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�#bi`�+i
Pm` MQiBQMb Q7 +�mb�iBQM BM b+B2M+2 �`2 Q7i2M mMBMi2MiBQM�HHv +QMbi`�BM2/ #v i?2 K�i?@
2K�iB+b r2 mb2X hvTB+�HHv- b+B2MiB}+ BMp2biB;�iBQMb mb2 �H;2#`�B+ Q` +�H+mHmb@#�b2/
K�i?2K�iB+b iQ KQ/2H +�mb2b �M/ 2z2+ibX AM i?2b2 ivT2b Q7 KQ/2Hb- i?2`2 Bb � T`2@
/B+iBp2 `2H�iBQMb?BT #2ir22M i?2 +�mb2 �M/ i?2 2z2+iX h?Bb T`2/B+iBp2 T�ii2`M Bb r?�i
KQbi T2QTH2 mb2 iQ +H�bbB7v 2p2Mib �b K�i2`B�HBbiB+- H2�pBM; 2p2Mib i?�i �`2 MQi bQ
+H�bbB}2/ �b MQM@K�i2`B�HBbiB+X J�i?2K�iB+b Qp2` i?2 H�bi +2Mim`v ?�b BMi`Q/m+2/ M2r
7Q`K�HBbKb i?�i +Qp2` 7mM+iBQMb i?�i /Q MQi +QM7Q`K iQ i?2 K�i2`B�HBbiB+ T�ii2`MX
q?BH2 i?2b2 7mM+iBQMb +�MMQi �Hr�vb T`2/B+i Qmi+QK2b 7Q` ivTB+�H +�b2b- i?2v +�M #2
bim/B2/ �M/ �M�Hvx2/ BM Qi?2` r�vb- �M/ i?2`27Q`2 +�M #2 mb2/ 7Q` FMQrH2/;2@#mBH/BM;X
h?2`27Q`2- #v 2tT�M/BM; i?2 K�i?2K�iB+�H iQQHb2i- BMp2biB;�iQ`b +�M #2ii2` B/2MiB7v
�M/ KQ/2H MQM@K�i2`B�HBbiB+ +�mb2bX

R AMi`Q/m+iBQM
PM2 Q7 i?2 H�`;2bi #�``B2`b iQ +QMbB/2`BM; �Hi2`M�iBp2b iQ M�im`�HBbK Bb i?�i Bi Bb
/B{+mHi 7Q` T2QTH2 iQ +QM+2Bp2 Q7 r?�i bQ`ib Q7 +�mb2b HB2 QmibB/2 Q7 i?2 M�im`�HBbiB+
T�`�/B;K �M/ ?Qr i?2v KB;?i #2 KQ/2H2/X q?BH2 bQK2 T2QTH2 +�M b22 i?�i i?2`2
Kmbi #2 KQ`2 iQ i?2 rQ`H/ i?�M r?�i Bb +QMi�BM2/ BM M�im`�HBbK- KQbi pB2r i?Qb2
T�`ib Q7 `2�HBiv �b 7mM/�K2Mi�HHv 2MB;K�iB+X h?Bb ?�b 2p2M H2/ K�Mv r?Q /Bb�;`22
rBi? M�im`�HBbK QM � 7mM/�K2Mi�H #�bBb iQ /Q i?2B` rQ`F mM/2` � M�im`�HBbiB+ `m#`B+X
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RR9 .2b+`B#�#H2 #mi LQi S`2/B+i�#H2

Ai ?�b �HbQ T`2p2Mi2/ T2QTH2 7`QK �ii2KTiBM; `B;Q`Qmb bim/B2b Q7 T?2MQK2M� i?�i �`2
QmibB/2 Q7 M�im`�HBbKǶb /QK�BMX

h?2`27Q`2- 7Q` �Mv �Hi2`M�iBp2 iQ K2i?Q/QHQ;B+�H M�im`�HBbK iQ i�F2 ?QH/- K2i?@
Q/b Q7 �M�HvxBM; 2p2Mib i?�i �`2 #2vQM/ i?2 `2�+? Q7 M�im`�HBbK Kmbi #2 /2p2HQT2/X
aBM+2 MQM@M�im`�HBbiB+ T?2MQK2M� �`2 +�i2;Q`B+�HHv /Bz2`2Mi i?�M M�im`�HBbiB+ T?2@
MQK2M�- bm+? K2i?Q/b rBHH #2 M2+2bb�`BHv /Bz2`2Mi �M/ K�v T`QpB/2 /Bz2`2Mi FBM/b
Q7 BM7Q`K�iBQM �#Qmi i?2 2p2Mib i?�M i?2 FBM/b Q7 BM7Q`K�iBQM r2 �`2 mb2/ iQ ?�pBM;X
am+? KQ/2HBM; b?QmH/ MQi #2 Dm/;2/ �b bm++2bb7mH Q` mMbm++2bb7mH #�b2/ QM r?2i?2`
Q` MQi Bi K�i+?2b i?2 FBM/ Q7 BM7Q`K�iBQM Q#i�BM2/ 7`QK M�im`�HBbiB+ KQ/2Hb- #mi QM
r?2i?2` Q` MQi Bi K�i+?2b `2�HBiv �M/ T`QpB/2b ?2HT7mH BM7Q`K�iBQM i?�i +�M BM7Q`K
/2+BbBQMb �M/ +�M #2 +QK#BM2/ rBi? Qi?2` 7Q`Kb Q7 FMQrH2/;2X

>Qr2p2`- #27Q`2 r2 HQQF �i ?Qr iQ KQ/2H MQM@M�im`�HBbiB+ T?2MQK2M�- r2 Kmbi
}`bi 2bi�#HBb? r?�i Bi K2�Mb 7Q` � T�`iB+mH�` T?2MQK2MQM iQ #2 MQM@M�im`�HBbiB+X

k *QKTmi�#BHBiv �b � .2K�`+�iBQM
h?2 }`bi T`Q#H2K BM /2p2HQTBM; �Hi2`M�iBp2b iQ K2i?Q/QHQ;B+�H M�im`�HBbK Bb rBi?
/2i2`KBMBM; r?�i +QmMib �b � M�im`�HBbiB+ Q` MQM@M�im`�HBbiB+ T?2MQK2MQMX q?BH2
KQbi T2QTH2 i?BMF i?�i bm+? � /2K�`+�iBQM Bb BMimBiBp2Hv Q#pBQmb- QM +HQb2` BMbT2+iBQM-
i?Bb #2+QK2b � `�i?2` /B{+mHi T`Q#H2KX a2p2`�H �ii2KTib �i +`2�iBM; � /2K�`+�iBQM
?�p2 #22M �ii2KTi2/ �M/ KQbi Q7 i?2K ?�p2 7�BH2/X

6B`bi Q7 �HH- r2 rBHH 2[m�i2 M�im`�HBbK rBi? T?vbB+�HBbKěi?2 B/2� i?�i �HH FMQr@
�#H2 T?2MQK2M� �`2 BM bQK2 b2Mb2 T?vbB+�HX qBi?Qmi i?Bb `2bi`B+iBQM- M�im`�HBbK Dmbi
K2�Mb ǳ2p2`vi?BM;-Ǵ �M/ /2}MBM; �M B/2� �b ǳ2p2`vi?BM;BbKǴ Bb mM?2HT7mHX S?vbB+�H@
BbK Bb r?�i KQbi T2QTH2 K2�M r?2M i?2v i�HF �#Qmi M�im`�HBbKX >Qr2p2`- i?Bb H2�p2b
mb iQ /2}M2 r?�i Bi K2�Mb 7Q` bQK2i?BM; iQ #2 T?vbB+�HX qBi?Qmi � bQHB/ /2}MBiBQM
BM TH�+2- i?2 +�i2;Q`v Bb K2�MBM;H2bb UaiQHD�`- kyyNVX

6Q` BMbi�M+2- H2i mb BK�;BM2 i?�i ;?Qbib �`2 `2�HX �`2 i?2v T?vbB+�H\ "v r?�i
+`Bi2`BQM +QmH/ r2 +H�bbB7v i?2K 2Bi?2` r�v\ Ai Bb i`m2 i?�i ;?Qbib �`2 Q7i2M +QMbB/2`2/
MQM@T?vbB+�H #2BM;b- #mi QM r?�i `mH2 KB;?i r2 K�F2 bm+? � /2i2`KBM�iBQM\

aQK2 KB;?i b�v i?�i �M 2p2Mi Bb T?vbB+�H B7 Bi Bb Q#b2`p�#H2 �M/ /2i2+i�#H2X
G2iǶb b�v- i?2M- bQK2QM2 7QmM/ � r�v iQ /2i2+i ;?Qbib �M/ i?2B` 2z2+ibX �`2 ;?Qbib
i?2M +QMbB/2`2/ T?vbB+�H\ � /2K�`+�iBQM #2ir22M T?vbB+�H �M/ MQM@T?vbB+�H i?�i
Tmib ;?Qbib QM i?2 ǳT?vbB+�HǴ bB/2 b22Kb MQMb2MbB+�HX Pi?2`b KB;?i b�v i?�i �M 2p2Mi
Bb T?vbB+�H B7 Bi Bb i2bi�#H2X "mi- �;�BM- B7 r2 /2p2HQT2/ � K2+?�MBbK i?�i i2bib 7Q`
;?Qbib- i?2M ;?Qbib rQmH/ #2 T?vbB+�HX

