
L2;QiB�iBM; � *2Mim`v Q7 >mKBHB�iBQM
>Qr "�B/m "�BF2 �M/ *?BM2b2 G�M;m�;2 qBFBT2/B� .Bz2` BM q`BiBM;

JQ/2`M *?BM2b2 >BbiQ`v UR39y@RN9NV

CBM;r2M GBm

CmM2 Rk- kyky

R AMi`Q/m+iBQM

>Qr /Q2b +2MbQ`b?BT �z2+i i?2 +QHH2+iBp2 r`BiBM; Q7 ?BbiQ`v\ *`BiB+�H ?BbiQ`B+�H KQK2Mib

Q7i2M b2`p2 �b TBpQib i?�i 7`�K2 �M/ b?�T2 T2QTH2Ƕb mM/2`bi�M/BM; Q7 i?2 T`2b2MiX qBi?

+`Qr/bQm`+BM; QMHBM2 2M+v+HQT2/B�b BM+`2�bBM;Hv #2+QK2 Tm#HB+Hv �p�BH�#H2 BM7Q`K�iBQM

�M/ FMQrH2/;2 #�b2- AMi2`M2i mb2`b ?�p2 i?2 QTTQ`imMBiv iQ r`Bi2 �M/ �++2bb ?BbiQ`v

#2bB/2b i2ti#QQFb �M/ �+�/2KB+ rQ`FbX >Qr2p2`- bm+? T`�+iB+2b �`2 +QMbi`�BM2/ BM *?BM�

mM/2` +2MbQ`b?BT `2;mH�iBQMb �M/ bi`QM; +QMi`QH Qp2` ?BbiQ`B+�H M�``�iBp2b #v i?2 *?BM2b2

*QKKmMBbi S�`iv U**SVX

AM i?Bb T�T2`- A bim/v ?Qr F2v 2p2Mib �M/ 2MiBiB2b BM JQ/2`M *?BM2b2 ?BbiQ`v �`2

r`Bii2M /Bz2`2MiHv QM "�B/m "�BF2 �M/ *?BM2b2 H�M;m�;2 qBFBT2/B�- i?2 iQT k QMHBM2

2M+v+HQT2/B� T`QD2+ib BM *?BM2b2 H�M;m�;2- #v �M�HvxBM; i?2 i2ti +Q`TQ`� Q7 2Mi`B2bRX qBi?

/Bz2`2Mi H2p2Hb Q7 2tTQbm`2 iQ +2MbQ`b?BT- A �`;m2 i?�i i?2 BM7Q`K�iBQM QM "�B/m "�BF2 Bb

� `2bmHi Q7 �M mM2[m�H M2;QiB�iBQM #2ir22M mb2`b �M/ i?2 �mi?Q`Biv �b QTTQb2/ iQ �M 2[m�H

M2;QiB�iBQM �KQM; mb2`b QM *?BM2b2 H�M;m�;2 qBFBT2/B� U*?BM2b2 qBFBT2/B� ?2`2�7i2`VX

A }M/ i?�i "�B/m "�BF2 Bb KQ`2 bm#D2+iBp2 i?�M *?BM2b2 qBFBT2/B� BM /2TB+iBM; 2p2Mib

/m`BM; i?2 *2Mim`v Q7 >mKBHB�iBQM- �M/ J�`tBbi >BbiQ`BQ;`�T?v �M/ i?2 **S M�``�iBp2

�`2 KQ`2 T`2p�H2Mi BM "�B/m "�BF2Ƕb �++QmMibX JQ`2Qp2`- i?2 /Bb�;`22K2Mi #2ir22M "�B/m

R� i2ti +Q`Tmb `272`b iQ � +QHH2+iBQM Q7 bi`m+im`2/ i2tiX h?2 +Q`TQ`� BM i?Bb +�b2 �`2 2Mi`v T�;2b
QM *?BM2b2 H�M;m�;2 qBFBT2/B� �M/ "�B/m "�BF2X �M 2Mi`v `272`b iQ �M QMHBM2 2M+v+HQT2/B� T�;2
/2/B+�i2/ iQ QM2 2MiBivX

R



"�BF2 �M/ *?BM2b2 qBFBT2/B� Bb /`Bp2M #v r?2i?2` i?2 **S r�b T`2b2Mi BM �M 2p2Mi- r?BH2

i?2 �;`22K2Mi #2ir22M i?2K Bb /2i2`KBM2/ #v i`�mK�iB+Biv BM �M 2p2MiX

a+?QH�`b Q7 +2MbQ`b?BT ?�p2 T�B/ �ii2MiBQM iQ 2pB/2M+2 7`QK qBFBT2/B� BM ?Qr i?2 #HQ+F

#v i?2 :`2�i 6B`2r�HH Q7 *?BM� �z2+ib BM7Q`K�iBQM +QMbmKTiBQM �M/ +QMi`B#miBQM- BX2X

`2�/2`b?BT �M/ 2/BiQ`B�H +QMi`B#miBQMbX h?2 BMi2`KBii2Mi #HQ+Fb +�mb2/ � H�`;2 /2+`2�b2

BM +QMi`B#miBQM H2p2Hb Q7 �HH qBFBT2/B� mb2`b BM+Hm/BM; i?Qb2 BM >QM; EQM; �M/ h�Br�M

r?Q �`2 MQi �z2+i2/ #v i?2 6B`2r�HH Uw?�M; �M/ w?m- kyRRVX h?2 +QKTH2i2 #HQ+F BM kyR8

�HbQ H2/ iQ � bB;MB}+�Mi M2;�iBp2 BKT�+i QM T�;2 pB2rb Q7 *?BM2b2 qBFBT2/B� US�M �M/

_Q#2`ib- kyRNVX JQ`2Qp2`- >Q##b �M/ _Q#2`ib UkyR3V b?Qrb i?�i i?2`2 Bb � H�`;2 BM+`2�b2

Q7 pB2rb BM TQHBiB+�H �M/ ?BbiQ`B+�H 2Mi`B2b QM qBFBT2/B� r?2M i?2`2 Bb � bTBF2 Q7 T2QTH2

r?Q DmKT i?2 6B`2r�HHX >Qr2p2`- "�B/m "�BF2- qBFBT2/B�Ƕb �Hi2`M�iBp2 BMbB/2 i?2 :`2�i

6B`2r�HH- ?�b `2+2Bp2/ HBiiH2 �ii2MiBQMX L; UkyRjV }`bi bim/B2/ i?2 +Qp2`�;2 /Bz2`2M+2

Q7 "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� #v �miQK�iB+�HHv /2i2+iBM; � HBbi Q7 Kmim�HHv

2t+HmbBp2 2Mi`B2b i?�i QMHv �TT2�` QM QM2 TH�i7Q`K �M/ 7QmM/ i?�i KQbi 2Mi`B2b QKBii2/

QM "�B/m "�BF2 +QMi�BM 2Bi?2` TQHBiB+�H b2MbBiBp2 BM7Q`K�iBQM Q` �/mHi +QMi2MibX 62r

bim/B2b ?�p2 7m`i?2` HQQF2/ �i bm#bi�MiBp2 /Bz2`2M+2b BM i?2 i2ti +Q`TQ`� �M/ BM7Q`K�iBQM

[m�HBiv QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�- H2i �HQM2 ?BbiQ`B+�H FMQrH2/;2 BM bT2+B}+X

>BbiQ`B+�H FMQrH2/;2 Bb BMi2`2biBM; iQ bim/v MQi QMHv #2+�mb2 Bi b?�T2b mM/2`bi�M/BM;b

Q7 i?2 T`2b2Mi rBi? TQHBiB+�H BKTHB+�iBQMb- #mi �HbQ #2+�mb2 "�B/m "�BF2 �M/ *?BM2b2

qBFBT2/B� �b QMHBM2 +QHH�#Q`�iBp2 2M+v+HQT2/B�b 72�im`2 � bT�+2 7Q` T2QTH2 iQ M2;QiB�i2

�M/ /2p2HQT +QHH2+iBp2 K2KQ`B2b i?�i 7Q`K i?2 #�bBb Q7 ?BbiQ`B+�H M�``�iBp2X L2p2`i?2H2bb-

2tBbiBM; bim/B2b QM ?BbiQ`B+�H 2/m+�iBQM �M/ M�``�iBp2 K�MBTmH�iBQM ?�p2 #22M 7Q+mbBM; QM

i?2 /2p2HQTK2Mi Q7 Q{+B�H /Bb+Qm`b2b Uq�M;- kyR9c *Q?2M- kyykc E�m7K�M- kyRyc *Q#H2-

kyydV �M/ i2ti#QQFb U*�MiQMB 2i �HX- kyRdc a?BM �M/ aM2B/2`- kyRRVX G�K �M/ GBM UkyRdV

�M�Hvx2/ ?B;? b+?QQH ?BbiQ`v i2ti#QQFb BM K�BMH�M/ *?BM�- >QM; EQM; �M/ h�Br�M mbBM;

[m�MiBi�iBp2 i2ti �M�HvbBb- �M/ 7QmM/ K�BMH�M/ *?BM� i2ti#QQFb ?�p2 KQ`2 �/D2+iBp2b

Qp2`�HH �M/ � ?B;?2` TQbBiBp2@iQ@M2;�iBp2 T?`�b2 `�iBQ BM TQbi@RN9N +QMi2MiX aim/vBM; i?2

r`BiBM; Q7 KQ/2`M *?BM2b2 ?BbiQ`v QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� �//b iQ i?2

bQm`+2 Q7 2pB/2M+2 QM i?2 /Bz2`2MiB�iBM; /2TB+iBQMb Q7 JQ/2`M *?BM2b2 ?BbiQ`v i?�i b2`p2

k



TQHBiB+�H 2M/bX

h?Bb bim/v �ii2KTib � [m�MiBi�iBp2 2t�KBM�iBQM Q7 i?2 2Mi`v i2tib QM i?2 *2Mim`v Q7

>mKBHB�iBQM QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�X h?2 /Bz2`2M+2b �`BbBM; 7`QK i?2

+QKT�`BbQM +�M +QM}`K ?Qr � ǳ+2MbQ`2/Ǵ M�``�iBp2 �b Bb `2T`2b2Mi2/ #v "�B/m "�BF2 /B@

p2`;2b 7`QK � ;2M2`�H ŉ`2;BQM@H2bbŊM�``�iBp2 M2;QiB�i2/ #v /2+2Mi`�HBx2/ *?BM2b2@bT2�FBM;

mb2`b �b Bb `2T`2b2Mi2/ #v *?BM2b2 qBFBT2/B�X h?2 bBKBH�`BiB2b +�M b?2/ HB;?i QM r?2`2

i?2 +QMb2Mbmb �KQM; �HH *?BM2b2@bT2�FBM; mb2`b bi�M/bX

h?Bb T�T2` T`Q+22/b �b 7QHHQrbX AM i?2 M2ti b2+iBQM- A T`QTQb2 � 7`�K2rQ`F Q7 BM@

7Q`K�iBQM M2;QiB�iBQM QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� /m2 iQ /Bz2`2Mi H2p2Hb Q7

+2MbQ`b?BT 2tTQbm`2 �M/ /Bb+mbb i?2 2tT2+i2/ /Bz2`2M+2b BM i?2 +QMi2ti Q7 i?2 *2Mim`v Q7

>mKBHB�iBQMX a2+iBQM j /2b+`B#2b i?2 i2ti +Q`TQ`� /�i�b2i A mb2 �M/ i?2 p�`B�#H2b �+[mB`2/

�M/ +QMbi`m+i2/ BM i?2 bim/vX a2+iBQM 9 T`2b2Mib i?2 2KTB`B+�H }M/BM;b- r?B+? Bb 7QHHQr2/

#v � /Bb+mbbBQM �M/ +QM+HmbBQMX

k "�+F;`QmM/ �M/ h?2Q`2iB+�H 6`�K2rQ`F

*QHH2+iBp2 K2KQ`v Bb +QMbi`m+i2/ T�bi i?`Qm;? +QKTH2t +QKKmMB+�iBQM �KQM; � bQ+B�H

;`QmT b?�T2/ #v i?2 +QM+2`Mb Q7 i?2 T`2b2Mi U>�H#r�+?b 2i �HX- RNNkc �bbK�MM �M/

*x�THB+F�- RNN8V- r?B+? 7Q`Kb i?2 K2i�H `2T`2b2Mi�iBQM Q7 ?BbiQ`B+�H 2p2MibX "27Q`2 i?2

qQ`H/ qB/2 q2#- i?2 BK�;BM2/ +QKKmMBiB2b �`2 7�+BHBi�i2/ #v T`BMi2/ K2/B� �M/ #`Q�/@

+�biBM; M2bi2/ BM H�M;m�;2b- rBi?Qmi K2K#2`b K22iBM; 2�+? Qi?2` U�M/2`bQM- kyyeVX h?2

+QHH�#Q`�iBp2 KQ/2`M AMi2`M2i 2MpB`QMK2Mi �M/ rBFBb T`QpB/2 � i�M;B#H2 �M/ i`�+2�#H2

bT�+2 7Q` i?2 7Q`K�iBQM Q7 +QHH2+iBp2 K2KQ`v i?`Qm;? BMi2`�+iBQMbX qBFB T`QD2+ib- �b b2ib

Q7 r2#@#�b2/ BMi2`HBMFBM; T�;2b i?�i +QMbi`m+i FMQrH2/;2 #�b2b- 72�im`2 BMbi�Mi- Q#b2`p@

�#H2 �M/ +QHH�#Q`�iBp2 +`2�iBM; �M/ 2/BiBM; #v �HH mb2`bX qBFBT2/B� i?2`27Q`2 #2+QK2b

� K2KQ`v TH�+2 r?2`2 /Bb+mbbBQMb �M/ M2;QiB�iBQMb Qp2` K2KQ`�#H2 2H2K2Mib 7�#`B+�i2

+QHH2+iBp2 K2KQ`v US2MixQH/- kyyNVX "�B/m "�BF2 �HbQ 2M;�;2b BM i?2 b�K2 T`Q+2bb Q7

+QHH2+iBp2 K2KQ`v +QMbi`m+iBQMX h?Bb K�F2b i?2 M2;QiB�i2/ BM7Q`K�iBQM �M/ FMQrH2/;2

/BbTH�v2/ QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� i?2 T2`72+i bQm`+2 iQ bim/v ?Qr ?BbiQ`v

j



Bb 7`�K2/ �M/ `2K2K#2`2/X

AM i?Bb b2+iBQM- A }`bi /2b+`B#2 i?2 ?B;?Hv `2bi`B+iBp2 BMi2`M�H K2+?�MBbK QM "�B/m "�BF2

BM +QKTHB�M+2 rBi? +2MbQ`b?BT `2;mH�iBQMb �M/ ?Qr Bi +QMi`�bib *?BM2b2 qBFBT2/B� �M/

vB2H/b /Bz2`2Mi BM7Q`K�iBQM M2;QiB�iBQM T�ii2`MbX h?2M- A /Bb+mbb i?2 BKTQ`i�M+2 Q7 i?2

*2Mim`v Q7 >mKBHB�iBQM iQ *?BM� �M/ i?2 **S- �M/ T`QTQb2 i?2 2tT2+i2/ /Bz2`2M+2b BM

i?2 +Q`TQ`�X

kXR AM7Q`K�iBQM .BbTH�v �M/ *QMi`QH QM "�B/m "�BF2 �M/ *?BM2b2

qBFBT2/B�

h�#H2 R, "�bB+ AM7Q`K�iBQM

*?BM2b2 qBFBT2/B� "�B/m "�BF2

hvT2 LQM@T`Q}i *QKK2`+B�H
u2�` Q7 1bi�#HBb?K2Mi kyyR kyye
hQi�H 1Mi`B2b UKBHHBQMbV RXR ReXd
hQi�H 1/Bib UKBHHBQMbV 83Xk R83Xj
hQi�H lb2`b UKBHHBQMbV kXN dXy

aQm`+2, Tm#HB+Hv �p�BH�#H2 BM7Q`K�iBQM QM #�BF2X#�B/mX+QK �M/
x?XrBFBT2/B�XQ`;frBFBfqBFBT2/�,$W1d$W""$WN6$W13$W�1$W�R- �b Q7 �T`BH kykyX

qBFBT2/B� Bb � +QHH2+iBQM Q7 rBFBb BM /Bz2`2Mi H�M;m�;2b `�M #v � MQM@T`Q}i Q`;�MBx�iBQM

qBFBK2/B�- �M/ *?BM2b2 qBFBT2/B� Bb QM2 rBFB T`QD2+i i?�i BMpBi2b �HH *?BM2b2@bT2�FBM;

mb2`b iQ +QHH�#Q`�iBp2Hv +QMi`B#mi2 iQ i?2 FMQrH2/;2 #�b2X "�B/m- � *?BM2b2 AMi2`M2i

;B�Mi FMQrM 7Q` Bib b2�`+? 2M;BM2- 2bi�#HBb?2/ �M �Hi2`M�iBp2 +QHH�#Q`�iBp2 QMHBM2 2M+v+HQ@

T2/B� "�B/m "�BF2k BM K�BMH�M/ *?BM� }p2 v2�`b H�i2` i?�M *?BM2b2 H�M;m�;2 qBFBT2/B�

BM kyyeX hQ/�v- i?2 7�bi@;`QrBM; +QKK2`+B�H "�B/m "�BF2 ?�b #2+QK2 R8 iBK2b H�`;2`

BM pQHmK2 i?�M *?BM2b2 qBFBT2/B�X q?BH2 K2/B� K�`F2iBx�iBQM BM *?BM� HB7ib i?2 BM7Q`@

K�iBQM +`2/B#BHBiv iQ Q`/BM�`v +BiBx2MbUaiQ+FK�MM- kyRkV- �HH AMi2`M2i *QMi2Mi S`Q/m+2`b

