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�+FMQrH2/;2K2Mib

�b Kv HB72 �i *�Hi2+? �b � S?. bim/2Mi Bb `2�+?BM; Bib }M�H TH�v �7i2` }p2 HQM; v2�`b-

AǶK ;`�i27mH iQ ?�p2 i?2 QTTQ`imMBiv iQ 7Q`K�HHv `2+QHH2+i �M/ `2K2K#2` �HH i?2 T2QTH2

r?QǶp2 r�HF2/ BMiQ Kv HB72 bBM+2- i?2 T?2MQK2M�H #`�BM@biQ`KBM; b2bbBQMb AǶp2 #22M

� T�`i Q7- i?2 ?2�Hi?v �`;mK2Mib �M/ /Bb�;`22K2Mib �HQM; i?2 r�v- i?2 +QM72`2M+2b

AǶp2 ?�/ i?2 7Q`imM2 iQ T`2b2Mi BM- �M/ }M�HHv i?2 `27`2b?BM; `2i`2�ib AǶp2 �ii2M/2/ �i

TB+im`2b[m2 p2Mm2b Q`;�MBx2/ #v i?2 *?2M AMbiBimi2 �M/ ""1 /2T�`iK2Mi �i *�Hi2+?X

A #2HB2p2 �+FMQrH2/;2K2Mib �`2 `2/mM/�Mi �b MQ �KQmMi Q7 rQ`/b +QmH/ 2p2` 2t@

T`2bb vQm` HQp2 �M/ ;`�iBim/2 iQr�`/b i?Qb2 r?Q ?�p2 TH�v2/ � bB;MB}+�Mi `QH2 BM

b?�TBM; vQm iQ r?�i vQm �`2 iQ/�vX qQ`/b #2BM; � TQQ` bm#biBimi2 iQ r?�i A 722H- Bi

rBHH #2 Kv bBM+2`2 �ii2KTi iQ i?�MF �M/ bi�i2 Kv ;`�iBim/2 ?2`2X

6B`bi �M/ 7Q`2KQbi- A rQmH/ HBF2 iQ i?�MF Kv S?. �/pBbQ` �M/ K2MiQ`- .`X J�ii

h?QKbQMX �Hi?Qm;? A M2p2` BMi2M/2/ iQ Tm`bm2 Kv S?. i?2bBb rBi? J�ii Ur?2M A

DQBM2/ *�Hi2+?V- � bBM;H2 2t+BiBM; b2KBM�` ;Bp2M #v J�ii- QM i?2 +QKTmi�iBQM�H KQ/@

2HBM; Q7 i?2 /2p2HQTK2Mi Q7 M2m`�H bi2K +2HHb- i?�i A �ii2M/2/ /m`BM; Kv }`bi v2�`

�i *�Hi2+?- �Hi2`2/ Kv b+B2MiB}+ i`�D2+iQ`v 7Q` i?2 #2biX J�ii ?�b #22M �M 2ti`2K2Hv

bmTTQ`iBp2 K2MiQ` �b ?2 �Hr�vb T`QpB/2/ K2 rBi? i?2 `B;?i �KQmMi Q7 Mm/;2 r?2M

A M22/2/ Bi �M/ i?2 BM/2T2M/2M+2 �M/ iBK2 iQ 2tTHQ`2 �M/ K�bi2` � rB/2 �``�v Q7

K�i?2K�iB+�H +QM+2TibX h?2 7�+2i i?�i AǶp2 i`B2/ iQ BK#B#2 7`QK J�ii Qp2` i?2 v2�`b

BBB
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Bb ?Bb 2i?2`2�H 2t+Bi2K2Mi 7Q` �Mvi?BM; T2`i�BMBM; iQ Ǵb+B2M+2Ǵ- � 72�im`2 i?�i F2Ti K2

;QBM; /m`BM; Kv S?.- /2bTBi2 i?2 i`2M+?2b A i`�p2`b2/ /m`BM; i?2 T�M/2KB+ v2�`bX

�//BM; iQ i?�i- A �K /22THv BM/2#i2/ iQ J�ii 7Q` �HH i?2 T?2MQK2M�H /Bb+mbbBQMb r2Ƕp2

?�/ �#Qmi iQTB+b `�M;BM; 7`QK i?2 T`Qbf+QMb Q7 #2BM; �M 2Mi`2T`2M2m` UTQbi S?.V iQ

/2+BT?2`BM; i?2 `2�H Tm`TQb2 Q7 Qm` HBp2bX AǶK �HbQ 2t+Bi2/ iQ +QMiBMm2 Qm` rQ`FBM;

`2H�iBQMb?BT �b +Q@7QmM/2`b Q7 um`ib �A- � bi�`imT i?�i /`2�Kb iQ K�F2 �A m#B[mBiQmbX

L2ti- +QK2b i?2 HBbi Q7 T2QTH2 rBi?Qmi r?QK i?Bb S?. �M/ i?2bBb rQmH/ MQi ?�p2

b22M i?2 HB;?i Q7 i?2 /�vX Jv i?2bBb +QKKBii22 K2K#2`b- .`X 1`BF qBM7`22- .`X

l2HB _miBb?�mbb2`- .`X *�`HQb GQBbX AǶK p2`v ;`�i27mH iQ �HH Q7 i?2K 7Q` ?�p@

BM; i�F2M Qmi +QTBQmb �KQmMib Q7 iBK2 7`QK i?2B` #mbv b+?2/mH2 iQ #`�BMbiQ`K rBi?

K2- ?2HT K2 /2bB;M � `Q�/ K�T QM � v2�`Hv #�bBb �M/ F2Ti +?2+FBM; BM rBi? K2 iQ

2Mbm`2 AǶK K�FBM; +QMbi�Mi T`Q;`2bbX aT2+B�H i?�MFb iQ 1`BF 7Q` 2K#Q/vBM; BM K2

@ i?2 ǳ*�Hi2+? bTB`BiǴ r?BH2 Tm`bmBM; Kv S?.- 2M�#HBM; K2 iQ #QH/Hv Tm`bm2 B/2�b

i?�i BMBiB�HHv b22K2/ QmibB/2 Kv r?22H?Qmb2 �M/ �HbQ B/2MiB}2/ `2bQm`+2b T`QpB/2/

#v *�Hi2+? iQ i�F2 Kv `2b2�`+? � MQi+? ?B;?2`X P7 i?2 h?QKbQM H�# K2K#2`b- Kv

bT2+B�H i?�MFb iQ C2``v 7Q` ;BpBM; K2 2t+2HH2Mi 722/#�+F U2bT2+B�HHv 7Q` +�HHBM; � bT�/2

@ � @ bT�/2V- "2M >Qb+?2Bi 7Q` Qm` rB/2@`�M;BM; /Bb+mbbBQMb �M/ �HbQ 7Q` Qm` `mMb

iQ;2i?2`- .�pB/ �M/ h�iv�M�- 7Q` Qm` HQM; M2m`Qi2+?2` /Bb+mbbBQMb i?�i biBKmH�i2/

�M 2MiB`2 `2b2�`+? T`QD2+i QM ǳ;`QrBM; 7mM+iBQM�H #`�BMb QM � /Bb?ǴX AM i?2 #`Q�/2`

*�Hi2+? +QKKmMBiv- Kv bBM+2`2 i?�MFb iQ o�`mM q�/B�- 7Q` MQi Dmbi #2BM; � ;`2�i

+QHH�#Q`�iQ` #v TB+FBM; mT Qm` *?2M AMMQp�iQ` ;`�Mi T`QD2+i r?2M A r�b br�KT2/

rBi? Kv i?2bBb T`QD2+i- #mi �HbQ 7Q` #2BM; � r�`K 7`B2M/ �M/ #2BM; � bQmM/BM; #Q�`/

7Q` �HH Kv 7`mbi`�iBQMb r?2M Kv KQiBp�iBQM r�b �M �HH@iBK2 HQrX

�T�`i 7`QK /B`2+i i2+?MB+�H �//BiBQM iQ Kv i?2bBb- i?2`2 �`2 K�Mv T2QTH2 r?Q ?�p2

?2HT2/ K2 bm++2bb7mHHv +QKTH2i2 Kv S?. �M/ ?�p2 TH�v2/ � ;B�Mi `QH2 BM TB+FBM; K2



p

mT r?2M A r�b /QrMX � H�`;2 b?�`2 Q7 i?2 +`2/Bi ;Q2b iQ Kv E`Bb?M�@+QMb+BQmb UE*V

+B`+H2 Q7 7`B2M/b- _�Dm- �Fb?�v- EB`�M- EmM�H � u�KBMB- S�p�M- >�`B "?�Fi�-

a�+B/mH�H S`�#?m- o`�D� EmKm/�- oBM�v- aBM/?m 7Q` BMbTB`BM; K2 rBi? i?2

r�v i?2v H2�/ i?2B` HBp2b- 7Q` i`�BMBM; K2 BM i?2 2�bi2`M T?BHQbQT?B+�H B/2�Hb Q7 HB72-

�M/ ;mB/BM; K2 QM i?2 T`�+iB+�H �bT2+ib Q7 �TTHvBM; i?2 T?BHQbQT?v iQ Kv HB72c 6Q`

BMbi�M+2- #v 2Mbm`BM; A r�F2 mT #v 9,jyf8�J- T`�+iB+2 pQ+�H K2/Bi�iBQM 7Q` � KBMB@

KmK Q7 jy KBM BM i?2 KQ`MBM; �M/ #v BMbTB`BM; K2 iQ H2�/ � HB72 /2pQi2/ iQ b2`pBM;

�HH HBpBM; 2MiBiB2bX 1i2`M�HHv ;`�i27mH 7Q` i?2B` �bbQ+B�iBQM �b Bi ?�b ?2HT2/ K2 QrM Kv

KQ`MBM;b- �M/ ;`�/m�HHv 2K#`�+2 Kv ?B;?2` b2H7X

AM �//BiBQM iQ Kv E* +B`+H2- Kv bBM+2`2 ;`�iBim/2 iQ Kv rBM;@K�i2b 7`QK AAh J�/`�b

U�imH- a?�`�- LBF?BH- am`�D- a?�Mi�Mm- �#?Bb?2F- �`Bi`�V r?Q ?�p2 #22M �M

BMi2;`�H T�`i Q7 Kv HB72 Qp2` i?2 H�bi Rk v2�`b �M/ Kv /2�` 7`B2M/b 7`QK Kv iBK2 �i

*�`M2;B2 J2HHQM lMBp2`bBiv- a�?BH _�biQ;B- G2F?� JQ?�M 7Q` i2�+?BM; K2 ?Qr iQ

/�M+2 i?`Qm;? HB72 UMQi Dmbi K2i�T?Q`B+�HHvVX

G�bi- #mi MQi i?2 H2�bi- A rQmH/ HBF2 iQ i?�MF Kv 7�KBHv- Kv T�`2Mib- Kv bBbi2`

Ua?`mi?BV �M/ �Mmb?�- Kv #2ii2` ?�H7- i?2 H�i2bi �//BiBQM iQ Kv 7�KBHv5 A ?�p2 �M

�K�xBM; 7�KBHv- mMB[m2 BM K�Mv r�vb- �M/ i?2 bi2`2QivT2 Q7 � T2`72+i 7�KBHv BM K�Mv

Qi?2`bX h?2v ?�p2 #22M Kv TBHH�` Q7 bmTTQ`i i?`Qm;?@Qmi i?2b2 v2�`b �M/ � +?�i rBi?

i?2K ?�b MQi Dmbi ?2HT2/ K2 r�/2 i?`Qm;? /2T`2bbBQM #mi ?�b ;Qi K2 `2Dmp2M�i2/

�M/ 2t+Bi2/ iQ F22T �BKBM; ?B;?2`X Jv bT2+B�H ;`�iBim/2 iQ �Mmb?� 7Q` b?QrBM; mT

2�;2`Hv iQ 2p2`v bBM;H2 T`�+iB+2 i�HF AǶp2 ;Bp2M Qp2` i?2 H�bi k@j v2�`b- 7Q` ?2` BM+`2/B@

#H2 T�iB2M+2 iQ ?2�` i?2 b�K2 i�HF � KBHHBQM iBK2b rBi? i?2 b�K2 2Mi?mbB�bK- �M/ 7Q`

;BpBM; K2 #Qi?- 2KQiBQM�H bmTTQ`i �M/ i2+?MB+�H 722/#�+F #27Q`2 Kv DQ#@i�HFb- Kv

/272Mb2 �M/ �HbQ r?BH2 +QKTH2iBM; i?Bb i?2bBbX



pB

�b QM2 ;2ib � S?. 7`QK *�Hi2+? QMHv QM+2- A rQmH/ �HbQ HBF2 iQ i�F2 i?Bb QTTQ`@

imMBiv iQ /2/B+�i2 Kv S?. `2b2�`+? �M/ i?Bb i?2bBb iQ i?2 p2`v T2QTH2 i?�i ?�p2 F2Ti

K2 KQiBp�i2/ bBM+2 i?2 p2`v #2;BMMBM; �M/ �`2 i?2 Ƕ#2?BM/@i?2@b+2M2bǶ ?2`Q2b BM Kv

DQm`M2v, Kv 7�KBHv- i?2 o�Bb?M�p�b- i?2 2t�Hi2/ �+?�`v�b Ua`B J�/?p�+?�`v�- a`B

_�;?�p2M/`� ar�Kv- a`BH� S`�#?mT�/�V- �M/ mHiBK�i2Hv a`B E`Bb?M�X



�#bi`�+i

�Hi?Qm;? .22T M2m`�H M2irQ`Fb �+?B2p2 ?mK�M@HBF2 T2`7Q`K�M+2 QM � p�`B2iv Q7 T2`@

+2Tim�H �M/ /2+BbBQM@K�FBM; i�bFb- i?2v T2`7Q`K TQQ`Hv r?2M +QM7`QMi2/ rBi? +?�M;@

BM; i�bFb Q` ;Q�Hb- �M/ #`Q�/Hv 7�BH iQ K�i+? i?2 ~2tB#BHBiv �M/ `Q#mbiM2bb Q7 ?mK�M

BMi2HHB;2M+2X �//BiBQM�HHv- �`iB}+B�H M2m`�H M2irQ`Fb `2Hv ?2�pBHv QM ?mK�M@/2bB;M2/-

?�M/@T`Q;`�KK2/ �`+?Bi2+im`2b 7Q` i?2B` `2K�`F�#H2 T2`7Q`K�M+2X AM i?Bb i?2bBb- A

rQ`F iQr�`/b �+?B2pBM; irQ ;Q�Hb, UBV /2p2HQTK2Mi Q7 � b2i Q7 K�i?2K�iB+�H 7`�K2@

rQ`Fb BMbTB`2/ #v 7�+2ib Q7 M�im`�H BMi2HHB;2M+2- iQ 2M/Qr �`iB}+B�H M2irQ`Fb rBi? ~2t@

B#BHBiv �M/ `Q#mbiM2bb- irQ F2v i`�Bib Q7 M�im`�H BMi2HHB;2M+2c �M/ UBBV BMbTB`2/ #v i?2

/2p2HQTK2Mi Q7 i?2 #BQHQ;B+�H pBbBQM bvbi2K- A T`QTQb2 �M �H;Q`Bi?K i?�i +�M ǵ;`QrǶ �

7mM+iBQM�H- H�v2`2/ M2m`�H M2irQ`F 7`QK � bBM;H2 BMBiB�H +2HH- rBi? i?2 �BK Q7 2M�#HBM;

�miQMQKQmb /2p2HQTK2Mi Q7 �`iB}+B�H M2irQ`Fb �FBM iQ HBpBM; M2m`�H M2irQ`FbX

6Q` i?2 }`bi ;Q�H Q7 2M/QrBM; M2irQ`Fb rBi? ~2tB#BHBiv �M/ `Q#mbiM2bb- A T`QTQb2

� K�i?2K�iB+�H 7`�K2rQ`F iQ 2M�#H2 +QMiBMmQmb i`�BMBM; Q7 M2m`�H M2irQ`Fb QM �

`�M;2 Q7 Q#D2+iBp2b #v +QMbi`m+iBM; T�i? +QMM2+i2/ b2ib Q7 M2irQ`Fb- `2bmHiBM; BM i?2

/Bb+Qp2`v Q7 � b2`B2b Q7 M2irQ`Fb rBi? 2[mBp�H2Mi 7mM+iBQM�H T2`7Q`K�M+2 QM � ;Bp2M

K�+?BM2 H2�`MBM; i�bFX AM i?Bb 7`�K2rQ`F- A pB2r i?2 r2B;?i bT�+2 Q7 � M2m`�H M2irQ`F

�b � +m`p2/ _B2K�MMB�M K�MB7QH/ �M/ KQp2 � M2irQ`F �HQM; � 7mM+iBQM�HHv BMp�`B�Mi

T�i? BM r2B;?i bT�+2 r?BH2 b2�`+?BM; 7Q` M2irQ`Fb i?�i b�iBb7v b2+QM/�`v Q#D2+iBp2bX

� T�i?@b�KTHBM; �H;Q`Bi?K i`�BMb +QKTmi2` pBbBQM �M/ M�im`�H H�M;m�;2 T`Q+2bbBM;

M2irQ`Fb rBi? KBHHBQMb Q7 r2B;?i T�`�K2i2`b iQ H2�`M � b2`B2b Q7 +H�bbB}+�iBQM i�bFb

pBB
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rBi?Qmi T2`7Q`K�M+2 HQbb r?BH2 �++QKKQ/�iBM; b2+QM/�`v Q#D2+iBp2b BM+Hm/BM; M2i@

rQ`F bT�`bB}+�iBQM- BM+`2K2Mi�H i�bF H2�`MBM;- �M/ BM+`2�b2/ �/p2`b�`B�H `Q#mbiM2bbX

"`Q�/Hv- 7Q` �+?B2pBM; i?Bb ;Q�H- A +QM+2Tim�HBx2 � M2m`�H M2irQ`F �b � K�i?2K�iB+�H

Q#D2+i i?�i +�M #2 Bi2`�iBp2Hv i`�Mb7Q`K2/ BMiQ /BbiBM+i +QM};m`�iBQMb #v i?2 T�i?@

b�KTHBM; �H;Q`Bi?K iQ /2}M2 � bm#@K�MB7QH/ Q7 M2irQ`Fb i?�i +�M #2 ?�`M2bb2/ iQ

�+?B2p2 mb2` ;Q�HbX

6Q` i?2 b2+QM/ ;Q�H Q7 ǵ;`QrBM;Ƕ �`iB}+B�H M2m`�H M2irQ`Fb BM � K�MM2` bBKBH�` iQ

HBpBM; M2m`�H M2irQ`Fb- A /2p2HQT �M �TT`Q�+? BMbTB`2/ #v i?2 K2+?�MBbKb 2KTHQv2/

#v i?2 2�`Hv pBbm�H bvbi2K iQ rB`2 i?2 `2iBM� iQ i?2 H�i2`�H ;2MB+mH�i2 Mm+H2mb UG:LV-

/�vb #27Q`2 �MBK�Hb QT2M i?2B` 2v2bX A }M/ i?�i i?2 F2v BM;`2/B2Mib 7Q` `Q#mbi b2H7@

Q`;�MBx�iBQM �`2 U�V �M 2K2`;2Mi bTQMi�M2Qmb bT�iBQi2KTQ`�H �+iBpBiv r�p2 BM i?2

}`bi H�v2` �M/ U#V � HQ+�H H2�`MBM; `mH2 BM i?2 b2+QM/ H�v2` i?�i ǵH2�`MbǶ i?2 mM/2`HvBM;

�+iBpBiv T�ii2`M BM i?2 }`bi H�v2`X �b i?2 #BQ@BMbTB`2/ /2p2HQTK2Mi�H `mH2 Bb �/�Ti@

�#H2 iQ � rB/2@`�M;2 Q7 BMTmi@H�v2` ;2QK2i`B2b �M/ `Q#mbi iQ K�H7mM+iBQMBM; mMBib BM

i?2 }`bi H�v2`- Bi +�M #2 mb2/ iQ bm++2bb7mHHv ;`Qr �M/ b2H7@Q`;�MBx2 TQQHBM; �`+?Bi2+@

im`2b Q7 /Bz2`2Mi TQQH@bBx2b �M/ b?�T2bX h?2 �H;Q`Bi?K T`QpB/2b � T`BKBiBp2 T`Q+2/m`2

7Q` +QMbi`m+iBM; H�v2`2/ M2m`�H M2irQ`Fb i?`Qm;? ;`Qri? �M/ b2H7@Q`;�MBx�iBQMX 6B@

M�HHv- A �HbQ /2KQMbi`�i2 i?�i M2irQ`Fb ;`QrM 7`QK � bBM;H2 mMBi T2`7Q`K �b r2HH

�b ?�M/@+`�7i2/ M2irQ`Fb QM � rB/2 p�`B2iv Q7 bi�iB+ UJLAah `2+Q;MBiBQMV �M/ /v@

M�KB+ U;2bim`2@`2+Q;MBiBQMV i�bFbX "`Q�/Hv- i?2 rQ`F BM i?2 b2+QM/ b2+iBQM Q7 i?Bb

i?2bBb b?Qrb i?�i #BQHQ;B+�HHv BMbTB`2/ /2p2HQTK2Mi�H �H;Q`Bi?Kb +�M #2 �TTHB2/ iQ

�miQMQKQmbHv ;`Qr 7mM+iBQM�H ǵ#`�BMbǶ BM@bBHB+QX



Sm#HBb?2/ *QMi2Mi �M/

*QMi`B#miBQMb

_�;?�p�M- :m`mT`�b�/ �M/ J�ii qX h?QKbQM UkykkVX ǳ1M;BM22`BM; ~2tB#H2 K�@

+?BM2 H2�`MBM; bvbi2Kb #v i`�p2`bBM; 7mM+iBQM�HHv BMp�`B�Mi T�i?b BM r2B;?i bT�+2XǴ

AM, AM `2pB2r �i L�im`2 J�+?BM2 AMi2HHB;2M+2X m`H, ?iiTb,ff�`tBpXQ`;f�#bf�`sBp,

kky8Xyyjj9X

:X_ T`QTQb2/ i?2 T�T2`- /2bB;M2/ i?2 �H;Q`Bi?Kb- T`QpB/2/ bBKmH�iBQMb �M/ +Q@r`Qi2

i?2 T�T2` rBi? JXqXhX

"?�KB/BT�iB- S`�M�p- :m`mT`�b�/ _�;?�p�M- �M/ J�ii qX h?QKbQM UkykRVX ǳh`�p2`b@

BM; :2Q/2bB+b iQ :`Qr "BQHQ;B+�H ai`m+im`2bXǴ AM, L2m`ASa kykR �A 7Q` a+B2M+2 qQ`F@

b?QTX

:X_ T`QpB/2/ i?2 bBKmH�iBQMb �M/ �H;Q`Bi?K- �M/ +Q@r`Qi2 i?2 T�T2` rBi? SX"

_�;?�p�M- :m`mT`�b�/ �M/ J�ii?2r qX h?QKbQM U.2+X kykRVX _2bBHB2M+2 /2i2`@

KBM�iBQM �M/ /�K�;2 `2+Qp2`v BM M2m`�H M2irQ`FbX la S�i2Mi �TTX Rdfj9N-d9jX m`H,

?iiTb,ffT�i2MiBK�;2bXbiQ`�;2X;QQ;H2�TBbX+QKfjRf37fy+fdy/k+d77j2e8k3fla

kykRyjNdNe9�RXT/7

:X_ T`QpB/2/ i?2 bBKmH�iBQMb �M/ �H;Q`Bi?K 7Q` i?2 T�i2MiX

Bt



t

_�;?�p�M- :m`mT`�b�/- J�ii?2r qX h?QKbQM- �M/ *QM; GBM UCmHv kykRVX a2H7 Q`;�@

MBx�iBQM Q7 M2m`QKQ`T?B+ K�+?BM2 H2�`MBM; �`+?Bi2+im`2bX la S�i2Mi �TTX RdfRkd-dekX

m`H, ?iiTb,ffT�i2MibX;QQ;H2X+QKfT�i2MiflakykRykk9ejj�Rf2M

:X_ T`QpB/2/ i?2 bBKmH�iBQMb �M/ �H;Q`Bi?K 7Q` i?2 T�i2MiX

_�;?�p�M- :m`mT`�b�/- CB�vB GB- �M/ J�ii qX h?QKbQM UkykyVX ǳ:2QK2i`B+ �H@

;Q`Bi?Kb 7Q` T`2/B+iBM; `2bBHB2M+2 �M/ `2+Qp2`BM; /�K�;2 BM M2m`�H M2irQ`FbXǴ AM,

L2m`ASa kyky rQ`Fb?QT QM .22T G2�`MBM; i?`Qm;? AM7Q`K�iBQM :2QK2i`vX

:X_ T`QTQb2/ i?2 T�T2`- /2bB;M2/ i?2 �H;Q`Bi?Kb- T`QpB/2/ bBKmH�iBQMb �M/ +Q@r`Qi2

i?2 T�T2` rBi? CXG �M/ JXqXhX

_�;?�p�M- :m`mT`�b�/- *QM; GBM- �M/ J�ii qX h?QKbQM UkykyVX ǳa2H7@Q`;�MBx�iBQM

Q7 KmHiB@H�v2` bTBFBM; M2m`�H M2irQ`FbXǴ AM, �`sBp T`2T`BMiX m`H, ?iiTb,ff�`tBpXQ`

;f�#bfkyyeXyeNykX

:X_ T`QpB/2/ bBKmH�iBQMb- /2bB;M2/ �H;Q`Bi?Kb �M/ +Q@r`Qi2 T�T2` rBi? *XG �M/

JXqXh

_�;?�p�M- :m`mT`�b�/ �M/ J�ii qX h?QKbQM UkykyVX ǳaT�`bB7vBM; M2irQ`Fb #v

i`�p2`bBM; :2Q/2bB+bXǴ AM, L2m`ASa kyky rQ`Fb?QT QM .Bz2`2MiB�H :2QK2i`v K22ib

.22T G2�`MBM;X

:X_ T`QTQb2/ i?2 T�T2`- /2bB;M2/ i?2 �H;Q`Bi?Kb- T`QpB/2/ bBKmH�iBQMb �M/ +Q@r`Qi2

i?2 T�T2` rBi? JXqXhX

h�HmF/2`- a�#2`�»- :m`mT`�b�/ _�;?�p�M»- �M/ uBbQM; um2 UkykyVX ǳ�`+?Bi2+im`2

�;MQbiB+ L2m`�H L2irQ`FbXǴ AM, L2m`ASa kyky rQ`Fb?QT QM "�#vJBM/ (aTQiHB;?i

i�HF U »*Q@�mi?Q`bV )X m`H, ?iiTb,ff�`tBpXQ`;f�#bfkyRRXykdRk

:X_ T`QpB/2/ bBKmH�iBQMb- /2bB;M2/ �H;Q`Bi?Kb �M/ +Q@r`Qi2 T�T2` rBi? aXh �M/ uXu



tB

_�;?�p�M- :m`mT`�b�/ �M/ J�ii qX h?QKbQM UkyRNVX ǳL2m`�H M2irQ`Fb ;`QrM �M/

b2H7@Q`;�MBx2/ #v MQBb2XǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb jkX

?iiTb,ffT`Q+22/BM;bXM2m`BTbX++fT�T2`n7BH2bfT�T2`fkyRNf7BH2fR2e2y�y9/ky

78yNed+e9/�+k/ejN�8dd@S�T2`XT/7X

:X_ T`QTQb2/ i?2 T�T2`- /2bB;M2/ i?2 �H;Q`Bi?Kb- T`QpB/2/ bBKmH�iBQMb �M/ +Q@r`Qi2

i?2 T�T2` rBi? JXqXhX



*QMi2Mib

�+FMQrH2/;2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X BBB

�#bi`�+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 X X X X X X X X pBB

Sm#HBb?2/ +QMi2Mi �M/ +QMi`B#miBQMb X X X X X X X X X X X X X X X X X X X X X Bt

R AMi`Q/m+iBQM R

RXR h?2bBb bi�i2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k

RXk "�+F;`QmM/ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9

RXkXR �M+B2Mib �M/ �A X X X X X X X X X X X X X X X X X X X X X X X X X 9

RXkXk JQ/2`M ǵ#B`i?Ƕ Q7 �A X X X X X X X X X X X X X X X X X X X X X X X 8

RXj �`2 KQ/2`M �A bvbi2Kb BMi2HHB;2Mi\ X X X X X X X X X X X X X X X X X X X N

RXjXR E2v T`BM+BTH2b Q7 BMi2HHB;2M+2 X X X X X X X X X X X X X X X X X X N

RX9 q?�iǶb BM i?Bb 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 RR

_272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk

k 1M;BM22`BM; ~2tB#H2 �A bvbi2Kb #v i`�p2`bBM; 7mM+iBQM�HHv BMp�`B�Mi

T�i?b U6ASV Rd

kXR AMi`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3

kXRXR � bBM;H2 QTiBK�H r2B;?i +QM};m`�iBQM bmb+2TiB#H2 iQ *6 X X X RN

kXRXk .`B7iBM; BM #BQHQ;B+�H M2m`�H M2irQ`Fb +QmH/ 2M�#H2 ~2tB#BHBiv X RN

kXk J�i?2K�iB+�H 7`�K2rQ`F X X X X X X X X X X X X X X X X X X X X X X X X X ky

kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; X X X X X X X X X X X X X X X X X X kd

tBB



*PLh1Lha tBBB

kXjXR 6ASb �HH2pB�i2 *6 BM � 8@i�bF T�`�/B;K X X X X X X X X X X X X X jR

kX9 6ASb 2M�#H2 Bi2`�iBp2 +QMiBMmQmb H2�`MBM; X X X X X X X X X X X X X X X X j9

kX8 L2irQ`F bT�`bB}+�iBQM pB� T�i?@+QMM2+i2/ M2irQ`F b2ib X X X X X X X X jd

kXe S�i?@+QMM2+i2/ b2ib Q7 M2irQ`Fb +QM72` `Q#mbiM2bb �;�BMbi �/p2`b�`B�H

�ii�+F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y

kXd 6AS 7Q` H�`;2 H�M;m�;2 KQ/2Hb X X X X X X X X X X X X X X X X X X X X X X 98

kXdXR 6AS mb2/ iQ �TTHv ǵi�bFǶ �`Bi?K2iB+ BM b2[m2M+2 X X X X X X X X 93

kXdXk 6ASb BM "1_h `2i�BMb M�im`�H H�M;m�;2 mM/2`bi�M/BM; X X X X 9N

kX3 *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k

kXN �TT2M/Bt X X X X X X X X X 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

kXRy J�i?2K�iB+�H KmbBM;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 ee

_272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dd

j :`QrBM; �M/ b2H7@Q`;�MBxBM; M2m`�H M2irQ`Fb 7`QK MQBb2 3k

jXR L2m`�H BMbTB`�iBQM 7Q` ;`QrBM; �M/ b2H7@Q`;�MBxBM; �`iB}+B�H M2m`�H M2i@

rQ`Fb X X X X X X X X X X X 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

jXk _2H�i2/ rQ`F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3e

jXj "BQ@BMbTB`2/ /2p2HQTK2Mi�H �H;Q`Bi?K X X X X X X X X X X X X X X X X X X 3d

jXjXR aTQMi�M2Qmb bT�iBQ@i2KTQ`�H r�p2 ;2M2`�iQ` X X X X X X X X X X 33

jXjXk GQ+�H H2�`MBM; `mH2 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

jX9 JBMBK�H KQ/2H 7Q` Q#b2`pBM; 2K2`;2Mi bT�iBQi2KTQ`�H r�p2b X X X X X Nj

jX9XR a2MbQ`@MQ/2b �``�M;2/ BM � HBM2 X X X X X X X X X X X X X X X X X N9

jX9Xk a2MbQ` MQ/2b �``�M;2/ BM � k@/BK2MbBQM�H b[m�`2 X X X X X X X Nd

jX9Xj a2MbQ` MQ/2b �``�M;2/ BM � k@/BK2MbBQM�H b?22i rBi? �`#Bi`�`v

;2QK2i`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 X N3

jX8 JQ/mH�` aLL hQQH@FBi, .vM�KB+�H bvbi2Kb 7`�K2rQ`F X X X X X X X X NN

jX8XR :Qp2`MBM; 2[m�iBQMb Q7 ǳM2m`QM�H r�p2bǴ X X X X X X X X X X X X NN

jX8Xk G2�`MBM; `mH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X RyR



*PLh1Lha tBp

jX8Xj *QKT2iBiBQM `mH2b X X X X X X X X X X X X X X X X X X X X X X X X Ryk

jX8X9 JmHiB@H�v2` aLL H2�`MBM; �H;Q`Bi?K X X X X X X X X X X X X X X X Ryk

jXe a2H7@Q`;�MBxBM; KmHiB@H�v2` bTBFBM; M2m`�H M2irQ`Fb X X X X X X X X X X Ryj

jXeXR 1K2`;2Mi �+iBpBiv r�p2b BM KmHiBTH2 H�v2`b X X X X X X X X X X X Ry9

jXeXk GQ+�H H2�`MBM; `mH2b H2�/b iQ b2H7@Q`;�MBx�iBQM X X X X X X X X X Ry8

jXd 62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K X X X X X X X X X X X X X X X X Ry8

jX3 :`Qri? Q7 � irQ@H�v2`2/ M2m`�H M2irQ`F 7`QK � bBM;H2 +2HH X X X X X X X RRR

jXN 6mM+iBQM�HBiv Q7 ;`QrM �M/ b2H7@Q`;�MBx2/ M2irQ`Fb X X X X X X X X X X RRk

jXNXR lMbmT2`pBb2/ 72�im`2 2ti`�+iBQM X X X X X X X X X X X X X X X X X RRk

jXNXk amT2`pBb2/ H2�`MBM; UJLAahV X X X X X X X X X X X X X X X X X X RR9

jXNXj amT2`pBb2/ H2�`MBM; U:2bim`2 `2+Q;MBiBQMV X X X X X X X X X X X RR8

jXRy .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRd

_272`2M+2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR3



GBbi Q7 6B;m`2b

RXR L2m`QM@�`i, ;2M2`�i2/ #v i2ti@iQ@BK�;2 �AX X X X X X X X X X X X R

RXk h?2 Ǵhm`FǴ �M/ Bib BM~m2M+2 QM KQ/2`M �A U�V qQH7;�M; pQM

E2KT2H2MǶb +?2bb@TH�vBM; ǳhm`FXǴ U#V � ?mK�M +?2bb K�bi2` +QM+2�H2/

BM i?2 Ǵhm`FǴ �miQK�iQM K�+?BM2X AK�;2b `2i`B2p2/ 7`QK ?iiTb,

ff2MXrBFBT2/B�XQ`;frBFBfJ2+?�MB+�Hnhm`F �M/ ?iiTb,ffrrrXm?

X2/mf2M;BM2bf2TBkde8X?iK X X X X X X X X X X X X X X X X X X X X X X X 8

RXj aBx2 Q7 �A bvbi2Kb 2M;BM22`2/ Qp2` i?2 H�bi ey v2�`bX X X X X X Ry

kXR L2m`�H M2irQ`Fb r2B;?i bT�+2 K�MB7QH/ �`i, ;2M2`�i2/ #v

i2ti@iQ@BK�;2 �AX X X X 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

kXk :2QK2i`B+ 6`�K2rQ`F 7Q` +QMbi`m+iBM; 7mM+iBQM�HHv BMp�`B�Mi

T�i?b U6ASV BM r2B;?i bT�+2X UG27iV *QMp2MiBQM�H i`�BMBM; QM �

i�bF }M/b � bBM;H2 i`�BM2/ M2irQ`F UriV bQHmiBQMX U_B;?iV h?2 6AS

bi`�i2;v /Bb+Qp2`b � bm#K�MB7QH/ Q7 BbQ@T2`7Q`K�M+2 M2irQ`Fb UrR- rk-

XXX-rLV 7Q` � i�bF Q7 BMi2`2bi- 2M�#HBM; i?2 2{+B2Mi b2�`+? 7Q` M2irQ`Fb

2M/Qr2/ rBi? �/p2`b�`B�H `Q#mbiM2bb UrkV- bT�`b2 M2irQ`Fb rBi? ?B;?

i�bF T2`7Q`K�M+2 UrjV �M/ 7Q` H2�`MBM; KmHiBTH2 i�bFb rBi?Qmi 7Q`;2i@

iBM; Ur9VX X X X X X X X X X 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

tp



GAah P6 6A:l_1a tpB

kXj :2QK2i`B+ 6`�K2rQ`F 7Q` +QMbi`m+iBM; 7mM+iBQM�HHv BMp�`B�Mi

T�i?b U6ASV BM r2B;?i bT�+2X UhQTV � i`�BM2/ +QMpQHmiBQM�H M2m`�H

M2irQ`F rBi? r2B;?i +QM};m`�iBQM UriV- `2T`2b2Mi2/ #v HBM2b +QMM2+i@

BM; /Bz2`2Mi H�v2`b Q7 i?2 M2irQ`F- �++2Tib �M BMTmi BK�;2- t- �M/

T`Q/m+2b � Ry@2H2K2Mi QmiTmi p2+iQ`- f(t,ri)X U"2HQrV S2`im`#�iBQM

Q7 M2irQ`F r2B;?ib #v /r `2bmHib BM � M2r M2irQ`F rBi? r2B;?i +QM};@

m`�iBQM ri + /r rBi? �M �Hi2`2/ QmiTmi p2+iQ`- f(t,ri + /r)- 7Q` i?2

b�K2 BMTmi- tX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk

kX9 :2QK2i`B+ 6`�K2rQ`F 7Q` +QMbi`m+iBM; 7mM+iBQM�HHv BMp�`B�Mi

T�i?b U6ASV BM r2B;?i bT�+2X h?2 6AS �H;Q`Bi?K B/2MiB}2b r2B;?i

T2`im`#�iBQMb- ✓⇤ i?�i KBMBKBx2 /Bbi�M+2 KQp2/ BM QmiTmi bT�+2 r?BH2

K�tBKBxBM; �HB;MK2Mi rBi? ;`�/B2Mi Q7 � b2+QM/�`v Q#D2+iBp2 7mM+iBQM

UrrLVX h?2 HB;?i@#Hm2 �``Qr BM/B+�i2b ✏@MQ`K r2B;?i T2`im`#�iBQM

i?�i KBMBKBx2b /Bbi�M+2 KQp2/ BM QmiTmi bT�+2- /�`F@#Hm2 �``Qr Bb ✏@

MQ`K r2B;?i T2`im`#�iBQM i?�i K�tBKBx2b �HB;MK2Mi rBi? ;`�/B2Mi Q7

Q#D2+iBp2 7mM+iBQM- L(t,r)X h?2 b2+QM/�`v Q#D2+iBp2 7mM+iBQM L(t,r)

Bb p�`B2/ iQ bQHp2 /BbiBM+i K�+?BM2 H2�`MBM; +?�HH2M;2bX U.V h?2 T�i?

�H;Q`Bi?K /2}M2b 7mM+iBQM�HHv BMp�`B�Mi T�i?b- �(t)- i?`Qm;? Bi2`�iBp2

B/2MiB}+�iBQM Q7 ✏@MQ`K T2`im`#�iBQMb U✓⇤(t)V BM i?2 r2B;?i bT�+2X X X kj

kX8 LQ`K�HBx2/ 1B;2Mp�Hm2b Q7 i?2 K2i`B+ i2MbQ` U;riV 7Q` p�`BQmb

i`�BM2/ M2m`�H M2irQ`F �`+?Bi2+im`2bX UG27iV 1B;2Mp�Hm2b �`2 /2@

MQi2/ #v #Hm2 HBM2bX h?2 2B;2MbT2+i`� Q7 irQ M2irQ`F BMbi�M+2b 7`QK

9 /Bz2`2Mi M2irQ`F �`+?Bi2+im`2b �`2 T`2b2Mi2/ ?2`2X h?2 M2irQ`F �`@

+?Bi2+im`2b �M/ i?2 i`�BMBM; /�i�b2i �`2 K2MiBQM2/ �HQM; i?2 t@�tBbX

U_B;?iV h2bi �++m`�+v Q7 M2irQ`Fb T2`im`#2/ �HQM; }`bi 9yy 2B;2M/B@

`2+iBQMbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke



GAah P6 6A:l_1a tpBB

kXe L2irQ`Fb H2�`M b2[m2MiB�H i�bFb rBi?Qmi +�i�bi`QT?B+ 7Q`;2i@

iBM; #v i`�p2`bBM; 6ASbX U�VUBV h`�BMBM; M2m`�H M2irQ`Fb QM � k i�bF

T�`�/B;K- rBi? h�bF@R #2BM; Ry@/B;Bi `2+Q;MBiBQM 7`QK JLAah �M/

h�bF@k #2BM; Ry@Bi2K `2+Q;MBiBQM 7`QK 6�b?BQM@JLAahX UBBV a+?2K�iB+

iQ +QMbi`m+i 6ASb BM r2B;?i bT�+2 iQ i`�BM M2irQ`Fb QM irQ i�bFb b2@

[m2MiB�HHvX U"V j. HBM2THQi r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7

8@H�v2`2/ +QMpQHmiBQM�H M2m`�H M2irQ`Fb U*LLbV BM S*� bT�+2X h`�BM@

BM; QM irQ i�bFb b2[m2MiB�HHv pB� +QMp2MiBQM�H �TT`Q�+? i�F2b i?2 #H�+F

7QHHQr2/ #v `2/ T�i? iQ `2�+? L@6JLAahUi`�/BiBQM�HV- r?BH2 i?2 T�i?@

}M/BM; �H;Q`Bi?K i�F2b i?2 #H�+F 7QHHQr2/ #v Tm`TH2 T�i? iQ `2�+?

L@6JLAahU6ASVX AK�;2b Q7 /B;Bib@j-e �`2 7`QK JLAah �M/ bM2�F2`-

+Q�i BK�;2b �`2 7`QK 6�b?BQM@JLAahX h2ti H�#2Hb �#Qp2 i?2 BK�;2

�`2 M2irQ`FbǶ T`2/B+iBQMb �M/ MmK#2`b #2HQr �`2 i?2 M2irQ`FbǶ i2bi

�++m`�+v QM JLAah �M/ 6�b?BQM@JLAahX X X X X X X X X X X X X X X X k3

kXd a2[m2MiB�H H2�`MBM; Q7 irQ BK�;2 `2+Q;MBiBQM i�bFbX h2bi �++m@

`�+v Q7 M2irQ`Fb H2�`MBM; irQ i�bFb b2[m2MiB�HHv #v M�Bp2 `2i`�BMBM; QM

6�b?BQM@JLAah UBV �M/ i`�p2`bBM; 6AS UBBVX >2�iK�Tb +�Tim`2 +H�bbB}@

+�iBQM b+Q`2 QM RyF i2bi BK�;2b U8F BK�;2b 7`QK 2�+? i�bFV 7Q` M2irQ`Fb

Q#i�BM2/ i?`Qm;? 6AS UBBBV �M/ i`�/BiBQM�H `2i`�BMBM; bi`�i2;v UBpVX X X kN

kX3 q2B;?i +?�M;2b iQ M2irQ`Fb �HQM; 6AS /m`BM; b2[m2MiB�H H2�`M@

BM;X .2MbBiv ?BbiQ;`�K +�Tim`2b T2`+2Mi�;2 r2B;?i +?�M;2 BM+m``2/

#v r2B;?ib �+`Qbb �HH H�v2`b Q7 � 8 H�v2`2/ *LL- r?BH2 i`�p2`bBM; �M

6AS +QMbi`m+i2/ 7Q` b2[m2MiB�H H2�`MBM; Q7 JLAah �M/ 6�b?BQM@JLAahX jR
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kXN 6AS �HH2pB�i2b *6 BM 8@b2[m2MiB�H i�bF T�`�/B;K 7Q` bTHBiJ@

LAahU�V UBV L2m`�H M2irQ`F rBi? Ry QmiTmi +H�bb2b �`2 i`�BM2/ QM 8

i�bF T�`�/B;K- rBi? 2p2`v i�bF +QMi�BMBM; � /Bz2`2Mi bm#b2i Q7 JLAah

/B;BibX UBBV a+?2K�iB+ iQ +QMbi`m+i 6ASb BM r2B;?ib bT�+2 BM Q`/2` iQ

i`�BM M2m`�H M2irQ`Fb QM 8 b2[m2MiB�H i�bFbX U"V UBV h2bi �++m`�+v Q7

M2irQ`Fb r?BH2 i`�p2`bBM; 6ASb iQ H2�`M 8 b2[m2MiB�H i�bFbX h?2 /�b?2/

HBM2b BM/B+�i2 i?�i i?2 M2irQ`Fb 2M+QmMi2` � M2r i�bFX UBBV >2�iK�T

/BbTH�vb +H�bbB}+�iBQM b+Q`2 7Q` M2irQ`Fb �HQM; 6AS QM 8F BK�;2b- rBi?

RF BK�;2b b�KTH2/ 7`QK 2p2`v i�bFX U*V 6AS bm`T�bb2b bi�i2@Q7@�`i

K2i?Q/b BM KBiB;�iBM; +�i�bi`QT?B+ 7Q`;2iiBM; BM 8@i�bF T�`�/B;KX X jk

kXRy a2[m2MiB�H i`�BMBM; Q7 M2irQ`Fb QM ky BK�;2 `2+Q;MBiBQM i�bFbX

UBV L2m`�H M2irQ`F rBi? Ryy QmiTmi +H�bb2b �`2 i`�BM2/ QM ky i�bF

T�`�/B;K- rBi? 2p2`v i�bF +QMi�BMBM; 8 MQM@Qp2`H�TTBM; +H�bb2b Q7 M�i@

m`�H BK�;2b b�KTH2/ 7`QK *A6�_Ryy /�i�b2iX UBBV a+?2K�iB+ iQ +QM@

bi`m+i 6ASb BM r2B;?i bT�+2 iQ i`�BM M2m`�H M2irQ`Fb QM ky b2[m2MiB�H

i�bFbX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9

kXRR 6AS i`�p2`b�H Q7 M2irQ`Fb r?BH2 #2BM; i`�BM2/ QM ky BK�;2

`2+Q;MBiBQM i�bFbX UBV �p2`�;2 i2bi �++m`�+v Q7 M2irQ`Fb �HQM; 6AS

r?BH2 H2�`MBM; ky b2[m2MiB�H i�bFbX h?2 M2irQ`Fb iQ i?2 `B;?i Q7 �

/�b?2/ HBM2 2M+QmMi2` � M2r i�bF Uh@BV- `272``BM; iQ i?2 BǶi? i�bFX UBBV

>2�iK�T /BbTH�vb +H�bbB}+�iBQM b+Q`2 7Q` M2irQ`Fb �HQM; 6AS QM RF i2bi

BK�;2b- rBi? 8y BK�;2b b�KTH2/ 7`QK 2p2`v i�bFX X X X X X X X X X X X j8

kXRk 6AS i`�p2`b�H �HH2pB�i2b +�i�bi`QT?B+ 7Q`;2iiBM;X 6AS bm`T�bb2b

bi�i2@Q7@�`i K2i?Q/b BM KBiB;�iBM; +�i�bi`QT?B+ 7Q`;2iiBM; BM k@i�bF

T�`�/B;K UBV �M/ ky@i�bF *A6�_Ryy T�`�/B;K UBBVX 1``Q` #�`b BM/B+�i2

bi�M/�`/ /2pB�iBQM Qp2` 8 i`B�HbX X X X X X X X X X X X X X X X X X X X X X je
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kXRj aT�`b2 M2irQ`Fb /Bb+Qp2`2/ #v i`�p2`bBM; 6ASb BM i?2 r2B;?i

bT�+2X U�V a+?2K�iB+ iQ +QMbi`m+i 6AS 7`QK L1 iQ pW bT�`b2 bm#@

K�MB7QH/X U"- *V S2`7Q`K�M+2 Q7 bT�`b2 M2irQ`Fb /Bb+Qp2`2/ #v 6ASb

UTm`TH2V �M/ GQii2`v iB+F2i ?vTQi?2bBb U`2/V �+`Qbb � rB/2 `�M;2 Q7

bT�`bBiB2b QM JLAah U"V �M/ *A6�_@Ry U*VX X X X X X X X X X X X X X X jd

kXR9 oBbm�HBxBM; bT�`b2 M2irQ`Fb /Bb+Qp2`2/ #v 6ASb BM i?2 r2B;?i

bT�+2XU.V a+�ii2`THQi r?2`2 i?2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7

G2L2i@jyy@Ryy M2irQ`Fb BM S*� bT�+2X h?2 6AS UTm`TH2 HBM2V #2@

;BMMBM; 7`QK L1 U;`2v /QiV /Bb+Qp2`b ?B;?@T2`7Q`K�M+2 G2L2iǶb BM i?2

NNXRW bT�`b2 bm#K�MB7QH/ U`2/ /QibVX "Hm2 /Qib �`2 `�M/QK bT�`b2

M2irQ`Fb BM i?2 NNXRW bT�`b2 bm#K�MB7QH/X .B;Bib@9-y-8-d �`2 7`QK

JLAah- i2ti@H�#2Hb #2HQr i?2 BK�;2 �`2 M2irQ`F T`2/B+iBQMb �M/ i?2

MmK#2` #2HQr Bb i?2 M2irQ`FbǶ i2bi �++m`�+v QM JLAahX U1V a+�ii2`@

THQi r?2`2 i?2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7 _2bL2i@ky M2irQ`Fb

BM S*� bT�+2X h?2 6AS #2;BMMBM; �i L1 U;`2v /QiV /Bb+Qp2`b ?B;?@

T2`7Q`K�M+2 _2bL2i@ky M2irQ`Fb BM i?2 NjW bT�`b2 bm#K�MB7QH/ U`2/

/QibVX "Hm2 /Qib �`2 `�M/QK bT�`b2 M2irQ`Fb BM NjW bT�`b2 bm#K�M@

B7QH/X .22`- 7`Q;- TH�M2- b?BT BK�;2b �`2 7`QK *A6�_@Ry- i2ti@H�#2Hb

#2HQr i?2 BK�;2 �`2 M2irQ`F T`2/B+iBQMb �M/ i?2 MmK#2` �/D�+2Mi Bb

i?2 M2irQ`FbǶ i2bi �++m`�+v QM *A6�_RyX X X X X X X X X X X X X X X X X j3

kXR8 aT�`b2 M2irQ`F �`+?Bi2+im`2b /Bb+Qp2`2/ #v i`�p2`bBM; 6ASb

BM i?2 r2B;?i bT�+2X U6V aT�`b2 G2L2i +QMM2+iBpBiv pBbm�HBx2/

#v THQiiBM; p2`iB+�H HBM2b BM +QHQ`@+Q/2/ `Qrb iQ `2T`2b2Mi MQM@x2`Q

r2B;?ibX U"2HQrV "QtTHQi b?Qrb bT�`bBiv �+`Qbb G2L2iǶb H�v2`bX U:V

"QtTHQi b?Qrb i?2 bT�`bBiv �+`Qbb _2bL2i@kyǶb H�v2`b UQp2` M4e bT�`@

bB}2/ _2bL2iǶbVX h?2 +�`iQQM #2HQr /2TB+ib i?2 _2bL2i@ky �`+?Bi2+im`2X jN
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kXRe 6ASb BM r2B;?i bT�+2 ;2M2`�i2 2Mb2K#H2b Q7 M2irQ`Fb i?�i

+QM72` �/p2`b�`B�H `Q#mbiM2bb U�V a+?2K�iB+ iQ ;2M2`�i2 6AS 2M@

b2K#H2 US1-XXX-S4V #v b�KTHBM; M2irQ`Fb �HQM; 6AS UTm`TH2 /Qii2/ HBM2V

#2;BMMBM; �i M2irQ`F@L1X 6AS Bb +QMbi`m+i2/ #v B/2MiB7vBM; � b2`B2b Q7

r2B;?i T2`im`#�iBQMb i?�i KBMBKBx2 i?2 /Bbi�M+2 KQp2/ BM M2irQ`FbǶ

QmiTmi bT�+2X X X X X X X X 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

kXRd �/p2`b�`B�H BK�;2bX P`B;BM�H *A6�_Ry BK�;2b UH27iV �M/ �/p2`b�`@

B�H *A6�_@Ry BK�;2b U`B;?iV �`2 b?QrMX h?2 i2ti@H�#2Hb UH27i- `B;?iV

�#Qp2 i?2 BK�;2b �`2 T`2/B+iBQMb K�/2 #v � M2irQ`F i`�BM2/ QM *A6�_@

RyX h`�BM2/ M2irQ`FbǶ �++m`�+v QM i?2 Q`B;BM�H �M/ �/p2`b�`B�H BK�;2b

�`2 b?QrM #2HQrX X X X X X 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

kXR3 �/p2`b�`B�H `Q#mbiM2bb +QM72``2/ #v 6AS@/Bb+Qp2`2/ 2Mb2K@

#H2b Q7 M2irQ`Fb U*V UhQTV GBM2@THQi UbQHB/V b?Qrb i?2 BM/BpB/m�H

M2irQ`F T2`7Q`K�M+2 QM �/p2`b�`B�H BMTmib- U/�b?2/V b?Qrb i?2 DQBMi

2Mb2K#H2 �++m`�+v QM �/p2`b�`B�H BMTmib- 7Q` 6AS 2Mb2K#H2 UTm`TH2V

�M/ .22TL2i 2Mb2K#H2 UQ`�M;2VX UB-BB@G27iV 6AS 2Mb2K#H2 BM Tm`TH2

US1-S2-XXX-S10V �M/ .22TL2i 2Mb2K#H2 BM Q`�M;2 UL1-L2-XXX-L10V �`2 pB@

bm�HBx2/ QM r2B;?i bT�+2 S*�X UB-BB@_B;?iV >2�iK�Tb /2TB+i +H�bbB}+�@

iBQM b+Q`2 Q7 M2irQ`Fb BM 6AS 2Mb2K#H2 �M/ .22TL2i 2Mb2K#H2 QM e8k3

�/p2`b�`B�H *A6�_@Ry 2t�KTH2bX X X X X X X X X X X X X X X X X X X X X X 9k

kXRN *QKT�`BM; �/p2`b�`B�H `Q#mbiM2bb �+`Qbb /Bz2`2Mi #2M+?K�`FbX

U.V "QtTHQi +QKT�`2b �/p2`b�`B�H �++m`�+v UQp2` RyF �/p2`b�`B�H 2t@

�KTH2bV �+`Qbb /Bz2`2Mi 2Mb2K#HBM; i2+?MB[m2b UM4j i`B�HbVX U1V >Bb@

iQ;`�K Q7 +Q?2`2M+2 p�Hm2b 7Q` 6AS UTm`TH2V �M/ .22TL2i 2Mb2K#H2 UQ`@

�M;2VX U6V "QtTHQi b?Qrb i?2 2Mb2K#H2 /Bp2`bBiv b+Q`2 �+`Qbb o::Re

H�v2`b Qp2` M4Ryyy *A6�_Ry BK�;2 BMTmibX h?2 +�`iQQM #2HQr /2TB+ib

i?2 o::Re M2irQ`F �`+?Bi2+im`2X X X X X X X X X X X X X X X X X X X X 9j
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kXky 6AS 2Mb2K#H2 +QMbi`m+iBQM U�V .Bbi`B#miBQM Q7 /Bbi�M+2b KQp2/ BM

M2irQ`FbǶ QmiTmi bT�+2 Qp2` RyF BK�;2@BMTmib T2`im`#2/ rBi?BM ✏@H1

#�HH- 7Q` BM/BpB/m�H M2irQ`Fb �HQM; i?2 6ASX U"V *QKT�`BM; /Bbi`B#miBQM

Q7 /Bbi�M+2b KQp2/ BM M2irQ`FbǶ QmiTmi bT�+2 Qp2` RyF BK�;2@BMTmib

T2`im`#2/ rBi?BM ✏@H1 #�HH- 7Q` BM/BpB/m�H M2irQ`Fb BM i?2 6AS 2Mb2K@

#H2 U#Hm2V �M/ M2irQ`Fb BM i?2 .L 2Mb2K#H2 U`2/VX U*V .Bbi`B#miBQM

Q7 /Bbi�M+2b KQp2/ BM M2irQ`FbǶ QmiTmi bT�+2 Qp2` RyF BK�;2@BMTmib

T2`im`#2/ rBi?BM ✏@H1 #�HH- 7Q` i?2 2MiB`2 6AS 2Mb2K#H2 U#Hm2V �M/ i?2

2MiB`2 .L 2Mb2K#H2 U`2/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 99

kXkR 6ASb BM H�`;2 i`�Mb7Q`K2` #�b2/ H�M;m�;2 KQ/2H U"1_hV r2B;?i

bT�+2X U�- "UH27iVV j. HBM2THQi r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb

Q7 Rk@H�v2`2/ "1_h KQ/2Hb rBi? Rk �ii2MiBQM ?2�/b T2` H�v2` BM S*�

bT�+2X U�V 6AS 7`QK T`2@i`�BM2/ /2Mb2 "1_h U#H�+F +B`+H2V /Bb+Qp@

2`b ?B;?@T2`7Q`K�M+2 bT�`b2 +QmMi2`T�`ib UH�#2H2/ TW bT�`b2 "1_h-

r?2`2 T 2 [20, 30, ...95] VX h�#H2 b?Qrb ǳ6BHH BM i?2 J�bFǴ i`�BMBM;

b�KTH2 �M/ bT�`b2 "1_h T`2/B+iBQMb Q7 i?2 K�bF2/ rQ`/ �HQM;bB/2 i?2

+QM}/2M+2 b+Q`2X U"- H27iV u2HT@"1_h `2i`�BM2/ QM AJ." mbBM; 6AS

UTm`TH2V �M/ M�Bp2 `2i`�BMBM; U#Hm2VX U"- `B;?iV "1_h T2`7Q`K�M+2 QM

u2HT �M/ AJ."X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 98
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kXkk 6ASb BM H�`;2 i`�Mb7Q`K2` #�b2/ H�M;m�;2 KQ/2H U"1_hV r2B;?i

bT�+2X UG27iV j. HBM2THQi r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7 Rk@

H�v2`2/ "1_h KQ/2Hb rBi? Rk �ii2MiBQM ?2�/b T2` H�v2` BM S*� bT�+2X

h`�BMBM; "1_h UT`2pBQmbHv i`�BM2/ QM u2HTV QM AJ." `2pB2rb pB� +QM@

p2MiBQM�H i`�BMBM; U#Hm2V �M/ pB� 6AS UTm`TH2VX U_B;?iV k. HBM2THQib

b?Qr "1_h T2`7Q`K�M+2 QM u2HT@`2pB2rb U#Hm2V �M/ AJ."@`2pB2rb

UQ`�M;2V 7Q` 6AS U�#Qp2V �M/ +QMp2MiBQM�H i`�BMBM; U#2HQrVX 1t�K@

TH2 i2bi b�KTH2 7`QK u2HT �M/ AJ." /�i�b2i- rBi? i?2 T`2/B+iBQM #v

"1_h �HQM; 6ASX X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9d

kXkj oBbm�HBxBM; 6ASb BM "1_h r2B;?i bT�+2 U*-. UH27iVV j. HBM2THQi

r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7 Rk@H�v2`2/ "1_h KQ/2Hb rBi?

Rk �ii2MiBQM ?2�/b T2` H�v2` BM S*� bT�+2X U*- H27iV 6AS BMBiB�HHv B/2M@

iB7v ?B;? T2`7Q`K�M+2 bT�`b2 "1_hb U7Q` bT�`bBiB2b `�M;BM; 7`QK RyW

iQ 3yWV 7QHHQr2/ #v `2@i`�BMBM; QM AJ."X U*- `B;?iV "1_h �++m`�+v

QM u2HT UbQHB/V �M/ AJ." U/�b?2/V /�i�b2i �HQM; i?2 6ASX U.- H27iV

6AS BMBiB�HHv `2i`�BMb "1_h QM M2r i�bF UAJ."V �M/ i?2M /Bb+Qp2`b

� `�M;2 Q7 bT�`b2 "1_hbX U.- `B;?iV "1_h �++m`�+v QM u2HT UbQHB/V

�M/ AJ." U/�b?2/V /�i�b2i �HQM; i?2 6ASX X X X X X X X X X X X X X X X 93
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kXk9 6ASb BM H�`;2 i`�Mb7Q`K2` #�b2/ H�M;m�;2 KQ/2H U"1_hV r2B;?i

bT�+2X U�V 6AS 7`QK "1_hǶb }M2@imM2/ QM :Gl1 i�bF iQ i?2B` TW

bT�`b2 +QmMi2`T�`iX .Qib BM j/ HBM2THQi �`2 r2B;?i +QM};m`�iBQMb Q7

Rk@H�v2`2/ "1_h KQ/2Hb rBi? Rk �ii2MiBQM ?2�/b T2` H�v2` BM S*�

bT�+2X G2;2M/ �##`2pB�iBQMb �`2 i?2 /Bz2`2Mi :Gl1 i�bFb �M/ "1_h

bT�`bBiv- 2H�#Q`�i2/ BM i?2 i2tiX h�#H2 b?Qrb i2bi 2t�KTH2 7`QK ZZS

i�bF �M/ i?2 BM72`2M+2 7`QK � NyW bT�`b2 "1_hX U"V "B`/b 2v2pB2r Q7

�ii2MiBQM �+`Qbb �HH H�v2`b �M/ �ii2MiBQM ?2�/b 7Q` � bT2+B}+ BMTmi QM

�M 3yW bT�`b2 "1_hX "QtTHQi U`B;?iV b?Qrb bT�`bBiv /Bbi`B#miBQM Q7

�ii2MiBQM ?2�/b BM 2�+? H�v2` �+`Qbb �HH i?2 "1_h H�v2`bX oBbm�HBxBM;

�ii2MiBQM T�ii2`Mb Q7 � bBM;H2 �ii2MiBQM ?2�/ BM � H�v2` 7Q` � bT2+B}+

BMTmi Ǵi?2 +�i b�i QM i?2 K�iXǴ U*V S2`TH2tBiv b+Q`2 7Q` bT�`b2 "1_h

UbQHB/ #Hm2V �M/ /2Mb2 "1_h U/�b?2/ #Hm2VX U.V :Gl1 T2`7Q`K�M+2

Q7 /2Mb2 "1_h U#H�+FV �M/ TW bT�`b2 "1_h U#Hm2VX X X X X X X X X X 8y

kXk8 :`�T?@+QMM2+i2/ M2irQ`Fb BM "1_h r2B;?i bT�+2 U1V :`�T?

+QMM2+i2/ b2i Q7 jyy "1_h KQ/2Hb i`�BM2/ QM b2Mi2M+2 +QKTH2iBQM

QM rBFBT2/B� �M/ v2HT /�i�b2ib- +QHQ`2/ #v T2`TH2tBiv b+Q`2b 2p�Hm�i2/

mbBM; irQ M2r [m2`v /�i�b2ib- rBFBi2ti �M/ BK/#X LQ/2b +Q``2bTQM/

iQ BM/BpB/m�H "1_h KQ/2Hb �M/ 2/;2b +Q``2bTQM/ iQ 2m+HB/2�M /Bbi�M+2

#2ir22M "1_h KQ/2Hb BM r2B;?i bT�+2X U1- `B;?iKQbiV a+�ii2` THQi Q7

BMp2`b2 T2`TH2tBiv b+Q`2b 7Q` irQ [m2`B2běAJ." �M/ qBFBh2ti /�i�b2ibX 8R

kXke _�MF Q7 K2i`B+ i2MbQ` BM+`2�b2b rBi? i?2 bBx2 Q7 i?2 i`�BMBM;

/�i� b2iX h?2 `�MF Q7 i?2 K2i`B+ i2MbQ`- ;- 7Q` JGS@R rBi? Ry ?B//2M

MQ/2b Bb THQii2/ mbBM; p�`B�#H2 bBx2b Q7 i?2 JLAah i`�BMBM; /�i�b2iX

h?2 `�MF Q7 i?2 K2i`B+ i2MbQ` BM+`2�b2b rBi? /�i� b2i bBx2X X X X X X X dk

jXR aTBFBM; M2m`�H M2irQ`Fb �`i, ;2M2`�i2/ #v i2ti@iQ@BK�;2 �AX 3k



GAah P6 6A:l_1a ttBp

jXk qB`BM; Q7 i?2 pBbm�H +B`+mBi`v U�V aT�iB�H TQQHBM; Q#b2`p2/ BM

rB`BM; 7`QK i?2 `2iBM� iQ G:L �M/ BM *LLǶbX U"V avM+?`QMQmb aTQM@

i�M2Qmb #m`bib U`2iBM�H r�p2bV BM i?2 HB;?i@BMb2MbBiBp2 `2iBM� b2`p2 �b �

bB;M�H 7Q` rB`BM; `2iBM� iQ i?2 #`�BMX X X X X X X X X X X X X X X X X X X X 38

jXj 1K2`;2Mi bT�iBQi2KTQ`�H r�p2b iBH2 i?2 }`bi H�v2`X h?2 `2/@

MQ/2b BM/B+�i2 �+iBp2@MQ/2b U}`BM;V- #H�+F MQ/2b `272` iQ bBH2Mi MQ/2b

�M/ i?2 �``Qrb /2MQi2 i?2 /B`2+iBQM Q7 iBK2X X X X X X X X X X X X X X X 3N

jX9 aTBFBM; M2m`�H M2irQ`F H2�`MBM; `mH2X X X X X X X X X X X X X X X X NR

jX8 a2H7@Q`;�MBx�iBQM Q7 SQQHBM; H�v2`bX U�V h?2 BMBiB�H +QM};m`�iBQM-

r?2`2BM �HH MQ/2b BM i?2 HQr2` H�v2` �`2 +QMM2+i2/ iQ 2p2`v mMBi BM

i?2 ?B;?2` H�v2`X U"V �7i2` i?2 b2H7@Q`;�MBx�iBQM T`Q+2bb- � TQQHBM;

�`+?Bi2+im`2 2K2`;2b- r?2`2BM 2p2`v mMBi BM H�v2`@AA Bb +QMM2+i2/ iQ �

bT�iB�H T�i+? Q7 MQ/2b BM H�v2`@AX U�-"V >2`2- +QMM2+iBQMb 7`QK MQ/2b

BM H�v2`@A iQ � bBM;H2 mMBi BM H�v2`@AA U?B;?2` H�v2`V �`2 b?QrMX U*V 1�+?

