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r?BH2 mbBM; *`QbiQM �M/ Bib p�`B�iBQMb �b � #2M+?K�`FX q2 rBHH �TTHv i?2b2 K2i?Q/b iQ 7Qm`

bBKmH�i2/ /�i� b2ib- 2�+? +?�`�+i2`Bx2/ #v � mMB[m2 T�ii2`M bm+? �b 2``�iB+- HmKTv- bKQQi?- �M/

BMi2`KBii2MiX h?Bb Bb /QM2 iQ /2i2`KBM2 r?2i?2` i?2b2 +?�`�+i2`BbiB+b BM~m2M+2 i?2 T2`7Q`K�M+2

Q7 i?2 K2i?Q/bX 6m`i?2`KQ`2- i?2 b�K2 K2i?Q/b rBHH #2 �TTHB2/ iQ 7Qm` BM/mbi`B�H /�i� b2ib iQ

+QKT�`2 i?2 `2bmHib Q#i�BM2/ 7`QK i?2 bBKmH�i2/ /�i�X aT2+B}+�HHv- i?2 7Q+mb rBHH #2 QM 7Q`2+�biBM;

bT�`2 T�`ib /2K�M/b �M/ 2p�Hm�iBM; i?2 T2`7Q`K�M+2 Q7 #Qi? 7Q`2+�biBM; �++m`�+v �M/ BMp2MiQ`v

T2`7Q`K�M+2X

h?2 bm#@`2b2�`+? [m2biBQM Bb,

kX .Q2b �;;`2;�iBM; Q#b2`p�iBQMb BMiQ H�`;2` BMi2`p�Hb BKT`Qp2 i?2 �++m`�+v Q7 i?2

7Q`2+�biBM; KQ/2H\

hQ �//`2bb i?2 b2+QM/ `2b2�`+? [m2biBQM- i?2 i`�BMBM; /�i� 7`QK bBKmH�i2/ �M/ BM/mbi`B�H /�i�

b2ib rBHH #2 �;;`2;�i2/ �i HQr2` 7`2[m2M+v H2p2HbX h?Bb �;;`2;�i2/ /�i� rBHH #2 mb2/ iQ i`�BM i?2

7Q`2+�biBM; KQ/2HbX h?2 T`2/B+iBQMb ;2M2`�i2/ #v i?2 KQ/2Hb rBHH i?2M #2 /Bb�;;`2;�i2/ #�+F iQ i?2

Q`B;BM�H b2�bQM�HBiv H2p2H 7Q` 2p�Hm�iBQM �M/ +QKT�`2/ iQ i?2 Q`B;BM�H /�i� rBi?Qmi �Mv �;;`2;�iBQMX

h?Bb T�T2` rBHH mb2 *`QbiQM �M/ Bib p�`B�iBQMb �b i?2 #2M+?K�`F, *`QbiQM- *`QbiQM rBi? �M

QTiBKBx2/ bKQQi?BM; 7�+iQ`- h2mMi2`@avMi2iQb@"�#�B Uha"V- �M/ i?2 avMi2iQb@"QvH�M �TT`QtBK�@

iBQM Ua"�VX h?2 K2i?Q/b iQ #2 2tTHQ`2/ �`2 i?2 ?B;?@T2`7Q`KBM; KQ/2Hb �M/ /2`Bp2/ +QK#BMBM;

i2+?MB[m2b BM i?2 J9 �M/ i?2 J8 6Q`2+�biBM; *QKT2iBiBQM, 1a_LL- +QK#BM2/ *`QbiQM@#�b2/

KQ/2Hb i?`Qm;? 2[m�HHv /Bbi`B#mi2/ r2B;?i �M/ pB� bi�+FBM;- `2+m``2Mi M2m`�H M2irQ`F U_LLV- �M/

GQM; a?Q`i h2`K J2KQ`v UGahJVX h?2b2 KQ/2Hb rBHH #2 i`�BM2/ QM p�`BQmb ivT2b Q7 /�i� b2ib iQ

/2i2`KBM2 i?2B` �++m`�+v �M/ BMp2MiQ`v +QMi`QH T2`7Q`K�M+2X hQ 7m`i?2` p�HB/�i2 �M/ +QKT�`2 i?2

`2bmHib- qBHH2K�BMǶb #QQibi`�TTBM; �TT`Q�+? rBHH �HbQ #2 BM+Q`TQ`�i2/X AM i?2 }M�H bi2T- i?2 `2bmHib

rBHH #2 /Bb+mbb2/ rBi? i?2 2tBbiBM; HBi2`�im`2 iQ /Bb+mbb i?2B` /Bz2`2M+2bX

d



h?Bb `2b2�`+? Bb �+�/2KB+�HHv bB;MB}+�Mi �b Bi �BKb iQ 2tT�M/ i?2 FMQrH2/;2 Q7 bT�`2 T�`ib

7Q`2+�biBM; #v 2tTHQ`BM; i?2 +QK#BM�iBQM K2i?Q/- ?v#`B/ K2i?Q/- /�i� �;;`2;�iBQM- �M/ `2+m``2Mi

M2m`�H M2irQ`FX h?2 `2bmHib Q#i�BM2/ rBHH �HHQr 7Q` +QKT�`BbQMb Q7 �++m`�+v BKT`Qp2K2Mib +QK@

T�`2/ iQ *`QbiQM- a"�- �M/ ha"X �//BiBQM�HHv- i?2 T`�+iB+�H `2H2p�M+2 HB2b BM �bb2bbBM; r?2i?2`

i?2b2 KQ/2Hb T`QpB/2 #2ii2` BMp2MiQ`v T2`7Q`K�M+2X h?2 T�T2` rBHH bi�`i rBi? � #`B27 `2pB2r Q7 i?2

2tBbiBM; HBi2`�im`2 QM bT�`2 T�`ib 7Q`2+�biBM;- 7QHHQr2/ #v � /2i�BH2/ 2tTH�M�iBQM Q7 i?2 K2i?Q/QHQ;v-

BMi`Q/m+iBQM Q7 bBKmH�i2/ �M/ BM/mbi`B�H /�i� b2ib- i?2 +?Qb2M �++m`�+v K2�bm`2b- �M/ BMp2MiQ`v

+QMi`QH +QMbB/2`�iBQMbX lTQM +QKT�`BM; i?2 `2bmHib- +QM+HmbBQMb �`2 /`�rM iQ �//`2bb i?2 `2b2�`+?

[m2biBQMb- �HQM; rBi? � /Bb+mbbBQM Q7 HBKBi�iBQMbX
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k GBi2`�im`2 �#Qmi aT�`2 S�`ib �M/ 6Q`+�biBM;

aT�`2 T�`ib �`2 biQ+F Bi2Kb i?�i F22T K�+?BM2`v �+iBpBiB2b mT Q` F22T T`Q/m+ib T`Q+2bb2/ BM

QTiBK�H +QM/BiBQMb UE2MM2/v 2i �HX- kyykVX >Qr2p2`- r?2M Bi +QK2b iQ 7Q`2+�biBM;- Bi Bb irB+2 �b

/B{+mHi �b i`�/BiBQM�H iBK2 b2`B2b 7Q`2+�biBM; �b i?2 bT�`2 T�`ib /2K�M/ Bb HmKTv- 2``�iB+- �M/

BMi2`KBii2Mi BM M�im`2 US2i`QTQmHQb 2i �HX- kyR9VX >B;? bQm`+2b Q7 mM+2`i�BMiv BM BMi2`KBii2Mi

7Q`2+�biBM; M22/ iQ #2 /2�Hi rBi? `2;�`/BM; i?2 pQH�iBHBiv BM /2K�M/ bBx2b- iBKBM; Q7 /2K�M/- �M/

HQM; T2`BQ/b rBi?Qmi �Mv /2K�M/X hQ K�F2 i?BM;b rQ`b2- iBK2 b2`B2b +QKTQM2Mib �b i`2M/- H2p2H-

�M/ b2�bQM�HBiv b?QmH/ MQi #2 +QMbB/2`2/ iQ #2 2pB/2Mi �b i?2b2 72�im`2b �`2 /B{+mHi iQ /2i2+i BM

bT�`2 T�`ib /2K�M/ T�ii2`Mb US2i`QTQmHQb 2i �HX- kyR9VX

6m`i?2`KQ`2- �++Q`/BM; iQ avMi2iQb 2i �HX UkyReV- M2�`Hv eyW Q7 �Mv 2tBbiBM; BMp2MiQ`v +QM@

bBbib Q7 biQ+Fb b?�`2/ BM BMi2`KBii2Mi +?�`�+i2`BbiB+b- r?B+? #2+QK2b Q#bQH2i2 r?2M iBK2 /2+�vb �b

MQ /2K�M/ Q++m`bX h?2`27Q`2- Bi Bb � +?�HH2M;BM; i�bF 7Q` +QKT�MB2b r?Q �`2 /2�HBM; rBi? i?2B`

bT�`2 T�`ib K�M�;2K2Mi iQ }M/ i?2 QTiBK�H #�H�M+2 #2ir22M i?2 T`Q#�#BHBiv Q7 biQ+F Qmi �M/ i?2

BMp2MiQ`v ?QH/BM; +QbibX

h?Bb b2+iBQM #2;BMb rBi? � +QKT`2?2MbBp2 Qp2`pB2r Q7 bT�`2 T�`i 7Q`2+�biBM; K2i?Q/b �M/

i?2 BMbB;?ib ;�BM2/ 7`QK i?2 J9 �M/ J8 7Q`2+�biBM; +QKT2iBiBQMbX 6QHHQrBM; i?�i- r2 T`2b2Mi �

i?Q`Qm;? `2pB2r Q7 T`BQ` +QKT�`BbQM bim/B2b i?�i ?�p2M +QKT�`2/ p�`BQmb 7Q`2+�biBM; K2i?Q/b 7Q`

bT�`2 T�`ib /2K�M/- i�FBM; BMiQ �++QmMi �KQM; Qi?2`b K2i?Q/QHQ;B2b- /�i� b2ib- �M/ 2p�Hm�iBQM

+`Bi2`B�X 6BM�HHv- #�b2/ QM i?2 BMbB;?ib Q#i�BM2/ 7`QK i?2 J9 �M/ J8 +QKT2iBiBQMb �M/ i?2 }M/BM;b

Q7 T`2pBQmb +QKT�`BbQM bim/B2b- � +QM+HmbBQM Bb /2`Bp2/ `2;�`/BM; i?2 7Q`2+�biBM; K2i?Q/b iQ #2

BKTH2K2Mi2/ BM i?Bb `2b2�`+?X

kXR AMi2`KBii2Mi 6Q`2+�biBM; J2i?Q/b

h?2 +QMp2MiBQM�H 7Q`2+�biBM; K2i?Q/b bm+? �b aJ� �M/ a1a 7�BH iQ T2`7Q`K r2HH 7Q` BMi2`KBi@

i2Mi /2K�M/ UavMi2iQb �M/ "QvH�M- kyy8V /m2 iQ K2i?Q/QHQ;B+�H T`Q#H2Kb 7`QK i?2 x2`Q p�Hm2b

�b bT�`2 T�`ib T�ii2`M Bb +QMbB/2`2/ �b MQM@+QMiBMmQmb b2`B2bX h?2 }`bi /2}MBM; �TT`Q�+? r�b

BMi`Q/m+2/ #v *`QbiQM URNdkV- BM r?B+? i?2 MQM@x2`Q /2K�M/ BMi2`p�H �M/ Bib /2K�M/ bBx2 r2`2

b2T�`�i2Hv 2biBK�i2/ #v 2tTQM2MiB�H bKQQi?BM;X �++Q`/BM; iQ qBHH2K�BM 2i �HX URNN9V- *`QbiQM

rBi? TQbBiBp2 /2K�M/ r�b `Q#mbiHv bmT2`BQ` iQ a1a BM i2`Kb Q7 bKQQi?M2bb- p�`B�iBQM- �M/ �p2`�;2
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BMp2MiQ`v ?QH/BM; +Qbib r?BH2 BM i?2 b�K2 b2`pB+2 H2p2HX aBM+2 i?2M- *`QbiQM ?�b #22M mb2/ �b �

#2M+?K�`F �b Bi ;2M2`�i2b HQr2` b�72iv biQ+F �i i?2 b�K2 b2`pB+2 H2p2HX *QMb2[m2MiHv- avMi2iQb

�M/ "QvH�M Ukyy8V KQ/B}2/ *`QbiQM #v BMi`Q/m+BM; � #B�b +Q``2+iBQMX �++Q`/BM; iQ b2p2`�H bim/B2b

UavMi2iQb �M/ "QvH�M- kyyec h2mMi2` 2i �HX- kyRRc w?m 2i �HX- kyRdc "�#�B 2i �HX- kyRNV- *`QbiQM

QmiT2`7Q`K2/ a"� BM i2`Kb Q7 b2`pB+2 H2p2Hb r?2`2�b a"� r�b KQ`2 �++m`�i2 QM /Bz2`2Mi ivT2b Q7

/�i� b2ibX >Qr2p2`- r?2M Bi +QK2b iQ Q#bQH2b+2M+2- BX2X- /2K�M/ /2+`2�b2b Qp2` iBK2 iQr�`/ x2`Q-

#Qi? KQ/2Hb T2`7Q`K TQQ`Hv �b i?2v /QMǶi K2�bm`2 i?2 Q#bQH2b+2M+2 r?2M i?2 ;`�/m�H /2+`2�bBM;

/2K�M/ Q++m`bX h2mMi2` 2i �HX UkyRRV �TT`Q�+?2/ i?2 Bbbm2 #v 7Q`2+�biBM; i?2 /2K�M/ T`Q#�#BHBiv

r?BH2 mT/�iBM; i?2 /2K�M/ r?2M x2`Q /2K�M/ Q++m``2/X JQ`2 bT2+B}+�HHv- i?2 /2K�M/ 7Q`2+�bi

Bb �/Dmbi2/ /QrMr�`/ r?2M i?2`2 Bb MQ /2K�M/ iQ /2i2+i Q#bQH2b+2M+2X >Qr2p2`- r?2M i?2 KQ/2H

r�b i2bi2/ 2KTB`B+�HHv U"�#�B 2i �HX- kyRNV- i?2`2 r2`2 MQ bB;MB}+�Mi BKT`Qp2K2MibX

kXk S�`�K�i`B+ �M/ LQM@S�`�K2i`B+ AMi2`KBii2Mi 6Q`2+�biBM; J2i?Q/b

*`QbiQM �M/ Bib p�`B�iBQMb �`2 T�`�K2i`B+ �TT`Q�+?2b i?�i �bbmK2 i?2 /�i� rBHH 7QHHQr � T`2@

/2}M2/ T`Q#�#BHBiv /Bbi`B#miBQMX *`QbiQM URNdkV �bbmK2b i?�i i?2 /2K�M/ BMi2`p�H 7QHHQrb i?2

;2QK2i`B+ /Bbi`B#miBQM r?BH2 i?2 /2K�M/ bBx2 T2` /2K�M/ BMi2`p�H 7QHHQrb � MQ`K�H /Bbi`B#miBQMX

PM i?2 Qi?2` ?�M/- "QQibi`�TTBM; i2+?MB[m2b bm+? �b qBHH2K�BM- 1KTB`B+�H J2i?Q/ USQ``�b �M/

.2FF2`- kyy3V- p�`B�Mib QM i?2 2KTB`B+�H K2i?Q/- �M/ M2m`�H M2irQ`F KQ/2Hb �`2 +�i2;Q`Bx2/ �b

MQM@T�`�K2i`B+ �TT`Q�+?2b- r?2`2�b MQ T`Q#�#BHBiv /Bbi`B#miBQM 7mM+iBQM Bb �bbmK2/X S�`�K2i`B+

�TT`Q�+?2b K�v T`2pBQmbHv #2 BM72`BQ` iQ MQM@T�`�K2i`B+ K2i?Q/b BM /2i2`KBMBM; i?2 #2bi H2�/ /2@

K�M/ /Bbi`B#miBQM bBM+2 i?2 /Bbi`B#miBQM Bb MQi �Hr�vb /Bbi`B#mi2/ T�`�K2i`B+�HHv- �M/ #v b2H2+iBM;

�M BM+Q``2+i /Bbi`B#miBQM Bi K�v H2�/ iQ TQQ` `2bmHibX "2+�mb2 Q7 i?Bb- MQM@T�`�K2i`B+ �TT`Q�+?2b

?�p2 #22M /2pBb2/- �M/ �TTHv i2+?MB[m2b HQQFBM; 7Q` 2KTB`B+�H r�vb iQ 2tTH�BM i?2 H2�/@iBK2 /2@

K�M/X h?Bb bm;;2bib i?�i MQM@T�`�K2i`B+ �TT`Q�+?2b K�v #2 mb2/ 7Q` � rB/2` `�M;2 Q7 /�i�

i?�M T�`�K2i`B+ K2i?Q/b- bm+? �b /�i� rBi? 2ti`2K2Hv B``2;mH�` /2K�M/ UaKBi? �M/ "�#�B- kyRRVX

a2p2`�H bim/B2b U"QQF#BM/2` �M/ GQ`/�?H- RN3Nc >�bMB 2i �HX- kyRNV /2KQMbi`�i2 i?�i miBHBxBM; �

MQM@T�`�K2i`B+ i2+?MB[m2 HBKBib i?2 TQbbB#BHBiv Q7 �bbmKBM; �M BM+Q``2+i /Bbi`B#miBQM- r?B+? `2bmHib

BM bmT2`BQ` 2biBK�i2bX

6Q` 2t�KTH2- qBHH2K�BM 2i �HX Ukyy9V 2biBK�i2/ BMi2`KBii2Mi BMp2MiQ`v /�i� rBi? �miQ+Q``2@
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H�iBQM #v bBKmH�iBM; x2`Q �M/ MQM@x2`Q `2[m2bib mbBM; � irQ@bi�i2 J�`FQp T`Q+2bb iQ +�Tim`2 i?2

�miQ+Q``2H�iBQM- �M/ i?2M �bb2bb2/ i?2 T`Q#�#BHBiB2b /B`2+iHv 7`QK i?2 /�i� #v miBHBxBM; i?2 +QmMiBM;

K2i?Q/bX � b2[m2M+2 Q7 x2`Qb �M/ QM2b r�b ;2M2`�i2/ mbBM; i?2 i`�MbBiBQM T`Q#�#BHBiB2bX h?2 M2ti

bi2T r�b iQ T`Q/m+2 /2K�M/ bBx2b mbBM; � DBii2`BM; T`Q+2bb- r?B+? KQ/B}2/ i?2 b�KTH2/ /2K�M/ p�H@

m2b #v �//BM; `�M/QK ~m+im�iBQMX h?2 K2i?Q/ r�b �TTHB2/ iQ b2p2`�H BM/mbi`B�H /�i� b2ib �M/ i?2

T2`7Q`K�M+2 r�b KQ`2 �++m`�i2 i?�M *`QbiQM Q` a"�X �MQi?2` ivT2 Q7 #QQibi`�TTBM; Bb T`QTQb2/

#v w?Qm �M/ oBbr�M�i?�M UkyRRV- r?B+? T`Q/m+2/ /2K�M/ bBx2b #v b�KTHBM; �M/ /2K�M/ BMi2`p�Hb

mbBM; #QQibi`�TTBM;X h?2v mb2/ bBKmH�i2/ �M/ 2KTB`B+�H /�i� iQ +QKT�`2 i?Bb bi`�i2;v iQ a"� BM

i2`Kb Q7 BMp2MiQ`v T2`7Q`K�M+2X h?2v 7QmM/ i?�i i?2 a"� r�b T2`7Q`KBM; TQQ`Hv r?2M �TTHB2/ iQ

2KTB`B+�H /�i� i?�M iQ bBKmH�i2/ /�i�X AM � +QKT�`BbQM �M�HvbBb- >�bMB 2i �HX UkyRNV 7QmM/ i?�i 7Q`

?B;?Hv BMi2`KBii2Mi /2K�M/ �M/ b?Q`i H2�/@iBK2b- a"� QmiT2`7Q`K2/ i?2 #QQibi`�TTBM; i2+?MB[m2

BM i2`Kb Q7 BMp2MiQ`v T2`7Q`K�M+2X PM i?2 Qi?2` ?�M/- r?2M /2�HBM; rBi? KQ/2`�i2Hv BMi2`KBii2Mi

/2K�M/ �M/ HQM;2` H2�/@iBK2b- i?2 T`QTQb2/ K2i?Q/ T2`7Q`K2/ #2ii2` i?�M a"� �M/ qBHH2K�BMX

AM �//BiBQM iQ i?2 K2MiBQM2/ K2i?Q/b �#Qp2- i?2 K�BMbi`2�K K2i?Q/b BM+Hm/2 �HbQ K�+?BM2

H2�`MBM; K2i?Q/b BM T`2/B+iBM; iBK2 b2`B2bX J�+?BM2 H2�`MBM; Bb FMQrM 7Q` Bib +`Qbb@H2�`MBM; #2ir22M

i?2 T`2/B+iQ`b iQ 7Q`2+�bi i?2 p�`B�#H2 Q7 BMi2`2biX h?2b2 i2+?MB[m2b b22F iQ B/2MiB7v i?2 mM/2`HvBM;

/2T2M/2M+B2b T`2b2Mi BM i?2 /2K�M/ /�i� �M/ mb2 i?2b2 iQ 7Q`2+�bi 7mim`2 p�Hm2b �M/ �`2 +�T�#H2

Q7 +�Tim`BM; +QKTH2t T�ii2`Mb BM HQM;@i2`K 7Q`2+�bib U>vM/K�M � E?�M/�F�`- kyy3VX PM2 Q7 i?2

}`bi r?Q mb2/ K�+?BM2 H2�`MBM; i2+?MB[m2b BM T`2/B+iBM; BMi2`KBii2Mi /2K�M/ r�b :miB2``2x 2i

�HX Ukyy3V- r?Q +QKT�`2/ i?2 Qmi+QK2 rBi? a1a- *`QbiQM- �M/ a"� mbBM; 2H2+i`QMB+ /Bbi`B#miQ`

/�i�X h?2 `2bmHib r2`2 7QmM/ iQ #2 KQ`2 �++m`�i2X G�i2` QM- EQm`2Mix2b UkyR3V 2ti2M/2/ i?2

KQ/B}2/ KQ/2H T`QTQb2/ #v JmF?QT�/?v�v 2i �HX UkyRkV- /2KQMbi`�iBM; i?�i i?2 M2m`�H M2irQ`F

i2+?MB[m2 QmiT2`7Q`K2/ *`QbiQM �M/ Bib p�`B�iBQMb BM i2`Kb Q7 b2`pB+2 H2p2Hb #mi T2`7Q`K2/ TQQ`Hv

BM �++m`�+v K2i`B+b /m2 iQ i?2 /Bz2`2M+2 #2ir22M H2p2Hb BM i?2 BMi2`KBii2M+v �M/ i?2 +?QB+2 Q7 2``Q`

7mM+iBQMX

kXj J9 �M/ J8 6Q`2+�biBM; *QKT2iBiBQMb

J9 �M/ J8 +QKT2iBiBQMb ?�p2 7m`i?2` 2tT�M/2/ i?2 2tT2`iBb2 rBi?BM i?2 iBK2 b2`B2b #v i?2

+QKT2iBiQ`b +QKT2iBM; �;�BMbi 2�+? Qi?2` iQ BKT`Qp2 i?2 2tBbiBM; KQ/2HbX AM J9- i?2 /�i� +QK2

RR



rBi? /Bz2`2Mi 7`2[m2M+v �M/ b2�bQM�HBivX Ai Bb +H2�` i?�i 7`QK J9 UJ�F`B/�FBb- aTBHBQiBb- � �bbB@

K�FQTQmHQb- kykyc >vM/K�M- kykyV- Tm`2 +QK#BM2/ bi�iBbiB+�H- K�+?BM2 H2�`MBM;- �M/fQ` KBt2/

K2i?Q/b QmiT2`7Q`K i?2 #�b2 bi�iBbiB+�H Q` K�+?BM2 H2�`MBM; �H;Q`Bi?KX h?2 +QKT2iBiBQM b?Qr2/

i?�i �b r2HH �b i?2 `2bmHib Q7 i?2 T�bi i?`22 J *QKT2iBiBQMb r2`2 +QM}`K2/ #v i?2 #2ii2` MmK2`B+�H

�++m`�+v Q7 +QK#BMBM; bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; �TT`Q�+?2bX Ai BM/B+�i2b i?�i MQ bBM;H2 �T@

T`Q�+? Bb +�T�#H2 Q7 �++m`�i2Hv +�Tim`BM; iBK2 b2`B2b T�ii2`Mb- #mi i?�i � KBtim`2 Q7 K2i?Q/b- 2�+?

Q7 r?B+? +�Tim`2b � /Bz2`2Mi �bT2+i Q7 bm+? +QKTH2t T�ii2`Mb- Bb KQ`2 �++m`�i2 bBM+2 Bi H2p2`�;2b

i?2 2``Q`b Q7 BM/BpB/m�H KQ/2HbX avKH UkyR3V rQM i?2 J9 +QKT2iBiBQM #v KBtBM; KQ/2Hb Q7 #Qi?

bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; 72�im`2b b?QrBM; � rBMMBM; bB;MB}+�Mi RyW BKT`Qp2K2Mi Qp2` i?2

#2M+?K�`FX h?2 KQ/2H +�M #2 /2b+`B#2/ �b ?B2`�`+?B+�H M�im`2 Q7 T�`�K2i2` b2H2+iBQM #Qi? ;HQ#�HHv

�M/ HQ+�HHv 7Q` 2�+? iBK2 b2`B2b- #�b2/ QM i?2 p�`B�iBQM Q7 i?2 _LLX JQ`2Qp2`- JQMi2`Q@J�MbQ 2i

�HX UkykyV miBHBx2/ s:"QQbi QTiBKBxBM; QmiTmib T`Q/m+2/ #v bi�iBbiB+�H iBK2@b2`B2b KQ/2Hb- �M/ i?2

KQ/2H r�b `�MF2/ �b b2+QM/ #2?BM/ i?2 ?v#`B/ �TT`Q�+?X

AM �//BiBQM iQ J9- i?2 /�i� BM J8 +QMbBbib +QMi2tim�H BM7Q`K�iBQM- �M/ i?2 b2[m2MiB�H /�i�

r�b ;`QmT2/ BM � +`Qbb@b2+iBQM�H K�MM2`- r?B+? �HbQ b?Qrb HmKTv- 2``�iB+- �M/ BMi2`KBii2Mi +?�`@

�+i2`BbiB+bX S�`iB+BT�Mib K�v +?QQb2 i?2B` �TT`Q�+? iQ 7Q`2+�bi mMBi b�H2b �i /Bz2`2Mi �;;`2;�iBQM

H2p2Hb BM b2p2`�H bm#@;`QmTbX h?2 `2bmHib b?Qr2/- +QM}`K2/ i?2 }M/BM; Q7 i?2 T`2pBQmb +QKT2iB@

iBQM- i?2 BKT`Qp2/ �++m`�+v Q7 +QK#BMBM; 7Q`2+�bib 7`QK /Bz2`2Mi K2i?Q/b UJ�F`B/�FBb- aTBHBQiBb-

� �bbBK�FQTQmHQb- kykkVX 6Q` 2t�KTH2- i?2 rBMMBM; K2i?Q/ mb2/ �M 2[m�H@r2B;?i2/ +QK#BM�iBQM

Q7 bBt KQ/2Hb- 2�+? Q7 r?B+? iQQF mb2 Q7 � /BbiBM+i i`�BMBM; b2i �M/ H2�`MBM; bi`�i2;vX aBKBH�`Hv- �M

2[m�H@r2B;?i2/ +QK#BM�iBQM Q7 }p2 KQ/2Hb- 2�+? Q7 r?B+? ?�/ � /Bz2`2Mi 2biBK�i2 Q7 i?2 i`2M/- r�b

2KTHQv2/ #v i?2 i2+?MB[m2 i?�i TH�+2/ b2+QM/X

6m`i?2`KQ`2- i?2 `2bmHib b?Qr2/ i?�i i?2 iQT@T2`7Q`KBM; bm#KBbbBQMb r2`2 MQi bmT2`BQ` BM �HH

�;;`2;�iBQM H2p2HbX 6Q` 2t�KTH2- i?2 rBMMBM; i2�K r�b QMHv bmT2`BQ` BM HQr2` �;;`2;�iBQM H2p2Hb-

BX2X- HQr 7`2[m2M+v v2�`Hv +QKT�`2/ iQ /�BHv /�i�X h?2 b�K2 ?2H/ 7Q` i?2 b2+QM/@`�MF2/ i2�K- r?Q

r�b �HbQ bmT2`BQ` BM HQr2` �;;`2;�iBQM H2p2HbX h?Bb +�M #2 2tTH�BM2/ �b +?�`�+i2`BbiB+b HBF2 i`2M/

�M/ b2�bQM�HBiv �`2 +?�HH2M;BM; iQ B/2MiB7v r?2M 7Q`2+�biBM; /Bb�;;`2;�i2/ /�i� rBi? mMT`2/B+i�#H2

b�H2b UEQm`2Mix2b- S2i`QTQmHQb 2i �HX- kyR9VX aBKBH�`Hv- LBFQHQTQmHQb 2i �HXUkyR9V �TTHB2/ �;;`2;�i2@

.Bb�;;`2;�i2 AMi2`KBii2Mi .2K�M/ �TT`Q�+? U�.A.�V iQ "`BiBb? _Qv�H �B`7Q`+2 /�i� �M/ +H�BK2/
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BKT`Qp2/ �++m`�+v r?2M i?2 /�i� r�b i2KTQ`�H �``Q;�i2/ BMiQ HQr2` �;;`2;�iBQM H2p2Hb- #mi i?2

2``Q` BM+`2�b2/ r?2M i?2 i2KTQ`�H �``Q;�iBQM r�b iQQ HQrX

G�biHv- i?2 J8 6Q`2+�biBM; *QKT2iBiBQM K�`Fb � bB;MB}+�Mi b?B7i �b T�`iB+BT�Mib #2;�M ?2�pBHv

BM+Q`TQ`�iBM; K�+?BM2 H2�`MBM; +QK#BM�iBQM K2i?Q/b- bT2+B}+�HHv miBHBxBM; GB;?i:"J �M/ _LLX

h?2b2 �TT`Q�+?2b /2KQMbi`�i2 i?2B` +�T�#BHBiv BM ?�M/HBM; � rB/2 `�M;2 Q7 +Q``2H�i2/ iBK2 b2`B2b

/�i�X �HH Q7 i?2 iQT@T2`7Q`KBM; i2+?MB[m2b BM i?2 +QKT2iBiBQM bm`T�bb i?2 T2`7Q`K�M+2 Q7 i`�/BiBQM�H

bi�iBbiB+�H #2M+?K�`Fb �M/ i?2B` +QK#BM�iBQMbX >Qr2p2`- i?2 [m2biBQM `�Bb2b r?2i?2` i?2b2 K�+?BM2

H2�`MBM; K2i?Q/b rQmH/ �HbQ �+?B2p2 � ?B;? �++m`�+v T2`7Q`K�M+2 BM i?2 +QMi2ti Q7 bT�`2 T�`ib

/2K�M/- r?2`2 i?2 bT�`2 T�`ib �`2 H�`;2Hv mM+Q``2H�i2/ rBi? 2�+? Qi?2`bX

kX9 *QKT�`�iBp2 aim/B2b

SBMÏ2 2i �HX UkykRV /B/ � [m�MiBi�iBp2 HBi2`�im`2 �M�HvbBb QM 8j Tm#HB+�iBQMb T`QpB/BM; i2+?MB[m2

+QKT�`BbQMb iQ bmKK�`Bx2 i?2 `2b2�`+? QM 2biBK�iBM; BMi2`KBii2Mi /2K�M/X h?2v +QM+Hm/2/ i?�i

i?2 a"� ?�/ � ?B;?2` 7Q`2+�biBM; T2`7Q`K�M+2 i?�M *`QbiQM BM 9y Q` KQ`2 `2b2�`+? T�T2`b r?BH2

#2BM; H2bb +H2�` r?2M +QKT�`2/ iQ BMp2MiQ`v +QMi`QHX h?2 +QKT�`�iBp2 bim/B2b ?�p2 #22M 2ti2M/2/

#v .2 >��M UkykRV �M/ L;mv2M UkykjV �b i?2v #2M+?K�`F2/ *`QbiQM- ha"- a"�- qBHH2K�BM-

JGS- �M/ GB;?i:"J QM 7Qm` bBKmH�i2/ �M/ 7Qm` BM/mbi`v /�i� b2ibX h?2v 7QmM/ i?�i 7`QK �M

Qp2`�HH T2`bT2+iBp2- a"� ?�/ i?2 ?B;?2bi �++m`�+v- r?BH2 qBHH2K�BM ?�/ i?2 ?B;?2bi BMp2MiQ`v

+QMi`QHX "mi r?2M i?2`2 r�b 2ti`2K2 BMi2`KBii2M+v- JGS �M/ GB;?i:"J �TT`Q�+?2b /2HBp2`2/

i?2 #2bi BMp2MiQ`v +QMi`QH `2bmHibX 6Q` 2t�KTH2- r?2M +QKT�`2/ iQ K2�M �#bQHmi2 b+�H2/ 2``Q`

UJ�a1V mbBM; �`iB}+B�HHv 2``�iB+ /�i�- a"� T2`7Q`K2/ #2ii2` i?�M �HH Qi?2` K2i?Q/bX >Qr2p2`-

r?2M +QKT�`2/ iQ bKQQi?2` /�i�- *`QbiQM r�b bmT2`BQ` BM i2`Kb Q7 K2�M b[m�`2/ 2``Q` UJa1V �M/

`QQi2/ K2�M b[m�`2/ b+�H2/ 2``Q` U_Jaa1VX AM +QMi`�bi- bi�iBbiB+�H K2i?Q/b r2`2 KQ`2 bmT2`BQ`

r?2M mb2/ iQ 7Q`2+�bi BM/mbi`B�H /�i� r?BH2 JGS r�b bmT2`BQ` BM 7Q`2+�biBM; bBKmH�i2/ bKQQi? /�i�X

�HbQ- Bi Bb ;QQ/ iQ FMQr i?�i i?2 GB;?i:"J T2`7Q`K2/ i?2 rQ`bi �KQM; �HH i?2 KQ/2Hb BM i2`Kb

Q7 �++m`�+vX
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kX8 *QM+HmbBQM GBi2`�im`2 _2pB2r

"Qi? J9 �M/ J8 6Q`2+�biBM; *QKT2iBiBQMb ?�p2 ?B;?HB;?i2/ i?2 TQi2MiB�H Q7 +QK#BMBM; bi�iBb@

iB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/b iQ BKT`Qp2 7Q`2+�biBM; T2`7Q`K�M+2 #2vQM/ i?�i Q7 BM/BpB/m�H

KQ/2HbX >Qr2p2`- i?2b2 }M/BM;b �`2 MQi 2ti2MbBp2Hv 2tTHQ`2/ Q` i2bi2/ QM /Bz2`2Mi ivT2b Q7 /2K�M/X

h?2 `2b2�`+? +QM/m+i2/ #v .2 >��M UkykRV `2p2�H2/ i?�i i?2 �++m`�+v T2`7Q`K�M+2 Q7 *`QbiQM �M/

Bib KQ/B}2/ KQ/2Hb r�b BM~m2M+2/ #v i?2 ivT2 Q7 /2K�M/- r?2i?2` Bi r�b bBKmH�i2/ ;2M2`�i2/

Q` /2`Bp2/ 7`QK i?2 BM/mbi`B�H /�i�X h?Bb `�Bb2b i?2 [m2biBQM Q7 r?2i?2` +QK#BM; *`QbiQM �M/ Bib

KQ/B}2/ KQ/2Hb +�M 2t?B#Bi bmT2`BQ` �++m`�+v T2`7Q`K�M+2 �+`Qbb 2``�iB+- HmKTv- bKQQi?- �M/

BMi2`KBii2Mi /2K�M/ T�ii2`Mb- �b r2HH �b 7Q` #Qi? ;2M2`�i2/ �M/ BM/mbi`B�H /�i�X AM i?Bb T�T2`- r2

rBHH +QMbi`m+i +QK#BM2/ *`QbiQM �M/ Bib p�`B�iBQMb KQ/2HX h?2b2 KQ/2Hb rBHH #2 +QK#BM2/ mbBM;

bBKTH2@�p2`�;2 U2[m�H@r2B;?i2/V �M/ � bi�+FBM; K2i?Q/ 7�+BHBi�i2/ #v �M QTiBKBx2`X hrQ TQQHb Q7

K2i?Q/b rBHH #2 miBHBx2/- rBi? i?2 b2+QM/ TQQH BM+Q`TQ`�iBM; i?2 7Q`2+�bi Q7 _LLX h?2`27Q`2- �

iQi�H Q7 7Qm` +QK#BM2/ KQ/2Hb rBHH #2 2p�Hm�i2/X �//BiBQM�HHv- r2 rBHH 2KTHQv i?2 ?v#`B/ K2i?Q/

1a_LL iQ �bb2bb Bib +QMi`B#miBQM iQ BMi2`KBii2Mi /2K�M/ 7Q`2+�biBM;- �b i?Bb KQ/2H ?�b MQi #22M

T`2pBQmbHv �TTHB2/ BM i?Bb +QMi2tiX

6m`i?2`KQ`2- i?2 J8 +QKT2iBiBQM /2KQMbi`�i2/ i?2 bB;MB}+�Mi +QMi`B#miBQM Q7 i?2 K�+?BM2

H2�`MBM; K2i?Q/ _LL �M/ GB;?i:"JX >Qr2p2`- BM i?Bb `2b2�`+?- r2 rBHH 2t+Hm/2 GB;?i:"J �b Bi

