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Abstract

Current state-of-the-art modeling of expressive musical performance (EMP) is

based on hierarchical Recurrent Neural Networks (RNN). The Transformer is a re-

cent Neural Network (NN) sequence modeling architecture that has led to significant

research improvement in Natural Language Processing (NLP) and other related fields.

To date, there has been no application of the Transformer in music performance mod-

eling – we present the first study that attempts to do so. The results indicate that our

encoder-only Transformer model outperforms a similar encoder-only RNN but does

not outperform the existing hierarchical RNN state-of-the-art. However, an analy-

sis of current evaluation methods for EMP generation models reveals that the current

metrics for “objective” quantitative evaluation do not correctly capture the essence of

musical performance and are significant bottlenecks in developing robust EMP mod-

els. Therefore, we cannot draw any meaningful conclusions about our models’ perfor-

mance when evaluating them quantitatively. We present an error analysis of the current

evaluation methods and provide suggestions for future efforts in building better models

and finding better evaluation metrics.
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JQ/2HBM; 1tT`2bbBp2 JmbB+�H S2`7Q`K�M+2 rBi?
h`�Mb7Q`K2`b, �M 1KTB`B+�H 1``Q` aim/v

�"ah_�*h

*m``2Mi bi�i2@Q7@i?2@�`i KQ/2HBM; Q7 2tT`2bbBp2 KmbB+�H T2`7Q`K�M+2 U1JSV Bb #�b2/ QM ?B@

2`�`+?B+�H _2+m``2Mi L2m`�H L2irQ`Fb U_LLVX h?2 h`�Mb7Q`K2` Bb � `2+2Mi L2m`�H L2irQ`F

ULLV b2[m2M+2 KQ/2HBM; �`+?Bi2+im`2 i?�i ?�b H2/ iQ bB;MB7B+�Mi `2b2�`+? BKT`Qp2K2Mi BM

L�im`�H G�M;m�;2 S`Q+2bbBM; ULGSV �M/ Qi?2` `2H�i2/ 7B2H/bX hQ /�i2- i?2`2 ?�b #22M MQ

�TTHB+�iBQM Q7 i?2 h`�Mb7Q`K2` BM KmbB+ T2`7Q`K�M+2 KQ/2HBM; Ĝ r2 T`2b2Mi i?2 7B`bi bim/v

i?�i �ii2KTib iQ /Q bQX h?2 `2bmHib BM/B+�i2 i?�i Qm` 2M+Q/2`@QMHv h`�Mb7Q`K2` KQ/2H

QmiT2`7Q`Kb � bBKBH�` 2M+Q/2`@QMHv _LL #mi /Q2b MQi QmiT2`7Q`K i?2 2tBbiBM; ?B2`�`+?B+�H

_LL bi�i2@Q7@i?2@�`iX >Qr2p2`- �M �M�HvbBb Q7 +m``2Mi 2p�Hm�iBQM K2i?Q/b 7Q` 1JS ;2M@

2`�iBQM KQ/2Hb `2p2�Hb i?�i i?2 +m``2Mi K2i`B+b 7Q` ǳQ#D2+iBp2Ǵ [m�MiBi�iBp2 2p�Hm�iBQM /Q

MQi +Q``2+iHv +�Tim`2 i?2 2bb2M+2 Q7 KmbB+�H T2`7Q`K�M+2 �M/ �`2 bB;MB7B+�Mi #QiiH2M2+Fb BM

/2p2HQTBM; `Q#mbi 1JS KQ/2HbX h?2`27Q`2- r2 +�MMQi /`�r �Mv K2�MBM;7mH +QM+HmbBQMb

�#Qmi Qm` KQ/2HbǶ T2`7Q`K�M+2 r?2M 2p�Hm�iBM; i?2K [m�MiBi�iBp2HvX q2 T`2b2Mi �M 2``Q`

�M�HvbBb Q7 i?2 +m``2Mi 2p�Hm�iBQM K2i?Q/b BM 1JS �M/ T`QpB/2 bm;;2biBQMb 7Q` 7mim`2 277Q`ib

BM #mBH/BM; #2ii2` KQ/2Hb �M/ 7BM/BM; #2ii2` 2p�Hm�iBQM K2i`B+bX



�+FMQrH2/;K2Mib

A rQmH/ 7B`bi HBF2 iQ �+FMQrH2/;2 S`Q72bbQ` a`BFmK�` 7Q` �;`22BM; iQ i�F2 K2 �b ?Bb bim/2Mi

�M/ �/pBb2 K2 BM Kv `2b2�`+?X q?2M A 7B`bi �TT`Q�+?2/ ?BK rBi? i?2 ;2M2`�H B/2� Q7 /QBM; �

`2b2�`+? T`QD2+i BMpQHpBM; J�+?BM2 G2�`MBM; �M/ KmbB+- M2Bi?2` ?2 MQ` A ?�/ i?2 bHB;?i2bi #Bi

Q7 #�+F;`QmM/ BM i?2 `2b2�`+? �`2�X �Hi?Qm;? i?Bb T`QD2+iǶb b+QT2 ?�b #22M `2H�iBp2Hv bK�HH-

r2 ?�p2 #Qi? H2�`M2/ �M BKK2Mb2 �KQmMi �#Qmi KmbB+ BM7Q`K�iBQM `2i`B2p�H �M/ #`Q�/2M2/

Qm` b+QT2 Q7 mM/2`bi�M/BM; BM �TTHB2/ J�+?BM2 G2�`MBM;- r?B+? ?�/ T`2pBQmbHv +2Mi2`2/

�`QmM/ LGSX A r�Mi iQ i?�MF oBp2F 7Q` ?Bb 277Q`ib BM bmTTQ`iBM; K2 BM Kv `2b2�`+? BMi2`2bib

2p2M i?Qm;? ?2 ?�/ HBKBi2/ /QK�BM FMQrH2/;2X

A rQmH/ �HbQ HBF2 iQ i?�MF Kv rB72 oBpB�M �M/ Kv /�m;?i2` aQMv� 7Q` mM/2`bi�M/BM; �M/

bmTTQ`iBM; K2 i?`Qm;? bQK2 Q7 i?2 bi`m;;H2b i?�i A 2M+QmMi2`2/ r?BH2 rQ`FBM; QM i?Bb T`QD2+iX

h?2 H�bi bBt KQMi?b ?�p2 #22M � +?�QiB+ iBK2 7Q` #Qi? Kv 7�KBHv �M/ K2- �M/ rBi?Qmi i?2B`

+QMiBMm2/ bmTTQ`i- A rQmH/ MQi ?�p2 #22M �#H2 iQ +QKTH2i2 i?2 T`QD2+i QM iBK2X A HQQF

7Q`r�`/ iQ ;BpBM; i?2K KQ`2 Q7 Kv �ii2MiBQM �M/ iBK2 MQr i?�i Bi Bb +QKTH2i2X

BBB



*QMi2Mib

GBbi Q7 6B;m`2b pBB

GBbi Q7 h�#H2b Bt

R AMi`Q/m+iBQM R

k "�+F;`QmM/, 1tT`2bbBp2 S2`7Q`K�M+2 9

kXR a+Q`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 X X X 8

kXk S27Q`K�M+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d

kXj .�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 X X X 3

kXjXR 1tBbiBM; .�i� a2ib X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry

kX9 S2`7Q`K�M+2 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Re

j "�+F;`QmM/, a2[m2M+2 JQ/2HBM; ky

jXR a2[m2MiB�H .�i� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky

jXk *�b2 aim/v, L2m`�H J�+?BM2 h`�MbH�iBQM X X X X X X X X X X X X X X X X X X X X kR

jXj h`�Mb7Q`K2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9

jXjXR �ii2MiBQM Bb �HH uQm L22/ X X X X X X X X X X X X X X X X X X X X X X X X k9

jXjXk h`�Mb7Q`K2` �/�Ti�iBQMb, "1_h �M/ :Sh X X X X X X X X X X X X X X ke

Bp



9 JmbB+ :2M2`�iBQM JQ/2Hb k3

9XR 1tBbiBM; 1tT`2bbBp2 JmbB+�H S2`7Q`K�M+2 :2M2`�iBQM JQ/2Hb X X X X X X X X X k3

9XRXR _mH2@"�b2/ 1JS JQ/2Hb X X X X X X X X X X X X X X X X X X X X X X X X X kN

9XRXk .�i�@"�b2/ 1JS JQ/2Hb, "�bBb 6mM+iBQM JQ/2Hb X X X X X X X X X X X jy

9XRXj .�i�@"�b2/ 1JS JQ/2Hb, oB`imQbQL2i X X X X X X X X X X X X X X X X X j9

9Xk JmbB+ :2M2`�iBQM rBi? h`�Mb7Q`K2`b X X X X X X X X X X X X X X X X X X X X X X jd

8 1tT2`BK2Mib �M/ _2bmHib 9y

8XR .�i� �M/ 62�im`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 9R

8Xk Pm` JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R

8Xj 1tT2`BK2Mi J2i?Q/b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R

8X9 JQ/2H 1p�Hm�iBQM, Zm�MiBi�iBp2 X X X X X X X X X X X X X X X X X X X X X X X X X 9j

e �M�HvbBb 9d

eXR 1p�Hm�iBQM 1``Q` �M�HvbBb X X X X 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

eXk Zm�HBi�iBp2 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R

d .Bb+mbbBQM 89

dXR "2ii2` 1p�Hm�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89

dXk SQbbB#H2 JQ/2H AKT`Qp2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X 8e

3 *QM+HmbBQM 8N



3XR GQQFBM; 6Q`r�`/, 6BM/BM; i?2 1bb2M+2 Q7 S2`7Q`K�M+2 X X X X X X X X X X X X 8N

"B#HBQ;`�T?v ej



GBbi Q7 6B;m`2b

kXR h?2 7B`bi bi2T Q7 KmbB+�H ;2M2`�iBQM Bb +QKTQbBiBQM- b?QrM �b � b+Q`2 BM i?2

7B;m`2X h?2 b2+QM/ Bb T2`7Q`K�M+2- Qm` �`2� Q7 BMi2`2bi- �M/ Bb BM/B+�i2/ #v �

JA.A 7BH2Ƕb TB�MQ `QHH `2T`2b2Mi�iBQMX h?2 i?B`/ Bb i?2 T`Q/m+iBQM Q7 bQmM/-

b?QrM �b � `�r �m/BQ r�p2X 1�+? /B772`2Mi �;2Mi, +QKTQb2`- T2`7Q`K2`-

BMbi`mK2Mi- �M/ HBbi2M2`- +�M #2 +QM+2Tim�HBx2/ �b � b2T�`�i2 +QKTmi�iBQM�H

KQ/2H BM i?2 ;2M2`�iBQM T`Q+2bbX h?Bb 7B;m`2 Bb Qm` `2T`Q/m+iBQM Q7 � bBKBH�`

BK�;2 T`2b2Mi2/ #v CB 2i �HX (ke) X X X X X X X X X X X X X X X X X X X X X X X X X 8

kXk � b�KTH2 ?B2`�`+?v Q7 � b+Q`2 /2HBM2�i2/ #v /B772`2Mi +QHQ`bX h?2 ;`22M b?Qrb

i?2 HQr H2p2H- r?B+? BM+Hm/2b i?2 TBi+? �M/ iBKBM; Q7 2p2`v MQi2X h?2 `2/

`2T`2b2Mib i?2 KB/@H2p2H r?B+? b?Qrb /vM�KB+b �M/ i2KTQ BM7Q`K�iBQM �#Qmi

HQ+�H KmbB+�H bm#bi`m+im`2bX h?2 i�M +QHQ` BHHmbi`�i2b i?2 ?B;? H2p2H �M/ BM@

+Hm/2b i?2 F2v �M/ iBK2 bB;M�im`2bX X X X X X X X X X X X X X X X X X X X X X X X e

kXj � pBbm�HBx�iBQM Q7 � JA.A T2`7Q`K�M+2 i�F2M �b � b+`22Mb?Qi 7`QK GQ;B+ S`Q

sX 1�+? LPh1@PL �M/ LPh1@P66 2p2Mi ?QH/b i?2 BM7Q`K�iBQM �#Qmi i?2

TBi+? �M/ p2HQ+BivX � b2T�`�i2 +QMi`QH +?�MM2H 2M+Q/2b i?2 p�Hm2 Q7 i?2 bmbi�BM

T2/�HX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N

pBB



kX9 h?2 iQT irQ BK�;2b �`2 TB�MQ `QHH `2T`2b2Mi�iBQMb Q7 i?2 7B`bi K2�bm`2 Q7

"�+?Ƕb S`2Hm/2 BM * JBMQ` "qo 39d- `2+Q`/2/ BM JA.AX �HbQ b?QrM Bb �

b+Q`2 Q7 i?2 b�K2 +QKTQbBiBQMX h?2 7B`bi T2`7Q`K�M+2 Bb �HB;M2/ iQ i?2 b2+@

QM/ T2`7Q`K�M+2X h?2 b2+QM/ T2`7Q`K�M+2 Bb �HB;M2/ iQ i?2 b+Q`2X LQiB+2

i?2 K�`F2/ /B772`2M+2 BM i2KTQ #2ir22M i?2 irQ T2`7Q`K�M+2bX h?2b2 2t�K@

TH2 T2`7Q`K�M+2b BHHmbi`�i2 r?v b+Q`2 iQ T2`7Q`K�M+2 �HB;MK2Mi Bb M2+2bb�`vX

.B772`2Mi T2`7Q`K�M+2b Q7 i?2 b�K2 b+Q`2 +�M bB;MB7B+�MiHv p�`v BM i?2B` MQi2

QMb2i- MQi2 /m`�iBQM- �M/ MQi2 p2HQ+Biv p�Hm2bX �b bm+?- Bi Bb M2+2bb�`v iQ

+`2�i2 �M �HB;MK2Mi #2ir22M 2p2`v T2`7Q`K�M+2 �M/ Bib +Q``2bTQM/BM; b+Q`2X RR

jXR h?Bb Bb � `2T`Q/m+iBQM Q7 i?2 ;`�T?B+ T`2b2Mi2/ #v (j3)X h?2 2M+Q/2` mb2b

b2H7@�ii2MiBQM iQ T`Q/m+2 2M+Q/BM; QmiTmib r?B+? �`2 72/ iQ i?2 /2+Q/2`X h?2

/2+Q/2` mb2b i?2b2 2M+Q/BM; QmiTmib �M/ i?2 QmiTmib 7`QK Bib �miQ`2;`2bbBp2

b2H7@�ii2MiBQM H�v2` iQ ;2M2`�i2 i?2 7BM�H QmiTmi i2tiX h?2 ;`�T?B+ b?Qrb �

bBM;H2 h`�Mb7Q`K2` H�v2`X �M �+im�H h`�Mb7Q`K2` KQ/2H rBHH bi�+F ԃ H�v2`b

#27Q`2 +�H+mH�iBM; i?2 QmiTmi T`Q#�#BHBiB2bX X X X X X X X X X X X X X X X X X X k8

8XR Pm` KQ/2H mb2b i?2 b�K2 2M+Q/2` h`�Mb7Q`K2` �`+?Bi2+im`2 �b b?QrM #v o�br�MB

2i �HX (j3)X h?2`2 �`2 ԃ h`�Mb7Q`K2` H�v2`b r?B+? �`2 +QKTQb2/ Q7 KmHiB@?2�/

�ii2MiBQM �M/ 722/@7Q`r�`/ K2+?�MBbKbX h?2`2 Bb � bBKTH2 HBM2�` H�v2` �i i?2

iQT Q7 i?2 �`+?Bi2+im`2 r?B+? +`2�i2b i?2 7BM�H K�TTBM; iQ i?2 QmiTmi 72�im`2bX 9k

8Xk _2bmHib 7Q` i?2 i?`22 /B772`2Mi KQ/2H 7�KBHB2b- GahJ #�b2HBM2- h`�Mb7Q`K2`-

�M/ oB`imQbQL2i- �`2 b?QrM BM /B772`2Mi +QHQ`bX h?2`2 Bb � bm#bi�MiB�H /B7@

72`2M+2 BM `2bmHib 7Q` 2�+? KQ/2H 7�KBHv- rBi? i?2 GahJ #�b2HBM2 T2`7Q`KBM;

i?2 rQ`bi- oB`imQbQL2i T2`7Q`KBM; i?2 #2bi- �M/ i?2 h`�Mb7Q`K2`b bBiiBM; BM

#2ir22MX X X X X X X X X X X X X X X 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



GBbi Q7 h�#H2b

9XR aQK2 Q7 i?2 Eh> `mH2b ;Bp2M #v 6`B#2`; 2i �HX (R8)X X X X X X X X X X X X X X X jy

8XR � +QKT�`BbQM Q7 j /B772`2Mi 7�KBHB2b Q7 1JS ;2M2`�iBQM KQ/2Hb, oB`imQbQL2i

KQ/2Hb- h`�Mb7Q`K2` KQ/2Hb- �M/ Qm` GahJ #�b2HBM2 KQ/2HbX ԃքտ Bb i?2 A.

Q7 i?2 L2TimM2 2tT2`BK2Mi- ԁ Bb i?2 MmK#2` Q7 H�v2`b- ԓփքտ Bb i?2 /BK2MbBQM

Q7 i?2 ?B//2M H�v2`b- ӹ Bb i?2 /`QTQmi- ԁԇ Bb i?2 H2�`MBM; `�i2- Ӹ Bb i?2

;`�/B2Mi +HBT- �M/ ӽ Bb i?2 MmK#2` Q7 �ii2MiBQM ?2�/bX 1KTiv bT�+2b 7Q` i?2

h`�Mb7Q`K2` +QM7B;m`�iBQM p�Hm2b BKTHv i?2 #�b2HBM2 p�Hm2 U7Q` 2t�KTH2- i?2

MmK#2` Q7 H�v2`b 7Q` KQ/2H ReN Bb eVX h?2 `B;?i bB/2 Q7 i?2 i�#H2 T`2b2Mib

i?2 Ja1 `2bmHib 7Q` �HH KQ/2Hb �HQM; i?2 7Bp2 /B772`2Mi 2tT`2bbBp2 T�`�K2i2`b

mb2/ BM i?2 oB`imQbQL2i 7`�K2rQ`F- �b r2HH �b i?2 iQi�H Ja1 r?B+? Bb �M

�;;`2;�iBQM Q7 �HH i?2 BM/BpB/m�H 2tT`2bbBp2 72�im`2bX h?2 2Mi`B2b 7Q` i?2 >�L

KQ/2Hb +QK2 7`QK oB`imQbQL2i �M/ �`2 ;Bp2M #v C2QM; 2i �HX (kj)X X X X X X 99

eXR h?2 +QKTQbBiBQMb mb2/ 7Q` i?2 [m�HBi�iBp2 2p�Hm�iBQM Q7 Qm` KQ/2HbX �HH b+Q`2b

+QK2 BM i?2 7Q`K Q7 JmbB+sJG 7`QK Jmb2a+Q`2X LQM2 Q7 i?2 b+Q`2b r2`2

T`2b2Mi BM i?2 i`�BMBM; /�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 93

eXk h?2 KQ/2H +QM7B;m`�iBQMb Q7 �//BiBQM�H 2tT2`BK2Mib r2 `�M �7i2` Qm` BMBiB�H

[m�MiBi�iBp2 2p�Hm�iBQM 277Q`iX q2 b?Qr bBKBH�` ?vT2`T�`2Ki2`b �b BM h�#H2

8XRX h?2`2 �`2 �//BiBQM�H T�`�Ki2` p�Hm2b i?�i �`2 MQi T`2b2Mi #mi �`2 mb2/

BM h�#H2 8XR, ԁԇ Bb yXyyyj- Ӹ Bb yX8- �M/ ӹ Bb yXR X X X X X X X X X X X X X X X 8k

Bt



*?�Ti2` R

AMi`Q/m+iBQM

AM RN8k GX�X >BHH2` �M/ GXJ Abb�+bQM mb?2`2/ 7Q`i? � M2r 2`� BM i?2 bim/v Q7 #Qi? KmbB+ �M/

+QKTmi2` b+B2M+2 r?2M i?2v BMi`Q/m+2/ i?2 AHHB�+ amBi2 ĜƘi?2 7B`bi KmbB+�H TB2+2 +QKTQb2/

bQH2Hv #v � +QKTmi2` (je)X q?�i r2ǶHH `272` iQ #`Q�/Hv �b JmbB+ AM7Q`K�iBQM _2i`B2p�H UJA_VR

`2b2�`+? ?�b +QMiBMm2/ iQ b22 BKT`2bbBp2 �/p�M+2K2Mib bBM+2 i?2 BMi`Q/m+iBQM Q7 i?2 AHHB�+

amBi2 BM b2p2`�H /B772`2Mi /QK�BMb- BM+Hm/BM; KmbB+�H +QKTQbBiBQM (j)- BMbi`mK2Mi �M/ bQmM/

bvMi?2bBb (Rk)- �M/ KmbB+�H �M�HvbBb (9y)X JmbB+�H `2+QKK2M/�iBQM bvbi2Kb �`2 i?2 KQbi

+QKKQMHv FMQrM �TTHB+�iBQM Q7 JA_X h?2v 2ti`�+i +QKKQM KmbB+�H T�ii2`Mb 7`QK /B772`2Mi

;2M`2b �M/ bQM;b iQ bm;;2bi M2r KmbB+ iQ HBbi2M2`b- r?B+? i?2v K�v �TT`2+B�i2 BM i?2 7mim`2

;Bp2M i?2B` T�bi HBbi2MBM; ?�#BibkX Jm+? Q7 i?2 +?�HH2M;2 BM JA_ `2b2�`+? Bb iQ +HQb2 i?2

;�T #2ir22M KmbB+Ƕb T?2MQK2MQHQ;B+�H M�im`2 �b 2tT2`B2M+2/ #v ?mK�M HBbi2M2`b �M/ i?2

?B2`�`+?B+�H �M/ K�i?2K�iB+�H [m�MiBi�iBp2 KmbB+�H T�ii2`Mb T`2b2Mi BM M�im`2X

qB/K2` (9y) bm;;2bib i?�i i?2`2 �`2 � b2i Q7 /22T T`Q#H2Kb i?�i i?2 JA_ +QKKmMBiv b?QmH/

7Q+mb QM- r?B+? #v i?2B` M�im`2- �`2 KQ`2 7mM/�K2Mi�H iQ mM/2`bi�M/BM; i?2 M�im`2 Q7 KmbB+

Bib2H7X PM2 bm+? T`Q#H2K Bb i?2 2tTHQ`�iBQM Q7 r?�i +QMbiBimi2b 2tT`2bbBQM BM KmbB+�H T2`7Q`@

K�M+2X *m``2Mi +QKK2`+B�H �miQK�iB+ T2`7Q`K�M+2 ;2M2`�iBQM bvbi2Kb `2M/2` /2i2`KBMBbiB+

�M/ mMBMi2`2biBM; T2`7Q`K�M+2b i?�i /Q MQi +QMi�BM i?2 ǳ?mK�MǴ 2H2K2MiX h?2b2 ǳ/2�/T�MǴ

T2`7Q`K�M+2b /Q MQi mb2 i?2 /B772`2Mi KmbB+�H T2`7Q`K�M+2 +QKTQM2Mib bm+? �b p�`B�iBQMb BM
R qB/K2` (9y) TQBMib Qmi i?�i JA_ Bib2H7 /Q2b MQi 2M+QKT�bb i?2 2MiB`2 b+QT2 Q7 +QKTmi2` KmbB+ `2b2�`+?

#mi i?�i Bi Bb � ;QQ/ T`Qtv iQ mb2 r?2M `272``BM; iQ i?2 7B2H/ �b � r?QH2X q2 rBHH QT2`�i2 mM/2` i?2 b�K2
�bbmKTiBQMX

kaTQiB7v Bb i?2 KQbi r2HH@FMQrM +QKK2`+B�H TH�i7Q`K i?�i BKTH2K2Mib KmbB+�H `2+QKK2M/�iBQM bvbi2KbX

R
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iBKBM;- /vM�KB+b- �M/ �`iB+mH�iBQM iQ ǳ2tT`2bbǴ +`2�iBp2 KmbB+�H B/2�b Q` 2KQiBQMbjX 1p2`v

KmbB+�H T2`7Q`K�M+2 `2bmHib 7`QK �M BMi2`T`2i�iBQM Q7 � +QKTQbBiBQM- �M/ i?Bb BMi2`T`2i�@

iBQM Bb +QKKmMB+�i2/ i?`Qm;? 2tT`2bbBp2 T2`7Q`K�M+2X Pm` rQ`F Bb � 7m`i?2` +QMiBMm�iBQM

Q7 i?2 +QKTmi�iBQM�H KQ/2HBM; Q7 2tT`2bbBp2 KmbB+�H T2`7Q`K�M+2 U1JSV BM i?2 +QMi2ti Q7

�miQK�iB+ T2`7Q`K�M+2 ;2M2`�iBQMX

hvTB+�H 1JS ;2M2`�iBQM bvbi2Kb mb2 J�+?BM2 G2�`MBM; UJGV iQ #mBH/ +QKTmi�iBQM�H KQ/2Hb

i`�BM2/ QM 2tBbiBM; /�i� b2ib +QKT`Bb2/ Q7 �+im�H ?mK�M T2`7Q`K�M+2X _2+2Mi JG KQ/2Hb

�`2 2Bi?2` T`Q#�#BHBbiB+ Umbm�HHv mbBM; >B//2M J�`FQp JQ/2HbV BM M�im`2 Q` #�b2/ QM �`iB7B@

+B�H M2m`�H M2irQ`Fb U�LLVX .22T G2�`MBM; U� +QKKQM i2`K mb2/ iQ /2b+`B#2 JG BMpQHpBM;

�LLbV9 ?�b H2/ iQ i?2 rB/2bT`2�/ bm++2bb Q7 �`iB7B+B�H AMi2HHB;2M+2 U�AV bvbi2Kb BM � p�`B@

2iv Q7 �TTHB+�iBQMb- BM+Hm/BM; +QKTmi2` pBbBQM- M�im`�H H�M;m�;2 T`Q+2bbBM; ULGSV- bT22+?

T`Q+2bbBM;- �M/ �m/BQ T`Q+2bbBM; (Re)X ai�i2@Q7@i?2@�`i 1JS KQ/2Hb �`2 KQbiHv +QKT`Bb2/

Q7 _2+m``2Mi L2m`�H L2irQ`Fb U_LLV �M/ i?2B` +QKKQM �/�Ti�iBQM �b � GQM; a?Q`i h2`K

J2KQ`v L2irQ`F UGahJVX _LLb �`2 /2bB;M2/ iQ KQ/2H b2[m2MiB�H /�i� Ub22 +?�Ti2` kV- bm+?

�b KmbB+X � `2H�iBp2Hv M2r KQ/2H BM b2[m2MiB�H .22T G2�`MBM;- i?2 h`�Mb7Q`K2`- ?�b H2/ iQ

BKT`2bbBp2 �/p�M+2b Qp2` _LL #�b2/ KQ/2Hb BM LGS (9- 3) �M/ Qi?2` b2[m2MiB�H /�i� KQ/@

2HBM; T`Q#H2Kb (Ry)X q2 �TTHv i?2 h`�Mb7Q`K2` iQ 1JS ;2M2`�iBQM- r?B+? iQ Qm` FMQrH2/;2

Bb i?2 7B`bi bm+? �TTHB+�iBQM- mbBM; �M 2tBbiBM; 2M/@iQ@2M/ bi�i2@Q7@i?2@�`i 1JS ;2M2`�iBQM

bvbi2KX

q2 2p�Hm�i2/ Qm` KQ/2H [m�MiBi�iBp2Hv mbBM; bi�M/�`/ 2p�Hm�iBQM K2i`B+b- �M/ Bi T2`7Q`K2/

rQ`b2 i?�M i?2 2tBbiBM; _LL #�b2/ bi�i2@Q7@i?2@�`iX >Qr2p2`- � HBbi2MBM; i2bi `2p2�H2/ �

/Bb+QMM2+i #2ir22M [m�MiBi�iBp2 �M/ [m�HBi�iBp2 2p�Hm�iBQMX q2 `�M 7m`i?2` 2tT2`BK2Mib

jJmb2a+Q`2- � TQTmH�` QT2M@bQm`+2 KmbB+�H MQi�iBQM bQ7ir�`2- Bb QM2 bm+? +QKK2`+B�H bvbi2KX Jmb2a+Q`2-
�M/ Qi?2` MQi�iBQM bQ7ir�`2 T`Q;`�Kb HBF2 Bi- ;2M2`�i2 /2�/T�M T2`7Q`K�M+2bX

9h?2 mb2 Q7 M2m`�H M2irQ`Fb BM JG Bb +QKKQMHv `272``2/ iQ �b ǳ.22T G2�`MBM;Ǵ #2+�mb2 Q7 i?2 K�Mv
+QMM2+i2/ H�v2`b i?�i +QKT`Bb2 i?2 M2irQ`FbX h?2 i2`K ǳ/22TǴ /2b+`B#2b i?2 HQM; T�i? r?B+? BM7Q`K�iBQM
Kmbi 7QHHQr iQ T`QT�;�i2 i?`Qm;? i?2 2ti2MbBp2 M2irQ`FX hvTB+�H JG KQ/2Hb mbm�HHv /Q MQi ?�p2 i?�i /2Ti?X



j

/2pB�iBM; 7`QK bi�M/�`/ 2p�Hm�iBQM K2i?Q/b iQ B/2MiB7v r?v i?Bb KB;?i #2 i?2 +�b2X h?Bb

2tT2`BK2Mi�iBQM H2/ iQ BMbB;?ib �#Qmi TQi2MiB�H T`Q#H2Kb rBi? +m``2Mi 2p�Hm�iBQM K2i`B+b

�M/ BMimBiBQM 7Q` +`2�iBM; #2ii2` 2p�Hm�iBQM K2i?Q/bX q2 �HbQ B/2MiB7B2/ TQi2MiB�H Bbbm2b

rBi? Qm` KQ/2H �`+?Bi2+im`2 r?B+? r2 mb2 iQ H�v i?2 ;`QmM/rQ`F 7Q` 7mim`2 2tT2`BK2Mi�iBQM

BM i?2 �`2�X

q2 �HbQ #`BM; iQ HB;?i bQK2 Q7 i?2 T?BHQbQT?B+�H +QMmM/`mKb T`2b2Mi r?2M +QMbB/2`BM; 1JS

;2M2`�iBQM 7`QK � +QKTmi�iBQM�H H2p2HX "2+�mb2 i?2 ǳ[m�HBivǴ Q7 � KmbB+�H 2tT2`B2M+2 Bb

?B;?Hv bm#D2+iBp2- +`2�iBM; i?2 `B;?i BM+2MiBp2b 7Q` � +QKTmi2` KQ/2H iQ ;2M2`�i2 MQp2H T2`@

7Q`K�M+2b Bb MQi i`BpB�HX AM �;`22K2Mi rBi? Qi?2` �mi?Q`b (9y)- r2 �/pQ+�i2 7Q` 7m`i?2`

`2b2�`+? iQ /`�r Dmbi �b Km+? 7`QK KmbB+ �i i?2 ?mK�M Tbv+?QHQ;B+�H H2p2H �b i?2 K�i?2@

K�iB+�H �M/ bi�iBbiB+�HX



*?�Ti2` k

"�+F;`QmM/, 1tT`2bbBp2 S2`7Q`K�M+2

h?Bb T`QD2+i Bb #�b2/ mTQM irQ K�DQ` `2b2�`+? +QKTQM2MibX h?2 7B`bi Bb i?2 JA_ T`Q#H2K

/QK�BM Q7 2tT`2bbBp2 KmbB+�H T2`7Q`K�M+2- �M/ i?2 b2+QM/ Bb i?2 JG KQ/2HBM; /QK�BM Q7

h`�Mb7Q`K2`bX AM i?Bb +?�Ti2`- r2 rBHH BMi`Q/m+2 �M/ /Bb+mbb 1JSX AM +?�Ti2` j r2ǶHH /Q i?2

b�K2 7Q` i?2 h`�Mb7Q`K2`X

1tT`2bbBp2 KmbB+�H T2`7Q`K�M+2 Bb � bK�HH bm#b2i Q7 JA_ `2b2�`+?X q2 #`Q�/Hv +�i2;Q`Bx2

JA_ `2b2�`+? BMiQ irQ b2T�`�i2 i�bFb, /2p2HQTBM; +QKTmi�iBQM�H K2i?Q/b 7Q` KmbB+�H �M�HvbBb

�M/ /2p2HQTBM; +QKTmi�iBQM�H K2i?Q/b 7Q` KmbB+ ;2M2`�iBQMX q2 �`2 BMi2`2bi2/ BM ;2M2`�iBp2

KQ/2Hb- �Hi?Qm;? Bi Bb rQ`i?r?BH2 iQ MQi2 i?�i i?2`2 Bb +QMbB/2`�#H2 Qp2`H�T #2ir22M i?2 irQ

�`2�bRX S`QT2` FMQrH2/;2 Q7 i?2 2MiB`2 KmbB+�H ;2M2`�iBQM T`Q+2bb �b � r?QH2 Bb M2+2bb�`v iQ

mM/2`bi�M/ ?Qr 1JS ;2M2`�iBQM KQ/2Hb rQ`FX CB 2i �HX (ke) #`2�F i?2 ;2M2`�iBQM T`Q+2bb BMiQ

i?`22 bi�;2b rBi? 7Qm` /B772`2Mi `QH2b i?�i BMi2`�+i rBi? i?�i T`Q+2bb �i 2�+? bi�;2X 6B;m`2

kXR b?Qrb 2�+? bi2T BM i?2 T`Q+2bb �b r2HH �b i?2 �;2Mib i?�i T�`iB+BT�i2X

�M 1JS ;2M2`�iBQM KQ/2H Bb �M�HQ;Qmb iQ i?2 T2`7Q`K2` b?QrM BM kXR- r?Q i�F2b �b BMTmi

� +QKTQbBiBQM �M/ T`Q/m+2b �b QmiTmi � T2`7Q`K�M+2X q2 /27BM2 KmbB+�H 2tT`2bbBQM �b i?2

T2`7Q`K2`bǶ BMi2`T`2i�iBQM Q7 � +QKTQbBiBQM +Q/B7B2/ BMiQ /B772`2Mi T2`7Q`K�M+2 T�`�K2i2`b

BMi2M/2/ iQ +QMi`B#mi2 iQ i?2 [m�HBiv Q7 � KmbB+�H 2tT2`B2M+2kX

R*`2�iBM; � T2`7Q`K�M+2 ;2M2`�iBQM bvbi2K Bb mb27mH 7Q` T2`7Q`K�M+2 �M�HvbBb �b HQM; �b i?2 ;2M2`�iBQM
bvbi2K Bb BMi2`T`2i�#H2X h?2 `2p2`b2 Bb �HbQ i`m2X �M�HvbBb T`QpB/2b BMbB;?i iQ ;2M2`�iBQM- �M/ ;2M2`�iBQM
T`QpB/2b BMbB;?i iQ �M�HvbBbX

k�b ?�b �H`2�/v #22M K2MiBQM2/ �M/ �b rBHH b?Qr BM /2i�BH H�i2` BM i?Bb rQ`F- /27BMBM; i?2 ǳ[m�HBivǴ Q7
KmbB+�H 2tT2`B2M+2 Bb MQ KBMQ` i�bFX am+? � /27BMBiBQM Bb M2+2bb�`v iQ i`�BM T2`7Q`K2`b U2Bi?2` +QKTmi2` Q`

9
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6B;m`2 kXR, h?2 7B`bi bi2T Q7 KmbB+�H ;2M2`�iBQM Bb +QKTQbBiBQM- b?QrM �b � b+Q`2 BM i?2 7B;m`2X
h?2 b2+QM/ Bb T2`7Q`K�M+2- Qm` �`2� Q7 BMi2`2bi- �M/ Bb BM/B+�i2/ #v � JA.A 7BH2Ƕb TB�MQ `QHH
`2T`2b2Mi�iBQMX h?2 i?B`/ Bb i?2 T`Q/m+iBQM Q7 bQmM/- b?QrM �b � `�r �m/BQ r�p2X 1�+?
/B772`2Mi �;2Mi, +QKTQb2`- T2`7Q`K2`- BMbi`mK2Mi- �M/ HBbi2M2`- +�M #2 +QM+2Tim�HBx2/ �b �
b2T�`�i2 +QKTmi�iBQM�H KQ/2H BM i?2 ;2M2`�iBQM T`Q+2bbX h?Bb 7B;m`2 Bb Qm` `2T`Q/m+iBQM Q7
� bBKBH�` BK�;2 T`2b2Mi2/ #v CB 2i �HX (ke)

6B;m`2 kXR b?Qrb i?�i � T2`7Q`K2` BMi2`�+ib rBi? � +QKTQb2/ b+Q`2 iQ +`2�i2 � T2`7Q`K�M+2X

hQ KQ`2 +H2�`Hv /27BM2 1JS ;2M2`�iBQM- r2 bi�`i #v /2b+`B#BM; i?2 2bb2MiB�H 2H2K2Mib Q7 #Qi?

b+Q`2b �M/ T2`7Q`K�M+2bX h?Bb +?�Ti2`Ƕb /2b+`BTiBQMb �`2 MQi BMi2M/2/ iQ #2 �i � /2i�BH2/

K�i?2K�iB+�H H2p2H #mi i?2 ;2M2`�H KmbB+QHQ;B+�H H2p2HX q2 T`QpB/2 72�im`2 /27BMBiBQMb- r?B+?