+QMiQm` `2T`2b2Mib � bT�iB�H T�i+? Q7 MQ/2b BM H�v2`@A +QMM2+i2/ iQ �

bBM;H2 mMBi BM H�v2`@AAX U.V JQ`2 i?�M N8W Q7 i?2 MQ/2b BM H�v2`@A �`2

+QMM2+i2/ iQ mMBib BM i?2 H�v2`@AA i?`Qm;? r2HH@/2}M2/ TQQHb- �b i?2

bT�iB�H T�i+?2b iBH2 H�v2`@A +QKTH2i2HvX X X X X X X X X X X X X X X X X X X Nj

jXe a2MbQ` MQ/2b �``�M;2/ BM � HBM2X X X X X X X X X X X X X X X X X X X X X X N9

jXd ai`2M;i? Q7 +QMM2+iBQMb #2ir22M b2MbQ`@MQ/2bX X X X X X X X X X X X X X N9

jX3 6Bt2/ TQBMib, JmHiBTH2 }t2/ TQBMib �`2 Q#i�BM2/ #v bQHpBM; N MQM@

HBM2�` 2[m�iBQMb bBKmHi�M2QmbHvX aQK2 Q7 i?2 bQHmiBQMb Q#i�BM2/ �`2,

U�V � bBM;H2 #mKT �i i?2 +2Mi2`- U"V � bBM;H2 #mKT �i QM2 Q7 i?2 2/;2b

�M/ U*V irQ #mKTb Q7 �+iBpBivX X X X X X X X X X X X X X X X X X X X X X N8

jXN a2MbQ` MQ/2b TH�+2/ �`#Bi`�`BHv QM � b[m�`2 TH�M2X X X X X X X X Nd



GAah P6 6A:l_1a ttp

jXRy ai�#H2 6Bt2/ TQBMib, JmHiBTH2 }t2/ TQBMib �`2 Q#i�BM2/ #v bQHpBM;

N MQM@HBM2�` 2[m�iBQMb bBKmHi�M2QmbHvX aQK2 Q7 i?2 bQHmiBQMb Q#i�BM2/

�`2, U�V � bBM;H2 #mKT- U"V irQ #mKTb �M/ U*V i?`22 #mKTb Q7 �+iBpBivX N3

jXRR ai�#H2 6Bt2/ TQBMib, JmHiBTH2 }t2/ TQBMib �`2 Q#i�BM2/ #v bQHpBM;

N MQM@HBM2�` 2[m�iBQMb bBKmHi�M2QmbHvX aQK2 Q7 i?2 bQHmiBQMb Q#i�BM2/

�`2, U�-"V � bBM;H2 #mKT 7Q` � +B`+mH�` ;2QK2i`v U*-.V irQ #mKTb Q7

�+iBpBiv 7Q` �`#Bi`�`v ;2QK2i`vX X X X X X X X X X X X X X X X X X X X X X N3

jXRk a2H7@Q`;�MBxBM; KmHiB@H�v2` bTBFBM; M2m`�H M2irQ`Fb U�V 1K2`@

;2Mi bT�iBQ@i2KTQ`�H r�p2b BM L1 i`B;;2` M2m`QM�H r�p2b BM ?B;?2` H�v@

2`b UL2- L3VX "H�+F MQ/2b BM/B+�i2 i?2 M2m`QM TQbBiBQMb rBi?BM � H�v2`

�M/ b?�/2b Q7 `2/ /2TB+i }`BM; MQ/2bX h?2 HB;?i2` `2/ `2T`2b2Mib MQ/2b

i?�i }`2/ �i �M 2�`HB2` iBK2@TQBMiX GB;?i2` `2/ iQ /�`F `2/ +�Tim`2b

i?2 KQiBQM Q7 i?2 r�p2b QM 2�+? H�v2`X U"V h`�+FBM; i?2 pQHi�;2 v

Q7 � bBM;H2 M2m`QM BM 2�+? H�v2` Qp2` iBK2X h?2 M2m`QM ǵ}`2bǶ r?2M

i?2 v +`Qbb2b Bib /vM�KB+ i?`2b?QH/ U#Hm2 HBM2VX U*V a2H7@Q`;�MBx�iBQM

T`Q+2bb i`�Mb7Q`Kb � `�M/QKHv rB`2/ BMi2`@H�v2` +QMM2+iBpBiv UH27i Q7

i?2 �``QrV iQ � TQQHBM; �`+?Bi2+im`2 U`B;?iV- r?2`2BM mMBib BM ?B;?2`

H�v2`b UL2- L3V �`2 +QMM2+i2/ iQ � bT�iB�H T�i+? Q7 MQ/2b BM Bib T`2+2/@

BM; H�v2`X 1�+? bm#THQi /BbTH�vb i?2 +QMM2+iBpBiv Q7 � bBM;H2 mMBi BM �

?B;?2` H�v2` iQ �HH mMBib BM i?2 T`2+2/BM; H�v2`X u2HHQr/#Hm2 `2T`2b2Mi

`2;BQMb rBi?/rBi?Qmi T`2b2M+2 Q7 +QMM2+iBQMbX *QMM2+iBpBiv Q7 9 mMBib

2�+? BM L3 �M/ L2 �`2 /2TB+i2/ BM *@B �M/ *@BB- `2bT2+iBp2HvX U.V j.

`2M/2`BM; Q7 i?2 }M�H b2H7@Q`;�MBx2/ �`+?Bi2+im`2X X X X X X X X X X X X Ry9



GAah P6 6A:l_1a ttpB

jXRj a2H7@Q`;�MBx�iBQM Q7 TQQHBM; H�v2`b 7Q` �`#Bi`�`v BMTmi@H�v2`

;2QK2i`vX U�V h?2 H27i KQbi BK�;2 Bb � bM�Tb?Qi Q7 i?2 i`�p2HBM;

r�p2 �b Bi i`�p2`b2b H�v2`@Ac G�v2`@A ?�b b2MbQ`@MQ/2b �``�M;2/ BM �M

�MMmHmb ;2QK2i`vc `2/ MQ/2b `272` iQ }`BM; MQ/2bX PM +QmTHBM; i?2

bT�iBQi2KTQ`�H r�p2 BM H�v2`@A iQ � H2�`MBM; `mH2 BM H�v2`@AA- � TQQHBM;

�`+?Bi2+im`2 2K2`;2bX h?2 +2Mi`�H BK�;2 `272`b iQ i?2 j/ pBbm�HBx�@

iBQM Q7 i?2 TQQHBM; �`+?Bi2+im`2- r?BH2 2�+? bm#THQi BM i?2 `B;?i@KQbi

BK�;2 /2TB+ib i?2 bT�iB�H T�i+? Q7 MQ/2b BM H�v2`@A +QMM2+i2/ iQ � bBM@

;H2 T`Q+2bbBM; mMBi BM H�v2`@AAX U"V a2H7@Q`;�MBxBM; TQQHBM; H�v2`b QM

� bT?2`2X U"@BBV lTbi`2�K mMBib +QMM2+i iQ bT�iB�H T�i+?2b Q7 MQ/2b

QM i?2 bT?2`2X U*V a2H7@Q`;�MBxBM; M2irQ`Fb QM SQBM+�`2 /BbFb rBi?

� ?vT2`#QHB+ /Bbi`B#miBQM Q7 BMTmi b2MbQ` MQ/2b U*@BBV aM�Tb?Qi Q7 �

i`�p2HBM; #mKTX U*@BBBV _2+2TiBp2 }2H/b Q7 mMBib BM H�v2`@AAX X X X X X X Rye

jXR9 a2H7@Q`;�MBx�iBQM Q7 TQQHBM; H�v2`b 7Q` �`#Bi`�`v BMTmi@H�v2`

;2QK2i`vX U.V h?2 };m`2 QM i?2 H27i /2TB+ib � b2H7@Q`;�MBx2/ TQQHBM;

H�v2` r?2M �HH BMTmi MQ/2b �`2 7mM+iBQMBM;X PM+2 i?2b2 BMi2`@H�v2`

+QMM2+iBQMb �`2 2bi�#HBb?2/- � bK�HH bm#b2i Q7 MQ/2b �`2 /�K�;2/ iQ

�bb2bb B7 i?2 TQQHBM; �`+?Bi2+im`2 +�M `Q#mbiHv `2@7Q`KX h?2 b2i Q7

MQ/2b rBi?BM i?2 ;`2v #QmM/�`v- iBiH2/ ǵ.LǶ- �`2 /272+iBp2 MQ/2bX h?2

};m`2 QM i?2 `B;?i +Q``2bTQM/b iQ TQQHBM; H�v2`b i?�i ?�p2 �/�Ti2/

iQ i?2 /272+ib BM i?2 BMTmi H�v2`- ?2M+2 MQi `2+2BpBM; �Mv BMTmi 7`QK

i?2 /272+iBp2 MQ/2bXU1V U1@BV hmMBM; +m`p2 b?Qrb i?�i mMBib BM H�v2`@k

?�p2 � T`272``2/ Q`B2Mi�iBQMX U1@BBV P`B2Mi2/ `2+2TiBp2 }2H/b Q7 mMBib

BM H�v2`@AAX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryd



GAah P6 6A:l_1a ttpBB

jXR8 SQQHBM; H�v2`b �`2 `2+QM};m`�#H2X U6V "v �Hi2`BM; H�v2`@A iQTQH@

Q;v U2t+Bi�iBQMfBM?B#BiBQM `�/BBV- r2 +�M imM2 i?2 bBx2 Q7 i?2 2K2`;2Mi

bT�iB�H r�p2X h?2 bBx2 Q7 i?2 r�p2 Bb e �Xl UH27iV �M/ Ry �Xl U`B;?iVX

U:V �Hi2`BM; i?2 bBx2 Q7 i?2 2K2`;2Mi bT�iB�H r�p2 imM2b i?2 2K2`;2Mi

TQQHBM; �`+?Bi2+im`2X h?2 bBx2 Q7 i?2 TQQHb Q#i�BM2/ �`2 9 �Xl UH27iV-

Q#i�BM2/ 7`QK � r�p2@bBx2 Q7 e �Xl �M/ � TQQH@bBx2 Q7 d �Xl U`B;?iV-

Q#i�BM2/ 7`QK � r�p2@bBx2 Q7 Ry �XlX U>V � H�`;2 b2i Q7 bT�iB�H@TQQHb

�`2 ;2M2`�i2/ 7Q` 2p2`v bBx2@+QM};m`�iBQM Q7 i?2 2K2`;2Mi r�p2X h?2

/Bbi`B#miBQM Q7 bT�iB�H@TQQH bBx2b Qp2` �HH TQQHb ;2M2`�i2/ #v � bT2@

+B}+ r�p2@bBx2 �`2 +�Tim`2/ #v � F2`M2H@bKQQi?2/ ?BbiQ;`�KX q�p2@9

BM i?2 H2;2M/ +Q``2bTQM/b iQ � ?BbiQ;`�K Q7 TQQH@bBx2b ;2M2`�i2/ #v

�M 2K2`;2Mi r�p2 Q7 bBx2 9 �Xl U#Hm2 HBM2VX q2 Q#b2`p2 i?�i bT�iB�H

T�i+?2b i?�i 2K2`;2 7Q` 2p2`v +QM};m`�iBQM Q7 i?2 r�p2 ?�p2 � iB;?iHv

`2;mH�i2/ bBx2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry3

jXRe .2p2HQTK2Mi�H �H;Q`Bi?K b+�H2b 2{+B2MiHv iQ p2`v H�`;2 BMTmi

H�v2`b, U�V G�v2`@A ?�b R8yy MQ/2b �M/ H�v2`@AA ?�b 9yy MQ/2bX h?2

2K2`;2Mi r�p2 BM H�v2`@A `2bmHib BM � bBM;H2 i`�p2HBM; r�p2 i?�i iBH2b

H�v2`@AX U"V G�v2`@A ?�b 8yyy MQ/2b �M/ H�v2`@AA ?�b 9yy MQ/2bX h?2

2K2`;2Mi r�p2 BM H�v2`@A `2bmHib BM � bBM;H2 i`�p2HBM; r�p2 i?�i iBH2b

H�v2`@AX U*V G�v2`@A ?�b Ryyyy MQ/2b �M/ H�v2`@AA ?�b 9yy MQ/2bX h?2

2K2`;2Mi r�p2 BM H�v2`@A `2bmHib BM � KmHiBTH2 i`�p2HBM; r�p2 i?�i iBH2

H�v2`@A bBKmHi�M2QmbHvX h?Bb `2bmHib BM � bBM;H2 T`Q+2bbBM; mMBi `2+2BpBM;

TQQHb 7`QK /Bz2`2Mi `2;BQMbX U.V h?2 ?BbiQ;`�K +�Tim`2b i?2 iBK2

i�F2M 7Q` � TQQHBM; H�v2` iQ 7Q`K 7Q` p�`B�#H2 MmK#2` Q7 BMTmi b2MbQ`

MQ/2b UR8yy- 8yyy- Ryyyy- k8yyy �M/ 8yyyy MQ/2bVX qBi? �M BM+`2�b2

BM i?2 MmK#2` Q7 b2MbQ`@MQ/2b- i?2 bT22/ Q7 b2H7@Q`;�MBx�iBQM BM+`2�b2b

�b KmHiBTH2 r�p2b iBH2 i?2 BMTmi H�v2` bBKmHi�M2QmbHvX X X X X X X X X X RyN



GAah P6 6A:l_1a ttpBBB

jXRd 6H2tB#BHBiv Q7 i?2 7`�K2rQ`FX U�V a2H7@Q`;�MBxBM; � p�`B2iv Q7 M2m@

`�H �`+?Bi2+im`2b, U�@BV SQQHBM; 7QHHQr2/ #v 2tT�MbBQM U�miQ2M+Q/2`V

U�@BBV 1tT�MbBQM 7QHHQr2/ #v TQQHBM; U�@BBBV *QMb2+miBp2 TQQHBM; bi`m+@

im`2bX >BbiQ;`�Kb +�Tim`2 i?2 bBx2b Q7 2K2`;2Mi TQQHBM; �M/ 2tT�MbBQM

bi`m+im`2b BM i?2 b2H7@Q`;�MBx2/ M2irQ`FX U"V _2;BK2b Q7 r�p2 /vM�K@

B+b, U"@BV ai�#H2 bBM;H2 r�p2 U"@BBV lMbi�#H2 bTHBiiBM; �M/ K2`;BM;

r�p2b U"@BBBV ai�#H2 T2`BQ/B+�HHv `Qi�iBM; ~mB/@HBF2 r�p2X X X X X X X X RRy

jXR3 :`QrBM; � H�v2`2/ M2m`�H M2irQ`F U�V � bBM;H2 +QKTmi�iBQM�H

ǳ+2HHǴ U#H�+F MQ/2V Bb b22/2/ BM � b+�zQH/ /2}M2/ #v i?2 ;`2v #QmM/@

�`vX U"V PM+2 i?Bb ǳ+2HHǴ /BpB/2b- /�m;?i2` +2HHb K�F2 HQ+�H@2t+Bi�iQ`v

�M/ ;HQ#�H@BM?B#BiQ`v +QMM2+iBQMbX �b i?2 /BpBbBQM T`Q+2bb +QMiBMm2b-

MQBbv BMi2`�+iBQMb #2ir22M MQ/2b `2bmHib BM 2K2`;2Mi bT�iBQi2KTQ`�H

r�p2b U`2/@MQ/2bVX U*V aQK2 MQ/2b rBi?BM H�v2`@A /BpB/2 iQ T`Q/m+2

/�m;?i2` +2HHb i?�i KB;`�i2 mTr�`/b iQ 7Q`K T`Q+2bbBM; mMBib U#Hm2

MQ/2bVX h?2 +QMM2+iBQMb #2ir22M i?2 irQ H�v2`b �`2 +�Tim`2/ #v i?2

HBM2b i?�i +QMM2+i � bBM;H2 mMBi BM � ?B;?2` H�v2` iQ MQ/2b BM i?2 }`bi

H�v2` UPMHv +QMM2+iBQMb 7`QK � bBM;H2 mMBi �`2 b?QrMVXU.V �7i2` � HQM;

/m`�iBQM- i?2 bvbi2K `2�+?2b � bi2�/v bi�i2- r?2`2 irQ H�v2`b ?�p2

#22M +`2�i2/ rBi? �M 2K2`;2Mi TQQHBM; �`+?Bi2+im`2X X X X X X X X X X X RRk



GAah P6 6A:l_1a ttBt

jXRN lMbmT2`pBb2/ H2�`MBM; Q7 b2H7@Q`;�MBx2/ M2irQ`FbX U�V a+?2K�iB+

Q7 #BQ@BMbTB`2/ `2�H@iBK2 H2�`MBM;, � j@H�v2`2/ aLL H2�`Mb QM kyyy BK@

�;2b- r?BH2 #2BM; 7Q`r�`/@BMi2;`�i2/ BM iBK2c Bi i2bib QM +B`+� 3yyy BK@

�;2bX U"V lMbmT2`pBb2/ 72�im`2 2ti`�+iBQM 7Q`Kb TQQHb i?�i `2b2K#H2

JLAah /B;Bib, q(1) r2B;?ib Q7 Ry 2t2KTH�`v L2 M2m`QMb +QMM2+iBM;

iQ /BbTH�v2/ L1 M2m`QMb i?�i 7Q`K TQQHb BM b?�T2b Q7 /B;BibX h?2 `2@

bT2+iBp2 imMBM; +m`p2b Q7 2�+? L2 mMBi b?Qrb i?2 Uy@R@b+�H2/V K2�M

QmiTmi bTBF2 BMi2MbBiB2b iQ BMTmi bTBF2b Q7 �HH FBM/b Q7 /B;Bib BM i?2 i2bi

b2i � /2KQMbi`�iBM; i?2 bT2+B�HBx2/ L2 mMBi bTBFBM; KQbi BMi2Mb2Hv 7Q`

QM2 bT2+B}+ /B;BiX U*V 1t2KTH�`v +QMM2+iBpBiv T�ii2`M Q7 i?2 j@H�v2`2/

M2irQ`F, TQQHBM; +QMM2+iBQM BM b?�T2 Q7 �M ǵ3ǶX U.V *Q?2`2Mi H2�`MBM;

+Hmbi2`b BM i?2 L2 i?�i 2�+?- �b � HQ+�H ;`QmT- bT2+B�HBx2 QM H2�`MBM;/

+H�bbB7vBM; � +2`i�BM +H�bb Q7 BMTmi /B;BiX X X X X X X X X X X X X X X X X X RRj



GAah P6 6A:l_1a ttt

jXky L2irQ`Fb ;`QrM 7`QK � bBM;H2 mMBi �`2 7mM+iBQM�HX h?`22 FBM/b

Q7 M2irQ`Fb �`2 i`�BM2/ �M/ i2bi2/ QM BK�;2b Q#i�BM2/ 7`QK i?2 JLAah

/�i�#�b2X q2 mb2 Ryyyy i`�BMBM; b�KTH2b �M/ Ryyy i2biBM; b�KTH2bX

h?2 j FBM/b Q7 M2irQ`Fb �`2, UBV >�M/@+`�7i2/- UBBV a2H7@Q`;�MBx2/ M2i@

rQ`Fb �M/ UBBBV `�M/QK M2irQ`FbX h?2 i`�BMBM; T`Q+2/m`2 Bb `mM Qp2`

M4RR M2irQ`Fb iQ 2Mbm`2 i?�i i?2 /2p2HQTK2Mi�H �H;Q`Bi?K �Hr�vb T`Q@

/m+2b 7mM+iBQM�H M2irQ`FbX U�V h?2 #Qt@THQi +�Tim`2b i?2 i`�BMBM; �M/

i2biBM; �++m`�+v Q7 i?2b2 j M2irQ`FbX q2 MQiB+2 i?�i i?2 i2biBM; �+@

+m`�+v Q7 b2H7@Q`;�MBx2/ M2irQ`Fb Bb +QKT�`�#H2 iQ i?�i Q7 iQ i?�i Q7

?�M/@+`�7i2/ M2irQ`Fb UT@p�Hm2 4 yXR8NR>yXy8V �M/ �`2 Km+? #2ii2`

i?�M `�M/QK M2irQ`Fb UT@p�Hm2 4 8Xe t Ry�5VX U"- *- .V 1�+? mMBi

BM i?2 b2+QM/ H�v2` Bb +QMM2+i2/ iQ � b2i Q7 MQ/2b BM i?2 HQr2` H�v2`X

h?2 b2i Bi Bb +QMM2+i2/ iQ �`2 /2}M2/ #v i?2 ;`22M- `2/ Q` #Hm2 MQ/2b

BM i?2 bm#THQib b?QrMX U"V >�M/@+`�7i2/ U*V a2H7@Q`;�MBx2/ �M/ U.V

_�M/QK@#�bBbXU1V hrQ JLAah BK�;2b �b b22M BM i?2 }`bi H�v2`X X X RR8

jXkR _2�H iBK2 ;2bim`2 +�Tim`2 rBi? b2H7@Q`;�MBx2/ M2m`�H M2i@

rQ`FbX U�V q2 i`�BM2/ Qm` M2irQ`Fb QM /�i� 7`QK � #2M+?K�`F

�K2`B+�M bB;M H�M;m�;2 /�i� b2iX .�i� +QMbBbib Q7 pB/2Q `�i2 BK�;2b

7`QK �M 2p2Mi #�b2/ +�K2`� r?2`2 2t�KTH2 ;2bim`2b �`2 b?QrM BM �X

U"V AK�;2b b?QrBM; irQ H�v2`b Q7 Qm` b2H7@Q`;�MBx2/ M2m`�H M2irQ`F

`2bTQM/BM; iQ ;2bim`2 b2[m2M+2bX h?2 bm#@T�M2H QM i?2 `B;?i Q7 U"V

b?Qrb i?2 M2irQ`F +H�bbB7vBM; i?2 BK�;2b BMiQ /BbiBM+i +�i2;Q`B2b U*V

Pm` M2irQ`Fb �+?B2p2 =NyW �++m`�+v �7i2` QMHv e `QmM/b Q7 i`�BMBM;X

U.V L2irQ`Fb `mM QM `2�H@iBK2 BK�;2b bi`2�Kb K�FBM; /vM�KB+ BM72`@

2M+2b U#Hm2 +m`p2V iQ B/2MiB7v i?2 ;2bim`2 #2BM; /BbTH�v2/ U`2/ +m`p2

BM/B+�i2b ;`QmM/ i`mi?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 RRe



*?�Ti2` R

AMi`Q/m+iBQM

6B;m`2 RXR, L2m`QM@�`i, ;2M2`�i2/ #v i2ti@iQ@BK�;2 �AX

ǳh?2 BMi2HHB;2M+2 �ii`B#mi2/ iQ K�+?BM2b �HKQbi �Hr�vb `2HB2b QM `2M/2`BM;

?mK�M bFBHH BMpBbB#H2XǴ

R



RXR h?2bBb bi�i2K2Mi k

a2+iBQM RXR

h?2bBb bi�i2K2Mi

PM2 Q7 i?2 #B;;2bi mM`2bQHp2/ [m2biBQMb TH�;mBM; ?mK�MBiv iQ /�i2- Bb i?2 [m2biBQM Q7

i?2 M�im`2 Q7 i?2 b2H7- i?2 M�im`2 Q7 HB72- i?2 `2�HBiv UQ` BHHmbBQMV Q7 i?2 rQ`H/ �`QmM/ mb-

�M/ mHiBK�i2Hv Qm` Tm`TQb2 UB7 i?2`2 2tBbib QM2VX h?2 [m2biBQMb +QM+2`MBM; i?2 M�im`2

Q7 i?2 b2H7 Q` HB72 �`2 MQi ǵM2rǶ Q` ǵKQ/2`MǶ #v �Mv bi`2i+? Q7 BK�;BM�iBQMX S`BQ` iQ

i?2 �p�BH�#BHBiv Q7 ?B;?@2M/ 2tT2`BK2Mi�H K2i?Q/b Q` i2+?MQHQ;B+�H iQQHb- i?2 T`BK�`v

KQ/2 Q7 �//`2bbBM; UQ` �Mbr2`BM;V bm+? [m2biBQMb r�b i?`Qm;? T?BHQbQT?v �M/ HQ;B+X

>Qr2p2`- BM i?Bb i?2bBb- A �ii2KTi iQ �//`2bb � 7�+2i Q7 i?Bb [m2biBQM #v 2M;�;BM; i?2

H�i2bi i2+?MQHQ;B+�H iQQHb �M/ /2p2HQTK2Mib BM i?2 }2H/b Q7 �`iB}+B�H BMi2HHB;2M+2 �M/

J�+?BM2 H2�`MBM;X

hQ �//`2bb i?2 bT2+B}+ [m2biBQM +QM+2`MBM; i?2 M�im`2 Q7 HB72- K�MFBM/ ?�b �

HQM; ?BbiQ`v Q7 �ii2KTiBM; iQ `2+`2�i2 F2v bvKTiQKb Q7 HB72 UHBF2 KQp2K2Mi- b2H7@

Q`;�MBx�iBQM- ?QK2Qbi�bBb- b2H7@`2THB+�iBQM- M�im`�H BMi2HHB;2M+2V mbBM; i?2 K2+?�MB+b

Q7 i?2B` +QMi2KTQ`�`v i2+?MQHQ;vX 6Q` BMbi�M+2- i?2 2�`HB2bi KQ/2Hb r2`2 rQ`Fb Q7

�`i- i?�i +QKT`Bb2/ Q7 T�BMiBM;b �M/ bi�im2ii2b rBi? �`iB+mH�i2/ �`Kb �M/ H2;b iQ

+�Tim`2 i?2 /vM�KB+ 7Q`K Q7 HBpBM; #2BM;bX q2 �HbQ FMQr i?�i BM �M+B2Mi i?2�i`2b U�b

/2b+`B#2/ BM i?2 2TB+b Q7 i?2 _�K�v�M� (P`2Mbi2BM- kyye)V- TmTT2ib r2`2 #mBHi �M/

+QMi`QHH2/ #v ?mK�M QT2`�iQ`b iQ KBKB+ HBpBM; #2BM;b �M/ i?2B` bQ+B�H BMi2`�+iBQMbX

PM i?2 7`QMi Q7 KBKB+FBM; i?2 rQ`FBM;b Q7 M�im`2- i?2 2�`HB2bi K2+?�MB+�H /2pB+2 #mBHi

#v i?2 1;vTiB�Mb- +�HH2/ i?2 *H2Tbv/`� (>�KBHiQM- Rd9e) U1;vTiB�M r�i2` +HQ+FV- r�b

mb2/ 7Q` i`�+FBM; i?2 TQbBiBQM Q7 i?2 bmM #v +QMi`QHHBM; i?2 r�i2` ~Qr 7`QK �M Q`B}+2-

2M�#HBM; �M �++m`�i2 K2�bm`2K2Mi Q7 iBK2X AM i?2 b�K2 p2BM- A #2HB2p2 i?�i 2M/QrBM;

ǴM�im`�H BMi2HHB;2M+2-Ǵ QM2 Q7 i?2 F2v bvKTiQKb Q7 HB72 iQ �`iB}+B�H bvbi2Kb Bb QM2

�KQM; K�Mv bi`�i2;B2b iQ mM/2`bi�M/ i?2 rQ`FBM;b Q7 i?2 b2H7- �M/ mHiBK�i2Hv rQmH/

�bbBbi BM Qm` mM/2`bi�M/BM; Q7 i?2 M�im`2 Q7 HB72X AMi2HHB;2M+2 +�M #2 Q#b2`p2/ �+`Qbb
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KQbi bT2+B2b Q7 HB72- �M/ Bi Bb MQi HBKBi2/ iQ ?mK�MbX .Bz2`2Mi �MBK�Hb ?�p2 2pQHp2/

/Bz2`2Mi +Q;MBiBp2 �#BHBiB2b �M/ �/�Ti�iBQMb i?�i �HHQr i?2K iQ bm`pBp2 �M/ i?`Bp2

BM i?2B` bT2+B}+ 2MpB`QMK2MibX 6Q` 2t�KTH2- bQK2 �MBK�Hb- bm+? �b T`BK�i2b �M/

/QHT?BMb- ?�p2 ?B;?Hv /2p2HQT2/ bQ+B�H BMi2HHB;2M+2 �M/ �`2 �#H2 iQ +QKKmMB+�i2 �M/

+QQT2`�i2 rBi? Qi?2`b BM bQT?BbiB+�i2/ r�vbX Pi?2` �MBK�Hb- bm+? �b #B`/b �M/ bQK2

BMb2+ib- ?�p2 /2p2HQT2/ �/p�M+2/ T`Q#H2K@bQHpBM; �M/ M�pB;�iBQM �#BHBiB2bX 6`QK i?2

Km/@r�bTb #mBH/BM; i?2B` r2HH@K2�bm`2/ M2bib (aKBi?- RNd3)- i?2 #2�p2`b i?�i #mBH/

i?2B` /�Kb (ʉm`QrbFB- RNNk)- i?2 bQM;@#B`/b i?�i `Q#mbiHv bBM; i?2B` bQM; (q�M; 2i

�HX- kykk)- iQ i?2 ?mK�Mb i?�i +�M ~2tB#Hv �/�Ti iQ /Bz2`2Mi 2MpB`QMK2Mib- #mBH/

i2+?MQHQ;B+�H iQQHb- �M/ }M�HHv bi`Bp2 iQ #mBH/ �A bvbi2Kb i?�i +�M ǵQmibK�`iǶ i?2K-

r2 +�M B/2MiB7v 72�im`2b Q7 M�im`�H BMi2HHB;2M+2 �+`Qbb /Bz2`2Mi bT2+B2b Q7 HB72X

�Hi?Qm;? i?2 }2H/ Q7 �`iB}+B�H AMi2HHB;2M+2 U�AV ?�b K�/2 `�TB/ T`Q;`2bb iQr�`/b

bBKmH�iBM; M�im`�H BMi2HHB;2M+2 BM i?2 H�bi 72r v2�`b #v QmiT2`7Q`KBM; ?mK�Mb QM �

72r i�bFb UHBF2 BK�;2 `2+Q;MBiBQM- MmK#2` �`Bi?K2iB+- ;�K2 TH�vBM;V- i?2v biBHH 7�BH

iQ `2THB+�i2 K�Mv F2v T`BM+BTH2b Q7 M�im`�H BMi2HHB;2M+2 UHBF2 `Q#mbiM2bb- ~2tB#BHBiv-

+QMiBMm�H H2�`MBM;- iQ M�K2 � 72rVX

Jv i?2bBb ?�b #22M ;2�`2/ iQr�`/b /2+Q/BM; �M/ /2+BT?2`BM; bQK2 Q7 i?2 F2v

T`BM+BTH2b Q7 M�im`�H BMi2HHB;2M+2 rBi? i?2 ;Q�H Q7 #mBH/BM; �`iB}+B�H bvbi2Kb TQbb2bbBM;

i?2b2 T`BM+BTH2bX h?2 F2v �TT`Q�+? i?�i A ?�p2 �/QTi2/ 7Q` �//`2bbBM; i?Bb [m2biBQM

/m`BM; Kv S?. Bb iQ +QKT�`2 #BQHQ;B+�H bvbi2Kb 2M/Qr2/ rBi? M�im`�H BMi2HHB;2M+2 iQ

iQ/�vǶb KQ/2`M �`iB}+B�H AMi2HHB;2M+2 bvbi2Kb UT`BK�`BHv 7Q+mb2/ QM bvbi2Kb #mBHi mb@

BM; �`iB}+B�H M2m`�H M2irQ`FbVX >�pBM; B/2MiB}2/ ;�Tb #2ir22M i?2 irQ #v `2+Q;MBxBM;

T`BM+BTH2b Q7 BMi2HHB;2M+2 T`2b2Mi BM #BQHQ;B+�H bvbi2Kb �M/ H�+FBM; BM iQ/�vǶb �`iB}+B�H

bvbi2Kb- A ?�p2 /2p2HQT2/ �H;Q`Bi?Kb �M/ T`Q+2/m`2b iQ 2M/Qr �`iB}+B�H bvbi2Kb rBi?

i?Qb2 �ii`B#mi2b Q7 BMi2HHB;2M+2X

h?2 �/p�Mi�;2b Q7 /2p2HQTBM; �`iB}+B�H BMi2HHB;2M+2 bvbi2Kb #v +HQb2Hv 2t�KBMBM;

#BQHQ;B+�H bvbi2Kb Bb irQ 7QH/X 6B`biHv- Bi +�i�Hvx2b i?2 M2ti@;2M2`�iBQM Q7 �A bvb@
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i2Kb KQpBM; QM2 bi2T +HQb2` iQ M�im`�H BMi2HHB;2M+2 �M/ b2+QM/Hv- Bi T`QpB/2b i?2Q`B2b

`2;�`/BM; #BQHQ;B+�H K2+?�MBbKb �M/ BHHmKBM�i2b /22T `QQi2/ T`BM+BTH2b �i TH�v BM

M�im`�H bvbi2KbX

a2+iBQM RXk

"�+F;`QmM/

A rBHH `2pB2r bQK2 Q7 i?2 T`2pBQmb rQ`F QM i?Bb T`Q#H2K +QM+2`MBM; i?2 B/2MiB}+�iBQM

Q7 T`BM+BTH2b Q7 BMi2HHB;2M+2 �M/ i?2B` bm++2bb7mH BMi2;`�iBQM BMiQ �`iB}+B�H bvbi2KbX A

rBHH #2;BM #v /2b+`B#BM; bQK2 Q7 i?2 p2`v 2�`Hv B/2�b BM i?Bb }2H/ �b i?2v �`2 `�/B+�HHv

/Bz2`2Mi 7`QK Qm` KQ/2`M �TT`Q�+?- �M/ i?2M +QMiBMm2 iQ i?2 /2b+`BTiBQM Q7 KQ/2`M

7`�K2rQ`FbX

RXkXRX �M+B2Mib �M/ �A

h?2 `2bB/2Mib Q7 i?2 o2/B+ +BpBHBx�iBQM U;QBM; #�+F KQ`2 i?�M 8yyy v2�`b- +B`+� jyyy

"*V r2`2 QM2 Q7 i?2 }`bi iQ TQM/2` i?2 M�im`2 Q7 HB72- �M/ �HbQ- iQ Kv #2bi FMQrH2/;2-

r2`2 i?2 }`bi iQ T`2b2Mi � HBi2`�`v `2+Q`/ Q7 � +QKT2iBiBQM #2ir22M �`iB}+B�H #B`/b �M/

HBpBM; #B`/bX h?2 bi�i2K2Mi ?�b #22M `2+Q`/2/ BM i?2 �M+B2Mi i2ti +�HH2/ i?2 a`BK�/

"?�;�p�i�K- r`Bii2M �`QmM/ jyyy "* BM a�MbF`Bi #v a�BMi ov�b�/2p�X

हसंपारावतव्रातसै्तत्र तत्र �नकू��तम् । कृ�त्रमान् मन्यमानै : स्वान��रुह्या��रुह्य च॥

>2`2- i?2 �mi?Q` /2b+`B#2b � EBM; M�K2/ ǴE�`/�K� JmMBǴ r?Q HBp2/ BM � H�`;2

T�H�+2 i?�i ?Qmb2/ � KmHiBim/2 Q7 HBp2 br�Mb �M/ TB;2QMb- �b r2HH �b �`iB}+B�H br�Mb

�M/ TB;2QMb bQ HB72HBF2 i?�i i?2 `2�H br�Mb `Qb2 �#Qp2 i?2K �;�BM �M/ �;�BM- i?BMFBM;

i?2K HBp2 #B`/b HBF2 i?2Kb2Hp2b ("?�FiBp2/�Mi�- RNde)X �Hi?Qm;? #2BM; i?2 2�`HB2bi

`2+Q`/2/ 2pB/2M+2 Q7 i?2 ?mK�M bQ+B2ivǶb BMi2`2bi BM #mBH/BM; #BQHQ;B+�HHv@BMbTB`2/

�`iB}+B�H bvbi2Kb- i?2 i2ti /Q2b MQi /2b+`B#2 � K2+?�MBbiB+ 2tTH�M�iBQM Q7 ?Qr i?Bb

K�v #2 #mBHi- Q` ?Qr Bi r�b #mBHiX
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6�bi 7Q`r�`/ jyyy v2�`b iQ +B`+� k8y "*- r2 }M/ i?�i i?2 �M+B2Mi :`22F 2M;B@

M22`b r2`2 #mBH/BM; ?mK�M@HBF2 `Q#Qib U2X;X �miQK�iB+ b2`p�Mi Q7 S?BHQMV (o�H�p�MBb-

o�+?ib2p�MQb- �M/ �Mib�FHBb- kyyd) iQ b2`p2 � Dm; Q7 r�i2`- #mBHi mbBM; � +QKTH2t

K2+?�MBbK Q7 bT`BM;b- r2B;?ib �M/ �B` T`2bbm`2X �//BiBQM�HHv- i?2 kyyy@v2�` QH/ �M@

iBFvi?2`� K2+?�MBbK- +QMbB/2`2/ iQ #2 � T`2+m`bQ` Q7 i?2 +QKTmi2`- r�b /2p2HQT2/

#v i?2 :`22Fb iQ 7Q`2+�bi �bi`QMQKB+�H 2p2Mib mbBM; ;2�`b �M/ /B�HbX

RXkXkX JQ/2`M ǵ#B`i?Ƕ Q7 �A

6B;m`2 RXk, h?2 Ǵhm`FǴ �M/ Bib BM~m2M+2 QM KQ/2`M �A U�V qQH7;�M; pQM
E2KT2H2MǶb +?2bb@TH�vBM; ǳhm`FXǴ U#V � ?mK�M +?2bb K�bi2` +QM+2�H2/ BM i?2 Ǵhm`FǴ
�miQK�iQM K�+?BM2X AK�;2b `2i`B2p2/ 7`QK ?iiTb,ff2MXrBFBT2/B�XQ`;frBFBfJ2
+?�MB+�Hnhm`F �M/ ?iiTb,ffrrrXm?X2/mf2M;BM2bf2TBkde8X?iK

AM i?2 v2�` Rddy- >mM;�`B�M �mi?Q` �M/ BMp2MiQ` qQH7;�M; pQM E2KT2H2M T`2@

b2Mi2/ ?Bb BMp2MiBQM- ǵh?2 hm`FǶ (ai2T?2Mb- kykk) �i i?2 +Qm`i Q7 i?2 �mbi`B�M 2KT`2bb

J�`B� h?2`2b�X E2KT2H2MǶb BMp2MiBQM- ǵh?2 hm`F-Ƕ r�b � HB72@bBx2/ �miQK�iQM +�`p2/

Qmi Q7 K�TH2 rQQ/- /`2bb2/ BM PiiQK�M `Q#2b- bBiiBM; #2?BM/ � rQQ/2M +�#BM2i rBi?

� +?2bb#Q�`/ QM iQT U6B;X RXk�VX >2 +H�BK2/ i?�i ?Bb K�+?BM2 +�M /272�i �Mv K2K#2`

Q7 i?2 +Qm`i BM i?2 ;�K2 Q7 +?2bbX q?2M QM2 Q7 i?2 2KT`2bbǶ �/pBbQ`b iQQF mT i?2
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+?�HH2M;2- ?2 QT2M2/ i?2 /QQ`b Q7 i?2 +�#BM2i �M/ b?Qr2/ i?2 BMi`B+�i2 M2irQ`F Q7

H2p2`b �M/ +Q;b- i?�i 7mM+iBQM2/ rBi? � +HQ+FrQ`F@HBF2 K2+?�MBbKX >2 bm#b2[m2MiHv

BMb2`i2/ � F2v BMiQ i?2 K�+?BM2- rQmM/ Bi mT �M/ #`Qm;?i i?2 �miQK�iQM iQ HB72-

2M�#HBM; Bi iQ HB7i Bib rQQ/2M �`K iQ K�F2 i?2 }`bi KQp2X qBi?BM jy KBMmi2b- i?2

hm`F /272�i2/ Bib QTTQM2Mi �M/ #2+�K2 �M BMbi�Mi b2Mb�iBQMX h?2`2�7i2` E2KT2H2M

iQm`2/ i?2 hm`F �`QmM/ 1m`QT2 �M/ Bi ?�b #22M /Q+mK2Mi2/ iQ ?�p2 /272�i2/ K�Mv

7Q`KB/�#H2 KBM/b Q7 i?�i iBK2- BM+Hm/BM; "2MD�KBM 6`�MFHBM �M/ 6`2/2`B+F i?2 :`2�iX

�7i2` E2KT2H2MǶb /2�i?- i?2 hm`F r�b i�F2M QM � iQm` iQ "`Bi�BM- �M/ r�b T�B`2/

iQ TH�v rBi? *?�`H2b "�##�;2X �Hi?Qm;? "�##�;2- i?2 7�K2/ "`BiBb? K�i?2K�iB+B�M

�M/ BMp2MiQ`- HQbi irB+2 iQ i?2 hm`F- ?2 bm++2bb7mHHv };m`2/ Qmi i?�i i?2 hm`F r�b

MQi �M ǵBMi2HHB;2MiǶ �miQK�iQM #mi +QM+2�H2/ � ?mK�M +?2bb K�bi2` r?Q r�b �#H2 iQ

Q#b2`p2 i?2 +?2bb #Q�`/ �M/ +QMi`QHH2/ i?2 hm`FǶb KQp2K2Mib U6B;X RXk#VX >BbiQ`B�Mb

bm;;2bi i?�i i?2 2M+QmMi2` rBi? i?2 hm`F r�b i?2 b22/ i?�i H2/ iQ i?2 /2bB;M Q7

i?2 }`bi K2+?�MB+�H +QKTmi2`- i?2 ǳ.Bz2`2M+2 2M;BM2XǴ aBM+2 i?2M- i?2`2 r2`2 K�Mv

i?2Q`2iB+�H �M/ 2tT2`BK2Mi�H �ii2KTib iQ /2bB;M �M/ 2M;BM22` BMi2HHB;2Mi �`iB}+B�H

bvbi2KbX PM2 Q7 i?2 }`bi /2bB;Mb �M/ i?Qm;?i 2tT2`BK2Mib- HBF2 i?2 �M�HviB+�H 1M;BM2-

r�b +QM+2Bp2/ iQ ?�p2 MmK2`B+�H �#BHBiB2b iQ T2`7Q`K � rB/2 `�M;2 Q7 K�i?2K�iB+�H

�M/ HQ;B+�H QT2`�iBQMb- BM+Hm/BM; �//BiBQM- bm#i`�+iBQM- KmHiBTHB+�iBQM- /BpBbBQM- �M/

2p�Hm�iBQM Q7 7mM+iBQMbX

>Qr2p2`- i?2 B/2� Q7 mbBM; #`�BM@BMbTB`2/ +QKTmi�iBQM Q` ǳM2m`QKQ`T?B+Ǵ �`+?B@

i2+im`2 bT`Qmi2/ BM i?2 2�`Hv RN9yb �M/ RN8yb- r?2M `2b2�`+?2`b #2;�M iQ bim/v i?2

bi`m+im`2 �M/ 7mM+iBQM Q7 M2m`QMb BM i?2 #`�BMX

J+*mHHQ+?@SBiib UJ*SV M2m`QM KQ/2HX h?2 J*S KQ/2H r�b QM2 Q7 i?2 }`bi

KQ/2Hb iQ /2`Bp2 /2i�BH2/ M2m`Q#BQHQ;B+�H BMbTB`�iBQM 7`QK i?2 +QMM2+iBpBiv bi`m+im`2

Q7 i?2 M2m`QMb BM i?2 #`�BM iQ +QMbi`m+i +QKTmiBM; K�+?BM2bX h?2 J*S KQ/2H

(J+*mHHQ+? �M/ SBiib- RNNy)- �HbQ FMQrM �b i?2 i?`2b?QH/ HQ;B+ mMBi UhGlV- Bb � ivT2



RXk "�+F;`QmM/ d

Q7 �`iB}+B�H M2m`QM /2p2HQT2/ BM RN9j #v q�``2M J+*mHHQ+? �M/ q�Hi2` SBiibX Ai Bb �

bBKTH2 KQ/2H Q7 � #BQHQ;B+�H M2m`QM i?�i Bb /2bB;M2/ iQ KBKB+ i?2 r�v i?�i #BQHQ;B+�H

M2m`QMb T`Q+2bb �M/ i`�MbKBi BM7Q`K�iBQMX h?2 J*S KQ/2H +QMbBbib Q7 � b2i Q7 BMTmib

�M/ � bBM;H2 QmiTmi- �M/ Bi Bb �#H2 iQ T`Q/m+2 �M QmiTmi #�b2/ QM r?2i?2` i?2 r2B;?i2/

bmK Q7 Bib BMTmib 2t+22/b � +2`i�BM i?`2b?QH/X h?2 J*S KQ/2H Bb +QMbB/2`2/ iQ #2 i?2

}`bi KQ/2H Q7 �M �`iB}+B�H M2m`QM- T�pBM; i?2 r�v 7Q` Km+? +QKTH2t �`iB}+B�H M2m`�H

M2irQ`FbX

6mFmb?BK�Ƕb L2Q+Q;MBi`QMX AM �//BiBQM iQ /2`BpBM; bi`m+im`�H BMbTB`�iBQM 7`QK

i?2 #`�BM UHBF2 i?2 J*S KQ/2HV- EmMB?BFQ 6mFmb?BK� /2bB;M2/ QM2 Q7 i?2 }`bi �`iB}@

+B�H M2m`�H M2irQ`F BMbTB`2/ #v i?2 >m#2H �M/ q2Bb2H KQ/2H (>m#2H �M/ qB2b2H- RN8Nc

>m#2H �M/ qB2b2H- RNej) Q7 7mM+iBQM�H +QMM2+iBpBiv �M/ `2+2TiBp2 }2H/b BM i?2 +�iǶb

bi`B�i2 +Q`i2t- M�K2Hv i?2 bBKTH2 �M/ +QKTH2t +2HHb- iQ `2+Q;MBx2 T�ii2`Mb BM pBbm�H

BK�;2b (6mFmb?BK�- RN3y)X

.22T M2irQ`FbX h?2 J+*mHHQ+F@SBiib KQ/2H (J+*mHHQ+? �M/ SBiib- RNNy) Q7 � bBK@

TH2 M2m`QM �M/ i?2 L2Q+Q;MBi`QM (6mFmb?BK�- RN3y) �`+?Bi2+im`2 Q7 bBKTH2 �M/ +QK@

TH2t +2HHb BM i?2 pBbm�H +Q`i2t r2`2 ;`QmM/#`2�FBM; �i i?2 iBK2 Q7 i?2B` /2p2HQTK2Mi

�M/ TH�v2/ � F2v `QH2 BM T`QKTiBM; i?2 /2p2HQTK2Mi Q7 /22T +QMpQHmiBQM�H M2irQ`Fb

UG2*mMV (G2*mM- "Qb2`- 2i �HX- RNNyc G2*mM- "QiiQm- 2i �HX- RNN3c G2*mM- >�zM2`-

2i �HX- RNNN) �M/ bBKBH�` M2m`�H M2irQ`F �`+?Bi2+im`2bX h?2 2�`Hv Nyb rBiM2bb2/ i?2

�/p2Mi Q7 /22T M2m`�H M2irQ`Fb �M/ +Q``2bTQM/BM; �H;Q`Bi?Kb iQ i`�BM �M/ QTiBKBx2

M2m`�H M2irQ`Fb QM � H�`;2 b2i Q7 +Q;MBiBp2 i�bFbX h?2 }`bi �`iB}+B�H M2m`�H M2irQ`Fb

r2`2 /2p2HQT2/ 7Q` T`Q+2bbBM; pBbm�H BK�;2b �M/ r2`2 i`�BM2/ #v i?2 UMQr m#B[mBiQmbV

#�+F@T`QT�;�iBQM i2+?MB[m2 (_mK2H?�`i- >BMiQM- �M/ qBHHB�Kb- RN3e)X AM �//BiBQM iQ

`2b2�`+? BMp2biK2Mi BM /2p2HQTBM; MQp2H M2irQ`F �`+?Bi2+im`2b- i`�BMBM; �H;Q`Bi?Kb-

i?2`2 r�b � Tmb? iQr�`/b +`2�iBM; #2M+?K�`FBM; /�i�b2ibX PM2 Q7 i?2 KQbi TQTmH�`

BK�;2 /�i�b2ib +QKTBH2/ r2`2 JLAah- *A6�_@Ry- *�Hi2+?@RyR- (G2*mM- "Qb2`- 2i �HX-
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RNNyc 62B@62B- 62`;mb- �M/ S2`QM�- kyy9) r?B+? +QMi�BM2/ BK�;2b Q7 ?�M/@r`Bii2M /B;@

Bib Uy iQ NV- BK�;2b Q7 Ry +H�bb2b Q7 Q#D2+ib UHBF2 #B`/b- b?BTb- �miQKQ#BH2bV �M/ BK�;2b

Q7 RyR +H�bb2b Q7 Q#D2+ib UHBF2 7�+2b- H2QT�`/b- +2BHBM; 7�Mb iQ M�K2 � 72rV- `2bT2+iBp2HvX

.22T L2irQ`Fb +QmTH2/ rBi? ?�`/r�`2 2M;BM22`BM;X �Hi?Qm;? /22T M2irQ`F

�`+?Bi2+im`2b r2`2 TQr2`7mH K�i?2K�iB+�H iQQHb- i?2v r2`2 p2`v bHQr iQ i`�BM �M/

r2`2 MQi �#H2 iQ ;2M2`�HBx2 p2`v r2HH iQ Qmi@Q7@/Bbi`B#miBQM /�i�RX AM kyRk- �H2tL2i

(E`Bx?2pbFv- amibF2p2`- �M/ >BMiQM- kyRk) /2p2HQT2/ #v �H2t E`B+?2pxFv �M/ :2Qz

>BMiQM- r�b QM2 Q7 i?2 }`bi BKTH2K2Mi�iBQMb Q7 i`�BMBM; M2m`�H M2irQ`Fb QM KmHiBTH2

:SlǶb U:`�T?B+�H T`Q+2bbBM; mMBibV- r?B+? BM+`2�b2/ i?2 bT22/ Q7 i`�BMBM; 2tTQM2M@

iB�HHv- �M/ 2M�#H2/ M2irQ`Fb iQ #2 i`�BM2/ QM H�`;2 +Q`TBB Q7 BK�;2b UQ` /�i�V 2M/QrBM;

i?2K rBi? #2ii2` ;2M2`�HBx�iBQM +�T�#BHBiB2bX

aBM+2 i?2M- � H�`;2 MmK#2` Q7 /22T M2irQ`F �`+?Bi2+im`2b ?�p2 #22M /2p2HQT2/

7Q` T`Q+2bbBM; BK�;2b- i2ti- �M/ �m/BQX aQK2 Q7 i?2 T`QKBM2Mi QM2b i?�i �`2 biBHH

BM mb2 iQ/�v �`2, �H2tL2i (E`Bx?2pbFv- amibF2p2`- �M/ >BMiQM- kyRk)- _2bL2i (>2

2i �HX- kyRe)- o:: (aBKQMv�M �M/ wBbb2`K�M- kyR9)- .2Mb2L2i (>m�M; 2i �HX- MX/X)-

JQ#BH2L2i (>Qr�`/ 2i �HX- kyRd)- a[m22x2L2i (A�M/QH� 2i �HX- kyRe)- o�`B�iBQM�H �m@

iQ2M+Q/2`b (EBM;K� �M/ q2HHBM;- kyRj)- iQ M�K2 � 72rX

G�`;2 H�M;m�;2 KQ/2HbX JQbi /22T M2irQ`F �`+?Bi2+im`2b #mBHi mMiBH 2�`Hv kyRy

r2`2 bK�HH M2irQ`Fb rBi? mTiQ � KBHHBQM T�`�K2i2`bX h?2 BKTH2K2Mi�iBQM Q7 M2irQ`Fb

QM KmHiBTH2 :SlǶb T`QT2HH2/ i?2 �/p2Mi Q7 H�`;2` M2irQ`Fb- rBi? RyyǶb Q7 KBHHBQMb Q7

T�`�K2i2`b U2X;X �H2tL2i- _2bL2i- 2�`Hv i`�Mb7Q`K2`b HBF2 "1_h (.2pHBM 2i �HX- kyR3)-

:Sh (_�/7Q`/ 2i �HX- kyR3)VX

�Hi?Qm;? /22T M2irQ`Fb /2p2HQT2/ #2ir22M kyRy �M/ kyR8 r2`2 k Q`/2`b Q7 K�;@

MBim/2 H�`;2` i?�M i?2 QM2b /2p2HQT2/ BM i?2 2�`Hv kyyyǶb- :Sl ?�`/r�`2 �/p�M+2b
R:2M2`�HBx�iBQM `2K�BMb � #B; +?�HH2M;2 iQ/�v iQQ- #2+�mb2 i?2 #�` 7Q` ;2M2`�HBx�iBQM ?�b bB;MB7@

B+�MiHv ;`QrM Qp2` i?2 H�bi Ry@R8 v2�`bX
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�M/ �++2bb iQ p2`v H�`;2 i`�BMBM; /�i�b2ib- T`QT2HH2/ i?2 /2p2HQTK2Mi Q7 Km+? H�`;2`

KQ/2Hb- �HKQbi j Q`/2`b Q7 K�;MBim/2 UrBi? ⇠ Ry #BHHBQM T�`�K2i2`bV H�`;2` i?�M

T`2pBQmb QM2bX

JQbi Q7 i?2b2 p2`v H�`;2 KQ/2Hb UHBF2 :Sh@j ("`QrM 2i �HX- kyky)- G�J.� (h?QTTB@

H�M 2i �HX- kykk)- S�GJ (*?Qr/?2`v 2i �HX- kykk)V �`2 /2p2HQT2/ 7Q` M�im`�H H�M;m�;2

i�bFb- HBF2 i2ti ;2M2`�iBQM- b2MiBK2Mi �M�HvbBb- i2ti bmKK�`Bx�iBQM �M/ ?�p2 #22M

i`�BM2/ QM p2`v H�`;2 i2ti +Q`TBB- bm+? �b i?2 2MiB`2 rBFBT2/B�- *9 U*QHQbb�H- +H2�M2/

p2`bBQM Q7 *QKKQM *`�rHbǶ r2# +`�rH +Q`TmbV (.Q/;2 2i �HX- kykR) rBi? � `�r bBx2 Q7

8yy hB"X

q2 Q#b2`p2 7`QK 6B;X RXj i?�i r2 �`2 +m``2MiHv U+B`+� kykkV p2`v +HQb2 iQ 2M;BM22`@

BM; �M �`iB}+B�H bvbi2K �b H�`;2 �b i?2 ?mK�M #`�BM- rBi? QMHv j Q`/2`b Q7 K�;MBim/2

iQ ;QX h?2 ?mK�M #`�BM ?�b `Qm;?Hv Ryy #BHHBQM M2m`QMb- r?2`2 2�+? M2m`QM K�F2b

Ry-yyy +QMM2+iBQMb- `2bmHiBM; BM � iQi�H Q7 Ryyy i`BHHBQM bvM�TiB+ +QMM2+iBQMb BM i?2

#`�BM- r?BH2 i?2 H�`;2bi �`iB}+B�H M2m`�H M2irQ`F #mBHi iQ@/�i2 ?�b � i`BHHBQM T�`�K2i2`bX

a2+iBQM RXj

�`2 KQ/2`M �A bvbi2Kb BMi2HHB;2Mi\

h?2 mMT`2+2/2Mi2/ /2p2HQTK2Mib BM i?2 �AfJG }2H/ Qp2` i?2 H�bi 8 v2�`b U/m`BM; Kv

S?.V K�F2 mb rQM/2` B7 r2 ?�p2 bm++22/2/ U�b � +QKKmMBivV BM #mBH/BM; �M �`iB}+B�H

bvbi2K i?�i Bb p2`v HB72@HBF2- 2M/Qr2/ rBi? BMi2HHB;2M+2\

hQ �//`2bb i?Bb [m2biBQM- r2 M22/ iQ /2}M2 � b2i Q7 F2v T`BM+BTH2b Q7 BMi2HHB;2M+2

i?�i � bvbi2K Kmbi TQbb2bb- #27Q`2 #2BM; `2+Q;MBx2/ �b �M ǵBMi2HHB;2MiǶ bvbi2KX

RXjXRX E2v T`BM+BTH2b Q7 BMi2HHB;2M+2

AM i?Bb b2+iBQM- A H�v Qmi bQK2 Q7 i?2 F2v T`BM+BTH2b Q7 BMi2HHB;2M+2 i?�i ?�p2 #22M

BMbTB`2/ #v Kv Q#b2`p�iBQM Q7 M�im`�H BMi2HHB;2M+2 �i TH�v �+`Qbb p�`BQmb bT2+B2b Q7

HBpBM; #2BM;b- �M/ T`BM+BTH2b i?�i �M ǵBMi2HHB;2MiǶ bvbi2K Kmbi TQbb2bbX
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6B;m`2 RXj, aBx2 Q7 �A bvbi2Kb 2M;BM22`2/ Qp2` i?2 H�bi ey v2�`bX

Ç 6H2tB#BHBiv, GBpBM; 2MiBiB2b +QMiBMmQmbHv ;�i?2` M2r BM7Q`K�iBQM #v BMi2`�+iBM;

rBi? i?2B` 2MpB`QMK2Mi �M/ ǵ~2tB#HvǶ mT/�i2 i?2B` BMi2`M�H ?�`/r�`2 U#BQHQ;B+�H

M2irQ`FbV �M/ BMi2`M�H KQ/2H Q7 i?2 2MpB`QMK2MiX h?2v mT/�i2 i?2B` #BQHQ;B+�H

M2m`�H M2irQ`Fb rBi?Qmi �#`mTiHv 7Q`;2iiBM; �HH i?2B` T�bi BM7Q`K�iBQM H2�`Mi

�M/ �+[mB`2/ #27Q`2 (L2mK�MM �M/ �KKQMb- RN8dc *B+?QM �M/ :�M- kyR8c

>�v�b?B@h�F�;B 2i �HX- kyR8c u�M;- S�M- �M/ :�M- kyyNc u�M;- G�B- 2i �HX- kyR9)X

PM i?2 Qi?2` ?�M/- +m``2Mi �`iB}+B�H M2m`�H M2irQ`Fb /2p2HQT2/ BM i?2 �AfJG

+QKKmMBiv bi`m;;H2 iQ BM+`2K2Mi�HHv mT/�i2 i?2B` M2irQ`Fb rBi?Qmi �#`mTiHv

7Q`;2iiBM; �HH i?2B` T`2pBQmb biQ`2/ BM7Q`K�iBQM- +QKKQMHv `272``2/ iQ �b +�i�b@

i`QT?B+ 7Q`;2iiBM;X h?2`27Q`2- i?2 �#BHBiv iQ ~2tB#Hv mT/�i2 i?2B` �`iB}+B�H M2i@

rQ`Fb �b i?2v BMi2`�+i rBi? i?2 2MpB`QMK2Mi Bb �M BKTQ`i�Mi 2bb2MiB�H 72�im`2

Q7 BMi2HHB;2M+2X

Ç _Q#mbiM2bb, "BQHQ;B+�H M2m`�H M2irQ`Fb ?�p2 2pQHp2/ iQ K�BMi�BM 7mM+iBQM�H



RX9 q?�iǰb BM i?Bb i?2bBb\ RR

T2`7Q`K�M+2 /2bTBi2 bB;MB}+�Mi +B`+mBi /�K�;2 (EBi�MQ- kyy9c 6ûHBt �M/ "�`F@

QmH�b- kyR8c S2`2x@LB2p2b 2i �HX- kykR)X aBKBH�`Hv- �`iB}+B�H BMi2HHB;2Mi bvbi2Kb

b?QmH/ #2 `2bBbi�Mi iQ �/p2`b�`B�H /�K�;2- #Qi? BM+B/2Mi�H �M/ BMi2MiBQM�H- i?2

7Q`K2` #2BM; � `�M/QK +?�M+2 �ii�+F 7`QK i?2 2MpB`QMK2Mi r?BH2 i?2 H�ii2`

#2BM; � i�`;2i2/ b�#Qi�;2X

Ç �miQMQKQmb /2p2HQTK2Mi, �b �HH HBpBM; 2MiBiB2b ;`Qr �M/ b2H7@Q`;�MBx2 i?2B`

#BQHQ;B+�H �`+?Bi2+im`2 7`QK � bBM;H2 b22/@+2HH- BMi2HHB;2Mi bvbi2Kb Kmbi MQi `2Hv

QM ?mK�Mb 7Q` i?2B` ?�M/@T`Q;`�KK2/ /2bB;M �M/ /2p2HQTK2Mi- #mi Kmbi #2

+�T�#H2 Q7 �miQMQKQmb /2p2HQTK2Mi 7`QK � bBM;H2 ǳb22/@+2HHXǴk

h?2 T`BM+BTH2b /2b+`B#2/ �#Qp2 �`2 MQi M2+2bb�`BHv 2t?�mbiBp2- #mi i?2v T`QpB/2 �

7`�K2rQ`F 7Q` mM/2`bi�M/BM; i?2 F2v +?�`�+i2`BbiB+b i?�i bvbi2Kb b?QmH/ TQbb2bb BM

Q`/2` iQ #2 i2`K2/ ǵBMi2HHB;2MiXǶ

a2+iBQM RX9

q?�iǶb BM i?Bb i?2bBb\

h?2 +?�Ti2`b i?�i 7QHHQr BM i?Bb i?2bBb rBHH #2 � /22T@/Bp2 BMiQ 2�+? Q7 i?2b2 T`BM+BTH2b

Q7 BMi2HHB;2M+2X AM 2�+? +?�Ti2`- A rBHH +QKT�`2 �M/ +QMi`�bi #BQHQ;B+�H #`�BMb UM�im`�H

BMi2HHB;2M+2V rBi? i?2 H�i2bi �`iB}+B�H M2m`�H M2irQ`Fb U�LLǶbV iQ B/2MiB7v ~�rb BM i?2

�A bvbi2KX h?Bb rBHH #2 7QHHQr2/ #v �M BM@/2Ti? i`2�iK2Mi #v `2�bQMBM; K�i?2K�i@

B+�HHv �M/ +QM+2Tim�HHv r?v +m``2Mi �A bvbi2Kb /Q MQi ?�p2 � T�`iB+mH�` �ii`B#mi2X

6BM�HHv- i?2 +?�Ti2` rBHH 2M/ rBi? � bvbi2K�iB+ �H;Q`Bi?K Q` � T`Q+2/m`2 iQ 2M;BM22`

i?2 BMi2HHB;2M+2 �ii`B#mi2 BM i?2 �A bvbi2K UbT2+B}+�HHv 7Q+mbBM; QM �`iB}+B�H M2m`�H

M2irQ`FbVX

h?2 +?�Ti2`b i?�i 7QHHQr rBHH ?2�pBHv #Q``Qr 7`QK Tm#HBb?2/- BM@`2pB2r �M/ mMTm#@

HBb?2/ +QMi2Mi T`Q/m+2/ /m`BM; Kv S?.X aT2+B}+�HHv- *?�Ti2`b k �M/ j rBHH #Q``Qr
k�Hi?Qm;? i?2 2MiB`2 /2p2HQTK2Mi 7`QK i?2 b22/@+2HH +�M #2 K�/2 �miQMQKQmb- i?2 `mH2b UQ`

K2i�@`mH2bV ;Qp2`MBM; /2p2HQTK2Mi 7`QK i?2 b22/@+2HH +QMiBMm2b iQ #2 /2bB;M2/ #v i?2 ?mK�MX
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?2�pBHv 7`QK i?2 7QHHQrBM; T�T2`b,

Ç *?�Ti2` k, 1M;BM22`BM; ~2tB#H2 �M/ `Q#mbi K�+?BM2 H2�`MBM; bvbi2Kb

#Q``Qr2/ 7`QK _�;?�p�M �M/ h?QKbQM- kykk �M/ _�;?�p�M- GB- �M/ h?QKbQM-

kykyX

Ç *?�Ti2` j, �miQMQKQmb b2H7@Q`;�MBx�iBQM Q7 M2m`�H M2irQ`Fb 7`QK

MQBb2 #Q``Qr2/ 7`QK _�;?�p�M �M/ h?QKbQM- kyRN �M/ _�;?�p�M- GBM- �M/

h?QKbQM- kykyX

_272`2M+2b

"?�FiBp2/�Mi�- �#?�v *X URNdeVX ǳ*?�Ti2` kyXǴ AM, a`BK�/ "?�;�p�i�KX GQb �M;2H2b-

*�- la�, "?�FiBp2/�Mi� "QQF h`mbi U""hVX

"`QrM- hQK 2i �HX UkykyVX ǳG�M;m�;2 KQ/2Hb �`2 72r@b?Qi H2�`M2`bXǴ AM, �/p�M+2b BM

L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb jj- TTX R3ddĜRNyRX

*?Qr/?2`v- ��F�MFb?� 2i �HX UkykkVX ǳS�HK, a+�HBM; H�M;m�;2 KQ/2HBM; rBi? T�i?@

r�vbXǴ AM, �`sBp T`2T`BMi �`sBp,kky9XykjRRX

*B+?QM- CQb2T? �M/ q2M@"B�Q :�M UkyR8VX ǳ"`�M+?@bT2+B}+ /2M/`BiB+ *�kY bTBF2b

+�mb2 T2`bBbi2Mi bvM�TiB+ TH�biB+BivXǴ AM, L�im`2 8kyXd89e- TTX R3yĜR38X

.2pHBM- C�+Q# 2i �HX UkyR3VX ǳ"2`i, S`2@i`�BMBM; Q7 /22T #B/B`2+iBQM�H i`�Mb7Q`K2`b 7Q`

H�M;m�;2 mM/2`bi�M/BM;XǴ AM, �`sBp T`2T`BMi �`sBp,R3RyXy93y8X

.Q/;2- C2bb2 2i �HX UkykRVX ǳ.Q+mK2MiBM; H�`;2 r2#i2ti +Q`TQ`�, � +�b2 bim/v QM i?2

+QHQbb�H +H2�M +`�rH2/ +Q`TmbXǴ AM, �`sBp T`2T`BMi �`sBp,kRy9Xy3d83X

62B@62B- GB- _Q# 62`;mb- �M/ SB2i`Q S2`QM� Ukyy9VX ǳG2�`MBM; ;2M2`�iBp2 pBbm�H KQ/2Hb

7`QK 72r i`�BMBM; 2t�KTH2b, �M BM+`2K2Mi�H #�v2bB�M �TT`Q�+? i2bi2/ QM RyR Q#@

D2+i +�i2;Q`B2bXǴ AM, kyy9 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM

qQ`Fb?QTX A111- TTX Rd3ĜRd3X
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6ûHBt- J�`B2@�MM2 �M/ JB+?�HBb "�`FQmH�b UkyR8VX ǳS2`p�bBp2 `Q#mbiM2bb BM #BQHQ;B+�H

bvbi2KbXǴ AM, L�im`2 _2pB2rb :2M2iB+b ReX3- TTX 93jĜ9NeX

6mFmb?BK�- EmMB?BFQ URN3yVX ǳL2Q+Q;MBi`QM, � b2H7@Q`;�MBxBM; M2m`�H M2irQ`F KQ/2H

7Q` � K2+?�MBbK Q7 T�ii2`M `2+Q;MBiBQM mM�z2+i2/ #v b?B7i BM TQbBiBQMXǴ AM, "BQ@

HQ;B+�H *v#2`M2iB+b jeX9- TTX RNjĜkykX

>�KBHiQM- *?�`H2b URd9eVX ǳsAoX � /2b+`BTiBQM Q7 � +H2Tbv/`� Q` r�i2`@+HQ+FXǴ AM,

S?BHQbQT?B+�H h`�Mb�+iBQMb Q7 i?2 _Qv�H aQ+B2iv Q7 GQM/QM 99X9dN- TTX RdRĜRd9X

>�v�b?B@h�F�;B- �FBFQ 2i �HX UkyR8VX ǳG�#2HHBM; �M/ QTiB+�H 2`�bm`2 Q7 bvM�TiB+ K2K@

Q`v i`�+2b BM i?2 KQiQ` +Q`i2tXǴ AM, L�im`2 8k8Xd8eN- TTX jjjĜjj3X

>2- E�BKBM; 2i �HX UkyReVX ǳ.22T `2bB/m�H H2�`MBM; 7Q` BK�;2 `2+Q;MBiBQMXǴ AM, S`Q@

+22/BM;b Q7 i?2 A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM-

TTX ddyĜdd3X

>Qr�`/- �M/`2r : 2i �HX UkyRdVX ǳJQ#BH2M2ib, 1{+B2Mi +QMpQHmiBQM�H M2m`�H M2irQ`Fb

7Q` KQ#BH2 pBbBQM �TTHB+�iBQMbXǴ AM, �`sBp T`2T`BMi �`sBp,Rdy9Xy93eRX

>m�M;- :X 2i �HX UMX/XVX ǳ.2Mb2Hv *QMM2+i2/ *QMpQHmiBQM�H L2irQ`FbX �`sBpX kyRe

/QB, RyX9388yXǴ AM, �`sBp T`2T`BMi �`sBpXRey3XyeNNj Rey3 UVX

>m#2H �M/ qB2b2H URN8NVX ǳ_2+2TiBp2 }2H/b Q7 bBM;H2 M2m`QM2b BM i?2 +�iǶb bi`B�i2

+Q`i2tXǴ AM, h?2 CQm`M�H Q7 S?vbBQHQ;v R93Xj- TX 8d9X

ě URNejVX ǳa?�T2 �M/ �``�M;2K2Mi Q7 +QHmKMb BM +�iǶb bi`B�i2 +Q`i2tXǴ AM, h?2 CQm`@

M�H Q7 S?vbBQHQ;v Re8Xj- TTX 88NĜ8e3X

A�M/QH�- 6Q``2bi LX 2i �HX UkyReVX ǳa[m22x2L2i, �H2tL2i@H2p2H �++m`�+v rBi? 8yt 72r2`

T�`�K2i2`b �M/I yX8 J" KQ/2H bBx2XǴ AM, �`sBp T`2T`BMi �`sBp,ReykXydjeyX

EBM;K�- .B2/2`BF SX �M/ J�t q2HHBM; UkyRjVX ǳ�miQ@2M+Q/BM; p�`B�iBQM�H #�v2bXǴ AM,

�`sBp T`2T`BMi �`sBp,RjRkXeRR9X

EBi�MQ- >B`Q�FB Ukyy9VX ǳ"BQHQ;B+�H `Q#mbiM2bbXǴ AM, L�im`2 _2pB2rb :2M2iB+b 8XRR-

TTX 3keĜ3jdX



RX9 q?�iǰb BM i?Bb i?2bBb\ R9

E`Bx?2pbFv- �H2t- AHv� amibF2p2`- �M/ :2Qz`2v 1X >BMiQM UkyRkVX ǳAK�;2M2i +H�bbB}+�@

iBQM rBi? /22T +QMpQHmiBQM�H M2m`�H M2irQ`FbXǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM

S`Q+2bbBM; avbi2Kb k8X

G2*mM- u�MM- "2`M?�`/ 1X "Qb2`- 2i �HX URNNyVX ǳ>�M/r`Bii2M /B;Bi `2+Q;MBiBQM rBi?