?�b #22M T`2pBQmbHv i2bi2/ U.2 >��M- kykRV �M/ 7QmM/ iQ #2 QMHv 2z2+iBp2 BM BMp2MiQ`v T2`7Q`K�M+2

mM/2` 2ti`2K2 BMi2`KBii2M+v +QM/BiBQMbX AMbi2�/- r2 rBHH �bb2bb i?2 T2`7Q`K�M+2 Q7 irQ ivT2b Q7

_LL, i?2 +H�bbB+ _LL �M/ i?2 GahJX 6BM�HHv- Bi r�b Q#b2`p2/ BM .2 >��M UkykRV �M/ BM L;mv2M

UkykjV i?�i qBHH2K�BM 2t?B#Bi2/ i?2 Qp2`�HH #2bi BMp2MiQ`v T2`7Q`K�M+2X h?2`27Q`2- r2 rBHH +QKT�`2

i?2 T2`7Q`K�M+2 Q7 i?2 +QK#BM2/ KQ/2Hb rBi? qBHH2K�BM �b r2HHX
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j J2i?Q/QHQ;v

h?Bb T�T2` �BKb iQ 2ti2M/ i?2 2tBbiBM; +QKT�`�iBp2 bim/B2b QM bT�`2 T�`ib 7Q`2+�biBM; #v

2p�Hm�iBM; /Bz2`2Mi K2i?Q/b �M/ i?2B` T2`7Q`K�M+2 BM 7Q`2+�biBM; p�`BQmb +?�`�+i2`BbiB+b Q7 /2K�M/X

h?2 rQ`F~Qr 7QHHQrb � bBKBH�` 7`�K2rQ`F +QM/m+i2/ #v SBMÏ2 2i �HX UkykRV- avMi2iQb Ukyy8V- �M/

h2mMi2` 2i �HX UkyRRVX h?2 #2M+?K�`F BM+Hm/2b +QKT�`BM; i?2 T`QTQb2/ �TT`Q�+? iQ *`QbiQM- ha"-

a"�- �M/ qBHH2K�BM BM i2`Kb Q7 �++m`�+v �M/ BMp2MiQ`v +QMi`QH K2i`B+b bm+? �b �+?B2p2/ }HH `�i2

�M/ ?QH/BM; +QbibX AM i?Bb +QMi2ti- *`QbiQM@#�b2/ KQ/2H Bb mb2/ iQ `272` i?2 i?`22 7Q`2+�biBM;

K2i?Q/b *`QbiQM- ha"- �M/ a"� �b i?2b2 K2i?Q/b �`2 �HH #�b2/ QM i?2 *`QbiQMX AM �//BiBQM iQ

*`QbiQM@#�b2/ KQ/2Hb- i?Bb bim/v BMi`Q/m+2b i?2 mb2 Q7 +QK#BM2/ *`QbiQM@#�b2/ KQ/2Hb- qBHH2K�BM-

irQ ivT2b Q7 `2+m``2Mi M2m`�H M2irQ`Fb- ?v#`B/ 2tTQM2MiB�H bKQQi?BM;@`2+m``2Mi M2m`�H M2irQ`Fb

U1a_LLV- �M/ �.A.� X

6m`i?2`KQ`2- i?2 b2iiBM; 7Q` 2�+? K2i?Q/ rBHH #2 2tTH�BM2/ `2;�`/BM; i?2 /�i� T`Q+2bbBM; �M/

i?2 7Q`2+�biBM; ;2M2`�iBQMX Ai �HbQ +Qp2`b i?2 ?vT2` imMBM; Q7 �Mv bT2+B}+ T�`�K2i2`b iQ 2�+? K2i?Q/X

6Q` �HH i?2 /�i� b2ib +QMbB/2`2/- i?2 }`bi dyW Q7 Q#b2`p�iBQMb rBHH #2 miBHBx2/ �b i`�BMBM; /�i�- r?BH2

i?2 `2K�BMBM; jyW rBHH #2 mb2/ 7Q` i2biBM;X AM i?2 +�b2 Q7 i?2 bi�+FBM; K2i?Q/- T`2/B+iBQMb QM

i?2 p�HB/�iBQM /�i� rBHH �HbQ #2 ;2M2`�i2/- � bm#b2i Q7 Ry 7`QK i?2 KQbi `2+2Mi Q#b2`p�iBQMb 7`QK

i?2 i`�BMBM; /�i� rBHH #2 `2b2`p2/ 7Q` p�HB/�iBQM Tm`TQb2b BM i?2 bBKmH�i2/ �M/ PAG /�i� b2ib- 9

Q#b2`p�iBQMb 7Q` �lhP- jy Q#b2`p�iBQMb 7Q` J�L- �M/ R8 Q#b2`p�iBQMb 7Q` "_�6X

jXR h?2 *`QbiQMǶb K2i?Q/

h?2 }`bi r?Q `2+Q;MBx2/ i?Bb Bb *`QbiQM URNdkV- r?Q /2pBb2/ � M2r �TT`Q�+? i?�i Bb MQr FMQrM

�b *`QbiQMX h?2 BMi2`KBii2Mi /2K�M/ Bbbm2b i?�i a1a 7�+2b ?�p2 #22M `2bQHp2/ #v *`QbiQMX >Bb

�TT`Q�+? b2T�`�i2b i?2 BMi2`@/2K�M/ T2`BQ/ �M/ i?2 /2K�M/ bBx2 BMiQ irQ b2+iBQMb Q7 i?2 /2K�M/

2biBK�iBQMX Ai mb2b a1a iQ 7Q`2+�bi i?2b2 p�Hm2b b2T�`�i2Hv iQ T`QpB/2 bKQQi?2/ 2biBK�i2b Qp2`

iBK2X

G2i Ԡք #2 i?2 Ԙ i? MQM@x2`Q [m�MiBiv- BX2X /2K�M/- �M/ Ԑք #2 i?2 2biBK�i2 Q7 iBK2 BMi2`p�H

#2ir22M MQM@x2`Q /2K�M/b Ԡքφ �M/ ԠքX A7 ࣞԠք�φ੮ք �M/ ࣞԐք�φ੮ք /2MQi2b i?2 QM2 bi2T 7Q`2+�bi �M/ mbBM;ᅫ �b bKQQi?BM; 7�+iQ`- i?2 K2i?Q/ ;Bp2b,
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ࣞԠք�φ੮ք � 	�  ᅫ
 ࣞԠք੮քφ � ᅫԠքࣞԐք�φ੮ք � 	�  ᅫ
 ࣞԐք੮քφ � ᅫԐք� URV

h?2 bKQQi?BM; T�`�K2i2` ᅫ Bb �bbmK2/ iQ ?�p2 p�Hm2b #2ir22M y �M/ R- �M/ Bb 2[m�H 7Q` #Qi?

1[m�iBQMb URVX G2i ԙ `2T`2b2Mi i?2 KQK2Mi Q7 i?2 KQbi `2+2Mi TQbBiBp2 Q#b2`p�iBQMX h?2 `�iBQ Bb

i?2M mb2/ iQ +�H+mH�i2 i?2 ?@bi2T 7Q`r�`/ T`2/B+iBQM 7Q` i?2 /2K�M/ �i iBK2 ԉ � ԗ-

ࣞԨյ �փ੮յ � Ԡօ�φ੮օ�Ԑօ�φ੮օ� UkV

jXk h?2 a"� J2i?Q/

h?2 a"� r�b T`QTQb2/ #v avMi2iQb �M/ "QvH�M BM kyy8 �M/ Bb bBKBH�` iQ *`QbiQM BM i?�i Bi

b2T�`�i2b i?2 /2K�M/X � #B�b +Q``2+iBQM +Q2{+B2Mi Bb �//2/ iQ *`QbiQMX h?2 BMi2`@/2K�M/ BMi2`p�H

Bb bKQQi?2/ #v T�`�K2i2` Ԑ- r?B+? �BKb iQ H2bb2M i?2 #B�b,

ࣞԨյ �փ੮յ � ঁ�  Ԑ�ং Ԡօ�φ੮օ�Ԑօ�φ੮օ� UjV

a"� ;2M2`�HHv 2t+22/b *`QbiQM BM i2`Kb Q7 T`2/B+iBM; �++m`�+v- r?2`2�b *`QbiQM T2`7Q`Kb

#2ii2` BM i2`Kb Q7 BMp2MiQ`v T2`7Q`K�M+2 ;Bp2M /Bz2`2Mi ivT2b Q7 /2K�M/ T�ii2`Mb USBMÏ2 2i �HX-

kykRVX >Qr2p2`- a1a- *`QbiQM- �M/ a"� KB;?i T2`7Q`K TQQ`Hv BM i?2 T`2b2M+2 Q7 Q#bQH2b+2M+2 Q`

+QK#BM2b rBi? /2+HBMBM; Q` BM+`2�bBM; i`2M/X

jXj h?2 ha" J2i?Q/

h2mMi2` 2i �HXUkyRRV +`2�i2/ ha" 7Q` i?2b2 mMB[m2 /2K�M/ T�ii2`Mb rBi? i?2 T`2b2M+2 Q7

Q#bQH2b+2M+2X h?2 /2K�M/ bBx2 �TT`Q�+? Bb biBHH i?2 b�K2 �b BM *`QbiQM- #mi BMbi2�/ Q7 mbBM;

i?2 BMi2`@/2K�M/ BMi2`p�H T`QD2+iBQM- ha" KBt2b Bi rBi? i?2 /2K�M/ T`Q#�#BHBiv 2biBK�i2X AM i?2

�#b2M+2 Q7 /2K�M/- i?Bb �TT`Q�+? �/Dmbib i?2 /2K�M/ bBx2- r?2`2�b *`QbiQMǶb K2i?Q/ /Q2b MQi

mT/�i2X h?Bb `2bmHib BM � T`QD2+iBQM #2BM; `2pBb2/ /QrMr�`/ r?2M i?2`2 Bb HQr /2K�M/- r?B+?

b?Q`i2Mb i?2 �KQmMi Q7 iBK2 `2[mB`2/ iQ /2i2+i Q#bQH2b+2M+2X h?2 /2K�M/ T`Q#�#BHBiv ԓք Bb �//2/

i?`Qm;? a1a iQ *`QbiQM BM TH�+2 Q7 i?2 BMi2`@/2K�M/ BMi2`p�HX q?2M /2K�M/ Bb K2i- Bi Bb R-

Qi?2`rBb2 Bi Bb y,

Re



ࣞԨյ �փ੮յ � ԟօ�φ੮օԠօ�φ੮օ� U9V

jX9 a2iiBM; *`QbiQM- ha"- �M/ a"�

h?2 *`QbiQM- ha"- �M/ a"� KQ/2Hb BM i?Bb bim/v �`2 BKTH2K2Mi2/ mbBM; i?2 ai�i7Q`2+�bi

HB#`�`v Uai�i7Q`2+�bi- kykjVX h?2 HB#`�`v BM+Hm/2b �HbQ �M QTiBKBx2/ *`QbiQM KQ/2H i?�i imM2b i?2

bKQQi?BM; T�`�K2i2`b #�b2/ QM i?2 �p2`�;2 /2K�M/ bBx2 �M/ BMi2`p�H rBi?BM i?2 `�M;2 Q7 yXR iQ yXj

iQ QTiBKBx2 i?2 T2`7Q`K�M+2X �//BiBQM�HHv- 7Q` i?2 ha" KQ/2H- i?2 bKQQi?BM; T�`�K2i2`b 7Q` i?2

�p2`�;2 /2K�M/ bBx2 �M/ Bib T`Q#�#BHBiv Kmbi #2 bT2+B}2/X h?2`27Q`2- i?2 T�`�K2i2`b �`2 K�Mm�HHv

QTiBKBx2/ rBi?BM i?2 `�M;2 Q7 yXR iQ yXN- rBi? bi2Tb Q7 yXkX

jX8 qBHH2K�BM

qBHH2K�BM 2i �HX Ukyy9V /2p2HQT2/ � KQ/B}2/ #QQibi`�T �TT`Q�+?- i?�i +�M /2�H rBi? 7`2[m2MiHv

`2T2�i2/ p�Hm2- �miQ+Q``2H�iBQM- �M/ b?Q`i b2`B2bX h?2 KQ/2H bi�`ib rBi? � irQ@bi�i2- J�`FQp T`Q+2bb

iQ T`Q/m+2 � b2`B2b Q7 x2`Q �M/ MQM@x2`Q p�Hm2b Qp2` i?2 ԁ T2`BQ/ Q7 i?2 H2�/@iBK2X JQ`2 bT2+B}+�HHv-

i?2 7Q`2+�bi /2T2M/b QM i?2 H�bi Q#b2`p�iBQM r?2i?2` i?2 p�Hm2 Bb x2`Q Q` MQM@x2`QX h?2 M2ti bi2T

Bb iQ +?�M;2 i?2 MQM@x2`Q 7Q`2+�bi #v ;BpBM; � bT2+B}+ MmK2`B+�H p�Hm2X AMbi2�/ Q7 `2b�KTHBM; 7`QK

?BbiQ`B+�H MQM@x2`Q@p�Hm2- r?B+? rQmH/ #2 #Qi? mM`2�HBbiB+ �M/ Qp2`}iiBM;X h?2v +?Qb2 iQ �// bQK2

#B�b iQ +�Tim`2 KQ`2 p�`B�M+2 7`QK � HmKTv- 2``�iB+- �M/ BMi2`KBii2Mi /2K�M/,

ӿԉ ԉ ӺԇӺӹ � � � ALh ख़ԍ � ԏఅԍग़ � U8V

q?2`2 ԍ /2MQi2b �Mv `�M/QK ?BbiQ`B+�H Q#b2`p�iBQM- �M/ w /2MQi2b #B�b- QMHv i?2 MQM@x2`Q

2biBK�i2b rBHH #2 DBii2`2/X PM2 T`2/B+iBQM Q7 i?2 H2�/@iBK2 /2K�M/ UGh.V Bb T`Q/m+2/ QM+2 i?2

2tT2+i2/ p�Hm2b �`2 �//2/ mT Qp2` i?2 7Q`2+�bi ?Q`BxQMX G�biHv- 2biBK�iBM; i`�MbBiBQM T`Q#�#BHBiB2b

�M/ DBii2`BM; �`2 `2T2�i2/ iQ ;2i KmHiBTH2 T`2/B+iBQMb- �M/ i?2b2 p�Hm2b �`2 i?2M bQ`i2/ iQ ;2M2`�i2

� /Bbi`B#miBQM Q7 i?2 Gh.X

Rd



jX8XR a2iiBM; qBHH2K�BM

hQ `2THB+�i2 i?2 `2bmHib QmiHBM2/ #v qBHH2K�M 2i �HX Ukyy9V- i?2 T`Q+2bb /2b+`B#2/ #v .2 >��M

UkykRV Bb +QM/m+i2/X 6B`biHv- r2 ;2M2`�i2 i?2 i`�MbBiBQM T`Q#�#BHBiB2b 7Q` i?2 irQ@bi�i2 J�`FQp +?�BMX

h?2 J�`FQp +?�BM ;2M2`�i2/ yb �M/ Rb Qp2` i?2 bT2+B}2/ 7Q`2+�bi ?Q`BxQMX h?2 MQM@x2`Q /2K�M/

p�Hm2b �`2 i?2M KQ/B}2/ rBi? `�M/QK p�Hm2b 7`QK i?2 ?BbiQ`B+�H /�i�X L2ti- � DBii2`BM; i2+?MB[m2

Bb �TTHB2/ iQ i?2 MQM@x2`Q /2K�M/ p�Hm2bX �7i2` i?2 }iiBM; T`Q+2bb- i?2 }M�H 7Q`2+�bi Bb +�H+mH�i2/

�b i?2 K2�M Q7 i?2 /Bbi`B#miBQM Q7 H2�/@iBK2 /2K�M/X

jXe h?2 _2+m``2Mi L2m`�H L2irQ`F J2i?Q/

_LL mb2b i?2 B/2� Q7 b�pBM; K2KQ`v- r?B+? 2M�#H2b i?2K iQ b�p2 i?2 bi�i2b Q` /2i�BHb Q7

T`BQ` BMTmib BM Q`/2` iQ T`Q/m+2 i?2 bm#b2[m2Mi QmiTmi BM i?2 b2[m2M+2X _2+m``2Mi M2m`�H M2irQ`FbǶ

QmiTmib �`2 `2HB�Mi QM i?2 T`2pBQmb T�`ib BM i?2 b2[m2M+2- mMHBF2 ivTB+�H /22T M2m`�H M2irQ`Fb-

r?B+? T`2bmK2b i?�i BMTmib �M/ QmiTmib �`2 BM/2T2M/2Mi Q7 QM2 �MQi?2`X h?2 M2irQ`F +QKTmi2b

i?2 p�Hm2b Q7 i?2 ?B//2M mMBib �M/ i?2 }M�H QmiTmi �7i2` Ԛ iBK2 bi2Tb BM i?2 722/7Q`r�`/ H�v2`X

h?2 M2irQ`FbǶ `2H�i2/ r2B;?ib �`2 b?�`2/ i?`Qm;?Qmi iBK2 U1HK�M- RNNyVX h?2`2 �`2 irQ ivT2b Q7

r2B;?ib 7Q` 2�+? `2+m``2Mi H�v2`, QM2 7Q` i?2 BMTmi �M/ i?2 Qi?2` 7Q` i?2 ?B//2M mMBiX aBKBH�` iQ �M

Q`/BM�`v H�v2` BM +H�bbB+ M2m`�H M2irQ`Fb- i?2 }M�H 722/7Q`r�`/ H�v2` +QKTmi2b i?2 }M�H QmiTmi 7Q`

i?2 Ԛ@i? iBK2 bi2TX h?2 bi`m+im`2 Q7 _LL +�M #2 2tTH�BM2/ �b 7QHHQr,

G2iǶb b�v r2 ?�p2 Ԛ ?B//2M H�v2`bX �i iBK2 bi2T ԣ- i?2 BMTmi ԧ֏ ୮ ԇ Bb �bbmK2/ iQ #2 �

QM2 b+�H�` p�Hm2 72�im`2- Ԧ֓ ୮ ԇք։֏֎ �`2 r2B;?ib �bbQ+B�i2/ rBi? BMTmib BM i?2 `2+m``2Mi H�v2`

�M/ Ԧփ ୮ ԇփքտտր։ �`2 r2B;?ib �bbQ+B�i2/ rBi? ?B//2M mMBib BM i?2 `2+m``2Mi H�v2`X h?2 +m``2Mi

+QMi2ti ԗ֏ ୮ ԇֈ p2+iQ` biQ`2b i?2 p�Hm2b Q7 i?2 ?B//2M mMBibfbi�i2b �i iBK2 ԣ- Ԝ Bb i?2 MmK#2` Q7

?B//2M mMBibX AMBiB�H bi�;2 i?2 722/#�+F p�Hm2 ԗЈ Bb b2i iQ x2`QX ԑփ ୮ ԇֈ b2`p2b i?2 �bbQ+B�i2/ #B�b

�bbQ+B�i2/ rBi?BM Ԛ@i? H�v2`- �M/ Ԩ֏ ୮ ԇ Bb i?2 QmiTmi Q7 i?2 M2irQ`F �i iBK2 bi2T ԣX
�i 2p2`v Ԛ@i? iBK2 bi2T- r2 +QKTmi2 i?2 ԗ֏ rBi? i?2 mb2 Q7 �M �+iBp�iBQM 7mM+iBQM mMiBH i?2

mM7QH/BM; T`Q+2bb- BX2X i?2 722/7Q`r�`/ H�v2`,

ԗ֏�φ � ԕ 	ԧ֏ ԗ֏ Ԧ֓ Ԧփ ԑփ
 � ԕ 	Ԧ֓ԧ֏ � Ԧփԗ֏ � ԑփ
 � UeV

R3



h?2 QmiTmi Ԩ �i iBK2 ԣ Bb +QKTmi2/ �b,

Ԩ֏ � ԕ ॕԗ֏ Ԧ֔ॖ � ԕ ॕԦ֔ ੁ ԗ֏ � ԑ֔ॖ � UdV

AM Qi?2` rQ`/b- /m`BM; i?2 i`�BMBM; T?�b2 Q7 i?2 _LL KQ/2H- i?2 b2[m2M+2 Q7 ?BbiQ`B+�H /�i� Bb

T`Q+2bb2/ bi2T #v bi2TX h?2 _LL i�F2b i?2 +m``2Mi BMTmi iQ mT/�i2 Bib BMi2`M�H bi�i2 #v BM+Q`TQ`�i@

BM; i?2 BM7Q`K�iBQM 7`QK T`2pBQmb iBK2 bi2Tb i?`Qm;? Bib ?B//2M bi�i2X 6Q` BMbi�M+2- rBi? � +QMi2ti

bBx2 Q7 R- i?2 +QMi2ti bBx2 `272`b iQ i?2 MmK#2` Q7 T`2pBQmb iBK2bi�KTb i?�i �`2 +QMbB/2`2/ r?2M

K�FBM; T`2/B+iBQMb 7Q` i?2 M2ti iBK2bi�KTX �i i?2 BMBiB�H ԣЈ iBK2bi�KT- i?2 _LL `2+2Bp2b i?2 BMTmi

p�Hm2 Q7 ԣЈX Ai T`Q+2bb2b i?Bb BMTmi- mT/�i2b Bib BMi2`M�H bi�i2- �M/ T`Q/m+2b � T`2/B+iBQM 7Q` i?2 M2ti

iBK2 bi2TX JQpBM; iQ i?2 b2+QM/ ԣ��- i?2 _LL i�F2b i?2 BMTmi p�Hm2 7Q` ԣ�� �M/ +QK#BM2b Bi rBi?

i?2 ?B//2M bi�i2 `2T`2b2MiBM; i?2 BM7Q`K�iBQM 7`QK ԣφX h?2 _LL i?2M mT/�i2b Bib BMi2`M�H bi�i2

�;�BM �M/ ;2M2`�i2b �M QmiTmiX h?Bb T`Q+2bb Bb `2T2�i2/ 7Q` 2�+? bm#b2[m2Mi iBK2bi�KT- r?2`2

i?2 _LL +QMbB/2`b i?2 +m``2Mi BMTmi �HQM; rBi? i?2 BM7Q`K�iBQM biQ`2/ BM i?2 ?B//2M bi�i2 7`QK

T`2pBQmb iBK2bi�KTbX "v BM+Q`TQ`�iBM; i?2 ?BbiQ`B+�H +QMi2ti i?`Qm;? i?2 ?B//2M bi�i2- i?2 _LL Bb

i?2M �#H2 iQ +�Tim`2 T�ii2`Mb �M/ /2T2M/2M+B2b BM i?2 iBK2 b2`B2b U*?Q 2i �HX- kyR9c 1HK�M- RNNyVX

�7i2` T`Q+2bbBM; i?2 H�bi iBK2bi�KT Q7 i?2 BMTmi b2[m2M+2- i?2 _LL ?�b �M�Hvx2/ �HH i?2 �p�BH�#H2

?BbiQ`B+�H /�i�X Ai ?�b H2�`M2/ 7`QK i?2 T�ii2`Mb �M/ /2T2M/2M+B2b BM i?2 b2[m2M+2- 2M�#HBM; Bi iQ

K�F2 T`2/B+iBQMb #v H2p2`�;BM; i?2 i2KTQ`�H BM7Q`K�iBQM �M/ /2T2M/2M+B2b rBi?BM i?2 /�i�X

h?2 +QMi2ti bBx2 Bb �M �/Dmbi�#H2 T�`�K2i2`- i?�i bT2+B}2b ԝ iBK2bi�KTb �b +QMi2ti �M/

T`Q/m+2b 7Q` i?2 M2ti iBK2bi�KT ԣ֓X 6Q` 2t�KTH2- � +QMi2ti bBx2 Q7 Ry K2�Mb i?�i i?2 }`bi Ry

iBK2bi�KTb �`2 mb2/ �b i?2 BMBiB�H +QMi2tiX Ai T`Q+2bb2b i?Bb +QMi2ti �M/ T`Q/m+2b � T`2/B+iBQM 7Q`

i?2 RRi? iBK2bi�KTX �b T`2pBQmb bim/B2b b?Qr U*?Q 2i �HX- kyR9c 1HK�M- RNNyV- � H�`;2` +QMi2ti

bBx2 +�M +�Tim`2 HQM;2`@i2`K /2T2M/2M+B2b- #mi K�v BM+`2�b2 +QKTmi�iBQM�H +QKTH2tBivX PM i?2

Qi?2` ?�M/- � bK�HH2` +QMi2ti bBx2 K�v 7Q+mb KQ`2 QM `2+2Mi T�ii2`Mb #mi K�v Qp2`HQQF HQM;2`@i2`K

i`2M/bX 6Q` bT�`2 T�`ib 7Q`2+�biBM;- � b?Q`i2` +QMi2ti bBx2 +�M i?2`27Q`2 #2 �/p�Mi�;2QmbX �b i?2

/2K�M/ T�ii2`M Q7i2M 2t?B#Bib ?B;? pQH�iBH2 /2K�M/ bBx2 �M/ B``2;mH�` BMi2`p�Hb #2ir22M /2K�M/bX

h?2 _LL K�v i?2M #2 �#H2 iQ [mB+FHv `2bTQM/ iQ +?�M;BM; /2K�M/ T�ii2`Mb �M/ +�Tim`2 i?2

/vM�KB+b Q7 bT�`2 T�`ib /2K�M/- i?2`2#v BKT`QpBM; Bib 7Q`2+�biBM; �++m`�+vX

RN



jXd h?2 GahJ J2i?Q/

GQM;@`�M;2 b2[m2M+2 +QMi2ti T`2b2`p�iBQM Bb � +?�HH2M;2 7Q` _LLb �b H2M;i?v b2[m2M+2b +�MMQi

#2 T`Q+2bb2/ #v _LL U*?Q 2i �HX- kyR9VX �b � 7mM+iBQM Q7 iBK2- i?2 BM~m2M+2 Q7 � +2`i�BM BMTmi

rBi?BM i?2 ?B//2M H�v2` /2+�vb 2tTQM2MiB�HHv- r?B+? +�mb2b ;`�/B2Mib iQr�`/ x2`Q- T`2p2MiBM; i?2

M2irQ`F 7`QK H2�`MBM; M2r r2B;?ibX hQ Qp2`+QK2 i?2 p�MBb?BM; ;`�/B2Mi T`Q#H2K- GahJ +�M #2

i?2 QTiBK�H bQHmiBQM U>Q+?`2Bi2`� a+?KB/?m#2`- RNNdVX

GahJ QT2`�i2b BM � +?�BM bi`m+im`2 BM bQ@+�HH2/ ǳi?2 +2HH bi�i2Ǵ- r?B+? Bb � p2+iQ` i`�Mb72`

`mMMBM; /QrM i?2 r?QH2 +?�BM Ua�F- a2MBQ`- 6`�MÏQBb2- kyR9VX GahJb �`2 +�T�#H2 Q7 KQ/B7vBM; i?2

+2HH bi�i2 #v `2KQpBM; Q` �//BM; BM7Q`K�iBQM- r?B+? Bb +�`27mHHv +QMi`QHH2/ pB� b2p2`�H ;�i2b i?�i

+QMbBbi TQBMirBb2 KmHiBTHB+�iBQM T`Q+2bb- BX2X p2+iQ` �//BiBQM- �M/ � H�v2` Q7 bB;KQB/ M2m`�H M2irQ`Fb

U1HK�M- RNNyVX

a2H2+iBM; BM7Q`K�iBQM 7`QK i?2 +2HH bi�i2 iQ /Bb+�`/ Bb i?2 }`bi bi�;2 BM GahJX h?2 7Q`;2i ;�i2

H�v2`- � bB;KQB/ H�v2` ;2M2`�i2b � MmK#2` #2ir22M y �M/ R BM i?2 +2HH bi�i2 Ӹ֏φ�i ԗ֏φ �M/ ԧ֏-
r?2`2�b R K2�Mb b�pBM; i?2 /�i�- Qi?2`rBb2 y /Bb+�`/BM; i?2 /�i�X h?2 }`bi bi2T +�M #2 7Q`KmH�i2/

�b 7QHHQr, ԕ֏ � ᅼ ॕԌց ੁ <ԗ֏φ ԧ֏> � ԑցॖ � U3V

h?2 M2ti bi2T Bb +?QQbBM; r?B+? p�Hm2b Ԙ֏ b?QmH/ #2 mT/�i2/ #v +`2�iBM; � b2i Q7 M2r +�M/B/�i2

p�Hm2b ࣠Ӹ֏ mbBM; i?2 BMTmi ;�i2 H�v2` pB� #Qi? bB;KQB/ �M/ i�M? H�v2` HQQFBM; �i Ӹ֏φ BM ԗ֏φ �M/ԧ֏,
Ԙ֏ � ᅼ 	Ԍք ੁ <ԗ֏φ ԧ֏> � ԑք
 ࣠Ӹ֏ � i�M? 	Ԍվ ੁ <ԗ֏φ ԧ֏> � ԑվ
 � UNV

AM Q`/2` iQ mT/�i2 i?2 Ӹ֏φ BMiQ Ӹ֏- ԕ֏ Bb BM � HBM2�` +QK#BM�iBQM K�MM2` rBi? i?2 Ӹ֏φ BM

�//BiBQM rBi? i?2 b2i Q7 M2r +�M/B/�i2 p�Hm2b,

Ӹ֏ � ԕ֏ ੁ Ӹ֏φ � Ԙ֏ ੁ ࣠Ӹ֏� URyV

AM i?2 }M�H bi2T- i?2 QmiTmi rBHH #2 b2H2+i2/ �M/ }Hi2`2/ #�b2/ QM i?2 bi�imb Q7 i?2 +2HHX �

bB;KQB/ H�v2` iQ /2i2`KBM2 r?B+? TQ`iBQMb Q7 i?2 +2HH bi�i2 rBHH #2 QmiTmiX h?2M- r2 KmHiBTHv i?2

ky



QmiTmi Q7 i?2 bB;KQB/ ;�i2 #v i?2 +2HH bi�i2 iQ 2Mbm`2 i?�i r2 QMHv QmiTmi i?2 TQ`iBQMb r2 ?�p2

b2H2+i2/- �7i2` Tmb?BM; i?2 p�Hm2b iQ #2 #2ir22M y �M/ R mbBM; i?2 i�M? 7mM+iBQM,

Ԟ֏ � ᅼ 	Ԍ֊ <ԗ֏φ ԧ֏> � ԑ֊
 ԗ֏ � Ԟ֏ ੁ i�M? 	Ӹ֏
 � URRV

jX3 a2iiBM; _LL �M/ GahJ

h?2 T`QTQb2/ KQ/2H 7Q` i?Bb `2b2�`+? Bb � +H�bbB+ _LL QM i?2 rQ`F Q7 1HK�M URNNyVX Ai Bb �

KmHiB@G�v2` 1HK�M _LL rBi? �M JGS /2+Q/2`X 6B`bi- i?2 /�i� M22/b iQ #2 MQ`K�HBx2/ �b ?�pBM;

/Bz2`2Mi /2K�M/ bBx2 +�M BKT�+i i?2 7Q`2+�biBM; T2`7Q`K�M+2- i?2 Q#b2`p�iBQMb �`2 MQ`K�HBx2/ iQ

� `�M;2 #2ir22M y �M/ RX L2ti- � ?vT2`T�`�K2i2` imMBM; T`Q+2bb Bb +QM/m+i2/ iQ }M/ i?2 QTiBK�H

+QK#BM�iBQM Q7 T�`�K2i2`bX _LL �M/ GahJ 7`QK i?2 LBtiH� HB#`�`v UL2m`�H7Q`2+�bi- kykjV �`2

BKTH2K2Mi2/ �M/ i?2 7QHHQrBM; T�`�K2i2`b �`2 ?vT2`@imM2/,

RX h?2 bBx2 Q7 i?2 +QMi2ti rBM/Qr- r?B+? /2MQi2b i?2 MmK#2` Q7 T`2pBQmb iBK2 bi2Tb +QMbB/2`2/

�b BMTmiX Ai Bb p�`B2/ rBi?BM i?2 `�M;2 Q7 9 iQ RkX

kX h?2 2M+Q/2` �KQmMi Q7 H�v2`b /2MQi2b i?2 MmK#2` Q7 GahJ Q` _LL H�v2`b BM i?2 2M+Q/2`

+QKTQM2Mi Q7 i?2 KQ/2H- /Bz2`2Mi p�Hm2b `�M;BM; 7`QK k iQ e �`2 2tTHQ`2/X

jX h?2 2M+Q/2` ?B//2M bBx2 T�`�K2i2` `272`b iQ i?2 MmK#2` Q7 ?B//2M mMBib BM 2�+? H�v2` Q7 i?2

2M+Q/2`X Ai Bb p�`B2/ 7`QK kyy iQ 9yyX

jXN h?2 1a_LL J2i?Q/

h?2 7�KBHv Q7 +�T�#H2 K�+?BM2 H2�`MBM; KQ/2Hb FMQrM �b i?2 M2m`�H M2irQ`F ULLV Bb /Bp2`b2X

>Qr2p2`- i?2v b?�`2 BM +QKKQM #v MQi #2BM; iBK2@bT2+B}+X Ai Bb M2+2bb�`v iQ T`2T`Q+2bb i?2 b2`B2b

/�i�- #mi i?2 T`2T`Q+2bb Bb /B{+mHi �b LLb ivTB+�HHv +QMi�BM iQQ K�Mv r2B;?ib iQ }i 7Q` 2�+? iBK2

b2`B2bX h?Bb T`Q#H2K K�v #2 `2bQHp2/ pB� +`Qbb@H2�`MBM; �M/ T`2T`Q+2bb UMQ`K�HBx�iBQM �M/ Q7i2M

/2b2�bQM�HBx�iBQMV- #mi i?2 `2bmHib +�M biBHH #2 /Bb�TTQBMiBM; �b LL �M/ 2p2M _LL i2M/ iQ �p2`�;2

i?2B` `2bTQMb2bX aKvH UkyR3V �TT`Q�+?2b i?Bb T`Q#H2K #v #2BM; ?B2`�`+?B+�HĜT�`i@iBK2 b2`B2b@bT2+B}+

�M/ T�`i ;HQ#�HX Ai +QK#BM2b K�Mm�HHv r`Bii2M +QKTQM2Mib- bm+? �b i?2 1a rBi? _LLX aKvH UkyR3V

T`Qp2b i?�i ?Bb �TT`Q�+? /Q2b MQi bBKTHv +QK#BM2 M2m`�H M2irQ`Fb �M/ 2tTQM2MiB�H bKQQi?BM;X

AMbi2�/- �HH T�`�K2i2`b- BM+Hm/BM; i?2 BMBiB�H 1a b2�bQM�HBiv �M/ bKQQi?BM; +Q2{+B2Mib- �`2 }ii2/

kR



bBKmHi�M2QmbHv rBi? i?2 _LL r2B;?ib mbBM; i?2 b�K2 ;`�/B2Mi /2b+2Mi K2i?Q/X

h?2 KQ/2H bi�`ib rBi? i?2 bBKTH2bi �H;Q`Bi?K Q7 1a,

चԨ֏�φ � Ԩࣲ֏ � ᅫ 	Ԩ֏  Ԩࣲ֏
 � URkV

q?2`2 ᅫ Bb i?2 bKQQi?BM; 7�+iQ` p�`vBM; 7`QK y iQ R- �++Q`/BM; iQ i?2 �H;Q`Bi?K- i?2 7Q`2+�bi

Bb B/2MiB+�H iQ i?2 T`2pBQmb 7Q`2+�bi �/Dmbi2/ #v i?2 T`2pBQmb 2``Q`X aKvH UkyR3V mb2b �M 2ti2M/2/

p2`bBQM Q7 1a- >QHi@qBMi2`b- rBi? KmHiBTHB+�iBp2 b2�bQM�HBiv iQ Q#b2`p2 iBK2 b2`B2b +QKTQM2MibX

ԛ֏ � ᅫ 	Ԩ֏�Ԣ֏
 � 	�  ᅫ
 	ԛ֏φ � ԑ֏φ
 Ԣ֏�ֈ � ᅭ Ԩ֏	ԛ֏ � ԑ֏
 � 	�  ᅭ
Ԣ֏� URjV

q?2`2 ᅫ- ᅬ- ᅭ �`2 bKQQi?BM; +Q2{+B2Mib #2ir22M y �M/ R- ԛ /2MQi2b H2p2H �M/ Ԣ /2MQi2b

KmHiBTHB+�iBp2 b2�bQM�HBivX aBM+2 1a Bb }ii2/ 7Q` 2�+? b2`B2b- +`Qbb@b2`B2b H2�`MBM; Bb MQi TQbbB#H2X

>Qr2p2`- �M LL i`�BM2/ QM �HH b2`B2b +�M #2 mb2/ 7Q` MQMHBM2�` 7Q`2+�biBM;X h?2 _LL Bb i`�BM2/

rBi? �HH i?2 iBK2 b2`B2b #v #2BM; ;HQ#�H- r?2`2�b i?2 1a T�`�K2i2`b �`2 mMB[m2 iQ 2�+? iBK2 b2`B2bX

h?2 Qmi+QK2 Q7 _LL Bb mb2/ �M/ BMi2;`�i2/ BMiQ i?2 1a KQ/2H- r?B+? ?�b b?�`2/ T�`�K2i2`b iQ

H2�`M i?2 HQ+�H i`2M/b �KQM; i?2 b2`B2bX h?2`27Q`2- i?2 7Q`2+�biBM; #2+QK2b,

ࣞԨ֏�φӳӳ֏�փ � ԇԃԃ 	ԍ֏
  ԛ֏  Ԣ֏�φӳӳ֏�փ� UR9V

q?2`2 ԍ֏ Bb � p2+iQ` Q7 T`2T`Q+2bb2/ /�i� �M/ i?2 KmHiBTHB+�iBQM Bb 2H2K2Mi@rBb2- ԇԃԃ 	ԍ֏

/2MQi2b i?2 T`2/B+i2/ i`2M/ #v _LLX JQ`2Qp2`- ԍ֏ Bb +QKTQb2/ Q7 MQ`K�HBx2/ �M/ /2b2�bQM�HBx2/

iBK2 b2`B2b@/2`Bp2/ T�`�K2i2`bX h?2 ?v#`B/ KQ/2H QTiBKBx2b irQ HQbb2bc [m�MiBH2 HQbb �M/ `2;mH�`@

Bx�iBQM, ԁ	Ԩ ࣞԨ
 � Ԡ	Ԩ  ࣞԨ
� � 	�  Ԡ
	 ࣞԨ  Ԩ
�� UR8V

>Qr2p2`- Bi Bb TQbbB#H2 r?2M i`2�iBM; �HH b2`B2b �b � bBM;H2 ;HQ#�H KQ/2H KB;?i Qp2`HQQF i?2

BM/BpB/m�H #2?�pBQ`b Q7 2�+? bT�`2 T�`i �b 2�+? Q7 i?2K Q7i2M 2t?B#Bib ?B;? BMi2`KBii2M+v- K2�MBM;

i?�i bT�`2 T�`ib ?�p2 BM7`2[m2Mi /2K�M/ T�ii2`Mb- mMB[m2 +?�`�+i2`BbiB+b- �M/ mMB[m2 /2K�M/

T�ii2`MbX JQ`2Qp2`- bT�`2 T�`ib /2K�M/ +�M #2 BM~m2M+2/ #v HQ+�H 7�+iQ`b bT2+B}+ iQ 2�+? T�`i-

kk



bm+? �b i?2 HB72 +v+H2 Q7 i?2 2[mBTK2Mi Bi #2HQM;b iQ- `2TH�+2K2Mi +v+H2b- �M/ bT2+B}+ +mbiQK2`

/2K�M/bX h`�BMBM; � ;HQ#�H KQ/2H KB;?i MQi +�Tim`2 i?2b2 HQ+�H i`2M/b �M/ /2T2M/2M+B2bX AM i?Bb

+QMi2ti- Bi Bb biBHH BMi2`2biBM; iQ 2tTHQ`2 r?2i?2` � T�`iB�HHv �M/ ;HQ#�HHv i`�BM2/ KQ/2H HBF2 1a_LL

+�M QmiT2`7Q`K *`QbiQM �M/ Bib p�`B�iBQMbX

jXNXR a2iiBM; 1a_LL

hQ `mM i?2 1a_LL KQ/2H 7`QK i?2 L2m`�H7Q`2+�bi T�+F�;2 UL2m`�H7Q`2+�bi-kykjV- Bi Bb M2+2b@

b�`v iQ 2Mbm`2 i?�i i?2 bBKmH�i2/ �M/ BM/mbi`B�H /�i� b2ib ?�p2 i?2 b�K2 /BK2MbBQMb �b i?2 /�i� BM

i?2 J9 +QKT2iBiBQM r?2`2 i?2 KQ/2H r�b Q`B;BM�HHv �TTHB2/X h?Bb BMpQHp2/ �``�M;BM; i?2 /�i� bm+?

i?�i �HH iBK2 b2`B2b �`2 +QMbQHB/�i2/ BMiQ QM2 +QHmKM- B/2MiB}2/ #v � mMB[m2 A. T2` biQ+F F22TBM;

mMBi UaElV `2+Q`/2/ BM � b2T�`�i2 +QHmKMX h?2b2 BM+Hm/2/ +�H+mH�iBM; i?2 MmK#2` Q7 iBK2bi�KTb

�M/ mMB[m2 MmK#2`b T`2b2Mi BM i?2 /�i�X 6Q` BMbi�M+2- BM i?2 +�b2 Q7 i?2 bBKmH�i2/ /�i� b2ib- r?B+?