�`2 bm#D2+i iQ +2MbQ`b?BT `2;mH�iBQMb BM i?�i i?2v �`2 `2[mB`2/ iQ `2KQp2 +QMi2Mi �i i?2

k"�BF2 Bb i?2 K�M/�`BM *?BM2b2 rQ`/ 7Q` ǳ2M+v+HQT2/B�ǴX
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/B`2+iBQM Q7 i?2 ;Qp2`MK2MiUJBHH2`- kyR3VX .Bz2`2Mi BMi2`M�H K2+?�MBbKb �M/ 2ti2`M�H

BMi2`p2MiBQMb i?2`27Q`2 /2i2`KBM2 i?�i i?2`2 rBHH #2 /Bz2`2M+2 BM BM7Q`K�iBQM ;2M2`�i2/

�M/ /BbTH�v2/ QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�X A7 qBFBT2/B� `2T`2b2Mib i?2 M2;Q@

iB�iBQM `2bmHib �KQM; /2+2Mi`�HBx2/ +QMi`B#miQ`b i?2Kb2Hp2b Q7 /Bp2`;2Mi #�+F;`QmM/b- i?2

M2;QiB�iBQM #2?BM/ "�B/m "�BF2 Bb #2ir22M BM/BpB/m�H +QMi`B#miQ`b �M/ +2Mi`�HBx2/ +QMi2Mi

+QMi`QH �M/ +2MbQ`b?BT 2M7Q`+2/ #v "�B/mX

h�#H2 k, *QKT�`BbQM Q7 1/BiQ`B�H SQHB+B2b

*?BM2b2 qBFBT2/B� "�B/m "�BF2

.BbTH�v SQHB+v AKK2/B�i2Hv 2z2+iBp2
rBi?Qmi �Mv b+`22MBM;c 2t
TQbi T�i`QH #v 1HBi2 lb2`b

�GG 2/Bib ;Q i?`Qm;? 2t
�Mi2 Qp2`bB;?i #v "�B/m

S`Qi2+iBQM SQHB+v 1/Bi@r�``BM; 1/Bi@r�``BM;- SQHBiB+�HHv
b2MbBiBp2- a+B2MiB}+

1/BiBM; h?`2b?QH/ LQM2- AS �//`2bb QM
`2+Q`/

_2�H@M�K2 `2;Bbi`�iBQM
`2[mB`2/

J�i2`B�H AM+2MiBp2b 7Q` 1/BiQ`b LQ u2b
1HBi2 h2�K oQi2/ #v mb2`b �TTQBMi2/ #v "�B/m

LmK#2` Q7 1HBi2 lb2`b dN 9Rk

.BbTH�v SQHB+v �b � HQv�H T`�+iBiBQM2` Q7 i?2 rBFB T`BM+BTH2 Q7 QT2M �M/ i`�+2#H2 +QHH�#@

Q`�iBQM- *?BM2b2 qBFBT2/B� +�M #2 2/Bi2/ #v �MvQM2 �i �Mv iBK2- �M/ i?2 2/Bib rBHH i�F2

2z2+i �M/ #2 BKK2/B�i2Hv /BbTH�v2/ �i i?2 2Mi`v T�;2X PM i?2 +QMi`�`v- QM "�B/m "�BF2-

�GG M2r 2/Bib �`2 `2[mB`2/ iQ ;Q i?`Qm;? � `2pB2r T`Q+2bb K�BMi�BM2/ #v #Qi? "�B/m

�/KBMBbi`�iQ`b �M/ #Qib- r?B+? +�M i�F2 �b HQM; �b Re /�vb iQ #2 �TT`Qp2/ �M/ /BbTH�v2/X

�7i2` K�FBM; T`QTQb2/ 2/Bib BM i?2 2/BiBM; BMi2`7�+2 Q7 "�B/m "�BF2- mb2`b ?�p2 iQ bm#KBi

i?2 `2[m2bi �HQM; rBi? � b?Q`i `2�bQM 7Q` 2/BiBM; i?�i �bbBbib i?2 `2pB2rXj lb2`b rBHH #2

MQiB}2/ Q7 i?2 `2pB2r `2bmHib QM i?2B` �++QmMi /�b?#Q�`/b Q` pB� i2ti K2bb�;2 Q` q2*?�i

B7 QTi2/ BMX h?2 Q7i2M BM2{+B2Mi `2pB2r T`Q+2bb `2+2Bp2b rB/2 +QKTH�BMib QM "�B/m 6Q`mK-

jh?2`2 �`2 T`2@}HH2/ QTiBQMb bm+? �b 2``Q` +Q``2+iBQM- +QMi2Mi 2MH�`;2- BMi2`M�H HBMFb KQ/B}+�iBQM- `2@
/mM/�M+v `2KQp�H- 2i+X lb2`b +�M �HbQ +?QQb2 iQ r`Bi2 i?2B` QrM 2tTH�M�iBQMbX
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�M/ Bb b22M #v #Qi? "�B/m mb2`b �M/ qBFBT2/B� mb2`b �b � #H�+F #Qt9X h?Bb +QKTmHbQ`v

`2pB2r T`Q+2bb ;`�Mib "�B/m � +QKT`2?2MbBp2 2t �Mi2 +QMi`QH Qp2` r?�i iQ /BbTH�v QM

"�B/m "�BF2 2Mi`v T�;2bX

qBFBT2/B�- #2+�mb2 Q7 Bib QT2MM2bb- �+FMQrH2/;2b i?�i Bi ǳBb MQi � `2HB�#H2 bQm`+2Ǵ Bib2H7X

qBFBT2/B� i?2`27Q`2 Bb /2/B+�i2/ iQ T`QKQiBM; �M/ T`�+iB+BM; i?`22 +Q`2 +QMi2Mi p�Hm2b,

M2mi`�H TQBMi Q7 pB2r- p2`B}�#BHBiv- �M/ MQ Q`B;BM�H `2b2�`+?X S`�+iB+BM; M2mi`�H TQBMi Q7

pB2r- *?BM2b2 qBFBT2/B� bi`Bp2b iQ �pQB/ `2;BQM�H@+2Mi`B+ U᭿܄عऒӾஞV8 2tT`2bbBQMb-

2X;X mb2 h�Br�M Q` i?2 _2Tm#HB+ Q7 *?BM� U_P*V MQi h�Br�M T`QpBM+2- �M/ mb2 i?2

:`2;Q`B�M +�H2M/�` MQi _P* +�H2M/�`X "�B/m "�BF2 Bb Km+? H2bb bQT?BbiB+�i2/ BM K�FBM;

2/BiBM; `mH2b- �M/ i?2 2KT?�bBb ?�b #22M i?�i "�B/m "�BF2 Bb 7`22 Q7 +QKK2`+B�HbX

S`Qi2+iBQM SQHB+v hQ #2ii2` 2Mbm`2 BM7Q`K�iBQM [m�HBiv- *?BM2b2 qBFBT2/B� BKTH2K2Mib

T`Qi2+iBQM TQHB+B2b r?2M i?2`2 �`2 p�M/�HBbK- /Bb`mTiBp2 2/BiBM;- Q` /�K�;BM; /BbTmi2bX

h?Bb Bb � M�im`�H /2p2HQTK2Mi BM i?2 QT2M 2MpB`QMK2Mi r?2`2 2/Bib �`2 BMbi�MiHv 2z2+iBp2

�M/ /BbTmi2b +�M 2�bBHv #2 iQtB+X �7i2` � pQHmMi22` �/KBMBbi`�iQ` HQ+Fb /QrM �M 2Mi`v

i?�i Bb /Bb`mTi2/ #v #�+F@�M/@7Q`i? 2/Bib- �HH /Bb+mbbBQMb �`2 /B`2+i2/ iQ i?2 qBFBh�HF

T�;2 �bbQ+B�i2/ rBi? i?2 2Mi`v r?2`2 T�`iB2b +�M i`v iQ �;`22 #27Q`2 i?2 2Mi`v `2QT2MbX

L2p2`i?2H2bb- "�B/m "�BF2 2M;�;2b rBi? KQ`2 `2bi`B+iBp2 K2�bm`2b mM/2` i?2 +Qp2`

Q7 T`Qi2+iBQM TQHB+B2bX AM �//BiBQM iQ T`Qi2+iBM; 2Mi`B2b BMpQHp2/ rBi? ǳ2/Bi r�``BM;Ǵ

HBF2 qBFBT2/B�- "�B/m "�BF2 �HbQ HQ+Fb /QrM TQHBiB+�HHv b2MbBiBp2 2Mi`B2b iQ ǳ`2K�BM i?2

+QKTH2i2M2bb Q7 i?2 2bi�#HBb?2/ +QMi2MiǴ eX �M/ b+B2MiB}+ 2Mi`B2b iQ ǳ`2K�BM i?2 T`2+BbBQM

�M/ +QKTH2i2M2bb Q7 i?2 +QMi2Mi T`QpB/2/ #v 2tT2`ibǴX d h?Bb Bb � TQr2`7mH T`2+�miBQmb

+QMi`QH Qp2` i?2 BM7Q`K�iBQM /BbTH�v2/ QM "�B/m "�BF2X
9w?�M;- C�M2X ǳ>Qr "�B/m #mBHi �M 2M+v+HQT2/B� rBi? Re iBK2b KQ`2 *?BM2b2 2Mi`B2b i?�M qBFBT2/B�-Ǵ
a*JSX LQp ky- kyRNX �++2bb2/ �i ?iiTb,ffrrrXb+KTX+QKfi2+?f#B;@i2+?f�`iB+H2fjyj39ykf?Qr@#�B/m@
#�BF2@?�b@7�+2/@�;�BMbi@rBFBT2/B�@#mBH/@rQ`H/b@H�`;2biX

8a22 ?iiTb,ffx?XrBFBT2/B�XQ`;frBFBfqBFBT2/B�,$W1N$W3R$W"6$W18$W38$W3.$W18$WN*$W"y$W18$
WN6$WN6$W19$W"3$W�.$W18$W"6$W3j

e"�B/m "�BF2 ?�b K�/2 +H2�` Q7 Bib TQHB+v i?�i �HH 2/Bib 7Q` 2Mi`B2b QM TQHBiB+�H
H2�/2`b �M/ ;Qp2`MK2Mi �;2M+B2b �`2 bm#D2+i iQ �//BiBQM�H `2pB2rbX a22 ?iiTb,
ff#�BF2X#�B/mX+QKf`272`2M+2f3e9eke3f2�#9De�k@LPtw."xB2_lrsyDd"E/93Mbs?9wxtn
ms"M@1J3h�x#CFN9_K33[GlSL?v2i#QR_#m�HHpkh:TuQ>1+X

d� b+�M/�H i?�i KB;?i H2�/ "�B/m iQ #2 2ti`�@+�miBQmb QM b+B2MiB}+ 2Mi`B2b Bb i?2 BM+B/2Mi Q7 q2B
w2tBX q2B w2tB- � +QHH2;2 bim/2Mi r?Q /B2/ Q7 � `�`2 +�M+2`- �++mb2/ "�B/m Q7 T`QKQiBM; 7�HbB}2/
BM7Q`K�iBQM QM H2bb T`Qp2M i`2�iK2MibX a22 KQ`2 �i ?iiTb,ffrrrXMviBK2bX+QKfkyRefy8fy9frQ`H/f
�bB�f+?BM�@#�B/m@BMp2biB;�iBQM@bim/2Mi@+�M+2`X?iKH

e



1/BiQ`b *QMbBbi2Mi iQ i?2 BMbi�Mi /BbTH�v- i?2`2 �`2 MQ i?`2b?QH/ 7Q` 2/BiBM; T`�+iB+2b

QM *?BM2b2 qBFBT2/B�X LQ `2;Bbi`�iBQM Bb `2[mB`2/- �M/ i?2 AS �//`2bb2b Q7 �MQMvKQmb

mb2`b �`2 `2+Q`/2/ BM 2/BiBM; ?BbiQ`vX q?2`�b �HH 2/BiBM; �+iBpBiB2b QM "�B/m "�BF2 MQr

`2[mB`2 �M �++QmMi rBi? `2�H@M�K2 `2;Bbi`�iBQM- r?B+? Bb �M BKTHB+Bi bB;M�H iQ mb2`b iQ

K�F2 ?B;?2` [m�HBiv �M/ ǳ+Q``2+iǴ 2/BibX J�Mv 2Mi`B2b QMHv QT2M i?2B` 2/BiBM; �++2bb iQ

?B;?@H2p2H "�B/m �++QmMib i?�i ?�p2 ?B;? 2/BiQ`B�H �TT`Qp�H `�i2bX "�B/m "�BF2 Bb �HbQ

�#H2 iQ BM+2MiBpBx2 mb2`b iQ 2MH�`;2 i?2 b+QT2 �M/ 2M`B+? i?2 +Qp2`�;2 Q7 FMQrH2/;2 rBi?

K�i2`B�H `2r�`/bX S`Q/m+ib `�M;BM; 7`QK +QQFBM; QBH iQ BS?QM2b #2 `2/22K2/ rBi? r2�Hi?

TQBMib ;�BM2/ 7`QK 2/BiBM; �+iBpBiB2bX 6Q` 2t�KTH2- QM2 �TT`Qp2/ 2/Bi �++QmMib 7Q` QM2

r2�Hi? TQBMi- �M/ bBt r2�Hi? TQBMib �TT`QtBK�i2Hv rQ`i? QM2 _J"X

1HBi2 h2�K "Qi? TH�i7Q`Kb ?�p2 2HBi2 i2�Kb r?Qb2 K2K#2` TQbb2bb ?B;?2` H2p2H �mi?Q@

`Bx�iBQM iQ K�M�;2 2Mi`B2bX *?BM2b2 qBFBT2/B� �/KBMBbi`�iQ`b- r?Q �`2 2H2+i2/ #v 72HHQr

qBFBT2/B�Mb- pQHmMi�`BHv T�i`QH i?2 +QMi2Mi- `2p2`b2 TQQ` 2/Bib- �M/ �`2 i?2 QMHv QM2b

�mi?Q`Bx2/ iQ K�M�;2 T`Qi2+i2/ T�;2bX �b Q7 J�v kyky- i?2`2 �`2 dN �/KBMBbi`�iQ`b �M/

Rd9 M2r T�;2 `2pB2r2`b QM *?BM2b2 qBFBT2/B�X "�B/m "�BF2 1HBi2 h2�K UE2/Qmim�M- ᣉ

ᢄࢫV Bb ǳ/B`2+iHv H2/ �M/ K�M�;2/Ǵ #v "�B/mX "�B/m 2KTHQv22b- r?Q +�M #2 B/2MiB}2/

#v i?2B` QMHBM2 A.- ;mB/2 2HBi2 K2K#2`b BM +`2�iBM; M2r 2Mi`B2b �M/ /Bbi`B#mi2 bQmp2MB`b

bm+? �b h@b?B`ib �M/ Km;b rBi? i?2 1HBi2 h2�K bvK#QH iQ 2HBi2 K2K#2`bX �b Q7 J�v kyky-

i?2`2 �`2 9Rk K2K#2`b BM "�B/m "�BF2 1HBi2 h2�K 3- r?Q �`2 ;`�Mi2/ �mi?Q`Bx�iBQMb bm+?

�b +QK#BMBM; bvMQMvKB+ 2Mi`B2b �M/ Qp2`r`BiBM; TQQ`@[m�HBiv 2/BibX �HH Q7 i?2B` �+iBpBiB2b-

?Qr2p2`- biBHH bm#D2+i iQ Q{+B�H `2pB2rb #v "�B/m #27Q`2 i�FBM; 2z2+iX

AM bmK- *?BM2b2 qBFBT2/B� Bb QT2`�i2/ #v 2bi�#HBb?2/ +QMi2Mi TQHB+B2b �M/ 2t TQbi

/2+2Mi`�HBx2/ T�i`QHX 1M;�;BM; 2t �Mi2 Qp2`bB;?i- "�B/m �bb2`ib Qp2`�HH +QMi`QH Q7 r?B+?