+QMi�BM i?2 b+Q`2 �M/ T2`7Q`K�M+2 BM7Q`K�iBQM 2K#2//2/ �i � K�i?2K�iB+�H H2p2H- Q7 i?2

1JS KQ/2Hb mTQM r?B+? Qm` rQ`F Bb #�b2/ BM b2+iBQM 9XRX .m2 iQ i?2 +QMbi`�BMi Q7 Qm` /�i�-

r2 7Q+mb QMHv QM r2bi2`M +H�bbB+�H TB�MQ KmbB+X

kXR a+Q`2b

a+Q`2b �`2 bvK#QHB+ `2T`2b2Mi�iBQMb Q7 � KmbB+�H +QKTQbBiBQMX h?2v �`2 +QKT`Bb2/ Q7 K�`F@

BM;b i?�i #2HQM; iQ � ;`�KK�` Q7 bvK#QHB+ MQi�iBQM mb2/ iQ 2tT`2bb KmbB+�H B/2�b �M/

?mK�MV iQ +`2�i2 /2bB`�#H2 T2`7Q`K�M+2bX
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BM7Q`K�iBQMX a+Q`2b Q`;�MBx2 i?Bb BM7Q`K�iBQM BM � ?B2`�`+?B+�H bi`m+im`2 rBi? /B772`2Mi KmbB@

+�H /2i�BHb �i 2�+? H2p2HX 6B;m`2 kXk b?Qrb � b�KTH2 b+Q`2 �M/ i?2 /B772`2Mi ?B2`�`+?B+�H H2p2Hb

Q7 BM7Q`K�iBQM i?�i Bi +QMi�BMb

h?2 HQr2bi H2p2H +QMi�BMb BM7Q`K�iBQM �#Qmi i?2 TBi+? �M/ iBKBM; Q7 2p2`v bBM;H2 MQi2- �b

r2HH �b QTiBQM�H BM7Q`K�iBQM �#Qmi ?Qr i?2 MQi2 b?QmH/ #2 TH�v2/X h?2 HQr H2p2H +�M BM@

+Hm/2 BM7Q`K�iBQM bT2+B7B+ iQ BMbi`mK2Mib bm+? �b i?2 #Qr /B`2+iBQM Q7 � pBQHBM- #mi 7Q` Qm`

Tm`TQb2b U/2�HBM; QMHv rBi? TB�MQV- r2 rBHH +QMbB/2` i?Bb iQ #2 i?2 �`iB+mH�iBQM Q7 2�+? MQi2X

LQi2 �`iB+mH�iBQM Bb mbm�HHv BM/B+�i2/ #v H2;�iQ- r?B+? bm;;2bib i?2 MQi2b b?QmH/ #2 TH�v2/

bKQQi?Hv �M/ +QMM2+i2/ rBi?Qmi #`2�Fb #2ir22M i?2 MQi2b- Q` bi�++�iQ- r?B+? K2�Mb i?�i

2�+? MQi2 b?QmH/ #2 TH�v2/ b?�`THv �M/ /2i�+?2/ 7`QK Qi?2` MQi2bX

h?2 KB//H2 H2p2H +QMi�BMb BM7Q`K�iBQM `2H�i2/ iQ +2`i�BM bm#bi`m+im`2b Q7 i?2 KmbB+�H +QKTQ@

bBiBQM- 2tT`2bb2/ rBi?BM � ;`QmTBM; Q7 MQi2b Q` K2�bm`2bX h?2 KQbi +QKKQM b+Q`2 �MMQi�@

iBQMb �i i?Bb H2p2H �`2 /vM�KB+ K�`FBM;b r?B+? BM/B+�i2 r?2i?2` iQ TH�v � +QHH2+iBQM Q7 MQi2b

�b 7 UHQm/V- T UbQ7iV- Q` �b � +`2b+2M/Q Q` /2+`2b+2M/Q U;`�/m�HHv BM+`2�b2 Q` /2+`2�b2 i?2

pQHmK2VX �Hi?Qm;? /vM�KB+ K�`FBM;b �`2 i?2 KQbi +QKKQM �i i?Bb H2p2H- Bi Bb �HbQ TQbbB#H2

iQ b22 b+Q`2 K�`FBM;b 7Q` �HH Qi?2` KmbB+�H 72�im`2b- bm+? �b HQ+�H i2KTQ Q` �`iB+mH�iBQM Q7

� T�`iB+mH�` bm#bi`m+im`2X S2`?�Tb i?2 KQbi 2bb2MiB�H b+Q`2 K�`FBM; �i i?Bb H2p2H Bb i?�i Q7

6B;m`2 kXk, � b�KTH2 ?B2`�`+?v Q7 � b+Q`2 /2HBM2�i2/ #v /B772`2Mi +QHQ`bX h?2 ;`22M b?Qrb
i?2 HQr H2p2H- r?B+? BM+Hm/2b i?2 TBi+? �M/ iBKBM; Q7 2p2`v MQi2X h?2 `2/ `2T`2b2Mib i?2
KB/@H2p2H r?B+? b?Qrb /vM�KB+b �M/ i2KTQ BM7Q`K�iBQM �#Qmi HQ+�H KmbB+�H bm#bi`m+im`2bX
h?2 i�M +QHQ` BHHmbi`�i2b i?2 ?B;? H2p2H �M/ BM+Hm/2b i?2 F2v �M/ iBK2 bB;M�im`2bX
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� bHm`- r?B+? BKTHB2b i?�i � ;`QmT Q7 MQi2b b?QmH/ #2 BMi2`T`2i2/ �b #2HQM;BM; iQ � bBM;mH�`

KmbB+�H T?`�b2 �M/ i?�i 2�+? MQi2 b?QmH/ 7Bi rBi?BM i?2 +QMi2ti Q7 i?2 T?`�b2 �b � r?QH2X �

bHm` +�M #2 2tT`2bb2/ i?`Qm;? �HH Q7 i?2 /B772`2Mi �7Q`2K2MiBQM2/ KmbB+�H 72�im`2b- BM+Hm/BM;

i?2 i2KTQ- iBKBM;- /vM�KB+b- �M/ �`iB+mH�iBQM Q7 i?2 MQi2bX

h?2 ?B;?2bi H2p2H +QMi�BMb K2i�@BM7Q`K�iBQM i?�i `2H�i2b iQ i?2 2MiB`2 +QKTQbBiBQM �b � r?QH2X

h?Bb BM7Q`K�iBQM ivTB+�HHv BM+Hm/2b i?2 F2v bB;M�im`2 �M/ iBK2 bB;M�im`2- �b r2HH �b i?2 ;HQ#�H

i2KTQ 7Q` i?2 2MiB`2 TB2+2- KQbi +QKKQMHv `2T`2b2Mi2/ �b "SJX

kXk S27Q`K�M+2

�M 2tT`2bbBp2 KmbB+�H T2`7Q`K�M+2 +QMi�BMb KQbi Q7 i?2 b�K2 KmbB+�H BM7Q`K�iBQM �b � b+Q`2-

BM+Hm/BM; TBi+?- i2KTQ- iBKBM;- �M/ �`iB+mH�iBQMX h?2 +`BiB+�H /B772`2M+2 #2ir22M b+Q`2b �M/

T2`7Q`K�M+2b Bb i?�i �M 2tT`2bbBp2 T2`7Q`K�M+2 Bb � mMB[m2 �M/ K2�bm`�#H2 BMbi�MiB�iBQM Q7

� bBM;H2 b+Q`2 Ĝ MQ irQ T2`7Q`K�M+2b rBHH 2p2` #2 i?2 b�K2X 1tT`2bbBp2 T2`7Q`K�M+2b rBHH

/2pB�i2 UQ` BMi2`T`2iV 7`QK i?2 2t�+i BM7Q`K�iBQM ;Bp2M BM i?2 b+Q`2X

6Q` 2t�KTH2- �Hi?Qm;? � b+Q`2 K�v BM/B+�i2 � i2KTQ Q7 Rky "SJ- Bi Bb mMHBF2Hv i?�i �

;Bp2M T2`7Q`K2` rBHH T2`72+iHv �/?2`2 iQ i?Bb i2KTQ i?`Qm;?Qmi i?2 TB2+2Ƕb 2MiB`2ivX aQK2

T2`7Q`K2`b K�v +?QQb2 iQ TH�v 7�bi2` i?�M i?2 BM/B+�i2/ ;HQ#�H i2KTQ- r?BH2 Qi?2`b rBHH TH�v

bHQr2`X Ai Bb �HbQ HBF2Hv i?�i i?2`2 rBHH #2 M�im`�H /2pB�iBQMb BM i?2 i2KTQ- /2T2M/2Mi QM

Qi?2` KmbB+�H bi`m+im`2b- bm+? �b /vM�KB+bX *2`i�BM T?`�b2b Q7 � +QKTQbBiBQM K�v ǳ722HǴ

bHQr2` Q` 7�bi2` i?�M i?2 BM/B+�i2/ ;HQ#�H i2KTQ- �M/ i?2 /2pB�iBQM BM i2KTQ Bb �M 2bb2MiB�H

+QKTQM2Mi Q7 � T2`7Q`K2`Ƕb BMi2`T`2i�iBQMX .2�/T�M T2`7Q`K�M+2b- r?B+? �`2 ?�`/+Q/2/ �M/

/2i2`KBMBbiB+- rBHH bi`B+iHv +QKTHv rBi? i?2 MQi�i2/ ;HQ#�H i2KTQ mMH2bb i?2 b+Q`2 2tTHB+BiHv

BM/B+�i2b Qi?2`rBb2jX 1�+? 2tT`2bbBp2 T�`�K2i2` rBHH #2 K2�bm`�#H2 �M/ �#bQHmi2- r?2`2�b
j*QKT�`2 irQ T2`7Q`K�M+2b Q7 "�+?Ƕb S`2Hm/2 BM * JBMQ` "qo 39d- QM2 #v :H2MM :QmH/ �M/ i?2 Qi?2`
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i?2 b+Q`2 K�`FBM;b Q7 i?2b2 72�im`2b �`2 KQ`2 Q7 � bm;;2biBQM i?�M � `mH2X 6B;m`2 kXj b?Qrb

�M 2t�KTH2 Q7 irQ T2`7Q`K�M+2b Q7 i?2 b�K2 b+Q`2 �M/ i?2 /B772`2M+2 BM i?2B` K2�bm`�#H2

2tT`2bbBp2 �ii`B#mi2bX

S2`7Q`K�M+2 ?�b � 72r �//BiBQM�H +QKTQM2Mib i?�i �`2 MQi M2+2bb�`BHv BM/B+�i2/ BM b+Q`2b #mi

�`2 `2H2p�Mi BM i?2 +QMi2ti Q7 T2`7Q`K�M+2 �HQM2X SB�MQ T2/�HBM; Bb QM2 +`m+B�H +QKTQM2MiX

h?2`2 �`2 b2p2`�H /B772`2Mi ivT2b Q7 TB�MQ T2/�HbX h?2 KQbi +QKKQM �`2 i?2 bmbi�BM T2/�H-

r?B+? T`QHQM;b 2p2`v MQi2bǶ /m`�iBQM r?2M �+iBp�i2/- �M/ i?2 bQ7i T2/�H- r?B+? bQ7i2Mb i?2

2MiB`2 TB�MQǶb bQmM/X �Hi?Qm;? i?2b2 T2/�HbǶ 2772+ib �`2 /B`2+iHv `2H�i2/ iQ i?2 �`iB+mH�iBQM

�M/ /vM�KB+b Q7 i?2 T2`7Q`K�M+2- i?2B` T`2b2M+2 UQ` H�+F Q7V Bb � +`m+B�H +QKTQM2Mi Q7 TB�MQ

T2`7Q`K�M+2X h?2 bmbi�BM T2/�H Bb �+iBp2Hv mb2/ BM �HKQbi �HH KQ/2`M TB�MQ T2`7Q`K�M+2-

2p2M BM i?2 �#b2M+2 Q7 T2/�H b+Q`2 K�`FBM;bX

kXj .�i�

h?2 /�i� `2[mB`2/ 7Q` 1JS ;2M2`�iBQM BM+Hm/2b � /B;Bi�H `2T`2b2Mi�iBQM Q7 � b+Q`2 �M/ �

+Q``2bTQM/BM; T2`7Q`K�M+2X JmbB+sJG- � i2ti@#�b2/ `2T`2b2Mi�iBQM Q7 � +QKTQbBiBQM- Bb

i?2 KQbi +QKKQM /�i� 7Q`K�i 7Q` � b+Q`2X S2`7Q`K�M+2b +QmH/ /B`2+iHv #2 `2T`2b2Mi2/

i?`Qm;? `�r �m/BQ- r?B+? Bb rB/2Hv �p�BH�#H2 QM i?2 BMi2`M2iX AMbi2�/ Q7 �m/BQ- ?Qr2p2`- �M

BMi2`K2/B�i2 /�i� 7Q`K- JA.A- Bb +QKKQMHv mb2/ iQ +QMbiBimi2 i?2 T2`7Q`K�M+2X JA.A Bb

�M 2p2Mi@#�b2/ /�i� 7Q`K�i �M/ bQ7ir�`2 BMi2`7�+2 i?�i +QMi�BMb BM7Q`K�iBQM �#Qmi /B772`2Mi

�bT2+ib Q7 � `2+Q`/2/ T2`7Q`K�M+2X JA.A /27BM2b LPh1@PL �M/ LPh1@P66 2p2Mib- �M/

2�+? 2p2Mi bT2+B7B2b i?2 TBi+? �M/ p2HQ+Biv Q7 i?2 MQi2X o2HQ+Biv `2T`2b2Mib i?2 ǵbT22/Ƕ �i r?B+?
#v oBFBM;m` PH�7bbQMX :QmH/Ƕb BMi2`T`2i�iBQM Bb Km+? bHQr2` i?�M PH�77bQMǶb U:QmH/ r�b FMQrM 7Q` ?Bb mMB[m2
KmbB+�H BMi2`T`2i�iBQMb- r?B+? Q7i2M r2Mi �;�BMbi i?2 ;`�BM Q7 i?2 KmbB+�H 2bi�#HBb?K2Mi Q7 i?2 iBK2VX h?Bb
bB;MB7B+�Mi /B772`2M+2 BM i2KTQ H2�/b iQ � /`�biB+�HHv /B772`2Mi KmbB+�H 2tT2`B2M+2X q2 +�M �HbQ +QKT�`2 i?2b2
?mK�M T2`7Q`K�M+2b rBi? Jmb2a+Q`2Ƕb /2�/T�M T2`7Q`K�M+2 UK�F2 bm`2 iQ +?QQb2 i?2 ǳJmb2a+Q`2 �m/BQǴ
�m/BQ bQm`+2- r?B+? +�M #2 7QmM/ #v b2H2+iBM; i?2 B+QM Q7 �m/BQ brBi+?2b M2ti iQ i?2 ǳP77Ǵ i2ti BM i?2 iQT
K2Mm #�`V- r?B+? BHHmbi`�i2b i?2 M2+2bbBiv Q7 2tT`2bbBQM BM +`2�iBM; ;QQ/ T2`7Q`K�M+2X
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� MQi2 r�b ?Bi �M/ Bb � ;QQ/ T`Qtv 7Q` /vM�KB+bX "Qi? TBi+? �M/ p2HQ+Biv �`2 `2T`2b2Mi2/ �b

/Bb+`2i2 MmK#2`b i?�i 2tBbi BM i?2 y@Rkd `�M;2X JA.A �HbQ /27BM2b +QMi`QH +?�MM2Hb r?B+? �`2

bi`2�Kb Q7 /�i� b2T�`�i2 7`QK i?2 LPh1@PL �M/ LPh1@P66 2p2MibX h?2 +QMi`QH +?�MM2Hb

+QMi�BM i?2 BM7Q`K�iBQM 7Q` i?2 p�Hm2b Q7 /B772`2Mi T2/�Hb i?`Qm;?Qmi � T2`7Q`K�M+2X 6B;m`2

kXj b?Qrb � pBbm�HBx�iBQM Q7 � JA.A T2`7Q`K�M+2X

6B;m`2 kXj, � pBbm�HBx�iBQM Q7 � JA.A T2`7Q`K�M+2 i�F2M �b � b+`22Mb?Qi 7`QK GQ;B+ S`Q sX
1�+? LPh1@PL �M/ LPh1@P66 2p2Mi ?QH/b i?2 BM7Q`K�iBQM �#Qmi i?2 TBi+? �M/ p2HQ+BivX
� b2T�`�i2 +QMi`QH +?�MM2H 2M+Q/2b i?2 p�Hm2 Q7 i?2 bmbi�BM T2/�HX
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h?2`2 �`2 b2p2`�H `2�bQMb 7Q` i?2 T`272`2M+2 Q7 JA.A Qp2` `�r �m/BQX h?2 7B`bi Bb i?�i �m/BQ

/�i� Bb BM?2`2MiHv MQBbv- bT�`b2- �M/ p�bi BM Bib /BK2MbBQM�HBiv �M/ bBx2X lbBM; �m/BQ iQ

`2T`2b2Mi T2`7Q`K�M+2 `2[mB`2b � bB;MB7B+�Mi +QKT`2bbBQM Q7 M�im`�H 7`2[m2M+B2b BMiQ KQ`2

�#bi`�+i KmbB+�H `2T`2b2Mi�iBQMb bm+? �b TBi+? Ĝ JA.A M�iBp2Hv +QMi�BMb i?2b2 �#bi`�+iBQMbX

JA.A �HbQ #2ii2` �HB;Mb rBi? i?2 ;2M2`�iBQM T`Q+2bb QmiHBM2/ BM kXR BM r?B+? T2`7Q`K�M+2 Bb

b22M b2T�`�i2 7`QK bQmM/ bvMi?2bBb �M/ �HHQrb +QKTmi�iBQM�H KQ/2Hb iQ /27BM2 bm+? #QmM/@

�`B2b 2�bBHvX AM i?2 7mHH +QKTmi�iBQM�H ;2M2`�iBQM T`Q+2bb- � /B772`2Mi KQ/2H rQmH/ #2 mb2/

iQ i�F2 i?2 T2`7Q`K�M+2 /�i� BM JA.A �M/ bvMi?2bBx2 Bi BMiQ `�r �m/BQ T`2b2Mi2/ iQ i?2

HBbi2M2`X

*QKTmi�iBQM�H KQ/2Hb i?�i /2�H rBi? i?2 `2H�iBQMb?BT #2ir22M b+Q`2b �M/ T2`7Q`K�M+2b Q7i2M

M22/ �//BiBQM�H K2i�/�i� �#Qmi i?2 �HB;MK2Mi #2ir22M 2p2`v MQi2 BM #Qi? i?2 b+Q`2 �M/

T2`7Q`K�M+2X h?Bb K2i�/�i� Bb ;2M2`�i2/ #v `mMMBM; � T2`7Q`K�M+2 �M/ Bib +Q``2bTQM/BM;

b+Q`2 i?`Qm;? � /�i� �HB;MK2Mi T`Q+2bb BM r?B+? 2p2`v T2`7Q`K�M+2 MQi2 Bb K�i+?2/ iQ �

K�`FBM; BM i?2 b+Q`2X :Bp2M i?2 ?B;?Hv /vM�KB+ M�im`2 Q7 KmbB+�H T2`7Q`K�M+2- Bi Bb � MQM@

i`BpB�H i�bF iQ `mM i?Bb �HB;MK2Mi T`Q+2bb 7Q` � b2i Q7 b+Q`2b �M/ T2`7Q`K�M+2b- 2bT2+B�HHv B7

i?2 i�bF Bb T2`7Q`K2/ #v K�Mm�H ?mK�M �MMQi�iBQMX h?2`2 2tBbi K2i?Q/b 7Q` #Qi? K�Mm�H

�M/ �miQK�iB+ �HB;MK2MiX .m2 iQ i?2 iBK2@+QMbmKBM; M�im`2 Q7 K�Mm�H �HB;MK2Mi �M/ i?2

M22/ 7Q` H�`;2 /�i� b2ib iQ #mBH/ ?B;?2` [m�HBiv KQ/2Hb- �miQK�iB+ �HB;MK2Mi �H;Q`Bi?Kb �`2

�M �+iBp2 `2b2�`+? �`2�X �M 2t�KTH2 �HB;MK2Mi Bb b?QrM BM 6B;m`2 kX9X

kXjXR 1tBbiBM; .�i� a2ib

PM2 Q7 i?2 T`Q#H2Kb 7�+BM; 1JS �M/ JA_ Bb i?2 H�+F Q7 ?B;?@[m�HBiv �M/ H�`;2@b+�H2 /�i�b2ib (8)X

h?2 #B;;2bi ?BM/`�M+2 BM /�i� ;�i?2`BM; Bb i?�i KQbi Q7 i?2 KmbB+�H /�i� �p�BH�#H2 QM i?2

BMi2`M2i Bb BM i?2 7Q`K Q7 `�r �m/BQX �b r2 ?�p2 TQBMi2/ Qmi- T`Q+2bbBM; �m/BQ /�i� 7Q` Km@
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6B;m`2 kX9, h?2 iQT irQ BK�;2b �`2 TB�MQ `QHH `2T`2b2Mi�iBQMb Q7 i?2 7B`bi K2�bm`2 Q7 "�+?Ƕb
S`2Hm/2 BM * JBMQ` "qo 39d- `2+Q`/2/ BM JA.AX �HbQ b?QrM Bb � b+Q`2 Q7 i?2 b�K2 +QKTQbB@
iBQMX h?2 7B`bi T2`7Q`K�M+2 Bb �HB;M2/ iQ i?2 b2+QM/ T2`7Q`K�M+2X h?2 b2+QM/ T2`7Q`K�M+2 Bb
�HB;M2/ iQ i?2 b+Q`2X LQiB+2 i?2 K�`F2/ /B772`2M+2 BM i2KTQ #2ir22M i?2 irQ T2`7Q`K�M+2bX
h?2b2 2t�KTH2 T2`7Q`K�M+2b BHHmbi`�i2 r?v b+Q`2 iQ T2`7Q`K�M+2 �HB;MK2Mi Bb M2+2bb�`vX
.B772`2Mi T2`7Q`K�M+2b Q7 i?2 b�K2 b+Q`2 +�M bB;MB7B+�MiHv p�`v BM i?2B` MQi2 QMb2i- MQi2
/m`�iBQM- �M/ MQi2 p2HQ+Biv p�Hm2bX �b bm+?- Bi Bb M2+2bb�`v iQ +`2�i2 �M �HB;MK2Mi #2ir22M
2p2`v T2`7Q`K�M+2 �M/ Bib +Q``2bTQM/BM; b+Q`2X
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bB+�HHv TH�mbB#H2 Tm`TQb2b Bb /B77B+mHi +QKT�`2/ iQ Qi?2` #2ii2`@bmBi2/ 7Q`K�ibX q?BH2 � 7�B`

�KQmMi Q7 JmbB+sJG �M/ JA.A /Q2b 2tBbi- Bi Bb `2H�iBp2Hv bK�HH +QKT�`2/ iQ i?2 �KQmMi

Q7 �m/BQ /�i�X

q2 /`�r � +QKT�`BbQM iQ i?2 /�i� mb2/ BM LGS `2b2�`+?- r?2`2 i2tim�H /�i� Bb �M�HQ;Qmb iQ

JmbB+sJG �M/ JA.A- �M/ bT22+? �m/BQ Bb �M�HQ;Qmb iQ KmbB+�H �m/BQX PM2 Q7 i?2 `2�bQMb

LGS ?�b #22M �#H2 iQ �/p�M+2 Bib T`Q;`2bb BM i?2 H�bi 72r /2+�/2b Bb i?2 K�bbBp2 �KQmMi

Q7 `2�/BHv �p�BH�#H2 i2tim�H /�i� QM i?2 BMi2`M2iX A7 KQbi �p�BH�#H2 i2ti /�i� ?�/ iQ #2

2ti`�+i2/ 7`QK �m/BQ- Bi rQmH/ #2 bB;MB7B+�MiHv KQ`2 +?�HH2M;BM; iQ /2p2HQT LGS bvbi2Kb

�M/ �TTHB+�iBQMbX am+? Bb i?2 +�b2 rBi? JA_ `2b2�`+? /�i�X L2p2`i?2H2bb- i?2`2 ?�b #22M �

`2+2Mi 277Q`i iQ ;�i?2` H�`;2@b+�H2 [m�HBiv /�i� BM JA_X q2 T`2b2Mi bQK2 Q7 i?2b2 /�i�b2ib �b

i?2v �`2 `2H2p�Mi iQ 1JSX

h?2`2 �`2 MQ`K�HHv i?`22 `2[mB`2/ +QKTQM2Mib 7Q` � 1JS /�i�b2iX

RX a+Q`2b Umbm�HHv BM i?2 7Q`K Q7 JmbB+sJGV

kX S2`7Q`K�M+2b Umbm�HHv BM i?2 7Q`K Q7 JA.AV

jX J2i�/�i� �#Qmi i?2 K�i+?BM; �HB;MK2Mi #2ir22M i?2 b+Q`2 �M/ T2`7Q`K�M+2X

a+Q`2 /�i� Bb ;�i?2`2/ #v 7BM/BM; `2�/BHv �p�BH�#H2 JmbB+sJG 7BH2b 7`QK QT2M bQm`+2 bQ7ir�`2

T`QD2+ib r?B+? +QMi�BM KmbB+ i?�i Bb BM i?2 Tm#HB+ /QK�BM Ur?B+? �HH r2bi2`M +H�bbB+�H KmbB+

BbV9- Q` #v mbBM; PTiB+�H JmbB+ _2+Q;MBiBQM UPJ_V iQ �miQK�iB+�HHv b+�M T�T2` b?22i KmbB+

BMiQ � /B;Bi�H 7Q`K 7QHHQr2/ #v K�Mm�H +Q``2+iBQMb r?2`2 M22/2/X JA.A T2`7Q`K�M+2b +�M

QMHv #2 `2+Q`/2/ r?2M � T2`7Q`K2` mb2b �M BMbi`mK2Mi +QKT�iB#H2 rBi? i?2 JA.A T`QiQ+QHX

�Hi?Qm;? i?2`2 �`2 K�Mv /B;Bi�H TB�MQ F2v#Q�`/b rBi? i?Bb +QK#�#BHBiv- b2KB@T`Q72bbBQM�H �M/

T`Q72bbBQM�H TB�MBbib T`BK�`BHv TH�v QM �+QmbiB+ TB�MQbX aQK2 +QKTmi2`@+QMi`QHH2/ �+QmbiB+
9Jmb2a+Q`2 Bb i?2 KQbi +QKKQMX h?2 AMi2`M�iBQM�H JmbB+ a+Q`2 GB#`�`v S`QD2+i Bb �HbQ +QKKQMHv mb2/X
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TB�MQb +�M `2+Q`/ JA.A T2`7Q`K�M+2- bm+? �b i?2 u�K�?� .BbFH�pB2` �M/ i?2 QH/2` "Qb2M/Q`@

72` *1la bvbi2KX h?2`27Q`2- JA.A /�i� Q7 T`Q72bbBQM�H TB�MQ T2`7Q`K�M+2 ?�b ?BbiQ`B+�HHv

#22M HBKBi2/ iQ T2`7Q`K�M+2b QM i?2b2 TB�MQ bvbi2KbX

h?2`2 Bb MQ bi�M/�`/Bx2/ K2i?Q/ 7Q` b+Q`2@iQ@T2`7Q`K�M+2 �HB;MK2Mi K2i?Q/b �M/ /�i�

`2T`2b2Mi�iBQMbX 1�+? /�i�b2i T`2b2Mib Bib QrM �HB;MK2Mi K2i?Q/ �b r2HH �b i?2 K2i�/�i�

i?�i `2T`2b2Mib i?2 �HB;MK2MiX

hQ T`QpB/2 +QMi2ti 7Q` i?2 T`Q;`2bbBQM Q7 /�i� mb2/ BM 1JS ;2M2`�iBQM- r2 rBHH BMi`Q/m+2 �M

QH/2` /�i�b2i mb2/ BM 1JS `2b2�`+?- i?2 J�;�HQ77 *Q`TmbX q2 i?2M /2b+`B#2 � Km+? H�`;2`

b+�H2 /�i�b2i- i?2 SB�MQ@2@+QKT2iBiBQM- r?B+? ?�b `2+2MiHv #22M �/�Ti2/ 7Q` 1JS ;2M2`�iBQM

mb2X *�M+BMQ@*?�+ƦM 2i �HX (8) ;Bp2 � 7mHH Qp2`pB2r Q7 /�i�b2ib mb2/ BM 1JS ;2M2`�iBQMX

J�;�HQ77 *Q`Tmb

LBFBi� J�;�HQ77 r�b � _mbbB�M TB�MBbi FMQrM 7Q` ?Bb T2`7Q`K�M+2 +v+H2b Q7 *?QTBMǶb 2MiB`2

rQ`Fb 7Q` i?2 bQHQ TB�MQX AM QM2 Q7 ?Bb 7BM�H +v+H2b Q7 T2`7Q`K�M+2b `2+Q`/2/ BM RN3N- ?2

TH�v2/ QM � "Qb2M/Q`72` a1 +QKTmi2`@+QMi`QHH2/ TB�MQX 6HQbbK�MM 2i �HX (Rj) Q#i�BM2/ bT2+B�H

T2`KBbbBQM iQ �++2bb i?2 JA.A /�i� 7`QK i?Bb T2`7Q`K�M+2 +v+H2X h?2v ;�i?2`2/ b+Q`2 /�i�

mbBM; PJ_ rBi? K�Mm�H +Q``2+iBQMb r?2`2 M22/2/X h?2 �HB;MK2Mi K2i?Q/ Q7 :`�+?i2M (Rd)

r�b mb2/ iQ T`Q/m+2 i?2 MQi2@K�i+?BM; �MMQi�iBQMb- �HQM; rBi? K�Mm�H +Q``2+iBQMbX h?2

/�i�b2i +QMi�BMb Qp2` Ry ?Qm`b Q7 TH�vBM;- R8y +QKTQbBiBQMb- �M/ Qp2` jky-yyy T2`7Q`K2/

MQi2bX h?2 +Q`Tmb- ?Qr2p2`- Bb MQi Tm#HB+Hv �p�BH�#H2 �M/ ?�b QMHv #22M mb2/ BM `2b2�`+?