BMBiB�HHv ?�p2 /BK2MbBQMb Q7 Uey-e8yyV- � i`�Mb7Q`K�iBQM Bb `2[mB`2/ iQ `2bi`m+im`2 i?2 /�i� BMiQ �

b?�T2 Q7 Uj-jNyyyyV- r?B+? �`2 mMB[m2 A.- iBK2bi�KTb R iQ ey- �M/ i?2 p�Hm2 v �i iBK2bi�KT ԣ T2`

aEl- �M/ mT iQ ey�e8yy 4 jNyXyyy `QrbX

PM2 T�`iB+mH�` T�`�K2i2` Q7 BMi2`2bi 7Q` TQi2MiB�H QTiBKBx�iBQM Bb i?2 BMTmi bBx2- i?2 b�K2

�b i?2 +QMi2ti bBx2 K2MiBQM2/ BM _LL �M/ GahJ- r?B+? /2MQi2b i?2 MmK#2` Q7 T`2pBQmb iBK2

bi2Tb +QMbB/2`2/ �b BMTmiX Ai Bb +?Qb2M iQ MQi �/QTi �Mv T�`�K2i2`b �b Bi `2[mB`2b KQ/B}+�iBQMb

iQ i?2 /�i� HQ�/BM; �M/ T`2T`Q+2bbBM; iQQHb rBi?BM i?2 MBtiH�ib@/�i�@ib/�i�b2i@KQ/mH2- r?B+? �`2

+QMbB/2`2/ �b i2+?MB+�H HBKBi�iBQMbX 6Q` i?Bb K2i?Q/- � /2+BbBQM Bb K�/2 iQ F22T i?2 BMTmi bBx2 }t2/

�i kyW Q7 i?2 H2M;i? T2` aEl T2` i`�BMBM; /�i�X AX2X- i?2 BMTmi bBx2 Bb 3 7Q` bBKmH�i2/ /�i�- 3 7Q`

PBH- Rk 7Q` "_�6- kR 7Q` J�L- �M/ j 7Q` �lhPX

PM2 HBKBi�iBQM Q7 i?2 1a_LL KQ/2H 7`QK i?Bb T�+F�;2 Bb Bib BM�#BHBiv iQ `mM iBK2 b2`B2b rBi?

x2`Q /2K�M/ rBi?Qmi /Bb`mTiBQMbX q?2M � x2`Q /2K�M/ Q++m`b rBi?BM � b2`B2b- i?2 KQ/2H 2M+QmMi2`b

2``Q`b �M/ 7�BHb iQ +QMiBMm2 `mMMBM;X hQ �//`2bb i?Bb Bbbm2- � T`�+iB+�H bQHmiBQM +�M #2 BKTH2K2Mi2/

#v �//BM; � bK�HH #B�b iQ 2�+? Q#b2`p�iBQM rBi?BM i?2 iBK2 b2`B2bX aT2+B}+�HHv- � +QMbi�Mi p�`B�#H2

Q7 yXyR Bb �//2/ iQ �HH /�i� TQBMibX "v /QBM; bQ- 2p2M B7 i?2 /2K�M/ Bb x2`Q- i?2 b2`B2b rBHH ?�p2 �

bK�HH MQM@x2`Q p�Hm2- �HHQrBM; i?2 1a_LL KQ/2H iQ ?�M/H2 Bi rBi?Qmi 2M+QmMi2`BM; 2``Q`bX

kj



jXRy 1[m�H r2B;?i2/ �M/ ai�+FBM; *QK#BM�iBQM J2i?Q/b

h?2 T`�+iB+2 Q7 +QK#BMBM; irQ Q` KQ`2 7Q`2+�biBM; K2i?Q/b rBi? i?2 ;Q�H Q7 BKT`QpBM; Qp2`�HH

T`2/B+iBQM T2`7Q`K�M+2- bQ +�HH2/ 2Mb2K#H2 K2i?Q/b rBHH #2 /2b+`B#2/ BM i?Bb b2+iBQMX a2p2`�H

K2i?Q/b rBHH #2 2KTHQv2/ iQ KBiB;�i2 i?2 2``Q`b �bbQ+B�i2/ rBi? BM/BpB/m�H K2i?Q/bX hrQ +QKKQMHv

+QK#BM2/ i2+?MB[m2b rBHH #2 mb2/X URV aBKTH2 �p2`�;2, �bbB;MBM; 2[m�H r2B;?ib 7Q` 2�+? K2i?Q/Ƕb

T`2/B+iBQMbX UkV ai�+FBM;, mb2 Q7 � J2i�@H2�`M2` iQ +QK#BM2 T`2/B+iBQMb 7`QK � TQQH Q7 KQ/2Hb

UJQMi2`Q@J�MbQ 2i �HX- kyRNV- � J2i�@H2�`M2` Bb � KQ/2H i?�i Bb mb2/ iQ /2i2`KBM2 i?2 QTiBK�H

+QK#BM�iBQM r2B;?ib 7Q` 7Q`2+�bi +QK#BM�iBQMX

JQMi2`Q@J�MbQ 2i �HXUkyRNV T`QTQb2/ � +QK#BM2/ 7Q`2+�biBM; K2i?Q/ #v miBHBxBM; iBK2 b2`B2b

+?�`�+i2`BbiB+b BM irQ b2T�`�i2/ T`Q+2bb2b, iQ `2/m+2 i?2 HQbb 7mM+iBQM `2bmHiBM; 7`QK � r2B;?i2/

7Q`2+�bi +QK#BM�iBQM- i?2v }`bi 2KTHQv2/ � +QHH2+iBQM Q7 iBK2 b2`B2b iQ i`�BM � J2i�@KQ/2H 7Q`

r2B;?BM; KmHiBTH2 TQi2MiB�H 7Q`2+�biBM; �TT`Q�+?2bX 62�im`2b i?�i �`2 i�F2M 7`QK 2�+? b2`B2b b2`p2/

�b i?2 J2i�@BMTmibX L2r b2`B2b �`2 2biBK�i2/ mbBM; � r2B;?i2/ 7Q`2+�bi +QK#BM�iBQM BM i?2 b2+QM/

T?�b2- r?2`2 i?2 r2B;?ib �`2 /2`Bp2/ 7`QK i?2 T`2pBQmbHv i`�BM2/ J2i�@KQ/2HX h?2 Q#D2+iBp2 Bb iQ

}M/ � 7mM+iBQM QTiBKBx2/ #v s:"QQbi i?�i �bbB;Mb r2B;?ib iQ i?2 TQQH Q7 �TT`Q�+?2b iQ KBMBKBx2

i?2 2tT2+i2/ HQbb i?�i rBHH ?�p2 #22M T`Q/m+2/ B7 i?2 r2B;?ib �`2 �bbB;M2/ `�M/QKHvX h?2 62�im`2@

#�b2/ 6Q`2+�bi JQ/2H �p2`�;BM; U66P_J�V 7`�K2rQ`FbǶ QT2`�iBQM T`QTQb2/ #v JQMi2`Q@J�MbQ

2i �HXUkyRNV Bb bTHBi BMiQ irQ T?�b2b, URV � T?�b2 r?2M i?2 J2i�@H2�`M2` Bb i`�BM2/- �M/ UkV /m`BM;

r?B+? i?2 T`2pBQmbHv i`�BM2/ J2i�@H2�`M2` Bb mb2/ iQ /2i2`KBM2 7Q`2+�bi +QK#BM�iBQM r2B;?ib 7Q` �

M2r b2`B2b- b+?2K�iB+�HHv,

k9



6B;m`2 R, J2i�@H2�`MBM; mbBM; s:#QQbiX 1�+? #�b2 H2�`M2` Bb i`�BM2/ �M/ i?2 T`2/B+iBQMb QM i?2
p�HB/�iBQM- BX2X- 72�im`2b b2`p2 �b J2i�@BMTmiX .m`BM; T`2/B+iBQM- i?2 J2i�@H2�`M2` mT/�i2b �M/
+QK#BM2b i?2 T`2/B+iBQMb QM i?2 i2bi b2i Q7 2�+? #�b2 H2�`M2`X

�b 6B;m`2 R b?Qrb- i?2 Q`B;BM�H i`�BMBM; /�i� Bb 7m`i?2` /BpB/2/ BMiQ i`�BMBM; /�i� H2bb i?2

p�HB/�iBQM /�i�X h?2 p�HB/�iBQM /�i� Bb `2b2`p2/ �b � i�`;2i `272`2M+2 BM i?2 722/BM; T?�b2- �M/ i?2

T`2/B+iBQMb QM i?2 p�HB/�iBQM /�i� �`2 miBHBx2/ �b � 72�im`2 iQ i`�BM i?2 KQ/2HX

jXRyXR a2iiBM; 1[m�H r2B;?i2/ �M/ ai�+FBM; *QK#BM�iBQM J2i?Q/b UJ2i�@H2�`M2`b R

�M/ k �M/ 1Mb2K#H2 R �M/ k V

AM i?2 bi�+FBM; �TT`Q�+?- i?2 T`2/B+iBQMb 7`QK �HH KQ/2Hb QM i?2 p�HB/�iBQM b2i �`2 miBHBx2/-

�M/ s:"QQbi Bb mb2/ �b �M QTiBKBx2`X h?2 i`�BMBM; /�i�- 2t+Hm/BM; i?2 p�HB/�iBQM /�i�- Bb mb2/ �b

� 722/ 72�im`2- r?BH2 i?2 T`2/B+iBQMb QM i?2 p�HB/�iBQM /�i� �`2 mb2/ �b i?2 i�`;2iX AM i?Bb +�b2- i?2

s:"QQbi KQ/2H Bb �HbQ QTiBKBx2/X aBM+2 s:"QQbi Bb � `2;`2bbBQM i`22@#�b2/ KQ/2H- i?2 /2Ti? Q7

i?2 i`22b rBHH #2 QTiBKBx2/ iQ �+?B2p2 i?2 #2bi T2`7Q`K�M+2X PM+2 i?2 KQ/2H ?�b #22M i`�BM2/- i?2

T`2/B+iBQMb QM i?2 i2bi /�i� 7`QK �HH i?2 #�b2 H2�`M2`b �`2 +QK#BM2/ �M/ r2B;?i2/X hrQ ivT2b Q7

bi�+FBM; �`2 T2`7Q`K2/ BM i?Bb `2b2�`+?X h?2 }`bi ivT2 BM+Hm/2/ QMHv i?2 *`QbiQM@#�b2/ K2i?Q/b-

r?2`2 i?2 T`2/B+iBQMb 7`QK i?2b2 K2i?Q/b �`2 +QK#BM2/X h?2 b2+QM/ ivT2 BMpQHp2/ +QK#BMBM;

k8



i?2 T`2/B+iBQMb 7`QK i?2 *`QbiQM@#�b2/ K2i?Q/b �HQM; rBi? _LLX JQ`2Qp2`- iQ Q#i�BM i?2 }M�H

T`2/B+iBQM 7Q` i?2 bBKTH2 �p2`�;2- BX2X- �bbB;MBM; 2[m�H r2B;?ib 7Q` 2�+? K2i?Q/b- i?2 �++mKmH�i2/

T`2/B+iBQMb QM i?2 i2bi /�i� �`2 /BpB/2/ #v i?2 MmK#2` Q7 KQ/2HbX

h?2`27Q`2- � iQi�H Q7 7Qm` +QK#BM2/ K2i?Q/b �`2 BKTH2K2Mi2/ �M/ `272``2/ iQ �b 2Mb2K#H2 R-

2Mb2K#H2 k- J2i�@H2�`M2` R- �M/ J2i�@H2�`M2` k- r?2`2 ǵRǶ /2MQi2b i?2 }`bi TQQH �M/ ǵkǶ /2MQi2b

i?2 b2+QM/ TQQH Q7 K2i?Q/bX h?2 i2`K ǵ2Mb2K#H2Ƕ `2T`2b2Mib +QK#BM�iBQM K2i?Q/b i?�i �`2 2[m�H@

r2B;?i2/- �M/ i?2 i2`K ǵK2i�nH2�`M2`Ƕ `272`b iQ i?2 bi�+FBM;X

jXRR h?2 �.A.� J2i?Q/

LBFQHQTQmHQb 2i �HX UkyRRV T`QTQb2/ �.A.� iQ `2/m+2 i?2 MmK#2` Q7 x2`Q T2`BQ/b #v mbBM;

i2KTQ`�H �;;`2;�iBQM- BX2X- +QK#BMBM; KmHiBTH2 HQr2` H2p2Hb BMiQ ?B;?2` H2p2Hb Q7 iBK2 b2`B2b, /�BHv

iBK2 b2`B2b BMiQ- r22FHv- KQMi?Hv- �M/ 7Q` HQM; iBK2 b2`B2b BMiQ v2�`HvX LBFQHQTQmHQb UkyRRV �bbmK2/

BMi2`KBii2Mi iBK2b b2`B2b �``Q;�iBQM- r?B+? `2/m+2b i?2 �KQmMi Q7 x2`Q /2K�M/ BMi2`p�H- +�M `2/m+2

i?2 MQBb2- �M/ BM+`2�b2 7Q`2+�bi �++m`�+vX

�i 2�+? �;;`2;�iBQM H2p2H- ԝ Q#b2`p�iBQMb rBHH #2 �//2/ iQ;2i?2` #�+Fr�`/ �b � mMB[m2 #HQ+F

mMiBH i?2`2 �`2 MQ KQ`2 Q#b2`p�iBQMb H27iX �i i?2 bi�;2 Q7 T`2/B+iBM;- i?2 T`2/B+i2/ p�Hm2 Bb /BpB/2/

#v i?2 �;;`2;�iBQM 7�+iQ` i?�i /2MQi2b i?2 H2p2H �i r?B+? i?2 Q`B;BM�H iBK2 b2`B2b r�b �;;`2;�i2/-

b+?2K�iB+�HHv,

6B;m`2 k, h?2 �.A.� J2i?Q/ qQ`F~QrX �;;`2;�iBM; H2p2H R /2MQi2b i?2 Q`B;BM�H i`�BMBM; b2i- H2p2H
k /2MQi2b k Q#bp2`i�BQMb 2�+? #HQ+FX 1�+? T`2/B+i2/ �;;`2;�i2/ p�Hm2 rBHH i?2M #2 /Bb�;;`2;�i2/X

�++Q`/BM; iQ LBFQHQTQmHQb 2i �HX UkyRRV- r?2M +QKT�`BM; i?2 mb2 Q7 a"� rBi? �M/ rBi?Qmi i?2

mb2 Q7 �.A.�- Bi r�b 7QmM/ i?�i i?2 `2bmHib r2`2 TQQ`2` r?2M a"� r�b �TTHB2/ iQ �;;`2;�i2/ "_�6

/�i�X >Qr2p2`- i?2 �mi?Q`b �`;m2/ i?�i i?2 �;;`2;�iBQM T`Q+2bb b?QmH/ #2 +QM/m+i2/ +�`27mHHv iQ

�pQB/ ?�pBM; iQQ 72r Q#b2`p�iBQMb- �b i?Bb +QmH/ TQi2MiB�HHv H2�/ iQ �M BM+`2�b2 BM 2``Q`X

ke



jXRRXR a2iiBM; �.A.� J2i?Q/

6Q` i?2 bBKmH�i2/ /�i� b2ib U"_�6 �M/ PAGV- �;;`2;�iBQM H2p2Hb k iQ e �`2 b2H2+i2/ iQ �M�Hvx2

i?2 BKT�+i Q7 /Bz2`2Mi H2p2Hb Q7 i2KTQ`�H �;;`2;�iBQMX >Qr2p2`- /m2 iQ i?2 b?Q`i2` iBK2bi�KTb 7Q`

aElb BM i?2 �lhP /�i� b2i- �;;`2;�iBQM H2p2Hb k iQ 9 �`2 +QMbB/2`2/- �M/ BM i?2 +�b2 Q7 i?2 J�L

/�i� b2i- i?2 �;;`2;�iBQM T`Q+2bb #2;BMb �i H2p2H 8 �M/ 2ti2M/b mT iQ H2p2H NX AM iQi�H jN �;;`2;�i2/

/�i� b2ib �`2 ;2M2`�i2/X 6Q` bBKTHB+Biv �M/ +QMbBbi2M+v rBi? T`2pBQmb `2b2�`+? #v LBFQHQTQmHQb 2i

�HX UkyRRV- QMHv i?2 a"� K2i?Q/ Bb �TTHB2/ iQ i?2 �;;`2;�i2/ /�i� b2ibX 1�+? �;;`2;�i2/ /�i� b2i

Bb 2p�Hm�i2/ mbBM; i?2 7Qm` 2p�Hm�iBQM K2�bm`2b- �M/ i?2 �;;`2;�iBQM H2p2H rBi? i?2 #2bi �++m`�+v Bb

b2H2+i2/ 7Q` 7m`i?2` �M�HvbBbX .m`BM; i?2 T`Q+2bb Q7 �;;`2;�iBM; iBK2 b2`B2b- Bi Bb +QKKQM 7Q` bQK2

Q#b2`p�iBQMb BM i?2 i`�BMBM; b2i iQ #2 2t+Hm/2/ /m2 iQ i?2 `�iBQ #2ir22M i?2 H2M;i? Q7 iBK2 �M/ i?2

+?Qb2M �;;`2;�iBQM 7�+iQ` 7Q` MQi `2bmHiBM; BM r?QH2 MmK#2`bX AM bm+? +�b2b- 2�+? /2+BK�H TH�+2

Bb `QmM/2/ /QrM iQ i?2 M2�`2bi BMi2;2`X 6Q` 2t�KTH2- H2iǶb +QMbB/2` i?2 i`�BMBM; /�i� 7`QK aAJR-

r?B+? +QMbBbib Q7 9k iBK2bi�KTbX A7 r2 �TTHv �M �;;`2;�iBQM H2p2H Q7 k- �HH Q#b2`p�iBQMb +�M #2

;`QmT2/ BMiQ kR #HQ+FbX aBKBH�`Hv- �i �;;`2;�iBQM H2p2H j- R9 #HQ+Fb +�M #2 ;2M2`�i2/X >Qr2p2`- �i

�;;`2;�iBQM H2p2H 9- QMHv Ry #HQ+Fb Q7 9 +�M #2 +`2�i2/- `2bmHiBM; BM i?2 }`bi �M/ b2+QM/ Q#b2`p�iBQMb

#2BM; H27i mMmb2/X

.m`BM; i?2 T`Q+2bb Q7 /Bb�;;`2;�iBQM- � bBKBH�` bBim�iBQM Q++m`b �b rBi? i?2 �;;`2;�iBQM T`Q+2bbX

.2T2M/BM; QM i?2 +?Qb2M �;;`2;�iBQM H2p2H- � bT2+B}+ MmK#2` Q7 T`2/B+iBQMb Bb K�/2- �M/ 2�+?

T`2/B+iBQM Bb /BpB/2/ #v i?2 �;;`2;�iBQM 7�+iQ` iQ Q#i�BM i?2 /Bb�;;`2;�i2/ p�Hm2bX 6Q` 2t�KTH2-

H2iǶb +QMbB/2` �M �;;`2;�iBQM H2p2H Q7 k BM bBKmH�i2/ /�i�X AM i?Bb +�b2- N T`2/B+iBQMb rBHH #2 K�/2X

1�+? Q7 i?2b2 T`2/B+iBQMb rBHH #2 /BpB/2/ #v i?2 �;;`2;�iBQM 7�+iQ`- `2bmHiBM; BM R3 /Bb�;;`2;�i2/

T`2/B+iBQMb 7Q` i?2 bBKmH�i2/ /�i�X �i �;;`2;�iBQM H2p2H j- e T`2/B+iBQMb rBHH #2 2biBK�i2/- r?B+?

rBHH H2�/ iQ R3 /Bb�;;`2;�i2/ T`2/B+iBQMb �b r2HHX >Qr2p2`- �i �;;`2;�iBQM H2p2H 9- 8 T`2/B+iBQMb

�`2 2biBK�i2/X �7i2` /Bb�;;`2;�iBQM- i?2 iQi�H MmK#2` Q7 T`2/B+iBQMb Bb i?2M ky- r?B+? Bb ;`2�i2`

i?�M i?2 H2M;i? Q7 i?2 i2bi b2iX AM bm+? +�b2b- Bi Bb +?Qb2M iQ `2KQp2 i?2 H�bi k T`2/B+iBQMb �7i2`

/Bb�;;`2;�iBQMX

kd



9 .�i� .2b+`BTiBQM

h?2 M2ti bi2T BMpQHp2b /�i� 2tTHQ`BM;- /�i� +H2�MBM;- �M/ ;2M2`�iBM; bBKmH�i2/ /�i� b2ib

U"QvH�M 2i �HX- kyy3c .2 >��M- kyRNVX AM i?Bb +?�Ti2`- r2 /Bb+mbb /�i� b2ib iQ r?B+? 7Q`2+�biBM;

K2i?Q/b �`2 �TTHB2/X AM Q`/2` iQ 2Mbm`2 `2T`Q/m+B#BHBiv �M/ p�HB/Biv- irQ ivT2b Q7 /�i� b2ib �`2

mb2/, BM/mbi`B�H /�i� �M/ bBKmH�i2/ /�i� b2ibX aBKmH�i2/ /�i� Bb ;2M2`�i2/ mbBM; i?2 +mi@Qz +`Bi2`B�

`2i`B2p2/ 7`QK "QvH�M 2i �HX Ukyy3V- 7Qm` ivT2b Q7 /2K�M/ �`2 bBKmH�i2/, 2``�iB+- HmKTv- bKQQi?-

�M/ BMi2`KBii2MiX h?2 Q#D2+iBp2 Bb iQ �bb2bb r?2i?2` i?2 }M/BM;b 7`QK i?2 bBKmH�i2/ /�i� b2i �HB;M

rBi? i?2 2KTB`B+�H /�i� b2iX "2bB/2b ;2M2`�iBM; bBKmH�i2/ /�i�- �;;`2;�i2/ /�i� BM ԝ H2p2H 7Q`

#Qi? BM/mbi`B�H �M/ bBKmH�i2/ �`2 T`QpB/2/X h?2 M�K2b Q7 i?2 /�i� b2ib �M/ i?2 +Q``2bTQM/BM;

�##`2pB�iBQM �`2 T`QpB/2/ BM h�#H2 RX

h�#H2 R, .�i� a2ib

.�i�Xb2ib �##`2pB�iBQM
�miQKQiBp2 *QKT�Mv �lhP
J�Mm7�+im`BM; 6B`K J�L

"`BiBb? _Qv�H �B` 6Q`+2 "_�6
_2}M2`v PBH *QKT�Mv PAG

aBKmH�i2/ R aAJR
aBKmH�i2/ k aAJk
aBKmH�i2/ j aAJj
aBKmH�i2/ 9 aAJ9

9XR 1KTB`B+�H .�i�

6Qm` BM/mbi`B�H /�i� b2ib �`2 BM+Hm/2/X hQ #2;BM- KBbbBM; p�Hm2b BM i?2 /�i� b2ib ?�p2 #22M

`2TH�+2/ #v x2`Q- �M/ aElb rBi? x2`Q /2K�M/ Q++m``2M+2b ?�p2 #22M `2KQp2/X h?2 }`bi /�i�

+QK2b 7`QK � .mi+? K�Mm7�+im`BM; +QKT�Mv +QMbBbib j98R aElb `2+Q`/2/ Qp2` R8y r22FbX h?2

b2+QM/ /�i� b2i- mb2/ #v h2mMi2` �M/ .mM+�M UkyyNV- +QMbBbib Q7 b�H2b /�i� QM 8yyy �B`+`�7i bT�`2

T�`ib 7`QK i?2 "`BiBb? _Qv�H �B` 6Q`+2 Qp2` 39 r22FbX h?2 i?B`/ /�i� b2i UavMi2iQb �M/ "QvH�M-

kyy8V +QK2b 7`QK i?2 �miQKQiBp2 BM/mbi`v �M/ +QKT`Bb2b b�H2b Q7 jyyy Bi2Kb Qp2` irQ v2�`bX h?2

7Qm`i? /�i� USQ``�b �M/ .2FF2`- kyy3V b2i +Qp2`b b�H2b /�i� Qp2` 8e r22Fb 7Q` R98kj aElb 7Q` �M

QBH `2}M2`v 7`QK C�Mm�`v RNNd iQ �m;mbi kyyRX h?2b2 /�i� b2ib ?�p2 �H`2�/v mM/2`;QM2 +H2�MBM;

k3



�M/ T`2T`Q+2bbBM; #v L;mv2M UkykjV �M/ �`2 �p�BH�#H2 7Q` mb2 QM ?2` :Bi>m# `2TQbBiQ`vX

.2b+`BTiBp2 bi�iBbiB+b Q7 2�+? BM/mbi`B�H /�i� b2i �`2 T`QpB/2/ BM h�#H2b k- j -9- �M/ 8X 6Q` 2p2`v

aEl �+`Qbb i?2 /�i�- i?2 K2�M �M/ i?2 bi�M/�`/ /2pB�iBQM UbB;K�V �`2 T`QpB/2/X h?2 /2K�M/ bBx2

Bb +�H+mH�i2/ �b i?2 bmK Q7 i?2 /2K�M/ /BpB/2/ #v i?2 MmK#2` Q7 Q++m``2M+2b T2` iBK2 b2`B2bX 6Q`

2t�KTH2- i?2 K2�M KBMBKmK 7Q` /2K�M/ bBx2 BM J�L Bb yXy39 r?BH2 i?2 K2�M K�tBKmK- i?2

7Qm`i? [m�MiBH2 Bb RR9NXNRyX 6m`i?2`KQ`2- i?2 K2�M BMi2`@/2K�M/ BMi2`p�H `272`b iQ i?2 K2�M iBK2

T2`BQ/ #2ir22M irQ TQbBiBp2 /2K�M/b T2` iBK2 b2`B2b- �M/ i?2 K2�M /2K�M/ T2` T2`BQ/ /2MQi2b

i?2 �p2`�;2 /2K�M/ [m�MiBiv /m`BM; 2�+? iBK2 T2`BQ/X

hQ bBKTHB7v i?2 �M�HvbBb- r2 /2+B/2 iQ b2i i?2 H2�/@iBK2 iQ x2`Q 7Q` 2p2`v aEl BM #Qi? i?2

BM/mbi`B�H �M/ bBKmH�i2/ /�i� b2ibX �//BiBQM�HHv- �HH 2tQ;2MQmb p�`B�#H2b �`2 `2KQp2/ bm+? �b

KBMBKmK �M/ K�tBKmK Q`/2` [m�MiBiv- +m``2Mi biQ+F [m�MiBiv- �M/ i?2 H2�/@iBK2 T2` aElX h?Bb Bb

/QM2 #2+�mb2 MQi �HH BM/mbi`B�H /�i� b2ib ?�p2 i?2 b�K2 p�`B�#H2b- H2�/@iBK2b- �M/ BM+Hm/BM; /Bz2`2Mi

p�`B�#H2b rQmH/ K�F2 i?2 `2bmHib Q7 i?2 �TTHB2/ K2i?Q/b H2bb +QKT�`�#H2 �+`Qbb i?2 /�i� b2ibX

JQ`2Qp2`- bBM+2 i?2 T`B+2 72�im`2 ?�b BM i?Bb �M�HvbBb �M BKTQ`i�Mi `QH2 BM /2i2`KBMBM; BMp2MiQ`v

T2`7Q`K�M+2- T`B+BM; /�i� ?�b iQ #2 BM+Q`TQ`�i2/ BMiQ #Qi? i?2 �lhP �M/ i?2 bBKmH�i2/ /�i� b2ib-

�b i?2v �`2 Q`B;BM�HHv KBbbBM; i?Bb BM7Q`K�iBQMX h?2 T`B+2 /�i� Bb ;2M2`�i2/ mbBM; � 7`�K2rQ`F i?�i

`2HB2b QM i?2 +Q``2H�iBQM #2ir22M T`B+BM; �M/ Bib i2KTQ`�H Q`/2` 7`2[m2M+v- �b /2b+`B#2/ BM .2 >��M

UkykRVX h?2 T`B+BM; BM7Q`K�iBQM 7Q` 2�+? /�i� b2i +�M #2 7QmM/ BM h�#H2 Rj �M/ h�#H2 R9 BM i?2

�TT2M/BtX

h�#H2 k, .�i� .2b+`BTiBQM "_�6

Zm�MiBH2 .2K�M/XT2`XT2`BQ/ .2K�M/XbBx2bX .2K�M/XAMi2`p�Hb
JBMBKmK Ubi/V yXyje UyXR3eV RXyyy UyXyyyV jXd3e UyXyyyV

Rbi Zm�MiBH2 Ubi/V yXR88 UyX8j8V RX88e UyXd98V dXkkk U9XNk9V
J2/B�M Ubi/V yXjeN URX99jV jX3jj UkX3dRV NXyyy UeXj8NV

j`/ Zm�MiBH2 Ubi/V RXR89 U9X9y3V RRXjjj U3XdkdV RRX3jj U3Xyd9V
J�tBKmK Ubi/V e8Xy3j Ukd9XyekV ee3Xkj9 UdN3XkjjV kNX8kj UR9XkN8V

kN



h�#H2 j, .�i� .2b+`BTiBQM PAG

Zm�MiBH2 .2K�M/XT2`XT2`BQ/ .2K�M/XbBx2b .2K�M/XAMi2`p�Hb
JBMBKmK Ubi/V yXyje UyXR3dV RXyyy UyXyyyV RXyyy UyXyyyV

Rbi Zm�MiBH2 Ubi/V yXydj UyXk3dV RXyyy UyXyyyV 8X9yy URXe9RV
J2/B�M Ubi/V yXR98 UyX989V RX8yy Uy-9jjV 3Xyyy U9XyyyV

j`/ Zm�MiBH2 Ubi/V yXkNR UyXNRjV kX3jj URXkk8V RkXyyy UeX8yyV
J�tBKmK Ubi/V kjkXdkd U8NNXRydV ReyyXyyy UR8kjXdd3V jdXyyy Uk8XyyyV

h�#H2 9, .�i� .2b+`BTiBQM J�L

Zm�MiBH2 .2K�M/XT2`XT2`BQ/ .2K�M/XbBx2b .2K�M/XAMi2`p�Hb
JBMBKmK Ubi/V yXyyk UyXyR8V yXy39 UyXyyyV RXyyy UyXyyyV

Rbi Zm�MiBH2 Ubi/V yXkdjd URXkd8V jX9yy UkXR88V 9Xyk3 UkXe8RV
J2/B�M Ubi/V yXNek UjXd33V 3XNey89 Ud-ykkV 3Xyyy U8XjddV

j`/ Zm�MiBH2 Ubi/V jXRRk URyXdR9V kkX3e8 UR3X33NV R8Xyyy UNX3eRV
J�tBKmK Ubi/V RR9NXNRy U9yeyX83yV Ryd3yX989 UdRk9Xjd9V NkXyyy U93XyyyV

h�#H2 8, .�i� .2b+`BTiBQM �lhP

Zm�MiBH2 .2K�M/XT2`XT2`BQ/ .2K�M/XbBx2b .2K�M/XAMi2`p�Hb
JBMBKmK Ubi/V yX89k UyX9NjV RXyyy UyXyyyV RXy98 UyXky3V

Rbi Zm�MiBH2 Ubi/V RX983 URXkNRV kXy8y URXRy3V RXRyy UyXjyyV
J2/B�M Ubi/V kXjjj URX33RV kX338 URXdReV RXkj8 UyX9N3V

j`/ Zm�MiBH2 Ubi/V 9XRee UjX9k3V 8Xyyy UjXkeNV RX9jd UyXdR3V
J�tBKmK Ubi/V RkNXRed URkyXRekV RNjXd83 UN3XNdRV kXyNR URX838V

9Xk .�i� *H�bbB}+�iBQM

AM i?Bb b2+iBQM- i?2 7`�K2rQ`F T`QTQb2/ #v "QvH�M 2i �HX Ukyy3V Bb �TTHB2/ iQ i?2 +H�bbB}+�iBQM

Q7 2�+? aEl �++Q`/BM; iQ Bib +?�`�+i2`BbiB+bX S`BQ` bim/B2b U"QvH�M/ 2i �HX- kyy3c EQm`2Mix2b- kyR9V

b?Qr2/ i?�i i?2 KQ/2HbǶ T2`7Q`K�M+2 +�M #2 BM~m2M+2/ #v i?2 +?�`�+i2`BbiB+b Q7 2�+? aElX "QvH�M

2i �HX Ukyy3V �bbmK2/ i?�i a"� QmiT2`7Q`K2/ i?2 *`QbiQMǶb K2i?Q/ �M/ r2B;?i2/ KQpBM; �p2`�;2

�TT`Q�+? U1qJ�V BM T`2/B+iBM; HmKTv- 2``�iB+- �M/ BMi2`KBii2Mi /2K�M/X

hrQ +mi@Qz p�Hm2b �`2 mb2/ 7Q` +H�bbB}+�iBQM, i?2 K2�M BMi2`@/2K�M/ BMi2`p�H- /2MQi2/ #v ԟ-

jy



�M/ i?2 b[m�`2/ p�`B�iBQM Q7 /2K�M/ bBx2- /2MQi2/ #v Ӹԋ ϵX h?2 p�Hm2 Q7 ԟ Bb +�H+mH�i2/ �b i?2

`�iBQ #2ir22M i?2 bmK Q7 ԉ T2`BQ/b �M/ Ӹ +QmMib Q7 i?2 MQM@x2`Q T2`BQ/bX Ӹԋ ϵ `2T`2b2Mib i?2 `�iBQ

#2ir22M i?2 bi�M/�`/ /2pB�iBQM Q7 MQM@x2`Q /2K�M/b �M/ i?2 K2�M Q7 i?2 x2`Q /2K�M/bX "Qi?

