q7
7`�

m/
X

Ƙ L
Qi

�T
T`

Qp
2/

                                

L
Qi

f
M2

p2
`Y

p2
`#

Uk
yV

UA
Mi

2`
pB

2r
22

dV
q

?�
i

r2
Q7

i2
M

b2
2-

Bb
7Q

`
2t

�K
TH

2
i?

�i
i?

2
T�

v@
K

2M
i?

�b
Q+

+m
``

2/
-#

mi
i?

2
BM

pQ
B+2

?�
bM

Qi
#2

2M
�T

T`
Qp

2/
v2

iX
L

Qi
#2

2M
�T

T`
Qp

2/
UA

Mi
2`

pB
2r

22
NV

h?
2

BM
pQ

B+2
7`Q

K
i?

2
p2

M/
Q`

Ƙ/
Q2

b
MQ

i
+Q

K
2

rB
i?

i?
2

Sm
`+

?�
b2

Q`
/2

`
Mm

K
#2

`-Ƙ
i?

�i
K

2�
Mb

i?
�i

r2
/Q

MǶ
iT

�v
i?

2
BM

pQ
B+2

-�
M/

;2
ib

im
+F

BM
Qi

?2
`b

vb
i2

K
X

L
Qi

T�
v

i?
2

BM
pQ

B+2

UA
Mi

2`
pB

2r
22

NV
1p

2M
r?

�i
r2

/B
/

Dm
bi

K
2M

iBQ
M2

/-
}M

�M
+B�

HB
M@

pQ
B+2

b-
�H

bQ
;Q

iQ
a�

S-
i?

2v
Dm

bi
K

Bbb
�

#B
iQ

7i
?2

bi
2T

bX
J

Bbb
�

#B
iQ

7i
?2

bi
2T

b
              

J
Bbb

UR
9V

UA
Mi

2`
pB

2r
22

Rk
V

q
2

;2
i

2t
+2

Ti
BQ

M
HBb

ib
-�

M/
r2

b�
v

i?
�i

�`
2

i?
2

K
Bbb

BM
;

BM
pQ

B+2
X

J
Bbb

BM
;

BM
pQ

B+2



.2pB�iBQM +QM+2Tib BM }`bi@Q`/2` �M�HvbBb kkj

1t
2K

TH
�`

v
[m

Qi
�i

BQ
M

BM
+Hm

/B
M;

i?
2

BM
7Q

`K
�i

BQ
M

i2
`K

b
6B

`b
i@Q

`/
2`

+Q
/2

*Q
M+

2T
iU

7`2
[m

2M
+v

V

UA
Mi

2`
pB

2r
22

dV
>

B;
?2

`
`Bb

F
#�

bB+
�H

Hv
B7

i?
2`

2
�`

2
MQ

b2
`p

B+2
�M

/
;Q

Q/
b`

2+
2BT

i-
�M

/
T�

B/
7Q

`2
t�

K
TH

2-
BM

+�
b2

i?
2`

2B
b

MQ
�T

T`
Qp

�H
�M

/
`2

H2�
b2

Q7
i?

2
Tm

`+
?�

b2
Q`

/2
`-

#�
bB+

�H
Hv

i?
2b

2
�`

2
�+

im
�H

Hv
i?

2
`Bb

F
i?

�i
r2

HBb
i?

2`
2X

L
Q

a_
�M

/
:

_
L

Q
�T

T`
Qp

�H
�M

/
`2

H2�
b2

Q7
i?

2
SP

                                

L
Q

s
UR

jV
UA

Mi
2`

pB
2r

22
9V

A7
vQ

m
?�

p2
7Q

`2
t�

K
TH

2�
M

BM
pQ

B+2
#m

iM
Q

Tm
`+

?�
b2

Q`
/2

`-
i?

2M
}`

bi
Q7

�H
H-

QF
�v

Bb
i?

�i
i?

2v
`2

�H
Hv

Q`
/2

`B
i\

L
Q

Tm
`+

?�
b2

Q`
/2

`
UA

Mi
2`

pB
2r

22
jV

Ai
+�

M
#2

MQ
T�

vK
2M

i#
2+

�m
b2

i?
2

BM
pQ

B+2
(Bb

)M
Qi

v2
iƘ

/m
2

Q7
+Q

m`
b2

X
L

Q
T�

vK
2M

i

UA
Mi

2`
pB

2r
22

8V
A

i?
BM

F
�H

`2
�/

v
i?

2
}`

bi
bi

2T
�M

/
i?

2
b2

+Q
M/

bi
2T

-
i?

2
+`

2�
iBQ

M
Q7

Tm
`+

?�
b2

`2
[m

2b
i�

M/
�T

T`
Qp

�H
Q7

Tm
`+

?�
b2

`2
[m

2b
i

Bb
mb

m�
HHv

-
�i

H2�
bi

BM
K

v
2t

T2
`B2

M+
2-

bQ
K

2i
?B

M;
i?

�i
i?

2
+HB

2M
ib

/Q
MǶ

i/
QX

L
Qi

/Q
BM

;
i?

2*
`2

�i
2S

_
�M

/
�

T@
T`

Qp
2S

_

                                                  

UA
Mi

2`
pB

2r
22

8V
h?

2
bB;

M�
im

`2
Q7

i?
2

Tm
`+

?�
b2

Q`
/2

`-
B7

Bi
Bb

MQ
i

BM
+Hm

/2
/

�b
�M

�m
iQ

K
�i

B+
+?

2+
F

BM
i?

2
bv

bi
2K

-B
i/

Q2
bM

Qi
?�

TT
2M

7Q
`R

yy
T2

`+
2M

iQ
7i

?2
+�

b2
bX

aB
;M

SP
/Q

2b
MQ

i?
�T

T2
M

L
Qi

+
p2

`#
bH

BF
2

?�
TT

2M
�M

/
2t

2+
mi

2
UR

jV
UA

Mi
2`

pB
2r

22
Rk

V
h?

2
bm

TT
HB2

`b
?�

/
b2

Mi
i?

2
BM

pQ
B+2

-7
Q`

HQ
Qb

2
BM

@
pQ

B+2
Q`

bQ
K

2i
?B

M;
7Q

`r
?B

+?
i?

2`
2

Bb
M2

p2
`#

22
M

�
/2

HBp
2`

v-
Ƙi

?�
i

?�
bi

Q
#2

/2
i2

+i
2/

X
L

2p
2`

#2
2M

�
/2

HBp
2`

v



kk9 �TT2M/Bt

1t
2K

TH
�`

v
[m

Qi
�i

BQ
M

BM
+Hm

/B
M;

i?
2

BM
7Q

`K
�i

BQ
M

i2
`K

b
6B

`b
i@Q

`/
2`

+Q
/2

*Q
M+

2T
iU

7`2
[m

2M
+v

V

UA
Mi

2`
pB

2r
22

3V
6Q

`
2t

�K
TH

2-
B7

vQ
m

�`
2

i?
2

#Q
bb

�M
/

vQ
mƘ

Q`
/2

`i
?B

M;
b/

B`2
+i

Hv
XƘ

P
`/

2`
i?

BM
;b

/B
`2

+i
Hv

                          

Q`
AK

K
2/

B�
i2

Hv
U8

V
UA

Mi
2`

pB
2r

22
dV

:
Q

bi
`�

B;
?i

7`Q
K

Tm
`+

?�
b2

Q`
/2

`i
Q

T�
vK

2M
i-

7Q
`

2t
�K

TH
2

r?
B+?

b?
Qm

H/
MQ

i#
2

i?
2

+�
b2

X
ai

`�
B;

?i
7`Q

K
Tm

`+
?�

b2
Q`

/2
`

iQ
T�

vK
2M

i
ai

`�
B;

?i
-.

B`2
+i

Hv

UA
Mi

2`
pB

2r
22

dV
h?

2v
+�

M
/B

`2
+i

Hv
+`

2�
i2

Tm
`+

?�
b2

Q`
/2

`-
Bi

;B
p2

b
�T

T`
Qp

2
Q`

MQ
i�

M/
i?

2M
-i

?2
b2

ir
Q

U+
`2

�i
2

S_
�M

/
�

TT
`Q

p2
S_

V
�`

2
MQ

i/
QM

2X
.

B`2
+i

Hv
+`

2�
i2

Tm
`+

?�
b2

Q`
/2

`

UA
Mi

2`
pB

2r
22

3V
uQ

m
?�

p2
B/

2�
H

�m
i?

Q`
Bx�

iBQ
M

#m
i

vQ
m

bF
BT

�
TB

2+
2

Q7
T`

Q+
2b

bX
aF

BT
�

TB
2+

2
Q7

T`
Q+

2b
b

        
aF

BT
U8

V
UA

Mi
2`

pB
2r

22
3V

A7
vQ

m
/Q

i?
Bb-

vQ
m

�`
2

bF
BT

TB
M;

i?
Bb

bi
2T

aF
BT

TB
M;

i?
Bb

bi
2T

UA
Mi

2`
pB

2r
22

dV
q

2b
2H2

+i
�7

2r
b�

K
TH

2b
-r

2b
22

Bi
BM

s
Q+

+m
``

2M
+2

b-
Bi

?�
b

#2
2M

�T
T`

Qp
2/

�7
i2

`_
2H2

�b
2-

�M
/

s
Q+

+m
``

2M
+2

?�
b

2p
2M

#2
2M

�T
T`

Qp
2/

�7
i2

`B
Mp

QB
+2

X

�
TT

`Q
p2

/
�7

i2
`_

2H2
�b

2
�

TT
`Q

p2
/

�7
i2

`B
Mp

QB
+2

                          

�
7i2

`U
kN

V
UA

Mi
2`

pB
2r

22
RR

V
uQ

m
+�

M
?�

p2
+Q

K
T�

MB
2b

r?
2`

2
i?

2
BM

pQ
B+2

Bb
#2

+Q
K

2
�7

i2
`T

�v
K

2M
iX

AM
pQ

B+2
�7

i2
`T

�v
K

2M
i

UA
Mi

2`
pB

2r
22

jV
h?

2
�T

T`
Qp

�H
Bb

QM
Hv

�7
i2

`i
?2

T�
vK

2M
i-

i?
�i

Ƕb
�H

bQ
bQ

K
2i

?B
M;

i?
�i

r2
b2

2
�

TT
`Q

p�
H�

7i2
`i

?2
T�

vK
2M

i



.2pB�iBQM +QM+2Tib BM }`bi@Q`/2` �M�HvbBb kk8

1t
2K

TH
�`

v
[m

Qi
�i

BQ
M

BM
+Hm

/B
M;

i?
2

BM
7Q

`K
�i

BQ
M

i2
`K

b
6B

`b
i@Q

`/
2`

+Q
/2

*Q
M+

2T
iU

7`2
[m

2M
+v

V

UA
Mi

2`
pB

2r
22

eV
h?

2
T�

vK
2M

i
iQ

;Q
Qm

i#
27

Q`
2

vQ
m

`2
+2

Bp
2

i?
2

;Q
Q/

b
Q`

B7
i?

2
T�

vK
2M

i
;Q

Qm
i#

27
Q`

2
i?

2
Tm

`+
?�

b2
Q`

/2
`B

b�
TT

`Q
p2

/-
i?

Bb
Bb

i?
2

K
Qb

i
?B

;?
2b

i`
BbF

X

S�
vK

2M
i#

27
Q`

2
;Q

Q/
b

S�
vK

2M
i#

27
Q`

2
i?

2
�

TT
`Q

p2
SP

                                            

"2
7Q

`2
Uk

8V
UA

Mi
2`

pB
2r

22
9V

q
?�

iB
bB

K
TQ

`i
�M

i-
Bb

r?
2M

2p
2`

vQ
m

?�
p2

7Q
`2

t�
K

@
TH

2-
�M

BM
pQ

B+2
r?