#v 6HQbbK�MM 2i �HX (Rj) �M/ +QHH2�;m2b (RR)X
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SB�MQ@2@+QKT2iBiBQM

�b ?�b #22M /Bb+mbb2/- i?2`2 Bb � H�`;2 Tmb? BM KQ/2`M JA_ iQ T`Q/m+2 ?B;?@[m�HBiv H�`;2

/�i�b2ibX �i i?2 ?2�`i Q7 i?Bb `2b2�`+? BM JA_ Bb i?2 SB�MQ@2@+QKT2iBiBQMX ai�`i2/ BM kyyk-

Bi Bb �M BMi2`M�iBQM�H TB�MQ +QKT2iBiBQM i?�i �ii`�+ib bQK2 Q7 i?2 T`QKBbBM; mT �M/ +QKBM;

KmbB+B�Mb �i #Qi? i?2 b2MBQ` �M/ DmMBQ` H2p2H (R)X 1p2`v T2`7Q`K�M+2 7`QK i?2 +QKT2iBiBQM

Bb TH�v2/ QM � u�K�?� .BbFH�pB2` �M/ Bb `2+Q`/2/ BM #Qi? JA.A �M/ �m/BQX .m2 iQ i?2 /�i�

b2iǶb bBx2 �M/ �p�BH�#BHBiv- Bi Bb +QKKQMHv mb2/ BM JA_ `2b2�`+?X h?2`2 2tBbi b2p2`�H /B772`2Mi

�/�Ti�iBQMb Q7 i?2 Q`B;BM�H /�i� i?�i �`2 bT2+B7B+ iQ T�`iB+mH�` `2b2�`+? Tm`TQb2bX

h?2 7B`bi Q7 i?2b2 Bb i?2 J�1ah_P UJB/B �M/ �m/BQ 1/Bi2/ 7Q` avM+?`QMQmb h_�+Fb �M/

P`;�MBx�iBQMV /�i�b2iX >�ri?Q`M2 2i �HX (ky) BMi`Q/m+2 i?2 J�1ah_P /�i�b2i- r?B+?

T`2b2Mib #Qi? JA.A �M/ �m/BQ /�i� 7`QK i?2 SB�MQ@2@+QKT2iBiBQM BM � +�MQMB+�H �M/ 2�b@

BHv �++2bbB#H2 7Q`KX h?2 /�i�b2i r�b 7B`bi mb2/ iQ #mBH/ � +QKTH2i2 KmbB+�H �M�HvbBb �M/

;2M2`�iBQM T`Q+2bb 7`�K2rQ`F M�K2/ r�pkKB/Bkr�p2X h?Bb 7`�K2rQ`F BM+Hm/2b � KmbB+�H

i`�Mb+`BTiBQM T`Q+2bb (RN) 7`QK `�r �m/BQ iQ KB/B Ur�pkKB/BV- � /B`2+i KmbB+�H +QKTQbB@

iBQM �M/ T2`7Q`K�M+2 ;2M2`�iBQM KQ/2H U+�M #2 b22M �b i?2 KB/B Q` KB/BkKB/B T�`i Q7 i?2

r�pkKB/Bkr�p 7`�K2rQ`FV (kR)8- �M/ � bvMi?2bBb KQ/2H i?�i i�F2b JA.A �M/ ;2M2`�i2b `�r

�m/BQ (jy) UKB/Bkr�pVX h?2 J�1ah_P /�i�b2i Bb i?2 KQbi +QKKQMHv mb2/ 7Q`K Q7 i?2

SB�MQ@2@+QKT2iBiBQM /�i�X

h?2 SB�MQ@2@+QKT2iBiBQM �HbQ 7Q`Kb i?2 #�bBb 7Q` � /�i� +QHH2+iBQM- r?B+? r2 rBHH `272` iQ

�b i?2 E�Aah /�i�b2ieX h?2 SB�MQ@2@+QKT2iBiBQM /�i�b2i Bib2H7 /Q2b MQi T`QpB/2 �Mv b+Q`2

/�i� �#Qmi �Mv Q7 i?2 +QKTQbBiBQMb mb2/ BM T2`7Q`K�M+2X h?2 E�Aah /�i�b2i r�b +`2�i2/

bT2+B7B+�HHv 7Q` �M 1JS ;2M2`�iBQM bvbi2K- �M/ i?2`27Q`2 M22/b b+Q`2 /�i� 7Q` 2p2`v T2`7Q`@
8h?Bb KQ/2H /B`2+iHv ;2M2`�i2b JA.A 7BH2b rBi?Qmi mbBM; b+Q`2bX Ai bBKmHi�M2QmbHv ;2M2`�i2b � +QKTQbBiBQM

�M/ T2`7Q`K�M+2X h?Bb /B`2+i ;2M2`�iBQM Bb � K2`;BM; Q7 i?2 irQ b2T�`�i2 i�bFb BMiQ QM2 �b b?QrM BM 6B;m`2
kXRX

eq2 i�F2 i?2 M�K2 7`QK i?2 E�Aah :`�/m�i2 a+?QQH Q7 h2+?MQHQ;v- r?B+? i?2 `2b2�`+?2`b r?Q +`2�i2/
i?2 /�i�b2i rQ`F 7Q`X
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K�M+2 `2+Q`/2/ BM JA.AX h?Bb b+Q`2 /�i� r�b +QHH2+i2/ #v C2QM; 2i �HX (kj) #v /QrMHQ�/BM;

JmbB+sJG 7BH2b QMHBM2- KQbiHv 7`QK Jmb2a+Q`2X PM iQT Q7 ;�i?2`BM; i?2 b+Q`2 /�i� 7Q`

�HH T2`7Q`K�M+2b BM i?2 SB�MQ@2@+QKT2iBiBQM- C2QM; 2i �HX (kj) `mM i?2 �miQK�iB+ b+Q`2@iQ@

T2`7Q`K�M+2 �HB;MK2Mi �H;Q`Bi?K Q7 L�F�Km`� 2i �HX (k3) iQ T`QpB/2 K2i�/�i� �#Qmi i?2

�HB;MK2Mi #2ir22M 2�+? b+Q`2 �M/ T2`7Q`K�M+2X �miQK�iB+ b+Q`2@iQ@T2`7Q`K�M+2 �HB;MK2Mi

Bb 2``Q`@T`QM2- 2bT2+B�HHv BM i?2 +�b2 Q7 T2`7Q`K�M+2 KBbi�F2bdX �b � `2bmHi- bQK2 T2`7Q`K�M+2

MQi2b �`2 MQi �HB;M2/ iQ i?Qb2 BM � b+Q`2X .m2 iQ i?2 TQbbB#BHBiv 7Q` 2``Q` BM �miQK�iB+ �HB;M@

K2Mi- C2QM; 2i �HX (kj) �HbQ �// �//BiBQM�H K�Mm�H �M/ ?2m`BbiB+ +Q``2+iBQMb iQ i?2 �HB;MK2Mi

r?2`2 M22/2/X

Pi?2` i?�M i?2 /Bb+`2T�M+v BM b+�H2- i?2 KQbi bB;MB7B+�Mi /B772`2M+2 #2ir22M i?2 E�Aah

/�i�b2i �M/ i?2 J�;�HQ77 +Q`Tmb Bb i?�i i?2 E�Aah /�i�b2i +QMi�BMb KmHiBTH2 T2`7Q`K�M+2b

7Q` i?2 b�K2 b+Q`2X AM +QMi`�bi- i?2 J�;�HQ77 *Q`Tmb ?�b � R@R K�TTBM; #2ir22M � b+Q`2

�M/ T2`7Q`K�M+2X h?2 E�Aah /�i�b2i ?�b kke b+Q`2b �+`Qbb Re /B772`2Mi +QKTQb2`b- `Qm;?Hv

eey-yyy b+Q`2 MQi2b- �M/ �`QmM/ j-8yy-yyy T2`7Q`K�M+2 MQi2bX h?2 MmK#2` Q7 K�i+?2/

T2`7Q`K�M+2 MQi2b Bb i2M iBK2b H�`;2` i?�M i?2 J�;�HQ77 *Q`Tmb- �M/ �HH /�i� Bb Tm#HB+Hv

�p�BH�#H23X

h?2 �HB;M2/ a+Q`2b �M/ S2`7Q`K�M+2b U�a�SV /�i�b2i (R9) Bb � `2+2Mi �/�Ti�iBQM Q7 #Qi? i?2

E�Aah /�i�b2i �M/ i?2 J�1ah_P /�i�b2iX Ai mb2b i?2 JmbB+sJG 7BH2b 7`QK i?2 E�Aah

/�i�b2i- �m/BQ 7`QK i?2 J�1ah_P /�i�b2i- �M/ JA.A 7BH2b 7`QK #Qi? bQm`+2b 2ti`�+i2/ 7`QK

i?2 +QKKQM Q`B;BM Q7 i?2 SB�MQ@2@+QKT2iBiBQMX Ai T`QpB/2b �//BiBQM�H �HB;MK2Mi K2i�/�i�

7Q` #Qi? JA.A �M/ �m/BQ �M/ KQ`2 K�Mm�H +Q``2+iBQM BM i?2 JmbB+sJG b+Q`2 7BH2bX �Hi?Qm;?

i?2 Tm`TQb2 Q7 i?2 �a�S /�i�b2i Bb 7Q` �miQK�iB+ JmbB+ h`�Mb+`BTiBQM U�JhVN Bi Bb Dmbi

�b 2[m�HHv #2M27B+B�H 7Q` 1JS ;2M2`�iBQMX hQ Qm` FMQrH2/;2- Bi ?�b MQi b22M �M �TTHB+�iBQM
d� KBbi�F2 BM i?2 T2`7Q`K�M+2 `2bmHib BM � T2`7Q`K�M+2 MQi2 ?�pBM; MQ +Q``2+i K�i+? rBi? � b+Q`2 MQi2X
3h?2 /�i�b2i Bb QT2M bQm`+2/ �i ?iiTb,ff;Bi?m#X+QKfK�+@K�`;@TB�MBbif+?QTBMn+H2�M2/X
N�Jh Bb i?2 i�bF Q7 i`�Mb+`B#BM; � b+Q`2 7`QK � T2`7Q`K�M+2 U2Bi?2` BM �m/BQ Q` JA.A 7Q`KVX �Jh Bb

i?2 ǳQTTQbBi2Ǵ Q7 1JSX Ai K�Tb � T2`7Q`K�M+2 iQ � b+Q`2 BMbi2�/ Q7 � b+Q`2 iQ T2`7Q`K�M+2X
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BM �Mv 1JS ;2M2`�iBQM i�bFX �Hi?Qm;? Bi Bb K�BMHv bBKBH�` iQ i?2 E�Aah /�i�b2i- i?2

BKTHB+�iBQMb Q7 Bib 2ti2MbBQMb �`2 mM/2i2`KBM2/ BM 1JS `2b2�`+?X

kX9 S2`7Q`K�M+2 1p�Hm�iBQM

1p�Hm�iBQM Bb �M 2bb2MiB�H +QKTQM2Mi Q7 /2p2HQTBM; JG KQ/2HbX � KQ/2HǶb 2p�Hm�iBQM Bb �

K2�bm`2 Q7 Bib [m�HBiv �M/ b2`p2b �b � #2M+?K�`F i?�i +�M #2 +QKT�`2/ iQ Qi?2` KQ/2Hb BM

i?2 b�K2 /QK�BMX .m2 iQ i?2 BM?2`2MiHv bm#D2+iBp2 M�im`2 Q7 KmbB+ �M/ KmbB+�H T2`7Q`K�M+2

/Bb+mbb2/ BM +?�Ti2` R- 2p�Hm�iBQM Bb MQiQ`BQmbHv /B77B+mHi iQ mM/2`bi�M/ �M/ /27BM2 +Q``2+iHv

7Q` 1JS ;2M2`�iBQM KQ/2Hb (8)X

h?2 2p�Hm�iBQM Q7 +QKTmi�iBQM�H KQ/2Hb- bT2+B7B+�HHv 7Q` 1JS KQ/2Hb- Bb ivTB+�HHv +�i2;Q@

`Bx2/ BM irQ r�vb, [m�MiBi�iBp2 �M/ [m�HBi�iBp2 2p�Hm�iBQMX Zm�MiBi�iBp2 2p�Hm�iBQM K2i?Q/b

T`Q/m+2 MmK2`B+�H K2i`B+b- r?B+? �`2 +QKTmi�iBQM�HHv ;2M2`�i2/ �M/ /2i2`KBMBbiB+- iQ /27BM2

�M/ K2�bm`2 � KQ/2HǶb [m�HBivX am+? 2p�Hm�iBQMb �`2 +QMbB/2`2/ iQ #2 �M ǳQ#D2+iBp2Ǵ K2�bm`2

Q7 [m�HBiv- ;Bp2M i?�i i?2v /Q MQi ?�p2 �Mv `2HB�M+2 QM ?mK�M Dm/;K2MiX Zm�HBi�iBp2 2p�Hm�@

iBQM K2i?Q/b BMpQHp2 ?mK�M 722/#�+F �M/ �bb2bbK2Mi- Q7i2M T`2b2Mi2/ BM bQK2 bi�M/�`/Bx2/

bi�iBbiB+�H K2�bm`2bX Zm�HBi�iBp2 K2i?Q/b �`2 MQi �b +QMbBbi2Mi �M/ KQ`2 +?�HH2M;BM; iQ `2@

T`Q/m+2- ;Bp2M i?2 `2HB�M+2 QM ?mK�M HBbi2M2`bǶ bm#D2+iBp2 722/#�+FX h?2`27Q`2- [m�MiBi�iBp2

2p�Hm�iBQM K2i?Q/b �`2 i`�/BiBQM�HHv T`272``2/ Qp2` [m�HBi�iBp2 #2+�mb2 Q7 i?2B` +QMbBbi2M+v

�M/ `2HB�#BHBivX >Qr2p2`- BM KmbB+ ;2M2`�iBQM KQ/2Hb- [m�HBi�iBp2 2p�Hm�iBQM K2i?Q/b K�v

#2 KQ`2 `2H2p�Mi #2+�mb2 Q7 KmbB+Ƕb ?B;?Hv bm#D2+iBp2 M�im`2X 6BM/BM; bmBi�#H2 2p�Hm�iBQM

K2i?Q/b Bb �M �+iBp2 �`2� Q7 `2b2�`+? BM 1JS (8)- �M/ �b r2 rBHH b22 BM H�i2` +?�Ti2`b- M22/b

bB;MB7B+�Mi BKT`Qp2K2MiX
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Zm�MiBi�iBp2 1p�Hm�iBQM

a2p2`�H /B772`2Mi K2i`B+b �`2 +QKKQMHv mb2/ BM i?2 2p�Hm�iBQM T`Q+2bb- �HH Q7 r?B+? �`2 bT2+B7B+

iQ i?2 /�i� ivT2 �M/ KQ/2H T`Q#H2K /QK�BMX Pm` KQ/2H- r?B+? r2 +Qp2` BM +?�Ti2` 8- Bb

� `2;`2bbBQM KQ/2HX q2 T`2b2Mi bQK2 bi�M/�`/ K2i`B+b mb2/ iQ 2p�Hm�i2 `2;`2bbBp2 1JS

KQ/2HbX

h?2 irQ +QKKQM K2i`B+b mb2/ 7Q` 2p�Hm�iBQM �M/ `2;`2bbBQM �`2 J2�M@a[m�`2/@1``Q` UJa1V

�M/ i?2 *Q277B+B2Mi Q7 .2i2`KBM�iBQM U+QKKQMHv �##`2pB�i2/ �b ԇϵVX Ja1 Bb mb2/ iQ K2�bm`2

i?2 /B772`2M+2 #2ir22M � T`2/B+iBQM �M/ �M �+im�H Q#b2`p2/ i�`;2i p�Hm2 �M/ Bb /2MQi2/ �b

ԂԈӺ � �ԝ ։ంք�φ	Ԏք ਷ ࣞԎք
ϵ

r?2`2 Ԏք Bb i?2 Q#b2`p2/ p�Hm2 �i iBK2 bi2T Ԙ- �M/ ࣞԎք Bb i?2 T`2/B+i2/ p�Hm2X ԇϵ Bb � K2�bm`2

Q7 i?2 HBM2�` +Q``2H�iBQM #2ir22M p�`B�#H2b ԍ �M/ Ԏ- �M/ Bb /2MQi2/ �b

ᅻչӴպ � ԒԞԥ	ԍ
 Ԏ 
ᅼչᅼպ
r?2`2 ԒԞԥ BM/B+�i2b +Qp�`B�M+2 �M/ ᅼ BM/B+�i2b bi�M/�`/ /2pB�iBQMX

Zm�HBi�iBp2

Zm�HBi�iBp2 2p�Hm�iBQM BM 1JS Bb KQbi Q7i2M +QM/m+i2/ #v T`2b2MiBM; +QKTmi�iBQM�HHv ;2M2`@

�i2/ T2`7Q`K�M+2 iQ ?mK�M HBbi2M2`b �M/ ;�i?2`BM; 722/#�+F �M/ Dm/;K2MiX �Hi?Qm;? i?2`2

?�p2 #22M 277Q`ib iQ bi�M/�`/Bx2 i?Bb 2p�Hm�iBQM T`Q+2bb- i?2 [m�HBi�iBp2 2p�Hm�iBQM K2i?@

Q/b Q7 /B772`2Mi 1JS KQ/2Hb bB;MB7B+�MiHv p�`vX h?2 H�+F Q7 +QMbBbi2M+v BM i?2 2p�Hm�iBp2

K2i?Q/b K�F2b `2T`Q/m+BM; 2tT2`BK2Mi `2bmHib /B77B+mHi BM 1JS `2b2�`+?X >Qr2p2`- Bi Bb

biBHH +QKKQMHv mb2/ iQ T`QpB/2 +QMi2ti iQ � KQ/2HǶb T2`7Q`K�M+2 i?�i Bb MQi T`2b2Mi 7`QK
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[m�MiBi�iBp2 K2i`B+bX

�Hi?Qm;? i?2 +QKT2iBiBQM MQ HQM;2` `mMb- i?2 S2`7Q`K�M+2 _2M/2`BM; *QMi2Mib U_2M+QMV (kd)

?�b #22M i?2 KQbi bB;MB7B+�Mi `2b2�`+? 277Q`i BM /2p2HQTBM; 1JS ;2M2`�iBQM [m�HBi�iBp2 2p�H@

m�iBQMX ai�`iBM; BM kyyk �M/ 2M/BM; bQK2iBK2 �`QmM/ kyRj (8)- _2M+QM r�b �M �MMm�HHv ?2H/

+QKT2iBiBQM i?�i T`QpB/2/ � r�v iQ +QKT�`2 1JS bvbi2Kb mbBM; bi�M/�`/Bx2/ 2p�Hm�iBQM

K2i?Q/bX aBKBH�`Hv iQ ?mK�M T2`7Q`K2`bǶ T2`7Q`K�M+2 +QKT2iBiBQM- Bi bm#D2+i2/ 2�+? +QM@

i2bi�Mi KQ/2HbǶ T2`7Q`K�M+2b iQ i?2 b�K2 HBbi2MBM; Dm/;2b �M/ Dm/;K2Mi `m#`B+X am#D2+iBM;

�HH KQ/2Hb iQ i?2 b�K2 ?mK�M Dm/;2b �M/ `m#`B+b �//b � ?B;?2` H2p2H Q7 +QM7B/2M+2 BM i?2

`2bmHiBM; 2p�Hm�iBQM #v `2/m+BM; i?2 TQi2MiB�H #B�b T`2b2Mi BM b2T�`�i2 2p�Hm�iBQMb UQ7i2M #v

i?2 b�K2 BMbiBimiBQM i?�i #mBHi i?2 KQ/2HV +QM/m+i2/ /m`BM; 2�+? KQ/2HǶb /2p2HQTK2MiX

�Hi?Qm;? i?2 _2M+QM 2p�Hm�iBQM K2i?Q/b +?�M;2/ 7`QK v2�` iQ v2�`- i?2v �HH 7QHHQr2/ i?2

b�K2 ;2M2`�H bi`m+im`2X hQ 2Mi2` i?2 +QKT2iBiBQM- +QMi2bi�Mib rQmH/ bm#KBi JA.A 7BH2b Q7

;2M2`�i2/ T2`7Q`K�M+2b #v i?2B` `2bT2+iBp2 KQ/2HbX h?2 +?QB+2 7Q` +QKTQbBiBQMb r�b mbm�HHv

`2bi`B+i2/ iQ � bK�HH b2i Q7 +QKTQb2`b- bm+? �b *?QTBM Q` JQx�`iX � u�K�?� .BbFH�pB2` r�b

i?2M mb2/ iQ +`2�i2 �M �+QmbiB+ `2M/2`BM; Q7 i?2 ;2M2`�i2/ JA.A 7BH2 TH�v2/ BM 7`QMi Q7 � b2i

Q7 Dm/;2bX h?2 Dm/;2bǶ K�F2mT mbm�HHv BM+Hm/2/ KmbB+�H 2tT2`ib rBi? p�`vBM; 2tT2`B2M+2X

h?2 Dm/;2b bm#KBii2/ � 722/#�+F bm`p2v i?�i rQmH/ `�i2 �bT2+ib Q7 T2`7Q`K�M+2 bm+? �b

ǳ`?vi?KB+ �++m`�+v-Ǵ ǳKmbB+�H bFBHH-Ǵ �M/ ǳQp2`�HH [m�HBiv-Ǵ �HQM; bQK2 bi�M/�`/ bi�iBbiB+�H

b+�H2X � rBMM2` r�b +?Qb2M �++Q`/BM; iQ i?2 Dm/;2Ƕb bm`p2v 2Mi`B2bX

�Hi?Qm;? _2M+QM /Q2b MQi +m``2MiHv ?QH/ +QKT2iBiBQMb- Bi 7Q`Kb i?2 #�bBb 7Q` K�Mv Q7 i?2

K2i?Q/b mb2/ BM i?2 [m�HBi�iBp2 2p�Hm�iBQM Q7 1JS KQ/2HbX h?2 ;2M2`�H K2i?Q/ Q7 T`2b2MiBM;

;2M2`�i2/ T2`7Q`K�M+2b iQ � b2i Q7 ?mK�M Dm/;2b iQ �bb2bb �++Q`/BM; iQ � bi�M/�`/ `m#`B+

Bb i?2 b�K2 �b i?�i Q7 i?2 _2M+QMX >Qr2p2`- i?2 2t�+i bm`p2v K2i?Q/QHQ;v �M/ i?2 Dm/;2bǶ

K�F2mT p�`B2b �+`Qbb 2�+? 2tT2`BK2Mi (kj- jd)- r?B+? BMi`Q/m+2b T`Q#H2Kb Q7 `2T`Q/m+B#BHBiv

�M/ #B�bX
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h?2`2 �`2 bQK2 K2i?Q/b Q7 [m�HBi�iBp2 2p�Hm�iBQM r?B+? /Q MQi 7QHHQr i?2 HBbi2MBM; i2bi

K2i?Q/ Q7 _2M+QMX h?2v mbm�HHv BMpQHp2 � KBtim`2 Q7 #Qi? +QKTmi�iBQM�H �M/ ?mK�M

�M�HvbBbX am+? K2i?Q/b K�v mb2 +QKTmi�iBQM iQ ;2M2`�i2 pBbm�HBx�iBQMb Q` 7BM/ T�ii2`Mb

BM T2`7Q`K�M+2 /�i�- r?B+? � `2b2�`+?2` i?2M BMi2`T`2ib BM � [m�HBi�iBp2 r�v (R3- k8- 9R)X

h?2`2 �`2 �HbQ KQ`2 BM7Q`K�H HBbi2MBM;@#�b2/ 2p�Hm�iBQM K2i?Q/b- BM r?B+? i?2 722/#�+F

;Bp2M #v i?2 HBbi2MBM; Dm/;2b 2tBbib MQi �b � bi�iBbiB+�H K2�bm`2 #mi �b ;2M2`�H 722/#�+F �M/

`2�+iBQM (jR)



*?�Ti2` j

"�+F;`QmM/, a2[m2M+2 JQ/2HBM;

AM i?2 7QHHQrBM; +?�Ti2`- r2 T`QpB/2 i?2 #�+F;`QmM/ �M/ +QMi2ti #2?BM/ i?2 +?QB+2 Q7 Qm`

KQ/2HX _2+m``2Mi L2m`�H L2irQ`Fb +m``2MiHv T`QpB/2 i?2 7QmM/�iBQM 7Q` bi�i2@Q7@i?2@�`i

1JS KQ/2HbX _2+2Mi /2p2HQTK2Mib BM M2m`�H b2[m2M+2 KQ/2HBM; KQp2 2MiB`2Hv �r�v 7`QK

_LLb �M/ iQr�`/ � M2r 7�KBHv Q7 �LL �`+?Bi2+im`2b- i?2 h`�Mb7Q`K2`X q?BH2 h`�Mb7Q`K2`b

?�p2 MQi b22M �TTHB+�iBQM BM 1JS ;2M2`�iBQM KQ/2Hb- i?2v �`2 i?2 7Q+mb Q7 Qm` rQ`FX

jXR a2[m2MiB�H .�i�

h?2 KQ/2HBM; Q7 b2[m2M+2 /�i� Bb � 7mM/�K2Mi�H �bT2+i Q7 KQ/2`M K�+?BM2 H2�`MBM;X a2@

[m2M+2 /�i� +QMbBbib Q7 BM/BpB/m�H /�i� TQBMib rBi? � `2H�iBQMb?BT iQ 2�+? Qi?2` �++Q`/BM; iQ

bQK2 bT2+B7B+ Q`/2` �M/ TQbBiBQM BM iBK2X � bBKTH2 2t�KTH2 Q7 b2[m2MiB�H /�i� Bb i?2 r2�i?2`-

r?B+? 7QHHQrb T`2/B+i�#H2 T�ii2`Mb �++Q`/BM; iQ i?2 iBK2 Q7 v2�`X �Hi?Qm;? Bi Bb /B77B+mHi iQ

T`2/B+i T`2+Bb2 r2�i?2` T�ii2`Mb mbBM; i?2 v2�` �HQM2- r2 +�M 2�bBHv 7Q`2+�bi ;2M2`�H r2�i?2`

T�ii2`Mb Ui2KT2`�im`2b rBHH �Hr�vb #2 r�`K2` BM i?2 bmKK2` i?�M BM i?2 rBMi2`VX

JmbB+�H /�i� Bb �HbQ 7mM/�K2Mi�HHv b2[m2MiB�H (9y) ;Bp2M i?�i r2 2tT2`B2M+2 KmbB+ �b 2p2Mib

i?�i ?�TT2M BM iBK2- �M/ i?2 `2H�iBQMb?BT Q7 bm+? 2p2Mib �++Q`/BM; iQ i?2B` TQbBiBQM BM iBK2

Bb T�`�KQmMi iQ i?2 T?2MQK2M� Q7 KmbB+�H 2tT2`B2M+2X G�M;m�;2 �M/ bT22+? 2t?B#Bi i?Bb

b�K2 T`QT2`iv- �M/ i?2 `2b2�`+? BM M�im`�H H�M;m�;2 T`Q+2bbBM; /`Bp2b Km+? Q7 i?2 `2b2�`+?

�/p�M+2 BM M2m`�H b2[m2MiB�H /�i� KQ/2HBM;X

ky
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a2[m2M+2 /�i� KQ/2HBM; Bb ivTB+�HHv +�i2;Q`Bx2/ BMiQ b2p2`�H /B772`2Mi i�bFbX S2`?�Tb i?2 KQbi

+QKKQM i�bF Bb b2[m2M+2 +H�bbB7B+�iBQM- r?B+? b22Fb iQ �bbB;M bQK2 b2[m2M+2 Q7 /�i� TQBMib

iQ � T�`iB+mH�` +H�bb Q7 /�i�X q?2M mbBM; `2�H@p�Hm2/ 72�im`2b- BMTmi /�i� Bb /27BM2/ �b �

b2[m2M+2 Q7 /�i� TQBMib ԍ � \ԧφ
 ԧϵ
 ԧϯ
 ���
 ԧ։^- r?2`2 2�+? /�i� TQBMi Bb �M Ԝ@/BK2MbBQM�H

p2+iQ` ԧք ୮ බֈX h?2 QmiTmi /�i� Bb � bBM;H2 p�Hm2 Ԩ ୮ ԁ r?2`2 ԁ Bb � b2i Q7 +H�bb H�#2HbX

� b2[m2M+2 +H�bbB7B+�iBQM KQ/2H Ӹ ੃ බ։੎ֈ ݂ ԁ rBHH i?2M K�T 7`QK �M BMTmi b2[m2M+2 ԍ
iQ � +H�bb H�#2H ԨX 1K�BH bT�K /2i2+iBQM �M/ ;2M`2 +H�bbB7B+�iBQM �`2 +QKKQM mb2 +�b2b Q7

b2[m2M+2 +H�bbB7B+�iBQM KQ/2Hb BM LGS �M/ JA_- `2bT2+iBp2HvX

1JS ;2M2`�iBQM Bb � KQ`2 +QKTHB+�i2/ T`Q+2bbX Ai BMpQHp2b K�TTBM; �M BMTmi b2[m2M+2

Ub+Q`2V iQ �MQi?2` QmiTmi b2[m2M+2 UT2`7Q`K�M+2VX q2 +�HH bm+? � i�bF � b2[m2M+2@iQ@

b2[m2M+2 Ub2[kb2[V KQ/2HX AM i?Bb +�b2 Qm` BMTmi /�i� ԍ Bb i?2 b�K2- #mi Qm` QmiTmi /�i�

Bb �HbQ /27BM2/ �b � b2[m2M+2 Q7 p2+iQ`b Ԏ � \Ԩφ
 Ԩϵ
 Ԩϯ
 ���
 Ԩ։ࣞ^- r?2`2 Ԩք ୮ බֈࣞX q2 +�M

i?2M /27BM2 � b2[kb2[ KQ/2H �b Ԉ ੃ බ։੎ֈ ݂ බ։ࣞ੎ֈࣞ r?B+? rBHH T`Q/m+2 �M QmiTmi b2[m2M+2 Ԏ
;Bp2M i?2 BMTmi b2[m2M+2 ԍX AM 1JS ;2M2`�iBQM- Ԝ Bb i?2 MmK#2` Q7 b+Q`2 72�im`2b- ԝ Bb i?2

MmK#2` Q7 BMTmi b+Q`2 MQi2b- Ԝࣞ Bb i?2 MmK#2` Q7 T2`7Q`K�M+2 72�im`2b- �M/ ԝࣞ i?2 MmK#2` Q7

QmiTmi T2`7Q`K�M+2 MQi2bX

jXk *�b2 aim/v, L2m`�H J�+?BM2 h`�MbH�iBQM

_LLb �M/ i?2B` +QKKQM �/�Ti�iBQMb �b �M GahJ ?�p2 ?BbiQ`B+�HHv #22M i?2 /27�mHi KQ/2HBM;

+?QB+2b 7Q` b2[m2MiB�H /�i� .22T G2�`MBM;RX >Qr2p2`- BM `2+2Mi v2�`b i?2 h`�Mb7Q`K2` (j3)

�`+?Bi2+im`2 KQ/2H ?�b QmiT2`7Q`K2/ _LLb BM K�Mv i�bFb �M/ Bb #2+QKBM; i?2 /2@7�+iQ

bi�M/�`/ 7Q` b2[m2MiB�H /�i� KQ/2HBM; BM KQ/2`M J�+?BM2 G2�`MBM; (9- 3)X hQ T`QpB/2 +QMi2ti

7Q` i?2 h`�Mb7Q`K2`Ƕb Q`B;BM- r2 rBHH QmiHBM2 i?2 ?BbiQ`B+�H T`Q;`2bb Q7 �M LGS i�bF FMQrM �b
R6Q` i?2 b�F2 Q7 #`2pBiv- r2 /Q MQi T`QpB/2 i?2 /2i�BH2/ K�i?2K�iB+�H /27BMBiBQM 7Q` _LLb ?2`2 �M/ `272`

iQ i?2 `2�/2` iQ :QQ/72HHQr 2i �HX (Re)X



kk *>�Sh1_ jX "�*E:_PlL., a1Zl1L*1 JP.1GAL:

M2m`�H K�+?BM2 i`�MbH�iBQM ULJhVX

J�+?BM2 i`�MbH�iBQM UJhV Bb i?2 i�bF Q7 +QKTmi�iBQM�HHv i`�MbH�iBM; QM2 M�im`�H H�M;m�;2 iQ

�MQi?2`kX h`�/BiBQM�H Jh bvbi2Kb `2HB2/ QM +QKTHB+�i2/ `mH2 b2ib �M/ /2+Q/BM; �H;Q`Bi?Kb

biBi+?2/ iQ;2i?2` iQ +`2�i2 � bi�iBbiB+�H KQ/2H FMQrM �b � bi�iBbiB+�H K�+?BM2 i`�MbH�iBQM

UaJhV bvbi2KX _�i?2` i?�M �M �K�H;�K�iBQM Q7 b2p2`�H /B772`2Mi bvbi2Kb /2p2HQT2/ BM/2@

T2M/2MiHv- LJh bvbi2Kb �`2 i`�BM2/ 2M/@iQ@2M/ rBi? � bBM;H2 �LL �`+?Bi2+im`2 �M/ bB;MB7B@

+�MiHv `2/m+2 i?2 +QKTH2tBiv Q7 #mBH/BM; Jh KQ/2HbX LJhb �`2 b2[kb2[ KQ/2Hb �M/ ivTB+�HHv

QT2`�i2 #v i`�MbH�iBM; � bBM;H2 b2Mi2M+2 �i � iBK2X

PM2 Q7 i?2 +?�HH2M;2b BM #mBH/BM; Jh bvbi2Kb Bb i?�i i?2 bQm`+2 �M/ i�`;2i b2Mi2M+2b �`2

Q7i2M MQi i?2 b�K2 H2M;i?b Ĝ ԝ ଈ ԝࣞ BM Qm` /27BMBiBQM Q7 b2[kb2[ KQ/2Hb ;Bp2M BM b2+iBQM jXRX

LJh i`�MbH�iBQM bvbi2Kb mb2 r?�i Bb FMQrM �b �M 2M+Q/2`@/2+Q/2` �`+?Bi2+im`2 iQ �//`2bb

i?2 p�`B�#H2@H2M;i? BMTmi �M/ QmiTmi b2[m2M+2bX 6`QK � T`Q#�#BHBbiB+ T2`bT2+iBp2- i?2 DQ#

Q7 i?2 2M+Q/2`@/2+Q/2` �`+?Bi2+im`2 Bb iQ KQ/2H i?2 +QM/BiBQM�H T`Q#�#BHBiv /Bbi`B#miBQM Q7 �

p�`B�#H2@H2M;i? QmiTmi b2Mi2M+2 Ԏ ;Bp2M � p�`B�#H2@H2M;i? BMTmi b2[m2M+2 ԍ- �b

ԅ	Ԩφ
 Ԩϵ
 ���Ԩ։]ԧφ
 ԧϵ
 ���
 ԧև
�
AM i?2 2M+Q/2`@/2+Q/2` �`+?Bi2+im`2- +�H+mH�iBQM Q7 i?2 /Bbi`B#miBQM Bb /2+QKTQb2/ BMiQ irQ

b2T�`�i2 KQ/2HbX h?2 2M+Q/2`Ƕb DQ# Bb iQ `2�/ BM i?2 bQm`+2 b2[m2M+2 �M/ 7BM/ � ;QQ/