S?vbB+�HBbib Q7i2MiBK2b /2}M2 ǳT?vbB+bǴ iQ BM+Hm/2 �Mvi?BM; i?�i ?�b 2z2+ibX
>Qr2p2`- MQM@T?vbB+�HBbib #2HB2p2 i?�i i?2B` +�i2;Q`B2b UBX2X- KBM/- bTB`Bi- 2i+XV /Q
BM 7�+i ?�p2 2z2+ib BM i?2 T?vbB+�H rQ`H/X h?2`27Q`2- MQi QMHv Bb bm+? � /2}MBiBQM Q7
T?vbB+�H MQMb2MbB+�H U;Bp2M i?2 ;?Qbi 2t�KTH2V- Bi �HbQ /Q2b MQi Tmi Bib2H7 �i Q//b rBi?
i?2 MQM@T?vbB+�HBbi +H�BKbX "�`iH2ii UkyReV ;Q2b BMiQ KQ`2 /2i�BH QM i?2 T`Q#H2Kb Q7



1H2K2Mi�`v 6mM+iBQMb �M/ *�mb�iBQM RR8

/2K�`+�iBQM 7Q` T?vbB+�HBbK �M/ K�i2`B�HBbKX
hQ K�F2 � `2�H /BbiBM+iBQM #2ir22M i?2b2 +H�bb2b Q7 T?2MQK2M� �i �HH- r2 M22/

�M Q#D2+iBp2 +`Bi2`BQM i?�i i�F2b BMiQ �++QmMi #Qi? i?2 72�im`2b i?�i T?vbB+�HBbib �M/
MQM@T?vbB+�HBbib }M/ BKTQ`i�MiX LQ +`Bi2`B� Bb HBF2Hv iQ ?�p2 mMBp2`b�H �;`22K2Mi- #mi
7Q` � +`Bi2`B� iQ #2 rQ`i?r?BH2 Bi b?QmH/ ?�p2 �i H2�bi bQK2 r?Q �;`22 rBi? Bi QM #Qi?
bB/2b Q7 i?2 Bbbm2X

PM2 +`Bi2`B� T`QTQb2/ #v T?vbB+�HBbib iQ /BbiBM;mBb? #2ir22M T?vbB+�H �M/ MQM@
T?vbB+�H T?2MQK2M� Bb +QKTmi�#BHBivX lM/2` i?Bb `m#`B+- T?vbB+�H T`Q+2bb2b �`2 i?Qb2
r?Qb2 `2bmHib +�M- �i H2�bi BM T`BM+BTH2- #2 +�H+mH�i2/ #v +QKTmi�iBQM�H bvbi2Kb- r?BH2
MQM@T?vbB+�H T`Q+2bb2b �`2 i?Qb2 r?B+? +�MMQiX h?Bb i?2bBb Bb /2b+`B#2/ �M/ /272M/2/
KQ`2 7mHHv BM "�`iH2ii UkyR9VX

h?Bb /2K�`+�iBQM ?�b K�Mv �/p�Mi�;2bX 6B`bi- Bi Bb Q#D2+iBp2X *QKTmi�iBQM
�M/ +QKTmi�#BHBiv Bb � r2HH@bim/B2/ iQTB+X PM2 +�M T`Qp2 i?�i +2`i�BM K�i?2K�iB+�H
7mM+iBQMb �`2 MQM@+QKTmi�iBQM�HX a2+QM/- Bi Bb mb2/ #v T?vbB+�HBbib i?2Kb2Hp2bX >�p@
BM; � /2K�`+�iBQM +`Bi2`BQM i?�i Bb �;`22/ mTQM #v #Qi? T�`iB2b K�F2b /Bb+mbbBQM �M/
T`Q;`2bb TQbbB#H2X h?B`/- bBM+2 +QKTmi�iBQM Bb � }MBi�`v KQ/2 Q7 �+iBM;- ?�pBM; +QK@
Tmi�iBQM �b � +`Bi2`B� K2�Mb i?�i 2p2Mib i?2Kb2Hp2b Kmbi Q#2v }MBi�`v HQ;B+- r?B+?
Bb � `2�bQM�#H2 `2[mB`2K2Mi 7`QK � T?vbB+�HBbi bi�M/TQBMiX

h?2`27Q`2- 7Q` i?Bb T�T2`- r2 rBHH mb2 +QKTmi�#BHBiv �b i?2 /2K�`+�iBQM +`Bi2`B�
#2ir22M M�im`�HBbiB+ �M/ MQM@M�im`�HBbiB+ KQ/2b Q7 +�mb�iBQMX

j 1H2K2Mi�`v 6mM+iBQMb �M/ *�mb�iBQM
J�Mv Q7 Qm` B/2�b Q7 +�mb�iBQM- 2bT2+B�HHv BM i?2 b+B2M+2b- +QK2 7`QK Qm` 2tT2`B2M+2b
BM K�i?2K�iB+�H 2/m+�iBQMX A ?�p2 MQ ;2M2`�H +`BiB+BbK Q7 K�i?2K�iB+�H 2/m+�iBQM
iQ Qz2` UA Kvb2H7 i2�+? K�i? BM i?2 r�v /2b+`B#2/ ?2`2V- #mi Bi Bb BKTQ`i�Mi iQ MQi2
i?�i i?2 r�v K�i? Bb i�m;?i �M/ i?2 r�v r2 H2�`M Bi T`2/BbTQb2b mb iQ i?BMFBM; �#Qmi
`2�HBiv BM +2`i�BM r�vbX q?2M H2+im`BM; +�H+mHmb@H2p2H bim/2Mib- A i`v iQ �i H2�bi �H2`i
bim/2Mib iQ i?2 r�vb i?�i i?2B` 2tT2`B2M+2 rBi? HQr2`@H2p2H K�i?2K�iB+b #B�b2b i?2K
iQ i?BMFBM; �#Qmi i?2 rQ`H/ BM +2`i�BM r�vbX

JQbi Q7 i?2 7mM+iBQMb 7�KBHB�` iQ bim/2Mib �`2 r?�i A rBHH +�HH r2HH@#2?�p2/ 7mM+@
iBQMbX h?2 #B;;2bi /2}MBM; +?�`�+i2` Q7 bKQQi? 7mM+iBQMb- �i H2�bi �b A �K +QMbB/2`BM;
i?2K- Bb i?�i i?2v �`2 bKQQi?c bT2+B}+�HHv- i?2v �`2 Cω bKQQi? Qp2` � K�DQ`Biv Q7
i?2 BKTQ`i�Mi T�`ib Q7 i?2B` `�M;2X Ck bKQQi?M2bb `272`b iQ i?2 MmK#2` Q7 iBK2b i?�i
� 7mM+iBQM +�M #2 /Bz2`2MiB�i2/ bm++2bb7mHHv `2bmHiBM; BM � +QMiBMmQmb 7mM+iBQM- rBi?
k BM/B+�iBM; i?2 MmK#2` Q7 iBK2b � 7mM+iBQM +�M #2 /Bz2`2MiB�i2/X

6Q` BMbi�M+2- i�F2 i?2 7QHHQrBM; 7mM+iBQM,

f(x) =

{

x2 B7 x ≥ 0
0 B7 x < 0

UdXRV

h?Bb 7mM+iBQM ?�b C1 bKQQi?M2bbX h?2 7mM+iBQM Bib2H7 Bb +QMiBMmQmb- �M/ Bib }`bi
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/2`Bp�iBp2 Bb +QMiBMmQmbX >Qr2p2`- Bib b2+QM/ /2`Bp�iBp2 Bb /Bb+QMiBMmQmb �i x = 0-
#2+�mb2 i?2 H27i@?�M/ HBKBi Bb x2`Q r?BH2 i?2 `B;?i@?�M/ HBKBi Bb irQX

SQHvMQKB�Hb #v i?2Kb2Hp2b �`2 �HH C∞ bKQQi?X GBF2rBb2- bBM �M/ +Qb �`2 C∞

bKQQi?X JQbi 7mM+iBQMb i?�i bim/2Mib 2M+QmMi2` BM i?2 2�`Hv v2�`b Q7 K�i?2K�iB+b
�`2 C∞ bKQQi?X

h?2b2 7mM+iBQMb �`2 �HbQ Cω bKQQi?X h?Bb H2p2H Q7 bKQQi?M2bb K2�Mb i?�i
MQi QMHv �`2 i?2 7mM+iBQMb C∞ bKQQi?- #mi �HbQ i?�i i?2B` h�vHQ` b2`B2b 2tT�MbBQM
+QMp2`;2bX h?Bb Bb ?m;2Hv BKTQ`i�Mi BM i?2 M�im`�H b+B2M+2b 7Q` � [mBi2 mM2tT2+i2/
`2�bQMX

A7 � 7mM+iBQM Bb Cω bKQQi?- i?2M i?�i K2�Mb � bK�HH b�KTH2 Q7 i?2 /�i� +�M #2
2ti`�TQH�i2/ Qmi BM}MBi2Hv bBKTHv #v Q#b2`pBM; i?2 bK�HH b�KTH2 rBi? KQ`2 �M/ KQ`2
/2i�BHX 6Q` 2t�KTH2- iQ /Q � h�vHQ` b2`B2b 7Q` � 7mM+iBQM f �`QmM/ � bT2+B}+ TQBMi A-
A M22/ QMHv }M/ i?2 /2`Bp�iBp2b Q7 i?2 7mM+iBQM M2�` A BM Q`/2` iQ KQ/2H i?2 2MiB`2
7mM+iBQM f X �b A }M/ i?2 p�Hm2 Q7 ?B;?2` �M/ ?B;?2` /2`Bp�iBp2b Q7 f �i TQBMi A- A ;2i
+HQb2` �M/ +HQb2` iQ Bib #2?�pBQ` 7Q` �Mv p�Hm2 �i �HHX

h?2 bB;MB}+�M+2 Q7 i?Bb Bb i?�i- 7Q` Cω 7mM+iBQMb- iQ }M/ i?2 #2?�pBQ` Q7 f �i B-
7Q` �Mv B- A M22/ QMHv iQ �M�Hvx2 i?2 #2?�pBQ` Q7 f �i A BM bm{+B2Mi /2i�BHX A ?�p2
MQ M22/ r?�ibQ2p2` Q7 �M�HvxBM; f �i B Q` 2p2M M2�` B BM Q`/2` iQ ?�p2 � `2HB�#H2
2biBK�iBQM Q7 Bib p�Hm2- �bbmKBM; A +�M ;2i 2MQm;? `2bQHmiBQM Q7 i?2 7mM+iBQM f �i AX