+mi@Qz p�Hm2b �`2 mb2/ iQ +H�bbB7v r?2i?2` /2K�M/ Bb HmKTv- 2``�iB+- bKQQi?- �M/fQ` BMi2`KBii2MiX

h?2 /2K�M/ /�i� b2ib �`2 +�i2;Q`Bx2/ �b 2``�iB+ r?2M ԟ � ���� �M/ Ӹԋ ϵ ଯ ����V- HmKTv Ur?2Mԟ ଯ ���� �M/ Ӹԋ ϵ ଯ ����V- bKQQi? Ur?2M ԟ � ���� �M/ Ӹԋ ϵ � ����V- �M/ BMi2`KBii2Mi Ur?2Mԟ � ���� �M/ Ӹԋ ϵ � ����V,

6B;m`2 j, *mi@Pz o�Hm2bX s@�b /2MQi2b i?2 b[m�`2/ +Q2{+B2Mib Q7 p�`�iBQM Q7 x2`Q /2K�M/- �M/
v@�b i?2 b[m�`2/ p�`B�iBQM Q7 /2K�M/ bBx2X

"�b2/ QM i?2 +mi@Qz p�Hm2b- i?2 �p2`�;2 H2M;i? Q7 iBK2 b2`B2b- �M/ i?2 �p2`�;2 �KQmMi Q7

aElb BM BM/mbi`B�H /�i� b2ibX 6Qm` bBKmH�i2/- 2``�iB+- HmKTv- bKQQi?- �M/ BMi2`KBii2Mi /�i� b2ib

�`2 ;2M2`�i2/X h?2 bBKmH�i2/ /�i� b2ib r2`2 ;2M2`�i2/ mbBM; i?2 ǳibBMi2`KBii2MiǴ T�+F�;2 BM _X

h?Bb T�+F�;2 �HHQrb mb iQ +`2�i2 /�i� b2ib #v bT2+B7vBM; #Qi? i?2 T�`�K2i2`b ԟ �M/ Ӹԋ ϵX aAJR

`2T`2b2Mib i?2 2``�iB+ T�ii2`M rBi? ԟ � � �M/ Ӹԋ ϵ � ����- aAJk +Q``2bTQM/b iQ i?2 HmKTv T�ii2`M

rBi? ԟ � ��� �M/ Ӹԋ ϵ � ���- aAJj `2T`2b2Mib i?2 bKQQi? T�ii2`M rBi? ԟ � ���� �M/ Ӹԋ ϵ � ���-

�M/ aAJ9 `2T`2b2Mib i?2 BMi2`KBii2Mi T�ii2`M rBi? ԟ � ���� �M/ Ӹԋ ϵ � ����X �HH bBKmH�i2/ /�i�

b2ib ?�p2 i?2 bBx2 Q7 ey iBK2bi�KTb �M/ e8yy aElb- #�b2/ QM i?2 �p2`�;2 iBK2bi�KTb �M/ aElb Q7

BM/mbi`B�H /�i� b2ibX h�#H2 e b?Qrb i?2 /2b+`BTiBp2 +H�bbB}+�iBQM Q7 #Qi? BM/mbi`B�H �M/ bBKmH�i2/

jR



/�i� b2ib- i?2 BM/mbi`B�H /�i� b2ib ?�p2 `2H�iBp2Hv KQ`2 KBt2/ aElb r?BH2 BM i?2 bBKmH�i2/ /�i�

b2ib Bb +H2�`Hv iQ Q#b2`p2 r?B+? ivT2 Q7 aEl Bb /QKBM�iBM;X SH2�b2 MQi2 i?�i BM h�#H2 e- Ӹԋ ϵ Bb

`2T`2b2Mi2/ �b *ok /m2 iQ i?2 7Q`K�iiBM; BM _K�`F/QrMX

h�#H2 e, .2K�M/ .2b+`BTiBQM "�b2/ Ӹԋ ϵ �M/ ԟ
.�i� b2i *ok T 1``�iB+ AMi2`KBii2Mi GmKTv aKQQi?

J�L yXNk ReX9R kj 8ek 3ye R
"_�6 yXej RRXR9 y kNy8 kyN8 y
�lhP yX9R RXjk jd3 Ryd9 jyd Rk9R

PAG yXR3 R9X8k y e3jy 3R9 y
aAJR yXd8 RXyy eRN3 y y jyk
aAJk yX3y RX8y 9Ry 98R 8eR9 k8
aAJj yXjy RXy8 je y y e9e9
aAJ9 yXk8 RX98 R 8dye d d3e

9Xj �;;`2;�iBQM Q7 .�i�

AM i?2 `2b2�`+? +QM/m+i2/ #v LBFQHQTQmHQb 2i �HX UkyRRV QM i?2 "_�6 /�i� b2i- Bi r�b Q#b2`p2/

i?�i i?2 a"� K2i?Q/ vB2H/2/ QTiBK�H `2bmHib �i HQr2` 7`2[m2M+v H2p2Hb #�b2/ QM i?2 J2�M �#bQHmi2

1``Q` UJ�1VX hQ 2tTHQ`2 i?Bb 7m`i?2`- i?2v 2tT2`BK2Mi2/ rBi? /Bz2`2Mi �;;`2;�iBQM H2p2Hb- r?2`2

?B;?2` �;;`2;�iBQM H2p2Hb +Q``2bTQM/2/ iQ HQr2` 7`2[m2M+v H2p2HbX h?2 Q`B;BM�H i`�BMBM; /�i� rBHH #2

�;;`2;�i2/ �i HQr2` 7`2[m2M+v H2p2Hb- �HHQrBM; 7Q` i?2 ;2M2`�iBQM Q7 �;;`2;�i2/ /�i� rBi? p�`vBM;

iBK2 BMi2`p�HbX h?Bb �TT`Q�+? 2M�#H2b i?2 2t�KBM�iBQM Q7 7Q`2+�biBM; T2`7Q`K�M+2 �+`Qbb /Bz2`2Mi

�;;`2;�iBQM H2p2HbX AM i?2 +m``2Mi 2KTB`B+�H b2iiBM;- i?2 bBKmH�i2/ /�i�- �b r2HH �b i?2 PAG �M/

"_�6 /�i� b2ib- rBHH mM/2`;Q � bBKBH�` �;;`2;�iBQM T`Q+2bb #v �;;`2;�iBM; i?2 /�i� 7`QK H2p2H k

iQ H2p2H eX AX2X- KQMi?Hv /�i� b2ib �`2 i`�Mb7Q`K2/ BMiQ irQ@KQMi?Hv /�i�- i?`22@KQMi?Hv /�i�- �M/

bQ QMX aBM+2 i?2 �lhP /�i� b2i ?�b b?Q`i2` iBK2bi�KTb 7Q` aElb- �;;`2;�iBQM H2p2Hb 7`QK k iQ 9

�`2 +QMbB/2`2/X G�biHv- 7Q` i?2 J�L /�i� b2i- �;;`2;�iBQM bi�`ib 7`QK H2p2H 8 �M/ +QMiBMm2b mT iQ

H2p2H NX AM h�#H2 d- i?2 BKT�+i Q7 �;;`2;�iBQM H2p2H j QM i?2 K2�M /2K�M/ bBx2 Ӹԋ ϵ �M/ i?2 K2�M

BMi2`@/2K�M/ BMi2`p�H ԟ 7Q` BM/mbi`B�H /�i� b2ib +�M #2 Q#b2`p2/X

jk



h�#H2 d, �;;`2;�iBQM G2p2H j

.�i� b2i *ok T 1``�iB+ AMi2`KBii2Mi GmKTv aKQQi?
J�L 9Xj8 R RjyR y y NR
"_�6 9X3k R 8yyy y y y
�lhP yXk9 R keN y y kdjR

PAG 9XjN R de9R y y j

�b �MiB+BT�i2/ rBi? i?2 2t+2TiBQM Q7 i?2 �lhP /�i� b2i- i?2 K2�M BMi2`@/2K�M/ BMi2`p�H ԟ
/2+`2�b2b r?2M /2K�M/b �`2 �;;`2;�i2/ /m2 `2/m+BM; Q7 x2`Q /2K�M/ T2`BQ/bX h?2 BM+`2�b2 BM i?2

K2�M /2K�M/ bBx2 Ӹԋ ϵ +�M #2 2tTH�BM2/ �b /2K�M/b Bb H�`;2` /m2 iQ i?2 �;;`2;�iBQMX

jj



8 �++m`�+v J2�bm`2b

AM i?Bb `2b2�`+?- i?2 T2`7Q`K�M+2 Q7 /Bz2`2Mi 7Q`2+�biBM; K2i?Q/b Bb +QKT�`2/ mbBM; p�`BQmb

T2`7Q`K�M+2 K2�bm`2bX 6Q` BMi2`KBii2Mi /2K�M/ 7Q`2+�biBM;- b2p2`�H �++m`�+v K2�bm`2b �`2 +QK@

KQMHv mb2/- BM+Hm/BM; Ja1 �M/ J�a1 USBMÏ2 2i �HX- kykRVX Ja1 Bb KQbiHv mb2/ iQ �bb2bb i?2

BM/BpB/m�H T2`7Q`K�M+2 Q7 � 7Q`2+�biBM; KQ/2H- r?BH2 J�a1 Bb BM/2T2M/2Mi Q7 i?2 b+�H2 Q7 i?2 iBK2

b2`B2b #v T`QpB/BM; � K2�MBM;7mH K2�bm`2 Q7 7Q`2+�bi �++m`�+v `2H�iBp2 iQ � #2M+?K�`F K2i?Q/, �

QM2@bi2T M�śp2 7Q`2+�bi i?�i �bbmK2b i?2 7mim`2 p�Hm2 rBHH #2 i?2 b�K2 �b i?2 KQbi `2+2Mi Q#b2`p2/

p�Hm2 UEQ2?H2`- kyyeVX

JQ`2Qp2`- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i KmHiBTH2 �++m`�+v K2�bm`2b b?QmH/ #2 mb2/- �b 2�+?

K2�bm`2 ?�b Bib �/p�Mi�;2b �M/ /`�r#�+Fb U:QQ/rBM �M/ G�riQM- RNNNc EQH�bb�- kykyc EQmib�M@

/`2�b 2i �HX- kykRVX AM i?Bb `2b2�`+?- r2 BM+Q`TQ`�i2 i?2 7Q`2+�biBM; K2�bm`2b T`QTQb2/ BM i?2 J8

7Q`2+�biBM; +QKT2iBiBQM- r?B+? BM+Hm/2b b+�H2/ 2``Q`b i?�i TQbb2bb �TT`QT`B�i2 bi�iBbiB+�H T`QT2`iB2bX

ai�M/�`/ �++m`�+v K2�bm`2b bm+? �b Ja1 �M/ `QQi2/ K2�M b[m�`2/ 2``Q` U_Ja1V �`2 �HbQ miBHBx2/

�b i?2v �`2 +QKKQMHv mb2/ BM 7Q`2+�biBM; 2p�Hm�iBQMbX

h?2 K2�M b[m�`2/ 2``Q`,

Ja1 � �ԝ ։ంք�φ	Ԩք  ࣞԨք
ϵ UReV

Bb � +QKKQMHv mb2/ K2�bm`2 i?�i [m�MiB}2b i?2 �p2`�;2 b[m�`2/ /Bz2`2M+2 #2ir22M i?2 T`2/B+i2/

p�Hm2b �M/ i?2 �+im�H p�Hm2bX Ai T`QpB/2b �M Qp2`�HH �bb2bbK2Mi Q7 i?2 KQ/2HbǶ �++m`�+vX

h?2 K2�M �#bQHmi2 b+�H2/ 2``Q`,

J�a1 � φ։ ௴։ք�φ ]Ԩք  ࣞԨք]φ։φ ௴։ք�ϵ ]Ԩք  Ԩքφ]  URdV

Bb i?2 T2`7Q`K�M+2 K2�bm`2 mb2/ BM J9 �M/ J8 7Q`2+�biBM;- i?�i +QKT�`2b i?2 T`2/B+i2/ p�Hm2b

iQ i?2 #2M+?K�`F KQ/2HX Ai +QMbB/2`b i?2 b+�H2 Q7 i?2 iBK2 b2`B2b �M/ T`QpB/2b � MQ`K�HBx2/ 2``Q`

K2i`B+- �HHQrBM; 7Q` +QKT�`BbQMb �+`Qbb /Bz2`2Mi iBK2 b2`B2bX

h?2 `QQi2/ K2�M b[m�`2/ 2``Q`,

_Ja1 � ఌ �ԝ ։ంք�φ	Ԩք  ࣞԨք
ϵ� UR3V

j9



1[m�iBQM UR3V Bb i?2 b[m�`2 `QQi Q7 i?2 Ja1 �M/ T`QpB/2b � K2�bm`2 Q7 i?2 �p2`�;2 K�;MBim/2 Q7

i?2 7Q`2+�bi 2``Q`bX

h?2 `QQi2/ K2�M b[m�`2/ b+�H2/ 2``Q`,

_Jaa1 � ఈఇఆ φ։ ௴։ք�φ	Ԩք  ࣞԨք
ϵφ։φ  ௴։ք�ϵ	Ԩք  Ԩքφ
ϵ  URNV

Bb � p�`B�iBQM Q7 _Ja1 i?�i BM+Q`TQ`�i2b i?2 b+�HBM; Q7 i?2 iBK2 b2`B2b #v i�FBM; i?2 p�`B�#BHBiv Q7

i?2 ?BbiQ`B+�H /�i� BMiQ �++QmMiX

AM p�`BQmb }2H/b- BM+Hm/BM; iBK2 b2`B2b 7Q`2+�biBM; �M/ bmT2`pBb2/ H2�`MBM;- i?2 T2`7Q`K�M+2

Q7 KQ/2Hb Bb +QKKQMHv 2p�Hm�i2/ mbBM; K2i`B+b bm+? �b Ja1 �M/ _Ja1X h?2b2 K2i`B+b �bb2bb i?2

�p2`�;2 b[m�`2/ /Bz2`2M+2 #2ir22M T`2/B+i2/ �M/ �+im�H p�Hm2b- BM/B+�iBM; i?2 Qp2`�HH K�;MBim/2

Q7 2``Q`bX hQ 2Mbm`2 � KQ`2 bi�M/�`/Bx2/ �M/ b+�H2/ b+Q`2 r?2M +QKT�`BM; /Bz2`2Mi iBK2 b2`B2b-

_Jaa1 �M/ J�a1 �`2 +QKKQMHv mb2/ BM �//BiBQM iQ Ja1 �M/ _Ja1X

j8



e AMp2MiQ`v *QMi`QH

o�M qBM;2`/2M 2i �HX UkyR9V �`;m2 i?�i 2p�Hm�iBM; 7Q`2+�biBM; K2i?Q/b #�b2/ QM i?2 �++m`�+v

T2`7Q`K�M+2 K�v MQi +�Tim`2 i?2B` T`�+iB+�H `2H2p�M+2- �M/ 7QHHQr i?2 K2i?Q/QHQ;v QmiHBM2/ #v

.m`HBM;2` �M/ S�mH UkyRkV- � #�b2 biQ+F H2p2H Bb #�b2/ QM �M 2p�Hm�iBQM Q7 T�bi /2K�M/ T�ii2`MbX

AM i?Bb b2+iBQM- �M BMp2MiQ`v K2�bm`2 QmiHBM2/ #v L;mv2M UkykjV �M/ .2 >��M UkykRV Bb mb2/X �M

Q`/2`@mT@iQ@H2p2H TQHB+v Bb BKTH2K2Mi2/ iQ `2TH2MBb? BMp2MiQ`v �b i?2 biQ+F H2p2H 7�HHb #2HQr i?2

`2Q`/2` TQBMiX h?Bb �TT`Q�+? �BKb Bb iQ }M/ �M QTiBK�H [m�MiBiv Q7 biQ+F QM � +QM/BiBQM Q7 �

+2`i�BM b2`pB+2 H2p2HX �b K2MiBQM2/ 2�`HB2`- 2�+? aElb �+`Qbb �HH /�i� b2ib �`2 �bbmK2/ iQ ?�p2 �

H2�/@iBK2 �b y- BM/B+�i2b BKK2/B�i2Hv biQ+F `2TH2MBb?K2MiX >Qr2p2`- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i

2p2M rBi? � H2�/@iBK2 Bb y- biQ+FQmib �`2 MQi 2t+Hm/2/ �b mM+2`i�BM /2K�M/ biBHH M22/b iQ #2 K2iX

L2ti- i�`;2i }HH `�i2 Uh6_V rBHH #2 b2i iQ ;2M2`�i2 i?2 i`�/2@Qz +m`p2b #2ir22M i?2 h6_b

�M/ i?2 �6_b - �M/ #2ir22M i?2 �6_a �M/ i?2 BMp2MiQ`v ?QH/BM; +QbibX h?2 +Q``2bTQM/BM; biQ+F

H2p2Hb �`2 /2i2`KBM2/ #�b2/ QM i?2 7Q`2+�bib ;2M2`�i2/ #v i?2 K2i?Q/b- �HQM; rBi? i?2 p�`B�M+2 Q7

i?2 ?BbiQ`B+�H /2K�M/X h?2b2 T�`�K2i2`b �`2 i?2M mb2/ iQ }i � ;�KK� /Bbi`B#miBQM �M/ +QKTmi2

i?2 #�b2 biQ+F H2p2HbX h?2 KQbi rB/2Hv mb2/ /Bbi`B#miBQM BM /2K�M/ 7Q`2+�biBM; Bb i?2 MQ`K�H

/Bbi`B#miBQMX >Qr2p2`- i?Bb K�v MQi #2 r2HH@bmBi2/ 7Q` bT�`2 T�`ib 7Q`2+�biBM;- �b bT�`2 T�`ib �`2

+?�`�+i2`Bx2/ #v BMi2`KBii2M+v- r?B+? +�mb2b bF2rM2bb �M/ ?2�pv@i�BH2/ /Bbi`B#miBQMb /m2 iQ HQM;

T2`BQ/b Q7 x2`Q /2K�M/ UJQQ` �M/ ai`BD#Qb+?- kyykc L;mv2M- kykjc "m`;BM- RNd8VX �++Q`/BM; iQ

L;mv2M UkykjV- r?Q �TTHB2b *`QbiQM �M/ Bib p�`B�Mib- a1a- JGS- GB;?i:"J- �M/ qBHH2K�BM iQ

i?2 b�K2 /�i� �b BM i?Bb T�T2`- i?2 �+?B2p2/ }HH `�i2b U�6_V �`2 ?B;?2`- 2t+2Ti 7Q` qBHH2K�BM-

r?2M i?2 7Q`2+�bib 7QHHQr i?2 ;�KK� /Bbi`B#miBQM +QKT�`2/ iQ i?2 MQ`K�H �M/ M2;�iBp2 #BMQKB�H

/Bbi`B#miBQMX

h?2`27Q`2- i?2 B/2MiB+�H BMp2MiQ`v K2�bm`2 2KTHQv2/ #v L;mv2M UkykjV Bb miBHBx2/ �M/ �TTHB2/

iQ 2�+? 7Q`2+�biX AM i?2 bm#b2[m2Mi b2+iBQM- � +QM+Bb2 2tTH�M�iBQM Bb T`QpB/2/ `2;�`/BM; L;mv2MǶb

BKTH2K2Mi�iBQM Q7 BMp2MiQ`v +QMi`QHX

eXR AMp2MiQ`v a2iiBM;

:Bp2M �M Bi2K- � h6_ /m`BM; T2`BQ/ ԣ- i?2 #�b2 biQ+F H2p2H ԇքӴ֍Ӵֆ Bb /2`Bp2/ 7`QK i?2 ;�KK�

/Bbi`B#miBQM- T`2/B+iBQMb- �M/ ?BbiQ`B+�H /2K�M/X JQ`2 bT2+B}+�HHv- i?2 2tT2+i2/ b?Q`i�;2 T2` `2@

je



TH2MBb?K2Mi +v+H2 1a*U_V Bb mb2/ 7`QK "m`;BM URNd8V- r?2`2 _ /2MQi2b i?2 #�b2 biQ+F H2p2HX Pp2`

� #�b2 biQ+F H2p2H _- r2 +QKTmi2 i?2 p�Hm2 Q7 1a*,

ӺԈӸ � Ԛ�ᅫ  ԇ  Ԛ�ᅫ ੁ ӻ	ᅫԇ Ԛ � � �
 � ԇ ੁ ӻ	ᅫԇ Ԛ �
� UkyV

q?2`2 Ԛ /2MQi2b b?�T2 �M/ ᅫ /2MQi2b `�i2- i?2b2 T�`�K2i2`b �`2 mb2/ BM i?2 1`H�M; /Bbi`B#m@

iBQM- r?B+? Bb � bT2+B�H 7Q`K Q7 i?2 ;�KK� /Bbi`B#miBQM r?2`2 Ԛ Bb bi`B+iHv � TQbBiBp2 BMi2;2`X AM

i?Bb �M�HvbBb- Ԛ � ᅷϵ�ᅼϵ- r?2`2 ᅷ Bb i?2 7Q`2+�bi- �M/ ᅼϵ Bb i?2 p�`B�M+2 Q7 ?BbiQ`B+�H /2K�M/bX h?2

b?�T2 Ԛ T�`�K2i2` rBHH MQi �Hr�vb `2bmHi BM � r?QH2 TQbBiBp2 MmK#2`X h?2`27Q`2- i?2 ;2M2`�HBx2/

7Q`K Q7 i?2 1`H�M; /Bbi`B#miBQM- i?2 ;�KK� /Bbi`B#miBQM- rBHH #2 mb2/ iQ �HHQr Ԛ iQ i�F2 QM 7`�+iBQM�H

p�Hm2bX h?2 +mKmH�iBp2 /Bbi`B#miBQM 7mM+iBQM U*.6V Q7 i?2 ;�KK� /Bbi`B#miBQM Bb /2MQi2/ �b ӻ - ᅫ
/2MQi2b `�i2 Q7 i?2 ;�KK� /Bbi`B#miBQM �M/ Bb +QKTmi2/ �b ��ᅶ �M/ ᅶ � ᅼϵ�ᅷ U"m`;BM- RNd8VX

"2;BMMBM; rBi? �M BMBiB�H p�Hm2 Q7 x2`Q- ԇքӴ֍Ӵֆ Bb bvbi2K�iB+�HHv BM+`2K2Mi2/ #v r?QH2 BMi2;2`

BM 2�+? HQQT mMiBH i?2 1a* K22ib i?2 HQbb i�`;2i 	�  ԉ ӻԇ
 ੁ ᅷX h?2 i�`;2i }HH `�i2 h6_ Bb /2}M2/

�b, ԉ ӻԇ � �  ӺԈӸᅷ � UkRV

1[m�iBQM UkRV /2MQi2b i?2 7`�+iBQM Q7 /2K�M/ i?�i +�M #2 bmTTHB2/ 7`QK i?2 biQ+F QM ?�M/

�M/ Bb � rB/2Hv mb2/ T2`7Q`K�M+2 K2�bm`2 BM BMp2MiQ`v +QMi`QHX 1[m�iBQM UkRV +�M #2 `2r`Bii2M �b	�  ԉ ӻԇ
 ੁ ᅷ � ӺԈӸ- BKTHvBM; i?�i �M BM+`2�b2 BM i?2 h6_ `2[mB`2b � ?B;?2` #�b2 biQ+F H2p2H

iQ K22i i?2 HQbb i�`;2iX �bbmKBM; ᅷ � �- ᅼ � � �M/ � h6_ Q7 yX38- i?Bb `2bmHib BM Ԛ � �����
�M/ ᅫ � �����X h?2 HQbb i�`;2i Bb 	�  ����
 ੁ � � ����X hQ 2[m�i2 i?2 HQbb i�`;2i Q7 yXR8 rBi?ӺԈӸ	ԇ ᅫ Ԛ
- MQi2 _ /2MQi2b #�b2 biQ+F H2p2H- 2[m�iBQM UkRV bm;;2bib i?�i i?2 #�b2 biQ+F H2p2H

b?QmH/ #2 b2i iQ �i H2�bi ԇ � ��- i?Bb `2bmHib BM ӺԈӸ � ����� I HQbb i�`;2iX 1a*b �`2 MQi �Hr�vb

2[m�H iQ i?2 h6_b /m2 iQ i?2 TQHB+v Q7 BM+`2�bBM; i?2 #�b2 biQ+F H2p2H QMHv BM BMi2;2`bX A7 i?2 h6_

BM+`2�b2b iQ yXNy- i?2M i?2 KBMBKmK p�Hm2 Q7 ԇ Bb Rj- r?B+? `2bmHib BM ӺԈӸ � �����- 7�HHBM; #2HQr

i?2 HQbb i�`;2iX h?2 BKTH2K2Mi�iBQM Q7 BMp2MiQ`v 7Q` � T2`BQ/ ԣ BM i?2 7Q`2+�biBM; ?Q`BxQM ӻ Bb �b

7QHHQrb,

URV �i i?2 #2;BMMBM; Q7 � T2`BQ/- i?2 #�b2 biQ+F H2p2H ԇքӴ֍Ӵֆ Bb +QKTmi2/ �M/ /2`Bp2/ 7`QK i?2

;�KK� /Bbi`B#miBQM �M/ i?2 i�`;2i }HH `�i2 Uh6_VX

jd



UkV h?2 ԇքӴ֍Ӵֆ Bb +QKT�`2/ rBi? i?2 �+im�H BMp2MiQ`v H2p2H- i?�i Bb i?2 �+im�H BMp2MiQ`v H2p2H �i

i?2 2M/ Q7 T`2pBQmb T2`BQ/ ӾԁքӴ֍Ӵֆφ- iQ /2i2`KBM2 i?2 `2TH2MBb?K2Mi ԆքӴ֍Ӵֆ i?�i �``Bp2b /m`BM;

i?2 +m``2Mi T2`BQ/X h?2`27Q`2- i?2 �+im�H BMp2MiQ`v H2p2H ӾԁքӴ֍Ӵֆ �7i2` i?2 `2TH2MBb?K2Mi Bb

+QKTmi2/ rBi? i?2 ԆքӴ֍Ӵֆ /m`BM; i?2 T2`BQ/- BX2X- ӾԁքӴ֍Ӵֆ � ӾԁքӴ֍Ӵֆφ � ԆքӴ֍ӴֆX

UjV 6Q` +�H+mH�iBQM Tm`TQb2b- � b2T�`�i2 p�`B�#H2 �KQmMi Q7 bmTTHB2/ Bi2K ԈքӴ֍Ӵֆ /m`BM; � /2K�M/

T2`BQ/ Bb /2}M2/X AX2X- i?2 ԈքӴ֍Ӵֆ /2MQi2b i?2 KBMBKmK [m�MiBiv Q7 biQ+F `2[mB`2/ iQ K22i i?2

�+im�H /2K�M/X h?2 BMp2MiQ`v H2p2H �i i?2 2M/ Q7 � T2`BQ/ ӾԁքӴ֍Ӵֆ Bb +QKTmi2/ �b ӾԁքӴ֍ӴֆԈքӴ֍ӴֆX

6m`i?2`KQ`2- L;mv2M UkykjV �bbmK2b i?2`2 �`2 MQ #�+F Q`/2`b Q` BMBiB�H BMp2MiQ`v H2p2Hb �i i?2

#2;BMMBM; Q7 2�+? i2bi b2iX JQ`2Qp2`- ԇքӴ֍Ӵֆ Bb x2`Q r?2M i?2 7Q`2+�bi ᅷ ମ � �b i?2 b?�T2 T�`�K2i2`Ԛ Q7 i?2 ;�KK� /Bbi`B#miBQM `2[mB`2b TQbBiBp2 ᅷ p�Hm2- i?2 T�`i }HH `�i2 Bb �HbQ x2`Q r?2M i?2`2 Bb

MQ /2K�M/ BM i2bi T2`BQ/b- �M/ ԇքӴ֍Ӵֆ Bb +�TT2/ iQ i?2 ?B;?2bi Q#b2`p2/ /2K�M/ BM i`�BMBM; /�i� iQ

�pQB/ 2ti`2K2Hv ?B;? ?QH/BM; +Qbib /m2 iQ Qp2`biQ+FBM;X >Qr2p2`- i?Bb �TT`Q�+? +�M �HbQ `2bmHi BM

mM/2`biQ+FBM; 7Q` Bi2Kb rBi? /2K�M/ i?�i Q++m`b BM H�i2` T2`BQ/b- T�`iB+mH�`Hv BM +�b2b r?2`2 i?2`2

�`2 x2`Q Q` p2`v 72r /2K�M/b Q#b2`p2/ BM i?2 i`�BMBM; /�i�- #mi � ?B;? Q++m``2M+2 Q7 /2K�M/b BM

i?2 i2bi /�i�X �7i2` Q#i�BMBM; ԈքӴ֍Ӵֆ 7Q` 2�+? 7Q`2+�biBM; T2`BQ/- i?2 �+?B2p2/ T�`i }HH `�i2 U�S6_V

Bb +QKTmi2/- TH2�b2 MQi2 ӻ /2MQi2b MQr i?2 7Q`2+�biBM; ?Q`BxQM,

ӶԅӻԇքӴ֍ � ௴ֆ୮է ԈքӴ֍Ӵֆ௴ֆ୮է ӹքӴ֍Ӵֆ � UkkV

*QMb2[m2MiHv- iQ +QKTmi2 i?2 �+?B2p2/ }HH `�i2 Q7 � /�i� b2i U�p2`�;2@�6_V- r2 �p2`�;2ӶԅӻԇքӴ֍ 7Q` 2p2`v Bi2K #v /BpB/BM; MmK#2` Q7 ԃ Bi2Kb,

�p;�6_֍ � �]Ӿ] ంք୮ժ ӶԅӻԇքӴ֍ UkjV

JQ`2Qp2`- i�FBM; i?2 `�iBQ Q7 i?2 bmK Q7 �HH ԈքӴ֍Ӵֆ �M/ �HH i?2 Q++m``2/ /2K�M/ iQ Q#i�BM i?2

iQi�H �+?B2p2/ }HH `�i2 UiQi�H@�6_V,

iQi�H�6_֍ � ௴ք୮ժӴֆ୮է ԈքӴ֍Ӵֆ௴ք୮ժӴֆ୮է ӹքӴ֍Ӵֆ � Uk9V

AM bBKTH2` i2`Kb- �p2`�;2@�6_ /2MQi2b i?2 �p2`�;2 T2`+2Mi�;2 Q7 /2K�M/ 7mH}HH2/ 7Q` �HH

j3



Bi2KbX h?Bb K2�Mb i?�i i?2 HQr@/2K�M/ Bi2Kb rBi? � HQr �S6_ +�M bB;MB}+�MiHv /2+`2�b2 i?2

Qp2`�HH �p2`�;2- 2p2M B7 Qi?2` Bi2Kb ?�p2 � ?B;? �S6_X PM i?2 Qi?2` ?�M/- iQi�H@�6_ +�H+mH�i2b

i?2 Qp2`�HH T2`+2Mi�;2 Q7 iQi�H /2K�M/ K2i 7Q` �HH Bi2Kb- `2;�`/H2bb Q7 i?2B` BM/BpB/m�H �S6_X h?Bb

bm;;2bib i?�i i?2 HQr@/2K�M/ Bi2Kb ?�p2 � bK�HH2` BKT�+i QM i?2 iQi�H@�6_ #2+�mb2 Q7 i?2 HQr

+QMi`B#miBQM iQ i?2 Qp2`�HH /2K�M/ �M/ � ?B;?@/2K�M/ Bi2K +�M bB;MB}+�MiHv �z2+i �M/ HQr2` i?2

iQi�H@�6_ r?2M i?2 /2K�M/ Bb MQi 7mH}HH2/X h?2`27Q`2- #v +QMbB/2`BM; #Qi? �p2`�;2@ �M/ iQi�H@

�6_- r2 +�M 2p�Hm�i2 i?2 KQ/2HbǶ T2`7Q`K�M+2 �i #Qi? i?2 BM/BpB/m�H Bi2K H2p2H �M/ i?2 Qp2`�HH

H2p2H Q7 /2K�M/ 7mH}HHK2MiX

h?2 2p�Hm�iBQM BM+Hm/2b i?2 K2�bm`2K2Mi Q7 i?2 �6_ BM i2`Kb Q7 �p2`�;2@�6_ �M/ iQi�H@�6_X

aBKmHi�M2QmbHv- Bi BMpQHp2b �M �M�HvbBb Q7 i?2 i`�/2@Qz #2ir22M i?2 �6_b �M/ i?2 �bbQ+B�i2/ ?QH/BM;

+Qbib- �BKBM; iQ �bb2bb i?2 }M�M+B�H BKTHB+�iBQMb Q7 p�`BQmb 7Q`2+�biBM; K2i?Q/bX h?2 ?QH/BM; +Qbib

�`2 /2}M2/ �b k8 T2`+2Mi Q7 i?2 Bi2K T`B+2 �M/ i?2 h6_b p�`B2/ 7`QK yXd8 iBHH yXNNX
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d _2bmHib

AM i?Bb b2+iBQM- i?2 `2bmHib Q#i�BM2/ 7`QK i?2 K2MiBQM2/ KQ/2Hb �TTHB2/ iQ bBKmH�i2/ �M/

BM/mbi`B�H /�i� b2ib rBHH #2 T`2b2Mi2/X h?2 }`bi T�`i 7Q+mb2b QM 7Q`2+�biBM; �++m`�+v- r?B+? Bb

2p�Hm�i2/ mbBM; Ja1- _Ja1- J�a1- �M/ _Jaa1X �//BiBQM�HHv- i?2 `2bmHib 7`QK i?2 �.A.� rBHH

#2 T`2b2Mi2/ BM � b2T�`�i2 i�#H2 iQ ?B;?HB;?i i?2 /2p2HQTK2Mib Q7 i?2 �++m`�+v T2`7Q`K�M+2 Q7 2�+?