`2T`2b2Mi�iBQM- Q` 2M+Q/BM;- Q7 i?�i b2[m2M+2X AM i?2 Q`B;BM�H 7Q`KmH�iBQM Q7 i?2 2M+Q/2`@

/2+Q/2` LJh �`+?Bi2+im`2- *?Q 2i �HX (d) T`2b2Mi i?Bb 2M+Q/BM; BM i?2 7Q`K Q7 � 7Bt2/ bBx2

p2+iQ` ԒX h?2 /2+Q/2` Bb �M �miQ`2;`2bbBp2 H�M;m�;2 KQ/2Hj- �M/ mb2b Ԓ �b � +QM/BiBQM iQ

k:QQ;H2 h`�MbH�i2 Bb QM2 bm++2bb7mH +QKK2`+B�H �TTHB+�iBQMX
j�miQ`2;`2bbBp2 KQ/2Hb �`2 b2[m2M+2@#�b2/ KQ/2Hb i?�i i�F2 �b BMTmi i?2 KQ/2HǶb QmiTmi �i T`2pBQmb iBK2

bi2TbX G�M;m�;2 KQ/2Hb �`2 BMbi�M+2b Q7 �miQ`2;`2bbBp2 KQ/2Hb i?�i �`2 +�T�#H2 Q7 ;2M2`�iBM; MQp2H i2tib Q7
p�`vBM; H2M;i?bX G�M;m�;2 KQ/2Hb +�M ;2M2`�i2 MQp2H i2ti 7`QK b+`�i+?- �Hi?Qm;? i?2v �`2 Q7i2M T`QKTi2/
rBi? 2tBbiBM; i2ti iQ r`Bi2 BM � T�`iB+mH�` bivH2 Q` QM � +2`i�BM bm#D2+iX
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;2M2`�i2 i?2 M2r b2Mi2M+2 BM i?2 i�`;2i H�M;m�;2X lbBM; i?Bb /2+QKTQbBiBQM- r2 +�M pB2r

i?2 /2+Q/2` �b +�H+mH�iBM; i?2 T`Q#�#BHBiv Q7 i?2 M2ti rQ`/ BM i?2 b2Mi2M+2 ;Bp2M �HH Q7 i?2

T`2pBQmb rQ`/b �M/ i?2 ?B//2M 2M+Q/BM; p2+iQ` (k)X h?Bb T`Q#�#BHBiv /Bbi`B#miBQM Bb ;Bp2M �b

ԅ	Ԏ 
 � ։ఃࣞ։�φ ԅ	Ԩք]Ԩφ
 Ԩϵ
 ���
 Ԩք਷φ
 Ԓ

h?2 _LL@#�b2/ 2M+Q/2`@/2+Q/2` KQ/2H Q7 *?Q 2i �HX (d) �+?B2p2/ bi�i2@Q7@i?2@�`i BM Jh- BK@

T`QpBM; mTQM i?2 `2bmHib Q7 aJh bvbi2KbX >Qr2p2`- i?2`2 Bb �M BM?2`2Mi HBKBi BKTQb2/ QM

i?2 bvbi2K 7Q` HQM; b2Mi2M+2bX *?Q 2i �HX (d) b?Qr i?�i i?2 T2`7Q`K�M+2 Q7 � #�bB+ 2M+Q/2`@

/2+Q/2` KQ/2H /2i2`BQ`�i2b `�TB/Hv �b i?2 H2M;i? Q7 �M BMTmi b2Mi2M+2 BM+`2�b2bX hQ �++QmMi 7Q`

i?Bb- "�?/�M�m 2i �HX (k) T`2b2Mi i?2 7QmM/�iBQMb 7Q` r?�i ?�b #2+QK2 FMQrM �b i?2 �ii2MiBQM

K2+?�MBbKX AMbi2�/ Q7 mbBM; � 7Bt2/@bBx2/ p2+iQ` 2M+Q/BM;- �ii2MiBQM �HHQrb i?2 /2+Q/2` KQ/2H

iQ b2�`+? 7Q` � b2i Q7 TQbBiBQMb BM i?2 bQm`+2 b2Mi2M+2 r?2`2 i?2 KQbi `2H2p�Mi BM7Q`K�iBQM

Bb +QM+2Mi`�i2/ �M/ mb2b i?Bb BM7Q`K�iBQM �b Bi ;2M2`�i2b i2ti BM i?2 i�`;2i H�M;m�;2X AM

bBKTH2` i2`Kb- i?2 /2+Q/2` ǳT�vb �ii2MiBQMǴ iQ i?2 bQm`+2 b2Mi2M+2Ƕb KQbi `2H2p�Mi rQ`/b iQ

7BM/ i?2 `B;?i i`�MbH�iBQM Q7 2p2`v rQ`/ �i 2�+? iBK2 bi2TX

_�i?2` i?�M mb2 � 7Bt2/@H2M;i? p2+iQ` �i 2p2`v iBK2 bi2T- i?2 /2+Q/2` Bb KQ/2H2/ �b 7QHHQrb

ԅ	Ԩ֏]Ԩφ
 Ԩϵ
 ���
 Ԩ֏਷φ
 ԍ
 � Ԗ	Ԩք਷φ
 Ԣք
 Ԓք

r?2`2 Ԗ Bb bQK2 MQM@HBM2�` TQi2MiB�HHv KmHiB@H�v2`2/ 7mM+iBQM i?�i QmiTmib i?2 T`Q#�#BHBiv

Q7 Ԩ֏ �M/ Ԣ ࣞ֏ Bb i?2 ?B//2M bi�i2 Q7 i?2 _LL �i iBK2 bi2T ԣX h?2 +QMi2ti p2+iQ`- Ԓք- mb2b

BM7Q`K�iBQM �#Qmi i?2 `2H�iBQMb?BT #2ir22M +2`i�BM rQ`/b BM i?2 bQm`+2 b2Mi2M+2 �M/ i?2

M2ti rQ`/ Ԩ֏ iQ #2 ;2M2`�i2/X h?2 +QMi2ti p2+iQ` 2M+Q/2b i?2 �ii2MiBQM r2B;?ib �TTHB2/ �i

2p2`v iBK2 bi2T Ԙ Ub22 "�?/�M�m 2i �HX (k) 7Q` i?2 7mHH /2b+`BTiBQM #2?BM/ i?Bb +QMi2ti p2+iQ`VX

lbBM; � +QMi2ti p2+iQ` �i 2p2`v iBK2 bi2T- i?2 KQ/2H Bb MQi `2bi`B+i2/ iQ � bBM;H2 7Bt@bBx2/
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p2+iQ` i?�i 2M+Q/2b i?2 bQm`+2 b2Mi2M+2X h?Bb �ii2MiBQM@#�b2/ KQ/2H �+?B2p2/ bi�i2 Q7 i?2

�`i `2bmHib BM LJh Qp2` i?2 Tm`2Hv __L #�b2/ 2M+Q/2`@/2+Q/2` KQ/2HX

aBM+2 i?2 BMi`Q/m+iBQM Q7 i?2 �ii2MiBQM K2+?�MBbK- Bi ?�b #22M mb2/ BM i�M/2K rBi? _LLb

�M/ Qi?2` .G KQ/2Hb iQ Tmb? bi�i2 Q7 i?2 �`i BM p�`BQmb b2[m2M+2@#�b2/ i�bFb- bm+? �b

Zm2biBQM �Mbr2`BM;- a2MiBK2Mi �M�HvbBb- �M/ S�`i@Q7@aT22+? i�;;BM; (e)X h?2`2 �`2 b2p2`�H

`2�bQMb 7Q` i?2 BM+`2�b2 BM T2`7Q`K�M+2X PM2 `2�bQM Bb i?�i �ii2MiBQM +�M #2ii2` KQ/2H �

b2[m2M+2Ƕb /2T2M/2M+B2b rBi?Qmi `2bT2+i iQ i?2 /Bbi�M+2 #2ir22M �Mv irQ 2H2K2Mib Ui?Bb

Bb � FMQrM HBKBi�iBQM Q7 _LLbV (j3)X lMiBH i?2 BMi`Q/m+iBQM Q7 i?2 h`�Mb7Q`K2` �`+?Bi2+@

im`2- �HKQbi �HH �TTHB+�iBQMb Q7 �ii2MiBQM r2`2 mb2/ BM +QMDmM+iBQM rBi? _LL@#�b2/ KQ/2HBM;

�`+?Bi2+im`2bX

jXj h`�Mb7Q`K2`b

h?2 h`�Mb7Q`K2` KQ/2H Bb �M �ii2MiBQM@QMHv M2m`�H M2irQ`F �`+?Bi2+im`2 /2bB;M2/ 7Q` b2@

[m2M+2 /�i� KQ/2HBM;X h?2 Q`B;BM�H h`�Mb7Q`K2` #v o�br�MB 2i �HX (j3) r�b #mBHi 7Q` LJh

�b �M 2M+Q/2`@/2+Q/2` KQ/2HX h?Bb h`�Mb7Q`K2` KQ/2H bB;MB7B+�MiHv �/p�M+2/ i?2 bi�i2@Q7@i?2@

�`i BM LJh �M/ ?�b bBM+2 #22M �TTHB2/ iQ K�Mv Qi?2` b2[m2M+2 KQ/2HBM; i�bFb- #Qi? BMbB/2

�M/ QmibB/2 LGSX

jXjXR �ii2MiBQM Bb �HH uQm L22/

"Qi? i?2 2M+Q/2` �M/ /2+Q/2` Q7 i?2 h`�Mb7Q`K2` �`+?Bi2+im`2 +QMbBbi Q7 � bi�+F Q7 ԃ H�v2`bX

1�+? H�v2` +QK#BM2b i?2 �ii2MiBQM K2+?�MBbK rBi? � bi�M/�`/ TQBMirBb2 7mHHv +QMM2+i2/ 722/@

7Q`r�`/ M2m`�H M2irQ`F U66LLVX h?2 2M+Q/2` H�v2` mb2b b2H7@�ii2MiBQM Ĝ �ii2MiBQM �TTHB2/ BM �

bBM;H2 b2[m2M+2 `�i?2` i?�M �ii2MiBQM #2ir22M �M BMTmi �M/ QmiTmi b2[m2M+2X AM b2H7@�ii2MiBQM-
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2�+? 2H2K2Mi BM i?2 b2[m2M+2 ǳT�vb �ii2MiBQMǴ iQ Qi?2` 2H2K2Mib BM i?2 b�K2 b2[m2M+2X

h?2 /2+Q/2` mb2b b2H7@�ii2MiBQM �b i?2 #�bBb 7Q` i?2 H�M;m�;2 KQ/2H �M/ �TTHB2b i?2 `2;mH�`

�ii2MiBQM K2+?�MBbK iQ i?2 QmiTmib 7`QK i?2 2M+Q/2` H�v2`bX h?2 h`�Mb7Q`K2` �`+?Bi2+im`2

Bb b?QrM BM 6B;m`2 jXRX h?Bb KQ/2H Bb +QM+2Tim�HHv bBKBH�` iQ i?2 _LL@#�b2/ �ii2MiBQM KQ/2H

Q7 "�?/�M�m 2i �HX (k) r?B+? mb2b i?2 �ii2MiBQM K2+?�MBbK iQ KQ/2H i?2 `2H�iBQMb?BT #2ir22M

i?2 2M+Q/2` �M/ /2+Q/2` #mi mb2b i?2 b2H7@�ii2MiBQM K2+?�MBbK BMbi2�/ Q7 �M _LL ?B//2M

bi�i2 iQ 7Q`K i?2 KQ/2HBM; #�bBb 7Q` #Qi? i?2 2M+Q/2` �M/ /2+Q/2`X

6B;m`2 jXR, h?Bb Bb � `2T`Q/m+iBQM Q7 i?2 ;`�T?B+ T`2b2Mi2/ #v (j3)X h?2 2M+Q/2` mb2b b2H7@
�ii2MiBQM iQ T`Q/m+2 2M+Q/BM; QmiTmib r?B+? �`2 72/ iQ i?2 /2+Q/2`X h?2 /2+Q/2` mb2b i?2b2
2M+Q/BM; QmiTmib �M/ i?2 QmiTmib 7`QK Bib �miQ`2;`2bbBp2 b2H7@�ii2MiBQM H�v2` iQ ;2M2`�i2 i?2
7BM�H QmiTmi i2tiX h?2 ;`�T?B+ b?Qrb � bBM;H2 h`�Mb7Q`K2` H�v2`X �M �+im�H h`�Mb7Q`K2`
KQ/2H rBHH bi�+F ԃ H�v2`b #27Q`2 +�H+mH�iBM; i?2 QmiTmi T`Q#�#BHBiB2bX
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�b /Bb+mbb2/- i?2 �ii2MiBQM K2+?�MBbK +�M #2ii2` KQ/2H HQM;2`@i2`K K2KQ`v i?�M �M _LL

?B//2M bi�i2X �ii2MiBQM �HbQ �HHQrb 7Q` #2ii2` T�`�HH2HBx�iBQM BM i`�BMBM; i?�M /Q2b i?2 _LL

?B//2M bi�i2X "2ii2` T�`�HH2HBx�iBQM BKTHB2b 7�bi2` i`�BMBM; �M/ KQ`2 277B+B2Mi mb2 Q7 +QKTmi2

`2bQm`+2b- r?B+? +`2�i2b i?2 +�T�#BHBiv 7Q` #B;;2` KQ/2Hb �M/ H�`;2` /�i�b2ibX .m2 iQ i?2b2

`2�bQMb- �KQM; Qi?2`b- i?2 h`�Mb7Q`K2` ?�b �+?B2p2/ BKT`2bbBp2 bi�i2@Q7@i?2@�`i `2bmHib Qp2`

_LL@#�b2/ KQ/2HbX

jXjXk h`�Mb7Q`K2` �/�Ti�iBQMb, "1_h �M/ :Sh

h?2 Q`B;BM�H h`�Mb7Q`K2` r�b #mBHi rBi? K�+?BM2 i`�MbH�iBQM BM KBM/- #mi b2p2`�H Qi?2` LGS

i�bFb +QmH/ #2M27Bi 7`QK mbBM; �M �ii2MiBQM@QMHv �`+?Bi2+im`2X aQK2 Q7 i?2b2 i�bFb BM+Hm/2

bi�M/�`/ i2ti +H�bbB7B+�iBQM- i2tim�H 2Mi�BHK2Mi- b2MiBK2Mi �M�HvbBb- �M/ [m2biBQM �Mbr2`BM;X

� `2+2Mi i`2M/ BM LGS `2b2�`+? Bb i?2 T`2@i`�BMBM; Q7 H�`;2 KQ/2Hb QM � bBM;H2 i�bF- r?B+?

+`2�i2b ;2M2`B+ H�M;m�;2 /�i� `2T`2b2Mi�iBQMb 72/ BMiQ KQ/2Hb i`�BM2/ 7Q` � bT2+B7B+ i�bF (j9)X

"1_h Bb bm+? � KQ/2H #mi mb2b � h`�Mb7Q`K2` �`+?Bi2+im`2 7Q` T`2@i`�BMBM; �b QTTQb2/ iQ �M

_LLX "1_h Bb �M 2M+Q/2`@QMHv h`�Mb7Q`K2` i?�i bB;MB7B+�MiHv BM+`2�b2b i?2 Q`B;BM�H KQ/2HǶb

T�`�K2i2`b �M/ bBx2 �M/ Bb i`�BM2/ QM � K�bbBp2 /�i�b2i (3)X h?2 T`2@i`�BM2/ `2T`2b2Mi�iBQMb

7`QK "1_h �`2 i?2M mb2/ rBi? Km+? bBKTH2` KQ/2Hb i`�BM2/ QM bT2+B7B+ i�bFbX h?Bb �TT`Q�+?

H2/ iQ � bB;MB7B+�Mi BKT`Qp2K2Mi BM i?2 bi�i2@Q7@i?2@�`i 7Q` ;2M2`�H H�M;m�;2 mM/2`bi�M/BM;

#2M+?K�`FbX

h?2 :2M2`�iBp2 S`2@h`�BM2/ h`�Mb7Q`K2` U:ShV Bb bBKBH�` iQ "1_h- miBHBxBM; QMHv i?2 /2@

+Q/2` 7`QK i?2 Q`B;BM�H h`�Mb7Q`K2` BMbi2�/ Q7 i?2 2M+Q/2` (j8)9X GBF2 "1_h- Bi Bb i`�BM2/

QM K�bbBp2 �KQmMib Q7 /�i�- Bb bB;MB7B+�MiHv H�`;2 i?�M i?2 Q`B;BM�H h`�Mb7Q`K2`- �M/ Bb mb2/

9h?2 KQ/2H r2 +Bi2 ?2`2 Bb i?2 b2+QM/ p2`bBQM Q7 i?2 :Sh �`+?Bi2+im`2 �M/ Bb +�MQMB+�HHv FMQrM �b :Sh@
kX � i?B`/ Bi2`�iBQM Q7 :Sh- :Sh@j- ?�b bBM+2 #22M BMi`Q/m+2/ (9)X �HH :Sh KQ/2Hb mb2 i?2 b�K2 KQ/2H
�`+?Bi2+im`2 #mi BM+`2�b2 i?2 bBx2 Q7 i?2 KQ/2H �M/ b+�H2 Q7 i`�BMBM; /�i� �i 2�+? bm++2bbBp2 p2`bBQMX q2 mb2
:Sh iQ `272` iQ �HH KQ/2Hb r?B+? mb2 i?Bb �`+?Bi2+im`2X
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iQ T`2@i`�BM � ;2M2`B+ H�M;m�;2 `2T`2b2Mi�iBQM i?�i Bb 72/ BMiQ Qi?2` KQ/2Hb i`�BM2/ 7Q` bT2@

+B7B+ i�bFbX "2+�mb2 :Sh Bb � H�`;2 h`�Mb7Q`K2` /2+Q/2`@QMHv H�M;m�;2 KQ/2H i`�BM2/ QM �M

BKK2Mb2 /�i� +Q`Tmb- Bi Bb +�T�#H2 Q7 r`BiBM; MQp2H i2ti Q7 bm`T`BbBM; [m�HBiv8X

h?2 Q`B;BM�H h`�Mb7Q`K2`- "1_h- �M/ :Sh ?�p2 �HH bB;MB7B+�MiHv BKT`Qp2/ bi�i2@Q7@i?2@�`i

7Q` K�Mv /B772`2Mi i�bFb LGSX >Qr 2772+iBp2 �ii2MiBQM@QMHv h`�Mb7Q`K2` KQ/2Hb �`2 BM Qi?2`

ivT2b Q7 b2[m2M+2 /�i� KQ/2HBM; Bb biBHH �M QT2M `2b2�`+? [m2biBQMX �b r2 rBHH b22 BM +?�Ti2`

9- i?2`2 �`2 �H`2�/v T`QKBbBM; `2bmHib BMbB/2 i?2 KmbB+ /QK�BM- �M/ 2p2M BM Qi?2` 7B2H/b bm+?

�b BK�;2 T`Q+2bbBM; (Ry)X

8a�KTH2b Q7 i2ti r`Bii2M #v :Sh +�M #2 7QmM/ QMHBM2X



*?�Ti2` 9

JmbB+ :2M2`�iBQM JQ/2Hb

ai�i2@Q7@i?2@�`i KQ/2Hb BM KmbB+ ;2M2`�iBQM �`2 KQbiHv +QKT`Bb2/ Q7 �LL KQ/2HbX aQK2

KmbB+ ;2M2`�iBQM i�bFb ?�p2 �H`2�/v b22M � h`�Mb7Q`K2` �TTHB+�iBQM- r?BH2 Qi?2`b Ubm+? �b

2tT`2bbBp2 T2`7Q`K�M+2 ;2M2`�iBQMV ?�p2 MQiX q2 rBHH T`QpB/2 �M Qp2`pB2r Q7 i?2 2tBbiBM;

bi�i2@Q7@i?2@�`i BM 1JS ;2M2`�iBQM �M/ i`�Mb7Q`K2`@#�b2/ KmbB+ ;2M2`�iBQM KQ/2HbX q2 �HbQ

;Bp2 bQK2 #�+F;`QmM/ BMiQ i?2 /�i� `2T`2b2Mi�iBQM �M/ 72�im`2 2M;BM22`BM; Q7 2�+? KQ/2HX

9XR 1tBbiBM; 1tT`2bbBp2 JmbB+�H S2`7Q`K�M+2 :2M2`�@

iBQM JQ/2Hb

1JS ;2M2`�iBQM KQ/2Hb 7Bi BMiQ QM2 Q7 irQ +�i2;Q`B2b- `mH2@#�b2/ �M/ /�i�@#�b2/X _mH2@#�b2/

bvbi2Kb mb2 ?�`/+Q/2/ `mH2b /2`Bp2/ mbBM; T`2@2tBbiBM; KmbB+�H FMQrH2/;2 �M/ 2KTB`B+�H bim/@

B2b BMpQHpBM; ?mK�M +Q;MBiBQMX .�i�@/`Bp2M KQ/2Hb `2Hv QM JG K2i?Q/b �M/ mb2 �M 2tBbiBM;

/�i�b2i Q7 ?mK�M T2`7Q`K�M+2b �b � ;mB/2 iQ H2�`M i?2 K�TTBM; #2ir22M b+Q`2 72�im`2b �M/

T2`7Q`K�M+2 72�im`2bX .�i�@#�b2/ KQ/2Hb KQbi +QKKQMHv mb2 b2[m2MiB�H T`Q#�#BHBbiB+ Q`

MQM@HBM2�` �LL K2i?Q/b (8)- �Hi?Qm;? i?2`2 ?�b #22M T`2pBQmb rQ`F rBi? HBM2�` �M/ MQM@

b2[m2MiB�H KQ/2HBM;X *�M+BMQ@*?�+ƦM 2i �HX (8) ;Bp2 � +QKTH2i2 Qp2`pB2r Q7 �HH `2H2p�Mi 1JS

;2M2`�iBQM KQ/2HbX q2 /2b+`B#2 � 72r KQ/2Hb- #Qi? `mH2 �M/ /�i�@#�b2/- r?B+? �`2 T2`iBM2Mi

iQ Qm` rQ`FX

k3
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9XRXR _mH2@"�b2/ 1JS JQ/2Hb

h?2 Eh> bvbi2K (R8) bBib �i i?2 +2Mi2` Q7 `mH2@#�b2/ 1JS KQ/2Hb �M/ +`2�i2/ i?2 7QmM/�iBQM

7Q` �HH 1JS ;2M2`�iBQM KQ/2HbX .2p2HQTK2Mi Q7 i?2 Eh> bvbi2K bi�`i2/ BM i?2 RN3yb �M/

?�b +QMiBMm2/ r2HH BMiQ i?2 kRbi +2Mim`vX h?2 Eh> bvbi2KǶb BMBiB�H K2i?Q/QHQ;v /27BM2/ `mH2b

`2H�iBM; iQ KmbB+�H +QKTQbBiBQM bi`m+im`2 �M/ ?Qr Bi �772+ib � `2bmHiBM; T2`7Q`K�M+2X h?2

7B`bi b2i Q7 `mH2b �TTHB2/ bT2+B7B+�HHv iQ bBM;BM; bvMi?2bBb �M/ r2`2 H�i2` �/�Ti2/ iQ ;2M2`�H

KmbB+�H T2`7Q`K�M+2X

aBM+2 i?2M- i?2`2 ?�p2 #22M irQ ;2M2`�H K2i?Q/b BM i?2 +QMiBMm2/ /2p2HQTK2Mi Q7 i?2

Eh> `mH2 bvbi2KX h?2 7B`bi Bb i?�i Q7 �M�HvbBb@#v@bvMi?2bBb- r?B+? BMpQHp2/ mbBM; i?2 `mH2b iQ

bvMi?2bBx2 KmbB+�H T2`7Q`K�M+2b T`2b2Mi2/ iQ ?mK�M HBbi2M2`b U#Qi? T`Q72bbBQM�H �M/ MQM@

T`Q72bbBQM�HV- ;�i?2`BM; HBbi2MBM; 722/#�+F- �M/ i?2M mbBM; i?Bb 722/#�+F iQ KQ/B7v i?2 `mH2b

r?2`2 M22/2/X h?2 b2+QM/ r�b �M �M�HvbBb@#v@K2�bm`2K2Mi K2i?Q/X h?Bb K2i?Q/ mb2b /B`2+i

+QKTmi�iBQM iQ 2p�Hm�i2 � +QKTmi�iBQM�H ;2M2`�i2/ T2`7Q`K�M+2 #v +QKT�`BM; Bi rBi? �M

2tBbiBM; `2�H T2`7Q`K�M+2RX h?2 �M�HvbBb@#v@bvMi?2bBb �M/ �M�HvbBb@#v@K2�bm`2K2Mi +Q``2bTQM/ iQ

[m�HBi�iBp2 �M/ [m�MiBi�iBp2 2p�Hm�iBQM K2i?Q/b- `2bT2+iBp2HvX 1t�KTH2 `mH2b 7`QK i?2 Eh>

bvbi2K �`2 7QmM/ BM 6B;m`2 9XRX

hQ Qm` FMQrH2/;2- i?2 Eh> `mH2@#�b2/ bvbi2K Bb i?2 7B`bi bQT?BbiB+�i2/ +QKTmi�iBQM�H KQ/2H

7Q` ;2M2`�iBM; 2tT`2bbBp2 T2`7Q`K�M+2X h?2 2tTHB+BiHv /27BM2/ `mH2b BM i?2 Eh> bvbi2K

K�v #2 i?Qb2 r2 2tT2+i � /�i�@#�b2/ KQ/2H iQ H2�`MX qB/K2` (jN) b?Qrb i?�i /�i�@/`Bp2M

K2i?Q/b H2�`M bQK2 `mH2b +QMbBbi2Mi rBi? i?2 Eh> `mH2b �M/ bQK2 i?�i �`2 MQiX JQ/2H

2p�Hm�iBQMǶb T`Q#H2K�iB+ M�im`2 K�v /2b+`B#2 i?Bb T?2MQK2MQM- �b Bi Bb MQi bi`�B;?i7Q`r�`/

?Qr iQ /2i2`KBM2 r?B+? `mH2b �`2 KQ`2 ǳ+Q``2+iǴ i?�M Qi?2`bX L2p2`i?2H2bb- i?2 Eh> `mH2

Rh?Bb 2p�Hm�iBQM K2i?Q/ Bb +QMbBbi2Mi rBi? i?2 /�i�@/`Bp2M �TT`Q�+?2b #mi +�M ;2M2`�HHv �TTHv iQ �Mv
KQ/2HX .�i�@/`Bp2M KQ/2Hb mb2 i?2 T2`7Q`K�M+2 /�i� iQ /B`2+iHv #mBH/ i?2 KQ/2H- r?2`2�b `2�H T2`7Q`K�M+2
/�i� BM i?2 Eh> bvbi2K Bb 7Q` 2p�Hm�iBQM Tm`TQb2b QMHvX �Mv 7m`i?2` mT/�i2b iQ i?2 KQ/2H biBHH `2Hv QM �
?�`/+Q/2/ b2i Q7 `mH2bX
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S?`�bBM;
S?`�b2 �`+? *`2�i2 �`+?@HBF2 i2KTQ �M/ bQmM/ H2p2H +?�M;2b Qp2` T?`�b2b
6BM�H `Bi�`/QM/Q �TTHv � `Bi�`/�M/Q BM i?2 2M/ Q7 i?2 TB2+2
>B;? GQm/ AM+`2�b2 bQmM/ H2p2H BM T`QTQ`iBQM iQ ?2B;?i
JB+`Q@H2p2H iBKBM;
.m`�iBQM +QMi`�bi a?Q`i2M `2H�iBp2Hv b?Q`i MQi2b �M/ H2M;i?2M `2H�iBp2Hv HQM; MQi2b
6�bi2` mT?BHH AM+`2�b2 i2KTQ BM `BbBM; TBi+? b2[m2M+2b
�`iB+mH�iBQM
SmM+im�iBQM 6BM/ b?Q`i K2HQ/B+ 7`�;K2Mib �M/ K�`F i?2K rBi? � 7BM�H KB+`QT�mb2
a+Q`2 H2;�iQfbi�++�iQ �`iB+mH�i2 H2;�iQfbi�++�iQ r?2M K�`F2/ BM i?2 b+Q`2
_2TBiBiBQM �`iB+mH�iBQM �// �`iB+mH�iBQM 7Q` `2T2�i2/ MQi2b
Pp2`�HH �`iB+mH�iBQM �// �`iB+Hm�iBQM 7Q` �HH MQi2b 2t+2Ti p2`v b?Q`i QM2b

h�#H2 9XR, aQK2 Q7 i?2 Eh> `mH2b ;Bp2M #v 6`B#2`; 2i �HX (R8)X

bvbi2K ?�b #22M �M 2bb2MiB�H KBH2biQM2 BM i?2 2pQHmiBQM Q7 1JS ;2M2`�iBQMX

9XRXk .�i�@"�b2/ 1JS JQ/2Hb, "�bBb 6mM+iBQM JQ/2Hb

h?2 "�bBb 6mM+iBQM JQ/2HBM; U"JV 7`�K2rQ`F 7Q` 1JS /2b+`B#2b i?2 +QKTH2i2 2M/@iQ@2M/

T`Q+2bb BMpQHpBM; KmbB+�H T2`7Q`K�M+2 ;2M2`�iBQM �M/ �M�HvbBbX h?Bb 2M/@iQ@2M/ T`Q+2bb

BM+Hm/2b K�i?2K�iB+�H /27BMBiBQMb Q7 b+Q`2 �M/ T2`7Q`K�M+2 72�im`2b- +QKTmi�iBQM�H KQ/2Hb

7Q` 1JS- �M/ i?2 /�i� T`Q+2bbBM; M2+2bb�`v iQ +QMp2`i JmbB+tJG iQ BMTmi b+Q`2 72�im`2b �M/

QmiTmi T2`7Q`K�M+2 72�im`2b iQ JA.AX 1/m�`/Q (RR) QmiHBM2b i?2 7mHH K�i?2K�iB+�H /27BMBiBQM

Q7 i?2 "J 7`�K2rQ`F- i?2 2pQHmiBQM Q7 i?2 7`�K2rQ`F- �M/ Bib �TTHB+�iBQM rBi? bT2+B7B+

72�im`2 �M/ KQ/2H /27BMBiBQMbX
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62�im`2b

h?2 M�K2 ǳ"�bBb JQ/2HǴ Bb /2`Bp2/ 7`QK i?2 "J 7`�K2rQ`FǶb /27BMBiBQM Q7 ǳ"�bBb 6mM+iBQMbXǴ

"�bBb 6mM+iBQMb +�Tim`2 /B772`2Mi �bT2+ib Q7 � b+Q`2 BMiQ MmK2`B+�H 2M+Q/BM;b UBX2X- b+Q`2

72�im`2bVX h?2`2 �`2 bQK2 `2H�iBp2Hv bi`�B;?i7Q`r�`/ "�bBb 6mM+iBQMb- bm+? �b i?2 /m`�iBQM Q7

MQi2b �M/ JA.A TBi+? Ur2 /2b+`B#2/ i?2b2 72�im`2b �b i?2 ǳHQr H2p2HǴ Q7 i?2 b+Q`2 ?B2`�`+?v

BM b2+iBQM kXRVX >Qr2p2`- KQbi Q7 i?2 BM7Q`K�iBQM BM � b+Q`2 +�MMQi #2 `2T`2b2Mi2/ bQ 2�bBHvX

Ai #2+QK2b � i?2Q`v@H�/2M �+iBpBiv iQ mb2 KmbB+�H #�+F;`QmM/ FMQrH2/;2 iQ 7BM/ ;QQ/ b+Q`2

BM7Q`K�iBQM 2M+Q/BM;b- 2bT2+B�HHv �i i?2 KB/ �M/ ?B;? H2p2HbX

h?2 "J 7`�K2rQ`F /27BM2b ဇ �b � bT�+2 +QMi�BMBM; �bT2+ib Q7 � b+Q`2X � b+Q`2 #�bBb 7mM+iBQMᆈ ੃ ဇ ݂ බ rBHH K�T 2H2K2Mib Q7 � b+Q`2 BMiQ bQK2 MmK2`B+�H 2tT`2bbBQM #�b2/ QM �M �bT2+i

Q7 i?2 b+Q`2X h?2 p�Hm2 Q7 � b+Q`2 #�bBb 7mM+iBQM 7Q` QM2 2H2K2Mi ԧք ୮ ဇ Bb /2MQi2/ �b ᆈ	ԧք
X
6Q` 2t�KTH2- i?2 b+Q`2 #�bBb 7mM+iBQM 7Q` TBi+?-

ᆈ֋ք֏վփ	ԝք
 � JA.ATBi+?	ԝք

rBHH `2T`2b2Mi i?2 TBi+? Q7 � ;Bp2M MQi2 �b i?2 MmK2`B+�H JA.A TBi+?X h?2 #�bBb 7mM+iBQM 7Q`

/vM�KB+ K�`FBM;b- bm+? �b 7Q`i2- rQmH/ #2 /27BM2/ �b

ᆈ7 	ԝք
 � ԕԞԡԣԔ	ԝք

r?2`2 ԕԞԡԣԔ	ԝք
 `2im`Mb R B7 i?2 b+Q`2 2H2K2Mi Bb K�`F2/ rBi? 7 - �M/ y B7 Bi /Q2b MQiX

aBKBH�`Hv iQ #�bBb 7mM+iBQMb- i?2 "J 7`�K2rQ`F /27BM2b 2tT`2bbBp2 T�`�K2i2`b r?B+? �`2 K�i?2@

K�iB+�H 2M+Q/BM;b Q7 BM7Q`K�iBQM i�F2M 7`QK � T2`7Q`K�M+2 K�i+?2/ iQ � b+Q`2X �M 2tT`2bbBp2

2M+Q/BM; 7mM+iBQM Ԩ ੃ ᅬျ ݂ බ rBHH 2M+Q/2 �M 2p2Mi BM � K�i+?2/ T2`7Q`K�M+2 BMiQ �M 2tT`2bbBp2