6Q` � KQ`2 bT2+B}+ 2t�KTH2- H2iǶb b�v i?�i A ?�/ � T?2MQK2MQM P i?�i 7QHHQr2/
i?2 bBM 7mM+iBQM bm+? i?�i i?2 i`m2 2z2+ib Q7 i?2 T?2MQK2MQM +QmH/ #2 ;Bp2M #v
P = bBM(q) Ur?2`2 q Bb bQK2 Qi?2` [m�MiBiv i?�i Bb �z2+iBM; i?2 QmiTmiV- #mi A r�b
MQi �r�`2 Q7 i?2 2tBbi2M+2 Q7 i?2 bBM 7mM+iBQM- MQ` Q7 i?2 7�+i i?�i P #2?�p2/ i?�i
r�vX G2i mb �HbQ b�v i?�i A +QmH/ QMHv p�`v q rBi?BM i?2 `�M;2 Q7 0 iQ 0.8 rBi? Kv
2tT2`BK2Mi�H �TT�`�imb- #mi +QmH/ K2�bm`2 #Qi? q �M/ i?2 `2bmHi Q7 i?2 T?2MQK2M�
rBi? BM}MBi2 �++m`�+vX "2+�mb2 i?2 T?2MQK2M� Bb Cω bKQQi?- i?Bb K2�Mb i?�i 2p2M
rBi? Kv HBKBi2/ /�i� b2i- A +�M /2i2`KBM2 i?2 #2?�pBQ` Q7 P 7Q` �Mv p�Hm2 Q7 q mbBM;
QMHv i?Bb /�i�X

aQ- B7 A p�`v q #2ir22M 0 �M/ 0.8 A rBHH ;2i i?2 ;`�T? b?QrM BM 6B;m`2 dXR
"mi- B7 A K2�bm`2 i?2 p2HQ+BiB2b- �++2H2`�iBQMb- �++2H2`�iBQMb Q7 �++2H2`�iBQMb- �M/

bQ 7Q`i?- A +�M 2p2Mim�HHv ;2i i?2 7mHH TB+im`2 Q7 r?�i i?2 T?2MQK2M� Bb /QBM; BM i?2
HQM; i2`K- �b vQm +�M b22 BM 6B;m`2 dXkX

h?2`27Q`2- 2p2M i?Qm;? Kv b�KTH2 Bb KQMQiQMB+�HHv BM+`2�bBM; �M/ ?�b � `�M;2
#2ir22M 0 �M/ 0.0998 U�M/ Bb BM 7�+i M2�`Hv HBM2�` BM i?Bb `�M;2V- B7 A r2`2 �#H2 iQ �M�@
Hvx2 Bi rBi? bm{+B2Mi /2i�BH- A +QmH/ +�H+mH�i2 Bib i`m2 `�M;2 U−1 iQ 1V- �M/ /2i2`KBM2
i?�i Bi Bb +v+HB+�H rBi? � T2`BQ/ Q7 2πX aQ- 2p2M i?Qm;? A �M�Hvx2/ � M2�`@HBM2�`- iBMv
TQ`iBQM Q7 i?2 7mM+iBQM- #v #2BM; �#H2 iQ pB2r Bib p2HQ+BiB2b- �++2H2`�iBQMb- �++2H2`�@
iBQMb Q7 �++2H2`�iBQMb- �M/ bQ QM iQ � bm{+B2MiHv ?B;? `2bQHmiBQM- A +�M /2i2`KBM2 i?2
H�`;2@b+�H2 T�ii2`Mb Q7 #2?�pBQ` Q7 i?2 7mM+iBQMX

6Q` 7mM+iBQMb i?�i rQ`F i?Bb r�v- Bi Bb � 7�Mi�biB+ [m�HBivX h?2 T`Q#H2K- ?Qr2p2`-
Bb i?�i �HH Q7 i?2 7mM+iBQMb r2 rQ`F rBi? BM HQr2`@H2p2H K�i?2K�iB+b ?�p2 i?Bb [m�HBiv-
�M/ i?2`27Q`2 bim/2Mib K�F2 i?2 �bbmKTiBQM i?�i 7mM+iBQMb b?QmH/ �M/ Kmbi rQ`F



1H2K2Mi�`v 6mM+iBQMb �M/ *�mb�iBQM RRd

6B;m`2 dXR, h?2 aBM2 6mM+iBQM Pp2` � _2bi`B+i2/ .QK�BM

0.2 0.4 0.6 0.8

0.2

0.4

0.6

6B;m`2 dXk, h?2 aBM2 6mM+iBQM Pp2` � G�`;2` .QK�BM

−6 −4 −2 2 4 6
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−0.5

0.5

1



RR3 .2b+`B#�#H2 #mi LQi S`2/B+i�#H2

i?Bb r�vX h?2 B/2� i?�i i?2`2 K�v #2 7mM+iBQMb i?�i /Q MQi #2?�p2 i?Bb r�v Bb 7Q`2B;M
iQ MQM@K�i?2K�iB+B�MbX h?2`27Q`2- r?2M 2MpBbBQMBM; +�mb�iBQM- Bi Bb �bbmK2/ i?�i
+�mb�iBQM Bib2H7 Kmbi 7QHHQr i?Bb T�ii2`MX

Ai K�v p2`v r2HH #2 i`m2 i?�i +�mb2b i?�i 7QHHQr i?Bb T�ii2`M �`2 2�bB2` iQ �M�Hvx2
mbBM; +m``2Mi b+B2MiB}+ K2i?Q/QHQ;vX h?2 [m2biBQM- i?Qm;?- Bb r?2i?2` r2 r�Mi iQ
HBKBi b+B2M+2 iQ QMHv 7QHHQr i?2b2 +�mb�iBp2 T�ii2`Mb- Q` B7 r2 r�Mi iQ #2 �#H2 iQ }M/
i?Qb2 i?�i �`2 KQ`2 2HmbBp2X

�b K�i?2K�iB+�H FMQrH2/;2 ?�b T`Q;`2bb2/- KQ`2 �M/ KQ`2 7mM+iBQMb ?�p2 #22M
/Bb+Qp2`2/ i?�i /Q MQi K�i+? i`�/BiBQM�H 2tT2+i�iBQMb BM bKQQi?M2bb �M/ Qi?2` +�i2@
;Q`B2bX >Qr2p2`- i?2B` BMi`Q/m+iBQM BMiQ i?2 b+B2M+2b ?�b #22M p2`v bHQr /m2 #Qi? iQ
� H�+F Q7 �r�`2M2bb �M/ iQ K2i�T?vbB+�H #B�b2b �#Qmi r?2i?2` Q` MQi +�mb2b +�M #2
KQ/2H2/ #v i?2K Up�M _QQBD- kyy3VX

9 q�vb iQ "2 ai`�M;2, � S�`iB�H am`p2v Q7 ai`�M;2
6mM+iBQMb

AM i?2 T`2pBQmb b2+iBQM- r2 iQQF � HQQF �i QM2 r�v iQ #2 bi`�M;2ě#v MQi #2BM;
Cω bKQQi?X A b?QmH/ MQi2 i?�i i?2 Tm`TQb2 Q7 i?2 T`BQ` b2+iBQM r�b MQi iQ �`;m2
i?�i �HH 7mM+iBQMb i?�i �`2 MQi Cω �`2 MQM@M�im`�HBbiB+- #mi `�i?2` iQ b?Qr ?Qr Qm`
2tT2+i�iBQMb Q7 ?Qr 7mM+iBQMb b?QmH/ #2?�p2 BMi2`irBM2 rBi? Qm` 2tT2+i�iBQMb 7`QK
M�im`2- �M/ ?Qr /2pB�iBQMb 7`QK i?Qb2 2tT2+i�iBQM +�M �z2+i #Qi? i?2 r�v i?�i r2
KQ/2H M�im`2 �M/ i?2 r�v i?�i r2 2ti`�TQH�i2 Qm` /�i� iQ mMFMQrM p�Hm2bX AM i?Bb
b2+iBQM- r2 �`2 ;QBM; iQ HQQF �i r?�i �ii`B#mi2b Q7 � 7mM+iBQM K�F2 Bi bi`�M;2 BM �
r�v i?�i rQmH/ H2�/ mb iQ +QMbB/2` i?�i Bi Bb MQM@M�im`�HBbiB+X

