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�+?mi J�M�M/?�` - >2HQBb2 :`22z - S�i`B+F h?QKbQM - _Q# >QT2 - .�pB/
� *HB7iQM

q2 T`2b2Mi � MQp2H i2+?MQHQ;v 7Q` KQMBiQ`BM; +?�M;2b BM �[mB72` /2Ti? mbBM;

?�M/TmKT pB#`�iBQM /�i�X h?Bb #mBH/b QM Qm` T`2pBQmb rQ`Fb mbBM; /�i� iQ

i`�+F ?�M/TmKT mb�;2 �M/ 7�+BHBi�i2 ?�M/TmKT K�BMi2M�M+2 bvbi2Kb BM `m@

`�H T�`ib Q7 E2Mv�X Pm` KQiBp�iBQM Bb iQ /2p2HQT � +Qbi@2z2+iBp2 �M/ b+�H�#H2

BM7`�bi`m+im`2 iQ KQMBiQ` b?�HHQr �[mB72`b BM `2;BQMb r?2`2 ?�M/TmKTb �`2

�H`2�/v T�`i Q7 r�i2` BM7`�bi`m+im`2- #mi r?2`2 i`�/BiBQM�H bQm`+2b Q7 ;`QmM/@

r�i2` KQMBiQ`BM; /�i� K�v #2 HBKBi2/ Q` MQM@2tBbi2MiX h?2 /�i� Bb ;2M2`�i2/

mbBM; �++2H2`QK2i2` b2MbQ`b �ii�+?2/ iQ i?2 ?�M/H2b Q7 MBM2 ?�M/TmKTb BM

i?2 bim/v bBi2 BM E2Mv�- BMbi`mK2Mi2/ 7Q` � v2�`X h?2b2 iBK2@b2`B2b /�i�

7`QK ?�M/TmKTb �`2 BM/BpB/m�HHv KQ/2HH2/ mbBM; K�+?BM2 H2�`MBM; K2i?Q/b

iQ i`�+F i?2 +?�M;2b BM i?2 r�i2` H2p2H rBi? `2bT2+i iQ i?2 #QiiQK Q7 i?2

`BbBM; K�BMX _2bmHib b?Qr T`QKBb2 BM KQ/2HHBM; ?�M/TmKT pB#`�iBQM /�i�

rBi? K�+?BM2 H2�`MBM; �TT`Q�+?2b iQ T`QpB/2 mb27mH �[mB72` KQMBiQ`BM; BM7Q`@

K�iBQM 7`QK i?2 ǳ�++B/2Mi�H BM7`�bi`m+im`2Ǵ Q7 +QKKmMBiv ?�M/TmKTbX h?Bb

i2+?MQHQ;v Bb BMi2M/2/ iQ +QKTH2K2Mi 2tBbiBM; ?v/`Q;2QHQ;B+�H KQ/2HHBM;-

�M/ QM2 Q7 Qm` F2v 7mim`2 ;Q�Hb Bb iQ BMi2;`�i2 i?2b2 K�+?BM2 H2�`MBM; Qmi@



Tmib rBi? ?v/`Q;2QHQ;B+�H BM7Q`K�iBQM iQ /2p2HQT KQ`2 `2}M2/ �M/ `Q#mbi

KQ/2Hb 7Q` b?�HHQr �[mB72` KQMBiQ`BM;X

�[mB72` KQMBiQ`BM;- q�i2` +QHmKM- >�M/TmKTb- J�+?BM2 H2�`MBM;- GahJ-

LQp2H i2+?MB[m2b

:QmM/r�i2` Bb /B`2+iHv HBMF2/ iQ lMBi2/ L�iBQMbǶ ambi�BM�#H2 .2p2HQT@

K2Mi :Q�H e Ua.: eV @ +H2�M r�i2` �M/ b�MBi�iBQM 7Q` �HH #v kyjy UlL-

kyR3VX Ai Bb �HbQ BM2tTHB+�#Hv HBMF2/ iQ Qi?2` a.:b `2H�i2/ iQ TQp2`iv 2`�/@

B+�iBQM- 7QQ/ b2+m`Biv- ;2M/2` 2[m�HBiv- bmbi�BM�#BHBiv Q7 +BiB2b �M/ ?mK�M

b2iiH2K2Mi- +QK#�iBM; +HBK�i2 +?�M;2- �M/ T`Qi2+iBM; i2``2bi`B�H 2+Qbvbi2Kb

U>QT2 �M/ _Qmb2- kyRjc >Qr�`/- kyR9c lL- kyR3c qq�S- kyRNVX Ai Bb 2biB@

K�i2/ i?�i ;`QmM/r�i2` T`QpB/2b �`QmM/ 8yW Q7 �HH /`BMFBM; r�i2` �M/ 9yW

Q7 �HH �;`B+mHim`�H B``B;�iBQM rQ`H/rB/2 U6�P- kyRRVX AM �7`B+�- ;`QmM/r�i2`

Bb i?2 K�DQ` bQm`+2 Q7 /`BMFBM; r�i2` �M/ Bib mb2 7Q` B``B;�iBQM Bb 2tT2+i2/ iQ

BM+`2�b2 bm#bi�MiB�HHv iQ i�+FH2 ;`QrBM; 7QQ/ BMb2+m`Biv UJ�+.QM�H/ 2i �HX-

kyRkVX

h?2 K�;MBim/2 Q7 ;`QmM/r�i2`Ƕb bB;MB}+�M+2 Bb BM b?�`T +QMi`�bi iQ i?2

/2�`i? Q7 `2HB�#H2 [m�MiBi�iBp2 BM7Q`K�iBQM QM ;`QmM/r�i2` `2bQm`+2b- 2bT2@

+B�HHv BM �7`B+� UJ�+.QM�H/ 2i �HX- kyRkc 6�M 2i �HX- kyRjc lL- kyR3VX �p�BH@

�#H2 /�i� QM ;HQ#�H ;`QmM/r�i2` biQ`�;2 2biBK�i2b- Q7i2M #�b2/ QM /2+�/2@

QH/ bim/B2b rBi? H�`;2 mM+2`i�BMiB2b- HBKBi 2z2+iBp2 ;Qp2`M�M+2 Q7 ;`QmM/r�i2`

bvbi2Kb U_B+?2v 2i �HX- kyR8VX GBF2 �Mv Qi?2` `2bQm`+2b- ;`QmM/r�i2` `2bQm`+2

K�M�;2K2Mi `2[mB`2b KQMBiQ`BM; iQ K�F2 BM7Q`K2/ TH�Mb #v r�i2` mb2`b �M/

k



r�i2` b2`pB+2 T`QpB/2`b �i `2;BQM�H �M/ M�iBQM�H H2p2HbX >Qr2p2`- HQM;@i2`K

KQMBiQ`BM; /�i� �`2 Q7i2M b+�`+2 BM �7`B+�- �M/ r?2`2p2` /�i� �`2 �p�BH�#H2-

BM+QMbBbi2M+B2b BM K2i?Q/QHQ;B2b mb2/ �i /Bz2`2Mi iBK2b K�F2 +QKT�`BbQMb

/B{+mHi �M/ i`2M/ mM+H2�` U*QKi2 2i �HX- kyReVX h`�/BiBQM�H ;`QmM/r�i2`

KQMBiQ`BM; i2+?MQHQ;B2b Usm 2i �HX- kyRkc o�M *�KT 2i �HX- kyRjc E2H#2 2i �HX-

kyReV �`2 Q7i2M /�i�- `2bQm`+2- �M/ iBK2 BMi2MbBp2X _2+2Mi 2zQ`ib ?�p2 b?QrM

`2KQi2 b2MbBM; Q#b2`p�iBQMb +�M T`QpB/2 mb27mH +Qbi@2z2+iBp2 �mtBHB�`v /�i�

iQ BKT`Qp2 ;HQ#�H ;`QmM/r�i2` 2biBK�i2b U_B+?2v 2i �HX- kyR8VX q2 T`QTQb2 �

MQp2H +QKTH2K2Mi�`v b?�HHQr �[mB72` KQMBiQ`BM; i2+?MQHQ;v i?�i miBHBx2b i?2

+QMiBM2MiǶb 2tBbiBM; ?�M/TmKT BM7`�bi`m+im`2X >�M/TmKTb `2K�BM � `2HB�#H2

�M/ HQr@+Qbi K2i?Q/ iQ �++2bb ;`QmM/r�i2` BM i?2 +QMi2ti Q7 `m`�H r�i2`

bmTTHv 7Q` �`QmM/ kyy KBHHBQM T2QTH2 BM am#@a�?�`�M �7`B+� Uh?QKbQM 2i �HX-

kyRkVX q2 �BK iQ 2tTHQ`2 B7 � M2irQ`F Q7 i?2b2 ?�M/TmKTb +�M TQi2MiB�HHv

T`QpB/2 �mtBHH�`v BM7Q`K�iBQM i?�i +�M #2 2tTHQBi2/ mbBM; K�+?BM2 H2�`MBM;

�TT`Q�+?2b iQ KQMBiQ` i?2 mM/2`HvBM; b?�HHQr �[mB72` bvbi2KbX

S`2pBQmb 2zQ`ib ?�p2 b?QrM i?�i pB#`�iBQM /�i� +QHH2+i2/ �i i?2 ?�M/@

TmKTǶb ?�M/H2 �`2 BM/B+�iBp2 Q7 TmKT K�H7mM+iBQM Uh?QKbQM 2i �HX- kyRkc

:`22z 2i �HX- kyRNVX *?�M;2b BM i?2 +?�`�+i2`BbiB+b Q7 pB#`�iBQM /�i�- TQi2M@

iB�HHv /m2 iQ ?�M/TmKT K�H7mM+iBQM- +�M #2 i`�+F2/ mbBM; MQp2Hiv /2i2+iBQM

�TT`Q�+?2bX >B;?2` MQp2Hiv b+Q`2b bB;MB7v /2T�`im`2 7`QK MQ`K�H QT2`�iBM;

+QM/BiBQMbX _2KQi2 i`�MbKBbbBQM Q7 i?2b2 MQp2Hiv b+Q`2b- �b T�`i Q7 � ?�M/@

TmKT K�BMi2M�M+2 BM7`�bi`m+im`2- +�M #2 mb2/ 7Q` `�TB/ TmKT K�BMi2M�M+2X

h?2 +?�M;2b BM pB#`�iBQM /�i� r2`2 b?QrM iQ #2 BM/B+�iBp2 Q7 +?�M;2b BM

i?2 r�i2` H2p2H �i i?2 #Q`2?QH2 mM/2` +QMi`QHH2/ +B`+mKbi�M+2b U*QH+?2bi2`

2i �HX- kyR9- kyRdVX h?2b2 rQ`Fb b?Qr2/ i?�i i?2 pB#`�iBQM ;2M2`�i2/ �i i?2

j



?�M/TmKTǶb ?�M/H2 �`2 �z2+i2/ #v i?2 r2B;?i Q7 i?2 bvbi2K- BX2X i?2 r2B;?i

Q7 i?2 `Q/b �M/ i?2 pQHmK2 Q7 r�i2` BMbB/2 i?2 `BbBM; K�BMX AM ;2M2`�H-

i?2 /22T2` i?2 r�i2` H2p2H- i?2 ?B;?2` i?2 pQHmK2 Q7 r�i2` BMbB/2 i?2 `BbBM;

K�BM- �M/ i?2 bi`QM;2` i?2 Q#b2`p2/ pB#`�iBQMX h?2 p�`B�iBQM BM pB#`�iBQM

+?�`�+i2`BbiB+b r�b 2tTHQBi2/ iQ 2biBK�i2 i?2 r�i2` H2p2H �i i?2 #Q`2?QH2 Q7

i?2 ?�M/TmKTX h?2b2 2tT2`BK2Mib r2`2 T2`7Q`K2/ mbBM; irQ /�i�b2ib @

URV /�i� 7`QK � ?�M/TmKT QM i?2 lMBp2`bBiv bBi2- T`BK�`BHv BMbi�HH2/ iQ

T2`7Q`K +QM/BiBQM KQMBiQ`BM; `2H�i2/ `2b2�`+?- �M/ UkV 72r r22Fb Q7 /�i�

7`QK ?�M/TmKTb BM i?2 bim/v bBi2 BM E2Mv�X "Qi? /�i�b2ib r2`2 +QHH2+i2/

mM/2` +QMi`QHH2/ b2iiBM;b- BX2X ?�M/TmKT mb2`b r2`2 KQbiHv HBKBi2/ iQ i?2

`2b2�`+? i2�K- �M/ i?2 TmKT bi`QF2b �M/ /m`�iBQM r2`2 7�B`Hv +QMbBbi2MiX

:Bp2M i?2 b?Q`i /�i� +QHH2+iBQM T2`BQ/- i?2 /�i�b2i M2Bi?2` +�Tim`2/ HQM;@

i2`K p�`B�iBQM BM i?2 �[mB72` H2p2H MQ` 7�+2/ +?�HH2M;2b +QKKQMHv 2M+QmMi2`2/

/m`BM; MQ`K�H QT2`�iBQMb- 2X;X rB/2 p�`B�iBQM BM i?2 TmKTBM; bivH2- p�`B�iBQM

BM i?2 r�i2` +QHmKM �i /Bz2`2Mi iBK2b Q7 i?2 /�v- ?�M/TmKT #`2�F/QrM

�M/ bm#b2[m2Mi `2T�B`b- 2i+X "2bB/2b- 7Q` i?2 /�i�b2i 7`QK i?2 E2Mv� bim/v

bBi2- BMbi2�/ Q7 �+im�HHv K2�bm`BM; i?2 p�`vBM; r�i2` +QHmKM- i?2 ?�M/TmKT

`Q/ H2M;i? r�b mb2/ �b �M �TT`QtBK�i2 K2�bm`2 Q7 i?2 /2Ti? Q7 r�i2` BM

i?2 #Q`2?QH2X h?2 T`2HBKBM�`v `2bmHib Q7 i?2b2 2tT2`BK2Mib KQiBp�i2/ i?Bb

7QHHQr@mT }2H/ bim/v iQ /2i2`KBM2 B7 URV i?2 pB#`�iBQM /�i� Q#i�BM2/ 7`QK

+QKKmMBiv ?�M/TmKTb BM �M mM+QMbi`�BM2/ `2�H@rQ`H/ b2iiBM; +�M #2 mb2/

iQ i`�+F HQM;@i2`K +?�M;2b BM �[mB72` H2p2H U� +QM/BiBQM�H v2bV- �M/ UkV i?2

`2bmHib ;2M2`�HBx2 �+`Qbb /Bz2`2Mi /2Ti?b Q7 b?�HHQr �[mB72` bvbi2Kb Uv2bVX

S`QpB/2/ � ?�M/TmKT K�BMi2M�M+2 BM7`�bi`m+im`2 Bb �H`2�/v BM TH�+2-

i?2`2 Bb �M QTTQ`imMBiv iQ /m�H Tm`TQb2 i?2 pB#`�iBQM /�i� iQ KQMBiQ` b?�HHQr

9



�[mB72` �i KBMBK�H 2ti`� +QbiX h?2 /Bbi`B#mi2/ K�BMi2M�M+2 BM7`�bi`m+im`2

U:`22z 2i �HX- kyRNV �HHQrb �/�TiBp2 i`�MbKBbbBQM Q7 ?�M/TmKT pB#`�iBQM

/�i�- +QMi`QHHBM; r?2M �M/ ?Qr Km+? Q7 /�i� Bb i`�MbKBii2/- i?mb b�pBM;