T�`�K2i2`- Q` T2`7Q`K�M+2 72�im`2X h?2 p�Hm2 Q7 2�+? T�`�K2i2` +Q``2bTQM/BM; iQ � b+Q`2
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2H2K2Mi ԧք ୮ ဇ ;Bp2M � K�i+?2/ T2`7Q`K�M+2 ᅬျ Bb /2MQi2/ �b Ԩ	ԧք]ᅬျ
 � ԣք r?2`2 ԣք ୮ බX

1t�KTH2 2M+Q/BM; 7mM+iBQMb �`2

Ԩ/vM	ԝք]ᅬျ
 � JA.Ap2H	ԝք
 �M/ Ԩi2KTQ	ԝք]ᅬျ
 � #TK	ԝք

r?B+? `2T`2b2Mi 2tT`2bbBp2 /vM�KB+b �b JA.A p2HQ+Biv �M/ 2tT`2bbBp2 i2KTQ �b � HQ+�H K2�@

bm`2 Q7 #TK- `2bT2+iBp2HvX

h?2`2 �`2 K�Mv TQbbB#H2 /27BMBiBQMb 7Q` #Qi? #�bBb �M/ 2tT`2bbBp2 2M+Q/BM; 7mM+iBQMbX >2`2

r2 ;Bp2 bQK2 2t�KTH2 2tT`2bbBp2 2M+Q/BM; 7mM+iBQMb r?B+? �`2 /27BM2/ BM i?2 7B`bi Bi2`�iBQM

Q7 i?2 "J 7`�K2rQ`F �M/ T`QpB/2 i?2 7QmM/�iBQM 7Q` 72�im`2 b2i r2 mb2X _272` iQ 1/m�`/Q

(RR) 7Q` � 7mHH HBbi Q7 #Qi? #�bBb 7mM+iBQMb �M/ 2tT`2bbBp2 2M+Q/BM; 7mM+iBQMb

1tT`2bbBp2 1M+Q/BM; 6mM+iBQMb

Ç JA.A o2HQ+Biv, h?Bb 2M+Q/BM; 7mM+iBQM mb2b i?2 `2+Q`/2/ ?�KK2`@p2HQ+BiB2b Q7 i?2

T2`7Q`K2/ MQi2b �b � T`Qtv 7Q` 2tT`2bbBp2 /vM�KB+bX h?2 HQm/M2bb Q7 � MQi2 Bb 2biBK�i2/

�b � MQ`K�HBx2/ JA.A p2HQ+Biv p�Hm2X

Ԩ֑րև	ԝք
 � p2H	ԝք
���
Ç HQ; "S_, h?2 "2�i S2`BQ/ _�iBQ U"S_V Bb � r�v iQ /27BM2 i?2 HQ+�H i2KTQ +�H+mH�i2/

7Q` 2p2`v MQi2X Ai mb2b i?2 "2�i S2`BQ/ U"SV- /27BM2/ �b

ӷԅ	ԝք
 � APA֋ր֍ց֊	։Վ

APA֎վ֊֍ր֊	։Վ


r?2`2 APA֋ր֍ց֊	։Վ
 �M/ APA֎վ֊֍ր֊	։Վ
 �`2 i?2 APA 7Q` i?2 T2`7Q`K�M+2 �M/ b+Q`2 QMb2ib �i MQi2
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ԨHQ; #T`	ԝք
 � ԛԞԖϵ "S	ԝք

"Sռ֑ր 


r?2`2 "Sռ֑ր Bb i?2 �p2`�;2 "S Qp2` i?2 2MiB`2 TB2+2X h?Bb MQ`K�HBx2b i?2 HQ+�H "S_

/27BMBiBQM �++Q`/BM; i?2 ;HQ#�H i2KTQ Q7 i?2 TB2+2X

Ç hBKBM; U/2pB�iBQMV, q?2`2�b i?2 HQ; "S_ /27BM2/ �#Qp2 2M+Q/2b i?2 i2KTQ Q7 �

T2`7Q`K�M+2 U?Qr ǳ7�biǴ Bi Bb #2BM; TH�v2/V- i?2 7mM+iBQM 7Q` iBKBM; 2M+Q/2b 2tT`2bbBp2

iBKBM; /2pB�iBQMb 7`QK i?2 BM/B+�i2/ iBKBM; Q7 � b+Q`2X Ai Bb /27BM2/ �b

ԨiBK � ࣞԞ֋ր֍ց	ԝք
 ਷ QMb2i֋ր֍ց	ԝք

r?2`2 ࣞԞ֋ր֍ց	ԝք
 Bb �M 2biBK�iBQM Q7 i?2 ǳ+Q``2+iǴ QMb2i iBK2- �M/ QMb2i֋ր֍ց	ԝք
 Bb i?2

�+im�H Q#b2`p2/ QMb2i Q7 � MQi2 Ub22 b2+iBQM jXjXR Q7 1/m�`/Q (RR) 7Q` � 7mHH rQ`FBM;

2t�KTH2VX

Ç HQ; �`iB+mH�iBQM, �`iB+mH�iBQM Bb � K2�bm`2 Q7 i?2 H2M;i?2MBM; Q` b?Q`i2MBM; Q7 �

T2`7Q`K2/ MQi2 /m`�iBQM `2H�iBp2 iQ � MQi2/ /m`�iBQM �M/ i?2 +m``2Mi HQ+�H i2KTQX

h?2 �`iB+mH�iBQM Bb +QKTmi2/ #v /BpB/BM; i?2 K2�bm`2/ MQi2 /m`�iBQM #v i?2 /m`�iBQM

;Bp2M #v i?2 b+Q`2X Ai Bb /27BM2/ �b

ԨHQ; �`i	ԝք
 � HQ;ϵ /m`�iBQM֋ր֍ց	ԝք

/m`�iBQM	ԝք
ӷԅ	ԝք


JQ/2Hb

"J 7`�K2rQ`F +QKTmi�iBQM�H KQ/2Hb 7B`bi bi�`i2/ �b bBKTH2 HBM2�` MQM@b2[m2MiB�H KQ/2Hb

i?�i H2�`M2/ i?2 `2H�iBQMb?BT #2ir22M � b2i Q7 /27BM2/ #�bBb 7mM+iBQMb �M/ � bBM;H2 2tT`2bbBp2
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T�`�K2i2`- bm+? �b JA.A p2HQ+BivX h?Bb p2`bBQM Q7 i?2 "J KQ/2Hb 2�+? 2tT`2bbBp2 T�`�K2i2`

BM/2T2M/2MiHv 7`QK �HH Qi?2`b �M/ BKTHB2b i?�i QM2 2tT`2bbBp2 T�`�K2i2`Ƕb BMi2`T`2i�iBQM rBHH

MQi �772+i i?2 Qi?2`X �Hi?Qm;? i?Bb Bb MQi M2+2bb�`BHv i?2 +�b2 BM �+im�H T2`7Q`K�M+2k- Bi Bb �

bBKTHB7vBM; K�i?2K�iB+�H �bbmKTiBQM i?�i K�F2b i?2 KQ/2HbǶ /2p2HQTK2Mi �M/ BMi2`T`2i�@

iBQM bBKTH2`X "Qi? bi�M/�`/ H2�bi b[m�`2b `2;`2bbBQM �M/ � T`Q#�#BHBbiB+ "�v2bB�M �TT`Q�+?

�`2 mb2/ iQ KQ/2H i?2 HBM2�` `2H�iBQMb?BTX

h?2 "J 7`�K2rQ`F H�i2` BMi`Q/m+2/ MQM@HBM2�` �M/ b2[m2MiB�H KQ/2Hb- #Qi? �b �LLbX �

bi�M/�`/ 622/@6Q`r�`/ L2m`�H L2irQ`F U66LLV �//2/ i?2 +�T�#BHBiv 7Q` MQM@HBM2�` KQ/@

2HBM;X h?Bb KQ/2H b?Qr2/ �M BM+`2�b2 BM #Qi? i?2 ;QQ/M2bb@Q7@7Bi �M/ T`2/B+iBp2 �++m`�+v

Qp2` i?2 HBM2�` KQ/2HX � bi�M/�`/ _LL r�b mb2/ iQ BKTH2K2Mi i?2 b2[m2MiB�H KQ/2H rBi?

72�im`2b r?2`2 i?2 iBK2@/2T2M/2Mi �M/ b2[m2MiB�H M�im`2 Q7 KmbB+ r�b `2H2p�MiX lb2/ BM

+QMDmM+iBQM rBi? � 66LL- i?Bb KQ/2H T2`7Q`K2/ i?2 #2bi `2H�iBp2 iQ �HH Qi?2` KQ/2HbX

9XRXj .�i�@"�b2/ 1JS JQ/2Hb, oB`imQbQL2i

oB`imQbQL2i- bBKBH�`Hv iQ i?2 "J 7`�K2rQ`F- Bb � +QKTH2i2 2M/@iQ@2M/ bvbi2K 7Q` i`�BMBM;

1JS KQ/2Hb �M/ ;2M2`�iBM; MQp2H T2`7Q`K�M+2X �Hi?Qm;? oB`imQbQL2i /Q2b MQi 2tTHB+BiHv

/27BM2 � +H2�` K�i?2K�iB+�H 7`�K2rQ`F �M/ �#bi`�+i `2T`2b2Mi�iBQMb Q7 1JS- �b /Q2b i?2

"J 7`�K2rQ`F- Bi +QMi�BMb �HH Q7 i?2 KQpBM; T�`ib M2+2bb�`v iQ i`�BM �M 1JS KQ/2H 7`QK

b+`�i+?X q2 K�F2 � /BbiBM+iBQM #2ir22M oB`imQbQL2i �b � b2i Q7 LL@#�b2/ 1JS KQ/2Hb

�M/ i?2 oB`imQbQL2i 7`�K2rQ`F- r?B+? +QK2b rBi? �HH Q7 i?2 M2+2bb�`v /�i� T`Q+2bbBM; �M/

72�im`BM; 2M;BM22`BM; �b r2HH �b KQ/2H i`�BMBM;X

k6Q` 2t�KTH2- i?2 2772+i Q7 � +`2b+2M/Q K�`FBM; K�v �772+i #Qi? i?2 /vM�KB+b �M/ i?2 i2KTQ �i i?2
b�K2 iBK2X
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62�im`2b

h?2 oB`imQbQL2i 7`�K2rQ`F /27BM2b #Qi? BMTmi �M/ QmiTmi 72�im`2bX AMTmi 72�im`2b +QMi�BM

bi�M/�`/ b+Q`2 /�i� bm+? �b TBi+?- iBKBM;- F2v- �M/ K2i`B+ BM7Q`K�iBQMX h?2 oB`imQbQL2i

7`�K2rQ`F mb2b i?2b2 72�im`2b �b r2HH �b KQ`2 /2i�BH2/ MQi2 H2p2H BM7Q`K�iBQM bm+? �b i?2

/m`�iBQM Q7 `2bib- �`iB+mH�iBQM K�`FBM;b- �M/ Qi?2`bX h?2 7`�K2rQ`FǶb QmiTmi 72�im`2b �`2

bBKBH�` iQ i?Qb2 Q7 i?2 "J /27BM2/ �#Qp2 �M/ BM+Hm/2 i2KTQ- MQi2 QMb2i /2pB�iBQM- JA.A

p2HQ+Biv- �M/ �`iB+mH�iBQMX �//BiBQM�HHv- i?2 oB`imQbQL2i 7`�K2rQ`F- mMHBF2 �Mv Qi?2` 1JS

;2M2`�iBQM KQ/2H- mb2b 72�im`2b iQ KQ/2H i?2 T2/�H /B`2+iHvX h?2v BM+Hm/2 i?2 T2/�H p�Hm2

�i MQi2 QMb2i- T2/�H p�Hm2 �i MQi2 Q77b2i- KBMBKmK T2/�H p�Hm2 #2ir22M MQi2 QMb2i �M/ MQi2

Q77b2i- �M/ KBMBKmK T2/�H p�Hm2 #2ir22M MQi2 Q77b2i �M/ i?2 M2ti MQi2Ƕb QMb2iX � 7mHH HBbi

Q7 /�i� 72�im`2b Bb ;Bp2M #v C2QM; 2i �HX (k8)X

JQ/2Hb

h?2 /2p2HQTK2Mi Q7 oB`imQbQL2i KQ/2Hb Bb ;`�/m�H- �Hi?Qm;? i?2 ;2M2`�H KQ/2H �`+?Bi2+im`2

Bb i?2 b�K2X h?2 KQ/2H +QKT`Bb2b i?`22 T�`ibc � b+Q`2 2M+Q/2`- � T2`7Q`K�M+2 2M+Q/2`- �M/ �

T2`7Q`K�M+2 /2+Q/2`X h?2 b+Q`2 2M+Q/2` H2�`Mb � b+Q`2 `2T`2b2Mi�iBQM Ӹ- r?B+? Bb � b2[m2M+2

rBi? i?2 b�K2 H2M;i? �b i?2 BMTmi MQi2bX h?2 T2`7Q`K�M+2 2M+Q/2`Ƕb DQ# Bb iQ H2�`M i?2 bivH2

Q7 � T�`iB+mH�` T2`7Q`K�M+2- �M/ Bi 2M+Q/2b i?Bb BMiQ � bivH2 p2+iQ` ԩX h?Bb bivH2 p2+iQ` ;mB/2b

T2`7Q`K�M+2 ;2M2`�iBQM bQ i?�i i?2 KQ/2H +�M `2M/2` /B772`2Mi T2`7Q`K�M+2b ;Bp2M i?2 b�K2

BMTmi- /2T2M/BM; QM i?2 H2�`M2/ bivH2X h?2 T2`7Q`K�M+2 /2+Q/2` Bb � ;2M2`�iBp2 KQ/2H r?B+?

mb2b i?2 b+Q`2 2M+Q/BM; Ӹ �M/ i?2 bivH2 p2+iQ` ԩ iQ ;2M2`�i2 i?2 `2bmHiBM; T2`7Q`K�M+2X

h?2 7B`bi p2`bBQM Q7 i?2 oB`imQbQL2i KQ/2H T`2b2Mi2/ #v C2QM; 2i �HX (kk) Bb � T`BKBiBp2

KQ/2H �M/ 7Q`Kb i?2 #�bBb 7Q` H�i2` p2`bBQMbX Ai BMi`Q/m+2b � `2+m``2Mi ?B2`�`+?B+�H �ii2MiBQM

M2irQ`F U>�LV K�/2 mT Q7 ?B2`�`+?B+�H GahJ H�v2`b mb2/ BM +QMDmM+iBQM rBi? i?2 �ii2M@
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iBQM K2+?�MBbKX h?2 >�L 7Q`Kb i?2 #mBH/BM; #HQ+F 7Q` �HH Q7 i?2 /B772`2Mi +QKTQM2Mib Q7

oB`imQbQL2iX h?Bb KQ/2HǶb /�i�b2i Bb �M 2�`Hv p2`bBQM Q7 i?2 E�Aah /�i�b2i �M/ +QMbBbib

Q7 *?QTBM T2`7Q`K�M+2b i�F2M 7`QK i?2 SB�MQ@2@+QKT2iBiBQM- rBi? k8 +QKTQbBiBQMb �M/ kRd

7mHH T2`7Q`K�M+2bX LQ [m�MiBi�iBp2 Q` [m�HBi�iBp2 2tT2`BK2Mi `2bmHib �`2 ;Bp2M BM i?2 7B`bi

7Q`KmH�iBQMX

h?2 M2ti Bi2`�iBQM Q7 oB`imQbQL2i #mBH/b 7`QK i?2 BMBiB�H >�L H�v2`b #mi �HbQ mb2b � MQp2H

;`�T?@#�b2/ /�i� `2T`2b2Mi�iBQM �M/ KQ/2HX h?Bb KQ/2H Bb /27BM2/ �b �M Bi2`�iBp2 b2[m2MiB�H

;`�T?@#�b2/ M2m`�H M2irQ`F UAa:LVX h?2 b+Q`2 Bb `2T`2b2Mi2/ �b � ;`�T? r?2`2 i?2 MQ/2b �`2

i?2 BM/BpB/m�H MQi2bX h?2 ;`�T?Ƕb 2/;2b /27BM2 `2H�iBQMb?BTb #2ir22M i?2 MQi2bc QM2 2t�KTH2

Bb �M 2/;2 BM/B+�iBM; irQ MQi2b rBi? i?2 b�K2 QMb2i Ur?B+? BKTHB2b i?2v #2HQM; iQ i?2 b�K2

+?Q`/V- �MQi?2` BM/B+�iBM; MQi2b #2HQM;BM; iQ � bHm`X � ;�i2/ ;`�T? M2m`�H M2irQ`F U::LLV

Bb mb2/ iQ KQ/2H i?2 MQi2@H2p2H ;`�T? `2T`2b2Mi�iBQM �M/ Bb +QK#BM2/ Bi2`�iBp2Hv rBi? � >�L

iQ KQ/2H K2�bm`2@H2p2H 72�im`2bX

h?2 H�i2bi �M/ #2bi@T2`7Q`KBM; p2`bBQM Q7 oB`imQbQL2i (kj) `2im`Mb iQ i?2 >�L QMHv �`+?Bi2+@

im`2X Ai mb2b �M GahJ #�b2/ >�L M2irQ`F 7Q` 2p2`v /B772`2Mi +QKTQM2Mi Q7 i?2 �`+?Bi2+im`2-

2tTHB+BiHv /27BMBM; i?2 ?B2`�`+?B+�H KQ/2Hb �++Q`/BM; iQ p�`BQmb KmbB+�H #QmM/�`B2b- BM+Hm/@

BM; MQi2- #2�i- �M/ K2�bm`2 H2p2HbX h?Bb KQ/2H �//b �//BiBQM�H KQ`2 �#bi`�+i ?B2`�`+?B+�H

KQ/2Hb i?�i 2tBbi iQ +`2�i2 #2ii2` bi`m+im`2 �i i?2 K2i`B+�H H2p2H �M/ T`2b2`p2 T�ii2`Mb �+`Qbb

i?2 +QKTQbBiBQMǶb KB/@H2p2H bi`m+im`2bX

"Qi? i?2 Aa:L (k9) �M/ >�L (kj) p2`bBQM Q7 oB`imQbQL2i �`2 i`�BM2/ mbBM; i?2 7mHH E�Aah

/�i�b2i �M/ mb2 i?2 b�K2 2p�Hm�iBQM K2i?Q/bc Ja1 7Q` i?2 [m�MiBi�iBp2 2p�Hm�iBQM �M/

HBbi2MBM; i2bib 7Q` i?2 [m�HBi�iBp2X h?2 7BM�H p2`bBQM Q7 >�L `2TQ`ib #2ii2` Ja1 K2i`B+b

i?�M i?2 Aa:LX h?2 [m�HBi�iBp2 2p�Hm�iBQM b?Qrb i?�i #Qi? i?2 Aa:L �M/ >�L T2`7Q`K

#2ii2` i?�M #�b2HBM2 KQ/2Hb �M/ #2ii2` i?�M � ǳ/2�/T�MǴ T2`7Q`K�M+2X h?2 >�L p2`bBQMǶb

[m�HBi�iBp2 2p�Hm�iBQM �HbQ BM+Hm/2b � +QKT�`BbQM #2ir22M i?2 >�L �M/ i?2 Tm#HB+Hv �p�BH�#H2
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p2`bBQM Q7 i?2 "J 7`�K2rQ`F KQ/2HjX

h?2 `2bmHib Q7 C2QM; 2i �HX (kj) b?Qr i?�i i?2 >�L T2`7Q`Kb #2ii2` i?�M i?2 "J KQ/2HX J�Mv

TH�mbB#H2 `2�bQMb K�v 2tTH�BM i?2 /B772`2M+2 BM `2bmHib Qi?2` i?�M i?2 >�L #2BM; � bmT2`BQ`

KQ/2H iQ i?2 "JX h?2b2 BM+Hm/2 /B772`2M+2b BM i?2 i`�BMBM; /�i� 7Q` #Qi? KQ/2Hb- � #B�b Q7 i?2

[m�HBi�iBp2 K2i?Q/ iQr�`/b i?2 >�L- �M/ i?2 7�+i i?�i i?2 HBbi2MBM; i2bi K2K#2`bǶ QTBMBQM

/Q2b MQi M2+2bb�`BHv BKTHv QM2 KQ/2H #2BM; ǳbmT2`BQ`Ǵ iQ �MQi?2`X >Qr2p2`- ;Bp2M i?2 `2bmHib

T`2b2Mi2/ #v C2QM; 2i �HX (kj)- r2 rBHH �bbmK2 i?�i i?Bb p2`bBQM Q7 i?2 >�L `2T`2b2Mib i?2

+m``2Mi ǳbi�i2@Q7@i?2@�`iǴ BM i?2 7B2H/X

9Xk JmbB+ :2M2`�iBQM rBi? h`�Mb7Q`K2`b

h?2 h`�Mb7Q`K2` ?�b b22M bQK2 �TTHB+�iBQM BM KmbB+ ;2M2`�iBQMX am+? KQ/2Hb mb2 � /Bb+`2i2

`2T`2b2Mi�iBQM Q7 KmbB+ �b � b2[m2M+2 Q7 2p2Mib rBi? ?B;?Hv bT�`b2 2M+Q/BM; p2+iQ`bX h?Bb

`2T`2b2Mi�iBQM Bb +QMbBbi2Mi rBi? i?2 rQ`/ 2K#2//BM;b mb2/ iQ i`�BM KQbi LGS KQ/2Hb �M/

bQ ?�b � M�im`�H 2ti2MbBQM BM h`�Mb7Q`K2`b- /2bB;M2/ rBi? H�M;m�;2 /�i� BM KBM/X

h?2 7B`bi KQ/2H iQ mb2 i?2 h`�Mb7Q`K2` 7Q` KmbB+ ;2M2`�iBQM Bb FMQrM �b i?2 ǳJmbB+ h`�Mb@

7Q`K2`Ǵ (kR)X Ai /B`2+iHv #mBH/b 7`QK i?2 S2`7Q`K�M+2_LL Q7 PQ`2 2i �HX (jR)X S2`7Q`@

K�M+2_LL mb2b i?2 SB�MQ@2@+QKT2iBiBQM /�i� iQ ;2M2`�i2 JA.A /B`2+iHvX h?Bb KQ/2H bB@

KmHi�2MQmbHv ;2M2`�i2b � +QKTQbBiBQM �M/ � T2`7Q`K�M+2- +QK#BMBM; i?2 `QH2 Q7 i?2 +QKTQb2` �M/

T2`7Q`K2` �b T`2b2Mi2/ BM 6B;m`2 kXRX S2`7Q`K�M+2_LL mb2b �M 2p2Mi@#�b2/ `2T`2b2Mi�iBQM Q7

JA.A- �M/ �HH BMTmi iQF2Mb �`2 � QM2@?Qi 2M+Q/BM; Qp2` i?2 /B772`2Mi TQbbB#H2 JA.A 2p2MibX

h?2`2 �`2 Rk3 TQbbB#H2 LPh1@PL 2p2Mib- Rk3 TQbbB#H2 LPh1@P66 2p2Mib- Rk8 TQbbB#H2

hAJ1@a>A6h 2p2Mib- �M/ jk TQbbB#H2 o1GP*Ahu 2p2Mib- r?B+? H2�/b iQ � 9Rj@/BK2MbBQM�H

jh?2 r2#bBi2 7Q` i?2 "J KQ/2H +�M #2 7QmM/ ?iiTb,ff#�bBbKBt2`X+TXDFmX�ifbi�iB+f�TTX?iKHX �i i?2 iBK2
Q7 i?Bb r`BiBM;- i?2 r2#bBi2 Bb +m``2MiHv mM�p�BH�#H2X
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QM2@?Qi 2M+Q/2/ p2+iQ`X S2`7Q`K�M+2_LL Bb �M �miQ`2;`2bbBp2 GahJ KQ/2H i?�i KQ/2Hb

i?2 T`Q#�#BHBiv Q7 ;2M2`�iBM; i?2 M2ti MQi2 ;Bp2M �HH T`2pBQmb MQi2b- bBKBH�` iQ � H�M;m�;2

KQ/2HX

JmbB+ h`�Mb7Q`K2` mb2b i?2 Q`B;BM�H h`�Mb7Q`K2` �`+?Bi2+im`2 �M/ BKTH2K2Mi�iBQM Q7 o�br�MB

2i �HX (j3) rBi? bQK2 �/�Ti�iBQM �M/ �TTHB2b Bi iQ i?2 b�K2 /�i� b2i �M/ `2T`2b2Mi�iBQM Q7 i?2

S2`7Q`K�M+2_LLX PM2 +`m+B�H +QKTQM2Mi Q7 i?2 Q`B;BM�H h`�Mb7Q`K2` �`+?Bi2+im`2 r2 ?�p2

MQi K2MiBQM2/ Bb Bib TQbBiBQM�H 2K#2//BM;X h?Bb 2K#2//BM; 2M+Q/2b i?2 b2[m2MiB�H M�im`2

Q7 i?2 /�i� BMiQ i?2 KQ/2H- r?B+? Bb Qi?2`rBb2 MQi �++QmMi2/ 7Q` mbBM; QMHv i?2 �ii2MiBQM

K2+?�MBbKX h?2 Q`B;BM�H TQbBiBQM�H 2K#2//BM; Bb ǳ�#bQHmi2-Ǵ K2�MBM; i?�i i?2 2K#2//BM;

QMHv 2M+Q/2b BM7Q`K�iBQM �#Qmi 2�+? 2H2K2MiǶb TQbBiBQM BM `2H�iBQM iQ i?2 #2;BMMBM; Q7 i?2

b2[m2M+2X JmbB+ h`�Mb7Q`K2` mb2b � ǳ`2H�iBp2Ǵ TQbBiBQM- r?B+? BMbi2�/ �//b BM7Q`K�iBQM

�#Qmi ?Qr 7�` �T�`i irQ TQbBiBQMb BM i?2 b2[m2M+2 �`2X h?2 `2H�iBp2 TQbBiBQM�H 2K#2//BM;

�++QmMib 7Q` 2p2`v TQbbB#H2 T�B`rBb2 /Bbi�M+2 Q7 2�+? 2H2K2MiX h?2 �ii2MiBQM K2+?�MBbK

T`Q+2bb2b i?Bb BM7Q`K�iBQM i?`Qm;?Qmi i?2 `2bi Q7 i?2 KQ/2HX Ai �HHQrb �ii2MiBQM iQ �++QmMi

7Q` i?2 /Bbi�M+2 Q7 �Mv irQ MQi2b iQ 2�+? Qi?2`- `�i?2` i?�M i?2 ;HQ#�H TQbBiBQM Q7 � bBM;H2

MQi2 BM i?2 b2[m2M+2X

h?2 h`�Mb7Q`K2` �`+?Bi2+im`2 rBi? i?2 `2H�iBp2 TQbBiBQM�H 2K#2//BM; QmiT2`7Q`Kb Qi?2` #�b2@

HBM2 KQ/2Hb- BM+Hm/BM; i?2 GahJ #�b2/ S2`7Q`K�M+2_LLX Zm�HBi�iBp2 2p�Hm�iBQM b?Qrb i?�i

i?2 JmbB+ h`�Mb7Q`K2` ;2M2`�i2b T2`7Q`K�M+2 rBi? Km+? #2ii2` HQM; i2`K bi`m+im`2 �M/

Qp2`�HH KmbB+�H +Q?2bBp2M2bb i?�M i?2 T2`7Q`K�M+2b 7`QK i?2 S2`7Q`K�M+2_LL9X h?Bb `2bmHi

Bb +QMbBbi2Mi rBi? i?2 Q#b2`p�iBQM i?�i �ii2MiBQM ?�b � #2ii2` K2KQ`v i?�M i?2 ?B//2M bi�i2

Q7 �M _LL +2HHX

"mBH/BM; 7`QK i?2 JmbB+ h`�Mb7Q`K2`- PT2M�A BMi`Q/m+2/ Jmb2L2i (jj)X Jmb2L2i Bb #Qi?

9a�KTH2 T2`7Q`K�M+2b 7Q` #Qi? i?2 S2`7Q`K�M+2_LL �M/ JmbB+ h`�Mb7Q`K2` �`2 �p�BH�#H2 QMHBM2 7`QK
i?2 J�;2Mi� _2b2�`+? ;`QmT Q7 :QQ;H2 �AX
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T?BHQbQT?B+�HHv �M/ �`+?Bi2+im`�HHv bBKBH�` iQ :ShX Ai mb2b �M 2MQ`KQmb /2+Q/2`@QMHv h`�Mb@

7Q`K2` KQ/2H �M/ i`�BMb Bi QM � K�bbBp2 �KQmMi Q7 /�i� iQ #mBH/ � KQ/2H +�T�#H2 Q7 ;2M@

2`�iBM; MQp2H KmbB+ �+`Qbb K�Mv /B772`2Mi /QK�BMbX Jmb2L2i Bb i`�BM2/ mbBM; QMHv JA.A

/�i� ;�i?2`2/ 7`QK p�`BQmb BMi2`M2i bQm`+2b UBM+Hm/BM; i?2 J�1ah_P /�i�b2iV �M/ mb2b �M

2p2Mi@#�b2/ iQF2M `2T`2b2Mi�iBQM bBKBH�` iQ i?2 JmbB+ h`�Mb7Q`K2`X AM +QMi`�bi iQ i?2 Jm@

bB+ h`�Mb7Q`K2`- r?B+? QMHv QT2`�i2b rBi? r2bi2`M +H�bbB+�H bQHQ TB�MQ KmbB+- Jmb2L2i +�M

;2M2`�i2 KmbB+ �+`Qbb � p�`B2iv Q7 ;2M`2b BM KmHiBTH2 BMbi`mK2MibX PT2M�A ?�b MQi /B`2+iHv

`2H2�b2/ �Mv `2b2�`+? `2bmHib +QKT�`BM; i?2 #2M+?K�`F `2bmHib Q7 Jmb2L2i iQ Qi?2` KQ/2HbX

aiBHH- Bi Bb 2pB/2Mi 7`QK HBbi2MBM; iQ Jmb2L2i b�KTH2b8 i?�i Bi ;2M2`�i2b ?B;?@[m�HBiv KmbB+X

PT2M�A �HbQ `2H2�b2/ �MQi?2` KmbB+ ;2M2`�iBQM KQ/2H r?B+? mb2b h`�Mb7Q`K2`b- CmF2"Qt (N)-

i?�i /2�Hb /B`2+iHv BM i?2 �m/BQ /QK�BMX h?2 +?QB+2 iQ /B`2+iHv KQ/2H �m/BQ Bb KQiBp�i2/

#v i?2 7�+i i?�i bvK#QHB+ /�i� 7Q`Kb /Q MQi +QMi�BM 2MQm;? BM7Q`K�iBQM iQ +�Tim`2 KmbB+�H

T2`7Q`K�M+2Ƕb bm#iH2iB2b �+`Qbb � p�`B2iv Q7 /B772`2Mi BMbi`mK2MibeX CmF2"Qt Bb +QKT`Bb2/ Q7

� o2+iQ` Zm�MiBx2/ o�`B�iBQM�H �miQ1M+Q/2` UoZ@o�1V- r?B+? H2�`Mb iQ 2M+Q/2 i?2 �m/BQ

/�i� BMiQ � HQr@/BK2MbBQM�H `2T`2b2Mi�iBQM- �M/ � h`�Mb7Q`K2` KQ/2H bBKBH�` iQ Jmb2L2i-

r?B+? mb2b i?2 2M+Q/BM; iQ ;2M2`�i2 M2r KmbB+X �Hi?Qm;? i?2 b�KTH2b ;2M2`�i2/ #v CmF2"Qt

�`2 BKT`2bbBp2 BM i?2B` bQmM/ [m�HBiv �M/ Qp2`�HH KmbB+�H +Q?2bBp2M2bb- Km+? rQ`F Bb biBHH

M22/2/ BM i?2 /B`2+i �m/BQ ;2M2`�iBQM /QK�BM iQ T`Q/m+2 �m/BQ Q7 ?B;? 2MQm;? [m�HBiv i?�i

Bi +QKT2i2b rBi? ?mK�M T`Q/m+iBQMbX

8?iiTb,ffQT2M�BX+QKf#HQ;fKmb2M2ifX
eAi Bb �HbQ KQiBp�i2/ #v i?2 �#mM/�M+2 Q7 �m/BQ /�i� +QKT�`2/ iQ bvK#QHB+- r?B+? r2 /Bb+mbb2/ BM +?�Ti2`

kX



*?�Ti2` 8

1tT2`BK2Mib �M/ _2bmHib

:Bp2M i?2 TQr2`7mH �/p�M+2b BM LGS �M/ KmbB+ ;2M2`�iBQM i�bFb- Qm` ;2M2`�H ;Q�H r�b iQ

BMp2biB;�i2 i?2 h`�Mb7Q`K2` KQ/2H BM �TTHB+�iBQM iQ 1JS ;2M2`�iBQMX "Qi? H�M;m�;2 �M/

KmbB+ �`2 #v M�im`2 b2[m2MiB�H �M/ ?B2`�`+?B+�HX �b bm+?- QM2 rQmH/ 2tT2+i i?2 bi`2M;i?b Q7

� h`�Mb7Q`K2` KQ/2H- +`2�i2/ bT2+B7B+�HHv 7Q` �M LGS i�bF- iQ ?�p2 M�im`�H 2ti2MbBQMb BMiQ

KmbB+�H i�bFb U�b r�b b?QrM #v i?2 ǳJmbB+ h`�Mb7Q`K2`Ǵ �M/ PT2M�AǶb ;2M2`�iBp2 KQ/2HbVX

h?Bb T`QD2+iǶb BMBiB�H Tm`TQb2 r�b iQ /2i2`KBM2 B7 � h`�Mb7Q`K2`@#�b2/ KQ/2H BKT`Qp2b mTQM

oB`imQbQL2i- ;Bp2M i?2 b�K2 /�i�- 72�im`2b- �M/ 2p�Hm�iBQM K2i`B+bX >Qr2p2`- �b /Bb+mbb2/ BM

+?�Ti2` e- �Mbr2`BM; i?�i [m2biBQM T`Qp2/ iQ #2 KQ`2 +QKTHB+�i2/ i?�M BMBiB�HHv �MiB+BT�i2/

�M/ H2/ Qm` `2b2�`+? BM � /B772`2Mi /B`2+iBQMX q2 T`2b2Mi Qm` BMBiB�H K2i?Q/ �M/ 2tT2`BK2Mi

`2bmHib BM i?Bb +?�Ti2`X

q2 mb2 i?2 +QKTH2i2 2M/@iQ@2M/ ;2M2`�iBQM bvbi2K Q7 i?2 oB`imQbQL2i 7`�K2rQ`FX h?2`2

�`2 i?`22 K�DQ` `2�bQMb 7Q` �/QTiBM; i?2 oB`imQbQL2i bvbi2KX

RX h?2 E�Aah /�i�b2i Bb i?2 H�`;2bi Tm#HB+Hv �p�BH�#H2 /�i�b2i mb2/ BM 1JS ;2M2`�iBQMX

kX oB`imQbQL2i KQ/2Hb �`2 i?2 ǳ#2bi T2`7Q`KBM;Ǵ BM 1JSX

jX h?2 /�i� T`Q+2bbBM; �M/ KQ/2H �`+?Bi2+im`2 +Q/2 Q7 i?2 oB`imQbQL2i 7`�K2rQ`F �`2

QT2M@bQm`+2/RX

R?iiTb,ff;Bi?m#X+QKfD/�b�KfpB`imQbQL2iX

9y
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A7 r2 +QMbB/2` oB`imQbQL2i iQ #2 bi�i2@Q7@i?2@�`i BM 1JS ;2M2`�iBQM- Bi T`QpB/2b � M�im`�H

bi�`iBM; TH�+2 iQ +QKT�`2 �;�BMbi �Mv 7m`i?2` KQ/2H /2p2HQTK2MiX

8XR .�i� �M/ 62�im`2b

h?2 oB`imQbQL2i bvbi2K mb2b ?�M/+`�7i2/ 72�im`2b 7Q` #Qi? b+Q`2b �M/ T2`7Q`K�M+2b- r?B+?