�b Bi ?�TT2Mb- Qmi Q7 i?2 iQi�H TQbbB#H2 7mM+iBQMb- KQbi Q7 i?2K �`2 MQi r2HH@
#2?�p2/X h?�i /Q2bMǶi K2�M i?�i `2�HBx2/ 7mM+iBQMb �`2 KQbiHv MQi r2HH@#2?�p2/- #mi
i?2 MmK#2` Q7 �p�BH�#H2 T�i?QHQ;B+�H 7mM+iBQMb ;`2�iHv QmiMmK#2` i?Qb2 i?�i �`2 r2HH@
#2?�p2/ 7Q` �HKQbi �Mv /2}MBiBQM Q7 T�i?QHQ;B+�H �M/ r2HH@#2?�p2/X JQbi Q7 i?2b2
7mM+iBQMb �i H2�bi �TT2�` mb2H2bb �M/ p2`v HBF2Hv �`2 mb2H2bbX >Qr2p2`- i?2`2 �`2 b2p2`�H
ivT2b Q7 7mM+iBQMb i?�i �`2 MQi r2HH@#2?�p2/ i?�i K�v rBM/ mT #2BM; mb27mHX >2`2
r2 rBHH /Q � b?Q`i �M/ BM+QKTH2i2 bm`p2v Q7 7mM+iBQMb i?�i K�v ?�p2 i?2 TQi2MiB�H
iQ KQ/2H bQK2 BMi2`2biBM; �bT2+i Q7 +�mb�iBQMX q2 rBHH i2`K i?2K ǳbi`�M;2Ǵ `�i?2`
i?�M ǳT�i?QHQ;B+�HǴ iQ �pQB/ i?2 �miQK�iB+�HHv M2;�iBp2 +QMMQi�iBQMbX h?2 ;Q�H Q7
i?Bb bm`p2v Bb MQi iQ b�v i?�i �Mv ;Bp2M 7mM+iBQM �+im�HHv /Q2b KQ/2H bQK2 2p2Mi Q`
T`Q+2bb BM `2�H HB72- #mi iQ biBKmH�i2 i?2 BK�;BM�iBQM iQ ?2HT T2QTH2 i?BMF QmibB/2 Q7
i`�/BiBQM�H r�vb Q7 i?BMFBM; �#Qmi +�mb�iBQM �M/ 2bT2+B�HHv �#Qmi KQ/2HBM; +�mb�iBQMX



q�vb iQ "2 ai`�M;2, � S�`iB�H am`p2v Q7 ai`�M;2 6mM+iBQMb RRN

9XR S`BK2b- LmK#2`@h?2Q`2iB+ 6mM+iBQMb- �M/ G2M;i?b Q7
*�mb�HBiv

LmK#2` i?2Q`v ?�b bQK2 Q7 i?2 2�bB2`@iQ@mM/2`bi�M/ bi`�M;2 7mM+iBQMbX J�Mv Q7 i?2
7mM+iBQMb BM MmK#2` i?2Q`v �`2 /Bb+`2i2 `�i?2` i?�M +QMiBMmQmb bQ i?2 [m2biBQM Q7
bKQQi?M2bb /Q2bMǶi `2�HHv �TTHv- i?Qm;? vQm +�M mb2 �M�HviB+ +QMiBMm�iBQMb iQ +`2�i2
`2�H p2`bBQMb Q7 bQK2 Q7 i?2KX

� bBKTH2 2t�KTH2 Q7 � 7mM+iBQM 7`QK MmK#2` i?2Q`v Bb i?2 T`BK2 MmK#2` 7mM+@
iBQM- r?2`2 S`BK2(n) vB2H/b i?2 ni? T`BK2 MmK#2` Ubi�`iBM; rBi? 2VX 6Q` BMbi�M+2-
S`BK2(5) rQmH/ vB2H/ 11 #2+�mb2 Bi Bb i?2 8i? T`BK2 MmK#2`X

�MQi?2` BMi2`2biBM; 7mM+iBQM 7`QK MmK#2` i?2Q`v Bb i?2 /BbiBM+i T`BK2 7�+iQ`b
7mM+iBQM- ω(n)X Uh?Bb Bb � /Bz2`2Mi ω i?�M i?2 QM2 7Q` bKQQi?M2bbXV 6Q` i?Bb 7mM+iBQM-
i?2 `2bmHi Bb i?2 MmK#2` Q7 /BbiBM+i T`BK2 7�+iQ`b 7Q` i?2 ;Bp2M MmK#2`X h?2`27Q`2-
ω(64) vB2H/b 1- #2+�mb2 2 Bb i?2 QMHv T`BK2 7�+iQ`- #mi ω(30) vB2H/b 3 #2+�mb2 Bi ?�b
T`BK2 7�+iQ`b 2- 3- �M/ 5X 6B;m`2 dXj b?Qrb � ;`�T? Q7 i?Bb 7mM+iBQMX

q?�i K�F2b T`BK2@Q`B2Mi2/ MmK#2`@i?2Q`2iB+ 7mM+iBQMb BMi2`2biBM; Bb i?�i i?2
ǳH2M;i?Ǵ Q7 ǳ+�mb�iBQMǴ 7Q` 2�+? p�Hm2 p�`B2bX h?�i Bb- i?2 T`BK2 MmK#2` 2 2t?B#Bib �
+�mb�H `2H�iBQMb?BT iQ 2p2`v Qi?2` MmK#2` BM i?2 MmK#2` +?�BM- #mi i?2 T`BK2 MmK#2`
3 QMHv 2t?B#Bib � +�mb�H `2H�iBQMb?BT iQ 2p2`v i?B`/ MmK#2` BM i?2 +?�BMX � T`BK2
MmK#2`- i?2M- Bb QM2 BM r?B+? i?2`2 Bb MQ T`2pBQmb ǳ+�mb2Ǵ BM TH�v 7Q` Bib `2bmHibX

h?mb- r?BH2 r2 MQ`K�HHv i?BMF Q7 +�mb2b �b ?�pBM; mMB7Q`K BM~m2M+2b QM 7m@
im`2 2p2Mib �b Qi?2` +�mb2b- MmK#2`@i?2Q`2iB+ 7mM+iBQMb ?2HT mb iQ i?BMF �#Qmi MQM@
mMB7Q`K +�mb�iBQM- r?2`2 i?2 `2�+? Q7 BM/BpB/m�H +�mb2b p�`B2b �b r2HH �b i?2 MmK#2`
Q7 +�mb�iBp2 BM~m2M+2b Q7 �Mv ;Bp2M 2p2MiX

9Xk h?2 *�MiQ` 6mM+iBQM �M/ hrQ@q�v *�mb�iBQM
� +H�bbB+ bi`�M;2 7mM+iBQM Bb i?2 *�MiQ` 6mM+iBQMX h?Bb 7mM+iBQM Bb bi`�M;2 #2+�mb2 Bi
Bb +QMiBMmQmb Qp2` `2�H MmK#2`b- �HKQbi 2MiB`2Hv ~�i UBX2X- MQM@~�i bT�+2b Q++m` Qp2`
� K2�bm`2 x2`Q Q7 i?2 7mM+iBQM bT�+2V- �M/ Bib y p�Hm2 BM+`2�b2b 7`QK y iQ R Qp2` i?2
bT�+2 Q7 y iQ R QM i?2 x@�tBbX q?2`2p2` Bi Bb MQi ~�i- Bi ?�b �M mM/2}M2/ UBX2X- BM}MBi2V
/2`Bp�iBp2X h?2 ;`�T? Bb ;Bp2M BM 6B;m`2 dX9X

h?2 ;`�T? Q7 i?2 *�MiQ` 7mM+iBQM +�M #2 +QMbi`m+i2/ �b 7QHHQrb,

RX ai�`i rBi? � H27i@?�M/ TQBMi �i (0, 0) �M/ � `B;?i@?�M/ TQBMi �i (1, 1)X

kX 6BM/ i?2 TQBMi 2t�+iHv ?�H7r�v #2ir22M i?2 H27i@?�M/ TQBMi �M/ i?2 `B;?i@?�M/
TQBMi- r?B+? r2 rBHH +�HH i?2 KB/TQBMiX PM i?2 }`bi Bi2`�iBQM- i?Bb rBHH #2 (12 ,

1
2)X

jX .`�r � ?Q`BxQMi�H HBM2 1
3 Q7 i?2 ?Q`BxQMi�H /Bbi�M+2 #2ir22M i?2 H27i@?�M/ TQBMi

�M/ i?2 `B;?i@?�M/ TQBMi- +2Mi2`2/ QM i?2 KB/TQBMi- r?B+? r2 rBHH +�HH i?2
KB/HBM2X



Rky .2b+`B#�#H2 #mi LQi S`2/B+i�#H2

6B;m`2 dXj, h?2 ω(n) 7mM+iBQM 7`QK y iQ Ryy

0 20 40 60 80 100

0

1

2

3

7Q`2#QQF



q�vb iQ "2 ai`�M;2, � S�`iB�H am`p2v Q7 ai`�M;2 6mM+iBQMb RkR

6B;m`2 dX9, h?2 *�MiQ` 6mM+iBQM QM i?2 lMBi AMi2`p�H

0 0.2 0.4 0.6 0.8 1
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1

9X S2`7Q`K bi2Tb kĜ9 �;�BM irB+2X h?2 }`bi iBK2 r2 rBHH mb2 i?2 +m``2Mi H27i@?�M/
TQBMi �b i?2 M2r H27i@?�M/ TQBMi �M/ i?2 H27iKQbi TQBMi Q7 i?2 KB/HBM2 �b i?2
M2r `B;?i@?�M/ TQBMiX h?2 b2+QM/ iBK2 r2 rBHH mb2 i?2 +m``2Mi `B;?i@?�M/ TQBMi
�b i?2 M2r `B;?i@?�M/ TQBMi �M/ i?2 `B;?iKQbi TQBMi Q7 i?2 KB/HBM2 �b i?2 M2r
`B;?i@?�M/ TQBMiX

h?Bb T`Q+2bb rBHH `2T2�i BM/2}MBi2Hv- rBi? KQ`2 �M/ KQ`2 BMi2`p�Hb #2BM; +`2�i2/
2�+? iBK2X �bbmKBM; Bi T`Q+22/b �M BM}MBi2 MmK#2` Q7 iBK2b- Bi rBHH #2 � +QMiBMmQmb
7mM+iBQM �b /2b+`B#2/ �#Qp2X

q?�i Bb BMi2`2biBM; �#Qmi i?2 *�MiQ` 6mM+iBQM Bb i?�i Bi /2b+`B#2b irQ@r�v
+�mb�iBQMX h?�i Bb- i?2 7mM+iBQM bi�`ib rBi? H27i �M/ `B;?i TQBMib- �M/ i?2 KB//H2
TQBMib �`2 /2+B/2/ #�b2/ QM +QHH�#Q`�iBQM #2ir22M i?2KX aBM+2 K�Mv Q7 i?2 +QM+2Tib
Q7 �Hi2`M�iBp2b iQ K2i?Q/QHQ;B+�H M�im`�HBbK BMpQHp2 bQK2 bQ`i Q7 /m�HBbK #2ir22M
K2+?�MB+�H +�mb2b Ur?2`2 i?2 BMBiB�H +QM/BiBQMb /2i2`KBM2 i?2 Qmi+QK2V �M/ i2H2QHQ;@
B+�H +�mb2b Ur?2`2 i?2 }M�H /2bB`2/ Qmi+QK2b /2i2`KBM2 i?2 BMi2`K2/B�`v bi2TbV- i?Bb
b22Kb iQ #2 � TH�+2 r?2`2 � *�MiQ`@HBF2 7mM+iBQM K�v #2 #2M2}+B�HX