+Qbi BM `2bQm`+2@+QMbi`�BM2/ b2iiBM;bX h?2 �/�TiBp2 7`�K2rQ`F #H2M/b BM r2HH

rBi? i?2 T`QTQb2/ �[mB72` KQMBiQ`BM; bvbi2K- r?Qb2 T`2/B+iBQMb �`2 QMHv

2tT2+i2/ iQ #2 #�b2/ QM /�i� 7`QK MQ`K�HHv QT2`�iBQM�H ?�M/TmKTbX h?Bb

7`�K2rQ`F Bb 7m`i?2` /2i�BH2/ BM a2+iBQM kX

J�+?BM2 H2�`MBM; �TT`Q�+?2b ?�p2 #22M 2tTHQ`2/ iQ mM/2`bi�M/ ?v/`Q@

HQ;B+�H T`Q+2bb2b �M/ 7�+BHBi�i2 r�i2` `2bQm`+2 K�M�;2K2Mi U>2``2`� 2i �HX-

kyRyc u�b22M 2i �HX- kyRNc �+?B2M;- kyRNVX h?2b2 �TT`Q�+?2b ?�p2 �HbQ #22M

mb2/ iQ KQ/2H p�`B�iBQMb BM �[mB72` H2p2H #�b2/ QM ?v/`Q@+HBK�iB+ /�i� U2X;X-

`�BM7�HH- i2KT2`�im`2V UL�v�F 2i �HX- kyyec "2?x�/ 2i �HX- kyRyc uQQM 2i �HX-

kyRRc h�Q`KBM� 2i �HX- kyRkc h�TQ;HQm 2i �HX- kyR9c am`v�M�`�v�M� 2i �HX-

kyR9c a�?QQ 2i �HX- kyRdVX h?2b2 2zQ`ib ?�p2 KQbiHv BKTH2K2Mi2/ bi�M@

/�`/ `2;`2bbBQM �TT`Q�+?2b- 2X;X amTTQ`i o2+iQ` _2;`2bbBQM Uao_V U"Bb?QT-

kyyeV- :�mbbB�M S`Q+2bb2b U:SbV U_�bKmbb2M- kyy9V- JmHiB@H�v2` S2`+2Ti`QM

_2;`2bbBQM UJGS _2;`2bbBQMV U_Q#2`i- kyR9V- Q` p�`BQmb ?v#`B/ +QK#BM�@

iBQMb Q7 i?2 b�K2X � `2+2Mi rQ`F ?�b b?QrM GQM; a?Q`i h2`K J2KQ`v

M2irQ`Fb UGahJbV QmiT2`7Q`K2/ bi�M/�`/ JGS `2;`2bbBQM iQ T`2/B+i r�i2`

i�#H2 /2Ti? #v mbBM; R9 v2�`b Q7 KQMi?Hv r�i2` /Bp2`bBQM- 2p�TQ`�iBQM- T`2@

+BTBi�iBQM- i2KT2`�im`2- �M/ iBK2 �b BMTmi /�i� Uw?�M; 2i �HX- kyR3VX h?2b2

2zQ`ib b?Qr i?2 TQi2MiB�H Q7 mbBM; K�+?BM2 H2�`MBM; �TT`Q�+?2b iQ T`2/B+i

HQM;@i2`K +?�M;2b BM �[mB72` H2p2H BM �`2�b r?2`2 ?v/`Q;2QHQ;B+�H /�i� �`2

/B{+mHi Q` 2tT2MbBp2 iQ Q#i�BMX

8



h?2 T`QTQb2/ rQ`F �HbQ +QKT�`2b GahJb rBi? JGS `2;`2bbBQM 7Q` �[mB72`

T`2/B+iBQMX >Qr2p2`- mMHBF2 �HH T`BQ` rQ`F- i?2 T`QTQb2/ 7`�K2rQ`F Bb MQp2H

#2+�mb2 URV Bi mb2b ?�M/TmKT pB#`�iBQM /�i� iQ KQ/2H +?�M;2b BM r�i2` H2p2H-

�M/ UkV b2iiBM; �bB/2 i?2 bT2+B}+ ivT2b Q7 KQ/2Hb mb2/- i?2 T`QTQb2/ 7`�K2@

rQ`F +QK#BM2b `2;`2bbBQM �M/ MQp2Hiv /2i2+iBQM �TT`Q�+?2b iQ /2p2HQT � MQp2H

b?�HHQr �[mB72` KQMBiQ`BM; i2+?MQHQ;v i?�i Bb /2bB;M2/ iQ rQ`F �HQM;bB/2 �

?�M/TmKT K�BMi2M�M+2 BM7`�bi`m+im`2X h?2 T`QTQb2/ 7`�K2rQ`F +�M �HbQ #2

2ti2M/2/ iQ BM+Q`TQ`�i2 ?v/`Q@+HBK�iB+ /�i� Q` QmiTmib 7`QK ?v/`Q;2QHQ;B+�H

KQ/2HbX

AM �M 2zQ`i iQ 7�+BHBi�i2 `2T`Q/m+B#BHBiv �M/ /�i� `2mb2- i?2 /�i�b2i U:`22z

2i �HX- kykyV �M/ i?2 bQ7ir�`2 UJ�M�M/?�`- kyRNV �`2 #Qi? K�/2 Tm#HB+Hv

�p�BH�#H2X

AM i?Bb rQ`F- r2 mb2 � K�+?BM2 H2�`MBM; �TT`Q�+? iQ KQ/2H r�i2` +QHmKM

p�`B�iBQM BM � #Q`2?QH2 #�b2/ QM pB#`�iBQM /�i� Q#b2`p2/ �i i?2 ?�M/H2 Q7 i?2

?�M/TmKTX q2 MQi2 i?�i i?2`2 �`2 irQ ivT2b Q7 +?�M;2b BM i?2 r�i2` H2p2H

Ĝ UBV i?2 /�BHv +?�M;2 BM r�i2` H2p2H /m2 iQ /�BHv /`�r/QrM �M/ `2+Qp2`v

�M/ UBBV i?2 HQM;@i2`K b2�bQM�H +?�M;2 BM r�i2` H2p2H /m2 iQ �[mB72` /Bb+?�`;2

�M/ `2+?�`;2X AM i?Bb rQ`F- r2 �`2 BMi2`2bi2/ BM i?2 H�ii2`X �Hi?Qm;? KQ/@

2HHBM; i?2 /�BHv +v+H2 Bb BM Bib2H7 �M BMi2`2biBM; T`Q#H2K- i?2 +?�HH2M;2 ?2`2 Bb

i?2 mM�p�BH�#BHBiv Q7 bm{+B2Mi `2H2p�Mi pB#`�iBQM /�i� #2+�mb2 i?2 /`�r/QrM

Q++m`b `�TB/Hv U�M/ Bb Q7i2M �bbQ+B�i2/ rBi? TmKT T`BKBM; r?Qb2 pB#`�iBQM

e



d



+?�`�+i2`BbiB+b r2`2 Q#b2`p2/ iQ #2 /Bz2`2MiV- �M/ i?2 `2+Qp2`v- #v /2}MBiBQM-

Bb �bbQ+B�i2/ rBi? TmKT /Bbmb2- r?B+? /Q2b MQi ;2M2`�i2 �Mv pB#`�iBQM /�i�X

h?2 K�DQ`Biv Q7 i?2 pB#`�iBQM /�i� +QHH2+i2/ /m`BM; TmKTBM; +Q``2bTQM/b

iQ i?2 �p�BH�#H2 /�BHv r�i2` H2p2H �i i?2 #Q`2?QH2- r?B+? BM i?2 HQM;@i2`K

+?�M;2b bBKBH�`Hv iQ i?2 /�BHv K�tBKmK r�i2` H2p2HX q2 2tTHQBi i?Bb HQM;@

i2`K +?�M;2 BM i?2 pB#`�iBQM /�i� iQ KQ/2H i?2 HQM;@i2`K +?�M;2 BM r�i2`

H2p2H �i i?2 #Q`2?QH2- r?B+? r2 2tT2+i iQ �TT`QtBK�i2Hv +Q``2bTQM/ iQ i?2

p�`B�iBQM BM i?2 +Q``2bTQM/BM; b?�HHQr �[mB72` 7`QK r?B+? i?2 r�i2` Bb #2BM;

/`�rM QmiX q2 2tT2+i i?2 r�i2` +QHmKM p�`B�iBQM BM i?2 #Q`2?QH2 iQ �T@

T`QtBK�i2Hv +Q``2bTQM/ iQ i?2 p�`B�iBQM BM i?2 +Q``2bTQM/BM; b?�HHQr �[mB72`

bvbi2K 7`QK r?B+? i?2 r�i2` Bb #2BM; /`�rM QmiX

q2 mb2 � `2;`2bbBQM KQ/2H iQ H2�`M � K�TTBM; 7mM+iBQM 7`QK pB#`�iBQM

/�i� iQ r�i2` +QHmKMX aBM+2 r2 2tT2+i pB#`�iBQM /�i� �i 2�+? ?�M/TmKT iQ

#2 mMB[m2- �M BM/2T2M/2Mi KQ/2H Bb H2�`M2/ 7Q` 2�+? ?�M/TmKTX hQ H2�`M

bm+? � KQ/2H- � +QHH2+iBQM Q7 pB#`�iBQM /�i� �M/ +Q``2bTQM/BM; r�i2` +QHmKM

Q#b2`p�iBQMb �`2 `2[mB`2/X h?2b2 /�i� �`2 +QHH2+i2/ �i i?`22 /Bz2`2Mi bBi2b

Ui?`22 ?�M/TmKTb T2` bBi2V BM i?2 bim/v �`2� iQ i2bi B7 i?2 KQ/2H ;2M2`�HBx2b

iQ /Bz2`2Mi /2Ti?b Q7 b?�HHQr �[mB72` bvbi2KbX

� b+?2K�iB+ Q7 i?2 b?�HHQr �[mB72` KQMBiQ`BM; 7`�K2rQ`F Bb b?QrM BM 6B;X

RX h?2 T`QTQb2/ 7`�K2rQ`F Bb /2bB;M2/ iQ rQ`F �HQM;bB/2 � ?�M/TmKT K�BM@

i2M�M+2 bvbi2K- `2T`2b2Mi2/ #v /�b?2/ HBM2b �M/ MQi T�`i Q7 i?2 7`�K2rQ`F

Bib2H7X h?2 ?�M/TmKT K�BMi2M�M+2 bvbi2K KQMBiQ`b i?2 +QM/BiBQM Q7 ?�M/@

TmKTb #v i`�+FBM; i?2 +?�M;2b BM +?�`�+i2`BbiB+b Q7 pB#`�iBQM /�i� mbBM; �

MQp2Hiv /2i2+iBQM �TT`Q�+?X h?2 QmiTmib Q7 i?Bb MQp2Hiv /2i2+iBQM �TT`Q�+?-

FMQrM �b MQp2Hiv b+Q`2b- K�v #2 mb2/ iQ ~�; � TQi2MiB�H TmKT K�H7mM+iBQM

3



B7 i?2 7mim`2 pB#`�iBQM /�i� HQQFb bm#bi�MiB�HHv /Bz2`2Mi 7`QK i?2 T`2pBQmbHv

Q#b2`p2/ /�i�- i?mb 7�+BHBi�iBM; `�TB/ K�BMi2M�M+2 U:`22z 2i �HX- kyRNVX

h?2 T`QTQb2/ i2+?MQHQ;v Bb #�b2/ QM pB#`�iBQM /�i� Q#i�BM2/ 7`QK +QK@

KmMBiv ?�M/TmKTb- r?B+? �`2 `2;mH�`Hv mb2/- �M/ i2M/ iQ #`2�F /QrM [mBi2

7`2[m2MiHv- QM+2 2p2`v 72r KQMi?b QM �p2`�;2X .2T2M/BM; QM i?2 b2p2`Biv Q7

K�H7mM+iBQM �M/ i?2 ivT2 Q7 bm#b2[m2Mi `2T�B`- i?2 +?�`�+i2`BbiB+b Q7 pB#`�@

iBQM /�i� K�v +?�M;2 bm#bi�MiB�HHv- �z2+iBM; i?2 QmiTmib Q7 i?2 `2;`2bbBQM

KQ/2HX h?2 pB#`�iBQM /�i� rBHH �HbQ +?�M;2 r?2M i?2 r�i2` BM i?2 #Q`2@

?QH2 `2�+?2b T`2pBQmbHv mMQ#b2`p2/ H2p2HbX q?2M i?2 +?�`�+i2`BbiB+b Q7 i?2

pB#`�iBQM /�i� +?�M;2b bm#bi�MiB�HHv- i?2 `2;`2bbBQM KQ/2H H2�`M2/ mbBM; T`2@

pBQmbHv Q#b2`p2/ pB#`�iBQM /�i� K�v MQi T`QpB/2 +Q``2+i 2biBK�iBQMX .m`BM;