+QMi2Mi BMBiB�i2/ #v mb2`b iQ #2 /BbTH�v2/ QM "�B/m "�BF2X h?2b2 BMi2`M�H K2+?�MBbKb

BM/B+�i2 ?Qr "�B/m "�BF2 Bb bm#D2+i iQ +2MbQ`b?BT i?�i Bb �+?B2p2/ #v �M mM2[m�H BM7Q`@

K�iBQM M2;QiB�iBQM QM �M QMHBM2 2M+v+HQT2/B�X

31HBi2 h2�K K2K#2`b `2+2Bp2 � KQMi?Hv ǳb�H�`vǴ Q7 eyyy r2�Hi? TQBMib- r?B+? 2[m�H �#Qmi Ryy_J"
�++Q`/BM; iQ `2r�`/b 2t+?�M;2 bi�M/�`/b BM "�BF2 J�HHX

d



h?2 :`2�i 6B`2r�HH �HbQ +QMi`B#mi2/ iQ +`2�iBM; � /B+?QiQKBx2/ *?BM2b2 H�M;m�;2 QM@

HBM2 2M+v+HQT2/B� bT�+2 BM i2`Kb Q7 #Qi? 2/BiBM; T`�+iB+2b �M/ `2�/2`b?BT �b �M 2ti2`M�H

BMi2`p2MiBQM 7�+iQ`X �++2bb iQ *?BM2b2 qBFBT2/B� 7`QK K�BMH�M/ *?BM� ?�/ #22M BMi2`@

KBii2MiHv #HQ+F2/ #v i?2 :`2�i 6B`2 q�HH 7`QK kyy9 iQ kyy3 7Q` � iQi�H Q7 �i H2�bi R-ykj

/�vb �M/ b2H2+iBp2Hv #HQ+F2/ #v b2MbBiBp2 T�;2b 7Q`K kyy3 iQ kyR8- mMiBH Bi r�b +QKTH2i2Hv

#HQ+F2/ BM a2Ti2K#2` kyR8XN GB�Q UkyR9V /Q+mK2Mi2/ i?�i "�B/m "�BF2 2MDQv2/ � `�TB/

;`Qri? Q7 mb2`b 7`QK kyye iQ kyy3 i?�i 7Q`K2/ Bib #�bBb- r?2M *?BM2b2 qBFBT2/B� r�b

+QMbi�MiHv #HQ+F2/ +QM+m``BM; rBi? i?2 `�TB/ ;`Qri? T2`BQ/ Q7 ;2M2`�H AMi2`M2i mb2` BM

*?BM�X JQ`2Qp2`- #27Q`2 i?2 #HQ+F- *?BM2b2 qBFBT2/B� Bb � +QHH2+iBp2 bT�+2 7Q` �HH *?B@

M2b2 bT2�F2`b BM J�BMH�M/ *?BM�- h�Br�M- >QM;FQM;- J�+�Q- J�H�vbB�- aBM;�TQ`2- �M/

Qi?2` TH�+2bX 6`QK i?2 T2`bT2+iBp2 Q7 +QHH2+iBp2 K2KQ`v +QMbi`m+iBQM- *?BM2b2 qBFBT2/B�

#2+QK2b � KBbb2/ QTTQ`imMBiv 7Q` K�BMH�M/ *?BM� mb2`b iQ 2M;�;2 BM i?2 +QKKmMB+�iBp2

T?�b2 Q7 7Q`KBM; � +QHH2+iBp2 K2KQ`v BM i?2 *?BM2b2@bT2�FBM; +QKKmMBiv- r?B+? Bb �

bB/2@2z2+i Q7 i?2 6B`2r�HHŇb 2zQ`ib BM #HQ+FBM; mM+2MbQ`2/ BM7Q`K�iBQM +QMbmKTiBQMX

*?BM2b2 qBFBT2/B� vB2H/b +QKKmMB+�iBp2 �M/ M2;QiB�i2/ `2bmHib �KQM; 2[m�H �M/ /2@

+2Mi`�HBx2/ +QMi`B#miQ`bX �b � `2bmHi Q7 TQQ` +QMi2Mi TQHB+B2b �M/ +QKTmHbQ`v 2t �Mi2

Qp2`bB;?i- "�B/m "�BF2 Bb /`Bp2M #v �M �mi?Q`Biv BM �M mM#�H�M+2 M2;QiB�iBQM #2ir22M

"�B/m �M/ +QMi`B#miQ`b- 2bT2+B�HHv 7Q` b2MbBiBp2 2Mi`B2bX AM i?Bb bm#@b2+iBQM- A ?�p2 H�B/

Qmi ?Qr BMi2`M�H K2+?�MBbK �M/ 2ti2`M�H BMi2`p2MiBQMb +�M BM~m2M+2 i?2 FMQrH2/;2 ;2M@

2`�i2/ �M/ /BbTH�v2/ QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�X L2ti- A /Bb+mbb i?2 2tT2+i2/

/Bz2`2M+2b BM i?2 +QMi2ti Q7 i?2 *2Mim`v Q7 >mKBHB�iBQMX

NAM J�v Q7 kyR8- qBFBT2/B� `2[mB`2/ i?�i mb2`b mb2 i?2 2M+`vTi2/ p2`bBQMb Q7 Bib T�;2b- K�FBM; Bi iQQ /B7@
}+mHi 7Q` i?2 *?BM2b2 +2MbQ`b?BT �TT�`�imb iQ b2H2+iBp2Hv #HQ+F T�`iB+mH�` T�;2bX h?2`27Q`2 �HH Q7 *?B@
M2b2 H�M;m�;2 qBFBT2/B� ?�b #22M #HQ+F2/ bBM+2 J�v RN- kyR8X a22 q2HBM/2`- u�M�- oB+iQ`B� "�`�M2i@
bFv- �M/ "`�M/QM "H�+FX ǳa2+m`BM; �++2bb iQ qBFBK2/B� aBi2b rBi? >hhSa-Ǵ qBFBK2/B� "HQ;- CmM2
Rk- kyR8- ?iiTb,ff#HQ;XrBFBK2/B�XQ`;fkyR8fyefRkfb2+m`BM;@rBFBK2/B�@bBi2b@rBi?@?iiTbf-
�M/ P#2`?�mb- .�MB2H- ǳqBFBT2/B�Ƕb arBi+? iQ >hhSa >�b am++2bb7mHHv 6Qm;?i :Qp2`MK2Mi *2MbQ`@
b?BT-Ǵ JQi?2`#Q�`/- J�v ke- kyRd- ?iiTb,ff#BiXHvfkh8�1qKX

3



kXk P{+B�H J2KQ`v- >BbiQ`B+�H L�``�iBp2- �M/ *QHH2+iBp2 J2KQ`v QM

PMHBM2 1M+v+HQT2/B�

AM i?2 +QMi2ti Q7 +QHH2+iBp2 K2KQ`v- i?2 B/2MiBiv Q7 H�`;2 ;`QmTb �`2 BM T�`iB+mH�` 2b@

i�#HBb?2/ �M/ #QHbi2`2/ i?`Qm;? ǳ+?Qb2M i`�mK�Ǵ �M/ ǳ+?Qb2M ;HQ`vǴ UoQHF�M- RNNdVX

�++Q`/BM; iQ oQHF�M- i`�mK�b BMi`Q/m+2 � i`�Mb;2M2`�iBQM�H b2Mb2 Q7 TQr2`H2bbM2bb �M/

?mKBHB�iBQM i?�i Tmi � ;`QmT mM/2` � b?�`2/ ?�i Q7 pB+iBK?QQ/- r?BH2 ;HQ`B2b BMi`Q/m+2

722HBM;b Q7 bm++2bb �M/ i`BmKT?X h?2 `2�+iBp�iBQM Q7 #Qi? +�M 7m2H i?2 `Bb2 Q7 b2H7@2bi22KX

h?2 *2Mim`v Q7 >mKBHB�iBQM BM+Q`TQ`�i2b #Qi? +?Qb2M i`�mK�b �M/ +?Qb2M ;HQ`B2b `2H@

2p�Mi iQ *?BM�Ňb KQ/2`MBx�iBQM �M/ 2bi�#HBb?K2Mi Q7 M�iBQM�H B/2MiBiB2bX Ai `272`b iQ i?2

?BbiQ`B+�H T2`BQ/ 7`QK i?2 6B`bi PTBmK q�` BM R39y iQ i?2 2bi�#HBb?K2Mi Q7 i?2 S2Q@

TH2ǵb _2Tm#HB+ Q7 *?BM� BM RN9NX 6�+BM; +QMiBMmQmb /272�ib i?�i #`Qm;?i i2``BiQ`v �M/

bQp2`2B;Miv HQbb- i?2 i`�/BiBQM�H *?BM�@+2Mi`B+ pB2rb r2`2 /2p�bi�i2/ �M/ i?2 ZBM; 2KTB`2

+�K2 iQ �M 2M/X .m`BM; i?2 im`#mH2Mi #mi bQK2r?�i TQHBiB+�HHv pB#`�Mi T2`BQ/- M�iBQM�H

?mKBHB�iBQM �b � T?2MQK2MQM r�b +QMbi`m+i2/ �M/ T`QKQi2/ #v p�`BQmb TQHBiB+�H 7Q`+2b

BM+Hm/BM; i?2 EmQKBMi�M; UEJhV �M/ i?2 *?BM2b2 *QKKmMBbi S�`iv U**SV BM 2zQ`ib

iQ KQ#BHBx2 *?BM2b2 M�iBQM�Hb �;�BMbi 7Q`2B;M BMp�/2`bX

lMHBF2 HB#2`�H /2KQ+`�+B2b- �mi?Q`Bi�`B�M `2;BK2b BKTQb2 bi`QM; +QMi`QH Qp2` i?2 Q{+B�H

K2KQ`v- �M/ bi`B+iHv /Bbi�Mi T`Bp�i2 K2KQ`v 7`QK Tm#HB+ K2KQ`v B7 i?2 7Q`K2` Bb �HHQr2/

�i �HH UCQpBÉ- kyy9VX h?2 **S- r?Q ?�b �Hr�vb K�MBTmH�i2/ T`QT�;�M/� �M/ ?BbiQ`v

2/m+�iBQM BM 7�pQ` Q7 Bib H2;BiBK�+v �M/ TQr2` rBi??QH/BM;- Bb MQ 2t+HmbBQM-X h?2 S�`iv ?�b

Tmi ;`2�i 2KT?�bBb QM i2HHBM; i?2 `B;?i biQ`v Q7 Bib 2�`Hv ?BbiQ`v �M/ ?Qr Bi +�K2 iQ TQr2`X

AM i?2 H2�F2/ *2Mi`�H LQXN .Q+mK2Mi- � #`B2}M; �M/ ;mB/2HBM2 QM B/2QHQ;B+�H +QMi`QH- i?2

S�`iv `2;�`/ ?BbiQ`B+�H MB?BHBbK �b � F2v }2H/ 7Q` B/2QHQ;B+�H bi`m;;H2X >BbiQ`B+�H MB?BHBbK-

�++Q`/BM; iQ i?2 **S- /2MB2b i?�i i?2 **S ?�b #22M i?2 QMHv bm++2bb7mH H2�/2` Q7 *?BM2b2

`2pQHmiBQM �M/ bQ+B�HBbK Bb /2i2`KBMBbiB+ 7Q` *?BM�- �M/ ?m`ib i?2 H2;BiBK�+v Q7 i?2 S�`ivX

"2+�mb2 Q7 i?2 **SǶb BM+2MiBp2 iQ +QMi`QH i?2 ?BbiQ`B+�H M�``�iBp2 BM +QK#BM�iBQM rBi?

i?2 2/BiQ`B�H K2+?�MBbKb Q7 "�B/m "�BF2- A 2tT2+i "�B/m "�BF2 2Mi`B2b iQ #2 KQ`2 bm#@

D2+iBp2 i?�M *?BM2b2 qBFBT2/B� 2Mi`B2bX �b "�B/m "�BF2 2KTHQvb i?2 2t �Mi2 `2pB2r- i?2

+2Mi`�HBx2/ K2+?�MBbK /2H�vb �M/ /Bb+Qm`�;2b BMi2`�+iBp2 +QMp2`b�iBQM �KQM; mb2`b i?�i

N



+QmH/ �/Dmbi 7Q` bm#D2+iBp2M2bbX h?2 `2pB2r2` rQmH/ �HbQ #2 H2bb �r�`2 Q7 i?2 +QMi2tiX

L2;QiB�iBQM �KQM; mb2`b QM *?BM2b2 qBFBT2/B�- ;mB/2/ #v BKT�`iB�H p�Hm2b- T`QKQi2b

+QMb2Mbmb #mBH/BM; rBi? H2bb bm#D2+iBpBivX

>vTQi?2bBb R "�B/m "�BF2 2Mi`B2b b?Qr KQ`2 bm#D2+iBpBiv i?�M *?BM2b2 qBFBT2/B� 2M@

i`B2b QM i?2 *2Mim`v Q7 >mKBHB�iBQMX

>vTQi?2bBb R� 1Mi`B2b i?�i ?�p2 KQ`2 mMB[m2 2/BiQ`b �`2 H2bb bm#D2+iBp2X

hrQ �//BiBQM�H bQm`+2b Q7 +QMbi`�BMib �HHQr 7Q` KQ`2 p�`B�iBQMb BM /Bb+`2T�M+B2b Q7 2Mi`v

+QMi2Mib QM i?2 *2Mim`v Q7 >mKBHB�iBQM QM *?BM2b2 qBFBT2/B� �M/ "�B/m "�BF2- ;Bp2M

/Bz2`2Mi Qp2`bB;?i �M/ M2;QiB�iBQM K2+?�MBbKb �M/ i?2 :`2�i 6B`2r�HHX

hQ #2;BM rBi?- i?2 **S Bb +QMbi`�BM2/ #v Bib QrM H2;BiBK�+v +QM+2`Mb �M/ TQHB+v

�;2M/�bX AM i?2 J�Q 2`�- i?2 **S r�b 7`�K2/ �b i?2 QMHv ;HQ`B}2/ H2�/2`b?BT i?�i

b�p2/ *?BM� 7`QK i?2 +Q``mTi ZBM; 72m/�H ;Qp2`MK2Mi �M/ EJh �M/ 7Q`2B;M BMp�/2`b-

�M/ ;�BM2/ M�iBQM�H BM/2T2M/2M+2 BM i?2 �MiB@72m/�HBbK �M/ �MiB@BKT2`B�HBbK bi`m;;H2b

Uq�M;- kyR9VX h?Bb H2�p2b � H2;�+v Q7 �M �M�HviB+�H 7`�K2rQ`F #v J�`tBbi ?BbiQ`BQ;`�T?v

i?�i 7`2[m2MiHv mb2b � +H�bb bi`m;;H2 M�``�iBp2X �7i2` i?2 RN3N hB�M�MK2M S`Qi2bib-

i?2 **S H�mM+?2/ � T�i`BQiB+ 2/m+�iBQM +�KT�B;M �BKBM; �i 2bi�#HBb?BM; bi`QM; M�iBQM�H

B/2MiBiB2b- r?B+? b?B7i2/ i?2 2KT?�bBb Q7 i?2 M�``�iBp2 7`QK **S@+2Mi`B+ iQ *?BM2b2 M�iBQMŇ

b bi`m;;H2b rBi? QmibB/2 7Q`+2b- BX2X 7`QK � pB+iQ` iQ � pB+iBK Uq�M;- kyR9VX lM/2` i?2

M2r M�``�iBp2- i?2 EJh Bb ;Bp2M T`QT2` +`2/Bib BM i?2 �MiB@C�T�M2b2 q�`- r?2`2�b i?2

**S +H�BK2/ +`2/Bib 7Q` �HH +`BiB+�H pB+iQ`B2b #27Q`2X

>vTQi?2bBb R# "�B/m "�BF2 2Mi`B2b `2~2+i J�`tBbi ?BbiQ`BQ;`�T?vX

>vTQi?2bBb k "�B/m "�BF2 7�pQ`b i?2 **S rBi? TQbBiBp2 b2MiBK2Mi- r?BH2 `2bQM�i2b rBi?

*?BM2b2 qBFBT2/B� BM i?2 T2`BQ/ Q7 �MiB@C�T�M2b2 q�`X

a2+QM/- ?BbiQ`v /m`BM; i?2 *2Mim`v Q7 >mKBHB�iBQM Bb iQQ `2+2Mi �M/ b�HB2Mi iQ #2

+QKTH2i2Hv /QKBM�i2/ #v QM2 Q{+B�H /Bb+Qm`b2X Ai Bb � b?�`2/ K2KQ`v Q7 i?2 *?BM2b2

bT2�FBM; +QKKmMBiv r?2`2 h�Br�M �M/ >QM;FQM; �`2 bi�F2?QH/2`b BM K�Mv Q7 i?2 K�DQ`

2p2Mib- r?B+? ?�b 2M�#H2/ /vM�KB+ +QMi`B#miBQMb iQ *?BM2b2 qBFBT2/B�X h`�mK�b �`2

Ry



BMi2`;2M2`�iBQM�H #2+�mb2 i?2 HQbb2b M22/ iQ #2 2ti2`M�HBx2/ iQ #2 `2bQHp2/ UoQHF�M- RNNdVX

h?2`27Q`2- Bi Bb �HbQ BKTQbbB#H2 iQ 2HBKBM�i2 T`Bp�i2 K2KQ`v 7`QK Tm#HB+ K2KQ`v QM i?2

*2Mim`v Q7 >mKBHB�iBQM BM K�BMH�M/ *?BM� �b i?2 }`bi@?�M/ rBiM2bb2b �M/ i?2B` QzbT`BM;

biBHH ?�p2 i?2 pQB+2X

>vTQi?2bBb j "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� �`2 KQ`2 bBKBH�` QM i`�mK�iB+ 2p2MibX

j .�i�

6B;m`2 R, >BbiQ;`�K Q7 1Mi`B2b #v u2�`

A b+`�T2/ Rjk T�B`2/ 2Mi`B2b 7`QK *?BM2b2 qBFBT2/B� �M/ "�B/m "�BF2 �b Q7 J�`+? kyky-

r?B+? +QMi�BM K�DQ` ?BbiQ`B+�H 2p2Mib �M/ 2MiBiB2b BM *?BM� 7`QK i?2 T2`BQ/ Q7 R39y iQ

RN9NX h?2 HBbi Q7 2p2Mib �M/ 2MiBiB2b Bb +QKTBH2/ #�b2/ QM i?2 iBK2HBM2 Q7 K�DQ` ?BbiQ`B+�H

2p2Mib BM i?2 �TT2M/Bt Q7 _2MDB�Q UՈරᇇV K�BMH�M/ *?BM� ?B;? b+?QQH ?BbiQ`v i2ti#QQF-

r?B+? Bb K�Mm�HHv bmTTH2K2Mi2/ #�b2/ QM h?2 _Bb2 Q7 JQ/2`M *?BM� #v AKK�Mm2H *X uX

>bm iQ �pQB/ Q#BpBQmb M2;HB;2M+2 Ua22 �TT2M/Bt 7Q` � +QKTH2i2 HBbi Q7 2Mi`B2bVX A +QMi`�BM

i?2 i?2 b+QT2 Q7 i?2 /�i� BM i?Bb bim/v iQ RV K�DQ` ?BbiQ`B+�H 2p2Mib �M/ 2MiBiB2b r?B+?

�`2 kV +Qp2`2/ #v #Qi? "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� 7Q` i?`22 `2�bQMbX 6B`bi- QMHv

K�DQ` ?BbiQ`B+�H 2p2Mib �M/ 2MiBiB2b i?�i `2+B2p2 +2`i�BM H2p2H Q7 �ii2MiBQM +�M /`�r 2MQm;?