B+?
?�

b#
22

M
#Q

QF
2/

#2
7Q

`2
i?

2Ƙ
Tm

`+
?�

b2
Q`

/2
`

?�
b#

22
M

#Q
QF

2/
-b

Q
MQ

`K
�H

Hv
vQ

m
rQ

mH
/

2t
T2

+i
Ƙ}

`b
ii

?2
Tm

`+
?�

b2
Q`

/2
`

iQ
#2

Ƙ2
Mi

2`
2/

X
A7

vQ
m

?�
p2

i?
2

BM
pQ

B+2
#2

7Q
`2

i?
2

Q`
/2

`X
aQ

K
2i

BK
2b

i?
�i

?�
TT

2M
bX

AM
pQ

B+2
#2

7Q
`2

i?
2

Q`
/2

`

UA
Mi

2`
pB

2r
22

kV
q

2
b2

2
�H

H
/2

pB
�i

BQ
Mb

HBF
2

bQ
K

2
Tm

`+
?�

b2
Q`

/2
`B

b+
`2

�i
2/

#2
7Q

`2
Sm

`+
?�

b2
`2

[m
2b

iB
b�

TT
`Q

p2
/X

SP
Bb

+`
2�

i2
/

#2
7Q

`2
S_

UA
Mi

2`
pB

2r
22

9V
A7

vQ
m

?�
p2

Ƙ�
M

BM
pQ

B+2
-T

�v
K

2M
i-

#m
i

MQ
:

QQ
/b

`2
+2

BT
i7

Q`
2t

�K
TH

2-
Q`

Ƙv
Qm

?�
p2

:
QQ

/
_2

+2
BT

i�
7i2

`r
�`

/b
-i

?2
`2

Bb
[m

Bi2
rQ

``
BbQ

K
2X

:
QQ

/
_2

+2
BT

i�
7i2

`r
�`

/b
                    

�
7i2

`r
�`

/b
U3

V
UA

Mi
2`

pB
2r

22
RR

V
A7

i?
2`

2
Bb

:
QQ

/
_2

+2
BT

i-
i?

2`
2

Bb
�

T�
vK

2M
i

M2
2/

2/
-�

M/
B7

�7
i2

`r
�`

/b
i?

2
Q`

/2
`B

b+
`2

�i
2/

-7
Q`

K
2Ƙ

Bb
MQ

ii
?�

i
�

`Bb
FX

�
7i2

`r
�`

/b
i?

2
Q`

/2
`B

b+
`2

�i
2/



kke �TT2M/Bt

1t
2K

TH
�`

v
[m

Qi
�i

BQ
M

BM
+Hm

/B
M;

i?
2

BM
7Q

`K
�i

BQ
M

i2
`K

b
6B

`b
i@Q

`/
2`

+Q
/2

*Q
M+

2T
iU

7`2
[m

2M
+v

V

UA
Mi

2`
pB

2r
22

9V
A7

vQ
m

?�
p2

�M
�/

p�
M+

2/
BM

pQ
B+2

-B
7v

Qm
?�

p2
�M

BM
pQ

B+2
-#

�b
2/

ƘQ
M

i?
2+

QM
i`

�+
ir

Bi?
i?

2T
2`

bQ
MƘ

T�
BM

ib
i?

2b
2r

�H
Hb-

B7
?2

b�
vb

QF
�v

-i
?2

iQ
i�

H+
Qb

i
Bb

H2i
b�

v
Ry

-y
yy

2m
`Q

b-
#m

iƘ
Ar

�M
i

�M
�/

p�
M+

2/
BM

pQ
B+2

Q7
ky

yy
2m

`Q
b�

M/
i?

2
Qi

?2
`3

-y
yy

2m
`Q

bB
b�

i
i?

2
2M

/X

�/
p�

M+
2/

BM
pQ

B+2
                          

�/
p�

M+
2/

Ud
V

UA
Mi

2`
pB

2r
22

RV
�/

p�
M+

2
T�

vK
2M

i+
�M

�H
bQ

#2
i`

B+F
v

7Q
`Q

m`
BM

i2
`@

2b
iX

�/
p�

M+
2

T�
vK

2M
i

UA
Mi

2`
pB

2r
22

jV
J

Qb
iQ

7i
?2

+�
b2

bM
Qr

vQ
m

T�
v

QM
2

�K
Qm

Mi
ir

B+2
-

QM
2

iQ
�

7�
F2

bm
TT

HB2
`

�M
/

QM
2

iQ
`2

�H
bm

TT
HB2

`
�M

/
i?

2
K

QM
2v

Bb
;Q

M2
X

S�
v

QM
2

�K
Qm

Mi
ir

B+2

                          

hr
B+2

UR
dV

UA
Mi

2`
pB

2r
22

jV
�

HQ
i

Q7
+HB

2M
ib

�`
2

Dm
bi

�`
;m

BM
;

r2
/Q

MǶ
i

?�
p2

i?
2

+Q
Mi

`Q
Hm

T
7`Q

Mi
-#

2+
�m

b2
r2

rQ
mH

/
B/

2M
iB7

v
Bi

r?
2M

r2
�`

2
T�

vB
M;

i?
BM

;b
ir

B+2
r2

rB
HH

B/
2M

iB7
v

Bi
BM

i?
2

�+
+Q

mM
iBM

;
�M

/
bQ

QM
X

S�
vB

M;
i?

BM
;b

ir
B+2

UA
Mi

2`
pB

2r
22

NV
q

2
�H

r�
vb

?�
p2

i?
Bb-

MQ
i�

Hr
�v

b�
QM

2
iQ

QM
2-

7Q
`

2t
�K

TH
2-

vQ
m

+�
M

?�
p2

QM
2

SP
�M

/
ky

-Q
`i

?Q
mb

�M
/

BM
pQ

B+2
b

QM
BiX

q
2

+�
M

?�
p2

#B
;

SP
Xa

Q-
BiǶ

bM
Qi

�H
r�

vb
�

QM
2

iQ
QM

2X
ky

-Q
`i

?Q
mb

�M
/

BM
pQ

B+2
b

        
hr

Q@
i?

`2
2@

7Q
m`

UR
jV



.2pB�iBQM +QM+2Tib BM }`bi@Q`/2` �M�HvbBb kkd

1t
2K

TH
�`

v
[m

Qi
�i

BQ
M

BM
+Hm

/B
M;

i?
2

BM
7Q

`K
�i

BQ
M

i2
`K

b
6B

`b
i@Q

`/
2`

+Q
/2

*Q
M+

2T
iU

7`2
[m

2M
+v

V

UA
Mi

2`
pB

2r
22

RR
VA

7v
Qm

`2
+2

Bp
2

i?
`2

2
iBK

2b
;Q

Q/
b-

Bi
/2

T2
M/

bX
A7

Bi
Bb

�
T`

Q#
H2K

BM
vQ

m`
}M

�M
+B�

H-
BiƘ

/2
T2

M/
bQ

M
r?

�i
Bb

/2
HBp

2`
2/

Q7
+Q

m`
b2

Ę
"m

iB
i+

Qm
H/

�H
bQ

#2
`2

�H
Hv

`2
�H

Hv
bT

2+
B}

+
i?

�i
vQ

m
/Q

MǶ
i

M2
2/

i?
2

i?
`2

2
iBK

2b
i?

2
[m

�M
iBi

vX
_2

+2
Bp

2
i?

`2
2

iBK
2b

;Q
Q/

b

                          

L
@iB

K
2b

UR
kV

UA
Mi

2`
pB

2r
22

jV
q

?2
M

i?
2b

�K
2/

2HB
p2

`v
vQ

m
b2

2M
BM

i?
2r

�`
2?

Qm
b2

�M
/

vQ
m

Dm
bi

Tm
iB

iB
M

i?
2b

vb
i2

K
-h

?`
22

iBK
2b

BM
bi

2�
/

Q7
QM

2i
BK

2X
h?

2M
-v

Qm
rQ

mH
/

?�
p2

`2
�H

Hv
BK

T�
+i

QM
i?

2
}M

�M
+B�

Hb
i�

i2
K

2M
iX

h?
`2

2
iBK

2b
UA

Mi
2`

pB
2r

22
Ry

Vq
?�

iA
rQ

mH
/

HBF
2

iQ
b2

2
Bb

�
+?

2+
F

iQ
K

�F
2

bm
`2

i?
�i

A/
QM

Ƕi
;2

i/
mT

HB+
�i

BQ
M

Q7
Q`

/2
`BM

;X
.

mT
HB+

�i
BQ

M
Q7

Q`
/2

`BM
;

                                      

.
mT

HB+
�i

BQ
M

UR
RV

UA
Mi

2`
pB

2r
22

Ry
V

AǶp
2

?�
/

�
+�

b2
-

r?
2`

2
r2

?�
/

�
/m

TH
B+�

i2
T�

vK
2M

i
#v

�+
+B/

2M
i

�M
/

#2
+�

mb
2

i?
2`

2
r�

b
�

p2
`v

bK
�H

H#
m;

BM
i?

2
1_

S
bv

bi
2K

-r
?B

+?
T�

B/
�;

�B
Mb

ii
?2

;Q
Q/

b
`2

+2
BT

i-
#m

i�
HbQ

T�
B/

�;
�B

Mb
ii

?2
BM

pQ
B+2

`2
+2

BT
iX

�
/m

TH
B+�

i2
T�

vK
2M

i

UA
Mi

2`
pB

2r
22

Ry
V

h?
Bb

iv
T2

Q7
i?

BM
;b

-
r2

/Q
,

(XX
X)

/m
TH

B+�
i2

BM
pQ

B+2
bX

.
mT

HB+
�i

2
BM

pQ
B+2

b

UA
Mi

2`
pB

2r
22

3V
A

/Q
MǶ

i
i?

BM
F

i?
�i

Ƕb
�M

2t
+2

Ti
BQ

M-
#m

i
vQ

m
+Q

mH
/

?�
p2

QM
2

Q`
/2

`?
2`

2-
�M

/
K

mH
iBT

H2
;Q

Q/
`2

+2
BT

ib
i?

2`
2

J
mH

iBT
H2

:
_b

  
J

mH
iBT

H2f
b2

p2
`�

HU
8V

h�
#H

2
NX

R,
.