bm+? +B`+mKbi�M+2b- i?2 MQp2Hiv b+Q`2b K�v �HbQ b2`p2 �b � ;mB/2HBM2 iQ BM/B@

+�i2 i?2 +QM}/2M+2 BM i?2 `2;`2bbBQM KQ/2HǶb QmiTmib- r?2`2 ?B;?2` MQp2Hiv

b+Q`2b rQmH/ +Q``2bTQM/ iQ HQr2` +QM}/2M+2 BM i?2 `2;`2bbBQM KQ/2HǶb Qmi@

TmibX

q?2M i?2 pB#`�iBQM /�i� ?�b +?�M;2/ /m2 iQ � TmKT K�H7mM+iBQM �M/

bm#b2[m2Mi `2T�B`- � bBKTH2 bQHmiBQM iQ +QMiBMm2 mbBM; i?2 b�K2 `2;`2bbBQM

KQ/2H K�v #2 iQ +�HB#`�i2 i?2 TQbi@`2T�B` pB#`�iBQM /�i� #�+F iQ i?2 T`2@

`2T�B` /�i�X q2 T`QTQb2 mbBM; � `2;`2bbBQM KQ/2H iQ H2�`M � K�T 7`QK TQbi@

`2T�B` iQ T`2@`2T�B` pB#`�iBQM /�i� #v �bbmKBM; i?2 pB#`�iBQM /�i� �p2`�;2/

Qp2` 72r /�vb T`2 pbX TQbi `2T�B` �`2 i?2 b�K2X qBi? `2bT2+i iQ i?2 r�i2`

+QHmKM 2biBK�iBQM KQ/2H- i?Bb bBKTH2 +�HB#`�iBQM i2+?MB[m2 BM?2`2MiHv �b@

bmK2b i?2 /�BHv K�tBKmK ?2B;?i Q7 r�i2` +QHmKM BM i?2 #Q`2?QH2 /Q2b MQi

+?�M;2 bm#bi�MiB�HHv BM � 72r /�vb- r?B+? Bb ;2M2`�HHv MQi � #�/ �bbmKTiBQM

#�b2/ QM 6B;XdX hQ �pQB/ +QM7mbBM; r�i2` +QHmKM@`2H�i2/ `2;`2bbBQM rBi?

N



+�HB#`�iBQM@`2H�i2/ `2;`2bbBQM- i?2 H�ii2` Bb `272``2/ iQ �b +�HB#`�iBQM BM `2bi

Q7 i?2 /Q+mK2MiX

.�i� 7`QK MBM2 ?�M/TmKTb �`2 +QHH2+i2/ 7Q` Qp2` � v2�`- Qmi Q7 r?B+? irQ@

i?B`/b �`2 mb2/ 7Q` H2�`MBM; i?2 KQ/2H UBX2X i`�BMBM; 7Q` MQp2Hiv /2i2+iBQM- �M/

i`�BMBM; �M/ p�HB/�iBQM 7Q` `2;`2bbBQMV- �M/ i?2 `2K�BMBM; QM2@i?B`/b �`2 mb2/

7Q` 2p�Hm�iBM; i?2 KQ/2H UBX2X i2biBM;VX

h?2 bim/v �`2� Bb HQ+�i2/ BM Er�H2 *QmMiv- E2Mv�- bQmi? Q7 JQK#�b� �M/

�/D�+2Mi iQ MQ`i?2`M h�Mx�MB�- �b b?QrM BM 6B;m`2 kX 6`QK r2bi2`M a?BK#�

>BHHb iQ 2�bi2`M *Q�bi�H SH�BM- i?2 �`2� bHQT2b iQr�`/b i?2 AM/B�M Q+2�MX h?2

*QmMiv TQTmH�iBQM Q7 33y-yyy T2QTH2 KQbiHv HBp2 BM `m`�H �`2�b U3kWV rBi?

i?2 K�DQ`Biv UdyWV HBpBM; #2HQr i?2 TQp2`iv HBM2 Q7 H2bb i?�M la. RXk8 �

/�v UEL"a- kyy8@yeVX h?2 bim/v �`2� BM+Hm/2b i?2 HQM;@2bi�#HBb?2/ +Q�bi�H

iQm`BbK BM/mbi`v BM .B�MB �M/ i?2 KQ`2 `2+2Mi KBMBM; �M/ +QKK2`+B�H bm;�`

T`Q/m+iBQM BM/mbi`B2bX hQ bmbi�BM�#Hv K�M�;2 i?2 `2bmHiBM; +QKT2iBiBQM 7Q`

r�i2` `2bQm`+2b- `2HB�#H2 /�i� QM ;`QmM/r�i2` Bb pBi�HX

� ?v/`Q;2QHQ;B+�H bim/v Q7 i?2 �`2� U62``2` 2i �HX- kyRNV `2TQ`ib QM i?2

;`QmM/r�i2` H2p2H +?�M;2 BM i?2 +Q�bi�H +Q`�H �M/ b�M/ 7Q`K�iBQMb USH2Bb@

iQ+2M2- J�;�`BMB- E�HBM/BMBV #mi MQi i?2 /22T2` J�x2`�b b�M/biQM2 /m`BM; �

G� LBM� v2�`X h?2v }M/ ;`QmM/r�i2` H2p2Hb p�`v 7`QK 9 K #2HQr ;`QmM/r�i2`

H2p2H U#;HV iQ kd K #;H BM `2bTQMb2 iQ i?2 r2ii2` �M/ /`B2` T2`BQ/bX h?2v �HbQ

MQi2 +QKKmMBiB2b /2T2M/ QM ;`QmM/r�i2` 7`QK #Q`2?QH2b rBi? ?�M/TmKTb

�b r2HH �b QT2M r2HHb BM i?2 b?�HHQr �[mB72`X AM +QMi`�bi- i?2 +QKK2`+B�H mb2

7Q` B``B;�iBQM �M/ KBMBM; Bb H�`;2Hv BM i?2 /22T2` �[mB72` bvbi2K rBi? HBKBi2/

BMi2`�+iBQM rBi? i?2 b?�HHQr �[mB72`X h?2 KQMBiQ`BM; bBi2b b2H2+i2/ 7Q` i?Bb
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a?�HHQr

aSR eX9 RXR

aSk 8X9 RXd

aSj 3XN kXy

J2/BmK

JSR kkXk 8X3

JSk k9Xk kXj

JSj RdX9 RNX9

.22T

.SR jyX9 RRXN

.Sk 9kX8 eXd

.Sj j8X8 R9XN

bim/v �`2 �HH MQM@+QKK2`+B�H +QKKmMBiv ?�M/TmKTbX _2�/2`b BMi2`2bi2/ BM

7m`i?2` ?v/`Q;2QHQ;B+�H Q` bQ+BQ@2+QMQKB+ /2i�BHb Q7 i?2 bim/v �`2� K�v `272`

iQ U62``2` 2i �HX- kyRNc E�imp� 2i �HX- kyRNVX

hQ i2bi B7 i?2 KQ/2H ;2M2`�HBx2b iQ ?�M/TmKTb /`�rBM; r�i2` 7`QK /B7@

72`2Mi /2Ti?b Q7 b?�HHQr �[mB72` bvbi2Kb- i?`22 /Bz2`2Mi KQMBiQ`BM; bBi2b �`2

b2H2+i2/ +Q``2bTQM/BM; iQ i?`22 /Bz2`2Mi /2Ti? `�M;2b @ b?�HHQr- K2/BmK-

�M/ /22T- r?2`2 i?2b2 +�i2;Q`B2b �`2 �`#Bi`�`BHv /2}M2/ #�b2/ QM �p�BH�#H2

b�KTH2bX h�#H2 R bmKK�`Bx2b i�#H2 Q7 +QHmKMb UhP*bV �M/ r�i2` +QHmKMb

Uq*bV �i i?2 #Q`2?QH2b �i i?2 iBK2 Q7 b2MbQ` BMbi�HH�iBQMX q2 �HbQ MQi2 i?�i

�HH #Q`2?QH2b r2`2 K2+?�MB+�HHv /`BHH2/X

h?2 `�i2 Q7 /�BHv /`�r/QrMf`2+Qp2`v �b r2HH �b HQM;@i2`K /Bb+?�`;2f`2+?�`;2
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�`2 2tT2+i2/ iQ /Bz2` �i i?2b2 i?`22 bBi2b /m2 iQ /Bz2`2Mi ?v/`Q;2QHQ;B+�H-

bQ+BQ@2+QMQKB+- �M/ Qi?2` 7�+iQ`bX "2bB/2b- i?2 r�i2` +QHmKMb BM i?2 #Q`2@

?QH2b BM i?2 +Q�bi �`2 /B`2+iHv �z2+i2/ #v #Qi? /�BHv �M/ #B@r22FHv iB/�H

+v+H2bX S`2@T`Q+2bbBM; bi2Tb `2H�i2/ iQ `2KQpBM; iB/�H 2z2+ib �`2 7m`i?2` /2@

b+`B#2/ BM a2+iBQM jXRX

_2;`2bbBQM �TT`Q�+?2b �`2 bmT2`pBb2/ H2�`MBM; i2+?MB[m2b i?�i K�T 2t@

�KTH2b UBMTmibV iQ +QMiBMmQmb H�#2Hb UQmiTmibVX q2 mb2 i?2b2 �TT`Q�+?2b iQ

K�T ?�M/TmKT pB#`�iBQM /�i� UBMTmibV iQ i?2B` +Q``2bTQM/BM; r�i2` +QHmKM

/�i� UQmiTmibVX � rB/2 p�`B2iv Q7 `2;`2bbBQM �TT`Q�+?2b 2tBbi- 2X;X _2H2p�M+2

o2+iQ` J�+?BM2b U_oJbV- :�mbbB�M S`Q+2bb2b U:SbV- /2+BbBQM 7Q`2bi i`22 `2@

;`2bbBQM- KmHiB@H�v2` T2`+2Ti`QM `2;`2bbBQM UJGS `2;`2bbBQMV- 2i+X �Hi?Qm;?

2tT2`BK2Mib r2`2 T2`7Q`K2/ mbBM; /Bz2`2Mi ivT2b Q7 `2;`2bbBQM �TT`Q�+?2b

UvB2H/BM; +QKT�`�#H2 `2bmHibV- r2 7Q+mb QM JGS U�HbQ FMQrM �b 722/7Q`r�`/

M2m`�H M2irQ`FV `2;`2bbBQM #2+�mb2 i?2v 7Q`K � M�im`�H #�b2HBM2 iQ +QKT�`2

rBi? GQM; a?Q`i h2`K J2KQ`v UGahJV M2irQ`Fb- i?2 T`BK�`v �TT`Q�+? BK@

TH2K2Mi2/ BM i?Bb rQ`FX aBM+2 r2 rBb? iQ T`QpB/2 i2KTQ`�H +QMi2ti iQ KQ/2H

r�i2` +QHmKM /�i� BM i2`Kb Q7 T�bi 2t�KTH2b Q7 /�BHv ?�M/TmKT pB#`�iBQM

/�i�- GahJb +QMbiBimi2 � bmBi�#H2 KQ/2H 7Q` Qm` �TTHB+�iBQMX

622/7Q`r�`/ M2irQ`Fb /Q MQi ?�p2 722/#�+F- BX2X QmiTmib Q7 i?2 KQ/2H �`2

MQi 72/ #�+F BMiQ Bib2H7X q?2M 722/7Q`r�`/ M2irQ`Fb �`2 2ti2M/2/ iQ BM+Hm/2

722/#�+F +QMM2+iBQMb- i?2v �`2 +�HH2/ _2+m``2Mi L2m`�H L2irQ`Fb U_LLbVX

aBM+2 722/7Q`r�`/ M2irQ`Fb �bbmK2 b�KTH2b �`2 BM/2T2M/2Mi- i?2v �`2 mM�#H2
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iQ miBHBx2 BM7Q`K�iBQM 7`QK T�bi b�KTH2bX _2+m``2Mi L2m`�H L2irQ`Fb U_LLbV