+QMi`B#miBQMb QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�X a2+QM/- bBM+2 Kv 7Q+mb Bb QM i?2

/Bz2`2M+2b BM +QMi2Mi Q7 2Mi`B2b- A K�F2 bm`2 i?�i i?2 2MiB`2b �`2 +QKT�`�#H2 #v K�i+?BM;

2p2Mib �M/ 2MiBiB2bX h?2`27Q`2- A rBHH MQi /Bb+mbb i?2 +Qp2`�;2 /Bz2`2M+2b Q7 *?BM2b2

RR



qBFBT2/B� �M/ "�B/m "�BF2XRy h?B`/- B7 A BM+Hm/2 2Mi`B2b #v i?2 +�i2;Q`Bx�iBQM bvbi2K

Q` BMi2`M�H HBMFb 2K#2//2/ QM *?BM2b2 qBFBT2/B� �M/ "�B/m "�BF2- Bi rQmH/ #2 ?�`/

iQ /2i2`KBM2 i?2 #QmM/�`v �M/ 2HBKBM�i2 B``2H2p�Mi 2Mi`B2b �M/ MQBb2b BM �M �miQK�iB+

T`Q+2bbX

6B;m`2 R b?Qrb i?2 /Bbi`B#miBQM Q7 2Mi`B2b #v 2p2Mi v2�`XRR LQi�#Hv- i?2`2 Bb �M ǳ2KTiv

rBM/QrǴ BM i?Bb /�i�b2i #2ir22M R3d8 �M/ R3NyX AM bT2+B}+ ?BbiQ`B+�H +B`+mKbi�M+2b-

Q#HBpBQMb bT`BM; M�``�iBp2b BM M�iBQM�H #BQ;`�T?B2b U�M/2`bQM- kyyeVX _2+Qp2`BM; i?2 +QM@

i2ti- i?Bb `2H�iBp2Hv ǳ2p2MiH2bbǴ T2`BQ/ Bb /m`BM; i?2 H�i2` T?�b2 Q7 i?2 b2H7@bi`2M;i?2MBM;

KQp2K2Mi Uᛔ୩ᬩۖV #v i?2 ZBM; ;Qp2`MK2Mi- r?2M i?2 KQ/2`MBx�iBQM T`Q+2bb +QM@

iBMm2/ BM BM7`�bi`m+im`2- ?2�pv BM/mbi`v- �M/ KBHBi�`vX >Qr2p2`- �b i?2`2 r2`2 MQ K�DQ`

M2r /272�ib �M/ +QM+2bbBQMb iQ 7Q`2B;M TQr2`b- i?2 T2`BQ/ #2+QK2b T�`iHv M2;H�+i2/ BM

i?2 M�``�iBp2 Q7 i?2 *2Mim`v Q7 >mKBHB�iBQMX

h�#H2 j, 1t�KTH2b Q7 1Mi`v L�K2 .Bz2`2M+2b

*?BM2b2 qBFBT2/B� "�B/m "�BF2

i?2 dR8 AM+B/2Mi UӠӞԲԪݒV i?2 dR8 *QmMi2`@_2pQHmiBQM�`v
*QmT UӠӞԲݍᶐ޸඲ݒV

"�iiH2 Q7 SBM;tBM; S�bb Uଘࣳى౴
஀V

:`2�i oB+iQ`v Q7 SBM;tBM; S�bb Uଘ
य़ഠVىࣳ

"�iiH2 Q7 h�B2`x?m�M; Uدݣଢ౴
஀V

:`2�i oB+iQ`v Q7 h�B2`x?m�M; Uݣ
ଢय़ഠVد

q?BH2 i?2 T�B`2/ 2Mi`B2b �`2 QM i?2 b�K2 K�ii2`b- Bi Bb rQ`i? TQBMiBM; Qmi i?�i bQK2

Q7 i?2 2Mi`v M�K2b �`2 /Bz2`2Mi QM *?BM2b2 qBFBT2/B� �M/ "�B/m "�BF2X h?Qb2 /B7@

72`2M+2b �H`2�/v `2~2+i *?BM2b2 qBFBT2/B�Ƕb M2mi`�H bi�M/TQBMi �M/ "�B/m "�BF2Ƕb **S

T2`bT2+iBp2X 6Q` 2t�KTH2- qBFBT2/B� HBbib i?2 dR8 AM+B/2Mi- r?B+? `272`b iQ i?2 Tm`;2

Q7 +QKKmMBbib #v i?2 EJh qm?�M ;Qp2`MK2Mi H2/ #v q�M; CBM;r2B QM R8 CmHv- RNkd-

�b i?2 dR8 AM+B/2Mi UӠӞԲԪݒV �M/ +H�`B}2b BM i?2 }`bi b2Mi2M+2 i?�i Bi Bb `272``2/
Ryh?2`2 �`2 BM/22/ +Qp2`�;2 /Bz2`2M+2b r?B+? �`2 `2H2p�Mi iQ #Qi? +2MbQ`b?BT �M/ +QHH2+iBp2 7Q`;2iiBM;X

PM2 2t�KTH2 `2H2p�Mi iQ i?2 ?BbiQ`B+�H T2`BQ/ BM i?Bb bim/v Bb i?�i i?2 .mM;�M _2pQHi UR3ekŃR3dd-
Vݒࢧလᴶኚݶ Bb +Qp2`2/ #v *?BM2b2 qBFBT2/B� #mi MQi "�B/m "�BF2X

RRh?2 v2�` Q7 2Mi`B2b Q7 BKTQ`i�Mi };m`2b �`2 /2i2`KBM2/ #v i?2B` KQbi T`2p�H2Mi �+iBpBiB2bX 6Q` 2t�KTH2-
i?2 v2�` 7Q` GBM w2tm U຋ڞஎ- FMQrM 7Q` ?Bb `QH2 BM i?2 6B`bi PTBmK q�`V Bb +Q/2/ �b R39yX 6Q`
2p2Mib i?�i H�bi2/ 7Q` KQ`2 i?�M � v2�`- i?2 KB//H2 v2�` Bb i�F2M �b i?2 2p2Mi v2�`X

Rk



#v i?2 EJh �b qm?�M@*QKKmMBbi aTHBi Uྎ࿥وړV �M/ i?2 **S �b i?2 dR8 *QmMi2`@

_2pQHmiBQM�`v *QmT UӠӞԲݍᶐ޸඲ݒVX "�B/m "�BF2 i�F2b i?2 H�i2` M�K2 i?2 dR8

*QmMi2`@_2pQHmiBQM�`v *QmT UӠӞԲݍᶐ޸඲ݒV QMHvX JQ`2Qp2`- M�K2b QM "�B/m

"�BF2 i2HH i?2 7`�KBM; #v i?2 **SX "�iiH2 Q7 SBM;tBM; S�bb Uଘࣳى౴஀V Bb � T�`i Q7 i?2

"�iiH2 Q7 h�Bvm�M /m`BM; i?2 �MiB@C�T�M2b2 q�`- r?B+? r�b � /272�i i?�i +QMi`B#mi2/

iQ i?2 C�T�M2b2Ƕb �++2bb iQ +Q�H BM LQ`i?r2bi2`M *?BM�X >Qr2p2`- i?2 1B;?i? _Qmi2

�`Kv Q7 i?2 **S `2+2Bp2/ QM2 Q7 Bib }`bi pB+iQ`B2b BM �M �K#mb? �ii�+F i?�i bHQr2/ /QrM

C�T�M2b2 i`QQTb /mBM; i?2 "�iiH2- r?B+? #2+QK2b i?2 7Q+mb Q7 "�B/m "�BF2 �b :`2�i

oB+iQ`v Q7 SBM;tBM; S�bb Uଘࣳىय़ഠVX "�iiH2 Q7 h�B2`x?m�M; Uدݣଢ౴஀V- i?2 }`bi

K�DQ` pB+iQ`v Q7 i?2 L�iBQM�H �`Kv U٠ࢵV �;�BMbi i?2 1KTB`2 Q7 C�T�M- Bb �HbQ 7`�K2/

QM "�B/m "�BF2 �b :`2�i oB+iQ`v Q7 h�B2`x?m�M; Uدݣଢय़ഠV 2KT?�bBxBM; i?2 +QHH2+iBp2

2zQ`ib Q7 `2bBbi�M+2 �;�BMbi C�T�M2b2 BMp�bBQMX

hQ T`2T`Q+2bb i?2 +Q`TQ`� BM T`2T�`�iBQM 7Q` [m�MiBi�iBp2 �M�HvbBb- A }`bi +QMp2`i2/

�HH i2tib BMiQ bBKTHB}2/ *?BM2b2 RkX lMHBF2 1M;HBb?- i?2`2 �`2 MQ M�im`�H bT�+2b #2ir22M

rQ`/b BM *?BM2b2X AM Q`/2` iQ b2T�`�i2 i?2 i2ti BMiQ K2�MBM;7mH T?`�b2b- A b2;K2Mi2/

i?2 i2ti BMiQ rQ`/ iQF2Mb rBi? CB2#�- � Svi?QM *?BM2b2 rQ`/ b2;K2Mi�iBQM KQ/mH2X AM

�//BiBQM iQ i?2 i2ti +Q`TQ`�- A �+[mB`2/ K2i�/�i� �`QmM/ 2�+? 2Mi`v BM+Hm/BM; MmK#2`b

Q7 2/Bib- mMB[m2 2/BiQ`b- �M/ pB2rb �M/ +Q/2/ 2�+? 2p2Mi �++Q`/BM; iQ Bib ?BbiQ`B+�H T2`BQ/

�M/ 72�im`2bX h�#H2 9 b?Qrb bmKK�`v bi�iBbiB+b 7Q` �HH p�`B�#H2bX

jXR .2T2M/2Mi o�`B�#H2b

�/D2+iBp2b h?2 MmK#2` Q7 �/D2+iBp2b T`QTQ`iBQM�H iQ i?2 iQi�H 2Mi`v H2M;i? Bb � K�BM

K2�bm`2K2Mi 7Q` bm#D2+iBp2M2bbX A mb2 � T�`i@Q7@bT22+? i�;;2` BM CB2#� iQ /2i2+i �/D2+@

iBp2bX h?2 i�;;2` rQ`Fb rBi? � #mBH/@BM /B+iBQM�`v i?�i `2+Q`/b i?2 +�i2;Q`v Q7 rQ`/bX

A bmTTH2K2Mi2/ i?2 /27�mHi /B+iBQM�`v rBi? � HBbi Q7 rQ`/b bT2+B}+ iQ *?BM2b2 KQ/2`M

?BbiQ`v iQ BKT`Qp2 Bib �++m`�+vX

Rk*2`i�BM *?BM2b2 qBFBT2/B� 2Mi`B2b �`2 T�`iB�HHv BM i`�/BiBQM�H *?BM2b2X

Rj



h�#H2 9, amKK�`v ai�iBbiB+b

o�`B�#H2 L J2�M aiX .2pX JBM J�t

*Q`TQ`�
G2M;i?UhQF2MbV ke9 8-jN9Xkk 9-e3NX3y Rjk kd-9jj
LmK#2` Q7 �/D2+iBp2b ke9 NRXNN 39Xyk y 9yj
LmK#2` Q7 LQmMb ke9 R-ekNXky R-9yyX93 99 d-33N
S`QTQ`iBQM Q7 �/D2+iBp2b ke9 yXyk yXyR yXyy yXye
S`QTQ`iBQM Q7 LQmMb ke9 yXjR yXyj yXkj yX9j
a2MiBK2Mi a+Q`2 ke9 yXyyj yXyR −yXyR yXyk
*QbBM2 aBKBH�`Biv Rjk yXke yXRd yXyk yX3y
1Mi`v@H2p2H *?�`�+i2`BbiB+b
qBFBT2/B� ke9 yX8y yX8y y R
LmK#2` Q7 1/Bib ke9 j83XN 8dyXdj 8 8-3jN
LmK#2` Q7 1/BiQ`b ke9 R8dX9j kyRXR9 k RNyN
LmK#2` Q7 oB2rb ke9 k-9eR-jyyXyy 8-ydy-yydXyy Ry3 9R-Ndd-d9y
_2Tm#HB+�M S2`BQ/ ke9 yXje yX93 y R
�MiB@C�T�M S2`BQ/ ke9 yXy3 yXk3 y R
**S@`2H�i2/ ke9 yXky yX9y y R
1/BiQ` *?�`�+i2`BbiB+b
GB72iBK2 LmK#2` Q7 1/Bib R8-e39 jjkjXe kN83jXkR R k-ddR-8Ry
LmK#2` Q7 1Mi`B2b 1/Bi2/ BM *Q`TQ`� k9-k8N RXeR jX93 R Rke
"�B/m "�BF2 1/BiQ` QMHv
1/Bi �TT`Qp�H _�i2 RR-j8j yXdN yXkR y R
q2�Hi? SQBMib RR-j8j ke-8ejXdj jke-j8eXjy y R9-R83-d3y
*?BM2b2 qBFBT2/B� 1/BiQ` QMHv
1HBi2 ai�imb Rk-ddd yXyR yXRR y R
�MQMvKQmb Rk-ddd yXee yX9d y R
"HQ+F2/ Rk-ddd yXyk yXR9 y R

R9



a2MiBK2Mi 1KTHQvBM; /B+iBQM�`v@#�b2/ K2i?Q/- A mb2 i?2 �m;K2Mi2/ Lhl a2MiBK2Mi

.B+iBQM�`v Uq�M; �M/ Em- kyReV iQ +�H+mH�i2 b2MiBK2Mi b+Q`2b 7Q` 2�+? 2Mi`vX �7i2`

K�i+?BM; i?2 rQ`/b BM i?2 b2;K2Mi2/ +Q`TQ`� rBi? i?2 �Lhla.- � b2MiBK2Mi BM/2t Bb

;2M2`�i2/ #v i�FBM; � r2B;?i2/ �p2`�;2 Q7 BM/BpB/m�H b2MiBK2Mi b+Q`2b #v i?2 H2M;i? Q7

iQF2MbX h?2 b2MiBK2Mi BM/2t +QMbi`m+i2/ BM i?2 �Lhla. `�M;2b 7`QK −R iQ R- r?2`2

y `2T`2b2Mib M2mi`�HBivX AM �//BiBQM- A +QmMi i?2 MmK#2` Q7 TQbBiBp2 rQ`/b �M/ M2;�iBp2

rQ`/b `2bT2+iBp2Hv K�i+?2/ BM i?2 /B+iBQM�`v �M/ +�H+mH�i2 � TQbBiBp2 iQ M2;�iBp2 rQ`/

`�iBQ �b �M BM/B+�iQ` 7Q` i?2 `�M;2 Q7 b2MiBK2MiXRj

aBKBH�`Biv A K2�bm`2 i?2 bBKBH�`Biv Q7 T�B`2/ "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� 2Mi`B2b

#v +QbBM2 bBKBH�`BivX Ai Bb +�H+mH�i2/ #�b2/ QM i?2 /Q+mK2Mi@72�im`2 K�i`Bt r?2`2 2�+?

`Qr Bb �M 2Mi`v �M/ 2�+? +QHmKM Bb � mMB[m2 rQ`/ BM i?2 +Q`TQ`�X o2+iQ`b Q7 72�im`2

7`2[m2M+B2b 7Q` T�B`2/ 2Mi`B2b �`2 i?2M +QKT�`2/ 7Q` bBKBH�`BivX h?Bb K2�bm`2K2Mi i�F2b

BMiQ �++QmMi �HH rQ`/b BM � ;Bp2M 2Mi`vX

jXk AM/2T2M/2Mi o�`B�#H2b

62�im`2b Q7 i?2 2Mi`B2b AM �//BiBQM iQ � F2v /mKKv BM/B+�iBM; r?2i?2` Bi #2HQM;b iQ

*?BM2b2 qBFBT2/B� �M/ "�B/m "�BF2- 2�+? 2Mi`v +QK2b rBi? i?2 MmK#2` Q7 T`2pBQmb 2/Bib

�M/ i?2 MmK#2` Q7 pB2rb Bi ?�b `2+2Bp2/X PM �p2`�;2- "�B/m "�BF2 2MiB`2b �`2 HQM;2` �M/

pB2r2/ #v KQ`2 T2QTH2 #mi ?�p2 H2bb T`2pBQmb 2/Bib i?�M *?BM2b2 qBFBT2/B�X

62�im`2b Q7 i?2 2p2Mib h?2 2p2Mib i�`;2i2/ #v i?2 2Mi`B2b �`2 +Q/2/ BM i?`22 /BK2M@

bBQMb, iBK2 T2`BQ/- F2v �+iQ`- �M/ 2KQiBQMX h?2 *2Mim`v Q7 >mKBHB�iBQM BM *?BM� +�M

#2 /BpB/2/ BMiQ 7Qm` T2`BQ/b, RV G�i2 ZBM; UR39y@RNRRVc kV _2Tm#HB+�M URNRk@RNjeVc jV

�MiB@C�T�M2b2 q�` URNjd@RN99Vc 9V *BpBH q�` URN98@RN9NVX 6Q` F2v �+iQ`b- 2p2Mib rBi?

i?2 T`2b2M+2 Q7 i?2 **S �`2 B/2MiB}2/X AM �//BiBQM- 2p2Mib i?�i BMpQHp2 i2``BiQ`v �M/

bQp2`2B;Miv HQbb- /272�ib- �M/ +�bm�HiB2b �`2 +Q/2/ �b i`�mK�iB+ 2p2MibX

Rja22 �TT2M/Bt 7Q` � HBbi Q7 i?2 KQbi TQbBiBp2 �M/ M2;�iBp2 rQ`/b �TT2�`2/ BM i?Bb +Q`TQ`�X

R8



9 1KTB`B+�H �M�Hvb2b

9XR am#D2+iBpBiv �M/ i?2 **S L�``�iBp2

A #2;BM #v i2biBM; >vTQi?2bBb R i?�i 2tT2+ib "�B/m "�BF2 iQ #2 KQ`2 bm#D2+iBp2 i?�M

*?BM2b2 qBFBT2/B� BM r`BiBM; i?2 *2Mim`v Q7 >mKBHB�iBQMX 6Q` QM2 i?BM;- "�B/m "�BF2

rBHH 2M;�;2 BM KQ`2 bm#D2+iBp2 �bb2`iBQMb �M/ �#bQ`#b i?2 Q{+B�H **S ?BbiQ`BQ;`�T?v

U>vTQi?2bBb R#VX 6Q` i?2 Qi?2`- "�B/mǶb BM7Q`K�iBQM +QMi`QH K2+?�MBbKb r2�F2M i?2

M2mi`�HBxBM; 2z2+i Q7 M2;QiB�iBQM �KQM; mb2`b- �M/ i?2`27Q`2 �//b bm#D2+iBpBiv iQ i?2