*�MiQ`@HBF2 7mM+iBQMb 2bi�#HBb? � r�v iQ �bbQ+B�i2 722/#�+F #2ir22M K2+?�MB+�H
+�mb2b QM i?2 H27i@?�M/ bB/2 �M/ i2H2QHQ;B+�H +�mb2b QM i?2 `B;?i@?�M/ bB/2X q?BH2 i?2
*�MiQ` 6mM+iBQM Bib2H7 K�v Q` K�v MQi KQ/2H �Mvi?BM; BM T�`iB+mH�` BM `2�H HB72- i?Bb
ivT2 Q7 7mM+iBQM +�M ?2HT mb 2tT�M/ Qm` `2�bQMBM; +�T�#BHBiB2b iQ #2 �#H2 iQ KQ/2H
KmHiB/B`2+iBQM�H +�mb�iBQMX

9Xj �bb2`iBQM@a�iBb7vBM; 6mM+iBQMb
AM +QKTmi2` T`Q;`�KKBM;- G�M/BM URNe8V /2p2HQT2/ i?2 +QM+2Ti Q7 +QMiBMm�iBQMb-
r?B+? Bb �M �#bi`�+i +QMi`QH bi`m+im`2- r?2`2 vQm` HQ+�iBQM BM i?2 T`Q;`�K +�M #2
ǳ#QQFK�`F2/Ǵ iQ `2im`M iQ H�i2`X h?Bb �HHQr2/ 7Q` i?2 /2p2HQTK2Mi Q7 � p�`B2iv



Rkk .2b+`B#�#H2 #mi LQi S`2/B+i�#H2

Q7 BMi2`2biBM; +QMi`QH bi`m+im`2b i?�i rQ`F [mBi2 /Bz2`2MiHv i?�M i?2 ivTB+�H QM2b
+QMbB/2`2/ BM +QKTmi2` T`Q;`�KKBM; Ub2[m2M+2- b2H2+iBQM- �M/ Bi2`�iBQMVX

PM2 Q7 i?2 KQ`2 BMi2`2biBM; QM2b Bb i?2 �#BHBiv iQ /2p2HQT �bb2`iBQM@b�iBb7vBM;
7mM+iBQMbX AM �M �bb2`iBQM@b�iBb7vBM; 7mM+iBQM- p�`B�#H2b +�M i�F2 QM �K#B;mQmb p�H@
m2b UBX2X- i?2 p�`B�#H2 q +QmH/ #2 �bbB;M2/ �Mv Q7 i?2 p�Hm2b #2ir22M QM2 �M/ }p2VX
h?2M- /m`BM; 2t2+miBQM- � T�`iB+mH�` p�Hm2 Bb i`B2/- #mi B7 i?2 `2bmHib /Q MQi b�iBb7v �
/QrMbi`2�K �bb2`iBQM- i?2 `2bmHib ;2i i?`QrM �r�v- i?2 7mM+iBQM Bb #�+F2/ mT iQ i?2
#QQFK�`F- �M/ � M2r p�Hm2 7Q` q Bb i`B2/X Ai Bb TQbbB#H2 i?�i `2�HBiv rQ`Fb HBF2 i?BbX
Ai Bb TQbbB#H2 i?�i bQK2 Q7 i?2 H�rb Q7 M�im`2 2tBbi �b �bb2`iBQMb �M/ i?�i `2�HBiv K�v
#2 �#H2 iQ #�+F mT �M/ ǳi`v �;�BMǴ B7 i?2 �bb2`iBQMb /Q MQi K�i+?X AM bm+? � b+2M�`BQ
i?2 H�rb Q7 T?vbB+b rQmH/MǶi bQ Km+? /B+i�i2 r?�i Kmbi ?�TT2M- #mi `�i?2` QMHv i?2
+QMbi`�BMib Q7 r?�i +QmH/ ?�TT2MX

9X9 h?2 >�HiBM; S`Q#H2K �M/ _2H�i2/ 6mM+iBQMb
�MQi?2` ivT2 Q7 7mM+iBQM i?�i b?QmH/ #2 +QMbB/2`2/ BM KQ/2HBM; `2�HBiv Bb i?2 ?�HiBM;
T`Q#H2K �M/ `2H�i2/ 7mM+iBQMbX h?Bb Bb /2b+`B#2/ KQ`2 7mHHv BM "�`iH2ii UkyR9V- #mi �
+QM/2Mb2/ p2`bBQM rBHH #2 T`QpB/2/ ?2`2X

AM +QKTmi2` T`Q;`�KKBM;- � +QKTmi�iBQM Bb bmTTQb2/ iQ }MBb?ěBi Bb bmTTQb2/
iQ +QKTH2i2 �M/ vB2H/ � `2bmHiX h?Bb Bb FMQrM �b ǳ?�HiBM;XǴ *QKTmi�iBQMb i?�i /Q MQi
}MBb? �`2 b�B/ iQ #2 +�m;?i BM �M ǳBM}MBi2 HQQTXǴ A7 vQm ?�p2 2p2` ?�/ vQm` +QKTmi2`
bim+F BM � bBim�iBQM r?2`2 i?2 +m`bQ` Dmbi bTBMb �M/ bTBMb �M/ M2p2` biQTb- Bi Bb TQbbB#H2
vQm ?�p2 2tT2`B2M+2/ �M BM}MBi2 HQQTX *QKTmi�iBQMb �`2 bmTTQb2/ iQ vB2H/ p�Hm2b-
�M/ r?2M i?2v /QMǶi- Bi H2�/b iQ T`Q#H2KbX

h?2 /22T2` Bbbm2- ?Qr2p2`- Bb /2i2`KBMBM; B7 � +QKTmi�iBQM rBHH ?�Hi Q` B7 Bi
rBHH ;2i bim+F BM bQK2 bQ`i Q7 BM}MBi2 HQQTX PM2 Q7 i?2 }`bi /Bb+Qp2`B2b Q7 +QKTmi2`
b+B2M+2 r�b i?2 7�+i i?�i i?2`2 Bb MQ �H;Q`Bi?KB+ r�v iQ i2HH B7 � ;Bp2M +QKTmi�iBQM
rBHH ?�Hi Q` B7 Bi rBHH ;Q BMiQ �M BM}MBi2 HQQTX h?�i Bb- A +�MMQi r`Bi2 � T`Q;`�K i?�i
rBHH i2HH K2- 2p2M B7 A FMQr �HH Q7 i?2 BMTmib- r?2i?2` Q` MQi � /Bz2`2Mi T`Q;`�K rBHH
vB2H/ � `2bmHi Q` ;Q BMiQ �M BM}MBi2 HQQTX h?Bb Bb FMQrM �b i?2 ǳ?�HiBM; T`Q#H2KǴ BM
+QKTmi2` b+B2M+2X 6Q` �Mv ;Bp2M T`Q;`�KfBMTmi +QK#BM�iBQM- Bi rBHH 2Bi?2` ?�Hi Q` Bi
rQMǶiěi?2`2 Bb MQ Qi?2` TQbbB#BHBivX >Qr2p2`- };m`BM; Qmi r?B+? QM2b rQMǶi ?�Hi Bb
�M BKTQbbB#H2 T`Q#H2K 7Q` � hm`BM;@HBF2 K�+?BM2X

h?2`2 �`2 K�Mv T`Q#H2Kb BM +QKTmi2` b+B2M+2 i?�i �`2 2bb2MiB�HHv BM+QKTmi�#H2
#mi +QmH/ #2 +QKTmi2/ B7 r2 r2`2 +QmMi2`7�+im�HHv �#H2 iQ r`Bi2 � T`Q;`�K i?�i bQHp2/
i?2 ?�HiBM; T`Q#H2KX PM2 bm+? T`Q#H2K Bb i?2 ǳ#mbv #2�p2`Ǵ T`Q#H2KX AM i?2 #mbv
#2�p2` T`Q#H2K- i?2 ;Q�H Bb iQ }M/- 7Q` � T`Q;`�K Q7 H2M;i? N - r?�i i?2 H�`;2bi QmiTmi
� T`Q;`�K +�M ;2M2`�i2 �M/ biBHH ?�Hi BbX h?Bb Bb ;2M2`�HHv mMbQHp�#H2- #mi +QmH/ #2
2�bBHv bQHp2/ B7 r2 r2`2 �#H2 iQ r`Bi2 � 7mM+iBQM iQ /2i2`KBM2 i?2 `2bmHi Q7 i?2 ?�HiBM;
T`Q#H2KX