2p
B�

iBQ
M

+Q
M+

2T
ib

BM
}`

bi
@Q

`/
2`

�M
�H

vb
Bb

�M
/

+Q
/2

K
�T

TB
M;



"B#HBQ;`�T?v

JQ?�KK�/ C�p�/ �#/QHKQ?�KK�/B �M/ �?K�/ a?�`#�iQm;HB2X *QMiBMmQmb �m/Bi@
BM;, �M QT2`�iBQM�H KQ/2H 7Q` BMi2`M�H �m/BiQ`bX AMbiBimi2 Q7 AMi2`M�H �m/BiQ`b
_2b2�`+? 6QmM/�iBQM AMbiBimi2- kyy8X

�`v� �/`B�Mbv�?- "Qm/2rBDM 6X p�M .QM;2M- �M/ LB+QH� w�MMQM2X *QMi`QHHBM; #`2�F@
i?2@;H�bb i?`Qm;? �HB;MK2MiX aQ+B�H *QKTmiBM; UaQ+B�H*QKV- A111 AMi2`M�iBQM�H
*QM72`2M+2 QM S`Bp�+v- a2+m`Biv- _BbF �M/ h`mbi- kyRyX /QB, RyXRRyNfaQ+B�H*QKX
kyRjXNRX

�`v� �/`B�Mbv�?- "Qm/2rBDM 6X p�M .QM;2M- �M/ qBH JXSX p�M /2` ��HbiX *QM7Q`@
K�M+2 +?2+FBM; mbBM; +Qbi@#�b2/ }iM2bb �M�HvbBbX AM 1Mi2`T`Bb2 .Bbi`B#mi2/ P#D2+i
*QKTmiBM; *QM72`2M+2 U1.P*V- kyRR R8i? A111 AMi2`M�iBQM�H- T�;2b 88Ĝe9X A111
*QKTmi2` aQ+B2iv- kyRRX

�`v� �/`B�Mbv�?- CQ`;2 JmƢQx@:�K�- CQb2T *�`KQM�- "Qm/2rBDM 6X p�M .QM;2M-
�M/ qBH JXSX p�M /2` ��HbiX �HB;MK2Mi #�b2/ T`2+BbBQM +?2+FBM;X AM "mbBM2bb S`Q@
+2bb J�M�;2K2Mi qQ`Fb?QTb- pQHmK2 Rjk Q7 G2+im`2 LQi2b BM "mbBM2bb AM7Q`K�iBQM
S`Q+2bbBM;- T�;2b RjdĜR9NX aT`BM;2`- kyRkX Aa"L Nd3@j@e9k@jek39@kX

�A*S�X _mi;2`b �M/ �B+T� mMp2BH /�i� �M�HviB+b `2b2�`+? BMBiB�iBp2- .2+2K#2` Re-
kyR8 kyR8X

JB+?�2H �HH2b- :2`�`/ "`2MM�M- �H2t�M/2` EQ;�M- �M/ JBFHQb �X o�b�`?2HvBX *QMiBM@
mQmb KQMBiQ`BM; Q7 #mbBM2bb T`Q+2bb +QMi`QHb, � TBHQi BKTH2K2Mi�iBQM Q7 � +QMiBM@
mQmb �m/BiBM; bvbi2K �i bB2K2MbX AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM
avbi2Kb- dUkV,RjdĜReR- kyye�X

JB+?�2H �HH2b- :2`�`/ "`2MM�M- �H2t�M/2` EQ;�M- �M/ JBFHQb �X o�b�`?2HvBX *QMiBM@
mQmb KQMBiQ`BM; Q7 #mbBM2bb T`Q+2bb +QMi`QHb, � TBHQi BKTH2K2Mi�iBQM Q7 � +QMiBM@
mQmb �m/BiBM; bvbi2K �i bB2K2MbX AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM
avbi2Kb- dUkV,RjdĜReR- kyye#X

kk3



"B#HBQ;`�T?v kkN

JB+?�2H : �HH2b- 62`M�M/Q hQbi2b- JBFHQb �X o�b�`?2HvB- �M/ 1/bQM GmBx _B++BQX
*QMiBMmQmb �m/BiBM;, i?2 mb� 2tT2`B2M+2 �M/ +QMbB/2`�iBQMb 7Q` Bib BKTH2K2Mi�iBQM
BM #`�xBHX CAah1J@CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb �M/ h2+?MQHQ;v J�M�;2K2Mi-
jUkV,kRRĜkk9- kyye+X

JB+?�2H :X �HH2b- �H2t�M/2` EQ;�M- �M/ JBFHQb �X o�b�`?2HvBX SmiiBM; +QMiBMmQmb
�m/BiBM; i?2Q`v BMiQ T`�+iB+2, G2bbQMb 7`QK irQ TBHQi BKTH2K2Mi�iBQMbX CQm`M�H Q7
AM7Q`K�iBQM avbi2Kb- kkUkV,RN8ĜkR9- kyy3�X

JB+?�2H : �HH2b- �H2t�M/2` EQ;�M- �M/ JBFHQb �X o�b�`?2HvBX SmiiBM; +QMiBMmQmb
�m/BiBM; i?2Q`v BMiQ T`�+iB+2, G2bbQMb 7`QK irQ TBHQi BKTH2K2Mi�iBQMbX CQm`M�H Q7
AM7Q`K�iBQM avbi2Kb- kkUkV,RN8ĜkR9- kyy3#X

�/`B�MQ �m;mbiQ- _�z�2H2 *QM7Q`iB- J�`HQM .mK�b- J�`+2HHQ G� _Qb�- �M/ �`i2K
SQHvpv�MvvX aTHBi KBM2`, �miQK�i2/ /Bb+Qp2`v Q7 �++m`�i2 �M/ bBKTH2 #mbBM2bb
T`Q+2bb KQ/2Hb 7`QK 2p2Mi HQ;bX EMQrH2/;2 �M/ AM7Q`K�iBQM avbi2Kb- 8NUkV,k8RĜ
k39- kyRNX

S2vK�M "�/�F?b?�M- "�biB�M qm`K- h?QK�b :`BbQH/- C2`QK2 :2v2`@EHBM;2#2`;-
C�M J2M/HBM;- �M/ C�M oQK "`Q+F2X *`2�iBM; #mbBM2bb p�Hm2 rBi? T`Q+2bb KBMBM;X
h?2 CQm`M�H Q7 ai`�i2;B+ AM7Q`K�iBQM avbi2Kb- jRU9V,RyRd98- kykkX

*�iB� "�``Qb �M/ _mB S2/`Q J�`[m2bX *QMiBMmQmb �bbm`�M+2 7Q` i?2 /B;Bi�H i`�Mb@
7Q`K�iBQM Q7 BMi2`M�H �m/BiBM;X CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb 1M;BM22`BM; �M/
J�M�;2K2Mi- dURV- kykkX

hBK " ĽH2` �M/ J�`+ 1mH2`B+?X S`2/B+iBp2 T`Q+2bb KQMBiQ`BM; 7Q` BMi2`M�H �m/Bi,
6Q`2+�biBM; T�vK2Mi TmM+im�HBiv 7`QK i?2 T2`bT2+iBp2 Q7 i?2 i?`22 HBM2b KQ/2HX
�p�BH�#H2 �i aa_L 9y3ykj3- kykkX

1;QM "2`;?Qmi- _Q# 6BDM2K�M- G2MM�`/ >2M/`BFb- JQM� /2 "Q2`- �M/ "2`i@C�M
"miBDMX �/p�M+2/ .B;Bi�H �m/BiBM;, h?2Q`v �M/ T`�+iB+2 Q7 �m/BiBM; +QKTH2t BM7Q`@
K�iBQM bvbi2Kb �M/ i2+?MQHQ;B2bX aT`BM;2` L�im`2- kykjX

aim�`i "H�+F �M/ :`2;Q`v CX :2`�`/X �++2H2`�iBM; i?2 7mim`2 Q7 �m/Bi i2+?MQHQ@
;B2b, AMi`Q/m+BM; i?2 bT2+B�H Bbbm2 �M/ 2KT?�bBxBM; 7mim`2 `2b2�`+? /B`2+iBQMbX
AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- 8e,Ryyd9y- kyk8X /QB,
RyXRyRefDX�++BM7Xkyk8XRyyd9yX

>2MMB2 "Q2BD2X � Tm`TQb27mH �TT`Q�+? iQ i?2 +QMbi�Mi +QKT�`�iBp2 K2i?Q/ BM i?2
�M�HvbBb Q7 [m�HBi�iBp2 BMi2`pB2rbX Zm�HBiv �M/ [m�MiBiv- jeU9V,jNRĜ9yN- kyykX
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>2H2M "`QrM@GB#m`/- >mbb2BM Abb�- �M/ .�MB2HH2 GQK#�`/BX "2?�pBQ`�H BKTHB+�iBQMb
Q7 #B; /�i�Ƕb BKT�+i QM �m/Bi Dm/;K2Mi �M/ /2+BbBQM K�FBM; �M/ 7mim`2 `2b2�`+?
/B`2+iBQMbX �++QmMiBM; >Q`BxQMb- kNUkV,98RĜ9e3- kyR8X AaaL y333dNNjX /QB, RyX
kjy3f�++?@8RykjX

�H2bb�M/`Q "m`B;�M�- �H2bb�M/`Q :B�MQH�- J�`+Q JQMi�HB- �M/ a�`�? qBMFH2`X :HQ+�H
+QM7Q`K�M+2 +?2+FBM;X AM AMi2`M�iBQM�H *QM72`2M+2 QM "mbBM2bb S`Q+2bb J�M�;2@
K2Mi- T�;2b d8ĜNkX aT`BM;2`- kyk9X

.B2;Q *�Hp�M2b2- J�`+Q JQMi�HB- �HB7�? av�KbBv�?- �M/ qBH JX SX p�M /2` ��HbiX
PMiQHQ;v@.`Bp2M 1ti`�+iBQM Q7 1p2Mi GQ;b 7`QK _2H�iBQM�H .�i�#�b2bX AM "mbBM2bb
S`Q+2bb J�M�;2K2Mi qQ`Fb?QTb- G2+im`2 LQi2b BM "mbBM2bb AM7Q`K�iBQM S`Q+2bbBM;-
T�;2b R9yĜR8jX aT`BM;2`- *?�K- �m;mbi kyR8X

6BHBT *�`QM- C�M o�Mi?B2M2M- �M/ "�`i "�2b2MbX *QKT`2?2MbBp2 `mH2@#�b2/ +QKTHB@
�M+2 +?2+FBM; �M/ `BbF K�M�;2K2Mi rBi? T`Q+2bb KBMBM;X .2+BbBQM amTTQ`i avbi2Kb-
89UjV,Rj8dĜRjeN- kyRjX

.�pB/ uX *?�M �M/ JBFHQb �X o�b�`?2HvBX AMMQp�iBQM �M/ T`�+iB+2 Q7 +QMiBMmQmb
�m/BiBM;X AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- RkUkV,R8kĜRey-
kyRR�X

.�pB/ uX *?�M �M/ JBFHQb �X o�b�`?2HvBX AMMQp�iBQM �M/ T`�+iB+2 Q7 +QMiBMmQmb
�m/BiBM;X AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- RkUkV,R8kĜRey-
kyRR#X

hBz�Mv *?Bm �M/ JB2F2 C�MbX S`Q+2bb KBMBM; Q7 2p2Mi HQ;b, � +�b2 bim/v 2p�Hm�iBM;
BMi2`M�H +QMi`QH 2z2+iBp2M2bbX �++QmMiBM; >Q`BxQMb- jjUjV,R9RĜR8e- kyRNX

oB+iQ`B� *?Bm- ZB GBm- �M/ JBFHQb � o�b�`?2HvBX h?2 /2p2HQTK2Mi �M/ BMi2HH2+im�H
bi`m+im`2 Q7 +QMiBMmQmb �m/BiBM; `2b2�`+?X CQm`M�H Q7 �++QmMiBM; GBi2`�im`2- jj
UR@kV,jdĜ8d- kyR9X

.�pB/ � *Q?M- wQm#BM :?�?`�K�MB- �M/ JB+?�2H A CQ`/�MX �+iBp2 H2�`MBM; rBi?
bi�iBbiB+�H KQ/2HbX CQm`M�H Q7 �`iB}+B�H BMi2HHB;2M+2 `2b2�`+?- 9,RkNĜR98- RNNeX

_�z�2H2 *QM7Q`iB- J�`+2HHQ G� _Qb�- �M/ �`i?m` >J i2` >Q7bi2/2X 6BHi2`BM; Qmi BM7`2@
[m2Mi #2?�pBQ` 7`QK #mbBM2bb T`Q+2bb 2p2Mi HQ;bX A111 h`�Mb�+iBQMb QM EMQrH2/;2
�M/ .�i� 1M;BM22`BM;- kNUkV,jyyĜjR9- kyReX