BM7Q`K�iBQM /BbTH�v2/ U>vTQi?2bBb R�VX �b Bb /Bb+mbb2/ BM a2+iBQM j- i?2 /2;`22 Q7 bm#D2+@

iBpBiv Bb K2�bm`2/ #v i?2 MmK#2` Q7 �/D2+iBp2b BM i?2 +Q`TQ`�X h?2 H2p2H Q7 M2;QiB�iBQM

BM i?Bb +�b2 Bb T`QtB2/ #v i?2 2/BiQ` iQ 2/Bi `�iBQ 7Q` 2�+? 2Mi`vX AMimBiBp2Hv- � ?B;?2`

2/BiQ` iQ 2/Bi `�iBQ BM/B+�i2b KQ`2 mMB[m2 +QMi`B#miBQMb iQ �M 2Mi`v- r?B+? K2�Mb i?2

BM7Q`K�iBQM Bb H2bb /QKBM�i2/ �M/ i?2`27Q`2 H2bb bm#D2+iBp2X

A mb2 � M2;�iBp2 #BMQKB�H KQ/2H bBM+2 i?2 /2T2M/2Mi p�`B�#H2 Bb i?2 +QmMi Q7 �/D2+iBp2bX

h�#H2 8 b?Qrb i?2 `2bmHibX h?2 #�b2HBM2 KQ/2H BM *QHmKM URV +QM}`Kb i?�i i?2`2 �`2 KQ`2

�/D2+iBp2b BM "�B/m "�BF2 2Mi`B2b i?�M *?BM2b2 qBFBT2/B�- ?QH/BM; +QMbi�Mi i?2 iQi�H

MmK#2` Q7 iQF2Mb U2Mi`v H2M;i?VX *QHmKM UkV �//b BM +QMi`QHb 7Q` MmK#2` Q7 T`2pBQmb

2/Bib �M/ i?2 2/BiQ` iQ 2/Bi `�iBQX q?BH2 i?2 MmK#2` Q7 �/D2+iBp2b QM "�B/m "�BF2 Bb

biBHH H�`;2`- i?2 M2;�iBp2 +Q2{+B2Mi 7Q` i?2 2/BiQ` iQ 2/Bi `�iBQ +QM}`Kb i?�i KQ`2 mMB[m2

+QMi`B#miBQMb H2�/b iQ H2bb bm#D2+iBpBivX 6B;m`2 k b?Qrb i?2 2tT2+i2/ MmK#2` Q7 �/D2+iBp2b

QM "�B/m "�BF2 �M/ qBFBT2/B� 7`QK Ryyy bBKmH�iBQMb #�b2/ QM i?2 KQ/2H BM *QHmKM UkVX

>QH/BM; 2Mi`v H2M;i?- MmK#2` Q7 2/Bib- �M/ 2/BiQ` iQ 2/Bi `�iBQ �i i?2B` K2/B�Mb- "�B/m

"�BF2 rQmH/ mb2 j8 KQ`2 �/D2+iBp2b i?�M qBFBT2/B�- r?B+? Bb 2[m�H iQ ?�H7 � bi�M/�`/

/2pB�iBQM Q7 i?2 qBFBT2/B� �/D2+iBp2 MmK#2` K2�MX

AM *QHmKM UjV Q7 h�#H2 8- A BM+Hm/2 i?2 /mKKB2b Q7 2p2Mi 72�im`2b BM i?2 KQ/2H- BM+Hm/@

BM; ?BbiQ`B+�H T2`BQ/b- **S T`2b2M+2- �M/ i`�mK�iB+BivX q?BH2 i?2 MmK#2` Q7 �/D2+iBp2b

mb2/ /Q MQi bB;MB}+�MiHv /Bz2` �+`Qbb T2`BQ/b- 2Mi`B2b rBi? i?2 T`2b2M+2 Q7 i?2 **S �b �

F2v �+iQ` ?�p2 KQ`2 �/D2+iBp2bX >Qr2p2`- r?2M �M BMi2`�+iBQM i2`K rBi? "�B/m "�BF2 Bb

�//2/ BM *QHmKM U9V- i?2 `2bmHib b?Qr MQ /Bz2`2MiB�H K�`;BM�H 2z2+ib Q7 **S 2p2Mib QM

Re



h�#H2 8, L2;�iBp2 "BMQKB�H JQ/2Hb 7Q` �/D2+iBp2 *QmMib

.2T2M/2Mi p�`B�#H2,

+QmMi Q7 �/D2+iBp2b

URV UkV UjV U9V U8V

"�B/m "�BF2 yX8eR∗∗∗ yXdR3∗∗∗ yXdk3∗∗∗ yXd8e∗∗∗ yXkjj

UyXye9V UyXy33V UyXy3dV UyXyN9V UyXkejV

G2M;i? yXyyyk∗∗∗ yXyyyk∗∗∗ yXyyyk∗∗∗ yXyyyk∗∗∗ yXyyyk∗∗∗

UyXyyyyRV UyXyyyyRV UyXyyyyRV UyXyyyyRV UyXyyyyRV

1/Bi yXyyyyj yXyyyy9 yXyyyy9 −yXyyyyj

UyXyyyRV UyXyyyRV UyXyyyRV UyXyyyRV

1/BiQ`f1/Bi −yXeyk∗∗∗ −yXeR8∗∗∗ −yX8Nk∗∗∗ −RXRdk∗∗∗

UyXkkRV UyXkkRV UyXkkRV UyXjeyV

"�B/m 1/BiQ`f1/Bi yX3dy∗

UyX99eV

_2Tm#HB+�M −yXy8R

UyXyd9V

�MiB@C�T�M −yXR9y

UyXRjjV

*BpBH q�` −yXkdy

UyXRd8V

**S yXR3d∗∗ yXRd9∗

UyXy3dV UyXRykV

"�B/m **S −yXRRk

UyXR9jV

h`m�K�iB+ −yXyjd

UyXyNdV

*QMbi�Mi kXNkj∗∗∗ jXkkd∗∗∗ jXkkj∗∗∗ jXRd8∗∗∗ jX8k9∗∗∗

UyXy8dV UyXRjyV UyXRj3V UyXRj9V UyXRN8V

P#b2`p�iBQMb ke9 ke9 ke9 ke9 ke9

GQ; GBF2HB?QQ/ −R-k33XRye −R-k39X9R3 −R-k3RXeeN −R-k3kXd99 −R-k3kX3R3

LQi2, ∗T<yXRc ∗∗T<yXy8c ∗∗∗T<yXyR

Rd



6B;m`2 k, aBKmH�iBQM Q7 1tT2+i2/ �/D2+iBp2 *QmMib #v hvT2

6B;m`2 j, aBKmH�iBQM Q7 1tT2+i2/ �/D2+iBp2 *QmMib- AMi2`�+iBQM rBi? 1/BiQ`f1/Bi

R3



"�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�X

6BM�HHv- A HQQF �i i?2 BMi2`�+iBQM Q7 2/BiQ` iQ 2/Bi `�iBQ rBi? i?2 TH�i7Q`K BM/B+�iQ` "�B/m

"�BF2X 6B;m`2 j b?Qrb i?2 T`2/B+iBQMb Q7 �/D2+iBp2 MmK#2`b QM "�B/m "�BF2 �M/ qBFBT2/B�

BMi2`�+i2/ rBi? i?2 2/BiQ` iQ 2/Bi `�iBQX q2 ?�p2 H2�`M2/ i?�i i?2 2/BiQ` iQ 2/Bi `�iBQ Bb

M2;�iBp2Hv +Q``2H�i2/ rBi? i?2 MmK#2` Q7 �/D2+iBp2b- �b KQ`2 BM/BpB/m�H +QMi`B#miBQMb i2M/

iQ M2mi`�HBx2 i?2 +QKKQM FMQrH2/;2X L2p2`i?2H2bb- i?2 �//BiBQM�H 2z2+i Q7 BM/BpB/m�H

+QMi`B#miBQMb QM Q#D2+iBpBiv Bb r2�F2` QM "�B/m "�BF2 i?�M QM qBFBT2/B�X AM Qi?2` rQ`/b-

KQ`2 mMB[m2 2/BiQ`b QM "�B/m "�BF2 rQmH/ +QMi`B#mi2 H2bb iQ i?2 Qp2`�HH Q#D2+iBpBiv Q7

2Mi`B2b i?�M QM *?BM2b2 qBFBT2/B�X h?Bb `2bmHi BKTHB+BiHv bm;;2bib i?�i i?2 mM/2`HvBM;

+2MbQ`b?BT K2+?�MBbK KB;?i #2 /�K�;BM; i?2 BM7Q`K�iBQM ;2M2`�iBQM T`Q+2bb QM "�B/m

"�BF2- BM i?�i Bi T`2p2Mib /B`2+i BMi2`�+iBQM �M/ M2;QiB�iBQM �KQM; mb2`bX

LQr i?�i r2 FMQr "�B/m "�BF2 mb2b KQ`2 �/D2+iBp2 i?�M *?BM2b2 qBFBT2/B� BM /2@

TB+iBM; i?2 ?BbiQ`B+�H 2p2Mib �M/ 2MiBiB2b- BM Q`/2` iQ K�F2 b2Mb2 Q7 r?�i i?2 �/D2+iBp2b

�`2 �M/ r?�i FBM/ Q7 bm#D2+iBp2 �bb2`iBQMb i?2v BKTHv- A `mM i?2 ai`m+im`�H hQTB+ JQ/2H

UahJV QM i?2 +Q`TQ`� Q7 �/D2+iBp2b- BX2X QMHv �/D2+iBp2b BM i?2 b2;K2Mi2/ i2ti BM+Hm/2/

BM i?2 KQ/2HX hQTB+ KQ/2Hb +�M +Hmbi2` +QKKQMHv mb2/ rQ`/b �b ǳiQTB+bǴ R9 �M/ �bbB;M

2�+? /Q+mK2Mi rBi? T`QTQ`iBQMb Q7 2�+? iQTB+X 1p2`v /Q+mK2Mi Bb i?2M `2T`2b2Mi2/ #v �

+QK#BM�iBQM Q7 iQTB+b- r?2`2 i?2 T`QTQ`iBQMb �// mT iQ RX �b QmiTmib- r2 +�M Q#b2`p2

i?2 rQ`/b i?�i �`2 KQbi `2T`2b2Mi�iBp2 Q7 2�+? iQTB+ �M/ iQTB+�H T`QTQ`iBQMbX >B;?2`

iQTB+�H T`QTQ`iBQMb K2�M ?B;?2` iQTB+�H T`2p�H2M+2X A +?QQb2 iQ `mM i?2 iQTB+ KQ/2H QM

i?2 �/D2+iBp2b +Q`TQ`� QMHv #2+�mb2 �b i?2 2Mi`B2b �`2 T�B`2/ QM i?2 b�K2 2p2Mib �M/

2MiBiB2b- Bi rQmH/ #2 ?�`/ iQ /2i2+i /BbiBM;mBb?BM; QTBMBQM rQ`/bX �7i2` B/2MiB7vBM; F2v

�/D2+iBp2b- i?2v +�M #2 Tmi BMiQ +QMi2ti iQ #2 mM/2`biQQ/X

6B;m`2 9 b?Qrb i?2 Qp2`�HH T`2p�H2M+2 �M/ rQ`/b i?�i �bbQ+B�i2 rBi? i?2 b2p2M iQTB+b

rBi? i?2 ?B;?2bi T`Q#�#BHBiB2bX h?2 /BbiBM;mBb?BM; rQ`/b �`2 2Bi?2` /2b+`BTiBp2 7Q` 2p2Mib

Q` �bb2`iBp2 7Q` 2p�Hm�iBQMbX 6B;m`2 8 b?Qrb i?2 /Bz2`2M+2 BM iQTB+ T`QTQ`iBQMb #2ir22M

*?BM2b2 qBFBT2/B� i2ti �M/ "�B/m "�BF2 i2ti rBi? N8W +QM}/2M+2 BMi2`p�H- �M/ 2�+?

iQTB+ Bb H�#2H2/ rBi? Bib `2T`2b2Mi�iBp2 rQ`/bX q?2M i?2 /Bz2`2M+2 Bb TQbBiBp2- i?2 iQTB+ Bb

R9h?2 MmK#2` Q7 iQTB+b �`2 K�Mm�HHv +?Qb2MX A +?QQb2 d iQTB+b �7i2` +QKT�`BM; KQ/2Hb Q7 H2bb �M/ KQ`2
iQTB+b- #2+�mb2 i?Bb KQ/2H +QmH/ #2bi /Bz2`2MiB�i2 iQTB+b i?�i �`2 KQ`2 BMi2`T`2i�#H2X

RN



KQ`2 T`2p�H2Mi QM *?BM2b2 qBFBT2/B�X AM im`M- r?2M i?2 /Bz2`2M+2 Bb M2;�iBp2- i?2 iQTB+

Bb KQ`2 T`2p�H2Mi QM "�B/m "�BF2X hQTB+ e- K�`F2/ #v 72m/�H- BKTQ`i�Mi- �M/ T`Q�+iBp2-

Bb KQbi �bbQ+B�i2/ rBi? "�B/m "�BF2X h?2 rQ`/b BM hQTB+ e �`2 �HbQ 7`2[m2MiHv mb2/ BM

J�`tBbi >BbiQ`BQ;`�T?vX h?2 Qi?2` iQTB+ i?�i Bb `2H�iBp2Hv KQ`2 T`2p�H2Mi QM "�B/m "�BF2

Bb hQTB+ 9- /BbiBM;mBb?�#H2 #v T`Q�+iBp2- `2bQHmi2- �M/ mMBi2/- r?B+? �`2 7`2[m2MiHv mb2/

#v i?2 **S BM K22iBM;b �b r2HH �b /m`BM; i?2 ǳM2r /2KQ+`�iB+ `2pQHmiBQMǴX hQTB+ 8-

`2T`2b2Mi2/ #v #B;- 7Q`K�H- �M/ bm++2bb7mH- Bb KQbi �bbQ+B�i2/ rBi? *?BM2b2 qBFBT2/B�X

6B;m`2 9, hQT hQTB+b 7Q` �/D2+iBp2b

aBM+2 i?2 i�`;2i 2p2Mib �M/ 2MiBiB2b BM i?2 +Q`TQ`� �`2 i?2 b�K2 QM2b- i?2 /Bz2`2Mi

T`2p�H2M+2b Q7 mb�;2 Q7 �/D2+iBp2b �`QmM/ i?2K b?Qr ?Qr i?2 2p2Mib �`2 7`�K2/ �M/

r?2`2 bm#D2+iBpBiv +QK2b BMX hQ i�F2 � +HQb2` HQQF �i hQTB+ e- 6B;m`2 e T`2b2Mib irQ KQbi

`2T`2b2Mi�iBp2 i2tib BM +QMi2ti �M/ i?2 T`2p�H2M+2 Q7 i?2 iQTB+ Qp2` iBK2X h?2 }`bi TB2+2 Q7

i2ti Bb � T�`�;`�T? i?�i 2p�Hm�i2b i?2 H�M/ bvbi2K 2bi�#HBb?2/ #v i?2 h�BTBM; >2�p2MHv

EBM;/QK UॡଘॠࢵV BM i?2 "�B/m "�BF2 2Mi`v Q7 i?2 G�M/ avbi2K Q7 i?2 >2�p2MHv

EBM;/QK Uॠ๖ኦՀګଶV- r?B+? Bb �M 2[m�HBxBM; #mi BKT`�+iB+�H H�M/ TQHB+v /Q+mK2Mi

#v � T2�b�Mi `2#2HHBQM TQr2` BM G�i2@ZBM;X h?2 TB2+2 +QKK2Mib QM i?2 /Q+mK2Mi 7`QK

i?2 T2`bT2+iBp2 Q7 +H�bb bi`m;;H2 �M/ 7`�K2b Bi �b ǳ`2pQHmiBQM�`vǴ �;�BMbi ǳ72m/�HǴ +QMi`QHX

ky



6B;m`2 8, 1tT2+i2/ hQTB+�H S`2p�H2M+2 .Bz2`2M+2 #2ir22M "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�

6`2[m2Mi mb2 Q7 BM~�KBM; �/D2+iBp2b- bm+? �b #�+Fr�`/ UׯᭅጱV- `2�+iBQM�`v UۖݍጱV-

�M/ mM2[mBpQ+�H UẌกጱV- �bb2`ib � bi`QM; bm#D2+iBp2 bi�M/ Qp2` i?2 ?BbiQ`B+�H `QH2 Q7 i?2

/Q+mK2MiX h?2 b2+QM/ 2t�KTH2 Bb 7`QK i?2 "�B/m "�BF2 2Mi`v Q7 i?2 h?`22 S`BM+BTH2b Q7

i?2 S2QTH2 Uӣ࿆ԆԎV #v amM u�i@b2M �b TQHBiB+�H B/2QHQ;vX q?BH2 i?2 T�`�;`�T? �BKb

iQ /2b+`B#2 �Hi2`M�iBp2 QTTQbBM; pB2rb Q7 i?2 T`BM+BTH2b- r?B+? Bb r2H+QK2 #v *?BM2b2

qBFBT2/B� BM T`QpB/BM; � r?QH2 TB+im`2- i?2 T2`bT2+iBp2 �HbQ +QK2b 7`QK i?2 7`�K2rQ`F

Q7 �MiB BKT2`B�HBbK �M/ 72m�HBbKX AMbi2�/ T`QpB/BM; 2pB/2M+2 7`QK i?2 QTTQbBiBQM bB/2-

Bi `2Hv QM 2KTiv �/D2+iBp2b- i?Q`Qm;? U஁ବጱV- b2H7@+QMi`�/B+i�`v Uᛔፘ᎟፛ጱV- �M/

+?�QiB+ UႰԤጱV- iQ #2HBiiH2 i?2 T`BM+BTH2bX SmiiBM; i?2 bi`�M/ Q7 �/D2+iBp2b mM/2` J�`tBbi

>Bbi`BQ;`�T?v BM hQTB+ e BM i?2 iBK2 ?Q`Bx2M- i?2v �`2 KQ`2 T`2p�H2Mi QM "�B/m "�BF2

i?`Qm;?Qmi i?2 +Qp2`�;2 Q7 2p2Mib �M/ 2MiBiH2b BM i?Bb bim/v- �M/ �`2 `2H�iBp2Hv KQ`2