1p2M i?Qm;? r2 +�MǶi BKTH2K2Mi � 7mM+iBQM iQ i2HH mb r?2i?2` � 7mM+iBQM ?�Hib
Q` MQi- r2 +�M `2�bQM �#Qmi ?Qr bm+? � 7mM+iBQM +�M #2 mb2/ �M/ r?�i bQ`ib Q7



lbBM; AM+QKTmi�#H2 6mM+iBQMb BM JQ/2HBM; Rkj

T`QT2`iB2b Bi rQmH/ ?�p2X �M mMBKTH2K2Mi�#H2 7mM+iBQM Bb +�HH2/ � hm`BM; Q`�+H2 Q`
Dmbi �M Q`�+H2X h?mb 2p2M i?Qm;? r2 +QmH/MǶi BKTH2K2Mi Q` T`2/B+i i?2 `2bmHib Q7 �M
Q`�+H2- i?Qb2 �`2 MQi i?2 QMHv ivT2b Q7 `2�bQMBM; �p�BH�#H2X �H�M hm`BM;- 7Q` BMbi�M+2-
mb2/ Q`�+H2b iQ K2�bm`2 i?2 `2H�iBp2 /B{+mHiv Q7 /Bz2`2Mi ivT2b Q7 T`Q#H2Kb- b?QrBM;
i?�i bQK2 T`Q#H2Kb �`2 KQ`2 Q` H2bb +QKTH2t #�b2/ QM i?2 FBM/ Q7 Q`�+H2 `2[mB`2/X
h?2`27Q`2- Dmbi #2+�mb2 � 7mM+iBQM +�MǶi #2 2tTH�BM2/ BM i2`Kb Q7 Bib QT2`�iBQM- i?Bb
/Q2bMǶi 2t+Hm/2 Bi 7`QK mb27mH `2�bQMBM; Q` FMQrH2/;2@#mBH/BM;X

�//BiBQM�HHv- �b �`;m2/ BM "�`iH2ii UkyR9V- Bi �TT2�`b i?�i ?mK�Mb �`2 �#H2
iQ bQHp2 bQK2i?BM; bBKBH�` iQ i?2 ?�HiBM; T`Q#H2KX A7 ?mK�Mb +QmH/ MQi i2HH B7 �
T`Q;`�K rQmH/ ?�Hi Q` MQi- i?2v rQmH/ MQi #2 �#H2 iQ bm++2bb7mHHv T`Q;`�K +QKTmi2`bX
h?2`27Q`2- Bi b22Kb i?�i ?mK�Mb ?�p2 �++2bb iQ �M Q`�+H2 Q7 bQK2 FBM/ i?�i �HHQrb
i?2K iQ bQHp2 T`Q#H2Kb i?�i �`2 #2vQM/ +QKTmi�iBQMX _Q#2`ibQM URNNNV TQBMib Qmi
i?�i i?2 /2p2HQTK2Mi Q7 K�i?2K�iB+�H �tBQKb Bb Bib2H7 � bmT2`@+QKTmi�iBQM�H T`Q#H2KX
h?2`27Q`2- i?2 �#BHBiv Q7 ?mK�Mb iQ /2p2HQT K�i?2K�iB+b Bib2H7 b?Qrb i?�i ?mK�Mb
?�p2 �++2bb iQ bQK2 bQ`i Q7 hm`BM; Q`�+H2X

"�`iH2ii UkyR9V bm;;2bi2/ i?�i T2`?�Tb i?2 Q`�+H2 ?mK�Mb ?�p2 �++2bb iQ Bb
i?2 �#BHBiv iQ ;2M2`�i2 M22/2/ �tBQKb #�b2/ QM 2tBbiBM; T`Q#H2KbX h?2 Q`�+H2 r�b
/2b+`B#2/ �b A = I(Q, p, i, B)- r?2`2 Q Bb i?2 T`Q#H2K i?2 ?mK�M Bb �ii2KTiBM; iQ
bQHp2 UrBi? BMTmib p �M/ iV- �M/ I Bb i?2 ?mK�M ǳBMbB;?iǴ Q`�+H2 7mM+iBQM i?�i `2p2�Hb
i?2 b2i Q7 �tBQKb- A- M22/2/ iQ bQHp2 i?2 T`Q#H2K QX h?2 7mM+iBQM `2[mB`2b i?�i i?2
?mK�M �H`2�/v ?�p2 Běi?2 b2i Q7 �HH �tBQKb M22/2/ iQ bQHp2 i?2 T`Q#H2K- 2t+2Ti
QM2X q?�i Bb #2BM; T`QTQb2/ #v i?2 Q`�+H2 7mM+iBQM Bb i?�i ?mK�M BMbB;?i Bb �#H2 iQ
;2M2`�i2 �tBQKb U� MQM@+QKTmi�iBQM�H 2p2Mi �b /2b+`B#2/ #v _Q#2`ibQM URNNNVV r?2M
?mK�Mb �`2 ;Bp2M � T`Q#H2K i?2v +�MMQi bQHp2 �M/ �HH Q7 i?2 �tBQKb i?2v M22/ iQ
bQHp2 Bi- 2t+2Ti QM2X h?mb- 2p2M i?Qm;? i?Bb 7mM+iBQM BbMǶi +QKTmi�#H2- Bi +�M #2 mb2/
iQ `2�bQM �#Qmi MQM@K2+?�MB+�H KQ/2Hb Q7 i?2 KBM/X

8 lbBM; AM+QKTmi�#H2 6mM+iBQMb BM JQ/2HBM;
�b r2 ?�p2 b22M- #v 2tT�M/BM; Qm` pB2r Q7 K�i?2K�iB+b #2vQM/ i?2 ivTB+�H
r2HH@#2?�p2/ 7mM+iBQMb- r2 +�M BM+Q`TQ`�i2 KQ/2Hb Q7 MQM@K2+?�MB+�H UBX2X- MQM@
M�im`�HBbiB+V +�mb2b �M/ KQ/2b Q7 QT2`�iBQM BMiQ K�i?2K�iB+�H /2b+`BTiBQMbX am+?
K�i?2K�iB+�H /2b+`BTiBQMb rQmH/ 2M�#H2 #2ii2` BMi2;`�iBQM #2ir22M M�im`�HBbiB+ �M/
MQM@M�im`�HBbiB+ +�mb2b �i rQ`F BM � bvbi2KX 6Q` � bvbi2K iQ #2 K�i?2K�iB+�H /Q2b
MQi K2�M i?�i Bi Kmbi #2 T`2/B+iBp2 Q` 2p2M +QKTmi�iBQM�HX J�Mv 7mM+iBQMb BM K�i?@
2K�iB+b �`2 MQi +QKTmi�#H2- �M/ BM 7�+i- +QKTmi�#BHBiv K�v QMHv +Qp2` � p2`v bK�HH
T`QTQ`iBQM Q7 i?2KX

PM2 K�v rQM/2`- r?v #Qi?2` rBi? K�i?2K�iB+b �i �HH\ J�i?2K�iB+b Bb Dmbi �
7Q`K�HBx�iBQM Q7 HQ;B+X lbBM; K�i?2K�iB+b `2[mB`2b i?�i � T2`bQM /BbiBHH i?2B` B/2�b
BMiQ i?2 KQbi `B;Q`Qmb �M/ �#bi`�+i 7Q`KX �//BiBQM�HHv- #2+�mb2 K�i?2K�iB+b �b �
/Bb+BTHBM2 Bb r2HH@bim/B2/- #QBHBM; B/2�b /QrM BMiQ K�i?2K�iB+�H 7Q`Kb- 2p2M B7 BM+�H@



Rk9 .2b+`B#�#H2 #mi LQi S`2/B+i�#H2

+mH�#H2- �HHQrb K�i?2K�iB+�H iQQHb iQ #2 mb2/ iQ �M�Hvx2 �M/ `2�bQM 7`QK i?2b2 B/2�bX
Ai �HbQ K�F2b Bi 2�bB2` iQ +QK#BM2 /Bz2`2Mi B/2�bX A7 2�+? B/2� Bb 2tT`2bb2/ K�i?2@
K�iB+�HHv- i?2M i?2 +QK#BM�iBQM Q7 B/2�b +�M HBF2Hv #2 2tT`2bb2/ K�i?2K�iB+�HHv- �M/
i?2 HQ;B+�H +QMb2[m2M+2b Q7 i?2b2 B/2�b +�M #2 KQ`2 `2�/BHv /2i2`KBM2/X

PM2 Q7 i?2 �/p�Mi�;2b Q7 Qm` r2HH@#2?�p2/ 7mM+iBQMb Bb i?�i i?2B` HQM;@i2`K
#2?�pBQ` +�M #2 �`#Bi`�`BHv 2ti`�TQH�i2/ 7`QK HBKBi2/ Q#b2`p�iBQMbX �//BiBQM�HHv-
rBi? � }MBi2 b2i Q7 Q#b2`p�iBQMb- Bi Bb /B{+mHi iQ /BbiBM;mBb? � bi`�M;2 7mM+iBQM 7`QK �
KQ`2 r2HH@#2?�p2/ M2�`#v 7mM+iBQM- 2bT2+B�HHv rBi?BM i?2 HBKBi2/ /�i� b2iX � K�DQ`
Bbbm2 rBi? mbBM; bi`�M;2 7mM+iBQMb BM KQ/2HBM; Bb /2i2`KBMBM; r?2i?2` Q` MQi bm+? �
7mM+iBQM Bb r?�i Bb #2BM; Q#b2`p2/ Q` B7 Bib KQ`2 r2HH@#2?�p2/ M2�`#v 7mM+iBQM Bb �i
rQ`FX

h?2`27Q`2- r?�i Bb `2[mB`2/ 7Q` 2bi�#HBb?BM; � bi`�M;2 7mM+iBQM �b i?2 #�bBb 7Q`
�M Q#b2`p2/ 2z2+i Bb � HQ;B+�H `2�bQM 7Q` T`272``BM; i?2 7mM+iBQMX h?�i Bb- i?2`2 Kmbi
#2 bQK2i?BM; BM i?2 M�im`2 Q7 i?2 +�mb�H `2H�iBQMb?BTb i?�i rQmH/ BM/B+�i2 i?2 mb�;2
Q7 � bi`�M;2 7mM+iBQM BM � KQ/2HX PM2 Qi?2` i?BM; i?�i K�v BM/B+�i2 i?�i � bi`�M;2
7mM+iBQM Bb BM/22/ `2[mB`2/ Bb i?2 M22/ iQ +QMiBMm�HHv +?�M;2 i?2 KQ/2H rBi? KQ`2
�M/ KQ`2 /�i�X h?Bb K�v BM/B+�i2 i?�i � bi`�M;2 7mM+iBQM Bb �i TH�v- �M/ i?2 +�mb�H
`2H�iBQMb?BTb b?QmH/ #2 BMp2biB;�i2/ iQ b22 B7 � bi`�M;2 7mM+iBQM K�v T`QT2`Hv KQ/2H
r?�i Bb ?�TT2MBM;X