Qp2`+QK2 i?Bb HBKBi�iBQM #v �HHQrBM; BM7Q`K�iBQM 7`QK T�bi b�KTH2b iQ T2`bBbi

#v mbBM; 722/#�+F +QMM2+iBQMbX h?2v /Q bQ #v `2T2�iBM; i?2 722/#�+F HQQT

bi`m+im`2 `2+m`bBp2Hv iQ KQ/2H � b2[m2M+2 Q7 b�KTH2b �b b?QrM BM 6B;X jX h?2

`2+m`bBp2 7`�K2rQ`F �HHQrb T�`�K2i2`b iQ #2 b?�`2/ �+`Qbb i?2 `2T2iBiBp2

bi`m+im`2b- r?B+? BM im`M K�F2b T�`�K2i2` 2biBK�iBQM 72�bB#H2X >Qr2p2`-

�Hi?Qm;? i?2Q`2iB+�HHv TQbbB#H2- BM T`�+iB+2- _LLb �`2 mM�#H2 iQ KQ/2H HQM;@

i2`K /2T2M/2M+2 #2+�mb2 ;`�/B2Mib T`QT�;�i2/ Qp2` K�Mv bi�;2b i2M/ iQ

2Bi?2` p�MBb? UKQ`2 +QKKQMV Q` 2tTHQ/2 U`�`2Hv- #mi +�mbBM; Km+? /�K�;2

iQ QTiBKBx�iBQMV U:QQ/72HHQr 2i �HX- kyReVX
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hQ bQHp2 _LLǶb HQM;@i2`K /2T2M/2M+2 T`Q#H2K ;�i2/ _LLb �`2 i?2 KQbi

2z2+iBp2 bQHmiBQMb /2bB;M2/ iQ /�i2X h?2v /Q bQ #v �HHQrBM; ;`�/B2Mib iQ

~Qr 7Q` � HQM; /m`�iBQM mbBM; ;�i2/ b2H7@HQQTbX 1t�KTH2b Q7 ;�i2/ _LLb

BM+Hm/2 GQM; a?Q`i h2`K J2KQ`v UGahJV M2irQ`Fb �M/ ;�i2/ `2+m``2Mi

mMBib U:_lbV U:QQ/72HHQr 2i �HX- kyReV- i?2 7Q`K2` #2BM; i?2 KQbi rB/2Hv

mb2/X GahJb ?�p2 i?2 b�K2 #�bB+ `2T2iBiBp2 bi`m+im`2 HBF2 _LLb- 2t+2Ti i?2

`2T2�iBM; bi`m+im`2 U+�HH2/ GahJ +2HHV ?�b i?`22 ;�i2/ b2H7@HQQTb U6B;X 9VX

� 7Q`;2i ;�i2 /2+B/2b r?�i BM7Q`K�iBQM rBHH #2 /Bb+�`/2/ 7`QK i?2 T`2pBQmb

+2HH bi�i2X �M BMTmi ;�i2 +QMi`QHb r?�i M2r BM7Q`K�iBQM rBHH #2 biQ`2/ BM i?2

+m``2Mi +2HH bi�i2X h?2M i?2 QmiTmib 7`QK i?2 7Q`;2i ;�i2 �M/ i?2 BMTmi ;�i2

�`2 mb2/ iQ mT/�i2 i?2 QH/ +2HH bi�i2 BMiQ � M2r +2HH bi�i2X 6BM�HHv- �M QmiTmi

;�i2 /2+B/2b r?�i BM7Q`K�iBQM rBHH #2 QmiTmi 7`QK i?2 M2r +2HH bi�i2X h?2

+Q``2bTQM/BM; 2[m�iBQMb �`2

ft = σ( f [ t−1, t] + bf ) URV

it = σ( i[ t−1, t] + bi) UkV

C̃t = tanh( c[ t−1, t] + bc) UjV

Ct = ft ∗ Ct−1 + it ∗ C̃t U9V

ot = σ( o[ t−1, t] + bo) U8V
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t = ot ∗ tanh(Ct), UeV

r?2`2 R- k@9- �M/ 8@e +Q``2bTQM/ iQ `2bT2+iBp2Hv 7Q`;2i- BMTmi- �M/ QmiTmi

;�i2bX >2`2- Ct Bb i?2 +m``2Mi +2HH bi�i2- t Bb i?2 +m``2Mi BMTmi p2+iQ`- t Bb

i?2 +m``2Mi ?B//2M H�v2` p2+iQ` +QMi�BMBM; i?2 Qmimib Q7 �HH GahJ +2HHb- �M/

bǶb �M/ Ƕb �`2 `2bT2+iBp2Hv #B�b2b �M/ r2B;?ibX

.Bz2`2Mi p�`B�iBQMb Q7 GahJb ?�p2 #22M bm++2bb7mHHv BKTH2K2Mi2/ BM

K�Mv �TTHB+�iBQMb- 2X;X mM+QMbi`�BM2/ ?�M/r`BiBM; `2+Q;MBiBQM U:`�p2b 2i �HX-

kyyNV- bT22+? `2+Q;MBiBQM U:`�p2b- kyRjV- ?�M/r`BiBM; ;2M2`�iBQM U:`�p2b-

kyRjV- K�+?BM2 i`�MbH�iBQM UamibF2p2` 2i �HX- kyR9V- BK�;2 +�TiBQMBM; UEB`Qb

2i �HX- kyR9c oBMv�Hb 2i �HX- kyR9VX _LLb �M/ GahJb ?�p2 �HbQ #22M BKTH2@

K2Mi2/ iQ 2biBK�i2 �[mB72` mbBM; ?v/`Q@+HBK�iB+ /�i� Uw?�M; 2i �HX- kyR3VX

:Bp2M i?2 `2H�iBp2Hv bK�HH bBx2 Q7 i?2 i`�BMBM; /�i�- r2 QTi 7Q` � bBKTH2

M2m`�H M2irQ`F �`+?Bi2+im`2- +QMbBbiBM; Q7 � GahJ mMBi- � /`QT@Qmi mMBi UiQ

T`2p2Mi Qp2`@}iiBM;V- �M/ � /2Mb2 H�v2` BM b2[m2M+2 U6B;X 8VX �b KQ`2 /�i�

#2+QK2b �p�BH�#H2 BM 7mim`2- i?2`2 �`2 QTTQ`imMBiB2b iQ BKTH2K2Mi /22T2`

U2X;X bi�+F2/ H�v2`bV �M/ Qi?2` p�`B�iBQMb U2X;X b?�`2/ H�v2`bV Q7 M2irQ`Fb-

r?B+? �`2 7m`i?2` /Bb+mbb2/ BM a2+iBQM 8X h?2 KQ/2H r�b BKTH2K2Mi2/ BM

ÜF2`�b mbBM; Üi2MbQ`~Qr #�+F2M/X h?2 KQ/2H T�`�K2i2`b UH2�`MBM; `�i2

[10−2
− 10−5]- MmK#2` Q7 ?B//2M MQ/2b [50 − 200]- 2TQ+?b [10 − 200]- #�i+?

bBx2 [10 − 50]- �M/ BMTmi iBK2 bi2Tb (1 − 14 /�vb)V r2`2 +Q�`b2Hv QTiBKBx2/

mbBM; b2T�`�i2 i`�BMBM; �M/ p�HB/�iBQM b2ib rBi? U3y@kyW bTHBibVX � b2T�`�i2

R8



i2bi b2i UQM2@i?B`/ Q7 /�i�V r�b ?2H/ Qmi 7Q` 2p�Hm�iBM; i?2 i`�BM2/ KQ/2HX

h?2 i`�BMBM;- p�HB/�iBQM- �M/ i2bi b2ib r2`2 bTHBi b2[m2MiB�HHv BM iBK2 U7`QK

T�bi iQ 7mim`2V iQ `2~2+i � `2�H BKTH2K2Mi�iBQM b+2M�`BQX

AM � bi�M/�`/ #BM�`v bmT2`pBb2/ +H�bbB}+�iBQM �TT`Q�+? U"Bb?QT- kyyeV-

KQ/2Hb Q7 ǳMQ`K�HBivǴ �M/ ǳ�#MQ`K�HBivǴ �`2 H2�`M2/- 2Bi?2` b2T�`�i2Hv Q`

bBKmHi�M2QmbHv- mbBM; 2t�KTH2b Q7 ǳMQ`K�HǴ �M/ ǳ�#MQ`K�HǴ Q#b2`p�iBQMb `2@

bT2+iBp2HvX q?2M i?2`2 �`2 MQi 2MQm;? 2t�KTH2b Q7 �#MQ`K�H Q#b2`p�iBQMb-

QM2 r�v iQ +H�bbB7v i?2b2 2t�KTH2b Bb iQ QMHv H2�`M � KQ/2H Q7 MQ`K�HBiv 7`QK

MQ`K�H 2t�KTH2b- �M/ mb2 i?Bb KQ/2H iQ +H�bbB7v M2r 2t�KTH2bX LQp2Hiv /2@

i2+iBQM Bb � ivT2 Q7 bm+? QM2@+H�bb +H�bbB}+�iBQM �TT`Q�+?- r?B+? ?�b #22M

�TTHB2/ BM K�Mv }2H/b- BM+Hm/BM; 2H2+i`QMB+ Ah b2+m`Biv- ?2�Hi?+�`2 BM7Q`K�i@

B+b- BM/mbi`B�H KQMBiQ`BM;- 2i+X USBK2Mi2H 2i �HX- kyR9VX h?Bb �TT`Q�+? Bb

p2`v �TTHB+�#H2 iQ +QM/BiBQM KQMBiQ`BM; BM ?�M/TmKTb #2+�mb2 mbm�HHv +QK@

T�`2/ iQ ǳMQ`K�HǴ ?�M/TmKT QT2`�iBQMb- i?2`2 �`2 p2`v HBKBi2/ 2t�KTH2b

Q7 ǳ�#MQ`K�HǴ ?�M/TmKT QT2`�iBQMb U2X;X #`QF2M b2�H- p�Hp2 Q` ?�M/H2 K�H@

7mM+iBQM- 2i+XVX .Bz2`2Mi ivT2b Q7 MQp2Hiv /2i2+iBQM �TT`Q�+?2b 2tBbi- 2X;X

M2�`2bi M2B;?#Qm` U @LLV- F2`M2H /2MbBiv 2biBK�iBQM UE.1V- KBtim`2 KQ/2Hb-

QM2@+H�bb amTTQ`i o2+iQ` J�+?BM2b UQM2@+H�bb aoJbV USBK2Mi2H 2i �HX- kyR9c

"Bb?QT- kyyeVX

AM i?Bb rQ`F- r2 mb2 � :�mbbB�M JBtim`2 JQ/2H U:JJV U"Bb?QT- kyyeV

iQ H2�`M � MQ`K�H KQ/2H #v `2T`2b2MiBM; MQ`K�H 2t�KTH2b rBi? � KBtim`2 Q7

KmHiBp�`B�i2 MQ`K�H /2MbBiB2bX >2`2- �M �TT`QT`B�i2 MmK#2` Q7 i?2 KBtim`2

+QKTQM2Mib Bb /2i2`KBM2/ #�b2/ QM i?2 /�i� #v mbBM; .B`B+?H2i T`Q+2bb KBt@

im`2b U"H2B �M/ CQ`/�M- kyyeV #�b2/ QM � Tm#HB+Hv �p�BH�#H2 iQQH#Qt UJQ`iQM

Re



�M/ hQ``BQM2- kyRjVX 6Q` 2�+? ?�M/TmKT- � :�mbbB�M JBtim`2 JQ/2H Bb mb2/

iQ H2�`M � MQ`K�H KQ/2H #�b2/ QM /�BHv �p2`�;2 7`2[m2M+v 72�im`2b ;2M2`�i2/

7`QK ?�M/TmKT pB#`�iBQM /�i�X hQ ?2HT T�`�K2i2` 2biBK�iBQM BM i?2 KBtim`2

KQ/2H- BMbi2�/ Q7 mbBM; �HH ky 7`2[m2M+v #BMb- QMHv i?2 }`bi i?`22 T`BM+BT�H

+QKTQM2Mib �`2 +QMbB/2`2/- r?B+? `2T`2b2Mi KQ`2 i?�M N8W Q7 iQi�H p�`B�M+2

BM /�i�X h?2 KBtim`2 KQ/2H +�M #2 mb2/ iQ +QKTmi2 HQ;@HBF2HB?QQ/ Q7 2t�K@

TH2b- i?2 BMp2`b2 Q7 r?B+? +�M #2 +QMbB/2`2/ �b MQp2Hiv b+Q`2b- BX2X HQr2` i?2

HQ;@HBF2HB?QQ/- KQ`2 MQp2H i?2 2t�KTH2bX aBM+2 :JJ T`QpB/2b T`Q#�#BHBbiB+

MQp2Hiv b+Q`2b- Bi Bb bmBi�#H2 7Q` Qm` �TTHB+�iBQM r?2`2 r2 BMi2M/ iQ mb2 i?2

MQp2Hiv b+Q`2b �b � K2�bm`2 Q7 +QM}/2M+2 Q7 i?2 `2;`2bbBQM KQ/2HǶb QmiTmibX

Rd



hQ #Qi? H2�`M �M/ 2p�Hm�i2 i?2 `2;`2bbBQM KQ/2H- r�i2` +QHmKM BM i?2

#Q`2?QH2 `2T`2b2Mib i?2 ;`QmM/ i`mi?X h?2 r�i2` +QHmKM Bb K2�bm`2/ mbBM;