T`QKBM2Mi /m`BM; i?2 2�`Hv v2�`b Q7 ZBM;Ƕb /272�i iQ 7Q`2B;M TQr2`b �M/ i?2 #B`i? T2`BQ/

Q7 `2pQHmiBQM BM 2�`Hv RNyybX

6B;m`2 d 7m`i?2` 2tTHQ`2b i?2 7Qm` iQTB+b UhQTB+b 9 i?`Qm;? dV i?�i �`2 KQ`2 /BbiBM@

kR



6B;m`2 e, hQTB+ e _2T`2b2Mi�iBp2 h2ti �M/ S`2p�H2M+2 Qp2` hBK2

kk



6B;m`2 d, 1tT2+i2/ hQTB+�H S`2p�H2M+2 .Bz2`2M+2 Qp2` **S S`2b2M+2 �M/ �MiB@C�T�M2b2 S2`BQ/

kj



;mBb?�#H2 BM i2`Kb Q7 T`2p�H2M+2 QM "�B/m "�BF2 �M/ qBFBT2/B�X h?2 iQT T�M2H b?Qrb

/Bz2`2M+2b BM �bbQ+B�iBQM rBi? **S T`2b2M+2 BM 2p2Mib �M/ 2MiBiB2bX 6Q` i?2 irQ iQTB+b

KQ`2 T`2p�H2Mi QM "�B/m "�BF2- hQTB+ 9 Bb KQ`2 �bbQ+B�i2/ rBi? 2MiB`2b rBi? **S T`2b@

2M+2X hQTB+ e Q7 J�`tBbi >BbiQ`BQ;`�T?v Bb H2bb �bbQ+B�i2/ rBi? **S 2Mi`B2b- r?B+? Bb BM

HBM2 rBi? i?2 Q#b2`p�iBQM 7`QK 6B;m`2 eX h?2 #QiiQK T�M2H /BbTH�vb 2tT2+i2/ iQTB+ T`2p�@

H2M+2b 7Q` i?2 �MiB@C�T�M2b2 T2`BQ/ p2`bmb Qi?2` T2`BQ/bX qQ`/b Q7 hQTB+ d- L2r- 6`22-

PH/- :`2�i �M/ 6�KQmb- �`2 KQ`2 HBF2Hv iQ #2 mb2/ #v *?BM2b2 qBFBT2/B� BM /2b+`B#BM;

2p2Mib �M/ 2MiBiB2b T`BQ` iQ i?2 �MiB@C�T�M2b2 T2`BQ/X

AM i?Bb bm#@b2+iBQM- A b?Qr i?�i "�B/m "�BF2 Bb KQ`2 bm#D2+iBp2 i?�M *?BM2b2 qBFBT2/B�

QM i?2 ?BbiQ`B+�H M�``�iBp2b BM i?�i "�B/m "�BF2 mb2b KQ`2 �/D2+iBp2bX 1t�KTH2b QM "�B/m

"�BF2 bm;;2bi i?�i i?2 �/D2+iBp2b �`2 Q7i2M ?2HT2`b 7Q` �bb2`iBp2 ?BbiQ`B+�H Dm/;2K2Mib �M/

b�p2`b 7Q` H�+F Q7 2pB/2M+2X �M/ bm#D2+iBp2 �bb2`iBQMb QM "�B/m "�BF2 Q7i2M +QK2 7`QK

i?2 Q{+B�H J�`tBbi >BbiQ`BQ;`�T?vX h?2 `2bmHib �HbQ 2tTHQ`2 r?B+? 2Mi`B2b �`2 HBF2Hv iQ

#2 bm``QmM/2/ #v �/D2+iBp2b #v iQTB+bX L2ti- A im`M iQ i?2 p�`B�iBQMb BM b2MiBK2Mi Q7 i?2

2Mi`B2bX

9Xk a2MiBK2Mi �M/ aBKBH�`Biv

>vTQi?2bBb k 2tT2+ib i?�i "�B/m "�BF2 72�im`2b 2p2Mib �M/ 2MiBiB2b r?2`2 i?2 **S r�b �

F2v �+iQ` KQ`2 TQbBiBp2HvX JQ`2Qp2`- "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� i2M/ iQ �;`22

QM 2Mi`B2b QM i?2 �MiB@C�T�M2b2 T2`BQ/ Q` QM i`�mK�iB+ 2tT2`B2M+2b #Qi? BM i2`Kb Q7

b2MiBK2Mi �M/ ;2M2`�H 7`�KBM;X AM b?Q`i- A 2tT2+i i?2 `QH2 Q7 i?2 **S iQ #2 /`BpBM;

i?2 /Bz2`2M+2b r?BH2 +QHH2+iBp2 i`�mK�b iQ #2 /`BpBM; +QMb2Mbmb #2ir22M "�B/m "�BF2

�M/ *?BM2b2 qBFBT2/B�X A mb2 i?2 �p2`�;2 b2MiBK2Mi b+Q`2 �b � ;2M2`�H K2�bm`2K2Mi

�M/ TQbBiBp2 iQ M2;�iBp2 rQ`/ `�iBQ �b �M BM/B+�iQ` 7Q` b2MiBK2Mi /Bb+`2T�M+v TQbBiBp2@iQ@

M2;�iBp2 H2p2`�;2 �M/ 2t�KBM2 ?Qr i?2v p�`B2b �+`Qbb /Bz2`2Mi 2p2Mi 72�im`2b QM "�B/m

"�BF2 �M/ *?BM2b2 qBFBT2/B�X

6B`bi- 6B;m`2 3 THQib i?2 T`2/B+i2/ i?2 b2MiBK2Mi b+Q`2b Q7 "�B/m "�BF2 �M/ *?BM2b2

qBFBT2/B� 2Mi`B2b Qp2` i?2 7Qm` K�DQ` ?BbiQ`B+�H T2`BQ/bXR8 "�B/m "�BF2 �M/ *?BM2b2

R8a22 *QHmKMb URV �M/ UjV Q7 h�#H2 RR BM �TT2M/Bt 7Q` i?2 PGa KQ/2HX

k9



6B;m`2 3, S`2/B+i2/ o�Hm2b Q7 �p2`�;2 a2MiBK2Mi a+Q`2 �M/ SQbBiBp2 iQ L2;�iBp2 qQ`/ _�iBQ
#v S2`BQ/

qBFBT2/B� KQp2b bvM+?`QMQmbHv �+`Qbb T2`BQ/b- r?B+? bm;;2bib ;2M2`�H �;`22K2Mi QM

i?2 T2`+2TiBQM Qp2` i?2 *2Mim`v Q7 >mKBHB�iBQM BM *?BM�X 1Mi`B2b QM 2p2Mib /m`BM; i?2

�MiB@C�T�M2b2 T2`BQ/ b22 � H�`;2 /`QT BM b2MiBK2Mi b+Q`2b QM #Qi? "�B/m "�BF2 �M/

qBFBT2/B�- r?B+? �HbQ ?�p2 i?2 HQr2bi b2MiBK2Mi b+Q`2b Qp2` �HH 72�im`2bX JQbi Q7 i?2

2p2Mib BM i?2 T2`BQ/ �`2 #�iiH2b �M/ r�`b i?�i H2/ iQ +�bm�HiB2b �M/ HQbb2bX h?2v MQi

QMHv �`2 ;2M2`B+�HHv bm``QmM/2/ #v M2;�iBp2 rQ`/bRe- #mi �HbQ #mBH/b � +QMb2Mbmb BM i2`Kb

Q7 b2MiBK2Mi BM `2K2K#2`BM; i?Bb T�bi- /2bTBi2 /Bb+`2T�M+B2b #2ir22M "�B/m "�BF2 �M/

*?BM2b2 qBFBT2/B�X

PM2 T`22KBM2Mi /Bb�;`22K2Mi- ?Qr2p2`- Bb QM 2p2Mib �M/ 2MiBiB2b r?2`2 i?2 **S TH�v2/

� F2v `QH2X AM 6B;m`2 N-Rd #Qi? BM/B+�iQ`b `2p2�H i?�i "�B/m "�BF2 2M+QKT�bb KQ`2 TQbBiBp2

/2b+`BTiBQM Q7 2p2Mib rBi? **S T`2b2M+2 i?�M *?BM2b2 qBFBT2/B�X "�B/m "�BF2 mb2b H2bb

TQbBiBp2 rQ`/b QM 2p2Mib rBi?Qmi **S T`2b2M+2 i?�M *?BM2b2 qBFBT2/B�X q?2M Bi +QK2b

iQ 2p2Mib rBi? **S T`2b2M+2- i?2 TQbBiBp2 iQ M2;�iBp2 `�iBQ #2+QK2b bB;MB}+�MiHv ?B;?2`

7Q` "�B/m "�BF2X h?Bb bm;;2bib i?�i i?2 ?BbiQ`B+�H `QH2 Q7 i?2 **S Bb T`�Bb2/ KQ`2 QM

"�B/m "�BF2- r?B+? /`Bp2b i?2 /Bz2`2M+2 7`QK *?BM2b2 qBFBT2/B�X

6BM�HHv- BM 6B;m`2 Ry-R3 "�B/m "�BF2Ƕb �++QmMi Q7 i`�mK�iB+ 2p2Mib �`2 KQ`2 M2;�iBp2

Reh?2 KQbi M2;�iBp2 rQ`/b BM �Lhla. i?�i �TT2�` BM i?Bb +Q`TQ`� �`2 +�bm�Hiv �M/ r�` `2H�i2/- b22
�TT2M/BtX

Rda22 *QHmKMb UkV �M/ U9V Q7 h�#H2 RR BM �TT2M/Bt 7Q` i?2 PGa KQ/2H rBi? BMi2`�+iBQMX
R3a22 *QHmKMb UjV �M/ UeV Q7 h�#H2 RR BM �TT2M/Bt 7Q` i?2 PGa KQ/2H rBi? BMi2`�+iBQMX

k8



6B;m`2 N, S`2/B+i2/ o�Hm2b Q7 �p2`�;2 a2MiBK2Mi a+Q`2 �M/ SQbBiBp2 iQ L2;�iBp2 qQ`/ _�iBQ-
**S S`2b2M+2

6B;m`2 Ry, S`2/B+i2/ o�Hm2b Q7 �p2`�;2 a2MiBK2Mi a+Q`2 �M/ SQbBiBp2 iQ L2;�iBp2 qQ`/ _�iBQ-
h`�mK�iB+Biv

ke



i?�M *?BM2b2 qBFBT2/B�X h?2 K�`;BM�H M2;�iBp2 2z2+i Q7 i`�mK�iB+ 2p2Mib Bb bK�HH2` 7Q`

*?BM2b2 qBFBT2/B� i?�M 7Q` "�B/m "�BF2X L2p2`i?2H2bb- i?2 /Bz2`2M+2b BM i?2 TQbBiBp2 iQ

M2;�iBp2 rQ`/ `�iBQ �M/ �p2`�;2 b2MiBK2Mi b+Q`2b �`2 `2H�iBp2Hv bK�HH BM �#bQHmi2 p�Hm2bX

6B;m`2 RR HQQFb �i i?2 p�`B�iBQMb BM /2TB+iBM; i`�mK�iB+ 2p2Mib 7`QK i2ti bBKBH�`BivX >B;?2`

+QbBM2 bBKBH�`Biv b+Q`2 BM/B+�i2b i?�i i?2 T�B` Q7 2Mi`B2b QM i?2 b�K2 2p2Mi Q` 2MiBiv �`2

KQ`2 bBKBH�`X h?2 b+�ii2` THQi b?Qrb i?2`2 �`2 i?`22 K�BM r�p2b Q7 i`�mK�b, i?2 #2;BMMBM;

Q7 7Q`2B;M BMi2`p2MiBQMb BM i?2 R39yb- i?2 /272�i iQ C�T�M BM i?2 R3Nyb- �M/ i?2 T?�b2 Q7

�MiB@C�T�M2b2 q�`X PM �p2`�;2- � b2i Q7 T�B`2/ 2Mi`B2b QM i?2 b�K2 2p2Mi QM "�B/m

"�BF2 �M/ qBFBT2/B� Bb KQ`2 bBKBH�` BM i2`Kb Q7 rQ`/b mb2/ B7 i?2 2p2Mi Bb i`�mK�iB+- BX2X

BMpQHpBM; i2``BiQ`v �M/ bQp2`2B;Miv HQbb- /272�ib- �M/ +�bm�HiB2b QM i?2 *?BM2b2 bB/2X

6B;m`2 RR, .Bbi`B#miBQM Q7 1Mi`v aBKBH�`Biv #v u2�`- 1p2Mib

h?2 2tTHQ`�iBQM BM i2`Kb Q7 b2MiBK2Mi �M/ i2ti bBKBH�`Biv T`QpB/2b 2pB/2M+2 QM bm#@

bi�MiBp2 /`Bp2`b #2?BM/ �;`22K2Mib �M/ /Bb�;`22K2Mib #2ir22M "�B/m "�BF2 �M/ *?BM2b2

qBFBT2/B�- /2bTBi2 BM7Q`K�iBQM +QMi`QH K2+?�MBbKbX "�B/m "�BF2 Bb 7QmM/ iQ 7`�K2 i?2

`QH2 Q7 i?2 **S BM JQ/2`M *?BM2b2 ?BbiQ`v KQ`2 TQbBiBp2- /Bp2`;BM; Bib BM7Q`K�iBQM �r�v

7`QK *?BM2b2 qBFBT2/B�X *QKKQM +?Qb2M i`�mK�b TQbb2bb i?2 TQi2MiB�H 7Q` "�B/m "�BF2

�M/ *?BM2b2 qBFBT2/B� iQ Qp2`+QK2 /Bz2`2M+2b- r?B+? �HbQ `2~2+ib i?2 TQr2` Q7 i?2 *2M@

im`v Q7 >mKBHB�iBQM M�``�iBp2X

kd



9Xj .2b+`BTiBQM, q?Q �`2 i?2 2/BiQ`b �M/ ?Qr /Q i?2v 2/Bi\

SH�i7Q`K@bT2+B}+ �++2bbB#H2 mb2` T`Q}H2b K�F2 /Bz2`2Mi 72�im`2b Q7 "�B/m "�BF2 �M/

qBFBT2/B� mb2`b �p�BH�#H2X AM i?Bb bm#@b2+iBQM- A bmTTH2K2Mi i?2 /Bb+mbbBQM QM BM7Q`@

K�iBQM �M/ ?BbiQ`B+�H FMQrH2/;2 M2;QiB�iBQM #v HQQFBM; �i 72�im`2b Q7 i?2 BM7Q`K�iBQM

;2M2`�iQ`bX h?2 TQTmH�iBQM Q7 mb2`b ?2`2 �`2 i?Qb2 r?Q ?�p2 2/Bi2/ �i H2�bi QM2 Q7 i?2

2Mi`B2b bim/B2/ BM i?Bb T�T2` 2Bi?2` QM "�B/m "�BF2 Q` *?BM2b2 qBFBT2/B�X �b Bb K2M@

iBQM2/ BM a2+iBQM k- �HH "�B/m "�BF2 mb2`b ?�p2 i?2B` �++QmMib- r?BH2 *?BM2b2 qBFBT2/B�

mb2`b BM+Hm/2 �MQMvKQmb AS �//`2bb2bX

� K2/B�M "�B/m "�BF2 mb2` BM i?Bb TQTmH�iBQM ?�p2 ;�BM2/ k8N r2�Hi? TQBMib r?B+?

Bb �TT`QtBK�i2Hv 2[mBp�H2Mi iQ 9Xjk _J" Q7 rQ`i? BM "�B/m PMHBM2 J�HHX a?2 rQmH/

QrM � "�B/m H2p2H@j �++QmMi rBi? � "�B/m "�BF2 2/BiBM; �TT`Qp�H `�i2 Q7 39W- r?B+?