aBM+2 i?Bb T�T2` QMHv T`2b2Mib � bK�HH bK�ii2`BM; Q7 i?2 FMQrM bi`�M;2 7mM+iBQMb-
KQ`2 �M/ KQ`2 KQ/2HBM; TQr2` rBHH #2 �p�BH�#H2 #v mM/2`bi�M/BM; KQ`2 �M/ KQ`2
bi`�M;2 7mM+iBQMb �M/ ?Qr i?2v `2H�i2 iQ +�mb�HBivX h?2 QM2b T`2b2Mi2/ ?2`2 r2`2
TB+F2/ #2+�mb2 i?2 �mi?Q` +QmH/ b22 r�vb BM r?B+? i?2v K�v #2 BKTQ`i�Mi iQ ?2HTBM;
`2b2�`+?2`b i?BMF �#Qmi +�mb�HBivX �//BiBQM�HHv- KQ`2 7mM+iBQMb K�v #2 �p�BH�#H2
#v bBKTH2 +`2�iBp2 +QMbi`m+iBQMX PM+2 i?2 bi`B+im`2b Q7 r2HH@#2?�p2/ 7mM+iBQMb �`2
`2KQp2/- �M/ � T2`bQM ;2ib �+[m�BMi2/ rBi? i?2 M�im`2 Q7 bi`�M;2 7mM+iBQMb- i?2
�#BHBiv iQ +QMbi`m+i /2}MBiBQMb Q7 M2r bi`�M;2 7mM+iBQMb iQ K�i+? i?2 +�mb�HBiv BM
[m2biBQM rBHH #2 BM+`2�b2/X

q?BH2 bi`�M;2 7mM+iBQMb b?QmH/ MQi #2 BMi`Q/m+2/ HB;?iHv- i?2`2 Bb MQ `2�bQM
iQ �pQB/ i?2K BM KQ/2HbX h?2 T`272`2M+2 7Q` r2HH@#2?�p2/ 7mM+iBQMb Bb Dmbi i?�iě�
T`272`2M+2X h?2`2 Bb MQ `2�bQM r?v `2�HBiv Kmbi +QM7Q`K iQ Qm` T`272`2M+2bX GBM@
2�` +QKTQM2Mib BM KQ/2Hb �`2 #2ii2`@#2?�p2/ i?�M MQM@HBM2�` +QKTQM2Mib- #mi i?�i
/Q2bMǶi K2�M Qm` KQ/2Hb Kmbi �Hr�vb +QMi�BM HBM2�` +QKTQM2MibX h?2 ;Q�H Q7 KQ/@
2HBM; 7Q` b+B2M+2 Bb iQ T`QpB/2 � /22T2` mM/2`bi�M/BM; Q7 i?2 M�im`2 Q7 i?2 bm#D2+i
mM/2` BMp2biB;�iBQMX Pi?2` ;Q�Hb Ubm+? �b mbBM; KQ/2Hb 7Q` 2M;BM22`BM;V K�v bm#biB@
imi2 bBKBH�` r2HH@#2?�p2/ 7mM+iBQMb BM Q`/2` iQ bBKTHB7v +�H+mH�iBQMb- #mi b+B2M+2- �b
�M �ii2KTi iQ H2�`M KQ`2 �#Qmi i?2 i`m2 M�im`2 Q7 `2�HBiv- b?QmH/ BM KQbi +�b2b T`272`
r?�i2p2` 7mM+iBQM Bb i?2 i`m2bi KQ/2H Q7 `2�HBivX



h2biBM; JQ/2Hb i?�i lb2 ai`�M;2 6mM+iBQMb Rk8

e h2biBM; JQ/2Hb i?�i lb2 ai`�M;2 6mM+iBQMb

PM2 Q7 i?2 F2v 72�im`2b Q7 b+B2M+2 Bb i2bi�#BHBivX �b TQBMi2/ Qmi BM "�`iH2ii UkyReV-
i?2 irQ K�BM 72�im`2b Q7 K2i?Q/QHQ;B+�H M�im`�HBbK i?�i K�/2 Bi bm++2bb7mH r2`2 i?�i
Bi /2}M2/ � b+QT2 Q7 BM[mB`v �M/ Bi T`QpB/2/ � bvbi2K Q7 DmbiB}+�iBQMX qBi? r2HH@
#2?�p2/ 7mM+iBQMb- i?2 bvbi2K Q7 DmbiB}+�iBQM Bb 7�B`Hv bi`�B;?i7Q`r�`/X h?2 KQ/2H
rBHH T`2/B+i ?Qr � bvbi2K rBHH #2?�p2 7Q` i2bib i?�i ?�p2 MQi #22M T2`7Q`K2/ v2ic
i?2 2tT2`BK2Mi2` rBHH i?2M T2`7Q`K i?2 i2bib �M/ b22 B7 i?2 `2bmHib K�i+? i?2 KQ/2H
rBi?BM � K�`;BM Q7 2``Q`X qBi? bi`�M;2 7mM+iBQMb- ?Qr2p2`- i?2 KQ/2Hb /Q MQi �Hr�vb
T`2/B+i #2?�pBQ`X h?2`27Q`2- i?2 bvbi2K Q7 DmbiB}+�iBQM mb2/ rBHH ?�p2 iQ #2 KQ/B}2/
BM Q`/2` iQ �++QKKQ/�i2 bi`�M;2 7mM+iBQMbX

>Qr2p2`- #27Q`2 r2 HQQF �i ?Qr r2 +�M i2bi Qm` M2r KQ/2Hb- r2 b?QmH/ i?BMF
�#Qmi r?v Bi Bb i?�i r2 i2bi KQ/2Hb BM i?2 }`bi TH�+2X h?2 ;Q�H Q7 i2biBM; Bb iQ �HHQr
`2�HBiv iQ Tmb? #�+F QM Qm` B/2�bX h?�i Bb- r2 ?�p2 B/2�b �#Qmi i?2 M�im`2 Q7 `2�HBiv-
#mi Qm` B/2�b Kmbi +QM7Q`K iQ 2ti2`M�H `2�HBiv- MQi i?2 Qi?2` r�v �`QmM/X h2biBM; Bb
/QM2 iQ K�F2 bm`2 i?�i `2�HBiv ?�b � +?�M+2 iQ ;Bp2 mb 722/#�+F QM i?2 i`mi? Q7 Qm`
B/2�bX

q2 b?QmH/ `2+Q;MBx2 i?�i i2biBM; Bb MQi �M �#bQHmi2 i`mi?@i2HH2`X Ai Bb KQ`2
Q7 � b�MBiv +?2+F i?�M � `B;B/ /2i2`KBM2` Q7 i`mi?X 6Q` � }MBi2 b2i Q7 /�i� TQBMib-
i?2`2 �`2 BM}MBi2Hv K�Mv 7mM+iBQMb i?�i rQmH/ #2 rBi?BM i?2 K�`;BM Q7 2``Q` 7Q` i?Qb2
/�i� TQBMib UEmFH�- RNNeVX aQ ?Qr KB;?i bQK2QM2 /2+B/2 #2ir22M irQ 2KTB`B+�HHv@
2[mBp�H2Mi i?2Q`B2b\ �b Bi bi�M/b- Qm` b+B2MiB}+ B/2�b /Q MQi 2K�M�i2 2MiB`2Hv 7`QK
2KTB`B+BbKX A7 i?2v /B/- i?2M i?Bb rQmH/ #2 � T`Q#H2KX AMbi2�/- 2KTB`B+BbK T`QpB/2b
i?2 /�i�b2i i?�i r2 mb2 iQ 2bi�#HBb? `�iBQM�HBbiB+ KQ/2Hb- �M/ Bi T`QpB/2b �//BiBQM�H
/�i� iQ p�HB/�i2 bm+? KQ/2HbX "mi i?2 KQ/2Hb i?2Kb2Hp2b �`2 #�b2/ QM HQ;B+�H `2H�@
iBQMb?BTb #2ir22M 2MiBiB2b mM/2` BMp2biB;�iBQMX

h?2`27Q`2- i?2 F2v iQ i2biBM; Bb MQi i?�i i?2 /�i� TQBMib Kmbi #2 mMB[m2Hv
/2i2`KBM2/ #v i?2 i?2Q`v- #mi `�i?2` i?�i i?2 i?2Q`v Kmbi ~Qr 7`QK � T`QTQb2/
HQ;B+�H `2H�iBQMb?BT #2ir22M 2MiBiB2b �M/ i?2 /�i� Kmbi #2 +QMbBbi2Mi rBi? Bi rBi?BM �
K�`;BM Q7 2``Q`X

1p2M i?Qm;? bi`�M;2 7mM+iBQMb �`2 MQi �Hr�vb +�H+mH�#H2 Q` T`2/B+iBp2- i?2v
/Q H2M/ i?2Kb2Hp2b iQ `2�bQMBM; �#Qmi `2H�iBQMb?BTb- Qi?2`rBb2 i?2v rQmH/ MQi #2
+QMbB/2`2/ 7mM+iBQMbX h?2`27Q`2- Bi Bb TQbbB#H2 iQ }M/ T�ii2`Mb i?�i �`2 i`m2 rBi?
� bi`�M;2 7mM+iBQM i?�i K�v #2 i2bi2/ 7Q`- 2p2M B7 i?2 bi`�M;2 7mM+iBQM Bib2H7 Bb MQi
/B`2+iHv i2bi�#H2X AM i?2 M2ti b2+iBQM- r2 rBHH HQQF �i � bT2+B}+ 2t�KTH2X

d _�M/QKM2bb �b �M 1t2KTH�` ai`�M;2 6mM+iBQM
q?BH2 bi`�M;2 7mM+iBQMb ;2M2`�HHv ?�p2 MQi #22M ;Bp2M Km+? b+B2MiB}+ r2B;?i- QM2
BM T�`iB+mH�` ?�b #22M mb2/ `2;mH�`Hvě`�M/QKM2bbX q?BH2 `�M/QKM2bb Bb MQi r2HH@
#2?�p2/ HBF2 KQbi Q7 i?2 7mM+iBQMb rBi?BM b+B2M+2- i?2 rBHHBM;M2bb Q7 b+B2MiBbib QT2`@