� #�+F@T`QT�;�iBQM M2irQ`FXǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avb@

i2Kb- TTX jNeĜ9y9X

G2*mM- u�MM- GûQM "QiiQm- 2i �HX URNN3VX ǳ:`�/B2Mi@#�b2/ H2�`MBM; �TTHB2/ iQ /Q+m@

K2Mi `2+Q;MBiBQMXǴ AM, S`Q+22/BM;b Q7 i?2 A111 3eXRR- TTX kkd3Ĝkjk9X

G2*mM- u�MM- S�i`B+F >�zM2`- 2i �HX URNNNVX ǳP#D2+i `2+Q;MBiBQM rBi? ;`�/B2Mi@#�b2/

H2�`MBM;XǴ AM, a?�T2- *QMiQm` �M/ :`QmTBM; BM *QKTmi2` oBbBQMX aT`BM;2`- TTX jRNĜ

j98X

J+*mHHQ+?- q�``2M aX �M/ q�Hi2` SBiib URNNyVX ǳ� HQ;B+�H +�H+mHmb Q7 i?2 B/2�b BK@

K�M2Mi BM M2`pQmb �+iBpBivXǴ AM, "mHH2iBM Q7 J�i?2K�iB+�H "BQHQ;v 8kXR- TTX NNĜ

RR8X

L2mK�MM- 1p� �M/ _Q#2`i "X �KKQMb URN8dVX ǳ�+[mBbBiBQM �M/ HQM;@i2`K `2i2MiBQM

Q7 � bBKTH2 b2`B�H T2`+2Tim�H@KQiQ` bFBHHXǴ AM, CQm`M�H Q7 1tT2`BK2Mi�H Sbv+?QHQ;v

8jXj- TX R8NX

P`2Mbi2BM- *H�m/B� UkyyeVX ǳSmTT2i`v, � rQ`H/ ?BbiQ`vXǴ AM, h?2�i`2 CQm`M�H 83Xk-

TTX jd8ĜjdeX

S2`2x@LB2p2b- LB+QH�b 2i �HX UkykRVX ǳL2m`�H ?2i2`Q;2M2Biv T`QKQi2b `Q#mbi H2�`MBM;XǴ

AM, L�im`2 *QKKmMB+�iBQMb RkXR- TTX RĜNX

_�/7Q`/- �H2+ 2i �HX UkyR3VX ǳAKT`QpBM; H�M;m�;2 mM/2`bi�M/BM; #v ;2M2`�iBp2 T`2@

i`�BMBM;XǴ AM, PT2M�A #HQ;X

_�;?�p�M- :m`mT`�b�/- CB�vB GB- �M/ J�ii qX h?QKbQM UkykyVX ǳ:2QK2i`B+ �H;Q@

`Bi?Kb 7Q` T`2/B+iBM; `2bBHB2M+2 �M/ `2+Qp2`BM; /�K�;2 BM M2m`�H M2irQ`FbXǴ AM,

L2m`ASa kyky rQ`Fb?QT QM .22T G2�`MBM; i?`Qm;? AM7Q`K�iBQM :2QK2i`vX
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_�;?�p�M- :m`mT`�b�/- *QM; GBM- �M/ J�ii qX h?QKbQM UkykyVX ǳa2H7@Q`;�MBx�iBQM

Q7 KmHiB@H�v2` bTBFBM; M2m`�H M2irQ`FbXǴ AM, �`sBp T`2T`BMi �`sBp,kyyeXyeNykX

_�;?�p�M- :m`mT`�b�/ �M/ J�ii qX h?QKbQM UkyRNVX ǳL2m`�H M2irQ`Fb ;`QrM �M/

b2H7@Q`;�MBx2/ #v MQBb2XǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb

jkX m`H, ?iiTb,ffT`Q+22/BM;bXM2m`BTbX++fT�T2`n7BH2bfT�T2`fkyRNf7BH2f

R2e2y�y9/ky78yNed+e9/�+k/ejN�8dd@S�T2`XT/7X

ě UkykkVX ǳ1M;BM22`BM; ~2tB#H2 K�+?BM2 H2�`MBM; bvbi2Kb #v i`�p2`bBM; 7mM+iBQM�HHv

BMp�`B�Mi T�i?b BM r2B;?i bT�+2XǴ AM, AM `2pB2r �i L�im`2 J�+?BM2 AMi2HHB;2M+2

�`sBp,kky8Xyyjj9X

_mK2H?�`i- .�pB/ 1X- :2Qz`2v 1X >BMiQM- �M/ _QM�H/ CX qBHHB�Kb URN3eVX ǳG2�`MBM;

`2T`2b2Mi�iBQMb #v #�+F@T`QT�;�iBM; 2``Q`bXǴ AM, L�im`2 jkjXey33- TTX 8jjĜ8jeX

aBKQMv�M- E�`2M �M/ �M/`2r wBbb2`K�M UkyR9VX ǳo2`v /22T +QMpQHmiBQM�H M2irQ`Fb

7Q` H�`;2@b+�H2 BK�;2 `2+Q;MBiBQMXǴ AM, �`sBp T`2T`BMi �`sBp,R9yNXR88eX

aKBi?- �M/`2r SX URNd3VX ǳ�M BMp2biB;�iBQM Q7 i?2 K2+?�MBbKb mM/2`HvBM; M2bi +QM@

bi`m+iBQM BM i?2 Km/ r�bT S�`�H�biQ` bTXU>vK2MQTi2`�, 1mK2MB/�2VXǴ AM, �MBK�H

"2?�pBQm` ke- TTX kjkĜk9yX

ai2T?2Mb- 1HBx�#2i? UkykkVX ǳh?2 K2+?�MB+�H hm`F, � b?Q`i ?BbiQ`v Q7 ǵ�`iB}+B�H �`iB@

}+B�H BMi2HHB;2M+2ǶXǴ AM, *mHim`�H aim/B2b- TTX RĜkjX

h?QTTBH�M- _QK�H 2i �HX UkykkVX ǳG�K/�, G�M;m�;2 KQ/2Hb 7Q` /B�HQ; �TTHB+�iBQMbXǴ

AM, �`sBp T`2T`BMi �`sBp,kkyRXy3kjNX

o�H�p�MBb- EX- :X o�+?ib2p�MQb- �M/ SC �Mib�FHBb UkyydVX ǳh2+?MQHQ;v �M/ �miQMQKQmb

K2+?�MBbKb BM i?2 K2/Bi2``�M2�M, 6`QK �M+B2Mi :`22+2 iQ "vx�MiBmKXǴ AM, kyyd

1m`QT2�M *QMi`QH *QM72`2M+2 U1**VX A111- TTX kejĜkdyX

q�M;- "Q 2i �HX UkykkVX ǳlMbmT2`pBb2/ _2biQ`�iBQM Q7 � *QKTH2t G2�`M2/ "2?�pBQ`

�7i2` G�`;2@a+�H2 L2m`QM�H S2`im`#�iBQMXǴ AM, #BQ_tBp- ?iiTb,ffrrrX#BQ`tBpXQ`;f+QM@

i2MifRyXRRyRfkykkXyNXyNX8ydjdkpRX
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u�M;- :m�M;- *Q`� a�m q�M G�B- 2i �HX UkyR9VX ǳaH22T T`QKQi2b #`�M+?@bT2+B}+ 7Q`@

K�iBQM Q7 /2M/`BiB+ bTBM2b �7i2` H2�`MBM;XǴ AM, a+B2M+2 j99XeR33- TTX RRdjĜRRd3X

u�M;- :m�M;- 62M; S�M- �M/ q2M@"B�Q :�M UkyyNVX ǳai�#Hv K�BMi�BM2/ /2M/`BiB+

bTBM2b �`2 �bbQ+B�i2/ rBi? HB72HQM; K2KQ`B2bXǴ AM, L�im`2 9ekXdkd8- TTX NkyĜNk9X

ʉm`QrbFB- qB`;BHBmbx URNNkVX ǳ"mBH/BM; �+iBpBiv Q7 #2�p2`bXǴ AM, �+i� h?2`BQHQ;B+� jdX9-

TTX 9yjĜ9RRX



*?�Ti2` k

1M;BM22`BM; ~2tB#H2 �A bvbi2Kb #v

i`�p2`bBM; 7mM+iBQM�HHv BMp�`B�Mi

T�i?b U6ASV

6B;m`2 kXR, L2m`�H M2irQ`Fb r2B;?i bT�+2 K�MB7QH/ �`i, ;2M2`�i2/ #v i2ti@
iQ@BK�;2 �AX

Rd
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h?Bb +?�Ti2` 7Q+mb2b QM i?2 ǳ~2tB#BHBivǴ �M/ ǳ`Q#mbiM2bbǴ �ii`B#mi2 Q7 BMi2HHB;2Mi

bvbi2KbX �b bi�i2/ BM b2+iBQM RXjXR- A /2}M2 ǵ~2tB#BHBivǶ �b i?2 bvbi2KbǶ �#BHBiv iQ

`2i�BM T`2pBQmb FMQrH2/;2 �M/ 2tT2`B2M+2b r?BH2 ;�i?2`BM; �M/ BM+Q`TQ`�iBM; M2r

BM7Q`K�iBQM Q#i�BM2/ #v +QMiBMmQmbHv BMi2`�+iBM; rBi? i?2 2MpB`QMK2Mi- �M/ ǵ`Q#mbi@

M2bbǶ �b i?2 �#BHBiv iQ K�BMi�BM 7mM+iBQM�H T2`7Q`K�M+2 r?2M bm#D2+i2/ 2Bi?2` iQ �M

BMi2MiBQM�H �/p2`b�`B�H 2MpB`QMK2Mi Q` � +?�M+2 �ii�+F 7`QK i?2 2MpB`QMK2MiX

a2+iBQM kXR

�LLǶb bmz2` 7`QK +�i�bi`QT?B+ 7Q`;2iiBM;

�`iB}+B�H M2m`�H M2irQ`Fb Qmi@T2`7Q`K ?mK�Mb QM i�bFb `�M;BM; 7`QK BK�;2 `2+Q;@

MBiBQM �M/ ;�K2 TH�vBM; iQ T`Qi2BM bi`m+im`2 T`2/B+iBQM (aBHp2` 2i �HX- kyRdc CmKT2`

2i �HX- kykRc E`Bx?2pbFv- amibF2p2`- �M/ >BMiQM- kyRk)X >Qr2p2`- �`iB}+B�H M2m`�H M2i@

rQ`Fb 7�BH iQ `2THB+�i2 i?2 ~2tB#BHBiv �M/ `Q#mbiM2bb Q7 ?mK�M BMi2HHB;2M+2 (aɃM/2`?�m7

2i �HX- kyR3c aK�H2- RNN3c G22 �M/ JmK7Q`/- kyyj)X >mK�Mb +�M H2�`M M2r i�bFb �M/

�++QKKQ/�i2 MQp2H ;Q�Hb rBi? KBMBK�H BMbi`m+iBQM �M/ rBi?Qmi HQbb Q7 T2`7Q`K�M+2

QM 2tBbiBM; i�bFbX lMHBF2 ?mK�Mb- /22T M2m`�H M2irQ`Fb bmz2` +�i�bi`QT?B+ 7Q`;2iiBM;

U*6V Q` bB;MB}+�Mi T2`7Q`K�M+2 /2+�v- r?2M i`�BM2/ iQ T2`7Q`K �//BiBQM�H i�bFb Q`

BMi2;`�i2 M2r BM7Q`K�iBQM (J+*HQbF2v �M/ *Q?2M- RN3Nc _�i+HBz- RNNy)X 6Q` 2t�KTH2-

� M2irQ`F i`�BM2/ iQ `2+Q;MBx2 BK�;2b Q7 ?�M/@r`Bii2M /B;Bib (aBK�`/ 2i �HX- RNN3) rBHH

ǵ7Q`;2iǶ i?2 /B;Bi `2+Q;MBiBQM i�bF r?2M i`�BM2/ iQ `2+Q;MBx2 �//BiBQM�H Q#D2+ib HBF2

H2ii2`b Q` 7�+2bX AM �//BiBQM iQ r2HH@FMQrM ~2tB#BHBiv HBKBib- /22T M2m`�H M2irQ`Fb ?�p2

Qi?2` T�i?QHQ;B2b- HBF2 pmHM2`�#BHBiv iQ i�`;2i2/ +Q``mTiBQM Q7 BMTmi /�i� Q` �/p2`b�`@

B�H 7`�;BHBiv r?2`2 bK�HH- BKT2`+2TiB#H2 +?�M;2b BM i?2 BMTmi /�i� +�M +�mb2 +QKTH2i2

7�BHm`2 Q7 M2irQ`F T2`7Q`K�M+2X
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kXRXRX � bBM;H2 QTiBK�H r2B;?i +QM};m`�iBQM bmb+2TiB#H2 iQ *6

AM �`iB}+B�H M2m`�H M2irQ`Fb- M2irQ`F 7mM+iBQM Bb 2M+Q/2/ BM i?2 K�i?2K�iB+�H r2B;?ib

i?�i /2i2`KBM2 i?2 bi`2M;i? Q7 +QMM2+iBQMb #2ir22M M2m`�H mMBib U6B;X kXR- 6B;X kXkVX

.22T H2�`MBM; T`Q+2/m`2b i`�BM KmHiB@H�v2`2/ M2m`�H M2irQ`Fb iQ bQHp2 T`Q#H2Kb #v

�/DmbiBM; i?2 r2B;?ib Q7 � M2irQ`F #�b2/ QM �M Q#D2+iBp2 7mM+iBQM i?�i 2M+Q/2b i?2

T2`7Q`K�M+2 Q7 � M2irQ`F QM � bT2+B}+ i�bFX ai�M/�`/ H2�`MBM; K2i?Q/b- HBF2 #�+F@

T`QT�;�iBQM �M/ ;`�/B2Mi /2b+2Mi (_mK2H?�`i- >BMiQM- �M/ qBHHB�Kb- RN3e)- �/Dmbi

M2irQ`F r2B;?ib iQ /2}M2 � bBM;H2- QTiBK�H r2B;?i +QM};m`�iBQM iQ K�tBKBx2 T2`7Q`@

K�M+2 QM � i�bF bT2+B}+ Q#D2+iBp2 7mM+iBQM mbBM; i`�BMBM; /�i�X h`�BMBM; i?2 M2irQ`F

QM M2r i�bFb i?`Qm;? i?2 i`�/BiBQM�H T�`�/B;K Q7 bi2TTBM; �HQM; i?2 ;`�/B2Mi Q7 i?2

i�bF@bT2+B}+ Q#D2+iBp2 7mM+iBQM �/Dmbib i?2 M2irQ`FbǶ r2B;?ib- BM2pBi�#Hv `2bmHiBM; BM

i?2 HQbb Q7 BM7Q`K�iBQM 7`QK T`2pBQmb i�bFbX

h?2 r2B;?i �/DmbiK2Mi T`Q#H2K mM/2`HB2b Qi?2` +?�HH2M;2b BM KQ/2`M K�+?BM2

H2�`MBM;X 6Q` 2t�KTH2- Bi Bb �/p�Mi�;2Qmb iQ T`mM2 Q` bT�`bB7v � M2irQ`F iQ KBMBKBx2

i?2 MmK#2` Q7 MQM@x2`Q r2B;?ib �M/ i?mb `2/m+2 M2irQ`F K2KQ`v �M/ TQr2` +QM@

bmKTiBQMX Cmbi HBF2 KmHiB@i�bF H2�`MBM;- M2irQ`F bT�`bB}+�iBQM `2[mB`2b i?2 �/Dmbi@

K2Mi Q7 M2irQ`F r2B;?ib r?BH2 K�BMi�BMBM; 7mM+iBQM- �M/ bT�`bB}+�iBQM T`Q+2/m`2b

Q7i2M T`Q+22/ i?`Qm;? ?2m`BbiB+ r2B;?i T`mMBM; bi`�i2;B2bX 6Q` �/p2`b�`B�H `Q#mbi@

M2bb- � +2Mi`�H ;Q�H Bb iQ B/2MiB7v 2Mb2K#H2b Q7 M2irQ`Fb i?�i T2`7Q`K � i�bF rBi?

/BbiBM+i r2B;?i +QM};m`�iBQMb �M/ i?mb �pQB/ pmHM2`�#BHBiB2b �bbQ+B�i2/ rBi? � bBM;H2

r2B;?i +QM};m`�iBQMX

kXRXkX .`B7iBM; BM #BQHQ;B+�H M2m`�H M2irQ`Fb +QmH/ 2M�#H2 ~2tB#BHBiv

lMHBF2 +QMi2KTQ`�`v �`iB}+B�H M2m`�H M2ib- M2m`�H M2irQ`Fb BM i?2 ?mK�M #`�BM T2`@

7Q`K KmHiBTH2 7mM+iBQMb �M/ +�M ~2tB#Hv brBi+? #2ir22M /Bz2`2Mi 7mM+iBQM�H +QM};@

m`�iBQMb #�b2/ QM +QMi2ti- ;Q�Hb Q` K2KQ`v (JBMt?� 2i �HX- kyky)X L2m`�H M2irQ`Fb

BM i?2 #`�BM �`2 ?vTQi?2bBx2/ iQ Qp2`+QK2 i?2 HBKBi�iBQMb Q7 � bBM;H2- QTiBK�H r2B;?i



kXk J�i?2K�iB+�H 7`�K2rQ`F ky

+QM};m`�iBQM �M/ T2`7Q`K ~2tB#H2 i�bFb #v +QMiBMmQmbHv ǵ/`B7iBM;Ƕ i?2B` M2m`�H }`BM;

bi�i2b �M/ M2m`�H r2B;?i +QM};m`�iBQMb- 2z2+iBp2Hv ;2M2`�iBM; H�`;2 2Mb2K#H2b Q7 /2@

;2M2`�i2 M2irQ`Fb (J�m- >�bb2HKQ- �M/ *�B- kykyc ai`BM;2` 2i �HX- kyRN)X 6Hm+im�iBQMb

KB;?i 2M�#H2 ~2tB#BHBiv BM #BQHQ;B+�H bvbi2Kb #v �HHQrBM; M2m`�H M2irQ`Fb iQ 2tTHQ`2

� b2`B2b Q7 M2irQ`F +QM};m`�iBQMb r?BH2 `2bTQM/BM; iQ b2MbQ`v BMTmiX

a2+iBQM kXk

J�i?2K�iB+�H 7`�K2rQ`F

"`Q�/Hv BMbTB`2/ #v i?2 ǵ/`B7iBM;Ƕ Q#b2`p2/ BM #BQHQ;B+�H M2irQ`Fb- r2 /2p2HQT � ;2Q@

K2i`B+ 7`�K2rQ`F �M/ �H;Q`Bi?K iQ +QMbi`m+i T�i? +QMM2+i2/ b2ib Q7 M2m`�H M2irQ`Fb

i?�i bQHp2 � ;Bp2M K�+?BM2 H2�`MBM; i�bFX *QM+2Tim�HHv- r2 +QMbB/2` T�i?@+QMM2+i2/

b2ib Q7 M2m`�H M2irQ`Fb- `�i?2` i?�M bBM;H2@M2irQ`Fb UBbQH�i2/ TQBMib BM r2B;?i bT�+2V

iQ #2 i?2 +2Mi`�H Q#D2+ib Q7 bim/v �M/ �TTHB+�iBQMX "v #mBH/BM; b2ib Q7 M2irQ`Fb `�i?2`

i?�M bBM;H2 M2irQ`Fb- r2 b2�`+? rBi?BM � bm#@K�MB7QH/ Q7 r2B;?i bT�+2 7Q` M2irQ`Fb

i?�i bQHp2 � ;Bp2M K�+?BM2 H2�`MBM; T`Q#H2K r?BH2 �++QKKQ/�iBM; � #`Q�/ `�M;2 Q7

b2+QM/�`v ;Q�HbX q2 pB2r � M2m`�H M2irQ`FbǶ r2B;?i bT�+2 �b � _B2K�MMB�M K�MB7QH/

2[mBTT2/ rBi? � /Bbi�M+2 K2i`B+ i?�i `2T`2b2Mib i�bF T2`7Q`K�M+2X Pm` +Q`2 �H;Q`Bi?K

B/2MiB}2b 7mM+iBQM�HHv BMp�`B�Mi T�i?b BM r2B;?i bT�+2 i?�i K�BMi�BM M2irQ`F T2`7Q`@

K�M+2 r?BH2 ǵb2�`+?BM;@QmiǶ 7Q` Qi?2` M2irQ`Fb i?�i b�iBb7v �//BiBQM�H Q#D2+iBp2b HBF2

bT�`bB}+�iBQM Q` KBiB;�iBM; +�i�bi`QT?B+ BMi2`72`2M+2X q2 /2KQMbi`�i2 i?�i i?2 T�i?

b�KTHBM; �H;Q`Bi?K �+?B2p2b ?B;? T2`7Q`K�M+2 QM � b2`B2b Q7 K2i�@i�bFb, b2[m2MiB�H

i�bF H2�`MBM;- M2irQ`F bT�`bB}+�iBQM- �M/ �/p2`b�`B�H `Q#mbiM2bb QM � `�M;2 Q7 pBbBQM

�M/ H�M;m�;2 M2irQ`Fb rBi? KBHHBQMb Q7 T�`�K2i2`b Q#i�BMBM; T2`7Q`K�M+2 bBKBH�` iQ

/QK�BM bT2+B}+ �TT`Q�+?2bX
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6B;m`2 kXk, :2QK2i`B+ 6`�K2rQ`F 7Q` +QMbi`m+iBM; 7mM+iBQM�HHv BMp�`B�Mi
T�i?b U6ASV BM r2B;?i bT�+2X UG27iV *QMp2MiBQM�H i`�BMBM; QM � i�bF }M/b � bBM;H2
i`�BM2/ M2irQ`F UriV bQHmiBQMX U_B;?iV h?2 6AS bi`�i2;v /Bb+Qp2`b � bm#K�MB7QH/ Q7
BbQ@T2`7Q`K�M+2 M2irQ`Fb UrR- rk- XXX-rLV 7Q` � i�bF Q7 BMi2`2bi- 2M�#HBM; i?2 2{+B2Mi
b2�`+? 7Q` M2irQ`Fb 2M/Qr2/ rBi? �/p2`b�`B�H `Q#mbiM2bb UrkV- bT�`b2 M2irQ`Fb rBi?
?B;? i�bF T2`7Q`K�M+2 UrjV �M/ 7Q` H2�`MBM; KmHiBTH2 i�bFb rBi?Qmi 7Q`;2iiBM; Ur9VX

*QMbi`m+iBQM Q7 7mM+iBQM�HHv BMp�`B�Mi T�i?b BM r2B;?i bT�+2

q2 /2p2HQT � K�i?2K�iB+�H 7`�K2rQ`F i?�i �HHQrb mb iQ /2}M2 �M/ 2tTHQ`2 T�i?@

+QMM2+i2/ b2ib Q7 M2m`�H M2irQ`Fb i?�i ?�p2 /Bp2`;2Mi r2B;?i p�Hm2b #mi bBKBH�` QmiTmi

QM i`�BMBM; /�i�X q2 pB2r i?2 r2B;?i@bT�+2 Q7 � M2m`�H M2irQ`F �b � _B2K�MMB�M

K�MB7QH/ 2[mBTT2/ rBi? � HQ+�H /Bbi�M+2 K2i`B+ (�K�`B- kyRec "2MM �M/ hm+F2`- RN3d)X

lbBM; /Bz2`2MiB�H ;2QK2i`v- r2 +QMbi`m+i T�i?b i?`Qm;? r2B;?i bT�+2 i?�i K�BMi�BM

i?2 7mM+iBQM�H T2`7Q`K�M+2 Q7 � M2m`�H M2irQ`F r?BH2 �/DmbiBM; M2irQ`F r2B;?ib iQ

~Qr �HQM; � b2+QM/�`v ;Q�HX h?2 b2+QM/�`v ;Q�H +�M #2 ;2M2`�H- bQ i?�i i?2 7`�K2rQ`F

+�M #2 �TTHB2/ iQ i`�BM M2irQ`Fb QM M2r +H�bbB}+�iBQM i�bFb- iQ bT�`bB7v M2irQ`Fb- �M/

�HbQ iQ KBiB;�i2 �/p2`b�`B�H 7`�;BHBivX

h?2 /2}MBM; 72�im`2 Q7 � _B2K�MMB�M K�MB7QH/ Bb i?2 2tBbi2M+2 Q7 � HQ+�H /Bbi�M+2

K2i`B+X q2 +QMbi`m+i � /Bbi�M+2 K2i`B+ BM r2B;?i bT�+2 i?�i /2}M2b i?2 /Bbi�M+2

#2ir22M irQ M2�`#v M2irQ`Fb iQ #2 i?2B` /Bz2`2M+2 BM QmiTmiX q2 +QMbB/2` � M2m`�H

M2irQ`F iQ #2 � bKQQi? 7mM+iBQM- f(t;r)- i?�i K�Tb �M BMTmi p2+iQ`- t 2 RF- iQ
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6B;m`2 kXj, :2QK2i`B+ 6`�K2rQ`F 7Q` +QMbi`m+iBM; 7mM+iBQM�HHv BMp�`B�Mi
T�i?b U6ASV BM r2B;?i bT�+2X UhQTV � i`�BM2/ +QMpQHmiBQM�H M2m`�H M2irQ`F rBi?
r2B;?i +QM};m`�iBQM UriV- `2T`2b2Mi2/ #v HBM2b +QMM2+iBM; /Bz2`2Mi H�v2`b Q7 i?2 M2i@
rQ`F- �++2Tib �M BMTmi BK�;2- t- �M/ T`Q/m+2b � Ry@2H2K2Mi QmiTmi p2+iQ`- f(t,ri)X
U"2HQrV S2`im`#�iBQM Q7 M2irQ`F r2B;?ib #v /r `2bmHib BM � M2r M2irQ`F rBi? r2B;?i
+QM};m`�iBQM ri + /r rBi? �M �Hi2`2/ QmiTmi p2+iQ`- f(t,ri + /r)- 7Q` i?2 b�K2
BMTmi- tX

�M QmiTmi p2+iQ`- f(t;r) = v 2 RK- r?2`2 i?2 K�T Bb T�`�K2i2`Bx2/ #v � p2+iQ`

Q7 r2B;?ib- r 2 RM- i?�i �`2 ivTB+�HHv b2i BM i`�BMBM; iQ bQHp2 � bT2+B}+ i�bFX q2

`272` iQ W = Rn �b i?2 r2B;?i bT�+2 Q7 i?2 M2irQ`F- �M/ r2 `272` iQ Y = Rm �b

i?2 QmiTmi bT�+2 �b b?QrM BM 6B;X kXj" (J�+?2- ax�#�/Qb- �M/ "`mBM- kyye)X 6Q`

T2/�;Q;B+�H Tm`TQb2b- r2 rBHH +QMbB/2` i?2 �+iBQM Q7 f QM � bBM;H2 BMTmi- tX AM i?2

bmTTH2K2Mi r2 b?Qr i?�i Qm` `2bmHib 2ti2M/ M�im`�HHv iQ �M �`#Bi`�`v MmK#2` Q7

BMTmib tBX

q2 BMBiB�HHv �bF ?Qr i?2 QmiTmi- f(t;r)- Q7 � ;Bp2M M2m`�H M2irQ`F +?�M;2b 7Q`

bK�HH +?�M;2b BM M2irQ`F r2B;?ib U6B;X kXjVX :Bp2M � M2m`�H M2irQ`F rBi? r2B;?ib

ri- � }t2/ BMTmi t- r2 +�M +QKTmi2 i?2 QmiTmi Q7 i?2 T2`im`#2/ M2irQ`F- ri + /r

7Q` �M BM}MBi2bBK�H r2B;?i T2`im`#�iBQM- /r �b

f(t,ri + /r) ⇡ f(t,ri) + Cri /r, UkXRV
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6B;m`2 kX9, :2QK2i`B+ 6`�K2rQ`F 7Q` +QMbi`m+iBM; 7mM+iBQM�HHv BMp�`B�Mi
T�i?b U6ASV BM r2B;?i bT�+2X h?2 6AS �H;Q`Bi?K B/2MiB}2b r2B;?i T2`im`#�iBQMb-
✓
⇤ i?�i KBMBKBx2 /Bbi�M+2 KQp2/ BM QmiTmi bT�+2 r?BH2 K�tBKBxBM; �HB;MK2Mi rBi?
;`�/B2Mi Q7 � b2+QM/�`v Q#D2+iBp2 7mM+iBQM UrrLVX h?2 HB;?i@#Hm2 �``Qr BM/B+�i2b
✏@MQ`K r2B;?i T2`im`#�iBQM i?�i KBMBKBx2b /Bbi�M+2 KQp2/ BM QmiTmi bT�+2- /�`F@
#Hm2 �``Qr Bb ✏@MQ`K r2B;?i T2`im`#�iBQM i?�i K�tBKBx2b �HB;MK2Mi rBi? ;`�/B2Mi Q7
Q#D2+iBp2 7mM+iBQM- L(t,r)X h?2 b2+QM/�`v Q#D2+iBp2 7mM+iBQM L(t,r) Bb p�`B2/ iQ bQHp2
/BbiBM+i K�+?BM2 H2�`MBM; +?�HH2M;2bX U.V h?2 T�i? �H;Q`Bi?K /2}M2b 7mM+iBQM�HHv
BMp�`B�Mi T�i?b- �(t)- i?`Qm;? Bi2`�iBp2 B/2MiB}+�iBQM Q7 ✏@MQ`K T2`im`#�iBQMb U✓⇤(t)V
BM i?2 r2B;?i bT�+2X

r?2`2 Cri Bb i?2 C�+Q#B�M Q7 f(t,ri) 7Q` � }t2/ t- Jij = @fi
@wj

- 2p�Hm�i2/ �i riX

h?mb- i?2 iQi�H +?�M;2 BM M2irQ`F QmiTmi 7Q` � ;Bp2M r2B;?i T2`im`#�iBQM /r Bb

|f(t,ri + /r)� f(t,ri)|
2 = /rT (Cri(t)T Cri(t)) /r UkXkV

|h/r, /ri;ri
|
2 = /rT ;ri(t) /r

r?2`2 ;ri(t) 4 CriUt)T Cri(t) Bb i?2 K2i`B+ i2MbQ` 2p�Hm�i2/ �i i?2 TQBMi ri 2 W 7Q`

� bBM;H2 /�i� TQBMi- tX h?2 K2i`B+ i2MbQ` Bb �M n⇥n bvKK2i`B+ K�i`Bt i?�i �HHQrb mb

iQ +QKTmi2 i?2 +?�M;2 BM M2irQ`F QmiTmi 7Q` � T2`im`#�iBQM �HQM; �Mv /B`2+iBQM BM

r2B;?i bT�+2 �b h/r, /ri;ri (t)X h?2 K2i`B+ �HbQ �HHQrb mb iQ +QKTmi2 i?2 BM}MBi2bBK�H

+?�M;2 BM M2irQ`F QmiTmi r?BH2 KQpBM; �HQM; � T�i? �(i) BM r2B;?i bT�+2 �b i?2

i�M;2Mi p2+iQ`  (t) = /�(t)
/t X
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�i 2p2`v TQBMi BM r2B;?i bT�+2- i?2 K2i`B+ �HHQrb mb iQ /Bb+Qp2` /B`2+iBQMb /r Q7

KQp2K2Mi i?�i ?�p2 H�`;2 Q` bK�HH BKT�+i QM i?2 QmiTmi Q7 � M2irQ`FX �b r2 KQp2

�HQM; � T�i?- �(t) ⇢ W - BM r2B;?i bT�+2- r2 b�KTH2 � b2`B2b Q7 M2m`�H M2irQ`Fb Qp2`

iBK2- tX lbBM; i?2 K2i`B+ r2 +�M /2}M2 � MQiBQM Q7 ǵQmiTmi p2HQ+Biv-Ƕ p = /f(t,�(t))
/i -

i?�i [m�MiB}2b i?2 /Bbi�M+2 � M2irQ`F KQp2b BM QmiTmi bT�+2 7Q` 2�+? HQ+�H KQp2K2Mi

�HQM; i?2 r2B;?i bT�+2 T�i? �(t)X q2 b22F iQ B/2MiB7v ǵ6mM+iBQM�HHv BMp�`B�Mi T�i?b

U6ASbVǶ BM r2B;?i bT�+2 �HQM; r?B+? i?2 QmiTmi p2HQ+Biv Bb KBMBKBx2/ 7Q` � }t2/

K�;MBim/2 +?�M;2 BM r2B;?iX hQ /Q bQ- r2 bQHp2 i?2 7QHHQrBM; QTiBKBx�iBQM T`Q#H2K

 
⇤(t) = �`;KBM

d�
dt

h
d�

dt
,
d�

dt
i;�(i)

rBi? hd�
dt

,
d�

dt
iI = ✏ UkXjV

r?2`2 r2 �ii2KTi iQ }M/ � /B`2+iBQM iQ T2`im`# i?2 M2irQ`F- bm+? i?�i Bi Bb ✏ mMBib

�r�v BM i?2 r2B;?i bT�+2 UBM i?2 2m+HB/2�M b2Mb2V Uhd�dt ,
d�
dt iI 4 ✏V r?BH2 KBMBKBxBM;

i?2 /Bbi�M+2 KQp2/ BM i?2 M2irQ`FbǶ QmiTmi bT�+2- ;Bp2M #v hd�dt ,
d�
dt i;�(i) X >2`2- I Bb �M

B/2MiBiv K�i`Bt- rBi? i?2 BMM2` T`Q/m+i hd�dt ,
d�
dt iI +�Tim`BM; i?2 2m+HB/2�M /Bbi�M+2 BM

i?2 r2B;?i bT�+2 (q2Bbbi2BM- kyR9)X h?2 QTiBKBx�iBQM T`Q#H2K Bb � [m�/`�iB+ T`Q;`�K

�i 2�+? TQBMi BM r2B;?i bT�+2X h?2 K2i`B+ ; Bb � K�i`Bt i?�i i�F2b QM � bT2+B}+ p�Hm2

�i 2�+? TQBMi BM r2B;?i bT�+2- �M/ r2 �BK iQ B/2MiB7v p2+iQ`b  ⇤(t) = d�(t)
dt - i?�i

KBMBKBx2 i?2 +?�M;2 BM 7mM+iBQM�H QmiTmi Q7 i?2 M2irQ`FX

q2 rBHH Q7i2M �K2M/ i?2 QTiBKBx�iBQM T`Q#H2K rBi? � b2+QM/ Q#D2+iBp2 7mM+iBQM

L(t,r)X q2 +�M 2MmK2`�i2 T�i?b i?�i KBMBKBx2 i?2 7mM+iBQM�H p2HQ+Biv BM i?2 QmiTmi

bT�+2 r?BH2 KQpBM; �HQM; i?2 ;`�/B2Mi Q7 i?2 b2+QM/ Q#D2+iBp2 UrrLVX q2 /2}M2 �

T�i?@}M/BM; �H;Q`Bi?K i?�i +�Tim`2b i?2 i`�/2 Qz #2ir22M i?2b2 irQ i2`Kb



kXk J�i?2K�iB+�H 7`�K2rQ`F k8

✓
⇤(t) = �`;KBM

d�
dt

(h
d�

dt
,
d�

dt
i;�(t) + �h

d�

dt
,rrLiI)

rBi? hd�
dt

,
d�

dt
iI = ✏ UkX9V

r?2`2 MQr i?2 }`bi i2`K- hd�dt ,
d�
dt i;�(t) - B/2MiB}2b 7mM+iBQM�HHv BMp�`B�Mi /B`2+iBQMb r?BH2

i?2 b2+QM/ i2`K- hd�dt ,rrLiI - #B�b2b i?2 /B`2+iBQM Q7 KQiBQM �HQM; i?2 ;`�/B2Mi Q7 �

b2+QM/ Q#D2+iBp2 �M/ � r2B;?b i?2 `2H�iBp2 +QMi`B#miBQM Q7 i?2 irQ i2`KbX q?2M

L 4 y- i?2 �H;Q`Bi?K K2`2Hv +QMbi`m+ib T�i?b BM r2B;?i bT�+2 i?�i �`2 �TT`QtB@

K�i2Hv BbQ7mM+iBQM�H U✓⇤(t) =  
⇤(t)V- BX2X i?2 T�i? Bb ;2M2`�i2/ #v bi2Tb BM i?2 r2B;?i

bT�+2 +QKT`BbBM; Q7 M2irQ`Fb rBi? /Bz2`2Mi r2B;?i +QM};m`�iBQMb r?BH2 T`2b2`pBM;

i?2 BMTmi@QmiTmi K�TX L(t,r) +�M �HbQ `2T`2b2Mi i?2 HQbb 7mM+iBQM Q7 � b2+QM/ i�bF-

7Q` 2t�KTH2 � b2+QM/ BMTmi +H�bbB}+�iBQM T`Q#H2KX AM i?Bb +�b2- r2 B/2MiB7v p2+iQ`b

i?�i bBKmHi�M2QmbHv K�BMi�BM T2`7Q`K�M+2 QM �M 2tBbiBM; i�bF UpB� i2`K RV r?BH2 �HbQ

BKT`QpBM; T2`7Q`K�M+2 QM � b2+QM/ i�bF #v KQpBM; �HQM; i?2 M2;�iBp2 ;`�/B2Mi Q7

i?2 b2+QM/ i�bF HQbb 7mM+iBQM- rrLX q2 i?BMF Q7 +QMbi`m+iBM; 6ASb rBi? /Bz2`2Mi

Q#D2+iBp2 7mM+iBQMb UL(t,r)V bBKBH�` iQ �TTHvBM; /Bz2`2Mi ǳQT2`�iBQMbǴ iQ M2m`�H M2i@

rQ`Fb i?�i B/2MiB7v bm#@K�MB7QH/b BM i?2 r2B;?i bT�+2 Q7 i?2 M2irQ`F i?�i �++QKTHBb?

/BbiBM+i i�bFb Q7 BMi2`2biX

hQ �TT`QtBK�i2 i?2 bQHmiBQM iQ 1[@kX9- BM H�`;2 M2m`�H M2irQ`Fb- r2 /2p2HQT2/ �

MmK2`B+�H bi`�i2;v i?�i b�KTH2b TQBMib BM �M ✏ #�HH �`QmM/ � ;Bp2M r2B;?i +QM};m`�@

iBQM- �M/ i?2M T2`7Q`Kb ;`�/B2Mi /2b+2Mi iQ B/2MiB7v p2+iQ`b ✓⇤(t)X AM i?2 �TT2M/Bt-

r2 2ti2M/ i?2 K2i`B+ 7Q`KmH�iBQM iQ +�b2b r?2`2 r2 +QMbB/2` � b2i Q7 L i`�BMBM; /�i�

TQBMib- s- �M/ pB2r ; �b i?2 �p2`�;2 Q7 K2i`B+b /2`Bp2/ 7`QK BM/BpB/m�H i`�BMBM; 2t@

�KTH2bX ;r = ;r(s) = ⌃N
i=1;r(tB)/N X h?2 K2i`B+- ;- T`QpB/2b � HQ+�H K2�bm`2 Q7

QmiTmi /Bbi�M+2 QM i?2 _B2K�MMB�M K�MB7QH/ (W, ;r)X �i 2�+? TQBMi BM r2B;?i bT�+2-

i?2 K2i`B+ /2}M2b i?2 H2M;i?- h/r, /ri;r - Q7 � HQ+�H T2`im`#�iBQM #v Bib BKT�+i QM i?2



kXk J�i?2K�iB+�H 7`�K2rQ`F ke

7mM+iBQM�H QmiTmi Q7 i?2 M2irQ`F U6B;X kXkVX

J2i`B+ i2MbQ` 2B;2MbT2+i`� `2p2�Hb aHQTTvfbiBz /B`2+iBQMb

6B;m`2 kX8, LQ`K�HBx2/ 1B;2Mp�Hm2b Q7 i?2 K2i`B+ i2MbQ` U;riV 7Q` p�`BQmb
i`�BM2/ M2m`�H M2irQ`F �`+?Bi2+im`2bX UG27iV 1B;2Mp�Hm2b �`2 /2MQi2/ #v #Hm2
HBM2bX h?2 2B;2MbT2+i`� Q7 irQ M2irQ`F BMbi�M+2b 7`QK 9 /Bz2`2Mi M2irQ`F �`+?Bi2+@
im`2b �`2 T`2b2Mi2/ ?2`2X h?2 M2irQ`F �`+?Bi2+im`2b �M/ i?2 i`�BMBM; /�i�b2i �`2
K2MiBQM2/ �HQM; i?2 t@�tBbX U_B;?iV h2bi �++m`�+v Q7 M2irQ`Fb T2`im`#2/ �HQM; }`bi
9yy 2B;2M/B`2+iBQMbX

q2 mb2 Qm` ;2QK2i`B+ 7`�K2rQ`F iQ +QMbi`m+i � K2i`B+ i2MbQ` 7Q` � `�M;2 Q7 M2m`�H

M2irQ`F �`+?Bi2+im`2bX h?2 K2i`B+ i2MbQ` Bb � /2pB+2 i?�i T`QpB/2b BM7Q`K�iBQM Q7 ?Qr

BM}MBi2bBK�H KQp2K2Mib BM i?2 r2B;?i bT�+2 +?�M;2b i?2 M2irQ`FbǶ 7mM+iBQM�H K�TTBM;

#2ir22M � b2i Q7 BMTmib UBK�;2b Q` i2tiV iQ QmiTmibX

h?2 2B;2MbT2+i`� Q7 i?2 K2i`B+ i2MbQ` T`QpB/2b mb rBi? � ;HBKTb2 Q7 i?2 HQ+�H ;2@

QK2i`v Q7 i?2 7mM+iBQM�H K�MB7QH/ M2�` � i`�BM2/ M2m`�H M2irQ`FX h?2 2B;2M/B`2+iBQMb

rBi? ?B;? 2B;2Mp�Hm2b UbiBz /B`2+iBQMbV +Q``2bTQM/ iQ M2irQ`F r2B;?i T2`im`#�iBQMb

i?�i K�DQ`Hv BKT�+i i?2 7mM+iBQM�H T2`7Q`K�M+2 UQ` BMTmi Ĝ QmiTmi K�TTBM;V Q7 i?2

i`�BM2/ M2irQ`FX q?BH2 2B;2M/B`2+iBQMb rBi? HQr 2B;2Mp�Hm2b UbHQTTv /B`2+iBQMbV +Q`@

`2bTQM/ iQ r2B;?i T2`im`#�iBQMb i?�i +�mb2 �HKQbi MQ +?�M;2 iQ i?2 7mM+iBQM�H T2`@

7Q`K�M+2X AM 6B;X kX8UH27iV- r2 }M/ i?�i ⇠N8W Q7 i?2 2B;2M/B`2+iBQMb Q7 i?2 K2i`B+

i2MbQ` 2p�Hm�i2/ 7Q` � i`�BM2/ M2m`�H M2irQ`F �`2 bHQTTvX q2 �HbQ Q#b2`p2 i?�i i?Bb

}M/BM; Bb +QMbBbi2Mi �+`Qbb KmHiBTH2 M2irQ`F �`+?Bi2+im`2b UKmHiBH�v2` T2`+2Ti`QM �M/



kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; kd

*LLbVX 6Q` bK�HH2` M2irQ`Fb- HBF2 G2L2i@jyy@Ryy i`�BM2/ QM JLAah- r2 +QMbi`m+i

i?2 K2i`B+ i2MbQ` Qp2` �HH i?2 r2B;?ib BM i?2 M2irQ`F Ukee-eRy r2B;?ibV- r?BH2 i?2

H�`;2` M2irQ`Fb UHBF2- o::Re- _2bL2i@Re9V ?�p2 #22M +QMbi`m+i2/ mbBM; � bm#b�K@

TH2/ b2i Q7 r2B;?ib Ur?2`2BM k8y-yyy r2B;?ib �`2 b�KTH2/ `�M/QKHv �+`Qbb �HH H�v2`b

Q7 i?2 M2irQ`FVX

AM 6B;X kX8U`B;?iV- r2 }M/ i?�i M2irQ`Fb T2`im`#2/ �HQM; i?2 biBz /B`2+iBQMb U}`bi

Ry 2B;2M/B`2+iBQMbV BM+m` � bB;MB}+�Mi `2/m+iBQM BM i?2B` i2bi �++m`�+v U7`QK N3W iQ

33W BM G2M2i i`�BM2/ QM JLAah- 7`QK NjW iQ dkW BM o::Re i`�BM2/ QM *A6�_RyVX

PM i?2 Qi?2` ?�M/- T2`im`#BM; M2irQ`Fb �HQM; i?2B` bHQTTv 2B;2M/B`2+iBQMb U2B;2M/B@

`2+iBQMb, ky �M/ �#Qp2V b?Qrb MQ T`Q7QmM/ /`QT BM i?2B` i2bi �++m`�+v- `2K�BMBM;

+QMbi�Mi �i N3W- NjW QM G2M2i �M/ o::Re- `2bT2+iBp2HvX

a2+iBQM kXj
6mM+iBQM�HHv BMp�`B�Mi T�i?b U6ASV �HH2pB�i2

+�i�bi`QT?B+ 7Q`;2iiBM;

q2 }`bi �TTHv i?2 6AS 7`�K2rQ`F iQ T2`7Q`K +QMiBMm�H H2�`MBM; i�bFb rBi?Qmi +�i�b@

i`QT?B+ 7Q`;2iiBM; QM � b2`B2b Q7 BK�;2 +H�bbB}+�iBQM i�bFb rBi? M2m`�H M2irQ`Fb Q7

BM+`2�bBM; bBx2X AM +�i�bi`QT?B+ 7Q`;2iiBM; T`Q#H2Kb- r2 �BK iQ KQ/mH�i2 i?2 r2B;?ib

Q7 �M 2tBbiBM; M2m`�H M2irQ`F iQ �+?B2p2 ?B;? T2`7Q`K�M+2 QM �//BiBQM�H BK�;2 +H�b@

bB}+�iBQM i�bFb rBi?Qmi HQbb Q7 T2`7Q`K�M+2 QM T`2pBQmbHv H2�`M2/ i�bFbX � b2`B2b

Q7 �H;Q`Bi?Kb BM+Hm/BM; i?2 2H�biB+ r2B;?i +QMbQHB/�iBQM U1q*V (EB`FT�i`B+F 2i �HX-

kyRd)- :`�/B2Mi 1TBbQ/B+ K2KQ`v U:1JV (GQT2x@S�x �M/ _�Mx�iQ- kyRd)- PTiBK�H

_2H2p�M+2 J�TTBM; UP_JV(E�mb?BF 2i �HX- kykR) ?�p2 #22M /2p2HQT2/ iQ �//`2bb

+�i�bi`QT?B+ 7Q`;2iiBM;X

hQ +B`+mKp2Mi +�i�bi`QT?B+ 7Q`;2iiBM; r?BH2 H2�`MBM; b2[m2MiB�H i�bFb- r2 i`�BM �

M2m`�H M2irQ`F QM � #�b2 i�bF �M/ KQ/mH�i2 i?2 r2B;?ib BM i?2 M2irQ`F iQ �++QKKQ@

/�i2 �//BiBQM�H i�bFb #v bQHpBM; i?2 QTiBKBx�iBQM T`Q#H2K BM 1[@kX9- b2iiBM; L(t,r)



kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; k3

6B;m`2 kXe, L2irQ`Fb H2�`M b2[m2MiB�H i�bFb rBi?Qmi +�i�bi`QT?B+ 7Q`;2iiBM;
#v i`�p2`bBM; 6ASbX U�VUBV h`�BMBM; M2m`�H M2irQ`Fb QM � k i�bF T�`�/B;K- rBi?
h�bF@R #2BM; Ry@/B;Bi `2+Q;MBiBQM 7`QK JLAah �M/ h�bF@k #2BM; Ry@Bi2K `2+Q;MBiBQM
7`QK 6�b?BQM@JLAahX UBBV a+?2K�iB+ iQ +QMbi`m+i 6ASb BM r2B;?i bT�+2 iQ i`�BM M2i@
rQ`Fb QM irQ i�bFb b2[m2MiB�HHvX U"V j. HBM2THQi r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb
Q7 8@H�v2`2/ +QMpQHmiBQM�H M2m`�H M2irQ`Fb U*LLbV BM S*� bT�+2X h`�BMBM; QM irQ
i�bFb b2[m2MiB�HHv pB� +QMp2MiBQM�H �TT`Q�+? i�F2b i?2 #H�+F 7QHHQr2/ #v `2/ T�i? iQ
`2�+? L@6JLAahUi`�/BiBQM�HV- r?BH2 i?2 T�i?@}M/BM; �H;Q`Bi?K i�F2b i?2 #H�+F 7QH@
HQr2/ #v Tm`TH2 T�i? iQ `2�+? L@6JLAahU6ASVX AK�;2b Q7 /B;Bib@j-e �`2 7`QK JLAah
�M/ bM2�F2`- +Q�i BK�;2b �`2 7`QK 6�b?BQM@JLAahX h2ti H�#2Hb �#Qp2 i?2 BK�;2 �`2
M2irQ`FbǶ T`2/B+iBQMb �M/ MmK#2`b #2HQr �`2 i?2 M2irQ`FbǶ i2bi �++m`�+v QM JLAah
�M/ 6�b?BQM@JLAahX

�b i?2 +H�bbB}+�iBQM HQbb 7mM+iBQM bT2+B}2/ #v i?2 �//BiBQM�H i�bF r?BH2 hd�dt ,
d�
dt i;h�bF1

K2�bm`2b /Bbi�M+2 KQp2/ BM i?2 M2irQ`FbǶ QmiTmi mbBM; i?2 K2i`B+ 7`QK i?2 BMBiB�H

i�bF UBM 1[@kX9 �UBBVVX hQ �++QKKQ/�i2 i?2 �//BiBQM�H i�bFb- r2 �TT2M/ QmiTmi MQ/2b

iQ i?2 #�b2 M2irQ`F �M/ bQHp2 i?2 QTiBKBx�iBQM T`Q#H2K 7Q` � }t2/ p�Hm2 Q7 � #v bBKmH@

i�M2QmbHv KBMBKBxBM; i?2 /Bbi�M+2 KQp2/ BM i?2 M2irQ`FbǶ QmiTmi bT�+2 UHB;?i@#Hm2

�``Qr BM 6B;X kXe�V +Q``2bTQM/BM; iQ i?2 }`bi i�bF r?BH2 K�tBKBxBM; �HB;MK2Mi rBi?

i?2 ;`�/B2Mi Q7 L(t,r) 2M+Q/BM; i?2 +H�bbB}+�iBQM HQbb 7`QK i?2 b2+QM/ i�bFX AM i?Bb

K�MM2`- r2 +QMbi`m+i � 6mM+iBQM�HHv BMp�`B�Mi T�i? U6ASV UTm`TH2 /Qii2/ HBM2 BM 6B;X

kXe�V BM r2B;?i bT�+2 ;2M2`�iBM; � M2irQ`F i?�i T2`7Q`Kb #Qi? h�bF R �M/ h�bF kX



kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; kN

6B;m`2 kXd, a2[m2MiB�H H2�`MBM; Q7 irQ BK�;2 `2+Q;MBiBQM i�bFbX h2bi �++m`�+v
Q7 M2irQ`Fb H2�`MBM; irQ i�bFb b2[m2MiB�HHv #v M�Bp2 `2i`�BMBM; QM 6�b?BQM@JLAah
UBV �M/ i`�p2`bBM; 6AS UBBVX >2�iK�Tb +�Tim`2 +H�bbB}+�iBQM b+Q`2 QM RyF i2bi BK�;2b
U8F BK�;2b 7`QK 2�+? i�bFV 7Q` M2irQ`Fb Q#i�BM2/ i?`Qm;? 6AS UBBBV �M/ i`�/BiBQM�H
`2i`�BMBM; bi`�i2;v UBpVX

hQ /2KQMbi`�i2 T2`7Q`K�M+2 Q7 i?2 6AS- r2 �TTHB2/ i?2 7`�K2rQ`F iQ T2`7Q`K �

+�MQMB+�H irQ@i�bF b2[m2MiB�H H2�`MBM; T�`�/B;K r?2`2 � +QMpQHmiBQM�H M2m`�H M2irQ`F

U*LLV i`�BM2/ iQ +H�bbB7v ?�M/r`Bii2M /B;Bib 7`QK JLAah Uh�bF RV Bb KQ/mH�i2/

iQ �HbQ `2+Q;MBx2 i2M +H�bb2b Q7 7�b?BQM �TT�`2H 7`QK i?2 6�b?BQM@JLAah /�i�b2i

U6JLAahV Uh�bF kV U6B;X kXe�UBVVX 6Q` i?Bb b2[m2MiB�H H2�`MBM; i�bF- r2 mb2 � *LL

rBi? 8 H�v2`b, k +QMpQHmiBQM�H H�v2`b- rBi? jk �M/ e9 +QMpQHmiBQM�H }Hi2`b 2�+?- �M/ j

7mHHv +QMM2+i2/ H�v2`b @ rBi? eyy- Rky �M/ ky MQ/2b 2�+?X h?2 M2irQ`F ?�b � iQi�H Q7

RX9 KBHHBQM r2B;?ib (G2*mM- >�zM2`- 2i �HX- RNNNc E`Bx?2pbFv- amibF2p2`- �M/ >BMiQM-

kyRk)X h?2 JLAah /�i� b2i Bb � +�MQMB+�H /�i� b2i `2T`2b2MiBM; 60, 000 2t�KTH2b

Q7 ?mK�M ?�M/ r`Bii2M /B;Bib (G2*mM- "QiiQm- 2i �HX- RNN3) �M/ i?2 6�b?BQM@JLAah

/�i� +QMi�BMb 60, 000 BK�;2b Q7 7�b?BQM Bi2Kb(sB�Q- _�bmH- �M/ oQHH;`�7- kyRd)X

q2 BMBiB�HHv i`�BM2/ i?2 *LL iQ T2`7Q`K JLAah /B;Bi +H�bbB}+�iBQM rBi? ⇠ 98W



kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; jy

�++m`�+v mbBM; ;`�/B2Mi /2b+2Mi #�b2/ r2B;?i QTiBKBx�iBQM U6B;X kXe"- 6B;X kXdVX

A7 r2 bBKTHv `2@i`�BM i?2 JLAah +H�bbB}+�iBQM M2irQ`F iQ +H�bbB7v 6�b?BQM@JLAah

;�`K2Mib i?`Qm;? ;`�/B2Mi /2b+2Mi QM 6JLAah /�i�b2i- i?2 M2irQ`F `�TB/Hv HQb2b

�++m`�+v QM i?2 JLAah i�bF �b �++m`�+v BM+`2�b2b QM 6JLAah U6B;X kXdVX AM +QMi`�bi

iQ ;`�/B2Mi /2b+2Mi `2i`�BMBM;- Qm` 6AS �H;Q`Bi?K /Bb+Qp2`b � +m`p2/ T�i? Q7 M2irQ`Fb

i?�i bBKmHi�M2QmbHv `2i�BM T2`7Q`K�M+2 QM i?2 }`bi i�bF UJLAahV- K�BMi�BMBM; N3W

iQ NeW i2bi �++m`�+v r?BH2 `2�+?BM; 3NW T2`7Q`K�M+2 QM i?2 b2+QM/ i�bF U6�b?BQM@

JLAahV U6B;X kXdUBBVVX h?2 M2irQ`Fb �HQM; i?2 +m`p2/ 6AS T�i? `2i�BM i?2B` �#BHBiv iQ

`2+Q;MBx2 BK�;2b Q7 /B;Bib ǵjǶ �M/ ǵe-Ƕ r?BH2 �HbQ +H�bbB7vBM; BK�;2b Q7 7�b?BQM@�TT�`2H

ǵaM2�F2`Ƕ �M/ ǵ*Q�iǶ 7`QK 6�b?BQM@JLAah U6B;X kXe"VX

L2irQ`FǶb r2B;?i +?�M;2b �HQM; 6AS /m`BM; b2[m2MiB�H i�bF H2�`MBM;

aQ 7�`- r2 ?�p2 b?QrM i?�i i`�p2`bBM; �M 6AS BM r2B;?i bT�+2 2M�#H2b � 8@H�v2`2/

*LL Uk +QMpQHmiBQM�H H�v2`b �M/ j 7mHHv +QMM2+i2/ H�v2`bV iQ +QMiBMm�HHv H2�`M irQ

b2[m2MiB�H i�bFb UJLAah �M/ 6�b?BQM@JLAahVX

�b i?2 6AS /Bb+Qp2`b M2irQ`Fb i?�i bBKmHi�M2QmbHv `2i�BM i?2 T`2pBQmb i�bF BM@

7Q`K�iBQM r?BH2 H2�`MBM; i?2 M2r i�bF- r2 �`2 BMi2`2bi2/ BM mM/2`bi�M/BM; ?Qr i?2

M2irQ`FbǶ r2B;?ib +?�M;2 �b r2 i`�p2`b2 i?2 6ASX JQbi +QMiBMm�H H2�`MBM; K2i?Q/b

i?�i mb2 `2;mH�`Bx�iBQM K2i?Q/b (EB`FT�i`B+F 2i �HX- kyRd) 7Q`+2 i?2 M2irQ`FbǶ r2B;?ib

iQ #2 bBKBH�` iQ i?2 M2irQ`F i`�BM2/ QM i�bF@R r?BH2 H2�`MBM; � M2r i�bF Ui�bF@kVX

>Qr2p2`- r2 Q#b2`p2 i?�i i`�p2`bBM; i?2 6AS 7Q` +QMiBMm�H H2�`MBM; �TTHB+�iBQMb

`2bmHib BM H�`;2 +?�M;2b iQ M2irQ`F r2B;?ib U6B;X kX3VX 6Q` BMbi�M+2- r2 }M/ i?�i

r2B;?ib �+`Qbb �HH H�v2`b UGR iQ G8V- #�``BM; i?2 #�i+?MQ`K H�v2`b- 2tT2`B2M+2 �M

�p2`�;2 r2B;?i mT/�i2 Q7 RyyW 7`QK i?2B` Q`B;BM�H r2B;?ib- r?BH2 i?2 r2B;?ib BM i?2

#�i+?MQ`K H�v2`b �`2 mT/�i2/ #v k8WX �//BiBQM�HHv- r2 Q#b2`p2 i?�i i?2 p�`B�M+2 Q7

i?2 r2B;?i mT/�i2 /2+`2�b2b 7`QK H�v2`@R iQ H�v2`@j �M/ BM+`2�b2b 7`QK H�v2` j iQ H�v2`

8- bm;;2biBM; i?�i KQbi r2B;?ib BM i?2 KB//H2 H�v2`b UH�v2` k iQ H�v2` 9V Q7 i?2 *LL



kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; jR

6B;m`2 kX3, q2B;?i +?�M;2b iQ M2irQ`Fb �HQM; 6AS /m`BM; b2[m2MiB�H H2�`M@
BM;X .2MbBiv ?BbiQ;`�K +�Tim`2b T2`+2Mi�;2 r2B;?i +?�M;2 BM+m``2/ #v r2B;?ib �+`Qbb
�HH H�v2`b Q7 � 8 H�v2`2/ *LL- r?BH2 i`�p2`bBM; �M 6AS +QMbi`m+i2/ 7Q` b2[m2MiB�H H2�`M@
BM; Q7 JLAah �M/ 6�b?BQM@JLAahX

2M+Q/2 72�im`2b Q7 i?2 M2r i�bF- r?BH2 i?2 r2B;?ib BM i?2 }`bi �M/ H�bi H�v2` `2i�BM

BM7Q`K�iBQM 7`QK i?2 T`2pBQmb i�bFX

kXjXRX 6ASb �HH2pB�i2 *6 BM � 8@i�bF T�`�/B;K

hQ /2KQMbi`�i2 b2[m2MiB�H i�bF H2�`MBM;- r2 �TTHB2/ Qm` 7`�K2rQ`F iQ � JmHiB@H�v2`

T2`+2Ti`QM UJGSV rBi? k ?B//2M H�v2`b Q7 9yy MQ/2b 2�+? �M/ Ry QmiTmi +H�bb2b- #v

bm#D2+iBM; i?2K iQ 8 b2[m2MiB�H i�bFb /2`Bp2/ 7`QK i?2 JLAah /�i�b2i (o�M /2 o2M

�M/ hQHB�b- kyRN)X �b b?QrM BM 6B;X kXN�UBV- 2�+? i�bF Bb ;2M2`�i2/ 7`QK /Bz2`2Mi

bm#b2ib Q7 BK�;2@+H�bb2b 7`QK i?2 JLAah /�i�b2iX h�bF@R +QKT`Bb2b Q7 JLAah /B;Bib

yǶb �M/ RǶb- h�bF@k +QKT`Bb2b Q7 JLAah /B;Bib kǶb �M/ jǶb �M/ bQ QMX

hQ +B`+mKp2Mi +�i�bi`QT?B+ 7Q`;2iiBM; BM i?2 8 b2[m2MiB�H i�bF T�`�/B;K- r2 bQHp2

i?2 QTiBKBx�iBQM T`Q#H2K BM 1[@9 #v b2iiBM; L �b i?2 HQbb 7mM+iBQM bT2+B}2/ #v i?2 M2r



kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; jk

6B;m`2 kXN, 6AS �HH2pB�i2b *6 BM 8@b2[m2MiB�H i�bF T�`�/B;K 7Q` bTHBiJ@
LAahU�V UBV L2m`�H M2irQ`F rBi? Ry QmiTmi +H�bb2b �`2 i`�BM2/ QM 8 i�bF T�`�/B;K-
rBi? 2p2`v i�bF +QMi�BMBM; � /Bz2`2Mi bm#b2i Q7 JLAah /B;BibX UBBV a+?2K�iB+ iQ +QM@
bi`m+i 6ASb BM r2B;?ib bT�+2 BM Q`/2` iQ i`�BM M2m`�H M2irQ`Fb QM 8 b2[m2MiB�H i�bFbX
U"V UBV h2bi �++m`�+v Q7 M2irQ`Fb r?BH2 i`�p2`bBM; 6ASb iQ H2�`M 8 b2[m2MiB�H i�bFbX
h?2 /�b?2/ HBM2b BM/B+�i2 i?�i i?2 M2irQ`Fb 2M+QmMi2` � M2r i�bFX UBBV >2�iK�T
/BbTH�vb +H�bbB}+�iBQM b+Q`2 7Q` M2irQ`Fb �HQM; 6AS QM 8F BK�;2b- rBi? RF BK�;2b
b�KTH2/ 7`QK 2p2`v i�bFX U*V 6AS bm`T�bb2b bi�i2@Q7@�`i K2i?Q/b BM KBiB;�iBM; +�i�b@
i`QT?B+ 7Q`;2iiBM; BM 8@i�bF T�`�/B;KX

i�bF Uh�bF@BV `2T`2b2Mi2/ #v /�`F@#Hm2 �``Qrb BM 6B;@k.UBBV- r?BH2 < d�
dt ,

d�
dt >;Task�1:i�1

Bb +?Qb2M iQ #2 i?2 /Bbi�M+2 KQp2/ BM QmiTmi bT�+2 7Q` � bK�HH MmK#2` Q7 BMTmib

b�KTH2/ 7`QK �HH T`2pBQmb i�bFb U7`QK h�bF@R iQ h�bF,B@RV `2T`2b2Mi2/ #v HB;?i@#Hm2