� /Bp2` b2MbQ` UK�Mm7�+im`2/ #v Üo�M 1bb2M AMbi`mK2MibV i?�i Bb }t2/ +HQb2

iQ i?2 #QiiQK Q7 i?2 `BbBM; K�BMX 6B;X e� /2i�BHb i?2 MQK2M+H�im`2b mb2/ BM

i?Bb /Q+mK2Mi- r?2`2 r�i2` +QHmKM `2T`2b2Mib i?2 ;`QmM/ i`mi? 7Q` H2�`MBM;

i?2 `2;`2bbBQM KQ/2HX .�i� Bb +QHH2+i2/ �i � b�KTHBM; BMi2`p�H Q7 }p2 KBMmi2bX

�M 2t�KTH2 /�i� +QHH2+i2/ Qp2` 72r /�vb Bb b?QrM BM 6B;X e#- r?2`2 i?2 #Hm2

HBM2 b?Qrb � ivTB+�H /�BHv +v+H2 Q7 /`�r@/QrM /m`BM; i?2 /�v- 7QHHQr2/ #v

`2+Qp2`v /m`BM; i?2 MB;?iX aBM+2 Qm` T`BK�`v ;Q�H Bb iQ i`�+F i?2 p�`B�iBQM BM

i?2 �[mB72` H2p2H- r2 mb2 i?2 /�BHv `2+Qp2`2/ H2p2H- �TT`QtBK�i2/ #v i?2 /�BHv

K�tBKmK H2p2H- �b i?2 ;`QmM/ i`mi? 7Q` KQ/2HHBM;X

q�i2` +QHmKM BM i?2 #Q`2?QH2b BM i?2 +Q�bi Bb �z2+i2/ #v #Qi? /�BHv �M/

#B@r22FHv iB/�H +v+H2bX *QMbB/2`BM; i?2 /�BHv K�tBKmK H2p2H `2KQp2b i?2

/�BHv +v+H2 U#Hm2 HBM2 BM 6B;X e+V- �M/ HQr@T�bb }Hi2`BM; i?2 `2bmHiBM; /�i�

R3



`2KQp2b i?2 #B@r22FHv +v+H2 UQ`�M;2 HBM2 BM 6B;X e+VX 6B;bX d�@d+ b?Qr i?2

+?�M;2 BM r�i2` +QHmKM /�i� BM i?2 #Q`2?QH2b �i i?`22 KQMBiQ`BM; bBi2b @

b?�HHQr- K2/BmK- �M/ /22T rBi? `272`2M+2 iQ i?2 bi�`i /�i2X h?2b2 /�i�

?�p2 #22M +QKT2Mb�i2/ rBi? `2bT2+i iQ i?2 �iKQbT?2`B+ T`2bbm`2 �M/ T`2@

T`Q+2bb2/ iQ `2T`2b2Mi /�BHv `2+Qp2`2/ H2p2HX

h?2Q`2iB+�HHv- � M2irQ`F Q7 i?2b2 /Bp2` b2MbQ`b rQmH/ �HHQr mb iQ /B`2+iHv

KQMBiQ` i?2 b?�HHQr �[mB72` rBi?Qmi ?�pBM; iQ /Q �Mv KQ/2HHBM;X >Qr@

2p2`- ;Bp2M i?2 BMi2M/2/ b+�H2 Q7 i?2 T`QTQb2/ i2+?MQHQ;v U+QmMi`v iQ bm#@

+QMiBM2MiV- bm+? KQMBiQ`BM; T`Q;`�K rQmH/ #2 +Qbi@T`Q?B#BiBp2Hv BKT`�+iB+�HX

>2`2- i?2 +Qbib MQi QMHv `272` iQ i?2 +Qbi Q7 i?2 b2MbQ`- #mi �HbQ i?2 QM2b BM@

pQHp2/ BM BMbi�HHBM; i?2 b2MbQ` �M/ /QrMHQ�/BM; i?2 /�i� T2`BQ/B+�HHv- #Qi?

2ti`2K2Hv H�#Q`BQmb T`Q+2bbX

RN



h?2 pB#`�iBQM /�i� Bb +QHH2+i2/ mbBM; � +QMbmK2` ;`�/2 �++2H2`QK2i2`

b2MbQ` �ii�+?2/ iQ i?2 ?�M/H2 Q7 i?2 ?�M/TmKT �b b?QrM BM 6B;X 3�X h?2

b2MbQ` K2�bm`2b �++2H2`QK2i2` /�i� BM i?`22 Q`i?Q;QM�H �t2b �i � b�KTHBM;

7`2[m2M+v Q7 N8 >xX � ivTB+�H TmKTBM; +v+H2- BX2X � +v+H2 Q7 i?2 ?�M/H2 #2BM;

`�Bb2/ �M/ Tmb?2/ /QrM- +Q``2bTQM/b iQ QM2 b2+QM/ BMi2`p�HX �M 2t�KTH2

/�i� +QHH2+i2/ Qp2` 72r TmKTBM; +v+H2b Bb b?QrM BM 6B;X 3#X

AM K�+?BM2 H2�`MBM; �TT`Q�+?2b- `�r /�i� �`2 Q7i2M }`bi bmKK�`Bx2/ #v

mb27mH BM7Q`K�iBQM UFMQrM �b 72�im`2bV #27Q`2 mbBM; i?2K iQ H2�`M � KQ/2HX

h?2 HQr 7`2[m2M+v +QKTQM2Mi Q7 i?2 /�i�- r?B+? +Q``2bTQM/b iQ i?2 TmKTBM;

KQiBQM- Bb 7QmM/ iQ #2 mMBM7Q`K�iBp2 Q7 r�i2` +QHmKM p�`B�iBQMX h?2 TmKT@

BM; KQiBQM Bb `2KQp2/ mbBM; � ?B;?@T�bb }Hi2`- �M/ i?2 `2bmHiBM; ?B;?@T�bb

}Hi2`2/ iBK2@b2`B2b bB;M�H UiQT THQi BM 6B;X 3+V Bb i`�Mb7Q`K2/ iQ 7`2[m2M+v

/QK�BM mbBM; � KQ`2H2i i`�Mb7Q`KX h?2 K�;MiBm/2 Q7 i?2 KQ`2H2i i`�Mb7`QK

U#QiiQK THQi BM 6B;X 3+V- �p2`�;2/ �+`Qbb i?2 iBK2 rBM/Qr- `2T`2b2Mib i?2

7`2[m2M+v 72�im`2b +Q``2bTQM/BM; iQ i?�i rBM/QrX � /�BHv �p2`�;2 Q7 i?2b2

i2KTQ`�H rBM/Qrb �HQM; rBi? i?2 +Q``2bTQM/BM; /�BHv K�tBKmK r�i2` +QH@

mKM `2T`2b2Mi � 72�im`2@H�#2H T�B`X � +QHH2+iBQM Q7 i?2b2 72�im`2@H�#2H T�B`b

T2` ?�M/TmKT +QMbiBimi2b � i`�BMBM; �M/ i2biBM; /�i�b2i 7Q` i?�i ?�M/TmKTX

oB#`�iBQM /�i� K�v#2 mM�p�BH�#H2 7Q` � T2`BQ/ Q7 iBK2 /m2 iQ b2p2`�H

`2�bQMb- KQbi +QKKQMHv /m2 iQ #�ii2`v Q` b2MbQ` K�H7mM+iBQM- Q` ?�M/TmKT

/Bbmb2X � ?�M/TmKT K�v #2 i2KTQ`�`BHv Qmi Q7 QT2`�iBQM mbm�HHv #2+�mb2

Q7 K�H7mM+iBQM Q` �Hi2`M�i2 r�i2` bQm`+2b U2X;X bm`7�+2 r�i2`V #2BM; �p�BH�#H2

/m`BM; `�BMv b2�bQM- Q` b+?QQH +HQbm`2b BM +�b2 Q7 ?�M/TmKTb BMbi�HH2/ �i

i?2 b+?QQHbX q2 T`QTQb2 mbBM; :�mbbB�M S`Q+2bb2b U_�bKmbb2M- kyy9V iQ

ky



BKTmi2 7`2[m2M+v 72�im`2b +Q``2bTQM/BM; iQ KBbbBM; /�vbX lM7Q`imM�i2Hv- 7Q`

irQ ?�M/TmKTb- QM2 b?�HHQr �M/ QM2 /22T- iQQ Km+? /�i� r2`2 KBbbBM; iQ

�HHQr `2�bQM�#H2 /�i� BKTmi�iBQMX >2M+2- r2 QMHv `2TQ`i `2bmHib QM i?2 b2p2M

`2K�BMBM; ?�M/TmKTbX aBM+2 i?2 ?B;?2bi T`QTQ`iBQM Q7 /�i� Bb �p�BH�#H2 7Q`

i?2 K2/BmK /2Ti? ?�M/TmKTb- r2 T`QpB/2 /2i�BH2/ `2bmHib 7Q` i?�i bBi2 r?BH2

QMHv T`QpB/BM; F2v `2bmHib 7Q` i?2 Qi?2` irQ bBi2bX

h?2 K�+?BM2 H2�`MBM; �TT`Q�+?2b /2b+`B#2/ BM a2+iBQM k �`2 mb2/ iQ

T2`7Q`K b2p2`�H 2tT2`BK2Mib `2H�i2/ iQ r�i2` +QHmKM 2biBK�iBQM mbBM; i?2

/�i�b2i /2b+`B#2/ BM a2+iBQM jX �i i?Bb bi�;2- Qm` T`BK�`v ;Q�H Bb iQ �bb2bb

i?2 72�bB#BHBiv Q7 i?2 T`QTQb2/ i2+?MQHQ;v BM � `2�H rQ`H/ b2iiBM;- BX2X r?2i?2`

pB#`�iBQM /�i� 7`QK � +QHH2+iBQM Q7 +QKKmMBiv ?�M/TmKTb �i � HQ+�iBQM +�M

#2 mb2/ iQ BM72` i?2 i`2M/ BM r�i2` +QHmKM p�`B�iBQM Q7 i?2 +Q``2bTQM/BM;

�[mB72`X

6B;bX N@RR b?Qr i?2 MQp2Hiv b+Q`2b Q7 i`�BMBM; U#Hm2 /QibV �M/ i2bi U`2/

/QibV 2t�KTH2b BM i2`Kb Q7 HQ;@HBF2HB?QQ/ Q7 2t�KTH2b ;Bp2M i?2 MQ`K�H KQ/2HX

AM ;2M2`�H- i?2 2t�KTH2b BM 7mim`2 BM+`2K2Mi�HHv �TT2�` iQ #2 KQ`2 /Bz2`@

2Mi 7`QK i?2 MQ`K�H 2t�KTH2bX h?Bb i`2M/ Bb 2tT2+i2/ #2+�mb2 i?2 pB#`�iBQM

/�i� Bb 2tT2+i2/ iQ +?�M;2 Qp2` iBK2 2Bi?2` /m2 iQ ;`�/m�H TmKT r2�` �M/fQ`

+?�M;2 BM r�i2` H2p2H BM i?2 #Q`2?QH2 iQ T`2pBQmbHv mMQ#b2`p2/ H2p2Hb U� `2H@

�iBp2Hv bKQQi? +?�M;2V- Q` /m2 iQ b2p2`2 TmKT K�H7mM+iBQM �M/ bm#b2[m2Mi

`2T�B` U� `2H�iBp2Hv �#`mTi +?�M;2VX � +QMiBMmQmb /`QT BM i?2 HQ;@HBF2HB?QQ/-

bm;;2biBM; � ;`�/m�H +?�M;2 BM pB#`�iBQM /�i�- K�v +Q``2bTQM/ iQ +?�M;2 BM

kR



r�i2` +QHmKM Qp2` iBK2 U2X;X 6B;X Ry+VX PM i?2 Qi?2` ?�M/- �M �#`mTi +?�M;2

BM pB#`�iBQM /�i� /m2 iQ b2p2`2 TmKT K�H7mM+iBQMf`2T�B` Q7i2M +Q``2bTQM/b

iQ � b?�`T /`QT BM i?2 HQ;@HBF2HB?QQ/X JQbi Q7 i?2b2 +�b2b U2X;X 6B;bX Ry�-

Ry#- 2i+XV bi�M/ Qmi pBbm�HHv- �M/ �`2 �HB;M2/ iQ i?2B` +Q``2bTQM/BM; TmKT

`2T�B` /�i2b U#H�+F /�b?2/ HBM2bV- r?2M2p2` i?2 `2T�B` /�i2b �`2 �p�BH�#H2X

h?2b2 BMbB;?ib 7`QK MQp2Hiv /2i2+iBQM �M�HvbBb ?2HT mM/2`bi�M/ i?2 `2bmHib Q7

2tT2`BK2Mib `2H�i2/ iQ +�HB#`�iBQM �M/ r�i2` +QHmKM 2biBK�iBQMX

kk



lbm�HHv i?2 MQp2Hiv b+Q`2b �TT2�` iQ #2 ?B;?2` UBX2X i?2 HQ;@HBF2HB?QQ/

p�Hm2b �`2 HQr2`V BKK2/B�i2Hv 7QHHQrBM; � `2T�B` U2X;X 6B;X N#V- BM/B+�iBM; �

bm#bi�MiB�H +?�M;2 BM i?2 pB#`�iBQM /�i� �7i2` i?2 `2T�B`X hQ 2M�#H2 mbBM; �

bBM;H2 `2;`2bbBQM KQ/2H iQ 2biBK�i2 r�i2` +QHmKM- i?2 TQbi@`2T�B` pB#`�iBQM

/�i� Bb +�HB#`�i2/ iQ K�i+? i?2 T`2@`2T�B` /�i�X �M 2t�KTH2 Q7 i?Bb +�HB@

#`�iBQM T`Q+2bb Bb /2i�BH2/ BM 6B;X N- r?2`2 i?2 iQT `Qr b?Qrb i?2 72�im`2b

;2M2`�i2/ 7`QK i?2 pB#`�iBQM /�i� U6B;X N�V- i?2 HQ;@HBF2HB?QQ/b U6B;X N#V-

�M/ i?2 r�i2` +QHmKM 2biBK�i2b U6B;X N+V- �M/ i?2 #QiiQK `Qr b?Qrb i?2

+Q``2bTQM/BM; THQib �7i2` +�HB#`�iBQMX aBM+2 � p2`v bBKTH2 `2;`2bbBQM KQ/2H

r�b mb2/ iQ +�HB#`�i2 i?2 pB#`�iBQM /�i�- Bib [m�HBiv Bb 2tT2+i2/ iQ /2;`�/2

�b 7m`i?2` +�HB#`�iBQMb �`2 T2`7Q`K2/ BM 7mim`2X AM i?2 2t�KTH2- i?2 b2+QM/

+�HB#`�iBQM /Q2b MQi rQ`F �b r2HH �b i?2 }`bi +�HB#`�iBQMX �b T�`i Q7 Qm` 7m@

im`2 rQ`F- r2 BMi2M/ iQ 2tTHQ`2 KQ`2 T`BM+BTH2/ r�vb iQ KQ/2H i?Bb T`Q#H2K-

2X;X i`�Mb72` H2�`MBM;- r?B+? Bb /Bb+mbb2/ BM a2+iBQM 8X

6Q` K2/BmK@/2Ti? ?�M/TmKTb- `2bmHib �`2 b?QrM 7Q` GahJ- �M/ 7Q` `27@

2`2M+2- +QKT�`2/ iQ JGS `2;`2bbBQM BM 6B;X RyX 6Q` b?�HHQr �M/ /22T ?�M/@

TmKTb- `2bmHib �`2 QMHv b?QrM 7Q` GahJ BM 6B;X RRX AM #Qi? };m`2b- 2�+?