�`2 QmiHBM2/ BM +?�Ti2` 9X q2 mb2 i?2 b�K2 72�im`2 b2iX

8Xk Pm` JQ/2H

AM i?2 oB`imQbQL2i bvbi2K- i?2`2 Bb � R,R K�TTBM; #2ir22M MQi2b BM b+Q`2b �M/ T2`7Q`K�M+2bX

�b K2MiBQM2/ BM +?�Ti2` j- 2M+Q/2`@/2+Q/2` b2[kb2[ KQ/2Hb rBi? p�`B�#H2@H2M;i? BMTmifQmiTmi

b2[m2M+2b �++QmMi 7Q` i?2 /B772`2M+2 BM H2M;i? #v mbBM; � ;2M2`�iBp2 /2+Q/2` KQ/2H r?B+?

`2HB2b QM i?2 BMTmi 2M+Q/BM;X "2+�mb2 Qm` BMTmi �M/ QmiTmi b2[m2M+2b �`2 i?2 b�K2 H2M;i?b-

r2 b�r MQ M22/ iQ BM+Hm/2 � ;2M2`�iBp2 /2+Q/2`X Pm` KQ/2H Bb �M 2M+Q/2`@QMHv h`�Mb7Q`K2`

KQ/2HX aBiiBM; QM iQT Q7 i?2 h`�Mb7Q`K2` 2M+Q/2` Bb � bBKTH2 66LL i?�i i�F2b �b BMTmi i?2

H2�`M2/ `2T`2b2Mi�iBQM 7`QK i?2 h`�Mb7Q`K2` �M/ K�Tb Bi iQ i?2 7BM�H QmiTmi 72�im`2 b2iX q2

mb2 i?2 Q`B;BM�H �#bQHmi2 TQbBiBQM�H 2K#2//BM; Q7 o�br�MB 2i �HX (j3)X h?2 KQ/2H �`+?Bi2+im`2

Bb b?QrM BM 6B;m`2 8XRX

8Xj 1tT2`BK2Mi J2i?Q/b

Pm` BMBiB�H 2tT2`BK2Mib r2`2 /2bB;M2/ iQ �Mbr2` irQ [m2biBQMb,

RX .Q2b � h`�Mb7Q`K2` #�b2/ 1JS ;2M2`�iBQM KQ/2H QmiT2`7Q`K � bBKBH�` GahJ #�b2/
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6B;m`2 8XR, Pm` KQ/2H mb2b i?2 b�K2 2M+Q/2` h`�Mb7Q`K2` �`+?Bi2+im`2 �b b?QrM #v o�br�MB
2i �HX (j3)X h?2`2 �`2 ԃ h`�Mb7Q`K2` H�v2`b r?B+? �`2 +QKTQb2/ Q7 KmHiB@?2�/ �ii2MiBQM �M/
722/@7Q`r�`/ K2+?�MBbKbX h?2`2 Bb � bBKTH2 HBM2�` H�v2` �i i?2 iQT Q7 i?2 �`+?Bi2+im`2 r?B+?
+`2�i2b i?2 7BM�H K�TTBM; iQ i?2 QmiTmi 72�im`2bX

1JS ;2M2`�iBQM KQ/2H\

kX .Q2b � h`�Mb7Q`K2` #�b2/ 1JS ;2M2`�iBQM KQ/2H QmiT2`7Q`K 2tBbiBM; bi�i2@Q7@i?2@�`i

UoB`imQbQL2iV KQ/2Hb\

hQ �Mbr2` #Qi? Q7 i?2b2 [m2biBQMb- r2 `�M �HH Q7 Qm` 2tT2`BK2Mib mbBM; i?2 2tBbiBM; oB`@

imQbQL2i 7`�K2rQ`FX h?2 oB`imQbQL2i 7`�K2rQ`F /27BM2b `2�H@p�Hm2/ 72�im`2b- �M/ i?2 `2@

bmHiBM; KQ/2Hb �`2 `2;`2bbBQM KQ/2HbX �HH oB`imQbQL2i KQ/2Hb mb2 Ja1 �b #Qi? i?2 HQbb

7mM+iBQM 7Q` i`�BMBM; �M/ `2+QMbi`m+iBQM 2``Q` 7Q` [m�MiBi�iBp2 2p�Hm�iBQMX oB`imQbQL2i KQ/@

2Hb �`2 i`�BM2/ mbBM; �M 3@R@R i`�BMfp�HB/fi2bi /�i� bTHBi- �M/ C2QM; 2i �HX (kj) T`2b2Mi Ja1

`2bmHib 7Q` b2p2`�H /B772`2Mi KQ/2HbX h?2b2 Ja1 `2bmHib �`2 ;Bp2M 7Q` 2�+? /B772`2Mi 2tT`2bbBp2
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T�`�K2i2`- BM+Hm/BM; i2KTQ- p2HQ+Biv- /2pB�iBQM UiBKBM;V- �`iB+mH�iBQM- �M/ T2/�HX q2 7QHHQr

i?2 b�K2 K2i?Q/ 7Q` Qm` [m�MiBi�iBp2 2p�Hm�iBQM- mbBM; i?2 b�K2 /�i� bTHBi- HQbb 7mM+iBQM-

�M/ 2p�Hm�iBQM K2i`B+bX

Pm` KQ/2Hb r2`2 i`�BM2/ 7Q` 8y 2TQ+?b- �M/ i?2 #2bi KQ/2H T�`�K2i2`b r2`2 b2H2+i2/ �+@

+Q`/BM; iQ i?2 HQr2bi p�HB/�iBQM 2p�Hm�iBQM b+Q`2X Pm` KQ/2Hb r2`2 BKTH2K2Mi2/ BM SvhQ`+?

mbBM; i?2B` M�iBp2 h`�Mb7Q`K2` HB#`�`vX q2 mb2/ L2TimM2 �A (kN) iQ K�M�;2 Qm` 2tT2`B@

K2Mib �M/ `2TQ`i i?2 K2i`B+ 722/#�+FX .�i� 7Q` �HH Q7 Qm` 2tT2`BK2Mib- BM+Hm/BM; i?2 KQ/2H

?vT2`T�`�K2i2`b �M/ K2i`B+b- +�M #2 7QmM/ QMHBM2kX

Pm` K�BM 2tT2`BK2Mi�H ;Q�H r�b iQ 7BM/ i?2 #2bi KQ/2H +QM7B;m`�iBQM 7Q` � h`�Mb7Q`K2` #�b2/

KQ/2HX hQ /Q bQ- r2 `�M � `2�bQM�#Hv 2t?�mbiBp2 ?vT2`T�`�K2i2` b2�`+? 7Q` Qm` h`�Mb7Q`K2`

KQ/2HX hQ ;mB/2 Qm` b2�`+?- r2 i`�BM2/ Qm` #�b2HBM2 GahJ KQ/2H �M/ � 72r oB`imQbQL2i

KQ/2Hb BM i�M/2K rBi? Qm` h`�Mb7Q`K2` KQ/2HX q2 mb2/ i?2 2p�Hm�iBQM `2bmHib 7`QK i?2

p�HB/�iBQM b2i iQ ;�BM �M BMimBiBQM �#Qmi r?B+? 7�KBHv Q7 KQ/2Hb T2`7Q`K2/ i?2 #2biX h?2

7BM�H i2bi b2i 2p�Hm�iBQM ?�TT2M2/ �7i2` �HH KQ/2H /2p2HQTK2Mi r�b 7BMBb?2/X

8X9 JQ/2H 1p�Hm�iBQM, Zm�MiBi�iBp2

q2 mb2 b2p2`�H /B772`2Mi KQ/2H +QM7B;m`�iBQMb 7Q` i?2 h`�Mb7Q`K2`X Pm` h`�Mb7Q`K2` #�b2HBM2

?�b bBt H�v2`b- bBt �ii2MiBQM ?2�/b- �M/ � ?B//2M bBx2 Q7 k8eX q2 +?Qb2 i?Bb �b � #�b2

+QM7B;m`�iBQM #2+�mb2 Bi +HQb2Hv K�i+?2b i?2 bBx2 Q7 i?2 Q`B;BM�H h`�Mb7Q`K2` (j3)- 2t+2Ti 7Q`

i?2 ?B//2M bBx2 Q7 i?2 722/@7Q`r�`/ H�v2`X q2 mb2 � bK�HH2` ?B//2M bBx2 Q7 k8e 7Q` Qm` #�b2

H�v2` ?B//2M bBx2 /m2 iQ i?2 `2H�iBp2Hv bK�HH /BK2MbBQM�HBiv- d3- Q7 i?2 KQ/2HǶb BMTmi /�i�jX
k?iiT,ffmBXM2TimM2X�Bf`B+?ijkRRfi?2bBbX
jh?2 Q`B;BM�H h`�Mb7Q`K2` mb2b � #�b2HBM2 BMTmi /BK2MbBQM�HBiv Q7 8k3X AM i?Bb +�b2- i?2 KQ/2H BMTmib

�`2 rQ`/ p2+iQ`b r?Qb2 bBx2 +�M #2 +QM7B;m`2/ /vM�KB+�HHv iQ 7BM/ i?2 #2bi rQ`/ `2T`2b2Mi�iBQM 7Q` � ;Bp2M
KQ/2HX AM Qm` +�b2- Qm` BMTmi bBx2 /BK2MbBQM�HBiv Bb 7Bt2/ �++Q`/BM; iQ i?2 BMTmi 72�im`2b Q7 i?2 oB`imQbQL2i
7`�K2rQ`FX
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JQ/2H *QM7B;m`�iBQM _2bmHib BM Ja1ԃքտ Ԃ ԁ ԓփքտ ӹ ԁԇ Ӹ ӽ hQi ԣ ԥ ԓ Ԑ ԟ
Rkj GahJ j k8e yXR yXR yX8 RXy3 y�39 R�j8 R�yk R�RR R�y3
R9d h@"G e k8e yXR j2@8 yX8 e y�3e y�89 y�3y y�33 y�3y y�Nk
ReN Rk3 y�3d y�88 y�dN y�Ne y�33 y�Nk
Rk3 8k3 y�3e y�8y y�de y�33 y�3k y�Nj
Rjj h@"2bi Ryk9 yX3j y�9d y�de y�33 y�3k y�33
RR3 Rk y�3N y�e8 y�3k y�33 y�3k y�N8
R3R k9 y�Nj y�ek y�Nd y�3N R�yN y�N8
Rjk Rj y�39 y�8R y�dd y�N8 y�3R y�33
RdR yXk y�NR y�d9 y�3k y�N8 y�3e y�N9
Rdj yXyR R�yR y�3e R�y8 y�Ny R�R3 R�yR
R33 ke y�39 y�ek y�d3 y�3N y�dN y�3d
Rj9 Rk 8k3 y�38 y�89 y�d8 y�Ny y�3e y�3N
RNy Rk Rj y�3d y�9N y�d3 y�3N y�3d y�N9
Rj8 Rk 8k3 Rj y�39 y�9d y�3R y�3N y�3e y�3N
Rk8 h@qQ`bi k9 8k3 y�Nj y�eN y�NN y�NR R�Rk y�N9

>�L@"G @ @ @ @ @ @ y�dd y�9y y�ed y�dd y�dk y�39
>�L@a @ @ @ @ @ @ y�dj y�kd y�eR y�d8 y�eN y�3k

>�L@J @ @ @ @ @ @ yXdk y�kk y�8j y�d8 y�d8 y�3R

h�#H2 8XR, � +QKT�`BbQM Q7 j /B772`2Mi 7�KBHB2b Q7 1JS ;2M2`�iBQM KQ/2Hb, oB`imQbQL2i
KQ/2Hb- h`�Mb7Q`K2` KQ/2Hb- �M/ Qm` GahJ #�b2HBM2 KQ/2HbX ԃքտ Bb i?2 A. Q7 i?2 L2TimM2
2tT2`BK2Mi- ԁ Bb i?2 MmK#2` Q7 H�v2`b- ԓփքտ Bb i?2 /BK2MbBQM Q7 i?2 ?B//2M H�v2`b- ӹ Bb i?2
/`QTQmi- ԁԇ Bb i?2 H2�`MBM; `�i2- Ӹ Bb i?2 ;`�/B2Mi +HBT- �M/ ӽ Bb i?2 MmK#2` Q7 �ii2MiBQM
?2�/bX 1KTiv bT�+2b 7Q` i?2 h`�Mb7Q`K2` +QM7B;m`�iBQM p�Hm2b BKTHv i?2 #�b2HBM2 p�Hm2 U7Q`
2t�KTH2- i?2 MmK#2` Q7 H�v2`b 7Q` KQ/2H ReN Bb eVX h?2 `B;?i bB/2 Q7 i?2 i�#H2 T`2b2Mib
i?2 Ja1 `2bmHib 7Q` �HH KQ/2Hb �HQM; i?2 7Bp2 /B772`2Mi 2tT`2bbBp2 T�`�K2i2`b mb2/ BM i?2
oB`imQbQL2i 7`�K2rQ`F- �b r2HH �b i?2 iQi�H Ja1 r?B+? Bb �M �;;`2;�iBQM Q7 �HH i?2 BM/BpB/m�H
2tT`2bbBp2 72�im`2bX h?2 2Mi`B2b 7Q` i?2 >�L KQ/2Hb +QK2 7`QK oB`imQbQL2i �M/ �`2 ;Bp2M
#v C2QM; 2i �HX (kj)X
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h�#H2 8XR +QMi�BMb i?2 7mHH `2bmHib Q7 i?2 7BM�H 2p�Hm�iBQM �M/ BM+Hm/2b Ja1 `2bmHib 7Q` �HH

Q7 i?2 /B772`2Mi h`�Mb7Q`K2` KQ/2Hb- Qm` #�b2HBM2 GahJ KQ/2H- �M/ i?2 #2bi T2`7Q`KBM;

oB`imQbQL2iX

�b b?QrM BM 6B;m`2 8Xk- i?2 7B`bi K�DQ` BKTHB+�iBQM Q7 i?2 `2bmHib Bb i?�i i?2 h`�Mb7Q`K2`

KQ/2H 2�bBHv QmiT2`7Q`Kb i?2 #�b2HBM2 GahJ #mi /Q2b MQi QmiT2`7Q`K i?2 oB`imQbQL2i

KQ/2HbX h?2 #2bi T2`7Q`KBM; h`�Mb7Q`K2` KQ/2H mb2b �HH Q7 i?2 b�K2 #�b2HBM2 h`�Mb7Q`K2`

T�`�K2i2`b- 2t+2Ti 7Q` � K�DQ` BM+`2�b2 BM i?2 ?B//2M H�v2`Ƕb /BK2MbBQM�HBiv Ui?Bb Bb 7QmM/

BM KQ/2H ԉկȯɘɘ - r2 mb2 i?2 MQi�iBQM ԉկՎ iQ `272` iQ i?2 L2TimM2 A. Q7 � h`�Mb7Q`K2`

KQ/2HXVX Pi?2` KQ/2Hb i?�i T2`7Q`K r2HH BM+Hm/2 i?Qb2 r?B+? QMHv BM+`2�b2 i?2 MmK#2`

Q7 �ii2MiBQM ?2�/b Uԉկȯɘɞ �M/ ԉկɞɒV �M/ i?Qb2 rBi? �M BM+`2�b2 �+`Qbb b2p2`�H /B772`2Mi

T�`�K2i2`b UԉկȯɘȁVX Ai �TT2�`b i?�i BM+`2�bBM; i?2 MmK#2` Q7 H�v2`b /2;`�/2b T2`7Q`K�M+2

UԉկȯȯǮ - ԉկȯǮȯ - ԉկȯɞȁV- �M/ bQ /Q2b BM+`2�bBM; i?2 /`QTQmi �M/ H2�`MBM; `�i2b Uԉկȯɑȯ - ԉկȯɑɘVX

6B;m`2 8Xk, _2bmHib 7Q` i?2 i?`22 /B772`2Mi KQ/2H 7�KBHB2b- GahJ #�b2HBM2- h`�Mb7Q`K2`- �M/
oB`imQbQL2i- �`2 b?QrM BM /B772`2Mi +QHQ`bX h?2`2 Bb � bm#bi�MiB�H /B772`2M+2 BM `2bmHib 7Q`
2�+? KQ/2H 7�KBHv- rBi? i?2 GahJ #�b2HBM2 T2`7Q`KBM; i?2 rQ`bi- oB`imQbQL2i T2`7Q`KBM;
i?2 #2bi- �M/ i?2 h`�Mb7Q`K2`b bBiiBM; BM #2ir22MX
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�Hi?Qm;? r2 b22 BKT`Qp2K2Mib #v BM+`2�bBM; i?2 ?B//2M /BK2MbBQM �M/ MmK#2` Q7 �ii2MiBQM

?2�/b- i?2 T2`7Q`K�M+2 BKT`Qp2K2Mib �`2 MQi MQi�#H2X h?2`2 Bb QMHv � /B772`2M+2 Q7 yXyj

BM Ja1 #2ir22M i?2 #2bi T2`7Q`KBM; h`�Mb7Q`K2` KQ/2H �M/ i?2 h`�Mb7Q`K2` #�b2HBM2X AM

+QMi`�bi- i?2`2 Bb � /B772`2M+2 Q7 yXRR #2ir22M i?2 #2bi h`�Mb7Q`K2` KQ/2H �M/ i?2 #2bi >�L

KQ/2HX �M BMBiB�H BMi2`T`2i�iBQM Q7 i?2b2 `2bmHib rQmH/ BM/B+�i2 i?�i � h`�Mb7Q`K2` KQ/2H

+�M MQi 2p2M K�i+? i?2 2tBbiBM; bi�i2 Q7 i?2 �`i BM 1JS ;2M2`�iBQM UH2i �HQM2 #2�i BiVX �b

r2 /Bb+mbb BM i?2 7QHHQrBM; b2+iBQM- i?Bb BMi2`T`2i�iBQM Q7 `2bmHib Bb MQi M2+2bb�`BHv p�HB/X



*?�Ti2` e

�M�HvbBb

Pm` BMBiB�H 2tT2`BK2Mib mbBM; � [m�MiBi�iBp2 2p�Hm�iBQM BM/B+�i2/ i?�i Qm` h`�Mb7Q`K2` KQ/2H

/Q2b MQi BKT`Qp2 i?2 bi�i2@Q7@i?2@�`i BM 1JS ;2M2`�iBQMX �b � K2i?Q/ Q7 ǳ/2#m;;BM;Ǵ Qm`

h`�Mb7Q`K2` KQ/2H iQ HQQF 7Q` TQi2MiB�H 2``Q`b �M/ BKT`Qp2K2Mib- r2 r�Mi2/ iQ HBbi2M iQ i?2

T2`7Q`K�M+2b ;2M2`�i2/ #v Qm` KQ/2Hb iQ B/2MiB7v �Mv T`Q#H2Kb- B7 i?2v 2tBbi2/ �i �HHX

h?2b2 HBbi2MBM; i2bib �+i2/ #Qi? �b �M 2``Q` �M�HvbBb �b r2HH �b Qm` [m�HBi�iBp2 2p�Hm�iBQM

Q7 i?2 KQ/2HbX Ai #2+�K2 �TT�`2Mi iQ mb `B;?i �r�v i?�i i?2`2 r�b � /Bb+QMM2+i #2ir22M

i?2 [m�HBiv Q7 i?2 KQ/2H �++Q`/BM; iQ i?2 [m�MiBi�iBp2 K2i`B+ �M/ Qm` 2p�Hm�iBQMX AM i?Bb

+?�Ti2`- r2 T`2b2Mi i?Bb �M�HvbBbX h?2 �M�HvbBb BM+Hm/2b Qm` [m�HBi�iBp2 2p�Hm�iBQM K2i?Q/-

M2r 2tT2`BK2Mi�H K2i?Q/b iQ BKT`Qp2 Qm` KQ/2Hb- �M/ +QM+HmbBQMb �#Qmi 2�+? KQ/2HǶb

[m�HBiv �++Q`/BM; iQ Qm` HBbi2MBM; i2bibX

eXR 1p�Hm�iBQM 1``Q` �M�HvbBb

GBbi2MBM; i2bib `2[mB`2 ;2M2`�i2/ T2`7Q`K�M+2b- r?B+? r2 T`Q/m+2/ #v mbBM; i?2 oB`imQbQL2i

7`�K2rQ`F iQ +`2�i2 JA.A 7BH2b ;Bp2M Qm` KQ/2HbǶ 72�im`2 QmiTmiX q2 ;2M2`�i2/ T2`7Q`K�M+2b

7Q` b2p2`�H Q7 Qm` i`�BM2/ KQ/2Hb mbBM; bBt +QKTQbBiBQMb 7`QK i?`22 /B772`2Mi +QKTQb2`b-

HBbi2/ BM h�#H2 eXRX 6Q` 2�bv +QKT�`BbQM Q7 2�+? KQ/2HǶb T2`7Q`K�M+2- r2 HQ�/2/ i?2B`

`2H2p�Mi JA.A 7BH2b BMiQ i?2 .B;Bi�H �m/BQ qQ`Fbi�iBQM U.�qV GQ;B+ S`Q sX q2 mb2/ i?2

ǳai2BMr�v :`�M/Ǵ BMbi`mK2Mi bvMi?2bBx2` iQ +`2�i2 i?2 �m/BQX GQ;B+ S`Q s �HbQ T`QpB/2b

9d
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*QKTQb2` *QKTQbBiBQM
"�+? S`2Hm/2 BM 1 JBMQ`- "qo 388
"�+? S`2Hm/2 BM 6@b?�`T J�DQ`- "qo 383
*?QTBM 1im/2 PTX Ry- LQX Rk
*?QTBM 6�Mi�BbB2@AK`QTKTim
"22i?Qp2M SB�MQ aQM�i� LQX Rd 6B`bi JQp2K2Mi
JQx�`i SB�MQ aQM�i� LQX RR 6B`bi JQp2K2Mi

h�#H2 eXR, h?2 +QKTQbBiBQMb mb2/ 7Q` i?2 [m�HBi�iBp2 2p�Hm�iBQM Q7 Qm` KQ/2HbX �HH b+Q`2b
+QK2 BM i?2 7Q`K Q7 JmbB+sJG 7`QK Jmb2a+Q`2X LQM2 Q7 i?2 b+Q`2b r2`2 T`2b2Mi BM i?2
i`�BMBM; /�i�X

pBbm�HBx�iBQMb Q7 /B772`2Mi T2`7Q`K�M+2 �bT2+ib- BM+Hm/BM; i?2 JA.A p2HQ+Biv Q7 2�+? MQi2 �M/

i?2 bmbi�BM �M/ bQ7i T2/�HbǶ p�Hm2 i?`Qm;?Qmi i?2 T2`7Q`K�M+2 Ub22 6B;m`2 kXj 7Q` 2t�KTH2

T2/�H pBbm�HBx�iBQMbVRX

�b �H`2�/v K2MiBQM2/- Bi r�b �TT�`2Mi i?�i i?2`2 r�b � KBbK�i+? #2ir22M � KQ/2HǶb T2`7Q`@

K�M+2 [m�HBiv �++Q`/BM; iQ i?2 Ja1 p�Hm2 �M/ Qm` 2p�Hm�iBQMX 6Q` 2t�KTH2- i?2 h`�Mb7Q`K2`

KQ/2H ԉկȯɞȁ ?�/ Km+? rQ`b2 p�HB/�iBQM Ja1 K2i`B+b i?�M �HKQbi 2p2`v Qi?2` h`�Mb7Q`K2`

KQ/2HX >Qr2p2`- Qm` HBbi2MBM; i2bi `2p2�H2/ i?�i i?2 �#bQHmi2 i2KTQ 7Q` bK�HH2` KQ/2Hb-

bm+? �b i?2 h`�Mb7Q`K2` #�b2HBM2 ԉկȯȃɑ - r�b Km+? 7�bi2` �M/ bQmM/2/ rQ`b2 UiQ i?2 TQBMi

r?2`2 i?2 T2`7Q`K�M+2b �`2 �HKQbi ǳmMHBbi2M�#H2ǴV i?�M ԉկȯɞȁ X h?2 TQi2MiB�H /Bb+QMM2+i

#2ir22M i?2 KQ/2HǶb [m�HBiv �b /2i2`KBM2/ #v [m�MiBi�iBp2 �M/ [m�HBi�iBp2 2p�Hm�iBQM H2/ mb

iQ BMp2biB;�i2 TQbbB#H2 T`Q#H2Kb rBi? i?2 i`�BMBM; K2i?Q/b mb2/ #v C2QM; 2i �HX (kj)X

PM2 Q7 i?2 7B`bi TQi2MiB�H T`Q#H2Kb r2 B/2MiB7B2/ r�b i?2 Ja1 HQbb �M/ 2p�Hm�iBQM 7mM+iBQMX

h?2 QmiTmi 72�im`2b Q7 oB`imQbQL2i �`2 � b2[m2M+2 Q7 p2+iQ`b rBi? � H2M;i? Q7 RRX h?2 7B`bi

RS2`7Q`K�M+2b ;2M2`�i2/ #v KQ/2Hb �`2 �p�BH�#H2 i?`Qm;? Qm` L2TimM2 S`QD2+iX 1�+? 2tT2`BK2Mi ?�b �M
A.- �M/ r2Ƕp2 `mM T2`7Q`K�M+2 ;2M2`�iBQM +Q/2 7Q` K�Mv Q7 i?2 KQ/2HbX hQ HBbi2M iQ T2`7Q`K�M+2b- pBbBi �M
2tT2`BK2MibǶ �`iB7�+ib i�# �M/ /QrMHQ�/ �p�BH�#H2 T2`7Q`K�M+2 JA.A 7BH2bX h?2b2 JA.A 7BH2b +�M #2 TH�v2/
BM �Mv .�q bQ7ir�`2- bm+? �b GQ;B+ S`Q sX A7 T2`7Q`K�M+2b /Q MQi 2tBbi 7Q` �M 2tT2`BK2Mi- TH2�b2 +QMi�+i
i?2 �mi?Q`X
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7Qm` 72�im`2b +Q``2bTQM/ iQ � bBM;H2 +QKTQM2Mi Q7 2tT`2bbBQMX h?2v �`2 i2KTQ- p2HQ+Biv-

/2pB�iBQM- �M/ �`iB+mH�iBQM- `2bT2+iBp2HvX h?2 H�bi b2p2M 72�im`2b �`2 �HH /B772`2Mi p�Hm2b i?�i

+Q``2bTQM/ iQ BM7Q`K�iBQM �#Qmi i?2 bmbi�BM T2/�H (k8)X AM h�#H2 8XR r2 b?Qr Ja1 K2i`B+b

7Q` 7Bp2 /B772`2Mi 2tT`2bbBp2 T�`�K2i2`b- BM+Hm/BM; �HH i?2 7Qm` 72�im`2b T`2pBQmbHv K2MiBQM2/

�M/ i?2 T2/�HX Pm` `272`2M+2 iQ T2/�H Ja1 Bb �M �;;`2;�iBQM Q7 i?2 b2p2M /B772`2Mi 72�im`2b

i?�i +QMi�BM T2/�H BM7Q`K�iBQMX AM +QMi`�bi- i?2 Qi?2` 9 Ja1 K2i`B+b QMHv �TTHv iQ � bBM;H2

72�im`2X

h?2 Q`B;BM�H Ja1 mb2/ iQ i`�BM oB`imQbQL2i Ur?B+? r2 +�HH oB`imQbQL2i Ja1V �bbmK2b i?�i

2p2`v BM/BpB/m�H 72�im`2 Q7 i?2 QmiTmi p2+iQ` +QMi`B#mi2b 2[m�HHv iQ i?2 7BM�H QmiTmi �M/

+Q``2bTQM/BM; HQbb QTiBKBx�iBQMX h?2 T2/�H T�`�K2i2` ?�b b2p2M iBK2b �b Km+? BM7Q`K�iBQM

�b 2p2`v Qi?2` T�`�K2i2`- �M/ bQ i?2 oB`imQbQL2i 7`�K2rQ`F Ja1 TH�+2b KQ`2 BKTQ`i�M+2

QM T2/�H [m�HBiv Qp2` 2p2`v Qi?2` 72�im`2X :Bp2M i?�i i?2 oB`imQbQL2i 7`�K2rQ`F Ja1 HQbb

Bb mb2/ #Qi? 7Q` KQ/2H i`�BMBM; �M/ 2p�Hm�iBQM- i?Bb K2�Mb i?�i Bi BM?2`2MiHv `2r�`/b i?Qb2

KQ/2Hb r?B+? 2tT`2bb T2/�H #2ii2` i?�M �HH Qi?2` T2`7Q`K�M+2 72�im`2bX A7 i?2 oB`imQbQL2i

KQ/2Hb QmiT2`7Q`K2/ Qm` h`�Mb7Q`K2` KQ/2Hb �++Q`/BM; iQ i?Bb K2i`B+- /Q2b i?�i K2�M i?�i

i?2v �`2 #2ii2` �i KQ/2HBM; 1JS ;2M2`�iBQM �b � r?QH2- Q` i?�i i?2v �`2 bBKTHv KQ`2 7Bi iQ

KQ/2H i?2 T2/�H\ AM �M �ii2KTi iQ �Mbr2` i?Bb [m2biBQM- r2 +�K2 mT rBi? � M2r r2B;?i2/

Ja1 HQbb 7mM+iBQM i?�i �HHQrb 7Q` � KQ`2 7�B` `2T`2b2Mi�iBQM Q7 i?2 2p�Hm�iBQM K2i?Q/X

q2 /27BM2 i?2 QmiTmi p2+iQ` �b �M RR /BK2MbBQM�H p2+iQ`

p � \ԣ
 ԥ
 ԓ
 Ԑ
 ԟЈ
 ԟφ
 ԟϵ
 ԟϯ
 ԟΚ
 ԟΘ
 ԟϩ^
r?2`2 ԣ- ԥ- ԓ- �M/ Ԑ `2T`2b2Mi i2KTQ- p2HQ+Biv- /2pB�iBQM- �M/ �`iB+mH�iBQM `2bT2+iBp2Hv- �M/ԟք `2T`2b2Mib � bBM;H2 +QKTQM2Mi Q7 i?2 T2/�HX 6Q` � T`2/B+i2/ QmiTmi p2+iQ` p �M/ i?2 i�`;2i
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QmiTmi p2+iQ` Ùp- oB`imQbQL2i 7`�K2rQ`F Ja1 HQbb Bb

ԂԈӺ	p
 Ùp
 � �ԝ ։ంք�φ	pք ਷ Ùpք
ϵ
h?Bb +�M �HbQ #2 `2@r`Bii2M �b

ԂԈӺ	p
 Ùp
 � ���<	p֏ ਷ Ùp֏
ϵ � 	p֑ ਷ Ùp֑
ϵ � 	pտ ਷ Ùpտ
ϵ � 	pռ ਷ Ùpռ
ϵ � Ϩంք�φ	p֋Վ ਷ Ùp֋Վ
ϵ>
q2 BMi`Q/m+2 8 /B772`2Mi r2B;?i p�Hm2b, ᅫ֏
 ᅫ֑
 ᅫտ
 ᅫռ �M/ ᅫ֋X Pm` r2B;?i2/ Ja1 HQbb Bb

/27BM2/ �b

Ԍծմզ	p
 Ùp
 � �ᅫ֏ � ᅫ֑ � ᅫտ � ᅫռ � ᅫ֋ <ᅫ֏	p֏ ਷ Ùp֏
ϵ � ᅫ֑	p֑ ਷ Ùp֑
ϵ � ᅫտ	pտ ਷ Ùpտ
ϵ�ᅫռ	pռ ਷ Ùpռ
ϵ � ᅫ֋ �� Ϩంք�φ	p֋Վ ਷ Ùp֋Վ
ϵ>
oB`imQbQL2i 7`�K2rQ`F Ja1 +�M #2 b22M �b i?2 r2B;?i2/ Ja1 rBi? ᅫ֏
 ᅫ֑
 ᅫտ
 ᅫռ � �- �M/ᅫ֋ � �X

h?Bb HQbb 7Q`KmH�iBQM b?Qrb i?2 ?2�pv #B�b iQr�`/b i?2 T2/�H 72�im`2X Ab i?Bb Bb i?2 `B;?i

r�v iQ +QM+2Tim�HBx2 r?�i � ǵ;QQ/Ƕ T2`7Q`K�M+2 Bb\ qQmH/ � /B772`2Mi +QM7B;m`�iBQM Q7

i?2 2tT`2bbBp2 72�im`2 r2B;?ib H2�/ iQ � #2ii2` Qmi+QK2\ �Mbr2`BM; bm+? [m2biBQMb BM �

bi`�B;?i7Q`r�`/ �M/ ǵQ#D2+iBp2Ƕ K�MM2` �++Q`/BM; iQ � [m�MiBi�iBp2 K2i`B+ Bb MQi TH�mbB#H2

rBi? Qm` r2B;?i2/ Ja1X 1p2`v /B772`2Mi +QM7B;m`�iBQM Q7 r2B;?ib +?�M;2b i?2 2p�Hm�iBQM