�;;`2;�iBQM H2p2HX AM i?2 b2+QM/ T�`i- r2 rBHH T`2b2Mi i?2 BMp2MiQ`v T2`7Q`K�M+2 Q7 2�+? KQ/2H

QM 2�+? /�i� b2iX 6Q` BHHmbi`�iBp2 �M/ +QKT`2?2MbBp2 `2T`2b2Mi�iBQM- r2 ?�p2 /2+B/2/ iQ T`2b2Mi

QMHv i?2 _Jaa1 7Q` �HH K2i?Q/b �TTHB2/ iQ 2B;?i /�i� b2ib BM h�#H2 3X 6Q` i?2 Qp2`�HH T2`7Q`K�M+2

�M�HvbBb- TH2�b2 `272` iQ h�#H2 RN BM i?2 �TT2M/BtX

h?Bb `2b2�`+? /B/ MQi �+iBp2Hv KQMBiQ` i?2 `mMiBK2 T2` KQ/2HX L2p2`i?2H2bb- #�b2/ QM 2b@

iBK�i2b- qBHH2K�BM Bb T`2bmK2/ iQ `2[mB`2 i?2 HQM;2bi T`Q+2bbBM; iBK2- �TT`QtBK�i2Hv Ny iQ R8y

KBMmi2b T2` /�i� b2iX AM +QMi`�bi- 1a_LL- _LL- �M/ GahJ ?�p2 �M �p2`�;2 `mMiBK2 Q7 �`QmM/

ky KBMmi2b T2` /�i� b2iX *`QbiQM �M/ Bib p�`B�iBQMb `2[mB`2 �#Qmi j iQ 8 KBMmi2b 7Q` 2�+? /�i� b2iX

1Mb2K#H2 R �M/ 2Mb2K#H2 k �`2 2t2+mi2/ �HKQbi BMbi�Mi�M2QmbHv QM+2 i?2 BM/BpB/m�H K2i?Q/b ?�p2

#22M �TTHB2/X J2i�@H2�`M2` R �M/ k- QM i?2 Qi?2` ?�M/- ivTB+�HHv `2[mB`2 �M �p2`�;2 Q7 Ry iQ R8

KBMmi2b T2` /�i� b2iX G�biHv- Bi b?QmH/ #2 MQi2/ i?�i qBHH2K�BM Bb 2t2+mi2/ BM _- r?BH2 i?2 Qi?2`

KQ/2Hb �`2 BKTH2K2Mi2/ BM Svi?QMX

dXR Pp2`�HH �++m`�+v S2`7Q`K�M+2

h�#H2 3 b?Qrb i?2 _Jaa1 Q7 i?2 KQ/2Hb �TTHB2/ iQ 2B;?i /Bz2`2Mi /�i� b2ibX � HQr2` 2``Q`

BM/B+�i2b #2ii2` 7Q`2+�biBM; �++m`�+vX h?2 T2`7Q`K�M+2 Q7 i?2 Qi?2` �++m`�+v K2i`B+b Bb T`QpB/2/

BM i?2 �TT2M/Bt- h�#H2 RNX

9y



h�#H2 3, 6Q`2+�biBM; S2`7Q`K�M+2 @ _Jaa1

JQ/2H �lhP PAG J�L "_�6 aAJR aAJk aAJj aAJ9

*`QbiQM RXdyj RyXNkj RRX9jN 8Xyky RXyy3 RXy9N yXN9y yXNkR

*`QbiQMnh RXeNN RyX38j RRX9jN 8XyRN RXyy3 RXy9N yXN9y yXNkk

ha" RXdk8 RkXNNe RRX9jd 8Xyek RXyyd RXy93 yXNj3 yXNky

a"� RXeN3 RyXNjR RRX9k3 8XyR3 RXyyN RXy8y yXN9R yXNkk

_LL kXR8j RyXdyy RRXNN8 9XN33 RXyjj RXRR9 yXNjN yXNjj

GahJ kXR93 RyX8dy RRXN33 9XN33 RXyj8 RXRy3 yXNjN yXNjd

1a_LL kXk8y RyXjRR RRXNej 9XN33 RXRk8 RXk83 RXyej RXRj3

qBHH2K�BM RXeNy NX3dd RRX9d8 9XN8j RXyyR RXy9N yXNjd yXNke

1Mb2K#H2nR RXdy8 RRXkNN RRX9j8 8XykN RXyy3 RXy9N yXN9y yXNkR

1Mb2K#H2nk RXdyR RyX3ky RRX938 9XNdy RXyy8 RXy8y yXNj9 yXNRd

J2i�@H2�`M2`nR RXd8y NXN3k RRX39N 9XNRe yXN3k RXyjR yXNRk yXNyj

J2i�@H2�`M2`nk RXd8y NXN3k RRX39N 9XNRe yXN3k RXyjR yXNRk yXNy9

dXRXR 6BM/BM;b aBKmH�i2/ .�i� a2ib

_2;�`/BM; i?2 bBKmH�i2/ /�i� b2ib- J2i�@H2�`M2` R �M/ k �`2 i?2 #2bi@T2`7Q`KBM; KQ/2Hb i?�i

�`2 2p�Hm�i2/ QM Ja1- _Ja1- �M/ _Jaa1X q?2M J�a1 Bb b2H2+i2/- J2i�@H2�`M2`b R �M/ k QMHv

QmiT2`7Q`K Qi?2` K2i?Q/b BM aAJj �M/ aAJ9- r?BH2 _LL �M/ GahJ ?�p2 i?2 HQr2bi J�a1 BM

aAJR �M/ aAJkX 1a_LL Bb i?2 rQ`bi T2`7Q`K2` �KQM; �HH i?2 KQ/2HbX

6m`i?2`KQ`2- 2Mb2K#H2 k QmiT2`7Q`Kb 2Mb2K#H2 R �+`Qbb �HH �++m`�+v K2�bm`2bX h?Bb bm;;2bib

i?�i i?2 BM+HmbBQM Q7 i?2 _LL KQ/2H +QMi`B#mi2b TQbBiBp2Hv iQ i?2 �++m`�+v T2`7Q`K�M+2X >Qr2p2`-

r?2M +QKT�`2/ iQ bi�+FBM; K2i?Q/b UJ2i�@H2�`M2`b R �M/ kV- i?2 +QMi`B#miBQM Q7 i?2 _LL KQ/2H

/Q2b MQi BKT`Qp2 i?2 Qp2`�HH T2`7Q`K�M+2X h?2 /Bz2`2M+2 #2ir22M i?2 T2`7Q`K�M+2 �++m`�+v Q7

#Qi? irQ J2i�@H2�`M2`b Bb M2;HB;B#H2- K�FBM; Bi /B{+mHi iQ /BbiBM;mBb? #2ir22M i?2KX

dXRXk 6BM/BM;b AM/mbi`B�H .�i� a2ib

AM i?2 +�b2 Q7 i?2 "_�6 /�i� b2i- J2i�@H2�`M2` R �M/ k /2KQMbi`�i2 i?2 #2bi T2`7Q`K�M+2

�KQM; i?2 2p�Hm�i2/ KQ/2HbX >Qr2p2`- bm`T`BbBM;Hv- 2Mb2K#H2 R T2`7Q`Kb i?2 rQ`bi �+`Qbb �HH

�++m`�+v K2�bm`2b- r?B+? K�v ?�p2 #22M mM2tT2+i2/ +QMbB/2`BM; Bib KQ/2`�i2 T2`7Q`K�M+2 b+Q`2

BM bBKmH�i2/ /�i� b2ibX JQpBM; QM iQ i?2 K2i?Q/b �TTHB2/ iQ i?2 J�L /�i� b2i- a"� �TT2�`b iQ

?�p2 i?2 #2bi �++m`�+v T2`7Q`K�M+2 BM i2`Kb Q7 Ja1- _Ja1- �M/ _Jaa1X 1a_LL �+?B2p2b i?2

HQr2bi J�a1 b+Q`2X �b 7Q` i?2 PAG �M/ �lhP /�i� b2ib- qBHH2K�BM ?�b i?2 #2bi T2`7Q`K�M+2 r?2M
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2p�Hm�i2/ QM Ja1- _Ja1- �M/ _Jaa1X 1a_LL �+?B2p2b i?2 HQr2bi J�a1 b+Q`2 BM T`2/B+iBM; i?2

PAG /�i�- r?BH2 2Mb2K#H2 k �+?B2p2b i?2 HQr2bi J�a1 b+Q`2 BM i?2 �lhP /�i�X

dXRXj Pp2`�HH 6BM/BM;b

Ai �TT2�`b i?�i i?2 bi�+FBM; K2i?Q/ ;2M2`�HHv 2t?B#Bib i?2 #2bi T2`7Q`K�M+2 BM i2`Kb Q7 Ja1-

_Ja1- �M/ _Jaa1 BM bBKmH�i2/ /�i� b2ibX >Qr2p2`- i?Bb Bb MQi �Hr�vb i?2 +�b2 BM BM/mbi`B�H /�i�

b2ibX AM /�i� b2ib bm+? �b �lhP �M/ J�L- i?2 bi�+FBM; K2i?Q/ T2`7Q`Kb i?2 rQ`biX h?Bb +�M

#2 �ii`B#mi2/ iQ i?2 2ti`2K2Hv ?B;? K2�M BMi2`@/2K�M/ BMi2`p�H �M/ /2K�M/ bBx2b Q7 J�L /�i�-

r?B+? +QmH/ �z2+i i?2 T2`7Q`K�M+2 Q7 J2i�@H2�`M2`bX AM i?2 +�b2 Q7 �lhP /�i�- i?2 BMi2`KBii2M+v

�M/ /2K�M/ bBx2b �`2 +QKT�`�#H2 iQ i?2 bBKmH�i2/ /�i�- r?B+? bm;;2bi i?�i i?2 /Bz2`2M+2 BM

T2`7Q`K�M+2 +�M #2 `2H�i2/ iQ i?2 `2H�iBp2Hv bK�HH iBK2bi�KT Q7 �lhPX qBHH2K�BM /2KQMbi`�i2b

bmT2`BQ`Biv BM Ja1- _Ja1- �M/ _Jaa1 BM i?2 �lhP �M/ PAG /�i�X >Qr2p2`- qBHH2K�BM /Q2b

MQi ?�p2 i?2 b�K2 bmT2`BQ`Biv BM Qi?2` bBKmH�i2/ Q` BM/mbi`B�H /�i� b2ibX

h�#H2 N BHHmbi`�i2b r?2i?2` i?2 _LL- GahJ- 1a_LL- qBHH2K�BM- 2[m�H@r2B;?i2/ +QK#BM2/

K2i?Q/b- �M/ bi�+FBM; K2i?Q/b BKT`Qp2/ i?2 �++m`�+v Qp2` i?2 BM/BpB/m�H T2`7Q`K�M+2 Q7 i?2

*`QbiQM �M/ Bib p�`B�iBQMbX AKT`Qp2K2Mi UYV Bb Q#b2`p2/ r?2M � KQ/2H QmiT2`7Q`Kb i?2 BM/BpB/m�H

T2`7Q`K�M+2 Q7 *`QbiQM- *`QbiQM QTiBKBx2/- ha"- �M/ a"�X 6Q` 2t�KTH2- B7 � KQ/2HǶb Ja1 Bb HQr2`

i?�M *`QbiQM- *`QbiQM QTiBKBx2/- �M/ ha" #mi ?B;?2` i?�M a"�- Bi Bb +QMbB/2`2/ �b � /2i2`BQ`�iBQM

U@VX
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h�#H2 N, S2`7Q`K�M+2 *QKT�`bBQM QM *`QbiQM "�b2/ J2i?Q/b

JQ/2H J2i`B+b �lhP PAG J�L "_�6 aAJR aAJk aAJj aAJ9 AKT`Qp2K2Mi +?�M+2

Ja1 @ Y @ Y @ @ @ @ yXk8
_Ja1 @ Y @ Y @ @ @ @ yXk8
J�a1 @ @ Y Y Y Y Y @ yXej_LL

_Jaa1 @ Y @ Y @ @ @ @ yXk8

Ja1 @ Y @ Y @ @ @ @ yXk8
_Ja1 @ Y @ Y @ @ @ @ yXk8
J�a1 @ @ Y Y Y Y Y @ yXekGahJ

_Jaa1 @ Y @ Y @ @ @ @ yXk8

Ja1 @ Y @ Y @ @ @ @ yXk8
_Ja1 @ Y @ Y @ @ @ @ yXk8
J�a1 @ Y Y Y @ @ @ @ yXj31a_LL

_Jaa1 @ Y @ Y @ @ @ @ yXk8

Ja1 Y Y @ Y Y @ Y @ yXek
_Ja1 Y Y @ Y Y @ Y @ yXek
J�a1 @ @ @ Y @ @ @ @ yXRkqBHH2K�BM

_Jaa1 Y Y @ Y Y @ Y @ yXek

Ja1 @ @ @ @ @ @ @ @ yXyy
_Ja1 @ @ @ @ @ @ @ @ yXyy
J�a1 @ @ @ @ @ @ @ @ yXyy1Mb2K#H2nR

_Jaa1 @ @ @ @ @ @ @ @ yXyy

Ja1 @ Y @ Y Y @ Y Y yXek
_Ja1 Y @ @ Y Y @ Y Y yXek
J�a1 Y @ @ Y Y Y Y Y yXd81Mb2K#H2nk

_Jaa1 @ Y @ Y Y @ Y Y yXek

Ja1 @ Y @ Y Y Y Y Y yXd8
_Ja1 @ Y @ Y Y Y Y Y yXd8
J�a1 @ Y @ Y @ @ Y Y yX8yJ2i�@H2�`M2`nR

_Jaa1 @ Y @ Y Y Y Y Y yXek

Ja1 @ Y @ Y Y Y Y Y yXek
_Ja1 @ Y @ Y Y Y Y Y yXek
J�a1 @ Y @ Y @ @ Y Y yX8yJ2i�@H2�`M2`nk

_Jaa1 @ Y @ Y Y Y Y Y yXek

�++Q`/BM; iQ h�#H2 N- J2i�@H2�`M2` R ?�b i?2 ?B;?2bi HBF2HB?QQ/ Q7 BKT`Qp2K2Mi Qp2` *`QbiQM@

#�b2/ K2i?Q/b- r?BH2 2Mb2K#H2 R ?�b i?2 HQr2bi HBF2HB?QQ/ Q7 BKT`Qp2K2MiX 6m`i?2`KQ`2- i?2 Qp2`�HH

HBF2HB?QQ/ Q7 BKT`QpBM; i?2 Ja1- _Ja1- J�a1- �M/ _Jaa1 +�M #2 /2i2`KBM2/ #v +�H+mH�iBM;

+QHmKM@rBb2- BX2X- 7Q` 2�+? /�i� b2i �+`Qbb �HH K2i?Q/bX 6Q` �lhP- PAG- J�L- "_�6- aAJR-

aAJk- aAJj- �M/ aAJ9- i?2 Qp2`�HH BKT`Qp2K2Mi HBF2HB?QQ/b �`2 �b 7QHHQrb, yXR88- yXeNe- yXyNR-

yX3d3- yX939- yXkdj- yX8Rj- �M/ yXje9X 6Q` 2t�KTH2- r?2M mbBM; bi�+FBM; Q` 2[m�H@r2B;?i2/- _LL-

�M/ qBHH2K�BM �TTHB2/ QM �lhP /�i�- i?2`2 Bb � R8X8W +?�M+2 Q7 BKT`QpBM; QM2 Q7 i?2 7Qm`

K2MiBQM2/ K2i`B+b Qp2` *`QbiQM- *`QbiQM QTiBKBx2/- ha"- �M/ a"�X

JQ`2Qp2`- iQ /2i2`KBM2 i?2 KQ/2H rBi? i?2 #2bi T2`7Q`K�M+2 �+`Qbb �HH /�i� b2ib- � +mKmH�iBp2

pQiBM; /2+BbBQM ?�b #22M 2KTHQv2/X 1�+? �++m`�+v K2�bm`2 T2` /�i� b2i +�M +QMi`B#mi2 iQ � pQiBM;
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b+Q`2- `2bmHiBM; BM � iQi�H Q7 jk pQi2b �b i?2`2 �`2 2B;?i /�i� b2ib �M/ 7Qm` K2i`B+bX

6m`i?2`KQ`2- r?2M i?2 T2`7Q`K�M+2 Q7 J2i�@H2�`M2` R �M/ J2i�@H2�`M2` k Bb 2[m�H- Bi Bb T`272`@

�#H2 iQ +?QQb2 J2i�@H2�`M2` R /m2 iQ Bib `2[mB`2K2Mi Q7 72r2` 72�im`2b iQ �+?B2p2 i?2 b�K2 H2p2H Q7

T2`7Q`K�M+2,

h�#H2 Ry, *mKmH�iBp2 oQiBM;X JQ/2Hb rBi? � pQiBM; b+Q`2 Q7 y �`2 MQi BM+Hm/2/X

JQ/2H oQiBM;

J2i�@H2�`M2` R R9

qBHH2K�BM e

J2i�@H2�`M2` k j

1a__L j

a"� j

_LL k

1Mb2K#H2nk R

6BM/BM; RX "�b2/ QM i?2 `2bmHib T`2b2Mi2/ BM h�#H2b N �M/ Ry- i?2 bi�+FBM; KQ/2H J2i�@H2�`M2`

R- /2KQMbi`�i2b i?2 ?B;?2bi bmK Q7 i?2 HBF2HB?QQ/ Q7 BKT`Qp2K2Mi BM p�`BQmb K2i`B+b- `2+2Bp2/ i?2

?B;?2bi MmK#2` Q7 pQi2b- �b BM/B+�i2/ BM h�#H2 RyX h?Bb bi�+FBM; K2i?Q/ 2t?B#Bib i?2 #2bi Qp2`�HH

�++m`�+v T2`7Q`K�M+2- T�`iB+mH�`Hv r?2M i?2 /2K�M/ Bb bi`B+iHv +?�`�+i2`Bx2/ �b 2``�iB+- HmKTv-

bKQQi?- Q` BMi2`KBii2Mi- �b Q#b2`p2/ BM i?2 bBKmH�i2/ /�i�X AM BM/mbi`B�H /�i�- bm+? �b i?2 �lhP-

PAG- �M/ J�L /�i� b2ib- i?2 bmT2`BQ`Biv Q7 J2i�@H2�`M2` R �M/ k ?�b /BKBMBb?2/ +QKT�`2/ iQ Qi?2`

K2i?Q/bX

6BM/BM; kX AM aAJ9- r?2`2 i?2 /2K�M/ Bb +?�`�+i2`Bx2/ �b BMi2`KBii2MiX h?`22 +QK#BM�iBQM

K2i?Q/b- #Qi? J2i�@H2�`M2`b �M/ 2Mb2K#H2 k b?Qr #2ii2` �++m`�+v T2`7Q`K�M+2 i?�M *`QbiQM �M/

Bib p�`B�iBQMbX

6BM/BM; jX h?2 /Bz2`2M+2 #2ir22M i?2 KQ/2HbǶ T2`7Q`K�M+2 BM BM/mbi`B�H /�i� Bb H�`;2`

+QKT�`2/ iQ bBKmH�i2/ /�i�X PM bBKmH�i2/ /�i�- i?2 KQ/2Hb b?Qr +QKT�`�#H2 2p�Hm�iBQMb �+`Qbb

�HH 7Qm` K2i`B+b- 2t+2Ti 7Q` 1a_LLX >Qr2p2`- QM BM/mbi`B�H /�i� bm+? �b J�L- PAG- �M/ �lhP-

i?2 /Bz2`2M+2b #2ir22M i?2 KQ/2Hb �`2 bB;MB}+�MiHv ;`2�i2`X 6Q` BMbi�M+2- i?2 /Bz2`2M+2 BM Ja1

#2ir22M *`QbiQM �M/ _LL QM �lhP /�i� Bb �b ?B;? �b eyW- r?2`2�b i?2 /Bz2`2M+2 #2ir22M i?2b2

irQ K2i?Q/b QM bBKmH�i2/ /�i� `�M;2b #2ir22M RW �M/ RkWX

JQ`2Qp2`- r?2M +QMbB/2`BM; b+�H2/ 2``Q` K2i`B+b HBF2 _Jaa1- Bi +�M #2 Q#b2`p2/ i?�i i?2
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/Bz2`2M+2 #2ir22M i?2 T`2/B+i2/ b+�H2/ 2``Q`b �KQM; i?2 BM/mbi`B�H /�i� b2ib Bb Km+? H�`;2` i?�M

i?�i Q7 i?2 bBKmH�i2/ /�i�X 6Q` BMbi�M+2- i?2 _Jaa1 Q7 �HH KQ/2Hb 7`QK bBKmH�i2/ /�i� b2ib p�`B2b

#2ir22M yXNyj �M/ RXk83- r?2`2�b i?2 /Bz2`2M+2b �KQM; i?2 BM/mbi`B�H /�i� b2ib �`2 KQ`2 bB;MB}+�MiX

h?Bb BM/B+�i2b i?�i i?2 +?�`�+i2`BbiB+b Q7 bBKmH�i2/ /�i� /Q MQi �HB;M rBi? i?Qb2 Q7 BM/mbi`B�H /�i�X

h?2b2 BM/mbi`B�H /�i� b2ib 2t?B#Bi Km+? ?B;?2` BMi2`KBii2M+v �M/ /2K�M/ bBx2 +QKT�`2/ iQ i?2 +mi@

Qz p�Hm2b mb2/ iQ ;2M2`�i2 i?2 7Qm` bBKmH�i2/ /�i� b2ibX *QMb2[m2MiHv- i?Bb H2�/b iQ � HBKBi�iBQM Q7

i?Bb `2b2�`+?- �b i?2 bBKmH�i2/ /�i� b2ib H�+F i?2 b�K2 +?�`�+i2`BbiB+b �b i?2 BM/mbi`B�H /�i� b2ibX

6mim`2 `2b2�`+? b?QmH/ +QMbB/2` ;2M2`�iBM; bBKmH�i2/ /�i� rBi? ?B;?2` BMi2`KBii2M+v �M/ /2K�M/

bBx2b iQ �//`2bb i?Bb /BbT�`BivX

6BM/BM; 9X AM +�b2b r?2M i?2 BMi2`KBii2M+v Bb 2ti`2K2Hv ?B;? +QK#BM2/ rBi? � ?B;? K2�M

/2K�M/ bBx2 bm+? �b BM J�L /�i�- MQ bBM;H2 �TTHB2/ KQ/2H +�M Qp2`�HH QmiT2`7Q`K *`QbiQM- *`QbiQM

QTiBKBx2/- ha"- �M/ a"�X PMHv _LL- GahJ - �M/ 1a_LL ?�p2 � HQr2` 2``Q` r?2M +QKT�`2/ iQ

J�a1 K2i`B+X

6BM/BM; 8X �Hi?Qm;? 2Mb2K#H2 k b?Qrb � bBKBH�` HBF2HB?QQ/ BKT`Qp2K2Mi Qp2` i?2 *`QbiQM

�M/ Bib p�`B�iBQMb �b J2i�@H2�`M2` R- i?2 �#bQHmi2 /Bz2`2M+2 #2ir22M T2`7Q`K�M+2 �+`Qbb �HH K2i`B+b

BM 2p2`v /�i� b2ib BM/B+�i2b i?�i J2i�@G2�`M2` R T2`7Q`Kb #2ii2` rBi? HQr2` 2``Q`X

6BM/BM; eX AM i?2 �lhP- r?2`2 i?2 K2�M BMi2`@/2K�M/ BMi2`p�H ԟ Bb RXjk �M/ i?2 K2�M

/2K�M/ bBx2 Ӹԋ ϵ Bb yX9R- i?2`2 Bb � bHB;?i /Bz2`2M+2 +QKT�`2/ iQ aAJ9- r?B+? ?�b p�Hm2b Q7 RX98

�M/ yXk8- �M/ aAJj- r?B+? ?�b p�Hm2b Q7 RXy8 �M/ yXjyX .2bTBi2 bi�+FBM; K2i?Q/b T2`7Q`KBM;

2t+2TiBQM�HHv r2HH BM aAJj �M/ aAJ9 �M/ QmiT2`7Q`KBM; *`QbiQM- *`QbiQM QTiBKBx2/- ha"- �M/

a"�X lM2tT2+i2/Hv- J2i�@H2�`M2` R �M/ k T2`7Q`K rQ`b2 r?2M �TTHB2/ iQ i?2 �lhP /�i�X PMHv

qBHH2K�BM �M/ 2Mb2K#H2 k b?Qr #2ii2` T2`7Q`K�M+2X *QKT�`2/ iQ i?2 bBKmH�i2/ /�i� b2iiBM;- i?2

+�mb2 7Q` i?Bb Qmi+QK2 +�M #2 i?�i i?2 MmK#2` Q7 `2+Q`/2/ T2`BQ/b BM i?2 �lhP Bb Km+? b?Q`i2`

+QKT�`2/ iQ i?2 bBKmH�i2/ /�i�- rBi? k9 T2`BQ/b +QKT�`2/ iQ ey BM i?2 bBKmH�i2/ /�i�X

dXRX9 .�i� �;;`2;�iBQM rBi? a"� U�.A.�V

�b �7Q`2K2MiBQM2/- i?2 b�K2 �TT`Q�+? iQ LBFQHQTQmHQb 2i �HX UkyRRV Bb �/QTi2/- miBHBxBM; a"�

QM �;;`2;�i2/ /�i�X �++Q`/BM; iQ h�#H2 RR- i?2 T`2/B+iBQMb mbBM; �;;`2;�i2/ /�i� ?�p2 b?QrM

BKT`Qp2K2Mib- 2bT2+B�HHv BM i?2 BM/mbi`B�H /�i� b2ibX aB;MB}+�Mi BKT`Qp2K2Mib �`2 Q#b2`p2/ BM i?2
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PAG- "_�6- �M/ J�L /�i� b2ibX 6Q` BMbi�M+2- i?2 T2`7Q`K�M+2 Q7 a"� BM T`2/B+iBM; PAG Bb

QTiBK�H �i �;;`2;�i2 H2p2H 9- r?2`2 i?2 Q`B;BM�H Ja1 Q7 RdyXNRe ?�b #22M `2/m+2/ iQ RjNX9RkX h?Bb

BKT`Qp2K2Mi Bb �HbQ 2pB/2Mi BM Qi?2` �++m`�+v K2�bm`2bX AM i?2 +�b2 Q7 i?2 J�L /�i� b2i- i?2

QTiBK�H �;;`2;�iBQM H2p2H Bb 8- #2vQM/ r?B+? i?2 2``Q` bi�`ib BM+`2�bBM;X PM i?2 Qi?2` ?�M/- i?2

BKT`Qp2K2Mi Bb KBMBK�H BM i?2 �lhP /�i�X _2;�`/BM; i?2 bBKmH�i2/ /�i�- i?2 T`2/B+iBQMb ?�p2

#2+QK2 rQ`b2 /m2 iQ �;;`2;�iBQMX

q?2M +QKT�`BM; i?2 BKT`Qp2K2Mi BM �++m`�+v T2`7Q`K�M+2 rBi? i?2 /2;`22 Q7 BMi2`KBii2M+v-

Bi Bb Q#b2`p2/ i?�i i?2 PAG /�i� b2i b?Qrb � ?B;?2` BKT`Qp2K2Mi +QKT�`2/ iQ J�L- /2bTBi2 J�L

?�pBM; � ?B;?2` H2p2H Q7 BMi2`KBii2M+vX h?Bb /Bz2`2M+2 +�M #2 �ii`B#mi2/ iQ i?2 ?B;?2` K2�M /2K�M/

bBx2 BM J�LX h?2 /2K�M/ T�ii2`M- BM+Hm/BM; i?2 Q++m``2M+2 �M/ iBKBM; Q7 TQbBiBp2 /2K�M/- K�v

�HbQ BKT�+i i?2 7Q`2+�biBM; �++m`�+vX 6Q` BMbi�M+2- BM i?2 PAG /�i�- T`QHQM;2/ T2`BQ/b Q7 MQM@

/2K�M/ Q7i2M 7QHHQr � TQbBiBp2 /2K�M/- TQi2MiB�HHv BM/B+�iBM; T�ii2`Mb HBF2 T2`BQ/B+ K�BMi2M�M+2X

>Qr2p2`- bm+? T�ii2`Mb K�v MQi #2 �b +QKKQM BM Qi?2` BM/mbi`B�H /�i� b2ibX Ai Bb BKTQ`i�Mi iQ MQi2

i?�i i?2b2 7�+iQ`b �`2 #2vQM/ i?2 b+QT2 Q7 i?Bb `2b2�`+? �M/ rBHH #2 �+FMQrH2/;2/ �b � HBKBi�iBQMX

h?2`27Q`2- 7Q` i?2 BMp2MiQ`v T2`7Q`K�M+2- i?2 �;;`2;�i2/ H2p2H e Q7 i?2 PAG /�i� b2i- /2MQi2/

�b a"�@PAG@e- i?2 �;;`2;�i2/ H2p2H 8 Q7 i?2 J�L /�i� b2i- /2MQi2/ �b a"�@J�L@8- �M/ i?2

�;;`2;�i2/ H2p2H e Q7 i?2 "_�6 /�i� b2i- /2MQi2/ �b a"�@"_�6@e �`2 2p�Hm�i2/X h?2 `2K�BMBM;

/�i� b2ib `2K�BM i?2 b�K2X

6BM/BM; dX h?2 T`2/B+iBQMb mbBM; �;;`2;�i2/ /�i� ?�p2 b?QrM BKT`Qp2K2Mib- 2bT2+B�HHv BM

BM/mbi`B�H /�i� b2ibX aB;MB}+�Mi BKT`Qp2K2Mi BM �++m`�+v ?�p2 #22M Q#b2`p2/ BM i?2 PAG- "_�6-

�M/ J�L /�i� b2ibX >Qr2p2`- MQ BKT`Qp2K2Mib ?�p2 #22M Q#b2`p2/ BM i?2 �lhP �M/ i?2 bBKmH�i2/

/�i� b2ibX JQ`2Qp2`- Bi +�M #2 BM72``2/ i?�i �;;`2;�iBQM- bBKBH�` iQ H2�/@iBK2- ?�b �M 2z2+i QM i?2

BMp2MiQ`v +QMi`QH �bb2bbK2MiX h?Bb Bb #2+�mb2 � HQM;2` H2�/@iBK2 `2[mB`2b � ?B;?2` �KQmMi Q7

#�b2 biQ+F H2p2H iQ K22i i?2 /2K�M/ /m`BM; i?�i T2`BQ/X � ?B;?@/2K�M/ Bi2K +?�`�+i2`Bx2/ #v

HQr /2K�M/ Q++m``2M+2b Bb �HbQ #�H�M+2/- +QMi`B#miBM; iQ � KQ`2 bi�#H2 T�ii2`MX h?2`27Q`2- #Qi?

�;;`2;�iBQM �M/ H2�/@iBK2 �`2 2tT2+i2/ iQ ?�p2 � +QKT�`�#H2 BKT�+i QM i?2 M22/ 7Q` K�BMi�BMBM;

BMp2MiQ`v H2p2HbX >Qr2p2`- /m2 iQ i?2 mM�p�BH�#BHBiv Q7 H2�/@iBK2 BM7Q`K�iBQM- H2�/@iBK2 7Q` 2�+?

/�i� Bb b2i iQ x2`QX 6mim`2 `2b2�`+? Bb M22/2/ iQ /2i2`KBM2 r?2i?2` �;;`2;�iBQM `2K�BMb M2+2bb�`v

iQ BKT`Qp2 i?2 7Q`2+�biBM; T2`7Q`K�M+2 �7i2` BM+Q`TQ`�iBM; `2�H H2�/@iBK2 BM7Q`K�iBQMX
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h�#H2 RR, �;;`2;�iBM; _2bmHib Q7 a"�X h?2 }`bi@`Qr #HQ+F Bb i?2 Q`B;BM�H T`2/B+iBQM Q7 a"� rBi?Qmi
�Mv �;;`2;�iBQMX A;MQ`2 i?2 L�b /m2 iQ i?2 /Bz2`2Mi bi�`iBM; �M/ 2M/BM; H2p2Hb Q7 �;;`2;�iBQM 7Q`
i?2 J�L �M/ �lhP /�i�X

JQ/2H J2i`B+ �lhP PAG J�L "_�6 aAJR aAJk aAJj aAJ9

Ja1 38Xeyd RdyXNRe RkN83Xyd8 ky8Xkdj dNX8j3 d3Xd8d j8XkN8 9yX9ej
_Ja1 NXk8k RjXydj RRjX3j9 R9Xjkd 3XNR3 3X3d8 8XN9R eXjeR
J�a1 yXey3 RXykN yX3NR yXNkk yXdjR yXd8d yXdRN yXdeya"�

_Jaa1 RXeN3 RyXNjR RRX9k3 8XyR3 RXyyN RXy8y yXN9R yXNkk

Ja1 3dXykR R9RXNNe L� kyyXyye d3Xyde d3Xj8j j9X9N3 9yXRN9
_Ja1 NXjkN RRXNRe L� R9XR9k 3X3je 3X38k 8X3dj eXj9y
J�a1 yXeRN yXN83 L� yXNy8 yXdkN yXdey yXdRj yXd83�;;`2;�iBM; k

_Jaa1 RXdRk NXNe9 L� 9XN89 yXNNN RXy9d yXNjR yXNRN

Ja1 3eXeed R9RX8k3 L� kyyXjj9 d3Xkd8 d3XeRj j9X8dk 9yXjRj
_Ja1 NXjRy RRX3Nd L� R9XR89 3X39d 3X3ee 8X33y eXj9N
J�a1 yXeRe yXNed L� yXNy8 yXdjk yXde9 yXdRe yXd8N�;;`2;�iBM; j

_Jaa1 RXdyN NXN9d L� 9XN83 RXyyR RXy9N yXNjk yXNkR

Ja1 38X933 RjNX9Rk L� kyyX3j8 d3XNNy dNXjNd j9X3jd 9yXe9j
_Ja1 NXk9e RRX3yd L� R9XRdk 3X333 3XNRR 8XNyk eXjd8
J�a1 yXeR8 yXNey L� yXNyk yXdje yXde3 yXdky yXdek�;;`2;�iBM; 9

_Jaa1 RXeNd NX3dj L� 9XNe9 RXyy8 RXy89 yXNj8 yXNk9

Ja1 L� R9RXR9e Rk33yXkRe kyyX8d9 dNXj83 dNXd3k j8Xyyd 9yX3R8
_Ja1 L� RRX33y RRjX9NR R9XRek 3XNy3 3XNjk 8XNRd eXj3N
J�a1 L� yXN8k yX3dk yX3Nd yXdjN yXdeN yXdkk yXde9�;;`2;�iBM; 8

_Jaa1 L� NXNj9 RRXjN9 9XNeR RXyy3 RXy8d yXNjd yXNke

Ja1 L� RjNX9jy RkNk8Xed8 RNNXNk9 dNXjR8 dNXdk9 j9XNd8 9yX3y8
_Ja1 L� RRX3y3 RRjXeNR R9XRjN 3XNye 3XNkN 8XNR9 eXj33
J�a1 L� yXN8d yX3dR yX3Nj yXdjN yXdeN yXdkR yXde9�;;`2;�iBM; e

_Jaa1 L� NX3dj RRX9R9 9XN8j RXyyd RXy8e yXNjd yXNke

Ja1 L� L� Rk33NX3R3 L� L� L� L� L�
_Ja1 L� L� RRjX8jj L� L� L� L� L�
J�a1 L� L� yX3dy L� L� L� L� L��;;`2;�iBM; d

_Jaa1 L� L� RRXjN3 L� L� L� L� L�

Ja1 L� L� RkNyRXNN8 L� L� L� L� L�
_Ja1 L� L� RRjX83d L� L� L� L� L�
J�a1 L� L� yX3dk L� L� L� L� L��;;`2;�iBM; 3

_Jaa1 L� L� RRX9yj L� L� L� L� L�

Ja1 L� L� RkNkeXkkN L� L� L� L� L�
_Ja1 L� L� RRjXeN9 L� L� L� L� L�
J�a1 L� L� yX3dk L� L� L� L� L��;;`2;�iBM; N

_Jaa1 L� L� RRX9R9 L� L� L� L� L�
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dXk AMp2MiQ`v S2`7Q`K�M+2

AM i?Bb b2+iBQM- i?2 i2`K �+?B2p2/ }HH `�i2 U�6_V Bb 7`2[m2MiHv mb2/ �b �M BMp2MiQ`v T2`7Q`K�M+2

K2�bm`2X q?2M mb2/ rBi?Qmi bT2+B}+�iBQM- i?2 �6_ ;2M2`�HHv `272`b iQ #Qi? �p2`�;2@�+?B2p2/ }HH

`�i2 U�p2`�;2@�6_V �M/ iQi�H@�+?B2p2/ }HH `�i2 UiQi�H@�6_V- �b i?2 Q#b2`p2/ T�ii2`M Bb +QMbBbi2Mi

7Q` 2�+? i�`;2i }HH `�i2 Uh6_V �M/ rBi? BMp2MiQ`v ?QH/BM; +QbibX >Qr2p2`- B7 i?2`2 Bb � M22/ iQ /Bb@

iBM;mBb? #2ir22M i?2 irQ K2�bm`2b- #Qi? �p2`�;2@�6_ �M/ iQi�H@�6_ rBHH #2 2tTHB+BiHv K2MiBQM2/X

6m`i?2`KQ`2- i?2 ;Q�H Bb iQ �+?B2p2 �M �6_ i?�i K�i+?2b i?2 h6_X Ai Bb 2bb2MiB�H iQ �pQB/

Qp2`2biBK�iBM; i?2 �6_ UӶӻԇ � ԉ ӻԇV #2+�mb2 /QBM; bQ rQmH/ H2�/ iQ ?QH/BM; KQ`2 BMp2MiQ`v

i?�M `2[mB`2/- `2bmHiBM; BM ?B;?2` BMp2MiQ`v +QbibX

dXkXR aAJR S2`7Q`K�M+2

h?2 aAJR /�i� b?Qrb i?2 T`2b2M+2 Q7 B``2;mH�` Bi2Kb- +?�`�+i2`Bx2/ #v ?B;?Hv pQH�iBH2 /2K�M/

bBx2b rBi? HQr BMi2`KBii2M+vX �++Q`/BM; iQ 6B;m`2b 9� �M/ 9+- 1a_LL +QMbBbi2MiHv �+?B2p2b ?B;?2`

�p2`�;2@�6_b �M/ iQi�H@�6_b +QKT�`2/ iQ Qi?2` K2i?Q/b mT iQ i?2 h6_ Q7 yXN3X >Qr2p2`- i?2

/Bz2`2M+2 BM �6_ �HbQ H2�/b iQ �M BM+`2�b2 BM ?QH/BM; +QbibX 1a_LL /2KQMbi`�i2b i?2 TQQ`2bi

T2`7Q`K�M+2 �KQM; �HH K2i?Q/b r?2M #�H�M+BM; �6_b �M/ ?QH/BM; +Qbib- r?2`2�b qBHH2K�BM Qmi@

T2`7Q`Kb Qi?2` KQ/2Hb mT iQ � h6_ Q7 yX3j- rBi? MQ bB;MB}+�Mi /Bz2`2M+2 BM BM+m``2/ +Qbib +QKT�`2/

iQ i?2 Qi?2` KQ/2HbX

_2;�`/BM; �++m`�+v T2`7Q`K�M+2- i?2 bi�+FBM; K2i?Q/b 2t?B#Bi bmT2`BQ` `2bmHib- bm`T�bbBM;

Qi?2` K2i?Q/b BM �++m`�+v K2i`B+bX qBHH2K�BM +HQb2Hv 7QHHQrb �b i?2 b2+QM/@#2bi T2`7Q`K2`X AM

i2`Kb Q7 BMp2MiQ`v T2`7Q`K�M+2- i?2 iQT@T2`7Q`KBM; K2i?Q/b BM �++m`�+v 2t?B#Bi +QKT�`�#H2 BM@

p2MiQ`v T2`7Q`K�M+2 rBi? K2i?Q/b i?�i ?�p2 HQr2` �++m`�+v T2`7Q`K�M+2- bm+? �b *`QbiQM �M/ Bib

p�`B�iBQMbX
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(a) TFR vs. Average−AFR

5.00e+07

7.50e+07

1.00e+08

1.25e+08

1.50e+08

0.80 0.85 0.90 0.95
Average−AFR

H
ol

di
ng

 C
os

ts

Method
Croston

Croston Tuned

EN−1

EN−2

ESRNN

LSTM

META−1

META−2

RNN

SBA

TSB

WILLEMAIN

(b) Average−AFR vs. Inventory holding costs
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(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 9, aAJR AMp2MiQ`v S2`7Q`K�M+2

dXkXk aAJk S2`7Q`K�M+2

h?2 aAJk /�i� Bb +?�`�+i2`Bx2/ �b HmKTv- +QMbBbiBM; Q7 BMi2`KBii2Mi �M/ 2``�iB+ Bi2Kb rBi?