"`m+2 A .�pB/bQM- L�K�M E .2b�B- �M/ :`2;Q`v C :2`�`/X h?2 2z2+i Q7 +QMiBMmQmb
�m/BiBM; QM i?2 `2H�iBQMb?BT #2ir22M BMi2`M�H �m/Bi bQm`+BM; �M/ i?2 2ti2`M�H �m@
/BiQ`Ƕb `2HB�M+2 QM i?2 BMi2`M�H �m/Bi 7mM+iBQMX CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- kd
URV,9RĜ8N- kyRjX
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J�bbBKBHB�MQ /2 G2QMB �M/ qBH JX SX p�M /2` ��HbiX �HB;MBM; 1p2Mi GQ;b �M/ S`Q@
+2bb JQ/2Hb 7Q` JmHiB@T2`bT2+iBp2 *QM7Q`K�M+2 *?2+FBM;, �M �TT`Q�+? "�b2/ QM
AMi2;2` GBM2�` S`Q;`�KKBM;- T�;2b RRjĜRkNX aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM-
>2B/2H#2`;- kyRj�X Aa"L Nd3@j@e9k@9yRde@jX /QB, RyXRyydfNd3@j@e9k@9yRde@jnRyX

J�bbBKBHB�MQ /2 G2QMB �M/ qBH JXSX p�M /2` ��HbiX .�i�@�r�`2 T`Q+2bb KBMBM;,
.Bb+Qp2`BM; /2+BbBQMb BM T`Q+2bb2b mbBM; �HB;MK2MibX AM S`Q+22/BM;b Q7 i?2 k3i?
�MMm�H �*J avKTQbBmK QM �TTHB2/ *QKTmiBM;- a�* ǶRj- T�;2b R989ĜR9eR- L2r
uQ`F- Lu- la�- kyRj#X �*JX Aa"L Nd3@R@98yj@Re8e@NX /QB, RyXRR98fk93yjekX
k93yejjX l_G ?iiT,ff/QBX�+KXQ`;fRyXRR98fk93yjekXk93yejjX

�X EX �X .2 J2/2B`Qb- �X CX q2BDi2`b- �M/ qBH JX SX p�M /2` ��HbiX :2M2iB+ T`Q+2bb
KBMBM;, �M 2tT2`BK2Mi�H 2p�Hm�iBQMX .�i� JBMBM; �M/ EMQrH2/;2 .Bb+Qp2`v- R9UkV,
k98Ĝjy9- kyydX

�M� E�`H� � /2 J2/2B`Qb- qBH JS p�M /2` ��Hbi- �M/ �CJJ q2BDi2`bX qQ`F@
~Qr KBMBM;, *m``2Mi bi�imb �M/ 7mim`2 /B`2+iBQMbX AM PhJ *QM72/2`�i2/ AMi2`M�@
iBQM�H *QM72`2M+2bǴ PM i?2 JQp2 iQ J2�MBM;7mH AMi2`M2i avbi2KbǴ- T�;2b j3NĜ9yeX
aT`BM;2`- kyyjX

CQ+?2M .2 q22`/i- J�Mm .2 "�+F2`- C�M o�Mi?B2M2M- �M/ "�`i "�2b2MbX � KmHiB@
/BK2MbBQM�H [m�HBiv �bb2bbK2Mi Q7 bi�i2@Q7@i?2@�`i T`Q+2bb /Bb+Qp2`v �H;Q`Bi?Kb mb@
BM; `2�H@HB72 2p2Mi HQ;bX AM7X avbiX- jdUdV,e89Ĝede- LQp2K#2` kyRk�X AaaL yjye@9jdNX
/QB, RyXRyRefDXBbXkyRkXykXyy9X l_G ?iiT,ff/tX/QBXQ`;fRyXRyRefDXBbXkyRkXykX
yy9X

CQ+?2M .2 q22`/i- J�Mm .2 "�+F2`- C�M o�Mi?B2M2M- �M/ "�`i "�2b2MbX � KmHiB@
/BK2MbBQM�H [m�HBiv �bb2bbK2Mi Q7 bi�i2@Q7@i?2@�`i T`Q+2bb /Bb+Qp2`v �H;Q`Bi?Kb mb@
BM; `2�H@HB72 2p2Mi HQ;bX AM7Q`K�iBQM avbi2Kb- jdUdV,e89Ĝede- kyRk#X

_Q;2` .2#`2+2Mv- :H2M GX :`�v- q�B@GmK h?�K- E�v@uBQM; :Q?- �M/ Sm�v@GBM;
h�M;X h?2 /2p2HQTK2Mi Q7 2K#2//2/ �m/Bi KQ/mH2b iQ bmTTQ`i +QMiBMmQmb KQMB@
iQ`BM; BM i?2 2H2+i`QMB+ +QKK2`+2 2MpB`QMK2MiX AMi2`M�iBQM�H CQm`M�H Q7 �m/BiBM;-
dUkV,ReNĜR38- kyyjX

"2MQŗi .2T�B`2- CQ arBMM2M- JB2F2 C�Mb- �M/ EQ2M o�M?QQ7X � T`Q+2bb /2pB�iBQM
�M�HvbBb 7`�K2rQ`FX AM "mbBM2bb S`Q+2bb J�M�;2K2Mi qQ`Fb?QTb, "SJ kyRk
AMi2`M�iBQM�H qQ`Fb?QTb- h�HHBMM- 1biQMB�- a2Ti2K#2` j- kyRkX _2pBb2/ S�T2`b-
T�;2b dyRĜdyeX aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM- >2B/2H#2`;- kyRjX

E�Mi?�M� .BiF�2r �M/ Jmii�M�+?�B amiiBTmMX h?2 BKT�+i Q7 �m/Bi /�i� �M�HviB+b QM
�m/Bi [m�HBiv �M/ �m/Bi `2pB2r +QMiBMmBiv BM i?�BH�M/X �bB�M CQm`M�H Q7 �++QmMiBM;
_2b2�`+?- 3UjV,keNĜkd3- kykjX

http://doi.acm.org/10.1145/2480362.2480633
http://dx.doi.org/10.1016/j.is.2012.02.004
http://dx.doi.org/10.1016/j.is.2012.02.004
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J2M;KBM; JB+?�2H .QM;- h?2QT?�MBb * ai`�iQTQmHQb- �M/ oB+iQ` sB�Q[B q�M;X �
b+QTBM; `2pB2r Q7 +?�i;Ti `2b2�`+? BM �++QmMiBM; �M/ }M�M+2X AMi2`M�iBQM�H CQm`M�H
Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- 88,RyydR8- kyk9X

>mBDm2 E2HHv .m�M- JBFHQb � o�b�`?2HvB- �M/ J�m`B+BQ *Q/2bbQX AMi2;`�iBM; T`Q+2bb
KBMBM; �M/ K�+?BM2 H2�`MBM; 7Q` �/p�M+2/ BMi2`M�H +QMi`QH 2p�Hm�iBQM BM �m/BiBM;X
CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- jNURV,88Ĝd8- kyk8X

J�`HQM .mK�b- J�`+2HHQ G� _Qb�- C�M J2M/HBM;- �M/ >�DQ �X _2BD2`bX 6mM/�K2Mi�Hb
Q7 "mbBM2bb S`Q+2bb J�M�;2K2MiX aT`BM;2` Sm#HBb?BM; *QKT�Mv- AM+Q`TQ`�i2/-
kyRjX Aa"L je9kjjR9k9- Nd3je9kjjR9k3X

E�i?H22M J 1Bb2M?�`/iX "mBH/BM; i?2Q`B2b 7`QK +�b2 bim/v `2b2�`+?X �+�/2Kv Q7
K�M�;2K2Mi `2pB2r- R9U9V,8jkĜ88y- RN3NX

_Q#2`i E 1HHBQiiX �bbm`�M+2 b2`pB+2b �M/ i?2 �m/Bi ?2`Bi�;2X h?2 *S� CQm`M�H- e3
UeV,9y- RNN3X

J�`+ 1mH2`B+?- "2MD�KBM 6HB;;2- o�M2bb� A GƦT2x E�bT2`- �M/ .�pB/ � qQQ/X S�@
iB2M+2 Bb F2v, h?2 iBK2 Bi i�F2b iQ b22 #2M2}ib 7`QK +QMiBMmQmb �m/BiBM;X �++QmMiBM;
>Q`BxQMb- jNURV,eNĜ3e- kyk8X

.B`F 6�?H�M/ �M/ qBH JXSX p�M /2` ��HbiX JQ/2H `2T�B` @ �HB;MBM; T`Q+2bb KQ/2Hb iQ
`2�HBivX AM7X avbiX- 9dU*V,kkyĜk9j- C�Mm�`v kyR8X AaaL yjye@9jdNX /QB, RyXRyRefDX
BbXkyRjXRkXyydX l_G ?iiT,ff/tX/QBXQ`;fRyXRyRefDXBbXkyRjXRkXyydX

J�B� 6�`F�b �M/ l/�v a Jm`i?vX LQMT`Q72bbBQM�H BMp2biQ`bǶ T2`+2TiBQMb Q7 i?2 BM@
+`2K2Mi�H p�Hm2 Q7 +QMiBMmQmb �m/BiBM; �M/ +QMiBMmQmb +QMi`QHb KQMBiQ`BM;, �M
2tT2`BK2Mi�H BMp2biB;�iBQMX AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avb@
i2Kb- R8UkV,RykĜRkR- kyR9X

S�QHQ 62HHB- �H2bb�M/`Q :B�MQH�- J�`+Q JQMi�HB- �M/`2v _BpFBM- �M/ a�`�? qBMFH2`X
*Q+QKQi, +QM7Q`K�M+2 +?2+FBM; Q7 KmHiB@T2`bT2+iBp2 T`Q+2bb2b pB� bKiX AM "mbBM2bb
S`Q+2bb J�M�;2K2Mi, RNi? AMi2`M�iBQM�H *QM72`2M+2- "SJ kykR- _QK2- Ai�Hv-
a2Ti2K#2` yeĜRy- kykR- S`Q+22/BM;b RN- T�;2b kRdĜkj9X aT`BM;2`- kykRX

S�QHQ 62HHB- �H2bb�M/`Q :B�MQH�- J�`+Q JQMi�HB- �M/`2v _BpFBM- �M/ a�`�? qBMFH2`X
JmHiB@T2`bT2+iBp2 +QM7Q`K�M+2 +?2+FBM; Q7 mM+2`i�BM T`Q+2bb i`�+2b, �M bKi@#�b2/
�TT`Q�+?X 1M;BM22`BM; �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2- Rke,Rye3N8- kykjX

uQ�p 6`2mM/- > a2#�biB�M a2mM;- 1HB a?�KB`- �M/ L�7i�HB hBb?#vX a2H2+iBp2 b�KTHBM;
mbBM; i?2 [m2`v #v +QKKBii22 �H;Q`Bi?KX J�+?BM2 H2�`MBM;- k3UkV,RjjĜRe3- RNNdX

http://dx.doi.org/10.1016/j.is.2013.12.007
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6�#B�M 6`B2/`B+?- C�M J2M/HBM;- �M/ 6`�MF Sm?HK�MMX S`Q+2bb KQ/2H ;2M2`�iBQM 7`QK
M�im`�H H�M;m�;2 i2tiX AM �/p�M+2/ AM7Q`K�iBQM avbi2Kb 1M;BM22`BM;, kj`/ AMi2`@
M�iBQM�H *QM72`2M+2- *�Ba1 kyRR- GQM/QM- lE- CmM2 ky@k9- kyRRX S`Q+22/BM;b-
T�;2b 93kĜ9NeX aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM- >2B/2H#2`;- kyRRX

h�bbBHQ GX 6ƺ?`- o�H2MiBM _2B+?2Hi- E�B@lr2 J�`i2M- �M/ J�`+ 1mH2`B+?X � 7`�K2@
rQ`F 7Q` i?2 bi`m+im`2/ BKTH2K2Mi�iBQM Q7 T`Q+2bb KBMBM; 7Q` �m/Bi i�bFbX AM@
i2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- 8e,Ryydkd- kyk8X AaaL
R9ed@y3N8X /QB, ?iiTb,ff/QBXQ`;fRyXRyRefDX�++BM7Xkyk8XRyydkdX l_G ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfaR9edy3N8k8yyyyjsX