�``Qrb BM 6B;X kXN�UBBVX

q2 i`�BM i?2 JGS QM i?2 }`bi i�bF U`2+Q;MBxBM; BK�;2b Q7 /B;Bib yb �M/ RbV #v

;`�/B2Mi /2b+2Mi �M/ ;2i � M2irQ`F i?�i T2`7Q`Kb �i �M �++m`�+v Q7 N3W QM i?2 }`bi

i�bFX AM 6B;X kXN�UBBV- i?2 }`bi TQBMi QM i?2 t@�tBb +Q``2bTQM/b iQ i?2 M2irQ`F i`�BM2/

QM i?2 }`bi i�bF �HQM2- �M/ i?2 #Hm2 HBM2 `2+Q`/b i2bi �++m`�+v QM i?2 }`bi i�bFX

>�pBM; i`�BM2/ i?2 JGS QM i?2 }`bi i�bF- r2 i`�BM i?2 M2irQ`F QM bm#b2[m2Mi

i�bFb U2X;X `2+Q;MBxBM; BK�;2b Q7 /B;Bib kb �M/ jb- `2+Q;MBxBM; /B;Bib 9b �M/ 8bV #v



kXj 6AS KBiB;�i2b +�i�bi`QT?B+ 7Q`;2iiBM; jj

+QMbi`m+iBM; 6ASb BM i?2 r2B;?ib bT�+2 �M/ Q#i�BM M2irQ`Fb i?�i bBKmHi�M2QmbHv `2i�BM

T2`7Q`K�M+2 QM �HH T`2pBQmb i�bFb r?BH2 H2�`MBM; � M2r i�bFX AM 6B;X kXN"UBV- i?2

`2;BQM +Q``2bTQM/BM; iQ h�bF@k U}`bi k8 TQBMib �HQM; i?2 t@�tBbV +�Tim`2b i?2 i2bi

�++m`�+v Q7 M2irQ`Fb QM i?2 }`bi irQ i�bFb U#Hm2- v2HHQr `2bT2+iBp2HvV r?BH2 i`�p2`bBM;

i?2 6AS BM r2B;?ib bT�+2 #2;BMMBM; 7`QK L1 UJGS i`�BM2/ QM h�bF@RVX h?2 M2irQ`Fb

�HQM; i?2 T�i? `2i�BM i?2B` T2`7Q`K�M+2 QM h�bF@R U#Hm2 HBM2V �i N3W r?BH2 BM+`2�bBM;

i?2B` �++m`�+v QM h�bF@k Uv2HHQr HBM2V iQ NdWX h?2 `2;BQM +Q``2bTQM/BM; iQ h�bF@

j Ubm#b2[m2Mi RR TQBMib- ke iQ je- QM i?2 t@�tBbV +QKT`Bb2 Q7 M2irQ`Fb i?�i `2i�BM

i?2B` T2`7Q`K�M+2 QM #Qi? h�bF@R �M/ h�bF@k U�i NdW �M/ N8W `2bT2+iBp2HvV r?BH2

BM+`2�bBM; i?2B` �++m`�+v QM h�bF@j U;`22M HBM2V iQ NdWX 6BM�HHv- QM BMi`Q/m+BM; h�bF@

8- +Q``2bTQM/BM; iQ TQBMib 9d@83 QM i?2 t@�tBb BM `2;BQM H�#2H2/ h�bF@8- r2 mM+Qp2`

M2irQ`Fb i?�i T2`7Q`K �i NeXd9W- 33Xe9 W- 3NXjj W- N9Xje W �M/ NRXkj W QM h�bFb

R iQ 8 `2bT2+iBp2Hv- rBi? �M �p2`�;2 T2`7Q`K�M+2 Q7 NkXyRW QM i?2 JLAah /�i�b2i

?�pBM; b?QrM k +H�bb2b �i � iBK2X

h?2 M2irQ`Fb /Bb+Qp2`2/ �HQM; i?2 6AS KBiB;�i2 +�i�bi`QT?B+ 7Q`;2iiBM; r?BH2 #2@

BM; i`�BM2/ QM KmHiBTH2 i�bFb BM b2[m2M+2 �b i?2v `2i�BM i?2B` +H�bbB}+�iBQM b+Q`2 QM

T`2pBQmb i�bFb r?BH2 BM+`2�bBM; i?2B` b+Q`2 QM M2r i�bFbX AM 6B;X kXN"UBBV- i?2 ?2�iK�T

+�Tim`2b i?2 +H�bbB}+�iBQM b+Q`2 #v 722/BM; Ryyy BK�;2b 7`QK 2�+? i�bF iQ i?2 M2irQ`F

UQ` 8yyy BK�;2b 7`QK 8 i�bFbVX h?2 }`bi k9 M2irQ`Fb UR@k9V `2i�BM i?2B` +H�bbB}+�iBQM

b+Q`2 QM h�bF@R- r?BH2 BM+`2�bBM; i?2B` +H�bbB}+�iBQM b+Q`2 QM h�bF@kX h?2 bm#b2@

[m2Mi RR M2irQ`Fb Uk8@jeV `2i�BM i?2B` +H�bbB}+�iBQM b+Q`2 QM #Qi? h�bF@R �M/ h�bF@k

r?BH2 BM+`2�bBM; Bib b+Q`2 QM h�bF@jX h?2 H�bi b2;K2Mi Q7 i?2 T�i? U+Q``2bTQM/BM; iQ

M2irQ`F@9d iQ M2irQ`F@83V `2i�BM i?2B` b+Q`2 QM h�bFb R i?`Qm;? 9- r?BH2 BM+`2�bBM;

i?2B` +H�bbB}+�iBQM b+Q`2 QM h�bF@8X >�pBM; T`2b2Mi2/ �HH 8 i�bFb iQ i?2 M2irQ`F- Qm`

T�i?@}M/BM; 7`�K2rQ`F /Bb+Qp2`b M2irQ`Fb i?�i T2`7Q`K �i NkXR±yXyeW �++m`�+v QM

i?2 8 i�bFb- r?BH2 i?2 +QMp2MiBQM�H K2i?Q/ T2`7Q`Kb �i R3±kW (o�M /2 o2M �M/

hQHB�b- kyRN)X



kX9 6ASb 2M�#H2 Bi2`�iBp2 +QMiBMmQmb H2�`MBM; j9

Pm` 6AS �TT`Q�+? T2`7Q`Kb #2ii2` i?�M +m``2Mi bi�i2@Q7@�`i K2i?Q/b iQ �HH2pB�i2

+�i�bi`QT?B+ 7Q`;2iiBM; r?BH2 H2�`MBM; b2[m2MiB�H i�bFb- HBF2 1H�biB+ q2B;?i *QMbQH@

B/�iBQM U1q*V QM i?2 8@i�bF T�`�/B;K U6AS, NkXR±yXyeW- 1q*,ky±yXy3WV U6B;X

kXN*VX

a2+iBQM kX9

6ASb 2M�#H2 Bi2`�iBp2 +QMiBMmQmb H2�`MBM;

6B;m`2 kXRy, a2[m2MiB�H i`�BMBM; Q7 M2irQ`Fb QM ky BK�;2 `2+Q;MBiBQM i�bFbX
UBV L2m`�H M2irQ`F rBi? Ryy QmiTmi +H�bb2b �`2 i`�BM2/ QM ky i�bF T�`�/B;K- rBi? 2p2`v
i�bF +QMi�BMBM; 8 MQM@Qp2`H�TTBM; +H�bb2b Q7 M�im`�H BK�;2b b�KTH2/ 7`QK *A6�_Ryy
/�i�b2iX UBBV a+?2K�iB+ iQ +QMbi`m+i 6ASb BM r2B;?i bT�+2 iQ i`�BM M2m`�H M2irQ`Fb QM
ky b2[m2MiB�H i�bFbX

.m2 iQ i?2 ;2M2`�HBiv Q7 i?2 7`�K2rQ`F- i?2 6AS �TT`Q�+? M�im`�HHv b+�H2b iQ H2�`M

� HQM;2` b2`B2b Q7 i�bFb rBi?Qmi +�i�bi`QT?B+ 7Q`;2iiBM; i?`Qm;? Bi2`�iBp2 �TTHB+�iBQM

Q7 1[@kX9X q2 �TTHB2/ i?2 6AS iQ H2�`M ky b2[m2MiB�H BK�;2 `2+Q;MBiBQM i�bFb mbBM;

bm#b2ib Q7 i?2 *A6�_Ryy BK�;2 /�i�#�b2 kXRyUBV (o2M- aB2;2HK�MM- �M/ hQHB�b- kyky)X

�i 2�+? `QmM/- r2 KQ/mH�i2 � H�`;2 *LL- _2bL2iR3- iQ `2+Q;MBx2 �M �//BiBQM�H }p2

Q#D2+i +�i2;Q`B2b BM *A6�_Ryy UkXRyUBVVX

q2 }`bi i`�BM _2bL2iR3 M2irQ`F iQ Q#i�BM 78W �++m`�+v QM h�bF@R #v ;`�/B2Mi

/2b+2Mi mbBM; i?2 s�pB2` BMBiB�HBx�iBQM (:HQ`Qi �M/ "2M;BQ- kyRy) T`QiQ+QHX hQ H2�`M



kX9 6ASb 2M�#H2 Bi2`�iBp2 +QMiBMmQmb H2�`MBM; j8

6B;m`2 kXRR, 6AS i`�p2`b�H Q7 M2irQ`Fb r?BH2 #2BM; i`�BM2/ QM ky BK�;2
`2+Q;MBiBQM i�bFbX UBV �p2`�;2 i2bi �++m`�+v Q7 M2irQ`Fb �HQM; 6AS r?BH2 H2�`MBM;
ky b2[m2MiB�H i�bFbX h?2 M2irQ`Fb iQ i?2 `B;?i Q7 � /�b?2/ HBM2 2M+QmMi2` � M2r i�bF
Uh@BV- `272``BM; iQ i?2 BǶi? i�bFX UBBV >2�iK�T /BbTH�vb +H�bbB}+�iBQM b+Q`2 7Q` M2irQ`Fb
�HQM; 6AS QM RF i2bi BK�;2b- rBi? 8y BK�;2b b�KTH2/ 7`QK 2p2`v i�bFX

�//BiBQM�H i�bFb rBi?Qmi 7Q`;2iiBM;- r2 bQHp2 i?2 QTiBKBx�iBQM T`Q#H2K BM 1[@kX9 #v

b2iiBM; L(t,r) �b i?2 HQbb 7mM+iBQM bT2+B}2/ #v i?2 BM+QKBM; M2r i�bF Uh�bF@BV-

r?BH2 hd�dt ,
d�
dt i;h�bF�1:i�1

Bb b2i iQ #2 i?2 /Bbi�M+2 KQp2/ BM QmiTmi bT�+2 7Q` � bK�HH

MmK#2` Q7 BMTmib b�KTH2/ 7`QK �HH i?2 T`2pBQmb i�bFb U7`QK h�bF,R iQ h�bF,B@RVX AM

i?Bb r�v- r2 Bi2`�iBp2Hv +QMbi`m+i 6ASb BM i?2 r2B;?i bT�+2 �M/ Q#i�BM M2irQ`Fb i?�i

bBKmHi�M2QmbHv `2i�BM T2`7Q`K�M+2 QM �HH T`2pBQmb i�bFb r?BH2 H2�`MBM; � M2r i�bF

U6B;X kXRyVX

h?2 6AS bi`�i2;v �+?B2p2b ?B;? �++m`�+v QM BM+`2K2Mi�H i�bFb #`Q�/Hv �+`Qbb i?2



kX8 L2irQ`F bT�`bB7B+�iBQM pB� T�i?@+QMM2+i2/ M2irQ`F b2ib je

6B;m`2 kXRk, 6AS i`�p2`b�H �HH2pB�i2b +�i�bi`QT?B+ 7Q`;2iiBM;X 6AS bm`T�bb2b
bi�i2@Q7@�`i K2i?Q/b BM KBiB;�iBM; +�i�bi`QT?B+ 7Q`;2iiBM; BM k@i�bF T�`�/B;K UBV �M/
ky@i�bF *A6�_Ryy T�`�/B;K UBBVX 1``Q` #�`b BM/B+�i2 bi�M/�`/ /2pB�iBQM Qp2` 8 i`B�HbX

?2H/@Qmi i2biBM; b2i U6B;X kXRRV X >�pBM; T`2b2Mi2/ �HH ky i�bFb iQ i?2 M2irQ`F-

i?2 6AS �H;Q`Bi?K /Bb+Qp2`b M2irQ`Fb i?�i T2`7Q`K �i 3kX89±yXRdW �++m`�+v r?BH2

M�Bp2 `2@i`�BMBM; T2`7Q`Kb �i keX3e±RXy8WX h?2 6AS �TT`Q�+? QmiT2`7Q`Kb Qi?2`

K2i?Q/b i?�i ?�p2 #22M BMi`Q/m+2/ iQ KBiB;�i2 +�i�bi`QT?B+ 7Q`;2iiBM;- bT2+B}+�HHv

1H�biB+ r2B;?i +QMbQHB/�iBQM QM i?2 k i�bF T�`�/B;K U6B;X kXRkUBVV U6AS, NR±RXR

W- 1q*, 3d±RXeWV �M/ ky@i�bF T�`�/B;K U6AS, 3kX89±yXRdW- 1q*,99XN±yXyRWV

U6B;X kXRkUBBVV �M/ :`�/B2Mi 2TBbQ/B+ K2KQ`v U:1JV rBi? � K2KQ`v #m/;2i Q7 8yy

K2KQ`B2b 7`QK 2�+? i�bF T`2pBQmbHv 2M+QmMi2`2/ (EB`FT�i`B+F 2i �HX- kyRdc GQT2x@

S�x �M/ _�Mx�iQ- kyRd)X q?BH2 i?2 6AS �H;Q`Bi?K ?�b +QM+2Tim�H bBKBH�`BiB2b rBi?

1q*- i?2 K�i?2K�iB+�H ;2M2`�HBiv Q7 i?2 6AS �TT`Q�+? �HHQrb i?2 �TT`Q�+? iQ b+�H2

iQ T2`7Q`K KmHiBTH2 Bi2`�iBp2 BM+`2K2Mi�H H2�`MBM; i�bFb �M/ iQ 2tTHB+BiHv +QMbi`m+i

7mM+iBQM�HHv BMp�`B�Mi T�i?b i?�i bT�M HQM; /Bbi�M+2b BM i?2 r2B;?i bT�+2X 1q* i2M/b

iQ }M/ M2irQ`Fb BM i?2 pB+BMBiv Q7 � T`2pBQmbHv i`�BM2/ M2irQ`F #v +QKTmiBM; � HQ+�H

6Bb?2` AM7Q`K�iBQM K2i`B+X



kX8 L2irQ`F bT�`bB7B+�iBQM pB� T�i?@+QMM2+i2/ M2irQ`F b2ib jd

6B;m`2 kXRj, aT�`b2 M2irQ`Fb /Bb+Qp2`2/ #v i`�p2`bBM; 6ASb BM i?2 r2B;?i
bT�+2X U�V a+?2K�iB+ iQ +QMbi`m+i 6AS 7`QK L1 iQ pW bT�`b2 bm#K�MB7QH/X U"-
*V S2`7Q`K�M+2 Q7 bT�`b2 M2irQ`Fb /Bb+Qp2`2/ #v 6ASb UTm`TH2V �M/ GQii2`v iB+F2i
?vTQi?2bBb U`2/V �+`Qbb � rB/2 `�M;2 Q7 bT�`bBiB2b QM JLAah U"V �M/ *A6�_@Ry U*VX

a2+iBQM kX8
L2irQ`F bT�`bB}+�iBQM pB� T�i?@+QMM2+i2/

M2irQ`F b2ib

h?2 +`BiB+�H �bT2+ib Q7 i?2 6AS 7`�K2rQ`F Bb i?�i i?2 7`�K2rQ`F ;2M2`�HBx2b #2vQM/

b2[m2MiB�H i�bF i`�BMBM; iQ �//`2bb � #`Q�/ `�M;2 Q7 K�+?BM2 H2�`MBM; K2i�@T`Q#H2Kb

#v +QMbB/2`BM; � KQ`2 ;2M2`�H b2i Q7 b2+QM/�`v Q#D2+iBp2 7mM+iBQMbX AM T�`iB+mH�`-

r2 M2ti �TTHv i?2 6AS 7`�K2rQ`F iQ T2`7Q`K bT�`bB}+�iBQM- `2/m+BM; i?2 MmK#2` Q7

MQM@x2`Q r2B;?ib- Q7 M2m`�H M2irQ`Fb- r?B+? Bb BKTQ`i�Mi 7Q` `2/m+BM; i?2 K2KQ`v

�M/ +QKTmi�iBQM�H 7QQiT`BMi Q7 � M2irQ`F ("H�HQ+F 2i �HX- kyky)X hQ bT�`bB7v M2m`�H

M2irQ`Fb- r2 bQHp2 1[@kX9- i?2 +Q`2 6AS QTiBKBx�iBQM T`Q#H2K- rBi? � b2+QM/�`v HQbb

7mM+iBQM L(wt, w, p) i?�i K2�bm`2b i?2 2m+HB/2�M /Bbi�M+2 #2ir22M � M2irQ`F �M/ BiǶb

T@bT�`b2 T`QD2+iBQM Q#i�BM2/ #v b2iiBM; pW Q7 i?2 M2irQ`FbǶ r2B;?ib iQ x2`QX

lbBM; i?2 7`�K2rQ`F- r2 /Bb+Qp2`2/ � b2`B2b Q7 bT�`bB}2/ G2L2i@jyy@Ryy M2irQ`Fb

rBi? bT�`bBiB2b `�M;BM; 7`QK kyW iQ NNX9W i?�i 2t?B#Bi � ?B;? T2`7Q`K�M+2 QM JLAah

/B;Bi +H�bbB}+�iBQM (G2*mM- "QiiQm- 2i �HX- RNN3)X G2L2i@jyy@Ryy (G2*mM- >�zM2`- 2i

�HX- RNNN) Bb � KmHiBH�v2` T2`+2Ti`QM rBi? irQ ?B//2M H�v2`b +QMbBbiBM; Q7 jyy �M/



kX8 L2irQ`F bT�`bB7B+�iBQM pB� T�i?@+QMM2+i2/ M2irQ`F b2ib j3

6B;m`2 kXR9, oBbm�HBxBM; bT�`b2 M2irQ`Fb /Bb+Qp2`2/ #v 6ASb BM i?2 r2B;?i
bT�+2XU.V a+�ii2`THQi r?2`2 i?2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7 G2L2i@jyy@Ryy
M2irQ`Fb BM S*� bT�+2X h?2 6AS UTm`TH2 HBM2V #2;BMMBM; 7`QK L1 U;`2v /QiV /Bb+Qp2`b
?B;?@T2`7Q`K�M+2 G2L2iǶb BM i?2 NNXRW bT�`b2 bm#K�MB7QH/ U`2/ /QibVX "Hm2 /Qib �`2
`�M/QK bT�`b2 M2irQ`Fb BM i?2 NNXRW bT�`b2 bm#K�MB7QH/X .B;Bib@9-y-8-d �`2 7`QK
JLAah- i2ti@H�#2Hb #2HQr i?2 BK�;2 �`2 M2irQ`F T`2/B+iBQMb �M/ i?2 MmK#2` #2HQr
Bb i?2 M2irQ`FbǶ i2bi �++m`�+v QM JLAahX U1V a+�ii2`THQi r?2`2 i?2 /Qib �`2 r2B;?i
+QM};m`�iBQMb Q7 _2bL2i@ky M2irQ`Fb BM S*� bT�+2X h?2 6AS #2;BMMBM; �i L1 U;`2v
/QiV /Bb+Qp2`b ?B;?@T2`7Q`K�M+2 _2bL2i@ky M2irQ`Fb BM i?2 NjW bT�`b2 bm#K�MB7QH/
U`2/ /QibVX "Hm2 /Qib �`2 `�M/QK bT�`b2 M2irQ`Fb BM NjW bT�`b2 bm#K�MB7QH/X .22`-
7`Q;- TH�M2- b?BT BK�;2b �`2 7`QK *A6�_@Ry- i2ti@H�#2Hb #2HQr i?2 BK�;2 �`2 M2irQ`F
T`2/B+iBQMb �M/ i?2 MmK#2` �/D�+2Mi Bb i?2 M2irQ`FbǶ i2bi �++m`�+v QM *A6�_RyX

Ryy MQ/2b 2�+?- �M/ � iQi�H Q7 939yyy MQM@x2`Q r2B;?ibX �Hi?Qm;? KQbi M2irQ`Fb

`�M/QKHv b�KTH2/ 7`QK i?2 NNXRW bT�`b2 bm#K�MB7QH/ BM i?2 r2B;?i bT�+2 T2`7Q`K

TQQ`Hv QM i?2 JLAah i�bF UrBi? i2bi �++m`�+B2b `�M;BM; 7`QK e iQ RyWV- i?2 6AS

�H;Q`Bi?K }M/b � +m`p2/ T�i? BM i?2 r2B;?i bT�+2 7`QK /2Mb2Hv +QMM2+i2/ G2L2i

UrBi? i2bi �++m`�+v Q7 N3W QM JLAahV iQ M2irQ`Fb BM i?2 NNXRW bT�`b2 bm#K�MB7QH/

i?�i T2`7Q`K �i i2bi �++m`�+B2b #2ir22M NeXjW iQ NeX3W QM i?2 JLAah +H�bbB}+�iBQM

i�bF U6B;X kXR9.VX h?2 6AS@/Bb+Qp2`2/ M2irQ`Fb ?�p2 /Bp2`b2 BMi2`@H�v2` +QMM2+iBpBiv

bi`m+im`2b U6B;X kXR86V TH�+BM; MQM@x2`Q r2B;?ib U#H�+F p2`iB+�H #�`bV BM /BbiBM+i

HQ+�iBQMbX q?BH2 i?2 6AS bQHmiBQMb p�`v BM i?2B` HQ+�H �`+?Bi2+im`2b- i?2`2 �`2 �HbQ

T�ii2`Mb �+`Qbb M2irQ`FbX aT2+B}+�HHv- �+`Qbb i?2 bT�+2 Q7 bT�`b2 bQHmiBQMb NNXk±yXkW

�M/ N3X9±yXj W Q7 i?2 r2B;?ib #2ir22M H�v2`b R@k �M/ k@j- `2bT2+iBp2Hv- �`2 x2`Q2/ -



kX8 L2irQ`F bT�`bB7B+�iBQM pB� T�i?@+QMM2+i2/ M2irQ`F b2ib jN

6B;m`2 kXR8, aT�`b2 M2irQ`F �`+?Bi2+im`2b /Bb+Qp2`2/ #v i`�p2`bBM; 6ASb BM
i?2 r2B;?i bT�+2X U6V aT�`b2 G2L2i +QMM2+iBpBiv pBbm�HBx2/ #v THQiiBM; p2`iB+�H HBM2b
BM +QHQ`@+Q/2/ `Qrb iQ `2T`2b2Mi MQM@x2`Q r2B;?ibX U"2HQrV "QtTHQi b?Qrb bT�`bBiv
�+`Qbb G2L2iǶb H�v2`bX U:V "QtTHQi b?Qrb i?2 bT�`bBiv �+`Qbb _2bL2i@kyǶb H�v2`b UQp2`
M4e bT�`bB}2/ _2bL2iǶbVX h?2 +�`iQQM #2HQr /2TB+ib i?2 _2bL2i@ky �`+?Bi2+im`2X

r?BH2 QMHv 8k±9W Q7 i?2 r2B;?ib #2ir22M H�v2`b j@9 �`2 x2`Q2/ QmiX h?2 /Bz2`2MiB�H

bT�`bB}+�iBQM �+`Qbb /Bz2`2Mi H�v2`b BM/B+�i2b i?�i +QMM2+iBQMb #2ir22M i?2 }`bi 72r

H�v2`b K�v +QMi�BM KQ`2 `2/mM/�M+v i?�M i?2 H�i2` H�v2`bX

h?2 bT�`b2 M2irQ`Fb /Bb+Qp2`2/ #v i`�p2`bBM; 6ASb ?�p2 � ?B;?2` i�bF@T2`7Q`K�M+2

i?�M i?2 QM2b /Bb+Qp2`2/ i?`Qm;? T`mM2@`2i`�BM +v+H2b 2KTHQv2/ rBi?BM 7`�K2rQ`Fb

HBF2 i?2 HQii2`v iB+F2i ?vTQi?2bBb UGh>V (6`�MFH2 �M/ *�`#BM- kyR3)U6B;X kXRj"VX

�+`Qbb � rB/2 `�M;2 Q7 bT�`bBiB2b U7`QK kyW iQ NNX9WV- 6AS /Bb+Qp2`b M2irQ`Fb i?�i

�`2 +QKT�`�#H2 BM i2bi �++m`�+v iQ i?Qb2 Q#i�BM2/ #v Gh>X h?2 6AS �HbQ /Bb+Qp2`b

2ti`2K2Hv bT�`b2 M2irQ`Fb rBi? ?B;?@T2`7Q`K�M+2X h?2 6AS K2i?Q/ }M/b � NNX9W

bT�`b2 M2irQ`F T2`7Q`KBM; �i �M �++m`�+v Q7 Ne±yXeW- r?BH2 i?2 Gh> bi`�i2;v }M/b

� NNX9W bT�`b2 M2irQ`F T2`7Q`KBM; �i NR±jW QM i?2 JLAah /�i�b2iX

h?2 6AS �H;Q`Bi?K b+�H2b iQ /Bb+Qp2` bT�`b2 +QmMi2`T�`ib Q7 *LL M2irQ`Fb rBi?

KmHiBTH2 H�v2`b �M/ bFBT +QMM2+iBQMbX q2 �TTHB2/ i?2 6AS 7`�K2rQ`F iQ bT�`bB7v i?2

_2bL2i@ky �`+?Bi2+im`2 (>2 2i �HX- kyRe) rBi? ir2Miv +QMpQHmiBQM�H H�v2`b- i`�BM2/ iQ

`2+Q;MBx2 BK�;2b Q7 �miQKQ#BH2b- �MBK�Hb �M/ K�M@K�/2 bi`m+im`2b 7`QK i?2 *A6�_@

Ry /�i�b2iX �Hi?Qm;? KQbi M2irQ`Fb b�KTH2/ 7`QK i?2 NjW bT�`b2 bm#K�MB7QH/ Q7



kXe S�i?@+QMM2+i2/ b2ib Q7 M2irQ`Fb +QM72` `Q#mbiM2bb �;�BMbi
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_2bL2iky M2irQ`Fb T2`7Q`K �i �++m`�+B2b #2ir22M R3 iQ jyW QM *A6�_Ry- �M 6AS

+QMbi`m+i2/ 7`QK � /2Mb2- i`�BM2/ _2bL2iky M2irQ`F iQ i?2 NjW bT�`b2 bm#K�MB7QH/

B/2MiB}2b ?B;? T2`7Q`K�M+2 bT�`b2 _2bL2iky M2irQ`Fb rBi? �++m`�+B2b #2ir22M 3k iQ

39XdW QM *A6�_RyX

GBF2 i?2 G2L2i 2t�KTH2- i?2 BMi2`@H�v2` +QMM2+iBpBiv Q7 bT�`b2 _2bL2i@ky M2irQ`Fb

�`2 /BbiBM+i HQ+�HHv- #mi ?�p2 ;HQ#�HHv +QMb2`p2/ T�ii2`MbX 6Q` BMbi�M+2- i?2 r2B;?ib

#2ir22M H�v2`b k iQ RN ?�p2 �M �p2`�;2 BMi2`@H�v2` bT�`bBiv Q7 38W r?BH2 ?�pBM; � K�t@

BKmK bT�`bBiv Q7 NNXkW- T`2b2Mi #2ir22M H�v2`b R3@RN UT2MmHiBK�i2 H�v2`V- �+`Qbb �HH

bT�`bB}2/ _2bL2iky M2irQ`Fb UBM 6B;X kXR8:V r2 }M/ i?�i r?BH2 i?2 r2B;?ib #2ir22M

H�v2` R@k U}`bi k H�v2`bV �M/ i?2 H�v2`b RN@ky UH�bi k H�v2`bV �`2 H2�bi bT�`bB}2/ U9RW

�M/ k9W bT�`b2 `2bT2+iBp2HvVX h?2 /Bz2`2MiB�H bT�`bB}+�iBQM �+`Qbb /Bz2`2Mi H�v2`b

TQBMib iQ i?2 7�+i i?�i i?2 `2/mM/�M+v BM _2bL2i@ky �`+?Bi2+im`2b Bb 2M+Q/2/ T`BK�`@

BHv #2ir22M H�v2`b j �M/ R3X h?2 6ASb /Bb+Qp2` ?B;? T2`7Q`K�M+2 bT�`b2 _2bL2iky

M2irQ`Fb QM � rB/2 `�M;2 Q7 bT�`b2 bm#K�MB7QH/b U7`QK kyW iQ N8WV i?�i �`2 �i T�`

rBi? i?2 T`mM2@`2i`�BM i2+?MB[m2b HBF2 i?2 HQii2`v iB+F2i ?vTQi?2bBb UGh>V (6`�MFH2

�M/ *�`#BM- kyR3)X

a2+iBQM kXe
S�i?@+QMM2+i2/ b2ib Q7 M2irQ`Fb +QM72`

`Q#mbiM2bb �;�BMbi �/p2`b�`B�H �ii�+F

h?2 T�i? +QMM2+i2/ b2ib Q7 M2irQ`Fb ;2M2`�i2/ #v i?2 6AS +�M �HbQ #2 �TTHB2/ iQ

T2`7Q`K BM72`2M+2 �M/ BM+`2�b2 i?2 `Q#mbiM2bb Q7 BM72`2M+2 i�bFb iQ /�i� T2`im`#�iBQMX

�Hi?Qm;? /22T M2irQ`Fb ?�p2 �+?B2p2/ `2K�`F�#H2 T2`7Q`K�M+2 QM BK�;2@`2+Q;MBiBQM

i�bFb- ?mK�M@BKT2`+2TiB#H2 �//BiBp2 T2`im`#�iBQMb- FMQrM �b �/p2`b�`B�H �ii�+Fb- +�M

#2 �TTHB2/ iQ �M BMTmi BK�;2 �M/ BM/m+2 +�i�bi`QT?B+ 2``Q`b BM /22T M2m`�H M2irQ`Fb

U6B;X kXRdVX h?2 6AS �H;Q`Bi?K T`QpB/2b �M 2{+B2Mi bi`�i2;v iQ BM+`2�b2 M2irQ`F

`Q#mbiM2bb �M/ KBiB;�i2 �/p2`b�`B�H 7�BHm`2 #v ;2M2`�iBM; T�i?@+QMM2+i2/ b2ib Q7 M2i@
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6B;m`2 kXRe, 6ASb BM r2B;?i bT�+2 ;2M2`�i2 2Mb2K#H2b Q7 M2irQ`Fb i?�i +QM@
72` �/p2`b�`B�H `Q#mbiM2bb U�V a+?2K�iB+ iQ ;2M2`�i2 6AS 2Mb2K#H2 US1-XXX-S4V #v
b�KTHBM; M2irQ`Fb �HQM; 6AS UTm`TH2 /Qii2/ HBM2V #2;BMMBM; �i M2irQ`F@L1X 6AS Bb
+QMbi`m+i2/ #v B/2MiB7vBM; � b2`B2b Q7 r2B;?i T2`im`#�iBQMb i?�i KBMBKBx2 i?2 /Bbi�M+2
KQp2/ BM M2irQ`FbǶ QmiTmi bT�+2X

6B;m`2 kXRd, �/p2`b�`B�H BK�;2bX P`B;BM�H *A6�_Ry BK�;2b UH27iV �M/ �/p2`b�`B�H
*A6�_@Ry BK�;2b U`B;?iV �`2 b?QrMX h?2 i2ti@H�#2Hb UH27i- `B;?iV �#Qp2 i?2 BK�;2b
�`2 T`2/B+iBQMb K�/2 #v � M2irQ`F i`�BM2/ QM *A6�_@RyX h`�BM2/ M2irQ`FbǶ �++m`�+v
QM i?2 Q`B;BM�H �M/ �/p2`b�`B�H BK�;2b �`2 b?QrM #2HQrX

rQ`Fb rBi? /Bp2`b2 r2B;?ibX q2- i?2M- �TTHv i?2 T�i? +QMM2+i2/ M2irQ`F b2ib iQ

T2`7Q`K `Q#mbi BK�;2 +H�bbB}+�iBQM #v �p2`�;BM; i?2B` QmiTmiX

hQ /2KQMbi`�i2 i?�i i?2 6AS �H;Q`Bi?K +�M KBiB;�i2 �/p2`b�`B�H �ii�+Fb- r2

i`�BM2/ � Re H�v2`2/ *LL- o::Re rBi? Rjy KBHHBQM T�`�K2i2`b iQ +H�bbB7v *A6�_Ry

BK�;2b rBi? 92W i2bi �++m`�+vX q2- i?2M- ;2M2`�i2/ �/p2`b�`B�H i2bi BK�;2b mbBM;

i?2 T`QD2+i2/ ;`�/B2Mi /2b+2Mi �ii�+F bi`�i2;vX PM �/p2`b�`B�H i2bi BK�;2b- i?2 T2`@

7Q`K�M+2 Q7 o::Re /`QTT2/ iQ 37W U6B;X kXR3*- 6B;X kXRN.VX hQ KBiB;�i2 i?2

�/p2`b�`B�H T2`7Q`K�M+2 HQbb- r2 �TTHB2/ i?2 6AS �H;Q`Bi?K iQ ;2M2`�i2 �M 2Mb2K#H2

Q7 7mM+iBQM�HHv BMp�`B�Mi M2irQ`Fb #v b2iiBM; L = 0 BM i?2 QTiBKBx�iBQM T`Q#H2K BM
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6B;m`2 kXR3, �/p2`b�`B�H `Q#mbiM2bb +QM72``2/ #v 6AS@/Bb+Qp2`2/ 2Mb2K#H2b
Q7 M2irQ`Fb U*V UhQTV GBM2@THQi UbQHB/V b?Qrb i?2 BM/BpB/m�H M2irQ`F T2`7Q`K�M+2
QM �/p2`b�`B�H BMTmib- U/�b?2/V b?Qrb i?2 DQBMi 2Mb2K#H2 �++m`�+v QM �/p2`b�`B�H
BMTmib- 7Q` 6AS 2Mb2K#H2 UTm`TH2V �M/ .22TL2i 2Mb2K#H2 UQ`�M;2VX UB-BB@G27iV 6AS
2Mb2K#H2 BM Tm`TH2 US1-S2-XXX-S10V �M/ .22TL2i 2Mb2K#H2 BM Q`�M;2 UL1-L2-XXX-L10V
�`2 pBbm�HBx2/ QM r2B;?i bT�+2 S*�X UB-BB@_B;?iV >2�iK�Tb /2TB+i +H�bbB}+�iBQM b+Q`2
Q7 M2irQ`Fb BM 6AS 2Mb2K#H2 �M/ .22TL2i 2Mb2K#H2 QM e8k3 �/p2`b�`B�H *A6�_@Ry
2t�KTH2bX

1[@kX9 �M/ b2iiBM; hd�dt ,
d�
dt i;*A6�_Ry iQ #2 i?2 /Bbi�M+2 KQp2/ BM i?2 M2irQ`FbǶ QmiTmi

bT�+2 7Q` *A6�_@Ry BK�;2bX

>�pBM; +QMbi`m+i2/ i?2 6AS BM i?2 r2B;?i bT�+2- r2 BMi`Q/m+2 � b2H2+iBQM@+`Bi2`B�

iQ b�KTH2 /Bp2`b2 M2irQ`Fb �HQM; i?2 6AS iQ +QMbi`m+i i?2 6AS 2Mb2K#H2X �b r2 r�Mi

i?2 6AS 2Mb2K#H2 iQ #2 `Q#mbi iQ �/p2`b�`B�H BMTmi T2`im`#�iBQM- r2 ;2M2`�i2 `�M/QK

T2`im`#�iBQMb BM i?2 BK�;2 bT�+2 UrBi?BM �M ✏@H1 #�HHV �M/ +QKTmi2 i?2 /Bbi�M+2

KQp2/ BM i?2 M2irQ`FbǶ QmiTmi bT�+2 7Q` � bK�HH T2`im`#�iBQM BM i?2 BK�;2@bT�+2X q2

`2+Q`/ i?2 /Bbi�M+2 KQp2/ BM i?2 M2irQ`FbǶ QmiTmi bT�+2 U�+`Qbb �HH M2irQ`Fb BM i?2

+QMbi`m+i2/ 6ASV �M/ THQi � /Bbi`B#miBQM Q7 i?2 /Bbi�M+2 KQp2/ BM i?2 QmiTmi bT�+2

7Q` � bK�HH T2`im`#�iBQM BM i?2 BK�;2@BMTmi bT�+2X AM 6B;X kXky�- r2 }M/ i?�i bQK2
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6B;m`2 kXRN, *QKT�`BM; �/p2`b�`B�H `Q#mbiM2bb �+`Qbb /Bz2`2Mi #2M+?K�`FbX
U.V "QtTHQi +QKT�`2b �/p2`b�`B�H �++m`�+v UQp2` RyF �/p2`b�`B�H 2t�KTH2bV �+`Qbb /B7@
72`2Mi 2Mb2K#HBM; i2+?MB[m2b UM4j i`B�HbVX U1V >BbiQ;`�K Q7 +Q?2`2M+2 p�Hm2b 7Q` 6AS
UTm`TH2V �M/ .22TL2i 2Mb2K#H2 UQ`�M;2VX U6V "QtTHQi b?Qrb i?2 2Mb2K#H2 /Bp2`bBiv
b+Q`2 �+`Qbb o::Re H�v2`b Qp2` M4Ryyy *A6�_Ry BK�;2 BMTmibX h?2 +�`iQQM #2HQr
/2TB+ib i?2 o::Re M2irQ`F �`+?Bi2+im`2X

M2irQ`Fb �HQM; i?2 6AS 2t?B#Bi bK�HH2` T2`im`#�iBQM BM i?2 QmiTmi bT�+2 �M/ ?�p2

� M�``Qr2` /Bbi`B#miBQM �+`Qbb RyF T2`im`#2/ i`�BMBM; BMTmib- r?BH2 Qi?2`b 2t?B#Bi

H�`;2` T2`im`#�iBQM BM i?2 QmiTmi bT�+2X q2 +?QQb2 M2irQ`Fb i?�i 2t?B#Bi � bK�HH2`

T2`im`#�iBQM BM i?2 QmiTmi bT�+2 7Q` +QMbi`m+iBM; i?2 6AS 2Mb2K#H2X q2 mb2 i?2 6AS

2Mb2K#H2 iQ +H�bbB7v BK�;2b #v bmKKBM; i?2 ǵbQ7iK�t2/Ƕ QmiTmib Q7 i?2 2Mb2K#H2X

lbBM; �M 2Mb2K#H2 Q7 i2M M2irQ`Fb b�KTH2/ �HQM; �M 6AS- r2 �+?B2p2 �++m`�+v

Q7 55.61 ± RXR W bm`T�bbBM; i?2 T2`7Q`K�M+2 Q7 i?2 .22TL2i 2Mb2K#H2 T2`7Q`K�M+2

U+QKTQb2/ Q7 Ry BM/2T2M/2MiHv i`�BM2/ /22T M2irQ`FbV #v kyXekW U6B;X kXR3*VX h?2

6AS 2Mb2K#H2Ƕb �/p2`b�`B�H T2`7Q`K�M+2 �HbQ bm`T�bb2b Qi?2` bi�i2 Q7 i?2 �`i 2Mb2K#H2

�TT`Q�+?2b BM+Hm/BM; �/�TiBp2 .Bp2`bBiv T`QKQiBM; U�.S- 43.84 ± 7.8WV 2Mb2K#H2
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6B;m`2 kXky, 6AS 2Mb2K#H2 +QMbi`m+iBQM U�V .Bbi`B#miBQM Q7 /Bbi�M+2b KQp2/ BM
M2irQ`FbǶ QmiTmi bT�+2 Qp2` RyF BK�;2@BMTmib T2`im`#2/ rBi?BM ✏@H1 #�HH- 7Q` BM/B@
pB/m�H M2irQ`Fb �HQM; i?2 6ASX U"V *QKT�`BM; /Bbi`B#miBQM Q7 /Bbi�M+2b KQp2/ BM
M2irQ`FbǶ QmiTmi bT�+2 Qp2` RyF BK�;2@BMTmib T2`im`#2/ rBi?BM ✏@H1 #�HH- 7Q` BM/B@
pB/m�H M2irQ`Fb BM i?2 6AS 2Mb2K#H2 U#Hm2V �M/ M2irQ`Fb BM i?2 .L 2Mb2K#H2 U`2/VX
U*V .Bbi`B#miBQM Q7 /Bbi�M+2b KQp2/ BM M2irQ`FbǶ QmiTmi bT�+2 Qp2` RyF BK�;2@BMTmib
T2`im`#2/ rBi?BM ✏@H1 #�HH- 7Q` i?2 2MiB`2 6AS 2Mb2K#H2 U#Hm2V �M/ i?2 2MiB`2 .L
2Mb2K#H2 U`2/VX

�M/ i?2 6�bi :2QK2i`B+ 1Mb2K#HBM; U6:1- 41.7 ± 0.34V K2i?Q/X h?2 irQ 7�+iQ`b

+QMi`B#miBM; iQ i?2 6AS 2Mb2K#H2Ƕb `Q#mbiM2bb �`2 UBV ?B;? BMi`�@2Mb2K#H2 r2B;?i /B@

p2`bBiv- +�H+mH�i2/ #v i?2 `2T`2b2Mi�iBQM /Bp2`bBiv b+Q`2 UamTTH2K2Mi�`vV �M/ UBBV HQr

+Q?2`2M+2 UamTTH2K2Mi�`vV rBi? � i`�BM2/ bm``Q;�i2 M2irQ`F Umb2/ iQ ;2M2`�i2 �/@

p2`b�`B�H BK�;2bV U6B;X kXRN1-6VX 6AS L2irQ`Fb ?�p2 � ?B;?2` `2T`2b2Mi�iBQM /Bp2`bBiv

b+Q`2 BM i?2B` 2�`Hv T`Q+2bbBM; H�v2`b- 7`QK G�v2` R iQ H�v2` e- r?2M +QKT�`2/ iQ i?2

.22TL2i 2Mb2K#H2- BM/B+�iBM; i?�i BM/BpB/m�H M2irQ`Fb BM i?2 6AS 2Mb2K#H2 2ti`�+i

/Bz2`2Mi b2ib Q7 HQ+�H 72�im`2b 7`QK i?2 �/p2`b�`B�H BK�;2- T`2p2MiBM; M2irQ`Fb iQ `2Hv

QM bBKBH�` bTm`BQmb +Q``2H�iBQMb 7Q` BK�;2 +H�bbB}+�iBQMX

:2M2`�iBM; � H�`;2 /Bp2`b2 b2i Q7 7mM+iBQM�HHv bBKBH�` M2irQ`Fb 2M�#H2b mb iQ
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B/2MiB7v M2irQ`Fb i?�i 2t?B#Bi bK�HH2` T2`im`#�iBQM BM i?2 QmiTmi bT�+2 7Q` �M ✏@

T2`im`#�iBQM BM i?2 BMTmi bT�+2- r?2M +QKT�`2/ iQ i?2 M2irQ`Fb BM i?2 .22TL2i

2Mb2K#H2 U+QKTQb2/ Q7 Ry BM/2T2M/2MiHv i`�BM2/ /22T M2irQ`FbV- �b b22M BM 6B;X

kXky"-*X h?2 #Hm2 ?BbiQ;`�K +Q``2bTQM/b iQ i?2 QmiTmi /Bbi�M+2 /Bbi`B#miBQM Q7 M2i@

rQ`Fb BM i?2 6AS- r?BH2 i?2 `2/ ?BbiQ;`�K +Q``2bTQM/b iQ i?2 QmiTmi /Bbi�M+2 /Bbi`B@

#miBQMb Q7 M2irQ`Fb BM i?2 .22TL2i 2Mb2K#H2X

a2+iBQM kXd
6AS 2M/Qrb ~2tB#BHBiv iQ p2`v H�`;2 bvbi2Kb

URyyb Q7 KBHHBQMb Q7 T�`�K2i2`bV

6B;m`2 kXkR, 6ASb BM H�`;2 i`�Mb7Q`K2` #�b2/ H�M;m�;2 KQ/2H U"1_hV r2B;?i
bT�+2X U�- "UH27iVV j. HBM2THQi r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7 Rk@H�v2`2/
"1_h KQ/2Hb rBi? Rk �ii2MiBQM ?2�/b T2` H�v2` BM S*� bT�+2X U�V 6AS 7`QK T`2@
i`�BM2/ /2Mb2 "1_h U#H�+F +B`+H2V /Bb+Qp2`b ?B;?@T2`7Q`K�M+2 bT�`b2 +QmMi2`T�`ib
UH�#2H2/ TW bT�`b2 "1_h- r?2`2 T 2 [20, 30, ...95] VX h�#H2 b?Qrb ǳ6BHH BM i?2 J�bFǴ
i`�BMBM; b�KTH2 �M/ bT�`b2 "1_h T`2/B+iBQMb Q7 i?2 K�bF2/ rQ`/ �HQM;bB/2 i?2 +QM@
}/2M+2 b+Q`2X U"- H27iV u2HT@"1_h `2i`�BM2/ QM AJ." mbBM; 6AS UTm`TH2V �M/ M�Bp2
`2i`�BMBM; U#Hm2VX U"- `B;?iV "1_h T2`7Q`K�M+2 QM u2HT �M/ AJ."X

*QM+2Tim�HHv- i?2 KQbi BKTQ`i�Mi �bT2+i Q7 i?2 6AS 7`�K2rQ`F Bb i?�i Bi mMB}2b �

b2`B2b Q7 K�+?BM2 H2�`MBM; K2i�@i�bFb U+QMiBMm�H H2�`MBM;- bT�`bB}+�iBQMV BMiQ � bBM;H2

K�i?2K�iB+�H 7`�K2rQ`F- mHiBK�i2Hv 2M/QrBM; ~2tB#BHBiv iQ i?2 bvbi2KX J�i?2K�iB@

+�HHv- r?2M r2 bQHp2 1[m�iBQM kX9 rBi? � ;Bp2M b2+QM/�`v HQbb 7mM+iBQM- r2 KQp2 �M
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2tBbiBM; M2irQ`F rUyV �HQM; � T�i? BM r2B;?i bT�+2 ;2M2`�iBM; � M2r M2irQ`F rUiV

r?2`2 i?2 T�`�K2i2` t BM+`2K2Mib i?2 H2M;i? Q7 � T�i?X 1�+? �//BiBQM�H HQbb 7mM+iBQM

;2M2`�i2b � M2r i`�Mb7Q`K�iBQM Q7 � #�b2 M2irQ`F- 7Q` 2t�KTH2- ;2M2`�iBM; � M2irQ`F

�/Dmbi2/ iQ �++QKKQ/�i2 �M �//BiBQM�H /�i� �M�HvbBb T`Q#H2K Q` � b2+QM/�`v Q#D2+@

iBp2 HBF2 bT�`bB}+�iBQMX L2irQ`F i`�Mb7Q`K�iBQM K�Tb +�M #2 Bi2`�i2/ �M/ �TTHB2/ iQ

;2M2`�i2 � 7�KBHv Q7 M2m`�H M2irQ`Fb QTiBKBx2/ 7Q` /BbiBM+i bm#@i�bFbX h?2 `2bmHiBM;

T�i? +QMM2+i2/ b2i Q7 M2m`�H M2irQ`Fb +�M i?2M #2 [m2`B2/ 7Q` M2irQ`Fb i?�i �+?B2p2

bT2+B}+ mb2` ;Q�Hb Q` bQHp2 �//BiBQM�H K�+?BM2 H2�`MBM; T`Q#H2KbX

h?2 T`Q#H2K Q7 +mbiQKBx�iBQM Bb T�`iB+mH�`Hv BKTQ`i�Mi 7Q` i`�Mb7Q`K2` M2irQ`Fb

i?�i ?�p2 `2+2MiHv 2K2`;2/ �b bi�i2 Q7 i?2 �`i �`+?Bi2+im`2b BM M�im`�H H�M;m�;2 T`Q@

+2bbBM; (o�br�MB 2i �HX- kyRdc "`QrM 2i �HX- kykyc GBm 2i �HX- kyRNc qQH7 2i �HX- kyky)X

q2 �TTHB2/ i?2 Bi2`�iBp2 6AS 7`�K2rQ`F iQ ;2M2`�i2 � H�`;2 MmK#2` Q7 M�im`�H H�M@

;m�;2 T`Q+2bbBM; M2irQ`Fb +mbiQKBx2/ 7Q` /Bz2`2Mi bm#@i�bFb �M/ bT�`bB}+�iBQM ;Q�HbX

h`�Mb7Q`K2` M2irQ`Fb BM+Q`TQ`�i2 H�v2`b Q7 �ii2MiBQM ?2�/b i?�i T`QpB/2 +QMi2tim�H

r2B;?i 7Q` TQbBiBQMb BM � b2Mi2M+2X h`�Mb7Q`K2` M2irQ`Fb �`2 Q7i2M i`�BM2/ QM �

;2M2`B+ H�M;m�;2 T`Q+2bbBM; i�bF HBF2 b2Mi2M+2 +QKTH2iBQM r?2`2 i?2 M2irQ`F Kmbi

BM72` KBbbBM; Q` K�bF2/ rQ`/b BM � b2Mi2M+2X JQ/2Hb �`2- i?2M- }M2 imM2/ 7Q` bT2@

+B}+ T`Q#H2Kb BM+Hm/BM; b2MiBK2Mi �M�HvbBb- [m2biBQM �Mbr2`BM;- i2ti ;2M2`�iBQM- �M/

;2M2`�H H�M;m�;2 mM/2`bi�M/BM; (o�br�MB 2i �HX- kyRd)X h`�Mb7Q`K2` M2irQ`Fb �`2

H�`;2 +QMi�BMBM; ?mM/`2/b Q7 KBHHBQMb Q7 r2B;?ib- �M/ bQ KQ/2H +mbiQKBx�iBQM +�M #2

+QKTmi�iBQM�HHv BMi2MbBp2X

q2 �TTHB2/ i?2 6AS 7`�K2rQ`F iQ T2`7Q`K � b2`B2b Q7 KQ/2H +mbiQKBx�iBQM i�bFb

i?`Qm;? Bi2`�iBp2 �TTHB+�iBQM Q7 6AS i`�Mb7Q`K�iBQMb QM /BbiBM+i ;Q�HbX h?2 "1_h

M2irQ`F ?�b � iQi�H Q7 ir2Hp2 H�v2`b- Q` i`�Mb7Q`K2` #HQ+Fb- rBi? Rk b2H7@�ii2MiBQM ?2�/b

BM 2�+? H�v2` �M/ � iQi�H Q7 RRy KBHHBQM T�`�K2i2`b (.2pHBM 2i �HX- kyR3)X lbBM; i?2 6AS

7`�K2rQ`F- r2 �TTHB2/ irQ QT2`�iBQMb U*QMiBMm�H G2�`MBM; U*GV- *QKT`2bbBQM U*QVV

b2[m2MiB�HHv iQ "1_h KQ/2Hb i`�BM2/ QM � `�M;2 Q7 H�M;m�;2 i�bFb- #v +QMbi`m+iBM;
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6ASb BM i?2 "1_h r2B;?i bT�+2 mbBM; /Bz2`2Mi Q#D2+iBp2 7mM+iBQMb UL(t,r)V r?BH2

bQHpBM; i?2 QTiBKBx�iBQM T`Q#H2K BM 1[@kX9X q2- }`bi- /2KQMbi`�i2/ i?�i i?2 6AS

7`�K2rQ`F �HHQr2/ mb iQ ;2M2`�i2 p2`bBQMb Q7 i?2 #�b2 "1_h KQ/2H i?�i �`2 +mb@

iQKBx2/ 7Q` bBM;H2@bm#@i�bFbX 6Q` 2t�KTH2- r2 bT�`bB}2/ "1_h- ;2M2`�iBM; M2irQ`Fb

rBi? 20 � 80W r2B;?ib b2i iQ x2`Q U6B;X kXkR�VX aBKBH�`Hv- r2 �TTHB2/ i?2 6AS iQ

�/Dmbi i?2 #�b2 "1_h KQ/2H- i`�BM2/ QM b2Mi2M+2 +QKTH2iBQM- iQ T2`7Q`K b2MiBK2Mi

�M�HvbBb QM u1GS �M/ AJ." KQpB2 `2pB2rbX

6AS �HH2pB�i2b *6 BM H�`;2 H�M;m�;2 KQ/2Hb U"1_hV

6B;m`2 kXkk, 6ASb BM H�`;2 i`�Mb7Q`K2` #�b2/ H�M;m�;2 KQ/2H U"1_hV r2B;?i
bT�+2X UG27iV j. HBM2THQi r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7 Rk@H�v2`2/ "1_h
KQ/2Hb rBi? Rk �ii2MiBQM ?2�/b T2` H�v2` BM S*� bT�+2X h`�BMBM; "1_h UT`2pBQmbHv
i`�BM2/ QM u2HTV QM AJ." `2pB2rb pB� +QMp2MiBQM�H i`�BMBM; U#Hm2V �M/ pB� 6AS
UTm`TH2VX U_B;?iV k. HBM2THQib b?Qr "1_h T2`7Q`K�M+2 QM u2HT@`2pB2rb U#Hm2V �M/
AJ."@`2pB2rb UQ`�M;2V 7Q` 6AS U�#Qp2V �M/ +QMp2MiBQM�H i`�BMBM; U#2HQrVX 1t�KTH2
i2bi b�KTH2 7`QK u2HT �M/ AJ." /�i�b2i- rBi? i?2 T`2/B+iBQM #v "1_h �HQM; 6ASX

h`�BMBM; "1_h iQ /2i2+i +mbiQK2` QTBMBQMb Q7 � T`Q/m+i #�b2/ QM i2ti `2pB2rb

H27i QM r2#bBi2b HBF2 u2HT Q` AJ."- `2bmHib BM +�i�bi`QT?B+ 7Q`;2iiBM;- 2bT2+B�HHv r?BH2

b2[m2MiB�HHv i`�BMBM; QM KmHiBTH2 mb2`@`2pB2r /�i�b2ib Ub�v- v2HT@`2pB2rb 7QHHQr2/ #v

AJ."VX h?2 HBM2 THQib BM 6B; kXkk U`B;?iV /2KQMbi`�i2 i?�i +QMp2MiBQM�H i`�BMBM;
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Q7 "1_h QM AJ." `2pB2rb BM+`2�b2b Bib T2`7Q`K�M+2 QM b2MiBK2Mi +H�bbB}+�iBQM QM

AJ." U7`QK yW iQ NkW- Q`�M;2V r?BH2 �#`mTiHv 7Q`;2iiBM; b2MiBK2Mi �M�HvbBb QM

u2HT@`2pB2rb U/`QTTBM; 7`QK �M �++m`�+v Q7 eNXNW iQ RdW- #Hm2V rBi?BM jy i`�BMBM;

bi2TbX q2 +B`+mKp2Mi *6 BM "1_h #v bQHpBM; i?2 QTiBKBx�iBQM T`Q#H2K BM 1[@kX9

#v b2iiBM; L(t,r) �b i?2 HQbb 7mM+iBQM bT2+B}2/ #v i?2 M2r i�bF UAJ." b2MiBK2Mi@

�M�HvbBbV �M/ hd�dt ,
d�
dt i;h�bF�1

�b i?2 /Bbi�M+2 KQp2/ BM QmiTmi bT�+2 7Q` � bK�HH 7`�+iBQM

Q7 BMTmib UyXjWV b�KTH2/ 7`QK i?2 T`2pBQmb i�bF Uu2HT `2pB2r@`�iBM;VX h?2 HBM2 THQib

BM 6B; kXkk� U`B;?iV /2KQMbi`�i2 i?�i i`�p2`bBM; i?2 6AS K�BMi�BMb "1_h T2`7Q`@

K�M+2 QM u2HT@`2pB2rb U�i dyW- #Hm2V r?BH2 BM+`2�bBM; Bib �++m`�+v QM AJ." `2pB2r

+H�bbB}+�iBQM U7`QK yW iQ NkW- Q`�M;2VX h?2 6AS BM "1_h r2B;?i bT�+2 U6B;X kXkk�

UH27iV- Tm`TH2V Bb Km+? HQM;2` i?�M i?2 `Qmi2 i�F2M #v +QMp2MiBQM�H i`�BMBM; U6B;X kXkk

UH27iV- #Hm2V- 2M�#HBM; ;HQ#�H 2tTHQ`�iBQM Q7 i?2 "1_h r2B;?i@H�M/b+�T2 iQ B/2MiB7v

M2irQ`Fb i?�i bBKmHi�M2QmbHv K�BMi�BM T2`7Q`K�M+2 QM u2HT@`2pB2rb r?BH2 H2�`MBM;

i?2 AJ." b2MiBK2Mi +H�bbB}+�iBQMX

kXdXRX 6AS mb2/ iQ �TTHv ǵi�bFǶ �`Bi?K2iB+ BM b2[m2M+2

6B;m`2 kXkj, oBbm�HBxBM; 6ASb BM "1_h r2B;?i bT�+2 U*-. UH27iVV j. HBM2THQi
r?2`2 /Qib �`2 r2B;?i +QM};m`�iBQMb Q7 Rk@H�v2`2/ "1_h KQ/2Hb rBi? Rk �ii2MiBQM
?2�/b T2` H�v2` BM S*� bT�+2X U*- H27iV 6AS BMBiB�HHv B/2MiB7v ?B;? T2`7Q`K�M+2 bT�`b2
"1_hb U7Q` bT�`bBiB2b `�M;BM; 7`QK RyW iQ 3yWV 7QHHQr2/ #v `2@i`�BMBM; QM AJ."X
U*- `B;?iV "1_h �++m`�+v QM u2HT UbQHB/V �M/ AJ." U/�b?2/V /�i�b2i �HQM; i?2 6ASX
U.- H27iV 6AS BMBiB�HHv `2i`�BMb "1_h QM M2r i�bF UAJ."V �M/ i?2M /Bb+Qp2`b � `�M;2
Q7 bT�`b2 "1_hbX U.- `B;?iV "1_h �++m`�+v QM u2HT UbQHB/V �M/ AJ." U/�b?2/V
/�i�b2i �HQM; i?2 6ASX

L2ti- r2 /2KQMbi`�i2/ i?�i r2 +QmH/ �TTHv i?2 QT2`�iBQMb *G �M/ *Q BM b2[m2M+2X
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"2;BMMBM; rBi? i?2 "1_h #�b2 KQ/2H- r2 �TTHB2/ i?2 6AS KQ/2H iQ ;2M2`�i2 M2irQ`Fb

i?�i +QmH/ T2`7Q`K u1GS �M/ AJ." b2MiBK2Mi �M�HvbBb- �M/ i?2M +QKT`2bb2/ i?2

`2bmHiBM; M2irQ`Fb iQ ;2M2`�i2 6 /BbiBM+i M2irQ`Fb rBi? bT�`bBiv `�M;BM; 7`QK 10�60W

r?2`2 �HH bT�`bB}2/ M2irQ`Fb K�BMi�BM2/ T2`7Q`K�M+2 QM i?2 b2MiBK2Mi �M�HvbBb i�bFb

U6B;X kXkj*VX q2- i?2M- T2`7Q`K2/ i?2 b�K2 QT2`�iBQMb #mi +?�M;2/ i?2 Q`/2` Q7

QT2`�iBQMbX q2- }`bi- bT�`bB}2/ i?2 #�b2 "1_h KQ/2H iQ i?2 b�K2 bBt bT�`bB}+�iBQMb

�M/- i?2M- �TTHB2/ i?2 *G QT2`�iBQM iQ bm#@i`�BM i?2 `2bmHiBM; KQ/2Hb QM AJ."

b2MiBK2Mi �M�HvbBbX h?2 KQ/2Hb ;2M2`�i2/ i?`Qm;? �TTHB+�iBQM Q7 *G@*QUrV �M/ *Q@

*GUrV �+?B2p2/ bBKBH�` 7mM+iBQM�H T2`7Q`K�M+2 BM i2`Kb Q7 bT�`bB}+�iBQM �M/ i�bF

T2`7Q`K�M+2 #mi ?�/ /BbiBM+i r2B;?i +QM};m`�iBQMbX

kXdXkX 6ASb BM "1_h `2i�BMb M�im`�H H�M;m�;2 mM/2`bi�M/BM;

AM i?2 K�BM@i2ti U6B;X kXkjV- r2 /2KQMbi`�i2/ i?�i r2 +�M +QKT`2bb � T`2@i`�BM2/

"1_h iQ p�`vBM; H2p2Hb Q7 bT�`bBiv QM � b2Mi2M+2 +QKTH2iBQM i�bF UK�bF2/ H�M;m�;2

KQ/2HBM; i�bFV #v i`�p2`bBM; 6ASb BM i?2 "1_h r2B;?i bT�+2X h?2 HBM2 THQi BM 6B;X

kXk9* b?Qrb i?�i bT�`b2` +QmMi2`T�`ib /Bb+Qp2`2/ #v i?2 6AS K�BMi�BM i?2B` T2`TH2tBiv

b+Q`2 UK2i?Q/bV �b � 7mM+iBQM Q7 BM+`2�bBM; bT�`bBiv- BM/B+�iBM; i?�i "1_hb rBi? 3yW

Q7 i?2B` r2B;?ib UT�`�K2i2`bV b2i iQ x2`Q `2i�BM i?2B` �#BHBiv iQ T�`b2 b2Mi2M+2b �M/ }M/

�TT`QT`B�i2 rQ`/b 7Q` i?2 }HH@BM@i?2@#H�MFb i�bF U6B;X kXkR� Ui�#H2VVX �//BiBQM�HHv-

r2 }M/ i?�i i?2 6AS H2M;i? BM r2B;?i bT�+2 7`QK i?2 T`2@i`�BM2/ "1_h iQ Bib bT�`b2`

+QmMi2`T�`ib BM+`2�b2b rBi? i?2 /2;`22 Q7 bT�`bB}+�iBQMX AM 6B;X kXkR�- r2 }M/ i?�i

i?2 6AS H2M;i? UK2i?Q/bV iQ i?2 3yW bT�`b2 "1_h Bb NeXN8W HQM;2` i?�M i?2 6AS

H2M;i? iQ i?2 kyW bT�`b2 "1_hX

6AS i`�p2`b�H /Bb+Qp2`b bT�`b2 "1_hb i?�i `2i�BM i?2B` �#BHBiv QM ;2M2`�H H�M;m�;2

mM/2`bi�M/BM; i�bFb U:Gl1V q�M; 2i �HX- kyR3X P`B;BM�iBM; 7`QK /2Mb2 "1_hb

}M2@imM2/ QM p�`BQmb :Gl1 i�bFb- i?2 6ASb /Bb+Qp2` bT�`b2 "1_hb i?�i T2`7Q`K

rBi?BM R8W �++m`�+v Q7 i?2B` /2Mb2 +QmMi2`T�`ib �b b?QrM BM #�`THQi Q7 6B;X kXk9.X
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6B;m`2 kXk9, 6ASb BM H�`;2 i`�Mb7Q`K2` #�b2/ H�M;m�;2 KQ/2H U"1_hV r2B;?i
bT�+2X U�V 6AS 7`QK "1_hǶb }M2@imM2/ QM :Gl1 i�bF iQ i?2B` TW bT�`b2 +QmMi2`@
T�`iX .Qib BM j/ HBM2THQi �`2 r2B;?i +QM};m`�iBQMb Q7 Rk@H�v2`2/ "1_h KQ/2Hb rBi?
Rk �ii2MiBQM ?2�/b T2` H�v2` BM S*� bT�+2X G2;2M/ �##`2pB�iBQMb �`2 i?2 /Bz2`2Mi
:Gl1 i�bFb �M/ "1_h bT�`bBiv- 2H�#Q`�i2/ BM i?2 i2tiX h�#H2 b?Qrb i2bi 2t�KTH2
7`QK ZZS i�bF �M/ i?2 BM72`2M+2 7`QK � NyW bT�`b2 "1_hX U"V "B`/b 2v2pB2r Q7
�ii2MiBQM �+`Qbb �HH H�v2`b �M/ �ii2MiBQM ?2�/b 7Q` � bT2+B}+ BMTmi QM �M 3yW bT�`b2
"1_hX "QtTHQi U`B;?iV b?Qrb bT�`bBiv /Bbi`B#miBQM Q7 �ii2MiBQM ?2�/b BM 2�+? H�v2`
�+`Qbb �HH i?2 "1_h H�v2`bX oBbm�HBxBM; �ii2MiBQM T�ii2`Mb Q7 � bBM;H2 �ii2MiBQM ?2�/
BM � H�v2` 7Q` � bT2+B}+ BMTmi Ǵi?2 +�i b�i QM i?2 K�iXǴ U*V S2`TH2tBiv b+Q`2 7Q` bT�`b2
"1_h UbQHB/ #Hm2V �M/ /2Mb2 "1_h U/�b?2/ #Hm2VX U.V :Gl1 T2`7Q`K�M+2 Q7 /2Mb2
"1_h U#H�+FV �M/ TW bT�`b2 "1_h U#Hm2VX

h?2 ZZS UZmQ`� [m2biBQM T�B`bV i�bF U6B;X kXk9�V i?�i BMpQHp2b /2i2+iBM; B7 irQ

[m2biBQMb �`2 T�`�T?`�b2/ p2`bBQMb Q7 2�+? Qi?2` +�M #2 T2`7Q`K2/ #v i?2 NyW bT�`b2