+QHmKM +Q``2bTQM/b iQ `2bmHib 7Q` � T�`iB+mH�` ?�M/TmKT- r?2`2 i?2 `Qrb

+Q``2bTQM/ iQ i?2 MQp2Hiv b+Q`2b- MQp2Hiv b+Q`2b TQbi@+�HB#`�iBQM- GahJ 2b@

iBK�i2b- �M/ JGS 2biBK�i2b UQMHv BM 6B;X RyV 7`QK iQT iQ #QiiQKX h?2

2biBK�i2b 7Q` i`�BMBM;- p�HB/�iBQM- �M/ i2bi b2ib �`2 b?QrM BM #Hm2- Q`�M;2-

�M/ `2/ +QHQm`b `2bT2+iBp2HvX h?2 2biBK�i2b �`2 b?QrM BM i2`Kb Q7 i?2B`

N8W +QM}/2M+2 BMi2`p�H #�b2/ QM Ry Bi2`�iBQMb Q7 i`�BMBM; GahJ KQ/2H rBi?

kj



JGS yXR9 yXke yXjR yXkN yXR3 yXey yX38

yXRk yXRN yXR8 yXRR yXRy yXj9 yXdR

GahJ yXyN yXRk yXkj yXR9 yXR8 yX9j RXyd

yXy9 yXye yXRd yXRR yXRk yX9d yX9R

`�M/QK BMBiB�HBx�iBQMX q?BH2 T�`�K2i2`b 7Q` 2�+? �TT`Q�+? r2`2 +Q�`b2Hv QT@

iBKBx2/ mbBM; +`Qbb@p�HB/�iBQM- r2 ?�p2 MQi T2`7Q`K2/ 2t?�mbiBp2 T�`�K2i2`

QTiBKBx�iBQM #2+�mb2 Qm` T`BK�`v ;Q�H �i i?Bb bi�;2 Bb iQ �bb2bb r?2i?2` i?2

2biBK�i2b `Qm;?Hv i`�+Fb i?2 i`m2 +?�M;2b BM r�i2` +QHmKM `�i?2` i?�M Q#i�BM

i?2 #2bi TQbbB#H2 QmiTmibX � bmKK�`v Q7 `2bmHib 7Q` �HH ?�M/TmKTb 7Q` #Qi?

JGS �M/ GahJ i2+?MB[m2b �`2 T`QpB/2/ BM h�#H2 kX

_2bmHib b?Qr i?�i- BM ;2M2`�H- pB#`�iBQM /�i� �`2 BM/B+�iBp2 Q7 +?�M;2b

BM i?2 r�i2` +QHmKMX GahJ ;2M2`�HHv QmiT2`7Q`Kb bi�M/�`/ JGS `2;`2b@

bBQM i2+?MB[m2- r?2`2 GahJ Bb 2tT2+i2/ iQ T2`7Q`K 2p2M #2ii2` �b KQ`2

i`�BMBM; /�i� #2+QK2 �p�BH�#H2X AM KQbi +�b2b- TmKT `2T�B`b +?�M;2 i?2 pB@

#`�iBQM /�i� 72�im`2b bm#bi�MiB�HHv- r?B+? r?2M ǳ+Q``2+i2/Ǵ pB� +�HB#`�iBQM-

/Q2b bQK2r?�i ?2HT iQ BKT`Qp2 r�i2` +QHmKM 2biBK�iBQMX "mi i?2 7`2[m2M+v

�M/fQ` i?2 M�im`2 Q7 `2T�B`b K�v /2i2`KBM2 i?2 2{+�+v Q7 i?2 bBKTH2 +�HB#`�@

iBQM i2+?MB[m2 BKTH2K2Mi2/ BM i?Bb rQ`FX L2p2`i?2H2bb- i?2 MQp2Hiv /2i2+iBQM

QmiTmib T`QpB/2 � `2�bQM�#Hv �++m`�i2 ;mB/2HBM2 iQ /2i2`KBM2 r?2M iQ i`mbi

i?2 `2;`2bbBQM KQ/2H QmiTmibX hvTB+�HHv � /`QT BM i?2 HQ;@HBF2HB?QQ/ +Q`@

`2bTQM/b iQ 2Bi?2` �M BM�++m`�i2 r�i2` +QHmKM 2biBK�i2 Q` QM2 rBi? ?B;?
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ke



mM+2`i�BMivX

h?2 T`QTQb2/ i2+?MQHQ;v Bb BMi2M/2/ iQ #2 BKTH2K2Mi2/ �i b+�H2 #v +QM@

+m``2MiHv KQ/2HBM; � M2irQ`F Q7 +QKKmMBiv ?�M/TmKTbX _�i?2` i?�M 2b@

iBK�iBM; +QMiBMmQmb +?�M;2b BM r�i2` +QHmKM �i BM/BpB/m�H #Q`2?QH2b- Qm`

mHiBK�i2 ;Q�H Bb iQ mb2 � M2irQ`F Q7 ?�M/TmKTb iQ BM72` i?2 Qp2`�HH i`2M/

BM i?2 r�i2` H2p2Hb BM i?2 +Q``2bTQM/BM; b?�HHQr �[mB72`X qBi? i?Bb ;Q�H BM

KBM/- r2 THQi i?2 7`�+iBQM�H +?�M;2 BM r�i2` +QHmKMb �i i?2 #Q`2?QH2b �i

irQ HQ+�iBQMb rBi? `2bT2+i iQ � +QKKQM `272`2M+2 /�i2X 6B;bX Rk� �M/ Rk#

b?Qr i?2b2 THQib 7Q` K2/BmK �M/ b?�HHQr ?�M/TmKTb `2bT2+iBp2HvX h?2b2

`2bmHib b?Qr i?2 2biBK�i2/ +?�M;2b BM r�i2` +QHmKM �TT`QtBK�i2Hv i`�+F i?2

i`m2 i`2M/X >Qr2p2`- i?2 2biBK�i2b /2i2`BQ`�i2 �b r2 bi�`i T`2/B+iBM; 7m`i?2`

�?2�/ BM iBK2 /m2 iQ i?2 HBKBi�iBQMb BM i?2 KQ/2H- r?B+? �`2 /Bb+mbb2/ BM

a2+iBQM 9X9X aBKBH�` THQib �`2 MQi b?QrM 7Q` /22T ?�M/TmKTb #2+�mb2 i?2

/Bz2`2M+2 BM i?2B` r�i2` +QHmKM /�i� p�`B�iBQM bm;;2bib i?�i i?2`2 K�v #2

/Bz2`2M+2b BM i?2 ?v/`Q;2QHQ;B+�H /vM�KB+b Q7 i?2 �[mB72`b 7`QK r?B+? i?2

irQ /22T ?�M/TmKTb �`2 /`�rBM; r�i2`X

.2bTBi2 i?2 `2bQm`+2b BMp2bi2/ BM +QHH2+iBM; � mMB[m2 ?�M/TmKT pB#`�iBQM

/�i�b2i mbBM; MQp2H b2MbBM; i2+?MQHQ;v- BM i2`Kb Q7 ?v/`Q;2QHQ;v- QM2 v2�`

Q7 /�i� Bb BMbm{+B2Mi iQ i`�+F HQM;@i2`K +?�M;2b BM �[mB72` H2p2HX 62r v2�`b

Q7 /�i� K�v #2 `2[mB`2/ iQ +�Tim`2 � ivTB+�H `�M;2 Q7 �[mB72` H2p2H +?�M;2bX

AM i?2 +m``2Mi /�i�b2i- p�HB/�iBQM �M/ i2bi /�i� �`2 Q7i2M p2`v /Bz2`2Mi 7`QK

i`�BMBM; /�i�- +QKTHB+�iBM; #Qi? i`�BMBM; �M/ i2biBM; i?2 KQ/2HX

�TT`QtBK�i2Hv R8W Q7 /�i� r2`2 KBbbBM;- mbm�HHv Qp2` +QMiBMmQmb bi`2�Kb

Q7 iBK2 U7`QK /�vb iQ KQMi?bV- T`BK�`BHv /m2 iQ /Bb+?�`;2/ #�ii2`B2b Q` Qi?2`

kd



?�`/r�`2@`2H�i2/ T`Q#H2Kb- ?�M/TmKT K�H7mM+iBQM- Q` i2KTQ`�`v ?�M/TmKT

/Bbmb2 #2+�mb2 Q7 �p�BH�#BHBiv Q7 �Hi2`M�i2 r�i2` bQm`+2b /m`BM; `�BMv b2�bQM

U2X;X `�BM ?�`p2biBM;- bm`7�+2 r�i2`VX .2bTBi2 mbBM; :�mbbB�M S`Q+2bb2b iQ

BKTmi2 i?2 KBbbBM; /�i�- i?2 �++m`�+v Q7 i?2 BKTmi2/ /�i� /2;`�/2b �b i?2

/m`�iBQM Q7 KBbbBM; /�i� BM+`2�b2bX

h?2 2z2+iBp2M2bb Q7 i?2 pB#`�iBQM /�i� +�HB#`�iBQM i2+?MB[m2 /2T2M/b QM

i?2 7`2[m2M+v �M/ ivT2 Q7 ?�M/TmKT `2T�B`- rBi? i?2 +�HB#`�iBQM #2BM; H2bb

2z2+iBp2 �b i?2 MmK#2` �M/fQ` b2p2`Biv Q7 #`2�F/QrMbf`2T�B`b BM+`2�b2X �H@

i?Qm;? i?2 MQp2Hiv b+Q`2b T`QpB/2 � ;mB/2HBM2 iQ �bb2bb i?2 +QM}/2M+2 Q7 i?2

r�i2` +QHmKM 2biBK�i2b- #2ii2` i2+?MB[m2b �`2 `2[mB`2/ iQ KQ/2H i?Bb T`Q#H2K

BM � T`BM+BTH2/ K�MM2`- 2X;X i`�Mb72` H2�`MBM;X

k3



h?2 T`QTQb2/ i2+?MQHQ;v #�b2/ QM ?�M/TmKT pB#`�iBQM /�i� �M/ K�@

+?BM2 H2�`MBM; �TT`Q�+?2b b?Qr T`QKBb2 BM T`QpB/BM; mb27mH �[mB72` KQMBiQ`@

BM; BM7Q`K�iBQM BM `2bQm`+2@+QMbi`�BM2/ `2;BQMb r?2`2 �Hi2`M�i2 bQm`+2b Q7

/�i� �`2 2Bi?2` b+�`+2 Q` +Qbi@T`Q?B#BiBp2 �M/ r?2`2 ?�M/TmKTb �H`2�/v +QM@

biBimi2 T�`i Q7 i?2 `m`�H r�i2` BM7`�bi`m+im`2X AM `2;BQMb r?2`2 ?�M/TmKT

K�BMi2M�M+2 BM7`�bi`m+im`2 Bb �H`2�/v BM TH�+2- i?2`2 Bb �M QTTQ`imMBiv iQ

mb2 i?2 pB#`�iBQM /�i� 7Q` i?2 �//BiBQM�H Tm`TQb2 Q7 T`QpB/BM; `m/BK2Mi�`v

b?�HHQr �[mB72` KQMBiQ`BM; �i KBMBK�H 2ti`� +QbiX �b 2tT2+i2/- ;QBM; 7`QK

+QMbi`�BM2/ iQ mM+QMbi`�BM2/ `2�H@rQ`H/ 2MpB`QMK2Mi #`BM;b +?�HH2M;2bX h?2

KQbi T`2bbBM; QM2 +QM+2`Mb 7`2[m2Mi ?�M/TmKT #`2�F/QrM �M/ bm#b2[m2Mi

`2T�B` i?�i +QKTHB+�i2b H2�`MBM; � +QMbBbi2Mi KQ/2H iQ 2biBK�i2 +?�M;2b BM

r�i2` H2p2HX "2bB/2 i?2 bQHmiBQMb BKTH2K2Mi2/ BM i?Bb rQ`F BM i?2 7Q`K Q7

MQp2Hiv b+Q`2b �M/ pB#`�iBQM /�i� +�HB#`�iBQM- r2 BMi2M/ iQ 2tTHQ`2 KQ`2

T`BM+BTH2/ K2i?Q/b BM 7mim`2 iQ KQ/2H i?Bb T`Q#H2KX :Bp2M � T`2@i`�BM2/

KQ/2H- i`�Mb72` H2�`MBM; UwQT? 2i �HX- kyRec u�M; 2i �HX- kyRdV �HHQrb H2�`MBM;