Rke .2b+`B#�#H2 #mi LQi S`2/B+i�#H2

�iBM; mM/2` K2i?Q/QHQ;B+�H M�im`�HBbK iQ mb2 Bi T`Q#�#Hv bi2Kb 7`QK i?2 7�+i i?�i
Bi /Q2b MQi �TT2�` QM i?2 bm`7�+2 iQ BKTHv i2H2QHQ;v Ui?Qm;? b22 "�`iH2ii Ukyy3V 7Q`
�M �Hi2`M�iBp2 pB2rVX h?2`27Q`2- Bib �/QTiBQM BM i?2 b+B2MiB}+ +QKKmMBiv �b � pB�#H2
KQ/2H �HHQrb mb iQ /2KQMbi`�i2 i?2 miBHBiv Q7 bi`�M;2 7mM+iBQMb BM b+B2MiB}+ KQ/2HBM;X

_�M/QKM2bb Bb �+im�HHv � T`QT2`iv Q7 �M BM}MBi2 b2[m2M+2X h?2`27Q`2- MQ }MBi2
b2[m2M+2 Q7 2p2Mib +�M T`Qp2 i?�i i?2 b2[m2M+2 Bb `�M/QKX �//BiBQM�HHv- `�M/QKM2bb
Bb MQi T`2/B+iBp2X h?2`27Q`2- BM+Hm/BM; `�M/QKM2bb BM i?2 KQ/2H /Q2b MQi ?2HT iQ
T`2/B+i �Mv bT2+B}+ Qmi+QK2X h?mb- `�M/QKM2bb K�i+?2b r?�i r2 ?�p2 +�HH2/ bi`�M;2
7mM+iBQMbX

aBM+2 `�M/QKM2bb /Q2bMǶi T`2/B+i � bT2+B}+ Qmi+QK2 �M/ +�MMQi #2 i2bi2/ /B@
`2+iHv- ?Qr r�b Bi BM+Hm/2/ BM b+B2MiB}+ i?2Q`B2b\ "�bB+�HHv- B7 � KQ/2H Q7 �M 2p2Mi
?�b KmHiBTH2 TQbbB#H2 Qmi+QK2b- �M/ i?2 Qmi+QK2b T`Q+22/ BM �M Q`/2` i?�i Bb bi�iBb@
iB+�HHv bi�#H2 #mi /Q2b MQi TQBMi iQr�`/ �Mv Qi?2` bi`m+im`2- i?2M i?2 bm;;2biBQM Q7
`�M/QKM2bb Bb [mBi2 �TT`QT`B�i2X

6Q` BMbi�M+2- BM � SQBbbQM /Bbi`B#miBQM- i?2 K2�M Bb 2[m�H iQ i?2 p�`B�M+2X h?2`2@
7Q`2- QM2 +�M ǳi2biǴ 7Q` bm+? � /Bbi`B#miBQM #v +?2+FBM; i?2 K2�M �;�BMbi i?2 p�`B�M+2X
A7 i?2v �`2 +HQb2- i?2M i?2 bm;;2biBQM i?�i i?2 T`Q+2bb Bb � `�M/QK T`Q+2bb 7QHHQrBM; �
SQBbbQM /Bbi`B#miBQM +�M #2 K�BMi�BM2/X h?2`2 �`2 K�Mv /Bz2`2Mi r�vb i?�i i?2 K2�M
+�M 2[m�H i?2 p�`B�M+2- #mi B7 Qm` 7Q`K�H `2�bQMBM; H2�/b mb iQ 2tT2+i bm+? � /Bbi`B#m@
iBQM- �M/ i?2 /Bbi`B#miBQMǶb +?�`�+i2`BbiB+ 72�im`2b K�i+? Qm` 2tT2+i�iBQMb- i?2M i?2
i2bi +�M #2 +QMbB/2`2/ +QM}`K2/X h?Bb Bb mb2/- 7Q` BMbi�M+2- BM i?2 Gm`B�@.2H#`Ƀ+F
2tT2`BK2Mi r?2`2 i?2 i2bi 7Q` `�M/QKM2bb Bb mb2/ iQ /2i2`KBM2 B7 � Kmi�iBQM Bb BM
`2bTQMb2 iQ � b2H2+iBp2 T`2bbm`2 Q` B7 i?2 Kmi�iBQM T`2+2/2/ i?2 b2H2+iBQMX

3 *QM+HmbBQM
h?2 ;Q�H Q7 i?2 T`2b2Mi T�T2` Bb MQi iQ T`QTQb2 � bT2+B}+ B/2� Q` T`Q+2/m`2- #mi `�i?2`
iQ �bbBbi `2b2�`+?2`b T`Q+22/BM; BM /B`2+iBQMb �i Q//b rBi? K2i?Q/QHQ;B+�H M�im`�HBbK
#v TQBMiBM; iQ i?2 bi`�M;2` �bT2+ib Q7 K�i?2K�iB+b i?�i +�M b2`p2 �b iQQHb r?2M
BMp2biB;�iBM; MQM@M�im`�HBbiB+ T?2MQK2M�X Jv ?QT2 Bb i?�i `2b2�`+?2`b rBHH #2 �#H2 iQ
mMb?�+FH2 i?2B` BK�;BM�iBQMb 7`QK i?2 K�i?2K�iB+b Q7 M�im`�HBbK #mi rBi?Qmi HQbBM;
i?2 `B;Q` M2+2bb�`v iQ /2p2HQT r2HH@7QmM/2/ i?2Q`B2b Q7 ?Qr /Bz2`2Mi �bT2+ib Q7 i?2
rQ`H/ rQ`FbX GBF2rBb2- K�FBM; mb2 Q7 K�i?2K�iB+b 2p2M r?2M Bi BbMǶi r2HH@#2?�p2/
rBHH #2ii2` 2M�#H2 BMi2;`�iBQM Q7 /Bz2`2Mi KQ/2Hb �M/ T?2MQK2M�X



_272`2M+2b Rkd

_272`2M+2b
"�`iH2ii- CX kyy3X ai�iBbiB+�H �M/ T?BHQbQT?B+�H MQiBQMb Q7 `�M/QKM2bb BM +`2�iBQM

#BQHQ;vX *`2�iBQM _2b2�`+? aQ+B2iv Zm�`i2`Hv 98,NRĜNNX

"�`iH2ii- CX kyR9X lbBM; hm`BM; Q`�+H2b BM +Q;MBiBp2 KQ/2Hb Q7 T`Q#H2K@bQHpBM;X AM
CX "�`iH2ii- .X >�HbK2`- �M/ JX_X >�HH U2/BiQ`bV- 1M;BM22`BM; �M/ i?2 lHiBK�i2-
TTX NNĜRkk- "Hvi? AMbiBimi2 S`2bb- "`QF2M �``Qr- PEX

"�`iH2ii- CX kyReX S?BHQbQT?B+�H b?Q`i+QKBM;b Q7 K2i?Q/QHQ;B+�H M�im`�HBbK �M/ i?2
T�i? 7Q`r�`/X AM CX "�`iH2ii �M/ 1X >QHHQr�v U2/BiQ`bV- L�im`�HBbK �M/ Aib
�Hi2`M�iBp2b BM a+B2MiB}+ J2i?Q/QHQ;B2b- "Hvi? AMbiBim2 S`2bb- "`QF2M �``QrX

EmFH�- �X RNNeX .Q2b 2p2`v i?2Q`v ?�p2 2KTB`B+�HHv 2[mBp�H2Mi `Bp�Hb\ 1`F2MMiMBb
99,RjdĜReeX

G�M/BM- SXCX RNe8X � +Q``2bTQM/2M+2 #2ir22M �H;QH ey �M/ +?m`+?Ƕb H�K#/�@MQi�iBQM,
S�`i BX *QKKmMB+�iBQMb Q7 i?2 �*J 3UkVX

_Q#2`ibQM- .XaX RNNNX �H;Q`Bi?KB+ BM7Q`K�iBQM i?2Q`v- 7`22 rBHH- �M/ i?2 hm`BM; i2biX
*QKTH2tBiv 9UjV,k8Ĝj9X
?iiT,ff+B`2bX+QHQ`�/QX2/mf�/Qm;fT?BHQbQT?vfBM7Q3XT/7

aiQHD�`- .X kyyNX S?vbB+�HBbKX AM 1X w�Hi� U2/BiQ`V- h?2 ai�M7Q`/ 1M+v+HQT2/B� Q7
S?BHQbQT?v- h?2 J2i�T?vbB+b _2b2�`+? G�#- 7�HH kyyN 2/BiBQMX
?iiT,ffTH�iQXbi�M7Q`/X2/mf�`+?Bp2bf7�HHkyyNf2Mi`B2bfT?vbB+�HBbKf

p�M _QQBD- AX kyy3X h?2 i`�+i�#H2 +Q;MBiBQM i?2bBbX *Q;MBiBp2 a+B2M+2, � JmHiB/Bb+B@
THBM�`v CQm`M�H jkUeVX
?iiT,ffbi�77Xb+B2M+2Xmp�XMHf�bxvK�MBFfT�T2`bfh`�+i�#H2*Q;MBiBQMXT/7