"1_h- bm;;2biBM; i?�i ZZS@HBF2 i�bFb ?�p2 HQr2` i�bF@+QKTH2tBiv i?�M _h1@HBF2

i�bFb U`2+Q;MBxBM; i2tim�H 2Mi�BHK2MiVX

AM 6B;X kXk9"- r2 }M/ i?�i i?2 �ii2MiBQM ?2�/b BM 2�+? H�v2` �`2 2[m�HHv mMB7Q`KHv

bT�`bB}2/ Ub22 p�`B�M+2 Q7 i?2 #QtTHQi BM 6B;X kXk9" U`B;?iVV bm;;2biBM; i?�i �HH �i@

i2MiBQM ?2�/b rBi?BM � H�v2` �`2 2[m�HHv `2H2p�Mi 7Q` i?2 +QMbB/2`2/ H�M;m�;2 i�bFX AM

6B;X kXk9"- r2 }M/ i?�i �ii2MiBQM ?2�/b �+`Qbb /Bz2`2Mi H�v2`b BM i?2 3yW bT�`bB}2/

"1_h ?�b bm#iHv /Bz2`2Mi �ii2MiBQM K2+?�MBbKb- �b 2p2`v rQ`/ BM i?2 b2Mi2M+2 �i@



kXd 6AS 7Q` H�`;2 H�M;m�;2 KQ/2Hb 8R

i2M/b iQ /Bz2`2Mi b2;K2Mib Q7 i?2 BMTmi b2Mi2M+2 BM+Q`TQ`�iBM; /Bz2`2Mi +QMi2tim�H

BM7Q`K�iBQMX 6Q` BMbi�M+2- 2�+? rQ`/ BM i?2 kM/ �ii2MiBQM ?2�/ Q7 H�v2` k �ii2M/b iQ

Bib M2ti rQ`/ BM i?2 b2Mi2M+2- �HH i?2 rQ`/b BM i?2 8i? �ii2MiBQM ?2�/ Q7 H�v2` d �ii2M/

iQ i?2 ǵbm#D2+iǶ Uǳ+�iǴV Q7 i?2 BMTmi b2Mi2M+2- r?BH2 i?2 MQmMb Uǳ+�i-Ǵ ǳK�iǴV BM i?2

ei? �ii2MiBQM ?2�/ Q7 H�v2` Rk �`2 �ii2M/BM; iQ i?2Kb2Hp2b- r?BH2 i?2 T`2TQbBiBQMb

UǳQM-Ǵ ǳi?2ǴV �`2 BM/B+�iBM; i?2 T`2b2M+2 Q7 �M 2M/@Q7@bi�i2K2MiX

6B;m`2 kXk8, :`�T?@+QMM2+i2/ M2irQ`Fb BM "1_h r2B;?i bT�+2 U1V :`�T? +QM@
M2+i2/ b2i Q7 jyy "1_h KQ/2Hb i`�BM2/ QM b2Mi2M+2 +QKTH2iBQM QM rBFBT2/B� �M/ v2HT
/�i�b2ib- +QHQ`2/ #v T2`TH2tBiv b+Q`2b 2p�Hm�i2/ mbBM; irQ M2r [m2`v /�i�b2ib- rBFB@
i2ti �M/ BK/#X LQ/2b +Q``2bTQM/ iQ BM/BpB/m�H "1_h KQ/2Hb �M/ 2/;2b +Q``2bTQM/
iQ 2m+HB/2�M /Bbi�M+2 #2ir22M "1_h KQ/2Hb BM r2B;?i bT�+2X U1- `B;?iKQbiV a+�ii2`
THQi Q7 BMp2`b2 T2`TH2tBiv b+Q`2b 7Q` irQ [m2`B2běAJ." �M/ qBFBh2ti /�i�b2ibX

AM iQi�H- r2 mb2/ i?2 6AS 7`�K2rQ`F iQ ;2M2`�i2 M2irQ`Fb mbBM; � b2i Q7 /Bz2`2Mi

M�im`�H H�M;m�;2 i�bFb �M/ +QKT`2bbBQM i�bFb vB2H/BM; � T�i?@+QMM2+i2/ b2i Q7 jyy

"1_h KQ/2HbX h?2 300 M2irQ`Fb /2}M2 � bm#@K�MB7QH/ Q7 r2B;?i bT�+2 i?�i +QMi�BMb

KQ/2Hb +mbiQKBx2/ 7Q` /BbiBM+i bm#@i�bFb U6B;X kXk8VX h?2 bm#@K�MB7QH/- i?2M- T`Q@

pB/2b � +QKTmi�iBQM�H `2bQm`+2 7Q` bQHpBM; M2r T`Q#H2KbX q2 +�M [m2`v i?2 `2bmHiBM;

6AS bm#@K�MB7QH/ rBi? mMb22M /�i� #v mbBM; T2`TH2tBiv UamTTH2K2Mi�`vV �b � K2�bm`2

Q7 � M2irQ`Fb BMi`BMbB+ �#BHBiv iQ b2T�`�i2 �M mMb22M /�i� b2iX lbBM; T2`TH2tBiv- r2

[m2`B2/ i?2 6AS bm#@K�MB7QH/ Q7 "1_h M2irQ`Fb rBi? AJ." /�i� �M/ qBFBi2ti /�i�X

q2 7QmM/ i?�i i?2 /BbiBM+i H�M;m�;2 /�i� b2ib �+?B2p2 KBMBK�H T2`TH2tBiv QM /Bz2`2Mi



kX3 *QM+HmbBQM 8k

+H�bb2b Q7 M2irQ`FbX qBFBi2ti Q#i�BMb QTiBK�H T2`7Q`K�M+2 QM *Q*G M2irQ`Fb r?BH2

AJ." �+?B2p2b QTiBK�H T2`7Q`K�M+2 QM *G*Q M2irQ`FbX h?2b2 `2bmHib /2KQMbi`�i2

i?�i i?2 6AS 7`�K2rQ`F +�M ;2M2`�i2 /Bp2`b2 b2ib Q7 M2m`�H M2irQ`Fb #v i`�Mb7Q`KBM;

M2irQ`Fb mbBM; /BbiBM+i K2i�@i�bFbX h?2 bm#@K�MB7QH/b Q7 r2B;?i bT�+2 +�M- i?2M- #2

[m2`B2/ BM2tT2MbBp2Hv iQ B/2MiB7v M2irQ`Fb T`2@QTiBKBx2/ 7Q` M2r K�+?BM2 H2�`MBM;

T`Q#H2KbX

a2+iBQM kX3

*QM+HmbBQM

q2 ?�p2 BMi`Q/m+2/ � K�i?2K�iB+�H i?2Q`v �M/ �H;Q`Bi?K 7Q` i`�BMBM; T�i? +QM@

M2+i2/ b2ib Q7 M2m`�H M2irQ`Fb iQ bQHp2 K�+?BM2 H2�`MBM; T`Q#H2KbX q2 /2KQMbi`�i2

i?�i T�i? +QMM2+i2/ b2ib Q7 M2irQ`Fb +�M #2 �TTHB2/ iQ /Bp2`bB7v i?2 7mM+iBQM�H #2@

?�pBQ` Q7 � M2irQ`F- 2M�#HBM; i?2 M2irQ`F iQ �++QKKQ/�i2 �//BiBQM�H i�bFb- iQ T`mM2

r2B;?ib- Q` ;2M2`�i2 /Bp2`b2 2Mb2K#H2b Q7 M2irQ`Fb 7Q` T`2p2MiBM; 7�BHm`2 iQ �/p2`b�`@

B�H �ii�+FX JQ`2 #`Q�/Hv- Qm` K�i?2K�iB+�H 7`�K2rQ`F T`QpB/2b � mb27mH +QM+2Tim�H

pB2r Q7 M2m`�H M2irQ`F i`�BMBM;X q2 pB2r � M2irQ`F �b � K�i?2K�iB+�H Q#D2+i i?�i

+�M #2 i`�Mb7Q`K2/ i?`Qm;? Bi2`�iBp2 �TTHB+�iBQM Q7 /BbiBM+i K2i� QT2`�iBQMbX J2i�@

QT2`�iBQMb KQp2 i?2 M2irQ`F �HQM; T�i?b rBi?BM i?2 r2B;?i bT�+2 Q7 � M2m`�H M2irQ`FX

h?mb- r2 B/2MiB7v T�i? +QMM2+i2/ bm#@K�MB7QH/b Q7 r2B;?i bT�+2 i?�i �`2 bT2+B�HBx2/

7Q` /Bz2`2Mi ;Q�HbX h?2b2 bm#@K�MB7QH/b +�M #2 2MmK2`�i2/ mbBM; i?2 6AS �H;Q`Bi?K

�M/ i?2M [m2`B2/ �b � +QKTmi�iBQM�H `2bQm`+2 �M/ �TTHB2/ iQ bQHp2 M2r T`Q#H2Kb U6B;X

kXk81VX

6mM/�K2Mi�HHv- Qm` rQ`F 2tTHQBib � T�`�K2i2` /2;2M2`�+v i?�i Bb BMi`BMbB+ iQ H�`;2

K�i?2K�iB+�H KQ/2HbX S`2pBQmb rQ`F ?�b /2KQMbi`�i2/ i?�i H�`;2 bi�iBbiB+�H KQ/2Hb

Q7i2M +QMi�BM bB;MB}+�Mi T�`�K2i2` /2;2M2`�+v (J�+?i� 2i �HX- kyRj) H2�/BM; iQ ǵ~�iǶ

Q#D2+iBp2 7mM+iBQMb (>Q+?`2Bi2` �M/ a+?KB/?m#2`- RNNdc >Q+?`2Bi2` �M/ a+?KB/?m#2`-

RNN9c hbmxmFm- a�iQ- �M/ am;Bv�K�- kyky)X _2+2Mi rQ`F BM T?vbB+b ?�b /2KQMbi`�i2/



kX3 *QM+HmbBQM 8j

i?�i T?vbB+�H KQ/2Hb rBi? H�`;2 MmK#2`b Q7 T�`�K2i2`b Q7i2M +QMi�BM T�`�K2i2` /2@

;2M2`�+v bm+? i?�i KQ/2H T�`�K2i2`b +�M #2 b2i iQ �Mv p�Hm2 rBi?BM � bm#@K�MB7QH/

Q7 T�`�K2i2` bT�+2 rBi?Qmi HQbb Q7 �++m`�+v BM T`2/B+iBM; 2tT2`BK2Mi�H /�i� (J�+?i�

2i �HX- kyRj)X J�i?2K�iB+�HHv- BM i?2 bmTTQ`iBM; K�i2`B�Hb r2 b?Qr i?�i i?2 M2m`�H

M2irQ`Fb i?�i r2 �M�Hvx2 ?�p2 K�i?2K�iB+�H bB;M�im`2b Q7 T�`�K2i2` /2;2M2`�+v �7i2`

i`�BMBM;- i?`Qm;? bT2+i`�H �M�HvbBb Q7 i?2 K2i`B+ i2MbQ`X JQ/2`M /22T M2m`�H M2irQ`Fb

+QMi�BM H�`;2 MmK#2`b Q7 T�`�K2i2`b i?�i �`2 }i #�b2/ QM i`�BMBM; /�i�- �M/ bQ �`2

`2H�i2/ K�i?2K�iB+�H Q#D2+ib iQ T?vbB+�H KQ/2Hb rBi? H�`;2 MmK#2`b Q7 T�`�K2i2`b

b2i #v 2tT2`BK2Mi�H /�i� - �M/ BM 7�+i- 2t�+i K�TTBM;b #2ir22M bi�iBbiB+�H K2+?�M@

B+b KQ/2Hb �M/ M2m`�H M2irQ`Fb 2tBbi (J2?i� �M/ a+?r�#- kyR9)X aT2+i`�H �M�HvbBb

/2KQMbi`�i2b i?�i i?2 r2B;?i bT�+2 +QMi�BMb bB;MB}+�Mi bm#@bT�+2b r?2`2 KQp2K2Mi

Q7 T�`�K2i2`b +�mb2b BMbB;MB}+�Mi +?�M;2 BM M2irQ`F #2?�pBQ`X Pm` 6AS �H;Q`Bi?K

2tTHQ`2b i?2b2 /2;2M2`�i2 bm#@bT�+2b Q` bm#@K�MB7QH/b Q7 T�`�K2i2` bT�+2X AKTHB+BiHv

r2 b?Qr i?�i 2tTHQ`�iBQM Q7 i?2 /2;2M2`�i2 bm#@bT�+2 +�M }M/ `2;BQMb Q7 ~2tB#BHBiv

r?2`2 T�`�K2i2`b +�M �++QKKQ/�i2 � b2+QM/ i�bF U� b2+QM/ BK�;2 +H�bbB}+�iBQM i�bFV

Q` ;Q�H HBF2 bT�`bB}+�iBQMX q2 �TTHv #�bB+ K2i?Q/b 7`QK /Bz2`2MiB�H ;2QK2i`v iQ B/2M@

iB7v �M/ i`�p2`b2 i?2b2 /2;2M2`�i2 bm#@bT�+2bX AM i?2 amTTQ`iBM; J�i2`B�Hb r2 b?Qr

i?�i �//BiBQM�H +QM+2Tib 7`QK /Bz2`2MiB�H ;2QK2i`v BM+Hm/BM; i?2 +Qp�`B�Mi /2`Bp�iBp2

�HQM; � r2B;?i bT�+2 T�i? +�M #2 �TTHB2/ iQ `2}M2 T�i?b #v KBMBKBxBM; MQi QMHv i?2

p2HQ+Biv �HQM; � r2B;?i bT�+2 T�i? #mi �HbQ �++2H2`�iBQMX

"`Q�/Hv- Qm` `2bmHib b?B7i �ii2MiBQM 7`QK i?2 bim/v Q7 bBM;H2 M2irQ`Fb iQ i?2 T�i?@

+QMM2+i2/ b2ib Q7 M2m`�H M2irQ`FbX "BQHQ;B+�H bvbi2Kb ?�p2 #22M ?vTQi?2bBx2/ iQ

2tTHQ`2 � `�M;2 Q7 2z2+iBp2 M2irQ`F +QM};m`�iBQMb /m2 iQ #Qi? ~m+im�iBQM BM/m+2/

/`B7i �M/ KQ/mH�iBQM Q7 � ;Bp2M M2irQ`F #v Qi?2` bm#@bvbi2Kb rBi?BM i?2 #`�BMX "v

b?B7iBM; �ii2MiBQM 7`QK M2irQ`Fb �b bBM;H2 +QM};m`�iBQMb Q` TQBMib BM r2B;?i bT�+2 iQ

2tTHQ`BM; bm#@K�MB7QH/b Q7 i?2 r2B;?i bT�+2- i?2 6AS 7`�K2rQ`F K�v ?2HT BHHmKBM�i2

� TQi2MiB�H T`BM+BTH2 Q7 ~2tB#H2 BMi2HHB;2M+2 �M/ KQiBp�i2 i?2 /2p2HQTK2Mi Q7 K�i?2@
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K�iB+�H K2i?Q/b 7Q` bim/vBM; i?2 HQ+�H �M/ ;HQ#�H ;2QK2i`v Q7 7mM+iBQM�HHv BMp�`B�Mi

bQHmiBQM b2ib iQ K�+?BM2 H2�`MBM; T`Q#H2Kb (aK�H2- RNN3c JmK7Q`/ �M/ .2bQHM2mt-

kyRy)X

a2+iBQM kXN

�TT2M/Bt

AM i?2 K�BM@i2ti- r2 ?�p2 BMi`Q/m+2/ � ;2QK2i`B+ 7`�K2rQ`F iQ bQHp2 i?`22 +Q`2 +?�H@

H2M;2b BM KQ/2`M K�+?BM2 H2�`MBM;- M�K2Hv, UBV �HH2pB�iBM; *�i�bi`QT?B+ 7Q`;2iiBM;-

UBBV L2irQ`F bT�`bB}+�iBQM �M/ UBBBV AM+`2�bBM; `Q#mbiM2bb �;�BMbi �/p2`b�`B�H �ii�+FbX

q2 rBHH /2b+`B#2 i?2 /�i�b2ib- T�`�K2i2`bf?vT2`T�`�K2i2`b mb2/ 7Q` i?2 �H;Q`Bi?Kb

�M/ i?2 Tb2m/Q+Q/2 7Q` 2�+? Q7 i?2 +Q`2 +?�HH2M;2b �//`2bb2/ BM i?2 K�BM@i2tiX

*�i�bi`QT?B+ 6Q`;2iiBM;

.�i�b2ib �M/ T`2T`Q+2bbBM;,X h?2 KQ/2Hb r2`2 i2bi2/ QM irQ T�`�/B;Kb,

Ç k@b2[m2MiB�H i�bF T�`�/B;K- r?2`2 i?2 KQ/2H Bb 2tTQb2/ irQ i�bFb- b�K@

TH2/ 7`QK i?2 JLAah �M/ 6�b?BQM@JLAah /�i�b2i b2[m2MiB�HHvX h?2 JLAah

i`�BMBM; /�i�b2i +QMi�BMb ey-yyy ;`�v@b+�H2 BK�;2b Q7 Ry +H�bb2b Q7 ?�M/@r`Bii2M

/B;Bib UyĜNV- �M/ 6�b?BQM JLAah i`�BMBM; /�i�b2i +QMi�BMb ey-yyy ;`�v@b+�H2

BK�;2b Q7 Ry +H�bb2b Q7 7�b?BQM Bi2Kb U2X;X- Tm`b2- T�Mib- 2i+XVX h?2 i2bi b2i +QM@

i�BMb Ry-yyy �//BiBQM�H BK�;2b 7`QK 2�+? /�i�b2iX hQ;2i?2`- i?2 irQ /�i�b2ib

+QMi�BM ky +H�bb2bX h?2 Ry /B;Bib BM JLAah �`2 H�#2HH2/ yĜN- �M/ i?2 Ry +H�bb2b

BM 6�b?BQM JLAah �`2 H�#2HH2/ RyĜRN BM Qm` 2tT2`BK2MibX AK�;2b �M/ H�#2Hb

+Q``2bTQM/BM; iQ i?2 }`bi Ry +H�bb2b UJLAahV �`2 72/ iQ i?2 M2irQ`F �b h�bF@R-

7QHHQr2/ #v i?2 BK�;2b �M/ H�#2Hb 7`QK i?2 M2ti Ry +H�bb2b U6�b?BQM@JLAahV �b

h�bF@kX

Ç aTHBi*A6�_Ryy, ky b2[m2MiB�H i�bF T�`�/B;K- r?2`2 i?2 KQ/2H Bb 2tTQb2/

iQ ky i�bFb- b�KTH2/ 7`QK i?2 *A6�_Ryy /�i�b2iX h?2 *A6�_Ryy /�i�b2i
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+QMi�BMb 8y-yyy _:" BK�;2b 7Q` Ryy +H�bb2b Q7 `2�H@HB72 Q#D2+ib BM i?2 i`�BMBM;

b2i- �M/ Ry-yyy BK�;2b BM i?2 i2biBM; b2iX 1�+? i�bF `2[mB`2b i?2 M2irQ`F iQ

B/2MiB7v BK�;2b 7`QK 8 MQM@Qp2`H�TTBM; *A6�_Ryy +H�bb2bX

L2irQ`F �`+?Bi2+im`2,X �HH bi�i2@Q7@�`i K2i?Q/b 7Q` �HH2pB�iBM; *6 UT`2b2Mi2/ BM

i?2 K�BM@i2tiV BM i?2 k@i�bF �M/ ky@i�bF T�`�/B;K mb2/ i?2 b�K2 M2irQ`F �`+?Bi2+im`2-

�b /2b+`B#2/ #2HQrX

Ç q2 mb2 � 8@H�v2`2/ *LL rBi? � iQi�H Q7 ky QmiTmi +H�bb2b URy 7`QK JLAah

�M/ Ry 7`QK 6�b?BQM@JLAahV 7Q` i?2 k i�bF T�`�/B;KX h?2 }`bi k H�v2`b �`2

+QMpQHmiBQM�H H�v2`b- rBi? jk �M/ e9 +QMp@}Hi2`b rBi? jtj F2`M2H bBx2- `2bT2+@

iBp2HvX h?2 H�bi i?`22 H�v2`b �`2 7mHHv +QMM2+i2/ H�v2`b rBi? eyy- Rky �M/ ky

MQ/2b BM G�v2`b j- 9- �M/ 8- `2bT2+iBp2HvX "Qi? i?2 +QMpQHmiBQM�H H�v2`b ?�p2 �

k. #�i+?MQ`K �b r2HH �b � ktk J�tSQQH H�v2`X �HH i?2 H�v2`b U2t+2Ti H�v2` 8V

?�b � _2Gl MQM@HBM2�`BivX h?2 8 H�v2` *LL ?�b � iQi�H Q7 RX9 KBHHBQM i`�BM�#H2

T�`�K2i2`bX

Ç q2 mb2 � _2/m+2/ _2bL2iR3 rBi? � iQi�H Q7 Ryy QmiTmi +H�bb2b 7Q` i?2 ky i�bF

T�`�/B;K 7`QK aTHBi*A6�_RyyX h?2 _2/m+2/ _2bL2iR3 ?�b i?`22 iBK2b H2bb2`

72�im`2 K�Tb BM 2�+? Q7 i?2 H�v2`b U�b +QKT�`2/ iQ _2bL2iR3 >2 2i �HX- kyReV-

b�K2 �b i?2 �`+?Bi2+im`2 BMi`Q/m+2/ BM GQT2x@S�x �M/ _�Mx�iQ- kyRdX _2/m+2/

_2bL2iR3 ?�b � iQi�H Q7 RXR KBHHBQM i`�BM�#H2 T�`�K2i2`bX

Sb2m/Q@+Q/2, 6AS +QMbi`m+iBQM 7Q` *6 T`Q#H2KbX

*Q/2 bT2+B}+�iBQMbX �HH i?2 +Q/2 r�b r`Bii2M BM i?2 SvhQ`+? 7`�K2rQ`F- �M/

i?2 �miQK�iB+@/Bz2`2MiB�iBQM T�+F�;2 r�b 2ti2MbBp2Hv mb2/ 7Q` +QMbi`m+iBM; +QKTm@

i�iBQM�H ;`�T?b �M/ +QKTmiBM; ;`�/B2Mib 7Q` mT/�iBM; M2irQ`F T�`�K2i2`bX h?2 +Q/2

7Q` +QMbi`m+iBM; 6ASǶb 7Q` i?2 k@i�bF �M/ ky@i�bF T�`�/B;K r2`2 `mM QM *�Hi2+?Ƕb
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�H;Q`Bi?K R 6AS +QMbi`m+iBQM 7Q` *6 T`Q#H2Kb
_2[mB`2, �- ⌘, bi2T@bBx2 ?vT2`T�`�K2i2`b- NT , LmK#2` Q7 b2[m2MiB�H i�bFb

R, T`Q+2/m`2 6AS@*6U�- ⌘- NT V
k, `�M/QK BMBiB�HBx2 ry
j, Bi  {} 8 B 4 R-k- XXX- NT . "mz2` rBi? nmem K2KQ`B2b 7`QK T`2pBQmb i�bFb

7Q` i 1 iQ NT /Q
9,

2M/
rB  rB�R

8, Ut- iV  h�bF@B . KBMB#�i+? Q7 BK�;2b UtV �M/ i�`;2i H�#2Hb UiV 7`QK i�bF@B
e, Bi  Bi [ t . mT/�i2 #mz2`
d, *1HQbb  +`Qbb1Mi`QTvUf(t,rB), iV . *H�bbB}+�iBQM HQbb 7Q` M2r i�bF
3, uHQbb  0 7Q` j  1 iQ B@R /Q
N,

2M/
uHQbb Y4 u/BbiUf(t,rB), f(Bj,rB�R)V . .Bbi�M+2 KQp2/ BM QmiTmi bT�+2 UuV

Ry,
RR, S  *1HQbb Y � uHQbb . *QMbi`m+i 6AS rBi? /B`2+iBQM 7`QK HQbb ;`�/B2Mi
Rk, rB  rB � ⌘rrBS

Rj, rB
R9, 2M/ T`Q+2/m`2

>B;?@S2`7Q`K�M+2 +QKTmiBM; +Hmbi2`ěmbBM; � bBM;H2 :Sl 7Q` � iQi�H iBK2 Q7 R ?Qm`

�M/ Ry ?Qm`b- `2bT2+iBp2Hv U7Q` i?2 k@i�bF- ky@i�bF T�`�/B;KVX

S�`�K2i2`b mb2/X h?2 T�`�K2i2`b mb2/ 7Q` +m``2Mi bi�i2@Q7@�`i K2i?Q/b �+`Qbb

/Bz2`2Mi KQ/2Hb �M/ /�i�b2ib ?�p2 #22M b2H2+i2/ �7i2` ;`B/@b2�`+? iQ K�tBKBx2 �++m@

`�+vX

Ç 6mM+iBQM�HHv BMp�`B�Mi T�i? U6ASV 7Q` k@i�bF T�`�/B;K, ⌘ 4 yXyR- QTiB@

KBx2` mb2/, �/�K- r2B;?i /2+�v 4 k2@9- � 4 R- M@K2KQ`B2b 7`QK T`2pBQmb i�bF

4 8yyfeyyyy U4yX3W T`2pBQmb /�i�b2iVX

Ç 1H�biB+ r2B;?i +QMbQHB/�iBQM U1q*V 7Q` k@i�bF T�`�/B;K, PTiBKBx2`

mb2/ 4 �/�K- 1q* `2;mH�`Bx�iBQM +Q2{+B2Mi U�V48yyy- H2�`MBM;@`�i2 4 yXyyR-

#�i+?@bBx2 4 Rk3- MmK#2` Q7 /�i� b�KTH2b 7`QK T`2pBQmb i�bF iQ +QMbi`m+i 6Bb?2`

K2i`B+ 4 8yyX
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Ç 6mM+iBQM�HHv BMp�`B�Mi T�i?b U6ASV 7Q` ky@i�bF T�`�/B;K, ⌘ 4 yXyR-

QTiBKBx2` mb2/, �/�K- r2B;?i /2+�v 4 k2@9- � 4 R- M@K2KQ`B2b 7`QK T`2pBQmb

i�bF 4 k8yfk8yy U4RyW T`2pBQmb i�bFbVX

Ç :`�/B2Mi 2TBbQ/B+ K2KQ`v U:1JV 7Q` ky@i�bF T�`�/B;K, M@K2KQ`B2b

7`QK T`2pBQmb i�bF 4 k8y- H2�`MBM;@`�i2 4 yXyR- MmK#2` Q7 2TQ+?b UT2` i�bFV 4

ky- K2KQ`v@bi`2M;i? 4 yX8- #�i+?@bBx2 4 Rk3X

Ç 1H�biB+ q2B;?i +QMbQHB/�iBQM U1q*V 7Q` ky@i�bF T�`�/B;K, PTiBKBx2`

mb2/ 4 �/�K- 1q*YY �HT?� 4 yXN- 1q* `2;mH�`Bx�iBQM +Q2{+B2Mi U�V48yyy-

H2�`MBM;@`�i2 4 yXyyR- 6Bb?2` K2i`B+ mT/�i2 �7i2` 8y i`�BMBM; Bi2`�iBQMb- #�i+?@

bBx2 4 Rk3X

AKTH2K2Mi�iBQM Q7 Qi?2` *6 K2i?Q/b,X q2 BKTH2K2Mi2/ i?2 1H�biB+ q2B;?i

+QMbQHB/�iBQM U1q*V K2i?Q/ #v �/�TiBM; +Q/2 7`QK i?2 `2TQbBiQ`v, ?iiTb,ff;Bi?

m#X+QKfKQbFQKmH2f2r+XTviQ`+?X h?2 :`�/B2Mi 2TBbQ/B+ K2KQ`v U:1JV K2i?Q/

r�b �TTHB2/ #v �/�TiBM; +Q/2 7`QK, ?iiTb,ff;Bi?m#X+QKf7�+2#QQF`2b2�`+?f:`�/

B2Mi1TBbQ/B+J2KQ`vX

L2irQ`F bT�`bB}+�iBQM

.�i�b2ib �M/ T`2T`Q+2bbBM;,X h?2 KQ/2Hb r2`2 bT�`bB}2/ QM irQ r2HH@FMQrM

BK�;2 /�i�b2ib,

Ç JLAah, h?2 JLAah i`�BMBM; /�i�b2i +QMi�BMb ey-yyy ;`�v@b+�H2 BK�;2b Q7 Ry

+H�bb2b Q7 ?�M/@r`Bii2M /B;Bib UyĜNVX h?2 i2bi b2i +QMi�BMb Ry-yyy �//BiBQM�H

BK�;2b 7`QK i?2 Ry /B;Bi +H�bb2bX

Ç *A6�_@Ry, h?2 *A6�_Ry i`�BMBM; /�i�b2i +QMi�BMb 8y-yyy _:" BK�;2b Q7 Ry

+H�bb2b Q7 M�im`�H BK�;2b UHBF2 i`m+Fb- ?Q`b2b- #B`/b- b?BTb- iQ M�K2 � 72rVX h?2

i2bi b2i +QMi�BMb Ry-yyy �//BiBQM�H BK�;2b 7`QK 2�+? Q7 i?2 Ry +H�bb2bX
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L2irQ`F �`+?Bi2+im`2,X h?2 M2irQ`Fb mb2/ 7Q` /2KQMbi`�iBM; i?2 bi`�i2;v Q7 +QM@

bi`m+iBM; 6AS BM r2B;?i bT�+2 7Q` +QKT`2bbBQM �`2,

Ç q2 mb2/ JmHiBH�v2` T2`+2Ti`QM UG2L2i@jyy@RyyV- r?B+? ?�b j 7mHHv +QMM2+i2/

H�v2`b 7Q` i?2 JLAah i�bFX h?2 }`bi H�v2` UBMTmiV ?�b d39 MQ/2b- ?B//2M H�v2`b

k- j ?�p2 jyy �M/ Ryy MQ/2b `2bT2+iBp2HvX h?2 H�bi H�v2` UQmiTmiV ?�b Ry MQ/2b

U+Q``2bTQM/BM; iQ Ry /B;Bi +H�bb2b BM i?2 /�i�b2iVX G2L2i@jyy@Ryy ?�b � iQi�H Q7

939yyy i`�BM�#H2 T�`�K2i2`b U�HH MQM@x2`Q- TQbi i`�BMBM; QM JLAahVX �HH i?2

H�v2`b U2t+2Ti QmiTmi H�v2`V ?�b _2Gl MQM@HBM2�`BivX

Ç q2 mb2/ _2bL2iky rBi? � iQi�H Q7 Ry QmiTmi +H�bb2b 7Q` i`�BMBM; �M/ +QKT`2bbBQM

QM i?2 *A6�_@Ry /�i�b2iX h?2 _2bL2i@ky M2irQ`F ?�b ky +QMpQHmiBQM�H H�v2`b

rBi? bFBT +QMM2+iBQMb- rBi? � iQi�H Q7 yXkd KBHHBQM i`�BM�#H2 T�`�K2i2`bX

�H;Q`Bi?K k 6AS +QMbi`m+iBQM 7Q` M2irQ`F bT�`bB}+�iBQM
_2[mB`2, �- ⌘, bi2T@bBx2 ?vT2`T�`�K2i2`b
_2[mB`2, p, 6BM�H /2bB`2/ M2irQ`F bT�`bBiv UBM WV
_2[mB`2, ri, L2irQ`F i`�BM2/ QM JLAah Q` *A6�_@Ry /�i�b2i

R, T`Q+2/m`2 6AS@aT�`b2U�- ⌘- p- riV
k, r rir?BH2 U||r||0/||ri||0V LPh U1� p/100V /Q

2M/
lMiBH r MQi BM pW bT�`b2 bm#K�MB7QH/

j, rT  T`QD2+iUr- pV . a2i TW Q7 bK�HH2bi r2B;?ib iQ x2`Q
9, L(r) ||r� rT||2
8, t .�i�b2i UJLAah Q` *A6�_V . a�KTH2 KBMB#�i+? Q7 BK�;2b 7`QK /�i�b2i
e, PSHQbb  Q/BbiUf(t,r), f(t,ri)V . .Bbi�M+2 KQp2/ BM QmiTmi bT�+2
d, S  PSHQbb Y �  L(rV
3, r r� ⌘rrS . *QMbi`m+iBM; 6AS iQr�`/b bT�`b2 bm#K�MB7QH/
N, r

Ry, 2M/ T`Q+2/m`2

Sb2m/Q@+Q/2, 6AS +QMbi`m+iBQM 7Q` M2irQ`F bT�`bB}+�iBQMX

*Q/2 bT2+B}+�iBQMbX �HH i?2 +Q/2 r�b r`Bii2M BM i?2 SvhQ`+? 7`�K2rQ`F- �M/

i?2 �miQK�iB+@/Bz2`2MiB�iBQM T�+F�;2 r�b 2ti2MbBp2Hv mb2/ 7Q` +QMbi`m+iBM; +QKTm@
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i�iBQM�H ;`�T?b �M/ +QKTmiBM; ;`�/B2Mib 7Q` mT/�iBM; M2irQ`F T�`�K2i2`bX h?2 +Q/2

7Q` +QMbi`m+iBM; 6ASǶb iQ i?2 pW bT�`b2 bm#K�MB7QH/b r2`2 `mM QM *�Hi2+?Ƕb >B;?@

S2`7Q`K�M+2 +QKTmiBM; +Hmbi2` @ mbBM; � bBM;H2 :Sl 7Q` � iQi�H iBK2 `�M;BM; #2ir22M

k@e ?Qm`b 7Q` }M�H M2irQ`F bT�`bBivǶb #2HQr 3yW- �M/ #2ir22M k9@jy ?Qm`b 7Q` B/2M@

iB7vBM; ?B;? T2`7Q`K�M+2 M2irQ`Fb BM bm#K�MB7QH/b rBi? H�`;2` i?�M 3yW bT�`bBivX

S�`�K2i2`b mb2/,X

Ç 6AS 7Q` M2irQ`F bT�`bB}+�iBQM, � 4 R- ⌘ 4 yXyR- QTiBKBx2` mb2/, �/�K U�

4 UyXN- yXNNNVV- }M�H U/2bB`2/V M2irQ`F bT�`bBiB2b 7Q` G2L2i@jyy@Ryy QM JLAah,

p 4 (kyW- edW- 3NW- NeW- N3XdW- NNW- NNXRW- NNX9W)- }M�H U/2bB`2/V M2irQ`F

bT�`bBiB2b 7Q` _2bL2i@ky QM *A6�_@Ry, p 4 (kyW- jeW- 9NW- 8NW- edW- dNW-

3jW- 3NW- NjW- N8W)X

Ç GQii2`v iB+F2i ?vTQi?2bBb, U6Q` G2L2i@JLAahV,4 #�i+?@bBx2 4 Rk3- KQ/2H@

BMBi 4 F�BKBM;@MQ`K�H- #�i+?MQ`K@BMBi 4 mMB7Q`K- T`mMBM;@bi`�i2;v 4= bT�`b2@

;HQ#�H- T`mMBM;@7`�+iBQM 4 yXk- T`mMBM;@H�v2`b@iQ@B;MQ`2 4 7+Xr2B;?i- QTiBKBx2`@

M�K2 4 b;/- H2�`MBM; `�i2 4 yXR- i`�BMBM;@bi2Tb 4 9y 2TQ+?bX U6Q` _2bL2iky@

*A6�_RyV, #�i+?@bBx2 4 Rk3- KQ/2H@BMBi 4 F�BKBM;@MQ`K�H- #�i+?MQ`K@BMBi 4

mMB7Q`K- T`mMBM;@bi`�i2;v 4 bT�`b2@;HQ#�H- T`mMBM;@7`�+iBQM 4 yXk- QTiBKBx2`@

M�K2 4 b;/- H2�`MBM; `�i2 4 yXR- i`�BMBM;@bi2Tb 4 Rey 2TQ+?b- KQK2MimK 4

yXN- ;�KK� 4 yXR- r2B;?i@/2+�v 4> yXyyyRX

AKTH2K2Mi�iBQM Q7 Qi?2` bT�`bB}+�iBQM K2i?Q/bX q2 BKTH2K2Mi2/ i?2 GQi@

i2`v iB+F2i ?vTQi?2bBb 7Q` bT�`bB7vBM; #Qi?- G2L2i@jyy@Ryy i`�BM2/ QM JLAah �M/

_2bL2iky i`�BM2/ QM *A6�_@RyX hQ /Q bQ- r2 �/�Ti2/ +Q/2 7`QK i?2 `2TQbBiQ`v,

?iiTb,ff;Bi?m#X+QKf7�+2#QQF`2b2�`+?fQT2MnHi?X
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�/p2`b�`B�H `Q#mbiM2bb

.�i�b2ib �M/ T`2T`Q+2bbBM;X h?2 KQ/2Hb r2`2 i`�BM2/ QM *A6�_@Ry /�i�b2i �M/

i?2 �/p2`b�`B�H 2t�KTH2b r2`2 ;2M2`�i2/ QM i?2 b�K2 mbBM; i?2 T`QD2+i2/ ;`�/B2Mi

/2b+2Mi US:.V K2i?Q/X

Ç *A6�_@Ry, h?2 *A6�_Ry i`�BMBM; /�i�b2i +QMi�BMb 8y-yyy _:" BK�;2b Q7 Ry

+H�bb2b Q7 M�im`�H BK�;2b UHBF2 i`m+Fb- ?Q`b2b- #B`/b- b?BTb iQ M�K2 � 72rVX h?2

i2bi b2i +QMi�BMb Ry-yyy �//BiBQM�H BK�;2b 7`QK 2�+? Q7 i?2 Ry +H�bb2bX

L2irQ`F �`+?Bi2+im`2X 6Q` i?2 �/p2`b�`B�H `Q#mbiM2bb b2+iBQM- r2 mb2/ i?2 o::@

Re M2irQ`F aBKQMv�M �M/ wBbb2`K�M- kyR9- r?B+? ?�b Re H�v2`b- �M/ � iQi�H Q7 Rj3

KBHHBQM i`�BM�#H2 T�`�K2i2`bX

:2M2`�iBM; �M �/p2`b�`B�H �ii�+FX q2 mb2/ i?2 T`QD2+i2/ ;`�/B2Mi /2b+2Mi

US:.V K2i?Q/ iQ ;2M2`�i2 *A6�_@Ry /�i� b�KTH2b i?�i �`2 BKT2`+2TiB#Hv bBKBH�`

iQ i?2B` Q`B;BM�H BK�;2b 7Q` ?mK�Mb- #mi +�mb2 bB;MB}+�Mi T2`7Q`K�M+2 HQbb iQ /22T

M2irQ`FbX h?2 S:. �ii�+F +QKTmi2b i?2 #2bi /B`2+iBQM UBM BK�;2 bT�+2V iQ T2`@

im`# i?2 BK�;2 bm+? i?�i Bi K�tBKBx2b i?2 i`�BM2/ M2irQ`FbǶ HQbb QM i?2 BK�;2 r?BH2

+QMbi`�BMBM; i?2 GBM7 MQ`K Q7 i?2 T2`im`#�iBQMX

h?2 T`Q+2/m`2 7Q` ;2M2`�iBM; �/p2`b�`B�H BMTmib �`2 /2i�BH2/ #2HQr,

Ç _�M/QKHv BMBiB�HBx2 � o::Re M2irQ`F �M/ i`�BM Bi QM *A6�_@Ry Ui`�BM2/ M2i@

rQ`F 4 riV

Ç h�F2 � bBM;H2 BK�;2@BMTmi UtV 7`QK i?2 *A6�_@Ry /�i�b2i �M/ T�bb Bi i?`Qm;?

i?2 i`�BM2/ M2irQ`F- �M/ +�H+mH�i2 i?2 ;`�/B2Mi Q7 i?2 +H�bbB}+�iBQM HQbb U+`Qbb@

2Mi`QTv UCV rBi? `2bT2+i iQ i?2 BMTmi U;`�/ 4 rtC(ri, t, vVVX

Ç *QMbi`m+i �M �/p2`b�`B�H BMTmi Ut0V #v i�FBM; KmHiBTH2 bi2Tb USV BM i?2 BK�;2@

BMTmi bT�+2- r?2`2BM i?2 �/p2`b�`v Bb rBi?BM rBi?BM �M ✏@H1 #QmM/X tt+1 4
Q

x+S
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Utt Y ↵ b;MUrtC(ri, t, v)VVX >2`2- r2 i�F2 �b K�Mv bi2Tb UaV �b `2[mB`2/ mMiBH

i?2 �/p2`b�`B�H BMTmi Utt+1V 2tBib i?2 ✏@H1 #QmM/X q2 +?QQb2 ✏4yXj �M/ ↵4kfk88

7Q` ;2M2`�iBM; *A6�_Ry �/p2`b�`B�H 2t�KTH2b �;�BMbi o::Re M2irQ`FbX

_2T`2b2Mi�iBQM /Bp2`bBiv b+Q`2X q2 +QKTmi2 i?2 `2T`2b2Mi�iBQM /Bp2`bBiv b+Q`2

7Q` #Qi? 2Mb2K#H2b U6AS- .22TL2iV #v 2p�Hm�iBM; i?2 bi�M/�`/ /2pB�iBQM Q7 i?2 G2

MQ`K Q7 i?2 M2irQ`FǶb �+iBp�iBQM �+`Qbb �HH M2irQ`Fb BM i?2 2Mb2K#H2 �HQM; 2�+? H�v2`

7Q` � b2i Q7 BK�;2@BMTmibX

*Q?2`2M+2 #2ir22M irQ KQ/2HbX q2 +QKTmi2 i?2 Qp2`H�T Q7 i?2 �/p2`b�`B�H

bm#bT�+2 #2ir22M M2irQ`Fb BM i?2 6AS 2Mb2K#H2 �M/ i?2 i`�BM2/ bm``Q;�i2 M2irQ`F

#v 2p�Hm�iBM; i?2 +QbBM2 /Bbi�M+2 #2ir22M i?2 ;`�/B2Mib Q7 i?2 HQbb 7mM+iBQM Q7 i?2

6AS M2irQ`Fb �M/ i?2 i`�BM2/ bm``Q;�i2 M2irQ`F rBi? `2bT2+i iQ �M BMTmi UtVX

a�v- i?2 ;`�/B2Mi Q7 HQbb 7mM+iBQM rBi? `2bT2+i iQ BMTmi UtV 7Q` i?2 irQ KQ/2Hb �`2,

Jx(✓0, x, y) �M/ Jx(✓1, x, y)X h?2 +QbBM2 /Bbi�M+2 #2ir22M i?2 ;`�/B2Mib Bb 2p�Hm�i2/

�b,

CS(5xJ0,5xJ1)) =
< 5xJ0,5xJ1 >

|5x J0||5x J1|
. UkX8V

h?2 +QbBM2 /Bbi�M+2 #2ir22M i?2 ;`�/B2Mib T`QpB/2b � [m�MiBi�iBp2 K2�bm`2 7Q`

?Qr HBF2Hv �M �/p2`b�`B�H BMTmi i?�i �z2+ib i?2 bm``Q;�i2 M2irQ`F rQmH/ �ii�+F i?2

KQ/2H b�KTH2/ �HQM; �M 6ASX

hQ 2p�Hm�i2 i?2 +Q?2`2M+2 �+`Qbb �HH b�KTH2/ KQ/2Hb BM i?2 6AS �M/ � i`�BM2/

bm``Q;�i2 M2irQ`F- r2 K2�bm`2 i?2 K�tBKmK +QbBM2 bBKBH�`Biv #2ir22M �HH T�B`b Q7

;`�/B2Mi p2+iQ`b BM i?2 b2iX

K�ta21,..,NCS(5xJa,5xJs)) UkXeV
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>2`2- Ja `272`b iQ i?2 ;`�/B2Mi Q7 ǶLǶ M2irQ`Fb b�KTH2/ �HQM; i?2 6AS 7Q` � bBM;H2

BMTmi UtV- r?BH2 Js `272`b iQ i?2 ;`�/B2Mi Q7 i?2 i`�BM2/ bm``Q;�i2 M2irQ`F 7Q` i?2

BMTmi UtVX

�H;Q`Bi?K j 6AS 7Q` �/p2`b�`B�HHv `Q#mbi 2Mb2K#H2b
_2[mB`2, ⌘ : bi2T@bBx2- ri : L2irQ`F i`�BM2/ QM *A6�_@Ry /�i�b2i- ✏, H1 Q7 �/p2`b�`v

T2`im`#�iBQM
_2[mB`2, � : T2`KBbbB#H2 +?�M;2 BM QmiTmi /Bbi�M+2- K�t@Bi2`, MmK#2` Q7 bi2Tb BM

i?2 6AS
R, T`Q+2/m`2 6AS@2Mb2K#H2U⌘- ri- �- ✏V
k, r ri
j, ii 0 . b2iiBM; +QmMi2` 4 y
9, F  {} . GBbi Q7 M2irQ`Fb BM i?2 6AS 2Mb2K#H2 r?BH2 ii  K�t@Bi2` /Q
8,

2M/
(t, v) .�i�b2i U*A6�_RyV . a�KTH2 KBMB#�i+? Q7 BK�;2b 7`QK /�i�b2i

e, a  Q/BbiUf(t,r), f(t,ri)V . PmiTmi bT�+2 /Bbi�M+2 7Q` p�`vBM; M2irQ`FǶb
r2B;?ib

d, r r� ⌘rrS . *QMbi`m+i mM/B`2+i2/ 6AS
3, t0

 t + ✏b;M(rtC(r, t, v))
N, H  Q/BbiUf(t,r), f(t0

,r))V . PmiTmi bT�+2 /Bbi�M+2 7Q` T2`im`#2/ BMTmi B7
H  � i?2M

Ry,
2M/
F  F [ r

RR,
Rk, ii ii+ 1
Rj, F . _2im`MBM; 6AS 2Mb2K#H2 rBi? �/p2`b�`B�H `Q#mbiM2bb
R9, 2M/ T`Q+2/m`2

Sb2m/Q@+Q/2, 6AS 7Q` �/p2`b�`B�H `Q#mbi 2Mb2K#H2bX

*Q/2 bT2+B}+�iBQMbX �HH i?2 +Q/2 r�b r`Bii2M BM i?2 SvhQ`+? 7`�K2rQ`F- �M/

i?2 �miQK�iB+@/Bz2`2MiB�iBQM T�+F�;2 r�b 2ti2MbBp2Hv mb2/ 7Q` +QMbi`m+iBM; +QKTm@

i�iBQM�H ;`�T?b �M/ +QKTmiBM; ;`�/B2Mib 7Q` mT/�iBM; M2irQ`F T�`�K2i2`bX h?2 +Q/2

7Q` +QMbi`m+iBM; mM/B`2+i2/ 6ASb BM i?2 r2B;?i bT�+2- 7QHHQr2/ #v b�KTHBM; � bK�HH

bm#@b2i Q7 M2irQ`Fb �HQM; i?2 6AS r�b `mM QM *�Hi2+?Ƕb >B;?@S2`7Q`K�M+2 +QKTmiBM;

+Hmbi2` @ mbBM; � bBM;H2 :Sl 7Q` � iQi�H iBK2 `�M;BM; #2ir22M k@e ?Qm`bX
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S�`�K2i2`b mb2/,X hQ ;2M2`�i2 2Mb2K#H2b Q7 /22T@M2irQ`Fb- r2 b2H2+i2/ T�`�K2@

i2`b �7i2` � ;`B/@b2�`+? iQ K�tBKBx2 `Q#mbiM2bb �;�BMbi �/p2`b�`B�H 7�BHm`2X

Ç 6AS 2Mb2K#H2, ⌘4yXyR- ✏4yXj- JBMB@#�i+? bBx2 4 Ryy- �4j8 UAMTmib iQ i?2

6AS +QMbi`m+iBQMf2Mb2K#H2 Tb2m/Q@+Q/2 /2i�BH2/ �#Qp2VX

Ç �/�TiBp2 /Bp2`bBiv T`QKQiBM; U�.SV 2Mb2K#H2, �HT?� 4 k- #2i� 4 yX8-

U�HT?�- #2i� �`2 T�`�K2i2`b K�tBKBxBM; /Bp2`bBiv Q7 2Mb2K#H2V QTiBKBx2` mb2/

4 a:.- KQK2MimK 4 yXN- H2�`MBM; `�i2 4 yXy8- r2B;?i@/2+�v 4 k2@9- #�i+?@bBx2

4 Rk3- MmK@M2irQ`Fb@T2`@2Mb2K#H2 4 j- 8- Ry Ui?`22 /Bz2`2Mi 2Mb2K#H2bVX

Ç 6�bi :2QK2i`B+ 2Mb2K#HBM; U6:1V, KQ/2H 4 o::Re- 2TQ+?b 4 9y- r2B;?i@

/2+�v 4 j2@9- H2�`MBM;@`�i2@R 4 yX82@k H2�`MBM;@`�i2@k 4 R2@k- +v+H2 4 kX

AKTH2K2Mi�iBQM Q7 Qi?2` 2Mb2K#H2 ;2M2`�iBQM K2i?Q/b 7Q` �/p2`b�`B�H

`Q#mbiM2bb,X q2 ;2M2`�i2/ 2Mb2K#H2b Q7 /22T M2irQ`Fb Uo::ReV mbBM; i?`22 bi�i2@

Q7@�`i K2i?Q/bX h?2 }`bi K2i?Q/- ǳ.22TL2i U.LV 2Mb2K#H2Ǵ �`2 +QMbi`m+i2/ #v

i`�BMBM; KmHiBTH2 BM/2T2M/2MiHv BMBiB�HBx2/ o::Re M2irQ`FbX h?2 b2+QM/ K2i?Q/

Ƕ�/�TiBp2 .Bp2`bBiv T`QKQiBM; U�.SVǶ Bb Q#i�BM2/ #v �/�TiBM; i?2 +Q/2 BM i?Bb `2TQb@

BiQ`v, ?iiTb,ff;Bi?m#X+QKfSkjjjf�/�TiBp2@.Bp2`bBiv@S`QKQiBM;X h?2 i?B`/

K2i?Q/ ǵ6�bi ;2QK2i`B+ 2Mb2K#HBM;Ƕ Bb Q#i�BM2/ #v �/�TiBM; i?2 +Q/2 i�F2M 7`QK i?Bb

`2TQbBiQ`v, ?iiTb,ff;Bi?m#X+QKfiBK;�`BTQpf/MM@KQ/2@+QMM2+iBpBivX

6AS 7Q` KmHiBTH2 ǵQT2`�iBQMbǶ QM H�M;m�;2 KQ/2H ě "1_h

q2 b+�H2 Qm` 6AS ;2QK2i`B+ 7`�K2rQ`F iQ T2`7Q`K KmHiBTH2 QT2`�iBQMb UHBF2- +QMiBM@

m�H H2�`MBM;- +QKT`2bbBQMV QM "1_h H�M;m�;2 KQ/2Hb i?�i �`2 p2`v H�`;2 �M/ �`2

+�T�#H2 Q7 T�`bBM; H�`;2 �KQmMib Q7 i2ti b+`�T2/ 7`QK /Bz2`2Mi BMi2`M2i bQm`+2b UHBF2-

rBFBT2/B�- v2HT `2pB2rb- BK/# `2pB2rb iQ M�K2 � 72rVX
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.�i�b2ib �M/ T`2T`Q+2bbBM;X q2 T2`7Q`K2/ irQ QT2`�iBQMb- UBV M2irQ`F +QKT`2b@

bBQM �M/ UBBV +QMiBMm�H H2�`MBM; QM "1_h- }M2@imM2/ QM /Bz2`2Mi H�M;m�;2 /�i�b2ib-

/QrMHQ�/2/ 7`QK i?2 >m;;BM;6�+2 U>6V r2#bBi2X

Ç qBFBT2/B�, h?2 qBFBT2/B� @ 1M;HBb? /�i�b2ib �`2 /QrMHQ�/2/ 7`QK i?Bb HBMF,

?iiTb,ff?m;;BM;7�+2X+Qf/�i�b2ibfrBFBT2/B�X q2 mb2/ i?2 qBFBT2/B�

/�i�b2i QM i?2 K�bF2/ H2�`MBM; KQ/2H UJGJV i�bFX

Ç u2HT `2pB2rb, h?2 u2HT@`2pB2rb /�i�b2ib Bb Q#i�BM2/ 7`QK ?m;;BM;@7�+2- /QrM@

HQ�/2/ pB� i?Bb HBMF, ?iiTb,ff?m;;BM;7�+2X+Qf/�i�b2ibfv2HTn`2pB2rn7mHHX

Ç AJ." `2pB2rb, h?2 AJ."@`2pB2rb /�i�b2ib Bb Q#i�BM2/ 7`QK ?m;;BM;@7�+2-

/QrMHQ�/2/ pB� i?Bb HBMF, ?iiTb,ff?m;;BM;7�+2X+Qf/�i�b2ibfBK/#X

Ç :Gl1 /�i�b2i, h?2 :Gl1 /�i�b2i Bb Q#i�BM2/ 7`QK ?m;;BM;@7�+2- /QrM@

HQ�/2/ 7`QK i?Bb HBMF, ?iiTb,ff?m;;BM;7�+2X+Qf/�i�b2ibf;Hm2X h?2 :Gl1

i�bFb T2`7Q`K2/ BM i?Bb T�T2` �`2, UBV ZmQ`� Zm2biBQM S�B`b UZZSV- UBBVai�M7Q`/

b2MiBK2Mi Uaah@kV- UBBBV *Q`Tmb Q7 HBM;mBbiB+ �++2Ti�#BHBiv U*QG�V- UBpV _2+Q;@

MBxBM; i2tim�H 2Mi�BHK2Mi U_h1V- UpV JmHiB@;2M`2 M�im`�H H�M;m�;2 BM72`2M+2

UJLGAV- UpBV JB+`QbQ7i `2b2�`+? T�`�T?`�b2 +Q`Tmb UJ_S*V- UpBBV Zm2biBQM@

�Mbr2`BM; M�im`�H H�M;m�;2 BM72`2M+2 UZLGAVX

L2irQ`F �`+?Bi2+im`2X "1_h Bb � TQTmH�` i`�Mb7Q`K2` KQ/2H rBi? Rk H�v2`b

Ui`�Mb7Q`K2` #HQ+FbV- 2�+? rBi? � ?B//2M bBx2 Q7 de3- Rk b2H7@�ii2MiBQM ?2�/b BM 2�+?

H�v2` rBi? � iQi�H Q7 RRy KBHHBQM T�`�K2i2`b .2pHBM 2i �HX- kyR3X "1_h ?�b #22M T`2@

i`�BM2/ QM 98:" Q7 rBFBT2/B�- mbBM; i?2 K�bF2/ H�M;m�;2 KQ/2H UJGJV i�bF- �M/

M2ti b2Mi2M+2 T`2/B+iBQM ULaSVX

a2Mi2M+2 +QKTH2iBQM UJ�bFBM;V i�bFb, 6Q` i?2 K�bFBM; i�bFb Ur?2`2BM R8W

Q7 i?2 rQ`/b BM i?2 BMTmi b2Mi2M+2 �`2 K�bF2/ UQ` #H�MF2/VV- i?2 "1_h M2irQ`F ?�b
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�M JGJ ?2�/ �TT2M/2/ iQ i?2 M2irQ`FX h?2 JGJ ?2�/ T`Q/m+2b � j@/BK i2MbQ` �b

i?2 QmiTmi- r?2`2BM i?2 /BK2MbBQMb +Q``2bTQM/ iQ UBV MmK#2` Q7 b2Mi2M+2b BM � bBM;H2

#�i+? U#�i+?@bBx2V- UBBV MmK#2` Q7 #H�MF2/ Qmi rQ`/b BM � b2Mi2M+2- �M/ UBBBV MmK#2`

Q7 iQF2Mb BM i?2 "1_h pQ+�#mH�`v, jy-yyy iQF2MbX

a2Mi2M+2 +H�bbB}+�iBQM i�bFb, 6Q` i?2 b2Mi2M+2 +H�bbB}+�iBQM i�bF- � b2Mi2M+2 +H�b@

bB}2` ?2�/ r�b �TT2M/2/ iQ i?2 "1_h �`+?Bi2+im`2X >2`2- i?2 +H�bbB}2` ?2�/ T`Q/m+2b

� k@/BK QmiTmi i2MbQ`- r?2`2BM i?2 /BK2MbBQMb +Q``2bTQM/ iQ UBV #�i+?@bBx2 �M/ UBBV

MmK#2` Q7 mMB[m2 +H�bb2b BM i?2 +H�bbB}+�iBQM T`Q#H2KX

*Q/2 bT2+B}+�iBQMbX �HH i?2 +Q/2 r�b r`Bii2M BM i?2 SvhQ`+? 7`�K2rQ`F- �M/

i?2 �miQK�iB+@/Bz2`2MiB�iBQM T�+F�;2 r�b 2ti2MbBp2Hv mb2/ 7Q` +QMbi`m+iBM; +QKTm@

i�iBQM�H ;`�T?b �M/ +QKTmiBM; ;`�/B2Mib 7Q` mT/�iBM; M2irQ`F T�`�K2i2`bX h?2 +Q/2

7Q` +QMbi`m+iBM; 6ASb BM i?2 "1_h r2B;?i bT�+2 7Q` +QMiBMm�H H2�`MBM; QM u2HT �M/

AJ." b2MiBK2Mi �M�HvbBb- �M/ 7Q` "1_h bT�`bB}+�iBQM r2`2 `mM QM *�Hi2+?Ƕb >B;?@

S2`7Q`K�M+2 +QKTmiBM; +Hmbi2` @ mbBM; irQ :SlǶb 7Q` � iQi�H iBK2 Q7 k ?Qm`b- e iQ jy

?Qm`b U7Q` i?2 +QMiBMm�H H2�`MBM;- bT�`bB}+�iBQM QT2`�iBQMb `2bT2+iBp2HvVX

S�`�K2i2`b mb2/,X

Ç 6mM+iBQM�HHv BMp�`B�Mi T�i? U6ASV 7Q` +QMiBMm�H H2�`MBM;, ⌘ 4 k2@8-

�4R- M@K2KQ`B2b 7`QK T`2pBQmb i�bF 4 kyyyfe8yyyy 4 UyX3W T`2pBQmb /�i�b2iV-

PTiBKBx2` mb2/, �/�KqX

Ç 6mM+iBQM�HHv BMp�`B�Mi T�i? U6ASV 7Q` "1_h bT�`bB}+�iBQM, ⌘ 4 k2@

8- �4R- PTiBKBx2` mb2/, �/�Kq- 6BM�H U/2bB`2/V M2irQ`F bT�`bBiB2b 7Q` i?2

:Gl1 i�bF, h�bF UTW bT�`b2V, _h1 UeyW bT�`b2V- *QG� U8yW bT�`b2V- aha@"

U8yW bT�`b2V- ZLGA UdyW bT�`b2V- aah@k UeyW bT�`b2V- JLGA UdyW bT�`b2V-

ZZS UNyW bT�`b2V- J_S* U8yW bT�`b2V- 6BM�H U/2bB`2/V M2irQ`F bT�`bBiB2b 7Q`
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qBFBT2/B� b2Mi2M+2 +QKTH2iBQM, (RyW- kyW- . . . - NyW)X

6AS H2M;i?X h?2 6AS H2M;i? Bb 2p�Hm�i2/ #v b�KTHBM; � H�`;2 MmK#2` Q7 M2irQ`Fb

�HQM; i?2 6AS- �M/ bmKKBM; i?2 2m+HB/2�M /Bbi�M+2 #2ir22M �HH +QMb2+miBp2 T�B`b

Q7 M2irQ`FbX a�v- i?2 r2B;?ib Q7 M2irQ`Fb b�KTH2/ �HQM; i?2 6AS �`2 /2MQi2/ #v,

rR,rk,rj, ...,rM

6AS@H2M;i? = ⌃n
i=2||rB � rB�R||2.