� HQM;2` K2�M BMi2`p�H #2ir22M /2K�M/b +QKT�`2/ iQ i?2 aAJR /�i�X aBKBH�` iQ i?2 }M/BM;b BM

aAJR- 1a_LL �+?B2p2b ?B;?2` �p2`�;2@�6_b �M/ iQi�H@�6_b �i 2�+? h6_ +QKT�`2/ iQ Qi?2`

KQ/2HbX >Qr2p2`- BM i?2 i`�/2@Qz #2ir22M �6_b �M/ BMp2MiQ`v ?QH/BM; +Qbib- �b b?QrM BM 6B;m`2

8# �M/ 6B;m`2 8- 1a_LL b?Qrb i?2 rQ`bi T2`7Q`K�M+2 7QHHQr2/ #v _LL �M/ GahJ- r?BH2 i?2

`2K�BMBM; K2i?Q/b T2`7Q`K #2ii2` rBi? HQr2` BMp2MiQ`v +QbibX PM #Qi? �p2`�;2@�6_ �M/ iQi�H@

�6_- i?2 BMp2MiQ`v ?QH/BM; +Qbib 7Q` 1a_LL- GahJ- �M/ _LL �`2 ?B;?2` i?�M �HH Qi?2` KQ/2Hb

mMiBH i?2 h6_ Q7 yXNN Bb `2�+?2/X 1Mb2K#H2 R bi�M/b Qmi �b i?2 bmT2`BQ` KQ/2H- �+?B2pBM; � ?B;?2`

�6_ �i 2p2`v h6_ rBi?Qmi BM+m``BM; �Mv 7m`i?2` +Qbib +QKT�`2/ iQ Qi?2` KQ/2HbX

*QMi`�`v iQ i?2 �++m`�+v T2`7Q`K�M+2- i?2 bmT2`BQ` �++m`�+v T2`7Q`K�M+2 Q7 J2i�@H2�`M2` R

�M/ k /Q2b MQi b22K iQ +Q``2H�i2 rBi? BMp2MiQ`v +QMi`QH K2�bm`2bX "Qi? K2i?Q/b /2KQMbi`�i2

bBKBH�` BMp2MiQ`v T2`7Q`K�M+2 iQ Qi?2` K2i?Q/b 2t+2Ti 7Q` 1a_LL- _LL- �M/ GahJX h?Bb }M/BM;

b?Qrb- �HQM; rBi? i?2 `2bmHib 7`QK aAJR- bm;;2bib i?�i 2p�Hm�iBM; KQ/2Hb #�b2/ bQH2Hv QM �++m`�+v

Bb MQi bm{+B2Mi BM T`�+iB+2X h?2 }M/BM;b 7`QK aAJR �M/ aAJk BM/B+�i2 i?�i ?B;?2` �++m`�+v /Q2b

MQi �Hr�vb i`�MbH�i2 iQ � #2ii2` BMp2MiQ`v T2`7Q`K�M+2X
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(b) Average−AFR vs. Inventory holding costs

0.75

0.80

0.85

0.90

0.95

0.75 0.80 0.85 0.90 0.95 1.00
TFR

To
ta

l−
AF

R

Method
Croston

Croston Tuned

EN−1

EN−2

ESRNN

LSTM

META−1

META−2

RNN

SBA

TSB

WILLEMAIN

(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 8, aAJk AMp2MiQ`v S2`7Q`K�M+2

dXkXj aAJj S2`7Q`K�M+2

h?2 aAJj /�i� Bb +?�`�+i2`Bx2/ #v � bKQQi? /2K�M/ T�ii2`M- rBi? KBMBK�H p�`B�#BHBiv BM

/2K�M/ bBx2 �M/ � HQr �p2`�;2 /2K�M/ BMi2`p�HX AM +QMi`�bi iQ i?2 T`2pBQmb }M/BM;b 7`QK aAJR

�M/ aAJk- �b b?QrM BM 6B;m`2 e� �M/ e+- qBHH2K�BM 2K2`;2b �b i?2 iQT@T2`7Q`KBM; KQ/2H BM i?2

i`�/2@Qz #2ir22M �6_b �M/ h6_bX qBHH2K�BM `2K�BMb bmT2`BQ` mMiBH � h6_ Q7 yXN- �7i2` r?B+? i?2

/Bz2`2M+2 #2+QK2b H2bb pBbB#H2 �M/ 1a_LL bm`T�bb2b Bi �i h6_ Q7 yXNjX AM �//BiBQM- �b Q#b2`p2/ BM

6B;m`2b e# �M/ e/- i?2 BM+`2�b2 BM �6_ /Q2b MQi H2�/ iQ � bB;MB}+�Mi BM+`2�b2 BM +Qbib Q7 qBHH2K�BM

+QKT�`2/ iQ Qi?2` KQ/2HbX

_2;�`/BM; �++m`�+v T2`7Q`K�M+2- /2bTBi2 i?2 bmT2`BQ` T2`7Q`K�M+2 Q7 J2i�@H2�`M2` R �M/ k-

i?Bb ?�b MQi `2bmHi2/ BM � ?B;?2` BMp2MiQ`v T2`7Q`K�M+2X qBHH2K�BM `�MF2/ �b i?2 i?B`/ #2bi BM

i2`Kb Q7 Ja1- vB2H/b i?2 ?B;?2bi �6_ �i 2�+? h6_- r?BH2 i?2 +Qbib `2K�BM i?2 b�K2X 1a_LL

+QMiBMm2b iQ 2t?B#Bi TQQ` BMp2MiQ`v T2`7Q`K�M+2- BM+m``BM; ?B;?2` +Qbib �i 2�+? �6_ mT iQ yXNNX

h?Bb �HB;Mb rBi? i?2 T`2pBQmb }M/BM;b BM aAJR �M/ aAJkX

8y
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(a) TFR vs. Average−AFR
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(b) Average−AFR vs. Inventory holding costs
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(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 e, aAJj AMp2MiQ`v S2`7Q`K�M+2

dXkX9 aAJ9 S2`7Q`K�M+2

h?2 �M�HvbBb Q7 aAJ9 /�i�- T`BK�`BHv +QKTQb2/ Q7 BMi2`KBii2Mi Bi2Kb- 7m`i?2` bmTTQ`ib i?2

+QMbBbi2Mi }M/BM;b Q#b2`p2/ BM aAJR- aAJk- �M/ aAJjX 6B;m`2b d� �M/ d+ /2KQMbi`�i2 i?�i i?2

1a_LL +QMbBbi2MiHv �+?B2p2b ?B;?2` �6_b �i 2�+? h6_- #mi rBi? i?2 rQ`bi T2`7Q`K�M+2 BM i?2

i`�/2@Qz #2ir22M �6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX JQ`2 bT2+B}+�HHv- GahJ 2t?B#Bib i?2 rQ`bi

BMp2MiQ`v T2`7Q`K�M+2 �7i2` `2�+?BM; � h6_ Q7 yXNe BM #Qi? i`�/2@Qz +m`p2bX qBHH2K�BM Bb +QMbB/@

2`2/ bmT2`BQ` /m2 iQ �+?B2pBM; � ?B;?2` �6_ mT iQ � h6_ Q7 yX38- rBi? BMp2MiQ`v ?QH/BM; +Qbib i?�i

/Q MQi /Bz2` 7`QK Qi?2` KQ/2HbX �7i2` i?�i TQBMi- KQ/2Hb- 2t+2Ti 7Q` 1a_LL- GahJ- �M/ _LL-

2t?B#Bi +QKT�`�#H2 BMp2MiQ`v T2`7Q`K�M+2X 6m`i?2`KQ`2- BM i?Bb /�i� b2i- J2i�@H2�`M2` R �M/ k

/2KQMbi`�i2 � bBKBH�` BMp2MiQ`v T2`7Q`K�M+2 iQ KQ/2Hb rBi? HQr2` �++m`�+v- bm+? �b *`QbiQM �M/

Bib p�`B�iBQMb- r?B+? 7m`i?2` BM/B+�i2b i?�i �++m`�+v /Q2b MQi M2+2bb�`BHv +Q``2H�i2 rBi? BMp2MiQ`v

T2`7Q`K�M+2X

8R
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(a) TFR vs. Average−AFR
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(b) Average−AFR vs. Inventory holding costs
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(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 d, aAJ9 AMp2MiQ`v S2`7Q`K�M+2

dXkX8 �lhP AMp2MiQ`v S2`7Q`K�M+2

h?2 �lhP /�i� Bb +?�`�+i2`Bx2/ #v KBt2/ /2K�M/ T�ii2`Mb- BM+Hm/BM; p�`BQmb ivT2b Q7 /2K�M/

bm+? �b bKQQi? �M/ BMi2`KBii2Mi Bi2KbX �M�HvxBM; 6B;m`2b 3� �M/ 3+- Bi #2+QK2b +H2�` i?�i 1a_LL

+QMbBbi2MiHv �+?B2p2b i?2 ?B;?2bi �6_ �i 2�+? h6_X 6B;m`2 3# b?Qrb- qBHH2K�BM Bb bmT2`BQ` BM i?2

i`�/2@Qz #2ir22M �p2`�;2@�6_b �M/ BMp2MiQ`v ?QH/BM; +Qbib- r?BH2 1a_LL- GahJ- �M/ _LL

?�p2 i?2 rQ`bi T2`7Q`K�M+2X >Qr2p2`- �++Q`/BM; iQ 6B;m`2 3/- +QMbB/2`BM; i?2 iQi�H@�6_- i?2

+Qbib Q7 1a_LL- GahJ- �M/ _LL �`2 HQr2` i?�M qBHH2K�BM �M/ Qi?2` KQ/2HbX h?Bb bm;;2bib

i?�i i?2 qBHH2K�BM T2`7Q`Kb #2ii2` BM T`2/B+iBM; 2tT2MbBp2 Bi2Kb rBi? HQr /2K�M/- r?BH2 1a_LL-

GahJ- �M/ _LL 2t+2H BM 7Q`2+�biBM; +?2�T2` Bi2Kb rBi? ?B;?2` /2K�M/X �MQi?2` Q#b2`p�iBQM Bb

i?�i GahJ T2`7Q`Kb rQ`b2 BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ BMp2MiQ`v ?QH/BM; +Qbib �7i2`

`2�+?BM; � iQi�H@�6_ Q7 yXNk8X

_2;�`/BM; �++m`�+v T2`7Q`K�M+2- qBHH2K�BM /2KQMbi`�i2b bmT2`BQ` T2`7Q`K�M+2 BM i2`Kb Q7

Ja1- _Ja1- �M/ _Jaa1 +QKT�`2/ iQ Qi?2` KQ/2HbX >Qr2p2`- i?Bb bmT2`BQ`Biv Bb QMHv `2~2+i2/

BM i?2 i`�/2@Qz #2ir22M �p2`�;2@�6_a �M/ BMp2MiQ`v ?QH/BM; +QbibX
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(a) TFR vs. Average−AFR
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(b) Average−AFR vs. Inventory holding costs
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(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 3, �lhP AMp2MiQ`v S2`7Q`K�M+2

dXkXe PAG AMp2MiQ`v S2`7Q`K�M+2

AM i?2 PAG /�i�- r?2`2 KQbi Bi2Kb �`2 +H�bbB}2/ �b BMi2`KBii2Mi �M/ bQK2 �b HmKTv- �HH KQ/2Hb

�+?B2p2 � `2H�iBp2Hv HQr �p2`�;2@�6_ +QKT�`2/ iQ T`2pBQmb `2bmHibX qBi? i?2 2t+2TiBQM Q7 _LL- �HH

KQ/2Hb 7�HH rBi?BM i?2 `�M;2 Q7 yX9k iQ yX99 7Q` �p2`�;2@�6_X q?2M +QMbB/2`BM; i?2 i`�/2@Qz +m`p2b

#2ir22M �p2`�;2@�6_b �M/ h6_b- �b r2HH �b iQi�H@�6_b �M/ h6_b- 1a_LL �M/ GahJ �+?B2p2

?B;?2` �6_b �i 2�+? h6_X >Qr2p2`- BM i?2 i`�/2@Qz #2ir22M �6_b �M/ BMp2MiQ`v ?QH/BM; +Qbib-

i?2v �`2 BM72`BQ` +QKT�`2/ iQ Qi?2` KQ/2HbX ha" Bb bmT2`BQ` BM i?2 i`�/2@Qz #2ir22M �p2`�;2@�6_b

�M/ BMp2MiQ`v ?QH/BM; +Qbib- r?BH2 #Qi? J2i�@H2�`M2`b QmiT2`7Q`K Qi?2`b BM i?2 i`�/2@Qz #2ir22M

iQi�H@�6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX h?Bb bm;;2bib i?�i i?2 ha" T2`7Q`Kb #2ii2` BM T`2/B+iBM;

2tT2MbBp2 Bi2Kb rBi? HQr /2K�M/- r?BH2 i?2 J2i�@H2�`M2`b 2t+2H BM 7Q`2+�biBM; +?2�T2` Bi2Kb rBi?

?B;?2` /2K�M/X �b 7Q` _LL- BM i?Bb +�b2- Bi +QMbBbi2MiHv T`2/B+ib � p�Hm2 Q7 y 7Q` #Qi? �p2`�;2@

�M/ iQi�H@�6_ �i �HH h6_b- bm;;2biBM; i?�i i?2 #�b2 biQ+F H2p2H Bb �Hr�vb T`2/B+i2/ �b yX h?Bb

�HbQ 2tTH�BMb r?v � #H�+F /Qi Bb Q#b2`p2/ �i i?2 Q`B;BM Q7 i?2 ;`�T?- BM/B+�iBM; MQ BMp2MiQ`v +Qbib
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BM+m``2/ /m2 iQ i?2 BMp2MiQ`v T2`7Q`K�M+2 Q7 _LLX

AM +QMi`�bi iQ i?2 }M/BM;b Q7 L;mv2M UkykjV- #Qi? i?2 i`�/2@Qz +m`p2b #2ir22M h6_b �M/

�6_b ?�p2 b?QrM � /2+HBM2 BM T2`7Q`K�M+2X h?Bb +?�M;2 BM T2`7Q`K�M+2 +�M #2 �ii`B#mi2/ iQ i?2

mb2 Q7 b?Q`i2` iBK2bi�KTb BM i?2 PAG i2bi /�i�X aT2+B}+�HHv- 2�+? Bi2K BM i?2 i2bi /2K�M/ MQr

?�b R8 iBK2bi�KTb- r?2`2�b L;mv2M UkykjV miBHBx2/ Rd iBK2bi�KTb T2` Bi2KX h?Bb `2/m+iBQM BM

iBK2bi�KTb �z2+ib i?2 /�i� `2T`2b2Mi�iBQM �M/ KQ/2HBM;- H2�/BM; iQ i?2 Q#b2`p2/ /Bz2`2M+2b BM

`2bmHibX AM i?2 PAG /�i�- i?2`2 �`2 � iQi�H Q7 jk8j Bi2Kb BM i?2 i2bi /�i� rBi? � iQi�H /2K�M/

Q7 x2`Q /m`BM; i?2 i2bi T2`BQ/bX �b � +QMb2[m2M+2- i?2 T�`i }HH `�i2 Q7 i?2b2 Bi2Kb Bb x2`Q /m2

iQ i?2 BMp2MiQ`v b2iiBM; �M/ i?2`27Q`2 bB;MB}+�MiHv BKT�+ib i?2 �p2`�;2@�6_X Ai 2tTH�BMb r?v �HH

i`�/2@Qz +m`p2b #2ir22M �p2`�;2@�6_b �M/ h6_b Q7 �HH KQ/2Hb �`2 +QM+2Mi`�i2/ �`QmM/ yX98 �M/

yX88X qBi? jk8j Qmi Q7 de99 Bi2Kb U`2T`2b2MiBM; �TT`QtBK�i2Hv 9kXeW Q7 �HH Bi2KbV ?�pBM; x2`Q

iQi�H /2K�M/- i?2 �p2`�;2@�6_ Bb �z2+i2/ bm#bi�MiB�HHvX �b � `2bmHi Q7 i?Bb /�i� +QKTQbBiBQM- i?2

K�tBKmK �+?B2p�#H2 �p2`�;2@�6_ BM i?Bb /�i� b2i Bb 2biBK�i2/ iQ #2 �`QmM/ yX8d9X

�Hi?Qm;? i?2 �p2`�;2@�6_b �`2 HQr- i?2 BKT�+i Q7 Bi2Kb rBi? y iQi�H /2K�M/ QM i?2 iQi�H@�6_

Bb `2H�iBp2Hv H2bb bB;MB}+�MiX Ai2Kb rBi? ?B;?2` /2K�M/ ?�p2 � ;`2�i2` BM~m2M+2 QM i?2 iQi�H@�6_

+QKT�`2/ iQ Bi2Kb rBi? HQr /2K�M/X h?Bb Q#b2`p�iBQM Bb �HbQ 2pB/2Mi BM 6B;m`2 N+- r?2`2 i?2 i`�/2@

Qz +m`p2b Q7 �HH KQ/2Hb #2ir22M iQi�H@�6_b �M/ h6_b �`2 ?B;?2` i?�M i?2 i`�/2@Qz +m`p2b #2ir22M

�p2`�;2@�6_b �M/ h6_bX aBKBH�` iQ 6B;m`2 N�- Bi Bb Q#b2`p2/ i?�i i?2 i`�/2@Qz +m`p2b Q7 1a_LL

�M/ GahJ #�`2Hv +?�M;2 �b i?2 h6_ BM+`2�b2bX PM2 TQbbB#H2 2tTH�M�iBQM 7Q` i?Bb T?2MQK2MQM Bb

i?�i +2`i�BM Bi2Kb- /2T2M/BM; QM i?2B` 7Q`2+�bi ᅷ �M/ p�`B�M+2 ᅼϵ p�Hm2b- ;2M2`�i2 ?B;? #�b2@biQ+F

H2p2Hb 2p2M �i HQr h6_b- r?BH2 7Q` Qi?2` Bi2Kb- KBMBK�H biQ+F Bb K�BMi�BM2/X hQ BHHmbi`�i2 i?Bb- H2iǶb

+QMbB/2` � 72r Bi2Kb 7`QK 1a_LL QM h6_b Q7 yX3y �M/ yXNy 7Q` i?2 }`bi Ry 7Q`2+�biBM; T2`BQ/b,

i?2 jRjd@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����- i?2 9eyj@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����-

i?2 j8@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����- i?2 39@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����X

h�#H2 Rk, AM/BpB/m�H "�b2 aiQ+F G2p2Hb BM PAG @ 1a_LLX h?2 h6_ Bb yX3y- i?2b2 Bi2Kb ?�p2 �iH2�bi
QM2 TQbBiBp2 /2K�M/ BM i?2 i2bi T2`BQ/bX

Ai2K S2`BQ/R S2`BQ/k S2`BQ/j S2`BQ/9 S2`BQ/8 S2`BQ/e S2`BQ/d S2`BQ/3 S2`BQ/N S2`BQ/Ry

jRjd@i? Ai2K R j 9 9 9 9 9 9 9 9

9eyj@i? Ai2K R 8 8 8 8 8 8 8 8 8

j8@i? Ai2K ky 3de 3NR 3NR 3NR 3NR Njj Njj RRRe RR3R

39@i? Ai2K e jd jd jd jd jd jd 3d 3d 3d
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h�#H2 Rj, AM/BpB/m�H "�b2 aiQ+F G2p2Hb BM PAG @ 1a_LLX h?2 h6_ Bb yXNy- i?2b2 Bi2Kb ?�p2 �iH2�bi
QM2 TQbBiBp2 /2K�M/ BM i?2 i2bi T2`BQ/bX

Ai2K S2`BQ/R S2`BQ/k S2`BQ/j S2`BQ/9 S2`BQ/8 S2`BQ/e S2`BQ/d S2`BQ/3 S2`BQ/N S2`BQ/Ry

jRjd@i? Ai2K R 8 8 e e e e e e e

9eyj@i? Ai2K R d d d d d d d d d

j8@i? Ai2K ky Rj9R Rj98 Rj98 Rj98 R9kj R9kj RdRe RdN9 RdN9

39@i? Ai2K e 83 83 83 83 83 Rj3 Rj3 Rj3 Rj3

h�#H2b Rk �M/ Rj /2KQMbi`�i2 i?�i �Hi?Qm;? i?2 i`�/2@Qz +m`p2b #2ir22M iQi�H@�6_b �M/

h6_b �TT2�` iQ #2 `2H�iBp2Hv ~�i- i?2 #�b2 biQ+F H2p2Hb Q7 �HH Bi2Kb BM+`2�b2 bB;MB}+�MiHv rBi? ?B;?2`

h6_bX LQi�#Hv- i?2 j8@i? �M/ 39@i? Bi2Kb 2t?B#Bi 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb +QKT�`2/ iQ

i?2 Qi?2` irQ Bi2KbX h?Bb /Bz2`2M+2 Bb HBF2Hv �ii`B#mi2/ iQ i?2 `2H�iBp2Hv ?B;? Q#b2`p2/ p�`B�M+2 ᅼϵ
BM i?2 ?BbiQ`B+�H /2K�M/ Q7 i?2b2 irQ Bi2Kb Ui?2 j8i? Bi2K ?�b 9 /2K�M/ Q++m``2M+2b- rBi? QM2

Q7 i?2K #2BM; H�`;2` i?�M 3yV- �b i?2B` 7Q`2+�bi ᅷ p�Hm2b �`2 +QKT�`�#H2X Ai Bb �bbmK2/ i?�i KQbi

Bi2Kb ?�p2 � p2`v HQr 7Q`2+�bi ᅷ- +QMbB/2`BM; i?2 K2�M 7Q`2+�bi ᅷֈրռ։ � ����� T`2/B+i2/ #v 1a_LLX

*QMb2[m2MiHv- �M BM+`2�b2 BM i?2 p�`B�M+2 Q7 ?BbiQ`B+�H /2K�M/b rBHH ?�p2 � bm#bi�MiB�H BKT�+i QM

i?2 #�b2 biQ+F H2p2HbX hQ bBKTHB7v i?2 �M�HvbBb- Bi Bb +QMbB/2`2/ i?�i i?2 #�b2 biQ+F H2p2H 2tT2`B2M+2b

� bB;MB}+�Mi BM+`2�b2 r?2M i?2 bi�M/�`/ /2pB�iBQM ᅼ � ���X �TT`QtBK�i2Hv j9yy Bi2Kb �KQM; �HH

Bi2Kb ?�p2 � bi�M/�`/ /2pB�iBQM ᅼ � ���X �bbmKBM; i?�i 9kXeW Q7 i?2b2 Bi2Kb ?�p2 MQ /2K�M/ BM

i?2 i2bi T2`BQ/b- i?2`2 `2K�BM RN8y Bi2Kb rBi? 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2HbX AKTQ`i�MiHv- Bi

b?QmH/ #2 MQi2/ i?�i- �b b?QrM BM h�#H2b Rk �M/ Rj- i?2b2 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb 2tBbi

�H`2�/v �i HQr2` h6_bX �b i?2 h6_ BM+`2�b2b- i?2 #�b2 biQ+F H2p2Hb #2+QK2 2p2M ?B;?2`- #mi i?2v

�`2 MQi 2tT2+i2/ iQ +QMi`B#mi2 7m`i?2` iQ iQi�H@�6_b- �b Bi2Kb rBi? ?B;? /2K�M/ �`2 �H`2�/v 7mHHv

bmTTHB2/ �i 2�`HB2` h6_bX h?2 Q#b2`p2/ i`�/2@Qz +m`p2bǶ ~�iM2bb BM `2H�iBQM iQ iQi�H@�6_b �M/

h6_b `2BM7Q`+2b i?2 B/2� i?�i QM+2 i?2 #�b2 biQ+F H2p2Hb 7Q` ?B;?@/2K�M/ Bi2Kb �`2 b2i �i HQr2`

h6_b- 7m`i?2` BM+`2�bBM; i?2 h6_ /Q2b MQi bB;MB}+�MiHv BKT�+i i?2 iQi�H@�6_- �b i?2b2 Bi2Kb �`2

�H`2�/v bmTTHB2/X

*QMbB/2`BM; i?2 K2�M /2K�M/ bBx2 Ӹԋ ϵ Q7 PAG Bb yXR3- B7 r2 �bbmK2 i?�i i?2 K2�M /2K�M/

bBx2 BM i?2 i2bi b2i Bb +QKT�`�#H2- KQbi Bi2Kb rBHH biBHH #2 7mHHv bmTTHB2/ /2bTBi2 i?2B` HQr Q#b2`p2/

p�`B�M+2X Ai +QmH/ #2 TQbbB#H2 i?�i QMHv � HBKBi2/ MmK#2` Q7 Bi2Kb- +?�`�+i2`Bx2/ #v ?B;? /2K�M/

/m`BM; i?2 i2bi T2`BQ/b- #mi rBi? HQr ?BbiQ`B+�H /2K�M/ p�`B�#BHBiv- KB;?i MQi #2 7mHHv bmTTHB2/X
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h?Bb +QmH/ `2bmHi BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ h6_b �TT2�`BM; `2H�iBp2Hv ~�i /m2 iQ

i?2 HBKBi2/ BKT�+i Q7 i?2b2 Bi2Kb QM i?2 Qp2`�HH iQi�H@�6_X AM i?2 +�b2 Q7 1a_LL- 2ti`2K2Hv ?B;?

#�b2 biQ+F H2p2Hb �`2 Q7i2M ;2M2`�i2/ 7Q` Bi2Kb rBi? � HQr 7Q`2+�bi- +QK#BM2/ rBi? � `2H�iBp2Hv ?B;?

p�`B�M+2 7`QK i?2 ?BbiQ`B+�H /2K�M/X AM i?Bb +QMi2ti- i?2 [m2biBQM �`Bb2b r?2i?2` i?2 #�b2 biQ+F

H2p2Hb +?�M;2 r?2M i?2 7Q`2+�bi 7m`i?2` BM+`2�b2bX 6Q` i?Bb �M�HvbBb- r2 +QMbB/2` i?2 7Q`2+�bi 7`QK

qBHH2K�BM- r?2`2 i?2 K2�M 7Q`2+�bi ᅷֈրռ։ � ����� +QKT�`2/ iQ 1a_LL Uᅷֈրռ։ � �����VX

G2iǶb +QMbB/2` #�b2 biQ+F H2p2Hb 7Q` i?2 b�K2 Bi2Kb #mi rBi? � /Bz2`2Mi 7Q`2+�bi ᅷ �M/ i?2 b�K2

p�`B�M+2 ᅼϵ 7`QK i?2 ?BbiQ`B+�H /2K�M/ �i � h6_ Q7 yX3y, i?2 jRjd@i? Bi2K rBi? ᅷ � ����� �M/ᅼ � �����- i?2 9eyj@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����- i?2 j8@i? Bi2K rBi? ᅷ � ����� �M/ᅼ � �����- i?2 39@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����X

h�#H2 R9, AM/BpB/m�H "�b2 aiQ+F G2p2Hb BM PAG @ qBHH2K�BMX h?2 h6_ Bb yX3y- i?2b2 Bi2Kb ?�p2
�iH2�bi QM2 TQbBiBp2 /2K�M/ BM i?2 i2bi T2`BQ/bX

Ai2K S2`BQ/R S2`BQ/k S2`BQ/j S2`BQ/9 S2`BQ/8 S2`BQ/e S2`BQ/d S2`BQ/3 S2`BQ/N S2`BQ/Ry

jRjd@i? Ai2K R R R R R R R R R R

9eyj@i? Ai2K R R R R R R R R R R

j8@i? Ai2K ky j3 9j 9j 9j 9j 8R 8R e8 e8

39@i? Ai2K j j j j j j j e e e

"�b2/ QM i?2 Q#b2`p�iBQMb 7`QK h�#H2 R9- Bi Bb +H2�` i?�i �M BM+`2�b2 BM i?2 7Q`2+�bi H2�/b iQ

� `2/m+iBQM BM i?2 #�b2 biQ+F H2p2H- �b b22M BM �HH 7Qm` Bi2KbX *QMp2`b2Hv- Bi �TT2�`b i?�i �b i?2

p�`B�M+2 BM+`2�b2b- i?2 #�b2 biQ+F H2p2H `Bb2b �b r2HHX
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(a) TFR vs. Average−AFR
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(b) Average−AFR vs. Inventory holding costs
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(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 N, PAG AMp2MiQ`v S2`7Q`K�M+2

dXkXd J�L AMp2MiQ`v S2`7Q`K�M+2

AM i?2 J�L /�i�- r?B+? +QMbBbib Q7 Bi2Kb +H�bbB}2/ �b BMi2`KBii2Mi �M/ HmKTv- rBi? � 72r

7�HHBM; mM/2` i?2 +�i2;Q`B2b Q7 2``�iB+ �M/ bKQQi?- bBKBH�` T�ii2`Mb 2K2`;2 r?2M +QKT�`BM; i?2

}M/BM;b iQ i?2 T`2pBQmb Q#b2`p�iBQMb 7`QK i?2 PAG /�i�X "�b2/ QM 6B;m`2b Ry� �M/ Ry+- 1a_LL

+QMbBbi2MiHv �+?B2p2b ?B;?2` �6_b �i 2�+? h6_X >Qr2p2`- i?Bb KQ/2H BM+m`b ?B;?2` BMp2MiQ`v +Qbib

�i 2�+? �6_ +QKT�`2/ iQ Qi?2` KQ/2HbX GahJ 2K2`;2b �b i?2 b2+QM/@rQ`bi T2`7Q`KBM; KQ/2H

BM i?2 i`�/2@Qz #2ir22M �6_b �M/ h6_b- BM+m``BM; ?B;?2` BMp2MiQ`v ?QH/BM; +Qbib +QKT�`2/ iQ

Qi?2` KQ/2HbX Ai �TT2�`b i?�i i?2 *`QbiQM �M/ Bib p�`B�iBQMb �`2 bmT2`BQ` BM i?2 i`�/2@Qz #2ir22M

�p2`�;2@�6_b �M/ BMp2MiQ`v ?QH/BM; +Qbib- r?BH2 #Qi? J2i�@H2�`M2`b QmiT2`7Q`K Qi?2` KQ/2Hb BM

i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX

aBKBH�`Hv iQ i?2 }M/BM;b BM i?2 PAG /�i�- i?2 i`�/2@Qz #2ir22M �6_b �M/ h6_b �TT2�`b iQ #2

~�i 7Q` 1a_LL- GahJ- �M/ _LL BM i?2 J�L /�i�X >Qr2p2`- i?2 T2`7Q`K�M+2 BM i?Bb +QMi2ti rBHH

�HbQ /2T2M/ QM r?2i?2` /2K�M/ Bb Q#b2`p2/ BM i?2 i2bi T2`BQ/b �M/ i?2 2ti`2K2Hv ?B;? #�b2 biQ+F
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H2p2Hb ;2M2`�i2/ 7Q` Bi2KbX h?2`2 �`2 Rde Bi2Kb rBi? MQ /2K�M/ BM i?2 i2bi T2`BQ/b- K2�MBM; i?2

K�tBKmK Qp2`�HH �+?B2p�#H2 �p2`�;2@�6_ Bb yX3d9 bBM+2 i?2 }HH `�i2 7Q` i?2b2 Bi2Kb Bb x2`Q /m2 iQ

i?2 BMp2MiQ`v b2iiBM;X �b 2tTH�BM2/ 2�`HB2`- i?Bb rBHH ?�p2 � `2H�iBp2Hv H2bb BKT�+i QM i?2 iQi�H@�6_

�b i?2b2 Bi2Kb /Q MQi +QMi`B#mi2 bB;MB}+�MiHv iQ i?2 iQi�H@�6_X hQ BHHmbi`�i2 i?Bb 7m`i?2`- r2 rBHH

�HbQ `mM i?2 #�b2 biQ+F H2p2H 7Q` 7Qm` Bi2Kb mbBM; i?2 7Q`2+�bib Q7 1a_LL iQ /2i2`KBM2 B7- bBKBH�`

iQ i?2 Q#b2`p�iBQMb BM i?2 PAG /�i�- 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb �`2 ;2M2`�i2/ #�b2/ QM i?2

7Q`2+�bi ᅷ �M/ i?2 p�`B�M+2 ᅼϵX

G2iǶb +QMbB/2` � 72r Bi2Kb 7`QK 1a_LL �i i?2 h6_ Q7 yX3y 7Q` i?2 }`bi Ry 7Q`2+�biBM; T2`BQ/b,

i?2 3e@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����- i?2 Rjk@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � ������
UTH2�b2 `272` iQ h�#H2 ky BM i?2 �TT2M/Bt 7Q` i?2 bBx2 Q7 i?2 ?BbiQ`B+�H /2K�M/ 7Q` i?Bb Bi2KV- i?2

RR3N@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � ����- i?2 j9y@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����X

h�#H2 R8, AM/BpB/m�H "�b2 aiQ+F G2p2Hb BM J�L @ 1a_LLX h?2 h6_ Bb yX3y- i?2b2 Bi2Kb ?�p2
�iH2�bi QM2 TQbBiBp2 /2K�M/ BM i?2 i2bi T2`BQ/bX

Ai2K S2`BQ/R S2`BQ/k S2`BQ/j S2`BQ/9 S2`BQ/8 S2`BQ/e S2`BQ/d S2`BQ/3 S2`BQ/N S2`BQ/Ry

3e@i? Ai2K Ry Re Re Re Re Re Re Re Re Re

Rjk@i? Ai2K Ryy jRd9e jRd9e jRd9e jRd9e jRd9e jRd9e jjy88 jjRRd jeRky

RR3N@i? Ai2K Ry Rk Rk Rk Rk R9 R9 R9 R9 R9

j9y@i? Ai2K k R8 R8 R8 RN RN RN RN RN RN

q2 �HbQ �bbmK2 i?�i- �b i?2 h6_ BM+`2�b2b- i?2 #�b2 biQ+F H2p2Hb i2M/ iQ `Bb2 �++Q`/BM;HvX 6Q`

i?2 Rjk@i? Bi2K- �M 2t+2TiBQM�HHv ?B;? #�b2 biQ+F H2p2H Bb ;2M2`�i2/- HBF2Hv /m2 iQ i?2 bB;MB}+�Mi

p�`B�#BHBiv Q#b2`p2/ BM i?2 ?BbiQ`B+�H /2K�M/- ;Bp2M i?2 p2`v HQr p�Hm2 Q7 i?2 7Q`2+�biX JQ`2Qp2`-

r?2M +QKT�`BM; i?2 #�b2 biQ+F H2p2H Q7 i?2 RR3Ni? Bi2K iQ i?�i Q7 i?2 3ei? Bi2K- /2bTBi2 i?2 p�`B�M+2

#2BM; 7Qm` iBK2b H�`;2`- i?2 /Bz2`2M+2 +�M #2 �ii`B#mi2/ iQ i?2 ?B;?2` p�Hm2 Q7 7Q`2+�bi- �b Q#b2`p2/

2�`HB2` BM h�#H2 R9X h?2 K2�M 7Q`2+�bi ᅷֈրռ։ Q7 �HH Bi2Kb Q7 1a_LL Bb 2[m�H iQ yXykk- �M/ i?2 K2�M

bi�M/�`/ /2pB�iBQM ᅼֈրռ։ Bb RdXk3X h?Bb BKTHB2b i?�i �HH Bi2Kb- BM+Hm/BM; i?Qb2 rBi? ?B;? /2K�M/-

�`2 7mHHv bmTTHB2/- `2bmHiBM; BM i?2 ?B;?2bi i`�/2@Qz #2ir22M �6_b �M/ h6_bX Ai Bb BKTQ`i�Mi

iQ FMQr i?�i i?2b2 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb �`2 �H`2�/v ;2M2`�i2/ �i 2�`HB2` h6_b- �M/

7m`i?2` BM+`2�bBM; i?2 h6_b rBHH MQi bB;MB}+�MiHv +QMi`B#mi2 iQ i?2 �6_bX >Qr2p2`- i?2`2 �`2 �

72r Bi2Kb rBi? HQr p�`B�#BHBiv BM ?BbiQ`B+�H /2K�M/ #mi rBi? ?B;? /2K�M/ BM i2bi T2`BQ/b- 7Q` r?B+?

i?2 /2K�M/ rBHH MQi #2 7mHHv K2iX Ai Bb 2tT2+i2/ i?�i i?2 MmK#2` Q7 bm+? Bi2Kb Bb `2H�iBp2Hv HQr-

83



�M/ i?2B` BKT�+i QM i?2 iQi�H@�6_ Bb M2;HB;B#H2- H2�/BM; iQ � `2H�iBp2Hv ~�i +m`p2 7Q` 1a_LL �M/

GahJX

h?2 [m2biBQM �`Bb2b �;�BM r?2i?2` i?2 #�b2 biQ+F H2p2Hb +?�M;2 �b i?2 7Q`2+�bi 7m`i?2` BM+`2�b2bX

6Q` i?Bb �M�HvbBb- r2 +QKT�`2 i?2 7Q`2+�bi 7`QK qBHH2K�BM- r?2`2 i?2 Qp2`�HH K2�M 7Q`2+�bi ᅷֈրռ։ ������- rBi? 1a_LLǶb K2�M 7Q`2+�bi Uᅷֈրռ։ � �����VX G2iǶb 2t�KBM2 i?2 #�b2 biQ+F H2p2Hb 7Q` i?2

b�K2 Bi2Kb #mi rBi? /Bz2`2Mi 7Q`2+�bib r?BH2 K�BMi�BMBM; i?2 b�K2 p�`B�M+2 7`QK i?2 ?BbiQ`B+�H

/2K�M/X q2 rBHH mb2 � i�`;2i }HH `�i2 Uh6_V Q7 yX3y 7Q` �HH Bi2KbX aT2+B}+�HHv- r2 +QMbB/2` i?2

3e@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����- i?2 Rjk@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � ������- i?2

RR3N@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � ����- �M/ i?2 j9y@i? Bi2K rBi? ᅷ � ����� �M/ ᅼ � �����X

h�#H2 Re, AM/BpB/m�H "�b2 aiQ+F G2p2Hb BM J�L @ qBHH2K�BMX h?2 h6_ Bb yX3y- i?2b2 Bi2Kb ?�p2
�iH2�bi QM2 TQbBiBp2 /2K�M/ BM i?2 i2bi T2`BQ/bX

Ai2K S2`BQ/R S2`BQ/k S2`BQ/j S2`BQ/9 S2`BQ/8 S2`BQ/e S2`BQ/d S2`BQ/3 S2`BQ/N S2`BQ/Ry

3e@i? Ai2K k k k k j j j j j 9

Rjk@i? Ai2K 8j 8j 8j 8j 8j 8j 8j 8j 8j 8j

RR3N@i? Ai2K d d d d d d d d d d

j9y@i? Ai2K R R R R R R R R R R

�++Q`/BM; iQ h�#H2 Re- +QMbBbi2Mi rBi? h�#H2 R8- �M BM+`2�b2 BM i?2 7Q`2+�bi H2�/b iQ � /2+`2�b2