Gm+B�MQ :�`+ő�@"�Ƣm2HQb- LB+F _hS o�M "22bi- J�`HQM .mK�b- J�`+2HHQ G� _Qb�-
�M/ qBHH2K J2`i2MbX *QKTH2i2 �M/ BMi2`T`2i�#H2 +QM7Q`K�M+2 +?2+FBM; Q7 #mbBM2bb
T`Q+2bb2bX A111 h`�Mb�+iBQMb QM aQ7ir�`2 1M;BM22`BM;- 99UjV,kekĜkNy- kyR3X

.2MMBb �X :BQB�- E2pBM :X *Q`H2v- �M/ �BK22 GX >�KBHiQMX a22FBM; [m�HBi�iBp2 `B;Q`
BM BM/m+iBp2 `2b2�`+?, LQi2b QM i?2 ;BQB� K2i?Q/QHQ;vX P`;�MBx�iBQM�H _2b2�`+?
J2i?Q/b- ReURV,R8ĜjR- R kyRjX AaaL RyN9@9k3RX /QB, RyXRRddfRyN99k3RRk98kR8RX

�MiQMBQ :QK�`Bx- J�Mm2H *�KTQb- _Q[m2 J�`BM- �M/ "�`i :Q2i?�HbX *H�bT, �M
2{+B2Mi �H;Q`Bi?K 7Q` KBMBM; 7`2[m2Mi +HQb2/ b2[m2M+2bX AM S�+B}+@�bB� *QM72`2M+2
QM EMQrH2/;2 .Bb+Qp2`v �M/ .�i� JBMBM;- T�;2b 8yĜeRX aT`BM;2`- kyRjX

:2Q`;2 * :QMx�H2x- S`�ivmb? L a?�`K�- �M/ .2MMBb 6 :�HH2ii�X h?2 �Mi2+2/2Mib
Q7 i?2 mb2 Q7 +QMiBMmQmb �m/BiBM; BM i?2 BMi2`M�H �m/BiBM; +QMi2tiX AMi2`M�iBQM�H
CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- RjUjV,k93Ĝkek- kyRkX

1X :QMx�H2x GƦT2x /2 Jm`BHH�b- >�DQ �X _2BD2`b- �M/ qBH JX SX p�M /2` ��HbiX *QM@
M2+iBM; /�i�#�b2b rBi? T`Q+2bb KBMBM;, � K2i� KQ/2H �M/ iQQHb2iX AM 1Mi2`T`Bb2-
"mbBM2bb@S`Q+2bb �M/ AM7Q`K�iBQM avbi2Kb JQ/2HBM;, Rdi? AMi2`M�iBQM�H *QM72`@
2M+2- "SJ.a kyRe- kRbi AMi2`M�iBQM�H *QM72`2M+2- 1JJa�. kyRe- >2H/ �i *�Ba1
kyRe- GDm#HD�M�- aHQp2MB�- CmM2 Rj@R9-kyRe - S`Q+22/BM;b- T�;2b kjRĜk9NX aT`BM;2`
AMi2`M�iBQM�H Sm#HBb?BM;- *?�K- kyReX

1/m�`/Q :QMx�H2x GƦT2x /2 Jm`BHH�b- qBH JX SX ��Hbi- �M/ >�DQ �X _2BD2`bX S`Q+2bb
KBMBM; QM /�i�#�b2b, lM2�`i?BM; ?BbiQ`B+�H /�i� 7`QK `2/Q HQ;bX AM "mbBM2bb S`Q@
+2bb J�M�;2K2Mi, Rji? AMi2`M�iBQM�H *QM72`2M+2- "SJ kyR8- AMMb#`m+F- �mbi`B�-
�m;mbi jR Ĝ a2Ti2K#2` j- kyR8- S`Q+22/BM;b- T�;2b jedĜj38X aT`BM;2` AMi2`M�iBQM�H
Sm#HBb?BM;- *?�K- kyR8X

1/m�`/Q :QmH�`i _Q+?�- a2#�biB��M C p�M w2Hbi- �M/ qBH JS p�M /2` ��HbiX JBMBM;
#2?�pBQ`�H T�ii2`Mb 7Q` +QM7Q`K�M+2 /B�;MQbiB+bX AM AMi2`M�iBQM�H *QM72`2M+2 QM
"mbBM2bb S`Q+2bb J�M�;2K2Mi- T�;2b kNRĜjy3X aT`BM;2`- kyk9X

https://www.sciencedirect.com/science/article/pii/S146708952500003X
https://www.sciencedirect.com/science/article/pii/S146708952500003X
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a JB+?2�H :`QQK2` �M/ l/�v a Jm`i?vX *QMiBMmQmb �m/BiBM; Q7 /�i�#�b2 �TTHB+�@
iBQMb, �M 2K#2//2/ �m/Bi KQ/mH2 �TT`Q�+?X CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- j
UkV,8jĜeN- RN3NX

*?`BbiB�M qX :ɃMi?2` �M/ qBH JX SX o�M .2` ��HbiX 6mxxv KBMBM;Ĝ�/�TiBp2 T`Q+2bb
bBKTHB}+�iBQM #�b2/ QM KmHiB@T2`bT2+iBp2 K2i`B+bX AM "mbBM2bb S`Q+2bb J�M�;2K2Mi-
T�;2b jk3Ĝj9jX aT`BM;2`- kyyd�X

*?`BbiB�M qX :ɃMi?2` �M/ qBH JXSX o�M .2` ��HbiX 6mxxv KBMBM;, �/�TiBp2 T`Q+2bb
bBKTHB}+�iBQM #�b2/ QM KmHiB@T2`bT2+iBp2 K2i`B+bX AM S`Q+22/BM;b Q7 i?2 8i? AMi2`@
M�iBQM�H *QM72`2M+2 QM "mbBM2bb S`Q+2bb J�M�;2K2Mi- "SJǶyd- T�;2b jk3Ĝj9j-
"2`HBM- >2B/2H#2`;- kyyd#X aT`BM;2`@o2`H�;X Aa"L j@89y@d8R3k@j- Nd3@j@89y@d8R3k@
jX

ai2p2 >�MM2F2X h?2Q`v Q7 /Bb�;`22K2Mi@#�b2/ �+iBp2 H2�`MBM;X 6QmM/�iBQMb �M/
h`2M/b BM J�+?BM2 G2�`MBM;- dUk@jV,RjRĜjyN- kyR9X

a2TT >Q+?`2Bi2` �M/ CɃ`;2M a+?KB/?m#2`X GQM; b?Q`i@i2`K K2KQ`vX L2m`�H *QK@
Tmi�iBQM- NU3V,Rdj8ĜRd3y- RNNdX /QB, RyXRRekfM2+QXRNNdXNX3XRdj8X

E`xvbxiQ7 >QMFBbx- E`xvbxiQ7 EHmx�- �M/ SBQi` qBȐMB2rbFBX � +QM+2Ti 7Q` ;2M2`�i@
BM; #mbBM2bb T`Q+2bb KQ/2Hb 7`QK M�im`�H H�M;m�;2 /2b+`BTiBQMX AM AMi2`M�iBQM�H
*QM72`2M+2 QM EMQrH2/;2 a+B2M+2- 1M;BM22`BM; �M/ J�M�;2K2Mi- T�;2b NRĜRyjX
aT`BM;2`- kyR3X

62B[B >m�M; �M/ JBFHQb � o�b�`?2HvBX �TTHvBM; `Q#QiB+ T`Q+2bb �miQK�iBQM U`T�V BM
�m/BiBM;, � 7`�K2rQ`FX AMi2`M�iBQM�H DQm`M�H Q7 �++QmMiBM; BM7Q`K�iBQM bvbi2Kb-
j8,Ryy9jj- kyRNX

62B[B >m�M;- qQM :vmM LQ- JBFHQb � o�b�`?2HvB- �M/ w?�QF�B u�MX �m/Bi /�i�
�M�HviB+b- K�+?BM2 H2�`MBM;- �M/ 7mHH TQTmH�iBQM i2biBM;X h?2 CQm`M�H Q7 6BM�M+2
�M/ .�i� a+B2M+2- 3,Rj3ĜR99- kykkX

a?2M;@CmM >m�M;- _QM; CBM- �M/ w?B@>m� w?QmX �+iBp2 H2�`MBM; #v [m2`vBM; BM7Q`@
K�iBp2 �M/ `2T`2b2Mi�iBp2 2t�KTH2bX AM �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM;
bvbi2Kb- T�;2b 3NkĜNyy- kyRyX

a?B@JBM; >m�M;- .�pB/ *X u2M- um@*?mM; >mM;- u2M@Cm w?Qm- �M/ CBM;@a?Bm�M >m�X
� #mbBM2bb T`Q+2bb ;�T /2i2+iBM; K2+?�MBbK #2ir22M BM7Q`K�iBQM bvbi2K T`Q+2bb
~Qr �M/ BMi2`M�H +QMi`QH ~QrX .2+BbBQM amTTQ`i avbi2Kb- 9d,9jeĜ989- kyyNX

>mbb2BM Abb�X 1t+2TiBQM�H 2t+2TiBQMbX S?. i?2bBb- _mi;2`b lMBp2`bBiv@:`�/m�i2
a+?QQH@L2r�`F- kyRjX
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JB2F2 C�MbX AMi2`M�H 7`�m/ `BbF `2/m+iBQM #v /�i� KBMBM; �M/ T`Q+2bb KBMBM;, 7`�K2@
rQ`F �M/ +�b2 bim/vX lMBp2`bBi2Bi >�bb2Hi- kyyNX

JB2F2 C�MbX �m/BiQ` +?QB+2b /m`BM; 2p2Mi HQ; #mBH/BM; 7Q` T`Q+2bb KBMBM;X CQm`M�H Q7
1K2`;BM; h2+?MQHQ;B2b BM �++QmMiBM;- ReUkV,8NĜed- kyRNX

JB2F2 C�Mb �M/ J�`xB2 >Qbb2BMTQm`X >Qr �+iBp2 H2�`MBM; �M/ T`Q+2bb KBMBM; +�M �+i
�b +QMiBMmQmb �m/BiBM; +�i�HvbiX AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM
avbi2Kb- jk,99Ĝ83- kyRNX

JB2F2 C�Mb �M/ J�M�H G�;?KQm+?X S`Q+2bb KBMBM; 7Q` /2i�BH2/ T`Q+2bb �M�HvbBbX AM
�/p�M+2/ .B;Bi�H �m/BiBM;, h?2Q`v �M/ S`�+iB+2 Q7 �m/BiBM; *QKTH2t AM7Q`K�iBQM
avbi2Kb �M/ h2+?MQHQ;B2b- T�;2b kjdĜk8eX aT`BM;2`- kykkX

JB2F2 C�Mb- C�M J�`iBDM o�M .2` q2`7- L�/BM2 Gv#�2`i- �M/ EQ2M o�M?QQ7X �
#mbBM2bb T`Q+2bb KBMBM; �TTHB+�iBQM 7Q` BMi2`M�H i`�Mb�+iBQM 7`�m/ KBiB;�iBQMX 1tT2`i
avbi2K �TTHB+�iBQMb- j3URyV,Rjj8RĜRjj8N- kyRR�X /QB, RyXRyRefDX2br�XkyRRXy9XR8NX
l_G ?iiT,ff/tX/QBXQ`;fRyXRyRefDX2br�XkyRRXy9XR8NX