K2i`B+ Bib2H7- �M/ i?2`27Q`2 �Mv /B`2+i K2i`B+ +QKT�`BbQM �+`Qbb 2tT2`BK2Mib Bb K2�MBM;H2bbX

EMQrBM; i?Bb- r2 +QMiBMm2/ iQ 2tT2`BK2Mi rBi? /B772`2Mi r2B;?i +QM7B;m`�iBQMb `2HvBM; QM

Qm` [m�HBi�iBp2 2p�Hm�iBQM iQ /2i2`KBM2 T2`7Q`K�M+2 [m�HBivX q2 T`2b2Mi Qm` Q#b2`p�iBQMb

7`QK HBbi2MBM; iQ KQ/2H T2`7Q`K�M+2b- rBi? �M/ rBi?Qmi i?2 +?�M;2 BM Ja1X
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eXk Zm�HBi�iBp2 1p�Hm�iBQM

Pm` 7B`bi ;2M2`�H Q#b2`p�iBQM ;Bp2M Qm` M2r HQbb 2p�Hm�iBQM Bb i?�i i?2 irQ KQbi BKTQ`i�Mi

7�+iQ`b 7Q` Qp2`�HH T2`7Q`K�M+2 �`2 i2KTQ �M/ T2/�HX S2`7Q`K�M+2b rBi? 2Bi?2` Q7 i?2b2 irQ

72�im`2b QmibB/2 Q7 +2`i�BM #QmM/b K�F2 T2`7Q`K�M+2b mMHBbi2M�#H2X amTTQb2 � T2`7Q`K�M+2Ƕb

;HQ#�H i2KTQ Bb iQQ 7�bi- �M/ 2p2`v Qi?2` 2tT`2bbBp2 T�`�K2i2` `2M/2`b +Q``2+iHvX AM i?�i +�b2-

i?2 `2bmHiBM; T2`7Q`K�M+2 rBHH biBHH bQmM/ #�/ 2MQm;? i?�i Bi Bb MQi rQ`i? HBbi2MBM; iQ �i �HHkX

q2 MQiB+2/ � bBKBH�` T?2MQK2MQM rBi? i?2 T2/�HX aQK2 KQ/2Hb ;2M2`�i2/ T2`7Q`K�M+2b

rBi? i?2 bmbi�BM T2/�H �TTHB2/ �i �HH iBK2b rBi? p2`v 72r #`2�Fb- �M/ `2bmHiBM; T2`7Q`K�M+2b

�`2 ǳKm//B2/Ǵ �M/ mM`27BM2/X �Hi?Qm;? i?2b2 T2`7Q`K�M+2b �`2 KQ`2 #2�`�#H2 i?�M i?Qb2

rBi? 2ti`2K2 i2KTQ- i?2v �`2 biBHH ?�`/ iQ HBbi2M iQ BM �Mv K2�MBM;7mH r�vjX

q2 �HbQ MQiB+2 i?�i i?2 i2KTQ �M/ iBKBM; Q7 i?2 h`�Mb7Q`K2` KQ/2Hb �`2 KQ`2 /vM�KB+

i?�M i?2 GahJ KQ/2Hb- #Qi? 7Q` Qm` GahJ #�b2HBM2 �M/ i?2 oB`imQbQL2i KQ/2HbX 6Q` bQK2

KQ/2Hb- i?2 p�`B�#BHBiv BM iBKBM; b22K2/ iQ #2 � ;QQ/ i?BM;- r?BH2 7Q` Qi?2`b- Bi r�b #�/

2MQm;? i?�i Bi �HKQbi bQmM/2/ HBF2 i?2 KQ/2H r�b biBHH ǳH2�`MBM;Ǵ ?Qr iQ TH�vX h?2 i2KTQ 7Q`

�HH GahJ #�b2/ KQ/2Hb U2t+2Ti 7Q` bQK2 bHB;?i p�`B�iBQMb BM i?2 T2`7Q`K�M+2b 7`QK >�L@

J9V r�b +QMbBbi2Mi �M/ MQM@+?�M;BM; iQ i?2 TQBMi Q7 bQmM/BM; `Q#QiB+- �HKQbi HBF2 � /2�/T�M

T2`7Q`K�M+2X PM QM2 2ti`2K2 rBi? h`�Mb7Q`K2` KQ/2Hb- i?2 ?B;?Hv /vM�KB+ i2KTQ �i iBK2b

bQmM/b HBF2 � `2�H T2`7Q`K2` K�FBM; KBbi�F2b8X h?2 Qi?2` 2ti`2K2 Bb T2`7Q`K�M+2b Q7 bQK2

GahJ KQ/2Hb i?�i �`2 bQ KmM/�M2 i?2v /Q MQi bQmM/ ǳ?mK�MǴ �i �HHeX

h?2 T2/�HBM; BM ;2M2`�H Q7 �HH KQ/2Hb r�b K2/BQ+`2 �i #2biX h?Bb Q#b2`p�iBQM Bb +QMbBbi2Mi

rBi? i?Qb2 Q7 C2QM; 2i �HX (kj)X h?2`2 �`2 KQ/2Hb rBi? /2+2Mi T2`7Q`K�M+2 T2/�HBM; [m�HBiv

ka22 յԹǮɒ 6�Mi�BbB2 AKT`QKTim �M/ յԹȯɞɒ 1im/2 PTX Ry LQX RkX
ja22 յԹȯɞȁ SB�MQ aQM�i� RRX
9S2`7Q`K�M+2b 7Q` i?2 >�L@J �`2 �p�BH�#H2 �i կȯɞɒX
8a22 յԹǮɒ SB�MQ aQM�i� RRX
ea22 խմյ ծԹȯɞɘ SB�MQ aQM�i� RRX



8k *>�Sh1_ eX �L�GuaAa

JQ/2H *QM7B;m`�iBQM 1tT`2bbBp2 q2B;?ibԃքտ ԁ ԓփքտ ӽ ᅫ֏ ᅫ֑ ᅫտ ᅫռ ᅫ֋
R8y k8e e e R R R R d
R89 yXk yXk yXk yXk yXk
R8e yXjj yXRR yXRR yXRR yXjj
R8d yX9 yXyed yXyed yXyed yX9
R8N 8k3 Rk Rj yX9 yXyed yXyed yXyed yX9

h�#H2 eXk, h?2 KQ/2H +QM7B;m`�iBQMb Q7 �//BiBQM�H 2tT2`BK2Mib r2 `�M �7i2` Qm` BMBiB�H [m�M@
iBi�iBp2 2p�Hm�iBQM 277Q`iX q2 b?Qr bBKBH�` ?vT2`T�`2Ki2`b �b BM h�#H2 8XRX h?2`2 �`2
�//BiBQM�H T�`�Ki2` p�Hm2b i?�i �`2 MQi T`2b2Mi #mi �`2 mb2/ BM h�#H2 8XR, ԁԇ Bb yXyyyj- Ӹ
Bb yX8- �M/ ӹ Bb yXR

i?�i bQK2r?�i 7QHHQrb i?2 +QKTQbBiBQMǶb M�im`�H +�/2M+2 #mi /Q2b MQi K�i+? T2/�H BM �+im�H

?mK�M T2`7Q`K�M+2X

Pm` 7B`bi 2tT2`BK2Mib rBi? i?2 r2B;?i2/ Ja1 mb2/ �M 2p2M r2B;?i /Bbi`B#miBQMX q2 `�M

� 72r �//BiBQM�H 2tT2`BK2Mib rBi? i?2 i2KTQ �M/ T2/�H r2B;?ib ?B;?2` i?�M Qi?2`b- �HQM;

rBi? bQK2 KQ/2H bBx2 +?�M;2bX h�#H2 eXk b?Qrb � 7mHH /2b+`BTiBQM Q7 i?2 KQ/2Hb �M/ i?2B`

T�`�K2i2`bXԉկȯȁȃ - r?B+? r2B;?ib �HH 2tT`2bbBp2 T�`�K2i2`b 2p2MHv- ;2M2`�i2b T2`7Q`K�M+2b rBi? i?2 ;HQ#�H

i2KTQ bHB;?iHv iQQ 7�bi �M/ �M 2ti`2K2Hv Km//v T2/�HX ԉկȯȁɱ - r?B+? mb2b i?2 oB`imQbQL2i

Ja1- T`Q/m+2b #2ii2` T2`7Q`K�M+2b rBi? `2�bQM�#H2 T2/�HBM;X >Qr2p2`- i?2 i2KTQ Bb BM@

+QMbBbi2Mi 2MQm;? i?�i i?2 T2`7Q`K�M+2 HQb2b Bib +Q?2bBp2M2bb �b � r?QH2X hQ 7m`i?2` i2bi

Qm` ?vTQi?2bBb i?�i i?2 i2KTQ �M/ T2/�H �`2 i?2 KQbi BKTQ`i�Mi 2tT`2bbBp2 T�`�K2i2`b- r2

BM+`2�b2 i?2 r2B;?ib 7Q` #Qi? i2KTQ �M/ T2/�HBM; ?B;?2` i?�M �HH Qi?2` T�`�K2i2`b BM KQ/2Hԉկȯȁɒ X q2 7QmM/ i?�i i?2 i2KTQ �M/ T2/�H r2B;?ib ԉկȯȁɒ r2`2 � #Bi iQQ HQr @ bT2+B7B+�HHv-

i?2 T2/�H Bb �HKQbi Dmbi �b Km//v �b Bi Bb BM ԉկȯȁɱ �M/ i?2 i2KTQ Bb biBHH � #Bi iQQ 7�bi- �H#2Bi

KQ`2 +QMbBbi2Mi �M/ +Q?2bBp2 i?�M ԉկȯȁɱ X q2 7m`i?2` BM+`2�b2/ i?2 i2KTQ �M/ T2/�H r2B;?ib
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BM ԉկȯȁɑ �M/ ԉկȯȁȦ �M/ 7QmM/ i?�i ԉկȯȁɑ Bb i?2 #2bi bQmM/BM; h`�Mb7Q`K2` KQ/2HdX Ai Bb

HBF2Hv i?�i r2`2 r2 iQ +QMiBMm2 iQ 2tT2`BK2Mi rBi? � /B772`2Mi +QM7B;m`�iBQM Q7 i?2 r2B;?ib

i?�i r2 +QmH/ +QK2 mT rBi? BM+`2�bBM;Hv #2ii2`@bQmM/BM; KQ/2HbX

Pm` H�bi ;2M2`�H Q#b2`p�iBQM Bb i?�i i?2 oB`imQbQL2i KQ/2H >�L@J T`Q/m+2b i?2 #2bi Qp2`�HH

T2`7Q`K�M+2bX AM ;2M2`�H- r2 722H i?�i i?2 i2KTQ 7Q` >�L@J Bb � HBiiH2 iQQ bHQr- #mi Bi biBHH

+`2�i2b i?2 KQbi M�im`�H 2tT`2bbBQMX h?Bb 2tT`2bbBQM Bb KQbi �TT�`2Mi BM Bib T2`7Q`K�M+2 Q7

"22i?Qp2MǶb SB�MQ aQM�i� Rd3- r?Qb2 BMi`Q/m+iBQM H2�p2b � H�`;2 bT�+2 7Q` BMi2`T`2i�iBQM iQ

�+?B2p2 i?2 /2bB`2/ HBbi2MBM; `2bmHiX q2 7QmM/ i?�i i?2 QMHv KQ/2H i?�i K�/2 i?Bb T2`7Q`@

K�M+2 ǳBMi2`2biBM;Ǵ r�b i?2 >�L@JX �Hi?Qm;? r2 ?�p2 T`2pBQmbHv 2KT?�bBx2/ i?2 T`Q#H2K

mbBM; i?2 2tBbiBM; [m�MiBi�iBp2 K2i`B+ iQ 2p�Hm�i2 Qm` KQ/2Hb- Qm` [m�MiBi�iBp2 �M/ [m�HBi�@

iBp2 2p�Hm�iBQM Q7 i?2 >�L@J KQ/2H BM/B+�i2b i?�i Bi Bb i?2 ǳ#2biǴ KQ/2HX h?2 T`QTQb2/

h`�Mb7Q`K2` �`+?Bi2+im`2 /Q2b MQi BKT`Qp2 mTQM 2tBbiBM; KQ/2HbX q2 rBHH T`QpB/2 bQK2

BMimBiBQM �#Qmi r?v i?Bb Bb �M/ TQbbB#H2 KQ/2H BKT`Qp2K2Mib 7Q` 7mim`2 rQ`F BM +?�Ti2` dX

dS2`7Q`K�M+2b Q7 6�Mi�BbB2 AKT`QKTim #2bi /2KQMbi`�i2 i?2b2 /B772`2M+2bX *QKT�`2 յԹȯȁȃ - յԹȯȁɱ - յԹȯȁɒ -
�M/ յԹȯȁɑ X

3a22 յԹȯɒɞ X



*?�Ti2` d

.Bb+mbbBQM

h?2 K�BM `2b2�`+? [m2biBQM r2 b2i Qmi iQ �Mbr2` r�b r?2i?2` Q` MQi � h`�Mb7Q`K2` KQ/2H

+QmH/ QmiT2`7Q`K i?2 2tBbiBM; bi�i2@Q7@i?2@�`i BM 1JS ;2M2`�iBQM Ĝ Qm` 2tT2`BK2Mi `2bmHib

/Q MQi BM/B+�i2 i?�i Bb i?2 +�b2X q2 T`QpB/2 bQK2 ?vTQi?2b2b i?�i 2tTH�BM i?2 /B772`2M+2 BM

KQ/2H [m�HBiv- r?B+? �`2 +2Mi2`2/ �`QmM/ T`Q#H2Kb rBi? i?2 2tT2`BK2Mi K2i?Q/ U2p�Hm�iBQMV

�M/ Qm` KQ/2H �`+?Bi2+im`2X h?2 TH�mbB#H2 2tTH�M�iBQMb 7Q` � TQQ`2` T2`7Q`KBM; KQ/2H �HbQ

7Q`K i?2 7QmM/�iBQM 7Q` 7mim`2 2tT2`BK2Mib BM i?2 �`2�X

dXR "2ii2` 1p�Hm�iBQM

h?2 KQbi BMi2`2biBM; Q#b2`p�iBQM 7`QK Qm` 2tT2`BK2Mi�H `2bmHib Bb i?2 KBbK�i+? #2ir22M

[m�MiBi�iBp2 �M/ [m�HBi�iBp2 2p�Hm�iBQMX �Hi?Qm;? #Qi? 2p�Hm�iBQM K2i?Q/b B/2MiB7B2/ i?2

b�K2 KQ/2H �b i?2 #2bi T2`7Q`KBM;- b2p2`�H KBbK�i+?2b r2`2 7QmM/ BM Qi?2` 2tT2`BK2Mib

`2H�iBM; iQ Qm` h`�Mb7Q`K2` KQ/2HbX h?2b2 KBbK�i+?2b K�v #2 2tTH�BM2/ #v i?2 T�`iB+mH�`

oB`imQbQL2i 7`�K2rQ`F 72�im`2 /27BMBiBQMb r?B+?- �b r2 b?Qr2/ BM +?�Ti2` e- /B`2+iHv �772+i

i?2 QmiTmi Q7 i?2 Ja1 K2i`B+X "2+�mb2 i?2 oB`imQbQL2i 7`�K2rQ`F Ja1 r2B;?b T2/�H �b

KQ`2 BKTQ`i�Mi i?�M �HH Qi?2` 2tT`2bbBp2 T�`�K2i2`b- � KQ/2H r?B+? +QKTH2i2Hv 7�BHb iQ

QmiTmi � /2+2Mi i2KTQ #mi 2t+2Hb �i T2/�HBM; K�v #2 2p�Hm�i2/ �b � ǳ?B;?@[m�HBivǴ KQ/2HX

am+? �M 2p�Hm�iBQM Bb MQi /2bB`�#H2- �b i2KTQ Bb �M 2bb2MiB�H +QKTQM2Mi Q7 i?2 Qp2`�HH HBbi2MBM;

2tT2`B2M+2X �Mv �ii2KTi iQ KQ/B7v i?2 K2i`B+ +�H+mH�iBQM U�b r2 /B/V Q` +?�M;2 i?2 72�im`2

89
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/27BMBiBQMb K�F2b i?2 +QKT�`BbQM BMi2`T`2i�#BHBiv Q7 /B772`2Mi KQ/2Hb BKTQbbB#H2X

6Q` i?2b2 `2�bQMb- r2 +�HH iQ [m2biBQM i?2 p�HB/Biv Q7 mbBM; Ja1 Q` Qi?2` bBKBH�` K2i`B+b

7Q` [m�MiBi�iBp2Hv 2p�Hm�iBM; 1JS KQ/2HbX �Hi?Qm;? i?2 +m``2Mi 2p�Hm�iBQM K2i`B+b K�v

7�+BHBi�i2 i?2 T`QT2` 2p�Hm�iBQM 7Q` bQK2 �bT2+ib Q7 T2`7Q`K�M+2- i?2v �`2 iQQ /2T2M/2Mi

QM i?2 mM/2`HvBM; 72�im`2 /27BMBiBQMbX h?2 /27BMBiBQM Q7 72�im`2b Bb �M QM;QBM; �M/ 2pQHpBM;

T`Q+2bb i?�i Bb �M 2bb2MiB�H +QKTQM2Mi Q7 KQ/2H /2p2HQTK2MiX h?2 H�+F Q7 +QMbBbi2Mi �M/

bi�M/�`/ 2p�Hm�iBQM K2i?Q/b BM 1JS T2`7Q`K�M+2 U�M/ KmbB+�H T2`7Q`K�M+2 BM ;2M2`�HV

+`2�i2b � T`Q#H2K�iB+ bT�+2 7Q` +QM/m+iBM; mb27mH 2tT2`BK2MibX �Hi?Qm;? i?Bb HBKBi�iBQM +�M

#2 Qp2`+QK2 mbBM; � bQT?BbiB+�i2/ [m�HBi�iBp2 2p�Hm�iBQM BMpQHpBM; HBbi2MBM; i2bib #v T`Q72b@

bBQM�H KmbB+B�Mb- bm+? �M 2p�Hm�iBQM K2i?Q/ Bb iBK2@+QMbmKBM;- 2tT2MbBp2- �M/ TQi2MiB�HHv

BM�++2bbB#H2X

q2 �;�BM /`�r �M �M�HQ;v iQ +m``2Mi `2b2�`+? K2i?Q/b BM LGS �M/ K�+?BM2 i`�MbH�iBQM iQ

T`QpB/2 bQK2 +QM+`2i2 bm;;2biBQMb 7Q` /2p2HQTBM; #2ii2` [m�MiBi�iBp2 2p�Hm�iBQM K2i`B+bX Jh

mb2/ iQ 7�+2 � bBKBH�` b2i Q7 2p�Hm�iBQM T`Q#H2Kb i?�i +m``2MiHv TH�;m2 1JSX Jh 2p�Hm�iBQM

r�b KQbiHv +QM/m+i2/ #v ?mK�Mb- r?B+? U�Hi?Qm;? 2ti2MbBp2V r�b iQQ 2tT2MbBp2- iQQF iQQ

HQM;- �M/ r�b MQi +QMbBbi2Mi Q` `2HB�#H2X h?2 "BHBM;m�H 1p�Hm�iBQM lM/2`bim/v U"G1lV

K2i`B+ (jk) �//`2bb2b i?2b2 +QKTHB+�iBQMbX h?2 "G1l K2i`B+Ƕb irQ 7mM/�K2Mi�H T`BM+BTH2b �`2

i?�i � +QKTmi2/ i`�MbH�iBQMǶb [m�HBiv Bb /2i2`KBM2/ #v ?Qr +HQb2Hv Bi +�M K�i+? �M 2tBbiBM;

?mK�M i`�MbH�iBQM �M/ i?�i � bBM;H2 QmiTmi i`�MbH�iBQM b?QmH/ +QKT�`2 �;�BMbi KmHiBTH2

`272`2M+2 i`�MbH�iBQMb �i i?2 b�K2 iBK2X h?2 "G1l K2i`B+ Bb �HbQ +QKTmi2/ #v +QKT�`BM; i?2

QmiTmi i2ti 7`QK Jh KQ/2Hb BMbi2�/ Q7 /B`2+iHv mbBM; i?2 QmiTmi 72�im`2b i?�i �`2 Q7i2M

bT2+B7B+ iQ � KQ/2H- �b /Q2b Ja1X

Ai rQmH/ K�F2 b2Mb2 7Q` �M 1JS ;2M2`�iBQM 2p�Hm�iBQM K2i`B+ iQ HQQb2Hv K�i+? i?2 T`BM+BTH2b

Q7 "G1lX h?2 7B`bi BKT`Qp2K2Mi iQ #2 K�/2 Bb iQ +QKT�`2 i?2 7BM�H QmiTmi `2T`2b2Mi�iBQM

UJA.AV `�i?2` i?�M /B`2+iHv mb2 i?2 /27BM2/ 72�im`2 b2iX lbBM; JA.A rQmH/ �HHQr 2�bv
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+QKT�`BbQM Q7 KQ/2Hb i?�i mb2 /B772`2Mi 72�im`2 `2T`2b2Mi�iBQMb �M/ bB;MB7B+�MiHv BKT`Qp2 i?2

`Q#mbiM2bb UQ` H�+FV Q7 2tT2`BK2Mi `2bmHibX h?2 Qi?2` TQi2MiB�H BKT`Qp2K2Mi rQmH/ BM+Hm/2

+QKT�`BM; � bBM;H2 ;2M2`�i2/ T2`7Q`K�M+2 iQ b2p2`�H `272`2M+2 T2`7Q`K�M+2b �i i?2 b�K2 iBK2

�M/ `2TQ`iBM; � bBM;H2 K2i`B+ MmK#2` i?�i `2T`2b2Mib i?2 �;;`2;�i2 `272`2M+2 +QKT�`BbQMX

�Hi?Qm;? i?2 mM/2`HvBM; K�i?2K�iB+b Q7 2p�Hm�iBQM rB/2Hv /B772`b #2ir22M 1JS �M/ Jh-

i?2 ;2M2`�H T`BM+BTH2b i?�i ;mB/2 i?2 2p�Hm�iBQM +�M #2 i?2 b�K2X

dXk SQbbB#H2 JQ/2H AKT`Qp2K2Mib

qBi? i?2 mM/2`bi�M/BM; i?�i Qm` [m�MiBi�iBp2 2p�Hm�iBQM K2i`B+b K�v MQi T`QT2`Hv BM/B+�i2

i?2 [m�HBiv Q7 Qm` KQ/2Hb- r2 T`QpB/2 bQK2 ?vTQi?2b2b �#Qmi r?v i?2 h`�Mb7Q`K2` KQ/2H

r�b QmiT2`7Q`K2/ #v oB`imQbQL2iX h?2v �`2 +2Mi2`2/ �`QmM/ ?B;?@H2p2H +QKTQM2Mib Q7 i?2

KQ/2H �`+?Bi2+im`2 �b QTTQb2/ iQ i?2 mM/2`HvBM; K2+?�MBbKb U�ii2MiBQM BM i?2 h`�Mb7Q`K2`

�M/ i?2 ?B//2M bi�i2 BM �M _LLV 7Q` i?2 /B772`2Mi KQ/2HBM; /QK�BMbX

h?2 7B`bi TH�mbB#H2 2tTH�M�iBQM 7Q` i?2 /B772`2M+2 BM T2`7Q`K�M+2 #2ir22M oB`imQbQL2i �M/

Qm` h`�Mb7Q`K2` KQ/2H Bb i?�i oB`imQbQL2i KQ/2Hb 2tTHB+BiHv /27BM2 i?2 ?B2`�`+?B+�H H�v2`b

Q7 KmbB+ BMiQ i?2 KQ/2HX h?2 h`�Mb7Q`K2` KQ/2Hb- r?B+? �`2 � bi`�B;?i BKTH2K2Mi�iBQM Q7

i?2 Q`B;BM�H �`+?Bi2+im`2- ?�p2 MQ bm+? ǳKmbB+�H FMQrH2/;2Ǵ #�F2/ BMX oB`imQbQL2i KQ/2Hb

�`2 T`BK�`BHv +QKTQb2/ Q7 ?B2`�`+?B+�HHv #�b2/ �ii2MiBQM H�v2`b /27BM2/ �i MQi2- #2�i- �M/

K2�bm`2 H2p2HbRX

Pm` BMBiB�H 2tT2+i�iBQM r�b i?�i r2 rQmH/ b22 bBKBH�` `2bmHib #2+�mb2 i?2 h`�Mb7Q`K2` Qmi@

T2`7Q`Kb Qi?2` +QKT�`�iBp2 KQ/2Hb BM LGSX q2 /B/ b22 � bB;MB7B+�Mi BKT`Qp2K2Mi Qp2` Qm`

#�b2HBM2 GahJ KQ/2H- r?B+? Bb �`+?Bi2+im`�HHv bBKBH�` iQ Qm` h`�Mb7Q`K2` KQ/2HX h?Bb BM@
Rh?Bb ivT2 Q7 ?B2`�`+?B+�H bi`m+im`2 Bb bQK2i?BM; i?�i r2 rQmH/ 2tT2+i i?2 h`�Mb7Q`K2` KQ/2H iQ H2�`M

;Bp2M Bib +QKTQbBiBQM Q7 bi�+F2/ �ii2MiBQM@#�b2/ H�v2`bX �Hi?Qm;? r2 M2p2` `�M 2tT2`BK2Mib iQ p2`B7v i?Bb-
2�+? H�v2` b?QmH/ #2 H2�`MBM; � KQ`2 �#bi`�+i `2T`2b2Mi�iBQM Q7 i?2 b+Q`2X
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/B+�i2b i?�i i?2 �ii2MiBQM K2+?�MBbK BM � h`�Mb7Q`K2` /Q2b BKT`Qp2 mTQM i?2 ?B//2M bi�i2

`2+m``2M+2 K2+?�MBbK Q7 �M _LLX >Qr2p2`- Bi �TT2�`b i?�i i?2 ǳ?�`/+Q/2/Ǵ KmbB+�H BM7Q`@

K�iBQM BM oB`imQbQL2i KQ/2Hb Bb KQ`2 BKTQ`i�Mi i?�M K2`2Hv i?`QrBM; � /B772`2Mi ivT2 Q7

b2[m2MiB�H +QKTmi�iBQM �i i?2 T`Q#H2KX

PM2 BMi2`2biBM; Q#b2`p�iBQM 7`QK i?2 [m�HBi�iBp2 2p�Hm�iBQM Bb i?�i i?2 h`�Mb7Q`K2` KQ/2Hb

r2`2 KQ`2 /vM�KB+- #Qi? ;QQ/ �M/ #�/ 7Q` i?2 `2bmHiBM; T2`7Q`K�M+2bX � KQ/2H i?�i Bb iQQ

/vM�KB+ U2bT2+B�HHv BM i2KTQV H�+Fb i?2 +Q?2bBp2M2bb i?�i K�F2b T2`7Q`K�M+2 B/2MiB7B�#H2X

S2`7Q`K�M+2 i?�i BbMǶi /vM�KB+ 2MQm;? Bb KmbB+�HHv mMBMi2`2biBM;X h?2 /2bB`2 iQ +`2�i2 KQ`2

BMi2`2biBM; +QKTmi�iBQM�H T2`7Q`K�M+2b Bb i?2 /`BpBM; 7�+iQ` 7Q` mbBM; JG iQ #mBH/ +QKTm@

i�iBQM�H KQ/2Hb- ;Bp2M i?2 ?B;?Hv mM/2bB`�#H2 /2�/T�M T2`7Q`K�M+2bX h`�Mb7Q`K2` KQ/2HbǶ

/vM�KB+b BM/B+�i2 i?�i i?2v �`2 TQi2MiB�HHv KQ`2 2tT`2bbBp2 �M/ +`2�iBp2- r?B+? �`2 /2bB`2/

i`�Bib BM ;2M2`�iBM; MQp2H T2`7Q`K�M+2X Ai +QmH/ #2 i?2 +�b2 i?�i � h`�Mb7Q`K2` �`+?Bi2+im`2

i?�i 2tTHB+BiHv /27BM2b ?B2`�`+?B+�H KmbB+�H H�v2`b BM i?2 KQ/2H `2bmHib BM T2`7Q`K�M+2b i?�i

?�p2 #Qi? +QMbBbi2M+v �M/ +`2�iBpBivX

h?2 Qi?2` T`BK�`v TH�mbB#H2 2tTH�M�iBQM 7Q` i?2 /B772`2M+2 BM KQ/2H T2`7Q`K�M+2 Bb i?�i r2

HQbi � 7mM/�K2Mi�H +QKTQM2Mi Q7 2tT`2bbBp2M2bb #v `2KQpBM; i?2 h`�Mb7Q`K2` /2+Q/2`X q2

+?Qb2 �M 2M+Q/2`@QMHv h`�Mb7Q`K2` KQ/2H #�b2/ QM i?2 oB`imQbQL2i 7`�K2rQ`F /27BMBiBQM Q7

1JS �b � QM2@iQ@QM2 K�TTBM; #2ir22M � MQi2 BM i?2 b+Q`2 �M/ Bib +Q``2bTQM/BM; 2tT`2bbBQM

BM T2`7Q`K�M+2X q2 �HbQ +?Qb2 i?Bb KQ/2H #2+�mb2 Q7 i?2 bm++2bb Q7 bBKBH�` h`�Mb7Q`K2` �/�T@

i�iBQMb bm+? �b "1_h (3)X �b /Bb+mbb2/ BM +?�Ti2` j- i?2 Q`B;BM�H 2M+Q/2`@/2+Q/2` h`�Mb7Q`K2`

�`+?Bi2+im`2 K�Tb #2ir22M p�`B�#H2 H2M;i? b2[m2M+2bX h?2 /2+Q/2` mb2b �M BMi2`M�H `2T`2@

b2Mi�iBQM Q7 i?2 BMTmi 7`QK i?2 2M+Q/2` �b r2HH �b �M �miQ`2;`2bbBp2 KQ/2H iQ ;2M2`�i2 7`QK

b+`�i+? i?2 i�`;2i b2[m2M+2X �Hi?Qm;? Qm` KQ/2H H2�`Mb � QM2@iQ@QM2 K�TTBM;- r2 #2HB2p2

i?�i i?2 7mHH 2M+Q/2`@/2+Q/2` �`+?Bi2+im`2 K�v #2ii2` KQ/2H 1JS BM ;2M2`�HX 6`QK � T?BHQbQT?@

B+�H T2`bT2+iBp2- i?2 2M+Q/2`@/2+Q/2` �bbmK2b i?�i ;2M2`�iBQM #v i?2 T2`7Q`K2` Bb �b 7mM/�K2Mi�H �
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+QKTQM2Mi Q7 i?2 T2`7Q`K�M+2 T`Q+2bb �b Bb mM/2`bi�M/BM; � b+Q`2X �M 2M+Q/2`@QMHv KQ/2H

�bbmK2b i?�i T2`7Q`K�M+2 Bb 2M+�TbmH�i2/ QMHv #v �TT`2?2M/BM; i?2 b+Q`2X _2KQpBM; i?2

/2+Q/2` +mib Qmi +`2�iBp2 7`22/QK QM i?2 T�`i Q7 i?2 T2`7Q`K2`X

oB`imQbQL2i Bb �M 2M+Q/2`@/2+Q/2` �`+?Bi2+im`2 �M/ /Q2b MQi HQb2 i?Bb 7mM/�K2Mi�H +QKTQ@

M2Mi Q7 T2`7Q`K�M+2- �b /Q2b Qm` KQ/2HX q2 bmbT2+i i?�i � 7mHH 2M+Q/2`@/2+Q/2` h`�Mb7Q`K2`

�`+?Bi2+im`2 rQmH/ ?�p2 #2ii2` +�T�#BHBiv iQ +`2�i2 #Qi? +QMbBbi2Mi �M/ +`2�iBp2 T2`7Q`K�M+2X

�Hi?Qm;? Bi Bb TQbbB#H2 iQ /2p2HQT � KQ/2H r?B+? 2tTHB+BiHv /27BM2b i?2 ?B2`�`+?B+�H H�v2`b �b

/Q2b oB`imQbQL2i- K2`2Hv �//BM; i?2 /2+Q/2` K�v #2 2MQm;? iQ #mBH/ � #2ii2` T2`7Q`KBM;

KQ/2HkX

kq2 �ii2KTi2/ iQ BKTH2K2Mi bm+? � KQ/2H �7i2` Qm` BMBiB�H 2tT2`BK2Mib #mi `�M BMiQ T`�+iB+�H T`Q#H2Kb
rBi? i?2 KQ/2H /BK2MbBQM�HBiv mbBM; SvhQ`+?Ƕb M�iBp2 h`�Mb7Q`K2` BKTH2K2Mi�iBQMX



*?�Ti2` 3

*QM+HmbBQM

�b r2 ?�p2 QmiHBM2/- i?Bb T`QD2+i mM/2`r2Mi �M mM2tT2+i2/ 2pQHmiBQM Q7 Tm`TQb2X Pm` BMBiB�H

;Q�H r�b iQ /2i2`KBM2 B7 r2 +QmH/ QmiT2`7Q`K i?2 2tBbiBM; bi�i2@Q7@i?2@�`i 1JS ;2M2`�@

iBQM bvbi2K rBi? i?2 b�K2 `2b2�`+? K2i?Q/b �M/ QMHv � +QKTmi�iBQM�H KQ/2H +?�M;2X h?2

BMBiB�H [m�MiBi�iBp2 2tT2`BK2Mi `2bmHib BM/B+�i2/ i?�i � h`�Mb7Q`K2` /Q2b MQi QmiT2`7Q`K

?B2`�`+?B+�H@#�b2/ `2+m``2Mi KQ/2HbX >Qr2p2`- r?2M r2 `�M Qm` bm#D2+iBp2 2p�Hm�iBQM +QK@