BM i?2 #�b2 biQ+F H2p2Hb 7Q` �HH Bi2KbX h?Bb Q#b2`p�iBQM Bb bBKBH�` iQ r?�i r2 7QmM/ BM i?2 PAG /�i�-

r?2`2 ?B;?2` 7Q`2+�bib +Q``2bTQM/2/ iQ HQr2` #�b2 biQ+F H2p2Hb- r?BH2 �M BM+`2�b2 BM i?2 p�`B�M+2 H2/

iQ ?B;?2` #�b2 biQ+F H2p2HbX h?Bb T?2MQK2MQM 2tTH�BMb r?v i?2 i`�/2@Qz +m`p2b #2ir22M �6_b �M/

h6_b 7Q` qBHH2K�BM �M/ Qi?2` KQ/2Hb �`2 MQi ~�i- �b i?2 bK�HH2` #�b2 biQ+F H2p2Hb `2bmHiBM; 7`QK

i?2 BM+`2�b2 BM i?2 7Q`2+�bi H2�/ iQ p�`vBM; bHQT2b BM i?2 i`�/2@Qz +m`p2bX *QMb2[m2MiHv- BM+`2�bBM;

i?2 h6_ +�M +QMi`B#mi2 7m`i?2` iQ Bi2Kb rBi? ?B;? /2K�M/X h?2 }M�H Q#b2`p�iBQM Bb i?�i _LL

T2`7Q`Kb TQQ`Hv BM i?2 i`�/2@Qz #2ir22M �6_b �M/ h6_bX Ai �TT2�`b i?�i- 7Q` K�Mv Bi2Kb U#mi

MQi M2+2bb�`BHv �HHV- M2;�iBp2 7Q`2+�bib `2bmHi BM i?2B` #�b2 biQ+F H2p2Hb #2BM; b2i iQ y- K�FBM; Bi

BKTQbbB#H2 iQ 7mH}HH �Mv /2K�M/ /m`BM; i?2 i2bi T2`BQ/b 7Q` i?2b2 bT2+B}+ Bi2KbX

8N
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(b) Average−AFR vs. Inventory holding costs
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(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 Ry, J�L AMp2MiQ`v S2`7Q`K�M+2

dXkX3 "_�6 AMp2MiQ`v S2`7Q`K�M+2

aBKBH�` iQ i?2 J�L /�i�- i?2 "_�6 /�i� T`BK�`BHv +QMbBbib Q7 Bi2Kb +H�bbB}2/ mM/2` BMi2`@

KBii2Mi �M/ HmKTv /2K�M/ T�ii2`MbX �KQM; i?2 K2i?Q/b �M�Hvx2/- 1a_LL- GahJ- �M/ _LL

2K2`;2 �b i?2 rQ`bi T2`7Q`KBM; KQ/2Hb BM i?2 i`�/2@Qz #2ir22M �6_b �M/ h6_b- BM+m``BM; ?B;?2`

BMp2MiQ`v ?QH/BM; +Qbib +QKT�`2/ iQ Qi?2` KQ/2HbX qBHH2K�BM 2t?B#Bib i?2 rQ`bi T2`7Q`K�M+2 BM

i?2 i`�/2@Qz #2ir22M �p2`�;2@�6_b �M/ h6_b- �b r2HH �b BM i?2 i`�/2@Qz #2ir22M �p2`�;2@�6_b

�M/ BMp2MiQ`v ?QH/BM; +QbibX JQ`2Qp2`- BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ h6_b- qBHH2K�BM

Bb BM72`BQ` iQ KQbi Qi?2` KQ/2HbX L2p2`i?2H2bb- BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ BMp2M@

iQ`v ?QH/BM; +Qbib- qBHH2K�BM bi�M/b �b i?2 b2+QM/@#2bi T2`7Q`K2` mT iQ i?2 �p2`�;2@�6_ Q7 yXdNX

*`QbiQM �M/ Bib p�`B�iBQMb /2KQMbi`�i2 i?2 #2bi BMp2MiQ`v T2`7Q`K�M+2 BM i?2 i`�/2@Qz #2ir22M

�p2`�;2@�6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX PM i?2 Qi?2` ?�M/- J2i�@H2�`M2`b 2t?B#Bi i?2 HQr2bi

+Qbib BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ h6_b- �M/ i?2v �HbQ b?Qr bi`QM; T2`7Q`K�M+2 BM

i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ h6_bX *QMbBbi2Mi rBi? T`2pBQmb }M/BM;b- 1a_LL- GahJ-

ey



�M/ _LL BM+m` i?2 ?B;?2bi BMp2MiQ`v +Qbib- HBF2Hv /m2 iQ i?2 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb i?2v

K�BMi�BMX

*QMbBbi2Mi rBi? T`2pBQmb }M/BM;b BM i?2 PAG �M/ J�L /�i� b2ib- i?2 i`�/2@Qz +m`p2b Q7

1a_LL- GahJ- �M/ _LL BM 6B;m`2b RR� �M/ RR+ �TT2�` iQ #2 ~�iX h?Bb #2?�pBQ` +�M #2 �ii`B#mi2/

iQ i?2 ;2M2`�iBQM Q7 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb r?2M i?2 7Q`2+�bi Bb HQr �M/ i?2 p�`B�M+2 BM

?BbiQ`B+�H /2K�M/b Bb ?B;?X G2iǶb +QKT�`2 i?2 K2�M 7Q`2+�bi ᅷֈրռ։ � ����� Q7 1a_LL rBi? i?2

K2�M 7Q`2+�bi ᅷֈրռ։ � ����� Q7 qBHH2K�BM- r?BH2 K�BMi�BMBM; i?2 Qp2`�HH K2�M bi�M/�`/ /2pB�iBQMᅼ Q7 ?BbiQ`B+�H /2K�M/b �i 8X38kX q2 2tT2+i i?�i- mM/2` i?2 1a_LL K2i?Q/- K�Mv KQ`2 2ti`2K2Hv

?B;? #�b2 biQ+F H2p2Hb rBHH #2 ;2M2`�i2/ 7Q` KQbi Bi2Kb +QKT�`2/ iQ qBHH2K�BM- T`BK�`BHv /m2 iQ i?2

bB;MB}+�Mi /Bz2`2M+2 BM i?2 K2�M 7Q`2+�biX �b � `2bmHi- KQbi HQr@/2K�M/ �M/ ?B;?@/2K�M/ Bi2Kb

rBHH #2 7mH}HH2/ �i 2�`HB2` h6_b- �M/ �M BM+`2�b2 BM i?2 h6_ rBHH MQi bB;MB}+�MiHv +QMi`B#mi2 iQ

i?2 �6_ bBM+2 i?2 #�b2 biQ+F H2p2Hb �`2 �H`2�/v 2ti`2K2Hv ?B;? �i 2�`HB2` h6_bX h?Bb T?2MQK2MQM

H2�/b iQ � ~�ii2` +m`p2 BM i?2 i`�/2@Qz #2ir22M �6_b �M/ h6_bX AM +QMi`�bi- mM/2` qBHH2K�BM- i?2

BM+`2�b2 BM h6_ Bb 2tT2+i2/ iQ +QMi`B#mi2 iQ � ?B;?2` �6_- �b i?2 #�b2 biQ+F H2p2Hb �`2 ;2M2`�HHv

HQr2` i?�M i?Qb2 mM/2` 1a_LL BM i?Bb /�i� b2iX
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(a) TFR vs. Average−AFR
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(b) Average−AFR vs. Inventory holding costs
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(c) TFR vs. Total−AFR
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(d) Total−AFR vs. Inventory holding costs

6B;m`2 RR, "_�6 AMp2MiQ`v S2`7Q`K�M+2

dXkXN Pp2`�HH 6BM/BM;b AMp2MiQ`v S2`7Q`K�M+2

6BM/BM; 3X h?2 �M�HvbBb Q7 BMp2MiQ`v T2`7Q`K�M+2 �+`Qbb �HH /�i� b2ib `2p2�Hb i?�i 1a_LL-

GahJ- �M/ _LL 2t?B#Bi i?2 rQ`bi BMp2MiQ`v T2`7Q`K�M+2- BM+m``BM; ?B;?2` BMp2MiQ`v ?QH/BM; +Qbib

+QKT�`2/ iQ Qi?2` KQ/2HbX �Hi?Qm;? i?2b2 K2i?Q/b ;2M2`�HHv 2t+2H BM i?2 i`�/2@Qz #2ir22M �6_b

�M/ h6_b- i?Bb BM/B+�i2b i?�i i?2v i2M/ iQ K�BMi�BM 2t+2bbBp2 BMp2MiQ`v H2p2Hb- `2bmHiBM; BM ?B;?2`

BMp2MiQ`v +Qbib r?2M +QKT�`2/ iQ Qi?2` KQ/2HbX �M 2t+2TiBQM Bb Q#b2`p2/ BM i?2 �lhP /�i�- r?2`2

i?2v T2`7Q`K #2ii2` BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX *QMp2`b2Hv-

qBHH2K�BM /2KQMbi`�i2b i?2 #2bi BMp2MiQ`v T2`7Q`K�M+2 BM i?2 aAJR- aAJj- �M/ aAJ9 /�i� b2ib-

`2[mB`BM; bHB;?iHv 72r2` BMp2MiQ`v ?QH/BM; +Qbib iQ �+?B2p2 i?2 b�K2 �6_ +QKT�`2/ iQ Qi?2` KQ/2HbX

�//BiBQM�HHv- qBHH2K�BM QmiT2`7Q`Kb Qi?2` KQ/2Hb BM i?2 �lhP /�i�- #mi QMHv BM i?2 i`�/2@Qz

#2ir22M iQi�H@�6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX 1Mb2K#H2 R 2t?B#Bib i?2 Qp2`�HH #2bi BMp2MiQ`v

T2`7Q`K�M+2 BM i?2 aAJk /�i� b2iX AM i?2 PAG- J�L- �M/ PAG /�i� b2ib- J2i�@H2�`M2`b b?Qr

i?2 #2bi BMp2MiQ`v T2`7Q`K�M+2- T�`iB+mH�`Hv BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ BMp2MiQ`v

ek



?QH/BM; +QbibX PM i?2 Qi?2` ?�M/- *`QbiQM �M/ Bib p�`B�iBQMb 2t?B#Bi i?2 #2bi T2`7Q`K�M+2 BM i?2

i`�/2@Qz #2ir22M �p2`�;2@�6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX h?Bb bm;;2bib i?�i J2i�@H2�`M2`b �M/

*`QbiQM #�b2/ KQ/2Hb �+?B2p2 HQr2` +Qbib r?BH2 �ii�BMBM; i?2 b�K2 iQi�H@�6_ UJ2i�@H2�`M2`bV Q`

�p2`�;2@�6_ U*`QbiQM �M/ Bib p�`B�iBQMbV +QKT�`2/ iQ Qi?2` K2i?Q/bX

6BM/BM; NX >B;?2` �++m`�+v /Q2b MQi ;m�`�Mi22 #2ii2` BMp2MiQ`v T2`7Q`K�M+2X h?Bb T�ii2`M

#2+QK2b 2pB/2Mi BM i?2 bBKmH�i2/ /�i� b2ib r?2`2 J2i�@H2�`M2`b /2KQMbi`�i2 bmT2`BQ` 7Q`2+�biBM;

T2`7Q`K�M+2- #mi �`2 QmiT2`7Q`K2/ #v qBHH2K�BM BM BMp2MiQ`v +QMi`QH �bb2bbK2MiX aBKBH�`Hv- BM i?2

PAG /�i�- qBHH2K�BM 2t?B#Bib i?2 #2bi 7Q`2+�biBM; T2`7Q`K�M+2- #mi Bi Bb QmiT2`7Q`K2/ #v *`QbiQM

�M/ Bib p�`B�iBQMb BM i?2 i`�/2@Qz #2ir22M �p2`�;2@�6_b �M/ BMp2MiQ`v ?QH/BM; +QbibX *QMp2`b2Hv-

i?2 rQ`bi@T2`7Q`KBM; KQ/2Hb BM i2`Kb Q7 �++m`�+v- M�K2Hv 1a_LL- GahJ- �M/ _LL- ;2M2`�HHv

2t?B#Bi i?2 rQ`bi BMp2MiQ`v T2`7Q`K�M+2X

6BM/BM; RyX h?2 BKTH2K2Mi�iBQM Q7 BMp2MiQ`v +QMi`QH Bb ?B;?Hv b2MbBiBp2 iQ bK�HH �/DmbiK2Mib-

�b Q#b2`p2/ BM i?2 PAG /�i�- r?2`2 L;mv2M UkykjV mb2/ irQ KQ`2 iBK2bi�KTb BM i?2 i2bi T2`BQ/bX

h?Bb +?�M;2 `2bmHi2/ BM � BM+`2�b2/ HBF2HB?QQ/ Q7 TQbBiBp2 /2K�M/ BM i?2 i2bi T2`BQ/b- H2�/BM; iQ H2bb

Bi2Kb #2BM; �bbB;M2/ � }HH `�i2 Q7 yX h?2`27Q`2- #v ?�pBM; 72r2` iBK2bi�KTb BM i?2 i2bi T2`BQ/b- i?Bb

�/DmbiK2Mi bB;MB}+�MiHv BKT�+i2/ i?2 �p2`�;2@�6_X AM bm+? +�b2b- � [m2biBQM �`Bb2b �b iQ r?2i?2`

r2 b?QmH/ �bbB;M � }HH `�i2 Q7 R iQ Bi2Kb i?�i ?�p2 MQ /2K�M/ BM i?2 i2bi T2`BQ/bX h?Bb /2+BbBQM

+QmH/ ?�p2 � bm#bi�MiB�H BKT�+i QM BMp2MiQ`v T2`7Q`K�M+2- T�`iB+mH�`Hv BM i?2 PAG �M/ J�L /�i�

b2ibX

6BM/BM; RRX AM i?2 bBKmH�i2/ /�i�- i?2 /Bz2`2M+2 #2ir22M 2p�Hm�iBM; BMp2MiQ`v +QMi`QH #�b2/

QM �p2`�;2@�6_ �M/ iQi�H@�6_ Bb KBMBK�H- �b #Qi? K2�bm`2b �`2 �TT`QtBK�i2Hv 2[m�H �i i?2 ;Bp2M

h6_- `2bmHiBM; BM bBKBH�` ?QH/BM; +QbibX q?BH2 1a_LL Bb bHB;?iHv KQ`2 2tT2MbBp2 i?�M Qi?2` KQ/2Hb-

i?2 /Bz2`2M+2 BM ?QH/BM; +Qbib Bb MQi bB;MB}+�Mi +QKT�`2/ iQ i?2 BM/mbi`B�H /�i� b2ibX >Qr2p2`- BM

BM/mbi`B�H /�i� b2ib- i?2 +?QB+2 Q7 K2i`B+ ?�b � bB;MB}+�Mi BKT�+i QM i?2 BMp2MiQ`v ?QH/BM; +QbibX

h?2 /Bb+`2T�M+v #2ir22M i?2 irQ K2i`B+b +QmH/ #2 �ii`B#mi2/ iQ KQ/2Hb HBF2 J2i�@H2�`M2`b- r?B+?

�`2 #2ii2` �i T`2/B+iBM; +?2�T2` Bi2Kb rBi? ?B;? /2K�M/- +QKT�`2/ iQ *`QbiQM �M/ Bib p�`B�iBQMb-

r?B+? 2t+2H �i 7Q`2+�biBM; 2tT2MbBp2 Bi2Kb rBi? HQr /2K�M/X h?2b2 }M/BM;b bm;;2bi i?�i MQi QMHv

i?2 BMi2`KBii2M+v #2ir22M BM/mbi`B�H �M/ bBKmH�i2/ /�i� b2ib /Q2b MQi K�i+?- #mi �HbQ i?2 /2K�M/

bBx2 /Q2b MQi �HB;MX Ai Bb `2+QKK2M/2/ iQ BMi`Q/m+2 KQ`2 p�`B�iBQM BM i?2 /2K�M/ r?2M ;2M2`�iBM;

ej



bBKmH�i2/ /�i� BM 7mim`2 `2b2�`+?X JQ`2Qp2`- Bi ?�b #22M 7QmM/ i?�i i?2 iBK2 T2`BQ/ Q7 }p2 v2�`b

BM i?2 BM/mbi`B�H /�i� Bb Q7i2M iQQ b?Q`i iQ Q#b2`p2 i?2 /2K�M/ �/2[m�i2HvX � HQM;2` iBK2 T2`BQ/

rQmH/ T`QpB/2 KQ`2 /2K�M/ /�i�- H2�/BM; iQ KQ`2 bi�#H2 /2K�M/ T�ii2`MbX

6BM/BM; RkX �b K2MiBQM2/ 2�`HB2`- i?2 #�b2 biQ+F H2p2H ԇքӴ֍Ӵֆ Bb x2`Q r?2M i?2 7Q`2+�bi ᅷ ମ �X

h?Bb BKTHB2b i?�i i?2 _LL KQ/2H Bb MQi bmBi�#H2 7Q` i?2 J�L �M/ PAG /�i� b2ib- bBM+2 7Q`2+�bi ᅷ
p�Hm2b Q7 KQbi Bi2Kb �`2 #2HQr x2`QX aT2+B}+�HHv- BM i?2 +�b2 Q7 i?2 PAG /�i�- M2�`Hv �HH 7Q`2+�bib

T`2/B+i2/ #v i?2 _LL KQ/2H �`2 #2HQr x2`Q- `2bmHiBM; BM b2iiBM; i?2 #�b2 biQ+F H2p2H iQ x2`Q 7Q`

�HH Bi2KbX aBKBH�`Hv- BM i?2 J�L /�i�- �Hi?Qm;? i?2`2 �`2 � 72r Bi2Kb rBi? TQbBiBp2 7Q`2+�bib- i?2

Qp2`�HH K2�M 7Q`2+�bi 7Q` i?2 2MiB`2 /�i� b2i Bb M2;�iBp2X

6BM/BM; RjX J�+?BM2 H2�`MBM; K2i?Q/b HBF2 1a_LL- GahJ- �M/ _LL /2KQMbi`�i2 ~�i

i`�/2@Qz +m`p2b #2ir22M �6_b �M/ h6_b BM i?2 PAG- J�L- �M/ "_�6 /�i� b2ibX h?Bb #2?�pBQ`

+�M #2 �ii`B#mi2/ iQ i?2 ;2M2`�iBQM Q7 2ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb #v i?2b2 K2i?Q/bX �b

T`2pBQmbHv 2tTH�BM2/- i?2 #�b2 biQ+F H2p2Hb 7Q` 7Q`2+�bi2/ /2K�M/b #v 1a_LL- GahJ- �M/ _LL

�`2 �H`2�/v b2i ?B;? �i HQr2` h6_bX *QMb2[m2MiHv- �M BM+`2�b2 BM i?2 h6_ H2�/b iQ 2p2M ?B;?2`

#�b2 biQ+F H2p2Hb- #mi Bi /Q2b MQi bB;MB}+�MiHv BKT�+i i?2 �6_ bBM+2 KQbi /2K�M/b �`2 �H`2�/v

7mH}HH2/ �i 2�`HB2` h6_bX h?Bb /vM�KB+ Bb HBF2Hv i?2 `2�bQM r?v i?2 i`�/2@Qz +m`p2b �TT2�` ~�i BM

i?2b2 +�b2bX

6BM/BM; R9X lM/2` i?2 �bbmKTiBQM i?�i i?2 7Q`2+�bi 7QHHQrb i?2 ;�KK� /Bbi`B#miBQM �M/

mbBM; i?2 BMp2MiQ`v b2iiBM; �b /2b+`B#2/ BM i?Bb T�T2`- � /2+`2�b2 BM i?2 7Q`2+�bi H2�/b iQ � `Bb2

BM i?2 #�b2 biQ+F H2p2H- r?BH2 �M BM+`2�b2 BM i?2 7Q`2+�bi +�mb2b Bi iQ /2+HBM2X aBKBH�`Hv- �b i?2

p�`B�M+2 BM i?2 ?BbiQ`B+�H /2K�M/ BM+`2�b2b- Bi `2bmHib BM ?B;?2` #�b2 biQ+F H2p2Hb- �M/ i?2 #�b2 biQ+F

H2p2H /2+`2�b2b r?2M i?2 p�`B�M+2 #2+QK2b bK�HH2`X h?2 +QK#BM2/ 2z2+i Q7 i?2b2 irQ T�`�K2i2`b

+�M 2Bi?2` �KTHB7v Q` /BKBMBb? i?2 BKT�+i QM i?2 #�b2 biQ+F H2p2H- 7Q` 2t�KTH2- r?2M i?2 7Q`2+�bi

/2+`2�b2b �M/ i?2 p�`B�M+2 BM+`2�b2b- Q` r?2M i?2 7Q`2+�bi BM+`2�b2b �M/ i?2 p�`B�M+2 BM+`2�b2bX hQ

BHHmbi`�i2 i?Bb- H2iǶb +QMbB/2` i?`22 Bi2Kb ;Bp2M � h6_ Q7 yX38,

URV Ai2K R Uᅷ � ���� �M/ ᅼ � �V- i?Bb `2bmHib BM Ԛ � ������ �M/ ᅫ � ��������- i?2 HQbb i�`;2i	�  ԉ ӻԇ
 ੁ ᅷ � 	�  ����
 ੁ ���� � ������- i?2 #�b2 biQ+F H2p2H b?QmH/ #2 b2i iQ �i H2�bi jN3-

i?Bb `2bmHib BM ӺԈӸ � �������� I HQbb i�`;2iX

UkV Ai2K k Uᅷ � � �M/ ᅼ � �V- i?Bb `2bmHib BM Ԛ � ���� �M/ ᅫ � ����- i?2 HQbb i�`;2i 	�ԉ ӻԇ
ੁᅷ �
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	�  ����
 ੁ � � ����X hQ 2[m�i2 �;�BM i?2 HQbb 7mM+iBQM iQ i?2 1a*- � #�b2 biQ+F H2p2H Q7 �i

H2�bi 8 Bb `2[mB`2/X

UjV Ai2Kj Uᅷ � � �M/ ᅼ � �V- i?Bb `2bmHib BM Ԛ � ����� �M/ ᅫ � �����- i?2 HQbb i�`;2i Bb biBHH yXR8-

� #�b2 biQ+F H2p2H Q7 jd Bb M22/2/ iQ 2[m�i2 i?2 HQbb 7mM+iBQM iQ i?2 1a*X

h?2b2 2t�KTH2b /2KQMbi`�i2 i?�i � /2+`2�b2 BM i?2 7Q`2+�bi Q` �M BM+`2�b2 BM i?2 p�`B�M+2

rQmH/ HBF2Hv BKTHv � ?B;?2` #�b2 biQ+F H2p2H iQ K22i i?2 HQbb i�`;2iX h?Bb Q#b2`p�iBQM �HB;Mb rBi?

i?2 }M/BM;b Q7 1a_LL �M/ qBHH2K�BM BM i?2 +�b2b Q7 PAG- J�L- �M/ "_�6 /�i� b2ibX Ai Bb

HQ;B+�H i?�i i?2 HQbb i�`;2i #2+QK2b Km+? HQr2` r?2M i?2 7Q`2+�bi Bb 2ti`2K2Hv bK�HH- H2�/BM; iQ

i?2 2tT2+i�iBQM Q7 `2[mB`BM; � ?B;?2` #�b2 biQ+F H2p2H iQ K22i BiX >Qr2p2`- i?2 2t�KTH2b �HbQ

/2KQMbi`�i2 i?�i 2p2M rBi? i?2 b�K2 7Q`2+�bi ᅷ- #mi � ?B;?2` p�`B�#BHBiv BM ?BbiQ`B+�H /2K�M/b- �

?B;?2` #�b2 biQ+F H2p2H Bb ;2M2`�i2/ r?BH2 i?2 HQbb i�`;2i `2K�BMb mM+?�M;2/X h?Bb bm;;2bib i?�i i?2

`2/m+iBQM BM i?2 b?�T2 �M/ `�i2 T�`�K2i2`b 7`QK i?2 ;�KK� /Bbi`B#miBQM /m2 iQ � ?B;?2` p�`B�M+2

UQ` � bK�HH2` 7Q`2+�biV `2bmHib BM � bK�HH2` /2+`2�b2 BM i?2 1a* T2` mMBi BM+`2�b2 BM i?2 #�b2 biQ+F

H2p2HX �b � +QMb2[m2M+2- ?B;?2` #�b2 biQ+F H2p2Hb �`2 2tT2+i2/ iQ #2 M22/2/ iQ K22i i?2 HQbb i�`;2iX

G�biHv- >B;? #�b2 biQ+F H2p2Hb +QmH/ #2 KBiB;�i2/ #v 2tTHQ`BM; �Hi2`M�iBp2 T`Q#�#BHBiv /Bbi`B#m@

iBQMb- bm+? �b i?2 MQ`K�H Q` M2;�iBp2 #BMQKB�H /Bbi`B#miBQMX Ai rQmH/ #2 BMi2`2biBM; iQ 2p�Hm�i2 i?2b2

/Bbi`B#miBQM 7mM+iBQMb �M/ /2i2`KBM2 B7 i?2v H2�/ iQ � BKT`Qp2/ BMp2MiQ`v T2`7Q`K�M+2- 2bT2+B�HHv

r?2M i?2 7Q`2+�bi Bb U2ti`2K2HvV HQrX

dXj *QKT�`�iBp2 aim/B2b

�b K2MiBQM2/ BM b2+iBQM kX9- SBMÏ2 2i �HX UkykRV 7QmM/ i?�i a"� 2t?B#Bi2/ #2ii2` Qp2`�HH

�++m`�+v T2`7Q`K�M+2 i?�M *`QbiQM BM i?2B` +QKT�`BbQM Q7 8j bT�`2 T�`ib 7Q`2+�biBM; bim/B2bX .2

>��M UkykRV 2ti2M/2/ i?2 +QKT�`�iBp2 bim/B2b #v #2M+?K�`FBM; *`QbiQM- ha"- a"�- qBHH2K�BM-

JGS- �M/ GB;?i:"JX h?2b2 K2i?Q/b r2`2 BKTH2K2Mi2/ QM i?2 b�K2 2KTB`B+�H /�i� b2iiBM; �b i?Bb

T�T2`- BM+Hm/BM; 7Qm` bBKmH�i2/ /�i� b2ib rBi? mMB[m2 /2K�M/ T�ii2`Mb, 2``�iB+- HmKTv- bKQQi?-

�M/ BMi2`KBii2Mi- �b r2HH �b 7Qm` BM/mbi`B�H /�i� b2ibX .2 >��M UkykRV 7QmM/ i?�i MQ bBM;H2 KQ/2H

QmiT2`7Q`K2/ Qi?2`b BM #Qi? �++m`�+v �M/ BMp2MiQ`v K2�bm`2bX aT2+B}+�HHv- a"� /2KQMbi`�i2/

i?2 #2bi �++m`�+v T2`7Q`K�M+2 Qp2`�HH- r?BH2 Bi H�;;2/ #2?BM/ qBHH2K�BM BM i2`Kb Q7 BMp2MiQ`v

T2`7Q`K�M+2X >Qr2p2`- BM +�b2b r?2`2 /2K�M/ 2t?B#Bib 2ti`2K2 BMi2`KBii2M+v- bm+? �b BM i?2 J�L

e8



�M/ PAG /�i�- JGS �M/ GB;?i:"J T2`7Q`K2/ #2ii2` BM i2`Kb Q7 BMp2MiQ`v T2`7Q`K�M+2 +QKT�`2/

iQ qBHH2K�BMX

6m`i?2`KQ`2- .2 >��M UkykRV 7QmM/ i?�i i?2 T2`7Q`K�M+2 Q7 � KQ/2H /2T2M/2/ QM i?2 K2�bm`2

#2BM; 2p�Hm�i2/ �M/ i?2 ivT2 Q7 /�i�X LQ KQ/2H T`Qp2/ iQ #2 bmT2`BQ` �+`Qbb �HH ivT2b Q7 /�i� b2ib-

�++m`�+v K2�bm`2b- �M/ BMp2MiQ`v T2`7Q`K�M+2X AM HBM2 rBi? i?2 }M/BM;b Q7 L;mv2M UkykjV- i?2

bim/v Q#b2`p2/ i?�i a"� /2KQMbi`�i2/ i?2 #2bi Qp2`�HH �++m`�+v T2`7Q`K�M+2- r?BH2 GB;?i:"J

T2`7Q`K2/ i?2 rQ`biX AM i2`Kb Q7 BMp2MiQ`v +QMi`QH T2`7Q`K�M+2- qBHH2K�BM r�b 7QmM/ iQ #2 i?2

#2bi- 2t+2Ti 7Q` /�i� b2ib rBi? ?B;? BMi2`KBii2M+v bm+? �b J�L- PAG- �M/ "_�6X 6Q` i?2b2 bT2+B}+

/�i� b2ib- JGS �M/ GB;?i:"J K2i?Q/b r2`2 7QmM/ iQ ?�p2 i?2 #2bi T2`7Q`K�M+2 #�b2/ QM i?2

�TTHB2/ BMp2MiQ`v +QMi`QH K2�bm`2bX

aBKBH�` iQ T`2pBQmb bim/B2b U.2 >��M- kykRc SBMÏ2 2i �HX- kykRc L;mv2M- kykjV- i?2 }M/BM;b Q7

i?Bb `2b2�`+? BM/B+�i2 i?�i MQ bBM;H2 KQ/2H +QMbBbi2MiHv �+?B2p2b i?2 ?B;?2bi 7Q`2+�biBM; T2`7Q`K�M+2

�+`Qbb �HH �++m`�+v K2�bm`2b �M/ ivT2b Q7 /�i� b2ibX h?`Qm;? +mKmH�iBp2 pQiBM;- J2i�@H2�`M2` R

`2+2Bp2b i?2 ?B;?2bi MmK#2` Q7 pQi2b �M/ /2KQMbi`�i2/ bmT2`BQ` T2`7Q`K�M+2 BM aAJR- aAJk- aAJj-

aAJ9- �M/ "_�6 /�i� b2ib- �b 2p�Hm�i2/ QM Ja1- _Ja1- �M/ _Jaa1X

AM +QMi`�bi iQ i?2 }M/BM;b Q7 T`2pBQmb bim/B2b #v .2 >��M UkykRV �M/ L;mv2M UkykjV- a"�

Bb MQi 7QmM/ iQ #2 bmT2`BQ` BM i?2 7Q`2+�biBM; T2`7Q`K�M+2 r?2M i?2 /�i� BMTmi Bb MQM@�;;`2;�i2/X

>Qr2p2`- i?2 �;;`2;�iBQM Q7 i?2 BM/mbi`B�H /�i� b2ib- 2t+2Ti 7Q` i?2 �lhP /�i�- H2/ iQ BKT`Qp2/

�++m`�+v T2`7Q`K�M+2 7Q` a"�@PAG@e- a"�@J�L@8- �M/ a"�@"_�6@e KQ/2HbX h?2b2 KQ/2Hb

2p2M `�MF2/ }`bi BM i?2 PAG �M/ J�L /�i� b2ib #�b2/ QM Ja1- _Ja1- �M/ _Jaa1 K2i`B+bX

6m`i?2`KQ`2- i?2 `2bmHib T`2b2Mi2/ BM i?Bb T�T2` /Q MQi bmTTQ`i i?2 +H�BK i?�i K�+?BM2 H2�`MBM;

K2i?Q/b- bm+? �b 1a_LL- GahJ- �M/ _LL �`2 bmT2`BQ` r?2M /2�HBM; rBi? /�i� b2ib +?�`�+i2`Bx2/

#v ?B;? BMi2`KBii2M+v �b Q#b2`p2/ BM i?2 PAG- J�L- �M/ "_�6 /�i� b2ibX

G�biHv- i?2 `2bmHib /2KQMbi`�i2 i?�i qBHH2K�BM 2t?B#Bib � bHB;?iHv #2ii2` BMp2MiQ`v T2`7Q`K�M+2

BM bBKmH�i2/ /�i� b2ib �M/ Bb bmT2`BQ` BM i?2 �lhP /�i�X J2i�@H2�`M2`b T`Qp2 iQ #2 bmT2`BQ` BM i?2

i`�/2@Qz #2ir22M iQi�H@�6_ �M/ BMp2MiQ`v ?QH/BM; +Qbib BM i?2 PAG- J�L- �M/ "_�6 /�i� b2ib-

r?BH2 *`QbiQM �M/ Bib p�`B�iBQMb �`2 7QmM/ iQ #2 bmT2`BQ` BM i?2 i`�/2@Qz #2ir22M �p2`�;2@�6_ �M/

BMp2MiQ`v ?QH/BM; +Qbib BM i?2 b�K2 /�i� b2ibX

ee



3 *QM+HmbBQM

"�b2/ QM i?2 HBi2`�im`2 `2pB2r U*`QbiQM- RNdkc avMi2iQb- "QvH�M- kyy8c qBHH2K�BM 2i �HX- kyy9c

h2mMi2` 2i �HX- kyRRc EQm`2Mix2b- kyR3V- i?2 J9 �M/ J8 7Q`2+�biBM; +QKT2iBiBQMb UJ�F`B/�FBb-

aTBHBQiBb- � �bbBK�FQTQmHQb- kykkV- �b r2HH �b i?2 +QKT�`BbQM bim/B2b U.2 >��M- kykRc SBMÏ2 2i �HX-

kykRc L;mv2M- kykjV- p�`BQmb K2i?Q/b ?�p2 #22M miBHBx2/ BM bT�`2 T�`ib 7Q`2+�biBM;X h?2b2 K2i?Q/b

?�p2 #22M �bb2bb2/ 7Q` i?2B` �++m`�+v �M/ BMp2MiQ`v T2`7Q`K�M+2 �+`Qbb /Bz2`2Mi ivT2b Q7 /�i� b2ibX

AM i?Bb `2b2�`+?- i?2 7QHHQrBM; K2i?Q/b �`2 BKTH2K2Mi2/, *`QbiQM- *`QbiQM QTiBKBx2/- ha"- a"�-

_LL- GahJ- 1a_LL- qBHH2K�BM- 2[m�H@r2B;?i2/ +QK#BM�iBQM U2Mb2K#H2 R �M/ kV- �M/ bi�+FBM;

i?`Qm;? s:@"QQbi UJ2i�@H2�`M2`b R �M/ kVX h?2b2 K2i?Q/b �`2 �TTHB2/ iQ bBKmH�i2/ /�i� b2ib

rBi? 2``�iB+- HmKTv- bKQQi?- �M/ BMi2`KBii2Mi /2K�M/ T�ii2`Mb- �b r2HH �b `2�H BM/mbi`B�H /�i� b2ib

BM+Hm/BM; "_�6- J�L- �lhP- �M/ PAGX

h?2 bm#@`2b2�`+? [m2biBQM �//`2bb2/ BM i?Bb bim/v r�b,

.Q2b �;;`2;�iBM; Q#b2`p�iBQMb BMiQ H�`;2` BMi2`p�Hb BKT`Qp2 i?2 �++m`�+v Q7 i?2 7Q`2@

+�biBM; KQ/2H\

"�b2/ QM i?2 }M/BM;b T`2b2Mi2/ BM h�#H2 RR- i?2 �++m`�+v T2`7Q`K�M+2 Q7 a"� Bb BM+`2�b2/

�+`Qbb �HH �++m`�+v K2�bm`2b BM i?2 PAG- "_�6- �M/ J�L /�i�X >Qr2p2`- MQ BKT`Qp2K2Mib �`2

Q#b2`p2/ BM i?2 �lhP �M/ i?2 bBKmH�i2/ /�i�X h?2b2 }M/BM;b �`2 +QMbBbi2Mi rBi? i?2 `2b2�`+?