JB2F2 C�Mb- C�M J�`iBDM p�M /2` q2`7- L�/BM2 Gv#�2`i- �M/ EQ2M o�M?QQ7X � #mbBM2bb
T`Q+2bb KBMBM; �TTHB+�iBQM 7Q` BMi2`M�H i`�Mb�+iBQM 7`�m/ KBiB;�iBQMX 1tT2`i avbi2Kb
rBi? �TTHB+�iBQMb- j3URyV,Rjj8RĜRjj8N- kyRR#X AaaL yN8d@9Rd9X /QB, ?iiT,ff/tX/QBX
Q`;fRyXRyRefDX2br�XkyRRXy9XR8NX

JB2F2 C�Mb- JB+?�2H :X �HH2b- �M/ JBFHQb �X o�b�`?2HvBX h?2 +�b2 7Q` T`Q+2bb KBMBM;
BM �m/BiBM;, aQm`+2b Q7 p�Hm2 �//2/ �M/ �`2�b Q7 �TTHB+�iBQMX AMi2`M�iBQM�H CQm`M�H
Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb R9- R9URV,RĜky- J�`+? kyRjX AaaL R9edy3N8X
/QB, RyXRyRefDX�++BM7XkyRkXyeXyR8X

JB2F2 C�Mb- JB+?�2H :X �HH2b- �M/ JBFHQb �X o�b�`?2HvBX � }2H/ bim/v QM i?2
mb2 Q7 T`Q+2bb KBMBM; Q7 2p2Mi HQ;b �b �M �M�HviB+�H T`Q+2/m`2 BM �m/BiBM;X h?2
�++QmMiBM; _2pB2r- 3NU8V,Rd8RĜRddj- a2Ti2K#2` kyR9X AaaL yyyR93keX /QB,
RyXkjy3f�++`@8y3ydX

S�mH CQ?�MM2bbQM �M/ 1`BF S2`DQMbX �M BMi`Q/m+iBQM iQ /2bB;M b+B2M+2X aT`BM;2`-
kyR9X

uQM;#mK EBK �M/ JBFHQb �X o�b�`?2HvBX � KQ/2H iQ /2i2+i TQi2MiB�HHv 7`�m/m@
H2Mif�#MQ`K�H rB`2b Q7 �M BMbm`�M+2 +QKT�Mv, �M mMbmT2`pBb2/ `mH2@#�b2/ �T@
T`Q�+?X CQm`M�H Q7 1K2`;BM; h2+?MQHQ;B2b BM �++QmMiBM;- NURV,N8ĜRRy- kyRkX

>�`p2v a EQ+?X PMHBM2 +QKTmi2` �m/BiBM; i?`Qm;? +QMiBMmQmb �M/ BMi2`KBii2Mi bBK@
mH�iBQMX JAa Zm�`i2`Hv- T�;2b kNĜ9R- RN3RX

http://dx.doi.org/10.1016/j.eswa.2011.04.159
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CmHB� EQFBM�- a?�v "H�M+?2ii2- h?QK�b > .�p2MTQ`i- �M/ .2bbBbH�p� S�+?�K�MQp�X
*?�HH2M;2b �M/ QTTQ`imMBiB2b 7Q` �`iB}+B�H BMi2HHB;2M+2 BM �m/BiBM;, 1pB/2M+2 7`QK
i?2 }2H/X AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- 8e,Ryydj9-
kyk8X

CQ?M S2i2` E`�?2H �M/ qBHHB�K _X hBi2`�X *QMb2[m2M+2b Q7 #B; /�i� �M/ 7Q`K�HBx�iBQM
QM �++QmMiBM; �M/ �m/BiBM; bi�M/�`/bX �++QmMiBM; >Q`BxQMb- kNUkV,9yNĜ9kk- kyR8X
AaaL y333dNNjX /QB, RyXkjy3f�++?@8Rye8X

aB`BT�M Em2MF�BF�2r �M/ JBFHQb �X o�b�`?2HvBX h?2 T`2/B+iBp2 �m/Bi 7`�K2rQ`FX h?2
AMi2`M�iBQM�H CQm`M�H Q7 .B;Bi�H �++QmMiBM; _2b2�`+?- Rj,jdĜdR- kyRjX

CQ?M _ Em?M C` �M/ ai2p2 : amiiQMX *QMiBMmQmb �m/BiBM; BM 2`T bvbi2K 2MpB`QMK2Mib,
h?2 +m``2Mi bi�i2 �M/ 7mim`2 /B`2+iBQMbX CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- k9URV,NRĜ
RRk- kyRyX

J�M�H G�;?KQm+?- "2MQŗi .2T�B`2- �M/ JB2F2 C�MbX hQr�`/b 7mHH TQTmH�iBQM i2bi@
BM; BM �m/BiBM;, >Qr K�Mv T`Q+2bb /2pB�iBQMb b?QmH/ #2 H�#2H2/\ AM kyk9 ei?
AMi2`M�iBQM�H *QM72`2M+2 QM S`Q+2bb JBMBM; UA*SJV- T�;2b 9NĜ8eX A111- kyk9X

>22D�2 G22- Gm w?�M;- ZB GBm- �M/ JBFHQb o�b�`?2HvBX h2ti pBbm�H �M�HvbBb BM �m/Bi@
BM;, .�i� �M�HviB+b 7Q` DQm`M�H 2Mi`B2b i2biBM;X AMi2`M�iBQM�H DQm`M�H Q7 �++QmMiBM;
BM7Q`K�iBQM bvbi2Kb- 9e,Ryy8dR- kykkX

a�M/2` CX CX G22K�Mb- .B`F 6�?H�M/- �M/ qBH JX SX p�M /2` ��HbiX .Bb+Qp2`BM; #HQ+F@
bi`m+im`2/ T`Q+2bb KQ/2Hb 7`QK 2p2Mi HQ;b@� +QMbi`m+iBp2 �TT`Q�+?X AM �TTHB+�iBQM
�M/ h?2Q`v Q7 S2i`B L2ib �M/ *QM+m``2M+v- T�;2b jRRĜjkNX aT`BM;2`- kyRjX

a�M/2` CX CX G22K�Mb- .B`F 6�?H�M/- �M/ qBH JXSX o�M .2` ��HbiX S`Q+2bb �M/
/2pB�iBQM 2tTHQ`�iBQM rBi? BM/m+iBp2 pBbm�H KBM2`X �m/BiBM;, � CQm`M�H Q7 S`�+iB+2
�M/ h?2Q`v- kyR9X

_�BM2` G2Mx �M/ EBK E C2TT2b2MX h?2 7mim`2 Q7 BMi2`M�H �m/BiBM;, :�`/2M2` Q7
;Qp2`M�M+2X 1.S�*a- eeU8V,RĜkR- kykkX

>m�tB� GB- >�QvmM :�Q- *?2M;x?�M; qm- �M/ JBFHQb � o�b�`?2HvBX 1ti`�+iBM; }@
M�M+B�H /�i� 7`QK mMbi`m+im`2/ bQm`+2b, G2p2`�;BM; H�`;2 H�M;m�;2 KQ/2HbX CQm`M�H
Q7 AM7Q`K�iBQM avbi2Kb- jNURV,Rj8ĜR8e- kyk8X

S2B GB- .�pB/ u *?�M- �M/ �H2t�M/2` EQ;�MX 1t+2TiBQM T`BQ`BiBx�iBQM BM i?2 +QMiBM@
mQmb �m/BiBM; 2MpB`QMK2Mi, � 7`�K2rQ`F �M/ 2tT2`BK2Mi�H 2p�Hm�iBQMX CQm`M�H Q7
AM7Q`K�iBQM avbi2Kb- jyUkV,Rj8ĜR8d- kyR8X
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S2B GB- .�pB/ uX *?�M- �M/ �H2t�M/2` EQ;�MX 1t+2TiBQM T`BQ`BiBx�iBQM BM i?2 +QMiBM@
mQmb �m/BiBM; 2MpB`QMK2Mi, � 7`�K2rQ`F �M/ 2tT2`BK2Mi�H 2p�Hm�iBQMX CQm`M�H Q7
AM7Q`K�iBQM avbi2Kb- jyUkV,Rj8 Ĝ R8d- kyReX AaaL y333dN38X

.�MB2HH2 _ GQK#�`/B- J22?vmM EBK- C�MB+2 * aBTBQ`- �M/ JBFHQb � o�b�`?2HvBX h?2
BM+`2�b2/ `QH2 Q7 �/p�M+2/ i2+?MQHQ;v �M/ �miQK�iBQM BM �m/Bi, � /2HT?B bim/vX
AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- 8e,Ryydjj- kyk8X

hBK GQm;?`�M �M/ "BHH J+.QM�H/X h2tim�H �M�HvbBb BM �++QmMiBM; �M/ }M�M+2, �
bm`p2vX CQm`M�H Q7 �++QmMiBM; `2b2�`+?- 89U9V,RR3dĜRkjy- kyReX

sBtB Gm- .B`F 6�?H�M/- 6`�MF C>J p�M /2M "B;;2H��`- �M/ qBH JS p�M /2` ��HbiX
.2i2+iBM; /2pB�iBM; #2?�pBQ`b rBi?Qmi KQ/2HbX AM AMi2`M�iBQM�H *QM72`2M+2 QM
"mbBM2bb S`Q+2bb J�M�;2K2Mi- T�;2b RkeĜRjNX aT`BM;2`- kyReX

"2`i`�M/ J�Hb+? �M/ ai2p2M 1 a�Hi2`BQX ǳ/QBM; ;QQ/ }2H/ `2b2�`+?Ǵ, �bb2bbBM; i?2
[m�HBiv Q7 �m/Bi }2H/ `2b2�`+?X �m/BiBM;, � CQm`M�H Q7 S`�+iB+2 � h?2Q`v- j8URV,
RĜkk- kyR8X

62HBt J�MM?�`/i- J�bbBKBHB�MQ /2 G2QMB- >�DQ �X _2BD2`b- �M/ qBH JXSX p�M /2`
��HbiX "�H�M+2/ KmHiB@T2`bT2+iBp2 +?2+FBM; Q7 T`Q+2bb +QM7Q`K�M+2X *QKTmiBM;- N3
U9V,9ydĜ9jd- kyReX

G�m`� J�`+mb- a2#�biB�M CQ?�MM2b a+?KB/- 6`�MxBbF� 6`B2/`B+?- J�tBKBHB�M
_ƺ;HBM;2`- �M/ S?BHBTT :`BM/2K�MMX L�pB;�iBM; i?2 H�M/b+�T2 Q7 Q`;�MBx�iBQM�H
T`Q+2bb KBMBM; b2imTb, � i�tQMQKv �TT`Q�+?X "mbBM2bb � BM7Q`K�iBQM bvbi2Kb
2M;BM22`BM;- T�;2b RĜkk- kyk9X

�X EX J2/2B`Qb- �X CX q2BDi2`b- �M/ qBH JXSX ��HbiX :2M2iB+ T`Q+2bb KBMBM;, �M
2tT2`BK2Mi�H 2p�Hm�iBQMX .�i� JBMX EMQrHX .Bb+QpX- R9UkV,k98Ĝjy9- �T`BH kyydX
AaaL Rj39@83RyX

�x�/2? a�/�i JQx�7�`B J2?`- _2M�i� J /2 *�`p�H?Q- �M/ "Qm/2rBDM p�M .QM;2MX
1tTH�BM�#H2 +QM7Q`K�M+2 +?2+FBM;, mM/2`bi�M/BM; T�ii2`Mb Q7 �MQK�HQmb #2?�pBQ`X
1M;BM22`BM; �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2- Rke,Rye3kd- kykjX