Bb #2HQr i?2 i?`2b?QH/ 7Q` K�Mv 2Mi`B2b, H2p2H@9 �++QmMi �M/ � 38W �TT`Qp�H `�i2X 6Q`

*?BM2b2 qBFBT2/B� mb2` TQTmH�iBQM- kW Q7 i?2K ?�p2 �/KBMBbi`�iBp2 `B;?ib- RW Q7 i?2K

�`2 #HQ+F2/ 7Q` /Bb`mTiBp2 2/BiBM;- �M/ ejW Q7 i?2K /B/ i?2B` 2/Bib �MQMvKQmbHvX

h�#H2 e, PM2@bB/2/ h@h2bib 7Q` 1Mi`v G2p2H 1/BiBM; �+iBpBiB2b

2biBK�i2 qBFBT2/B� K2�M "�BF2 K2�M i bi�iBbiB+ TXp�Hm2

1/BiQ` GB72iBK2 1/Bib 8jjjXRj dR3jXNk R38yXdN eX3k yXyy

1Mi`v 1/Bib j8kXkk 8j8XyR R3kXdN 8Xke yXyy

1Mi`v 1/BiQ`b eeX3j RNyX39 Rk9Xyk kXe8 yXyy

1Mi`v 1/BiQ`f1/Bi yXkR yX9d yXed RRXk yXyy

1Mi`B2b 1/Bi2/ BM *Q`TQ`� yX9e RX33 RX9k RyX8k yXyy

h�#H2 e +QKT�`2b 2/BiBM; �+iBpBiB2b QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� QM 2Mi`B2b

BM i?2 +Q`TQ`�X PM �p2`�;2- i?2`2 �`2 ?B;?2` MmK#2`b Q7 2/Bib �M/ KQ`2 2/BiQ`b BMpQHp2/

QM *?BM2b2 qBFBT2/B� i?�M QM "�B/m "�BF2 Up < 0.01VX qBFBT2/B� �HbQ b?Qrb � HQr2`

2/BiQ` iQ 2/Bi `�iBQ i?�M "�B/m "�BF2- r?B+? BM/B+�i2b i?�i "�B/m "�BF2 2/BiQ`b i2M/ iQ

K�F2 QM2@iBK2 mMB[m2 2/BibX �b Bb /Bb+mbb2/ BM 9XR- *?BM2b2 qBFBT2/B� Bb �H`2�/v H2bb

bm#D2+iBp2 /2bTBi2 i?2 2tT2+i2/ M2mi`�HBxBM; BKT�+i Q7 KQ`2 mMB[m2 +QMi`B#miQ`bX h?2

KQ/2`�i2 2/BiQ` iQ 2/Bi `�iBQb i?2`27Q`2 �HbQ bB;M�H 2/BiBM; �+iBpBiB2b QM *?BM2b2 qBFBT2/B�

k3

�`2 KQ`2 BMi2`�+iBp2X

h�#H2 d, PM2@bB/2/ h@h2bib 7Q` lb2` G2p2H GB72iBK2 1/Bib

2biBK�i2 qBFBT2/B� K2�M "�BF2 K2�M i bi�iBbiB+ TXp�Hm2

URV 8jjjXRj dR3jXNk R38yXdN eX3k yXyy

UkV 838XkR k9j8Xd3 R38yX8d RXNd yXyk

UjV 9NNkXyj dR3jXNk kRNRX3N eXjj yXyy

U9V k9jXNy k9j8Xd3 kRNRX3N yXd3 yXkR

URV, qBFBT2/B� `2;Bbi2`2/ mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b �TT`Qp2/ 2/Bib U/BbTH�v2/V

UkV, �HH qBFBT2/B� mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b �TT`Qp2/ 2/Bib U/BbTH�v2/V

UjV, qBFBT2/B� `2;Bbi2`2/ mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b 2biBK�i2/ iQi�H �ii2KTi2/ 2/Bib

U9V, �HH qBFBT2/B� mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b 2biBK�i2/ iQi�H �ii2KTi2/ 2/Bib

aBM+2 i?2 "�B/m "�BF2 mb2` T`Q}H2 T�;2 b?Qr p2`bBQMb Q7 2/Bib i?2 mb2` bm#KBii2/ i?�i

?�p2 #22M �TT`Qp2/ �M/ ?2` HB72iBK2 �TT`Qp�H `�i2- A 2biBK�i2 i?2 iQi�H MmK#2` Q7 2/Bib 7Q`

2�+? mb2` BM Kv TQTmH�iBQMX 6Q` 2�+? "�B/m "�BF2 mb2`- A ?�p2 #Qi? i?2 MmK#2` Q7 2/Bib

/BbTH�v2/ �M/ i?2 MmK#2` Q7 2/Bib �ii2KTi2/X 6Q` qBFBT2/B�- i?2 mb2` T`Q}H2 2ti`�+iBQM

�SA QMHv T`QpB/2b HB72iBK2 2/Bib 7Q` `2;Bbi2`2/ mb2`b- MQi �MQMvKQmb AS �//`2bb2bX A

+�H+mH�i2 MmK#2`b Q7 2/Bib Q++m``2/ BM Kv 2Mi`v TQTmH�iBQM #v AS �//`2bb2b iQ bm#biBimi2

7Q` KBbbBM; p�Hm2b Q7 �MQMvKQmb mb2`bX

h�#H2 d b?Qrb +QKT�`BbQMb �KQM; i?Qb2 7Qm` ;`QmTb Q7 2/Bi MmK#2`b /�i�X _Qrb URV

�M/ UkV BM/B+�i2 i?�i 7Q` i?2 mb2` TQTmH�iBQMb 2/BiBM; i?2 Rjk KQ/2`M *?BM2b2 ?BbiQ`B+�H

2p2Mib- i?2 MmK#2` Q7 �TT`Qp2/ �M/ /BbTH�v2/ 2/Bib #v "�B/m "�BF2 mb2`b �`2 bB;MB}+�MiHv

HQr2` i?�M i?2 MmK#2` Q7 2/Bib #v qBFBT2/B� mb2`b- #Qi? `2;Bbi2`2/ �M/ �HH BM+Hm/BM;

�MQMvKQmb QM2bX AM _Qr U9V- ?Qr2p2`- r?2M +QKT�`BM; 2biBK�i2/ iQi�H �ii2KTi2/ 2/Bib

#v "�B/m "�BF2 mb2`b iQ �HH qBFBT2/B� mb2`b- i?2 MmK#2` Bb MQ HQM;2` bi�iBbiB+�HHv /Bz2`2MiX

A7 �Mvi?BM;- i?Bb bm;;2bib i?2 mM/2`HvBM; pB#`�M+v Q7 2/BiBM; �+iBpBiB2b #v mb2`b �`2 MQ

/Bz2`2Mi �+`Qbb "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�X AM Qi?2` rQ`/b- i?2 /Bz2`2M+2b BM

/BbTH�v2/ ?BbiQ`B+�H FMQrH2/;2 Bb HBF2Hv bi`QM;Hv BM~m2M+2/ #v "�B/mǶb +QMi`QH K2+?�MBbKbX

kN



9Xj .2b+`BTiBQM, q?Q �`2 i?2 2/BiQ`b �M/ ?Qr /Q i?2v 2/Bi\

SH�i7Q`K@bT2+B}+ �++2bbB#H2 mb2` T`Q}H2b K�F2 /Bz2`2Mi 72�im`2b Q7 "�B/m "�BF2 �M/

qBFBT2/B� mb2`b �p�BH�#H2X AM i?Bb bm#@b2+iBQM- A bmTTH2K2Mi i?2 /Bb+mbbBQM QM BM7Q`@

K�iBQM �M/ ?BbiQ`B+�H FMQrH2/;2 M2;QiB�iBQM #v HQQFBM; �i 72�im`2b Q7 i?2 BM7Q`K�iBQM

;2M2`�iQ`bX h?2 TQTmH�iBQM Q7 mb2`b ?2`2 �`2 i?Qb2 r?Q ?�p2 2/Bi2/ �i H2�bi QM2 Q7 i?2

2Mi`B2b bim/B2/ BM i?Bb T�T2` 2Bi?2` QM "�B/m "�BF2 Q` *?BM2b2 qBFBT2/B�X �b Bb K2M@

iBQM2/ BM a2+iBQM k- �HH "�B/m "�BF2 mb2`b ?�p2 i?2B` �++QmMib- r?BH2 *?BM2b2 qBFBT2/B�

mb2`b BM+Hm/2 �MQMvKQmb AS �//`2bb2bX

� K2/B�M "�B/m "�BF2 mb2` BM i?Bb TQTmH�iBQM ?�p2 ;�BM2/ k8N r2�Hi? TQBMib r?B+?

Bb �TT`QtBK�i2Hv 2[mBp�H2Mi iQ 9Xjk _J" Q7 rQ`i? BM "�B/m PMHBM2 J�HHX a?2 rQmH/

QrM � "�B/m H2p2H@j �++QmMi rBi? � "�B/m "�BF2 2/BiBM; �TT`Qp�H `�i2 Q7 39W- r?B+?

Bb #2HQr i?2 i?`2b?QH/ 7Q` K�Mv 2Mi`B2b, H2p2H@9 �++QmMi �M/ � 38W �TT`Qp�H `�i2X 6Q`

*?BM2b2 qBFBT2/B� mb2` TQTmH�iBQM- kW Q7 i?2K ?�p2 �/KBMBbi`�iBp2 `B;?ib- RW Q7 i?2K

�`2 #HQ+F2/ 7Q` /Bb`mTiBp2 2/BiBM;- �M/ ejW Q7 i?2K /B/ i?2B` 2/Bib �MQMvKQmbHvX

h�#H2 e, PM2@bB/2/ h@h2bib 7Q` 1Mi`v G2p2H 1/BiBM; �+iBpBiB2b

2biBK�i2 qBFBT2/B� K2�M "�BF2 K2�M i bi�iBbiB+ TXp�Hm2

1/BiQ` GB72iBK2 1/Bib 8jjjXRj dR3jXNk R38yXdN eX3k yXyy

1Mi`v 1/Bib j8kXkk 8j8XyR R3kXdN 8Xke yXyy

1Mi`v 1/BiQ`b eeX3j RNyX39 Rk9Xyk kXe8 yXyy

1Mi`v 1/BiQ`f1/Bi yXkR yX9d yXed RRXk yXyy

1Mi`B2b 1/Bi2/ BM *Q`TQ`� yX9e RX33 RX9k RyX8k yXyy

h�#H2 e +QKT�`2b 2/BiBM; �+iBpBiB2b QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� QM 2Mi`B2b

BM i?2 +Q`TQ`�X PM �p2`�;2- i?2`2 �`2 ?B;?2` MmK#2`b Q7 2/Bib �M/ KQ`2 2/BiQ`b BMpQHp2/

QM *?BM2b2 qBFBT2/B� i?�M QM "�B/m "�BF2 Up < 0.01VX qBFBT2/B� �HbQ b?Qrb � HQr2`

2/BiQ` iQ 2/Bi `�iBQ i?�M "�B/m "�BF2- r?B+? BM/B+�i2b i?�i "�B/m "�BF2 2/BiQ`b i2M/ iQ

K�F2 QM2@iBK2 mMB[m2 2/BibX �b Bb /Bb+mbb2/ BM 9XR- *?BM2b2 qBFBT2/B� Bb �H`2�/v H2bb

bm#D2+iBp2 /2bTBi2 i?2 2tT2+i2/ M2mi`�HBxBM; BKT�+i Q7 KQ`2 mMB[m2 +QMi`B#miQ`bX h?2

KQ/2`�i2 2/BiQ` iQ 2/Bi `�iBQb i?2`27Q`2 �HbQ bB;M�H 2/BiBM; �+iBpBiB2b QM *?BM2b2 qBFBT2/B�

k3

�`2 KQ`2 BMi2`�+iBp2X

h�#H2 d, PM2@bB/2/ h@h2bib 7Q` lb2` G2p2H GB72iBK2 1/Bib

2biBK�i2 qBFBT2/B� K2�M "�BF2 K2�M i bi�iBbiB+ TXp�Hm2

URV 8jjjXRj dR3jXNk R38yXdN eX3k yXyy

UkV 838XkR k9j8Xd3 R38yX8d RXNd yXyk

UjV 9NNkXyj dR3jXNk kRNRX3N eXjj yXyy

U9V k9jXNy k9j8Xd3 kRNRX3N yXd3 yXkR

URV, qBFBT2/B� `2;Bbi2`2/ mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b �TT`Qp2/ 2/Bib U/BbTH�v2/V

UkV, �HH qBFBT2/B� mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b �TT`Qp2/ 2/Bib U/BbTH�v2/V

UjV, qBFBT2/B� `2;Bbi2`2/ mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b 2biBK�i2/ iQi�H �ii2KTi2/ 2/Bib

U9V, �HH qBFBT2/B� mb2`b 2/Bib U/BbTH�v2/V pbX "�B/m "�BF2 mb2`b 2biBK�i2/ iQi�H �ii2KTi2/ 2/Bib

aBM+2 i?2 "�B/m "�BF2 mb2` T`Q}H2 T�;2 b?Qr p2`bBQMb Q7 2/Bib i?2 mb2` bm#KBii2/ i?�i

?�p2 #22M �TT`Qp2/ �M/ ?2` HB72iBK2 �TT`Qp�H `�i2- A 2biBK�i2 i?2 iQi�H MmK#2` Q7 2/Bib 7Q`

2�+? mb2` BM Kv TQTmH�iBQMX 6Q` 2�+? "�B/m "�BF2 mb2`- A ?�p2 #Qi? i?2 MmK#2` Q7 2/Bib

/BbTH�v2/ �M/ i?2 MmK#2` Q7 2/Bib �ii2KTi2/X 6Q` qBFBT2/B�- i?2 mb2` T`Q}H2 2ti`�+iBQM

�SA QMHv T`QpB/2b HB72iBK2 2/Bib 7Q` `2;Bbi2`2/ mb2`b- MQi �MQMvKQmb AS �//`2bb2bX A

+�H+mH�i2 MmK#2`b Q7 2/Bib Q++m``2/ BM Kv 2Mi`v TQTmH�iBQM #v AS �//`2bb2b iQ bm#biBimi2

7Q` KBbbBM; p�Hm2b Q7 �MQMvKQmb mb2`bX

h�#H2 d b?Qrb +QKT�`BbQMb �KQM; i?Qb2 7Qm` ;`QmTb Q7 2/Bi MmK#2`b /�i�X _Qrb URV

�M/ UkV BM/B+�i2 i?�i 7Q` i?2 mb2` TQTmH�iBQMb 2/BiBM; i?2 Rjk KQ/2`M *?BM2b2 ?BbiQ`B+�H

2p2Mib- i?2 MmK#2` Q7 �TT`Qp2/ �M/ /BbTH�v2/ 2/Bib #v "�B/m "�BF2 mb2`b �`2 bB;MB}+�MiHv

HQr2` i?�M i?2 MmK#2` Q7 2/Bib #v qBFBT2/B� mb2`b- #Qi? `2;Bbi2`2/ �M/ �HH BM+Hm/BM;

�MQMvKQmb QM2bX AM _Qr U9V- ?Qr2p2`- r?2M +QKT�`BM; 2biBK�i2/ iQi�H �ii2KTi2/ 2/Bib

#v "�B/m "�BF2 mb2`b iQ �HH qBFBT2/B� mb2`b- i?2 MmK#2` Bb MQ HQM;2` bi�iBbiB+�HHv /Bz2`2MiX

A7 �Mvi?BM;- i?Bb bm;;2bib i?2 mM/2`HvBM; pB#`�M+v Q7 2/BiBM; �+iBpBiB2b #v mb2`b �`2 MQ

/Bz2`2Mi �+`Qbb "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�X AM Qi?2` rQ`/b- i?2 /Bz2`2M+2b BM

/BbTH�v2/ ?BbiQ`B+�H FMQrH2/;2 Bb HBF2Hv bi`QM;Hv BM~m2M+2/ #v "�B/mǶb +QMi`QH K2+?�MBbKbX

kN



8 .Bb+mbbBQM �M/ *QM+HmbBQM

AM i?Bb T�T2`- A T`QTQb2 iQ 2tTH�BM i?2 /Bz2`2M+2b BM ?BbiQ`B+�H BM7Q`K�iBQM �M/ FMQrH2/;2

/BbTH�v2/ QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� rBi? � 7`�K2rQ`F Q7 2[m�H �M/ mM2[m�H

BM7Q`K�iBQM M2;QiB�iBQM mM/2` /Bz2`2Mi 2tTQbm`2 iQ +2MbQ`b?BTX LQi bm`T`BbBM;Hv- "�B/m

"�BF2 Bb KQ`2 bm#D2+iBp2 BM r`BiBM; i?2 *2Mim`v Q7 >mKBHB�iBQM i?�M *?BM2b2 qBFBT2/B�-

2KTHQvBM; J�`tBbi ?BbiQ`BQ;`�T?v �M/ BM 7�pQ` Q7 i?2 **SX A �HbQ /Q+mK2Mi T�`iB�H 2p@

B/2M+2 i?�i i?2 2/BiBM; �+iBpBiB2b �`2 MQi /Bz2`2Mi #2ir22M "�B/m "�BF2 �M/ *?BM2b2

qBFBT2/B�- r?B+? 2KT?�bBx2b i?2 bi`QM; `QH2 Q7 "�B/mǶb 2t �Mi2 Qp2`bB;?i �b i?2 2/Bib

/BbTH�v2/ �`2 p2`v /Bz2`2MiX .2bTBi2 Q#D2+iBp2 7Q`+2b /`BpBM; i?2 /Bz2`2M+2b BM ?BbiQ`B+�H

BM7Q`K�iBQM �M/ FMQrH2/;2 QM "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B�- +QKKQM i`�mK�iB+

2tT2`B2M+2 bi�M/b Qmi �b � bm#bi�MiBp2 BMi2`M�H 7Q`+2 +QMp2`;BM; i?2 M�``�iBp2b QM 2p2Mib

Q7 i`�mK�bX

>Qr2p2`- i?Bb Bb QMHv �M BMBiB�H 2zQ`i �M/ i?2`2 Bb �HbQ Km+? `QQK 7Q` BKT`Qp2K2MiX

6B`bi- i?2 /B+iBQM�`v #�b2/ i2ti �M�HvbBb K2i?Q/b �M/ mMbmT2`pBb2/ iQTB+ KQ/2HBM; �`2

H2bb �++m`�i2 i?�M /2bB`2/X � KQ`2 +mbiQKBx2/ /B+iBQM�`v �M/ KQ`2 ?mK�M +Q/BM; 2zQ`ib

�`2 `2[mB`2/ iQ BKT`Qp2 i?2 [m�HBiv Q7 i?2 K2�bm`2K2MibX �MQi?2` 2zQ`i +�M #2 K�/2 iQ

2MH�`;2 i?2 +Q`TQ`� Q7 BMi2`2bi �M/ B/2MiB7v +Qp2`�;2 /Bz2`2M+2b Q7 *?BM2b2 qBFBT2/B� �M/

"�B/m "�BF2X aBM+2 "�B/m "�BF2 �M/ *?BM2b2 qBFBT2/B� #Qi? ?�p2 i?2B` ?BbiQ`B+�H p2`bBQMb

Q7 2Mi`B2b �p�BH�#H2- Bi Bb �HbQ rQ`i? i`�+BM; i?2 K�DQ` 2/BiQ`B�H T�i?b �M/ +QMbi`m+iBM;

K2�bm`2K2Mib 7`QK i2ti Qp2` iBK2 iQ bim/v i?2 2z2+i Q7 i?2 :`2�i 6B`2r�HH QM i?2 2Mi`B2bX

hQ #2 bm`2- Bi Bb M�im`�H 7Q` +QHH2+iBp2 K2KQ`B2b iQ ?�p2 M�iBQM�H T2`bT2+iBp2b �M/

+BiBx2Mb i2M/ iQ Qp2`2biBK�i2 i?2B` QrM +QmMi`B2bŇ?BbiQ`B+�H TQbBiBQM BM ;2M2`�HX S2QTH2

7`QK RR +QmMi`B2b `2bT2+iBp2Hv Qp2`+H�BK2/ i?2B` `2bTQMbB#BHBiv BM i?2 qQ`H/ q�` AA �M/

b?Qr2/ M�iBQM�H M�`+BbbBbK �M/ b2H7@+2Mi2`2/M2bb U_Q2/B;2` 2i �HX- kyRNVX >m�M; �M/ GBm

UkyR3V }M/b i?�i *?BM2b2 +BiBx2Mb i2M/ iQ Qp2`2biBK�i2 *?BM�Ňb ?BbiQ`B+�H �+?B2p2K2Mib

�M/ i?Qb2 r?Q /Q Qp2`2biBK�i2 ?�p2 ?B;?2` H2p2Hb Q7 M�iBQM�H B/2MiBivX *`Qr/bQm`+BM;

2M+v+HQT2/B� TH�i7Q`Kb Qz2` �M QTTQ`imMBiv iQ bim/v `2H�iBp2 TQbBiBQMBM; Q7 ?BbiQ`B+�H

M�``�iBp2 �M/ +QHH2+iBp2 K2KQ`v �b r2HH �b i?2B` TQHBiB+�H BKTHB+�iBQMbX

h?2 [m�HBiv Q7 ?BbiQ`B+�H FMQrH2/;2 �b Bb T`2b2Mi2/ QM QMHBM2 2M+v+HQT2/B�b ?�p2 BK@

jy



THB+�iBQMb 7Q` BM7Q`K�iBQM +QMbmKTiBQMX S�M �M/ _Q#2`ib UkyRNV ?�p2 b?QrM i?�i i?2

#HQ+F Q7 qBFBT2/B� `2/m+2/ �++B/2Mi�H 2tTQbm`2 iQ ?BbiQ`B+�H BM7Q`K�iBQM Q7 T2QTH2 7`QK

K�BMH�M/ *?BM�X qBi?Qmi i?2 T`2b2M+2 Q7 i?2 H�`;2bi *?BM2b2 bT2�FBM; TQTmH�iBQM BM i?2

rQ`H/- ;HQ#�H FMQrH2/;2 #�b2b �b Bb `2T`2b2Mi2/ #v qBFBT2/B� Bb �HbQ /BKBMBb?2/X qBi?