+QM/m+i2/ #v LBFQHQTQmHQb UkyRRV- r?B+? bm;;2bib i?�i �;;`2;�iBM; iBK2 b2`B2b +�M 2M?�M+2 7Q`2+�bi

�++m`�+v r?2M i?2 /�i� Bb +?�`�+i2`Bx2/ #v � ?B;? K2�M BMi2`@/2K�M/ BMi2`p�HX AM i?Bb bim/v-

�.A.� Bb 7QmM/ iQ #2 2z2+iBp2 BM BKT`QpBM; i?2 7Q`2+�biBM; K2�bm`2- T�`iB+mH�`Hv r?2M �TTHB2/

iQ /�i� b2ib rBi? 2ti`2K2Hv ?B;? K2�M BMi2`@/2K�M/ BMi2`p�HbX AM �//BiBQM- /2bTBi2 i?2 ?B;?2`

BMi2`KBii2M+v BM i?2 J�L /�i�- i?2 `2/m+iBQM BM 7Q`2+�biBM; 2``Q` Bb KQ`2 bB;MB}+�Mi BM i?2 PAG

/�i�- r?B+? ?�b HQr2` BMi2`KBii2M+vX h?Bb /Bz2`2M+2 Bb HBF2Hv /m2 iQ i?2 bT2+B}+ /2K�M/ T�ii2`Mb-

Q++m``2M+2b- �M/ iBKBM; Q7 TQbBiBp2 /2K�M/ Q#b2`p2/ BM i?2 PAG /�i�X

h?2 K�BM `2b2�`+? [m2biBQM �//`2bb2/ BM i?Bb bim/v r�b,

.Q 2Mb2K#H2 KQ/2Hb QmiT2`7Q`K *`QbiQM �M/ Bib p�`B�iBQMb BM i2`Kb Q7 7Q`2+�biBM; �+@

+m`�+v �M/ BMp2MiQ`v T2`7Q`K�M+2 QM 9 bBKmH�i2/ �M/ 9 BM/mbi`B�H bT�`2 T�`ib /2K�M/

/�i�\

h?2 `2bmHib b?Qr- MQ bBM;H2 KQ/2H +QMbBbi2MiHv /2KQMbi`�i2/ bmT2`BQ`Biv �+`Qbb �HH 7Q`2+�biBM;

ed



K2�bm`2b �M/ /�i� b2ibX >Qr2p2`- +mKmH�iBp2 pQiBM; `2bmHib BM h�#H2 Ry `2p2�H i?�i J2i�@H2�`M2`

R 2K2`;2b �b i?2 #2bi@T2`7Q`KBM; KQ/2H BM i2`Kb Q7 Ja1- _Ja1- �M/ _Jaa1X q?2M +QKT�`2/

iQ *`QbiQM �M/ Bib p�`B�iBQMb- J2i�@H2�`M2` R QmiT2`7Q`Kb i?2K BM i?2 aAJR- aAJk- aAJj- aAJ9-

PAG- �M/ "_�6 /�i� b2ibX _2;�`/BM; i?2 BMp2MiQ`v T2`7Q`K�M+2- bBKBH�` iQ i?2 2p�Hm�iBQM Q7

�++m`�+v T2`7Q`K�M+2- i?2`2 Bb MQ bBM;H2 KQ/2H i?�i +QMbBbi2MiHv QmiT2`7Q`Kb �HH Qi?2` KQ/2Hb QM

2p2`v /�i� b2iX qBHH2K�BM /2KQMbi`�i2b � bHB;?iHv #2ii2` BMp2MiQ`v T2`7Q`K�M+2 +QKT�`2/ iQ Qi?2`

KQ/2Hb BM bBKmH�i2/ /�i� b2ib- 2t+2Ti 7Q` aAJk /�i�- �M/ Bb �HbQ bmT2`BQ` BM i?2 i`�/2@Qz #2ir22M

�p2`�;2@�6_b �M/ BMp2MiQ`v ?QH/BM; +Qbib BM i?2 �lhP /�i�X J2i�@H2�`M2`b 2t?B#Bi bmT2`BQ`Biv

QMHv BM i?2 i`�/2@Qz #2ir22M iQi�H@�6_b �M/ BMp2MiQ`v ?QH/BM; +Qbib BM PAG- J�L- �M/ "_�6 /�i�

b2ib- r?BH2 *`QbiQM �M/ Bib p�`B�iBQMb BM+m` i?2 HQr2bi +Qbib iQ �+?B2p2 i?2 b�K2 �p2`�;2@�6_X PM

i?2 Qi?2` ?�M/- 1a_LL- GahJ- �M/ _LL b?Qr i?2 rQ`bi BMp2MiQ`v T2`7Q`K�M+2 BM �HH /�i� b2ib-

T`BK�`BHv /m2 iQ i?2B` i2M/2M+v iQ ?QH/ 2t+2bbBp2 BMp2MiQ`v- H2�/BM; iQ bB;MB}+�MiHv ?B;?2` BMp2MiQ`v

?QH/BM; +Qbib +QKT�`2/ iQ Qi?2` 7Q`2+�biBM; KQ/2HbX h?2 }M/BM;b Q7 i?Bb bim/v T�`iB�HHv �HB;M

rBi? T`2pBQmb `2b2�`+? U.2 >��M- kykRc L;mv2M- kykjV- BM/B+�iBM; i?�i qBHH2K�BM b?Qrb bmT2`BQ`

BMp2MiQ`v T2`7Q`K�M+2 �b HQM; �b i?2 /�i� Bb MQi +?�`�+i2`Bx2/ #v ?B;? BMi2`KBii2M+vX >Qr2p2`- Bi

Bb BKTQ`i�Mi iQ MQi2 i?�i BM T`2pBQmb bim/B2b- K�+?BM2 H2�`MBM; K2i?Q/b HBF2 GB;?i:"J �M/ JGS

r2`2 7QmM/ iQ #2 bmT2`BQ` BM BMp2MiQ`v +QMi`QH �bb2bbK2Mi 7Q` /�i� b2ib rBi? ?B;? BMi2`KBii2M+vX

AM +QMi`�bi- i?2 K�+?BM2 H2�`MBM; K2i?Q/b mb2/ BM i?Bb T�T2`- M�K2Hv 1a_LL- GahJ- �M/ _LL-

2t?B#Bi i?2 rQ`bi BMp2MiQ`v T2`7Q`K�M+2 BM /�i� b2ib bm+? �b PAG- J�L- �M/ "_�6X

e3



N GBKBi�iBQMb

AM 7mim`2 `2b2�`+?- Bi Bb BKTQ`i�Mi iQ +QMiBMm2 2t�KBMBM; i?2 2z2+iBp2M2bb Q7 bT�`2 T�`ib 7Q`2@

+�biBM; K2i?Q/b mbBM; � +QK#BM�iBQM Q7 2KTB`B+�H �M/ bBKmH�i2/ /�i�X q?BH2 bBKmH�i2/ /�i� �HHQrb

7Q` +QMi`QHH2/ 2tT2`BK2Mib �M/ i?2 �bb2bbK2Mi Q7 /Bz2`2Mi /2K�M/ T�ii2`Mb- Bi Bb +`m+B�H iQ p�HB@

/�i2 i?2 }M/BM;b #v +QKT�`BM; i?2K rBi? `2�H@rQ`H/ BM/mbi`B�H /�i�X h?Bb rBHH T`QpB/2 � +H2�`2`

mM/2`bi�M/BM; Q7 ?Qr r2HH i?2 K2i?Q/b T2`7Q`K BM T`�+iB+�H b+2M�`BQbX PM2 BKTQ`i�Mi �bT2+i iQ

+QMbB/2` Bb i?2 ;2M2`�iBQM T`Q+2bb Q7 bBKmH�i2/ /�i�X AM +�b2b r?2`2 2ti`2K2 p�Hm2b �`2 Q#b2`p2/ BM

BM/mbi`B�H /�i�- bm+? �b BM J�L- "_�6- �M/ PAG /�i�- Bi rQmH/ #2 #2ii2` iQ ;2M2`�i2 bBKmH�i2/

/�i� i?�i +HQb2Hv `2b2K#H2b i?2b2 +?�`�+i2`BbiB+b- r?B+? BM/B+�i2b HQM;2` x2`Q@/2K�M/ T2`BQ/b �M/

?B;?2` /2K�M/ bBx2b iQ �++m`�i2Hv bBKmH�i2 i?2 +?�`�+i2`BbiB+b BM `2�H@rQ`H/ b+2M�`BQbX

�//BiBQM�HHv- Bi Bb BKTQ`i�Mi iQ �//`2bb i?2 Bbbm2 Q7 x2`Q@/2K�M/ Q++m``2M+2b BM +2`i�BM i2bi

/�i�- bm+? �b PAG �M/ J�LX h?2b2 x2`Q@/2K�M/ Q++m``2M+2b +�M ?�p2 � bB;MB}+�Mi BKT�+i QM

7Q`2+�biBM; �++m`�+v �M/ BMp2MiQ`v T2`7Q`K�M+2X PM2 TQi2MiB�H �TT`Q�+? iQ KBiB;�i2 i?Bb Bb #v

2Bi?2` �//BM; /2K�M/ Q++m``2M+2b Q` `2KQpBM; i?2 Bi2K rBi? MQ /2K�M/b BM i?2 i2bi /�i�X

JQ`2Qp2`- Bi rQmH/ #2 p�Hm�#H2 iQ +QM/m+i � KQ`2 +QKT`2?2MbBp2 �M�HvbBb Q7 i?2 /2K�M/

T�ii2`M- BM+Hm/BM; i?2 MmK#2` Q7 /2K�M/ Q++m``2M+2b- i?2 iBKBM; Q7 /2K�M/- �M/ r?2i?2` i?2`2 �`2

bm#b2[m2Mi TQbBiBp2 /2K�M/b 7QHHQrBM; �M BMBiB�H TQbBiBp2 /2K�M/X h?Bb KQ`2 /2i�BH2/ +H�bbB}+�iBQM

Q7 /2K�M/ T�ii2`Mb +�M T`QpB/2 KQ`2 BMbB;?ib #2vQM/ i?2 ;2M2`�H +�i2;Q`B2b Q7 2``�iB+- HmKTv-

bKQQi?- Q` BMi2`KBii2MiX "v 2t�KBMBM; i?2b2 bT2+B}+ �bT2+ib #v /Bz2`2Mi K2i?Q/b- � KQ`2 i?Q`Qm;?

mM/2`bi�M/BM; Q7 /2K�M/ #2?�pBQ` +�M #2 Q#i�BM2/X

_2;�`/BM; i?2 BKTH2K2Mi2/ K2i?Q/b- Bi Bb `2+QKK2M/2/ iQ 2tTHQ`2 � #`Q�/2` `�M;2 Q7 +QK@

#BM2/ 7Q`2+�biBM; K2i?Q/bX AM i?Bb bim/v- QMHv 7Qm` +QK#BM2/ K2i?Q/b �`2 +QMbB/2`2/- #mi Qi?2`

+QK#BM�iBQMb +�M 7m`i?2` BKT`Qp2 �++m`�+v �M/ BMp2MiQ`v T2`7Q`K�M+2 BM bT�`2 T�`ib 7Q`2+�biBM;X

h?Bb +�M BMpQHp2 2tT�M/BM; i?2 TQQH Q7 K2i?Q/b- 2tTHQ`BM; /Bz2`2Mi QTiBKBx�iBQM i2+?MB[m2b #2vQM/

s:"QQbi- Q` 2p2M �bbB;MBM; r2B;?ib iQ 2�+? KQ/2H mbBM; +`Qbb@p�HB/�iBQMX �HbQ- Bi Bb rQ`i? FMQrBM;

i?�i BM i?Bb `2b2�`+?- QMHv a"� Bb mb2/ iQ T`2/B+i i?2 �;;`2;�i2/ bBKmH�i2/ �M/ BM/mbi`B�H /�i�

b2ib- Bi Bb `2+QKK2M/2/ iQ 2tTHQ`2 Qi?2` K2i?Q/b #2vQM/ a"� iQ BKT`Qp2 i?2 7Q`2+�biBM; �++m`�+v

r?2M /2�HBM; rBi? ?B;? BMi2`KBii2M+vX

6m`i?2`KQ`2- BM i?Bb `2b2�`+?- 1a_LL- GahJ- _LL �`2 BKTH2K2Mi2/ �M/ /2KQMbi`�i2 � TQQ`

eN



7Q`2+�biBM; �++m`�+vX � TQQ` 7Q`2+�biBM; T2`7Q`K�M+2 +�M #2 �ii`B#mi2/ iQ i?2 7�+i i?�i 1a_LL-

#2BM; � T�`iB�HHv �M/ ;HQ#�HHv i`�BM2/ KQ/2H- Qp2`HQQFb i?2 BM/BpB/m�H #2?�pBQ`b Q7 2�+? bT�`2 T�`i-

�M/ � #B�b Bb BMi`Q/m+2/ /m2 iQ � i2+?MB+�H HBKBi�iBQMX h?2 `2+QKK2M/�iBQM Bb iQ /2p2HQT Q` miBHBx2

� ?v#`B/ 7`�K2rQ`F bT2+B}+�HHv /2bB;M2/ 7Q` bT�`2 T�`ib 7Q`2+�biBM;X h?Bb 7`�K2rQ`F b?QmH/ i�F2

BMiQ �++QmMi i?2 mMB[m2 +?�`�+i2`BbiB+b �M/ /2K�M/ T�ii2`Mb Q7 bT�`2 T�`ib- bm+? �b BMi2`KBii2M+v

�M/ BM/BpB/m�H #2?�pBQ`X

1ti`2K2Hv ?B;? #�b2 biQ+F H2p2Hb �`2 Q#b2`p2/ BM i?2 PAG- J�L- �M/ "_�6 /�i� b2ib r?2M

mbBM; i?2 K2i?Q/b 1a_LL- GahJ- �M/ _LL- r?B+? �`2 MQi i?2 +�b2 rBi? Qi?2` KQ/2Hb bm+? �b

qBHH2K�BM- J2i�@H2�`M2`b- �M/ *`QbiQM �M/ Bib p�`B�iBQMbX h?Bb /BbT�`Biv +�M #2 �ii`B#mi2/ iQ i?2

2ti`2K2Hv HQr K2�M 7Q`2+�bi Uᅷֈրռ։V T`2/B+i2/ #v 1a_LL- GahJ- �M/ _LL BM +QKT�`BbQM iQ Qi?2`

KQ/2HbX *QMb2[m2MiHv- Bi `2bmHib BM HQr2` b?�T2 �M/ `�i2 T�`�K2i2`b 7Q` i?2 ;�KK� /Bbi`B#miBQM-

BKTHvBM; i?2 M22/ Q7 � ?B;?2` #�b2 biQ+F H2p2H iQ �+?B2p2 i?2 HQbb i�`;2iX JQ`2Qp2`- i?2 bim/v ?�b

`2p2�H2/ i?�i �M BM+`2�b2 BM i?2 p�`B�M+2 Q7 ?BbiQ`B+�H /2K�M/ H2�/b iQ ?B;?2` #�b2 biQ+F H2p2HbX

"Qi? i?2 /2+`2�b2 BM i?2 7Q`2+�bi �M/ i?2 BM+`2�b2 BM i?2 p�`B�M+2 +QMi`B#mi2 iQ HQr2` b?�T2 �M/

`�i2 T�`�K2i2`b Q7 i?2 ;�KK� /Bbi`B#miBQM- H2�/BM; iQ � bK�HH2` `2/m+iBQM BM i?2 1a* T2` mMBi

BM+`2�b2 BM i?2 #�b2 biQ+F H2p2HX �M BMi2`2biBM; [m2biBQM �`Bb2b `2;�`/BM; i?2 +QKT�`�iBp2 BKT�+i Q7

+?�M;2b BM i?2 7Q`2+�bi p2`bmb +?�M;2b BM i?2 p�`B�M+2 QM #�b2 biQ+F H2p2HbX JQ`2Qp2`- Bi rQmH/ #2

BMi2`2biBM; iQ /2i2`KBM2 bT2+B}+ +QK#BM�iBQMb Q7 i?2 7Q`2+�bi ᅷ �M/ i?2 p�`B�M+2 ᅼϵ �i r?B+? #�b2

biQ+F H2p2Hb 2tT2`B2M+2 � bB;MB}+�Mi BM+`2�b2X

G�biHv- iQ BKT`Qp2 i?2 2p�Hm�iBQM Q7 BMp2MiQ`v T2`7Q`K�M+2- 7mim`2 bim/B2b b?QmH/ +QMbB/2`

2tTHQ`BM; i?2 mb2 Q7 T`Q#�#BHBiv /Bbi`B#miBQMb #2vQM/ i?2 ;�KK� /Bbi`B#miBQM- �pQB/BM; Q7 2t+2bbBp2Hv

?B;? #�b2 biQ+F H2p2Hb- �M/ +QMbB/2` mbBM; `2�H H2�/@iBK2 BM7Q`K�iBQMX

dy



Ry _272`2M+2b

"�#�B- JX wX- .�HH2`v- uX- "Qm#�F2`- aX- � E�H�B- _X UkyRNVX � M2r K2i?Q/ iQ 7Q`2+�bi

BMi2`KBii2Mi /2K�M/ BM i?2 T`2b2M+2 Q7 BMp2MiQ`v Q#bQH2b+2M+2X AMi2`M�iBQM�H CQm`M�H Q7 S`Q/m+iBQM

1+QMQKB+b- kyN- jy@9RX

"QQF#BM/2`- CX >X- � GQ`/�?H- �X 1X URN3NVX 1biBK�iBQM Q7 BMp2MiQ`v `2@Q`/2` H2p2Hb mbBM; i?2

#QQibi`�T bi�iBbiB+�H T`Q+2/m`2X AA1 i`�Mb�+iBQMb- kRU9V- jyk@jRkX

"m`;BM- hX�X- RNd8X h?2 ;�KK� /Bbi`B#miBQM �M/ BMp2MiQ`v +QMi`QHX CQm`M�H Q7 i?2

PT2`�iBQM�H _2b2�`+? aQ+B2iv ke- 8ydĜ8k8X l_G, ?iiTb,ff/QBXQ`;fRyXRy8dfDQ`bXRNd8XRRy-

/QB,RyXRy8dfDQ`bXRNd8XRRy- d9y �`sBp,?iiTb,ff/QBXQ`;fRyXRy8dfDQ`bXRNd8XRRyX

*?�M- 6X- � S�mr2Hb- GX GX UkyR3VX aQK2 i?2Q`2iB+�H `2bmHib QM 7Q`2+�bi +QK#BM�iBQMbX

AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- j9URV- e9@d9X

*?Q- EX- o�M J2``BďM#Q2`- "X- :mH+2?`2- *X- "�?/�M�m- .X- "Qm;�`2b- 6X- a+?r2MF- >X- �

"2M;BQ- uX UkyR9VX G2�`MBM; T?`�b2 `2T`2b2Mi�iBQMb mbBM; _LL 2M+Q/2`@/2+Q/2` 7Q` bi�iBbiB+�H

K�+?BM2 i`�MbH�iBQMX �`sBp T`2T`BMi �`sBp,R9yeXRyd3X

*`QbiQM- CX .X URNdkVX 6Q`2+�biBM; �M/ biQ+F +QMi`QH 7Q` BMi2`KBii2Mi /2K�M/bX PT2`�iBQM�H

_2b2�`+? Zm�`i2`Hv- kjUjV- k3N@jyjX

.2 >��M- .X UkykRVX "2M+?K�`FBM; bT�`2 T�`i /2K�M/ 7Q`2+�biBM; K2i?Q/bX

.m`HBM;2`- "X- � p�M >QmimK- :X CX UkyRdVX aT�`2 T�`ib HQ;BbiB+b, h`2M/b �M/ `2b2�`+?

+?�HH2M;2bX S`Q/m+iBQM �M/ PT2`�iBQMb J�M�;2K2Mi- keUkV- kk8@k9kX

1HK�M- CX GX URNNyVX 6BM/BM; bi`m+im`2 BM iBK2X *Q;MBiBp2 a+B2M+2- R9UkV- RdN@kRRX

dR



:miB2``2x- _X aX- aQHBb- �X PX- � JmF?QT�/?v�v- aX Ukyy3VX GmKTv /2K�M/ 7Q`2+�biBM; mbBM;

M2m`�H M2irQ`FbX AMi2`M�iBQM�H CQm`M�H Q7 S`Q/m+iBQM 1+QMQKB+b- RRRUkV- 9yN@9kyX

:mQ- 6X- .B�Q- CX- w?�Q- ZX- q�M;- .X- � amM- ZX UkyRdVX � /Qm#H2@H2p2H +QK#BM�iBQM

�TT`Q�+? 7Q` /2K�M/ 7Q`2+�biBM; Q7 `2T�B`�#H2 �B`TH�M2 bT�`2 T�`ib #�b2/ QM im`MQp2` /�i�X

*QKTmi2`b � AM/mbi`B�H 1M;BM22`BM;- RRy- Nk@Ry3X

>�bMB- JX- �;mB`- JX- "�#�B- JX- � C2K�B- wX UkyRNVX aT�`2 T�`ib /2K�M/ 7Q`2+�biBM;,

� `2pB2r QM #QQibi`�TTBM; K2i?Q/bX AMi2`M�iBQM�H CQm`M�H Q7 S`Q/m+iBQM _2b2�`+?- 8dUR8@ReV-

9dNR@93y9X

>Q+?`2Bi2`- aX- � a+?KB/?m#2`- CX URNNdVX GQM; b?Q`i@i2`K K2KQ`vX L2m`�H *QKTmi�iBQM-

NU3V- Rdj8@Rd3yX

>vM/K�M- _X CX- � E?�M/�F�`- uX Ukyy3VX �miQK�iB+ iBK2 b2`B2b 7Q`2+�biBM;, h?2 7Q`2+�bi

T�+F�;2 7Q` _X CQm`M�H Q7 ai�iBbiB+�H aQ7ir�`2- kd- R@kkX

>vM/K�M- _X CX- �i?�M�bQTQmHQb- :X- "2`;K2B`- *X- *�+2`2b- :X- *??�v- GX- PǶ>�`�@qBH/- JX-

S2i`QTQmHQb- 6X- _�x#�b?- aX- q�M;- 1X- � u�bK22M- 6X UkyR3VX 6Q`2+�bi, 6Q`2+�biBM; 7mM+iBQMb

7Q` iBK2 b2`B2b �M/ HBM2�` KQ/2HbX _ T�+F�;2 p2`bBQM 3XjX

C�;�M�i?�M- a X- a`B?�`B- � S`�F�b?- SX EX aX UkykyVX � +QK#BM�iBQM@#�b2/ 7Q`2+�biBM;

K2i?Q/ 7Q` i?2 J9@+QKT2iBiBQMX AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- jeURV- N3@Ry9X

EQH�bb�- aX UkyRRVX *QK#BMBM; 2tTQM2MiB�H bKQQi?BM; 7Q`2+�bib mbBM; �F�BF2 r2B;?ibX

AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- kdUkV- kj3@k8RX

EQbi2MFQ- �X oX- � >vM/K�M- _X CX UkyyeVX � MQi2 QM i?2 +�i2;Q`Bx�iBQM Q7 /2K�M/ T�ii2`MbX

dk



CQm`M�H Q7 i?2 PT2`�iBQM�H _2b2�`+? aQ+B2iv- 8dURyV- Rk8e@Rk8dX

J�F`B/�FBb- aX- aTBHBQiBb- 1X- � �bbBK�FQTQmHQb- oX UkykkVX J8 �++m`�+v +QKT2iBiBQM, _2bmHib-

}M/BM;b- �M/ +QM+HmbBQMbX AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- j3U9V- Rj9e@Rje9X

JQMi2`Q@J�MbQ- SX- �i?�M�bQTQmHQb- :X- >vM/K�M- _X CX- � h�H�;�H�- hX aX UkykyVX

66P_J�, 62�im`2@#�b2/ 7Q`2+�bi KQ/2H �p2`�;BM;X AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- jeURV-

3e@NkX

JQQ`b- CX CX �X- � ai`BD#Qb+?- GX qX UkyykVX 1t�+i }HH `�i2b 7Q` U_- b- aV BMp2MiQ`v +QMi`QH

rBi? ;�KK� /Bbi`B#mi2/ /2K�M/X CQm`M�H Q7 i?2 PT2`�iBQM�H _2b2�`+? aQ+B2iv- 8jURRV- Rke3@Rkd9X

JmF?QT�/?v�v- aX- aQHBb- �X PX- � :miB2``2x- _X aX UkyRkVX h?2 �++m`�+v Q7 MQM@i`�/BiBQM�H

p2`bmb i`�/BiBQM�H K2i?Q/b Q7 7Q`2+�biBM; HmKTv /2K�M/X CQm`M�H Q7 6Q`2+�biBM;- jRU3V- dkR@dj8X

L;mv2M- EX- .2 >��M- .X- UkykjVX � +QKT�`BbQM Q7 b2p2`�H bT�`2 T�`ib /2K�M/ 7Q`2+�biBM;

K2i?Q/bX

SBMÏ2- ÎX- hm``BMB- GX- � J2BbbM2`- CX UkykRVX AMi2`KBii2Mi /2K�M/ 7Q`2+�biBM; 7Q` bT�`2 T�`ib,

� +`BiB+�H `2pB2rX PK2;�- Ryk8RjX

SQ``�b- 1X- � .2FF2`- _X Ukyy3VX �M BMp2MiQ`v +QMi`QH bvbi2K 7Q` bT�`2 T�`ib �i � `2}M2`v,

�M 2KTB`B+�H +QKT�`BbQM Q7 /Bz2`2Mi `2@Q`/2` TQBMi K2i?Q/bX 1m`QT2�M CQm`M�H Q7 PT2`�iBQM�H

_2b2�`+?- R39URV- RyR@RjkX

a�F- >X- a2MBQ`- �X- � "2�m7�vb- 6X UkyR9VX GQM; b?Q`i@i2`K K2KQ`v #�b2/ `2+m``2Mi M2m`�H

M2irQ`F �`+?Bi2+im`2b 7Q` H�`;2 pQ+�#mH�`v bT22+? `2+Q;MBiBQMX �`sBp T`2T`BMi �`sBp,R9ykXRRk3X

avMi2iQb- �X �X- � "QvH�M- CX 1X Ukyy8VX h?2 �++m`�+v Q7 BMi2`KBii2Mi /2K�M/ 2biBK�i2bX

AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- kRUkV- jyj@jR9X

dj



h2mMi2`- _X >X- avMi2iQb- �X �X- � "�#�B- JX wX UkyRRVX AMi2`KBii2Mi /2K�M/, GBMFBM;

7Q`2+�biBM; iQ BMp2MiQ`v Q#bQH2b+2M+2X 1m`QT2�M CQm`M�H Q7 PT2`�iBQM�H _2b2�`+?- kR9UjV- eye@eR8X

o�M /2` G��M- 1X �X- .2FF2`- _X- � a�HQKQM- JX UkyR9VX aT�`2 T�`ib BMp2MiQ`v +QMi`QH, �

HBi2`�im`2 `2pB2rX 1m`QT2�M CQm`M�H Q7 PT2`�iBQM�H _2b2�`+?- kjdUkV- 9y3@9kyX

o�M qBM;2`/2M- 1X- "�bi2M- _X CX AX- .2FF2`- _X- � _mbi2M#m`;- qX UkyR9VX JQ`2 ;`BT

QM BMp2MiQ`v +QMi`QH i?`Qm;? BKT`Qp2/ 7Q`2+�biBM;, � +QKT�`�iBp2 bim/v �i i?`22 +QKT�MB2bX

AMi2`M�iBQM�H CQm`M�H Q7 S`Q/m+iBQM 1+QMQKB+b- R8d- kky@kjdX

qBHH2K�BM- hX _X- aK�`i- *X LX- a?Q+FQ`- CX >X- � .2a�mi2Hb- SX �X URNN9VX 6Q`2+�biBM; BMi2`@

KBii2Mi /2K�M/ BM K�Mm7�+im`BM;, � +QKT�`�iBp2 2p�Hm�iBQM Q7 *`QbiQMǶb K2i?Q/X AMi2`M�iBQM�H

CQm`M�H Q7 6Q`2+�biBM;- RyU9V- 8kN@8j3X

qBHH2K�BM- hX _X- aK�`i- *X LX- � a+?r�`x- >X 6X Ukyy9VX � M2r �TT`Q�+? iQ 7Q`2+�biBM;

BMi2`KBii2Mi /2K�M/ 7Q` b2`pB+2 T�`ib BMp2MiQ`B2bX AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- kyUjV-

jd8@j3dX

w?Qm- *X- � oBbr�M�i?�M- aX UkyRRVX *QKT�`BbQM Q7 � M2r #QQibi`�TTBM; K2i?Q/ rBi? T�`�@

K2i`B+ �TT`Q�+?2b 7Q` b�72iv biQ+F /2i2`KBM�iBQM BM b2`pB+2 T�`ib BMp2MiQ`v bvbi2KbX AMi2`M�iBQM�H

CQm`M�H Q7 S`Q/m+iBQM 1+QMQKB+b- RjjURV- 93R@938X

w?m- aX- .2FF2`- _X- o�M C��`bp2H/- qX- _2MDB2- _X qX- � EQMBM;- �X CX UkyRdVX �M BKT`Qp2/

K2i?Q/ 7Q` 7Q`2+�biBM; bT�`2 T�`ib /2K�M/ mbBM; 2ti`2K2 p�Hm2 i?2Q`vX 1m`QT2�M CQm`M�H Q7

PT2`�iBQM�H _2b2�`+?- keRURV- ReN@R3RX
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RR :Bi?m#b

.2 >��M- .XUkykRVX � `2bTQbBiQ`v rBi? #Qi? BM/mbi`B�H �M/ bBKmH�i2/ /�i�b2ib QM

bT�`2 T�`i /2K�M/ 7Q`2+�biBM;- rBi? i?2 BMi2MiBQM Q7 #2M+?K�`FBM; i?2KX _2i`B2p2/ 7`QK

?iiTb,ff;Bi?m#X+QKf/�MB2H/2?��MNefbT/7

LBtiH� UkykjVX a+�H�#H2 �M/ mb2` 7`B2M/Hv M2m`�H 7Q`2+�biBM; �H;Q`Bi?KbX _2i`B2p2/ 7`QK

?iiTb,ff;Bi?m#X+QKfLBtiH�fM2m`�H7Q`2+�bi

LBtiH� UkykjVX GB;?iMBM; 7�bi 7Q`2+�biBM; rBi? bi�iBbiB+�H �M/ 2+QMQK2i`B+ KQ/2HbX _2i`B2p2/

7`QK ?iiTb,ff;Bi?m#X+QKfLBtiH�fbi�ib7Q`2+�bi

L;mv2M- EXUkykjVX 6Q`2+�biBM; i?2 /2K�M/b Q7 bT�`2 T�`ib- mbBM; d /Bz2`2Mi K2i?Q/b QM 3

/�i� b2ib UBM/mbi`B�H �M/ bBKmH�i2/VX _2i`B2p2/ 7`QK ?iiTb,ff;Bi?m#X+QKfE?m2L;mv2MhEfaT�`2@

S�`i@.2K�M/@6Q`2+�biBM;

SKQMiK�M UkykyVX _ T�+F�;2 7Q` 62�im`2@#�b2/ 6Q`2+�bi JQ/2H �p2`�;BM;X _2i`B2p2/ 7`QK

?iiTb,ff;Bi?m#X+QKfTKQMiK�Mf77Q`K�
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Rk �TT2M/Bt

h�#H2 Rd, .2b+`BTiBp2 bi�iBbiB+b AM/mbi`B�H .�i� a2ib

.�i� b2i JBMa�H2 J2�Ma�H2 J�ta�H2 ai.2pa�H2 JBMS`B+2 J2�MS`B+2 J�tS`B+2 ai.2pS`B+2
J�L yXyyd k9Xkk9 98NNXe8j RjNXkN9 yXy38 RNXN83 kNdX8jd jRXj8e
"_�6 yXyje RX99k e8Xy3j jXeRd yXyyR RykXjkR NRjRXNNk jdjXjj9
�lhP yX89k 9X98y RkNXRed dX8dj jkX8Ne N9eXRde dddkX38e RjeNXjky

PAG yXyje yXekN kjkXdkd 9XyRe yXyRy j88X393 ky9NjXRdy RydeXRkR

h�#H2 R3, .2b+`BTiBp2 ai�iBbiB+b aBKmH�i2/ .�i� a2ib

.�i� b2i *ok T J2�Ma�H2 ai.2pa�H2 J2�MS`B+2 ai.2pS`B+2
aAJR yXd8 RXyy RyXyR9 RXRk8 kRkNXkN3 k9eXyeR
aAJk yX3y RX8y eXeek RXRk9 R9ReX8RN k89XdNd
aAJj yXjy RXy8 NX9Ne yXdjd kyRNXkyd R8NXy83
aAJ9 yXk8 RX98 eX3Nd yX3Rk R9eeX9de R3yXR3e

de



h�#H2 RN, 6Q`2+�biBM; S2`7Q`K�M+2

JQ/2H J2i`B+ �lhP PAG J�L "_�6 aAJR aAJk aAJj aAJ9

Ja1 3eXRyd RdyXe9k RkN3kXkdd ky8XjdN dNX9e3 d3Xe3e j8XR3R 9yXjNj
_Ja1 NXkdN RjXyej RRjXN9y R9XjjR 3XNR9 3X3dR 8XNjR eXj8e
J�a1 yXeR8 RXy9R yX33y yXNkN yXdjR yXd8N yXdRN yXd8N*`QbiQM

_Jaa1 RXdyj RyXNkj RRX9jN 8Xyky RXyy3 RXy9N yXN9y yXNkR

Ja1 38Xdk9 Re3X93d RkN3kXRNR ky8Xj8d dNX9dk d3XeN3 j8Xkyy 9yX9jk
_Ja1 NXk8N RkXN3y RRjXNjN R9Xjjy 3XNR8 3X3dR 8XNjj eXj8N
J�a1 yXeRR RXykd yX33y yXNkN yXdjR yXd8N yXdRN yXdey*`QbiQMnh

_Jaa1 RXeNN RyX38j RRX9jN 8XyRN RXyy3 RXy9N yXN9y yXNkk

Ja1 33XjkN k9RX8N9 RkNddX3jd ky3X3NR dNXk3R d3X89d j8XydR 9yXk83
_Ja1 NXjN3 R8X89j RRjXNky R9X98j 3XNy9 3X3ej 8XNkk eXj98
J�a1 yXekd RXj38 yX33j yXNN8 yXdjR yXdeR yXdR3 yXd8Nha"

_Jaa1 RXdk8 RkXNNe RRX9jd 8Xyek RXyyd RXy93 yXNj3 yXNky

Ja1 38Xeyd RdyXNRe RkN83Xyd8 ky8Xkdj dNX8j3 d3Xd8d j8XkN8 9yX9ej
_Ja1 NXk8k RjXydj RRjX3j9 R9Xjkd 3XNR3 3X3d8 8XN9R eXjeR
J�a1 yXey3 RXykN yX3NR yXNkk yXdjR yXd8d yXdRN yXdeya"�

_Jaa1 RXeN3 RyXNjR RRX9k3 8XyR3 RXyyN RXy8y yXN9R yXNkk

Ja1 RjdX8d9 RejXdd8 R9kd8XRNd kykXd3e 3jXj8d 33Xd9j j8XyNe 9RXj38
_Ja1 RRXdkN RkXdNd RRNX9dN R9Xk9y NXRjy NX9ky 8XNk9 eX9jj
J�a1 yXdkk RXked yXd9N yX9j8 yXdRk yXdk9 yXdR9 yXdee_LL

_Jaa1 kXR8j RyXdyy RRXNN8 9XN33 RXyjj RXRR9 yXNjN yXNjj

Ja1 RjdXyyR R8NX3yj R9k83Xek3 kykXdd3 3jXe9k 3dXdNk j8XR9y 9RX3ye
_Ja1 RRXdy8 RkXe9R RRNX9yN R9Xk9y NXR9e NXjdy 8XNk3 eX9ee
J�a1 yXdk8 RXy38 yX3k9 yX9jj yXdRk yXdke yXdR8 yXde3GahJ

_Jaa1 kXR93 RyX8dy RRXN33 9XN33 RXyj8 RXRy3 yXNjN yXNjd

Ja1 R8yXk9k R8kXye3 R9RN3X839 kykXd8d N3XNRd RkjXdek 33Xke3 RyRXRNd
_Ja1 RkXk8d RkXjjk RRNXR83 R9XkjN NXN9e RRXRk8 NXjN8 RyXyey
J�a1 yX3j9 yX98e yXe9N yX9jj yX3yd yX3dR yXdd9 yXdNk1a_LL

_Jaa1 kXk8y RyXjRR RRXNej 9XN33 RXRk8 RXk83 RXyej RXRj3

Ja1 39Xd9y RjNX8jy RjyejXNR9 RNNXNdR d3Xk9R d3XdR3 j9XNee 9yXdeN
_Ja1 NXky8 RRX3Rk RR9XkNd R9XR9R 3X398 3X3dk 8XNRj eXj38
J�a1 yXe8N yXNk3 yXNkd yX3Ny yXdd9 yXdNd yXd9e yXdeNqBHH2K�BM

_Jaa1 RXeNy NX3dd RRX9d8 9XN8j RXyyR RXy9N yXNjd yXNke

Ja1 3eXjRd R3kXeyj RkNd9X9j9 kyeXRj9 dNX9kd d3Xeey j8XRde 9yXjde
_Ja1 NXkNR RjX8Rj RRjXNy8 R9Xj8d 3XNRk 3X3eN 8XNjR eXj89
J�a1 yXeR8 RXRky yX339 yXN99 yXdjR yXd8N yXdRN yXd8N1Mb2K#H2nR

_Jaa1 RXdy8 RRXkNN RRX9j8 8XykN RXyy3 RXy9N yXN9y yXNkR

Ja1 38X33R RedX9e3 Rjy3dXke9 kyRXjye d3XNdR d3Xdd3 j9Xdey jNXN39
_Ja1 NXked RkXN9R RR9X9yy R9XR33 3X33d 3X3de 8X3Ne eXjkj
J�a1 yX8Nd RXRyy yX3jk yX39y yXdkR yXd9k yXdR9 yXd8e1Mb2K#H2nk

_Jaa1 RXdyR RyX3ky RRX938 9XNdy RXyy8 RXy8y yXNj9 yXNRd

Ja1 NyX3e9 R9kX8RN RjNjRXyj3 RNeXN93 d8X9yy d8XNje jjXR9y j3X3kN
_Ja1 NX8jk RRXNj3 RR3Xyjy R9Xyj9 3Xe3j 3XdR9 8Xd8d eXkjR
J�a1 yXejj yX39N yXNj8 yXdd3 yXdj9 yXde8 yXdRy yXd93J2i�@H2�`M2`nR

_Jaa1 RXd8y NXN3k RRX39N 9XNRe yXN3k RXyjR yXNRk yXNyj

Ja1 NyX3e9 R9kX8RN RjNjRXyj3 RNeXN93 d8XjN9 d8XNjN jjXRje j3X3j3
_Ja1 NX8jk RRXNj3 RR3Xyjy R9Xyj9 3Xe3j 3XdR9 8Xd8e eXkjk
J�a1 yXejj yX39N yXNj8 yXdd3 yXdj9 yXde8 yXdRy yXd93J2i�@H2�`M2`nk

_Jaa1 RXd8y NXN3k RRX39N 9XNRe yXN3k RXyjR yXNRk yXNy9
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h�#H2 ky, SQbBiBp2 /2K�M/b Q7 i?2 RjkM/ Bi2KX P#i�BM2/ 7`QK i?2 i`�BMBM; b2i Q7 i?2 J�L /�i�X

S2`BQ/ .2K�M/

S2`BQ/9 k

S2`BQ/Ry ky

S2`BQ/ky k

S2`BQ/k9 Rk

S2`BQ/jk jy

S2`BQ/jN Ry

S2`BQ/9y Ry

S2`BQ/9k Ry

S2`BQ/98 kk

S2`BQ/9d 9k

S2`BQ/8R ky

S2`BQ/8e ky

S2`BQ/e8 Ry

S2`BQ/e3 8y

S2`BQ/dy ky

S2`BQ/dj Ryy

S2`BQ/3d Rjy

S2`BQ/3N ky

S2`BQ/Nj ky

S2`BQ/N8 Ryy

S2`BQ/NN Ry
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