T�`BM; T2`7Q`K�M+2 �KQM; i?2 irQ 7�KBHB2b Q7 KQ/2Hb- r2 /2i2`KBM2/ i?�i /2+H�`BM; QM2

KQ/2H �b #2ii2` i?�M �MQi?2` Bb MQi bi`�B;?i7Q`r�`/X h?Bb �K#B;mBiv H2/ mb iQ [m2biBQM i?2

p�HB/Biv Q7 i?2 Q`B;BM�H `2b2�`+? K2i?Q/- T�`iB+mH�`Hv rBi? i?2 2p�Hm�iBQM K2i`B+- �M/ b?B7i

Qm` QrM iQr�`/ KQ`2 Mm�M+2/ �M/ /Bb+Qp2`v@#�b2/ 2tT2`BK2MibX q2 r�Mi iQ mb2 Qm` 2tT2`B@

2M+2 BM `mMMBM; i?2b2 2tT2`BK2Mib iQ T`QpB/2 bQK2 ?B;?@H2p2H i?Qm;?ib QM bQK2 T?BHQbQT?B+�H

`2H�i2/ iQ +QKTmi�iBQM�H 1JSX

3XR GQQFBM; 6Q`r�`/, 6BM/BM; i?2 1bb2M+2 Q7 S2`7Q`@

K�M+2

�b r2 /Bb+mbb2/ �M/ /2p2HQT2/ i?Bb T`QD2+i- QM2 i?Qm;?i i?�i TH�;m2/ mb Bb i?�i r2 /Q MQi

?�p2 � T`QT2` mM/2`bi�M/BM; Q7 7mM/�K2Mi�H +QKTQM2Mib i?�i +QKT`Bb2 KmbB+�H T2`7Q`K�M+2X

qBi?Qmi � bi`QM; #�+F;`QmM/ BM KmbB+- Bi r�b ?�`/ iQ mM/2`bi�M/ ?Qr iQ #mBH/ �M/ �M�Hvx2

8N
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Qm` +QKTmi�iBQM�H KQ/2HbX qB/K2`- BM ?Bb *QM 1bT`2bbBQM2R J�MB72biQ (9y)- 2KT?�bBx2b i?2

BKTQ`i�M+2 Q7 7Q+mbBM; QM /Bb+Qp2`BM; i?2 2bb2M+2 Q7 KmbB+ Bib2H7 �M/ mbBM; � KQ`2 BM@/2Ti?

mM/2`bi�M/BM; iQ /2p2HQT KQ`2 BKT�+i7mH i2+?MQHQ;v `2H�i2/ iQ JA_X :Bp2M i?2 bm++2bb Q7

h`�Mb7Q`K2` KQ/2Hb BM LGS- r2 i?Qm;?i Bi rQmH/ #2 `2H�iBp2Hv bBKTH2 iQ 2KTB`B+�HHv b?Qr

i?�i r2 +�M #mBH/ #2ii2` 1JS KQ/2Hb #v i?`QrBM; i?2 TQr2`7mH �ii2MiBQM K2+?�MBbK �i �

7mM/�K2Mi�HHv b2[m2M+2@#�b2/ KQ/2HBM; T`Q#H2K- r?B+? ?�/ M2p2` #22M /QM2X Ai Bb QMHv �7i2`

`mMMBM; Qm` 2tT2`BK2Mib �M/ i�FBM; � bi2T #�+F iQ HQQF �i i?2 `2bmHib i?�i r2 mM/2`bi�M/

r?�i qB/K2` K2�Mb r?2M ?2 `272`b iQ i?2 2bb2M+2 Q7 KmbB+X

Pm` 2tT2`B2M+2 BM /2p2HQTBM; i?Bb T`QD2+i +QMpBM+2b mb i?�i KmbB+Ƕb +QKTmi�iBQM�H bim/v Bb

�M BM?2`2MiHv /B77B+mHi T`Q#H2K- MQi #2+�mb2 Q7 i?2 HBKBib Q7 +QKTmi�iBQM #mi #2+�mb2 Q7 Qm`

+m``2Mi HBKBi2/ mM/2`bi�M/BM; Q7 KmbB+�H T?2MQK2M�X Ai Bb `2H�iBp2Hv bBKTH2 iQ 2tT2`B2M+2

KmbB+ T2`bQM�HHv �M/ b?�`2 i?�i 2tT2`B2M+2 rBi? Qi?2`bX >Qr2p2`- Qm` U�M/ qB/K2`ǶbV

+QMD2+im`2 Bb i?�i i?2`2 Bb � 7mM/�K2Mi�H /Bb+QMM2+i #2ir22M Qm` mM/2`bi�M/BM; Q7 KmbB+Ƕb

T?2MQK2MQHQ;B+�H �bT2+i �M/ i?2 �+im�H bi�iBbiB+�H T�ii2`Mb Q7 M�im`2 i?�i K�F2 KmbB+ bQ

�TT2�HBM;X JA_ `2b2�`+? �ii2KTib iQ 2M+Q/2 i?2b2 bi�iBbiB+�H T�ii2`Mb BM +QKTmi�iBQM- �M/ �b

bm+?- /2`BpBM; `2bmHib i?�i �`2 K2�MBM;7mH BM T`�+iB+�H �TTHB+�iBQM rBi? `2�H ?mK�M BMi2`�+iBQM

Bb MQM@i`BpB�HX qB/K2` bm;;2bib i?�i r2 7Q+mb QM mM/2`bi�M/BM; i?2 `2H�iBQMb?BT #2ir22M

KmbB+ BM M�im`2 �M/ KmbB+ �b Bi Bb T2`+2Bp2/- �M/ r2 2+?Q i?�i b2MiBK2Mi ?2`2X

� /22T2` mM/2`bi�M/BM; Q7 KmbB+ K�v #2 �M 2bb2MiB�H +QKTQM2Mi M22/2/ iQ /2`Bp2 #2ii2`

2p�Hm�iBQM bvbi2Kb 7Q` T2`7Q`K�M+2- r?B+? Bb � /`BpBM; 7�+iQ` BM i?2 7mim`2 /2p2HQTK2Mi Q7

T2`7Q`K�M+2 ;2M2`�iBQM KQ/2HbX hQ +`2�i2 � T`QT2` 2p�Hm�iBQM bvbi2K Q` K2i`B+- r2 7B`bi

M22/ iQ mM/2`bi�M/ r?�i 2t�+iHv Bi Bb i?�i +QMbiBimi2b � ǳ;QQ/Ǵ Q` ǳ#�/Ǵ KmbB+�H T2`7Q`K�M+2 iQ � ?mK�M

HBbi2M2`kX h?2 �Mbr2` iQ i?Bb [m2biBQM M22/b iQ +QK2 7`QK � bim/v BM KmbB+QHQ;v- �b r2HH �b
R*QM 1bT`2bbBQM Bb i?2 Ai�HB�M T?`�b2 7Q` ǳrBi? 722HBM;Ǵ �M/ Bb mb2/ �b � /B`2+iBQM BM KmbB+�H MQi�iBQMX
kh?Bb Bb � b2T�`�i2 [m2biBQM 7`QK /2i2`KBMBM; i?2 [m�HBiv Q7 � KmbB+�H +QKTQbBiBQM- Q` 2p2M Q7 i?2

bvMi?2bBb Q7 T2`7Q`K�M+2 Ur?2i?2` Bi Bb i?2 7Q`K Q7 �M �+QmbiB+ BMbi`mK2Mi Q` � /B;Bi�H bvMi?2bBx2`VX Ai Bb
MQi +H2�` r?2`2 iQ /`�r i?2 2t�+i HBM2 #2ir22M +QKTQbBiBQM- T2`7Q`K�M+2- �M/ bvMi?2bBb 7`QK i?2 ?mK�M
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+QKTmi2` b+B2M+2 Q` �`iB7B+B�H BMi2HHB;2M+2X

q2 r�Mi iQ �/QTi qB/K2`Ƕb T?BHQbQT?v iQ ;mB/2 Qm` 7mim`2 2tTHQ`�iBQMb #v /`�rBM; 7`QK i?2

7B2H/b Q7 KmbB+QHQ;v- KmbB+ Tbv+?QHQ;v- KmbB+ +Q;MBiBQM- �M/ 7m`i?2` �/p�M+2K2Mi BM +QK@

Tmi2` b+B2M+2 �M/ K�i?2K�iB+b iQ +QK2 +HQb2` iQ /Bb+Qp2`BM; i?Bb 2bb2M+2X 6`QK i?Bb rQ`F-

r2 ?�p2 H2�`M2/ i?�i mbBM; i?2 �ii2MiBQM K2+?�MBbK �M/ h`�Mb7Q`K2` KQ/2Hb BM 1JS ;2M@

2`�iBQM +`2�i2b Km+? KQ`2 /vM�KB+ T2`7Q`K�M+2b- #Qi? ǳ;QQ/Ǵ �M/ ǳ#�/-Ǵ i?�M `2+m``2M+2

KQ/2HbX h?2 2bb2M+2 Q7 i?Bb 7BM/BM; +QmH/ #2 i?�i mbBM; i?2 HQM;@i2`K K2KQ`v i?�i �ii2MiBQM

T`QpB/2b �HHQrb KQ`2 +`2�iBp2 7`22/QK BM i?2 T2`7Q`K�M+2 T`Q+2bbX h?2 b?Q`i2`@i2`K K2KQ`v

Q7 �M GahJ K�v +QMbi`�BM i?2 KQ/2Hb iQ `2Hv QM ;HQ#�H b+Q`2 72�im`2b bm+? �b i?2 Qp2`�HH

i2KTQX Ai �HbQ K�v #2 i?2 +�b2 i?�i ?�pBM; iQQ Km+? +`2�iBp2 7`22/QK rBi?Qmi `2bT2+i 7Q`

;HQ#�H +QM/BiBQMBM; #`2�Fb i?2 BM?2`2Mi KmbB+�H #QmM/�`B2b /27BM2/ #v +Q;MBiBp2 T2`+2TiBQMX

q2 7QmM/ i?Bb iQ #2 i?2 +�b2 rBi? Qm` h`�Mb7Q`K2` KQ/2Hb- r?B+? r2`2 bQ 7�bi i?�i i?2v

r2`2 ǳmMHBbi2M�#H2XǴ

6m`i?2` 2tT2`BK2Mib rBi? KQ/2HBM;- /�i� ;�i?2`BM;- 72�im`2 2ti`�+iBQM- �M/ 2p�Hm�iBQM- �b

r2HH �b �M 2tTHQ`�iBQM Q7 r?�i /2i2`KBM2b � [m�HBiv KmbB+�H 2tT2`B2M+2 7`QK � KmbB+QHQ;B+�H

�M/ ?mK�M +Q;MBiBp2 T2`bT2+iBp2- rBHH ?2HT �Mbr2` i?2b2 [m2biBQMbX q2 ?QT2 i?�i r2 +�M

HBbi2M2`Ƕb T2`bT2+iBp2X �Hi?Qm;? r2 +QM+2Tim�HBx2 i?2K �b BM/2T2M/2Mi 7`QK 2�+? Qi?2` Ur?B+? bBKTHB7B2b
Qm` K�i?2K�iB+�H �bbmKTiBQMbV- �b b?QrM BM 6B;m`2 kXR- i?2v K�v #2 2MiB`2Hv /2T2M/2Mi Q` 2p2M i?2 b�K2
T?2MQK2M� 2tT`2bb2/ /B772`2MiHv BM M�im`2X 6Q` 2t�KTH2- � KmbB+B�M T2`7Q`KBM; � C�xx BKT`QpBb�iBQM QM �
;mBi�` K�v mb2 i?2 T?vbB+�H T`Q+2bb Q7 bvMi?2bBxBM; bQmM/- bm+? �b ?Qr ?2 bi`BF2b Q` #2M/b � ;mBi�` bi`BM; iQ
`2�+? � T�`iB+mH�` MQi2- �b /`BpBM; 7�+iQ`b BM i?2 KmbB+�H TB2+2X AM i?Bb +�b2- i?2 ;mBi�` BMbi`mK2MiǶb T?vbB+�H
+QMbi`m+iBQM 2M�#H2b ?BK iQ +`2�i2 KmbB+�H bm#iH2iB2b BM #Qi? i?2 bTQMi�M2Qmb +QKTQbBiBQM �M/ BKT`QpBb�iBQM
T2`7Q`K�M+2X Ab i?2`2 � +H2�` +mi HBM2 #2ir22M r?�i +QMbiBimi2b +QKTQbBiBQM- T2`7Q`K�M+2- �M/ bvMi?2bBb BM
bm+? � +�b2\

PM i?2 Qi?2` ?�M/- r2 +�M �M�Hvx2 Qp2` Ryyy bvK#QHB+ KmbB+�H +QKTQbBiBQMb #v CQ?�MM a2#�biB�M "�+?
�M/ i?2B` K�Mv KmbB+�H �/�Ti�iBQMb Qp2` i?2 H�bi b2p2`�H ?mM/`2/ v2�`bX PM2 2t�KTH2 Bb i?2 r2HH@FMQrM
�/�Ti�iBQM Q7 ?Bb S`2Hm/2 LQX R BM * J�DQ` U"qo 39eV �b i?2 �++QKT�MBK2Mi iQ � K2HQ/v +QKTQb2/ #v
*?�`H2b :QmMQ/ �M/ b2i iQ i?2 7�KQmb G�iBM T`�v2`Ƕb Hv`B+b- �p2 J�`B�X h?2 Q`B;BM�H �``�M;2K2Mi- Tm#HBb?2/
BM R38j- r�b 7Q` pBQHBM UQ` +2HHQV rBi? i?2 TB�MQX Ai ?�b bBM+2 #22M �``�M;2/ �M/ T2`7Q`K2/ +QmMiH2bb iBK2b 7Q`
/B772`2Mi BMbi`mK2Mib- BM+Hm/BM; ;mBi�`- bi`BM; [m�`i2i- TB�MQ bQHQ- bQHQ pQ+�H- �M/ 7mHH +?QB`X q2 +�M pB2r i?2
Q`B;BM�H TB�MQ S`2Hm/2 �b Bib QrM +QKTQbBiBQM �M/ b2T�`�i2 7`QK i?2 K�Mv /B772`2Mi �/�Ti�iBQMb BM /2bB;M-
T2`7Q`K�M+2- �M/ bvMi?2bBb i?�i +QKTH2i2 i?2 7mHH KmbB+�H 2tT2`B2M+2X h?Bb �K#B;mBiv Bb QM2 2t�KTH2 Q7 i?2
+QMbB/2`�iBQMb i?�i M22/ iQ #2 i�F2M BMiQ �++QmMi r?2M +`2�iBM; i?2 KmbB+�H /27BMBiBQMb M2+2bb�`v iQ #mBH/
+QKTmi�iBQM�H KQ/2HbX
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+QMiBMm2 iQ 2tTHQ`2 i?2b2 T`Q#H2Kb mbBM; �//BiBQM�H pB2rb /`�rBM; 7`QK KmbB+�H `2b2�`+? iQ

+QK2 +HQb2` iQ 7BM/BM; i?2 2bb2M+2 Q7 1JS T2`7Q`K�M+2 �M/ KmbB+ �b � r?QH2X



"B#HBQ;`�T?v

(R) kyyk BMi2`M�iBQM�H TB�MQ@2@+QKT2iBiBQMX l_G ?iiTb,ffrrrXv�K�?�/2MX+QKf

KB/B@7BH2bfBi2Kfkyyk@BMi2`M�iBQM�H@TB�MQ@2@+QKT2iBiBQMX �++2bb2/, kykR@9@

ReX

(k) .xKBi`v "�?/�M�m- EvmM; >vmM *?Q- �M/ uQb?m� "2M;BQX L2m`�H K�+?BM2 i`�MbH�@

iBQM #v DQBMiHv H2�`MBM; iQ �HB;M �M/ i`�MbH�i2X AM j`/ AMi2`M�iBQM�H *QM72`2M+2 QM G2�`MBM;

_2T`2b2Mi�iBQMb- A*G_ kyR8- kyR8X

(j) C2�M@SB2``2 "`BQi- :�2i�M >�/D2`2b- �M/ 6`�M+QBb@.�pB/ S�+?2iX .22T H2�`MBM; i2+?MB[m2b

7Q` KmbB+ ;2M2`�iBQMX aT`BM;2`- kykyX

(9) hQK " "`QrM- "2MD�KBM J�MM- LB+F _v/2`- J2H�MB2 am##B�?- C�`2/ E�TH�M- S`�7mHH�

.?�`Br�H- �`pBM/ L22H�F�Mi�M- S`�M�p a?v�K- :B`Bb? a�bi`v- �K�M/� �bF2HH- a�M/?BMB

�;�`r�H- �`B2H >2`#2`i@oQbb- :`2i+?2M E`m2;2`- hQK >2MB;?�M- _2rQM *?BH/- �/Biv�

_�K2b?- .�MB2H JX wB2;H2`- C277`2v qm- *H2K2Mb qBMi2`- *?`BbiQT?2` >2bb2- J�`F

*?2M- 1`B+ aB;H2`- J�i2mbx GBirBM- a+Qii :`�v- "2MD�KBM *?2bb- C�+F *H�`F- *?`BbiQT?2`

"2`M2`- a�K J+*�M/HBb?- �H2+ _�/7Q`/- AHv� amibF2p2`- �M/ .�`BQ �KQ/2BX G�M;m�;2

KQ/2Hb �`2 72r@b?Qi H2�`M2`bX �`sBp T`2T`BMi �`sBp,kyy8XR9Re8- kykyX

(8) *�`HQb 1 *�M+BMQ@*?�+ƦM- J��`i2M :`�+?i2M- q2`M2` :Q2#H- �M/ :2`?�`/ qB/K2`X

*QKTmi�iBQM�H KQ/2Hb Q7 2tT`2bbBp2 KmbB+ T2`7Q`K�M+2, � +QKT`2?2MbBp2 �M/ +`BiB+�H

`2pB2rX 6`QMiB2`b BM .B;Bi�H >mK�MBiB2b- 8,k8- kyR3X

(e) aM2?� *?�m/?�`B- :mM;Q` SQH�iF�M- _Q?�M _�K�M�i?- �M/ o�`mM JBi?�HX �M �ii2MiBp2

bm`p2v Q7 �ii2MiBQM KQ/2HbX �`sBp T`2T`BMi �`sBp,RNy9Xyk3d9- kyRNX

ej
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(d) EvmM;?vmM *?Q- "�`i p�M J2``B2M#Q2`- *�;H�` :ɃH+2?`2- .xKBi`v "�?/�M�m- 62i?B

"Qm;�`2b- >QH;2` a+?r2MF- �M/ uQb?m� "2M;BQX G2�`MBM; T?`�b2 `2T`2b2Mi�iBQMb mbBM;

`MM 2M+Q/2`@/2+Q/2` 7Q` bi�iBbiB+�H K�+?BM2 i`�MbH�iBQMX AM 1JLGS- kyR9X

(3) C�+Q# .2pHBM- JBM;@q2B *?�M;- E2MiQM G22- �M/ E`BbiBM� hQmi�MQp�X "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;X �`sBp T`2T`BMi

�`sBp,R3RyXy93y8- kyR3X

(N) S`�7mHH� .?�`Br�H- >22rQQ CmM- *?`BbiBM2 S�vM2- CQM; qQQF EBK- �H2+ _�/7Q`/- �M/

AHv� amibF2p2`X CmF2#Qt, � ;2M2`�iBp2 KQ/2H 7Q` KmbB+X �`sBp T`2T`BMi �`sBp,kyy8Xyyj9R-

kykyX

(Ry) �H2t2v .QbQpBibFBv- Gm+�b "2v2`- �H2t�M/2` EQH2bMBFQp- .B`F q2Bbb2M#Q`M- sB�Q?m�

w?�B- h?QK�b lMi2`i?BM2`- JQbi�7� .2?;?�MB- J�ii?B�b JBM/2`2`- :2Q`; >2B;QH/- avH@

p�BM :2HHv- 2i �HX �M BK�;2 Bb rQ`i? RetRe rQ`/b, h`�Mb7Q`K2`b 7Q` BK�;2 `2+Q;MBiBQM

�i b+�H2X �`sBp T`2T`BMi �`sBp,kyRyXRRNkN- kykyX

(RR) *�`HQb 1/m�`/QX *QKTmi�iBQM�H KQ/2HBM; Q7 2tT`2bbBp2 KmbB+ T2`7Q`K�M+2 rBi? HBM2�` �M/ MQM@HBM2�`

#�bBb 7mM+iBQM KQ/2HbX S?. i?2bBb- CP>�LL1a E1SG1_ lLAo1_aAhu GALw- kyR3X

(Rk) C2bb2 1M;2H- *BMDQM _2bMB+F- �/�K _Q#2`ib- a�M/2` .B2H2K�M- JQ?�KK�/ LQ`QmxB-

.Qm;H�b 1+F- �M/ E�`2M aBKQMv�MX L2m`�H �m/BQ bvMi?2bBb Q7 KmbB+�H MQi2b rBi?

r�p2M2i �miQ2M+Q/2`bX AM AMi2`M�iBQM�H *QM72`2M+2 QM J�+?BM2 G2�`MBM;- T�;2b Rye3ĜRyddX

SJG_- kyRdX

(Rj) a2#�biB�M 6HQbbK�MM- q2`M2` :Q2#H- �M/ :2`?�`/ qB/K2`X h?2 K�;�HQ77 +Q`Tmb, �M

2KTB`B+�H 2``Q` bim/vX S`Q+22/BM;b Q7 i?2 RRi? A*JS*X a2�iiH2- q�b?BM;iQM- la�- kyRyX

(R9) 6`�M+2b+Q 6Qb+�`BM- �M/`2r J+H2Q/- S?BHBTT2 _B;�mt- 6HQ`2Mi C�+[m2K�`/- �M/
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J�b�?BFQ a�F�BX �b�T, � /�i�b2i Q7 �HB;M2/ b+Q`2b �M/ T2`7Q`K�M+2b 7Q` TB�MQ i`�M@

b+`BTiBQMX AM AaJA_ kyky@kRbi AMi2`M�iBQM�H aQ+B2iv 7Q` JmbB+ AM7Q`K�iBQM _2i`B2p�H- kykyX

(R8) �M/2`b 6`B#2`;- _Q#2`iQ "`2bBM- �M/ CQ?�M amM/#2`;X Pp2`pB2r Q7 i?2 Fi? `mH2 bvbi2K

7Q` KmbB+�H T2`7Q`K�M+2X �/p�M+2b BM *Q;MBiBp2 Sbv+?QHQ;v- kUk@jV,R98ĜReR- kyyeX

(Re) A�M :QQ/72HHQr- uQb?m� "2M;BQ- ��`QM *Qm`pBHH2- �M/ uQb?m� "2M;BQX .22T H2�`MBM;-

pQHmK2 RX JAh T`2bb- *�K#`B/;2- J�- kyReX

(Rd) J��`i2M :`�+?i2MX 1tT`2bbBpBiv@�r�`2 i2KTQ i`�Mb7Q`K�iBQMb Q7 KmbB+ T2`7Q`K�M+2b mbBM; +�b2

#�b2/ `2�bQMBM;X S?. i?2bBb- .2T�`iK2Mi Q7 h2+?MQHQ;v Q7 i?2 SQKT2m 6�#`� lMBp2`bBiv-

kyyeX

(R3) J��`i2M :`�+?i2M �M/ :2`?�`/ qB/K2`X GBM2�` #�bBb KQ/2Hb 7Q` T`2/B+iBQM �M/ �M�HvbBb

Q7 KmbB+�H 2tT`2bbBQMX CQm`M�H Q7 L2r JmbB+ _2b2�`+?- 9RU9V,jRRĜjkk- kyRkX

(RN) *m`iBb >�ri?Q`M2- 1`B+? 1Hb2M- CB�HBM aQM;- �/�K _Q#2`ib- A�M aBKQM- *QHBM _�772H-

C2bb2 1M;2H- a�;22p PQ`2- �M/ .Qm;H�b 1+FX PMb2ib �M/ 6`�K2b, .m�H@P#D2+iBp2 SB�MQ

h`�Mb+`BTiBQMX AM S`Q+22/BM;b Q7 i?2 RNi? AMi2`M�iBQM�H aQ+B2iv 7Q` JmbB+ AM7Q`K�iBQM _2i`B2p�H

*QM72`2M+2- T�;2b 8yĜ8d- S�`Bb- 6`�M+2- a2Ti2K#2` kyR3X AaJA_X /QB, RyX8k3Rfx2MQ/QX

R9Nkj9RX l_G ?iiTb,ff/QBXQ`;fRyX8k3Rfx2MQ/QXR9Nkj9RX

(ky) *m`iBb >�ri?Q`M2- �M/`Bv ai�bvmF- �/�K _Q#2`ib- A�M aBKQM- *?2M;@w?B �MM� >m�M;-

a�M/2` .B2H2K�M- 1`B+? 1Hb2M- C2bb2 1M;2H- �M/ .Qm;H�b 1+FX 1M�#HBM; 7�+iQ`Bx2/ TB�MQ

KmbB+ KQ/2HBM; �M/ ;2M2`�iBQM rBi? i?2 K�2bi`Q /�i�b2iX �`sBp T`2T`BMi �`sBp,R3RyXRkk9d-

kyR3X

(kR) *?2M;@w?B �MM� >m�M;- �b?Bb? o�br�MB- C�FQ# lbxFQ`2Bi- LQ�K a?�x22`- A�M aBKQM-

*m`iBb >�ri?Q`M2- �M/`2r J .�B- J�ii?2r . >Q77K�M- JQMB+� .BM+mH2b+m- �M/ .Qm@

;H�b 1+FX JmbB+ i`�Mb7Q`K2`X �`sBp T`2T`BMi �`sBp,R3yNXy9k3R- kyR3X
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(kk) .�b�2K C2QM;- h�2;vmM ErQM- �M/ Cm?�M L�KX oB`imQbQM2i, � ?B2`�`+?B+�H �ii2MiBQM

`MM 7Q` ;2M2`�iBM; 2tT`2bbBp2 TB�MQ T2`7Q`K�M+2 7`QK KmbB+ b+Q`2X AM L2m`ASa kyR3

qQ`Fb?QT QM J�+?BM2 G2�`MBM; 7Q` *`2�iBpBiv �M/ .2bB;M- kyR3X

(kj) .�b�2K C2QM;- h�2;vmM ErQM- uQQDBM EBK- EvQ;m G22- �M/ Cm?�M L�KX oB`imQbQM2i,

� ?B2`�`+?B+�H `MM@#�b2/ bvbi2K 7Q` KQ/2HBM; 2tT`2bbBp2 TB�MQ T2`7Q`K�M+2X AM AaJA_-

T�;2b Ny3ĜNR8- kyRNX

(k9) .�b�2K C2QM;- h�2;vmM ErQM- uQQDBM EBK- �M/ Cm?�M L�KX :`�T? M2m`�H M2irQ`F 7Q`

KmbB+ b+Q`2 /�i� �M/ KQ/2HBM; 2tT`2bbBp2 TB�MQ T2`7Q`K�M+2X AM AMi2`M�iBQM�H *QM72`2M+2

QM J�+?BM2 G2�`MBM;- T�;2b jyeyĜjydy- kyRNX

(k8) .�b�2K C2QM;- h�2;vmM ErQM- uQQDBM EBK- �M/ Cm?�M L�KX a+Q`2 �M/ T2`7Q`K�M+2

72�im`2b 7Q` `2M/2`BM; 2tT`2bbBp2 KmbB+ T2`7Q`K�M+2bX AM S`Q+X Q7 JmbB+ 1M+Q/BM; *QM7-

kyRNX

(ke) a?mH2B CB- CBM; GmQ- �M/ sBMvm u�M;X � +QKT`2?2MbBp2 bm`p2v QM /22T KmbB+ ;2M2`�iBQM,

JmHiB@H2p2H `2T`2b2Mi�iBQMb- �H;Q`Bi?Kb- 2p�Hm�iBQMb- �M/ 7mim`2 /B`2+iBQMbX �`sBp T`2T`BMi

�`sBp,kyRRXye3yR- kykyX

(kd) >�`m?B`Q E�i�vQb2- JBibmvQ >�b?B/�- :BQp�MMB .2 SQHB- �M/ E2BDB >B`�i�X PM 2p�Hm�iBM;

bvbi2Kb 7Q` ;2M2`�iBM; 2tT`2bbBp2 KmbB+ T2`7Q`K�M+2, i?2 `2M+QM 2tT2`B2M+2X CQm`M�H Q7

L2r JmbB+ _2b2�`+?- 9RU9V,kNNĜjRy- kyRkX

(k3) 1Bi� L�F�Km`�- E�xmvQb?B uQb?BB- �M/ >�`m?B`Q E�i�vQb2X S2`7Q`K�M+2 2``Q` /2i2+iBQM

�M/ TQbi@T`Q+2bbBM; 7Q` 7�bi �M/ �++m`�i2 bvK#QHB+ KmbB+ �HB;MK2MiX AM AaJA_- T�;2b

j9dĜj8j- kyRdX

(kN) M2TimM2X�BX L2TimM2, 2tT2`BK2Mi K�M�;2K2Mi �M/ +QHH�#Q`�iBQM iQQH- kykyX l_G

?iiTb,ffM2TimM2X�BX
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(jy) ��`QM p�M /2M PQ`/- a�M/2` .B2H2K�M- >2B;� w2M- E�`2M aBKQMv�M- P`BQH oBMv�Hb-

�H2t :`�p2b- L�H E�H+?#`2MM2`- �M/`2r a2MBQ`- �M/ EQ`�v E�pmF+mQ;HmX q�p2M2i, �

;2M2`�iBp2 KQ/2H 7Q` `�r �m/BQX �`sBp T`2T`BMi �`sBp,ReyNXyj9NN- kyReX

(jR) a�;22p PQ`2- A�M aBKQM- a�M/2` .B2H2K�M- .Qm;H�b 1+F- �M/ E�`2M aBKQMv�MX h?Bb

iBK2 rBi? 722HBM;, G2�`MBM; 2tT`2bbBp2 KmbB+�H T2`7Q`K�M+2X L2m`�H *QKTmiBM; �M/ �TTHB@

+�iBQMb- jkU9V,N88ĜNed- kykyX

(jk) EBb?Q`2 S�TBM2MB- a�HBK _QmFQb- hQ// q�`/- �M/ q2B@CBM; w?mX "H2m, � K2i?Q/ 7Q`

�miQK�iB+ 2p�Hm�iBQM Q7 K�+?BM2 i`�MbH�iBQMX AM S`Q+22/BM;b Q7 i?2 9yi? �MMm�H K22iBM; Q7 i?2

�bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- T�;2b jRRĜjR3- kyykX

(jj) *?`BbiBM2 J+G2�p2v S�vM2X Jmb2M2i- LQp kykyX l_G ?iiTb,ffQT2M�BX+QKf#HQ;f

Kmb2M2ifX

(j9) J�ii?2r S2i2`b- J�`F L2mK�MM- JQ?Bi Avv2`- J�ii :�`/M2`- *?`BbiQT?2` *H�`F- E2M@

iQM G22- �M/ GmF2 w2iiH2KQv2`X .22T +QMi2tim�HBx2/ rQ`/ `2T`2b2Mi�iBQMbX AM S`Q+22/BM;b

Q7 i?2 kyR3 *QM72`2M+2 Q7 i?2 LQ`i? �K2`B+�M *?�Ti2` Q7 i?2 �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b,

>mK�M G�M;m�;2 h2+?MQHQ;B2b- oQHmK2 R UGQM; S�T2`bV- T�;2b kkkdĜkkjd- kyR3X

(j8) �H2+ _�/7Q`/- C277`2v qm- _2rQM *?BH/- .�pB/ Gm�M- .�`BQ �KQ/2B- �M/ AHv� amibF2p2`X

G�M;m�;2 KQ/2Hb �`2 mMbmT2`pBb2/ KmHiBi�bF H2�`M2`bX PT2M�A #HQ;- RU3V,N- kyRNX

(je) P`D�M a�M/`2/- JBF�2H G�m`bQM- �M/ JBF� EmmbF�MF�`2X _2pBbBiBM; i?2 BHHB�+ bmBi2Ĝ�

`mH2@#�b2/ �TT`Q�+? iQ biQ+?�biB+ T`Q+2bb2bX aQMB+ A/2�bfA/2�b aQMB+�b- k,9kĜ9e- kyyNX

(jd) 1K2`v a+?m#2`i- a2`;BQ *�M�xx�- :BQp�MMB .2 SQHB- �M/ �MiQMBQ _Q/¨X �H;Q`Bi?Kb +�M

KBKB+ ?mK�M TB�MQ T2`7Q`K�M+2, i?2 /22T #Hm2b Q7 KmbB+X CQm`M�H Q7 L2r JmbB+ _2b2�`+?-

9eUkV,Rd8ĜR3e- kyRdX
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(j3) �b?Bb? o�br�MB- LQ�K a?�x22`- LBFB S�`K�`- C�FQ# lbxFQ`2Bi- GHBQM CQM2b- �B/�M L

:QK2x- ƇmF�bx E�Bb2`- �M/ AHHB� SQHQbmF?BMX �ii2MiBQM Bb �HH vQm M22/X �/p�M+2b BM M2m`�H

BM7Q`K�iBQM T`Q+2bbBM; bvbi2Kb- jy,8NN3Ĝeyy3- kyRdX

(jN) :2`?�`/ qB/K2`X J�+?BM2 /Bb+Qp2`B2b, � 72r bBKTH2- `Q#mbi HQ+�H 2tT`2bbBQM T`BM+BTH2bX

CQm`M�H Q7 L2r JmbB+ _2b2�`+?- jRURV,jdĜ8y- kyykX

(9y) :2`?�`/ qB/K2`X :2iiBM; +HQb2` iQ i?2 2bb2M+2 Q7 KmbB+, h?2 +QM 2bT`2bbBQM2 K�MB72biQX

�*J h`�Mb�+iBQMb QM AMi2HHB;2Mi avbi2Kb �M/ h2+?MQHQ;v UhAahV- 3UkV,RĜRj- kyReX

(9R) :2`?�`/ qB/K2`- a2#�biB�M 6HQbbK�MM- �M/ J��`i2M :`�+?i2MX u[t TH�vb +?QTBMX �A

K�;�xBM2- jyUjV,j8Ĝj8- kyyNX