� p�`B�iBQM Q7 i?2 H2�`M2/ KQ/2H 7Q` � /�i�b2i rBi? /Bz2`2Mi +?�`�+i2`BbiB+b

#v QMHv `2[mB`BM; � `2H�iBp2Hv bK�HH2` /�i�b2iX 6m`i?2` }2H/@2tT2`BK2Mib rBHH

#2 `2[mB`2/ iQ /2i2`KBM2 B7 i`�Mb72` H2�`MBM; Bb 72�bB#H2- �M/ ?Qr Km+? M2r

/�i� U?Qm`b@/�vbV rBHH #2 `2[mB`2/ iQ `2@i`�BM i?2 KQ/2HX q2 MQi2 i?�i BM

T`�+iB+2- i?2 T`QTQb2/ i2+?MQHQ;v Bb /2bB;M2/ iQ #2 BKTH2K2Mi2/ �i b+�H2 mb@

BM; � M2irQ`F Q7 ?�M/TmKTbX �b HQM; �b � bm{+B2MiHv H�`;2 MmK#2` Q7 i?2b2

?�M/TmKTb �i � HQ+�iBQM �`2 QT2`�iBQM�H- i?2 7`�K2rQ`F K�v �HHQr mb27mH �T@

T`QtBK�i2 BM72`2M+2 �#Qmi i?2 mM/2`HvBM; �[mB72` #2?�pBQm` rBi?BM � /2;`22

Q7 mM+2`i�BMivX 6m`i?2` H�`;2@b+�H2 }2H/ 2tT2`BK2Mib �`2 `2[mB`2/ iQ �b+2`i�BM

kN



i?2 pB�#BHBiv Q7 i?Bb i2+?MQHQ;v 7Q` `2�H@rQ`H/ �TTHB+�iBQM �b r2HH �b iQ /2i2`@

KBM2 mM/2` r?B+? +QM/BiBQMb i?Bb i2+?MQHQ;v Bb HBF2Hv iQ 7�BH �M/ bm++22/X q2

MQi2 i?�i i?2 T`QTQb2/ i2+?MQHQ;v Bb �BK2/ iQ +QKTH2K2Mi +Qbi@2z2+iBp2Hv

�Mv i`�/BiBQM�H ?v/`Q;2QHQ;B+�H KQ/2Hb `�i?2` i?�M `2TH�+2 i?2KX

�b T�`i Q7 Qm` 7mim`2 rQ`F- i?2`2 �`2 QTTQ`imMBiB2b iQ KQ/2H KmHiBTH2

?�M/TmKTb bBKmHi�M2QmbHv �M/ 7mb2 ?v/`Q@+HBK�iB+ /�i�- �M/ r?2`2p2` �p�BH@

�#H2- QmiTmib 7`QK ?v/`Q;2QHQ;B+�H KQ/2HbX JmHiB@i�bF H2�`MBM; 2ti2MbBQMb

Q7 GahJ UGBm 2i �HX- kyRec *?2M 2i �HX- kyR3V �`2 r2HH@bmBi2/ iQ KQ/2H bm+?

b+2M�`BQbX

:Bp2M i?2 BM+`2�bBM; ;HQ#�H BKTQ`i�M+2 Q7 ;`QmM/r�i2` KQMBiQ`BM; i2+?@

MQHQ;v- i?2`2 M22/b iQ #2 KQ`2 `2b2�`+? iQ }HH i?2 ;�T #2ir22M �p�BH�#H2

bi�i2@Q7@i?2@�`i #mi +Qbi@T`Q?B#BiBp2 i2+?MQHQ;B2b �M/ i?2 +�T�+Biv Q7 /2p2H@

QTBM; M�iBQMb iQ �/QTi i?2KX LQp2H +Qbi@2z2+iBp2 i2+?MQHQ;B2b i?�i miBHBx2

i?2 �p�BH�#H2 BM7`�bi`m+im`2 Q7 i?2b2 `2;BQMb K�v #2 � TH�mbB#H2 T�i? KQpBM;

7Q`r�`/X :Bp2M i?2 bm++2bb �M/ QM;QBM; i`B�Hb Q7 K�+?BM2 H2�`MBM; �TT`Q�+?2b

iQ bQHp2 ;HQ#�H bQ+BQ@/2p2HQTK2Mi�H +?�HH2M;2b U"2+F2H 2i �HX- kyRjc "HmK2M@

biQ+F 2i �HX- kyR8c C2�M 2i �HX- kyRec _QHMB+F 2i �HX- kyRNV- 2tT2`BK2Mi�iBQM Q7

i?2b2 �TT`Q�+?2b K�v T`QpB/2 +Qbi@2z2+iBp2 +QKTH2K2Mi�`v QTiBQMb iQ #QQbi

QM@;QBM; T`Q;`2bb BM ?v/`Q;2QHQ;B+�H KQ/2HBM; iQ KQMBiQ` ;`QmM/r�i2`X

h?2 �mi?Q`b rQmH/ HBF2 iQ i?�MF i?2 E2Mv�M i2�K UL�M;�- .QH�- :2Q`;2-

aB/M2v- _m2#2M- C�K2b PFQiB- A// Jr�`QTB�- amH2BK�M Jr�Fm`v�- 6�mxB�

ar�H2?V- 6mM/B6Bt- _m`�H 6Q+mb Gi/X- "�b2 hBi�MBmK Gi/X- �M/ i?2 Er�H2

*QmMi`v :Qp2`MK2MiX h?Bb `2b2�`+? r�b 7mM/2/ #v i?2 lE :Qp2`MK2Mi

jy



pB� L1_*- 1a_*- �M/ .6A. �b T�`i Q7 i?2 :`Q 7Q` :QQ. T`QD2+i UlS:`Q

*QMbQ`iBmK :`�Mi, L1fJyy33N9fRVX

�+?B2M;- EXPX- kyRNX JQ/2HHBM; �p�BH�#H2 r�i2` +�T�+Biv Q7 iQTbQBH

BM � #�v2bB�M T�`�/B;KX 1MpB`QMK2Mi�H JQ/2HHBM; aQ7ir�`2 Rky-

Ry98yyX l_G,

- /QB,

X

"2+F2H- *X- a�/�KQ`B- GX- a�MiBMB- aX- kyRjX �miQK�iB+ bQ+BQ@2+QMQKB+ +H�bbB@

}+�iBQM Q7 ?Qmb2?QH/b mbBM; 2H2+i`B+Biv +QMbmKTiBQM /�i�- BM, S`Q+22/BM;b

Q7 i?2 6Qm`i? AMi2`M�iBQM�H *QM72`2M+2 QM 6mim`2 1M2`;v avbi2Kb- �*J-

L2r uQ`F- Lu- la�X TTX d8Ĝ3eX l_G,

- /QB, X

"2?x�/- JX- �b;?�`B- EX- C`X- 1X�X*X- kyRyX *QKT�`�iBp2 bim/v Q7 bpKb

�M/ �MMb BM �[mB72` r�i2` H2p2H T`2/B+iBQMX CQm`M�H Q7 *QKTmiBM; BM *BpBH

1M;BM22`BM; k9X /QB, X

"Bb?QT- *XJX- kyyeX S�ii2`M _2+Q;MBiBQM �M/ J�+?BM2 G2�`MBM; UAM7Q`K�iBQM

a+B2M+2 �M/ ai�iBbiB+bVX aT`BM;2`@o2`H�;- "2`HBM- >2B/2H#2`;X

"H2B- .XJX- CQ`/�M- JXAX- kyyeX o�`B�iBQM�H BM72`2M+2 7Q` /B`B+?H2i T`Q+2bb

KBtim`2bX "�v2bB�M �M�HX R- RkRĜR9jX l_G,

- /QB, X

"HmK2MbiQ+F- CX- *�/�Km`Q- :X- PM- _X- kyR8X S`2/B+i@

BM; TQp2`iv �M/ r2�Hi? 7`QK KQ#BH2 T?QM2 K2i�/�i�X a+B@

2M+2 j8y- RydjĜRydeX l_G,

jR



- /QB, -

X

*?2M- CX- ZBm- sX- GBm- SX- >m�M;- sX- kyR3X J2i� JmHiB@h�bF G2�`MBM; 7Q`

a2[m2M+2 JQ/2HBM;X �`sBp 2@T`BMib X

*QH+?2bi2`- 6X1X- :`22z- >X- h?QKbQM- SX- >QT2- _X- *HB7iQM- .X�X-

kyR9X aK�`i ?�M/TmKTb, � T`2HBKBM�`v /�i� �M�HvbBbX A1h *QM72`@

2M+2 S`Q+22/BM;b - dĜdURVl_G,

X

*QH+?2bi2`- 6X1X- J�`�Bb- >X:X- h?QKbQM- SX- >QT2- _X- *HB7iQM-

.X�X- kyRdX �++B/2Mi�H BM7`�bi`m+im`2 7Q` ;`QmM/r�i2` KQMBiQ`@

BM; BM �7`B+�X 1MpB`QMK2Mi�H JQ/2HHBM; aQ7ir�`2 NR- k9R Ĝ

k8yX l_G,

- /QB,

X

*QKi2- CX*X- *�bbB/v- _X- P#�M/Q- CX- _Q#BMb- LX- A#`�?BK- EX- J2H@

+?BQHv- aX- JD2K�?- AX- a?�m`B- >X- "Qm`?�M2- �X- JQ?�K2/- AX- LQ2-

*X- Jr2;�- "X- J�FQF?�- JX- CQBM- CXGX- "�MiQM- PX- .�pB2b- CX-

kyReX *?�HH2M;2b BM ;`QmM/r�i2` `2bQm`+2 K�M�;2K2Mi BM +Q�bi�H �[mB72`b

Q7 2�bi �7`B+�, AMp2biB;�iBQMb �M/ H2bbQMb H2�`Mi BM i?2 +QKQ`Qb Bb@

H�M/b- F2Mv� �M/ i�Mx�MB�X CQm`M�H Q7 >v/`QHQ;v, _2;BQM�H aim/B2b 8-

RdN Ĝ RNNX l_G,

- /QB,

X

jk



6�M- uX- GB- >X- JB;m2x@J�+?Q- :X- kyRjX :HQ#�H T�ii2`Mb Q7 ;`QmM/r�i2`

i�#H2 /2Ti?X a+B2M+2 jjN- N9yĜN9jX l_G,

- /QB, -

X

6�P- kyRRX h?2 bi�i2 Q7 i?2 rQ`H/�฀฀b H�M/ �M/ r�i2` `2bQm`+2b 7Q` 7QQ/ �M/

�;`B+mHim`2 UbQH�rV �฀฀ K�M�;BM; bvbi2Kb �i `BbFX

62``2`- LX- 6QH+?- �X- G�M2- JX- PH�;Q- .X- P/B/�- CX- *mbiQ/BQ- 1X- kyRNX

:`QmM/r�i2` ?v/`Q/vM�KB+b Q7 �M 2�bi2`M �7`B+� +Q�bi�H �[mB72`- BM+Hm/@

BM; H� MB¼Ǭ� kyRe�฀฀Rd /`Qm;?iX a+B2M+2 Q7 h?2 hQi�H 1MpB`QMK2Mi eeR-

8d8 Ĝ 8NdX l_G,

- /QB,

X

:QQ/72HHQr- AX- "2M;BQ- uX- *Qm`pBHH2- �X- kyReX .22T G2�`MBM;X JAh S`2bbX

X

:`�p2b- �X- kyRjX :2M2`�iBM; b2[m2M+2b rBi? `2+m``2Mi M2m`�H M2i@

rQ`FbX *Q__ �#bfRjy3Xy38yX l_G, -

X

:`�p2b- �X- GBrB+FB- JX- 62`M¼ĬM/2x- aX- "2`iQH�KB- _X- "mMF2- >X- a+?KB/?m@

#2`- CX- kyyNX � MQp2H +QMM2+iBQMBbi bvbi2K 7Q` mM+QMbi`�BM2/ ?�M/r`BiBM;

`2+Q;MBiBQMX A111 h`�Mb�+iBQMb QM S�ii2`M �M�HvbBb �M/ J�+?BM2 AMi2HHB@

;2M+2 jR- 388Ĝ3e3X /QB, X

:`22z- >X- J�M�M/?�`- �X- h?QKbQM- SX- kykyX .�BHv ?�M/TmKT

�++2H2`QK2i2` /�i� �M/ #Q`2?QH2 r�i2` H2p2H /�i�- Fr�H2 +QmMiv-

jj



F2Mv� U/�i�b2iVX "`BiBb? :2QHQ;B+�H am`p2v l_G,

- /QB,

X

:`22z- >X- J�M�M/?�`- �X- h?QKbQM- SX- >QT2- _X- *HB7iQM- .X�X- kyRNX

.Bbi`B#mi2/ BM72`2M+2 +QM/BiBQM KQMBiQ`BM; bvbi2K 7Q` `m`�H BM7`�bi`m+im`2

BM i?2 /2p2HQTBM; rQ`H/X A111 a2MbQ`b CQm`M�H RN- R3kyĜR3k3X /QB,

X

>2``2`�- JX- hQ`;Q- GX- Ax[mB2`/Q- CX- Sû`2x@:�`+ő�- _X- kyRyX S`2@

/B+iBp2 KQ/2Hb 7Q` 7Q`2+�biBM; ?Qm`Hv m`#�M r�i2` /2K�M/X CQm`M�H

Q7 >v/`QHQ;v j3d- R9R Ĝ R8yX l_G,

- /QB,

X

>QT2- _X- _Qmb2- JX- kyRjX _BbFb �M/ `2bTQMb2b iQ mMBp2`b�H /`BMF@

BM; r�i2` b2+m`BivX S?BHQbQT?B+�H h`�Mb�+iBQMb Q7 i?2 _Qv�H aQ@

+B2iv �, J�i?2K�iB+�H- S?vbB+�H �M/ 1M;BM22`BM; a+B2M+2b jdR-

kyRky9RdX l_G,

- /QB, -

X

>Qr�`/- EX- kyR9X ambi�BM�#H2 +BiB2b �M/ i?2 ;`QmM/r�i2` ;Qp2`M�M+2

+?�HH2M;2X 1MpB`QMK2Mi�H 1�`i? a+B2M+2b dj- k89jĜk889X /QB,

X

C2�M- LX- "m`F2- JX- sB2- JX- .�pBb- qXJX- GQ#2HH- .X"X- 1`KQM- aX-

kyReX *QK#BMBM; b�i2HHBi2 BK�;2`v �M/ K�+?BM2 H2�`MBM; iQ T`2/B+i

j9



TQp2`ivX a+B2M+2 j8j- dNyĜdN9X l_G,

- /QB, -

X

E�imp�- CX- >QT2- _X- 6Qbi2`- hX- EQ2?H2`- CX- h?QKbQM- SX- kyRNX :`QmM/r�@

i2` �M/ r2H7�`2, � +QM+2Tim�H 7`�K2rQ`F �TTHB2/ iQ +Q�bi�H F2Mv�X CQm`M�H

Q7 :`QmM/r�i2` 7Q` ambi�BM�#H2 .2p2HQTK2Mi U�++2Ti2/V X

E2H#2- "X1X- :`mM/HBM;- �XhX- S`B+2- CXaX- kyReX JQ/2HHBM; r�i2`@i�#H2 /2Ti?