S2`TH2tBiv b+Q`2, H�M;m�;2 KQ/2HbX S2`TH2tBiv Bb �M 2p�Hm�iBQM K2i`B+ mb2/ iQ

K2�bm`2 ?Qr ǳbm`T`Bb2/Ǵ � H�M;m�;2 KQ/2H Bb r?2M Bi 2M+QmMi2`b � M2r i�bFX h?�i Bb-

� ?B;?2` T2`TH2tBiv BKTHB2b KQ`2 bm`T`Bb2- bm;;2biBM; i?�i i?2 H�M;m�;2 KQ/2H /Q2b

MQi ?�p2 Km+? BMbB;?i BMiQ ?Qr H�M;m�;2 rQ`FbX J�i?2K�iB+�HHv- r2 /2}M2 T2`TH2tBiv

�b i?2 2tTQM2MiB�H Q7 i?2 +`Qbb 2Mi`QTv HQbb QM i?2 2p�Hm�iBQM /�i�b2iX

SSG(✓) = 2tT[⌃ne
i=1l(✓, xi)]

r?2`2- ✓ Bb i?2 T�`�K2i2`b Q7 i?2 "1_h KQ/2H- x1- x2- XX- xne �`2 i?2 ne BMTmib 7`QK

i?2 2p�Hm�iBQM /�i�b2iX l(✓, xi) 2p�Hm�i2b i?2 +`Qbb@2Mi`QTv HQbb Q7 � "1_h KQ/2H

T�`�K2i2`Bx2/ #v ✓ 7Q` � bBM;H2 BMTmi xiX

a2+iBQM kXRy

J�i?2K�iB+�H KmbBM;b

AM i?2 K�BM@i2ti- r2 �TTHv K�i?2K�iB+�H iQQHb 7`QK /Bz2`2MiB�H ;2QK2i`v iQ bim/v

i?2 `2bTQMb2 Q7 M2m`�H M2irQ`Fb iQ r2B;?i T2`im`#�iBQMX Pm` 7mM/�K2Mi�H +QMbi`m+@

iBQM Bb i?�i r2 +QMbB/2` r2B;?i bT�+2- W - iQ #2 � bKQQi? K�MB7QH/ 2M/Qr2/ rBi? �

_B2K�MMB�M K2i`B+- ;- bQ i?�i i?2 T�B` (W, ;) Bb � _B2K�MMB�M K�MB7QH/X q2 +QM@

bi`m+i i?2 K2i`B+ i?`Qm;? � TmHH#�+F T`Q+2/m`2 r?2`2 r2 TmHH#�+F � /Bbi�M+2 K2i`B+
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QM i?2 QmiTmi bT�+2 Y QMiQ i?2 r2B;?i bT�+2 W X 6QHHQrBM; i?Bb +QMbi`m+iBQM- Qm`

�M�HvbBb Q7 r2B;?i +?�M;2 7QHHQrb M�im`�HHv #v mbBM; bi�M/�`/ iQQHb 7`QK /Bz2`2MiB�H

;2QK2i`v BM+Hm/BM; i?2 i�M;2Mi bT�+2- i?2 +Qp�`B�Mi /2`Bp�iBp2 �M/ i?2 ;2Q/2bB+ iQ

�M�Hvx2 +?�M;2b BM M2irQ`F T2`7Q`K�M+2 ;Bp2M +?�M;2b BM M2irQ`F r2B;?ibX

�M BKTQ`i�Mi �bT2+i Q7 Qm` +QMbi`m+iBQM Bb i?�i r2 T`Q+22/ #v +QMbB/2`BM; i?2

r2B;?i bT�+2 Bib2H7 iQ #2 i?2 K�MB7QH/- �M/ TmHH@#�+F � /Bbi�M+2 K2i`B+ QMiQ W X h?2

+QMbi`m+iBQM �HHQrb mb iQ BbQH�i2 K�i?2K�iB+�H +QKTH2tBiv +QM+2`MBM; i?2 /2}MBiBQM

Q7 i?2 M2m`�H M2irQ`F rBi?BM i?2 +QMbi`m+iBQM Q7 i?2 K2i`B+ Bib2H7X 6QHHQrBM; i?2

+QMbi`m+iBQM Q7 i?2 K2i`B+- r2 +�M +QMp2MB2MiHv �M�Hvx2 r2B;?i T2`im`#�iBQM #v bBKTHv

�TTHvBM; Qm` MQM@1m+HB/2�M K2i`B+ i2MbQ` iQ +�H+mH�i2 /Bbi�M+2b rBi?BM W r?2`2

W Bb ?QK2QKQ`T?B+ iQ bi�M/�`/ 1m+HB/2�M bT�+2X AM r?�i 7QHHQrb r2 /Bb+mbb i?2

+QMbi`m+iBQM Q7 i?2 _B2K�MMB�M K�MB7QH/ �M/ ?Qr i?2 K�i?2K�iB+�H T`QT2`iB2b Q7 ;

�b � TQbBiBp2 Ub2KBV@/2}MBi2 #BHBM2�` 7Q`K �`Bb2X

� _B2K�MMB�M K�MB7QH/ bBKTHv +QMbBbib Q7 � bKQQi? iQTQHQ;B+�H K�MB7QH/ 2M/Qr2/

rBi? � _B2K�MMB�M K2i`B+ (GQ`BM; q hm- kyRd)X � bKQQi? iQTQHQ;B+�H K�MB7QH/- M -

Bb � HQ+�HHv 1m+HB/2�M bT�+2 (GQ`BM; qX hm- kyRR)X "v HQ+�HHv 1m+HB/2�M- r2 K2�M

i?�i �`QmM/ 2p2`v TQBMi- p 2 M i?2`2 Bb � 7mM+iBQM- �- i?�i K�Tb � M2B;?#Q`?QQ/

Q7 J- U r?2`2 p 2 U ⇢ M - iQ Rn U� : U ! RnV bQ i?�i i?2 +QHH2+iBQM {(U↵,�↵)}-

FMQrM �b �M �iH�b- +Qp2`b M X AM i?2 ;2M2`�H +�b2- r2 K�v M22/ K�Mv /Bz2`2Mi QT2M

b2ib U↵ iQ +Qp2` JX h?2 +�b2 Q7 r2B;?i bT�+2 Bb [mBi2 +QMp2MB2Mi BM i?�i � bBM;H2 K�T-

i?2 B/2MiBiv K�T- ;Bp2b mb �M �iH�b 7Q` W X

Pm` r2B;?i bT�+2 W Bb i`BpB�HHv ?QK2QKQ`T?B+ U�M/ /Bz2QKQ`T?B+V iQ Rn #v i?2

B/2MiBiv K�T- �M/ bQ i?2`27Q`2 W Bb � bKQQi? K�MB7QH/X Ai Bb i?2 bBKTHB+Biv Q7 i?2

K�MB7QH/ i?�i i?�i ;Bp2b Qm` K2i?Q/ Km+? Q7 Bib T`�+iB+�H TQr2`X

LQr- r2 BMi`Q/m+2 � K2i`B+ QMiQ W i?�i 2M/Qrb i?2 K�MB7QH/ rBi? � MQiBQM Q7

/Bbi�M+2 i?�i 2M+�TbmH�i2b i?2 7mM+iBQM T`QT2`iB2b Q7 i?2 mM/2`HvBM; M2m`�H M2irQ`FX

AMimBiBp2Hv- r2 +�M i?BMF Q7 W �b #2+QKBM; � +m`p2/ bT�+2 /m2 iQ i?2 BM~m2M+2 Q7
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i?2 7mM+iBQM�H T`QT2`iB2b Q7 i?2 M2m`�H M2irQ`F QM i?2 HQ+�H bi`m+im`2 Q7 bT�+2X Pm`

�TT`Q�+? ?�b �M�HQ;B2b rBi? T?vbB+�H KQ/2Hb r?2`2 i?2 T�i? Q7 � T�`iB+H2 i?`Qm;? �M

�K#B2Mi bT�+2 +�M #2 BM~m2M+2/ #v � K2i`B+ r?B+? Bb i?2 K�MB72bi�iBQM Q7 � T?vbB+�H

7Q`+2 HBF2 ;`�pBiv (h?Q`M2- JBbM2`- �M/ q?22H2`- kyyy)X q2 pB2r M2m`�H M2irQ`Fb �b

/vM�KB+�HHv KQpBM; �HQM; � bKQQi? K�MB7QH/ r?Qb2 MQiBQM Q7 /Bbi�M+2 Bb 7mM+iBQM�HX

aT2+B}+�HHv- r2 +QMbB/2` � M2m`�H M2irQ`F iQ #2 � bKQQi?- C17mM+iBQM f(t,r)-

i?�i K�Tb �M BMTmi p2+iQ`- t 2 RF- iQ �M QmiTmi p2+iQ`- f(t,r) = v 2 RKX h?2

7mM+iBQM- f(t,r)- Bb T�`�K2i2`Bx2/ #v � p2+iQ` Q7 r2B;?ib- r 2 RM- i?�i �`2 ivTB+�HHv

b2i BM i`�BMBM; iQ bQHp2 � bT2+B}+ i�bFX AM ;2M2`�H- b2p2`�H TQTmH�` M2m`�H M2irQ`F

7mM+iBQMb HBF2 i?2 `2+iB}2/ HBM2�` mMBi U_2GlV �`2 MQi �+im�HHv C1U/Q MQi ?�p2 +QM@

iBMmQmb /2`Bp�iBp2b Q7 �HH Q`/2`bVX 6Q` 2t�KTH2- i?2 _2Gl 7mM+iBQM h(x) = K�t(x, 0)

?�b � /Bb+QMiBMmBiv �i h
0(0)X >Qr2p2`- i?2 7mM+iBQM Bb +QKKQMHv �TT`QtBK�i2/ #v

i?2 bQ7i@THmb 7mM+iBQM h(x) = HQ;(1 + 2tT(x)) r?B+? Bb C1- �M/ bQ i?2`2 Bb MQi �

7mM/�K2Mi�H T`Q#H2KX

h?2 i`�BMBM; /�i� Bib2H7 ?�b �M BMi2`2biBM; �M/ KQ`2 bm#iH2 BKT�+i QM Qm` K2i`B+X

hQ +QMbi`m+i � K2i`B+ QM W - r2 }`bi +QMbB/2` i?2 K�T ;2M2`�i2/ #v i?2 M2irQ`F f

;Bp2M � }t2/ /�i� TQBMi t

f(t,r) : W ! Rm
. UkXdV

q2 +�HH i?Bb K�T i?2 7mM+iBQM�H K�TX � bT2+B}+ 2t�KTH2 Q7 bm+? � K�T Bb i?�i t +QmH/

#2 � bT2+B}+ p2+iQ` Q7 BK�;2 /�i� 7`QK JLAah- �M/ f K�Tb i?Bb /�i� iQ � m = 10

/BK2MbBQM�H bT�+2 i?�i b+Q`2b i?2 BK�;2 7Q` 2�+? Q7 i?2 Ry TQbbB#H2 ?�M/r`Bii2M /B;BibX

:HQ#�HHv- r2 MQi2 i?�i f BM ;2M2`�H rBHH MQi #2 QM2@iQ@QM2 Q` QMiQX
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GQ+�HHv- r2 �bF ?Qr i?2 QmiTmi Q7 f +?�M;2b 7Q` �M BM}MBi2bBK�H r2B;?i +?�M;2

f(t,r + /r) = f(r) + df UkX3V

= f(r) +
@fi

@rD
/rD UkXNV

r?2`2 r2 i�F2 /rB iQ #2 bi�M/�`/ #�bBb p2+iQ`b BM W - �M/ C = @fi
@rB

Bb i?2 C�+Q#B�M

K�i`Bt Q7 T�`iB�H /2`Bp�iBp2bX AM ;2M2`�H C rBHH #2 �M n ⇥ m K�i`Bt �M/- i?2`27Q`2-

`�MF(J)  KBM(n,m)- bQ i?�i i?2 `�MF Q7 C Bb Q#pBQmbHv /2i2`KBM2/ #v i?2 MmK#2` Q7

r2B;?ib �M/ i?2 MmK#2` Q7 QmiTmi 7mM+iBQMbX � F2v /Bz2`2M+2 #2ir22M Qm` 7`�K2rQ`F

�M/ +H�bbB+�H b2iiBM;b BM r?B+? /Bz2`2MiB�H ;2QK2i`v Bb �TTHB2/ Bb i?�i- 7Q` mb- n 6= mX

AM 7�+i- Bi rBHH #2 � p2`v bT2+B�H +�b2 i?�i �+?B2p2b �M 2[m�HBiv Q7 r2B;?ib �M/ QmiTmi

7mM+iBQMX

hQ +QMbi`m+i Qm` K2i`B+- r2 mb2 K2�M b[m�`2/ 2``Q` iQ K2�bm`2 i?2 /Bbi�M+2

#2ir22M M2irQ`F QmiTmib ;2M2`�i2/ #v i?2 mMT2`im`#2/ UrV �M/ T2`im`#2/ M2irQ`Fb

Ur + /rV �b

d(r,r + /r) = |f(t,r)� f(t,r + /r)|2 = /rT (CT C) /r UkXRyV

= /rT ;r /r UkXRRV

r?2`2 r2 ?�p2 mb2/ i?2 HQ+�H MQiBQM Q7 /Bbi�M+2 iQ /2`Bp2 � K2i`B+- ;- i?�i +QMp2`ib

HQ+�H r2B;?i T2`im`#�iBQMb BMiQ � /Bbi�M+2X Ai Bb BKTQ`i�Mi iQ MQiB+2 i?�i C �M/ ; �`2

}2H/b i?�i p�`v �+`Qbb W X q2 +�M 2p�Hm�i2 i?2 K2i`B+ �i � TQbBiBQM HQ+�iBQM BM bT�+2

Q` �b r2 KQp2 �HQM; � T�i? i?`Qm;? r2B;?i bT�+2X

6Q`K�HHv- r2 i?BMF Q7 Qm` K2i`B+ �b T`QpB/BM; �M BMM2` T`Q/m+i �i 2p2`v HQ+�iBQM

BM r2B;?i bT�+2X 6Q` ;2M2`�H K�MB7QH/b- i?2 K�i?2K�iB+�H +QMbi`m+iBQM Bb iQ +QMbB/2`

� i�M;2Mi TH�M2 Q` i�M;2Mi bT�+2 �i 2�+? TQBMi p 2 W - �M/ iQ BK�;BM2 � TH�M2 i?�i

HQ+�HHv �TT`QtBK�i2b � +m`p2/ K�MB7QH/ �i 2�+? TQBMiX AM i?Bb +�b2- i?2 K2i`B+ i2MbQ`

T`QpB/2b � HQ+�H BMM2` T`Q/m+i �M/ ?2M+2 � HQ+�H MQiBQM Q7 /Bbi�M+2X
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h?2`27Q`2- r2 /2}M2 �M BMM2` T`Q/m+i QM i?2 i�M;2Mi bT�+2 �i �Mv TQBMi p 2 W

�b

hu, vip = u
T;pv UkXRkV

r?2`2 r2 i�F2 m, p iQ #2 p2+iQ`b BM i?2 i�M;2Mi bT�+2- �M/ r2 mb2 ;p iQ BM/B+�i2 Qm`

K2i`B+ 2p�Hm�i2/ �i i?2 TQBMi pX 6Q`K�HHv- i�M;2Mi p2+iQ`b �`2 ivTB+�HHv +QMbi`m+i2/

�b HQ+�H /Bz2`2MiB�H QT2`�iQ`b- #mi +�M #2 pB2r2/ BMimBiBp2Hv �b bK�HH �``Qrb �i p

(GQ`BM; q hm- kyRdc h?Q`M2- JBbM2`- �M/ q?22H2`- kyyy)X

� _B2K�MMB�M K2i`B+ Bb �M BMM2` T`Q/m+i i?�i b�iBb}2b � b2i Q7 +QM/BiBQMbX h?2

BMM2` T`Q/m+i Kmbi #2 bvKK2i`B+- #BHBM2�` �M/ TQbBiBp2 /2}MBi2X h?2 TQbBiBp2 /2}MBi2

+QM/BiBQM +�M #2 `2H�t2/ i?`Qm;? +QMbi`m+iBQM Q7 � Tb2m/Q@K2i`B+X h?2 BMM2` T`Q/m+i

T`QpB/2b i?2 7�KBHB�` MQiBQMb Q7 /Bbi�M+2 i?�i 2tBbi BM +H�bbB+�H 1m+HB/2�M bT�+2bX

AM ;2M2`�H- i?2 MQiBQM Q7 � K2i`B+ Bb b2T�`�i2 7`QK Bib `2T`2b2Mi�iBQM �b � K�i`Bt-

#mi i?2`2 Bb � M�im`�H K�T #2ir22M BMM2` T`Q/m+ib �M/ K�i`B+2b i?�i r2 +�M 2tTHQBiX

q2 +�M b22 i?�i Qm` K2i`B+ b�iBb}2b bvKK2i`v �M/ HBM2�`Biv i?`Qm;? Qm` /2}MBiBQM

Q7 i?2 K2i`B+ �b � T`Q/m+i Q7 i?2 C�+Q#B�M K�i`Bt �M/ Bib i`�MbTQb2X GBM2�`Biv Bb �

M�im`�H +QMb2[m2M+2 Q7 bi�M/�`/ K�i`Bt QT2`�iBQMbX AM i?2 +�b2 Q7 bvKK2i`v- hu, vip =

u
T
J
T
Jv = (Jv)T (uT

J
T )T = v

T
J
T
Ju = hv, uipX h?2`27Q`2- Qm` K2i`B+ Bb- BM ;2M2`�H-

#Qi? bvKK2i`B+ �M/ HBM2�` BM Bib �`;mK2MibX

>Qr2p2`- i?2 TQbBiBp2 /2}MBi2M2bb Q7 Qm` K2i`B+ Bb /2i2`KBM2/ #v i?2 `�MF Q7 i?2

C�+Q#B�M K�i`Bt- CX AM i?2 ivTB+�H +�b2 n > m- �M/ i?2 `�MF Q7 i?2 C�+Q#B�M K�i`Bt

rBHH #2 HBKBi2/ #v mX Pm` K2i`B+- ; r?2M pB2r2/ �b � HQ+�H #BHBM2�` 7Q`K Q` �b �M

n⇥ n K�i`Bt rBHH MQi #2 7mHH `�MF �M/ rBHH #2 � Tb2m/Q@K2i`B+X q2 +�M �M�Hvx2 i?2 �

K2i`B+ #v +QMbB/2`BM; Bib `2T`2b2Mi�iBQM �b � K�i`Bt- �M/- i?mb- �TTHv iQQHb 7`QK HBM2�`

�H;2#`�X AM ;2M2`�H � K�i`Bt A 2 Rn⇥n Bb TQbBiBp2 /2}MBi2 B7 xT
Ax > 0 8x 2 Rn

, t 6= 0

Q` 2[mBp�H2MiHv 2B;2Mp�Hm2b Q7 A �i > 0 8iX �Hi2`M�i2Hv- � TQbBiBp2 b2KB@/2}MBi2 K�i`Bt

A ?�b xT
Ax � 0 8x 2 Rn �M/ A �i � 0 8iX
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aBM+2 ; Bb i?2 T`Q/m+i CTC- ; ?�b �i � 0 �b +�M #2 b22M bBKTHv #v +QMbB/2`BM; i?2

bBM;mH�` p�Hm2 /2+QKTQbBiBQM Q7 CX >Qr2p2`- i?2 K�i`Bt `�MF Q7 ; �i � TQBMi QM Qm`

K�MB7QH/ Bb bBKBH�`Hv #QmM/2/ #v i?2 `�MF Q7 C- �M/ `�MF(;) = `�MF(C)X h?2`27Q`2- ;

rBHH ?�p2 k 2B;2Mp�Hm2b i?�i �`2 B/2MiB+�HHv x2`Q �i = 0 r?2`2 k = n�`�MF(J) < n�m

- bQ i?�i- BM ;2M2`�H- � K2i`B+ +QMbi`m+i2/ #�b2/ QM � bBM;H2 i`�BMBM; 2t�KTH2 Bb MQi

TQbBiBp2 /2}MBi2 #mi TQbBiBp2 b2KB@/2}MBi2X Pm` F2v `2bmHib +�M #2 �TTHB2/ iQ #Qi?

_B2K�MMB�M K�MB7QH/b �b r2HH �b Tb2m/Q@_B2K�MMB�M K�MB7QH/bX

q2 +�M BM+`2�b2 i?2 `�MF Q7 i?2 K2i`B+ #v 2ti2M/BM; Qm` +QMbi`m+iBQM iQ KmHiBTH2

/�i� TQBMibX q2 +�M +QMbB/2` � b2i Q7 /�i� 2t�KTH2b- X- bQ i?�i tB 2 XX 6Q` � bBM;H2

2t�KTH2- Qm` M2m`�H M2irQ`F 7mM+iBQM f ;2M2`�i2b �M QmiTmi f(t,r) 2 RmX q2 +�HH

i?2 QmiTmi bT�+2 7Q` � bBM;H2 2t�KTH2- Yxi - �M/ r2 +QMbB/2` i?2 /B`2+i bmK Q7 i?2

7mM+iBQM�H bT�+2b ;2M2`�i2/ 7`QK � b2i Q7 i`�BMBM; 2t�KTH2b

Y =
M

xi2X

Yxi . UkXRjV

1�+? Yxi Bb ?QK2QKQ`T?B+ iQ Rm �M/ Y Bb ?QK2QKQ`T?B+ iQ � /B`2+i bmK Q7 p +QTB2b

Q7 RmX AM i?Bb +�b2- /BK(Y) = m⇥p r?2`2 p = |X| Bb i?2 MmK#2` Q7 /�i� TQBMib mb2/

BM i?2 +QMbi`m+iBQM �M/ /BK(Yxi) = mX

h?2 +QMbi`m+iBQM ;2M2`�HBx2b Qm` MQiBQM Q7 7mM+iBQM�H /Bbi�M+2- bQ i?�i MQr 7mM+@

iBQM�H /Bbi�M+2 BMpQHp2b � bmK Qp2` �HH tB 2 X �b

dY(f(s;r), f(s;r0)) =
pX

i=1

mX

j=1

|fj(tB,r)� fj(tB,r0)|2 UkXR9V

r?2`2 i?2 bmK Bb T2`7Q`K2/ Qp2` � b2i Q7 BMTmi p2+iQ`b tB 2 s �M/ Qp2` �HH +QKTQM2Mib

j Q7 i?2 QmiTmiX

h?2 7Q`K Q7 i?2 K2i`B+ i2MbQ` �HbQ ?�b � M�im`�H ;2M2`�HBx�iBQM iQ i?2 +�b2 Q7

KmHiBTH2 BMTmi /�i� TQBMib- �M/ bBKTHv #2+QK2b � bmK
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; =
pX

i=1

;tB UkXR8V

r?2`2 2�+? ;tB Bb i?2 K2i`B+ i2MbQ` ;2M2`�i2 7`QK � bBM;H2 /�i� TQBMi tBX AMimBiBp2Hv-

Qm` K2i`B+ Bb- i?2`27Q`2- Dmbi � bmK Q7 i?2 K2i`B+b ;2M2`�i2/ 7Q` 2�+? BMTmi /�i� TQBMiX

1p2M B7 2�+? K2i`B+ Bb � `�MF@R K�i`Bt- i?2 bmK Q7 � b2i Q7 bm+? `�MF@R K�i`B+2b ?�b

BM+`2�b2/ `�MFX

S`�+iB+�HHv- i?2 `2bmHi Bb BKTQ`i�Mi BM �TTHB+�iBQMb #2+�mb2 i?2 `�MF Q7 ; Bb BM~m@

2M+2/ #v #Qi? BM?2`2Mi T`QT2`iB2b Q7 i?2 M2m`�H M2irQ`F �i � TQBMi BM r2B;?i bT�+2

�M/ i?2 MmK#2` Q7 i`�BMBM; 2t�KTH2bX q?2M n > m ⇥ p- i?2 C�+Q#B�M K�i`Bt Bb

MQi 7mHH `�MF- �M/ bQ i?2 `�MF Q7 i?2 K2i`B+ Bb /�i� HBKBi2/X q?2M m ⇥ p > n- i?2

C�+Q#B�M K�i`Bt +�M biBHH +QMi�BM /2;2M2`�i2 /B`2+iBQMb /m2 iQ i?2 ;2QK2i`v Q7 i?2

7mM+iBQM f X AM K�Mv T`�+iB+�H +�b2b- Bi Bb i?2 +m`p�im`2 Q7 f i?�i r2 r�Mi iQ 2t�KBM2-

�M/ bQ r2 r�Mi i?2 QTiBQM Q7 b�im`�iBM; i?2 `�MF Q7 Q7 K2i`B+X LmK2`B+�HHv- r2 b?Qr

�M 2t�KTH2 BM 6B;X kXke r?2`2 r2 2p�Hm�i2 i?2 `�MF Q7 i?2 K2i`B+ i2MbQ` 7Q` M2irQ`F

JGS@R i`�BM2/ QM JLAahX

6B;m`2 kXke, _�MF Q7 K2i`B+ i2MbQ` BM+`2�b2b rBi? i?2 bBx2 Q7 i?2 i`�BMBM;
/�i� b2iX h?2 `�MF Q7 i?2 K2i`B+ i2MbQ`- ;- 7Q` JGS@R rBi? Ry ?B//2M MQ/2b Bb
THQii2/ mbBM; p�`B�#H2 bBx2b Q7 i?2 JLAah i`�BMBM; /�i�b2iX h?2 `�MF Q7 i?2 K2i`B+
i2MbQ` BM+`2�b2b rBi? /�i� b2i bBx2X
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PmiTmi bT�+2 /Bbi�M+2 K2i`B+b,

J�Mv /Bz2`2Mi 7mM+iBQM�H K2i`B+b U�M/ Tb2m/Q@K2i`B+bV �`2 �TTHB2/ BM K�+?BM2 H2�`M@

BM; iQ �M�Hvx2 i?2 /Bbi�M+2 #2ir22M M2irQ`F QmiTmib f(X,r)X aT2+B}+�HHv- r2 ?�p2

7QmM/ Bi mb27mH iQ mb2 #Qi?- i?2 "?�ii�+?�`vv� .Bbi�M+2 ("?�ii�+?�`vv�- RN9j) �M/

1m+HB/2�M /Bbi�M+2 iQ [m�MiB7v i?2 /Bbi�M+2 #2ir22M i?2 7mM+iBQM QmiTmib U�7i2` i?2

bQ7iK�t QT2`�iBQMVX

h?2 "?�ii�+?�`vv� .Bbi�M+2 K2�bm`2b i?2 bBKBH�`Biv #2ir22M irQ T`Q#�#BHBiv /Bb@

i`B#miBQMb ("?�ii�+?�`vv�- RN9j)X hQ ;2i T`Q#�#BHBiv p2+iQ`b �b M2irQ`F QmiTmib- r2

+QMbi`m+i i?2 QmiTmi bT�+2 rBi? bQ7iK�tǶ2/ M2m`�H M2irQ`F QmiTmibX

h?2 "?�ii�+?�`vv� .Bbi�M+2 #2ir22M irQ bQ7iK�tǶ2/ M2irQ`F QmiTmi p2+iQ`b

Uh1 = f(t,rR), h2 = f(t,rk)V Bb ;Bp2M #v,

DB(h1, h2) = �ln(dot(
p

h(t,rR),
p
h(t,rk)))

DB(h1, h2) = �ln(
p

h(t,rR)
Tp

h(t,rk)).

>2`2- f(t,rR) �M/ f(t,rk) �`2 M2m`�H M2irQ`F QmiTmib T�bb2/ i?`Qm;? � bQ7iK�t

7mM+iBQMX 6Q` i?2 JLAah- *A6�_@Ry /�i�b2i- i?2v �`2 Ry 2H2K2Mi p2+iQ`b- r?BH2 7Q`

*A6�_@Ryy- i?2v �`2 Ryy 2H2K2Mi p2+iQ`bX /QiUh1-h2V Bb i?2 /Qi T`Q/m+i Q7 i?2 irQ

T`Q#�#BHBiv p2+iQ`bX

GQ+�H �M�HvbBb- i�M;2Mi bT�+2 �M/ i�M;2Mi p2+iQ`b

� +2Mi`�H BMbB;?i BM /Bz2`2MiB�H ;2QK2i`v Bb i?�i i?2 bi`m+im`2 Q7 � K�MB7QH/ +�M #2

�M�Hvx2/ #v +QMbB/2`BM; i?2 i�M;2Mi bT�+2 �i 2�+? TQBMi QM i?2 K�MB7QH/ �M/ �b r2HH

�b i?2 T`QT2`iB2b Q7 i?2 _B2K�MMB�M K2i`B+ r?2M `2bi`B+i2/ iQ i?�i i�M;2Mi bT�+2X

AMimBiBp2Hv- i?2 i�M;2Mi bT�+2 Bb � HQ+�H HBM2�` �TT`QtBK�iBQM Q7 � K�MB7QH/ �i � bBM;H2

TQBMiX h?2 _B2K�MMB�M K2i`B+ vB2H/b �M BMM2` T`Q/m+i i?�i �HHQrb mb iQ +�H+mH�i2

i?2 H2M;i? Q7 i�M;2Mi p2+iQ`b rBi?BM i?2 i�M;2Mi TH�M2 Q` bT�+2X "v +�H+mH�iBM; BMM2`
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T`Q/m+iBQMb rBi?BM r2B;?i bT�+2 W r2 �`2 �#H2 iQ /2i2`KBM2 i?2 7mM+iBQM�H `2bTQMb2

Q7 � M2irQ`F iQ � HQ+�H r2B;?i T2`im`#�iBQMX

h?2 i�M;2Mi bT�+2 Q7 W - Tw(W ) �i � TQBMi- r- +�M #2 +QMbi`m+i2/ #v +QMbB/2`BM;

� b2i Q7 HQ+�H i�M;2Mi p2+iQ`b �i � TQBMiX h�M;2Mi bT�+2b +�``v �H;2#`�B+ bi`m+im`2 Q7

p2+iQ` bT�+2bX h�M;2Mi p2+iQ`b +�M #2 BMimBiBp2Hv pB2r2/ �b i�M;2Mi �``Qrb �M+?Q`2/

�i � bT2+B}+ TQBMi QM i?2 K�MB7QH/- #mi �`2 7Q`K�HHv /2}M2/ �b � b2i Q7 HQ+�H /Bz2`2MiB�H

QT2`�iQ`bX 6Q` Qm` r2B;?i bT�+2 W - i?2 b2i Q7 HQ+�H QT2`�iQ`b d
dwi - � #�bBb 7Q` i?2

i�M;2Mi bT�+2X h?2 /Bz2`2MiB�H QT2`�iQ`b T`QpB/2 � #�bBb,

B = {e1 = @1, . . . , eD = @D}

rBi?

@i :=
@

@wi
.

q2 +�M i?BMF Q7 i?2b2 HQ+�H /Bz2`2MiB�H QT2`�iQ`b �b HQ+�H T2`im`#�iBQM QT2`�iQ`b

r?B+? +�``v BM7Q`K�iBQM �#Qmi ?Qr BM}MBi2bBK�H r2B;?i +?�M;2b BKT�+i i?2 7mM+iBQM�H

T2`7Q`K�M+2 Q7 � M2irQ`FX 6Q`K�HHv- i?2 _B2K�MMB�M K2i`B+- ;- i?2M /2}M2b �M

BMM2`- hei, eji;r T`Q/m+i rBi?BM i?2 i�M;2Mi TH�M2

gw : TwW ⇥ TwW ! R UkXReV

hm, pi;r =
X

ij

gij ui vj. UkXRdV

q2 +�H+mH�i2 i?2 BMM2` T`Q/m+i Q7 � i�M;2Mi p2+iQ` hei, eii;r r?B+? [m�MiB}2b i?2 iQi�H

+?�M;2 BM 7mM+iBQM�H T2`7Q`K�M+2 �+`Qbb �HH i`�BMBM; 2t�KTH2b ;Bp2M � T2`im`#�iBQMX

AM Qm` 7Q`KmH�iBQM Q7 HQ+�H KQp2K2Mi BM r2B;?i bT�+2- r2 �M�Hvx2 i?2 `2bTQMb2 Q7 �

M2m`�H M2irQ`F iQ r2B;?i T2`im`#�iBQM #v +�H+mH�iBM; i?2 b[m�`2/ H2M;i? Q7 i�M;2Mi

p2+iQ`b r?B+? `2T`2b2Mi HQ+�H 7mM+iBQM�H T2`im`#�iBQMb mbBM; i?2 K2i`B+ i2MbQ`X
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�{M2 *QMM2+iBQMb �M/ *Qp�`B�Mi .Bz2`2MiB�iBQM

:Bp2M � K�MB7QH/- i?2 K2i`B+ ; T`QpB/2b � HQ+�H /2}MBiBQM Q7 i�M;2Mi p2+iQ` H2M;i? �i

� bBM;H2 TQBMi QM i?2 K�MB7QH/X hQ +QKT�`2 i�M;2Mi p2+iQ`b �i /Bz2`2Mi TQBMib rR �M/

rk Q` �HQM; � T�i? �(t) r2 `2[mB`2 � MQiBQM Q7 /Bz2`2MiB�iBQMX h?2 +Qp�`B�Mi /2`Bp�iBp2

T`QpB/2b 2t�+iHv i?Bb MQiBQM �HHQrBM; mb iQ 2tT`2bb +?�M;2b BM i?2 H2M;i? Q7 i�M;2Mi

p2+iQ`b ;Bp2M /BbTH�+2K2Mi BM r2B;?i bT�+2X aT2+B}+�HHv- i?2 +Qp�`B�Mi /2`Bp�iBp2 rvu

Bb � HBM2�` K�T- r : V ⇥ V ! V i?�i +QKTmi2b i?2 HQ+�H +?�M;2 BM Q`B2Mi�iBQM Q7

� i�M;2Mi p2+iQ` v 2 V �b i?2 p2+iQ` KQp2b �HQM; � b2+QM/ i�M;2Mi p2+iQ` w 2 V X

AM7Q`K�HHv- i?2 +Qp�`B�Mi /2`Bp�iBp2 [m�MiB}2b ?Qr i`�MbH�iBQM Q7 � p2+iQ` i`�Mb7Q`Kb

U`Qi�iBQMb- +QMi`�+iBQMbV i?2 i�M;2Mi p2+iQ` �b K2�bm`2/ #v i?2 #�bBb T`QpB/2/ #v

Qi?2` i�M;2Mi p2+iQ`bX

�b � bT2+B}+ +�b2- ;Bp2M � T�i? �(t) 2 W - � i�M;2Mi Q` p2HQ+Biv p2+iQ` +�M #2

/2}M2/ �i � TQBMi t = t
0 �b @�(t)

@t = �
0(t)X h?2 K2i`B+- �i � TQBMi r- K2�bm`2b i?2

H2M;i? Q7 i?Bb i�M;2Mi p2+iQ`
p
h�0(t), �0(t)i;(r)X AM Qm` +QMi2ti- i?2 p2HQ+Biv p2+iQ`b

K2�bm`2 i?2 BM}MBi2bBK�H +?�M;2 BM T2`7Q`K�M+2 BM+m``2/ #v � M2irQ`F �b Bi KQp2b

�HQM; �(t) 7`QK �(t0)! �(t0) + dt�
0(t)X

hQ #2ii2` /2b+`B#2 i?2 ;2QK2i`B+ Q#D2+ib QM � K�MB7QH/- r2 /2p2HQT i?2 +QM+2Ti

Q7 /Bz2`2MiB�iBQM QM � K�MB7QH/ i?�i Bb BM BM/2T2M/2Mi Q7 HQ+�H +?�`ib- i?�i Bb- r2

rQmH/ HBF2 iQ /2p2HQT � /2`Bp�iBp2 QT2`�iQ` r?Qb2 +QKTQM2Mib i`�Mb7Q`K HBF2 i2MbQ`X

AM Q`/2` iQ /2}M2 � /2`Bp�iBp2 QT2`�iQ`- r2 M22/ iQ #2 �#H2 iQ +QKT�`2 p2+iQ`b �M/

i2MbQ`b #�b2/ �i /Bz2`2Mi TQBMib QM i?2 K�MB7QH/X h?2 K�+?BM2`v r2 mb2 Bb +�HH2/

ǳ�{M2 +QMM2+iBQMǴX

AM Qm` K�i?2K�iB+�H 7`�K2rQ`F- i?2 i�M;2Mi p2+iQ` �̇(t) = @�(t)
@t K2�bm`2b i?2 `�i2

Q7 +?�M;2 BM 7mM+iBQM�H T2`7Q`K�M+2 UQ` M2irQ`F QmiTmiV �HQM; � T�i? �(t) 2 W r?2`2

t Bb � iBK2@HBF2 [m�MiBiv i?�i T�`�K2i2`Bx2b /BbiBM+i TQBMib �HQM; i?2 T�i? �(t)X

h?2 H2M;i? Q7 i?2 i�M;2Mi p2+iQ`
p
h�̇, �̇ig K2�bm`2b i?2 �#bQHmi2 b+�H�` +?�M;2

BM 7mM+iBQM�H T2`7Q`K�M+2 Qp2` iBK2X Pm` }`bi Q`/2` 6AS 7`�K2rQ`F 7Q+mb2b QM i?2
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+QMbi`m+iBQM Q7 T�i?b �(t) i?�i KQp2 #2ir22M TQBMib BM r2B;?i bT�+2 �(0) = wt �M/

�(1) = w0 r?BH2 KBMBKBxBM; i?2 p2HQ+Biv Ubi`B+iHvV i?2 bT22/ Q7 +?�M;2 BM � M2irQ`FǶb

QmiTmi �b i?2 M2irQ`F Bb KQp2/ �HQM; i?2 T�i?X AM bQK2 +�b2b- Bi Bb mb27mH iQ +QMbB/2`

#Qi? p2HQ+Biv Q7 � M2irQ`F �i � bT2+B}+ TQBMi- #mi �HbQ i?2 +?�M;2 BM p2HQ+Biv �b �

7mM+iBQM Q7 iBK2 �HQM2 � T�i?X 6Q` 2t�KTH2- r2 KB;?i r�Mi iQ +QMbi`m+i T�i?b i?�i

�+?B2p2 � +QMbi�Mi p2HQ+Biv �HQM; � T�i? r?2`2 i?2 +?�M;2 BM M2irQ`F QmiTmi T2` }t2/

bi2T dt �HQM; i?2 T�i? �(t)X

6Q` bm+? T�i?b r2 ?�p2
p
h�̇, �̇ig = C �M/ bQ i?�i h�, �̇ig = 0 �M/ i?2 �++2H2`�iBQM

Q7 i?2 M2irQ`F Kmbi #2 BM � /B`2+iBQM Q`i?Q;QM�H iQ i?2 p2HQ+Biv p2+iQ` �HQM; i?2 T�i?

� (GQ`BM; q hm- kyRd)X

*QMbi�Mi p2HQ+Biv T�i?b �`2 FMQrM �b ;2Q/2bB+ T�i?b- �M/ +�M #2 +QMbi`m+i2/ �b

7QHHQrb (GQ`BM;q hm- kyRd)X *QMbB/2` � T�i? BM r2B;?i bT�+2 �b �(t) = (�1(t), �2(t) . . . �n(t))

�M/ /2}M2 i?2 p2HQ+Biv p2+iQ` Q7 i?2 M2irQ`F �HQM; i?2 T�i? �b V = ˙�(t) =
P

i
d�i
dt x̂iX

LQr r2 +�M /2`Bp2 �M 2tT`2bbBQM 7Q` dV
dT �b

dT

dt
=

X

i

�i(t)x̂i + �.

*QMbB/2` � TQBMi P �M/ � M2B;?#Q`BM; TQBMi Q QM i?2 r2B;?i K�MB7QH/- r?2`2 Q Bb

�i � T�`�K2i2` /Bbi�M+2 �t 7`QK P �HQM; +m`p2 �X G2i v(t) �M/ v(t+�t) #2 K2K#2`b

Q7 i?2 p2+iQ` }2H/ �i P �M/ QX q2 i?2M /2}M2 � M2r p2+iQ` }2H/ v0 r?B+? 2[m�Hb v(t)

�i Q �M/ Bb T�`�HH2H@i`�MbTQ`i2/ �HQM; �X h?2 +Qp�`B�Mi /2`Bp�iBp2 Q7 v(t) �i P +�M

#2 2tT`2bb2/ �b

r�(t)v(t) = HBK
�t!0

v0(t)� v(t)

�t
.

�++2H2`�iBQM +�M �HbQ #2 +�H+mH�i2/ +QMp2MB2MiHv 7`QK i?2 /2}MBiBQM Q7 i?2 _B2K�MMB�M

K2i`B+ �b �M BMM2` T`Q/m+i (GQ`BM; q hm- kyRd) #v +QMbB/2`BM; � T�i?- �(t) 2 W -

t 2 [0, 1] �M/ p2HQ+Biv p2+iQ`b d�
dt |t=t0 = v(t) +�H+mH�i2/ �i /Bz2`2Mi TQBMib BM iBK2X
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h?2 #`2�F@/QrM bT22/ Bb /2}M2/ �HQM; i?2 T�i? �b i?2 BMM2` T`Q/m+i Q7 i?2 i�M;2Mi

p2+iQ`,

s = hv, vi =
nX

i=1,j=1

vi vj gij.

q2 MQi2 i?�i bT22/ Bb ivTB+�HHv /2}M2/ �b
p
hv, vi- #mi r2 /2}M2 bT22/ �b �#Qp2 /m2

iQ Qm` b[m�`2/ HQbb 7mM+iBQM r?B+? /Bz2`b 7`QK i?2 i`�/BiBQM�H 2m+HB/2�M /Bbi�M+2 i?�i

T`QpB/2b i?2 +QMp2MiBQM 7Q` bT22/X

AM Qm` /2}MBiBQM- �++2H2`�iBQM Bb

ds

dt
=

dgij

dt
+ 2vi

dvj

dt

=
dgij

dxk
v + 2vi

dvj

dt
.

�++2H2`�iBQM Q7 � i�M;2Mi p2+iQ` +�M #2 +�H+mH�i2/ mbBM; � }MBi2 /Bz2`2M+2 Q7 i?2

M2m`�H M2irQ`FbǶ bQ7iK�t2/ QmiTmi �HQM; i?2 T�i? U6ASVX

_272`2M+2b

�K�`B- a?mM@B+?B UkyReVX AM7Q`K�iBQM ;2QK2i`v �M/ Bib �TTHB+�iBQMbX oQHX RN9X aT`BM;2`X

"2MM- A�M �M/ _Q#BM hm+F2` URN3dVX �M BMi`Q/m+iBQM iQ bTBMQ`b �M/ ;2QK2i`v rBi?

�TTHB+�iBQMb BM T?vbB+bX Tm#HBb?2/ #v, �/�K >BH;2` Gi/X

"?�ii�+?�`vv�- �MBH URN9jVX ǳPM � K2�bm`2 Q7 /Bp2`;2M+2 #2ir22M irQ bi�iBbiB+�H

TQTmH�iBQMb /2}M2/ #v i?2B` T`Q#�#BHBiv /Bbi`B#miBQMbXǴ AM, "mHH2iBM Q7 *�H+mii�

J�i?2K�iB+�H aQ+B2iv j8- TTX NNĜRyNX

"H�HQ+F- .�pBb 2i �HX UkykyVX ǳq?�i Bb i?2 bi�i2 Q7 M2m`�H M2irQ`F T`mMBM;\Ǵ AM, �`sBp

T`2T`BMi �`sBp,kyyjXyjyjjX
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"`QrM- hQK 2i �HX UkykyVX ǳG�M;m�;2 KQ/2Hb �`2 72r@b?Qi H2�`M2`bXǴ AM, �/p�M+2b BM

L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb jj- TTX R3ddĜRNyRX

.2pHBM- C�+Q# 2i �HX UkyR3VX ǳ"2`i, S`2@i`�BMBM; Q7 /22T #B/B`2+iBQM�H i`�Mb7Q`K2`b 7Q`

H�M;m�;2 mM/2`bi�M/BM;XǴ AM, �`sBp T`2T`BMi �`sBp,R3RyXy93y8X

6`�MFH2- CQM�i?�M �M/ JB+?�2H *�`#BM UkyR3VX ǳh?2 HQii2`v iB+F2i ?vTQi?2bBb, 6BM/BM;

bT�`b2- i`�BM�#H2 M2m`�H M2irQ`FbXǴ AM, �`sBp T`2T`BMi �`sBp,R3yjXyjej8X

:HQ`Qi- s�pB2` �M/ uQb?m� "2M;BQ UkyRyVX ǳlM/2`bi�M/BM; i?2 /B{+mHiv Q7 i`�BMBM;

/22T 722/7Q`r�`/ M2m`�H M2irQ`FbXǴ AM, S`Q+22/BM;b Q7 i?2 h?B`i22Mi? AMi2`M�iBQM�H

*QM72`2M+2 QM �`iB}+B�H AMi2HHB;2M+2 �M/ ai�iBbiB+bX CJG_ qQ`Fb?QT �M/ *QM72`@

2M+2 S`Q+22/BM;b- TTX k9NĜk8eX

>2- E�BKBM; 2i �HX UkyReVX ǳ.22T `2bB/m�H H2�`MBM; 7Q` BK�;2 `2+Q;MBiBQMXǴ AM, S`Q@

+22/BM;b Q7 i?2 A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M _2+Q;MBiBQM-

TTX ddyĜdd3X

>Q+?`2Bi2`- a2TT �M/ CɃ`;2M a+?KB/?m#2` URNN9VX ǳaBKTHB7vBM; M2m`�H M2ib #v /Bb@

+Qp2`BM; ~�i KBMBK�XǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb

dX

ě URNNdVX ǳ6H�i KBMBK�XǴ AM, L2m`�H *QKTmi�iBQM NXR- TTX RĜ9kX

CmKT2`- CQ?M 2i �HX UkykRVX ǳ>B;?Hv �++m`�i2 T`Qi2BM bi`m+im`2 T`2/B+iBQM rBi? �H@

T?�6QH/XǴ AM, L�im`2 8NeXd3dj- TTX 83jĜ83NX

E�mb?BF- S`�F?�` 2i �HX UkykRVX ǳlM/2`bi�M/BM; +�i�bi`QT?B+ 7Q`;2iiBM; �M/ `2K2K@

#2`BM; BM +QMiBMm�H H2�`MBM; rBi? QTiBK�H `2H2p�M+2 K�TTBM;XǴ AM, �`sBp T`2T`BMi

�`sBp,kRykXRRj9jX

EB`FT�i`B+F- C�K2b 2i �HX UkyRdVX ǳPp2`+QKBM; +�i�bi`QT?B+ 7Q`;2iiBM; BM M2m`�H M2i@

rQ`FbXǴ AM, S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b RR9XRj- TTX j8kRĜ

j8keX
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E`Bx?2pbFv- �H2t- AHv� amibF2p2`- �M/ :2Qz`2v 1X >BMiQM UkyRkVX ǳAK�;2M2i +H�bbB}+�@

iBQM rBi? /22T +QMpQHmiBQM�H M2m`�H M2irQ`FbXǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM

S`Q+2bbBM; avbi2Kb k8X

G2*mM- u�MM- GûQM "QiiQm- 2i �HX URNN3VX ǳ:`�/B2Mi@#�b2/ H2�`MBM; �TTHB2/ iQ /Q+m@

K2Mi `2+Q;MBiBQMXǴ AM, S`Q+22/BM;b Q7 i?2 A111 3eXRR- TTX kkd3Ĝkjk9X

G2*mM- u�MM- S�i`B+F >�zM2`- 2i �HX URNNNVX ǳP#D2+i `2+Q;MBiBQM rBi? ;`�/B2Mi@#�b2/

H2�`MBM;XǴ AM, a?�T2- *QMiQm` �M/ :`QmTBM; BM *QKTmi2` oBbBQMX aT`BM;2`- TTX jRNĜ

j98X

G22- h�B aBM; �M/ .�pB/ JmK7Q`/ UkyyjVX ǳ>B2`�`+?B+�H "�v2bB�M BM72`2M+2 BM i?2

pBbm�H +Q`i2tXǴ AM, CPa� � kyXd- TTX R9j9ĜR993X

GBm- uBM?�M 2i �HX UkyRNVX ǳ_Q#2`i�, � `Q#mbiHv QTiBKBx2/ #2`i T`2i`�BMBM; �TT`Q�+?XǴ

AM, �`sBp T`2T`BMi �`sBp,RNydXRReNkX

GQT2x@S�x- .�pB/ �M/ J�`+Ƕ�m`2HBQ _�Mx�iQ UkyRdVX ǳ:`�/B2Mi 2TBbQ/B+ K2KQ`v 7Q`

+QMiBMm�H H2�`MBM;XǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb jyX

J�+?2- .2iH27 >X- CƦxb27 ax�#�/Qb- �M/ J�`+2H :X /2 "`mBM UkyyeVX h`2M/b �M/ �T@

THB+�iBQMb BM *QMbi`m+iBp2 �TT`QtBK�iBQMX oQHX R8RX aT`BM;2` a+B2M+2 � "mbBM2bb

J2/B�X

J�+?i�- "2MD�KBM "X 2i �HX UkyRjVX ǳS�`�K2i2` bT�+2 +QKT`2bbBQM mM/2`HB2b 2K2`;2Mi

i?2Q`B2b �M/ T`2/B+iBp2 KQ/2HbXǴ AM, a+B2M+2 j9kXeR83- TTX ey9ĜeydX

J�m- qBHHB�K- JB+?�2H 1X >�bb2HKQ- �M/ .2MBb2 CX *�B UkykyVX ǳh?2 #`�BM BM KQiBQM,

>Qr 2Mb2K#H2 ~mB/Biv /`Bp2b K2KQ`v@mT/�iBM; �M/ ~2tB#BHBivXǴ AM, 1HB72 N- 2ej88yX

J+*HQbF2v- JB+?�2H �M/ L2�H CX *Q?2M URN3NVX ǳ*�i�bi`QT?B+ BMi2`72`2M+2 BM +QMM2+@

iBQMBbi M2irQ`Fb, h?2 b2[m2MiB�H H2�`MBM; T`Q#H2KXǴ AM, Sbv+?QHQ;v Q7 G2�`MBM; �M/

JQiBp�iBQMX oQHX k9X 1Hb2pB2`- TTX RyNĜRe8X

J2?i�- S�MF�D �M/ .�pB/ CX a+?r�# UkyR9VX ǳ�M 2t�+i K�TTBM; #2ir22M i?2 p�`B�@

iBQM�H `2MQ`K�HBx�iBQM ;`QmT �M/ /22T H2�`MBM;XǴ AM, �`sBp T`2T`BMi �`sBp,R9RyXj3jRX
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JBMt?�- Cm`B 2i �HX UkykyVX ǳ6H2tB#H2 `2+`mBiK2Mi Q7 K2KQ`v@#�b2/ +?QB+2 `2T`2b2Mi�@

iBQMb #v i?2 ?mK�M K2/B�H 7`QMi�H +Q`i2tXǴ AM, a+B2M+2 je3Xe9N3- 2�#�jjRjX

JmK7Q`/- .�pB/ �M/ �;Mĕb .2bQHM2mt UkyRyVX S�ii2`M h?2Q`v, h?2 aiQ+?�biB+ �M�H@

vbBb Q7 _2�H@qQ`H/ aB;M�HbX *_* S`2bbX

_�i+HBz- _Q;2` URNNyVX ǳ*QMM2+iBQMBbi KQ/2Hb Q7 `2+Q;MBiBQM K2KQ`v, *QMbi`�BMib BK@

TQb2/ #v H2�`MBM; �M/ 7Q`;2iiBM; 7mM+iBQMbXǴ AM, Sbv+?QHQ;B+�H _2pB2r NdXk- TX k38X

_mK2H?�`i- .�pB/ 1X- :2Qz`2v 1X >BMiQM- �M/ _QM�H/ CX qBHHB�Kb URN3eVX ǳG2�`MBM;

`2T`2b2Mi�iBQMb #v #�+F@T`QT�;�iBM; 2``Q`bXǴ AM, L�im`2 jkjXey33- TTX 8jjĜ8jeX

aBHp2`- .�pB/ 2i �HX UkyRdVX ǳJ�bi2`BM; i?2 ;�K2 Q7 ;Q rBi?Qmi ?mK�M FMQrH2/;2XǴ

AM, M�im`2 88yXdede- TTX j89Ĝj8NX

aBK�`/- S�i`B+2 uX 2i �HX URNN3VX ǳh`�Mb7Q`K�iBQM BMp�`B�M+2 BM T�ii2`M `2+Q;MB@

iBQMěi�M;2Mi /Bbi�M+2 �M/ i�M;2Mi T`QT�;�iBQMXǴ AM, L2m`�H L2irQ`Fb, h`B+Fb

Q7 i?2 h`�/2X aT`BM;2`- TTX kjNĜkd9X

aBKQMv�M- E�`2M �M/ �M/`2r wBbb2`K�M UkyR9VX ǳo2`v /22T +QMpQHmiBQM�H M2irQ`Fb

7Q` H�`;2@b+�H2 BK�;2 `2+Q;MBiBQMXǴ AM, �`sBp T`2T`BMi �`sBp,R9yNXR88eX

aK�H2- ai2p2 URNN3VX ǳJ�i?2K�iB+�H T`Q#H2Kb 7Q` i?2 M2ti +2Mim`vXǴ AM, h?2 K�i?2@

K�iB+�H AMi2HHB;2M+2` kyXk- TTX dĜR8X

ai`BM;2`- *�`b2M 2i �HX UkyRNVX ǳaTQMi�M2Qmb #2?�pBQ`b /`Bp2 KmHiB/BK2MbBQM�H- #`�BM@

rB/2 �+iBpBivXǴ AM, a+B2M+2 je9Xe9jd- 2��pd3NjX

aɃM/2`?�m7- LBFQ 2i �HX UkyR3VX ǳh?2 HBKBib �M/ TQi2MiB�Hb Q7 /22T H2�`MBM; 7Q` `Q#QiB+bXǴ

AM, h?2 AMi2`M�iBQM�H CQm`M�H Q7 _Q#QiB+b _2b2�`+? jdX9@8- TTX 9y8Ĝ9kyX

h?Q`M2- EBT a- *?�`H2b q JBbM2`- �M/ CQ?M �`+?B#�H/ q?22H2` UkyyyVX :`�pBi�iBQMX

Tm#HBb?2`, 6`22K�MX

hbmxmFm- umbmF2- Abb2B a�iQ- �M/ J�b�b?B am;Bv�K� UkykyVX ǳLQ`K�HBx2/ ~�i KBMBK�,

1tTHQ`BM; b+�H2 BMp�`B�Mi /2}MBiBQM Q7 ~�i KBMBK� 7Q` M2m`�H M2irQ`Fb mbBM; T�+@

#�v2bB�M �M�HvbBbXǴ AM, AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM;X SJG_-

TTX NejeĜNe9dX
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hm- GQ`BM; q UkyRdVX .Bz2`2MiB�H ;2QK2i`v, *QMM2+iBQMb- *m`p�im`2- �M/ +?�`�+i2`@

BbiB+ +H�bb2bX oQHX kd8X aT`BM;2`X

ě UkyRRVX �M BMi`Q/m+iBQM iQ K�MB7QH/bX a2+QM/X aT`BM;2`- L2r uQ`FX

o�M /2 o2M- :B/Q JX �M/ �M/`2�b aX hQHB�b UkyRNVX ǳh?`22 b+2M�`BQb 7Q` +QMiBMm�H

H2�`MBM;XǴ AM, �`sBp T`2T`BMi �`sBp,RNy9Xyddj9X

o�br�MB- �b?Bb? 2i �HX UkyRdVX ǳ�ii2MiBQM Bb �HH vQm M22/XǴ AM, �/p�M+2b BM L2m`�H

AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb jyX

o2M- :B/Q JX p�M /2- >�p� hX aB2;2HK�MM- �M/ �M/`2�b aX hQHB�b UkykyVX ǳ"`�BM@

BMbTB`2/ `2TH�v 7Q` +QMiBMm�H H2�`MBM; rBi? �`iB}+B�H M2m`�H M2irQ`FbXǴ AM, L�im`2

*QKKmMB+�iBQMb RRXR- TTX RĜR9X

q�M;- �H2t 2i �HX UkyR3VX ǳ:Gl1, � KmHiB@i�bF #2M+?K�`F �M/ �M�HvbBb TH�i7Q`K 7Q`

M�im`�H H�M;m�;2 mM/2`bi�M/BM;XǴ AM, �`sBp T`2T`BMi �`sBp,R3y9Xyd9eRX

q2Bbbi2BM- 1`B+ q UkyR9VX ǳJ2i`B+ h2MbQ`XǴ AM, ?iiTb,ffK�i?rQ`H/XrQH7`�KX+QKfX

qQH7- h?QK�b 2i �HX UkykyVX ǳh`�Mb7Q`K2`b, ai�i2@Q7@i?2@�`i M�im`�H H�M;m�;2 T`Q@

+2bbBM;XǴ AM, S`Q+22/BM;b Q7 i?2 kyky *QM72`2M+2 QM 1KTB`B+�H J2i?Q/b BM L�im`�H

G�M;m�;2 S`Q+2bbBM;, avbi2K .2KQMbi`�iBQMb- TTX j3Ĝ98X

sB�Q- >�M- E�b?B7 _�bmH- �M/ _QH�M/ oQHH;`�7 UkyRdVX ǳ6�b?BQM@KMBbi, � MQp2H BK@

�;2 /�i�b2i 7Q` #2M+?K�`FBM; K�+?BM2 H2�`MBM; �H;Q`Bi?KbXǴ AM, �`sBp T`2T`BMi

�`sBp,Rdy3Xydd9dX



*?�Ti2` j

:`QrBM; �M/ b2H7@Q`;�MBxBM; M2m`�H

M2irQ`Fb 7`QK MQBb2

6B;m`2 jXR, aTBFBM; M2m`�H M2irQ`Fb �`i, ;2M2`�i2/ #v i2ti@iQ@BK�;2 �AX

3k
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>�pBM; 2tTHQ`2/ irQ F2v �ii`B#mi2b Q7 BMi2HHB;2M+2- M�K2Hv ~2tB#BHBiv �M/ `Q#mbi@

M2bb BM i?2 H�bi +?�Ti2`- BM i?Bb +?�Ti2` A rBHH 2tTHQ`2 �MQi?2` BKTQ`i�Mi 72�im`2

Q7 BMi2HHB;2M+2- M�K2Hv i?2 �#BHBiv Q7 BMi2HHB;2M+2 bvbi2Kb iQ ;`Qr �M/ b2H7@Q`;�MBx2

i?2B` BMi2HHB;2M+2@2M/QrBM; K�+?BM2`v U�F� i?2B` M2m`�H M2irQ`FbVX �Hi?Qm;? �`iB}@

+B�H M2m`�H M2irQ`Fb �`2 p2`v TQr2`7mH �M/ +�M #2 i`�BM2/ iQ T2`7Q`K � rB/2 `�M;2 Q7

i�bFb- i?2v ?2�pBHv `2Hv QM ?mK�M@/2bB;M2/- ?�M/@T`Q;`�KK2/ �`+?Bi2+im`2b 7Q` i?2B`

`2K�`F�#H2 T2`7Q`K�M+2X >Qr2p2` QM i?2 Qi?2` ?�M/- r2 FMQr i?�i HBpBM; M2m`�H

M2irQ`Fb 2K2`;2 i?`Qm;? � T`Q+2bb Q7 ;`Qri? �M/ b2H7@Q`;�MBx�iBQM- #2;BMMBM; rBi?

� bBM;H2 +2HH �M/ mHiBK�i2Hv `2bmHiBM; BM � #`�BM- �M Q`;�MBx2/ �M/ 7mM+iBQM�H +QKTm@

i�iBQM�H /2pB+2X AM i?Bb +?�Ti2`- Kv ;Q�H Bb iQ �bF �M/ �//`2bb i?2 [m2biBQM, Ǵ*�M

r2 /2p2HQT �`iB}+B�H +QKTmi�iBQM�H /2pB+2b i?�i +�M ;`Qr �M/ b2H7@Q`;�MBx2 rBi?Qmi

?mK�M BMi2`p2MiBQM\Ǵ hQ 2M;BM22` bm+? �M BM/2T2M/2MiHv ;`QrBM; �M/ b2H7@Q`;�MBxBM;

bvbi2K- r2 T`QTQb2 � #BQHQ;B+�HHv BMbTB`2/ /2p2HQTK2Mi�H �H;Q`Bi?K i?�i +�M ǵ;`QrǶ �

7mM+iBQM�H- H�v2`2/ M2m`�H M2irQ`F 7`QK � bBM;H2 BMBiB�H +2HHX h?2 �H;Q`Bi?K Q`;�MBx2b

BMi2`@H�v2` +QMM2+iBQMb iQ +QMbi`m+i � +QMpQHmiBQM�H TQQHBM; H�v2`- � F2v +QMbiBim2Mi Q7

+QMpQHmiBQM�H M2m`�H M2irQ`Fb U*LLǶbVX Pm` �TT`Q�+? Bb BMbTB`2/ #v i?2 K2+?�MBbKb

2KTHQv2/ #v i?2 2�`Hv pBbm�H bvbi2K iQ rB`2 i?2 `2iBM� iQ i?2 H�i2`�H ;2MB+mH�i2 Mm@

+H2mb UG:LV- /�vb #27Q`2 �MBK�Hb QT2M i?2B` 2v2bX q2 }M/ i?�i i?2 F2v BM;`2/B2Mib 7Q`

`Q#mbi b2H7@Q`;�MBx�iBQM �`2 �M 2K2`;2Mi bTQMi�M2Qmb bT�iBQi2KTQ`�H �+iBpBiv r�p2 BM

i?2 }`bi H�v2` �M/ � HQ+�H H2�`MBM; `mH2 BM i?2 b2+QM/ H�v2` i?�i ǵH2�`MbǶ i?2 mM/2`HvBM;

�+iBpBiv T�ii2`M BM i?2 }`bi H�v2`X AM �//BiBQM iQ �miQMQKQmb b2H7@Q`;�MBx�iBQM- r2

/Bb+Qp2`2/ i?�i i?2 �H;Q`Bi?K Bb �/�Ti�#H2 iQ � rB/2@`�M;2 Q7 BMTmi@H�v2` ;2QK2i`B2b-

`Q#mbi iQ K�H7mM+iBQMBM; mMBib BM i?2 }`bi H�v2`- �M/ bQ +�M #2 mb2/ iQ bm++2bb7mHHv

;`Qr �M/ b2H7@Q`;�MBx2 TQQHBM; �`+?Bi2+im`2b Q7 /Bz2`2Mi TQQH@bBx2b �M/ b?�T2bX h?2

�H;Q`Bi?K T`QpB/2b � T`BKBiBp2 T`Q+2/m`2 7Q` +QMbi`m+iBM; H�v2`2/ M2m`�H M2irQ`Fb

i?`Qm;? ;`Qri? �M/ b2H7@Q`;�MBx�iBQMX "`Q�/Hv- i?Bb +?�Ti2` /2KQMbi`�i2b i?�i #B@

QHQ;B+�HHv BMbTB`2/ /2p2HQTK2Mi�H �H;Q`Bi?Kb +�M #2 �TTHB2/ iQ �miQMQKQmbHv ;`Qr
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7mM+iBQM�H ǵ#`�BMbǶ BM@bBHB+QX

a2+iBQM jXR
L2m`�H BMbTB`�iBQM 7Q` ;`QrBM; �M/

b2H7@Q`;�MBxBM; �`iB}+B�H M2m`�H M2irQ`Fb

GBpBM; M2m`�H M2irQ`Fb BM i?2 #`�BM T2`7Q`K �M �``�v Q7 +QKTmi�iBQM�H �M/ BM7Q`K�@

iBQM T`Q+2bbBM; i�bFb BM+Hm/BM; b2MbQ`v BMTmi T`Q+2bbBM; (:HB+F72H/ �M/ PHb2M- kyRdc

S2B`+2- kyR8)- biQ`BM; �M/ `2i`B2pBM; K2KQ`v (h�M- qBHHb- �M/ *�+m++B- kyRdc .2MMv-

G2#QBb- �M/ _�KB`2x- kyRd)- /2+BbBQM K�FBM; (>�MFb �M/ amKK2`}2H/- kyRdc S�/Q�@

a+?BQTT� �M/ *QM2M- kyRd)- �M/ KQ`2 ;HQ#�HHv- ;2M2`�i2 i?2 ;2M2`�H T?2MQK2M� Q7

ǳBMi2HHB;2M+2XǴ AM �//BiBQM iQ i?2B` BM7Q`K�iBQM T`Q+2bbBM; 72�ib- #`�BMb �`2 mMB[m2 #2@

+�mb2 i?2v �`2 +QKTmi�iBQM�H /2pB+2b i?�i �+im�HHv b2H7@Q`;�MBx2 i?2B` BMi2HHB;2M+2X AM

7�+i #`�BMb mHiBK�i2Hv ;`Qr 7`QK bBM;H2 +2HHb /m`BM; /2p2HQTK2MiX 1M;BM22`BM; ?�b v2i

iQ +QMbi`m+i �`iB}+B�H +QKTmi�iBQM�H bvbi2Kb i?�i +�M b2H7@Q`;�MBx2 i?2B` BMi2HHB;2M+2X

AM i?Bb T�T2`- BMbTB`2/ #v M2m`�H /2p2HQTK2Mi- r2 �bF ?Qr �`iB}+B�H +QKTmi�iBQM�H

/2pB+2b KB;?i #mBH/ i?2Kb2Hp2b rBi?Qmi ?mK�M BMi2`p2MiBQMX

.22T M2m`�H M2irQ`Fb �`2 QM2 Q7 i?2 KQbi TQr2`7mH T�`�/B;Kb BM �`iB}+B�H AM@

i2HHB;2M+2X .22T M2m`�H M2irQ`Fb ?�p2 /2KQMbi`�i2/ ?mK�M@HBF2 T2`7Q`K�M+2 BM

i�bFb `�M;BM; 7`QK BK�;2 �M/ bT22+? `2+Q;MBiBQM iQ ;�K2@TH�vBM; (EQ+?- w2K2H- �M/

a�H�F?mi/BMQp- kyR8c aQM; �M/ *�B- kyR8c aBHp2` 2i �HX- kyRd)X �Hi?Qm;? i?2 H�v2`2/

�`+?Bi2+im`2 TH�vb �M BKTQ`i�Mi `QH2 BM i?2 bm++2bb (a�t2 2i �HX- kyRR) Q7 /22T M2m`�H

M2irQ`Fb- i?2 rB/2Hv �++2Ti2/ bi�i2 Q7 �`i Bb iQ mb2 � ?�M/@T`Q;`�KK2/ M2irQ`F �`@

+?Bi2+im`2 (E`Bx?2pbFv- amibF2p2`- �M/ >BMiQM- kyRk) Q` iQ imM2 KmHiBTH2 �`+?Bi2+im`�H

T�`�K2i2`b- #Qi? `2[mB`BM; bB;MB}+�Mi 2M;BM22`BM; BMp2biK2MiX *QMpQHmiBQM�H M2m`�H

M2irQ`Fb- � bT2+B}+ +H�bb Q7 .LLb- 2KTHQv � ?�M/ T`Q;`�KK2/ �`+?Bi2+im`2 i?�i

KBKB+b i?2 TQQHBM; iQTQHQ;v Q7 M2m`�H M2irQ`Fb BM i?2 ?mK�M pBbm�H bvbi2KX

AM i?Bb +?�Ti2`- r2 /2p2HQT bi`�i2;B2b 7Q` ;`QrBM; � M2m`�H M2irQ`F �miQMQKQmbHv
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7`QK � bBM;H2 +QKTmi�iBQM�H ǳ+2HHǴ 7QHHQr2/ #v b2H7@Q`;�MBx�iBQM Q7 Bib �`+?Bi2+im`2

#v BKTH2K2MiBM; � rB`BM; �H;Q`Bi?K BMbTB`2/ #v i?2 /2p2HQTK2Mi Q7 i?2 K�KK�HB�M

pBbm�H bvbi2KX h?2 pBbm�H +B`+mBiv- bT2+B}+�HHv i?2 rB`BM; Q7 i?2 `2iBM� iQ i?2 H�i2`�H

;2MB+mH�i2 Mm+H2mb UG:LV Bb bi2`2QivTB+ �+`Qbb Q`;�MBbKb- �b i?2 �`+?Bi2+im`2 �Hr�vb

2M7Q`+2b TQQHBM; U`2iBM�H ;�M;HBQM +2HHb U_:*ǶbV TQQH i?2B` BMTmib iQ G:L +2HHbV �M/

`2iBMQiQTvX h?2 TQQHBM; �`+?Bi2+im`2 U6B;X jXk�V Bb `Q#mbiHv 2bi�#HBb?2/ 2�`Hv BM

/2p2HQTK2Mi i?`Qm;? i?2 2K2`;2M+2 Q7 bTQMi�M2Qmb �+iBpBiv r�p2b U6B;X jXk#V i?�i

iBH2 i?2 HB;?i BMb2MbBiBp2 `2iBM� (J2Bbi2` 2i �HX- RNNR)X �b i?2 bvM�TiB+ +QMM2+iBpBiv

#2ir22M i?2 /Bz2`2Mi H�v2`b BM i?2 pBbm�H bvbi2K ;2i imM2/ BM �M �+iBpBiv@/2T2M/2Mi

K�MM2`- i?2 2K2`;2Mi �+iBpBiv r�p2b b2`p2 �b � bB;M�H iQ �Hi2` BMi2`@H�v2` +QMM2+iBpBiv

Km+? #27Q`2 i?2 QMb2i Q7 pBbBQMX

6B;m`2 jXk, qB`BM; Q7 i?2 pBbm�H +B`+mBi`v U�V aT�iB�H TQQHBM; Q#b2`p2/ BM rB`BM;
7`QK i?2 `2iBM� iQ G:L �M/ BM *LLǶbX U"V avM+?`QMQmb aTQMi�M2Qmb #m`bib U`2iBM�H
r�p2bV BM i?2 HB;?i@BMb2MbBiBp2 `2iBM� b2`p2 �b � bB;M�H 7Q` rB`BM; `2iBM� iQ i?2 #`�BMX

h?2 K�BM +QMi`B#miBQM Q7 i?Bb +?�Ti2` Bb i?�i r2 T`QTQb2 � /2p2HQTK2Mi�H �H;Q@

`Bi?K BMbTB`2/ #v pBbm�H bvbi2K /2p2HQTK2Mi iQ ;`Qr �M/ b2H7@Q`;�MBx2 � `2iBMQiQTB+

TQQHBM; �`+?Bi2+im`2- bBKBH�` iQ KQ/2`M +QMpQHmiBQM�H M2m`�H M2irQ`Fb U*LLbVX PM+2

� TQQHBM; �`+?Bi2+im`2 2K2`;2b- �Mv MQM@HBM2�` 7mM+iBQM +�M #2 BKTH2K2Mi2/ #v mMBib

BM i?2 b2+QM/ H�v2` iQ KQ`T? Bi BMiQ 7mM+iBQMBM; �b � +QMpQHmiBQM Q` � K�tf�p2`�;2

TQQHBM;X q2 b?Qr i?�i Qm` �H;Q`Bi?K Bb �/�Ti�#H2 iQ � rB/2@`�M;2 Q7 BMTmi@H�v2`

;2QK2i`B2b- `Q#mbi iQ K�H7mM+iBQMBM; mMBib BM i?2 }`bi H�v2` �M/ +�M ;`Qr TQQHBM;

�`+?Bi2+im`2b Q7 /Bz2`2Mi b?�T2b �M/ bBx2b- K�FBM; Bi +�T�#H2 Q7 +QmMi2`BM; i?2 F2v
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+?�HH2M;2b �++QKT�MvBM; ;`Qri?X q2 �HbQ /2KQMbi`�i2 i?�i ǵ;`QrMǶ M2irQ`Fb �`2