HBiiH2 iQ MQ �Hi2`M�iBp2 bQm`+2b Q7 2tTH�M�iBQMb 7Q` i?2 K�DQ`Biv BM *?BM�- mM/2` � TQi2M@

iB�HHv +QMbQHB/�i2/ BMi2`@;2M2`�iBQM i`�mK� Q7 i?2 *2Mim`v Q7 >mKBHB�iBQM- i?2 q2bi +�M

#2 2�bBHv 7`�K2/ �b i?2 2M2Kv 7Q` TQHBiB+�H Tm`TQb2bX ǳL2r 2M2KB2b BMpQHp2/ BM +m``2Mi

+QM~B+ib K�v #2 T2`+2Bp2/ �b 2ti2MbBQMb Q7 �M QH/ 2M2Kv 7`QK � ?BbiQ`B+�H 2p2MiXǴUoQHF�M-

RNNdVX h?2 K2Mi�HBiv `Bb2M 7`QK ǳ+?Qb2M i`�mK�Ǵ �M/ ǳ+?Qb2M ;HQ`vǴ Bb i?2`27Q`2 rQ`i?v

Q7 KQ`2 �ii2MiBQMX

_272`2M+2b
�M/2`bQM- "2M2/B+iX kyyeX AK�;BM2/ +QKKmMBiB2b, _2~2+iBQMb QM i?2 Q`B;BM �M/ bT`2�/

Q7 M�iBQM�HBbKX o2`bQ #QQFbX

�bbK�MM- C�M �M/ CQ?M *x�THB+F�X RNN8X ǳ*QHH2+iBp2 K2KQ`v �M/ +mHim`�H B/2MiBivXǴ L2r
;2`K�M +`BiB[m2 Ue8V,Rk8ĜRjjX

*�MiQMB- .�pB/2- umvm *?2M- .�pB/ u u�M;- LQ�K um+?iK�M �M/ u C�M2 w?�M;X kyRdX
ǳ*m``B+mHmK �M/ B/2QHQ;vXǴ CQm`M�H Q7 SQHBiB+�H 1+QMQKv Rk8UkV,jj3ĜjNkX

*Q#H2- S�`Fb JX kyydX ǳ*?BM�Ƕb ŉM2r `2K2K#2`BM;ŊQ7 i?2 �MiB@C�T�M2b2 q�` Q7 _2bBb@
i�M+2- RNjdĜRN98XǴ h?2 *?BM� Zm�`i2`Hv RNy,jN9Ĝ9RyX

*Q?2M- S�mH �X kyykX ǳ_2K2K#2`BM; �M/ 7Q`;2iiBM; M�iBQM�H ?mKBHB�iBQM BM ir2MiB2i?@
+2Mim`v *?BM�XǴ hr2MiB2i?@*2Mim`v *?BM� kdUkV,RĜjNX

>�H#r�+?b- J�m`B+2 2i �HX RNNkX PM +QHH2+iBp2 K2KQ`vX lMBp2`bBiv Q7 *?B+�;Q S`2bbX

>Q##b- qBHHB�K _ �M/ J�`;�`2i 1 _Q#2`ibX kyR3X ǳ>Qr bm//2M +2MbQ`b?BT +�M BM+`2�b2
�++2bb iQ BM7Q`K�iBQMXǴ �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r RRkUjV,ekRĜejeX

>m�M;- >�B72M; �M/ sBMb?2M; GBmX kyR3X ǳ>BbiQ`B+�H FMQrH2/;2 �M/ M�iBQM�H B/2MiBiv,
1pB/2M+2 7`QK *?BM�XǴ _2b2�`+? � SQHBiB+b 8UjV,ky8jRe3yR3dN9j8kX

CQpBÉ- .2D�MX kyy9X ǳņP{+B�H K2KQ`B2bŇBM TQbi@�mi?Q`Bi�`B�MBbK, �M �M�HviB+�H 7`�K2@
rQ`FXǴ CQm`M�H Q7 bQmi?2`M 1m`QT2 �M/ i?2 "�HF�Mb eUkV,NdĜRy3X

E�m7K�M- �HBbQM �/+Q+FX kyRyX ǳh?2 ŉ+2Mim`v Q7 ?mKBHB�iBQM-Ŋi?2M �M/ MQr, *?BM2b2
T2`+2TiBQMb Q7 i?2 BMi2`M�iBQM�H Q`/2`XǴ S�+B}+ 6Q+mb k8URV,RĜjjX

G�K- PMvB �M/ 1//B2 GBMX kyRdX ǳ� *QKTmi�iBQM�H �M�HvbBb Q7 >BbiQ`v h2ti#QQFb BM
J�BMH�M/ *?BM�- >QM; EQM; �M/ h�Br�MXǴ lMTm#HBb?2/ J�Mmb+`BTiX

jR



JBHH2`- "H�F2 �M/`2r S?BHHBTX kyR3X ǳh?2 HBKBib Q7 +QKK2`+B�HBx2/ +2MbQ`b?BT BM *?BM�XǴX

L;- C�bQM ZX kyRjX ǳq?QŇb i?2 "Qbb\ h?2 /B{+mHiB2b Q7 B/2MiB7vBM; +2MbQ`@
b?BT BM �M 2MpB`QMK2Mi rBi? /Bbi`B#mi2/ Qp2`bB;?i, � H�`;2@b+�H2 +QKT�`BbQM
Q7 qBFBT2/B� *?BM� rBi? >m/QM; �M/ "�B/m "�BF2XǴ h?2 *BiBx2M G�# X �+@
+2bb2/ �i ?iiTb,ff+BiBx2MH�#X+�fkyRjfy3f�@H�`;2@b+�H2@+QKT�`BbQM@Q7@rBFBT2/B�@+?BM�@
rBi?@?m/QM;@�M/@#�B/m@#�BF2fX

S�M- C2MMB72` �M/ J�`;�`2i 1X _Q#2`ibX kyRNX ǳ*2MbQ`b?BTǶb 1z2+i QM AM+B/2Mi�H 1tTQbm`2
iQ AM7Q`K�iBQM, 1pB/2M+2 7`QK qBFBT2/B�XǴ a�:1 PT2M X

S2MixQH/- *?`BbiB�MX kyyNX ǳ6BtBM; i?2 ~Q�iBM; ;�T, h?2 QMHBM2 2M+v+HQT�2/B� qBFBT2/B�
�b � ;HQ#�H K2KQ`v TH�+2XǴ J2KQ`v bim/B2b kUkV,k88ĜkdkX

_Q2/B;2`- >2M`v G- J�;/�H2M� �#2H- a?�`/� lK�M�i?- _mi? � a?�z2`- "2i? 6�B`}2H/-
J�b�MQ#m h�F�?�b?B �M/ C�K2b o q2`ib+?X kyRNX ǳ*QKT2iBM; M�iBQM�H K2KQ`B2b Q7
qQ`H/ q�` AAXǴ S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b RReUj9V,Reed3ĜRee3eX

a?BM- :B@qQQF �M/ .�MB2H * aM2B/2`X kyRRX >BbiQ`v i2ti#QQFb �M/ i?2 r�`b BM �bB�,
.BpB/2/ K2KQ`B2bX oQHX jR _QmiH2/;2X

aiQ+FK�MM- .�MB2H�X kyRkX J2/B� *QKK2`+B�HBx�iBQM �M/ �mi?Q`Bi�`B�M _mH2 BM *?BM�X
*�K#`B/;2, *�K#`B/;2 lMBp2`bBiv S`2bbX

oQHF�M- o�KBFX RNNdX "HQQ/HBM2b, 6`QK 1i?MB+ S`B/2 iQ 1i?MB+ h2``Q`BbKX 6�``�`- ai`�mb
�M/ :B`QmtX

q�M;- a?B?@JBM; �M/ GmM@q2B EmX kyReX �Lhla., � H�`;2 *?BM2b2 b2MiBK2Mi /B+iBQ@
M�`vX AM S`Q+22/BM;b Q7 i?2 h2Mi? AMi2`M�iBQM�H *QM72`2M+2 QM G�M;m�;2 _2bQm`+2b
�M/ 1p�Hm�iBQM UG_1*ǶReVX TTX keNdĜkdykX

q�M;- w?2M;X kyR9X L2p2` 7Q`;2i M�iBQM�H ?mKBHB�iBQM, >BbiQ`B+�H K2KQ`v BM *?BM2b2
TQHBiB+b �M/ 7Q`2B;M `2H�iBQMbX *QHmK#B� lMBp2`bBiv S`2bbX

w?�M;- sB�Q[m�M JB+?�2H �M/ 62M; w?mX kyRRX ǳ:`QmT bBx2 �M/ BM+2MiBp2b iQ +QMi`B#mi2,
� M�im`�H 2tT2`BK2Mi �i *?BM2b2 qBFBT2/B�XǴ �K2`B+�M 1+QMQKB+ _2pB2r RyRU9V,ReyRĜ
R8X

jk



�TT2M/Bt

GBbi Q7 1Mi`v L�K2b

h�#H2 3, GBbi Q7 1Mi`B2b
"�B/m "�BF2 1Mi`v *L qBFBT2/B� 1Mi`v "�B/m "�BF2 1Mi`v *L qBFBT2/B� 1Mi`v "�B/m "�BF2 1Mi`v *L qBFBT2/B� 1Mi`v
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hQT SQbBiBp2 �M/ L2;�iBp2 qQ`/b BM *Q`TQ`�

h�#H2 N, hQT ky SQbBiBp2 �M/ L2;�iBp2 qQ`/b BM i?2 *Q`TQ`�- �Lhla.

SQbBiBp2 qQ`/b a2MiBK2Mi a+Q`2 L2;�iBp2 qQ`/b a2MiBK2Mi a+Q`2

ᆽࡅ yX33d8Ryd ๤ྒ @yXNRk8eyy
ཻࡅ yX3d8yyyy ྒօ @yXNRk8eyy
ࡅཻ yX3d8yyyy օਸ਼ @yXNyyyyyy
অࡅ yX39ke3ek ៧ڋ @yXNyyyyyy
ਞᭇ yX3j9jRyj ०៧ @yXNyyyyyy
ᆽঅ yX3jyRNeN ูԤ @yXNyyyyyy
ᔜᗦ yX3kd93dd ๤ਸ਼ @yXNyyyyyy
ᔜก yX3R33Rd3 Ꮘࣕ @yXNyyyyyy
ྋঅ yX3Rde3ek ྒگ @yX33d8eyy
ᗦঅ yX3Rde3ek దྒ @yX33d8eyy
ᆽঅ޾ଘ yX3R9NNk9 ֗៧ @yX3d8yyyy
සᆽ yX3Rk8Ryd ׯڋ @yX3d8yyyy
ଘਞ yX3yNyN3j օگ @yX3d8yyyy
๚० yX3yyyyyy ׯܴ @yX3d8yyyy
Ⴥ޾ yX3yyyyyy ܴᏦ @yX3d8yyyy
፥ྋ yX3yyyyyy ׯݍ @yX3d8yyyy
ଘ޾ yXdNNd33y ०ധ @yX3d8yyyy
ᅾᆽ yXdNNR3kN ௶ྰ @yX3d8yyyy
Ⴔก yXdN98ydy ๤ധ @yX3d8yyyy
ӧྒ yXdNjykd9 ྰਸ਼ @yX3d8yyyy
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*QKT�`BbQM :`QmT Q7 i?2 a2MiBK2Mi J2�bm`2K2Mi

h�#H2 Ry, *QKT�`BbQM :`QmT �M/ �p2`�;2 a2MiBK2Mi a+Q`2b
6B;m`2 1Mi`B2b "�B/m "�BF2 J2�M *L qBFBT2/B� J2�M

SQbBiBp2

ྷ၂ӳ- ࿯၂࿆- ᙲᲤႆ- ԟᬪଘ- ޮ௮๶- ๟槫च-
Ⴥਹਪ- ๫ظ୩- ᮆੜଘ- ้ଣᕁ- -᲋ࢵ܏ ๫Ứ- ๷੢෾-
ᨕᇓ- -ࢵᮏޓ ๫ચႴ- ᕉጭॴ- ԗᎪ- ᮛਹ܏- ๫ታሾ-
-ྋ्ל ୟṛԇ- ኦᕉԯ- -ᜉሳࢧ ๫რᄤ- ᩌଣ຋- বׁ຋-
ୟᒈ฀- ਗ਼؋ᤈ- ভชԯ- ๫᱈ฉ- ሴࢵص- ᗔଗ- -ᶈचڝ
๷࿭ણ- ሴط᝕- ୻֫ԯ- -ԯઊڝ ӟى໑- ୻፥- ᙲސᒈ- ้ङᅘ

yXRy yXye

L2;�iBp2 ຋୹- ሴၒ෈- ୟช໫- ࿯ᶆ- ব෈ز- -ปူڝ Ԅीࡱഷ- ᴯ࿜ಆ- Ἆԏ᲋- ἑฬ᝕ @yXyyk yXyk

PGa _2bmHib 7Q` a2MiBK2Mi �M�HvbBb

h�#H2 RR, PGa JQ/2Hb
.2T2M/2Mi p�`B�#H2,

�p2`�;2 a2MiBK2Mi a+Q`2 SQbBiBp2 iQ L2;�iBp2 _�iBQ

URV UkV UjV U9V U8V UeV

qBFBT2/B� yXyy9 yXyyN yXyy9 yX9kd∗∗ yXej9∗∗∗ yXjN9∗

UyXyyeV UyXyyeV UyXyyeV UyXky8V UyXkkeV UyXkRRV
_2Tm#HB+�M −yXyyd −yXjRe∗

UyXyy8V UyXR3yV
�MiB@C�T�M −yXyj3∗∗∗ −yXNdR∗∗∗

UyXyyNV UyXjjkV
*BpBH q�` −yXyRk −yX8eN

UyXyRkV UyX9R9V
**S yXyyR yX9Re

UyXyy3V UyXkd8V
qBFBT2/B�∗**S −yXyRR −yXedN∗

UyXyRRV UyXjNyV
h`m�K�iB+ −yXyj3∗∗∗ −RXRjj∗∗∗

UyXyRyV UyXje9V
qBFBT2/B�∗h`m�K�iB+ yXyk8∗ yXNRy∗

UyXyR9V UyX8R8V
1/Bi yXyyyyy yXyyyyy yXyyyyy −yXyyyk −yXyyyk −yXyyyk

UyXyyyyyV UyXyyyyyV UyXyyyyyV UyXyyykV UyXyyykV UyXyyykV
1/BiQ`f1/Bi yXyj9∗∗ yXyj3∗∗ yXy9e∗∗∗ RXjRe∗∗ RX9jN∗∗ RXdyy∗∗∗

UyXyReV UyXyRdV UyXyReV UyX83dV UyX8NRV UyX83jV
*QMbi�Mi yXyRj yXyyj yXyyk RX3yN∗∗∗ RXj3y∗∗∗ RX99j∗∗∗

UyXyRjV UyXyRkV UyXyRkV UyX98yV UyX9jkV UyX9kkV

P#b2`p�iBQMb ke9 ke9 ke9 ke9 ke9 ke9
_2 yXy3d yXyjk yXy3j yXy3k yXy8d yXy3k
�/Dmbi2/ _2 yXye8 yXyRj yXye8 yXyeR yXyjN yXye9
_2bB/m�H ai/X 1``Q` yXyj3 U/7 4 k8dV yXyjN U/7 4 k83V yXyj3 U/7 4 k83V RXjek U/7 4 k8dV RXjdd U/7 4 k83V RXjey U/7 4 k83V
6 ai�iBbiB+ 9Xydy∗∗∗ U/7 4 ec k8dV RXdy3 U/7 4 8c k83V 9Xe99∗∗∗ U/7 4 8c k83V jX3je∗∗∗ U/7 4 ec k8dV jXR99∗∗∗ U/7 4 8c k83V 9X83k∗∗∗ U/7 4 8c k83V

LQi2, ∗T<yXRc ∗∗T<yXy8c ∗∗∗T<yXyR
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