C�M J2M/HBM;- :mbi�7 L2mK�MM- �M/ qBH o�M .2` ��HbiX lM/2`bi�M/BM; i?2 Q++m`@
`2M+2 Q7 2``Q`b BM T`Q+2bb KQ/2Hb #�b2/ QM K2i`B+bX AM PM i?2 JQp2 iQ J2�MBM;7mH
AMi2`M2i avbi2Kb kyyd, *QQTAa- .P�- P."�a1- :�.�- �M/ Aa- PhJ *QM72/@
2`�i2/ AMi2`M�iBQM�H *QM72`2M+2b *QQTAa-.P�- P."�a1- :�.�- �M/ Aa- T�;2b
RRjĜRjyX aT`BM;2`- kyydX
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C�M J2M/HBM;- >2M`BF G2QTQH/- >2MMBM; J2v2`?2MF2- �M/ "2MQŗi .2T�B`2X J2i?Q/@
QHQ;v Q7 �H;Q`Bi?K 2M;BM22`BM;X �*J *QKTmiBM; am`p2vb- kyk8X

E`Bb?M�;QT�H J2MQM �M/ .�pB/ . qBHHB�KbX GQM;@i2`K i`2M/b BM �m/Bi 722bX �m/BiBM;,
� CQm`M�H Q7 S`�+iB+2 � h?2Q`v- kyURV,RR8ĜRje- kyyRX

J�ii?2r " JBH2b �M/ � JB+?�2H >m#2`K�MX Zm�HBi�iBp2 /�i� �M�HvbBb, �M 2tT�M/2/
bQm`+2#QQFX b�;2- RNN9X

E2pBM *X JQ{ii- o2`MQM CX _B+?�`/bQM- L2�H JX aMQr- J�`iBM JX q2BbM2`- �M/
.�pB/ �X qQQ/X S2`bT2+iBp2b QM T�bi �M/ 7mim`2 �Bb `2b2�`+? �b i?2 DQm`M�H Q7
BM7Q`K�iBQM bvbi2Kb im`Mb i?B`ivX CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- jyUjV,R8d Ĝ RdR-
kyReX AaaL y333dN38X

CQ`;2 JmMQx@:�K� �M/ CQb2T *�`KQM�X 1M?�M+BM; T`2+BbBQM BM T`Q+2bb +QM7Q`@
K�M+2, ai�#BHBiv- +QM}/2M+2 �M/ b2p2`BivX AM S`Q+22/BM;b Q7 i?2 A111 avKTQ@
bBmK QM *QKTmi�iBQM�H AMi2HHB;2M+2 �M/ .�i� JBMBM;- *A.J kyRR- T�`i Q7 i?2
A111 avKTQbBmK a2`B2b QM *QKTmi�iBQM�H AMi2HHB;2M+2 kyRR- �T`BH RR@R8- kyRR-
S�`Bb- 6`�M+2- T�;2b R39ĜRNRX A111- kyRRX /QB, RyXRRyNf*A.JXkyRRX8N9N98RX l_G
?iiT,ff/tX/QBXQ`;fRyXRRyNf*A.JXkyRRX8N9N98RX

CQ`;2 JmƢQx@:�K� �M/ CQb2T *�`KQM�X � 7`2b? HQQF �i T`2+BbBQM BM T`Q+2bb +QM7Q`@
K�M+2X AM "SJ- pQHmK2 ejje Q7 G2+im`2 LQi2b BM *QKTmi2` a+B2M+2- T�;2b kRRĜkkeX
aT`BM;2`- kyRyX Aa"L Nd3@j@e9k@R8eRd@8X

:QMx�HQ L�TQH2b- Ab2H :`�m- 1HTBMBFB S�T�;2Q`;BQm- _�7�2H "2HHQ- �M/ EQ2M o�M?QQ7X
_Qm;? +Q;MBiBp2 M2irQ`FbX EMQrH2/;2@"�b2/ avbi2Kb- NR,9eĜĜeR- kyReX

:QMx�HQ L�TQH2b- _�7�2H 6�H+QM- 1HTBMBFB S�T�;2Q`;BQm- _�7�2H "2HHQ- �M/ EQ2M o�M@
?QQ7X _Qm;? +Q;MBiBp2 2Mb2K#H2bX AMi2`M�iBQM�H CQm`M�H Q7 �TT`QtBK�i2 _2�bQMBM;-
38,dNĜĜNe- kyRdX

:QMx�HQ L�TQH2b- *�`HQb JQb[m2`�- _�7�2H 6�H+QM- Ab2H :`�m- _�7�2H "2HHQ- �M/ EQ2M
o�M?QQ7X 6mxxv@`Qm;? +Q;MBiBp2 M2irQ`FbX L2m`�H L2irQ`Fb- Nd,RNĜkd- kyR3X

:QMx�HQ L�TQH2b- u�KBbH2v/B a�H;m2B`Q- Ab2H :`�m- �M/ J�BF2H G2QM 1bTBMQb�X
_2+m``2M+2@�r�`2 HQM;@i2`K +Q;MBiBp2 M2irQ`F 7Q` 2tTH�BM�#H2 T�ii2`M +H�bbB}+�@
iBQMX A111 i`�Mb�+iBQMb QM +v#2`M2iB+b- 8jURyV,ey3jĜeyN9- kykkX

a�mH "X L22/H2K�M �M/ *?`BbiB�M .X qmMb+?X � ;2M2`�H K2i?Q/ �TTHB+�#H2 iQ i?2
b2�`+? 7Q` bBKBH�`BiB2b BM i?2 �KBMQ �+B/ b2[m2M+2 Q7 irQ T`Qi2BMbX CQm`M�H Q7 JQH2+@
mH�` "BQHQ;v- 93UjV,99jĜ98j- RNdyX /QB, RyXRyRefyykk@k3jeUdyVNyy8d@9X

http://dx.doi.org/10.1109/CIDM.2011.5949451
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>Q�M; L;mv2M- J�`HQM .mK�b- J�`+2HHQ _Qb�- 6�#`BxBQ J�`B� J�;;B- �M/ am`B�/B
am`B�/BX JBMBM; #mbBM2bb T`Q+2bb /2pB�M+2, � [m2bi 7Q` �++m`�+vX AM PM i?2 JQp2 iQ
J2�MBM;7mH AMi2`M2i avbi2Kb, PhJ kyR9 *QM72`2M+2b, *QM72/2`�i2/ AMi2`M�iBQM�H
*QM72`2M+2b, *QQTAa- �M/ P."�a1 kyR9- �K�Mi2�- Ai�Hv- P+iQ#2` kd@jR- kyR9-
S`Q+22/BM;b- T�;2b 9jeĜ998X aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM- >2B/2H#2`;- kyR9X

JQ;2Mb LB2Hb2M- :Q`/QM SHQiFBM- �M/ :HvMM qBMbF2HX S2i`B M2ib- 2p2Mi bi`m+im`2b
�M/ /QK�BMb- T�`i BX h?2Q`2iB+�H *QKTmi2` a+B2M+2- RjURV,38ĜRy3- RN3RX

1/ PǶ.QMM2HH �M/ CQb2T? CX a+?mHix C`X h?2 AM~m2M+2 Q7 "mbBM2bb@S`Q+2bb@6Q+mb2/
�m/Bi amTTQ`i aQ7ir�`2 QM �M�HviB+�H S`Q+2/m`2b Cm/;K2MibX �m/BiBM;, � CQm`M�H
Q7 S`�+iB+2 � h?2Q`v- kkUkV,ke8ĜkdN- kyyjX AaaL ykd3yj3yX

�bbQ+B�iBQM Q7 *2`iB}2/ 6`�m/ 1t�KBM2`bX _2TQ`i iQ i?2 M�iBQMb, kyk9 ;HQ#�H bim/v
QM Q++mT�iBQM�H 7`�m/ �M/ �#mb2- kyk9X

�A*S�, �K2`B+�M AMbiBimi2 Q7 *2`iB}2/ Sm#HB+ �++QmMi�MibX :mB/2 iQ �m/Bi .�i�
�M�HviB+bX �K2`B+�M AMbiBimi2 Q7 *2`iB}2/ Sm#HB+ �++QmMi�Mib- L2r uQ`F- Lu-
kyRdX

6vMM PH/2M#m`;- E�B >Q#2`;- �M/ >2M`BF G2QTQH/X S`Q+2bb KBMBM; BM bmTTHv +?�BM
K�M�;2K2Mi, bi�i2@Q7@i?2@�`i- mb2 +�b2b �M/ `2b2�`+? QmiHQQFX AMi2`M�iBQM�H CQm`@
M�H Q7 S`Q/m+iBQM _2b2�`+?- ejU3V,k33NĜkNy9- kyk8X

S*�P"X aTQiHB;?i, .�i� �M/ i2+?MQHQ;v `2b2�`+? T`QD2+i mT/�i2X h2+?MB+�H `2TQ`i-
Sm#HB+ *QKT�Mv �++QmMiBM; Pp2`bB;?i "Q�`/- J�v kykRX l_G ?iiTb,ffT+�Q#mbX
Q`;f/Q+mK2Mibf/�i�@�M/@i2+?MQHQ;v@T`QD2+i@K�v@kykR@bTQiHB;?iXT/7X
ai�z /Q+mK2Mi- MQi � `mH2 Q` bi�i2K2Mi Q7 i?2 "Q�`/X

C�`B S22T2`FQ`M- a2TT2 p�M/2M "`Qm+F2- �M/ CQ+?2M .2 q22`/iX :HQ#�H +QM7Q`K�M+2
+?2+FBM; K2�bm`2b mbBM; b?�HHQr `2T`2b2Mi�iBQM �M/ /22T H2�`MBM;X 1M;BM22`BM;
�TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2- Rkj,RyejNj- kykjX

J�`+Q S2;Q`�`Q- J2`B? a2`�M lvb�H- �M/ qBH JS p�M /2` ��HbiX *QM7Q`K�M+2 +?2+F@
BM; Qp2` mM+2`i�BM 2p2Mi /�i�X AM7Q`K�iBQM avbi2Kb- Ryk,RyR3Ry- kykRX

�`B7 S2`/�M�- q 1`B+ G22- �M/ *?m JmB EBKX S`QiQivTBM; �M/ BKTH2K2MiBM; `Q#QiB+
T`Q+2bb �miQK�iBQM BM �++QmMiBM; }`Kb, "2M2}ib- +?�HH2M;2b �M/ QTTQ`imMBiB2b iQ
�m/Bi �miQK�iBQMX AMi2`M�iBQM�H DQm`M�H Q7 �++QmMiBM; BM7Q`K�iBQM bvbi2Kb- 8R,
Ryye9R- kykjX

CQ?�M GX S2`QHb �M/ l/�v aX Jm`i?vX AM7Q`K�iBQM 7mbBQM BM +QMiBMmQmb �bbm`�M+2X
CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- keUkV,j8 Ĝ 8k- kyRk�X AaaL y333dN38X

https://pcaobus.org/documents/data-and-technology-project-may-2021-spotlight.pdf
https://pcaobus.org/documents/data-and-technology-project-may-2021-spotlight.pdf
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CQ?�M G S2`QHb �M/ l/�v a Jm`i?vX AM7Q`K�iBQM 7mbBQM BM +QMiBMmQmb �bbm`�M+2X
CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- keUkV,j8Ĝ8k- kyRk#X

*HB7iQM S?m�- oBM+2Mi G22- E�i2 aKBi?- �M/ _Qbb :�vH2`X � +QKT`2?2MbBp2 bm`p2v Q7
/�i� KBMBM;@#�b2/ 7`�m/ /2i2+iBQM `2b2�`+?X �`sBp T`2T`BMi �`sBp,RyyNXeRRN- kyRyX

�X SBF�- qX JX SX p�M /2` ��Hbi- JX hX qvMM- *X CX 6B/;2- �M/ �X >X JX i2` >Q7bi@
2/2X 1p�Hm�iBM; �M/ T`2/B+iBM; Qp2`�HH T`Q+2bb `BbF mbBM; 2p2Mi HQ;bX AM7Q`K�iBQM
a+B2M+2b- j8kĜj8j,N3ĜRky- kyReX