7mM+iBQM�HHv bBKBH�` iQ i?�i Q7 ?�M/@T`Q;`�KK2/ TQQHBM; M2irQ`Fb- QM +QMp2MiBQM�H

BK�;2 +H�bbB}+�iBQM i�bFbX �b *LLǶb `2T`2b2Mi � KQ/2H +H�bb Q7 /22T M2irQ`Fb- r2 #2@

HB2p2 i?2 /2p2HQTK2Mi�H bi`�i2;v +�M #2 #`Q�/Hv BKTH2K2Mi2/ 7Q` i?2 b2H7@Q`;�MBx�iBQM

Q7 BMi2HHB;2Mi bvbi2KbX

a2+iBQM jXk

_2H�i2/ rQ`F

*QKTmi�iBQM�H KQ/2Hb 7Q` b2H7@Q`;�MBxBM; M2m`�H M2irQ`Fb /�i2b #�+F K�Mv v2�`b-

rBi? i?2 }`bi /2KQMbi`�iBQM #2BM; 6mFmb?BK�Ƕb M2Q+Q;MBi`QM (6mFmb?BK�- RN33c 6mFmb?BK�

�M/ q�F2- RNNR)- � ?B2`�`+?B+�H KmHiB@H�v2`2/ M2m`�H M2irQ`F +�T�#H2 Q7 pBbm�H T�ii2`M

`2+Q;MBiBQM i?`Qm;? H2�`MBM;X �Hi?Qm;? r2B;?ib +QMM2+iBM; /Bz2`2Mi H�v2`b r2`2 KQ/@

B}2/ BM �M mMbmT2`pBb2/ 7�b?BQM- i?2 M2irQ`F �`+?Bi2+im`2 r�b ?�`/@+Q/2/- BMbTB`2/

#v >m#2H �M/ qB2b2HǶb (>m#2H �M/ qB2b2H- RNej) /2b+`BTiBQM Q7 bBKTH2 �M/ +QKTH2t

+2HHb BM i?2 pBbm�H +Q`i2tX 6mFmb?BK�Ƕb M2Q+Q;MBi`QM BMbTB`2/ KQ/2`M@/�v +QMpQHm@

iBQM�H M2m`�H M2irQ`Fb U*LLV (G2*mM 2i �HX- RNNy)X �Hi?Qm;? *LLǶb T2`7Q`K2/ r2HH

QM BK�;2@#�b2/ i�bFb- i?2v ?�/ � }t2/- ?�M/@/2bB;M2/ �`+?Bi2+im`2 r?Qb2 r2B;?ib

r2`2 �Hi2`2/ #v #�+F@T`QT�;�iBQMX h?2 mb2 Q7 � }t2/- ?�M/@/2bB;M2/ �`+?Bi2+im`2

7Q` � M2m`�H M2irQ`F +?�M;2/ rBi? i?2 �/p2Mi Q7 M2m`�H �`+?Bi2+im`2 b2�`+? (1HbF2M-

J2ix2M- �M/ >mii2`- kyR3#)- �b M2m`�H �`+?Bi2+im`2b #2+�K2 K�HH2�#H2 iQ imMBM; #v

M2m`Q@2pQHmiBQM bi`�i2;B2b (ai�MH2v �M/ JBBFFmH�BM2M- kyykc _2�H- JQQ`2- 2i �HX- kyRdc

_2�H- �;;�`r�H- 2i �HX- kyR3)- `2BM7Q`+2K2Mi H2�`MBM; (wQT? �M/ G2- kyRe �M/ KmHiB@

Q#D2+iBp2 b2�`+?2b (1HbF2M- J2ix2M- �M/ >mii2`- kyR3�c w?Qm �M/ .B�KQb- kyR3)X

L2m`Q@2pQHmiBQM bi`�i2;B2b ?�p2 #22M bm++2bb7mH BM i`�BMBM; M2irQ`Fb i?�i T2`7Q`K

bB;MB}+�MiHv Km+? #2ii2` QM *A6�_@Ry- *A6�_@Ryy �M/ AK�;2@L2i /�i�b2ibX �b i?2

Q#D2+iBp2 7mM+iBQM #2BM; K�tBKBx2/ Bb i?2 T`2/B+iBp2 T2`7Q`K�M+2 QM � bBM;H2 /�i�b2i-

i?2 2pQHp2/ M2irQ`Fb K�v MQi ;2M2`�HBx2 r2HH iQ KmHiBTH2 /�i�b2ibX PM i?2 +QMi`�`v-
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#BQHQ;B+�H M2m`�H M2irQ`Fb BM i?2 #`�BM ;`Qr �`+?Bi2+im`2 i?�i +�M ;2M2`�HBx2 p2`v

r2HH iQ BMMmK2`�#H2 /�i�b2ibX L2m`Qb+B2MiBbib ?�p2 #22M p2`v BMi2`2bi2/ BM ?Qr i?2

�`+?Bi2+im`2 BM i?2 pBbm�H +Q`i2t 2K2`;2b /m`BM; #`�BM /2p2HQTK2MiX J2Bbi2` 2i �H

(J2Bbi2` 2i �HX- RNNR) bm;;2bi2/ i?�i bTQMi�M2Qmb �M/ bT�iB�HHv Q`;�MBx2/ bvM+?`Q@

MBx2/ #m`bib T`2p�H2Mi BM i?2 /2p2HQTBM; `2iBM� ;mB/2 i?2 b2H7@Q`;�MBx�iBQM Q7 +Q`iB+�H

`2+2TiBp2 }2H/bX AM i?Bb HB;?i- K�i?2K�iB+�H KQ/2Hb Q7 i?2 `2iBM� �M/ Bib 2K2`;2Mi

`2iBM�H r�p2b r2`2 #mBHi (:Q/7`2v �M/ LX oX arBM/�H2- kyyd)- �M/ �M�HviB+�H bQHmiBQMb

r2`2 Q#i�BM2/ `2;�`/BM; i?2 b2H7@Q`;�MBx�iBQM Q7 rB`BM; #2ir22M i?2 `2iBM� �M/ i?2

G:L (>�mbbH2`- RN3jc qBHHb?�r �M/ oQM .2` J�Hb#m`;- RNdec 1;H2M �M/ :DQ`;DB2p�-

kyyNc LX arBM/�H2- RNNec LX arBM/�H2- RN3y)X *QKTmi�iBQM�H KQ/2Hb ?�p2 #22M 2bb2M@

iB�H 7Q` mM/2`bi�M/BM; ?Qr b2H7@Q`;�MBx�iBQM 7mM+iBQMb BM i?2 #`�BM- #mi ?�p2 MQi #22M

;2M2`�HBx2/ iQ ;`QrBM; +QKTH2t �`+?Bi2+im`2b i?�i +�M +QKTmi2X PM2 Q7 i?2 KQbi

bm++2bb7mH �ii2KTib �i ;`QrBM; � j. KQ/2H Q7 M2m`�H iBbbm2 7`QK bBKTH2 T`2+m`bQ`

mMBib r�b /2KQMbi`�i2/ #v (wm#H2` �M/ .Qm;H�b- kyyN) i?�i /2}M2/ � b2i Q7 KBMBK�H

`mH2b i?�i +QmH/ `2bmHi BM i?2 ;`Qri? Q7 KQ`T?QHQ;B+�HHv /Bp2`b2 M2m`QMbX �Hi?Qm;?

i?2 M2irQ`Fb r2`2 ;`QrM 7`QK bBM;H2 mMBib- i?2v r2`2MǶi 7mM+iBQM�H �b i?2v r2`2 MQi

2[mBTT2/ iQ T2`7Q`K �Mv i�bFX hQ #`B/;2 i?Bb ;�T- BM i?Bb +?�Ti2` r2 �ii2KTi iQ ;`Qr

�M/ b2H7@Q`;�MBx2 7mM+iBQM�H M2m`�H M2irQ`Fb 7`QK � bBM;H2 T`2+m`bQ` mMBiX

a2+iBQM jXj

"BQ@BMbTB`2/ /2p2HQTK2Mi�H �H;Q`Bi?K

AM Qm` T`Q+2/m`2- i?2 TQQHBM; �`+?Bi2+im`2 2K2`;2b i?`Qm;? irQ T`Q+2bb2b- ;`Qri? Q7

� H�v2`2/ M2m`�H M2irQ`F 7QHHQr2/ #v b2H7@Q`;�MBx�iBQM Q7 Bib BMi2`@H�v2` +QMM2+iBQMb

iQ 7Q`K /2}M2/ ǵTQQHbǶ Q` `2+2TiBp2 }2H/bX �b i?2 T`QiQ+QH 7Q` ;`QrBM; � M2irQ`F

Bb `2H�iBp2Hv bi`�B;?i7Q`r�`/- Qm` 2KT?�bBb BM i?2 M2ti 72r b2+iBQMb Bb QM i?2 b2H7@

Q`;�MBx�iBQM T`Q+2bb- 7QHHQrBM; r?B+? r2 rBHH +QK#BM2 i?2 ;`Qri? Q7 � H�v2`2/ M2m`�H

M2irQ`F rBi? Bib b2H7@Q`;�MBx�iBQM BM i?2 T2MmHiBK�i2 b2+iBQM Q7 i?Bb +?�Ti2`X
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q2 }`bi �#bi`�+i i?2 M�im`�H /2p2HQTK2Mi bi`�i2;v �b � K�i?2K�iB+�H KQ/2H

�`QmM/ � b2i Q7 BMTmi b2MbQ` MQ/2b BM i?2 }`bi H�v2` UbBKBH�` iQ `2iBM�H ;�M;HBQM +2HHbV

�M/ T`Q+2bbBM; mMBib BM i?2 b2+QM/ H�v2` UbBKBH�` iQ +2HHb BM i?2 G:LVX

a2H7@Q`;�MBx�iBQM +QKT`Bb2b Q7 irQ K�DQ` 2H2K2Mib, URV � bT�iBQi2KTQ`�H r�p2

;2M2`�iQ` BM i?2 }`bi H�v2` /`Bp2M #v MQBbv BMi2`�+iBQMb #2ir22M BMTmi@b2MbQ` MQ/2b

�M/ UkV � HQ+�H H2�`MBM; `mH2 BKTH2K2Mi2/ #v mMBib BM i?2 b2+QM/ H�v2` iQ H2�`M i?2

ǳmM/2`HvBM;Ǵ T�ii2`M Q7 �+iBpBiv ;2M2`�i2/ BM i?2 }`bi H�v2`X h?2 irQ 2H2K2Mib �`2

BMbTB`2/ #v K2+?�MBbKb /2THQv2/ #v i?2 2�`Hv pBbm�H bvbi2KX h?2 `2iBM� ;2M2`�i2b

bTQMi�M2Qmb �+iBpBiv r�p2b i?�i iBH2 i?2 HB;?i@BMb2MbBiBp2 `2iBM�c i?2 �+iBpBiv r�p2b

b2`p2 �b BMTmi bB;M�Hb iQ rB`2 i?2 `2iBM� iQ ?B;?2` pBbm�H �`2�b BM i?2 #`�BM (qQM;-

RNNNc �MiƦM@"QH�ƢQb 2i �HX- kyRN)X

jXjXRX aTQMi�M2Qmb bT�iBQ@i2KTQ`�H r�p2 ;2M2`�iQ`

h?2 }`bi H�v2` Q7 i?2 M2irQ`F +�M b2`p2 �b � MQBb2@/`Bp2M bT�iBQi2KTQ`�H r�p2 ;2M2`@

�iQ` r?2M UBV Bib +QMbiBim2Mi b2MbQ`@MQ/2b �`2 KQ/2H2/ pB� �M �TT`QT`B�i2 /vM�KB+�H

bvbi2K �M/ UBBV r?2M i?2b2 MQ/2b �`2 +QMM2+i2/ BM � bmBi�#H2 iQTQHQ;vX AM i?Bb T�T2`-

r2 KQ/2H 2�+? b2MbQ` MQ/2 mbBM; i?2 +H�bbB+ AxBF?2pB+? M2m`QM KQ/2HR (Ax?BF2pB+?-

kyyj) U/vM�KB+�H bvbi2K KQ/2HV- r?BH2 i?2 BMTmi H�v2` iQTQHQ;v Bb i?�i Q7 HQ+�H@

2t+Bi�iBQM �M/ ;HQ#�H@BM?B#BiBQM- � KQiB7 i?�i Bb m#B[mBiQmb �+`Qbb p�`BQmb #BQHQ;B+�H

bvbi2Kb (Emib+?2`- .2p`2Qi2b- �M/ A;H2bB�b- kyy9c sBQM; 2i �HX- kyRy)X � KBMBK�H /v@

M�KB+�H bvbi2Kb KQ/2H +QmTH2/ rBi? i?2 HQ+�H@2t+Bi�iBQM �M/ ;HQ#�H@BM?B#BiBQM KQiB7

?�b #22M �M�HviB+�HHv 2t�KBM2/ BM i?2 bmTTH2K2Mi�H K�i2`B�Hb iQ /2KQMbi`�i2 i?�i

i?2b2 F2v BM;`2/B2Mib �`2 bm{+B2Mi iQ b2`p2 �b � bT�iBQ@i2KTQ`�H r�p2 ;2M2`�iQ`X h?2

Ax?BF2pB+? KQ/2H +�Tim`2b i?2 �+iBpBiv Q7 2p2`v b2MbQ` MQ/2 Uvi(t)V i?`Qm;? iBK2-

i?2 MQBbv #2?�pBQ` Q7 BM/BpB/m�H MQ/2b Ui?`Qm;? ⌘i(t)V �M/ �++QmMib 7Q` BMi2`�+iBQMb

#2ir22M MQ/2b /2}M2/ #v � bvM�TiB+ �/D�+2M+v K�i`Bt USi,jVX h?2 Ax?BF2pB+? KQ/2H
RAM b2+iBQM jXe- r2 b?Qr i?�i i?2 b2H7@Q`;�MBx�iBQM Bb TQbbB#H2 BM � GA6 UGBM2�` AMi2;`�i2 �M/ 6B`2V

M2m`QM KQ/2H �b r2HHX
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6B;m`2 jXj, 1K2`;2Mi bT�iBQi2KTQ`�H r�p2b iBH2 i?2 }`bi H�v2`X h?2 `2/@MQ/2b
BM/B+�i2 �+iBp2@MQ/2b U}`BM;V- #H�+F MQ/2b `272` iQ bBH2Mi MQ/2b �M/ i?2 �``Qrb /2MQi2
i?2 /B`2+iBQM Q7 iBK2X

2[m�iBQMb �`2 2H�#Q`�i2/ BM "Qt@RX h?2 BMTmi H�v2` iQTQHQ;v UHQ+�H 2t+Bi�iBQM-

;HQ#�H BM?B#BiBQMV Bb /2}M2/ #v i?2 bvM�TiB+ �/D�+2M+v K�i`Bt USi,jVX 1p2`v MQ/2 BM

i?2 }`bi H�v2` K�F2b 2t+Bi�iQ`v +QMM2+iBQMb rBi? MQ/2b rBi?BM � /2}M2/ HQ+�H 2t+B@

i�iBQM `�/BmbX Si,j 4 8- r?2M /Bbi�M+2 #2ir22M MQ/2b i �M/ j �`2 rBi?BM i?2 /2}M2/

2t+Bi�iBQM `�/Bmb Q7 k mMBibc dij  kX 1�+? MQ/2 ?�b /2+�vBM; BM?B#BiQ`v +QMM2+@

iBQMb rBi? Qi?2` MQ/2b T`2b2Mi �#Qp2 � /2}M2/ ;HQ#�H BM?B#BiBQM `�/Bmb USi,j 4 @k

2tTU@dijfRyV- r?2M /Bbi�M+2 #2ir22M MQ/2b i �M/ j �`2 �#Qp2 � /2}M2/ BM?B#BiBQM

`�/Bmb Q7 9 mMBibc dij � 9V Ub22 bmTTQ`iBM; BM7Q`K�iBQMVX

PM BKTH2K2MiBM; � KQ/2H Q7 i?2 `2bmHiBM; /vM�KB+�H bvbi2K- r2 Q#b2`p2 i?2

2K2`;2M+2 Q7 bTQMi�M2Qmb bT�iBQi2KTQ`�H r�p2b i?�i iBH2 i?2 }`bi H�v2` 7Q` bT2+B}+

T�`�K2i2` `2;BK2b Ub22 6B;m`2 jXj �M/ pB/2Qb BM bmTTH2K2Mi�H K�i2`B�HbVX
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.vM�KB+�H KQ/2H 7Q` BMTmi@b2MbQ` MQ/2b BM i?2 HQr2` H�v2` UH�v2`@AV,

/vi
/t = 0.04v2i + 5vi + 140� ui +

NX

j=1

Si,jH(vj � 30) + ⌘i(t) UjXRV

/ui

/t = ai(bivi � ui) UjXkV

rBi? i?2 �mtBHB�`v �7i2`@bTBF2 `2b2i,

vi(t) > 30, i?2M :

8
>><

>>:

vi(t+�t) = ci

ui(t+�t) = ui(t) + di

r?2`2, U1V vi Bb i?2 �+iBpBiv Q7 b2MbQ` MQ/2 ic U2V ui +�Tim`2b i?2 `2+Qp2`v Q7

b2MbQ` MQ/2 ic U3V Si,j Bb i?2 +QMM2+iBQM r2B;?i #2ir22M b2MbQ`@MQ/2b i �M/ jc

U4V N Bb i?2 MmK#2` Q7 b2MbQ`@MQ/2b BM H�v2`@Ac U5V S�`�K2i2`b ai �M/ bi �`2 b2i

iQ yXyk �M/ yXk `2bT2+iBp2Hv- r?BH2 ci �M/ di �`2 b�KTH2/ 7`QK i?2 /Bbi`B#miBQMb

U(�65,�50) �M/ U(2, 8) `2bT2+iBp2HvX PM+2 b2i 7Q` 2p2`v MQ/2- i?2v `2K�BM

+QMbi�Mi /m`BM; i?2 T`Q+2bb Q7 b2H7@Q`;�MBx�iBQMX h?2 BMBiB�H p�Hm2b 7Q` vi(0) �M/

ui(0) �`2 b2i iQ @e8 �M/ @Rj `2bT2+iBp2Hv 7Q` �HH MQ/2bX h?2b2 p�Hm2b �`2 i�F2M

7`QK Ax?BF2pB+?Ƕb M2m`QM KQ/2H (Ax?BF2pB+?- kyyj)c U6V ⌘i(t) KQ/2Hb i?2 MQBbv

#2?�pBQ` Q7 2p2`v MQ/2 i BM i?2 bvbi2K- r?2`2 < ⌘i(t)⌘j(t0) > 4 �
2
�B,D�(i� i0)X

>2`2- �B,D- �(i� i0) �`2 E`QM2+F2`@/2Hi� �M/ .B`�+@/2Hi� 7mM+iBQMb `2bT2+iBp2Hv-

�M/ �2 4 Nc U7V H Bb i?2 mMBi bi2T 7mM+iBQM,

H(vi � 30) =

8
>><

>>:

1, vi � 30

0, vi < 30.
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jXjXkX GQ+�H H2�`MBM; `mH2

>�pBM; +QMbi`m+i2/ � bTQMi�M2Qmb bT�iBQi2KTQ`�H r�p2 ;2M2`�iQ` BM H�v2`@A- r2 BK@

TH2K2Mi � HQ+�H H2�`MBM; `mH2 BM H�v2`@AA i?�i +�M H2�`M i?2 �+iBpBiv r�p2 T�ii2`M BM

i?2 }`bi H�v2` �M/ KQ/B7v Bib BMi2`@H�v2` +QMM2+iBQMb iQ ;2M2`�i2 � TQQHBM; �`+?Bi2+@

im`2X J�Mv M2m`QM BMbTB`2/ H2�`MBM; `mH2b +�M H2�`M � bT�`b2 +Q/2 7`QK � b2i Q7 BMTmi

2t�KTH2b (PHb?�mb2M �M/ 6B2H/- RNNe)X >2`2- r2 KQ/2H T`Q+2bbBM; mMBib �b `2+iB}2/

HBM2�` mMBib U_2GlV �M/ BKTH2K2Mi � KQ/B}2/ >2##B�M `mH2 7Q` imMBM; i?2 BMi2`@H�v2`

r2B;?ib iQ �+?B2p2 i?2 b�K2X AM/BpB/m�H _2Gl mMBib +QKT2i2 rBi? QM2 �MQi?2` BM �

rBMM2` i�F2 �HH 7�b?BQMX

6B;m`2 jX9, aTBFBM; M2m`�H M2irQ`F H2�`MBM; `mH2X

AMBiB�HHv- 2p2`v T`Q+2bbBM; mMBi BM i?2 b2+QM/ H�v2` Bb +QMM2+i2/ iQ �HH BMTmi@b2MbQ`

MQ/2b BM i?2 }`bi H�v2`X �b i?2 2K2`;2Mi �+iBpBiv r�p2 iBH2b i?2 }`bi H�v2`- �i KQbi

� bBM;H2 T`Q+2bbBM; mMBi BM i?2 b2+QM/ H�v2` Bb �+iBp�i2/ /m2 iQ i?2 rBMM2`@i�F2@�HH

+QKT2iBiBQMX h?2 r2B;?ib +QMM2+iBM; i?2 �+iBp�i2/ mMBi BM i?2 b2+QM/ H�v2` iQ i?2

BMTmi@b2MbQ` MQ/2b BM i?2 }`bi H�v2` �`2 mT/�i2/ #v i?2 KQ/B}2/ >2##B�M `mH2 U"Qt@

kVX q2B;?ib +QMM2+iBM; �+iBp2 BMTmi@b2MbQ` MQ/2b �M/ �+iBp�i2/ T`Q+2bbBM; mMBib �`2

`2BM7Q`+2/ r?BH2 r2B;?ib +QMM2+iBM; BM�+iBp2 BMTmi@b2MbQ` MQ/2b �M/ �+iBp�i2/ T`Q@

+2bbBM; mMBib /2+�v U+2HHb i?�i }`2 iQ;2i?2`- rB`2 iQ;2i?2`VX AMi2`@H�v2` r2B;?ib �`2

mT/�i2/ +QMiBMmQmbHv i?`Qm;?Qmi i?2 b2H7@Q`;�MBx�iBQM T`Q+2bb- mHiBK�i2Hv `2bmHiBM;

BM i?2 TQQHBM; �`+?Bi2+im`2 Ua22 6B;X jX9 �M/ bmTTH2K2Mi�H K�i2`B�HbVX



jXj "BQ@BMbTB`2/ /2p2HQTK2Mi�H �H;Q`Bi?K Nk

JQ/B7vBM; BMi2`@H�v2` r2B;?ib

wi,j(t+ 1) =

8
>><

>>:

wi,j(t) + ⌘learnH(vi(t)� 30)yj(t+ 1) yj(t+ 1) > y

wi,j(t) Qi?2`rBb2

r?2`2, U1V wi,j(t) Bb i?2 r2B;?i Q7 +QMM2+iBQM #2ir22M b2MbQ`@MQ/2 i �M/

T`Q+2bbBM; mMBi j �i iBK2 ǵiǶ UBMi2`@H�v2` +QMM2+iBQMVc U2V ⌘learn Bb i?2 H2�`MBM;

`�i2c U3V H(vi(t)� 30) Bb i?2 �+iBpBiv Q7 b2MbQ` MQ/2 i �i iBK2 ǵiǶc �M/ U4V yj(t)

Bb i?2 �+iBp�iBQM Q7 T`Q+2bbBM; mMBi j �i iBK2 ǵiXǶ

PM+2 �HH i?2 r2B;?ib wi,j(t+1) ?�p2 #22M 2p�Hm�i2/ 7Q` � T`Q+2bbBM; mMBi j- i?2v

�`2 K2�M@MQ`K�HBx2/ iQ T`2p2Mi � r2B;?i #HQr@mTX J2�M MQ`K�HBx�iBQM 2Mbm`2b

i?�i i?2 K2�M bi`2M;i? Q7 r2B;?ib 7Q` T`Q+2bbBM; mMBi j `2K�BMb +QMbi�Mi /m`BM;

i?2 b2H7@Q`;�MBx�iBQM T`Q+2bbX

>�pBM; +QmTH2/ i?2 bTQMi�M2Qmb bT�iBQi2KTQ`�H r�p2 ;2M2`�iQ` �M/ i?2 HQ+�H

H2�`MBM; `mH2- r2 Q#b2`p2 i?�i �M BMBiB�HHv 7mHHv +QMM2+i2/ irQ@H�v2` M2irQ`F U6B;X

jX8�V #2+QK2b � TQQHBM; �`+?Bi2+im`2- r?2`2BM BMTmi@b2MbQ` MQ/2b i?�i �`2 BM +HQb2

T`QtBKBiv iQ 2�+? Qi?2` BM i?2 }`bi H�v2` ?�p2 � p2`v ?B;? T`Q#�#BHBiv Q7 +QMM2+iBM;

iQ i?2 b�K2 T`Q+2bbBM; mMBi BM i?2 b2+QM/ H�v2` U6B;X jX8# � jX8+VX JQ`2 i?�M 95W

Q7 i?2 b2MbQ`@MQ/2b BM H�v2`@A +QMM2+i iQ T`Q+2bbBM; mMBib BM H�v2`@AA U?B;?2` H�v2`V

i?`Qm;? r2HH@/2}M2/ TQQHb- 2Mbm`BM; i?�i bT�iB�H T�i+?2b Q7 MQ/2b +QMM2+i2/ iQ mMBib

BM H�v2`@AA iBH2 i?2 BMTmi H�v2` U6B;X jX8/VX hBHBM; i?2 BMTmi H�v2` 2Mbm`2b i?�i KQbi

b2MbQ` MQ/2b ?�p2 �M 2bi�#HBb?2/ K2�Mb Q7 b2M/BM; BM7Q`K�iBQM iQ ?B;?2` H�v2`b �7i2`

i?2 b2H7@Q`;�MBx�iBQM Q7 i?2 TQQHBM; H�v2`X
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6B;m`2 jX8, a2H7@Q`;�MBx�iBQM Q7 SQQHBM; H�v2`bX U�V h?2 BMBiB�H +QM};m`�iBQM-
r?2`2BM �HH MQ/2b BM i?2 HQr2` H�v2` �`2 +QMM2+i2/ iQ 2p2`v mMBi BM i?2 ?B;?2` H�v2`X U"V
�7i2` i?2 b2H7@Q`;�MBx�iBQM T`Q+2bb- � TQQHBM; �`+?Bi2+im`2 2K2`;2b- r?2`2BM 2p2`v mMBi
BM H�v2`@AA Bb +QMM2+i2/ iQ � bT�iB�H T�i+? Q7 MQ/2b BM H�v2`@AX U�-"V >2`2- +QMM2+iBQMb
7`QK MQ/2b BM H�v2`@A iQ � bBM;H2 mMBi BM H�v2`@AA U?B;?2` H�v2`V �`2 b?QrMX U*V 1�+?
+QMiQm` `2T`2b2Mib � bT�iB�H T�i+? Q7 MQ/2b BM H�v2`@A +QMM2+i2/ iQ � bBM;H2 mMBi BM
H�v2`@AAX U.V JQ`2 i?�M N8W Q7 i?2 MQ/2b BM H�v2`@A �`2 +QMM2+i2/ iQ mMBib BM i?2
H�v2`@AA i?`Qm;? r2HH@/2}M2/ TQQHb- �b i?2 bT�iB�H T�i+?2b iBH2 H�v2`@A +QKTH2i2HvX

a2+iBQM jX9
JBMBK�H KQ/2H 7Q` Q#b2`pBM; 2K2`;2Mi

bT�iBQi2KTQ`�H r�p2b

AM i?Bb b2+iBQM- r2 T`QpB/2 �M �M�HviB+�H bQHmiBQM 7Q` i?2 2K2`;2M+2 Q7 � bT�iBQi2KTQ`�H

r�p2 i?`Qm;? MQBbv BMi2`�+iBQMb #2ir22M +QMbiBim2Mi MQ/2b BM i?2 b�K2 H�v2`X �b

bi�i2/ BM i?2 T`2pBQmb b2+iBQM- i?2 F2v BM;`2/B2Mib 7Q` ?�pBM; � H�v2` Q7 MQ/2b 7mM+iBQM

�b � bT�iBQi2KTQ`�H r�p2 ;2M2`�iQ` �`2,

Ç 1�+? b2MbQ`@MQ/2 b?QmH/ #2 KQ/2H2/ �b � /vM�KB+�H bvbi2Kb KQ/2H-

Ç a2MbQ`@MQ/2b b?QmH/ #2 +QMM2+i2/ BM � bmBi�#H2 iQTQHQ;v U7Q` 2X;X HQ+�H 2t+Bi�@

iBQM Ure < 2 �M/ ;HQ#�H BM?B#BiBQM Uri > 4VX

PM KQ/2HBM; �HH MQ/2b BM i?2 bvbi2K mbBM; � bBKTH2 b2i Q7 Q`/BM�`v /Bz2`2MiB�H

2[m�iBQMb UP.1ǶbV- r2 ?B;?HB;?i i?2 +QM/BiBQMb `2[mB`2/ 7Q` Q#b2`pBM; � bi�iBQM�`v

#mKT BM � M2irQ`F Q7 bTBFBM; b2MbQ`@MQ/2b �M/ iQ Q#b2`p2 BMbi�#BHBiv Q7 i?2 bi�iBQM�`v

#mKT `2bmHiBM; BM � i`�p2HBM; r�p2X
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jX9XRX a2MbQ`@MQ/2b �``�M;2/ BM � HBM2

q2 +?QQb2 � +QM};m`�iBQM r?2`2 N b2MbQ`@MQ/2b �`2 `�M/QKHv �``�M;2/ BM � HBM2 U�b

b?QrM BM 6B;X jXeVX

6B;m`2 jXe, a2MbQ` MQ/2b �``�M;2/ BM � HBM2X

h?2 �+iBpBiv Q7 N b2MbQ` MQ/2b- �``�M;2/ BM � HBM2 �b BM 6B;X jXe- �`2 KQ/2H2/

mbBM; � KBMBK�H P.1 KQ/2H �b /2b+`B#2/ #2HQr,

⌧d
/x(ui, t)

/t = �x(ui, t) +
X

uj2U

S(ui, uj)F(x(uj, t)) 8i 2 1, ..., N. UjXjV

>2`2- ui `2T`2b2Mib i?2 TQbBiBQM Q7 MQ/2b QM � HBM2c x(ui, t) /2}M2b i?2 �+iBpBiv Q7

b2MbQ` MQ/2 TQbBiBQM2/ �i ui �i iBK2 tc Sui,uj Bb i?2 bi`2M;i? Q7 +QMM2+iBQM #2ir22M

MQ/2b TQbBiBQM2/ �i ui �M/ ujc ⌧d +QMi`QHb i?2 `�i2 Q7 /2+�v Q7 �+iBpBivc U Bb i?2 b2i

Q7 �HH b2MbQ` MQ/2b BM i?2 bvbi2K Uu1-u2-XXX-uNV 7Q` N b2MbQ` MQ/2bc �M/ F Bb i?2 MQM@

HBM2�` 7mM+iBQM `2[mB`2/ iQ +QMp2`i �+iBpBiv Q7 MQ/2b iQ bTBFBM; �+iBpBivX >2`2- F Bb

i?2 ?2�pBbB/2 7mM+iBQM rBi? � bi2T i`�MbBiBQM �i yX

1�+? b2MbQ`@MQ/2 ?�b i?2 b�K2 iQTQHQ;v Q7 +QMM2+iBQMb- B2 }t2/ bi`2M;i? Q7 TQb@

BiBp2 +QMM2+iBQMb #2ir22M MQ/2b rBi?BM � `�/Bmb re- MQ +QMM2+iBQMb 7`QK � `�/Bmb re

iQ ri- �M/ /2+�vBM; BM?B#BiBQM �#Qp2 � `�/Bmb riX h?Bb Bb /2TB+i2/ BM 6B;X jXd

6B;m`2 jXd, ai`2M;i? Q7 +QMM2+iBQMb #2ir22M b2MbQ`@MQ/2bX
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6Bt2/ TQBMi �M�HvbBbX q2 /2i2`KBM2 i?2 bi�#H2 �+iBpBiv bi�i2b Q7 MQ/2b TH�+2/ BM

� HBM2 #v � }t2/ TQBMi �M�HvbBb- bBKBH�` iQ r?�i �K�`B /2p2HQT2/ BM (�K�`B- RNdd) 7Q`

i?2 +�b2 r?2M i?2`2 �`2 BM}MBi2 MQ/2bX

x(ui) =
X

uj2U

S(ui, uj)F(x(uj)) 8i 2 1, ..., N. UjX9V

PM bQHpBM; i?Bb bvbi2K Q7 MQM@HBM2�` 2[m�iBQMb bBKmHi�M2QmbHv- r2 ;2i � }t2/ TQBMi-

BX2X � p2+iQ` x⇤
2 R

N - +Q``2bTQM/BM; iQ i?2 �+iBpBiv Q7 N b2MbQ` MQ/2b TQbBiBQM2/ �i

Uu1-u2-XXX-uNVX hQ �bb2bb i?2B` bTBFBM; 7`QK i?2 �+iBpBiv Q7 b2MbQ`@MQ/2b- r2 ?�p2

si = F(x(ui)) 8i 2 1, ..., N UjX8V

�b i?2 r2B;?i K�i`Bt USui,ujV mb2/ BM+Q`TQ`�i2b i?2 HQ+�H 2t+Bi�iBQM Ure < 2V �M/

;HQ#�H BM?B#BiBQM Uri > 4V U 6B;X jXdV- r2 ;2i bQHmiBQMb rBi? � bBM;H2 #mKT Q7 �+iBpBiv

U6B;X jX3�- jX3#V- irQ #mKTb Q7 �+iBpBiv U6B;X jX3+V Q` � bi�i2 r?2M �HH MQ/2b �`2

�+iBp2X

U�V U#V U+V

6B;m`2 jX3, 6Bt2/ TQBMib, JmHiBTH2 }t2/ TQBMib �`2 Q#i�BM2/ #v bQHpBM; N MQM@HBM2�`
2[m�iBQMb bBKmHi�M2QmbHvX aQK2 Q7 i?2 bQHmiBQMb Q#i�BM2/ �`2, U�V � bBM;H2 #mKT �i
i?2 +2Mi2`- U"V � bBM;H2 #mKT �i QM2 Q7 i?2 2/;2b �M/ U*V irQ #mKTb Q7 �+iBpBivX

ai�#BHBiv Q7 }t2/ TQBMibX hQ �bb2bb i?2 bi�#BHBiv Q7 i?2b2 }t2/ TQBMib- r2 2p�Hm�i2

i?2 2B;2Mp�Hm2b Q7 i?2 C�+Q#B�M 7Q` i?Bb bvbi2K Q7 /Bz2`2MiB�H 2[m�iBQMbX �b i?2`2 �`2

N /Bz2`2MiB�H 2[m�iBQMb- i?2 C�+Q#B�M UJV Bb �M NtN K�i`BtX
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/x(ui, t)

/t =
�x(ui, t)

⌧d
+

X

uj2U

S(ui, uj)F(x(uj))

⌧d

/x(ui, t)

/t = fi(u1, u2, ..., uN)

fi(u1, u2, ..., uN) =
�x(ui)

⌧d
+

X

uj2U

S(ui, uj)F(x(uj))

⌧d

J(i, j) = @fi(u1, u2, ..., uN)

@x(uj)
.

UjXeV

PM 2p�Hm�iBM; i?2 C�+Q#B�M UJV �i i?2 }t2/ TQBMib Q#i�BM2/ Ut⇤V- r2 ;2i,

J(i, i) = @fi

@x(ui)

J(i, i) = �1
⌧d

J(i, j) = S(ui, uj)F
0
(x(uj))

@x(uj)

x(uj)

J(i, j) = S(ui, uj)�(x(uj))

J(i, j) = 0 8x(uj) 6= 0.

UjXdV

>2`2- F Bb i?2 >2�pBbB/2 7mM+iBQM �M/ Bib /2`Bp�iBp2 Bb i?2 /B`�+@/2Hi�U�Vc r?2`2-

�(x) 4 y- 7Q` x 6= 0 �M/ �(x) 4 1 7Q` x = 0X

6Q` � }t2/ TQBMi- r?2`2 x
⇤(uk) 6= 0- 8k 2 1, ..., N - i?2 C�+Q#B�M Bb � /B�;QM�H

K�i`Bt rBi? �1
⌧d

BM Bib /B�;QM�HbX h?Bb BKTHB2b i?�i i?2 2B;2Mp�Hm2b Q7 i?2 C�+Q#B�M �`2
�1
⌧d

U⌧d >yV- r?B+? �bbm`2b i?�i i?2 }t2/ TQBMi x⇤ 2 R
N Bb � bi�#H2 }t2/ TQBMikX

.2bi�#BHBxBM; i?2 }t2/ TQBMiX h?2 �//BiBQM Q7 ;�mbbB�M MQBb2 Ur?Qb2 �KTHBim/2

Bb �TT`QT`B�i2Hv b+�H2/V iQ i?2 P.1Ƕb /2b+`B#2/ 2�`HB2`- r2 +�M 2z2+iBp2Hv /2bi�#BHBx2

i?2 }t2/ TQBMi- `2bmHiBM; BM � i`�p2HBM; r�p2X h?2 2[m�iBQMb rBi? i?2 �//BiBQM Q7 �

MQBb2 i2`K �`2,
kA7 �HH i?2 2B;2Mp�Hm2b �`2 M2;�iBp2- i?2 }t2/ TQBMi Bb bi�#H2- ?Qr2p2` 2p2M B7 � bBM;H2 2B;2Mp�Hm2

Bb TQbBiBp2- i?2 }t2/ TQBMi Bb mMbi�#H2X
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⌧d
/x(ui, t)

/t = �x(ui, t) +
X

uj2U

S(ui, uj)F(x(uj, t)) + ⌘i(t) 8i 2 1, ..., N. UjX3V

>2`2- ⌘i(t)KQ/2Hb i?2 MQBbv #2?�pBQ` Q7 2p2`v MQ/2 i BM i?2 bvbi2K- r?2`2< ⌘i(t)⌘j(t0) >

4 �
2
�B,D�(i� i0)X >2`2- �B,D- �(i� i0) �`2 E`QM2+F2`@/2Hi� �M/ .B`�+@/2Hi� 7mM+iBQMb-

`2bT2+iBp2Hv- �M/ �2 +�Tim`2b i?2 K�;MBim/2 Q7 MQBb2 �//2/ iQ i?2 bvbi2KX

h?2 M2irQ`F Q7 b2MbQ` MQ/2b Bb `Q#mbi iQ � bK�HH �KTHBim/2 Q7 MQBb2 U�2
2 Uy-9VV-

r?BH2 � H�`;2` �KTHBim/2 Q7 MQBb2 U�2=8V +�M /2bi�#BHBx2 i?2 #mKT- 7Q`+BM; i?2 bvbi2K

iQ i`�MbBiBQM iQ �MQi?2` #mKT BM Bib HQ+�H pB+BMBivX *QMiBMmQmb �//BiBQM Q7 ?B;?

�KTHBim/2b Q7 MQBb2 7Q`+2b i?2 #mKT iQ KQp2 �`QmM/ BM i?2 7Q`K Q7 i`�p2HBM; r�p2bX

h?2 #2?�pBQ` Bb +QMbBbi2Mi rBi? i?2 HBM2�` bi�#BHBiv �M�HvbBb #2+�mb2 MQBb2 +�M Tmb?

i?2 /vM�KB+�H bvbi2K #2vQM/ i?2 2Mp2HQT Q7 bi�#BHBiv 7Q` � ;Bp2M }t2/ TQBMi bQHmiBQMX

jX9XkX a2MbQ` MQ/2b �``�M;2/ BM � k@/BK2MbBQM�H b[m�`2

AM i?Bb b2+iBQM- r2 �``�M;2 N b2MbQ` MQ/2b �`#Bi`�`BHv QM � k@/BK2MbBQM�H b[m�`2

�b b?QrM BM 6B;X jXN- rBi? i?2 b�K2 HQ+�H bi`m+im`2 UHQ+�H 2t+Bi�iBQM �M/ ;HQ#�H

BM?B#BiBQMVX

h?2 �+iBpBiv Q7 i?2b2 b2MbQ` MQ/2b �`2 KQ/2H2/ mbBM; i?2 KBMBK�H P.1 KQ/2H

/2b+`B#2/ 2�`HB2` UBM 2[m�iBQM@jXjVX

6B;m`2 jXN, a2MbQ` MQ/2b TH�+2/ �`#Bi`�`BHv QM � b[m�`2 TH�M2X

q2 Q#i�BM i?2 }t2/ TQBMib Ut⇤ 2 R
NV- #v bQHpBM; N bBKmHi�M2Qmb MQM@HBM2�`

2[m�iBQMb mbBM; ""bQHp2 (o�`�/?�M- :BH#2`i- 2i �HX- kyyN) T�+F�;2 BM _@H�M;m�;2X q2

MQiB+2 i?�i i?2 }t2/ TQBMi bQHmiBQMb ?�p2 � p�`B�#H2 MmK#2` Q7 �+iBpBiv #mKTb BM i?2
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k. TH�M2 �b b?QrM BM 6B;X jXRy�- jXRy# � jXRy+X

U�V U#V U+V

6B;m`2 jXRy, ai�#H2 6Bt2/ TQBMib, JmHiBTH2 }t2/ TQBMib �`2 Q#i�BM2/ #v bQHpBM; N

MQM@HBM2�` 2[m�iBQMb bBKmHi�M2QmbHvX aQK2 Q7 i?2 bQHmiBQMb Q#i�BM2/ �`2, U�V � bBM;H2
#mKT- U"V irQ #mKTb �M/ U*V i?`22 #mKTb Q7 �+iBpBivX

jX9XjX a2MbQ` MQ/2b �``�M;2/ BM � k@/BK2MbBQM�H b?22i rBi? �`#Bi`�`v ;2@

QK2i`v

AM i?Bb b2+iBQM- r2 �``�M;2 b2MbQ` MQ/2b QM � k. b?22i BM �Mv �`#Bi`�`v ;2QK2i`v �b

b?QrM BM 6B;X jXRRX �Hi?Qm;? i?2 K�+`Qb+QTB+ ;2QK2i`v Q7 i?2 b?22i +?�M;2b- i?2 HQ+�H

bi`m+im`2 Q7 b2MbQ` MQ/2b BM +QMb2`p2/ UBX2X HQ+�H 2t+Bi�iBQM �M/ ;HQ#�H BM?B#BiBQMVX

h?2 }t2/ TQBMib �`2 2p�Hm�i2/ #v bBKmHi�M2QmbHv bQHpBM; i?2 MQM@HBM2�` bvbi2K Q7

2[m�iBQMbX q2 MQiB+2 i?�i i?2 #mKTb �`2 bi�#H2 }t2/ TQBMib 2p2M r?2M b2MbQ` MQ/2b

�`2 TH�+2/ QM � k@/BK b?22i Q7 �`#Bi`�`v ;2QK2i`vX

U�V U#V U+V U/V

6B;m`2 jXRR, ai�#H2 6Bt2/ TQBMib, JmHiBTH2 }t2/ TQBMib �`2 Q#i�BM2/ #v bQHpBM;
N MQM@HBM2�` 2[m�iBQMb bBKmHi�M2QmbHvX aQK2 Q7 i?2 bQHmiBQMb Q#i�BM2/ �`2, U�-"V
� bBM;H2 #mKT 7Q` � +B`+mH�` ;2QK2i`v U*-.V irQ #mKTb Q7 �+iBpBiv 7Q` �`#Bi`�`v
;2QK2i`vX
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a2+iBQM jX8
JQ/mH�` aLL hQQH@FBi, .vM�KB+�H bvbi2Kb

7`�K2rQ`F

AM i?2 T`2pBQmb irQ b2+iBQMb- A ?�p2 H�B/ /QrM i?2 KBMBKmK +QKTQM2Mib UM�K2Hv-

bTQMi�M2Qmb bT�iBQi2KTQ`�H r�p2b �M/ HQ+�H H2�`MBM; `mH2bV 7Q` b2H7@Q`;�MBxBM; � irQ

H�v2`2/ M2m`�H M2irQ`FX AM Q`/2` iQ #mBH/ � b+�H�#H2 KmHiB@H�v2` aLL- r2 T`QTQb2

� /vM�KB+�H bvbi2Kb 7`�K2rQ`F 7Q` i?2 b2H7@Q`;�MBx�iBQM �H;Q`Bi?KX Ai miBHBx2b i?2

7QHHQrBM; F2v +QM+2Tib Q7 UBV 2K2`;2Mi bT�iBQ@i2KTQ`�H r�p2b Q7 }`BM; M2m`QMb- UBBV

/vM�KB+ H2�`MBM; `mH2b 7Q` mT/�iBM; BMi2`@H�v2` r2B;?ib �M/ UBBBV MQM@HBM2�` �+iBp�iBQM

�M/ BMTmi/QmiTmi +QKT2iBiBQM `mH2b #2ir22M H�v2`b iQ #mBH/ � KQ/mH�` bTBFBM; bm#@

bi`m+im`2X h?2 KQ/mH�` bTBFBM; bm#@bi`m+im`2 +�M #2 bi�+F2/ iQ 7Q`K KmHiB@H�v2`2/

aLLb rBi? �M �`#Bi`�`v MmK#2` Q7 H�v2`b i?�i b2H7@Q`;�MBx2 BMiQ � rB/2 p�`B2iv Q7

+QMM2+iBpBiv �`+?Bi2+im`2bX h?2 7QHHQrBM; b2+iBQMb /2b+`B#2 i?2 iQQH@FBi `2[mB`2/ iQ

#mBH/ � bBM;H2 KQ/mH2 i?�i +�M #2 b2�KH2bbHv bi�+F2/ iQ b2H7@Q`;�MBx2 KmHiB@H�v2` aLL

�`+?Bi2+im`2bX q2 /2b+`B#2 Qm` 7`�K2rQ`F #v /Bb+mbbBM; i?2 aLL KQ/2H i?�i ;2M2`�i2b

r�p2b �M/ i?2 H2�`MBM;/+QKT2iBiBQM `mH2b i?�i �+?B2p2 BMi2`@H�v2` +QMM2+iBpBivX

jX8XRX :Qp2`MBM; 2[m�iBQMb Q7 ǳM2m`QM�H r�p2bǴ

h?2 2bb2MiB�H #mBH/BM; #HQ+F 7Q` aLLb Bb � bTBFBM; M2m`QM KQ/2H i?�i /2b+`B#2b i?2

bi�i2 Q7 2p2`v bBM;H2 M2m`QM Qp2` iBK2- Q7i2M `2T`2b2Mi2/ #v � /vM�KB+�H bvbi2KX >2`2-

r2 +?QQb2 � KQ/B}2/ p2`bBQM Q7 i?2 TQTmH�` G2�Fv@AMi2;`�i2@�M/@6B`2 UGA6Vj KQ/2H

rBi? �M �//BiBQM�H �/D�+2M+v K�i`Bt i2`K �M/ BMTmi i2`K U7`QK T`2+2/BM; H�v2`bV-

+QmTH2/ rBi? � /vM�KB+�H i?`2b?QH/ 2[m�iBQMX h?2 p2+iQ`Bx2/ ;Qp2`MBM; 2[m�iBQMb 7Q`

2�+? H�v2` l `2�/b
j�b GA6 KQ/2Hb �`2 rB/2Hv mb2/ QM M2m`QKQ`T?B+ +?BTb- r2 b?B7i2/ Qm` b+�H2@mT T`Q+2/m`2 7`QK

Ax?BF2pB+? iQ i?2 GA6 M2m`QM KQ/2HX
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d

dt
v = �

1

⌧v
v + aH(v � ✓) + axx

d

dt
✓ = �

1

⌧✓
(vth � ✓)� (1�H(v � ✓)) + ✓

+
H(v � ✓)

UjXNV

r?2`2 v Bb i?2 pQHi�;2- ✓ Bb i?2 p�`B�#H2 }`BM; i?`2b?QH/- x Bb i?2 BMTmi bB;M�H iQ

i?Bb H�v2`- H Bb i?2 U2H2K2Mi@rBb2V ?2�pv@bB/2 7mM+iBQM �M/ � /2MQi2b i?2 >�/�K�`/

T`Q/m+iX a Bb i?2 BMi`�@H�v2` �/D�+2M+v K�i`Bt �M/ ax Bb i?2 bTBF2 BMTmi K�i`BtX �HH

p2+iQ`b �M/ K�i`B+2b �`2 2H2K2Mib Q7 Rnl �M/ Rnl⇥nl - `2bT2+iBp2Hv- r?2`2 nl Bb i?2

MmK#2` Q7 M2m`QMb BM H�v2` lX

� M2m`QM i }`2b � bTBF2 r?2M Bib pQHi�;2 vi 2t+22/b Bib i?`2b?QH/ ✓iX �7i2` }`BM;- i?2

M2m`QMǶb pQHi�;2 Bb `2b2i iQ vresetX h?2 /vM�KB+ i?`2b?QH/ 2[m�iBQM 7Q` ✓ Bb ;Qp2`M2/ #v

� ?QKQ2Qbi�bBb K2+?�MBbK iQ 2Mbm`2 i?�i MQ M2m`QM +�M bTBF2 2t+2bbBp2HvX *QM+`2i2Hv-

Bi BM+`2�b2b ✓ #v � `�i2 ✓+ r?2M2p2` � M2m`QM Bb bTBFBM;- mMiBH ✓ 2t+22/b v �M/ i?2

M2m`QM }`2b MQ KQ`2X Ai i?2M /2+�vb ✓ 2tTQM2MiB�HHv iQ � /27�mHi i?`2b?QH/ v
thX �HH

�//BiBQM�H ?vT2`@T�`�K2i2`b �`2 bmKK�`Bx2/ BM i?2 �TT2M/BtX

a 2 Rnl⇥nl 2M+Q/2b i?2 bT�iB�H@+QMM2+iBpBiv Q7 M2m`QMb rBi?BM i?2 H�v2` Ui?�i +�M

?�p2 �`#Bi`�`v ;2QK2i`v (_�;?�p�M �M/ h?QKbQM- kyRN)V �M/ Bb #BQHQ;B+�HHv BMbTB`2/

(Emib+?2`- .2p`2Qi2b- �M/ A;H2bB�b- kyy9c sBQM; 2i �HX- kyRy)X �mi?Q`b BM (G�BM;

�M/ *?Qr- kyyR) ?�p2 bBM+2 mb2/ i?2 BMi`�@H�v2` +QMM2+iBpBiv iQ T`Qp2 i?2 2tBbi2M+2

Q7 bT�iBQ@i2KTQ`�H r�p2 bi�i2b BM #Qi? R. �M/ k. ;2QK2i`B2b Q7 +QMM2+i2/ bTBFBM;

M2m`QMbX AM Qm` KmHiB@H�v2` aLL- aH(v � ✓) b2`p2b �b � #�+F@+QmTHBM; i2`K- +`m+B�H

7Q` i?2 /2p2HQTK2Mi Q7 +Q?2`2Mi r�p2 /vM�KB+b BM bm#b2[m2Mi H�v2`bX h?2 QTiBQM�H

bTBF2@BMTmi K�i`Bt ax
2 Rnl⇥nl +�M #2 mb2/ iQ 7m`i?2` +QMi`QH i?2 BMTmi `2+2Bp2/

7`QK T`2+2/BM; H�v2`bX q2 2M+Q/2 i?2 ;2QK2i`v Q7 i?2 H�v2` �M/ �M BbQi`QTB+ F2`M2H

rBi? � imM�#H2 2t+Bi�iBQM �M/ BM?B#BiBQM `�/Bmb �M/ �KTHBim/2 7�+iQ`b BMiQ aX h?2

F2`M2H H2�/b iQ TQbBiBp2 BMi`�@H�v2` M2m`QM�H +QMM2+iBpBiv BMbB/2 i?2 2t+Bi�iBQM `�/Bmb

r
i �M/ /2+�vBM; M2;�iBp2 +QMM2+iBQMb QmibB/2 i?2 BM?B#BiBQM `�/Bmb roX *QM+`2i2Hv- i?2

�/D�+2M+v K�i`Bt rBi? F2`M2H Bb ;Bp2M #v
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Si,j =

8
><

>:

a
i
Di,j, Di,j < r

i

�a
o
e
(�Di,j/10), Di,j > r

o
UjXRyV

r?2`2 Di,j 2 Rnl⇥nl Bb i?2 K�i`Bt Q7 bT�iB�H /Bbi�M+2b #2ir22M 2�+? M2m`QM �M/ a
i/ao

�`2 i?2 2t+Bi�iBQM �M/ BM?B#BiBQM �KTHBim/2 7�+iQ`bX PM2 +�M MQr p�`v i?2 F2`M2H

`�/BB �M/ Qi?2` ?vT2`@T�`�K2i2`b iQ +QMi`QH i?2 2K2`;2Mi r�p2 T`QT2`iB2b �M/ Q#i�BM

�M �``�v Q7 r�p2 T?2MQK2M� rBi? BMi2`2biBM; b?�T2b �M/ /vM�KB+bX � 72r 2t2KTH�`v

r�p2 `2;BK2b �`2 /2TB+i2/ BM 6B;X jXRdU"VX

jX8XkX G2�`MBM; `mH2b

>�pBM; +QMbi`m+i2/ � bTQMi�M2Qmb bT�iBQ@i2KTQ`�H r�p2 ;2M2`�iQ` �+`Qbb KmHiBTH2

H�v2`b BM i?2 T`2pBQmb b2+iBQM- r2 BKTH2K2Mi � HQ+�H ah.S H2�`MBM; `mH2 iQ mT/�i2

BMi2`@H�v2` +QMM2+iBpBiv #�b2/ QM i?2 T�ii2`Mb Q7 i?2 2K2`;2Mi r�p2b- BM Q`/2` iQ b2H7@

Q`;�MBx2 aLLb BMiQ � rB/2 p�`B2iv Q7 �`+?Bi2+im`2bX ah.S TQi2MiB�i2b +QMM2+iBQMb

#2ir22M M2m`QMb i?�i bTBF2 rBi?BM � b?Q`i BMi2`p�H iQ 2�+? Qi?2` �M/ T`QpB/2b HQr2`

mT/�i2b 7Q` i?Qb2 M2m`QMb i?�i ?�p2 /Bbi�Mi bTBF2@iBK2bX �b � bBKTH2 ah.S `mH2- r2

mb2 i?2 >2##B�M `mH2 iQ QMHv HBMF i?2 bvM+?`QMQmb T`2@ �M/ TQbi@bvM�TiB+ }`BM;b Q7

M2m`QMb 7Q` i?2 /vM�KB+ mT/�i2 Q7 r2B;?ib #2ir22M i?2 irQ +QMM2+i2/ H�v2`bX q2

MQi2 i?�i i?2`2 �`2 K�Mv ivT2b Q7 bQT?BbiB+�i2/ ah.S `mH2b bm+? �b �//BiBp2 ah.S Q`

i`BTH2i ah.S (J�`F`�K- :2`biM2`- �M/ aDƺbi`ƺK- kyRRc "B+?H2` 2i �HX- kyRR)- ?Qr2p2`-

r2 mb2 � `�i?2` bBKTH2 `mH2 iQ QMHv 2KT?�bBx2 i?2 2z2+iBp2M2bb Q7 Qm` +QMi`B#miBQMX

h?2 H2�`MBM; `mH2 +�M #2 BMi2;`�i2/ BMiQ Qm` /vM�KB+�H bvbi2K �b i?2 /vM�KB+�H

K�i`Bt 2[m�iBQM,

d

dt
q(l1) = ⌘(y(l1) ⌦ y(l2)) UjXRRV

r?2`2 ⌘ Bb i?2 H2�`MBM; `�i2- y(l1) 2 Rnl1 �M/ y(l2) 2 Rnl2 /2MQi2 i?2 bTBFBM; QmiTmi

bB;M�Hb Q7 i?2 irQ H�v2`b i?�i q(l1) 2 Rnl1
⇥nl2 +QMM2+ib �M/ ⌦ Bb i?2 Qmi2` T`Q/m+i
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Q7 i?2 irQ p2+iQ`bX h?2 bT2+B}+ p�`B�#H2b +QmTH2/ BM 1[X jXRR +�M #2 +mbiQKBx2/ iQ

�+?B2p2 p�`BQmb /2bB`2/ +QMM2+iBpBiv �`+?Bi2+im`2bX

jX8XjX *QKT2iBiBQM `mH2b

AM �//BiBQM iQ i?2 H2�`MBM; `mH2b- r2 +�M �HbQ BMi`Q/m+2 p�`BQmb ǳ+QKT2iBiBQM `mH2bǴ QM

i?2 H�v2` BMTmib �M/ QmiTmib iQ 7m`i?2` HQ+�HBx2 +QMM2+iBQMb rBi? /Bz2`2Mi bi`2M;i?b-

iQ 7Q`K TQQHBM; �`+?Bi2+im`2bX 6Q` BMbi�M+2- #v +QmTHBM; i?2 bTBFBM; QmiTmib BM 1[X

jXRR rBi? y(l2) }Hi2`2/ #v � ǳrBMM2`@i�F2@�HHǴ +QKT2iBiBQM `mH2- QM2 +�M 2M7Q`+2 i?2

7Q`K�iBQM Q7 TQQHb 7`QK l1 iQ i?2 K�tBKmK bTBFBM; M2m`QM BM l2X �M BMTmi bTBF2

bB;M�H x +�M bBKBH�`Hv #2 }Hi2`2/X h?2 rBMM2`@i�F2@�HH +QKT2iBiBQM `mH2 7Q` � p2+iQ`

x `2�/b,

f
C(x) :

8
>><

>>:

xi = 0, 8xi < K�t(x)

xi = K�t(x), Qi?2`rBb2.
UjXRkV

h?2 +QKT2iBiBQM `mH2 fC rQ`Fb QM 2�+? M2m`QM i rBi?BM � H�v2` lX 6`QK 1[X jXRk-

K�Mv p�`B�iBQMb HBF2 ǳk@#2bi@T2`7Q`K2`bǴ �M/ Qi?2` +QKT2iBiBQM `mH2b +�M #2 /2`Bp2/

�M/ �TTHB2/ iQ �+?B2p2 TQQHb Q7 /Bz2`2Mi b?�T2b �M/ r2B;?iBM;b i?`Qm;?Qmi i?2 H�v2`bX

jX8X9X JmHiB@H�v2` aLL H2�`MBM; �H;Q`Bi?K

qBi? i?2 i?`22 #mBH/BM; #HQ+Fb U1[X jXN- 1[X jXRR- 1[X jXRkV 2bi�#HBb?2/- i?2 �H;Q`Bi?@

KB+ ~Qr Q7 �M BMTmi bB;M�H x(1) Q7 � H�v2` Ul1 = 1V iQ i?2 BMTmi x(2) Q7 i?2 M2ti H�v2`

Ul2 = 2V Bb 2H�#Q`�i2/ BM �H;Q`Bi?K@9X AM �H;Q`Bi?K@9- GA6U·V bi�M/b b?Q`i?�M/ 7Q` �

iBK2@BMi2;`�iBQM T�bb i?`Qm;? 1[X jXN �M/ H
(1)
v,✓ Bb i?2 `2bT2+iBp2 bTBF2 p2+iQ`X 6m`@

i?2`KQ`2- fC(1)
y �M/ f

C(2)
x �`2 i?2 UQTiBQM�HV +QKT2iBiBQM `mH2b 7Q` i?2 QmiTmi Q7 l1 �M/

BMTmi iQ l2 `2bT2+iBp2Hv �M/ g(·) /2MQi2b i?2 �+iBp�iBQM 7mM+iBQM Q7 i?2 H�v2`- r?B+?