BM � T`BK�`v �[mB72` iQ B/2MiB7v TQi2MiB�H r2iH�M/ ?v/`Q;2QKQ`T?B+ b2iiBM;b

QM i?2 MQ`i?2`M K�Tmi�H�M/ +Q�bi�H TH�BM- Fr�xmHm@M�i�H- bQmi? �7`B+�X

>v/`Q;2QHQ;v CQm`M�H k9- k9NĜke8X l_G,

- /QB, X

EB`Qb- _X- a�H�F?mi/BMQp- _X- w2K2H- _XaX- kyR9X lMB7vBM; pBbm�H@

b2K�MiB+ 2K#2//BM;b rBi? KmHiBKQ/�H M2m`�H H�M;m�;2 KQ/2HbX

*Q__ �#bfR9RRXk8jNX l_G, -

X

EL"a- kyy8@yeX E2Mv� BMi2;`�i2/ ?Qmb2?QH/ #m/;2i bm`p2v- ;Qp2`MK2Mi Q7

F2Mv�, E2Mv� M�iBQM�H #m`2�m Q7 bi�iBbiB+b X

GBm- SX- ZBm- sX- >m�M;- sX- kyReX _2+m``2Mi M2m`�H M2irQ`F 7Q` i2ti

+H�bbB}+�iBQM rBi? KmHiB@i�bF H2�`MBM;X *Q__ �#bfRey8Xy8RyRX l_G,

- X

J�+.QM�H/- �XJX- "QMbQ`- >X*X- .Q+?�`i�B;?- "XúXƥX- h�vHQ`- _X:X-

kyRkX Zm�MiBi�iBp2 K�Tb Q7 ;`QmM/r�i2` `2bQm`+2b BM �7`B+�X 1MpB`QM@

j8



K2Mi�H _2b2�`+? G2ii2`b d- yk9yyNX l_G,

- /QB, X

J�M�M/?�`- �X- kyRNX q�i2` +QHmKM KQ/2HHBM; mbBM; HbiK UbQ7ir�`2VX :Bi?m#

l_G, X

JQ`iQM- EX- hQ``BQM2- SX- kyRjX S`i, S�ii2`M `2+Q;MBiBQM �M/ K�+?BM2 H2�`M@

BM; BM K�iH�# UbQ7ir�`2VX :Bi?m# l_G,

X

L�v�F- SX*X- _�Q- uX_XaX- am/?22`- EXSX- kyyeX :`QmM/r�i2` H2p2H 7Q`2@

+�biBM; BM � b?�HHQr �[mB72` mbBM; �`iB}+B�H M2m`�H M2irQ`F �TT`Q�+?X q�@

i2` _2bQm`+2b J�M�;2K2Mi ky- ddĜNyX l_G,

- /QB, X

SBK2Mi2H- JX�X6X- *HB7iQM- .X�X- *HB7iQM- GX�X- h�`�bb2MFQ- GX- kyR9X �

`2pB2r Q7 MQp2Hiv /2i2+iBQMX aB;M�H S`Q+2bbBM; NN- kR8Ĝk9NX

_�bKmbb2M- *X1X- kyy9X :�mbbB�M S`Q+2bb2b BM J�+?BM2 G2�`MBM;X aT`BM;2`

"2`HBM >2B/2H#2`;- "2`HBM- >2B/2H#2`;X TTX ejĜdRX l_G,

- /QB, X

_B+?2v- �X- h?QK�b- "X- GQ- JX>X- 6�KB;HB2iiB- CX- ar2MbQM- aX- _Q/2HH-

JX- kyR8X lM+2`i�BMiv BM ;HQ#�H ;`QmM/r�i2` biQ`�;2 2biBK�i2b BM �

iQi�H ;`QmM/r�i2` bi`2bb 7`�K2rQ`FX q�i2` _2bQm`+2b _2b2�`+? 8R-

8RN3Ĝ8kReX l_G,

- /QB, X

+Bi2/ "v e9X

je



_Q#2`i- *X- kyR9X J�+?BM2 H2�`MBM;- � T`Q#�#BHBbiB+ T2`bT2+@

iBp2X *>�L*1 kd- ekĜejX l_G,

- /QB, -

X

_QHMB+F- .X- .QMiB- SXGX- E��+F- GX>X- EQ+?�MbFB- EX- G�+Qbi2- �X- a�MF�`�M-

EX- _Qbb- �XaX- JBHQD2pB+@.mTQMi- LX- C�[m2b- LX- q�H/K�M@"`QrM- �X-

Gm++BQMB- �X- J�?�`�D- hX- a?2`rBM- 1X.X- JmFF�pBHHB- aXEX- Eƺ`/BM;-

EXSX- :QK2b- *X- L;- �XuX- >�bb�#Bb- .X- SH�ii- CX*X- *`2mixB;- 6X-

*?�v2b- CX- "2M;BQ- uX- kyRNX h�+FHBM; +HBK�i2 +?�M;2 rBi? K�+?BM2 H2�`M@

BM;X *Q__ �#bfRNyeXy89jjX l_G, -

X

a�?QQ- aX- _mbbQ- hX�X- 1HHBQii- CX- 6Qbi2`- AX- kyRdX J�+?BM2

H2�`MBM; �H;Q`Bi?Kb 7Q` KQ/2HBM; ;`QmM/r�i2` H2p2H +?�M;2b BM

�;`B+mHim`�H `2;BQMb Q7 i?2 mXbX q�i2` _2bQm`+2b _2b2�`+? 8j-

j3d3Ĝj3N8X l_G,

- /QB, -

X

am`v�M�`�v�M�- *X- am/?22`- *X- J�?�KKQQ/- oX- S�MB;`�?B- "X-

kyR9X �M BMi2;`�i2/ r�p2H2i@bmTTQ`i p2+iQ` K�+?BM2 7Q` ;`QmM/@

r�i2` H2p2H T`2/B+iBQM BM pBb�F?�T�iM�K- BM/B�X L2m`Q+QKTmi@

BM; R98- jk9 Ĝ jj8X l_G,

- /QB,

X

amibF2p2`- AX- oBMv�Hb- PX- G2- ZXoX- kyR9X a2[m2M+2 iQ b2@

jd



[m2M+2 H2�`MBM; rBi? M2m`�H M2irQ`Fb- BM, :?�?`�K�MB- wX- q2HHBM;-

JX- *Q`i2b- *X- G�r`2M+2- LX.X- q2BM#2`;2`- EXZX U1/bXV- �/@

p�M+2b BM L2m`�H AM7Q`K�iBQM S`Q+2bbBM; avbi2Kb kdX *m``�M �bbQ@

+B�i2b- AM+X- TTX jRy9ĜjRRkX l_G,

X

h�Q`KBM�- _X- rBM; *?�m- EX- a2i?B- _X- kyRkX �`iB}+B�H M2m`�H M2irQ`F

bBKmH�iBQM Q7 ?Qm`Hv ;`QmM/r�i2` H2p2Hb BM � +Q�bi�H �[mB72` bvbi2K Q7 i?2

p2MB+2 H�;QQMX 1M;BM22`BM; �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2 k8- Redy

Ĝ RedeX l_G,

- /QB,

X

h�TQ;HQm- 1X- E�`�ix�b- :XSX- h`B+?�FBb- AX*X- o�`Qm+?�FBb- 1X�X-

kyR9X � bT�iBQ@i2KTQ`�H ?v#`B/ M2m`�H M2irQ`F@F`B;BM; KQ/2H 7Q`

;`QmM/r�i2` H2p2H bBKmH�iBQMX CQm`M�H Q7 >v/`QHQ;v 8RN- jRNj Ĝ

jkyjX l_G,

- /QB,

X

h?QKbQM- SX- >QT2- _X- 6Qbi2`- hX- kyRkX :aJ@2M�#H2/ `2@

KQi2 KQMBiQ`BM; Q7 `m`�H ?�M/TmKTb, � T`QQ7@Q7@+QM+2Ti

bim/vX CQm`M�H Q7 >v/`QBM7Q`K�iB+b R9- 3kNĜ3jNX l_G,

- /QB, -

X

lL- kyR3X ambi�BM�#H2 /2p2HQTK2Mi ;Q�H e bvMi?2bBb `2TQ`i QM r�i2` �M/

b�MBi�iBQMX

j3



o�M *�KT- JX- JD2K�?- AX*X- �H 6�``�?- LX- q�H`�2p2Mb- EX- kyRjX

JQ/2HBM; �TT`Q�+?2b �M/ bi`�i2;B2b 7Q` /�i�@b+�`+2 �[mB72`b, 2t�KTH2

Q7 i?2 /�` 2b b�H��K �[mB72` BM i�Mx�MB�X >v/`Q;2QHQ;v CQm`M�H kR-

j9RĜj8eX l_G, - /QB,

X

o�M1bb2M- kyR3X S`Q/m+i K�Mm�H i/@/Bp2`iK #�`Q@/Bp2`�ȉ

�฀฀ /B3tt b2`B2bX

X

oBMv�Hb- PX- hQb?2p- �X- "2M;BQ- aX- 1`?�M- .X- kyR9X a?Qr �M/ i2HH, �

M2m`�H BK�;2 +�TiBQM ;2M2`�iQ`X *Q__ �#bfR9RRX9888X l_G,

- X

qq�S- kyRNX h?2 mMBi2/ M�iBQMb rQ`H/ r�i2` /2p2HQTK2Mi `2TQ`i kyRN,

G2�pBM; MQ QM2 #2?BM/X

sm- sX- >m�M;- :X- w?�M- >X- Zm- wX- >m�M;- ZX- kyRkX AMi2;`�@

iBQM Q7 br�T �M/ KQ/~Qr@kyyy 7Q` KQ/2HBM; ;`QmM/r�i2` /vM�KB+b

BM b?�HHQr r�i2` i�#H2 �`2�bX CQm`M�H Q7 >v/`QHQ;v 9Rk@9Rj- Rdy Ĝ

R3RX l_G,

- /QB,

X ?v/`QHQ;v *QM72`2M+2 kyRyX

u�M;- wX- a�H�F?mi/BMQp- _X- *Q?2M- qXqX- kyRdX h`�Mb72`

H2�`MBM; 7Q` b2[m2M+2 i�;;BM; rBi? ?B2`�`+?B+�H `2+m``2Mi M2irQ`FbX

*Q__ �#bfRdyjXyej98X l_G, -

X

jN



u�b22M- wXJX- amH�BK�M- aXPX- .2Q- _X*X- *?�m- EXqX- kyRNX �M

2M?�M+2/ 2ti`2K2 H2�`MBM; K�+?BM2 KQ/2H 7Q` `Bp2` ~Qr 7Q`2+�biBM;,

ai�i2@Q7@i?2@�`i- T`�+iB+�H �TTHB+�iBQMb BM r�i2` `2bQm`+2 2M;BM22`BM;

�`2� �M/ 7mim`2 `2b2�`+? /B`2+iBQMX CQm`M�H Q7 >v/`QHQ;v 8eN- j3d

Ĝ 9y3X l_G,

- /QB,

X

uQQM- >X- CmM- aX*X- >vmM- uX- "�2- :XPX- G22- EXEX- kyRRX � +QK@

T�`�iBp2 bim/v Q7 �`iB}+B�H M2m`�H M2irQ`Fb �M/ bmTTQ`i p2+iQ` K�@

+?BM2b 7Q` T`2/B+iBM; ;`QmM/r�i2` H2p2Hb BM � +Q�bi�H �[mB72`X CQm`@

M�H Q7 >v/`QHQ;v jNe- Rk3 Ĝ Rj3X l_G,

- /QB,

X

w?�M;- CX- w?m- uX- w?�M;- sX- u2- JX- u�M;- CX- kyR3X .2p2HQT@

BM; � HQM; b?Q`i@i2`K K2KQ`v UHbiKV #�b2/ KQ/2H 7Q` T`2/B+iBM; r�@

i2` i�#H2 /2Ti? BM �;`B+mHim`�H �`2�bX CQm`M�H Q7 >v/`QHQ;v 8eR- NR3

Ĝ NkNX l_G,

- /QB,

X

wQT?- "X- um`2i- .X- J�v- CX- EMB;?i- EX- kyReX h`�Mb72` H2�`MBM; 7Q` HQr@

`2bQm`+2 M2m`�H K�+?BM2 i`�MbH�iBQMX *Q__ �#bfRey9XykkyRX l_G,

- X

9y