�`i2K SQHvpv�Mvv �M/ �MM� E�H2MFQp�X *QM7Q`K�M+2 +?2+FBM; Q7 T�`iB�HHv K�i+?BM;
T`Q+2bb2b, �M 2Mi`QTv@#�b2/ �TT`Q�+?X AM7Q`K�iBQM avbi2Kb- Rye,RyRdky- kykkX

1H?�K _�K2x�MB- .B`F 6�?H�M/- �M/ qBH JXSX p�M /2` ��HbiX q?2`2 /B/ B KBb#2@
?�p2\ /B�;MQbiB+ BM7Q`K�iBQM BM +QKTHB�M+2 +?2+FBM;X AM AMi2`M�iBQM�H +QM72`2M+2
QM #mbBM2bb T`Q+2bb K�M�;2K2Mi- T�;2b kekĜkd3X aT`BM;2`- kyRkX

.�MB2H _2BĽM2`- _�z�2H2 *QM7Q`iB- J�`HQM .mK�b- J�`+2HHQ G� _Qb�- �M/ �#2H
�`K�b@*2`p�Mi2bX a+�H�#H2 +QM7Q`K�M+2 +?2+FBM; Q7 #mbBM2bb T`Q+2bb2bX AM PhJ
*QM72/2`�i2/ AMi2`M�iBQM�H *QM72`2M+2b PM i?2 JQp2 iQ J2�MBM;7mH AMi2`M2i avb@
i2Kb- T�;2b eydĜekdX aT`BM;2`- kyRdX

S�HH _BF?�`/bbQM �M/ _B+?�`/ .mHHX �M 2tTHQ`�iQ`v bim/v Q7 i?2 �/QTiBQM- �TTHB+�iBQM
�M/ BKT�+ib Q7 +QMiBMmQmb �m/BiBM; i2+?MQHQ;B2b BM bK�HH #mbBM2bb2bX AMi2`M�iBQM�H
CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- ky,keĜjd- kyReX

�MM2 _QxBM�i �M/ qBH JXSX p�M /2` ��HbiX *QM7Q`K�M+2 +?2+FBM; Q7 T`Q+2bb2b #�b2/
QM KQMBiQ`BM; `2�H #2?�pBQ`X AM7Q`K�iBQM avbi2Kb- jjURV,e9ĜN8- kyy3X AaaL yjye@
9jdNX /QB, RyXRyRefDXBbXkyydXydXyyRX

LB+F _mbb2HH- qBH JXSX p�M /2` ��Hbi- �M/ �`i?m` >XJX i2` >Q7bi2/2X 1t+2TiBQM
?�M/HBM; T�ii2`Mb BM T`Q+2bb@�r�`2 BM7Q`K�iBQM bvbi2KbX "SJ *2Mi2` _2TQ`i "SJ-
T�;2b k33Ĝjyk- kyyeX

a?�xB� a�/B[- :mB/Q :Qp2`M�iQ`B- �M/ EBQmK�`b L�KB`BX JQ/2HBM; +QMi`QH Q#D2+iBp2b
7Q` #mbBM2bb T`Q+2bb +QKTHB�M+2X AM AMi2`M�iBQM�H +QM72`2M+2 QM #mbBM2bb T`Q+2bb
K�M�;2K2Mi- T�;2b R9NĜRe9X aT`BM;2`- kyydX

CQ?MMvX a�H/�Ƣ�X h?2 +Q/BM; K�Mm�H 7Q` [m�HBi�iBp2 `2b2�`+?2`bX a�:1 GQM/QM- j
2/BiBQM- kyReX Aa"L Nd3R9djNyk9NdX

J�`F LXEX a�mM/2`bX _2b2�`+? K2i?Q/b 7Q` #mbBM2bb bim/2Mib- 8f2X S2�`bQM 1/m+�iBQM
AM/B�- kyRRX
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J�`iBM a+?mHixX 1M`B+?BM; T`Q+2bb KQ/2Hb 7Q` #mbBM2bb T`Q+2bb +QKTHB�M+2 +?2+FBM; BM
2`T 2MpB`QMK2MibX AM AMi2`M�iBQM�H *QM72`2M+2 QM .2bB;M a+B2M+2 _2b2�`+? BM AM@
7Q`K�iBQM avbi2Kb- T�;2b RkyĜRj8X aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM- >2B/2H#2`;-
kyRjX Aa"L Nd3@j@e9k@j33kd@NX

*HBp2 a2�H2X Zm�HBiv BM [m�HBi�iBp2 `2b2�`+?X Zm�HBi�iBp2 BM[mB`v- 8U9V,9e8Ĝ9d3- RNNNX

1Hb2HBM2 a2M�p2- JB2F2 C C�Mb- �M/ _�D2M/`� S a`Bp�bi�p�X h?2 �TTHB+�iBQM Q7 i2ti
KBMBM; BM �++QmMiBM;X AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb-
8y,Ryyek9- kykjX

"m`` a2iiH2bX �+iBp2 H2�`MBM; HBi2`�im`2 bm`p2vX h2+?MB+�H `2TQ`i- lMBp2`bBiv Q7
qBb+QMbBM@J�/BbQM .2T�`iK2Mi Q7 *QKTmi2` a+B2M+2b- kyyNX

L�pBi?� aBM;? a2rT2`b�/?X �/�TiBp2 bi`m+im`�H �m/Bi T`Q+2bb2b �b b?�T2/ #v 2K2`;@
BM; i2+?MQHQ;B2bX AMi2`M�iBQM�H CQm`M�H Q7 �++QmMiBM; AM7Q`K�iBQM avbi2Kb- 8e,
Ryydj8- kyk8X

>2`#2`i �X aBKQMX h?2 a+B2M+2b Q7 i?2 �`iB}+B�HX JAh S`2bb- j 2/BiBQM- RNNeX

EBb?Q`2 aBM;?- S2i2` C "2bi- J�`BQ "QDBHQp- �M/ *�i?2`BM2 "HmMiX *QMiBMmQmb �m@
/BiBM; �M/ +QMiBMmQmb KQMBiQ`BM; BM 2`T 2MpB`QMK2Mib, +�b2 bim/B2b Q7 �TTHB+�iBQM
BKTH2K2Mi�iBQMbX CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- k3URV,k3dĜjRy- kyRjX

*?`BbiB�M aQMM2M#2`; �M/ C�M pQK "`Q+F2X h?2 KBbbBM; HBMF #2ir22M "SJ �M/ �+@
+QmMiBM;, lbBM; 2p2Mi /�i� 7Q` �++QmMiBM; BM T`Q+2bb@Q`B2Mi2/ Q`;�MBx�iBQMbX "mbB@
M2bb S`Q+2bb J�M�;2K2Mi CQm`M�H- kyUkV,kRjĜk9e- kyR9X

_�D2M/`� SX a`Bp�bi�p� �M/ :H2MM _X a?�72`X "2HB27@6mM+iBQM 6Q`KmH�b 7Q` �m/Bi _BbFX
�++QmMiBM; _2pB2r- edUkV,k9NĜk3j- �T`BH RNNkX AaaL yyyR93keX

�Mb2HK G ai`�mbbX Zm�HBi�iBp2 �M�HvbBb 7Q` bQ+B�H b+B2MiBbibX *�K#`B/;2 lMBp2`bBiv
S`2bb- RN3dX Aa"L y8kRjj3yeNX

1`M2bi hX ai`BM;2`X �+iBQM `2b2�`+?X h?Qmb�M/ P�Fb- *�HB7Q`MB� , a�:1- 9 2/BiBQM-
kyR9X Aa"L Nd3R98kky8y3jX

hBM; amM �M/ JBFHQb � o�b�`?2HvBX 1K#`�+BM; i2tim�H /�i� �M�HviB+b BM �m/BiBM; rBi?
/22T H2�`MBM;X AMi2`M�iBQM�H CQm`M�H Q7 .B;Bi�H �++QmMiBM; _2b2�`+?- R3- kyR3X

CQ arBMM2M- "2MQŗi .2T�B`2- JB2F2 C�Mb- �M/ EQ2M o�M?QQ7X � T`Q+2bb /2pB�iBQM
�M�HvbBb- � +�b2 bim/vX AM "mbBM2bb S`Q+2bb J�M�;2K2Mi qQ`Fb?QTb- pQHmK2 NN
Q7 G2+im`2 LQi2b BM "mbBM2bb AM7Q`K�iBQM S`Q+2bbBM;- T�;2b 3dĜN3X aT`BM;2` "2`HBM
>2B/2H#2`;- kyRRX
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�H�� h?�`r�i �M/ qQH7`�K a+?2M+FX � bm`p2v QM �+iBp2 H2�`MBM;, ai�i2@Q7@i?2@�`i-
T`�+iB+�H +?�HH2M;2b �M/ `2b2�`+? /B`2+iBQMbX J�i?2K�iB+b- RRU9V,3ky- kykjX

ami�T�i h?BT`mM;b`B �M/ JBFHQb �X o�b�`?2HvBX *Hmbi2` �M�HvbBb 7Q` �MQK�Hv /2i2+iBQM
BM �++QmMiBM; /�i�, �M �m/Bi �TT`Q�+?X AMi2`M�iBQM�H CQm`M�H Q7 .B;Bi�H �++QmMiBM;
_2b2�`+?- RR- kyRRX

qBHHB�K _X hBi2`�X lT/�iBM; �m/Bi bi�M/�`/Ĝ2M�#HBM; �m/Bi /�i� �M�HvbBbX CQm`@
M�H Q7 AM7Q`K�iBQM avbi2Kb- kdURV,jk8ĜjjR- kyRjX AaaL y333dN38X /QB, RyXkjy3f
Bbvb@8y9kdX

J�+�`2M� hQ``Q#�- CQbû _�KƦM a�M+?2x- GB/B� GƦT2x- �M/ �M;2H� *�HH2DƦMX AMp2b@
iB;�iBM; i?2 BKT�+iBM; 7�+iQ`b 7Q` i?2 �m/Bi T`Q72bbBQM�Hb iQ �/QTi /�i� �M�HvbBb
�M/ �`iB}+B�H BMi2HHB;2M+2, 1KTB`B+�H 2pB/2M+2 7Q` bT�BMX AMi2`M�iBQM�H CQm`M�H Q7
�++QmMiBM; AM7Q`K�iBQM avbi2Kb- 8e,Ryydj3- kyk8X

ai�+B2 h`QMiQ �M/ "`2M/� G EBHHBM;brQ`i?X >Qr BMi2`M�H �m/Bi +�M +?�KTBQM +QMiBM@
mQmb KQMBiQ`BM; BM � #mbBM2bb QT2`�iBQM pB� pBbm�H `2TQ`iBM; �M/ Qp2`+QK2 #�``B2`b
iQ bm++2bbX h?2 AMi2`M�iBQM�H CQm`M�H Q7 .B;Bi�H �++QmMiBM; _2b2�`+?- kRUkdV,kjĜ8N-
kykRX

>�M p�M /2` ��- >2M`BF G2QTQH/- �M/ >�DQ �X _2BD2`bX .2i2+iBM; BM+QMbBbi2M+B2b
#2ir22M T`Q+2bb KQ/2Hb �M/ i2tim�H /2b+`BTiBQMbX AM "mbBM2bb S`Q+2bb J�M�;2@
K2Mi, Rji? AMi2`M�iBQM�H *QM72`2M+2- "SJ kyR8- AMMb#`m+F- �mbi`B�- �m;mbi jR Ĝ
a2Ti2K#2` j- kyR8- S`Q+22/BM;b- T�;2b NyĜRy8X aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;-
*?�K- kyR8X
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