Bb � `2+iB}2/ HBM2�` mMBi U_2GlV BM Qm` +�b2X �b QM2 +�M b22- i?2 2MiB`2 �H;Q`Bi?K Bb

KQ/2H@�#H2 �b � H�`;2 /vM�KB+�H bvbi2K ě+QmTHBM; i?2 r�p2 /vM�KB+b 2[m�iBQMb Q7
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�H;Q`Bi?K 9 JmHiB@H�v2` aLL .vM�KB+�H avbi2K
AMTmi , aB;M�H x(1)(t) �b BMTmi iQ BMTmi H�v2` l = 1X
PmiTmi, q2B;?ib q(l)(t) � bTBFBM; QmiTmib y(l)(t) 7Q` �HH H�v2`b l � 1X
7Q` i 4 1...Nt BM �t iBK2@bi2Tb /Q

7Q` H 4 1...Nl BM H�v2`b /Q
H

(l)
v,✓ GA6(l)(x(l)

,�t) BMi2;`�i2 BMTmi rBi? GA6 #v �t

y(l)
f
C(l)
y (H(l)

v,✓) �TTHv QmiTmi +QKT2iBiBQM `mH2 iQ bTBF2b
B7 H� k i?2M

q(l�1) G_(l�1)(y(l�1)
,y(l)

,�t) BMi2;`�i2 H2�`MBM; `mH2 Q7 T`2+2/BM; r2B;?ib

2M/
z(l+1) q(l)y(l) KmHiBTHv HQ+�H r2B;?ib iQ QmiTmi bB;M�H
a(l+1)

g(z(l+1)) �TTHv �+iBp�iBQM 7mM+iBQM

x(l+1)
f
C(l+1)
x (a(l+1)) �TTHv BMTmi +QKT2iBiBQM `mH2 iQ Q#i�BM bB;M�H 7Q` M2ti H�v2`

2M/
2M/

BM/BpB/m�H H�v2`b rBi? i?2 r2B;?i /vM�KB+b 2[m�iBQMb ;Bp2M #v ah.S H2�`MBM; `mH2b

#2ir22M i?2 H�v2`bX q2 BMi2;`�i2 �HH 2[m�iBQMb BM iBK2 �i i?2 b�K2 iBK2@H2p2H #v mbBM;

� _mM;2@Emii�@9 iBK2@bi2TTBM; b+?2K2 7Q` MmK2`B+�H BMi2;`�iBQMX

a2+iBQM jXe
a2H7@Q`;�MBxBM; KmHiB@H�v2` bTBFBM; M2m`�H

M2irQ`Fb

h?2 KQ/mH�` iQQH@FBi BMi`Q/m+2/ BM i?2 T`2pBQmb b2+iBQM 2M�#H2b i?2 2{+B2Mi- �m@

iQMQKQmb b2H7@Q`;�MBx�iBQM Q7 H�`;2 KmHiB@H�v2` aLLbX h?2 F2v BM;`2/B2Mib `2[mB`2/

7Q` b2H7@Q`;�MBx�iBQM �`2 UBV i`�p2HBM; r�p2b i?�i 2K2`;2 bBKmHi�M2QmbHv �+`Qbb KmHiB@

TH2 H�v2`b �M/ UBBV � /vM�KB+ H2�`MBM; `mH2 i?�i imM2b i?2 +QMM2+iBpBiv #2ir22M �Mv

irQ H�v2`b #�b2/ QM i?2 T`QT2`iB2b Q7 i?2 r�p2b iBHBM; i?2 H�v2`bX q2 /2KQMbi`�i2

i?2 2MiB`2 b2H7@Q`;�MBx�iBQM T`Q+2bb BM 6B;X jXRk UKQpBM; 7`QK H27i iQ `B;?iVX h?2

irQ K�DQ` +QKTQM2Mib Q7 i?2 b2H7@Q`;�MBx�iBQM T`Q+2bb �`2 2H�#Q`�i2/ BM i?2 7QHHQrBM;
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bm#b2+iBQMbX

6B;m`2 jXRk, a2H7@Q`;�MBxBM; KmHiB@H�v2` bTBFBM; M2m`�H M2irQ`Fb U�V 1K2`;2Mi
bT�iBQ@i2KTQ`�H r�p2b BM L1 i`B;;2` M2m`QM�H r�p2b BM ?B;?2` H�v2`b UL2- L3VX "H�+F
MQ/2b BM/B+�i2 i?2 M2m`QM TQbBiBQMb rBi?BM � H�v2` �M/ b?�/2b Q7 `2/ /2TB+i }`BM;
MQ/2bX h?2 HB;?i2` `2/ `2T`2b2Mib MQ/2b i?�i }`2/ �i �M 2�`HB2` iBK2@TQBMiX GB;?i2`
`2/ iQ /�`F `2/ +�Tim`2b i?2 KQiBQM Q7 i?2 r�p2b QM 2�+? H�v2`X U"V h`�+FBM; i?2
pQHi�;2 v Q7 � bBM;H2 M2m`QM BM 2�+? H�v2` Qp2` iBK2X h?2 M2m`QM ǵ}`2bǶ r?2M i?2 v

+`Qbb2b Bib /vM�KB+ i?`2b?QH/ U#Hm2 HBM2VX U*V a2H7@Q`;�MBx�iBQM T`Q+2bb i`�Mb7Q`Kb �
`�M/QKHv rB`2/ BMi2`@H�v2` +QMM2+iBpBiv UH27i Q7 i?2 �``QrV iQ � TQQHBM; �`+?Bi2+im`2
U`B;?iV- r?2`2BM mMBib BM ?B;?2` H�v2`b UL2- L3V �`2 +QMM2+i2/ iQ � bT�iB�H T�i+? Q7
MQ/2b BM Bib T`2+2/BM; H�v2`X 1�+? bm#THQi /BbTH�vb i?2 +QMM2+iBpBiv Q7 � bBM;H2 mMBi
BM � ?B;?2` H�v2` iQ �HH mMBib BM i?2 T`2+2/BM; H�v2`X u2HHQr/#Hm2 `2T`2b2Mi `2;BQMb
rBi?/rBi?Qmi T`2b2M+2 Q7 +QMM2+iBQMbX *QMM2+iBpBiv Q7 9 mMBib 2�+? BM L3 �M/ L2 �`2
/2TB+i2/ BM *@B �M/ *@BB- `2bT2+iBp2HvX U.V j. `2M/2`BM; Q7 i?2 }M�H b2H7@Q`;�MBx2/
�`+?Bi2+im`2X

jXeXRX 1K2`;2Mi �+iBpBiv r�p2b BM KmHiBTH2 H�v2`b

aiQ+?�biB+ +QKKmMB+�iBQM #2ir22M bTBFBM; M2m`QMb BM H�v2`@R �``�M;2/ BM � HQ+�H@

2t+Bi�iBQM- ;HQ#�H BM?B#BiBQM +QMM2+iBpBiv H2�/b iQ i?2 2K2`;2M+2 Q7 bTQMi�M2Qmb i`�p@

2HBM; �+iBpBiv r�p2b rBi?BM i?2 H�v2`X h?2 r�p2b BM H�v2`@R i`B;;2` r�p2b BM H�v2`@k

i?�i bm#b2[m2MiHv BMBiB�i2b r�p2b BM H�v2`@jX h?2 i`�p2HBM; r�p2b �+`Qbb i?2 j H�v2`b

�`2 /2TB+i2/ BM 6B;X jXRk�X q2 Q#b2`p2 i?�i i?2 �H;Q`Bi?K 2M�#H2b i?2 KQiBQM Q7



jXd 62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K Ry8

r�p2b BM ?B;?2` H�v2`b rBi?Qmi i?2 M22/ 7Q` � +QMbi�Mi biBKmH�iBQM 7`QK i?2 HQr2` H�v@

2`bX AM Qi?2` rQ`/b- i?2 r�p2 �+iBpBiv BM ?B;?2` H�v2`b- QM+2 i`B;;2`2/- +�M ǵbi�v �HBp2Ƕ

2p2M B7 i?2`2 Bb MQ bTBFBM; �+iBpBiv BM i?2 HQr2` H�v2`bX �MQi?2` F2v T`QT2`iv Q7 i?2

i`�p2HBM; r�p2b BM i?2 ?B;?2` H�v2`b Bb i?�i i?2v ?�p2 i?2B` QrM �miQMQKv/ǵ+m`BQbBivǶ

iQ 2tTHQ`2 /Bz2`2Mi `2;BQMb rBi?BM i?2 H�v2`X h?2 H2p2H Q7 ǵ+m`BQbBivǶ Bb /2T2M/2Mi QM

i?2 BMTmi 7`QK i?2 T`2+22/BM; H�v2` �M/ i?2 bi`2M;i? Q7 BMi`�@H�v2` +QMM2+iBpBivX h?Bb

7Q`+2b i?2 r�p2 iQ MQi �`#Bi`�`BHv bi`�v �r�v 7`QK i?2 bQm`+2 Q7 i?2 BMTmi@bB;M�HX

q2 �HbQ TQBMi Qmi i?�i r�p2b BM �Mv H�v2` �`2 Q#b2`p2/ T`BK�`BHv /m2 iQ i?2

bTBFBM; /vM�KB+b Q7 BM/BpB/m�H M2m`QMbX AM 6B;X jXRk"- r2 b?Qr i?2 pQHi�;2 i`�+2 Q7

QM2 M2m`QM rBi?BM 2�+? H�v2` �HQM; rBi? Bib bTBFBM; i?`2b?QH/X � M2m`QM }`2b QMHv

r?2M Bib pQHi�;2 bm`T�bb2b i?2 bTBFBM; i?`2b?QH/- �M/ i?2 bTBFBM; 7`2[m2M+v rBi?BM

2�+? H�v2` ;Qp2`Mb i?2 /vM�KB+b Q7 i?2 �+iBpBiv r�p2X

jXeXkX GQ+�H H2�`MBM; `mH2b H2�/b iQ b2H7@Q`;�MBx�iBQM

h?2 �+iBpBiv r�p2b ;2M2`�i2/ BM 2�+? H�v2` b2`p2 �b � bB;M�H iQ KQ/B7v i?2B` BMi2`@H�v2`

r2B;?ibX �HQM; rBi? i?2 ǵbB;M�H-Ƕ r2 M22/ HQ+�H H2�`MBM; `mH2b iQ mT/�i2 BMi2`@H�v2`

+QMM2+iBQMbX >2`2- r2 mb2 >2##B�M@#�b2/ ah.S `mH2b U/2b+`B#2/ BM b2+iBQM jX8XkV +Qm@

TH2/ rBi? +QKT2iBiBQM `mH2b U/2b+`B#2/ BM b2+iBQM jX8XjV iQ mT/�i2 BMi2`@H�v2` r2B;?ibX

AM 6B;X jXRk- r2 /2TB+i i?2 bBKmHi�M2Qmb �+iBpBiv@r�p2 /`Bp2M b2H7@Q`;�MBx�iBQM �+`Qbb

KmHiBTH2 H�v2`bX h?2 +QMM2+iBpBiv #2ir22M i?2 H�v2`b ;Q 7`QK � `�M/QK +QM};m`�iBQM

iQ TQQHBM; bi`m+im`2b #2ir22M i?2 H�v2`b- ;mB/2/ #v i?2 /vM�KB+b Q7 i?2 �+iBpBiv r�p2X

� }M�H b2H7@Q`;�MBx2/ KmHiB@H�v2` bTBFBM; M2irQ`F Bb `2M/2`2/ BM j. BM 6B;X jXRk.X

a2+iBQM jXd

62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K

AM i?Bb b2+iBQM- r2 b?Qr i?�i bT�iBQi2KTQ`�H r�p2b +�M 2K2`;2 �M/ i`�p2H Qp2` H�v2`b

rBi? �`#Bi`�`v ;2QK2i`B2b �M/ 2p2M BM i?2 T`2b2M+2 Q7 /272+iBp2 b2MbQ`@MQ/2bX �b i?2



jXd 62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K Rye

6B;m`2 jXRj, a2H7@Q`;�MBx�iBQM Q7 TQQHBM; H�v2`b 7Q` �`#Bi`�`v BMTmi@H�v2`
;2QK2i`vX U�V h?2 H27i KQbi BK�;2 Bb � bM�Tb?Qi Q7 i?2 i`�p2HBM; r�p2 �b Bi i`�p2`b2b
H�v2`@Ac G�v2`@A ?�b b2MbQ`@MQ/2b �``�M;2/ BM �M �MMmHmb ;2QK2i`vc `2/ MQ/2b `272` iQ
}`BM; MQ/2bX PM +QmTHBM; i?2 bT�iBQi2KTQ`�H r�p2 BM H�v2`@A iQ � H2�`MBM; `mH2 BM H�v2`@
AA- � TQQHBM; �`+?Bi2+im`2 2K2`;2bX h?2 +2Mi`�H BK�;2 `272`b iQ i?2 j/ pBbm�HBx�iBQM
Q7 i?2 TQQHBM; �`+?Bi2+im`2- r?BH2 2�+? bm#THQi BM i?2 `B;?i@KQbi BK�;2 /2TB+ib i?2
bT�iB�H T�i+? Q7 MQ/2b BM H�v2`@A +QMM2+i2/ iQ � bBM;H2 T`Q+2bbBM; mMBi BM H�v2`@AAX U"V
a2H7@Q`;�MBxBM; TQQHBM; H�v2`b QM � bT?2`2X U"@BBV lTbi`2�K mMBib +QMM2+i iQ bT�iB�H
T�i+?2b Q7 MQ/2b QM i?2 bT?2`2X U*V a2H7@Q`;�MBxBM; M2irQ`Fb QM SQBM+�`2 /BbFb rBi?
� ?vT2`#QHB+ /Bbi`B#miBQM Q7 BMTmi b2MbQ` MQ/2b U*@BBV aM�Tb?Qi Q7 � i`�p2HBM; #mKTX
U*@BBBV _2+2TiBp2 }2H/b Q7 mMBib BM H�v2`@AAX

HQ+�H bi`m+im`2 Q7 b2MbQ`@MQ/2 +QMM2+iBpBiv UHQ+�H 2t+Bi�iBQM �M/ ;HQ#�H BM?B#BiBQMV BM

i?2 BMTmi H�v2` BM +QMb2`p2/ Qp2` � #`Q�/ `�M;2 Q7 K�+`Qb+�H2 ;2QK2i`B2b U6B;X jXRj�@

+V- r2 Q#b2`p2 i`�p2HBM; �+iBpBiv r�p2b QM BMTmi H�v2`b rBi? �`#Bi`�`v ;2QK2i`B2b �M/

BM BMTmi@H�v2`b i?�i ?�p2 /272+ib Q` ?QH2bX h?2 +QmTHBM; Q7 i?2 i`�p2HBM; �+iBpBiv

r�p2 BM H�v2`@A �M/ � H2�`MBM; `mH2 BM H�v2`@AA `2bmHib BM i?2 2K2`;2M+2 Q7 TQQHBM;

�`+?Bi2+im`2X

6m`i?2`KQ`2- r2 /2KQMbi`�i2 i?�i i?2 bBx2 �M/ b?�T2 Q7 i?2 2K2`;2Mi bT�iBQi2K@

TQ`�H r�p2 +�M #2 imM2/ #v �Hi2`BM; i?2 iQTQHQ;v Q7 b2MbQ`@MQ/2b BM i?2 H�v2`X *Qm@

THBM; i?2 2K2`;2Mi r�p2 BM H�v2`@A rBi? � H2�`MBM; `mH2 BM H�v2`@AA H2�/b iQ HQ+�HBx2/

`2+2TiBp2 }2H/b i?�i iBH2 i?2 BMTmi H�v2`X

hQ;2i?2`- i?2 r�p2 �M/ i?2 H2�`MBM; `mH2 2M/Qr i?2 /2p2HQTK2Mi�H �H;Q`Bi?K

rBi? mb27mH T`QT2`iB2b, UBV 6H2tB#BHBiv, aT�iB�H T�i+?2b Q7 b2MbQ`@MQ/2b +QMM2+i2/

iQ mMBib BM H�v2`@AA +�M #2 2bi�#HBb?2/ Qp2` �`#Bi`�`v BMTmi@H�v2` ;2QK2i`B2bX AM 6B;X

jXRj�- r2 b?Qr i?�i �M 2K2`;2Mi bT�iBQi2KTQ`�H r�p2 QM � iQ`mb@b?�T2/ BMTmi H�v2`

+QmTH2/ rBi? i?2 HQ+�H H2�`MBM; `mH2 Ub2+iBQM@jXjXkV BM H�v2`@AA- `2bmHib BM � TQQHBM;

�`+?Bi2+im`2X q2 �HbQ b?Qr i?�i i?2 /2p2HQTK2Mi�H �H;Q`Bi?K +�M b2H7@Q`;�MBx2 M2i@



jXd 62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K Ryd

6B;m`2 jXR9, a2H7@Q`;�MBx�iBQM Q7 TQQHBM; H�v2`b 7Q` �`#Bi`�`v BMTmi@H�v2`
;2QK2i`vX U.V h?2 };m`2 QM i?2 H27i /2TB+ib � b2H7@Q`;�MBx2/ TQQHBM; H�v2` r?2M
�HH BMTmi MQ/2b �`2 7mM+iBQMBM;X PM+2 i?2b2 BMi2`@H�v2` +QMM2+iBQMb �`2 2bi�#HBb?2/- �
bK�HH bm#b2i Q7 MQ/2b �`2 /�K�;2/ iQ �bb2bb B7 i?2 TQQHBM; �`+?Bi2+im`2 +�M `Q#mbiHv
`2@7Q`KX h?2 b2i Q7 MQ/2b rBi?BM i?2 ;`2v #QmM/�`v- iBiH2/ ǵ.LǶ- �`2 /272+iBp2 MQ/2bX
h?2 };m`2 QM i?2 `B;?i +Q``2bTQM/b iQ TQQHBM; H�v2`b i?�i ?�p2 �/�Ti2/ iQ i?2 /272+ib
BM i?2 BMTmi H�v2`- ?2M+2 MQi `2+2BpBM; �Mv BMTmi 7`QK i?2 /272+iBp2 MQ/2bXU1V U1@BV
hmMBM; +m`p2 b?Qrb i?�i mMBib BM H�v2`@k ?�p2 � T`272``2/ Q`B2Mi�iBQMX U1@BBV P`B2Mi2/
`2+2TiBp2 }2H/b Q7 mMBib BM H�v2`@AAX

rQ`Fb QM �`#Bi`�`v +m`p2/ bm`7�+2b U6B;X jXRj#VX 6H2tB#BHBiv iQ 7Q`K TQQHBM; H�v2`b QM

�`#Bi`�`v BMTmi@H�v2` ;2QK2i`B2b Bb mb27mH 7Q` T`Q+2bbBM; /�i� �+[mB`2/ 7`QK mM+QMp2M@

iBQM�H b2MbQ`b- HBF2 +?�`;2@+QmTH2/ /2pB+2b i?�i KBKB+ i?2 `2iBM� (a�M/BMB 2i �HX- RNNj)X

h?2 �#BHBiv iQ b2H7@Q`;�MBx2 TQQHBM; H�v2`b QM +m`p2/ bm`7�+2b K�F2b Bi 2ti`2K2Hv mb2@

7mH 7Q` bT?2`B+�H BK�;2 �M�HvbBbX aT?2`B+�H BK�;2b �+[mB`2/ #v QKMB/B`2+iBQM�H +�K@

2`�b (a+�`�Kmxx�- kyR9) TH�+2/ QM /`QM2b �`2 #2+QKBM; BM+`2�bBM;Hv m#B[mBiQmb- �M/

i?2B` �M�HvbBb M2+2bbBi�i2b M2m`�H M2irQ`Fb i?�i +�M iBH2 j@/BK2MbBQM�H bm`7�+2bX UBBV

_Q#mbiM2bb, aT�iB�H T�i+?2b Q7 b2MbQ`@MQ/2b +QMM2+i2/ iQ mMBib BM H�v2`@AA +�M #2

2bi�#HBb?2/ BM i?2 T`2b2M+2 Q7 /272+iBp2 b2MbQ` MQ/2b BM H�v2`@AX �b b?QrM BM 6B;X

jXR9/- r2 BMBiB�HHv b2H7@Q`;�MBx2 � TQQHBM; �`+?Bi2+im`2 7Q` � 7mHHv 7mM+iBQMBM; b2i Q7

b2MbQ`@MQ/2b BM i?2 BMTmi@H�v2`X hQ i2bi `Q#mbiM2bb- r2 �#H�i2 � 72r b2MbQ`@MQ/2b BM

i?2 BMTmi@H�v2` U+�TiBQM2/ ǵ.LǶVX 6QHHQrBM; i?Bb T2`im`#�iBQM- r2 Q#b2`p2 i?�i i?2

TQQHBM; �`+?Bi2+im`2 `2@2K2`;2b- r?2`2BM bT�iB�H@TQQHb Q7 b2MbQ`@MQ/2b- #�``BM; i?2

/�K�;2/ QM2b- `2@7Q`K �M/ +QMM2+i iQ mMBib BM H�v2`@AAX UBBBV _2+QM};m`�#H2, h?2

bBx2 �M/ b?�T2 Q7 bT�iB�H TQQHb ;2M2`�i2/ +�M #2 KQ/mH�i2/ #v imMBM; i?2 bi`m+im`2

Q7 i?2 2K2`;2Mi i`�p2HBM; r�p2 U6B;X jXR87 � jXR8;VX AM 6B;X jXR8?- r2 b?Qr i?�i i?2

bBx2 Q7 bT�iB�H@TQQHb +�M #2 �Hi2`2/ BM � +QMi`QHH2/ K�MM2` #v KQ/B7vBM; i?2 iQTQHQ;v



jXd 62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K Ry3

6B;m`2 jXR8, SQQHBM; H�v2`b �`2 `2+QM};m`�#H2X U6V "v �Hi2`BM; H�v2`@A iQTQHQ;v
U2t+Bi�iBQMfBM?B#BiBQM `�/BBV- r2 +�M imM2 i?2 bBx2 Q7 i?2 2K2`;2Mi bT�iB�H r�p2X h?2
bBx2 Q7 i?2 r�p2 Bb e �Xl UH27iV �M/ Ry �Xl U`B;?iVX U:V �Hi2`BM; i?2 bBx2 Q7 i?2
2K2`;2Mi bT�iB�H r�p2 imM2b i?2 2K2`;2Mi TQQHBM; �`+?Bi2+im`2X h?2 bBx2 Q7 i?2 TQQHb
Q#i�BM2/ �`2 9 �Xl UH27iV- Q#i�BM2/ 7`QK � r�p2@bBx2 Q7 e �Xl �M/ � TQQH@bBx2 Q7 d
�Xl U`B;?iV- Q#i�BM2/ 7`QK � r�p2@bBx2 Q7 Ry �XlX U>V � H�`;2 b2i Q7 bT�iB�H@TQQHb
�`2 ;2M2`�i2/ 7Q` 2p2`v bBx2@+QM};m`�iBQM Q7 i?2 2K2`;2Mi r�p2X h?2 /Bbi`B#miBQM Q7
bT�iB�H@TQQH bBx2b Qp2` �HH TQQHb ;2M2`�i2/ #v � bT2+B}+ r�p2@bBx2 �`2 +�Tim`2/ #v �
F2`M2H@bKQQi?2/ ?BbiQ;`�KX q�p2@9 BM i?2 H2;2M/ +Q``2bTQM/b iQ � ?BbiQ;`�K Q7 TQQH@
bBx2b ;2M2`�i2/ #v �M 2K2`;2Mi r�p2 Q7 bBx2 9 �Xl U#Hm2 HBM2VX q2 Q#b2`p2 i?�i bT�iB�H
T�i+?2b i?�i 2K2`;2 7Q` 2p2`v +QM};m`�iBQM Q7 i?2 r�p2 ?�p2 � iB;?iHv `2;mH�i2/ bBx2X

Q7 H�v2`@A MQ/2bX q�p2@x BM i?2 H2;2M/ +Q``2bTQM/b iQ �M 2K2`;2Mi r�p2 ;2M2`�i2/ BM

H�v2`@A r?2M 2p2`v MQ/2 BM H�v2`@A K�F2b 2t+Bi�iQ`v +QMM2+iBQMb iQ Qi?2` MQ/2b BM Bib k

mMBi `�/Bmb �M/ BM?B#BiQ`v +QMM2+iBQMb iQ 2p2`v MQ/2 �#Qp2 x mMBi `�/BmbX h?Bb iQTQ@

HQ;B+�H +?�M;2 �Hi2`b i?2 T`QT2`iB2b Q7 i?2 2K2`;2Mi r�p2- bm#b2[m2MiHv +?�M;BM; i?2

`2bmHi�Mi bT�iB�H@TQQH bBx2X h?2 ?BbiQ;`�Kb +Q``2bTQM/BM; iQ i?2b2 H2;2M/b +�Tim`2

i?2 /Bbi`B#miBQM Q7 bT�iB�H@TQQH bBx2b Qp2` �HH TQQHb ;2M2`�i2/ #v � ;Bp2M r�p2@xX h?2

?BbiQ;`�K �HbQ ?B;?HB;?ib i?�i i?2 bBx2 Q7 2K2`;2Mi bT�iB�H@TQQHb �`2 iB;?iHv `2;mH�i2/

7Q` 2p2`v r�p2@+QM};m`�iBQMX UBpV a+�HBM; iQ H�`;2 H�v2`b, q2 �HbQ b?Qr i?�i i?2

b2H7@Q`;�MBx�iBQM Q7 TQQHBM; �`+?Bi2+im`2b +�M #2 b+�H2/ iQ H�`;2 BMTmi H�v2`bX G�`;2

H�v2`b �`2 /2}M2/ #�b2/ QM i?2 MmK#2` Q7 b2MbQ` MQ/2b BM i?2 H�v2`X q2 Q#b2`p2 i?�i

2M7Q`+BM; � bT�iB�H #B�b QM i?2 BMBiB�H b2i Q7 +QMM2+iBQMb 7`QK mMBib BM H�v2`@AA iQ i?2

MQ/2b BM i?2 BMTmi H�v2`- 2M�#H2b mb iQ bT22/ mT i?2 T`Q+2bb Q7 b2H7@Q`;�MBx�iBQMX Pm`

bBKmH�iBQMb b?Qr i?�i i?2 b2H7@Q`;�MBx�iBQM Q7 TQQHBM; H�v2`b +�M #2 b+�H2/ mT iQ H�`;2

H�v2`b UmTiQ 8yyyy MQ/2bV rBi?Qmi #2BM; p2`v 2tT2MbBp2- �b �M BM+`2�b2 BM MmK#2` Q7

b2MbQ`@MQ/2b `2bmHib BM KmHiBTH2 bBKmHi�M2Qmb r�p2b iBHBM; i?2 BMTmi H�v2`- 2z2+iBp2Hv

7Q`KBM; TQQHBM; �`+?Bi2+im`2b BM T�`�HH2HX UpV .Bp2`b2 KmHiB@H�v2` �`+?Bi2+im`2b,



jXd 62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K RyN

6BM�HHv- r2 /2KQMbi`�i2 i?�i /2bB;MBM; i?2 KQ/mH�` iQQH@FBi BM � /vM�KB+�H bvbi2Kb

7`�K2rQ`F �HHQrb mb iQ imM2 i?2 2K2`;2Mi r�p2 /vM�KB+b QM 2�+? H�v2`- mHiBK�i2Hv `2@

bmHiBM; BM /Bz2`2Mi b2H7@Q`;�MBx2/ �`+?Bi2+im`2bX h?2 r�p2 /vM�KB+b BM 2�+? H�v2` +�M

#2 imM2/ #v p�`vBM; UBV 2t+Bi�iBQM/BM?B#BiBQM +QMM2+iBpBiv Uri- roV #2ir22M M2m`QMb

rBi?BM 2p2`v H�v2` �M/ UBBV #v �Hi2`BM; i?2 iBK2@+QMbi�Mib �M/ Qi?2` ?vT2`@T�`�K2i2`b

;Qp2`MBM; i?2 bTBFBM; /vM�KB+b Q7 M2m`QMb BM 2�+? H�v2`X AM 6B;X jXRd"- r2 TQ`i`�v �

#`Q�/ `�M;2 Q7 r�p2 /vM�KB+b �+?B2p�#H2 QM i?2 H�v2`b Q7 i?2 M2irQ`FX

U�V AMTmi H�v2`, R8yy MQ/2b U#V AMTmi H�v2`, 8yyy MQ/2b U+V AMTmi H�v2`, Ryyyy MQ/2b

U/V hBK2 +QKTH2tBiv 7Q` b2H7@Q`;�MBx�iBQM Q7 TQQH@
BM; H�v2`b

6B;m`2 jXRe, .2p2HQTK2Mi�H �H;Q`Bi?K b+�H2b 2{+B2MiHv iQ p2`v H�`;2 BMTmi
H�v2`b, U�V G�v2`@A ?�b R8yy MQ/2b �M/ H�v2`@AA ?�b 9yy MQ/2bX h?2 2K2`;2Mi r�p2
BM H�v2`@A `2bmHib BM � bBM;H2 i`�p2HBM; r�p2 i?�i iBH2b H�v2`@AX U"V G�v2`@A ?�b 8yyy
MQ/2b �M/ H�v2`@AA ?�b 9yy MQ/2bX h?2 2K2`;2Mi r�p2 BM H�v2`@A `2bmHib BM � bBM;H2
i`�p2HBM; r�p2 i?�i iBH2b H�v2`@AX U*V G�v2`@A ?�b Ryyyy MQ/2b �M/ H�v2`@AA ?�b 9yy
MQ/2bX h?2 2K2`;2Mi r�p2 BM H�v2`@A `2bmHib BM � KmHiBTH2 i`�p2HBM; r�p2 i?�i iBH2
H�v2`@A bBKmHi�M2QmbHvX h?Bb `2bmHib BM � bBM;H2 T`Q+2bbBM; mMBi `2+2BpBM; TQQHb 7`QK
/Bz2`2Mi `2;BQMbX U.V h?2 ?BbiQ;`�K +�Tim`2b i?2 iBK2 i�F2M 7Q` � TQQHBM; H�v2` iQ
7Q`K 7Q` p�`B�#H2 MmK#2` Q7 BMTmi b2MbQ` MQ/2b UR8yy- 8yyy- Ryyyy- k8yyy �M/ 8yyyy
MQ/2bVX qBi? �M BM+`2�b2 BM i?2 MmK#2` Q7 b2MbQ`@MQ/2b- i?2 bT22/ Q7 b2H7@Q`;�MBx�iBQM
BM+`2�b2b �b KmHiBTH2 r�p2b iBH2 i?2 BMTmi H�v2` bBKmHi�M2QmbHvX

�HQM; rBi? p�`vBM; r�p2 /vM�KB+b- KQ/B7vBM; i?2 bBx2 �M/ b?�T2 Q7 r�p2b �+`Qbb



jXd 62�im`2b Q7 i?2 /2p2HQTK2Mi�H �H;Q`Bi?K RRy

6B;m`2 jXRd, 6H2tB#BHBiv Q7 i?2 7`�K2rQ`FX U�V a2H7@Q`;�MBxBM; � p�`B2iv Q7 M2m`�H
�`+?Bi2+im`2b, U�@BV SQQHBM; 7QHHQr2/ #v 2tT�MbBQM U�miQ2M+Q/2`V U�@BBV 1tT�MbBQM
7QHHQr2/ #v TQQHBM; U�@BBBV *QMb2+miBp2 TQQHBM; bi`m+im`2bX >BbiQ;`�Kb +�Tim`2 i?2
bBx2b Q7 2K2`;2Mi TQQHBM; �M/ 2tT�MbBQM bi`m+im`2b BM i?2 b2H7@Q`;�MBx2/ M2irQ`FX
U"V _2;BK2b Q7 r�p2 /vM�KB+b, U"@BV ai�#H2 bBM;H2 r�p2 U"@BBV lMbi�#H2 bTHBiiBM;
�M/ K2`;BM; r�p2b U"@BBBV ai�#H2 T2`BQ/B+�HHv `Qi�iBM; ~mB/@HBF2 r�p2X

/Bz2`2Mi H�v2`b- �M/ i?2 MmK#2` Q7 MQ/2b BM 2�+? H�v2`- r2 �`2 �#H2 iQ b2H7@Q`;�MBx2

� rB/2 p�`B2iv Q7 KmHiB@H�v2` M2m`�H M2irQ`F �`+?Bi2+im`2b U6B;X jXRdVX >2`2- r2

/2KQMbi`�i2 2{+B2Mi b2H7@Q`;�MBx�iBQM Q7 i?`22 +QKKQM M2m`�H �`+?Bi2+im`2b, UBV Ua2H7@

Q`;�MBx2/ �miQ2M+Q/2`V SQQHBM; 7QHHQr2/ #v 2tT�MbBQM- UBBV 1tT�MbBQM 7QHHQr2/ #v �

TQQHBM; H�v2`- UBBBV *QMb2+miBp2 TQQHBM; QT2`�iBQMb Ua2H7@Q`;�MBx2/ `2iBMQiQTB+ TQQHBM;

bi`m+im`2VX h?2 ?BbiQ;`�Kb BM 6B;X jXRd +�Tim`2 i?2 bBx2 Q7 i?2 b2H7@Q`;�MBx2/ TQQHBM;

�M/ 2tT�MbBQM bi`m+im`2b #2ir22M i?2 H�v2`bX h?2 bBx2 Q7 � TQQHBM; bi`m+im`2 7`QK

L1 ! L2 Bb i?2 MmK#2` Q7 +QMM2+iBQMb � bBM;H2 MQ/2 BM L2 K�F2b rBi? MQ/2b BM L1-

r?BH2 i?2 bBx2 Q7 i?2 2tT�MbBQM bi`m+im`2 7`QK L2 ! L3 Bb i?2 MmK#2` Q7 +QMM2+iBQMb

� bBM;H2 MQ/2 BM L2 K�F2b rBi? MQ/2b BM L3X �b i?2 TQQHBM; �M/ 2tT�MbBQM bi`m+im`2b

7QHHQr � b?�`T mMB@KQ/�H /Bbi`B#miBQM- r2 BM72` i?�i Qm` �H;Q`Bi?K BKTQb2b � iB;?i

+QMi`QH Qp2` i?2 bBx2 Q7 i?2 b2H7@Q`;�MBx2/ bi`m+im`2bX



jX3 :`Qri? Q7 � irQ@H�v2`2/ M2m`�H M2irQ`F 7`QK � bBM;H2 +2HH RRR

a2+iBQM jX3
:`Qri? Q7 � irQ@H�v2`2/ M2m`�H M2irQ`F 7`QK �

bBM;H2 +2HH

�b i?2 /2p2HQTK2Mi�H �H;Q`Bi?K UBMi`Q/m+2/ BM b2+iBQM jV Bb ~2tB#H2 iQ p�`vBM; b+�zQH/

;2QK2i`B2b �M/ iQH2`�Mi iQ K�H7mM+iBQMBM; MQ/2b- Bi +�M #2 BKTH2K2Mi2/ 7Q` ;`QrBM;

� bvbi2K- 2M�#HBM; mb iQ Tmb? �A BM i?2 /B`2+iBQM iQr�`/b #2BM; KQ`2 ǵHB72@HBF2Ƕ #v

`2/m+BM; ?mK�M BMpQHp2K2Mi BM i?2 /2bB;M Q7 +QKTH2t 7mM+iBQMBM; �`+?Bi2+im`2bX h?2

;`Qri? T�`�/B;K BKTH2K2Mi2/ BM i?Bb b2+iBQM ?�b #22M BMbTB`2/ #v K2+?�MBbKb i?�i

`2;mH�i2 M2Q+Q`iB+�H /2p2HQTK2Mi (_�FB+- kyyyc "vbi`QM- "H�F2KQ`2- �M/ _�FB+- kyy3)X

h?2 T`Q+2bb Q7 ;`QrBM; � H�v2`2/ M2m`�H M2irQ`F BMpQHp2b irQ K�DQ` bm#@T`Q+2bb2bX

PM2- 2p2`v ǵMQ/2Ƕ +�M /BpB/2 ?Q`BxQMi�HHv iQ T`Q/m+2 /�m;?i2` MQ/2b i?�i TQTmH�i2b

i?2 b�K2 H�v2`c irQ- 2p2`v MQ/2 +�M /BpB/2 p2`iB+�HHv iQ T`Q/m+2 /�m;?i2` T`Q+2bbBM;

mMBib i?�i KB;`�i2 mTr�`/b iQ TQTmH�i2 ?B;?2` H�v2`bX .BpBbBQM Bb biQ+?�biB+ �M/ Bb

+QMi`QHH2/ #v � b2i Q7 `�M/QK p�`B�#H2bX >�pBM; /2}M2/ i?2 j. b+�zQH/- r2 b22/

� bBM;H2 mMBi U6B;X jXR3�VX �b ?Q`BxQMi�H �M/ p2`iB+�H /BpBbBQM 2Mbm2b iQ 7Q`K i?2

H�v2`2/ M2m`�H M2irQ`F- BMi2`@H�v2` +QMM2+iBQMb �`2 KQ/B}2/ #�b2/ QM i?2 2K2`;2Mi

�+iBpBiv r�p2 BM H�v2`@A �M/ � H2�`MBM; `mH2 Ub2+iBQM@jXkV BM H�v2`@AA- iQ 7Q`K � TQQHBM;

�`+?Bi2+im`2X � /2i�BH2/ /2b+`BTiBQM Q7 i?2 ;`Qri? `mH2@b2i +QmTH2/ rBi? � ~Qr +?�`i

;Qp2`MBM; i?2 ;`Qri? Q7 i?2 M2irQ`F Bb �TT2M/2/ iQ i?2 bmTTH2K2Mi�H K�i2`B�HbX

>�pBM; BMi2`irBM2/ i?2 ;`Qri? Q7 i?2 bvbi2K �M/ b2H7@Q`;�MBx�iBQM Q7 BMi2`@H�v2`

+QMM2+iBQMb- r2 K�F2 i?2 7QHHQrBM; Q#b2`p�iBQMb, URV bT�iBQi2KTQ`�H r�p2b 2K2`;2

BM i?2 }`bi H�v2` Km+? #27Q`2 i?2 2MiB`2 H�v2` Bb TQTmH�i2/ U6B;X jXR3#V- UkV b2H7@

Q`;�MBx�iBQM Q7 BMi2`@H�v2` +QMM2+iBQMb +QKK2M+2b #27Q`2 i?2 H�v2`2/ M2irQ`F Bb 7mHHv

+QMbi`m+i2/ U6B;X jXR3+V �M/ UjV Pp2` iBK2- i?2 bvbi2K `2�+?2b � bi2�/v bi�i2 �b

i?2 MmK#2` Q7 ǵ+2HHbǶ BM i?2 H�v2`2/ M2irQ`F `2K�BMb +QMbi�Mi �M/ KQbi T`Q+2bbBM;

mMBib BM i?2 b2+QM/ H�v2` +QMM2+i iQ � TQQH Q7 MQ/2b BM i?2 }`bi H�v2`- `2bmHiBM; BM i?2



jXN 6mM+iBQM�HBiv Q7 ;`QrM �M/ b2H7@Q`;�MBx2/ M2irQ`Fb RRk

6B;m`2 jXR3, :`QrBM; � H�v2`2/ M2m`�H M2irQ`F U�V � bBM;H2 +QKTmi�iBQM�H ǳ+2HHǴ
U#H�+F MQ/2V Bb b22/2/ BM � b+�zQH/ /2}M2/ #v i?2 ;`2v #QmM/�`vX U"V PM+2 i?Bb ǳ+2HHǴ
/BpB/2b- /�m;?i2` +2HHb K�F2 HQ+�H@2t+Bi�iQ`v �M/ ;HQ#�H@BM?B#BiQ`v +QMM2+iBQMbX �b
i?2 /BpBbBQM T`Q+2bb +QMiBMm2b- MQBbv BMi2`�+iBQMb #2ir22M MQ/2b `2bmHib BM 2K2`;2Mi
bT�iBQi2KTQ`�H r�p2b U`2/@MQ/2bVX U*V aQK2 MQ/2b rBi?BM H�v2`@A /BpB/2 iQ T`Q/m+2
/�m;?i2` +2HHb i?�i KB;`�i2 mTr�`/b iQ 7Q`K T`Q+2bbBM; mMBib U#Hm2 MQ/2bVX h?2
+QMM2+iBQMb #2ir22M i?2 irQ H�v2`b �`2 +�Tim`2/ #v i?2 HBM2b i?�i +QMM2+i � bBM;H2
mMBi BM � ?B;?2` H�v2` iQ MQ/2b BM i?2 }`bi H�v2` UPMHv +QMM2+iBQMb 7`QK � bBM;H2 mMBi
�`2 b?QrMVXU.V �7i2` � HQM; /m`�iBQM- i?2 bvbi2K `2�+?2b � bi2�/v bi�i2- r?2`2 irQ
H�v2`b ?�p2 #22M +`2�i2/ rBi? �M 2K2`;2Mi TQQHBM; �`+?Bi2+im`2X

TQQHBM; �`+?Bi2+im`2 U6B;X jXR3/VX oB/2Qb Q7 M2irQ`Fb ;`QrBM; QM �`#Bi`�`v b+�zQH/b

�`2 �//2/ iQ i?2 bmTTH2K2Mi�H K�i2`B�HbX

a2+iBQM jXN
6mM+iBQM�HBiv Q7 ;`QrM �M/ b2H7@Q`;�MBx2/

M2irQ`Fb

AM i?2 T`2pBQmb b2+iBQM- r2 /2KQMbi`�i2/ i?�i r2 +�M bm++2bb7mHHv ;`Qr KmHiB@H�v2`2/

TQQHBM; M2irQ`Fb 7`QK � bBM;H2 mMBiX AM i?Bb b2+iBQM- r2 b?Qr i?�i i?2b2 M2irQ`Fb �`2

7mM+iBQM�HX

jXNXRX lMbmT2`pBb2/ 72�im`2 2ti`�+iBQM

6Q` i?2 i�bF Q7 mMbmT2`pBb2/ 72�im`2 2ti`�+iBQM- r2 722/ � bi`2�K Q7 BK�;2b �b BMTmi

iQ i?2 �H;Q`Bi?K BM `2�H@iBK2- rBi? � 7`�K2 `�i2 Q7 QM2 BK�;2 2p2`v 8 b2+QM/b- r?BH2

iBK2@BMi2;`�iBM; i?2 KmHiB@H�v2`2/ aLL U6B;X jXRNVX

�b � bi`m+im`2/ BK�;2@BMTmi Bb �p�BH�#H2- i?2 T�`�K2i2` `2;BK2 7Q` i?2 BMTmi H�v2`

UL1V Bb +?Qb2M iQ 2Mbm`2 i?�i MQBbv +Hmbi2`b Q7 }`BM; M2m`QMb b?�T2/ HBF2 i?2 BMTmi

BK�;2 U?2`2- JLAah /B;BibV rBi? bT�iBQ@i2KTQ`�H Qb+BHH�iBQMb �TT2�`X �Hi?Qm;? i?2`2



jXN 6mM+iBQM�HBiv Q7 ;`QrM �M/ b2H7@Q`;�MBx2/ M2irQ`Fb RRj

�`2 MQ �+iBpBiv r�p2b BM L1- r2 /2KQMbi`�i2 i?�i r�p2b rBHH biBHH 2K2`;2 BM i?2

bm#b2[m2Mi H�v2`bX

6B;m`2 jXRN, lMbmT2`pBb2/ H2�`MBM; Q7 b2H7@Q`;�MBx2/ M2irQ`FbX U�V a+?2K�iB+
Q7 #BQ@BMbTB`2/ `2�H@iBK2 H2�`MBM;, � j@H�v2`2/ aLL H2�`Mb QM kyyy BK�;2b- r?BH2 #2BM;
7Q`r�`/@BMi2;`�i2/ BM iBK2c Bi i2bib QM +B`+� 3yyy BK�;2bX U"V lMbmT2`pBb2/ 72�im`2
2ti`�+iBQM 7Q`Kb TQQHb i?�i `2b2K#H2 JLAah /B;Bib, q(1) r2B;?ib Q7 Ry 2t2KTH�`v
L2 M2m`QMb +QMM2+iBM; iQ /BbTH�v2/ L1 M2m`QMb i?�i 7Q`K TQQHb BM b?�T2b Q7 /B;BibX
h?2 `2bT2+iBp2 imMBM; +m`p2b Q7 2�+? L2 mMBi b?Qrb i?2 Uy@R@b+�H2/V K2�M QmiTmi
bTBF2 BMi2MbBiB2b iQ BMTmi bTBF2b Q7 �HH FBM/b Q7 /B;Bib BM i?2 i2bi b2i � /2KQMbi`�iBM;
i?2 bT2+B�HBx2/ L2 mMBi bTBFBM; KQbi BMi2Mb2Hv 7Q` QM2 bT2+B}+ /B;BiX U*V 1t2KTH�`v
+QMM2+iBpBiv T�ii2`M Q7 i?2 j@H�v2`2/ M2irQ`F, TQQHBM; +QMM2+iBQM BM b?�T2 Q7 �M ǵ3ǶX
U.V *Q?2`2Mi H2�`MBM; +Hmbi2`b BM i?2 L2 i?�i 2�+?- �b � HQ+�H ;`QmT- bT2+B�HBx2 QM
H2�`MBM;/+H�bbB7vBM; � +2`i�BM +H�bb Q7 BMTmi /B;BiX

h?2 HQ+�H H2�`MBM; `mH2b +QmTH2/ rBi? +QKT2iBiBQM `mH2b 2M�#H2 K�Mv L2 M2m`QMb

iQ 2ti`�+i 72�im`2b 7`QK i?2 BMTmi BK�;2 UJLAah /B;BibVX �HbQ- +2`i�BM L2 mMBib

bT2+B�HBx2 QM � bBM;H2 +H�bb Q7 JLAah /B;BibX h?2 bT2+B�HBx�iBQM Q7 L2 mMBib 7Q`

� bBM;H2 +H�bb Q7 JLAah /B;Bib Bb +H2�`Hv Q#b2`p2/ #v pBbm�HBxBM; Bib b2H7@Q`;�MBx2/

+QMM2+iBpBiv iQ i?2 BMTmi@H�v2` �M/ Bib imMBM; +m`p2b- #Qi? /2TB+i2/ BM 6B;X jXRN"X

h?2 imMBM; +m`p2 7Q` �M L2 mMBi Bb ;2M2`�i2/ #v 722/BM; Ry +H�bb2b Q7 JLAah /B;Bib

iQ i?2 M2irQ`F �M/ `2+Q`/BM; Bib bTBFBM; BMi2MbBivX 6Q` BMbi�M+2- BM 6B;X jXRN"- L2

mMBi O9y9 ?�b � +QMM2+iBpBiv iQ i?2 BMTmi@H�v2` i?�i `2b2K#H2b JLAah /B;Bi ǵRǶ �M/



jXN 6mM+iBQM�HBiv Q7 ;`QrM �M/ b2H7@Q`;�MBx2/ M2irQ`Fb RR9

Bib imMBM; +m`p2 UTHQii2/ #2HQrV +QM}`Kb i?�i L2 mMBi O9y9 K�tBK�HHv bTBF2b r?2M

JLAah /B;Bib Q7 +H�bb ǵRǶ �`2 72/ �b BMTmiX �MQi?2` BMi2`2biBM; 72�im`2 Q7 Qm` b2H7@

Q`;�MBx�iBQM �H;Q`Bi?K Bb i?�i i?2 M2m`QMb BM L2 i?�i bT2+B�HBx2 7Q` +2`i�BM +H�bb2b

Q7 JLAah /B;Bib- �HbQ bT�iB�HHv +Hmbi2` rBi?BM i?2 H�v2`X h?2 bT�iB�H +Hmbi2`BM; Q7

L2 mMBib 7Q` /Bz2`2Mi JLAah +H�bb2b �`2 b?QrM BM 6B;X jXRN.X h?2 /Bz2`2Mi MQ/2@

+QHQ`b +Q``2bTQM/ iQ M2m`QMb BM L2 i?�i bT2+B�HBx2 iQ /Bz2`2Mi JLAah +H�bb2bX h?2

bT�iB�H +Hmbi2`BM; Q7 BMTmi@+H�bb2b BM L2 Bb � /B`2+i +QMb2[m2M+2 Q7 i?2 2K2`;2Mi bT�iBQ@

i2KTQ`�H r�p2b BM L2X aBM+2 i?2 BMi2`@H�v2` +QMM2+iBpBiv Bb `�M/QKHv BMBiB�HBx2/ UK2�M,

µ = 1- bi/X /2pX � = 0.5V �i t = 0- 2p2M B7 � H2�`MBM; `mH2 2M�#H2/ i?2 H2�`MBM; �M/

BM+`2�b2/ bT2+B�HBx�iBQM Q7 +2`i�BM L2 mMBib- QM2 rQmH/ MQi Q#b2`p2 i?2 7Q`K�iBQM

Q7 �Mv ivT2 Q7 bT�iB�H +Hmbi2`BM; Q7 BMTmi@+H�bb2b- BX2X- i?2 /Bbi`B#miBQM Q7 bT2+B�HBx2/

M2m`QMb rQmH/ #2 �`#Bi`�`v- B7 Bi r�b MQi 7Q` i?2 r�p2X h?2 bT�iBQ@i2KTQ`�H r�p2 BM

L2 2M�#H2b i?2 7Q`K�iBQM Q7 bT�iB�HHv +Q?2`2Mi +QMM2+iBQMb i?�i T`Q+22/ iQ #2+QK2

bT2+B�HBx2/ +Q?2`2Mi H2�`MBM; bi`m+im`2b rBi?BM L2X

jXNXkX amT2`pBb2/ H2�`MBM; UJLAahV

q2 /2KQMbi`�i2 7mM+iBQM�HBiv Q7 M2irQ`Fb ;`QrM �M/ b2H7@Q`;�MBx2/ 7`QK � bBM;H2 mMBi

U6B;X jXky+V #v 2p�Hm�iBM; i?2B` i`�BM �M/ i2bi �++m`�+v QM � +H�bbB}+�iBQM i�bFX >2`2-

r2 i`�BM M2irQ`Fb iQ +H�bbB7v BK�;2b Q7 ?�M/r`Bii2M /B;Bib Q#i�BM2/ 7`QK i?2 JLAah

/�i�b2i U6B;X jXky2VX hQ BMi2`T`2i i?2 `2bmHib- r2 +QKT�`2 Bi rBi? i?2 i`�BMfi2bi �++m@

`�+v Q7 ?�M/@+`�7i2/ TQQHBM; M2irQ`Fb �M/ `�M/QK M2irQ`FbX >�M/@+`�7i2/ TQQHBM;

M2irQ`Fb ?�p2 � mb2`@/2}M2/ TQQH bBx2 7Q` �HH mMBib BM H�v2`@AA U6B;X jXky#V- r?BH2 `�M@

/QK M2irQ`Fb ?�p2 mMBib BM H�v2`@AA i?�i +QMM2+i iQ � `�M/QK b2i Q7 MQ/2b BM H�v2`@A

rBi?Qmi �Mv bT�iB�H #B�b U6B;X jXky+V- 2z2+iBp2Hv MQi 7Q`KBM; � TQQHBM; H�v2`X

hQ i2bi 7mM+iBQM�HBiv Q7 i?2b2 M2irQ`Fb- r2 +QmTH2 i?2 irQ@H�v2`2/ M2irQ`F rBi?

� HBM2�` +H�bbB}2` i?�i Bb i`�BM2/ iQ +H�bbB7v ?�M/@r`Bii2M /B;Bib 7`QK JLAah QM i?2

#�bBb Q7 i?2 `2T`2b2Mi�iBQM T`QpB/2/ #v i?2b2 i?`22 �`+?Bi2+im`2b U?�M/@+`�7i2/- b2H7@
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Q`;�MBx2/ �M/ `�M/QK M2irQ`FbVX q2 Q#b2`p2 i?�i b2H7@Q`;�MBx2/ M2irQ`Fb +H�bbB7v

rBi? � NyW i2bi �++m`�+v- �`2 bi�iBbiB+�HHv bBKBH�` iQ ?�M/@+`�7i2/ TQQHBM; M2irQ`Fb

UNyX8W- T@p�Hm2 4 yXR8NRV �M/ �`2 bi�iBbiB+�HHv #2ii2` i?�M `�M/QK M2irQ`Fb U33W-

T@p�Hm2 4 8Xe t Ry�5V U6B;X jXky�VX S2`7Q`K�M+2 Bb +QMbBbi2Mi Qp2` KmHiBTH2 b2H7@

Q`;�MBx2/ M2irQ`FbX h?2b2 `2bmHib /2KQMbi`�i2 i?�i b2H7@Q`;�MBx2/ M2m`�H M2irQ`Fb

�`2 7mM+iBQM�H �M/ +�M #2 �/�Ti2/ iQ T2`7Q`K +QMp2MiBQM�H K�+?BM2@H2�`MBM; i�bFb-

rBi? i?2 �//BiBQM�H �/p�Mi�;2 Q7 #2BM; �miQMQKQmbHv ;`QrM 7`QK � bBM;H2 mMBiX

6B;m`2 jXky, L2irQ`Fb ;`QrM 7`QK � bBM;H2 mMBi �`2 7mM+iBQM�HX h?`22 FBM/b Q7
M2irQ`Fb �`2 i`�BM2/ �M/ i2bi2/ QM BK�;2b Q#i�BM2/ 7`QK i?2 JLAah /�i�#�b2X q2
mb2 Ryyyy i`�BMBM; b�KTH2b �M/ Ryyy i2biBM; b�KTH2bX h?2 j FBM/b Q7 M2irQ`Fb �`2, UBV
>�M/@+`�7i2/- UBBV a2H7@Q`;�MBx2/ M2irQ`Fb �M/ UBBBV `�M/QK M2irQ`FbX h?2 i`�BMBM;
T`Q+2/m`2 Bb `mM Qp2` M4RR M2irQ`Fb iQ 2Mbm`2 i?�i i?2 /2p2HQTK2Mi�H �H;Q`Bi?K
�Hr�vb T`Q/m+2b 7mM+iBQM�H M2irQ`FbX U�V h?2 #Qt@THQi +�Tim`2b i?2 i`�BMBM; �M/
i2biBM; �++m`�+v Q7 i?2b2 j M2irQ`FbX q2 MQiB+2 i?�i i?2 i2biBM; �++m`�+v Q7 b2H7@
Q`;�MBx2/ M2irQ`Fb Bb +QKT�`�#H2 iQ i?�i Q7 iQ i?�i Q7 ?�M/@+`�7i2/ M2irQ`Fb UT@p�Hm2
4 yXR8NR>yXy8V �M/ �`2 Km+? #2ii2` i?�M `�M/QK M2irQ`Fb UT@p�Hm2 4 8Xe t Ry�5VX
U"- *- .V 1�+? mMBi BM i?2 b2+QM/ H�v2` Bb +QMM2+i2/ iQ � b2i Q7 MQ/2b BM i?2 HQr2`
H�v2`X h?2 b2i Bi Bb +QMM2+i2/ iQ �`2 /2}M2/ #v i?2 ;`22M- `2/ Q` #Hm2 MQ/2b BM i?2
bm#THQib b?QrMX U"V >�M/@+`�7i2/ U*V a2H7@Q`;�MBx2/ �M/ U.V _�M/QK@#�bBbXU1V hrQ
JLAah BK�;2b �b b22M BM i?2 }`bi H�v2`X

jXNXjX amT2`pBb2/ H2�`MBM; U:2bim`2 `2+Q;MBiBQMV

AM �//BiBQM iQ bi�iB+ BK�;2 `2+Q;MBiBQM i�bFb- bTBFBM; M2m`�H M2irQ`Fb +�M #2 mb2/

7Q` /vM�KB+ 2p2Mi H2�`MBM;- QrBM; iQ i?2B` BMi`BMbB+ iBK2@/2T2M/2Mi 2pQHmiBQM Q7 i?2B`

M2m`�H bi�i2b UmMHBF2 KQbi _2Gl #�b2/ �`iB}+B�H M2m`�H M2irQ`FbVX AM Q`/2` iQ i2bi



jXN 6mM+iBQM�HBiv Q7 ;`QrM �M/ b2H7@Q`;�MBx2/ M2irQ`Fb RRe

6B;m`2 jXkR, _2�H iBK2 ;2bim`2 +�Tim`2 rBi? b2H7@Q`;�MBx2/ M2m`�H M2irQ`FbX
U�V q2 i`�BM2/ Qm` M2irQ`Fb QM /�i� 7`QK � #2M+?K�`F �K2`B+�M bB;M H�M;m�;2
/�i� b2iX .�i� +QMbBbib Q7 pB/2Q `�i2 BK�;2b 7`QK �M 2p2Mi #�b2/ +�K2`� r?2`2
2t�KTH2 ;2bim`2b �`2 b?QrM BM �X U"V AK�;2b b?QrBM; irQ H�v2`b Q7 Qm` b2H7@Q`;�MBx2/
M2m`�H M2irQ`F `2bTQM/BM; iQ ;2bim`2 b2[m2M+2bX h?2 bm#@T�M2H QM i?2 `B;?i Q7 U"V
b?Qrb i?2 M2irQ`F +H�bbB7vBM; i?2 BK�;2b BMiQ /BbiBM+i +�i2;Q`B2b U*V Pm` M2irQ`Fb
�+?B2p2 =NyW �++m`�+v �7i2` QMHv e `QmM/b Q7 i`�BMBM;X U.V L2irQ`Fb `mM QM `2�H@iBK2
BK�;2b bi`2�Kb K�FBM; /vM�KB+ BM72`2M+2b U#Hm2 +m`p2V iQ B/2MiB7v i?2 ;2bim`2 #2BM;
/BbTH�v2/ U`2/ +m`p2 BM/B+�i2b ;`QmM/ i`mi?VX

i?2B` T`Qr2bb QM /vM�KB+ i�bFb- r2 i`�BM2/ bTBFBM; M2irQ`Fb QM � ;2bim`2 `2+Q;MBiBQM

i�bFX

q2 }M/ i?�i b2H7@Q`;�MBx2/ bTBFBM; M2irQ`Fb +�M H2�`M i?2 ;2bim`2 `2+Q;MBiBQM

i�bF rBi?BM � bK�HH MmK#2` Q7 i`�BMBM; 2t�KTH2b U6B;X jXkRV H2�`MBM; i?2 i�bF rBi?BM

� 72r b2+QM/b Q` KBMmi2b Q7 i`�BMBM;X >2`2- Qm` i`�BMBM; /�i�b2i ?�b � iQi�H Q7 bBt

/Bz2`2Mi +H�bb2b Q7 U?�M/V ;2bim`2b i?�i ?�p2 #22M +�Tim`2/ mbBM; � .oa9 +�K2`�

U6B;X jXkR�VX
9.oa U.vM�KB+ pBbBQM b2MbQ`bV �`2 7mM+iBQM�HHv BMbTB`2/ #v i?2 #BQHQ;B+�H `2iBM�- BX2X- i?2v QMHv

+�Tim`2 �M/ `2H�v � /Bz2`2M+2 BM #`B;?iM2bb �M/ MQi i?2 2MiB`2 7`�K2X
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a2+iBQM jXRy

.Bb+mbbBQM

AM i?Bb +?�Ti2`- r2 �//`2bb � T2`iBM2Mi [m2biBQM Q7 ?Qr �`iB}+B�H +QKTmi�iBQM�H K�@

+?BM2b +QmH/ #2 #mBHi �miQMQKQmbHv rBi? HBKBi2/ ?mK�M BMi2`p2MiBQMX *m``2MiHv-

�`+?Bi2+im`2b Q7 KQbi �`iB}+B�H bvbi2Kb �`2 Q#i�BM2/ i?`Qm;? ?2m`BbiB+b �M/ ?Qm`b

Q7 T�BMbi�FBM; T�`�K2i2` ir2�FBM;X AMbTB`2/ #v i?2 /2p2HQTK2Mi Q7 i?2 #`�BM- r2

?�p2 BKTH2K2Mi2/ � /2p2HQTK2Mi�H �H;Q`Bi?K i?�i 2M�#H2b i?2 `Q#mbi ;`Qri? �M/

b2H7@Q`;�MBx�iBQM Q7 7mM+iBQM�H H�v2`2/ M2m`�H M2irQ`FbX

AKTH2K2Mi�iBQM Q7 i?2 ;`Qri? �M/ b2H7@Q`;�MBx�iBQM 7`�K2rQ`F #`Qm;?i K�Mv +`m@

+B�H [m2biBQMb +QM+2`MBM; M2m`�H /2p2HQTK2Mi iQ Qm` �ii2MiBQMX L2m`�H /2p2HQTK2Mi

Bb +H�bbB+�HHv /2}M2/ �M/ �#bi`�+i2/ �b Q++m``BM; i?`Qm;? /Bb+`2i2 bi2Tb- QM2 T`Q+22/@

BM; i?2 Qi?2`X >Qr2p2` BM `2�HBiv- /2p2HQTK2Mi Bb � +QMiBMmQmb ~Qr Q7 2p2Mib rBi?

KmHiBTH2 BMi2`irBM2/ T`Q+2bb2b (�`HQii� �M/ o�M/2`?�2;?2M- kyRd)X AM Qm` rQ`F QM

;`QrBM; �`iB}+B�H bvbi2Kb- r2 Q#b2`p2/ i?2 KBtBM; Q7 T`Q+2bb2b i?�i +QMi`QH ;`Qri? Q7

MQ/2b �M/ b2H7@Q`;�MBx�iBQM Q7 +QMM2+iBQMb #2ir22M MQ/2bX h?2 KBtBM; Q7 ;`Qri? �M/

+QMM2+iBQM T`Q+2bb2b ;Qi mb BMi2`2bi2/ BM ?Qr iBKBM; +�M #2 +QMi`QHH2/ r?2M T`Q+2bb2b

Q++m` BM T�`�HH2HX

h?2 rQ`F �HbQ `2BM7Q`+2b i?2 bB;MB}+�M+2 Q7 #`�BM@BMbTB`2/ K2+?�MBbKb 7Q` BMBiB�H@

BxBM; 7mM+iBQM�H �`+?Bi2+im`2 iQ �+?B2p2 ;2M2`�HBx�iBQM 7Q` KmHiBTH2 i�bFbX � T2+mHB�`

BMbi�M+2 BM i?2 �MBK�H FBM;/QK Bb i?2 T`2b2M+2 Q7 T`2+Q+B�H bT2+B2b- �MBK�Hb r?Qb2

vQmM; �`2 7mM+iBQM�H BKK2/B�i2Hv �7i2` i?2v �`2 #Q`M U2t�KTH2b BM+Hm/2 /QK2biB+

+?B+F2Mb- ?Q`b2bVX PM2 K2+?�MBbK i?�i 2M�#H2b 7mM+iBQM�HBiv BKK2/B�i2Hv �7i2` #B`i?

Bb bTQMi�M2Qmb �+iBpBiv i?�i �bbBbib BM K�im`BM; M2m`�H +B`+mBib Km+? #27Q`2 i?2 �MB@

K�H `2+2Bp2b �Mv b2MbQ`v BMTmiX �Hi?Qm;? r2 ?�p2 b?QrM ?Qr � H�v2`2/ �`+?Bi2+im`2

UKBMB@+Q`i2tV +�M 2K2`;2 i?`Qm;? bTQMi�M2Qmb �+iBpBiv BM i?Bb T�T2`- Qm` 7mim`2 rQ`F

rBHH 7Q+mb QM ;`QrBM; KmHiBTH2 +QKTQM2Mib Q7 i?2 #`�BM- M�K2Hv � ?BTTQ+�KTmb �M/
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� +2`2#2HHmK- 7QHHQr2/ #v rB`BM; i?2b2 `2;BQMb BM � K�MM2` mb27mH 7Q` �M Q`;�MBbKǶb

7mM+iBQMBM;X h?Bb T�`�/B;K Q7 ;`QrBM; KBMB@#`�BMb BM@bBHB+Q rBHH �HHQr mb iQ UBV 2t@

THQ`2 ?Qr /Bz2`2Mi +QKTQM2Mib BM � #BQHQ;B+�H #`�BM BMi2`�+i rBi? QM2 �MQi?2` �M/

;mB/2 Qm` /2bB;M Q7 M2m`Qb+B2M+2 2tT2`BK2Mib �M/ UBBV 2[mBT mb rBi? bvbi2Kb i?�i +�M

�miQMQKQmbHv ;`Qr- 7mM+iBQM �M/ BMi2`�+i rBi? i?2 2MpB`QMK2Mi BM � KQ`2 ǵHB72@HBF2Ƕ

K�MM2`X

_272`2M+2b

�K�`B- a?mM@B+?B URNddVX ǳ.vM�KB+b Q7 T�ii2`M 7Q`K�iBQM BM H�i2`�H@BM?B#BiBQM ivT2

M2m`�H }2H/bXǴ AM, "BQHQ;B+�H *v#2`M2iB+b kdXk- TTX ddĜ3dX

�MiƦM@"QH�ƢQb- LQ2HB� 2i �HX UkyRNVX ǳS`2M�i�H �+iBpBiv 7`QK i?�H�KB+ M2m`QMb ;Qp2`Mb

i?2 2K2`;2M+2 Q7 7mM+iBQM�H +Q`iB+�H K�Tb BM KB+2XǴ AM, a+B2M+2- 2��pdeRdX

�`HQii�- S�QH� �M/ SB2``2 o�M/2`?�2;?2M UkyRdVX ǳ1/BiQ`B�H Qp2`pB2r, .2p2HQTK2Mi�H

M2m`Qb+B2M+2 kyRdXǴ AM, *m``2Mi QTBMBQM BM M2m`Q#BQHQ;v 9k- �RX

"B+?H2`- PHBpB2` 2i �HX UkyRRVX ǳlMbmT2`pBb2/ 72�im`2b 2ti`�+iBQM 7`QK �bvM+?`QMQmb

bBHB+QM `2iBM� i?`Qm;? bTBF2@iBKBM;@/2T2M/2Mi TH�biB+BivXǴ AM, h?2 kyRR AMi2`M�@

iBQM�H CQBMi *QM72`2M+2 QM L2m`�H L2irQ`FbX A111- TTX 38NĜ3eeX

"vbi`QM- A`BM�- *QHBM "H�F2KQ`2- �M/ S�bFQ _�FB+ Ukyy3VX ǳ.2p2HQTK2Mi Q7 i?2 ?mK�M

+2`2#`�H +Q`i2t, "QmH/2` *QKKBii22 `2pBbBi2/XǴ AM, L�im`2 _2pB2rb L2m`Qb+B2M+2

NXk- TX RRyX

.2MMv- *?`BbiBM2 �X- 1p�M G2#QBb- �M/ ai2p2 _�KB`2x UkyRdVX ǳ6`QK 2M;`�Kb iQ

T�i?QHQ;B2b Q7 i?2 #`�BMXǴ AM, 6`QMiB2`b BM L2m`�H *B`+mBib RR- TX kjX

1;H2M- ai2T?2M CX �M/ CmHBD�M� :DQ`;DB2p� UkyyNVX ǳa2H7@Q`;�MBx�iBQM BM i?2 /2p2HQTBM;

M2`pQmb bvbi2K, h?2Q`2iB+�H KQ/2HbXǴ AM, >6aS CQm`M�H jXj- TTX RdeĜR38X
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1HbF2M- h?QK�b- C�M >2M/`BF J2ix2M- �M/ 6`�MF >mii2` UkyR3�VX ǳ1{+B2Mi KmHiB@

Q#D2+iBp2 M2m`�H �`+?Bi2+im`2 b2�`+? pB� H�K�`+FB�M 2pQHmiBQMXǴ AM, �`sBp T`2T`BMi

�`sBp,R3y9XyNy3RX

ě UkyR3#VX ǳL2m`�H �`+?Bi2+im`2 b2�`+?, � bm`p2vXǴ AM, �`sBp T`2T`BMi �`sBp,R3y3Xy8jddX

6mFmb?BK�- EmMB?BFQ URN33VX ǳL2Q+Q;MBi`QM, � ?B2`�`+?B+�H M2m`�H M2irQ`F +�T�#H2

Q7 pBbm�H T�ii2`M `2+Q;MBiBQMXǴ AM, L2m`�H L2irQ`Fb RXk- TTX RRNĜRjyX

6mFmb?BK�- EmMB?BFQ �M/ LQ#m�FB q�F2 URNNRVX ǳ>�M/r`Bii2M �HT?�MmK2`B+ +?�`�+@

i2` `2+Q;MBiBQM #v i?2 M2Q+Q;MBi`QMXǴ AM, A111 h`�Mb�+iBQMb QM L2m`�H L2irQ`Fb

kXj- TTX j88Ĝje8X

:HB+F72H/- GBM/b2v GX �M/ a?�rM _X PHb2M UkyRdVX ǳ>B;?2`@Q`/2` �`2�b Q7 i?2 KQmb2

pBbm�H +Q`i2tXǴ AM, �MMm�H _2pB2r Q7 oBbBQM a+B2M+2 j- TTX k8RĜkdjX

:Q/7`2v- E2Bi? "X �M/ LB+?QH�b oX arBM/�H2 UkyydVX ǳ_2iBM�H r�p2 #2?�pBQ` i?`Qm;?

�+iBpBiv@/2T2M/2Mi `27`�+iQ`v T2`BQ/bXǴ AM, SGQa *QKTmi�iBQM�H "BQHQ;v jXRR- 2k98X

>�MFb- hBKQi?v .X �M/ *?`BbiQT?2` amKK2`}2H/ UkyRdVX ǳS2`+2Tim�H /2+BbBQM K�FBM;

BM `Q/2Mib- KQMF2vb- �M/ ?mK�MbXǴ AM, L2m`QM NjXR- TTX R8ĜjRX

>�mbbH2`- �X URN3jVX ǳ.2p2HQTK2Mi Q7 `2iBMQiQTB+ T`QD2+iBQMb, �M �M�HviB+�H i`2�i@

K2MiXǴ AM, CQm`M�H Q7 h?2Q`2iB+�H L2m`Q#BQHQ;v k- TTX 9dĜdjX

>m#2H �M/ qB2b2H URNejVX ǳa?�T2 �M/ �``�M;2K2Mi Q7 +QHmKMb BM +�iǶb bi`B�i2 +Q`i2tXǴ

AM, h?2 CQm`M�H Q7 S?vbBQHQ;v Re8Xj- TTX 88NĜ8e3X

Ax?BF2pB+?- 1m;2M2 J UkyyjVX ǳaBKTH2 KQ/2H Q7 bTBFBM; M2m`QMbXǴ AM, A111 h`�Mb�+@

iBQMb QM M2m`�H M2irQ`Fb R9Xe- TTX R8eNĜR8dkX

EQ+?- :`2;Q`v- _B+?�`/ w2K2H- �M/ _mbH�M a�H�F?mi/BMQp UkyR8VX ǳaB�K2b2 M2m`�H

M2irQ`Fb 7Q` QM2@b?Qi BK�;2 `2+Q;MBiBQMXǴ AM, A*JG .22T G2�`MBM; qQ`Fb?QTX

oQHX kX

E`Bx?2pbFv- �H2t- AHv� amibF2p2`- �M/ :2Qz`2v 1X >BMiQM UkyRkVX ǳAK�;2M2i +H�bbB}+�@

iBQM rBi? /22T +QMpQHmiBQM�H M2m`�H M2irQ`FbXǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM

S`Q+2bbBM; avbi2Kb k8X
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Emib+?2`- "`2ii- S2i2` .2p`2Qi2b- �M/ S�#HQ �X A;H2bB�b Ukyy9VX ǳGQ+�H 2t+Bi�iBQM-

;HQ#�H BM?B#BiBQM K2+?�MBbK 7Q` ;`�/B2Mi b2MbBM;, �M BMi2`�+iBp2 �TTH2iXǴ AM, a+B@

2M+2 aB;M�HBM; UahE1V kyy9XkRN- THjĜTHjX

G�BM;- *�`HQ _ �M/ *�`bQM * *?Qr UkyyRVX ǳai�iBQM�`v #mKTb BM M2irQ`Fb Q7 bTBFBM;

M2m`QMbXǴ AM, L2m`�H +QKTmi�iBQM RjXd- TTX R9djĜR9N9X

G2*mM- u�MM 2i �HX URNNyVX ǳ>�M/r`Bii2M /B;Bi `2+Q;MBiBQM rBi? � #�+F@T`QT�;�iBQM

M2irQ`FXǴ AM, �/p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb- TTX jNeĜ9y9X

J�`F`�K- >2M`v- qmH7`�K :2`biM2`- �M/ S2` C2bT2` aDƺbi`ƺK UkyRRVX ǳ� ?BbiQ`v Q7

bTBF2@iBKBM;@/2T2M/2Mi TH�biB+BivXǴ AM, 6`QMiB2`b BM avM�TiB+ L2m`Qb+B2M+2 j- TX 9X

J2Bbi2`- J�`Fmb 2i �HX URNNRVX ǳavM+?`QMQmb #m`bib Q7 �+iBQM TQi2MiB�Hb BM ;�M;HBQM
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